
 

 

 

Abstract— This paper presents a novel approach for Offline 

Malayalam Character recognition using multiple features and a 

classifier ensemble. We have used two different feature sets: Run 

length count and Distance profiles. These features were used as input 

to two feedforward neural networks. The classifier ensemble was 

formed by combining the results of these networks using a Class-

based weighted majority voting scheme. The performance of the 

proposed system was compared with three other ensemble methods: 

Max rule, Sum rule and Product rule. The proposed system 

outperforms these methods and attains a recognition accuracy of 

87.37% for 33 characters of Malayalam. 

 

Keywords—Offline Character Recognition, Run length Count, 

Distance Profiles, Neural Networks, Classifier Ensemble.  

I. INTRODUCTION 

FFLINE character recognition is the process of 

identifying handwritten text from a sheet of paper 

followed by its conversion into a form that is machine 

editable.  

   Character recognition is one of the extensively researched 

fields in the area of pattern recognition and machine vision. 

This field presents various implicit challenges due to the wide 

variations in writing styles of different writers. Even in the 

case of the same writers, the writing styles may vary at 

different times which further complicate the process of 

recognition. 

In foreign languages such as English, Latin, Japanese and 

Chinese, OCR research is at a much advanced stage [1] as 

compared to the advancement in OCR research in Indic 

scripts. The main factors that challenge the OCR in Indic 

scripts are the highly complicated style of writing, the 

extravagant character set and the co-existence of old and new 

scripts. A complete OCR system is yet to be developed as far 

as Indian languages are considered. Further narrowing down, 

the South Indian languages such as Malayalam, Tamil, Telugu 

and Kannada require much more attention in OCR research. 

Bhattacharya et al. [2] proposed a two-stage recognition 

scheme for handwritten Tamil characters. In the first stage, K-

means clustering (KMC) technique is applied using 
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component transition feature to create a smaller number of 

groups of handwritten Tamil character classes.  In the second 

stage, Chain code histogram features along with a distinct 

MLP classifier is used for recognition. An excellent survey on 

OCR research in South Indian Scripts is presented in [3] [4]. A 

character recognition scheme using Run length count (RLC) 

and MQDF classifier was proposed in [5] for the recognition 

of Malayalam characters. Recently, G Raju [6] proposed a 

Malayalam character recognition system using gradient based 

features and Run length count.  A detailed survey on 

handwritten Malayalam character recognition is presented in 

[7]. The multiple classifier combination techniques have been 

successfully applied for Devanagari character recognition [8]. 

However, this area is less explored in Malayalam Character 

Recognition. In [9], a classifier based weighted majority 

scheme was proposed for the recognition of Malayalam 

Characters. This proves that the multiple classifier 

combination schemes offers immense potential for Malayalam 

character recognition and hence demands more attention. 

In this paper, we propose a classifier ensemble technique 

using Run length count and distance profile based features. 

These extracted features were fed as input to two feedforward 

neural networks. The results of both these networks have been 

combined using a class-based weighted majority voting 

scheme. 

This paper is structured as follows: Section 2 introduces the 

dataset and preprocessing steps. Section 3 explains about the 

feature extraction phase. Section 4 presents the classifier 

ensemble system in detail. The experimental results are 

explained in Section 5 and finally, Section 6 concludes the 

paper. 

II. DATA COLLECTION AND PREPROCESSING 

Malayalam is one among the four major Dravidian 

languages of South India which is spoken mainly in the state 

of Kerala. The characters of Malayalam are formed by loops 

and curves which make the recognition process of these scripts 

highly challenging. The dataset used consists of 990 samples 

of the 33 selected characters. These samples were collected 

from 30 people belonging to different age groups. Fig. 1 

shows a sample document that we have used for the study.   
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Fig. 1 Database Sample 

 

Each of the pages were scanned at 300 DPI. The text line 

segmentation and character segmentation were carried out 

using horizontal and vertical projection methods. Each of the 

characters were binarized, cropped using bounding boxes and 

finally were resized to 36 x 36. These preprocessed characters 

were stores as BMP images. Fig. 2 shows the architecture of 

the proposed system. 

 
Fig. 2 Proposed System Architecture 

III. FEATURE EXTRACTION 

Feature extraction is an important phase in character 

recognition that determines the success rate of the underlying 

classifier. Here, we have used two different feature sets: 

Distance profile features and Run length count. 

A. Distance Profile Features 
 

Distance profiles are obtained by computing the distances to 

the outer edges of the character from the bounding box. The 

top profiles are formed by vertically traversing the distances to 

the outer edges of the character in downward direction from 

the top of the bounding box. Similarly, the bottom profiles are 

formed by vertically traversing the distances to the outer edges 

of the character in upward direction from the bottom of the 

bounding box. The size of each of these profiles is 36. Thus 

the input to the first neural network consists of 72 features. 

B. Run Length Count Features 
 

Run length count is the number of continuous 1's obtained 

in each row/column of the image. The horizontal RLC is 

obtained by traversing the image row wise and counting the 

number of continuous 1's encountered. The vertical RLC is 

obtained by traversing the image column wise and counting 

the number of continuous 1's encountered. For calculating the 

RLC feature set, we have divided our image into 2x2 zones 

and then horizontal and vertical RLC were computed for each 

of these 4 zones. Thus the input to the second neural network 

consists of 8 features. 

IV. CLASSIFIER ENSEMBLE 

Ensemble techniques have been widely used in the past few 

years for character recognition tasks instead of single 

classifiers as it has been proved that misclassifications made 

by classifiers using different feature sets may not necessarily 

overlap. Thus combining classifiers increase the accuracy of 

the base classifiers. Here, we have used two feedforward 

neural networks for the two feature sets. Each of these 

networks were trained with resilient backpropagation 

algorithm. This algorithm provides a faster convergence than 

the conventional backpropagation algorithm. The results of the 

base classifiers were combined using a class-based weighted 

majority voting scheme. We have also compared the 

performance of the proposed system with three other ensemble 

techniques: Max rule, Sum rule and Product rule [10]. 

A. Class-Based Weighted Majority Voting Scheme 
 

In this method, we have assigned weights to each of the 

character classes based on their success rates in the base 

classifiers. The final combined decision d
com

 is calculated as: 

 

          ∑   
 

     

                           

Where 

  
  

  
 

∑   
 

     

                                                              

 

Here,      denotes the k
th 

classifier decision to assign an 

unknown pattern to class i,    indicates the number of classes, 

  
  denotes the weight assigned to i

th
 class of k

th
 classifier and 
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  indicates the success rate of i

th
 class of k

th
 classifier.  

B. Max Rule 
 

   This rule selects the class with the highest response value 

among the base classifiers as final output.  

 

                                                                    

C. Sum Rule  
 

   This rule adds the response values given by the base 

classifiers for each of the classes and selects the class with 

highest sum as the final output. 

 

          ∑    

     

                                           

D. Product Rule  
 

   This rule multiples the response values given by the base 

classifiers for each of the classes and selects the class with the 

maximum product value. 

 

          ∏    

     

                                        

V.  EXPERIMENTAL RESULTS 

The experiment was conducted on 33 characters of 

Malayalam-8 isolated vowels and 25 consonants. The 

implementation of the proposed system was carried out using 

Matlab R2013a. In the experiment, 80% of the samples were 

used for training and the remaining 20% samples were used 

for testing. The results of the experiment are summarized in 

Table 1. 

 
TABLE I 

EXPERIMENTAL RESULTS 

Method Accuracy (%) 

 
RLC 

                                    
                                   77.20 

Distance Profiles                                    72.22 

Proposed                                    87.37 
Max                                    84.34 

Sum                                    86.36 

Product                                    84.85 
 

 

The recognition accuracy obtained from the Run length 

count based classifier and Distance profile based classifiers 

are 77.27% and 72.22% respectively. The combined classifier 

using the class-based weighted majority voting scheme gives 

an overall accuracy of 87.37%. We have also compared the 

proposed system with three other combination techniques: 

Max rule, Sum rule and Product rule. As it is evident from 

Table 1, the proposed system outperforms these three 

combination techniques. 

 

 

 

 

     TABLE II 

RECOGNITION RESULTS OF THE PROPOSED SYSTEM 

Class Precision Recall FP Rate Specificity Fscore 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

    0.8333 

    1.0000 

    1.0000 

    0.6667 

    0.8333 

    0.6667 

    0.8333 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    0.8333 

    1.0000 

    0.8333 

    1.0000 

    0.8333 

    0.6667 

    0.8333 

    0.5000 

    1.0000 

    0.5000 

    0.8333 

    1.0000 

    1.0000 

    0.8333 

    1.0000 

    0.8333 

    0.5000 

0.7143    

1.0000 

0.8571 

1.0000 

1.0000 

1.0000 

0.7143 

1.0000 

1.0000 

0.7500 

0.8571 

1.0000 

1.0000 

1.0000 

0.8571 

1.0000 

1.0000 

0.8571 

0.7143 

0.7500 

0.8333 

1.0000 

1.0000 

0.7500 

0.6667 

0.7500 

1.0000 

0.8571 

1.0000 

0.8333 

0.8571 

0.7143    

1.0000 

0.0052 

         0 

         0 

 0.0103 

 0.0052 

 0.0103 

 0.0052 

         0 

         0 

         0 

         0 

         0 

         0 

         0 

         0 

         0 

 0.0052 

         0 

 0.0052 

         0 

 0.0052 

 0.0103 

 0.0052 

 0.0155 

         0 

 0.0155 

 0.0052 

         0 

         0 

 0.0052 

         0 

 0.0052 

 0.0154 

    0.9948 

    1.0000 

    1.0000 

    0.9897 

    0.9948 

    0.9897 

    0.9948 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    1.0000 

    0.9948 

    1.0000 

    0.9948 

    1.0000 

    0.9948 

    0.9897 

    0.9948 

    0.9845 

    1.0000 

    0.9845 

    0.9948 

    1.0000 

    1.0000 

    0.9948 

    1.0000 

    0.9948 

    0.9846 

 0.7692 

 1.0000 

 0.9231 

 0.8000 

 0.9091 

 0.8000 

 0.7692 

 1.0000 

 1.0000 

 0.8571 

 0.9231 

 1.0000 

 1.0000 

 1.0000 

 0.9231 

 1.0000 

 0.9091 

 0.9231 

 0.7692 

 0.8571 

 0.8333 

 0.8000 

 0.9091 

 0.6000 

 0.8000 

 0.6000 

 0.9091 

 0.9231 

 1.0000 

 0.8333 

 0.9231 

 0.7692 

 0.6667 

 

Based on the confusion matrix obtained from each of the 

methods, we have calculated five useful measures: Precision, 

Recall, FP Rate, Specificity and F-score. The recognition 

results obtained for the proposed ensemble classifier system 

are summarized in Table 2.  

 
        

 Fig. 3 Average Precision, Recall and Fscore measures  
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The average precision, recall and Fscore values of each of 

the methods are graphically represented in Figure 3. The 

proposed class-based weighted majority voting scheme system 

attains the highest precision, recall and Fscore values 

compared to the base classifiers and other ensemble 

techniques which were considered in the experiment. 

VI. CONCLUSION 

In this paper, we have presented a novel method for Offline 

Malayalam Character Recognition using classifier ensemble 

method. Here, Run length count and Distance profiles were 

computed from preprocessed character images to form feature 

vectors which were fed as input to two feedforward neural 

networks. The final recognition results were obtained by 

combining the results of both these neural networks using a 

class- based weighted majority scheme. The performance of 

the proposed system was also compared with three other 

ensemble techniques: Max rule, Sum Rule and Product Rule. 

The experimental results demonstrate the superiority of the 

proposed system over all these techniques. The proposed 

system outperforms all these methods and attains a recognition 

accuracy of 87.37%. The major challenges encountered in 

Malayalam character recognition was the lack of a 

benchmarking database and high similarity in the writing style 

of certain characters. The future work aims at reducing 

misclassifications further by incorporating an additional post 

processing stage. 
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