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Abstract 

In this paper an efficient supervised single layer perceptron learning algorithm 

for the recognition of noisy characters has been proposed. Literatures reveal 

that a lot of work has been done to solve the problem of character recognition. 

The objective is to improve the performance and accuracy of recognition 

system. In comparison to multilayer perceptron neural network single layer 

perceptron reduces the complexity of the network. The proposed algorithm is 

competent to recognize characters for different noise scenarios using very few 

input neurons. Algorithm is tested on capital and small letters of English 

alphabets and numbers. Simulation results demonstrate that algorithm 

recognizes 85% of the characters in a very noisy environment having 87.66% 

noise. 

Keywords: Character Recognition, Single layer Perceptron, Multi-layer 

Perceptron. 

 

1 INTRODUCTION: 

The constant development of computer tools leads to a requirement of easier 

interfaces between the man and the computer. Character recognition may for instance 

be applied to zip-code recognition, automatic printed form acquisition, or cheques 

reading [13, 14]. The importance of these applications has led to intense research for 

several years in the field of off-line character recognition. For some years, artificial 

neural networks, and especially multilayer perceptron,  have shown good capabilities 

in performing classification tasks. This is due to non-linearity that are included in 

these connectionist systems, and the discriminant-training phase that they are 
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submitted to. Sohal S. J. et. al presented artificial neural network based character 

recognition system, using SciLab [1]. Naz Saeeda et. al [2] presented a recognition 

system for Urdu text using multidimensional recurrent neural network.  Murru, Nadir, 

and Rosaria Rossini [3] developed an algorithm for initialization of weights in 

backpropagation neural network and applied it to character recognition. Farulla, 

Giuseppe Airò, et al. [4] used improved backpropagation algorithm in order to 

develop pattern recognition algorithms capable of recognizing both normal texts and 

formulae. Sahlol, Ahmed T., et al. [5] proposed OCR algorithm for the recognition of 

handwritten Arabic characters using feed forward neural network (back propagation) 

for classification. The proposed two layer neural network needs 133 neurons in its 

input layer and 28 neurons in its output layer to identify the letters.  Farhad et al [6] 

presented optical character recognition algorithm using a three layer feed forward 

supervised neural network, where one hidden layer consists of 158 neurons and one 

output layer has 36 neurons. Rao, N. Venkata, et al. [7] presented a neural network 

(NN) based method for optical character recognition (OCR). Their method achieved 

94.62% and 95.44% recognition accuracy. Hussain, J. and Lalthlamuana [8] presented 

an algorithm and software to detect and recognize pre-printed mizo character symbol 

images. They used multilayer perceptron neural network for classification and 

recognition. MLP Network implemented for the purpose of this project is composed 

of 3 layers, one input, one hidden and one output. The input layer constitutes of 150 

neurons, the hidden layer constitutes of 250 neurons and the output layer is composed 

of 16 neurons. Salouan et.al [9] used back propagation multilayer perceptron neural 

network for recognition of Printed Arabic Noisy Characters. The network consists of 

input layer of 28 vectors (each with 10 components), hidden layer of 14 activations 

neural and an output layer of 28 activations neural. Agarwal et. al [10] proposed  an 

artificial neural network and genetic algorithm for text recognition from images. 

Authors used hetero-associative neural network to train the system. 

The performance of multilayer perceptron is strongly affected by the quality of the 

representation of the characters. This may require a large number of parameters to 

represent the character, which then results in difficulty in establishing the rules for 

recognition. Multilayer perceptron becomes difficult to train. This can greatly restrict 

their practical use [15, 16]. In the present paper an efficient supervised single layer 

perceptron learning algorithm for the recognition of noisy characters has been 

proposed. In comparison to multilayer perceptron neural network, single layer 

perceptron reduces the complexity of the network. The proposed algorithm is 

competent to recognize characters for different noise scenarios using very few input 

neurons i.e. 15. The algorithm is tested on 40 noisy characters. Up to 87.66% noise 

this algorithm recognizes 85% characters successfully.  Paper is organized as follows. 

Section 2, briefly describes Perceptron structure and algorithm. Section 3 describes 

model for character recognition, and in section 4, comparison with state of art 

techniques is discussed. Section 5, describes simulation results of the paper. 
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2. PERCEPTRON STRUCTURE:   

Rosenblatt introduced the perceptron as the simplest form of a neural network used 

for the classification of linearly separable patterns. Perceptrons constituted the first 

model of supervised learning. Basically, the perceptron consists of a single layer of 

neurons with adjustable synaptic weights and biases. Under suitable conditions, in 

particular if the training patterns belong to linearly separable classes, the iterative 

procedure of adaptation for the perceptron converges to the correct weight set. These 

weights are such that the perceptron algorithm converges and positions the decision 

surfaces in the form of hyper-planes between the classes (Perceptron Convergence 

Theorem) [11, 12]. The simple perceptron has a single layer of feedforward neurons 

as shown in Fig. 1. The input layer consists of input neurons from X1…Xi…X15 and 

also includes a bias. Common bias is ‘1’. Here a learning rule is to be set to train the 

perceptron for solving the problem of recognition.  Training is done till desired error. 

Error is the difference between the required and actual neuron’s response [12-14]. A 

small positive number between 0 and 1 is set as learning rate. 

 

Figure 1. Single Layer Perceptron Archtecture 

 

Perceptron learning algorithm is as follows [13-16]. 

i. Set learning rate 0< α <1. Initialize weight matrix to zero and set the bias. 

ii. Repeat the following steps untill  training patterns are recognized correctly. 

a) Set activation for input vector. Here identity function is activation 

function. 

                                    xi = si for i = 1 to 15. 

b) The network output response is computed as: 

                                    yin = bj + ∑ 𝑥𝑖𝑤𝑖
15
𝑖=1  

                The activation function used is, 

y = f(yin) = {

1                        𝑦𝑖𝑛 ≥ 𝜃
0             −𝜃 ≤ 𝑦𝑖𝑛 ≤ 𝜃
1                     𝑦𝑖𝑛 < −𝜃
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c) Network determines if an error occurred for this pattern by comparing the 

calculated output yj with a desired value tj. The weight vector connecting the 

inputs to each output and the neuron’s bias are updated according to the 

following rules. If yj ≠ tj and the value of xi ≠0, then,  

wij(new) = wij(old) + αtjxi 

bj(new) = bj(old) + αtj 

Else 

Wij(new) = Wij(old) 

bj(new) = bj(old) 

Test for stopping condition. 

 

3. MODEL FOR CHARACTER RECOGNITION: 

Here the network is trained for learning pattern for each character. Characters are 

taken uppercase and lowercase letters of English alphabet alongwith numbers. Each 

character is represented by a 5 x 3 array, which ensures minimum number of inputs. 

Model of each character is shown below in table 1. 

Input Vector Representation 

Character Input Vector xi 

A -1 1 -1 1 -1 1 1 1 1 1 -1 1 1 -1 1 

B 1 1 -1 1 -1 1 1 1 -1 1 -1 1 1 1 -1 

C -1 1 1  1 -1 -1 1 -1 -1 1 -1 -1 -1 1 1 

D 1 1 -1 1 -1 1 1 -1 1 1 -1 1 1 1 -1 

E 1 1 1 1 -1 -1 1 1 -1 1 -1 -1 1 1 1 

F 1 1 1 1 -1 -1 1 1 -1 1 -1 -1 1 -1 -1 

G -1 1 1 1 -1 -1 1 -1 1 1 -1 1 -1 1 1 

H 1 -1 1 1 -1 1 1 1 1 1 -1 1 1 -1 1 

I 1 1 1 -1 1 -1 -1 1 -1 -1 1 -1 1 1 1 

J 1 1 1 -1 1 -1 -1 1 -1 1 1 -1 1 1 -1 

K 1 -1 1 1 1 -1 1 -1 -1 1 1 -1 1 -1 1 

L 1 -1 -1 1 -1 -1 1 -1 -1 1 -1 -1 1 1 1 

O 1 1 1 1 -1 1 1 -1 1 1 -1 1 1 1 1 

P 1 1 1 1 1 1 1 -1 -1 1 -1 -1 1 -1 -1 

R 1 1 1 1 1 1 1 1 -1 1 -1 1 1 -1 -1 

S 1 1 1 1 -1 -1 1 1 1 -1 -1 1 1 1 1 

b 1 -1 -1 1 -1 -1 1 1 -1 1 -1 1 1 1 -1 

c -1 -1 -1 -1 1 1 1 -1 -1 1 -1 -1 -1 1 1 

d -1 -1 1 -1 -1 1 -1 1 1 1 -1 1 -1 1 1 

e -1 -1 -1 -1 1 1 1 1 1 1 -1 -1 -1 1 1 

f -1 1 1 -1 1 -1 1 1 1 -1 1 -1 -1 1 -1 

g -1 1 1 1 -1 1 -1 1 1 -1 -1 1 1 1 1 



Noisy Character Recognition 1879 

h 1 -1 -1 1 -1 -1 1 1 -1 1 -1 1 1 -1 1 

k 1 -1 -1 1 -1 1 1 1 -1 1 1 -1 1 -1 1 

i -1 -1 -1 -1 1 -1 -1 1 -1 -1 1 -1 -1 1 -1 

j -1 -1 -1 -1 -1 1 -1 -1 1 1 -1 1 1 1 -1 

n -1 -1 -1 -1 -1 -1 1 1 -1 1 -1 1 1 -1 1 

p -1 -1 -1 1 1 -1 1 -1 1 1 1 -1 1 -1 -1 

q -1 -1 -1 -1 1 1 1 -1 1 -1 1 1 -1 -1 1 

t -1 1 -1 -1 1 -1 1 1 1 -1 1 -1 -1 1 -1 

u -1 -1 -1 -1 -1 -1 1 -1 1 1 -1 1 1 1 1 

v -1 -1 -1 -1 -1 -1 1 -1 1 1 -1 1 -1 1 -1 

1 -1 1 -1 1 1 -1 -1 1 -1 -1 1 -1 -1 1 -1 

2 1 1 -1 -1 -1 1 -1 -1 1 -1 1 -1 1 1 1 

3 1 1 -1 -1 -1 1 1 1 -1 -1 -1 1 1 1 -1 

4 1 -1 1 1 -1 1 1 1 1 -1 -1 1 -1 -1 1 

5 1 1 1 1 -1 -1 1 1 -1 -1 -1 1 1 1 -1 

6 -1 1 1 1 -1 -1 1 -1 -1 1 1 1 -1 1 1 

7 1 1 1 -1 -1 1 -1 -1 1 -1 -1 1 -1 -1 1 

8 1 1 1 1 -1 1 1 1 1 1 -1 1 1 1 1 

 

It is apparent from the table that each character has a distinct input pattern 

corresponding to input neurons x1 to x15. Objective of the paper is to recognize noisy 

characters. For this Neural Network is to be trained using single layer perceptron 

algorithm. So net is trained using above data as described in section 2. The parameter 

α is a learning rate that determines the step size of the adaptation in the weight values 

and bias term. Here it is taken 0.1. Bias is 1. Perceptron learning rule only updates a 

given weight when the desired response is different from the actual response of the 

neuron. Training taken 12 epochs to perform the task. 

 

4. COMPARISION WITH OTHER TECHNIQUES. 

Model Neurons in input 

Layer 

Recognition Accuracy 

Salouan et. al 28 46.43% for 0.30 noise 

Murru, Nadir, and Rosaria 

Rossini 

180 76% to 99% 

Farhad et al 158 in hidden layer 88.52% to 92.23% 

Sahlol, Ahmed T., et al. 133 61% to 100% 

Hussain, J., Lalthlamuana 150 98.7% 

Proposed Algorithm 15 85%  with 87.66% noise 

 

5. SIMULATION RESULTS: 

Simulation results are implemented for the recognition of noisy characters in Matlab. 

Above  algorithm can correctly classify 85% noisy characters with 17.45%, 33.19%, 

87.66% noise of the input pattern. The algorithm is also capable of the recognition of 



1880  Chanda Thapliyal Nautiyal, Sunita Singh and U.S. Rana 

82.5% noisy Characters having more noise (100%, 116.17%). Figures: 2, 3, 4, 5, 6, 7, 

8, 9, 10, 11, 12 show the program output. 

 

 

Fig. 2. Input pattern for training Characters 
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Fig. 3. Case 1: Noise 17.45% 
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Fig. 4. Output after 17.45% noise 
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Fig. 5. Case2: 33.19% Noise 
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Fig. 6. Output after 33.19% Noise 



Noisy Character Recognition 1885 

    

 

Fig. 7. Case3: 87.66% Noise 
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Fig. 8. Output after 87.66% Noise 



Noisy Character Recognition 1887 

 

         Fig. 9. Case 4: 100% Noise 
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Fig. 10. Output after 100% Noise



Noisy Character Recognition 1889 

 

Fig. 11. Case 5: 116.17% Noise 
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Fig. 12. Output after 116.17% Noise 
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CONCLUSION 

The presented algorithm has successfully been tested for recognition of 40 characters. 

Perceptron learning rule using identity function as an activation function can 

recognize 85% and 82.5% noisy Characters for different percentage of noise, 17.45%, 

33.19%, 87.66%, 100%, 116.17% respectively. This algorithm can be extended for 

different types of objects.  
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