
 
 

 

  

Abstract—In this paper, we present a content aware approach 
to image retrieval with partitioned color features only. Given a 
query image, the proposed approach consists of four stages. 
First, partition the query image into sub-images. Second, 
calculate the mean of each component in the partitioned 
sub-images as the color features. Third, find weights for R-, G-, 
B-component based on their energies for similarity evaluation. 
Forth, retrieve images in database by a weighted similarity 
measure. Though the approach is simple, it is effective in image 
retrieval even with only partitioned color features. The 
simulation result for the given database indicates that the 
overall average precision of ten retrieved images is as high as 
0.86. Thus the proposed approach can be used in the 
applications where light computation is sought. 

I. INTRODUCTION 
s the development of digital technologies advances 
significantly, multimedia contents are digitalized for 

easily stored and manipulated. One of multimedia contents is 
digital image which is commonly acquired from a digital 
camera. When the image database is large, how to retrieve 
images effectively and efficiently from the database is a 
fundamental issue in the field of digital image processing. 
One of retrieval scheme is the text annotation where an image 
is indexing with some text. This scheme has proved to be 
time-consuming and ineffective. Recently, a content-based 
scheme has been proposed and obtained its popularity. One of 
earlier papers was reported in [1]. Basically, the 
content-based approach consists of two stages: feature 
extraction and similarity evaluation. In the feature extraction, 
the information of an image is converted into several features. 
By a query image, images in the database are retrieved based 
on a similarity measure. Several content-based schemes have 
been reported. In [2], the dominant color of foreground 
objects was considered in the retrieval process where 
Euclidean distance was employed. In [3], an equalized 
histogram was divided into sub-histograms whose sums were 
then used as features in the image retrieval. In [4], an image 
was segmented into regions by the watershed algorithm. Then 
color and texture features were extracted from the watershed 
regions where Earth Mover distance was used as similarity 
measure. In [5], a retrieval scheme based on desired objects 
was presented where features were extracted from the objects 
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of interest. In [6], a relevance feedback scheme based on the 
support vector machine to content-based image retrieval was 
presented where the problem of small number of labeled 
feedback samples was considered. For more information 
related to content-based image retrieval, one may consult [7]. 

As described above, image retrieval based on text 
annotation is ineffective. Thus, the retrieval scheme based on 
image content is sought. In general, good retrieval 
performance comes along more computational cost, like [5-6], 
while light computation results in unsatisfactory retrieval 
accuracy such as in [3]. Consequently, it is a challenge to 
have a simple but effective approach with good retrieval 
performance in the content-based image retrieval. 

 In this paper, we propose a content aware image retrieval 
approach based on partitioned color features only. The 
proposed approach is simple and is to be shown effective in 
the image database given in [8]. The fundamental idea for the 
proposed approach is that global features from whole image 
generally mix up the local information. Thus, several global 
features are required for image retrieval. To get rid of the 
problem, region-based features are considered as in [4]. 
However, its computation is costly in general. Thus, we 
propose partition-based features for image retrieval to release 
the problems in global features and region-based features. 

As defined in Wikipedia, awareness is the state or ability to 
perceive, to feel, or to be conscious. Take the viewpoint of 
awareness. The proposed content aware image retrieval 
approach is supposed to be conscious of a similar image to the 
query image whose awareness is endowed through feature 
extraction and pattern recognition by similarity measure. In 
other words, awareness in the proposed image retrieval 
approach is acquired through partitioned color features and 
weighted distance measure between the query image and 
images in database. The details will be given later in the 
context. 

This paper is organized as follows. Section II gives a brief 
review on the modified scheme in [3] which will be used to 
compare with the proposed approach in this paper. Section III 
describes the proposed content aware image retrieval 
approach. Section IV verifies the proposed approach which is 
then compared with the modified scheme of [3]. Section V 
concludes this paper. 

II. REVIEW 
In this section, the image retrieval scheme in [3] is briefly 

reviewed. Since only partitioned histogram features are 
employed in [3], thus it is used to compare with the proposed 
scheme in this paper where only partitioned color features are 
considered. From our experience, the histogram equalization 
does not benefit the retrieval performance. Thus, the 
histogram equalization in [3] is skipped on purpose. The 
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modified scheme on [3] is called modified partitioned 
histogram approach (MPHA) in this paper. Given a query 
image Q, the way to extract histogram features and to retrieve 
similar images in the MPHA is described in the following. 
Step 1. Convert color image Q into an 8-bit gray-level image. 
Step 2. Partition the histogram of Q into 16 bins. 
Step 3. Find the total number of pixels in each bin. The 

corresponding numbers in 16 bins form a feature 
vector of size 161×  whose element is denoted as 

)(kfQ  for 161 ≤≤ k . 
Step 4. Calculate the distance between Q and image I in 

database as 
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where )(kf I  is the number of pixels in the kth bin of 
histogram in I. 

Step 5. Retrieve K images from database which have first K 
smallest ),( IQd . 

Though the computation for partitioned histogram features 
is light, it is not effective in image retrieval. This will be 
justified in Section IV. 

III. THE PROPOSED APPROACH 
In this section, a content aware image retrieval approach 

based on partitioned color features is introduced. The 
proposed partitioned color features based approach (PCFA) is 
described as follows. Given a query image Q of size NM × , 
the implementation steps of the PCFA are given in the 
following. 
Step 1. Partition image Q into L sub-images, kQ , whose size 

is )()( LNLM × where M and N are assumed as 

multiples of L and L  as an integer. Fig. 1 is an 
example of image partitioned into 16 sub-images, i.e., 

16=L . The partitioned image in R-, G-, 
B-component is respectively denoted as xk ,Q  for 

Lk ≤≤1 . Notation }3 2 1{ ,,x ∈  where 1 stands for 
R-component and 2 for G-component and 3 for 
B-component. 

Step 2. Calculate the means of xk ,Q  as 
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where ),(, jiQ xk  are pixels in xk ,Q . 
Step 3. Calculate the energy of xk ,Q  as 
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Step 4. Find the total energy in kQ  as 

BkGkRkk EEEE ,,, ++=                   (4) 
for Lk ≤≤1 . 
 

Step 5. Obtain the weights for each component in xk ,Q  as 

kxkxk EEw ,, =               (5) 

Step 6. Resize the input image I in the database to the size of 
query image Q. 

Step 7. Calculate the distance between the given query image 
Q and image I as 
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where xkm ,  are means of partitioned images in I and 
3 ,2 ,1=x  denotes the R-, G-, B-component, 

respectively.  
Step 8. Retrieve K images from database which have first K 

smallest ),( IQd . 
 
In Step 2, we calculate the means of xk ,Q  as partitioned 

features because it is simple with light computation. And we 
use energy ratio found in Step 5 as weighs on the distance 
measure in (6). This keeps retrieved images with the 
consistency in color components generally. As for the color 
space, the RGB color space is employed because it has 
identical range in each component. To sum up, three points 
should be noted in the proposed PCFA. First, partition-based 
color features are employed while most of retrieval schemes 
are not. Second, only one color feature, the mean, for each 
component is employed. Third, a weighted similarity measure 
is given to put different portion of each color component into 
account. 

 
Fig. 1. An example of image partitioned into 16 sub-images 

 

IV. SIMULATION RESULTS 
In this section, the proposed PCFA is justified by the image 

database used in [8]. Ten categories of images are included 
which are listed in Table 1. Each category has 100 images and 
numbered sequentially. For example, the images in “Beach” 
category are numbered from 101 to 200. In the simulation, K 
images are retrieved by the proposed PCFA. The range of K is 
from 1 to 10. Moreover, the image is partitioned into 16 
sub-images as shown in Fig. 1, i.e., 16=L , for all related 
cases. The reason for 16=L  is it generally results in better 
performance by our experiments. This will be verified later 
on in this section. 

 
 



 
 

 

TABLE I 
IMAGE CATEGORIES IN THE DATABASE OF [8] 

ID Category ID Category
1 Africa people & villages 6 Elephants 

2 Beach 7 Flowers 

3 Buildings 8 Horses 

4 Buses 9 Mountains & glaciers 

5 Dinosaurs 10 Food 

 

The query images for each category are shown in Fig. 2. 
where the corresponding numbers are given as well. By the 
query images shown in Fig. 2, the proposed PCFA is 
performed to retrieve images in the database. In the case of 

10=K , four retrieval results are shown in Fig. 3 to Fig. 6 
where the corresponding image numbers and distances are 
also given. The retrieved images with different categories 

from that for the query image are marked with a red 
rectangular frame. The scenarios in Fig. 3 and Fig. 4, 
categories “Dinosaurs” and “Flowers,” are with simple 
background and object. A perfect retrieval is achieved by the 
proposed PCFA. For the category “Beaches”, somewhat 
complicated background and objects are found. The 10 
images retrieved by the proposed PCFA are with the correct 
category as shown in Fig. 5. A perfect retrieval is achieved in 
this example. In the category “Food”, the background and 
objects are very complicated and only 6 images in the correct 
category are retrieved by the proposed PCFA, whose result is 
shown in Fig. 6. By the given examples in Fig. 3 to Fig. 6, it 
implies that the retrieval performance of the PCFA is related 
to the activity in images generally. In other words, simple 
background and object results in better retrieval performance 
and vice versa. 
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Fig. 2. Query images used in the simulation 

 

 
Fig. 3. The ten retrieved images for “Dinosaurs” category 



 
 

 

 
Fig. 4. The ten retrieved images for “Flowers” category 

 

 
Fig. 5. The ten retrieved images for “Beach” category 

 

 
Fig. 6. The ten retrieved images for “Food” category 

 



 
 

 

To demonstrate the effectiveness of image partitioning, the 
proposed PCFA with 1=L  is under consideration. Besides, 
the proposed PCFA is compared with the MPHA where the 
histogram is partitioned into 16 sub-histograms. Two 
retrieval results for categories “Buses” and “Elephants” 
obtained from the MPHA and the proposed PCFA are shown 
in Fig. 7 and Fig. 8, respectively. In the category “Buses”, 6 
out of 10 and 7 out of 10 images are retrieved correctly by the 

MPHA and the PCFA, respectively. For the category 
“Elephants”, 6 out of 10 and 10 out of 10 are found correctly 
from the MPHA and the proposed PCFA, respectively. The 
two retrieved scenarios indicate that the proposed PCFA 
outperforms the MPHA described in Section II in terms of 
retrieval precision. Besides, the retrieved images by the 
proposed PCFA generally has better color consistency with 
the query image as described in Section III. 
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Fig. 7. The ten retrieved images for “Buses” category with 
(a) the MPHA and (b) the proposed PCFA 
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Fig. 8. The ten retrieved images for “Elephants” category with 
(a) the MPHA and (b) the proposed PCFA 

 
 
For overall performance, the simulation results for the 

proposed PCFA with various values of L, 1, 9, 16, and 25 are 
summarized in Fig. 9, in terms of overall average precision. In 
Fig. 9, the corresponding results for the MPHA are shown for 
the purpose of comparison. In Fig. 9, the overall average 
precision for K retrieved images is calculated as 

∑
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where cN  is the total number of categories in the image 
database. That is, 10=cN  in the given database. In (7), K is 
the number of retrieved images in each category which is 
varied from 1 to 10 in Fig. 9. And in  is the number of 
correctly retrieved images in category i. For example, the 

)2(p  means the overall precision of correctly retrieved 
images among the total 20 retrieved images, which are 0.55, 
0.35, 1.00 for the MPHA, the proposed PCFA with 1=L  and 



 
 

 

16=L , respectively. Fig. 9 indicates that the proposed PCFA 
with 16=L  generally has better retrieval performance and 
achieves )10(p  as high as 0.86 which is best in the compared 
cases and far beyond that for the MPHA, 0.46. The results 

shown in Fig. 9 indicate the proposed PCFA with 16=L , on 
average, is of better retrieval performance than other values 
of L. 

 

 
Fig. 9. Comparison of overall average precision for the MPHA and the proposed PCFA with various values of L 

 
 

V. CONCLUSION 
This paper presented a content aware image retrieval 

approach called the PCFA. In the proposed PCFA, the query 
image was partitioned into sub-images through which color 
features were obtained. Just with the partitioned color 
features, the proposed PCFA achieved the overall average 
precision as high as 0.86 among 100 retrieved images within 
10 categories. When compared with the MPHA which was of 
partitioned histogram features, the proposed PCFA had much 
better retrieval performance. Moreover, the simulation results 
suggested that the image partitioning is able to effectively 
improve the performance of color feature based image 
retrieval. With the partitioned color features, the proposed 
PCFA has very light computation and thus can be applied to 
the scenarios where the computation cost is crucial. 
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