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Abstract- In this paper, a recognition system for handwritten and printed Kannada numerals and vowels is proposed based on
zone features. The Kannada numerals and vowels are circular in nature; therefore the pixel density feature is potential
features for handwritten and printed Kannada numerals and vowels. The preprocessed image is divided into 64 zones. The
pixel density is computed between each zone. The dimension of feature vector is 64. For classification, SVM classifier with
five fold cross validation test is used to obtain average percentage of recognition accuracy of 97.40% and 95.90% for mixture
of handwritten and printed Kannada numerals and vowels respectively. The total number of classes is 48, but in this
experiment 24 classes are reduced due to mixture of handwritten and printed Kannada numerals and vowels. The novelty of
the proposed algorithm is free from thinning and slant of the numerals and vowels.
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Introduction

The advancement of computer technology encouraged,
every organization to implement the automatic processing
of their organization activities. E.g. Postal zip codes for
sorting the mails, automatic reading of the vehicle
registration numbers, ID numbers, processing of bank
cheques etc. are the application areas of numeral
recognition system. Hence, there is a need to develop an
OCR to recognize the numerals and vowels from a
document containing handwritten and printed script. In
multilingual country like India, it is common that many
documents consist of both handwritten and printed
numerals and characters in local languages. Mixture of
handwritten and printed numerals and characters in
Indian context usually appears in a single document such
as official letters. The most of the letter documents in
Karnataka will have printed and handwritten Kannada
numerals and characters. For example outward number in
handwritten numerals and date and other matters in
printed numerals and characters. This address the need
for development of single (Handwritten and Printed Mixed
Kannada numerals and vowels) recognition system. In this
direction, many feature extraction methods are proposed
in the literature such as spatial, structural, statistical and
topological features. Several feature extraction methods
for recognition of English, Chinese, Arabic and Latin script
are reviewed in [1, 2, 3, and 4]. Only little work on
handwritten and printed can be noticed on Indian scripts.
The following is a brief account of the work carried out in
the literature is presented.
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Dhandra et al. [5] have proposed spatial features for
handwritten Kannada and English Character Recognition,
and have achieved the recognition accuracy of 90.01% for
handwritten Kannada vowels and 91.04% for handwritten
English uppercase alphabets. Leena R et al. [6] have
proposed a Gabor filter features for handwritten Kannada
Kagunita recognition and reported the recognition
accuracy of 86% for vowels and 65% for consonants.
Sangame et al. [7] have proposed zone based invariant
moment features for handwritten Kannada vowel
recognition and reported the average recognition
accuracy of 85.53%. Aradhya et al. [8] have proposed
fourier transform and principal component analysis
techniques for handwritten Kannada character recognition
and achieved the recognition accuracy of 68.89% for
combined vowels and consonants. Dhandra et al. [9] have
proposed zone based pixel density features for
handwritten Kannada vowels and English uppercase
alphabets and achieved the average recognition accuracy
of 97.03% for combined vowels and uppercase alphabets.
Acharya et al. [10] have proposed multi-level classifiers
for recognition of handwritten Kannada numerals and
reported the recognition accuracy of 98%. Dhandra et al.
[11] have proposed zone based features for handwritten
and printed Kannada digits recognition and achieved
recognition accuracy of 97.32%. From the literature
survey, it is clear that, still handwritten and printed
character recognition is an active area of research to
develop multilingual OCR System for the Indian
languages. Hence in the proposed study an attempt is
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made to use the zone based features for the recognition
of mixture of handwritten and printed Kannada numerals
and vowels.

In this paper, Sectionl contains the introduction and
Section2 describes data collection and preprocessing
details. Section3 deals with the feature extraction
procedure. Experimental results and discussion are the
subject matter of Section4 and Section5 contains
conclusion.

Data Collection and Pre-Processing

To validate and verify the results of the proposed
algorithm the standard database for handwritten and
printed Kannada script is not available; hence we have
created own Handwritten Kannada datasets from different
professionals ~ belonging to  Schools, Colleges,
Government Departments, Lawyers etc. The printed
datasets are created by using Nudi and Baraha software’s
with five different font and styles. The printed dataset
contains multi-font and multi-size numerals and vowels.
The collected handwritten and printed Kannada document
contains a multiple lines of Kannada scripts. These
documents are scanned and characters of Kannada script
are manually segmented, then stored in bmp file format.
These segmented samples may contain noise due to print
quality, scanner etc. To remove the noise, a
morphological opening operation is used [11]. The noise
free Kannada sample images are normalized into 32 x 32
dimensions. These normalized images are used for the
feature extraction. A total of 4,800 handwritten and printed
Kannada numeral and vowel samples are used for the
experiment. The Figure 1 and Figure 2 shows the sample
dataset of handwritten and printed Kannada numerals
respectively and Figure 3 and 4 shows the sample
dataset of handwritten and printed Kannada vowels
respectively.

Fig.1-Sample dataset of handwritten Kannada numerals
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Fig.2 - Sample dataset of printed Kannada numerals with
multi-font and multi-size
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Fig.3 - Sample dataset of handwritten Kannada
vowels

Fig.4- Sample dataset of printed Kannada vowels with
multi-font and multi-style.
3. Feature Extraction

The feature extraction is described about the
characteristics of an image. It is one of the important
components for any recognition system, since the
classification/recognition accuracy is depending on the
features. Here zone based pixel density features are used
for handwritten and printed Kannada numerals and
vowels for recognition. All preprocessed images are
normalized into 32 x 32 pixels. The normalization is
carried out by using bilinear technique. Then normalized
image is divided into 64 zones and pixel density is
calculated for each zone, there by generating 64 features.
These 64 features are fed to SVM classifier for
classification of images. The experiment is also carried
out by considering large size zones, but it failed to capture
the local information of the image. Hence we have fixed
the size as 8 x 8 for experimentation as the optimal size
and it gives better results.

Algorithm: Handwritten and Printed Kannada Numerals
and Vowels.

Input: Mixture of Preprocessed numerals/vowels

Output:  Recognize numeral/vowel

Begin

1. The normalized numeral/vowel image is divided into 64
Zones.

2. The pixel density is computed between each of 64
Zones.

3. For empty zones, zero value is assigned.

4. Create a feature vector of size 64.

5. SVM Classifier with 5 Fold cross validation test is
carried out to recognize an image as the Kannada
Numeral/Vowel.

End

The Figure 5 shows the sample handwritten Kannada
Vowel image divided into 8 x 8 zones.

260



Recognition System for Handwritten and Printed Kannada Numerals and Vowels

A

Fig. 5 - Sample Image of Zone Size 8 x 8.

Experimental Results and Discussions

The SVM classifier with 5 fold cross validation test is used
to classify 4,800 sample images of handwritten and
printed Kannada numerals and vowels, 1000 samples for
each of handwritten and printed Kannada numerals and
1400 samples for each of handwritten and printed
Kannada vowels. When using the K-fold cross validation
method, the dataset is randomly divided into K groups.
Then the SVM classifier is used to train K times, using all
of the training set data points except those in the Kt
group. The proposed algorithm gives reasonable high
recognition accuracy for mixture of handwritten and
printed Kannada numerals is 97.40% and 95.90% for
mixture of handwritten and printed Kannada vowels
respectively.Tablel and Table2 shows the average
percentage of recognition accuracy for mixture of
handwritten and printed Kannada numerals and vowels
respectively. The results exhibited in the table are
encouraging for the handwritten and printed Kannada
numerals and vowels recognition.

Table 1 Average percentage of recognition accuracy for
mixture of handwritten and printed Kannada numerals
using SVM classifier with five fold cross validation test

& 97.83 95.43 92.64 91.54 89.34 93.35
2 94.84 93.40 93.65 92.72 90.10 92.94
er 99.05 | 100.00 | 98.48 | 98.82 | 99.11 99.09
= 100.00 | 100.00 | 99.29 | 99.68 | 98.82 99.55

Average Percentage of Recognition Accuracy in (%) 97.40

Handwritten K-Fold Cross Validation Method Percentage
and Printed of
Mixed Recognition
Kannada First | Second | Third | Fourth Fifth | Accuracyin
numerals | Fold Fold | Fold | Fold | Fold %)
o 100.00 98.98 98.73 98.81 97.46 98.79
<> 98.90 99.48 98.18 97.75 95.72 98.00
= 100.00 | 100.00 | 100.00 | 100.00 | 100.00 100.00
=8 97.92 96.46 95.70 96.29 94.82 96.23
= 95.00 98.97 98.20 97.09 97.56 97.36
B3 99.06 98.98 98.98 97.79 98.59 98.68

Table 2 Average percentage of recognition accuracy for
mixture of handwritten and printed Kannada vowels using
SVM classifier with five fold cross validation test

I;sgdl:\)/\r/irri]ttt:g K-Fold Cross Validation Method Perct;]rcltage

Mixed ) ) ] Recognition

Kannada First | Second | Third | Fourth | Fifth Accuracy in
vowels Fold Fold Fold Fold Fold (%)
(D) 9255 | 91.04 | 89.05 | 86.23 | 84.58 88.69
& 98.91 | 99.00 | 9552 | 9270 | 89.92 95.21
"a 100.00 | 99.00 | 99.00 | 99.00 | 98.38 99.07
8= 98.86 | 9552 | 98.25 | 96.01 | 94.53 96.63
o 97.87 | 98.01 | 98.25 | 96.35 | 96.01 97.30
0nR 100.00 | 9850 | 98.01 | 97.18 | 97.51 98.24
t{i) 97.22 | 99.50 | 99.00 | 98.83 | 98.25 98.56
m 100.00 | 97.50 | 95.25 | 95.00 | 93.62 96.32
gb 98.00 | 98.00 | 9525 | 9350 | 91.50 95.25
FoA] 98.00 | 98.43 | 93.97 | 88.48 | 81.67 92.11
B’O 97.02 | 97.00 | 95.25 | 93.66 | 84.50 93.49
A 99.15 | 100.00 | 99.50 | 99.33 | 98.88 99.37
&, 9293 | 96.01 | 95.27 | 9253 | 93.53 94.05
g 100.00 | 99.00 | 98.50 | 98.34 | 96.27 98.42
Average Percentage of Recognition Accuracy in (%) 95.90

261

International Journal of Machine Intelligence

ISSN: 0975-2927 & E-ISSN: 0975-9166, Volume 3, Issue 4, 2011




_‘"\ Segmented Image

Scanned Image Preprocessing

|

Classificatio 4 1 Feature Extraction
~lassiication N
Recogmition
Result

Fig.6- Proposed framework for recognition

Conclusion

In this paper, the single Optical Character Recognition
(OCR) algorithm works for both handwritten and printed
Kannada numerals and vowels. The proposed algorithm
gives encouraging results in an initial attempt to meet the
objectives of handwritten and printed Kannada OCR
system. The average percentage of recognition accuracy
of 97.40% and 95.90% are achieved using SVM Classifier
with 5 fold cross validation test for mixture of handwritten
and printed Kannada numerals and vowels respectively.
The specialty of this work is to combined handwritten and
printed numerals and vowels with reduced 24 classes.
The novelty of the algorithm is free from thinning and slant
of the numerals and vowels. The future plan of this work
is to build single OCR system for handwritten and printed
Kannada characters.
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