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GREETINGS FROM THE GENERAL CHAIR
Greeting, conference participants!

Welcome to the 2016 International Seminar on Application for Technology of Information and
Communication (ISEMANTIC 2016). On behalf of the conference committee, I would like to convey
my appreciation to all authors for participating and contributing valuable works and efforts in this
conference.

ISEMANTIC 2016 aimed to meet the demands of the academia, researcher and industrial society
regarding the application of information technology and communication. Where I believe it is the
most comprehensive conferences focused on science and technology for the better future.
Furthermore, future ISEMANTIC will constitute a unique opportunity for academics and industry
professionals to discuss the latest update and progress in the area of science and information
technology. Therefore, we expect ISEMANTIC to become a significant milestone for further related
research and technology improvements. Based on the results of the rigorous review process, 64
papers have been accepted out of 112 submitted papers, which constitutes acceptance rate of
57.14%

I would like to extend my special gratitude to the Keynote Speakers who have kindly agreed to support
ISEMANTIC 2016.






Prof. Nasir as a minister of research and higher education of republic Indonesia,
Prof. Adang Suandi Ahmad from Institut Teknologi Bandung (ITB) Indonesia,
Prof. Taufik from California Polytechnic State University USA
Dr. Hector Sances Lopez from Universitas Dian nuswantoro Semarang Indonesia
Also we would like special thanks to IEEE Indonesia Section for their technically support to our
conference.

Furthermore, I would like to thank all oragnizer, supporters, and organizing committee members of
ISEMANTIC 2016. The success of ISEMANTIC 2016 would not have been possible without their
support and contribution, as I strongly believe their collaboration and support was invaluable to
making this International Conference fruitful and insightful.

Lastly, I would like to thank you all and it would be my great honor and pleasure to have your
continued contribution in future ISEMANTIC.

With warm regard
Dr. Pulung Nurtantio Andono, M.Kom

Vice Rector for Research & Collaboration
Universitas Dian Nuswantoro
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GREETINGS FROM RECTOR
Greeting, conference participants!

Welcome to the 2016 International Seminar on Application for Technology of Information and
Communication (ISEMANTIC 2016). In this beautiful day I welcome you to semarang Indonesia the
greatest city of central java. As a rector of Universitas Dian NuswantoroI am extremely impressed
with the dedication and enthusiasm of the conference organizing committee member .I congratulate
all of them for the team effort that is adding to the success of the conference.

We couldn’t be happier to have Prof. Nasir as a minister of research and higher education of republic
Indonesia, Prof. Adang Suandi Ahmad from Institut Teknologi Bandung (ITB) Indonesia, Prof. Taufik
from California Polytechnic State University USA and Dr. Hector Sances Lopez from Universitas Dian
nuswantoro Semarang Indonesia

Also I would like to deliver my best greeting to all authors and participants of 2016 international
seminar on application for technology of information and communication. The 2016 ISEMANTIC
focuses on science and technology for a better future. Since science, information technology and
communication develops rapidly in present day. I believe it could be the indicator of the glory of the
humankind.

Therefore, personally I put my best wises to all of you as academia, researchers and industrial society
to inspire and take a look closer to the real world through research in science and technology
application.I hope all of us could aim for our best future and God bless us!

Lastly I would like to thank you all and it would be my great honor and pleasure to have your continued
contribution in future ISEMANTIC. I sincerely hope that you will have a memorable experience in 2016
ISEMANTIC and have a good time in Semarang Indonesia.

With warm regard,
Dr. Ir. Edi Noersasongko, M.Kom.

Rector
Universitas Dian Nuswantoro
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GENERAL INFORMATION
VENUE
Conference Venue
ISEMANTIC 2016 will be held in Universitas Dian Nuswantoro, Semarang, Indonesia. It is placed
on Building E (Gedung E) 3th Floor of the University Campus.
All sessions will take place in the Faculty of Computer Science that are at the fourth (4th) Floor of
Building D (Gedung D).
Address
Building E (Gedung E), 3th Floor, Kampus II Universitas
Dian Nuswantoro
Jalan Nakula I No 5-11, Semarang Indonesia 50131
http://events.dinus.ac.id/isemantic/

MAPS
G.P.S. coordinates: Lat. -6.98 | Long.110.40
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KEYNOTE SPEAKER 1
Prof. M Nasir, PhD
Minister of Research and Technology and
Higher Education of Republic of Indonesia

Biography
Prof. M Nasir, PhD is a minister of research and higher education of Republic Indonesia.
He is former rector of Universitas Diponegoro in Semarang, Indonesia. He leads the
new ministry which is a combination of the Ministry of Research and Technology and
Directorate General of Higher Education. He achieved his doctoral degree in University
of science in Penang, Malaysia. As the Minister of Higher Education Research and
Technology, he was committed to make Indonesian higher education research able to
competes with advanced nations in the world. The president of Republic Indonesia has
been appoint him as Minister of Research and Technology and Higher Education for
2014-2019 period.
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KEYNOTE SPEAKER 2
Prof. Adang Suwandi Ahmad
Professor at Sekolah Teknik Elektro dan
Informatika (STEI), Institut Teknologi
Bandung Indonesia

Keynote Title:
Brain Inspired Soft Computing for Advancement of Artificial Intelligence

Biography
Dr. Adang Suwandi Ahmad is a Professor of Intelligent Electronics Instrumentation
System in the School of Electrical Engineering and Informatics at Institut Teknologi
Bandung (ITB), Indonesia. He received his BS in Electrical Engineering from Institut
Teknologi Bandung in 1976, Diplome Etude Approfondi Signaux et Bruits (DEA) option
Electronique in 1978, and Docteur Ingenieur Signaux et Bruits option Electronique (Dr.ing) from Universite des Sciences du Languedoc Montpellier in July 1980. Professor
Adang areas of expertise are in intelligent electronic instrumentation for
instrumentation devices and computational intelligence. His research activity currently
focuses on Bioinformatics Computation, Information Sciences, and Intelligent-based
Systems.
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KEYNOTE SPEAKER 3
Prof. Taufik
Director of Electric Power Institute at
California Polytechnic State University, San
Luis Obispo,

Keynote Title:
Intelligent Systems In DC House For Residential Electricity

Biography
Educational Background:
 Bachelor of Science, Electrical Engineering & Minor in Computer Science
Northern Arizona University, May 1993
Graduated with Honors (Cum Laude, Tau Beta Phi, Phi Kappa Phi)
Final Project: Piezoelectric Amplifier for Telescope Viewing Stabilization
 Master of Science, Electrical Engineering and Computer Science
University of Illinois at Chicago, May 1995
Thesis: Theory of Rectangular Waveguide Filled with Bianisotropic Material
 Doctor of Engineering, Electrical Engineering
Cleveland State University, May 1999
Emphasis: Power Electronics, Power Systems, and Controls
Dissertation: Parallel AC-AC Converters with Master/Slave Control
Research Background:
Dr. Taufik is a Professor of Electrical Engineering and the Director of Electric Power
Institute at California Polytechnic State University, San Luis Obispo, USA. He
received his BS from Northern Arizona University, MS from University of Illinois at
Chicago, and Doctor of Engineering from Cleveland State University, all in Electrical
Engineering. Since joining Cal Poly he has received numerous teaching awards,
most notably the 2012 Outstanding Teaching Award from the American Society of
Engineering Education (ASEE). He is a senior member of the Institute of Electrical
and Electronics Engineering (IEEE) with expertise in power electronics, power
systems, and renewable energy. He has work and consulting experience with
several world-class companies. His current project is the DC House Project for
rural electrification which has received supports from several partners in
Indonesia, Philippines, and Malaysia.
Major Concerns:
Power Electronics, Power Systems and Protection, Smart Grid, Renewable
Energy, Power Quality
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KEYNOTE SPEAKER 4
Dr. Hector Sanchez Lopez
Gradient Coil Architect,
Lecturer in Biomedical Engineering at
Universitas Dian Nuswantoro

Keynote Title:
Electromagnetic and Therapy for Alternative Medicine

Biography
Dr. Hector Sanchez Lopez has expertise in the Biomedical Engineering field with
specialty in MRI (Magnetic Resonance Imaging) Gradient Coils. He achieved his PhD in
Biomedical Engineering from University Claude Bernard Lyon1, France. Presently, he is
a Managing Director in Nanjing Cichen Medical Technology in Nanjing, China. He has
published more than 30 papers in international journals and 49 in conference
proceedings, and has been awarded 5 patents in biomedical engineering. Tesla and
General Electric Health care are among world class companies that invited him for
collaboration for his work in biomedical engineering. He is currently a lecturer in
Biomedical Engineering at Universitas Dian Nuswantoro, Semarang, Indonesia.
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learning strategies should be well designed in order to create
well rounded students.
In Indonesia, the teaching and learning approach,
especially in K-12 settings, is mostly based on grades.
Teachers and parents pay more attention to grades instead of
the actual learning process. Students learn course contents
by rote memorization[4]. 2013 educational curriculum was
designed as an attempt to change the educational paradigm,
but it was not popular among K-12 teachers and policy
makers. In higher education institutions, however, the
teaching and learning paradigm is slightly different from
that in K-12 education because teachers have more freedom
to determine the most appropriate teaching strategies that
can sharpen students’ critical thinking skills.
Many university teachers adopt active learning strategies
so that students become more creative, innovative, and
engaged. Some of the methods that teachers often use are
collaborative and cooperative learning. Cooperative learning
refers to a teaching method in which students divide tasks
among group members, whereas collaborative learning is a
learning method in which each student contributes their
skills and strengths to accomplish a task together. These
methods can be combined to obtain the best learning
experience. Teachers use various tools including digital
media, which was known as computer-supported
collaborative learning (CSCL). CSCL is a type
of
collaborative learning technique in which students can learn
a subject matter with their peers using computers [5].
With CSCL, teachers can also create digital games to
increase student engagement and attract students’ interest.
Digital games can be used not only for entertainment, but
also as an interactive, unique, and effective learning media
[6]. Salen claims that the use of games in education is
acceptable as long as the games are “rich with data”. A good
educational game is one that has a lot of instructions for
players such as how to play the game, what players should
do to complete the game, how they get points or bonuses,
and so on [7].

Abstract—Nowadays, conventional methods of learning are
no longer enthused by students, because a one-way teaching
method makes students easily bored. Collaborative learning
methods are used to make students more interested in learning
and encourage students to actively contribute to the classroom
session. One of the benefits of collaborative learning as a
learning method is that it allows each student in a group to
actively contribute and share their ideas. An example of
collaborative learning implementation in the classroom is
computer-supported collaborative learning (CSCL). CSCL is a
type of collaborative learning technique in which students can
learn a subject matter with their peers using computers. Such
strategies could be implemented in the form of digital games to
make the collaborative learning methods more attractive and
interactive. This paper attempts to investigate students’
perception toward the collaborative task of designing a game
in a language classroom. Overall, the findings suggest that
students showed positive attitude towards the task because it
allowed them to understand the subject matter better.
Keywords— collaborative learning; digital game; game
design; educational game; mobile application

Ι. INTRODUCTION
Science plays a vital role in developing social and
economic status worldwide [1]. The advancement of science
and technology brings the global society to prosperity. The
strategy to master advanced science and technology is to
educate people to become excellent human resources that
can compete internationally[2].
Indonesian government enacted Law No. 20 of 2003 on
National Education System, therein described the meaning
of education in paragraph 1 of Article 1, which states
"Education means a conscious and well-planned effort in
creating a learning environment and learning process so that
students will be able to develop their full potential for
acquiring spiritual and religious strengths, develop selfcontrol, personality, intelligence, morals, noble character
and skills that one needs for him/herself, for the community,
for the nation, and for the State." [3]. The law clearly
encourages students to actively develop their potential in
order to better understand what they learn. The teaching and
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The growth of computer technology and its increasing
number of users, particularly for mobile devices or
smartphones worldwide, has been predicted to exceed two
billion in 2016. The results of the survey firm eMarketer
showed that smartphone users increased by 12.6% from
2015, from 1.91 billion to 2 , 16 billion [8]. This has
created greater opportunities for creative industries based on
games. Anyone who has an interest in computer games,
including teachers and lecturers, has the opportunity to be
involved in the development of educational games. Teachers
have the knowledge and experience, based on their
respective fields of study, which they can use to develop the
content of educational games [9].
Recent literature also indicates that games are used
mostly by users of gadgets or mobile devices; thereby
educational games have a potential to be incorporated as a
media of collaborative learning methods [10]. Games can be
used and integrated in the teaching and learning process.
However, teachers need to select the most appropriate
games if depending on students’ technological comfort
level, students’ interest and abilities, subject matters, and
goals of the course. [11].
Meta-analysis studies on the effectiveness of serious
games for learning reveal mixed results. However, serious
games do have positive effects on motivation and class
engagement [12]. Piirainen-Marsh and Taino (2009)
examined how their research participants engaged and
interacted when playing the game. They found that games
provided ample interactional opportunities when they
played the games. Game based learning approach, in
addition, can promote students problem solving skills and
increase learning motivation [13].
Previous studies on serious games focused more on the
ready to use games. The participants were tested as the users
of games. In this study, however, the researchers would like
to use games as a tool to work collaboratively. In other
words, the participants in this study were asked to design a
game and create activities and exercises in a collaborative
manner for other people to use.
The researchers conducted this study to explore how a
certain type of game, in this case a role-playing game
(RPG), is integrated to make students more engaged through
collaborative learning. More specifically, this study wants to
address the following research questions: (1) How do
students perceive the collaborative task of designing a game
to create activities for classroom use? (2) How do they
perceive the usefulness of the task to learn subject matters?
(3) Are students interested in developing a game for
classroom use?

future goals if he possesses experiences and understands the
consequences of their decisions. In consideration of the
skills possessed by students to be educated as citizenship,
vocational, for leisure; then taught reading, arithmetic,
geography recognize due to be useful for them in social life.
For Dewey, education is always evolving. It never ends.
Education should be participatory, democratic, pluralistic,
and liberal. [15].
The Indonesian model of education emphasizes the
importance of having well-rounded citizens. Law No. 20 of
2003 on National Education System stipulates that the
purpose of education is to create students who possess great
potentials for the greater good. In addition, the Preamble of
the Indonesia 1945 Constitution underlines the guidelines
for the nation's intellectual life. It highlights the importance
of Indonesian citizens to possess intellectual, emotional, and
social intelligence. [16].
2.2. Collaborative learning method
The learning method is a systematic plan to achieve set
learning objectives through appropriate steps. It refers to a
series of related and progressive actions carried out by
teachers and students [17]. There are three basic methods of
teaching: teacher-centered, learner-centered and focuscentralized [17]. Each method has advantages and
disadvantages. Teachers can modify or even combine one or
more of the methods in order to achieve the goals of the
course. The methods and strategies used by the instructor in
the classroom can thoroughly teach many things so that
students understand the purpose of dealing with different
situations or problems in daily life [17].
There are several methods of teaching that increase
student engagement. They are cooperative learning,
collaborative learning, problem-based learning, inquirybased learning, peer learning and team learning.
Collaborative learning is one method of active learning
registered in GAISE (The Guidelines for Assessment and
Instruction in Statistics Education) of the ASA (American
Statistical Association) in 2010 (recommendation number 4)
which states that [18]:
"Using active learning methods in class is a valuable
way to promote collaborative learning, allowing students to
learn from each other… Activities offer the teacher an
informal method of assessing student learning and provide
feedback to the instructor on how well students are
learning. It is important that teachers not underestimate the
ability of activities to teach the material or overestimate the
value of lectures, which is why suggestions are provided for
incorporating activities, even in large lecture classes. "(p.
18)
Collaborative learning is a learning process whereby
every group member contributes ideas, information,
experiences, skills and ability from one to another to
increase awareness amongst the members of the group [4].
Collaborative learning requires collaboration of each group
member in the learning process to achieve a common goal.
In a collaborative learning method, students learn from one
another. They contribute their ideas equally. [19].

II. THEORETICAL FOUNDATION
2.1. Education
According to John Dewey, in his book entitled
"Experience and Education", education is a preparation [14].
This means that education is a form of gaining experience
which is then used as stepping stones for future
achievements. Moreover, he claims that one can attain
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Collaborative learning is a significant shift from a
process-centered teaching or teacher-centered classroom. In
a collaborative classroom, lecturing may not disappear
completely. Lecturing is usually used together with other
methods such as class discussion, paired work, and many
other methods. The most important goal of collaborative
learning is to make students learn the subject matter more
actively in order to improve knowledge retention. In the
collaborative learning classroom, teachers are no longer the
transmitter of knowledge. Instead, they become designers of
intellectual experience. [20].
The following four characteristics underscore the basic
assumptions of collaborative learning [20]:
1. Learning is an active, constructive process: learning is
active and constructive process in which students learn
new information, ideas or skills.
2. Learning depends on rich contexts: learning is
fundamentally influenced by the context and the
activities in which it is embedded.
3. Students are diverse: diverse students bring some new
views or perspectives based on their background,
experience, learning method, and their opinions.
4. Learning is inherently social: collaborative learning
generates intellectual synergies to solve a problem
through interactions with other group members.

This study uses descriptive statistics in the form of
percentages to present the findings.
IV. SURVEY RESULTS
To address the research questions, the researchers asked
several questions related to the task of designing the game
and the exercises and their interests. When asked whether
students liked creating games collaboratively, the findings
indicated that 53% of the respondents liked to create games
collaboratively very much, 38% liked it, 7% of the
respondents reported that they felt neutral about creating
games collaboratively, and the rest, 2%, did not like it at all
(see Figure1)

III. METHODS
In this study, the researchers employed closed and open
ended questionnaires in elicit responses. The questionnaires
were distributed to 47 students consisting of freshmen,
sophomores, juniors, and seniors in the Faculty of Language
and Arts Soegijapranata Catholic University, Semarang,
Indonesia who were taking Structure 1 course. The
researchers used convenient sampling to collect data.
Students who agreed to participate in this study were given
a workshop to create a game using game engine called RPG
Maker MV. These students did not major in computer
science, because this research focused on the enthusiasm in
learning new material from non-computer science students
who were taught by a lecturer using collaborative learning
methods that applied game development.
Since students did not major in computer science, RPG
Maker MV was selected. In addition, the researchers created
a template that students can readily use to create activities
and exercises in the game. It is expected that by providing a
template, students could put more attention into creating
activities and role plays.
The questionnaire consisted of three parts. The first part
was to elicit background questions such as inquiring gender
and class. The second part consisted of 15 closed-ended
questions with five response options. The last part consisted
of three open-ended questions.
The questions were designed to find out students’
perceptions of the collaborative task of designing a game in
a language classroom and their interests in creating similar
educational games.

Figure 1. Students’ opinions about creating games collaboratively

Figure 2 below shows students’ response about the task
of creating question items for the games. 26% of the
respondents said they were very interested. More than half
of the respondents, 55%, were interested in designing
questions for the game. 17% said that they felt ambivalent
and 2% said they were not interested.

Figure 2. Students’ opinions about designing questions for the game

When asked about the level of difficulty in creating the
game, 17% of the respondents felt that the process was very
easy. Slightly less than a half, 40%, of the respondents said
that it was easy. However, 43% of the respondents felt that
developing the provided games was neither easy nor
difficult (see Figure 3).
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fifth, 17%, answered neutral, and the remaining, 13%, said
not interested.

Figure 3. Students’ opinions about the level of difficulty in making
the game

The responses to asking opinions about the usage of the
templates to assist in game development are shown in
Figure 4. More than a third, 35%, responded that the
template was very helpful. Slightly more than a half of the
respondents, 56%, said that it was helpful. The remaining
9% said that it was neither helpful nor useless.

Figure 6. Students' opinions about their interest in creating a game
with different topics

Statements shown in figure 7 found out whether the
participants were excited for making games collaboratively.
The findings show that 30% of the respondents felt very
excited and 40% of respondents felt excited. 28% of them
said they felt ambivalent. Only 2% responded less excited.

Figure 4. Students' opinions about the usefulness of the template to assist
students in game development

As displayed in figure 5, most participants of this study,
89%, had positive attitude towards the idea that games can
be used to study a subject matter collaboratively. Only 9%
disagreed and 2% of them strongly disagreed.

Figure 7. Students' opinions about their interests in making games
collaboratively

When asked whether the need to learn a subject matter is
fulfilled by developing a game, one tenth of the respondents
strongly agreed. More than half of them said that the need
was met. 34% said they felt neutral. Only 2% of the
respondents disagreed that the game met their needs to learn
a subject.

Figure 5. Students' opinions about whether games can be used to study a
subject matter collaboratively

Figure 6 shows students’ response for the question
whether students are interested in creating a game with
different topics, one fifth of the respondents reported that
they were very interested and 49% said they were interested
in creating more games with different topics. Less than one

Figure 8. Students’ opinions about whether a game meets their needs
for learning a subject

Figure 9 shows the responses concerning whether
respondents liked creating a game collaboratively. 15% of
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respondents were very interested and 49% of respondents
were interested in making games. While 23% of respondents
responded if they taught how to develop the game for learn
together is mediocre, and 13% responded the less interested.

Figure 12 shows the responses for when asked whether
they agreed if the game could be played on a tablet or
smartphone. More than 80% of the respondents said they
agreed. . One tenth of them said they were ambivalent.

Figure 9. Students’ opinions about interest in creating a games for
collaborative activities

Figure 12. Students’ opinions about whether a game could be played
on a tablet or a smartphone

17% of respondents were very interested and 53% of
respondents were interested to share the games that they
created for others. However, 26% of respondents said that
they were ambivalent, and 2% were not interested.

Figure 13 shows students’ responses when asked
whether the use of cartoon characters in the game is an
attractive idea. It is described in the figure that almost all
respondents expressed positive attitude toward the use of
cartoon characters in a game (89%). The remaining 11%
said they were ambivalent about the question.

Figure 10. Students’ opinions about interest to share games that they
have been made to others
Figure 13. Students’ opinions about the attractiveness of the cartoon
characters in the game

When asked about the usefulness of the game they
created for other learners, 17% of respondents said it was
very useful, 47% responded that it was useful. Thus, more
than half of them showed positive attitude towards the
inquiry. 32% of them said they were neutral and only 4%
felt that the game was not useful for other learners. .

Respondents were asked whether the game they created
was interesting. Figure 14 shows the results of this question.
The figure presents that 21% of respondents said it was very
interesting, 60% responded that it was interesting. 19% of
them said they were neutral about it.

Figure 14. Students’ opinions about their interests in playing Role
Playing Game (RPG)

Figure 11. Students’ opinions about whether the game they created
could be used by others
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year 2016 under the scheme of International Collaboration
and Publication grant.

In response to the final survey question, three fourths of
the respondents said they were interested to learn how to
create different kinds of games, while the rest had more
negative attitudes towards the statement.
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and second pre-images require about 2n work. In
this paper, we demonstrate that the standard way
of constructing iterated hash functions (the MerkleDamgard construction) cannot meet this goal: For
a message of 2n message blocks, we provide a
n/2
collision attack requiring about 2 k work where n
is a total output and k is sum of computer. This is
attack apply to hash function based on block cipher
that is Davies-Meyer scheme using SIMECK-32
algorithm as an example, our attack can find a
collision for a 232 bit total output with 8 computer
become 213 work each computer.
Hash function based on block cipher is a function
that is formed using block cipher algorithm which
is implemented on certain scheme [1]. There are
many schemes on hash function based on block
which is divided in two class that are single-length
and double-length [1][11]. Davies-Meyer is belong
to single length scheme that can be applied to a
block cipher algorithm with different key length
and block process where fixed point attack can be
done [5]. Fixed point attack is easier to apply than
other kind of attack towards hash functions with
Merkle-Damgard construction [14]. If the value
of message mi is known and processed produces
f (IVi−1 , mi ) = IVi then, if it is placed on the ith
round, it will produce the same hash value from the
ith − 1 round [14].
In this paper a lightweight block cipher algorithm, SIMECK, is applied as the encryption function in Davies-Meyer scheme. The used of SIMECK

Abstract—In this paper we provide method a collision attack on all n-bit iterated hash functions with
Merkle-Damgard construction use parallel algorithm,
allowing a collision to be found for a 2n block message
n/2
and k-sum of computer with about 2 k work. DaviesMeyer scheme using SIMECK-32 algorithm as an
example, our attack can find a collision for a 232 bit
total output with 8 computer become 213 work for
each computer. The result of this research is plaintext
that meets the characteristics of fixed point that
does not affect the plaintext hash value because the
resulting output is the used IV value itself. Plaintext
is used to construct collision. Apparently the result
of the application of the Davies-Meyer scheme is not
resistant to collision attack because there are three
fixed point in the two IV samples which are used.

Keywords−Parallel
Algorithm,
MerkleDamgard, Davies-Meyer, SIMECK Algorithm.
I. I NTRODUCTION
In this generation there are many methods that
used by cryptographers make easier to conduct
cryptanalysis, that method is parallel computing
or parallel algorithm. A parallel algorithm is one
where the tasks could all be performed in parallel
at the same time due to their data independence
[10].
Parallel algorithm method which is done by writers is conducted to determine the fixed point on hash
function with Merkle damgard construction. The
security goal for an n-bit hash function is that collisions require about 2n/2 work, while pre-images
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algorithm is because its more efficient than SIMON
and SPECK [7]. The round function of SIMECK is
similar to the round function of SIMON while its
key schedule is more similar to the key schedule
of SPECK [16]. The aim of SIMECK is to provide optimal hardware and software performance
for low-power limited gate devices such as RFID
devices by combing good components from both
SIMON and SPECK [7][16]. Lightweight block
cipher is also can be implemented well as block
cipher-based hash function because its efficient to
be applied in hardware [15]. SIMECK-32 also has
zero correlation linear cryptanalysis effect [9]. A
good block cipher will be a construction block in
hash function [1]. In this research SIMECK-32 is
tested whether it has a good strength as a hash
function constructor not only efficient in hardware.
A performance test by using fixed point attack is
done to test the collision resistance of produced
block cipher-based hash function [12]. The purpose
of this research is to know the security level of
SIMECK-32 light weight block cipher algorithm in
Davies-Meyer scheme with fixed point attack. So
the research can contribute as reference in selecting
a lightweight block cipher algorithm with collision
resistance properties to be implemented in DaviesMeyer scheme.
We organized this paper as follows. In section
1 we introduce about parallel algorithm and the
attacks on the scheme. Section 2 comprises theoretical basis of the paper. In Section 3 we describe
the algorithm of parallel programing. The results of
the attack are depicted on Section 4. Conclusions
follow on Section 5.

hash function, customized hash function and hash
function based on modular arithmetic [1]. Block
cipher-based hash function is a hash function that
is formed by applying block cipher algorithm in
certain scheme [12]. If in a hash function, collision
is not easily found in a hash function (efficiently
solved) then it is said to have collision resistance
properties.
In 1989, Merkle and Damgard independently
invented the basic construction used for essentially
all modern cryptographic hash functions. Here, we
describe this construction, and its normal security
claims. A hash function with an n-bit output is expected to have three minimal security properties. (In
practice, a number of other properties are expected,
as well.)
1. Collision-resistance: An attacker should not
be able to find a pair of messages M 6= M 0
such that hash M = hash M 0 with less than
about 2n/2 work.
2. Preimage-resistance: An attacker given a possible output value for the hash Y should not
be able to find an input X so that Y = hash
X with less than about 2n work.
3. Second preimage-resistance: An attacker
given one message M should not be able to
find a second message, M 0 to satisfy hash M
= hash M 0 with less than about 2n work.
A collision attack on an n-bit hash function with
less than 2n/2 work, or a pre-image or second preimage attack with less than 2n work, is formally a
break of the hash function. Whether the break poses
a practical threat to systems using the hash function
depends on specifics of the attack.

II. T HEORETICAL BASIS

B. Merkle-Damgard construction with DaviesMeyer

A. Hash function

The Merkle-Damgard construction was designed
by Merkle and Damgard independently [12].

Hash function is a function that maps message
with arbitrary length into a hash value with fixed
length from a message. In general the purpose of
hash function is to guarantee data integrity, but
recently hash function also can be used for commitment scheme, key derivation, and pseudorandom
number generation [1][11].
Hash function can be classified into three categories. Those categories are block cipher-based

Fig. 1.
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The detailed illustration of the Merkle-Damgard
hash construction is given using Figure 1. The
message M of arbitrary finite length which is to
be hashed is divided into r-blocks of l-bits each
M = m1 , m2 , m3 , ..., mr . An initial value IV0 =
{0, 1}n is set to the hash function and the following
process is repeated r-times IVi = f (IVi−1 , Mi )
where, i = 1, 2, 3, .., r.
C. SIMECK block cipher
SIMECK is a family of lightweight block ciphers
proposed at CHES 2015, the round function of
SIMECK is slightly modified from SIMON and the
key schedule of SIMECK is adopted from the idea
of round function reuse like SPECK does [9]. Same
as SIMON, the structure of SIMECK is a typical
Feistel network, the operations SIMECK used are
simply bitwise AND, XOR and rotation operation
[9][7]. The only difference for the round function
between SIMECK and SIMON is the rotation constant, which is (0,5,1) for SIMECK and (1,8,2)
for SIMON [7]. The round function of SIMECK
is depicted in Figure 2 below. Unlike SIMON
and SPECK, there are only 3 different versions
for SIMECK, the parameters of each version are
illustrated in the Table I below.

Fig. 2.

The updating operation can be expressed as
kL
and L
i+1 = ti L
ti+3 = ki f (ti ) C (zj )i

TABLE I
K EY S IZE AND B LOCK S IZE OF SIMECK [7]
No
1
2
3

Block size
32
48
64

SIMECK Round function

D. Fixed point attack
In 2007 Murali Krishna Reddy Danda introduce type of attack on hash function with MerkleDamgard construction that are fixed point attack,
message expansion attack, jouxs multi-collision attack and herding attack. A fixed point attack for
compression function f (IVi−1 , mi ) = IVi is the
pair of f (IVi−1 , mi ) , such that f (IVi−1 , mi ) =
IVi−1 [12]. The illustration of fixed point is shown
in Figure 3:

Key size
64
96
128

Figure 2 depicted round function of SIMON
algorithm.
To generate the round key ki from a given
master key K,the master key K is first segmented
into four words and loaded as the initial states
(t2 , t1 , t0 , k0 ) of the feedback shift registers. The
least significant n bits of K are loaded into k0
while the most significant n bits are put. To
update the registers and generate round keys, we
reuse
L the round function with a round constant
C (zj )i acting as the round key, i.e RC L(xj )i .

Fig. 3.
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So mi doesnt affect the hash value. Therefore,
this characteristic can be used to find collision. If
hash value is known, then collision can be found
with two different messages which are mi and
mi ||mi . It can be written as follows: f (mi , IVi ) =
y and f (mi ||mi , IVi ) = y.

recommended by Yang et al. in 2015, since it
is more efficient than SIMON and SPECK [7].
Therefore the application of SIMECK algorithm
in Davies-Meyer block cipher-based hash function
scheme is expected to create a secure scheme, in
this case its resistance against collision.

III. PARALLEL A LGORITHM TO F IND C OLLISION
A. Abbreviations and Acronyms
Make a collision from initial hash value IVi−1 ,
using a fixed point finding algorithm.
1. Variables:
a. IVi−1 = initial hash value
b. h, i, j = integer
c. mi = all of message block for each integer
i less than 2n/2
d. k = sum of computer
2. Steps each computer:
a. j = mi /k
b. h = 0 to k − 1
c. For i = h.j to i = ((h + 1).j) − 1
IV1 = f (IV0 , m1 )
d. Find a match between IV1 and
f (IVi−1 , mi )
e. Return message mi
3. Work:
n/2
About 2 k compression function computations, assuming abundant memory.

Fig. 4.

Davies-Meyer scheme using SIMECK-32 algorithm

Explanation:
1. In Davies-Meyer scheme with SIMECK-32
algorithm, hash input is used as key in
SIMECK-32 Block Cipher
2. IV is used as message input in SIMECK-32
block Cipher
3. The length of used hash input value is 64
bit (SIMECK-32’s key length is 64 bit which
operates 16 bit at a time)
4. The key of the block cipher will be assign
as samples for Davies-Meyer scheme using
SIMECK-32 algorithm resistance research,
which are 216 or 65536 samples.

B. Sample and sampling technique
Parallel algorithm with Fixed point attack use
n/2
random sampling as much as 2 k where n is
output bits from hash function and k is sum of
computer. The used input samples consist of values
in hexadecimal from 0 until f . Random sampling
is generated by Mersenne Twister as much as 216 or
65536 sample inputs with same value that produced
the same hash value with the used IVs.

B. Fixed point attack in Davies-Meyer scheme using SIMECK-32 algorithm
The research is done by trying to find collision
in 216 or 65536 sample inputs which is divided
to 8 computer by using 2 kinds of IVs which are
consist of 1 not random IVs and 1 random IVs,
these values is expected to be able to represent
all other IV values. Total attempts that have been
done is 2 × 65536 attempts. Table II and Table III
shows the collision input value and the IVs that
are used.

IV. A PPLICATION OF F IXED P OINT ATTACK ON
I MPLEMENTATION OF SIMECK-32 A LGORITHM
IN DAVIES -M EYER S CHEME
A. Davies-Meyer scheme using SIMECK-32 algorithm
SIMECK is a lightweight block cipher algorithm
with Feistel Network as its structure. SIMECK is
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fixed point that can be made collisions from 2 used
IVs. For not random IVs, it is obtained 2 fixed
point at most while for random IV it is obtained
1 fixed point at most from 65536 input variations.
Therefore it can be said that block cipher-based
hash function with Davies-Meyer scheme using
SIMECK-32 is not resistant against fixed point
attack.

TABLE II
F IXED P OINT ATTACK R ESULT WITH IV ”AAAA AAAA”
(N OT R ANDOM )
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Abstrak: This paper explains about Fire fly Algorithm method
(FA) as parameter tuning of Proportional Integral Derivative
(PID) controller. PID is used to control wind turbine speed with
pitch angle controller. FA method is used in tuning the control
speed on wind turbine with Permanent Magnet Synchronous
Generator (PMSG). When wind speed is low in under the average
value, speed control have to be able to maintain a level speed.
Then it will give maximum output, so the turbine efficiency will
be rise. Pitch angle setting is required in conditions of wind speed
above the desired. Little change of pitch angle can influence
power output. Pitch angle control is one of the way to adapt
aerodynamic torque in wind turbine when wind speed is above
on speed value and some other variable controls. From the
experiments of the test, the results of the running programs show
that tuning the system using the method of FA obtained the most
optimal power output and stable compared to the Ziegler-Nichols
method and the PID Controller.

This paper will be discussing wind turbine with
Permanent Magnet Synchronous Generator (PMSG). PMSG is
synchronic generator which has permanent magnet. This
PMSG will be combined with turbine, in order that it produces
electric energy. PMSG has less optimal efficiency to produce
electric power. This matter is influenced from wind speed,
pitch angle, etc. Therefore, turbine needs to be controlled to
produce optimal electric power [1].
While the control which used is PID controller to control
pitch angle. Like in the previous research about “Modeling of a
Variable Speed Wind Turbine with a Permanent Magnet
synchronous Generator” [2]. And another research about
“Pitch Angle Controllers With Imperialist Competitive
Algorithm” (ICA).[1]
This paper consists of introduction, Permanent Magnet
Synchronous Generator (PMSG), wind turbine model, PID
Controller Ziegler-Nichols, Firefly Algorithm (FA)
II. WIND TURBINE

Keyword – Firefly Algorithm, pitch angle, Wind Turbine

I.

To determine the mass (ṁ) flow rate in the field of the rotor,
where cross section area is just wiper area from rotor (A)
Mass flow rate is as follows:
ṁ=ρAvb
(1)
If the assumption is made that the wind speed through rotor
machine just speed average upwind and downwind. So that can
be written as follows:
= Ρa (
)( −
)
(2)
To keep it constant simple algebra, can be defined ratio
downstream to upstream, wind speed will be λ :

INTRODUCTION

The increase in the number of people making electrical
energy requirements will increase. The electricity supply to the
consumers also affects the increasing electrical load. The
impact when the power supply increases so the output power is
issued by the generator will also increase. If the generator
output power increases, demand for fuel will increase and will
result in expenses would be expensive. [1]
The power plant operating general in Indonesia
dominated by plants whose primary energy comes from coal. It
needs special attention and the previously anticipated,
remember that coal is classified as non-renewable materials.
One concern that must be done is to encourage the
practitioners and academics to assess the potential of other
power plant sources of renewable energy, e.g. sunlight,
geothermal, or wind potential. Power wind of power plants are
power plants which have the main advantage due to the nature
of the material is renewable, this means the exploitation of this
energy source will not make the wind resources is reduced.

λ=( )
Substitutions (2) into (3) give:
P = ρA (

(3)

) (v - λ v )

= ρAv [ (1 + λ ) (1 - λ )]
(4)
Equation (4) shows that power extracted from the wind is same
with the upstream wind power multiplied by the quantity in
parenthesis. Therefore, the quantity in the parenthesis is a
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fraction of the wind power extracted by the turb
rbine blades: it is
rotor efficiency and called as Cp.
Rotor efficiency =
= (1 + λ) (1 - λ )
(5)
So that basic connection to the power
er derived from
the rotor becomes:
P = ρAv .CP
(6)
To determine the maximum rotor effi
fficiency, can be
taken from the derivative (5) associated with
th λ and set it
equal to zero:

1) Wind turbine operation mode
ol variable speed pitch in
There are three modes to control
wind turbine. Selections of the operat
rating mode depend on the
available wind speed and the amount
nt of power is required to
supply the load. Three modes:
1. Maximum power point tracking:
g: this mode is used to
convert the maximum power fro
rom wind, when the low
wind speed will follow the valuee of the power coefficient.
Converted mechanical power is :
(9)
_ "# $
2. Blade pitch control: this mode is used when wind speed
outside from average value,, in this situation the
electromagnetic torque is not eno
nough to control the rotor
speed, so that generator will overload.
o
To avoid this
problem, conversion of the wind turbine
t
power have to be
limited and it is done with reduc
uce the power coefficient
(Cp) from wind turbine. The power
po
coefficient can be
manipulated with varying the blade
de pitch angle (β)
3. Power regulation: with the incre
creasing number of wind
power enter to system, in the opera
eration of the wind turbine
is impossible to keep in order that
at the power result will be
constant. Therefore, controlling the
th voltage and frequency
required, so that the product of electric
e
power agree with
load demand.[5]
2) Permanent Magnet Synchronous
us Generator (PMSG)
Synchronous Generator with Per
ermanent Magnet (PMSG)
can be modeled with equation par
ark transformation. The
equation based on the stator current
ent and voltages, such as
equation 10,11.

= [(1 + λ) (- 2λ) + (1 - λ )] = 0
= [( 1 + λ ) (- 2λ) + (1 + λ) (1 – λ)) ]
= (1 + λ) (1 - 3λ) = 0
(7)
Which has solution.
λ= =
(8)
The other word, blade efficiency would be maximized if
the wind slow down to a third of the upstream
m speed without
disturbance. If change λ = 1/3 into the equation
tion for the rotor
efficiency (5), it is found that the maximu
mum theoretical
efficiency of the blade is:
Maximum rotor efficiency
= (1 + ) (1 - ) =
= 0.593 = 59.3%
That the maximum theoretical efficiency of the rotor is
59,3%, It is called efficiency betz or betz law [33]

%

&% ' (

%/

&% '/ (

Where :

)*
+
)0
+

− ,- .

(10)

− ,- ./

(11)

= stator vol
oltage
% dan %/
' dan '/
= stator cur
urrent
&%
= stator coil
oil resistance
Flux at stator can be written as equatio
tion 12, 13.
.
1% ' ( .
(12)
./
1%/ '/
(13)
Where
.
= nucleus magnetic
m
flux
1% dan 1%/
= stator coil
oil inductance
Torque electric from PMSG can be wrritten as equation 14.
23 4. '/ − 51%/ − 1% 6'/ ' 7
(14)
Where P is amount of pair of pole PMS
MSG.[7]

Fig1. Wind turbine characteristic
tic
Operation district of wind turbine hass three different
points:
1. Cut in wind speed: the lowest wind spee
peed where wind
turbine starts to generate electric power.
2. Rated wind speed: wind speed when wind
wi
turbine to
generate electric power, which is usually maximum
m
power
from the wind turbine.
3. Cut-out wind speed : wind speed which can sshut and switch
off wind turbine, to be protected from
rom mechanical
damage.[4]

NTROLLER
III. TUNING PID CON
A. PID_Ziegler Nichols
PID Control is the system of the
t
combination control
between proportional control, integral
ral, and derivative. In this
method, reasoning is done in closed pr
prop where input reference
is step function (Step). The controlling
ling in this method is just
proportional controlling. Kp, is increa
reased from 0 until critical
value Kp, so in order to obtain cont
ntinuous output oscillates
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with the same amplitude. The critical valuee Kp called as
ultimate gain. The response generated ou
outputs at 3
strengthening proportional conditions are shown
hown on Fig 2. The
system can isolate in the stable condition, whenn Kp = Ku

(a) Value Kp = 1.

(b) Value Kp : 1< Kp < Ku.

output power = 200 (w), base powerr of
o the electrical generator
= 200 /0,9 (VA) base wind speed = 0,73 (PV), base rotation
speed = 1.2 (PU) pitch angle beta = 0 (deg), and this pitch
angle will be controlled by controlle
ller. This PMSG is given
stator phase resistance Rs = 0.0018
0.0
(ohm), Armature
inductance = 0.000835 (H), voltage con
constant = 400 (V-peak LL /krpm), Torque constant = 3,308 (N.
N.m/A-peak). In this phase
three load active power P is 110(w),
), nominal phase-to-phase
voltage Vn = 400 (Vrms), and nomina
nal frequency fn = 50 (Hz).
Design controller can be seen in this Fig
F 3.

(c) Va
Value Kp = Ku.

ith add of Kp.
Fig 2. Output Characteristic of a System With
The values of Period ultimate (Tu) iss obtained after
system output reach continuous isolated condit
dition. The value
of the basic period (Tu) and strengthening basi
asic (Ku) used to
determine constants controllers according to the empirical
constants Ziegler-Nichols.[5][6]
B. Firefly Algorithm (FA)
Firefly Algorithm is one of algorithms in the Artificial
intelligence field. There are two matters and ver
very important in
the Firefly Algorithm, that is light intensity
ty and attractive
function.
1. Attractive firefly
The level of the Light intensity on the fire
irefly (x) can be
seen as : I (x) = f (x)
(15)
I value is the level of light intensity on the firef
refly (x) which is
comparable to the solution of the function of problem
pr
will be
searched f(x).
(16)
9@ A1)
89:) 8; ∗ =9>: ).
Attractive β has the relative value, because
use light intensity
have to be seen and assessed by other fireflies.
s. So, the results
of assessment will different depend on distanc
tance between a
firefly and other firefly r ij. Besides, light in
intensity will go
down, because it is absorbed by media, for exam
mple air γ [8][9]

Fig 3. Wind Turbine System
tur
uncontrolled, PID,
The simulation result from wind turbine
PID Conventional (Ziegler-Nichols) and
a PID_FA can be seen
on this Figs 4,5,6 ,7, 8, 9 and 10. With
Wi the value of the base
period in the turbine, Tu = 3, and basi
asic strengthening Ku = 12
used to determine constants Ziegler--Nichols Kp = 3 Ku/5 =
7.2, Ki = Tu/2 = 0.6 and Kd = 3 Tu / 25 = 0.144. While the
result of the wind turbine with PID controller
cont
which in tuning
uses FA obtained value Kp = 8.14, Ki = 4.52, Kd = 0.12.

2. Distance between firefly
Distance between firefly i and j in the location
tion x, xi and xj
can be determined when doing the laying downn of point where
this firefly is spread randomly in diagram C
Cartesians with
formula :
( 9FB ( FC )
(17)
:BC
D9EB − EC )

The simulation result can be seen
see on the table 4.1
Uncontrolled
PID
P
PID_ZA
PID_FA
Kp
1
7.2
8.14
Ki
1
0.6
4.52
Kd
0
0.144
0.12
On the input Wind Speed for uncontrolled
unc
model, PID,
PID_ZN and PID_FA in the Wind Tur
urbine system are all made
equal. Can be Shown in the Fig 4.

3. The movement of firefly
The movement of the firefly (i) moves too the best light
intensity level. It can be seen the following equa
uation:
EB
EB ( 8; ∗ =E 35−>: BC 6 ∗ 5EC − EB 6 ( G ∗ 9:HI − )
(18)
Where the first variable (xi) shows the fi
first position of
firefly in the location (x), then the second equa
quation which is
consist of variable β0 = 1.0 This variable is the value of the
first attractive firefly, variable (exp) expone
ponential numeral,
variable γ = 1.0 is value of the rate of absorptio
ption in the firefly
around area is air and the last (r ij) is separation
on variable in the
first distance between firefly i and j [9]
IV. DISCUSSION AND ANALYS
YSIS
Wind turbine system has input generator spee
eed, pitch angle,
and wind speed. Turbine parameter = Nomin
inal mechanical

Fig 4. Input Wind Speed
S
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From the result of running program obtained the value of
Voltage in uncontrolled = 380 V_Peak L-L/krpm. Voltage of
PID = 276 V_Peak L-L/krpm, Voltage PID_ZN = 680 V_Peak
L-L/krpm and Voltage PID_FA = 1400 V_Peak L-L/krpm

Fig 5. Result of Pitch Angle Simulations
From the result of running obtained the value pitch angle
in uncontrolled = 6 (deg) and unchanged although the wind
speed change. On the PID pitch angle value = 6.4 – 19.1 (deg),
pitch angle PID_ZN = 40 – 40.6 (deg) and pitch angle PID_FA
= 44 – 59 (deg).

Fig 8. Result of current simulation (I)

From the result of running program obtained the value of
Current in uncontrolled = 0.15 A. Current of PID = 0.105 A,
Current PID_ZN = 0.3 A and Current PID_FA = 0.8A

Fig 6. Result of torque mechanical simulation (Tm)

Fig 9. Result of Active Power simulation (W)

From the result of running program obtained the value of
torque in uncontrolled = - 0.7 – (-0.38) Nm A_Peak. On the
torque of PID = – 0.62 – (-0.2) Nm A_Peak, torque PID_ZN =
0.8 – 1.2 Nm A_Peak and torque PID_FA = 1.04 –3.28 Nm
A_Peak.

From the result of running program obtained the value of
Active Power in uncontrolled = 0 – 9 (W). Active Power of
PID = 0 – 9 (W), Active Power PID_ZN = 0-25 (W) and
Active Power PID_FA = 16 – 25 (W)

Fig 10. Result of Reactive Power simulation (Q)

Fig 7. Result of Voltage simulation (V)
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From the result of running program obtained the value of
Reactive Power in uncontrolled = -86 – 0 (Var). Reactive
Power of PID = -86 - 0 (W), Reactive Power PID_ZN = 0-85
(Var) and Reactive Power PID_FA = 0-85 (Var)
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V. CONCLUSION
Form the results of simulation program, can be concluded:
1. On the wind turbine system in uncontrolled obtained value
torque, voltage, current and power not optimal.
2. On the wind turbine system with PID controller obtained
value torque, voltage, current and power less optimal.
3. On the wind turbine system with PID controller ZieglerNichols obtained value torque, voltage, current and power
more optimal.
4. On the wind turbine system with PID controller which in
tuning used FA obtained value torque, voltage, current and
power very optimal and stable.
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Abstract: This paper presents a comparison of optimization for
vehicle steering controls system simulation using several Artificial
Intelligence (AI) for optimizing Proportional Integral Derivative
(PID) control parameters to suppress errors on lateral motion and
the yaw motion of vehicles. This paper compares five kinds of
tuning methods of parameter for PID controller, among other are
Firefly Algorithm (FA), Particle Swarm Optimization (PSO), Ant
Colony Optimization (ACO), Bat Algorithm (BA) and Imperialist
Competitive Algorithm (ICA). The vehicles are represented in the
model vehicle with 10 degrees of Freedom of vehicle dynamics
system. The simulation results show that the PID control tuned by
AI in the vehicle steering control system can adjust the plant
output to the desired trajectory so that the stability of the vehicle
is maintained. Vehicle yaw error and lateral error can be reduced
by using ICA to determine PID parameter. The main advantage
of proposed optimization is faster and more accurate compared
with PID controller. So the error of the controller is reduced too.
The results obtained are of vehicle motion can be maintained in
accordance with the desired trajectory with smaller error and was
able to achieve higher speeds than with the control system using
optimized without parameters. This paper only deals with
software simulation to proof the effect of AI optimization. The
hardware implementation will be investigated in the next future.
Keywords : Vehicle, Lateral and Yaw motion, PID, Artificial
Intelligence

I. INTRODUCTION
PID (Proportional-Integral-Derivative controller) is a
controller for determining the precision instrumentation system
with the characteristics of their feedback on the proficiency
level system. Steer-by-Wire system is one part of a large
system of technological developments in the electric car that is
expected to be the vehicles of the future with a high
performance control. Steer by wire system is the absence of a
conventional relationship on a vehicle steering system in which
the mechanical linkage between steering wheel and front
wheels on the vehicle removed and replaced by electric
propulsion [1].
There are two types of characteristics of the steer-by-wire
system applied that is semi-automatic and fully automatic
steer-by-wire system. Semi-automatic is a steer-by-wire system
that uses a steer wheel to determine the direction of the front
wheels while the fully automatic vehicle steer-by-wire system
without using the steer wheel, to determine the direction of the
front wheels of vehicles used pre-programmed trajectory.

tantra@me.its.ac.id

Much research has been developed on a fully automatic
steer-by-wire system, among others, devoted to research on the
input trajectory that uses look-ahead and look-down systems
[2], using GPS technology [3] and a trajectory that uses the
lane guidance [4]. Likewise has developed research on active
steering control, among others, an adaptive nonlinear control
scheme aimed at the improvement of the handling properties of
vehicles [5].
One of the problems that arise are required an effort to
improve the performance of fully automatic steer-by-wire
system, an effort which still very likely is the development of
methods of control, as this would apply to all forms of input
trajectory is used. The use of Artificial Intelligence (AI) is very
helpful in speeding up the process of control, in this case, the
PID control is a controller reliable enough, but it must be
supported by a quickly and accurately method for tuning the
parameters required in order to achieve precise control. PID
controller can be tuned by Firefly Algorithm (FA), Particle
Swarm Optimization (PSO), Ant Colony Optimization (ACO),
Bat Algorithm (BA) and Imperialist Competitive Algorithm
(ICA).[6,7,8,9,14].
In this paper developed a model of a fully automatic steerby-wire is represented in the simulation of active steering
control of the vehicle model with 10 degrees of freedom
(DOF), which consists of a 7-DOF vehicle ride model and 3DOF vehicle handling model [10,11]. The control structures
that was built consists of two stages in the cascade, the lateral
motion control is used to eliminate unwanted the lateral
movement, as well as setting point in the next control namely
the yaw motion control which is complementary steering
control system. Both the control system uses PID control set by
the AI. The expected results of the simulation of active steering
control using PID control tuned by AI can improve the
dynamic performance of the vehicle.
The systematic in this paper consist of; 1) the introduction
and the review of relevant research that has been done. 2)
Represents the vehicle model with 10 DOF vehicles dynamic.
3) Control structure model for simulating active steering
control, PID control tuned by AI. 4) The results of the
simulation and 5) Conclusions.
II. VEHICLE MODEL FOR CONTROL DESIGN [14,15]
Based on the concept of vehicle dynamics, vehicle model
was built as a plant in the active steering control system using
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the 10 degree of freedom (DOF) which consist
ists of 7-DOF of
vehicle ride and 3-DOF models of vehicle handl
dling models.

Vehicle Handling Model

Vehicle Ride Model
Vehicle Ride model is represented as a 7-DOF system
which is expressed in a mathematical equation
n 7 is composed
of mathematical equations on the car body has
ha a freedom of
movement to heave or bounce, pitching, rollin
ling and Vertical
Direction for call now wheel [8,9,14] .

Figure. 2. Vehicle Hand
ndling Model
Vehicle Handling Model represe
sented as 3-DOF system
which means it has 3 mathematical eq
equations consisting of the
equation of the movement of thee car body laterally and
longitudinally and yaw motion [12,133,14]. Lateral motion and
longitudinal motion is the movement
nt of vehicles along the xaxis and y-axis are expressed in later
teral acceleration (ay) and
longitudinal acceleration (ax) so that
at the lateral motion and
longitudinal motion can be obtainedd bby double integration of
the lateral and longitudinal acceleration
ion.
Lateral and longitudinal acceleratio
tion is expressed as
follows:

Figure. 1. Vehicle Ride Model
Bouncing of the car body (Zs)
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Based on the above equation then bbuilt a full vehicle model
as a plant of active steering controll ssystem using MATLABSIMULINK software.
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III. SYSTEM CONTROL S
SIMULATION
Steering control system (active ste
steer) vehicles built in this
simulation using PID Control, where the settings are done in
this simulation is setting the direction
ion of the front wheels of
vehicles which is the output of the plan
lant model of the vehicle to
match the plant is a reference to the inp
input lookup tables x - y in
the form of a line trajectory change and
nd sine steer trajectory.
Plant output is expressed in the yyaw rate and slip angle,
where the slip angle is characteris
ristic of the lateral and
longitudinal relations of force, so that
at the function of the PID
control system is used to suppress thee error between the lateral
motion (y) corresponding to the longit
gitudinal motion (x) to the
desired trajectory, whereas Tuningg PID control is used
accelerates AI rise time, minimiz
ize errors and reduce
overshot/undershot between the yaw motion
m
of the setting point
which is the output of the PID. Idea
eal conditions on the PID
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output are to have the removal or minimize error means the
vehicle has not had a lateral motion (y), this gives the sense
that the vehicle also has not experienced the yaw motion so
that the output of PID is used as the setting point on the control
yaw motion. To get the optimal control depends on the design
of the composition on each parameter control system, in this
paper the determination of the values of the parameters of both
the PID control is done by tuning the values of these
parameters to achieve optimal value by using AI.

PID Controller
On The Proposed Control Structure control found the
function enhance the control system. PID output is used as the
setting point on the lateral motion. PID control is used as a
control to eliminate the error between the setting points of the
lateral motion. A control system known superior control
measures, including Proportional Control (P) to speed up the
system response rate (rise time), Integral Control (I) to
minimize or eliminate the steady-state error of the system and
control Derivative (D) to reduce the overshot / undershot.
Performance Control P, I, and D depend on the determination
of the value of the constants Kp, Ki and Kd. This is necessary
because if Kp is too large, will cause instability overshoot and
even instability in the system. On the other hand, if the value of
Kp is too small, will reduce the precision adjustment and make
the system in a static state so that the loss of dynamic
characteristics. At constant value Ki, if Ki is too big, it will
cause response be overshoot, if Ki is too small, it is difficult to
eliminate the steady-state error in the system, and affect the
accuracy of the system, if Kd is too large, it will slow down the
response and the ability of the system to be reduced [14].
Artificial Intelligence Parameter
The parameters of Firefly Algorithm (FA)[18], Particle
Swarm Optimization (PSO)[15], Ant Colony Optimization
(ACO)[16], Bat Algorithm (BA)[17] and Imperialist
Competitive Algorithm (ICA)[6,14] are standard parameters.
The value range Kp = 0 - 600, Ki = 0 - 10 and Kd = 0 – 1.

Subsystem vehicle will be controlled with a PID that has
been tuned with AI. Input trajectory can be made to fit the
desired trajectory. Longitudinal movement (x) will be fed into
the turn trajectory, while the lateral movement (y) and yaw
movement (r) is fed as input PID reverse. By entering all the
necessary parameters and constants, then the program will be
executed. The value of the necessary variables and parameters
can be seen in Table 1.
Table1. Vehicle model simulation parameters
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Parameter
Vehicle mass
Vehicle sprung mass
Coefficient of friction
Front track width
Rear track width
Tire rolling radius
Wheelbase
Distance between front axle to COG
Distance between rear axle to COG
Pitch stiffness constant
Roll stiffness constant
Centre of gravity height
Pitch moment of inertia
Roll moment of inertia
Yaw moment of inertia
Wheel moment of inertia
Pitch damping constant
Roll damping constant

Value
1700 kg
1520 kg
0.85
1.5 m
1.5 m
0.285 m
2.7 m
1.11 m
1.59 m
4000 Nm-1
2400 Nm-1
0.55 m
425 kg m2
425 kg m2
3125 kg m2
1.1 kg m2
170000 Nm-1s-1
90000 Nm-1s-1

Result Tuning PID by AI
To determine the value of Kp, Ki and Kd, used several
methods of AI. AI to use them; Firefly Algorithm (FA),
Particle Swarm Optimization (PSO), Ant Colony Optimization
(ACO), Bat Algorithm (BA) and Imperialist Competitive
Algorithm (ICA).
All methods are run as many as 50 iterations. From the
results of running each method of earned value of Kp, Ki and
Kd as shown in Table 2
Table2. Result Tuning PID by AI

IV. SIMULATION RESULTS AND DISCUSSION
The results of simulation is found that by using a PID
control system on the lateral motion, and the yaw motion tuned
by AI to control the plant in the form of a full vehicle model
obtained from as follows and can be seen in Figure 3.

Figure3. The Proposed Control Structure [15]

PSO

BA

FA

ACO

ICA

Kp

430.0078

431.5507

263.1397

249.07993

584.0150

Ki

0.3673

9.2085

1.2619

6.01251

4.1046

Kd

0.9735

0.3261

0.2617

0.25015

0.2014

From the results of running the program PSO obtained
constants Kp = 430.0078, Ki = 0.3673 and Kd = 0.9735, for results
of running the program BA obtained constants Kp = 431.5507,
Ki = 9.2085 and Kd = 0.3261, for results of running the program
FA obtained constants Kp = 263.1397, Ki = 1.2619 and Kd =
0.2617, for results of running the program ACO obtained
constants Kp = 249.07993, Ki = 6.01251 and Kd = 0.25015, for
results of running the program ICA obtained constants Kp =
584.0150, Ki = 4.1046 and Kd = 0.2014.
At the speed standard (13.8 km/h) in get the output as in
figure 4
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Comparison of simulation results

To determine the ability of a control on each controller, it
is necessary to change the vehicle speed gradually until the
maximum limit of the controller can be used. By changing the
vehicle speed controller results obtained in Table 3.

1
Trajectory
PSO
BA
FA
ACO
ICA

0

-1

T ra je c t o ry (m )

Table3. Maximum speed
-2

Velocity
No

-3

1
2
3
4
5
6
7
8
9
10
11
12

-4

-5

-6

0

5

10

15
Time (dt)

20

25

30

Figure4. The Proposed Control
The output above shows C-RMS Error value (m) the PSO
(pink) of 0.0352, BAT (light blue) of 0.0354, FA (red) of
0.0577, ACO (green) of 0.0804 and ICA (blue) of 0.0262.
Pitch Angel can be seen in Figure 5.
-3

2.5

Comparison of simulation results

x 10

PSO
BA
FA
ACO
ICA

2

P it c h A n g le (ra d )

1.5

m/s

Km/h

25
50
75
100
125
150
175
200
225
250
275
300

6.9
13.8
20.7
27.6
34.5
41.4
48.3
55.2
62.1
69.0
75.9
82.8

Continues Root Mean Square Error (C-RMS Error)
PSO
BA
FA
ACO
ICA
(m)
(m)
(m)
(m)
(m)
0.0162
0.0162
0.0265
0.0357
0.0120
0.0352
0.0354
0.0577
0.0804
0.0262
0.0524
0.0526
0.0861
0.1019
0.0384
0.0693
0.0697
0.1058
0.1445
0.0529
0.0826
0.0829
0.1384
0.2017
0.0624
0.1005
0.1008
0.1794
0.2558
0.0744
0.1251
0.1255
0.2190
0.3088
0.0918
0.1442
0.1439
0.2547
0.3684
0.1043
0.1724
0.1733 Under Steer Under Steer 0.1262
Under Steer Under Steer Under Steer Under Steer 0.1438
Under Steer Under Steer Under Steer Under Steer Under Steer
Under Steer Under Steer Under Steer Under Steer Under Steer

From the experimental results speed changes, showed the
maximum speed to be able to maintain the vehicle keep on the
trajectory. The maximum speed for the PSO = 62.1 km/s, BA =
62.1 km/s, FA = 55.2 km/s, ACO = 55.2 km/s, and ICA = 69.0
km/s. If the vehicle speed exceeds the maximum speed, then
the vehicle will be hard to control.

1

V. CONCLUSION
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Figure 5. Pitch Angel
Pitch angle on the control PSO = 2.279x10-3 rad, BA =
2.335x10-3 rad, FA = 1.844x10-3 rad, ACO = 1.509x10-3 rad
and ICA = 2.016x10-3 rad. Yaw Angel can be seen in Figure 6.
Comparison of simulation results

From the comparison of the simulation results show that
PID tuned to ICA better than FA, PSO, ACO, and BA. PID
controller with tuning ICA provides the smallest C-RMS Error
= 0.0262, the smallest pitch angle = 2.016x10-3 rad, the
smallest Yaw angle 0.148 rad, so that vibrations due to smaller
shocks and the vehicle feels more comfortable. PID controller
with tuning ICA can control the vehicle in order to stay in the
trajectory at a speed of 62.0 km/s, while the other controls
difficult to control at that speed. The result of this simulation is
the ideal condition of the vehicle. Further research may be
followed by a real vehicle conditions.

0.15
PSO
BA
FA
ACO
ICA

0.1

VI. REFERENCES
[1]

Y a w A n g le (ra d )

0.05

0

[2]
-0.05

-0.1

[3]
-0.15

-0.2

0

5

10

15
Time (dt)

20

25

30

[4]

Figure6. Yaw Angel
Yaw angle at the position PSO = 0.154 rad, BA = 0.156
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Recurrent Neural Network for rainfall prediction in Indonesia
region using ENSO variables and opening a way to research
development in it by using different type and number of
variables which becomes our objectives in this research.
Recurrent neural network has particular feature. The feature
is feedback connection that brings noise from previous input
to next input. This will increase recurrent neural network
performance especially to identify ENSO variable pattern to
rainfall forecasting. ENSO variable data parameters use in this
paper are: wind, Southern Oscillation Index (SOI), Sea Surface
Temperature, and Outgoing Long Wave Radiation.
Neural Network can be trained to learn and analyze pattern
from past data pattern and search any form or function which
can connect between past data and intended output at this
moment. In this paper, prediction accuracy is measured based
on determination coefficient R2 [9] and Root Mean Square
Error (RMSE) [10].
Heuristic Optimization itself is development of performance
analysis on standard gradient decent standard algorithms.
There are three kinds of learning algorithm, which are, gradient descent adaptive learning rate, gradient descent adaptive
learning rate and momentum, and resilient backpropagation.

Abstract—This paper presents a recurrent optimized heuristic
Artificial Neural Network (ANN) uses Recurrent Elman Gradient
Descent Adaptive Learning Rate and Momentum method with
various parameter values. The values is approached by using ElNino Southern Oscillation (ENSO) variable, which are Southern
Oscillation Index (SOI), Wind, Outgoing Long Wave Radiation
(OLR), and Sea Surface Temperature (SST) to forecast regional
monthly rainfall in Bongan Bali. The data sets used in this paper
are separated by two groups. First group of data has training
data and testing data which is 75% and 25% respectively. The
latter group of data consists of 50% training data and 50%
testing data. First data group produces the maximum R2 leap
74.6% and the latter produces the maximum R2 leap 49.8%.

I. I NTRODUCTION
In agriculture sector, which depend mostly on paddies in
Indonesia, rainfall prediction becomes essential requirement
besides pest control, seed selection, and fertilizer. Information
of rainfall measurement is important to farmer who anticipate
extreme event such as drought and flood thus accurate and fast
rain prediction is important [1], [2]. This becomes intelligent
computation system such as Neural Network seem interesting
for climate prediction in which data pattern from rainfall
measurement can be identified by applying learning method
approach.
Rainfall prediction models, which have been done until now,
are not many using El-Nino Southern Oscillation (ENSO)
as Neural Network input. This is important because ENSO
variable has significant effect to rainfall in Indonesia [3], [4].
Recent works, which has be done mostly using temperature
and rainfall variable as a Neural Network input such as
Notodiputro et.al works [5] who uses Principal Component Regression has 63.16% for R2 variable. Standard Backpropagation [6] has 74.02% and another works from [7] has 48,179%
for R2 variable. Arif et. al [8], who uses backpropagation has
RMSE 83.76 and 84.63% for R2 .
The paper uses optimized Neural Network using heuristic,
which is Elman Recurrent Neural Network and Gradient
Descent Adaptive Learning Rate and Momentum. The goal
of this paper is increasing accuracy and processing speed of

II. M ETHODOLOGY
Recurrent Neural Network is a network that accomodate
output of the network to input itself which intended to produce
output for next network. In this paper, Elman Recurrent Neural
Nework is employed. The network has one or more hidden
layer. First layer has weights which are from input layer.
Overall, neuron and hidden layer are established by its problem
complexity. Delay can be appeared on connection between
input layer and first hidden layer a time before (t − 1) can be
used for present time (t). Figure 1 presents block diagram for
Neural Network based Rainfall Prediction.
For this paper, ENSO and Rainfall data are used. ENSO
data was obtained from NOAA for 83 months. ENSO variable
coverage Nino-3.4 area which located at N5◦ - S5◦ and W90◦
- W150◦ . Rainfall data which used in this paper is average
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Fig. 1. Neural Network based Rainfall Prediction block diagram.

rainfall at S8◦ 330 500 - E115◦ 50 4800 with height at 124 meter
above sea level. The data was provided by BALITKLIMAT
Bogor.
The architecture of this network is Type 2 Elmann Recurrent
Network with two hidden layers. Input variables for this
network are wind, SOI, SST, OLR, and Rainfall data. Trial and
error process is needed to determine optimum performance
of standard Recurrent Neural Network architecture which
depend on number of neurons, hidden layers, and learning
rate. Gradient Decent Adaptive Learning Rate and Momentum
is needed as learning algorithm.
Recurrent Neural Network is a network that accomodate its
output as part of its input to get output for next network. Elmann Recurrent network itself consists of one or more hidden
layer. First layer has weights that are obtained from input layer
thus every layer is receiving weight from prevous network.
This network usually uses activation function sigmoid bipolar
for hidden layer and linear function for output layer. Contrary
of backpropagation network, Elmann network has possibility
of using every kind of activation functions which are continue
function or discontinue function. Delay which appeared from
connection between previous network (t − 1) can be used for
current or present time (t). This network has unique feature
that the network has feedback connection to bring noise to
previous input.
Gradient Descent Adaptive Learning Rate dan Momentum
is to improve weight based on learning rate which is adaptive
and using a momentum m. Momentum is a constant that affect
weight and has a value between 0 and 1. If m = 0 then weight
change can be affected by gradient only and when m = 1
then weight change will same to previous weight change. The
following heuristic steps are presented below [11],

∆wjk (t) = [αφjk ]2
∆wjk = m∆wjk (t − 1) + (1 − m)[αφjk ]2
∆[bk ]2 = α[βk ]2
∆[bk ]2 = m∆[bk ]2 (t − 1) + (1 − m)α[βk ]2

↔ epoch = 1
↔ epoch > 1
↔ epoch = 1
↔ epoch > 1

2) Calculate weight and new hidden unit bias using the
following equation,
∆vjk (t) = ∆vjk + [αφij ]1
∆vjk = m∆vjk (t − 1) + (1 − m)[αφij ]1
∆[bj ]1 = [αβj ]1
∆[bj ]2 = m∆[bj ]1 (t − 1) + (1 − m)[αβj ]1

↔ epoch = 1
↔ epoch > 1
↔ epoch = 1
↔ epoch > 1

3) Calculate new network performance (perf2) using new
calculated weight.
4) Compare between new network performance (perf2) and
current network performance (perf).
5) If perf2
perf > max perf inc then the learning rate is (α) =
α × lr dec.
∆wjk
∆b2k
∆vij
∆[bj ]1

= α[φjk ]2
= α[βk ]2
= α[φij ]1
= α[βj ]1

6) If perf2
perf < max perf inc then the learning rate is (α) =
α × lr inc.

1) Calculate weight and new output bias using the following equation,
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TABLE I
S TANDARD R ECURRENT N EURAL N ETWORK WITH G RADIENT D ESCENT
A DAPTIVE L EARNING R ATE AND M OMENTUM STRUCTURE

∆wjk
∆[bk ]2
∆vij
∆[bj ]1

= α[φjk ]2
= α[βk ]2
= α[φij ]1
= α[βj ]1

(1,−1)

=

βwj,i

(1,−1)

||wj

Architecture
Input Neurons

Two hidden layers
ENSO variables and
Rainfall data
48 neurons
24 neurons
1
Binary sigmoid
Bipolar sigmoid
Linear Function
Nguyen-Widrow
0.001
20.000
0.1
1.06
1.05
0.6

TABLE II
ENSO VARIABLES AND R AINFALL

1) Random assign initial weights for all hidden nodes.
2) For each hidden node j, normalize its weight by
(1,−1)

Specification

First hidden layer
Second hidden layer
Output layer
First hidden layer activation function
Second hidden layer activation function
Output layer activation function
Weight Initialization
Error toleration
Epoch Maximum
Learning rate
Maximum performance increase
Learning Rate increase
Learning Rate decrease

Every training and testing is repeated 20 times to get average
and standard deviation of the network. The testing result is
accuracy level between presumption value and actual value
based on two parameters, R2 and RMSE. Obtained R2 value
is multiplied by 100% to make easier for reading accuracy
level.
At first step, every data cluster will have initialization process using Nguyen-Widrow method [12], [13], [14]. Number
of neurons and hidden layer is determined by this experiment
and based on references of previous works. Next step of this
process is doing learning process of four ENSO variables and
rainfall data as a target using first cluster of data which consists
of 75% training data and 25% testing data. Second cluster
data which consist of 50% training data and 50% testing
data. These steps are applied into Gradient Descent Adaptive
Learning Rate and Momentum algorithm. Table I presents
Standard Recurrent Neural Network with Gradient Descent
Adaptive Learning Rate and Momentum structure. NguyenWidrow weight initialization is defined by the following steps,

wj,i

Characteristics

||2

1

where β = 0.7p n .
For every data cluster, the experiments are done with
different leap variance such as 0, 1, 2, and 3. Leap 0 predicts
rainfall at a same month. Leap 1 predicts rainfall for next
month. Leap 2 predicts rainfall for next two months. Leap 3
predicts rainfall for next three month. Every experiment does
20 times iteration for getting average of R2 and RMSE that
have smallest standard deviation. Experiment result focused on
comparison of prediction accuracy of Neural Network, which
has maximum R2 and minimum RMSE. Table II shows ENSO
variables and rainfall data. Momentum parameters which are
be used in this experiments are 0.7 and 0.9.
Accuration of regression model prediction can be determined by using determination coefficient (R2 ) and Root Mean
Square Error (RMSE). R2 shows the proportion of the total
number of squares that can be explained by the diversity of
sources of independent variables. RMSE shows deviation of
the actual value of the estimated value. R2 is the square of
the correlation between the value of the observation vector y

Months

OLR
Index

Wind
Index

SOI
Index

SST
Index

Rainfall
(mm)

January
February
March
April
May
June
July
August
September
October
November
December

23.5
9.7
21.7
5.4
19.7
22.4
25.9
40.6
40.1
28.3
28.3
28.3

6.6
6.7
7.4
5.3
5.9
6.1
8.2
6.6
6.5
6.1
6.1
6.1

0.5
1.2
0.9
1.0
0.5
0.6
-0.2
1.7
0.9
1.2
1.2
1.2

0.18
0.28
0.52
0.9
1.06
0.79
0.48
0.14
0.28
0.33
0.33
0.33

649.0
601.0
321.0
151.0
14.0
176.0
121.0
12.0
40.0
53.0
53.0
53.0

with a the value of estimated vector ŷ. R2 can be calculated
by using the following equation,
 n
2
P
(yˆi − ŷ) − (yi − y))
i=1
R2 = P
(1)
n
n
P
(yˆi − ŷ)2
(yi − y)2
i=1

i=1

and RMSE can be calculated by using the following equation,
v
n
uP
u (Xt − Ft )2
t
RM SE = t=1
(2)
n
The values of R2 are in the interval of 0 to 1. The model will
fit better when R2 near to 1 and RMSE near to 0.
Outputs of these experiments are presented as tables, which
have epoch values, R2 , and RMSE from every data clusters.
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Another outputs are R2 minimum, R2 maximum, Avarege
R2 , RMSE minimum, RMSE maximum, avarege RMSE, and
RMSE Standard Deviation.

can be applied to rainfall prediction based on ENSO variables
and gives accepted accuracy. The best rainfall prediction is at
first data cluster at leap 0 which gives maximum R2 value
71.6%, leap 1 gives 74.6%, leap 2 gives 63.2%, and leap 3
gives 48.5%. Composition data with 75% training and 25%
testing gives maximum R2 value higher than 50% training
and 50% testing.

III. R ESULTS AND D ISCUSSION
Training and testing data compositions are very effective to
prediction accuracy in Neural Network. The data is divided
to two clusters of experiment data. First cluster is composed
by 75% as training data (62 months) and 25% as testing data
(21 months) and the latter is composed by 50% (42 months)
as training data and 50% (41 months) as testing data. In first
experiment, ENSO variables as inputs and Rainfall as target.
The results are shown in table III.
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TABLE III
E XPERIMENT RESULT OF FIRST DATA CLUSTER
Composition
0.7
0.9

max R2

Leap 0
avg R2

RMSE

max R2

Leap 1
avg R2

RMSE

70.7
71.6

48.77
51.48

278.55
231.45

52.7
74.6

30.3
30.4

207.66
186.01

Variable which varied in first data cluster for leap 0, shown
in table III, is momentum value (m). For lr inc (learning rates
increase) and lr dec (learning rate decrease) are set as 1.05 and
0.6 based on previous experiment. When m value increased
from 0.7 to 0.9 then R2 maximum value is increased from 70.7
to 71.6. Average R2 increased from 48.77 to 51.48 and RMSE
value decrease from 278.55 to 231.45. The best composition
parameter for first data cluster experiment at leap 0 is 0.9.
In second data cluster for leap 0, when m is increased from
0.7 to 0.9 then R2 maximum value is increased from 45.7 to
46.3. Average R2 decreased from 41.5 to 41.1 then RMSE
is increased from 279.28 to 331.93. The best composition
parameter form first data cluster experiment for leap 0 is 0.9.
TABLE IV
E XPERIMENT RESULT OF SECOND
Composition
0.7
0.9

DATA CLUSTER

max R2

Leap 0
avg R2

RMSE

max R2

Leap 1
avg R2

RMSE

45.7
46.3

41.5
41.1

279.28
313.93

45.6
49.8

36.4
38.6

223.23
209.37

In first data cluster for leap 1, table III, when m increased
from 0.7 to 0.9 then R2 maximum value is increased from
52.7 to 74.6. Average R2 increased from 30.3 to 30.4. RMSE
value decreased from 207.66 to 186.01. The best composition
parameter form first data cluster experiment for leap 1 is 0.9.
Experiment on second data cluster, presented in table IV, for
leap 1 is shown that when m increased from 0.7 to 0.9 then
R2 maximum value is increased from 45.6 to 49.8. Average
R2 value is increased from 36.4 to 38.6 and RMSE value is
decreased from 223.23 to 209.37. The best composition m
parameter from second data cluster for leap 1 is 1.
IV. C ONCLUSION
Recurrent Neural Network, which heuristically optimized
using gradient descent adaptive learning rate and momentum,
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In Indonesia, e-commerce is still relatively new industry, but
he predicted the industry will experience rapid growth over the
next few years. The potential of online shopping in Indonesia
are increasingly growing up with the easy access to the
Internet and the increasing confidence of consumers to choose
to shop online than shop offline. E-commerce sales in
Indonesia reached 1,04 billion US dollars in 2012 [2]. Sales of
e-commerce in Indonesia is expected to keep increasing to
reach 4,49 billion US dollars in 2016 where most of
Indonesian consumers prefer to purchase movie tickes, shows,
exhibitions, and sports performances by online transactions
[2].

Abstract—The aim of this study was to investigate the effect of
e-marketing and consumer lifestyle on purchasing decisions
movie tickets through the website. This study used multiple
linear regression analysis and a convenience sampling as the
sampling technique. The population in this study were customers
in Jakarta city. The questionnaires were distributed online
through GoogleDocs application and also distributed by papers
to the 100 respondents who had experienced on purchasing movie
ticket through website. The results had indicated that there was a
significant influence of e-marketing and the lifestyle of consumers
on movie ticket purchasing decisions. Thus, the variables of emarketing and consumer lifestyles had significance influence on
consumer decision making-style. Researchers suggested the
company's website must be developed as a part of e-marketing to
improve their customer relationships.
Keywords—component; e-Marketing,
Consumer Decision Making-Style.

I.

Consumer

In Indonesia high purchasing power is currently grow the
optimism among the businessmen in business sector of the
country. One of them is the cinema sector. However,
Indonesia remains one of the countries with the low cinema
development. With the fourth largest population in the world,
Indonesia has no more than 900 theaters [3]. This condition
shows a potential opportunity which can be consider as a
challenge among local enterpreneurs.

lifestyle,

INTRODUCTION

Advancement of Internet technology allows one to obtain
information and conduct transactions independently without
limited by space and time. However, this technology is still
not fully utilized. The researcher noticed one of the interesting
issues has been captured from a simple daily life activities,
which is purchasing the movie tickets. Many customers have
to queue long enough to get tickets, and sometimes cannot
even managed to get a ticket. It certainly affects a heavy loss
because of time spent queuing can be more effective by doing
other useful things. Alternatively, utilizing the use of internet
will produce efficiency. Customers can book movie tickets
online without having to queue, and transactions can be done
anywhere and anytime as well.

According to reference [3], with only 2,9 screen movies
per million people, Indonesian cinema industry is considerably
low compared to Thailand (10,4 screen per million people)
and Malaysia (21,6 screen per million people). There are still
70% of consumers who have never been to cinema to see the
movies, because only 47 of the 497 cities in Indonesia has a
cinema. Indonesia market remains underpenetrated, and is
poised for growth.
Researchers looked at the potential of the cinema industry
in Indonesia is still wide open to thrive. Although the
phenomenon of movies or digital video is now easily obtained
by the public through internet access, cinema is still needed by
the community as an entertainment even as a lifestyle.

According to [1], the largest online purchase happened in
Asia Pacific. This research noted that online ticket purchasing
increased by two-fold during 2011 to 2014, from 22% to 41%.
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stage of their life cycle, income, education, and where they
live.

In Indonesia, these companies engaged in the cinema
industry should maintain the momentum of innovation in
order to achieve sustainable business growth in the future. The
industry needs to expand to areas with high potential in
various regions in Indonesia. There are still many areas in
Indonesia that have not been reached by the cinema industry
and also for the sustainable growth for the cinema industry
within the country itself.

The lifestyle classification can be defined as an integrated
pattern of three things [7]. First, the activity consists of
hobbies, sports, likes and dislikes for shopping, social
activities. Second, the interest consists of food, fashion,
family, and leisure. Third, the opinion consists of social
problems, business, and government.

Not only the expansion of new cinema, the cinema
industry in Indonesia has introduced the newer technologies
and better way to increase the attendance of spectators, one of
it is to introduce 4DX as a technology that is capable to give
unique 4D experience to the spectators with effects such as
moving chair, wind and water [3]. In addition, cinema industry
should also strive to offer a wide variety of content, not only
from the local film distributor, but also from other alternative
type of content such as music concerts and sports program. By
having a wide range of content, cinema industry hoped to
attract more customers and sustain growth number of
subscribers.

The lifestyle characteristics have a major impact on buying
behavior [8]. In a consumer environment, one chooses a
product or brand, which seems to elaborate his lifestyle.
Consumers can make a choice in the consumption
environment in order to determine or actualize their lifestyle,
identify through the selected product, or brand. Consumers
select, purchase, and consume the intended goods and
services, so that they can define, or extend their identity and
lifestyle. The result of the research concluded that there is a
casual effect on the individual's lifestyle consumption
behavior.
Lifestyles affected the purchase decision [9]. The study
found that consumers of lifestyles will affect the purchase
decision. For example, consumers who like outdoor activities
concerned with things that are fashionable, and they have a
willingness to pay with a greater attention to experience the
brand image, product quality, and notoriety of product brand.

Thus, in order to increase the purchase of movie tickets,
the style of decision making in purchasing the movie tickets
nowadays are not only based on customer needs, but may also
come from someone’s hobby to watch movie. Fact that the
need of watching movie has transformed into a lifestyle where
consumers intend to follow the existing trend from
surrounding society, it makes these consumers turn out to be
consumptive on purchasing online for movie tickets.
II.

Based on the description above, the formulation of the
problems in the research on e-marketing, consumer lifestyle
and purchasing decision making style focus were limited to
issues with the subject as follows :

LITERATURE REVIEW

A. e-Marketing
The effective e-marketing strategy is an important element
for the success of any type of business [4]. The uniqueness of
e-marketing is created using a series of specific function and
relational combined with 4P (Price, Product, Place, and
Promotion) to form a mix element of e-marketing, which
contains a mixed tool e-marketing that provided on the
business website to facilitate sales transactions.
According to [5], thing that gives uniqueness to emarketing is the merging of the traditional marketing concept
with a series of relational functions with a new formula 2P +
2C + 3S (Personalization, Privacy, Customer Service,
Community, Site, Security and Sales Promotion).

•

How does the influence of e-marketing towards the
movie tickets purchasing decision making style through
the website?

•

How does the influence of consumer life style towards
the tickets purchasing decision making style through
the website?

•

How does the influence of e-marketing and consumer
life style simultaneously towards the movie tickets
purchasing decision making style through the website?

C. Consumer Decision Making Style
Modern marketers showed a growing interest in research
of the consumer purchasing decision making style to
understand how an individual makes a buying decision in a
competitive environment [10]. This concept is important
because it determines the pattern of consumer behaviour and
relevant for market segmentation. Most of the previous
researchers have adapted to the Consumer Style Inventory
(CSI) introduced by Sproles and Kendall in 1986 as a general
tool to assess the customer’s decision making style.

B. Consumers Lifestyle
The concept of lifestyle patterns and their relationship to
the marketing was introduced in 1963 by William Lazer [6].
The lifestyle patterns were defined as a system concept that
has broad meaning [6]. The approach that most widely used
for measuring lifestyle has AIO (Activities, Interests, and
Opinions). Lifestyle as used in lifestyle segmentation research
can measure some things. First, community activities, in terms
of how they spend their time. Second, their interests, what
they overlooked in their surrounding environment. Third, their
opinion, in terms of their views about themselves and the
world around them. Fourth, some basic characteristics like the

Reference [11] showed that the product quality, product
brand, fashion, recreation, product price, impulsiveness,
overchoice confusion, and brand loyalty influence purchasing
decisions. It can not be ignored that many young consumer
demand in purchasing online, especially the consumer is
influenced by the quality of products, brands, and fashion.
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Consumers think that online shopping is a leisure experience
and recreational values. Consumers also defend their favourite
brand. They are critically influenced by peers and friends in
shopping online.

Ha1 : There is a significant effect between e-marketing
towards the movie tickets purchase decision making style.
It is stated that the satisfied consumer will be more loyal
when getting a positive marketing of the company. Marketing
components will affect decision-making, associated with one's
desire to maintain a continuous plan and sharing of the results
or specific activities. Consumer purchase decision styles
cannot be separated from their lifestyle. Consumers want to
buy products that are useful and have a good quality.
Therefore, marketers should be viewed from the standpoint of
consumers ranging from the environment, requirements,
demographics, personality, and lifestyle. Based on these
arguments, the second hypothesis can be formulated as
follows:

Other studies [12] indicates that there is a significant
relationship between online consumer decision-making styles
and comparison shopping proneness. Consumers with
perfectionism style need to compare what is being spent in
order to get to their "perfect" choices. Consumers also think
that the comparison shopping tool will help them. Similarly,
consumers searching for the best value in shopping at websites
to find appropriate choices.
There are seven styles of consumer purchasing decision
making, which are Brand Consciousness, Perfectionist, High
Quality Consciousness, Recreational, Hedonistic Consumer,
Impulsiveness, Price-Value Consciousness, Confused by Over
Choice, Novelty-Fashion Conscious Customer [10].

Ha2 : There is a significant effect between the consumer life
style towards the movie tickets purchase decision making
style.

With the identification of problems that have been
described previously, the objectives that could be addressed
through this study are as follows :
•

To determine the influence of e-marketing towards the
movie tickets purchase decision making style through
website.

•

To determine the influence of consumers’ life style
influence towards the movie tickets purchase decision
making style through website.

On the basis of e-marketing, the stages of a marketing
strategy which associated with the sales model, are expected
to occur in accordance with reality so it can support
consumers in making their purchasing decision. Consumer
purchase decision cannot be separated from the lifestyle of
those who want to buy useful and good quality products. Thus,
the marketers should be viewed from the viewpoint of
consumers ranging from the environment, requirements,
demographics, personality, and lifestyle. Based on these
arguments, the third hypothesis can be formulated as follows:

•

To determine the influence of e-marketing and
consumers life style simultaneously towards the movie
tickets purchase decision making style through website.

Ha3 : There is a significant effect between the e-marketing
and consumers lifestyle simultaneously towards the movie
tickets purchase decision making style.

In this study, based on the previous research and
thereotically the conceptual model framework in this study are
as follows :

III.

METHOD

The population in this study was the moviegoers in Jakarta
during June 2015. The required number of samples in this
study was 100 respondents. We chose the city as the location
of sampling with the consideration that economic progress in
recent years, there are many tourist attractions, cinema
theaters convenience, Internet accessibility, the high of traffic
congestion, and the high of busy work rate.

e-Marketing

Purchase Decision
Making Style

The questionnaire design in this paper includes four major
parts, which are: e-marketing, life-style, purchase decision
making style, and basic information of respondent. In order
to measure the e-marketing, this study adopted the
perspectives of Kalyanam & McIntyre [5]. The questionnaire
on life-style measurement, which is developed based on
referring the studies of Plummer (1974). As far as selecting
the dimension of consumer decision making style, this study
mainly takes reference from the dimensions developed by
Bandara (2014). A respondent’s basic information includes
whether he/she had made online purchase on movie tickets,
gender, age, educational background, job type, average
monthly expenses, and the experience of online purchase.

Lifestyle
Fig. 1. Conceptual Model Framework

E-marketing has been defined as an assessment of
perception, which is derived from an evaluation process where
customers compare their expectations with perceived
marketing will be accepted. E-marketing is also described as a
form of marketing strategy stages associated with the sales
model. The model is expected to affect a person in making
purchasing decisions. Based on these arguments, the first
hypothesis can be formulated as follows:

The collected data were processed by computer software,
which is SPSS (Statistical Program for Social Science) version
19. In this study, the analysis began in several research
instruments, which are questionnaires by using validity and
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decision making styles. It can be seen from the probability of
significance is less than 0.1. The equation is not used to
predict but is only used to describe the relationship between
variables. Constants of 28.798 can be explained that if there is
no e-marketing, the value of purchase decision-making styles
is 28.798. The regression coefficient of e-marketing totaled
0.580 (positive). This can be explained that if there is an
enhancement on e-marketing, the decision-making styles
purchasing movie tickets will also increase.

reliability test then continue with data normality test and data
processing continued with corelation analysis and path
analysis. The data processing had to be done to answer the
purposes of study, so the conclusion can be made to led to the
target.
The validity test of which is used to declare the validity of
each item is to look at the correlation and comparison of
between rtable and rvalue. At the level of 10% was obtained the
error rate value of rtable 0.165 (df = 100-2 = 98), because all
items had a positive correlation and rvalue had a value greater
than rtable (0.165). Thus, it can be stated that all items in this
study were valid on all respondents.

Furthermore, the testing results of second hypothesis are
presented in Table III and describe the regression equation as
follows:

In this study, the reliability test was performed by using
Cronbach Alpha. In Table I showed that the resulting
coefficient of reliability test in e-marketing variables were
0.861, consumer lifestyle were 0.691, and purchase decision
making style were 0.830. It meant that the test was said to be
reliable since the alpha value is greater than rtable (0.165). Thus
the three variables of measuring instrument can be expressed
reliably so that it can be used as data for further analysis.
TABLE I.

Y = a + b2.X2
Y = 21.111 + 0.988.X2
TABLE III.

Coefficientsa
Unstandardized Standardized
Coefficients
Coefficients

RELIABILITY TEST

Variable
E-Marketing
Life Style
Purchase Decision Making Style

IV.

Reliability
Coefficient
0.861
0.691
0.830

Model

Result

1

Reliable
Reliable
Reliable

a

RESULT

Y = 28.798 + 0.580.X1

(Constant)
E-Marketing (X1)
a

T

Sig.

21.111

5.833

3.619 .000

.988

.150

.554 6.581 .000

Dependent Variable: Purchase Decision Making Style (Y)

Y = 8.833 + 0.393.X1 + 0.772.X2

Unstandardized Standardized
Coefficients
Coefficients

1

Beta

Y = a + b1.X1 + b2.X2

Coefficientsa

Std.
Error

Std.
Error

The testing results of third hypothesis are presented in
Table III and describe the regression equation as follows:

REGRESSION ANALYSIS OF HYPOTHESIS 1

B

B

The variabel of lifestyle included in the regression model
has significant results on the variable of purchase decision
making styles. It can be seen from the probability of
significance is less than 0.1. The equation is not used to
predict but is only used to describe the relationship between
variables. Constants of 21.111 can be explained that if there is
no e-marketing, the value of purchase decision-making styles
is 21.111. The regression coefficient of lifestyle totaled 0.988
(positive). This can be explained that if there is an
enhancement on lifestyle, the decision-making styles
purchasing movie tickets will also increase.

Y = a + b1.X1

Model

(Constant)
Life Style (X2)

A. Hypothesis Test Result by t-Test
To be tested, a hypothesis should be stated with
quantitative. The hypothesis test is a procedur that allows a
decision to be made, where the decision is rejecting or
accepting a tested hypothesis. The result of first hypothesis
testing was presented in Table II and described the regression
equation as follows:

TABLE II.

REGRESSION ANALYSIS OF HYPOTHESIS 2

Beta

T

The variables of e-marketing and consumer lifestyles
which put together in the regression model proved to have a
significant outcome of the purchase decision making styles,
where the probability of significance is less than 0.1. The
regression equation in this study is only used to describe the
relationship between variables. Thus, there is an influence of
variable e-marketing and lifestyle with purchase decision
making style for each variable independently associated
positive and will further enhance the decision-making style
movie ticket purchase.

Sig.

28.798

5.519

5.218 .000

.580

.104

.490 5.562 .000

Dependent Variable: Purchase Decision Making Style (Y)

The variabel of e-marketing included in the regression
model has significant results on the variable of purchase

Table IV showed the impact between variables, and the
impacts are as follows:
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From F test result, F-value is 32,605 with significant level
0,000 and F-table is 2,358. So F-value (32,605) > F-table
(2,358), because F-value is higher than F-table then regression
model can be used to predict the purchasing decision making
style or can be said that e-marketing and consumer life style
simultaneously has impact towards the movie tickets
purchasing decision making style through website.

1) E-Marketing Impact towards the Movie Tickets Purchasing
Decision Making Style through website. Based on the data
analysis result, the tvalue is 3,936 and ttable was 1,290 which
means tvalue > ttable with sigma 0,000, if sigma < 0,1, means
influenced significantly. But if sigma > 0,1, means no
influence. Analysis result shows tvalue 3,936 > ttable 1,290 with
sigma 0,000 < 0,1, so can be concluded that first hypothesis
which e-marketing has impact towards movie tickets
purchasing decision making style through website.

From the above discussion, it can be concluded that the
theory of e-marketing and consumer lifestyle towards the
purchase decision-making style can be described to improve
decision-making style movie ticket purchase. Thus, based on
the hypothesis test with F-test in this study have been
answered that e-marketing and consumer lifestyles are the
variables that influence the decision-making style of movie
ticket purchases through the website.

2) Impact of Consumer Life Style towards the Movie Tickets
Purchasing Decision Making Style through website. Based on
data analysis result, tvalue was 5,127 and ttable was 1,290 which
means tvalue > ttable with sigma 0,000, if sigma < 0,1, means
influenced significantly. But if sigma > 0,1, means no
influence. The analysis result shows tvalue 5,127 > ttable 1,290
with sigma 0,000 < 0,1, so can be concluded that second
hypothesis which life style has impact towards movie tickets
purchasing decision making style through website.
TABLE IV.

V.

Through data processing result, can be concluded that
analysis through this model is actually able to be implemented
in the cinema industry. Each variable is related and has
significant impact either simultaneously or partially at the end
activity that needs to be reached. So things that learnt
throughout this study such as follows :

REGRESSION ANALYSIS OF HYPOTHESIS 3

Coefficientsa
Unstandardized
Coefficients

Model

B

1 (Constant)

Std.
Coef

Std.Error

8.833

6.275

e-Marketing (X1)

.393

.332

Consumer Life
Style (X2)

.772

.150

a

t

1) The influence of e-marketing to decision making style
purchases through the website by tvalue amounted to 3.936,
meaning that the e-marketing influence on the purchase
decision-making style. This means that if the better emarketing performed by the theater company, the decisionmaking style of movie ticket purchases through the website
will increase.
2) The influence of consumer's lifestyle towards the decision
making style of movie tickets purchasing through the website
by tvalue amounted to 5,127, meaning that lifestyle influence
consumer purchase decision making styles. This means that if
the lifestyles of consumers is better, the decision-making style
movie ticket purchases through the website is increasing.
3) Based on test results obtained Fvalue 32.605 F with a
significant level of 0.000. Fvalue (32.605) is greater than F table
(2.358), the regression model can be used to predict the
purchase decision making styles. It also said that e-marketing
and consumer lifestyle together simultaneously influence
towards the purchase decision making style of movie ticket.
Through the study result that has been done, the researcher
suggested:

Sig.

Beta

1.408

.162

.332

3.936

.000

.432

5.127

.000

Dependent Variable: Purchase Decision Making Style (Y)

B. Hypothesis Test Result by F Test
F test also said as simultaneously test, which was designed
to know the impact of all independent variable which are emarketing and consumer life style towards the dependent
variable which is purchasing decision making style. F test in
this study is used to know how much the impact of
independent variables towards the dependent variables
simultaneously. If F-value higher than F-table the Ho rejected
and H1 accepted, means independent variables has significant
impact towards the dependent variables. Simultaneously F test
result can be seen in Table V as follows :
TABLE V.

HASIL UJI T ANOVAB

Sum of
squares

df

Mean
Square

F

Sig.

1 Regression

2700.563

2

1350.281

32.605

0.000a

Residual

4017.147

97

41.414

Total

6717.710

99

Model

a.

1) On the website, there should be a room to communicate
(chat room) with supporting staff by using study approach so
that communication can done well between customers and
company and the company is able to respond to the customer’s
complain as fast as possible.
2) Put more attention to the consumer life style so can be
adjusted to the list of movies shown, not only plays box office
movies and Korea films, but also manifest French movie
festival or movie from some other countries.
3) Promoting the website by e-mail and other social media
such as Instagram and Path. So the existence of the company

Predictors: (Constant), Consumer Life Style (X2), e-Marketing (X1)
b.

CONCLUSION

Dependent variable: Purchasing Decision Making Style (Y)
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Segmentation,” Journal of Marketing, Vol. 38, 1974.
[7] K.C., Laudon and C.G. Traver, “E-Commerce 2011: Business,
Technology, Society. Seventh Edition. London: Pearson Education
Limited, 2011.
[8] J. Krishnan, ”Lifestyle – A Tool for Understanding Buyer Behavior,”
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2011.
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Lifestyle, Money Attitude, Personal Value and their Purchase Decision,”
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[10] W.W.M.C. Bandara “Consumer Decision-Making Styles and Local
Brand Biasness: Exploration in the Czech Republic,” Journal of
Competitiveness. Volume 6, Issue 1, 2014.
[11] H.J. Niu, “Cyber peers’ influence for adolescent consumer in decisionmaking styles and online purchasing behavior”, Journal of Applied
Social Psychology 2013, 43, pp. 1228-1237, 2010.
[12] Y.A. Park and U. Gretzel, “Influence of consumers' online decisionmaking style on comparison shopping proneness and perceived
usefulness of comparison shopping tools,” Journal of Electronic
Commerce Research, 11 (4), 342-354, 2010.

website can be noticed by wide consumers and to support the
consumer’s decision making to purchase online ticket easily
by maximizing the use of the website.
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Labeling and Finding Missing Pieces of Jigsaw
Puzzle
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image. The techniques that are used for image segmentation
can be fuzzy clustering, possibility fuzzy c means, artificial
neural network, competitive neural networks and genetic
algorithm. Image segmentation can be done based on three
main categories, such as edge based, region based and
clustering based [8]. Image segmentation is commonly used to
perform image processing especially for the separation of
objects in the picture, such as the separation of roads, trees,
buildings, and as well on to make references as labeling [9]. A
new technique for solving puzzles also found by Makridis [10]
he suggests to do an iterative set of four stages of foreground
extraction, similarity feature extraction, merging procedure and
post processing. Li [11] also solves a special type of jigsaw
puzzles like banknote from a large number of fragments, they
are using MSAC to recover each fragment original orientation
and position on the intact banknote.

Abstract— Jigsaw puzzle is one of the brain game, which is
used in many applications, such as, in archeology, biology, games,
and other life issues. There are important things that fail from
the setting of the puzzle it self, for example on its pieces of the
jigsaw puzzle. In this paper, the researchers analyze the set of
the square jigsaw puzzle that is already arranged but has one or
more missing pieces. The contribution here is to explain the
automatic detection of missing pieces, including the position and
size of the missing pieces. Aim of this research can be used for a
wide range of square jigsaw puzzle sizes. The results of the
research show the accuracy in the detection of missing pieces
with the position of the labeling pieces which will be use to find
correct image in any rotation angle from the large sources of the
image.
Keywords—Pattern Recognition; Jigsaw Puzzle; Labeling
Pieces, Missing Pieces.

In this research, the researchers focus on the test of the new
problem in a jigsaw puzzle, where in general the researchers
focus on solving arrangement jigsaw puzzles, our goal will be
to detect the pieces in the jigsaw puzzle that already arranged.
This Detection is intended to find out the sum of the pieces of
jigsaw puzzle “which should be” in the series of jigsaw puzzle
pieces that already arranged. It is also intended to find out the
amount between the substrate already installed as well as
pieces that have not been installed. This part of pieces can be
called ”the missing pieces”. In this research, the researchers
limit the use of the jigsaw puzzle that is put in the process
where the jigsaw puzzles as well have both the same size and
the square shape of pieces. In addition, there is a border
surrounded the perimeter of each piece such as in a real puzzle
can be seen in Fig.1.

I. INTRODUCTION
Puzzle is one of the games that test our thought agility. The
form of puzzle is very varied, ranging from crossword puzzles,
jigsaw puzzles, word-search puzzles, number puzzles or logic
puzzles, sudoku puzzles, Japanese, etc. Puzzles generally
aiming for entertainment. At Present, puzzle is also able to
become education entertainment like the puzzle in the form of
mathematical or logistical problems. Playing the puzzle game,
it takes the existence of abilities in pattern recognition and
knowledge of how to play this game. Some of the puzzles
games also need to be finished in order circumstance [1].
Many algorithms can be used for solving the puzzle that
exists, ranging from Genetic Algorithm [2], Greedy Algorithm
[3], [4], A Memory-Efficient Method [5], the grid location and
JPEG compression algorithm [6], MMACS [7], and so on. In
addition to the game, the puzzle itself is also provided as
indicator in the field of security system, where the function of
the puzzle is for security input from the user in form as
captchas [6] which is used for verifying the input through the
media website in order to verify the data input is already done
by human or computer.
In the way of solving the jigsaw puzzle problems, it cannot
be separated with the segmentation process, where in the
process the input image will be divided into several pieces so
the existing puzzle later can be rearranged into some full

Fig. 1. Real Life Jigsaw Puzzle
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In the process of formation jigsaw puzzle, it also has
process for removal pieces. All of these processes will be used
four parameters input, there is image source where the input is
a text in the location of image, the number of pieces in a row,
the number of pieces in the column, number of pieces that will
be eliminated. In this research, the researchers will use random
order for eliminating pieces like natural simulation. The
process of formation of jigsaw puzzle image formation will be
done with MATLAB software. The process for formation
jigsaw puzzle starts by reading the property of the input image.
Property that read is width and height of the input image. First,
the process will get the width (Wis) and height (His) of the input
image, the next process is to divide (Wis) by parameter number
of pieces in the column (Cn), and divide (His) by parameter
number of pieces in the row (Rn). Before it starts dividing, the
computer will check if there is any decimal result or not, if the
computer finds decimal numbers, then the system will
automatically crop the input image with the rest of pixel that
makes decimal. The final result of this process is in the form of
size width (Wpc) and height (Hpc) from each piece of the puzzle
because all the pieces will have the same size.

This research is divided into three stages, as follows :
1) The process of the formation of images which is
converted to pieces of the jigsaw puzzle with missing pieces.
After this process, the result will be the image with jigsaw
puzzle format including the missing pieces.
2) Jigsaw puzzle pieces detection. In this stage, all color
more than black (0) will be changed into white (255) and
converted the image into a binary image. The next step is to
fill image regions and holes with Morphological
reconstruction [12]. The result from this stage is to get all
pieces of jigsaw puzzle.
3) Labeling all pieces include missing pieces. At this
stage, we will take one piece of result from stage 2 and get all
the property of width and height then we will multiply the
piece in row and column to cover all the image surface. When
the piece starts to cover image surface, The computer will
provide a label base on the order of a row and column with a
format (r, c) where r is the row while c is the column. Each
piece which is successfully detected will be surrounded by
green border and the computer will also detect the color and
calculate the number of pieces and missing pieces in the
jigsaw puzzle image, the green border will be called as piece
frame. If the color inside of piece frame is white color, this
means there is a piece inside but if the color is black it means
the missing piece.

Wis

Wis 
Wis  (Wis mod Cn )
H is

H is 
 H is  ( H is mod Rn )

if (Wis mod Cn )  0,
if (Wis mod Cn )  0

(1)

if ( H is mod Rn )  0,
if ( H is mod Rn )  0

(2)

II. JIGSAW PUZZLE IMAGE FORMATION
This research is based on the research of Paikin [3], where
in the research, They attempted to compose jigsaw puzzle
pieces into a picture although there are some missing pieces.
Their research using a greedy algorithm to solve jigsaw puzzle
problems, where the pieces were composed of more than one
picture that was used as the input image, then the computer
handles the problem by arranging each puzzle pieces into the
picture intact and separate between one picture to another. All
the data set image from this research are got from Paikin [3].
The result of this research can be seen in Fig.2.

Wpc 

Wis
Cn

H pc 

,

H is
Rn

(3)

After we get the size of Wpc and Hpc , the next step is to add
a black border with size 1x1 pixel surround each piece and it
will be become result for Wpcb and Hpcb . In addition, the
removal of pieces would be done by replacing the existing
pieces with black colored pieces with same size. The step of
the process of the jigsaw puzzle image formation can be seen
in Fig.3. The size of output image will be more bigger than
original image, because it has additional border in each piece
with size 1x1 pixel. The output image size of width (Woi) will
be Wpcb x Cn and height (Hoi) will be Hpcb x Rn

Fig. 2. Result Jigsaw Puzzle by Genady Paikin [3]
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The result from the explanation above result the images
with 2 kinds of colors, white (255) and black (0). After
knowing the input image is still in RGB format, the next step is
to convert the input image into a binary image. Sometimes the
result from the conversion is not entirely perfect, some pieces
maybe still have some black color, what we want is all the
pieces must be in white color surround by black color.
Therefore, after resulting conversion into binary image, we will
continue process the image into Morphological reconstruction
[12]. This process is for fill image regions and holes inside
object with white color . The end result of the binary
conversion with Morphological reconstruction can be seen in
Fig.5.









Fig. 3. Jigsaw Puzzle Image Formation
 With Missing Pieces



Fig. 4. Result Black White Process

III. JIGSAW PUZZLE PIECE DETECTION
After we get the image formation of jigsaw puzzle, the
image result will be used as the input image to the detection
process. In the process of detecting piece, computer does not
know information about size of jigsaw puzzle image (Woi x
Hoi) and size of piece in jigsaw puzzle (Wpcb x Hpcb), location
each pieces and missing pieces, how many piece in row (Rn)
and column (Cn). The first thing to do is to change all the pixels
that are colored more than 0 (black) to white color (255). We
choose the white color as the piece in this case because we
already used black for the color of the border and as well use
for marking the missing pieces in the jigsaw puzzle. To start
the process of changing color, we will begin with the detection
of the width (Woi) and height (Hoi) of the input image. The
detection will continue to perform looping from the first pixel
up to width (Woi) and height (Hoi) of the input image. The final
color will be save into Color(x,y). The looping process is for
looking the color of each pixel (Color(x,y)), if there is a color
more than 0 (black), then the color will be replaced with color
255 (white). The result of the process will be seen in Fig.4.

 0
Color ( x, y ) 
255

if Color ( x, y )  0,
if Color ( x, y )  0

Fig. 5. Result of blank filled pixel inside border of jigsaw piece

After we get an image with binary format, in addition the
white color is the color for the pieces of the puzzle, while black
is the color of the missing pieces as well as the color of the
border of each pieces of the puzzle. The next process is giving
label on every white color as exist pieces of a puzzle, in this
process also count the number of pieces that are detected in the
separate of one another with a black border. For the detection
of the white object we will use the method from [13], where
the step for this process is getting through encoding of the input
image, the scan runs, preliminary assigning labels and
recording label equivalences in a local equivalence table,
resolve the equivalence classes, relabel the runs based on the
resolved equivalence classes. Simulation of this process can be
seen in Fig.6. After all the white object is found and given a
label, the next step we are going to mark each of the white
object is by using the function from [14], where with this

(6)
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will put text M for the missing piece. The final label will be
save into label(Wpcb, Hpcb). After successfully labeling and
finding piece and missing piece in the binary image, we will try
to apply this frame to the input image. The results of this
process can be seen in Fig.8. In this sample, computer
successfully detects missing piece. Total pieces in this
simulation are 9 pieces, and 3 pieces are missing.

function we will provide limits with green border surrounds
each object with white colored which already successfully
detected. The results of this stage of the process can be seen in
Fig.7.



P
Label(Wpcb , H pcb ) 
M



x W pcb y  H pcb

 
ax

Color (x, y)  0,

b y

(7)

x W pcb y  H pcb

 
ax

Color (x, y)  0

b y

Fig. 6. Labeling Object

Fig. 7. Result Jigsaw Puzzle Pieces Detection.
Fig. 8. Final Result of Labeling and Finding Missing Piece of Jigsaw
Puzzle.

IV. LABELING AND FINDING MISSING PIECES
When all the pieces of the puzzle are successfully detected,
the computer now will know information about the size of
jigsaw puzzle image (Woi x Hoi) and size of the piece in jigsaw
puzzle (Wpcb x Hpcb). The next step is to take one of the pieces
to serve as a reference base for other pieces. Providing all the
pieces have the similarity of width (Wpcb) and height (Hpcb),
then from one piece that we already get, we will know
information about how much pieces in each row (Rn) as well as
for each column (Cn). From the information above, we will
duplicate the frame of the piece and put it into an input image
that is already converted to the binary image until all input
images covered by the frame of the piece that already we get.
In the time we put one by one, we also count and label in order
from left to right then from top to bottom and put the
information text on the top left of each piece and also try to
detect what kind of color contains each frame we already put.
To detect what kind of color contain inside each piece, every
time we put the frame piece into the binary image, we will start
the looping from the start position of each piece frame until the
width and height of piece frame to detect what kind of color
inside that frame color(x,y). When there is white color (255) it
means, there is a piece of jigsaw puzzle we will put text P for
the piece but if there is black color (0) inside the frame, it
means, there is a missing piece of the jigsaw puzzle and we

Fig. 9. Final Result of Labeling and Finding Missing Piece of Jigsaw
Puzzle 100 Pieces.
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V. CONCLUSION
Based on the experimental results of this study Fig.8 Fig.11, all missing pieces are successfully detected. This
research will work if minimum one piece is let. From that
piece, the computer will automatically detect how many pieces
that jigsaw puzzle should have, to detect piece in the jigsaw
puzzle, we can do it to convert input image become the binary
image. To fill all-region inside the object we can use
Morphological Image Analysis [12]. After converting into the
binary image, the next step is labeling the connected
component [13], then detect the piece we can continue by trace
region boundaries in the binary image [14] and from one piece
which let there, we can obtain information about width and
height of that piece. From width and height, we can continue to
find how many pieces in the row and in the column. For
detecting missing piece, we can use the frame of the piece to
find missing piece by detecting color inside the frame, if the
color is white it means we find piece inside the frame, but if the
color is black it means we find missing piece inside the frame.
In this step, this research detects missing pieces of the jigsaw
puzzle that no have any rotation in the jigsaw puzzle.
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Direct instruction or traditional approach of teaching
and learning Computer Networks has caused low students’
interest and problem solving skills. Lecturers complete the
class based on the syllabus on theoretical through lectures
using verbal communication, whiteboard media, and slide
presentation. Lecturers deliver the instruction to passive
audience of students. Thus, students’ dependence to
lecturers is high. However, this strategy with low students’
engagement will make boring situation and the teaching
process becomes not interesting for students. Lecturercentered activities have caused students' engage into limited
ideas development, and low students’ problem-solving
skills.
Computer Networks is one of the important subjects
for computer science students. Computer Networks
concepts and principles are very abstract to many students
such as routing, framing and subnetting. Teaching and
learning Computer Networks subject to students were
always been a challenge for educator. The major population
of institutions follows a traditional method of teaching
when it comes to Computer Networks subject[16].
However, the abstract concepts and principles are described
by the lecturer used verbal communication, whiteboard
media, and slide presentation in the teaching process. As a
result, it causes teaching and learning process not optimal
and the students’ interest low.
This paper explains the design and possible
development of a conceptual framework for Computer
Networks teaching and learning. The conceptual framework
can be used to measure students’ achievement, students’
interest, and students’ problem-solving skills. This
framework is proposed within the context of the Computer
Networks subject for Faculty of Computer Science, Dian
Nuswantoro University in Indonesia. This model is
described in four main levels of activities: Educational
Context level, Requirement level, Design level, and
Learning Outcomes level. This framework is possible in use
to other subject which have same problem and propose.
This framework is applicable to other subjects which has
same learning problems and objectives.

Abstract- Instructional design includes effective instructional
materials and teaching learning process to accomplish
learning objectives. The effective instructional materials such
as multimedia can be positively supported by students to more
easily understand and adapt the information from the subject.
Unfortunately, in the teaching process of Computer Networks
lecture in Faculty of Computer Science, Dian Nuswantoro
University in Indonesia is not yet supported by multimedia
learning. The lecturer uses direct instruction or traditional
teaching approach in which the lecturer delivers the
instruction to the passive audience. However, this strategy
causes the students’ achievement, interest, and problemsolving skills being low. Therefore, one method to overcome
this problem is to integrate problem-based learning in direct
instruction using multimedia element.
This framework is proposed to measure students’
achievement, interest, and problem-solving skills within the
context of the Computer Networks subject for Faculty of
Computer Science, Dian Nuswantoro University in Indonesia.
This model is described in four main levels of activities:
Educational Context level, Requirement level, Design level,
and Learning Outcomes level.
Keywords-Instructional Design; Direct Instruction; Multimedia;
Problem-Solving Skills;

I. INTRODUCTION
Instructional design includes effective instructional
materials and teaching and learning process to accomplish
learning objectives. Effective instructional materials, such
as hypermedia can positively support students to more
easily understand and adapt the information from the
subject. Teaching and learning more abstract subjects, such
as Computer Networks, where it needs high level of
students’ imagination to understand advanced topics can be
positively supported through visual learning technique [1].
Teachers can present the subject using interactive
presentation of speech, audio, video, graphics, images and
text.
Teaching and learning process includes direct instruction
and problem-based learning. Direct Instruction is defined as
lecturer-based approach, in which the lecturers actively
deliver the instruction. [12][13]. However, it has many
disadvantages, such as decreasing students’ problemsolving skills and self-direct learning [8]. Instead, problembased learning is described as a student-centered approach
which build problem-solving skills [6].

II. REVIEW OF LITERATURE
A. Instructional Materials
Instructional materials can be defined as a content that
conveys essential knowledge and skills of a subject in the
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this framework is The Educational Context level does not
present striking novelties[9]. Therefore, this study will
modifiying this framework especially at the educational
context level included teaching method to improve student
learning outcome. Sketches of the integrated framework are
shown in figure 1 as follow:

curriculum. Curriculum is resources or materials used as a
guideline to support interaction to students in the
instruction.
The
curriculum
materials
are
comprehensiveness of materials with regard to instruction
such as objective, contents and currents knowledge base. In
addition, curriculum materials includes textbook, computer,
magnetic media, diagrams, charts, tables, graphs, tests,
quizzes, ability, maturity, age, etc. The combination of
elements in the curriculum materials functions as aids for
teachers to teach effectively is known as multimedia.
B. Multimedia
Multimedia is the presentation of text, graphics,
animation, audio and video using computers in an
integrated manner. Through multimedia, it can positively
increase students’ understanding and interest, in which
multimedia to more easily understand and adapt the
information from the subject through visual, such as
animation and verbal (narration) forms. Students’ interest in
learning will improve when learning process is supported
by interactive multimedia. [2] stated that interactivity is the
key component in multimedia-based education. It is a
combination of interactive or learning material with
stimulating elements of multimedia as text, graphic, audio
and video. Whereas hypermedia is the compilation of above
media in an interconnected manner.
Hypermedia refers to a unique kind of software
environment that it contains both hypertext and multimedia
characteristics. Hypertext, a term coined by Ted Nelson in
the 1960s, refers to an environment in which we can jump
around electronically within large amounts of text,
following tangents that reflect our interests and by passing
information we deem irrelevant [14]. Hypermedia extends
this concept to include other media forms, such as pictures,
sound, animation, and video.

Fig.1. The integrated framework developed by [9].

D. Teaching and Learning process
Teaching and learning process are actions necessary to
accomplish educational goal which involve all activities
with students in the classroom [3]. According to [4],
component of teaching and learning process involves
teachers and learners. Therefore, teaching and learning
process is activities conducted by teachers and learners to
achieve a goal of education.
E. Direct problem-based learning
Teaching and learning process includes direct
instruction and problem-based learning. Both are a
structured system of teaching activities for teacher and
learner in order to achieve learning objective.
Direct Problem Based Learning (DPBL) approach is a
combination among Direct Instruction approach and
Problem-Based Learning approach. DPBL is fine-grained
measures of learning to improve teaching and learning
process particularly on learners’ centered base, to build
problem solving skills, and to increase lecturers’ role as
facilitator.
DPBL approach for Computer Networks teaching
process can contribute in solving educational problem
found in Information System Department, Dian
Nuswantoro University in Indonesia. This framework is
described in three main phases of activities: Introduction
and Identification, Application and Solution, and
Evaluation and Conclusion.
The advantage of DPBL approach is to increase
teaching and learning process, especially students’
achievement and problem-solving skills. In addition, Small
groups set for the application of DPBL approach consist of
5 to 6 students in a group, it makes the lecturers easily

C. Hypermedia Design
The hypermedia is designed by [9]. They propose to
consider three main levels of activities: Educational
Context level, Requirement level, and Design level.
Educational context level includes all elements included as
traditional part of the analysis phase in instructional design
models[11], grouping them in two sets: Learners and
Instructors analysis. Leaners analysis consists of four
elements, namely: Learning styles, Motivational aspects,
Domain background, and Learning ability. instructors
analysis consists of four elements, namely: Domain,
Learning Objective, Time/space constrains, and Evaluation
constraints. Requirements level describes that the
information collected on the educational context level
provides an input for definition of specific requirements of
the learning activities design and of the hypermedia
application. The design level described that the design
leverages previously defined requirements and makes
design decisions both for the learning activity and for the
hypermedia application[9]. The advantages of the
hypermedia design are increase effectiveness and efficiency
in teaching and learning process, enhance overall quality of
learning experience such as students’ achievement and
students’ interest[15]. However, one of the disadvantages of
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activities: Educational Context level, Requirement level,
Design level, and Learning outcomes level.

organize and monitor the learning environment [10].
Sketches of the framework are shown in figure 2 as follow:

Fig. 2. The DPBL framework by [10]

III. PROPOSED FRAMEWORK
A proposed Computer Networks multimedia learning to
enhance students’ achievement, interest, and problemsolving skills. This study to integrate the cooperative with
lecturers to design instructional based on content
(Computer Networks subject: Routing process), Computer
Networks curriculum (teaching unit level of curriculum and
syllabus as teaching guideline), DPBL approach (Direct
Instruction and Problem-Based Learning approach) and
Multimedia technology. Sketches of the conceptual
framework is shown in figure 3:

Fig. 4. Computer Networks multimedia learning integrated framework.

The following paragraphs are detailed criteria to explain
Computer Networks multimedia learning integrated
framework:
Educational Context level consists of all elements
containing traditional part of the analysis in instructional
design model by Dick and Carey which is grouped in two
sets: Leaners and Instructors analysis. Leaners analysis
includes four elements: learning style, motivational aspects,
domain background and learning ability; while instructors
analysis includes four elements: Domain, learning
Objective, Time/Space constraints, and Evaluation
constraints. Instructors analysis will especially explain how
the lecturers’ effort and manner are in accomplishing
learning objectives in the classroom. Integrated Direct
Problem Based Learning (DPBL) functions to improve
students’ achievement, and problem-solving skills in
teaching and learning process. Based on the illustration, this
model is very simple and very easy to be implemented in
the classroom in which the characteristics are appropriate in
situation, condition, and learning objectives for Computer
Networks teaching process in Information System
Department, Dian Nuswantoro University in Indonesia.
Requirements level use data from educational context
level involving both learners and instructors to develop
hypermedia and learning requirements.
Design level will be influenced by requirement level.
Learning activities and multimedia learning application
design are influenced by learning and hypermedia
requirements. Learning outcomes level will be influenced
by all the three levels, in which students’ achievement,
students’ interest and students’ problem-solving skills are
the outcomes of learning in Computer Networks
multimedia learning.

Fig. 3. Conceptual framework

The detailed explanation on the conceptual framework
above will be described in the Computer Networks
multimedia learning integrated framework, as shown in
figure 4. This figure defines multimedia learning
framework related to instructional design topics,
hypermedia design, and DPBL approach. This framework is
to support Computer Networks teaching and learning
process in classroom to improve students’ achievement,
interest and problem-solving skills. This proposed
Computer Networks multimedia learning integrates
framework adapted by Armani’ model [9] and DPBL
approach [10]. It is described in four main levels of
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A. Educational Context Level
Educational context level is divided into two groups:
learner and instructor analysis.

• Phase 3: Evaluation and Conclusion:
Lecturer and student are engaged in presenting final
report, summarizing the concepts description, and
closing the lesson.

1. Learners analysis
Learner analysis includes four elements: learning styles
motivation aspects, domain background and learning
abilities [9]. They are as follow:
• Learning styles, preferred modes of perceiving and
processing information.
• Motivation aspects, i.e. perceived importance of the
instruction and perceived possibility of success.
• Domain background, i.e. previous knowledge of
specific content to be taught owned by the learners.
• Learning abilities, i.e., how learners are able to learn
by themselves or with specific learning materials,
respectively how much guidance they need.

B. Requirements Level
The information collected on the education context level
provides an input for the definition of specific
requirements; curriculum design about vision and mission
and syllabus as practical guideline in which learning
activity is held in face-to-face activities and learners work
in groups.
C. Design Level
Learning activity design will be done based on
curriculum content, such as syllabus design and multimedia
technology to support Computer Networks multimedia
learning application.

2. Instructors analysis
Instructor analysis consists of two teaching elements,
they are: teaching domain and teaching approach. This
following explains both elements:
a) Teaching domain
The teaching domain includes the domain, time/space
constraints, learning objectives, and evaluation constrains
as follows:
• Domain is indication of the specific content of the
instruction.
• Time/space constrains, i.e., total amount of hours of
instruction, number of sessions and duration in
weeks or months.
• Learning objective is a statement of the instruction
goals.
• Evaluation constraints: while the design of
evaluation is part of the design itself, often
instructional activities in instructional setting have
constraints, such as the presence of a mandatory
final written exam, or a mid-term evaluation, etc.

D. Learning outcomes Level
Learning outcomes level is measured by students’
achievement, interest and problem-solving skills.
IV. CONCLUSION
This paper presents a framework for designing
multimedia learning applications. Multimedia learning
application is defined as educational application in the
framework that use DPBL approach to accomplish learning
objective.
The contribution of this paper is to propose integrated
framework for Computer Networks teaching and learning
process integrated with DPBL approach to deal with
educational problem occurred in Computer Networks
teaching process in Faculty of Computer Science, Dian
Nuswantoro University in Indonesia. This framework is
described in four main levels, namely: Educational Context
level, Requirement level, Design level, and Learning
Outcomes level.
The advantages of the integrated framework are
expected to increase Computer Networks teaching and
learning quality especially in students’ achievement, and
interest. In addition, this framework offers lecturers
activities to enhance students’ problem-solving skills.

b) DPBL approach
The use of direct problem-based learning (DPBL)
approach has been defined by [10]. This framework is
described in three main phases of activities: Introduction
and Identification, Application and Solution, and
Evaluation and Conclusion. The description of each phase
is as follows:
• Phase 1: Instruction and Identification:
This phase consists of two steps, namely: Instruction
for the lesson and problem identification. In this
phase, lecturer explains the purpose of learning
activity, the objective of learning, the theory of the
subject as well as to help the students in searching,
finding and resolving the problem during the
teaching and learning process.
• Phase 2: Application and Solution:
Lecturer and students are engaged in synthesizing
related data and final solution.
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(VAR), waveform length (WL), zero crossing (ZC), and sign
slope change (SSC) are commonly used by researchers to
extract the feature of sEMG.

Feature extraction is an important part in the classifier
systems. In this study, feature extraction was used to extract the
information of the surface electromyography (sEMG) and to
predict upper limb elbow joint angle. To predict the upper limb
elbow joint angle, we explored the EMG signal characteristics on
biceps, triceps lateral head and triceps long head. Time domain
of feature extraction is still the best feature extraction to get the
information on signal in a real time processing. Feature
extraction, RMS, MAV, IEMG, ZC, VAR, and SSC are
commonly used by researchers to extract feature in sEMG. The
quantification of the relationship between feature extraction and
elbow joint angle was measured using the root mean square error
(RMSE) and Pearson Correlation Coefficient (CC). In this
research, we found that the feature extraction ZC was the best
feature extraction in time domain to predict the elbow joint
angle, with normalized RMSE 0.187o and CC 0.907. With these
findings, it can facilitate the researcher in classifier step to build
exoskeleton based EMG control.

MAV is one of the feature extraction that is often used for
signal EMG extraction. Kiguchi [1], Andreasen [2] and
Loconsole [3] used MAV as input classifier in exoskeleton
development. RMS is often used as feature extraction for
exoskeleton development. Some researchers [4], [5], [6]–[12]
had developed exoskeleton using this feature to extract EMG
signal. WL is used to measure the complexity of the EMG
signal and is an accumulation of EMG signal on windows
segment. Some researchers studied exoskeleton [13], [7], and
[14] using a WL as feature extraction. Ding [15] used the
featured WL to determine the movement of the elbow joint.
Liu [16] used this feature for the development of
multifunctional prostheses. SSC is a feature that can be used to
get frequency information. SSC can indicate a number of the
slope which changes the sign. The threshold is used to reduce
the noise that comes with the EMG signal. Some studies on
exoskeleton [17], [12] used this feature to extract EMG signal.
ZC is a feature that can be used to get information about the
frequency of the signal without using a transformation process.
Zero crossing is calculated based on the number of the signal
crosses the zero point. At the time of calculation of ZC, a
threshold requires to limit a minimum amplitude. Chan [12]
used ZC feature as one of the featured input on the fuzzy rule,
in the development of prostheses.

Keywords: EMG, feature extraction, time domain, RMS, MAV,
IEMG, ZC, VAR, SSC.

I. INTRODUCTION
sEMG is a bioelectric signal that is generated when the
muscles do a contraction. EMG signal has frequency of 20 to
500 Hz and amplitude of 0 to 10 mV. Over the years, the
researchers have used the EMG signal to control an external
device, for example an exoskeleton and prosthetic devices.
EMG signal contains many informations describing the human
skeletal movement. This information can be gotten using
feature extraction.

The previous researchers did not explain the evaluation of
the feature extraction for angle prediction. In this paper, we
will represent the quantitative relationship between feature
extraction of EMG and elbow joint angle. In this research, we
used the statistic parameter of RMSE and Pearson Correlation
to give the quantitative value.

Various feature extraction has been used by researchers to
analyze the EMG signal. Feature extraction can be done in time
domain, frequency domain and time-frequency domain. Time
domain analysis is still the best analysis for real time
application. In this research, we used time domain feature
extraction to get the information of the upper limb elbow joint
angle. A good prediction in elbow joint angle is very important
in the development of exoskeleton devices. Upper limb elbow
joint angle is the object for this research. Good accuracy in
joint angle prediction is very important to determine the
effectiveness of the exoskeleton.

II. METHOD
A. Experimental Protocol
In this research, a male subject, 23 years old and has no
muscle problem was chosen. Before getting the data, the
subject was trained to move his hand for elbow flexion and
extension according to a digital metronome with 10 BPM, 15
BPM and 20 BPM period. Metronome is a windows
application that can be used to synchronize the movement of
the elbow. TempoPerfect metronome version 4.08 was used in
this research. Exoskeleton aluminum frame was installed to

The elbow joint angle prediction depends on how well we
define the feature extraction. Feature extraction of root mean
square (RMS), mean absolute value (MAV), variance of signal
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guide the elbow flexion and extension movement in the range
of 0 to 145o. The elbow flexion motion is the movement of the
elbow joint from 0o to 145o and the elbow extension motion is
the movement of the elbow joint from 145o to 0o.

EMG was processed using a home made bioamplifier that
has been validated using a function generator. This
bioamplifier used main component instrumentation amplifier
AD620 [18]. The bioamplifier module consisted of a
preamplifier, a bandpass filter, a notch filter 50 Hz and a
summing amplifier. Microcontroller ARM STM32F429 [19]
was used to record three channel EMG data, with internal
analog to digital (A/D) and USART function to communicate
with the computer. Three channel EMG was collected with
sampling frequency 1000 Hz. In this experiment, the EMG
signal and elbow joint sensor were collected in speed of 10, 15
and 20 beat pear minute (BPM).
C. Digital Signal Processing

ARM STM32F429
EMG
T.Lateral Amplifier
AD620
3 Ch.
T.Long

CH0
CH1
CH2
CH3

Internal
ADC 12 Bit

In this research, we tested five feature extraction of RMS,
MAV, VAR, WL, SSC and ZC and two parameter statistic
descriptive of RMSE and CC. Time domain analysis and
statistic descriptive were calculated using Delphi
Programming Version 7.0. Data acquisition was conducted
using microcontroller STM32F429 and Coocox IDE Version
3.18. This five features were often used by some previous
researchers. Processing sequence of feature extraction was
shown in Fig. 3.

USART

Biceps

Potensio

computer
Fig. 1. Microcontroller collects the data from three channels EMG (biceps,
triceps lateral head, and triceps long head) and one analog from
potensiometer. Computer receives the data from microcontroller via USART
communication.

B. Data Acquisition
The contact between the electrode and skin must be clean,
no dust, sweat, and oil, because it can influence data
acquisition of EMG signal. Therefore, before the electrode
installment, it must be doing the cleaning process on the skin
surface using alcohol. Ag (AgCl) electrode was used in this
research because it has a conductive pre-gelled, that could
muffle the noise artifact when the elbow moved. Electrode was
used to acquire surface EMG on biceps, triceps lateral head,
and triceps long head, each lead used two electrodes and one
neutral electrode.
Fig. 3. Digital signal processing of EMG feature extraction.

1) Mean absolute value (MAV) [20] or some references are
mentioned as average rectified value (ARV). It is defined
as:
= ∑

| |

(1)

is the i-th EMG signal and N is number of sample in
Where
each segment.
2) Root Mean Square (RMS) is formulated as amplitude
Gaussian random process. This feature extraction can be
related to standard deviation, which is expressed as:

Fig. 2. Electrode disposable Ag(AgCl) collects EMG signal from biceps,
triceps lateral head, triceps long head, and ground.
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∑

=

minimum feature extraction value and
normalization of feature extraction value.

(2)

Where
is the i-th EMG signal and N is number of sample in
each segment.
3)

D. Evaluation of The Feature Exraction
Evaluation is required to see the truth of the EMG-angle
modeling results. Two parameters which are often used to test
the evaluation are root mean square error (RMSE) and
Pearson’s correlation coefficient ( ). The higher value of the
correlation and a smaller value of RMSE are the better the
performance of the model. The equation can be calculated as
follow [21]:

SSC (Sign Slope Change) is defined as number of slope
that changes every cycle of signals. This feature
extraction can be used to count the frequency of signal,
which is expressed as:
= ∑
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A. Signal EMG
In this research, EMG signal was collected from biceps,
triceps lateral head, and triceps long head muscles. In this
process, the data acquisition of the EMG signal and the elbow
joint angle were acquired at the same time. Fig. 4 showed the
three EMG signals for 10 BPM period. EMG signal was
recorded at the beginning of zero angle in the extension
position and the recording process was carried out till at the
zero position again.

(5)

VAR (Variance) is mean value of the square of deviation
of the signal, which is expressed as:
=

(∑ )

III. RESULT

Where
is the i-th EMG signal and N is number of sample in
each segment.
6)

(∑ )(∑ )

Where, x is measured value and y is estimated value of
exoskeleton angle, n is number of samples.
The CC can be in the range of -1 to 1. The value close to 1
or -1 indicates a high correlation. RMSE can be any range of
measurement. The value of RMSE that is close to 0 indicates a
low error in the prediction. In this paper, RMSE and CC were
used to calculate the accuracy between feature extraction and
real angle of the elbow joint and to find how does the
correlation between feature extraction and real angle of the
elbow joint.

5) WL (Wave form Length) is summed of signal length for
time segment, which is expressed as:
|

(8)

∑
(∑

is the i-th EMG signal, N is number of sample in
Where
each segment and threshold is the amplitude level limitation.

= ∑

)
∑

=

4) ZC (Zero Crossing ) is defined as number of time that the
amplitudo of signal crosses the zero base line, which is
expressed as:
(

∑(
∑

ℎ

Where
is the i-th EMG signal, N is number of sample in
each segment and threshold is the amplitude level limitation.

= ∑

is

(6)

is the i-th EMG signal and N is number of sample in
Where
each segment.
After the feature extraction process, then we got various
range of EMG feature value. In order to get the same value for
all values of extraction feature, it needs a normalization
process. The process of normalization is done by specifying
the minimum and maximum values for each feature extraction.

=
Where
is the EMG feature extraction value,
maximum of EMG feature extraction value,

(7)
is the
is the

Fig. 4. Amplitudo EMG signal form biceps, triceps lateral head, triceps long
head and real angle.
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B. Feature Extraction of EMG signal

(b)

(a)

(c )

(d)

(e)

(f)

Fig. 5. Normalized feature extraction for various muscle: biceps, triceps lateral head, triceps long head and real angle of (a) RMS, (b) VAR, (c) MAV, (d) WL, (e)
ZC and (f) SSC for motion of BPM 15 period.

15 BPM period. From the Fig.5, we can see that triceps lateral
head (green color) and triceps long head (blue color) did not
follow the movement of the elbow joint angle. Visually, we can
see that the EMG signal from the biceps muscle in some
feature extraction followed the movement of the elbow joint
angle. In the next pages, we discussed only the relationship
between feature extraction and angle for biceps muscle. To get
the value of the relationship, we used descriptive statistic by
using CC and RMSE only for biceps muscles. CC and RMSE
for various feature extraction were shown in Fig. 6 and Fig. 7.

RMS, VAR, MAV, WL, ZC and SSC were the time domain
feature we selected. EMG signal was collected from biceps,
triceps lateral head and triceps long head. The Normalization
was carried out for EMG feature extraction and real angle, in
the range of 0 to 1. This normalization was used to simplify the
comparison process between the result of the feature extraction
and the real angle. Fig.5 was normalized feature extraction of
the EMG for various muscles: biceps, triceps lateral head,
triceps long head and real angle. Fig. 5 was the example of
feature extraction for flexion and extension movement in the
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This box plot diagram was the feature extraction of the EMG
signal from 10 BPM period. From those box plot diagram, we
can assume that the feature extraction from ZC, SSC and WL
will be taken into consideration for the next discussion. This
box plot diagram was created using Microsoft Excell 2013 and
Add-In Real-Statistic from http://www.real-statistics.com.
This box plot diagram can show the distribution of the CC and
RMSE of the feature extraction. Box plot gives five
information of the distribution of the data (minimum, first
quartile, median, third quartile, and maximum).

0.4

RMSE

0.3

0.1
0

1

10 BPM

15 BPM

20 BPM

Fig. 9. RMSE of ZC feature extraction (biceps) for various motion period,
10, 15 and 20 BPM.

0.8
CC

0.2

0.6

Fig. 8 to Fig.13 were the box plot diagram used to see the
distribution of the RMSE and CC of the feature extraction of
ZC, SSC and WL. In this box plot diagram, we tested each
selected feature extraction with various periods (10, 15 and 20
BPM). This test was performed to show the consistence of the
CC and RMSE of the feature extraction This box plot diagram
can describe the percentile, mean, median, minimum and
maximum of the CC and RMSE.

0.4
0.2
RMS

ZC

SSC

VAR

MAV

WL

Fig. 6. The CC from various feature extraction of EMG signal (biceps)
for 10 BPM period.

1
0.6

0.95

0.5

0.9
CC

RMSE

0.4
0.3

0.85
0.8

0.2

0.75

0.1

0.7

0

10 BPM
RMS

ZC

SSC

VAR

MAV

15 BPM

20 BPM

WL
Fig. 10. The CC of SSC feature extraction (biceps) for various motion
period, 10, 15 and 20 BPM.

Fig. 7. RMSE for various feature extraction of EMG signal (biceps) for
10 BPM period.

0.35
1

0.3
0.25
RMSE

CC

0.95
0.9

0.2
0.15
0.1
0.05

0.85

0
10 BPM

0.8
10 BPM

15 BPM

20 BPM

15 BPM

20 BPM

Fig. 11. RMSE of SSC feature extraction (biceps) for various motion
period, 10, 15 and 20 BPM.

Fig. 8. The CC of the ZC feature extraction (biceps) for various motion
period, 10, 15 and 20 BPM.
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IV. DISCUSSION

1
0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6

This paper is a part of our research in the development of
upper limb assistive exoskeleton based EMG. The feature
extraction selection is our pre-analysis step that it will
determine the accuracy of the prediction. In this research, we
seek the relationship between the time domain feature
extraction and elbow joint angle. The accuracy will be
evaluated using RMSE and CC.

10 BPM

15 BPM

The first finding in this research, the biceps was the main
muscle that has the highest CC, 0.9055 and the lowest RMSE
0.187o as it is shown in Fig. 5 (e) and (f). In this Fig.5, the SSC
and ZC feature extraction can follow the angle position. The
second finding in this research, SSC, ZC and WL were the best
feature extraction in correlation with elbow joint angle as
described in box plot diagram Fig. 6 and Fig.7. for 10 BPM
period if compared with the other feature extraction, RMS,
MAV and VAR.

20 BPM

RMSE

Fig. 12. The CC of WL feature extraction (biceps) for various motion
period, 10, 15 and 20 BPM.

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
10 BPM

15 BPM

Repeatability of the feature extraction ZC, SSC and WL
was tested using ANOVA repeat measure with varying speed,
10 BPM, 15 BPM and 20 BPM. This descriptive statistic test
is to see the consistency of the feature extraction. The alpha
for this ANOVA test was chosen at confidence value 0.05.
The p value of the CC for ZC, SSC and WL was 0.33192,
0.746492, and 0.199033 consecutively. This value indicates
that there is no significant difference between the means of the
three methods. The p value of RMSE for ZC, SSC and WL
was 0.705347, 0.33383, and 0.732644 consecutively. This
value indicates that there is no significant difference between
the means of the three methods.
According to the result of this research, Oskoei [22]
recommended for using MAV, WL, SSC and ZC because of
its relatively high accuracy, compared to other features.
Kiguchi [23] have tested many time domain feature
extractions, and found out that waveform length (WL) was the
most fit feature extraction to describe the elbow joint angle.
The findings of this research can be used as a reference for
other researchers doing the same in this research area. High
accuracy in elbow joint prediction is very important in
exoskeleton based EMG development because it determines
the effectivity the exoskeleton. Some problems needed to be
solved in this research are the high variance in RMSE for 10
BPM period if compared to other period of 15 BPM and 20
BPM as shown in Fig. 8 and 9. In the future research, it will
need a compensate algorithm to minimize the difference of CC
and RMSE between speed.

20 BPM

Fig. 13. RMSE of WL feature extraction (biceps) for various motion
period, 10, 15 and 20 BPM.

Table I. Mean RMSE and CC of ZC feature extraction for various BPM
Parameter
RMSE
CC

10 BPM
o

0.1870
±0.0107
0.8788
±0.0069

15 BPM
o

0.2266
±0.0068
0.9055
±0.0056

20 BPM
0.2374 o
±0.0061
0.8997
±0.0064

Table II. Mean RMSE and CC of SSC feature extraction for various BPM
Parameter
RMSE
CC

10 BPM
o

0.2538
±0.0077
0.8541
±0.0116

15 BPM
o

0.2313
±0.0065
0.8797
±0.0071

20 BPM
0.2266 o
±0.0068
0.8721
±0.0095

V. CONCLUSION
The objective of this research is to quantify the relationship
between feature extraction and elbow joint angle. Six timedomain of feature extraction are tested. The results show that
ZC, WL and SSC are the best feature when compared with
other feature extraction. In this research, The CC of ZC
feature extraction at 15 BPM period has highest accuracy at
0.9055. The RMSE of ZC feature extraction at 10 BPM period
has highest accuracy at 1.870o.

Table III. Mean RMSE and CC of WL feature extraction for various BPM
Parameter
RMSE
CC

10 BPM
o

0.2216
±0.0090
0.8387
±0.0141

15 BPM
o

0.2862
±0.0150
0.8393
±0.0067

20 BPM
0.2374 o
±0.0107
0.8493
±0.0097
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after define these basic movements. There may be a running
mode, study mode, discussion mode, and sleeping mode.
How Kinect to recognize gestures of the human body is to
classify parts of the human body into several points. These
groupings are to be recognized action that may be made of
combinations of dots of a body parts that has been read by
Kinect. These points are known as Twenty-joint Body
Position. This gesture can be recognized from the pattern of
the body, body posture, and the habits of the human body. The
basic pattern of the human body such as stand, sit down and
lie down was useful for this study as the basis of habits of the
human body. The next research will focus on the changes
Twenty Body-Joint Position suddenly, to be developed at the
Smart home, factories, hospitals in order to identify changes in
the behavior of the body, what happens fainted or injury
suddenly Real-time so that it can carried out further
investigation.

Abstract— Type any human activity can be tracking to recognize
the type of activities. Human motion recognition is a huge
discussion on gesture recognition. one to recognize human
activity is the activity recognition. There are three basic positions
to perform various activities, standing, sit down and lie down.
These three basic positions can indicate whether a man in a room
doing an activity or not. Kinect camera can recognize gestures of
the human body, and it can classify parts of the human body into
several points. This study was used the three machine learning
with the classification method, SVM, MLP and Naive Bayes.
SVM and MLP excellent in activity recognition. This study uses
10 body skeleton joint obtained from Kinect camera. SVM and
MLP showed a good performance, respectively 99,23% and
98,8%. Naive Bayes quite well with 73,43%. Naive Bayes about
speed ahead with 0,02 seconds followed by SVM and MLP with
0,52 seconds and 16,75 seconds. Future expected the research
applied to Smart home and Smart care by adding a type of
activity.
Keywords— Human Gesture Recognition, Activity Recognition,
kinect camera, Classification Method

I. INTRODUCTION
Tracking an object is a way that can be done to recognize if
there is man in a room or not. Type any human activity can be
tracking to recognize the type of activities. Tracking human
object is more popularly called the Human Motion
Recognition. There are several aspects [1] in the Human
Motion Recognition namely: (1) Intelligent monitoring (2)
Motion analysis (3) Perceptual interface (4) Virtual reality.
The use of action recognition can define what activities are
done man in a room. Steps to be taken first to action
recognition is modeling the human body [2] and using Kinect
camera very often to get the data from human activities.
There are three basic positions to perform various activities,
standing, sit down and lie down [3]. These three basic
positions can indicate whether a man in a room doing an
activity or not. There are several modes that can be grouped

Fig 1. Twenty Body-joint Position

In this research only ten Body-Joint Position to be used,
because it was enough to be able to recognize gestures of the
human body. This ten Body-joint Position will be described in
the next chapter.
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Artificial intelligence algorithm or method that is
commonly used for this problem is a Sequential Minimal
Optimization (SMO), Multilayer Perceptron (MLP) and Naive
Bayes (NB) [2] [4]. Support Vector Machine (SVM) is a
learning system that uses space hypothetical form of functions
linear in a feature space (feature space) high dimension,
trained with the learning algorithm is based on the theory of
optimization by implementing learning bias derived from the
theory of statistical learning [5]. Multilayer perceptron is a
system that solves problems like humans solve problems.
MLP consists of three layers, input, hidden layers, and output
[6]. Naive Bayes is a simple probability classification based
on Bayes' theorem, or the rules of the independent Bayes with
strong assuming (naive) [13].
This system expected in the future can be useful for
patients who do home care. This system will help supervision
of a nurse or doctor [7].

The extraction process of body-joint coordinate in the
figure 2: (a)original figure (b) body skeleton joints figure.
In this extraction process, Kinect will translate human
activities to the form of body skeleton joints. In this research
we made a program that will change the body skeleton joints
earlier into the form of the coordinates [x, y, z]. In the study
conducted J.K Aggarwal [10] said that in order to know
human activities, such activities must be modeled first.
Research conducted by Patsadu [2] shows that there is a basic
activity of common man is stand, stand down and lie down.
Modeling of human activity will be mainly discussed in the
next chapter. The following is a table of skeleton joint body
that will be processed in this research.
TABLE I
BODY SKELETON JOINTS COORDINATES
No
1
2
3
4
5
6
7
8
9
19

II. THE REPRESENTING METHOD OF ACTIFITY FEATURE
This research uses Kinect camera that has a feature that
provides the image data, a collection of joint body exist in the
human body, the depth of the scene, as well as recognition
activity to be able to learn more in human activity. Based on
the use Kinect camera, in this paper we propose the use of a
joint body coordinate representation of the human body and
the representation method based on the features of human
movement.

Joints
Head
Spine
Elbow left
Elbow right
Hand left
Hand right
Knee left
Knee right
Foot left
Foot right

Joints coordinates
(headX, headY,headZ)
(spineX, SpineY,spineZ)
(ElbowLeftX, ElbowLeftY, ElbowLeftZ)
(ElbowRightX, ElbowRightY, ElbowRightZ)
(HandLeftX, HandLeftY, HandLeftZ)
(HandRightX, HandRightY, HandRightZ)
(KneeLeftX, KneeLeftY, KneeLeftZ)
(KneeRightX, KneeRightY, KneeRightZ)
(FootLeftX, FootLeftY, FootLeftZ)
(FootRightX, FootRightY, FootRightZ)

The table above to show any Body-joints used in this study.
Use of the coordinates [x, y, z] is to be able to represent Body
skeleton joints in the human body in 3D. This feature has also
been given by this stereo camera. Systems that are made will
be conditioned by joints coordinates as in table 1.

A. Body-joint feature
According to the study, Pan Wei [4] reported that using
Kinect camera is the best solution to be able to tracking the
twenty body-joint of the human body in real time. Kinect can
also obtain the moving human body posture is also of changes
in human activities. Information obtained from this Kinect
camera become a key foundation for it later processed so that
it can analyze the activity of the human being. In this research
only uses body-joint having been represented to be processed
using machine learning.

Fig. 3 system mechanism

The mechanism of the system contained in figure 3 is the
mechanism in obtaining data to be training data and test data
on machine learning system eventually. Distance between
people or objects with the camera is approximately one until
two meters. On the PC or laptop already includes programs
that will make information from Kinect into body joints
coordinates.
(a)

(b)

Fig. 2 The extraction process of body-joint figure
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B. Motion feature
In this research we used Asus with core i5 processor and 4
GB RAM. A previously described skeleton joints points that
can be seen in Table 1. Each joints coordinates are 3-D
Cartesian coordinates [x, y, z]T. In the frame of our decisionmaking [x, y, z] into 4 vector that [x, y, z, w]. W value is used
here to define the distance between the floor with the camera.
W value is one will be corrected as follows:
Ax + By + Cz + D = 0

(2)

Problem on QP above can be solved using SMO algorithm.
The point is the optimal data points equation 2 occurs if and
only if the conditions of Kharus-Khun-Tucker (KTT) are met

(1)

and Qij = yiyjk (

) is positive semi-definite. QP problem

can be solved if all the i:

Values of x, y, z and w according with their respective
coefficients A, B, C and D. coordinates always cameras
(0,0,0,1) so that the coefficient D is the negative of camera
height in meters of the floor. Because maybe some people will
be doing experiments on different camera heights, so it takes
coefficient D representing them. Then each joint motion
feature undescribed by three elements before, so all in all there
are 10 joints and containing 3 * 10 feature.

αi = 0 → yif ( ) ≥ 1,
0<

αi < C → yif ( ) = 1,

(3)

αi = C → yif ( ) ≤ 1,
The condition of KTT can process one sample in one time,
this condition is very useful in the construction of the
algorithm used by SMO. SMO can solve the problem without
doing SVM QP for additional storage matrix and without
involving a number of routine is repeated for each subproblem.
Unlike SVM, SMO prefer to solve the possible problems
the smallest optimization at each step. For standard SVM QP
problem, it is likely the smallest optimization problems
containing two Lagrange multipliers because of this in
accordance with the linear equality constraint. In each step,
SMO choose two Lagrange multipliers for optimized together,
then look for the most optimal value for the last multipliers
and an update on the SVM to give a new optimal value to the
equation (2).

III. RECOGNITION METHOD BASED ON MACHINE LEARNING
This research using three types of machine learning and the
application process using Weka. Applications Weka use .Arff
format to be able to read the data and analyze it using machine
learning. So that the application for tracking body skeleton
joints before, the output is in the form .Arff format.
A. SVM classifier model
Support vector machine is adopted method of machine
learning and computer vision community. Discovered by
Cortes and Vapnik in 1995. However, SVM is not too adopted
by the engineering community [11]. There are two reasons
why the limited SVM used by engineering. The first is the
training conducted SVM too slow if done in substantial
amount of data. The second is the SVM algorithm is very
complex and difficult to implementation [15].
Due to the difficulty of implementing SVM, then there is a
learning algorithm for SVM, Sequential Minimal Optimization
(SMO). SVM using Numerical quadratic programming (QP)
as the inner loop, while SMO uses analytic steps QP. SMO do
this to use the time to evaluate the decision function execution,
rather than concerned the QP, because SMO can utilize the
data set that contains zero element. Here quadratic program on
SVM:

B. Structur and operation of MLP
Multilayer Perceptron consists of several units of layers.
Each layer consists of a node, and according to Walter and
Michael [12] that in a fully connected network each node is
connected to the node in the next layer. MLP has at least three
layers consisting of an input layer, one or more hidden layer,
and output this layer. This definition ignore the deteriorating
value of the MLP if it only contains the input and output layer
only.
MLP distributes the input layer the input to the next layer.
inputs node have linear function and are not limited. Each
node hidden layer unit and each node in the output layer have
thresholds associated with them in addition to the value of
their respective weights [16]. Node hidden units have a
nonlinear activation function and a node on the output unit
have linear activation function. Therefore, any incoming
signal to the node the next layer have original input is
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multiplied by a weight threshold, was added and then passed
activation function which can be linear or nonlinear hidden
layer. For MLP which has 3 layers true for all inputs are also
connected on all outputs. Here are examples of three layers on
a network MLP:

(7)

where
(8)

Xp(1)

Whi(1,1)

Netp(1)
Op(1)

Xp(2)

Netp(2)

Xp(3)

Netp(3)

Woh(1,1)

Ep in accordance with error pattern in pth and tp is desired
output for the pattern pth. It also allows the calculation of
mapping error for ith output unit, shown by:

Yp(1)

Yp(2)

(9)

Yp(3)

Xp(30)

Input Layer

with ith output for training pattern pth shown by:

Netp(30)

Output Layer

(10)

Hidden Layer

Fig. 4 Diagram of Simplify MLP
In equation (10), woi (i, k) represents the value of the node
the node inputs and output and woh (i, j) represents value from
hidden nide to output node.

Training data consist of the set N v with the training pattern
set (xp, tp), where p represents the number of patterns. In figure
4, xp in accordance with N-dimensional inputs vector with pth
training pattern. yp in accordance with M-dimensional outputs
vector from training network from p th pattern. For ease of
notation and analysis, and the threshold of the hidden units
and output units handled by adding a vector component by
setting the value one first, showed by xp (N+1). Outputs and
inputs unit have linear activation value. Inputs to jth hidden
unit, netp(j), is shown in:

C. Naive Bayes Classification
Naive Bayes is a simple probability classification based on
Bayes' theorem, or the rules of the independent Bayes with
strong assuming (naive). Explanation of Naive Bayes
according Choochart [13] are:
Bayes’s rule:

(4)

P(X | Y) =

With activity output for training pattern p th, Op(j) shown in:

(11)

The basic idea of Bayes rule is the output of the hypothesis
of the event (X) can predict some evidence (Y) that can be
observed. From Bayes rule we can obtain that:
(1) Priori from X probability or P(X); this probability is
event from observation previously proveded.
(2) Posterior from X probability or P(X | Y); this
probability is event from observation after proveded.
Considering the complexity of learning Bayesian
classification, according to Tom [14] we must seek ways to
decimate its complexity. Clasification of NB do this thing by
making independent conditional assumption that reduce the
number of parameters to be estimated when modeling P(X |
Y), from 2(2n - 1) to only 2n.

(5)
Activation of non-linier is typical, choosen by function
Sigmoidal:
(6)
In the (4) and (5) function, N input unit represented by
index k and whi(j,k), shown connection value from kth input
unit with jth hidden unit.
On the overall performance of of the MLP can be measured
by mean square error (MSE) which is shown by:
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Naive Bayes can also be interpreted as a statistical
classification that predicts class membership based on the
conditional probability. Nodes on Bayesian models generated
by the training data. Each node count the number of rows by
attribute value by class for nominal attributes and calculations
of Gaussian distribution for numeric attributes.
There are several advantages of the use of Naive Bayes is a
fast in training data (single scan) and fast in classify, not very
sensitive to the value or data that has features that irrelevant,
discrete data and the last is streaming good data. But there is a
lack of Naive Bayes is there are features that are assumed to
be independent.

In this paper, the data for the study were taken manually.
Data retrieved by performing basic activities in front of the
camera continuously. In this research taken three kinds of
daily activities are stand, stand down and lie down. As shown
in Figure 6, humans would demonstrate these three activities
interchangeably.

IV. PROPOSED SYSTEM OVERVIEW
In Chapter III has explained that this study uses the
application to run Weka machine learning. After the video
data captured by the Kinect camera, 10 body-joints on the
change in the form of coordinates and translated into .Arff
format.

Fig. 6 Sample frame Activities
From left to right: stand up,
stand down, lie down.

This study uses the first person to be used as training data,
for one activity to be taken in two thousand training data. Each
activity performed sequentially, so for the 2000 first training
data taken from stand activity and so on. So in total there are
6000 training data for the three activities of sitting, standing
and lying down. Then after it is retrieved test data to be
performed 3,000 random test data. So it is expected the system
will be able to determine the activity of the 3000 test data and
randomized.
A. KnowledgeFlow Model
In Weka there is knowledge of flow that must be made to be
able to perform learning according to the algorithm needed.
Here Knowledge flow for three machine learning algorithms
were for the evaluation:
Fig. 5 Overview of the proposed system

After that the data will be processed by Weka using machine
learning (SVM, MLP and Naive Bayes). Then will be
summarized results of each method to view the best
performance each.
In the dataset, we use three gestures of the human body.
Each labeled with output stand, Stand down and lie down. In
figure 3 has been described that the camera within one until
two meters of the human body and preferably within the
camera to the floor is one meter.

(a)

V. EXPERIMENT RESULTS AND ANALYS
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Stand down, and 1 recognized as a lie down. And so on this
reading of the above table. Seen that SMO and MLP better
recognize the human activities using human's gesture
recognition.
Each of machine learning in this study also have
performance each in recognition of this activity. This can be
seen in Table III below:
(b)

TABLE III
PERFORMANCE TEST RESULTS OF MACHINE LEARNING
Class Method

Correct

Incorrect

Time taken

SMO

2976 data
(99,27%)
2964 data
(98,8%)
2203 data
(73,43%)

22 data
(0,73%)
36 data
(1,2%)
797 data
(26,57%)

0,52 second

MLP
Naive Bayes

Fig. 7 Knowledgeflow untuk tiap algorithma: (a)
SMO, (b) MLP, (c) NaiveBayes
B. Experiment Result and analysis
In this part will be shown how the results of each method
in recognition of this activity. In the first experiment will be
used for training 6000 training data using SMO. Based on
training data, test data 3000 will be tested to see if SMO
managed properly perform activity recognition on some
human activities after testing, obtained by the table below:
.

VI. CONCLUSION

TABLE II
TEST RESULTS USING MACHINE LEARNING
Stand

Stand Down

Lie Down

593
3
7

4
1666
2

1
5
719

616
4
3

13
1648
6

3
7
700

557
1
0

0
624
706

1
89
1022

0,02 second

SM) showed a near perfect is because SMO is based on
SVM algorthm, SVM algorithm is an algorithm that has
recently evolved and is very good at learning system. The use
SMO proves better than SVM [2] [4] in the percentage of
success. And because of SMO simplify operations SVM QP,
make perform faster. While the MLP showed a performance
which is quite nice, almost close to perfect, but somewhat
longer execution time because of the system at MLP doing
repetitive training for every data that tested it. On Naive Bayes
bit short of expectations, but still proved to have a
performance that is good in terms of speed because Naive
Bayes only perform a single scan. But not in terms of
recognition activity because many make the Naive Bayes data
baffled to independent assumptions, so it was not checked
thoroughly.

(c)

SMO
Stand
Stand Down
Lie Down
MLP
Stand
Stand Down
Lie Down
NaiveBayes
Stand
Stand Down
Lie Down

16.75 second

In this paper, we conduct research on activity recognition
using stereo cameras. This study uses a Kinect camera to be
able to perform tracking on the activities of human beings,
using 10 body skeleton joints in the can from the Kinect. The
data can be either joint coordinates that have been grouped
according to the basic activities that will be made in the test
data. Activities tested were stand, stand down and lie down. In
this research using machine learning for activity recognition.
In this paper uses three machine learning that SVM, MLP and
Naive Bayes. In our SVM use SMO to machine learning. In
SMO concluded that this is the most excellent method for
activity recognition for his performance reached 99.23%.
SMO also fast in a performance that is 0.52 seconds. SMO is
good because SMO make SVM algorithm so simply. At MLP
is a bit long is 16.75 seconds but still showed a good
performance hit is 98.8%. Naive Bayes has a performance that

In Table II seen the results of machine learning how to
recognize human activity based on test data that has been
previously. In SMO seen that 593 test data can be recognized
as a stand, 4 pieces of data are recognized as the data stand to
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is 73.43% which is passable but very quickly is 0.02 seconds
for a single scan.
For further research is expected to be made more complex
systems and with training data with diverse activities. And is
expected to be applied in Smart Home or Smart care.
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and variational mode decomposition (VMD) for detecting
oscillation in control loops. As results of adaptive time series
decomposition, intrinsic mode functions (IMFs) are analyzed
for the comparison. Each IMFs has been calculated their crosscorrelation coefficients with decomposed time series, regularity index and sparseness index. These values are represented
significancy, regularity and sparsity of IMF and their spectrums. For comparing the performances, each decompositions
is applied to extract the IMFs of oscillating process time
series e(t) = pv(t) − sp(t) (Fig. 1) from chemical plant.
The industrial data presents the oscillation due to process
disturbance, mistuned controller, sticking valve and faulty
sensor.

Abstract—Adaptive time series decompositions can be used
as a basis for oscillation detection in control loops at chemical
plant. In general, the decomposition extracts a process time
series into different intrinsic mode functions (IMFs). Later,
IMFs are characterized to detect the oscillation. This paper
presents a comparative study of three well-known adaptive time
series decomposition, i.e. empirical mode decomposition (EMD),
empirical wavelet transform (EWT) and variational mode decomposition (VMD). The study compares significancy, regularity
and sparseness of each method with different process time series
from chemical plant. The time series represents oscillation due
to process disturbance, mistuned controller, sticking valve and
faulty sensor. The comparison shows that EWT outperforms in
consistent detection results over EMD and VMD.
Keywords—empirical mode decomposition; empirical wavelet
transorm; process control; performance evaluation; signal detection; variational mode decomposition

Disturbance
sp(t)

I. I NTRODUCTION
Nowadays, one of the important issues in process industry
is utilization big data of process time series in respect to
plant performances [1], [2]. One of the developed utilization
is oscillation detection in control loops [3]. In oscillation detection, characterization of process time series in control loop
should be developed. Many researchers have been developed
these detection methods. In early development, the methods
are developed using time or frequency based characterizing
factors, i.e. integral absolute error, shape of autocorrelation
function and power spectrum analysis.
In order to improve performance of the developed methods,
time series decomposition also has been used by researchers
for detecting the oscillation of process time series in control
loops, i.e. wavelet packet transform [4], [5], [6], discrete cosine
transform [7], [8], intrinsic time scale decomposition [9]. The
newest developments been utilized adaptive time series decomposition that capable to analyze detail characters of nonlinear
and non-stationary oscillation time series [10], [11], [12].
To investigate criteria of adaptive time series decomposition
that influences performance of characterization methods, the
comparative study of adaptive time series decomposition based
methods should be done.
This paper presents a comparative study of three wellknown adaptive time series decomposition, i.e. empirical mode
decomposition (EMD), empirical wavelet transform (EWT)

e(t)

Controller

Valve

mv(t)

Process

pv(t)
Sensor

Fig. 1. Typical control loop in process industries with sp(t) is set point, pv(t)
is process variable, mv(t) is manipulated variable and e(t) = pv(t) − sp(t).

To present this comparative study, the paper is structured as
follows. Section 2 starts with basic theory regarding adaptive
time series decomposition, i.e. EWT, EMD and VMD. The
comparison methodology used in this work is described in
Section 3, respectively, the explanation about characterizing
factors, i.e. significancy, regularity and sparsity. Section 4
presents the results regarding the comparative study using
different problems in the industrial time series. This paper
ends in Section 5 with conclusion of this work.
II. A DAPTIVE T IME S ERIES D ECOMPOSITION
Adaptive time series decomposition is a method to decompose time series into principal modes directly based on
signature of time series. It can be used to extract detail
character of time series. The well-known adaptive time series
decompositions are empirical mode decomposition (EMD),
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1 ifh ωn 
+ τn ≤ |ω| ≤ ωn+1 − τn+1 i




1
π


(|ω| − ωn+1 + τn+1 )
cos 2 β 2τn+1



 if ω
i + τn+1
h n+1
 − τn+1 ≤ |ω| ≤ ωn+1
ψ̂n (ω) =
π
1

sin 2 β 2τn (|ω| − ωn + τn )





 if ωn − τn ≤ |ω| ≤ ωn + τn



0 otherwise

empirical wavelet transform (EWT) and variational mode decomposition (VMD). These decompositions have been implemented in many fields of application, e.g. medical, mechanical,
geophysics [13], [14], [15].
A. Empirical Mode Decomposition
Empirical mode decomposition (EMD) [16] was developed
to separate stationary & non-stationary or linear & non-linear
components of a single time series. It is empirically decomposed a single time series into intrinsic mode functions (IMFs)
as principal modes and a residual. In oscillation detection
using EMD, a process time series e(t) can be described as
e(t) =

N
X

ui (t) + r(t),

(6)
where the β(x) = x4 (35 − 84x + 70x2 − 20x3 ) [18].
C. Variational Mode Decomposition
Variational mode decomposition (VMD) [19] was developed
to extract the specific sparsity properties of a time series e(t).
The sparsity properties are represented in the IMFs ui (t) and
their centre of frequencies ωi for i = 1, 2, 3...N , N is number
of IMFs. The VMD algorithm is calculate the IMFs ui (t) and
its centre of frequencies ωi by solving the variational problem
as described by

(1)

i=1

where ui (t) is an IMF, i = 1, 2, 3...N , N is number of
IMFs and r(t) is a residual. ui (t) can extracting by shifting
and iteration process. EMD procedure is detailed described
in [16], [17]. The procedure begins with identification all
extrema in a process time series e(t) for calculating the
average of upper envelope eup (t) and lower envelope elw (t)
as m(t) = (eup (t) + elw (t))/2. The detail is calculated by
d(t) = e(t) − m(t). The iteration done until reaching stopping
criteria of the residual r(t). The detail d(t) is refined by a
shifting process iteratively. If the stopping criteria are reached
then the detail d(t) is extracted as IMF u1 (t) while the residual
r(t) is calculated to define the next candidate IMF u2 (t). The
iteration process finished until the last IMF uN (t) is extracted.

N
X

ui (t),

{ui (t)},{ωi }

N
X

e(τ )φ1 (τ − t)dτ

u0 (t) =

ui (t) =

ui (t) = e(t).

(8)

Initialize {û1i }, {ωi1 }, λ̂1 , n ← 0
repeat
n←n+1
for i = 1 : N do
update ûi for all ω ≥ 0:

(2)


∨
∗ φ1 (t) = ê(ω)φ̂1 (ω) ,

ûn+1
(ω) ←
i

P
P
λ̂n (ω)
n+1
ˆ
e(ω)−
(ω)− k>i ûn
k (ω)+
k<i ûk
2
1+2α(ω−ωin )2

update ωi :
e(τ )ψi (τ − t)dτ

(7)

Algorithm 1 Complete optimization procedure of VMD [19]

(3)



,
2

To solve the variational problem, the algorithm provides the
complete optimization procedure in Fourier domain based on
alternate direction method of multipliers (ADMM), described
detail in [19] .

and
Z

2

i=1

where


i=1




j
∗ ui (t) e−iωi t
∂t δ(t) +
πt

subject to

i=1

Z

N
X

min

B. Empirical Wavelet Transform
As described in [18], empirical wavelet transform (EWT)
was developed to extract the principle modes based on segmentation of Fourier spectrum. The segmentation is done by
detecting the local maxima in the spectrum. In oscillation
detection, the IMF reconstructs a process time series e(t) that
is described by
e(t) = uo (t) +

,

∨
∗ ψi (t) = ê(ω)ψ̂i (ω) .


ωin+1 ←

(4)
φ̂i (ω) is empirical scaling function (5) and ψ̂i (ω) is empirical
wavelets (6) that are defined based on the spectrum segmentation (ω1 , ω2 , ω3 ....ωk ).


1 ifh |ω| ≤ ωn − τn

i


cos π β 1 (|ω| − ω + τ )
n
n
2
2τn
φ̂n (ω) =
,
(5)
 if ωn − τn ≤ |ω| ≤ ωn + τn




0
otherwise

2

ω |ûn+1
(ω)| dω
i
o
R ∞ n+1
2
û
(ω)
|
| dω
i
o

R∞

end for
dual ascent for all ω ≥ 0:


ˆ − P ûn+1 (ω)
λ̂n+1 (ω) ← λ̂n (ω) + τ e(ω)
k k
until convergence:
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ûn+1
− ûni
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III. C OMPARISON M ETHOD

for comparing their performances. Each process time series
represents oscillations due to process disturbance (CHEM38),
mistuned controller (CHEM4), sticking valve (CHEM5) and
faulty sensor (CHEM14). The decompositions are applied in
each process time series for extracting three IMFs ui (t) for
i = 1, 2, 3.

This study compare the performance of EMD, EWT and
VMD for characterizing oscillation in control loop. The comparison is done by investigating significancy, regularity and
sparseness of IMFs ui (t) for i = 1, 2, 3 as the decomposition
result of a normalized process time series e(t).

IV. R ESULTS

A. Significancy

A. Oscillation due to Process Disturbance

The objectives of process time series e(t) decomposition
in oscillation diagnosis is to extract oscillation characters. It
means the IMFs ui (t) as the decomposition results should have
significancy with process time series. As described in [20]
to measure this significancy, it can be used cross correlation
coefficient between a time series e(t) and its IMFs ui (t) as
described by
PT
(ui (t) − ūi )(e(t) − ē)
q
,
(9)
c(ui , e) = P t=1
Pn
T
2
2
t=1 (e(t) − ē)
t=1 (ui (t) − ūi )

External disturbance directly influences to process dynamics
(Fig. 1). The external harmonic disturbance can cause an oscillating process time series e(t) (Fig. 2a). The oscillation has a
consistent linear character with deterministic auto-correlation
function [24].
TABLE I
T HE C OMPARATIVE R ESULTS USING O SCILLATING e(t) DUE TO P ROCESS
D ISTURBANCE
Decomposition

where ūi is mean value of ui (t) while ē is mean value of
e(t), t = 1, 2, 3...T and T is number of sampling in a time
series. The value of c(ui , e) is always between −1 and 1.
c(ui , e) = 0 means ui (t) has the lowest significancy with e(t)
while |c(ui , e)| = 1 means ui (t) has the highest significancy
with e(t).

EMD

EWT

VMD

B. Regularity

IMF
u1 (t)
u2 (t)
u3 (t)
u1 (t)
u2 (t)
u3 (t)
u1 (t)
u2 (t)
u3 (t)

Comparative Values
c(ui , e)
r(tp )
s(ui )
-0.03
0.78
0.08
0.93
0.78
0.99
0.82
0.72
0.11
0.66
0.99
0.85
0.70
0.01
0.67
0.31
0.82
0.98
0.79
0.54
0.92
0.72
0.78
0.98
0.82

The oscillation in time domain can be represented by periods of oscillation. The regular periods are indicated oscillation
tendency of a time series [21]. To measure this regularity, it
can be used the regularity index that can be represented as
q PK
2
k=1 (tp (k)−t̄p )
t̄p −
K
r(tp ) =
,
(10)
t̄p

(a) e(t) a normalized process time series.

where t̄p is mean value of the periods tp (k), k = 1, 2, 3...K
and K is periods number of a time series e(t). The value of
r(tp ) is always between 0 and 1. r(tp ) = 0 means ui (t) has
the lowest regularity of periods while r(tp ) = 1 means ui (t)
has the highest regularity of periods.

(b) u3 (t) the most significant IMF produced by EMD.

C. Sparseness
High significant similarity of IMF ui (t) with a time series
e(t) has consequence that it can be noisy when the time series
is corrupted with noise. As described in [11] to differentiate
between noisy and non-noisy IMF, it represents as sparseness
index [22] that is expressed by
 qP
P
√
T
T
2
T−
|û
|
/
i
i=1
i=1 (ûi )
√
s(ûi ) =
,
(11)
T −1

(c) u2 (t) the most significant IMF produced by EWT.

where ûi is Fourier transform of ui (t) and T is number of
sampling in a time series. The value of s(ûi ) is always between
0 and 1. s(ûi ) = 1 means ui (t) is non-noisy IMF while
s(ûi ) = 0 means ui (t) is noisy IMF.
EMD, EWT and VMD is applied in four oscillating process time series e(t) of chemical plant obtained in [23]

(d) u1 (t) the most significant IMF produced by VMD.
Fig. 2. An oscillating process time series due to process disturbance with its
most significant IMF of each decomposition.

The comparative results (Table I) show that EMD and EWT
produce one IMF with c(ui , e) are higher than VMD. It means
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sparseness index s(ui ) of the most significant IMF of EWT
and VMD u2 (t) are higher than the most significant IMF of
EMD u3 (t). It is also presented visually in Fig. 3 that the
most significant IMF of EWT and VMD can characterize the
periods of oscillation with constant amplitudes better than the
most significant IMF of EMD.

that EMD and EWT can produce the IMFs that are higher
significancy than VMD. Meanwhile, the most significant IMF
for all decompositions, i.e. u3 (t) for EMD, u2 (t) for EWT
and u3 (t) for VMD, can characterize the periods of oscillation
(Fig. 2). It is also shown that the regularity index r(tp ) and
sparseness index s(ui ) of the most significant IMF of EMD,
EWT and VMD show the relative equal values (Table I).

TABLE III
T HE C OMPARATIVE R ESULTS USING O SCILLATING e(t) DUE TO S TICKING
VALVE

B. Oscillation due to Mistuned Controller
As part of control loop, parameters of a controller has
effect on dynamics of a control loop. It should be well-tuned.
The mistuned controller can produce the oscillating process
time series e(t) (Fig. 3a). As descibed in [24], the oscillation
has consistent linear oscillation character with stochastic autocorrelation function.

Decomposition
EMD

EWT
TABLE II
T HE C OMPARATIVE R ESULTS USING O SCILLATING e(t) DUE TO
M ISTUNED C ONTROLLER
Decomposition
EMD

EWT

VMD

IMF
u1 (t)
u2 (t)
u3 (t)
u1 (t)
u2 (t)
u3 (t)
u1 (t)
u2 (t)
u3 (t)

VMD

Comparative Values
c(ui , e)
r(tp )
s(ui )
0.46
0.66
0.05
0.76
0.63
0.71
0.84
0.75
0.45
0.72
0.85
0.97
0.90
0.05
0.72
0.43
0.49
0.72
0.86
0.97
0.92
0.84
0.96
0.84

IMF
u1 (t)
u2 (t)
u3 (t)
u1 (t)
u2 (t)
u3 (t)
u1 (t)
u2 (t)
u3 (t)

Comparative Values
c(ui , e)
r(tp )
s(ui )
0.05
0.53
0.74
0.56
0.84
0.64
0.72
0.67
0.46
0.01
0.66
0.87
0.89
0.59
0.36
0.65
0.36
0.20
0.85
0.63
0.95
0.81
0.66
0.91
0.75

(a) e(t) a normalized process time series.

(b) u3 (t) the most significant IMF produced by EMD.

(a) e(t) a normalized process time series.

(c) u2 (t) the most significant IMF produced by EWT.

(b) u3 (t) the most significant IMF produced by EMD.

(d) u3 (t) the most significant IMF produced by VMD.
Fig. 4. An oscillating process time series due to sticking valve with its most
significant IMF of each decomposition.

(c) u2 (t) the most significant IMF produced by EWT.

C. Oscillation due to Sticking Valve
Stiction is a major problem of control valves that is affected
the plant performance and product quality in chemical plant
[25]. It can produce nonlinear oscillating process time series
e(t) (Fig. 4a). The produced oscillation cannot be solved by
only retuning the controller. The affected valve should be
maintained to eliminate this problem.
The comparative results (Table III) show the value of
c(ui , e), r(tp ), and s(ui ) for each IMF extracted by decompositions. EMD decomposes the process time series e(t) with

(d) u2 (t) the most significant IMF produced by VMD.
Fig. 3. An oscillating process time series due to mistuned controller with its
most significant IMF of each decomposition.

Comparison in Table II presents that the value of cross
correlation cooeficient c(ui , e), regularity index r(tp ) and
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u3 (t) as the most significant IMF indicated by c(ui , e) = 0.72.
It has regularity index r(tp ) = 0.67 and sparseness index
s(ui ) = 0.46. These values indicate that it has irregular periods
and amplitudes (Fig. 4b). EWT decomposes oscillation due
to sticking valve into three IMFs with u2 (t) as the most
significant IMF (c(ui , e) = 0.87). This IMF has regularity
index r(tp ) = 0.89 and sparseness index s(ui = 0.59). It
means EWT can extracted regular periods of the oscillation
with constant amplitudes (Fig. 4c). For VMD, the comparative
results describe that it difficult to determine the most significant IMF because c(ui , e) of u3 (t) is slightly higher than
u2 (t). Nevertherless, u3 (t) has regular periods with irregular
amplitudes (Fig. 4d).

D. Oscillation due to Faulty Sensor
Faulty sensor can effect to measurement deviation of process varibles. It has consequence to controller input in a control
loop. It can result to the oscillating process time series e(t)
(Fig. 5). The oscillation characteristics can be related with type
of faulty sensor. It can be caused by short spike reading, noisy
reading or anomalous offset reading [26].
EMD decomposes a oscillating process time series e(t)
(Fig. 5a) with u2 (t) as the most significant IMF indicated by
c(ui , e) = 0.69 (Table IV). It has regularity index r(tp ) = 0.75
and sparseness index s(ui ) = 0.63. These values indicate
that u2 (t) has irregular periods and amplitudes (Fig. 5b). For
EWT, u2 (t) also indicate as the most significant IMF with
c(ui , e) = 0.93, r(tp ) = 0.92 and s(ui ) = 0.59 (Table IV).
It means this IMF u2 (t) can extract regular periods and amplitudes of the oscillation but it is slightly corrupted by noise
(Fig. 5c). VMD provides u2 (t) as the most significant IMF
with c(ui , e) = 0.71, r(tp ) = 0.95 and s(ui ) = 0.81 (Table
IV). For VMD, u2 (t) has regular periods and amplitudes (Fig.
5d).

TABLE IV
T HE C OMPARATIVE R ESULTS USING O SCILLATING e(t) DUE TO FAULTY
S ENSOR
Decomposition
EMD

EWT

VMD

IMF
u1 (t)
u2 (t)
u3 (t)
u1 (t)
u2 (t)
u3 (t)
u1 (t)
u2 (t)
u3 (t)

Comparative Values
c(ui , e)
r(tp )
s(ui )
0.13
0.79
0.69
0.75
0.63
0.57
0.66
0.44
0.01
0.66
0.93
0.92
0.59
0.35
0.66
0.31
0.25
0.93
0.71
0.95
0.81
0.55
0.91
0.77

V. C ONCLUSION
This paper presents a comparative study of EMD, EWT
and VMD for detecting the oscillation in control loop. The
study compares significancy, regularity and sparseness of each
methods with different process time series from chemical
plant. The process time series of plant presents four oscillation
type based on the problems, i.e. process disturbance, mistuned
controller, sticking valve and faulty sensor. In each type of
oscillation, the comparative results show that EMD, EWT
and VMD present different perfomances. For detecting the
oscillation due to external process disturbance, the results
show that EMD, EWT and VMD present equal performances.
For detecting oscillation due to mistuned controller and faulty
sensor, EWT and VMD perform better results than EMD. For
detecting oscillation due to sticking valve, EWT can extract
the most significant IMF that has better oscillation characters
than EMD and VMD. Overall, it can be concluded that EWT
outperforms in consistent results over EMD and VMD.
For next future work, EWT will be used as a characterization basis of oscillation in control loop, especially for
differentiation between mistuned controller or external process disturbance problem and quantification of valve stiction
problem.

(a) e(t) a normalized process time series.

(b) u2 (t) the most significant IMF produced by EMD.
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The development of Internet affects the improvement
of social media. Social media is defined by The Federal
Web Managers Council as an umbrella terms involves
vary activities that integrate technology, social
interaction, and content creation limitless [4]. Social
media refer to websites and online tools that facilitate
interaction users by providing them with opportunities so
share information, opinions and interests. Actually, social
media use many technology and forms such as blogs,
wikis, photo and video sharing, podcasts, social
networking, mashups, and also virtual worlds [5]. Khan,
Swar and Lee (2014) stated that social media consist of
variety of tools and technology that collaborate projects
(e.g. Wikipedia and Wikispaces), blogs (e.g. Wordpress
and Blogspot), microblogs (e.g. Twitter), content
communities (e.g. YouTube), social networking sites (e.g.
Facebook, Cyworld and Instagram), folsonomies or
tagging (e.g. delicious), virtual game worlds (e.g. World
of Warcraft), virtual social worlds (e.g. Second Life), and
others Internet-based platforms that support creation and
exchange of information, opinions and interests [6].
The most popular types being social networking sites
or services (SNS) that defined as a platform used to build
and maintain social relations among individuals who
interests, activities, backgrounds, or real-life connections.
SNS can be categorized into two types: Internet based and
Smartphone based. Internet-based SNSs are generally
accessed through email ID (Facebook, Instagram,
Cyworld and Google+). Smartphone-based SNSs are
accessed through mobile phone numbers such as Kakao
Talk, Whatsupp and Line [7].
Social media are technologies that promote social
interaction easily among people, make possible several of
collaboration and enable deliberation across users.
Besides private use for leisure purpose, social media also
can be used to facilitate or criticize companies, products,
and public or private services [8]. Social media platforms
are becoming increasingly important for many citizens in
the roles they play in their daily lives as friends and
consumers: it is in reality social media actualize
consumers’ needs on some commercial internet products
and services [9]. Social media’s rapid explosion makes it
unsurprising that online shops are following the trend and

Abstract – This research aims to reveal factors that drive
online shops owned by student of university in Bandung
which utilize Instagram for marketing efforts. This research
uses three theories stated by Morissan (2010), Joseph (2011)
and Strauss and Frost (2009) then synthesis those factors
and uses 21 factors to analyze with Factor Analysis
methodology. The samples of respondents are online shops
owned by students. The total sample is 101 respondents.
From the Rotated Component Matrix, this research
indicates 7 factors and purposes the new driver factors
through labeling process. As the result, this research creates
7 new driver factors motivated and drived online shops
owned by students to utilize Instagram for marketing
efforts, consist of: Learning and Responsive Feedback
factor, Limitless Shopping Benefits factor, Cash-less factor,
Efficient Communication factor, Easy Customization,
Relation and Distribution factor, and Extensive Market
Target factor. For future research, authors suggest to
conduct empirical research.
Keywords – Factor analysis, Instagram, online shops

I. INTRODUCTION
Marketing efforts are changing become more
dynamism in following by the condition of industry
environment. Currently, every firm is trying to adopt and
attempt the new technology tools transition based on
computer based automation systems by utilizing web and
mobile orientation application in daily business activities
[1]. Marketing managers should strive to innovate a
unique competing way both strategies and tactics more
effectively.
Meanwhile,
the
development
of
communication is improving within last decade, such as
social media which shapes the strategy of marketing [2].
The information superhighway is being shaped by
advance in digital telephone networks, interactive cable
television, personal computer, online services and Internet
[3]. These technological advances will unavoidable
change the face of business as known now days. For most
firms, the information superhighway offers an abundance
of opportunity, Internet for example, which provide firms
with board and vast communication network that is
encouraging the formation of a huge global electronic
marketplace well.
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[15]. Meanwhile, Joseph (2011) argued that there are 9
(nine) driver factors that consist of: (1) beyond relation,
(2) word of mouth, (3) corporate social responsibility, (4)
over sales, (5) brand reputation, (6) community loyalty,
(7) digital culture, (8) unchanged value, and (9) customer
recognition [16].
Additional, Strauss and Frost (2009) reveled that
firms do marketing online to communicate the value for
customer because of driver factors such as: (1) online
mass customization, (2) personalization, (3) unlimited
service, (4) self service, (5) one stop shopping, (6)
learning process, (7) low cost, (8) priceless of digital, (9)
priceless transaction, (10) priceless of knowledge, (11)
supply chain efficiency, (12) priceless of customer
service, (13) improving revenue, (14) added value, (15)
new market accessible and (16) unlimited relation [17].
Those driver factors consider benefits and motivation
from both consumer and producer’ perspective, online
shops in particular.
Previous scholars have studied about factors that
drive among online shops owned by student in University
for instance driver factors to use Instagram for marketing
promotion among online shops owned by student in
Private University (Desi Nur Hasanah, 2010). The prior
researches tend to indicated only 2 (two) factors, consist
of: (1) online marketing contribution factor, and (2) ecommerce factor [18]. The weakness of the research is
tending to use few factor to analyze fundamental reason
why online shops use and utilize Instagram for marketing
efforts.
While, on another research conducted by Nurul Anisa
Lestari (2012) studied 5 (five) driver factors that firm do
marketing online through social media, consist of: (1)
service quality, (2) merchandise quality, (3) monetary
price, (4) enjoyment, and (5) purchase intention [19]. One
of the main weaknesses of the mentioned research is that
she tends to use consumer’s perspective and only
consumer’s consideration for enjoyment and priceless
benefits rather than a comprehensive driver factors that
might drive online shops to utilize Instagram for
marketing efforts.
The main aim of this research is to propose
comprehensive factors that drive and motivate online
shops owned by students from several universities in
Bandung to utilize Instagram for marketing efforts,
namely driver factors. Additionally, this study also will
indicate the new factors from factor analysis methodology
that future research will be tested by using empirical
research among online shops owned by youth.

disseminating sites to reach potential consumers where
they are.
In Indonesia, according to Indonesian Internet Service
Provider Association (APJII), the amounts of Internet
users in 2013 to 2015 were increase from 82 million to
139 million people. Meanwhile, approximately 75.47%
firms are using social media: Instagram (www.
id.technasia.com). Based on the survey conducted by
Kawanku Magz, one of the famous magazines for youth
stated that 23% of all internet users are on Instagram.
Approximately 22% of users are men and 29% are women
who use Instagram on the Internet. Survey also told about
the ages that active on Instagram, consist of 18-29 (53%
users), 30-49 (25% users), 50-64 (11% users) and above
65 years old (5% users). Social media Instagram are being
used extensively in online shops as well in Bandung, one
of the largest cities in Indonesia.
The Instagram application enables users to take
digital images produced with their cellular phones,
process them to give them a look typical of analogical
photography, which carriers’ connotations of a tangible
and one-time creation, and instantly upload them to the
social network [10]. Instagram, combined with the
Smartphone to which it runs, is an image machine that
stimulates and captures the productive activity of
producing, circulating, and attending to images [11].
Instagram provides opportunity for user to produce
images that involves individuals affecting one another.
Users make judgments about how to capture, edit, and
circulate images of their lived experience. On the other
hand, user watch flows of images and modify them by
scrolling, liking and commenting limitless. Both basic
activities are valuable forms of engagement on the
platform [12].
In Bandung, most of users are looking for online shop
on Instagram such as vendors of fashion, culinary for
cafés and restaurants, accessories hand makers,
photography service providers, hobbies stuffs makers,
shoes producers and so on. This trends of social media
usage of Instagram in particular are motivating online
shops in Bandung to execute Instagram as marketing
strategy for promotion products. In Bandung, online shops
owned by young generations who studying in University
in the range of age 19-25 years old. They generate some
creative idea to transform materials and then produce
some valuable and unique products. It is appropriate with
Bandung’s epithet as the most Creative City in Indonesia.
Instagram offers customers the benefit of convenient,
very rapid mechanism through which to obtain goods at
the lowest available price [13]. Instagram is presented as a
new, effective way for both small and large firms to
enhance their existing, transactional marketing [14].
Morissan (2010) stated that there are 8 (eight) factors
drive firm to attempt marketing online through social
media, consist of: (1) audience coverage, (2)
communication efficiency, (3) customer target coverage,
(4) convenience of information distribution, (5) limitless
service, (6) feedback responsive, (7) alternative
distribution channel and (8) brand information efficiency

II. METHODOLOGY
This research examined the factors that drive online
shops owned by students of university in Bandung to
utilize social media Instagram for marketing efforts. In the
framework of this research, authors used variable of three
theories in term of online marketing through social media,
that theories stated by Morissan (2010), Joseph (2011)
and Strauss and Frost (2009). Authors decided to use
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rounded amount 100 respondents. Authors distributed
questioners among students in six universities.
This research uses Principal Component Analysis
(PCA) that stated by Simamora (1005) as the factor
analysis methodology that extracted some factors by using
total variances to analyze it well [21]. This methodology
generates factors that have the lowest value on both
specific variance and error variance. The steps in this
methodology are: (1) problem statement, (2) design the
factor analysis, (3) purpose assumption in factor analysis,
(4) factoring, (5) interpret factors, and (6) labeling.

these theories as an approach because these theories are
relevant with the purpose of this research and can provide
comprehensive factors.
In this research, authors then perform the synthesis of
the factors considered from factors that have the same
meaning among them. This research further merely use
factors based on the online shop characteristics and the
condition of business development in Bandung currently.
The total 33 factors from three theories, authors merely
clarify 21 factors because others factors are having the
same meaning. Then these 21 driver factors will be tested
using Factor Analysis in order that purpose the most
dominant factors why do online shops in Bandung utilize
social media Instagram for marketing efforts. The
framework of this research can be described as following:

III. RESULTS
This research distributes questioners through online
and offline in 6 different universities with the specific
target of respondents who has and run business online
shops in any products type. Here are the following of
respondents’ description showed:

Theory of
Morissan
(2010)
Theory of Joseph
(2011)

Factors
will be
analyzed
by this
research

Dominant
factors of
Instagram
utilizing

No
1

Theory of
Strauss and Frost
(2009)
Fig. 1. Framework of Thinking

This research is survey research which asking a large
group of student who own online shop in Bandung from
different 6 universities question about the utilization of
social media Instagram for their marketing efforts.
Fraenkel and Wallen (1993) stated that this of questions
all related to the issue of interest, is called a survey, and it
can be done in a number or ways, face to face with
individuals of groups, by mail, or by telephone. Each
method has its advantages and disadvantages but
obtaining answer from a large group of people to a set of
carefully designed and administered questions lies at the
heart of survey research [20].
On occasion, based on previous knowledge of a
population and the specific purpose of this research,
authors use personal judgment to select a sample, called
purposive sampling. This research only select online shop
which owned by students from different university
(Telkom University, Bandung Institute of Technology,
Padjajaran University, Bandung Islamic of University,
Pasundan University and Indonesia Education of
University). The requirements of sample are domiciled in
Bandung, student of University that own online shop, has
an Instagram account and use Instagram for marketing
strategy. For taking the amount of sample, this research
uses Isaac and Michael approach, because the certain
amount of student-owned online shops in Bandung are
unknown. By using that pattern, authors calculated the
amount of sample for this research is 97 respondents, and

2

3

4

TABLE 1
DESCRIPTION OF RESPONDENTS
Categories
Results
Universities
29%
•
Telkom University
•
Bandung Institute of
15%
Technology
•
Indonesia Education of
15%
University
15%
•
Padjajaran University
•
Bandung Islamic of
15%
University
11%
•
Pasundan University
Class of degree
3
• 2010
6
• 2011
51
• 2012
25
• 2013
14
• 2014
2
• 2015
Year to start of business
5%
• 2010
3%
• 2011
11%
• 2012
16%
• 2013
24%
• 2014
37%
• 2015
4%
• 2016
Type of product delivered
by online shop
62%
• Fashion
13%
• Culinary
6%
• Hobby
5%
• Accessories
14%
• Others

Factor analysis used to indentify factors that influence
and drive user online shops to utilize Instagram for
marketing efforts, in order that this research finds the new
factors and new components further.
To test the factor analysis accuracy, this research uses
statistics testing by generating Bartlett Test Sphericity and
Kaiser Mayer-Olkin (KMO) to ensure the sample
adequacy. The minimum calculation which must have 0.5
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value of KMO and if least of 0.5 means that the research
cannot continue. This research has 101 respondents and
has sample adequacy well that 0.813 as the value of
KMO. That value indicates that this research can continue
and accepted:

16
17
18
19
20
21

Fig. 2. Result of KMO test and Barlett’s Test

ANTI IMAGE METRICS

1
2
3
4
5
6
7
8
9
10

11

12
13
14
15

Factors
By utilizing Instagram as marketing effort,
online shop spend less operational cost
By utilizing Instagram as marketing effort,
online shop spend less transaction cost
By utilizing Instagram as marketing effort,
online shop spend customer service cost
By utilizing Instagram as marketing effort,
online shop receives efficiency of supply chain
By utilizing Instagram as marketing effort,
online shop serves customer timeless
By utilizing Instagram as marketing effort,
online shop receives feedback from customer
promptly
By utilizing Instagram as marketing effort,
online shop delivers message and product to
diversity customer
By utilizing Instagram, customer can
accomplish self service consist of ordering,
navigating, complaining
By utilizing Instagram, online shop can
accomplish transaction above 24 hours
By utilizing Instagram as marketing effort,
online shop perceives unlimited pleasantness
of promotion
By utilizing Instagram as marketing effort,
online shop delivers the newest message and
information in term of product and service
conveniently
By utilizing Instagram as marketing effort,
online shop spends less of information
distribution cost
By utilizing Instagram as marketing effort,
online shop deliver changing of information in
term of price and others information
By utilizing Instagram, online shop reach wide
audiences out anytime and anywhere
By utilizing Instagram, online shop spend less
of distribution cost (in term of packaging price

0.735
0.878
0.833
0.844
0.830
0,813

From the table above, authors conclude that all factors
has a higher result of MSA: 0.50 which conclude that
these factors above can be analyzed further to indicate the
factors that drive online shops among students of
university in Bandung. After factoring process, author
conducts factoring group and result Component Matrix
and distributes the factor by generating Rotated
Component Matrix.
This research uses Principal Component Analysis to
generate the lowest value of specific and error variance,
by notice the eigenvalue. The next step is calculate
Component Matrix and Rotated Component Matrix. At
the end of factor analysis, this research result 7 (seven)
new factors that drive online shops owned by students in
Bandung to utilize Instagram for marketing efforts,
consist of following factors:

Bartlett’s Test of Sphericity is statistics test to
examine those variables have correlation each other. MSA
value above is more that 0.5 value which means that all
variables of this research can test further by factor
analysis methodology and have correlation (value of
829.599 of Chi-Square).
After analyzing test the factor analysis accuracy, this
research analyzing Anti Image Metrics and
Communalities for all indicators that purposed based on
questioner’s questions. Here are the following results of
Anti Image Metrics:
TABLE 2
No

agreement)
By utilizing Instagram, online shop gives
achievement properly for loyal consumer
By utilizing Instagram for marketing effort,
online shop can received sales improvement
By utilizing Instagram as marketing effort,
online shop increase the products value
because well known among customer
Instagram become the precise forum for
customer relationship
Instagram bridges evaluation for online shops
real time
Amount of consumer target will increase after
utilizing Instagram as marketing effort.

MSA
0.730

No
1
2
3
4
5
6
7

TABLE 3
COMPONENT OF FACTOR 1
Factors
Factor loading
Learning process
0.779
Brand reputation
0.688
Information personalization
0.682
Community loyalty
0. 680
New market accessible
0.526
Over sales
0.516
Responsive feedback
0.491

No
1
2
3

TABLE 4
COMPONENT OF FACTOR 2
Factors
Factor loading
One stop shopping
0.849
Limitless service
0.691
Self service
0.545

No
1
2

TABLE 5
COMPONENT OF FACTOR 3
Factors
Factor loading
Priceless
0.849
Priceless transaction
0.830

0.747
0.787
0.855
0.753
0.915
0.842
0.819
0.707
0.810

0.795

0.878
0.818

No
1

0.755

2
3

0.656
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TABLE 6
COMPONENT OF FACTOR 4
Factors
Factor loading
Information distribution
0.777
Brand information
0.687
efficiency
Supply chain efficiency
0.475
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No
1
2

No
1
2
3

No
1

TABLE 7
COMPONENT OF FACTOR 5
Factors
Factor loading
Online mass customization
0.742
Limitless pleasantness
0.483

Instagram’s account. Customer very desire and prefer
with the fascinating appearance of promotion design [22].
They deliver diversity of information to consumer through
direct message alternative. This factor motivate online
shops in Bandung to define, improve and enrich
community loyalty by utilizing Instagram because they
have database of consumer’s account in the form of
“Followers” indicator. If relate with the description of
respondents, this community loyalty has intense
correlation because online shops providers start their
business in 2012 of the class level degree. All those
learning and responsive factors formed will motivate
online shops to achieve over sales (0.516) and new market
accessible (0.526).
In Limitless Shopping Benefit factor, online shops
in Bandung motivate to offer the one stop shopping
(0.849) approach for vary significant products and
services offering that customer can attempt the self
service (0.545) efforts without intervention from
producers. Both principle will improve customers’
satisfaction Instagram display and show visualization of
products very well because Instagram is completed with
“high definition” for pictures. This application of
Instagram support for fashion business (62%). On the
other hands, online shops also can serve customer
limitless anytime and anywhere.
In Cash-less factor, by utilizing Instagram for
marketing efforts, online shops in Bandung minimize cost
of promotion because Instagram is beneficial social media
by using smart phone inside of Android-based SNS.
Online shops invest for smart phone once but they achieve
long term of financial benefits (0.849). Instagram for
marketing efforts also can minimize price of transaction
because online shops should not prepare for any
additional service. The main prices are consisting of
product price and delivery price paid by consumer.
In Efficient Communication factor, by utilizing
Instagram for marketing efforts, online shops in Bandung
distribute information conveniently, deliver brand
information and build supply chain properly. Instagram
motivate online shops to spread information efficiently
because Instagram present the real-time information to
who access for products and service in Instagram.
In Easy Customization factor, Instagram presents
occasion for online shops in Bandung to customize the
design of appearance for online promotion in a very large
of grouping and concurrently provide limitless
pleasantness in designing it.
In Relation and Distribution factor, by utilizing
Instagram for marketing efforts, online shops develop
beyond relation for customer and potential consumers as
well. Beyond relation also support alternative distribution
channel because through Instagram, consumer can act the
channel for online shops in the form of written-word of
mount (WOM) such as status, caption and comments.
The last but not least is Extensive Market Target

TABLE 8
COMPONENT OF FACTOR 6
Factors
Factor loading
Beyond relation
0.811
Priceless of customer
0.582
service
Alternative distribution
0.549
channel
TABLE 9
COMPONENT OF FACTOR 7
Factors
Factor loading
Consumer target extensive
0.826

The last result of this research is labeling for the new
factors of Instagram utilization among online shops in
Bandung. The following labeling is indicated below:

No
1
2
3
4
5
6
7

TABLE 10
LABELLING
Factors
Learning and responsive
feedback
Limitless shopping benefit
Cash-less
Efficient communication
Easy customization
Relation and distribution
Extensive market target

Factor loading
49.22%
37.80%
27.20%
25.28%
23.37%
22.73%
49.22%

In labeling process, authors attempt to identify new
factor labels that represent variable statements and
indicator formed. Every percentage value on table above
reflect how the contribution of each factors.
IV. DISCUSSION
By using Factor Analysis approach, this research
result 7 (seven) new factors that motivate online shops
owned by students from several universities in Bandung
utilize Instagram for marketing efforts. These factors are:
(1) Learning Process factor, (2) One Stop Shopping
factor, (3) Cash-less factor, (4) Efficient Communication
factor, (5) Easy Customization factor, (6) Relation and
Distribution factor, and (7) Extensive Market Target
factor. This labeling process is subjective because other
authors could identify new name for labeling bases on
consideration and theories.
In Learning and Responsive factor, online shops in
Bandung learn from customer in the form of comments
and responds for positive and negative in term of products
that very responsive feedback. Instagram is the fastest
way to know the response of customer. By utilizing
Instagram for marketing efforts, they also learn to build
brand reputation by designing interesting appearance in
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factor (49.22% value of contribution). In term of this
factor, Instagram support online shops in Bandung to
enlarge the target market through social media coverage
without restrict segmentation and targeting

[5]

V. CONCLUSION

[7]

[6]

From the combination theories of prior researches,
and using Factor Analyzing, this research can conclude
that factors which drive and motivate online shops owned
students in university in Bandung are: (1) Learning and
Responsive Feedback factor, (2) Limitless Shopping
Benefit factor, (3) Cash-less factor, (4) Efficient
Communication factor, (5) Easy Customization factor, (6)
Relation and Distribution factor, (7) Extensive Market
Target factor.
This research suggests to online shops in Bandung to
improve Responsive Feedback factor by conducting time
management properly. At noon, they can respond the
comments from customer after displaying new products
and services. This research also suggests improving New
Market Accessible factor by improving frequency of
status update, following more community Instagram’s
account, and posting fascinating videos often. This
research suggests for start up business owner to use
Instagram for marketing efforts because this SNSs has
proved give benefits for business and customer. Instagram
significantly improve online shops for marketing efforts.
For future research, authors suggest to conduct
empirical research in term of those 7 (seven) factors to
measure the affect of driver factors to Instagram
utilization among online business in Bandung.

[8]

[9]

[10]

[11]
[12]
[13]
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essentially attract attention and interest. The fact that children
with autism are quite interested in the device technology (eg
computer, PDA, etc.) rather than conventional training tools
such as pictograms [2], making work AR tool suitable for the
training of ASD children. There has been a great effort from
augmented reality and virtual communities in developing
entertainment, training and analysis tools for ASD children.

Abstract— Autism or Autism Spectrum Disorders is a
pervasive developmental disorder caused disruptions in
thinking, feeling, hearing, speech and social interaction.
For this reason, children with autism need special training
to improve their ability to learn new skills and knowledge.
This work aims to propose a new training system using
augmented reality for the training techniques of Picture
Exchange Communication System (PECS). This system helps
in teaching children about new pictures or objects together
with related keywords or phrases that fit the way deep
with fast interaction. Basically, the system is responsible
for teaching, monitor and strengthen or ask for actions
that support their children to learn and repeat the correct
behavior. Hardware setup consists of a projector, which
can convert all the planar surface into a display device and
a camera to monitor the actions of children by tracking
their hands. This arrangement provides feedback on the
virtual desk with the actual movement of the child's hand
using hand visual detection and tracking algorithms.

Some ideas and new projects have been suggested to help
ASD children to develop new skills and identify their
deficiencies. For example, the use of AR has been proposed by
Z.Bai, where children pretend to play with toys plus. This
system uses a monitor screen to create content is added and the
camera for motion detection marker in the work table [3].
Another study named Pictogram Room proposes a set of
educational video game using Kinect for gesture recognition
camera body and the monitor screen where the image is
reflected by the number of players and music add graphic
elements [4]. In order to guide the learning process exergame
virtual reality to deep torso motion faster than autistic children
studied [5]. The results reported that the children will practice
more often with a high level of enjoyment if such games are
available on a regular basis. These results indicate that the
technology AR creates a positive improvement in terms of
enjoyment, engagement and imaginative skills development
and learning in children with autism.

Keywords—Augmented reality, Autism Spectrum Disorder,

Hand Detection and Tracking
I. INTRODUCTION
Autism Spectrum Disorder (ASD) is a general term for a
group of complex brain disorder, which is characterized in
varying degrees by difficulties in social interaction, verbal and
nonverbal communication and repetitive behaviors. Autism can
be associated with intellectual disability, difficulties in motor
coordination, attention and physical health problems. It is
necessary to decode the children's behavior to diagnose and
treat disorders of behavior and development at an early stage.
A detailed study of decoding the behavior of children is done
by J.M. Rehg et al. [1], determines whether the children
generate key behaviors (such as seeing partners, smiling and
gesturing) and assessed the degree of involvement in a dyadic
social interaction.

Considerable effort has been spent of researchers around
the world in the development of training techniques to help
autistic children in teaching new skills that can improve their
quality of life [6]. One of these techniques is Picture Exchange
Communication System (PECS). The principle of this
technique is based on the idea that every correct behavior is
more likely to be repeated if it is followed by some sort of
reward. One method is the most famous PECS discrete trial
was introduced by Ivan Lovaas [7]. discrete trial has three main
steps: (1) Instruct the task to the child, (2) Monitor child's
response, (3) Strengthen measures or ask the child if necessary.
Below the discrete trial training begins by showing a set of
pictures or a real object that a child should learn/acquire. Kids
are asked to associate keywords with their images or objects.
child monitored by encouraging or strengthening based / action
done. These steps are repeated several times by shuffling the
image or object and ask them to show key items. Recurrent

On the other hand, children with autism have a tendency to
excel in music, mathematics, art and visual skills [1]. It is
necessary to understand their superior skills and skills that
require special training. Thus the training system should be
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interface would satisfy these requirements as it allows
converting child’s usual working table into a display interface.

training process along with prizes motivate children to learn
and remember the key words associated with the image or
object.
Learning methods can be improved by using AR that will
help children improve their attention in the training process. In
this paper, the AR system for training autistic children is
proposed. in outline, the system involves the teacher and
children with autism as a major role player. Children with
autism interact with the system and the teacher guides the
child. Parents of children with autism can also be involved in
monitoring and aware of their progress. Researchers and
psychologists are more interested in the data collected from
these systems to improve training measures and to analyze the
performance and behavior of children when they encounter a
particular stimulus. It can help them decide on the type of
training needed to improve the level of learning of children
with autism. It is important to make the child comfortable and
attentive to the system. On the other hand, teachers and
researchers must have the proper tools to assess the
performance and progress of the child. Therefore, it is
necessary to have a training system for recording and reporting
methods are good.

Following the common practice in discrete trial training, we
propose to use a table as working area where query pictures are
displayed or real objects are placed. A camera is used as a
natural user interface to monitor the child’s action by detecting
and tracking hand. Thus, the system provides a visual feedback
on the table by tangible hand movements with no barrier
between the child and the system. This can make it easy for the
child to interact effortlessly without any requirement to
practicing the new system.
The system setup works in the following ways: (1) the
projector starts by displaying three pictures on a conventional
table, after which the child is instructed by the system to point
out at one of the projected pictures; (2) the child starts to move
hand to point out the queried image; (3) the system examines
the child action for its correctness and then reinforce or prompt
based on the evaluation.
III. AUGMENTED REALITY SYSTEM IMPLEMENTATION
The AR system implementation details can be seen at each
of the steps involved in training for ASD children.
a. Instruct - The system uses a projector to convert any table
into a virtual display area where a set of pictures or
objects are displayed. The system instructs the task to
complete at each training session. The projector helps the
child to interact on his/her normal working table with the
minimal change due to the virtual display content. For this
purpose, a short throw table projector is used in the
proposed system.
b. Monitor - The system uses a camera to monitor and track
the action performed by the child. In most cases, children
do not like to attach fiducial markers or color gloves on
their hands. They may either remove or get distracted
from their task. Hence, it is important to have a natural
interface between the child and the system. Therefore the
hand is considered as a major cue to detect their action.
Another important task involved in this matter is the
transformation of hand position from camera or pixel
coordinate system to the projector or table coordinate
system so that appropriate content can be properly
augmented or highlighted. In this work, homography
based transformation is used that makes the system simple
and fast to initialize.
c. Reinforce or Prompt - It is very important to reward or
highlight the correct answer that will help them to learn.
In this AR system, the correct action is accomplished by
rewarding the child with verbal praise and also by playing
music of their desire. The system also realizes any
delayed or incorrect action performed and prompts by
highlighting the correct answer to the child.

The proposed system works in the following way; The first
begins by displaying a series of pictures and then instruct
children with keywords must be related to the rendered image.
Child action was monitored using detection algorithm hand and
right action strengthened to motivate and encourage them to
respond in the same way again. In the case of a time out or
show a wrong answer, the system will ask to highlight the
image until the child asked to do it right. This will make a
positive reinforcement for children to imitate and respond to
the challenge. This system also records the action of the child
and the time required to complete a training session for the
purpose of analysis and research.
The rest of the paper describing the proposed AR system
and details of its implementation with all components, hand
detection and tracking algorithms. Finally, the experimental
results in terms of detection and tracking algorithms hands will
be evaluated the performance of the prototype AR system
developed.
II. AUGMENTED REALITY SYSTEM OVERVIEW
The main objective is to develop a user-friendly AR system
that can assist ASD children in learning new skills. This
training system stimulates the child to imitate, interact, and
respond to the basic request such as keyword association and
matching sentence to a picture or an object. It is a well
established fact that any equipment that is to be used by
children must be robust enough to withstand their abuse,
something that becomes even more important in the case of
children with ASD. Thus it is preferable to have a system that
provides all the training information sparingly to them without
any intrusive hardware interactions. Additionally, the system
must be user-friendly with the augmentation on the real scene
with real object. All the aspect mentioned before, make the use
of PDAs, Tablets and other handheld devices unsuitable for
this application. On the other hand, a projector as display

During a survey of the training for autism and after some
discussion with the psychologist, the need to log all
information during the session. Such information is vital that
effective and appropriate training can be tailored to each child's
needs and their evolution. The proposed system also records
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information about the child's profile, achievements, as well as
the actions taken by the child during the sessions for analysis.
Hand movements were recorded and the track can also help
psychologists to analyze the behavior of the child. In the
following section, details of the implementation of the hand
detection and tracking algorithms in detail.

IV. EXPERIMENTAL DEMONSTRATION
The hand detection training is a critical point for the
success of the detection results. To carry out this training, it is
necessary to have a set of positive and negative (background)
samples. A small dataset of children hand images was created
for this reason. The hand dataset consist of 1800 images from
five children (aged between 5 to 12 years) taken under different
lighting conditions and view. The background dataset consists
of 500 images where tables of different textures, lighting and
projector on condition were used. The cascade was trained with
the 15 stages and the resulting trained cascade is used for hand
detection in remaining part of the paper.

The child action is tracked using hand detection techniques
to analyze the correctness of response, to identify any random
behavior and to store the hand trajectory information in the
database for later use. It is also well known that the children
with ASD perform unwanted hand movements to elude from
answering the question. Also, the psychologists are more
interested in analyzing the hand trajectory information which in
turn helps them to understand the progress of child’s learning
rate. This makes hand detection and tracking algorithm to be a
crucial element in our system.
There are several methods available for the hand detection,
starting from the skin color based detection to advanced
supervised and unsupervised learning methods [8]. All these
methods fall under three categories: Invariant feature based
approaches, Template matching and appearance based
approaches [9]. Global appearance based adaboost-learning
algorithm with Haar-like features hassuccessfully demonstrated
to accomplish real time face and other object detections task
[10].
The available hand detection techniques are influenced by
the different hand gestures, complex hand motions and
environmental variations such as lighting, occlusion and
cluttered background. Under these conditions, the detection
algorithm can fail to give any result. It is always preferred to
have a tracking algorithm that can ake use of previous
detection to predict the hand position in the current frame.
Also, these tracking algorithms are defined to estimate the
trajectory of the hand in an image as the child moves hand
around the table. There are three major types of tracking: point,
kernel and silhouette tracking. The hand detection in
consecutive frames can be represented by points and thus it
falls under the point tracking category. This work adopts filter,
the statistical method for hand tracking.

Figure 1: Results from hand detection.
The performance of hand detection is shown in Figure 1.
These plots show the hand track in four video sequences with
projector OFF and ON. In the projector ON case, three images
as shown in Figure 2 was displayed. The total no. of frames
considered at each case with the no. of frames that has hand
inside and results obtained from different algorithms with
projector OFF and ON condition is summarized in Table 1.
The hand detection performs very well when the projector is
OFF wherein the improvement produced by the tracking
algorithm is not appealing. It is clearly seen from the Figure 1
and Table 1 that the hand detection results decline drastically
between the projector OFF and ON scenarios. Also, there is a
notable amount of increase in false positive using only hand
detection. In this scenario, the tracking evidences a significant
improvement in the overall system performance. Apart from
localizing hand position, this tracking algorithm also smoothes
out the sudden changes in detection results.

The calibration between camera and table plays an
important role in augmenting appropriate content at correct
location on the table. It is required to relate the hand detection
in pixel coordinate system to the projector or table coordinate
system using a transformation matrix. Since the table is a 2D
planar surface, the homography transformation is used for easy
and fast calibration. This homography transformation helps in
fast calibration and system initialization aiding towards
converting any planar surface into a display.
The homography transformation matrix is used to convert
the hand detection result from the camera coordinate system to
the table coordinate system which is then compared to see any
overlapping within the query images. If it is lying in the query
image asked to the child then the action is rewarded.
Otherwise, the system will highlight the query image to make
the child learn. Either the child action is correct or not; a plot
showing centroid of the hand gesture is saved for later analysis.

In spite of the improvement created by the tracking
algorithm, there is always a high level of possibility to have
false positives. This is evidenced in Table 1 by comparing
frames where the hand is present, the tracking results and its
false positive in terms of numbers.
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The testing was carried out with children that do not suffer
from autism to verify and validate the algorithm working.
Firstly, the child was asked to show an elephant image out of
the three displayed images (Figure 2(a)). The child selects
wrong image (apple in this case) and the system prompts the
correct answer as in Figure 2(b). The system rewards the
correct action by showing cartoon and verbal praise or playing
music as in Figure 2(c). Similar to Figure 2, the child was
asked to show an elephant toy (see Figure 3). The correct
answer is reinforced or highlighted based on the child action.
The effect of shadow, projector lighting and textured hand due
to content display can be very clearly seen in Figure 2 and 3.
Tracking with similarity measure helps to overcome this by
predicting the hand position using previous detection results.
Overall, the proposed system performs very well under the
laboratory conditions.

TABLE 1: Results from hand detection
Case

Total
No. of
frames

Case 1
Case 2

98
177

Case 1
Case 2

195
135

No. of
HD
frames
with
Tot. FP FN
hand
With Projector OFF
78
70
3
10
168
152
2
20
With Projector ON
167
54
4
121
122
50
2
85

HD & KT
Tot.

FP

FN

84
177

11
16

4
5

187
120

32
19

23
14

In order to reduce the number of false positive, the
similarity measure between the current frame and the previous
frame with hand detection output is used. The similarity
measure aims to reject the frame where there are huge
variations with the higher possibility of hand being moved out
from that location or even out of that frame. The performance
evaluation of this approach has indicated a decrease in number
of false positive and false negative, as in Table 1. Further, by
comparing the results from tracking with similarity measure
and frames with hand inside (see in Table 1) significantly
shows that there is a correspondence in terms of numbers. This
strongly suggests the usage of hand detection and tracking with
similarity measure for the proposed AR system.
The proposed AR system setup with a camera, projector
and working table arrangement in the laboratory environment.
At first, the system allots 3 seconds to complete the task by
moving the hand over the queried image or object. Whenever
the child moves hand over the query image, the system
acknowledges the correct action by rewarding them with verbal
praise or by playing their desired music. If there is no hand
detected on the query image within 3 seconds, the system
prompts by highlighting after which the child is again given
with 3 seconds to complete. All hand action performed during
this session will be saved to facilitate the analysis of the child’s
learning progress by teachers and psychologists. Also the
correctness is evaluated not by just considering one frame over
the queried image, i.e. the child has to keep hand continuously
over it for at least 1 second. This helps in avoiding the wavy
and unwanted hand movements made by the child.

Figure 3: Three real objects are placed on the table and
system asks the child to associate with a keyword.
V. SYSTEM EVALUATION
The AR system was demonstrated to the ASD
psychologists and teachers to have their constructive feedback.
They were satisfied to know about this system which will
immerse the child’s attention and will help them learn new
things without their knowledge. From the teachers’ and the
psychologists’ point of view, the proposed system will help the
child in developing, (1) Identification and recognition
capability, (2) Ability to associate keyword and sentence to a
picture, (3) Other competencies. The psychologists were
pleased to see the monitoring and reinforcing capability of the
system together with the recorded information of the child’s
hand action trajectories. Also, they highlighted the system’s
interface as very natural, simple and friendly with no fiducial
marker. Further, there is a plan to test the system with several
autistic children and also to obtain feedback from parents,
teachers and psychologist to see its usefulness.
VI. CONCLUSION
The paper proposed an augmented and virtual reality
system meant for discrete trial autistic children training. The
three major steps in discrete trial training namely, instruct,
monitor and reinforce or prompt were implemented
successfully using a projector and camera setup. The system
interaction was made natural with the hand detection and

Figure 2: The system’s working by displaying three images
and asks the child to associate with a keyword
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tracking algorithm. It was noticed that the hand detection
results degrades significantly with the projector ON condition.
This was overcome by using similarity measure based tracking
and the performance seems to be consistent both with projector
OFF and ON scenarios. Based on the hand action performed by
the child, the system rewards them or prompts to correct their
action. Additionally, it also records the child’s action in term of
its performance, hand trajectory and results for later analysis.
The proposed system was assessed in the laboratory
environment to validate its working principle and performance.
The results of hand detection and tracking along with the
display content illustrated its functionality very well.
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As a further step, we plan to assist the psychologist and
teachers to evaluate the system with ASD children to study its
usefulness in terms of interaction and learning. Also, the
proposed AR system will be demonstrated to collect feedback
from parents (in terms of usefulness to the child), teachers (to
study the difficulty level to teach the child or to use the system)
and the psychologist (in the assessment of the child’s progress).
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Abstract—Surge is major problem in compression system
especially in process industries. Typically, surge can be eliminated
by providing the compressor anti-surge controller based on
proportional integral derivative (PID) control or model predictive
control (MPC). This study designed and evaluated the performance of MPC at centrifugal compressor in ammonia plant. The
MPC is compared with the existing and tuned PID control. The
evaluation results show that the performance of designed MPC
is better than PID control for compressor anti-surge control in
ammonia plant.
Keywords—anti-surge; compressor; closed loop; systems identification; model predictive control

I. I NTRODUCTION

error (CLOE) algorithm [6]. The MPC is defined by 1-norm
minimal objective function with reference trajectory. Later, the
design MPC is evaluated its performance over existing and
tuned PID control.
The structure of this paper is designed as follows. Section
2 present the basic theory regarding closed loop identification
and MPC used in this study. Section 3 describe method in this
study. It is followed by Section 4 that present and discuss the
results. In the end, this paper concludes this work and describe
the next future works.
II. BASIC T HEORY
A. Closed Loop Identification

In petrochemical plant, fluid pressure is one of important
condition which can be increased using compressor. In normal
operation of compressor, there is undesired condition which is
surge caused by the oscillation of flow through the compressor
because it can make shutdown and damage [1]. To prevent
surge condition, there are solution with compressor anti-surge
control which an objective is keeping the operation point of
the compressor under surge limit condition. Usually control
system in industry used proportional integral derivative (PID)
in distributed control systems (DCS) or programmable logic
controller (PLC).
Several works have designed compressor anti-surge control
systems based on model predictive control (MPC) using Gravdahl and Egeland model [2], Greitzer and Gravdahl model [3],
and Greitzer and Gravdahl model with experimental data for
validation [4]. The MPC response improves the performance
of compressor anti-surge control. It can manages to stabilize
the system more responsive compared to the conventional
approach of PID. Plant model obtained from Least-Squared
Support Vector Machine (LS-SVM) is used to design antisurge control [5]. It can avoid surge happening. The plant
model of compression is the major problem at MPC design in
the previous works.
This paper present the design and evaluation of compressor
anti-surge control systems in ammonia plant based on MPC.
Plant model of MPC used in this study is obtained by closed
loop identification which is based on closed loop output

75

As described by [6], closed loop identification is used for
determining the dynamic model from direct data in closed
loop for a given controller. In closed loop identification, plant
is defined by
y(t) =

z −d B(z −1 )
u(t) + w(t),
A(z −1 )

(1)

while the predictor model is defined by
ŷ(t) =

z −d B̂(z −1 )
Â(z −1 )

u(t),

(2)

where y is output of plant and ŷ is output of predictor model.
The system identification use the error of plant and predictor
model for parameter adaptation algorithm as described detail
in [6]. The closed loop output error is described by
ε(t) = y(t) − ŷ(t).

(3)

In this work, the R-S-T digital controller [7] is used as a
part of closed loop. For validating the predictor model, the
statistical validation is used. The validated criteria (RN (i)) is
defined by
R(i)

RN (i) =


1 PN 2
ŷ (t)
N t=0



1 PN 2
ε (t)
N t=0

 1
2

,

(4)
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where
N
1 X
R(i) =
ε(t)ŷ(t − 1); i = 0, 1, 2, 3, ..., imax .
N t=1

TABLE I
R-S-T CONTROLLER TRANSFORMED FROM PID

(5)

Coeff

Polynomials
(z-domain)

s
−Kp 1 + T
− N ra
Ti
 


Ts
−Kp ra 1 + T + 2N − 1
i
Kp ra (1 + N )
1
(ra − 1)
 −ra


r0

The predictor model is valid when it is can satisfied the
following criteria [8] as
2, 17
(6)
RN (i) ≤ √ .
N
B. Model Predictive Control (MPC)
As described [9], MPC is one of important strategy which
use model process of plant to make controller. It can be used
the solution of non linear problem in process control. In this
work, MPC is used to eliminate surge effect in compressor.
The predictor model obtained by using closed loop identification is used and represented in state space form as described
by
x(k + 1) = Ax(k) + Bu(k),
(7)
y(k) = Cx(k),

Controller
R(z −1 )

S(z −1 )

r1
r2
s0
s1
s2

s
−Kp 1 + T
− N ra
Ti
 


Ts
−Kp ra 1 + T + 2N − 1
i
Kp ra (1 + N )

r0
T (z −1 )

r1
r2

IV. R ESULTS
In ammonia plant case, compression system has four stages
which are illustrated in Fig 1.

(8)

Design of MPC is defined by minimal objective function to
find optimal control. In this work, it is used multi-parametric
toolbox [10] that the minimal objective function defined by
N
−1 

X
kQx x(k)kp + kQu u(k)kp ,
(9)
min
k=0

subject to
x(k + 1) = f (x(k), u(k)),

(10)

u ≤ u(k) ≤ u,

(11)

x ≤ x(k) ≤ x,

(12)

where f (x(k), u(k)) is the prediction equation, x, x are
lower/upper states limit, and u, u are lower/upper control
limit.
III. M ETHOD
This work is used the closed loop identification based on
closed loop output error as described by [8] and MPC based on
multi-parametric programming [10]. The identification is used
to obtain predictive model of plant which is implemented into
MPC and designed to find the optimal solution. The system
identification based on closed loop output error algorithm use
R-S-T controller. R-S-T controller is obtained from existing
PID controller where the transformation is defined in Tabel I
and ra = − N TTs d+Td .
Closed loop identification determines the polynomial A and
B of predictive model using nb and na from first order to
fourth order. In this work, the predictive model is validated
by output data and focused on statistical validation using
validation criteria max(RN i).
Later, the predictive model obtained from system identification is used to evaluate compressor anti-surge control based on
existing PID, tuned PID, and MPC. In this work, the tuned PID
method use second methods of Ziegler-Nichols. For MPC, it
use minimal objective function 1-norm with predictive horizon
and control horizon.
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Fig. 1. Simplified P&ID of compression system in ammonia plant [11]

Each stage has a anti-surge controller except 3rd & 4th
stages. In 3rd & 4th stages, measurement sensor is mounted
in suction line of 3rd stage. In this work, closed loop system
identification uses measurement sensor and percentage valve
opening data with zero delay time. R-S-T controller transformed from PID is defined in Tabel II.
TABLE II
POLYNOMIALS OF

Controller
R(z −1 )
S(z −1 )
T (z −1 )

R-S-T

Coeff
r0
r1
r2
s1
s2
s3
t0
t1
t2

CONTROLLER IN AMMONIA PLANT

1st
-0.633
0.600
0
1
-1
0
-0.633
0.600
0

Stages
2nd
3rd & 4th
-0.644
-0.656
0.620
0.625
0
0
1
1
-1
-1
0
0
-0.644
-0.656
0.620
0.625
0
0

This R-S-T controller is conditioning system of closed loop
output error that use direct acting. Existing controller use
reverse acting where e(t) = P V −SP . It makes negative value
in result of R(z −1 ) and T (z −1 ) polynomials. This work use
1000 data for closed loop system identification with sampling
time (Ts ) at one second. Results of closed loop identification
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are represented in Table III, where n is desired polynomial
order of predictive model (nb and na).

TABLE IV
S TATISTICAL VALIDATION FOR CLOSED LOOP SYSTEM IDENTIFICATION
Stages

TABLE III
P REDICTIVE MODEL OF CLOSED LOOP SYSTEM IDENTIFICATION
Stages

n
1

1st

2
3
4
1

2nd

2
3
4
1

3rd
&
4th

2
3
4

Transfer
function
num
den
num
den
num
den
num
den
num
den
num
den
num
den
num
den
num
den
num
den
num
den
num
den

1st


0
1


0
1


0
1

Polynomials (z-domain)


0 −0.004
1 −0.949


0
−1.082
1.082

1 −1.633 0.650


0 −1.083 1.169 −0.086
1 −1.715 0.780 −0.050

−1.082 1.667 −1.232 0.647
−0.175  2.131 −1.328
0.390

0 −0.003
1 −0.949


0 −0.956 0.956
1 −1.574 0.594


0
−0.958
1.079 −0.121

1 −1.704 0.795 −0.074

−0.957 1.281 −0.796 0.471
−1.914  1.620 −0.977
0.294

0 −0.002
1 −0.949


0 −0.900 0.900
1 −1.544 0.564


0 −0.916 0.953 −0.051
1 −1.604 0.653 −0.030

−0.900 1.303 −0.927 0.524
−1.993 1.838 −1.151 0.330

2nd
3rd
&
4th

Stages
1st
2nd
3rd & 4th

1
2
3
4
1
2
3
4
1
2
3
4

0.118
0.093
0.054
0.088
0.214
0.182
0.127
0.184
0.279
0.104
0.189
0.113

Loss
function
755.823
6.748
6.706
6.712
711.774
5.110
5.162
5.144
699.836
4.472
4.614
4.455

Transfer
function
num
den
num
den
num
den

Valid
Y
Y
Y
N
N
N
Y
N
N
Y
N
Y

Polynomials s-domain

0.660
−0.193 −2.251 0

 1 2.135 0.740 0.035 
0.604
−0.271 −1.874 0

1  2.065 0.810 0.039

0.579 −1.158 0
1 0.562 0.258


TABLE VI
C OEFFICIENTS OF EXISTING PID

Results of statistical validation is represented in Table
IV. Choosing value of validated criteria is minimum value
max(RN i) that is below practical and theoretical limit. Predictive model of 1st and 2nd stages compressor is valid at
third order. Predictive model of 3rd & 4th stage compressor
is valid at second order. Valid predictive model is used to
design compressor anti-surge control systems. It is transform
to s-domain using Tustin’s approach. It is represented in Table
V.
Predictive model can be used to design compressor antisurge control system using existing PID represented in Table
VI. Tuning is used to obtain optimal performance of control
system. The tuned PID of compressor anti-surge control system is represented in Table VII.
To design MPC, predictive model is transformed from
transfer function to controllable canonical state-space form.
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Kp
0.310
0.334
0.341

Stages
1st
2nd
3rd & 4th

CONTROLLER

Ti (s)
18
18
19.980

TABLE VII
C OEFFICIENTS OF TUNED PID

(13)

(14)

Kp
0.600
0.620
0.625

Stages
1st
2nd
3rd & 4th

The theoretical limit is defined form data that is at 800 data
in this work. It is defined by
RN (i) ≤ 0.076.

max(RN i)

TABLE V
VALIDATED P REDICTIVE M ODEL IN s- DOMAIN

In this work, loss function cannot be used to validate the
predictive model because it does not have a specific parameter.
Then, the predictive model validate using statistical validation
of Gaussian distribution with significant level at 3%. The limit
of this validation is divided into two limits, i.e. practical and
theoretical limit. The practical limit is defined by
RN (i) ≤ 0.150.

n

CONTROLLER

Ti (s)
1.667
1.667
1.667

State-spaces of 1st stage predictive model is defined using the
following equation as


.

0
x(k + 1) =  0
0.050

1
0
−0.780


y(k) = −0.086

 

0
0
1  x(k) + 0 u(k),
1
1.715

1.169


−1.083 x(k),

(15)

(16)

State-space of 2nd stage predictive model is defined using the
following equation as


.

0
x(k + 1) =  0
0.074

1
0
−0.795


y(k) = −0.121


 
0
0
1  x(k) + 0 u(k),
1.704
1

1.079


−0.958 x(k),

(17)

(18)
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MPC use minimal objective function to control future
inputs. It is defined by

1.2

MPC
existing PID
tuned PID
set-point

1

0.8

0.6

y(t) (Ton/hr)

State-spaces of 3rd & 4th stages predictive model is defined using
the following equation as


 
0
1
0
x(k + 1) =
x(k) +
u(k),
(19)
−0.564 1.544
1
.


y(k) = 0.900 −0.900 x(k).
(20)

0.4

0.2

0
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Fig. 4. Output response of 3rd & 4th stages compressor based on PID and
MPC
TABLE VIII
T RANSIENT RESPONSE ANALYSIS OF COMPRESSOR ANTI - SURGE CONTROL
SYSTEM

Parameter
td
tr
tp
%OS
(s)
(s)
(s)
1st stage compressor
existing
1.705
1.780
2
106.240%
PID
tuned
2.190
3.720
5.400
13,350%
PID
MPC
0.500
1
0
0%
2nd stage compressor
existing
1.720
1.810
2
106.240%
PID
tuned
2.250
4.180
6
6.230%
PID
MPC
0.500
1
0
0%
3rd & 4th stages compressors
existing
1.500
1.560
2
821.540%
PID
tuned
1.880
2.430
3.800
36.120%
PID
MPC
0.500
1
0
0%
Controller

MPC
existing PID
tuned PID
set-point

2

2

t (s)

where v is reference trajectory, ŷ(k) is predicted output,
and u(k) is input. Value of reference trajectory is set-point
determined by operator. Weight matrix (Q) is at 1 to find basic
response. Predictive horizon (P ) and control horizon (M ) are
at 20. Simulations are represented in Fig 2, 3, and 4.
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Fig. 2. Output response of 1st stage compressor based on PID and MPC
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Fig. 3. Output response of 2nd stage compressor based on PID and MPC

Transient response analysis of compressor anti-surge control
is showed in Tabel VIII. Where %OS is percentage overshoot,
td is delay time, tr is rise time, tp is peak time, and ts is
settling time. Delay time is obtained from the response to
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reach half the final value the very first time. Rise time is
obtained from the response to reach 100% of final value the
very first time. Peak time is time required for response to reach
first peak. Settling time is obtained from response to reach
98% of final value. Oscillation of PID response is obtained
from predictive model which has a disturbance from suction
drum flow. PID Response of 1st and 2nd stages compressor
has steady state error at 37.500%. PID Response of 3rd &
4th stages compressor is at 87%. Its steady state error can
be reduced using tuned PID. Steady state error of 1st stage
compressor is at 7.500%, 2nd stage is at 9.400%, and 3rd 4th stages are at 52.100%. Steady state of existing PID and
tuned PID can be removed using MPC. Response of 3rd - 4th
stages compressor is at 27%. MPC can improve response time
of PID.
Response time of PID is affected by existing measurement
sensor and actuator. It must be replaced using responsive
instrument which may have constant time below one second

2016 International Seminar on Application for Technology of Information and Communication

so that the plant can obtain same result of MPC simulation.
V. C ONCLUSION
This work can produce design of compressor anti-surge
control based on MPC can be done with minimal objective
function 1-norm. The performance of designed MPC outperform over PID controller. Using the designed MPC, the
percentage overshoot and steady state error can be eliminated.
For the next future work, the designed MPC can be modified
and implemented in digital control systems of petrochemical
plant.
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a good curator, you might get information that you were
looking for easily.

Abstract—In this study, we developed the platform for the
local music curation by using iBeacon and apps. Among the
music industry to shrink worldwide, it is to perform the Online to
Offline (O2O) marketing with the focus on the local music
activities. It has been successful in building a platform to analyze
music user behavior, on the other hand has been a challenge to
build a visualization of data and the local music curation
techniques.

B. Music curation
As an example of the curator of the music, club DJ will be
like. Excellent DJ is familiar with the music that pleased the
people who come to the club and will continue to play them in
the proper order. In recent years on the Internet, music
streaming services have become popular such as Spotify,
Apple Music, Google Play Music and Amazon Music. Music
selection list, which is called “playlists” in these services, is
very important.

Keywords—music; local; curation; iBeacon; apps

I.

INTRODUCTION

The record industry has rapidly developed in the 20th
century, it has expanded the global market of the music
industry. But in the 21st century, there is the influence of
illegal copying and illegal downloading due to the spread of
the Internet, the music market was reduced than before.

For example, Google acquired a music streaming service
called Songza in July 2014. About 50 music curators, such as
DJ, Music Artists and Music experts, were enrolled in Songza.
They offer playlists that were curated in the context methods
such as genre or activity and mood of the user's preference.
Users simply inform the activities or mood that are doing to
the app, it is possible to play the best music.

On the other hand, music activities of amateur in Japan
have become active. The number of indie bands is increasing
and a lot of music events have been held. But they do not have
a smart way to promote their activities because they are not
funded enough. They may use Social Networking Service
(SNS), but it is be able to promote only to people around them.
The most popular way to promote is to handing out flyers and
to display posters.

In recent years, the artificial intelligence (AI) has been
attracting attention, but human beings do the best music
curations. Although AI might play a part of that role, it is
important to analyze the thinking of the excellent curator.
C. Global music market
According to a survey of IFPI (International Federation of
the Phonographic Industry), The global music market
achieved a key milestone in 2015 when digital became the
primary revenue stream for recorded music, overtaking sales
of physical formats for the first time. IFPI's Global Music
Report 2016 also reported a 10.2 per cent rise in digital
revenues to US$ 6.7 billion, with a 45.2 per cent increase in
streaming revenue more than offsetting the decline in
downloads and physical formats [3].

In this study, we focused on local music activities and
worked on design and experimental verification of platform
for the local music curation by using Smartphone that many
people are using.
II. MUSIC CURATION FOR GLOBAL MARKET
A. Curating information
Because there are too many information on the Internet, it
is very difficult to find the information that you need. You can
search information by search engine, but you will get millions
of results and never check all of those. This is why curating
information is getting important.

Thus, since the global market is shifting to digital, the
Internet marketing is considered valid. However, the focuses
in this study are in the local music activities. Most of them are
not related to the major rabels and not surveyed either. We
hypothesized that it is necessary to new approaches to the
curation of the local music in this study.

A curator is known as a manager of a cultural heritage
institution and content specialists. More recently, people who
collect, organize, and share information are also called a
curator. They write articles and share on SNS. If you can find
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It is true that maintenance of beacon have advantages not only
from economic but also the operational aspects.

III. THE LOCAL MUSIC CURATION
A. The Local music activities
The local music in this study includes the following
activities.
•

The Concert of the citizen orchestra.

•

Activities of independent music

•

Music school

•

Local music events

•

Student music activities

•

Etc.

a.

BLEAD(TM) / HOUWA SYSTEM DESIGN K.K.

Fig. 1. iBeacon modulea

C. Smartphone Subscriber Market Share
50 million people in Japan owned Smartphone (48.5
percent mobile market penetration). Smartphone subscribers
increased 13.7 percent than the same month of last year.
Android ranked as the top smart phone platform with 26.8
percent market share, followed by Apple with 21.5 percent. In
March 2015, those who newly purchased a mobile terminal
has exceeded 3 million, and 73.5% of them purchased smart
phone. Apple ranked as the top OEM with 43.7 percent of
Japan. [4]

B. Curating the local music
Even without a major label contract, there are many people
who have a music career. They will often be the case to
continue their musical career in a lifetime. In other words,
people who buy the music content that a major label has
released are not only the music user.
We hypothesized that a new music market will be found
by curating the local music activities.
C. Purpose of the local music platform
The purpose of this platform is to provide music
information with Smartphone to people who got closer to the
beacon and also to analyze the consumption behavior of music
users. Of course there must be information, when you do the
Internet marketing. But information about the local music does
not necessarily mean that there is on the Internet. This is the
reason to give information from iBeacon relating to the
location that actually are.

When compared to the age group, domestic Smartphone
users the maximum number of the age group 35-44 years of
age (10 million). Then 25-34 years of age (9.97 million), 4554 years of age (7.87 million). The most increase in the details
at 65 years of age or older (20.1 percent), this in 55-64 years
of age (18.6percent), 45-54 years of age (18percent) followed.
[4]
From these data, smart phone users has been rapidly
increasing in a wide age group, it can be a common
information terminal for many of the people in Japan.

IV. USE OF IBEACON AND APPS OF MARKETING
A. Local media
In Japan, main local media is paper media which are
newspaper, free magazines, flyers advertising, posters. Local
radio and television stations are existed, but not for all area.
Our research team has been working in digitalsignage over a
period of five years as local media of the next generation.
However it does not easily spread because the installation of
digitalsignage cost too much. Therefore, we have the attention
to the combination of iBeacon and Smartphone.
B. iBeacon technology
The iBeacon is a technology developed by Apple Corp and
introduced Apple Worldwide Developers Conference in 2013.
It allows Mobile Apps (both iOS and Android devices) to
receive signals from beacons in the physical world and react
accordingly. The underlying communication technology is
Bluetooth Low Energy (BLE) which is a wireless personal
area network technology used for transmitting data over short
distances.

Fig. 2. Age group smartphone subscribers / growth rate [4]

The diameter of the beacon using in this study is 5
centimeters. It is reported that battery life can range between
1–24 months by testing 16 Bluetooth beacon products. Battery
life of the beacon using in this study is approximately 1 year.

81

2016 International Seminar on Application for Technology of Information and Communication

filtering are three of the region, the age group and the
classification of contributors.

V. PLATFORM OVERVIEW
A. Service overview
We launched the service for the experiment and named
“Musicinvitee” which means that every music users are
invitee of music events around them. The official site is built
by responsive web design (RWD) because it is assumed that
the view from such as smart phones and tablet devices. RWD
makes it possible to provide an optimal viewing and
interaction experience across a wide range of devices. As
already mentioned, we are using WordPress as a content
management system (CMS) because it is a free and opensource CMS, very easy to manage articles and possible to
interlock with iBeacon by setting tags.

Fig. 4. Information flow of Musicinvitee

The smart devices trigger the push notifications when it
gets signals received from iBeacon. It is possible to set the
distance from the beacon to respond to each article by setting
Radio/Wave Strength. For example, you receive outside of the
building the information of the live music club, and receive in
the club coupons for use next time.

Fig. 3. Service overview

App was developed by MUGENSHA, Inc. and released on
App Store and Google play. It has four function buttons such
as Top, Page, Help and Setting. When you tap the Page button,
you will access to the official site and see article of music
events and so on. When you tap the Setting button, you will be
able to set filtering options. When approaching the beacon, it
shows you the title list of article. After you choose and tap one
of articles, you finally see the information that is provided
only near the iBeacon. In addition, it is hard to find the
location of the beacon, because the radio is invisible, as you
know. So, we've posted a large poster designed as same as app.

Fig. 5. Example of setting Radio/Wave Strength

C. Overview of log file
After installation of App, the server program will issue a
new ID for each device. When approaching the beacon, the
server will receive and record iBeacon logs with ID (Fig.6).

B. Information flow
Contributors related to music, such as concert halls,
musicians, music schools and so on, post articles. We adopted
WordPress because it is easy to manage articles and also be
able to interlock with beacon. Web managers give category
tag to each article so that users can search an article want.
Users can see those articles on their PC or Smart Devices
through the Internet any time.
We have set up a beacon to a variety of music facilities
such as a concert hall, a music school, a live music club, and
the Tourist office. People who have installed the app can see
the limited information associated with the iBeacon. You can
see only the information you want by filtering. Categories of

Fig. 6. The flow of log data

82

2016 International Seminar on Application for Technology of Information and Communication

The iBeacon logs include fields as listed on TABLE I. It
will be able to know the behavior of music users by analyzing
these data that are date and time, User ID, Nearest beacon of
minor value, Nearest beacon of proximity value, Nearest
beacon of accuracy value, and so on. It will be described later
detailed analysis results.
TABLE I.

B. iBeacon Installation
We installed iBeacon at music-related facilities in Hachioji
City as listed in TABLE II. For example, iBeacon was
installed at entrance hall of Icho Hall with a large poster and
provide information about concert events. As another example,
two iBeacons were installed at Very Merry Music School. One
of them is to provide information of school events towards the
people inside, and another one is to provide information about
overview of school for the people who are walking outside.

THE IBEACON LOGS
Table Column Head

No.

Name of field

Meaning of field

1

date_and_time

Date (year, month, day, hour, minute)

2

UID

User ID

3

IP

Internet Protocol address

4

User Agent

User Agent

5

AppID

Application ID

6

Status

Change in the status of proximity

TABLE II.

No.

Name of facility

Icho Hall

2

Very Merry
School

3

papaBeat

UUID

Nearest beacon of UUID values

4

8

major

Nearest beacon of major value

5

9

minor

Nearest beacon of minor value

10

proximity

Nearest beacon of proximity value

11

Accurcy

Nearest beacon of accuracy value

12

rssia

Nearest beacon of rssi value
a.

Table Column Head

1

7

THE MAIN BEACON LOCATIONS

Music

Information Center at
Hachioji Station
Tokyo University of
Technology

Facility type

Concert
Hall
Music
School
Live music
club
Tourist
office
University

Minor
no.

Date

023

Apr. 11

025, 026

Apr. 19

027

Apr. 20

028

Apr. 26

021, 022

Apr. 4

C. Providing information from iBeacon
Information about “Hachioji Music Festival” was provided
in all locations because it is desired to induce people to
various locations in Hachioji City. It is planning to increase
information not only about music events but also about stores
or even shelters in the event of a disaster such as the
earthquake.

received signal strength indicator

VI. THE EXPERIMENT 1(HACHIOJI MUSIC FESTIVAL)
A. Overview of the experiment
Hachioji is a city in Tokyo, Japan and about 40 kilometers
west of the center of Tokyo. Hachioji Music Festival has been
held every year in last 10 years. We installed iBeacon at
music-related facilities in Hachioji City and provided
information about Hachioji Music Festival, which was held in
April and May 2016.More than 70 concerts were held in two
months. We created articles and posted on web for each of the
concerts. Also we posted those articles to iBeacon in Hachioji
city.

Fig. 8. Example of the iBeacon information list

VII. THE EXPERIMENT 2(IKEBUKURO JAZZ FESTIVAL)
A. Overview of the experiment
Ikebukuro is one of Tokyo's multiple city centers, found
around the northwestern corner of the Yamanote loop line.
Ikebukuro Jazz Festival started in 2009 as a street festival for
amateur musicians. In this year, more than 1,800 musicians
took part. We installed iBeacon near each stage which were
installed in 10 locations around the Ikebukuro station and
provided information about not only this event but also many
others like restaurant around the stage.

Fig. 7. Example of the web article about Hachioji Music Festival
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VIII. RESULT AND DISCUSSION
A. Management of articles
We could provide more than 70 articles in two weeks and
only a few people created those articles. Also to provide those
articles from the beacon, it is very simple because it only to
upload a comma-separated values (csv) file to the server.	
 
However, these operations are more comfortable if it have
migrated to the cloud-based, also would allow providing
information in real time.
B. The analysis of data
The biggest challenge at the moment in this study lies in
the analysis of huge data and the visualization of data. As you
can see in Fig. 7., the detailed data is obtained from the beacon.
But it is not necessary to find out the detailed data as much as
this far for the marketing.
Fig. 9. Stage map of Ikebukuro Jazz Festival

B. iBeacon Installation
In this experiment, we have challenged the beacon
installation at temporary stages. Because some of the stage
had been very crowded, there was a difficult situation that
radio waves didn’t reach enough. It can be assumed that the
moisture contained in the human had to interfere with the
radio waves. We received radio waves up to about 50 meters,
after placing a beacon twice taller than before (Fig.10).
Fig. 12. Change of RSSI in 7 minutes

We might need to use other option of sensing devices such
as RFID, QR Code, or article access analysis.
IX. CONCLUSIONS
It has been successful in building a platform to post local
music information by using iBeacon and apps. Music users
who want to experiment this platform are increasing, and it
plans to also pile up a lot of experiments in the future. On the
other hand, it has been a challenge to build a visualization of
data and the local music curation techniques. It plans to
continue to improve the platform by future experiments.

Fig. 10. The radio reception distance and the height of the beacon

C. Providing information from iBeacon
Our main purpose in this event was to provide timetable
for each stage, because new band came up every 30 minutes.
The article shows you the time to start, the name of the band,
introduction of the band and official goods information. We
also provided other articles such as shops and restaurants in
Ikebukuro, event information of next week and so on (Fig.11).
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is not easy to judge so that the rank or the list often becomes
subjective. It takes time also as all decision comes from
management meeting first. It is not an ideal situation to give
best management service of Polytechnic Unggul LP3M. It
needs good solution to solve this problem.

Abstract— The use of computerized technology at the present
time has become a necessity. Without technology, work will be
completed in a long time, take a lot of money, and require much
manpower. Since Polytechnic Unggul LP3M has many students.
It would take much time to do selection for the students to be
scholarship recipient. Some errors happen sometimes in selecting
process and it gives not optimal management service of
Polytechnic Unggul LP3M. There have been many researches
due to selection process to be easier. Thus researches result in
computerized methods that can make selection process executed
in short time and minimize the error or even no error at all. One
of the methods that is used widely in research is Promethee
method. Promethee method is a method in simple support system
that takes short time only. Promethee method processes data
based on the data rank which follow the pre-set criteria. The next
step, the promethee method is implemented to one of
programming languages for the selection and it can make
selecting process for scholarship recipients in Polytechnic
Unggul LP3M will run well, fast and accurately.

There is a concept of information technology by using a
decision support system which is called Promethee method.
Promethee method takes the students data into scholarship
selection criteria .Promethee (Preference Ranking Organization
Methods for Enrichment Evaluations ) is an outranking method
that offers a simple , flexible way to the user (decision maker)
to analyze the problems of multiple criteria [3,4].
Thus, the promethee method which is combined with the
application programming language will be able to be a solution
in the selection process of determining the scholarship
recipients at the Polytechnic Unggul LP3M . Simply by
entering values in accordance with predetermined criteria, then
we will get students who are eligible to receive a scholarship.

Keywords : Promethee, Scholarship, Decision Support

II.
I.
INTRODUCTION
As the demand of quick process and accurate result
increases, it makes the computerized technology becomes high
need nowadays [1]. It can be seen that many works rely on
computerized technology. Many advantages can be achieved
from computerized technology in finishing the job with a good
result, but it should always be exploited in order to keep good
result of the product [2].

LITERATURE REVIEW

A. Decision Support System
According Kusrini [5] Decision Support System is an
interactive information system that provides information ,
modeling , and manipulating data. This system is used to help
in making decisions in semi-structured and unstructured
situations , where no one knows for sure how the decision
should be made.
According to Dony Novaliendry in a study [ 6 ] , explained
that Promethee is outranking method that offers a simple ,
flexible way to the user (decision maker) to analyze the
problems of multiple criteria , thus generating data quickly
and accurately .

Politeknik Unggul LP3M is an educational institution in
Medan city, Sumatera Utara province. For it always gives the
best dedication, Polytechnic Unggul LP3M has many programs
that support the students. One of the programs is giving
scholarship to the students. The scholarship is awarded to the
students with low financial capacity but have good academic
achievement. The goal is all students can finish their study and
it supports the program of Ministry of Research, Technology
and Higher Education (KemenRistek DIKTI).

B. Decision Making Process
There are some process of decision making. They are [7]:
1. Identify the problem
2. Select the method
3. Collect the required data to implement the decision model

Management of Polytechnic Unggul LP3M has some
difficulties to determine who are eligible for the scholarship. It
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D. Information System

4. Implement the decision model
5. Evaluate the positive side of each of the alternatives
6. Implement the chosen solution

Information system) is a set of formal procedures where
data is collected, processed into information and distributed to
the users [8,9]. There are several components that describe an
information system. They are [8,9] :

The stages can be illustrated through this chart that can look
in figure 1:

a.

Block input which describes an activity to provide
data to be processed
b. Block model, describes the combination of
procedures, logic or mathematical models which will
manipulate the data input and data stored in a certain
way.
c. Block Output, illustrates the product of an
information system
d. Block Technology , describes the technology is
which used to receive the input , run the model , store
and access the data , generate and send output and
help control the overall system .
e. Block Database , describes the keeping of a set of
data into a database for the purpose of providing
further information
f. Block control , describes some of the controls that
need to be designed and implemented to ensure that
anything that can damage the system can be
prevented or if already occurred error can be
immediately overcome

Figure 1 Decision Making Process[7]

E. Promethee Method
Promethee is a method of determining the order (priority)
in the analysis of multiple criteria. The central issue is the
simplicity, clarity, and stability. The criteria which is used in
Promethee dominantly use the value in outranking relationship
[10,11] . The basic principle is the prioritization of alternatives
that have been determined by the considerations ( fi ( . ) K →
R , with basic criteria :

From Figure 1 above, it can be seen that the decisionmaking process can be done with the following phases :
1.

2.

3.

Inteligence phase
This is a phase of a person in the framework of decision
makers to the problems faced, consisting of search
activity, the detection and identification of problems .
Data input which is obtained, will be tested to identify
the problems.
Design phase
This is part of the decision making process after the
intelligence phase including the process to understand
the problem, find the solutions and test the feasibility of
the solution.The activities in this phase are such as
discovering, developing and analyzing any alternative
actions that can be taken.
Selection Phase
At this phase, the process of selecting among various
alternative measures that may be running is executed.
The selection results are then implemented in the
decision making process.

Max {f1(x), f2(x), f3, ..., fj(x), ...fk(x) |x ε R}

k is the number of alternative and fi ( i = 1 , 2 , 3 , ....... , k ) is
the value or the relative size of criteria for each alternative. In
the implementation, a number of criteria have been established
to explain k which is the rating of R.
Max{g1(a),g2(a),…,gj(a),…,gk(a)la A}

(2)

A : the set of all alternative solutions { a1 , a2 , ... , ai , .. an }
{ gl ( . ) , G2 ( . ) , ... , Gj ( a) , ... , gk ( a) } : evaluation value
of each criterion.
Decision in the MCDM often takes by comparing one
alternative with another alternative. Comparisons are made on
each of the criteria. After the comparison process is done, the
next process is the process of coupling existing alternative
based on results of the comparison process.

C. System
System is a group of two or more components
subsystems which are interconnected to be function with
same goal [8]. Furthermore, system is a collection
interrelated elements that are responsible for processing
input to produce the output [8].

(1)

or
the
of
the

F. The Completion Result with Promethee
The way of executing calculation with Promethee method
is as follows:
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distribution in statistics. The preference of decision makers
increased linearly from the condition of indifference to the
absolute preferences in the area between q and p.
1. Calculation of the index value:

1. Determine the type function of criteria
a. Type I Usual Criterion
H (d) =

0 if d = 0
1 if d ≠0

k
δ (a,b) = ∑ π Pi (a,b) ; ∀ a , b ε A
i= 1

In this criteria there is no the difference between a and b if
ƒ (a) = ƒ ( b ) , if the value of criteria on each alternative has
different values , decision makers have an absolute preference
for alternative which have better value.
b.

2.

Type II Quansi Criteria
H (d) =

0 if –q ≤ d ≤ q

Leaving flow : Ф+ (a) =

1
∑ δ (a,x)
n-1
xεA
Entering flow : Ф- (a) =
1
∑ δ (x,a)
n-1
xεA
Net flow
: Ф(a) = Ф+ (a) – Ф- (a)

1 if d < -q or d >q
In this criteria, two alternative will have the same value
preferences when difference value of H ( d ) of each
alternative for certain criteria is not more than the value of q
and if the difference of evaluation results for each alternative
is more than the value of q then it results absolute preference.
If the decision maker using criteria quansi, then he must
determine the value of q , where this value can explain a
significant influence on a criteria . Thus q is an indifference
threshold value that is the largest d value that still allows the
indifference between alternative.
c.

RESEARCH METHOD

For more optimal result in research Decision Support
System use Promethee where the analysis use Multi Criterion
Decision Making ( MCDM ) which will be applied in the
Selection Of Scholarship Recipients At Polytechnic Unggul
LP3M, researchers designed framework that will be
implemented in this study. The stages of the framework are as
follows :

d/p if –p ≤ d ≤ p
1

d.

III.

Type III Criteria Preference Linier
H (d) =

The calculation preference directions considered by the
index value leaving flow ( Ф + ) , entering flow ( Ф- ) ,
while the net flow follows the equation:

if d < -p or d >p

Type IV Level Criterion
H (d) =
0 if |d| ≤ q
0,5 if q < |d| ≤ p
1 if p< |d|

As the value of indifference threshold q and preference
threshold p has no different, the values are determined
simultaneously . If d is between q and p, it means that the
situation of preferences is weak ( H ( d ) = 0.5).
e.

Type V Criteria with and without linear region
Preferences
H (d) =
0 if |d| ≤ q
(|d|-q) / (p-q) if q < |d| ≤ p
1 if p< |d|

Figure 2 Framework
Based framework in Figure 2 , the respective steps can be
described as follows :
1. Data collection
This framework starting from data collection, which
consists of field research, library research and laboratories
research.
2. Problem Analysis
In the analysis issues , analysis of the problems that arise
and expected to be found the solution of the existing
problems in the decision support system design , resulting
from the discovery of these problems author will try to find
a way out from the trouble.

In this case the decision maker puts the preferences which
increased linearly into account the from no different to an
absolute preference in the area between the two tendencies q
and p, two of these parameters have been determined.
f.

Gaussian Criterion
H(d) = 1 – exp {-d2/2 σ2}

This function can be performed when the value of σ is
obtained, and the value can be taken based on the normal
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3. Needs Analysis
After problem analysis, followed by requirement analysis.
The instruments used material to analyze the needs of the
system is to perform interviews , literature from sources
that are reliable and the program making a decision
support system that has this required hardware, software
and the operator.
4. Data Analysis
Data analysis is aimed data that will allow authors to next
analyze. In accordance with the title use promethee and
systems based programming languages as tools for
decision making, there should be an analysis of the
existing data used.
5. Analysis System
Before designing the system for making the application
decision support using Promethee, there is one thing we
must note that we have to do first analysis system that
system designed can be made in accordance with the
expected.
6. System Planning
In design stage, the author pours into the draft results form
of data flow diagrams, which makes design work flow
management and design of programming required for the
development decision support systems. This stage also
discusses system design some rules govern the design,
input, and output that will be required in in making a
decision support system for the selection scholarship
recipients.
7. Implementation and Evaluation System
The next stage in this study is implementing and testing of
the system has been designed, namely by taking multiple
samples of students Polytechnic Unggul LP3M and
entering data in accordance with the criteria which exists.
The mechanism of the tests performed is :
1. Input students data who will be selected to be the
recipient of a scholarship.
2. Input determined criteria for decision making process.
3. Input value alternative criteria selected that will be
processed using Promethee.
4. Showing results awardees selected alternative that will
be used as the basis for decision making.
IV.

Table 1 Criteria and Score
f1 (GPA (Grade Point Average)

1.
2.
3.
4.
5.

Very Good (Score 5)
Good (Score 4)
Fair (Score 3)
Average (Score 2)
Poor (Score 1 )

f2 (Attendance)

1.
2.
3.
4.
5.

Very Good (Score 5)
Good (Score 4)
Fair (Score 3)
Average (Score 2)
Poor (Score 1 )

f3 (Discipline)

1.
2.
3.
4.
5.
1.
2.
3.
4.
5.
1.
2.
3.
4.
5.
1.
2.
3.
4.
5.
1.
2.
3.
4.
5.

Very Good (Score 5)
Good (Score 4)
Fair (Score 3)
Average (Score 2)
Poor (Score 1 )
Very Good (Score 5)
Good (Score 4)
Fair (Score 3)
Average (Score 2)
Poor (Score 1 )
Very Good (Score 5)
Good (Score 4)
Fair (Score 3)
Average (Score 2)
Poor (Score 1 )
Very Good (Score 5)
Good (Score 4)
Fair (Score 3)
Average (Score 2)
Poor (Score 1 )
Very Good (Score 5)
Good (Score 4)
Fair (Score 3)
Average (Score 2)
Poor (Score 1 )

f4 (Condition )

f5 (Psychological Tests)

f6 ( Interview )

f7 (Judgement Friends and Lecturers )

Once the criteria are determined, then we specify
alternative data which is the target ones to be processed.
Table 2 Alternative Data of Students
Code
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P
Q
R
S
T

DISCUSSION

In the selection process of the scholarship recipients by
using Promethee required criteria and score to perform
calculations to get the best decisions , in this case the decision
means the one who has the right to receive scholarships based
on criteria that have been determined.
The criteria are needed to become a reference in
determining the recipients. The students who will join the
selection process should have values based on the criteria that
have been determined. The criteria that have been combined
with the score in the selection process of scholarship awardees
can be seen in Table 1 as follows.
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Name of Students
Sofia Milia
Hasan Basri
Citra Ayu
Irwansyah
Fachri
Wikman
Tutur Imanuel
Aji Febri
Muh Nuh
Nina
Muslimah
Winda
Yuni
Supomo
Loliyana
Tengku Fadlan
Vicky Putri
Mulianto
Maulana
Nadya
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The calculation above shows that preference A and B has
the same value. This process will do view times, until get all of
results, that we can look at table 4 :

From the tables of alternative and tables of criteria then the
basic data of each criteria is entered to be evaluated by the
Promethee method. Basic data is obtained from the assessment
which is conducted by the Polytechnic Unggul LP3M as
shown in Table 3 :

Table 4 Preference Score

Table 3 Criteria Value of each Candidate of Alternative

Until :
Explanation:
1. Criteria which is used is the type I = Usual Criterion
2. Then the maximization rule that is used is
0 if d = 0
H(d) =
1 if d ≠ 0
d = f (a) – f (b)

And :

The calculation of preference value is done by making in
pair calculation for each alternative based on the selection form
of predetermined preferences. The calculation of value
preference (P) pairs is between A (Sofia Milia) and B (Hasan
Basri), then proceed with the pair A (Sofia Milia) and C (Citra
Ayu) and last the pair B ( Hasan Basri ) and C (Citra Ayu).
Then A ( Sofia Milia ) with D ( Irwansyah ), A (Sofia Milia)
with E (Fachri) and A ( Sofia Milia ) until T (Nadya) and so
on.

The next step is to perform the index calculations Preference
Criteria. Multi-criteria preference index is determined based
on the average score of preference functions Pi. By using the
basic calculation on the equation :

The calculation of preference score is:
1. Preference score A and B
a. Criteria f1 (.)
Criteria f1 (GPA (Grade Point Average) ) is taken by
comparing the alternatives A with criteria values f1 = 5 and the
alternative B, criterion values f1 = 4
d = f(A) – f(B)
=5–4=1
Based on the maximization rule, the calculation is:
P(A,B) = 1
P(B,A) = 0
Then we can take the conclusion that alternative A is
absolutely better than the alternative B.
b. Criteria f2(.)
Criteria f2 (Attendance) is taken by comparing the alternatives
A with the value of criteria f2 = 4 and the alternative B,
criterion value f2 = 4
d = f(A) – f(B)
=4–4=0
Based on the maximization rule, the calculation is :
P(A,B) = 0
P(A,B) = 0

(3)
Explanation:
1. ℘(a,b) is the intensity of preferences of decision
makers which states that a is better alternative than
alternative B with simultaneous consideration of all
criteria
2. πi (weight) a relative measure of criteria fi
3. Pi is the function of preference
This is the result :
Table 5 Function Of Preference Score

And :
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Table 7 Entering Flow

And :

Table 8 Net Flow

The last stage in the selection process is to do calculation
the direction of preference. Calculation of preferences is
considered by the index value of Leaving Flow ( Φ+ ) ,
Entering Flow ( Φ- ) , and Net Flow ( Φ ) which follows the
equation:
1. Leaving Flow: Φ+(a)
2. Entering Flow : Φ-(a)
3. Net Flow

: Φ(a) = Φ+(a) - Φ-(a)

Explanation:
℘(a,b) = show the preference that alternative a is better
than alternative b. Here is the result:

And the final score is :

Tabel 6 Leaving Flow

Through the evaluations and the results obtained from
Table 4, the one who is selected to receive a scholarship from
the Politeknik Unggul LP3M is compatible with the method
Promethee. Based on the case which is taken it can be obtain
that the rank 1 with the alternative K ( Muslimah ).
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V.

VI.

IMPLEMENTATION

CONCLUSION

Based on the results that the writers, there are some
conclusions can be taken:
1. The decision support system will produce values that can
give the description of the student election who are eligible
to receive a scholarship. So if we make an assessment then
we will get the accurate result.
2. The process must be carried out with complete data so that
an assessment will be objective.
3. Promethee method allows the data processing is done
quickly, efficiently and accurately

The selection process at the Polytechnic Unggul LP3M is
implemented by combination application, using the interface
data processing and testing. In the interface data processing,
student data and the data values can be input according to
predetermined criteria. The interface form the aplication we
can look in this figure :
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Figure 3 Student Data Form
In data student form, we can fill student information like full
name, address, date and birth place etc.

Figure 4 Scholarship Criteria
In this form, we can fill any criterion that suport the decition
who receive the scholarship.

Figure 5 Decition Scholarship Receive
In this report, we can see the student who receive the
scholarship. The system will automatically make a rank from
the student score.
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Abstract — Charging systems of battery electric current from
the PV source with pulse charging technique is done to distribute
high electric current to the battery without causing damage to
the functionality and performance of the battery through a
process to vary the pulse width. Techniques vary the pulse width
is done by adjusting the duration of the charging current
through the control of electronic switches, the advantage of this
technique is there a time lag (break) for the battery in the
process of stabilizing the electrode, besides the rate of
temperature increase is small when charging process. The
Charge management concept is the charging process of three
battery units independently, when one battery is in full condition,
the system will disconnect the charging line and two other units
keep to do the battery charging process without being influenced
by the change of battery. The implementation of this concept
aims to maintain the power balance of PV in order to remain
continuously supplies energy at the point of maximum. The
simulation results of mode MPPT obtained an average of current
charging of the battery-1, battery-2 12V/5Ah of 2,53A and
battery-3 of 0,315A. The average level of the battery SOC rises in
mode MPPT was battery-1 of 50.0237%, battery-2 of 50,024%
and battery-3 of 50,0067 and mode constant voltage obtained
battery-1 of 50.009%, battery-2 of 50,009% and battery-3 of
50,0067 for charging 2 seconds at radiant 1000W/m2 and a
temperature of 250C

a negative electrode mainly because the battery is charged and
discharged with a high current pulse. Pulse current charging is
an effective way to delay the crystallization process and
minimize development PbO2 layer during the charging cycle
and increase the life cycle of LAB in charge condition. There
are two types of DC-DC converters used in the system, the
first is the type of sepic converter to maximize the power
output of PV at the maximum point and the second type is a
boost converter which serves to raise the value of the voltage
for the burp charging process.
Concepts of charge management applied in this study
serves to keep power balancing of PV in order to keep a
continuous supply of energy at the point of maximum, By
using three units of the battery, the power output of PV will be
stored and nothing is wasted, the process of setting the
charging current to the battery performed individually in
different time intervals, when one battery fully charged, the
power output of PV can be stored on the other battery unit.
The technique of pulsed charge has been selected for the
filling level (average current) can be controlled by varying the
time pulse width, during the charging process, there is a time
lag, the time lag was given to allow the chemical reaction in
the battery for stabilizing the electrode, so that performance of
the battery keeps good in accordance period of its useful life
(lifetime).
This system also facilitated electric current termination
functions that go into battery automatically when the battery
voltage reaches the maximum limit. Storage management
system of electric energy with PV expected to be applied at
the battery exchange station for electric cars or on hybrid
system and renewable energy that is cheap and
environmentally friendly, other than that the system is also
useful as an electric energy alternative for the people of
remote areas and coastal areas not reached by the electricity
network both other public and private.

Keyword: Battery, sepic, boost, voltage, current, SOC.

I. INTRODUCTION
Batteries are the electrical energy storage component that
is portable. Today the use of batteries is important because of
the nature of the battery that has high mobility. Moreover, by
the development of battery technology that gave birth to the
battery can be recharged making it possible to use it
repeatedly [1].
The converter has an important role in the regulation of
batteries for renewable energy. Lithium ion batteries and
lithium iron are often used in large power applications, one
battery type lead acid battery (LAB) are still preferred and
popular used due to its reliability and cost [2].
Research on the photovoltaic pulsed charge using the
concept of charge management is done to distribute high
electric current to the battery without causing damage to the
functionality and performance of the battery, charging high
current pulses can overcome the sulfation on battery electrode,

II.
A.

RESEARCH METHODOLOGY

Battery

Battery serves as an electric current storage. For modeling
the battery to know the percentage of charge and discharge
mode can be determined using the following equation:

1
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1.

Discharge Mode (i*>0)

equivalent circuit for the boost converter is shown in figure 3.
To get the value of component parameters of sepic and boost
converters can be obtained by using the equations listed in
table 1

(1)
2. Charge Mode (i*<0)
(2)

Table 1 Equations DC-DC converter components

To know the state of the battery capacity (State of Charge) can
be used the equation as follow

Dutycycle &
Component
D

(3)
From the equation of mode charge, discharge and SOC above,
they can be made a series of battery modeling 12V/5Ah as
seen in figure 1 below

L1

L2

C1

C2

D.

Sepic Converter

Sepic (Single Ended Primary Inductor Converter) is a
DC-DC converter which can be used to raise and lower the
voltage of the input voltage. Polarity between the input
voltage and output are same. The SEPIC converter circuit is
shown in figure 2. Sepic converter can operate in conditions
of continuous and discontinuous conditions.

Figure 2. Sepic converter circuit [3].
C.

Boost Converter
L1

V1

D

Boost

VO  V D

D

VIN  VO  V D

VIN (min)
L1 
 Dmax
I L  f sw
L1  L 

VIN (min)
I L  f sw

 1

V IN
VOUT

VIN  (VOUTt  V f  VINn )

L



C



I L  f  (VOUTt  V f )

 Dmax

C

I O  Dmax
(F )
VO  0,5 xf sw

C

I O  Dmax
(F )
VO  0,5 xf sw

I Crms  D  T
VO

Charge Management Concept

Concepts of charge management is the process of
regulating electric current charging the battery is more than
one rotated through the duration of time is different. In figure
5 show scheme of charge management concept, when the
battery-1 is being charged (switch S1 ON) within the time
duration t1, the battery-2 are in the opposite, the next, line of
battery-1 was disconnected and then the charging line of
battery-2and battery-3 are activated (S2, S3 ON). The process
of charging the battery-2 in duration t2 and the charging
process of the battery-3 during the discharging process of the
battery-1 and battery-2 in duration t3, in this case the battery-3
receives energy from the disposal of both batteries (burp
charging) through the converter circuit. When one battery is in
full condition, the controller will stop the charging process
and two other batteries continue charging, without being
influenced by replacing of the battery, in other words,
charging three battery units in independently, where one
battery can be replaced if it has been filled full.
The application of this concept to maintain the power
balancing of PV in order to remain a continuous supply of
energy at the maximum point when the pulse break condition
or when one battery is in a fully charged condition.

Figure 1 Modeling of battery
B.

Sepic

E.

Estimation of Pulse Charge Current

D1

Q1
2N6782

C1

Charging cycle process of electric current for the three
battery units by using pulse charge can be seen in figure 6
from the figure can be done estimation pulse currents leading
to the battery
(4)
Where:
,
,
Period of duty cycle DC-DC converter
Period of the pulse charging the 3 battery units

R1

Figure 3. Boost converter circuit [4]
Boost converter is included DC to DC converter (DCDC converter), which serves to raise the voltage. The

2
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Number of a small pulse while charging the battery-1
Number of a small pulse while charging the battery-2
Number of a small pulse while charging the battery-3
If the input power efficiency that comes from photovoltaic
and power output of the DC-DC converter circuit taken into
account, so power efficiency gained
(b)

(5)
Then the average of small pulse current for battery-1

(6)
For the average current that goes to battery-2 when charging
current line of battery-1 disconnected

(c)

Figure 4 a) Membership error, b) membership delta,
c) membership duty cycle.
From membership data, the next step is to create a rule
base that serves to determine the action of the error and delta
error. The rule base amount 9 rules. Here is shown the
composition of the rules that will be built, the rule base is used
as a reference in programming the microcontroller to get the
duty cycle value.

(7)
On the condition of the battery-2 in the charging process, the
lane of the battery-1 is disconnected and the switch S3 is
turned on to supply current from battery-1 with battery-3 by a
converter circuit, the estimated average pulse current of the
battery-3
(8)

Table 2 Rule Base Fuzzy
Error/ Delta
N
Z
P

F. Design of Fuzzy Controller with Perturb and Observe
(P&O) Method
Perturb and observe method is a method of maximum
power point tracking technique that is widely used because
only using a few parameters and the feedback structure is
simple. This method operates by adding or subtracting the
reference voltage (Vref) periodically. Output power (P) of PV
compared with power off system and observed voltage (V) of
the PV with the voltage of the system. If the power increases,
the interference (perturb) increases in the same direction for
the next cycle, if not then the disturbance will move instead.
By keeping the output voltage of the PV terminal, the
maximum power point will be reached [4].
Fuzzy rule is formed by the flowchart method of P&O.
Data inputs for voltage and current sensors are processed by
fuzzy then generates a signal of duty cycle. To qualify for the
MPP of PV so
= 0, Thus obtained two fuzzy inputs are
error and AE [4]. Each input consists 3 members, they are
positive (P), zero (Z), and negative (N). From input variables
obtained output variables that are formed as many as 9 fuzzy
rules. Here is a draft of membership in MPPT system.

N
D2
D2
D3

Z
D2
D1
D3

P
D2
D3
D3

G. Design of System
In the design of the battery charging system with charge
management concept consists of multiple circuit functions
support such DC-DC converter of Boost and SEPIC types,
controller, current and voltage sensors, for the block diagram
system can be seen in figure 5.
For charge management system concept is carried out by
the microcontroller block function by regulating the process of
current charging to the battery through the setting switch (S1,
S2, and S3). Microcontroller functions to control the power
that generated by the PV to supply to the load and the battery,
when the power absorbed by the load bigger then the
controller will disconnect supply current to the load, and
supply power entirely into the battery, this case is done to
stabilize the PV power with power requirements absorbed by
the load to avoid overload.
Selection using the technique of pulse charge is because
this technique works with varying the pulse width where the
average level of charging current can be controlled, so that the
rate of temperature increasing during the process of charging
is small. During the charging process, there is an empty pause,
this pause is given to allow the chemical reaction of the
battery in the process of stabilizing the electrode. The lag time
can also avoid the effects are not desirable as the emergence
of gas bubbles, the emergence of crystal and passivation

(a)

3
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Konverter
DC-DC

Baterai 2

S2

PV
S5

Ipv

Baterai 1

S1

Vpv
S3

VB1
Mikrokon
troller

Konverter
DC-DC

S4

VB3

S1 S2
LCD

Baterai 3

VB2

S3 S4

S5

Figure 7. The integrated circuit of photovoltaic pulse charge

Charge Management

Table 3 Parameters of DC-DC converters

Figure 5 Charge management block system

Photovoltaic
Pout : 80Wp
Vmp : 17,6V
Imp : 4,5A
Voc : 21,8V
Isc : 4,98A

Sepic
Vin : 10 – 20 V
L1 : 0,10268mH
L2 : 0,10268mH
C1 : 518,9uF
C2 : 518,9uF

Boost
Vin : 10 – 14,4 V
L : 147,7uH
C : 2586,2uF
-

(a)

Figure 6 The Charging cycle of battery current
III.

SIMULATION RESULTS AND ANALYSIS

This section will explain the results of the simulation and
analysis of electric current charging sourced from PV to 3 unit
battery with pulse charging technique uses a battery
management concept. Simulation discussed consist of signal
of electric charging current 3 batteries, unit and when the
battery SOC reaches the maximum, the comparison of pulse
technique and constant voltage charge. The parameters
analyzed include electric current charging the battery,
recharge electric current when the charge burp techniques and
an increased level of the battery SOC

(b)

(c)

A. Simulation of Photovoltaic Pulse Charge with Battery
12V/5Ah.
The simulation was performed when the SOC percentage
of one of the three unit battery has not reached its maximum.
The charging current from the PV with light intensity
1000W/m2 and a temperature of 25C. Parameters of converter
and PV are shown in table 3, and the simulation results of the
charge current of the battery-1, battery-2, battery-3 and
recharge current of the battery-1, the burp charge process are
shown in Figure 8

(d)

Figure 8 a) MPPT PV, current flow b) battery-1, c) battery-2,
d) battery-3.
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light intensity 1000W/m2 and a temperature of 250C. The
simulation results on charge current of the battery-1, battery 2,
battery 3 are shown in figure 9. From the simulation results
can be seen pulse charging technique for each battery. When
SOC electric current of the battery-1 reaches the percentage of
99%, the value of battery voltage increases, an increase in the
battery voltage level is continuously will always be read by
the sensor, then the result of detection by the system in real
time would indicate that the charge level of electric current on
the battery reached the maximum level, the steps taken by the
system is terminating feed path of electric current in the
battery-1 and stop the process burp charge of battery 1 to
battery-3 as shown in figure 10 (b), the next step the system
will continue the charging process electric current for 2 units
of the remaining battery is battery-2 and-3 battery with the
same time period as shown in Figure 3.3 (c) and 3.3 (d).

Here is the graph the percentage increase in the SOC of each
battery in the charging duration for 2 seconds.

Figure 9 Percentage increaing in the SOC of 3 unit's battery in
the charging duration for 2 seconds.
(a)

Based on the signal of simulation results can be seen the pulse
charging current to each battery and period of the pulse
charging the 3 battery units, in which the duration of the
charging current to the battery-1 was 100ms battery-2 was
100ms and battery-3 was 35ms, the burp charge process on
the battery-1 and 2 were 35ms and time break battery-1 and 2
were 65ms, so

(b)

From
, it can be determined the value of the
pulse current signals go to each batteries

(c)

With a value of output current from the SEPIC converter was
5,07A and a boost converter was 1.80A, it can be determined
value of electrical currents that lead to each battery

(d)

Figure 10 a) MPPT PV, current flow b) battery-1, c) battery-2,
d) battery -3
C.

Comparison of Battery SOC Levels Between MPPT
Mode and Constant Voltage On Photovoltaic Pulse
Charge

Simulation of battery charging current by using MPPT
and constant voltage mode are made to see a comparison of
the percentage increase in the battery SOC current and also
the effectiveness of these two mode charging current to the
battery. Rate voltage of constant voltage in this test are given

B.

Simulation of Charging when SOC Battery Reached its
Maximum
The simulation was performed when the SOC condition
of one of the three unit batteries reached its maximum with

5
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by 13,8V. Both of these mode are done with the light intensity
conditions of 1000W/m2 and a temperature of 250C with
initial capacity of 3 battery unis were 50%, the simulation
results comparison SOC percentage rate shown in figure 11.



The average level of the battery SOC rises in mode
MPPT obtained battery-1 of 50.0237%, battery-2 of
50,024 and battery-3 of 50,0067 and mode constant
voltage obtained battery-1 of 50.009%, battery-2 of
50,009% and battery-3 of 50,0067 for charging 2
seconds at radiant 1000W/m2 and a temperature of 250C.
The results of the simulation graph shown that the
battery SOC by using MPPT faster than the constant
voltage.
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Abstract -- In a deregulated electricity supply required method of
determining the actual power flow on each line of the generator to
load. This paper is a study to solved the problem of the utilization
of transmission by using the distribution factor method. The main
purpose of this paper is to provide a new scheme for determining
the utilization of the transmission line. The proposed method was
verified on the IEEE14-bus system and the results shows that the
proposed method has successfully allocate the transmission usage
with considerate of the of power factor of the user. The proposed
method could encourage the user to transmission charge and can
provide a good tool for allocating the use of transmission line for
all individual users that fairly.
Keywords – Transmission
distribution factor.
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I. INTRODUCTION
Today, the electric supply industry has been changing
rapidly throughout the world as a consequence of the
implementation of deregulation. In deregulation, the
transmission user in the interconnection network has to pay
the cost of transmission service and this cost is determined
based on the utilization of transmission line [1].
There are some method to determine of transmission
usage for instance; Proportional sharing method, Distribution
factor etc. However, these method do not to consider the
power factor problems on the load whereas it is one of the
factors associated with the transmission transfer capability
[1]. Therefore, it needs improvement in determining the
transmission usage allocation method that reflects the
transmission load characteristic power factor.
This research was support from Hibah Unggulan Perguruan tingggi, 2016,
Kementerian Ristek dan Pendidikan Tinggi, Indonesia and Universitas
Muslim Indonesia.
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In fact, the load power factor below standard will be
cause the decrease in electrical power delivery
capability because it can lead to the increase of the
voltage drop in the line. Some of the factor that
contributes to the decrease of the power factor was the
use of reactive loads such as induction motors and lamp
typed discharge which was widely used in industries.
Almost electricity companies in USA charge a penalty
(additional cost) to users who have a low power factor
below of 0.95, and Taiwan Power Company based on
power factor of 0.8.
While, the reference for power factor of the State
Electricity Company in Indonesia (PLN) established of
0.9. So, an additional fee will be charged to the user
who has the power factor less than the reference power
factor [4]. In Australia, The National Electricity Market
Management Company (NEMCO) mandates that
generators should provide the power factor in range of
0.9 lagging to 0.93 leading. In Norway, Sweden and
Denmark provide a power factor range of 0.92 lagging
to 0.98 leading [5].

II. TRANSMISSION USAGE ALLOCATION

The allocation of transmission usage method is
presented is the distribution factors by Hugh
Rudnick,et.al [6]. This method is can be to
implementing for purpose of allocating payments to
users of the transmission network with define;
Generalized Shift Distribution Factors (GSDFs) or A
Factors, Generalized Generation Distribution Factors
(GGDFs) or D Factors, and Generalized Load
Distribution Factors (GLDFs) or C Factors are the three
factors associated with this approach. An approach for
tracing power flow based on proportional sharing
principle using Bialek Method [7-8]. Based on
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electricity theorema, is indistinguishable and each of the
outflows down the line from node i is dependent only
on the voltage gradient and impedance of the line, so it
may be assumed that each MW leaving the node
contains the same proportion of the inflows as the total
nodal flow i P . Bialek Tracing Algorithm Method has
two algortithm which are; upstream and downstream
algorithm. The upstream algorithm allocated contribute
individual generator in each line transmission. While,
the downstream algorithm is using to determine in each
transmission usage/supplement charge for individual
load. This method most common but its main drawback
is that the shares are always positive; i.e., no
counterflows are encountered and all the charges to the
network participant are positive.
Then, Kirschen proposed an approach based on
proportional sharing principle using Graph method [9].
According with the active power flows obtained from
the results of power flow study, the method introduce
new concepts of domain-domain generator, common,
and link. The domain of a generator is defined as the set
of buses which are reached by the power produced by
same generator. A common is defined as a set of
neighboring buses supplied by the same generators and
the rank of a common is defined as the number of
generators supplying power to the buses with compare
this common. Having divided the buses into commons,
each branch is either internal to a common (i.e., it
connects two buses which are part of the same
common) or external (i.e., it connects two buses which
are part of different commons).
The approach the state of the system that can be
represented by a directed, a cyclic graph if the
commons are represented as nodes and the links as
branches. This graph is directed because the direction of
the flow in a link is specified. It is a cyclic because
links can only go from a common supplied by fewer
generators to a common supplied by more generators
[10]. The disadvantage of this method is that the
contribution of each generator for each „common‟ (i.e.,
the set of buses supplied from the same set of
generators) is assumed to be the same as well as it
ignores the counterflow within the network.
Gubina [11] introduce the Nodal Generation
Distribution Factors (NGDF) method for determining
the contributions of generators in a customer load. This
method without
use the system matrices for
determining the share of each generator in the particular
line power flow. Based on a search algorithm for
power flow directions and the matrix calculations are
not required. This method is based on the proportional
sharing, it only allocates the share in the positive
direction and this seems to be unfair to the network
users.
This paper is organized as follows. Section I
describes the problem of load power factor. In section II
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will describes about transmission usage allocation
method existing. Section III formulates the proposed
method based on the of a load power factor to
application on a the IEEE 14 bus system and results are
presented in Section IV. Section V concludes the
results.

III. PROBLEM STATEMENT

A.

Power factor of load

When the load L has power factor equal to the
reference, the load L will pay the transmission cost
based on normal cost [Fig.1]. But when the load#L is
added with a reactive power , transmission owner does
not obtain any additional utilization fee because P is
constant. In this situation, the transmission decreases
due to the increase of the losses. Conversely, if the load
L improves its power factor (for example, with the
installation of capacitor banks, the user does not obtain
load L cost reduction, since P is constant. While, the
transmission owner gets the benefit because it reduces
the apparent power, S. Reduction in S would effect to
the current flow in line which reduces the line loss.
Hence, consequently the line capacity will increase.

G





P

Q

L



I

VA
R
Fig.1 The Single line diagram with capacitor bank

The reactive power, active power and apparent power
according to the IEEE std. 1459-2000 can be expressed
as follows:

S  P  jQ

(1)

The line current due to reactive power changes in load
by #Q is follows:

I 'L 

P  jQL
V

(2)
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IV. PROPOSED METHOD
B.

The Power factor (cos ) is defined as a ratio of

Distribution Factor method

active power and apparent power which is expressed in
the following equation:

Concept theory:
By define the Factor A as a sensitivity factor that show
related of change power injection Pik in bus, and the

P  VI  cos1  VI ' cos2  VI " cos3

(10)

change of Fi j on line i-j.
For simplicity, voltage V in eq. (10), is assumed as a
constant, and we can define:

Define admittance matrix B is:

Bij   xij1

(3)

cos1  cosref

and

Bii   xij1

(11)

where I is the current changes due to changes of
lagging power factor, thus the relationship is obtained
as following;

(4)

I cosref  I ' cos2

(12)

Then, define matrix elements A by formula:
These equations can be further written as follows ;

( zik  z jk )

Ai  j , k 

I cosref  ( I  I ' ) cos2

(5)

(13)

xij

and;

Therefore:

Fi  j   Ai  j , k .PI k

I cosref  I cos2  I ' cos2

(6)

(14)

kR

Power flow changes in line for lagging power factor,
can be expressed as follows:

where:

 PI

kR

 PI R  0

k

(7)

I ' cosref  cos2 P' cosref  cos2



I
cos2
P
cos2

(15)

Let, one bus as reference (reference R), we can
formulate for generator contribute as follows:
And :

Fi  j   Di  j , g .Gg

(8)

 cos ref  cos 2 
P '  P 

cos 2



g

Where: P' defined as additional power flow due
power factor > reference.

And power flow the load contribute in line as follows:

Fi j   Ci j ,k .Lk

(16)

(9)

Similarly, for leading power factor :

g

 cos  ref  cos 3 
P"  P 

cos 3
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(17)
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Where P is power flow in ecah line.
V. CASE STUDY AND DISCUSS
The eq. (16-17) shows that power changes due to power
factor depend on actual power factor and reference
power factor, can be written as follow;

 cos ref  cos 3 
Pi ,cos  Pi k 

cos 3



The proposed method was tested on a IEEE14-bus
system.

(18)

Therefore a new transmission usage equation can be
written as follow;

Pi ,kcos  Pi k  Pcos
(19)

where:

Pi ,kcos = Power flow in circuit i by user k (MW)

Fig. 2. The IEEE 14 bus test systems

depend on power factor

Pi k

= Power flow in circuit i by user k (MW)

According to Eq. (19), we can demonstrate the
variation of the cost of the transmission line utilization.
The CPF variable can be defined as a price parameter
due the actual power factor change to reference power
factor.
Figure 3 shows that when the value CPF value is
unity, hence the load has a power factor equal with the
reference. The higher of the difference between the
reference to the actual power factor at the load, the
greater will be value of the CPF. The CPF are in the
range of 0.95 to 1.3 for the reference power factor of
0.9 and actual load power factor of 1 to 0.7. While,
when the reference power factor is 0.95 and the actual
power factor reduces to 0.7, the loads are potentially
charge the transmission price until to 1.37 times.

Fig. 3 The relationship between actual power factor (lagging) and the
power factor correlation coefficient, CPF
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The transaction is assumed to involve only real
power and the contributions of reactive power flows are
also neglected. In this case study, the proposed method
is tested on the IEEE 14-bus system as shown in Fig. 2.
This system includes 2 generators at buses 1and 2 while
11 loads are located at buses 2, 3, 4, 5, 6, 9, 10, 11, 12,
13 and 14. The generators serve a total system load of
259 MW. The reference power factor used in this case
study is 0.8 and 0.9 respectively. The Generalized
Generation Distribution Factors and Generalized Load
Distribution Factors is used to determine the
contribution of generation and load to the line flows
respectively.

Fig. 4 Transmission usage on each load based on distribution method
and proposed method.
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In figure 4 shows the transmission usage allocated
to the load based on distribution factor method
(existing) and proposed method. The reference power
factor in set by 0.9 while the load power factor is varies
from 0.8 to 0.95. It can be seen that with the
Distribution method, the load at bus 2 will pay the same
amount of transmission cost although the reference
power factor is different. Contrast, with the proposed
method the transmission cost for the load is increased as
the load power factor below the reference power factor
and started to reduce when it passes the power factor
that has been set as a reference.

VI. CONCLUSION

The proposed method which is based on the
distribution factor by considering of the power factor
has shown significant results in allocating the
transmission usage to the user. The results found from
the IEEE-14 bus system show that there are differences
in the transmission utilization which depend on the
level of the power factor of the user.
The advantages of the proposed methodis more
favorable because it can give dis-incentive or incentive
to all users of the transmission based on load
characteristic. Further, the proposed will be encourage
the user to improve the load which in turn reduce the
generation cost. This proposed method can be further be
extended by considering of the transmission pricing.
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Abstract—Study on marine current with approach of a numerical
model for marine current power plant (PLTAL) in the Bangka
strait North Sulawesi has been investigated. Construction of
power plant is needed to overcome the shortage of electricity in
North Sulawesi. Before building the electrical energy it would
require a feasibility study which aim to ensure the certainty of
the construction of power plant. One of them is through the study
of marine currents in the design of a numerical model. The
objective of this investigates for long-term is to get a profile of
marine current turbines as one component in the construction of
marine current power plant in the Bangka strait. Specific targets
to achieve are to get the first; data such as tide, sea water and air
temperature on the surface, the wind speed above sea level, a
map of the Bangka Strait and bathymetry, the second; a design
of numerical model and kinetic energy distributions. The method
used was initially literature study, survey in the research
location, measurements of data such as tide, temperatures of sea
water and the air above the surface, wind speed above sea level,
bathymetry of the Bangka strait, finally are the analysis of data
measurements and design of a numerical model in the form of
numerical program. The results showed that the data tide from
January 16 until February 21, 2016 the maximum and minimum
of 2.4 m and 0.3 m respectively that oscillates at datum line of 1.2
m. Numerical program developed from the semi implicit finite
difference method for shallow water in two and three dimensions
by the basis algorithm that consists of three fractional steps are
advection step, diffusion step, and pressure-continuity step. The
numerical program will be a product in analyzing potential
kinetic energy as the prime mover of turbines for marine current
power plant in the Bangka strait.

I. INTRODUCTION
Development of electricity power plant is a part of a whole
development in North Sulawesi because the electricity
consumption would go up along with the increasing of public
activity and a prosperous people (as the economy has grown
rapidly in North Sulawesi the last years, so has the demand for
electricity). Public utilizes electricity for many purpose such
as household requirement as well as economics trade.
Therefore supplying adequate amount of electricity and
existence of continuities electricity power should help to
maintain conducive social and economic activity, and to
motivate public economic growth. When the electricity is
insufficient, the electricity power will be put out to balance the
supply for consumer. Putting out of electricity has been
occurring several times in North Sulawesi, this case has
influenced by the development and investment.
The ideal locations for power station installation of the
current energy have velocities of current two directions
(minimum bidirectional) 2 m/s [12]. The ideal is 2.5 m/s or
more. One way (river/current of geotropic) is minimum 1.21.5 m/s. The deepness not less than 15 m and the most at 40 or
50 m. Close to coast so that energy can be channeled with low
expense. They have add for wide that more than one turbine
can be attached, not sea transport and the fish arrest area.
A numerical model of marine currents in Bangka strait
used a semi-implicit finite difference method for the numerical
solution of three-dimensional shallow water flows. Several
numerical methods with solution of shallow water equations
are used in practical applications [3], [4], [7]. In semi-implicit
methods only the barotropic pressure gradient in the
momentum equations and the velocity divergence in the

Keywords—numerical modeling; numerical simulation; marine
current turbines; PLTAL
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continuity equation are taken implicitly. Each time step a
linear five-diagonal system is solved in the new water surface
elevations for the entire domain are the unknowns. The model
is generally explicit with the exception that the vertical eddy
viscosity terms are discretized implicitly. In the model
formulation the governing system of equations is split into an
external and an internal mode [2]. Momentum exchanges
between vertical layers are expressed in a set of tri-diagonal
matrix equations relating the discrete horizontal velocities in
each vertical level to the gradient of the water surface
elevations [11]. A formal expression for the solution of these
tri-diagonal systems can be written in terms of the barotropic
pressure gradient. Substituting the formal solutions into the
vertically integrated continuity equation gives rise to a linear
five-diagonal system whose only unknowns are the water
surface elevation over the domain of interest. Such a system is
symmetric and positive definite and can be solved uniquely
and efficiently by using a conjugate gradient method. By
direct substitution of the barotropic pressure gradient known at
the advanced time level, the horizontal velocity for each
vertical layer can be computed. The vertical velocity
component can be found by integration of the continuity
equation. This paper is more majoring to study the velocities
of current and know the availability of kinetic energy in the
Bangka Strait. This study is intended for the installation of
turbines in the place more adapted strait in order to provide
electrical current to the close environment.

Where, ν eff is an effective diffusion taking of account
turbulent viscosity and dispersionν eff = ν + ν t . This effective
diffusion is given by means of a model of turbulence adapted
to the problem considers. Equation (1) to (4) will be those
considered in the continuation of the report.
Power is just energy divided by time, so the power
available from the seawater current [13]-[17] can be expressed
as:
P=

In this study we will calculate the power of marine current
in the Bangka strait per unit cross-sectional area (m2), thus,
from equation 5 we can be obtain:
PA =

A formula for turbulent viscosity is the standard form as
defined from the mixing-length model with assuming
( ∂ w / ∂ z ) 2 << ( ∂ u / ∂ x ) 2 + ( ∂ v / ∂ y ) 2 , ∂ w / ∂ y << ∂ v / ∂ z and
∂ w / ∂ x << ∂ u / ∂ z for shallow water flows where vertical
velocity w is small was used by Stansby [9] and Cea [4]. The
eddy viscosity is computed at each point from the horizontal
and vertical component velocity gradients and length scales
for horizontal and vertical motion, giving a formula for
turbulent viscosity as:
 4  ∂u

Momentum equation

)

(2)

4

 ∂u

∂v   (7)

C. Boundary conditions
For the problem studied in this paper, some types of
boundary conditions are required. These are imposed as
follows: (i) the boundary conditions at the free surface are
specified by the prescribed wind stresses of directions x and y,
and a slip boundary ∂u / ∂z = ∂v / ∂z = 0 ; (ii) the boundary
conditions at the bottom stress can be related to the turbulent

∂v
∂v
∂v
∂v
∂η
+u
+v
+w
= −g
+ div ν eff grad (v ) − f cor u (3)
∂y
∂z
∂y
∂t
∂x

Free surface equation
∂ η
∂η ∂  η
+   u dz  +   v dz  = 0
−
h



∂y  − h
∂t ∂x

∂v ∂u 

for lv = κ(z-zb), for (z-zb)/h < λ/κ; lv = λh, for λ/κ < (z-zb)/h <
1; and lh = β lv, for the horizontal length scale is larger; where
κ is the von Karman's constant (κ = 0.41), λ is a constant (λ =
0.09), (z-zb) is the distance from the wall, h is the boundary
layer thickness assumed to be equal to the water depth, lv and
lh are the vertical and horizontal length scales, and the
constant β has to be determined from comparison with
experiment.

(1)

(

∂v

υt =  lh 2( )2 + 2( ) 2 + ( + )2  + lv ( ) 2 + ( ) 2  
∂y
∂x ∂y 
∂z  
 ∂z
  ∂x

Continuity equation

)

(6)

B. Turbulence model

A. Basic equations
Under the assumptions of hydrostatic pressure, and by
using the decomposition of preceding Reynolds, the realized
average Navier-Stokes equations are written [6]:

(

P 1
= ρ v 3 10 −3
A 2

Where, PA is the power per cross-sectional area in kW/m2 and
v is the velocity resultant of marine current that defined as v =
u 2 + v 2 + w 2 with u , v and w respectively are scalars of
the velocities u , v and w respectively, and ρ = 1024 kg/m3
[18] (at 20 (C) and salinity of 34).

II. MODEL EQUATIONS

∂u
∂u
∂u
∂u
∂η
+u
+v
+w
= −g
+ div ν eff grad (u ) + f cor v
∂t
∂x
∂y
∂z
∂x

(5)

Where, P is the power available from the seawater current in
Watt.

The objective of this investigates for long-term is to get a
profile of marine current turbines as one component in the
construction of marine current power plant in the Bangka
strait. Specific targets to achieve are to get the first; data such
as tide, sea water and air temperature on the surface, the wind
speed above sea level, a map of the Bangka Strait and
bathymetry, the second; a design of numerical model and
kinetic energy distributions.

∂u ∂v ∂w
+
+
=0
∂x ∂y
∂z

Ek 1
= ρ .v 3 . A
dt 2

(4)
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law of the wall, a drag coefficient associated with using a
Chezy formula [2]; (iii) the boundary conditions for velocity
on a solid wall is a no-slip condition [6], and on the open
boundary, we used principally two condition, the first is
Neumann method and the second is a condition radiation
which derived from Orlanski’s algorithm [10].

U

 u in++11/ 2 , j , M
 n +1
 u i+1 / 2 , j ,M −1

=  u in++11/ 2 , j , M − 2

:

+
1
n
 u i +1 / 2 , j ,m


n +1
i+1 / 2 , j

III. NUMERICAL MODEL
Semi-implicit finite difference method for the numerical
solution of the three-dimensional in (1) to (4) was used by
Casulli & Cheng [2], Stansby [8], and Chen [5] in the
computation of shallow water flows. Equation (2) and (3) will
be derived in which the gradient of surface elevation in the
momentum equations and the velocity in the free surface in (4)
will be discretized implicitly. The convective, Coriolis and
horizontal viscosity terms in the momentum equations will be
discretized explicitly, but in order to eliminate a stability
condition due to the vertical eddy viscosity, the vertical

V in, +j +11 / 2

G in+ 1 / 2 , j

Fig. 1 shown that a spatial mesh which consists of
rectangular cells of length Δx, width Δy and height Δzk is
introduced. Each cell is numbered at its centre with indices i, j
and k. The discrete u-velocity is then defined at half-integer i, j
and k; v is defined at integers i, k, and half-integer j; w is
defined at integers i, j, and half-integer k. Then η is defined at
integers i and j. The water depth h(x,y) is specified at the u and
v horizontal points. So that a general semi-implicit
discretization of the momentum equations in (2) and (3) can
be written in the more compact matrix form as
Δ t n +1
A in+1 / 2 , j U in++11/ 2 , j = G in+1 / 2 , j − g
η i +1, j − η in, +j 1 ΔZ in+1 / 2 , j
Δx
(8)
Δ t n +1
n
n +1
n
n +1
n
η i , j +1 − η i , j ΔZ i , j +1 / 2 (9)
A i , j +1 / 2 V i , j +1 / 2 = G i , j +1 / 2 − g
Δy

(

)
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Δz
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,

z
Z
Δ
=
Δ
M −2



:
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 Δ z M Fu in+ 1 / 2 , j , M + Δ t τ

n
 Δ z M −1 Fu i + 1 / 2 , j , M − 1

=  Δ z M − 2 Fu in+ 1 / 2 , j , M − 2

:


Δ z m Fu in+ 1 / 2 , j , m


w
x








 ,









,

w
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0

ΔzM + Δz
ΔzM−1/ 2
M−1/ 2



 −νM−1/ 2Δt Δz +νM−1/ 2Δt +νM−3/ 2Δt −νM−3/ 2Δt
M
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2
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Fig. 1. Schematic diagram of computational mesh and notations

)

 v in, +j 1+ 1 / 2 , M
 n +1
 v i , j +1 / 2 , M −1

=  v in, +j 1+ 1 / 2 , M − 2

:

n
+
1
 v i , j +1 / 2 ,m


 Δ z M Fv in, j + 1 / 2 , M + Δ t τ

n
 Δ z M −1 Fv i , j + 1 / 2 , M −1

G in, j + 1 / 2 =  Δ z M − 2 Fv in, j + 1 / 2 , M − 2

:


Δ z m Fv in, j + 1 / 2 , m

νM−1/ 2Δt
−νM−1/ 2Δt


mixing terms will be discretized implicitly.

(





,





(

Where m and M denote the k-index of the bottom and the top
finite difference stencil respectively, Cz is the Chezy's friction
coefficient,

τ xw and τ yw

are wind stresses, and F is non-linear

finite difference operator and an explicit.
Equation (8) and (9) are linear tri-diagonal systems. For
determine the free surface η in, +j 1 as in (4) can be written in the
matrix notation form

[

]

Δt
(ΔZi+1/ 2, j )T U in++11/ 2, j − (ΔZi−1/ 2, j )T U in−+11/ 2, j
Δx
(10)
Δt
T
T
n +1
n +1
(ΔZi, j+1/ 2 ) Vi, j +1/ 2 − (ΔZi, j−1/ 2 ) Vi, j −1/ 2
−
Δy

where U, V, ΔZ, G and A are defined as:

η in, +j ,1 = η in, +j ,1 −

[
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marine current power in the Bangka strait can be discretized
from (6) become:

START

PA =
READ DATA

P 1
= ρ ( v in,+j1,k ) 310 −3
A 2

(12)

Where PA is the marine current power (kinetic energy) in the
Bangka strait in kW/m2 and v in,+j1,k = u 2 + v 2 + w 2 is velocity

GENERATION OF MESH

resultant

with u = 1 (u n +1 + u n +1 ) , v = 1 (v n+1 + v n+1 ) ,
i , j ,k
i , j +1, k
i , j ,k
i +1, j , k

GENERATION OF THE INDEX

w=

and

2

2

1 n +1
( wi , j ,k + win, j+,1k +1 ) are scalars, respectively.
2

INITIAL CONDITIONS

IV. RESEARCH METHOD
The method used was initially literature study; survey in the
research location; measurements of data such as tide (January
and February, 2016), temperatures of sea water and the air
above the surface, wind speed above sea level; bathymetry of
the Bangka strait; finally are the analysis of data
measurements and design of a numerical model in the form of
numerical program.

n
BOUNDARY CONDITIONS
CALCULATE ADVECTIONS IN U & V

Fig. 2 shows steps of a numerical model in calculating the
velocities of u , v and w respectively and the power of
marine current in the Bangka strait per cross-sectional area.

TURBULENCE MODEL

V. RESULTS AND DISCUSSION

CALCULATE FREE SURFACE

The Bangka strait is located between the Pacific Ocean and
the Sulawesi sea whose area is approximately 200 km2 (Fig.
4), with a minimum width between Sahaong foreland (in
Bangka island) and Mokotamba foreland (in Likupang town)
about 5.5 km and down to 69 meters deep (the average depth
of 40 m).

CALCULATE VELOCITIES (U,V,W) AND
KINETIC ENERGY
PRINT RESULTS

The three-dimensional current circulation in the Bangka
strait is simulated using the present model with a 174 x 318
finite difference mesh of equal Δx = Δy = 60 m. The numerical
solutions have been achieved using four vertical layers and an
integration time Δt = 1 sec, and inlet volume transports at
sections A and B (see Fig. 4) are 0.025 Sv, 0.1 Sv, 0.3 Sv and
0.5 Sv.

no

T>TMAX
yes
FINISH
Fig. 2. Flow chart of a numerical model

3

The vertical component of the velocity w at the new time
level can be discretized from the continuity as in (1) becomes:

−

Δz

Δz

n
n +1
i , j +1 / 2 , k i , j +1 / 2 , k

v

u

n +1
i +1 / 2 , j , k

− Δz

− Δz
Δx
v

n
i −1 / 2 , j , k

u

2
Water Level (m)

win, j+,1k +1 / 2 = win, j+,1k −1 / 2 −

n
i +1 / 2 , j , k

2.5

n +1
i −1 / 2 , j , k

(11)

1.5

1

n
n +1
i , j −1 / 2 , k i , j −1 / 2 , k

0.5

Δy

0
0

24 48

72

96 120 144 168 192 216 240 264 288 312 336 360 384 408 432 456 480 504 528 552 576 600 624 648 672 696 720 744 768 792 816 840 864 888

Tim e (hour)

Where, k=m, m+1...M, and the no-flux condition across the
bottom boundary is assumed by taking win, +j ,1m−1/ 2 = 0.

Fig. 3. Tides measurement results of the Bangka strait

The available energy that investigated in this study is the
available power per m2 (kW/m2). The first, we will back at the
equation of the available power which is equation of the

Fig. 3 shows a result of the tide measurements in the
Bangka strait from January 16 to February 21, 2016. The types
of tides are mixed type, in particular semidiurnal type and
diurnal type was only occurred on February 9. The tidal range
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Also, when high tide currents in Fig. 7, we found around
section A where the power availabilities per m2 are maximal.
Generally, there are about 2-9 W/m2 at 0.025 Sv (a), 5-550
W/m2 at 0.1 Sv (b), 0.5-16 kW/m2 at 0.3 Sv (c) and 1-77
kW/m2 at 0.5 Sv (d) power availabilities per m2 in the Bangka
strait which the values are bigger than in Fig. 6. We also can
see that the two when low and high tide currents where can be
concluded that biggest values are at section A.

variations were taken place between 0.3 m to 1.9 m. The tidal
period variations were between 10 h to 20 h. The maximum
and minimum of 2.4 m and 0.3 m respectively that oscillates at
datum line of 1.2 m. The tides data were obtained by direct
monitoring of water level (1 h intervals) using a tide gage. The
first day measurement on January 16, 2016 was started at
01.00 am until 00.00 pm. Measurements of tide on second
days until days 37th were performed as the first day
measurement. The results of tide measurement on January 18,
2016 which lower low water at level 0.3 m and highest high
water at level 2 m, while higher low water at 0.6 m and lower
high water at 1.8 m. The variation tidal range was obtained at
1.2 m to 1.7 m. The minimum tidal range was occurred at
03.00 am to 08.00 am at level 1.2 m and a maximum that
occurred at 02.00 pm to 08.00 pm at level 1.7 m. The
variation tidal period was taken place between 11 to 12 hours.
The minimum wave period was occurred during 11 hours at
03.00 am to 02.00 pm and a maximum was occurred during 12
hours at 08.00 am to 08.00 pm.

Philippines
Sulawesi
Sea
Sulawesi Island
I N D O N E S I A

Indian Ocean

In the 3D-simulations, we also have made two types of
simulations with four variation of discharge. The first type, we
also have conducted when low tide current where each
simulation has considerate with constant discharge inside. In
second type, when high tide currents with same condition
discharge as in first simulations. Parameter of entry discharge,
we also have made varies from 0.025 Sv to 0.5 Sv with
classifications are 0.025 Sv, 0.1 Sv, 0.3 Sv and 0.5 Sv (1 Sv =
1x106 m3/s). For the other parameter, we can see in table 1.
Measurement results in the area of numerical such as
temperatures of sea water (Twater) and the air above the surface
(Tair) of 20 C and 29 C respectively.

Sulawesi
Sea

Parameter
g
Cz
τo
τi
Discharge
Twater

Parameter
ρseawater
Δx
Δy
Δz
Δt
Tair

Pacific Ocean
Talisei
Island

B
Gangga
Island
A

Bangka
Island

(a)
D Bangka Strait

Sulawesi Island

NUMERICAL PARAMETER FOR 3D-SIMULATION

Value
9.81 m s-2
48
2 days
1 day
variable
20 C

Australia

C

Fig. 5 illustrates the bathymetry of the Bangka strait used
for numerical simulation. The water depth distributions show
the complex areas where maximum depth of 69 m (between
Bangka island and Likupang town).
TABLE I.

Pacific Ocean

* Likupang
t

Fig. 4. Location of the Bangka strait in Indonesia and numerical area

Value
1024 kg/m3
60 m
60 m
20 m
1 sec
29 C

The distributions of the available power per m2 (kinetic
energy) when low tide currents (3D-simulation) shown in Fig.
6. Discharge influence to the available power is very big
where ever greater of discharge then ever greater also power
availability like in 2D-simulation. At discharge of 0.025 Sv (a)
shows that there are about 1.5-5 W/m2 available in around
section A (see Fig. 4), whereas 5-350 W/ m2 at 0.1 Sv (b), 0.510 kW/ m2 at 0.3 Sv (c) and at 0.5 Sv (d) available of 1-45
kW/m2 which is maximum discharge.

Fig. 5. Bathymetry of the Bangka strait
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b

a

c
d

Fig. 6. Simulated (3D) distributions of the available power per m2 at seawater column of 20 m when low tide currents at (a) discharge 0.025 Sv, (b) discharge 0.1
Sv, (c) discharge 0.3 Sv and (d) discharge 0.5 Sv.

a

b

c

d

Fig. 7. Simulated (3D) distributions of the available power per m2 at seawater column of 20 m when high tide currents at (a) discharge 0.025 Sv, (b) discharge
0.1 Sv, (c) discharge 0.3 Sv and (d) discharge 0.5 Sv.
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[14] BC Hydro. (2016, January 20). Green Energy Study for British
Columbia-Phase 2- Mainland Tidal Current Energy [Online]. Available:
http://www.llbe.leg.bc.ca/public/PubDocs/bcdocs/357590/environment3
928.pdf
[15] L. Myers and A.S. Bahaj, “Simulated Electrical Power Potential
Harnessed by Marine Current Turbine Arrays in the Alderney Race,”
Renewable Energy, vol. 30, pp. 1713-1731, 2005.
[16] (2016, January 18). Ocean Energy Technology, Priority Projects for
Development of the New and Renewable Energy in China [Online].
Available: http://www.newenergy.org.cn
[17] K. Thomas, “Low Speed Energy Conversion from Marine Currents,”
Ph.D. dissertation, Acta Universitatis Upsaliensis, Digital
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Science and Technology, Uppsala, ISSN 1651-6214, ISBN 978-91-5547063-0, 383, pp. 68, 2007.
[18] (2016, January 25). Properties for seawater [Online]. Available:
http://www.seafriends.org.nz/oceano/oceans2.htm

The results showed that the numerical program will be a
product in analyzing potential kinetic energy as the prime
mover of turbines for marine current power plant in the
Bangka strait.
VI. CONCLUSIONS
A numerical semi-implicit finite difference models for the
study marine currents in the Bangka Strait has been presented.
The numerical program will be a product in analyzing
potential kinetic energy as the prime mover of turbines for
marine current power plant in the Bangka strait. When low
tide currents, available from 0.5 W/ m2 until 45 kW/m2 and
from 0.5 W/m2 until 77 kW/m2 at high tide currents. The
values obtained by calculations will be enabling to choose a
suitable place for installing the turbines adapted well for a
future undersea electricity power plant in the Bangka strait.
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This paper aims at comparing energy usages between UDP
and TCP in delivering video traffic, studying the impact
datagram and window sizing, and proposing transport layer
load management to reduce energy consumption. The
experimental evaluation is focused on video streaming
services.

Abstract—There are two standard transport layer protocols that
are used in the internet protocol (IP) networks: Transmission
Control Protocol (TCP) and User Datagram Protocol (UDP).
Both protocols can be used for video streaming. This paper
studies energy consumptions in a mobile device when one of these
protocols employed for video streaming. A transport protocol
load management is proposed to reduce the overall energy
consumptions. The experiments of video transmissions from a
mobile device in the 802.11 environment show that the proposed
method is able to minimize mobile device energy consumptions
up to 10.7% and 3.34% for both TCP and UDP protocols.

II. PROPOSED METHOD
Normally, video frames are generated in a fixed period so
that video frame per second (fps) is fixed. Further, video
codec differentiates the frame size based on its frame types.
Frame I contains the original image has higher bit capacity
rather than Frame P or B that are comprised only the change
part of the image. Figure 1a shows the byte variations of an
akiyo_cif video sequence which is producing higher bit rate
when transmitting frame I, up to 16000 bytes, much higher
than frame P, 7000 bytes in average.

Keywords— Mobile device energy consumption, transport layer
protocols, 802.11 network, video streaming

I. INTRODUCTION
Technology developments on mobile devices move
towards miniaturization with compact, connected and
interactive applications. The smaller the size, the more
important the energy efficiency [1]. Various researches in
minimizing energy consumption performed whether by
optimizing energy-aware hardware, middleware or by
designing green application software [1].

On the other hand, wireless communication requires
bandwidth request, such as the use of Request to Send (RTS)
and Clear to Send (CTS) signaling in the 802.11 network, or
bandwidth request in the 802.16 network. Multiple and
separated requests for small bytes in a short time are not
efficient and potentially reducing the multiple access
performances as there will be frequent bandwidth request
competitions.

The energy consumption reduction can be achieved in
various layers of TCP/IP architecture as described in [2].
Research on physical (PHY) and data link/medium access
(MAC) layers are described by Han et.al [3] where energy
consumptions on mobile communication is dominated by the
base station and mobile station which have the highest carbon
emission. Since the number of mobile station users reaches
more than 6 millions in 2013 [4], it is important to take steps
for the energy efficiency in mobile devices. Routing protocol
dominates energy-aware research in network layer, where
routing overhead in finding the shortest path and routing
updates are the primary issues [5]. Energy-efficient methods
on transport layer protocol is achieved by using service
differentiation between wired and wireless paths of
transmission control protocol (TCP), either using splitting [6]
or multipath method [7]. Current development on transport
layer protocol focuses on TCP optimisations.

Based on both thoughts, this paper proposes a transport
layer load management. Video frames that are generated by
the application layer software are buffered. Instead of sending
the accepted frame directly, the transport layer protocol joins
two or more frames and sends them in the same datagrams or
packets to achieve less frequent bandwidth request and a more
dense traffic size. Figure 1b and 1c illustrates the method
which joining two and three P frames so that requested
bandwidth is higher but its frequency is lower. The original
traffic without transport load management (Figure 1a) contains
120 frames with average size 9362 bytes. By assuming that
underlined network is not over capacity, this traffic may
produce 120 times of transmissions or bandwidth requests.
When two or three of P frames are joined by using the
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proposed method, the numbers of transmissions are reduced,
taking only 90 and 72 times of transmission with denser
traffics up to 12482 and 15600 bytes in averages.

Fig. 2. The experimental circuit

IV. EXPERIMENT RESULT
A. Transport Load Management Impact on TCP Energy
Consumption
The experiment reveals that the mobile device energy
consumptions are influenced by the size of TCP window. The
higher window size, the more packets are sent, the more
efficient energy usage. For the normal traffic without transport
layer management, the average energy absorbed by the mobile
device reaches up to 0.8 Joule per packet when transmission
windows are smaller than 20. The absorbed energy trend
decreases up to 0.25-0.5 Joule per packet when window sizes
are in between 20 to 30. Further decrement occurs when
window sizes are higher than 30, the average energy
consumption is 0.13 Joule per packet. The average energy
consumptions decrease exponentially to window size.
The proposed transport load management shifts window
sizes to higher values, where window sizes of 22 to 37
dominate the transmissions (Figure 3). The average TCP
energy consumption of the proposed method is 0.2544 Joule
per packet, about 10.7% lower than without transport load
management. However, delay increases in average 7.51%,
from 82.6 ms to 88.8 ms. Even though, according to Cacheda
[10], the preferred delay video transmission is less than 150
ms, so that the delay increment is still acceptable. In term of
packet loss, the high packet numbers of TCP load causes
packet loss percentage increasing from 0.17% to 0.21%. Both
delay and packet loss characteristics are not shown in the
Figure 3. These are initial proofs that the proposed method is
able to reduce energy consumption in mobile device.

Fig.1. Transport layer load management

III. RESEARCH METHOD
In order to study energy consumption on mobile devices
in relation to transport protocol types, transmission sizes, and
transport load management, an experimental circuit is
developed by using a Symbian operating system based mobile
phone (Nokia E63) as the sender, a laptop as the receiver, and
the Arduino microcontroller circuit to measure voltage and
current level on the mobile device battery (BL-4PC Li-ion).
The socket programming tool, J2ME is employed to create
client and server program. The 802.11 network is used as the
wireless link interface between the mobile phone and the
laptop. The circuit is shown in Figure 2.

A video trace taken from [9], akiyo_cif.yuv is
employed as the traffic source. The trace is generated by
using Evalvid framework with video codec MPEG4,
frame sequence IPP, and group of picture (GoP) 5. In
order to contrast transport layer energy consumptions,
video renderer is not included in the designed streamer
and receiver.

Fig. 3. TCP Energy consumption comparison
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B. Transport Load Management Impact on UDP Energy
Consumption
The UDP experiment allows each datagram size to be
examined separately. As a result, load management for
different datagram size has different total energy consumption
in delivering the video traffic. Therefore, the energy
consumption is measured as the total energy required for
sending video traffic from the beginning to the end, regardless
the packet loss and delay.
For the normal traffic, only datagram size 2500 shows
inconsistent result (Figure 4). Small inconsistency could be
influenced by wireless channel variations, battery conditions,
as well as measurement faults. However, as the inconsistency
is insignificant. Generally, energy consumption on mobile
device for video streaming by using UDP decreases
exponentially to datagram size. UDP datagram transmission
with a normal traffic consumes total energy about 75000
Joule. The proposed transport load management reduces
energy consumption about 3.34% lower than without load
management (Figure 4). However, delay increases in average
11%, from 82.9 ms to 92.1 ms. Even though, this delay is still
acceptable for video transmission [10]. UDP with the
proposed method suffers packet loss 6% higher than the
original traffic. These results show that the proposed method
is able to reduce energy consumption in mobile device, with
an insignificant delay increment, but still induce significant
packet loss.

in UDP about 3.34%. However, the method adds delay and
packet loss. Future work may concern with this matter.
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Fig. 4. Energy consumption vs window size

V. CONCLUSION AND FUTURE WORKS
The work has shown that for a single 802.11 wireless link,
mobile device connection has lower energy consumption if the
employed transport layer protocol has higher window or
datagram size. TCP consumes 0.8 Joule per packet for
window<20, 0.25-0.5 Joule per packet for 20<window<30,
and absorbs 0.13 Joule per packet for window>30. Meanwhile,
UDP consumes 150000 Joule for datagram size 1000 bytes,
decreases to 40000 Joule for datagram size 5000 bytes.
The proposed method that arranges traffic to minimize
number of bandwidth request and to maximize traffic capacity
is successfully reducing energy consumption for both TCP and
UDP. In TCP, the proposed method shifts windows to a bigger
size and reduces 10.7% energy consumption. Likewise, the
method also successfully supresses total energy consumption
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This paper focuses on TCP performance improvement by
reducing acknowledgement delay, so that the overall delay can
be reduced. Acknowledgement delay reduction is achieved by
shortening acknowledgement packet route. The method may
also be applied to other types of TCP.

Abstract—Many
multimedia
applications
employ
transmission control protocol (TCP) to send video packets. TCP
ensures reliable transmission but experiences significant delays.
Various techniques have been proposed to enhance the
performances, for instance by controlling TCP window. This
paper proposes a split-routed acknowledgement packet that is
aimed to reduce acknowledgement delay. The simulation
evaluations show that the proposed method is able to reduce the
existing TCP delay about 8.12% in average. The method can also
be implemented in the existing TCP enhancement methods such
as TCP Vegas where delay is successfully decreased down to
4.18%.
Keywords—Transmission
Control
acknowledgement route, multimedia traffic
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Protocol

II.

RESEARCH METHOD

A. Simulation Configuration
This paper evaluates the impact of the proposed method on
TCP performances by using NS-2 simulations [11]. The
Evalvid was integrated to the NS-2 simulator as the
multimedia transmission evaluation framework [12]. The
assessed network configuration consists of 22 nodes as shown
in Figure 1. The configuration is set to avoid the NS-2
simulator from over capacity. The evaluated node is Node 9,
which is set as the sender. Node 8 is set as the receiver. Node
9 sends multimedia traffic (akiyo_cif.yuv) which is encoded to
MPEG4 with IPP packet sequence by using Evalvid [13].
Other nodes are assigned background traffics using constant
bit rate (CBR) generators. Every link is set to be duplex which
has varying bandwidth from 1.5 to 5 Mbps, and transmission
delay 2 to 10 ms.

(TCP),

INTRODUCTION

There are two standard end-to-end communication
protocols: transmission control protocol (TCP) and user
datagram protocol (UDP). TCP provides reliable
communication and resends every loss packets. TCP
guarantees data transmissions by using acknowledgement
packets. Even though, the acknowledgement packet and data
retransmission generate additional delays, moreover if TCP
delivers real-time multimedia traffics, delay increment will be
a concern [1]. Therefore, various researches have been carried
out to improve TCP performance. Among them, various TCP
variants such as TCP Reno and TCP Vegas were emerged.
Further, TCP Friendly Rate Control (TFRC) [2] was proposed
by using window rate control techniques to determine network
conditions. TCP split [3] was proposed to enhance TCP
performances in different media. TCP multipath was also
proposed for the same reason [4].
Besides TCP, UDP has also been used for multimedia
communications such as video streaming [5]. However, packet
loss generates problems as UDP is not responsive to network
conditions. UDP keeps sending packets despite those packets
are dropped by the congested network. UDP potentially causes
poor network worsen. UDP improvements are performed in
many ways. For instance, by adopting TCP properties [6], by
using congestion control [7], by utilizing error correcting code
[8], and by using negative acknowledgement [9, 10].

Fig.1. Simulated network configuration

The observed traffic specifications are shown in Table 1,
where bitrates are changed during simulations from 541.47 to
601.12 Mbps.
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TABLE I.

THE EVALUATED TRAFFIC

connecting sender and receiver using data connections or
modems as shown in Figure 3.

Details

Parameter
Video trace
Frame speed
Frame type
Codec
bitrates (kbps)

akiyo_cif.yuv
30fps
IPP
MPEG4
541, 47; 548, 16; 561, 22; 581, 57; 601, 12

Video traffics have speeds of 30 frames per second, and
are encoded by using mpeg4 with frame sequences IPP.
Meanwhile, the background CBR traffics have 200 bit length
which are periodically sent within 0.1 s interval.

(a)
(b)
Fig. 3. Additional link illustration (a) Without additional link
(b) With additional link

The proposed enhancement is evaluated by using delay,
jitter, and packet loss parameters. Beside impact of the
additional link to standard TCP, impact to TCP variant (TCP
vegas) is also presented. Logically, the additional link can also
be used for sending video packets; the paper also evaluates
this option. Even though, the cost considerations of the
additional link as well as the bandwidth requirements are out
of the scope of this paper.

B. The Proposed Method
The basic idea is to improve TCP performances by
reducing the acknowledgement packet delay. The reduction is
achieved by shortening acknowledgement route. This is can be
realized by adding an alternative low speed direct link
connecting the sender and the receiver. Figure 2 describes that
the video packets sent from Node 9 to Node 8 through the
existing
internet
connection.
Meanwhile,
the
acknowledgement packets sent from Node 8 to Node 9 are
routed directly through the additional link. The additional link
is the low cost and low speed connection. In the simulation,
the speed of video are adjusted from 541.47-601.12 kbps sent
through internet connection with speeds between 1.5 and 5
Mbps. The additional link for the acknowledgement packets is
a low speed link, in this case 0.2 Mbps, about 40% of the
traffic rates. In order to ensure that additional link is only
transmitting the acknowledgement packets; this paper uses a
simplex/duplex setting rather than routing method. The
proposed configuration is illustrated in Figure 2.

III.

EVALUATION RESULT

A. TCP Performances Using Separated Acknowledgement
Route

(a) Delay

(b) Jitter

Fig. 2 The proposed network adjustment

An additional direct link means additional cost. However,
the link cost may not be significant as the required speed is as
low as possible. For instance, live report of an event uses
internet connection can be improved by adding a cell phone
call or a cheap high frequency (HF) radio connection,

(c) Packet loss
Fig. 4. Delay, jitter and packet loss characteristics of TCP and proposed
method
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Delay characteristics of TCP before and after adding
acknowledgement route are plotted in Figure 4a. The proposed
method is able to reduce TCP delay significantly about 1.14%
to 11.16%. The method is failed to consistently improve jitter,
however the average jitter difference is only about 0.64%
(Figure 4b). The packet loss characteristics remain similar
(Figure 4c).
B. Proposed Method Impact on TCP Vegas

Fig. 6: Delay characteristics of TCP without
acknowledegement separation

Since TCP Vegas is also using acknowledgement, direct
route of acknowledgement packets also has positive impact on
TCP Vegas. TCP Vegas delays are reduced about 4.18% in
average with jitter reduction is about 3.63% (Figure 5). Packet
loss characteristics remain similar (Figure 4c).

Fig. 7. Jitter characteristics of TCP without
acknowledgement separation

IV.
(a)

CONCLUSION AND FUTURE WORKS

Based on the evaluation results, it is proven that TCP and
TCP Vegas performances are positively improved in term of
delay when acknowledgement route is separated. TCP delays
are corrected in average 8.12% lower than the original
network configuration, while jitter characteristic is not
consistent. TCP Vegas delay is reduced in average 4.18% and
its jitter is decreased 3.63% in average.

delay

The additional link has positive impact only if it is
dedicated for the acknowledgement packets; otherwise, delay
worsens up to 159%. Future work may implement the
proposed method on real networks, consider network costs,
and examine the minimum bandwidth requirement.
(b)

jitter
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[4]. One of the drawbacks of such solutions is the method is
mostly suit to one particular problem. For instance a historical
trip [3] to Borobudur might be an interesting way to learn
about Hindu-Buddha influence in Indonesia, but it is not
feasible for students who live in Jayapura for example.

Abstract—Book full with narration is a thing unavoidable in
history teaching. Teacher standing and talking about date and
time is a tradition in history class. “Boring” is a word shared by
students around the world about history classes, not to mention
Indonesia. How to make students have a time perspective is a
question shared by teacher in every country. Here we developed
a website to overcome some problems in history teaching. This
website aim to help school-age children to understand Indonesia
history. The website is designed to follow two mainstreams
history teaching pedagogy which is illustrating the history
whether in thematic or time chronological way. Visual support is
provided to help user gasp the content. Timeline is used to give
student an alternatively fast frame of reference. The site achieved
good responses from high school students.

Here we developed a website to help school-age children to
understand Indonesia history. The website is designed to
follow two mainstreams of history teaching pedagogy which
are illustrating the history whether in thematic or time
chronological way. We added geographic visualization as
geographic is unseparated part in historical story. Visual
supports either by image or comical drawing also used to help
user gasp the information about event. The content itself is
based on text book published by Indonesia Ministry of
Education.

Keywords—educative; website; history; teaching

I. INTRODUCTION

II. HISTORY TEACHING

History is one of main subjects in school, among other
compulsory subjects such as mathematics, science, and bahasa.
History is considered one of important knowledge to shape
humanity. Indonesia History particularly, stated as a subject
that provide knowledge about time-space dimension on
Indonesia’s history, skill to present the knowledge in concrete
and abstract way, help build attitude to respecting the Indonesia
heroes whom put country foundation with all the historical
heritages, and to finally form history-aware individual [1].

A. Building A Time Reference
History learning requires that students understand historical
phenomena, abstract concepts and the relations between them.
Students have problems grasping, using and relating complex
historical developments and structures. Many instructional
technics have been developed to enhance quality of teaching
history and so the teaching could reach the goal of teaching.
There has been a long debating on pedagogy on history
teaching, whether the subject should be delivered in theme
based or chronological based [2].

Nevertheless, history teacher is facing some challenges in
teaching both substantially about the content of the history and
the teaching pedagogy i.e. technics to form history-aware
students. The substantial issues faced e.g. how to give an
explanation why Hiroshima atomic bomb happened. While the
teaching pedagogy problem is technical method to deliver the
subject in the class. The traditional and also modern method in
teaching history is books which are full with narration, and
teacher standing in the class and talking about date and time. It
has been a common sense that history is boring. These issues
are shared by most history teacher in the world [2] including
Indonesia [3].

Despite the debating on pedagogy, skill to build a frame of
reference, in this case time chronology has been agreed as one
of element of successful in studying history [5, 6]. This concept
stated as ‘understanding the time’ [7]. Understanding the time
span to chronological understanding, ability to place events in
order, a sense of scale for example exactly how long ago was
an event to from another event, a sense of period e.g. Industrial
Revolution.
B. ICT in History Teaching
Some works on ICT used in history teaching show a variety
of results [8]. A study on use of online resources revealed some

Most studies say the problem is lied in how a class is
delivered. Regarding with history teaching Indonesia, many
researches on lecture method have been conducted such as in
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problems i.e. students encounter difficulties in selecting and
analyzing on-line sources, following through on web-based
instructions, or navigating unfamiliar interfaces.

5) Link to the full story page. If user want to know more
about the event, he/she can follow the link provided after the
small information.

In some cases related to digital moviemaking, it is found
that combination of visual, textual, and aural sources in the
movie could causing discourage the information gain in
traditional essays. Helping students understand history through
computer simulation game is also challenging. Because they
tend to understand the chronology, memorize the figures show
up in the game but then fail to place or connect the whole story
into the real world history.
In Indonesia, there has been no applications, sites nor other
ICT tools recognized as an Indonesia history learning source so
far. A study about virtual class on history teaching [4] only
elaborated the benefits of online learning by implementation of
Learning Management System such as Edmodo or Moodle in
the history class.
III.

Fig. 1. Timeline and Geographic Perspective

B. Geographic Perspective
Beside the time perspective, we consider geographic
perspective is also important to build historical frame of
reference. Geography and history said as a complementary
subjects, and could be used to create memorable learning
experiences [9]. Knowledge about where an even happened
could lead to structural historic information. For instance,
Soekarno was exiled in Ende, Flores. Information about
geographic position of Ende will contribute to analytical
thinking about how long Soekarno could get back to Jakarta
considering distance between Ende and Jakarta.

PANDAISEJARAH.COM

pandaisejarah is a website built to assist students learning
Indonesia history. pandaisejarah provides history text book
content in a more attractive appearance i.e. colorful page and
storytelling like content. This is a precaution to ‘boring’ images
that history classes have.
Furthermore, pandaisejarah is designed according to two
mainstreams history teaching pedagogy i.e. theme based and
time based explanation. The time based menu is expected to
give time perspective to the reader which is one of history
subject’s goal. Theme based is provided to historical
information that is not quite time point.

The second thing observed about geographic information
that it could lead to motivation learning the history itself, e.g.
someone is interested to know more about Homo
Mojorkertensis because he/she is from Mojokerto.

As a whole, pandaisejarah is developed to be user-friendly
to its reader who specially, but not restricted to child age 12 to
17 (junior and senior high school). It is built with html5, css3
and javascript technology. The content is based on history textbook published by Indonesia Ministry of Education [1].

Information about location of an event is provided with the
time line. Mouse over on the time line will not only generate
event information but also will light a coordinate on the map
provided to show that the event happen on the location.
a.

A. History Time Line
History time line is a graphical bar lying horizontal,
representing the time stated as historical time in Indonesia
history as shown by Figure 1. For example, Homo Sapiens
lived in 400,000 or 150,000 BC, Borobudur was built around
824 year, or Negara Indonesia Serikat was pronounced in 1950.
Usability in features provided:
1) One bar represent the historical time of Indonesia, start
from the prehistoric period, to the modern Indonesia history
(around Asia Africa Conference in 1966)
2) Different color to time category for prehistoric. and
historic period.
3) Dot in the bar representing historical event. More dots
give clues a lot of historical events happen on the period of
time.
4) Mouse over through the dot will open a window to a
small piece of information about the event.

Fig. 2. Browse by theme in pandaisejarah.

C. Browse by Theme
Thematic menu for browsing indeed necessary as there are
some historic aspects that will not be time point based, but
contain information that as important as the time information
itself. For instance, culture heritage of the prehistoric period
such as pottery used in their daily life. Thematic menu is
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arranged with visual support describing content of the menu
(figure 2).
Themes provided in the pandaisejarah such as kingdoms in
old Indonesia, epigraphs and agreements around Indonesia
freedom event. Menus in a same theme is united with visual
assistance (e.g. same color) and positioned in a grouping
looking.
D. Visual Support
It is agreed that visualization could give more information
than textual. Original historical visualizations, such as
photographs or paintings, can give a clear image of a historical
phenomenon. For instance, building styles, specific tools,
religious objects, or period costumes can help shape this image
[10]. However, the educational value of concrete visualizations
is often limited by problems of source reliability, for example.
In pandaisejarah, we provided visualizations as description to
an event which are rather comical than realistic drawings. This
is conducted to attract children as users of the website.

(c)
Fig. 3. Comparison between Wikipedia (a), textbook (b) and pandaisejarah
(c) on History of Kutai

IV. DISCUSSION
As a preliminary evaluation, pandaisejarah is introduced to
a number high school students. All have positive opinions
toward the website. More attractive than original text-book,
high accessibility as it is online are common comments
achieved.
This study aimed to provide a tool to learn Indonesia
history based on history teaching pedagogy that is teaching by
theme or teaching by time. In history teaching domain, many
studies have been conducted to elaborate these pedagogies.
Each method has its own benefits and drawbacks [2]. The tool
is developed not only to satisfy the pedagogies but also to
encounter a long lasting problem in history learning: boring.
This done by, to mention one, making the narration different to
conventional text-book.
Further analysis however rises deeper and more abstract
problems in history learning e.g. “Could it really contribute to
school history study?”, “students think history is not boring
anymore”, or concrete problems e.g. “regular user of
pandaisejarah gain a better mark in history test”.

(a)
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necessary brain volumes. Considering the DICOM format used
and multi-procedure measurements for each patient, the size of
an image dataset of brain was approximately in the range of 510 GB. This is considered to be large size imaging system [3].
Common image compression techniques such as JPEG,
JPEG2000, and many others technique work only on a single
image data and does not optimize the redundancy of serial of
images in a dataset like brain imaging. Some techniques are
also lossy, which means there is possibility of some part of
information contained in the images might be removed during
compression. This condition is mostly unwanted in the medical
image compression since all information is considered to be
valuable.
In the other hand, the use of cloud computing for medical
application is becoming more demanding nowadays due to its
cost-effective and innovative solution. With the cloud system,
remote medical image analysis will be available for wider
segment of users and connected people with expertise around
the globe. Cloud architecture enables medical doctor to access
the patient data anywhere, anytime connected with any devices.
The cloud system enable rapid handling and treatment to
patient that benefit for patients especially in acute situation like
stroke.
The large size of image data affect the implementation of
cloud architecture in medical image analysis not only in the
matter of data storage and interchange data management, but
also in term of how image data transmit and distributed within
the cloud system, from, to and between users connected to the
cloud architectures.
The main purpose of our study is to introduce simple yet
powerful image compression technique for medical image data
utilizing redundancy of images data in 4D image dataset,
especially in the brain imaging application. We proposed
sequential-storage of differences approach that utilize the
repeated values of pixels in both spatial and time domain.

Abstract—Diagnostic imaging especially brain imaging is
nowadays widely developed involving more and more
modalities. The size of image dataset then becomes very big.
It is a problem not only because of space storage issue but
also for reliable data communication as in cloud
architecture. Our goal is to develop a novel method called
sequential - storage of differences to compress brain image
dataset by utilizing redundancy in 4D format (3D+t). We
tested our method with real clinical patient data produced by
CT Perfusion and measured the ratio of compression as well
as power of rate compression to evaluate the performance.
With 10 dataset, we have average compression rate of 0.53
and space saving of more than 47%. This method is lossless
and compression ratio was acceptable that make it is suitable
to be applied in cloud architecture.
Keywords—data compression, medical imaging, brain
image dataset
I.

INTRODUCTION

The use of medical imaging for diagnostic has been
intensively developed in the last decades. Many diagnostic
procedures are now involving process of generating hundreds
or even thousand set of images for each patient. These images
are needed to build not only 2D or 3D image reconstruction,
but also 4D time-frame image dataset as well [1].
This is also happening in the brain disease diagnostic
system such as stroke imaging. Diagnostic tools were
developed in the way that medical doctor should be able to
trace the circulatory profile of blood vessel in the brain. Several
application packages like Dynamic-CTA (Computed
Tomography Angiography) or CTP (Computed Tomography
Perfusion) are able to show not only 3D images of brain
structure and functional, but can also provide time-frame 4D
data for further analysis [2].
One single measurement of a patient with CTP procedure,
for example can consist of 2500 images in order to cover whole

1
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II. MATERIALS AND METHODS
A. Selection of Brain Imaging Data
We used brain imaging dataset from CTP application of
clinical patient with anonymization process in advance.
Informed consent was not applied because no diagnostic tests
modification affected during this study. The study was
performed retrospectively, therefore did not influence clinical
practice.
All CTP data were provided by Radiology specialist (Dr.
A), from National Hospital Adam Malik (RSHAM), Medan
Indonesia from 2016. About 10 CTP patient data were used in
the initial study.
The CTP dataset covers 16 mm of brain axial volume
with 0.5 mm slice thickness. The image acquisition was done
with scanning process result in 64 slices, each 512x512
voxels. The scanning process was conducted for 50s with 2
seconds interval following standard guidelines for brain
imaging.
At the end of the acquisition, there will be a dataset
containing 25 time-based image volumes. With each volume
having average size of 250 MB, total data image for complete
CTP is around 6 GB. All the image data were saved in
standard DICOM format. Example of a complete dataset of
CTP can be seen below (Fig.1).

Fig.2. Flowchart of the proposed method.

Between images in consecutive time frame within a dataset,
the only changing part in the image data is the brain inside the
skull that recorded the flow of contrast agent. Each part of
brain may changes accordingly to the flow condition of related
part and its perfusion characteristic. This is basic concept of
how CTP can differentiate between normal brain and part of
brain with lack of oxygenation and potentially initiate stroke
attack (Fig. 3).

Fig.1 A volume CTP dataset, consist of 25 time-frame images

Fig. 3. Area of brain that change during CTP procedure, depicted by
changes of attenuation frame-by-frame.

B. Compression Algorithm
The other part of the brain in the image such as skull,
cortex, nerves and especially major part of the background do
not experience changing too much or in some case they do not
change at all. The basic idea of our proposed method is to
record these small changes over sequential time (or even no
change) for each voxel instead of to store the exact value of
each voxel. By doing so, hypothetically there would be smaller
data to be recorded than the actual attenuation values during

The compression technique was basically developed by
exploiting the repeated data images in each volume during time
frames, spatially and temporally.
Following flowchart describes the method to construct the
sequential-storage of difference approach that we proposed
(Fig.2).
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the whole time. These constant or no-change part constitute a
largest portion of the brain images. Therefore a high
compression rate can be obtained. This was the first origin of
compression power as sequential compression conducted
between series of images in a complete dataset (Eq. 1)
The second origin of compression power was coming from
the storage of difference between voxel in each time frame.
This method actually a conventional method [4]; where we
keep only the first voxel (0,0,0) as a reference voxel and store
the rest of other voxel by calculating the differences attenuation
value of the voxel to the reference voxel (Eq. 2)
Mathematically, if we denote every dataset as I(x,y,z,t),
which represents voxel in 3D coordinates of x-axis, y-axis and
z-axis in specific time frame ti, than the sequential-storage of
difference compression method can be applied by using those 2
approaches.

(4)
The testing step was applied to 10 patient dataset with
variation of change of voxel. The average compression rate
was calculated from each measurement.
III. RESULTS
We successfully developed a python script to implement
the method. There were 3 main part of the application: The
initial file dicom reading, calculation of sequential differences
followed by storage of differences method, build new
compressed image and then finally store the result in specific
format. A simple program in MsExcel was created to calculate
the compression rate and power of rate compression.
To justify the result, we compared each image side by side
to check the image changes and rationally compared it with our
program (Fig.4). This procedure is important to ensure there is
no major motion of head during time frames. Checking process
was done by professional radiologist (dr. A).

(1)
(2)
With

Voxel intensities in CT imaging are generally represented
by using 16 bits. The differences of voxel values over time as
well as in 3D spatial volueme were smaller than 16 bits.
Therefore, we only need to store fewer bits to replace exactly
the same information by storing only the variation or
differences of these values instead of their absolute values.
This is important to keep all the data and to ensure that ere is
no loss of data (lossless compression) which is obligatory in
medical image compression.
Fig. 4. Example of processed images, compared side by side in time
domain

C. Application Development
To implement our compression method into a user friendly
application, we developed a user interface application by using
Phyton programming language (www.phyton.org). The reason
to choose this environment was due to its complete library of
functions needed and also its compatibility with medical
image such as DICOM. The platform used is Windows 10 and
the whole operation was done in standard PC with 8 GB RAM
and i7 Intel Core processor. Additional external hard disk was
used to store all original data and compressed data for further
comparison.

The result of compression method can be summarized in the
following table:

Dataset

D. Performance Measurement
We measured the performance of our method by testing it
with real patient clinical data of CTP. The original image was
stored and processed with the application we developed. After
the compression procedure, the result was stored as a different
file in the same patient folder.
The compression ratio (CR) and power of rate compression
(PR) then calculated by Eq.3 and Eq. 4.
*100%

(3)

a.

TABLE 1. COMPRESSION RESULT
Result
Original
Size(GB)a

Compressed
size (GB)a

Compression
Rate

CTP 1

6.71

3.34

0.51

CTP 2

6.44

3.62

0.56

CTP 3

6.98

3.48

0.49

CTP 4

5.63

2.85

0.51

CTP 5

6.71

3.98

0.60

CTP 6

6.47

2.8

0.57

CTP 7

3.12

1.38

0.57

CTP 8

6.2

2.83

0.54

CTP 9

5.55

2.88

0.48

CTP 10

6.33

2.83

0.55

For total volume, 25 time frame images
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There are some limitations for our study. First, we only
used 10 patient CTP dataset to check performance of our
method. Adding more patient data and also including other
modalities such as MRI will provide complete overview of
how powerful the compression method. Secondly, we did not
take into account patient head movement during scan that
actually a current issue. A lot of study emphasized this issue in
brain imaging [5] and should be addressed with cautious in the
future study of this topic.

The average compression rate was found at the value of
0.53 (power of rate compression, PR = 0.47). In term of space
saving, we can conclude that our method in average can save
more than 47% compared to storing the original images.
IV. DISCUSSIONS
The proposed sequential-storage of difference method was
able to provide more than 50% compression rate for brain
image dataset, with simple technique yet powerful and provide
lossless compression.
The compression power rate is high mostly due to the
reduced number of bit needed for each voxel. This
characteristic was illustrated by using the example of patient
dataset CTP 1. The intensities within images in the dataset
varied between 35 and 180 HU. we can calculate bit used for
each voxel as follows:

V. CONCLUSIONS
We have successfully developed a method in medical
image compression using sequential-storage of differences
technique. Based on the results, this method was able to
compress 4D brain images without losing any data (lossless)
and the compression ratio was acceptable that make this
method is suitable to be applied in cloud architecture for brain
imaging diagnostic system.

Bit used = log (180 − 35 + 1) = 8 bit
Here, instead of 16 bit, only 8 bits are required to represent the
whole voxels, except reference voxel.
Another example is for patient CTP dataset 4, a better
compression can be obtained because only 6 bits are required
to represent the whole voxel, which represents a compression
ratio of 0.51.
Based on our observation, only 6 % of the voxel in each
image showed lot of variety changes of voxel value. In
average, it required only 7-9 bits to represent the intensities
variation over time (temporal) and over 3D spaces (spatial),
and a maximum of 10 bits to represent this variation at most of
the cases. Considering the original 16 bit dicom data, we
consider this method to be very potential for lossless medical
image compression.
Compared to other image compression techniques such as
JPEG, JPEG2000, png and others our method worked in
slightly different way. Most of compression technique work
on single image while or method work on a whole dataset
containing several images. In this way, redundant voxel values
between images in sequential time frame in a dataset can be
utilized to reduce the size of compressed image.
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the number of vehicles entering the Ring Roads and avoiding
the RZ.

Abstract—Traffic congestions are common in every large
cities. This paper presents Electronic Road Pricing system design
prototype based on embedded system Raspberry Pi with RFID
and image processing capability based on OpenALPR. The
system works in a way that vehicle passing under the gantry will
be recorded by photographing the image of license plate and
reading the RFID tag. The image and tag will be serialized to
XML and transmitted to server through a socket. The output is
transaction record and license plate reading from OpenALPR.
Early test showed that RFID is able to work optimal at range
between 0-360 cm and is able to work at vehicles moving at 10,
20, and 40 Km/h except OpenALPR which failed two out of three
tests because of minimum data training. After trained with 1000
Indonesian license plates, the OpenALPR is able to recognize
nine out of ten that given randomly.
Keywords—RFID;
Processing

ERP;

Embedded; OpenALPR;

In this paper we propose an idea of the ERP system
prototype using camera, Raspberry Pi, RFID system, and a
personal computer as server. Unlike the system used by
Singaporean Land Transport Authority, this system works
without using any bulky onboard device such as in vehicle unit
(IVU) that Land Transport Authority Singapore has except
passive RFID tag alone [4]. The system is modelled in mono
lane operation where one RFID reader and camera covers only
a lane with an improvement in license plate recognition system
and the exclusion of bulky IVU and stereoscopic cameras for
vehicle classification [5, p. 8/6]. The system classifies vehicle
on the database side using license plate number and associated
RFID tag requiring all vehicle to be registered first before
operating on the road. The OpenALPR as a tool to recognize
license plate is trained with varied Indonesian license plate
images and fonts. The system is able to recognize the
characters from a license plate image. The license plate number
and the RFID tag will be compared to the data stored in the
database system for further recording and identification.

Image

I. INTRODUCTION
According to Statistics Indonesia (Badan Pusat Statistik)
there are 67 millions of vehicles operating in 2009 and the
number in 2013 grows to 104 million in Indonesia [1]. This
means 55% percent growth rate in five years. With only 2.5%
road growth rate [2], bottleneck in Indonesian main roads are
bound to happen at some point and will became worse over
time. Traffic congestion happens on roads connecting point of
interest areas such as business district. In order to relieve these
roads from congestion, a system that discourage road user from
using it must exist and one of them is Electronic Road Pricing
(ERP).

II. SYSTEM CONCEPT AND DESIGN
The process to recognize the license plate number and
reading the RFID tag are described here along with the ERP
system prototype design.
A. Image Processing (OpenALPR)
OpenALPR is an open source framework specifically
designed to recognize license plates from all over the world by
combining few libraries such as OpenCV as a means of image
processing and Tesseract OCR as a means of reading the
characters out of license plates. It is designed to work in a
pipeline and there are 11 steps such as detection, binarization,
char analysis, plate edges, de-skew, character segmentation,
OCR and post processing [6].

ERP has been used as a means of easing traffic in
congested areas in Singapore, London, and Stockholm. This
system has been proven to reduce the amount of vehicles
entering restricted areas/zones (RZ) effectively. It also
increases the amount of vehicles utilizing the highway around
the RZ thus increasing road usability in the RZ. A study by
Singaporean Land Transport Authority proves the effectivity of
ERP system [3]. In 1998 after switching from Singapore Area
Licensing Scheme (ALS) to Electronic Road Pricing (ERP),
there is a significant decrease in the road usage heading to RZ
during peak hour and all day long. Road usage around RZ
increased as high as 12.4% from East/West direction and 9.2%
from West/East direction during morning peak hour. After the
implementation of ERP system there is a behavioral change in

1) Detection
Detection phase is used to get the license plate region in
the picture. Local Binary Pattern (LBP) is used as algorithm
and the regions detected in this phase will be sent into
Binarization phase.
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image as Raspberry Pi doesn’t have enough computing power
required to process image within an acceptable time.

2) Binarization
Binarization process happen once for each license plate
region detected by detection phase. Wolf-Julien and Sauvola
method are used as a method in binarizing the license plate
regions.
3) Char Analysis
Character analysis will try to detect character in license
plate region. The process is done multiple times.
4) Plate Edges
The plate edges tries to find the precise rectangle of the
license plate.
5) De-skew
The de-skew stage will normalize region orientation.
6) Character Segmentation
The character segmentation phase tries to choose the
region character in a license plate.
7) OCR
The OCR phase will output streams of possible characters
and their confidences.
8) Post Processing
This step determines the best possible plate letter
combinations.

Entry Gantry
ERP System Description
Camera

RFID

Exit gantry

Server

DS3231

Camera

RFID

Database
DS3231

B. Radio Frequency Identification (RFID)
Radio
Frequency
Identification
is
a
wireless
communication
and
identification
method
using
electromagnetic fields as a media for sending data. Generally
RFID system consists of a reader and a tag. There are two
kinds of RFID system, the active and the passive one. In an
active RFID system, the RFID tag uses a battery to power the
transmission signals actively to the reader hence reducing
reaction time. On the other hand in passive RFID system the
tag uses the electromagnetic wave transmitted by the reader as
power source hence it is relatively slower.

FIG 1. SYSTEM DESIGN

As seen on Fig. 1 Raspberry Pi is connected to camera,
RFID reader, and communicating wirelessly to server. USB to
serial with PL2303HXD chipset is used as an interface
between RFID and Raspberry Pi clocking at 115200 bps.
Camera communicates via built in CSI port. Real Time Clock
(RTC) DS3231 communicates via I2C bus in GPIO pin 3 and 5
(GPIO2SDA/GPIO3SCL) with 0x68 as default address and
accessed using DS1307 kernel module . The RTC will be
refreshed automatically when the Raspberries are connected
into internet via Network Time Protocol (NTP).
The Raspberries are communicating with server and
database through wireless LAN by utilizing socket
programming. The server listens at port 10000 asynchronously
and the clients (Raspberries) will attempt to connect to server
when a vehicle is detected. The server is designed to be able to
process 10 queues of incoming connection.

One of the RFID system is manufactured by COLI Building
Material (BM-0702) using South Korean PHYCHIPS SoC
PR9200. There are two interfaces available from BM-0702 the
RS232 and RS485, and in this project, the RFID runs on
RS232 mode at 112500 bps with transmit power at 25dBm.
The RFID tag used in this system uses ISO 18000-6C (EPC
Gen2) standard and works in the 860-960 MHz band. The tag
has 512 bit of memory split into four banks. The four banks are
Reserved Memory, Electronic Product Code (EPC) Memory,
Tag ID (TID) Memory and User memory.
In this project, only one of the four memory above is used
because the slowness of the tag in responding read command at
certain memory banks sent by the reader. Therefore the only
tag values used in this project is TID Memory; the default data
sent by the tag when interrogated by reader [7, p. 25].

Entering Gantry
<<include>>

Check Transaction Log
<<include>>

Exiting Gantry
Road User

C. System Design
The ERP system consists of multiple Raspberries placed
around an Access Point that acts as a router. As seen of Fig. 1
Raspberry Pi is connected to a camera, RFID reader, and
communicating wirelessly to server and database. The
Raspberries are dependent to server in order to process the

FIG 2. SYSTEM USE CASE DIAGRAM

The system works independently so simultaneous event
such as exiting and entering gantry at the same time isn’t
going to block each other. The system works when the RFID
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tag in vehicle is detected by the reader. Once detected, the
Raspberry Pi is going to take picture and the tag. After the
picture, tag and dates are taken, they will be encapsulated into
an XML file before sent to server through socket. An
encapsulation system is required to reduce overhead in the
process, simplifying the data communication and easing the
parsing process from socket stream. The XML file received by
the server then processed further by decoding the content and
uploading it into database. Database will record the transaction
accordingly into transaction table, triggering the transaction
bill column to update itself after looking the proper transaction
price in road table. For each transaction (ins and outs) the
vehicle amount, transaction price and total vehicle column in
road table are updated by triggers too. This is done in order to
be able to charge user based on road occupancy level. The
user then will be able to see the transaction via a web server.
The user then will pay the bill when it is time to pay the
annual tax or by charging the RFID card directly (this method
isn’t applied in the trial because of card slowness). RFID and
image recognition are applied in order to prevent card
swapping (by matching card tag with license plate number).
The only actor is a user as seen on Fig 2.

Transaction Table in database contains [Transaction ID] as
primary key, [Tag RFID] and [Road ID] as foreign key. For
each transaction, system will record it into transaction table
and then becomes a dependency from other table. At user side
(web side) transaction table will be joined and displayed with
other table such as vehicle table as info to user.
III. SYSTEM TEST
In this section, we explain the system test done in order to
measure the capabilities of the ERP prototype system. This
section contains three major parts; client test, server test, and
system test.
A. Client Test
1) RFID and Raspberry Pi Test
The tag and the RFID reader are put 60 cm from each other
until 540 cm. The RFID reader and RFID tag are able to work
optimally between 0-360 cm. If the distance is farther than that,
the RFID will fail to respond in timely manner even the RFID
is working at maximum transmit power (25dBm) [7, p. 46].
2) Client Program Execution Time
Time is taken from Raspberry Pi 2 using time.time()
method in the python client program. It runs in on-demand
mode. The processing time to record a transaction needs 1.52
seconds in average [7, p. 47].

D. Software Design
The ERP system consists of several software split into
three main parts: the client, server and database.
1) Client
The client software is written in Python 3. Python is
chosen because the large libraries included in Python Standard
Library. A few libraries used are picamera, serial, IO,
socket and time.
2) Server
The server software is written in C# language on top of
.NET framework. For user part, they can check their
transaction record through a web page made from ASP.NET.
3) Database
The database management system (DBMS) used in this
project is SQL Server 2014. There are four large tables in the
database and they are Vehicle Owner Table, Road Table,
Vehicle Table and Transaction Table. Each of these tables are
tied with triggers. This is how the database is designed.
Owner

1

Owns

N

Vehicle

1

Have

B. Server Test
1) Database Test
Database test is required to know the average time needed
to record a transaction. Database tests are run on Intel®
Core™ i3 3110M 2.4 GHz laptop with 8GB RAM and 5400
RPM HDD. After 30 tests run, the processing time to record a
transaction is about 158 ms [7, p. 50]. The recorded data
consist of the RFID tag, the entering time, the exiting time, the
original picture, the OpenALPR read result, raw XML file and
bills.
2) Socket Receive Time
The socket receive time is required to know the time
needed from server program to receive data from socket. On
average it took 313ms per transaction [7, p. 51]. A large time
required per transaction happened because data are sent
wirelessly and in non-optimal condition e.g. far and no line of
sight.
C. System Test
In this test, the system tries to record vehicles passing the
gantry. The RFID tag is able to be read correctly and in a
timely manner by the RFID reader. The problem rises at the
first system test that didn’t include sufficient training data;
both cascade training and OCR training are skipped to
minimum level of training so the result is not satisfactory.
OpenALPR failed 2 out of 3 from first trial [7, p. 53]. From
the tests done, we can see on average it took 1,52 sec from
client program execution time, 313ms from socket receive
time (including recording into database) and 261ms from
OpenALPR. In total we got 2097ms or 2 seconds per
transaction.

N Transaction

N

Road

1

Have

FIG 3. ENTITY RELATIONSHIP DIAGRAM

As seen on Fig 3. There are four main entity and they are
Owner, Vehicle, Transaction and Road. Owner can own many
Vehicle, a Vehicle have a lot of transaction and last Road have
a lot of Transaction. The Transaction which represent
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1) OpenALPR Test
At the second test, ten random Indonesian license plates
are passed to OpenALPR. Test are done as seen on Fig 4 and
5. Before the test, OpenALPR are given custom trained data
for Indonesian license plate; both cascade for plate recognition
and OCR for character recognition. Reading success rate after
training is 9 out of 10 or 90% irrespective of wrong OCR
confidence level [7, p. 55].

8

H9298HB

H9298HB confidence 91,87 a
H9298H8 confidence 84,64

250

9

H30B

H30B confidence 91,60 a
H30BO confidence 86,67

323

10

H38B

H38B confidence 91,32 a
HS8B confidence 77,70

238
a.
b.

Correct Reading
average time 261ms

As seen on Table III-1, there are few wrong confidence
levels. The wrong confidence levels are caused by the OCR
and Post Process part in OpenALPR. A reliable system should
have a correct confidence level so an unattended system can
be made. Ideally the confidence level should be high and the
license plate is read correctly.
IV. CONCLUSION
ERP prototype system that are able to record vehicles
passing the gantry by taking photograph of the license plate
and reading the RFID tag has been presented. The system
prototype works successfully and it took approximately two
seconds per transaction in average. This system shows that it is
possible to build an ERP system based on Raspberry Pi with
RFID and image recognition capability. In controlled testing
the OpenALPR is able to detect and read 90% of license plates
from random images containing a car. A few improvements
have to be made including better image recognition, better
reaction time and reading range by RFID reader, and better
gantry design.

FIG 4. SERVER PROGRAM PROCESSING IMAGE AND RECORDING
TRANSACTION
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product offered), in education (used to detect the students’
eagerness for an online-learning system), in computer gaming,
in mental health, in national defense, and others [5].

Abstract—This paper presents Indonesian text emotion
detection and evaluates the performances of four different
classification methods: Naïve Bayes (NB), J48, K-Nearest
Neighbor (KNN) and Support Vector Machine-Sequential
Minimal Optimization (SVM–SMO). The experiment uses
Indonesian text corpus, containing 1000 sentences which consists
of six emotion classes: anger, disgust, fear, joy, sadness, and
surprise. Preprocessing step which consists of tokenization, case
normalization, stopword removal, stemming and TFIDF are used
to extract the features of text emotion. We conduct 10-fold cross
validation and split validation for the experiment. Based on the
result, we conclude that SVM-SMO classifier gives the best
performance. In the 10-fold cross validation, the result shows that
the accuracy of NB, J48, KNN and SVM-SMO are 80.2%, 80.8%,
68.1%, and 85.5% respectively. The same conclusion is also
demonstrated by the split validation, the highest accuracy of 86%
is also achieved by SVM-SMO.

There are three types of emotion approach models in
psychology: categorical approach, dimensional approach, and
appraisal approach [6]. This research uses categorical approach
which is based on the six different emotion classes: anger,
disgust, fear, joy, sadness, and surprise (based on ‘Ekman’) [6].
There are two techniques for analyzing emotion represented
by a text, knowledge based and machine learning [7]. This
research uses machine learning technique which can give better
result than lexical technique, especially in sentiment analysis. In
addition, machine learning can well adapt the different domains
[7] [8]. A supervised machine learning technique is used in this
research to arrange the classification of the emotion text by
comparing some methods such as NB, J48, KNN, and SVMSMO.

Keywords—Indonesian Text Emotion Detection, SVM-SMO,
J48, Naïve Bayes, KNN

I.

The selection of these classification methods is based on our
related work. Some researchers used these methods to classify
the emotion text. Chaffar and Inkpen [7] have studied the
comparison of NB, J48, and SVM-SMO for English dataset.
Meanwhile, KNN has been used for Indonesian text emotion [3]
[9]. Our contribution is especially for the Indonesian text
emotion. Therefore, we evaluate these classification methods for
the comparison.

INTRODUCTION

Human emotion has a significant role in the daily
communication between two persons or among people
interactions. A successful interaction system between human
being and computer can be achieved when the system is able to
recognize, interpret, and proceed the expression of human being
emotion accurately [1].

II.

Most researchers have attempted to detect the computer
user’s emotion through some ways such as face expression,
voice, and text. Identifying human emotion through text is
considered as the most essential one. Because, in this
globalization era, most worldwide people convey their
knowledge or ideas over the internet through text [2]. In addition
to text is a medium of knowledge transferring that is simpler to
adapt and to proceed than other media [3].

RELATED WORK

Several text based emotion detection were proposed. Chaffar
and Inkpen [7] evaluated three classification methods NB, J48,
and SVM-SMO to recognize six basic emotions (anger, disgust,
fear, happiness, sadness and surprise). The experiment was
carried out using several datasets: Text Affect, Alm’s dataset,
Aman’s dataset and the Global dataset. Based on the
experiments, SVM-SMO outperformed to the other
classification methods.

An emotion detection can be developed and integrated into
the text to speech application [4]. A storyteller that can represent
the emotion of every single character in the story which is still
being performed inspires us to conduct this research. The
emotion of human speech can be detected by modifying the
prosody, pitch, intensity, and the speech signal duration of the
speaker’s utterance [4]. The emotion detection system can be
applied to many sectors as well, such as in business (to recognize
the customers’ impression based on their statement on the

Silva and Haddela [10] proposed the extension of Term
Frequency Invers Document Frequency (TFIDF) for text
emotion corpus. Their proposed term weighting is based on the
concept that a term in a certain class will have little importance
if it appears in large documents of other classes and vice versa.
Nivet Chirawichitchai [11] presents Thai text emotion
classification by using several machine learning algorithm and
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various term weighting methods. There are three term weighting
schemes in the experiments, such as Boolean weighting, term
frequency weighting, and TFIDF weighting. Support Vector
Machine (SVM) with Boolean weighting gave the best
performance compared to Naïve Bayes (NB), K-Nearest
Neighbor (KNN) and Decision Tree (DT). Thai emotion
classification is also studied by Inrak and Sinthupinyo [12].
They proposed to use Singular Value Decomposition (SVD)
method to reduce the dimension of the vector. In the experiment,
SVM is the best classifier compared to NB and DT.

TABLE I.
Emotion

No. of
Sent.

DATA DESCRIPTION

Example word
from WordNet
Affect List
Wrath, angry,
anger, enviable,
jealous, etc.

Anger

161

Li and Xu [13] proposed to use emotion cause extraction to
support the emotion classification model. The cause of emotion
was considered as an important factor for emotion detection. The
model uses chi-square test to select the best features from the
corpus. In the classification step, they use Support Vector
Regression (SVR) which is variant of SVM.

Disgust

48

Another approach is proposed by Jun Li et. al. [14]. They
present Chinese text emotion classification based on emotion
dictionary. The methods include WordNet for vector
construction, SVM and NB for classification. In the comparison
of classification methods, SVM gave the best accuracy
compared to NB.

Fear

136

Horror, afraid,
scary, hysterical,
etc.

Joy

278

Happy, spirited,
cheerful, peaceful,
loving, etc.

Sadness

194

Sad, frustrated,
sorrow, guilty,
depressed, etc.

Surprise

183

Surprise, awe,
astonishment,
dumbfounded, etc.

Arifin et. al. [9] present tweet emotion detection in
Indonesian Language. Non-Negative Matrix Factorization
(NMF) is proposed to reduce the number of features. KNN was
used to classify 764 tweets from various emotions. Arifin and
Ketut Eddy Purnama [3] also present emotion classification in
Indonesian Language. KNN and SVM were used to classify the
text corpus. As the result, SVM outperforms KNN in term of
accuracy.
III.

Disgust, refuse,
repulse, smelly, etc.

RESEARCH METHOD

Indonesia has a large number of islands, human races,
ethnics and local languages. Most Indonesians communicate
each other in their own local languages (such as Javanese,
Sundanese, Balinese, etc.) in their daily activities. However, the
Indonesians use Indonesian in the formal situation (such as at
school, office, in the books, in the newspaper, on TV, on the
radio, etc.). Indonesian was declared in the “Sumpah Pemuda”
(The Youth Pledge) charter in 1928, and was established as the
official language in 1945 during the declaration of the
Indonesian Independence Day.
A. Dataset
In this paper, we collect dataset from various websites
(www.dongengceritarakyat.com,
www.dongeng.org,
and
www.pendongeng.com). The dataset consists of 1-3 sentences.
We use WordNet Affect List [15] to obtain the emotional tag in
the sentences. We labeled manually the sentences which doesn’t
contain WordNet Affect List, for example “Para tentara
Abrahah kembali dalam keadaan binasa di mana daging-daging
dari tubuh mereka berceceran di jalan” (The Abrahah warriors’
bodies were brought back home and some of their flesh scattered
on the ground). This sentence is labelled into class disgust. We
collected 1000 sentences and recorded in text format file. Table
I shows the detail description of the dataset.

Example of Sentence
“Amat besar murka
Prabu Kertamarta
ketika mengetahui
cerita yang
sebenarnya.” (The king
Kertamarta was
enormously angry as he
recognized what had
really happened.)
“Aku sudah bosan
memakan tikus tubuh
mereka bau sehingga
membuatku menjadi
mual.” (I'm tired of
eating rats because they
are smelly and make
me nauseous.)
“Tubuhnya yang mulia
bergetar denga keras
dan beliau merasakan
ketakutan dan
kegelisahan.” (The
king's body trembled
violently and he felt
scary and anxious.)
“Suatu hari, kabar
yang sangat
menyenangkan
terdengar oleh sang
Raja, istrinya kini
sedang mengandung
dan kemudian
melahirkan.” (One day,
the king heard good
news that his wife had
delivered a baby)
“Minah mendatangi
Batu Batangkup dengan
perasaan sangat
sedih.” (Minah came to
Batangkup Stone in
sorrow.)
“Putri penggiling
gandum tersebut
semakin terkejut
melihat jerami benarbenar berubah menjadi
emas.” (Daughter of
grain grinders are
increasingly surprised
to see that the straw
really turned into gold.)

B. Preprocessing
In order to create the feature vector, we conduct some
preprocessing steps: tokenization, case normalization, stopword
removal, and stemming. These processes are included in the
Lucene library. Therefore, the experiment did not create the code
from scratch. There are some functions in the library to perform
the processes.
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C. Term Weighting
A TFIDF (Term Frequency Invers Document Frequency) is
a popular term weighting scheme [16]. It can be computed by
Eq. 1.
TFIDF (t )  TF * log

N
df

TABLE II.

(1)

Where t is a term, TF is the total number of term t occurs in
the document, N is the total document, and df is the number of
document containing the term t .

Average
Precision
(%)

Average
Recall
(%)

Average FMeasure
(%)

Accuracy
(%)

Naïve
Bayes

75.98

76.27

76.10

80.2

J48

79.82

74.68

76.63

80.8

SVMSMO

83.22

79.12

80.68

85.5

KNN

70.40

57.95

56.85

68.1

Accuracy

D. Classification
Generally, there are two methods in machine learning,
supervised learning and unsupervised learning. The difference
between them is in the existence of the label in data training.
Supervised learning uses label and otherwise. In this paper, four
algorithms of classification (NB, J48, KNN, and SVM) are
compared to find the best classification algorithm for Indonesian
text emotion detection. The experiment of these classification
methods are carried out using WEKA (Waikato Environment for
Knowledge Analysis).

AVERAGE RESULTS OF CLASSIFICATION METHODS
USING 10-FOLD VALIDATION

E. Evaluation
In our experiment, we use 10-fold validation and split
validation. Cross-validation divide the data into training and
testing data. It means that if the multiple number of the data is
10-folds, it must be divided into ten portions and runs ten times.
The nine portions (90% of the total data) is used for training and
the rest portion (10% of the total data) is used for testing.
Otherwise, split validation is simpler than cross validation. It is
only divide the data into training and testing data, when we set
the split ratio 90% means that 90% of the data is the training
data and 10% is the testing data.

70
68.1
68
66
65.1
66 66.9
66.4
65.7
64
60.8
62
63.2
58.6
60
59.6
58
58.3
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54
52
1
5 10 15 20 25 30 35 40 45 50
k
Fig. 1. Accuracy of KNN using 10-fold validation

Naïve Bayes

J48

SVM-SMO

86

79.5

100

The process of 10-cross validation and split validation
produces confusion matrix: True Positive TP and True Negative
TN ; False Positive FP and False Negative FN . TP and TN
represent the correct classification while FP and FN represent
the incorrect classification. From the confusion matrix, the
average value of accuracy, precision, recall, and f-measure can
be obtained. Each of those formulas are shown as follows:

KNN

Accuracy

80
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40
20
0

TP  TN
accuracy 
TP  TN  FP  FN
precision 

TP
TP  FP

(3)

recall 

TP
TP  FN

(4)

f  measure 

2  precision recall
precision  recall

10

(2)
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90

Split Ratio (%)
Fig. 2. Accuracy of classification methods using split validation

methods using 10-fold cross validation. Based on the table, it can
be concluded that SVM-SMO gives the best performance
comparing with the other methods (NB, J48, and KNN). Before
we compared KNN to the other methods, we tried several values
of k for the KNN. Based on Fig. 1, the highest accuracy of KNN
is shown at k  5 .

(5)

Fig. 2 shows the accuracy of classification methods using
split validation in various split ratio. The percentage number
appear in the line is the highest accuracy of each classification
method. The first evaluation starts from 10% of percentage split
in which the highest accuracy is achieved by J48 method with

IV. EXPERIMENT AND RESULT
We have conducted the experiment in two schemes by using
10-fold validation and split validation. Table II shows the
precision, recall, f-measure, and accuracy of classification
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the value of 72.67%. However, for the next split ratio seemed
that SVM-SMO dominate the value of accuracy. The highest
accuracy (86%) is showed by SVM-SMO method in the split
ratio of 90%. In the figure, the accuracy is increased when the
number of split ratio is high. This applies to all classification
methods. It means that large number of data training increase the
accuracy of classification methods.

Factorization," International Journal of Intelligent Systems and
Applications, 2014.
[10] J. D. Silva and P. S. Haddela, "A Term Weighting Method for Identifying
Emotions," in 2013 IEEE 8th International Conference on Industrial and
Information Systems, ICIIS , 2013.
[11] N. Chirawichitchai, "Emotion Classification of Thai Text based Using
Term weighting and Machine Learning Techniques," in 11th
International Joint Conference on Computer Science and Software
Engineering (JCSSE), 2014.

V. CONCLUSION
This paper presents the Indonesia emotion text classification
using four machine learning techniques (NB, J48, KNN, and
SVM-SMO). Our dataset is based on Ekman emotion class
collected from Indonesian fairy tales. In the first evaluation, 10fold validation is applied to gain global accuracy including
precision, recall, f-measure, and accuracy of each emotion class.
The highest value in global accuracy is showed by SVM-SMO
which reaches 85.5%.

[12] P. Inrak and S. Sinthupinyo, "Applying Latent Semantic Analysis To
Classify Emotions In Thai Text," in 2010 2nd International Conference
on Computer Engineering and Technology (ICCET), 2010.
[13] W. Li and H. Xu, "Text-based emotion classification using emotion
cause extraction," Expert Systems with Applications journal, vol. 41, p.
1742–1749 , 2014.
[14] J. Li, Y. Xu, H. Xiong and Y. Wang, "Chinese Text Emotion
Classification Based On Emotion Dictionary," in 2010 IEEE 2nd
Symposium on Web Society, 2010.
[15] C. Strapparava and A. Valitutti, "Wordnet-affect: an affective extension
of wordnet," in Proceedings ofthe 4th International Conference on
Language Resources and Evaluation (LREC 2004), 2004.

In the second evaluation by using split validation, SVMSMO also gives the best performance by achieving the highest
accuracy of 86%. By using 10-fold validation and split
validation, SVM-SMO yield the highest accuracy and KNN
yield the lowest accuracy. This research is going to be developed
further by increasing the accuracy of SVM-SMO and integrating
it with some optimization methods, such as genetic algorithm
and particle swarm optimization.

[16] T. Joachims, "Text Categorization with Support Vector Machines:
Learning with Many Relevant Features," in Proceedings of the 10th
European Conference on Machine Learning, 1997.
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Abstract— The first symptoms of a diabetes mellitus
patient can be seen by the effect of the increasing blood glucose
levels. This study discusses about the design and analysis of
monitoring application of non-invasive blood glucose levels. Mostly
to check blood glucose levels should be done by taking blood
samples from patients, namely invasive. Patients with serious
conditions or patients with diabetes mellitus who could not do blood
sampling many times require another way for checking blood
glucose levels besides taking a blood samples. This method is
known as non-invasive technique. According to that conditions, a
development tools of non-invasive blood glucose levels
measurement is needed. Then, we carried out tests to measure
blood glucose levels to the patient using these tools. Testing is done
by clipping the finger between sensor and LED. The sensors will
measure the light intensity. Then, the result will be shown on the
application display. Data analysis was done by measuring the
percentage error of the measurement results. Measurement of
blood glucose levels was done using an existing tools in the hospital
and tools that have been created. The result of this study shows that
the result of error percentage measurement above, the lowest
percentage is 1.03%, then the highest percentage is 9.40%.

patients, glucose levels need to be monitored to maintain a
healthy balance of glucose in the body. Glucose levels can be
monitored by GBP coated sensors such as on-body CGM
devices. CGM devices typically have glucose sensors
including a needle or probe that is inserted into the tissue of a
user to measure the glucose levels in the surrounding tissue
fluid. Other studies associated with this research is done by [3]
designing of detection blood glucose levels in non-invasive
based Microcontroller Atmega 8535. Testing blood glucose
levels is still using invasive technique shot with a patient's
blood using a syringe. This is one of the causes of some
patients are reluctant to check blood glucose. In addition, the
result of such testing requires a long time (± 2 hours).
Analysis performed at an early checks aims to avoid blindness
and mortality due to diabetes mellitus. Based on the studies
above, then in this study discussed the design and analysis of
monitoring application to measure blood glucose levels in the
body through non-invasive method.

Keywords— glucose level, photodiode, diabetes mellitus, noninvasive

A. Design of System
The working principle of the measurement of blood
glucose levels based on microcontroller can generally be
described in Figure 1 below.

II.

I. INTRODUCTION
Glucose levels had been measured by taking a blood
sample from patients which is named invasive, then analyzed
using a spectrophotometer. However, this method is less
favorable for patients with serious conditions or patients with
diabetes mellitus who could not do blood sampling many
times. According to that conditions, a development tools of
non-invasive measuring glucose levels in the blood is needed.
The study conducted by [1] explaining the
microprocessor based application of glucose monitoring
system. Since diet, exercise, and medication affect blood
glucose levels, a diabetic often must record data relating to
those items of information along with blood glucose level so
that the diabetic may more closely monitor his or her
condition and can provide information of value to the
healthcare provider in determining both progress of the patient
and detecting any need to change the patient's therapy
program. The research was conducted by [2] explaining about
continuous glucose monitoring on-body sensor. For diabetic

DESIGN OF SYSTEM

Fig. 1. Design of System

The sensor block consists of LEDs as a light source and a
photodiode as light receiver. LED and photodiode will be
embedded in the sensor probe. Signal conditioning or signal
processing blocks consisting of a series that serves to process
the received signal of the sensor so as desired. The signal
processing circuit is the circuit trans impedance amplifier,
voltage follower, and band-pass filter. Block processing
functions to process the data generated by the signal
processing circuit, among which to convert analog signals to
digital, and change the value of the voltage into glucose levels.
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This process is done by microcontroller. Display block
consists of LCD display which is the place where the
measurement of glucose levels has been displayed. The series
of each block will be built and tested separately. Once all the
blocks are functioning properly, do the integration and testing
overall.

A. Testing the photodiode sensor circuit
Sensor testing is needed to get the data sensor linearity
and sensitivity at various concentrations of glucose. The
sensor will be tested in a glucose solution outside the body as
an initial test.

B. Design of Application
The measurement display of blood glucose levels
monitoring which designed using Basic for Java (B4J)
application is presented in Figure 2 below.

Fig. 3. Testing the photodiode sensor circuit

The next test performed on the body surface. Body surface
to be tested linearity and sensitivity are fingers and other parts
of the body to obtain maximum result.
B. Testing the microcontroller circuit
Tests on the microcontroller arduino Uno circuit was
conducted to determine the port used on the microcontroller is
functioning properly or not. The test results were as follows on
Figure 4.

Fig. 2. Design of application

The figure above presented a view that contains data such as
name, gender, age, address and the analysis results. Function
of Connect button is for connecting application with hardware
component, so that measurement can be done.
III.

Fig. 4. Testing on the microcontroller circuit

C. Application Display
Testing is done by clipping the finger between sensor
with LED. The sensors will measure light intensity and
convert into mg / dl. Then, the result will be displayed on the
LCD screen. The result of the system testing has show in
Figure 5 below.

RESULT AND ANALYSIS

The discussion was conducted to determine whether the
planning has been carried out as expected, so it can be applied
to a system that is in accordance with specifications. The
parameters included in the process of being tested are as
follows:
1. Testing the photodiode sensor circuit.
2. Testing port on the microcontroller circuit.
3. Testing on the application.
4. Testing the overall system, the monitoring test
measuring glucose levels.
The testing done by measuring or reading the output of each
block, by knowing the output of each block thus simplifying
the repair process for the position of damage to the system can
be known with certainty.
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How to calculate the percentage of errors the tool used the
following formula [4]:

x100%

In this study, the percentage of errors have been measured
by the ratio between the Nesco with five fingers: the thumb,
forefinger, middle finger, ring finger and pinkie. The number
of patients which used as a sample to measure their blood
glucose levels are 8 person.
The result of the error percentage which compared
between NESCO and the thumb has described in Table 1
below.
Table 1. Measurement from Nesco and Thumb

Fig. 5. Testing on the application display

The process of the data obtains the peak value of the
signal carried by the microcontroller Arduino Uno. At the time
of measurement of blood glucose levels, the microcontroller
will take about ten peak signal which will then be sorted and
determined the value of the median. The median value is what
will be the final output of the tool design before it is converted
to blood glucose levels.
In the process of calibration, measurement of blood
glucose levels uses the design tool and Nesco multicheck at
the same time. The measurement results are then used both
tools in a program that will be uploaded to the microcontroller
so it can draft tool displays the output in the form of blood
glucose levels. Both these measures are expected to have a
value close enough so that the measurement results can be
used as an early diagnosis. Comparison with invasive methods
do because the measuring instrument has been tested clinically
and has a fairly good accuracy.
Tool design has been unable to show the output in the
value of blood glucose levels tested again in order to know the
value of accuracy and thoroughness. Testing is done by
measuring the blood glucose levels of two probandus use
design tools and Nesco multicheck. Measurement is
performed three repetitions. Rated accuracy is obtained by
entering a value design tool blood glucose levels and blood
glucose levels Nesco multicheck at each measurement into the
equation. Then, on the entire value of the accuracy of the
calculated average. Value of accuracy was obtained by
calculating the standard deviation and the average blood
glucose levels design tool, then put into the equation and
averaged. To evaluate the performance of the tool, the results
of measurement tools should be compared with the data in
order to obtain the actual blood glucose tool error percentage.

Patient

Nesco

Thumb

Error

P1
P2
P3
P4
P5
P6
P7
P8
Average

137
112
86
108
183
149
100
131

130
114
98
134
182
114
138
142

5.11%
1.79%
13.95%
24.07%
0.55%
23.49%
38.00%
8.40%
7.13%

The average of error percentage measurement from Nesco
and Thumb is 7.13%. The result of the error percentage which
compared between Nesco and the forefinger has described in
Table 2 below.
Table 2. Measurement from Nesco and Forefinger

Patient

Nesco

P1
P2
P3
P4
P5
P6
P7
P8
Average

137
112
86
108
183
149
100
131

Fore
finger
110
114
110
122
182
126
102
130

Error
19.71%
1.79%
27.91%
12.96%
0.55%
15.44%
2.00%
0.76%
1.03%

The average of error percentage measurement from Nesco
and the forefinger is 1.03%. The result of the error percentage
which compared between Nesco and the middle finger has
described in Table 3 below.
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Table 3. Measurement from Nesco and Middle Finger

Patient
P1
P2
P3
P4
P5
P6
P7
P8
Average

Nesco
137
112
86
108
183
149
100
131

Middle Finger
130
120
118
122
182
118
126
155

The average of error percentage measurement from Nesco
and pinkie is 1.44%. Based on the result of error percentage
measurement above, the lowest percentage is the result
between Nesco and forefinger which has value 1.03%. Then,
the highest percentage is the result between Nesco and middle
finger which has value 9.40%.

Error
5.11%
7.14%
37.21%
12.96%
0.55%
20.81%
26.00%
18,32%
9.40%

IV.

The test results showed that the application system to
measure blood glucose levels functioned properly. Testing
tools which designed toward variations in blood glucose levels
show that the intensity of the light received by photodiode
sensor which is presented by the value of the output voltage
will change in line with changes in the value of blood glucose
levels, so it can be concluded that the photodiode sensor can
function as well as sensors for measuring instrument of noninvasive blood glucose levels.
Data analysis was done by measuring the percentage error
of the measurement results. Measurement of blood glucose
levels was done using an existing tools in the hospital and
tools that have been created. The result shows that the lowest
percentage error measurement is 1.03% and the highest is
9.40%

The average of error percentage measurement from Nesco
and middle finger is 9.40%. The result of the error percentage
which compared between Nesco and ring finger has described
in Table 4 below.
Table 4. Measurement from Nesco and Ring finger

Patient
P1
P2
P3
P4
P5
P6
P7
P8
Average

Nesco
137
112
86
108
183
149
100
131

Ring Finger
122
126
110
118
178
126
118
146

Error
10.95%
12.50%
27.91%
9.26%
2.73%
15.44%
18.00%
11.45%
6.25%
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problem was resolved by content based image retrieval
(CBIR) up to an extent. CBIR uses contents of image, such
as shape, color, texture or any other information that can be
derived from image itself. Although there are many problems
associated with CBIR method. Amongst them semantic gap
with image features has received a lot of attention. Images
are represented by low-level features and it is important to
reduce semantic gap between high-level and low-level
features of images to retrieve visual similar images and reranking of images. This study proposes Content-based image
capture with intra cluster and cluster will be calculated a
similarity between the shape and texture of image grouping
with minimum euclidean distance considerations in taking a
picture of the relevant semantics of a database.

Abstract— Traditional methods for image retrieval used metadata associated with images, commonly known as keywords.
These methods empowered many World Wide Web (WWW)
search engines and achieved reasonable amount of accuracy.
A data base shape, color, texture of content based image
retrieval (CBIR) and classification algorithm is based on the
K-means clustering is proposed in this paper. The algorithm is
found the content based image capture with intra cluster and
cluster will be calculated a similarity between the shape and
texture of image grouping with minimum euclidean distance
considerations in taking a picture of the relevant semantics of
a database. The image classification using k-means clustering
has been applied successfully in shape, colour, texture data
base image. By using this algorithm we can classified any type
of colour data base image in different field. Performance
evaluation methods are now done with precision and recal for
different databases. Response time to fine the most signatures
of sixth is 85 %.

II. RELATED WORK
Image re-ranking [6] [22] is a useful method for web-based
image. The search based on only keywords queried by users. It
is not efficient and results is imprecise. The web-based image
search used by Bing and Google uses image re-ranking. In
image re-ranking, users' intention is captured by one-click on
the query image. This helps in providing better search results
to the users. In this reference, they used the method in which a
query keyword is first used to retrieve of images based on the
keyword. Image re-ranking framework automatically learns
different from semantic spaces offline for different query
keywords. To get semantic signatures for images, their visual
features are projected into their related semantic spaces.
Images are re-ranked by comparing their semantic signatures
and the query keyword during the online stage. This procedure
of selecting the query image and then re-ranking requires
four steps : A query image is first categorized into one of
several predefined intention categories, and a specific
similarity measure are used inside each category to combine
image features for re-ranking based on the query image.
[4],[20-24]. Query keywords are expanded to capture user
intention, through the visual content of the query image
selected by the user and through image clustering. Image pool
is enlarged to contain more relevant images. The query
image is also expanded by using keyword expansion. All four
of these steps are automatic with only one click in the first
step without increasing user’s burden. This makes it possible

Keywords—gradient edge detection; k-means; re-ranking;
prewitt gradient magnitude; CBIR

I. INTRODUCTION.
Web based image re-ranking, is an effective to produce the
right image search query by developing a system of hierarchy.
Web based image re-ranking, is an effective to produce the
right image search query by developing a system of hierarchy.
The problem in this case a universal visual semantic signatures
space to characterize diverse images from the web is difficult
and inefficient. The intent of the classification process is to
categorize all objects in a data base colour image into one of
several classes, or "clusters". This categorized data is based on
according to their some similar features present in an data base
image. Image classification is a label process, in which image
pixels are categorized into different classes in case of single
image, but in case of data base image instead of pixels we take
an image as an object and categorized into different classes.
Image classification algorithms have been applied to a range
of problems, including image segmentation and color
quantization, change detection for land cover monitoring, and
data mining among others. Image classification is perhaps the
most important part of digital image analysis [19]. This
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means employs cosine similarity method to compute the
similarity between centroids and data points. All the centroids
and data points are represented as vectors and L2 normalized.
The cluster centroid is (L2) normalized summation of all the
vectors in the cluster. Thus the centroid is also on the unit
sphere. Lue [1] observes that Euclidian and cosine methods
give same result when applied on unit vectors.
J. Mac Queen (1967) and L. Kaufman (1990), Partional
clustering aims at partitioning a group of data points into
disjoint clusters optimizing a specific criterion [1,2,5]. When
the number of data points is large, a brute force. enumeration
of all possible combinations would be computationally
expensive. Instead, heuristic methods are applied to find the
optimal partitioning. A cluster is a collection of data points
that are similar to one another within the same cluster and
dissimilar to data points in other clusters [3,4,6,7,8].
Clustering is a method of unsupervised classification, where
data points are grouped into clusters based on their similarity.
The goal of a clustering algorithm is to maximize the intracluster similarity and minimize the inter-cluster similarity.
Clustering algorithms can be broadly classified into five types:
Partitional clustering, hierarchical clustering, density-based
clustering, grid-based clustering and model-based clustering
[5]. Partitional and hierarchical clustering are the most widely
used forms of clustering. In partition clustering, the set of n
data points are partitioned into k non-empty clusters, where k
≤ n . In the case of hierarchical clustering, the data points are
organized into a hierarchical structure, resulting in a binary
tree or dendogram [9,18,19].

for Internet scale image search by both textual and visual
content with a very simple user interface. The explosive
growth [3,5,10] and widespread accessibility of community
contributed media content on the Internet have led to a surge
of research activity in image search. Approaches that apply
text search techniques for image search have achieved limited
success as they entirely ignore visual content as a ranking
signal. We propose an adaptive visual similarity to re-rank the
text based search results. A query image is first categorized as
one of several predefined intention categories, and a specific
similarity measure has been used inside each of category to
combine the image features for re-ranking based on the query
image. The images are very rich in the content such as in
colour, texture, and shape information which are presented in
them. Retrieving images based on colour similarity is achieved
by computing a colour histogram for each image that identifies
the proportion of pixels within an image holding specific
values (that humans express as colors) [11,12,16].
The relative level brightness of pairs of pixels are computed
such in the degree of contrast, regularity, coarseness and
directionality that may be estimated. The shape does not refer
to the shape of an image, but to the shape of the particular
region that is being sought out. Shape is the most important
and most powerful feature used for image classification,
indexing and retrievals. Shape information extracted using
histogram for edge detection. The edge information in the
image is obtained by using the Prewitt edge detection [16,17].
In shape, we will segmentation of two Prewitt gradient
magnitude edge detection are two images which at each point
contain the horizontal and vertical derivative approximation
techniques. Shapes representations can be generally divided
into two categories, they are boundary based and regionbased, the Prewitt operator performs spatial gradient
magnitude measurement in an image. Prewitt Edge Detector
uses two convolution kernels, one is to detect changes in
vertical contrast (hx) and the other is to detect horizontal
contrast (hy). these kernels are designed to respond maximal
to the edges, running vertically and horizontally, relative to the
pixel grid, one kernel for each of the two perpendicular
orientations. The kernels can be applied separately to the input
image, to produce separate measurements of the gradient
component in each orientation (call these Gx and Gy) [16,17].
This function makes the centroids as compact and separated
as possible. When the clusters are of vary in sizes, k-means
in order to reduce mean-squared error, divides large clusters
into smaller ones even if they contain proper assigned data
points. K-means method has the tendency to converge to local
optima. To find a global solution, many methods are
proposed. In [12,15], authors propose a fast global k-means
technique based on geometrical information of the data points.
Author in [13,14,15], relates the problem of assignment of
points to centroid as black hole and star. The classic k-means
method uses euclidean distance to measure the similarity
between centroid and data points. Applying distance measure
other than Euclidean may stop k-means from converging as
its objective is to minimize the “squared” distance from
centroid to data object. Spherical k-means, a variant of k-

III. METHODOLOGY
Data mining for finding and describing structural patterns in
data using python. It is applied in a wide range of domains and
its techniques have become fundamental, we will see how to :
Import and visualize data, classify and cluster data, discover
relationships in the data using regression and correlation
measures, reduce the dimensionality of the data in order to
compress and visualize the information it brings, analyze
structured data. In this section, we will describe our proposed
method wich is an efficient image re-ranking system. The
system architecture contains offline part and a digital signature
is obtained by the process of encode, decode web-based and
use a paint pen. The algorithm used to find data points based
on a contribution and similarity search algorithm to optimize
intra-cluster and cluster signature in the sixth grade ie, GX,
Gy, Gt, Gx ', Gt', Gt '. Images of Gx, Gy, Gt are convolution
with the intensity values of 0.05 to obtain the data images Gx
', Gt', Gt '. The sixth classes will be divided into 6 hierarchies.
The input process of learning is the learning process with the
input images stored in a database with three classes of data,
results of pre-process by the method of gradient prewitt which
aims to increase (i) feature extraction accuracy of the k-means
algorithm (ii) an increase in the uptake of better accuracy,
distance and similarity retrieval quick. Content-based image
capture with intra cluster and cluster will be calculated a
similarity between the shape and texture of image grouping
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C. Classification
The database of signatures are stored in the data base in
Figure 4. The data of signatures will be classified with k-mean
clustering of the following steps: (1) where K points in space
represented by any class i.e. Gx, Gy, Gt, Gx ', Gt', Gt '. The
sixth classes will be divided into 6 hierarchies. specific value
points represent initial group centroids per class, and (2)
defines each object to the group that has the closest centroid,
(3) when all is set, re-calculated the position of the K
centroids, (4) determine the distance of each object to the
centroid and (5) repeat step 2 and 3 until the centroids no
longer move and a cluster of a data, we can see in Figure 5.
Because the same data is displayed for ID and a signature that
has the same pattern. The pattern shown is the minimum,
maximum and average the digital signature of each individual.

with minimum euclidean distance considerations in taking a
picture of the relevant semantics of a database.

User
Query
Images
Display
Features

Retrival
Results

Level Gx, Gx’
Level Gy, Gy’
Level Gt, Gt’

Y

Feedback Model
Similarity Metrics

Result
N

Images
Database

Fig. 1. System Overview
3.1 Learning Process
Learning process is the input of a collection of learning
software image that has been known as the class label. The
stages of the process as follows :
A. Application paint pen
The digital signature is create web based (see Fig 2). The
application paint pen create a signature digital.
B. Learning input learned there step the process of digital data
signature, consist of :
1) The digital signature is obtained by the process of
encode, decode web-based and use a paint pen (see Fig
3).
2) Digitalize data in a data store in Portable Network
Graphic (PNG) format with image size is 400 x 400
results.
3) Prewitt gradient magnitude uses two convolution
kernels, one is to detect changes in vertical contrast
(hx) and the other is to detect horizontal contrast (hy).
The data is stored in the directory, the signatures and
image results prewitt gradient magnitude.
4) Save the signatures data with a file name according to
the name you have.

Fig. 4. The quary Data Signatures

Fig. 5 View Data Training of K-mean Cluster

Fig 6. K-mean Cluster of a signatures
Fig. 2. Application paint pen create a signature digital

IV. RESULTS AND DISCUSSION
For the proposed method, experiments for testing in an
environment Windows XP and data mining for finding and
describing structural patterns in data using Python.
Experiments conducted by various databases for different
sizes. Signature image uploads from sub-directory, the sixth
classes will be divided into 6 hierarchies and consisting of 6
classes. The dataset is stored in the comma separated values
(CSV) format. It is convenient to parse the CSV file and store
the information that it contains using a more appropriate data

Signature Digital with Pen Paint

Get data to Decode, Encode
Encode Mode Indicator and
Length of data

Alpha Numeric (0010)
Numeric (0001)
Byte (0100)

Terminate the bits
Convert data into Binary
Image

Add Decode Mode at the Front
Obtain signatures and stop , Add type, version
Information

Fig. 3. Signature Encode and Decode
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structure. The dataset has 5 rows. The first 4 rows contain the
values of the features while the last row represents the class of
the samples.

[10]

[11]

[12]
[13]

Fig.7. A Result Re-rangking a Signatures

IV CONCLUSIONS
[14]

In this paper, we have the algorithm how K is combined with a
combination of K means algorithm with prewitt filter for case
are learning for a universal visual semantic signatures space
to characterize diverse images from the web is difficult and in
efficient.
The similarity between images is calculated based on local
color properties. Images in the database are clustered into
groups having similar color contents. This grouping enables
searching only images that are relevant to the query image, the
integrated clustering algorithm for image classification is
tested with a different image that image signatures with a
different gradient.

[15]

[16]
[17]
[18]

The previous work the image rank with the help of textual
based and content based. In these project the image re-ranking
on offline data base. The images can be stored on user data
based system. Experiments with different database sizes show
that the number of similarity comparisons

[19]
[20]
[21]
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farming technique in confined spaces (indoor) automatically.
Aquaponics is the integration of hydroponics (plant / vegetable
production without soil) and aquaculture (fish farming) [4]. On
the other hand fish farming itself as an attempt to get a higher
income has also attracted people attention. Freshwater fisheries
business has excellent prospects because until now fish supply,
either fresh fish or processed one, is still lower than consumer
demand [7].

Abstract— The design of the pond for intelligent koi fish
farming system proposed in this paper. This pond is called
Intelligent Fishcarelab System (IFS). IFS as fish farming system
is Internet-based Remote using IDACS Technology (Internetbased Data Acquisition and Control System). IFS hardware
consists of mechanical and electronic systems. Mechanical system
consists of water tanks and piping systems. While the electronic
system comprises sensors temperature and pH. These sensors
include signal conditioning circuit. Furthermore, by using Analog
to Digital Converter (ADC) module the data can be read by the
microcontroller circuit. Microcontroller circuit is assigned to
conduct sensor readings and sends data to the server to inform
water conditions. Another electronic system used is the on/off
electric valve. Several electronic faucets are also used and their
workings are controlled by a microcontroller. With this faucet
system, the water supply, as well as the disposal of fish pond
water can be controlled electronically. Besides, the system is also
equipped with an actuator module, which is used to regulate the
temperature and pH in the water. Actuators are also used for fish
feeding settings. The microcontroller control module requires
Digital to Analog Converter (DAC) and signal conditioning
circuit. IFS in the operating system hardware requires
microcontroller-based software and web-based software for
monitoring and controlling water quality and feeding
automatically and scheduled. Furthermore, this system apart can
work directly in the area of fish farming can also be monitored
and controlled remotely using an Internet connection.

During its farming fish should always be supervised in its
growth. Growth is an increase in length or weight in a certain
time [8]. Fish growth is influenced by internal and external
factors. Internal factors are: body weight, sex, age, fertility,
health, movement, acclimation, biomass activity and oxygen
consumption. While external factors consisted of abiotic
factors and biotic factors. Abiotic factors consist of pressure,
temperature, salinity, oxygen content of the water, the waste
metabolites (CO2, NH3), pH, light, season. Nutrition factors
are among those biotic factors such as availability of food, feed
composition, digestibility of feed, and feed-making
competition. Among these factors, nutrition is a controlling
factor, and the size of the fish affects the growth potential of an
individual. The water temperature on the other hand affects the
whole activity and fish life processes which include respiratory,
reproduction, and growth. If the water temperature increases
(to some extent), the metabolic rate increases which in turn
increases consumption and growth of fish [9].

Keywords—IFS, FISHCARELAB, IDACS, Fish, internet,
intelligent

Since the growth of fish should be maintained and
monitored both in terms of water quality during the farming
and availability of food as needed then smart strategy or way to
overcome this is required. On the other hand the development
of information and communication technology in the
development of intelligent systems based on electronics,
computers and microcontrollers can be used as alternative
solutions to those problems. Therefore, this paper proposes the
manufacturing of a new system consisting of hardware and
software for fish farming in the form of intelligent equipment
systems. Furthermore, the system is named Intelligent
Fishcarelab System (IFS). The system is designed not only to
be operated directly in the indoor fish farming, but also
designed to be monitored and controlled remotely using an
Internet connection. Advantages of this equipment in addition
to its continuous 24 working hours are its simple installation
and use anywhere as long as Internet connection is available.

I. INTRODUCTION
Smart and modern fish farming system has been gaining
interests in the last two years. Many researchers from around
the world published their results such as those of [1], [2], [3],
[4], [5], [6]. The research primary results found the relationship
between fish growth and water quality in which fishes are
farmed [1], [3]. Other research presented empirical modeling
techniques based on collection of water quality monitoring data
[5]. Besides that, comparison of the utilization ratio of Genetic
Programming (Genetic Programming) and Artificial Neural
Network (ANN) was used to predict the long-distance water
quality based on the image of water [6]. Meanwhile, the results
of other studies presented a good chance or a very promising
prospect for supplier business of fish feed for the fishing
industry [2]. There also research that produced aquaponics
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pelvic fins, an anal fin, and a tail fin. To serve as a tool
motion, this fin consists of hard fingers, soft fingers and fin
membranes. Pectoral fins and caudal fin has only soft fingers.
Dorsal fin has 3 hard fingers and 20 soft fingers. Pelvic fin
only has 9 soft fingers. The anal fin has 3 hard fingers and 5
soft fingers.

IFS technology is designed to work using Internet Based
Data Acquisition and Control System (IDACS). This
technology in previous studies have been successfully used to
control soil quality from a long distance [10]. In general, these
systems are designed to be used for farming all types of
freshwater fish. However, in order to be focused and able to
uncover the characteristics of freshwater fish growth, Koi fish
was selected as the case study.

On the side of his body, from the middle of the head to the
tail rod, there is a lateral line which is useful for sensing sound
waves. This line is made up of veins that exist on the scales
that looms up outside. Koi bodies are covered with 2 layers of
membrane. The first layer is located outside the so-called
epidermis, while the inner layer called the endodermis. The
epidermis consists of cell saps that produce mucus on the
surface of the body of the Koi. Endodermis layer consists of
fibers filled with cells. In this layer there is also a color cell.

Koi (Cyprinus carpio) is one type of ornamental fish
which for decades from generation to generation cultivated by
the Japanese, and even be used as a symbol for the nation of
Japan and was appointed as the national fish of Japan. Koi
beautiful and diverse color has pushed the Japanese to produce
tens of types of Koi that ultimately favored by people in
various countries including Indonesia [11].

This color cell has a very complex pattern. It produces a
solution of 4 different kinds of color cells by using
contraction. Those four cells are melanophore (black),
xanthophore (yellow), erythrophore (red), and guanophore
(white). The taste organs and nerves have a close relationship
with the absorption and shrinkage of color cells. These organs
are very reactive to light. Their place is located between the
epidermis and nerves in the fat tissue, which is located under
the scales.

In Indonesia, Koi is a favorite ornamental fish and muchloved by the public, because of its dazzling color and
relatively expensive price. Koi is still one of the commodities
traded fairly in the field of fisheries. The presence of Koi in a
family has always a positive effect. If it is farmed on a large
scale can be used as a living as well as to create new jobs.
Meanwhile, when maintained on a small scale like decorative
fish, Koi can be used as a means of recreation by observing
the beauty and its supple, graceful and swaying motion in the
aquarium [12]. At Koi breeding, hatchery operations play an
important role in the provision of seeds to be raised to the
dyeing process to achieve perfection. Koi quality is
determined by its color pattern, type suitability and clarity of
color. Symmetrical color pattern with clear boundaries
between colors indicate good quality.

1.3 Environment and Nature
Koi fish likes to live in shallow fresh water with slow
water motion, for example at the edge of a river or lake. This
fish can live well at an altitude of 150 - 600 meter above sea
level and at a temperature of 25 - 30 oC. Although classified as
freshwater fish, koi fish sometimes also found in brackish
waters or in estuaries with salinity of 25 - 30% [13].

1.1 Koi Fish Taxonomy
Koi fish belong to the class of carp fish (carp). Breeding
which has been done for many years produce lineages that
became standard for Koi assessment. The Koi fish
classification according Khairruman [13], namely:
Filum
Sub filum
Superclass
Class
Sub class
Ordo
Sub ordo
Family
Sub Family
Genus
Species

:
:
:
:
:
:
:
:
:
:
:

Koi easily adjust to its environment. This fish can occupy
almost all places. At the time of transfer, it is advised to
prevent Koi from undergoing sudden changes. Koi life span is
generally up to 70 years, but there are some that can live up to
200 years. There is not a leader in a group of Koi, and neither
is rough male that disturb female Koi. As an old newcomer,
Koi will not torture newcomers. Koi are very gentle [11].

Chordata
Vertebrata
Pisces
Osteichthyes
Actinopterygii
Cyprinoformes
Cyprinoidea
Cyprinidae
Cyprininae
Cyprinus
Cyprinus carpio

1.4 Food and Eating Habits
Koi fish species are classified as omnivores, ie. fish that
can prey on a variety of foods, both from microscopic plants
and animals. However, the main foods are plants and animals
which are available at the river/sea floor and on the waterfront
[13]. According to [11], Koi is willing to eat meat, fish,
vegetables and even bread. But to get a healthy Koi with
alluring colors, it is advised to feed Koi with artificial food.
The artificial feed is a mixture of vegetable and animal
ingredients plus vitamins. This artificial food is good for the
growth of Koi body color. In addition to artificial food, Koi
also need natural food such as shrimps, crustaceans,

1.2 Koi Fish Morphology
According to [11], Koi body shaped like a torpedo with
fins as means of motion. Fins that complements its shape
morphology is a dorsal fin, a pair of pectoral fins, a pair of
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conditioning circuit module and transmits the data to the
server. Server works based on pond water quality monitoring
and controlling program. The server is also responsible of
feeding the fish according to the ideal fish growth standard.

earthworms, crabs, and snails. Comparison of plant materials
and animal material ranges from 6: 4.
II. METHOD
The proposed Pond IFS design as a remote Internet-based
fish farming system is illustrated in Fig. 1. Water from an
underground reservoir will stop automatically if Elevation
Level reaches a certain level. Water levels are known through
the Level Sensor (S1) readings. Other sensors utilized to
monitor the quality of water are a Temperature Sensor (S2) and
pH Sensor (S3). Sensors readings are then amplified or
conditioned using signal conditioning circuit module.
Furthermore, by using the analog to digital converter circuit or
Analog to Digital Converter (ADC) signal conditioning circuit
module data readings can be read by the microcontroller
circuit. Furthermore, the microcontroller circuit module is
assigned to conduct the reading of the output signal

Microcontroller is equipped with actuator module and
Electric Valve (V1) to control the distribution of water into the
pond. It is also equipped with Electric Valve (V3) to regulate
the discharge of water for the replacement of pond water.
Microcontroller is equipped with Regulator Module (P1, P2)
for regulating water conditions (temperature and pH) as
needed. Temperature and pH settings are required so that Koi
fish has ideal environment for its growth. The microcontroller
also features an actuator module for regulating fish feeding as
needed. Open and close the faucet of food reserves by turn on
and off the Electric Valve (V2). Furthermore, using web-based
program data readings can be displayed.

food reserves

IP Public
PHP
MySQL

regulator
module
P1

V1

Web-Based Program

Client / Web Browser

P2

V2
Actuator module

Web Server

DAC
module

Microcontroller module

V3
S1

S2

Downloader

AVR
C
Programming

S3

Controller Program

Sensor
module

Signal
Conditioning
Module

ADC
module

Fig. 1. Intelligent Fishcarelab System (IFS) Architecture

How to monitor and control the pond water temperature
and pH over the internet is by using the standard Hypertext
Transfer Protocol (HTTP) and Hypertext Markup Language
(HTML) and access it via TCP / IP. The concept of client/web
browser to browse to the server to be able to access the
microcontroller requires several components, i.e. the client
computer as a web browser, web server, text file whose
contents can be changed in accordance with the writing done

on the client, an HTML document generated by the Controller
Program and displayed together with readings Controller
Program of the microcontroller. The Microcontroller Module
access mechanism through the Internet network can be seen in
Fig. 2.
The algorithm for monitoring and controlling the
temperature and pH of pond water using On/Off controller is
shown in Fig. 3. That is by turning on and off Regulator
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Module. The mechanic system of Regulator Module is
assumed to have been working as needed.

Client /
Web Browser

Web
Server

HTML
Document

Microcontroller
Module

Text
File

Controller
Program

Fig. 2. The Microcontroller Module access mechanism through the Internet
network

Fig. 4. Pond IFS

Start

TABLE I.

TESTING RESULT OF TEMPERATURE AND PH

Temperature (oC)
IFS
Setpoint

27.87
27.87
27.87
27.81
27.81
27.81
27.75
27.75
27.69
27.69
RMSE
MAPE

Read temperature
and pH

Are the temperature and pH
equal to the desired temperature
and pH (Set Point) ?

No

Run Regulator
Module (P1, P2)

Yes

27
27
27
27
27
27
27
27
27
27
0.7947
2.9333

pH
IFS

Setpoint

8.2
8.2
8.17
8.17
8.16
8.16
8.16
6.98
6.98
6.98
RMSE
MAPE

8.3
8.3
8.3
8.3
8
8
8
7
7
7
0.1148
1.2399

From the temperature testing result, it can be seen that
difference between IFS and the setpoint is small (RMSE < 1o
and MAPE < 3 %). pH testing result also similar with RMSE <
0.12 and MAPE < 1.3%. It can be concluded that pond IFS can
be used as an alternative for koi fish farming system.

Display the results

End
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Fig. 3. Monitoring and controlling algorithm

III. RESULTS AND DISCUSSION
Pond IFS research result is shown in Fig. 4. Testing Results
of the temperature and pH readings compared with the results
of the calibrator as the desired setpoint values are shown in
Table I. The difference is expressed in root mean squared error
(RMSE) and mean absolute percentage error (MAPE).
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and the others artificial intteligence such as Particle Swarm
Optimization (PSO) [2], Ant Colony Optimization (ACO),
ICA and Firefly [3].
In this paper, will be analyze response frequency of
MHPP and compared system without controller, only PID,
using only CES and combine PID-CES.

Abstract — Utilization of Microhydro Power Plant (MHPP)
is more widely used in remote areas because it has advantages
in economic, technical, and good nature. But the problem that
often occurs is the rotation from the generator not constant
because change of load by consumer. The burden of change
causes a change of frequency where it can cause damage to the
system and consumer equipment. To support optimum
performance of MHPP, is needed a technology to design
appropriate controls. This study will be discussed a strategy
based on frequency control Capacitive Energy Storage (CES)
and PID. For optimal performance, the needed tuning
appropriate for CES-PID parameter. To obtain the CES-PID
parameters optimized in MHPP used artificial intelligence
method namely Bat Algorithm (BA). The simulation shows that
the application of BA-CES-PID can increase settling time and
correct the overshoot of the system frequency respons.

II. SYSTEM MODELING [4] [5] [6] [7]
A. Micro-hydro power plant
Micro-hydro power plant in principle take advantage
height difference and quantity water flow per second at the
waterways or waterfalls. The water flow will rotate turbin
shaft to produce mechanical energy. Then rotate a generator
to produce the electricity. Best location of Micro-hydro
power plant have to source of water always flow every
years. In theory, the value of electric power can generated by
the plan Pth dependent to the value of flow water passing
throught the pipe rapidly Q and high water plunge H. The
equation is:

Keywords – Microhydro power plant (MHPP), capacitive
energy storage (CES), Bat Algorithm (BA), PID, settling time,
overshoot.
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INTRODUCTION

The changing of load often occurs at MHPP cause
frequency stability the system disturbed. Then, it can lead
the motor spin faster. As the result, the frequency of
electricity will go up and if too high would endanger
costumer appliances. So, to support performance the MHPP,
control of frequency is needed, the frequency is setting
always in the working area between 49-51 Hz.
In this study used a technology optimize the
performance of micro-hydro power plant, namely by
applying the Load Frequency Control (LFC) [1]. LFC
mechanism is design using Capacitive Energy Storage
(CES), which has the ability provide the power compensation
to reduce or eleminate oscillation frequency caused by
changes load of the customer. As get good damping required
optimal tuning parameter CES. Therefore, in this study
proposed using Artificial Intelligent (AI), Bat Algorithm
(BA) for tuning parameter CES and PID to minimize
objective function value of Integral Time Absolute Error
(ITAE)
Some optimization methods have proposed to determine
the optimal parameter, one of which is conventional method

Pth [W]=Q[m3/s] x H[m]x k[N/kg]

(1)

Efficiency turbine and efficiency generator gen
determined by each factory is approximately 0.85 and cause
the real value power generated lower than P th
Preal [W]= Q[m3/s].H[m].k[N/kg].ηturbin.ηgen

(2)

For pump used as turbines, the efficiency value various
between 0.6 to 0.8. As for cross flow turbines, the value
various between 0.5 until 0.7.
Fig 1 shows block diagram system of micro-hydro power
plant. Rate limiter purpose to limit signal the highest
saturation value and predermined minimum. This limiter of
output forwarded as an input to block water turbines. Table 1
shows parameter MHPP [8]
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Fig 1. Block diagram system of Micro-hydro power plant

Value
1

Kg

1

Tg
K1
K2
K3
T
Ts
Ks
Sg
pf
Vg
ω
fg

13,333
5
8,52
0.004
0,02
0,1
2,5
40
0,8
400/231
1500
50

Description
Response time water turbine (s)
Strengthening regulatory induction
generator (s)
Response time induction generator (s)
Constant Error Detection
Constant frequency deviation
Regulator Error Detection
Reponse time Error Detection
Constanta time governor (s)
Regulator governor
Power rating generator micro hydro (kVA)
Power factor
Voltage generator nominal (V)
Speed generator nominal (rpm)
Frequency nominal mikro hydro (Hz)

[ Ed2max  Ed2 min ]1/2
(4)
2
During system disturbance occurs, if the capasitor low
voltage and if another interruption occurs before voltage
back to initial value, more energy will be withdrawn from the
capasitor can cause intermitted control. To solve this
problem, taken 30% of value of rating Ed0. Thus,
Ed 0 

Ed min  30Ed 0

CES is device for storing and releasing power in large
number simultaneously. It store energy in the form electric
field in capasitor. It consist of storage capasitor connected in
parallel and Power Conversion System (PCS). Leaking losses
and dielectric capasitor bank at CES model with resistance
(R) connected parallel to capasitor. It connected to grid with
PCS 12 pulse. PCS consists of rectifier dc-dc.
Function thystor bypass is provide a path for current Id, in
the event of failure converter. Ignoring losses bride voltage,
the equation shows in eq (3), (4).

Ed 0

K VD

f



K CES





1
1  sTDC

I d



1
sC  1

R

Ed







PCES

Fig 3. Block diagram of CES

Dump Resistor

6-pulse bridge
convertor

Voltage deviation capasitor ΔEd became,


1
 I d
Ed  
(6)
 sC  1 

R

Id
3p

DC Breaker
S1
PCS

By Pass
SCR

S2
Reversing switch
arrangement

S3

S4

CES output power which is released into the system in the
event of load changes as follows:

Y

3p

(5)

CES voltage must be return to the initial value quickly,
so after a load disturbance occurs of the CES unit is ready to
work again. Therefore, the capasitor voltage deviation is used
as negative feedback signal in control loop so voltage
recovery reaches by fast.

B. Capasitive energy Storage (CES) [9]

3p

(3)

Ed  2Ed 0 cos   2I d RD

TABLE 1. Parameter of MHPP
Parameter
Tb

6-pulse bridge
convertor

Id

R

+ C
Storage Capasitor

PCES  ( Ed 0  Ed ).I d

Fig 2. Capasitive Energy Storage
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III. BAT ALGORITHM [10]
Bat Algorithm (BA) is a new type of algorithm
metaheuristic and introduced by Xin Yang in 2010. This
algorithm is inspired by the behavior of bats. Bats are the
most amazing animals because the animal is the only type of
mammals that have wings to fly and have advanced
capabilities in echolocation. Bat use a type of sonar called
echolocation to detect food, avoid obstacles and seek their
nests in the darkness. This bat emits pulses of high frequency
sound and listen to the echoes that bounce back from
surrounding objects. Pulses emitted varies and can be linked
to the animal hunting strategies depending on the species.
Bats mostly use short modulated signal frequencies of about
one octave, while others are more frequently using a constant
frequency signals for echolocation. Band width/ wide-band
signal various depending on the species and can often be
improved harmonics. The ability of echolocation, bats can fly
into the night looking for food without bumping into
anything.

TABLE 2. Parameter of BA
Parameter
Maximal generations (iterations)
Population size
Dimension
The maximal and minimal pulse rate
The maximal and minimal frequency
The maximal and minimal loudness
Gamma
Alpha
The frequency of loudness and pulse emission rate
max and min probability of habitat Selection
max and min compensation rate for Doppler effect
max and min contraction¨Cexpansion coefficient
The maximal and minimal inertia weight

Value
100
30
5
1&0
1.5 & 0
2&1
0.9
0.99
10
0.9 & 0.6
1 & 0.5
0.9 & 0.5
0.9 & 0.1

The Results obtained BA optimization fitness function
value for 8.6517 e-10, with 100 iterations, and the best value
is the result of optimization bestnest of position’s Bat, and a
parameter optimization results Kces, Tdc, Kp, Ki and Kd
TABLE 3. The result tuning parameter CES-PID
The
Constraint
Parameter
result of
Upper
Up
BA
Kces
80
90
80.9491

Objective function f(x), x = (x1, ..., xd)T
Initialize the bat population xi (i = 1, 2,
..., n) and vi
Define pulse frequency fi at xi
Initialize pulse rates ri and the loudness Ai
while (t <Max number of iterations)
Generate new solutions by adjusting frequency,
and
updating
velocities
and
locations/solutions
if (rand > ri)
Select a solution among the best solutions
Generate a local solution around the selected
best solution
end if
Generate a new solution by flying randomly
if (rand < Ai & f(xi) < f(x*))
Accept the new solutions
Increase ri and reduce Ai
end if
Rank the bats and find the current best x*
end while
Postprocess results and visualization

Tdc

0.03

0.06

0.0407

Kp

10

15

12.0459

Ki

0.1

0.5

0.3369

Kd

0

1

0.7465

IV. SIMULATION RESULT AND ANALYSIS
The system have 4 simulation are uncontrolled, using only
PID, only CES and PID-CES using Bat Algorithm (BA). The
simulation will be compared of all system.

A. Frequency response of MHPP without controller
The first simulation is a simulation of MHPP open loop
without controller.

Fig 4. Pseudo Code Bat Algorithm

A. Tuning CES-PID with BA
Figure 5 shows a flow diagram of the BA algorithm
method were used in this study for CES and PID tuning
parameters . The objective function used is the Integral Time
Absolute Error ( ITAE ).
t

ITAE   t  (t ) dt

(5)

0

Fig 5. Frequency of MHPP uncontroller

CES parameters tuned by BA is K CES, Tdc, Kp, Ki and Kd. As
for the process flow diagram CES tuning parameters using
the Bat Algorithm (BA) is shown by the flowchart in

Figure 4 shows a graph of the frequency response of the
MHPP open-loop or without controller. From the above chart
values obtained overshoot and settling time of MHPP are
very large, as in the following Table 4.

Figure 4.
BA parameter data as follows:
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TABLE 4. The value of overshoot dan settling time
Characteristics
Overshoot (pu)
Settling time (detik)

Value
-0.0003179
>10

The value of overshoot and settling time resulting from
the simulation of MHPP without controller is the value of
overshoot and settling time which is the largest among all the
simulation, that is equal to -0.0003179. The result value of
overshoot and settling time from the simulation which time
more than 10s because frequency control system is only done
or charged to governor, so the system does not include the
frequency of the generator controller has become the most
unstable system among other systems by the controller

Fig 7. Graph frequency response of MHPP with controller CES
TABLE 6. The value overshoot and settling time system with CES controller

B. Frequency response of MHPP with controller PID
The next simulation using PID control. It can be seen
Figure 6 that when the load changes or disturbances (in this
case the change of the load), the frequency of the oscillating
system before steady state condition.

Characteristics

Value

Overshoot (pu)
Settling time (detik)

-0.0001287
>5

The system frequency decreased -0.0001287 pu insulated,
and will return to its steadystate value after having >5
seconds. Surely settling time for a condition that is not good
for a power generation system in terms of stability. If the
frequency is not back to the steady state conditions after a
load change or other disturbances, then the generator system
itself will be disrupted even by the disruption can also be felt
by electricity customers.

D. Frequency response of MHPP with controller CESPID-BA
Furthermore, the next simulation is adding components
PID control block in the controller CES. CES and PID
parameter will be tuned with optimization methods BA.
Figure 8 shows the value changes in frequency versus time of
MHPP using CES as well PID controller. So this system has
the most excellent frequency response compared with three
other systems are simulated preceding

Fig 6. Frequency graph response MHPP with controller PID

. The value of overshoot occurs and settling time details can
be seen in the following Table 5
TABLE 5. The value overshoot dan settling time system with controller PID
Characteristics

Value

Overshoot (pu)
Settling time (detik)

-0.0002054 & 5.939e-06
>10

The oscillation damping takes more than 10 seconds to reach
steady state conditions. When it compared with the frequency
response of a system is not PID controller and CES,
overshoot its value becomes smaller, but the time damping
value becomes longer as compared with systems that are no
controller.

C. Frequency response of MHPP with controller CES
The third simulation using CES controller. It can be seen
that frequency response of the controller CES in MHPP
system had been installed without the PID controller. And
the value overshoot and settling time can be see in Table 6.

Fig 8. Frequency response of MHPP with controller CES
TABLE 7. The value overshoot and settling time of MHPP with controller
CES-PID and BA
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Caracteristics

Value

Overshoot (pu)

-1.614e-05 & 3.73e-07

Settling time (s)

3.5
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designed , can improve the frequency response of a system of
MHPP . This is indicated by the value of settling time of 3.5
seconds is the value of the fastest settling time and overshoot
value for -1.614e - 05 & 3.73e - 07, which is the smallest
overshoot value from another controller.

From the Table 7 shown result of the value of MHPP
with controller CES-PID and BA. Fig 9 shown comparing
simulation all models response frequency control of
microhydro power pplant. Can be concluded that a Microhydro power plant absolutely require the controller as a
damper frequency oscillations caused by load changes. CESPID controller is proposed in this study had a significant
influence on the oscillation damping and suitable to be
applied for micro-hydro generation system, for the tuning
method using intelligent methods Bat Algorithm.
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Fig 9. Compare all controller

E. Frequency response of MHPP with controller CESPID-Firefly
Fig 10 shown frequency response of microhydro between
Bat Algorithm (BA) and Firefly. Overshoot system using BA
smaller than others.

Fig 10. Compare between BA and Firefly

V. CONCLUSSION
By using intelligent methods Bat Algorithm (BA) for
tuning the controller Capacitive Energy Storage (CES) and
PID, the result tuning parameter values CES-PID optimal
where, Kces=80.9491, T dc= 0.0407, Kp = 12.0459, Ki =
0.3369, Kd = 0.7465. From the simulation results, itcan be
concluded that by using a combination of energy storage on
the CES-PID control system Load Frequency Control (LFC)
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Abstract—Face recognition has been widely used as biometric
systems currently. Because of its ability to recognize a person
identity reliably and accurately based on face. This research
aims to develop a method that can be used for face recognition
system. The proposed approach works as follows:(i) preprocess
input images using gray-scaling, contrast stretch and Amoeba
Median Filter, (ii) extract its characteristic features using 3D
GLCM which is expanded from 2D GLCM, (iii) train these
characteristic features using The Elman Levenberg Neural
Network to obtain the recognition rate. Data used in this paper
were taken from The Essex database which contains 7900 face
images taken from 395 individuals (male and female). Based
on experiments conducted, this method reached the recognition
rate of 98.86 percent which showed the considerable
enhancement compared to previous methods
Keywords—face recognition; 3d-GLCM; elman recurrent;
neural network; levenberg

I.

INTRODUCTION

Biometric system such as fingerprints, iris, or face is a
security system created to measure and analyze biological data
of a person based on certain characteristics. Because of its
uniques characteristic which each person has different features
from others, biometric features can be used as an indicator of
one's identity to fulfill the information security.
Since known as one of the excellent biometric systems,
face recognition currently has been widely developed and
become an interesting research topic in the field of pattern
recognition and artificial intelligence. As one of the important
biometric identification technology of human body, its
maturation and improvement will bring brand-new
management ways for state security, social security, bank
financial security, social welfare and electronic currency
payments.
However, the performance of this system usually depends
on features extraction and classifier algorithm. Hence, the use
of suitable algorithm will increase the accuracy of recognition
rate. The suitable algorithm is the algorithm that able to
extract the face features so can be used to differ each face [1].
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Various research have proven that Gray level cooccurrence matrix (GLCM) is powerful basis for use in
pattern recognition. The textural properties calculated from
the GLCM help understand the details about the image
content. Such as conducted in [2] and [3] proved that the use
of GLCM could increase the accuracy higher than PCA. In
[4], they expanded GLCM from 2-dimensional to 3dimensional. Thus the result is 3D GLCM is better than 2D
GLCM. The expanded GLCM also was used in [5] to train iris
features and the result indicated that this algorithm is suitable
to use in features extraction.
Backpropagation Neural Network (BPNN) is one of the
excellent classifiers in patterns recognition. Despite its good
ability in recognize features, BPNN often get stuck in local
minima consequently it cannot reach best error though be
trained coutinuously. Furthermore, BPNN usually consumes
plenty of time in training phase. Elman Recurrent levenberg
Neural Network (ERNN) is a Recurrent neural network that
using Elman network as architecture and Levenberg
Marquardt as learning algorithm. Some previous research
showed that The Levenberg algorithm is able to learn patterns
better than BPNN in both time consumption and accuracy as
was carried by [6], [7], and [8]. Likewise it has not been used
in face recognition specifically to train features that are
extracted from 3D GLCM.
Based on background explained above, in this paper we
investigated the use of 3D GLCM and ERNN to recognize
face
II. RELATED WORKS
The research in face recognition has been conducted by
many researchers. Usually, they use PCA as feature extraction
algorithm as conducted by [9]. In this paper, PCA was used to
extract face features subsequently were trained by SOM
classifier to recognize the face. The result from this research
indicated a good accuracy.
The research that closely linked to ours as was carried in
[10]. In this paper, they used GLCM and Eucledian Distance
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to recognize face. The results showed that the method could
recognized face with an accuracy of 96.25 %.
The use of Levenberg Marquardt Algorithm (LMA) as
classifier in face recognition carried in [11]. The result from
this research showed that levenberg could accelerate the
learning time and reached better accuracy.
The related research also was conducted in [12] which
focused on the use of backpropagation neural network
(BPNN) in classifying images. The result from this paper
reported that BPNN was able to recognize face with the
accuracy of 98.7 %.

C. Features Extraction
The gray level co-occurrence matrix (GLCM) method first
that was introduced by Haralick et al [13] in 1973 is most
used method for texture analysis. This method is a second
order statistic method which counts the order of cooccurrence
of brightness value of paired pixels at a certain distance and a
direction. However, since the 2D-GLCM is unable to fully
represent the texture features of the space domain images,
3D-GLCM which is expanded from the original 2DGLCM as
was proposed in [4] can strengthen and demonstrate the
texture features of the space domain images and powerfull in
extracting the images properties as were used in some
previous methods. It can be described in the Fig 2

III. THE PROPOSED METHOD
A. Data used
We used The Yale database and The Essex database which
consist of 7900 images, each 395 individuals (male and
female) has 20 images per individuals. Contains images of
people of various racial origins, mainly of first year
undergraduate students, so the majority of individuals are
between 18-20 years old but some older individuals are
also present. Some individuals are wearing glasses and
beards. The image format is 24bit color JPEG, and using
camera S-HVS camcorder. The lightings are artificial,
mixture of tungsten and fluorescent overhead. This
research is using Essex database because many of
researchers already using the database and achieve a
better accuracy than other database. The proposed method as
shown in Fig 1.

Fig. 2. The Structure of 3D GLCM

From Fig 2 above, R is the referenced pixel, N2 is the 1st
neighbour, and N2 is the 2nd neighbor. In our approach, we
used all possibilities angle formed at distance =1. Finaly we
extracted six elements from 3D GLCM formed namely :

(1)

Maximum Probability=max(pijk )
Q

Q

Q

Entopy = ∑∑∑ Pijk ( − ln pijk )

(2)

i =1 j =1 k =1

Q

Q

Q

2
Energy = ∑∑∑ pijk

(3)

i =1 j =1 k =1
Q

Q

Q

Correlation = ∑∑∑ Pijk
i =1 j =1 k =1

Q

Q

(i - µi )( j − µ j )( k − µ k )

(4)

σ iσ jσ k

Q

Contrast = ∑∑∑ Pijk  (i − j ) 2 + (i − k ) 2 + ( j − k ) 2 
i =1 j =1 k =1

Fig. 1. The proposed method

Q

B. Preprocessing
All images used in this paper were converted into gray
scale form and filtered using Amoeba Median Filter (AMF).
This filter is a median filter that is combined with
morphological operations of amoeba. In image enhancement,
AMF is a powerful filter to reduce noise without changing the
contour. After was filtered, input image will be enhanced by
applying contrast stretching
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Q

(5)
Q

Homogeneity = ∑∑∑
i =1 j =1 k =1

pijk
2
2
2
1 + ( i − j ) + ( i − k ) + ( j − k ) 



(6)

Subsequently these extracted features were trained by The
ERNA/LMA to obtain the accuracy of identification.
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D. Identification
This phase is divided into two steps namely training and
testing. Network training process is basically a process of
adjusting the weights of all nodes in input layer, hidden layer
and output layer. The process continued till the network have
reached the allowable or acceptable error. After had trained,
network would be tested using images which did not use in
training phase. In this paper we used ERNN with levenberg as
learning algorithm which has proven that this algorithm could
accelerate the training time

TABLE I.

PARAMTERS VALUE OF ERNN / LMA

No

Parameters

1

No. Input Neurons

Value

2

Hidden Layer

3

Contex Layer

1 layer (7-12 neuron)

4

Output Neuron

1

6 neurons + bias
1 layer (7-12 neurons + bias)

As described in Table 1, we used six neurons input + biase
(total neuron in the context layer always same as input layer),
which each neuron represent one feature extracted. Namely
x1:maximum probability, x2:correlation, x3: contrast, x4:
energy, x5:entropy, x6 :homogeneity, and b1:bias. Meanwhile
on the output layer we used one neuron to recognize all faces.
For instance face with id=0, if correctly recognized will result
‘0’ likewise face with id=1, if correctly recognized will result
as ‘1’.

The training algorithm flowchart of ERNN / LMA as
despicted in Fig. 3

The network architecture of ERNN / LMA as can be described
in Fig 4

µmin < µ ≤ µmax

y _ desiredOutput( t +1)

µ = 10

SSEnew < SSE

ε (t +1) = y _ desiredOutput (t +1) − y( t +1)

µ = µ *τ

y(t +1)
µ = µ /τ

µ ≤ µmin

µ = 0.1

z1( t +1)

z2(t +1)

z3(t +1)

zn ( t +1)

b2( t +1)

b1(t +1)

x1(r t )

x2(r t )

x3(r t )

xnr (t )

( SSEnew ≤ SSEmin )
p = p +1

or
(p = epochmax )

Fig. 3. Training Algorithm Flowchart

xi (t )

In order to get better result in recognition, few parameters of
ERNN / LMA will be tested vary on network. The various
parameters and their respective values used in the training
process are shown in Table 1
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x1(t ) − x6( t )

Fig. 4. Architecture of ERNN / LMA
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IV. RESULTS AND DISCUSION
We conducted this experiment using The Essex database
and The Yale database. Data images in each database were
divided as training set (105 images) and testing set (60
images)

We compared the results from both database using 6-7-1
structure as shown in Fig. 5

In this research, we trained ERNN / LMA consecutively
using various structures to find the best parameters. Such as
structures 6-7-1 means input layer has six neurons, hidden
layer has seven neurons and output layer has one neuron. We
investigated from 100 epochs to 500 epochs and observed the
SSE obtained from each epoch as shown in Table 2 (using The
Essex database).

TABLE II.

COMPARISON OF CANDIDATE ERNN / LMA STRUTURES (THE
ESSEX DATABASE)
Iterations

Structures
100

250

350

6-7-1

0.002934

0.000617

0.00027

0.0003

6-8-1

0.06632

0.0093

0.000964

0.0007391

6-9-1

0.04408

0.006

0.00073

0.0051949

6-10-1

0.005

0.00097

0.00085

0.00075

6-11-1

0.0012

0.0006

0.0005

0.000788

6-12-1

0.0076

0.005

0.0007

0.00093

Fig. 5. Result from The Essex database and The Yale database using 6-7-1
structure

500

Fig 5 shows that the structure reached minimum error
when trained The Essex database. However the result was not
significant compared with result obtained from The Yale
database. This difference occurs because of the characteristics
of both database in taking faces.
To evaluate the performance of ERNN / LMA, we
compared this classifier with Eucledian Distance (ED)
classifier to measure our correct recognition rate (CRR) as
shown in Table 4.

Based on result in Table 2, the combination of 6-7-1
structure is better to use because it reached the smallest SSE.
Meanwhile for The Yale database, we obtained results as
shown in Table 3.
TABLE III.

6-7-1

0.014

0.0021

0.001

The Yale Database

Eucledian
Distance

LMA/ERNN

Eucledian
Distance

15

90.12

85.5

88.3

81.2

30

91.3

83.6

88.9

82.1

50

92.6

84.5

89.76

83.5

0.0005

70

93.6

85.4

90.5

84.8

94.4

86.6

92.4

85.3

95.6

87.6

93.5

85.8

Structures
350

The Essex Database
LMA/ERNN

Iterations
250

COMPARISON OF CORRECT RECOGNITION RATE BETWEEN
DIFFERENT CLASSIFIERS

Number of
Testing
Images

COMPARISON OF CANDIDATE ERNN / LMA STRUTURES
(THE YALE DATABASE)

100

TABLE IV.

500

6-8-1

0.02

0.003

0.0007

0.0009

90

6-9-1

0.4

0.0621

0.00323

0.0051949

110

6-10-1

0.25

0.0807

0.0085

0.0075

130

95.7

88.1

94.3

86.3

150

96.88

89.87

95.6

87.7

160

98.86

90.5

97.8

89.8

6-11-1

0.112

0.03

0.0013

0.0008

6-12-1

0.04

0.088

0.004

0.0093

From Table 3, the structure of 6-7-1 reached SSE of
0.0005 means that this combination should be used as the best
structure for testing phase.
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Results from Table 4 showed that ERNN/LMA reached
CRR of 98.86 % from The Essex database and 97.8 % from
The Yale database which is better than ED classifier. The
ERNN/LMA is also better when tested using images from The
Yale database.
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In order to measure our method performance, we have
compared with some previous methods which also had used
the same database with our research and the results as can be
shown in Table 5.
TABLE V.

REFERENCES
[1]

[2]

COMPARISON WITH SOME PREVIOUS METHODS
Methods

CRR (%)

Sekhon et. al

86

Khalajzadeh et. al

86.06

Assadi et. al

88.96

Narang et. al

96.1

Ch'ng et. al

96.5

Pankaj et. al

98.7

Proposed Method

98.86

[3]

[4]

[5]
[6]

[7]

Based on Table 5, the comparison of some previous
methods indicated that our proposed method reached CRR of
98.86 % higher than others

[8]

[9]

V. CONCLUSION
In this paper, we have presented a novel approach for face
recognition. Based on our experiments, it could be concluded
that 3D GLCM and ERNN/LMA were suitable to be used in
face recognition. The feature extraction method used was able
to extract characteristic features of face images. Meanwhile
ERNN/LMA was also able to recognize such features with
good accuracy. The proposed method reached CRR of 98.86
% which improved the CRR from some previous methods.
However, in next research it should be combined with more
than one feature extraction algorithm such as PCA and 3D
GLCM.

[10]

[11]

[12]

[13]

[14]
[15]
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Abstract— Twitter can be a source of public opinion data and
sentiment. Such data can be used efficiently for marketing or
social studies. In this research addresses this issue by measuring
net sentiment based on customer satisfaction through customer's
sentiment analysis from Twitter data. Sample model is built and
extracted from more than 3.000 raw Twitter messages data from
March to April 2016 of top marketplace in Indonesia. We
compared several algorithms, and the classification schemes. The
sentiments are classified and compared using five different
algorithms classification. There are, K-Nearest Neighbor,
Logistic Regression, Naïve Bayes, Random Forest, and Support
Vector Machine. The five machine learning can be applied to the
Indonesian-language sentiment analysis. Preprocessing on the
stages of tokenization, parsing, and stop word deletion of word
frequency counting. Frequency of the word of the document used
weighted by TF-IDF. The Random Forest, Support Vector
Machine, and Logistic Regression generate better accuracy and
stable compared with the Naïve Bayes and K-Nearest Neighbor.
The results showed Support Vector Machine has accuracy
81.82% with 1000 sampling dataset and 85.4% with 2000
sampling dataset. This shows that the more the number of
training data will improve the accuracy of the system. The Net
Sentiment score for marketplace in Indonesia is 73%. This
results also showed that customer satisfaction has average Net
Promoter Score (NPS) 3.3%.
Keywords— Marketplace, Customer Satisfaction, Machine
Learning, Algorithms Clasification

I.

INTRODUCTION

Based on data from the Socio Economic Status (SES) in
2014, there are 92 million or more than 40% of the bank
account linked to a credit card and a debit of Indonesia’s
population reached 240 million. When compared with the
penetration of the mobile phone, the rate is still low because
about 85% of Indonesia has a mobile phone where each month
they spend 661 pages for browsing [1].
In 2015, We Are Social, a social marketing agency reported
on the development of e-commerce based devices used in
Indonesia society. There are 18% of active users who accessed
the internet through a computer to browse products that may be
purchased, and 16% of them purchase goods online at one of

157

the sites accessible. While active users who access the internet
via mobile phones have 11% to see the products that may be
purchased, while 9% are buying goods online that are accessed
through a mobile phone [2].
At this time microblogging site has become a very popular
means of communication among internet users. Where millions
of messages every day on a popular website that provides
microblogging services such as twitter, tumblr, and facebook
[3]. This led to more and more users are posting about product
and service they use, or express their views on polotics and
religion. In 2014, Indonesia has 20 million active users twitter
[4]. Twitter can be a source of public opinion data and
sentiment. Such data can be used efficiently for marketing or
social studies [5].
Twitter sentiment analysis on weaknesses in the words
contained in sentences posted by users of the site. Twitter only
allows users to write 140 characters, which is why users often
use abbreviations and spelling words wrong word. The wrong
way of writing resulted in deficiencies in the process of text
mining, which can complicate the features taken as well as
reduce the accuracy of the classification.
The magnitude of the effect and benefits of Sentiment
Analysis, leading research or application of the Sentiment
Analysis is growing rapidly, even in America, there are
approximately 20-30 companies use Sentiment Analysis to
obtain information about public sentiment towards the
company's service [6].
Sentiment analysis have influence and benefits, which is to
obtain information about public sentiment towards companies
[7]. As previous research associated with Sentiment Analysis,
among others, research [8] detects fake websites or sites with
the original classification of news articles on the website.
Research [9] to analyze sentiment on twitter text, using the ngram language characters and SVM models to cope with high
lexical variation in Twitter text. Research [10] developed a
system that can identify and classify public sentiment to predict
interesting products in marketing.
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Driven by this phenomenon, in addition to marketing with
advertising on television, many e-commerce companies are
trying to gain more customers with social media marketing.
This research examines based on the analysis of customer
satisfaction of online shopping based marketplace based on
sentiment. Marketplace in terms of this research is the online
market. Marketplace companies do not sell their own products,
they do not have to stock the product, they only act as a
mediator or parties are providing facilities and systems so that
transactions between buyers and sellers can easily be done.
Data tweets were taken from the marketplace in Indonesia
frequented its website by internet users [11].
Automated sentiment analysis focuses on analyzing the
content of online posts, determining whether they are positive,
negative, or neutral, and aggregating the sentiments detected
into a single generic score. The Net Sentiment Score computes
a ratio of positive and negative mentions of a topic. Currently,
many companies uses NPS (Net Promotor Score) to measure
their customer loyalty and satisfaction [12].
Therefore, this research will examine the net sentiment
analysis based on sentiment of tweets that are in Indonesia
which will then be classified using a K-Nearest Neighbor,
Logistic Regression, Naïve Bayes, Support Vector Machine,
and Random Forest. This research is expected to accelerate
efforts to obtain accurate information about the sentiment of
the customer marketplace on a matter.
II. THEORITICAL BASES
A. Text Mining
Text mining is one of the applications of data mining. Text
mining is one form of text data exploration and analysis that
aims to gain new knowledge either through automated or semiautomated [13]. Text mining can be defined as a process of
digging up information which a user interacts with a set of
documents using tools to analyze documents that are
components of the data mining that dalah them is
categorization [13]. The purpose of text mining is to obtain
useful information from a collection of documents. Source of
data used in text mining is a collection of texts that have a
format that is not structured.
Text mining refers to the process of taking high-quality
information from text. High quality information is usually
obtained through forecasting patterns and trends through means
such as learning statistical patterns. Typical text mining process
include text categorization, text clustering, extraction concept /
entity, sentiment analysis, inference documents, and entity
relationship modeling.
B. Sentiment Analysis
Analysis sentiment also called opinion mining, is one
branch of science of data mining that aims to analyze,
understand, process, and extract the textual data of opinion
against entities such as products, services, organizations,
individuals, and specific topics [14]. This analysis is used to
obtain certain information from an existing data set. Sentiment
analysis focuses on the processing of opinions containing
polarity, which has a value of positive or negative sentiment.
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C. Machine Learning
Machine learning is a discipline that gives a computer the
ability to learn without explicitly in the program. In machine
learning algorithms can be grouped based on expected input
and output of the algorithm.
1. Supervised learning, create a function which maps
input to output desired. Such as grouping
(classification). A learning algorithm is based on a
sample set of input-output pairs are desirable in large
enough quantities. This algorithm observe these
examples and then produce a model capable of
mapping the new input into the appropriate output [15].
2. Unsupervised learning, modeling the set of inputs, such
as classification (clustering). This algorithm has the
objective to study and look for interesting patterns on a
given input [16]. Although not provided proper output
explicitly. One of unsupervised learning algorithms
most commonly used is clustering / grouping [15].
III. DESIGN
A. Flow Classification of Sentiment
Sentiment analysis system developed as a system that can
classify the type opinion into positive, negative, and neutral by
using five methods. The methods used for different machine
learning classifiers, consisting of K-Nearest Neighbor, Logistic
Regression, Naïve Bayes, Support Vector Machine, and
Random Forest.
The data retrieved is data tweet containing sentiment
towards the marketplace (online shopping). In this system, the
raw data obtained in advance separated into two types of data.
They are training and testing data.

Fig. 1. Sharing of Raw Data

In the process of training and testing data are crawling data.
Stages of the process of training data is done by crawling the
data, then straight to the preprocessing (tokenizing, stemming,
stop word, and filtration), then give judgment in the form of
weighting word, and the learning process with five methods of
Machine Learning. Sentiment classification is done at this
stage, the results of the classification can result in the
evaluation or accuracy of the results obtained by training data
on these five methods.
Training data is used as input into the system consists of a
collection of data tweet, already labeled type of sentiments,
such as positive, negative, or neutral. The results of the training
process is a model of sentiment analysis in the form of a
probabilistic model every word to every type of sentiment.
While the test of data used as input into the system consists
of a data set to be tested tweet. The results of the test process is
a collection of tweets that have been classified into types
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sentiment is positive, negative, or neutral. The data is
immediately processed through a learning process with five
methods of Machine Learning or referred to sentiment
classification. Flow of the testing process can be seen in Fig. 2.

C. Weighting Term
Term weighting matrix is a document that represents a
collection of documents used to process text document
classification. This research will be used as a method of TFIDF weighting process, which will be the weighting of each
term based on the level of interest in a set of input documents.
D. Model Sentiment Analysis
In the modeling and classification step, in this research use
five classifiers algorithm: K-Nearest Neighbor, Logistic
Regression, Naïve Bayes, Support Vector Machine, and
Random Forest. About more than three thousands of tweets
have been used to build the training set.
In K-Nearest Neighbor classification process each
document will be positive or negative sign, if the number of
positive < number of negative then a score of sentiment:
…(1)
If, number of positive > number of negative then a score of
sentiment:

Fig. 2. Flowchart Classification

B. Preprocess
The raw data in the form of a text obtained from social
networks usually have a high noise level and structure of
language which slightly irregular. On the social networking
twitter, non-standard use the word so widely used that it takes
some preprocessing stages is done so that data becomes more
simple and structured so that it can be easily processed to the
next stage. Steps being taken on the document preprocessing
is cleaning, to reduce noise when analyzing sentiment.
Preprocessing steps are performed in this research are:

…(2)
If in addition to the above criteria, then the sentiment is 0 or
a so-called neutral. Then it will do the process K-Nearest
Neighbor to calculate value of the similarity between test data
with all training data on the document by using the cosine
similarity. Fig. 5 shows process workflow of K-Nearest
Neighbor classification.

Fig. 4. The workflow of our sentiment analysis

 Conducting the process of folding case, that is by any part
of the tweet converted into written with lowercase letters.
 Tokenization is cutting words in each sentence. This is
done so that each word can be seen at a frequency of
occurrence of the news. It works on the word weighting. At
this stage of tokenization do remove punctuation. Tweets
that have been selected, the tweet is divided into sections
separated by a space character.
 Doing normalization features, which throw out some
typical components commonly found in the tweet, such as
the URL address, and retweet (RT).
 Removing stopwords, at this stage to omit important not
appropriate data dictionary used, in order to increase the
accuracy of the weighting term.
 Stemming, in this research using Indonesian stemming
from Tala who concluded a basic word can be added affixes
[7].

Fig. 5. The workflow of K-Nearest Neighbor classification.

Logistic Regression is statistical classification model.
Predicts binary response from a binary predictor for predicting
the outcome of a categorical dependent variable. Logistic
regression measures the relationship between a categorical
dependent variable and one or more independent variable.
Logistic Regression classification Logistic regression was
divided into two types, they are binomial or binary logistic
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regression and multinomial logistic regression. Binomial deals
with variable in which the observed outcome have two possible
types in this cases are positive or negative. Outcome is coded
as 1 or 0. Binomial is straight forward interpretation.
Multinomial logistic regression deals with situation where
there are three or more outcomes.
Naïve bayes classification from bayes rule, with the basic
formula:
…(3)
From the formula can be made an assumption about how
we calculate the probability of the emergence of the document
which is equivalent to multiplication (product) on the
probability of occurrence of each word in it. This causes no
relationship between one word with another word.
From the bayes rule can estimate the probability of
occurrence of a word as a positive or negative sentiment to
view the training data set of positive and negative sentiment
and counting how often words that appear in each class. This is
what makes this training as guided learning. Stages of the
classification process with NBC shown in the workflow as in
Fig. 6.

Fig. 7. The workflow of Random Forest classification.

Fig. 6. The workflow of Naïve Bayes classification.

Fig. 8. The workflow of Support Vector Machine classification.

Support Vector Machine classification process uses by
converting text into vector data. Vectors in this research had
two components, the dimension (word id) and weights. The
weights are often combined into a tf-idf value, simply by
multiplying them together. Process flow diagram of
classification with Support Vector Machine is shown in Fig. 8.

IV. EXPERIMENT RESULTS AND ANALISYS
Random forest is a collection of some trees, each of the tree
depends on the pixel values of each vector are taken randomly
and independently. Random forest is not inclined to overfit and
can make the process fast, making it possible to process as
many trees as desired by the user.
Fig. 7 shows the workflow random forest algorithms. In the
establishment of tree, random forest algorithms will be doing
training from sampling data. After all the tree is formed, then
the classification process will run. Class determination done by
voting on each tree, the class with the highest number of votes
will be the winner.
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Processed dataset conducted by uniformity standard words
from the dictionary. The document has been done in the
preprocessing stage then analyzed by using machine learning.
In this research used the comparison between the fivesupervised learning, that are: K-Nearest Neighbor, Logistic
Regression, Naïve Bayes, Support Vector Machine, and
Random Forest.
A. Analysis Net Sentiment and Net Promotor Score
In the testing stage of sampling data to perform feature
dataset positive, negative, and neutral is done by crawling text
data document using crawler4j. The text file with each record
contains a sentence with positive sentiments, negative, and
neutral. In this research the dataset used is related to the
existing marketplace in Indonesia, crawling outcome document
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consists of a 3150 tweet. The results of the test data crawling
positive, negative, and neutral is not the same as crawling data
is not selected manually. Data crawling results directly in the
process and the system will select into 3 categories: data,
including positive, negative, and neutral. Results from crawling
tweet can be seen in the Table 1.
Table 1. Total crawling dataset
Crawling Dataset
Positive
Negative
Neutral
Total

Total Tweet
529
423
2198
3150

%
16.7936508
13.4285714
69.7777778
100

From Table 1 we can calculate the Net sentiment
(sentiment net value), that's the opinion or feelings of
consumers expressed in social media to a brand in the world of
social media. Results of net sentiment and net promoter score
can be seen in the Figure 3. In this research resulted in net
sentiment score of 11%.

of 1000 the same data from the first experiment, the ratio of
training data: testing data = 60%:40%. A third experiment to
2000 data by comparing training data: testing data = 60%:40%.
Comparison test result of each machine learning can be seen in
Table 2.
Table 2. Experiment Results to search The Best machine learning.
Experiment

KNN

LR

NB

RF

SVM

1

0.667

0.798

0.75

0.775

0.818

2

0.65

0.788

0.73

0.767

0.808

3

0.6125

0.829

0.7625

0.8

0.854

The experiment on algorithm showed that the best
classification algorithm is Support Vector Machine algorithm
with the highest score. From the results that have been tested
can be viewed in detail in Table 2. The results showed KNearest Neighbor has the smallest accuracy than the five
machine learning. Three machine learning which has the
highest accuracy results obtained by Support Vector Machine,
then Random Forest, and Logistic Regression.

Fig. 9. Net sentiment and Net Promoter Score customer marketplace

From Figure 9, NPS shows the percentage of the value of
customer satisfaction of customer sentiment marketplace in
Indonesia at a certain time. In this research the value of NPS
obtained is still very small, NPS values obtained for 3.36%. If
the value of NPS reaches 100%, meaning that all customers are
promoters. Based Satmetrix survey in 2013 [17], Apple
(Computer Hardware) has a value of NPS of 72%, Google
(search engine) 53%, Amazon (online shopping site) 69%.
B. Analysis and Evaluation Algorithms
Dataset processed in this research only the positive and
negative sentiment. The examination based on classification
algorithm using cross validation technique. On machine
learning we use 10-folds cross validation by library sklearn.
The results of extensive experiments and theoretical evidence,
showed that the 10-folds cross-validation is the best choice to
get an accurate validation results. 10-fold cross-validation
testing will repeat 10 times and the measurement result is the
average value of 10 times the test.
In this research used compare of five machine learning
classification algorithms, consist of K-Nearest Neighbor,
Logistic Regression, Naïve Bayes, Support Vector Machine,
and Random Forest.
All machine learning will perform three times of
experiment. In the first experiment of 1000 data is divided into
two sections of data, training data and testing data, the ratio of
training data: testing data = 70%:30%. The second experiment
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Fig. 10. Experiment Results accuracy of K-Nearest Neighbor, Logistic
Regression, Naïve Bayes, Support Vector Machine, and Random Forest.
Table 3. Performance classification machine learning algorithms in the 3rd
experiment.
Algorithm
KNN

Accuracy
0.6125

Precision
0.67

Recall

F-Measure

0.61

0.58

LR

0.829

0.8

0.8

0.8

NB

0.7625

0.76

0.76

0.76

RF

0.8

0.82

0.8

0.8

SVM

0.854

0.87

0.85

0.85

From Table 2 shows based on the calculation of the
percentage of accuracy, the accuracy of the highest value
obtained in the third experiment at 85.4% were performed
using SVM method with a dataset of 2,000 data. In this
research, the topic of customer sentiment in Indonesia machine
learning marketplace nicest and most stable accuracy is SVM.
Support Vector Machine provides a good process because
of the pattern of Support Vector Machine method refers to the
availability of support vector to form hyperlane. The concept of
SVM can be explained simply as an attempt to find the best
hyperplane which serves as a separator are two classes in the
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input space. Efforts to locate the optimal hyperplane is the core
of the learning process on SVM. Hyperplane best separation
between the two classes can be found by measuring margin or
the distance between hyperplane the data closest from each
class hyperplane and seek the maximum extent.
The data in this research tended distributed linear SVM
which has the advantage of analyzing the data that is
distributed linearly. Then the number of test data affects the
outcome of generalizations. But the results will be better if the
number of learning data more or equal to the number of test
data. From the results of the computer simulation shows that
Support Vector Machine provides good results in predicting
test data.
CONCLUSION
The results showed the method K-Nearest Neighbor (KNN), Logistic Regression (LR), Naïve Bayes (NB), Random
Forest (RF), and Support Vector Machine (SVM) can be
applied to the Indonesian-language sentiment analysis.
Support Vector Machine, and Logistic Regression generate
better accuracy and stable compared with the Random Forest,
Naïve Bayes and K-Nearest Neighbor. Support Vector
Machine better than Logistic Regression and the other machine
learning. Support Vector Machine provides a good process
because of the pattern of Support Vector Machine method
refers to the availability of support vector to form hyperlane. In
this research Support Vector Machine has advantages in
analyzing the data that is distributed linearly. Support Vector
Machine has an average degree of accuracy.
The results showed Support Vector Machine has accuracy
80.8% with 1000 sampling dataset and 85.4% with 2000
sampling dataset. Logistic Regression has accuracy 78.8% with
1000 sampling dataset and 82.9% with 2000 sampling dataset.
This shows that the more the number of training data will
improve the accuracy of the system.
Net Sentiment Scores derived from social media opinions.
In this research also showed that Net Sentiment score 11%.
This results also showed that customer satisfaction has average
Net Promoter Score (NPS) 3.3%. This results showed that the
majority of online shopping customers were less satisfied in
shopping online in the marketplace in Indonesia.
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Abstract— Human depicts their emotions through facial
expression or their way of speech. In order to make this process
possible for a machine, a training mechanism is needed to give
machine the ability to recognize human expression. This paper
compare and analyse the performance of three machine learning
algorithm to do the task of classifying human facial expression.
The total of 23 variables calculated from the distance of facial
features are used as the input for the classification process, with
the output of seven categories, such as: angry, disgust, fear, happy,
neutral, sad, and surprise. Some test cases were made to test the
system, in which each test cases has different amount of data,
ranging from 165-520 training data. The result for each algorithm
is quite satisfying with the accuracy of 75.15% for K-Nearest
Neighbor (KNN), 80% for Support Vector Machine (SVM), and
76.97% for Random Forests algorithm, tested using test case with
the smallest amount of data. As for the result using the largest
amount of data, the accuracy is 98.85% for KNN, 90% for SVM,
and 98.85% for Random Forests algorithm. The training data for
each test case was also classified using Discriminant Analysis with
the result 97.7% accuracy.
Keywords— Facial Expression, Emotion, KNN, SVM, Random
Forest.

I. INTRODUCTION
Facial expression has an important role in human interaction.
Expression recognition has been applied in so many fields, such
as: ad-liking prediction [16], recognition of students’
engagement in online learning [9], helping people with
disabilities to understand other people’s emotion [6], and some
other. The abilities of machine to recognize facial expression
can be done using machine learning, where the machine is
trained to recognize expression from images. In order to do that,
there are some processes to be done: face detection, feature
extraction, and expression classification.
After face is detected, the machine needs to extract facial
features using several approaches: knowledge based,
appearance based, shape based, and geometry based [7]. The
extracted feature then classified into emotions using machine
learning algorithm. Past researches have been using various
machine learning algorithm with the combination of different
feature extraction technique as well.
Some researchers (e.g. [11], [12], [2]) used shape models
based on a set of characteristic points on the face to classify the

expressions. These methods require very accurate and reliable
detection as well as tracking of the facial landmarks.
As for the machine learning algorithm being used in the past
researches, a study of facial detection and expression
classification [4] summarized the performance of some
machine learning algorithm, such as: 84.4% for Neural
Network [15], 93% for SVM [8], and 87% for HMM [14].
This research uses the vector of distances between some
important major point in human face such as eyebrows, eyes,
and mouth and classify them using three machine learning
algorithm differ in technique. It also compare the performance
with the result of classification using discriminant analysis. The
23 variables used will be described later.
II. BASIC THEORY
A. Discriminant Analysis
Discriminant analysis as a whole is concerned with the
relationship between a categorical variable and a set of
interrelated variables. Suppose there is a finite number, say, g,
of distinct populations, categories, classes, or groups, which
shall be denoted here by , … , in which G will be referred
to as group. In discriminant analysis, an entity of interest is
assumed to belong to one (and only one) of the groups [10].
The main purpose of a discriminant function is to predict
group membership based on a linear combination of the interval
variables. The procedure begins with a set of observations
where both group membership and the values of the interval
variables are known. The end result of the procedure is a model
that allows prediction of group membership when only the
interval variables are known. A second purpose of discriminant
analysis is an understanding of the data set, as a careful
examination of the prediction model that results from the
procedure can give insight into the relationship between group
membership and the variables used to predict group
membership.
Discriminant function analysis is based on modelling the
interval variable for each group with a normal curve. Sigma for
each group can be estimated by using weighted mean of the
within group variances or using the standard deviation of that
group. The normal curve models of the predictor variables for
each group and can be used to provide probability estimates of
a particular score given membership in a particular group [13].
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To not be confused with the discriminant function, the
classification function can be used to determine to which group
each case most likely belongs. There are as many classification
function as there are groups. Each function allows us to
compute classification score for each case for each group, by
applying the formula:
=

+

+

+. . +

(1)

In formula (1), the subscript i denotes the respective group;
the subscript 1,2,…m denote the m variables; is a constant for
group,
is the weight for the
variable in the
the
group; is
computation of the classification score for the
variable.
the observed value for the respective case for the
is the resultant classification score.
The classification function can be used to directly compute
classification scores for new observations. Once the
classification scores for a case has been computed, it classifies
the case as belonging to the group for which it has the highest
classification score.
B. KNN Algorithm
K-Nearest Neighbor (KNN) is a simple algorithm that stores
all available cases and classifies new classes based on a
similarity measure (e.g. distance functions). KNN has been
used in statistical estimation and pattern recognition already in
the beginning of 1970’s as a non-parametric technique [3].
The algorithm works as follows. A case is classified by a
majority vote of its neighbors, with the case being assigned to
the class most common amongst its K nearest neighbor
measured by a distance function. If K = 1, then the case is
simply assigned to the class of its nearest neighbour. There are
three distance used for continuous variables: Euclidean (2),
Manhattan (3), Minkowski (4).
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Here training vectors are mapped into a higher (maybe
infinite) dimensional space by the function ϕ. SVM finds a
linear separating hyperplane with the maximal margin in this
higher dimensional space. C > 0 is the penalty parameter of the
≡
is called the
error term. Furthermore, K ,
kernel function. The following are four basic kernels:
1) Linear:
,
=
.
2) Polynomial:
,
=
+
, > 0.
3) Radial basis function (RBF):
,
=
−
−
, >0
4) Sigmoid
,
=
ℎ
+ .

(7)
(8)
(9)
(10)

The algorithm requires that each data instance is represented
as a vector of real numbers. Hence, if there are categorical
attributes, it has to be first converted into numeric data. Another
thing to do before applying SVM is performing scaling. The
main advantage of scaling is to avoid attributes in greater
numeric ranges dominating those in smaller numeric ranges.
Another advantage is to avoid numerical difficulties during the
calculation [5].

(2)

−

C. SVM Algorithm
Support Vector Machine (SVM) is a popular classification
technique discovered in 1995. A classification task usually
involves separating data into training and testing sets. Each
instance in the training set contains one “target value” and
several “attributes”. The goal of SVM is to produce a model
(based on the training data) which predicts the target values of
the test data given only the test data attributes.
Given a training set of instance-label pairs , , i = 1,…,l
where ∈ and y ∈ 1, −1 , the SVM require the solution
of the following optimization problem:

(4)
(5)

In instance of categorical variables, Hamming distance (5)
must be used. It also brings up the issue of standardization of
the numerical variables between 0 and 1 when there is a mixture
of numerical and categorical variables in the dataset.
Choosing the optimal value for K is best done by first
inspecting the data. In general, a large K value is more precise
as it reduces the overall noise but there is no guarantee. Crossvalidation is another way to retrospectively determine a good K
between 3-10.

D. Random Forests Algorithm
Random forests are a combination of tree predictors such
that each tree depends on the values of a random vector sampled
independently and with the same distribution for all trees in the
forest. The generalization error for forests converges to a limit
as the number of trees in the forest becomes large.
,ℎ
,…, ℎ
,
Given an ensemble of classifiers ℎ
and with the training set drawn at random from the distribution
of the random vector Y,X, define the margin function as
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where ∙ is the indicator function. The margin measures the
extent to which the average number of votes at X,Y for the right
class exceeds the average vote for any other class. The larger
the margin, the more confidence in the classification. The
generalization error is given by
P

∗

=

,

,

0

(12)

where the subscripts X,Y indicate that the probability is over
the X,Y space.
Random forests are an effective tool in prediction. Injecting
the right kind of randomness makes them accurate classifiers
and regressors. Furthermore, the framework in terms of
strength of the individual predictors and their correlations gives
insight into the ability of the random forest to predict [1].

The process of getting 23 variables from the detected face is
by locating the centre of the face and getting the ,
positions of main facial features, such as eyebrows, eyes, and
mouth using Luxand FaceSDK. After getting the positions from
the facial features, the distance is calculated and stored in the
ARFF file. The ARFF file is used as Weka library’s input to be
processed with the desired machine learning algorithm. The
evaluation process results in accuracy, precision, f-measure,
and also the confusion matrix.
TABLE I
VARIABLES FROM FACIAL FEATURE

III. PROPOSED SYSTEM OVERVIEW
This study uses the machine learning library provided by
Weka. The face datasets is divided into train and test datasets
with the ratio of 2:1. Both train and test data need to be preprocessed and converted into ARFF files. The overview from
the system can be seen in Figure 2.
Training Data

Pre-processing

KNN

Testing Data

Model Building

SVM

Random Forest

Evaluation

No.
1
2
3
4
5
6
7
8
9
10
11
12
13

Variable
H01
H02
H03
H04
H05
H06
H07
H08
H09
H10
H11
H12
N01

14

N02

15

R02

16

R03

17

R04

18
19
20
21
22
23

L01
L02
L03
W01
W02
W03

Feature
The far left part height of the left eyebrow
The 1/3 distance height of the left eyebrow
The 2/3 distance height of the left eyebrow
The far right part height of the left eyebrow
The far left part height of the right eyebrow
The 1/3 distance height of the right eyebrow
The 2/3 distance height of the right eyebrow
The far right part height of the right eyebrow
The far left part height of the left eye
The far right part height of the left eye
The far left part height of the right eye
The far right part height of the right eye
The distance between left mouth corner and
nose bridge
The distance between right mouth corner
and nose bridge
The horizontal distance between the
eyebrows
The vertical distance between the eyebrows
and the bottom of the mouth
The ratio of the mouth length to the mouth
width
The length of the left eyebrow
The length of the right eyebrow
The length of the mouth
The width of the left eye
The width of the right eye
The width of the mouth

Figure 1. Overview of the proposed system

The train datasets are being pre-processed by detecting faces
in each image and extracting 23 variables calculated from the
distance of facial features. The facial features being used can
be seen in Figure 2 and the variables are listed in Table 1.

IV. EXPERIMENT RESULT AND ANALYSIS
In this paper, Extended Cohn Kanade (CK+) database is used
as training and testing data. Both data are separated into test
cases, to see if the data amount affects the performance. The
test cases used are listed in Table II.
TABLE II
TEST CASES DATA

Test Case
I
II
III

Training Data
165
260
520

Testing Data
82
130
260

The category of expressions used are angry, disgust, fear,
happy, neutral, sad, and surprise. The expressions can be seen
in Figure 3.
Figure 2. Facial Features from the main area: eyebrows, eyes, and mouth
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Table III shows the predicted group membership from 520
data classified using Discriminant Analysis. The percentage of
correctly classified data is 97.7%, and we can see that some
misclassifications happened where 2 data supposed to be angry
were classified as disgust, 2 data supposed to be happy were
classified as fear, and so on. Disgust, fear, and surprise has the
perfect classification rate, but surprise is the only expression
category that is not involved in misclassification, because it’s
canonical discriminant function has no intersection with
another expression, as seen on Figure 4.
Figure 3. Example of facial expressions from CK+ database (from left to
right): a. Neutral, b. Angry, c. Disgust, d. Fear, e. Happy, f. Sad, g. Surprise

A. Discriminant Analysis Results
Before evaluating the system, the training data was first
classified using Discriminant Analysis on SPSS. From the
process, we can get the discriminant function for each
expression category, classification result, canonical
discriminant function, the predicted group membership, and the
percentage of correctly classified data. The canonical
discriminant function graph of test case with the most data, 520
training data, can be seen on Figure 4.

B. WEKA Classification Results
Classification was done using WEKA library for KNN, linear
SVM, and Random Forests algorithm for each test case. The
result of accuracy, precision, and f-measure from the
algorithms for each test case can be seen in Table IV-Table VII.
TABLE IV
PREDICTED GROUP MEMBERSHIP TEST CASE I

Algorithm
KNN
SVM
Random Forest

Accuracy
75.15%
80%
76.97%

Precision
75.4%
80.3%
76.5%

F-Measure
75.1%
79.9%
75.9%

TABLE V
PREDICTED GROUP MEMBERSHIP TEST CASE III

Algorithm
KNN
SVM
Random Forest

Accuracy
81.92%
81.92%
82.69%

Precision
82.4%
84.6%
83%

F-Measure
82%
81.7%
82.4%

TABLE VI
PREDICTED GROUP MEMBERSHIP TEST CASE IV

Algorithm
KNN
SVM
Random Forest

Figure 4. Canonical Discriminant Function for 520 data

From Figure 4 we can see that only surprise that are totally
separated from other expressions. Meanwhile expressions such
as angry, disgust, fear, happy, neutral, sad, and surprise have
overlapping function that could lead to misclassification.
TABLE III
PREDICTED GROUP MEMBERSHIP

Exp.
An
Di
Fe
Ha
Ne
Sa
Su

An
58
0
0
0
2
0
0

Di
2
60
0
0
2
0
0

Fe
0
0
60
2
0
0
0

Ha
0
0
0
78
0
0
0

Ne
0
0
0
0
116
4
0

Sa
0
0
0
0
0
46
0

Su
0
0
0
0
0
0
90

Total
60
60
60
80
120
50
90

Accuracy
98.85%
90%
98.85%

Precision
98.9%
90.6%
98.9%

F-Measure
98.8%
90%
98.9%

From Table IV-Table VI we can see that each algorithm has
a great performance, compared to the result from classification
with discriminant analysis. Also, as the amount of data increase,
the classifier performance gets better. After the data have been
tripled, the accuracy rate increased 23.7% for KNN, 10% for
SVM, and 23.7% for Random Forests algorithm. The cause of
increasing accuracy rate after data addition is because just as
how human learn more things, the knowledge got increased and
they can do their task better.
Between the three algorithms, SVM has a stable increase on
the performance but the other two algorithm surpass its
performance when a big amount of additional data was given.
This was caused by the underlying theory on SVM where it
assumes there exist a hyper-plane separating the data points,
while the discriminant function of come categories overlap with
each other. So under such data conditions, it will be hard to
achieve maximum performance from linear SVM.
As for the KNN algorithm being used in this research, it uses
k=1 which means the prediction result will be based on the
nearest neighbour. This kind of scheme explains why the
performance gets better when more data is given. While the
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Random Forests algorithm itself also has the same performance
as KNN on Test Case III because both algorithm uses the
weighted neighborhoods schemes.
The evaluation of the three algorithms can be also viewed
from the False Rejection Rate (FRR) and False Acceptance
Rate (FAR) aside from accuracy. FRR calculates the
percentage of times the system produces a false reject, and FAR
calculates the percentage of times the system produces a false
acceptance. The graph showing the comparison of accuracy,
FRR, and FAR for each algorithm on three different test cases
are shown on Figure 5 – 7.
KNN Algorithm Performance
100%
80%
60%
40%
20%
0%
Accuracy

FRR

Test Case I

Test Case II

FAR
Test Case III

Figure 5. Performance of KNN Algorithm

SVM Algorithm Performance

From Figure 5 – 7, both FRR and FAR showing a trend of
decreasing when more data is given to the system. Low rate of
FRR means that the percentage of the system make false
rejection is low, which is good. Also, low rate of FAR means
that the percentage of the system make false acceptance is low,
which is also a good thing.
The lowest FRR for each algorithm is 1.2% for KNN, 10%
for SVM, and 1.2% for Random Forests. The lowest FAR for
each algorithm is 0.3% for KNN, 2.3% for SVM, and 0.3% for
Random Forests. Both the lowest FRR and FAR is the result of
evaluation for Test Case III with the most data.
V. CONCLUSION
In this paper, we conduct a research comparing the
performance of machine learning algorithm on classifying
facial expressions. This study uses CK+ datasets as the source
of images and also Luxand FaceSDK to help processing the
image to get the facial feature points. The total of 23 variables
from calculating facial feature distances we used as machine
learning input for learning process. The expressions then
classified into seven categories, such as: neutral, angry, disgust,
fear, happy, sad, and surprise.
The result of discriminant analysis of the data shows 97.7%
accuracy of classifying the data, while the machine learning
algorithm also performs really well. The peak accuracy of KNN
gets into 98.85%, for SVM it reaches 90%, and 98.85% for
Random Forests algorithm. The highest accuracy rate was
reached when the largest amount of data was given, which is
520 training data.

100%
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online newspaper. News portals such as media portal online
are expected to bridge between the user (visitor) with an
online newspaper. Through this system, visitors can see
register online newspaper, do a search news from various
online newspapers, and can access to headline news. Expected
by the portal can it easier for visitors to get information from a
variety of online media.

Abstract—Nowadays, information needs are the main
requirement for the people. Along with the development of
Internet technology, information sharing becomes more quickly
with very broad coverage with the presence of online newspapers.
Currently, some online newspapers are more increase and it
making difficult for ordinary people to remember and access
various online newspapers such. Taking into account the above
problems, it will be built a portal system for Indonesian online
newspaper which is a collection of a wide range of online
newspapers in Indonesia as a gateway for visitors to access the
online newspaper. Portal web-based online newspaper are built
using UML approach and used SimplePie API (Application
Programming Interface) as feed parser. Also, the portal used the
bootstrap template as a user interface. The functional system was
tested using blackbox method, while the performance of the
system was tested by using software testing tool, GTMetrix. The
results showed that 97% of the functional system works properly
based on blackbox testing. Based on testing GTMetrix, the
average performance of each page on the system reached 55%
according to Google page speed and 73%, according to Yahoo
YSlow. The average access speed of each page is 2.9 seconds.

Research on the RSS feed has been done by present a
distributed platform that can archive, retrieve, and synchronize
RSS feeds for the updated information through a network of
servers[2]. This research using the RSS feeds in XML format
that is provided by many websites to get the new data and
improved RSS readers that have been developed in the past
several years. The RSS readers in this research can retrieve
information and synchronize RSS feeds so the system can
always be up-to-date[2].
Another research has been done by performing aggregation
between feeds and web development[3]. Feed aggregator
created mostly designed using open source software such as
WordPress, Apache, PHP, and MySQL so that developers can
fully control the data feed and source code. Research
conducted by Isah aims to determine the reusability of
software by applying built-in themes, plugins, and widgets.
Feed Syndication did use four plugins (FeedWordPress,
WPeMatico, Syndicate Press, and Feedgrator Test) and then
put into the databases (WordPress database and tables
wp_post). By using the Syndicate Press allows use shortcode
and filters to add the feed to the page[3].

Keywords---portal system; newspaper online; feed parser;
simplepie; GTMetrix

I. INTRODUCTION
Information needs now is a primary need for community.
Every individual has the right to get information desirable
from a variety of sources. Along with the times and the advent
of Internet technology, information sharing becomes more
quickly with a very broad scope. Internet technology has
helped people to meet the information needs. Various
information can be accessed from various online newspapers,
both online newspaper in the country and abroad. Information
and news that are served by each online newspaper published
in real-time, but the number of online newspapers that are
available today are very much with the URL address that
certainly vary.

Research conducted by Isah also focus on a comparison of
four feed syndication is FeedWordPress, WPeMatico,
Syndicate Press, and Feedgrator Test, so readers know the
strengths and weaknesses of each of the syndication feeds.
However, system testing is only done experimentally using
black box method[3]. Thus, the test was less rigorous for
functional system, while the system's performance is not
tested. Whereas in this system involves many another web
service, so it is necessary to test the speed of access to the
system, and the number of requests that occur in every
functional.

Based on alexa.com, the number of Indonesian online
newspapers is more than 25 newspapers[1]. Taking into
account the number of online newspapers to accessible via the
internet, it is necessary to build a portal news that can
accommodate a wide range of information from each of the
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testing. In the execution of manual testing was carried out by
special strategies of software testing, such as testing or big
bang incremental testing and bottom-up or top-down testing
[8]. On automated testing, testing is done aided by CASE tools
(computer aided software engineering) in the analysis and
design software tasks[8].

II. BASIC THEORY
A. Unified Modelling Language (UML)
Unified Modeling Language is a set of rules and notations
for the specification of software systems that are managed and
created by the Object Management Group. The notation in the
UML includes of graphic elements to model parts of the
system. By using UML it will facilitate programmers to
presenting ideas to potential users of the system. With the
language is a standard, communication between designers,
programmers, and user system are expected to run
smoothly.Also, by using the UML will make it easier for
programmers to perform software design[4].

F. GTMetrix
GTMetrix is automated software testing tools to measure
the website performance. GTMetrix is built and developed by
Gossamer Threads. This tool uses Google Page Speed and
Yahoo 's YSlow as analyzing engine. This tool is intended to
determine the performance of a website based on parameters
like page speed grade, YSlow grade, page load time, page
size, and the number of HTTP request. Result test will be
displayed with the recommendation to be done. Based on the
detailed information on the site GTMetrix, assessment result is
provided in the form of grade with the score. The grade is
marked qualitatively with letters A, B, C, D, E, and F, while
the score is marked quantitatively with numbers[9].

B. Really Simple Syndication (RSS)
Web sites that have link labeled ' XML ' or 'RSS ' or
'Atom' has a feed available and can be accessed by the user or
another system without having to open direct to such websites.
This feature is referred to as syndication, aggregation, or socalled subscribing. Feeds available are usually stored in files
with XML format[5].

III. METHODOLOGY

C. SimplePie
SimplePie feed parser is very fast and easy to use.
SimplePie is a code library that is written in the programming
language Hypertext Preprocessor (PHP). SimplePie is
designed specifically to extract (parse) RSS or Atom feed.
SimplePie can handle fetching, caching, parsing, normalizing
data structures between formats, and handle translation
character encoding. SimplePie focuses on speed, ease of use,
compatibility and by existing standards[5].

A. Collecting Secondary Data
The data used in this study is a collection of online
newspaper that has RSS by various categories such as news,
entertainment, technology, sports and more. The online
newspapers that have RSS feed are used in this research. Table
1 shows list of online newspaper associated with the URL
address and the categories that are used in this study.

D. Twitter Bootstrap
Twitter Bootstrap is a platform to make the interface of the
website and web-based applications responsively, fast, easy,
and free. In Twitter Bootstrap has some technologies like
Hypertext Transfer Markup Language (HTML), Cascading
Style Sheet (CSS), and jQuery Plugin. CSS and HTML will
generate Grid, Layout, Typography, Table, Form, Navigation,
and others. jQuery plugin is used to produce gorgeous UI
components like transitions, modal, dropdown, scroll spy,
tooltip, tap, popover, alert, button, carousel and others[6].
The use of bootstrap can facilitate web developers to create
and develop a website with more attractive and elegant as well
as support all kinds of devices. With Responsive Layout, this
framework can run well on popular browsers such as Chrome,
Firefox, Safari, Opera and Internet Explorer and support all
types of devices such as smartphones, tablets, laptops and
desktop PCs[6].

TABLE 1. INDONESIA ONLINE NEWSPAPER LIST
No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

E. Software Testing
Software testing is a process of making the application to
find all the possibility that will lead to an error by
specifications software has been determined before the
application is submitted to customers[7].
There are two types of software testing i.e., manual testing
and automated testing. In manual testing, software testing
performed manually, by using black box testing or white box

Newspaper
online
Detik
Dunia Soccer
Okezone
National
Geographic
MSN News
Antara News
Kompas
Republika
AyahBunda
Berita Jakarta
Berita Jatim
Media
Indonesia
Suara Merdeka
Koran Tempo
Tempo
Liputan 6
MetroTv News
VOA Indonesia

URL Address
http://www.detik.com
http://www.duniasoccer.com
http://okezone.com
http://nationalgeographic.com.id
http://u.msn.com
http://www.antaranews.com
http://www.kompas.com
http://www.republika.co.id
http://www.ayahbunda.co.id
http://www.beritajakarta.com
http://www.beritajatim.com
http://www.mediaindonesia.com
http://berita.suaramerdeka.com
http://koran.tempo.co
http://www.tempo.com
http://www.liputan6.com
http://www.metrotvnews.com
http://www.voaindonesia.com

Categories
General
Sport
General
General
General
General
General
General
Family
General
General
General
General
General
General
General
General
General

B. Study Literature
Study literature was conducted through several books,
papers and journals that relevant to the things being studied to
obtain precision step in doing this research. Acquired literacy
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is related to analysis, design, and implementation of the portal
system, among which the concept of feed parse, RSS, twitter
bootstrap, UML, GTMetrix, and simplepie.

D. Implementation
Implementation of the system constructed by the results of
analysis and design that was created earlier. Implementation is
done by using the programming language PHP with
CodeIgniter and Bootstrap framework as a template system
interface. Retrieval of data from the URL address that contain
online media RSS done by utilizing plugins SimplePie as feed
parser. A System hosted on a shared server, hostinger.co.id,
that have the following characteristics:
Hardware grade: mini
Network server: 100 mbps
RAM server: 16GB
Processor server: 8 Core Intel Xeon (19.2GHz)
Disk Drive Setup: RAID-1
Operating systems: Centos
Figure 2 shows the system’s flowchart for the search page
star from filling up keyword until the news appears. Figure 3
shows the results of the implementation of the system for the
search page, while Figure 4 describes the collection headlines
of each online newspaper.

C. Analysis and Design
By the functional requirements of the system in table 2 can
be made use case diagram as shown in Figure 1, which
consists of 13 use case. There is two module of the portal, i.e.,
visitor module and administrator module with two types of
users, i.e., visitors and admin directly involved with the use
case.
System
To fill guest book

Do searching
Visitor
To access headline news

View newspaper online list

View visitor list

Admin

To add newspaper online
<<extend>>

<<extend>>

To delete newspaper online

To edit newspaper online

Do Log In

View RSS list

To add RSS
<<extend>>
To edit RSS

<<extend>>
To delete RSS

Fig 1 Use case diagram of portal system

Suitability use case that is made with functional
requirements can be seen in Table 2.
TABLE 2. CONFORMITY BETWEEN FUNCTIONAL SYSTEM WITH USE CASE
Code
F.1
F.2
F.3
F.4
F.5

Functional Requirement
Visitor can fill guestbook
Visitor and admin can search
news
Visitor and admin can access
headline news
Visitor and admin Pengunjung
can view online media list
Admin can manage media
online

F.5.1

Admin can view media online

F.5.2
F.5.3

Admin can add media online
Admin can edit media online

F.6

Admin can delete media online

F.7
F.8
F.9
F.9.1
F.9.2
F.9.3

Admin can view list visitor
Admin can do log in
Admin can manage RSS list
Admin can add RSS
Admin can edit RSS
Admin can delete RSS

Code
UC.1
UC.2
UC.3
UC.4
UC.5
UC.5.1
UC.5.2
UC.5.3
UC.6
UC.7
UC.8
UC.9
UC.9.1
UC.9.2
UC.9.3

Use case
Fill guest book
Do searching
Access headline
news
View list media
online
Manage media
online
View list media
online
Add media online
Edit media online
Delete media
online
View list visitor
Do Login
Manage RSS list

Fig 2 System’s flowchart of search page

Add RSS
Edit RSS
Delete RSS

Fig 3 News search page
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Fig 5 Summary result in portal testing with GTMetrix

Testing with GTMetrix done by analyzing the URL
address of portal system using Google page speed and Yahoo's
YSlow as an analyze engine. From the figure 5, it is known
that the system performance score for main page reaches 66%
with a category D based Google page speed and reach 72% by
the category C based Yahoo YSlow. The time required to load
a page (the page load time) is 3.0s. Details result testing on
visitor module on the portal system can be seen in Table 4,
while the test result of module admin is shown in Table 5.

Fig 4 Headline news page

IV. RESULT
A. Blackbox testing
The functional testing system is performed using black box
method. By using this method, the test was conducted on all
functional systems contained in the system. The results show
that almost all functional running as it should, with a total of
34 test cases, functional systems that run well at 97%. One of
test cases at "add media online" failed because there is an error
on code of system. The test results with Blackbox can be seen
in Table 3.

TABLE 4. TESTING RESULTS WITH GT METRIX ON VISITOR MODULE

No
1.
2.

TABLE 3. RESULT OF FUNCTIONAL SYSTEM WITH BLACKBOX
No

Functional System

1.
2.

Fill guest book
Do searching
Access headline
news
View list media
online
Add media online
Edit media online
Delete media online
View list visitor
Do Login
View list RSS
Add RSS
Edit RSS
Delete RSS

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
Total

Number
of test
cases
3
2

3.

Result

4.

3
2

Not
Acceptable
0
0

1

1

0

2

2

0

3
3
2
3
3
2
4
4
2
34

2
3
2
3
3
2
4
4
2
33

1
0
0
0
0
0
0
0
0
1

Acceptable

user
interface
Guest Book
Headline
News
Searching
Media
Online

Performance Score
Google
Yahoo
page
YSlow
speed
D (66%)
C (72%)

Page
Load
Time
3.0s

Page Detail
Total
Reques
Page
t
Size
825KB
30

F (32%)

D (67%)

7.1s

4.53MB

154

E (54%)

C (72%)

2.0s

451KB

26

E (54%)

C (72%)

2.6s

470KB

26

TABLE 5. TESTING RESULTS WITH GT METRIX ON ADMIN MODULE
Performance Score
Google
Yahoo
page
YSlow
speed

Page
Load
Time

Login

E (54%)

C (72%)

2.6s

446KB

25

2.

Visitor List

E (53%)

C (72%)

3.2s

447KB

25

3.

Headline
News Admin

F (32%)

D (68%)

8.9s

4.53M
B

154

4.

Searching

E (54%)

C (72%)

2.1s

451KB

26

5.

Media Online

E (55%)

C (72%)

2.2s

470KB

26

E (54%)

C (72%)

1.9s

446KB

25

E (54%)

C (72%)

2.1s

446KB

25

E (54%)

C (72%)

2.3s

446KB

25

No

1.

6.
7.

B. Performance testing
Automated software testing (automated testing) is done by
using software tools, GTMetrix. Automated testing is
performed to know the performance of online media portal
system.

8.

To perform automated testing, online media portal system
has been uploaded on web hosting in advance. The testing
process is done with input an address of the portal system in
the address bar on home page GTMetrix. Figure 5 shows the
summary result of portal testing with GTMetrix.
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user
interface

Add Media
Online
Edit Media
Online
Delete Media
Online

Page Detail
Total
Reque
Page
st
Size

9.

View RSS

E (56%)

C (72%)

2.0s

470KB

26

10

Add RSS

E (55%)

C (71%)

2.4s

448KB

29

11

Edit RSS

E (55%)

C (71%)

2.1s

448KB

29

12
13

Delete RSS
Preview

E (54%)
A (99%)

C (72%)
A (100%)

2.1s
0.5s

446KB
266B

25
1
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The method of lines (MoL) has been proved to be a very
useful tool for the analysis of general waveguide systems [5].
It is a semi analytical method, in which the wave equation is
discretized as far as necessary in the transverse direction and
solved analytically in the longitudinal direction, which results
in less computational effort. An accurate result can be
obtained since the MoL behaves in a stationary fashion and
convergence is monotonic [6]. Discontinuous fields can be
described accurately because the interface conditions are
included in the calculation. Furthermore, the MoL is
relatively easy to implement using computer numerical
methods.

Abstract—We present a numerical comparison of three parallel
waveguides coupler characteristics by using the coupled mode
theory and the method of lines. We analyzed for cases where a
beam is launched into an input waveguide at the center and an
outer input in the three waveguide arrangements. The output is
then calculated using two methods. In the coupled mode theory
we use an analytical solution and compare the results with semi
numerical method of lines. The results show that both analytical
and numerical scheme give similar result for simple three
waveguide coupler structures.
Index Terms --- Three paralel waveguide, coupled mode theory,
method of lines.

I.

Introduction

In this paper we present an analysis of power exchange along
the propagation path of three coupled optical couplers, with
parameters suitable for silica-on-silicon waveguides. The
initial analysis is performed using weak coupled mode theory,
in which the physical device shapes are abstracted into
suitable variations of the input beam at different input arm. A
comparison between the prediction of the coupled mode
theory and a beam propagation scheme based on the method
of lines is then used to determine the validity of the method of
lines approach.

Optical waveguide couplers play an important role in the
construction of flexible and highly reliable optical
communication networks. Directional couplers are widely
used as passive and active optical devices in fibre and
integrated optics [1], and form the basis of components such
as switches, modulators and wavelength filters. In its simple
arrangements a directional couplers consists of two or more
evanescently coupled waveguides place in close proximity,
whose separation is sufficiently small that power may be
transferred between the modes propagating in the two or more
guides through an interaction involving their evanescent
fields.

II. THEORETICAL BACKGROUND
A. Coupled Mode Theory

In a conventional coupler, light exchanges sinusoidally
between the two or more guides guides as it propagates. The
required coupling coefficient is determined by the propagation
constant difference between the two lowest order modes.
However, all directional couplers have an intrinsic wavelength
dependence in their coupling ratio, which is very sensitive to
parameters such as guide width, guide separation, refractive
index difference and coupling length [2]. Changes in these
parameters can cause a large change in the power splitting
ratio. To analyze this three-core coupled waveguide system,
usually a coupled-mode formulation is used. In this calculation
all waveguide parameters are assumed to be identical

To analyse the structure, we first construct a suitable
theoretical model. In the geometry studied here, we shall
consider a coupler consisting of three waveguides with
constant width and gap as shown in Figure 1.

input

S

output

S

Figure 1. Three paralel waveguide sructure

174

2016 International Seminar on Application for Technology of Information and Communication

The coupled-mode equations for a three-waveguide system are
described as follows [3]:

 a1 ( z ) 
d 
a2 ( z ) = -j

dz
 a3 ( z ) 

 Δβ 1
 K

 0

K
0
K

0 
K 
Δβ 3 

 a1 ( z ) 
a ( z )
 2 
 a 3 ( z ) 

1
1
1
cos2 2 Kz + cos 2 Kz +
4
2
4
1
P2 = | a 2 (z)|2 = sin2 2 Kz
2
1
1
1
P3 = | a 3 (z)|2 = cos2 2 Kz - cos 2 Kz +
4
2
4

P1 = | a1 (z)|2 =

(1)

where :
Δβ1 = β1 - β 2

β1 , β 2 and β 3 are the propagation constant of each waveguide,
and K1 , K 3 is the coupling coefficients.

(12)

To solve three parallel waveguides coupler by the method of
lines, the region under analysis is broken into a large number
of small elements Δx in the x direction as shown in Figure 2.

x

Since all waveguides are symmetry, Δβ1 = Δβ 3 =0, then the
solution for Equation (1) is [3]:

1
c1 +
2
c2
1
c1 2

c2
2c1
c2

1
c1 2
c2
1
c1 +
2

 a1 (0) 
a (0)
 2 
 a 3 (0) 

E
E1
n2

2

P2 = | a 2 (z)| = cos 2 Kz
1
P3 = | a 3 (z)|2 = sin2 2 Kz
2

n1

Waveguide 1

core
cladd

n2
n1

core

z

Waveguide 2

cladd

n2
n1

Waveguide 3

core

Δx

cladd

n2

EN+1

Figure 2. Discritization of three parallel waveguide structure

(6)

We begin by using Helmholtz equation for TE modes as [5-6],

(7)

∂2 E y
2

∂
x

For the second category, a beam is launched into one of the
outer waveguide (eg waveguide 1), the initial conditions are :

a1 (0) = 1, a 2 (0) = a 3 (0) = 0

cladd

(2)

where
1
c1 = cos 2 Kz
2
1
sin 2 Kz
c2 = - j
2
In three parallel waveguide we have two ways to launch the
input input. First an input beam is launched into central
waveguides, and secondly we can launch the input beam into
one of the outer waveguide. For the first category the initial
conditions become:
a1 (0) = a 3 (0) = 0, a 2 (0) = 1
(3)
Then the solution for Equation (2) is :
a1 (z)= a 3 (z) = c2, a 2 (z) = 2 c1
(4)
The output power on each waveguide become :
1
P1 = | a1 (z)|2 = sin2 2 Kz
(5)
2
2

(11)

B. The Method of Lines

Δβ 3 = β 3 - β 2

 a1 ( z ) 
a ( z ) =
 2 
 a 3 ( z ) 

(10)

+

∂2 E y
∂
z

2

+ k 2 Ey = 0

(13)

A central difference approximation is then assumed for the
second derivative term d2E/dx2, so that:

(8)

d 2Ey

Then the solution for Equation (2) is :

dx

1
1
(9)
a1 (z) = c1+ , a 2 (z) = c2, a 3 (z) = c12
2

2

=

E i +1 + 2 E1 + E i
Δx

2

1

(14)

If this is done, Equation (23) reduces to a matrix differential

In this case the output power become:

equation:
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d 2Ey

dz 2

 
+Q2 E = 0

point z. This power is approximately given by the overlap
integral:

(15)



where E = [E1, E2, E3, ......, EN]t is a column vector
containing discretised values of the field E(x), at the points x1,
x2, .... xN, and t on the bracket stands for transpose. The matrix

P( z) =


1
Q2 = 2
Δx

+ k o2

n x 1
0

 ..

 ..
 0

0
nx2
..
..
..

0 
.. 
0 

.. − 2 1 
0 1 − 2

0

..

..
..

..
..

0 
.. 
.. .. .. 

.. .. 0 
.. 0 n xN 
.. ..
.. ..

III. NUMERICAL RESULTS
The light propagation at the coupling region significantly
depends on the waveguide geometry such as propagation
constant, refractive index and diameters of core and cladding.
Figure 3 shows wave propagation in three parallel waveguide
as shown in Figure 1. In this simulation we use parameters
such as core refractive index of 1.457, cladding refractive
index of 1.463, wavelength of 1.52 μm, core width is 5 μm,
and separation distance between waveguides is 5 μm.

(16)

Normalized power

1


Where β is diagonalization result from

value, and T consist Eigen vector from

(17)

Q 2 that consist Eigen

Q2 .

1
0.5
0

dz 2

(18)

Equation (18) is wave equation that propagate in z direction If
we assume that no reflected waves occur (in, say, the
particular example of a straight loss-less waveguide),
therefore, Equation (18) has a solution as [5] :

iβ z

 
T -1 E inp

20

0

1
0.5
0
-20
0

(19)

Lateral
position x (μm) 20

Therefore, total solution of wave that propagates along z
direction can be written as:


E = T e

400
z (μm)
200
(a)

 
+ β2 E = 0



E = e -iBz

600
Lateral 0
position x (μm)

Normalized power

d Ey

800
-20

Then, equation (25) can rewrite as :
2

(21)

where E(x,0) is the input field and E(x,z) is the field at point z.

In this equation there are always three components that are
coupled with each other because of the tridiagonal structure of
a matrix, so that a direct solution is not possible. A matrix
transformation is therefore introduced such that,

  
β = T QT

E ( x,0) E ( x, z )dx
∫
∞


Q can be written as [5-6]:
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Figure 3. Wave propagation in three parallel waveguide (a)
Input launched into central waveguide (b) Input launched into
outer waveguide

One of the most important parameters associated with the
waveguide is the fractional power that remains in the core at
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If input launched into center waveguide, the light will coupled
to two of outer waveguide, and the power is transferred. We
see that the power of each waveguide become equal at z = 940
μm. In this case it can be used to design a directional coupler
with equal output. However, if the input is launched into one
of the outer waveguide, then the equal power output cannot be
achieved.
Figure 4 show the mode profile of input and output. The input
is launched into a center waveguide can be divided into three
equal output power and happen at a distance z = 940 μm.
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As we see both methods produce similar results. The coupled
mode theory as an analytical method is assumed to give the
correct answer. Since the result of method of lines is similar to
the coupled mode theory, this method has been proven to have
good accuracy for simple three waveguides structures.
However in term of calculation speed and simplicity, the
coupled mode theory is simpler and easy to handle, meanwhile
the calculation speed in the method of lines depends on
discretization number of lines and hence bigger matrix size.

Figure 4. Power distribution in three parallel waveguide

5. Comparison between Coupled Mode Theory and
Method of Lines
Figure 5 shows power along the propagation in three parallel
waveguide. In this simulation we use two method. First
coupled mode theory, the power in each waveguide can
calculated by using Equation (15)-(17), (20)-(22). And second,
the power were calculated by using the method of lines, where
the output power were calculated by integrating field in each
waveguide in along the distance z as in Figure 3.

6. Conclusion
The analysis of three waveguide optical power splitter with
identical and equally spaced waveguide has been done using
two methods. We have demonstrated that in three parallel
waveguide, if the wave was launched into the center
waveguide it will coupled to two of outer waveguides and
equal power output can be achieved. However if the light is
launched into one of two outer waveguides, the power
splitting will not be equal. These characteristics have been
proven by the two methods. It shows that for simple three
waveguides coupler both methods can be applied and produce
similar results.

1
Normalized
power
Daya
ternormalisasi

0.2

In the figure 5(a) all power of three waveguide meet
periodically, it mean each waveguide have equal power. In
figure 5(b) we don’t find any meet point between three
waveguide it means the power is never equal each other along
the propagation.
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Figure 5. Power along the propagation in three parallel
waveguide (a) Input launched into central waveguide (b) Input
launched into outer waveguide
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Various methods of steganography well discussed by several
researchers in [2], [4], [5].

Abstract—Steganography is a technique to hide secret
messages in certain media, such as images, audio, and video, so
that are not visible to the human eye. In this study, we use the LSB
(least significant bit) method to hide various documents into the
video. The use of video as cover media has advantages, especially
the amount of storage capacity and better security level. A video
file consists of some frames or images. Commonly, other
researchers are inserting a message in some frames starting from
the first frame, or in a particular order. In this study, we proposed
a method for selecting the location of the insertion of a message on
some insignificant frames. We called it Less Significant Frame
(LSF) method. Frame selection is based on the movement of each
frame using optical flow features. Tests have been conducted to
prove the quality of the stego-video using the fidelity aspect that
was measured using PSNR value. The test results showed that in
experiments with methods LSB and LSF, the quality of video that
has been inserted proved to be better than the experiment without
LSF. The average value of PSNR on trial with the LSB and LSF
method amounted to 44.417638 dB, whereas in trials without LSF
amounting to 39.513614 dB.

The video is one of the media types that can be used to hide
secret messages, with huge potential and is already widely used.
Data that can be inserted or hidden in the video media has a far
greater capacity than other media such as text, images and audio.
Also, the video is available in a variety of formats so that it can
be used for various purposes. The application of video
steganography has many alternative methods. Almost all the
steganographic methods that can be applied to the image can
also be applied to video because the video is essentially a
collection of some single image.
Currently, a variety of techniques and methods for hiding
text or files data on video have been proposed by researchers.
Sadek et al. categorize the various techniques of steganography
in video media into six categories: substitution method, domain
transformation, adaptive methods, methods based on format,
real-time method and the method of generation cover [6]. Of the
six categories, the substitution method is the method most
popular and widely used. Some of the methods included in the
substitution methods include Least Significant Bit (LSB), BitPlane Complexity Segmentation (BPCS) and Tri-way Pixel
Value Differencing (TPVD).

Keywords— steganography, video, least significant bit, less
significant frame, optical flow

I. INTRODUCTION
Steganography is a technique to hide messages that exploit
flaws in the human sensory system [1], including human visual
and auditory system. With the technique of steganography,
secret messages can not be known presence by human sensory
system easily. It also can face the processes of digital signal
processing without damaging the quality of the data that have
been inserted to some extent.

Most of the substitution method proposed by the researchers
is derived from the method LSB [6]. The LSB method inserts a
message on the bits that are not significant or that do not
significantly affect the image quality, especially visually. The
advantages of this method are easy to implement and allow it to
accommodate many secret messages.
One example application of the LSB method has been
conducted by Singh and Agarwal to hide the digital image data
in a video. The existence of the message is very difficult to be
detected either by human eyesight as well as by specific
program. Other studies combining LSB insertion method and
encryption AES (Advanced Encryption Standard) to insert the
digital image data in a video [8]. The encryption process is done
after hiding a secret message in the video frame.

Today, the media type to hide the messages is very diverse,
ranging from text, image, audio to video. Many researchers have
proposed some methods to hide secret messages in the video.
Steganographic methods can be grouped into two categories:
spatial domain and frequency domain [2]. Steganography
method in the spatial domain are popular, namely Least
Significant Bit (LSB), Bit-Plane Complexity Segmentation
(BPCS) [3], Pixel Value Differencing (PVD), Tri-Way Value
Differencing (TPVD) and Edges based data embedding [4].
While examples of methods that included in the frequency
domain are Discrete Cosine Transform (DCT), Fourier
Transform (FT) and Discrete Wavelet Transform (DWT).

Some other researchers are also using the LSB method to
insert data on the various video media. Yadav et al. implement
XOR encryption and LSB method to insert data in a video frame
with a specific pattern [9]. Paul et al. in [10] has proposed the
implementation of LSB method to insert data in the form of a
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video. This study will introduce the concept of inserting a
message on the insignificant frame which is determined by the
movement of an object.

.txt file. Data inserted in the video by observing changes in
adjacent video frames. Meanwhile, Rachna Patel and Mukesh
Patel had proposed the insertion of secret data on video with
random position [11].

II. THE PROPOSED METHOD

Frame selection of video as a location for insertion of data is
one of the factors that affect the quality of the proposed methods.
However, many methods have been proposed to apply the
method LSB in each frame of a video sequence, such as in
research [8], [10], [12]. Nowadays, only a few researchers are
trying to make the selection frame insertion to improve the
security of the data inserted. One of them uses the rules of Divide
and Conquer algorithm to select the frame to be inserted [13].
Other researchers choose the frame randomly [11], [14].
TABLE I.

Text

Hiding
Location
Each frame

PSNR
(dB)
-

Text

Video

Each frame

-

Video

Video
AVI

35,45

Video
MPG,
AVI,
WMV
AVI

Each Frame,
pattern
BGRRGBGR
Each frame

Method

Data

[7]

LSB

[8]

LSB +
EOF
LSB +
XOR

[9]

RELATED PAPERS
Video
Format
Video

Paper

[10]

LSB

Text

[15]

LSB

Text

[16]

DCT, LSB

Image

[17]

Data

[11]

Motion
Search
Cost
Minimized
LSB

Video

[14]

RLSB

[18]

LSB

A. Encoding and Decoding Model
The design model of steganography applications on video
that implement the LSB and LSF (Less Significant Frame)
method is constructed as Fig. 1
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Random byte
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Text

Video

Random

-

Text

Video
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H.264
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-
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Fig. 1. Steganography Model.

The proposed model consists of three main processes: preprocessing, encoding and decoding. In the pre-processing stage,
do the setting parameters such as the type of video cover, quality
of output, the algorithms used and the selection of the frame to
be inserted. Moreover, it also made the process of reading the
video data and secret messages to be hidden. In the next stage,
performed the process of reading the selected frame to be
inserted a secret message, then combined or stored back into the
video. The process will continue until all the secret messages
have been inserted or video frame has ended. The video will be
saved as a stego video.

In this study, we apply the LSB method to insert various
media files documents on video. Also, the selection of the
location to insert the data carried on the frame that was not
significant (less significant frame) only. The frame selection is
based on the value of optical flow that can characterize the
movement on the video. Thus, the expected results of the quality
of the video that has been inserted the data better than the
previous method. Testing would be done using some video as
media cover and also some types of documents that were
inserted.

Meanwhile, at the stage of decoding the secret message for
each frame of video is extracted. The secret message will be
extracted from the selected frame. Extracted messages will be
reunited and saved into a file. Likewise, the cover video also
saved.
B. Less Significant Frame (LSF)
In this study, we proposed Less Significant Frame (LSF)
method to select the video frames to insert the message. The
process of selecting a less significant frame is based on optical
flow features representing the movement in the video. The value
of optical flow indicates that there are some movements of the
object in the video. Frames have a greater average value of
optical flow will be selected as the location to hide the message
because the movement in the video will obscure bits or pixels
changes that occur as a result of the insertion process the
message.

The purpose of this study was to produce a model that
implements LSB and LSF methods to hide data in the video. We
also develop a prototype to implement the proposed model. It
prototype can enter the media-type container in the form of
video AVI and the secret data type of Microsoft Word,
Microsoft Excel, and Microsoft Powerpoint. The prototype can
also calculate the value of PSNR that representing the quality of
stego-video.
The contribution of this research is to produce a new method
for selecting the right frame inserting a message in secret on a
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Optical flow is the movement pattern of objects, surfaces,
and edges in a visual scene caused by the relative motion
between an observer (an eye or a camera) and the object [19],
[20]. The optical flow features describe the flow direction of the
lighting of an object moving relative to a stationary observer or
otherwise. Currently, optical flow is widely used in the field of
robotics related to image processing, video, and navigation.
Some of its applications are to movement detection, moving
object segmentation and predictive direction of movement of the
object.

A. Data Input
The experiments have been conducted using data input in
any video cover and some files to be inserted into the video. The
input data are obtained at random but represent a variety of file
types. Video data that are used as a cover video in this study are
presented in TABLE II. Meanwhile, the data of secret files have
been presented in TABLE III. The experiment conducted by the
two main scenarios: experiments with Less Significant Frame
(LSF) method for selecting a frame, and experiment without
LSF. The results of both scenarios will be compared to see the
effect of the LSF method in the quality of stego video.

The term optical flow first used in the field of human vision
and introduced by psychologist James Jerome Gibson in the
1940s. However, in 1980-81, Horn and Schunck find a simple
way to calculate the value of optical flow based on certain
regularity [21]. Afterward, several optical flow calculation
methods have been proposed by the experts, such as the LucasKanade method [22], Camus [23], Nagel [24] and Simoncelli
[25]. Some of it methods covered quite well by some researchers
in [26]–[28].
,
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TABLE II.
Num

(1)

File Name

MP4

246 KB

69

2

video01.avi

AVI

6.350 KB

480

3

video02.avi

AVI

1.830 KB

120

4

video03.avi

AVI

8.850 KB

540

TABLE III.

In this research, we use Horn-Schunck method to obtain the
optical flow value. The optical flow extraction performed on the
whole frame of the video. For each pixel in the frame, the optical
flow field is computed. The output value of the process is
horizontal (u) and vertical (v) components in the complex form.
Furthermore, based on the value of the vertical and horizontal
components, the length of the vector (r) is computed for each
point (x, y) using equation (1). The larger value of r means the
larger movement of a point compared to the previous frame.

# of Frame

bunny.mp4

(2)
(3)

File Size

1

Num
( ̅)

VIDEO COVER
Video
Type

SECRET FILE

File Name

File Type

File Size

1

Bab-01-02-Presentasi.ppt

PPT

191 KB

2

Email Dosen FTI Genap 1112.xls

XLS

48 KB

3

Evaluasi Gasal 2015-2016.xlsx

XLSX

86 KB

4

Format-Makalah2011.doc

DOC

73 KB

5

Hasil Raker Kurikulum FTI.pptx

PPTX

2.490 KB

6

sherlock.txt

TXT

40 KB

7

TemplateKontrakKuliahFTIAlgo1.docx

DOCX

57 KB

B. Experiments with LSF
Experiments have been conducted by combining the video
covers of TABLE II. with the message files of TABLE III. Thus
performed as much as 28 times the experiment. In each
experiment, the message file will be inserted into the video using
the Least Significant Bit (LSB). At the first experiment phase,
the process of selecting the frame to be inserted is determined at
the N first frame of the video. N is the number of frames to be
inserted, and it is determined by the size of the message file.
Once the message was inserted into each frame, then calculate
PSNR value to determine the quality of steganography results.
The time required to perform the insertion (encoding) and the
time required for the extraction (decoding) also noted.

After having obtained the vector length for each point, then
we calculated the average of the vector length for all the points
in one frame ( ̅ ) using equation (2), whereis w is width of frame
and h is height of frame. The entire value of r on each point are
summed and divided by the number of pixels of the frame.
Meanwhile, with the equation (3), the average of optical flow
vector for N frames ( ̅ ) is calculated. The value of N is the
number of frames to be inserted with secret data. This amount is
determined by the capacity needed to hide a secret file. A set of
frames with the largest value of ̅ will be the location of a
secret message insertion.

III. RESULTS AND DISCUSSIONS

The results of the experiments have been done on the
prototype of steganography applications on video by the LSB
method without using LSF (Less Significant Frame) indicates
that the message insertion process fails three times or about 10%.
The cause of the failure of the insertion process is the message
file is too large to cover video capacity is insufficient. For
example, the file "Hasil Raker Kurikulum FTI.pptx" required a

This section describes the experiments and results that
performed in this study. The experiment is mainly aimed at the
conclusion whether the proposed method has an influence on the
quality of stego video.
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storage capacity of 496 frames, while the video "bunny.mp4"
consists of 69 frames only.

D. Discussions
A series of experiments have shown differences in an image
(frame) quality results between the LSB steganography method
without and with LSF frame selection. Figure 2 displays the
comparison of the average PSNR for the entire experiments. In
comparison, the use of methods LSF (Less Significant Frame)
produces better image quality than without using LSF. In
experiments with LSF method has resulted in the PSNR average
value of 44.417638 dB, whereas in testings without LSF method
produces an average PSNR of 39.513614 dB. Although the
difference in value amounted to only 4.904024 dB, it was
enough to prove that the use of LSF method is better than no
method of LSF.

Meanwhile, judging from the quality of steganography, the
average PSNR value of the entire experiments is 39.513614 dB.
It means the quality of the stego video is good. The highest
average value of PSNR is 46.488725 dB, and the lowest average
value of PSNR is 37.156272 PSNR dB. Fig. 2 presents a
comparison chart of PSNR value for each experiment, both with
and without LSF.
If seen from the time of insertion and extraction messages,
in general, the insertion time for each frame includes fast. The
average time of insertion for the entire experiments is 14.676
milliseconds and the average time of message extraction are
0.287 milliseconds.
C. Experiments with LSF
In the second scenario of the experiment, we performed by
applying the LSF method for selecting insignificant frames. As
already described in the previous section, the LSF method makes
the selection frame based on the optical flow value of every
frame. The frames that have a big value of optical flow indicates
that there is a significant movement in the video. The frames are
selected as the location of message insertion. When there is a
significant movement in the video, by visual observation, the
pixel value changes that occur will be more difficult to detect.
Thus, the secret message will be well protected and secure.
The second experiment provides an average PSNR of
44.417638 dB. These results demonstrate the quality of the
resulting steganography is GOOD. The lowest PSNR value is
39.875939 dB, and the highest value is 46.629572 dB. The graph
in Fig. 2 shows the average PSNR for all experiments have been
conducted.

Fig. 3. Comparison of Encoding Time per Frame

Meanwhile, if viewed from the time the message insertion
and extraction process the message, it was not a significant
difference between the experiments with and without LSF. The
time of the insertion process (encoding) with LSF method has
an average time of 7.66 milliseconds per frame while on testing
without LSF average time of 7.83 milliseconds per frame. The
time difference between the two is not too significant, but
experiment with methods LSF shows the average time better.
Figure 3 shows a comparison of the encoding time for each
frame of the experiments with and without LSF.

Experiments also showed that the time of encoding and
decoding messages fast enough. Overall, the average time the
insertion of a message is approximately to 7.66 milliseconds for
each frame, and the average time of message extraction is 0.366
milliseconds per frame. Figure 3 and Figure 4 presents the
average chart time encoding and decoding processes of the
whole experiment. In comparison, the average time required to
perform the insertion longer than the time required in the
extraction process messages. It happens because the message
insertion process (encoding) there is a bit insertion operations on
each pixel of the image (frame).

Fig. 4. Comparison of Decoding Time per Frame
Fig. 2. Comparison of PSNR values.
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Likewise, the ratio of the average time of message extraction
(decoding). The average time of message extraction with LSF
method are 0.287 milliseconds per frames and amounted to
0.294 milliseconds per frame for experiment without LSF. The
time difference between the two is very small. The comparison
between the decoding time of all experiments shown in Figure
4.

[5]

[6]

[7]

IV. CONCLUSION AND FUTURE WORKS

[8]

Based on the experiment results and discussions that have
been performed, there are some conclusions. Secret messages
insertion into the video using the LSB method can be done by
first extracting the videos into single frames (images). Secret
message can be inserted in the frames in sequence, or randomly
chosen. In this study, we proposed a method of the inserting
message by selecting a less significant frame as the insertion
point.

[9]

[10]

[11]

The selection of a less significant frame is based on optical
flow features that are representing the movement in the video.
The greater value of optical flow indicates that there is a greater
move. Frames with a large value of optical flow chosen as the
location of the insertion, because visually a movement will blur
the change bits or pixels that occur as a result of the insertion
process.

[12]
[13]
[14]

The test results showed that in experiments with methods
LSB and LSF, the quality of video that has been inserted proved
to be better than the experiment without LSF. The average value
of PSNR on trial with the LSB and LSF method amounted to
44.417638 dB, whereas in experiments without LSF amounting
to 39.513614 dB. The experiment results also showed that
regarding speed insertion process (encoding) and extraction
(decoding) the message was not a significant difference between
the use of methods LSF and not. Overall, we can conclude that
the performance of the LSF method that we proposed in this
research is good enough.

[15]
[16]
[17]

[18]

[19]

This research still needs to be continued in the future. The
LSF (Less Significant Frame) method still need to be developed
to produce a better quality of stego video. In this study, the
selection of a less significant frame based on the movement
using optical flow features. In a subsequent study, frame
selection techniques can be tried a less significant by other
methods, for example by color or contour features.

[20]
[21]
[22]

[23]

In addition to the improvement of the LSF method, in this
study only tested the image quality of steganography. In further
research can be tested from the another measurement such as
visual perception (imperectibility) and resistance to external
influences (robustness).

[25]
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warn people to go out of the building fire, but in fact people
has different perception from that information. So to make
NPCs act naturaly, we use AI to handle variant perception of
occupants to NPCs.

Abstract— Evacuation procedure in building fire has several
points, and the main destination for occupants are going through
the exit door of the building safely. In this research we learn how
occupants behave with the emotion influence in a building fire.
Emotions have important role to affect decision making because
it can increase or decrease the rational value and aim at being
realistic and naturally. The possibility to make NPCs behave
naturally are implement multi behavior and handle all behavior
using artificial intelligence (AI) technique. AI architecture have
to support variant behavior and easily to reuse for complex
character behaviors. Behavior trees (BTs) is the one of many AI
techniques that more readable and scalable for action selection
mechanism. So, we propose to implement Emotional Behavior
Trees (EmoBTs) to handle dynamic behavior scenario that
influenced by emotions. We already made the scenario for NPCs,
that have emotion to decide which act would be selected. The
experiment result compare how each NPCs are going to act by
the emotions influence.

Artificial intelligence is one of the important part in a game
development. AI has used for an action selection mechanism
that can make dynamic behavior. Such an environment would
provide a challenging and entertaining experience. Games need
an AI architecture that support the straightforward creation and
reuse of complex character behaviors [1]. AI is a logical
bussiness that help agent to make decision. Game designer as
an arranger has an authority to make the decision what would
be consisted in the game and how it plays.
Multi behavior are needed for complex games, cause NPCs
have to exhibit multiple different behaviors in order to be
successful and believable to human players [2]. In the real
world people will react about what they feel. According to the
situation that happens to them. They can be happy, fear, sad, or
just enjoy that situation. From what they feel, they will make
multiple possible behavior, that has been proved by
Loewenstein et al. research [3].

Keywords— Fire Evacuation; NPCs; Behavior Tree; Emotion;
Decision Making

I. INTRODUCTION
Nowdays, modern games are drove to more complex and
believable environments. Not only about awesome graphics are
involved but also the interaction for each character in games
are more natural. Especially, humanoid character can get
starve, fatigue, or angry is more naturally. There are several
attention to study about how simulate human behavior[18].
Humans normally doing actions from learn the situation that
happened to them. There are many actions or group of actions
that have a purpose to react the situation, and this called
behavior.

In this research, fire evacuation simulation will consider
about multi behavior and emotional factor. Every NPCs should
react as the scenario that already designed. The scenario has
several option to be selected as an action. Selection of the
action is depends on NPC emotions. The system to make
selection action for NPC has to readable and scalable for the
further development. BTs make every single logic AI
visualizing like tree that are linked each other, and it can be
easy to set up and maintain [22]. The functionality of BTs are
usefull to create another variety of tasks, like EmoBTs has
made from last research [5] by Anja. EmoBts used to make
dynamic selection action that depends on emotions. Using
EmoBTs in this research explain how emotions on crowd
simulation of fire evacuation are handled using EmoBTs to
make natural action for every NPC.

Evacuation is the situation that involve people to get safe
from disaster like fire. Evacuation procedure at building fire
has several points to be concerned for occupants, but the main
point for the occupants is leaving immediately from his place
or room in building fire to go through the exit door, but not
allowed using the elevator. There are should be several fire exit
that can use to go to the exit door of the building. The
evacuation are started when fire alarms on, that sign use to
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B. InnerNodes
This node has four possible type of node, it called
Sequence, Selector, Parallel, and Decorator.

II. FIRE EVACUATION PROCEDURE
Fire evacuation happend when some smoke, heat, and toxic
fumes, are detected by the sensor and switch on the alarm. Fire
alarm were first introduced several decades ago from industrial
environments to every apartment, residential buildings [15],
and now fire alarm are installed in every building that has high
wall and many occupants. Fire alarms has objectives to (1)
warn occupants of fire, (2) prompt immediate action, (3)
initiate evacuation movement, (4) allow sufficient time to
escape., but the way people respond to fire alarm depends on a
number of factors [4].

Sequence is a node that has several child nodes that
executed sequentially. As long as a child node return success,
this node will return success, but if in a sequence order there is
a child that return failure, this process directly return failure,
and not continue to next child so this child nodes have to in a
success or running state to execute next child in order.
Selector is a node that has several child nodes that executed
sequentially. If the first child in order return success, it will
directly return success and no matter the next child in order.
Otherwise if the first child node return failure, next child node
in order will execute, until one of childs in order return success
or there are not any child return success.

In the other hand occupants in fire evacution will behave
various way to safe each life. The first thing that occupants do
when hear the alarms on are go through the exit door of the
building via the nearest fire exits when the alarms goes of [16].
But in fact occupants have each perception of their role in the
building. When they act as a visitors, they are waiting to be
told and directed by staff, and for employes, they act after the
activation of fire alarm, particularly if these employees feel the
responsibility to take specific actions during an emergency and
if they have been trained for such situations[15]. This various
behave are act cause the role people feel to response fire
alarms[17].

Parallel is a node that executes all childs, but this node will
execute the child that has determined already, when to stop
executing its child nodes. One may specify the number of child
nodes that must execute successfully or failure for this node
return success or fail.
Decorator is a node that have a role to filter that places
certain constraints on the execution of its single child node
without affecting the child node itself. As usual decorator can
be succeeder that make it succeed no matter what the result,
failure that make it failure no matter what the result, or inverter
that make it succeed when child return failure, and failure when
child return succeed.

In this research, we will study about how occupant will
behave by how they feel at that time. The factors they make a
decision are the emotion that perceived. We will know how
they behave follow the regulation, or behave another that they
think right. In next section we introduce what mehod we use to
make the simulation.

Table 1 show how to each node type can perform succeed,
failure, or running.

III. BEHAVIOR TREES
There are some paper that describe BTs depends on the
subject what they are researched. Champandard has described
BTs comprehensively [6], [7], [8], [9]. Damian isla described
how to implement BTs in commercial games [10], [11].
Alijandro Marzinotto, et al give a formal description, that it is
defined as directed acylic graph with nodes and edges. The
outgoing node of connected pair is a parent, and the incoming
node is a child. Child node that does not have any inner child is
called leaf, and a node that does not have any parent is called
root [12]. Each node except root that has child could be
possible to be a Sequence, Selector, Parallel, and Decorator
node. Leaf node that has not any child could be possible to be
an Action or Conditional node. When a node executed, it
returns one of the three state: success, failure, running. The
first two indicate it self but running indicate that node is not yet
finished.

TABLE I.

Node Type
Root
Selector
Sequence
Parallel
Decorator
Action n
Condition n

Symb.
Ø

?
→
||

◊
□
○

THE 7 NODE TYPE OF BT

Succeed if
tree S
1 ch S
N ch S
≥ P ch S
varies
ch(n) is S
ch(n) is S

Failure if
tree F
N ch F
1 ch F
≥ P ch F
varies
ch(n) is F
ch(n) is F

Runs if
tree R
1 ch R
1 ch R
Otherwise
Varies
ch(n) is R
never

*ch = child, S = succeed, F = failure, R = running, N = all children, P = .param
[12].

In Table 1 we can know how each node type can perform
succeed, failure,or running in that way. Before we make BTs
scheme, we have to know how every node type can perform
because each node type have different algorithm. This node
types are standard BTs, is possible to make another that fit on
your research, like Anja and Pierre already done in their
research [5]. They extend node type with new algorithm to
perform using emotional as a parameter. In the next section we
will explain how emotion can be a parameter.

A. Leaf Nodes
This node has two possible type of node, it called Action
and Conditional node.
Action represents a behavior that NPCs can perform. This
type return a state, success or failure, but if this node not yet
finished executing it can be return running.

IV. DECISION MAKING BY EMOTIONS

Conditional represents a checker node that can return
success or failure, and it never return running, cause this node
is just depicted true or false.

For each normal human have different process to make a
decision, but actually they take a decision from rationality what
they have perceived from the environment through their
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human experience going to be a decision, and it is represented
by link ‘b’ and ‘c’. In a process how human react by emotions,
there are emotions that unrelated to the events, its also affect
how human get decision, it represented by link ‘g’. Emotions
that are not related to the current decision, its affect decision in
two ways, directly and indirectly. Indirectly process is
represented by link ‘d’, and directly process depicted by link
‘h’ and ‘i’. The result from decision that already made are
human actions expected (link ‘e’) and current emotions or
another emotions will be considered in this process (link ‘f’).

sensors. The process of making a decision from the
environment is illustrated in Fig. 1.

Emotions affect decision making by informations what
humans get. In [3] there are three extracted information from
emotions, risk is perceived, how far will plan, and how long
does it takes.
A. Risk perception
Every action has a risk that influenced by emotions and
every human has different risk perception even at the same
action, so perception make humans can behave differently with
another. Happy or angry will take more high risk than fearfull
are more pessimistic, that means avoid high risk.

Fig. 1. Model Based Reflex Agents [19].

In Fig. 1 agents has sensors that are used to learn the
environment or the situation to make decisions from what their
current percept. For the simple example, humans will drink,
when they are thirsty, this example action is “drink a water”,
and the situation that happend to them is “thirsty”. Fig. 1 depict
how agents reflex the situation or environment what they are
perceived in being rational. Rationality is nothing but status of
being reasonable, sensible, and having good sense of judgment
[19]. Rational is cognitive science that improve choices,
concerning what to believe and what to do [20]. In
psychological fact, neurology and cognitive science show that
human not only use their cognitive functions, but also account
for their emotions [21].

B. Time
Every action has calculation of time. Emotions make every
single action have different perception how much time does it
takes to complete. Time has an important role for taking a
decision. While the first action has more time to complete than
the second action. Fright and angry will take the less one,
beside that sadness or depression, will take the longest time.
C. Planning
In a role of decision making, planning play another function
to give impact. Planning also makes process more cumbersome
and time consuming in every single action. Planning has a
different impact from different emotions. Humans that sadness,
bad mood and frustration, prone to chose the less, whereas
humans that happy and fatigue prone to chose an action that
more time-consuming.

Emotions already studied in many different fields and have
proven as important factor to affect decision making. Matiko,
Josseph W in [13] explained how to use emotions in fuzzy
logic. He explained how the left and right side hemisphere of
brain have different performance to receive emotions. The right
hemisphere is more active during negative emotions and at the
other side is more active during positive emotions.

V. EMOTIONAL BEHAVIOR TREE
In this section we will know how emotions can be
implemented in BT. Anja [3] extends the definition of BT and
provide a new type of node selector that called the emotional
selector. The model of it called emotional behavior tree
(EmoBT). The emotional selector orders its child node
according to three factors: (1) planning, (2) risk, and (3) time.
The formulas for this method are using psychology approach,
but its not specific enough to describe appropriately. So, this
formulas can only be empirically vallidated in test case
scenario.
We assume the current affective state of the NPC is known
to the EmoBT. The value of emotions must be represented in
interval [0,1]. We just explain EmoBT formulas that we used in
our research.

Fig. 2. Loewenstein and Lerner model of emotions [5].

Fig. 2, Lowenstein et al. have made a general model that
explain how emotions influence decision making [14]. The
alphabetics on that model, inform how some rectangle are
linked and become a process of emotions affect decision
making. In Matiko researched [13] when human decide to do,
react, or act, they calculate positive emotions and negative
emotions. All that emotions is called expected emotions and it
represented in that model as link ‘a’. Emotion expectation from

A. Planning
Planning value will be given according to the node type that
executed in EmoBT.
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Action: for action value, it will be given by the designer (1
by default), and it can be more, if this action has more complex
process, but overall it will be set by the designer as a data
controller.

C. Time
Beside plan and risk, there is execution time that have to be
considered when doing an action in certain emotional
conditions. Time interval is represented [L, U] (with L ≤ U), L
for lower limit and U for upper limit. Every leaf node in
EmoBT have time interval for the execution of node.

Condition: A condition has a planning value that is set by
the designer (0 by default).

Action: An action has a time interval that is set by the
designer ([0, 0] by default).

Sequence Selector: A sequence selector j is designed to
perform all its child in the sequence. The planning value is
defined as:
= ∑

Condition: A condition has a time interval [0, 0] cause
condition are always instantaneous.

(1)

Sequence Selector: Time interval for sequence selector j is
the sum of the lower and upper limits of every child node i:

where N is the number of child nodes and plani is the planning
value of its child node i.

=

∑

Priority Selector: cause priority selector only executed one
child from all it has, and dont know which child will be chosen.
Time interval for this node will collected all time interval from
childrens that defined as: :

(2)

,

Decorator: The planning value of the decorator is the same
planning value of its child node.

,..,

(6)

D. Emotional Selector
Emotional selector is an EmoBT node that calculate the
risk, planning value, and execution time of childs. These result
are combine with the current character’s emotion to decide
probability every child that will execute first. Emotional
influence in a process can be calculated to meassure how
affective it is. So they [3] use emotional weight from the three
emotion factors: risk, execute time, and planning.

Condition: A condition has a risk value that is set by the
designer (0 by default).

There are two type emotions that perceived by humans,
positive emotions and negative emotions in certain condition.
Positive emotions will optimize by negative emotions. So the
emotional weight for each factors will define as:

Sequence Selector: A sequence selector j is designed to
perform all its child in the sequence. The risk value is defined
as:

emotional weight for risk:

(3)

where N is the number of child nodes and riski is the risk value
of its child node i.

=

Priority Selector: Since it cannot know, which one the
node is priority, riskj will perform, the risk value of j is defined
as an average value.:
=

,

,..,

Decorator: The time interval value of the decorator has the
same value of its child node.

Action: for action value, it will be given by the designer (0
by default), and it can be more, if this action has more complex
process, but overall it will be set by the designer as a data
controller.

∑

=

where N is the number of child nodes of j.

B. Risk
A risk value are in a interval [0, 1]. 0 for there is not any
risk and 1 is very dangerous. The risk value will be set by the
designer.

−

(5)

where N is the number of child nodes.

where N is the number of child nodes of j, is the planning value
of its child node j.

=1−∏

∑

= ∑

,

Priority Selector: Since it cannot know, which one the
node is priority, planj will perform, the planning value of j is
defined as an average value:

∑

−

∑

(7)

emotional weight for time:
=

(4)

∑

−

∑

(8)

emotional weight for plan:

where N is the number of child nodes of j, is the risk value of
its child node j.

=

Decorator: The risk value of the decorator is the same risk
value of its child node.
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will behave correspond with the scenario design of EmoBT in
Fig. 3. It has the emotional selector that is depicted as circle
with E symbol. Childrens of emotional selector have been
given emotional factors value, that contains plan, risk, and time
execution.

From these formula we can calculated each child node in
emotional selector to get the total weight of risk, time, and
plan. For risk is calculated using this formula:
= 1−

,

∙

∙

(10)

riski is the risk value for the child node i, Wrisk, i. The value
weight of risk should be in a interval 0 to 1 cause it represent a
probability.
We also can calculated the weight for the time, and its
define as:
,

= 1−

∙

∙

1−

∙

, 0 (11)

These first part of formula represents hiperbolic time
discounting function.
is a variable that used to fits the
simulation time, and time is the emotional effect delay time,
and its can be calculated as:
=

1−

∙

(12)

where Eopt is the emotional impact on optimism:
=

∑

−

∑

(13)

The weight for the planning is calculated as:
,

= 1−

∙

∙

Fig. 3. EmoBT fire evacuation scenario.

1−

∙

To know how emotions will affect, behavior scenario is
designed to be simple. In this scenario NPCs have options to
chose the way to the exit door. It is illustrated in Fig. 4. This
tree of node has different value for each emotional factor.

, 0 (14)

where is to fit the planning amount of the simulation. There
are variables , , , and
that are determine how much
emotions affect the weights. Their value are in the interval 0 to
1, that mean if higher is more affective and lower is not.
After calculated all the weights we can get the emotional
weight as a total of the three of factor weight in a child node i,
and its calculated:
=

∙

,

∙

,

∙

,

(15)

The constant , , and are variable to know how importance
each factor. After the list of child have been ordered, emotional
weight will be converted to probability using this formula.
=

1−

with 0.5

1

Fig. 4. Emotional selector scenario and childs with time, plan, and risk value.

(16)

Most value in EmoBT are set manually by the designer, we
made data side to support this experiment. The first data that
we have to decide is emotional data. It handle which emotion
has positive or negative sign, in the time, risk, and plan impact.
The data can be seen in table II.

where is chosen depending on which distribution one wants.
Let assume = 0,5. This will make the first child probability in
the list is 50%. The second child 25%, and so on. After each
node has its probability, it will clear which child will execute
first.

Emotion
Sadness
Fatigue
Fear
Panic

VI. EXPERIMENT
This experiment test of the hypothesis of the influence of
emotions on human behavior. It implements EmoBT as
decission making system in a fire evacuation simulation. NPCs
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TABLE II.

EMOTIONAL DATA

Risk Impact
-1
-1
-1
-1

Plan Impact
-1
1
-1
1

Time Impact
1
-1
-1
1
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The second data is constant variable that handle all the
static value. When we already decided all the static data, we
can just lookup the data to fullfill each constant variable to the
formulas. We set constants value of , , , , ,
respectively 0.8, 0.9, 0.5, 0.9, 0.6, 0.9, and , , are set to 1,
to make every factors are important. For this scenario when
NPCs in emotional selector node, they would chose wait node
as the main action to done first until the max time has reached,
and then NPC will act as the current influence emotion. Let the
NPC has fear emotion, it should act pick clear path as the
second action after wait is done to be executed first, beacause
pick clear path has the second less risk value, if NPC has
sadness emotion, it should chose pick fastest path to be
executed because this node has the second less execute times,
and if NPC has fatigue emotion, it should chose pick random
path to be executed because this node has the second less plan.
We add panic emotion in this experiment to compare with
another emotion, and to make another variant action. When
NPC has panic emotion, it will take pick fastest path to be the
second places literaly. This result can be seen in Fig. 3 that
show the weight values for each action in current emotion, and
Fig. 5 show clearly which action is going to chose using
probabilities.
3.5
3
2.5
2
1.5
1
0.5
0

Emotional Behavior Trees combine two methods, behavior
trees and psychologi. Emotional Behavior Trees has emotional
selector that chose which childs should be executed first. It
makes probability for each child from emotional weight that
they are had. As an selector node, this node will stop to
execute child directly when get the success result from one of
its child, and would be go to the next child when get the failure
result. The different between emotional selector and general
selector is, it reorder the childs in ascending order according to
the emotional weight. the childs which has the less emotional
weights would be chosen first.
In this experiment, now we can compare every emotional
state in a fire evacuation give different value for each action.
So in a fire evacuation has various emotion occupants can be
predicted in this research. By using the behavior trees as base
method, it can be scalable the action that should be in the
scenario what we want.
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comparative analysis between ICT experts and faculty, has
identified the affecteds receipt of e-learning system in
developing countries. There are six main critical success
factors consist of characteristics of learners, instructor’s
characteristics, organization, and quality of service,
infrastructure and quality systems, classes and quality
information, motivation extrinsic [2]. The other study
entitled Critical Success Factors In Elearning - An
Empirical Study explains the critical success factors in elearning empirically. This study concluded six-CSF which
enables the university efficiently and effectively to adopt elearning technologies in teaching and learning. The sixCSF are pedagogy, administration institution, technology,
evaluation, and interface design support resources [3]. A
re-structuring of the critical success factors for e-learning
deployment has to compile the critical success factors
(CSFs) of e-learning from current literature and obtained
17 critical success factors (CSFs) were partitioned into four
natural roles of Student, Instructor, Technology, and
Institution [4]. The next study is Key Success Factors of
eLearning in Education: A Professional Development
Model to Evaluate and Support eLearning. It has
concluded that the dominant factors of successful
eLearning that emerged from this study are: technology,
human, design, support, and evaluation [5].

Abstract__E-learning of Universitas Sebelas Maret (UNS)
have not success yet because percentages of the active online
courses during 2008-2016 is only 25% of 1300 online courses
in http://www.elearning.uns.ac.id. Whereas management of
UNS has a target that all of the online courses in UNS should
be active. So, the UNS e-learning’s management should
improve the functionality of e-learning in UNS and should
discover the most important factor affecting e-learning
success in UNS to know what the priority to improve first.
Based on previous studies on e-learning success factors, this
study aims to determine the Critical Success Factors of the
UNS e-learning implementation using Analytic Hierarchy
Process (AHP). The results the order factors that are affecting
e-learning success in UNS. The most factor is Technology,
followed by the Elearning Development, Students’
characteristics, Lecturer’s characteristics and Management
Support.
Keywords--Analytic Hierarchy Process; Critical Success Factor;
e-Learning.

I.

INTRODUCTION

E-learning of Universitas Sebelas Maret (UNS) has not
success yet. Because percentages of active online courses
during 2008-2015 is only 25% of 1300 online courses in
www.elearning.uns.ac.id. So the UNS e-learning’s
manager needs to make improvements to maximize the
functionality of UNS e-learning. Improvements in UNS elearning are easier if the management knows the Critical
Success Factors (CSF) in the order of priority that should
be fixed [1].

These studies show the similar e-learning CSFs.
Therefore, base on the previous related research the present
study focused on factors influencing e-learning success in
Sebelas Maret University (UNS) by using Analytic
Hierarchy Process (AHP) methods. The goal of this
research was to find out the most critical success factors

Some studies in the e-Learning Critical Success Factors
domain can be summarized as follows. Critical success
factors for e-learning in developing countries: A
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affecting successful e-learning implementation from the
UNS user e-learning perspective to support UNS’s
management to make improvement’s policy for the
implementation of UNS e-learning.
II.

interface [3] [8], usability [2] [8] , and interoperability [3]
[9]
(5) Management Support
Support management also has a positive impact to elearning succeed. This factor consists of the university's
policies to support e-learning [2][9], Financial support
[8][9], encourage to e-learning benchmarking [3][8], and
periodically competencies upgrading system [2][3].

REVIEW

A. Elearning
E-learning is part of the new characterizes educational
systems that resulted from the merge of different
disciplines, such as computer science, communication
technology, and pedagogy, since all the collected
definitions contained characteristics of more than one
discipline. Consequently, the concept of e-learning can be
expected to continue to evolve for a long time. In today’s
world, learning needs change very quickly, and the concept
and functions of e-learning must continuously be adapted
to these needs. [6]

C.

Analytic Hierarchy Process (AHP)
Analytic Hierarchy Process (AHP) is a structured
technique for organizing and analyzing complex decision
[10]. There are steps to using AHP method as follow:
1) Define the problem and determine the desired solution,
and then draw up a hierarchy of problems faced.
2) Determine the priority elements with two steps. The
first step is making a pairwise comparison. The second step
is making a matrix of pairwise comparisons filled in using
numbers to represent the relative importance of one
element against another element.
3) Normalization matrix
Considerations on pairwise comparisons were normalized
to obtain overall priorities. In this step are done as follows:
a) Firstly, summing up the values of each column of the
matrix
b) Secondly, dividing each column with a total value of
the column to obtain a normalization matrix. Such as
formula (1)

There are many benefits of an e-learning such as increased
interaction between students with the teacher or instructor.
E-learning also allows the occurrence of an interaction of
learning by time and place flexibility, and reach out to
learners in a wide scope and facilitate the completion and
retention of the material of learning with easy updating of
content as well as archivable capabilities.[7]
B.

E-learning Critical Success Factors
Based on previous studies on e-Learning success
factors, there are various factors that influence e-Learning
successful. The factors grouped into seven dimensions by
their similarity.

PVn =

(1)

(1) E-Learning system Development
4) Determine eigenvector
Eigenvector is obtained by summing the values in each row
and divide it by the number of elements to obtain the
average value such as formula (2)
Axn = (xn1* PV1) +(xn2* PV2)+...+ (xnm*PVn)
(2)
5) Determine the maximum eigenvalue (λ max) and
consistency
The maximum eigenvalues are obtained from the amount
of the product of the number of fields with the main vector,
such as formula (3)

The easily, accessible and usable system has a positive
effect on e-Learning’s user [2][3][8][9]. This dimension
consists of comfortable templates in the eye [3][8], the
simplicity of content [3][9], the creativity of content
providers [2][3][9], and availability of documentation or
manual [2][3].
(2) Lecture’s characteristics
Lecturer’s characteristic is an important factor that
influences a learning management systems [2][3][8][9].
Characteristics of Lecturer that influence e-Learning is
attitudes toward e-learning [2][3][9], attitudes toward
students [2][9], lecturer’s competencies [2][8], and
lecturer’s teaching style [3][9].

λ max =(

)+ (

)+...+ (

)

(3)

The maximum eigenvalue is used to find consistency index
(CI) using formula (4), where n is number of elements
CI = (λmax – n) /n
(4)
Consistency Ratio (CR) is obtained by the formula (5)
CR = CI / IR
(5)
Where CR is Consistency Ratio and IR is Random
Consistency Index
6) Check the consistency of the hierarchy. If the ratio
Consistency (CI / IR) is less than or equal to 0.1, the final
result can be declared true.

(3) Students’ characteristics
Student’s characteristics that affected e-Learning system
are student’s willingness [2] [3], ability students using
technology [2] [8], e-Learning forum availability [2] [9],
and student’s speed capture material level [3] [8].
(4) Technologies
This factor consists of system and network security [3]
[14], portability [2] [3], reliability[2][3], design & user
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III.
METHODS
The methods determine critical success factors of UNS elearning are:
A. Adopt e-learning CSFs from previous research
B. Perform confirmation the e-learning CSFs to UNS’s
users through questionnaire
C. Analyzing questionnaire result using AHP
D. Sorting CSF priorities to determine the UNS’s
elearning CSFs.

B. Perform confirmation the e-learning CSFs to UNS’s
users through questionnaire
Confirmation is done by making a questionnaire
based on the CSF specified in Table 1. The questionnaire
was made using a Likert scale between 1-5 comprising
Strongly Disagree (SD) which has a weight of 1 to
Strongly Agree (SA) that weighs 5. Then questionnaire was
given to 135 respondents consisting of Faculty (Lecturer)
and students in teaching and learning activities using UNS
e-learning. The number of respondents who gave approval
according to Likert scale. Then the results of approval
respondents are multiplied by a Likert scale to get the value
that will be compared later. These results are shown in
Table 2.

IV.
DISCUSSION AND RESULT
Adopt e-Learning CSFs From Previous Research
There are five main factors i.e., Elearning Development
(F1), Lectures (F2), Students (F3), Technology (F4) and
Management Support (F5). Detail for e-learning success
factors and its subfactors are shown in in Table 1.
A.

TABLE 1

TABLE 2 VALUE OF ENTIRE SUBFACTOR (F1 AND F2)

E-LEARNING CSFS FROM PREVIOUS RESEARCH
Sub Factor (SF)

Code

Factor

Reference

Developing elearning
Comfortable templates in eye

Sf1.1

[3], [8]

Simplicity of content

Sf1.2

[3], [9]

Creativity content providers

Sf1.3

[2], [3] ,[9]

Availability of documentation or manual

Sf1.4

[2], [3]

Lecturer’s attitude towards elearning

Sf2.1

[2], [3], [9]

Lecturer’s attitude toward students

Sf2.2

[2], [9]

Competence of lecturers level

Sf2.3

[2], [8]

Lecturer teaching style

Sf2.4

[3], [9]

Willingness students

Sf3.1

[2], [3]

Ability students using technology

Sf3.2

[2], [8]

e-Learning forum availability

Sf3.3

[2], [9]

Student’s speed level to capture material

Sf3.4

[3], [9]

F1

F2

Lecturer

F3

College student

F4

Technology
System and network security

Sf4.1

[3], [9]

Portability products

Sf4.2

[2], [3]

Reliability products

Sf4.3

[2], [3]

Design & user interface

Sf4.4

[3], [8]

Usability products

Sf4.5

[2], [8]

Interoperability products

Sf4.6

[3], [9]

F5

Management support
University's policies to support e-Learning

Sf5.1

[2], [9]

Financial support

Sf5.2

[8], [9]

Encourage to e-learning benchmarking

Sf5.3

[2], [8]

periodically competencies upgrading system

Sf5.4

[2], [3]

Sub
Factor

VA

A

N

D

VD

5

4

3

2

1

Total

SF1.1

190

268

57

22

0

537

SF1.2

265

216

54

20

0

555

SF1.3

200

204

87

28

1

520

SF1.4

105

208

99

20

1

505

SF2.1

145

216

99

38

0

498

SF2.2

160

204

126

20

0

510

SF2.3

130

248

117

16

0

511

SF2.4

160

224

120

14

0

518

SF3.1

215

254

51

24

0

542

SF3.2

195

244

87

12

0

535

SF3.3

190

196

108

24

0

518

SF3.4

85

228

138

30

0

481

SF4.1

265

180

84

18

0

547

SF4.2

250

200

78

18

0

546

SF4.3

155

276

75

20

0

526

SF4.4

165

232

117

10

0

524

SF4.5

275

216

75

2

0

568

SF4.6

170

228

123

6

0

527

SF5.1

140

224

132

14

0

510

SF5.2

160

260

105

6

0

531

SF5.3

110

180

180

16

0

486

SF5.4

90

248

129

24

0

491

Five major factors that have not rated by respondents
directly but assessment based sub main factor. Total each
of the main factors that will be used in the calculation of
AHP was obtained from a total of subfactors that have been
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calculated in Table 2. The value for each factor is shown in
Table 3.

the factor value pairwise comparison matrix. The results
are shown in Table 6.

TABLE 3. THE VALUES FOR EACH FACTOR
Factor (F)

TABLE 6. MATRIX THE SUM OF EACH LINE

Explanation

Total
F1

F2

F3

F4

F5

Amount

F1

0.1843

0.1843

0.1843

0.1842

0.1842

0.9213

2079

F2

0.1773

0.1773

0.1773

0.1773

0.1773

0.8865

SF4.1+ SF4.2+ SF4.3+ SF4.4 + SF4.5 + SF4.6

3238

F3

0.1810

0.1810

0.1810

0.1809

0.1809

0.9048

SF5.1+ SF5.2+ SF5.3+ SF5.4

2018

F4

0.2819

0.2818

0.2819

0.2818

0.2818

1.4092

F5

0.1757

0.1757

0.1757

0.1756

0.1756

0.8783

F1

SF1.1+ SF1.2+ SF1.3+ SF1.4

2117

F2

SF2.1+ SF2.2+ SF2.3+ SF2.4

2037

F3

SF3.1+ SF3.2+ SF3.3+ SF3.4

F4
F5

C.

Analyzing questionnaire result using AHP

The results of the sum of a line divided into the relative
priority elements are concerned then add the results to the
above with the number of existing elements using formula
(3), the result is called λ max.

Priority determining starts from the main factor first
and then followed by subfactors that lay beneath.
1) Calculation of the main factors
Based on the total weight of the major factors in Table 3,
can be set pairwise comparison matrix for each of the
factors that shown in Table 4.

λ max = ((0.9213 / 0.1843) + (0.8865 / 0.1773) + (0.9048 /
0.18098) + (1.4092 / 0.2818) + (0.8783 / 0.17562)) / 5
λ max = 5.00002

TABLE 4. EACH FACTOR PAIRWISE COMPARISONS MATRIX

Then consistency index (CI) be calculated using formula
(4)

F1

F2

F3

F4

F5

F1

1

1.0393

1.0183

0.6538

1.0491

F2

0.9622

1

0.9798

0.6291

1.0094

F3

0.9821

1.0206

1

0.6421

1.0302

F4

1.5295

1.5896

1.5575

1

1.6046

F5

0.9532

0.9907

0.9707

0.6232

1

Total

5.427

5.6402

5.5263

3.5482

5.6933

CI

Because CI is not null (0), limit inconsistency or index
random was determined to base in Table 2. Consistency
ratio can be founded using formula (5) as follow,
CR

Then calculates the priority of each factor to divide the
each value of the element that pairsin the matrix with a
total value of each corresponding column, then summed.
Then the sum divided by the number of priority weighting
factor that is found. The result is shown in Table 5.

F1

F2

F3

F4

0.1843

0.1843

0.1843

0.1843 0.1843 0.9215

F5

0.1843

F2

0.1773

0.1773

0.1773

0.1773 0.1773 0.8865

0.1773

F3

0.1810

0.1810

0.1810

0.1810 0.1810 0.9049

0.18098

F4

0.2818

0.2818

0.2818

0.2818 0.2818 1.409

0.2818

F5

0.1756

0.1756

0.1756

0.1756 0.1756 0.8781

0.17562

= 0.0000050 / 1.12
= 0.00000044

Because of CR < 10%, so the matrix was considered as
consistent.
2) Calculation results of subfactor
The calculation of subfactors has same steps as main
factors in the previous section. The results of the
calculation of the subfactor’s priority multiplied by a factor
generating priority shown in Table 7.

TABLE 5. PRIORITY FACTOR VALUES

F1

= (5.00002 – 5) / ( 5 – 1 )
= 0.0000050

Amount Priority

The next step is to calculate the maximum eigenvalue. This
step begins by making the sum of each row matrix by
multiplying the priority value in Table priority matrix with
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TABLE 8. THE PRIORITY CSF OF UNS ELEARNING

TABLE 7. SUB-FACTOR CALCULATION RESULT
Factor (F)

Priority of
Factor

Developing Elearning 0.1843
(F1)

Lecturer (F2)

College student (F3)

Technology (F4)

Management support
(F5)

0.1773

0.18098

0.2818

0.17562

Sub Factor
(SF)

Priority of
Sub Factor

Code

Weight

Priority

SF1.1

0.046757

Usability products -SF4.5

0.049428 1

SF1.2

0.048323

Simplicity of content - SF1.2

0.048323 2

SF1.3

0.045264

System and network security - SF4.1

0.047596 3

SF1.4

0.043956

Portability products - SF4.2

0.047511 4

SF2.1

0.043350

Willingness students - SF3.1

0.047181 5

SF2.2

0.044396

Ability students using technology - SF3.2

0.046838 6

SF2.3

0.044485

Comfortable templates in eye - SF1.1

0.046757 7

SF2.4

0.045087

Financial support - SF5.2

0.046206 8

SF3.1

0.047181

Interoperability products - SF4.6

0.045877 9

SF3.2

0.046838

Reliability products - SF4.3

0.045764 10

SF3.3

0.045100

Design & user interface - SF4.4

0.045595 11

SF3.4

0.041879

Design & user interface - SF1.3

0.045264 12

SF4.1

0.047596

e-Learning forum availability - SF3.3

0.045100 13

SF4.2

0.047511

SF4.3

0.045764

Lecturer teaching style -SF2.4

0.045087 14

SF4.4

0.045595

Competence of lecturers level - SF2.3

0.044485 15

SF4.5

0.049428

Lecturer’s attitude toward students - SF2.2

0.044396 16

SF4.6

0.045877

University's policies to support e-Learning - SF5.1 0.044379 17

SF5.1

0.044379

Availability of documentation or manual- SF1.4

0.043956 18

Lecturer’s attitude towards elearning - SF2.1

0.043350 19

SF5.2

0.046206

SF5.3

0.042289

SF5.4

0.042728

periodically competencies upgrading system SF5.4 0.042728 20

3) Sorting weights CSF priorities and making
conclusions
Subfactors in Table 7 can be ranked by sort from the
greatest weight factors to the smallest weight factors to
look at the priority. The results of the priority shown in
Table 8.

Encourage to e-learning benchmarking - SF5.3

0.042289 21

Student’s speed level to capture material - SF3.4

0.041879 22

Table 8 shows the sequence of CSF e-learning UNS
from the most important are as follows: Level of Usability
Products (0.049428), the simplicity of presentation content
(0.048323), Security Level System and Network
(0.047596), Level Portability Products (0.047511), the
willingness of students (0.047181).
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IV.

[4] Frimpon, M.F., 2012. A re-structuring of the critical success
factors for e-learning deployment. American International
Journal of Contemporary Research, 2(3), pp.115-127.

CONCLUSIONS

Using the Analytic Hierarchy Process can be concluded
that:
1. The most important influence factor on the success of
the implementation of e-learning at Sebelas Maret
University with the highest weight is Technology
(0.2818), followed by the e-Learning Development
(0.1843), Students (0.18098), Lecturer (0.1773) and the
last is the Management Support (0.17562).
2. The most influence for subfactors is product usability
(0.049428), the simplicity of presentation content
(0.048323), Systems and Network Security Level
(0.047596), Level Portability Products (0.047511), the
willingness of students (0.047181).
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SIGN LANGUAGE INTERPRETER HAND
USING OPTICAL-FLOW
Dyah Rahma Kartika1), Riyanto Sigit, S.T., M.Kom., Ph.D.2), Setiawardhana, S.T., M.T.3)
Informatic and Computer Departement
Electronic Engineering Polytechnic Institute of Surabaya
Surabaya-East Java, Indonesia
E-mail : dyahrk@ce.student.pens.ac.id1), riyanto@pens.ac.id2), setia@pens.ac.id3)
Abstract – Communication is needed to interact
and to socialize. In general, communication is used
verbally, that is to use spoken or written words. But
in everyday life, some of people are unable to
communicate verbally. Some of them have a problem
in communication, such as deaf and mute. The most
effective communication used by deaf and mute are
through
non-verbal
communication.
This
communication uses sign language in the form of
hand and body gestures.
Hand gestures identification is one way to identify
the position pattern of the hand and the body in order
to translate the meaning and the purpose. This
communication is intended so that a normal person
can understand the sign language which is conveyed
by the deaf. In understanding the sign language, a
communication media is needed to interpret sign
language into easily-understood verbal language. The
sign language described in this research only includes
sign language from hand and body gestures which
then will be translated into characters. The important
stages and processes that must be done in the
implementation of sign language system is to detect
the configuration of hand gestures which describe the
Indonesian Sign Language (BISINDO). The method
used in this research is the Optical Flow that is used
to detect hand and body movements as the object
with the red glove as a marker. Based on testing
conducted on 20 different types of word recognition
results obtained : 65,5% identified for 20 species of
the word.

Biometric technology is highly developed, for
example, a technology that study and analyze the
physical and behavior of human for authentication, then
the application of technology in facilitating the use of
sign language can be done.
Many studies that discuss the hand motion and hand
gesture detection. As the study conducted by Chris Putu
Wijayanto [1] in 2009 on his research entitled “Building
Applications Training Sign Language Computer Based
On People Deaf” and research conducted by Ubaidullah
Umar [6] in 2011 on his research entitled “Tracking
Directions Finger Gestures Webcam based using Optical
Flow method”, which in these two studies may be
associated with our research. The study conducted by
Ubaidullah Umar [6] is the development of video
surveillance applications using a finger as a medium that
utilizes an Optical Flow method for detecting and
tracking the movement of a finger through the image
processing that has been stored by the server computer.
The next step is to calculate the distance of the screen
left and right to determine the finger position as a mouse.
This research is the development of the finger
detection by utilizing the movement of Indonesian Sign
Language (BISINDO) as the main object of the research
and Optical Flow method for detecting and tracking the
movement of the hand through image processing using
databases

Keywords—sign language, hand detection, image
processing, BISINDO, Optical Flow

A. Research Purpose
Based on the background described, the aim of this
research are to make software applications as a sign
language interpreter, to detect hand movements using PC
camera (webcam) and to produce a communication tool
for the deaf and mute.

I. INTRODUCTION

II. THEORY SUPPORT

Communication is needed to interact and to socialize.
In general, communication is used verbally, that is to
use spoken or written words. But in everyday life, some
of people are not able to communicate verbally. Some of
them have a problem in communication, such as deaf and
mute. The most effective communication used by deaf
and mute are through non-verbal communication. This
communication uses sign language in the form of hand
and body gestures.

A. Indonesia Sign Language
According to the Dictionary of Indonesian Language,
Sign Language is a language that is often used by the
deaf. Sign language is a language that does not use the
sound of human speech or writing [4]. Deaf people use
this language by combining shapes, orientation and
movement of the hands and body, as well as expressions
to express their thoughts.
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Meanwhile, according to common dictionary of sign
language Indonesia, Sign Language Indonesia is a signal
that was originally taken from the signals used deaf as
words or vocabulary in Indonesian, including American
Sign Language (ASL) [4][5]. And from these two
sources then according to research conducted by Chris
Putu Wijayanto, in the manufacture of sign language
training applications using BISINDO would be more
useful and easier for Indonesian Sign Language is used
more often when compared with SIBI [1]. Here's an
example image taken cues from General Dictionary
Indonesian Sign Language in Fig 1.

Optical Flow algorithms Lucas - Kanade in Fig. 2 can
be described as follows
1. Locate the template with expectations at the first
image by using W(x,p) to calculate 𝐼(𝑊(𝑥, 𝑝)).
2. Calculate the value of the error 𝑇 𝑥 − 𝐼(𝑊(𝑥, 𝑝)).
3. Determine the value of the gradient VI with W(x.p).
𝜕𝑦
4. Calculate the value of Jacobian
at (x,p).
𝜕𝑥
𝜕𝑦

5. Calculate the steepest descent ∇I .
𝜕𝑥
6. Calculate the Hessian matrix.
7. Calculate

the

equation

𝑥

∇𝐼

𝜕𝑊
𝜕𝑝

𝑇 𝑥 −

𝐼 𝑊 𝑥; 𝑝
8. Calculate the value ∆p.
9. Update the parameter p.
10. Repeat until the algorithm |∆p| ≤ ɛ.
D. In Pyramidal Lucas - Kanade
The Lucas–Kanade is a widely used differential
method for optical flow estimation developed by Bruce
D. Lucas and Takeo Kanade. It assumes that the flow is
essentially constant in a local neighbourhood of the
pixel under consideration, and solves the basic optical
flow equations for all the pixels in that neighbourhood,
by the least squares criterion. By combining information
from several nearby pixels, the Lucas–Kanade method
can often resolve the inherent ambiguity of the optical
flow equation. It is also less sensitive to image noise than
point-wise methods.

` Fig 1. Indonesian Sign Language of “Old Brother”
B. Object Tracking
Definition Object Tracking in the image is a way to
follow the image elements that have been localized into
moving objects over time automatically in moving image
/ video. Tracking has an important role in the processing
of the video as it can be a benchmark to extract some
estimates the property of the moving object in the video
[27][28] .
C. Optical Flow
In research conducted by Ubaidullah Umar and
colleagues describe the concept of Optical Flow, Optical
Flow which is forecast movement of a part of an image
based on the derivative of the light intensity in a
sequence of images. In 2D space, it means how much an
image pixel moves between two frame images
sequentially [6][7]. While in 3D space this means how
far a pixel volume (voxel) moves on two successive
volumes. Calculation of the derivative is based on
changes in light intensity in the second frame image and
volume. Changes in light intensity of a portion of the
image can be caused by movements.

Fig 3. Pyramidal Optical Algorithm

1.1. Algorima Lucas-Kanade

E. Euclidean Distance
Euclidean distance or Euclidean metric is the
"ordinary" distance between two points in Euclidean
space. With this distance, Euclidean space becomes
a metric space. The Euclidean distance between points
x and y is the length of theline segment connecting them.
In Cartesian
coordinates,
if x
= (x1, x2,..., xn)
and y = (y1, y2,..., yn) are two points in Euclidean nspace, then the distance (d) from x to y is given by the
Pythagorean formula :
𝑑(𝐴, 𝐵) =

Fig 2. Optical Flow Lucas-Kanade Algorithm
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direction of hands and body movement with words
that have been saved.
6. After going through the training process and the
classification by using optical flow, then the
identification process and the results of language
recognition hand signals are converted into text can
be obtained.

Where :
𝑑 = distance
𝑥1 = x coordinate 1
𝑥2 = x coordinate 2
𝑦1 = y coordinate 1
𝑦2 = y coordinate 2
𝑧1 = z coordinate 1
𝑧2 = z coordinate 2

B. Object Recognition
The process of object recognition using a web camera
that has been set manually will detect the red gloves that
are used by the user. The process of object recognition is
through detection of the position of the object using the
value of the initial position of the object and the final
value of the object's position after moving. Fig. 5
illustrates the process of moving the position of an
object.

III. DESIGNING AND MANUFACTURING SYSTEMS
A. Design Systems

Arah Pergerakan
S1

S2

Fig 5. Illustration of Object Movement
Fig. 5 shows that the S1 is the initial position of the
object and S2 is the object position after movement
IV. EXPERIMENTS AND DISCUSSIONS
The output of the data collection process is the
position x , y and t as the main feature object . Data is
collected in front of the camera using hand gestures as a
sign language. Detection of the position x and y are used
as input the classification process using Euclidean
Distance .

Fig 4. Design Systems of Application
The steps to measure and to recognize the data are as
follows:
1. Video capturing which is done in real time is
displayed on GUI application which has been made.
2. After that, retrieve 2 data segmentations, which is
color and movement segmentation on each captured
image to differentiate the color and movement data
using Optical Flow. Color and movement
segmentation can be obtained through the object
detection and pattern recognition methods as a preprocessing processes. The object detection method is
obtained through the moment and the color histogram
of the image, while the pattern recognition process is
done by detecting the point on the hand with the unit
of time and direction of movement of Optical Flow in
sequence .
3. The next step is to perform feature extraction for data
separation. In this process, color and movement
features will be separated in sequence on different
frames by calculating the position of the x, y and z at
each point earned.
4. The processed data is stored in the certain folder.
This data was taken as the data for training and as a
comparison value in the process of recognition of
sign language gestures.
5. The next step is to do the Optical Flow detection with
database matching to determine the suitability of the

Fig.6 Chart of X Position on each Word
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Fig. 9 Chart of Distance Value on each Word
In Fig. 9 we can see that every word has a different
word patterns. The pattern obtained from the calculation
of Euclidean Distance value of X and Y at each point.
Pattern similarity between the words is not visible, so
that each word has the potential similarity detection of
different translations. It is influenced by different time
taken in movement between words and movements differ
between one word with another word. So from the data is
allowed to do the reading sign language Indonesia.
Fig. 7 Chart of Y Position on each Word

TABLE I.
WORD
DETECTION

Fig. 8 Chart of Z Position on each Word
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WORD DETECTION

NUMBER
NUMBER OF
OF
UNDETECTED
DETECTED

PROCEN
-TAGE

Alhamdulillah

6

4

60%

You

7

3

70%

Eat

5

5

50%

Drink

8

2

80%

Patient

7

3

70%

Father

8

2

80%

Proud

6

4

60%

Sorry

5

5

50%

Mother

7

3

70%

Thanks

7

3

70%

Tell

7

3

70%

Deaf

6

4

60%

Bath

7

3

70%

God

5

5

50%

Assalamualaik
um

7

3

70%

Wa’alaikumsal
am

6

4

60%

Home

6

4

60%

I

9

1

90%

2016 International Seminar on Application for Technology of Information and Communication

Can

6

4

60%

Understand

6

4

60%

[4]
[5]

[6]

[7]

[8]
Fig. 9 Chart of Word Detection
V. CONCLUSIONS AND FUTURE WORK
[9]

Based on the experimental results, we can
conclude that the process of translating Indonesian sign
language into text can use the optical flow method,
through the detection of x and y position as euclidean
distance calculation feature. In the future, we would like
to develop this application to be easy to use and add
more words of sign language.

[10]
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Delivery Zone Application by Using Private
Expedition Services in the Online Shop
Mohammad Sani Suprayogi
Program Studi Teknik Informatika
Universitas Semarang
Semarang, Indonesia
yogie@usm.ac.id
Internet and social media has attracted most users to earn
extra income. Instagram originally used for visual storytelling,
is now also used for a variety of things; such as to online shop.
Instagram has convenience features like uploading photos and
comments, that can make online seller can be successful in
managing their business. But in the end, they realized that
Instagram is not e-commerce that provides a standard feature
for business.

place of transactions and communications between sellers
with buyers. Sometimes the sellers make Instagram accounts
that are named with the brand being sold, so the account owner
can separate between personal use Instagram account with the
business. Instagram itself is also aware of this phenomenon,
so that Instagram released a new feature, Account Switching
that allows users to exchange Instagram account on the
application easily [4].

Dini Hari and Bale Bandeng is an online seller in Instagram,
they plan to use e-commerce to assist business management,
while using Instagram as media promotion. Their products are
not suitable when sold in an online marketplace, such as
BukaLapak or Tokopedia. Because they have a condition that
the product must be directly up on the same day. The problem
is, this private expedition determine shipping costs by regions,
then these costs need to be integrated into the system.

Kiranasari [2] on her research has confirmed that theory
of Uses and Gratification is factors that cause Instagram into
media buying and selling. In addition there are other factors
that affect, such as ease of access, the relative cost, and
lifestyle envy. It also makes the online seller is not interested
in using the service marketplace as BukaLapak1 and
Tokopedia2 or an e-commerce services themselves.

This research aims to solve the problem of delivery method,
which is sometimes a problem for online sellers in Indonesia.
pecifically applying e-commerce needs of the Dini Hari and Bale
Bandeng, but only focused on the delivery of goods to find a
solution that can connect between the seller's policies and
shipping service policy.

But in the end, Instagram is not the online store. Online
seller will still need tools for managing their business, so
services such as stock management, shopping carts, payment
gateways and shipping methods will be needed to enable them
to manage orders. This is what makes some online sellers
began thinking to switch to using e-commerce services
without leaving Instagram as media promotion.

As a result, Dini Hari and Bale Bandeng can deliver
products quickly, and buyers can order products through ecommerce applications and know the shipping costs according
to the delivery zone predetermined.

Dini Hari3 is a veteran online seller on Instagram. Dini
Hari have a unique product, which is a healthy food that
requires products to the hands of the buyer in a short time.
Dini Hari operated in Jakarta and only sell to Jakarta, Depok,
Tangerang, Bekasi, and several areas in Bogor.

Keywords—delivery zone; postal code; e-commerce; shipping
method;

I.

Bale Bandeng4 is the seller of “Bandeng Cabut Duri”
located in Semarang. Bale Bandeng sell products with fresh
and frozen condition so that the delivery area is limited in
Semarang. Currently marketing models through Instagram,
with prospective buyers will contact and booked via the short
message. Bale Bandeng wants can be easier to manage orders
and easy to calculate shipping costs.

INTRODUCTION

Some people, especially in Indonesia are interested in
using the Internet and Social Media to earn extra income, but
this raises anomaly on how to use social media. For example
Instagram that was originally used for visual storytelling, is
now also used to hold a competition [1], the social
movements, or to be used to be an online store [2, 3].
Instagram users upload photos of merchandise and provides
information on each image, then the comments field to be a

This makes the business model of the Dini Hari and Bale
Bandeng not suitable when integrated with the marketplace,
because they are required to use the expedition that has been

1

3

Bukalapak is an online marketplace in Indonesia, can be accessed at
http://bukalapak.com
2
Tokopedia is an online marketplace in Indonesia, can be accessed at
http://tokopedia.com

Dini Hari has Instagram account with the name @dini.hari or can be
accessed at https://www.instagram.com/dini.hari/ has 10.8k followers.
4
Bale Bandeng has Instagram account with the name @balebandeng
or can be accessed at https://www.instagram.com/balebandeng/ has
107 followers.
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determined, the problem is the expedition could not serve
sameday shipping. Thus the Dini Hari and Bale Bandeng
should make e-commerce services themselves but should still
be able to be operated easily and can accommodate the
shipping method that has been determined by the expedition
services.

expedition is a good choice to guarantee the delivery of the
goods will arrive on the same day.
Furthermore, e-commerce buyers should be able to
process orders properly. Either to determine the delivery area
or the rate to be charged. This process should be done
automatically when the buyer make a reservation. Park, et al.
[8] has proposed the use of postal code system for delivery of
goods in Korea, to make the delivery area is more organized
and more effective.

The paper is structured as follows: Section II discusses the
analysis and design of the system and part III is the
implementation. We will discuss in section IV and give a
conclusion on the part of V.
II.

Therefore, the system will use the postcode method that
has been used by the Post Office to map the shipping area.
Postcode is a series of numbers and / or letters are added to the
mailing address to facilitate the process of sorting the mail.
Postcode in Indonesia consists of five points; The first number
is the code of the area where the post office is located, the
second number and the third is a county or city code, the fourth
number is the code districts contained in the county or city in
question, and the fifth digit is the code of the village or village.
There are exceptions to postcode Jakarta; The third number is
the code districts, the fourth number is the village code, and
the fifth digit is "0" [9, 10]. Methods postal code is also to
reduce the chances of buyers to fool the system to get a
cheaper postage. A list of examples zip code that will be used
in this research can be seen in Table II.

ANALYZE & DESIGN

During this time, Dini Hari and Bale Bandeng utilizing
Instagram as a platform for buying and selling, and then want
to start using e-commerce as a tool to manage the business.
Therefore, applications that are built should have the basic
features of e-commerce, web-based, up-to-date, and it is
integrated with Instagram. In addition, it is necessary to have
an interesting user interface and user friendly. BÂRSAN and
Oancea [5] in their research stated that the ease of use factor
is a major part in the development of e-commerce, which can
be measured through the number of user votes in the ecommerce platform available. The platform is
WordPress/WooCommerce5.
Dini Hari dan Bale Bandeng website will be built using
WordPress as a platform plus plugin wooCommerce as a
service provider of e-commerce. Display interface will use
Enfold6 premium template that is easily configured.

TABLE I.
No
1
2
3
4
5
6
7
8

Products sold by the Dini Hari has special conditions, the
product is not ready stock as it will be made when there is an
order. In addition, the products are sold by Dini Hari should
be in cold conditions and Bale Bandeng also in freezing
conditions, so that both using private courier service as a
shuttle service to ensure the products will be accepted by the
buyer within the same day. The expedition used by Dini Hari
only serve the delivery area of Jakarta, Depok, Tangerang
City, South Tangerang, Tangerang, Bekasi, Bekasi, and Bogor
City with rates as shown in Table I. As for Bale Bandeng
service delivery to all area in Semarang.

Zone Area
DKI Jakarta
Depok
Kota Tangerang
Tangerang Selatan
Kabupaten Tangerang
Kota Bekasi
Kabupaten Bekasi
Kota Bogor

TABLE II.

Research on the method of delivery of products on ecommerce are still rare, because during the development of ecommerce in Indonesia, the stage of product delivery rarely
gets more attention. Sellers only using e-commerce to display
the product until the booking process, while for rates and
tracking system will utilize parcel shipping services. Xu, et al.
[6] have noticed a similar phenomenon in China and proposed
the concept of Collection and Delivery Point (CDP) to
enhance innovation parcel forwarding services in order to
better collaborate with e-commerce. Then the ability of sellers
to be able to send products to a buyer more quickly, will
determine the level of sentiment against the marketed product
[7]. The sooner the better, and therefore the use of a private

5

Price (IDR)
25000
25000
35000
30000
40000
35000
50000
40000

ZIP/POSTAL CODE

No
1
2

Zone Area
DKI Jakarta
Depok

Province
DKI Jakarta
Jawa Barat

3

Kota Tangerang

Banten

4

Tangerang Selatan

Banten

5

Kabupaten
Tangerang

Banten

6

WooCommerce is a plugin which is used to create an online store
based on WordPress. WooCommerce allows for its further developed
by adding extension. Can be accessed at
https://www.woothemes.com/woocommerce/

ZONE PRICE

Zip/Postal Code
All
16411-16418
16421-16426
16431-16439
16451-16459
16511-16519
15111-15119
15121-15129
15131-15139
15141-15148
15151-15159
15220-15229
15310-15315
15318
15320-15326
15411-15419
15157
15211-15215
15330-15332

Enfold is a responsive multi-purpose theme which is one of the most
popular theme at ThemeForest. Can be accessed at
http://themeforest.net/item/enfold-responsive-multipurposetheme/4519990
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6

Kota Bekasi

Jawa Barat

7

Kabupaten Bekasi

Jawa Barat

8

Kota Bogor

Jawa Barat

1.
2.
3.

15334-15345
15510
15520
15530
15540
15550
15560
15570
15610
15620
15710
15720
15730
15810
15820
17111-17117
17121-17125
17131-17136
17141-17148
17151-17158
17411-17415
17421-17426
17431-17435
17211-17218
17320
17330
17340
17350
17352
17356
17510
17520
17530
17540
17610
17620
17630
17710
17720
17730
16111-16119
16121-16129
16131-16139
16141-16146
16151-16158
16161-16162
16164-16169

A. Backend System
As previously planned, the system will be based
WordPress + wooCommerce, so the first thing to do is to
install both to DigitalOcean7 cloud services. The next step is
to configure the wooCommerce, such as: the location of the
store located in Jakarta, is only sold in Indonesia, can accept
payment in Indonesian Rupiah (Rp), and to enable the
delivery of goods.
B. Restrict Area Delivery with Child Themes
Dini Hari delivery service only limit for delivery to three
provinces (DKI Jakarta, West Java, and Banten), so it is
necessary to set up the wooCommerce so that only three
provinces that appears when shoppers place an order. Steps to
be done is to edit files directly on the file functions.php
themes. However, this method has a drawback, when the
themes are used to experience upgrade version, then the
configuration that has been done will be lost.
The solution is to use child themes, it said "If you modify
a theme Directly and it is updated, then your modifications
may be lost. By using a child theme you will Ensure that your
modifications are preserved".
Dini Hari website using Enfold themes that support the
creation of child themes. I added a script to the file
functions.php in child themes to ensure only three provinces
that have been determined who will perform at the checkout
page.
add_filter( 'woocommerce_states', 'kirim_dinihari' );
function kirim_dinihari($states) {
$states['ID'] = array(
'JK' => __( 'DKI Jakarta', 'woocommerce' ),
'JB' => __( 'Jawa Barat', 'woocommerce' ),
'BT' => __( 'Banten', 'woocommerce' )
);
return $states;
}

Generally, system developers will easily determine the
delivery method using the popular service, which is usually ecommerce has also made a special module that facilitates the
process of integration between the two. The problem is, the
module for services that are custom expedition yet available.
Therefore this research will integrate the services of private
expedition which has had its own tariffs and delivery area with
an e-commerce system. Implementation and testing process
will use the data postcodes as in Table II and tested to the Dini
Hari.
III.

Backend System.
Restrict Area Delivery with Child Themes.
Integration Zone Price & Postal Code.

C. Integration Zone Price & Postal Code
In addition to restricting delivery only in three provinces
alone, the service delivery of Dini Hari also restrict only to
certain areas at predetermined rates. In its application, I am
using the postal code to validate the shipping area and then
automatically determine shipping rates. To integrate the zone
price and postal code in wooCommerce I need to add Table
Rate Shipping8 plugin that can define multiple shipping rates
based on location, price, weight, shipping class or item count.
Steps to be done is to make 8 shipping zone, with name
and zip / postal code that corresponds to the data in Table II
(Fig. 1). Then set the shipping method of any shipping zone,
with rates in accordance with the data in Table I (Fig. 2). The
results of this integration will be shown on the checkout page

IMPLEMENTATION

Implementation does not include the entire system, but to
discuss the integration process of zone price and postal code
in wooCommerce, in the following order:
7

8

DigitalOcean is a provider of Cloud Computing services with
affordable prices and reliable. Can be accessed at
https://www.digitalocean.com/

Table Rate Shipping is a premium extension to WooCommerce. It
has many features, one of them to make a delivery zone. Can be
accessed at https://www.woothemes.com/products/table-rate-shipping/
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when customers order products Dini Hari and have to fill a
complete shipping address.

Fig. 3. Checkout Page – Province

Fig. 4. Checkout Page – Shipping Rate

The method of using postal code that validates the
delivery address is the best method to do, because the postal
code has been used by the Post Office in mapping the area.
However, this method has a chance of being exploited if
buyers stay in the border region which has cheaper shipping
rates. In addition, when WordPress Themes & wooCommerce
or Enfold perform the upgrade, the configuration has been
done before still work, indicating child themes have worked
well.

Fig. 1. Table Rate Shipping – shipping zone

Thus, we believe that it has fulfilled the essential
requirement in managing a business. In addition, Dini Hari
and Bale Bandeng can focus on developing product marketing
via Instagram, and then be able to use e-commerce to handle
sales and business management.

Fig. 2. Table Rate Shipping – shipping method

IV.

RESULT & DISCUSSION

Based on observations made on a website9 running on a
development server, we get the result that the buyer can only
choose three provinces (DKI Jakarta, West Java, Banten) at
the checkout page (Fig. 3), and then be able to see shipping
rates directly by zip / postal code is entered, after the buyer
fills complete shipping address (Fig. 4).

V.

CONCLUSION

Based on the research that has been done, then we can
draw the conclusion that e-commerce will be able to reach
more users, especially in Indonesia, because it can be
integrated with the expedition which has certain terms and
conditions. Postcode method has long been used by the Post
Office is very helpful in the troubleshooting process and the
process of integration with the area-based delivery method.
WordPress & wooCommerce with certain configurations
and optimizations can be made to adjust the business model
Instagram seller, so that when the marketplace does not fit
with the business model, the Instagram sellers can create
personal e-commerce services.
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Abstract— A virtual private network (VPN) extends a
private network across a public network, such as the
Internet. The purpose of this research study is to
implemented ATHS3 stream cipher and VEA block cipher
algorithm as the addition of TLS ciphersuites in an SBC
Raspberry Pi Model B+ as a personal VPN gateway. It
consists three main processes, namely the initialization
process, key generation process, and encryption process to
secure data that are sent through the VPN. The personal
VPN Gateway will obtain cryptographic algorithms, TLS
ciphersuites supply from OpenSSL library, and VEA
algorithm implementation ciphersuites as the addition of
TLS ciphersuites. Implementation of VEA algorithm source
code will be made in both of the OpenSSL library and the
cryptographic library. This comparative study will be
conducted by implementing not only a stream algorithm,
but also block cipher algorithm on the same VPN gateway
and analyze its performances in order to get the most
efficient algorithm to secure data that are sent through the
VPN. Not only data transfer rate, but also memory usage
measurement in SBC Raspberry Pi Model B+ as personal
VPN gateway. The personal VPN gateway works as a
bridge between the user’s PC and network to secure its
communication to internal resources, so data that is
transmitted is prevented from attacks. The result of
performances analysis will recommend the most efficient
cipher algorithm, data transfer rate and memory usage to
be implemented in an SBC Raspberry Pi Model B+ as a
personal VPN gateway on OpenVPN.
Keywords— virtual private network; stream cipher
algorithm; block cipher algorithm; Raspberry Pi;

I.

INTRODUCTION

A virtual private network (VPN) extends a private
network across a public network, such as the Internet.
Security services that can be provided by VPN is
confidentiality, authenticity, and data integrity so that data
transmitted over a VPN can avoid the risk of interception by
unauthorized parties [2]. There are three VPN protocols that
are often used, which is Point-to-Point Tunneling Protocol
(PPTP) VPN, IPSec VPN and SSL VPN [2]. OpenVPN has
the advantage that it can be configured according to user
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requirements. Inside of OpenVPN, there is an OpenSSL
library that contains all the cryptographic service, such as a
list of the algorithms used for encryption, digital signatures
and digital certificates [3].
ATHS Stream Cipher successfully implemented as
OpenVPN ciphersuites in an SBC Raspberry Pi Model B+ as
a personal VPN gateway on OpenVPN to secure data that are
sent through the VPN [3]. In the study conducted
communication between the device with the relay server to
measure the time required for data transfer when using
ATHS3 algorithm as the encryption algorithm, compared with
AES-256 algorithm, Camellia-256, 3DES, and Seed as shown
in Table 1.
This research will be conducted by implementing not only
a stream algorithm, but also block cipher algorithm on the
same OpenVPN and analyze its performances in order to get
the most efficient algorithm to secure data that are sent
through the VPN. In this research, we use VEA (Vast
Encryption Algorithm) as the addition of SSL/TLS protocol
ciphersuites that named as OpenVPN-NCI v2.
Table 1. Data Transfer Rate [16]
ATHS3
1 MB
5 MB
10 MB
50 MB
100 MB

1,57s
6,13s
11,56s
55,64s
110,48s

AES256
1,58s
6,12s
11,54s
54,93s
108,89s

II.

Camellia256
1,62s
6,09s
11,72s
55,6s
110,59s

3DES

Seed

1,64s
6,23s
11,82s
56,1s
110,89s

1,68
6,19s
11,65s
55,22s
110,49s

OPENVPN-NCI V2

OpenVPN is usually called an SSL-based VPN because it
uses SSL/TLS protocol to secure the connection. It also uses
HMAC in combination with a hashing algorithm for ensuring
the integrity of the packet delivered. OpenVPN uses a tun or
tap device as an interface between the user-level OpenVPN
software and the OS [3].
OpenVPN-NCI is an OpenVPN software modification on
addition of new ciphersuite [16], ATHS3 ciphersuite that
contain ATHS3 algorithm. It consists three main processes,
namely the initialization process, key generation process, and
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encryption process. In first version of OpenVPN-NCI,
ATHS3 ciphersuites was made with reference to the TLS v1.2
protocol standard (RFC 5246). ATHS3 ciphersuites details as
shown in Table 2.
Table 2. ATHS3 TLS Ciphersuites [16]
ATHS3
Ciphersuites
ATHS3_SHA
DHE_DSS_
ATHS3_SHA
DHE_RSA_
ATHS3_SHA

Authenti
cation
RSA

Key
Exchange
RSA

Encryp
tion
ATHS3

Message
Digest
SHA

DSS

DHE

ATHS3

SHA

RSA

DHE

ATHS3

SHA

Vast Encryption Algorithm (VEA) is a 128-bit block
cipher algorithm with 256-bit key input and uses feistel
network architecture [12]. It contains 4 sub blocks, each sub
block processed as input for f function and g function for 11cycle. VEA uses delta value that also used in TEA (Tiny
Encryption Algorithm).

Figure 2. VEA Block Cipher Algorithm Construction,
VEA is a proprietary block cipher algorithm designed by
Kholif Faiz Ma’ruf in 2008 [12]
Figure 1. ATHS3 Stream Cipher Algorithm Construction,
ATHS is a proprietary stream cipher algorithm designed by
Mangathur in 2008 [11]
OpenVPN-NCI v2 is a new version of OpenVPN-NCI that
uses VEA block cipher algorithm as the addition of TLS
ciphersuites.
OpenVPN-NCIv2
obtain
cryptographic
algorithms and TLS ciphersuites supply from OpenSSL, so
that VEA algorithm implementation performed on OpenSSL.
VEA ciphersuites provided by OpenVPN-NCI v2 was made
with reference to the TLS v1.2 protocol standard. The
addition VEA ciphersuites details as shown in Table 3.
Table 3. VEA TLS Ciphersuites
TLS Ciphersuites
VEA_SHA
DHE_DSS_
VEA_SHA
DHE_RSA_
VEA_SHA

Authent
i cation
RSA
DSS
RSA

Key
Exchange
RSA
DHE
DHE

Encryp
tion
VEA
VEA
VEA

This OpenVPN-NCI implemented in Single Board
Computer Raspberry Pi Model B+ as personal VPN gateway
and called AR-6000 [14]. In addition, VEA algorithm, the
new version of AR-6000 called AR-6000Sec. Figure 4 shown
AR-6000Sec hardware block diagram.
III.

RESULT AND DISCUSSION

In this research, OpenVPN-NCI which works in AR6000Sec personal VPN gateway device to provides VPN
service for mobile user. To build AR-6000Sec, shown in
Table 4 and Table 5 there are hardware and software
components.
Table 4. AR-6000Sec Hardware Components [14]

Message
Digest
SHA
SHA
SHA
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No
1.
2.

Hardware
SBC Raspberry Pi
LCD Module

3.
4.

Jumper wires
Micro SD Card

Specification
Model B+ (rev 1.2)
Depok
Instrument
Smart
(HDD44780)
Female-to-female
SanDisk 8GB class 10

LCD

16x2
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5.
6.
7.
8.

USB Wi-Fi
Power Cable
UTP wire
Acrylic case

12.

D-Link DWA-132
Micro USB
Crossover
-

Table 5. AR-6000Sec Software Components
No.
1.
2.
3.
4.
5.
6.

Software
OpenSSL
OpenVPN
EasyRSA
Shoreline Firewall
Raspberry Pi Operating System
Cryptsetup

Specification
Version 1.02h
Version 2.3.10
Version 3
Version 4.6.7
Raspbian Jessie
Version 1.7.1

openssl/vea/vea/e_vea.c

openssl/crypto/objects/objects.txt

13.

openssl/ssl/s3_lib.c

14.

openssl/ssl/ssl.h

15.

openssl/ssl/ssl_algs.c

16.

openssl/ssl/ssl_locl.h

17.

openssl/ssl/ssl_ciph.c

18.

openssl/ssl/tls1.h

19.

openssl/test/Makefile

20.

openssl/util/libeay.num

21.

openssl/util/mk1mf.pl

22.

openssl/util/mkdef.pl

23.

openssl/util/mkfiles.pl

24.

openssl/config

25.

openssl/Makefile.org

Next to add and modify the source code, compile
OpenSSL-NCI v2 with proper command in linux terminal.







Figure 4. AR-6000Sec Hardware Block Diagram
Implementation of VEA algorithm source code will be
made in both of the OpenSSL library and the cryptography
library. OpenSSL library and cryptography library need to be
modificated because they are the supply of entire
cryptographic function. There are three main steps to
implement ATHS3 and VEA algorithm as TLS ciphersuites in
OpenVPN-NCI.
First step in to implement algorithms into OpenSSL. In
this steps, cryptography library, SSL library, some source
codes of OpenSSL must be modificated. List of source code
that added and modificated as shown in Table 6.
Table 6. List of Additional and Modificated OpenSSL
Source Codes
No.

Additional Source Code

Modificated Source Code

1.

openssl/crypto/aths3/aths3.h

openssl/apps/progs.h

2.

openssl/crypto/aths3/aths3_locl.h

openssl/apps/progs.pl

3.

openssl/crypto/aths3/aths3.c

openssl/apps/speed.c

4.

openssl/crypto/aths3/aths3test.c

openssl/apps/Makefile

5.

openssl/crypto/aths3/Makefile

openssl/crypto/evp/evp.h

6.

openssl/evp/aths3/e_aths3.c

openssl/crypto/evp/c_allc.c

7.

openssl/crypto/vea/vea.h

openssl/crypto/evp/evp_err.c

8.

openssl/crypto/vea/vea_locl.h

openssl/crypto/evp/Makefile

9.

openssl/crypto/vea/vea.c

openssl/crypto/objects/obj_mac.h

10.

openssl/crypto/vea/veatest.c

openssl/crypto/objects/obj_dat.h

11.

openssl/crypto/vea/Makefile

openssl/crypto/objects/obj_mac.n
um
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--prefix=/opt/openssl-nci
./config
enable-aths3 enable-vea no-seed no-rc2
no-rc4
make depend
make
make test
make install
./configure
--prefix=/opt/openvpn-nci
OPENSSL_SSL_LIBS="-L/home/dir/openssl0.9.8zd
-lssl"
OPENSSL_SSL_CFLAGS="I/home/dir/openssl--0.9.8zd/include"
OPENSSL_CRYPTO_LIBS="L/home/dir/openssl--0.9.8zd
-lcrypto"
OPENSSL_CRYPTO_LIBS="I/home/dir/openssl--0.9.8zd/include/"
make
make install

Overview of AR-6000Sec system diagram as shown in
Figure 5. In this figure explained that AR-6000Sec personal
VPN gateway works as a bridge between the user’s PC and
network to secure its communication to internal resources, so
data that is transmitted is prevented from attacks. It is also
possible that user to communicates with other user securely
using VPN tunnel.

Figure 5. Overview of AR-6000Sec System Diagram
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Table 7 shown sample of block and stream algorithm
performances comparison in AR-6000Sec. ATHS3 uses less
time to transfer data than VEA algorithm.
Table 7. Algorithm Performance Result

conclude that ATHS3 algorithm has better performance and
efficiency as TLS ciphersuites in OpenVPN-NCI v2 has
better performance and efficiency than stream ciphers
algorithm (VEA) compared in this paper.
ACKNOWLEDGMENT
We would like to thank to Arga Dhahana Pramudianto
who has implemented ATHS3 algorithm to OpenVPN and did
a research about AR-6000 personal VPN gateway as earlier
version of OpenVPN-NCIv2 and AR-6000Sec. We would
also like to thank to the National Crypto Institute who have
directly supported us.

As shown in Figure 6, VEA and ATHS3 have appropriate
performance and the result of the experiment show that
ATHS3 uses 3816 KB of memory and VEA 3888 KB
memory usage, ATHS3 uses less memory than VEA in VPN
Gateway, we can conclude that Stream Cipher algorithm more
efficient than Block Cipher algorithm in the term of memory
usage.
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CONCLUSION

This paper presents a performance and efficiency analysis
of different block cipher algorithms (ATHS3) and stream
cipher algorithm (VEA) as the addition of TLS ciphersuites
in an SBC Raspberry Pi Model B+ as a personal VPN
gateway. By analyzing experimental results several points
can be concluded. We find that ATHS3 have less time to
transfer data, uses less memory and faster with increased
efficiency approaching 1.07 times. Finally, by analyzing
Encryption/Decryption
time,
Encryption/Decryption
throughput and assumption Power Consumption value we
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Balanced Scorecard (BSC) is a tool in the field of
management to manage business strategies, measuring the
performance of the company, communicate the vision,
mission, strategies and objectives to stakeholders. In the
measurement of performance, the BSC uses four perspectives:
financial, customer, business process, learning and growth.
The previous studies have proposed a model of balanced
scorecard based on ontology (BSCO) [8].
However, the balanced scorecard ontology unable to
measure fraud criterion when a business process has been
executed. This research proposes a model Warning Criterion
Ontology (WCO) to detect the wrong pattern and wrong
resource in the organization. The KPI method for “Percentage
of Compliance in running well Standard Operating Procedure
(SOP)” has been proposed in this research. By using KPI,
warning activity measurement could be measured in
organization with linked WCO, business process metamodel,
BSCO and Petri net ontology.

Abstract—Business process metamodel is a representation of
knowledge on business processes. Balanced scorecard ontology
(BSCO) is a conceptual representation of the balanced scorecard,
so it can be integrated in semantics. However, the balanced
scorecard ontology unable to measure fraud criterion when a
business process has been executed. This research propose a
model Warning Criterion Ontology (WCO) to detect wrong
pattern and wrong resource in the organization. In this study,
Key Performance Indicator (KPI) has been performed to
cascades quality assurance office from the universities in
Indonesia. The KPI method for "Percentage of Compliance in
running well Standard Operating Procedure (SOP)" has been
proposed in this research. By using KPI, warning activity
measurement could be measured in organization with linked
WCO, business process metamodel, BSCO and Petri net
ontology.
Keywords—balanced scorecard ontology; key performance
indicator; ontology; warning criterion ontology

I. INTRODUCTION

II.

The business process involves activities carried out in a
coordinated manner and run by people to achieve the
goals/objectives of business [1]. A process remains a top
priority in conducting business setting, but some aspects of the
process that still has its own challenges in implementing it [2].
On average, a company lost 7 percent of its gross revenue
each year. There are 20 percent of people in the company
never commit fraud, 60 percent of them rely on the
opportunities to commit fraud, and the remaining 20 percent
actually commit fraud [3]. Based on the research [4] wrong
pattern and wrong resource is a fraud criterion.
Nunes [5] has proposed a model to creation, manipulation
and reuse information contextually related to the activities of
business process. Then, Mattos [6] improved that research by
propose three-layer metamodel, they are context metamodel
layer, business process metamodel layer, and domain
metamodel layer. The research aims to represent a concept or
knowledge of the context of business process. Petri net can be
used to describe a business process, with representing petri net
using ontologies can provide semantic description of petri net
concepts and their relationships [7].

LITERATURE

A. Petri Net Ontology
Petri net can be used to describe a particular business
process. Petri net is a specific type of chart that contains
several types of objects, namely the place, transition, arc and
tokens. Zhang Fu [7] has modeled in the form of a Petri net
ontology, by translating some of the key features of a Petri net
into classes, properties and axioms of OWL DL.
B. Business Process Metamodel
Mattos [6] has proposed a layer to specifically define
concepts of context and their relationships. Thus, to express the
element of a business model modifying by Nunes [5],
excluding the class Context and establishing new relationships
between the two layers. Moreover, the formalism presented to
improves the original ontology by making all of the relevant
concepts related to context explicit in a separate model (context
metamodel layer) and highlighting in the second layer a
business process metamodel. This metamodel should be taken
as a basis for building the process models, which is needed to
identify and monitor.
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III.

C. Balanced Scorecard Ontology
The Balanced Scorecard (BSC) [9] can be identified as the
organization’s drivers toward its objectives and make them
converge toward them, defining the relations among the goals
of performance from four perspectives of the organization.
Kaplan and Norton described the BSC as a framework of
action to translate the vision of an organization in its strategy,
lending attention to the requests of shareholders, clients, and
internal requests, that in a joint way describe the strategy of an
organization, and how this strategy can be achieved. In the
measurement of performance, the BSC uses four perspectives:
financial, customer, business process, learning and growth.
The previous studies have proposed a model of balanced
scorecard based on ontology (BSCO). BSCO is a
representation of elements, relationships, vocabulary and
semantics of the essential subjects in the balanced scorecard
domain [8]. BSCO is structured into several levels of
decomposition with increasing depth and complexity. The first
level of decomposition of ontology contains the four
perspectives, which are the products and services firm offers,
the relationship it maintains with its customers, the
infrastructure necessary in order to provide this and finally, the
financial aspects, which are the expression of business success
or failure. An ontological model built around the balanced
scorecard domain, allows us to achieve a conceptualization of
the business process, aligned with the strategy of an
organization, to be captured, represented, disseminated and
processed by the resource at a company.

REPRESENTATION OF WARNING CRITERION

In this paper, we propose a warning criterion base on
ontology. In this section, we present Warning Criterion
Ontology (WCO) master with two component, i.e. enterprise
ontology and specification (viewpoint). Enterprise ontology for
WCO-Master
includes
five
domains:
performance
management, business process, petri net, organizational and
warning criterion. Figure. 1 depicts the WCO-Master enterprise
ontology.
A. Semantic Integration
Semantic technologies [10, 11] offer a new way to
integrate data and applications. Before making the maps, a
model (or an ontology [12]) of a given business domain is
defined. The model is expressed in a knowledge representation
language and contains business concepts, relationships and a
set of rules. This representation of the knowledge enables the
creation of structured information collections and rules of
inference to facilitate the automated reasoning.
In this research, business rule class on business process
metamodel will link with standard operating procedure (SOP)
class on WCO. Where the representation of the SOP is derived
from petri net. Then activity class on business process
metamodel will link with key performance indicator (KPI)
class on BSCO. Legal activities in this model are divided into
key activity and normal activity. The key activity of the
business process will be mapped into one of the key
performance indicators.
B. Warning Criterion Ontology (WCO)
At model Warning Criterion Ontology (WCO) with OWL

Fig. 1. WCO-Master Enterprise Ontology.
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DL ontologies, i.e., we translate some key features from the
component of WCO into classes, properties and axioms of
OWL DL ontologies. Figure. 2 shows a model of WCO. The
main classes and attributes are described in Table I.

• Each organizational unit on cascading symbol cui
∈ C is mapped into a class identifier ϕ(cui) ∈
CID0;
• Each warning activity on Activity symbol wai ∈ A
is mapped into a property identifier ϕ(wai) ∈
PID0;
• Each wrong pattern from a fraud fwp ∈ F is
mapped into an individual identifier ϕ(fwp) ∈ IID0;
• Each wrong resource from a fraud fwr ∈ F is
mapped into an individual identifier ϕ(fwr) ∈ IID0;
• A class identifier ϕ(CSOP) ∈ CID0 denotes all the
SOP in WCO;
• A class identifier ϕ(CEventLogs) ∈ CID0 denotes
all the Event Logs in WCO;
• A class identifier ϕ(CKeyActivity) ∈ CID0
denotes all the Key Activity in WCO;
• A class identifier ϕ(CEmployee) ∈ CID0 denotes
all the Employee in WCO;
• A class identifier ϕ(CUnit) ∈ CID0 denotes all the
Unit in WCO;
• A property identifier ϕ(wa) ∈ PID0 denotes all the
warning activity in WCO;
• A individual identifier ϕ(fwp) ∈ IID0 denotes all
the fraud criteria wrong pattern in WCO;
• A individual identifier ϕ(fwr) ∈ IID0 denotes all
the fraud criteria wrong resource in WCO;
• A class identifier owl:Thing ∈ CID0 is used to
denote all elements in warning criterion ontology
WCO, and another class identifier owl:Nothing ∈
CID0 denotes empty sets;

Fig. 2. Model of WCO.

TABLE I. WARNING CRITERION CLASSES AND ATTRIBUTES
Class

Description and attributes

Cascading

Representing cascading on balanced scorecard.
Attributes: name, description.
Representing for criteria fraud.
Attributes: name, description.
Logs is a super class for all element on event logs.
Attributes: description
Set of actions aimed at reaching one or more objectives
that consumes and produces and requires actors to execute
it. This class linked with activity from business process.
Attributes: name, description, action, expected goal,
achieved goal.
Representing standards operational procedure.
Attributes: relation with transition.

Fraud
Logs

Activity

SOP

Let WCO = (S, E, F, A, C) be warning criterion ontology.
The OWL DL ontology O = ϕ(WCO) = (ID0, Axiom0) can be
defined by transformation function ϕ as follows:
1) The OWL DL identifier set ID0 of ϕ(WCO) contains
following elements:
• Each SOP symbol si ∈ S is mapped into a class
identifier ϕ(si) ∈ CID0;
• Each event logs on Logs symbol ei ∈ E is mapped
into a class identifier ϕ(ei) ∈ CID0;
• Each key activity on Activity symbol aki ∈ A is
mapped into a class identifier ϕ(aki) ∈ CID0;
• Each employee on cascading symbol cei ∈ C is
mapped into a class identifier ϕ(cei) ∈ CID0;

2) The OWL DL axiom set Axiom0 of ϕ(WCO) contains
following elements:
• Warning activity in WCO means that its input is
an event logs and output is a warning activity in
class perspective (BSCO). Then creating the
property axioms:
ObjectProperty (ϕ(wa) domain (Class
perspective on BSCO) range
(ϕ(CKeyActivity)));
• Fraud criteria in WCO mean that its input is event
logs and output is a status wrong pattern or wrong
resource, and thus it is necessary to define the
domain and range of the corresponding individual
identifiers ϕ(fwp) and ϕ(fwr). Then creating the
property axioms:
DataProperty (ϕ(fwp) domain (ϕ(CEventLogs))
range (boolean));
DataProperty (ϕ(fwr) domain (ϕ(CEventLogs))
range (boolean));
Rule for warning criterion ontology, can see below:
1) Rule for wrong pattern:
EventLogs(?e1), EventLogs(?e2),
BusinessRule(?b1), BusinessRule(?b2),
hasActivity(?b1, ?a1), hasActivity(?b2, ?a2),
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assurance office about “Percentage of unit academic and nonacademic services certified by ISO 9001: 2008”. This KPI is
“Percentage of compliance in running well SOP (The
percentage of fraud criteria at SOP)”. KPI of Quality assurance
office are described in Table II.

hasActivity(?e1, ?a1), hasActivity(?e2, ?a3),
hasNextBusinessRule(?b1, ?b2),
hasNextEventLogs(?e1, ?e2),
hasNameActivity(?a2, ?na2), hasNameActivity(?a3,
?na3), notEqual(?na2, ?na3) 
hasWrongPatternSequence(?e1, true),
hasWrongPatternSequence(?e2, true);

TABLE II. KEY PERFORMANCE INDICATOR OF QUALITY ASSURANCE
OFFICE [14]

2) Rule for wrong resource:
EventLogs(?e), BusinessRule(?b), hasActivity(?b,
?a), hasActivity(?e, ?a), originator(?b, ?o1),
originator(?e, ?o2), hasName(?o1, ?no1),
hasName(?o2, ?no2), notEqual(?no1, ?no2) 
hasWrongResource(?e, true);

Key Performance Indicator
The number of department has been accreditation/international equity
(accumulative) (Facilitation Program in the process of
accreditation/international equity)
The percentage of students who graduate on time (SPMI
implemented/assessment SPMI)

3) Rule for linked perspective with activity:
BusinessProcess(?b),
BusinessProcessObjective(?o),
BusinessProcessSucessFactor(?s), KPI(?k),
Activity(?a), contains(?b, ?o), measures(?a, ?k),
measures(?k, ?s), measures(?s, ?o) 
linkedPerspective(?a, ?b)

Percentage of S1 student with GPA> 3 annually (SPMI
implemented/assessment SPMI)
The average level of student satisfaction on the quality of academic
activities (department assessed SPMI)
Lecturer percentage with EPBM> 3 (Student participation in accreditation
forms filling EPBM)

4) Rule for warning activity:
EventLogs(?e), BusinessProcess(?b), Activity(?a),
hasActivity(?e, ?a), linkedPerspective(?a, ?b),
hasWrongResource(?e, ?f), equal(?f, true) 
warningActivity(?b, ?a)
IV.

Percentage of S0 department which is accredited by BAN- PT (Facilitation
Program in the accreditation process BAN-PT)
Percentage of S1 department which is accredited by BAN- PT (Facilitation
Program in the accreditation process BAN-PT)
Percentage of S2 department which is accredited by BAN- PT (Facilitation
Program in the accreditation process BAN-PT)

EXPERIMENT AND RESULT

Percentage of S3 department which is accredited by BAN- PT (Facilitation
Program in the accreditation process BAN-PT)
Percentage of unit academic and non-academic services certified by ISO
9001: 2008 (Facilitation ISO certification through socialization, training
and mentoring)
Number of laboratory that obtain ISO 17025 certification and Knapps
(Facilitation ISO certification through socialization, training and
mentoring)

In this paper, an accreditation assistance program was
investigating as an experiment for linked activity with KPI.
Figure. 3 shows a Standard Operating Procedure of
accreditation assistance program [13]. In which the university
has implemented a balanced scorecard approach to assessing
the performance of the university. In this case, we used key
performance indicators from the university in Indonesia [14].
In 2011 Quality assurance office at the university have 11 KPI.
Then we proposed KPI for controlling KPI at Quality

Percentage of compliance in running well SOP (The percentage of
fraud criteria at SOP)

Fig. 3. Standard Operating Procedure (SOP) of accreditation assistance program [13].
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Fig. 4. Flowchart evaluation of WCO

The results of the random path generation, we separate it
into event logs normal based on the results of a complete
generation. We set 100 cases for event logs normal. The
result from event logs generation complies to standard
XES. Then event logs normal converted into the format of
OWL.

A. Experiment
In this research, we use three step for evaluation our
method. The steps are: a) define dataset, b) converted into the
format of OWL, c) detect warning activity. Figure. 4 shows a
flowchart evaluation of WCO.

3) Fraud Setting.
Event log fraud is the results generated are not contained in
the case from three complete generation. We set 50 cases
for event logs fraud. Where 20 cases is a case where the
originator has misplaced and 30 cases is a case where there
was a wrong pattern sequence. Then event logs fraud
converted into the format of OWL.

1) SOP of accreditation Petri Net.
In this research, we used tools Workflow Petri Net
Designer (WoPeD). WoPeD stands for Workflow Petri Net
Designer and is open-source [15]. The underlying file
format complies to standard PNML, allowing models
created by WoPeD to be exchanged with other PNMLaware tools [16]. Then PNML format is converted into the
format of OWL with Petri Net Ontology structure.

This simulation has been implemented with protégé with
the reasoned pellet. The results of the simulation showed
that are activities that were detected as a warning in
perspective BSCO. Figure. 6 shows simulation in the class
perspective balanced scorecard.

2) Petri Net-based Event Log Generation.
In this research, we used event logs from the generator
plugin log in ProM [18]. We use two simulations at event
log generation option, that is: random path generation and
complete generation. At random path generation, we get
2000 cases, when complete generation we get 3 cases.
Figure. 5 shows the results of the random path generation.

Fig. 6. Simulation in class perspective balanced scorecard.

B. Result
In this research, our model can detect wrong pattern
sequence and wrong resource misplaced. But our model can’t
detect pattern split. The result for detection warning activity
can show in Table III.

Fig. 5. The results of the random path generation.
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organization business process that has been executed. By
linked warning criterion into performance indicators so that
management can be more responsive to activity indicated as
the wrong pattern and wrong resource that affect the
performance of the company. Our method only detects
originator has misplaced and wrong pattern sequence.

TABLE III. RESULT FOR DETECTION WARNING ACTIVITY
Activity
KPI
name

type

scheduling_so
cialization
socialization

Compliance
in running
well SOP of
accreditatio
n assistance
program

prepare_docu
ment_accredit
ation
send_docume
nt_accreditati
on_to_assesm
ent_team
checking_doc
ument_accred
itation
receive_corre
ctions
mentoring_an
d_guidance_r
evised
revise_docum
ent_accreditat
ion
provide_info_
for_qualified
send_docume
nt_accreditati
on_to_PR_1
send_docume
nt_accreditati
on_to_BAPSI
send_docume
nt_accreditati
on_to_REKT
OR
send_docume
nt_accreditati
on_to_BAN_
PT
visitation_sch
eduling_simul
ation
visitation_sim
ulation
receive_visita
tion_BAN_P
T
visitation_BA
N_PT
receive_SK_a
ccreditation_
REKTOR_B
APSI
send_SK_to_
program_stud
i
receive_SK_a
ccreditation_p
rogram_studi

V.

Normal
Activity
Normal
Activity

Wrong
pattern
sequ
split
ence

Originator
has
misplaced

5

-

0

5

-

0

Key
Activity

0

-

0

Key
Activity

-

0

2

Key
Activity

-

0

2

Key
Activity

0

-

2

Key
Activity

0

-

2

Key
Activity

5

-

2

Key
Activity

0

-

0

Key
Activity

0

-

2

Key
Activity

2

-

2

Key
Activity

2

-

1

Key
Activity

2

-

0

Normal
Activity

0

-

0

Normal
Activity

0

-

0

Key
Activity

2

-

0

Key
Activity

0

-

0

Normal
Activity

2

-

0

Normal
Activity

0

-

0

Normal
Activity

5

-

5

In the future, we will repair rule for the wrong pattern for
pattern split, then we will add other fraud criteria such as skip
activity, throughput time, wrong decision and wrong duty.
Then it will be implemented into the plugin ProM for fraud
detection at a key activity of the business process.
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Box testing use requirement specification language to
understand the requirement needed and verify based on source
code.

There are many algorithms used in software statistical testing
such as:search algorithm, genetic algorithm, clustering
algorithm, Particle Swarm Optimization (PSO), ant Colony
Optimization (ACO) and so on. Based on research, ACO
algorithm has been shown that it is outperforms the existing
simulated annealing (search algorithm), genetic algorithm and
other algorithm in statistical testing for the quality of generating
test data and its stability. This ACO algorithm is also comparable
to PSO-based method.This research proposes statistical testing
technique on Gray Box testing using ACO algorithm. Test case
and data test are generated from UML State Machine Diagram.
UML State Machine Diagram can describe the structural of
source code from Software Under Test (SUT). And it has better
coverage of the SUT structural source code than another UML
Diagrams. This research aims to get comparison result between
UML State Machine Diagram and source code in generating test
case and test data base on ACO statistical testing.

In this research, Gray Box testing will be compared with
structural testing from previous research. Data set which is
used in the previous research will be used in this research. To
do the Gray Box testing approach, we convert the source code
into diagram or with a technique also known as Reverse
Engineering. After this process, the diagram will be modeled as
graph used to generate test case. Test case is generated using
Ant Colony Optimization (ACO) algorithm. This algorithm is
used to generate probability distribution of each test data. Test
data with the highest probability distribution value, will be
used as test data.
The quality of generated test data will determine the
effective software testing and its impacts to the reliability of
software. Mao et al. [2] implement Ant Colony Optimization
(ACO) algorithm in test data generated. Their result shows that
ACO has better quality test data than other algorithm such as:
Local Beam Search, Simulated Annealing, or Genetic
Algorithm. This algorithm is more stable and it can be
compared to PSO algorithm.

Keywords—Software Statistical Test; Ant Colony Optimization;
Gray Box Testing; UML State Machine Diagram.

I. INTRODUCTION
Software testing is a process to analyze the reliability of
software based on certain test case and test data. Software
testing is a critical phase in software development process. The
National Institute of Standard and Technology (NIST) reported
that cost because of software defects is U.S. economy 59.9
billion dollar per year. The report estimates that $22 billion
could be saved through the early application of more effective
defect detection methodologies. According to this report,
software error identification and correction cost is 80% of the
overall software development cost [1].

There are various techniques in software testing using Soft
Computing approach. Yan et al. [3] used the information of
spectra from chosen test scenario to guide in generating test
case using clustering algorithm. It shows that Execution
Spectra Based Sampling (ESBS) is better in detecting software
fault than another sampling strategy. Khan and Kausar [1]
implemented Random Cluster Sampling technique in XMachine test’s case study. They defined a test scenario for XMachine Microwave Oven case and they also described
sampling of test data based on that technique. Poulding et al.
[4] used search algorithm to generate probability distribution
from a test data domain. In this research, they used Stochastic
Hill Climbing algorithm. This algorithm is look like Random
Mutation Hill Climbing from Forest and Mitchell [5] research.
In 2011, Poulding et al. [6] continued their previous research.
In this research they improved the search algorithm. To
improve the search algorithm, they used Direct Mutation and
feedback for each potential solution evaluation. Another

In general, software testing can be done by White Box and
Black Box. White box testing is software testing which use
structural source code of Software Under Test (SUT) to
generate test case. White box testing can be described as
technique to validate change over the source code. Black box
testing is technique to test higher level of SUT such as interface
design or requirement design. Besides White Box and Black
Box testing, there is Gray Box testing. Gray box testing is used
higher level of SUT like Black Box testing and it is combined
with certain code in system like White Box testing. This Gray
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case using ACO algorithm. Each test cases will be compared in
term of its quality on their ability of branch coverage.

research was done by Fraser et al.[7]. Their research is about
empirical analysis to the main problem in search algorithm.
From the research it is known that the seed of test data for each
test scenario is the important thing. Fraser observed three
different seed technique which was implemented in different
context. Their results provide evidence that a good choice of
seeding techniques can lead to an overall improvement of the
search result. Luciano S. de Souza et al. [8] investigated the use
of hybrid search techniques for the constrained test case
selection problem. They implemented a Binary Constrained SO
(BCPSO), and two hybrid algorithms which integrated local
search techniques (FS and HC Climbing) to improve the
performance of BCPSO. The hybrid techniques obtained better
results when compared to their individual components.
UML State Machine is used in this research because it can
cover structure of source code better than another UML
diagrams. Felderer and Herrmann [9] compared generated test
case technique using UML Activity Diagram and UML State
Machine Diagram. The research result that UML Activity
Diagram is more understandable than UML State Machine
Diagram. But in generating test case, UML State Machine
Diagram has better quality test case in finding error.

Fig. 1. Proposed Method

The test case generation process is described in Figure 2.
From source code, UML State Machine was created using Star
UML. Diagram validation process is done by manual survey
validation. This manual survey validation has 18 respondents.
This survey aims to check the diagram based on the usage of
correct attributes and its process flow. The survey result is
validated using Construct Validity.

This research aims to get the comparison result in
generating test case based on structural testing approach and
Gray Box Testing approach using ACO algorithm. The better
quality of test case will be compared in their ability to reach all
branches in source code or this can be called as branch
coverage. This paper is organized as follows: the next section
tells about proposed methodology. Section 3 defines
implementation. Conclusions and discussion of future work are
in Section 4.
II. PROPOSED METHODOLOGY
A. Gray Box Testing
Gray Box testing technique is testing technique which
combines Black Box testing and White Box testing. Gray Box
technique uses requirement specification language like Black
Box testing, and verifies the correctness of it based on
structural code like White Box testing. Black Box testing
technique can generate test case in the beginning of software
process. And it also can validate the logical structural of source
code in the software testing process. Although all source codes
do not finish yet, it is possible for this technique to generate
test case of SUT. This technique can be called as Model Base
Test Case Generation. Model design is usually used in this
technique such as UML Diagram.

Fig. 2. Proposed Test Case Generation

XMI (XML Metadata Interchange) creator process is used
to generate XMI file. This XMI file is used to convert diagram
into graph. And this process can be called as XMI Parse.
Notation from XMI Parse process will be used in graph creator.
The test path creator is a process using ACO algorithm. In this
process, each ant builds their own path with different
probability distribution. The highest probability value will be
chosen as test case used in software testing. ACO algorithm
will be explained in next section.

In this research we propose statistical testing in Gray Box
technique. In previous research which used the same ACO
algorithm, type of data set is source code. There are 8 source
codes used. And in our research, we use the same data set. But
the difference here, we create the UML State Machine Diagram
based on given source code (Reverse Engineering). Because
this research aim to know the quality test data generated by
UML State Machine Diagram and source code. The
methodology used in this research is described in Figure 1. To
compare the quality of generated test data based on Gray Box
testing, we used structural testing test data generation for
comparison. Each testing techniques, will be generated test

B. UML State Machine Diagram
UML State Machine Diagram is a diagram which models
the behavior of single object, specifying the events sequence of
object which goes through during its lifetime in response to
events. Behavior is modeled as graph traversal of state nodes
which is connected with transitions. Transitions are triggered
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by the dispatching of events. During the traversal, state
machine could also execute some activities. Based on Star
UML 5.0.2, UML State Machine Diagram can be composed
with initial state (the default state when system first begins),
state (system’s history which represent condition or
interactions), submachine state (a syntactical convenience
which facilitates reuse and modularity), final state (the
enclosing composite state), junction point (can be used to
construct branches and merges), choice point (splits an
incoming transition into several disjoint outgoing transition),
shallow history (restore the state within the enclosing
composite state that was active just before the enclosing state
was last exited), deep history (restore the full state
configuration that was active just before the enclosing
composite state was last exited), synchronization, flow final,
transition (a directed relationship between a source state vertex
and a target state vertex), and self transition.

previous research [2] so that it can generate test data set with
high coverage. Given a program from SUT, we can call this
program as Program Under Test (PUT). Suppose it has n input
variables X = (x1, x2, x3, …, xn). This input can be treated as
the position vector of ant in ACO. For each input variable xi,
assume t takes its values in a domain Di (1≤ i ≤ n). The whole
input domain from PUT can be expressed as D = D1 x D2 x D3
x … x Dn. For given coverage criterion C, it should produce a
test data which can traverse all elements C. In our research, we
use the same coverage criterion from previous research. We
use branch coverage. Thus, the test data generation problem is
to generate a test input set TS = {X} satisfying branch
coverage criterion as high as possible. Once TS realize the full
branch coverage, the fitness of TS will be reach to the optimal
value.
Test data generation is essentially a combination of test
driver and ACO. The details are expressed by the pseudo-code
TDG-ACO such as described in Figure 3. This pseudo-code is
the same pseudo-code in the previous work [2]. This TDGACO algorithm is transformation from basic ACO algorithm.
This TDG-ACO algorithm improves the coverage capability of
test suite with local transfer, global transfer and pheromone
update. The fitness function for branch coverage is designed by
fully considering the reach ability of branch. This function can
make sure the high reach able difficulty branch which can be
traversed by test inputs. This algorithm improves the basic
ACO algorithm to handle the test data generation problem.

C. Ant Colony Optimization (ACO) Algorithm
ACO algorithm is notated graph as G (V,E). The set of
solutions may be associated either with the set V of nodes of
the graph G or with the set E of its edges. Given graph with n
number nodes, m ants are used to build a path in the graph, and
the amount of pheromone trail τ(i,j) associated to edge (i, j) is
intended to represent the learned desirability of choosing node j
when the ant is on node i.

Algorithm’s execution is controlled by the coverage
criterion C or the max generation maxGen. From the Algorithm
1, in line 16 is written procedure GlobalSearch(). This
procedure process can be described as below (Figure 4).

Fig. 4. Proceure of Global Search

In this algorithm, local search is used to re-calculate fitness.
This step is not sufficient to find a high-quality solution after
all. The procedure GlobalSearch() is very necessary for the
whole colony. For any ant k in colony if its fitness is lower,

Fig. 3. Algorithm TDG-ACO

The basic ACO algorithm is mainly used to set the discrete
optimization problems. We use the ACO adaption from
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a and b initiated

check a

check a [a>5]

check a [a<=5]

a>5

a<=5

check b

check b
a>5, and b>=18

a<=5, and b>3
check b [b>3]

check b [b>=18]
check b [b<=3]

check b [b<18]

a<=5, and b<=3

a>5, and b<18

set r = abs(b-2)

set r=b

set r = 10+b

set r = abs(b-19);
return r

return r
return r
r

Fig. 5. UML State Machine Diagramfor SimpleFunct

this research is created the UML State Machine Diagram based
on written source code. Figure 5 describes the UML State
Machine Diagram from the source code. If we model UML
State Machine Diagram from given source code, the correct
diagram can be known based on their attribute used and their
process flow. There is no requirement specification needed to
verify and validate. The requirement only related to the correct
reverse engineering process. Is the source code converted
correctly?

Fig. 6. Procedure of UpdatePheromone

than the average level, it will perform a global stochastic search
in a certain probability which is controlled by q. In the global
stochastic search, the position of ant is replaced with a random
position vector within the input domain D. Besides procedure
GlobalSearch(), there is procedure UpdatePheromone(). This
procedure process is described in Figure 6.
For test data generation problem, the pheromone update
algorithm is re-written. More explanation about this ACO
algorithm is in this [2].
III. IMPLEMENTATION
This section will explain each step in Gray Box Approach
such as: How the diagram is created, how the manual survey is
done, until the last step in our proposed methodology. In this
paper we write simple function which is described in Figure 7.
We used this simple code to make this paper describes the
process clearly. Because the real data set used have more than
30 lines of codes – 300 lines of code.

Fig. 7. The simpleFunct Source Code

After the reverse engineering process, we transform the
UML State Machine Diagram into file XMI. From the XMI
file, we read the attributes and create table of attributes. This
process is called XMI Parse. Table 1 describes the table of
attributes.

This simple function is named as simpleFunct. It has two
input values which uses integer as data type. The first step in
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TABLE I.

TABLE OF UML STATE MACHINE’S ATTRIBUTES

No

Atributte

Name

Initial

1

UML Pseudo State

Initial

PS1

2

UML Composite State

a and b initiated

CS1

3

UML Composite State

a>5

CS2

4

UML Composite State

a<=5

CS3

5

UML Composite State

a<=5, and b<18

CS4

6

UML Composite State

a<=5, and b>=18

CS5

7

UML Composite State

a>5, and b<=3

CS6

8

UML Composite State

a>5, and b>3

CS7

9

UML Composite state

r

CS8

10

UML Pseudo State

Choice 1

PS2

11

UML Pseudo State

Choice 2

PS3

12

UML Pseudo State

Choice 3

PS4

13

UML Pseudo State

Synchronization

PS5

14

UML Pseudo State

Synchronization

PS6

15

UML Pseudo State

Synchronization

PS7

16

UML Transition

check a

-

17

UML Transition

check b [a<=5]

-

…

….

…

…

Fig. 8. Generated Dependency Graph

The generated test data will be TS = {(1,18), (1,19), (1,20),
(2,18), (2,19), (2,20), (3,18), (3,19), (3,20), (4,18), (4,19),
(4,20), (5,18), (5,19), (5,20)}. Each test data will be defined as
ant. Ant position can be viewed as test case, and it is usually
represented as vector in input domain. After we define TS, the
nest step is the ACO algorithm. Each process in ACO
algorithm is not explained clearly in this section. But the
algorithm used can be explain in this [2] literature.
The ACO algorithm will generate the adequate test data.
Then the adequate test data will be measured its quality based
on Average Coverage (AC), Success Rate (SR), Average
(convergence) Generation (AG), and Average Time (AT).

This table of attributes will be used to generate table of
dependency graph. From Table 1, only the row with the
attribute name of composite state or CS is used. In this case,
we use CS1 – CS8. Table 2 describes the table of dependency
graph.
TABLE II.

(a) AC: the average of achieved branch coverage of all test
data in repeated runs,
(b) SR: the probability of all branches which can be covered by
the generate test data,
(c) AG: the average evolutionary generation of realizing all
branch coverage
(d) AT: the average of execution time (millisecond) of
realizing all branch coverage.

TABLE OF DEPENDENCY GRAPH

CS1

CS2

CS3

CS4

CS5

CS6

CS7

CS8

CS1

0

1

0

0

0

0

0

0

CS2

0

0

0

1

1

0

0

0

CS3

0

0

0

0

0

1

1

0

CS4

0

0

0

0

0

0

0

1

CS5

0

0

0

0

0

0

0

1

CS6

0

0

0

0

0

0

0

1

CS7

0

0

0

0

0

0

0

1

CS8

0

0

0

0

0

0

0

0

TABLE III.
Test
Suite
A

From the table of dependency graph, dependency graph
will be created as shown in Figure 8. C1, C2, C3, C4, and C5
are adequate criterion which will generate different test case. If
we choose random number as test data such as:
2

,

2

∶1

5; 18

20

(1)

EVALUATION MATRIX
Control Flow

Input
Data

n Branch
Coverage

C0

C1

C2

C3

C4

C5

1,18

2

1

0

1

0

0

0

10.3

1,19

2

1

0

1

0

0

0

10.5

2,19

2

1

0

1

0

0

0

9.7

3,18

2

1

0

1

0

0

0

10

4,20

2

1

0

1

0

0

0

9.8

5,18

2

1

0

1

0

0

0

10.6

5,19

2

1

0

1

0

0

0

11.1

Time

Each test suites will be executed in program n times and the
result will be written as evaluation matrix in Table 3. The

221

2016 International Seminar on Application for Technology of Information and Communication

average result from n time execution will be analyzed to
describe the quality of generated test data.

implementation, until testing process. But the implementation
of forward engineering will not provide any form of
contribution. The data set will be generated from requirement
specification. And the data set can be generated in the
beginning of software development process. And it will be
tested in software testing process. The main contribution in this
forward engineering technique’s proposal is to verify and
validate requirement specification by software testing.
Designer has two main roles in software development process.
Designer should transform the user need into user and
programmer’s understandable language. If the software testing
process does not give the expected result, it will be concluded
that design process was not done well.

In this proposal paper, we did the first experiment to know
the possibility from our research to be implemented. We used
simpleFunct as program under test in our first experiment. The
result can be described in Table 4.
TABLE IV.

FIRST EXPERIMENT RESULT OF GRAY BOX AND WHITE BOX
Gray Box

White Box

AC

100

99.9

SR

100

100

AG

4.12

4.21

AT

5.57

5.68

Finally this proposal research is implemented using ACO
algorithm. We plan to use another algorithm to improve the
quality of generated test case.

Gray box testing has better result than white box in
generating data test using ACO. Gray Box technique has better
AC, AG and AT than White Box technique. Both techniques
have the same success rate (SR). Gray Box models diagram
into graph. This graph has better visualization than structure of
source code. This helps tester to define test data clearly and
easy. This first experiment used simple function with only two
input parameters which is described in Figure 7.
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ABSTRAK
PLTB (Wind Power Plant) is one of renewable
alternative energy sources could be developed. The aim
of this research is implement a voltage control system
in order to maximize the wind turbine generator power
(model rotor wind Gorlov). Stability has become a
main problem in this research since the utilization of
wind turbine generates unstable output power. The
previous research has been done by modify the vanes
on the model PLTB with aerofoil vanes NACA 0018
Series to obtain optimal turbine performance. However
the result was not significant, so it is necessary to
perform research by modify the electrical parts.
Generate turbine's stable output voltage is the aim of its
development. Development by electrical parts
including development of bucks-boost converter. It
working principle is decrease the voltage value when
the voltage below the set point. By performed this
method, the stable output voltage is expected. The
research methods including designing, assembling and
testing the converter. The results of this research is
succeeded in obtaining a stable output voltage for
voltage variations converter input between 2-18 volt.
Keyword : Wind Power Plant, Buck-boost, Maximum
Power
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1. INTRODUCTION
Renewable energy sources are the one of energy
alternative that used to address the usage of the fossil
energy that had became the main source of energy [3].
According to the 2007's research data on petroleum
reservation in Indonesia, the fossil energy will be
depleted in the next 20 years. The PLTB (wind farm)
is the one of the alternative renewable energy sources
that expect to overcome these circumstances. The
utilization of wind energy could be made through the
technology of wind turbine control system [6]. Control
technology has been applied to maximize the power
output of the DC generator on the system PLTB. The
wind turbines coupling has been colaborated with the
DC generator. When wind turbines are spinning by
wind gusts, it actuates DC generator rotation. It
rotation generates DC voltage. Generally the voltage
results are not stable, due to the unstable rotation of
the turbine. Also it cause the PLTB unstable power
output. To maximize the power of the turbin output
can also use mechanical technology development,
namely in the form of turbine vanes arrangement.
Controller technology (electrical) has been developed
along its mechanical technology. The patents include
U.S. Patent No. 4,474,529; U.s. Patent No.,568 4.784;
U.s. Patent No. 4.830 9.608; Japan Patent No.
2003293928; however the average of the existing
patent only use the mechanism of the battery charger.
It produce the voltage between 2-20 volts. Due this
reason, it required to develop the voltage converter
controller with buck and boost to stabilize the current
flow.
II. THEORY
Wind power, is a plant that utilizes the wind gusts
as the source of the electrical generator. Its main tool
is the
generators, generator electric generator
functions as a
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obtained from the movement of the turbine vanes-vanes
that move because of wind gusts. This wind power
plants more effective than solar power plant. Power
plants that are on the market have n capacity 200, 300,
400, 500, 1000, 2000 and 3000 watt. To be able to play
the wind turbine, the speed of the winds that blow at
least 2 meters/second and a stable to produce electricity
generator capacity corresponding to the average wind
speed required is 6 s/d 10 metres/second.
Figure 2.3 Wind speed through a wash of the rotor
With certain speed through an area, the magnitude of
air flow rate on average is
m = ρ.A.v
(kg/s)...........................................................................1
Kinetic power every seconds :
ଵ

Pkin = m v2
ଶ

(Watt)

....................................................................................2
Figure 2.1 PLTB system scheme

2.1.1 Wind Turbine
The efficiency of wind turbines are shown in the
coefisien curve of power (Cp). The power coefficient of
savonius rotors is restricted by Beltz limits 59% as
HAWTS .

Figure 2.2 Betz limits (BWEA,2002)
Rotating blades using the thrust (drag), such as the
Savonius multiblade and the american has the ratio of
low-speed and koofisien power of propeller using a lift
(Elevator) and Darrieus HAWTs. A flat curve shows
that the rotor can maintain efficiency in the long term,
whereas rotors darrieus shows a sharp curve where a
drastic decrease in efficiency occurs when the rotation
of the rotor is moving from a narrow optimum distance.
Darrieus rotor with low power coefficient on the
interval low indicates the ability of the tsr self-starting
weak.
Power, Torque, Speed
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The power absorbed by the wind turbine can be
calculated using the theory of triangles, where
elemental 3 speed i.e.
u = the speed of rotation of the turbine vanes
(m/s)
v = wind speed crashing vanes (m/s)
vr = wind speed relative (m/s)
Tangential style [11] on the vanes evoked by
the presence of lift force on the turbine vanes but still
reduced by a thrust in the opposite direction. Tangential
style on this particular distance mmemiliki rotor axis
rotate (pivot) and the second time it was the magnitude
of the torque (T). If the rotor spins with a given speed
(ω), then the power (P) resulting in the amount of [15] :
P = T. ω
of :
T = Torsi (Nm)
Ω = The angular speed (rpm)
P = Power rotors (Watt)
The kinetic energy of the wind is not wholly
owned can convert mechanical energy in , but incurred
losses power and a comparison between the power
generated by wind-owned dsaya. The usual comparison
is called the coefficient of power (Cp), can be written
[8]:
ଵ
Cp = P / ρ.A.v3
ଶ
It also occurs on the torque coefficient, so that the
torque is :
ଵ
Ct = T / ρ.v2.R
ଶ

Tip speed ratio (λ) is the comparison between
the linear speed of the rotor with wind speed before
crashing vanes, the magnitude is :
λ=ω.R/V
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The magnitude of the wind energy available can be
calculated as follows
then the above equation by linking:
Ct = Cp / λ
The magnitude of the torque coefficient empirically
start (Ct start) is :
Ct start = 0,5 / ( λ . d ) 2
In wind turbine speed as the basis of analysis of power
to be generated that is :
Vcut-in : wind speeds where wind turbines
begin work to generate power (Vcut-in = 0,7 x V ratarata)
Vrate : speed plans that generate maximum
power (Vrate = 1,5 Vrata-rata)
Vfurling : free velocity where wind turbines
don't produce power again (Vfurling = 3 x Vrata-rata )
2.1.2 DC Generator
A generator voltage is proportional between the
flow field and the speed of rotation of anchors, based
on the equation
E=c.n.ϕ
For a constant speed and flow field characteristics of a
variable voltage generator on the image 2.4.

The process of discharge of the battery
The reverse process occurred against
the charging process where, plate + ve is
2Ni(OH)3 + K
2Ni(OH) +
2KOH
Plate –ve adalah
Fe + 2KOH
Fe(OH)2
Here occurs the process of change to be like its original
state. During discharge obtained a fixed condition
where profit is a great advantage compared with battery
acid .
The efficiency of ampere hours (AH efficiency)
This efficiency is not influenced by changes in voltage
during charge or discharge and the magnitude of the
efficiency on beterai acid between 90-95% while the
average alkaline battery is 80%.

2.2. Previous Research
On the design of conventional SKEA generator is
designed to have a voltage generator (Vg) that is
greater than the load voltage (VB), and to achieve
nominal voltage, the generator should be played at
nominal speed. When the playback speed is not reached
the nominal speed then the output voltage will be less
than
the
generator
voltage
load. Conventional SKEA system cannot produce wind
energy when the wind speed is less than the given
speed, great specific speed is determined by the
characteristics of the wind turbine and generator. The
use of gear to raise a round of rotor generator caused a
loss-loss mechanic. To address this proposed SKEA
Figure 2.4 Characteristics Of The Generator
using DC-DC power converter type boost. This
2.1.3 The baterry
converter is able to increase the extraction of wind
A battery is an electric energy storage tool that can dichar energy
on
SKEA
[9].
after the energy used.
The basic scheme of the converter that is used in the
Tool used to charge the battery is a rectifier (charging)
proposed SKEA system depicted in Figure 8 below.
alternating current functional change – turning into a dire The converter that is used consists of a three-phase
voltage and the output voltage of the battery corresponds diode rectifier (if generator is used direct current
. In order to be known whether the battery is fully charged generator alternating three-phase and DC-DC converter
can keep it with both explisit battery condition by means boost type. As for the workings of the converter of this
measurement test in the simulation of the load that can be type have been described in the previous article on this
adjusted so that the flow can be fixed then battery voltage blog. In Figure 1.8 battery symbolizes the burden[1].
drop from nomilnya.
III. THE PURPOSE AND BENEFITS OF
Charging Process
RESEARCH
When the current through eletrolite KOH molecules
split became the K + ions and (OH-) moves to the plate
+ ve and K + ions toward the plate – ve. So the plate +
ve change ion 2Ni (OH) 3, as well as plate – ve will
revamp the Fe. Actually here does not change the
composition of the elektrolite and specific gravity
remain constant during the process of charging and
discharging (charging and discharging).
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3.1. Research Objectives
This research has the objective to implement a
voltage controller with buck and boost converters so
that the flow of power output generators on the turbine
model with Gorlov PLTB can be controlled and
accomplished MPP (Maximum Power Point)
. In this research that aims to get PLTB
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with a buck-boost converter that outputs a voltage
controlled bdapat on 12 Volt generator output voltage
variation 2 – 20 Volt .
a. designing converter
b. Make the voltage controller to achieve stable
voltage to 12 volts
c. Examine the flow generator output power
d. achieve the MPP (Maximum Power Point) to
the Gorlov Turbine model PLTB
3.2. The Benefits Of Research

performance with the MPP then performed a new
innovation
1. Design and manufacture to assembling and installing
the circuit converter. At this stage are prepared and
built a series of Buck-Boost converter according to
the specifications of the power battery 12 volts DC
2. Buck-Boost Converter Testing
on testing is done without the burden of testing and
test with load. This test uses the form
plant simulator signal (signal generator), which
regulated the voltage with range between 2 – 20
Volts (taken 10 data on the span, which simulates the
output voltage of the generator voltage variation
PLTB between 2 – 8 Volts) :
a. Test without load is done to get the data
generator output voltage (V1), the output voltage
of the converter (incoming voltage to the accu,
V2) as Figure 4.1.
b. with a Load Test done to get the data generator
output voltage (V1), the output voltage of the
converter (incoming voltage to the accu, V2) and
to the load current (I).
Installation into model PLTB
When the output voltage converter stable (12 volts),
the circuit is connected to the system PLTB model
rotor wind Gorlov .

Gorlov turbines used as early movers in PLTB which is
then combined with the DC generator as a producer of
electrical power. Buck-boost converters are still rare
even has not been implemented as the stabilizer output
voltage generator so that this research provides new
innovation in the utilization voltage stabiliser which
resulted in a power-controlled power flow to reach the
MPP.
This research is focused on the application of the
converter to control the flow of electrical power and 3.
electrical technology development-oriented to increase
the performance of PLTB turbine Gorlov models that are
easily duplicated by society because of the material easy
to obtain on the market. Advantages of this innovation is
able to reduce the reliance of society towards BBM.
Planning Tool
The planning tool is done to obtain design and the best
IV. RESEARCH METHODS
alternative. This is done by creating a picture series of
converters in accordance with specification of the
4.1. Stages Of Research Work
generator and battery. Next determine the specifications
The steps in this research are as follows :
Preparation, was conducted to check the electrical for each component and construction design that
testing of the installation, prepare the measuring accompanied the election of the type of material to suit
instrument (voltmeter and ampermeter) and your needs
calibrate, and preparing other equipment used for
recording
data. Manufacture of tools and Testing
The implementation of this phase of testing, will be After obtained the best design then do the making series
conducted with the parameter test data retrieval is a such as Figure 8 installation and testing as in Figure 4.1
voltage generator and the voltage input to the and 4.2.
research parameters while the accu is power on the
load.
The test results are presented in table form :
1. The measurement of the output voltage generator,
the voltage of the incoming accu before and after
loading, and the output voltage from accu. These
measurements using a DC voltmeter and result in Figure 4.1.
A Series Of Tests Before Being
the Volt .
2. The measurement of current in the load using an Overburdened
ammeter. The magnitude of this current is multiplied
by the voltage is the power (Watts) on the load .
Data processing and Analysis
The results of the data processing is then created in
the graph characteristics of input and output voltage
converter.
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Figure 4.2. After Testing the circuit give the burden

4.2. Research Roadmap
To get a comprehensive understanding in the study,
then the relatedness between these aspects of the
research made in flowchart a schematic that is outlined
in Figure 2.7.

Figure 4.3. Flow Chart

V. RESULTS ACHIEVED
5.1. Buck Converter Performance Boost
Buck-Boost
converter
performance
is
answering the problems faced by the utilization of wind
as an energy source. One of the problems is the power
generated by the wind turbine is not always maximum.
Mechanically to cope with this problem is to use the
settings of the vanes
. Buck-Boost converter function on this issue is to set up
the vanes are too complicated. Power settings to obtain
the maximum power with a Buck-Boost converter is set
the magnitude of Duty Cycle as control of Buck-Boost.
Duty Cycle is obtained by measuring the input voltage
converter.

No load

o get a comprehensive understanding in the study, then
the relatedness between these aspects of the research
made in detail and the detail on the stages of the
implementation of the research activities or studies on
Duty cycle this would change duty ratio on other
components causing changes in the average tengangan in
the output
Figure 5.1 Block diagram converter
at the time of switch on, the current load of the supplied
capacitor, and vice versa by inductor .
To obtain the maximum power output of Buck Boost
1. Measurement Data with the expected output Vout
should be equal to the power of the wind turbine.
volts
Measurement Data from the test results before the
controller, i.e. with voltage output 12 Volt made, cont
in table 5.3, for Dmin and Dmax = 5% = 65%, and Rlm
2.5 ohm and 100 ohm = Rlmax.
The determination of the value of the Inductor and Capacit
2. Measurement Data with the expected output Vout = 12
volts
Measurement Data from the test results before the give
controller, i.e. with voltage output 12 Volt made, conta
in table 5.3, for Dmin and Dmax = 5% = 65%, and Rlm
2.5 ohm and Rlmax = 100 ohm.
Figure 5.1 The equivalent circuit of the converter (a)
3. The determination of the value of the Inductor and
and Circuit Design
Capacitor Value
4. Lmin calculated for 2 different frequencies and two
5.2. The Design Of The Converter
different duty cycle. The value of the specified
Test the performance of the Converter includes the
5. Lmin Lmin = {Rlmax (Dmin ²-1)/2 Fs
following test without and with weights. This test uses
16.2 frequency KHz; as well as on the frequency of 31.4 K
the simulator Signal Generator (Signal Generator) that
Lmin = 1.44 Mh and 15 consecutive mikroH for D = 0.005
set the voltage range between 2 – 20 volts. The
0.65.
characteristics of the desired Converter already
Then the selected inductor with a value greater than Lm
implemented appropriate installations to generator of
the system was working on a converter of continuous cu
wind turbines.
mode (CMM). Conditions: at least bigger minimum va
This includes testing phases :
from 25bKapasitor output digunakan sebagai ripple tega
Knowing System Description
yang disebabkan oleh kenaikan beban. Nilai ESR kap
The Voltage value set by DutyCycle (D) PWM. If D >
menentukan nilai ripple tegangan.
0.5 the output greater than input and if D < 0.5 the
output less than input and Vin =Vout when D = 0.5.
5.3 Testing The Converter
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Ariati, R. 2008. Pengembangna Desa Mandiri
Energi
(DME)
berbasis
Energi
Non
fosil.http://www.energi terbarukan.net, diakses
20 Agustus 2009
[3]. AWEA. 2004. The American Wind Energy
Association.http://www.awea.org. diakses tanggal
5 oktober 2009
[4]. Chiou, C. H. And Lee, G.B. (2005). A
micromachined DNA manipulation platform for
the stretching and rotation of single DNA
molecule. Journal of Microme-chanics and
microengeneering 15 (1):109-107
[5]. Fernando D. Bianchi. 2007. Wind Turbine
Control Systems. British Library cataloguing in
publication data. Springer-verlag London
[6]. Li Y, Tagawa K, and Liu W. 2010.
Figure 2.5 Characteristic of Load Generator
performacneEffect of Attachment on Blade on
Straight-Bladed Vertical Axis Wind Turbine.
Current Applied Physics vol. 1010, pp.S335Karakteristik Beban Generator
In the diagram the image 2.6, prisoners or variable
S338.
rheostat medan
[7]. Leysen E.H 1983, Introduction to Wind Energy.
PO BOX 85/Amersfort/The Netherlands:Steering
Committe Wind Energy, Developing Countries
[8]. Masson C. Ammara I, and Paraschivoiu. 1997. An
Aerodynamic Method for The Analysis of isolated
Horizontal Axis Wind Turbines. International
Journal of Rotating Machinery vol. 3 no.1 pp. 2132.
[9]. Tetsuya Wakui, Ryohei Yokoyama. Wind speed
sensorless performance based on operation stand
alone vertical axis wind turbine., Elsevier vol.
Figure 2.6 Voltage Control with Current Field
XXVI, pp. 2985-3004
magnetism is typically associated with a series of coils [10]. Petru T. 2001. Modelling of Wind Turbines For
of magnetism field to control the EMF generated by
Power System Studies. Thesis Clhamers
regulating the flow-field magnetism
University of Technology. Sweden
. External characteristics or characteristics of a load [11]. Islam M, Ting David SK, and Fartaj A. 2008.
generator is a curve that shows the relationship between
Aerodynamic Models for Darrieus-Type Straightterminal voltage and current loads.
Bladed vertical Axix Wind Turbines. Reneweble
When the load is offered up, teganan terminal down litt
and Sustainable Energy Reviews. Pp. 1087-1109
little and regularly. This happens because :
• Reduced flux per pole anchor reaction caused
• Drop in anchor teganan caused by detainees
prisoners anchor coil brush-brush .
Separate amplifier generator is used because it allow
setting of output voltage more thoroughly where the flow
amplifier is not affected by the speed and load .
The selected components in accordance with the draft
were installed and tested the input voltage and the output
of the converter. The input voltage is divariasi (with the
increase 1 volt) to use the signal generator and the output
voltage value measured
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Abstract—Electricity is one of the most importance energy for
daily life. Therefore electricity demand of low voltage electric
power is increasing every year. On the other hand, the potential
hazard of not proper installation in low voltage can lead to
several problems. One of them is an arcing during short circuit
which would lead to fire. This paper is propose a design of low
voltage arcing identification equipment based on wavelet. The
success in detecting arcing could be an effort to prevent the
fire. The proposed algorithm is use wavelet transform as signal
processing technique. This algorithm is expected to be a
sensitive detector for arcing current at low voltage level which
can cause of fire.
Keyword: Arcing current, signal processing, wavelet transform,
current sensor.

I. INTRODUCTION
Now days, electricity is one of basic energy source for
daily life, house hold, commercial and industries. Electrical
energy generated from power plant is transmited through the
transmission system and distributed to each customer. On
the other hand, electrical energy consumption in Indonesia is
increased every year. National Electric Company in
Indonesia (PLN) Statistical data in 2011 shows that the
electrification ratio with the growth in the number of
household customers of 39.324.520 customers at the end of
2010 to 45.829.980 customers at the end of 2011. The
electrification ratio is 70%. The huge number of the
customers could lead to many problems. One of them is
increasing in peak load. For the customers they can get a
negative effect from National Electric Company in
Indonesia because of the uncontrolled peak load that can
causing a temporary outage. Another importance problem is
failure occurred at low voltage level that is a short circuit
and overload. It occured because the little protection which
used at the low voltage level, such as fuse along with MCB
(Mechanical Circuit Breaker). However, in fact, the sizing of
protection system is not proper in some cases. This case can
lead some problem when short circuit occurred. When short
circuit occurred in very short time or low current, the short
circuit can not detected. Therefore, arcing current is
occurred that potentially lead to fire.
So that, in fact, the failure of the unprotected short
circuit caused fire at low voltage installation due to the
undetected arcing. The failure also depended on the particles
in our environment, humidity, minor metals, and pollutants

Dian Retno Sawitri [2], Syafaruddin [3]
Department of Electrical Engineering
[2]
Universitas Hasanuddin Makassar, Indonesia
[3]
Universitas Dian Nuswantoro, Indonesia
drsawitri@dsn.dinus.ac.id, syafaruddin@unhas.ac.id
could easily penetrate into the insulation which would create
an electrically conductive path between the conductor and
other parts of the system that had different potential. At low
voltage level, the arcing phenomenon could not be detected
because it had different phenomenon and current
characteristics from short circuit which occurred at other
voltage levels. The main cause of arcing could not be
effectively detected by conventional protection equipment,
so it could lead to a fire [1]. The fire can initiate a several
problem cause huge material losses. The fire caused by short
circuit has very high risk because of the inability of the
protection equipment at low voltage to detect and manage
these failures. This short circuit could usually be detected by
overcurrent relays because the currect was likely to greater
than the overload, but it only applied at the level medium
and high voltages. At the low voltage level, it could not be
detected because the failure characteristic was different from
what happened in other voltage levels. This research is
expected to make arcing identification equipment at the low
voltage level by utilizing the characteristics of interference
signals which have been obtained. So that cases of fires that
occurred in the low voltage level due to short circuit that
causes arcing can be protected and avoided [2].
II. ARC FAULT AND WAVELET TRANSFORM METHOD
A.

Arc Fault
Arc Fault is a discharge phenomenon of electric current
flowing between electrodes through gas or steam. Itis
usually indicated by voltage drop in cathode much greater
than anode. The occurrence of arcing can be initiated in
several cases, such as spark discharge and physical contact.
The spark discharge can lead to arcing if voltage with high
potential breaks the air between two electrodes. Low voltage
systemis unable to create spark discharge. However, arcing
can be created due to spark discharge when it is occurred in
the most of conductor surface, such as broken insulation and
conductor wire which have contact with grounding circuit.
[3]
Based on the effect of arcing to system, it can be
divided into two, usual arcing and bad arcing. The
occurrence of usual arcing is usually in the area of power
plug, while the bad arcing, called as arc fault, is caused by
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several cases, such as fired and broken insulation of
electrical circuit and wire, brokenair insulation (atmospheric
breakdown) due to pollution, moisture and loose electrical
connections. Furthermore, based on the value of arcing
current it can be divided into two, high-level arc and lowlevel arc. Arcing can also be divided into arcing series and
parallel arcing. Then, parallel arcing can be divided into
ground arc and wire-to-wire arc, as seen in figure 1, 2 and
3.[4]

shifting have been in discret, a new equation is obtained as
below:
,

=

( )

∗(

)

, J=0,1,2,..., k ϵ Z. (4)

For characteristics of frequency band, a signal of X(t)
can be discreted to obtain time series sample x(n), where
n=1,2,3,… if the signal is defined as As, so it is called as
Discrete Wavelet Transform, as this equation:

Load

As = A1 + D1 = A2 + D1 + D2 = .......

(5)

In this function, As signal will be composed into Aj+1
approach signal and Dj+1detail signal. The Aj+1 signal is
low frequency signal, while the Dj+1 is high frequency
signal. Figure 4 shows the process of signal convolution. So,
based on the method displayed at figure 4, x(n) can be
explained as follow [7].

Figure 1. Series arc fault.
Load

X(n) = An + D1 + D2 + .......... + Dn

Figure 2. To-ground arc fault.

(6)

The new form of the original signal containing
different characteristics of frequency band at time domain
can be an opportunity to identify arcing and normal current
signal by detecting the signal of each frequency band.

Load

Figure 3. Wire-to-wire arc fault.
B.

Wavelet Transform
Wavelet is a transformation that is almost similar with
Forier Transform [5]. Forier transform is widely used to
solve signal characteristics at frequency domain and
spectrum analysis.This transform is able to explain the
signal singularity overally, but it is difficult to get the detail
of failure at time domain. On the other hand, Wavelet
Transform can effectively solve this problem since it can put
at time domain. [6]
( , )=

( )

√

The equation ( )
And {x,y} is defined as:
{ ( ), ( )} =

∗

= { ( ),

( )}

(1)

( ), φ(t) is wavelet function.
( ) ∗( )

(2)

is defined as
=

√

(3)

explainsabout integer factor widening and scale
factor shifting of wavelet function. Function of t, α, is a
continuous variable, so this method is then called as
Continous Wavelet Transform. However, the signal has to
be in discret before to analyze the data with a computer.
After the integer factor widening and the scale factor

Figure 4.Frequency band is described in wavelet function.
C.

Failure Detection Method
This research uses discrete wavelet transform in order
to be processed in a computer by comparing the data
between normal conditions and arc fault. The fault current
will be transformed into the form of wavelet by using
microcontroller, so that a coefficient with certain pattern in
the form of ADC data canbe obtained. Then, the ADC data
will be used as a variable in order to be a parameter in
failure detection and displayed on the computer.
D.

ADC Converter
ADC input in this microcontroller is connected to 6
channel analog multiplexers for single ended input channels.
If a signal is inputed on ADC and other clannels connected
to ground, it is called as single ended input. For conversion
using single ended, equation 7 can be used by comparing
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Vreference to the scale of data bits, and the result is ADC
reference selected among others at the AREF pin, AVCC pin
or internal reference voltage of 5 Volts. Equation below is to
get the ADC value:
=
III.

(7)

DESIGN OF EQUIPMENT AND METHOD

The microcontroller or arduino has two main roles,
such as to convert and store data from sensors also process
data that has been received by current sensor. Between the
side of current sensor and microcontroller is a signal shifter
circuit which has a function to shift current signal produced
by current sensor in the form of sinusoidal signal. The
sinusoidal signal is shifted into DC signal which is served as
the input of ADC pin. Then, the signal shifter circuit could
be seen as follow:

A.

Design of Failure EquipmentPrototype
This research is conducted to design the device that is
able to detect arcing by using low voltage systems prototype
of 220 volts. Detection by current sensor is going to be
conducted during the occurrence of arcing in the prototype.
In addition, this system consists of switches to add or
substract load, fuse, microcontroller and serial
communication as data transmission to computer. System
design of low voltage arcing identification can be seen at
block diagram below:
Figure 7.Signal shifter circuit.

Source form national electric
company in indonesia

C.

Design of Experimental Device
This design is to model or simulate experiment in
condition of normal and arcing. The device can be
categorized as hardware and software. The hardware
consists of 6A fuse, fuse box, cable with 1,5 mm2 fiber
cross-sectional area, a resistive load of 100 watts as many as
10 pieces, switch, acrylic chamber (as the place of arcing).
The software to edit the programis Delphi.

Prototype Network 1 phase

Short-circuit currents
Interference / Arcing

D.

Current Sencor

Mikrokontroller (Arduino)

Serial Communicatins

Design of Equipment
Source
National
Electric
Company in
Indonesia

PC

Figure 5. Block diagram of identification system.

Current
Transformer

Fuse Box

Load

AC

B. Design of Microcontroller Circuit
Figure 6 below shows the block diagram of
microcontroller circuit:

Slider Signal
circuit

PC

Current Sensor

Mikrokontroller
(Arduino)

Chamber
Akrilik

Slider Signal
circuit

Fenomena Arc
Flash

Figure 8.Design of equipment and failure prototype.
Mikrokontroller
(arduino)
Serial
communications

PC

Figure 6.The working system of microcontroller.

As seen figure 8 above, the equipments consist of 6A
fuse, fuse box, current transformer 200/5 A, fiber cable 1
phase 1,5 mm2, a resistive load such as light of 100 watts as
many as 10 pieces, acrylic chamber, arduino as
microcontroller and computer. Then, experiment
equipmentsis seen in figure 9 below:
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Chamber
Akrilik

Current
Transformer

Current
Transformer

LOAD

Fuse Box

Arduino

Figure 11.The occurrence of arcing.
G.

Cable

PC

Figure 9. Experimental equipment.
E. Design of Graphic Display
The results of ADC data will be sent to computer using
serial communication. The ADC data is then processed in
PC with Delphi 7. This software will process discrete
wavelet transform and convolution. The display of program
designed by using Delphi can be seen in figure 10.

Data Processing
The current data are obtained by current sensor in the
form of analog signal. Then, sampling process uses discrete
wavelet transform method which is processed by using
arduino microcontroller. After digital current data are
obtained, signal convolution process is conducted by using
the software. This convolution process is used to analyse
signal easier, whether the signal is normal condition or
arcing condition.
VI. RESULTS AND ANALYSIS DATA
A.

Trial Scheme and Data Collecting
The plotting process is aimed to describe the results of
cutting. In this plotting, initial condition (normal) and arcing
condition are described. For initial condition (normal), the
data will be taken in 1 trial, while for arcing the data will be
taken in 6 experiments.
In normal condition the current is 5 ampere. This
condition is arranged based on the condition in the field. In
plotting process, x-y graphic contains the current magnitude
of ½ cycle toward time (ms). The data has a sampling
frequency of 5 K sampling/s with 100 data every ½ cycle.
Then, the data in normal condition can be seen in figure 12.
Graphics Normal Conditions
4
3
2

Data Collecting
The process of collecting data, in this case is current
data, consists of 3 conditions, such as normal, switching
(addition or subtraction of load), and arc fault. The data is
obtained by using microcontroller with a sampling
frequency of 5 Ksampling/s.
Initial condition (normal), acondition where the
electrical system runs without any failure. Switching
condition, a condition where an additional load is given to
the system. Arcing condition, a condition where a failure is
given to the system that lead to an arcing phenomenon. The
three conditions of them are shown in this following figure:

Current (Ampere)

Figure10. Display of program.
F.

1
0
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Figure12. Graphic of normal condition.
B.

Arcing Detection Analysis
This part explains about arcing detection by using
discrete wavelet method as signal transform and comparison
method to obtain arcing detection parameter. The results of
discrete wavelet transform can be explained in figure 13-16.
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ampere and 20 ampere. From those figures, thecurrent value
when arcing occurs can be find out.

Graphics Experiment 1 Arcing
10

0

Current (Ampere)

-10

C.

ConvolutionProcess
The function of convolution process is to facilitate
classification of signal by passing high frequency signal. In
this research, the detection method is done by comparing the
maximum value from high frequency at arcing condition.
The maximum value of high frequency at normal condition
is used as threshold or limit of value that is obtained. The
value of threshold limit is 5. If it exceeds the value, so the
calculation of the exceed amount of data will be done. The
amount of high frequency data at arcing condition which
exceed the maximum value of high frequency at normal
condition will be a reference in detection parameter.
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Figure13. Graphic of 1 experiment.
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Figure14. Graphic of 2nd experiment.
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Figure 18. Convolution process normal condition.
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Figure19. Convolution process of 1 arcing experiment.

Figure15. Graphic of 3 experiment.
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Figure 16. Graphic of 4th experiment.

Figure20. Convolution process of 2nd arcing experiment.
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Figure21. Convolution process of 3rd arcing experiment.

Data to

Figure 17. Graphic of 5th experiment.
Figure 13-17 are the figures of characteristic when
arcing fault phenomenon occur. There are 5 times of
experiments. In figure 13, the first experiment of arcing, it
can be seen that the arcing occurs at 50 ampere. For the third
experiment of arcing, it increases until 100 ampere. Then,
for the fourth and the fifth experiments, it can reach 50
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Figure22. Convolution process of 4 arcing experiment.
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Figure 23. Convolution process of 5 arcing experiment.
In figure 18-23, the convolution process is shown in
each condition from normal until arcing. Figure 18 is the
result of convolution in normal condition, while figure 19-23
are the convolution process when arcing condition. From
those figures, it can clasify which one normal and arcing
condition. The result of convolution in the value of 0 until 5
means that the condition isnormal, while the value more than
5 is arcing condition.
CONCLUSION
The low voltage arcing detection system is proposed in
this paper. Very short time occurrence of short circuit that
initiate arcing can be detected. The sampling rate of
microcontroller is 5 kS/s. The method used in this research
is discrete wavelet transform with high frequency variable
for the detection process. This method can differentiate from
normal condition and arcing. In this research, the detection
system is use PC based interface. Based on the system
performance and application consideration, the stand alone
detection system will be developed in then next research
project.
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natural disasters such as floods, droughts, and
landslides.
In order to restore watershed conditions, forest and
land rehabilitation efforts and the development of the
Watershed function continuously improved and
refined. During this forest and land rehabilitation
process is done using a reference critical level of land
based on the weight of watershed characteristic
parameter, watershed with critical level where land is
Very Critical and Critical watersheds with the highest
priority will be rehabilitated. Of the few studies that
have been conducted, one in Juwana watershed found
that the watershed rehabilitation success rate is only
65.8%, which means they have not been up [1].
From the above problems, we need a study that
can provide a reference or any other alternative in
determining priority watersheds to be rehabilitated,
one through data mining techniques that can provide
information about the distribution group based on the
parameters characteristic of watershed.
Data mining is one way to get the information
hidden from the series of data to become a knowledge
that can support an organization in decision making.
One technique in data mining is Clustering. In this
paper, data mining clustering is used to classify the
Watershed based on the parameters and characteristics
of the watershed. watershed characteristic parameter
which is a determinant of the degree of criticality of
land and an attribute in clustering includes levels of
land cover, slope, erosion rates, the level of
productivity and land management.
Clustering algorithm used in this paper are KModes Clustering. K-Modes clustering model data
into clusters where data on a cluster that has the same
characteristics will be grouped and have different
characteristics from ther clusters. Once the data is
grouped with K-Modes Clustering, the clustering
results are then processed by the method of Davies
Bouldin Index (DBI) to produce the number of
clusters with the best level of similarity.

Abstract- The watershed rehabilitation success
rate have not been up, is the result of policies in
watershed rehabilitation strategies that are less
precise. From the above problems, we need a study
that can provide a reference or any other
alternative in determining priority watersheds to
be rehabilitated, one through data mining. This
paper uses a case study of Watershed data which
are grouped using K-modes clustering algorithm
based on its characteristics parameters. Watershed
groupped using K-modes clustering then optimized
using Davies- Bouildin Index (DBI) to get the
number of clusters with the optimal level of
similarity and visualized using GIS to obtain
distribution maps. From trial on the Watershed of
Tondano It was known that the cluster number
four (4) is the optimal cluster number with an
average DBI value of 0.672778, or 19.93%. The
clustering results show that the wateshed in cluster
3 with 332 watershed which mostly scattered in the
South Minahasa (24.7%) is a critical watershed
compared to other clusters. the result of the
clustering process is not much different or 90.64%
similar when compared to the calculation of the
watershed manually, that can be used as
alternative to other reference in planning the
rehabilitation of the watershed.
Keywords: Data Mining, Clustering, K-Modes,
Davies-Bouldin Index, GIS, Watershed.
I.

INTRODUCTION

Watershed is an area of land which is a unity with
the river and its tributaries were functioning
collecting, storing, and drain the water from rainfall to
the lake or into the sea naturally. Watershed is an
extremely important component in supporting the
forest suistainability for indications of damage forest
resources one of which can be seen from the declining
quality of the Watershed and the increasingly intense
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The formed clusters then visualized using
Geographic Information System (GIS). Distribution of
watershed groups mapped by geographic location in
form of a map, combined with information from a
database to support each watershed. The pattern of
distribution and segmentation groups obtained are
expected to be utilized as a consideration to define
policies in watershed management strategies.
Researchs on clustering has been done to solve
many issues, such as for the web visitor segmentation
[2], documents grouping [3], students data analysis[4].
The combination clustering and GIS is also used to
mapping for distribution alumni[5].
This paper consists of introduction that gives a
general description about the research. The methods
section describes the stages and processes performed
in this study. while in the experiment and the results
spoke about the results of the experiments that have
been conducted and will be concluded at the end of
this study.

K-means clustering algorithm can only work well for
numeric data types [6]. Examples of categorical data
sets with the features shown in Table 1.
Table 1. Examples of categorical dataset
Data
Atribut1
Atribut2
Atribut3

Clustering using
K-Modes

Optimation
and Cluster
Analysis

Cluster validity
using DaviesBouldin Index

Cluster
Visualization

3

1

2

2

2

2

3

3
2
3
Description of category :
1 = Bad, 2 = Enough , 3 = good

2

To resolve the problem. K-modes modified to the
K-means as follows [7]:
1. Using a simple dissimilarity matching size.
2. Replace the mean cluster with the mode (most
frequent value).
3. Using a frequency-based method to find the mode
of a set of values.
Assume x and y are two type of categorical data
features. The size of dissimilarity between x and y can
be measured by the number mismatch corresponding
values of the features of the two data. The smaller the
mismatch, the more it resembles two such data,
Formula calculation distance in K-Modes as shown in
Equation (1)[8].

II. METHOD.
This research was carried out by several steps
aimed at showing a model of clustering that can
provide information about the distribution and
segmentation of watershed. Stages in this study is
shown in Figure 1.
PreProcessing

1

(1)
where :
= Distance of x to y
= Feature values to j from x
= Feature values to j from y
r = Number of features in the vector
with :
=
Steps do K-Modes Clustering Algorithm is as
follows [7]
1. Determine the value of k as initialization initial
centroid for each cluster.
2. Allocate all data to the nearest centroid using
equation 1.
3. Update mode (as a new centroid) of each cluster
to the value category that often appear in each
cluster.
4. Repeat steps 2 and 3 for qualified, namely (a) no
data are moving cluster or (b) the centroid
position has not changed.

Knowledge &
Information

Figure 1. Research flowchart

A. Pre-Processing
Initial data in this study were obtained from the
Central Management Watershed of Tondano, North
Sulawesi. This data is the data of critical land in the
province of North Sulawesi. The beginning stage of
this research is the data pre-processing. This process
includes data transformation, data cleansing and
choosing the test data. this process will generate data
which is ready to be used at a later stage of clustering.

C. Cluster validity using Davies-Bouldin Index
Davies-Bouldin Index (DBI) is one method of
internal validity in an evaluation of a cluster. Internal
validity is how well the clustering that has been done
by calculating the quantity and features derived from
the data sets [7].
Sum of square within clusters (SSW) as a metric
of cohesion in i-th cluster formulated in equation (2)
[8].

B. K-Modes Clustering
K-Modes clustering algorithm is a modification
of the K-means clustering algorithm used for data
with categorical features (nominal or ordinal) because
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Recapitulation of the experiments using 2 to 10
cluster centroid with random initial value as much as
10 times what would be analyzed to obtain the number
of clusters that produce an average value for the
lowest DBI which will then be used as the number of
clusters in the watershed clustering data.
After the cluster is formed, profiling data on each
cluster will form a watershed segments based on their
characteristics.

(2)
where :
= Sum of square within cluster
= Number of data in the cluster i
= Distance of x to centroid c
The value of d () in equation (2) can use the
formula dissimilarity (distance) that is used when the
process of validation given clusterization so that it
also has the same intent against clusterization process
[8].
While metrics for the separation between the two
clusters use the formula Sum of square between
cluster (SSB) by measuring the distance between the
centroid ci and cj as in equation (3) [8].
(3)
where :
= Sum of square between cluster
= Distance of centroid to centroid
The next step is to calculate the value of
.

E. Cluster visualization
The resulted cluster will then serves to facilitate
the visualization of watershed groups based on
parameter characteristics. In this study, visualization
application used for clustering is geographic
information system (GIS) based Google Map API
(Application Programming Interface) . GIS application
will plot the watershed data clustering results by
involving aspects of spatial (location).
III. EXPERIMENT AND RESULT
The process of data cleansing is done with the aim
of eliminating attributes that are not used in the
process of clustering and data fields are empty or the
contents of the field does not correspond to the
categories. While the selection of test data was done
to reduce the amount of data as well as to select the
watershed data which will become a priority for
analysis, in this study watershed that will be used are
watershed with an area of over 200 hectares. The
process of cleaning the data and test data selection
using the Query are shown in the Table. 2.

ratio is a measure of how well the value of the ratio
between cluster i-th and j-th cluster. Its value is
obtained from a component of cohesion and
separation. Good Cluster are those which have the
smallest possible cohesion and separation as possible.
formulated in equation (4) [8].
(4)
where :
= Value Comparison cluster i to
cluster j
Once we get the value of SSW, SSB and Rig. The
value of Davies-Bouldin Index (DBI) can be calculated
using the formula in equation (5) [8].
(5)

No

where :
K = Number of cluster
From the formula above we can observe that the
lower the value the better DBI cluster is found, it
means the similarity between data in one cluster will
be more similar. DBI is widely used to help nonhierarchical clustering based such as K-Means or KModes to determine how many clusters are appropriate
for use.

Table 2. Cleaning and selection test data
SQL Query
Reduced
Data

1

Select Atribut
for clustering

2

Deleting data
with extents =
0
Deleting data
by category is
not appropriate

3

4

D. Optimation and Cluster Analysis
Optimization of the number of clusters was
conducted to determine how the number of clusters
that produce the lowest DBI values, meaning that the
number of clusters with similarity level data is most
similar. In this study, experiments will be performed
using 2 to 10 cluster centroid initial random value 10
times.

Descp

Deleting data
with extents =
0 < 200 Ha

Select,skor_veg,skor_ler
,skor_erosi,skor_prod,sk
or_man,LUAS_HA from
tb_das_tondano
select from
tb_das_tondano where
luas_ha=0
tb_das_tondano where
skor_veg not in
(1,2,3,4,5) and skor_ler
not in (1,2,3,4,5) And
skor_ero not in (2,3,4,5)
And skor_mnj not in
(1,3,5) and skor_prod
not in (1,2,3,4,5)
Delete from
tb_das_tondano where
luas_ha < 200

Data
Test

0

54485

249

54236

141

54095

52958

1137

From the data cleaning process and the
selection of test data shown in Table 2, it appears that
the watershed data which is ready to be clustered in
the next stage is 1137 record.
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A. Clustering and Optimation Process
The experiments were performed using using 3
cluster, clustering process with 3 cluster as a whole
can be seen in Figure 2.

In Figure 3 it can be seen that the average value of
DBI for all experiments was 0.840246, while the
number of clusters with an average value of the lowest
DBI is 4 cluster is by DBI average value or smaller
0.672778, 19.93% of the average value of DBI for all
experiments. From experiments with 2 to 10 cluster
obtained optimal number of clusters that will be used
as the number of clusters in the watershed data
clustering is 4 cluster.
The results of clustering using four clusters with
random initial centroid value 10 times that has been
done previously presented in Table 4.
Table 4. The clustering result by 4 cluster
Num of
Id
Num of
DBI
Test
Test
Cluster
1
199
4
0.636312417
2
207
4
0.677207338
3
208
4
0.816820806
4
213
4
0.632737921
5
214
4
0.607686581
6
269
4
0.609031623
7
270
4
0.876038618
8
271
4
0.636303181
9
272
4
0.596779152
10
273
4
0.638863456

Figure 2. Watershed clustering Process with K-Modes

Optimization of the number of clusters was
conducted to determine how much clusters that
produce the lowest DBI values, meaning that the
number of clusters with similarity level data is most
similar. From the experimental results using 2 to 10
cluster centroid random initial value 10 times,
recapitulation DBI values obtained are shown in Table
3.
Num of
Clus
2
3
4
5
6
7
8
9
10

Table. 3 Recapitulation value of DBI
Num of
DBI
DBI
Test
Min
Max
10
0.707836
0.723965
10
0.604369
1.375525
10
0.596779
0.876039
10
0.617916
1.577397
10
0.657734
1.227203
10
0.723873
1.048321
10
0.693813
1.374299
10
0.719653
1.217179
10
0.69299
1.327828
DBI Avg All

In Table 4, the lowest DBI value of clustering
with four clusters obtained on probation 9th with DBI
value 0.596779152. so the ninth experiment with four
clusters would become optimal clustering group based
on the parameters of the watershed. Details on the
experimental results of ninth clustering with four
clusters is shown in Figure 4.

DBI
Avg
0.716214
0.745669
0.672778
0.941772
0.855413
0.896865
0.97061
0.858375
0.904521
0.840246

DBI value of recapitulation table chart obtained
DBI value average for 2 to 10 cluster in Figure 3.

Figure 4. Details final clustering results

B. Cluster Analysis
Profiling watershed characteristics in each cluster
or segmen obtained from the clustering process in the
ninth experiment with four clusters are shown in
Table 5.

Figure 3. Graph of DBI Avg value for 2 to 10 cluster
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Table 5. Watershed Characteristics on each cluster or segmen
Cluste
Num Of
Watershed
r
Data
Characteristics
1
348
Cluster of Watershed with land cover were
(30,6 %)
excellent and the level of a very steep slope.
The attrition rate for Watershed in this
cluster was the very high level of land
productivity and good management.
2
269
Cluster of Watershed with a good land
(23,7 %)
cover and slope is steep. The erosion rate is
at a moderate level with a high level of
productivity and management at a medium.
3
332
Cluster of Watershed with land cover were
(29,2 %)
moderate level and the level of steeper
slopes. The erosion of this group is at a
level that was heavy with land productivity
as well as management at a medium level.
4
188
Cluster of Watershed with level land cover
(16,5 %)
very bad but has a flat slope level.
Watershed erosion rate in this group lightly
with the level of productivity of the land
being as well as management at a medium
level.

cluster with the highest level of criticality of land
compared with other clusters. When compared to
manual counting for the category with a priority
watershed rehabilitation in Table 7, watershed land
with the highest criticality or the category of very
critical and critical with the number 171 watershed
dominated watersheds in cluster 3, namely 155
watershed, or 90.64%. This means that the result of
the clustering process is not much different when
compared to the calculation of the watershed manually
critical level and can be used as an alternative in
determining priority watershed rehabilitation
C. Cluster Visualization
The final stage in this research was the
visualization of the clustering results with Geographic
Information Systems (GIS). GIS application will plot
the watershed data clustering results by involving
aspects of spatial (location of the watershed). In this
process the clustering results that has been stored in
MySQL database will be displayed on a Google Map
using the Google Map API programming. Data from
clustering and watershed location and their attributes
will be merged with the new tables in MySQL with
plot_das name. Plot_das table consists of attributes
and watershed attribute location data clustering results
and add attributes and langitude latitude coordinates.
And langitude latitude coordinates obtained from the
Google Map to conduct a search of watershed location
attributes such as village, sub-district and district.
watershed distribution visualization of the clustering
results can be seen in Figure 5.

While the distribution obtained for the watershed
in each cluster are shown in Table 6.
Table 6. Distribution of Watershed for districts / municipalities in
each cluster
Districts / Municipalities
Num Of Data
C1
C2
C3
C4
Bitung
1
8
9
1
Bolmong
125
86
47
55
South Bolmong
114
35
17
7
East Bolmong
35
21
17
10
North Bolmong
44
75
14
7
Sangihe Island
1
1
18
3
Talaud Island
2
20
16
2
Kotamobagu
0
0
0
1
Manado
0
0
5
7
Minahasa
1
4
35
25
South Minahasa
17
6
82
17
Southeast Minahasa
4
2
43
15
North Minahasa
4
11
24
35
Tomohon
0
0
5
3
Total Data
348
269
332
188

Accuracy test result data clustering system with
manual calculations used to determine the critical
level of land over the years. Four clusters were formed
as compared with the 5 categories of the critical level
of land which is used in determining the priority
watershed rehabilitation. Comparison of the number
of watershed clustering results to manual calculation
based on the degree of criticality of land shown in
Table 7.

Figure 4. Visualization of watershed Distribution with Google Map
at Tondano, North Sulawesi

Table 7. Comparison clustering results to manual calculation.
Clus
Critical category with Manual Calculations
ter
Very
Criti
Rather
Poten
Not
Total
critica cal
criti
tial
criti
Data
cal
critical
cal
c1
0
5
51
278
14
348
c2
0
6
158
105
0
269
c3
10
145
174
3
0
332
c4
1
4
38
144
1
188
Total
11
160
421
530
15
1137

There are a few das seen at sea. but actually the
point of not being in the sea, this is due to the number
of dots displayed so as to make a point near the sea as
by shifting into the sea.
The resulting map displays the data clustering plot
results by location. Each cluster plotted with a color
that is different so that a description of each cluster
can be seen by its color. cluster 1 plotted in green,
cluster 2 blue, cluster 3 red, and cluster 4 in yellow.

At the watershed profiling analysis for each
previous cluster or segment, cluster number 3 is the
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[12]

Susijanto T. Rasmana,Yoyon K Suprapto, I Kettut E, Color
Clustering in the Metal Inscription Images Using ANFIS
Filter.TELKOMNIKA. Indonesian Journal of Electrical
Engineering. 2013;11(3): 529–536.
[13] Jingdong T, Rujing W, Bingyu S. Visualizing the Result of
Fuzzy Clustering using GIS. Second International Workshop
on Knowledge Discovery and Data Mining. Moscow. 2009:
267-271.
[14] Liying Zhang, Hongge Hu. The Study of Synthesis
Geographic Information on Fuzzy C-Means Clustering
Algorithm. International Conference on Consumer
Electronic, Comunication adn Network (CECnet). XianNing.
2011;2804-280.

IV. CONCLUSION
If the manual calculation there are 171 watersheds
that should be rehabilitated then the data mining
technique only 155 watershed should be rehabilitated
or 9.36% less than the manual calculation. that can be
used as alternative to other reference in planning the
rehabilitation of the watershed. the process of
clustering and cluster validity test, it was found the
number 4 is the number of cluster with optimal DBI
value with lowest average of 0.672778 or 19.93%
smaller DBI then the value of the average for all
experiments, This means clustering with 4 clusters
have a high degree of similarity data than any other
number. The clustering results show that the
watershed in cluster or segmen 3 with 332 by the
number of dominant watershed scattered in the district
South Minahasa (24.7%) was a watershed with a high
level of criticality than other groups.
ACKNOWLEDGEMENT
The first author would like to thanks domestic
scholarships from Ministry of Communication and
Informatics and also Ministry of Environtment and
Forestry for their funding of this research and his
study.
REFERENCES
[1]

Surtini, Yohan, B, Lilin. Evaluasi Rehabilitas Hutan dan
Lahan (RHL) di Daerah Aliran Sungai (DAS) Juwana pada
Kawasan Gunung Muria Kabupaten Pati. JPK. Jurnal
Pembangunan Wilayah Kota. 2015:11(1):117-128.
[2]
Yuhefizar, Budi S,I Ketut E, Yoyon K Suprapto,
Combination of Cluster Method for Segmentation Web
Visitors.TELKOMNIKA. Indonesian Journal of Electrical
Engineering. 2013;11(1): 207–214.
[3] Akter, R, Chung Y. An Evulotionary Approach for Document
Clustering . IERI Procedia. 2013;4(0): 370-375.
[4] Achmad Yasid. Implementasi Automatic Clustering
menggunakan Diffrencial Evolution dan CS Measure untuk
Analisis Data Kemahasiswaan. NERO. Indonesian Journal of
Network Engineering and Research Operation. 2014;2(1):4752.
[5] Slamet Handoko. Sistem Informasi Geografis Berbasis Web
untuk Pemetaan Sebaran Alumni Menggunakan Metode KMeans. Jurnal Sistem Informasi Bisnis. 2014;1(2):80-85.
[6] Tian B, et. Al : A Global K-Modes Algorithm for Clustering
Categorical Data. Chinese Journal of Electronics.
2012;21(3):460-465
[7]
S Khan, S Kant. Computation of Initial Modes for K-Modes
Clustering Algorithm using Evidience Accumulation. IJCAI.
Hyderabad-India. 2007; 2784-2789.
[8]
Prasetyo E. Data Mining: Mengolah Data Menjadi Informasi
menggunakan Matlab. Andi Offset. Yogakarta. 2014.
[9]
R.J. Kuo, Erma S, A Yasid. Automatic Clustering
Combining Diffrential Evolution Algorithm and K-means
Algorithm. Proceeding of the Institute Enginers Asian
Confrence. Taipei.2013: 1207-1216.
[10] Elma Hot, Vesna Popovic, Soil Data clustering by using kmeans and fuzzy k-means, Telecominication Forum
(TELFOR), Belgrade.2015:890-893.
[11] Yuhefizar, Budi S,I Ketut E, Yoyon K Suprapto, Two Level
Clustering Approach for Data Quality Improvement in Web
Usage Mining. Journal of Theoretical and Applied
Information Technology. 2014:62(2):404-409.

240

2016 International Seminar on Application for Technology of Information and Communication

Analysis and Review of DC Microgrid
Implementations
Derrick Magdefrau, Taufik Taufik, Majid Poshtan, Maxwell Muscarella
Electrical Engineering Department
California Polytechnic State University
San Luis Obispo, USA

have been implemented throughout the world to convert
renewable solar energy into electricity; however, PV systems
intrinsically produce DC. Additionally, other DG systems such
as fuel cells also produce DC power [1]. Due to the present
power distribution infrastructure, the consumer is unable to
directly utilize these renewable energy sources without
incurring efficiency losses due to conversion.

Abstract— Historical precedence has largely determined the
structure and organization of our current power infrastructure.
Consumers are forced to purchase power in the form of
alternating current (AC) without acknowledging current power
needs. The advent of semiconductor devices and the shift towards
renewable energy generation has shifted power requirements
towards direct current (DC). Power conversion is therefore
required to utilize consumer electronics and integrate various
distributed generation (DG) systems into the power grid. This
results in significant inefficiencies and power loss. New power
architectures will be required for sustainable power generation
and distribution in the future. DC microgrids offer robust
reliability, increased energy efficiency and the direct
incorporation of renewable energy sources. Therefore, various
DCM design strategies are presented and analyzed and
suggestions are made for DCM implementation within the
current infrastructure.

Due to the aforementioned power inconsistencies, the use
of power converters has become ubiquitous in our society. To
provide power for consumer electronics, AC power from
outlets must be converted to DC typically contained within
power supplies. A study conducted in 2008 by the Lawrence
Berkeley National Laboratory (LBNL) estimated that the
average loss in external power supplies was 32% [1].
Advancements in technology have undoubtedly increased the
efficiency of power supplies since the study was conducted;
however, the study indicates that we could still be losing a fifth
of all converted energy. Although not all power is delivered to
DC loads, estimates from [1] indicate that 80% of all electricity
passes through semiconductor components. Unlike power
supply efficiencies, this estimate should only increase over
time due to the adoption of more semiconductor electronics.

Keywords—microgrid; DC electricity; DC microgrid

I. INTRODUCTION
The struggle over the electrical power infrastructure dates
back to the late 19th century during the introduction of
electricity to the consumer. Commonly referred to as the “War
of Currents” between Westinghouse and Edison, the
Westinghouse Electric Company and their AC distribution
network ultimately secured the rights to distribute power for
three main reasons: (1) wholesale power production in large
plants was cheaper than many distributed small ones; (2) unlike
DC power, AC power could travel long distances with low
losses; (3) incandescent lamps were the majority of the load
and could be operated on either AC or DC [1]. Unfortunately,
the selection of Westinghouse’s AC system was unable to take
into account the technological advancements that would occur
over the next century. Technology has been forced to adapt to
AC power at the expense of efficiency. The introduction of the
semiconductor and its proliferation in consumer electronics is
one such example of this. Semiconductor based transistors, and
thus all electronics that rely on transistor technology, depend
on DC power to function. Therefore, most consumer
electronics that are integrated into our daily lives are subject to
the requirements of DC power.

Within an AC distribution network, DG systems are
subject to similar constraints on efficiency, with losses
occurring at each conversion stage. For example, to power a
DC electronic device from a PV system, two conversion stages
are required: (1) DC to AC through an inverter; (2) AC to DC
through a rectifier. Assuming the produced PV power is used
on location, the initial DC to AC conversion results in an
approximate 5% power loss [2]. Assuming the same current
produced from the PV system then undergoes AC to DC
conversion through an “80 PLUS” power supply, only 76% of
the PV produced power is utilized.
Despite their inefficiencies, DG systems are a positive step
towards energy sustainability; however, many of these systems
are further complicated by inconsistent and volatile power
production due to the unpredictable nature of the renewable
resources that drive them. Present implementations of DG
systems require the household to also be connected to the AC
grid in order to compensate for periods of DG inactivity.
During these times, DG generated power is insufficient to
supply connected loads with the required power; therefore,
additional power must be drawn from the grid to compensate
for the deficiency. Conversely, during periods of high

In addition to the DC nature of consumer electronics, shifts
toward sustainability have created DG systems that are
incompatible with the current AC grid. Photovoltaics (PV)
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production exceeding power requirements, excess power is
sold back to utilities and enters the grid to be dispersed to other
consumers. While sharing excess power promotes
sustainability, it is a complex task to precisely orchestrate a
balance between consumer demand and available power.

II. THE DC MICROGRID
Microgrids are not a new development in power
distribution; in fact the earliest power distribution systems
could arguably be considered microgrids due to their small,
islanded, distribution networks. Despite this, the definition of
“microgrid” is difficult to define. Within the 2005 Navigant
Consulting report, jointly commissioned by the DOE and CEC,
only two “Points of Universal Agreement” regarding the
definition of microgrids were agreed upon [1]:

Since no adequate means of energy storage currently exist
within the grid, electricity must be simultaneously produced
and consumed. Therefore, utility providers depend on
forecasted energy demands and Independent Service Operators
(ISO) or Regional Transmission Organizations (RTO) to
regulate power production through ancillary services (A/S). For
the remainder of this paper, ISO will be used synonymously for
both Independent Service Operators and Regional
Transmission Organizations. ISOs constantly survey the
overall grid and monitor any deviations from the standardized
60Hz frequency. Increases in the grid frequency are indicative
of an excess power supply, while the opposite is indicative of a
power deficiency. For their services, ISOs charge an annually
estimated 12 billion dollars, accounting for approximately 10%
of electricity cost to the consumer [1]. Currently, the main A/S
methods of balancing power supply with demand are regulation
and spinning reserve [3].

1. A microgrid consists of interconnected distributed energy
resources capable of providing sufficient and continuous
energy to a significant portion of internal load demand
2. A microgrid possesses independent control, and intentional
islanding takes place with minimal service interruption.
Nevertheless, microgrids provide significant advantages
over a networked distribution grid; benefits include: increased
reliability, integration of renewable and distributed energy
resources, and distributed energy storage systems [4].
Depending on system design, the benefits of a microgrid
come at a cost. For instance, microgrids increase local power
distribution complexity relative to our current power
infrastructure. To illustrate this point, a simplified version of a
generic microgrid is presented in Fig. 1. While this image
provides a simple visual reference to describe the basic
infrastructure of a microgrid, the actual implementation
requires the interconnection of numerous DGs, energy storage
devices and loads, as well as a variety of control equipment.
The additional network of units further increases the
complexity of the microgrid.

The A/S process of regulation relies on direct
communication with local utility generators to “up regulate”
generator production during periods of increased power
demand and to “down regulate” generator production during
periods of decreased power demand. Although performed at
the local level, the simultaneous “up regulation” and “down
regulation” of local utility generators functions to correct the
entire grid frequency and is the ISOs main source of control to
adjust the power supply with the forecasted demand [3].
Alternatively, the A/S regulatory process of spinning reserve is
enacted only when significant decreases in grid frequency are
detected. Spinning reserve provides immediate power directly
to the grid and is accomplished through electrically
synchronized equipment that is kept running at all times.
Spinning reserve is enacted to ensure proper power
compensation if an unplanned event occurs and is typically
only implemented 20-50 times a year [3].

As can be seen in Fig. 1, the microgrid includes additional
local components in the form of control systems and energy
storage. Within current AC grid infrastructure, the functions of
these additional units are either carried out remotely by an ISO
or are entirely disregarded. Despite the increased complexity,
the control system and energy storage provide a very important
and necessary function: delivering uninterrupted power at a
constant voltage and current.

As our reliance on fossil fuels continues to deplete nonrenewable resources, the movement towards energy
sustainability will become even more crucial. Furthermore,
global warming resulting from increased carbon dioxide
emission is driving energy production away from fossil fuel
dependent generators and towards renewable DGs. As a result
of these impending shifts, it is evident that our current power
infrastructure is no longer capable of providing efficient power
distribution to the consumer; hence, various recommendations
have been proposed in order to transition our electrical power
infrastructure towards sustainability. To accommodate the
power demands of modern technology and the increased
utilization of direct current DGs, the DC microgrid (DCM)
provides unique solutions to the present AC grid inefficiencies
while simultaneously providing robust reliability without the
need of phase synchronization.

To supply constant, uninterrupted power, microgrids
require independent regulation without the support of a
separate utility grid. Hence, the necessary shift from utility
based regulation to self-sufficient microgrid regulation
necessitates additional systems. The first additional
requirement, the control system, serves to regulate voltage and
current at the local level. This allows the microgrid to deliver
the correct amount of power for a given load without external
regulation by an ISO. While a control system is a necessary
requirement of a microgrid, it is not by itself sufficient. Due to
the inconsistent power production of renewable DG systems,
power production will not always match user demand;
therefore, energy storage units are required to regulate power
when consumer power demand diverges from DG production.
As such, a key requirement of microgrid energy storage
systems is bi-directionality – the ability to both charge and
discharge depending on the available power within the system.
This allows for storage of excess energy during periods of
power surplus or the distribution of stored energy during
periods of power deficiency.
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Li-ion batteries store energy through the separation of
lithium ions from their lithium-cobalt-oxide cathode. During
charging, a potential difference is applied across the Li-ion
terminals forcing lithium ions to migrate towards the anode.
Once the potential difference is removed from the battery
terminals, the lithium ions are no longer influenced by the
electrostatic attraction of the electrodes, and therefore remain
stationary. This concentration of lithium ions therefore “stores”
electrical potential energy within the battery until a load is
presented. When a connection is made between the anode and
cathode, the lithium ions return to the lithium-cobalt-oxide
cathode, releasing their stored energy. A huge benefit of Li-ion
batteries is their extremely high energy density. In addition, the
Li-ion battery requires very little maintenance and produces
significantly less leakage current than other battery designs.
These benefits allow for long term energy storage and minimal
upkeep. Unfortunately, Li-ion batteries require limits on their
charging and discharging currents to prevent damage to their
internal chemistry which ultimately limits their lifespan.

Few energy storage devices are as versatile as the battery;
therefore, it comes as no surprise that the vast majority of
proposed microgrid topologies rely on batteries as their source
of energy storage. Various types of batteries have been
suggested to successfully implement an islanded microgid;
however, all batteries must meet two stringent criteria: a fast
charge and discharge rate and a large storage capacity.

Fig. 1. Generic microgrid representation composed of various DG sources,
control system, storage system (battery), and load.

If a microgrid distributes only DC to networked loads, the
microgrid is rebranded as a DC microgrid (DCM). Because
DCMs rely solely on DC power, additional benefits are
immediately recognized within todays semiconductor infused
technology. The most immediate benefit of a DCM is the
elimination of the power converters currently required for DC
device compatibility. Since DC power is distributed directly to
the consumer, semiconductor based electronics no longer
require AC-DC power conversion. Depending on the
efficiencies of the rectifiers and power sources, implementing a
DCM has the potential to instantly increase efficiencies (on
80% of power consumption) by approximately 20% [1].
Furthermore, DCMs allow for seamless integration of DG
systems since DC power can be directly delivered to a battery
or load, increasing efficiency by an additional 5% [2].

For an energy storage device to function seamlessly within
a microgrid, it must possess the ability to alter the voltage and
current within the network in a short time span. When power
demand exceeds supplied power, the energy storage device
must quickly discharge its stored energy into the network
before the load demand can no longer be sustained.
Conversely, when the microgrid is producing surplus power,
energy must be rapidly removed from the network to avoid
unnecessary energy waste, or even worse, damage to household
loads. Therefore, a batteries charge and discharge rate must
exceed the fluctuating rates of power consumption and
production. The energy storage capacity of a battery follows a
similar logic. If a battery is unable to supply the necessary
power to compensate for increased demand, the microgrid will
fail to supply enough power to household loads. Alternatively,
if a batteries capacity is unable to absorb all of the excess
power, the increased energy within the network will ultimately
result in inefficiencies or electrical damage. Depending on the
size of the microgrid, several hundred kWh to a few MWh
should be readily available for both charging and discharging at
any given time [5]. The two main types of batteries that are
capable of meeting these requirements and have been
popularized in literature are the redox flow (RF) and lithium
ion (Li-ion) batteries.

Beyond the immediate efficiency benefits, DCMs would
also provide a number of design advantages over its AC
counterpart. Since DC power has no intrinsic phase angle,
power is uniformly distributed to the load at all times.
Therefore, DC power does not require a 3 phase distribution
system to ensure loads are not impacted by zero crossings.
Because DC systems do not require 3-phase distribution, any
power supplied to the network does not require phase
synchronization – eliminating many design challenges
currently encountered. Furthermore, because DC does not
possess a phase angle, inductive losses are eliminated and all
power transmitted to loads is real. Elimination of reactive
power from distribution lines results in further efficiency
increases as heating loss is diminished during transmission.

A comparison of RF and Li-ion batteries illustrates their
relative strengths and weaknesses for use within a microgrid.
Redox flow technology works by a reduction-oxidation
(“redox”) reactions in an electrolytic solution circulating
(“flow”) between cells and tanks. Within the cells, electrons are
exchanged amongst ions in solution, and are separated from the
tanks where the solution is stored; therefore, no solid deposits
occur at the vanadium electrodes, resulting in high durability
and a long lifespan. Additionally, the reduction-oxidation
reaction occurs very rapidly, resulting in quick charge and
discharge rates. Drawbacks of the RF battery include a low
energy density and a large footprint to accommodate the
massive tanks necessary to accommodate for large energy
storage [5].

Although DCMs provide a number of significant benefits in
terms of sustainability, efficiency and simplicity, there are a
number or barriers to DCM implementation. Disregarding
socioeconomic barriers associated with corporate utility
companies, the main difficulties of implementing DCMs are:
(1) funding and construction of private DC infrastructures; (2)
protection, regulation and control of islanded DC networks; (3)
adaptation of current loads designed for AC systems [6]. While
theoretical discussions on the benefits of DCMs provide
support for their eventual adoption, little effort has been
dedicated to ascertain how DCM infrastructures will be funded
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with a limited available market. The immense risk involved
would deter most (if not all) companies from venturing into the
new territory. However, overcoming this inherent issue may
not be impossible. If the adoption of DC power becomes large
enough for companies to recuperate investments, they would
be forced to produce DC products for two reasons: (1) fear of
losing current market share; (2) potential to increase market
share by capitalizing on the emerging market. Therefore,
consumers within a DCM shouldn’t worry about whether
companies will ever produce DC powered devices; instead,
they should concern themselves with the innovation of the first
universal inverter capable of powering any AC device. The
sooner DC power is easily inverted, the sooner mass migration
towards DCMs will occur. As always, companies will follow.

and what impact a DCM would have on the surrounding AC
grid. Depending on the DCM architecture various funding
possibilities can be envisioned.
If the DCM is a private joint venture between the residents
within the DCM community, financial responsibility for
infrastructure changes and maintenance would necessarily be
placed on the residents. Although residents would face
significantly lower energy bills, the financial burden of an
infrastructure overhaul would most likely be too significant for
the general population to afford. However, the national push
towards sustainability may force government action towards
tax incentives and subsidies to support the growing need for
renewable energy and sustainability. Alternatively, utility
providers may recognize financial benefits from DCMs due to
diminished ISO costs [5] and tax incentives for reduced
greenhouse gas emissions. If the financial benefit of
implementing DCMs exceeds the infrastructure cost, it would
not be surprising to see utility providers creating and operating
DCMs. From the viewpoint of sustainability, it’s also possible
that the government may be forced to take actionable steps in
order to curb reliance on fossil fuels. Microgrid infrastructure
may thus become a government planned and executed
endeavor to create sustainability for future generations.

III. DC MICROGRID ARCHITECTURE
Although many DCM controls have been proposed, all
control architectures strive to ensure equal load sharing while
maintaining low voltage regulation of the system. Control
architectures generally belong within one of three design
schemes: (1) hierarchical control; (2) control without
communication; (3) distributed control [7]. Each scheme
possesses inherent benefits and concerns. An abundance of
improvements for each architecture have been proposed within
literature; however, most design improvements are dependent
on the overall DCM size, structure and organization. Therefore,
current DCM control architectures are site specific, requiring
careful analysis on a case by case basis. Within this discussion,
the general architectures will be analyzed based on their
function and relative merits. As the name implies, hierarchical
control is a “top-down” control scheme relying on a common
centralized control system seen in Fig. 2 [7].

A fair amount of consideration has been devoted to DCM
protection, regulation and control in recent years. Nevertheless,
it is still a significant issue with respect to defining the optimal
architecture. Support for various designs and technologies are
fractured –no dominant support seems to exist for any one
strategy. Luckily innovation tends to follow recognition of
virtuous ideas; therefore, it may only be a matter of time before
innovation revolutionizes the way we currently assess DCM
architectures.
Since DCMs would change the way users interact with
electricity at the foundational level, any technology currently
utilizing AC power would become obsolete. This is a major
issue from a consumer standpoint, providing no incentive to
implement a DC system with the knowledge that all current
electricity dependent systems would need to be replaced.
However, there are various electric devices that support both
AC and DC current. For instance, incandescent lighting and
most heating appliances are compatible with both power types.
Furthermore, universal motors found in many appliances such
as vacuums, mixers, blenders, and drills are capable of
functioning from either AC or DC as well. DC powered
consumer electronics, which currently require rectification
from the AC grid, would also function properly within a DCM
so long as they were provided with proper external voltage
regulation. However, to accommodate appliances unable to
adapt to DC power, inverters would need to be implemented to
convert the microgrids DC power back into AC.

Fig. 2. Hierarchical control architecture.

The shift towards DC systems – regardless of the number
of citizens living within them – would ultimately require a
national shift to accommodate both types of power. This would
force companies to produce both AC and DC versions of their
electronic goods. Ultimately, electronic compatibility issues
may prove the most difficult barrier to overcome. From a
business perspective, it would be irresponsible for a company
to sink resources into developing and manufacturing a product

Hierarchical schemes are composed of three main control
systems: primary control, secondary control and tertiary
control. Primary control is enacted within power electronic
control (PEC) systems contained within each unit of the
infrastructure. Primary control of the PEC modifies DCM
network power by comparing the microgrid voltage with a
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the hierarchical system by incorporating distributed control into
each PEC and is represented in Fig. 4.

reference value. The error between these two values is
processed through a Proportion-Integral (PI) controller and the
output of the PI is communicated to DGs to regulate power
output (droop). Also contained within each unit’s PEC is an
inner loop control which serves to regulate the voltage and
current delivered to each load. Secondary control is centralized
among the DCM and is designed to organize the output of the
various primary controllers throughout the network. Secondary
control receives input from the energy management system, or
tertiary control. The energy management system acts as the
gatekeeper between the utility grid and the DCM,
communicating with Distributed System Operators (DSO) or
Transmission System Operators (TSO) to decide the schedule
of power exchange between the DCM and utility grid.
Although this scheme achieves low voltage regulation and
continuous power delivery in the case of a source malfunction,
it suffers from a major disadvantage: if the secondary control
system fails, the system will be unable to ensure proper power
delivery [7].

Controllers are able to communicate with one another
through a common bus in order to appropriately regulate
individual droops. To accomplish this, individual source
currents are measured at the source and converted to a voltage
signal. This signal is then transmitted through an average
current bus to all other DCM units. The voltage appearing at
each bus can then be averaged across the number of incoming
signals to produce an accurate droop control reference for
individual DGs, thereby controlling the overall power level of
the DCM. Despite providing solutions for power stabilization
and uninterrupted service, distributed systems have one
significant drawback. Because the current sharing bus is
distributed throughout the system alongside power lines,
significant external noise may result in inaccurate voltage
references, thus incorrectly altering droop control at the local
level [7].

To circumvent the hierarchical controls limitation, DCM
control without communication consists of local droop controls
without the oversight of a secondary control unit. This scheme
offers widespread modularity without the infrastructure cost of
a hierarchical network and can be seen below in Fig. 3.

Fig. 4. Distributed control architecture.

Control architectures of multiple DCMs to create a larger
networked infrastructure is yet another area of active research
into microgrid technologies. These larger networks, or multiagent systems (MAS), are capable of managing power at a
higher level beyond that of the individual DCM, creating an
additional level of regulation. For instance, if a particular DCM
is particularly prone to fluctuations in network voltage, energy
storage levels must be kept within a particular range to
maintain the ability to sink power from, or source power to, the
DCM network at any given moment. If this particular DCM
has energy storage systems that are either depleted or fully
charged, the DCM may decide to buy or sell power within the
MAS to optimize its energy stores. Another benefit of multiagent systems results from the natural cycles of power supply
and demand among different DCMs. For instance, DCMs that
primarily require large load demands during the day could be
provided additional power from DCMs that have reduced load
demand during the day. Conversely, during the evening when
residential DCMs experienced increased load demand, business
and university DCMs could help support the increased load
through the MAS. Present control architectures of multi-agent
systems rely on computer assistance to regulate power
exchange. Individual DCM requests to buy or sell power are
sent to the MAS computer where they become available on the

Fig. 3. Droop control without communication architecture.

Unfortunately,
droop
control
systems
without
communication suffer from error in power sharing for two
main reasons: (1) unequal nominal voltages; (2) load
distribution difficulties. Unequal nominal voltages are a result
of small differences between PEC systems. Although these
differences are small, errors in nominal voltages result in
significant deviation of source currents. This is a result of the
small value of droop gain utilized to restrict large variations in
system voltage; therefore, small deviations between PECs
result in significantly different PI signals sent to DGs [7].
Furthermore, load distribution becomes difficult to control
since differences in voltage magnitude between two nodes vary
with the power flow across interconnecting cables.
Consequently, the systems load distribution directly impacts
the voltages at each load as a result of interconnecting cable
resistance. This results in less than expected deviation of
source currents from droop control. [7]
In order to stabilize power delivery and ensure delivery is
uninterrupted, distributed control systems make use of average
current sharing systems (ACS). This architecture differs from
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during charging and discharging of multiple vehicles
simultaneously. The Li-ion battery limitation on rates of charge
and discharge is overcompensated when multiple electric
vehicles are simultaneously adapted to a DCM. Control
architectures would therefore need to be adjusted to
compensate for this issue [3].

MAS “market”. This MAS computer management system
resembles an open market exchange where buyers and sellers
are connected for ease of transaction. Unfortunately, this
architecture comes at a cost. To determine if a DCM is in a
position to make a market purchase, power supply and demand
of the entire DCM must be assessed. Therefore, analysis of the
entire DCM must occur at the individual unit level, requiring
hierarchical control architectures of the DCMs [8].

V. CONCLUSION
The growing need for sustainability positions the DCM as a
probably solution to a growing problem. Increases in efficiency
and simplicity of a DCM infrastructure benefit both the
consumer and utility grid through cheaper electricity and
decreased cost of operation, respectively. However, the
creation of a DCM infrastructure requires significant
investment and resources, meriting further investigation on the
cost of implementation within our current AC grid.
Additionally, innovation in DCM design and architecture will
need to progress before a standard implementation of DCMs is
reached. The emergence of electric vehicles as energy storage
devices provides a potential solution to an expensive barrier;
however, adaptations of current technology would be required
to seamlessly integrate this solution. Among other things,
future research into electricity price structures, utility provider
cooperation and transitional requirements of present AC
dependent products would also be required. Despite current
barriers to DCM implementation, direct current microgrids
possess strong support as the energy of the future.

IV. DCM INTEGRATION
From a sustainability standpoint, DCMs provide significant
advantages to our current AC grid infrastructure; however,
major barriers exist for successful implementation. One notable
difficulty is access to reliable energy storage devices at
reasonable costs. As previously discussed, batteries must
contain significant storage capacity in addition to fast charge
and discharge rates. To sustain a suitably sized DCM, energy
storage devices would become a major limiting factor due to
present battery prices. According to General Motors, Li-ion
batteries currently cost approximately $145 per kWh [9]. At
this price, separate DCM implementations would require an
investment of approximately $4.35-$435 million dollars in
battery cost alone. There might be a better solution.
With the rise of commercial electric vehicles, an enormous
supply of battery storage could be made readily available for
use within DCMs. For example, the popular Tesla Model S
utilizes an 85 kWh Li-ion battery. As such, it would only
require a handful of such batteries to supply the load
requirements of a DCM. Furthermore, since these vehicles
must plug into the grid to recharge, electric vehicles are already
positioned to function as a DCMs energy storage device.
Utilizing electric vehicles for DCM energy storage provides
various benefits to the DCM infrastructure as well. For one,
these batteries would not need to be separately purchased since
they are already consumer owned. So long as citizens of a
DCM are willing to utilize their electric vehicles for both
transportation and DCM power control, no additional
investment in energy storage would be necessary. Additionally,
multiple Li-ion batteries distributed throughout a DCM would
eliminate the Li-ion batteries limitation with regard their
limited rate of charge and discharge [3]. A study conducted by
the University of Delaware, working in partnership with
various industry leaders, provides strong evidence based
support for the use of electric vehicles in microgrid storage and
regulation [3]. Regardless of this overwhelming support, a few
obstacles still stand in the way of electric vehicle storage
within a DCM infrastructure.
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Abstract – Poverty was a problem that faced by many
developing countries, especially Indonesia. One way to
resolve the issue of poverty through social assistance
provided by the government. Besides that, knowing the
factors affecting poverty in the region was also important
to determine the strategic plan to reduce poverty in
Indonesia. Data mining approach was used to determine
the classification model. The classification method using
Naïve Bayes algorithm while the process of determining
the parameters using Chi-square and Crammer's V
correlation. The result of this experiment show that the
parameter that has the most relation between the level of
poverty was the number of household members (vART),
and the smallest correlation was the fuel for cooking
(vFUEL). Furthermore, the results of accuracy from
Naïve Bayes have been obtained about 61.47% or better
0.54% when compared to the number of initial
parameters. It means that the data give an explanation
about 61.47% of the poverty level.
Keywords: Feature Selection, Chi-square, Crammer’s
V, Naïve Bayes, Classification, poverty

been set by the government. Poverty approach was
used in this case was the non-economic approach,
or in other words, did not use the method of
residents income. The challenges were often faced
by the government from this case was the criterion
determination of target households. Besides, the
government was only focused on an object which
was entitled to relief of poverty but forget to realize
the factors that cause of poverty in a particular area
so that the government's efforts to reduce poverty
into a little difficulty because there was no clear
target. At this moment, the government wants to
poverty alleviation program was not just a social
assistance, but also to solve the problem based on
the primary cause of poverty in each region in
Indonesia. One kind of solution that has been used
for these problem was data classification so that the
data could be classified to determine the target
households and the factors that are affecting
poverty. One way to solve the problem was by
using data mining approach.
Data mining was one method used to dig up
the information in a data set. One technique in data
mining was classification [1]. This technique was a
kind of supervised learning makes it easier to learn
the method for forming a model according to the
existing data. The challenge in data mining there
was a various kind of features in the dataset which
not provide maximum models. The solution for this
condition by using feature selection. The
complexity of the features will be reduced without
sacrificed the accuracy of the models. Some reason
for the feature selection was often used in data
mining was to reduce the dimensions of data and
provide the better accuracy [2]. In addition to
obtaining the better accuracy, feature selection can
be used to determine the priority parameters in a
data set. In this research, the parameter was the
number of variables that determine the level of
poverty in the target households. We used the
Naïve Bayes algorithm to classify the data. Factors
to be taken into account in forming a classification
model not only the accuracy of the model but also
the efficiency of the computational process was

I. INTRODUCTION
The complexity of poverty problem in
Indonesia makes it tough to resolve in a short
time. According to data from the Central Bureau of
Statistics, the poverty rate in Indonesia in 1999
reached 47.97 million. While in 2011 the number
of poor people into 30.02 million. From these case,
the number of poor people decreased by 17.92
million over the 11-year period. The Latest poverty
data was obtained in 2011 with the number of poor
people reached 30.02 million. The government
used this data as the Integrated Data Base (IDB)
issued by the National Team to Accelerate Poverty
(TNP2K) based on the results of data collection
that were conducted by the Central Bureau of
Statistics (BPS).
The data was used as a reference by the
government to provide a social assistance for
targeted households. Poverty itself according to the
World Bank was the inability of a person to fulfill
the basic needs for every day. The aid distribution
was based on some of the characteristics that have
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The amount of data used in this case about 15,256
records. The dataset consists of 10 features, they
are The number of households (vART), place to
defecate (vBAB), the type of roof (vROOF), the
type of floor (vFLOOR), the type of wall
(vWALL), type of business (vBUSINESS), the
education of head of household (vEDU), the
landfills (vLANDFILL), the work position
(vPOSWORK), and fuel for cooking (vFUEL).

also considered [3]. Several studies that have been
related to the poverty classification was done
previously by using Multivariate Adaptive
Regression Spline Bootstrap aggregating (MARS
Bagging) [4] and using Classification and
Regression Tree (CART) and Adaptive Resampling
and Combining (arcing) [5]. Both of studies used
data sample so that the classification model can not
be used until the individual level.
In this case, we used the Chi-square and
Crammer's V correlation by using a statistical
approach for feature selection process. The
selection process was not only making the feature
selection that makes the best accuracy but also
chooses the parameters that have the best
contribution to the model. It aims to determine
which features or parameters were most influential
in determining the level of poverty. This research
wanted to know what parameters were potential to
the classification model and had the highest
contribution to the poverty line. In general, the
experiment was divided into some stages. The first
phase was preprocessing which consisting of
cleaning data and transformation data. The second
stage was the process of selecting features by using
Chi-square and Crammer's V correlation. The third
stage was the classification by using naïve Bayes
algorithm. The last was the evaluation and make
the conclusion.

2.2 Preprocessing
In the preprocessing stage consists of two
steps, it was data cleansing and data
transformation. Data cleansing was done by
eliminating data missing or empty so that the data
processing will be easier. The next step performs
data conversion process that was equating the type
of variable with another variable.
2.3 Feature selection
A. Chi-square method
The use of Chi-square method based on the
relationship between the variables in a data set. In
this case, the variables can be divided into 2 part,
first the independent variables and second the
dependent variable [6]. The independent variables
consist of 10 variables while the dependent variable
or also known as a class variable composed of one
variable.
This method to determine whether the
independent variables on a dataset has an influence
on the dependent variable. There is two hypothesis
that was used in this process. The first assumption
(H0) said there was no relationship between the
independent and dependent variables. The second
hypothesis (H1) said there was a connection
between the independent and dependent variables.
The result from these methods will be compared
with the value of Chi-square table. Chi-square (X2)
value was affected by several factors, including the
number of independent variables (n), the number of
dependent variables (m), the number of data
observations (Oij) in class i and j and the number of
data expectations (Eij) in class i and j. The Chisquare method can be calculated according to the
equation

II. METHOD
This research consists of several methods
including data preparation, preprocessing, feature
selection and classification using naïve Bayes. The
flow of this research can be seen in Figure 1.

X2 =

(1)

Figure 1. Flow of research
The method of Chi-square can be calculated
with the contingency tables which was shown in
Table 1. The contingency tables contain the values
of data observation for each class.

2.1 Data preparation
Data were taken from the Integrated Data Base
(BDT) of West Seram Regency. The latest data
produced in 2011 that were obtained from the
survey of Social Protection Program (PPLS) 2011.
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The magnitude of the correlation value can be
interpreted in Table 2 [8]. A value of zero (0)
means did not have a relationship, and one (1) has a
perfect correlation. This correlation values also
indicate where the independent variables that most
influence on the dependent variables.

Table 1. Contingency table with size of m x n
Feature
Class
1

Class label
1

2

..

n

Total

..
O11

O12

..

O1n

..
2

O21

O22

..

Table 2. Value of correlation and interpretation

O2n

R (coefficient of correlation)
0
0.01-0.20
0.21-0.40
0.41-0.60
0.61-0.80
0.81-0.99
1

..
:

:

:

:

:

:

:

:

:

:

:

:

m

Om1

Om2

..

Omn

..
..
Total

2.4 Classification method using Naïve Bayes
Naïve Bayes Algorithm was one of the most
popular methods in data mining, especially in the
data classification techniques. Mainly of this
method used the probability theory of Bayesian.
This method used the statistical approach about the
opportunity of an event in class [9]. Probability C
given F (P (C|F) ), obtained from the probability F
given by C (p (F|C) ), then multiplied by the
probability of C ( p(C) ) and then divided by the
probability of F ( p(F) ). The formula of Naïve
Bayes can be seen as in

..

From the table, we calculate the value of the
expected frequency (E). The expected value of the
first row and the first column was obtained from
the total of the first line of the first column
multiplied by the total and then divided by the
number of complete data. The equation (2) shown
the formula of Expected Value.
Eij =

(2)

P (C|F) = (p (F|C)* p(C)) / p(F)

The value of Chi-square from the equation (2)
will be compared with the value of chi-square table
on the degrees of freedom (df) equal to (m-1) × (n1) [7]. The decision to accept H1 or H0 was
determined by calculating the value of Chi-square.
If the value of X2 < X2 table then H0 would be
accepted, while the value of X2 > X2 table then H0
would be rejected or H1 would be accepted.

(4)

From the equation (4) can be made to become
general because the data can be composed of
several classes and variables (F1……Fn ) that can
be adjusted as in
P(C|F1……Fn) =
(5)
Because the naïve Bayes theorem using the
independence assumption of independent variables,
then the value of probability was the result of the
multiplication of each variable in a particular class
(
), so the equation can be modified

B. Crammer’s V method
Crammer's V method or commonly known as
Crammer’s V correlation used to calculate the
correlation between the independent variables and
the dependent variable. The correlation value
between 0 to 1. Getting closer to 1 the value of the
relationship was getting stronger or have a perfect
connection. This correlation value was obtained by
considering the value of chi-square (X2), the sum of
data (n) and the number of minimum class (t).
Equation (3) shown the formula of Crammer’s V
correlation.
C=

Interpretation
Uncorrelated
Very low
Low
Moderate
Strong
Very Strong
Perfect Correlation

become
P(C|F1……Fn) =

(6)

The value of
was constant o the
value of the class was determined by the maximal
value of P(C) and
which shown by
the equation
fc (F) =

(3)
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2.5 Measurement the accuracy
After calculating the models using naïve Bayes
classification, and then the next step has calculated
the accuracy based on data test. This value can be
calculated with confusion matrix.

calculations, the process for Chi-Square values of
vART can be shown in Table 4.
Table 4. Chi-square value of vART
row i, column j

O

E

(O-E)2

1,1

2957

1818.2

1296865.44

713.27

1,2

2447

1837

372100

202.56

1,3

1291

3039.8

3058301.44

1006.09

2,1

634

1902.1

1608077.61

845.42

2,2

1340

1921.7

338374.89

176.08

2,3

5030

3180.1

3422130.01

1076.11

3,1

191

61.6

16744.36

271.82

3,2

34

62.3

800.89

12.86

3,3

2

103.1

10221.21

99.14

2.6 Evaluation and Visualization of model
Analyze the results and then displayed visually
in graphs and tables.
III. RESULT AND DISCUSSION
3.1 Chi-square and Crammer’s V process
The Calculation of Chi-Square was performed
by equation (1) with the help of contingency tables.
For example, the calculation of Contingency table
between vART and level of poverty can be shown
in Table 3.
Table 3. Contingency table between vART and
vPOVERTY

X2

vPOVERTY
Almost

Very

Total

From Table 4, we get the Chi-square value of
vART was about 4403.34. The same way can be
used for other variables. The result of Chi-square
for all variables can be seen in Table 5. The Chisquare table was obtained from the distribution
table of Chi-square with a degree of freedom (df)
(m-1) x (n-1) and the significant value of α = 0.05
(5%).

Poor
poor

poor

Obs

2957

2447

1291

6695

Exp

1818.2

1837

3039.8

6695

Obs

634

1340

5030

7004

Exp

1902.1

1921.7

3180.1

7004

Obs

191

34

2

227

Table 5. Value of Chi-square for each variable

Exp

61.6

62.3

103.1

227

No

Variables

Chi-square

Obs

3782

3821

6323

13926

Exp

3782

3821

6323

13926

1
2
3
4
5
6
7
8
9
10

vART
vBAB
vROOF
vWALL
vFLOOR
vBUSINESS
vEDU
vLANDFILL
vPOSWORK
vFUEL

4403.34
711.63
515.21
207.54
550.91
237.68
575.02
359.32
272.86
2.74

Avg

vART

Lar

Sml

Total

Based on Table 3 we can calculate the
expectation value (Exp) from the observation value
(Obs). The expected value of the first row and first
column can be initialized as E11. Based on equation
(2), the result of E11 can be shown below,

Chi-square
table
9.487
12.591
21.026
12.591
9.487
48.602
15.507
9.487
18.307
5.991

From the results of Table 5, we know that the
chi-square value of vFUEL was 2.74, it’s smaller
than the value of chi-square table which was about
5.991. It means that vFUEL did not have a relation
between poverty level. So the value of Crammer’s
V correlation could not be calculated. It can be
seen in Table 6 that the vFUEL did not have a
correlation (uncorrelated). The results of
Crammer's V correlation can be computed based on

E11 =
E11 =

4403.34

= 1818.2

The same way can be used for calculated the
other value of E12 (first row and second column)
until E33 (third row and third column). From these
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Table 7. The accuracy comparison for each
variable

equation (3) and completely can be seen in Table 6.
For example, the correlation of vART can be
calculated below,
C=
C=

=

= 0.4

Based on Table 6 it can be seen the variables
that have the greatest influence to determine the
level of poverty was the number of household
members (vART) with a correlation value of 0.4.
Although it has a low correlation, from these
results, we know that the number of household
members has a significant role in determining the
level of poverty.

Sum of
Variables
2

Accuracy (%)

Notes

57.59

Lowest accuracy

3

57.95

4

59.49

5

59.64

6

61.29

7

61.22

8

61.47

9

60.93

Highest accuracy

The results of the classification for highest and
lowest are then visualized in Figure 2 As a
confusion matrix.

Table 6. Value of Crammer’s V correlation sorted
from highest to lowest
No
1
2
3
4
5
6
7
8
9
10

Variables
vART
vBAB
vLANDFILL
vROOF
vFLOOR
vEDU
vPOSWORK
vWALL
vBUSINESS
vFUEL

Crammer’s V
0.40
0.16
0.16
0.14
0.14
0.14
0.10
0.09
0.09
0.01

Interpretation
Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Very Low
Uncorrelated

(a)

3.2 Classification Process
The experiment was conducted by using Weka
tools v3.6.13. We used 80% of total data as data
training and the remainder as data testing. We
calculate using percentage split mode in Weka for
data testing and look for the best accuracy for each
variable. The values of accuracy for ten variables
about 60.93%, and then we removed vFUEL as an
additional parameter, the efficiency also amount to
60.93%. With this result, we can conclude that the
variable vFUEL did not have any influence to
determine the level of poverty.
The classification process for the remaining
nine variables was obtained the highest accuracy
about 61.47% and the lowest about 57.59%. The
highest accuracy was obtained when the condition
of eight variables and the lowest accuracy was
obtained when the condition of two variables.
Comparison of the accuracy of the model can be
seen in Table 7.

(b)

Figure 2. Confusion matrix for the highest accuracy
(a) and the lowest accuracy (b)
Results for all of the variables shown in the
graph of the accuracy and the number of variables
in Figure 3.

Figure 3. Visualization of Accuracy for each
variable
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CONCLUSION
From the experimental results, it can be
concluded that the parameter which has the highest
impact on the level of poverty was the number of
household members (vART). It was provided by
the correlation coefficient of Crammer’s V about
0.4. It was the highest when compared with another
variable.
The classification model using naïve Bayes has
obtained an accuracy about 60.93%. The same
efficiency values were obtained after removing one
variable vFUEL. So we can conclude that to get an
accuracy of 60.93% was only required as many as
nine variables only so that additional variables such
as vFUEL will not have an influence on the
classification model. The maximum accuracy was
obtained at position eight variables that have been
associated with poverty. The accuracy was
obtained approximately 61.47% or 0.54% better
than 9 or 10 variables. The eight variables that have
the best accuracy are vART, vBAB, vLANDFILL,
vROOF, vFLOOR, vEDU, vPOSWORK and
vWALL
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Abstract— Palm print identification has become one of the
most active research areas of image processing, computer
vision, graphics, and visualization. The palm print
identification problems which are due to affectedness,
illumination, impediment, shadow, and blur are undertaken
using various methods such as hierarchal feature-based,
template matching, graphical record matching, and artificial
neural network approach. We propose a line hand featurebased palm print identification system with GLCM feature
extraction (including 5 differentiators – Angular Second
Moment/Energy, Contrast, Homogeneity/Inverse Difference
Moment, Entropy, Correlation) and Learning Vector
Quantization (LVQ) artificial neural network as a classifier.
The motivation of using this palm print identification is
because of its unique solution to the stability-malleability
dilemma, where it is the ability to preserve antecedently learnt
knowledge (stability), and potency to accommodate new
patterns indefinitely (malleability). Another motivation is also
used for biometric authentication of a person’s identity
because of its profusion, where it not only has the information
available on the fingerprint, but also it has a far more amount
of details in terms of principal lines and wrinkles. Yet
compared with the other biometric characteristics, palm print
identification has several advantages : low-cost capturing
device, low-resolution imaging, and low-officiousness. The
experiments show a promising result by using the proposed
method that obtained an identification rate of 98.75%
Keywords—Line Hand Feature-based, Palm Print
Identification, GLCM Differentiators, Feature Extraction,
LVQ
Classifier,
Stability,
Malleability,
Biometric
Authentication, Profusion, Low-cost Capturing Device, LowResolution Imaging, Low-officiousness, Identification Rate.

are to apply in the exact state the acquisition method for
increasing the image quality of palm prints which are
compatible with all conditions and various perspectives of
rotation, scale, and orientation degree. To make the selection
of feasibility testing to the palm print image, the entire input
image can be directly processed to segmentation and
classification steps. To determine the use of the evaluation
system, methods with the best metric result in classifying the
line hand feature from each person or class.

I.

1.1 Biometrics of Interest
Knowledge-based and token-based person recognition
depends on the deputies of the people, such as passwords or
ID cards, which can be easily disregarded/not noticed
inadvertently, inferred/stolen, or shared. Furthermore, they
cannot provide vital identity management functions like no
renunciation and detect multiple enrollments by the same
person under different identities. [1][2]
For instance, individuals can easily deny (repudiate)
using a service by claiming that their password had been
stolen or inferred. Individuals can also conceal their true
identity by presenting identically copied from original
documents. In addition, conventional mechanisms like
passwords and tokens do not provide strong evidence for postevent person recognition, such as suspect identification at a
crime scene and forensic science. [2]
The knowledge-based and token-based mechanisms are
not sufficient for reliable identity direction. Since the built-in
biometric identifiers to an individual; it is more unmanageable
to manipulate, share, or forget these traits. Therefore,
biometric traits are a strong and moderately permanent link
between a person and his identicalness. Personal identity theft
or individuality fraud occurs when a person usurps the identity
of another individual or claims a false identity in order to
retrieve resources or services to which he is not entitled. Due
to the above reasons, biometric recognition are being
increasingly adopted in a number of higher authorities and
civilian identity management applications either to replace or
to complement existing knowledge-based and token-based
mechanisms. [2]
Any living physiological and/or typical behavior can be
used as a biometric characteristic [2] as long as it fulfills the
following expectations of:

INTRODUCTION

Palm print identification has become one of the most
active research areas of image processing, computer vision,
graphics, and visualization. The palm print identification
problems which are due to affectedness, illumination,
impediment, shadow, and blur are undertaken using various
methods such as hierarchal feature based, template matching,
graphical record matching, and artificial neural network
approach. This paper presents hierarchical methods of both
GLCM differentiator and artificial neural network LVQ
approach using our local dataset. The objectives of this paper
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 Universality: every person has same characteristics
which each potential user owns the modality.
 Permanence: The characteristics should be
unaffected by time and eventually having
collectability which indicates the closely stipulated
condition can be measured up quantitatively.
 Uniqueness: Distinctiveness indicates there is no two
people have the same characteristics, whether it has
difficulty being copied or stolen, transferable,
acceptability by the public and cost to employ the
technology is reasonable.
Nevertheless, guided by practice and observation of
biometric system (i.e., A system that utilizes biometrics for
personal authentication), there are a number of other issues
that should be considered, including:
 Performance: Refers to resources required to
achieve the desired knowledge as distinguished from
merely possessing with a range operational and
environmental factors.
 Acceptability: Indicates people who have a quality of
giving satisfaction sufficient to meet a requirement by
the use of a particular biometric identifier of
characteristic to be approved in their daily lives.
 Circumvention: Reflects how frivolously the system
can be enjoyed using deceitful methods, spoofed
attacks and identified fraud.

device, low-resolution imaging, and low-officiousness. From
the point of view about immutability factors, palm print is not
easily damaged unless a severe accident, and from the point of
view about perennial nature, line pattern does not change with
age. It will be a unique solution to the stability-malleability
dilemma, where it is the ability to preserve antecedently learnt
knowledge (stability), and potency to accommodate new
patterns indefinitely (malleability).
However, any member of the human body that used in
biometric identification, are not far from the classic problems
of image quality (originated from the acquisition stage). Many
factors may influence the palmprint image quality, such as:
1. A bad qualified palm print could lead to ineligibility.
Various conditions such as oily skin, wet, and damp,
could lead to spots. These conditions will be causing
a parallel-connected fold area. Meanwhile, long-term
disability and permanent or residual injury could lead
some fold area becomes disconnected.
2. The effect of contrast variations on the acquisition
process of palm image, by producing a speckle
intensity under illumination of partly coherent light.
3. The variations due to the differences in acquisition
and the effect of nonlinear perspective distortions
which cause the palm images to be geometrically
misaligned.
4. The difficulty of distinguishing between one with
another individual because they have nearly the same
biometric identity.
5. Another significant factor influencing the quality is
the palm pressure during the acquisition phase, little
pressure can produce light contrast with the same
effect as dry palm print. On the other hand, heavy
pressure can produce smudged palm print images.

1.2 Why Palm print?

II.
(a)

(d)

(b)

(e)

(c)

RELATED WORKS

2.1 Palm-print Identification System
A biometric design system has five objectives, namely
accuracy, computational speed & security, cost, user
acceptance and environmental constraints. From those
objectives, there is a close correlation with each other. If the
computational speed is enhanced, then consequently the
accuracy level is decreased. A well-designed biometric system
must be able to accommodate those five such purposes. [1][2]
The main issue with the palm identification system is a
powerful search algorithm (robust) to change in illumination,
rotation, and translation as well as the efficiency of matching
time. [2] Depends on the application context, a biometric
system may operate either in verification or in identification
mode. [1][2]. For this identification mode, a palm print sample
is presented, and the system is identified by calculating the
similarity between the palm print sample and entire of palm
print samples in the stored data. During the registration, it is
expected to capture the palm print image of the best quality as
possible.The palm print image quality is crucial for the
performance of a palm print identification system. If the value
of the quality is too low, the image can be discarded,

(f)

Figure 1.1 (a) Principle Line Features;
Blue (Heart Line); White (Head Line); Green (Life Line);
(b) Layout of Palm print (c) Strong Principle Lines
(d) Full of Wrinkles (e) Less Wrinkles (f) Strong Wrinkles
Palm print is a new biometric modality which can be
used for authentication of a person’s identity because of its
profusion. Palm print not only has the information available
on the fingerprint, but it has a far more amount of details in
terms of principal lines and wrinkles (as shown in Figure 1.1).
Yet compared with the other biometric characteristics, palm
print identification has several advantages : low-cost capturing
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Table 2.1 Comparison Methods

consequently, ask more to try to capture another sample.
Furthermore, for this reason, it is important to measure the
quality of the palm print image. Because using the best quality
can classify the regions as well defined, recoverable and
unrecoverable.
2.2 Gray-Level Co-Occurrence Matrices (GLCM)
GLCM is a statistical texture analysis method which
considers spatial-based relationship of the intensity pixel.
Another of GLCM’s abbreviation is the Gray Level
Dependence Matrix. Therefore, we proposed only one distance
= 1, for directions of orientation angle 0, 45, 90, and 135 (as
shown in Figure 2.1), and the features are Energy or Angular
Second Moment, Contrast, Homogeneity or Inverse
Difference Moment, Entropy, and Correlation. [6]

We compare our methods with the existing researches
based on Table 2.1[3][4][5] to prove that our method is better.
This comparison result can make the reader see how
significance the proposed method and measure the
contribution to the knowledge. Especially, to highlight the
novelty is we present this method to efficiently and accurately
identify palmprint to pre-filter greasy, watery, dry, callused,
and displacement-mapped appearance in the context of
radiance intensity. Our method is easy to implement and fully
compatible with all existing pre-filtering appearance models,
not restricted by acquisition box. The experiments show a
promising result by using the proposed method that obtained
an identification rate of 98.75%

Figure 2.1 GLCM directions of orientation angle
2.3 Learning Vector Quantization (LVQ)
LVQ is one of the artificial neural network (ANN)
algorithms that adequately often used in pattern recognition
and classification. Its each output unit represents a category
and classifies input samples around a biased number of
reference vectors. Learning in a vector quantization network
consists fundamentally of determining those reference vectors.
Consequently, the input classification values into classifier are
conducted on the basis of nearest neighborhood and the
smallest distance between the input vector and reference
vectors is sought. A distant region measuring is used to
quantify the quality of being similar between the input image
features. Furthermore, the input image features are matched
with the stored features database and the class with the highest
matching score is referred to by name as output. [7]
III.

IV.

METHODOLOGY

The proposed of Line Hand Feature-based Palm
Identification System is illustrated in Figure 4.1, consists of
six (7) main processes, which are the Image Acquisition, Preprocessing - Segmentation, Normalization, Feature Extraction,
Identification Process (Feature Matching), and Evaluate
Process (Accept or Reject Verification) with Supplied Test
and K10-fold Cross Validation test-mode in the WEKA 3.7
Waikato Environment.
Generally speaking, the eight main processes based on
Figure 4.1 can be described in points below:
1. Acquiring the input of palm hand images
2. Performing initial preprocessing of the input of palm
hand images that have been acquired
3. Performing image segmentation to find the peak and
valley points of palm hand fingers
4. Normalizing image to find the ROI (Region of
Interest)
5. Extracting line hand features and computing the
value of statistics
6. Doing training of features learning which have been
extracted by LVQ (Learning Vector Quantization)
7. Performing a variety of testing methods for
classifying palm hand images. In this case, there are

PROPOSED WORK

In our experience, the former work that we have ever
done is a biometric application to identify palm-print using
feature extraction 2D Gabor transform and its feature vector as
a result from extraction method based on spatial and frequency
will be measured for dissimilarity matching between 1: many
cardinalities feature. The GLCM statistical texture occurs
from computational complexity and lack of transforming
invariance. Therefore, based on our own former work, we
develop a line hand featured-based palm-print identification
with another method is to apply GLCM to be a feature vector.
Furthermore, this experiment was performed using normalized
feature extractor and LVQ neural network classifier methods.

255

2016 International Seminar on Application for Technology of Information and Communication

two testing-mode will be used, i.e. Supplied Test and
K10-Fold Cross Validation
8. Identifying the owner of palms based on the line hand
features of each person

(c)
(d)
(e)
Figure 4.2 (c) Palm Template (d) Camera Digital
(e) Palm-hand
4.2 Pre-processing – Segmentation - Normalization
The palm images imaging present a lot of rotational
variations. Therefore, more stringent preprocessing steps are
required to extract aligned ROI (Region of Interest).
Furthermore, the preprocessing steps fundamentally recover a
fixed-size ROI from the acquired images which have been
normalized to minimize the rotational changes. This is
followed by the nonlinear enhancement consequently the palm
patterns from ROI images can be observed more clearly.
The key objective while segmenting the ROI is to
automatically normalize the region in such a way that the
image variations, caused by the interaction of the user with the
imaging device can be minimized. [5]
Figure 4.1 Block Diagram of Line Hand Feature-based
Palm Identification System
4.1 Data Acquisition
All of original palm images are captured using a
Samsung DV150F digital camera with resolution of 1024x768
pixels. One by one person was requested to put their left hand
into the acquisition box (as shown in Figure 2 (c) with a black
background (as shown in Figure 4.2 (e) as many ten samples
from each person which are divided to be five training images
and five testing images). As shown in Figure 4.2 (a) and (b),
the entire left palm was preserved; fingers and thumb were
omitted and put on the Styrofoam board on hand template.

(a)

(d)

(b)

(e)

(c)

(f)

(g)
(h)
(i)
Figure 4.3 (a) Original Image, (b) Grayscale (c) Binary Image
(d) Median Filtering Result (e) Boundary Image (f) Boundary
Plot (g) Valley Detection (h) Before Cropping ROI (i) ROI

(a)
(b)
Figure 4.2 (a) Acquisition Box, (b) How–to-capture-palm
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ROI segmentation is one of the important factors for
identification performance, this paper proposed a technique to
extract ROI that as shown in Figure 4.3, step by step for its
ROI segmentation method can be described as follows:
(a) Original Image, a true color image after acquitting
image from camera digital
(b) Grayscale, a threshold value to obtain the binary
image which is computed using the Otsu method by
eliminating the hue and saturation information while retaining
the luminance.
(c) Binary Image, a 2D black and white image where
the pixels are logically true belongs to the foreground region
and pixels that are logical false constitute the background.
(d) Median Filtering, one of noise reduction methods to
clear spots around the background (especially the white spot
one) outside of the palm object.

Figure 4.5 Segmentation Phase

Figure 4.6 Normalization Phase

Figure 4.4 Preprocessing Phase

(i) ROI (Region of Interest), a location through
attributing index finger directly to ring finger. This attribute is
used to shape a rectangular or square form. A selected-region
gives applicable to eliminate image areas that have no
contribution to the features. Consequently, it is useful in
differentiating images (before cropping as shown in Figure in
4.3 (h)).

(e) Boundary Image, an edge line limit that takes as
input a binary image, consists entirely of zeros and ones, and
its image derivatives make no sense when compared to
connected-neighborhood methods in analyzing regions.
(f) Boundary Plot gets the edges of the boundary image
with closed regions and their boundaries. It looks like the CW
- CCW image because using the syntax plot to show.
(g) Valley Detection is used to detect the borders of the
palm hand valley gap between fingers, in which the points are
checked by conditions to search candidate of valley point. To
determine those points, in the beginning, applies a binary
method to distinguish between foreground and background.
After finding the region of the line hand feature-based palm
interest, do check on each end of the foreground line which
comply the CHVD rules. This checking is generally carried
out at the extreme points, therefore more speedily found.
(h) Before cropping, Intersection of the palm print
image is applied by the CHVD (Competitive Hand Valley
Detection) rules [13]. To apply this CHVD ROI is determining
the point’s gap of palm print. The signed-points will form a
rectangular line with estimating the image rotation. The valley
points that have found, are signed as a reference where lines
intersect. Eliminate image areas that has no contribution to
features will be done by estimating line from the point of the
index finger to the little finger. It will also form a square along
a point on the thumb.

4.3 Feature Extraction
If the only rich features of discriminatory information are
selected, therefore, the form of classifier design becomes very
simple. In other words, the selection of features has to be
undertaken using a distance to make the difference of variation
between in big classes and in small classes. It means that the
features with widely different values can be put in the same
class.The solution is to test one by one feature. Afterwards,
discard its feature that has an ability to discriminate the small
class. Meanwhile, a better solution one is to combine the
testing of two or more features simultaneously.
Importantly, there may be features that have a strong and
a weak correlation. Usually, feature matching unperformed
plays only on the time-invariant; But also, when the nonlinear
data case would be difficult to find discrimination.
Gray-Level Co-occurrence Matrices (GLCM) was used
to trace the texture features of ROI images as shown in Figure
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Consequently, a shaped-classifier
performance. [9][10]

4.6. Furthermore, the next step was testing LVQ to classify the
output of the segmented images.
Therefore, it is necessary to transform the old dimension
features to the new one. [6][7][8]. Those selected features can
be tabulated in table 4.1 below:
Table 4.1 Feature-based Orientation Degree

design

has

a poor

Table 4.2 LVQ Neural Network Parameters

The palm-print identification system performance is
considered using our comprehensive palm print samples of
database. An experimental data application system has been
set up to acquire 160 palm images. They are collected from
the profoundly 16 different people who correspond the
population. The most preferably people exhibit realistic intraclass variations (e.g., Collecting data over multiple sessions,
spread over a period of time, and in different environmental
conditions).
Orientation angle happens to be the crucial parameters for
GLCM processing. In the GLCM method, we study the effect
the values of angle on the textural parameters. Therefore, four
palm-textures were generated having orientations in the
vertical, horizontal, front diagonal, and back diagonal. Each
palm-texture was processed for five differentiators include
Angular Singular Moment (ASM) or Energy, Contrast, Inverse
Different Moment (IDM) or Homogeneity, Entropy, and
Correlation. [6][7][8]
V. EXPERIMENTAL RESULTS

4.4 Feature Matching LVQ Neural Network

In order to assess the performance of pattern classification
(developed using supervised machine learning techniques such
as LVQs); the binary classification performance has to be
quantified. The performance of a binary classifier cannot be
depicted by a single value and is usually measured by its
accuracy during the testing phase, i.e., The fraction of
declassified points on the testing sets. The functioning of a
binary classifier can be best described in terms of its
sensitivity and specificity, quantifying its operation to false
positive (FP) and false negative (FN) instances [12].
In a Receiver Operator Characteristics (ROC) curve area,
the sensitivity, which in this research is the component part of
the palm-prints that are correctly classified by the machine
learning, is constructed against 1-specificity, the share of
palm-prints that are incorrectly classified by the machine
learning, for different severed values. The ROC analysis
broadly is used to find out an optimum severed value referred
to as a criterion for use in biometric tests. Furthermore, it is
possible to attain an optimal balance between sensitivity and
specificity that is needed for a certain purpose. Consequently,
this can be attained by changing the severed value of the
system. Also, if the cost of not determining a particular
disease becomes high to society, the severed value can be
changed to attain a very high sensitivity, but lower specificity.
[12]. The two experiments have been conducted, namely

One important phase in the initial data processing of the
palm print identification system is Feature Selection. It has
been raised from the previous phase (Feature Extraction). In
data mining applications, it typically combines a large number
of the machine learning model to give better accuracy of
predictive performance.
Amount of features must impact on expensive and
computational complex. However, this extra information did
not always guarantee good performance. A feature utilization
finds a linear combination for building classification. It
characterizes two or more classes with well-discriminated
conditions and certainly provides the best performance
system. Although a little subset of features are not able to
discriminate between the classes conveniently, therefore the
chosen features should correlate in discriminating classes. [10]
Importantly, classification is required generalization
properties of the classifier. According to LVQ parameters (as
shown in Table 4.2), the higher a ratio of training data, the
better the result. Feature selection methods can be used to
generate and identify the candidate subsets, remove irrelevant
and redundant attributes. Therefore, noncontributing data on
the accuracy of a predictive model will reduce its accuracy
and allow a good class discrimination. This is a certain vital
phase if the chosen feature has low discriminatory power.
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of a genuine palm print from forged one is based on the False
Negative Rate. FN Rate = 1 – TP Rate = 0.175.

experiment by using Hold Out Method (Supplied-Test Mode)
and K10-Fold Cross Validation Method. [13]


Table 4.3 LVQ Supplied Test Mode

Experiment 1
A Holdout Method - Supplied Test Mode

Holdout set is the available data set that divided into two
disjoint subsets: the training set for learning a model, and the
testing set for testing the model. The important thing is
training set should not be used in testing and vice versa, a
testing set should not be used in learning because the unseen
test set provides an unbiased estimate of accuracy. [13]
The supplied - Test mode is the simplest holdout method,
but has many limitations in it. Here is the problem area if the
holdout method is selected as the evaluation classifier:
1. The amount of training data is less available for
training because a half of it must be used for testing,
so it will not as good as a built-in model when entire
data are used as the training data
2. A built-in model is highly dependent on the
composition of training and testing dataset split. The
less a training dataset, the larger variety of models.
Conversely, if the training dataset is too large, then
the accuracy obtained from the testing data set will be
decreased. Of course, it is less trustworthy even
unreliable.
3. Training and testing data sets are no longer
independent of each other because they are both part
of the original dataset. While the class that over
applied its representative in the training data set, will
be under applied its representative in the testing data
set, as well as vice versa. [13]


Table 4.4 LVQ K10-Fold Cross Validation Test Mode

Experiment 2
K10-Fold Cross Validation mode

The K-fold Cross Validation refers to test procedure
where the database is divided randomly into a K disjoint block
of objects, then the data mining algorithm is trained using k-1
block, and the remaining block is used to test the algorithm
performance. This process is repeated k times. At the end of
the process, the recorded measures are averaged. It is common
to choose k=10 or any other size depending on the original
dataset. [13]
The available data is partitioned into k equal-size disjoint
subsets. Then use each subset as the testing sets and combine
the rest k-1 subset as the training set to learn a classifier. The
procedure is running k times, which giving k accuracies. The
final estimated accuracy of learning is the average of the k
accuracies. Of course, this method is used when the available
data is not large, that is way, we use this K10-fold Cross
Validation mode as our second experiment.[13]
Here is the result of the experiment 1 using SuppliedTest mode that can be tabulated in the table 4.3. On this table,
ROC area = 0.907 of the FP rate (accepted impostor attempts)
along the x-axis = 0.012 against the corresponding rate of TP
rate (accepted genuine attempts) on the y-axis = 0.825; points
are plotted parametrically as a function of the decision
threshold. The performance of each feature as a differentiator
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Meanwhile, the second experiment on using a K10-Fold
Cross Validation mode that can be tabulated in the table 4.4
shows ROC area = 0.993 of the FP rate (accepted impostor
attempts) along the x-axis = 0.001 against the corresponding
rate of TP rate (accepted genuine attempts) on the y-axis =
0.988; points are plotted parametrically as a function of the
decision threshold. The performance of each feature as a
differentiator of a genuine palm print from forged one is based
on the False Negative Rate. FN Rate = 1 – TP Rate = 0.012.
This FN rate measure the incidence of a genuine and
authorized user is being rejected and denied access from a
system which its inability to identify legitimate users
correctly.
VI.

[3]

[4]
[5]
[6]

CONCLUSIONS

[7]

In conclusion, after applying the exact acquisition
method to increase the image quality of palm prints which are
compatible with all conditions and various perspectives of
rotation, scale, and orientation degree, then making the
selection of feasibility testing of the palm-hand image, all the
input image can be directly processed to feature extraction and
classification steps. Furthermore, to discover the best
parameter from one model and the available data is only 160
images in the small composition, that is why the K10-fold
Cross Validation is chosen as an important test mode to
examine the error rate for testing data. Tried-and-true, this test
mode is better than Supplied test which results only 82.50%.
The amount of its training data is less available for learning
(80 images) because a half of it must be used for testing (80
images), so it will not as good as a built-in model when entire
data are used as the training data like K10-fold Cross
Validation.
Our research has been successfully built a line handfeature-based palm print identification system using GLCM
and LVQ method that has a robust toward internal factor (i.e
genetic changes in skin color) and external factors
environment to review the condition of greasy, soggy, dry, and
callused, even because of the displacement-mapped
appearance in the context of radiance intensity. Our research
also provides quick and efficient repair capabilities for
maximum accuracy of 88.50% and computational time 0.01
seconds. It is better than [3] on the previous work obtained
only accuracy of 67.5% and computational time 1.71 seconds
for soggy and greasy conditions.
In our future work, we are planning on to research
extensively on the image query retrieval analyzer to more
efficient searching feature vector and other degradations
which are affecting a biometric identification.

[8]
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Since the invention of variable frequency drives, many
researchers have studied the harmonics produced by VFDs along
with their power quality impact to the power system they are
connected to [4]-[7]. Therefore, harmonic characteristics of
VFDs along with ways to mitigate them is well understood. This
paper, however, examines the harmonics and overall system
effects of applying static VAr compensation to a node which
contains VFD controlled and fixed speed induction motor loads.
In general, it is not practical to apply conventional capacitive
power factor correction to a VFD load. Since a VFD draws
current in phase with the voltage, any power factor correction
applied to a VFD should be in the form of a line filter to mitigate
its harmonics and reduce its distortion power factor [8].

Abstract— This paper presents the results of study and analysis
of the harmonic content and overall performance of a system
including Variable Frequency Drives along with capacitive
compensator and Static VAr Compensator. Specifically, the cases
of no compensation, capacitive compensation, and power
electronic based static VAr compensation will be examined. A
small-scale model of a system for the study was constructed in lab.
Several cases were then performed and tested to simulate a system
which contained both fixed and power electronic based harmonic
generating loads. The performance of each case was evaluated
based on total harmonic current and voltage distortions, true
power factor, and RMS current levels at different points in the
system. Comparative analysis based on the results will also be
presented.

However, the study presented in this paper attempts to look
at the more universal situation of providing power factor support
at a single node which supplies many different loads. In this case
the specific loads connected to the node may be unknown, such
as a utility, or the number of loads may be enough so that it is
not practical to provide individual power factor correction. It is
therefore useful to see how the harmonics generated by the VFD
interact with the system when the VFD is connected to a node
injected with capacitive VAr support. Of specific interest will be
the case when static VAr compensation (SVC) is used. Since the
SVC contains thyristors, which turn on and off to chop the input
signal, the SVC will also produce harmonics [9][10]. By
comparing the results of an uncompensated, capacitively
compensated, and a static VAr compensated system, we can then
determine whether harmonic cancellation occurs between the
SVC and VFD or if the two simply add to a point where it is not
practical to use a SVC in a system containing a VFD. As a
minimum requirement for all cases, the harmonics reflected to
the source will be compared against the guidelines set forth in
the IEEE Std 519-1992. The cost implications of the harmonics,
which include energy loss, equipment aging and misoperation,
will also be discussed. Additional conclusions will be drawn
about the effectiveness of the compensation methods and
efficiency of the system.

Keywords— Power Quality; Static VAr compensators; Variable
Frequency Drives

I. INTRODUCTION
In any industrial application, the primary challenge is how to
maximize the output production while minimizing the input
costs. From a power perspective, this means accomplishing the
required output task at the minimum input power and current
requirements. In induction motor applications, the use of power
factor correction and variable frequency drives (VFDs) are two
methods to maximize the efficiency of the system. By providing
power factor support to the system the input current is
minimized for the same amount of real power. This can result in
fewer line losses and smaller, and thereby cheaper, circuit
breakers. With the advent of power electronics, flexible AC
transmission systems (FACTS) now provide a means to
dynamically adjust the power factor as the load requirements of
the system change. Another product of power electronics, VFDs,
allow for the speed of the motor to easily be changed to ensure
the motor is running at the optimal level for the required task.
The downside is VFDs and FACTS are based on switching
power electronics and thereby produce harmonics which can be
dangerous in power systems [1]-[3]. To protect against this the
Institute of Electrical Engineers (IEEE) has created a standard,
IEEE Std 519-1992, which outlines the recommended practices
and requirements for harmonics in a power system. Specifically,
the standard sets the acceptable distortion limits a consumer can
reflect back to the utility.

II. SVC SETUP
In a true Static VAr Compensator, a programmed controller
reads in transmission line parameters and determines the
necessary firing angle to provide the thryistors in order to meet
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Wye grounded transformer. The Δ-Y connection offers the
benefits of a grounded secondary, a 30◦ phase shift to help keep
voltages balanced, and a delta primary to protect the source
against harmonics. In this system the delta or source side
represented the utility infinite bus. One of the motors was
controlled by a VFD, while the other’s speed was left
unchanged. This type of configuration was used to model a
scenario where different types of loads are connected to the same
bus. In this setup both a distortion and a displacement power
factor less than unity will be present when no compensation is
applied. If only VFD controlled motors were used the
displacement power factor would be unity regardless of the
loading conditions making capacitive or static var compensation
completely unnecessary. Both motors were coupled to separate
dynamometers to vary their loads. The base system schematic
without any compensation is displayed in Fig. 3.

a predefined objective. This however, is very expensive and not
practical for lab use. Hence, the thyristors used in this study will
receive their gate signals from the Enerpro FCOG6100 firing
board where the firing angles can be manually adjusted. The
FCOG6100 is a 3 phase multipurpose firing board that produces
six 60◦ spaced sets of SCR gate signals. The board has the ability
to power itself from 3 phase line voltages of 240V or 480V or
single phase 120VAC, but a single phase 120VAC was used for
this setup. The Enerpro firing board setup is displayed in Fig. 1.

Fig. 1. SVC firing board lab setup

Fig. 3. Case 1 Base System Schematic

To best match the experiment to the real world, the VFD
motor had its load and speed stepped to match a variable torque
load. A variable torque load is one whose torque demand
increases with its speed, usually proportionally to the speed
squared. This load characteristic is common to variable flow
applications which can include fans, centrifugal pumps or
blowers, propeller pumps, turbine pumps, agitators, and axial
compressors. Since the torque increases proportional to the
square of the speed, VFDs provide the greatest cost savings for
this type of load. To determine the load points of the VFD motor,
M1, the motor’s rated torque was set equal to its rated speed
squared and the proportionality constant K was solved for.

Fig. 2. SVC and firing board schematic

The schematic of Fig. 2 shows how the firing board is
connected to the system. The delay command represents the
voltage divider signal which controlled the firing angle.
Instantaneous inhibit shown on pins 4 and 6 is a safety feature
which serves to stop the gate signals if the board losses main
power. Since our setup didn’t require this provision, the inhibit
was given a direct connection to 12V dc to insure it remained
closed. The soft inhibit feature was not utilized in our system but
it allows the firing board to ramp up or down the firing angle on
startup and shut down.

𝑇𝑇

𝐾𝐾 = 𝑛𝑛𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
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Finding this K value allowed the desired motor speed to be
calculated for torque values between 0% and 100% of rated
torque. Motor M1 was then stepped from 0%-100% of full load
torque in 10% increments. Meanwhile, Motor 2 was held
constant at rated speed for cases of 25%, 50%, 75% or 100% of
its full load torque. This loading scenario was repeated for three
different situations. The first case was the base case in Fig. 3
where no compensation was applied. For the second case a
capacitor was placed between each of the secondary transformer
phases and ground to mimic the traditional method of power
factor correction, see Fig. 4. For the final case of Fig. 5, a static
VAr compensator was placed between each secondary phase

III. SYSTEM SETUP
The system setup consists of two 1HP induction motors that
were fed by a 240 VL-L 3Φ 60Hz source through a 2:1 Delta-
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by the circuit, any value above 85µF was found to be acceptable
so long as the SVC can still meet the minimum VAr
requirements. A 100uF capacitor was selected for this purpose.

and ground. In both cases, compensation was placed on the
secondary of the transformer so that triplen harmonics
introduced by the compensation would not reach the source.

To size the inductor, it was necessary to determine the
inductance which, when placed in parallel with the capacitor,
will cancel enough capacitance to provide the minimum VARs
for the system. From the data collected the minimum VARs
from the source was 890VAR and occurred when M2 was run at
25% and M1 was not running. The inductance could have been
sized so that the SVC’s inductive maximum, or capacitive
minimum, was 57uF. This would allow the capacitance to be
finely tuned over a range of 57uF to 100uF. However, to
replicate a more real world scenario where the SVC might also
be asked to compensate for a leading power factor, we chose 45°
as the angle to provide our system’s minimum VAr
requirements. Figs. 6 and 7 show how the SVC susceptance and
its effective capacitance vary as a function of firing angle. It can
be seen in Fig. 4, that when the firing angle is less than 20° the
SVC appears as an inductive load to the system, where as it is
capacitive for firing angles above 20°. To achieve the minimum
and maximum VAr requirements of the system, 890VAR at
57μF and 1332Var at 85μF, the firing angle was varied between
40-60°. Fig. 8 shows the final lab setup for the study.

Fig. 4. Case 2 Capacitive Compensation Schematic

Fig. 6. SVC Per Phase Susceptance vs. Firing Angle
Fig. 5. Case 3 Static VAr Compensation Schematic

For each of the loading scenarios and cases described, data
were taken on the points labeled A, B, C and D in Figs. 3 through
5. When the SVC was used in case 3, its firing angle was
adjusted until the minimum achievable value of VARs being
sent from the source. All measurements will assume a balanced
system. For case 2 the capacitors were chosen to deliver a 0.95
power factor under the worst case VAr usage. A 0.95 power
factor was selected instead of unity so that the capacitors
wouldn’t be over compensating when the motors were
consuming less VAr. From the base case the most VARs
sourced was 1332 VAr, which occurred when both motors were
running at full load and corresponded to 2062.4W of real power.
Due to availability constraints, 50μF capacitors were used which
results in a 0.97 pf as opposed to the desired 0.95 pf at the worst
case VAr usage.

Fig. 7. Effective Capacitance Per Phase vs Firing Angle

For the design of the static var compensator in case 3, it was
important to ensure that the SVC could achieve a unity
displacement power factor at every data point. Since the high
point of a SVC’s capacitance range occurs when there is no
current through the inductor, the capacitor can be sized like case
2 with the exception that it is now for unity power factor instead
of 0.95. Since the SVC can lower the effective capacitance seen

Fig. 8. Hardware lab setup
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transformer as opposed to over sizing a regular transformer.
Figs. 15 and 16 show the K-Factor as recorded on the secondary
side of the transformer. When looking at the K-Factor it is
important to look at the load side of the transformer before any
harmonics are cancelled by the Δ-Y phase shift.

IV. TEST RESULTS
The Total Harmonic Distortion of the current THDi%
measured at the source point A, for the different loading
scenarios, are shown in Figs. 9 and 10. The most obvious trend
from these Figs. is that as the VFD loading increases the THDi%
for all cases also increases linearly. Since THDi% is a measure
of the harmonics with respect to the RMS current the THDi%
should linearly increase as the current through it increases. All
cases also show greater harmonic levels for lower loading of the
non VFD motor, M2. This too is intuitive, since for higher M2
loading the source current increases making the harmonics
generated by the VFD a smaller percentage of the overall
current. Compared to the other cases, the SVC shows
significantly higher THDi% levels when the VFD is operating
at low loads. Since the VFD draws less current at low loads, the
SVC’s harmonic content is a much larger percentage of the
overall harmonic content at low loads. As the VFD loading
increases, the THDi% for the SVC case remains almost constant
up to 30% M1 loading. For M1 loading above 30% the SVC
grows at a similar yet slightly slower rate compared to the other
two cases. With respect to the capacitive case the SVC exhibits
higher harmonics at VFD loading less than 50% but above 50%
the SVC has equal or lesser harmonics than the capacitive case.
The most surprising aspect is the great increase in THDi%
between the base case and capacitive compensation. Since the
SVC introduces a new source of harmonics through its switching
thyristors, it was expected that its THDi% levels would be
greater than the base case. However, the capacitive scenario
features no new switching elements which would produce
harmonics in addition to the VFD. Closer inspection reveals that
a capacitor can behave as a source of harmonics when a
harmonic voltage is applied across it.

Fig. 9. Source THDi% vs. M1% Load for M2 @ 100% Load

Fig. 10. Source THDi% vs. M1% Load for M2 @ 25% Load

In addition to the harmonics at the source which effect the
utility, a potentially more important aspect to the owner are the
harmonic levels within the system. Harmonics led to increased
power losses and temperatures in the stator and rotor of the
induction motor. Temperatures above the rated value of the
motor will cause it to have a decreased life span. The THDi%
for each compensation case at the non VFD motor, M2, are
shown in Figs. 11 and 12. The current drawn by M2 has the least
harmonics during the base case. Capacitive compensation
compares well with the other two cases when M2 is at full load
but becomes significantly worse as the load of M2 drops. When
M2 is running at 75% or less, the capacitive case results in an
increase of between 2 and 4 THDi% over the other two cases.
In some loading situations this is double the amount of harmonic
current distortion seen by the motor compared to the other cases.

Fig. 11. M2 THDi% vs. M1 % Load for M2 @ 100% Load

The primary concern for transformers supplying non-linear
loads is the additional heat generated by the harmonic currents.
Harmonic currents increase the copper losses in a transformer
through additional eddy current and skin effect losses. These
losses are proportional to the frequency squared and therefore
higher level harmonics pose a greater threat to transformers. KFactor is a commonly used index which gives weight to the
frequency as well as the magnitude of the harmonic currents.
Special K rated transformers are made which have been
designed to handle harmonics up to their corresponding KFactor. When a transformer is exposed to a number of harmonic
loads, it is often more cost effective to purchase a K-Rated

Fig. 12. M2 THDi% vs. M1 % Load for M2 @ 25% Load

The general trend from Figs. 13 through 16 is that the SVC
has the highest K-Factor rating while the capacitor
compensation case has the lowest, with the discrepancy
increasing as M2’s load decreases. When examined closer it is
logical that the capacitive case would generally have the smallest
K-factor of the three cases. Since capacitors have low impedance
for high frequencies much of the higher harmonic current will
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setup, the maximum THDv% that can appear at the PCC is 5%.
This guideline assumes the THDv% is present for at least an
hour and not just the result of a transient or start-up condition in
which case the limit may be exceeded by 50%. Figs. 18 and 19
display the THDv% levels at the PCC of our system, the source
point A. For all cases the THDv% was kept well below the 5%
IEEE guidelines. Generally speaking the THDv% stays constant
regardless of the changes in loading to M1 or M2. When the load
increases the voltage ideally stays unchanged while the current
increases. Since a change in load shouldn’t significantly change
the voltage, it is reasonable to see little variation in the THDv%
levels. Since our system is well beneath the IEEE guidelines this
small increase in THDv% is not too important. However, for a
system which is already close to its THDv% limits the addition
of one of these compensation methods could push it past the
recommended guidelines.

be trapped by the capacitors and not reflected back to the
transformer. While the SVC also contains capacitors, the
additional harmonics current it generates is greater than
whatever is trapped by its capacitors. Given the additional
weighting placed by the K-Factor calculation on frequency it
follows that the SVC would have a higher K-Factor. The base
case benefits from having only one harmonic source, the VFD,
but since there is no additional capacitance its K-factor is better
than the SVC but worse than the capacitive case. As we have
seen with THDi%, the K-factor becomes worse for all cases
when M2 decreases since the total RMS current is less while the
harmonics from M1 remain unchanged.

Fig. 13. K-Factor at Secondary Side for M2 @ 100% Load

Fig. 15. K-Factor at Secondary Side for M2 @100% Load

Fig. 14. K-Factor at Secondary Side for M2 @ 25% Load

Since K-Factor transformers are only manufactured for
standard K values of 4, 9, 13, and 20, differences between the
three cases only become significant when they require a higher
rated transformer. For example, if M2 was planned to be
continually operated at full load, all three cases would require a
transformer with a K rating of 9. However, if M2 was known to
operate at loads as low as 25% then the SVC would require a K
rated transformer of 20, while the other two methods would
require one of 13. Under either scenario the SVC increases the
K-Factor enough to warrant a larger, and thus more expensive,
transformer. It is also worth noting that while the capacitors help
protect the transformer against higher harmonics, this is not an
entirely good thing. As discussed previously, by sinking higher
frequency currents a capacitor’s heating and dielectric stresses
increase shortening its life span. This combined with the
possibility of resonance, means that capacitors used in
conjunction with non-linear loads should be sized carefully and
in accordance with IEEE Std 18-1992.

Fig. 16. K-Factor at Secondary Side for M2 @ 25% Load

When viewing the power factor results there are a couple of
items that should be remembered. First, the main advantage of
the SVC is its ability to compensate a system through a large
range of VAr requirements, both for a lagging and leading power
factor. Since the system under test could only produce a lagging
power factor, the SVC’s ability to correct for a leading power
factor goes unnoticed in this analysis. Additionally, the range of
VAr requirements for this setup is small, 890-1332VAr,
meaning that classical capacitive power factor correction will be
able to compensate the system very well. If the system VAr
requirements were for a wider range, such as 200-2000VAR, the
SVC would be able to compensate for all cases equally, while
capacitive compensation would either drastically over
compensate the low end of the spectrum or be unable to supply
enough VArs to compensate at the high end of the range.
Finally, both capacitive compensation and SVC can only correct
the displacement power factor. Due to harmonics from the VFD
and SVC, neither compensation method will be able to achieve
a unity true power factor.

In addition to limits on the current distortion that a customer
can reflect back to the utility, IEEE Std 519-1992 also defines
the acceptable voltage distortion levels at the PCC. For low and
medium voltage systems under 69kV, such as this experimental
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the transformer should either supply additional linear loads or
line reactors should be used to filter the VFD harmonics. It was
also noted that the total voltage harmonic distortion at the PCC
was beneath IEEE guidelines for each case. Since all three cases
performed similar compared to IEEE Std 519-1992, the
selection of which compensation method best fits our system can
be decided solely by intersystem harmonics, power factor
improvement, and overall costs.
When examining intersystem harmonics the SVC had a
higher K-Factor at full load than either of the other cases.
However, since K-Factor transformers come in standard sizes all
three cases would still require the same K-9 transformer. The
effects of the higher K-rating would still be seen though in the
form of increased losses in the transformer. When the harmonics
at Motor 2 were discussed it was seen that capacitive
compensation produced more current distortion than either the
SVC or base cases. This increased harmonic current will result
in lower efficiency and could shorten the life span of the motor.

Fig. 17. Source Displacement PF for SVC vs. Capacitive Compensation

For power factor improvement both capacitive and SVC
cases significantly outperformed the base case. Since both SVC
and capacitive compensation improved power factor
comparably, they also both resulted in a similar reduction in
RMS current compared with the base case. By reducing the
RMS current the power losses throughout the system would be
reduced. Equipment such as circuit breakers and cables could
also be sized smaller. These benefits could result in significant
cost reduction.

Fig. 18. Source Displacement PF for SVC vs. Capacitive Compensation

Since distortion power factor is a result of harmonics, the
measured distortion power factor were observed to be a
reflection of the THDi% graphs. As with THDi%, the distortion
power factor is noticeably better for the base case since only one
true harmonic source is present. The capacitive case is better
than the SVC when M1 has a light load, since the SVC current
and harmonics make up a larger percentage of the overall system
current and harmonics. This difference is made up when M1 is
loaded above 50%. For most of these data points the SVC
actually has a higher distortion PF than the capacitive case.
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As expected Fig. 18 shows that the capacitive and SVC
compensation methods perform very similarly, with the SVC
working better for higher M1 loading and the capacitive case has
the edge at low M1 loading. The base case increases its power
factor as M1 loading increases. Since the VFD draws current in
phase with the voltage the source displacement power factor
improves as M1 draws more current. While a higher M1 load
will increase the harmonics and lower the distortion power
factor, the increase in harmonics is smaller in comparison to
raised levels of zero displacement current drawn from the source
for the base case. However, the other two cases exhibit the
opposite characteristic where there true power factor decreases
as M1 increases.
V. CONCLUSION
Based on the analysis of the data presented in this paper,
several conclusions may be drawn about the overall
effectiveness of the different cases and the harmonics generated
by the power electronic devices used in the system.
In terms of total current harmonic distortion, our results
showed that all three compensation cases exceeded the IEEE
limits for total current harmonic distortion at the source, when
M1 was loaded above 40%. As a result, to meet IEEE guidelines
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3.3%. Moreover, the total efficiency decreases due to the low
efficiency of the solar cells (about 35-40%, for GaAs). Thus,
the total efficiency of power generation on the earth’s surface
is about 1%. If this electrical power is converted into 220 volts
electricity grid, the total efficiency becomes much lower.

Abstract— As an equatorial country, Indonesian archipelago is
suitable for SPS receiving site. This paper describes rectenna
development aspects in Indonesia to get a picture that can be
used in determining policy in the field of electrical energy supply
in the future. It is recommended that to maximize the land
utilization, the rectenna structure must be made at least 60%
translucent. It could be built in the area of barren, or desert land
that is widely available in Eastern Indonesia. Rectenna should
be built with the concept of greening, in which the presence of
electrical energy can be greened barren areas. Another
alternative for rectenna site is in uninhabited coral islands,
which are widely scattered throughout the Indonesian
archipelago.

In the SPS system, since it is placed in the GEO, the
illumination of sunlight can reach 22 hours 48 minutes (95%
of total time) per day so that the total efficiency increases
dramatically, that is about 14-16%, or 28-32 times greater.
The total system efficiency constitutes of accumulation of
several efficiency factors, i.e. solar cells, orientation direction
of solar panels, solar cell array design (mismatch,
interconnections, etc.), reflection of the solar beam, transmitter
antenna distribution, slip-ring, DC to RF conversion,
atmospheric absorption, rectenna collection, and power
interface distribution [2]. This efficiency can still be improved
in line with the advances in solar cell technology.
Theoretically, an SPS system can generate power of about 510 GW.

Keywords: solar power satellites, rectenna, renewable energy,
receiving site for Indonesia, green energy

I. INTRODUCTION
Solar Powered Satellite (SPS) System is an electrical
energy generation in space using solar light as a primary
energy. The system which was first proposed by Dr. Peter E.
Glaser in 1968 has opened new horizons in the field of electric
energy generation using solar light. A satellite with large
energy collector panels (solar cells) placed in Geosynchronous
Earth Orbit (GEO), and the generated electricity energy is sent
to earth in the form of electromagnetic wave energy
(microwaves, 2.45 GHz) using a space antenna (called as a
spacetenna). On earth, this energy is received by a rectifying
antenna system (called as a rectenna) that will transform the
electromagnetic energy back into electrical energy [1].

The high level system efficiency is the key reason for the
continuation of the SPS project by developed countries (USA,
Japan, Western European countries), especially after the use of
nuclear energy was constrained by several nuclear power plant
accidents in the United States, Russia and Japan. Japan, for
example, since the accident at the Fukushima Daiichi nuclear
power plant, has been re-turned the SPS project to fulfill its
future electricity needs. In 2014 a demonstration SPS system
on earth has been held, and in 2017 a 1 kW power output
experimental miniature SPS will be launched. Subsequently,
in 2021 a 2 MW SPS will be launched which will be followed
by a 200 MW SPS in 2028. In 2030s decade SPS system can
already be applied to the full-scale experiments (1-5 GW) and
in 2037 SPS will be able to entering the commercialization
phase [3]. A full scale SPS system is expected to work up to
30 years.

This system overcomes the classical problem in the
generation of solar powered electrical energy in the earth's
surface, that is, the very low efficiency of the system. The
reason is, the power density of solar light in space (about
1,360 watts/m2 in GEO) has been reduced into as low as 120
watts/m2 (only about ten percent at latitude 50o) due to the
absorption, reflection, and scattering. Furthermore, the
condition is worsened by sunlight illumination period in the
earth's surface which is only about 6-8 hours per day
(approximately 25-33%), so that the total efficiency of the
utilization of solar energy in the earth's surface is about 2.5-

Indonesia, a country that lies on the equator, has the
potential to apply the SPS system to cover the electrical
energy needs in the future. One potential reason is, the
location of Indonesian territory is stretched along the equator
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more than 4,000 km wide so that it can generate maximum
power generation from an SPS system [4].
The Indonesian government has targeted a project that the
installed electrical power capacity in 2025 is amounting to 135
GW and in 2030 should be reached more than 140 GW. To
fulfill that need an additional electric power of 80 GW must be
available in the period of 2013 to 2025 [5]. It can be done by
developing conventional power plants as well as plants with
renewable primary energy source, including the SPS system.
Although it may still be a bit long to apply the SPS system in
Indonesia (and it requires a specific study), some
consideration in this field is still necessary. The most
important thing to do is to study aspects of rectenna system
development.

Fig. 1. Block diagram of rectenna system.

efficiency characteristics. Taking the gain and efficiency into
account, there are at least three types of rectenna that can be
considered to use in accordance with the needs. It is shown in
Table 1.

This paper discusses a preliminary study on technical
aspects of rectenna development, specifically the rectenna
structure consideration and the selection of rectenna site
location for Indonesia in accordance with safety, easiness to
construct and environmental considerations. Consideration of
economic and other aspects are not discussed.

TABLE 1. TYPES OF RECTENNA THAT CAN BE CONSIDERED IN
ACCORDANCE WITH THE NEEDS.

II. ANTENNA STRUCTURE CONSIDERATION
In principle, a rectenna consists of an antenna, tuning
circuit, rectifier, and low pass filter which is then combined
with a converter to generate an alternating current electrical
power which corresponds to the existing electricity network.
The rectenna system block diagram is shown in Fig. 1. The
received RF signal is received by the antenna and then
rectified to produce a direct current electric power. To gain a
maximum DC output, incoming signal from the antenna is
sharply tuned in the operating frequency (2.45 GHz) before
rectifying with a full-wave rectifier. After converting into a
220V electricity grid voltage, the power can be used by the
user as a usual electricity power.
The antenna sub-system will be very bulky, so it should be
considered that the size of each antenna cell construction
should be made as a small and simple as possible. The
selection of antenna type affects the total gain of the receiving
system so affect the total of the system’s efficiency. A highgain directional antenna can be used as long as the
construction is not complicated and unobtrusive.
All electronic circuits must be entirely protected by a
weather-proof coating to avoid disruption of weather and
other external harm factors. An example illustration of a
translucent rectenna block is shown in Fig. 2.

Various types of rectenna have been designed and investigated
by many researchers and produce a variety of gain and

Since the rectenna system takes a very broad area (i.e.
approximately 100 km2 for a full-scale SPS system), it is
important to note that the land should be considered to be used
in a conjunction with other land utilization or other mankind
activities. For this purpose the quality of the land must be
maintained, including most part of the sun ray should be
abable to reach the soil surface under the rectenna structure.
The design of rectenna structure should be made with a light
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In principle, the size of rectenna array can be set
proportionally according to the needs of the planned electric
energy in the location. Rectenna array is built in blocks with a
size of 36 m2 per block so that a full scale of SPS system (5
GW) needs about 2.8 million blocks. A smaller rectenna
system, for 1 GW power acceptance for example,

Fig. 2 Illustration of a block of translucent rectenna.

Fig. 3. Power density distribution of SPS power
transmission.

the size of the rectenna is reduced into about 20 km2 and needs
560,000 blocks. For the Japanese experimental SPS project
(2017) with about 1 kW power acceptance will takes about
1000 m2 rectenna size and needs about 28 blocks. As an initial
experiment, Indonesia could follow the Japanese SPS projects
where the land requirement is not so large.

-thru system where most of the light of the sun (at least 60%)
can still penetrate and reach the ground. By this condition, the
area under the rectenna environment can still be used for
various purposes which need sunlight, such as for agriculture
or plantations. Tropical plants can still grow well in this light
intensity, especially in the seeding process plant [9],[10].
Some tropical forage grasses also grow quite well with the
condition of the light intensity around 60-70% [11].

III. RECTENNA LOCATION CONSIDERATION
Basically, rectenna can be placed anywhere, tailored to
the needs. Taking into account the factor of safety, ease of
construction, and environmental friendliness according to the
Indonesian archipelago, there are at least five types possible
rectenna location as follows:

The height of rectenna structure should be about 8 meters
above the ground to keep the underlying land use be
optimized. Normally, the electromagnetic beam power density
delivered from spacetenna to the Earth is decreased with
Gaussian distribution pattern toward the edge of rectenna, as
shown in Fig. 3. Since the maximum power density delivered
in the rectenna center is only 23 mW/cm2, it is expected that
there are no health problems for living beings who pass or live
under the rectenna.[12] Theoretically, if the power density of
23 mW/cm2 is delivered evenly throughout the beam pattern
of a 100 km2 rectenna system, it could generate a maximum
power of 23 GW for more than 23 hours long per day.
However, due to degraded power beam to the edge of the
rectenna Gaussianly, in which the power density in the
outermost areas stays at 1 mW/cm2, the total theoretical power
that can be generated by a rectenna is only about 15 GW
(about 68%). However, by considering the various technical
aspects in the sky (spacetenna), a rectenna system should be
limited only to produce a maximum power of about 5 GW.

a.
b.
c.
d.
e.

Located in the offshore of a main island.
Located in an inland forest of a main island.
Location on the coast of a large island.
Located on the unpopulated coral island.
Locations in the area of barren land, arid, or desert
area

Each type of site has its own advantages and
disadvantages as follows:
a.
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Location in the offshore of a main island does not require
land acquisition, but the degree of difficulty and the cost
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b.

c.

to build the construction are relatively high. Technically,
rectenna structure is designed from semi-submerged
(submersible) structure so that the stability of the
construction is good enough and the beam direction of
sub-antenna system can be maintained. The underwater
cable transmission system may be required to distribute
the power generated to the user on the main island.

community with the principle of symbiosis mutualism, in
which the public can use the electricity generated energy
while the energy reception process from SPS can still
work well. Since its power density is set below the
threshold, then there will be no health effects for
residents. Example of rectenna system location in the
coral island near a main island is shown in Fig. 4.

Location in an inland forest of main island only has an
advantage of saving the land area, which is almost not
needed clearing/opening new land, except for converter
system and other support buildings. While weaknesses
are:
i. High degree of difficulties in the rectenna
construction because the structure must be
higher than the highest forest trees (50 feet or
more)
ii. There are potential environmental issues,
especially forest damage due to construction
works and its effects.
iii. The risk of structural damage or degradation
of system performance caused by wild
animals.
iv. Very high costs for structure building and
maintenance.

The power generated by the rectenna (in the form of
direct current which is converted into 220 volt alternating
current power) tailored to the grid in Indonesia. Accepted
electricity power can be distributed to user in main island
by submarine cables to keep the efficiency.
e.

Location in the barren land, arid or desert area has
advantages quite the same as in d), and moreover a part of
generated electrical energy can be used to green barren,
arid or desert land by installing water pumps.
In Eastern Indonesia, there are many areas with barren
and arid land conditions that are suitable as a location for
rectenna system. The disadvantage is, generally such
areas have poor infrastructure so that it requires minimal
infrastructure development to ensure the development of
rectenna construction can work well. An example of a
rectenna location in barren/arid area is shown in Fig. 5.

Location on the coast of a large island (Sumatra, Java,
Kalimantan, Sulawesi, and Papua) have advantages as
follows:[13],[14]
i. Power distribution is relatively easy because the
interconnect power can be directly performed in
many connection points.
ii. Almost no need to build new transmission lines
except to connect the power generated to the
grid line points.
iii. Relatively low cost compared to other systems,
especially if the selected location is located in
near a city with adequate infrastructure.
However the weakness is, rectenna location in coastal
areas still needs a very high land acquisition cost. This is
due to the fact that in general condition, the coastal areas
in the main islands of Indonesia has been used for
business activities, especially aquacultures.

d.

Fig. 4. Example of coral islands which are suitable for the
location of rectenna system in Indonesia. (Location: District
Parigi Moutong, Tomini Bay, Central Sulawesi)

Location on the unpopulated coral island located not too
far from a main island can be selected with the
advantages:[13],[14]
i. No need to land acquisition.
ii. Construction is relatively easy.
iii. No major environmental problems unless at the
time of construction works that requires civil
engineering.
iv. Biological life of flora and fauna is maintained.

f.

Location in the barren land, arid or desert area has
advantages quite the same as in d), and moreover a part of
generated electrical energy can be used to green barren,
arid or desert land by installing water pumps.
In Eastern Indonesia, there are many areas with barren
and arid land conditions that are suitable as a location for
rectenna system. The disadvantage is, generally such
areas have poor infrastructure so that it requires minimal

The disadvantage is, the availability of 100 km2 sizes of
coral islands is generally inhabited. However, it is
possible to still be used in conjunction with the residential
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infrastructure development to ensure the development of
rectenna construction can work well. An example of a
rectenna location in barren/arid area is shown in Fig. 5.

The second alternative is the rectenna system at the
location of coral islands, especially in uninhabited islands. The
island should be not too far away (less than 20 km) from the
main island shoreline to facilitate the development and
distribution of power generated. This kind of coral islands
scattered widely across Indonesia archipelago in very large
quantities. It is estimated that there are many coral islands
with a size of 1 km2 - 100 km2 which is spread in Indonesia.
In terms of land use, in principle, all types of rectenna
locations can provide a double benefit, where the area under
the rectenna can still be used for other purposes. Generated
electrical energy will empower people and the surrounding
areas so that the economic value increases.
V. CONCLUDING REMARKS
This paper has described a preliminary study of rectenna
system development aspects for energy reception of a Solar
Powered Satellite system in Indonesia. From the above
discussion the following conclusions can be drawn:

Fig. 5. Example of a plain barren/arid area suitable for
rectenna location. (Location: Raijua Sabu Island, Province of
East Nusa Tenggara)

a. Rectenna construction and structure should be
designed with a light-thru system in order to provide
the maximum benefit from the use of a relatively wide
area, where the area under the rectenna can be used for
other purposes. Some types of microstrip antenna can
be considered to be suitable for this purpose.
b. Rectenna development in barren, arid and desert
regions is the best option. In addition to contribute
significantly energy needs, it will also provide
significant added value in the field of environment,
that is the greening (reforestation).
c. Coral island is a good alternative location since the
generated electrical energy will empower the island
for economic activity. Furthermore, such islands are
spread quite widely and available in large quantities
throughout the Indonesian archipelago.

IV. DISCUSSION
Construction and structure of the rectenna system must be
designed so that it is easy in assembly and maintenance, and
be able to pass on the sun ray (light-thru) at least by 60%.
Some types of microstrip antenna can be considered to be
suitable for this purpose. Moreover, some transparent rectenna
design
from
researchers
could
also
be
considered.[15],[16],[17]
Considering the land use, it should be simultaneously used
with other needs or business activities. The design of rectenna
with a certain height allows the use of land under the rectenna
structure easily. Since Indonesia is located on the equator,
where the temperature and the relative humidity is high along
the year, to avoid a performance decrease, the materials used
in rectenna structure should be of high quality. It should be
considered that the structure of the frame should be made from
aluminium alloy.

VI. FUTURE RESEARCH
In the early stages, Indonesia could consider to participate
in the research project of small scale experimental SPS
performed in Japan. Considering many important factors are
still not yet known, especially concerning the activities of
human life, there are many areas of research that can be done
by cooperation between global institutions. There will be
many benefits gained from these research projects,
considering that Indonesia has a great potential to take
advantage of the SPS system to fulfill the needs of the electric
power in the future. It is required further in-depth studies to
apply a full-scale SPS system in Indonesia.

From the five locations which were discussed, the rectenna
system in the location of barren land, arid or desert areas is
considered to be the best option. This type of locations can be
easily found in the eastern part of Indonesia, especially in the
Province of West Nusa Tenggara and East Nusa Tenggara.
Both of provinces are still requiring a large enough electric
energy until 2030.[18] In addition, while fulfill the needs of
electrical energy in the province, it also able to green the
barren or arid area so that it will increase its economic value.
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Abstract— This paper compares the Flexibility and
Maintainability factors on open source Learning Management
System (LMS) Moodle, Atutor, and ILIAS. This comparison is
aimed to find out which LMS has the value maintainability and
better flexibility in order to be used by agencies to consider
implementation of LMS as well as useful for software developers to
provide an overview of the capabilities of the source code for the
maintenance source code and flexibility of the LMS. Comparison
for Maintainability done by measuring the Maintainability Index
value in each LMS with tools phpmterics. As for Flexibility, the
comparison is done by measuring the value of Modularity and
Simplicity. Measurement of modularity is done by looking at the
values of the coupling and cohesion, while simplicity is measured
by looking at the value of complexity. Measurement results show
that Moodle has Maintainability Index of 89.85, Afferent Coupling
of 0.54, Efferent Coupling of 1.81, Cohesion of 2.18, and
Complexity of 17.26. ATutor has Maintainability Index of 72.95,
Afferent Coupling of 0.95, Efferent Coupling of 2.63, Cohesion of
2.47, and Complexity of 16.84. ILIAS has Maintainability Index of
87.29, Afferent Coupling of 1.49, Efferent Coupling of 5.31,
Cohesion of 3.45 and Complexity of 18.15. So it can be inferred
that the Moodle source code have an easier maintenance

opportunity as well as the modified source code compared to the
ATutor and ILIAS.
Keywords— Flexibility, Maintainability Index, Comparison of
open source LMS

I. INTRODUCTION
Learning Management System (LMS) is a software to
manage users learning activity online through the existing
features in LMS [1]. Learning management system (LMS) has
been developing so rapidly and became one of the important
part of the educational process. The development of this large
number of LMS needs to be balanced with an understanding of
the effectiveness and capability of the LMS source code for
maintained and applied by users as well as developers of LMS.
Maintainability is part of the quality factors are
instrumental in the software life cycle and can improve the
quality and reduce the cost of software system maintenance
software high [2][3]. Maintainability is described as a
convenience where the software or its components can be
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modified to increase storage capacity or capacity of its current
status [4].
In addition to Maintainability, quality factor that plays an
important role in the development of software is Flexibility.
Flexibility is the ease of software to be modified and used on
other software [5] [6]. According to McCall, the subfactors of
Flexibility are among other things: Simplicity, Modularity,
Generality, and Self-Descriptiveness [7]. Subfactor is the parts
to build a quality factor is Flexibility.
LMS-based open source was chosen because it allows the
user to view, building and developing the source code. Open
source is a trait for the source code of software that can be
accessed by the public and can be built or modified in
accordance with the needs of the users [8]. Measurement of
Maintainability and Flexibility is done at the beginning of
software development is a very important act, especially for
software designers, developers, quality controllers, and
practitioners.
The Software Improvement Group, The Netherlands,
conducted a study to measure the Maintainability of a software
based on model ISO 9126, i.e. using the Maintainability Index
as the standard of measurement [9]. This research deals with
problems in the use of Maintainability Index as well as
identifying needs in the use of the model as the model
Maintainability testing.
The paper entitled Measuring Flexibility by Amnon H.
Eden and Tom Mens discuss about the use of complexity for
measuring the flexibility of implementation of Collection
measuring [5]. This measurement is done on a programming
for each step of evolution.
Comparison of open source LMS ever done to Moodle,
ATutor, Claroline, Dokeos, ILIAS, and Sakai, on
communication tools of the respective LMS [8]. The
comparison focused on features such as whiteboard/video
services, the process of exchanging files/internal messaging,
discussion forums, message journaling in oline and real chat on
sixth LMS based on certain criteria.
Robert A. Ellis and Rafael A. Calvo did a study about an
indicator which gives institutions minimum standards for
quality assurance of the LMS. Research with the title of
Minimum Indicators to Assure Quality of LMS-supported
Blended Learning is done by comparing the seven universities
that use common LMS is found to support the learning process
of students [10].
The comparison in this paper is done by looking at the
values of Maintainability Index, Flexibility, Modularity and
assessing their complexes. Modularity is indicated by the value
of cohesion and coupling, whereas the complexity shown by
using the Cyclomatic Complexity. Comparison of LMS-based
open source, namely the Moodle version 3.0.3, ATutor and
ILIAS version 2.2.1 version 5.1.5. This comparison aims to
estimate the potential ease in performing system development,
maintenance, modification and adaptation of systems. The
comparison is done by analyzing the source code LMS using
tool PhpMetrics.

II. BASIC THEORY
A. Maintainability Index
Maintainability Index value is an index that shows the
relativity of ease in conducting maintenances on code program
[11][12]. The higher the value of Maintainability Index a code,
then the easier it is for maintained [11]. PhpMetrics uses the
numbers 0-118 for Maintainability Index value gives a source
code, numbers are divided into three portions status
Maintainability Index, namely Low, Medium and High. This
status is used to provide a standard for estimate source code
maintenance capabilities. PhpMetrics provide a range of values
with low status of maintainability on numbers 0-64, 65-84 was
given the status of maintainability of medium, and 85-118 was
given high status of maintainability [12].
B. Flexibility Software
Modularity as one sub factor Flexibility determined by
Cohesion and Coupling. Cohesion shows linkages between
functions in a module, while the Coupling showed dependence
between one module with the other modules. Software that has
a good modularity is shown with high Cohesion and low
Coupling [12][13]. PhpMetrics using standard and calculation
function in determining the value of Metrics, where such
standards are divided into three categories of colors, green,
yellow, and red. This color will appear in the report analysis of
the source code on their respective metrics [14][15].
Measurement of Coupling on the sub factors Modularity based
on Afferent and Efferent Coupling Coupling. Afferent and
Efferent Coupling Coupling coupling are calculated through
the relation between class in the package nor the relation
outside the package. Afferent Coupling is a coupling to be
exported while the Efferent Coupling is a coupling import [16].
Simplicity shows how the complexity of software by using
Cyclomatic Complexity lines of code from a software.
III. METHODOLOGY
The comparison is done with the following steps:
1. Download ATutor source code version 2.2.1, ILIAS
version 5.1.5 and Moodle version 3.1.3.
2. The source code has been downloaded are then
analyzed by running PhpMetrics. PhpMetrics is PHP
static analysis tools for PHP project, which runs with
the help of the composer in the command line [12].
Limitations of the test medium made analysis is done
by dividing the source code into their respective
folders. PhpMetrics will do an analysis of the source
code that is inserted through the declaration of the
path module, and generate the analysis results in an
HTML-based report [14].
This analysis is done without making changes as well
as the separation between the source code css, js, PHP,
xml, or another formats. PhpMetrics just do analysis of
the PHP file in the pointed folder and excluding the
other formats, so that the results are given in the report
are the result of the PHP source code analysis from
each LMS.
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3.

Result report of PhpMetrics in each folder are then
calculated the average rating for the Maintainability
Index, Afferent, Efferent Coupling Coupling,
Cohesion, and Cyclomatic Complexity.
Each steps of the methodology is shown in activity diagram
through Figure 1 Steps of The Methodology.

TABLE III.

Fig. 1. Steps of The Methodology.

IV. DISCUSSION
A. Maintainability Measurement
The result of measurements for each of the LMS is shown
through the Table I The Result of ATutor version 2.1.2
Maintainability Measurement, Table II The Result of ILIAS
version 5.1.5 Maintainability Measurement, and Table III The
Result of Moodle version 3.0.3 Maintainability Measurement.
TABLE I.

THE RESULT OF ATUTOR VERSION 2.1.2 MAINTAINABILITY
MEASUREMENT
Folder
Admin
ATutor
documentation
help
inbox
include
install
mods
theme
tools
users

TABLE II.

TABLE III.

Maintainability
Index
67.11
86.76
95.96
87.97
60.74
74.80
74.98
47.88
63.34
80.94
62.05

THE RESULT OF MOODLE VERSION 3.0.3 MAINTAINABILITY
MEASUREMENT
Maintainability
Folder
Index
Course
79.80
Enrol
97.99
Error
61.17
Files
76.89
Filter
110.65
Grade
91.85
Group
65.93
Install
217.11
Iplookup
74.96
Lang
75.04
Lib
97.56
Login
78.32
Message
102.64
Mnet
80.79
Mod
99.79
Moodle
105.29
My
80.08
Notes
69.09
Plagiarism
119.08
Portfolio
96.29
Question
88.20
Rating
65.62
Report
100.39
Repository
103.14
Rss
83.35
Tag
67.55
Theme
95.00
User
86.96
Userpix
83.17
Webservice
103.86

Results of the measurement of Maintainability ATutor
version 2.1.2 shown at Table I. The analyses performed on the
folder admin, documentation, help, inbox, include, install,
theme, mods, tools, users, as well as a file type that is just one
level below the root folder, that folder is named ‘ATutor’. This
analysis was not performed on the folder google_app, jscripts
and license, it is mainly due to the limitations of the tool
PhpMetrics in conducting the analysis, so the analysis does not
provide results on file with formats other than PHP.
Based on table II, the measurement performed on the four
main folder of the installation source code ILIAS version 5.1.5,
namely the cron folder, include, mod, as well as setup are
known. Some of the folders in the source code installation
ILIAS version 5.1.5 do not conducted the analysis with the tool
PhpMetrics, with regard to those folders is Customizing, dicto,
docs, lang, services, sso, templates, webservice, and xml.
Result of the measurement of Maintainability Moodle
version 3.0.3 shown at table III, Moodle installation source
code has more folders that were analyzed using the
PhpMetrics tool. The analysis is not performed on the local
folder and pix. The analysis was also done to the PHP file
directly one level below the root folder, moodle.
Measurement results, as demonstrated through Table I,
Table II, and Table III, processed and taken the average value
for each LMS. The results of the average calculation of
maintainability for LMS ATutor version 2.1.2 and ILIAS
version 5.1.5, and Moodle version 3.0.0 shown through Table
IV The Calculation of Maintainability Measurement Result.

THE RESULT OF ILIAS VERSION 5.1.5 MAINTAINABILITY
MEASUREMENT
Maintainability
Folder
Index
Cron
80.49
ILIAS
95.79
include
90.11
modules
81.321
setup
88.75
THE RESULT OF MOODLE VERSION 3.0.3 MAINTAINABILITY
MEASUREMENT
Maintainability
Folder
Index
Admin
84.35
Auth
106.66
Availability
96.99
Backup
93.85
Badges
73.52
Blocks
106.39
Blog
61.61
Cache
100.18
Calendar
77.25
Cohort
61.10
Comment
71.32
Completion
83.05
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TABLE IV.

THE CALCULATION OF MAINTAINABILITY MEASUREMENT
RESULT
Maintainability
LMS
Index
ATutor
72.95
ILIAS
87.29
Moodle
89.85

D. Comparison of Modularity and Simplicity Measurement
Comparison of sub factor Modularity and Simplicity
with Afferent Coupling, Efferent Coupling, Cohesion,
Instability, and Complexity as their comparative value. As
the result, Moodle has a low Coupling and high Cohesion,
while ILIAS has a high Coupling and Cohesion. The result
of Maintanbility Index, Moodle has Maintainability Index,
higher than ATutor and ILIAS. As for the Complexity
measurement, Moodle has lower Complexity compared
with ILIAS and ATutor.

Table IV gives the result of the analysis of the calculation
of Maintainability Index as follows:
• ATutor
The result of the average value of Maintainability
Index is 72.95 with Medium status.
• ILIAS
The result of the average value of Maintainability
Index was 87.29 with High status.
• Moodle
The result of the average value of Maintainability
Index was 89.85 with High status.

TABLE VII.

SIMPLICITY

LMS
ATutor
ILIAS
Moodle

B. Modularity Measurement
Subfactors of modularity are determined by the Cohesion
and Coupling. A software that has a good modularity, shown
with high Cohesion and low Coupling. Measurement of
Modularity using PhpMetrics shown in the Efferent, Afferent
Coupling Coupling and Lack of Cohesion of Methods. As for
the result of a measurement with PhpMetrics will be shown in
Table V The Result of Modularity Measurement.
Measurement with PhpMetrics shows that Moodle has
Afferent Coupling = 0.54, Efferent Coupling = 1.81, and
Cohesion = 2.18. ATutor has Afferent Coupling = 0.95,
Efferent Coupling = 2.63, and Cohesion = 2.47. While ILIAS
has Afferent Coupling = 1.49, Efferent Coupling = 5.31, and
Cohesion = 3.45.

LMS
ATutor
ILIAS
Moodle
TABLE VI.

Cyclomatic Complexity
16.84
18.15
17.26

Cohesion

Complexity

2.47
3.45
2.18

16.84
18.15
17.26
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code have an easier opportunity maintained as well as the
modified source code compared to the ATutor and ILIAS. This
result was obtained based on the values of Maintainability
Index, Modularity and Simplicity.
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0.95
2.63
2.47
1.49
5.31
3.45
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LMS

Afferent
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0.95
1.49
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V. CONCLUSION

C. Simplicity Measurement
Simplicity shows how complex the LOC (Line of Code)
software. In other words, to measure simplicity is likened to
measure complexity. Complexity measurement using
PhpMetrics shown in the Cyclomatic Complexity. The result
of Complexity measurement shows that ATutor has
Complexity of 16.84, ILIAS has Complexity of 18.15, and
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Data mining is a method of large-scale data processing
thus; it has important roles in the fields of industry, finance,
weather, science and technology. In general, the study about
data mining discusses some methods such as clustering,
classification, regression, variable selection, and market basket
analysis [2].
Clustering is one of data mining methods to find data and
then categorize them by their similarity (characteristic
similarity) between one data and others. Clustering itself is
one of the data mining methods that has without guidance or
direction (unsupervised) characteristic. This means that there is
no teacher and no training / exercise and clustering do not
require a target output. In addition, there are two data
categorizations in clustering namely, hierarchical clustering
and non-hierarchical clustering [3].
Hierarchical clustering is defined as the data categorization
that is initiated by looking for two objects having the closest
similarity. This process continues by finding objects possessing
the second nearest similarity. The process continues by the
same procedure so as to form a hierarchy starting from the
closest resemblance to the most unsimilar characteristics.
Non-hierarchical method differs from hierarchical method.
The first thing to do in hierarchical method is to find the closest
resemblance but in non-hierarchical method, the first thing to
do is to determine the number of clusters / groups to be formed.
K-means clustering is included in the non-hierarchical method
[3].
K-means is a clustering method that is fairly easy to
implement. K-means relatively fast, easily customizable and
widely used [4]. But unfortunately K-means method has its
drawbacks. K-means has a high dependence on initial centroid.
Initial centroid obtained randomly, so that the resulting cluster
is sometimes good and sometimes bad.
In this research, using Genetic K-means Algorithm to
improve K-means methods. Genetic Algorithm is used to get
the most optimal initial seeds that will be used by K-means as
centroid early so K-means no longer do random to receive
initial centroid.

Abstract—Clustering is part of data mining. Clustering is
used to group objects so that one group has the same
characteristics. K-means widely used because it is relatively
easy to use. However K-means has shortcomings. K-means
depends on the initial centroid. Selection of initial centroid
done randomly so that the cluster formed is often not
optimal. The clustering results are sometimes good and
sometimes bad. In this research, the Genetic K-means
Algorithm is used to improve K-means method. Genetic
algorithm method is used to find the initial centroid. The
initial centroid will be used by K-means. So K-means can get
the optimal cluster. Cluster results is validated by SSW (Sum
of Square within Cluster) and SI (Silhouette Index). SSW
values by Genetic K-means Algorithm amounted
1,648,150,772.8 and K-means amounted 2.390.800.216,39.
In this research, it was found that Genetic K-means
Algorithm creates a homogenous cluster of 45% better than
the K-means. So Genetic K-means Algorithm more accurate
than K-means in determining patterns of data.
Keywords—Cluster; Genetic K-means Algorithm; Sum of
Square within Cluster.
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Adhi Dharma Wibawa
Department of Electrical
Engineering
Institut Teknologi Sepuluh
Nopember
adhiosa@te.its.ac.id

INTRODUCTION

Bandwidth management service needs to be improved.
Patterns of internet usage must be observed. Bandwidth used
must be in accordance with the objectives and priority.
Bandwidth should not be used for things outside the goal [1].
Tan (2006) defines data mining as the method to extract
any useful information from large data warehouses. Data
mining is also called as pattern recognition referring to the data
processes to find the hidden patterns from the data. The results
of the data processing by using the data mining method can be
used to make decision in the future [2].
Generally, data mining is used for large-scale data and
widely applied in various fields such as: industry, health,
education, trade and many other fields.

278

2016 International Seminar on Application for Technology of Information and Communication

December 2014 from the application SARG (Squid Analysis
Report Generator). Features used are: ip address, URL address,
size data accessed, duration of access. Pre procesing is carried
out on the attributes such as the URL address, the size of the
data accessed, the ip address as well as duration of access.
The URL attributes show the address of the accessed
website. Some examples of the accessed website addresses can
be seen in table I below:

Lu, et. al. (2004) developed fast genetic algorithm (Fast
Genetic K-means Algorithm) used to determine the centroid
(the central cluster). The centroid is formed by using the fast
genetic algorithm having faster performance and producing a
better cluster [5].
Genetic algorithm was developed based on the principles of
genetics and the natural processes of Darwin Evolution [6].
The most powerful living creature can survive. Genetic
algorithms are used to solve complex optimization problems.
Genetic algorithm invented by John Holland. Genetic
algorithms adapted from natural selection. In the genetic
algorithm there is a population consisting of individuals. Each
individual reflects every problem solution. If there are 1000
individual then there are 1000 possible solutions. Every
individual has a fitness value. The higher the fitness value, the
better solutions are obtained.
Individuals do crossover and mutation to get children better
than their parents, but still carries the genes of its parent.

TABLE I.

No
1
2
3
4

The method used in this study is intended to obtain
optimum centroids by using the Genetic K-means Algorithm.
The selection of this method is due to the fact that K-means
method generates the centroid value randomly so that the
centroid produced is often not optimal and consequently, the
cluster formed is often also not optimal.
To achieve the objective of the research, the researchers
perform can be seen at Fig.1
.

TABLE II. URL CATEGORY

Preprocessing
Data Source

Testing of Total
Cost with Sum of
Square within
Cluster

Clustering using
Kmeans

Evaluated with
Silhouette Index

Compare

No
1.

Category
Governance

2.

5.

Education or
Science and
Technology
Email
Blog or
Online Shop
Streaming

6.

Social Media

7.

News

3.
4.

Data Weblog

Evaluated with
Silhouette Index

Acessed Sites

youtube.com
detik.com
surabaya.go.id
republika.co.id

Each URL accessed by users is categorized based on its
respective domain. URL address whose domain is .go or .go.id
is categorized in the areas of governance. 7 categories that have
been made are as follows:

II. METHODOLOGY

Clustering using
Genetic AlgorithmKmeans

THE EXAMPLES OF ACCESSED URL

Remark
Government, Laws, Regulation,
Ministry
schools, universities, education
gmail, ymail, mail, pop3, smtp
blogspot, wordpress, .blog,
blogger
.youtube, skype, chat, messenger,
video
facebook, twitter, instagram,
kaskus, twitter,
news, .detik, kompas, jawapos,
liputan 6

The size of the data accessed by the clients varies from
bytes, kilo bytes to mega bytes. Thus, it is needed to be
standardized into bytes. The example of the sizes can be seen
in the table III:

Testing of Total
Cost with Sum of
Square within
Cluster

TABLE III. THE EXAMPLES OF DATA SIZES

Compare

Analysis

Ip address in the form of string is transformed into
numerical by counting the number of URLs that are accessed.
The conversion can be seen in the table IV.

Fig. 1. The Scheme of The Research Method

A. Data Preprocessing
The data used is data from The Office of Communications
and Information Technology, Surabaya. Data were taken on 29
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TABLE IV. CONVERSION TO THE NUMERICAL

B. K-means Method
K-means set a number of groups in the beginning. Each
object grouped by similarity. One group has a similar
resemblance. So that each cluster has its unique characteristics
[7].
According to Yuhefizar [8], the calculation of the distance
can use the Euclidean Distance method that can be seen in the
following equation (2).
( 2)
Where Eij is The distance between the object number i to the
object number j, m is Number of variables, hik is Data from the object
number i at the variable number k, kjk is Data from the object number j
at variable number k.

Conversion result can be seen in table V.
C. Combination of Genetic Algorithm and Kmeans
K-means takes random numbers as an initial centroid.
Nevertheless, in this study, Genetic Algorithm works to find
the most optimal centroid that will be used by K-means so that
K-means does not use random figures as the initial centroid.
The processes that should be done in the genetic algorithm
are as follows:

TABLE V. CONVERSION RESULT

No
1
2
3
4
5
6
7
8
9
10

Ip
Address
91
365
186
187
117
177
47
37
238
97

URL
Address
7
5
9
8
6
7
6
7
9
8

Size Data
Accessed
3480000000
43300
175310
416090000
293000
141830000
281570000
40640000
5510000
15150000

Duration of
Access
2445714
6406
17474988
11666878
60042
2053288
377515
11747
150346
191726

1. Generate the initial population
Generating the initial population means the way to raise a
number of individuals as members of the population. The
generation of individuals can be done randomly or through
certain procedures.

Based on the data table 5, it can be seen that each feature
has a different range of data. So the process of normalization is
needed to equalize each range of data features.
Min-max method is used for the process of normalization.
Range of data used is 1-100. Process of normalization can be
seen at the equation (1).
Fig. 2. The Representation of the Chromosome

newdata=(data-min)*(newmax-newmin)/(max-min)+newmin

( 1)

Normalized results can be seen in table VI.
TABLE VI. NORMALIZED RESULTS

No
1
2
3
4
5
6
7
8
9
10

Ip
Address
6.23
22.14
11.74
11.80
7.74
11.22
3.67
3.09
14.76
6.57

URL
Address
75.25
50.50
100.00
87.63
62.88
75.25
62.88
75.25
100.00
87.63

Size Data
Accessed
100.00
1.00
1.00
12.84
1.01
5.03
9.01
2.16
1.16
1.43

Duration of
Access
12.32
1.03
81.91
55.02
1.28
10.51
2.75
1.05
1.70
1.89

Fig. 3. The Representation of the Individual and Chromosome

Fig. 4. The Representation of Gene and Alele
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According to Prasetyo [10], the formula to get the value of
Global SI is done by calculating the average of the total value
that can be seen in the equation 5.

2. Fitness Evaluation
In this research, according to Barakbah [9] genetic
algorithm is used to find the shortest distance from each
member of the clusters so that the equation used can be seen at
the equation (3).

(5)

Where k is the number of clusters, SI is Silhouette Index
value. The average Silhouette Index of all data within a
cluster indicates how close the similarity of the data in the
cluster as well as shows how precise the data that has been
categorized are. The closer SI value to 1, the better the data
classification. Conversely, the closer the SI value to -1, the
worse the data classification.

(3)

Where F is fitness function, J is minimum distance, xn is data
number n, wr is centroid number r, N is the number of data, d(y,z) the
distance from y to z.

E. SSW (Sum of Square within Cluster)
Sum of Square within Cluster (SSW) or the sum of
distances within the cluster is the average of the distance of
each data between centroid in the same cluster. Formula SSW
can be seen in equation (6) [12].

3. Selection
The selection process is aimed at obtaining a good parent. It
is expected that a good parent can produce better descendants
or offsprings than the parent. A good individual can be decided
from its fitness value. The higher the fitness value of an
individual the more it is likely to be chosen.

(6)

4. Cross Over
Cross Over refers to the operator in the genetic algorithm
that aims to produce a new chromosome that inherits the
characteristics of its parents similar as the reproduction process
occuring in the real life [6].
Crossover requires two parents to produce new offsprings
(descendants). Crossover is performed by exchanging between
genes randomly. The crossover process is stipulated as per the
probability of predetermined crossovers.

Where SSWi is the value of the sum of distances within the
cluster, mi is the amount of data that is in the cluster number i, ci is
centroid cluster number i, d(xj,ci) The distance between the data
number j with centroid number j in the same cluster.

III. EXPERIMENTAL RESULT
In this test, the changed parameter of the genetic k-means
algorithm is the number of the maximum iterations
(generations) ranging from 400, 500, 600. The other
parameters are set the same. The mutation probability is 0.2,
the crossover probability is 0.9 and the population size is 20.
SSW value on Genetic K-MEANS Algorithm with Total
Generation is 400, the mutation probability is 0.2, the crossover
probability is 0.9 and the population size is 20 can be seen in
table VII.

5. Mutation
Gene mutation is a process to change the value of the
alleles in the gene with its inversion value. If the value of an
allele is 0 then it is changed to 1, and vice versa.
6. Elitism
Elitism method used is ranking elitism system. The method
is performed by ranking the fitness value of parent and child
population, and then selecting a number of chromosomes as a
new population.
D. Silhouette Index
The values of Silhouette Index vary from -1 to 1. Silhouette
Index value that is close to 1 indicates that the data is exactly
within the cluster. SI that is 0 or close to 0 signifies that the
position of the data is located on the border of two clusters. A
negative value indicates the average distance between the
furthest objects.
The following figures show the measure of silhouette
values according to Kaufman and Rousseuw [10]. The values
of Silhouette Index (SI) are as follows:
• 0.7 < SI <= 1 strong structure
• 0.5 < SI <= 0.7 medium structure
• 0.25 < SI <= 0.5 weak structure
• SI <= 0.25 no structure
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TABLE VII.

SSW VALUE ON GENETIC K-MEANS ALGORITHM WITH
TOTAL GENERATION = 400

No

Cluster 1

1

TABLE IX. SSW VALUE ON GENETIC K-MEANS ALGORITHM WITH TOTAL
GENERATION = 600

Total Value of
SSW

Cluster 3

1,288,084,615.30

147,827,624.42

662,491,105.23

2,098,403,344.95

1

56,427,591.80

1,836,241,972.82

885,918,789.13

2,778,588,353.75

2

172,883,683.91

573,324,074.62

513,762,200.61

1,259,969,959.14

2

99,791,706.55

958,293,568.71

229,161,327.11

1,287,246,602.36

3

22,812,818.73

582,747,728.56

1,594,736,872.75

2,200,297,420.04

3

115,311,822.93

1,640,902,467.22

431,910,341.84

2,188,124,631.99

4

811,902,957.94

1,174,832,563.23

114,465,967.07

2,101,201,488.24

4

253,126,787.45

100,730,723.36

957,086,753.87

1,310,944,264.68

5

287,552,992.31

303,369,230.15

315,659,447.56

906,581,670.02

5

950,627,092.12

91,840,328.80

468,341,037.29

1,510,808,458.21

6

813,230,945.61

465,494,003.49

31,561,235.59

1,310,286,184.69

6

1,429,358,707.51

417,885,642.06

46,325,848.39

1,893,570,197.96

7

1,082,125,654.46

455,916,411.85

212,224,396.55

1,750,266,462.86

7

256,473,561.66

627,003,866.46

207,235,551.78

1,090,712,979.90

8

951,166,336.91

63,931,155.69

483,883,676.13

1,498,981,168.74

8

515,339,348.74

166,590,993.69

1,379,211,966.41

2,061,142,308.84

9

70,064,525.46

533,646,176.01

71,403,538.90

675,114,240.36

9

190,571,579.42

176,314,941.01

1,277,414,378.17

1,644,300,898.60

10

2,025,835,399.94

133,331,374.76

271,887,085.99

2,431,053,860.69

10

83,751,558.83

295,104,436.43

273,062,697.92

651,918,693.18

3,950,779,756.99

6,310,908,940.56

6,155,668,691.93

16,417,357,389.48

395,077,975.70

631,090,894.06

615,566,869.19

1,641,735,738.95

Total
Value of
SSW
Average
Value of
SSW

7,525,659,930.55

4,434,420,342.78

4,272,075,526.39

16,232,155,799.72

752,565,993.06

443,442,034.28

427,207,552.64

1,623,215,579.97

No

Cluster 1

Total
Value of
SSW
Average
Value of
SSW

SSW value on Genetic K-Means Algorithm with Total
Generation is 500, the mutation probability is 0.2, the crossover
probability is 0.9 and the population size is 20 can be seen in
the table VIII.

Cluster 2

Cluster 3

Total Value of
SSW

Cluster 2

SSW value on K-means can be seen in the table X.
TABLE X. SSW VALUE ON K-MEANS
No

Cluster 1

Cluster 2

Cluster 3

Total Value of
SSW

TABLE VIII. SSW VALUE ON GENETIC K-MEANS ALGORITHM WITH TOTAL
GENERATION = 500

1

72,270,335.35

556,274,113.82

1,822,566,196.20

2,451,110,645.38

2

415,449,173.21

2,018,010,972.99

630,270,210.62

3,063,730,356.82

Total Value of
SSW

3

1,686,468,566.61

631,257,741.13

763,246,912.64

3,080,973,220.38

4

377,239,833.27

1,095,849,148.38

616,292,840.16

2,089,381,821.81

5

1,116,266,715.51

303,003,182.96

253,610,978.51

1,672,880,876.97

6

1,504,330,714.51

53,814,054.53

1,301,981,264.12

2,860,126,033.17

7

269,112,949.51

2,048,617,584.16

221,601,923.78

2,539,332,457.46

8

1,130,608,219.56

316,447,356.54

1,149,025,700.87

2,596,081,276.97

9

843,838,119.04

741,458,928.36

83,999,830.80

1,669,296,878.20

10

890,934,053.89

158,730,316.75

835,424,226.15

1,885,088,596.79

8,306,518,680.47

7,923,463,399.61

7,678,020,083.87

23,908,002,163.95

830,651,868.05

792,346,339.96

767,802,008.39

2,390,800,216.39

No

Cluster 1

Cluster 2

Cluster 3

1

1,082,125,654.46

455,916,411.85

212,224,396.55

1,750,266,462.86

2

235,495,943.71

1,321,008,111.00

189,129,318.13

1,745,633,372.84

3

86,459,611.58

760,222,342.42

456,223,665.74

1,302,905,619.74

4

1,377,874,630.08

104,764,734.49

1,068,004,871.70

2,550,644,236.27

5

639,459,430.86

278,022,392.98

76,009,648.97

993,491,472.82

6

354,556,278.93

1,442,183,768.88

156,081,268.14

1,952,821,315.94

7

271,285,515.16

630,507,326.22

58,687,613.81

960,480,455.19

8

202,633,576.33

957,772,118.15

82,336,532.11

1,242,742,226.59

9

82,022,447.94

612,432,976.14

2,085,098,183.73

2,779,553,607.81

10

57,497,349.16

498,041,596.37

960,932,281.26

1,516,471,226.79

4,389,410,438.21

7,060,871,778.50

5,344,727,780.14

16,795,009,996.85

438,941,043.82

706,087,177.85

534,472,778.01

1,679,500,999.69

Total
Value of
SSW
Average
Value of
SSW

Total
Value of
SSW
Average
Value of
SSW

SSW value on Genetic K-Means Algorithm with Total
Generation is 600, the mutation probability is 0.2, the crossover
probability is 0.9 and the population size is 20 can be seen in
the table IX.

The average value of SSW in Genetic K-means Algorithm
and K-means can be seen in table XI.
TABLE XI. COMPARISON BETWEEN GENETIC K-MEANS ALGORITHM
K-MEANS
Total Value of SSW on
Genetic K-means Algorithm
1,648,150,772.87
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Total Value of
SSW on K-means
2,390,800,216.39

AND
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TABLE XIV. SI VALUE OF KMEANS

SI value on Genetic K-Means Algorithm with Total
Generation is 400, the mutation probability is 0.2, the crossover
probability is 0.9 and the population size is 20 can be seen in
the table XII.
TABLE XII.

1

-0.067

-0.782

0.000

Total
Value of SI
-0.28

2

-0.683

1.000

-0.267

0.017

3

-0.367

1.000

-0.782

-0.05

4

0.000

-0.367

-0.374

-0.25

5

0.052

-0.768

-0.750

-0.49

No

SI VALUE OF GENETIC K-MEANS ALGORITHM
WITH TOTAL GENERATION = 400

Cluster 1

Cluster 2

Cluster 3

1

0.842

-0.669

0.047

Total
Value of SI
0.074

2

-0.782

1.000

-0.367

-0.050

6

-0.151

1.000

-0.683

0.055

3

-0.782

1.000

-0.367

-0.050

7

-0.367

-0.333

0.000

-0.23

4

-0.367

1.000

-0.782

-0.050

8

-0.151

1.000

-0.683

0.055

5

1.000

-0.367

-0.782

-0.050

9

0.000

-0.367

-0.374

-0.25

6

1.000

-0.367

-0.782

-0.050

10

-0.267

-0.683

1.000

0.017

-2.001

0.701

-2.911

-1.406

-0.200

0.070

-0.291

-0.141

No

Cluster 1

Cluster 2

Cluster 3

7

1.000

-0.367

-0.782

-0.050

8

0.872

-0.649

-0.081

0.050

9

-0.772

-0.420

1.000

-0.060

10

0.872

-0.649

-0.081

0.050

2.883

-0.489

-2.976

-0.194

0.288

-0.049

-0.298

-0.019

Total
Value of
SI
Average
Value of
SI

Total
Value of
SI
Average
Value of
SI

The test by changing the parameters of the genetic k-means
algorithm is aimed at finding out the effects of the generation
number toward the resulting solutions. The other parameters
are set the same. The mutation probability is 0.1, the cross over
probability is 0.9 and the number of population is 20.

SI value on Genetic K-Means Algorithm with Total
Generation is 500, the mutation probability is 0.2, the crossover
probability is 0.9 and the population size is 20 can be seen in
the table XIII.

TABLE XV.

TABLE XIII. SI VALUE OF GENETIC K-MEANS ALGORITHM WITH
TOTAL GENERATION = 500

1

1.000

-0.367

-0.782

Total
Value of SI
-0.050

2

-0.081

0.872

-0.649

0.047

3

-0.782

1.000

-0.367

-0.050

4

-0.367

-0.782

1.000

-0.050

5

1.000

-0.367

-0.782

-0.050

6

-0.081

0.872

-0.649

0.047

7

-0.420

1.000

-0.772

-0.060

8

0.047

0.842

-0.669

0.074

9

-0.782

-0.367

1.000

-0.050

10

-0.649

-0.081

0.872

0.047

-1.115

2.622

-1.798

-0.095

-0.111

0.262

-0.180

-0.009

No

Total
Value of
SI
Average
Value of
SI

Cluster 1

Cluster 2

Cluster 3

THE EFFECTS OF THE NUMBER OF GENERATION
ON GENETIC K-MEANS ALGORITHM

No

The Number of Generation

1

400

-0.020

2

500

-0.010

3

600

-0.001

Average Value of SI

The test by changing the parameters of the crossover
probability in the genetic k-means algorithm is aimed at
finding out the effects of the crossover probability toward the
resulting solutions. The other parameters are set the same. The
mutation probability is 0.1, the population size is 20 and the
number of generation is 100.
TABLE XVI. THE EFFECTS OF CROSS OVER PROBABILITY
ON GENETIC K-MEANS ALGORITHM
Average Value of
SI

No

Cross Over Probability

1

0.7

-1.0

2

0.8

-0.9

3

0.9

0.7

Test by changing the parameters of the mutation probability
in the genetic algorithm is aimed to determine the effects of the
mutation probability toward the resulting solutions.The other

SI value K-Means can be seen in the table XIV.
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parameters are set the same. The crossover probability is 0.9,
the population size is 20 and the number of generation is 100.
TABLE XVII.

K-means Algorithm produce more homogeneous cluster than
the cluster formed by Kmeans. So Genetic K-means Algorithm
more accurate than K-means in determining patterns of data.
The more the number of generations formed, the better the
Silhouette Index obatained. Since, the more generations or the
more the maximum number of iterations defined, the bigger the
observation room formed.
The higher the value of population formed, the better the
Silhouette Index are obtained. It can be seen from the increase
in value of crossover is proportional to the increase in value
Silhouette Index.
The crossover probability, the better the Silhouette Index
are obtained. The higher the probability of crossover, the
greater the likelihood of individual to perform the crossovers so
that the more likely it is to get better offspring than its parent.
The mutation probability is not always directly proportional
to the value of the Silhouette Index. This is due to the fact that
the mutation processes do not always produce better genes than
genes owned by its parent.
The results showed that the clustering of the three clusters
has the greatest value of SI. It showed the best cluster number
is 3.
The various number of clusters showed that the bandwidth
that provided by the City Government of Surabaya widely used
for Education or Science and Technology, Blog or Online Shop and

TTHE EFFECT OF MUTATION PROBABILITY ON
GENETIC K-MEANS ALGORITHM
Average Value of
SI

No

Mutation Probability

1

0.1

-1.0

2

0.2

0.5

3

0.3

0.1

The Test was conducted with the crossover probability is
0.9, the population size is 20 and the number of generation is
400 and mutation probability is 0.1. Clustering results can be
seen in the table XVIII, XIX, XX and XXI.
TABLE XVIII. THE VALUE FOR EACH NUMBER OF CLUSTERS

Number of Cluster

The Value of SI

3
4
5

0.12324
0.00559
-0.52551

TABLE XIX. CATEGORY FOR 3 CLUSTERS

Cluster number 1
Cluster number 2

The Number of
Cluster Members
5583
1074

Cluster number 3

9355

TABLE XX.

Cluster number 1
Cluster number 2
Cluster number 3
Cluster number 4

Social Media.
Category
Social Media
Education or Science
and Technology
Blog or Online Shop
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CATEGORY FOR 4 CLUSTERS

The Number of
Cluster Members
14889
692
384
47

Category
Blog or Online Shop
Streaming
Social Media
Education or Science
and Technology

TABLE XXI. CATEGORY FOR 5 CLUSTERS

Cluster number 1

The Number of
Cluster Members
46

Cluster number 2
Cluster number 3
Cluster number 4
Cluster number 5

1073
6357
4443
4093

Category
Education or Science
and Technology
Social Media
News
Streaming
Blog or Online Shop

CONCLUSION

In this Research was found that the sum of square within
cluster value of Genetic K-means Algorithm clustering
amounted 1,648,150,772.8 and K-means amounted
2.390.800.216,39. The SSW dan SI Value indicate that Genetic
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Abstract— The use of PWM AC Chopper for soft starter
applications to feed 3 phase induction motors causes current and
voltage ripple. Higher ripple means higher harmonic distortion
in the system. To minimize the ripple, a filter consisting of an
inductor and a capacitor, connected in series to the load was
designed and analyzed. A prototype of AC chopper soft starter
was also built to feed 3 phase 1 hp induction motor for
experimental verifications. The analysis includes varying the
switching frequency from 1 kHz to 5 kHz, the inductor from 0.01
to 0.05 H, and the capacitor from 2.2 to 10 micro Farad. The best
ripple voltage was obtained as 0.16 V of 220 V normal voltage.

asharimd@yahoo.com

frequency then associates with the ripple at the current and
voltage output.
The ripple or harmonic distortion was known reducing the
system efficiency and power quality. This paper presented
filters design, implementation, and analysis suitable for AC
chopper for soft starter applications to feed 3 phase induction
motor.

II. LITERATURE REVIEW
Fig. 1 describes a method of PWM AC chopper, where the
bidirectional switches SW1 to SW6 are turned-on (Ton) and
turned-off (Toff) by adjusting the duty cycle of the comparator.

Keywords – AC chopper, PWM, filter, soft starter, switching

I.

dibyosoe@gmail.com

INTRODUCTION

Induction motors are widely used in industrial
applications. Commonly, an induction motor draws starting
current at 5 to 7 times of the rated current, while the torque
produced is 1.5 to 2.5 times of the full load torque. In a large
machine, the inrush current causes a significant voltage drop
and it will disrupt the other equipment connected to the same
line. [1].
Soft starting methods were proposed by many researchers
to reduce the starting current, including by D. Tildirim et al.
[2] and Y. Tanyaphirak et al. [3]. Soft starters are mostly
developed from inverters, but other types may be AC
choppers. In inverter applications such as for power supply,
soft starter or other functions, previous researchers proposed
Sinusoidal PWM [4], and multilevel PWM methods [5] in
order to reduce the harmonic distortions.
AC chopper is a direct converter type, which is the
conversion process without through dc link. The output
frequency of this converter is the same as the input. AC
chopper uses a bidirectional circuit of power semiconductor
switches. Mosfet or insulated gate bipolar transistors are
commonly applied in this system. The transistors are turnedon and turned-off at a high frequency switching to chop the
sinusoidal mains waveform voltage. This results in a lower
output magnitude of voltage. The magnitude can be controlled
by varying the duty cycle, which is ratio of the turned-on time
to the period of one cycle switching time. The switching
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Fig. 1. PWM AC Chopper soft starting control

Voltage into the induction motor can be changed by
adjusting the PWM duty cycle to toggle bidirectional switches
SW 1 - SW6 with the following equation [1] :

D

Ton
Ton

Ts
Ton  Toff

VP1 (t)  D.Vm sin t 

(1)
(2)

Bidirectional switches SW1, SW3 and SW5 work
complementary with SW2, SW4, and SW6, as shown in Fig.
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1. During the freewheeling mode, SW1, SW3 and SW5 are in
OFF position, while SW2, SW4, and SW6 are in the ON
position. All switches are controlled by PWM method, that
uses a single voltage reference combined with single carrier
signal (Vtri) passing through a comparator. There are two
groups of the comparator output. The first group is directly
connected to the output of the comparator (for controlling
SW1, SW3 and SW5), and the next group is after passing
through the NOT gate (for controlling SW2, SW4, and SW6).
The PWM output for controlling switches is shown in Fig.
2. The upper figure is the 1st group, while the lower figure is
the 2nd group of control signals.

III. ANALYSIS PWM AC CHOPPER 3 FASA
Analysis of the Current and Voltage Ripple
The ripple of the inductor current is calculated from the
equation of a 1-phase AC Chopper. The inductor current
ripple is [2]:

I L , av 

Vll D (1  D)

(3)

2 3 f s Lo
To determine the ripple of capacitor voltage uses the
equation as follows [2]:
1

Vo , av

2
V D(1  D)  1  2 D  2 D 2 
 ll 2

5
12 f s Lo Co 


(4)

Determination of LC filter
The value of the inductor for the filter is obtained from the
equation as follows:
1
2
V D(1  D)  1  2 D  2 D 2 
Lo  S 2

5
12 f s CoVo, av 


(5)

Fig. 2. The PWM signal for controlling switches

The output voltage of AC chopper without filter, running
for 1 HP motor load, is shown in Fig. 3.

While the reactive power can be calculated using the equation:

Pr 

 Vs F ( D )
12 f s 2CoVo , av

Re{I }

2

o



 Im{I o }  CoVo 2  CoVo 2

(6)
Where :
1

 1  2D  2D 2  2

F ( D )  D(1  D )

5



(7)

Once the capacitor value of filter is obtained, then the
inductance values can be found using the equation above.

Fig. 3. Waveform of the output voltage of PWM AC Chopper.

According to D.Yildirim [2], the ripple on the output
voltage decreases the voltage rms value and reduces the
power. The ripple associates with the harmonic distortion.
Thus, LC filter with a proper design is significantly needed to
reduce the ripple.
In the following section, analyzes of the output ripple on the
PWM AC Chopper is discussed, assuming:
- Load 3 phase motors 1 hp
- The frequency of 50 Hz source
- The PWM frequency is 1000 Hz
- All switches are an ideal switch
- LC filter parameters are constant

IV. HARDWARE SET UP
Materials and tools used to support this research are as
follows:
-

-

Hardware : - 3-phase ac chopper circuit
- LC filter circuit
- 3 phase induction motor
: - Oscilloscope 4 Chanel
Tools
- 3 phase ac power supply

- DC power supply
- Microcontroller Arduino Uno
- Computer and camera
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Fig. 4 shows the hardware set up in the laboratory, while
Fig. 5 shows hardware prototype of the PWM AC chopper
for starter applications. Three phase auto transformer was
used as variable power supply. In this case, we use it for
preliminary set up only. When everything was fine, the
transformer was set at constant 220 volt line-to-line.

Fig. 6a. The simulation results for freq = 1000 Hz, Duty ratio = 70%

Fig. 4. Hardware set up in the laboratory

Fig. 5. The prototype of PWM AC chopper

V. SIMULATION RESULTS AND LABORATORY TESTS
The laboratory tests were conducted using 3-phase AC
source 220 V line-to-line (VLL) with 1 hp motor load. In this
experiment, the AC Chopper was run without LC filter. Fig. 6
shows simulation results and the experimental results of the
PWM frequency at 1000 Hz and Duty Ratio 50%. As can be
seen, both simulation and laboratory test show a very similar
result, indicating that the system worked properly.
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Fig. 6b. Laboratory test results

In another experiment, a Low Pass filter was installed as
shown in Fig. 7. Three filters installed in every phase of the
chopper output.
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Fig. 7. Low pass filter circuit and connection
Fig. 9b. Test results of the microcontroller output

Analysis of ripple voltage
After filter was installed, the ripple voltage dropped
according to the equation (4). The simulation with duty cycle
of 70%, resulted in output voltage as seen in Fig. 8.

The filter in the simulation uses L = 10 mH and C = 2.2
µF. According to equation (4), the ripple voltage was obtained
as follows:
1

220 x0,7(1  0,7)

Vout

Vo,av 

300
200

12 x1.000 2 x10 x10 3 x 2,2 x10 6

 1  ( 2 x0,7)  ( 2 x 0,7 2 )  2




5



=

Vo,av 93,26 V

100
0
-100

The value of inductor, capacitor and switching frequency
is varied, then the amount of ripple voltage obtained is shown
in Tables I, II , and III.

-200
-300
S1_3_5

Fig. 8. AC output voltage of the Chopper with LC filter installed
TABLE I.

Fig. 9a and 9b showed the results of laboratory with 3
phase induction motor load as 0.25 KW, 220V, and switching
frequency as 1 kHz. In these experiments, an LC filter with L
= 10 mH and C = 2.2 uF is used, combined with a duty cycle
of 70%.

VLL (V)
220
220
220
220
220

EFFECT OF SWITCHING FREQUENCY FOR VOLTAGE RIPPLE
D
0.7
0.7
0.7
0.7
0.7

TABLE II.
VLL (V)
220
220
220
220
220

F (Hz)
1000
2000
3000
4000
5000

L (H)
0.01
0.01
0.01
0.01
0.01

C (f)
0.0000022
0.0000022
0.0000022
0.0000022
0.0000022

Vo (V)
93.26039
23.3151
10.36227
5.828774
3.730416

EFFECT OF CAPASITOR VALUE FOR VOLTAGE RIPPLE.

D
0.7
0.7
0.7
0.7
0.7

F (Hz)
5000
5000
5000
5000
5000

L (H)
0.01
0.01
0.01
0.01
0.01

C (f)
0.0000022
0.000004
0.000006
0.000008
0.00001

Vo (V)
3.730416
2.051729
1.367819
1.025864
0.820691

The best result with minimum ripple voltage as 0.16 volt was
obtained when the filter has L = 50 mH and C = 10 µF. This is
presented in Table III. Fig. 10 shows the voltage waveform
with minimum voltage ripple.
Fig. 9a. Laboratory test results with motor as the load and LC filter
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TABLE III.

TABLE IV.

EFFECT OF INDUCTOR VALUE FOR VOLTAGE RIPPLE

VLL (V)
220
220
220
220

D
0.7
0.7
0.7
0.7

F (Hz)
5000
5000
5000
5000

L (H)
0.01
0.02
0.03
0.04

C (f)
0.00001
0.00001
0.00001
0.00001

Vo (V)
0.820691
0.410346
0.273564
0.205173

220

0.7

5000

0.05

0.00001

0.164138

EFFECT OF INDUCTOR VALUE FOR CURRENT RIPPLE

VLL (V)

D

F (Hz)

L (H)

C (f)

IL

220
220
220
220
220

0.7
0.7
0.7
0.7
0.7

5000
5000
5000
5000
5000

0.01
0.02
0.03
0.04
0.05

0.00001
0.00001
0.00001
0.00001
0.00001

0.267052
0.133526
0.089017
0.066763
0.05341

Vout
100

VI. CONCLUSION

50

Design, simulation and implementation of filter LC in AC
chopper for induction motor starting applications was
discussed in this paper. A proper filter design was presented
resulting in a minimum ripple voltage as 0.16 volt of 220 volt
grid voltage. Tests from simulation and laboratory showed
very similar results, indicating that the theory properly verified
by the experimental values.

0
-50
-100
S1_3_5
1
0.8
0.6
0.4
0.2
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Fig. 11. Ripple current of AC Chopper with 3 phase induction motor load

After the addition of the LC filter ripple current can be
reduced according to the equation (3).
I L , av 

220 x0.7 x(1  0,7)
2 3 x1.000 x10 x103

 1,335

Current ripple can be reduced by changing the value of the
switching frequency and inductor value, as shown in Table IV.
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prevent the occurrence of errors that occur due to limitation of
human abilities.

Abstract—Auto tracking and target locking are an automated
weapon system. The system works by tracking and locking target
automatically against targets selected. This system can replace
the human role in a defence point. The existing technologies
utilize radar and opto-electrical technology. These technologies
are vulnerable against jamming and have a high degree of
difficulty and the cost of procurement that is expensive.

II. THEORETICAL BACKGROUND
A. Machine Vision
Machine vision is a process to extract image information to
get important information of an object. The information will be
further processed in accordance with desired objectives. In the
field of industry, machine vision can be used as replace of
traditional sensors. For the example of machine vision
application is counting the number of bottles and sorting the
bottles using machine vision rather than multiple sensors. By
using machine vision that replaces multiple sensors, it would
make process more efficient and cost-effective.

This research proposes an automatic system for target
tracking and locking based on visual perception using camera.
The camera on the system aims to acquire the visual information
as image data. With the target reference in image selected by the
operator, the image data is processed further to estimate and to
track the target position in image representation. The estimated
target position is used to generate motion command for the gun
platform so that the gun direction aims at and lock the target.
Then, the operator can take a decision on whether the target
should be shot or ignored.

In the military field, machine vision can be used to detect
the presence of enemies without direct contact of military
personnel with the enemies. This can prevent unnecessary
casualties on both sides. Machine vision is used for unmanned
system that operated at far position from operator or frontline
personals that make operator safer from direct contact with the
hostile enemy.

Results of the experiment conducted in this research are the
system is able to track target of the human body within moving
or stationary targets chosen by the operator. The difference of
gun prototypes does not affect performance of the system.
The shooting accuracy has been obtained from the firing test with
various distance and the height of the target is approximately 100
percent.

B. Target Tracking
The target tracking is a process to estimate and track the
position of a target in the sequence of images. Optical flow is a
method that commonly use for the target tracking purpose.
Optical flow is an estimation of the movement from a part of
the image based on the derivative of the light intensity in the
sequence of images. In two dimensions space, this mean how
far an image pixel switching between two successive images
frames, they are present frame and previous frame. Calculation
of the derivative is based on changes in light intensities
between present frame and previous frame. Changes in light
intensity that occurs in the part of image can be caused by the
movement made by the object, the movement of the light
source or a change in the viewpoints.

Keywords—tracking system; machine vision

I. INTRODUCTION
In military, the use of human resources to perform tasks
that demand high level of accuracy and precision gradually
reduced and replaced with a system that can perform
independently. Example of things that demand high level of
accuracy and precision is the target tracking and locking.
This research does the implementation of automatic
tracking and locking the target on a static defence based on
machine vision. Machine vision technique is applied to
perform visual processing and to provide the position
information of the target. Based on visually tracking of target
position, the motion control performs a control mechanism to
the gun platform so that the target can be tracked and locked
automatically. It is hoped that the system can cover the
deficiencies that exist in humans to perform similar tasks. It is
also intended to prevent unintended casualties or victims and to

The target tracking can be done by using optical flow
method formulated by Lukas-Kanade with Lukas-Kanade
pyramidal algorithm. At the beginning, this algorithm attempts
to find a fast image registration technique by utilizing the
spatial gradient intensity.
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C. Human Detection
In the process of target selection for static defence
application, to know what things are at in front of the camera
will greatly help the operator to interact with it. Human
detection can be used as one of feature to provide help for the
operator. Human detection is a method for detecting presence
or absence of human in the image sequence. The human
detection can be conducted using Haar-cascade method.
D. Modular Advanced Armed Robotic Systems (MAARS)
MAARS is a powerful combat ready robot which can
operate for reconnaissance mission, surveillance mission and
target acquisition [1]. The presence of MAARS can make
frontline operator in conflict area safer because MAARS can
replace operator presence in dangerous area. MAARS can be
regarded as one of example of a defence system. The model of
MAARS is shown in Fig. 1.

Fig. 2. Block diagram of the Static Defence System.

III. SYSTEM DESIGN
In this section, the design of the Static Defence System is
discussed. The system’s block diagram is shown in Fig. 2. The
system consist of Operator, Static Defence Equipment, and
Target. The Static Defence Equipment in this system is placed
in a static position which means it cannot move from its initial
position. The Operator in this system is responsible to select
the Target, and then the Static Defence Equipment will track
and lock the Target which has been selected by the operator.
The straight line in the figure means the process is running
continuously and the dotted line in the figure means the process
is not running continuously.

Fig. 3. Block diagram of Static Defence Equipment.

the individual suspected as threat and then the Static Defence
Equipment will track and lock the motion of the Target which
has been selected. Operator can change the Target with the new
one and remove the previous target. If the Target is considered
necessary to be shot down, the Operator can give a command
to the Static Defence Equipment to shoot the Target. All
process ordered by the Operator is done through PC-Based
Control and Vision Processing without touching any defence
hardware placed on defended area directly. So the Operator is
far away from harmful area and located in a safe distance.

The system is placed to defend an area. Emplacement of the
Defence Equipment is in static configuration. The main Target
of the system is human that possess threat to the area which
defended by the system. Because the main target is a human,
the Static Defence Equipment has designed with height lying
between 80 centimeters to 120 centimeters. The Static Defence
Equipment requires an Operator to operate the Static Defence
System. When being operated, the Static Defence Equipment
will display image captured by camera and show the presence
of a human. If the Operator assumes the human possess threat
to the defended area, the Operator can do the targeting against

A. Static Defence Equipment
The Static Defence Equipment’s block diagram is shown in
Fig. 3. The Static Defence Equipment consists of the PC-Based
Control and Vision Processing, and the Gun Platform. The PCBased Control and Vision Processing use image from camera
placed on Gun Platform as primary vision data to be processed.
The Pan-Tilt Motion Controller is used to control the motion of
Gun Platform through the Motorized Pan-Tilt Mechanism. The
Gun Platform is also equipped with Gun to shoot the Target if
necessary.
To achieve the adequate performance for the vision
processing, the Machine Vision utilizes image pixel resolution
of 640×480 pixels with image frame rates of 25 frames per
second. The 640 pixels is designated for x-axis and 480 pixels
for y-axis in image frame. The center position in image frame
(320,240) is used as command positions (pxcmd,pycmd) for
locking the target.

Fig. 1. Modular Advanced Armed Robotic Systems.
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py

px

Fig 5.

Block diagram of Machine Vision.

B. Machine Vision
The block diagram of the Machine Vision is shown in Fig.
5. Machine Vision’s block in the PC-Based Control and Vision
Processing utilizes the colour image captured from camera to
be processed further. The colour image is displayed to the
Operator and it is converted to grey image. The grey image is
used as input of the Haar Cascade Based Human Detection to
search the presence of human in front of the camera and then
displayed to the Operator. Based on image on Display, the
Operator can decide the order to select the Target if necessary.
When the operator has selected a Target, then the grey image
will be processed with optical flow method to track the current
positions of Target in image frame. The current positions in xaxis and y-axis are denoted by px and py, respectively.

Fig. 4. Gun Platform hardware.

The Pan-Tilt Motion Controller utilizes 2 DC motor drivers
to control the motion of the Motorized Pan-Tilt Mechanism
which uses 2 DC motor to perform motion in pan and tilt
direction. The x-axis and y-axis in image frame are used as
reference for pan motion and tilt motion, respectively. The pan
and tilt motion are determined by the control algorithm with
inputs come from the command positions (pxcmd,pycmd) and the
current positions (px,py) of Target estimated in Machine Vision.
The standard Proportional-Integral-Derivative (PID) control
algorithm is applied in the Pan-Tilt Motion Controller.
The hardware of the Gun Platform consists of a camera for
image capturing, Personal Computer (PC), driver for DC
motor, DC motor for pan-tilt movement, Pulse Width
Modulation (PWM) signal generator, data acquisition module,
and a gun. The gun types used in the gun platform are gun
prototypes of SIG552 and M4 rifle. The gun prototype of
SIG552 is made of plastic and its weight around 600 grams
depends on ammo inside the prototype. The M4 rifle gun
prototype has 1:1 scale, made of steel with the weight around 4
kilograms. The gun prototype of M4 rifle is same as the actual
weapon in military. The hardware of the Gun Platform is
shown in Fig. 4.

IV. SYSTEM RESULTS
Some of the experiments were conducted to verify the
effectiveness of proposed system. The experiments results are
explained in detail below.
A. Human Detection
The human detection experiment was conducted to verify
whether the Gun Platform could detect human presence on the

Explanation of the hardware:
1 = Gun prototype (SIG552)
2 = Camera
3 = DC Motor for tilt motion
4 = Proximity sensors
5 = PWM generator circuits
6 = Driver for DC motor
7 = Actuator circuit for gun shooting
Fig. 6. Experiment environment for human detection.

8 = Multifunction IO Card (Advantech USB-4711A)
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TABLE I.

TRACKING PERFORMANCE

Test No

Tracking duration (seconds)

1

9

White

2

12

Blue

3

28

Red

4

40

Blue and black strips

TABLE II.

Target’s colour

PERFORMANCE OF SIG 552 PROTOTYPE

Test No

Tracking duration (seconds)

1

42

2

61

TABLE III.

PERFORMANCE OF M4 RIFLE PROTOTYPE

Test No

Tracking duration (seconds)

1

43

2

48

Fig. 7. The foreign object covering the locked target.

outcome of the captured image from camera. The experiment
conducted by rough search method resulted that the Static
Defence System succeeded to detect every human presence in
front of it. The experiment performed during the day with
adequate light condition. The experiment environment is
shown in Fig. 6.

The experiment result shown that the difference between
gun prototypes did not affect performance of the Static
Defence System. The Static Defence System performs well on
both of gun prototypes.
Another experiment related to target tracking and locking
was the influence of interference from foreign object to the

B. Tracking and Locking on Target
The experiments of the tracking and locking on target were
conducted with two prototypes, SIG552 gun prototype, and M4
rifle prototype. Condition of the experiment was same as
shown in Fig. 6.
The first experiment was conducted to know how long the
Static Defence System could maintain to track and lock the
moving human with different shirt’s colour as the Target. The
experiment performed by SIG552 gun prototype and the Target
was shirt’s colour. The speed of the Target was average of
walking person, around 3 kilometres per hour. The experiment
result is shown in Table I.
The Static Defence System cannot perform well with the
target’s colour of white and blue because the contrast of
target’s colour and the background’s colour behind the target
was not high. The colour of background was dominated by
white and blue.
The experiment was also conducted with two different gun
prototypes, SIG552 prototype and M4 rifle prototype. In this
experiment, the target’s colour of black was selected. The
purpose of experiment was to verify whether the different
prototypes of gun affect the performance of the Static Defence
System. The experiment result of two different gun prototypes
is shown in Table II and Table III.

Fig. 8. The locked target covering the foreign object.
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locked target. There were two types of interference condition.
Firstly, the foreign object moved in front of the moving locked
target. Here, the locked target was bypassed by foreign object,
which make a condition that the foreign object covering the
locked target in the line of sight of Gun Platform. The scenario
of the first type of interference condition is described in Fig. 7.

TABLE IV.

Secondly, the locked target moved in front of the moving
foreign object, the interference condition was the opposite of
the first one. Here, the foreign object was bypassed by locked
target which made the locked target was not covered by foreign
object in line of sight of Gun Platform. The scenario of the
second type of interference condition is described in Fig. 8.
Both of experiments for first and second type of interference
condition were conducted in the same place and condition.

Test No

Distance of target

Height of target

1

5 meters

120 centimeters

2

3 meters

120 centimeters

TABLE V.

The first interference condition shown the Static Defence
System was unable to maintain the target locking. It was
because the Gun Platform line of sight to the locked target was
disturbed by foreign object. The locked target was suddenly
covered by foreign object and then the Static Defence System
lost the target and was unable to track and lock the target. In
the second case where the foreign object moved behind the
target, the Static Defence System still maintained to track and
lock on the target because the Gun Platform line of sight to the
locked target was not disturbed by foreign object.

TARGET PARAMETERS

PERFORMANCE OF GUN SHOOTING

Test No

Bullet count

Shot on target

1

4

4

2

4

4

able to lock the target, then the operator gave command to
shoot the target. In this case, the Gun Platform (as part of Static
Defence System) shot 4 times to the target. The parameters of
the target used in this experiment is shown in Table IV, and the
result of the gun shooting experiment is shown in Table V.
The experiment result of gun shooting shown that whether
the distance of the target was changed, the performance of the
Static Defence System to lock the target and then to shoot on
target was still accurate enough. No bullet shot that hit out
from the mark used as target.

C. Gun Shooting
The gun shooting experiment was conducted to assess the
accuracy of the Gun Platform to shoot to the target. The
experiment was done by utilize different distance of the target
and with the height of the Gun Platform at 120 centimetres.
The target was a circle with diameter of 20 centimetres. The
target is in accordance with the standard of shooting regulation
of ISSF (International Shooting Sport Federation) for shoot a
target within 50 yard (45.72 meters) for the pistol weapon. The
shoot was calculated as shot on target if the gun platform was
able to hit the circle target. The environment of gun shooting
experiment is shown in Fig. 9.

V. CONCLUSION
Based on experiments results, the performance of the Static
Defence System can be described as follow:
• The target’s colour affect to the tracking process in
image frame. If the colour blends with the background,
the Static Defence System is unsuccessful to track and
lock the target.
• The accuracy of gun shooting with variation in distance
and height of the target is approximately 100 percent.

The experiment was started with locking the target by the
Static Defence System which was the center of the selected
target (center of circle). After the Static Defence System was
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background object and inserted background object. On the
other hands, we gained advantages such as image with
unimodal characteristics, short space between frame, and no
illumination changes. In this research, we proposed an
approach to detect moving sperms in video stream using
Single Gaussian algorithm as method to detect moving pixel in
the scene. This method is more suitable in cases of detection
of moving sperm, because it is designed to deal with unimodal
background scene. This algorithm model was chosen because
it fits to challenge and advantage that appeared in moving
sperm detection cases. To prove whether the used algorithm
suits well or not, we also compare some algorithms of
background subtraction that we think are able to overcome the
challenges and issues in moving sperm detecting case, so we
can inform the reader which moving object detection method
that suit well and give sophisticated result in moving sperm
detection cases.
The rest of this paper is organized as follows. Brief
review of moving object detection method will be provided in
section 3. Design of sperm moving object method is described
in Section 4. Experiments result is presented in Section 5. In
Section 6, the conclusion and further discussion as open
problem of this paper are briefly discussed.

Abstract— Research about determining infertility rate of
sperm is still being under constant development. First important
phase on the sperm infertility observation is detection of sperm
object. Success rate of separate sperm with semen fluids has
important role for further analytical measure. This research is on
its ways to detect and count human's spermatozoa. Detected
sperms are moving sperm that is moving on the video. To detect
moving sperm, Single Gaussian background subtraction is used.
This method fits for sperm detection because the sperm data used
are tends to be in unimodal. This research also uses other
methods of background subtraction as comparison. The
examination result shows that Single Gaussian method has fmeasure value 0.853 and successfully extracts the sperm shape
fully better than other methods.
Keywords—moving object detection, moving sperm detection,
male fertility test;

I. INTRODUCTION
According to WHO [15], male infertility rate can be
measured by analyzing the morphology of the sperm, the
movement of the sperm, and the density of the sperm in
semen. Semen analysis is a test to evaluate male fertility. In
the study of sperm analyze, the first important step is detecting
the sperm itself. This detection step is the key of a successful
sperm analyze system to measure male infertility rate. There
are many studies on this issue has been done [1] [7] [8] [10]
[13]. The most effective way to detect sperms on the video is
by using moving object detection method. By this way, we can
detect the sperm base on its motility and separate non-sperm
objects and from the sperm video scene [8].
Paper [8] [10] show good result in sperm detection by
using Gaussian Mixture Model algorithm in background
subtraction process. However, based on review of background
subtraction in [2], GMM or MOG algorithm is suitable for
dynamic backgrounds like background scene that have waving
trees, water rippling or moving algae. Because this method
(GMM) is used multimodal PDF’s so it can adapt easily in
dynamic background. In the detection of moving sperm which
the scene has unimodal model, it is less appropriate to model
background or detect foreground using multimodal PDF’s
because this method is not designed to be used in case of
moving object detection which the scenes tend to have
unimodal characteristic.
Challenge and issues while conducting background
subtraction on detection of moving sperm are moved

II. MATERIALS AND METHOD
A. Materials
This research used microscopic video of sperm obtained
from observation of 20 volunteers semen who were willing to
donate his sperm. This semen was observed using bright field
microscope with 40x magnification. An example of data that is
was used in this research can be seen at Fig.1.

Fig.1. Video frame of semen with 40x magnification
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B. System design

(6)
The foreground detection is made as follows: if |µ(t+1) – σ(t+1)| <
kσ(t+1), then the pixel is classified as background otherwise the
pixel is classified as foreground.

Fig.2. Flow diagram of moving sperm detection algorithm

Gaussian Mixture Model
Each pixel in the scene is modeled by a mixture of K
Gaussian distributions. The probability that a certain pixel has
a value of XN at time N can be written as:

C. Background subtraction
Background subtraction is a technique used to detect
moving objects on frame, both from recorded video or direct
camera capture. The result of background subtraction is binary
image(s) which contains information of framed moving
object(s) – foreground mask. These following lines are the
theory of background subtraction algorithm that used on this
paper:

(7)
where wk is the weight parameter of the kth Gaussian
component. η(x;θk) is the Normal distribution of kth component
represented by:

Frame Difference
Background image in this algorithm is taken from the frame
(f) before the current frame (ft-1). The formula to get the model
background in this algorithm can be written as follows:

(8)
The K distributions are ordered base on the fitness value wk/σk
and the first B distributions are used as a model of the
background of the scene where B is estimated as:

(1)
Weighted Moving Mean
While modeling the Background, the algorithm computes
the mean of the frame video. The data used in the computation
are framet, framet-1, and framet-2. The weight value in the
newer frame is bigger than the previous one, thus the algorithm
becomes adaptive to changes. The formula of this algorithm
can be written as follows:

(9)
The threshold T is the minimum fraction of the background
model. In other words, it is the minimum prior probability that
the background is in the scene. Background subtraction is
performed by marking a foreground pixel by pixel that is more
than 2.5 standard deviations away from any of the B
distributions, it can written as:

(2)

(10)

Weighted Moving Variance
The algorithm also computes the variance of frame video.
The formula of this algorithm can be written as follows:

Weight value updated at all times:
(11)

(3)

Mean updated only if there is matched model:
(12)

Frame Difference, Weighted Moving Mean, and Weighted
Moving Variance algorithm only compute background model,
To extract the foreground, we need to find the difference
between the background model and the current frame, so the
equation can be written as follow:
(4)

Variance only if there is matched model:
(13)
Kernel Density Estimation
This algorithm takes consecutively in a time size window
W for N recent sample of intensity values then estimate the
probability density function for each pixel color using the
kernel estimator K (Gaussian kernel) as:

But foreground result(s) of has not binary image yet. Therefore,
it needs to conduct a threshold process to transform foreground
image to binary. Value of pixel which is under threshold will
be rated 0 (black) and 255 (white) for above.
Single Gaussian
This algorithm is to model each background pixel
according to normal distribution characterized by its mean
value (µ) and its standard deviation (σ). In order to adapt the
model over time at each new frame time t+1, the mean and the
variance are updated using a running average scheme.

(14)
Rules that apply to detect foreground is: If Pr(xt) > T, then the
pixel belongs to background, else the pixel belongs to
foreground.

(5)
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frames and then 10 frames after the frame that we will make its
ground truth. Illustration of ground truth creation of frame 30th
can be seen on Fig.4.

D. Morphological Operation
After background subtraction, we have foreground mask
that represents the moving pixel in the video. The foreground
image still has noises and the sperm seems imperfect. The
example of the noise (white dots) and the imperfect-shaped
sperm can be seen in Fig.5. To overcome this, morphological
operation is applied to fix the image after background
subtraction. The operations we use are opening operation
followed by closing operation. In this research, structural
elements that are used in all the morphological operations
have ellipse form with a kernel size of 5x5. The structural
element that is used can be seen in Fig.3.

Fig.4. Illustration of ground truth creation of frame 30th
Contained moving sperm object areas were marked by
giving pixel value 255 and giving pixel 0 for uncontained
areas. Comparison between both ground truth images was
conducted for 10 times by collecting result detection at every
30 frames of video therefore it created listed frames: 30, 60, 90,
120, 150, 180, 210, 240, 270, and 300. The result of these
comparison was then analyzed by ROC (Receiver Operating
Characteristic) analysis so that there are three value gained,
True Positive (TP), False Negative (FN), and False Positive
(FP). TP is a seen and detected sperm. FP is a seen but
undetected sperm. FN is a unseen and undetected sperm. By
this result, precision, recall, and f-measure values would be
counted.

Fig.3. Ellipse 5x5 Structural element

B. Results

Opening operation is aimed for eliminating noises occurred on
foreground image from background subtraction process and
revert object shapes that changed during noises elimination
(erosion). Closing operation is aimed to close small dots on
the object, and join disjointed sperm shape, and shapes
detected moving sperm.

The result of every steps on morphological operation
process can be seen on Fig.5.

E. Contour Detection
On the previous process, the noise appeared from the
foreground-background separation has been cleared. So
Therefore, the binary image of the moving sperm is obtained.
Every blob in the binary image is the representation of the
moving sperm. From this image, the sperm is detected base on
its contour. Contour-based detection will give us some
important information such as contour, location, and amount of
detected sperm. According to the information, every detected
sperm will be squared by bounding box as same as the amount
of sperms on the original video frame. So that, it looks that
system works on sperm detection.

Fig.5. Morphological operation that used in this paper
On process contour detection, video frame will be squared
by bounding box and listed from the detected moving sperm.
The result can be seen on Fig.6.

III. EXPERIMENTAL AND RESULTS
A. Experimental
A microscopic video of sperm with 40x magnification was
observed by bright field microscope obtained from the
observation of volunteer’s sperm. C++ and OpenCV 2.4.10
were used as a tool and library for implementing all of the
moving sperm detection process including background
subtraction algorithm.
The validation process was done by comparing the results
of moving sperm detection (on each algorithm that used) with
ground truth images which was result of manual observation
from location of moving sperm in the video frame. To ensure
that the area is indeed an object sperm are moving in the
process of ground truth images creation, we firstly observed 10

Fig.6. Contour detection of moving sperm object
Foreground mask frame 30th of video sperm from all
background detection algorithms which were tried can be seen
on Fig.7.
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(a)

(b)

(d)

(e)

(c)

(f)
th

Fig.7. Result of background subtraction method in detection of moving sperm in frame 30 (a) Weighted Moving Mean
(b) Weighted Moving Variance (c) Frame Difference (d) Gaussian Mixture Model (e) Kernel Density Estimation
(f) Single Gaussian
The result of validation process such as precision, recall,
and f-measure of every used algorithm can be seen on Table 1.
And the comparison of F-Measure values that is presented in
graphical form, can be seen on Fig.8.

compared to other used background subtraction algorithms. On
the experiment that was conducted, moved background object
which is the (main) issue on moving sperm detection case
keeps to be detected as background on foreground mask result
of Single Gaussian algorithm. Whereas on the other algorithms,
moved background object is still detected as foreground which
will influence the result of moving sperm object detection. The
foreground mask result(s) of Single Gaussian algorithm also
has/(have) a little noise. However, the shape of sperm can be
better extracted than other algorithms. It indicates that Single
Gaussian algorithm is suitable for background subtraction
process on moving sperm object detection.

Table 1. Result of validation process of every used background
subtraction algorithm

IV. CONCLUSION
This paper presented an approach to detect and count moving
sperm object using Single Gaussian background subtraction
algorithm in microscopic video of sperm. This paper prove
that Single Gaussian is suitable for background subtraction
process on detecting and counting moving sperm object case.
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second class is to model the inter-relationship among software
failure time. This model is known as multiple-delayed-input
single-output (MDISO) architecture which forms an important
class of software reliability prediction problem because of the
resemblance with time series model to describe the growth of
software reliability.

Abstract—Data-Driven Software Reliability Modeling
(DDSRM) is an approach in software reliability prediction
problem which only relies on software failure data. There are two
kinds of model architecture in this modeling, which are SingleInput Single-Output (SISO) and Multiple-Delayed-Input SingleOutput (MDISO). In MDISO architecture, the prediction process
involves having multiple inputs from the failure data to predict
single output in the future. Most MDISO literatures use
underlying assumption that a failure is correlated with a number
of most recent failures. In more “generic” model of MDISO, a
failure can be correlated with some of the previous failures. The
process of searching which time lags to use as inputs in this
model is sometimes referred to as a model mining process. This
paper proposes to apply Binary Particle Swarm Optimization
(BPSO) algorithm as model mining in software reliability
prediction problem in terms of failure count number with
Support Vector Regression (SVR) as predictor. Initial
experiment shows that the proposed SVR-BPSO method yields
more accurate prediction result than a prediction without model
mining.

However, in the MDISO architecture, there is a commonly
adopted assumption that the predicted value is strongly
correlated with the most recent several failures. This paper
refers to this model as “conventional” MDISO architecture. In
more “generic” architecture, the assumption is relaxed so that
the predicted value can be correlated with some of the
previous values, not necessarily the most recent ones. The
process of finding the best time lags terms in this architecture
is called a model mining process. Yang et al. [3] proposed to
apply Genetic Algorithm (GA) as model mining method with
Support Vector Regression (SVR) as predictor and found that
GA-SVR model yields better prediction result than a
prediction without model mining.

Keywords—Binary Particle Swarm Optimization; Model
Mining; Software Reliability Prediction; Support Vector
Regression.

In this paper, we propose to apply Binary Particle Swarm
Optimization (BPSO) algorithm as model mining in software
reliability prediction problem. SVR will be used as the
predictor in the proposed method.

I. INTRODUCTION

This paper is organized as follows. In section 2, literature
review is presented, which includes software reliability
prediction, DDSRM, BPSO, and SVR. In section 3, the
proposed method is presented. The experimental results of
comparing the algorithm proposed in this paper with other
method are presented in section 4. Finally, our work of this
paper is summarized in the last section.

Data-Driven Software Reliability Modeling (DDSRM) is
an approach in software reliability prediction problem which
only relies on software failure data. This approach is known to
have good applicability across various software projects
because it doesn’t depend on certain assumptions on the
system [1]. There are many techniques proposed in DDSRM,
such as non-parametric statistics, Bayesian Networks, timeseries with Autoregressive Integrated Moving Average
(ARIMA) model, and many others. However, there is a
popular trend among researchers to use machine learning
techniques, such as Artificial Neural Networks (ANN) and
Support Vector Machines (SVM), as prediction model.

II. LITERATURE REVIEW
A. Software Reliability Prediction
According to American National Standard Institute
(ANSI), definition of software reliability is the probability of
failure-free software operation for a specified period of time in
a specified environment. Research in software reliability
prediction focused on how to design a model to accurately
predict software reliability in terms of number of cumulative
failures, failure rates, or failure intensity. There are two kinds

Based on the model architecture, data-driven models with
machine learning can be classified into two classes [2]. The
first class is to model the relationship between software failure
time and the sequence number of failures. This model is
known as single-input single-output (SISO) architecture. The
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of software reliability modeling approach in general: the
analytical approach and the data-driven approach [4].

consecutive lagged terms taken from time series; and F(·) is
the time series model describing the relationship between the
past observations and future value. The value of w is the
dimension of input vector (number of input nodes in ANN or
SVM), which is sometimes called as the size of the sliding
window, the fixed-length of moving window, or the order of
autoregressive terms. The prediction problem in data-driven
model lays in the approximation of the function F(·) by
solving a linearly constrained quadratic programming in the
modeling process. Thus, the autocorrelation between the data
can be explored and better estimates can be obtained.
This model was used on most DDSRM with MDISO
architecture in literature. It can be noted that this model was
made on an assumption that a certain software failure is
correlated by a number of most recent failures. This motivates
Yang et al. [3] to use more “generic” time series model, where
a software failure may be correlated with some of the previous
failures. For example, a failure xi could be correlated with,
say xi −8 , xi −6 , and xi −2 . If this is the case, these three time
lag terms should be used as model inputs. This model can be
regarded as a generic data-driven model, where the time series
model can be represented as (2).

The analytical approach was the earliest efforts in software
reliability prediction research. The goal was to create
mathematical function to describe software failure rates under
certain assumptions on the system. However, this model has
underlying issue about applicability across different software
data. The data-driven approach, or Data-Driven Software
Reliability Modeling (DDSRM), is then proposed to predict
software reliability from historical software failure data
without making assumptions on the system. The techniques
used in this approach are mainly soft computing techniques
with regression or time series analysis.
B. DDSRM
There are many approaches proposed in DDSRM, such as
non-parametric statistics [5] [6], Bayesian Networks [7] [8],
time-series ARIMA model [9], and many machine learning
techniques. Karunanithi et al. [10] described reliability
prediction problem as follows: given a sequence of cumulative
execution times and the corresponding observed accumulated
faults up to the present time, and the cumulative execution
time at the end of a future test session, predict the
corresponding cumulative faults. Over the course of the years,
different data input and expected prediction output had
progressed. The common data input are cumulative execution
times, failure sequence number, etc. The common expected
output is, for example, cumulative faults. In term of prediction
range, the prediction horizon h determines how far the
prediction has to be made. For h = 1, the prediction is called
next-step prediction (also known as short-term prediction). For
h = n ≥ 3 consecutive test intervals, it is known as the n-stepahead prediction (or long-term prediction).

xi = F ( xi−m1 , xi−m2 ,, xi −m p )

In (2), xi is the observation of software failure process;
( xi − m1 , xi − m2 ,, xi − m p ) are time lag terms taken from the time
series; and F(·) is the time series model. It is necessary to
determine the time lag terms that should be used in F(·), that is
to determine the value of p and the values of m. Note that the
time lag terms aren’t necessarily be the most recent failure
data. This is actually to discover the inherent correlation of
failure data observations. This exploration process is referred
to as a model mining process.

Based on the model architecture, data-driven models with
machine learning can be classified into two classes: singleinput single-output (SISO) architecture and multiple-delayedinput single-output (MDISO) architecture. Early models
mostly used SISO architecture to build software reliability
models. For example, cumulative execution time as input and
the corresponding accumulated number of defects as desired
output and failure sequence number as input and cumulative
failure time as output. Recent studies focus on modeling
software reliability based on MDISO architecture.

It can be seen that (1) is a special case of (2), where p = w
and mi = i (1 ≤ i ≤ p) . In both of the models, the best value of
w or the used time lags can be approximated with the use of
computational intelligence technique.
D. SVR
Support Vector Machine (SVM) was first purposed by
Vapnik [11]. It adheres to the principle of structural risk
minimization seeking to minimize an upper bound of the
generalization error rather than minimize the training error,
which is the principle of ANN. The induction principle of
SVM is based on the bounding of the generalization error by
the sum of training error and a confidence interval term
depending on the Vapnik-Chervonenkis (VC) dimension.
Based on this principle, SVM achieves an optimum network
structure by striking a right balance between the empirical
error and the VC-confidence interval, which eventually leads
to better generalization performance than ANN models.

C. DDSRM with MDISO Architecture
In MDISO architecture, the software failure data is
interpreted as time series data and the prediction can be
carried out as univariate time series prediction. For forecasting
a univariate time series, the inputs are the past, lagged
observations of time series, while the outputs are future
values. The time series model used by most data-driven
model, or the “conventional” model, can be represented as (1).

xi = F (xi −1 , xi −2 ,, xi −w )

(2)

(1)

SVM training process is equivalent to solving linearly
constrained quadratic programming problems. Originally,
SVM was developed to solve pattern recognition problems.
However, with the introduction of Vapnik’s ε-insensitive loss
function, SVM has been extended to solve nonlinear

In (1), xi is the observation from the software failure
process, e.g., cumulative number of faults, failure time, interfailure time, etc; (x i −1 , x i − 2 ,  , x i − w ) is a vector of
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regression estimation problems. This technique is also known
as Support Vector Regression (SVR) and has been shown to
exhibit excellent performance [12].

x i (t + 1) = x i (t ) + v i (t + 1)

In (4), c1 and c 2 are positive constants, ϕ1 and ϕ 2 are two
random variables with uniform distribution between 0 and 1,
w is the inertia weight which shows the effect of previous
velocity vector in the new vector. There is an upper bound
Vmax for the velocity of particles to prevent the particles from
moving too rapidly. This value is usually initialized as a
function of the range of the problem. For example, if the range
of all xij is [-50,50], then Vmax is proportional to 50.

To build SVR model efficiently, SVR’s parameters must
be specified carefully. These parameters include:
1) Kernel function: The kernel function is used to
construct a nonlinear decision hyper-surface on the
SVR input space. Generally, using Gaussian function
will yield better prediction performance.
2) Regularization parameter C: C determines the tradeoff cost between minimizing the training error and
minimizing the model’s complexity.
3) Bandwidth of the kernel function (σ2): σ2 represents
the variance of the Gaussian kernel function.
4) The tube size of ε-insensitive loss function (ε): It is
equivalent to the approximation accuracy placed on
the training data points.

Binary Particle Swarm Optimization (BPSO) was first
developed by Kennedy and Eberhart [13] for discrete PSO
problems. In BPSO, particle’s personal best and global best is
updated as in continuous PSO. The difference between two
algorithms lays in the velocity definition. BPSO defines
velocity as the probability of the bit change. Using this
definition, a velocity must be restricted within the range [0,1]
and a map is introduced to map all real valued numbers to fit
the range. The normalization can be implemented using
sigmoid function in (6). The velocity update can be performed
by (4). The new position of the particle can be obtained by (7),
where rij is a uniform random number in the range [0,1].

In practice, polynomial and Gaussian kernel functions are
commonly used. Gaussian kernel can be adopted as kernel
function, if preferred, which is given by (3).
 − ( xi − x j ) 2 

K ( x i , x j ) = exp 


2σ 2

(5)

(3)

v ii (t ) = sig (vij (t )) = 1 1 + e

In SVR, parameters inappropriately chosen result in overfitting or under-fitting. Therefore it is important to choose
parameter selection method carefully.

− vij (t )

1, if rij < sig (vij (t + 1))
xi (t + 1) = 
otherwise
0,

E. BPSO
In the original algorithm of Particle Swarm Optimization
(PSO), a swarm is a population of particles which is randomly
initialized in different positions in the solution space. The
position of the particles represented a certain solution of the
problem. The quality of the solutions varies based on
particles’ positions. Therefore, to obtain the best result, the
particles have to move around the solution space. The
movement of the particles has to adhere to certain rules. The
best result is represented by the best particle positions, which
is obtained by calculating a certain fitness function.

(6)





(7)

III. PPOSOSED METHOD
In this paper, we propose a new method for model mining
in general DDSRM with MDISO architecture for next-step
prediction of software reliability. More specifically, we
propose to use BPSO as model mining method to find the best
time lag terms as model inputs with SVR to construct the
prediction model (SVR-BPSO). Therefore, we use more
“generic” MDISO architecture instead of the “conventional”
one.

The basic concept of the PSO algorithm is explained as
follows. The solution space can be assumed as d-dimensional.
The i th particle of the swarm can be represented by a ddimensional position vector X i = ( x i1 , x i 2 ,  , x id ) . The
velocity of the particle is denoted by Vi = (v i1 , v i 2 ,  , v id ) .
Each time a particle moves, it stores the best position the
particle ever visited in a vector Pibest = ( pi1 , pi 2 ,  , p id )
(known as personal best). The best position from all the
particles is also stored in a vector Pgbest = ( p g1 , p g 2 ,  , p gd )
(known as local best). Also, each time the particles move, the
velocity of the particles is updated using (4). Then, the
position of the particle is updated with (5).

The best time lags pattern is represented by the binary
solution of a particle in BPSO algorithm. In this experiment,
we use 8 as the length of the solution based on the similar
model mining research in software reliability prediction [3].
The value “1” in the solution indicates the position of time lag
to be used. For example, “10100100” means that failure data
xi −8 , xi −6 , and xi −3 should be used as inputs, as shown in
Fig. 1.
The initialization of BPSO variables ( c1 , c 2 , Vmax , and w)
was conducted as follows. The parameters c1 and c 2 are
initialized at 0.2 based on the general value used at literature
[14]. Vmax is initialized at ±4.0 based on recommendation
regarding the optimal setting to BPSO problem [15]. The size
of w is initialized at 0.8 based on the recommendation for
Vmax > 3 in literature [16].

v i (t + 1) = wvi (t ) + c1ϕ1 ( p i − xi (t )) + c 2ϕ 2 ( p g − x i (t )) (4)
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xi −8

xi − 6

be computed with testing data to evaluate the prediction
performance of SVR-BPSO model with (8).

xi −3

MSE =

10100100

1
N

N

 ( yˆ
i =1

i

− yi )

(8)

In (8), ŷi is the output obtained from the model (estimated
observation) and yi is the recorded failure data (true
observation). Smaller MSE means more accurate prediction.
The particle with the best MSE is chosen as the best particle
and the particle’s position as well as the SVR parameters will
be stored in Pgbest . The best position and SVR parameters for

Fig. 1. Interpretation of a binary code in model mining

The number of particles in this experiment is set to be 5.
The algorithm for the model mining process with SVR-BPSO
method is shown in Fig. 2.
The particles are generated with random initial position
and velocity. Therefore, each particle has different set of time
lag terms which will be used in SVR training process with
Gaussian kernel function. Based on the binary position (time
lag terms) of a particle, the input of the SVR will be tailored
from software failure data. For example, the binary
“10001010” means that SVR output yi was predicted with
inputs xi −8 , xi − 4 , and xi − 2 . Therefore, different particle
position will require different data inputs. The value of SVR
parameters C, σ, and ε, are determined using simple grid
search and 5-fold cross-validation to avoid over-fitting.

each particles are also stored in Pibest . Therefore, every
particle has its own record of Pibest . Pgbest and Pibest will be
updated every iteration until the stopping criterion is reached.
The model mining process terminates when the stopping
criterion is reached. In this experiment, the stopping criterion
is reached when Pgbest reaches convergence with the
threshold of 5 × 10-6 in MSE value in the last 10 consecutive
iterations. In the end of model mining process, the best
prediction model is obtained with resulting time lags terms
and SVR parameters.

After the training process, Mean Squared Error (MSE) will

Fig. 2. BPSO-SVR algorithm to determine the best time lags terms and SVR parameters to be used
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the last 6 data is used as inputs in training and testing process
to predict failure xi .

IV. EXPERIMENTAL RESULT
There are three data sets in this research, which are taken
from a real software data containing the number of cumulative
failure recorded weekly during the operation of the software.
D1 is taken from a bug tracking system in Xfce webpage [17]
with 21 entries. D2 is taken from a wireless network product
[18] with 51 entries. D3 is taken from a Brazilian Electronic
Switching system, TROPICO R-1500, for 1500 telephone
subscribers [19] with 81 entries.

For SVR-conventional method, the SVR parameters used
are C = 4800, σ = 0.4, and ε = 0.002. MSE and AE are
0.002006 and 3.034060, respectively.
For D2, the best time lag terms found is “00011010”,
which means that a failure xi is strongly correlated with three
previous failures, xi −5 , xi − 4 , and xi − 2 . The SVR parameters
used are: C = 4200, σ = 0.6, and ε = 0.003. MSE and AE are
0.000081 and 0.838358, respectively.

The first 80% of the data is used for the training process
and the last 20% of the data is used for the testing process.
Scaling is done before training process in the range of [0.1,
0.9], which uses the formula in (9) to avoid the impact of
absolute scale.

xi' =


x max
0.8
xi +  0.9 − 0.8 ×
x max − x min
x max − x min







This result is then compared with SVR method which used
the last 5 data to predict failure xi . The SVR parameters used
are: C = 4200, σ = 0.3, and ε = 0.003. MSE and AE are
0.000130 and 0.909266, respectively.

(9)

For D3, the best time lag terms found is “00011010”,
which means that a failure xi is strongly correlated with three
previous failures, xi −5 , xi − 4 , and xi − 2 . The SVR parameters
used are: C = 200, σ = 1.0, and ε = 0.009. MSE and AE are
0.000312 and 1.798022, respectively.

In (9), xi' is the scaled value, xi is the actual value, xmax
is the maximum value in the samples, and x min is the
minimum value in the samples. Scaling was done with both
input and output data.

This result is then compared with SVR method which used
the last 5 data to predict failure xi . The SVR parameters used
are: C = 200, σ = 0.3, and ε = 0.009. MSE and AE are
0.012783 and 9.731485, respectively. These results can be
summarized in Table 1.

For comparison purpose, we compared the accuracy of our
algorithm with “conventional” DDSRM (SVR-conventional)
without model mining process by computing the MSE and
Average Relative Prediction Error (AE), which is shown in
(10). To compute the AE, the data was scaled back to actual
value using (11).

1
AE =
N

N


i =1

yˆ i − y i
× 100%
yi


 x ' − 0.9
xi =  i
× ( x max − x min )  + x max

 0.8



TABLE I.

(10)

Data

(11)

In (10), ŷi is the output obtained from the model
(estimated observation) and yi is the recorded failure data
(true observation). The value of AE indicates the percentage
of error of predicted observation compared to the actual
observation in real data value, with the smaller AE indicating
more accurate prediction.

MSE AND AE FOR ALL DATA SETS
MSE

AE

SVR-BPSO

SVR-conv

SVR-BPSO

SVR-conv

D1

0.000946

0.002006

2.685764

3.034060

D2

0.000081

0.000130

0.838358

0.909266

D3

0.000312

0.012783

1.798022

9.731485

In Table 1, it can be seen that the proposed method has
smaller MSE and AE than SVR-conventional method. This
shows that the prediction of the proposed method is more
accurate than the prediction made by conventional MDISO
architecture. Therefore, model mining process is proved to be
able to improve the prediction result because of more complex
nature of inter-relationship among software failures as time
series data. The time lags terms should be determined as
inputs instead of using all of data in the size of sliding
window.

The result of the initial experiment is as follows. For D1,
the best time lag terms found is “00111011”, which means that
a failure xi is strongly correlated with five previous failures,
xi −6 , xi −5 , xi − 4 , xi − 2 and x i −1 . The SVR parameters used in
training process are: C = 1000, σ = 0.7, and ε = 0.001. The
resulting MSE and AE are 0.000946 and 2.685764,
respectively.

However, there are some things that can be improved in
the future so that the proposed method yields better prediction
accuracy than the result in this initial experiment. The most
important thing to improve is the SVR parameter selection
algorithm. In this initial experiment, the parameters C, σ,
ε were chosen by simple grid search method. However, to
avoid too much running time, exhaustive search couldn’t be
performed. Therefore, the predicted value in both methods in
this initial experiment can be seen as under-fitted and can be
improved by the use of better SVR parameter selection

This result is then compared with the software reliability
prediction algorithm using SVR-conventional method. Based
on the result of the best time lags terms, the size of sliding
window can be determined by locating the furthest time lags
terms, which is xi −6 . This shows that the size of sliding
window for SVR-conventional method is 6, which means that
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algorithm. The problem of selecting SVR parameters had
already been addressed extensively in other research and it is
advised to adapt one of the SVR parameter selection methods
into SVR-BPSO algorithm.

[8]

V. CONCLUSIONS

[9]

In this paper, we proposed BPSO as method for model
mining in software reliability prediction process with SVR as
predictor. The initial experiment shows that the proposed
SVR-BPSO model is able to detect the time lags terms needed
for software reliability prediction to yield better prediction
result than “conventional” DDSRM. This is because of the
inter-relationship among software failure data is more
complex, meaning that a software failure can be correlated
with some of the previous failures, not necessarily being the
most recent ones. However, because of the limitation in SVR
parameter selection algorithm, the prediction result tends to be
under-fitted. This leaves a room for improvement in future
experimentation.

[10]

[11]
[12]

[13]
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Abstract—This research addresses the implementation of
digital signature technique for electronic prescription to prevent
cybercrime problem such as robbery, modification and
unauthorized access. In this research, RSA 2048-bit algorithm
will be implemented in Java programming and android based
system. Secure Electronic Prescription (SEP) application design is
intended to combine given services, such as confidentiality,
authentication, and non-repudiation. Cryptography is used to
ensure the prescription file and QR-Code for detailed information
on the prescription that have been given only for the pharmacist.
The QR-Code will be encrypted using an asymmetric algorithm
based on NIST Standard. In the application, there are two
schemes, namely the protection schemes and verification scheme.
This research uses black-box testing, and white-box testing to test
input values, code and output without testing the process and
design that
occurs in the system. We demonstrate the
implementation of cryptography
in Secure Electronic
Prescription (SEP). The implementation of digital signature in
this research can prevent archive thievery which is shown on
implementation and is proven on the test.

information now available electronically, it makes it easier
for eavesdroppers, hackers and other malicious attackers to
access the confidential information. Connecting personal
health information to the internet exposes this information to
more hostile attacks compared to the paper-based medical
records. Electronic prescribing is simply an electronic way to
generate and transmit prescriptions and prescription related
information using electronic media between a prescriber and
dispensing pharmacy [4].
The reason why most intruders are so successful is that
most of the information they acquire from the system is in a
form that they can read and understand. Intruders may reveal
the information to others, modify it to misrepresent an
individual or use it to launch an attack [5]. Prescription based
on paper still have some flaws and problems, problems with
the aspect of physical security, requiring storage area
resource, difficult to transfer or communication the
information, easily damaged and destroyed. If the storage
process is not stated properly, than it will be complicate the
search process (information retrieval). In addition to the
many possible disasters, Prescription is a personal data for
someone. For that we need a solution to resolve the issue.

Keywords— Electronic Prescription; Digital Signature;
Cryptography on Java Programming, Android Based System;

I.

INTRODUCTION

The process of organizing and managing it manually on
paper media has a few shortcomings in the aspect of
information security that is confidentiality, data integrity,
availability, non-repudiation, and authentication [6]. The
electronic prescription potentially a great benefit to health
services such as primary and referral service facilities
(hospitals).

Medication errors and adverse drug events contribute to
approximately 7,000 deaths a year, with an estimated cost for
drug-related morbidity and mortality exceeding $77 billion a
year [1]. A minimum of 1.5 million preventable medication
errors occur each year in hospitals, nursing homes and
ambulatory care settings, according to the Institute of
Medicine (IOM). IOM has recognized e-prescribing as one
of the most promising tools to reduce such errors and
recommends that all prescriptions be written electronically
by 2010 [2]. Data released in October 2007 by the Southeast
Michigan E-Prescribing Initiative (SEMI), a broad coalition
involving General Motors, Ford Motor Company, Chrysler
LLC, the United Auto Workers (UAW), Blue Cross Blue
Shield of Michigan, Health Alliance Plan, Henry Ford
Medical Group, Medco Health Solutions, Inc. and CVS
Caremark Corporation, also demonstrated that e-prescribing
significantly reduced medication errors [3].

Recent paper research that for the security of the
proposed electronic prescription use steganography,
symmetric key and login password for authentication [9]. Eprescribing enables prescribers to take advantage of larger
medication history databases through electronic prescription
data communication link organizations. Such organizations
electronically route patient medication history and pharmacy
benefit information to physicians in their offices and at
hospitals in order to improve patient safety [7]. This feature
saves the prescriber valuable time and effort and further
reduces the number of errors or adverse events [8].

The advent of the electronic-age and the internet brought
about the use of computer-aided medical support such as, ehealth, e-health record and e-prescription. With this

This paper addresses design and build Secure Electronic
Prescription applications with digital signature and file
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encryption not only to solve confidentiality, data integrity,
availability, non-repudiation, and authentication problem but
also to prevent robbery, modification and unauthorized
access. Secure Electronic Prescription (SEP) apllication is a
secure electronic prescription use RSA algorithm 2048 bit
[10] that is implemented in Java programming and android
based system. The cryptography aspect is expected to ensure
the prescription file and electronic documents on his identity,
examination, treatment, action and service given to patients
and the authorized person.
II.

FUNDAMENTAL THEORY
Fig. 1. Digital signature scheme [15]

A. Electronic Prescription
E-prescribing is the use of health care technology to
improve prescription accuracy, increase patient safety, and
reduce costs as well as enable secure, real-time, bidirectional, electronic connectivity between clinicians and
pharmacies [11].

In the process of signature generation and verification,
entity A to mark a message m ∈ . Entity B can verify A's
signature and return the message m from the signature.
1) Key generation in RSA Digital Signature
• Determine randomly two large prime numbers p and
q.

E-prescribing offers [12] :
•

•

•

• Compute

Improved Patient Safety and Quality of Patient Care :
E-prescribing will reduce pharmacist follow-up calls
to prescribers and medication errors due to
misinterpretations of handwriting on written
prescriptions.

and

.

• Choose a random integer e,

, so gcd

.

• Use Extended Euclidean Algorithm d,

, so

.

Patient Convenience : E-prescribing will save time by
avoiding separate trips to the pharmacy to drop off the
prescription and waiting at the pharmacy for a
prescription to be filled. Formulary compliance and
any prior authorization activities will already be
completed by the physician.

• Public key :

; private key :

2) Signing
• Compute

, an integer in range

• Compute

Security : E-prescribing is more secure than paper
prescriptions. Paper prescriptions are subject to
transcription errors and are targets for theft and
tampering. E-prescribing of controlled substances will
ensure that controlled substance transactions are
transmitted in a secure, encrypted fashion to their
intended recipient.

• A’s Digital Signature for

:

3) Verification
• Getting A’s public key
• Compute

B. Digital Signature
Cryptography is a science to maintain information
confidentiality with mathematical methods and techniques
that include confidentiality, data integrity, entity
authentication, and data origin authentication [13]. Digital
Signature is an application of public key crypto system for
authentication services.
RSA Algorithm (Rivest, Shamir, Adleman) is an
asymmetric cryptographic algorithm invented by Rivest, A.
Shamir, and L. Adleman in 1997 [13]. In this research, RSA
algorithm applied as a digital signature scheme. The RSA
algorithm is used because it is faster in computation than
ECDSA and DSA [14].

Verification of s dan s′, if the value s = s′ then the digital
signature is authentic.
C. QR-Code
QR-code or also called Quick Response code [22]. QRcode is the development of bar code authentication.
Previously for some authentication technique used is the user
ID, password, bar code, finger prints, face identity. But, now
for user ID and password is no guarantee the security, while
the bar code has limited storage is only 20 digits. Therefore,
the bar code can not be used to store passwords that are very
complex [22]. QR-code is a two-dimensional bar code form,
so that they can be read from any direction in 360 QR-code
can store up to 4296 alphanumeric characters [22]. So the
QR-code has a storage capacity more many than a bar code.
Another advantage of the QR code is readable after partial
damage.
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D. Android
Android is a Linux-based operating system designed
specifically for devices that support touch screen technology
[22]. Android was originally developed by Android
Incorporation. In the early development of Android
Incorporation received support from Google and in 2005
Android was bought by Google.
In the development of android application can use the
SDK (Software Development Kit) that provides a graphical
user interface in Android development. Android software
development using the Java programming language.
III.

SECURE ELECTRONIC HEALTH RECORD
APPLICATION

Fig. 2. Secure electronic prescription scheme

A. General Description The Application
Secure Electronic Prescription application is an
application that applies the concept of digital signatures
using RSA algorithm.

B. Implementation of Secure Electronic Prescription (SEP)
Implementation of digital signature includes steps using
SEP application. The steps in the implementation of SEP
application are as follows:

The application will be implemented in Java
programming language and android based system that
guarantees the confidenciality, authentication and nonrepudiation. Java language uses because more mobile, multi
platform, object oriented, portable, and open source. It have
two schemes, the signing scheme and verification scheme. It
is assumed that the process of signing and verification
processes contained in the application, in which the signing
step on the tab desktop aplication and verification process at
android based system.

1) Register and Login process: When the user runs the
application Welcome message will appear to start Register
and log in process. Then, the user fills in the registration
fields already provided. After all the fields filled kemusian
user presses the Register button to store the data into the
database. Once the registration process is completed next is
the login process. Login process is done by filling out the
fields username and password fields, by pressing the Login
button will execute the login process. The application will
verify the username and password input by the user. If the
password corrects the application main view will display.
However, if the username, password, or both incorrect, then
notification appears and user cannot access to the next
application process. Here is view of Class Registration and
login ():

After logging to the system by input username and
password, system will show the menu button. Then if doctor
doesn't have key pair, system will show an option to ganerate
key. Key pair which consist of private key and public key
generated according to NIST standard.
Public key which has been generated by the system, then
converted to be QR-code and sent to the pharmacist.
Pharmacist who receives the QR-code will scan and decode
it by android smartphone scanner to get the doctor's public
key. This public key then be saved automatically in his
android smartphone database.
Doctor then writes the prescription on aplication's field
and will be signed by the doctor's private key. The
prescription which has beed signed will be saved on
databased and convert it to be QR code then send it to the
pharmacist. sending process will be better when using Pretty
Good Privacy (PGP) aplication so the message more secure.
After receiving the QR-Code message, the pharmacist has
to scaned QR-Code with his android smartphone which has
saved the doctor's public key. This process will verify the
validity and authentication of the message. If the massage it
authentic, so the prescription will be appeared. But if the
message is not authentic, so the pharmacist just reads the
chaos message.

Fig. 3. Registration system
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which contains recipes that have been signed to the
pharmacist for verification. In the recipe file had contained
the identity of the patient in the form and the patient's name
and the queue numbe antrian. Here is a view when the
application executes the process of signing and generate QRCode.

Fig. 4. Login system

2) Generate RSA Key : User did generate RSA key by
pressing Generate button on the application. In the
applications used secure random to generate parameters of
the private key and public key RSA. Furthermore, by
pressing the Save button, then the private key and public key
will be stored on the file extension * .txt and display a
notification that the private key and public key successfully
generated and stored. Here is a snippet from the source code
of Class RSA and view of the application when generates an
RSA key.

Fig. 6. Signing and generate QR-Code

4) Verification : Implementation of verification scheme
is made on android based system. Firtsly, the user do
registration and login on the app in android, after that
pharmacists have the public key of the doctor who delivered
in the form of a QR-Code is then scanned and stored in the
database android. The public key is stored is used to verify
the prescription sent by the doctor. Once the recipe has been
signed and submitted by the doctor in the form of a QR-Code
is accepted by the pharmacist. Then the pharmacist to scan
the QR-Code. The results of the scan will be decrypted using
the public key stored in database android. If the verification
process is successful, the application will display the recipe
to be sent by the doctor. Here is a view when the application
executes the process of verification.

Fig. 5. Generate RSA key

3) Signing and Generate QR-Code : Starting signing and
Generate QR-Code process, the user selects a storage
location for the signing results in the form of a QR-Code.
Then the user fills in the fields prescription. Once the
prescription is finished typed user then pressing the Save
button and the recipe will be saved into the database. The
next step is user-generated QR Code by pressing Generate
QR-Code button to sign the prescription and turn it into a
QR-Code. Once the process is finished eating Generate QRCode stored in the database. Doctor then sent QR-Code

Fig. 7. Register and login on android based system.
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TABLE I.

No
1.
Fig. 8. QR-Code of prescription.

2.
3.
4.
5.
6.
7.

Fig. 9. Scan and verification

Input Given
User input data
for regristation
and
press
Register button
User
input
username,
password, and
press LOGIN
button
User
press
generate button
User
press
Save button

1.

2.
3.
4.
Fig. 10. Result of scanning and verification process

Then, the result of scanning and verification will be saved
into database on android and printed to be handed to the
patient as proof.

Output Expected
The system
database

saved

data into

The system checks the username
and password. If according to the
database it will go to the
application

Application show key pair of RSA
key
The system save key pair on the
database
will show
User
press The application
that file succesfully
Generate QR- notification
signed and converted to QR-Code.
Code button
Then QR-Code stored on database
prescription file will be saved
User
press The
on database with *.txt file
Save button
extension.
User send QR- QR-Code of prescription sent to
Code
to pharmacist.
Pharmacist
TABLE II.

No.

BLACK-BOX TESTING ON SIGNING

Input Given
User input data
for regristation
and
press
Register button
User
input
username,
password, and
press LOGIN
button
User
press
Scan
Public
Key button
User
press
Scan
and
Verification
prescription

BLACK-BOX TESTING ON VERIFICATION

Output Expected
The system
database

saved

data into

The system checks the username
and password. If according to the
database it will go to the
application
The system show public key of
doctor and save it into database.
The system show result of
scanning and verification (data of
prescription) and save it into
database.

The result of black-box testing shows that all output is
exactly to what are expected.
B. White-box Testing
White-box testing is testing that takes into account the
internal mechanism of a system or component [19].
In the development of this software, white box testing
using a Kilo Lines of Code calculation mechanism. For that,
first calculation the lines number of code for each file that
containing program code. Amount of code in each file are
presented in table below:

IV. RESULT
Black-box testing, and white box testing conducted to
test software in terms of functional test input values, output
and code.
A. Black-box Testing
The black-box approach is a testing method in which test
data are derived from the specified functional requirements
without regard to the final program structure [16]. It is also
termed data-driven, input/output driven [17], or
requirements-based [18] testing. In this paper the black-box
testing are presented in the following table:
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V. CONCLUSION
TABLE III.

TESTING OF CORRECTNESS ASPECT

File’s Name
Folder/src android
Scan.java
Main.xml
Folder/src Dekstop
RSA.java
Generate QR-Code.java
Register and Login.java
Main.java
Folder/nbproject
Build-impl.xml
Project.xml
Private.xml
Total of Lines Code
Total of KLOC

Digital Siganture could be implemented on Secure
Electronic Prescription as shown on java implementation,
android based system and proved on the testing. The result of
black-box testing shows that all output is exactly to what are
expected. From White box Testing shows that error density
value obtained was 11.88, 7.59 and 8.3 with size of project
less than 16,000 lines of code.

Amount of lines Code
68
50
127
40
150
600
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Watermarking is data hiding technique into multimedia
element such as image; video or audio which is the
watermarked image must be extracted or detected. Based on
that description, we have two process called embedding and
extracting media. In watermarking, there are three aspects: (1)
imperceptibility, (2) robustness, and (3) payload.

Abstract—Slantlet Transform (SLT) is an improved
performance from Discrete Wavelet Transform (DWT). Based on
characteristic on SLT; piecewise linear, two zero moments, and
power quality for data compression. Those characteristic proves
efficiency of SLT. One of the characteristic of SLT named power
quality is better than Discrete Cosine Transform (DCT). DCT
has a good signal compression. Their capability for embedding
and resulting a robust image watermarking. In this paper, we
proposed a hybrid technique in SLT-DCT. Our experimental
result achieved high PSNR that proved good imperceptibility and
robustness both in Peak Signal to Noise Ratio (PSNR) and
Normalized Correlation (NC) that was tested in some image
compression attack. This experiment has been done and yielded
higher PSNR than previous research as compared in our results
discussion. The experiments were performed using 5 pieces of
gray scale image size of 512x512 jpg. The fifth image generating
PSNR is greater than 40 dB. Barbara.jpg results the highest
PNSR from of all the images that is 63.1920 dB and NC to attack
JPEG compression is 1. This data proved that the proposed
method produces robust image watermarking.

According to Human Visual System (HVS), watermarking
divided into visible and invisible watermarking. According to
the robustness of watermark, watermarking has been
categorized into secure watermarking, robust watermarking
and fragile watermarking. Secure watermarking means that the
watermarked image must be defend both of non-malicious
attack and malicious attack. Attack classified as non-malicious
attack if manipulation occurs, for example compression,
filtering operation, and the addition of noise, scaling, editing,
geometry operations, and cropping. The attack can damage if
the result of the attack can still be extracted watermark.
Robustness of the watermark can be obtained if the
watermark embedding is done in the transform domain, it
meant that the watermark is embedded into the transform
coefficients. Frequency domain transform is a transformation
which is used for example: DCT (Discrete Cosine Transform)
[1] and DWT (Discrete Wavelet Transform) [2] [3]. DCT is a
well-known technique in image compression, while the DWT
according to numerous studies have proven more reliable
performance than DCT. DWT [4] is not yet a time-variant
transform and it does not yield a discrete- time basis that is
optimal with respect to time localization. DWT has an
improvement known as Slantlet Transform (SLT). SLT is
known to the similar characteristics, the number of stages in
the SLT is shorter than the DWT, that causes SLT more
efficient to implement. SLT has a good performance due to the
time localization and signal compression is better than the
DWT.

Keywords—Slantlet Transform, Discrete Cosine Transform,
imperceptibility, robustness.

I.

INTRODUCTION

The digital information has property that is easy to be
changed and modified resulting a lack of ownership
information itself. Authentication of information in various
forms and media are not maintain because everyone can
modify and manipulating. Protecting information including
multimedia documents is essential requirement in the current
era. Because of the easiness deployment media such as text,
image, video or audio using internet, the authenticity of the
media needs to be protected. Many cases in authentication
image arises caused digital image as intellectual property
which might be protected including art photograph, remote
sensing images, and medical images.
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During its development, watermarking is used in various
applications including image security, authentication object,
disease detection, broadcast monitoring and forensic. Image
watermarking using DCT produces good robustness against
JPEG, cropping, and fragile against the attack of filtering and
gaussian noise. Whereas use SLT due to classify magnetic
resonance brain image. Another experiment using SLT for
multispectral image fusion. A biomedical image has been
experimented using hybrid DWT-DCT techniques and yielded
PSNR 29,58dB.On the other hand standard minimum PSNR
that satisfy in HVS is 30dB. This is an opportunity to develop
techniques DWT-DCT, while several other techniques in
medical image watermarking are ROI and LSB.

(a)

Previous research on Slantlet Transform ( SLT ) was firstly
performed in 1999 by Selesnick [4]. The implementation of
Slantlet Transform using watermarking technique has been
done by [5] and [6] producing NC and PSNR more than 30
dB. Other research has been done by the SLT [2] using the
SLT -optimized with Particle Swarm Optimization and
producing more than PSNR 30 dB .

(b)

Fig. 1. Two-scale iterated filterbank of DWT, (b) An equivalent filterbank of
DWT.

According to the advantages of SLT, it improve
performance of DWT [1] and an easy process of DCT in
image compression, we has been developed SLT and DCT
techniques that compared with [5] and [6].

The filters of SLT filterbank are sampled by a factor of
four. The transformed coefficients of the SLT has been
described in (Selesnick, 1999), by calculating coefficient
and
as shown as in Fig.1. The
output are down sample by a factor of four which are the
transform coefficients then thresholded using suitable
parameter. In another hand, SLT has a power quality for data
compression better than DWT and DCT.

Section 1 is introduction with related research, while
section2 is Slantlet Transform (SLT), whereas section 3 is
Discrete Cosine Transform (DCT), in section 4 contains the
proposed method, section 5 is experimental results including
comparison with previous research, and section 5 is the
conclusion of experiment.

III. DISCRETE COSINE TRANSFORM (DCT)

II. SLANTLET TRANSORM (SLT)

Discrete Cosine Transform (DCT) is a method which
convert signal into frequency components essentially. DCT
has two main properties, image compression and video images
which concentrate energy into a small number of coefficients
(energy compaction) and minimizing inter-dependence among
the coefficients (decorelation). Discrete Cosine Transform
(DCT) represent image of the sum of the magnitude and
frequency sinusoid changing. The nature of the DCT is
changing significantly the image information concentrated on
just a few DCT coefficients. Therefore, the DCT is often used
for image compression such as JPEG.

SLT is a development of the DWT (Selesnick, 1999), with
the following characteristics:
• Each filterbank is orthogonal with octave-band
characteristic.
• SLT filters are piecewise linear.
• Each filterbank has two zero moments and provides a
multiresolution decomposition.
• The scale-dilation factor is 2 for each filterbank.
• SLT filterbank is less frequency selective than traditional
DWT filterbank due to the shortest length of the filter.
• Better time localization.
• SLT is better power quality of data compression than
DWT and DCT, in another hand SLT is better signal
compression than DWT.
In image processing, DWT is used to decompose image
into sub bands: LL, LH, HL and HH is approximate
coefficient of image. A DWT results in float values [3]. DWT
usually implemented in form of an iterated bank with tree
structure, but SLT draws its inspiration from an equivalent
form of parallel structure with parallel branches in Fig.1.

Fig. 2. The Basic Scheme of DCT
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Whereas, DCT transform is normally applied on block of
8x8 non-overlapping image segments. It provides three
frequency sub-bands: low frequency sub-band, mid-frequency
sub-band and high frequency sub-band as shown in Fig. 2.

LH1, HL1, and HH1 and choosing LL1 as sub-band
embedding in 1D-SLT. The LL1 sub-band split into four subband and selected LH2 in 2D-SLT. After the image isdivided
into 63 coefficients using the low frequency coefficient DCT,
secret bit enter in selected coefficient. Next step is inversion
by DCT and finally inverted by SLT. The flow of extracting
process which takes the watermark image to 1D-SLT using
LL1 sub band then LH2 in 2D-SLT trained the image using IDCT though selected coefficient to read the secret message.

The DCT coefficients for output C (u,v) are computed for
the input image f(x,y) using Equation 1 where is M x N image
having M rows and N columns and C(u,v.). The DCT
coefficients arranged in M x N matrix as follow in equation 1.

The previous research has been done by [ 3 ] and [ 4 ],
SLT is used in watermarking scheme in which the result is
expressed as an experiment PSNR higher than 30 dB , but less
in robust . It can be seen from the use of NC value from all the
images. Not all the images in the study has a value of NC1
which indicates that the proposed scheme is robust
watermarking.

(1)

The reconstruction of the image from the DCT coefficients
is carried out by applying inverse DCT using Equation 6.
(2)

This study will use a combination of SLT and DCT to
optimize the result. SLT is known in its speed and efficientcy
that has better performance combined with the DCT which is
superior in compression. The results of this study to determine
the PSNR expressed in imperceptibility and NC to find out
robust.

DCT works by calculating the quantity of the bits of the
image where the hidden message in it, contrary the DCT is not
resistant to change an object because of its easyness to remove
in the location of data insertion and data generation method,
known DCT.

V. EXPERIMENT RESULT AND DISCUSSION
This experiment uses a general image in size of 512x512
pixels image and simulated in MATLAB.The number of
images is used 5 pieces with a grayscale image in format *
.jpg , namely babbon.jpg , barbara.jpg , boat.jpg , g2.jpg and
g3.jpg
which
exists
in
http://www.petitcolas.net/
watermarking/image_database.

IV. PROPOSED METHOD
This paper using hybrid SLT and DCT techniques shown
as follow in Fig. 3.

The images have been evaluated using the Peak Signal to
Noise Ratio (PSNR) to analyze imperceptibility and
Normalized Correlation (NC) and also analyze robustness.
When image watermarking meets HVS, it must be more than
40dB in which the robust image compression and NC value
are closer to 1. PSNR and NC are shown in equation 3 and
equation 4:
(3)
(a)
(4)

Due to achieve good performance both in imperceptibility
and robustness, the watermarked image has been tested using
attacks such as Salt and Pepper, JPEG Compression, Gaussian
, JPEG
Filter. Which is Salt and pepper conducted in
, and Gaussian Filter in
.
compression in

(b)
Fig. 3. (a) Embedding Process, (b) Extracting Process Using SLT and DCT
Fig. 4.

Fig. 3 is the flow of embedding process taken the 8x8 pixel
original image. The image split into SLT sub-band in LL1,
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TABLE I. RESULT PSNR SLT-DCT COMPARED WITH [5]

PSNR value is 42.8175 meanwhile using SLT-DCT is 62.9304
dB.

PSNR (dB)
Image

Previous research
SLT

Proposed Method
Using SLT-DCT

TABLE III. NC VALUE OFGENERAL IMAGE AGAINST SEVERAL ATTACK
Result of Watermarked Image
NC

Image

Baboon

39.1812

61.5163

Barbara

49.5751

63.1920

Boat

54.5944

62.4674

Table 1 performs the result of watermarking image as
general image. Compared with previous research using SLT
by [5], using three image are Barbara, baboon, and boat.
Between these images, the previous research has been done
with baboon in 39.1812 dB, Barbara in 49.5751, and boat in
54.5944 dB. Whereas our proposed method use SLT and DCT
that has been experimented in the same image. For three
images, our method has been achieved higher PSNR such as
Baboon is 61.5163 dB. Barbara has 63.1920 dB, while Boat
yielded 62.4674 dB. All of images has PSNR above 40 dB, it
means that the watermarked image was completed for Human
Visual System (HVS) (Adi, Rahmanti, & Abu, 2015).

Salt and Pepper

Gaussian
Filter

JPEG
Compression

Boat

0.9796

0.9348

1

Baboon

0.9583

0.9184

1

Barbara

0.9787

0.8824

1

G2

0.8421

0.7966

1

G3

0.9608

0.9783

1

TABLE II. RESULT PSNR SLT-DCT COMPARED WITH [6]
Image

G2

G3

PSNR
Previous research
Proposed Method
SLT
Using SLT-DCT

40.2436

42.8175

45.4226

62.9304

Table 3 contains the comparison results of NC. The good
NC value is closer to 1. For example, the image Boat shows
that the NC of Salt and Pepper attack is 0.448 more than NC
of Gaussian Filter attack. Experimental result shows that the
proposed watermarking scheme is less robust against Gaussian
filter attacks in G3 image 0.7966 in but resilient to salt and
pepper in Boat image is 0.9796. In another hand, all of images
has perfect of NC values is 1 in JPEG compression attack.

Table 2 describes comparison result with [6] and has been
proved that SLT-DCT has good imperceptibility both of G2
and G3. For examples in first row, SLT-DCT PSNR value in
G2 is 45.4226 dB, while the SLT PSNR is 40.2436 dB. Here,
G3 PSNR has been enhanced above 20 dB, using SLT G3
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characteristic. In another hand, DCT has good energy
compaction and minimizing inter-dependence among the
coefficients. A hybrid method has been eliminated a drawback
of each method. Due to achieve both of imperceptibility and
robustness, this experiment has been done in some common
image processing attack which is Salt and Pepper, Gaussian
noise, and JPEG Compression tested in general images. In the
implementation, SLT applied first method that embedded in
high frequency, DCT as second method has been embedded in
low frequency. The higher result ofPSNR has been yielded in
Barbara is 63.1920 dB and the nethermost PSNR in G2 is
45.4226 dB. All of image that tested in JPEG Compression is
in 1, while another result proved NC values more than 0,75.
The experimental results show that the proposed method SLTDCT achieved higher imperceptibility by PSNR and
robustness by NC. The high value of NC is a proof that the
proposed method is robust image watermarking scheme. Rated
NC on previous research that has been done by Mohammed,
R., & Khoo, B. indicates that there are likely to get better
results with an improvement scheme using SLT.

Fig. 5. Compariaon PSNR value Based on SLT with [5] and SLT-DCT with
[6]

REFFERENCES

Images Baboon, Barbara and Boat was compared with [5],
meanwhile images G2 and G3 was compared with [6].
According to Figure 5, all of PSNR values from proposed
method in SLT-DCT yielded higher than 40 dB. It shows that
watermarked image categorized as good imperceptibility.
Meanwhile robustness of our proposed method present in Fig.
6.
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Fig. 6. NC Value Against Several Attack Based on SLT

Fig.6 shown the capability of SLT-DCT against several
attacks such as salt and pepper, Gaussian filter and JPEG
Compression that measure by NC while the good NC value is
closed to 1.
VI. CONCLUSION
This paper has been applied image watermarking using
hybrid SLT and DCT. The resut of SLT has improvement of
DWT with multiresolution decomposition and better time
localization. Filterbank is orthogonal with octave-band
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been developed indicates the distance information can
determine the degree of similarity between data. The next
major issue is time computation, and the rate of convergence.

Abstract—Ant Colony Optimization is the optimization
method used for the analysis of the cluster. This method
performs clustering data well. This method has limitations on
computation time.This paper proposed a method of pattern
reduction enhanced ant colony optimization to resolve the
problem. Functions reduction pattern used to bypass loop
system. This function ensures pheromone value if it meets certain
iteration, so the next ant agent definitely choose the path that has
been determined. The test is done through testing parameters
and test accuracy. accuracy test compared with ant colony
optimization method(ACO) with the results of the proposed
method has the advantage of computing time. The test results
show that the proposed method has 46 second faster than ACO
method (73 second) for iris dataset, 141 second faster than ACO
method (272 second) for wine dataset, and 150 second faster than
ACO method (204 second) for synthetic dataset.

Ant Colony Optimization is a method of viewing and
imitating the behavior of ants [4]. This optimization method is
used to increase the performance of K-Means clustering
method. This method is used in clustering and did well.
Because they are new, the ant colony optimization for
clustering needs development. By [5] developed this method
and produce better quality data clustering.
Ant colony optimization method for clustering have
limitations. The following limitations computing time high, a
variety of parameters, the degree of convergence, and the
results of clustering data. [6] successfully developed ant colony
optimization (ACO) method produces better clustering, but has
high computational time and requires the evaluation function.
By [7] managed to improve the performance of ant colony
optimization method for clustering, but it has limitations that
have high computing time.

Keywords—Pattern reduction enhanced ant colony algorithm;
clustering; optimization

I. INTRODUCTION

Pattern reduction enhanced ant colony optimization
(PREACO) developed for the case of codebook generation
succeeded in improving the performance of ACO with faster
computation time. This method seeks to reduce redundancy
selection solution by ant agents.

Clustering means group the data naturally. From a set of
data categorized into clusters based on similarities or
differences in the features of each data. Clustering methods
perform unsupervised clustering of the data. Grouping the data
by its nature is divided into two categories, soft and hard
clustering. Soft clustering classifying each data into more than
one cluster. Hard clustering classifying each data exactly one
cluster data.

Based on [8] research, we propose that method for
clustering and analyzing the results. This method produces a
solution with reduced redundancy selection agent solutions for
ants. This function ensures the new pheromone has a maximum
value, with this pheromone as guidance for the next ant agents
to choose the solution.

There are some method of developing cluster analysis. One
of these studies is on hard clustering. Some of these methods
are K-Means, SOM, G-Means, X-Means [1]. Each of these
methods succeeded in grouping. Based on the K-Mean by Gath
and Geva [2] developed a method combining fuzzy clustering
and fuzzy c-mean maximum likelihood to determine the
number of clusters automatically. By [3] proposed a fuzzy
clustering method to determine the number of clusters
dynamically. Another method in hard clustering are SOM and
DBSCAN.

The remainder of this study is organized as follows. Section
1 briefly gives the necessary background for this study. Section
2 presents the proposed PREACO algorithm to solve the
problem of section 1. Sections 3 respectively give the
experiment results for the six benchmark data sets and the
model evaluation results. Finally, concluding remarks are made
in Section 4.

The method for clustering the data naturally have various
problems. One of the problems can not determine the degree of
membership of each group of data. However, method that has

317

2016 International Seminar on Application for Technology of Information and Communication

So the data with similar features will be entered into the same
cluster otherwise enter a different cluster. To do that, the
solutions produced by the ACO method. The description of
solution is along the amount of data as in table I. The column
contains the number of cluster.

II. ANT COLONY OPTIMIZATION FOR CLUSTERING
Clustering map the data set into k cluster group. The
process of collecting data in a cluster based on the similarities
between the euclidean distance data. Clustering data can be
separated properly if the distance between cluster centers
farther. the mathematical formulation of clustering data is
presented in (1).
Min F ( w , m ) =

K

N

n

w

ij

x iv − m jv

2

Each R agent represents a solution that is created. Initially
the solution is empty. So that each ant will bring an empty
solution, and will be filled when the ACO process is running.
Ants will map each data into appropriate clusters to be stored
on a matrix solution. One solution contains a cluster numbers.
The solution has a length of N data. And matrix solution has a
size matrix R x N solution. That means the matrix solution has
R rows and N number of columns solutions plus one column
for its objective function (OF).

(1)

j =1 i = 1 v =1

Where, j, K is cluster number; i, N is point data; and v, n is
attribute of data.
Objective function value (F) is obtained by calculating the
distance between the data points (Xiv) and the cluster center
(mjv). The distance value multiplied by the weight (wij) that
was formed before. The objective function indicates the value
of the solution that has been created.
The weight values obtained from solutions that have been
formed. weights indicate that the data included in a cluster.
Weights will be set to 1 if the data included in the cluster to j
(2), otherwise the value is 0.
1, if _ element _ i _ include _ cluster _ j
(2)
w =
ij

TABLE I.

Cluster


0, otherwise

N

m jv

i =1
N

wij x iv

i =1

wij

, j = 1,..., K _ and _ v = 1,..., n

2
1

Data
4
5
2
2

3
3

6
3

7
2

8
1

B. Solution Construction
One of the functions in the ACO method is Soluction
Construction() or build solutions. This function is to
reconstruct or build a path to a food source or analogous to
defining the solution of a problem based on the pheromone trail
and information. Each individual (ant) look for food sources
from lane to lane until all channels exceeded. This picture
shows the possibility or probability of the solution, as shown in
(1). Where d is representing the pheromone and the heuristic
information, and e is the path of the ants. Basically heuristic
information can be assumed to be the inverse of distance or in
terms = 1 / d, where d is the Euclidean distance formula of data
against centroid in the same cluster. Steps that must be done is
to send individual ants in conducting random searches of food
sources, according to (4) from [6].

Where, (wij) is weight of point data i in cluster j.
Matrix cluster centers using a weight values. As well as the
average value, a value of center cluster has the same analogy.
Multiplying weight with the data and divided by the sum of
weights in the same cluster, so that we will get the new value
of the cluster center.(3)


=


1
2

SOLUTION INTERPREATION

(3)

Where, j, k are number of cluster; v, n are number of attribute;
i, N are number of point data. Also, mjv is variable to save
center cluster of cluster j of attribute v. Next variable is (wij)
this refers to weight of point data i in cluster j, where xiv is
attribute of point data i in attribute v. Matrix will be made by
size K x N.
Methods are based on a number of R ant agent to find a
solution. The process of finding a solution, and updates the
weighting of repeated cluster center based on the number of
ant agents that have been defined. Solutions that are created as
much R ant agent.
Solution created is determined by the objective function.
The quality of a solution is calculated based on a value of the
objective function. the smaller value of the objective function,
then the solution is better. Therefore, the solution will be
sorted by the objective function sequences from small to large.
Selected solutions updated with local search formula. The
expectation of data clustering solutions become even better.
The next step is to calculate the pheromone. Pheromone that
has been created then updated based on (5). This process is
repeated until the number of iterations.

[ ]

 arg max j∈ K {τ ij ⋅ η ij
s=
 J , Jika _ lainnya

β

}, if _ q ≤ q 0

(4)

Where, s is solution of cluster that choose. Variable q and q0 is
random number and number who determines manually 0.98 for
example. J is probability methods to choose cluster. Then,

[ ]

β

j∈K

{τ ij ⋅ ηij } refers to multiply pheromone value τ ij of

point data i and cluster j, and

[η ] is heuristic information
ij

value or distance. Where, j is cluster of number cluster (K).

C. Update the Pheromone
Pheromone update function is required to perform an
update of pheromone left by individuals or ant agents. It is
associated as the search experience of ant agents to find
solutions. Each pheromone left as the trail will be chosen by
the individual ant further, more individual the same choice of
the trail, the probability of a solution on the line increases. This
can be seen in (5) from [6].

A. Generate Population
Ant Colony Optimization [6][7][8] method has the ability
to optimization can also map data into the appropriate cluster.
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L

τ ( t + 1) = (1 − ρ )τ ( t ) +  Δ τ l
ij
ij
ij
i = 1,..., N ; j = 1,..., K

4.

(5)

l =1

vi , s k ← vi , s k + 1 / * v is an array to store the
i

i

number of times the path is exceeded * /
5. End
6. End
7. / * Determining the quality level of convergence or
when roaming * /
8. For each edge
9. If vij ≥ ψ
10. ζij  1 / * array keeps track of the elapsed time and
the ants in particular iteration * /
11. End
12. End

Where, i, N is point data number and j, K is cluster number.
New pheromones ( τ ij (t +1) ) are calculated using the
L
l
evaporation rate (1 − ρ ) and (  Δτ ) can change by the
ij
l =1
value of the objective function (OF) of the solution. Value is
equal to 1 / OF for the data included in the cluster. While the
evaporation rate can be calculated by the 1-ρ. A value of 1 / OF
is used to improve pheromones, it will get a clue to the next ant
in building solutions.

The second part of this Patternreduction can be seen in
algorithm of PREACO will ensure the selection of ants in an
ant or a path in order to stay on the right track. This algorithm
tell us to keep tracks of agent of ants that already assign. If the
iteration have number more than threshold (ψ) than pheromone
value will be assign as 1. Threshold value has gotten by
multiply ψ = ϱ * θ * λ. This ϱ means number of iteration, say
every 10 iteration. This simbol (θ) means number of agents of
ants. Last simbol (λ) means percent of number of agents that
already determines by manual. For example, ϱ=10; θ=10; λ=4 /
100 * 10, so threshold value (ψ) = 10 * 10 * 0,4 = 40. So, if the
iteration already reach 40 than value of pheromone of solutions
of point data will be set by 1. In terms of the edge (line) that
has been selected by other ants and have reached the maximum
track it will be given priority and the next so that the ants can
follow this path. With so the path has been passed does not
need to be checked again, pretty lines with high priority are
skipped the individual ants.

D. Pattern Reduction Enhanced Ant Colony Optimization
PREACO is a method based on ant colony optimization
(ACO). This method was introduced by [8]. Basically, this
method combines pattern reduction (PR) into the ACO in order
to run properly and quickly. Therefore, the method of ACO
given an additional function. As seen in the following
algorithm:
Algorithm 1 PREACO:
1. Initialization ()
2. While the termination criterion is not met
3. s = SolutionConstruction ()
4. τ = PheromoneUpdate ()
5. PatternReduction (s)
6. LocalSearch (s)
7. End
8. Results.

III. EXPERIMENT
These experiments trying to find the exact value of the
various parameters that are used as a reference for testing.
ACO parameters for clustering have a number of iterations,
agents, q0, evaporation rate, K, and sigma. These parameters
will determine the solution to be evaluated using the SSE (6)
and OF values and calculated computing time.

For the first step in the algorithm in step 1 to 4 and step 6
up to step 8 is a pure ACO algorithm. In step 5 is the addition
of side PREACO to reduce redundant (repetition of the
process) and look for the right pheromone. Because redundant
in search of food sources on by ants often repeated, so it will
take a lot of time. With the addition of these can be maximized.
In step 5 explains the functions of which there are various
benefits. In Patternreduction there are three processes, namely
the detection, compression, and removal. This is done to detect
the maximum path selection, while compression and removal
finding and eliminating step path selection algorithm which is
less than the maximum in order to optimize and save time and
on target.

K

SSE =   (x − mi )

2

(6)

i =1 x∈Ci

Where, i,K number cluster; x, C is point data that element
of cluster. Then, mi is center cluster of the cluster.
The experiments were performed on multiple datasets and
several different methods. With the parameters of the various
methods is aimed to obtain precise parameter values at each
method with the best results. The best solution when the value
of SSE is small with a little time. Set of parameters to be sorted
by the value of the smallest SSE. This is necessary because, the
value of SSE is a method to assess how close the relation
between data in the same cluster.

Besides, a detailed explanation can be seen in the following
pseudocode describing the detection operator [8]. This operator
serves to maximize the detection of ant paths in the search for
food sources. It is also part of Patternreduction.
Algorithm 2 detection operation [8]:
1. / * Keep the number of times of ants passing lane * /
2. For k = 1 to / * is the number of individual ants * /
3. For i = 1 to n / * n is the number of lines * /
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has a relatively longer time. This happens due to the amount of
Wine datasets more than Iris.

A. Data set
The dataset used in this study are data iris, wine, and T4
(Table II). Data iris and wine are often used in the same
method on previous research.

TABLE II.
Data Set
Iris
Wine
T4

Number of
Data
150
178
400

Table V describes the experimental results of searching
parameters on T4 datasets. The table has been sorted by the
value of SSE. And selection of parameters based on the value
of SSE small and shortest time.
C. Accuracy
To obtain a good performance of the algorithm necessary to
test the accuracy (7) of the method. This is done by calculating
the correct number of clusters that already formed compare to
the number of total cluster. In addition, to testing the proposed
method the evaluation between methods is needed.

DATASET DESCRIPTION
Number of
Cluster(K)
3
3
5

Number of
Attribute
4
13
2

Table VI and VII describe us result of the experiment of the
method’s performance. Process to get data of that table is come
from ACO and PREACO clustering. First process is done to
Iris datasets. The result that process there are 16 point data of
wrong cluster than PREACO has 15 point data of wrong
cluster. Second process is done to Wine datasets. The result has
17 point data of wrong cluster of ACO and 27 point data of
wrong cluster of PREACO. Third process is done to T4
datasets. The result has 115 point data of wrong cluster of ACO
and 125 point data of wrong cluster of PREACO.

Iris datasets in Table II have the following criteria. Data
with a total of 150. It has a number of K (Cluster) = 3, Number
of attributes = 4. Data are sorted from 1 to 50 as a data cluster
1, the data to-51 to-100 data to the cluster 2, and the rest is up
to 150 as a cluster 3. Data retrieved and downloaded from the
website UCI datasets.
Wine datasets require data normalization. In this data has a
very high diversity among attributes, thus requiring data
normalization. Data normalization using the normalization min
max (4). To do this normalization is done on Microsoft Excel
application software. The character of wine consists of a cluster
1 = 59 data points, 71 data points for cluster 2, and 48 data
points for cluster 3. Data has been sorted from cluster 1 to
cluster 3. Data obtained from the site UCI datasets.
New _ VAlue =

Original _ Value − Min _ Of _ Original _ Value

The result in table VII illustrates the computation time of
method to do clustering data. This computation time calculated
by function program of java programming during process. The
result of experiment for iris dataset show that ACO method
need 73 second, and 46 second for PREACO method. The
result for wine dataset show that ACO method need 272
second, and 141 second for PREACO method. The result for
T4 dataset show that ACO method need 204 second, and 150
second for PREACO method.

(4)

Table VI describe that the proposed method(PREACO)
better in some data and worse in another. But table VII
describe about superior the method (PREACO) based on time
computation to ACO.

Max _ Of _ Original _ Value − Min _ Of _ Original _ Value

Where, new_value is result of the pattern or some new
value. Original_value is original value from wine dataset.
Min_of_originial_value is minimum value of wine dataset.
Max_of_original_value is maximum value of wine dataset.

Accuracy = Number _ Of _ Correct _ Cluster
Amount _ All _ Of _ Cluster

While T4 datasets is come from our previous research. This
datasets is data synthesis, it has 400 data points. The data is
sorted from cluster 1 to cluster 5. Each cluster has 80 data
points.

(7)

Where, Accuracy come from devide number of correct
cluster in solution by amount all of cluster.
TABLE III.

B. Parameter Experiment
This part tell us about result of parameter experiment.
PREACO is implemented and tested to all of the dataset. In
these experiment we will get good criteria to produce correct
solutions.

BEST PARAMETER TEST FOR IRIS DATA

Time(s)

SSE

OF

Iteration

57

14.58

92.94

2000

24

15.02

96.05

800

In Table III illustrates the experimental results search
parameters to methods ACO on iris dataset. On the table has
been sorted by the smallest value of the SSE. Letters in bold are
the parameters to be used in this method.

56

15.05

95.46

2000

28

15.06

97.01

900

21

15.11

96.78

700

14

25.42

207.05

Table IV describes the results of experimental parameters
on Wine datasets. On the table has been sorted by the value of
SSE and the shortest time. Unlike the experiment in Iris, Wine

21

25.44

198.79

21

25.70

21
9
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Agen

q0

eva

sig

40

0.90

0.10

2

40

0.90

0.10

2

40

0.90

0.10

2

40

0.85

0.10

2

40

0.75

0.10

2

700

30

0.98

0.01

2

700

40

0.98

0.01

2

180.88

700

40

0.80

0.01

2

25.81

223.33

700

40

0.98

0.01

2

25.83

212.45

700

20

0.98

0.01

2
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TABLE IV.

BEST PARAMETER TEST FOR WINE DATA

T4

Time(s)

SSE

OF

Iteration

Agen

q0

Eva

sig

131

11.84

87.49

2000

20

0.75

0.1

0.9

196

11.95

87.93

2000

30

0.80

0.1

1.1

131

12.03

88.23

2000

20

0.75

0.1

1.1

131

12.13

88.45

2000

20

0.80

0.1

1.1

133

12.14

88.46

2000

20

0.75

0.1

2.0

116

12.14

90.21

900

40

0.80

0.1

1.1

78

12.33

93.62

600

40

0.80

0.1

1.1

89

12.46

103.41

700

40

0.90

0.1

1.1

96

12.47

94.24

1000

30

0.85

0.1

1.1

64

12.55

92.77

1000

20

0.90

0.1

1.1

67

12.69

96.23

700

30

0.90

0.1

1.1

89

12.85

103.37

700

40

0.90

0.1

2.0

77

12.91

99.99

600

40

0.90

0.1

1.1

44

13.03

102.18

700

20

0.90

0.1

1.1

116

13.04

101.15

900

40

0.80

0.1

2.0

116

13.16

105.34

900

40

0.80

0.1

0.9

96

13.16

99.86

1000

30

0.80

0.1

1.1

78

13.22

104.31

600

40

0.85

0.1

1.1

TABLE V.
Time(s)

DATA SET

OF

Iteration

Agen

q0

Eva

10.28

91.29

900

40

0.90

0.10

1.1

90

10.45

146.47

900

30

0.98

0.01

1.1

95

10.55

94.22

1000

40

0.90

0.10

2.0

74

10.70

142.44

1000

30

0.98

0.01

1.1

89

10.73

143.48

900

40

0.98

0.01

2.0

96

10.73

89.45

1000

40

0.85

0.10

2.0

78

10.76

93.69

900

30

0.85

0.10

2.0

97

11.04

89.97

1000

40

0.80

0.10

2.0
2.0

94

11.14

143.49

900

30

0.98

0.01

119

11.24

98.30

900

40

0.85

0.10

2.0

85

11.34

98.32

1000

30

0.85

0.10

2.0

76

11.36

105.57

1000

30

0.90

0.10

2.0

87

11.37

99.75

900

40

0.90

0.10

2.0

75

11.44

142.40

1000

30

0.98

0.01

2.0

27

11.52

151.80

600

20

0.98

0.00

2.0

72

11.52

102.22

900

30

0.90

0.10

1.1

88

11.61

101.25

900

40

0.98

0.10

1.1

97

11.64

92.13

1000

40

0.80

0.10

2.0

45

11.65

100.61

900

20

0.75

0.10

2.0

78

11.66

97.01

1000

30

0.85

0.10

1,1

TABLE VI.

89.30%

90%

89.90%

85%

73

46

272

141

T4

204

150

Finally, in table VI tell us about the result of the method
performance. PREACO and ACO need to compare beside time
computation also in accuracy of data clustering.
IV. CONCLUSION
Pattern Reduction Enhanced Ant Colony Optimization to
solve clustering problem has been use and tested in this paper.
The ant agent use pheromone and pattern reduction to make
sure value of the pheromone still high. The use of this
pheromone kind of adaptive memory to guide another ants
towards the optimal clustering solution. And the use of pattern
reduction to cut redundancy loop for the process. The
algorithm has already implemented and tested to some dataset
and compare it to Ant Colony Optimization. Basically this
method work well to clustering same as ACO did although has
some limitations in accuracy especially in data wine and T4, it
needs to do next research. But for time computation, PREACO
looks superior to ACO on all of the dataset. The test results
show that the proposed method has 46 second faster than ACO
method (73 second) for iris dataset, 141 second faster than
ACO method (272 second) for wine dataset, and 150 second
faster than ACO method (204 second) for synthetic dataset.

PREACO

Iris

Iris
Wine

Another analysis of best parameter of PREACO. In past
research, there are some parameter that already use in ACO,
because we use PREACO so we need to test that parameter in
PREACO. This result show in table III to V, and font that write
in bold is the best parameter we choose. The choosen based on
Sum of Squared Error and best time computation. We need to
do this, because we need to make sure that best parameter in
ACO also be the best parameter in PREACO.

Algorithm

Wine

PREACO(s)

Time computation can reduce well that we can see in table
VII. It describes about use of PREACO specially for detection
algorithm. Because, if ACO can do convergence in some
period. But use detection operation algorithm can convergence
in less period, it can happen because of the redundance of
choosing solution has already decrease by threshold. Value of
ζij  1 show that pheromone will be set to maximum, so
another process no need to repeat. The next agent of ant will
choose the same solution that already define by another agent
in past. With that process, the redundancy automatically erase.
It means, time computation also decrease.

ACCURACY FOR PREACO AND ACO

ACO

Algorithm

D. Analysis
To understand the performance of the algorithm need to
compare PREACO and ACO in time computation also about
the algorithm experiment itself.

sig

90

68.80%

TIME COMPUTATION FOR PREACO AND ACO

ACO(s)

BEST PARAMETER TEST FOR T4 DATA

SSE

DATA SET

TABLE VII.

70.80%
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This research has already determine examine exact parameter
for PREACO clustering.
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To demonstrate the feasibility of the proposed system, 30
persons from various tribes as well as different accents are
retrieved as data to provide inputs to control the doors and the
windows.

Abstract— Technology has an important role for facilitating
our daily life, such as managing many devices by using a home
automation system. The example of its implementation is the use
of voice commands to control doors and windows by using a
smartphone. Problem arises while designing a speech recognition
application on the smartphone which has not to consume a lot of
storage memory. In addition, how to make sure that command
signals propagate to actuators are still within a range which is
accepted in a work area around the house. In this study, a
prototype of android smartphone application to control the doors
and the windows by using voice commands is created. Some users
which have different dialects are going to use the application for
tests. Further, the tests are done by giving an obstacle to
determine whether the voice command signals propagation can
still be received by the actuators within the range of a work area
around the house.

An obstacle is also created to measure a range of bluetooth
signals propagation in the work area inside the house.
II. RELATED WORK
In [2], there are several options to use android smartphone
features for creating a connection. They are RF connection
and GSM for internet and voice wireless home automation
system. The GSM has a low cost for an implementation.
However, a bluetooth is considered for implementing a home
automation system.

Keywords— home automation system; android smartphone;
voice command; actuator; signal propagation

III. PROBLEM DEFINITION

I. INTRODUCTION
Nowadays, sophisticated technologies make a housework
becomes easier and convenient. Many home automation
systems are used to control lights, television, fan, etc [5]. They
are also including used to operate doors and windows [3].

Applying a controller by using a smartphone to maintain a
home automation system is chose because a smartphone like
an android smartphone becomes a popular gadget [1]. As a
consequence, people are going to be familiar to use it as a
controller.

The housework which is like opening or closing doors and
windows, and also locking and unlocking them, for some
people, these activities are heavy duties. Especially, for
elderlies, disability people, as well as busy persons or busy
families [4]. However, these activities can be facilitated by
creating a system like home automation.

Even implementing a system by using a bluetooth as a
media connection is considered, there is a problem while a
speech recognition application on a smartphone is tried to
design. Nowadays, a storage memory for a smartphone
becomes bigger. However, processing big data using a
smartphone are going to consume much battery energy. So it
is not a choice.

These problems can be solved by building a home
automation system, specifically for windows and doors. In an
automated doors and windows system before, the system is
controlled by using short message service (SMS), gesture,
touch screen [2] [7]. In this study, the system is controlled by
using a voice command as an input.

Google has opened its speech recognition API for public
purposes [6]. By using this API, a proposed system can
eliminate some space which is needed by data for
implementing a speech recognition application and minimize a
consumption of battery energy which is needed for data
processing. It means the GSM and the bluetooth features from
android smartphone are used for implementing the home
automation system.

The voice command is then translated by an application on
android smartphone as a command to move actuators on
automated doors and windows. The command is delivered by
using a smartphone feature like a bluetooth.
The bluetooth command is then translated by arduino to
move the actuators to control the doors and the windows.
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IV. PROPOSED SYSTEM

V. ANALYSIS AND DISCUSSION

In the proposed system, voice commands which are
translated by an android smartphone application are used. The
voice commands are translated into digital texts first. The
application then finds matched data by using the API. If the
digital texts are found then they are going to be used as a
bluetooth command to move actuators to control the doors and
the windows.

In the proposed system, inputs from 30 persons are used
for testing the system. Some of them have a different dialect
from the others.
These persons with various tribes are chose because
Indonesia has many tribes. Recognizing a speech from various
dialects from many tribes is going to be difficult because it
needs a complex algorithm to classify a speech [8]. As
mentioned above, processing a complex algorithm is going to
consume much battery energy. Then an alternative way is
chose to recognize a speech by using Google Cloud Speech
API.
The detail of their tribes and dialects can be seen on a
table below:
TABLE I.

Tribe
Batak
Fig. 1. The proposed automation system.

Java
A. The Components of Hardware and Software
To implement this system, there are several hardware
components are used:
− The android smartphone with bluetooth v2.0.
− 2 GB internal memory.
− 512 MB RAM.
− HC-05 bluetooth modul as a connector to send data from
smartphone to Arduino Uno.
− Arduino Uno as a main hardware component. It is a
microcontroller board based on the ATmega328P.
− Actuator (Solenoid Door Lock and Motor DC 12V).
Further, the software component is the android smartphone
which uses Jelly Bean Operating System Version and has API16.

Nias
Sunda
Betawi
Minang
Toraja
Melayu
Lombok
Ambon

THE TRIBES AND THE DIALECTS.

Dialect
Toba
Mandailing
Banyumasan
Jogjaan
Nias
Sunda
Betawi
Minang
Toraja
Melayu
Lombok
Ambon
TOTAL

Amount of Persons
6
1
2
4
2
4
2
2
3
1
1
2
30

All the tests use voice commands in Bahasa (Indonesian
language). A range which is used for testing is around 3
meters. Several command functions which are tested can be
seen on a table below:

Based on the information above, a detail of the proposed
automation system can be seen as figure below:

TABLE II.

THE COMMAND FUNCTIONS TO BE TESTED.

Function
Lock one door
Unlock one door
Lock one window
Unlock one window
Lock all doors
Unlock all doors
Lock all windows
Unlock all windows

Result
Succeed
Succeed
Succeed
Succeed
Succeed
Succeed
Succeed
Succeed

It can be said that all commands give succeed results.
The results of command functions which use dialects
from many tribes can be seen as follow:
Fig. 2. The detail of the proposed automation system.
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 : Succeed
 : Not succeed

TABLE III.

THE COMMAND FUNCTIONS WHICH USE DIALECTS FROM MANY TRIBES.
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TABLE V.

Then to know a response time when the commands are
matched into Google API data, EDGE and HSDPA tests are
executed. The results can be seen as:
TABLE IV.

Scenario

THE RESPONSE TIME OF SPEECH COMMANDS.

Speech Command
Kunci pintu 1
Kunci pintu 2
Buka kunci pintu 1
Buka kunci pintu 2
Kunci semua pintu
Buka kunci semua
pintu
Buka jendela 1
Buka jendela 2
Tutup jendela 1
Tutup jendela 2
Buka semua jendela
Tutup semua jendela

30
30
50
45
27

Response Time (second)
Edge
HSDPA
28
31
7
4
30
32
4
5
55
53
4
5
41
43
4
4
26
27
4
6

Using an obstacle
Not using an obstacle
 : Succeed
 : Not succeed

54
6
4
4
3

20

22

23

6

4

5

10
11
22
23
18
17

13
13
21
22
17
15

11
11
24
22
15
15

3
3
4
4
3
4

7
5
4
6
5
5

3
4
3
4
4
3

THE SCENARIOS FOR TESTING THE PROPAGATION OF
BLUETOOTH SIGNALS.

3



Range (meter)
6 9
12
15
 


 



It can be seen that in the area without an obstacle, the
range of work area which is used as an area for controlling
an automation system gives succeed results until the range is
around 12 meters. Then, in the area which uses the obstacle,
the work area is around 9 meters
VI. CONCLUSION
The proposed system can adopt a low internal storage
memory. It can be done by using Google Cloud Speech API
on an android smartphone application. The matched process
gives succeed results for all command scenarios. The
commands as inputs use Bahasa as a language, and they are
sounded by people which use different dialects from many
tribes.

It can be said HDSPA service gives faster response than
EDGE service when a matched process is executed. It can
be understood that HDSPA service gives more bandwidth
than EDGE service, and also a connectivity of HDSPA
service is faster than EDGE service.

The response time of speech commands still depends on
quality of service of an internet service. Even tough, the
proposed system still can be used in work area which has a
range that still can be accepted by user.

To evaluate a propagation of bluetooth signals, an
obstacle like a thin cartoon wall is used between the
smartphone and the bluetooth module (HC-05). The results
of the tests can be seen as follow:
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Abstract—This paper presents about requirement elicitation
in engineering for elderly care mobile application develpoment.
As parent growing old, they need more attention especially from
their son or daughter. In contrary, their child becomes mature
and needs to gain their ideal like attending higher school or
college or taking a job at other city. Based on this problem, it
needs to keep their relationship. Technology nowadays can be
solution to tackle this problem, but problem comes when parents
is too old and it gives implication that parents can not use modern
communication tools so fluently. Elderly mobile apps which is in
this activity named Berbakti apps appear to be one of solutive
way to that problem, giving easy and understandable interface
for parent and interactive feature for their son or daughter, their
relationship can be keep and caring parent is not a big problem
anymore. To reach this, any requirement must be collected and
analyzed.

I.

I NTRODUCTION

For elderly, it would be problem if their son or their
daughter are far away from them [3]. Beside the need of to
be cared as they grow old, needing of some helps still need to
be available to them [6]. When they need to commnicate with
their children and it needs a communication device, it forces
the elderly to use communication device properly. A problem
appears when the technology which is used by elderly does
not meet with their son’s or daughter’s. Usually the technology
which is used by elderly is too old and too conventional for
their children, although some features like phone can meet
each functionality of each kind technologies.
When the children grow adults, they are faced with demands of caring for extremely elderly parents, it implies with
health limitations of older ages of their parents [9]. Instead
of health problem physically, the elderly are more prone to
depression because of the many social and psychological[10].
The elderly need care especially from their son or daughter,
usually needing of care is related to express with their sorrow.
Reichel [4] states that one of caring to elderly is support
from family. That principle gives meaning that longlasting
relationship between parent and their children is when the
parent becomes elderly they need care from their children.
Ironically, there will be a problem between parent and their
children, especially in caring parent. When their children needs
to gain their goal such as giong to college or taking a job
or another reason which is required they have to leave their
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town home. Long distance between them can make limitation in their communication, more ironically their frequent
of communication will be less. Generally, there are many
ways to keep communication such as using communication
device like telephone, handphone, smartphone, etc. Especially
in Indonesia, the use of information technology are enormous.
But, since the technology more develops each time, there
are always some people who can not use it properly. Some
of these people are from elder kind. The lack of using the
newest technology by elderly is not because they don’t want
to use it actually, but because it is very complex to use it, so
they seems not interested in using that kind of technology.
For family, communication is continous so it has to make
the present of family member becomes reality and constructs
family relationship[9].
To tackle this problem, existence of elderly care mobile
application apparently can be of the solution. But, it is not
simple development. Because it is linked with social aspect,
so requirement gathering must do. Requirement gathering must
be performed to make the development application very useful
especially in this case, the society in Indonesia can accept
this developed application because of its functionality. Focus
on this case, development of Berbakti apps as elderly caring
application via modern technology device is initiated to be
participation. Beside that, user’s point of view is a must[2].
Finally, development of Berbakti apps can augment the
limitation, caring parent from far away. Not every application
development is useful and friendly for user. Gathering requirement via questionnaire is selected and the result is processed
to be decision of the development of Berbakti apps precisely
and effectively, more importantly usefull. Some points about
potential information about what kind development must do
can be obtained by this gathering requirement activity. This
gathering activity is not only for beginning system development, but it is also for next phase of development which is
useful especially for next activity of research activity[1].
II.

R EQUIREMENT G ATHERING ACTIVITY

To do the activity, questionnaire is used and spread across
Indonesia area. Specifically, this gathering forms software
requirement engineering. Donald [8] states that Requirement
engineering is the systematic use of proven principles, tech-
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niques, languages, and tools of cost effective of what user need
(in simply). requirement gathering is very important, because
before doing a writing of a piece of software, investigation
the business in which the software will operate without a
thorough understanding of the business, it could hardly expect
to produce something that would enhance that business [5]. In
this activity, respondents are pointed to all Indonesia citizens
who are in 17-50 years old. The invitation to participate the
questionnaire is delivered to 625 persons but only 523 persons
(or they can be called as actual respondents) participate in
this survey. The distribution of survey is performed by a
public online survey to all forums that familiar by author via
social media, in addition asking of delivering questionnaire
is performed to each forums so more respondents can be
gathered. Data is collected from 12/2015 to 02/2016. Respondent consist of participants’ sex, resident, and occupation.The
respondents are are asked if they are agree to participate the
survey. The respondents consist of 28% and 72% of female.
Based on parsity of questionnaire in Indonesia, Respondents
who live at Central Java have same quantity (48%) with
respondents who live at Java region excluding Central Java.
84% respondents state that they start to separate with their
parents when they are 17 years old and more. Mostly going
to college or higher educatiion level at other city becomes the
most reason why respondents must leave their parents. Most
of respondents (54%) states that they call their parents about
1 up to 5 times a month, the same quantity also happens in
frequency of their parents call them. Mother side are more
frequent to call their child (60%), their topic when they are
communicating is daily activity (64%). Just a little respondents
(17%) says that they have to know their parents daily condition
every day. Their parents seldom tell them about their sickness
(54%). Most of respondents (72%) express that they need to
know so much about detail in their parents sickness. Before
submission to the actual respondents, the survey was tested
by two gerontic practitioners from Diponegoro University
and STIKES Muhammadiyah 2 Pekalongan, two IT experts,
and one communication practitioner from Dian Nuswantoro
University. The datas are in quantitative and all question
are not open. The quantitative data was collected by the
means of Likert scale. Testing of survey is performed by two
types: content validity testing and test of reliability. Survey
in content validity is evaluated by gerontic practitioner and
communication practitioner. Revision and suggestion is also
given by validator. Test of reliability uses Spearman-Brown
formula [11].

 

ry1y2
ry1y2
ρy1y2 = 1/ 1 + 1/
+
(1)
1 − ry1y2
1 − ry1y2

3)

4)

5)

6)

activities of parents take 36% of respondents.
Financial of respondents : Although it is not too
correlate with relationship between parent and child,
it is interesting how much they earn their money.
It can be an information about when the children
earn some money and the importance how much
they should spend for caring their parents. 52% of
correspondents earn for income about 2-5 millions
rupiahs per month then 44% make outcome in range
1-2 million rupiahs per month.
Existence of parent : Actual condition of parent
whether they are still alive both or not or still one that
alive or about health condition is important to know
and it gives impact to each respondents give their care
to their parent. 76% respondents state their parent still
alive both. The condition of their parent are still in
health condition is stated 66% of respondents. Range
of age of parent is dominated in 50-60 years old
(52%).
Communication way between parent and child
: Communication via phone is dominated and the
most used among all way of communication. 100%
respondents state that communication via phone is
most used. 66% respondents said that their parent
can operate smartphone. Based from questionnaire
result, it can be known that most used smartphone
feature is telephone (100%). In a month, just 36%
of respondents who communicate with their parent
for more than 9 times, mostly they (given by 44% of
respondents) communicate 1-5 times. Similar condition also happen in frequency of their parent call them
in a month, 48% respondents state that their parent
call them 1-5 times in a month with mother is most
phoned them (60%). When they are communicating,
daily activity is the most topic that they discuss each
moment (64%).
Caring to parent : 66% of respondents needs to
know very much healthy condition of their parent.
If their parents is not in good condition, only 20%
respondents state that their parent tells about their
condition. 72% respondents state that they need to
know very much about detail sickness of their parents
felt. When respondents are asked about what their
parent topic are interested to know, 36% of respondents state that effective communication technique
is very interesting. Health information in elderly is
very important by 48% of respondents. So, it is not
surprise taht 48% of respondents tells that they are
worried about their parent health condition.

r

y1y2
where 1−r
is a ratio of variance proportion in each item
y1y2
that explained by true score

1)

2)

Elderly topics based respondents interest : effectivity communication between parents and their child
just has little percentage (36%). 28% respondents say
that successfull story parents to rise their chidlren is
an interesting topic. Topic about disease in elderly
is not very interested for respondent (16%), less
quantity is taken from the topic about how to care
elderly (8%).
Parents condition caring : Worrying about parents
condition takes 48% of respondents, while daily
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Based on that questionnaires, the scheme of how the
architecture system can be designed. That design is used to
describe how parent-children can communicate effectively using mobile application that is developed in this activity. Figure
1 shows relationship between what technology of parents used,
technology of children used, and the arcitechture system. This
arcchitechture is kind of basic, the side of children are an
entity who act as caregiver and side of parent is an elder who
is cared and treated for long distance by caregiver. There are
two kinds of application that used in this schema, elderly app
is used for elder side and caregiver app id used for caregiver
side. Caregiver app can be accessed by smatphone or by
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mobile application, it is convenient for caregiver side because
caregiver side is familiar with technology nowadays including
many feature in certain user interface (Fig. 2). On contrary,
elder app is developed on smartphone (tablet) with less feature
in user interface.

is received by web service then it sends to caregiver app (Fig.
3).To register an elder account, it is performed by inputing
handphone number of elder, so when certain caregiver wants
to make connection with certain certain elder who has been
registered, they just input the phone number of elder to make
connection. Inference engine runs decision based information
from collected dta from web service so that inferece engine has
feedback response to make an information which is stored back
to web service (Fig. 1). Information that has been received
by web service is stored to push service to create some
notifications for caregiver app. Web service also provides third
party to give some helping services for elder. This feature
hopefully can make relationship between parent their children
stronger because both caregiver and parent can send regard
or some messages easily with additional feature like reminder
alarm when both caregiver and elder is not sending a message
for a period of time.

Fig. 1. Architecture scheme for strengthen parent-children relationship based
information technology

The difference between elder app and caregiver app development is based on questionnaire such as the most frequent
used feature is phone, communication between parent and their
children seldomly, etc (this explanation will be available at
Discussion section). Feature design of elder app is less than
caregiver one, it must be like this because the user of this app
is assumed a people who is not familiar with latest technology
or just knows about conventional technology, so it must be
user-friendly for elder. Another reason is elder has limitless on
accessing smartphone so to tackle this problem, an accessible
user interface by elder must be meet at this application [7].

Fig. 2.
(b)

Difference in user interface between caregiver app (a) and elder app

Fig. 3.

Functional system process by user

Each entities have the same connectivity that is defined by
system (Fig. 4). Server and elder app have same connection in
notification to send information about elder condition, server
sends reminder to elder to run the check condition feature.
Elder who receives that notificatio must follow the instruction
that is given by server. Check condition data can be known by
server by recording data. Technically, each activity can decided
on software development (Fig. 5). Caregiver and elder is
assumed as member which have basic meta-data such as: name,
phone, email, address, and activities (recorded activity data).
Daily condition may be a variable to add elder condition, when
addCondition runs, timeRecord, condition, and elder account
are stored to become recorded data form check condition
activity.
Figure 6 shows many activities that happens on system
which includes caregiver, elder, and server separately. Login is
performed by caregiver is different with login by elder, elder’s
login is performed by entering phone number. Caregiver must
be active to give some communication to elder especially when
elder tells that they feel sick by checking condition activity.
In addition, caring from caregiver can be obtained by seeing
recorded condition data.
III.

Architecture of networking communication connects caregiver app with elder app which is organized by web service.
From caregiver app, web service takes input from web frontend
or mobile application, that condition also does apply at elder
app although on elder app, the input just comes from mobile
application. So it can be described that input from elder app
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D ISCUSSION

The survey results tell that the most of respondents are
dominated from Java Island area. It can be predicted that the
spreading of questionnaire is still not fully to all Indonesian
area, although the quantity of participation is quite enough.
In Indonesia, the reason why the child leave their parent is
dominated by need of the child to go to college or to work
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Fig. 4. Activity that can be run by each entities based on supporting system.

Fig. 6.

Fig. 5.

Entitiy relationship diagram

respondents are variative, but most of respondents earns 25 millions rupiahs in a months with outcome in a month
mostly respondents tells 1-2 millions. It tells that some of
respondents money can be used for making communication
with their parents.

Use case diagram

that located on other city. That situation is very common
in Indonesia, supported by archipelago is form of Indonesia
and better job or college is still dominated in metropolitan
city class. Although the respondents and their parents are
far away, the frequency of their communicating is not very
often. Both respondent call their parent and their parent call
respondent, it shows that in a month they just make a calling or
communication 1-5 times. Mother is a parent side that often
calls their children, it shows that mother is more expressive
than father when they miss their children. The indicator
of missing their children is noted that communication topic
between respondents and their parents is often talking about
daily activity.
Most of respondents need to know very much about their
parent condition especially about health condition, although
it is not often their parent tells about their health condition. But, the contradiction happens in a few respondents
statement that they are not interested in topic about disease
in elderly generally, more ironically questionnaire result that
fewer respondents are not interested to study about how to
care elderly, so it can be tell that some respondents care about
their parent health condition but still not interest in study about
elderly disease. Worrying on parents is always takes priority by
respondents than just to know daily activities of their parents.
It seems that parents side are missing their children and the
children (respondents) are worrying and care about condition
of parents especially in health. Earning of income by each
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Based on questionnaire result, design of ser interface
follows the condition of what handphone feature that usually
use when parent-children communication instead of parent
exprience of phone using. Because mostly used feature is
phone, so designing of user interface for elder app must be easy
as using phone feature. There are no complicated activities
in both caregiver and elder. Sharing activity only happens in
notification between server and elder.
IV.

C ONCLUSION

Social factors can be used for a software application
requirement that will be developed. This is very important
because a developer do a development program must meet
functionality and effectivity of application what they develop.
By using social factors as requirement engineering can be
effecive way to reach the goal of the developing application.
So, development an application about caring parents from their
son or daughter but separate far away that often happened
in Indonesia must meet condition that can be known by
using psychological and social factor gathering. Development
kind of this application gives hope the relationship between
parents and their child is still in strong, and makes it stronger.
The results of questionnaire in this activity still shows some
unsatisfied things, especially in spreading questionnaire still
does not cover all of Indonesia country area. So, it must be take
more effort to do that. By this gathering requirement activity,
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it can be concluded that elderly need their children most every
time, not what their children do. So, communication frequently
is a must, and mobile application can be one of solution.
This survey still needs improvement because many information for requirements are not complete such as on what
features that are needed by user that is taken by gathering
opinion of user. This activity gives some recommendations for
Berbakti development:
1)
2)

Schematic of architecture system for Berbakti development which includes care giver, elder, and server.
Use case diagram and entity relationship diagram
(ERD) to describe what caregiving activites can do
by using Berbakti.

Future activities that will be performed is redevelop survey
to tackle more aspect especially expands the requirement for
development application technically to unveil user expectations. Of course, real users must be involved in design and
testing.
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and planning eNodeB parameters [2]. Another study
conducted by the Sri Ariyanti, which determined the
frequencies used for LTE 4G technology in Jabodetabek. This
study aims to give a picture of the site required for the
application of LTE technology at a frequency of 1800 MHz
and 2100 MHz [3]. Then the research conducted by Zakaria in
Tripoly, radio network design through several stages: site
survey, planning the frequency, the link budget, coverage and
capacity planning. The area is divided into three areas: dense
urban, urban and suburban. The frequency used is 1800 MHz
with a bandwidth of 20 MHz. It use LTE FDD and a soft
frequency reuse (SFR 1*3*1) with normal cyclic prefix. The
study also measured the performance of LTE FDD for uplink
and downlink by comparing the modulation of QPSK,
16QAM and 64QAM. Based on the simulation, it can
concluded that the BER vs SNR and BLER vs SNR varies
depending on several parameters such as modulation scheme,
code rate and antenna configuration [4]. Latest research on the
planning of 4G LTE is done by Fahri Rian, the optimization of
4G radio networks using genetic algorithms in Sleman. He use
genetic algorithms as an alternative to seeking a optimal
combination of existing BTS to design 4G LTE network in
Sleman [5]

Abstract—The number of mobile users is increasing rapidly,
3GPP initiated a new technology 4G Long Term Evolution
(LTE). LTE is an enabling technology as a solution to the
problem of network capacity and quality in areas that have a
high demand like Sleman. The quality of LTE networks are
supported by backbone and distribution network. This paper
describes the designing of fiber optic network as the LTE
backbone network in Sleman. The backbone network requires G652 optical cable along 85 km with a ring topology and WDMSTM64 technology. The distribution network uses GPON
technology and the type of G984 optical cable along 61.35 km.
The minimum of power received at the end-point in the
optisystem simulation is -25 dBm and -26 dBm through the
calculation, this value is good because it is still above the
minimum of power received (Receiver Sensitivity) -28 dBm which
refers to the standard parameters of G.984.2. The average value
of rise time is 69 ps, this value is still below the maximum
allowable value of rise time 70 ps. Average BER of backbone link
is 5x10-4.
Keywords—network design; 4G LTE, backbone, optisystem,
GPON, WDM

I.

INTRODUCTION

The public need of communication is not only in the form
of voice, but also in form of video and data. It takes a
communication device and network that is able to serve all the
services with high quality of service. The number of
smartphone users also increasing rapidly, which is predicted to
reach 6.1 billion users by 2020 [1] and with the advantages of
large capacity. Fiber optics became the answer to the needs of
data transmission in large volumes of up to 64 Tbps and it can
carried varied services in real time without buffer. Fiber optic
is promising to implement as LTE backbone and distribution
netwoks. Mobile operators absolute adopt this network,
especially for the backbone network.

This paper explains the design process of optical networks
as distribution and backbone networks of LTE in Sleman,
which one of the biggest city in Yogyakarta, Indonesia.
Sleman needs LTE network because it has a lot of population
and universities.
II.

SYSTEM DESIGN

The design process of this system can be seen in figure 1.
The first step is a field survey and calculation of required
traffic. The second step is to design a network topology that
will be used. The next step is the selection of light sources and
detectors as well as the wavelength of light. Then do the
calculation and simulation of power link budget and rise time
budget. Last step is to evaluate whether the values are in
accordance with the standards set.

Nafiz et al in 2012 designed LTE radio network planning
in Dhaka City. The step involves choosing propagation model,
determine threshold of link budget, create a detailed plan
based on a threshold radio, check the capacity of the network
against estimated traffic, configuration planning, site survey,
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Figure 2. Proposed transmission and backbone network

Figure 1. Design process of the system
A. Traffic Calculation
Traffic calculation is done based on literature of Sleman
statistic. This calculation needs the number of population and
cellular penetration in Sleman. The detail of data and
calculation can be seen at table 1. Traffic value will be the
basis for network design. Assuming the customer growth of
operator A is 5.1%. Then 5 years later, the total number of
mobile users become 137378.

C. Link Budget and Rise Time Planning
Detail of link power budget describe in figure 3.

TABLE I. TRAFFIC PREDICTION OF SLEMAN
No

Variabel

Value

1
2

Sleman Population [6]
Cellular penetration
Estimation the number of mobile
subscribers
Penetration of operator A [7]
Customers estimation of operator A
LTE service penetration
LTE subscribers assumptions of
operator A

850221
150%

Symbol &
Formula
A
B

1275331

C=A x B

42%
535639
20%

D
E=C x D
F

107128

FxE

3
4
5
6
7

Figure 3. Illustration of link budget on backbone and
distribution network
The minimum power (receiver sensitivity) on the
downlink receiver (Pr) is -21 dBm (refer to the standard
parameters of ITU-T G.984.2). Then based on calculation,
maximum loss on distribution link (Ld) is 16.67 dB, so the
minimum power on backbone (Pbmin) = Pr + Ld = -21 + 16.67
= -4.33 dBm. Transmit power on backbone (Pt) is 9 dBm, so
maximum loss on backbone link (Lb) = Pb – Pt = -4,33 – 9 =
-13,33 dB.
Loss on backbone link (based on network planning) is
calculated using formula 1.
Lb = (αc × Nc) + (αf × L) + (αs × Ns ) + Ms
(1)

B. Design of Optical Network Route
The design of optical networks for the distribution
network of 4G LTE need coverages and routes of network to
calculate power budget. Figure 2 below is the proposed optical
backbone and transmission network area in Sleman.
Planning parameters used in this network, customized to
the applicable standards in the ITU-T G 6:55. Planning
parameters of optical fiber can be seen in Table 2.

= (0.3×14)+(0.3×84.9)+(0.05×46)+3
= (4.2)+(25.47)+(2.3)+3
= 34.97 dB
The real loss on backbone link is greater than the
maximum loss, so it required power amplifier = real loss –
maximum loss = 34.97 – 13.33 = 21.64 dB. Each EDFA can
give gain up to 20 dB, we need 2 pieces of EDFA to againt the
loss of 21.64 dB. So the power on Rx can be calculated using
formula 2.
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TABEL 2. DESIGN PARAMETER OF OPTICAL NETWORK
Parameters

TABLE 3 RISE TIME AND NUMBER OF SPLICE

Value

Bit rate (B)

Link
Seyegan -Tempel
Tempel-Pakem
Pakem-Ngemplak
Ngemplak-Kalasan
Kalasan-Depok
Depok-Gamping
Gamping-Seyegan

10 Gbps (STM-64)

Distance of link (L link)

84,9 km

Modulation format

NRZ

Operation signal wave

1550 nm

Margin (Ms)

3dB

Total connector (Nc)
Single Mode : ITU-T G6.55
Attenuation (αf)

14

Rise time (ps)
69,552
69,773
69,541
69,524
69,606
69,625
69,582

Number of Splice
6
9
6
5
7
7
6

0,3 dB/km

Dispersi kromatik (D)

From the calculation of rise time budget, the result for the
overall rise time for Link Sleman meet the rise time value
system. The maximum value of rise time that the reference
system is 70 ps and the above calculation is feasible to
implement.

3,5 ps/nm.km
Transmitter

Rise time (ttx)

60 ps

Lebar spectral (αλ)

0,1 nm

Power transmit (Ptx)

9 dBm
Receiver

Rise time (trx)

III.

35 ps

Simulations using software Optisystem-10, first
performed to determine the backbone link loss then the next
stage simulated distribution links based on parameters in table
4. Then will be known whether the transmitted signal is
appropriate or not and to know the loss on the backbone link
that has been designed. Table 4 below are the parameters of
fiber optic cable.

Minimum sensitivity (Prx)
-38 dBm
Additional Components
Connector Attenuation(αc)
Splice Attenuation(αs)

0,3 dB/konektor
0,05 dB/splice

Gain EDFA (G)

RESULT AND DISCUSSION

20 dBm

TABEL 4 PARAMETER FIBER OPTIC CABLE

Pr = Pt - Loss total + Gain amplifier
= 9 – 34.97 – 16.67 + 40
= -2.64dBm

(2)

Description
Wavelength
Distance
Loss
Dispertion Type
Dispertion
Slope Dispertion
Slot Differential
Model type
Propagasi Type
Calculation Type
None iteration
Step
Condition
Filter
Low Calculation
High Calculation

So the result of the design of the power is in accordance
with the standards specified, dB stands for decibels, a unit
level comparison signal, if the value is positive then called the
amplification factor (gain), if the value is negative is called
damping (loss). The unit dBm is the power level used.
Maximum risetime is 70% of the bit period NRZ (nonreturn-to-zero), it can be calculated use formula 3. BR is bit
rate (10 Gbps), so the maximum risetime is 70 ps. Then we
can calculate the rise time system based on formula 4, formula
5, and table 2. Number of splice (Ns) can be found by using
formula 6, with Lcable is 3 km. The results of rise time and
number of splices can be seen at table 3.
ts = 0.7 * (1/BR)

(3)

tf = D.σλ.L
𝑡𝑟 =

(ttx2 + trx2

(4)
2 1/2

+ tf )

Ns = (Llink /Lcable) + 2

Value
1550 nm
85 km
0,35 dB/km
constan
1,8-6 ps/nm/km
0,075 ps/nm/km
0,2 Ps/km
scalar
exponential
noniterative
2
variabel
scalable
0,05
1200 nm
1700 nm

After the data obtained and further we incorporated into
the simulation Optisystem. Figure 3 below is a simulation with
Optisystem to determine the link loss on the network
backbone.

(5)
(6)
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TABLE 5. PARAMETER FOR DISTRIBUTION LINK SIMULATION

Device
Fiber optik

Laser diode
Photodetector
Band-pass filter
Splitter bidirectional

IV.

Nilai
Loss = 0,2 dB/km
Dispertion = 16,75 ps/nm/km
Distance = 2-20 km
Power = 10 dBm
Responsivity = 0,9 A/W
0,75*bit rate
1x2 – 1x4

CONCLUTIONS

The design of link distribution network 4G LTE in Sleman
using GPON technology need type of G984 optical cable
along the 61.35 km. The received power at the end-point
(ONU) in the simulated optisystem is -25.010 dBm and it is 26.626 dBm through the real calculation result. This value is
still good performance, because it is smaller than minimum
value of power (Receiver Sensitivity) -28 dBm which refers to
the standard parameters of ITU-T G .984.2 for GPON
distribution links. Average of rise time is 69 ps, it is still
under the maximum rise time 70 ps. BER of backbone links
are 5x10-4.

Figure 4 Backbone link loss simulation with optisystem
The total power on Optisystem simulations prove that the
system has been designed properly and in accordance with the
parameters have also been the result of output design. Output
power link backbone at node A is 11.436 dBm, at node B is 14.367 dBm, at node C is -42.212 dBm, and at node D is 52.838 dBm. We also evaluate value of bit error rate (BER) at
end point (node G, H, I at figure 4), they are 5x10-4, 6x10-3,
and 6x10-6. After evaluated backbone link, then we try to
evaluate distribution link using optisystem simulation, the
parameter system can be seen at table 5.
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tracker to follow the direction of sunlight. The use of solar
tracker makes the absorption of solar energy more optimal
compared with the ones with no solar tracker. In addition, the
design of adaptive battery charging techniques was performed
by Zhiwei[11], they reported an adaptive state of charge
estimation method based on unscented Kalman filter
algorithms for lithium (Li)-ion batteries. However, there is no
study on solar power system for WSN. This paper will shows
the compactness and simpleness design of solar power supply
for ZigBee Wireless Sensor Network (WSN).

Abstract— Zigbee wireless sensor network is widely used in
telemonitoring systems, one of which is telemonitoring system for
environments. The sensor nodes are placed in areas in which
power source are not available. Hence, a system that can supply
the energy use of energy resources available in the environment is
required. This paper shows the solar power supply design for a
node in ZigBee wireless sensor network. The power supply
system uses two 10 watt solar cells in parallel circuit with a
maximum voltage of 22 volts DC and 1400 mA maximum current
and two batteries with a voltage of 12 Vdc and a maximum
capacity of 7.2 Ah. An optimal charging process requires ± 14
Vdc voltage and battery charging time with the input current of
± 1 ampere is 9-10 hours. Taking around from 16 to 18 hours, the
process of discharging the battery with a maximum current
consumption of the device uses 300 mA zigbee.

II. SYSTEM DESIGN
The design of the solar-power supply for zigbee wireless
sensor network is divided into five steps. The first step is, the
calculation of the power requirements for a node in ZigBee
Wireless Sensor Network and, the second step is to determine
the capacity of the solar cell. The third step is to determine the
type of battery and battery capacity that can operate as needed.
The, fourth step and the fifth one is to designing the charging
control circuit, and designing the sensor battery, and the
variable power supply circuit, respectively. The system design
can be seen in Figure 1

Keywords—solar cell; zigbee; wireless sensor network;
power supply; telemonitoring
I. INTRODUCTION
ZigBee Wireless Sensor Network (ZigBee-WSN) has been
widely applied in the monitoring and control systems. It is used
for wireless data transmission, which requires low data
transmission and low power consumption. Mostly, Zigbee is
applied in industrial control systems, and environmental
monitoring[1,2,3]. It has a transfer rate of about 250kbps, lower
than other WPANs such as Bluetooth which has a transfer rate
up to 1Mbps. In addition, Zigbee transfers distance of about
76m[4].

The system uses two solar cells that will be linked in
parallel to meet the power capacity of 20 watts, and the output
current of 1.4 amperes. The system uses two batteries used
interchangeably for optimal operation. One will be used as a
backup battery when the main battery is empty and does not
get input from the solar cell.

ZigBee WSN for monitoring systems typically uses a
number of spreaded sensors to obtain accurate data. Node in
WSN usually works continuously for 24 hours in a day. WSN
is commonly used in areas that do not have a power source, so
it is often constrained in their utilization. The solutions to these
problems are by improving energy efficient [5,6] and utilizing
solar energy as one of the rapidly growing renewable energies
today. Currently solar energy has been used for such purposes
doorstop share of railways, power plants in areas that have not
reached by State Electricity Company, or street lighting.
Utilization can be done anywhere with sufficient light intensity,
both in the area of ramps, plateaus and in the middle of the sea.
The design of solar cell modules was performed by
Hankins[7], Dharmireddy[8], and Passarella [9]. Heru Nugroho
[10] conducted a research on "Automatic Battery Charging
Using Solar cells". They reported several designs of solar

Figure 1. The system design

336

2016 International Seminar on Application for Technology of Information and Communication

transistors TIP are used functioned as a current amplifier so as
to meet the current needs in the charging process.

Charging circuit must be able to work automatically and
can generate sufficient current. The charging process does not
take a long time. The control circuit must be able to determine
when the battery is used to supply the circuit and when the
battery must be charged in an empty condition. The decision
was taken based on the value of the sensor output. Sensor
circuit must be able to determine the condition of the battery
when the battery in a discharged condition and when the
batteries fully charged and then sends the information to the
battery control circuit. The system should be able to work
stably to avoid the fluctuation the output voltage.

In an automated process, the system uses two transistors,
and a variable resistor as current-limiting that goes into the
transistor. Transistors on this system is used as an automatic
switch that will switch-off the charging process when the
batteries is fully charged and the transistor will be back switchon when the battery is in a discharged condition. Transistor T2
is active (On) when the transistor T3 is off. In this condition,
the base on the transistor T2 obtains sufficient input current, so
the collector and emitter of the transistor T2 is connected
creating process of charging. When the battery is full and
achieve maximum flow, the battery current will run through the
base of transistor T3. In this way the transistor T3 is active
(On). Then the transistor T2 is switched off due to the current
flowing into the base of the transistor T2 flowing into the
collector emitter transistor T3. Then, the base of transistor T2
is not getting enough current so the charging process will stop.

This design used two solar cells; each of which has the 10
watt power capacity with a current of 0.4 amperes and voltage
22 Vdc. Both solar cells were arranged in parallel. The output
voltage of the solar cell was forwarded to the charging circuit
15 Vdc. The charging circuit would charge the battery 1 and
battery 2 alternately, and supplied the WSN nodes. The
controlling circuit determined when the battery 1 and battery 2
were being used to supply regulator circuit and when the
battery was in a charging process. Controling circuit obtained
input data from the sensor circuit that provided two data
information to the controlling circuit. The first data was in term
of the condition of the solar cell in which if the solar cell
obtained adequate sunlight sources to supply WSN, sensor
would read the upper limit of the data battery to determine
which battery should perform the charging process. If the
opposite occured, the sensor would read the lower limit of data
battery to determine which battery would be used (discharge
process). The output of the battery would be used to supply the
regulator, circuit that stabilized the voltage of 0-11 Vdc with a
maximum current of 1.4 amperes. The output of regulator
circuit would be used to supply ZigBee Wireless Sensor
Network.

Figure 2. The solar charger circuit
Regulator resistor is set as a limitter, which will control
whether the transistor is in on or in off condition. Voltage
regulator is an electronic circuit that serves to regulate the
output voltage remains at the specified value while the input
voltage is changing. Voltage regulator circuit is then packaged
in the form of IC. IC voltage regulators often found in the
market are IC 78xx and LM317 family. Figure 3 shows the
voltage regulator circuit.

A. The Design of Charging Circuit
Charging circuit must be able to provide the needs of
current and voltage, and to operate optimally and automatically
in the process of charging and discharging. Charger circuit
would change the unstable Vdc voltage of the solar cell to
stable voltage of 15 Vdc enabling it to be used in charging the
12 Vdc battery
The charger circuit consists of a DC voltage rectifier,
capacitors as a filter that mounted before and after the charger
circuit, and IC voltage regulator. This circuit uses IC regulator
L7815 which is widely available in the market, and it is
capable of a maximum drain current of 1.4 amperes. Another
component needed is a transistor TIP that serves to strengthen
the output current of the regulator circuit. Transistor TIP is also
used as an automatic switch used to switch off the charging
process when the condition of the battery is full and back
switch on when the condition of the battery is empty. Figure 2
present a picture of the solar charger circuit.
When the solar cell produces a DC voltage output, D1 will
conduct a forward bias, and then the IC regulator will receive
unstable voltage input of 0-22 Vdc. In these conditions, the
regulator IC plays a very important role in stabilizing the 15
Vdc voltage used to charge the battery. Regulator IC, however,
is only capable of a maximum drain current of 1.5 amperes, so

Figure 3. Voltage regulator circuit
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B. Design of Controller Circuit
The design of the controller circuit used a modified relay
driver. This circuit used a relay as a switch and determined the
time of discharge and charging the battery. This circuit also
used the LDR components functioned as data taker from the
battery voltage sensor. The data was forwarded to the relay
driver circuit and determined when the relay was active or
inactive condition. The process of control can be seen in figure
4 and the controlling circuit is shown in Figure 5.

results showed that the maximum output voltage was at 15
volts and a maximum current of 1.4 amperes. It occured when
the solar cell obtained the maximum light intensity. If the solar
cell obtained less light intensity, the current decreased to
approximately 200mA - 800mA, depending on the light
intensity. The effective time for charging is about 5 hours is a
day, from 9 AM to 2 PM.

Figure 5. The controller circuit
B. Battery Sensor Circuit Testing
Testing of the battery sensor circuit is done by measuring
the voltage that needed to activate the sensors. Measurements
were taken twice, measurement the upper limit and the lower
limit of sensors, the results show in table 2. The measurement
results show that the upper limit of the sensor will be active if
the voltage ≥ 13.6 volts and lower limit of sensors will be
active if the voltage ≥ 12 volts.
TABLE 1. THE RESULT OF SOLAR CHARGER CIRCUIT MEASUREMENT
Time
08:00
08:30
09:00
09:30
10:00
10:30
11:00
11:30
12:00
12:30
13:00
13:30
14:00
14:30
15:00
15:30

Figure 4. Flow chart of controller process
LDR (Light Dependent Resistor) are electronic
components that are similar to the resistor, but the resistance
value of LDR varies according to the level of intensity of the
light it receives. The working principle of the controlling
circuit above is actually very simple. Voltage division between
VR and LDR is the main part of the controlling circuit above.
The increase in voltage on the VR will reduce the voltage falls
on the LDR; vice versa increase in voltage on the LDR will
reduce the voltage drop on the VR. Voltage division in
accordance with the formula applies a voltage divider in a
series circuit.
III. RESULT AND DISCUSSION
A. The Test of Solar Circuit
Solar charger circuit testing was done by measuring the
output voltage (Vout) of the circuit. The system was designed
to charge the solar charger batteray of 12 volts. The
measurement results are shown in Table 1. The measurement
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Voltage (V)
14
14
14
15
15
13
15
15
15
15
15
15
13,5
14
14
13

Current (A)
0,2
0,2
0,4
1,4
1,4
0,4
1,4
1,4
1,4
1,4
1,4
1,0
0,8
0,4
0,24
0,24

Weather
Claudy
Claudy
Claudy
Sunny
Sunny
Claudy
Sunny
Sunny
Sunny
Sunny
Sunny
Sunny
Claudy
Sunny
Sunny
Sunny
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TABLE 2. MEASUREMENT RESULT IN SENSOR CIRCUIT TESTING
Upper limit
Sensor
Sensor
voltage
Condition
(V)
6,91
Off
8,95
Off
11.2
Off
14,89
On

Lower limit
Sensor
Sensor
voltage (V)
Condition
4,72
8,76
11,89
14,28

Off
Off
On
On

C. Battery Charging and Discharging Measurement
Measurement of current, voltage and charging time of
battery 12 volt 7.2 Ah were conducted from an empty battery
condition to full one. The test results are shown in Table 3.
We need about 10 hours to charge the battery.
Discharging measurements were carried out, among
others, the current needed when zigbee nodes on standby
condition, the current needed when zigbee nodes sent data, the
output voltage of the battery, and the time were required in the
process of discharging the battery. The purpose of this test was
to determine how long the battery could last when being used
as a voltage source by zigbee node.
The current needed when zigbee nodes on standby
condition is 0.27A and 0.34A when zigbee nodes sent data.
Battery discharging time (T) depends on the battery capacity
(C) and the current consumtion (I).
T = DoD / I

(1)

DoD = C * 80%

(2)

Figure 5. Battery discharging process
In Krejcar and Ganesh researchs, WSN node get power
supply only from battery, and the battery is charged by solar
cell [12,13]. In this research, WSN node get power supply
from battery or solar cell, it is controlled by controller circuit.
It became more effective, because the system just uses the
batteries in the night, while there are enough sun light, the
system will use solar cells.
Chang design hybrid energy storage system based on liion battery and solar energy supply for zigbee WSN [14]. The
harvesting unit uses a 2W solar panel to provide lasting energy
for the node. The storage unit consists of a rechargeable 1200
mAh Li-ion battery. This research improve the capacity of
charging, the storage unit consists of two rechargeable 7.2 Ah
batteries.

DoD is depth of discharge, and battery industries usually
state that DoD is 80% of the capacity. It is mean that if the
battery capacity is under 20%, the battery must start to be
charged. Based on calculation using formula 1 and formula 2,
battery discharging time was 18.5 hours when zigbee nodes on
standby condition and 17.2 hours when zigbee nodes sent
data. The measurement results can be seen in Figure 5.

IV. CONCLUTIONS
The power supply system of a node on zigbee wireless
sensor network used two 10 watt solar cells in parallel circuit
with the maximum voltage of 22 volts DC and 1400 mA
maximum current. If the light intensity decreased, the current
dropped drastically to 160 mA. The system used two batteries
with a voltage of 12 Vdc and a maximum capacity of 7.2 Ah.
Optimal charging process requires ± 14 Vdc voltage and
battery charging time with the input current of ± 1 ampere is
9-10 hours. The process of discharging the battery with a
maximum current consumption of the device with 300 mA
zigbee took around 16 to 18 hours.

TABLE 3. THE RESULT OF BATTERY CHARGING MEASUREMENT
Time
(hours)
0.0
0.4
1.0
1.4
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5
9.0
9.5

Battery Voltage
(V)
12.00
12.28
12.32
12.35
12.39
12.42
12.46
12.50
12.54
12.57
12.62
12.67
12.71
12.73
12.77
12.82
12.85
12.89
12.92
12.98

Charging
condition (%)
20
28
32
35
39
42
46
50
54
57
62
67
71
73
77
82
85
89
95
90
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Abstract—Cough is one of the early symptoms of the
respiratory tract infections. Cough sound may indicate the
physiology of respiratory tract impairment due to the infections.
Inflammation, obstruction and excessive mucus may generate
specific types of cough sound. In pediatric population, their cough
sound may relate to the etiology of the respiratory diseases.
Therefore, cough sound is very useful to support the diagnosis. In
the physical examination, physicians may assess cough by listening
to several episode of cough sounds. This process is similar to the
way human recognize speeches. In this paper we present our work
on the development of cough model using a Hidden Markov Model
(HMM). The data for this work were collected from pediatric
population diagnosed as pneumonia and asthma. Our developed
model achieved the accuracy of 82.7% and 52.6% for pneumonia
and asthma, respectively. It shows that HMM can be used to model
different types of cough from respiratory diseases.
Keywords—hidden markov model, cough, pneumonia, pediatric

I. INTRODUCTION
Children are more prone to respiratory infections. One of the
serious respiratory infections in children is pneumonia. The
disease is the major cause of morbidity and mortality in pediatric
populations. There were around 120 million episodes of
pneumonia in children younger than five years reported in 2010
[1]. It was estimated that around 1.3 million children died due to
pneumonia in 2011. Major pneumonia cases occurred in
developing countries where 74% of the cases occurred in south
Asia and sub-Saharan regions [2]. In Indonesia, pneumonia is the
major second cause of mortality in children. Majority of
pneumonia cases in Indonesia occurs in east regions such as
Papua. In these areas, laboratory and testing tools for diagnosing
pneumonia is extremely rare. The diagnosis and the treatment of
pneumonia depend heavily on the community health workers.
To support the diagnosis of pneumonia in the first-level
health facilities in remote areas, the World Health Organization
recommends the use of a guideline called Integrated
Management of Childhood Illnesses (IMCI). According to the
guideline, children who have cough and rapid breathing
(respiratory rate greater than 50/min in children younger than 12
months and greater than 40/min in children older than 12 months
to 60 months) are diagnosed as pneumonia. Children with chestwall indrawing will be diagnosed as severe pneumonia.
Unfortunately, the evaluation of IMCI in several countries
showed that it has poor specificity [3-6]. This means that many

non-pneumonia patients were misdiagnosed as pneumonia and
received unnecessary antibiotics medication. This waste the
precious medicine supplies as well all lead to the bacterial
resistant, the new threat for human.
Cough has been used as one of the entry criteria for
pneumonia screening in IMCI. However, cough has not been
used to its fullest. Its signal properties have not been studied
thoroughly for supporting pneumonia screening. Cough sound is
generated by the sudden burst of air from the lungs after
immediate opening of glottis. In a complete phase, cough is
initiated by inspiratory phase where air is taken into the lungs. It
is followed by the closing of the glottis. This process called
compressive phase. In the final phase, expiratory occurs when
the glottis opens suddenly and the air flows out from the lungs.
The movement of air is modulated by the glottis, airways and the
rheological properties of mucus.
Different types of cough sounds may indicate the different
conditions of the airways. In pneumonia, the alveoli (small air
sacks in lungs for exchanging oxygen and carbon dioxide) are
filled by fluid due to the inflammation [7]. This make the
pneumonia patients difficult to breath and coughing. In another
disease such as asthma, the inflammation makes the airways
narrowing and obstructs the air. This condition also results to
breathing difficulty and coughing [8]. However, due to the
different physical condition of the airways, the cough sound
generated from those diseases are dissimilar. This occurrence
implies to other respiratory diseases as well. Therefore, each
respiratory disease may have a unique cough sound. In children,
cough sound may suggest the etiology of the diseases that very
useful for diagnosis. A few attempts show that cough sound
analysis has potential to be developed as screening tools for
respiratory diseases [9, 10].
In this paper we propose to develop a Hidden Markov Model
(HMM) of cough from pneumonia and asthma patients. HMM
has been used widely in speech recognition. It is used to model
words as such they can be recognized automatically. In this work,
HMM was selected as cough sound generation is quite similar
with speech. Different types of cough can be analogized as words
in speech. We hypothesize that HMM can be used to model
cough from pneumonia and asthma. Having the cough model, the
cough episodes from pneumonia/asthma patients can be detected
automatically. Details of this work is described in the following
sub-sections.
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of cough episodes in a recording less than fifty, we used the all
cough episodes. Using the constructed data set, we compute the
feature in cough episodes as described in the following subsections.
Table 1. Inclusion and exclusion criteria used in the
recruitment.
Inclusion
- Rapid breathing.
- Coughing.
- Fever (temperature > 37.5°C).
- Informed consent.
Exclusion
- Having advanced diseases (e.g.: lung
cancer).
- Droplet
precautions
(e.g.:
Tuberculosis).
- Having
NIV
(non-invasive
ventilation) treatment.
- No informed consent.
B. Feature extraction
The feature extraction process consists of two steps as
follows:

Fig 1. Block diagram of the proposed method consisted of
three main processes: A) Data set construction, B) Feature
extraction and C) Development of Hidden Markov Model
of cough sound.
II. METHODS
The block diagram of the method presented in this paper is
illustrated in Fig 1. It is consisted of three processes: A) Data set
construction, B) Feature extraction and C) Hidden Markov
model development of cough. The description of each process
is as follows.
A. Data set construction
Data acquisition for this work were conducted at Sardjito
Hospital, Yogyakarta, Indonesia. The cough sounds were
recorded from pediatric patients admitted on respiratory
complaints. To recruit subjects, we used inclusion criteria as
shown in Table 1. Patients having at least two of the symptoms
(cough, sputum, rapid breathing and fever) were involved in this
work. We excluded patients having advanced disease where
recovery is not expected, diseases with droplet precautions and
patients undergoing ventilation treatment. Data acquisition was
started after physicians had examined the patients, begun the
initial treatment, and informed consent had been completed.
To record the cough sound, we used recording devices
comprised of Rode microphones (Model NT-3), a pre-amplifier
and data acquisition unit (M-Audio Mobile Pre-USB) and a
laptop. The duration of recording for each subject was from 1 –
6 hours, depending on the condition of patients. Our research
protocol had received ethics clearances from Sardjito Hospital.
The clinical diagnosis of the diseases was carried by the
professional pediatricians from Sardjito Hospital, Yogyakarta,
Indonesia.
In the following process, cough episodes in the recordings
were identified. Cough episode identification was carried by a
trained human operator using Adobe Audition Software. We
only used good quality cough episodes (free from interferences
and their signal was not clipped). To construct the data set, we
used the first fifty cough episodes in each patient. If the number

1) Noise reduction and pre-emphasis: Let y[n] denotes a
discrete time signal of a cough episode in the data set. To
reduce noise, y[n] was processed through a high pass filter
(HPF) and a power spectral subtractions (PSS) filter. The
HPF was designed as a fourth order Butterworth filter with
cut off frequency (fc = 10 Hz). The particular fc was selected
based on the low frequency noise profile in the recordings
due to the vibration of microphone stands and cables. The
PSS filter was used to reduce the Gaussian noise [11]. The
filtered cough signal was then processed through first order
pre-emphasis filter to enhance its high frequency
components [12]. The output of the pre-emphasis filter was
denoted as ŷ[n].
2) Feature computation of cough episodes: The process of
feature vector computation of ŷ[n] follows the steps:
a. Apply a rectangular sliding window w[n] of length N to
ŷ[n], to generate data sub-blocks ŷ1[n], …, ŷk[n], …, ŷK[n].
ŷk[n] represents the kth (k = 1, 2, …, K) sub-block in ŷ[n].
b. For each sub-block ŷk[n], compute Mel-Frequency
Cepstral Coefficients (MFCCs) including its first and
second derivatives. The MFCCs (ψk) of a sub-block ŷk[n]
was computed using (1). Note that in (1), Lk is log energy
output of c Mel Filter banks of a sub-block ŷk[n] and r is
the number of cepstral coefficients. The MFCCs (ψk) of
all sub-blocks in a cough episode ŷ[n] can be expressed
in a matrix form as ζ, ζ = [ψ1, ψ2, …, ψk, …, ψK].

ψk =



C

 r(2c − 1)π 

2C


L (c) cos
c =1 k


(1)

The MFCCs is spectral features computed from short-time
sound signal. It approximates the auditory system behaviour by
using non-linear frequency scale. The features that have been
found useful in speech, snore and cough processing [13-15]. In
this work, we used MFCCs to describe the temporal
characteristic of cough episodes.
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ψk, …, ψK]), from any given HMM model ρ is expressed in terms
of the log-likelihood (LL) given in (5).
LL = log P (ζ | ρ x ) =



K
k =1

(5)

log P (ψ k | ρ x )

By computing P(ψk|ρ) in term of HMM probability
distributions according to (6), a viterbi decoder return ߩො, the best
pneumonia model that give the highest log-likelihood score.

ρˆ = arg maxρ log P(ζ | ρ )

(6)

Let ξ = (ζ1, ζ2, …, ζh, …, ζH) be a set of cough episodes from
a patient, where ζh is the ζth cough episode and | ξ | = H. To check
whether a cough episode belongs to pneumonia model we apply
the rule as in (7).

∀ζ ∈ ξ , if ρ x = ρˆ = arg max ρ ∈Φ log P (ζ | ρ ) then ζ → x (7)
Fig 2. Five states HMM are used to model onset, body and
end of a cough episode. State 1 and 5 are non-emitting
C. Hidden Markov Model
In this paper, a cough episode is represented as three stages
namely: Onset, Body, and End. To model the probabilistic
temporal characteristic of these stages, we developed i-states (i =
5) HMM. The illustration of the HMM model is shown in Fig 2.
State 1 and 5 are non-emitting states while State 2, 3 and 4 are
the emitting states that correspond to a particular respiratory tract
configuration and model the probabilities characteristic of
observation feature vectors ψk of each stage in cough. Gaussian
Mixture Model (GMM) is used to model the probabilities
characteristic of observation feature vector ψk associated with
each emitting state. The probability of emitting an observation
feature vector ψk from state i of the HMM is governed by the
output probability density function bi(ψk) given in (2) which is
defined as a multivariate GMM with j Gaussian mixture
components (j = 1, …M, where M is the number of Gaussian
mixture components i.e. 1, 2, 4, and 6).

bi (ψ k ) =



M
j =1

mij bij (ψ k )

1
ϕ 2

(2π )

Σij

12

(

)( ) (

)

TP + TN
x100%
TP + TN + FP + FN

(8)

where TP, TN, FP and FN are True Positive, True Negative,
False Positive and False Negative, respectively.
Table 2. Demographic and clinical details of the subjects.
Male
8
Gender
Female
12
<12 months
7
12 – 60 months
10
Age
>60 months
3

Diagnosis

Pneumonia
Asthma

10
10

III. RESULTS AND DISCUSSION

(3)

exp(ω )

 1

ψ k − μ ij T Σ ij − 1 ψ k − μ i j 
2



ω = −

Acc =

(2)

where mij is the jth mixture weight of the ith state of HMM and
bij(ψk) is defined as in (3).
bi j (ψ k ) =

For all cough episodes ζ belong to set of ξ, if the cough model
that produces the highest LL for cough episode ζ is the xth cough
model, then the rule attributes ζ to the x cough model.
To analyze the performance of our cough model, we
computed the accuracy using (8).

(4)

where μij and Σij are the mean and the covariance matrix of the jth
Gaussian distribution of the ith state, and φ is the dimension of
the feature vectors.
The HMM parameters (state transition and emission
probability distributions) are estimated by using Baum-Welsh reestimation procedure with Viterbi alignments [16].
Let Φ = [ρx, x = 1, 2] represent HMM model for pneumonia
(x = 1) and asthma (x = 2). The likelihood of a cough episode
with a sequence of k observation feature vector (ζ = [ψ1, ψ2, …,

A. Dataset
In this study, we used recordings from 20 pediatric subjects
consisted of 8 males and 12 females. The age of the subjects
ranges from 1 – 86 months (average age 25 months). Of 10
pneumonia subjects, chest x-ray was used to confirm nine of
them. A subject was clinically diagnosed as pneumonia. Details
of demographic and clinical diagnosis is presented in Table 2.
According to physical examination findings, 9 of pneumonia
subjects rate above the threshold defined by IMCI (respiratory
rate greater than 50/min in children younger than 12 months and
greater than 40/min in children older than 12 months to 60
months). Fever (body temperature > 37.5°C) was presence in 7
pneumonia subjects. and 5 asthma subjects. Abnormal lung
sounds found by clinicians in these subjects through a
conventional stethoscope were crackles (pneumonia = 9 and
asthma = 1) and wheeze (pneumonia = 2 and asthma = 7).
Respiratory distress symptoms (sub costal retractions) were
present in all pneumonia subjects and in 4 asthma subjects.
Oxygen saturation level below normal (<96) was present in 3
asthma subjects and in one pneumonia subject.
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Fig 3. Illustration of cough sound signal of pneumonia and asthma in time domain and frequency domain.
The total number of coughs in the data set was 739, consisted
of 462 coughs from pneumonia subjects and 277 coughs from
asthma subjects. Over a period of 60 minutes, the average
number of coughs in pneumonia subjects was larger than that in
asthma subjects (46 coughs and 28 coughs, respectively).

Table 3. The accuracy of cough episode classification. The
results are presented in percentage of mean ± standard
deviation. N is length of the sub-blocks and j is the number
of Gaussian Mixture Model (GMM).
j
N
1
2
4
6
74.3
72.9
69.8
72.7
20ms
±21.2 ±23.7 ±27.1 ±23.9
82.7
76.3
73.1
78.1
30ms
±12.6 ±17.0 ±22.5 ±20.3
82.5
76.8
74.1
75.4
40ms
±14.3 ±20.1 ±23.3 ±21.2
80.1
77.6
71.5
75.1
50ms
±15.6 ±18.0 ±22.9 ±17.1
80.4
78.0
75.9
75.3
60ms
±12.9 ±16.8 ±22.1 ±18.9
52.6± 45.8± 42.7± 42.3±
20ms
21.2
23.8
27.1
23.9
48.4± 50.0± 48.0± 41.5±
30ms
12.6
17.0
22.5
20.3
44.5± 45.2± 47.1± 43.9±
40ms
14.3
20.1
23.3
21.2
47.3± 51.3± 51.1± 48.9±
50ms
15.6
18.0
22.9
17.1
49.5± 51.1± 42.5± 37.7±
60ms
12.8
16.8
22.1
18.8

Asthma

B. Pneumonia cough model
In this paper, we used a sliding rectangular window w[n] of
length N to segment each cough episode ŷ[n] into sub-blocks.
Then we computed the Mel-Frequency Cepstral Coefficients
features for each sub-block.
In order to investigate the optimum sub-block size, the size
of rectangular sliding window (N) was varied from 20 ms – 60
ms in steps of 10 ms. To compute the features from a cough
episode, the rectangular window was shifted from the beginning
to end of cough episode with 50% overlap. From each sub-block,
a feature vector containing 39 features was computed. Thirtynine features are 13 of MFCC and their first and second order
derivatives.
Table 3 shows the accuracy of cough episode classification
into pneumonia and asthma classes using four different number
of Gaussian Mixture Models (1, 2, 4, and 6) following rule in (7).
From the Table 2, it can be seen that in HMM cough model for
pneumonia (ρ1), the optimum accuracy was obtained at subblock size 30 ms with single GMM (82.7%). The table also
shows the decreasing trend of the accuracy with the addition of
GMM components (2, 4 and 6).

Pneumonia

We illustrate the samples of cough signal in Fig 3. From the
figure, it can be seen that cough signal of pneumonia and asthma
in time domain are not too different but their frequency
spectrums are extremely dissimilar. The temporal information of
the frequency was captured using Mel-Frequency Cepstral
Coefficients (MFCCs).

In HMM model for asthma (ρ2), the optimum accuracy of
cough episode classification was obtained in sub-block size of 20
ms with single GMM (52.6%). However, the standard deviation
of the accuracy in this set is very high (21.2%). The optimum
accuracy with the smallest standard deviation can be found either

344

2016 International Seminar on Application for Technology of Information and Communication

in sub-block sizes 30 ms or 60 ms with one/two GMMs. In this
set, the accuracies are slightly lower by 1.5% - 4.2% but the
standard deviations are 4.2% - 8.6% lower. Similar to cough
model ρ1, increasing the number of GMM by 2 and 4 also
reduced the accuracy of ρ2.
IV. CONCLUSION
In this paper we present our work in cough modelling using
Hidden Markov Model (HMM). Cough sound generation share
some similarities with speech. Therefore, HMM can be applied
to model cough. Our results show that the developed model
achieved high accuracy (82.7%) in pneumonia and fair accuracy
(52.6%) in asthma. Our method can be developed further to
model cough from different diseases. The cough samples are
quite easy to acquire. This approach is useful for supporting the
existing IMCI guideline to screen pneumonia in remote areas.
For future work, asthma cough model should be improved.
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