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Abstract—Triangle is a basic geometry. There are six types of
triangle, but scalene triangle was chosen to be used in this
research which is based on coordinates of corners generated by
our proposed algorithm. In this paper, nine features are
proposed. Six of the features were derived from coordinates and
sides of triangle whereas three others are angle of corners. After
features are identified, the image is zoned into 25 zones. The
zoning processes are based on Cartesian plan, Vertical and
Horizontal zones. From the zoning process, nine features are
expanded to become 225 features. The features proposed are
used on HODA, MNIST, IFHCDB and BANGLA datasets.
Experiments are conducted using supervised learning which are
Support Vector Machine (SVM) and Multi-layer Perceptron
(MLP). Results from the experiments are evaluated with
different Cost (c¢) for the SVM and Learning Rate (LR) for the
MLP. Then, the result is compared to the state of the art
researches in this area.

Index Terms—Triangle features, feature extraction, zoning,
dataset.

1. INTRODUCTION

In pattern recognition, the most popular dataset is MNIST.
This dataset is publicly available in
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http://yann.lecun.com/exdb/mnist/index.html. =~ MNIST  has
60,000 training images and 10,000 testing images in 10 classes.

In 2007, a Farsi/Arab dataset named HODA with
60,000:20,000 images for training and testing were introduced
in [1]. Besides HODA, other Farsi/Arabic dataset that contains
digit named Isolated Farsi/Arabic Handwritten Character
Database (IFHCDB) was created at the Electrical Engineering
Department of Amirkabir University Of Technology in 2006
[2]. It contains 300 dpi grey scale images of characters and
numbers. The number of samples in each class of this database
is non-uniform corresponding to their real life distributions [3].
Besides the Roman and Arab based dataset, the Bangla dataset
are also used in this research. The Bangla dataset named ISI
Handwritten Character Database (Bangla) was introduced in
[4] with 19,392:4,000 images for training and testing.

Both types of datasets are used as benchmarks for our novel
features that was introduced in [5]. These features are based on
the features from triangle mentioned in [5], [6]. However in
this paper, amendments have been made to increase the
accuracy of the recognition. The supervised and unsupervised
machine learning classifiers are used in this research. The
supervised machine learning used are Multi-Layer Perceptron
and Support Vector Machine using Radial Basis Function. For
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the unsupervised machine learning, we use Euclidean Distance
Method with rank measure. The rank measure used is Mean
Average Precision (MAP). This unsupervised machine learning
used was chosen based on the research in Jawi alphabets done
in [7].

II. PRE-PROCESSING

In this stage, images from datasets are prepared for
processing with our proposed feature extraction method. The
images in the chosen datasets were in two different formats,
binary and gray scale. Hence, pre-processing is done so that all
images are in uniform format. The attributes of images in
datasets are shown in TABLE I below.

TABLE I. DATASETS DESCRIPTION

CoDIT'13

[II. PROPOSED METHOD

After the labeling processes is done, the next step is to
introduce the proposed features. Error! Reference source not
found. below shows an example of a triangle. The sides are
represented as “a”, “b” and “c”. The corners of triangle are
represented as “A”, “B” and “C”.

Fig. 2. Example of a triangle

Fig. 2 can be described as a scalene triangle. There are 16
features contributed by this type of triangle [9]. However,
features that will be used in this research are inherited from the

HODA IFHCDB MNIST Bangla
Uniform X v (8.47Kb) | (2.38Kb) X
Scale Binary Gray Scale Binary Gray Scale
Format BMP BMP BMP BMP
Dimension vary 77x95 28x28 vary
Resolution 200 300 200 300dpi
Ratio 60000 : 12292 : 60000 : 19392 :
Train: Test 20000 5268 10000 4000

After pre-processing, all images in the datasets are in binary
form, labeled with 0 and 1. The binary process is made by
using Otsu’s method based on research by L Schomacer et. al
[8]. Using the method, threshold wvalue is derived by
differentiating the value between foreground and background
of the image. Applying the threshold value on the image results
in either black or white pixel. The black pixels then are labeled
as “0” and white pixels as “1”. The process of binarization of

basic triangle, as described in T4BLE II.

TABLE II. FEATURES PROPOSED FROM TRIANGLE GEOMETRY

No. F;:ltlﬁ:e Description
1 c/a Ratioctoa
2 a/b Ratioatob
3 b/c Ratiob to ¢
4 A Angle of A
5 B Angle of B
6 C Angle of C
7 ABA Gradient of CA
8 ABC Gradient of BC
9 ACA Gradient of CA

The features can be calculated by calculating the sides of

images in the dataset and labeling of pixels is shown in Fig. 1.

[ Farsi/Arah/Jawi ] [ Roman ] [ Bangla ]
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triangle as shown in Fig. 3 below. In Fig. 3, three triangles
were formed to get side “a”, “b” and “c”. After the simulated
triangles are formed, Theorem Pythagoras is used in
calculating its sides.

Fig. 3. Calculating sides of triangle

Fig. 1. Preprocessing process of datasets
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Below are the formula to get sides of triangle.

a’+b’>=c’ (M

a=(41(y) - C(»)* +(Al(x) + BI(x))* ()

b=y(BI(») - B(»)* +(A(x)+ BI(x)) ()

a=/(Cl(y)—C()’ +(Ax)+Cl(x)> @)

After the sides of triangle are calculated, the next step is to
calculate the angle of “A”, “B” and “C” by using the formula
below.

240242
A=arccos——— 5)
2ab
2 2 2
B= arccosu 6)
2ac
2 2 2
C= arccosu @)
2ab

Next, gradient of the corners are calculated using
coordinates of corners as in Fig. 3.

Grapc = BW =€)

B(x)-C(x) ®
GraBA = M 9
B(x)— A(x)
Graca = 2N =40) (10)

B(x) - A(x)

After the features are modeled using the mathematical
formula, the main issue now is how to define the coordinates of
A, B and C in Fig. 3. Coordinate of C needs to be solved first
before coordinate of A and B. Coordinate of C is solved using
the formula below.

1

= H.Eqﬂﬁ}egﬂ (11)
F= = Liuurea? (12)

Coordinate C is the centroid of the image based on black
pixels. The regions may be connected or not connected. The
centroid of image that represents coordinate C is illustrated in
Fig. 4 below. The “x” inside the drawn circle in Fig. 4 is the
coordinate of C.
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11313333333001313333333
113131333330000111133311
113133333000000111313373
111333330000000113131311
11313330000000001113111
11131310000000000011111
11131000001131100001111
1131300001133330001111
11100001131313313131000111
1100001131313131311000011
1000001133133111 000001
1DDDDlX11@11100001
000011111 01x110000
0000113133300001110000
000111333000001110000
000111313130000011 10000
0001111 310000000100001
1011131131000000000000001
11133 0000000001000011
1113100000111113131333373

i.  Original Image ii. Binary image

Fig. 4. Location of coordinate C of triangle

Once coordinate of C is solved, the next step is finding the
coordinates of A and B in Fig. 5. A is located on the left of C
and B is on the right. Coordinate of C is used to divide the
image in Fig. 4 into two regions as shown in Fig. 5.

11111111110 1111111111¢0111111111 o0lliii111l
11111111100 111111111080011111111 00011111111
11111111000 111111110080001111111 00001111111
11111111000 111111110090000111111 0000011111l
11111100000 111111000040000111111 00000111111
11111000000 111110000080000011111 00000011111
11110000011 111100000131100001111 11100001111
111310000111 111100001131110001111 11110001111
11100001111 111000011131111000111 11111000111

11000011111 c 110000111131111000011 3 11111000011

10000011011 10000 1131111000001 11111000001
10000@111 IODUOEII (1111100001 nﬁooom
0000111111 00001 1130 10000 10 10000

00001111110 00001111119000+110000 00001110000
00011111100 000111111090001110000 Q0001110000
00011111100 000111111090001110000 00001110000
00011111000 000111110090000100001 00000100001
10111100000 101111000080000000001 Q0000000001
11111000000 111110000040001000011 00001000011
11110000011 111100000181111111111 11111111111

B.=0 until B;<=C; A= C; until Ay==N-1

Fig. 5. Location of coordinate A and B of triangle

The coordinates of A and B is calculated based on the
divided regions. The coordinates are centroids of the divided
regions.

Once the coordinates of the triangle corners are solved, the
features in TABLE II can be calculated. In this phase, we have
divided the image in Fig. 4 into 25 zones as shown in Fig. 6
below. The centroid of each zone is divided with Cartesian
zone plane, vertically and horizontally.
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Fig. 6. Image divided into 25 zones
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The 25 zones as shown in Fig. 6 will contribute 225
features, which are 9 features of each zone multiplied by 25
zones. The features from the 25 zones are experimented using
supervised learning and unsupervised learning. The supervised
learning used in this test are Support Vector Machine (SVM)
and Multilayer Perceptron (MLP).

IV. EXPERIMENTAL RESULTS

Experiments were conducted using Supervised and
Unsupervised Machine Learning. SVM and MLP techniques
were used for the Supervised Machine Learning. The SVM
uses three difference cost and gamma (C and G) values that
were obtained from grid search whereas for the MLP, the
learning rates (LR) were chosen based on heuristic searches.
The LRs are 0.2 and 0.3. For all the eleven case tests under

CoDIT'13

R8 88 88 87.6 93.23 93.03 92.75
R9 89.3 89.25 89.05 93.15 93.23 93.15
R10 97.1 97.1 96.35 93.35 93.28 92.95
Average 89.89 89.87 89.63 92.57 92.65 92.33

The average of the results shown in TABLE 1if and TABLE IV
indicate that the cost value, C=32 gives the best result
compared to C=8 and C=2. The result from original
distribution also indicates that C=32 gives the highest result for
all datasets. On the other hand, the HODA dataset results in the
highest accuracy compared to the others.

TABLE V. RESULT FOR CLASSIFICATION USING MLP

. . . . .. . HODA MNIST IFHCDB BANGLA
supervised learning including the original distribution of
images, the data for training and testing were randomly LR 2 3 2 3 2 3 2 3
selected. These random experiments are done for the HODA, | original | 96.02 | 96.21 | 91.93 | 91.35 | 94.15 | 93.89 | 88.48 | 87.48
MNIST, IFHCDB and BANGLA datasets. TABLE III and TABLE RI1 96.42 | 9746 | 9133 | 91.4 | 9145 | 91 9 | 89.23
v present the resplt of experiments conducted by using SVM. R2 96.82 | 97.15 | 91.03 | 90.86 | 90.75 | 9035 | 90.9 | 9043
The gamma used is 0.0078125 and thg costs are as stated in the R3 9726 | 9733 | 91.03 | 9112 | 911 | 906 | 9048 | 89.43
tables. T4ABLE v shows results for experiments that used MLP. R4 96.96 | 9724 | 9096 | 9125 | 011 | 0.6 | 9045 | 5743
RS 96.59 | 97.41 | 91.01 | 91.39 | 90.85 | 90.5 89.7 | 90.18
TABLE III. RESULT OF CJ&/?IEISIISF}CS/T\{IC?S]SE;NG SVM FOR HODA AND R6 97.22 | 9738 [ 9097 | 9117 | 919 | 91.95 | 902 | 90.05
R7 95.63 | 97.19 | 90.87 | 90.55 | 9165 | 91.3 | 90.88 | 90.38
Dataset HODA MNIST RS | 968 | 97.14 | 9116 | 909 | 905 | 90.85 | 90.6 | 89.35
Cost =32 =8 =2 =32 =8 =2 RO | 9644 | 972 [ 9073 | 91.17 | 913 | 914 | 9018 | 3838
original 97.02 96.98 96.95 93.48 93.76 92.91 RI10 97.85 | 99.04 | 90.91 | 90.82 | 96.85 | 96.45 | 90.03 | 89.95
R1 98.18 98.21 98.1 92.98 93.1 92.24 Average | 96.73 | 97.34 91 91.09 | 9175 | 915 | 90.17 | 8934
R2 97.87 97.71 97.9 92.78 92.94 92.18
R3 98.08 98.08 98.07 92.8 9289 | 92.34 In 74BLE v, for the HODA dataset, using LR=3 gives better
R4 97.98 98.08 98.07 93.03 93.16 | 92.09 | result compared to LR=2. However for MNIST, IFHCDB and
RS 98.03 98.04 98.09 93.22 93.09 92.13 BANGLA datasets, using LR=3 gives higher result compared
R6 98 97.99 97.98 93.14 9324 | 9253 | toLR=2.
R7 08.04 93,08 98.01 927 26 | 9184 TABLE VI below compares our proposed method using
RS 98.06 98.09 97.98 9321 9321 9247 HODA dataset with the state of the arts works in this area. The
5 p— Py s 313 9335 | 9263 proposed rpethod successfu}ly outperforms other features
although using the same classifiers.
R10 99.54 99.53 99.24 92.7 92.67 91.99
Average 97.02 96.98 96.95 93.48 93.76 9291 TABLE VI. RESULT OF PROPOSED l\:i?;OD COMPARED WITH STATE OF THE
TABLE IV. RESULT OF CLASSIFICATION USING SVM FOR IFHCDB AND Cl!“ﬁ:lstluﬁ:ersy SVM (%) MLP(%) (nan(n)et:h:ersult)
BANGLA DATASETS Small Feature Set [10] 97 - -
Dataset IFHCDB BANGLA Charw?rllf ;lc ot - 9145 RBF experts: 95.3
Cost C=32 c=8 =2 | =32 | =% | C=2 Characte[lii;;ic LoCI . 96.48 MOME: 96.48
original 93.49 93.49 93.41 90.05 90.13 89.93 Proposed 98.07 96.73 N
R1 88.8 88.75 88.75 92.35 92.3 92.13
R2 89.8 89.8 89.4 92.93 93.15 92.8
R3 88.4 88.4 88.5 92.83 93 92.6 V. CONCLUSION
R4 8835 | 8835 | 88.05 | 9225 | 9245 | 91.88
RS 395 89,45 3935 | 9288 | 9293 | 9235 The proposed features hav.e been tested on.Farsi/Arabic/J awi
"y %04 %04 %02 9228 | 9273 | 9233 nume?ral .datasets and give overall . high results. All
classifications that use Supervised Learning except IFHCDB
R7 892 8915 89.05 9 92.95 | 9283 give more than 90% accuracy with HODA datasets scoring the

978-1-4673-5549-0/13/$31.00 ©2013 IEEE
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highest accuracy i.e. 98.066%. Besides, comparison has been
made with three other works and our proposed method
successfully outperforms them. In conclusion, the proposed
features are ready to be deployed as an application and can be
improved to increase its accuracy.
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