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Abstract

The ever-increasing interest in digital image retrieval hasled to research into ways of
reducing and if possible eliminating the cost of traditional image annotation.

This report describes the development of an automatic image annotation and content-
based image retrieval system. The process documented in this paper has an initial
training phase in which the associations between words and images are learnt, with
these associ ations then used to automatically annotate new images with no annotation.

The report covers the design, implementation and evaluation of a system that
functions as described above, with the conclusion that the devel oped system was
considered successful and will provide a base for future development with awide
scope for the system’ s improvement.
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1 Introduction

This paper details the design and development of a prototypical content-based image
retrieval and automatic image annotation system that aims to learn the associations
between words and images through a three-stage process based on an initia training
phase incorporating previously-annotated images. It is hoped that the work described in
this document can be used in future projects, with its modular design being well suited
to replacing and updating components.

The system consists of three core components — a segmentor, a feature extractor and a
correlator. When combined, these represent a powerful method by which to extract and
collate information from images supplied to the system.

Images are passed to the segmentor, which splits the image into up to eight different
regions, with the intention that each region represents an object or homogenous entity
within that image. These regions, or segments, are then passed to the feature extractor,
which generates a signature, or feature vector, from each segment by applying several
different feature extraction techniques based on colour and shape, with the potential to
include texture-based techniques in the future.

These feature vectors are then passed to the correlator, which clusters each feature
vector with similar signatures already present in the system by selecting the cluster with
the strongest similarity. The correlator can then examine words already associated with
that cluster in order to provide the user with aranked list of words that potentially
describe the regions represented.

With thisin mind, the system operates in three modes: training, annotation and
searching. In the training mode, images with predefined keywords are added to the
system and passed through the stages described above. Thisisintended to solve the
grounding problem, and provide the system with a stable and accurate base with which
to process future images. In annotation mode, images are supplied to the system and
again passed through all three stages. However, their datais not added to the system,
but used to supply aranked list of words that should describe the supplied images. This
process can also be used to train the system, with the data added and the determined
keywords used to aid the searching process.

Searching can be performed in three modes — search by existing image, search by
keyword and search by new image. The first two modes utilise predetermined
information in order to function, and so do not require any additional use of the image
analysis components. Searching by image proceeds in avery similar manner to
annotation, with the image being processed and correlated, but the user is supplied with
the images associated with the determined clusters, rather than the keywords.

The processes described above are marshalled by a central service that controls all
modules as well asimage storage and database querying. This approach was adopted in
order to alow the system to be either a standal one application or a service, and to allow
flexibility in the implementation of a user interface, with the understanding that the
functionality of the system should take precedence over the interface itself.
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2 Background

The fields of image-based content retrieval and automatic image annotation are
becoming more and more relevant to the ways in which large libraries of digital media
are stored and accessed. As multimedia and imaging technologies improve, so does the
wealth of visual datain libraries, necessitating an automated mechanism with which to
index and thus access content by avariety of means.

Most approaches to these issues involve image processing and analysis on at least some
level, although there exist some methods of semi-automatic annotation, such as the
ontological system currently used by Getty Images[1]. Thisis based on athesaurus that
has been split into sections and subsections, with higher-level sections representing
greater concept abstraction. For example, an image of a policeman could be represented
in the system as person, man, and policeman, in descending level of abstraction. In this
way, a search for ‘policeman’ would present the image with avery high likelihood of
pertinence, whereas an image of a fireman in the system would have alower pertinence
rating as it would correspond to the higher-level concept man, and an image of awoman
would have an even lower rating through its correspondence with person. This kind of
approach, however, is more of an aid than an automated system, as it requires
annotation at the time the image is added to the system.

Automated systems work by comparing images and assessing similarity through the
application of feature extraction techniques, based on shape, colour and texture. These
systems are less time-consuming than their manual counterparts, in that they do not
reguire human input to determine how similar images are. However, as they are only
based on the visual, there is no attempt to actually determine the contents of the image —
systems like Blobworld [2] alow the use of keywords, but these are again limited by
human input. Other systems which use this system are IBM’s QBIC [3] and the
University of Texas CIRES [4].

Another approach to the visual matching of images is the segmentation of those images
into discrete regions and comparison to other regions previously encountered by way of
feature extraction. Thisis more analogous to the way in which a human perceives and
interprets the images captured by the eye, in that it makes an attempt to determine
objects and areas in the image and ‘ query’ past experience for similar examples. This
idea can further be extended in alexical manner by attempting to determine appropriate
keywords for those regions by absorbing and processing keywords supplied with an
initial training phase. This approach appears to be the least common, but it is assumed
that with the progress in computation speed and artificial intelligence several key
aspects of this approach will be invaluable in the digital libraries of the future. Current
examples are, however, thin on the ground, but can be seen in the work of Barnard and
Forsyth [5] and Jeon et al. [6]

Content-Based Image Retrieval — A Words and Pictures Approach Page 2



3 System Specification and Analysis

Before the design and implementation of the system could commence, an anaysis of the
specifications and requirements was required in order to provide a stable foundation for
the system and ensure that it met the customer’ s expectations.

In order to accomplish this, aninitial statement of specification was agreed with the
customer to express their expectations for a completed system. Thisincluded a
description of the process upon which to model the system, an agreement that the
system could not possibly be expected to function in the general case dueto the
limitations of current image analysis techniques and a short discussion on the potential
architecture to be utilised.

Through analysis of this document, user requirements and a functional specification
were produced in order to gain a better understanding of the needs of the system as well
asto resolve the finer points of its functionality, with use cases utilised to capture these
in an understandable and logical form. From these, the design of the system was
produced.

The final two subsectionsin this section layout the determined deliverables for the
project, and an analysis of the potential risks, their outcomes and their predicted impact
on the project.

3.1 Customer Specification

The aim of this project, as agreed with the customer, is to produce a working system
that is capable of image retrieval through the use of content analysis and associated
metadata in the form of supplied lexical keys. Thisisto be achieved thus:

Segmentation of images into homogeneous regions representing sub-regions of
the objects depicted

Determining a contiguous set of such regions in order to identify those objects
Applying established (or in some cases novel) feature extraction techniques to
said regions

Calculating correlation with similar regions in other images through statistical
analysis

Associating given descriptive words to these regions.

Once the system has undergone a training period using the method described above, the
end-user may supply an image for which the system will determine associated words
through use of a subset of the process described above - accordingly, the user may aso
request similar images to the supplied image. Alternatively, the user may request a
search for all images within the system that match supplied keywords, regardless of
whether or not metadata was originally associated with those images.

The devel opers of theimage retrieval system have determined that, as aesthetics are not
an important element of this project, the proposed application should be considered a
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service, for which any numbers of interfaces may be produced. For example, aweb
page constructed in JSP could act as a User Interface layer between the user and the
service; dternatively, aclient application could be developed to serve this purpose. This
services approach offers amore modular view of the problem and would lend itself well
to future projects based upon the technologies that are intended to be included within
the application.

It is proposed that the architecture of the application be modular, in order to facilitate
the expansion of analysis techniques without requiring changes to core functionality, as
well asto alow future projects to reasonably modify core components of the system
without adversely affecting the overall process. As such, the modules of the application
are proposed as follows:

Segmentation of images into regions

Analysis of segmented regions through use of feature extraction techniques,
resulting in quantifiable output.

Statistical analysis of said output in order to correlate regions into groups,
purporting to represent definable objects present in the images contained by the
system

Analysisto correlate groups of regions with keywords through logic and
elimination

A database backend to store the state of the system

A method by which to interface with the system, such as aweb page or a client
application.

Whileit is not essential that the application functions in the general case, it must be
demonstrated that progress has been made towards this goal. It is generally considered
unfeasible for state-of-the-art software to perform this task perfectly; however, limited
functionality is entirely within the scope and potential of this project.

3.2 User Requirements Analysis

An important part of the analysis stage was getting an idea of what requirements the
user would have of the system. The initial specification was examined to establish these
requirements, with the UML notation being used to formally document them.

3.3 Use Cases

Presented below are the requirements that a user would have of the system, and what
actions could be performed on it. They are shown in the familiar Use Case form, but are
explored more intricately in textual form below.

Content-Based Image Retrieval — A Words and Pictures Approach Page 4



upload images

add image to system

image queries N / results

view image
segmentation results

annotate image

search for images
by keywords

browse images

search by existing
image

view image metadata

search by new image

Figurel'User' Use Case diagram
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enable feature
vector

regenerate feature
vectors

disable feature
vector

remove image from
system

alter feature
vector weighting

view feature vector administrator

regenerate feature
feature vectors vectors

Figure2 - 'Administrator' Use Case diagram

3.3.1 Actors

Actors are different types of users that might operate the system. In the case of this
project, two actors were defined.

Actor Description

A user isanon-privileged role, which allows for the general day to
day use of the system. Thisrole allows for image searching,

User automatic annotation, and addition to the image collection.
Theonly ‘write’ operation that a user can perform isto add an
image to the system; all other operations are considered read-only.
An administrator is the privileged role, alowing for all aspects of
the system to be changed. This user has full permissions to edit the
system configuration, such as disabling certain feature vectors. The
administrator role also allows for removal of images.

Administrator

3.3.2 Use Case Descriptions

The following is amore in-depth exploration of the system user requirements. For each
use case outlined in Figure 1 and Figure 2, amore detailed description is given, as well
as any expected system inputs or outputs.
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3.3.2.1 Image Queries

Use Case

Description

Input

Output

search images by
keyword

User enters keywords into
the system to retrieve
matching images

Array of keywords

Array of images

, User entersanimageinto | Image Array of images
search images by :
. the system to retrieve
new image o
matching image
. i i Image reference Array of images
search images by User selectsunagemthe_ ag y g
P system to retrieve matching
existingimage | :
image
: User views all imagesin none Array of images
browse images
the system
User enters an image into Image Array of keywords
annotate image | the system to automatically
annotate it
view image Shows the stored metadata | Image |mage metadata
metadata for a certain image (String)
3.3.2.2 Image Addition/Removal
Use Case Description I nput Output
User enters keywordsinto | Image Image reference
add image the system to retrieve
matching images
: Administrator can remove | Imagereference Success
removeimage | .
image from the system
3.3.2.3 Results
Use Case Description I nput Output
view image User can view theresults | Image (through Masked image,
segmentation | of theimage segmentation | SYstem) showing regions
3.3.2.4 Feature Vector Administration
Use Case Description I nput Output
regenerate Resets the feature vector None Success
feature vectors | subsystem
alter feature | Altersthe weighting for Reference to FV Success
vector weighting | each feature vector
disablefeature | Disablesacertain feature | Referenceto FV Success
vector vector
enablefeature | Enablesacertain feature Reference to FV Success
vector vector
view feature Shows all the feature Referenceto FV FV details (String)
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vectors vectorsin the system, with

thelr operating status and
current weighting

3.4 Functional Requirements

This section of the report sets out what the system should be able to do and the
functions it should perform with respect to the user requirements. This section has been
separated into the main functions that are required by the user requirements.

System training

Automatic Annotation of images

Ability to search for images on the system, based on words

Ability to search for images with content, similar to that of a given image
User Interface

Therest of this section explains in detail the required operations that each of these main
functionsisrequired to perform.

3.4.1

System training

The system must have an initial training phase, whereby images with annotations are
submitted to the system in order for the system to learn the association between words
and images. The association between words and images must be learned through the
following process.

3.4.2

Each image must first go through a segmentation process where the distinct
regionsin an image are identified.

The distinct regions in each image must be put through a feature extraction
process, where the fingerprints of each region are identified.

Finally the fingerprint for each region must then pass through a correlation and
clustering process. Similar regions are grouped together into clusters during this
stage. The stage will also associate the given annotation of an image to each of
the clusters in the image along with a probability of each word being the best
description for the clusters.

Automatic Annotation of images
Once the system is trained the system must be able to annotate a given image.

The system must be able to suggest word(s) that should be associated with an
image as well as the probability of the association between the word(s) and the
image.

Content-Based Image Retrieval — A Words and Pictures Approach Page 8



3.4.3

Ability to search for images on the system based on words

The system must be able to find images with contents visually describable by a
given word or words.

The system must return images relevant to the given words.

Returned images must be ordered in the order of most relevant image first.

3.4.4 Ability to search for images with content similar to that of a

3.4.5

given image

The system must be able to find images that have similar contents to that of a
given image. The given image can either be anew image or an image that is
already in the system.

The system must then return the most similar picture first.

User Interface

The user interface must separate the different modes of the system i.e. training,
annotate image, search by words and search by image mode.

The user interface must provide afacility for usersto add, one at atime, and in
bulk, images and their annotations for the purpose of training the system.

The user interface must provide the option for a user to see the segmented
regions of an image during the training process.

The user interface must provide afacility for users to see all the images
currently in the system.

The user interface must provide afacility for users to search the system for
images either by image or word(s).

The user interface must provide afacility for users to upload images for
annotation.

The user interface must provide afacility to specify a cut off probability of the
association of words with images for the purpose of annotating or searching the
system for images.
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3.5 Deliverable items
The deliverable items agreed with the customer for this project are listed bel ow.

Three progress seminars

Customer specification

Functional specification

The dataflow diagram

System design

Class diagrams

A prototype of the correlation and clustering server.
A prototype of the segmentation server.
A prototype of the user interface

The Hu moments feature extractor

The colour based feature extractor
Prototype of the system

Thefina correlation and clustering server.
The final Segmentation server.

User interface

Design document

Test document

Evaluation document

User manual (user interface)

System manual (Java doc)

Final project report

Final presentation of project

3.6 Risk analysis

The following risks were identified for this project. The Table 1 - Risk analysis and
minimisation strategy bel ow shows these risks together with the likelihood of each risk
occurring (the likelihood is given in percentages), the minimisation strategy for these
risks are also described.

Changein the 15% A full requirement analysis was performed at the
customer’s beginning of the project. A simple but flexible
reguirements. design was then implemented to accommodate

changes to the requirement.

(Note: The percentage likelihood of these risks
occurring is low due to the fact that the customer is
an expert in the specific field, the customer also has
substantial software development experience.)

Inadequate design 70% The design of the main system was implemented
early to capture design flaws.
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Group failstoreach | 50% The group was split into smaller groups of two in
maximum team order to maximize group efficiency.

efficiency.

Knowledge base 70% The early stages of the project were used solely for
becomes too research purposes.

complex.

Requirements too 90% Huge emphasis was placed on quality.

unrealistic to

achieve result.

Table 1 - Risk analysis and minimisation strategy
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4 Software Process and Planning

To ensure quality and cohesiveness in a team-based software project, defining the
development model to be used is essential. With awide selection of processes available,
it isimportant to choose the correct model for the project — each project undertaken has
different requirements, and as such each is better suited to a different model.
Development teams must use the results from the analysis and specification stage as
well as their experience and knowledge of their own strengths in order to select the most
appropriate model.

For this project, it was determined that a strict development process would hinder the
progress of the system, due to itsinnovative nature. As such, it was felt that a sequential
model, such as the Waterfall model or the V model, would be too rigid. An iterative
approach, such as Boehm’s Spiral or eXtreme Programming [ 7], was considered more
desirable.

After consideration of the factors mentioned above, it was eventually decided to make
use of an eXtreme Programming model, adapted in part to suit the project. This
promoted an evolving design and implementation process aided through the use of high
modularity in the design, enabling the system to develop organically. Once theinitial
design was confirmed, parallel development commenced on the three core components
of the system, with a strong emphasis on communication and cooperation leading to a
strong sense of teamwork and coherence.

Parallel development tools such as CV'S allowed this parallel approach, ensuring that
some crossover could occur as and when the need arose. Each component of the system
was assigned to one team member, and a fourth assigned to the interface and as a
general developer.

4.1 Planning

The project’ s software devel opment model was based on a pseudo-eXtreme
Programming methodology. The method followed involved several key aspects of this
agile method, such as strong team collaboration and communication, but with leaving
out elements such as buddy programming. This agile method was particularly suitable
for this project, as the timescale was fixed but the requirements were often altered,
albeit minor.

One advantages of using this method was that there were frequent releases. Although
these may not have necessarily differed much from the previous release, there was no
long time delay between releases as can be expected using methodol ogies such as the
waterfall model.

In using this agile method, there was no necessity for arigid design; this could be, and
was, refined throughout the implementation stages. In addition, only aminimal amount
of planning was necessary. Even so, support software was needed to monitor the
project’ s progress.
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4.1.1 Gantt chart

The Gantt chart was developed without being over optimistic. It was expected that the
project’s lifecycle would run right up to the deadline. Hence, time was allocated on the
Gantt chart accordingly

Early versions of the project Gantt chart were created manually in Microsoft Excel.
Whilst in the short run this allowed for aquick and relatively easy way to produce such
achart, it was obvious very quickly that it was not the ideal solution. It was indeed quite
laborious to maintain the chart, with each chart pretty much having to be drawn from
scratch.

The decision was made to track progress using Microsoft Project. Whilst there was an
initial cost for this, having to create a custom project and enter all past, present and
future planning data, it allowed for much simpler updating of the Gantt chart.

With the chart complete, it was possible to split the coding up. The project neatly fell
into four categories, with the three modules and the user interface. Hence each member
was assigned a certain category to code.
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4.1.2 Software tools

The project took advantage of severa software tools. In order to allow all team
members to have current versions of code, a CV'S (Concurrent Version System) server
was implemented. Aswell as alowing everyone to gain access to the same code at all
time, this also allows for rollbacks to previous versions of code. Hence, every single
line of code ever written for the project has been stored on the CV S server.

In order to keep with the principles of our agile method, a python script was
implemented so that all team members would receive an email notification whenever a
CV'S commit occurred. This aso ensured that everyone had the most up to date version
of code on their system.

There was no standard development IDE, however the use of advanced IDEs was
encouraged. In thisway, al development took place in either Eclipse, a high-end open
source Java IDE, or IntelliJ which is acommercial package similar to Eclipse. The
advantages of these IDEs are that they both offer in-built CV S support, advanced
debugging tools, as well as a multitude of options for refactoring code. For the

devel opment of the JSP pages, a mixture of IntelliJ and Macromedia Dreamweaver
were used.

4.1.3 Work separation

Asthe work neatly fell into four core regions, the work was split up accordingly. Each
team member had their own section to work on, with the other project elements such as
the presentations and report being a group effort.

Module Person
Segmentation Michael Afariogun
Feature Extraction Anthony Relle
Correlation and Clustering Christopher Hoult
Interface Matthew Ladbury
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5 Design and Implementation

With using an agile method as our software devel opment process, an extensive formal
design stage was not completed.

Instead, a design refinement methodol ogy was more appropriate: based on an initial
loose design, the software was developed and then the design refined to match the
software’ s development and its changing requirements. This was found to be very
beneficial, due to the amount that the actual design changed throughout the project. Had
awaterfall-style method been followed, too much time would have been spent creating
designs rather than writing code.

What follows hereisthe final design for each component of the Content Based Image
Retrieval system.

5.1 System Architecture

When designing the system, a modular approach to system design was chosen. In
choosing such a design would allow for core components to be easily improved or
entirely replaced.

This very important design decision was one of the first to be made. Although a
seemingly obvious way to approach the design of a system, it was particular helped in
the case of this project. The processing consists of three main stages. segmentation,
feature extraction and clustering. Therefore, the system was designed such that there
would be amodule to handle each processing stage. This allows for much future
expansion of the system; amodule utilising a superior algorithm can be dlotted in place
of the old module without affecting the rest of the system.

In addition, it was decided to run the solution as aweb-based service. The system’s
target audience includes institutions and museums. Running the system over the web
allows for an easy architecture for distribution, without incurring high operating cost on
the client. All that would be required on the client sideis an Internet browser. Hence, it
would be easy to configure aterminal in amuseum in order to use the system.

Finally, a database was chosen as the means to store any data that the system used or
required. Thereis more about this decision later.
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These decisions were used to form the data flow diagram, as seen in Figure 4.

words/i

Client
A URLs/words

URLs Images

Images

Server

A

segments URLs

File

Segmentor
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Figure 4 Data flow diagram

5.1.1 Choice of language

It was decided very early into the planning stages that the project would be coded
mostly in Java. There were very many good strong reasons for choosing to do as much
coding as possible in Java, with the greatest being that it was everyone's strongest

language. All members of the team had at |east 3 years of Java programming

Correlator

Feature
Exiractor

segment

|———————3 Fxtraction

feature data

Method

experience, compared to avery limited understanding of C++. Despite the fact that C++
isfaster, dueto the lack of the virtual machine, and that there is undoubtedly more
source code available, both in the form of libraries and examples, Javawas a clear
winner. The standard Java advantages, such as portability and web-integration through
JSP, can be applied to this project. In addition Java has avery rich library, with some
excellent image-specific code.

5.1.2 Choice of database

The choice of database software was quite ssmple, although in reality, not important.
The mgjority of database systems are quite similar, with them mostly differing in the

advance features that they of

fer.

With being a* zero-budget” project, the reasons for choosing acommercial database
would have to be extremely well thought. There was never any consideration for using a

commercial database, especially with the quality of the open source variants.

One very popular open-source database package is MySQL, which is extensively
supported by the ECS School. Thisisavery easy to use and powerful database, and as
such completely met the requirements. The choice was made to use this as our data
store, with it being administered with PHPMyAdmin, an open source web-based

database administration tool .
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5.1.3 System Architecture

HTML/HTTP

requests —
Client Application Server
(Web browser) (JSP & JavaBeans)

Figure5 - System architecture overview

GDPServer
(J2SE1.4)

ISQLWa
JDBC

4>
MySQL
database

Image

filestore

Figure 5 shows the architecture for the system. As can be seen, the system is distributed
using aweb browser on the remote clients. These clients can access the central
application server through normal HT TP requests. The application can then process the
reguests and forward them onto the GDPServer, which contains all the code for image
processing and retrieval. This server has two storage mechanisms as its back-end: aflat
file system for storing images, and a database for all other storage.

In order to integrate the main Java classes with the web interface, it was necessary to
use JSP (Java Server Pages). JSP allows for Javato be written in aweb page, which is
then executed by the web server and returned to the client asHTML. Using just HTML

keeps the requirements on the client side to a minimum.
Theinterfaceis covered in more detail in Section 5.2.
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Figure 6 GDPServer architecture

The figure above, Figure 6, shows the architecture of the GDPServer. Each core
element of the system (the segmenting operations, the feature extraction and the
correlation), each have their own module, as explained previously. These are all
controlled by the main GDPServer module. This module can communicate will the
application server, the database and the file store. It is the main module, and al
operations to be carried out on the system are executed through it.

During the training phase of the system, the GDPServer stores theimagein thefile
store, and then passes a reference onto the Segmentor Server. The results are then
passed onto the Feature Vector Server, with the fingerprint then used along with the
descriptive words by the Correlator Server. The GDPServer then saves the metadata for
the image in the database. This metadata consists of the image reference, its description,
itsURL, aURL for athumbnail of the image and an array containing words associated
with theimage. Thisis shown in the sequence diagram following.
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Sequence Diagram for ‘Add Image’

Database And Filesystem

Client Server Segmentor | Segmentor Module | | EV Extractor | EV Modul Correlator | Correlator Module \nterface
add_image(image,word_array)
1 1
save_file(image)
>
URI ]J
create_segments(URI)
|
read_file(URI)
>
image ]J
é_ i et Lottt e e
call create_segments(image)
segments
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>
Y
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: 7
£ 4 ) .
= 4generate_fv(normalised_max,region)
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@ e data
£
g .
|
123
0
3 feature_data
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= D it R S .
correlate_fivs(word_array,regign_FVs)

call statistical_analysis(word_array,region_FVs,FV_word_array)

word_array

success

saveMetaData(ImageMetadata)

success lj

saveState()
success
s 1]

Figure 7 Sequence diagram for training phase

This chain of commands occurs when images are added to the system and when a
search is performed using an image that is not in the system. When thistype of searchis
performed, the image is temporarily added to the system; it is deleted after the results
are returned. The other two types of search: searching by words and searching by
existing images are performed differently. The GDPServer sends the search to the
Correlator Server, skipping the segmentation and feature extraction processes. The
Correlator Server uses existing datato perform a search at the cluster level.

5.1.4 Logging

This project uses the Jakarta Log4J package to allow for advanced logging abilities.
Normal debugging methods include printing to the standard output with statements such
as Syst em out . Thisisaslow and globally uncontrollable process, as there is no way to
simply switch this off. Log4J supplies different logging levels: debug, info, warning and
error and the minimum level which islogged can be changed without having to change
the program binary.

Using this method over the standard Java Syst em out approach gives a vast
executing speed increase, as well asthe ability to log to different formats. This project
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logged both to the standard output and to an HTML page. The HTML log results are
linked from the web interface to give the user program feedback.

5.1.5 JUnit

Another advanced package used is the JUnit testing suite. This softwareis aregression
testing framework for Java, allowing for test scripts to be written first, with the code
then devel oped afterwards to make each test succeed. Thisis one core factor that in
eXtreme Programming, and hence, our agile method.

JUnit test scripts consist of assertion statements, which test the results of methods in the
code. If, when the tests are run, an assertion istrue, it will succeed. Otherwise the
assertion will fail and the tester notified. In this way, the tests are automated and much
more reliable than ‘monkey’ testing.
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5.2 Web Interface

The project uses aweb-based front end. The reasons for deciding on such an interface,
as outlined in the system architecture design section, were to ease the system
distribution in keeping configuration and costs low, as well asto allow for arapid
development. All that isrequired to display the front-end is a browser, such as Internet
Explorer.

In order to build the user interface, it was necessary to refer to the Use Case for auser
actor. In doing so, it was found that the following features were required: image
addition to system, viewing all images in the system, searching the system by words,
searching the system by an image aready existing in the system, and searching the
system by a new image. Draft designs for each use case were created, which showed
that several of the use cases could be combined into one element of the user interface.
For example, searching by an existing image could be executed from the same interface
element that shows all the images in the system.

5.2.1 Interface

From the use case analysis, the following pages were deemed to be necessary.

- A gdlery page allowing the user to view all the imagesin the system, with the
user then being able to click on an image to request a search (search by existing
image)

A search pageto allow for searching the system by words

A search pageto allow for searching by new image

An addition page to upload and add an image file and its words to the system
An annotation page to automatically annotate an image not existing in the
system

5.2.2 Technology

The user interface was created using a mixture of Javain JSP (Java Server Pages) and
JavaBeans, HTML and CSS.

JSP and JavaBeans technology resides on an application server, which executes the
code and then produces HTML. ThisHTML is sent to the client over the usual HTTP
protocol. Any client operations that are made are sent to the server asHTTP requests. In
order to generate these requests, HTML forms are required. The application server can
extract the header data from the HTTP request using JSP; the data can be then used in
communication with a GDPServer object, through JavaBeans. This transaction is shown
in Figure 5.

The mgjority of the interface uses plain HTTP requests to send their data to the server.
However, the elements which require anew file to be uploaded have to function
differently. The HTTP standard for file uploading isto include the file data within the
HTTP header. Originally it was thought that a Java Servlet could be used in order to
extract this data from the header. The method to do this was very rough, asit basically
required using String reading methods to extract the data from the header. As such it
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was not very reliable, nor secure. In addition, the extracted data could not be checked to
seeif it wastheright format. Hence, if a user uploaded an incompatible file there would
be the possibility of the entire server crashing. Finally, this method only supported
single file uploads.

Another method was attempted, which involved the use of an applet. Thiswas
originally thought to be an ideal solution, asit would alow for file checking to ensure
that uploaded files would be of the correct format, as well as allowing for multiplefile
uploads. The interface could a so feature Swing elements such as a JFileChooser,
allowing the user to easily locate afile on their system. However, it was discovered that
applets are not allowed read or write access to the file system on the client’s machine
unless they are digitally signed. To obtain adigital signature for such a program was not
aredlistic possibility.

The problem was finally solved by implementing a JavaBean to handle the file
uploading. This code allowed for afile to be saved on the server, returning the filename
once it had compl eted.

5.2.3 Sample images

In order to train the system a set of images was built up. Initially, many of these were
created by hand, and featured simple two-dimensional objects, for example a yellow
triangle on a black background. Once the system matured and was capable of

processing more advanced images, the complexity of the 2D images was increased.
Through further iterations, the image set progressed to featuring computer generated
landscapes obtained from the Internet. These were more advanced and complex than the
standard two dimensional images, but not as advanced as a photograph would be.
Finally, the image set was grown to feature photographs from the University of
Washington image set.

In order to allow for automated system training, a format to allow for the annotation of
each uploaded image was devised, based on the comma separated value file type. Each
image file to be uploaded has an accompanying plain text. Thisfile is named as the
image file, but with “.dat” appended to it. For example, the descriptive file for

i mge001. png would bei mage001. png. dat .Thisfile then contains all the descriptive
words, separated by commeas.
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5.3 Segmentation Server

Image segmentation is one of the most important steps leading to the analysis of
processing images. The main goal isto divide an image into parts that have a strong
correlation with the objects or areas of the real world that are contained in an image [8].
Since the segmentation server is required to be able to segment a large subset of images,
the segmentation server has been designed to partially segment images, as a complete
segmentation will require a prior specific knowledge of the problem domain [8].

The segmentation server uses the region growing technique in segmenting images.

The server has been designed to enable ease of replacement of individual modules with
better or more efficient modules. Hence, each main component of the segmentation
server hasit own class (see Figure 11 - Class Diagrams of the Segmentation Server -
(See Appendix for alarger diagram) below).

5.3.1 Region Growing Algorithm

The Segnent or Ser ver usesregion growing to segment an image into distinct
regions.

The region growing algorithm implemented for the Segnent or Ser ver viewsan
image as amatrix graph (see Figure 8- Matrix graph of connecting pixels), where each
node has a maximum of eight undirected connecting edges [13] (as the agorithm uses
the eight connecting pointsto a pixel, see Figure 9 - The eight connecting points).

Each edge has an associating weight, which measures the dissimilarity between pixels.
Dissimilarity is measured using colour distance [13].

Figure9 - The eight connecting points

In order to grow the pixels of an image into region the following rules are applied to the
pixels during the region growing process.

Animageisassumed to be G, an undirected graph G = (V, E)
With vertex v 0V, the set of pixels to be segmented, and edges (v, vj) O E corresponds
to pairs of neighbouring vertices [13].
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Each edge (vi, v;) O E has a corresponding weight w((vi, V;)), which is a non-negative
colour distance value between neighbouring pixelsv; & v; [13].

MinNeighbour (v;) is the smallest edge connected to v;

The Segmentation Sis apartition of V into regions such that each region R0 S
corresponds to a connected component in agraph GN = (V, EN), where EN f E [13].

Risasubset of edgesEin G = (V,E) [13].

avg(R) isthe edge weight valuein region R.

viORif, w((vi, avg(R))) T where T isthe threshold. Equation 1
OR

vi O R if, MinNeighbour(vi) = w((v, vj)) and v;OR Equation 2

S=CJR,- RnR;=¢ iz}
fml [8].

The rule aboveis applied to the algorithm described by the flow chart below Figure 10 -
A flowchart of the algorithm used for region growing
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Figure 10 - A flowchart of the algorithm used for region growing
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5.3.2 Segmentation Server Implementation

This section explains the implementation of the main operation of the segmentation
server.

5.3.2.1 Segmentation Server
This section explains the purpose of the main classes on the segmentation server.

nnnnnnnnnnnnnnnnnnnnnnnnnnnn

Figure 11 - Class Diagrams of the Segmentation Server - (See Appendix for alarger diagram)

ImageReader — This class would blur an image if required, it also has methods to read
an image pixel by pixel until it getsto the last pixd, after which it throws an
| magel ndexQut O BoundExcept i on.

Neighbour — This class finds the nearest neighbour to a given pixel aswell as similar
regionsto agiven region. Thisclassis aso used by the Tolerance classto calculate the
threshold value for an image (see below for more explanation on tolerance).

Weight — This class finds the colour distance between two given pixels. Thisclassis
mainly used by the Neighbour class.

Region — This class represents aregion found in an image and stores al the relevant
information about a particular region.

RegionManager — This class manages al regions found in an image. Region object in
the RegionManager class are allocated a region index number.
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PixelManager — This class stores the respective region index number for each pixel in
the image.

RegionMergingTracker — This class stores the new region index number of merged
regions.

ColorBasedSegmentor — This class segments a noise free image into homogenous
regions.

Segmentor — This class can attempt to segment any image by blurring the image first
and using a maximum tolerance value in grouping pixelsinto regions.

Tolerance — This class dynamically calculates the threshold value for grouping pixels
into regions. The threshold value is used by the Segmentor class.

MainSegmentor — This class decides on the best segmentor class
(ColorBasedSegmentor or Segmentor) to use in segmenting an image. The
Segnent or Ser ver class usesthis class.

5.3.2.2 Dynamic Threshold Calculation

In order to group pixelsin an image into regions, a different threshold value needs to be
specified for each image. Therefore, afunction is required to cal culate the threshold of a
given image. The threshold function isimplemented in the Tolerance class. The
threshold of an imageis calculated by using the function described bel ow.

Let eightNeighbour (v;) be a function that returns the sum of the colour distance between
pixel vi and its eight connecting pixels.

ViV2...o..... V;isthe set of al pixelsin animage

Then the threshold of animageis
a=>" eighttleighbour (v}

il

Threshold = i

Total number of pixels

5.3.2.3 Blurring Method

The Gaussian blur filter is used to blur imagesin the ImageReader class.
A radius of 8 and strength of 60 is used to blur all images[10].

Content-Based Image Retrieval — A Words and Pictures Approach Page 28



5.3.2.4 Region Merging

This section explains the criteria a region would have to pass before passing asavalid
region.

Once an image has been put through the region growing algorithm, the largest eight
regions are accepted with a cut off size of 3.5% of the original image. All other regions
are inserted into their closest neighbouring region based on the colour distance value
between the neighbouring regions.

The decision to select the first eight largest regions is based on the “Matching Words
and Pictures’ paper [11].

5.3.2.5 Colour Distance Calculation

The Segmentor uses the RGB colour system. This isimplemented in the Weight class.
The colour distance is calculated by using Euclidian distance in RGB colour space [12].

A= AR + AGE + AB?
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5.4 Feature Vector Server

The feature extraction stage is where segmented regions from an image are submitted
for analysis to provide descriptors in numerical form, or feature vectors. These can be
considered as signatures representing the visual data contained within the region, which
can then be used in the correlation stage in order to identify similar regions.

There are avariety of feature extraction methods in existence and active use throughout
the field of image processing. With thisin mind, a design was conceived wherein by the
system would be flexible enough to accommodate new feature extraction techniques
without requiring a change to the architecture. The resulting design uses reflection in
Javato allow dynamic loading and unloading of standardized classes that conform to an
interface. For the purposes of this project, only afew techniques were implemented, but
these represent some important classifiers, such as shape and colour.

5.4.1 FVServer Class

The main class involved in feature extraction is the FV Server class, which handles the
loading, unloading and general running of the feature extractors in the system. Upon
initialisation, the database is consulted for enabled feature extractors. These are then
loaded using Java reflection, which alows dynamic use of classes that are not directly
referred to within an application’s programming. It isin this way that new feature
extractors can be added to the system, or disabled and enabled as desired. The feature
extractors are loaded into an array, ready to be used.

When the method call for applying the feature extractors to aregion is made, the array
of the system’s current feature extractorsis iterated through and the region is submitted
to each extractor in turn. The results are then collected into one ordered array and
returned as one feature vector. At this stage the FV Server checks all entriesin this array,
to ensure a consistent positive output is produced for al data.

5.4.2 FV Interface for Feature Extraction

The FV interface exists to allow the desired abstraction of feature extractors aswell as
to provide a standard structure for the processing of regions, and consists of one method
that accepts region data and a normalization control variable. The normalization
variable is used to normalize the results of the feature extractor in order to incorporate
weighting in the system — one feature extractor might produce more pertinent data than
another.
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5.4.3 Implemented Feature Extractors
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Figure 12 - A diagram used to explain the shape and position featur e extraction techniques

5.4.3.1 Position

This method finds the position of aregion within the image it has come from by
discovering the locations of its top-most and |eft-most pixels before expressing these as
percentages of the height and width of the origina image, respectively. This percentage
is taken of the normalised max value to produce the output for the vertical and
horizontal values, shown following.

position _x=--" normalised _max posmon_y:ﬁ normalised _max

X, Y,

5.4.3.2 Area Ratio

A shape-based technique, this extractor calculates the ratio between the area of aregion
and the area of the image it came from. The implementation counts the number of pixels
in the region by checking to see which pixels are transparent, then divides that by the
total number of pixelsin the original image size.

region_area,

X Y.

area_ratio= normalised _max

5.4.3.3 Border Ratio

Another shape-based technique, this extractor calculates the ratio of aregion’swidth to
its height. To calculate the border values, the distance between the calculated left and
right-most pixels are used for the horizontal distance, and the top and bottom-most
pixels used for the vertical distance. These are divided to get the border ratio as shown
in the following equation.

. bx, . .
border _ratio=—2" normalised _max

by,
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5.4.3.4 ColourFV

As the name would suggest, this method is based on colour, and cal culates the means
and variances of the three RGB colour components for a given region, as well asthe
ratios of red and green to the number of pixelsin that region. The mean and variances
are taken for the below values.

R G,B,r = R ,g= G

R+G+B R+G+B

For normalisation, the maximum possible values had to be calculated for the mean and
variance of the above variables. The known maximum possible value for a mean of any
colour inanimageis 255. To keep a good spread of variances, a design decision was
made to normalise the variances using the same method as the mean. The normalisation
for al single colour valuesis shown here.

normalised _colour _mean=R" normalised _max
255
For r :L, it is known the maximum possible mean valueis 1, where G and B

R+G+B
are at their minimum of 0. Using this knowledge, ther and g values are normalised as
following:

normalised _colour _ratio_mean=r1" normalised _max

For normalising the variance, the same approach was used as for the means. In practice,
this produced a good spread of values for the normalised output.

Colour Extraction was our only method to classify images based on their colour content,
and was based on previous approaches to extract colour information [11].

5.4.3.5 Hu Moments

The Hu Moments extraction technique was based on amodule original used in the
Sculpteur Pictuer system as a Feature Vector Generator module. The original author
was M Faizal A Fauzi. With permission to use the module in this project, it has been
ported from C to Javafor our implementation. This extraction technique extracts the 7
Hu moment invariants [15].

The normalisation of the Hu Moments, which can be negative, involved normalising

normalised _max

around a value of , producing an array of values where the minimum

was 0, and the maximum normalised _max. Through examining possible values for
Hu Moments, the normalisation process is as follows:

normalised _max, HuMoment
2 3

This practice provided a good spread of values between 0 and normalised _max.

normalised _ HuMoment =
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5.4.4 FVServer Class Diagram
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5.5 Correlation and Clustering Server

The Correlator Server acts as a central part of the process of comparing region
similarity. It clustersregionsin a sequential fashion by storing the mean and standard
deviation of the signatures of the component regions of cluster, and applying an
arbitrary fitness function, designed for this application, to calculate the probability that
the given region should belong in the cluster. A region is compared to each cluster, and
added to the cluster with the highest fitness, as long as that fitness is above a preset
threshold. It should be noted that this approach assumes a Gaussian distribution of the
multivariate feature vectors.

Many existing clustering algorithms, such as k-means clustering [16], are applied to
data setsin aparalel fashion in order to get a better feel for the datait isrequired to
cluster and therefore hopefully be more accurate in its assumptions about the nature of
that data. Drawbacks to this approach are the overheads involved in initially clustering
the training data and the requirement for a decision to be made on the number of
clustersto be initially created. Generally, the latter issueis resolved by making an
arbitrary decision on the number of clusters based on the number of keywords added to
the system. It was for these two reasons that the decision was made to pursue a more
sequential, arbitrary approach with its own downsides, but the potential to be more
accurate due to some assumptions core to prior methods having no relevance to the
chosen agorithm.

5.5.1 Clustering Data

The clustering algorithm used by this system makes the following assumptions:

Input datais of aconsistent size and type

Input datais pre-normalized

Therefore, input datais always positive, or zero

Input datais normally distributed

The fitness of the input data when compared to a model is the product of the
fitness of each of its elements

With these assumptions in mind, we can define the clustering algorithm (during the
training mode) thus:

Calculate fitness for each cluster:

Select highest fitness

If highest fitness > threshold, add data to chosen cluster
Else create new cluster

pODRE
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Fx) =0 L

: \mi-xi\+
3*s, *t

Equation 1 Fitness function

Outside of training, the final two stages are left out, and the cluster with the highest
fitnessisreturned. Fitnessis calculated through the application of an arbitrary fitness
function (see Equation 1), where x is the feature vector to be examined, mand s are the
mean and standard deviation respectively of the cluster x isto be compared to, and tisa
threshold value that controls the sensitivity of the fitness function. Each of the x, mand
svariables are multi-element, and referenced by i. This function has the property that,
when the threshold is set to 1, avalue of x; one standard deviation away from the mean
will have afitness of 0.75. Figure 13 shows how fitnessis affected by the difference
between the inspected val ue and the mean where the standard deviation is 1 and the
threshold is 1. This approach has been chosen over a more standard normal distribution
due its ease of application and the level of sensitivity that can be achieved through
manipulation of the threshold variable.

Fitness

-20 -15 -10 -5 0 5 10 15
Difference

Figure 13 Graph of Fitness Over Distance From M ean

One of the downsides to this approach is cluster seeding. Creating a cluster is easy
enough from one data point, but the lack of distribution information meansthat it is
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impossible to calculate a standard deviation. When compared with other clustering
algorithms, thisis a deficiency in this approach. Instead, standard deviation must be
approximated, by defining it as a percentage of the mean. In the case of a mean of zero,
this must aso be approximated. In thisway, the quality and accuracy of the clustering
element of the Correlator Server islimited by itsinput and control variables.

5.5.2 Word Relevance

Once aregion has been clustered, the keywords associated with the image from which
the region came are then associated with the chosen cluster. Asthelist of associated
words builds up with each addition to the cluster, it can be assumed that the greater the
frequency of occurrence of aword in association with that cluster, the greater the
probability isthat that word is descriptive of the regions represented by that cluster.
Therefore, afrequency tableis built up, and the relevance of each word is calculated by
dividing its frequency of occurrence by the total number of words associated with the
cluster. It can be further deduced that the relevance of aword to animageis equal to the
product of its relevance to the cluster with which it is associated, and the relevance of
the region to that cluster. Thisis shown in Equation 2, where Wistheword, | isthe
given image, Ris aregion within that image and C is the cluster with which that region
has highest fitness. This concept can then be used to provide aranked list of words to
automatically annotate an image.

PW 1) =P(C|R)*PW|C)

Equation 2 Probability of a Word Describing an | mage

5.5.3 Complexity

In order to understand how algorithms scale, and to be able to predict their efficiency, it
Isimportant to first understand their complexity. In the case of the chosen clustering
method, only two factors impact its complexity: the length of the feature vectors
currently being used, and the number of clusters present in the system. Asthe length of
the feature vectorsin the system at any one time is constant, this part of the algorithm is
O(1) and as the number of comparisons required in order to cluster afeature vector is
dependant on the number of clustersin the system, thisis O(n) where n is proportional
to the number of clusters. Therefore, we can state:

The complexity of the system is O(n) + O(1)
Thereforeit is O(n)
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5.5.4 Implementation

The clustering and correlation module was implemented around the algorithms
described above, necessitating the creation of two classes: CorrelatorServer and
CorrelationCluster, the latter being a private class of the former. CorrelatorServer is
responsible for calculating fitness and collating results, and CorrelationCluster is
responsible for holding the clustered datain the system.

When datais added to the system through the use of CorrelatorServer’s
.addCorrelation(..) method, the datais first compared to each CorrelationCluster present
in the system in terms of its fitness through application of the aforementioned fitness
function. The results are collected into aranked list and the cluster for which the data
has highest fitness is selected. If this highest fitness is below a clustering threshold, a
new CorrelationCluster is added to the system with the data as its first component.
However, if the fitnessis greater than the threshold, the datais added to the selected
CorrelationCluster.

Adding datato a CorrelationCluster is achieved through use of its .add(..) method,
which first adds it to itsinternal collection of data. The mean and standard deviation for
each element are then cal culated from the collected data before the word relevances for
the cluster are computed, again as described above. This datais then ready for future
queries, such as for use in the application of the fitness function to newer data.

Searching the CorrelatorServer for images is achieved in the three methods described
previously in this document by selecting the appropriate method. In searching by
keyword, the CorrelatorServer queries each cluster for its represented words before
searching the collated list for the chosen word. Search by existing image is achieved by
the CorrelatorServer through querying a hash table in order to find all clusters that
correspond to that image’ s reference. Search by new image is achieved through
determining which CorrelationCluster in the system produces the highest fitness and
returning references to images represented by that CorrelationCluster. Similarly,
annotation returns the words representing the CorrelationCluster.
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Figure 14 Class Diagram for Correlation and Clustering
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5.6 Integration

The integration of the system was carried out early on in the project whereby empty
class stubs of the system architecture were completed, tested and compiled in order to
identify design errors early on in the project.

Prototypes of the main modules were then plugged into the corresponding class
modules. This enabled incremental integration and testing throughout the project
development lifecycle.

5.7 System Metrics

A basic set of metrics have been produced for the system, in order to quantify the size
of this project. The matrix only covers code written by the group members for the
system. The matrix it does not include any external sources or binaries.

Java
Approximately 6247 lines of code
35 sourcefiles
35 top-level classes

JSP pages
Approximately 581 lines code
13 JSPfiles
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6 Test Plan and Run

6.1 Test Plans

This section details the main test plans, and their pass criteriafor the entire system and
each of its major modules.

6.1.1 Whole System

ID: Systeml

Aim: To add images to system, including their segmentation, feature extraction,
correlation and clustering. The test clears the system, and adds 3 images. Each imageis
checked to ensure the image metadata has been added to the database correctly, and the
system has recorded the correct image totals.

Description:

1) Run JUnit test testAddinglmages()

2) Wait for test success
Success Criteria: The test completes successfully, with all 3 images now stored in the
system, and the data stored is validated as being correct.

ID: System2
Aim: To retrieve images by providing words, and verify the correct images are returned.
Description:

1) Executetest testRetrievingByWord()

2) Wait for test success
Success Criteria: Thetest performs searches by words for images already in the
system. The test checks images are returned, and a minimum number of known matches
are returned too. The test also checks for valid ImageM etadata returned objects.

ID: System3
Aim: To browse through images in the system successfully.
Description:
1) Executetest testBrowse()
2) Wait for test success
Success Criteria: The server returns all images in system to the test. Three valid
ImageM etadata objects are returned.

ID: System4
Aim: To retrieve an existing image from the system successfully. Images are known to
be aready in the system

Description:
1) Execute test testRetrievingExistinglmage()
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2) Wait for test success
Success Criteria: A search is performed based on an existing image in the system.
Success is found on results being returned.

ID: System5
Aim: To get alist of all words present in the system, so they can be used to examine
what datais present in the system.

Description:

1) Executetest testGetWords()

2) Wait for test success
Success Criteria: A list of wordsis successfully retrieved from the system. The word
list if of length 5, which are the original words associated with the images entered into
the system.

ID: System6

Aim: Thistest regenerates all Feature Vectors, when the administration of feature
vectors has changed FV weightings, or enabled/disable FVs. This requires the system to
regenerate feature data for all segments, to maintain consistency. This test examines the
success of this method.

Description:

1) Executetest testRegenerateFVs()

2) Wait for test success
Success Criteria: The main server regenerates all feature vectors. All associations are
deleted. CorrelatorServer isrestarted, and the systems training phase is ran through
again. Success on all correlations restored using the current set of Feature Vectors.

ID: System7
Aim: To validate the retrieval of metadata about images existing in the system, and
ensure valid information is returned.

Description:

1) Executetest testViewlmageData()

2) Wait for test success
Success Criteria: Thetest retrieves the ImageM etadata for each image in the system,
and checks the correct datais returned. Test Success on all information being returned
accurately.

ID: System8
Aim: Thetest checks the number of images in the system. Each image is removed
individually, checking the system isin a stable state after each image is removed.

Description:

1) Execute test testremovel mage()

2) Wait for test success
Success Criteria: Test successful on all items associated with each image being
removed (storage file, correlator associations and words).

Content-Based Image Retrieval — A Words and Pictures Approach Page 41



ID: System9
Aim: Retrieve alist of Feature Vectors in the system.

Description:
1) Execute test testviewFVs()
2) Wait for test success
Success Criteria: A valid list of Feature Vectorsis returned.

ID: System10
Aim: Test ability to alter Feature Vectorsin system, including enabling/disabling and
changing the weights of feature vectors.

Description:

1) Executetest testAlterFVs()

2) Wait for test success
Success Criteria: Several FVs are enabled and disabled in the database, their weights
changed successfully.

6.1.2 Segmentation Server

ID: Segmentorl
Aim: Upload, image and test all sub modules of the segmentor server

Description:

1. Start the segmentor server

2. To upload an image with just one homogenous col our
Pass Criteria: Theimage is processed without any errors and just oneregion is
detected.

ID: Segmentor2
Aim: To ensure that the segmentor server can detect simple regionsin an image.

Description:
1. Start the segmentor server
2. Upload an image with two different homogenous colours.
Pass Criteria: Theimage is processed without any errors and two regions are detected.

ID: Segmentor3
Aim: To ensure that the segmentor server can detect similar regions connected by one
pixel.

Description:
1. Start the segmentor server
2. Upload an image with two different homogenous colours.
Pass Criteria: Theimage is processed without any errors and two regions are detected

Content-Based Image Retrieval — A Words and Pictures Approach Page 42



ID: Segmentor4
Aim: To ensure that the segmentor server can detect a region with noise and also ensure
that the tolerance module works.

Description:

1) Start the segmentor server

2) To upload an image with just one noisy colour
Pass Criteria: Theimage is processed without any errors and just oneregionis
detected.

ID: Segmentor5
Aim: To ensure that the segmentor server can detect simple regionsin an image with
noise and also ensure that the tolerance module works.

Description:
1) Start the segmentor server
2) Upload an image with two different noisy homogenous colours.

Pass Criteria: Theimage is processed without any errors and two regions are detected.

ID: Segmentor6
Aim: To ensure that the segmentor server can detect similar regions with noise
connected by one pixel.

Description:
1) Start the segmentor server
2) Upload an image with two different noisy homogenous colours.
Pass Criteria: The image is processed without any errors and two regions are detected

ID: Segmentor7
Aim: To ensure that the segmentor server can detect meaningful regionsin images.

Description:
1) Start the segmentor server
2) Upload a number of images (i.e. the Washington set.)
Pass Criteria: The images are processed and meaningful regions are detected.

6.1.3 Feature Vector Server

Each test is set up using 3 simple sample images, with known size and colour variations.
The known results for each test can be calculated independently through other methods,
and then compared with the system output.

ID: Featurel
Aim: To test the output of the AreaRatio Feature Vector.

Description:
1) Executetest testAreaRatio()
2) Wait for test success
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Success Criteria: The AreaRatio output for each of the three sample image is the same
for the calculated output made independently to the system.

ID: Feature2
Aim: To test the output of the Position Feature V ector.

Description:

1) Execute test testPosition()

2) Wait for test success
Success Criteria: The Position output for each of the three sample image is the same
for the calculated output made independently to the system.

ID: Feature3
Aim: To test the output of the Border Ratio Feature Vector.

Description:

1) Executetest testBorderRatio()

2) Wait for test success
Success Criteria: The BorderRatio output for each of the three sample imageisthe
same for the calculated output made independently to the system.

ID: Featured
Aim: To test the output of the Colour Mean/V ariance Feature Vector, by examining
the R,G,B, r=R/(R+G+B) and g=G/(R+G+B) means and variances.

Description:

1) Executetest testColour()

2) Wait for test success
Success Criteria: The Colour mean and variance output for each of the three sample
image is the same for the calculated output made independently to the system.

ID: Featureb
Aim: To test the output of the HuM oments Feature Vector, by examining the 7 doubles
it produces as output.

Description:

1) Execute test testHuMoments()

2) Wait for test success
Success Criteria: The 7 HuMoment values output for each of the three sample image
are the same for the calculated output made independently to the system.
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6.1.4 Correlation and Clustering Server

The following tests are to be performed using the test stub developed to visualise the
correlation and clustering process.

ID: Correlatorl
Aim: To ensure that adding anew FeatureV ector to an empty CorrelatorServer creates a
new cluster.
Description:

3) Select File from the menu

4) Select an image file from the Open File dialog

5) Input any keywords when prompted

6) Inspect the console output
Success Criteria: The console output includes the line “There are currently 1 cluster(s)
in the system”.

ID: Correlator2
Aim: To ensure that an image added to the system twice correlates with itself
Description:

3) Follow instructions for Correlatorl

4) Note number of clustersin the system

5) Repeat theinstructions for Correlatorl
Success Criteria: The number of clusters after step 3 does not increase from that after
step 1.

ID: Correlator3
Aim: To test whether similar regions are clustered together
Description:
3) Select File from the menu
4) Load “circle square 1.png”
5) Input any keywords when prompted
6) Ensure image has been split into three regions by examining lower pane
7) Repeat steps 1 to 4 for “circle square 2.png”
8) Select View Cluster from next to the first region
Success Criteria: The regions displayed in the new window should be visibly similar

The following tests are to be run using the JUnit test class CorrelatorTester.

ID: Correlator4
Aim: To test whether the cluster count increases and decreases as expected
Description:
1) Run the .testGetClusterCount() method
2) Notetest results
Success Criteria: The method should return the boolean value true.

ID: Correlator5
Aim: To test whether correlations can be successfully removed
Description:

1) Run the .testRemoveCorrelation() method
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2) Notetest results
Success Criteria: The method should return the boolean value true.

ID: Correlator6
Aim: To test whether al of the words in the CorrelatorServer are properly reported
Description:
1) Runthe .testGetAllWords() method
2) Notetest results
Success Criteria: The method should return the boolean value true.

ID: Correlator7
Aim: To test whether words are correctly associated with clusters within the
CorrelatorServer
Description:
1) Runthe .testGetWords() method
2) Notetest results
Success Criteria: The method should return the boolean value true.

6.2 Test Reports

6.2.1 Whole System

This test report was generated on 10/12/2002 using the test cases as specified in section
6.1.1.

Test case Result and tester comments
Systeml Success

System?2 Success

System3 Success

System4 Success

System5 Success

System6 Failure

The method regenerateFV () was not complete in the GDPServer
object. The functionality can be achieved by resetting the system
to an empty state, and re-training the system.

System7 Success
System8 Success
System9 Success
System10 Success
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6.2.2 Segmentation Server

This test report was generated on 10/12/2002 using the test cases as specified in section

6.1.2.

Test case Result
Segmentorl Pass
Segmentor2 Pass
Segmentor3 Pass
Segmentor4d Pass
Segmentor5 Pass
Segmentoré Pass
Segmentor?7 Pass

6.2.3 Feature Vector Server

This test report was generated on 10/12/2002 using the test cases as specified in section

6.1.3.

Test case Result and tester comments

Featurel Success

Feature2 Success

Feature3 Success

Featured Partial Success
The test completed successfully with all three images, however
the test was not thorough enough to guarantee accuracy of the
results.

Featureb Partial Success

The test completed successfully with all three images, however
the test was not thorough enough to guarantee accuracy of the
results.

6.2.4 Correlation and Clustering Server

This test report was generated on 10/12/2002 using the test cases as specified in section

6.1.4.

Test case Result and tester comments

Correlatorl Success

Correlator2 Success

Correlator3 Success: two yellow circles were clustered together
Correlator4 Success

Correlators Success

Correlator6 Success

Correlator7 Success
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7 Evaluation and Limitations

7.1 Evaluation

7.1.1 Web Interface

The assertion that a web interface would be quick and relatively easy to implement was
incorrect. Throughout the implementation of the interface there were problems, mostly
due to the configuration of the application server. In hindsight, it would have been
simpler to implement a Java Swing interface.

One factor that made the interface difficult to develop was that it was nearly impossible
to get an accurate exception stack trace. When the code fails, it throws a servlet
exception. The stack trace for thisis purely relative to the application server, not the
actual code being executed. Hence, it is sometimes not possible to find out even which
class the error occurred in.

Apart from these devel opment issues, the interface is a simple, easy to use mechanism
for operating the software. It is easily customisable, meaning that future development is
very simple and also it can be quickly tailored for different clients by changing the
graphics and style sheet.

The user interface is also extremely simple to distribute, all that isrequired it to type in
the correct URL into aweb browser, with absolutely no additional installation or
configuration on the client required.

7.1.2 Segmentation Server

7.1.2.1 Region Detection

The segmentor was evaluated on its ability in finding regions in an image, with the
ECGS segmentor described in [13]. The default threshold value of the ECGS segmentor
was use for the evaluation. One of the results of this evaluation isincluded in the figures
below, with further resultsin the Appendix.
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Figure 15— A sampleimage

Figure 16 - Segmentation result of the image above by the CIRAA system
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Figure 17 - The Segmantation result of the Other Segmentor

The eva uation shows that the CIRAA segmentor is much better at detecting meaningful
regions without any manual interference with the threshold value.

7.1.2.2 Rate of growth of theregion growing algorithm

The only factor that affects the scalability of the region growing algorithm isthe
number of pixelsin theimage. Thisis because the input into the algorithm as described
in Section 5.3.1 are the pixelsin an image and in the worst possible case eight regions
are merged per pixelsinput into the algorithm . Hence using the average sum of the data
collected below an average processing time per pixels can be determined.

320 * 240 3.03
640 * 480 11.6
768 * 512 18.2

Table 2 - Timeto segment images of different size

Using theinformation in Table 2 - Time to segment images of different size above an
the average time to process apixel is

4.22 * 10 ° seconds

Content-Based Image Retrieval — A Words and Pictures Approach Page 50



A graph of number of pixels in an image against
time taken to process the image
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Figure 18 - A graph of number of pixelsin an image against time taken to process the image

The graph above has been generated by using the average processing time per pixel for
different number pixelsin an image.

From the result of this graph is can be seen that the time taken to process an image is
linear as the number of pixelsin an image increases.

7.1.3 Feature Vector Server

The implementation of feature extraction allows adding new feature extraction
techniques without the need to recompile the system, by keeping the feature extraction
methods in their own classes and a database based list of feature extraction techniques
to call by reflection.

In total 6 Feature Extraction techniques were included, providing shape, position and
colour extraction. Feature Extraction timings are shown here for 10 images, with
minimum and maximum times to process segments.

Image Dimensions Min. extraction time | Max. Extraction | Mean. Extraction
(9 Time () Time (9)

768x512 0.54 1.31 1.07

640x480 0.51 0.75 0.64

320x240 0.10 0.16 0.15

Table 3 - A table showing timingstaken for complete feature extraction of different sized images

Due to the inclusion of methods such as Hu Moments, the order of complexity for

images as their sizeincreases is O(n). The above table shows the mean time to extract

all features from an image increases at a rate greater than alinear increase.
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The implementation runs a further check on all feature vectors produced by the
extraction modules, to ensure they are all within the normalised value range,

O£ x£ normalised _max.

7.1.4 Correlation and Clustering Server

Evaluation of the clustering algorithm’ s efficiency was achieved through aggregating
the results of 9000 additions. This was done through the random generation of feature
vectors of length 22, with possible values between 0 and 1000, which were then
submitted to the CorrelatorServer for addition. Each test took atotal of 10 minutesto
run, with samples of addition time taken every 1000™ time, and was performed on the

‘Servalan’ machine run by ECS.

Number of Time (ms
Comparisons |Runl | Run2 | Run3
1000 12 13 12
2000 25 27 25
3000 39 47 40
4000 48 57 53
5000 63 58 63
6000 77 83 72
7000 87 82 82
8000 97 98 108
9000 104 106 109

Table 4 Efficiency Testing Results
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Figure 19 Graph of Time Taken over Number of Comparisons
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As can be seen in Figure 19, the measured time corresponds with a O(n) algorithm, as
expected. Thered line, labelled * projected time', is based on the time taken for 1000
comparisons and thus represents a O(n) function.

7.1.5 Whole System

The CIRAA system was somewhat difficult to evaluate, as at the time of publication
there were very few publicly known content-based image retrieval system that utilise
the same approach as described in this document. One such system is the Automatic
Image Annotation and Retrieval using Cross-Media Relevance Models (AIARC) [6].
However AIARC system was not publicly available for use in the evaluation of the
CIRAA system. Hence a similar system called Blobworld was used [2].

Since the Blobworld approach to content based image retrieval is different to the
approach as described in this report, the evaluation of the CIRAA system is performed
by comparing its speed and functionality to that of the Blobworld system.

A direct comparison of the accuracy of query results returned by the CIRAA system
could not be made with the Blobworld system due to the latter’ s use of the Corel image
set [2] at the time of this paper’s publication, as opposed to the Washington images used
by the CIRAA system.

During evaluation the time taken to search by words and images was similar to the
Blobworld system. The table below outlines the functionality provided by both systems.

Automatic Annotation Yes No
Search by image Yes Yes
Search by region in an image No Yes
Search by words Yes Yes
Ability to add images without Yes No
annotation to the system

Ability to search by images Yes No
not already in the system

It isimportant to note that only images with annotations are used in the Blobworld
system, whereas in the CIRASS it is possible to add images without annotation to the
system, and then search for that image using words based on the content of that image.
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7.2 Limitations

The sections below describe the determined limitations of the system, derived from
observations throughout the development process, as well as the results of testing and
evaluation.

7.2.1 Web Interface

The most major limitation of the web interfaceisthat it currently does not allow for
automated upload, that is, the automatic uploading of images and descriptive words.
The current implementation requires that the user browse to a single image file, and
then manually type in the descriptive words.

In addition, it is understood that the web interface is not as powerful as a Java Swing
interface could be, due to the fact that HTML is certainly less powerful than awindow
manager. A Java Swing interface would allow for many more features, such asthe
ability to draw a correlation graph, as well as viewing the feature vector output. These
would prove extremely difficult to implement in HTML.

7.2.2 Segmentation Server

The segmentation server has a number of limitations. These limitations are listed below:

1. The segmentor server has problems separating backgrounds from real world
objects, if the gap between the background and the real world object is close to
the edge of theimage.

2. Dueto the limitation of memory during run time, the number of pixelsinan
image that the segmentation server can segment is limited to the VM memory
allocated during runtime.

3. Asno colour system is perfect [14], the segmentation server is restricted to the
limitations of the RGB colour system, when calculating colour distances.

4. The segmentation server struggles to segment small images.

7.2.3 Feature Vector Server

There are few limitations to our implementation of feature extraction. Reflection allows
dynamic class loading of new Feature Vector Extraction classes that adhereto a
predefined interface. The major limiting factor is the size of images that can be passed
through the Feature Extraction methods, as large images cause out of memory errors.
For the specifications of this project, and all imagesthat are likely to be used, there are
no out of memory problems with feature extraction.

The implemented extraction techniques have been designed to withstand erratic input,
such as manually finding the upper most and left most pixelsin agiven image segment.
The speed of the feature extraction stage is proportional to the number of pixels present
in the segmented Bufferedimage object passed to it.
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7.2.4 Correlation and Clustering Server

Due to the nature of the controlling factors of the central fitness function in
CorrelatorServer, as well as the core clustering algorithm, the CorrelatorServer can
never be perfect. While it is understood that there is most likely an optimum set of
control variables for each set of images, there is currently no mechanism for the
determination of said variables. This leads to the undesirable situation of a user being
responsible for the accuracy of the system, and could have been avoided through the use
of amore established clustering method.

Another limitation of the algorithm isits sequential nature — it must make too many
assumptions to form clusters from an empty system. The only justification for thisis the
fact that predetermining the number of clustersto produce from a set of imagesis
potentially too restrictive for the regions contained therein. Further to this, the accuracy
of the system is potentially reduced by the corrections used to allow for floating-point
errors, although this can be altered by changing an internal delta value.

7.2.5 Whole System

The limitations in the functionality of the system are listed below.

1. The system isunable to remember its state after being shut down. Thisis due to
the fact that the correlation server does not remember its state.

The training processis slow.

The annotation processis inefficient.

Image annotation is not always correct.

Search for image by words does not aways produce relevant results.

Search for images similar to a given image does not always produce relevant
results.
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8 Future Work

This section sets out the possible improvements that can be made to the system and its
individual modules if time had permitted.

8.1 Web Interface

It would be beneficial to have a user interface that alowed for multiple filesto be
uploaded at once. Thiswould allow for avery large training set to be created.

However, future work in this area could be the investigation of the replacement of the
web interface with a Java Swing version. Swing interfaces are very portable, so the
argument of simple distribution using HTML is not as strong as it would be against a
platform specific interface, such as Visual Basic.

8.2 Segmentation Server

In order to improve the segmentation server the following improvements are suggested.

1. Research and implementation of a colour system that has been proved to be
better than the RGB colour system. This colour system improvement will need
to be implemented in the Weight class of the segmentation server.

2. Research into ways of improving the speed and efficiency of the segmentation
server modules.

3. Research into using only the values known at any stage of the region growing
algorithm for calculating threshold, rather than going through every pixel in an
image during the calculation of the threshold, and then going through the same
process during region growing.

4. Research into methods of dynamically calculating the strength blurring strength
for the Gaussians blur algorithm.

8.3 Feature Vector Server

Future work on the Feature Extractor should take on the form of adding more feature
extraction techniques. This should be easily implemented, as long as the output and
input of new techniques conform to the same specification as the existing interface.
Extending the current repertoire of extraction techniques would undoubtedly slow down
the system. However, the improvement in quality due to alarger number of data points
would more than offset this.

Recommended feature extraction techniques that could be implemented would include:

Pyramid Wavelet Transform
Gabor Wavelet functions
Various texture filters
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8.4 Correlation and Cluster Server

With its limitations in mind, future work upon the Correlator Server should focus on
accuracy over speed. Thiswould either involve some form of dynamic alteration to the
existing system, such as altering the control variables depending on the datato be
clustered, or the implementation of adifferent, more established method of clustering,
such as k-means clustering. While efficiency is currently very high, implementing any
changes to the core method risks slowing it down, but ultimately, as the emphasisis on
functionality and accuracy rather than speed, it is anticipated that these changes would
most likely be beneficial.

Further to the changes suggested above, it would probably be advisable to ensure that
the Correlator Server scales for larger collections of images, atest that was not carried
out for this project. Whileit is understood that the algorithm is O(n), and 10
comparisons are completed in under 10ms, it is entirely possible that some factors have
been missed in the assessment of the algorithm’s complexity. However, it appears very
unlikely that the complexity can be reduced further without impacting accuracy, and
improving on its speed would involve implementing it in afaster programming
language, such as C.

8.5 Whole System

The following improvement could be made to enhance the system:

The use of sophisticated segmentation techniques.

The use of more feature extraction techniques.

The use of better correlation and clustering techniques.

Increasing the speed of the system.

Better evaluation of the user interface.

Training and assessment of the system on avariety of data sets.
Modification of the system to enable it to cope with more than one session at a
time.

The inclusion of athesaurus in the search functions of the system, this will
enabl e the system to recognise similar words to words, which are already
associated to clusters of regions in the system.

9. The addition of afunctionality, which allows usersto search for images that
have regions similar to regions detected in a given image.
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9 Conclusion

As detailed in this report, the project has succeeded in achieving most of itsgoals, in
that it has created aworking system capable, to an extent, of retrieving images based on
their content as well as automatically annotating images with varying success. The
processes described have been shown to function in the manner expected, and the
method by which they combine has produced a powerful tool, suitable for the purposes
the project was intended for. The results of this project should be invaluable for future
work in this area, providing building blocks to both improve and build upon.

Although a fully-working interface was not successfully completed in time for this
report, sufficient functionality has been produced in order to show the system working.
Similarly, full data sets have not been produced to test the system, but the complexity
and architectural analysisin the preceding pages suggests that the system will scale
impressively to suit the sizes of data set expected to be useful in modern digital image
libraries.

In conclusion, this project can be considered a success when compared to most of the
requirements laid out in the customer specification, failing only to deliver a successful
interface. The eXtreme Programming methods used in developing this project had
mixed results, but overall proved effective for prototypical development.
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11 Appendices

Appendix A — Results of Segmentation Evaluation

© Copyright of the Efficient Content Base Retrieval Group (University of Washington)
Figure20- Image 1

Figure 21 — Result from segmenting theimagein Figure 20 - Image 1 using the CIRAA segmentor

Figure 22 - Result from segmenting theimage in Figure 20 - Image 1 using the ECSG[13]
segmentor
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© Copyright of the Efficient Content Base Retrieval Group (University of Washington)

Figure 23 - Image 2

Figure 24 - Result from segmenting theimage
in
Figure 23 - Image 2 using the CIRAA
segmentor

Figure 25 - Result from segmenting the image
in Figure 4 using the ECSG[13] segmentor
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Appendix B - Class Diagram

Figure 26 - Class diagram of the segmentation server
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Appendix C — System Walkthrough
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Appendix D — User Manual

The system has been designed to be as simple to use as any standard web site. However,
in order to ensure that the system’ s full potential can be maximised, this user document
has been produced to show how each aspect of the system works.

Adding an image to the system

Figure 27 Image addition page

The image addition page allows the user to add an image to the system along with its
descriptive words. An image file can be selected either by typing in its path or by
clicking the “Browse” button to bring up afile choosing dialog. The descriptive words
can be entered into the description box, with each word separated by spaces. The last
option isto display the segmented image. If this option is checked, the output will be
displayed on the results page.
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Figure 28 Result of adding imageto the system

Viewing the images in the system

Figure 29 Viewing imagesin the system
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Theimage gallery allows for a user to browse al images in the system. It shows a
thumbnail each image along with its alocated descriptive words, and their relevance. In
addition isthe URL for the full image, which when clicked will display it in anew
window.

Searching by existing image

Clicking on the image thumbnail in the gallery will issue a search based on that image.
Thisisavery simple way to search the system by existing image. If the image you wish
to search by is not in the system, please refer to the search by new image section.

Figure 30 Results of sear ching by existing image
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Searching by new image

Figure 31 Searching the system by new image

Searching by anew image is similar to adding a new image to the system. Once again,
the image file must be located, either by entering its filename or clicking the “Browse’
button to find it. The show segmented image also behaves in the same way as image
addition, by alowing the user to view the segmentation results. Finally, the cutoff
probability text box alows the user to set ahard limit at which to stop showing resullts.
The default is 60%; any results that are less than 60% relevant will not be shown.
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Figure 32 Results of searching by new image
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Searching by words

Figure 33 searching the system by words

The word based search allows the user to enter some keywords to search on. The system
will search the database for images that match these keywords with relevance higher
than the cutoff point. The default cutoff point is 60%, any images that are less than 60%
relevant to the keywords will not be returned.

Figure 34 Result of sear ching by words
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Automatic image annotation

Figure 35 Automatic image annotation

The annotation is again similar to image addition. A file must be located, by either
entering the file path or locating it viathe “Browse” button. The cutoff point needsto
then be set; words with relevance below this limit will not be returned. Finally, the user
can select whether to view the segmentation output, by selecting the show segmented
Image option.
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Figure 36 Annotation output
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