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Abstract - Character recognition is one of the main aspects of computer vision. It is a technology that provides full 
alphanumeric representation of printed and handwritten characters. Many researchers have proposed various methods and 
approaches for character recognition. Neural network method performs well for pattern classification and is utilized both for 
feature extraction and classification. This paper aims to build an offline handwritten character recognition (HWCR) using 
deep neural network (DNN). EMNIST Letters and Balanced dataset are used in training and testing phase for character 
classification. The proposed deep neural network uses three hidden layers and a softmax layer. The performance of DNN is 
derived from the total no of characters correctly detected. The performance of DNN is compared with logistic regression and 
shallow network method. 
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I. INTRODUCTION 
 
Handwritten characters are the most common and 
useful medium that human being use in 
communication. It serves as an efficient and effective 
way in recording information. Generally, offline 
handwritten character recognition system is a 
mechanism that is used to recognize human 
handwritten character in different languages either 
from scanned images or images captured from a 
digital camera. 
The recognition system majorly involves steps of 
image acquisition, preprocessing, feature extraction 
and character classification[1]. 

 
Fig 1.Basic Workflow of Character Recognition. 

 
The handwritten character recognition systems are 
widely used in numerous applications of language 
translation, bank cheques and keyword spotting[2]. 
Many researchers have proposed various methods and 
different approaches for character recognition. 
Recognizing handwritten Gurumukhi characters using 
K nearest neighbor algorithm was proposed by 
pritpalsingh et al. [3]. The Euclidean distance was 
calculated between the test points and all the 
reference points to find the k nearest neighbors. 
Optical character recognition using ANN by M. M. 

farhad et al. [4]used curvature properties of characters 
for extracting features. Dewi Nasien et al. [5] had 
proposed an unsupervised learning method for 
English handwritten character recognition using 
support vector machine. It uses freeman chain code as 
for extracting essential representation of a character. 
They had chosen SVM as a classifier obtaining 
accuracy of 73% for lowercase and uppercase 
characters. 
The Neural network-based character 
recognition[1][4] is an emerging and efficient method 
which is inspired by the way in which the brain 
process information in biological nervous system.  
Artificial neural networks are rapidly developing field 
emphasizing biologically inspired approaches in 
problem solving. 
The Computation of neural networks are in parallel 
fashion across large numbers of simple processing 
units, rather than in the traditional computer 
architectures which worked in serial fashion. 
Similarly, information is distributed across the entire 
network rather being located in one specific place or 
address. So, the neural network computations are 
called parallel distributed processing to show how it 
different from traditional computing. Neural networks 
have a remarkable ability in deriving meaningful 
information from an imprecise data or complicated 
data which is used in extracting patterns and detecting 
trends that are too complex to be observed by humans 
or other computer techniques. 
 
Deep learning is one of such new application of 
machine learning for object or pattern 
classification[6] based on neural network. For the 
classification purpose there are Several deep learning 
techniques and they are categorized as, Deep Auto-
encoder, Deep Belief Network (DBN), Convolutional 
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Neural Network (CNN), Deep Neural 
Network(DNN),Deep Boltzmann Machine (DBM) 
and Recurrent Neural Network (RNN) 
The DNN is the simple form of deep learning method 
which is widely used in many of the research areas. 
In DNN, for classification purpose the input pixels of 
the raw images rather than extracting features from an 
imageis given a network consisting of an input layer, 
several hidden layers and an output layer. 
The aim of this paper is to develop an offline 
handwritten character recognition system using deep 
neural network. 
 
II. PROPOSED METHOD 
 
Deep neural network is a supervised learning neural 
network method consisting of several number of 
hidden layer in the network. The deep neural network 
is used both for feature extraction and classification. 
As we increase the number of hidden layers, network 
complexity and computations increase while 
obtaining better results.Feature extraction and 
classification is done by deep neural network. 
 
1. DESIGN OF PROPOSED HANDWRITTEN 
RECOGNITION SYSTEM 
Figure 2 shows the design of the proposed offline 
handwritten character recognition system. 
The work flow is divided in two phases, first is the 
training phase and second is the testing phase. Both 
the phases include preprocessing and feature 
extraction process. 

 
Fig 2. Design of Proposed Handwritten Recognition 

 
In this design the pixel value of each image is used as 
feature input to Deep Neural Network (DNN). The 
image from dataset have a size of 28-by28 pixels in 
grayscale.The features we use for classification are 
raw images pixel.The images from the dataset has 
28x28 pixel size thus we get 784 features for a single 
image.The DNN model is trained using the EMNIST 
dataset images 
 
III. IMPLEMENTATION 
 
1. DATABASE 
The EMNIST-Extended modified NIST database [7] 
is used for the character recognition using DNN. Six 
different splits of EMNIST dataset are provided of 

which we use the EMNIST balanced and EMIST 
letters. 

 EMNIST Balanced dataset: 131,600 
characters.47 balanced classes. 

 EMNIST Letters dataset: 145,600 
characters. 26 balanced classes 

The size of the images from the database are 28x28 
pixels.Each image is a binary image of individual 
handwritten characters. 
The EMNIST letter dataset is a 26-class dataset 
including uppercase character class and the EMNIST 
balanced is a 47-class dataset including uppercase, 
lowercase and digits and their corresponding labels to 
avoid classification errors resulting purely from 
misclassification between uppercase and lowercase 
letters. 
80000 images are usedin the training phase and 
20000 images are used in the testing phase from both 
letter and balanced dataset of the total images from 
EMNIST. 
 

 
Fig 3. EMNIST dataset examples. 

 
2. DNN STRUCTURE 
deep neural network structure consists of several 
hidden layers and each hidden layer has different 
number of neurons. 
The proposed design includes a total of three hidden 
layers and a softmax layer as the output layer. The 
softmax layer is used for the multiclass classification. 
The DNN 1st hidden layer will have 784-by-80000 as 
input. No of neurons in 1st hidden layer consists of 
256 neuron, 2nd hidden layer consists of 100 neurons 
and 3rd hidden layer consists of 50 neurons. 

 
Fig 4. Deep Neural Network Structure 
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Table1.Configuration of DNN Structure 

Dataset 
(class) 

No of 
nodes 

in input 
layer 

Hidden layers 
(no of neurons in 

hidden layers) 

No of nodes 
in output 

layer 

EMNIST 
Letters 

(26 class) 
784 

3 hidden layers 
[ 256   100   50] 

nodes 
26 

EMNIST 
Balanced 
(47 class) 

784 
3 hidden layers 

[ 256   100   50 ] 
nodes 

47 

 
3. TRAINING PHASE 
The input features to the network are the pixel value 
of the training images thus the 1st hidden layer will 
have 784-by-80000 input. 
During the training phase, training error is generated 
based on the actual output and target values using 
LMS algorithm. The LMS equation is- 

J(w) =
1
2
‖t− z‖                             (1) 

where t and z are the target and network output 
vector. 
 
RELU activation function is applied over the net 
output of the hidden layers as it avoids and rectifies 
vanishing gradient problem. 
 
f(x) = max(0, x)                             (2) 
 
Range of RELU is [0, infinity] 
 
This training error generated by the LMS algorithm 
are backpropagated to update weights until it matches 
the actual output. Standard gradient decent algorithm 
is used for optimization of the weights and computing 
the cost. 
Softmax function is applied at the output layer for 
multiclass classification as it selects the highest 
probability for a single node for the classification of 
each character. 
 
4. TESTING PHASE 
In order to evaluate the performance of DNN, the 
network is tested on EMNIST testing images dataset. 
In testing phase, a total of 20000 imageform 
EMNIST testing dataset are tested on the trained 
DNN.The images in the testing phase are only feed 
forward and they use the weights from the previously 
trained network. Based on testing phase the results 
are computed in the form of accuracy of correctly 
detecting a particular class or character. 
 
5. HYPERPARAMETERS 
The hyper parameters for the network are set before 
the training which are as follows. 
The learning rate is set to 0.05. 
The no of epoch is set to 1500. 
RELU activation function is used for the hidden 
layers. 

Gradient decent algorithm is used for optimization. 
IV RESULTS 
 
The results evaluated are in the form of accuracy of 
correctly detected characters or class. The results are 
evaluated on EMNIST Letters and Balanced dataset. 
The train and test accuracy are obtained for DNN. 
 

Table2.Results for Deep Neural Network. 

EMNIST 
Dataset 

No of 
Training 

and testing 
images 

Train 
accuracy % 

Test accuracy 
% 

Letters 
(26 class) 

80000 
& 20000 95.8% 91.3% 

Balanced 
(47 class) 

80000 
& 20000 88.8% 83.2% 

 
Table2. gives the train and test accuracy for EMNIST 
dataset. 
The results evaluated shows that the network gives 
better results for EMNIST Letter dataset as compared 
to the Balanced dataset. 
 

Table3.Comparative Study 

EMNIST 
Dataset 

Accuracy% 

Logistic 
regression 

Shallow 
Network 

Deep neural 
network 

Letters 
(26 class) 70.98% 71.52% 91.3% 

Balanced 
(47 class) 68.24% 62.17% 83.2% 

 
Table3. gives the comparative results of DNN with 
logistic regression and shallow network method. 
Comparison shows that the DNN methods results 
obtained are better that the other two methods. 
 
CONCLUSION 
 
In this paperneural network based deep learning 
method is implemented for handwritten character 
recognition. The DNN method uses image pixels as 
feature input thus avoids extracting artificial features. 
EMNIST Letters and Balanced dataset are used for 
evaluating the performance of deep neural network. 
As the no of hidden layers in DNN increases, better 
results are obtained at the cost of network 
complexity. 
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