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Abstract

Storage and image retrieval from multimedia database systems has
become a requirement for many contemporary mformation systems. Most
commercial 1mage retrieval systems associate keywords or text with each
image and require the user to enter a keyword or textual description of the
desired image. This text-based approach has numerous drawbacks-
associating keywards or text with each image 1s atedious task: some
nnage features may not be mentioned in the textual description; some
features are “ncarly impossible to describe with text"; and some features
can  be described in widely different ways. In an effort to overcome these
problems and improve retrieval performance, we have focused more and
more on content-based image retrieval in which retricval is accomplished
by comparing image features directly rather than textual descriptions of
the image features. However, content-based image retrieval is a research
area which is still in its infancy, dedicated to the image retrieval problem.

Features that are commonly used in content-based retrieval include color,
shape, and texture. Color is the most important low-level feature,
therefore. in this thesis we have focused our research on color-based
image tetrieval. Specifically color histo gram has been widely used for
content-based image retrieval systems and remains the most popular
method for capturing low-level color information that because it is very
simple and fast to compute, and similarity calculation can be performed
very easily.

However, a color histogram has been shown to be ineffective for large
image databases, and it provides only a very coarse characterization of an
image; images with similar histogram can have dramatically different
appearances. Furthermore, color histogram fail to incorporate spatial
information, and therefore tend to give poor results, Therefore, three
image retrieval methods have been described for combining color and
spatial information: Color coherence vector (CCV), centering refinement
(CR), and image grid technique (1G).

Unfortunately, these techniques have several limitations. For example, a
Color coherence method concentrates on the ides of coherence pixels
without  taking into account spatial information, and Centering
Refinement method concentrates only on distribution of color in an
image.  For this reason we propose a retrieval method called. Centerin g
Coherence Method (CCM). It aims to overcome the above mentioned
shortcomings and to improve the performance of image retrieval system.




The proposed method incorporates between Centermng Refinement, and
Color Coherence Vector method,

Finallv, we present a prototype image retrieval system that allows a user to
input an image and retrieves all images from a database similar (o the user
input tmage. Five retrieval methods have been unplemented wn tlus system,
Color [ listogram; CI1), Centering Refinement, CR), Image Gnd (1G), Color
Coherence Vector (CCV), and Centering Coherence Method (CCM). The
performance of the retrieval methods has been evaluated based on examining
the two retricval cffectivencss measures recall, and precision .

In summary, the experimental results have shown that the retrieval results
using the proposed scheme exhibit higher retrieval efficiency than other
techniques. Specifically, the 1G technique exhibits higher average precision
and the proposed method provided the highest average precision over all
others retrieval techniques.




Contents

Abstract

Acknowledgments

1 Introduction 1
I.1 Multimedia Database ....... 1
1.1.1 Multimedia Data Model . |

I.1.2 The Characteristics of Mu t:mcdla and Tradxtmnal o i

1.2 Image Database .. . 5
1.2.1 Image Siuras_e C3t;anrJdrds e 7

1.3 Present Investigations and Ob]ectm.s O S e i
1.3.1 Motivation ................__.. 7

L B BT T |
Lt THERIS Orp@tizalion ..cousumman s amu meesmsnsin . 11
2 Content-Based Image Retrieval (Literature Review) 12
2.1 Text-Based Image Retrieval ..................................... 12
2.2 Content-Based Image Retrieval ..................._........... 13
2.2.1 Featwes Extraction .cooiiiiiivgmmnennins. 18

2.3 Indexmigin Image DOtabase .. .. .oovve o viniasam 25
231 PomtQuadtree ......................................_ 26
2.3.2 K-D Tree .. R ks ey . (|

233 R-Tree . e

24 Overview nFCm:em lmd-rc Retnev.il Systema S
2.5 Practical Application of CBIR .. VUV ¢
& 3 Color Representation and Similarity Measurers 45
3.1 Color: A Brief Overview .. ._......oocoooiiiii . 45
311 Color Pereeption .covvaaynzis o, TSR &

3.1.2 Hue. Saturation, and Brichtness ........................ 46

3.2 ColorImages ... .. 46
33" Color SPACE wovis e i e s s o e e emsasssseeeroens. AT

A

b CTBISPARRS v s s THE




3.3.3 Perceptual Color Space HSV,HLS ..................... 49
3.34 Unmform Color bpﬁﬂﬂw 51
3.3.5 Color Transformation _ ren e n e e aesais O
33.6 Color Quantization s« couivi i cn s iissaiims o8
5.4 Lc}lm‘ RETESEEE .. oo cnssasrpensmsemssmpe s O
34,1 Color HISIORIAM ..........ooinieiesviiiiniaeviriaeeao. 33
3.4.2 Histogram Peaks . 56
343 ColorMoments .....cooeris civmesons on r. 38
3.4.4 Color Colierence Vector . 38
3.5 Color Similarity Measures .. covsmmsmiisimasin Kine s 39
3.5.1 Histogram Metric Space ............. . 59
3.5.2 Taxonomy of Distance Metrics .. 60
3.5.3 Minkowski-Form Distance . sy 09
1,54 Histogram Quadratic [ertame Me*tsure ............... 63
3.5.5 Non-Histogram Distance . . 64
Combining Color and Spatial Information 66
4,1 Histogram Refinement . 67
4.1.1 Centering REﬁl‘lﬁlﬂLIl‘l ; ETRRRPI . . ..
4.1.2 Color Coherence vcctnrs {CCV 5) .................... 72
4.2 bnage Grid Technique ....ooos s i iuesEms 7
421 Color EXtraction ... soverasnssssasvna a8
4.2.2 QUErY PrOCESSIIE .. uvuieoee s st v e e eie 80
4.3 Spatial Color Moment Feature Vector ...................o.. &1
4.4 ‘Other Approdehios ..o enmmissmassmsitvaisesaraiey  Oh
A Prototype System and Experimental Results 83
5.1 Centering Cohercnce Method ...oovviii i, &3
5.1.1 Color Representation ................coveeeininnnnn... 83
5.1.2 Matchingand Retneval .. coooianininii 83
5.2 A Prototype Image Retrieval System-CBIR ............ ... 83
521 The P[upum;':d S}-’itn:]'l] Architecture .................... 7
5.2.2 Graphical User Interface . 29
5.3 Experimental Results .. s O
5.3.1 Evaluation and Rr:tneva] Fﬁecnwnma e 95
5.3.2 Retrieval Methods Comparison ..............ccocevein. 27
5.3:3 Overall Performance .o visvnmmmiiiismsinssves 199
5 BUMMATY,! s emesss s 107




6 Conclusion and Future Work 108

671 CondlusIon =iy v sirsvasiarrgs

e |08
6 Fature WotK . ..o sssins s ssmmsvess sons

References 111




Chapter 1

Introduction

1.1 Multimedia Databases

Multimedia databases systems are one of the most active research area in
computer science. The media is an important aspect not only of the
civilized societies, but also for the global interaction as a whole. The
media may be defined so the meaning of communication amon £ peoples
(this communication can be either one person and the other persons; a
person and TV, or a person and computer etc.), broadcasts, newspapers,
and publishing books, and so on. Thus a multimedia is an amalgamation
of three branches namely: the media world, the telecommunications, and
the computer industry.

Multimedia database i1s a database that contains one or more typcs of
mformation such as text, mmage, video clip, sound, diagram, and graphical
ammation. The types of information may be classified as three categories,
firstly time-independent (sometimes-called static media data), secondly
time-dependent  (sometimes-called dynamic media), and thirdly
dimension data like 2D and 3D. The data such as sound and video 1s
categornized as time-dependent data because they have duration in time.
Multimedia database system is a system capable of storing,
manipulating, and retrieving multimedia data effectively [Subrahmanian,
1998]. It 1s more complex than a conventional database. Moreover, the
multimedia area is too broad, and very hard to cover all areas related to
the multimedia systems. For this reason, we will focus in this thesis on
the data models in the image database and the efficient query and
retricval processing algorithms.

I.1.1 Multimedia Data Model

The data types found in a typical multimedia database include
o Text
* Images: color, black and white, photographs. maps, and paintings




Ciraphic objects: ordinary drawings. sketches, and ilustrations. or

Al> objects '

* Annnation sequences: images or graphic objects (usually)
mdependently generated

* Video: also a sequence of images (called frames), but typically
recording a real-life event and usually produced by a wvideo
recorder

* Audio: generated from a recording device

* Composite multimedia: formed from a combination of two or

more of the above data types, such as an intermix of audio and

video with a textual annotation.

Usually, individual objects in an image, or a video frame have some
spatial relationship between them. Such relationships usually produce
Some constraints when searching for objects in a database. Multimedia
information characterized by huge volumes of data. For instance, to store
an uncompressed image of 1024 x 728 pixels at 24 bits per pixel requires
a storage capacity of about 2 Mbytes, With a 20/1 compression ratio, the
storage requirement could be reduced to about 0. IMbyte. If we consider a
video example, a ten-minute sequence of the same image at 30 frames/sec
requires about 38,000 Mbytes of storage reducible to about 380 Mbytes
with a compression ratio of 100-1.

Mathematical Model

The modeling of multimedia data is very mecessary to organize and
represent of multimedia features that to enable users to access, query, and
retrieve efficiently. In this section we describe a mathematical model [Rui
and Chang, 1999] for multimedia data. This model will take into account
semantic levels or semantic features.

O=0(D,T.F.R) | (1.1)

* 2 is the raw data of the object, e.o. a JPEG image, or an MPEG video,
ete.

* T 15 the textual description of the multimedia object, this description
melude :

— Fixed descriptors like title, author, vear, elc. these descriptors are
associated with the object.
— Free-text description of the object.




