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ABSTRACT 
 

In this paper, a new scheme is proposed for off-line handwritten 
connected character recognition problem, which uses a sequence 
of segmentation and recognition algorithms. The proposed system 
assumes no constraint is writing style, size or variations first, a 
segmentation method finds the character segmentation parts by 
combining the gray scale and binary information thus a new set of 
features is extracted from the segments. The parameters of the 
features are fed to a high order Hidden Markov Model (HMM), as 
a preliminary recognition step. Finally in order to confirm the 
segmentation paths and recognition based segmentation method is 
presented. The proposed scheme is tested on various international 
and local handwritten digits and character databases it is observed 
that proposed system achieves very high recognition rates 
compared to the available system in the literature. 
 

Keywords: Hidden Markov Models, segmentation handwritten 
characters recognition. 

 
INTRODUCTION  
 
 There is a bulk amount of 
documents on papers that are to be pressed 
for various reasons. It has been estimated 
that approximately 250 billion USD per year 
is spent, worldwide, on keying information 
from paper documents and this is for keying 
only 1% of the available document. Most of 
this cost is human labour. When the process 

of data entry is automated significant cost 
savings can be realized. In addition the 
percentage of data that is bright on line can 
be drastically increased. In all of the 
applications, the major goal is to extract the 
information contained is the compromised 
format. This is the motivation of electronic 
document analysis systems. Earlier decade, 
electronic document management systems 
have been of great benefit to society 
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software tools such as word processors, 
computer aided design (CAD) packages, 
drawing programs, and markup languages 
are extensively used in the generation, 
storage and retrieved of documents in a 
format understood by computers. In this 
format a document can be easily edited 
copied on papers, or may be distributed 
electronically across world wide networks. 
Additional processing tools are available 
when the document is in a computer 
readable or under stable format. These tools 
include keyword or pattern searching of 
lengthy documents, applying optimization 
algorithms or simulations on things such as 
electronic circuit designs or improving the 
visual quality of the pages of a book or a 
photograph by removing noise that count are 
the result of years of decay. 

 
OPTICAL CHARACTER RECOGNITION 
(OCR) 

 
Optical Character Recognition 

(OCR) is the most crucial part of Electronic 
Document Analysis Systems. The solution 
lies in he intersection of the fields of pattern 
recognition, image and natural language 
processing. Although there has been a 
tremendous research effort, the state of the 
art in the OCR has only research the point of 
partial use in recent years. Nowadays clearly 
printed text in documents with simple 
layouts can be recognized reliability by off 
the shelf OCR software. There are only 
limited sources in handwriting recognition. 
Particularly for isolated and neatly hand 
printed characters and words for limited 
vocabulary. However, in spite of the 
intensive effort of more than thirty years, the 
recognition of free style and cursive 

handwriting (as in the example of fig (1)). 
Continues to remain in the research area. 
Over the last few years, the number of 
research laboratories and companies 
involved in research on handwriting 
recognition has continually increased. At the 
same time commercial products have 
become available. This new stage in the 
evolution of handwriting processing results 
from a combination of several elements 
improvements in recognition algorithms the 
use of complex systems integrating several 
kinds of information the choice of limited 
application domains and availability of the 
new technologies such as high quality, high 
speed scanners and inexpensive powerful 
CPU’s. 
 
 
 
 
 
 
 
 

Fig.1 An example of handwriting. 
 

The difficulty of the free style 
handwriting recognition is not only because 
of the great amount of variations involved in 
the shape of characters, but also because of 
the overlapping and the inter connection of 
the neighboring characters in addition to the 
peculiarities of  author’s idea script. Which 
means that one writer can be identified 
among thousands, there are the peculiarities 
of writing in different situations, with 
different media and for different purposes. 
Sometimes it may not be possible to extract 
the characters from the whole word. Further 
more, when observed in isolation characters 
are often ambiguous and require context to 
minimize the recognition errors. 

D epartm ent of 

Com puter Science 
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MACHINE SIMULATION OF HUMAN 
READING 
 

Automatic Character Recognition 
(ACR) techniques is presented. The 
available technique classified and compared. 
The pros and con’s of each technique are 
discussed and directions for future research 
are suggested. The material will serve as a 
guide and update for the readies, who are 
working in the ACR are special attention is 
given to the OCR of handwritten characters. 
 Machine simulation of human 
functions has been very challenging 
researches are since the advent of digital 
computers. In some areas which require 
certain amount of intelligence, such as chess 
playing, tremendous improvements are 
achieved on the other hard, humans still 
outputs form even the most powerful 
computers in the relatively routine functions 
such as vision. Machine simulation of 
human reading is one of these areas, which 
was the subject of intensive research for the 

last four decades, yes it is still too far from 
the final frontier. 
 

 This overview serves as an update 
for those papers which are published once in 
a while in relevant journals that cover the 
recent developments in ACR area. The study 
gives a brief eye view of the ACR Systems 
for various applications that can be 
classified. Based upon two major criteria. 
Firstly, the ACR systems can be classified 
according to the data acquisition process as 
online or offline character recognition. 
Secondly, the ACR systems can be classified 
according to the text type, as printed or 
handwritten character recognition. No matter 
which class the problem of ACR belongs in 
general these are four major stages(with or 
without feedback) in the an ACR problem. 
Fig (2). 
 

1) Pre-Processing 
2) Segmentation 
3) Feature extraction  
4) Training and recognition. 

 

 
 
 
 
 
 
 
 
 

Fig.2 Stages of an ACR System 
 

The ACR methodologies with 
respect to the stages of the ACR Systems 
rather than surveying the complete systems 
for the above mentioned classes. ACR for 
the last fifteen years based on journal 
articles, conference proceedings and patents 

show that there are hundreds of 
independents studies conveyed in the field 
yielding dozens of commercially available 
products for various size and applications. 
All these systems can be examined in two 
categories. 

 
 
 
Image File                                                                                                                                      

                ASCII                               
   File 

Segmentation & 
Feature extraction Pre-Processing Training & 

Recognition 



100 S.V. Halse, et al., J. Comp. & Math. Sci. Vol.3 (1), 97-102 (2012) 

Journal of Computer and Mathematical Sciences Vol. 3, Issue 1, 29 February, 2012 Pages (1-130) 

1)  Systems classified according to the data 
acquisition techniques. 

2)  Systems classified according to the text 
type. 

  
Data is captured from its source to 

the computers y various data acquisition 
techniques. The ACR methodologies are 
very much dependent on the type of the 
equipment used for data acquisition. 

 
 The process in automatic characters 
recognition systems is evolved is two 
categories according to the mode of data 
acquit ions. 
 
On-line characters recognition systems. 
Off-line character recognition systems. 
 

Off-line character recognition 
captures the data from paper through optical 
scanners or cameras where as the online 
recognition system utilize the digitizers 
which directing captures writing with the 
order of the strokes, speed & pen-up and 
pen-down information.  

 

On-line character recognition 
systems: The problem of recognizing 
handwriting recorded with a digitizer as a 
time sequence of pen coordinates is known 
as online character recognition. 
 
HAND-WRITTEN CHARACTER  
RECOGNITION  
 
 Hand written character recognition 
based on the form of written communication 
can be divided into two categories: Cursive 
script and hand printed characters. In 
practice, however, it is different to draw a 
clear definition between them.  

 A combination of these two forms 
can be seen frequently based on the nature of 
writing and the difficulty of segmentation 
process. 

Free style handwriting recognition is 
a difficult problem, not only because of the 
great amount of variations in human 
handwriting but also because of the 
overlapping and interconnection of the 
neighboring characters, further more, when 
observed in isolation, characters are often 
ambiguous and require context to minimize 
the classification error. Thus current 
research aim at developing systems for 
limited domain applications. A well defined 
lexicon plus a well constrained syntax help 
provide a feasible solution to the problem. 

Recognition strategies heavily 
depend on the nature of the data to be 
recognized. In the cursive cases, the writing 
is fundamentally ambiguous as the letters in 
the word are generally lined together, poorly 
written and hand printed word recognition in 
more related to printed word recognition the 
individual letters composing the word being 
usually much easier to isolate and to 
identify. As a consequence of this methods 
working on a letter basis are well suited to 
hand printed word recognition while cursive 
scripts require more specific and 
sophistication techniques. Inherent 
ambiguity must then be compensated by the 
use of contextual information. 
 
CONCLUSION 
 

 In this paper, we developed 
complete schemes for isolated character 
recognition. 
 In this scheme, we introduced a new 
set of one dimensional discrete constant 
length features to represents two 
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dimensional shape information for HMM 
based handwritten character recognition. For 
this purpose, a set of directional sparse 
skeletons of the binaries character shapes are 
extracted by scanning the image grid in 
various directions. The Skeletons of the 
binary image is compared in each direction. 
Then, the directional skeletons are appended 
one after the other. Finally, the coordinates 
of the skeleton pixels are coded by the 
assigned code of the regions where the 
sparse skeleton pixels lie. This feature set 
extends the two dimensional information 
into a sequence of one dimensional codes. It 
provides a consistent normalization among 
distinct classes of shape, which is very 
convenient for HMM based shape 
recognition schemes. The normalization 
process consists process consists of some 
parameters which are dynamically estimated 
in the training stage of HMM. 
 

Although the theory of HMM is well 
established, the implementation involves a 
large number of assumptions and restrictive 
conditions. Therefore, the recognition results 
are very much dependent on the 
implementation issues. A number of 
properties are investigated about HMM 
based handwriting recognition, including the 
effects of different methods of initial 
parameter estimation, the relationship 
between the number of trainable parameters 
and the size of the training set, the effects of 
varying the model size and topology.  
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