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Preface

Content-based image retrieval is the set of techniques for retrieving
relevant images from an image database on the basis of automatically-
derived image features. The need for efficient content-based image re-
trieval has increased tremendously in many application areas such as
biomedicine, the military, commerce, education, and Web image clas-
sification and searching. In the biomedical domain, content-based im-
age retrieval can be used in patient digital libraries, clinical diagnosis,
searching of 2-D electrophoresis gels, and pathology slides.

I started my work on content-based image retrieval in 1995 when I
was with Stanford University. The project was initiated by the Stan-
ford University Libraries and later funded by a research grant from the
National Science Foundation. The goal was to design and implement a
computer system capable of indexing and retrieving large collections of
digitized multimedia data available in the libraries based on the media
contents. At the time, it seemed reasonable to me that I should discover
the solution to the image retrieval problem during the project. Experi-
ence has certainly demonstrated how far we are as yet from solving this
basic problem.

CBIR for general-purpose image databases is a highly challenging
problem because of the large size of the database, the difficulty of un-
derstanding images, both by people and computers, the difficulty of
formulating a query, and the problem of evaluating the results. The
objectives of this book are to introduce the fundamental problems, to
review a collection of selected and well-tested methods, and to introduce
our work in this rapidly developing research field.

We designed a content-based image retrieval system with wavelet-
based feature extraction, semantics classification, and integrated region
matching (IRM). An image in the database, or a portion of an im-
age, is represented by a set of regions, roughly corresponding to ob-
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jects, which are characterized by color, texture, shape, and location.
The system classifies images into semantic categories, such as textured-
nontextured, objectionable-benign, or graph-photograph. The catego-
rization enhances retrieval by permitting semantically-adaptive search-
ing methods and narrowing down the searching range in a database.
A measure for the overall similarity between images is developed as a
region-matching scheme that integrates properties of all the regions in
the images. Compared with retrieval based on individual regions, the
overall similarity approach reduces the adverse effect of inaccurate seg-
mentation, helps to clarify the semantics of a particular region, and
enables a simple querying interface for region-based image retrieval sys-
tems.

We built an experimental image retrieval system, the SIMPLIcity
(Semantics-sensitive Integrated Matching for Picture LIbraries) system,
to validate these methods on various image databases, including a
database of about 200,000 general-purpose images and a database of
more than 70,000 pathology images. We have shown that our methods
perform much better and much faster than existing methods. The sys-
tem is exceptionally robust to image alterations such as intensity varia-
tion, sharpness variation, intentional distortions, cropping, shifting, and
rotation. These features are important to biomedical image databases
because visual features in the query image are not exactly the same as
the visual features in the images in the database. The work has also
been applied to the classification of on-line images and web sites.

JAMES Z. WANG
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Chapter 1

INTRODUCTION

Make everything as simple as possible, but not simpler.
Albert Einstein (1879-1955)

The need for efficient content-based image retrieval has increased tremen-
dously in many application areas such as biomedicine, crime prevention,
the military, commerce, culture, education, and entertainment. Content-
based image retrieval is also crucial to Web image classification and
searching.

With the steady growth of computer power, rapidly declining cost of
storage, and ever-increasing access to the Internet, digital acquisition
of information has become increasingly popular in recent years. Digital
information is preferable to analog formats because of convenient sharing
and distribution properties. This trend has motivated research in image
databases, which were nearly ignored by traditional computer systems
because of the large amount of data required to represent images and the
difficulty of automatically analyzing images. Currently, storage is less of
an issue since huge storage capacities are available at low cost. However,
effective indexing! and searching of large-scale image databases remain
as challenges for computer systems.

The automatic derivation of semantically-meaningful information
from the content of an image is the focus of interest for most research
on image databases. The image “semantics”, i.e., the meanings of an

!Here, the term indezing means the combination of both feature extraction and feature space
indexing.
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image, has several levels. From the lowest to the highest, these levels
can be roughly categorized as follows:

1 Semantic types (e.g., MRI, X-ray, landscape photograph, clip art)

2 Object composition (e.g., a lesion in the left brain, a bike and a car
parked on a beach, a sunset scene)

3 Abstract semantics (e.g., people fighting, happy person, objectionable
photograph)

4 Detailed semantics (e.g., a detailed description of a given picture)

Image retrieval is defined as the retrieval of semantically-relevant im-
ages from a database of images. In the following sections (Section 1
and Section 2), we discuss text-based image retrieval and content-based
image retrieval.

1. TEXT-BASED IMAGE RETRIEVAL

In current commercial image databases, the prevalent retrieval tech-
niques involve human-supplied text annotations to describe image se-
mantics. These text annotations are then used as the basis for search-
ing, using mature text search algorithms developed in the database man-
agement and information retrieval communities [11, 42, 112]. It is of-
ten easier to design and implement an image search engine based on
keywords (e.g., classification codes) or full-text descriptions (e.g., sur-
rounding text) than on the image content. The query processing of such
search engines is typically very fast due to the available efficient database
management technology. The text-based image retrieval approach is ac-
cepted for high-value pictures such as museum pictures.

Recently, researchers have proposed community-wide social entry of
descriptive text to facilitate subsequent retrieval. This approach is fea-
sible with the widely-available Internet. However, it is limited to image
sets that are of wide interest and stable.

There are many problems in using text-based approach alone. For
example, different people may supply different textual annotations for
the same image. This makes it extremely difficult to answer user queries
reliably. Furthermore, entering textual annotations manually is exces-
sively expensive for large-scale image databases (e.g., space-based obser-
vations).



Introduction 3

2. CONTENT-BASED IMAGE RETRIEVAL

Content-based image retrieval (CBIR) is the set of techniques for re-
trieving relevant images from an image database on the basis of
automatically-derived image features.

CBIR functions differently from text-based image retrieval. Features
describing image content, such as color histogram, color layout, tex-
ture [72], shape and object composition, are computed for both images
in the database and query images. These features are then used to se-
lect the images that are most similar to the query. High-level semantic
features, such as the types of objects in the images and the purpose of
the images are extremely difficult to extract. Derivation of semantically-
meaningful features remains a great challenge.

CBIR is also important for video indexing and retrieval. In a typical
video retrieval system, long video sequences are broken up into sepa-
rate clips and key frames are extracted to represent the content of the
clips. Searching of relevant clips is done by combining CBIR, speech
recognition, and searching for specific movements of the objects in the
shots [122, 17]. In this book, we focus on content-based image retrieval.

3. APPLICATIONS OF CBIR

Content-based image retrieval (CBIR) has applications in various do-
mains in many areas of our society.

3.1. BIOMEDICAL APPLICATIONS

CBIR is critical in developing patient care digital libraries. McKeown,
Chang, Cimino, and Hripcsak [50] of Columbia University plan? to de-
velop a personalized search and summarization system over multimedia
information within a healthcare setting. Both patients and healthcare
providers are targeted users of the system. Efficient CBIR is the most
important core technology within such systems. With the help of such
a mediator [152, 153], healthcare consumers and providers can quickly
access a wide range of online resources: patients and their families can
find information about their personal situation, and clinicians can find
clinically relevant information for individual patients. A similar research
effort is the Stanford SHINE project [58].

CBIR can be applied to clinical diagnosis and decision making. Cur-
rently, more and more hospitals and radiology departments are equipped
with Picture Archive and Communications Systems (PACS) [154]. Be-

?Recently funded by a joint National Science Foundation and National Institute of Health
grant.



