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Abstract - In this paper, we have presented a technique for 

recognition of offline handwritten segmented Gurmukhi 

characters using combinations of feature extraction techniques 

and classification techniques. Principal Component Analysis 

(PCA) is used to find efficient features which have further 

been used in the classification process. For classification, k-NN 

and SVM are considered in this paper. SVM is considered in 

three different kernels, namely, linear-SVM, polynomial-SVM 

and RBF-SVM, which can also be considered to improve 

recognition accuracy. For experimental results, we have 

collected 8960 samples of offline handwritten Gurmukhi 

characters. The dataset partitioning strategy and k-fold cross 

validation technique are used for selecting the training and 

testing dataset. We have achieved a recognition accuracy of 

92.3%, using the combination of linear-SVM, polynomial-SVM 

and k-NN classifiers. In this case, we have taken 80% data as 

training dataset and the remaining data as testing dataset. 
Keywords: Handwritten Character Recognition, Feature 

Extraction, Classification, Feature Selection, PCA, k-NN, SVM 
 

I. INTRODUCTION 

 

Offline Handwritten Character Recognition system consists 

of the stages, namely, digitization, pre-processing, feature 

extraction and classification. The feature extraction stage 

analyses a handwritten character image and chooses a set of 

features that can uniquely be used for recognition of a 

character. Various researchers have done a lot of efforts in 

developing recognition systems for different non-Indic and 

Indic scripts. For example, Deepu et al., [1] have presented 

an online handwritten character recognition system using 

PCA. Sundaram and Ramakarishnan [2] have presented a 

technique for online Tamil character recognition. They have 

used 2D-PCAfor online Tamil character recognition. 

Aradhya et al., [3] have presented a recognition system for 

multilingual OCR using PCA. Sharma et al., [4] have 

presented an online handwritten Gurmukhi script 

recognition system using elastic matching method. Singh et 

al., [5] have presented a study of various features and 

classifiers for handwritten Devanagari character 

recognition. Kumar et al., [6] have presented an offline 

handwritten Gurmukhi character recognition system based 

on SVM. In their work, they have performed recognition 

without using PCA and used only SVM classifier for 

classification purpose. Bhattacharya et al., [7] have 

presented an efficient two phase approach for handwritten 

character recognition of Bangla script. However, numerous 

researchers have attempted to recognize handwritten 

characters of Indian scripts, the problem of data 

interchanging between human beings and computing 

machines is still posing a challenge in these scripts. The 

work carried out in this paper addresses the problem of 

offline handwriting recognition for Gurmukhi script. In the 

present work, offline handwritten Gurmukhi character 

recognition system using PCA has been presented. 

 

II. DATA COLLECTION AND GURMUKHI SCRIPT 

 

For experimental results, we have collected 8960 samples of 

56-classes (isolated offline handwritten Gurmukhi 

characters) have been collected from 160 unique writers. 

These writers were asked to write each Gurmukhi character. 

All these characters are scanned at 300 dpi resolution. The 

bounding box of size of all samples is 100×100. A sample 

of handwritten characters, by 5 different writers (W1, W2, 

…, W5) is given in Fig.1. Gurmukhi script is the script used 

for writing the Punjabi language and the writing style of 

Gurmukhi script is from top to bottom and left to right. 

There is no case sensitivity in Gurmukhi script. 

 

 
Fig. 1 Samples of handwritten Gurmukhi characters 

 

III. THE PROPOSED RECOGNITION SYSTEM 

 

The proposed recognition framework consists of the stages, 

namely, digitization, pre-processing, feature extraction, and 

classification. Digitization is the process of converting the 

paper based handwritten document into electronic format. 

Digitization produces the digital image, which is fed to the 

pre-processing phase. During pre-processing, we have 

converted the digitized image to thinned image (stroke 

width single pixel). 
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A. Feature Extraction 

 

Feature extraction phase is a very important phase of optical 

character recognition system because recognition accuracy 

depends upon the quality of the features extracted for 

recognition. The extracted features ought to have the 

capacity to classify a character in a unique way. We have 

used diagonal features [6], intersection and open end points 

features [6], transition features [8], zoning features [9], 

Zernike moments based features [9], directional features [9], 

parabola curve fitting based features [10], and power curve 

fitting based features [10], shadow features and centroid 

features [11] in order to find the list of features for a given 

character. We have also presented two efficient feature 

extraction techniques, namely, peak extent based features 

and modified division point based feature extraction 

techniques, which are discussed in following sub-sections. 

 

1. Peak Extent Based Feature Extraction Technique: The 

peak-extent features are extracted by taking into 

consideration, the entirety of the lengths of the peak extent 

that fits successive black pixels along each zone, as 

appeared in Fig. 2(a-c).  

 

 
Fig. 2 (a) Zone of bitmap image (b) Horizontally peak extent features (c) 

Vertically peak extent features 
 

While fitting an extent along a series of successive black 

pixels within a region, the degree might be stretched out 

outside the limit of the area on the off chance that it 

precedes in the following zone. We have considered 

horizontal peak extent features and the vertical peak extent 

features, for offline handwritten Gurmukhi character 

recognition [12]. In the horizontal peak extent features, they 

considered the sum of the lengths of the peak extents that fit 

successive black pixels horizontally in each row of a zone 

as shown in Fig. 2(b), whereas in vertical peak extent 

features they considered the sum of lengths of the peak 

extents that fit successive black pixels vertically in each 

column of a zone as depicted in Fig.2(c). Similarly, for 

vertical peak extent features, they have considered the sum 

of the lengths of the peak extent in each column of each 

zone as shown in Fig.2(c). These steps will give a feature 

set with 2n elements. 

 

2. Modified Division Point Based Feature Extraction 

Technique: Modified division points based features are 

proposed by Kumar et al., [13]. In this methodology, at 

first, they divided the character image into n (=100) zones, 

each of size 10×10 pixels. Let I  be the character 

image having 1’s for foreground pixels and 0’s for 

background pixels. The proposed methodology depends on 

sub-divisions of the character image so that the subsequent 

sub-images have balanced number of foreground pixels. Let 

 be the vertical projection and  be the 

horizontal projection of the particular zone  as appeared 
in Fig.3. Here, because sum of the left sub-array elements 

and sum of the right sub-array elements is balanced as far as 

possible, if we will consider the fifth element into left sub-

array. 

 

 
Fig. 3 Bitmap of zone  
=  

=  

 

Similarly, calculate the division point (dh) of Hp is taken as 

4 (fourth element). Values of division points dv and dh of 

each zone are stored as features in the feature vector. This 

will give us 2n features for a character image. 

 

B. Classification 

 

Classification phase uses the features extracted in the 

feature extraction phase for making the class membership. 

PCA is a well-established technique for extracting 

meaningful features for character recognition and is used to 

reduce the dimension of the data. The technique is useful 

when a large number of variables prohibit effective 

interpretation of the relationships between different features. 

In the present work, twelve features for a Gurmukhi 

character have been considered and the experiments have 

been conducted by taking 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 

principal components extracted with SPSS software tool. In 

this work, we have used k-NN and SVM with three different 

kernels, namely, linear, polynomial and RBF kernel. In k-

NN classifier, we have considered k=5. In this work, C-SVC 
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type classifier in Lib-SVM tool has been used for SVM 

classification purpose. We have also used combinations of 

output of each classifier in parallel and recognition is done 

on the basis of voting scheme. We have taken the following 

combinations of classifiers: 

 

L+P+R (Linear-SVM + Polynomial-SVM + RBF-SVM) 

P+R+K (Polynomial-SVM + RBF-SVM + k-NN) 

L+R+K (Linear-SVM + RBF-SVM + k-NN) 

L+P+K (Linear-SVM + Polynomial-SVM + k-NN) 

 

IV. EXPERIMENTAL RESULTS 

 

In this section, results of offline handwritten Gurmukhi 

character recognition system using different combinations 

of feature extraction techniques and classification 

techniques are presented. Here, principal components, two 

principal components (2-PC), three principal components 

(3-PC), …, twelve principal components (12-PC) have been 

considered to be taken as input to the classifiers. The 

recognition results are based on the classifiers, namely, k-

NN, Linear-SVM, Polynomial-SVM and RBF-SVM 

classifiers, and combinations of these as discussed above in 

section 3.2. We have divided the whole data set using five 

partitioning strategies (a, b, c, d and e) as given in Table I. 

The designing of partitioning strategy has shown how the 

recognition accuracy of a classifier varies with the variation 

in the training set size. 

 
TABLE I PARTITIONING STRATEGIES OF TRAINING AND TESTING DATA 

 

Strategy Training Data Testing Data 

a 50% 50% 

b 60% 40% 

c 70% 30% 

d 80% 20% 

e 90% 10% 

 

The partitioning strategy and k-fold cross validation 

technique for selecting the training and the testing patterns 

have also been experimented in this work. In general, k-fold 

cross validation divides, complete data set of each category 

into k equal subsets. Then, one subset is taken as testing 

data and the remaining k-1 subsets are taken as training 

data. By cross validation, each sample of training data is 

also predicted and it gives the percentage of correctly 

recognized testing dataset. In this work, we have considered 

5-fold cross validation technique. Dataset partitioning 

strategy-wise results of the proposed recognition system 

based on PCA are presented in the following sub-sections. 

 

A. Recognition Accuracy Using Strategy A: In this sub-

section, we have presented classifier wise recognition 

results of partitioning strategy a.  In this strategy, the 

maximum accuracy that could be achieved is 89.2%. Using 

this strategy, we have seen that L+P+K is the best classifier 

combination for offline handwritten Gurmukhi character 

recognition. Recognition results of classifiers and their 

combinations are shown in Fig.4 for twelve features (12-

feature) and the principal components. 

 

 
Fig. 4 Classifier wise recognition accuracy for Strategy a 

 

B. Recognition Accuracy Using Strategy B: In partitioning 

strategy b, the maximum accuracy that could be achieved is 

89.7%. Using this strategy, we have seen that again L+P+K 

is the best classifier combination for offline handwritten 

Gurmukhi character recognition. Recognition results for 

this strategy are presented in Fig. 5. 

 

 
Fig. 5 Classifier wise recognition accuracy for Strategy b 

 

C. Recognition Accuracy Using Strategy C: In this sub-

section, classifier wise recognition results of partitioning 

strategy c have been presented. Here, L+P+K again 

considered as the best classifier combination when we 

followed this strategy. A maximum of 89.2% recognition 

accuracy has been in this strategy. Recognition results of 

classifiers and their combinations for twelve features (12-

feature) and the principal components are depicted in Fig. 

6. 

 

D. Recognition Accuracy Using Strategy D: In partitioning 

strategy d, the maximum accuracy of 92.3% has been 

achieved. Using this strategy, we have seen that L+P+K is 
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the best classifier combination for offline handwritten 

Gurmukhi character recognition. Recognition results for 

this strategy are depicted in Fig. 7. 

 

 
Fig. 6 Classifier wise recognition accuracy for Strategy c 

 

 
Fig. 7 Classifier wise recognition accuracy for Strategy d 

 

E. Recognition Accuracy Using Strategy E: In this sub-

section, classifier wise recognition results of partitioning 

strategy e have been presented. Here, L+R+K is the best 

classifier combination for offline handwritten Gurmukhi 

character recognition. We have achieved maximum 

recognition accuracy of 87.9% in this strategy. Recognition 

results for this strategy are shown in Fig. 8. 

 

F. Recognition Accuracy Using Five-Fold Cross Validation 

Technique: In this sub-section, classifier wise recognition 

results of 5-fold cross validation technique have been 

presented. For the features and principal components under 

consideration and 5-fold cross validation technique, 

maximum recognition accuracy of 87.6% using L+P+K 

classifier has been achieved. Recognition results of 

classifiers and their combinations for twelve features (12-

feature) and the principal components are depicted in Fig. 9. 

 
Fig. 8 Classifier wise recognition accuracy for Strategy e 

 

 
Fig. 9 Classifier wise recognition accuracy for five fold cross validation 

technique 
 

TABLE II DATABASE PARTITIONING STRATEGY AND 5-FOLD CROSS 

VALIDATION WISE RECOGNITION ACCURACY 
 

Database partitioning 

strategy 
Feature Classifier 

Accuracy 

(%) 

Strategy a 2-PC L+P+K 89.2% 

Strategy b 2-PC L+P+K 89.7% 

Strategy c 12-PC L+P+K 89.2% 

Strategy d 2-PC L+P+K 92.3% 

Strategy e 2-PC L+R+K 87.9% 

5-fold Cross Validation 2-PC L+P+K 87.6% 

 

V. CONCLUSION 

 

In this paper, we have presented offline handwritten 

Gurmukhi character recognition using various 

combinations of different feature extraction techniques and 

classification techniques. The features of a character that 

have been considered in this work include zoning features, 

diagonal features, directional features, transition features, 
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intersection and open end points features, parabola curve 

fitting based features, power curve fitting based features 

and zernike moments based features. Two efficient 

features, namely, peak extent based features and modified 

division points based features have also been presented in 

this paper. PCA has also been used for reducing the 

dimension of data. The classifiers that have been employed 

in this work are k-NN, Linear-SVM, Polynomial-SVM and 

RBF-SVM and combinations of these. Database 

partitioning strategy and 5-fold cross validation wise 

recognition accuracy is depicted in Table II and the 

proposed system achieves an average recognition accuracy 

of 92.3% with our dataset of 56-class problem as shown in 

Table II using dataset partitioning strategies (a, b, c, d and 

e). Using 5-fold cross validation approach, maximum 

recognition accuracy of 87.6% has been achieved for 56-

class problem. We have concluded that the parallel 

combination of Linear-SVM, Polynomial-SVM and k-NN 

performs better than other classification techniques.This 

work can also be extended for other scripts after building 

the data set of those scripts. 
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