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Abstract. The paper presents the technique for image indexing and its
parallel implementation on a parallel virtual machine. The indexing method is
the combination of the autocorrelogram method and color difference
correlograms method. Color filtering is used for quantization of the RGB
colorspace into 64 colors to reduce the complexity and calculation time. Then,
both color and spatial information are employed to build the index of each
image. Experimental results suggest that the method can index and retrieve
images with different views of the same scene or large changes in appearance.
The performance of the image retrieval system is also improved significantly
when compared with both color histogram and color correlogram method. The
scheme is also implemented on PVM with the load balancing technique to
speed up its retrieval time. The experimental results also show that it could
speed up the processing time significantly.

1 Introduction

At present, image databases are used in many application areas and their sizes become
larger and larger. Therefore, the efficient image management system is required.
There are two steps that are commonly used in most image database information
retrieval systems as followings: indexing and searching [1]. In indexing process, each
image in a database, a feature vector capturing certain essential properties of the
image is computed and stored in a feature-base. Then, in searching process, given a
query image, its feature vector is computed, compared to the feature vectors in the
feature-base, and images most similar to the query image are returned to the user. In a
content-based image retrieval system, color [2][3], the most recognizable element
among image contents, is usually used for various image database applications. Color
histogram, however, does not provide enough spatial information such that different
images may have similar color histogram. To handle the weakness of color
histograms several new features that strive to integrate both color and spatial
information have been proposed [1][10-13].
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In this paper, the AC/CDC (Autocorrelogram and Color Different Correlogram)
method that makes use of both color and spatial information is described. In order to
speed up its retrieval time, the scheme is implemented on parallel virtual machine
(PVM).

2 Image Indexing Scheme

The indexing scheme is the combination of the autocorrelogram method and color
difference correlograms method. It consists of three steps namely: color filtering,
autocorrelogram and color different correlogram.

a. Color Filtering
The process is used for quantization of the RGB colorspace of each image into 64

colors to reduce the complexity and calculation time in the following processes,
autocorrelogram and color different correlogram process.

b. Autocorrelogram

A color correlogram expresses how the spatial correlation of color changes with
distance [1] as shown in Eq.1 and Eq.2.
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The autocorrelogram captures spatial only correlation between identical colors
and defined by Eq. 3.
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c. Color Difference Correlogram

Color difference correlogram (CDC) [14] is the scheme that the authors modified
from the texture description technique [4-8]. Color difference correlogram of an
image is graph or table that indexed by color difference value, where the k-th entry for
Diff; specifies the probability of finding color difference value Diff; of pixels at
distance k from any pixels in image. The color difference value between two pixels
having distance equal to k is defined by Eq. 4.
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Diff; = | C(p1) i C(p2) | “4)
where | p;iip,| =k

The color difference correlogram is calculated by the formula in Eq. 5.
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Where [ :sz, (I) is the number of pixels having distance of the center equal to k
and having color difference equal to Diff;

3 Image Retrieval

The process is used to retrieve target images from the image database. The
technique of distance measure [1] is employed as the criteria for selecting the target
images in the process. The paper use d; distance measure for comparing histogram,
autocorrelogram, color difference correlogram and AC/CDC Eq. 6 to 9.
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4 Performance Measures

The performance of the scheme is measured by using parameters described in [1]
as follows.
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1) r-measure is the sums up of the rank of correct answer of all queries and average
r-measure is the r-measure divided by the number of queries q as shown in the
formula below.

. 10
r— measure =" rank(Q;) (10)
r - measure (11)

q
2) p;-measure is the sum of the precision at the recall equal to land the average p;-
measure is the pl-measure divided by q as shown below.

Avg r-measure =

1
p, — measure = ———————
Y7 rank(Q) .
Avg p, - measure = % ")

S The Implementation on PVM

The master/slave technique is employed in the implementation. The master
program is in charge of the task scheduling and allocation of resources for slaves.
While each slave is in charge of processing the assigned task and sends the result to
the master. The basic configuration is shown in Fig.1. In order to balance tasks on
each slave machine efficiently, the dynamic task scheduling is employed. The
capacity of each machine is defined by using its CPU speed. The parameter can be
obtained by building the process to check for the CPU speed of each machine. The
configuration of the proposed scheme is shown in Fig. 2.
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Fig. 1. Master/Slave configuration.
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Fig. 2. Configuration for the implementation.

6 Experimental Results

The proposed scheme is implemented by using Visual Basic version 6.0 and
Microsoft Access Database. The experimental image database is a heterogencous
image database. It consists of 15,694 images in varieties formats such as JPEG, BMP
and GIF and varieties sizes. The number of color in each image is quantized into 64
colors. Thus, color difference of 64 values are computed, set {0, 1, .., 63}. Figure 3

shows the sample query of the proposed system. The result of the query is shown in
Fig. 4.
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Fig. 3. Query for the proposed scheme.
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Fig. 4. Result of the query in Fig.3.

The system is tested with 100 queries and some of the results are shown in Table 1.

From the experimental results, the AC/CDC scheme performs better performance
than the other compared schemes color histogram (H), autocorrelogram (A) and color
difference correlogram (C) as shown in Table 2. The scheme can also retrieve images
with different views of the same scene, large changes in appearance.

For the parallel processing, the scheme is tested up to three PEs and the results are
compared with that of a sequential program on a single host. In the experiment, each
host is already installed PVM software and connected by the Ethernet network 10/100
T-Base. Specification of each individual host is shown in Table 3.

For the parallel implementation, the experiments are conducted by using many
sample query images and the average processing times and speed up factor (ratio of a
sequential processing time to a parallel processing time) are shown in Table 4.

From Table 4, it can be seen that all speed up factors exceed a number of hosts in
a virtual machine which seem to be impossible in a practical.

6.2  Analysis of the results

There is a need to find out that why the speed up factor of the experimental results
exceeds a number of processors used.
As described in the previous section that in finding the target images of each
query, the scheme needs to process in 3 steps as follows:
a) loading all feature vector recorded in the images database
b) calculate a distance measure, and
¢) ranking all N results.
The loading time and the total processing time of different number of images in the
database are shown in Table 5.
From Table 5, it can be seen that the loading time of data from image database is
used more than 85% of the total processing time.
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Hist 74 Auto 15 Hist 4 Auto 2
CDC 29 AC/CDC 4 CDC 1 AC/CDC 1

Hist 28 Auto 2

CDC3 AC/CDC 1 Hist 5 Auto 3

CDC 7 AC/CDC

=

Hist 8 Auto 8 Hist 32 Auto 4
CDC 1 AC/CDC 1 CDC 1 AC/CDC 1

Hist 7 Auto 4

Hist 32 Auto 3 CDC 1 AC/CDC 1

CDC 1 AC/CDC 1

Hist 19 Auto 43

Hist29 Auto 16 CDC 28 AC/CDC 5
CDC 86 AC/CDC 9
Table 1. Some of the experimental results.
Method Hist Auto CDC AC/CDC
Avg. r-measure 20 7 9 2
Avg. pl-measure 0.56 0.70 0.58 0.80

Table 2. Performances of various methods
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Hostname CPU Memory
Master AMD THUNDER BIRD 755 MHz SDRAM 128MB
SlvpvmO1 ASUS ATHLON 550 MHz EDO 64 MB
Slvpvm02 ASUS CELERON 400 MHz EDO 64 MB
Slvpvm03 Pentium MMX 233 MHz EDO 32 MB

Table .3 Host specifications

Number of Hosts Time(sec) Speed Up
1 214 1.0
2 94 2.28
3 65 3.29
Table 4. Experimental results
Number of Loading time Total processing time Percentage of
images (sec) (sec) loading time
15694 189 214 88.32
7847 82 94 87.23
5232 54 65 83.07

Table 5. Loading and total processing time.

This testing has measured a loading time of various number vector data records
and plotted and as shown in Fig. 5. It can be seen from Fig. 5 that the loading time is
not linear especially when a number of records exceed 8,000 records.
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Fig. 5. Loading time.
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Sub Load ()
RecSet.MoveFirst();
for(i=0;i<begin*10;i++)
RecSet.MoveNext();
time(&start);
for(i=0;i<(end-begin)*10;i++){
for(j=0:j<64;j++){
RecData[i][j] = RecSet.FieldAt[j ]
}

}
time(&stop);

RecSet.MoveNext();

Fig. 6. Loading program.

The sub program that is used for loading these images is shown in Fig. 6. In the
experiment, the images of 15,694 images are used. One image needs 10 records to
store all of its feature vector information. Therefore, the total number of feature
vectors stored in the database is 156,940 records. The loading time is very significant
for the parallel processing.

When the scheme is implemented on PVM, the number of records needed to be
loaded is decreased approximately by the factors of a number of PE used. Therefore,
it could be concluded from the experimental results that the loading time made the
speed up factor more than the expected value.

7 Conclusion

The scheme for image indexing and its parallel implementation of image retrieval
technique are proposed. From the experimental results, it can be concluded that a
parallel image retrieval system by using AC/CDC on a PVM system is efficient and
can be applied in a practical use.
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