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Y.BHG. Tan Sri Dato’ Seri Utama Dr. Rais Yatim
President
International Islamic University Malaysia

Assalamu’alaikum Warahmatullahi Wabarakatuh

I am extremely delighted to welcome all participants to the IIUM Engineering Congress 2016 (IEC 2016). I wish your
participation in the Congress would be worthwhile and a good start to foster more collaboration in the future. The IEC 2016
marks another milestone for the Kulliyyah of Engineering at [IUM and I am pleased to share this achievement.

Last year, I called upon universities in the country to work together to de-westernise and redefine the higher education and
the knowledge they are providing. The time has come for our academic institutions to form our own worldviews instead of
following the directions prescribed by our former colonial masters and the West. ITUM, via academic activities like this
Congress, is revisiting and strengthening its position in the Islamization of knowledge.

The Kulliyyah of Engineering, since its establishment in 1994, provides quality engineering and research, and has the goal of
being a “World Class Centre of Engineering Education and Research with Values and Ethics.” The Kulliyyah prides itself in
producing alumni that are progressively redefining and shaping our world. The graduates have exemplified the achievement
of excellence in diverse fields of engineering. They are greatly awaited by various multinational companies around the world
for various positions. Some graduates pursue their education in well-known engineering colleges, while others excel in
business sectors.

Today, IEC 2016 witnesses the amalgamation of local and international scholars. Engineers, academicians, and scientists will
be presenting more than 400 academic papers. The conference proceedings articulates the deliberations and breakthroughs
which will hopefully lead to complementary or better solutions to the global community woes. Published papers are well
vetted and thoroughly reviewed by experts and [ am convinced that the majority of authors will make their way further into
the real world. We hope to see patents emerging from IEC 2016 Insha’ Allah.

My sincere gratitude to IIUM, Kulliyyah of Engineering and organizing committees of IEC 2016 for a job well done!

Wassalam.

Honorable Y.BHG. Tan Sri Dato’ Seri Utama Dr. Rais Yatim
President of International Islamic University Malaysia
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Prof. Dato Sri Dr. Zaleha Kamaruddin
Rector
International Islamic University Malaysia

In the Name of Allah, Most Gracious, Most Merciful.
Assalamu’alaikum Warahmatullahi Wabarakatuh

It is indeed a pleasure and a privilege for our Kulliyyah of Engineering to organize the IIUM Engineering Congress 2106
comprising three conferences: (1) the 6th International Conference on Computer and Communication Engineering (ICCCE
2016), (2) the 4th International Conference on Biotechnology Engineering 2016 (ICBioE 2016), and (3) the International
Conference on Mechanical, Automotive and Aerospace Engineering 2016 ( ICMAAE 2016).

By organizing and participating in such conferences, it is hoped that members of the Kulliyyah of Engineering will develop
and share new knowledge with colleagues and researchers worldwide. It is my fervent hope that the staff at [IUM will work
hard to revitalize the scientific research culture of the Muslim ummah and bring it back on the right path, reminiscent of its
glorious past.

I am sure that this conference will provide a platform for an intellectual exchange of ideas and experiences of academic and
industrial research, which will greatly benefit the participants.

I take this opportunity to wish all delegates a productive conference and pleasant stay in Malaysia.

Wassalam.

Professor Dato’ Sri Dr. Zaleha Kamaruddin
Rector
International Islamic University Malaysia
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Foreword from the ICCCE2016 Chairman

Assoc. Prof. Dr. Teddy Surya Gunawan, SMIEEE, MIET, CEng

Chairman
International Conference on Computer and Communication Engineering (ICCCE’16)
Kulliyyah of Engineering
International Islamic University Malaysia

Assalammu’alaikum Warahmatullaahi Wabarakaatuh

I would like to extend my warmest welcome to the participants of the 6! International Conference on Computer and
Communication Engineering 2016 (2016) organized by the Department of Electrical and Computer Engineering (ECE),
Faculty of Engineering, International Islamic University Malaysia. The theme of this conference is Innovative
Technologies to Serve Humanity. The conference provides a good platform for fellow colleagues and students to
share, discuss, and collaborate on knowledge and findings while expanding networks. The ICCCE’16 have followed
the IEEE guidelines of blind-review process. At an acceptance rate around 69% out of 148 total submissions through
EDAS from around 20 countries.

I would like to express my sincere gratitude to the organizing committee and everybody who have worked very hard
to make this conference a reality and successful. | would like to express my deepest gratitude to the distinguished
keynote speakers, International Advisory Board members and sponsors. | am also grateful to all the reviewers, as
without their effort the high quality standard for the conference could not have been possible.

Finally, | wish all of you a pleasant stay in this country and we hope that ICCCE’16 will be successful and enjoyable
for all participants.

Wassalam

Assoc. Prof. Dr. Teddy Surya Gunawan, SMIEEE, MIET, CEng

Head of Electrical and Computer Engineering Department
Kulliyyah of Engineering
Chairman of ICCCE 2016
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Neural Networks for Lampung Characters Handwritten Recognition
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Abstract— Character recognition technique associates a
symbolic identity with the image of a character. Different
characters and languages have different structures and
features. Lampung character and language are different with
any other languages. We have developed Lampung
handwritten character recognition using back-propagation
neural networks. However since some Lampung characters
have similar features, hierarchical network system was
performed to optimize the training and recognition algorithm.
The experiment results give reasonable results of the
recognition rate for the training set. 86.5% of basic characters
and more than 97% for characters with tone marks can be
recognized.

Keywords-handritten recognition; Lampung characters;
artificial neural networks; backpropagation

I. INTRODUCTION

The developments of digitizing tablets, personal
computer, and image processing technologies have driven
character recognition to grow to be an area of active
research. Moreover, the latest invention of input devices for
computer systems also extends this research area [1]. A
character recognition technique associates a symbolic
identity with the image of a character. Handwritten
recognition is the ability to read and understand human
language in written form and the information is then
recorded in the digital form to be other uses. Currently many
researchers in handwritten character recognition are carried
out to classify English characters/words. Recently, there are
also research interest in non-English character recognition,
such as Thai [2], Japan [2,3], Chinese [4], and Korean [5].

Different characters and languages have different
structures and features. Lampung character and language are
different with any other languages [6]. Lampung character
has complex and unique characteristics, composed from
curves, zig-zag, and symbols. The Lampung script is written
from left to right in a cursive manner, which is handwriting
style that is designed for writing notes and letters quickly by
hand. The goal of Lampung handwritten character
recognition is to make a computer understand and identify
which Lampung character a human wrote [7]. This research
may be applied to many different types of information
sources. For example, transformations and translations of
handwritten ancient documents of Lampung language into
text files.

In this paper, we report an effort to develop an automatic
handwritten recognition system for Lampung characters with

978-1-5090-2427-8/16 $31.00 © 2016 IEEE
DOI 10.1109/ICCCE.2016.107
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high recognition accuracy and minimum training time. This
study shows that the approach used in this research is giving
high recognition accuracy and minimum training time.

TABLE L LAMPUNG BASIC LETTERS
Sound Character Sound Character Image
Image
Ka /‘7 Ja /(L/?
Ga /7 Nya m
A7 4
r .~ A AV
- L |~ SV
Ma U/ Ra /0/
" 0 > /7
> A " A/
Na //7 Ha [/]
Ca m Gha %
TABLE II. UPPER TONE MARKS
Sound Character
Image

Ulan “i” v

Ulan “e” n

Bicek “e” |

Rejunjung “r”’ wvi

Tekelubung -

e

Datas “an” -

cps’s

Conference Publishing Services



TABLE IIIL LOWER TONE MARKS
Sound Character
Image
Bicek “0”
Bitan “u”
Tekelungau “au”
v
TABLE IV. SUBSEQUENT TONE MARKS
Sound Character Image

Kelengiah “ah”

[T3%11)

Tekelingai “ai

-n

Basically, Lampung letters consist of 20 basic characters
as shown in Table. I. Those of 20 basic characters are; “ka”,
GGga’,’ ‘énga57’ ‘6pa”’ GGba, ‘Cma79, “ta”’ GGda’,, ‘Gna79’ ‘éca,7’ CGja!,,
‘Cnya3” L6ya,” 6Ga7,’ $£1a’ Gbra’9’ “Sa”’ “Wa”’ G‘ha39’ $Ggha7" Beside
the basic letters, there are tone marks that change the sound
of the basic characters. There are three types of tone marks,
depend on where they are written, i.e. upper tone (above the
basic letters), lower tone (below the basic letters), and
subsequent tone marks (ahead the basic letters). There are

totally 12 tone marks as shown in Tables II, IIT and I'V. For
example character of “Ka”, A , added with upper tone

n . .
------- , is written 77 and spelled “Ke”.

Ngengen

mark of “Ulan e”,

II.

Two phase processes are involved in our recognition
system: the image pre-processing and neural network. The
pre-processing step is required to prepare and manipulate the
characters for feeding as input to the neural network. Further,
the backpropagation neural network is performed to
recognize the characters.

THE RECOGNITION SYSTEM

A. Pre-processing

The data were obtained from native Lampung writers
contributed to total 50 set of sample data. Each set consists
of 260 characters (20 main characters without tone marks
and 20 main characters with 12 tone marks). Therefore, total
data of 13,000 character images (50 x 260) will be obtained.
Then, all collected data are converted to bitmap format by a
scanner device. The character image is fed into the
preprocessing step. Handwritten character images often have
large variations in size and position, thus it is needed to
reduce the unnecessary coordinate sequence data in the
preprocessing step [8]. The pre-processing phase consists of
5 (five) sub-processes, which are: 1) binarization, slicing,
inverting, cropping, and resizing. Each sub-process has the
following details.

486

1) Binarization: The image binarization step make a
conversion of a colored or gray-scale image into a binary
image. A binary image generally is represented by 2-
dimension matrice which has two intensity values (“0” and
“1”). We used global thresholding category of binarization
which picks one thresholding value for entire image. It is
based on an estimation of the background level from the
intensity histogram image to differentiate an object from the
background as shown In Fig. 1.

n

A

n

|:{>/n

Figure 1. Binarization process.

2) Slicing: The slicing approach is performed to
segment a binary image into one single character as seen in
Fig. 2. The result of this step is the image consists of one
primitive character.

n

A

n

= N

Figure 2. Slicing process.

3) Inverting: In digital image processing, inverting
means changing the white colour into black, and vice versa.
Fig. 3. shows the process of inverting image.

I::>.

Inverting process.

Figure 3.

4) Cropping: Cropping is performed to remove the outer
parts of an image to increase framing. As shown in Fig. 4.,



cropping emphasizes the subject and changes the aspect
ratio.

2d i

Figure 4. Cropping process.

5) Resizing:Image resizing step is carried out by
interpolation method. Interpolation is a method to increase
or decrease number of pixels in one digital image. Here, the
image is reduced into 20 x 40 pixels image as illustrated in
Fig. 5.

AR

Figure 5. Resizing process.

Next step is the digitazion of the segment grids because
neural networks need their inputs to be in the form of binary

digits (“0” and “1”). Neural networks having different
parameters are used to recognize each characters. Each
digitize segment out of 800 segmented grids is then
employed as input of neural network, as illustrated in Fig. 6.

40 pixels

A

- /v 800 x 1 vectors

III-II-"

20 pixels

,‘l. _lllll IENEEENEEEIENENENEEEND II | ] III l I.I

Figure 6. Image convertion into vectors.

B. Neural Networks

In the training step, artificial neural network with
backpropagation method is performed. The training result is
evaluated to obtain the recognition rate for each character
image. Backpropagation uses the gradient decrease method
to minimize total squared error of the network output.
However since some characters have similar pattern then
hierarchical training is performed to train those character
images. For some similar characters the training process is
performed repeatedly. Characters are classified into four
groups, i.e. basic characters, upper tone marks, lower tone
marks, subsequent tone marks. This step is illustrated in Fig.
7.

H

Upper tone

marks

DATA TRAINING STEPS

Susequent
) tone marks

6 upper tone characters and
1 empty character

—N Lower tone [
marks

J
N
4 lower tone characters and
1 empty character
J

4 susequent tone characters
and 1 empty character

M

2 characters
(ah, ai)

J

Figure 7. Data training steps.
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N
Basic 21 characters (20 basic 5 characters (a, 2 characters
characters and 1 empty character) la, na, nga, nya) (ba, Da)
J
A 4
2 characters 3 characters 3 characters 2 characters
(ga, sa) (ra, ta, wa) (ca, gha, ha) (la, na)
A 4
2 characters 2 characters 2 characters 2 characters
(la, nga) (ta, wa) (ka, ga) (ja, sa)
N\




III. RESULTS

In order to evaluate our method, the recognition system
was trained based on the all collected data. The
backpropagation method of artificial neural network with
hierarchical training was performed. After we performed the
data training step, the following results were obtained as seen
in Table V. The results have more than 80% of accuracy
rates for all cases. However, the accuracy results for some
dominantly similar characters are somewhat lower than
others.

TABLE V. ACCURACY RESULTS OF NN TRAINING
Training characters Accuracy result
20 basic and 1 empty characters 86.5%

5 characters (a, la, na, nga, nya) 81.4%
2 characters (ba, pa) 98.7%
2 characters (ga, sa) 85.4%
3 characters (ra, ta, wa) 92.1%
3 characters (ca, gha, ha) 95.6%
2 characters (la, na) 96.8%
2 characters (la, nga) 89.8%
2 characters (ta, wa) 98.7%
2 characters (ka, ga) 99.6%
2 characters (ja, sa) 97.7%
6 upper tone and 1 empty characters 99.6%
4 lower tone and 1 empty characters 99.8%
4 subsequent tone and 1 empty 97.3%
characters

2 subsequent tone characters (ah, ai) 100%

IVv.

This paper presents a simple technique for Lampung
handwritten character recognition. Training algorithm used
in this research is back-propagation neural networks. The

CONCLUSSION
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hierarchical network system was performed to optimize the
training and recognition algorithm. The global feature is
extracted to form reliable representation of a handwritten
character. The training was performed based on all collected
data from Lampung native handwriters with more than 80%
of accuracy rates for all characters.
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