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Abstract—this article reports the 
experimental analysis of an Urdu O
Recognition (OCR) system. The pr
presents the preprocessing, features
classification of Urdu language text. Thre
extraction techniques, the Hu moments,
and the Principal Component Analysis
Decision Tree algorithm J-48 is used fo
medium size database of 441 characters is
of hand written and machine writte
characters. An overall best recognition ac
is achieved using the Hu moments. 
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1. INTRODUCTION 
OCR finds its applications in bank

health care centers, railway stations, 
offices etc. As application areas of O
increasing, new problems surfaces. OCR
stages for most of the world langua
research work is yet needed to make th
needs of these applications. 

Urdu is the national language of Pak
and understood in India and the 5th
community of the world. Urdu is a com
compared to other languages such as 
and German etc. It has close resembl
language but its OCR is more complicat
Arabic language total numbers of chara
[1], while Urdu language has 58 chara
basic characters and the derived cha
made of the combinations of basic chara
58 characters, 41 characters are used f
literature [2]. A set of 58 Urdu chara
Figure 1. We believe that the Urdu OC
task due to the following reasons: 

Ligature: In Urdu language, two or m
combined to form a single word which
[3]. This complex combination is a m
OCR. 

Diacritics: Most characters of Urdu 
single but there are some symbols bel
primary character. These symbols are
characters or diacritics. Recognition o
produces problems in segmentation
recognition stages. 
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Context sensitivity: Each cha
different shape depending on th
Character may occur in start, m
shapes of characters also exist. 
Urdu language is complete
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nature. Its characters are writte
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sufficient space. On one hand, 
style but on the other hand
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Figure 1: Urdu

The Dotting Problem: Cha
differentiated from each other
dots. 

Script: Urdu language has 12 di
recognition method may b
independent. Most of the 
designed for a specific script. 

2. PREVIOU

Urdu language has some res
Substantial work on Arabic 
compared to Urdu OCR [4]
Japanese OCR are in very deve
et al. [7] in his work propo
recognize limited number of 
neural network has been used i
Pal et al. [8] presented his s
isolated characters only. They
Urdu characters using water r
methods. Shamsheer et al. 
recognition of isolated charact
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Due to context sensitivity, 
ely different from other 

anguage is bidirectional in 
en from right to left and its 
o right. 
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Network has been used for classif
Durrani et al. [10] discussed segme
which Urdu OCR is facing. Ahmad e
specific for Nastalique Urdu script on
method works in steps; lines iden
separation; character segmentation and f
and finally, classification. Classification
the proposed method using Neural Net
the paper claimed 93.4% accuracy for 
recognition. Nawaz et al. [11] propo
isolated characters recognition. The 
work in three steps: pre-processing, 
classification. For classification purp
presented a new idea of an XML file cr
file is used as a database and source 
Authors of the paper claimed 89 % acc
character recognition.  Javed et al. [12]
the improvement of preprocessing 
proposed method is organized as
separation of Horizontal Base Line
segmentation and Diacritics segmentat
separated and identified accurately. Acc
identification is 94%.  

3. DECISION TREE ALGORI

Decision tree (DT) is a classificati
generates decision tree based on the t
generated decision tree data is also ca
data. The classification is done on the ba
conquer’ strategy [13]. Structure of 
hierarchical in nature where a test is ap
to the attribute values having one of tw
classification, root of the tree is take
evaluated, and a branch is chosen 
outcome. The above process continue
reached and it is decided whether it be
named by a specific leaf or not. Each lea
result of a set of mutually exclusive dec
move along the tree. The tree expand
every instance is classified correctly or 
a decision tree algorithm used in the pr
decision tree is generated using the conc
entropy. The J-48 algorithm incorporate
ratio as attribute splitting criterion [14, 1

4. FEATURES  
Features capture most important inf
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recognition. In the proposed work, we 
methods for features extraction; Hu M
Moments and features extraction using P

Hu Moments [16] are introduced by
extraction methods extract invariant 
from images. Hu moments have been e
Pattern recognition and image proc
moments of order 2 to 9 have been u
with other feature extraction methods in
10-15 features are needed to be extracte
and accurate OCR system [18]. 
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Normalization of the image: Two main objectives are 
achieved using normalization; data size reduction and 
thinning. Thinning process extracts only shape 
information from characters. 

Skew Correction: Skew correction is the process of 
alignment of the paper document with system of the 
scanner. Correlation approach has been used in the 
proposed work for achieving skew correction. 

Edge detection: Edge detection identities boundaries in an 
image. Some researcher include edge detection in feature 
extraction technique, however in the proposed work, we 
included it in the preprocessing steps. 

B. Features Extraction and Classification 
After preprocessing stage, features are extracted from 

the characters. The feature set used include the Hu 
moments, Zernike moments and PCA. Each feature vector 
is extracted separately from each character and then 
passed to the classifier. These feature vectors are 
processed by J-48 for classification and analysis. 

6. RESULTS AND DISCUSSION 
The proposed approach of experimental analysis for 

OCR has three main steps; Preprocessing; Features 
extraction and Classification; as depicted in Figure 2. 
Initial two steps are performed using MATLAB while 
classification is performed using J-48. 

Table 1 and Figure 3 summarize results for correctly 
classified instances, incorrectly classified instances, time 
taken to complete the model and the Kappa statistics. 
Table 2 summarizes the results for the mean absolute 
error, root mean squared error, relative absolute error and 
root relative squared error. 

Table 1: Performance of the proposed approach 

Features 
Extracted 

Correctly 
classified 
instances 

Incorrectly 
classified 
instances 

Time 
Taken 

Kappa 
Statistics 

Hu 
moments 

92.06 % 7.93 % 0.14 sec 0.91 

Zernike 
moments 

54.32 % 45.07 % 0.26 sec 0.43 

  PCA 32.13 % 71.87 % 0.46 sec 0.32 

 
Table 2: Various error measures of the proposed model 

Features 
Extracted 

 

Mean 
Absolute 

Error 
 

Root  
Mean 

Squared 
Error 

Relative 
Absolute 

Error 

Root 
Relative 
Squared     

Error 

Hu 
moments 0.004 0.06 8.16 % 40.39 % 

Zernike 
moments 0.67 0.32 26.34 % 67.15 % 

  PCA 0.73 0.45 39.86 % 75.74 % 

 

Accuracy of the proposed model is highest (92.06 %) 
for Hu moments. Total numbers of instances taken are 
441. An average number of instances classified correctly 
were 406 and incorrectly classified instances are 35. For 
Zernike moments, the accuracy yield is 54.32 %. Out of 
441 instances, 238 instances were classified correctly and 
202 incorrectly. Lowest classification rate (32.13 %) is 
observed for the PCA approach. An average of 142 
instances was correctly classified and 298 instances were 
incorrectly classified. Table 1 shows highest accuracy for 
Hu moments. Time taken to build a model is also an 
important parameter in recognition scenarios. When Hu 
moments are used for feature extraction, the time taken to 
build a model was 0.14 seconds, which is the fastest in 
terms of execution times. 

Kappa statistic is used to assess the accuracy of any 
particular measuring cases. It is generally used to 
distinguish between the reliability of the data collected 
and their validity. It is analogous to correlation coefficient. 
The Kappa score ranges from 0.3 to 0.9 during the 
proposed work. Kappa statistics value for PCA is 0.32 
showing a weak statistical model. Kappa statistics value 
for Zernike moments is 0.43, indicating a moderate 
statistical dependence. For Hu moments, its value is 0.91 
indicating that the model could advantageously be used 
for recognition purposes. If the value of the Receiver 
Operating Characteristics (ROC) area is near 0.5, it shows 
lack of statistical dependence. The weighted Average 
ROC value for Hu moments is 0.95, for Zernike moments 
ROC value was 0.73 and for PCA 0.63. 

7. CONCLUSION  
This work analyzed Urdu OCR using the three feature 

extraction approaches and the decision tree classification 
algorithm. As no reference database for Urdu characters 
exits, as a first step, a database of Urdu characters is 
created. An experimentation setup included 441characters. 
Highest recognition accuracy of 92.06 % is obtained with 
the Hu moment. 

  
Figure 3: Performance comparison of Hu Moments, Zernike 

Moments and PCA 
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