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Abstract: Language plays an important role for the communication among all of us. It is very much essential to detect
the printed and handwritten language from several images to extract crucial information from it. In this paper, a
machine intelligence (MI) based model is proposed for the classification of Odia printed and handwritten language
(OPHL) from the analysis of several Odia language images. The proposed approach is mainly focused on the machine
learning (ML) based hybridization mechanism. This mechanism focuses on the combination of the ML based methods
such as Logistic Regression (LR) and Neural Network (NN) for the classification of printed and handwritten Odia
images. The proposed method is compared with the ML based methods such as Support Vector Machine (SVM),
Decision Tree (DT), K-Nearest Neighbour (KNN), AdaBoost (ADB) and Random Forest (RF) methods in terms of
Classification Accuracy (CA) performance metric. The proposed method is able to classify the Odia printed and
handwritten images in a better way as compared to other methods. The simulation of this work is carried out using
Orange 3.26.0.
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L INTRODUCTION

Language is considered as an important factor for the communication among the human society.
Currently, Language recognition and classification is considered as an important research perspectives.
The language of entire human society mainly varies state wise of a country and country wise itself. The
language can be classified as Indian, Chinese, Russian, Arabic, Spanish, etc. internationally or country
wise. By considering the state wise scenario of the country India, the language can be classified as
Gujarati, Odia, Tamil, Punjabi, Malayalam, Manipuri, Marathi, Urdu, Hindi, Bengali, etc. But, almost all the
countries mainly focus on English language for the communication. In a particular state, the language also
varies locally. The language can also be classified as printed and handwritten.

Language recognition and classification is very much essential for its wide variety of applications in the
current scenario. Different techniques can be used to classify the languages which can help the blind
people for their effective communication.So, it is very much essential to recognize and classify the
languages properly as it is very much essential for the effective communication in the real world scenario.

Several research works have been carried out for the classification of languages [1-22]. MI plays an
important role the classification of languages. Different ML [23] based methods such as SVM, DT, KNN,
ADB, RF etc. can be used for such classification. In this work, we have proposed a model for the
classification of Odia printed and handwritten languages from the analysis of several OPHL images. The
proposed approach is focused on the combination of LR and NN MI based methods to carry out such
classification.

The main contribution of this paper is described as follows.

. A MI based model is proposed for the classification of OPHL images into printed and handwritten
category from the analysis of several OPHL images.

. This proposed approach is focused on the combination of LR and NN methods to carry out such
classification.
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. The proposed method provides better classification results as compared to the existing methods
such as SVM, DT, KNN, ADB and RF in terms of CA.
. The proposed work is carried out using Orange 3.26.0.

The rest of the paper is organized as follows. Section II, I1I, IV and V describes the related works, proposed
model, results and discussion,and conclusion of this work.

I1. RELATED WORKS

Different works have been carried out by several researchers for Odia character processing and analysis
[1-22]. Some of the works are described as follows. Singh et al. [1] emphasized on Odia character
recognition mechanism by focusing on feature extraction and classification techniques. Dash et al. [2]
focused on the handwritten Odia numeral recognition using a hybrid feature and discriminant classifier.
Sethy et al. [3] emphasized on the offline handwritten Odia character recognition using DWT and PCA
technique. Nayak et al. [5] focused on the backpropagation network with binary features for the
recognition of Odia character. Padhi et al. [9] emphasized on Odia handwritten character recognition by
using zone centroid distance and standard deviation based feature matrix.

Das et al. [12] focused on the Odia handwritten numeral recognition by emphasizing on LSTM
mechanism. Satpathy et al. [18] emphasized on the printed Odia numeral recognition by the help of
stacked autoencoder mechanism. Sahu et al. [19] focused on the Odia script analysis of several
recognition techniques by emphasizing on classification mechanism and their accuracy measure.
Mohapatra et al. [20] emphasized on two stage classification mechanism to recognize handwritten atomic
Odia character. Pujari et al. [21] focused on Slantlet Transform and differential evolution based functional
link artificial NN classifier for Odia handwritten vowel recognition. Mishra et al. [22] emphasized on
handwritten Odia numerals recognition by using a contour descriptors based generalized scheme.

IL PROPOSED MODEL

Send / Receive
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Processing

Fig.1 Proposed Model
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The proposed model is described in Fig. 1. In this work, it is assumed that the OPHL images will be stored
in an information center (IC). From the IC the OPHL images will be sent to the local server. As the local
server is not able to process the OPHL images due to the lack of computing mechanism, so from the local
server, the OPHL images will be sent to the cloud server for their processing. In the cloud server, the
OPHL images will be processed using the proposed method to provide the classification results for further
processing. In this model, the main focus is given on the classification of OPHL images using proposed
method and other existing ML [23] based methods such as SVM, DT, KNN, ADB and RF using MI
mechanism. The proposed methodology is described in Fig. 2.

Import OPHL Images s Image Embedding

LR
\ Stacking 3 Test and Score

NN

Fig. 2 Proposed Methodology

The proposed methodology is mainly focused on the hybridization of the ML [23] based methods such as
LR and NN. The set up mechanism for the LR and NN methods are described in Table 1 and Table 2
respectively. For LR, we have considered Ridge (L2) and C=1 as mentioned in Table 1. For NN, we have
considered ReLu activation function and Adam solver as mentioned in Table 2. In our work, initially the
OPHL images are provided to the Orange 3.26.0 [24].Then, the image embedding mechanism is carried
out. The LR and NN methods are hybridized using Stacking mechanism. The CA is computed using Test
and Score by focusing on image embedding and Stacking mechanism. The proposed method is compared
with SVM, DT, KNN, ADB and RF methods.

Table 1 Set up for LR Method for Proposed Methodology

Parameter Assigned Value
Regularization Type Ridge (L2)
Strength C=1

Table 2 Set up for NN Method for Proposed Methodology

Parameter Assigned Value
Neurons in Hidden Layers 100

Activation ReLu

Solver Adam
Regularization a=0.0001
Maximum Number of Iterations 200

Replicable Training Yes

The set up mechanism for SVM, DT, KNN, ADB and RF methods are described in Table 3 to Table 7
respectively. For SVM, we have considered linear kernel and SVM type processing as mentioned in Table
3. For DT, we have considered the inclusion of binary tree and have focused on the 2 number of instances
in leaves as mentioned in Table 4. For KNN, we have considered Manhattan metric and distance weight
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as mentioned in Table 5. For ADB, we have consideredSAMME.R classification algorithm as mentioned in
Table 6. For RF, we have considered 20 number of trees for processing as mentioned in Table 7.

Table 3 Set up for SVM Method

Parameter Assigned Value
SVM Type SVM

Cost (Q) 1.00
Regression Loss Epsilon 0.10

Kernel Linear
Numerical Tolerance 0.0010
Iteration Limit 100

Table 4 Set up for DT Method

Parameter Assigned Value
Minimum Number of Instances in Leaves 2

Do not Split Subsets Smaller Than 5

Limit the Maximal Tree Depth to 100

Stop When Majority Reaches [ % ] 95

Include Binary Tree Yes

Table 5 Set up for KNN Method

Parameter Assigned Value
Number of Neighbors | 5

Metric Manhattan
Weight Distance

Table 6 Set up for ADB Method

Parameter/Algorithm Assigned Value/Algorithm/Function
Base Estimator Tree

Number of Estimators 50

Learning Rate 1.00000

Classification Algorithm SAMME.R

Regression Loss Function Linear

Table 7Set up for RF Method

Parameter Assigned Value
Number of Trees 20

Number of Attributes Considered at Each Split | 5

Limit Depth of Individual Trees 3

Do not Split Subsets Smaller Than 10

IV. RESULTS AND DISCUSSION

In this work, Orange 3.26.0 [24] is used to carry out the classification of OHPL images. Here, we have
processed several Odia printed language images [25-34] and Odia handwritten language images of same
Odia printed language images which are mentioned in Fig. 3 and Fig. 4. The Orange classification
framework is mentioned in Fig. 5. The results are mentioned in Table 8 to Table 10 and Fig. 6 to Fig. 11by
focusing on the CA both in 0-1 unit and in percentage format.
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Fig. 4 Odia Handwritten Language Images
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Fig. 5 Classification Framework
Case I: (NOFDS=2)
Table 8 Performance evaluation of Proposed and other methods when NOFDS=2
Method CA (in 0-1 unit) CA (in %)
SVM 0.900 90
DT 0.800 80
KNN 0.700 70
ADB 0.700 70
RF 0.500 50
3738| Anupama Sahu A Machine Intelligence Based Model for the Classification of Odia Printed

and Handwritten Images



| Stack / Proposed Method | 0.950 | 95

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

CA

e CA (in 0-1 unit)

SVM DT KNN ADB RF Proposed
Method

Method

Fig. 6 CA of different methods in 0-1 unit when NOFDS=2
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Fig. 7 CA of different methods in percentage when NOFDS=2
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Case II: (NOFDS=3)

Table 9 Performance evaluation of Proposed and other methods when NOFDS=3

Method CA (in 0-1 unit) | CA (in %)

SVM 0.900 90

DT 0.750 75

KNN 0.750 75

ADB 0.750 75

RF 0.900 90

Stack / Proposed Method 0.950 95
1
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0.6

<
< os
0.4
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0.3
0.2
0.1
0
SVM DT KNN ADB RF Proposed
Method
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Fig. 8 CA of different methods in 0-1 unit when NOFDS=3
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Fig. 9 CA of different methods in percentage when NOFDS=3

Case III: (NOFDS=5)

Table 10 Performance evaluation of Proposed and other methods when NOFDS=5

Method CA (in 0-1 unit) | CA (in %)
SVM 0.900 90
DT 0.550 55
KNN 0.900 90
ADB 0.650 65
RF 0.900 90
Stack / Proposed Method 0.950 95
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Fig. 11 CA of different methods in percentage when NOFDS=5

From the results, it is observed that, the proposed method is able to provide better classification results
with 95% (0.950 in 0-1 unit) of CA in all the mentioned cases as compared existing methods such as SVM,
DT, KNN, ADB, RF methods. When the NOFDS is considered as 2, then the SVM, DT, KNN, ADB, RF
methods provide 90, 80, 70, 70, 50 CA (in percentage) or 0.900, 0.800, 0.700, 0.700, 0.500 CA (in 0-1 unit)
respectively. When the NOFDS is considered as 3, then the SVM, DT, KNN, ADB, RF methods provide 90,
75,75, 75,90 CA (in percentage) or 0.900, 0.750, 0.750, 0.750, 0.900 CA (in 0-1 unit) respectively. When
the NOFDS is considered as 5, then the SVM, DT, KNN, ADB, RF methods provide 90, 55, 90, 65, 90 CA (in
percentage) or 0.900, 0.550, 0.900, 0.650, 0.900 CA (in 0-1 unit) respectively.
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So, the existing method SVM is able to provide 90% CA which is maximum and the existing method RF is
able to provide 55% CA which is minimum as compared to the other existing methods in the scenario of
NOFDS=2. Similarly, the methods SVM and RF is able to provide 90% CA which is maximum and the
methods DT, KNN and ADB is able to provide 75% CA which is minimum by considering the existing
methods in the scenario of NOFDS=3. The methods SVM, KNN and RF is able to provide 90% CA which is
maximum and the method DT is able to provide 55% CA which is minimum by considering the existing
methods in the scenario of NOFDS=5.The existing methods are able to provide maximum 90% CA by
considering the mentioned scenario. However, the proposed method is able to provide 95% in all the
mentioned scenarios which is maximum as compared to other existing mentioned methods.

V. CONCLUSION

This paper proposed a MI based model for the classification of OPHL from the analysis of several Odia
language images. The proposed approach is focused on the hybridization of LR and NN methods for the
classification of printed and handwritten Odia images. The proposed method is compared with SVM, DT,
KNN, ADB, RF methods in terms of CA. From the results, it is concluded that the proposed method is able
to classify the Odia printed and handwritten images with 95% CA in all the cases such as NOFDS=2,
NOFDS=3 and NOFDS=5. So, the proposed method performs better in all the cases in terms of CA as
compared to other methods. This work can be extended to develop improved methods to classify the
OPHL images and other images in a better way.
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