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Abstract
Handwriting recognition has been one of the most emerging, 
fascinating and challenging research areas in field of image 
processing and pattern recognition. Handwriting recognition 
is classified into two types as off-line and on-line handwriting 
recognition methods. Offline character is means that recognizing 
the character from the document. In case of online, handwriting 
recognition the machine recognizes the writing while the 
user writes. Both use different techniques for recognizing the 
characters. In this paper, offline handwritten character recognition 
is discussed . 
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I. Introduction
Handwriting recognition has been one of the most emerging, 
fascinating and challenging research areas in field of image 
processing and pattern recognition. It contributes immensely to 
the advancement of an automation process and can improve the 
interface between man and machine in numerous applications. 
In general, handwriting recognition is classified into two types 
as off-line and on-line handwriting recognition methods. In the 
off-line recognition, the writing is usually captured optically by a 
scanner and the completed writing is available as an image. But, in 
the on-line system the two dimensional coordinates of successive 
points are represented as a function of time and the order of strokes. 
The on-line methods have been shown to be superior to their off-
line counterparts in recognizing handwritten characters due to the 
temporal information available with the former. However, in the 
off-line systems, the neural networks have been successfully used 
to yield comparably high recognition accuracy levels .Several 
applications including mail sorting, bank processing, document 
reading and postal address recognition require off-line handwriting 
recognition systems [1].
There are two types of character recognition is present. One is done 
off-line and other is on-line. Both are widely used for recognizing 
the character. There are many differences on basis recognizing 
methods.  

A. Objectives
The main objective is to know about handwritten character 
recognition, their types and how handwritten character recognition 
is done. 

B. Types of Character Recognition System
 A Character Recognition deal with the problem of reading offline 
handwritten character i.e. at some point in time (in mins, sec, hrs.) 
after it has been written. However recognition of unconstrained 
handwritten text can be very difficult because characters cannot be 
reliably isolated especially when the text is cursive handwriting. 
[2].

They are classified as the following two types:-

Fig. 1: Types of Character Recognition System [2]

1. Online Character Recognition [4]
In online, or real-time, handwriting recognition the machine 
recognizes the writing while the user writes. In contrast to offline 
systems, online ones capture the temporal or dynamic information 
of the writing: the number of strokes, the order of the strokes, the 
direction of the writing of each stroke, and the speed of writing 
within each stroke. A stroke is the writing from pen down to pen 
up. This dynamic information can be helpful in distinguishing 
between similarly shaped characters, such as 5 versus S. If the 
character is drawn with two strokes, it is almost always a 5.

Fig. 2: Example of S Versus 5. The left-most drawing looks like 
an S, the next could be either, the third a 5, and the two-stroke 
one on the right a 5[4].

2. Offline Character Recognition [4]
Offline handwriting recognition, often referred to as optical 
character recognition, is performed after the writing is completed 
by converting the handwritten document into digital form .The 
advantage of offline recognition is that it can be done at any 
time after  the document has been written, even years later. 
Offline handwriting systems generally consist of four processes: 
acquisition, segmentation, recognition, and post-processing. First, 
the handwriting to be recognized is digitized through scanners or 
cameras. Second, the image of the document is segmented into 
lines, words, and individual characters. Third, each character is 
recognized using OCR techniques. Finally, errors are corrected 
using lexicons or spelling checkers.
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C. Comparisons
Table 1:

2. Phases Of Recognition

2.1 English Characters
There are 26 characters in English language out of which 5 
characters are vowels and 21 characters are consonants. A set of 
hand written English character are shown in fig. 3.

Fig. 3: A Set of Hand Written English Characters [3]

B. Different Phases of Handwritten Character Recogni-
tion 
Each phase has been explained below: 

Fig 4: Block Diagram of Character Recognition [2]

1. Pre-processing [2]
Pre-processing is the name given to a family of procedures for 
smoothing, enhancing, Filtering, cleaning-up and otherwise 
massaging a digital image so that subsequent algorithm along the 
road to final classification can be made simple and more accurate 
[2]. Various Pre-processing Methods are explained below: 

(i). Binarization
Document image binarization refers to the conversion of a gray-
scale image into a binary image.[2] 

(ii).  Noise Removal 
The major objective of noise removal is to remove any unwanted 
bit-patterns, which do not have any significance in the output 
[2].

(iii). Skeletonization
Skeletonization is also called thinning. Skeletonization refers 
to the process of reducing the width of a line like object from 
many pixels wide to just single pixel. This process can remove 
irregularities in letters and in turn, makes the recognition algorithm 
simpler because they only have to operate on a character stroke, 
which is only one pixel wide. It also reduces the memory space 
required for storing the information about the input characters and 
no doubt, this process reduces the processing time too [2].

(iv). Smoothing 
The objective of smoothing is to smooth contours of broken and/
or noisy input characters [2].

(v). Contour Smoothing 
The objective of contour smoothing is to smooth contours of 
broken and/or noisy in Skewness input characters [2].

(vi) Skewness
Skewness refers to the tilt in the bitmapped image of the scanned 
paper for character recognition system. It is usually caused if the 
paper is not fed straight into the scanner [2].
Most of the character recognition algorithms are sensitive to the 
orientation of the input document image, making it necessary 
to develop algorithms which can detect and correct the skew 
automatically [2].

Fig 5: Correction of Skewness [2]

After pre-processing phase, a cleaned image is obtained that goes 
to the segmentation phase.
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2. Segmentation
It is an operation that seeks to decompose an image of sequence 
of characters into sub images of individual symbols. Character 
segmentation is a key requirement that determines the utility of 
conventional Character Recognition systems. It includes line, 
word and character segmentation. 
Different methods used can be classified based on the type of text 
and strategy being followed like recognition-based segmentation 
and cut classification method. After scanning the document, the 
document image  

3. Feature extraction and Classification
Character Recognition system consists of two stages, feature 
extraction and classification. Feature extraction is the name 
given to a family of procedures for measuring the relevant shape 
information contained in a pattern so that the task of classifying 
the pattern is made easy by a formal procedure. 
Classification stage is the main decision making stage of the 
system and uses the features extracted in the previous stage to 
identify the text segment according to preset rules.Classification is 
concerned with making decisions concerning the class membership 
of a pattern in question. A pattern class can then be represented 
by a region or sub-space of the feature space. Classification then 
becomes a problem of determining the region of feature space in 
which an unknown pattern falls. [2]

4. Post-processing
System results usually contain errors because of character 
classification and segmentation problems. For the correction of 
recognition errors, OCR systems apply contextual post-processing 
techniques. The two most common post-processing techniques for 
error correction are dictionary lookup and statistical approach. The 
advantage of statistical approach over dictionary-based methods 
is computational time and memory utilization.The simplest way 
of incorporating the context information is the utilization of a 
dictionary for correcting the minor mistakes

Fig. 6: Post Processing [2]

III. Problem and Solution

A. Problems during recognition
Some characters are similar in shape.• 
Sometimes characters are overlapped and joined. • 
Large numbers of character and stroke classes are present • 
there. 
Different, or even the same user can write differently at • 
different times, depending on the pen or pencil, the width 
of the line, the slight rotation of the paper, the type of paper 
and the mood and stress level of the person. 
The character can be written at different location on paper • 
or in window 
Characters can be written in different fonts. • 

For reading a page in unknown language, anyone may be • 
unable to recognize the various characters.
It is very difficult to read text which appears against a very • 
dark background, or is printed over words or graphics.
Recognition of similar character is difficult task. An example • 
of similar character is Chinese character. Chinese character 
has wide range of complexity. The character may consist of 
one to thirty or more distinct strokes. The difference between 
characters can be quite small.

B. Solution 
OCR is the acronym for Optical Character Recognition. This 
technology allows a machine to automatically recognize characters 
through an optical mechanism. The challenges faced by the 
technologist developing an OCR system can be understood easily. 
Documents are in the form of papers which the human can read 
and understand but it is not possible for the computer to understand 
these documents directly. In order to convert these documents into 
computer process able form, OCR systems are developed. OCR is 
the process of converting scanned images of machine printed or 
handwritten text, numerals, letters and symbols into a computer 
process able format such as ASCII. OCR is an area of pattern 
recognition and processing of handwritten character is motivated 
largely by desire to improve man and machine communication. 
[2]

IV. Implementation

A. Neural Network
Neural networks are composed of simple elements operating 
in parallel. These elements are inspired by biological nervous 
systems. As in nature, the network function is determined largely 
by the connections between elements. We can train a neural 
network to perform a particular function by adjusting the values 
of the connections (weights) between elements. Commonly neural 
networks are adjusted, or trained, so that a particular input leads 
to a specific target output. There, the network is adjusted, based 
on a comparison of the output and the target, until the network 
output matches the target. Typically many such input/target pairs 
are used, in this supervised learning, to train a network. [2]

Fig. 7:.Block Diagram of Neural Network [2]

Neural networks have been trained to perform complex functions 
in various fields of application including pattern recognition, 
identification, classification, speech, and vision and control 
systems.

B. Neural Network Architecture [2]
Basically the neural network consists of: 

Neurons • 
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Interconnections among neurons (weights).• 
Neurons: Similar to the human brain neurons, the neurons in neural 
network transports the incoming information on their outgoing 
connections to the other neurons. 
Weights: in the neural net the outgoing connection from one neuron 
to other neurons are called weights. The following information is 
simulated with specific values stored in those weights.

Fig. 8: Architecture of Neural Network Showing Different Layers 
[2]

C. Working of Neural Network [2]
Working of a neural network can be thought of as consisting of 
two phases: 

Testing • 
Learning • 

1. Modes of Learning
The training method usually consists of this schema. There are 
two modes of learning Supervised and Unsupervised. 

(i). Supervised Learning 
Supervised learning is based on the system trying to predict 
outcomes for known examples and is a commonly used training 
method. It compares its predictions to the target answer and 
“learns” from its mistakes. 

(ii). Unsupervised Learning 
Neural networks which use unsupervised learning are most effective 
for describing data rather than predicting it.. The advantage of 
the neural network for this type of analysis is that it requires no 
initial assumptions about what constitutes a group or how many 
groups there are. 

2. Testing
After training is complete, a test pattern is given to the neural 
network and the results are compared with the desired result. 
Difference between the two values gives the error. Percentage 
accuracy is found as follows:
% Accuracy = No of characters found correctly *100 
Total number of patterns.

D. Neural Network Topologies

1. Feed Forward Neural Networks
Feed-forward neural networks, where the data taken from input 
to output units is strictly feed forward. The data processing can 
extend over multiple (layers of) units, but no feedback connections 

are present, that is, connections extending from outputs of units 
to inputs of units in the same layer or previous layers. Classical 
examples of feed-forward neural networks are: the Perceptron 
and Adaline. 

2. Recurrent Neural Networks
Recurrent neural networks contain feedback connections. 
Contrary to feed-forward networks, the dynamical properties of 
the network are important. In some cases, the activation values 
of the units undergo a relaxation process such that the neural 
network will evolve to stable state in which these activations do 
not change anymore. In other applications, the changes of the 
activation values of the output neurons are significant, such that the 
dynamical behavior constitutes the output of the neural network. 

E. Advantages
There are a variety of benefits that an analyst realizes from using 
neural networks in their work.
The system is developed through learning rather than programming. 
Programming is much more time consuming for the analyst and 
requires the Analyst to specify the exact behavior of the model. 
Neural nets teach themselves the patterns in the data freeing the 
analyst for more interesting work. 
Pattern recognition is a powerful technique for harnessing the 
information in the data and generalizing about it. Neural nets learn 
to recognize the patterns which exist in the data set. 
Neural networks are flexible in a changing environment. Rule 
based systems or programmed systems are limited to the situation 
for which they were designed--when conditions change, they are 
no longer valid. Although neural networks may take some time 
to learn a sudden drastic change, they are excellent at adapting 
to constantly changing information. 

F. Limitations
 The key limitation is the neural network’s inability to explain the 
model it has built in a useful way. Analysts often want to know 
why the model is behaving as it is. Neural networks get better 
answers but they have a hard time explaining how they got there. 
There are a few other limitations that should be understood. It is 
difficult to extract rules from neural networks. This is sometimes 
important to people who have to explain their answer to others 
and to people who have been involved with artificial intelligence, 
particularly expert systems which are rule-based. 

G. Applications
•  Data association – Like classification but it also recognizes 

data that contains errors. For example it’s not only identifies 
the characters that are scanned but identify when the scanner 
is not working properly. 

•  Data Conceptualization – Analyze the inputs so that grouping 
relationships can be inferred. e.g. extract from a database the 
names of those most likely to by a particular product. 

•  Target Recognition – Military application which uses video 
and infrared image data to determine if any enemy target is 
present. 

•  Medical Diagnosis – Assisting doctors with their diagnosis 
by analyzing the reported symptoms and image data such as 
MRI or X-rays. . 

•  Voice Recognition – Transcribing spoken words into       ASCII 
text. 

•  Financial Forecasting – Using the historical data of a security 
to predict the future movement of that security. 
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H. Recognition
 The characters could be written in different size, orientation, 
thickness, format and Dimension. So, Recognition of handwritten 
characters is a very complex problem. For Handwritten character 
recognition, neural feed forward Multi-layer perceptron Network 
with one hidden layer is used.

1. Multi-layer Perceptron Network
The Structure of MLP network for English character Recognition, 
a two-layer perceptron i.e. one hidden layer and one output layer 
has been used. 

Fig. 9: Multilayer Perceptron Network [2]

V. Conclusion
In this paper there are two types of character recognitions, 
one offline and other is online. Offline handwritten character 
recognition is a difficult problem, not only because of the great 
amount of variations in human handwriting, but also, because of 
the overlapped and joined characters. Recognition approaches 
heavily depend on the nature of the data to be recognized. Since 
handwritten characters could be of various shapes and size, the 
recognition process needs to be much efficient and accurate to 
recognize the characters written by different users. As here neural 
network is used for recognition of offline character. Online character 
recognition is a easy process as compare to the offline character 
recognition. In online, or real-time, handwriting recognition the 
machine recognizes the writing while the user writes. In contrast 
to offline systems, online ones capture the temporal or dynamic 
information of the writing: the number of strokes, the order of the 
strokes, the direction of the writing of each stroke, and the speed 
of writing within each stroke. So, a lot of research still needed to 
do offline recognition.
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