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Abstract— Character recognition is very important areas in the field of document analysis and recognition. Character 
recognition can be performed on fine printed, handwritten or typewritten text. The accuracy and performance of optical 
character recognition system depends on the printing quality of the text document. Various researchers have done prominent 
work in recognition of printed and handwritten text using OCR. Limited authors have worked for recognition of degraded 
Gurmukhi Numerals using OCR. In present paper, the main focus is to recognize printed degraded Gurmukhi Numerals using 
OCR. Binarization technique was applied to recognize degraded printed Gurmukhi numerals. Different types of printed 
degradations such as broken characters, background noise problem heavily printed and shape variant characters were 
considered during recognition of degraded Gurmukhi numerals. Various structural and statistical features e.g. zoning, 
transition features, distance profile features and neighbor pixel zone, were used for generating feature sets to recognize 
printed Gurmukhi numerals using support vector machine (SVM) and k-nearest neighbors’ (K-NN) method. Normalized 
accuracy and error are calculated to evaluate the performance of various recognition techniques and their combination in 
various training/tested case study formats using SVM and K-NN classifiers. 
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I. INTRODUCTION 
 

Optical character recognition is the conversion of 
scanned images of handwritten, type-written or 
printed document into machine encoded form. 
Recognition for degraded numeral is more complex 
due to various noises, background problem, touching 
& broken characters. The basic mechanism of 
character recognition consists of image 
pre-processing, feature extraction, classification and 
post processing.  
 
Gurmukhi Numerals 

Gurmukhi Numerals is used primarily for Punjabi 
language, which is the world’s 14th most widely 
spoken language. Few characteristics of Gurmukhi 
numerals are listed below:  

a. Writing style is from left to right.  
b. No concept of upper and lower case numerals.  
c. Gurmukhi numerals are cursive. 

 
Figure 1: Gurmukhi numerals [1, 8] 

 
Printed Gurmukhi text documents are widely used 

in the government offices in Punjab. Printed 
documents are a kind of degraded documents. So 
recognition of printed documents is itself a challenge 
as these documents may contain many problems such 
as broken numerals, broken headlines, shaping 
problem etc. Therefore, it is important to recognize 
Gurmukhi numerals, to understand the printed 
documents,  

 
specially degraded numerals. Different challenges 
associated with the recognition of degraded Gurmukhi 
numerals are written below. 
 

a. Variability of writing styles 
b. Similarity of few numerals.  
c. Degraded quality of text images. 
d. Background noise and distortions.  

 
On analysis of the degraded printed numerals, 

following problem has been identified [1, 8]: 
1. Broken numeral problem. 
2. Heavy Printing problem. 
3. Shape Variance problem. 
4. Background Noise problem. 
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Figure 2:  (a) broken numeral (b) heavy Printing (c) shape 

Variance (d) Background noise [1, 2 8] 
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To recognize degraded text, binarization algorithm 
must perform efficiently. The foreground and 
background from document image can be extracted 
using binarization. Image enhancement can be 
performed to solve scanning problems in images.  
Noise in the images can also be removed using 
binarization. 
 
II. LITERATURE REVIEW 
 
 Singh et al. (2012) [1], proposed an improved 
OCR system for the handwritten Gurmukhi numerals 
using feature vector with lesser elements. An average 
recognition rate of 88.8% had been obtained. It has 
been found that db1 and coif1 wavelets have given the 
highest recognition accuracy. The bior3.9 wavelet has 
the least recognition time.  
 Siddharth et al. (2011) [3] proposed handwritten 
Gurmukhi character recognition for isolated 
numerals. Authors have used some statistical features 
like zonal density, projection histograms and various 
distance profiles. They used background directional 
distribution features. The database consists of 200 
samples of each of basic 35 numerals of Gurmukhi 
numerals collected from different writers. SVM, 
K-NN and PNN classifiers are used for classification. 
The performance comparison of features used in 
different combination with different classifiers was 
performed. The highest accuracy obtained was as 
good as 95.04%.  
 Singh et al. (2012) created database by 
implementing pre-processing on the set of training 
data. Using principal component analysis, authors 
extracted the features of each image. Weights between 
the hidden layer and output layer of each neuron are 
determined to calculate the output, which is the 
summing value of each neuron.  
 Plestschacher et al. (2009) designed 
semi-supervised clustering framework for recognition 
of heavily degraded numerals in historical typewritten 
documents. An initial semi supervised clustering 
stage where a full partition of the samples (glyphs) 
was generated from a completely unlabeled set of 
training glyph samples. The glyphs are fed into a 
feature extraction method which represents a number 
of geometrical characteristics, density information, 
and localised features.  Experimental results 
compared to simple K-means clustering.  
 Rajashekararadhyag et al.  (2009) proposed 
zone and projection distance metric based feature 
extraction system. The image is divided in to 25 equal 
zones (10x10 each). For each zone, column and row 
average pixel distance in VDD, VUD, HRD and HLD 
directions to extend 10 features for each direction. 
Similarly the procedure was repeated for entire zone 
in the image to extract as many as 100 features for 
classification and recognition.  
 Jindal et al. (2008) developed efficient structural 

features for recognizing degraded touching numerals 
and heavy printed numerals. Authors concluded that 
these features are very much tolerant to noise. They 
identified some projection and profile features viz 
directional distance distribution and transition 
features etc. For classification purpose, K-NN and 
SVM classifiers were used. It was concluded that 
maximum accuracy of 91.54% using SVM Classifier 
was achieved. 
 
III. METHODOLOGY 
 
Algorithm for Creating Character Image 
a) Read Image: The image was read one by one from 

database I(x, y). 
b) Pre-processing: The image I(x, y) was converted 

into gray level image G(x, y) into logical format. 
 

G(x, y) =logical (rgb2gray(I(x, y)));    
  … (1) 

 
c) Binarization: The gray level image G(x, y) was 

binarized by using different binarization 
techniques viz OTSU method, local method, 
entropy based method to obtain the image 
connected completely. Small connected 
components with threshold connective pixels 
value of ‘8’ are removed.  

d) Resize Image: The image was resized by using 
bi-cubic method to generate 36x36 images. 

e) Universal Discourse: The character images were 
clipped by removing extra white spaced rows 
and columns residing in four sides of image. 

f) Matrix Generation: A matrix of 36x36 pixel size 
was generated by adding half numbers of rows to 
top & bottom side and half number of columns 
on left & right side of image. 

g) Finally, the refinement of background and shape 
was attempted. 

Algorithms for Projection 
a) No. of black pixels were computed in a row. 

(One feature) 
b) Repeat step-a, for each row in image. (36 

features) 
c) No. of black pixels were computed in a 

Column. (One feature) 
d) Repeat step-c, for each row in image. (36 

features) 
e) No. of black pixels were computed in left 

diagonal wise. (One feature) 
f) Repeat step-e, for each left diagonal wise in 

image (71 features) 
g) No. of black pixels were computed in right 

diagonal wise. (One feature) 
h) Repeat step-g, for each right diagonal wise in 

image. (71 features) 
i) Finally 214 features were extracted for 

classification and recognition. 
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Algorithm for Zoning 
The goal of zoning is to obtain the local 

characteristics instead of global characteristics. The 
frame containing the character is divided into several 
overlapping and non-overlapping zones. The density 
of the points in different regions is analyzed. The 
algorithm for zoning is discussed below. 

 
a) Creating Zones:  The height and width of the 

zones was determined by dividing rows and 
columns by the ‘n x m’ zones respectively for 
creating zones. 

b) Zones: Each matrix with respect to image was 
defined by using zone height and width 
calculated above zone matrix of ‘n x m’ zones 
was determined.  
 
zone11=image (1:zone_height, 1:zone_width) 

… (2) 
 
Algorithms for Zoning Density 

a) The input image was divided into 36 equal zones.  
b) Total no. of black pixels was computed in each 

zone. 
c) Average of black pixels in step 2 was computed 

(One feature) 
d) Repeat step 2 & 3 for each zone. (36 feature) 

 
Algorithms for zoning pixel distance Metric 

a) The input image was divided into 36 equal 
zones.  

b) Pixel distance in the zone columns in VDD 
and VUD was computed to recognize 12 
features. 

c) Pixel distance present in the zone row in HRD 
and HLD was computed to recognize 12 
features. 

d) Repeat, steps b & c, for the entire zone present 
in the image. 

e) Finally 864 features were extracted for 
classification and recognition. 

 
Algorithm Gradient: Directional Features  

Sobel’s Mask method was applied to calculate the 
horizontal gradient (gx) and vertical gradient (gy) 
components. The gradient of a pixel (i, j) was 
calculated by using following formula in equation 3, 4 
& 5: 

 
a=f(i-1,j+1)+2f(i,j+1)-f(i-1,j-1), 
a1=f(i-1,j-1)+2f(i-1,j)+f(i-1,j+1) 
b=2f(i,j-1)-ff(i+1,j-1), 
b1=f(i+1,j-1)-2f(i+1,j-1)-f(i+1,j+1)  
 

Gx=gv(i,j) = a-b          … (3) 
   Gy=gh(i,j) = a1-b1         … (4) 
             grad = Gy / Gx = tan-1 [gh(i,j) / gv(i,j)]     
    …(5)  

After computing the gradient of each pixel of the 
character, these gradient values were mapped on 08 
direction values with angle span of 45 degree between 
any two adjacent direction values. The mapping of 
gradient values on 08 directional values was 
calculated by generalized formula as given in eqn (6): 

direction [n(i,j)] = (45(n-1)0) ≤ grad (i,j) < (45n0)           
… (6) 
 

equation 6 signify that If a pixel is surrounded by all 
the pixels having values zero, its gradient assigned as 
1 and if gradient values are assigned as -1, its 
directional feature values are assigned zeros (0s).  
 
Algorithm for Image centroid: 

The centroid of the image was computed in numeral 
and character format. Individual character image (size 
36x36) was divided into 36 equal zones. The average 
distance from image centroid was computed for each 
pixel present in the zones/grid to obtain 36 feature 
values for each character. 
 
Zone Centroid: 

The image was divided into ‘n’ equal sized grids 
and centroid of each grid was calculated. The average 
distance from the grid centroid to each pixel present in 
grids was also calculated. This procedure was repeated 
for all grids present in image in numeral or character 
format to obtain 36 features. 

 
Size of Features Vectors  

Feature vector are the values that are generally used 
for recognizing isolated Gurmukhi numerals. Various 
techniques have been used to obtain these feature 
vector values each techniques to give different set of 
feature vector in present methodology. Table 1 lists 
various feature vectors for various feature recognition 
techniques and their combinations. 
 
Table 1: Feature vectors for various feature extraction 

techniques 
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The flow chart of the overall methodology for the 
present work is shown in figure 3. 
 

 
Figure 3: flowchart of the overall methodology 

 
The flowchart is self-explanatory. The image of the 

text containing degraded Gurmukhi numerals is input. 
The pre-processing is performed and feature 
extraction techniques are applied thereafter. Then 
classification techniques viz. SVM, K-NN etc. will be 
applied. Normalized accuracy and error are compared 
to evaluate the performance of the classifiers for 
various techniques. 
 
IV. RESULTS AND DISCUSSIONS 
 

Table 2 and 3 show the results of applying SVM and 
K-NN classifiers for various kinds of structural and 
statistical features respectively on (F1-F10) on two set 
of training and tested case study samples viz. ODD 
trained EVEN tested and EVEN trained ODD tested. 
The results are tabulated for enhanced binarized 
samples and eroded sample set used for recovering of 
broken samples. In present work, a set of 10 degraded 
Gurmukhi numerals were recognized. The normalized 
accuracy and error for ODD trained EVEN tested 
sample is tabulated in table 2 and EVEN trained ODD 
tested sample is tabulated in table 3 respectively. 

 
It can be observed from table 2 that maximum 

accuracy of 86% (at k=1) is obtained using K-NN 
classifier for ZAD (F3) and 92% (at s=1, t=0) using 
SVM classifier for Gradient (F4).  It signifies that 
ZAD (F3) technique has maximum accuracy using 
K-NN classifier for ‘k’ value equal to ‘1’. It also 
signify that Gradient (F4)has maximum accuracy 
(92%) using SVM classifier for ‘s’ and ‘t’ values equal 
to ‘1’ and ‘0’.  

Table 2: Accuracy and error (ODD tested EVEN 
trained) 

 
 
Similarly error of 0.34% is observed using K-NN 

classifier for ZAD (F3) technique, which has the 
maximum accuracy. The minimum error using K-NN 
classifier is 0.20% for GRAD+ZCC+ZCZ (F9) and 
ZPD+ZAD+GRAD+ZCC+ZCZ (F10). Hence the best 
technique using K-NN classifier is ZAD (F3) with 
maximum accuracy of 86% and moderate error of 
0.34%. Bar chart in figure 4 shows the results of table 
2.  

 
 

Figure 4: Accuracy and error chart (ODD tested EVEN trained) 
 
Analyzing the results of table 3 that maximum 
accuracy of 90% (at k=3) is obtained using K-NN 
classifier for GRADIENT (F4) and 90% (at s=1, t=0) 
using SVM classifier for GRADIENT (F4).  It 
signifies that GRADIENT (F4) technique has 
maximum accuracy using K-NN classifier for ‘k’ 
value equal to ‘3’as well as maximum accuracy (90%) 
using SVM classifier for ‘s’ and ‘t’ values equal to ‘1’ 
and ‘0’.  
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Table 3: Accuracy and error (EVEN tested ODD 
trained) 

 
Similarly error of 0.10% is observed using K-NN 

classifier and 0.68% using SVM classifier respectively 
for GRADIENT (F4) technique. The accuracy in case 
of both the classifiers is same. So in present case study, 
K-NN is better as compared to SVM due to lesser 
error. Hence the best technique using K-NN classifier 
is GRADIENT (F4) with maximum accuracy of 90% 
and minimum error of 0.10%. Bar chart in figure 4 
shows the results as listed in table 2.  

 

 
Figure 5: Accuracy and error chart (EVEN tested ODD trained) 
 
CONCLUSION & FUTURE WORK 
 

Gurmukhi numerals faces recognition problems 
related to unique characteristics of the numerals like 
connectivity of numerals on the headline, a large 
number of writing styles for same words by different 
writers, noise in the text etc.. In present paper, various 
feature extraction techniques for recognizing feature 
vectors, were applied along with their combination to 
recognize degraded printed Gurmukhi numerals. 
Classifiers viz. K-NN and SVM were used for 
calculating the accuracy and error in various 
recognition techniques for their performance 
evaluation. In present work, the discussion was 

limited to segmentation of the skewed, simple and 
broken numerals in Gurmukhi numerals. The work 
can further be extended to segmentation of touching 
numerals in a word, or overlapping numerals in a 
word or for numerals with unequal stroke intensity in 
Gurmukhi numerals also. Furthermore, the work can 
also be extended to various fonts for Punjabi language. 
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