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ABSTRACT. This paper discusses the process of implementing an off-line
system for recognizing handwritten Arabic words. In order to recognize a
word, its character decomposition should be known. This is done through
segmentation. In our model, Arabic character recognition goes through a
preprocessing stage followed by a recognition stage. Each character of the
word is investigated in order to determine its features associated with the
window number in which they are located. The steps taken for obtaining the
window frame and windows as well as those features used are elaborated. A
table lookup is used to determine the name of the character under consider-
ation. This is followed by a discussion of the results and their interpreta-
tions. A comparison of the results obtained with other related work is given.

1. Introduction

Arabic character recognition is an active field of current research. Researchers these
days strive to achieve better speed and higher accuracy for character recognition
leading to a communication interface between the computer and its users. This im-
plies direct storage of user handwritten documents into computer memory without
going through a keyboard.

The Arabic language is the main language in more than 20 countries in the world
and spoken by more than 200 million people. It is not spoken by Arabs only, it is also
taught to all Muslim people. There are several properties of Arabic characters that

.A summary of this work was presented in Arabic, The Fourth Saudi Engineering Conference, Jeddah
Nov., 1995, Vol. 3, pp. 69-75.
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give handwriting style uniqueness and cause more difficulty in recognition. The writ-
ing direction goes from right to left. Since the characters are cursive (i.e., characters
of a single word within any text are connected) it implies that boundaries of these
characters overlap. It is interesting to note also that some groups of characters have
the same main body with slight changes. These changes are presented by the number
of dots and their relative position with respect to the main body. For example, Table
1 shows that characters Baa, Taa, and Thaa have the same main stroke but differ in
the number of dots as well as their position. Therefore, Baa has a single dot below the
main body while Taa and Thaa have two and three dots above the main body respec-
tively. Moreover, Arabic characters have different shapes depending on their loca-
tion within a word (i.e. isolated, or occuring at the beginning, middle or end of the
word) as shown in Table 1. Therefore, rather than dealing with the 28 characters of
the Arabic alphabet, researchers must deal with more than 60 characters.

TABLE 1. The different shapes of Arabic characters depending on their Position Within the Word
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In order to get familiar with the approaches used to recognize Arabic characters,
the reader may refer to Jambi[1,2]. The scope of the surveyed work varies, with re-
spect to complexity, from printed isolated characters to handwritten words. This im-
plies that evaluation of the work based only on the recognition rate is not fair and the
reader may be misled. For instance, it is not fair to compare a 100% recognition rate
for isolated printed characters and 90% recognition rate for handwritten cursive
words. In Jambi[2] there are also some details discussing different techniques used in
other languages. This might suggest concepts for researchers to implement with re-
spect to Arabic characters.

Although several papers deal with printed Arabic characters and texts, very little
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research has been done regarding handwritten Arabic words. The approach adopted
in the work of Jambi[3), which was also implemented by the author of this work, used
a rectangular frame with six windows. Moreover, in the work of Nouh et al. [4] the au-

thors stated that a circular frame is the best shape to contain Arabic characters.
Therefore, the frame in this work was changed to a circular one and many tests were
performed to figure out the best arrangement of the window to be accepted.

After the image was obtained with a scanner, the operations of the preprocessing
stage are applied. These operations include finding the boundaries of the word, thin-
ning, and separating the overlapped subwords. The main section of the paper discus-
ses the process of recognition which begins by decomposing the word into its charac-
ters. Then each of these characters is investigated to identify its feature points and
the location of each within the seven windows of the frame that contains the charac-
ter under consideration.

2. Preprocessing Operations

The image of the isolated word is obtained by means of a scanner, where noise
elimination is not needed and the binary image can be obtained automatically. The
extreme boundaries of a word are used to simplify the operation by eliminating the
process of scanning the white area around the word. Therefore, having the absoltue
correct values of the extreme boundaries is not a critical issue, which makes the situ-
ation flexible and not sensitive to the noise. These boundaries are used also to iden-
tify the constraints of upper and lower limits for the image of each character.

The One Pass Thinning Algorithm[5] is used for thinning. It starts by scanning the
image frame in a raster fashion using a sliding template. If the scanned pixel is black,
this pixel and its neighbors are treated as a template that should be compared to
other predetermined templates. Whether the scanned pixel is removed (i.e., a 1 be-
comes a 0) or kept depends on the results of the comparison with anyone of the
templates for testing pixel removal. Another test takes place by comparison with
templates used for connectivity testing. In the case of a match, the removed pixel has
to be restored. This step should be repeated until no change is produced.

Separation of overlapped subwords has generally been ignored in previous work,
although the overlapping of adjacent characters exists naturally. Overlapping means
that the beginning of a character starts on a column located before the one where the
end of the previous character has been detected. Although, Almuallim and
Yamaguchi[6], however, took care of this problem implicitly by tracing continuous
strokes, erasing them from the original image, then considering the other strokes. In
this work, it is essential that overlapping should be resolved. This is because the his-
togram for the segmentation process depends heavily on this operation. Figure 1
shows how this work deals with this problem explicitly by shifting some strokes and
making sure that there is at least one blank column between overlapped strokes. In
fact, separation of overl!iPped subwords is not as easy as it m~y initially appear. It is
time consuming, since all strokes should be traced and assigned different labels. Dots
should be assigned to their main strokes by giving those dots the same label as the
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main stroke. Left and right boundaries should be determined in order to test for
overlapping. If that is the case, shifting should be done for the left stroke(s) as well as
all dots and secondary strokes associated with those strokes. Shifting is done by hav-
ing at least one blank column (i.e., no black pixel) between two adjacent strokes of
overlapped subwords. It should be mentioned that shifting will take place provided
that enough space is available to accommodate the process of shifting[2].

jl ~...J
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...J

.

...J

u

(b)(a)

FIG. 1. An Arabic word with overlapping (a), and the same word after overlapping is resolved by a shift-

ing process (b)12J.

3. The Process of Word Recognition

The process of word recognition starts by the decomposition if the isolated word
into its character components where each of these characters is investigated sepa-
rately.

3.1 Segmenting the Word into Separate Characters
The characters used to construct the handwritten word should be identified. The

work of Jambi!7] gives a complete description. of our approach to implementing this
operation. The operation starts by constructing a histogram done by counting the
number of black pixels in each column. The beginning of each character is identified
by sensing a sudden change in the histogram, however some difficulties should be re-
solved regarding different width sizes of Arabic characters. Therefore, a threshold
value is determined to overcome this problem.

This histogram, which is known also as an image projection, produces an array that
contains the number of black pixels counted column wise. The last array is then pro-
cessed in order to identify some interesting points. These points are either actual
start or end points of a character (represented by's' and 'e' accordingly). Other
points are represented by 'b' or 'c' indicating candidate begin or end points of a
character. The 'c' is replaced by 'f if it is recognized to be a permanent end point.
These point can also be displaced in order to eliminate the effect of the long connect-
ing stroke that can be used for connecting those characters. Also, these points may be
removed if it is discovered that they are no longer needed!7]. There are some tests that
should be done regarding the different forms of the last character of each word. At
the end of this procedure, the above points are used to identify the beginning and the
end of each character of the word.

3.2 Defining the Features to be Considered
Although there are many features that can be considered, the following features
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are the most suitable ones for the structural approach adopted in this work

.Branch point
Represented by a black pixel surrounded by at least three black pixels

.Corner

This point represents a change in the direction of the pen's movement (decided if
the measurement of the angle, between both lines of each direction, exceeded a pre-
determined threshold value based on the work of Han et al. [8].

.End point

This point represents the start or stop point (i.e., a point where a pen starts or stops
writing the current stroke). This can be found easily within the image, since this is the
only point (black pixel) with just one black pixel neighbor.

.Position

An integer for the position of the character. It takes one of the following values

1 for isolated characters,
2 for those connected from left,
3 for those connected from right, and
4 for those connected from both sides.

.W-H
This variable indicates the relationship between the width and the height of the

character. Therefore, the set of characters are classified into three classes. The first
class includes those characters whose length is twice the width or more such as (Alif
and Lam). The second class contains those characters whose width is twice the length
or more such as (Geem-first and Taa-isolated). The third class indicates those
characters where the above relations can not be identified.

.Loop
This integer variable gives the window number where the loop is located. It gets

the value '0' if no loop is detected. This is because the handwriting characters contain
at most one loop.

.Dots
This variable indicates the number of dots associated with the character. It should

be mentioned at this point that although the result of thinning shows dots as short
strokes, they are removed in the segmentation process[7]. Those dots ,are then re-
placed by single pixels at the center of the previous short strokes.

Therefore, after finding all features of the character under consideration, a vector
(or a database entry) will be constructed[2]. For each window a byte is allocated
where two bits are assigned to store the number of end points, branch points, comers
and dots that are identified in that window. Since we have seven windows, (see dis-
cussion below) seven bytes are needed. An extra byte is also required to store the
other features such as position, W-H and loop.
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3.3 Identifying the Window Frame and Windows
The process of finding the coordinates of a rectangular frame is a simple one. This

is done by scanning the image of the character from top, down, left, and right to find
out the locations of the first pixel from each direction. Notice that the extreme boun-
daries, which have been calculated previously for the whole word, can be used as
constraints. Therefore, determining those coordinates gives us the ability to identify
the window frame as well as the windows where feature points are located as shown
in Fig. 2. The point (a, b) indicates the center of the circular frame and r presents the
radius.

(upper,end)

(upper,start)E::J

(a) (b)

(lower, start)(Iower,end)

(c)

FIG. 2. The rectangular frame is used to identify the center (a, b) and the radius (r).

As shown in Fig. (2a), this frame suits those characters whose height is greater than
their width while the frame in Fig. (2b) suits characters whose width is greater than
their height. However, the frame in Fig. (2c) is selected to be able to capture features
that might be located at the corners of the frame, which might be missed if the other
frames are selected.

The number of windows plays a significant role here. A small number of windows
gives an overlapping of features of different characters. On the other hand, a large
number may cause difficulties in identifying small variations of the same character.
For instance, if the window is of the size of a single pixel then the situation becomes
an exact pixel matching. A single window complicates the process of classification,
since different characters with the same feature points are put in the same group.
After a careful study of Arabic characters, it seems that the best results are obtained
by diving the frame into seven windows as shown in Fig. (3).

The window's frame has a circular shape where the center is (a, b) identified as the

following:
a = (upper + lower) t 2,
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FIG. 3. Dividin~ the frame into seven windows.

It sh,?uld be mentioned at this point that the origin of the image (i.e. the pixel
(0,0» is located at the upper left comer. The radius of the frame is defined as shown
in Fig. 2 where:

r = start -b

for the cases where the length of the character is greater than the width as the case of
Fig. (2a), and

r = lower -0

for the cases where the width is greater than the length as the case of Fig. (2b). How-
ever, these situations are discovered not to be very accurate. Especially, for those
characters where some features are located on the corners of the rectangular frame
such as (Lam) and (Khaa-isolated), etc. Therefore, the radius should be calculated
with a different approach. So, the length of the radius is computed as the distance
from the center to the corner of the rectangular frame as shown in Fig. (2c).

r = sqrt [(0 -lower)2 + (b -start)2 ]

After identifying the frame, it is divided into seven windows (Fig. 3). Six of these
windows are identified by determining the angles associated with each of these win-
dows. The seventh one is obtained by having an inner circle which has the same
center as the frame. The length of the radius of the inner circle is presented as r7
which is computed to have a value as a percentage of the length of frame's radius.

.
Therefore, identifying the window number associated with a given feature located

at (x,y) position is done as follows:

.Calculate the distance between (x, y) and the center (0, b) and the feature will
be located in window 7 if the distance is less than or equal to r7.

.If the above is not the case, a comparison between y and b is done to determine
if the feature is located in the upper or lower half. Then the exact window number is
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identified by determining the angle (q) associated with this feature, where q is <;alcu.
lated as follows:

q = atan [(y-b) / (x-a)]

For instance, Fig. 4 shows. the distribution of the features associated with the
Arabic character (Taa-isolated).

FIG. 4. The layout of the Arabic character 'Taa' with its features.

3.4 The Recognition Process
Identifying of all features of a character produces an entry in the database. The

database itself is built by filling it with entries constructed from characters being
studied at learning stage. (This process is described in more detail in the next sec-
tion). After the learning stage, the recognition of unknown characters is done by
finding all features associated with the unknown character, then constructing its vec-
tor. This is followed by a table look-up to compare the vector of the unknown charac-
ter and entries in the database.

4. Implementation and Experimental Results

More than 300 images were created for testing the recognition rate of this system.
All these images are generated by the same person. Each of these images contains a
single handwritten Arabic word. With the average rate of four characters per word,
this implies dealing with more than 1200 Arabic characters. A group of 130 words
was chosen as a training set, which is used to create the initial database. The remain-
-jng 170 words were used as test data for calculating the recognition rate, which is dis-
cussed in the next section.

Several tests W6Te implemented depending on the angles to be selected and the
radius of the inner circle (i.e., window 7). The results of these tests are shown in

",...
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(Table 2). Distributing the features associated with the character under considera-
tion among these windows eventually produces the database entry associated with
this character. This entry will be used to search for a matching entry within the
database.

TABLE 2. The results obtained after implementing several tests on th~ value of the angle and percentage
associated with r7.

Angle
associate.d

withw3,w6

Angie
associated
withwl,w4

Angle
associated

with w2, w5
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withr?
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Absolute
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76.21 20.69 2.76w 45 1045

1.41ro 10 80.21 18.372 60 ro
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15.84 1.55ro 00 50 82.614 ro

1.6260 83.40 14.985 ro 60 ro

10 82.33 15.36 2.3160 00 !ro6

3.8255 ro 80.92 16.267 55 70

In order to appreciate the results obtained from this work, the reader should have
an idea about the results of similar projects. As a matter of fact, most of the work in
Arabic character recognition deal with typed text or handwritten characters. Very
few research projects deal with handwritten words. Table (3) gives a quick review of

TABLE 3. A quick review for the results of this work and other relative re-
searches.

The work of

(9)
The work of

(3)
The work of

(6)
This work

83Absolute

recognition

83.40 79 81.25

3 2 7.31.62Mis-
recognition

014.98 13 10Recognition by
learning

Rejection due
to wrong

segmentation

6.75 9.70 5

the results obtained in this work and the work of other relative researches. The first
two columns are the results obtained after testing the same set of data. This is true for
learning and testing phases. It is clear that a considerable improvement is achieved.
Although, the third and fourth columns are the results of other work on different sets
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of data, yet they are brought to insure that the results obtained from this work are as
good as other relevant work. In other words, to appreciate this work the reader
should compare the results of this work with the work of the same scope, which is
handwritten words in this case. In fact, it is unfair for the reader to compare the re-
sults of this work with the results obtained from recognizing printed text which are
relatively high. The term "recognition by learning" is used instead of "rejection"
since the system deals with the unknown characters in a different manner. There-
fore, rather than just rejecting the unknown characters, the system with its interac-
tive ability asks the user if he/she wishes to insert that character in the database for fu-
ture use. This means that these unknown characters can be stored in the database to
be used later on.

5. Conclusion

The process of Arabic character recognition is still an open field; more research is
needed. As stated before, new research should be directed at achieving greater accu-
racy in less time. In order to reach this goal research in character recognition for
other alphabets introduce a kind of parallelism, or use a kind of associative matching
to speed up the recognition time. Moreover, the characteristic of Arabic characters
should be considered when a new approach is derived. Sometime "quick and dirty"
algorithms can also be used as a preliminary step to identify what might be called a
superclass or cluster to narrow the scope of a search.

Regarding this work, simplicity is the key to the process of design and implemen-
tation. There are no complex equations to be evaluated nor complex features to deal
with. This a;pproach derives its power from associating simple features with win-
dows. However, the work deals with features in the absolute sense (i.e., they either
exist or do not exist). This implies the exact matching of the features of the character
under consideration for recognition. As a result, many entries might be associated to
one character which means a larger database to deal with. For the future research,
the introduction of fuzzy concepts might be helpfull to eliminate different entries as-
sociated with'the same character.

It should be mentioned at this point that thinning has become less popular in recent
research related to Arabic Character Recognition[9]. This is because thinning takes
many iterations in order to obtain the skeleton of the Arabic word. Therefore, thin-
ning is considered a time consuming process. Also, some noise may be obtained and
should be considered for further processing. Therefore, the new trends move to-
wards obtaining and analyzing the contours of the word. However, dealing with
skeletons is more natural than dealing with contours.
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