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Abstract
In this paper, we present a comparative study on the performance of Zernike moments for face recognition using metric measures and structural similarity measure (SSIM). For this purpose, four well-known metric measures have been used: Euclidean, City-Block, Soergel and Lorentzian. Numerical implementation show that Lorentzian distance measure outperforms other measures when using a differential performance measure based on the confidence in correct recognition versus the second possible face image candidate in the database under test.
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1-Introduction:
Nowadays, the Face recognition has become a fundamental application after the advent of high performance computing. It is a multidisciplinary unresolved problem that involves several fields, especially mathematics, numerical analysis, statistics, computer science, and electronic engineering.
Zernike moments has been proposed in 1934 by Zernike[7] and the using of Zernike moments in image analysis introduced by Teague [8]. Zernike moments have been proven to be more robust in the presence of noise. Since their moment functions are defined using polar coordinate representation of the image space, Zernike moments are commonly used in recognition tasks requiring rotation invariance. Zernike moments are a good feature representation and provide more information about facial image and reduce the dimension of the feature vector leading to improve the results [5].
In this paper, we have chosen the FEI face database, which is a Brazilian face database that contains a set of face images taken between June 2005 and March 2006 at the Artificial Intelligence Laboratory of FEI in São Bernardo do Campo, São Paulo, Brazil. There are 14 images for each of 200 individuals, a total of 2800 images. All images are colorful and taken against a white homogenous background in an upright frontal position with profile rotation of up to about 180 degrees. Scale might vary about 10% and the original size of each image is 640x480 pixels. All the faces are mainly represented by students and staff at FEI, between 19 and 40 years old with distinct appearance, hairstyle, and adorns. The numbers of male and female subjects are exactly the same and equal to 100 [9]. Figure 1 shows some examples of images variations from the FEI face database.
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Fig.1. Examples of image variations from the FEI face database.
2- Background
In this section we explain theoretical principles behind this work
2.1  Zernike Moments:
Zernike polynomials are defined as set of orthogonal polynomials defined over the interior of the unit circle. The two-dimensional Zernike moments of order p with repetition q of image intensity function  are defined as follows [5,6]:

where the radial polynomial is defined by the following form:

with and  is an even.
Zernike moments utilize polar coordinates inside the unit circle . To approximate and compute them in discrete form we perform a linear transformation of the image Cartesian coordinates (i, j) from the inside of the square i, j=0, 1,…,N −1 to the inside of the unit circle |r|≤1 to get the following discrete form:

where

However, if we implement Zernike transformation as a tested images with a chosen number of the order of polynomials and a suitable number of repetitions we will get the following data for each  which satisfies the condition  moreover that  is an even.







	p
	Dimensionality
	Zernike moment ()

	0
	1
	

	1
	1
	

	2
	2
	

	3
	2
	

	4
	3
	

	5
	3
	

	6
	4
	

	7
	4
	

	8
	5
	

	9
	5
	

	10
	6
	



TABLE 1: Low-order Zernike moments.
Table-1 shows the information about the general vector of image which has chosen, in addition to, the adding the value  for each suitable  imply to the following vector of features of the image x. 

2.2 Metric distance
In this subsection, we consider four metrics (distance measurements) for the vectors in space to study the effect of these vectors.
For the definitions of the metrics of this study, Euclidean, City-Block, Soergel and Lorentzian distances we consider the following vectors X&Y in space, where  and 
2.2.1 Euclidean Distance [1]
The Euclidean distance between vectors X,Y is computed by:

2.2.2 Cityblock Distance [1]
The cityblock distance between two vectors X,Y vectors is computed by:

2.2.3 Soergel Distance[2]
The soergel distance between two vectors X,Y vectors is defined by the following form:

2.2.4 Lorentzian Distance[2]
The lorentzian distance between two X,Y vectors is defined by the following form:

. The Structural Similarity Index Method (SSIM):
Wang et al. [3] introduced a new image quality index named Structural Similarity index method (SSIM). The SSIM measure between two images X and Y is defined by the following form:

Where μx and μy represent the local means of images x and y, respectively, σx and σy represent the standard deviations, σxy is the cross-covariance of the two images، and represent the variances, respectively, while the constants  and  are defined as and  with and L=255 [4].
3– Implementation and Results
	In this work we have used the FEI data base [9]. The sample which has chosen in this study contains ten face images in two positions. We will test one reference in the row1 against all persons in row2 (See Fig. 2). Diagram1 explain the steps of the method moreover, we will find out four metric distances for each case of study (see diagram 1). However, we evaluated the SSIM for ten cases of the study. Finally, we conclude that metric measures are more robust than SSIM in addition to the fact that Lorentzian distance is more efficient than other metric measures. 
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Fig.2.Sample of FEI Database

The following diagram shows the proposed work algorithm, while Table-2 shows the difference measures between the reference image (8) and other face images using different measures.
[image: C:\Users\1\Desktop\صورة نقطية جديدة ‫(2)‬.bmp]Diagram (1): The Proposed Algorithm

Table-2 shows the difference measures between the reference image (8) and other face images using proposed measures as compared to the standard SSIM.

Table-2: Distance measures with a reference image.
	Pearson 
	Euclidean Distance
	CityBlock
Distance
	Soergel Distance
	Lorentzian Distance
	SSIM

	1
2
3
4
5
6
7
8 (ref)
9
10
	0
0.4381
0.0751
0.3499
0.2927
0.3300
0.4878
1
0.1614
0.2357
	0
0.5489
0.1874
0.4844
0.5042
0.3301
0.5936
1
0.3810
0.2683
	0
0.3732
0.1715
0.2464
0.3868
0.0595
0.4735
1
0.3215
0.0834
	0
0.3283
0.3042
0.2837
0.3383
0.0319
0.3249
1
0.3130
0.1041
	0.7233
0.8099
0.7410
0.7549
0.8164
0.7465
0.7940
1
0.7270
0.7217



Numerical results in Table-2 and Fig.3 show that the proposed metric measures are much more robust than SSIM as they give a clearer decision about the reference person with farther distance from confusing persons. Lorentzian measure is giving best performance.
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Fig.3: Comparison of Proposed Metric Distances with SSIM.

4. Conclusion:
	In this paper we proposed four different measures for feature extraction from Zernike domain for the purpose of face recognition. Zernike moments has been utilized for preprocessing the excessive order as a feature vectors to feed the classifier stage. Four similarity measure based on metric measures classifier have been proposed. A comparison of these measures with the standard SSIM has been made using FEI face database. Results showed that the performance of the proposed similarity measures outperforms SSIM. It is worth mentioning that the Lorentzian distance measure outperforms all other measures by far.
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