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ABSTRACT 

Given an image with N blocks of 8x8 pixels, we construct an 

indexing key by overlapping the N blocks into one 

combinational block and each block acting as one single plane 

inside the combinational block. Specific construction of each 

element inside the indexing key can have a range of 

alternatives based on such a common platform. These include: 

(i) average DCT value (ii) energy distributed in DCT domain 

to construct the indexing key, and (iii) DCT coefficients that 

can be polarized via exploiting their directional properties, 

and thus can be processed to construct an energy magnitude to 

highlight the texture of the input image. In this way, the 

dimension of the indexing key can be significantly reduced. In 

this paper we represent DCT descriptors as tools of generating 

indexing key in compress domain. 
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1. INTRODUCTION 
In this chapter, JPEG compression technical properties are 

exploited to propose simple content descriptors for image 

indexing and retrieval, which are particularly suitable for 

JPEG compressed images. Given an image divided into N 

blocks of 8x8 pixels, an indexing key is constructed in the 

spirit of the bit-plane encoding of images, where each pixel is 

divided into a bit sequence and each bit of all pixels 

represents a bit plane. As a result, the indexing key has 64 

elements and each element corresponds to one location along 

the zig-zag route of the JPEG compression standard. The 

specific construction of each element inside the indexing key 

has three alternatives and thus three content descriptors can be 

constructed. These include an energy-based content descriptor 

(average of DCT coefficients), a binary texture based 

descriptor, and an orientation based descriptor (horizontal and 

vertical).  The research was also extended to calculate the 

effectiveness of image retrieval in DCT and by using Adobe 

Photo Album (APA) as comparison. 

Because most images appearing on the World Wide Web are 

compressed at source, techniques for handling these 

compressed images directly in their compressed domain has 

become increasingly important for a range of applications and 

digital enterprise sectors. As a result, a series of international 

image and video compression standards have now been 

developed by International organizations such as JPEG [1] 

and MPEG [2]. As a matter of fact, the JPEG compression 

standard is the most popular technique and accounts for more 

than 95 % of all images on the Web [3]. Since image data size 

is significantly larger than traditional text-based information, 

data compression plays an important role in reducing it to a 

more manageable one without damaging the quality of images 

for information delivery [4]. Accordingly, to bridge the gap 

between the compressed domain and the pixel domain, where 

the majority of existing image processing algorithms are 

developed, researchers worldwide have started to develop 

image analysis and content feature extraction algorithms 

acting directly on the compressed domain data [5.6,7] 

By examining the JPEG compression standard, it can be seen 

that the core of its compression techniques is the 8x8 block-

based discrete cosine transform (DCT) [8]. The DCT 

approximates the principal component analysis (PCA) and de-

correlates the pixel data along vertical and horizontal 

directions. For the existing image processing algorithms, 

working in the pixel domain, decompression is inevitable, and 

significant computing cost has to be incurred applying the 

inverse DCT transform. In compressed domain approaches, 

direct extraction of content features is conducted by 

processing the DCT coefficients and thus only partial 

decompression is required. An overview of such a compressed 

domain approach is shown in Figure  1.  On the other hand, 

research on image indexing and retrieval in the pixel domain 

has been actively done over past decades, and many systems 

have been developed and widely reported in the literatures,  

such systems include [9,10,11,12,13,14]  

The author has carried out extensive work using descriptors 

proposed in section 2 and the results show competitive 

performances compared with existing techniques (DCT 

coefficients based image retrieval). The proposed descriptors 

provide a number of potential advantages and features, which 

can be briefly summarized as: (i). low complexity and low 

computing cost; (ii). high processing speed, particularly 

suitable for texture classification or clustering inside large 

image databases; (iii). easy to implement inside the JPEG 

compressed domain, and thus providing the additional 

advantage that compressed images can be directly retrieved 

without full decompression. 

2. DCT BASED CONTENT   
In this section, the author presents his recent work on content 

descriptor construction directly from DCT domain which 

saves computing cost on decompression whilst the 

performance of content-based image indexing and retrieval 

remains competitive. There are three proposed descriptors in 

this work, which are explained in sections  2.1 to 2.3, namely: 

binary texture, energy-based content, and orientation based 

content descriptors. In addition to these three methods, image 

retrieval was also investigated for DCT coefficients based and 

Adobe Photo Album applications.    
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Fig.1.   Diagram of DCT feature description extraction 

 
In this paper   presents works on energy based,  oriented 

based, and binary texture  images.  More over,  the work also 

used Adobe Photo Album and full DCT coefficients 

descriptor. 

 

2.1. Binary Texture  Descriptor 
By taking each block as a pixel, the input image size is 

reduced to W/8H/8, where WH is the original size of the 

input image. In this way, a sequence of 64 sub-images of size 

W/8H/8 is produced. The first sub-image consists of the DC 

coefficients and thus is referred to as the DC sub-image. The 

other 63 sub-images are referred to as AC sub-images since 

their elements or pixel data are AC coefficients.  The texture 

of each pixel neighborhood can be described by a binary 

sequence, of length determined by the number of neighbors. 

This is illustrated in Figure 2. 

 

The block has two binary variables, 0 or 1. It allows 

communicating with 8 neighbor DCT coefficients: on the left, 

right, top, and bottom.   A simple algorithm is applied to 

transform DCT values into a binary texture descriptor.  The 

algorithm can be explained as follow: i) select a coefficient 

which is located in the centre of 3 x 3 blocks, Xi as central 

value; ii) compare every coefficient in the neighborhood; iii) 

if the coefficient is greater or equal to the centre coefficient 

(Xi), assigned 1, otherwise 0. 

 

 

 

 

 

 

 

Fig.2.  The illustration of neighbourhood coefficients 

 

An 8 bit binary string for the 8 neighbours shown in Figure 2 

is constructed by comparing, in a fixed order, the neighboring 

elements with the central one, and defining each bit by: 
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where xi corresponds to the ith element of the neighbourhood. 

The proposed texture descriptor is constructed from any type 

of compressed image, split into 8 x 8 sub blocks with DCT 

coefficients for each sub image computed. Based on these 

binary texture coefficients, the proposed texture descriptor is 

constructed as illustrated in Figure 3.  

 
 

Fig.3. Binary texture – quantized DCT coefficients 

conversions of its neighbourhood by padding the last row 

and column with “0”. 

  

Padding with an extra column and row in a block, to create a 

block that has a greater number of DCT coefficients than it 

had originally.  This padding is added to construct a 9x9 block 

instead of 8x8, this make the left, right, top, and bottom 

coefficients of   the centre (big “1”) become symmetric.   

 

This texture examination of all elements inside a sub-image 

was used to produce a histogram with normalized counts 

defining the descriptor array H of the equation below to 

characterize the binary texture of the sub-image. 
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Here Yi is the count of binary texture value i, total number of 

elements across the  image, where their binary texture bit 

stream is the same and N is the total number of blocks inside 

the input image.  

2.2 Orientation based content descriptor 
Firstly work was carried out by defining the two edges and 

spatial edge model and then these two edge features were used 

to obtain edges defined in the edge model. The distinct 

horizontal and vertical edge features can be formed from the 

two-dimensional DCT of a block.    Further examination of 

the DCT transform in the JPEG compression standard 

indicates that horizontal and vertical coefficients, as shown in 

Figure 4, can be exploited to detect horizontal and vertical 

edges from DCT blocks. These edges in an 8x8 block can be 

determined by two edge feature sets: 

 

Horizontal features   :  H = {Hi: i=0, 1, 2,…, 7} 

Vertical features   :  V = {Vj: j=0, 1, 2,…, 7} 

 

where Hi and Vj correspond to the DCT coefficients Fu,v , for 

u, v = 0, 1, 2, …, 7, in equation (3-6), which describes the 2-

dimensional DCT: 

 

x1 x2 x3 

x4 xi x5 

x6 x7 x8 
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where u = 1, 2, …, M-1, and v = 1, 2, …, N-1. For an 8x8 

block, M = N = 8.  Equation  F(0,0) and F(u,v) describe DC 

and AC coefficients of DCT, respectively.  Each coefficient of 

the two-dimensional DCT coefficients Fu,v corresponds to a 

sinusoidal intensity distribution across its respective image. 

 

The two equations mentioned used   to analyze the 

corresponding DCT coefficients for these models.  

Furthermore only the horizontal (Hi) and vertical (Vi ) features 

corresponding to horizontal and vertical edges are utilized. 

Finally when all edge features have been examined on the 

basis of overall input image, a histogram can be constructed, 

where each element simply counts the coefficients of 

horizontal feature (Hi) and vertical (Vi) coefficients of each 

block.  

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.  The horizontal and vertical edge (orientation based) 

features of DCT coefficients in an 8 x 8 block. 

2.3 Energy-Based Content  
Given an image with N blocks of 8 x 8 pixels, an indexing key 

is constructed by combining the N blocks into one 

combinational block with each block acting as one single 

plane inside the combinational block. This is prompted by 

following the similar spirit of bit-plane encoding in the area of 

data compression, where each pixel is divided into a bit 

sequence and each bit of all pixels constructs a bit plane. As a 

result, the indexing key has 64 elements and each element 

corresponds to one location along the zig-zag route of JPEG 

compression. The specific construction of each element inside 

the indexing key is defined as: 
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where, hi is the i th element of the feature vector, and the 

indexing key is  written as: 

 

 6310i h,...h,hH 
 

3. EVALUATION AND ANALYSIS 
To evaluate the proposed content descriptors, work was 

carried out to index and retrieve images for a database of 

more than 10,000 images.  To provide the ground truth for 

measuring performance, the image database was prepared 

from ten image categories which includes bike, building, car, 

animal, flower, model, mountains, sky, sunset and texture. A 

sample of these image categories or classes is shown in  

Figure 4.  In the database, each category is represented by 

roughly 10,000 images. Ten images from each category were 

randomly picked from the database to formulate a query data 

set, of 100 query images for testing the proposed algorithms.  

 

 
 

Fig.5.   Sample of the ten image categories in the database 

 

To measure the similarity between the query image and the 

images inside the database, Euclidean distance is used and 

defined as follows. 
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Here Q and I stand for the query image and database image 

descriptor feature vector respectively and M stands for the 

total number of elements inside the content descriptor. 

For each query image, 20 images were retrieved from the 

database and values of   precision and recall calculated.  

Precision is the number of relevant images retrieved divided 

by the total number of images retrieved. Recall is the number 

of relevant images retrieved divided by the total number of 

relevant images in the category or collection. The 

experimental results for all ten categories are summarized in 

Table 1.  From these results, it can be seen that the overall 

performance of the proposed descriptors remains competitive 

compared to the benchmark, DCT coefficient based retrieval.  

There are also a significant number of classes, where the 

proposed descriptors outperform of the DCT coefficient based 

ones.  Adobe Photo Album is tools for managing photos, in 

this work the tool was used retrieve the images from the 

database.  The retrieval process is based on colour similarity. 

Table 1.   Precision and recall of the proposed algorithms 
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It is not useful to retrieve all relevant images in a database of 

thousands of images. In the experiment, the evaluation was 

carried out for the top 20 images ranked in terms of the 

similarity measures by using precision and recall parameters.   

It can be seen in Figures 5,6,7,8, and 9 that the best precision 

achieved by each method was 100% for binary texture, 98% 

for orientation based, 92 % for Adobe Photo Album (APA), 

95% for energy based, and 69% for DCT coefficients. 

Moreover, for nine of the ten classes, the texture descriptor 

achieved the highest precision. 

 

 
 

Fig.6.  The precision and recall of energy based (average 

DCT) descriptor 

 

 
Fig.7.  Precision and recall of distribution energy based 

 

 
Fig.8.  Precision and recall of image retrieval by Adobe 

Photo Album (APA) 

 

The experimental results also show that binary texture 

descriptor performs the highest in average precision at 73% 

compared to the other descriptors. Figure 8 demonstrates the 

average precision among other descriptors that are 48%, 66%, 

59%, and 44% for DCT coefficients based, energy based 

descriptor, orientation based descriptor and APA respectively.  

For all ten classes in the database, binary texture descriptor 

achieves an average precision of 73% and 9 % for recall.   

 

 

 
 

Fig.9. The precision and recall of Binary texture method 

 

Further analysis of the experimental results can be also 

revealed that, for some categories or classes, a 98% precision 

retrieval was achieved. These include cat for both binary 

texture descriptor and edge-based or orientation-based 

descriptor. The experimental result also shows that binary 

texture descriptor shows the highest in average precision at 

73% compared to other descriptors.  

 

As the five descriptors are applied to the image database, the 

lowest precision achieved by the binary texture descriptor is 

50% for texture while the lowest precision for the other 

descriptors are 34%, 35%, 20%, and 22% for DCT coefficient 

based, energy based descriptor, orientation based descriptor, 

and APA, respectively.  As illustrated in Figure 3.11, the 

binary texture algorithm achieves the highest average in 

precision (73%) among the algorithms, while APA shows the 

lowest average of precision, 44%.  An interesting occurrence 

is that the texture class shows the highest average of relevant 

image retrieved for all the descriptors except for orientation 

based descriptor that shows car as the highest precision. 

 

For this reason, it can be stated that binary descriptor 

algorithm represents a preferred method over the other four 

descriptors. The binary texture descriptor works extremely 

well for texture, sunset, and mountain (greater than 80%), but 

not quite well for cat images.  In calculation of ten classes, 

binary texture descriptor also shows that all its precisions are 

greater than 50% and almost faultless for texture which is 

98%.  Texture images have been retrieved with an average of 

98% by using binary texture descriptor.  Furthermore, binary 

texture achieves the best retrieval among all the descriptors 

with averages of 73% and 9% for precision and recall, 

respectively. 

 

 
 

Fig. 10.  Precision and recall by using DCT coefficients 

based method 
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Compared to the existing method (DCT coefficients based), 

the proposed descriptors are superior in terms of numbers of 

images retrieved, except for the orientation based descriptor.  

For that reason, the proposed methods can be used as 

alternative techniques to improve the number of relevant 

images retrieved by image retrieval systems, particularly in 

the compressed domain. 

 

The methods have been carried out on a compressed images 

database to verify their performance in a JPEG standard 

stream line. Thus it would be expected that among the five 

descriptors used, the binary texture descriptor would have the 

largest number of images retrieved during query process.  In 

addition to the binary texture descriptor, the energy based 

descriptor and the horizontal-vertical or orientation based 

descriptors show better performance over the existing method 

in term of average precision.  

 

 
Fig.11. The precision and recall for three method 

descriptors, DCT based and Adobe Photo Album (APA) 

 
Experimental results show that retrieval effectiveness of over 

ninety percent has been achieved by the proposed scheme.   

Although this new image searching method has substantial 

advantages over the existing approach, it is not perfect and its 

ultimate utility may depend on the size of the image database 

and the number of image classes being searched.   In this 

paper, an image retrieval system based on various descriptors 

in compress domain was presented. It is presented as alternate 

methods developed for image indexing by using of DCT 

texture descriptors. We used a discrete cosines transforms to 

compose the image indexing from DCT coefficients 

properties to compute the energy features of the image.  

 

The methods have been carried out for compressed images 

database to verify its performance in JPEG standard stream 

line. Thus it could be concluded that among five descriptors 

used, Binary Texture descriptor has the highest number of 

images retrieved during query process.  In addition to Binary 

Texture descriptor, Average DCT and Horizontal-Vertical 

descriptors show better performance over the existing method 

in term of average precision.  

 

It must therefore be recognized that an effective indexing 

method is introduced which expands the work in image 

indexing using of Euclidean distance algorithm. Our 

experiments verify that the propose methods can be used as 

substitute methods to achieve higher number of image 

retrieved by utilizing the description of DCT coefficients. The 

descriptors we have proposed are uncomplicated, involve only 

a small amount of data to be stored for each target image, and 

reasonably effective. It is also fairly easy to understand and 

implement in compress domain. 

 

Experimental results show that retrieval efficiency of over 

ninety percent can be achieved by the proposed scheme.   

Although this searching method has substantial advantages 

over existing approach, it has not been perfect yet and its 

ultimate utility may depend on the size of the image database 

and number of image class being searched. 

 

The retrieval efficiency has been shown better that the 

existing method, but more experiments should be done toward 

flawless image retrieval in the near future.   We are setting up 

these methods on DC domain, and to special databases such 

as biomedical database and very large database from World 

Wide Web. 

 

4. CONCLUSION 
In this paper, an image retrieval system based on the baseline 

JPEG international compression standard has been proposed, 

where three content descriptors are extracted. Extensive 

experiments showed that the proposed techniques achieved 

competitive performances in comparison with an existing 

DCT based method. The proposed methods have a significant 

advantage over pixel domain method by requiring only partial 

decompression. The proposed content descriptors are also 

suitable for real-time implementation and applications.     

 

The main focus of this paper  is presented content based 

image retrieval by employing a various descriptors.   The 

energy based, edge-based and binary texture descriptors have 

been used in the DCT domain to improve precision and recall 

of image retrieval.  Precision and recall have also been 

investigated for image retrieval based on DCT features and 

Adobe Photo Shop as comparisons for the three proposed 

descriptors.  
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