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Abstract:— Compound characters recognition is a difficult task because characters are written in combination of two simple
characters. These characters tends to touch each other in different forms and so the segmentation of compound characters is
difficult task because of high error rate. In this paper we present a technique for recognition of compound character using MLP
technique. The process of pre classification is implemented using MLP that is trained by Back Propagation method. After
Preprocessing stage and pre classification stage Diagonal feature extraction is implemented. The proposed work reported a high
recognition rate of accuracy.
Keywords:— Handwritten Character Recognition, Compound character, Diagonal Feature Extraction, Multilayer Perceptron
Network

I. INTRODUCTION
Handwritten character recognition is gaining popularity due
to its potential application areas which would reduce the task
of data entry and save the time in case of Form filling, Postal
Automation, and Banking etc.[1]. But developing a system
for handwritten character recognition poses a challenge to the
researchers due to the varying shape of the character that may
depend upon the writer, the physical and mental condition of
the writer, the acquisition device, pen width, pen ink color
and many other factors. Moreover, handwritten Devanagari
characters tend to be more complex due to their structure and
shape. They include a large character set with more curves,
loops and other details in the characters[3]. There are many
character pairs which are quite similar in shape[4]. All these
issues demand attention and solution with the help of an
efficient recognition system[16][17]. In India, there are
twenty two Indian official (Indian constitution accepted)
languages, namely Assamese, Bangla, Gujarati, Hindi,
Konkani, Kannada, Kashmiri, Malayalam, Marathi, Nepali,
Oriya, Punjabi, Bodo, Dogri, Maithili, Manipuri, Santhali,
Sindhi,Sanskrit, Tamil, Telugu and Urdu[8]. In the proposed
work, we aim at developing a comprehensive system for
recognition of handwritten Devanagari characters.

called conjuncts. Sometimes two or more consonants can
combine and take new shapes. These new shape clusters are
known as compound characters[5]. So these types of basic
characters, compound characters and modifiers are present
not only in Devanagari script but also in other scripts. Hindi
is the national language of India and written in the
Devanagari script. Devanagari is also used for to write
Marathi, Sanskrit and Nepali. So besides this, Hindi is the
third most popular language in the world. All the characters
have a horizontal line as the upper part, known as Shirorekha
/ headline.

Fig:1 Compound Characters

Fig:2 Consonants

II. DEVANAGARI SCRIPT AND COMPOUND
CHARACTERS
Devanagari is the most popular script in India. It consist of
11 vowels and 33 consonants which are called as basic
characters. Vowels can be written as independent letters, or
with the help of a variety of diacritical marks which are
connected above, below, before or after the consonant to
which they belong to. When vowels are written in this way
they are known as modifiers and the characters so formed are

Fig:3 Three zones of a Devanagari word
Devanagari characters can be further classified on the basis
of presence of vertical bar
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Size Normalization: Normalization is applied to obtain
characters of uniform size. It reduce the size of image
without getting the structure altered.
Thinning: To remove the selected foreground pixels from
images, thinning is used. Image thinning extracts a skeleton
of image without the loss of topological properties.

End-Bar Compound characters

Middle Bar Compound Character

No-Bar Compound Character
III. PROPOSED METHODOLOGY
Fig5: Character Image after Preprocessing

Fig: 4 Offline Character Recognition Systems
To recognized the handwritten data from document, there are
number of steps which are involved while recognition, firstly
the document is scanned using scanner [1]. This scanned
document is converted into image. Then image is
preprocessed with set of valuable steps and convert it into a
character/script as per the environment. The scanned image
undergoes number of valuable preprocessing steps so as to
increase the ratio of recognition of the handwritten document.
The general steps for Handwritten Character recognition is
Image Acquisition, preprocessing, feature extraction,
classification and recognition[3].
3.1 Preprocessing:
Preprocessing consist of various operations performed on
image. It enhances the image making it suitable for next level
of segmentation. It removes noise from image. All work has
been done in MATLAB[21]. Preprocessing of compound
characters have following steps involved:
Binarization: Upgradation of grey scale image in to binary
image is Binarization.
Noise Elimination: Noise can occur at any stage like image
capturing, transmission or compression. Noise degrades the
quality of image. So different filters and morphological
operations are available for removal of image noise

3.2 Pre-Classification:
The large number of compound character set with a varying
style of writing variations require pre-classification of the
characters before the final recognition. Structural features of
the characters are like vertical line, horizontal line, end
points, junction points are used for classification purpose .
The first stage employs classification using global features
like presence of vertical line in the character, its position in
the character and the presence of enclosed regions in the
character. The detection of global features is followed by the
detection of the local features like end points and their
position in the character. On the basis of global feature,
characters are classified on the basis of presence of vertical
line i.e. character with vertical bar at the end, character with
no end bar and character with vertical bar at middle. After
global features, local features are obtained by partitioning
the character in four quadrants and detection of end points.

Fig6: Character Partitioning
3.3 Feature Extraction:
Feature extraction can be considered as finding a set of
parameters (features) that define the shape of the underlying
character as precisely and uniquely as possible[24]. The term
feature selection refers to algorithms that select the best
subset of the input feature set. Methods that create new
features based on transformations, or combination of original
features are called feature extraction algorithms[9][10]. We
are using diagonal Feature Extraction technique for proposed
work.
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Step 3: Compute error for each output unit δ k, layer by layer
compute error.
Step 4: Next update all the weights
by Gradient Descent
and go to step 2

Fig:7 Diagonal Feature Extraction
Diagonal Feature Computation
Every Character Image is divided into 100 equal zones, each
of size 10x10 pixels (Fig 8)[12].The Features are extracted
from each zone pixels by moving along the diagonals of its
respective pixels. Each zone has 19 diagonals,foregound
pixels present in each diagonal are summed up so as to get
single sub feature and thus 19 sub features are obtained from
each zone. These 19 sub features values are averaged to form
a single feature value and placed in the corresponding zone.
This procedure is sequentially repeated for all the zones.
Finally 100 features are extracted for each character[14].
3.4 Classification
Classification is the decision making phase of a Handwritten
character recognition system that makes use of the features
extracted from the previous stage in the process[11][13]. In
the proposed system Multilayer perceptron (MLP) is used for
classification. In MLP three layers namely Input layer,
hidden layer and output layer are used. It is fully connected
layer network.
The MLP Algorithm
Step 1: Initialize weights at random, choose a learning rate η
Until network is trained:
For each training example i.e. input pattern and target
output(s):
Step 2: Do forward pass through net (with fixed weights) to
produce output(s) i.e., in Forward Direction, layer by layer:
Inputs applied Multiplied by weights Summed „Squashed‟ by
sigmoid activation function, Output passed to each neuron in
next layer. Repeat above until network output(s) produced

Fig:8 Structural design of Multilayer Perceptron
To train the network to recognize Devanagari Alphabet
characters, the corresponding 5x7(6x8) grids are applied to
the input of network. Then the weights are calculated using
the equations provided. The initial learning rate was
experimentally set to 1.5 which is divided by a factor of 2
every 100 iterations and is reset to the initial value after every
300 iterations and the momentum rate is set to 0.95. the
characters are considered recognized if all the outputs of the
network were no more than 0.01 off their respective desired
values.
IV. RESULT AND CONCLUSION
This paper presented a technique for Devanagari compound
characters using Pre classification and Multi-layer
perceptron. No standard database is available for compound
characters so data is collected from people of all age groups.
The dataset characters are first preprocessed and then preclassified based on global and local features. New feature
extraction technique i.e. Diagonal Feature Extraction
technique for the recognition of handwritten Devanagari
characters. Diagonal Feature extraction technique applied
with MLP classification technique proves to be powerful
tools for recognition system. Feature extraction uses multiple
features which gives better recognition accuracy. The MLP
algorithm proposed in the paper has the ability to recognize
stimulus patterns if a set of input patterns are repeatedly
presented to it, it gradually acquires the ability to recognize
these patterns. It is not necessary to give any instructions
about the categories to which class the pattern belongs. The
network is a working design of some neural mechanism of
visual pattern recognition. The MLP Neural Network can be
used in any kind of recognition system such as cancer cell
detection, face recognition system and finger print
recognition system. The implementation of fully connected
MLP method give reasonable results towards recognizing
characters.
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