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ABSTRACT

Identification of visual words and writings has long been one of the most essential and the most attractive
operations in the field of image processing which has been studied since the last few decades and includes
security, traffic control, fields of psychology, medicine, and engineering, etc. Previous techniques in the
field of identification of visual writings are very similar to each other for the most parts of their analysis,
and depending on the needs of the operational field have presented different feature extraction. Changes in
style of writing and font and turns of words and other issues are challenges of characters identifying
activity. In this study, a system of Persian character identification using independent orthogonal moment
that is Zernike Moment and Fourier-Mellin Moment has been used as feature extraction technique. The
values of Zernike Moments as characteristics independent of rotation have been used for classification
issues in the past and each of their real and imaginary components have been neglected individually and
with the phase coefficients, each of them will be changed by rotation. In this study, Zernike and Fourier-
Mellin Moments have been investigated to detect Persian characters in noisy and noise-free images. Also,
an improvement on the k-Nearest Neighbor (k-NN) classifier is proposed for character recognition. Using
the results comparison of the proposed method with current salient methods such as Back Propagation
(BP) and Radial Basis Function (RBF) neural networks in terms of feature extraction in words, it has been
shown that on the Hoda database, the proposed method reaches an acceptable detection rate (96/5%).
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1. INTRODUCTION

Automated recognition of text has been an active subject of research since the early days of
computers. A 1972 survey cites nearly 130 works on the subject [1]. Despite the age of the
subject, it remains one of the most challenging and exciting areas of research in computer science.
In recent years it has grown into a mature discipline, producing a huge body of work.
Handwriting recognition can be defined as the task of transforming text represented in the spatial
form of graphical marks into its symbolic representation. Note only is this useful for making
digital copies of handwritten documents, but also in many automated processing tasks, such as
automatic mail sorting or cheque processing. In automated mail sorting, letters are directed to the
correct location by recognition of the handwritten address. Similarly, cheque processing involves
recognising the words making up the cheque amount. The field of handwriting recognition can be
split into two different approaches [2].
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The first of these, on-line, deals with the recognition of handwriting captured by a tablet or
similar touch-sensitive device, and uses the digitised trace of the pen to recognise the symbol. In
this instance the recogniser will have access to the x and y coordinates as a function of time, and
thus has temporal information about how the symbol was formed [3].

The second approach concentrates on the recognition of handwriting in the form of an image, and
is termed off-line. In this instance only the completed character or word is available [4].

In the character recognition system, after receiving of input images a feature vector is extracted to
utilize in the classification step. In this paper, the feature extraction and classification steps of
such system are studied. For feature extraction, geometric moments are employed to produce
statistical features from input image. For classification step, an improvement on the k-NN
classifier is introduced.

This paper is organized as follow: feature extraction step of a character recognition system is
introduced in Section 2. The proposed method is presented in Section 3. Experimental results are
described in Section 4 and the paper will be concluded in Section 5.

2. FEATURE EXTRACTION

Each character detection system contains three steps: pre-processing, feature extraction and
classification. Feature extraction refers to the extraction of useful information from raw data so
that they are suitable for the classification process. The feature extraction stage is characterized
by a series of input patterns. The major problem of feature extraction is that it depends on
application and feature extraction methods are not public.

Feature extraction methods can be divided into two majors: structural features and statistical
features [5-6]. The first group is based on local structure of image. In other words, the structural
features deals with local data.

In the statistics-based feature extraction techniques, global data is employed to create a set of
feature vector elements in order to perform recognition. A mixture of irrelevant data, which are
usually part of a facial image, may result in an incorrect set of feature vector elements. The
statistics-based feature extraction techniques are Principle Component Analysis (PCA), Legender
Moment (LM) [7] and Zernike Moments (ZM) [8] and Fourier-Mellin Moment (FMM) [9].
Legendre functions are Legendre differential equation. The main advantage is that Legendre
moments like Legendre basis functions are orthogonal. Legendre moments are independent of
each other and are free of data redundancy. In this study, we use ZM and FMM to recognize
characters that are presented in the next Section.

3. PROPOSED METHOD

The previous feature extraction methods suffer from some drawbacks: sensitivity to noise such as
simple k-NN [10], to image rotation such as Principal Component Analysis (PCA) [11] and
Legendre Moment (LM) [7], to image size such as k-NN [10]. As previously mentioned, both the
feature extraction and classification of the most important steps to detection numbers.

The objective of this paper is improving of two above mentions steps. For this purpose, at first,
we focus on the combination of two Zernike and Fourier-Mellin moments as the feature
extraction step. The combined approach has overcome disadvantages of the previous methods.
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For instance to solve the problem of image rotation, the features extracted by methods Zernike are
statistical and so they are independent of the scaling and rotation. It should be noted that
geometrical-based feature extraction methods are depend on the image size, position, big and
small picture elements But statistical methods are not rely on the image size. Also, the combined
moment is robust to noise because the noise is considered as the geometrical and locational
information. The second contribution of this paper is on the classification step of character
detection process. The proposed classification method is an improvement on k-Nearest Neighbor
(k-NN).

3.1. Zernike Moment (ZM)

ZM is geometric-based moment that is a two dimensional function of orthogonal polynomials on
the unit disk. The orthogonal moments of ZM are rotation and scale invariants which are suitable
for pattern recognition applications [4][12][13][14]. ZM contains several orthogonal sets of
complex-valued polynomials defined as( , ) = ( , ) exp tan (1)

where + ≤ 1, n ≥ 0, |m|≤ n, and the radial polynomials { } are defined as( , ) = ∑ ,| |, ( + )( | |)/ (2)

where ,| |, = (−1) ( )!! | | ! | | ! (3)

The ZM of order n and repetition m can be computed as= ∑ ∑ ( , ) ∗ ( , ) (4)

It should be noted that the PZM is computed for positive m because ( , ) = ∗ ( , ).
Center of the unit disk is located on the origin of coordinates and so ZM technique is independent
of scaling and rotation. In the next Section, ZM approach will be utilized to extract feature vector
elements.

3.2 Fourier-Mellin Moment (FMM)

The orthogonal Fourier-Mellin Moments (FMMs) are proposed by sheng and sheng [9] which
they are suitable for scale and rotation-invariant pattern recognition. The orthogonal FMMs may
be thought of as generalized Zernike moments and orthogonalized complex moments. The
orthogonal FMMs are defined as:ϕ = ∫ ∫ (r)e f(r, φ)r dr dφ n = 0,1,2,… , l = 0,±1,±2,… (5)

where ( , ) is the image and the radial function )(rQn is calculated as:

(r) = ∑ (−1) ( )!( )! !( )! r (6)
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The first six polynomials of the moments are shown as follows:
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The main difference between orthogonal FMM and ZM is absence of restrictions on ≥ and
also independence of the radial function ( ) in the repetition of factor .

3.3 Creating feature vector

After resizing and denoising of input image, the ZM and Fourier-Mellin moments are employed
separately to extract feature vector. The feature vector elements are defined according to ZM
orders as _ = { | = , + 1,… , } (8)

where j is interval [1,N−1] and so, contains all the ZM from order j to N. Samples of feature
vector elements will be demonstrated in Table 1 for j = 3, 5 and 9, and N = 10. As Table 1 shows,
increasing of j decreases the number of elements in each feature vector ( ).

Table 1. Feature vector elements based on the ZM

j value jFV feature elements ( kmZM ) Number of feature
elementK M

4

4 0,2,4

30

5 1,3,5
6 0,2,4,6
7 1,3,5,7
8 0,2,4,6,8
9 1,3,5,7,9

10 0,2,4,6,8,10

6

6 0,2,4,6

24
7 1,3,5,7
8 0,2,4,6,8
9 1,3,5,7,9

10 0,2,4,6,8,10

9
9 1,3,5,7,9

11
10 0,2,4,6,8,10

For FMM, the feature vector is obtained as:
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_ = ϕnl| = 0,1,2,… , = 0,±1,±2,… (9)

The final feature vector is the combination of _ and _ which contains all
necessary information for detection of characters.

3.4 Classification Using Improved k-Nearest Neighbor (k-NN)

After the construction of feature vector, classification step of input image will be performed. In
this step, the specific character shown in input image will be detected. For this purpose, a new
classification approach based on k-NN classifier is proposed to improve the accuracy of the
classifier called Improved k-NN.

In the classic k-NN, k determines number of samples as the neighbors of test sample where for the
variable, only one value is set. After that, the Euclidean distance between the test sample and its
neighbors are calculated as the followsd = ∑ (x − y ) (10)

and finally, the test sample is classified to the class which covers most of the neighbors of the test
sample. The idea of one value for k decreases the accuracy of k-NN method. Also, it causes that
the simple k-NN is sensitive to noisy data. In the other words, in k-NN, decision on the class of
the test sample with just one value may be provided in random result and so, the efficiency of k-
NN classifier is reduced.

In the Improved k-NN, an interval of integer values is considered for variable k to determine the
class of test sample. In this manner, an interval is set for the variable k and so a class is assigned
to the test sample per each value of the interval. Finally, the class with highest frequency of
selection is chosen as the main class of the test sample. For instance, suppose four values 3,5,7
and 9 for the k. To classify test sample A, the distance between the A and its neighbors is
computed and for k=3 three nearest of its neighbors are selected in order to determine the class of
A for this value of k. After that this process is repeated for k=5, 7 and 9, and the class with
maximum selection is considered as the class of sample test A. This idea increases the accuracy of
k-NN classifier. Unlike the simple k-NN, the results of Improved k-NN is produced without
randomness and the most reliable results are obtained using Improved k-NN. Also, the Improved
k-NN is robust to noisy data. The other advantage of Improved k-NN is that the runtime of
character detection process is reduced.in the proposed method and so the proposed method will
converge faster to optimal solution. In comparison to simple k-NN.

4. EXPERIMENTAL RESULTS

In this Section, we evaluate the proposed character detection system. In this regard, the proposed
hybrid Zernike-Mellin Moment is compared with both of the ZM and FMM on the detection rate,
speed and the size of feature vector. Also, the Improved k-NN classifier is compared with two
neural networks such as Radial Basis Function (RBF) , Back Propagation (BP) on the accuracy
and runtime.

The used dataset is Hoda dataset [15] which contains the number from “0” to “9”. For each
number, there are 100 samples image in different handwriting forms in size of 13×13.

At the first step, the ZM, FMM and Zernike-Mellin Moments as the feature extractors are
compared on the runtime which is demonstrated in Table 2. In this table, the mentioned moments
are compared in different sizes of feature vector. The runtime is increased when the size of



International Journal of Computer Science, Engineering and Information Technology (IJCSEIT), Vol. 4,No. 1, February 2014

20

feature vector is increased. The results show the success of hybrid Zernike-Mellin because both of
the ZM and FMM extract the feature vector in a parallel form and so an informative feature
vector is extracted in the reduced time.

In Table 3, the results of BP neural network and the Improved k-NN are analysed in terms of
character identification speed. In this evaluation, both of the classifiers are tested in different size
of feature vector and the results prove the superiority of the Improved k-NN to the BP network
because the feature extraction step of Improved k-NN is performed using hybrid Zernike-Mellin
Moment which has significant effect on the performance of the proposed classifier. The graphical
results of Table 3 are shown in Figure 1. It should be noted that the results of BP and RBF neural
network in this test are very similar to each other that the only results of BP is presented.

Next, the impact of each individual moment, ZM, FMM and hybrid Zernike-Mellin, on the
classification is examined. As can be seen in Table 4, the feature vector extracted by the ZM has
high impact on the Improved k-NN algorithm. In the second place, the best results are obtained
using BP network, and RBF neural network is located on the third level. The reason of the
success of Improved k-NN is that it employs multi-level neighborhood rather than a value.

In the next step, the previous testing phase is performed using the feature vector extracted using
FMM method which is shown in Table 5. In this table, the best results are produced by proposed
classifier. It should be noted that the results using ZM is higher than the FMM ones that shows
the superiority of ZM to FMM in creation of informative feature vector.

Table 6 presents the results of the above mentioned classifiers on the feature vector extracted by
the proposed hybrid Zernike-Mellin Moment. In this table, the Improved k-NN shows the high
results in comparison to BP and RBF neural networks. As can be seen in Tables 4, 5 and 6, the
results of Improved k-NN using hybrid Zernike-Mellin Moment have priority to the other
classifiers with ZM and FMM feature extractors. The first reason refers to the feature extracted by
the hybrid Zernike-Mellin Moment because the produced feature vector includes all necessary
and important information for detection of character. The second reason of this success is that the
Improved k-NN selects the class of test samples with high confidence and the accuracy of
classification is enhanced.

Table 2. Comparison of ZM, FMM and Zernike-Mellin Moment on the runtime. Suppose that N=17. The
bold values show the best obtained results. FE means Feature Element.

Zernike-Mellin MomentFMMZMNo. of FE

0.0020.0030.0033
0.0040.0060.0054
0.0050.0060.0075
0.0060.0110.016
0.0120.0130.0247
0.0170.0140.0410
0.0240.050.0713
0.0320.080.1115
0.0410.080.1317
0.140.170.1925
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Table 3. Comparison of BP and Improved k-NN classifiers on the detection of characters on the runtime.
Suppose N=17. The bold values show the best results. FE means Feature Element.

Improved k-NNBPNo. of FE

0.3780.3992
0/3800.3393
0.3740.4024
0.3780.4295

0.3990.4506
0.4070.5578
0.4280.66410
0.4520.81113

0.4591.0315
0.5231.31117
0.7821.97823
0.912.2025

Figure 1. Comparison of BP and Improved k-NN classifiers on Character detection runtime

Table 4. Comparison of BP, RBF and Improved k-NN classifiers on the accuracy based feature extracted by
ZM. Suppose N=17. The bold values show the best results. FE means Feature Element.

Improved k-NNRBFBPNo. of FE

88.461.386.23
88.561.686.74
88.562.286.15
88.764.686.76
99.769.296.28
88.872.886.210
8981.786.313

89.585.186.715
89.785.986.917
9086.187.723

90.186.388.225
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Table 5. Comparison of BP, RBF and Improved k-NN classifiers on the accuracy based feature extracted by
FMM. Suppose that N=17. The bold values show the best obtained results. FE means Feature Element.

Table 6. Comparison of BP, RBF and Improved k-NN classifiers on the accuracy based feature extracted by
hybrid Zenike-Mellin Moment. Suppose that N=17. The bold values show the best obtained results. FE

means Feature Element.

The last phase of testing is evaluation of the proposed method against the “Salt & Pepper” and
“Gaussian” noise distributions. The results of previous classifiers for detection of characters on
the noisy images with “Salt & Pepper” and “Gaussian” distributions are reported in Tables 7 and
8, respectively. Note that for both of the noise distributions. The utilized feature extraction
method is proposed hybrid Zernike-Mellin Moment. As can be seen in Tables 7 and 8, the
Improved k-NN shows the best results. These tables show that the proposed classifier has
significant improvement on the behaviour of simple k-NN because the simple k-NN is extremely
sensitive to the noisy data. The graphical results of classifiers on detection of character on the
Gaussian noisy image are demonstrated in Figure 2. In the last phase, the results of Improved k-
NN on the both of the “Salt & Pepper” and “Gaussian” noise distributions are presented in Figure
3. According to this figure, the “Salt & Pepper” noise has more impact on decreasing of detection
rate of Improved k-NN.

Improved k-NNRBFBPNo. of FE

89.180.187.43
89.580.287.34
89.981.988.05
90.583.488.16
91.385.488.58
91.586.688.810
92.787.289.613
93.287.989.715
93.888.189.917
96.289.190.423
96.890.491.525

Improved k-NNRBFBPNo. of FE
89.573.987.53
90.784.887.94
91.385.588.65
91.584.789.16
93.285.689.78
93.466.589.910
94.175.290.113
94.372.290.315
94.470.490.317
95.880.290.423
96.982.191.325
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Figure 2. Comparison of BP, RBF and Improved k-NN classifiers on Character detection runtime

Table 7. Comparison on the detection rate of BP, RBF and Improved k-NN classifiers on the “Salt &
Pepper” noisy images. Suppose N=17 and bold values show the best results.

Improved k-NNRBFBPNoise frequency (%)

84.480.379.40.01
83.981.580.80.02
83.681.880.10.03
83.282.781.20.04
82.480.379.80.05
81.980.978.40.06

Table 8. Comparison on the detection rate of BP, RBF and Improved k-NN classifiers on the “Gaussian”
noisy images. Suppose N=17 and bold values show the best results.

Improved k-NNRBFBPNoise frequency (%)

85.682.381.10.01
85.281.8800.02
84.981.580.80.03
83.681.778.30.04
83.481.380.80.05
83.180.779.70.06
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Figure 3. Comparison of BP, RBF and Improved k-NN classifiers on Character detection runtime

5. CONCLUSION

In this paper, a new method is proposed to identify the characters such as numbers. the proposed
method has two innovations. The first one is combination of ZM and FMM which called hybrid
Zernike-Mellin Moment in order to extract feature vector from input image. The second idea is on
the classification step where an improvement on the simple k-NN is introduced which called
Improved k-NN. In the proposed classifier, multi-level neighborhood rather than a value for
variable k is presented. The proposed system is evaluated on HODA dataset which contains non-
noisy and noisy images. The results show that the proposed method is able to detect the characters
with 96.5% detection rate in the reduced time.
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