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ABSTRACT:
For different applications handwritten
recognition frameworks increasingly used for
automatic document scanning and analysis purpose.
Hence from last two decades this becomes
challenging area for researchers. Using semi-
automated or automated methods the machine
printed documents and scanned documents are
recognized which is called as handwritten
recognition. Number of methods has been prog
so far for different handwritten languag
English, Hindi, Devanagari etc. with their
and disadvantages. Devanagari language in Ind
mainly used for information communicatio
purpose after English, espeei i
government processing’s. The

s. In addition to
on zone based
ach is designed
gnition based on
efficient segmentation
of Devanagari script, o ized features extraction
approach using zo features, texture and
directional features, and then applying neural
network classifier for recognition and accuracy
evaluation.
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like government
ional  documents
ingy processing,
processed in
edia. The use of

re preferred and widely used.
approach of processing and

analysis, paper is appropriate approach which is easy
and secure to handle such communications. But handling
pumber of papers in day is time consuming,
and cost consuming option. Hence the
Gtomated approach should be there to capture such
hard copies of documents, retrieve information from it
and analyse the retrieved information for further
processing. This is done by using the image processing
terminologies. This automated framework is falls under
the domain of document image analysis. Since from last
15-20 years of period document image processing and
analysis gained significant attention from research
groups [1].

The goal of document image processing and
analysis is nothing but character information reading
automatically from the document in image form. The
reading of characters from document image is done by
OCR (Optical Character Recognition) [2]. The processing
of reading the scanned physical documents information
through machine is called as OCR. The existing OCR is
having implicit assumption that type of script that has to
be processed is aware before processing. But for
automated applications and environment, this type of
document processing techniques depending on human
intervention in order to choose particular OCR type, and
this becomes very inefficient, impractical and
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undesirable for end users. If the document itself having
different types of languages, then document analysis as
well as recognition becomes more challenging and
complex, as OCR needs to select any one type of language
before processing that document. To mitigate such
research challenges, language type detection and
recognition methods has been presented recently [3].
There are two types of handwritten recognition such as
offline and online under the OCR domain. There are
number applications of ORC like vehicle number plate
recognition, criminal investigations, bank documents
recognition, digits recognition, postal address block
detection and recognition etc. Which factors are
considered for evaluation of efficient handwritten
recognition systems? Accuracy and speed are two main
performance metrics are the answers to this question.
These two performance metrics are important in
evaluating the handwritten recognition system efficiency
for variety of OCR applications. The speed and accuracy
of handwritten character recognition efficiency is mainly
based on use of feature extraction methods and
classification methods [2] [4].

In this paper, novel approach proposed
Devanagari script separation and recognitig

scripts due to the fact of using Devanagari language by
600 million people’s daily in their, ications. In

goal of this paper
methods for accurate a
for Devanagari script se
proposed framework i

introduce new algorithm and
me consuming approach
ation and recognition. The
categorized into four main
functions such as pre-processing, image segmentation,
feature extraction and finally recognition. For pre-
processing Laplacian and Mean filtering methods used
over the grayscale and resized handwritten images. For
efficient and accurate segmentation, morphological
operations such as dilation, binarizations etc. are used
[5]. The segmented output is used for extraction of
features like zone features, orientation features, texture

features. There are three types of features extracted
from segmented text. These features are combined using
fusion operation in order to generate final codebook of
feature vector [6] [7]. At the recognition step, codebook
of features is input to classifier which performs the task
of recognition with outcome of recognized words. The
reminder of paper is having sections such as section II
presenting the study over the existing methods of
Devanagari script recognition using different algorithms
and techniques. Section resenting the detailed
flowchart and algori design for each step of
proposed approach ion IV presenting the results in
terms of accu recognition time. At last
discussed in section V of

conclusion a
this paper.

s the methods

er three different phases of
feature extraction, image

strokes and d points as the potential features
presented for the recognition. This method was having
accuracy of 90.50% for handwritten Kannada numerals.
limitation of this method is that it uses the
ing process which results in the loss of features.

In [4], this paper presented method with three
different kinds of features like moment features, density
features, descriptive component features etc. This
method is presented for Devanagari numerals
classification using multi classifier connectionist
framework for improving the accuracy of recognition
and reliability, they obtained 89.6% accuracy for
handwritten Devanagari numerals.

In [5], this paper presented new method of
zoning & the directional chain code functions & it has
been assumed as a variations vector with size of 100 for
handwritten numeral recognition. This method is having
better accuracy as compared to previous methods. But
the feature extraction process is very complex as well as
time consuming.

In [6], this paper has proposed zoning & the
directional chain of the code attributes & the known as
the verities of the vector of length 100 for handwritten
numeral recognition & the have been pointed out of the
higher level of recognition accuracy. Whatever, the
feature extraction method is being hard & time
consuming.
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In [7], this paper using Input Fuzzy Modelling
for the Recognition of Handwritten Hindi Numerals. This
research shown the recognition of the Handwritten
Hindi Numerals basis on the modified exponential
membership function comfort with fuzzy sets which is
derived from the normalized distance features obtained
with the use of Box technique. This study has obtained
95% recognition accuracy.

In [8], this paper study the relevance of stroke
size and position information for the recognition of the
online handwritten Devanagari words by distinct of the
three various pre-processing schemes. Experimental
results indicate that the word recognition accuracy
achieved using a pre-processing scheme which is totally
disregards of the main sizes & positions of the strokes.

In [9], this paper presented offline the
handwritten  Devanagari ~words recognition: a
segmentation based methods novel this segmentation
based approach is advanced for recognition of offline
handwritten Devanagari words. Stroke based methods &
features has been used such as the feature of the vectors
A hidden Markov model is used for recognition
pseudo character level. The level of the words ha
recognition is to complete on basis on of a s
distance.

In [10], this paper presented method for Eng
character recognition. The English character from inp
scanned document is recognizeg
networks. In this paper aut
study over different fea
classifications for
character. In optic
extraction is most j

or is introduced
gnizing optical
characters by usi

In [11],
handwritten character lon system using hybrid
nd support vector machine

posed of three phases such as

feature extraction metho
(SVM). This system is c
pre-processing, extraction of features and training as
well as classification using SVM. Author used hybrid
feature extraction approach which resulted into more
accuracy. These features are able to extract local as well
as global variations in handwritten character font styles.
The extracted feature vector was a combination of
correlation function based features and some

statistical/structural features. But the limitation of this
method is that it takes more time for recognition.

In [12], this paper proposed multi-layered
neural network classification method for recognizing the
handwritten characters. From the results showing in
paper, the simulation of this work is done by using
MATLAB GUI. Author designed this GUI in such way that
end user can either test or train network on the basis of
at time one character. The size of feature vector used for
this method is 6 and this ing to achieve accurate
identification of char s with multi layered neural

introduced the recent method

hich the handwritten scripts in
at is given as input to proposed
nput pre-processing is performed, then

segmentation, then feature extraction and finally
recognition. For each step specialized methods has been
igped which are showing in below paragraphs of this

| Image Acquisition |

1

| Image Pre-processing ‘

)

‘ Morphological Segmentation ‘

1

‘ Feature Extraction ‘

1

- Zone Features

- Texture Features
- Orientation Features

1

‘ Codebook Generation ‘

1

‘ Recognition using ANN ‘

I

‘ Recognition Result ‘

Figure 1: Detailed Processing of Proposed Devanagari
Handwritten Script Separation and Recognition
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ALGORITHM 1: IMAGE ACQUISITION AND PRE-
PROCESSING:

Input: Handwritten Devanagari Image

Output: Pre-processed Image

Step 1: Browse input handwritten image

Step 2: Convert RGB image to grayscale image

Step 3: Resize image

Step 4: Apply Laplacian and mean filtering for image
denoising.
ALGORITHM 2:
SEGMENTATION:
Input: Pre-processed Image

Output: Segmented Image

Step 1: Apply morphological binary operation on pre-
processed image.

Step 2: Apply canny edge detection on binarized image.
Step 3: Apply Dilation Operation

Step 4: Border Removal

Step 5: Apply Morphological Erosion Operation

Step 6: Apply Character Segmentation Vertically and
Horizontally

ALGORITHM 3: OPTIMIZED FEATURE EXTRACTIO
Input: Segmented Handwritten Image
Output: Features Codebook

Step 1: Texture Features Extraction using GL
Step 2: Extracted texture features are contrast, en
correlation and homogeneity
Step 3: Zonal features extraction [

MORPHOLOGICAL IMAGE

and minor
starters.
Step 4: Line segmen
Step 5: Line type dete
horizontal, vertical, right onal and left diagonal etc.
Step 6: Finding total nunber of each line type.

Step 7: Finding normalized length of each line type.

Step 8: Store all features in vector.

The recognition is done by using neural network
classifier which is responsible to recognize the input
handwritten script text by matching with training
features.

ction for each zone.
line segments such as

4. RESULTS AND DISCUSSION:

The practical work is conducted by using
MATLAB simulation tool. MATLAB is powerful and
widely used tool for image processing applications. The
proposed algorithms are simulated and validated using
dataset of 6 different handwritten words written by 30
different persons in different styles.

Total samples collected are 600 handwritten
images (100 for each Devanagari word) which are
further divided into two p aining (80%) and testing
(20%). The test sam iven as input to our
designed system i r to recognize them correctly.
Below are som of handwritten Devanagari

Figure 2: Examples of Devanagari Handwritten Scripts

The comparative study between existing
method which is recently reported in [1] by author
Sukhvir Singh etal and proposed method which is
presented in this paper for Devanagari script recognition
is presented in below two graphs. This study is
conducted by varying size of training samples in each
category.
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Figure 3: Recognition Accuracy Comparative Analysis
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The graphical results showing in figure 3 and 4 showing
the proposed approach for Devanagari handwritten
script recognition outperforming the existing method
reported in [1]. The accuracy is increasing as the number
of training samples increases due to the possibility of
recognizing the accurate words increases. Similarly as
the training size increases, the recognition time is also
getting higher. For proposed method recognition is very
less as compared to existing method.
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Figure 4: Comparative Study of Recognition Time

5. CONCLUSION AND FUTURE WORK:

Now days handwritten script recognition
framework or tools are widely used in rea
applications for faster and efficient
processing. Devanagari is largely use
language in India; hence there
for automatic Devanagari
recognition. In this paper, n
Devanagari script regegnitio
operators, optimize

classifier. The
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