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Abstract

Image analysis has gained popularity in the medical field as there are many
illnesses which require X-rays, Computerized Tomography (CT) scans and Magnetic
Resonance (MR) images in order to enable accurate diagnosis of diseases, physician
education and future research. The images collected through CT scans and MR imaging
techniques require a database for efficient storage, search and retrieval. Medical image
indexing, storage and retrieval based on image content are an important feature of image
database system. This thesis explores the ability of Content-based Image Retrieval
(CBIR) as a retrieve method and development in the domain of medical imaging.
Content-based image retrieval (CBIR) refers to the ability to retrieve images on the basis
of image content. Query by Image Content (QBIC) tool in IBM DB2 UDB will be use to
apply this queries technique. In order to query the image by content in QBIC, first must
create QBIC catalog for the images to catalog the images (adding entries for the images
to the catalog and storing values for image features), then built a query to retrieve the

images. The CBIR technique will be an indispensable component of images database.
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Chapter 1 Introduction

1.1 Overview

The medical imaging field has grown substantially in recent years and has
generated additional interest in methods and tools for the management, analysis, and
communication of medical images.

Increasing computerization of the process of acquiring and storing diagnostic
images requires more sophisticated approaches to image retrieval in order to optimally
use the images for improved health-care delivery, physician education and research.
Content-based image retrieval (CBIR) or content-based visual information retrieval is a
vivid research area in the field of computer vision over the last 10 years. Many programs
and tools have been developed to formulate and execute queries based on the visual or
audio content and to help browsing large multimedia repositories. Still, no general
breakthrough has been achieved with respect to large varied databases with documents
of differing sorts and with varying characteristics.

CBIR refers to the ability to retrieve images on the basis of image content, as
opposed to on the basis of some textual description of the images. Image content is
typically defined by a set of features extracted from an image that describe the color,
texture and/or shape of the entire image or of specific image regions. Given a query
image, the goal of a CBIR system is to search the database and return the n most visually
similar images to the query image. An example of a retrieval query of this sort would be

“show me images from a given database that is similar to a particular image™. A ke

LY

element of this approach revolves around the types of patterns that can be recognized by



the computer and that can serve as the index of the data retrieval. CBIR differs
fundamentally in its focus from a variety of pattern recognition and artificial intelligence
techniques that have been applied to computer-aided medical image interpretation. In
CBIR the emphasis is on the development of an efficient and practical database
methodology for recognizing and retrieving patterns in medical images that represent
pathological processes.

Technologies Computerized Tomography (CT) and Magnetic Resonance
Imaging (MRI) have radically changed the way physicians diagnose and treat disease.
Computed Tomography also known as computed axial tomography, or CAT scan,
medical technology that uses X rays and computers to produce three-dimensional images
of the human body. Unlike traditional X rays, which highlight dense body parts, such as
bones, CT provides detailed views of the body’s soft tissues, including blood vessels,
muscle tissue, and organs, such as the brain. While conventional X rays provide flat two-
dimensional images, CT images depict a cross-section of the body. Newer technology.,
MRI scan uses a powerful magnet to take pictures of inside the body. MR images are
created by using a magnetic field, radio waves, and a computer. MRI can generate thin-
section images of any part of the body—including the heart, arteries, and veins—from
any angle and direction, without surgical invasion and in a relatively short period of
time. [1],[2].[22

With digital imaging and communication in medicine (DICOM), a standard for
image communication has been set and patient information can be stored with the actual
image, although still has a few problems prevail with respect to the standardization.
Content-based access to medical images for supporting clinical decision making has

been proposed that would ease the management of ¢linical data,



It needs to be stated as well that the goal of CBIR is not, in general to replace
text-based retrieval methods as they exist at the moment but to complement them with

visual search tools. It will be an indispensable component of image database.

1.2 Problem Definition

The ever-increasing volume of medical images, the economic impracticality of
manually indexing these images, and the inadequacy of human language alone to
describe image contents that are visually recognizable and medically significant, such as
shape and geometry, color, texture of objects within images, all provide impetus for
research and development toward practical Content-Based Image Retrieval (CBIR)

systems that could become a standard offering of the medical library of the future.

Basic to a CBIR system is the ability to efficiently manage the performance, storage, and
memory requirements of images. CBIR system (i) have the capability to retrieve image
based on their contents: (ii) are domain independent; and (iii) can be automated. Because

of their size and complexity, images have special computation and resource

requirements. Some issues have identified.

. understanding image users’ needs and information-seeking behavior

. identification of suitable ways of describing image content

. extracting such features from raw images

. matching query and stored images in a way that reflects human similarity
judgments

. cfficiently accessing stored images by content

o



1.3 Project Aims

Traditionally, images were stored in the flat file, which are difficult to search.
This project is to develop images databases, which provide ¢fficient acquisition and

storage of medical images.

The aim of this project is to clarify some of the issues raised by CBIR technique,
by reviewing its current capabilities and limitations, and its potential usefulness to users

in higher education and elsewhere.

Research effort are focused to the available literature in the field of content-
based access to medical images data and on the technologies used in the field to develop

a medical image storage and retrieval system.

The overall goal of this project is to make a significant contribution to the image-
by advancing CBIR techniques applied to the MR and CT images. Specific objectives
include conduct research and identify the steps needed for content-based indexing,
feature extraction, feature classification, apply the techniques for image-based retrieval

and develop the algorithms needed to implement both image indexing and retrieval.



1.4  Project Scope

CBIR system for CT and MR images will be develop according to the following

parameters:

a) Develop a database containing the details and medical images of the patient.
b) Provide search methods to the user for image searching

c) Create an interface as primary model of communication between the users

and the database.

d) Provide a link to the 3 Dimensional data files of patient

The project is basically revolving around understanding the content-based image
retrieval technique algorithm and code the algorithm using a chosen programming
language, mostly Structured Query Language (SQL). SQL is a powerful tool for
manipulating data. It is the de facto standard query language for relational database
management systems (RDBMSs) and is used by leading RDBMS products such as

Oracle, IBM DB2, Sybase and Microsoft SQL.



1.5 Project limitations

There are some constraints and limitations in this project research and
development. This project design for store and retrieve only CT and MR images. These
images are in grey level format, therefore cannot retrieve by color features. Most articles
that propose content-based queries do give details use color features, mostly in the form
of color histogram. However, as maxy of the images in medical domain do not contain
colors, texture and shape feature should use to query the image content.

The CT and MR images need particular software to open and view its. Therefore
these images should converted first to image format supported by development tools.
Due to the lack of knowledge in CBIR technique plus the complexity of the actual
system, many research and study should conduct in order to discover news fact and

information. Therefore I have chosento develop the main feature of the system and have

been left out some other features.

0O



1.6  Project Development Schedule

Project scheduling cursors of the whole development activities is carefully
planed out to achieve a systemic progress and ensure on-time delivery of this project. It
is important to have a project schedule as it act as a time management and control to the

developer. This will make sure I am in route of the direction of this project. The

following Gantt chart illustrates the point.

Sep 2004 Oct 2004 Nov 204 Dec 2004 Jan 2005

MO Awg 2004

23 | 130

D Project Scope
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Figure 1.1  Proposed Gantt Chart




1.7 Report layout

Chapter 1 Introduction serves as introduction to the entire project. It overviews the
project system, objectives, scopes, aims expected outcome, project schedule and

facilities required.

Chapter 2 Literature Review focus on the survey, CBIR features, capabilities and

system architecture, technologies and tools that will be apply to the project system.

Chapter 3~ Methodology fairly discusses the development methodology, functional,

non-functional of system and selection of development tools to develop the system.

Chapter 4 System Analysis and Design analysis and describe the design issues
involved in developing this project, such as system functionalities, system hierarchy

design, database design and user interface design.

Chapter 5 System Implementation implements the various components of the
system (coding) based on the collected requirements. These include development

environment, system coding, coding style and system development.

Chapter 6 System Testing performs the testing strategy, testing manual or code

results of testing and changes made after testing.

Chapter 7 Discussion and Conclusion mention about the problem encountered and

recommended solutions, system strengths, system limitation and future enhancements

and conclusion.



Chapter 2 Literature Review
2.1  Introduction to image retrieval

Interest in the potential of digital images has increased enormously over the last
few years. Users in many professional fields are exploiting the opportunities to access

and manipulate remotely-stored images in many ways. However, if we are aiming at

automatic retrieval of images, it should be unsurprising that encapsulating the semantics

or meaning in the image is an difficult challenge. This is because visual features of

images are difficult to be described using words and the process of locating a desired
image in a large and varied collection of images can be a very tiring and time

consuming,

The problems of image retrieval are becoming widely recognized, and the search

<

for solutions increasingly an active area for rescarch and development. An image

retrieval system is a computer system for browsing, searching and retrieving images

from a large database of digital images. It can be based on a textual description of the

images in the database. In the text-based systems, first the images are annotated

manually and then use a Text-based Database Management System (DBMS) for image

retrieval, but the manual annotation of the images is time-consuming and ambiguous.

Therefore, content-based image retrieval (CBIR) aims at avoiding a textual description

and retrieving images based on their visual similarity to a user-supplied query image

instead.
Increasing computerization of (he process of acquiring and storing medical

images such as Computerized Tomography (CT) and Magnetic Resonance (MR)

0



imaging requires more sophisticated approaches to image storage and retrieval in order

to optimally use the images for physician education, research and etc.

The main difference between the general image formats and the medical image
formats is that the latter usually contains more information such as patient’s name and
the settings of the equipment used to produce the image. The image data includes the
pixel image data and information such as the numbers of bits per pixel, the binary
storage of the pixels, the size of the image and the number of images per file. Usually
medical image data includes additional information such as description of the image,
results of the analysis on the data, a history of the processing of the data. There are many
formats for storing medical image data. The most used are the TIFF (tagged image file
format). Medical image conversion system was designed and implemented to perform

conversions between the most common medical image formats. [12],[13],[16]

2.2 Content Based Image Retrieval (CBIR)

The earliest use of the term content-based image retrieval in the literature seems
to have been by Kato[1992], to describe his experiments into automatic retrieval of
images from a database by colour and shape feature. The term has since been widely
used to describe the process of retrieving desired images from a large collection on the
basis of features (such as colour, texture and shape) that can be automatically extracted
from the images themselves. The features used for retrieval can be either primitive or
semantic, but the extraction process must be predominantly automatic. Retrieval of
images by manually-assigned keywords is not CBIR as the term is generally understood,

even if the keywords describe image content,

10



CBIR differs from classical information retrieval in that image databases are

essentially unstructured, since digitized images consist purely of arrays of pixel
intensities, with no inherent meaning. One of the key issues with any kind of image
processing is the need to extract useful information from the raw data (such as

recognizing the presence of particular shapes or textures) before any kind of reasoning

about the image’s contents is possible.

Research and development issues in CBIR cover a range of topics, many shared

with  mainstream image processing and information retrieval. Currently, CBIR
researches mainly focus on three topics: feature extraction, efficient indexing and user
interface,

. Feature extraction. Features of image include primitive  features and

semantic/logical features. Primitive features such as color, texture, shape and spatial

relationships are quantitative in nature, they can be extracted automatically or semi-

automatically. Logical features are qualitative in nature and provide abstract

representations of visual data at various levels of detail. Typically, logical features are

extracted manually or semi-automatically. One or more features can be used in a specific

application. For example, in a satellite information system, the texture features are

important, while shape and color features are more important in trademark registration

systems. The texture and shape features gain important in medical images. Once the

features have been extracted. the retrieval becomes a task of measuring similarity

between image features.

. Efficient indexing. To facilitate efficient query and searching processing, the

image indexes needed to be organized into efficient data structure. Image features are



approximately represented, they may not have embedded order, and they may have inter
related multiple attributes. Therefore, flexible data structures should be used in order to
facilitate storage/retrieval in a image retrieval system.

. User interface In visual information systems, user interaction plays an important
role in almost all of its functions. The user interface consists of a query processor and a
browser to provide the interactive graphical tools and mechanisms for querying and
browsing the database, respectively. Common query mechanisms provided by user
interface are: query by keyword, query by sketching, query by example, browsing by

categories, feature selection and weighting, retrieval refining and relevance feedback.

These three tasks comprise three key components of a CBIR system. Among
these three main tasks, feature extraction (including similarity measurement) is the most
paramount and difficult task. The majority of CBIR research goes into this challenging

task. [13], [14], [15]. [16]. [20]



2.3  Characteristics of image queries

What kinds of query are users likely to put to an image database? To answer this
question in depth requires a detailed knowledge of user needs — why users seek images,
what use they make of them, and how they judge the utility of the images they retrieve.

Common sense evidence suggests that images are required for a variety of reasons,

including:

. illustration of text articles, conveying information or emotions difficult to
describe in words,
. display of detailed data (such as radiology images) for analysis,

o formal recording of design data (such as architectural plans) for later use.

Access to a desired image from a repository might thus involve a search for
images depicting specific types of object or scene, or containing a specific texture or
pattern. Potentially, images have many types of attribute which could be used for
retrieval, including the presence of a particular combination of colour, texture or shape

features.

From the above information, it is known that image in database can be indexed
and retrieve using either textual information or content information. Image content can
be described using primitive features such as color, texture, shape or the combination of
them. This research adopts CBIR approach that is, indexing and retrieving image by its

content.



Image

2 E T

= Content
l'ext
Keywords Category Color Shape Texture Combined features
Figure 2.1 Image descriptions using different information

2.3.1 Color

In stock photography (large, varied databases for being used by artists, advertisers and
journalists), color has been the most effective feature and almost all systems employ
colors. Although most of the images are in red, green, blue (RGB) color space, this
space is only rarely used for indexing and querying as it does not correspond well to the
human color perception. It only seems reasonable to be used for images taken under
exactly the same conditions each time such as trademark images. Others spaces such as
hue, saturation and lightness (HSL) are much better with respect to human perception
and are more frequently used. This mean that differences in the color space are similar to
the differences between colors that human perceive. Much effort has also been spent on
creating color spaces that are optimal with respect to lighting conditions or that are
invariant to shape and other influences such as viewing position. This allows identifying
colors even under varying conditions but on the other hand information about the
absolute colors is lost. In specialized fields, namely in the medical domain, absolute
color or grey level features are often of very limited expressive power unless exact

reference points exist as it is the case of computerized tomography images. As color and

14



grey level features are less important in medical images, the texture and shape features

gain in important.

2.3.2 Texture

Retrieval of images on the basis of texture similarity may not be very useful. But the
ability to match on texture similarity can be useful in distinguishing between areas of
images with similar color. Most of the techniques do calculate the relative brightness of
selected pairs of pixels from each image. From these it is possible to calculate measures
of image texture such as the degree of contrast, coarseness, directionality and regularity,
periodicity, directionality and randomness. Texture queries can be formulated in a
similar manner to color queries, by selecting examples of desired textures from a palette,
or by supplying an example query image. The system then retrieves images with texture
measures most similar in value to the query.

Some of the most common measures for capturing the texture of images are
wavelets and Gabor filters. The Gabor filters do seem to perform better and correspond
well to the properties of the human visual cortex for edge detection. These texture
measures try to capture the characteristics of the image or image parts with respect to
changes in certain directions and the scale of the changes. This is most useful for regions

or images with homogeneous texture. [14], [15], [16]

2.3.3 Shape

Most researches on CBIR have contributed to color/texture based indexing and retrieval.

Comparatively, little work has been done on image retrieval using shape.



Shape is one of key visual features used by human for distinguishing visual data
along with other features of color and texture. Compare with color and texture, shape is
easier for user to describe in the query, either by example or by sketch. While for color
and texture feature, the query is usually presented by example, because it is impractical

for ordinary users to sketch a colored or a textured image as query.

The ability to retrieve by shape is perhaps the most obvious requirement at the
primitive level. Unlike texture, shape is a fairly well-defined concept — and there is
considerable evidence that natural objects are primarily recognized by their shape. A
number of features characteristic of object shape (but independent of size or orientation)
are computed for every object identified within each stored image. Queries are then
answered by computing the same set of features for the query image, and retrieving
those stored images whose features most closely match those of the query. Queries to
shape retrieval systems are formulated either by identifying an example image to act as

the query. or as a user-drawn sketch. [3], [13], [20]

2.4 Overview of CT and MR images

Medical images are at the heart of the healthcare diagnostic procedures. They
have provided not only a noninvasive mean to view anatomical cross-sections of internal
organs, tissues, bone and other features of patients but also a mean for physicians to
evaluate the patient’s diagnosis and monitor the effects of the treatment, and for

investigators to conduct research of the underlying disease.
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Medical images come from a board spectrum of imaging sources such as
computerized tomography (CT), magnetic resonance imaging (MRI), digital
mammography and positron emission tomography (PET), and they generate a staggering

amount of image data and important medical information.

2.4.1 Computerized Tomography (CT)

Computed Tomography also known as computed axial tomography, or CAT scan,
medical technology that uses X rays and computers to produce three-dimensional images
of the human body. Unlike traditional X rays, which highlight dense body parts, such as
bones, CT provides detailed views of the body’s soft tissues, including blood vessels,
muscle tissue, and organs, such as the brain. While conventional X rays provide flat two-

dimensional images, CT images depict a cross-section of the body.

A patient undergoing a CT scan rests on a movable table at the center of a donut-
shaped scanner, which is about 2.4 m (8 ft) tall. The CT scanner contains an X-ray
source, which emits beams of X rays; an X-ray detector, which monitors the number of
X rays that strike various parts of its surface; and a computer. The source and detector
face each other on the inside of the scanner ring and are mounted so that they rotate
around the rim of the scanner. Beams from the X-ray source pass through the patient and
are recorded on the other side by the detector. As the source and detector rotate in a 360°
circle around the patient, X-ray emissions are recorded from many angles. The resulting
data are sent to the computer, which interprets the information and translates it into

images that appear as cross-sections on a television monitor. By moving the patient



within the scanner, doctors can obtain a series of parallel images, called slices. Doctors

analyze a series of slices to understand the three-dimensional structure of the body.

To enhance an image, patients may be given an injection of a substance that will
increase the contrast between different tissues. The patient may also be asked to drink a

liquid that makes internal organs more clearly visible in the CT scan. Contrast agents are

commonly used for scans of the chest, abdomen, and pelvis.

The speed at which CT slices are obtained has increased dramatically since this
technology was developed during the late 1960s and early 1970s by British engineer Sir
Godfrey Newbold Hounsfield and American physicist Allan Macleod Cormack. The
first: CT scanner required 4.5 minutes of scanning and 1.5 minutes of computer
reconstruction to generate a single slice. The latest generation of CT scanners creates a
slice in about one second.

CT was first used to view the tissues of the brain, and this is still its most
frequent application. CT of the brain can show if an accident victim has sustained a
brain injury, or if bleeding is occurring in the brain of a stroke victim. CT is also
commonly used to diagnose disorders involving the chest, abdomen, spine, and pelvis.
CT may be used to determine the location and size of a cancerous tumor and whether the
cancer has spread to other parts of the body. Newer applications for CT include CT
angiography, which provides detailed images of the interior of small blood vessels and

images of the interior of hollow structures, such as the colon and the airways of the

lungs. [1], [2], [22
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2.4.2 Magnetic Resonance Imaging (MRI)

Magnetic Resonance Imaging (MRI), medical diagnostic technique that creates images
of the body using the principles of nuclear magnetic resonance. A versatile, powerful,
and sensitive tool, MRI can generate thin-section images of any part of the body—
including the heart, arteries, and veins—from any angle and direction, without surgical
invasion and in a relatively short period of time. MRI also creates “maps™ of
biochemical compounds within any cross section of the human body. These maps give
basic biomedical and anatomical information that provides new knowledge and may

allow early diagnosis of many discases.

MRI is possible in the human body because the body is filled with small
biological “magnets,” the most abundant and responsive of which is the proton, the
nucleus of the hydrogen atom. The principles of MRI take advantage of the random
distribution of protons, which possess fundamental magnetic properties. Once the patient
is placed in the cylindrical magnet, the diagnostic process follows three basic steps.
First, MRI creates a steady state within the body by placing the body in a steady
magnetic field that is 30,000 times stronger than the earth’s magnetic field. Then MRI
stimulates the body with radio waves to change the steady-state orientation of protons. It
then stops the radio waves and “listens™ to the body’s electromagnetic transmissions at a
selected frequency. The transmitted signal is used to construct internal images of the

body using principles similar to those developed for computerized axial tomography. or

CA'T scanners.

In current medical practice, MR1 is preferred for diagnosing most diseases of the

brain and central nervous system. MRI scanners provide equivalent anatomical
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resolution and superior contrast resolution to that of X-ray CAT scanners. They produce
functional information similar to that of positron emission tomography (PET) scanners
but with superior anatomical detail. MRI scanners also provide imaging complementary
to X-ray images because MRI can distinguish soft tissue in both normal and diseased
states. Although an MRI scan is relatively expensive, it may actually reduce costs to
patients and hospitals by providing diagnostic evaluation to outpatients and thereby
frequently limiting more expensive hospitalization. Because it does not use ionizing
radiation, MRI is risk free except for patients with cardiac pacemakers, patients who
might have an iron filings next to their eyes (for example, sheet metal workers), patients

with inner ear transplants, and patients with aneurysm clips in their brains.

Some experts once expected that CT would be replaced by the newer technology
of magnetic resonance imaging (MRI), which uses magnetically charged substances
within the body to create diagnostic images. Nevertheless, CT continues to have several
advantages over MRI, including lower cost, wider availability, shorter examination time,
superior imaging of the chest and abdomen, and the ability to create images without the
strong magnetic field required by MRI. At present, CT and MRI are complementary,

rather than competitive technologies. [1], [6], [8]. [12], [22]

2.4.3 The Anatomical Planes

Four imaginary planes pass through the body in the anatomical position, which help to
describe movements and body positions. These are the median, sagittal, coronal, and

horizontal planes.
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The median plane is an imaginary vertical plane that passes through the middle
of the body, dividing it into left and right halves. The sagittal plane is a vertical plane
which runs parallel to the median plane, but does not necessarily pass through the body’s
midline. In effect, the median plane is a specific type of sagittal plane. The coronal plane
is a vertical plane which is perpendicular to the median and sagittal planes, and is
sometimes also referred to as the frontal plane. The horizontal plane, or transverse plane,
is a plane which splits the body or body part in question into upper and lower parts. The

diagram below shows cach of these planes.

Median Horizontal Coronal
Figure 2.2 Median, Horizontal and Coronal planes

There is a language used by medical practitioners of all kinds (chiropractors,
surgeons, nurses, etc). When discussing the body and its ailments the basic terms need to
know are: a) Sagittal: left and right  b) Transverse: divides top and bottom. ¢)

Coronal: divides front and back. . [1],[2],[22



Sagittal View

Figure 2.3

Transverse View Coronal View

Anatomy of the Brain - MR images in 3 planes



2.5 Storage and Access methods

Although most systems do not talk in detail about the underlying storage,
however this is important for interactive systems to keep response times at bay.
Common storage methods used are relational database, self-made structures or simply to

keep entire index in the main memory which will inevitably cause problems when using

large databases.

A database management system gives the user access to data that is transformed
into information. This system allow users to create, update and extract information from
their database Compare to a manual filling system, the advantages of a computerized
database system are speed, accuracy and accessibility. Relational database system is
good for managing large amount of data. It is based on two-dimensional tables in which
each item appears as a raw. The table was originally called as relations which led to the
name relational database. The relationships among the data are expressed by comparing
the values stored in the tables. Query languages like Structured Query Language (SQL)
are used to retrieve information from the tables. The relational database provides

important features like fast querying, sharing of objects among program and permanent

storage.

to
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2.6  Review of Shape Representation and Description Techniques

Shape is an important visual feature and it is one of the primitive features for
image content description. However, shape content description is a difficult task.
Because it is difficult to define perceptual shape features and measures the similarity
between shapes. To make the problem more complex, shape is often corrupted with

noise, defection, arbitrary distortion and occlusion.

Shape research has been an active research area for over 30 years. In the past,
shape research has been driven mainly by object recognition. As a result, techniques of
shape representation and description  mostly target at particular applications.
Effectiveness or accuracy is the main concern of these techniques. In contrast, in the
newly emerged multimedia application CBIR, efficiency is envisaged equally important
as effectiveness due to online retrieval demand. A new world standard MPEG-7, known
as “Multimedia Content Description Interface™ has been developed to address the issue
of audio/visual information description. In the development of MPEG-7, six
requirements has been set to measure a shape descriptor, they are: good retrieval

accuracy, compact features, general application, low computation complexity, robust

retrieval performance and hierarchical coarse to fine representation.

Generally, there are two types of approaches in shape representation. One is the
contour based shape method and the other is the region based method. Region based

method is a general method which can be applied to generic shapes.
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2.6.1 Contour-based Shape Representation Techniques

Contour shape techniques only exploit shape boundary information. There are generally
two types of very different approaches for contour shape modeling: continuous approach
(global) and discrete approach (structural). Continuous approaches do not divide shape
into sub-parts; a feature vector derived from the integral boundary is used to describe the
shape. The measure of shape similarity is either point-based matching or feature-based
matching. Discrete approaches break the shape boundary into segments, called
primitives using a particular criterion. The final representation is usually a string or a
graph (or tree); the similarity measure is done by string matching or graph matching. In

the following, these two types of approaches are discussed.

2.6.1.1 Global Methods

Global contour shape representation techniques usually compute a multi-dimensional
numeric feature vector from shape boundary information. The matching between shapes
is a straightforward process, which is usually conducted by using a metric distance, such
as Euclidean distance or city block distance. Point feature based matching is also used in

particular applications.

2.6.1.2 Structural Methods

Another member in shape analysis family is structural shape representation. With
structural approach, shapes are broken down into boundary segments called primitives.
Structural methods differ in the selection of primitives and the organization of the
primitives for shape representation. Common methods of boundary decomposition are

based on polygonal approximation, curvature decomposition and curve fitting.



2.6.2 Region-based Shape Representation Techniques

In region based methods, all the pixels within a shape region are taken into account to
obtain the shape representation. Common region based methods use moment descriptors

to describe shape. Other region based methods include grid method, shape matrix,

convex hull and media axis.

2.6.2.1 Global Methods

Global methods treat shape as a whole; the result representation is a numeric feature

vector which can be used for shape description.

2.6.2.2 Structural Methods

Similar to the contour structural methods, region-based structural methods decompose

shape region into parts which are then used for shape representation and description.

Contour-based approaches are more popular than region-based approaches.
Because it is believed that human being discriminates shapes mainly by their contour
features. The majority of real world objects have clear contours which are readily
available. Therefore, contour methods can easily find applications. Contour based
methods usually involve less computation than their region-based counterparts.
However, contour shape descriptors are more easily affected by noise and variations
than region-based shape descriptors because they use less shape information than region-

based methods. Region based methods are usually more robust and application
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independent. Generally, every shape technique has its advantages and disadvantages.

[13], [20]

2.7 Overview of existing Content-based image retrieval systems

The best-known and representative commercial CBIR system is the Query by
Image Content (QBIC) system developed by Niblack and colleagues at IBM Almaden
Research Center in San Jose. It offers retrieval by any combination of color, texture or
shape as well as by text keyword. Image queries can be formulated by selection from a
palette, specifying an example image, or sketching a desired shape on the screen. QBIC
has been developed further since its initial version and now forms an essential part of
IBM’s suite of Digital Library products. These aim at providing a complete media-
collection management system. An interesting development in the QBIC research effort

at IBM is the attempt to include grayscale imagery in its domain, a difficult retrieval

task. [10]

The other well-known commercial CBIR systems are Visual Information
Retrieval (Virage) which is used by Alta Visa to facilitate image searching, and

Excalibur which is adopted by Yahoo! for image searching.

Photobook was one of the representative earlier CBIR system developed by MIT

Media Laboratory. This system provides retrieval of textures. 2-D shapes and human
faces.
MARS system was developed at University of Illinois by Huang ¢t al. The system

characterizes each object within an image by a variety of features, and uses a ranpe of



different similarity measures to compare query and stored objects. User feedback is used

to adjust feature weights, and if necessary to invoke different similarity measures.

2.8 Review of Development Tools and Technologies

2.8.1 MySQL

The MySQL database server is the world’s most popular open source database, which
means that it is free. MYSQL is a relational database management system. MySQL is a
small, compact, casy to use database server, ideal for small and medium sized
applications. By the way, it is available on a variety of UNIX platforms, Linux,
Windows NT, Windows 95/98 and Windows 2000.With more than five million active

installations, MySQL has quickly become the core of many high-volume, business-

critical applications.

Customers such as Yahoo!, Google, Cisco, Sabre Holdings, HP and NASA are
realizing significant cost savings by using MySQL's high performance, reliable database
management software to power large Web sites, business-critical enterprise applications

and packaged software applications

2.8.2 Oracle

Oracle Database is an object-relational database. Oracle Database is the most scalable
and full-featured  database available. Whether driving the web site. packaged
applications, data warchouses or OLTP applications, Oracle Database is a foundation
technology for any professional computing environment, Oracle Database includes

many features to improve data protection. Performance, scalability, and manageability

28



are basic requirements for business intelligence applications. As in previous database
releases, Oracle9i offers considerable new enhancements in each of these areas.
Oracle91’s partitioning capabilities have been expanded to support list partitioning, and
base partitioning capabilities have been extended to cover all data types available in
Oracle8i, including index organized tables, objects and nested tables. This allows
organizations to effectively store manage and search very large amounts of any type of

information.

Searching and Indexing

Oracle91 builds on the database’s already powerful capabilities to search all kinds
of content, including text and multimedia. Ultra Search in Oracle9i unifies search areas
across heterogeneous corporate repositories, websites and groupware content. Ultra
Search includes a web interface, web crawling and search administration facilities. as
well as a programmable Java API, to provide a unified interface for enterprise and

vertical portal search applications.

In order to meet the demands of eBusiness applications, Oracle Text indexing
has been improved with a new index type designed to perform very fast search across
volumes of short textual descriptions. This is ideal for catalog and metadata search as
well as searching of auction data and resumes. With Oracle9i, text search of nested

XML elements, search attribute values, XPath query syntax, and other advanced XML

structures are also supported.

Media and document metadata can now also be extracted, indexed. and mapped
to XML documents or database schema through Java APls to interMedia Annotator,

These APIs allow for programmatic invocation of metadata services by any application

29



or scripting language that can use Java APls including JavaScript, VBscript, and Apple

Script.

2.8.3 Microsoft SQL Server

SQL Server 2000 is a powerful tool for turning information into opportunity. Industry-
leading support for XML, enhanced tools for system management and tuning, and
exceptional scalability and reliability make SQL Server 2000 the best choice for the

agile enterprise.

2.8.4 IBM DB2 Universal Database (UDB) VERSION 8.0
IBM DB2 Universal Database (UDB) reduces the cost of developing e-business
applications with its Java support and web connectivity. DB2 provides native, high
performance interface to OLE DB data sources. Through this enhanced support, DB2 is
a natural engine for e-business in Microsoft environments. DB2 UDB makes use of
more features in the Windows to deliver the best performance results.
DB2 Universal Database (DB2 UDB) for UNIX and Windows can help improve
the performance of database applications. Many solution developers have already chosen
DB2 UDB as their primary development database environment, and have ported

and continue to enable applications to support it in order to take advantage of its unique

features.

DB2 UDB is a true cross-platform database management system (DBMS).

running on a wide variety of systems including Windows 98, Windows NT. Windows

2000, Solaris, HP-UX, AIX and Linux.
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DB2 is a database leader in several technologies, and offers true multi-platform
support and scalability. The same database is able to handle mixed types of workloads
on a single server. The DB2 design handles varying workloads from high-volume online

transaction processing (OLTP) to complex multi-user queries while maintaining an

excellent performance.

DB2 support the ability to create user-defined data types. Using DB2 Extenders,
rich data types such as audio, video, image and character can be supported. Most DB2
application programs use static SQL to access tables. A static SQL statement is a
complete, unchanging statement hand-coded into an application program. It cannot be
modified during the program’s execution except for changes to the host variables. Static
SQL is a powerful and more than adequate for most application. Any SQL statement can

be embedded in a program and executed as static SQL.[5],| 10],[18],[19]

2.8.4.1 DB2 Supported Programming Interfaces

Several different programming interfaces can use to manage or access DB2 databases.
Embedded SQL

SQL statements that is precompiled before a program is compiled. The SQL statements
can be static or dynamic. Using DB2 embedded SQL applications can be coded in the

C/C++, COBOL, FORTRAN, Java (SQLJ), and REXX programming languages.
DB2 Call Level Interface (CLI)
A callable SQL interface based on the X/Open CLI specification; compatible with the

Microsoft Corporation’s Open Database Connectivity (ODBC),



DB2 Application Programming Interfaces (APIs)
APIs that perform database administration tasks, such as create, activate, back up, and

restore. DB2 APIs can be called from applications, including embedded SQL and DB2

CLI applications.

Java Development Kit
Tools and environment for develop Java applications and applets. The kit includes driver
support for client applications and applets written in Java using JDBC. It also provides

support for embedded SQL for Java (SQLJ), Java user-defined functions (UDFs), and

Java stored procedures.

Microsoft Visual Basic and Visual C++

Programming environments used to develop applications conforming to Data Access
Object (DAO) and Remote Data Object (RDO) specifications, and ActiveX Data Object
(ADO) applications that use the Object Linking and Embedding Database (OLE DB)

bridge or the IBM OLE DB Provider for DB2.

IBM or third-party tools

Applications can also be developed using tools such as Net.Data, Excel, Perl, PHP, and

Open Database Connectivity (ODBC), as well as end-user tools such as Lotus Approach

and its programming language, Lotus Script.

The way the application accesses DB2 databases will depend on the type of
application you want to develop. For example, a data entry application might choose to
embed static SQL statements in the application, application that performs queries over

the World Wide Web might choose Net.Data, Perl. or Java,[5]
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2.8.4.2 IBM DB2 Audio, Image, Video (AIV) Extenders

DB2 (DB2) Universal Database (UDB) is a powerful, object-relational database
manager. It stores and protects traditional numeric and character data, as well as large,
complex objects (LOBs). DB2 Extenders help to exploit DB2's object-relational
features. The extenders define distinct data types and special functions for image, audio,
video, and text objects. By doing this, the Extenders save developers the time and effort

of defining these data types and functions in the applications.

DB2 AIV Extenders take the database applications beyond traditional numeric
and character data to leverage images, video, voice and complex documents. These data
types and functions are available through SQL query. DB2 Extenders make it easy to
bring this information together on demand. In addition, the AIV Extenders give the
applications new ways to search for information. For example, applications can search

for images by their visual characteristics, using visual examples of color or texture.

The ATV Extenders create and use administrative support tables and handles to

store and access image, audio, and video data. Here, I concentrate to image extender.

DB2 Image Extender supports a wide variety of image formats, such as GIF.

JPEG, BMP and TIFF. With DB2 Image Extender, applications can:

B Import and export images and their attributes into and out of a database. When

import an image, DB2 Image Extender stores and maintains image attributes such as size
in bytes, format, height, width and number of colors.

Control access to images with the same level of protection as traditional business

data.,
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. Convert the format of images when importing or exporting or still in its source
format. You can also scale an image, rotate it, do black-white image inversion or change
representational characteristics such as bits per sample and compression type.
. Secure and recover images. Images and their attributes that you store in a DB2
database are afforded the same security and recovery protection as traditional business
data.
. Query images based on related business data or by image attributes. You can
search for images based on data that you maintain, such as a name, number or
description; or by data that the DB2 AIV Extenders maintains, such as the format of the
image or its distribution of colors.
o Generate and display image thumbnails and full images. A thumbnail is a
miniature version of an image. When import an image into a database, DB2 Image
Extender creates and stores a thumbnail of the image.

With DB2 Image Extender’s Query by Image Content (QBIC) technology,
images can be search easily. QBIC use visual examples of colors or texture patterns as
search criteria. The DB2 Image Extender will find the images whose visual

characteristics are closest to the examples that choose.[5], [10].[17].[18],[19]

.

2.8.5 Data Access Technology

2.8.5.1 Java Database Connectivity (JDBC)
JDBC technology is an API that lets the developer access virtually any tabular data

source from the Java programming language. It provides cross-DBMS connectivity to a



wide range of SQL databases, and now, with the new JDBC API, it also provides access
to other tabular data sources, such as spreadsheets or flat files. The JDBC API allows
developers to take advantage of the Java platform’s “Write Once, Run Anywhere”

capabilities for industrial strength, cross-platform applications that require access to

enterprise data.

2.8.5.2 Open Database Connectivity (ODBC)

Open Database Connectivity (ODBC) is a widely accepted application programming
interface (API) for database access. It is based on the Call-Level Interface

(CLI) specifications from X/Open and ISO/IEC for database APIs and uses Structured

Query Language (SQL) as its database access language.

ODBC is designed for maximum interoperability — that is, the ability of a single
application to access different database management systems (DBMSs) with the same
source code. Database applications call functions in the ODBC interface, which are
implemented in database-specific modules called drivers. The use of drivers isolates
applications from database-specific calls in the same way that printer drivers isolate

word processing programs from printer-specific commands.

>
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Chapter 3 Methodology

3.1 Introduction

Thoroughly planning is a must in a project for effective development in order to
achieve the project goals. Methodology is an organized, documented set of procedures
and guidelines for one or more phases of the software life cycle, such as analysis or
design. It is usually presented as a series of steps, with techniques and notation

associated with each step.

Process model is a very important during the software development process or
software life cycle. It can form a common understanding of the activities, resources and
constraints involved in software development. When a process model is created. it helps
to find the inconstancies, redundancies and omissions in the process. As the problems

are noted and corrected, the process becomes more effective and focused on building the

final system.

In the development process, several different models for system development
have been used, such as Waterfall Model, V model, Waterfall Model with prototyping,

Spiral Model, Extreme Programming and etc. These models provide guidance on the

order in which a project should carry out its major tasks.



3.2 Waterfall Model with Prototyping

Pfleeger (1991) extended the waterfall model by placing a larger emphasis on the
testing component. In this model all steps are interconnected to allow a prototyping
approach to be used in conjunction with the model. Every development stage should be

completed before another the next begins.
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Figure 3.1 Waterfall Model with Prototyping




Waterfall Model is amended with prototyping activities to improve the
understanding. Requirements prototyping is to ensure that the requirement are feasible
and practical, if not revisions are made at the requirements stage. Design prototyping

helps developer asses alternative design strategies and decide which is best for a

particular project.

The Waterfall Model with Prototyping has been chosen to model the

development of CBIR system. The reasons are that: -

1. It is best suited for the actual environment as the development progress from a

stage to another stage under the supervision of a lecturer.

24 It is useful to prescribe software development activities.
d: It is easy to use and understand.
4, Prototyping is included as a sub-process that enhances understanding.

In Waterfall Model with Prototyping, the fundamental development activities
include eight stages below:
l. Requirements Analysis
Understand and determine the user’s needs by having brainstorming, eliciting
and analyzing system requirements.
2. System Design
Outlining system functionalities by having feasibility studies and case studies on
current systems.
Determine and specify hardware and software architecture.,

" Verify the system design,



Program Design
Determine and specify the program design and database design.
Coding

Involve programming, personal planning, tool acquisition, database development

and component level documentation.

3

0.

Unit and Integration Testing

Test the modules separately and integrate the tested modules.

Test on the integrated modules.

System Testing

Combine all the integrated modules into a system and test on the system.
Specify and review the result of system test.

Evaluate the system to meet the requirements.

Acceptance Testing

Testing on system is completed. The system is delivered.

Operation and Maintenance

Control and maintain the system.

The validation during system testing is to ensure that the system has

implemented all the requirements, so that each system function can be tracked back to a

particular requirement in the specification. As for the verification, it ensures that each

function works correctly.

giving them the look and feel of the application. This is

The aim of prototyping is to enable input from the end user at an carly stage by

achieved by modeling the user



interface while having little or no content behind that interface. Prototyping is especially

valuable where requirements cannot be specified clearly.

3.3  Facts finding techniques

In developing this thesis project, information and fact-finding are done in many
kind of techniques such as interview, research and etc. The objectives of fact finding are

to obtain the great view about project system that is ready to use within requirements.

3.3.1 Documentation and printed media
The main reference resource for this project thesis report writing is past year student’s
report in the documentation room of FSKTM. These previous years’ thesis reports are

the fastest way to understand the whole system development layout.

3.3.2 Web searching

Web searching is the wonderful fact finding method. Internet is a platform where a lot of
info can be acquired. The existing similar project and software can be easily found via
World Wide Web. It is greatly helpful in giving ideas and guidance to develop the
features image retrieval besides, the detail information of authoring tools for CBIR

system can be found abundantly through the search engine especially Google and Yahoo
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3.3.3 Guidance by lecturer
Discussion had been took place with project supervisor to determine the scopes and the

limitations of my project. She had spent her time in guiding and assisting the project

directly and indirectly of the way to develop this report of system.

3.3.4 Discussion and Internet Forum

Most of the information that gathered in this project is based on interviews or
conversation with people concern. The interviews were not strictly structured because
they were more like conversations. Besides, discussion also took place within my friends
to gather more information about the needs of system. Internet forum also plays an

important role in obtaining the ideas.

3.3.5 Research (written materials)

Research has been done by reading some articles, magazines and other textual mediums
in order to gather information related to project as a foundation for the discussion in this
project. Reading materials provide a lot of information about the internal structure of

medical term that are usually used in medical field.
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3.4  Functional Requirement

Functional requirement specifies a function that a system or a system’s
component must be able to perform. These are software requirements that define
behaviors of a system, that is, the fundamental process or transformation that software
and hardware components of the system perform on inputs to produce expected outputs.
Functional requirement are handles while the requirements and analysis workfiows are

being performed.

As for this CBIR for medical images database system, images retrieval is the
major module of this project system. Therefore the system could provide certain types of
search criteria and search option to enable users to perform a search. The main
functional requirement that will contribute and form the whole system is the abilities to
store and retrieve the medical images based on the shape required by the users. At this
section, the information required by the users is displayed automatically according to

their requirements. Thus, users are only required to choose the given option.

There is another main functional module, which is the Graphical User Interface (GUI)
system. The GUI must provide users an easy mean or platform of viewing, editing, and

inputting images data besides editing the system’s configuration and inputting the user’s

details.



3.5 Non-Functional Requirement

Non-functional requirement does not describe what a system or software will do
or process, but HOW it does. It specifies properties of the target product itself. For
example, software performance requirements, some external interface requirements,
software design constraints, and software quality attributes. Non-functional requirements
are difficult to test; they are usually, or most of the time, evaluated subjectively. Non-
functional requirements have been recognized and acknowledged as a vital and crucial
determinant to the success of many software projects. To handle certain nonfunctional

requirements, detailed knowledge about the target software product may be needed.
For this simulation project, the following requirements have been set:

1. Clarity and Simplicity

The query criteria must be clear and simple.

9

Maintainability
System maintenance always requires more effort and time if the system is not well
planned and designed at the beginning. System maintenance is a must for this CBIR

system, just like any other systems, as it allows certain changes or modifications to be

made over the system.

Ll

Efficiency
Efficiency is the ability of a process procedure to be called or accessed unlimited]y to
produce similar performance outcomes at an acceptable or credible speed. In this CBIR

system, efficiency comes into picture as how fast the system can retrieval the medical



images as what is require. It is also regarding how well and fast the system can handle
and load the medical images.

4. Flexibility

The CBIR system is a flexible system as it is a standalone system and can be actually

executed over many Microsoft and UNIX operating systems.

3, User Friendliness

In this CBIR system, the user interface design aims to fulfill three golden rules of user
friendliness, which are:

. Place User in Control

This will define interaction modes in a way that does not force a user into unnecessary
or undesired actions or situations. Besides, it also provides flexible interaction, for

instance, via mouse movement and keyboard commands.

o Make the interface consistent
The interface design should conform to consistent fashion where all visual information
must be organized according to a design standard that is maintained throughout all

screen displays. Apart from that, input mechanisms are restricted to limited sets that are

used consistently throughout the application.

o Accuracy and Correctness

Accuracy means how close or near an output produced by a system to a desired or
perfect output according to theory. Correctness is the degree to which the software
performs its required functions. To ensure that this CBIR system meets these

requirements, many testing should do to variety shape of medical images.



3.6  Selection of Development Tool

Database management software is now the core of enterprise computing. New
ways of working bring new requirements, including digital rights management. For this
project, IBM DB2 Universal Database (UDB) version 8.0 will be use to develop the
images database system. Query by Image Content (QBIC) system developed by Niblack
and colleagues at IBM Almaden Research Centre are a technology that permits users to
catalog and retrieve images from databases without having to describe them verbally.

IBM has incorporated the QBIC technology into two of its commercial products:
Ultimedia Manager and DB2 Extensions. The company is also licensing the core search
engine to developers and resellers. On the other hands, the combination of IBM’s DB2
database foundation along with Java GUI images is very successful.[10]

In addition to scalability and performance, DB2 offers the following advantages:

. . Integrated support for native environments

. . Integrated system management tools and multiplatform tools
. . Self-managing and resource tuning capability

. . Data replication service

. . Integrated Web access

. . Web services applications

. . Integrated support for development environments

. . Data warehousing functionality

. . High Availability support

. IBM Program for Assistance to Developers



DB2 GUI Tools overview

Figure 3.1 shows the different tools that can be invoked from the IBM DB2 Menu.
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Figure 3.1  IBM DB2 Menus
Here are some of the capabilities provided by DB2 UDB GUI tools:

The Command Center is used to enter DB2 commands or SQL statements in an
interactive window, and to see the execution result in a result window. You can scroll
through the results and save the output to a file.

The Health Monitor and the Health Center help to monitor the health of DB2
systems. They receive alerts about potential system health issues and address those
health issues before they become real problems that can affect the system’s performance,
.

. The Configuration Assistant has options to configure both local and remote

servers, including DB2 Connect servers, or 1o create configuration templates.



. The Journal is used to view all available information about jobs that are pending
execution, executing, or that have completed execution; the recovery history log; <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>