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Abstract
Optical / Handwritten Character Recognition isthe electronic 
translation of handwritten, typewritten orprinted text into machine 
translated images then into Machine codes which can be edited 
using common software’s like MS-Word, notepad, etc.. It is widely 
used torecognize and search text from electronic documents and 
or topublish the text on a website. The paper presents a survey of 
character recognition algorithms and actas a good literature survey 
for researchers starting to work inthe field of optical / handwritten 
character recognition.
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I. Introduction
Optical Character Recognition or shortened OCR, is the electronic 
translation of images of handwritten, typewritten or printed text 
usually captured by a scanner into machine readable and editable 
text. It is a field of research in pattern recognition, artificial 
intelligence and machine vision. Though academic research in 
the field continues, the focus on character recognition has shifted 
to implementation of proven techniques.
For many document-input tasks, character recognition is the most 
cost-effective and speedy method available. And each year, the 
technology frees acres of storage space once given over to file 
cabinets and boxes full of paper documents.
It is a very inserting topic and many inventions are done on this 
topic day and night. It had become more and more famous by 
the introduction of touch screen devices and new thoughts to 
interact with computing devices in a different way i.e. writing 
with stylus instead of typing with keyboard (either mechanical 
or on-screen).
OCR consists of many phases such as Pre-processing, character 
recognition and post processing. The input of one step is the output 
of next step. 

Fig. 1: Typical OCR / HCR System

Pre-processing consists of these operations: De-skew, De-speckle, 
Binarization, Line removal, zoning, Line detection, word detection, 
character detection and segmentation.

Character recognition is the main step of character recognition and 
mostly consists of feature recognition and sample matching. 
Post-processing OCR accuracy can be increased if the output is 
constrained by a lexicon i.e. a list of words that are allowed to 
occur in a document. This might be, for example, all the words 
in the English language, or a more technical lexicon for a specific 
field. This technique can be problematic if the document contains 
words not in the lexicon, like proper nouns. Many OCR’s uses its 
own dictionaries to influence this step for improved accuracy.

II. Major Trends in Modern OCR/HCR
It is a well-developed technological field. It is widely used from 
occasional document scanning to daily office scans. It saved tons 
of storage space from office shelves and saved all in just a few 
MB’s of data. Major research trends in modern OCR/ HCR.

A. Adaptive OCR
It has robust handling of a wider range of printed imaginary by 
using multi-script and Multilanguage recognition, Omni font texts, 
automatic document segmentation and mathematical notation 
recognition.

B. Handwriting Recognition 
It is used to solve the problems of recognition of hand-printed 
text in forms, handwriting recognition of personal checks, postal 
envelope and parcel address readers and OCR in portable and 
handheld devices.
C. Document Image Enhancement
Involves automatically choosing and applying appropriate image 
filters to the source document image to help the given OCR engine 
better recognize characters and words.

D. Intelligent Post-Processing
It improves the OCR recognition accuracy and for creating robust 
information retrieval (IR) systems that utilizes smart indexing and 
approximate string matching techniques for storage and retrieval 
of noisy OCR output texts.

E. OCR in Multi-Media 
It is an interesting development that adapts techniques of optical 
character recognition in the media other than printed documents, 
e.g. photo, video, and the internet.

III. Motivation
Optical and handwritten character recognition engine can be used 
for:

Data entry for business documents, e.g. check, passport, 1. 
invoice, bank statement and receipt.
Automatic number plate recognition.2. 
Automatic insurance documents key information 3. 
extraction.
Extracting business card information into a contact list.4. 
More quickly make textual versions of printed documents.5. 
Make electronic images of printed documents searchable, 6. 
e.g. Google Books.
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Converting handwriting in real time to control a computer 7. 
(pen computing).
Defeating CAPTCHA anti-bot systems, though these are 8. 
specifically designed to prevent OCR. 
Assistive technology for blind and visually impaired users.9. 

IV. Pre-Processing
OCR and HCR systems pre-processes the Image for obtaining 
better recognition rate. Some authors say that recognition is 
impossible without pre-processing.

A. De-skew 
The document scanned is not in the correct alignment i.e. tilted, 
then the Image is rotated either clock wise or anti clockwise until 
we get approximately horizontal text.

B. De Spackle 
This removes the imperfections due to dust or scratches on the 
paper.

C. Binarization
This converts the Image from color to gray-scale then to Black and 
White Image. But some algorithms work better on grayscale and 
some on black and white, so it depends on the method chosen.

D. Line Removal
Cleans up non-glyph boxes and lines.

E. Layout Analysis or “Zoning”
This technique identifies the layout of the text i.e. identifies the 
paragraphs, columns, tables and other layouts.

F. Line Detection 
It separates all the lines of text in the images into separate Images 
and gives each Image their respective labels.

G. Word Detection
It separates all the words from each line image and divides into 
different word Images and give each Image their respective 
labels.

H. Character Detection
It separates all the characters from each word image and divides 
into different character Images and give each Image their respective 
labels. 

I. Segmentation
In character detection, sometimes multiple characters are 
connected and sometimes single character is broken down into 
multiple character images. So all characters are taken from all 
character Images, segmented and final Images are produces with 
the proper image to character ratio as 1:1.

J. Normalize 
In the character Images, some characters images are small and some 
are large in dimensions. Some Images have more padding, margin 
width than others. So, a greater computation cost is needed for 
character recognition. So, to reduce it, padding, margins, character 
Skelton and Image dimensions arenormalized to the same scale. 
The scale is normally chosen of equal height of the character 
skeletons i.e. Images width can vary but not their heights.

V. Character Recognition
Types of OCR algorithms are used to produce a ranked list of 
characters. 

A. Matrix Matching
This involves comparing the question image with the stored 
samples on a pixel by pixel basis, it is also known as “pattern 
matching” or “pattern recognition”. So, for this technique to be 
successful, the font of the question Image and the samples stored 
for comparing should be in the same font. This technique works 
best with typewritten text and does not work well when new fonts 
are encountered. 

B. Feature Extraction
This method isolates all the features like loops, lines and 
intersections of lines. These features are compared to the vector-
like representations stored as samples. General techniques 
of feature detection in computer vision are applicable to this type 
of OCR, which is commonly seen in “intelligent” handwriting 
recognition and indeed most modern OCR software. Nearest 
neighbor classifiers such as the k-nearest neighbor’s algorithm are 
used to compare image features with stored glyph features and 
choose the nearest match.

C. Two Pass Approach / Adaptive Recognition
Recognizes Image shapes in first pass then feature extraction in 
second pass. This is advantageous for unusual fonts and low-
quality scans where the font is distorted.
The selection of good feature extraction technique is the most 
the important aspect of handwritten character recognition. This 
method provides the ease of implementation and good recognition. 
I will make some pretty and simple algorithms for this purpose.

Different techniques used for character recognition in 
the modern times
ZHAO Bin [1] they have used (SVM) Support Vector Machine 
for classification and its Application in Chinese check recognition 
system. Their experiment on NIST numeral database and the actual 
check samples shows that comparison with other classifiers, SVM 
possesses better generalization ability. They have got 99.95% 
accuracy. 
Pritpal Singh [2]’ Survey used Feature Extraction and 
Classification Techniques in O.C.R. Systems for handwritten 
Gurmukhi Script. They have used Zoning method for feature 
extraction and SVM, KNN for classification to obtained 72.54% 
recognition accuracy. Background Directional andzoning density 
distribution features extraction and SVM with RBF kernel which 
provide 95% of accuracy.
In 2007 M. Hanmandlu [3] using Input Fuzzy Modeling for the 
Recognition of Handwritten Hindi Numerals. This paper presents 
the recognition of Handwritten Hindi Numerals based on the 
modified exponential membership function fitted to the fuzzy 
sets derived from normalized distance features obtained using 
the Box approach method . They have obtained 95% recognition 
accuracy. 
In 2008 S.V. Rajashekararadhya. [4] Have used efficient zone 
based feature extraction algorithm for handwritten numeral 
recognition of four popular south Indian scripts and nearest 
neighbor, neural network as a classifier. They have got 98.5% 
of accuracy. 
In 2009 S. V. Rajashekararadhya. [5] Have used the zone 
based feature extraction method on handwritten numeral/mixed 
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numerals recognition of south-Indian scripts. Feed forward back 
propagation neural network, and Support Vector Machine for 
classifier. They have obtained overall 98.9% of accuracy. 
In 2010 Shailedra Kumar. [6] Using Support Vector Machine 
for Handwritten Devanagari Numeral Recognition. Moment 
Invariant and Affine moment Invariant techniques are used as 
feature extraction. This linear SVM produces 99.48% overall 
recognition rate which is the highest among all techniques applied 
on handwritten Devanagari numeral recognition system. 
In 2011 Mahesh Jangid has proposed these methods for feature 
extraction: Zonal density, Projection histogram, Distance Profiles, 
Background Directional Distribution (BDD) available [7], and 
SVM for classification and they have got 98%, 99.1% and 99.2% 
of accuracy. 
M. K. Jindal [8] have proposed a solution for segmenting 
horizontally overlapping lines. Proposed algorithm has been 
applied for segmenting horizontally overlapping lines and 
associating small strips to their respective lines. The results reveal 
that the algorithm is almost 99% perfect when applied to the 
Gurmukhi script. 
In 2012 Gita Sinha, Rajneesh Rani and Renu Dhir [9]. In this 
paper they have proposed a hybrid method of both ICZ and ZCZ 
based Distance metric feature extraction system having up to 
99.11% Recognition accuracy.

VI. Post - Processing
Even if the recognition ability of systems is increasing day to day, 
but yet is having and will always have limited accuracy. So, the 
OCR outputs will always contain errors known as OCR noise. 
Systems attempt to correct noisy OCR output, some use high-
level context (e.g. lexicons) to iteratively improve OCR accuracy, 
while others simply choose to live with noisy OCR output and 
account for possible OCR errors during subsequent indexing and 
text retrieval stages (e.g. via fuzzy string matching). In either case, 
one has to deal with some kind of OCR post-processing.
Spitz [10] describes an OCR method which relies on the 
transformation of the text image into character shape codes, a 
rapid and robust recognition process, and on special lexica which 
contain information on the “shape” of words and the character 
ambiguities present within particular word shape classifications. 
The method currently takes into account the structure of English 
and the high percentage of singleton mappings between the shape 
codes and the characters in the words. Considerable ambiguity is 
removed via lookups in the specially tuned and structured lexicon 
and substitution on a character-by-character basis. Ambiguity is 
further reduced by template matching using exemplars derived 
from surrounding text, taking advantage of the local consistency 
of font, face and size as well as image quality. 
Klein and Kopel [11] present a post-processing system for 
enhancing OCR accuracy. They describe how one can match 
output of several OCR engines, thereby detecting possible errors, 
and suggest possible corrections based on statistical information 
and dictionaries. They have tested their system on collections 
of Hebrew, English and French texts, using two different OCR 
engines per each language. According to their test results, the 
proposed system can significantly reduce the error rates, while 
improving the efficiency of the correction process, making large-
scale automatic data acquisition systems closer to becoming a 
reality.
Beitzel et al. [12] gave a short survey of OCR text retrieval 
techniques. They address the OCR data retrieval problem as a 
search of “noisy” or error-filled text. The techniques they discuss 

include: defining an IR model for OCR text collections, using 
an OCR-error aware processing component as part of a text 
categorization system, auto-correction of errors introduced by the 
OCR process, and improving string matching for noisy data.

VII. Conclusions
Progress in optical character recognition has been quite spectacular. 
The early experimental OCR systems were often rule-based. Then 
came systems based on statistical pattern recognition. 
Many techniques used over time are:

Support Vector machines1. 
Feature Extraction2. 
Fuzzy Modelling3. 
Zone Based Feature Extraction4. 
Feed Forward Neural Networks5. 
Zonal density6. 
Projection Histogram7. 
Distance Profiles8. 
Background Directional Distribution9. 
Image Centroid Zoning10. 
Zone Centroid Zoning11. 

Many researchers are currently focusing on on-line and on-line 
cursive writing or are working on multi-lingual recognition in 
a variety of scripts. When the number of symbols is large, as in 
the Chinese or Korean writing systems, or when the symbols 
are not separated from one another, as in Arabic, Devanagari 
or Gurmukhi print, current OCR systems are still far from the 
error rates of human readers, and the OCR accuracy drops even 
further when the source image quality is compromised e.g. by 
fax transmission. 
Accuracy in OCR and HCR is increasing over time but computation 
cost is also increasing in terms of CPU cycles. So, if we make a 
technique which is very simple and almost same accuracy, but less 
CPU cycles, it will be able to make a huge difference in the world 
of computer science and will reduce the hardware requirements 
so, the cost.

VIII. Proposed Work
I will try to implement all the methods of character recognition 
to find out the best method and the best combination of all the 
methods with high accuracy and low computation cost (CPU 
cycles). I will try to implement techniques but not limited to 
NN, Heuristics (Horizontal, Vertical, and Radial), and SVM, ICZ 
and ZCZ.
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