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ABSTRACT

This paper presents three efficient and reliable algorithins for the automatic recognition
of printed arabic text. The first algorithm is based on mathematical features, the second uses
structural and mathemtical features, while the third uses structural features. The performance
of each algorithm is experimentaily tested under different conditions. Comparisions between
the results are also made.
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1 INTRODUCTION

One of the major applications of pattern recognition is the characters recognition, Over the
two past decades, in spite of the progress of machine recognition techniques of Latin and
Cliinese characters, machine recognition of Arabic text has remained almost untouched. This
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is due to the arabic language nature where the form of a cursive arabic character is changed
according to its position within a word (beginning, middle, end or isolated). The size (height
or width) of the character differs from one character to another, Also, the character has a main
body and may include one of five different stress marks (such as dots and hamza). The main
body shape of some characters may be the same, and the stress mark may be over or under the
main body. So, arabic character can be recognized by classifying both its main body shape and
its stress mark.

The system of arabic text recognition consists of four main stages; input, preprocessing, fea-
ture extractor and classifier. Firstly, via on-line system the physical image of arabic text can be
transferred to the microcomputer memory through graphic tabiet [4,6,7,8,14}, video camera
[5] or manual scanner [15], to convert the physical image into a matrix in a binary form. The
preprocessing stage is concerned with the image enhancment to process the stored digtized
image. In this stage, the input text is divided into separate lines by detection the blanks be-
tween the lines on their projection on a vertical axe. Words or subwords in a line are separated
by enough spaces, so, they can be isolated ( word or subword ) through a projection on
horizontal axe. Each word, can then be segmented into isolated characters. In general, a seg-
mentation error will lead to an odd character shape not belonging to any character set, then
misrecognition occurs. This stage may also include some additional operations, { such as thin-
ning, smoothing, and normalization ) to make the data more suitable for next stage. Thinning
reduces the number of points which represent the image, and then reduces the processing time.
Smoothing corrects any deformation and eliminates blurring which are resulted from poor
sampling system or transmision channel, Normalization is a scaling method to convert the ac-
tual input characters to an standerd matrix [m x n], where m and n are the width and hight of
the standerd matrix, the values of m and n may be adjusted by experiment [6]. Feature extrac-
tion plays a central role in this filed and it is an essential stage in the recognition system, where
features are extracted from the boundary of each character. It is crucial to choose features that
effectively discriminate between different characters and at the same time allow for small
variations of different patterns of the same character. These two goals are, however, usually
conflicting and this may be one of the reasons why feature extraction problem is still a chal-
lenging problem. Features of the arabic characters can be classified into two categories; Struc-
tural and Statistical (mathematical) features. Generally, mathematical features are suitable
for printed characters recognition. Such features may be used alone, but it is preferable to use
assist structurai features to reduce the recognition time. In the last stage each character is clas-
sified and then recognized, using extracted features and the information given by any accom-
panied stress marks.

Recently, some algorithms [4-19], are published in the field of arabic recognition. However,
the choice of an algorithm for practical application is difficult and requires careful analysis.
This paper will trace the implementation of three recent algorithms. The first [15], is based
on mathematical features to handle the printed arabic text. In the second algorithm {6], the
recognition of isolated printed characters is carried out through structural and mathematical
methodology. Whiie the third algorithm is proposed in [14], to recognize isolated handwritten
arabic characters using structural features. The above three algorithms are modified and im-
plemented to recognize the printed arabic text, where, the segmentation stage is added to the
second and the third algorithms. Moreover, data are introduced to all algorithms as printed



Mansoura Engineering Journal (MEJ}, Vol.l3, No.Z,Dec. 1370 E-156

text through on-line automatic scanner. The main contribution of this paper is to bring out
the salient characteristics of these algorithms. So, the robustness of each algorithm is tested
under different conditions. The results are obtained experimentally and the comparison be-
tween the performance of the algorithms is reported.

2 ALGORITHMS

In this section, three recent algorithms will be reformulated to recognize arabic text. Seg-
mentation stage is added to the orginal form of the second and the third algorithms to recog-
nize the printed arabic text instead of printed or handwritten arabic isolated characters.

2-1 ALGORITHM (A)

It was proposed in {15] for printed arabic text recognition, using manual scanner. It includes
a segmentation technique to divided the text into lines using their projection on vertical axe
as shown in figure (1), the line is then divided into words using their projection on horizontal
axe as shown in figure (2). The word can then divided into isolated characters. Segmenting the
word into isolated characters is a very difficult task in the recognition system. Segmentation
of a cursive word is performed by obtaining the outer contour of the word. The boundaries be-
tween different characters of the word are consequently detected using basicaltly the informa-
tion contained in the obtained contour.

Lo e L

Tl a1yl oy

5

1+ N W Gyl -
Fig. (1) Fig.(2)

The segmentaion process is completely based on the calculation of the contour height (h)
which is the distance between the two extreme points of the intersection of the contour with
the vertical line, This contour height is usuaily very small at the boundaries between different
characters. Regions, where the contour height is small, will be referred as "siient” regions. Once
a closed curve contour is fed to the algorithm, a window of width (w) is moved in order to scan
the contour horizontally from right to left. For each position of window, the average vertical
distance (bay) is calculated across the window. A "silent” region is detected if hay < T, i.e.
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when the average vertical distance over the window is less than a certain preset threshold dis-
tance T. The end of a character is detected if a silent region starts and the character width is
greater thana certain minimum distance which determined in the training phase. On the other
hand, the beginning of a new character is detected if a silent region, that has been previously
detected after the end of the preceding character, ends. Following these two rules, the begin-
ning and end of consecutive characters naturally alternate. The segmentation technique begins
by assigning the right most pixel of the contour as the beginning of the first character and stops
when the left most pixel is assigned as the end of the last character of a word or a subword. In
general, a segmentation error will lead to an odd character shape not belonging to any charac-
ter set, then misrecognition will be occured.

The algorilthm uses a mathematical featuers extractor, which is suitable for printed characters,
where the shape of the character is fixed. These features can be driven from the binary matrix
of the character or from the transformation of the character coordinates of the input pattern
vectors. Tlese features may be correlation, variance, mean error probability or any suitable
statistical relation. The Fourier series coefficients are evaluated for the two coordinates se-
quences x(m), y(m). The Fourier series expansion of x(m) and y(m) is defined as :

N-1
x{m) =u£0a(n)exp(j2nnm/N)

N-1
y(m) = Io.b(n)exp(jZH'nm/N)
where N is the number of points on the contour. The sequences a(n) and b{n) are the copmiex
Fourier coefficients of x(m), and y(m) respectively and can be obtained from :

Nal

a(n) = (m_EOx(m)exp(-jZHnm/N)) / N
N-1 .

b(n) = (T y(m)exp(-jznnm/N))/ N

the Fourier series coefficients of the complex sequence take the form :

z(m) = x(m) + j y(m)
or the forme :
c{n) =a(n) +jb(n)

It has been found that only the first three Fourier coefficients are sufficient to reconstruct
arabic characters with reasonable accuracy.

The classification stage is based on clustering technigue and K-Nearest Neighbour clas-
sifier. The K-Nearest Neighbour rule classifies the sample character U by assigning it to the
class most frequently represented among the K nearest samples. The performance of this rule
is expected to improve as the number of sampies increased. When K =1, the rule reduced to
one of the most widely used non-parametric techniques, ( i.e. the nearest neighbour classifier
). First, classification depends on the nearest neighbour. Next, clustering technique is used to
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find the natural grouping in a set of data. Natural grouping means that the samples in one
N cluster are closer to another than samples in other clusters. Similarity between samples can be
measured by calculating distances between them using any suitable distance metric. If the
chosen distance is a good measure of dissirnilarity, tben one would expect the distance between
samples in the same cluster to be significantly less than the distance between samplies in dif-
ferent clusters. To partition a set of samples into clusters, a criterion function, JE is usually cal-
culated. One generally seeks the clustering that optimizes the criterion function. The criterion
function is usually chosen such that the between-cluster distances are large and the within-

cluster distances are small. The most widely used criterion function is the sum of the squared
» error and défined by the following equation :

z 2
JE =.=§ 2| U-pi
! us S

where z is the number of clusters, and y; is the mean of samples in cluster $i. The value of JE

depends on how the sampies are grouped into cluslers and an optimal partition is defined as
- the one that minimizes Jg. Figure (3) shows a clustering problem invalving six samples. Level

1shows the six samples as belonging to a single cluster. partitioning of this cluster is perfarmed

in the higher leveis by successively splitting clusters until each sample is included in a separate

cluster, Once a training set is partitioned into clusters, an unknown sample may be classified

by tracing the corresponding group. Such procedure is called the hierarchical classifier and it

usually leads to very fast and accurate classification resuits. At the end of this stage the un-

known sample is recognized.

2.2 ALGORITHM (B)

This algorithm was proposed in [6] for isolated printed arabic character recognition. The
data was introduced to the system using graphic tablet. In order to recognize printed text, seg-
mentation stage is added to this algorithm The segmentation technique is similar to that ex-
plained in the above algorithm (A). This algoritbm uses both the strcurual features and
0 mathematical features. Suitable primitives are chosen together with relationships among them

in order to describe the profile, topological and geometrical properties of the characters.
Therefore, these features are used for printed and handwritten characters. The most common
> parameters of these features for Arabic character recognition are :

» . - Number of strokes. - Size of main stroke.
- Numbher of cusbs in main stroke. - Zone location.
|- - Presence of closed loop. - Number and position of dots.

- Presence of hamza and it’s position.
The features for this algorithm are selected as foitow :

- Character zone (G). - Availability of dots (D).
- Number of dots (ND). . - Zone of dots (ZD).
- Availability of Hamza(H). - Zone of Hamza (ZH).

- Correlation coefficient (R).
Where the value of G, D, ND, ZD, H and ZH are equal to one (true) or zero (false), while the
value of R is ranged from 0 to 1.
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The classification stage is done through partitioning the feature space into classes (groups),
one class for each category. The selection of classification rule and it's parameters depend
upon the type of characters. Thus, it is important to know how the classifier is close to the per-
formance of the best discrimination of any class. This algorithm uses a linear classifier (K-
Nearest Neighbor)} where a satisfied test is made to compare between the input characters and
prestored characters to identify the unknown one. This test is based on the following equation

P=(WLG+ W2R+ W3.D+ WasND + W5.ZD + Ws.H + W7.ZH )/N

where Wy, W2, ... Wrare weight factors to be adjusted by experiments according to the im-
portance of each parameter and N is the number of identification parameters. The identfied
character is defined as the character satisfying the following test; P >TH; where TH is a cer-
tain threshold, which can be adjusted by experiment according to the perfection of the writ-
ten character. If more than one character, in a given group, satisfies this test, then, the most
probable character is the one with the greatest value of P. If no character satisfies this test,
then a search should be performed for ali characters in all groups.

1
i 1
{ X1 X2 X3 ' X4 X5 X6 J
] it — 1
X1 X2 X3 X4 X5 X6 J

Figure (3): Culstering technigue

2-3 ALGORITHM (C)

It was proposed in [14] for handwritten isolated arabic character recognition. It uses graphic
tablet. The character is afready come isolated, therefore the segmentation stage does not exist
in the original alogorithm. While in our work the segmentation stage is added as in algorithms
(A) and (B) to recognize printed arabic text.
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The feature extractor in this algorithm, is based on feature vector FV of a character. Where
FV consists of four features as given below :

FV = [ND, PD,NS and §§ |

Where
ND = number of dots of the character,

0 for DAL, WAW, und RAA
1 for BAA, KHA, and GHAIN
2 for QAF, TAA, and YAA

3 for SHEEN and THAA

owunn

PD = the relative position of the dot ( or dots ) with respect to the character,
= 1 means dot above as; KHAA and GHAIN
= 2 means dot within as; GEEM and NOON
= 3 means dot below as; BAA and GEEM
= 4 means dot within or above as; TAA and NOON

NS = the number of secondary strokes.
= () ( zero secondary stroke } as; WAW, DAL
= | ( one secondary stroke } as; ZAll, LAMALEF

§S = the slope of secondary stroke.
=0 (from= °to < 90° ) such as; KAF.
=1 (from z 90° to <180 } such as; LAMALEF.

A hierarchical classifier (tree) is used in this algorithm. In this scheme the characters will
be divided into a separate classes, each class contain some or many characters which have the
same featuers. The characters in each class are sub-divided into sub-classes according to
" another common featuers, and the sub-classes may be divided into sub-sub-classes, and so on,
as shown in figure (3). The string representation of the unknown character is matched against
the prototype characters of the matched F.V.( F1, F2, F3, F4 }. In this stage an inexact match-
ing classification algorithm ( Minimum Distance Classification Approach) is used. It does not
need a more powerful algorithm since the distance between the characters in the prototype
level are relatively far from each other. Finaily the unknown character is recognized from the
characters having the same matched prototype, a K-Nearest Neighbor Recognition Rule is
used. In this stage a powerful algorithm is needed since the distances between the characters
in this leve! are relatively small.
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3 EXPERIMENTAL RESULTS

Input data is transfered through the on-line 2utomatic scanner ( 1BM model 3117 ), with
high resolution graphic mode of ( 640 x 320 ), and the test is performed using {BM personal
computer. In this case, complicated processes are needed to convert the physical image into a
binary matrix and stored for manipulation. This way will save effort and time, and give more
accurate results. The sample were introduced to the three systems as a printed arabic text as
shownin figures (1}, (2). The accuracy and recognition time which resulted from the exprimen-
tal results are reported in figures (4}, (5) respectivly, Comnparison between the performance
of the algorithms shows that the second algorithm is not suitable for parctical text application,
and the first algorithm is the most suitable one for on-line arabic text recognition, where it
takes one fifth of the recognition time taken by the third algorithm for the same accurecy.
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Fig.(4) Recognition accuracy Fig. (5): Recognition time

4 CONCOLUSION

This paper traced the implementation of three recent algorithms. The first, is based on
mathematical feature to handel the printed arabictext. While the second algorithm isto recog-
nize isolted handwritten arabic characters using structural features. The third algorithm recoc-
nizes isolated printed characters through stretural and mathematical methodology. Inorder -
to recognize printed arabic text, the second and the third algorithms are modified by adding
segmentation technique. The experimental results indicate that, the first algorithm produces .
the highest accuracy in smaliest recognition time. .
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