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Summary 
Preprocessing is the most important stage in the Arabic OCR 
system; it has a direct effect on the reliability and efficiency of 
the segmentation and feature extraction stages. It is worth 
mentioning that Arabic language is cursively written, and its 
characters have between 2 to 4 shapes. An Arabic word likely 
consists of two or more characters which are connected through 
an imaginary line called baseline. Detecting baseline is one of 
the main majorities in preprocessing Arabic OCR system. The 
baseline can be used for both skew normalization and character 
segmentation. This paper aims to provide a comprehensive 
review of the methods proposed by researchers to detect Arabic 
baseline. The Arabic baseline detection methods are categorized 
into four methods: (a) based on horizontal projection methods, 
(b) based on word skeleton method, (c) based on contour tracing 
method, and (d) based on principle component analysis method. 
Each of these methods has its own advantages and drawbacks. 
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Introduction 

The goal of the character recognition systems is to 
transform the input data (pattern of data), such as text 
written document on manuscript, text typed on document 
or online writing into a digital format. This can be 
manipulated by word processing software [11] [34]. In 
pattern recognition field, languages recognition is 
considered as one of the most complicated problem in 
Artificial Intelligent field [1] [32]. Recognition can be 
done offline or online. In offline recognition, papers, 
manuscripts or documents are scanned or captured, and 
finally are manipulated by OCR system. In online 
recognition application takes place during the writing 
process [2] [18] [20] [39]. 
 
Arabic language is universal and it is a formal language 
for 25 countries, of population over than 250 million [3] 
[18] [20]. Additionally, many Arabic characters are used 
in different languages such as Ardu, Farsi, Chawi, Kardi 
[39]. Literature is rich with evidence that Arabic language 
recognition is more difficult than other languages such as 
Latin or Chinese because the text is written cursively in 
addition to the complexity of the text characteristics [3] [7] 
[13], More details about Arabic written characteristics can 

be founded in each of [2] [18] [20] [39]. The development 
of Arabic OCR systems had not received enough care by 
researchers, compared with Latin or china’s OCR systems 
[39]. Where Latin recognition started since 1940 [6], the 
first attempt to recognize the Arabic language was in 1975 
[23]. The Arabic OCR system goes through five stages: 
Image acquisition, Preprocessing, Segmentation, Feature 
Extraction and Classification (Recognition) [2] [18] [20] 
[22]. These stages work together to improve OCR systems 
recognition ratio moreover to reduce the recognition time 
[32] [34]. 
 
OCR preprocessing stage is the most important because it 
directly affects the reliability and efficiency in the 
segmentation and feature extraction process [5] [17]. In 
order to improve the OCR system performances, 
preprocessing stage should contain smoothing, noise 
removal, image decomposition, skew detection and 
correction, edge detection, and baseline detection, the 
baseline detection is that research’s focus. Detecting 
Arabic baseline is very important in Arabic OCR because 
it can be used to segment the Arabic text to characters and 
make the text ready for the feature extraction stage [8] 
[39]. Also baseline has been used by most of the OCR 
systems [4]. 
 
Detecting baseline is one of the main majority in 
preprocessing Arabic OCR system stage [17] [19], and it 
is one of the Arabic language characteristic because 
Arabic language is written cursively [15], the baseline can 
be used in either skew normalization [28], or for 
segmenting the text into words or characters [8] [12], also 
it can be sued to extract dependent features [15]. Using 
baseline, the characters and shape are classified into three 
groups Ascenders, descenders and special marks called 
diacritics such as dots, shadda (Zigzag) and maddah, and 
these groups may be constructed from stroke or small 
element or complete character. The Arabic language 
character shapes based on baseline shown in fig (1). 
Ascenders lie above the baseline, but descenders lie under 
the baseline, and special marks lie in either above or under 
the baseline depending on the character [5] [17] [19]. 
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Fig. 1 Arabic language character shapes based on baseline. 

The diacritics such as dots, zigzag, and diacritics have 
significant effects on the OCR system performance [39]. 
Diacritics should be eliminated in the process of baseline 
detection when using horizontal projection or principle 
component analysis techniques because of the bad 
influences of the detection method performances [5] [14], 
On the other hand diacritics have no influences on the 
performance of baseline detection, using word skeleton 
[29], also sometimes they have influences on the baseline 
detection method based on the word contour performance 
[17]. More details about diacritics isolation and their 
influences on the OCR systems can be founded in each of 
[7] [16] [24] [26]. Arabic baseline detecting methods have 
received more concern researchers in the last three 
decades where the first attempt to detect Arabic baseline 
used the horizontal projection was in 1981 by Parhami and 
Taraghi [27], then it improved by Timsari & Fahimi [37], 
Then the detecting methods sophisticated by the 
researchers by using different techniques such as contour 
representation [17], word skeleton [29] and principle 
component analysis [14].  
 
In this paper, baseline detecting methods are categorized 
based on the techniques used. In the next sub-sections 
these techniques will be discussed in detail, including their 
advantages and drawbacks. 
 

A- Baseline detection Methods Based on 
Horizontal Projection: 
  

The horizontal projection method is commonly used by 
the OCR researchers to detect Arabic baseline [29], the 
first time the horizontal projection method was used to 
detect Arabic baseline was in 1981 [27]. The horizontal 
projection method to detect Arabic baseline works by 
reducing the 2D of data to 1D based on the pixels of the 
text image, and the longest pink which will implement in 
the straight line will be the Arabic text baseline. Fig 2: 

Horizontal projection method for detecting Arabic 
baseline. 
    

 

Fig. 2 horizontal projection method for detecting Arabic 
baseline. 
 
The Horizontal projection profile is defined as:  
 

 
Where P(i) is the horizontal projection of the image for 

row i, and the Image (i, j ) is the pixel value at (i, j). 
 
Thickness of baseline is found by calculating the thickness 
of the greatest spike, using the most frequent column-
height [37], or taking into account the location of iteration 
as a reference since they are often near close to the 
baseline [25]. Nawaz et al [22] and Sarfraz et al [33], used 
the horizontal projection method to divide the image into 
four different zones, baseline, middle, upper and lower 
zone, shown in fig (3) baseline, middle, upper and lower 
zone, the baseline zone is of denser black pixels; the 
middle zone is just above the baseline and double 
thickness of it.   
 

 

Fig .3 baseline, middle, upper and lower zone 
 
Ramy El-Hajj et al [15] used the horizontal projection 
method to detect two baselines in each input image, upper 
and lower baseline, fig (4) Upper and lower baselines, the 
lower baseline is detected based on the classical horizontal 
projection according to the longest peak, and the upper 
baseline is detected according to the longest peak above 
the lower baseline.  
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Fig. 4 Upper and lower baselines 
 
AL-Rashidah [5] proposed a more sophisticated way that 
depends on the iteration with angle to detect Arabic 
baseline with the horizontal projection, this way is 
summarized in the following three steps: 
 

1- Apply the horizontal projection profiles for the 
input image and calculate the highest peak. 

2- Rotate the image with constant or static angle, 
and apply the horizontal projection profiles and 
find the highest peak. 

3- Compare the two peaks values if the value in the 
second step is higher than the first, apply the 
second step again, else stop and determine the 
baseline. 

 
AlKhateeb et al [3] proposed to divide the handwriting 
word image by middle line, and he supposed that Arabic 
baseline always lies below the middle line of the image, 
this leads to horizontal projection of the lower half of an 
image gives better results than the whole image. The new 
results using this method are shown in fig (5). 
  

 
 
Fig. 5 in the top image the failure baseline detected by 
classical horizontal projection and in the bottom the 
improved result using Alkhateeb proposed algorithm. 
 
The horizontal projection of Arabic baseline detection 
methods is easy to use, most common and it works well 
with the printed text [29] [39]. Yet it is difficult to detect 
Arabic baseline from the handwriting text especially with 
handwriting word, because it detects the baseline in the 
straight lines [29]. Moreover the diacritics are still one of 
it is challenges, because they affect drastically methods 
performances. The horizontal projection profile of Arabic 
baseline detection methods had been applied for 

segmentation [4] [7] [9] [10] [21] [31] [35], skew 
detection [5] [38], and to extract dependent features [15]. 
Segmentation was based on thickness of the connection 
point between the stroke and the baseline or between the 
strokes, because there is more intensity of the thickness 
between other parts of the word than of the thickness 
between the stroke and the baseline. For skew detection it 
was based on the text writing nature for handwriting text. 
Only one study had applied extracting dependent features 
[15], where the image segmented into slides according to 
the detected baseline, and then from the segmented slides 
the dependent features were extracted. 
 

B- Baseline Detection Method Based on The 
Word Skeleton: 
 

Only one work had been proposed to detect Arabic 
handwriting baseline according to the word skeleton [29]. 
This method based on the skeleton lines of the polygonal 
word skeleton. This work is summarized in the following 
four steps: 
 

1- The polygonal approximations create the skeleton 
of the word.  

2- Set of the feature extractions calculated, based on 
the polygonal skeleton, and these features 
represent the baseline relevant features. 

3- The best extracted baseline relevant features will 
be chosen according to a set of conditions listed, 
depending on the Arabic writing style. 

4- The baseline detected by using linear regression 
depending on the selected relevant features which 
will convert to the baseline estimate point in the 
previous step. 
  

This method works well with the Arabic handwriting 
words, also it can be applied in printed text, and it is more 
flexible with the different word handwriting styles, the 
diacritics do not affect the method performance, on the 
other hand it needs more time than other baseline detection 
method because it works with set of the complex 
calculations. Fig (6) shows the Arabic baseline estimation 
for Arabic handwriting word based on the word skeleton. 
 

 
Fig .6 estimation Arabic baseline based on the word 

skeleton 
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C- Baseline Detection Method Based  on Word 
Contour Representation: 
 

Only one work had been proposed to detect Arabic 
handwriting baseline according to the word Contour 
representation [17]. This method based on local minima 
points of the word contour. This work is summarized in 
the following four steps: 
 

1- Locate the local minima points from the word 
counter. The minima points depend on the 
contour direction; it is located where the contour 
changes direction from the down word to the up 
word.  

2- Apply (least squared sum) linear regression to 
detect the approximate baseline.  

3- Reset anew minima points close to the old point. 
4- Use the second linear regression to detect the 

word baseline. 
 

This method works well with the Arabic handwriting word. 
Also it can be applied in the printed text, and it is more 
flexible with the different word handwriting styles, it can 
work with or without diacritics, but they are affected in the 
method performances if their size large relative to the 
word. Fig (7) shows the Arabic baseline estimation for 
two words based on the word contour representation. 
 

 
Fig .7 estimation Arabic baseline based on the word 

contour representation 
 

D- Baseline Detection Method Based on The 
Principal Components Analysis (PCA): 
 

Principal Components Analysis (PCA) can be used to 
compress and recognize the two domination and the three 
domination images as well as it used for Latin skew 
detection [36] and Arabic baseline detection [14]. Only 
one work had been done to detect Arabic handwriting 
baseline based on the principle Components Analysis [14], 
this method based on angle detected by principle 
Components Analysis. It is used to determine the Arabic 
word baseline direction according to the foreground or 

background pixels distribution. This work summarized in 
the following four steps: 
 

1- Perform the Principal Components Analysis for 
either foreground or background pixels 
distribution. 

2- Determine baseline estimate direction by using 
PCA eigenvector. 

3- Rotate the images according to the estimate 
direction and calculate the rotation angles.    

4- Apply Horizontal projection to determine the 
longest pink, and detect the vertical position of 
the baseline.  
 

This method works with both foreground or background 
pixels, and it gives good result with background pixels 
more than foreground [36]. Also it works with both 
diacritics or without diacritics, but it works better without 
diacritics [14]. Also it can be applied in the printed text. 
Fig (8) shows the Arabic baseline estimation for two 
words based on the principal components analysis.   

 
Fig. 8 estimation Arabic baseline based on the principal 
components analysis 
 
This method is based on Angle like that sophisticated 
horizontal projection one which proposed by AL-Rashidah 
[5], but this method find the angle in one step while the 
second method which relay on the image rotation. 

List of Difficulties in Detecting Arabic 
Handwriting Baseline 

 
Detecting Arabic baseline is still one of the Arabic OCR 
challenges, these challenges include the following: 
 

1- The first challenge is that Arabic is written 
cursively, and it has 28 characters and each 
character written between two to four ships 
according to its location in the word, see table 1 
Shapes of Arabic characters in different positions. 
Additionally, Arabic words may contain ligatures 
and overlapping [39]. Fig 9 overlapping and 
ligatures with Arabic words.  
 



IJCSNS International Journal of Computer Science and Network Security, VOL.8 No.10, October 2008 

 

141

 

Table 1 Shapes of Arabic characters in different positions 
 

     

Fig. 9 (a) overlapping and (b) ligatures in Arabic words 
 

2- The diacritics, such as dots and zigzag, have 
significant effects on the Arabic baseline 
detection performance in both accuracy and 
consuming time. Diacritics should be eliminated 
in the process of baseline detection and this 
elimination will increase the consuming time. 
 

3- Word slope is also affected on the baseline 
methods performances. Some researchers 
manipulate it by finding the baseline direction 
before starting detecting. This will also increase 
the consuming time.  
 

4- Finding the Arabic baseline in straight line is still 
one of the Arabic baseline detection challenges 
because some Arabic words may be contracted 
from two or more sub words, and the distribution 
of these sub words in the same word makes 
detecting baseline difficult. Figure 10 Arabic 
handwriting words constructed many sub words. 
 

 

Fig. 10 Arabic handwriting words constructed 
from many sub words 

Future Direction and Conclusion 
  
In this literature, the Arabic baseline detection methods are 
discussed in detail. The methods proposed in the 
literatures were classified into four different groups based 
on the techniques used. And the methods drawbacks and 
advantages were discussed in detail.  

 
This study concluded that the methods proposed in the 
literature works well with printed text, but there is a need 
to develop Arabic handwriting baseline detection methods 
by using hybrid detection methods that combine between 
two or more methods or by finding new other techniques 
work without angle and not effect by the diacritics. From 
the above review, it seems that only the IFN/ENIT dataset 
[30], which contains the Tunisian cities name, was used to 
implement and test the different Arabic word handwriting 
baseline detection techniques. 
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This paper addressed the Arabic baseline detection 
methods; every method is explained according to the 
general Arabic baseline detection. This paper is the first 
survey to describe the methods of Arabic baseline 
detection since 28 years of work. As such, it is clear that 
no perfect and Arabic baseline detection methods are 
available yet. Hence, this area of research is still open for 
further enhancement. 
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