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Abstract

This paper presents a simple approach to the handwritten Balinese script characters
recognition in palm-leaf lontar manuscripts. The Lontar manuscript is one of the cultural
heritages found in Bali. Lontar manuscripts are written using a pengrupak, which is a kind of
knife for writing on palm leaves. Roasted candlenut powder is used to give color to the writing;
hence the characters appear clear. The research applied the projection profile at the
segmentation stage to get the handwritten Balinese script characters in the lontar manuscript.
The palm leaf manuscript is acquired from Wariga Palalubangan manuscript. The recognition
process is carried out by implementing K-Nearest Neighbor in the recognition process. The
recognition was made on the Wianjana script obtained from lontar manuscripts using 720
images consisting of 18 classes as dataset training. The test results showed that the level of
recognition accuracy was obtained by 52% in the characters of handwritten Balinese scripts
derived from lontar manuscripts and 92% in the characters of handwritten Balinese scripts on
paper.
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1. Introduction

The Lontar manuscript is one of the cultural heritages found in Bali. The Lontar
manuscripts are written using a pengrupak, which is a kind of knife for writing on palm leaves.
To give color to the results of the writing, candlenut is used so that the writing appears clear.
The Lontar manuscripts are written with Balinese script characters [1]. The Balinese script used
in this study is the Wianjana script consisting of 18 characters.

Research on character segmentation remains a challenge, especially the segmentation
of handwritten characters. Projection profile method has been implemented for Balinese script in
[2]. Handwriting character segmentation of Arabic characters has been carried out using a new
vertical segmentation algorithm. The results of the study show higher accuracy with excellent
performance by improving segmentation in the case of interlocking characters [3]. Segmentation
technigques have also been applied to Sinhala Handwritten Characters by using pixel labeling
techniques to segment overlapping characters [4]. The application of character segmentation
with a pixel-based approach and bounding boxes has also been done on handwritten
characters with a segmentation rate of 94.45% [5]. The results of segmentation are very
dependent on the character object used. Handwritten characters tend to have variations in each
writing because it depends on the style of the person who wrote. Printed writing is certainly
easier to segment because the character shape will always be the same. Research on
character segmentation of printed writing has been done on multilingual Indian document
images of Latin and Devanagari scripts which result in segmentation rates of up to 98.86% [6].
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The type of media used as a manuscript is also a challenge in character recognition.
Image quality improvement to reduce noise has been done on lontar manuscript images using
Local Adaptive Thresholding [7]. Preprocessing becomes a very important stage to get the
characters in an image. Research on preprocessing thinning has been carried out on lontar
manuscripts using Zhang-Suen to produce characters with a thickness of one pixel [8].
Recognition of Tamil characters written on manuscripts made from palm leaf media has been
carried out using the Canny Edge Detection Algorithm to examine and delete characters from
damaged images [9].

Research on Amharic character recognition has been carried out using a combination of
features and Support Vector Machine. The paper discusses the combination of various feature
extraction techniques and SVM for the introduction of Amhari characters [10]. Related research
on character recognition has been carried out on Arabic characters using decision trees and
perception codes. The experimental results in this study indicate the level of accuracy of
recognition depends on the way of writing Arabic characters [11]. Handwriting character
recognition is still a challenge in the field of pattern recognition. Handwriting character
recognition has been carried out on Tamil characters using multi-layered feed-forward neural
networks with a back-propagation algorithm [12]. The previous handwritten Balinese script
recognition was done by applying K-Nearest Neighbor. The data used in the study were
Balinese characters written on paper [13]. Various techniques have been used in the
handwritten Balinese script recognition, one of which is by dividing the image area into several
zones in the feature extraction process, using semantic features and implementing K-Nearest
Neighbor in the recognition process [14]-[16]. The KNN also commonly used in other research
e.g., baby foot identification [17], [18].

The segmentation process applied the projection profile at the segmentation stage to
get the Balinese script characters handwritten in the lontar manuscript. The palm leaf
manuscript is acquired from the Wariga Palalubangan manuscript, which was written using a
screwdriver, which is a kind of knife for writing on the palm leaf. To color the writing on the palm-
leaf, candlenuts are used to give black color. The recognition process is carried out by
implementing K-Nearest Neighbor in the recognition process. The recognition was made on the
Wianjana script obtained from lontar manuscripts using 720 images consisting of 18 classes as
training data.

2. Research Methodology

This study uses data from the first page in the Wariga Palalubangan manuscript. It was
written using Balinese characters. The Projection Profile and K-Nearest Neighbor is utilized to
segment the palm leaf manuscript and recognize the Balinese characters. Figure 1 shows the
proposed methodology.
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Figure 1. Proposed Methodology

2.1 Data Acquisition

This study uses the Wariga Palalubangan manuscript written in Balinese characters.
The data acquisition process uses a scanner to get a lontar script image with * jpg format. The
data acquisition process in this study which is shown in Figure 2.

Figure 2. Image Acquisition using Scanner

2.2 Pre-processing

The preprocessing stage consists of three processes, determining the color space,
thresholding, and morphology. The CieLAB color space is used to determine the pixel position
of Balinese scripts. Thresholding is used to separate objects of Balinese script characters with
background and morphology to turn Balinese script characters into one-pixel size.

2.3 Segmentation

The projection profile is utilized at the segmentation stage to get each Balinese script
characters in the lontar manuscript. Projection profiles make vertical and horizontal projections
of the Balinese script characters. The result of the segmentation stage is the character image of
the Balinese script which has been segmented according to their respective characters.
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2.4 Training Data

The training phase is the stage to train the dataset in machine learning to make
predictions based on the data being tested. So that machines can be made to learn according
to the dataset being trained. The training process begins with the feature extraction process. In
this stage, the training process train the image of Balinese script characters consisting of 18
classes, training on 720 data, each class containing 40 data. The training process refers to
previous research [15]. This process is carried out by extracting features in the Balinese script
image dataset. The resulting features are then trained to produce a model that is used at the
recognition stage.

2.5 The Balinese Script Recognition

The recognition phase is carried out to test the machine that has been built by training
the Balinese script dataset. The K-Nearest Neighbor (KNN) is utilized to classify the Balinese
script image which is tested to produce the closest neighbor value which is the result of the
recognition of the Balinese script character. A comparison of neighboring values is based on a
comparison of the value of the Balinese script character image test with the dataset that has
been trained.

3. Results and Discussions
3.1. Data Preparation

The data in this study are acquired from the Wariga Palalubangan manuscript imagery
written using Balinese script characters. Figure 3 shows the Wariga Palalubangan Manuscript
sample.

Figure 3. The Wariga Palalubangan Manuscript sample

Figure 3 shows the Wariga Palalubangan Manuscript image that used in the Balinese
character recognition system testing. TheWariga Palalubangan's palm leaf imagery was
obtained from the Hindu Dharma Negeri Institute of Denpasar library. The image acquisition
process uses a scanner with the image dimensions of the acquisition of 2048x191 pixels and 96
dpi. The Balinese character that was the object of introduction in this study is the Wianjana
script. The Wianjana script consists of 18 characters as shown in Figure 4.

ha na ca ra ka da ta sa wa
w2 35 X)) m 28 Un 9 ™
la ma ga ba nga pa ja ya nya

QU S I G I 00/ I G0 N U I 'C U /Y B 00 |

Figure 4. Wianjana Script

3.2.  Preprocessing

Lontar manuscripts made from ental leaves turn out to cause the image generated from
the acquisition process to have noise. The preprocessing is needed to reduce the noise
contained in the lontar image. It aims to separate the background from the Balinese characters
so that they can be detected properly.
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The local adaptive thresholding is utilized to produce binary images, which are images
that have two gray level values, namely black and white [19]. The process of floating grayscale
images to produce binary images, in general based on Equation 1.

_(Lif fxy) 2 T}
6N ={oif ey <7
In Equation 1, G (X, y) is a binary image of grayscale f (x, y). T states the threshold

value that will affect the quality of the binary image results. The T value can be calculated using
the Equations 2-4:
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W states the number of blocks processed; NW is the number of pixels contained in
each block W. C is a constant that can be determined freely. Equation 2 is used to calculate T
with an average value, equation 3 is used to calculate T with a median value and equation 4 is
used to calculate T with the average maximum and minimum pixel values in the window.

The preprocessing on lontar manuscripts is used to improve image quality by reducing
noise. The following are the results of preprocessing in the lontar manuscript shown in Figure 5.
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Figure 5. The Preprocessing Results

The thresholding result that shown in overall above do not show any difference in noise
in each image. Therefore, the following is table 1 which shows the noise contained in the
thresholding image in more detail.

Table 1. Preprocessing Details Based on W and C Value

No Noise Value

W= 10
1
C=0.01
) == - W= 100
..—!'?'_ ._.-___ [
5;_.—'::'—__:."1- . Cc=0.01
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No Noise Value
: W= 60
3
R C=0.05
W=70
4
R C=0.05
: W= 80
5
.o C=0.05
: W=70
6
o C=0.04
oty
W=70
7 .
C=0.06

3.3. Segmentation

The projection profiles method is utilized to segment the Balinese script character in
lontar manuscript. The projection profile make vertical and horizontal projections of the Balinese
script characters. Figure 6 shows the horizontal projection profile and Figure 7 shows the
vertical projection profile. The result of the segmentation stage is the character image of the
Balinese script which has been segmented according to their respective characters.

N

Figure 6. Horizontal Projection Profile

o
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Figure 7. Vertical Projection Profile

3.4. Feature Extraction

The feature extraction process produces six types of features that are used to identify
the specific patterns possessed by each Balinese script character. Previous studies of these six
types of features were used to recognize handwritten Balinese characters[15]. Figure 8 below
shows the features produced in Balinese characters.

:} [

(a) (b) _
(d) (e) (f)

Figure 8 Character Features of Balinese Script: (a) Stop Point, (b) Loop, (c) Length and Width,
(d) Vertical Line, (e) Horizontal Line and (f) Direction Feature

The six types of features produced consist of 28 features that will be used in the recognition
process. Table 2 shows the 28 features details.

Table 2. Feature Details

Balinese Script Feature Types Value

The number of vertical on the top left 17

g,g] The number of right diagonals on the top left 15
The number of horizontal on the top left 3
The number of left diagonals on the top left 3
The number of vertical on the top right 9
The number of right diagonals on the top right 17
The number of horizontal on the top right 7
The number of left diagonals on the top right 28
The number of vertical on the bottom left 16
The number of right diagonals on the bottom left 8
The number of horizontal on the bottom left 3
The number of left diagonals on the bottom left 13
The number of vertical on the bottom right 16
The number of right diagonals on the bottom 10
right

The number of horizontal on the bottom right 3
The number of left diagonals on the bottom right 10
The number of stop points 4
The number of stop points on the top left zone 1
The number of stop points on the top right zone 0
Number of stop points on the bottom left zone 1
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Balinese Script Feature Types Value
Number of stop points on the bottom right zone 2
The number of characters length
the number of characters width
The number of loops
The number of horizontal
The number of vertical
The number of vertical on the left zone
The number of vertical on the right zone

NNPAERPNEDN

Table 2 shows the detailed features produced in the feature extraction process on the
image of Balinese script Ka. There are 28 features produced that contain values on each type of
feature. The feature values produced by each character are used for the process of Balinese
script character recognition.

3.5. Recognition

The experiments are conducted using two scenario at the Balinese script character
recognition stage. The first experiment was carried out using 50 images of Balinese Wianjana
script obtained from segmentation in lontar manuscripts. The character image from the
segmentation result used is a Wianjana character that is successfully segmented exactly one
character. Unsuccessful characters are not used in this first experiment. Table 4 shows the
sample result of the second experiment. The second experiment was carried out on 50 images
of the Balinese script written on paper by 50 writers. The total training data used are 720 images
consisting of 18 classes. In each experiment, the implementation of KNN using K = 3 [20]

In the first experiment, 50 Balinese characters from lontar manuscript are used as
testing data. The Balinese characters are resulted from segmentation process using projection
profile method. The experiment shows that the KNN method using K= 3 yielded 26 correct
recognition, 17 incorrect recognition, and seven failed to recognize. Table 3 shows the sample
result of the first experiment

Table 3. Sample Result of the Experiment |

Balinese Script Recognition Result Balinese Script Recognition Result
(9 Incorrect k2] Correct
2 Incorrect w0 Correct
3 Correct (o4 Failed to Recognize
(& Incorrect %) Correct
oy Incorrect @b Incorrect
% Correct ) Failed to Recognize
D Correct h Correct
™ Correct w Correct
N Correct (s Incorrect
12 Correct A Incorrect
e Incorrect Py Correct
¥ Failed to Recognize e Correct
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Balinese Script

Recognition Result

Balinese Script

Recognition Result

o

3 3 ¢ ¢ £ ¢ & 8§ 3 8

Correct
Incorrect
Correct
Incorrect
Correct
Incorrect
Incorrect
Incorrect
Correct
Correct
Failed to Recognize
Correct

Failed to Recognize

N

9]

3

hr

e

A

Correct
Incorrect
Failed to Recognize
Correct
Incorrect
Incorrect
Correct
Incorrect
Correct
Failed to Recognize
Correct
Correct

Correct

In the second experiment, 50 images of the Balinese script written on paper by 50
writers are used as testing data. The experiment shows that the KNN method using K= 3
yielded 46 correct recognition and 4 incorrect recognitions. Table 4 shows the sample result of

the second experiment.

Table 4. Sample Result of the Experiment Il

Balinese Script

Recoghnition Result

Balinese Script

Recognition Result

3

cJ033s3835838Y8 3¢

Correct
Incorrect
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct

Correct

Correct
Correct
Correct
Correct
Correct
Incorrect
Incorrect
Correct
Correct
Correct
Correct
Correct

Correct
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Balinese Script Recognition Result Balinese Script Recognition Result
un Correct v Correct
un Correct n Correct
Q Incorrect M Correct
(€ Correct N Correct
N Correct Px|| Correct
pall Correct o Correct
261 Correct YN Correct
N Correct un Correct
n Correct o Correct
Q¥ Correct 1 Correct
u Correct 0 Correct
() Correct 19 Correct

Table 5. Comparison of Recognition Accuracy

Correct Incorrect Failed to Accuracy
Recognize
Experiment | 26 17 7 52%
Experiment | 46 4 0 92%

Table 5 shows the comparison of accuracy between the two tests that have been
carried out. The first test results showed 52% accuracy obtained from the Wianjana script image
in the lontar manuscript. This result was greatly influenced by the Balinese script image
contained in the lontar manuscript. The Balinese script is written in a lontar manuscript using a
pengrupak which is a kind of knife then rubbed with roasted candlenut, so that the Balinese
character is black in color. The use of pengrupak as a writing tool makes Balinese script writing
on lontar manuscripts quite difficult to recognize because there is quite a lot of writing noise.

In the second test, the Balinese script images written by 50 different writers are used as
testing data. To find out the comparison of the accuracy of the recognition to the Balinese script
written on lontar manuscripts and paper objects. In the second test, the experiment yielded 92%
recognition accuracy. A significant difference in accuracy was obtained in the two tests that
were carried out.

4. Conclusion

The projection profile and KNN can produce the recognition accuracy of 52% that
obtained in the characters of Balinese handwritten scripts derived from lontar manuscripts and
92% from the characters of Balinese handwritten scripts on paper. The result was greatly
influenced by the Balinese script image contained in the lontar manuscript. The Balinese script
is written on a lontar manuscript using a pengrupak which is a kind of knife and then rubbed with
roasted candlenut to give color to the writing. The use of pengrupak as a writing instrument
makes Balinese script writing on the lontar manuscript quite difficult to recognize. Handwritten
characters also tend to vary with each writing because it depends on the writer's style.
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