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   Abstract ���� This paper presents an approach to manage a 
large database using a compact color descriptor and a statistical 
method for accurately pruning the database. A compact color 
descriptor adopted in the proposed content-based image 
retrieval system is 63-bit binary Haar color histogram, which is 
very compact and can be effectively used for fast image search. 
In addition to fast searching using this compact descriptor, we 
further improve retrieval time by applying pruning technique, 
which looks for the candidate images similar to the query image 
from the database and ignore the rest that are not likely to the 
query image. The descriptors of the candidate images are then 
matched with that of the query. The most similar images will be 
retrieved and ordered according to their distance to the query. 
The proposed retrieval system can efficiently retrieve the most 
similar images from the database while can help reducing the 
retrieval time and the storage space.

   Keywords ���� Compact descriptor, image retrieval, pruning. 

1. Introduction 

 As the availability of images has been significantly 
increasing, this crates a need for efficiently organizing and 
managing of image storage systems. Several low-level image 
content descriptions are proposed [1] [2]. Among the basic 
low-level features used to index each image in the database, 
color is the most effective feature for representing visual 
information since it is local and independent of view and 
resolution. Color histogram is the most widely used color 
descriptor to represent the color content of an image [3]. 
However, it is not suitable for some tasks in image such as 
search, filtering and retrieval since color histogram need a 
large number of bits to represent color information which 
becomes a difficult problem and requires large amount of 
processing time in matching images.  
 This paper presents an image retrieval system using a 
compact color descriptor obtained from Haar transform 
coefficient of the color histogram [4]. Each coefficient is 
quantized to a binary number. This results in a color 
descriptor of 63 bits long, which is more compact than 
regular color histogram. The binary nature of the descriptor 
allows simple matching metric based on Hamming distance.  
This compact descriptor is useful for applications where the 

computational resources are limited and there is a need to 
stream the descriptors through a bandwidth-limited channel. 
In addition, to further reduce the searching time, the 
hierarchical search using statistical pruning technique is 
proposed in this paper. The objective of pruning is to remove 
images from the database that are not likely to be of interest 
to the user while retaining all or most potentially candidate 
images [5]. This is useful since the reduced size of the pruned 
database makes it easier and more effective to search through 
the database. Then, the descriptors of the candidate images 
are compared to the descriptor of the query. The most similar 
candidate images are retrieved and ordered according to their 
distances to the query. 
 The organization of this paper is as followed. Section 2 
presents a process to generate a compact binary Haar color 
descriptor. Section 3 details the proposed image retrieval 
system followed by experimental results in Section 4. Finally, 
summarize and conclusion is presented in Section 5. 
 

2. Binary Haar descriptor 
 

 In this paper, a compact color descriptor called binary 
Haar descriptor [4] is adopted as an index of an image.  
 The algorithm used to compute the binary Haar descriptor 
can be expressed as followed 
    2.1 Obtain the color histogram using a suitable color space 
and quantization table. The histogram can be one, two or 
three dimensional histogram. (In this paper, one dimensional 
uniformly quantized HSV color histogram is adopted.) 
    2.2 Compute the Haar transform coefficients of the 
histogram by using Haar wavelet function (1). Since the Haar 
wavelet function [6] contains only values of +1 or -1. 
Therefore, the computation does not involve any 
multiplication. 
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 The Haar transform coefficients are obtained by taking the 
inner product of the basis functions with the given histogram. 
For example, the second coefficient is positive if the sum of 
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the left half of histogram bins is greater than the right half 
and negative otherwise (from the basis function 2 in figure 1). 
Similarly, the third coefficient is positive if sum of first 
quarter of histogram bins is greater than the second quarter 
and negative otherwise (from the basis function 3 in figure 1). 
Also note that the first coefficient is always positive. 
Therefore, this coefficient is not used in similarity matching. 
 

 
Figure 1. The basis functions for Haar wavelet transform  

of input 8 bits long 
 
 2.3. After that each of Haar transform coefficients is 
quantized to binary, the Haar coefficient is quantized to ‘1’ if 
it is positive and is quantized to ‘0’ otherwise. 
 The Haar transform coefficients are hierarchically 
computed. The first level, the 64 bins of histogram is divided 
into two halves. If the sum of the histogram values in the left 
half is grater than the sum of the histogram values in the right 
half then the first bit of descriptor is ‘1’ else it is ‘0’. The 
second level, the 64 bins of histogram is divided into four 
halves. If the sum of histogram values in first(third) half is 
grater than the sum of histogram values in second(forth) half  
then the second(third) bit of descriptor is ‘1’ else it is ‘0’. 
This is repeated recursively at third, forth, fifth and sixth 
levels resulting in 4,8,16 and 32 coefficients. Therefore, the 
63(1+2+4+8+16+32) bits binary Haar descriptor is obtained. 
After calculating the binary Haar histogram, this descriptor 
will be used as an index of each image. 
 

3. The Proposed Image Retrieval System 
  
 The proposed image retrieval system is presented in Fig. 
3. To retrieve the similar images compared to the query from 
the database, first, a binary Haar histogram of the query 
image is computed. Then, the candidate search is performed 
using pruning technique. The objective of pruning is to 
remove images from the database that are not likely to be of 
interest to the user while retaining all or most potentially 
desirable images [5]. We look for some specific bits in the 
binary Haar histogram to prune the database.  The specific 
bits from the 32nd - 63rd bits of binary Haar histogram, in the 
sixth level of the Haar transforms, are computed by 
comparing the histogram value of adjacent color histogram 
bin. For example, the 32nd bit is computed by comparing the 
color histogram value of 1st bin with 2nd bin. The bit 33rd is 
computed by comparing the color histogram value of 3rd bin 
with 4th bin and so on as shown in Fig 2.  

 
Figure 2. The bits 32nd - 63rd of binary Haar histogram 

 
 Bits used for filtering the candidate images are selected 
based on the most important color in the query image as 
followed 
 Let H is the binary Haar color histogram and j is the jth bin 
of the binary histogram while i is the ith bin having maximum 
histogram value.  

 
i = arg(j) max(H(j))          (2) 

 
 The rank (i) of bin which has maximum histogram value is 
used to define which bit in the descriptor is fixed. For 
example, the 32nd bit of descriptor is fixed to ‘1’ if the rank of 
bin is the first bin or fixed to ‘0’ if the rank of bin is the 
second bin. The 33rd bit of descriptor is fixed to ‘1’ if the 
rank of bin is the third bin or fixed to ‘0’ if the rank of bin is 
the forth bin and so on. The images in the database having the 
same specific bits as those of the query are defined as the 
candidate images. The binary Haar histogram of each 
candidate is then compared with that of the query. The 
distance between each candidate and the query is calculated 
using the Hamming distance. The Hamming distance is 
computed by taking the XOR of the two 63-bit binary Haar 
descriptors and counting the number of ‘1’ bits in the result. 
The smaller value of the result, the closer the image to query 
image. The most similar images will be retrieved and ordered 
according to their distance to the query. 

Figure 3. The process to retrieve image from the database 

4. Experimental results 

 The image retrieval experiment using the binary Haar 
descriptor was performed using a database of 2,997 images. 
The images are chosen from many different sources [7] and 
can be categorized into 7 groups (e.g., human, animal, natural 
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view, etc.). The binary Haar descriptors of images in database 
are pre-computed and stored. In this experiment, we use a 
64-bins color histogram in HSV color space. Figure 4 shows 
the process to compute the binary Haar descriptor then stored 
in the database. 
 

 
Figure 4. The process to compute the binary Haar descriptor 

 
 When an image is selected as the query image, its 64-bins 
color histogram is calculated. The histogram of query image 
is transformed to the binary Haar descriptor. The rank (i) of 
bin which has maximum histogram value is used to define 
which bit in the descriptor is fixed as described in section 3. 
 Searching images from the database as candidate images 
is performed by considering these bit positions and values as 
the criteria. As a result, some images in database are pruned. 
After that, the descriptor of query image is compared to the 
descriptor of the candidate images using the Hamming 
distance. The retrieval results are ordered as ascending sort 
and presented to the user. The retrieval performance using the 
pruning technique is as efficient as the performance of 
matching the descriptor of the query to the descriptors of all 
the images in the database. Moreover, the proposed image 
retrieval system can reduce the retrieval time while saving 
storage space. Figure 5 shows the sample results of 2 queries.  
 

 
(a) Query image I 

 

 
(b) A result of image retrieval using binary Haar descriptor for 

Query image I 
 

 
(c) A result of image retrieval using binary Haar descriptor  

with pruning technique for query image I 
 

 
(d) Query image II 

 

 
(e) A result of image retrieval using binary Haar descriptor for 

Query image II 
 

 
(f) A result of image retrieval using binary Haar descriptor  

with pruning technique for query image II 
 

Figure 5. Sample results of image retrieval 
 
 To evaluate the performance of the proposed image 
retrieval system, we use an objective measure called 
ANMRR suggested by MPEG-7 [4]. A set of ground truth 
images that are most relevant to query were identified. The 
query and ground truth sets were chosen manually. For each 
query a set of ground truth images were specified a rank. This 
measure combines the precision and recall measure to obtain 
a single objective value. 
 The average rank AVR(q) for query q is computed as 
follows: 
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where 
- NG(q) is the number  of ground truth images for query q 
- Rank(k) is the retrieval rank of the ground truth image. 
- K is the top ranked retrievals are examined 
   where K = min (4*NG(q),2*GMT) 
   and GTM = max{NG(q)} for all q’s of a data set.  
- The ground truth images are not in the first K retrievals is 
assigned to (K+1) 
 The modified retrieval rank is computed as follows: 
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Note that MRR = 0, when the NG(q) ground truth images are 
the top retrievals. 
 The normalized modified retrieval rank is computed as 
follows: 
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 Then compute average of NMRR over all queries 
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 The average normalized modified retrieval rank ANMRR 
is used as the objective measure to evaluate the retrieval 
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performances. The ANMRR not only indicates how many of the 
correct items are retrieved, but also how highly they are ranked 
among the retrieved items. The ANMRR is always in range of 0 
to 1 and smaller the value of this measure is the better 
quality. Table1 shows the ANMRR and the reducing time 
from the experiment (50 set of query images and ground truth 
images). 
 

Table 1. The comparison of performances and reducing time 

 ANMRR % Reducing time 

Binary Haar descriptor 0.41 - 

Binary Haar descriptor  
with pruning 0.44 46.69 

 
 From the results, we have proved that using a compact 
binary Haar descriptor with statistical pruning technique 
gives the retrieval performance as close as without any 
pruning technique while can save searching time by 46.69 %. 
 

5. Conclusion 
 
 This paper presents the image retrieval system using a 
binary Haar descriptor and pruning search algorithm. The 
proposed retrieval system performs candidate search using 
pruning technique, which considering the bit position and 
value corresponding to maximum histogram value.  

 
 
 

Then, the binary Haar descriptors of these candidate images 
will be compared with that of the query using hamming 
distance.The most similar images will be retrieved and ordered 
according to their distance to the query. The experiments show 
that the proposed retrieval system can efficiently retrieve the 
most similar images from the database while can help reducing 
the retrieval time and the storage space.
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