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Abstract: Handwritten character recognition is a very trending technology and has various applications in the fields such as 
bank fraudulent, number plate recognition, helping out handicapped people and other various other uses. In this paper we 
will be describing about character recognition with the use of neural network. Lucratively, the basics steps to recognise the 
characters will be starting with image acquisition which will include the removal of noise, smoothening, normalization of the 
image scanned, binarization of the image followed by feature extraction of each character followed by creating a multilayer 
neural network and training it with the sample data segmented in the feature extraction and finally, the data to be  tested is 
run with the neural network using the back-propagation algorithm and the learning process to compare it with the features of 
the sample data and hence we will get a proper recognised character. 
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I. INTRODUCTION  
 
The key concepts used in this work are image 
processing, neural network, MATLAB codes and 
back propagation algorithm. Image processing is the 
initial step or more of a requirement for the character 
to be recognised with high accuracy. The main steps 
involved in the image processing are image 
acquisition, noise removing, binarization, edge 
detection, dilation and filling after which we get a 
processed image for segmentation [1] as shown in Fig 
1. Further step will be segmentation where every 
character is separated from the other characters and 
given a unique identity. The two methods used for 
segmentation are pixel classification, region-based 
segmentation, edge-based detection [2].The further 
step is feature extraction as shown in Fig 2. Every 
character has its unique characteristic which 
differentiates itself from others. Then the data 
samples collected are trained with the help of neural 
network which is a feature of MATLAB.A neural 
networks functions in a similar way. 
 

 
Fig 1. Steps under pre-processing of the image. 

 
When an image is acquired it will be a sample which 
has to be fitted into the database of the neural 
network[3]. Once that is done whenever a similar 
character has to be recognised the neural network will 
look into the trained data and will pick out by the best 
match for the character to be recognised by the back-
propagation algorithm. The last step left is post-
processing. This step includes the proper presentation 
of the recognised character. This can be done by 
representing the recognised character in the form of a 
notepad [4]. 
 

 
Fig 2. Basic steps for character recognition. 

 
II.METHODS AND ALGORITHMS USED  
 
#Feature extraction:  
Each character is represented by KxK binary pixels 
where ‘1’ represents the positions of the pattern 
whereas ‘0’ represents the positions of blank 
spaces[5]. With the help of the centroid equation we 
can calculate the distance between the centre and the 
locations of the ‘1’s[5].  

 
Then we can apply herons formula as shown in eq. (i) 
to calculate the distance between the corresponding 
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points where the patterns are found. Every character 
has a special different design which seperates it from 
the others. 
 
#Nearest neighbour method: 
The simplest and the basic method used for character 
recognition using neural network is the nearest 
neighbour search[6]. In this method there can be 
many images stored in the database and one of them 
will match the given sample. But this method has 
some drawbacks. First of all it is a bit time-
consuming as it has to match the given sample with 
so many iterations[7]. Secondly, we might have to 
compromise with the image quality and resolution 
because each image will have a huge size in Mbs and 
it can cause storage problems. 
 
#The learning process: 
For learning process of the neural network, there are 
two methods: non-linear auto-associative model and 
incremental learning[8]. The non-linear auto-
associative model has a fast process whereas 
incremental learning goes on to check the test data 
one after another which leads to repetitions of the 
data. This makes the process slower. This includes 
perceptron and adaline[9]. 
 
#Back-propagation rule: 
After analysing all the methods, back-propagation 
rule seemed to be working properly without any 
major flaws. Back-propagation algorithm or rule is 
retrieved from gradient based rule. It has a multilayer 
perceptron rule[10]. In a multilayer neural network as 
shown in Fig 3 there are three layers[11]:Input layer,  
Hidden layer and  Output layer 

 
Fig 3. A simple model of a neural network with input layer, 

hidden layer and an output layer. 
 
In this the input layer is the one where all the sample 
data is stored. It will be used to match with the data 
present in the test sample. The middle layer or the 
hidden layer is the one where the adaptive weights 
which are used to learn the sample are present. The 
output layer will have the data that is to be tested and 
will have some data initially with the input layer[12]. 

The data in the output layer will change once there is 
a character recognised which matches a particular 
character from the sample data in the input layer. In 
this the model will be auto-associative or hetero-
associative depending the usage. The basic learning 
rule in the back-propagation algorithm is the 
generalised delta rule as shown in eq. (ii). 
Weight change = (i/p * error * learning rate) + 
(previous weight change * momentum) 
               ……………...(ii) 
Where learning rate < 0.5 
 Momentum < learning rate 
Es= 0.5 summationj=1

m(dj-yj)2 

Es – sum of squared error 
M = number of output units  
dj&yj= desired and actual output at the jth output 
unit[13] 
 
III. WORKING 
 
Initially for numbers we create a 5*5 matrix  for the 
input layer. Wherever there will be a positioning of 
the number in the matrix it will show one at the jth 
position whereas all the others will be zero[13]. 
For ex. 
Digit 1: 
p = 0    0     1     0     0 
0     1     1     0     0 
1     0     10     0 
      0     0     1     0     0      
      1     1     1     1     1 
Digit 2: 
p = 0    1     1     1     0 
 1    0     0     1     0 
 0    0     1     0     0 
 0    1     0     0     0 
      1     1    1     1     1 
Letter C 
p = 0     1     1     1     1 
      1     0     0     0     0 
      1     0     0     0     0 
      1     0     0     0     0 
      0     1     1     1     1 
One iteration of the back-propagation algorithm can 
be given in eq. (iii): 
Xk+1 = Xk - Akgk  ……………..(iii) 
Where Xkis the vector of current weights and biases; 
gkis the current gradient; 
&Akis the learning rate. 
In this many a times filters have to be added to 
remove the unwanted noise disturbances which will 
eventually lead to not recognising the character 
properly[13]. Also a proper camera must be used to 
avoid any small mistakes done by the neural network 
in recognising the image. 
2) Test phase: 
In this the output layer has some adaptive weights 
used to learn the sample data which will then be 
compared to the input layer’s sample data[6]. Once 
we get the proper match after getting the same feature 
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extracted from both test data and the sample data, the 
recognised data from the sample data is shown in the 
output file. It can be either a notepad or a word 
file[14]. 
The back-propagation network reaches an element of 
aspired output value of 0.8 in about 2500 learning 
iterations. 
 
IV. DISCUSSION 
 
In this experiment we have used an application 
named droidcam which we have included in our code 
with the video-camera feature of MATLAB[15]. We 
have externally connected a device (high resolution 
camera) in order to directly scan the image file and 
use it as a test data for the output layer. So instead of 
taking a photograph externally and then storing it in 
your source folder and then running the code using 
the sample image where the code has to be modified 
every time you want to change the image, this could 
be an easier option and less time-consuming and also 
we can get an image of better quality and high 
resolution.  
 
CONCLUSION  
 
In this researchwe finally come to know the basic 
model of how neural network based character 
recognition system works, the image processing of an 
image, the different methods of the learning process 
and the different algorithms used to train the neural 
network. Back-propagation algorithm can be used to 
easily recognise the neural network. There might be 
other methods but this one is an accurate method. We 
have applied this in the recognition of number plates 
as well as recognition of handwritten characters. We 
are further looking forward to work on other 
applications such as signature verification and face 
recognition. 
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