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Abstract. Optical Character Recognition (OCR) system was present to provide an
automatic recognition of large printed documents for archiving or processing which
improves the interaction between human and machine in many applications. The proposed
system was developed for Arabic language. Arabic language is written cursively and
consists of 29 characters each with different shapes. The Arabic OCR (AOCR) system is
divided into several steps: image acquisition, preprocessing, segmentation, feature
extraction, recognition and post processing. Segmentation step segments the text into
lines, then into glyphs and finally into characters. The most important and sensitive step is
the character segmentation step which its result may affect the following steps and at the
end the recognition rate. This study has concentrated on character segmentation by
enhancing an already published algorithm in the literature. As a result, the new algorithm
decreases the processing time and avoids the segmentation of descenders such as the letter

Ra (J) and End Ya shapes (& «s «).

Keywords: optical character recognition, Arabic language, character segmentation,
baseline.

1 INTRODUCTION

Since the early days of digital computers, simulating the human reading has become one
of the main topics of intensive research, due to the need for converting data present on
paper documents into electronic readable format. This type of conversion has led to the
development of efficient, practical and commercial applications such as automatic mail
routing, check & signature verifications, office automation and a huge of different
applications in banking, business & data entry and machine vision. These are used to
automatically recognize both printed and handwritten information available in documents
such as checks, envelopes, forms, text images, etc. (Sarfraz et al. 2003; Najoua and
Noureddine 1995; Zeki 2005; Alginahi 2013; Al-Shatnawi and Omar 2014; Osman et
al.2009).

So, OCR is an old data entry technique that provides an automatic recognition of large
printed documents for archiving or processing which improves the interaction between
human and machine in many applications. Its popularity increases each year with the rise
of fast microprocessors. These microprocessors provide the machine with improved
recognition techniques that increased the effectiveness in both read rates and accuracies
(Sarfraz et al. 2003; Alginahi 2013; Osman et al. 2009; Abdulaziz and Alsaif 2008; Amor
et al. 2006; Cheung et al. 1997; Amin 1997).

OCR systems differ from each other from various views: (1) Way of getting the text,
(2) Mode of writing, (3) Number of fonts can be recognized, and (4) Text's connectivity
(Zeki 2005). Online OCR describes the recognition of symbols while they are drawn on a
digitizing tablet that operates by using a special pen for writing (Zeki 2005; Al-Shatnawi
and Omar 2014; Hachour 2006; Amin 1997). In contrast, offline OCR describes the
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recognition of symbols (input characters) after they have been completely written which
are read and digitized using an optical scanner (Zeki 2005; Al-Shatnawi and Omar 2014;
Hachour 2006; Amin 1997).

There is a great demand on offline Arabic OCR for several purposes: Firstly,
converting Arabic materials such as books and magazines into electronic forms and
secondly, building bridges between the Arabs and other nations by providing universal
access to historical and current Arabic literature (Beg et al. 2010). So, many techniques
and intelligent methods such as fuzzy logic and neural networks are used to recognize
Arabic characters with reasonable recognition rates (Albakoor et al. 2009; Amor et al.
2006).

The AOCR process in general is divided into several steps: image acquisition,
preprocessing, segmentation, feature extraction, recognition and post processing (Zeki
2005; Alginahi 2013; Al-Shatnawi and Omar 2014; Abdulaziz and Alsaif 2008; Beg et al.
2010). Image acquisition step reads and digitizes the input image using an optical scanner.
Preprocessing step cleans the document from noises, dots, etc. in order to enhance the
quality of the document. Segmentation step segments the text into lines, words or sub
words (part of a word) and finally characters. Feature extraction step extracts the features
of each character. Recognition step recognizes the characters based on the features
extracted from the previous step. Post processing step corrects the errors result from the
previous step and resolves ambiguity by using additional tools such as spell checkers in
order to improve the recognition accuracy (Zeki 2005; Alginahi 2013; Osman 2009; Beg
et al. 2010).

The segmentation step, especially the character segmentation, is too important because
the failure in segmenting characters correctly will lead to recognizing them incorrectly
(Sari et al.2002). It can be used on both cursive such as Arabic and non-cursive scripts
such as English but the most difficult one is the first one (Sari et al. 2002; Osaman 2013).
Therefore, this study will concentrate on this part of the AOCR system.

The rest of the paper is organized as follows. In Section 2, the Arabic language
characteristics are introduced to present the main challenges that face any AOCR system.
In Section 3, the character segmentation algorithm is presented as well as its modification.
The results of such modification are discussed in Section 4. Finally, Section 5 presents the
conclusion.

2 ARABIC LANGUAGE CHARACTERISTICS
There are some Arabic characteristics that challenge the AOCR system. These are:

1. Itis written from right to left.

2. It is composed from 40 characters (see Table 1), 10 numerals, punctuation marks,
spaces and special symbols.

3. Each character can take up to four different forms/shapes in a word or sub word
depending on its position (see Fig. 1); beginning form (connected from the left
ONLY), middle form (connected from both sides), end form (connected from the
right ONLY), or isolated form (preceded by either a space or unconnected symbol
and followed by a space or unconnected symbol).

4. ltis cursive which means that the characters are connected to each other, either from
one side or both sides as mentioned earlier, along an imaginary horizontal line runs
through the connected segments of the text known as baseline to make up a word or a
sub-word (Shaikh and Shaikh 2005).

5. It has 29 different characters but due to the different shapes that some characters can
take raise the number to 40. 31 of them can be classified into different groups so each
group contains the characters that have exactly the same body but differ from each
other in their complementary character (A portion of a character that is needed to
complement an Arabic character” (Amin and Mansoor 1997)). Deleting such
complement leads to an unknown character.
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6. It uses diacritics, which are short vowels and usually found in old manuscripts that
are placed above or below the character. They are written as strokes either above or
below the baseline. These vowels represent different meanings for the same word.
For example "4« " can be "school" or "teacher" depending on the used diacritics
that solve such ambiguity.

7. The size of each Arabic character is inconstant (in terms of height and width)
because each character has different shapes depending on its position in the sentence
as mentioned earlier which increases the number of character shapes from 40 to 125
(see Table 1). In addition, the size also is inconstant between characters. Therefore,
segmenting Arabic characters using fixed size of width (Pitch segmentation) is not
applicable.

8. Some characters within the same word can overlap vertically without being touch
which forms a "ligature" where the second character starts before the beginning or
end of the first one. This makes determining the spaces between characters and words
more difficult which leads to deal with some of them as a single character (see Fig.
2).

9. Existence of lines above and below the baseline known as: ascenders and descenders
respectively. There are also holes in some of the Arabic (Zeki 2005; Sari et al. 2002).

Table 1. Arabic Characters in their different shapes

Beginning  Middle End Number

No Character Isolated Form Form Form of Shapes
1 ) ) L L 2
5 i j L L 2
4 i i L L 2
5 Bal < - * = 4
6 Ta' @ = - = 4

Ta'amarbootah " 4
! (a special form of Ta) ’ ) i N :
8 Tha' < - = = 4
9 Jeem d = = & 4

10 Ha' d = = 9 4
11 Kha' ¢ = = & 4
12 Dal N 3 . > 2
13 Thal 3 3 : : 2
14 Ra' 2 J > > 2
15 zy 3 3 > > 2
16 Seen o . e o 4
17 Sheen ] = i o 4
18 Sad ue —-a - e 4
19 Dhad ua —a - o= 4
20 Tah L A L L 4
21 Th'ah 5 4 £ & 4
22 Ain 4 - > & 4
23 Gain ¢ £ & & 4
2 Fa o E 4 s 4
25 Qaf d - < & 4
26 Kaf d = =< & 4
27 Lam J 4 < ¢ 4
28 Meem # - - & 4
29 Noon O - - o 4
30 Haa' ° - -+ “~ 4
31 Waw 3 3 8 s 2
32 Ya' ¢ = -+ & 4
33 Hamza s s £ & 1
34 Alef magsoorah I - - Ca 2
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Beginning  Middle End Number

No Character Isolated Form Form Form  of Shapes
35 Waw mahmoza 3 - 5 5 2
36 Ya' mahmoza s ] 4 . 4
37 b ¥ b8 b8 2
38 Lam-alef y y S S 2
39 (a combination of lam g ¥ " - 5
40 & alef) g g < 3 5
(End) (Middle) (Beginning) (Isolated)

Fig. 1. Different forms of the Arabic character (cx)

Ligature

o

Fig. 2. Sample of Arabic ligature

3 THE ENHANCED CHARACTER SEGMENTATION ALGORITHM

The original algorithm that is used for segmenting characters was proposed in (Bushofa
and Spann 1997). The main idea of this algorithm is divided into three parts: segmentation
of touching characters, segmentation of the character End Ya shapes (s <«s «s) and
segmentation of joined characters. The search area for all of these parts was based on the
entire image by examining the upper and lower contours of the text. The upper contour is
examined to search for the true segmentation points by using a threshold point t; while the
lower contour is examined to search for the joined characters and the End Ya shapes
characters.

The search area is enhanced by deducing the vertical scan. Instead of scanning the
image vertically from top to bottom, it is scanned from the threshold value t; until the
baseline ONLY because the characters are usually connected at the baseline (see Fig. 3).
This led to three advantages: (1) decreasing the processing time by 86.42%, (2) avoiding
the over-segmentation of descenders such as the letter Ra (J), End Ya shapes (& «s «)
characters because part of them appear below the baseline which is out of the search area's
boundaries and finally (3) the unnecessarily for removing the complementary characters
because they are also not included in the search area whether they are above or below the
character's body.

However, in the case of detecting and segmenting the End Ya shapes (& ¢«s <)
characters, the pixel's color is examined. If it is changed between black and white and the
number of changes is five (white = black = white = black = white) along the line (t,)
(where t, is the symmetric line of t; around the baseline and between the left edge of the
image and the first peak), then this is an End Ya shapes characters. The first occurrence
for the column of the last detected white pixel is the true segmentation point for such

character.
Threshold t1

Threshold t,

Baseline

Fig. 3. Baseline, threshold t; and t,
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4 RESULTS

The sample used for testing the system is an Arabic book named as " Cx¥ 4sgdil) ¢y 581
¢»". Each sub word's image is scanned vertically from a certain threshold value until the
baseline ONLY which led to decrease the processing time by average of 86.42% as
mentioned earlier. The details of this percentage is illustrated in Table 2. Table 2
illustrates the average of three scanned pages and the average between them. In addition
Fig. 4 illustrates the result of segmenting the End Alef magsoorah character.

= | I

Fig. 4. Result of segmenting the word =" which include the End Alef magsoorah character

Table 2. The average percentage amount decreased from processing time of three scanned pages

Page # Average % Decrea_sed from Processing Avere_lge %_ Decreased from
Time Processing Time Between Pages
1 85.99%
2 86.45% 86.42%
3 86.82 %

5 CONCLUSION

The study tried to enhance the segmentation step in an AOCR system and especially the
character segmentation sub step. Character segmentation extracts each character in each
word/sub-word image separately by using the algorithm proposed in (Bushofa and Spann
1997). This algorithm has been enhanced by limiting the vertical search area for
segmentation points to be from a certain threshold point to the baseline instead of the
whole height of the image. As a result, the processing time has been decreased by 86.42
%, the segmentation of descenders such as the letter Ra () and End Ya shapes (i «s <)
has been avoided and extracting the complementary characters was not required.
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