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Abstract
We report the effectiveness of LU factorization (also called LU decomposition) as a technique for feature extraction along
with naïve Bayes Classifier in recognizing handwritten Odia numerals (a regional language of north-eastern states of India
derived from the Devanagari script). Experimental results show that LU factorization could be an alternative choice for
feature extraction in pattern classification problems.
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1. Introduction
Recognition of handwritten scripts has been an area
of intensive research. The wide scope of this field has
attracted many national and international researchers.
Researchers to find suitable techniques for feature extraction have put a lot of efforts. However, performance is far
from perfection.
Feature extraction refers to representation of object
in miniature preserving its originality. This reduction in
dimensions helps in rapid efficiency solving complex
issues, using computer programming with a less number
of memory requirements. In pattern analysis, no standard
universal feature extraction technique is available. This
has to be developed, based on the nature of the script or
pattern. Fewer numbers of elements in the feature vector may not be able to represent properties of the original
object. On the other hand, too many elements in the
feature vector may not meet the basic objective. Hence,
the number of elements in the feature vector should be
selected carefully.
Research in Odia language has not been much explored for over a long period. The condition for handwritten
Odia script recognition is still worse. In India, few research
centers are involved in exploring Odia scripts. Utkal
*Author for correspondence:

University, Bhubaneswar is the only center in Odisha
engaged in research on Odia scripts1. Here are presented
some of the recent works on handwritten Odia numerals.
Sarangi et al.2 proposes a feature extraction technique
based on LU factorization of the image as a character
matrix. The authors have used neural network as the classifier. Handwritten numerals data set generated by Indian
Statistical Institute (ISI), Kolkata, India has been used for the
experimental works with an accuracy of 85.30% reported.
Another work by Sarangi et al.3 describes the use of
Hop Field network as classifier with binary image as the
feature vector.
Here, the authors have used their own collected handwritten numerals with reported accuracy of 95.4%. Some
of the recent works on handwritten Odia numerals where
the authors have addressed various feature extraction
techniques and classifiers are summarized in Table 1.
Table 1.

Summary of recent works

Authors
Sarangi et al.2
Sarangi et al.3
Pal et al.4
Roy et al.5
Bhowmik et al.6

Features
LU factorization
Binary Image
Directional
Directional
Scalar

Classifier
Neural Network
Hop Field
MQC
Quadratic
HMM
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In this paper, an attempt has been made to study and
analyze the suitability of LU factorization as a technique
for feature extraction. The naïve Bayes model has been
used as a classifier to classify handwritten Odia numerals
(an Indian regional script).

2. Naive Bayes Classifier
A naive Bayes classifier (also known as Bayesian Classifier) is a simple probabilistic classifier based on applying Bayes’ theorem with strong (naïve) independent
assumptions. A more descriptive term for the underlying probability model would be “independent feature
model”7.
Given B1, B2, …, BN, a partition of the sample space
S. Suppose that event A occurs; then using the definition of conditional probability and the theorem of total
probability we obtain the probability of event Bj8:
P  B j |A =

P[ A ∩ B j ]
p[ A]

=

P[ A |B j ].P[B j ]
N

∑ P[ A |Bk ].P[Bk ] 

(1)

k =1

For pattern recognition, Bayes Theorem can be expressed as:
P (w j | x ) =

P (x | w j ).P (w j )

 P (x | w j ).P (w j ) 
=
  (2)
P (x )

∑ P (x | wk ).P (wk ) 
N

k =1

where,
P(ωi ) = Prior Probability of Class ωi.
P(ωi |x) = Posterior Probability of class ωi given the observation x.
P(x|ωi) = Likelihood (conditional probability of x given
class ωi).
P(x) = A normalization constant.

Figure 1. Sample format for data collection.
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3. Database
No knowledgeable standard database on handwritten
Odia numerals is available in public domain. However,
ISI Kolkata has developed a database consisting of 5970
handwritten Odia numerals. This research has used the
aforesaid database provided by ISI, Kolkata. In addition,
we have also created a small database on handwritten
Odia numerals consisting of 1300 numerals making a
total sample size of 7270 for this experiment. A sample
data collection format used by the authors is given in
Figure 1.

4. Feature Extraction
In our earlier work2, we introduced the use of LU factorization as a feature extraction technique. This research
has made an attempt to explore more on the suitability of
LU factorization as a technique for extraction of feature
vectors. The key idea behind using LU factorization is to
reduce the dimensionality of the original character image
(generally in a higher dimension) to a lower dimensional
space keeping the properties of the character image intact
so that fewer memory space could be used to handle large
number of character images.
A m×n matrix is said to have a LU factorization if there
exists matrices L and U with the following p
 roperties:
(i) L is a m×n lower triangular matrix with all diagonal entries being 1.
(ii) U is a m×n matrix in some echelon form.
(iii) A = LU.
If A = L1U1 = L2U2 are two LU factorisation of a nonsingular A, then
L2–1 L1 = U2U1–1

(3)

Since the left part of the equation is a unit lower triangular matrix while the right side is an upper triangular
matrix, both of the matrices must be the identity to satisfy
the equation. Hence, L1 = L2 and U1 = U2.9
The following procedure has been adopted for extraction of L and U factors.
Let A be a square matrix. Then the LU factorization of
A is of the form A = LU	
(4)
Where L is a lower triangular matrix and U is an upper
triangular matrix. This means that L has only zeros above
the diagonal and U has only zeros below the diagonal.
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Now consider a linear equation AX = B

(5)

Here ‘A’ is the character image in the matrix form. We
have to only find out the value of ‘X’ using some values of
‘B’. This can be achieved by using the formula:
X1 = B\L

(6)

X2 = B\U

(7)

where, X1 and X2 are the sets of feature vectors and
L & U are the LU factorization of the image matrix. B is a
column matrix.

5. Experimental Design
Since, LU factorization produces two sets of feature
vectors; hence it was decided to implement all factors
(L, U and LU combined). The aim was to test and analyze
the scope and applicability of the technique in a broader
sense.
A total of five different experiments have been carried
out during this research. The experiments are categorized
on the basis of feature vectors (i.e both L & U factors,
L factors and U factors) and sample size as detailed in
Table 2.

6. Results Analysis and Discussion
We studied the applicability of LU factorization as a technique for feature extraction. Different experiments have
been carried out with different data sets and different factors of LU factorization. Naïve Bayes network has been
used as a classifier. Results from different experiments
have been summarized in Table 3.
Table 3 shows that the experimental results obtained
using both parts of LU factorization are not very encouraging. The highest and lowest percentages of accuracy
obtained are 85% for the numeral 9 and 74.39% for the
Table 2.

Summary of experimental design

numeral 7. The possibility of the lowest accuracy for the
class 7 could be due to its similarity with the class 2.
In the second and third experiments, the L and U
factors have been used separately as feature vectors. The
objective was to analyze the factors independently. Here,
we observed that the U factors are more effective than
L factors. However, we can only conclude this from our
experimental results.
The fourth and fifth experiments, where we have used
a smaller size of data set, produce better results in comparison with previous experiments. The results are more
encouraging as we have achieved an accuracy of 92.75%.
Results from similar other works are summarized in
Table 4.
The authors of previous reports4,5 have used directional
features and reported higher accuracy rate. However, the
authors6 have used scalar feature and reported a comparatively low accuracy (Table 4).

7. Conclusion
LU factorization could be a useful technique for extracting feature vectors in case of handwritten Odia scripts.
Both the L and U factors have shown promising results.
However, in our case the U factor has been proved as a
better choice. Naïve Bayes classifier with LU factorization
could be a good choice for recognition of handwritten
Odia scripts. The combination of Naïve Bayes classifier
with LU factorization performs better on a smaller size
of data set.
Table 3.

Summary of results from all experiments

Class LU4800

L2400

U2400

L1200

U1200

0

80.60

87.91

88.33

87.5

90.83

1

83.93

87.5

88.75

86.66

90.83

2

78.33

88.33

87.91

90.83

92.5

3

76.21

87.08

87.5

90.83

93.33

4

81.96

83.75

88.33

93.33

94.16

Experiment

Feature Vector

Sample Size

5

78.63

87.91

88.75

91.66

92.5

Experiment-1 (LU-4800)

Both ‘L’ and ‘U’
factors

4800

6

82.27

87.91

86.66

92.5

94.16

Experiment-2 (L-2400)

Only ‘L’ factors

2400

Experiment-3 (U-2400)

Only ‘U’ factors

2400

Experiment-4 (L-1200)

Only ‘L’ factors

1200

Experiment-5 (U-1200)

Only ‘U’ factors

1200
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74.39

85.83

86.25

90

93.33

8

84.24

82.08

88.33

91.66

90.83

9

85

88.33

87.91

92.5

95

N. A

80.56

86.66

87.87

90.75

92.75

N.A: Network Accuracy
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Table 4.

Results from similar works

Authors

Classifier

Accuracy (%)

Neural Network LU factorization

85.30

Sarangi et al.3

Hop Field

Binary Image

95.4

Pal et al.4

MQC

Directional

98.40

Quadratic

Directional

94.81

HMM

Scalar

90.50

Roy et al.

5

Bhowmik et al.

6

8. Recommendations for Future
Work
The applicability of LU factorization as a feature extraction technique needs to be tested with other scripts.
Combination of other classifiers with LU factorization
needs to be tested for improved accuracy.
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