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Abstract

This paper describes a new approach to fast content-
based color image retrieval in a wavelet-based hierarchical
structure with data warehousing techniques. To tackle the
key issues such as image data indexing, similarity measures,
search methods and query processing in retrieval for large
color image archives, we extend the concepts of conven-
tional data warehouse and image database to image data
warehouse for effective color indexing. In contrast to the
existing systems which employ a fixed mechanism for simi-
larity measurement, we propose to integrate wavelet multi-
resolution decomposition with data summarization for hi-
erarchical color representation and flexible similarity mea-
surement. In addition, a guided search scheme is introduced
in conjunction with data partitioning and aggregation tech-
niques to speed up query processing. The proposed retrieval
method is tested on RGB and YUV color spaces and the
experimental results demonstrates its effectiveness and effi-
ciency for content-based color image retrieval.
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tion and indexing, similarity measurement, guided search,
wavelet transforms, data warehouse.

1. Introduction

With the fast growth of multimedia information and
wide applications of WWW (world wide web) technology,
content-based image retrieval plays an important role in vi-
sual information systems. The increased demands to search
and browse diverse image databases on the Internet require
effective management of image archiving and storage sys-
tems. It becomes a very challenging task to store, index,
and retrieve huge amounts of image data for scientific and
commercial applications.

In general, image retrieval approaches fall into two cate-
gories: attribute-based methods and content-based methods
[4]. The attribute-based approach is database-oriented by
modeling image contents as a set of attributes and manag-

ing them within the framework of conventional database-
management systems. Such attribute-based methods rep-
resent image contents using text and structured fields.
The content-based approach is based on the integration of
feature-extraction and object-recognition during the man-
agement of image databases to overcome the limitation of
attribute-based retrieval. Currently a large proportion of re-
search into content-based image retrieval has been centered
on issues such as which image features are extracted, the
level of abstraction manifested in the features, and the de-
gree of desired domain independence [5].

It is noted that most of the existing techniques for mul-
timedia information retrieval are based on the use of con-
ventional database structures to handle large collections of
high-dimensional multimedia data. Although the recent re-
search on multimedia database systems [3], [6], [11] has
made advances in creation of large multimedia databases
with effective facilities for query processing, it is mainly
focused on data modeling and structuring. Object-oriented
models have the capacity for retrieving one or more media
samples by satisfying a particular set of conditions, how-
ever, when faced with large quantities of data that are stored
at a low level of information granularity, they can be very
slow. Although the application of knowledge discovery
techniques to relational multimedia databases has made it
possible for multimedia data mining [11], it is difficult to
integrate multiple media features for flexible indexing and
dynamic search.

Recently the combination of data mining and data ware-
housing has emerged as an innovative and totally new ap-
proach to information management [2]. Data mining pro-
vides the capacity for the discovery of hidden knowledge,
unexpected patterns and new rules from large databases. A
data warehouse is not only a central store of data that has
been extracted from operational data, it also contains the
process managers that make information available, enabling
users to make informed decisions. In other words, data
warehousing is concerned with summation, reduction and
transformation of data and storing it in a materialized re-
lation available for direct querying. Therefore, it can speed



up queries by using a materialized view, and deal with noisy
and incomplete data. Consequently, with a data warehouse,
we will have clean data, complete data and carry out data
reduction and summarization for fast querying with knowl-
edge discovery. Although there have been many successful
data mining and data warehousing systems, little has been
done on date warehousing and mining for image database
for visual information systems.

The main contributions of this paper may be summarized
as follows: To tackle the key issues such as image data
indexing, similarity measures, search methods and query
processing in retrieval for large color image archives, we
extend the concepts of a conventional data warehouse and
image database to create the notion of an image data ware-
house for effective color indexing. In contrast to the ex-
isting systems which employ a fixed mechanism for simi-
larity measurement, we propose to integrate wavelet multi-
resolution decomposition with data summarization for hi-
erarchical color representation and flexible similarity mea-
surement. In addition, a guided search scheme is introduced
in conjunction with data partitioning and aggregation tech-
niques to speed up query processing. The proposed retrieval
method is tested on RGB and YUV color spaces and the
experimental results demonstrates its effectiveness and effi-
ciency for content-based color image retrieval.

This paper is organized as follows. Section 2 reviews
the popular algorithms for color representation and intro-
duces a wavelet-based image hierarchy for color content de-
composition and multiple color feature extraction. Section
3 outlines the proposed concept of image data warehouse
for dynamic color indexing and briefly describes the use of
data warehouse schema to integrate multiple color features
for hierarchical search and fast query processing. Section 4
describes a coarse-to-fine color content comparison scheme
which adopts data partitioning and aggregation techniques
to guide the search. Section 5 presents the experimental re-
sults. Finally, Section 6 gives our conclusions.

2. Colour Feature Extraction and Representa-
tion

Color is an important datum in the real world and has
been used as one of the major features for content-based vi-
sual information retrieval. The problem of image retrieval
by color concerns retrieving all images which have simi-
lar color compositions to the query image’s color compo-
sition. Thus, color indexing is a key issue in relation to
the robustness and efficiency of a retrieval system. Many
algorithms for color feature representation have been devel-
oped for color indexing, and these fall into two categories:
global description and local description. This section re-
views some of the most popular algorithms and introduces
a new color measurement approach based on wavelet trans-

forms.

� Color Histogram

Color histogram [10] has been adopted by many re-
trieval systems because of its low memory storage
and sufficient accuracy. Although this approach pro-
vides a feasible global measurement of color content,
it lacks local information about spatial distribution of
color composition. For example, the difference be-
tween a large region in red color and a large num-
ber of scattered pixels in red color will not be cap-
tured in a color histogram. To incorporate spatial in-
formation into a global color histogram representation,
other histogram-based algorithms have been proposed
for improvement. in [8].

� Color Moments

Moments provides a powerful description of geometric
properties of an object or a curve distribution such as
area, centroid, moment of inertia, skewness and kur-
tosis. Currently color moments have been adopted
for color indexing when an image is represented by
its probability distribution function of pixel intensities
[9]. It is noted that an image histogram can be repre-
sented well by its moments at the first few orders.

� Wavelet Based Approach

Wavelet transforms offer the promise of compact rep-
resentation and efficient detection of image compo-
nents that match the wave-shape of the chosen wavelet.
The examples of wavelet-based coding are summa-
rized in [7], which includes the embedded zerotree
wavelet (EZW), the layer zero coding (LZC), set
partitioning in hierarchical trees (SPIHT), the rate-
distortion optimized wavelet packet (WP). All of these
algorithms involve the following three processes: 1)
wavelet transformation of a given image; 2) succes-
sive approximation quantization (SAQ) of wavelet co-
efficients; 3) effective coding based on entropy of the
resulting coefficients.

� Dynamic Color Indexing – A Proposed Approach

Color indexing plays a key role in content-based color
image retrieval. Indexing tabular data for exact match-
ing or range searches in traditional databases is a well-
understood problem, and structures like B-trees pro-
vide efficient access mechanisms. However, in the
context of similarity matching for visual images, tra-
ditional indexing methods may not be appropriate.
Consequently, data structures for fast access of high-
dimensional features for spatial relationships have to
be developed. Nevertheless, the existing approaches
are all based on a fixed mechanism and lack an in-
tegration of multiple features for dynamic indexing.



With the framework of a color image warehouse which
we will introduce in Section 3, we propose a wavelet-
based image color hierarchy and multiple feature in-
tegration scheme to facilitate dynamic color indexing
associated with data summarization. Our approach is
characterized as follows: 1) to apply wavelet trans-
forms to decompose a given image into three layers
of 10 sub-images; 2) to use the mean of wavelet coef-
ficients at three layers as a global color measurement
and index it as tabular data in the global color summary
table; 3) to calculate the mean of wavelet coefficients
of sub-band images (horizontal, vertical and diagonal)
at different layers as local color information and index
them as tabular data in a local color summary table; 4)
to detect the interesting points of objects in the orig-
inal image and store them in a table for fine match.
To achieve dynamic indexing and flexible similarity
measurement, a color data warehouse is introduced in
the next section to coordinate data summarization and
search for the best match of color similarities. Fig. 1
shows a wavelet-based image decomposition structure
for a three-layer image hierarchy.

(a) original image (b) subband images

Fig. 1. An example of three-level image decomposition

3. Colour Image Warehouse

3.1. An Overview

A data warehouse can be viewed as a technology which
not only functions as a data superstore, but also processes
data to create a data warehouse, operational data store, or
data mart stored on traditional servers, Intranet servers, or
Internet servers. In other words, data warehouses are not
just large databases; they are large, complex environments
that integrate many technologies. Thus, they require con-
siderable maintenance and management. In general, there
are four major processes that constitute a data warehouse.
which are responsible for the following operations: (1) ex-
tract and load the data, (2) clean and transform data into
a form that can cope with large data volumes, and provide

good query performance, (3) back up and archive data, (4)
manage queries, and direct them to the appropriate data
sources. It is very important to have the mechanisms that
determine when to start extracting the data, run the trans-
formations and consistency checks and so on. Basically,
there are two types of tools for the smooth operation of data
warehouses – system management tools and data warehouse
process management tools.

The data warehouse process managers are software pro-
grams responsible for the flow, maintenance and upkeep of
the data, both into and out of the data warehouse database.
There are three different data warehouse process managers:
load manager, warehouse manager and query manager. The
load manager is responsible for data source interaction,
data transformation and data load. The warehouse man-
ager is responsible for maintaining the data while it is in the
data warehouse, which includes data movement, metadata
management, performance monitoring and tuning, and data
archiving. The query manager is used to control user access
to the data, query scheduling and query monitoring. Fig. 2
shows the overall system architecture of a data warehouse.
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Fig. 2. The overall data warehouse architecture

Developing a data warehouse is similar to other software
projects. As summarized in [1], the design process is itera-
tive and consists of the following steps: (1) identify user re-
quirements and project scope; (2) develop subject area data
model, including an entity-relationship diagram and asso-
ciated metadata; (3) develop a data warehouse logical data
model from the subject area data model; (4) develop a data
warehouse architecture; (5) design the physical database;
(6) populate an end-user-oriented repository/directory with
metadata for the physical database; (7) identify the source
of data from operational systems or external sources for
each target field in the data warehouse; (8) develop or pur-
chase programs to extract, cleanse, transform, integrate, and
transport data from the legacy systems to the warehouse; (9)
populate the warehouse using these programs; (10) test for
user satisfaction with the data warehouse, including data
quality, availability, and performance; (11) rework the de-
sign as needed to achieve ongoing user satisfaction.



3.2. Schema of Colour Warehouse

To achieve the design objectives including performance,
future flexibility, scalability of servers, ease of adminis-
tration, data integrity, data consistency, data availability,
user satisfaction, and other factors, an initial critical is-
sue involved is how to design appropriate data warehouse
schemas from the logical requirements model. To skip the
traditional data modeling process, a star schema is intro-
duced to describe data at a high level.

Schema was initially used in database design. It is a
representation of a database, which gives semantics to the
data to model the database. In relational databases, there
are two types of schema – conceptual schema and logi-
cal schema. Conceptual schema often refers to an entity-
relationship diagram, and logical schema represents the
structure and connection of the relational tables. In object-
oriented databases, conceptual models are usually used.
Since schema is used at the design stage of any database,
it is also adopted to construct data warehouse. Facts and di-
mensions are two basic concepts related to data warehouse
schema. In a conventional data warehouse, facts contain
information about an event such as sales, phone calls and
bank transactions etc.. Fact data is major part of data in data
warehouse. It is stable and captured in fact table with mul-
tiple foreign keys and millions of rows, where fact table is
similar to the relational table in database and foreign keys
are used to refer to other tables. Dimensions are used to
analyze information, e.g. time, location, products and cus-
tomer groups etc.. Dimension data is featured by its changes
over time, low volume and different alternatives if neces-
sary. Dimension tables are used to filter out transactions
in the fact table that are not required to process a particular
query. Therefore, it is very important to identify appropriate
facts and dimensions while using schema to describe data
warehouse. It is application-dependent to choose specific
fact tables for different cases.

Although the concept of data warehouse originated from
the traditional business information systems, it can be ex-
tended to visual information systems. In this paper, we fo-
cused on the establishment of a color image data warehouse
for content-based color image retrieval. The content of im-
ages is regarded as fact data in image data warehouse, and
multiple image features constitute dimension data. With re-
spect to the description of color, mean values of wavelet
coefficients of sub-images (global, horizontal, vertical, and
diagonal) at different layers, color histogram, color mo-
ments and interesting points are considered as dimension
data. Fig. 3 shows the relationship between fact data and
dimension data, where the center table represents the fact
table (content of image) and the surrounding (reference)
tables are dimension tables (individual color features). In
contrast to the traditional image databases which focus on

only image data (content), the proposed image data ware-
house extends its capacity for data mapping and summa-
rization. By mapping different image data sources to image
data warehouse and generating summary tables based on the
dimension data, the retrieval for the similar image by color
is guided by directing a query to the right tables for fast
searching. The reference to different summary tables will
result in the selection of different indexing scheme and sim-
ilarity measurement. Thus, the use of a data warehouse will
facilitate dynamic indexing to speed up the retrieval task.
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Fig. 3. A Data Warehouse Star Schema

4. A Coarse-to-Fine Colour Search

To avoid the blind search for the best fit between the
color composition of a query image and the color content
of all of the sample images stored in the image data ware-
house, a guided search strategy is essential to reduce com-
putation burden. In conventional data warehouse, various
methods of partitioning have been developed to improve
the efficiency for query processing. The idea behind this
is to break up a single entity into multiple ‘smaller’ sub-
entities by slicing the table into smaller pieces. Most of
the existing methods fall into two major categories – hori-
zontal partitioning and vertical partitioning. In general, the
way in which a fact table will be split up all depends on
the type of query. In this paper, we adopted partitioning
along a dimension to facilitate a coarse-to-fine color simi-
larity measurement content-based color image retrieval. As
stated in Section 3, seven dimensions are associated with
a color image – interesting points, global color histogram,
color moments, mean values of wavelet coefficients in dif-
ferent directions (global, vertical, horizontal and diagonal).

The initial search for the best similar color composition
match starts with the dimension of global mean value of
wavelet coefficients. The similarity measurement is based
on the difference between the query image and the image
samples stored in the image warehouse. The Gaussian nor-
malization procedure is applied before the comparison. The
candidates with small distance differences will be consid-



ered for fine match in terms of its local wavelet mean values
and interesting points. The color histogram and color mo-
ments are further used to narrow the selection of the pos-
sible candidates for fine matching. The fine match is con-
ducted by using Hausdorff distance of the interesting points
associated with similar local color feature.

The color information represented by a star schema in
an image data warehouse will facilitate the dynamic search
and flexible similarity measurement. The proposed multi-
dimensional structure of the data cube offers flexibility to
manipulate the data and view it from different perspectives.
Such a structure allows quick data summarization at dif-
ferent levels and the application of OLAP operations (On-
line Analytical Processing) to view and analyze the data
from different aspects as specified. The OLAP operations
include drill-down, roll-up, slice and dice. The statistical
data resulting from the OLAP operation is used to discover
the hidden patterns or implicit knowledge to speed up the
task of color composition classification. In other words, we
adopted association rules as the technique for data mining
to guide the classification.

5. Experimental Results

The color image samples used for the testing are 512�

512 size with 256 brightness levels in both RGB and YUV
color space. A series of experiments have been carried out
to verify the high performance of the proposed algorithms.
In our test, a total of 200 image samples are collected. Fig.
4 shows 8 samples of color images selected from the image
collection to represent different color content.

Fig. 4. Color image samples

The mean value of wavelet coefficients for the given im-
age at different layers is rotation invariant and can be used
as the global index for color content at coarse level, while
the mean values of the wavelet coefficients for directional
decomposition (horizontal, vertical and diagonal) provide a
good description of local color composition which can be
used to guide the search at the fine level. Fig. 5 presents a
series of rotated images of a given sample and Fig. 6 illus-
trates the mean value distribution of wavelet coefficients at
different orientations.

Fig. 5. Sample series of a rotated color image

6. Conclusions

The proposal for an image data warehouse is an effective
alternative for fast content-based color image retrieval in a
hierarchical manner. The integration of color feature extrac-
tion and wavelet transform offers a simple measurement for
color content comparison at coarse-level. The use of a sub-
group of the color moments and interesting points provides
a basis for effective color matching at the fine-level. In ad-
dition, the use of data mining techniques on the data cube
increases the system flexibility and efficiency. Such an ap-
proach will be useful for other multimedia applications.
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