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Abstract: 

One of the common used methods for text recognition (especially with Arabic text), 
is the usage of character Databases for driving the training and validation (for all the 
different methods that are used for preprocessing, segmentation and recognition). There 
are no inclusive and dependable databases for all Arabic letters particularly when 
considering the four different shapes for each Arabic character (based on the character 
position inside the word). 

In [1], the researchers presented a new Arabic Optical Character Recognition 
"AOCR" approach called "sliding window for printed AOCR" method (segmentation-
free character recognition independent of a lexicon of words). It works based on 
matching the content of the targeted text image/document with a small pre-prepared 
database to find the positions of the recognized characters in the scanned image. The 
AOCR experiment is implemented using WHT/DCT and is applied using three different 
font types and nine different font sizes. In this paper, we tested the same proposed 
"AOCR" method using a different implementation (WHT/DFT).  

Keywords² Arabic OCR, word extraction, pattern recognition, segmentation, 
segmentation-free, printed AOCR, sliding window, WHT, DCT. 
 

Introduction: 
The automation process development of 'extracting text from images' (called Optical 

Character Recognition (OCR) techniques/systems) has dominated the attention of 
researchers for its importance and applicability. Furthermore, The OCR Systems 
provide human-machine interaction, which is widely used and most needed in many 
daily applications involving converting a text image into an editable text format 
(automate the processing of: postal mail sorting, check/tag processing, restore old 
GRFXPHQWV�«�� 

Currently, the most advanced and accurate OCR systems and research have been 
done on the characters of the Latin languages, whereas other languages relatively still 
need some work (depending on the language complexity and the challenging in terms of 
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writing methodologies). These complexities and challenges could be overcome if hand-
writing character recognition was considered.  

Related Work: 
In [1], Walsh Hadamard Transformation (WHT) and Discrete Cosine Transformation 

(DCT) have been used for the character image feature extraction to carry out a 
performance comparison of segmentation-free printed Arabic character recognition 
techniques. The comparison was based on the required time for recognition. The 
researchers used an Arabic character image database (three font types for each 
character, nine font sizes for each font type). The results shown for their proposed 
method of letter recognition was 99% for all printed Arabic characters (regards the used 
size and font type of the characters and its position inside the word). In addition, 
recognition time/speed using WHT was faster than DFT. 

In [2], the researchers used Artificial Neural Networks techniques for automatic 
recognition of Arabic printed text. For testing purposes, the system experiments 
implemented different models and sizes of Naskh font. It showed stability, good 
performance and up to 73% recognition rate. In addition, a huge diversity in the 
respective image extracted features results between segmentation module and the 
training set in. 

The presented system in [3] makes use of a hybrid of several holistic features that 
combine global word level Discrete Cosine Transform (DCT) based features and local 
block based features. The method  has been tested using different sets of 1152 words 
with three different fonts and four font sizes and has achieved 99.3% Word Recognition 
Rate (WRR). It also has been tested using sets of 2730 words of recent computerized 
text and has attained more than 84.8% WRR.  

In [4], the researchers started their approach by binarized images using global 
binarization. Then, by using horizontal and vertical transition techniques, they extracted 
FKDUDFWHUV¶�VWDWLVWLFDO�IHDWXUHV��$IWHUZDUG��WKH\�DSSOLHG�.-Nearest Neighbor (KNN) and 
Random Forest Tree (RFT) to recognize printed Arabic characters. The results of their 
work show that KNN is the fastest, but RFT perfremed better. In terms of recognition 
rate, RFT (with 98% rate) is better than KNN (with 87% rate). 

The used techniques in the proposed approach to automatic printed Arabic text 
recognition by the researchers in [5] were linear and ellipse regression techniques. The 
researchers started by collecting all possible forms of each character, then, they 
generated a unique code to represent each character form (Each code contains a 
sequence of lines and ellipses). The results indicate 86% recognition rate in a sample of 
14,000 different Arabic words with different fonts. 
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Arabic Optical Character Recognition (Ar-OCR)  
Arabic characters are considered one of the most difficult and challenging characters 

to be recognized using OCR technologies. Because of  the writing rules of the language, 
the different shapes (up to 4 shapes/character) of the same character (based on its 
location inside the word) and the extra marks (up to 4 marks) which can be used 
over/under each character.   

Challenges and motivation 
Here are some of the challenges of dealing with the Arabic language scripts and 

its characters in OCR processing compared with other languages: X The Arabic 
scripts are written from right to left. Y The language is composed of 28 Arabic 
characters. Z Each character can have up to four different shapes depending on its 
position in the word (isolated, beginning, middle, or end forms). [ Arabic 
characters (inside the word) are connected along a baseline. \ The total number of 
shapes for Arabic characters (28 character) reaches 100 (Table-I).] A pair of 
characters may be combined to form another character (called a ligature). 

Table I: The four possible shapes/forms for Arabic characters 
΍ Ώ�Ε�Ι�Ν�Ρ�Υ�Ω�Ϋ�έ�ί�α�ε�ι�Isolated Form  
Ύ˰ ΐ˰�Ζ˰�Κ˰�Ξ˰�΢˰�Φ˰�Ϊ˰�ά˰�ή˰�ΰ˰�β˰�ζ˰�κ˰�End Form  
  ˰Β˰�˰Θ˰�˰Μ˰�˰Π˰�˰Τ˰�˰Ψ˰� � � � �˰δ˰�˰θ˰�˰μ˰�Middle Form  
 �˰Α�˰Η�˰Λ�˰Ο�˰Σ�˰Χ� � � � �˰γ�˰η�˰λ�Beginning Form  

               

ν ρ�υ�ω�ύ�ϑ�ϕ�ϙ�ϝ�ϡ�ϥ�ϩ�ϭ�ϱ�Isolated Form  
ξ˰ ς˰�φ˰�ϊ˰�ώ˰�ϒ˰�ϖ˰�Ϛ˰�Ϟ˰�Ϣ˰�Ϧ˰�Ϫ˰�Ϯ˰�ϲ˰�End Form  
˰π˰ ˰τ˰�˰ψ˰�˰ό˰�˰ϐ˰�˰ϔ˰�˰Ϙ˰�˰Ϝ˰�˰Ϡ˰�˰Ϥ˰�˰Ϩ˰�˰Ϭ˰� �˰ϴ˰�Middle Form  
˰ο ˰ρ�˰υ�˰ϋ�˰Ϗ�˰ϓ�˰ϗ�˰ϛ�˰ϟ�˰ϣ�˰ϧ�˰ϫ� �˰ϳ�Beginning Form  

 
 

Main Feature (Baseline) 
Arabic characters (inside a word) are connected along a baseline. The position of 

the baseline can appear clearly with horizontal projection, while vertical projection 
can be used for segmenting sub-words and characters, as illustrated in Figure1.  
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Figure1.  Baseline and vertical and horizontal projections for the input text image 

The proposed approach: 
All the segments that were extracted from the scanned documents matched with the 

character images, which was stored in the character database. After aggregating all 
characters, the original text was collected (illustrated in the next section). This process 
was applied to all target text (regardless of font type or size). A comparison between 
WHT with FDT was applied regarding recognition rate vs. performance/time. 

Walsh-Hadamard Transform (WHT) 
With its base function "Walsh function" (which has only two values, +1 or -1), 

WHT shows good results for digital signals. Also, in terms of image compression, 
WHT-based is dependent on a couple of techniques to represent the image with 
minimum data [7]. The Hadamard matrix [10] was used to produce the Walsh 
transformation. WHT presents high efficiency in many applications, including 
processing (speech, images, and signals), analysis and filtering, coding.  

Discrete Fourier transform (DFT) 
The DFT is one of the important techniques used in image processing 

applications; it has a great degree of precision compared to similar techniques [8]. 
Also, it is used as: X calculator for the two signal discrete-time convolution, Y filter 
design tool, and Z discrete-time signal measuring spectra [9]. 

In addition, if magnitudes, frequencies, and phases are considered, a sum of 
complex exponentials represents the image by The Fourier transform [11]. Normally, 
analysis of planar curve is done by using of a Fourier Transform. In the OCR 
techniques, the character boundary draws the curve. Therefore, analysis with DFT 
techniques would be perfect since the boundary of each character is a closed curve, 
and that the coordinate's sequence of (x; y) which draws the curve is periodic [12]. 
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Characters Database 
All character images (with their different shapes, sizes and font types) are 

collected in a structured database, which is a file of the character images (For each 
IRQW�VL]H��WKDW�FRQVLVWV�RI�WKH�FKDUDFWHUV¶�VWUXFWXUDO�DQG�WUDQVIRUP�IHDWXUHV��IHDWXUHV�
vector). The structural features are height, width, the number of pixels above 
baseline for each character. 

Results: 
Figure 2.presents (for clarification) how the results of using the proposed method look 

like which represents the result of recognizing characters (the sample in Figure 2.a, the 
result in Figure 2.b). Also, the same sample was used in nine different font sizes (the 
selected sizes are 8, 10, 12, 14, 16, 18, 20, 24 and 28), and three different font types 
(Arial, Times New Roman and Simplified Arabic). 

 

 
              a: Original document image     b: Result of character reconitin 

Figure 2: Sliding window AOCR in Times New Rom Font size18 

In this experiment, the recognition time (in seconds) which is used in the comparison 
is shown in Figures 3-5. The spectral domain features are extracted by transforming the 
character image under the moving window using WHT and DFT. These results clearly 
show that extracting the spectral domain features using WHT gives a faster recognition 
rate than the DFT. 

 
  Figure 3: Recognition time for Times New Roman font 
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From Figures 3-5 and the attached data, it is clear that small font size characters can be 
recognized faster than large fontcharacters. This can be justified by two reasons: (1) 
large font size characters have different dimensions than the small size characters; (2) 
Also, the number of lines in large font size characters is greater than the number of lines 
in the small font size characters.  

 
 

Figure 4: Recognition time for Arial font 

For the above mentioned reasons, the needed time for recognition is less for smaller font 
sizes. In addition, transforming the characters using WHT or DFT, to extract their 
features, requires a large transform matrix for large font sizes which in turn requires 
more time for transformation process. 

 
Figure 5: Recognition time for Simplified Arabic font 

 

Conclusion: 
To conclude, the results of the experiments carried out by using different 

implementation (WHT vs. DFT) to the "sliding window for printed AOCR" method [1] 
(WHT vs. DCT where used) are as follows: 

 
1) It can be clearly noticed, the segmentation-free printed Arabic character recognition 

technique using Walsh Hadamard Transform (WHT) gives a much better 
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performance (required time for recognition) compared with Discrete Fourier 
Transform (DFT). 

2) The experiment results of using the proposed method gives a very high rate of letter 
recognition (up to 99%) for all printed Arabic characters despite the used font size 
and type of the characters and its position inside the word.  

3) When font size 8 was used as an exceptional case, less letter recognition rates were 
detected with specific characters (e.g. ϭ,έ) 

4) Improvement in recognition time is achieved as WHT produced better results than 
DFT with respect to recognition speed 
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