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Abstract— In current scenario, character recognition is the most important field of pattern recognition because of its
application in numerous fields. Optical Character Recognition (OCR) and Handwritten Character Recognition (HCR) has
specific domain to use. OCR system is most fitted for the applications like multi selection examinations, written
communication address resolution etc. In returning days, character recognition system would possibly function a key issue to
make paperless setting by digitizing and process existing paper documents. During this paper, we have planned the detail study
on existing strategies for hand written character recognition based on ANN. This paper presents an in depth review within the

field of handwritten Character Recognition.

Keywords— HCR, Features, classification, Optical Character Recognition.

I. INTRODUCTION

The development of handwritten recognition system began in
the 1950. The objective of hand written character recognition
is to simulate the human reading capabilities so that the
computer can edit and read the work as human do with
documents. Handwriting recognition technique has been one
of the most interesting and challenging research areas in field
of the image processing and pattern recognition in the recent
years. It contributes hugely to the innovation of automation
process and improves the interface between man and
machine in several applications.

Devanagari is the most well liked script in Asian country and
also the most well liked Indian language Hindi is written in
script. Nepali, Indo-Aryan and Sanskritic languages are
written in script. Moreover, Hindi is that the national
language of Asian country and also the third most well liked
language within the world [1].

The OCR actually is a converter which translates hand
written text images to a machine based text. In general, hand
written recognition is classified in two ways: offline and
online. Here, the writing is basically capture optically by
scanner the completed writing text is scanned by a scanner in
to digital format.
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That brings increase speed & precision to the entire
recognition process. Handwritten recognition has been one of
the most fascinating & challenging research areas in the field
of image processing & pattern recognition in the recent year.
OCR is a field of study than encompass many different
solving methods. ANN (Sandhu & Leon, 2009), support
vector machines & statistical classifies seem to be the
preferred solutions to the problem due to their proven
accuracy in classifying new data. [32]

1. Off-line handwritten character recognition

Offline character recognition refers to the typed/handwritten
characters area unit scanned then regenerates into binary or
grey scale image. The feature extraction and recognition
method is carried over the binary image. Offline character
recognition could be a tough and difficult task as there's no
temporal order data concerning character strokes is offered.
So offline character recognition is taken into account as a
tougher task than its on-line counterpart.

2. On-line handwritten character recognition

On-line handwritten character recognition is additionally
called real time recognition of character. During this case,
writing and recognition are done at the same time. User can
write character on any sensory space wherever sensors can
acquire the pen movements so on the premise of these pen
movements characters are recognized. On-line character
recognition is far easier than offline character recognition; as
a result of temporal arrangement data is accessible there.
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Hindi script employed within the Indian landmass is
employed by over four hundred million folks. The most
application of Hindi Handwriting Recognition is automatic
computer recognition of characters from optically scanned
and digitized pages of written text. OCR is one of the
foremost fascinating and challenging areas of pattern
recognition with varied practical application potentials.

It is well understood that the image recognition of written
text could be a troublesome issue attributable to the writing
style and therefore the form of the Characters hugely.
Unconstrained Hindi writing style is more advanced than
English cursive because of form of constituent strokes. The
subsequent is that the specific details of the Hindi alphabet:
eleven vowels, thirty three consonants, ten numerals and
three special characters. Together with the vowel consonant
and consonant-consonant mixtures, the amount will increase
simultaneously.

One will visualize a Hindi Language word in terms of three
strips: a core strip, a prime strip and a bottom strip. Prime
and bottom strips have solely modifiers and diacritic marks
wherever the core strip contains all characters and therefore
the vowel modifier 'I'. {The prime the highest} and bottom
strip could also be empty for a word; solely top could also be
gift or simply the lowest. The core and prime strips area unit
separated by shirorekha. Following figuresl and 2 are
glimpse of vowels and their corresponding modifiers, and
consonants in Hindi script.

Vowels: | (a7 (3 |§ |3 |3 |7 |0 |0 |9 4@t
Modifes| | T [F\T o oo | T T

Figurel: Vowels and corresponding modifiers in Hindi script

T I I 1 O = B T B I = IR I - B I

g |F |7 |7 |qT |¥ (T | |T|T

T |¥ |7 | |T |7 |7 T |¥ [T
Figure2: Consonants in Hindi script

IR

Optical Character Recognition is a powerful field of analysis
in Pattern Recognition. The matter of character recognition is
classified according to two criteria. One is predicated on the
sort of the text that is written or hand written. The opposite is
predicated on the acquisition method which may be on-line
or off-line [2]. It’s typically thought-about that the on-line
technique of recognizing written text has achieved better
results than its off-line counterpart. This might be attributed
to the actual fact that the number of data is also captured
within the on-line case cherish the direction, speed and
therefore the order of strokes of the handwriting. On the
opposite hand machine-printed character recognition can do
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excellent results on good quality documents. Just in case of
on-line character recognition, there's real time recognition of
characters. On-line systems have higher data for doing
recognition since they need temporal arrangement data and
might avoid the initial search step of locating the character as
within the case of their off-line counterpart. On-line systems
get the position of the pen or written character as perform of
your time directly from the interface. Offline recognition of
characters is understood as a difficult downside owing to the
complicated character shapes and nice variation of character
symbols written in different modes.

Character recognition is Associate in nursing art of sleuthing
segmenting and distinguishing characters from image.
Different number of exact Character recognition is method of
sleuthing and recognizing characters from input image and
converts it into computer code or different equivalent
machine editable kind [3-5]. It contributes vastly to the
advancement of automation method and raising the interface
between man and machine in several applications [6].
Character recognition is one in every of the foremost
fascinating and interesting areas of pattern recognition and
computing [7, 8]. Character recognition is obtaining a lot of
attention since last decade because of its big selection of
application. Conversion of written characters vital is very
important for creating many important documents involving
our history, cherish manuscripts, into machine editable kind
so it is simply accessed and preserved [9].

1. PHASES OF RECOGNITION

Normally handwritten recognition is divided into six phases
which are image acquisition, pre-processing, segmentation,
feature extraction, classification and post processing. The
block diagram of the basic character recognition is shown in
figure3.

Image Acqisition

NS

Preprocessing

NS

Segmentation

NS

Feature Extraction

NS

Classification

NS

Post Processing

Figure3. Block diagram of handwritten character recognition
system

A. Image Acquisition

Digitized/Digital Image is at the start taken as input. The

foremost common of those devices is that the electronic
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medication or digitizer. These devices use a pen that's digital
in nature. Input pictures for written characters can even be
taken by exploitation different ways like scanners, images or
by directly writing within the pc by employing a stylus.

B. Preprocessing

Pre-processing is the basic part of character recognition at
crucial permanent recognition rate. The most objective steps
of pre-processing are to normalize strokes and take away
variations that might otherwise complicate recognition and
scale back the popularity rate. These variations or distortions
embody the irregular size of text, missing points throughout
pen movement collections, noise gift in text, left or right
bend in handwriting and uneven distances of points from
neighboring positions. Pre-processing includes five common
steps, namely size normalization and centering, interpolating
missing points, smoothing, slant correction and resampling
of points.

C. Segmentation

Segmentation is completed by separation of the individual
characters of a picture. Typically document is processed in a
very hierarchal manner. Initially level lines are divided
victimisation row bar chart. From every row, words are
extracted from victimisation column bar chart and at last
characters are extracted from words.

D. Feature Extraction

The main aim of feature extraction section is to extract that
pattern that is most pertinent for classification. Feature
extraction techniques like Principle part Analysis (PCA),
Linear Discriminant Analysis (LDA), Chain Code (CC),
Scale Invariant Feature Extraction (SIFT), zoning, gradient
based mostly options, bar chart could be applied to extract
the options of individual characters. These options area unit
are used to train the system.

E. Classification

When input image is conferred to HCR system, its options
square measure extracted are given as an input to the trained
classifier like artificial neural network or support vector
machine. Classifiers compare the input feature with hold on
pattern and resolve the most effective matching category for
input.

F. Post Processing

Post-processing refers to the procedure of correcting
misclassified results by applying linguistic data. Post process
is process of the output from form recognition. Language
data will increase the accuracy obtained by pure form
recognition. For handwriting input, some form recognizers
yield one string of characters, whereas others yield variety of
alternatives for every character, typically with a live of
confidence.
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1. RELATED WORK

Bag et al. [10] propose a method to improve classification
performance on Bangla Basic characters using topological
features derived from the convex shapes of various strokes.
Das et al. [11] describes handwritten Bangla Character
recognition using a soft computing paradigm embedded in a
two pass approach. More specifically highly misclassified
classes were combined to form a single group in the first pass
or coarse classification. In the second pass, group specific
local features were identified using Genetic Algorithm based
region selection strategy to classify the appropriate class
from the groups formed in the earlier pass. They used two
different sets of features —

a) Convex hull based features

b) Longest run based features with Support Vector Machines
(SVM), a well known classifier for this purpose.

They reported a recognition accuracy of 87.26% on a dataset
of handwritten Bangla characters consisting of basic
characters, compound characters and modifiers.

Sarkhel et al. [12] approached the issue from a perspective of
multi-objective based region selection problem where the
most informative regions of character samples were used to
train  SVM classifiers for character recognition. Two
algorithms for optimization, specifically a Non-dominated
Sorting Harmony Search Algorithm and Non-dominated
Sorting Genetic Algorithm Il were used to select the most
informative regions with the objective of minimal
recognition cost and maximal recognition accuracy. A
recognition accuracy of 86.65% on a mixed dataset of Bangla
numerals, basic and compound characters was reported.

Das et al. [13] described a Quad tree based features used for
recognition of 55 frequently occurred compound characters
covering 90% of the total of compound characters in Bangla
using an Multilayer Perception (MLP) classifier.

Pradeep et al. [14] proposed neural network based
classification of handwritten character recognition system.
Each individual character is resized to 30 X 20 pixels for
processing. They used binary features to train neural
network. However such features are not robust. In post
processing stage, recognized characters are converted to
ASCII format. Input layer has 600 neurons equal to number
of pixels. Output layer has 26 neurons as English has 26
alphabets. Proposed ANN uses back propagation algorithm
with momentum and adaptive learning rate.

Ashutosh et al. [15] Gradient features based method was
carried out on Hindi, third most popular language in the
world. The first research work on handwritten Devnagari
characters was published in 1977. Three hundred Million
People use the Devnagari script for documentation in central
and north region of India.
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I. K.Pathan et al. [16] proposed offline approach for
handwritten isolated Urdu characters in their wok [13]. Urdu
character may contain one, two, three or four segment. In
which one component is known as primary (generally
represents large continuous stroke) and rest of all are known
as secondary components (generally represents small stroke
or dots). Authors have used moment invariants (MI) feature
to recognize the characters. M| features are well known to be
invariant under rotation, translation, scaling and reflection.
MI features are measure of the pixel distribution around the
center of gravity of character and it captures the global
character shape information. If character image is single
component than it is normalized in 60 X 60 pixels and
horizontally divided in equal three parts. 7 MI’s are extracted
from each zone and 7 MI are calculated from overall image,
so total of 28 features are used to train SVM. If image is
having multi component then 28 MI’s are extracted from
primary component (60 X 60) and 21 MI’s are extracted
from secondary component (22 X 22). Separate SVM are
trained for both and decision is taken based on rules
satisfying some criteria. Proposed system claim to get
highest 93.59 % accuracy.

Pritpal singh et al. [17] Mentioned wavelet transforms based
handwritten character and numeral recognition for
Gurumukhi script. Color images are converted in gray scale
and median filter is applied to remove noise. Binarized image
is then normalized to 32 X 64 pixels size. Wavelets are
localized basis functions which are translated and dilated
versions of some fixed mother wavelet. The decomposition
of the image into different frequency bands is obtained by
successive low pass and high-pass filtering of the signal and
down-sampling the coefficients after each filtering.

Pal et al. [18] proposed a scheme to slant correction and
water reservoir concept for trilingual (Bangla, English and
Hindi) city-name identification for Indian postal automation
using lexicon information.

Pal et al. [19] used Zernike moment and histogram of
gradient with support vector machine for trilingual (English,
Hindi and Bangla) offline signature identification.

Wshah et al. [20] proposed a novel multilingual word-
spotting framework based on hidden Markov model that
works on the mass of multilingual handwritten documents
and documents that contain more than one handwritten
script.

Rajput and Anita [21] presented a multiple-feature-based
approach to recognize the script type of the collection of
handwritten documents, and eight popular Indian scripts are
considered. The wavelets of Daubechies family, discrete
cosine transform and Gabor filter are used to extract features
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and obtained 100 % recognition accuracy for line-level
biscripts.

Wu et al. [22] proposed a novel offline text-independent
writer identification method based on scale invariant feature
transform (SIFT) for three English datasets, one Chinese
dataset and two hybrid language datasets.

Chaudhuri and Bera [23] proposed a text-line identification
of handwritten Indian inscriptions, particularly of
Malayalam, Bangla, English, Hindi, etc., and a new dual-
method-based interdependency between inter-line gap and
intra-line gap is proposed.

Fiaz Hussain and John Cowell [24] developed a system for
Character Recognition of Arabic and Latin Scripts. They also
discussed the main components used in the multi-stage
system, paying particular attention to the normalization
process used for orientation and size for a given bitmapped
character.

Anbumani et al. [25] proposed an Optical Character
Recognition of Printed Tamil Characters. Author used
statistical parameters during recognition stage.

K. Gauravet et al. [26] this paper deals with the various pre-
processing techniques involved in the character recognition
with different kind of images ranges from a simple
handwritten form based documents and documents
containing colored and complex background and varied
intensities. In this, different preprocessing techniques like
skew detection and correction, image enhancement
techniques of contrast stretching, binarization, noise removal
techniques, normalization and segmentation, morphological
processing techniques are discussed. It was concluded that
using a single technique for preprocessing, we can’t
completely process the image. However, even after applying
all the said techniques might not possible to achieve the full
accuracy in a preprocessing system.

Salvador Espafia-Boquera et al. [27] in this paper hybrid
Hidden Markov Model (HMM) model is proposed for
recognizing unconstrained offline handwritten texts. In this,
the structural part of the optical model has been modeled
with Markov chains, and a Multilayer Perceptron is used to
estimate the emission probabilities.

Sandhya Arora et al. [28] used four feature extraction
techniques namely, intersection, shadow feature, chain code
histogram and straight line fitting features. Shadow features
are computed globally for character image while intersection
features, chain code histogram features and line fitting
features are computed by dividing the character image into
different segments. On experimentation with a dataset of
4900 samples the overall recognition rate was observed
92.80% for Devanagari characters.
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M. Hanmandlu, O.V. Ramana Murthy [29] presented in their
study the recognition of handwritten Hindi and English
numerals by representing them in the form of exponential
membership functions which serve as a fuzzy model. The
recognition is carried out by modifying the exponential
membership functions fitted to the fuzzy sets. These fuzzy
sets are derived from features consisting of normalized
distances obtained using the Box approach. The membership
function is modified by two structural parameters that are
estimated by optimizing the entropy subject to the attainment
of membership function to unity. The overall recognition rate
is found to be 95% for Hindi numerals and 98.4% for
English numerals.

Vedgupt Saraf and Rao [30] have used genetic algorithm in
character recognition of devnagari script. A flow chart for
their entire process can be founded. Through their work
using genetic algorithm, they claim to have an accuracy of
around 97%-98%, although there are pairs that they found
confusing.

I K Sethi et al. [31] described Devanagari numeral
recognition based on the structural approach. The primitives
used are horizontal line segment, vertical line segment, right
slant and left slant. A decision tree is employed to perform
the analysis based on the presence/absence of these
primitives and their interconnection. A similar strategy was
applied to constrained hand printed Devanagari characters.

V. DISCUSSION & CONCLUSION

The paper discusses thoroughly all advances within the space
of written character recognition. The foremost correct answer
provided during this space directly or indirectly depends
upon the standard similarity because the nature of the fabric
to be scan. Varied techniques are precisely during this paper
for character recognition in handwriting recognition system.
From the study done to date, it's analysed that the choice of
the classification similarity because the feature extraction
techniques must be correct so as to achieve sensible rate in
recognizing the character. A study within the paper reveals
that there's still scope of enhancing the algorithms similarly
as enhancing the speed of recognition of characters.
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