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ABSTRACT 
 
A novel method for color image retrieval, based on statistical non-parametric tests such as two-

sample Wald Test for equality of variance and Man-Whitney U test, is proposed in this paper. 

The proposed method tests the deviation, i.e. distance in terms of variance between the query 

and target images; if the images pass the test, then it is proceeded to test the spectrum of 

energy, i.e. distance between the mean values of the two images; otherwise, the test is dropped. 

If the query and target images pass the tests then it is inferred that the two images belong to the 

same class, i.e. both the images are same; otherwise, it is assumed that the images belong to 

different classes, i.e. both images are different. The proposed method is robust for scaling and 

rotation, since it adjusts itself and treats either the query image or the target image is the 

sample of other. 
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1. INTRODUCTION 

 
In recent years, a number of researchers have turned their attention to the content-based image 

retrieval (CBIR) system. In CBIR system, the researchers concentrate on developing low-level 

global visual features, namely color properties, shape, texture, and spatial relationship etc., which 

are used as query for the retrieval process [1-4]. The method proposed in [5-10; 10-15] classifies 

or segments the entire image into various regions according to the objects or structures present in 

the image, and the region-to-region comparison is made to measure the similarity between two 

images [3, 11,12].  In a region-based system, the user has to provide one or more regions from the 

query image to start a query session. Automatic and precise extraction of image objects is still 

beyond the ability of the retrieval system available with the computer vision [13]. Therefore, the 

above system tends to partition one object into several regions, but none of them is representative 

of the semantic object.  

 

Content-based image retrieval system gives results with low accuracy and slow response time, 

because there is a big gap between semantic concepts and low-level image features [14]. A 
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concept, relevance feedback, has been developed to bridge the gap [15-18]. In [14], a new 

relevance feedback approach is proposed, which uses Bayesian classifier and treats positive and 

negative feedback images with different strategies.  In relevance feedback method, the user has to 

provide positive and negative feedback images to improve the performance of the system. Minka 

and Picard [18] propose the FourEyes system, which has two disadvantages: (i) it uses the region-

to-region similarity measure; (ii) the re-clustering of all the features when a new image is added. 

Thus, it is not very scalable [5]. To overcome this, Jing et al. [5] proposed a system with the 

features: (i) it computes probabilistic interpretation and it is used in region matching; (ii) region 

codebook is used; (iii) the SVM based classifier and clustering techniques are adopted, but it 

requires high computational effort. Above all these, it requires positive and negative query image 

examples.  

 

Theoharatos et al. [23] proposed a system, based on multivariate non-parametric test, namely 

Wald-Wolfowitz test (WW-test), and graph theoretic framework of minimal-spanning-tree 

(MST). In this work, first, the MST is constructed based on the sample identities of the points 

taken from the images. Based on the consecutive sequence of identical sample identities, runs of 

the sample points are computed and the WW-test is employed to identify whether the query and 

target images are same or not. In this work, the drawbacks are 

 

(i) Construction of the MST demands computational overhead. 

(ii) Based on the sample identities of the points, run length of each sample identical identities 

is computed and then the WW-test is used to identify whether the query and target images 

are same or not. 

 

In this paper, a unified technique is proposed for automatic image retrieval, based on non-

parametric tests such as two-sample Wald Test for equality of variance and Man-Whitney U test. 

In the proposed technique, mean and variance (first and second moments of the sample points) 

are used as representatives of both query and target images. The methods proposed in [19, 20] 

retrieve only the texture images with intensity values ranging from 0-255, i.e. gray-scale images. 

This motivated us to develop a new method which retrieves color images; both texture and 

structure images; and invariant for rotation and scaling. 

 

2. PROPOSED TEST STATISTIC FOR SIMILARITY OF IMAGES 

 
Let X be a random variable that represents the intensity value with additive noise of a pixel at 

location ) ,( l k  in a color image. The pixel 3
    )X( ℜ∈l k,  is a linear combination of three colors 

such as red, green and blue, i.e. [ ]T 
)b( ,)g( ,)r()(X l  k,l  k,l  k,l  k, = , where T represents the 

transformation of the vector. 

 

2.1. TEST FOR VARIATION BETWEEN THE QUERY AND TARGET IMAGES 

 
Either the query image or the target image is treated as sample while the other is treated as 

population. To test whether the two images are same or not, first, the variation among the 

intensity values of the two images are tested, i.e. ,:H tq0 σ=σ  where 
tq   and σσ  represent the 

variation among the intensity values of the query and target images respectively.  To achieve this, 

the test for homogeneity of variances is employed, i.e. two-sample Wald Test for equality of 

variance [22]. The R test is nearly as robust as Levene’s test and nearly as powerful as the F test. 

Hypotheses: 

 tq0 : σσ =Η   (Similarity – query and target images belong to the same class) 
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 tqa : σσ ≠Η  (Non-similarity – query and target images belong to different class) 

Test Statistic: The two-sample Wald test statistic [22] defined in equation (1) is applied to test 

wheteher the images are same or not. 
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−= ; 2S is the unbiased sample variance; 4im are the fourth central sample 

moments for the i-th sample and i = q, t; qn and tn are the number of pixels in the query and 

target images respectively. 

 

The query and target images are judged to be same, if 
α

< c R , where, α
c  is the point for which 

the Chi-square distribution has weight α  in the right hand tail, then the R test rejects 
o

H  at 

approximately 100 α % level; otherwise, the two images are assumed to be different. 
 

2.2 . TEST STATISTIC FOR EQUALITY OF SPECTRUM OF ENERGY BETWEEN 

THE IMAGES 
 
As discussed in the previous section, if the variation among the intensity values of the query and 

target images passed the test for homogeneity of variances, then it is proceeded to test the equality 

of means of the two images. To achieve this, the test for equality of means, i.e. Mann-Whitney U 

(MWU) test [23] is employed. In general, the actual pixel values either in the query image or the 

target image may exeed 20, thus value of U approaches Gaussian distribution, and thus the null 

hypothesis can be tested by Z test. The MWU test is a greater powerful than the t-test if the 

populations are non-normal distributions, i.e. a mixture of normal distributions, and it is also 

nearly as efficient as the t-test in the case of Gaussian distributions. 

 

The test of hypothesis are assumed as follows. 

 

Hypotheses: 

  :Η 0
 The query and target images are belonging to the same class. 

  :Η a
 The query and target images are belonging to different class. 

The test statistic (Z) is defined as in equation (2), 

UCorrSD

)U(EU
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−
=      (2)     
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  ( )
( )

q

qq

tq T
2

1nn
nn    U −

+×
+×=                        

Tq is the larger of the sum of ranks of either the query image or the target image; qn  and tn  are 

the number of pixels in the query and target images respectively. 

 
2

nn
    E(U)

tq ×
=  



134 Computer Science & Information Technology (CS & IT) 

 

               
12

tt

12

n n

)1n(n

nn
SD

k

1i

i

3

i

3
tq

UCorr 






 −
−

−

−

×
= ∑

=
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Critical region: It is concluded that the query and target images are same, if
α

< CZZ , where 
αCZ

is the critical value at the level of significance α ; otherwise, it is concluded that the images are 

different. 
 

3. IMAGE FEATURE DATABASE CONSTRUCTION AND INDEXING 

 
An image database is constructed using various types of images collected from standard Brodatz 

album, Vistex, and Corel image databases, and from other sources such as internet and images 

captured by digital camera. 

 

The feature vectors of the query image are matched with the features in the feature vector 

database using the test statistic discussed in the previous section. The target images are selected 

from image database based on the significance level (α) at 20%. The significance level can be 

fixed by the user at 1% or 5% or 10% or 15% or 20% or at any other level according to the user’s 

requirements. The selected images are indexed (ranked) according to the test statistic values, and 

the distance value between the query and target images from lowest to highest, i.e. in ascending 

order.  The user can select the top most images from the indexed list according to his 

requirements. 
 

Measure of Performance 

 

In order to measure the performance of the proposed method, the precision and recall measures 

[25] are used, which are given in equations (3) and (4). 
 

      
{ } { }

Images trievedRe
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4. IMAGE DATABASE DESIGN AND EXPERIMENTAL RESULTS 
 

In order to implement the proposed method, 477 color images of size 512×512 pixels have been 

collected from various sources, i.e. 152 texture images from Brodatz Album, 176 images from 
Corel image database and 149 images from  VisTex image database. The remaining 58 images 

with size 128×128 are photographed with digital camera; 43 images with size 128×128 have been 
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downloaded from internet [30]. The textured images collected from Brodatz, Coral and VisTex 

image databases are divided into 16 non-overlapping sub-images of size 128×128. To examine 

the proposed system is invariant for rotation and scaling; the images are rotated by 90
0
, 180

0
 and 

2700, and scaled. 

 

To validate the proposed system, based on statistical non-parametric tests, the concepts discussed 
in sections 2.1 and 2.2 are implemented with the image database constructed as discussed above. 

Due to space constraints, for sample, some of the images considered for the experiment are 

presented in Figures 1 and 2. The experiment is conducted at various levels of significance for the 
input query image given in column 1 of Figure 1. The images in columns 2, 3, 4, 5 of Figure 1 are 

retrieved at level of significance, 0.001; images in columns 6, 7 are retrieved at 0.05 level of 

significance; at 0.15 level of significance, the system retrieves the images in columns 8, 9, 10 and 
11. 
 

    
 

     

  
 

 

 

 
  

 

    
 

    

 

 
   

 

Figure 1. Structure images; column 1: input query image; columns 2 – 11: retrieved output images 

 

Furthermore to emphasize the efficiency of the proposed method, the images in column 1 of 

Figure 2 are given as input query to the system. The images in columns 2, 3, 4, 5 of Figure 1 are 

retrieved at level of significance, 0.001; images in columns 6, 7 are retrieved with level of 

significance at 0.03; significance level at 0.12, the system retrieves the images in columns 8, 9, 10 

and 11. 

 

The obtained results emphasize that the proposed system is robust for scaling and rotation, since 
it retrieves the same input query image rotated by 90 degrees, 180 degrees, 270 degrees, and 

scaled images at the level of significance 0.001. 
 

    
 

      

    
 

      

   
 

      

    
 

     
 

Figure 2. Texture images; column 1: input query image;columns 2 – 11: retrieved output images 
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Table 1. Performance measure of the proposed method with other existing methods 

 

Database 

Proposed 

method 

Statistical 

Distributional 

Approach 

Orthogonal      

polynomial 
Gabor wavelet 

Contourlet 

Transform 

Recall Precision Recall Precision Recall Precision Recall Precision Recall Precision 

Brodatz 

VisTex 

Structure 

Images 

 

0.840 

0.822 

0.850 

 

0.781 

0.799 

0.824 

 

0.836 

0.810 

0.842 

 

0.784 

0.795 

0.815 

 

0.812 

0.782 

-- 

 

0.685 

0.681 

-- 

 

0.824 

0.795 

-- 

 

0.661 

0.670 

-- 

 

0.825 

0.805 

0.826 

 

0.601 

0.610 
0.621 

 

  

A comparative study is performed with the existing methods such as Orthogonal polynomial [19], 

Gabor wavelet transform [20] and the Contourlet transform [27] methods and Statistical 

distributional approach [28], and the obtained results are presented in Table 1. The results reveal 

that the proposed method outperforms the existing methods. It is observed from the results that 

there is no significant difference between the proposed method and the statistical distributional 

approach. Though both parametric and non-parametric tests yield almost same results; there are 

some difficulties to employ parametric tests. Since some type of images may not be distributed to 

Gaussian, at that situation the parametric tests cannot be applied. Thus, the necessity arises to use 
appropriate non-parametric tests instead of parametric tests. 

 

5. DISCUSSIONS AND CONCLUSION 
 
Block-wise sampling technique proposed in [21] does not yield good results for the rotated and 

scaled images, because the corresponding blocks of query (actual) and target (transformed) 

images do not match spatially, while the target image is rotated or scaled. Hence, the technique 

proposed in [21] fails to match and retrieve the right images. The proposed system avoids this 

problem, because it uses the global distributional differences of both query and target images; in 

the case of structured images, these features are extracted from the shapes in both query and 
target images, and those are compared shape-wise, it compares the number of shapes between the 

images. The orthogonal polynomial based method [19] retrieve only textured images with gray-

scale, and the Gabor features based method [20] retrieves only the textured images in both color 
and gray-scale. The proposed system retrieves both textured and structured color images, and it is 

robust for scaled and rotated images. Most of the existing methods retrieve a set of similar 

images, from which the user has to select the required images.  But the proposed system 
facilitates the user to retrieve the required image only by fixing the level of significance at a 

desired level. 

 

In this paper, a unified system for both structured and textured color image retrieval is used, 

based on statistical non-parametric tests of hypothesis, namely test for equality of variances – 

variation between the query and target images, and the test for equality of means – spectrum of 

energy. The proposed system is invariant for rotation and scaling, since the query image is treated 

as either a sample or population of the target image. First, the test for equality of variation 

between the query and target images is performed; the query and target images pass the test, viz. 
the two images are same or similar, then the test for equality of mean vectors is performed, i.e. 

testing the spectrum of energy on the same images. If the query and target images pass these two 

tests, it is inferred that the two images are identical; otherwise, it is assumed that the images 
belong to different groups. The proposed system provides hundred percent accuracy and 

precision, even if either the target or query image is rotated or scaled. 
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