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Abstract: The Handwritten Character Recognition has been a
challenging task for the past many decades. This is an old
application related to the area of pattern recognition. Handwritten
character recognition (HCR) can be classified into two types
namely, Online and Offline. As per the literature survey, thereare
no standard databases for HCR Y 12 I3 gince there are very less
number of speakers for any Indian language compared to
English. Hence, the database of I ndian scripts both for testing and
training are to be developed in the laboratory environment. The
recognition accuracy for printed / typed characters is more than
99 percent, whereas for the HCR it is around 60 percent. Hence
the area of HCR is an open area of research. HCR for Indian
languages is at nascent stage compared to English since they
contain alphabets and also matra’s / sandhi are complex which
make the recognition tougher. The freedom of the scriber in
writing the script isalso another challenge for achieving the better
recognition accuracy. This work describes the handwritten
character recognition of both Hindi and English scripts by
extracting features using 2D FFT and using the Nearest
Neighborhood Classifier. The best recognition accuracy for
handwritten character recognition of English and Hindi
languages obtained is 70%.

Keywords : 2D FFT, Handwritten Character Recognition,
Nearest Neighborhood Classifier, Pattern Recognition.

. INTRODUCTION

Optical Character Recognition goal isto identify characters
inimagesof printed or handwritten text, in order to encode the
text in aformat which is more convenient to be edited, copied
on papers, or may be distributed electronically across
world-wide networks.  One of the most popular natural ways
of generating paper documents is handwriting. Most paper
documents are handwritten because it is a natural means with
convenience and speed. Wide spread acceptance of digital
computers seemingly challenges the future of handwriting as
the keyboard is becoming the most popular means of
generating text. But the convenience of paper and pen is the
reason that till handwriting persists in the age of digital
computer and hence seen as a more natural way to enter text
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into a computer, provided computers can decode the
handwriting. In offline HCR systems, the recognition is done
only after al the writing is complete. The input is the raw
handwritten data, usualy in the image form and involves
analysis of the two-dimensional image. The major advantage
of the offline systemsisto allow previoudly written textsto be
processed and then to be recognized.

To construct more precise results, the following needsto be
utilized.

e Minimize the Noise effect. The input image is
usually noisy due to a number of factors like writer,
paper, pen, ink and scanner quality and has a high
influence on the recognition.

e Segment the text. The input text image may be of a
page of a document, aword or a character at atime.
To convert an image with a page of document to soft
form, thelines of text are to befirst segmented. From
the line, the words are to be segmented. The words
can be used as awholefor itsrecognition or it can be
further segmented into characters.

e Handle ambiguity. There is no opportunity for
feedback or user interaction in case of ambiguity or
dead end as completed writing is available as an
image and the recognition happens often in the
absence of the writer’s involvement.

e Improve the recognition quality. Even 99% accuracy
of HCR system trandates to 30 errors on a typical
printed page of 3000 characters and correcting such
random errors requires enough time and an aert
proofreader. Hence for off-line systems, the
recognition speed may not be an issue, but the
recognition quality, definitely is an issue.

The drawbacks of these systems are:

e Need for robust preprocessing techniques to make
the data suitable for recognition.

e Thetemporal information is absent and hence stroke
level processing needs complex steps to extract
strokes from the image, but, the sequence in which
these strokes are generated cannot be regenerated.

e Segmentation of the characters in case of
overlapping, cursive or mixed scriptsis difficult.

[I. METHODOLOGY

Intheliteratureit isevident and very clear that there are no
standard databases for Indian languages for the purpose of
handwritten character recognition ™ @ B Further, it is
recommended in the literature to develop handwritten
characters in the laboratory
environment 1213,
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Hence the researchers working in this area develop
handwritten characters. This is the first step in handwritten
character recognition. The database is used for both training
and testing the algorithm. In the second stage the researchers
identify different features and combinations of different
features to get the maximum recognition rate. After features
selection the algorithms are devel oped to classify and identify
the various handwritten characters.

In this project the database represents 15 classes of Hindi
characters, 15 classes of English characters and then 15
classes of both Hindi and English characters. Each class
consists of 50 samples out of which some are for training and
testing. Each character is written on a paper in a rectangular
box in different sizes. The handwritten documents were then
obtained by scanning them with a scanner. These images are
preprocessed individually and using the minimum boundary
rectangle concept, normalization is performed to a size of
50x50.

The following flowchart is the step by step algorithm
for 2-D FFT implemented on basic and isolated
handwritten characters .

| The images size of 50x50 pixels are to be loaded |
7

| Read all the images |
Z

| Use the threshold value of 0.7 to binaraize the images |

I |

N7
For all the images find the 2D-FFT

\Z
Each image to be formed as feature vector by reshaping the
matrix into column matrix

N7

| The above procedure is to be repeated for test images too |
2
Find out the distance between the column matrix of the test
image and each training image

N7

| Find out the minimum distance |

The match count to be incremented if class matches else
increment the mismatch count

N\

Finally the test image and the matched database image is
displayed

The Mathematical model of 2D-FFT includes a number of

one dimensional Fourier transforms. The definition of 2D

FFT equation (1) showsthe 2D FFT of theimagef (p, ) and

equation (2) representsinverse 2D FFT. The 2D FFT F (s, t)

for the image f (p, g) can be found using formula

M .
FG. =2 Z TN flp, @le I+ (1
p=0
Wheres=0,1,2...M

&t=0,1,2...N

Here p, g are the pixel coordinates in the image and s,
t are coordinates in the "transformed image". The
inverse 2D FFT (from FFT back to the original image,
possibly after filtering) can be obtained using formula

f.q = Z:'_DE{“:O F(s, ¥ G Q)
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Wherep=0,1,2...M

&q=0,1,2....N.
these formulae assume calculation using complex
numbers

U= V(-1)

1. RESULTSAND DISCUSSIONS

All the experiments are performed over a system having
a 64 bit operating system, and Intel (R) Core(TM) i7-8750H
CPU @ 4.41 GHz and were done through MATLAB R2014b.
The images were scanned and saved in the computer.
Primarily by using Adobe Photoshop the images are
normalized to 50x50 pixels size and then applying athreshold
of 0.7. The pixel intensities are binarized. The 2D-FFT is
applied to these binary images and the real part of the
transform value (of the pixel) is considered for the
experimentation. Later, the Euclidean distance is calculated
between each test image and database images and the
minimum Euclidean distance is considered from the database
image to the test image. The output is represented where the
test image is on the left side and the matched image of the
database is on the right side.

There are 3 database sets prepared in this work. The first
data base set consists of Hindi handwritten letters 15 in
number (i.e. 15 classes). Each class again has 50 samples.
Therefore, total number of handwritten Hindi characters
become 750 images. Similarly for the English handwritten
letters, a separate database consisting of 15 classes and 750
images were developed in the laboratory. The last database
set consists of both Hindi and English letters then we get 1500
images.

The table 1 shows the results obtained for the 15 Hindi
classes. The number of training samples and testing samples
were varied and different recognition accuracies (R.A) were
obtained. Thebest R.A for the Hindi script obtained was 72%.
The R.A increased as the number of training samples have
increased. It was observed that when the number of training
samples were 45 and the testing samples were 5, the R.A was
best and found to be 72%.

Table- 1. Experiment 1 for 15 Hindi classes

S.no. | No.of training | No. of testing Recognition
samples samples Accuracy (%)
1 20*15=300 30*15=450 42.88
2 25*15=375 25*15=375 56.5
3 30*15=450 20*15=300 62
4 35*15=525 15*15=225 62.3
5 40* 15=600 10*15=150 62.7
6 45*15=675 5*15=75 72

In the next part of the work atotal of 9 iterations have been
done by varying the various samples of both training and
testing sets which were shown in table 2.

These iterations are done for the validation of results. The
average recognition accuracy from table 2 is 71.41% that is
approximately equal to 72%.

Published By:

Blue Eyes Intelligence Engineering
& Sciences Publication

© Copyright: All rights reserved.




OPEN 8&CCESS

Table- 2: Validation for recognition accuracy of Hindi
samples

Iteration Recognition Accuracy (%)

57.3

61.4

78.66

73.33

72

74.67

70.67

78.66
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The Fig.1 and Fig.2 shows the correctly matched and
wrongly matched Hindi script test characters using the
proposed agorithm.

—-— -

Input image output image
Fig. 1. Correctly matched Hindi script test imagesto
database images

Input image output image
Fig. 2. Wrongly matched Hindi script test imagesto
database images
The recognition accuracies from table 1 was represented
graphically by a bar graph in Fig.3, we can observe that the
R.A was highest for the data of 45 number of training
samples.
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Fig. 3. Graphical representation of experiment 1 for
Hindi characters

The table 3 represents the 15 classes of English characters.
Each class consists of 50 samples which are divided into
training and testing samples as shown in the table. The
recognition accuracy was calculated with respect to the
number of training samples and number of testing samples.
The highest recognition accuracy achieved was 69.33% for
which the number of training samples are 40 and the number
of testing samples are 10.

Table- 3: Experiment 2 for 15 English classes

Sino | Nooftraining | No of testing Recognition
samples samples Accuracy (%)
1 20*15=300 30*15=450 61.33
2 25*15=375 25*15=375 63.2
3 30*15=450 20*15=300 66
4 35*15=525 15*15=225 65.33
5 40*15=600 10*15=150 69.33
6 45*15=675 5*15=75 66.666

The recognition accuracy of the 4 iterations have been done
and listed in table 4. These iterations were done to validate the
results. The average recognition accuracy of the above
iterations was 71.665%. Thus, we can say that R.A of
experiment 2 was validated.

Table- 4: Validation for recognition accuracy of English

samples
Iteration Recognition Accuracy (%)
1 74
2 70.66
3 74
4 68

1514

The Fig.4 and Fig.5 shows the correctly matched and wrongly
matched English script test characters using the proposed
algorithm.
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Input image output image
Fig. 4. Correctly matched English script test imagesto
database images

45 C

Input image output image
Fig. 5. Wrongly matched English script test imagesto
database images
The recognition accuracies from table 3 was represented
graphically by a bar graph in Fig.6, we can observe that the
Recognition accuracy was highest for the data of 40 number
of training samples.
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Fig. 6. Graphical representation of experiment 2 for
English characters
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The table 5 represents the 15 classes of both Hindi and
English characters. Each class consists of 50 samples which
are divided into training and testing samples as shown in the
table 5. The recognition accuracy was cal culated with respect
to the number of training samples and number of testing
samples. The highest recognition accuracy achieved was 70%
for which the number of training samples were 40 and the
number of testing samples were 10.

Table- 5: Experiment 3 for 15 classes of both English &

Hindi classes
S.no. | No. of training | No. of testing Recognition
samples samples Accuracy (%)
1 20*15=300 30*15=450 49
2 25*15=375 25*15=375 55.733
3 30*15=450 20*15=300 61.666
4 35*15=525 15*15=225 61.111
5 40*15=600 10*15=150 70
6 45*15=675 5*15=75 68.666

The recognition accuracy of the 4 iterations have been done
and listed in table 6. These iterations were done to validate
that results. The average recognition accuracy of the above
iterations was 68.958%. Thus, we can say that R.A of
experiment 3 was validated as 68.958% is approximately
equal to 70%.

Table- 6: Validation for recognition accuracy of both

Hindi and English samples

Iteration number Recognition Accuracy (%)
1 66
2 69.333
3 71
4 69.499
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The recognition accuracies from table 5 was represented
graphically by a bar graph in Fig.7, we can observe that the
Recognition accuracy was the highest for the data of 40
number of training samples.
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Fig. 7. Graphical representation of experiment 3 for both
Hindi and English characters
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Table- 7: Comparison between published and proposed

method ™
s.no Description Published method Proposed
method
1 No. of classes 10 30
tested
2 Script Devanagari English &
Hindi
3 Feature extraction wavelet 2D-FFT
4 No. of training 50 45
samples
5 No. of testing 15 05
samples
6 Recognition 65% 70%
Accuracy
7 Classifier Neural networks Nearest
Neighborhood
Classifier

In table 7 the results obtained by the proposed method were
compared with the published method. Gaurav Y. Tawde [11]
from the published method experimented on Devanagari
numerals by extracting the features using wavelet transform.
Then the feature extraction was followed by neural network
classifier that was used for classification. The average
recognition accuracy was reported to be 65% with 50 training
samples/class and 15 testing samples/class. In their work
totally 10 samples were tested classes.

In the proposed method the features are extracted using
2D-FFT. The Nearest Neighborhood Classifier was used for
classification. The recognition accuracy obtained was 70%
with 45 training samples/class and 5 testing samples/class.
The total number of tested classes in the proposed method
were 30.

V. CONCLUSIONS

The work presented in this paper proposes an offline
handwritten character recognition system for Hindi and
English scripts. The database of both Hindi and English
scripts were developed successfully for training and testing
datasets. A total number of 3000 samples used which are
further normalized to 50x50 pixels. The classifier
that has been employed in thiswork is Nearest Neighborhood
classifier. The recognition accuracy was calculated and then
that was validated with different iterations.

The best recognition accuracy obtained using 2D FFT
when Hindi characters were considered was 72% and when
English characters were considered was 69.33%. The best
recognition accuracy obtained using 2D FFT for both the
Hindi and English characters was 70%.

The further research can be focused on exploring new or
hybrid feature extraction methods. The advanced techniques
using the neural networks or support vector machine can be
used to improve the recognition accuracy of Handwritten
Character Recognition.
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