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Abstract: In this work, offline handwritten character 

recognition (HWCR) is involved, which is an open area of 
research for Indian languages. The recognition accuracy for 
HWCR is around 60% as per the literature survey. The main 
obstacle for the research in this area is the non-availability of a 
standard database. Character Recognition (CR) is an application 
of pattern recognition. Pattern recognition has many applications 
like security services, defense organizations, banking, post offices, 
archeological field, weather forecasting, library automation, 
reading aids for the visually challenged, etc. There are very less 
number of users for Indian languages when compared to English 
and hence the research for HWCR is at early stage. In this work, 
transform based recognition techniques are used on two 
languages namely Hindi and English. The best recognition 
accuracy obtained for the bilingual handwritten scripts is 73.33% 
which is in line with the existing research publications. 

 
Keywords: 2D-FFT, 2D Correlation, Bilingual Characters, 

Nearest Neighborhood Classifier, Optical Character Recognition 
(OCR). 

I. INTRODUCTION 

Character recognition and pattern recognition are two 
important fields where extensive research is taking place 
almost every day. It can be broadly classified into online and 
offline character recognition. Online character recognition is 
one where the system identifies the character when entered 
from an input device like keyboard. Several algorithms are 
already in place for online character recognition. Offline 
character recognition is one where the system must identify 
the characters which are already written on the medium. This 
is relatively a challenging task because handwriting varies 
from person to person, which creates confusion while 
teaching the machine about a certain handwritten character.  
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 This is also a very challenging task where one is teaching a 
machine to understand a letter which essentially can be 
written in several ways by each individual. In this work [1], 
more stress is given on various methods of offline handwritten 
CR. In this work considerations regarding slant, size and skew 
normalizations are taken which makes it more efficient. 
Erratic errors due to hand movements are eliminated here as 
well. Also, representing and recognizing data is done in many 
methods. 

In the work [2] as well major concentration again has been 
given to offline handwritten CR where the recognition 
extends to words as well as sentences. This work also stresses 
on signature verifications and writer identification which 
forms the core of many applications in character recognition. 
Character recognition is important because it helps us 
interpret any written material like ancient scripts, palm leaves 
or simple hand-written notes on the paper. 

The options in this area of research are so extensive and 
individualistic that a same algorithm may not prove to be that 
accurate when applied to other languages. This is because 
there are several ways in which a character can be written. 
Also, a character can either be simple or complex. A complex 
character is one where a consonant gets mixed with a vowel 
and it assumes a new pattern which can be very different in 
pattern from the individual vowel or consonant. These 
complex characters can be challenging for a machine to 
understand. In recent times, a lot of research has taken place 
in English, Chinese, Arabic and Devanagari scripts and more 
research is taking place in identifying them with improved 
accuracies. Various Indian languages and scripts like 
Devanagari, Gurmukhi, Tamil, etc have been worked on using 
OCR methods which can be seen in this work [3].  
      A diverse dataset is used in the work [4]. Multistage 
recognition using appropriate MLP architecture is used here 
to provide better accuracy. In the proposed work, the 
languages to work upon has been chosen to be on Hindi, 
English small and English capital letters. This database has 
been opted because the machine must be able to recognize 
pattern among a pool of different languages and at the same 
time small and capital letters of English has been incorporated 
in our database because the machine should be able to tell the 
difference between them even though they belong to the same 
language. No standard database for HWCR of Indian 
scripts/English are available and so a database has been 
generated in the laboratory environment [4, 5, and 6]. 
      Currently, character and pattern recognition finds its 
application in decoding some preserved age-old manuscripts, 
recognizing signatures, in banks, etc.    
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Identification between small and capital letters can be 
essential for further studies where one can identify the 
beginning of a new sentence or to identify proper nouns. 
Identification among Hindi and English can be further 
extended to more languages in order to decode multi-lingual 
notes or scripts. This kind of work on CR on South Indian 
languages can be seen in work [4]. PCA (Principal Character 
Analysis) method combined with Fourier Transform is used 
here to identify characters from a pool of multilingual 
characters. 

In this work [1], more stress is given on various methods 
of offline handwritten CR. In this paper, considerations 
regarding slant, size and skew normalizations are taken which 
makes it more efficient. Erratic errors due to hand movements 
are eliminated here as well. Also representing and recognizing 
data is done in many methods. 

In paper [2] as well, it is observed that major 
concentration again has been given to offline handwritten CR 
where the recognition extends to words as well as sentences. 
This paper also stresses on signature verifications and writer 
identification. 

A diverse dataset is used in paper [3]. Multistage 
recognition using appropriate MLP architecture is used here 
to provide better accuracy. 

Work on CR on South Indian languages can be seen in 
paper [4]. PCA (Principal Character Analysis) method 
combined with Fourier Transform is used here to identify 
characters from a pool of multilingual characters. Paper [5] 
cites work on OCR methods on various Indian languages and 
scripts.  

 

 
Fig.1. Proposed System of Recognition 

II.  RELATED WORK 

Many researchers are working in the area of handwritten 
patterns and character recognition for different languages. 

Panyam Narahari Sastry, T.R.Vijaya Lakshmi and others 
[6] have presented work on zoning features recognition of 

Telugu handwritten characters and achieved an accuracy of 
78%. 

K.Chowhury, L.Alam, and others [7] have used different 
geometric values as fuzzy features for recognition of Bangla 
characters and obtained nearly 77% accuracy. 

Sanugula Durga Prasad and Yashwanth Kanduri [8] have 
presented a paper on Telugu handwritten character 
recognition using adaptive and static zoning methods in which 
they used k-NN classifier and obtained nearly 80% 
recognition accuracy. 

Pritam Dhande and Reena Kharat [9] have presented work 
on recognition of cursive English handwritten characters 
using the SVM classifier and deals with various techniques 
used in optical character recognition for cursive handwriting 
recognition. 

I.Rushiraj, S.Kundu, and B.Ray [10] have worked using 
weighted Euclidean distance for classification using 48 
geometric features for handwritten character recognition of 
Odia scripts and achieved 87.6% accuracy. 

Chhaya Patel and Apurva Desai [11] have presented work 
on segmentation of text line into word for Gujarati 
handwritten text in which they proposed morphological 
operation and projection profile based algorithm and 
achieved an accuracy of 89.24%. 

Saleem Pasha and M.C.Padma [12] have proposed a work 
on ANN using structural, and wavelets transform features for 
Kannada handwritten character recognition and achieved 
91% accuracy. 

H.Nakkach, S.Hichri, and others [13] have presented work 
on hybrid approach to features extraction for online Arabic 
character recognition using different local and global features 
in SVM and achieved 92.43% accuracy. 

H.Choudhury, S.Mandal, and others [14] have worked on 
online Assamese handwritten character recognition by 
combining HMM and SVM based stroke classifiers and 
obtained an accuracy of 96.17%. 

Shuye Zhang, Lianwen Jin and Liang Lin [15] have used 
deep convolution neural networks (CNN) to identify similar 
Chinese characters and achieved 98.44% accuracy. 

III. OBJECTIVES 

1) To develop the database for handwritten English small 
letters and capital letters along with Hindi handwritten 
characters. 

2) To identify and select the main features from these 
database images to be used for recognition/classification. 

3) To develop and implement algorithms for finding out 
recognition accuracy for the databases.  

IV. METHODOLOGY 

The proposed architecture for handwritten character 
recognition for bilingual scripts is shown in figure 2. It 
contains various steps:  

A. Data Collection 

In the proposed approach of recognition ten basic isolated 
handwritten characters of English small, English capital and 
Hindi scripts were considered for the research work. 
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 The characters were acquired from 50 different scribers of 
different profiles. Thereby, a total of 1500 (3x10x50) samples 
forms the database with three different scripts, with 10 classes 
each and each class having 50 samples. These documents 
were scanned at 1200 dpi and database was created. The data 
set contains different styles, varied size of the characters. This 
data set was developed for HWCR in the laboratory due to 
nonexistence of a standard database for Indian scripts [4, 5 
and 6].  
 

 
Fig.2. Block Diagram of Proposed System 

B. Pre-Processing 

Preprocessing is the first step of character recognition 
system. The raw data is captured to be preprocessed before 
applying it to recognition system. Character segmentation is is 
done fron the scanned documents by taking the vertical profile 
of the images. This step helps in enhancing the character 
recognition by eliminating noise. The segmented characters 
are converted to gray scale, normalized, resized (50x50 
pixcels) and binarized using minimum boundary rectangular 
concept (applying a threshold of 0.7). The data before 
preprocessing and data after preprocessing are shown in 
figures 3 and 4 respectively. 

C. Feature Extraction 

A feature is the most important component in the character 
recognition problem. Feature extraction is a process of 
reduction by which an initial set of raw data is reduced to 
more manageable features for processing. The proposed 
system uses 2D-FFT and 2D correlation techniques to obtain 
features.  

 
Fig.3. Original Image 

 
Fig.4. After Preprocessing 

2D-FFT is applied to all the images including training and 
testing before extracting the features.  
2D- Correlation: It represents the differences between two or 
more images at a given instant of time. 

D. Classification and Recognition 

Classification is the most important phase in recognition 
system. In classification, an unknown sample is assigned to 
the pre-defined class. Classifiers are used to map the feature 
vectors yield from the input character into one of the possible 
character classes that exits already. The recognition process 
includes training and testing phases. The proposed system 
uses Nearest Neighborhood Classifier (NNC) namely 
Euclidean distance. According to the extracted features, 
characters are classified and recognized. The final output 
from the recognition system are shown in figures 5 and 6. 

 
Fig.5. Correct Match 

 
Fig.6. Incorrect Match 

The left hand side images in figure 5 and figure 6 are of 
testing samples, whereas the right hand side images (training 
set) are the images to which these testing images are matched. 

V. RESULTS AND DISCUSSIONS 

The proposed system has dataset of around 1500 samples 
collected from different writers and different profiles which 
includes English small characters, English capital characters 
and Hindi characters (500 samples each). The dataset 
collected from different source having a varying size and 
thickness of symbols. All the training set and testing set are 
obtained by scanning the handwritten documents. 
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After generating a database of 500 samples of each 
English small letters, English capital letters and Hindi 
characters, these samples are normalized to the standard size 
of 50x50 pixels. This database is then divided into training 
and testing sets. Each image which is of 50x50 pixels is 
converted into a binary image by applying a threshold of 0.7. 
All the images are then applied with 2D FFT. After applying 
the 2D-FFT each image which is of size 50x50 (2500 pixels) 
will be transformed to a new matrix in which each pixel will 
have real and imaginary values.  

The imaginary values are eliminated and not considered 
since only phase information is available in the imaginary part 
therefore is not at all useful in HWCR.  

Considering only the real part in a matrix of size 50x50 for 
each image, the first row is converted into a column matrix 
and then the second row is concatenated to this, followed by 
third, fourth and so on. Hence the matrix size of each image 
which is 50x50 becomes 2500x1. This means 2500 rows and 
1 column for each image. Since there are 50 images the final 
matrix becomes 2500x50 (for 50 images). 

A. 2D FFT: 

Considering 30 samples in the training set and 20 samples 
in the testing set and applying the algorithm to it, the matrix 
for training set becomes 2500x30. Similarly, for testing 
images matrix becomes 2500x20. Then each column of the 
testing matrix is compared with each column of the training 
matrix and corresponding Euclidean distance is calculated. 
Since there are 30 samples in the training set 30 different 
Euclidian distances are obtained. Out of these 30 Euclidean 
distances the minimum value is found. The algorithm also 
identifies the image of the training sample which has the 
minimum Euclidean distance.  

The algorithm displays the testing image on the left hand 
side of the figure plot whereas this identified training image 
on the right hand side of the figure. In this way the first testing 
image is recognized. The process is applied to remaining 19 
samples of the testing set. The recognition accuracy is 
calculated as a ratio of number of correctly matched testing 
samples to the total number of testing samples. 

B. 2D Correlation: 

Considering 30 samples in the training set and 20 samples 
in the testing set and applying the algorithm to it, the matrix 
for training set becomes 2500x30. Similarly, for testing 
images matrix becomes 2500x20. Then each pixel of testing 
image is compared with each pixel of the training sample and 
correlation values is obtained. For each testing image 30 
correlation values are obtained since there are 30 training 
samples. Out of these 30 correlated values the maximum 
value is found. The algorithm also identifies the image of the 
training sample which has the maximum correlated value. 

The algorithm displays the testing image on the left hand 
side of the figure plot whereas this identified training image 
on the right hand side of the figure. In this way the first testing 
image is recognized. The recognition accuracy is calculated 
as a ratio of number of correctly matched testing samples to 
the total number of testing samples. 

Analysis of Handwritten character recognition for English 
small letters for different training set and testing set samples 
under feature extraction 2D-FFT and 2D correlation has been 
shown in table I. The number of training samples have been 
varied from 20 to 40 in the steps of 5. The maximum 

Recognition Accuracy for English small characters were 
found to be 77% and 78% by using 2D FFT and 2D 
Correlation respectively. Hence it is concluded that the 
recognition accuracy using both the methods are in line for 
English small letters. 

 

TABLE I.  ENGLISH SMALL LETTERS 

Number of 
Training 

Samples per 
class 

Number of 
Testing 

Samples per 
class 

Recognition 
Accuracy 

(2D FFT) 

Recognition 
Accuracy 

(2D 
Correlation) 

20 30 58.00% 64.33% 
25 25 64.00% 69.80% 
30 20 64.50% 70.00% 
35 15 66.67% 72.33% 
40 10 77.00% 78.00% 

 
The Analysis of Handwritten character recognition for 

English capital letters with varying number of training set 
samples ranging from 20 to 40 in steps of 5 are shown in table 
II. A maximum Recognition Accuracy of 81% has been 
observed using the 2D FFT technique and about a maximum 
of 80.66% by using 2D Correlation technique. The 
Recognition accuracy is almost same for the both techniques 
for English capital letters. 

TABLE II.  ENGLISH CAPITAL LETTERS 

Number of 
Training 

Samples per 
class 

Number of 
Testing 

Samples per 
class 

Recognition 
Accuracy 

(2D FFT) 

Recognition 
Accuracy 

(2D 
Correlation) 

20 30 73.33% 63.33% 
25 25 74.80% 68.80% 
30 20 76.50% 69.50% 
35 15 78.00% 71.00% 
40 10 81.00% 80.66% 

 
The Analysis of Handwritten character recognition for 

Hindi characters is shown in table III. A peak value of 73.33% 
using 2D FFT and 84% using 2D Correlation has been 
observed. It is also observed that recognition accuracy 
increases with the increase in the number of training samples 
in the training set. The 2D correlation technique gave better 
results when compared to 2D FFT technique for Hindi 
characters.     

TABLE III.  HINDI  CHARACTERS 

Number of 
Training 

Samples per 
class 

Number of 
Testing 
Samples 
per class 

Recognition 
Accuracy 

(2D FFT) 

Recognition 
Accuracy 

(2D 
Correlation) 

20 30 70.00% 71.33% 
25 25 71.33% 73.60% 
30 20 71.60% 75.50% 
35 15 72.00% 79.33% 
40 10 73.33% 84.00% 
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Analysis of Handwritten character recognition for 
Bilingual characters (combination of English small 
characters, English capital characters and Hindi characters) 
with varying number of training set and testing set samples are 
shown in table IV,.  

Training samples have been varied from 20 to 40 
gradually in steps of 5 and accuracies for each set has been 
found. A maximum Recognition accuracy of 69.67% for 2D 
FFT and 73.11% for 2D Correlation has been found out. As 
the number of training samples increased recognition 
accuracy increased.  

TABLE IV.  BILINGUAL CHARACTERS 

Number of 
Training 

Samples per 
class 

Number of 
Testing 
Samples 
per class 

Recognition 
Accuracy 

(2D FFT) 

Recognition 
Accuracy 

(2D 
Correlation) 

20 30 63.33% 58.12% 
25 25 64.67% 63.33% 
30 20 66.16% 64.16% 
35 15 66.89% 71.11% 
40 10 69.67% 73.33% 

 
The Recognition Accuracies of the proposed system 

increases with the increase in the number of training samples 
per class. This can be observed from the following graphs. 

 

Fig.7. Graphical Representation for Analysis of HWCR 
for English small characters 

  In figure 7, a plot between number of training samples and 
the Recognition Accuracy has been made for English small 
letters. It can be observed that the training samples and  
Recognition Accuracy are directly proportional but the 
increase is not linear. 

The figure 8 is a plot for English capital letters between 
training samples and Recognition Accuracy. It is observed 
that the increase in slope is almost linear for 2D FFT whereas 
te increase  in slope is not that gradual for the 2D Correlation 
technique. 
 

 

Fig.8. Graphical Representation for Analysis of HWCR 
for English capital characters 

The figure 9 is a plot for Hindi characters between training 
samples and Recognition Accuracy. As the number of training 
samples increases, the Recognition accuracy also improves. 
This trend can be observed in both 2D FFT and 2D 
Correlation technique.    
 

 

Fig.9. Graphical Representation for Analysis of HWCR 
for Hindi characters 

A graphical representation of the Recognition Accuracy 
for the bilingual characters is shown in figure 10. As the 
number of training samples increase, we can observe an 
increase in the Recognition Accuracy as well. This has been 
done for two techniques namely 2D FFT and 2D Correlation. 
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Fig.10. Graphical Representation for Analysis of HWCR 
for Bilingual characters. 

 

From Table V, it is observed that the recognition accuracy 
is more for the proposed method. Also, the proposed method 
has used a bilingual dataset. The recognition accuracy for the 
published method was observed to be 63% and on the other 
hand, a recognition accuracy of about 66.144% has been 
observed for the proposed method. 

 

TABLE V.  COMPARISON BETWEEN PUBLISHED 
AND         PROPOSED METHOD-1 

 Published 
methiod 

[16] 

Proposed method 

Worked On Telugu English, hind and 
bilingual characters 

Number of 
training 
samples 

18,750 1200 

Number of 
testing 

samples 

500 300 

Feature 
Extraction 

2D FFT 2D FFT 

Classifier  NNC NNC 

Recognition 
Accuracy 

63% Eng_small 66.034
% 

Eng_captial 76.720
% 

Hindi 71.64% 

Bilingual 66.144
% 

 

 
From Table VI, it is observed that the database used by the 
proposed method is more and comparatively greater number 
of training samples as well. The recognition accuracy for the 
published method was observed to be 66.08% and on the 
other hand, a recognition accuracy about 72.54% has been 
observed for the proposed method. 

TABLE VI.  COMPARISON BETWEEN PUBLISHED 
AND PROPOSED METHOD-2 

 Published 
methiod 

[17] 

Proposed method 

Worked On Kannada English, hind and 
bilingual characters 

Number of 
training 
samples 

1150 1200 

Number of 
testing 

samples 

230 300 

Feature 
Extraction 

Normalized 
Coordinates, 
Normalized 
Trajectory, 

and 
Normalized 
Deviation 

2D Correlation 

Classifier  k-NN NNC 

Recognition 
Accuracy 

66.08% and 
73.47% for 

k=1 and k=3 
respectively 

Eng_small 70.892
% 

Eng_captial 71.00% 

Hindi 77.292
% 

Bilingual 72.54% 
 

 
The comparison of recognition accuracies between 2D FFT 
and 2D Correlation. 2D FFT is a much faster method than 2D 
Correlation but 2D Correlation method has a better accuracy 
of recognition than the 2D FFT method as shown in figure 11. 
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Fig.11. Average Recognition Accuracy for the Proposed 
System 
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VI. CONCLUSIONS AND FUTURE SCOPE 

1. The database for handwritten English small letters, English 
capital letters and Hindi characters were successfully 
developed. Since as per the literature survey, there is no 
standard database for handwritten scripts. This database is 
used for both training and testing purposes. 

2. The average recognition accuracy for handwritten English 
small letters is found to be 70.892% using 2D correlation 
and 66.034% using 2D-FFT. The recognition accuracy 
increased linearly when the number of training samples 
were increased from 20 samples/class to 40 samples/class. 
The minimum recognition accuracy obtained was 64.33% 
for 2D correlation and 58% for 2D-FFT, whereas the 
maximum recognition accuracy was recorded as 78% for 
2D correlation and 77% for 2D-FFT. 

3. The average recognition accuracy for handwritten English 
capital letters is found to be 70.572% using 2D correlation 
and 76.720% using 2D-FFT. The range of recognition 
accuracy in this case is between 63% - 80% for 2D 
correlation and 73.3% - 81% for 2D-FFT. 

4. The average recognition accuracy for handwritten Hindi 
characters is found to be 77.292% using 2D correlation and 
71.64% using 2D-FFT. The range of recognition accuracy 
while varying the number of training samples/class is from 
71% – 84% for 2D correlation and 70% - 73.33% for 
2D-FFT. As the number of training samples/class 
increased, the accuracy also increased. 

5. The average recognition accuracy for handwritten bilingual 
(English and Hindi) database is found to be 72.549% using 
2D correlation and 66.144% using 2D-FFT. The range of 
recognition accuracy is obtained as 58% to 73.33% for 2D 
correlation and 63.33% to 70% for 2D-FFT. The 
recognition accuracy increased when the number of 
samples/class increased. 

6. The comparison of recognition accuracies between 2D FFT 
and 2D Correlation. 2D FFT is a much faster method than 
2D Correlation but 2D Correlation method has a better 
accuracy of recognition than the 2D FFT method as shown 
in figure 11. 

7. More classification methods can be applied to the dataset 
available with us. The applications of offline handwritten 
character recognition can be extended to words and 
patterns. 
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