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Abstract— Character recognition is one of the most
interesting and fascinating areas of pattern recognition and
artificial intelligence due to its numerous applications. It
continues to be a challenging research area. OCR suggests
to the practice of picture scanning of the text character-by-
character, analysis of the scanned image then changing of
the character image into information that a machine can
simply examine .e.g. organizations and libraries taking
physical replicas of books, magazines, or other old printed
material and utilizing OCR to place them in computers.
Segmentation is the crucial and most complex part of OCR
method, and it gets difficult with handwritten text due to
totally different writing styles and fonts used. In this paper,
we propose a method for segmentation and recognition of
Hindi Letters which takes offline handwritten input using
variation of gradient, structural features and implement
Gabor Filter and Chain Code for feature extraction and
artificial neural network approach.

Key words: Handwritten Character Recognition (HCR),
Optical Character Recognition (OCR), Artificial Neural
Network (ANN)

I. INTRODUCTION

A. Definition

Character detection is a unique division of pattern
identification which refers to the translation of handwritten
or printed text into machine understandable text. [11]
Calligraphy is one among the natural manner of
communication. [12] The technique by which a computer
system can identify characters and other symbols written by
hand in natural handwriting is called handwriting
recognition scheme. [13]

Handwritten character recognition is further
divided into two domains i.e. Offline handwritten character
identification and Online handwritten character recognition.
1) Offline Handwritten Character Recognition
In case of offline character recognition, the typed/
handwritten characters are scanned and then transformed
into binary or gray scale representation. Then feature
extraction and recognition procedure is carried over the
binary image. Offline character recognition is a more
demanding and difficult task as there is no timing
information about character strokes is offered. Therefore
offline character recognition is measured as a more
challenging assignment then its online counterpart.

2) Online handwritten character recognition

Online handwritten character recognition is also known as
real time identification of characters. In this case writing
plus recognition are done concurrently. User will write
character on any sensory area where sensors will pick up the
pen movements and then on the basis of those pen
movements characters are recognized. Online character
recognition is a lot easier than offline character recognition,
for the reason that timing information is presented there. [9]

B. Vision

The ultimate aspiration of designing pattern recognition
system is to achieve the best possible classification
performance.[10] Recognition approaches heavily depend
on the nature of the data to be recognized.[14] The offline
handwritten character detection scheme executes the
toughest job among both types of systems as the offered
inputs do not hold any dynamic information. Offline
handwritten recognition is utilized to achieve not only for
the efficiency of character recognition by machine, but for
keyword spotting, translation of one language to another
language, conversion of the image to audio form and
character-by-character translation also.[15]

C. Motivation

The handwritten text written in palm leaves decayed over a
period of time. It is very difficult to preserve them in the
same form.[16] OCR finds wide applications as a
telecommunication aid for the deaf, postal address reading,
direct processing of documents, foreign language
recognition etc. This problem has been explored in depth for
the Latin script. However, there is not much dependable
OCR software available for the Indian language Hindi
(Devanagari), the third mainly spoken language in the
world. [17] In a developing country and emerging
superpower like India, there is a need for the research and
improvement of its own language technologies.[18]
Handwritten character processing systems are field and
application precise, like it is not achievable to invent a
generic system which can process all kinds of handwritten
scripts and language. [13] Provides a good preliminary point
for the problem and presents a good outline. [17]

D. Fundamentals of Hindi Languages

Devanagari script is written from left to right and it does not

have any upper or lower case letters. It is generally

recognized by a horizontal stripe that joins the top of the

characters in a word. On the other hand, in some words, all

the characters are not joined. The alphabets consisting of

consonants, vowels, conjuncts in the Devanagari script are

now enumerated.

1) Consonants: There are 33 consonants (shown in Fig.
1(a)).

2) Vowels: The vowels (see Fig. 1(b)) in Devanagari,
similar to English have two quality features.

—  Every vowel has a sound linked with it.

—  Vowels modify the sound of a consonant

In order to modify the sound of a consonant, a modifier

symbol (shown in Fig. 1(c)) is attached to the consonant at

the appropriate location. A vowel is represented in a

customized form known as “matra”. To illuminate the use of

matra, consider the first consonant of the script = and a

matra, shown in the second row of Fig. 1 (c). [19]
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Fig. 1: Devnagari Script consists of (a) Consonants (b)
Vowels and (c) Matra symbols corresponding to the Vowels.
[19]

E. Different Phases of Offline Handwritten Hindi

Character Recognition

The process of an Offline Handwritten Hindi Character
Recognition of Devanagari script can be divided into phases
as shown in Fig. 2. [20]

Image acquisition (scanned
Document, photograph etc)

Pre-processing (Noise removal,
Bmanzation, slant angle correction)

Y

Segmentation (Lme segmentation,
word Segmentation, character
segmentation)

Feature extraction (Bmary
features, PDA,LDA, etc
Cham code SIFT, Gabor etc)

T T

.

Y

Post-processing
(Svotax Analysis, Semantic analysis,

NLP etc)

-
Classification
(Euclidian, ANN, SVMetc)

.

Fig. 2: Block Diagram of general Character Recognition
System. [20]

F. Applications of Offline Handwritten Character

Recognition

In this section, the details of the following seven types of
applications for handwritten recognition systems are
presented:

1) Digital Character Conversion

A digital character conversion system identifies characters
easily and converts them into a people-readable format.

2) Meaning Translation

Recognize characters from Hindi-based manuscript
descriptions and interpret them into English meaning.

3) Content Based Image Retrieval

Many researchers are developing various content-based
image retrieval methods, such as those based on text and
color.

4) Keyword Spotting

Extracts the most repeated word in the document image and
identified as keyword of that document image.

5) Signboard Translation

Character-by-character translation is required in order for
the original implication to stay unaffected.

6) Text-to-Speech Conversion

The Text to Speech Conversion application is used to
convert the image to audio form. It is also useful in public
announcement systems for announcing handwritten format
of data.

7) Scene Image Analysis

Extracts characters from among the objects of the scene
image, and those characters can be recognized by an offline
handwritten character recognition system. [15]

Il. RELATED WORK

Prabhanjan S et al [1] A new approach for Devanagari
handwritten character / digit recognition has been proposed
in this paper. This approach employs Uniform Local Binary
Pattern (ULBP) operator as the feature extraction method.
This operator has enormous performance in research areas
such as texture taxonomy and object recognition, but it has
not been used in Devanagari handwritten character/numeral
identification problem. The proposed method extracts both
local and global features. The proposed method have two
steps, in the first step image is pre-processed to remove
noise and to convert it to binary image and then resizing it to
a fixed size of 48x48. In the second step, ULBP operator is
applied to the image to extract global features then input
image is divided into 9 blocks, ULBP operator is applied to
each block to extract local features. Finally, global and local
features are used to train Support Vector Machine (SVM).
The proposed method has been tested on large set of
handwritten character and numeral database and empirical
results reveals that the proposed method yields very good
accuracy (98.77%). To establish the supremacy of the
proposed method, it has also been compared with the
contemporary algorithms. The comparative study shows that
the proposed method out performs the existing methods.

Tanuja K et al [2] In this manuscript, a fresh
practice for Handwritten Hindi Character identification
design is applied via Canny Edge Detection method and
artificial neural network. The steps used for Handwritten
Hindi character detection method are - Scanning,
Preprocessing, Segmentation, Canny operator, Distance
transformation, Feature Extraction, Feed Back Propagation
of Artificial Neural Network for identification.
Investigational outcome shows that this approach provides
improved results as compared to other techniques
performance of the system in 95%.

Karbhari V. Kale et al [3] This paper discusses
extraction of features from handwritten compound
characters using Zernike moment feature descriptor and
proposes SVM and k-NN based classification system. The
projected sorting system pre-process and standardize the
27000 handwritten character descriptions into 30x30 pixels
images and divides them into zones. The pre-classification
produces three classes depending on presence or absence of
vertical bar. Further Zernike moment feature extraction is
carried out on each zone. The overall recognition rate of
proposed scheme using SVM and k-NN classifier is up to
98.37% and 95.82% correspondingly.

S.L. Mhetre et al [4] This paper proposes two
methods for automatic recognition of Handwritten
Devanagari Numerals. In first method, Grid features i.e.
structural features are extracted and minimum distance is
calculated using these features for classification. In second
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process, ICZ (Image Centroid Zone) & ZCZ (Zone Centroid
Zone) features based on distance information are extracted
and given to an already skilled Neural Network for
classification. The accuracies obtained using two approaches
are evaluated. Matching score is a simple method but its
results are easily troubled by noise, skewness in images etc.
which results in reduction of accuracy 83.60% .ANN
architecture is complex but accuracy of ANN can be further
increased by increasing the amount of samples for training
the network 86.40%.

Rajiv Kumar et al [5] This paper presents a study
on the performance of transformed domain features in
Devnagari digit recognition. In this research the recognition
performance is measured from features obtained in direct
pixel value, Fourier Transform, Discrete Cosine Transform,
Gaussian Pyramid, Laplacian Pyramid, Wavelet Transform
and Curvelet Transform using classification schemes: Feed
Forward, Function Fitting, Pattern Recognition, Cascade
Neural Networks and K-Nearest Neighbour (KNN). The
Gaussian Pyramid based feature with KNN classifier yielded
the best accuracy of 96.93% on the test set. The recognition
correctness was increased to 98.02% by using a majority
voting classification format at expense of 0.26% rejection
rate. The majority voting classifiers are based on features:
Gaussian pyramid, Laplacian pyramid, wavelet pyramid and
direct pixel value using KNN classifiers.

Shuchi Kapoor et al [6] The authors devised a
technique, according to that first step will be preprocessing
of a word, than identify the joint points, form the bounding
boxes around all vertical & horizontal lines and finally
fragment the touching characters on the basis of their height
and width. The authors tried to do segmentation without
skew correction. Common outcome of handwritten touching
characters from words is 71%. Precise character
segmentation comprising side bar is 76%, middle bar 81%,
no bar 75%. For non-touching printed documents and
handwritten document it gives us 100% and 93% outcome
correspondingly. This method fails for certain characters
because of constraints that the authors decided will not
match always to a lot of variation in handwriting i.e., height
of two vertical bar characters i.e. Characters like causes
problem as gap between parts of characters that can be
solved by the recognition system because the proposed
system consider first part as non-bar character and cut after
that.

Pratibha Singh et al [7] This paper presents the
formulation for a ten class classification of handwritten
Hindi digit recognition. The authors have chosen a
combination of global and local features. The global features
are the structural features like endpoint, cross point, centroid
of the loop, u shaped structure, C shaped structure and
inverted C shaped structure. The local set of features
combine the distance of thinned image from geometric
centroid calculated zone-wise and histogram based features
calculated zone-wise. The authors have used an Artificial
Neural Network as classifier for recognition. This method
results in average correct rate of 95% or better. The
combination of local and global features results in reduced
confusion value.

Dr. Rajesh Pathak et al [8] In this paper the authors
proposed methodology for Hindi language to Distinction
between Machine Printed Text and Handwritten Text in a

Document. This method is based on structural features of
text. Experimental results on a data set show that the
proposed approach achieves an overall accuracy of 95.1%.

I11. PROPOSED WORK

A. Problem Formulation

Developing the Devanagari Handwritten character
recognition and segmentation system has some greater
challenge because of the following reasons:

1) The character set is very large

In Devanagari the vowel, consonants, matra, Chandra bindu,
visarg and many more different symbols are present. To
make a system which recognizes all of these complicated
shapes is a difficult task.

2) Similarity between the characters is high

Many similarities in shapes so it is difficult to segment the
character and recognize the desired result. This ambiguity
arises a problem in the segmentation of Devanagari
characters.

3) Problem due to Shirorekha

All the characters comprise a horizontal stripe at the upper
part, known as Shirorekha. In uninterrupted handwriting,
from left to right trend, the Shirorekha of one character joins
with the Shirorekha of the prior or next character of the
same word. In this manner, multiple characters and
customized shapes in a word appear as a single connected
component joined through the common Shirorekha.

B. Proposed Work

Communication with the machine can be done in many
ways and one of them is handwriting. With the help of
handwritten input we can give input to the computer.
Reason to choose the Hindi is, it is on the third of the most
spoken languages.

To propose a bounded box method for
segmentation of documents lines, words and characters.

In the paper, new and an improvised technique has
been used to develop the application which take offline
handwritten input and perform proper recognition of Hindi
Letters using variation of Gradient, Structural features and
implement Gabor Filter and Chain Code for feature
extraction and artificial neural network approach artificial
neural network (ANN).

IV. RESEARCH METHODOLOGY

A. Segmentation and Recognition of Handwritten Hindi
Letters

A scheme is proposed to segment and recognize letters from
a given input image. Recognition of Handwritten Hindi
characters is performed through following steps:

1) Preprocessing

Preprocessing steps are carried out to reduce variations in
the writing style of different people. Here, scanned images
are binarized using Otsu’s method of global thresholding.
This method is based on finding the threshold that
minimizes the intra-class variance. A large amount of noise
such as salt and pepper noise may exist in the image
acquired by scanning. So in order to reduce this noise to
some extent, we have applied a 3 x 3 median filter.
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2) Feature Extraction
The performance of an HCR system depends to a great
extent on the extracted features. We have used 3 sets of
features for comparing the performance of the character
recognition system: Projection histograms, Chain code
histograms and Histogram of Oriented Gradients.
a) Gradient Features
The gradient features are computed by convolving two 3x3
Canny operators on the binary image. These operators
approximate the x and y derivatives of the image. The
gradient of a center pixel is computed as a function of its
eight neighbours. The vector addition of the operator’s
output is used to compute the gradient of the image at a
pixel position. Since the gradient is a vector with magnitude
and direction, only the direction is used in the computation
of feature vector.
b) Structural Features
The structural features capture certain patterns embedded in
the gradient map. These patterns are micro strokes of the
image. Several 3 x 3 operators are passed over the gradient
map to locate small strokes pointing up/down and
diagonally. These strokes are combined into a large feature
using a rule table.
C) Gabor filters
Gabor filters have been used extensively in image
processing, texture analysis for their excellent properties:
frequency and orientation representation of Gabor filters are
similar to those of the human visual organization, and they
have been found to be mostly suitable for texture
demonstration and discrimination.
d) Chain code features
The chain codes are computed by moving along the
boundary of the character in clockwise/anticlockwise
direction and assigning each pixel along the contour a
direction code (0-7) that specifies the direction of
subsequently pixel along the contour till the initial point is
revisited. At this juncture, we have used freeman chain code
of eight directions.
e) Histogram of Oriented Gradients
Histograms of Oriented Gradients are feature descriptors
that are computed by counting the occurrences of gradient
orientations in localized parts of an image. For computing
these features, the representation is divided into cells and
histograms of gradient directions are formed for each of
these cells.
3) Segmentation
We have projected a bounded box method for segmentation
of documents lines and words and characters. The technique
is based on the pixel histogram obtained. Precise
segmentation of individual symbols decides the accuracy of
character recognition method. It is used to decompose image
of a series of characters into sub images of individual
symbols by segmenting lines and words.

The method of segmentation mainly follows the
following pattern:
— ldentify the text lines in the page.
— ldentify the words in individual line.
— Finally identify individual character in each word.

In the segmentation process, the character images
are separated into individual text lines from which
characters are isolated using connected component labelling.

4) Classification by Neural Network

Classification is the final stage of character recognition task
in which character images are assigned unique labels based
on the extracted features. We have used neural networks for
comparing the performance of different feature sets. The
principal advantage of neural networks is that they can learn
automatically from examples. A neural network for
handwritten character recognition is defined by a set of input
neurons which may be activated by the pixels of an input
image. After being weighted and transformed by a function,
the activations of these neurons are then approved on to
other neurons. This method is repeated until finally, an
output neuron is activated. This determines which character
was interpreted.

V. RESULTS
B tain (E=E — <]

Segmentation & Recognition of Devnagri Characters

Foalure Extraction | Training By Meural Network Testing Exit

Fig. 3: GUI of Segmentation and Recognition of Devnagari
Characters

Figure 3. Shows Graphical User Interface (GUI) For

Segmentation and Recognition of Devnagari Characters,

consisting of Various Options such as Feature Extraction,

Training by Neural Network and Testing.
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Fig. 21: Testing Segmented characters.
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Word Words in Recognized | Accuracy
segmentation document words
28 28 100%
Character Char_acters Recognized
. in Accuracy
segmentation d characters
ocument
61 72 84.72%
. Total Recognized
Recognition characters characters Accuracy
96 86 89.58%

Table 1: Segmentation and Recognition Accu

racy
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— Handwritten unconnected letter
segmentation is also critical.

— Handwritten unintentionally connected simple letter
segmentation is also critical.

All these concerns will be dealt in the future for

handwritten documents in Devnagari Script by using a

variety of approaches.

compound
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