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Abstract: We propose an image retrieval method based on inter-
est image region by asymmetrical blocking. An image is seg-
mented into the interest region and background region on a certain 
rule. For the interest image regions, the color histogram of the 
uneven blocks is extracted as the color characteristic. We also 
collect the mean and variance value of the Gabor filtering results 
of background blocks as texture features of the background image. 
Then, the images can be retrieved by synthesizing the image color 
and texture features. We test our approaches by analyzing the re-
sults of recall and precision indicators for the Corel image data-
base. The experiment results show that the proposed method per-
forms effectively and accurately, which is more effective to retrieve 
the distant-view images, and the achieved precision increases by 
about 10% without loss of the retrieval call compared with some 
other traditional search methods. 
Key words: image retrieval; color histogram; Gabor filter; image 
block; interest region 
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0  Introduction 

The technique of content-based image retrieval (CBIR) 
is a kind of “looking for picture from picture” search mode. 
It is a big breakthrough of “seeking picture from keyword”. 
CBIR has become the state-of-the-art image search tech-
nique and has been used in medical science, e-commerce, 
agriculture, and many other application fields. How to im-
prove the image retrieval efficiency is the essential point 
for the design of a CBIR system. 

A general content-based image retrieval (CBIR) 
system usually makes use of different visual features[1], 
such as color, texture, and shape. Among these features, 
color is an important element to express the image con-
tent, which is also the main visual feature during the 
process of image identifying. Comparing with other vis-
ual features, color has less dependence on the image’s 
size, direction, perspective, and the changing invariance 
for translation, rotation, and scale transformation. Be-
cause of these advantages, it shows strong robustness in 
image processing. So far, retrieval based on the color 
feature is still an important part of the image retrieval 
based on content. Texture[2] is another important charac-
teristic feature of image. Its essence is for portraying the 
gray spatial regular distribution of the pixel neighbor 
domain, which does not depend on color or brightness. 
Therefore, it can reflect the basic characteristics of sur-
face properties of image. Texture analysis is widely ap-
plied on the scene analysis, medical images, and remote 
sensing images analysis, etc. The key of retrieval based 
on the image texture is extracting the feature’s quantita-
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tive description by imaging processing technology. The 
common methods of extracting texture feature are based 
on statistics and spectrum analysis[3]. 

Combing the two features mentioned above, ex-
tracting the color information of the whole image ap-
pended the entire texture feature to search image[4-6] is 
the conventional method of comprehensive retrieval. It 
can optimize the result of searching to some degree by 
various methods. However, these conventional methods 
cannot take full advantage of colligation features. On the 
other hand, the image interest region[7] can be compre-
hended as the interest parts in the image for people. For 
image retrieval, generally, it only requires to find out the 
pictures with the similar interest area, which is also the 
reason why the interest region is the main research sub-
ject in the retrieval. Therefore, contrasting with the pre-
vious methods[4-6], we propose a new method that based 
on the separation of the interest region and background 
region and the extraction of their color and texture prop-
erties, respectively. First, an image is segmented into the 
interest region and background region on a certain rule. 
The multiple color blocks are unevenly divided from the 
image corresponding to the interest image region and one 
texture block is just formed from the background region; 
Second, the color histogram feature and the texture 
information can be extracted from the above two re-
gions respectively; Third, these color and texture fea-
tures can be synthesized to conduct the image retrieval. 
Because the color feature from the uneven image 
blocks includes space information, the new method can 
improve the search results effectively, especially for 
the distant-view image. 

1 Separation of the Interest and  
Background Region 

It is important to apply image blocking for images 
retrieval, which can increase the space character. Gener-
ally, the size and number of the blocks are determined by 
the original image size[8]. The interest area usually has 
the most significant local characteristics with relatively 
concentrated distribution. Based on these considerations, 
uneven image blocking is employed to acquire more than 
one color blocks and only one texture block. The multiple 
color blocks are corresponding to the interest image region 
and the texture information is for background piece. 

● Division of background region (texture block) 

Taking the Corel image database as an example, all 

the color images in the library are of the same size as 
384 256×  or 256 384× . The greatest common multiple 
of length and width of these images is 72 , recorded as 

7N = . In principle, there are 2 2i i×  ( 2, ,i N=  ) 
kinds of choices for image block. If the interest region 
occupies a relatively small area in an image, a larger 
digit will be a good choice for the number of blocks, 
which means that i is a bigger value.  

In this paper, the background region is formed by the 
following rules: When [ / 2] 1i N +≤ , we merge the out-
ermost 1j =  circles including ( 4 (2 1)i× − ) number of 
blocks as the background region; When [ / 2] 1i N +∨ , 
we merge the outermost 2j =  circles including 
( 4 (2 3)i× − + 4 (2 1)i× − ) number of blocks as the back-
ground region. In this work, the background region is 
also regarded as the texture block. 

● Division of interest region and its color blocks 

On the basis of image block, merging the outermost 
j circles will take the rest blocks as the interest region. 
However, it is conceivable that if the color histogram of 
interest region is calculated directly, it may bring a prob-
lem of large computation cost due to the large number of 
the color blocks. Therefore, the rest image blocks will be 
merged by a certain rule to form the color block and the 
concrete merging flowchart is shown in Fig. 1. Adopting 
this method, the number of color blocks is 14 (2 )i j−× −  

 

Fig. 1  Flowchart of image unevenly merging 
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when the outermost j ( 1j = or 2) circles are merged as 
texture block. Figure 2 shows the process of the block 
division by taking 8×8 image blocks as an example.  

 

Fig. 2  Division of the total 13 blocks by uneven 
merging of 8×8 blocks 

M1: Merging from the second row and the second rank image block continu-

ously, with a total of five blocks; 

M2: Merging from the third row and the third rank image block continuously, 

with a total of three blocks 

An example of image blocking by the above method is 
shown in Fig. 3, which includes one texture block and twelve 
color blocks of the image. Here, = 3i , which means that the 
unevenly merging is based on the 3 32 2×  blocks.  

 

2  Color Feature Extraction of 
Interest Region 

After the image is unevenly blocked, the color 
feature[9] of the separated color blocks of the interest 
region can be extracted by the following image retrieval 
method. 
2.1  Color Conversion Model 

The common used color spaces are RGB, HSV, 
YUV, and so on. The HSV uses hue, brightness, and 
color saturation to express pixels. Since HSV color space 
has the advantage of naturality and visual consistency, it 
required the conversion of model RGB to HSV[3]. A sin-
gle pixel in the RGB model has the value of ( , , )r g b ; 
the corresponding value in HSV space is ( , , )h s v . They 
have the following relationships: 
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min( , , )v r g b
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v

−=  

Make 
min ( , , )

v r
r

v r g b

−′ =
−

, 
min ( , , )

v g
g

v r g b

−′ =
−

, 

min( , , )

v b
b

v r g b

−′ =
−

, 

 

Fig. 3  Illustration of uneven image blocking 
(a) The image to be blocked; (b) The texture block of the image; (c) The color blocks of the image 
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/ 6 360h h′= ×                                (2) 
Hence [0,360]h ∈ , [0,1]s ∈ , [0,1]v ∈ . 
2.2  Color Quantified and Color Histogram 

To reduce the computation cost, the HSV data 
should be nonlinearly quantized. The formulas are given 
as follows: 

 
 
 
 
 
 
                       
 
 
 
                       
 
 
 
 
 
 
 
 
Let 16 4 ,l H S V= + +  then [0,255].l ∈ We take 

( )h l  as the quantized histogram: 

( ) ln
h l

K
=                  (3) 

which indicates 256 colors level after the quantization. 
Here, ln  is the number of pixels which have the color 
level l , K is the total number of the pixel in the image. 

3  Texture Feature Extraction of 
Image Background 

In order to draw the texture characteristics of the 
image background that are separated out, we select the 
mean and variance of the image Gabor filter[10] results as 
texture features of background region. 

Gabor transformation equation is shown as follows[11]: 

2 2

22
2

1
Gabor( , ) e (cos 2π j sin 2π )

2π

x y

x y fx fxσ

σ

′ ′+−
′ ′= +  (4) 

where cos sinx x yθ θ′ = + , sin cosy x yθ θ′ = − + ,  

f  is the center frequency, and θ  is the direction angle to 
the Gabor filter. 

To depict the texture information better to distin-
guish between two objectives, we need to extract infor-
mation feature to the greatest extent. It is required that 
the design of filter on the frequency domain is not over-
lapping but covering almost all areas, which is a Gabor 
filter design problem. From the formula shown above, 
the position of Gabor filter is decided by the parameters 
of direction angle θ  and center frequency f. 

Direction angle θ  is proposed to be defined as the 
following process. During the establishing procedure for 
Gabor filter, we determine six directions for choice: 

, , , , andο ο ο ο ο ο30 , 60 90 120 150 180 . Such selection can 
satisfy the analysis of the most of texture images. 

For determination of the parameter f , Jain et al [12] 
gave a relatively simple algorithm. For an image with 
pixels length and width cN , where cN is the power of 2. 
The center frequency can take the numerical value: 
1 2, 2 2, 4 2, , ( / 4) 2cN . The size of images in 
the Corel is 384 256×  or 256 384× . The greatest 
common multiple of the length and width of these im-
ages is 72 . If 256cN = , then max 64 2f = . In this 
paper, we choose and use five center frequencies 
1 2, 2 2, 4 2, 8 2, and 16 2 during the Gabor filter. 

The direction angle and center frequency are se-
lected according to the above discussion, the process of 
texture retrieval will withdraw 30 (=6×5) groups of pa-
rameters from Gabor filter groups. Each group includes 
mean value M and variance value S. Therefore, the tex-
ture features of one picture can be expressed by 30 
means and 30 variances, with a total of 60 variables. 

4  Results and Discussion 

According to the unevenly image block, more than 
one color blocks are separated from the interest image 
region. One texture block is also obtained as image 
background. Then, the color histograms, which are taken 
as the color features of each color block, are extracted. 
Meanwhile, we use results of Gabor filters as texture 
feature. Therefore, it can integrate the two characteristics 
to compare the similarities between images.  

For the image q to be retrieved and the target image 
t , the total distance can be expressed as: 
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14 (2 )
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in which ijA means the similarity between ( )qh i and 

( )th j , ij jiA A= , 1iiA = , and ( , )kD q t is the general 

color histogram distance of each color block. The texture 
distance between the two images is: 

1 1
2 2

, , , ,
0 0
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N N

q i t i q j t j
i j

D q t M M S S
− −

= =
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  ） ）  

where M and S represented mean and variance value of 
the output of Gabor filter, respectively, and N = 30.  

Parameter λ  indicates the distance power-weight, 
and it can be adjusted with actual needs and circum-
stances. According to the formula, the similarity between 
the two images is inversely proportional to the distance, 
i.e., the smaller distance means the higher similarity. The 
retrieval system outputted 10 images with the lower dis-
tance than the other retrieved images. 

All the experiments were performed with the stan-
dard Corel image database for image retrieval. One of 
the results is shown in Fig. 4.

 

Fig. 4  The result of retrieving a picture belongs to the kind of sea 
(a) Image to be retrieved; (b) Results of image retrieval 

Figure 5 shows the comparison results of recall and 
precision of image retrieval on the basis of uneven 
blocks for ten different categories of images, i.e., African, 
sea, building, buses, dinosaurs, elephants, flowers, horses, 
food, and mountain. We can find that, for the image 
categories which can be segmented into interest image 
region and the background clearly, such as elephant, and 
pictures with distant view, such as sea, mountains, etc, 
our image retrieval method will achieve a better effect; 
however, for some kinds of images whose regions of 
interest are single and almost occupy all areas of the 
graphics, such as bus and flowers, to avoid taking the 
part of interest area as background during retrieving, the 
number of blocks should be set as large as possible to 
obtain the satisfied result. This conclusion can also be 
derived from that in Fig. 6. It shows the comparison of 
recall and precision statistical results of Corel images 
retrieval for three different kinds of image evenly blocks: 
4 4× ( 2i = ), 8 8× ( 3i = ), and 16 16× ( 4i = ), which 
have 4, 12, and 28 uneven color blocks and extra one 
texture block, respectively. It is shown that both the re-
trieval recall and precision increase with increasing the 
number of image blocks. 

Meanwhile, for the distant-view images in the Corel, 
we conduct the image retrievals by using four different 

 
Fig. 5  Recall and precision of the image retrieval 

for 10 different categories of images 

methods. The results are shown in Fig. 7, which demon-
strate the image retrieval efficiency comparison among the 
methods of color histogram, Gabor texture, color histo-
gram integrated with Gabor texture, and our proposed 
method of block color histogram integrated with Gabor 
texture based on 13 image blocks. The results indicate that 
the new method shows higher retrieval precision than all 
the other methods without loss of the recall, and especially, 
the retrieval precision is improved by about 10% com-
pared with the third method. It is shown that the proposed 
method is very effective for searching the image with the 
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visible texture region and color region.  

 

Fig. 6  Comparison of retrieval effect among three 
kinds of the total image blocks 

 

Fig. 7  Comparison of retrieval effect 
among the different methods 

5  Conclusion 

In this paper, we establish the image block model of 
interest region (the main partition of image) and the im-
age background. Moreover, on this basis, for the interest 
region, we carry out the uneven blocks and extracted 
color histogram of each block and withdraw texture in-
formation of the background part. Then, both the color 
and texture features are synthesized to conduct image 
retrieval. The experimental results show that this 
method performs effectively and accurately, especially for 
the distant-view images that can be separated with interest 
image region and the background clearly. 
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