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Abstract

In the paper, an e�cient image database system is

developed. The most important features of the proposed

system include compressed domain indexing, search-

ing by using scalable features, and progressive image

transmission. User interaction is involved at both the

search re�nement stage and display of the query re-

sults. The most important query types include query by

color layout and query by wavelet coe�cients clustering

information. The indexing and searching algorithms

are tightly coupled with the underlying image compres-

sion algorithm by means the images are stored in the

database reducing both the complexity and the stor-

age requirements of the database management system.

In this research, we utilize our previously developed

very high performance wavelet image coding algorithm

termed signi�cance-linked connected component analy-

sis, which not only renders very high compression per-

formance when compared to other top-ranked wavelet

image coding algorithms and the JPEG standard, but

also inherently supports scalable features and progres-

sive transmission. Computer experiments demonstrate

the e�ciency of the developed system.

1. Introduction

With the decreasing cost and increasing perfor-
mance of digital image and video capture devices, com-
puting power, and storage capabilities, more and more
visual information will be available on-line in large im-
age and video repositories. However, image and video
data is much more voluminous than textual data, and
visual information cannot be indexed by traditional
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methods well suited for the indexing of textual infor-
mation. This makes e�ective and e�cient visual infor-
mation search a very di�cult task. Here, \e�ective"
means that the user can �nd exactly what he or she is
looking for, and \e�cient" stands for the prompt re-
sponse of the system. Thus visual information retrieval
has of late attracted signi�cant research interest from
the academia as well as industry [8].

The paper describes our initial work in designing a

exible image database system which uses the highly
e�cient wavelet-based image compression algorithm
termed signi�cance-linked connected component anal-
ysis (SLCCA) [3, 4, 5] for both data storage and index-
ing, and supports user interactivity for both query by
using scalable features, and display by using progres-
sive image transmission.

The organization of the paper is as follows. We
describe the three main requirements of any visual
database system in Section 2. Section 3 reviews the
state-of-the-art, and Section 4 presents the proposed
image database system. Performance evaluation is ad-
dressed in Section 5 and the last section gives conclu-
sions and further research directions.

2. Image Database Requirements

It can be argued that a visual database system
should address three key issues [9, 7] to be e�ective and
e�cient, namely, e�cient search algorithms, progres-
sive image transmission, and user interactivity during
both query and transmission of results.

2.1. E�cient Search Algorithms

In an image database system, searching is the most
computationally expensive operation due to the large
number of images available in the database. Thus ef-
�cient search algorithms are prerequisite of any visual



database system. In most systems, image features are
extracted o�-line from the original images, and stored
as metadata in the database. In query, the same fea-
tures are extracted from the query image, and the fea-
tures of the query image are compared with the fea-
tures of each target image in the database. To further
speed up the search, pre�ltering operations can be ap-
plied to reduce the number of candidates, and the ac-
tual feature matching is only carried out on a subset
of target images [14]. In the proposed search engine,
scalable features are used. Scalable feature means that
the higher layer feature is enhancement or re�nement
of the lower layer feature. Scalable features not only
allow interactive query but also accelerate the search.
We use both object-scalable and resolution-scalable fea-
tures de�ned in Section 4. Thus the search is done on
several layers by using scalable features, i.e., at the ini-
tial layer only coarse image features are searched which
can be done very e�ciently. As the search progresses
to higher layers, features are re�ned, or �ner features
are introduced, and the number of candidate images is
gradually decreased. In the proposed algorithm, index-
ing is tightly coupled with the underlying compression
algorithm used to store images in the database, and
features are directly extracted from the compressed
bitstream thereby substantially reducing the storage
requirements and complexity of the database manage-
ment system.

2.2. Progressive Transmission

The rapidly increasing number of users on the In-
ternet makes bandwidth more and more valuable, thus
progressive transmission and display of the search re-
sults is a critical issue in the design of a visual database
system. In the developed system, the search results
are returned in the coarsest resolution. Then, the user
can interactively re�ne the results. Quite frequently,
based on the coarse representation of the image, the
user can decide whether or not examine this image fur-
ther, i.e., only images with interest are re�ned for fur-
ther evaluation. It is also possible, that the user can
examine part of the results while other parts are still
downloading and decoding. Most of the search engines
lack these capabilities. Usually, results are represented
by so-called thumbnail images [14, 19, 1], which repre-
sent the downsampled version of the original images.
If the user selects a thumbnail image, then the orig-
inal resolution image is downloaded. In the VideoQ
system [6], besides thumbnails, hyperlinks to the re-
sulting video �les at di�erent resolution and quality
are also provided. Thus, based on the available band-
width the proper resolution and quality video sequence

can be downloaded. However, this requires the user's
knowledge of the available bandwidth which is usually
not the case. Another drawback of this approach is
the increased server side storage requirements. In the
proposed approach, we use SLCCA as the compression
scheme which naturally supports progressive transmis-
sion, i.e., a higher resolution image makes full use of
the previous resolution which allows maximal utiliza-
tion of the available bandwidth, user's time, and server
storage space.

2.3. User Interactivity

Interactive image query is important due to several
reasons such as the large number of images available
in the image database and the inherently ambiguous
nature of image query, i.e., the same description might
match several images with no or little interest to the
user. Furthermore, a large percent of users may not
know what exactly they are looking for, or how to de-
scribe the scene. So it is preferable that after a coarse
and fast query, the user can preview and narrow down
the search by providing feedback based on images re-
turned by the search engine. Interactive search is also
closely related to scalable features. Based on a low
layer fast and coarse query, the user can re�ne the
search at higher layers. As the user progresses with
the search, more and more search algorithms are pro-
vided. Higher layer search techniques usually give more
freedom to the user along with more accurate results
at the price of higher computational complexity. The
main motivation for user interactivity during transmit-
ting and displaying search results is the limited avail-
able bandwidth.

3. Review of Previous Work

There have been several image and video search al-
gorithms developed in both academia and industry.
Histogram-based techniques are far the most popular in
image indexing and searching [21, 2, 15]. Their advan-
tages include compact representation of the image and
computational e�ciency. In [20], by using several mo-
ments of the histogram, Sticker and Orengo presented
improved results over traditional histogram comparison
with reduced storage and computational complexity.
Translation and scale invariant moments are proposed
in [13]. Jacobs et al. [10] introduced a wavelet-based
indexing and searching algorithm, where the similar-
ity between two images are measured by comparing
the sign of the most signi�cant wavelet coe�cients. In
Liang et al. [11], a wavelet-based image retrieval system
is developed, where the translation variance of wavelet



transform is combatted by adopting the number of sig-
ni�cant coe�cients in each subband as the primary fea-
ture. In [12], histogram comparison of highpass sub-
bands is proposed. To increase the e�ciency, instead
of direct histogram comparison, the histogram of each
highpass subband is modeled by generalized Gaussian
distribution and the variance and shape parameters of
the distribution are used as features. Substantial im-
provement over the traditional histogram approach is
reported.

In all the above approaches, indexing and searching
is done based on global features, i.e., the entire fullband
image or subbands are used to extract features. In Vi-
sualSEEk [19], local features are also used by allowing
the user to specify rectangular regions represented by
color, size, and location. Rectangular image regions
are also automatically extracted from target images by
color segmentation algorithm and stored as metadata.
Then searching amounts to the determination of the
similarity between the regions of the target and query
images.

As a summary, we deduce that only some of the pro-
posed algorithms use scalable features [11], progressive
display [11], or user interactivity [19, 10], but to our
best knowledge none of the existing image database en-
gines integrate scalable features and progressive display
with user interactivity by using a uni�ed compression
algorithm for both indexing and data storage.

4. Proposed Image Database System

4.1. Image Database Architecture

The block diagram of the implemented system is
shown in Fig. 1. The client is implemented as a Java
interface. Requests received from the client are passed
to the search engine which executes the search based on
the metadata directly extracted from the compressed
SLCCA bitstream and stored in the database. The sys-
tem is made extremely 
exible by executing individual
search algorithms through the common gateway inter-
face (CGI). The state of each client is maintained at
the server which is inevitable as a higher layer search
is based on the result of a lower one.

4.2. SLCCA Coding Algorithm

Signi�cance-linked connected component analysis
(SLCCA) is a very high performance wavelet image
coding algorithm. As opposed to zerotree-based al-
gorithms such as embedded zerotree wavelet (EZW)
[18] and set partitioning in hierarchical trees (SPIHT)
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Figure 1. Architecture of the developed im-
age database system.

[16], it organizes signi�cant wavelet data by decom-
posing them into irregularly shaped connected compo-
nents or clusters in each subband, a technique called
morphological representation of wavelet data (MRWD)
[17], and by linking two clusters across subband if one
subband contains parent and another contains at least
one child. This exploitation of cross-scale dependency
among clusters results in the highest peak signal-to-
noise ratio (PSNR) in comparison with the other three
aforementioned wavelet image coders. SLCCA consis-
tently outperforms JPEG by 3-5 dB in PSNR. The sub-
jective performance comparison of SLCCA and JPEG
at compression ratio 48:1 is shown in Fig. 2. As seen
in Fig. 2b, SLCCA introduces small visual distortion
by smoothing �ne image details which appears quite
appealing to the human visual system. On the other
hand, JPEG introduces quite noticeable blocking arti-
facts.

4.3. Features and Implemented Query
Types

Most of the image and video search algorithms use
the red, green, and blue (RGB) color space for search-
ing [14, 2]. The main drawback of RGB color space lies
in that the brightness (luminance) and color (chromi-
nance) information are not treated separately, and all
three color components need to be represented at the
same resolution, which results in large storage require-
ments and computational overhead. However, it is well
known that most of the image information (about 80%)
such as shape and texture are conveyed in the lumi-
nance component. By using YUV color space, the lu-
minance component is separated from the chrominance
components and the later can be downsampled, reduc-
ing the storage requirement and accelerating the in-
dexing and searching procedures. Since this is the way



(a)

(b)

(c)

Figure 2. (a) The original standard \Lena"
test image. Decoded images by (b) SLCCA
and (c) JPEG at compression ratio 48:1.

the image is stored and transmitted, the YUV compo-
nents are available immediately from the compressed
domain. Thus the proposed system exclusively uses
the YUV color space. However, colors are easily spec-
i�ed by using the GUI color hexagon as shown in Fig.
3.

The simplest query is query by average color. The
average color is extracted from each original image and
stored as metadata in the database. Note, that average
color is a global, non-scalable feature.

Query by signi�cant coe�cients count [11] and query

by signi�cance map [10] have also been implemented
for performance comparison with the respective algo-
rithms. Both the number of signi�cant coe�cients and
the signi�cance map are global, resolution-scalable fea-
tures.

In query by color layout, users can specify the lo-
cation, extent, and color of individual objects in the
image by using a Java drawing tool. Color layout is a
local, object-scalable feature. Object-scalability means
that at a higher layer, the user can increase the num-
ber of objects in the sketch which increases the com-
putational complexity. However, as the searching pro-
gresses, the number of candidates is reduced at every
layer, thereby keeping the approximate response time
constant.

Query by clustering is based on the observation that
clusters of signi�cant coe�cients provide an invaluable
information about the structure of the image, i.e., clus-
ters in high frequency subbands correspond to texture
and edge regions. This information is readily avail-
able from the SLCCA bitstream, and is used for in-
dexing and searching. In SLCCA, the relationship be-
tween clusters at di�erent scales is represented by the
signi�cance-linkage, thus the number and spatial dis-

tribution of signi�cance-links within each subband are
used as global, resolution-scalable features. In addi-
tion to location, the extent of each cluster provides
further insight about the structure of the image, i.e.,
texture regions from edge regions are likely distinguish-
able due to the apparent line structure of edges. Thus
we use the clustering information, where the sign of co-
e�cients within clusters are compared. Clustering is a
local, both resolution-scalable and object-scalable fea-
ture. Clusters of the query image are compared with
clusters of the target images in decreasing size order,
i.e., as the search progresses, clusters with smaller sizes
are also involved in the comparison with the number
of candidates being reduced. Note, that when all the
clusters at the full resolution are considered, the al-
gorithm is identical to [10], where the sign of all the
wavelet coe�cients are used for matching.

In query by example, the weights of the all the above



features can be speci�ed by the user.

5. Performance Evaluation

The lack of accepted performance metrics of visual
retrieval systems makes performance evaluation and
comparison of di�erent search engines fairly compli-
cated. This stems from the subjectivity of visual simi-
larity and lack of standard image database that every-
body can use. Currently, the developed system con-
tains about 500 images scanned by the authors. The
developed image database system is freely accessible on
the WWW with client-side Java interface, and can be
evaluated at http://meru.cecs.missouri.edu/vdb. The
screen capture of the query interface and the progres-
sive display are shown in Figs. 3 and 4, respectively.

Figure 3. Image query interface.

Currently we are moving the image database into
Oracle 8.03, in order to compare the performance with
the integrated Virage image engine [1].

6. Conclusions and Further Research Di-
rections

In the paper, our preliminary work in creating a
novel image retrieval system is presented. The pro-
posed image database is tightly coupled with the very
high performance SLCCA image compression algo-
rithm that naturally supports scalable features used

Figure 4. Progressive image display inter-
face.

for both indexing and searching, and progressive trans-
mission. The user is involved for both query re�ne-
ment and transmission of search results in an interac-
tive manner.

Further research directions include (1) the deriva-
tion of e�ective objective performance evaluation and
comparison algorithms, (2) the development and re-
�nement of di�erent type of queries such as query by
structure and texture, (3) the incorporation of e�-
cient video indexing based on our high performance
video algorithms [23, 22], and (4) the extension of our
database for medical and remote sensing applications,
which may require di�erent type of features, indexing,
and queries. Finally, (5) by using our automatic spatio-
temporal segmentation algorithm [24], the system will
be extended to support content-based image and video
retrieval as well.
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