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Overview






Chapter 1

Introduction

1.1 How does a Computer Recognize a Cow ?

[f computers can be seen as caleulators, then the guestion arises whether intelligence and
particularly visual intelligence can be produced by mere caleulations. Unfortunately. this
question will not be answered in this thesis, One thing is certain: we have delivitely tken the
road to visual intelligenee in the future. We may wonder where this road will bring us and
where we are now. fmage recognition now becomes available in industrial products. In daily
lite we are, \Ulell‘I]&.\ without being aware. already confronted with these technigues. It vou

wstanee, the teat of soul HecHsy |)I(llL mity be iLui"n]/Ld

Recognition is definitely o part of visual intelligence. Tt relales an ecmotion. experience or
visual input to an carlier event. Image recognition is based on having seen something belore,
Our brain is very etfective in this, One could say: "Oncee yvou have seen one cow, vou have
seen them all™ Human boings are abic w understand what makes a2 cow a cow and to work
with concepis. Computers are Lar less intedligents They cannot enjoy the variety of cows,

Toa certain extent concepls can be expressed in fanguage, Language makes it possible o

RN -ll.

doseribe these coneepts and toexplain what we oo Althoneh it is )
escorting @ blind person can deseribe the surroundings to him. Fyven harder itis 101 lhx blm(l
person fo imagine what has been deseribed. The mapping from image spuce to language is
not one-to one, atter all: " pictaoe is worts o thousand wonrds ™. The same problem is en-
countered in image recognition by computers, In contemporins multimedia applications, an
image is deseribed by features, Tike the color or shape of an object. This s a4 many 1o one
mapping and as 1 conseyuence. there s no one-to-one reverse mapping, A car can be red.
But there are a ot of other objects with i red color,

Cae
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Fo ey doot vl dinat sy

i thesis s mainly concerned with sostems Baing able o retricve sisusd Tntormation s ithin

L

e domiidn ot anfornigtion iochnofogy 11D As s can learn from the human secing-vve dog,
eneway ob doing 1tis o deseribe the content m linguage. as done in the case o kevwords,
it thon womare intellipent was of Jookiny for silanities is toequired. Viswal injormarion

retricyal (VIR Y Systems process visnal contert s was human beines do,

Content baved image rericval (CBIR) IS bused vn the faet that imaees van be retrics ad be-
cause ob their simnlariy io other brages. A database i bl o returm images of cows s o

rosaltot the Tact that the uscr Fas pointad cat cthor cones o deason an example of 5 con.

One cardistinguish three core components of these sy stems

e Content extraction.
Doscribe the content in such woway thal 4 can be processed. Featanre evraetion is one
way o doing this An image or video s deseribed according o severad teatures like

codur or tevure.

o Similarity.
Once the content has been deseribed. the sestem has to define how similar this content
I~ to the content of other fmages. As worealts one has 1o define metries approximating
towhat oxient the difterent images, represented by their teatures are similar.,

* Intertaces.
Forthe wser o communicate with the svtemu intertaces should be able to display and
compose visual information. As the content of imuges iy subjective. anintelligent
syatem should be able to manage this subjectivity.

This thesis will focus on the st and the List ivms,

1.2  E-content

As e are Biving in the ape of imtormation tectnology owith the amount ol B -coment vron ing
oxponentialbo the nocd o handle this informaion grows as fast, We are overa hefmed with

imformation:
ntrprswww.sims, berkeley L edid how-mucn-into
and the abiluy iretricve this information vicomes proportionals smahicr o the growing

ameunt ot datas I the domain of veswal antormation sestems . information can be processed

lor several purposes:

Click AT
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o (Compression.
MPEG 470 21 add stundards for doserihing content in multimedin ditabases, hosides
mere Compression,

¢ Retrieval.
To browse. query and dow nloud information from the web or other information databuscs,

¢ Visualization.
In the field of tashion and design for instance. fushion depends on personal appre-
ciation. Applications should give way 1o examine clothing as it uppears (intelligent
clothingy and scarch Tor products by visual means.

¢ Security and authentication.
Document ownership, aceess and facilitation. Authorizing or blocking content (pornog-
raphyv). Filtering,

e Delivery on demand.
Personal Content as in television on demund. Extracting personal content from a larger
and more general content quantity. Indexing.

e Maunipulation,
Content being processed in a way that new content is ereated. Examples are editing
music and video. archiving, billing, accounting, virtual shops, cte.

e Quuality control.
Visual inspection of products like textiles.

1.2.1 Frustration

Fyveryvbody experiences the frustration while exploring and scarching the internet and hearing
i o1 hersedfsay .

o You don'tundorsaand me that is not what Dmean!

o Dot ask me what Dywane, i know (owhen Deedd!

o What I'm looking for i not there!

o Cwrt’t vou sev. that s different?!

The best cure for this frustration is to act like Picasso, "Don’t look for things. just find them™,
is the best was tohandle the growing amount of information. see Figure 1.1

Content management systems including visuat information retrieval is the fistest growing
roscarch fickd and finds it way into many F-commeree solutions. For a few sears these



file:///ears

Ourfine of the theses f

CUPTRY ORI A TG W D oM THSc ot CRgimies TRe OBTC D vt as wel

SANTUITIS e

v oA PrOrT sasters i bornstaniee. uedicad cegng Please tahe o Took ar the videas Then

Woreld wan 1CT Toepassingen™ from the Duoteh Ministrs of Feonomical Attairs i which un

appheation prosented in this thesis ter CBIR iveviibited. Other promising applications wre

s Art
The userwents o tind paintings or ebreets semiliar te the one he or she likes.
LRl DRI P AT

o EEGA

* Photographic datiabases.
A graphicaldesigmer may dosite foasc ananpilcation enabdiing m to seircii lor suniiar
alternatey os hased on the e coniens Tle then makes i choice according to his own

Drsome Lt

e Video library.
Futl content scurch and retriesal of current wnd past TV broadeast A Tully automatic
process cnables daily content capture, iformation extraction and storage in vn-hne
archives, As an oxample: the Informadin Digital Video Librany project ar Carnegic
Melon Universita,

-,

Swa . LT TOrmedla.os. cru.Lecu.

¢ (riminal investigation,
Lhe Tos Angetes Police started in Y98N o pilat on the fast recognition of car thicves
by o compinite drawing, Going through o database of possible suspects can be made
more eflicient i an automated system could assist i recogmzing o sheteh made by the
vietme seve Figure 1.2,

s Scarch engines,
Well knoswn examplues ares

1.3  Qutline of the thesis

Usualiy g PhoD. thesis s writien axoa books A subjeet bke visual imtelhgenee asks tor g
ditferentapproach. It has to be visually attractve and intelhgent The interfaces discassed in
thic thests are reflectod i the wan thic thesic i presented, a campaet Jdise (CDY The CD et

vou enjoy the content of this thests in severad medess it enabiles the user o navicate through

Clien B
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the documents gecording to his own needs: Towddl be interactive and display demos that can

be tound on the interncet and doveinped within the scope of this thesis,

The wextual version consists of four parts. They can be read separately. The fiest part builds
the stige on which the published papers (of the third part) perform; how o browse and guers
(visual information) und the interfaces communicating with the user. These Chapters are
written tor a larger audicnce.

After this introduction. Chapter 2 desceribes examples of content hused inage retrieval as
they can be found in commercial systems and rescarch prototypes. Chapter 3 ¢laborates on
the actual content descriptors (called features) used in these systems, Chapter 4 finalizes parnt
I and sketches research topies as a result of the discussion held in the previous Chapters.
Part 11 deseribes the mathematical background needed to understand the use of fractal image
compression for feature extraction as well as o description of Fracbeat, the fractal feature
extractor we develloped,

[n Part {I1, four papers are presented. The first three explore the use of fractal image com-
pression as i feature extractor on textural aspects and spatial similacity within images. for the
purpose of image recognition in multimedia databases,

e B.AM. Schouten and PM. de Zecuw. Featre Extraciion using Fractal Codes.
Proc. of VISUAL 99; Third loternational Conference on Visual [Information Systems,
Amsterdam, June 1999, Springer Verkg, pp. $83-492

e 13A M. Schouten and PM. de Zecuw. Fractal Transforms and Feature hoariance.
[CPR 2000 Proceedings International Conference on Pattern Recognition. Burcelona
2000, Volume 3. pp. 992 997

e B.AM, Schouten and PM. de Zeeuw. Dnage Databases, Scale and Fracial Trans-
Jorms. TCIP 2000: Proceedings International Conference on Image Processing, Van-
couver 2000

These above papers resulted in o visual information retricval systen:
o B.AM, Schouten and PM. de Zecuw, Iracteat:
http://www.desk.nl/fracfeat/index.ntml.

An additional graphical user-interface (GU has been build in cooperation with Vadim Botchey
(Rostoy State Universityy,

The last and fourth paper introduces an interlace called PARISS for Content Based Image
Retrieval supporting relevance feedback methods for improved image search. The intertace
cnables the user to show by o “drag and drop™ principle “what he means™ by identifving
sinvfar images.


http://www.desk,n%5d/fracreat/index,html

weont the thesis N

e O Cucnern G Fradering AN Kuiih, EI Paasdds and B AN Schoutens Shees e
sl vers e TARISS . A CBIR-tige vtace that fearns by cuample. Proc, of VISUAL
206Hy; Fourth Imernationsd Contorence on Visual Tetormution Sy stems 1 o N eng-
bror 20, p 2RTINN -

Fhispaporisarniten wovether woeth G Cacnes BESATPSER U Deeven, Belgiom, T Pausacels
and I Kuihs Center for Mathematios and Computar Seivnees (CWL G Frederin, Dept of
Mathemation, KU Feusven, Bedgiune A st varsion of 1he interface deseribed in s paper
v and buaptized PARISS NI The noveln
of PARISS-NT s the intuitn oy nansparent masipultion of the information acerued during

wis introduced by Caenen. Pauwels and b

databise explargtions In the contribution preseated here we imend o ke the intcraction
Peradigm to the nexticsel i atiempt o turther improve the cthicienes of the mtertace. The
proemovendus wants o gratetully acknow Jedgee the contribution ot Fredertcand Caenen. from

e the sdea tor this intertace originatad. amd who rephrased the problem ol feature seiection

i termis of o logistic regression medel.

Froatlhv part IV scan appendis for further reading, Onthe CD the items can be read intenictive
by clicking an the words, underlined in the toat

Coming from craative circles, Fwanted to writea PhuD. thesis thad is enjorvable for evenyone,

So pleaseenjon !




Figure 1.1: Pablo Ruiz Picasso, Téte de taurecau. Paris. Spring/1942. Bicycle saddle and
handlebars. 33.5 x 43.5 x 19 cm. Musée Picasso, Paris.
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Figure 1.2: Los Ageles Sheriff Department identifies Suspect with Face /D™




Chapter 2

Information Retrieval Systems

A text document cun be well deseribed by kevwords, [n the extreme case as many kevwords as
words in the document are needed to retrieve the document. Together the keywords constitute
a deseription of the content. Visual content is more ike poctry. [t can have several fayvered
meanings at the same time and is strongly dependent on the appreciation of the user. Tor this
reason it is much more difficult 1o desceribe its content. Historicaliy, document retrieval is
done by kevwaord scarch, where no distinetion is made to the nature of the document whether
visual or textual.

In the last 10 vears. with advaneing information technology, image analysis and pattern recog-
nition provided tools to access visual information according to human perception. Visual
content deseriptors used in contemporary multimedia applications describe the contentin low
Jevel terms, like the color distribution of an image. These deseriptors can be used 1o define
simifarity between documents. such that they can be searched for in database systems,

2.1 Relational Database

R
[T : b
way datahase management svsiems (DBMS) function. Until ther DBMS envisioned o two

AT VY TR A L P PO N
N ‘--|»\-.~ul| HERHTE

B Yoy ot s -
[SRTE A T § TURE T T B N

s
SR

RS SETERE PR g
L SR EL S A N

level organization: the data as seen by the svstem (nternal level) and the datacas seen by the
user (eviernal fevel), The internal Tevel takes care of the storage of the data. The external leveld
consists of user views that enable the user to communicate with the database und 1o retrieve
the data A newly created third levels called the concepiuad Tevel. represents the entities,
properties and relationships of e documents stored in the database. o this way relations are
used o retrieve information from the database. The intioduction of the third Tevel was the
starting point ol the relaiional database.




First Generation Nisuai Intormation Roereivvad Susiems 12
2.2 First Generation Visual Information Retrieval Systems

[ first soncration visuad information retries ab VIR pssstoms, inoorder to quers i sl o tos-
¢ \ JueT

raal document o

s invited o provide o R vwerd which Gapposed vy labeds the document.

Fhis kevword s “processed ™ inthe database and o perfect mateh w kevwaord Tevel is aimeid

P AT CADOTT TT-TTe D supphed The hevwerds, for aoschemanie overyicow soe Figare O

Stundurd contemporary systcis aic able ticdaie and associate hetween hevswords, i tiis

way these sastems budid apon the prineiples of 1
A f f

Ao relitional dutabases sec Section 20 Se-
mantically more comples guerios can e muade by Boalean oxpressions. [ the relationship
Brtseen the kevwords is provided by natura Lingage processing, semanticalls more intelbi-
sentguerios can be mrade. Byven more ads ancad sy stems provide the user with the possibiling
tor brosse the database. Tooscareh a lurae varers of multimedin data ctiiviently. hriw sing s
wadestred Tunctionadiy st enubles the user o hav e an overview of the duta For brow sing,
visuadization ol the data spuce plass s craciad mic (210 14] (Figure 2.2).

The fimitations of the first generation sysiems e

e The conceptuad level is not created by the nser but manually by an TenpurtT the de-
scnptions of the content are made by annotator. The user may 1ind these choices
arbitrar. cven inapprapriate.

e Content deseriptors are created manually, Awtomatic or semi-automatic content de-
seription is desirable,

e Some content ean hardly be deseribed inany language ¢o.textures or a painting by
Picasso.

e The relations benween the keywords are also doseribed inthe st domain, Coneepls

BRe similarity are hard o oxpress in s domain,

Asan tlustration of these Timitations, please hive o laok w the rosudt of oscarch actiog Nty

the word Acewithin the populir scireh engine At v,

2.3 Second Generation V
tems

sual Information Retrieval Sys-

Multimedia demands o mose sophisticated wan of storing and aceessing the obects within

i databasc AThe interned fovel one sees wondenay 1o use more wdvitiecd dutaliases dhle

nen

Chick A2

Chek B3
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Sveond Generation Visuad Information Retrieval Svsiens

to store comples datie consisting of video, Tmages. sound cte. The inclusion ot multimedia
in o database has o protound impact on ity design. featares and functions, 1 database s
onty storing multimedia tor defivery ke i first generation VIR systems. then a multimedia
capuble file server coupled with the ability o store poimiers. filenames or objectidentitiers in
the database is sufhicient.

Utilizing deeper semantic knowledge about the media such as the ability to index, scarch and
relate information, is truly a function which adds value to o database system. [t needs o

provide support tor a range of existing and future data-types. and needs to include support for

both temporal und spatial modeling such that data abstraction is maximized [13]. The Monet
databise at CWHis an example:

http://dbs.cwi.nl:8080/cwwwi/owa/cwwwi.print projects?ID=41.

In visual information systems. lfeature extractors vickd deseriptions of the visual content.
Data independence is important to casily update and change the information contained in
a database, The MPLG stundards provide an example.

2.3.1 YVisual Content
Metadata deseribing the visual content of images can be subdivided inta [12):

¢ Content independent.
Data like author. date, size.

o Content depeident.

— Perceptual. Perceptual facts within u video or image. Tvpically deseribing as-
pects like color. wexture, shape ete within an image or video,

= Semantic. Abstracthions HRe objects o an imaye o seene ina movie,

s Psychological.
Data deseribing human values and emotions

Improvements in the seeond gencration retrievad svstems are made at the pereeprual devel
Access o visual information is not merely by kevwords but also by using objective measure-
ments of the visual content. Firstlv, we attach fearres to images, Usoally o feature is some
veetor in R and the result of the analysis of pixel distributions and aumerical discretiza-
tion of perceptual properties. Sccondly. these features are precompiled for all images in the
database. Ina hroad sense features may inefude kevaword based features ax well as visual
features. Fora schematic overyiew see Figure 2.3,

The user has severad methods o provide iput for the system, cege by sketehing or select-

Click A3
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prowess and indicates wiich simidaring moaseie shold be used The system compares the
features of adl the mmaees with the quernss secading o the sciected similurine mcasure and

returns arninde s of imaees siadar wo the guers image pres ided by the user.

FAMIEEIOnS OF Fie SUSTem

e Subjectivity of the features,

Mathematically detimed features pus not hine o clean perceptual meanimg orm
rerpreiition.

fachfeatiing dosoribnos jusi s ason

~ beatures are driven by avalabibine cad oot by gecessits

= hgh devel aspects ot an image ke objects can ot sutheientiy be deseribed by
teomibinations oty tow Jovdd feaiuies ke calor or tovture, s mipossible o

Jduseribe o beaatitul painting of Picaso mercds Dy the colois usad.

s Subjectivity of the user
The content of an image is subjective and strongly dependent on culture, personal tuste
and different oplmons the user can have a difterent times,

e Suhjectivity of the image.
AT Intage may consist of many seenes. see Figure 2.4,

2.3.2  Examples

The zod is o recognize imazes by their conient, Fistoricatly these images were nianuaatly
deseribed by kevwords Tncarly examples of content based image retnieval Tike Photobook
23 and OBIC]Z2E one can seleet an mmage o the diatabase and ask the ssstem to et e
images that Toak similar according 1o some feature Tike color texture. graphical design cie.
I he user coudd indicate hoas sirongis the teature shoudd he tahen o aceount when searching
o simibat images. A sheteh intertace could Beused o indicate and Tocate different abjecis
an imagy.

Similarity s detined on the actual content of the imnee. Content s derived nsing image anal-
sxis tools Photobook was one of the tirst sysioms tor brossing aind retricval of st miages

by imaee content. Several subsystems accarding to the class of images emereed. One of the

T

miost w el hnown sabsssicmisis the one dedicaiad to face-simibanty [23
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Figure 2.1: Schematic overview of first generation visual information retrieval system.
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Figure 2.2: A datacloud showing an overview of the data in the database.
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2.3: Schematic overview of second generation visual information retrieval system.




Figure 2.4: HRH Prince William of Orange milking a cow. The image shown can be appre-
ciated for several reasons: The beautifully made papier-maché cow. The infant. His Royal
Highness Prince William of Orange.




Chapter 3

Features and Content Extraction

Inferaction with visual content is essential to visual information retrieval. To describe the
visual content in multimedia databases low level aspecets of an image like color together with
high level coneepts like objects are characterized by feateres. Low Tevel teatures are direetly
related to pereeptual aspects of image content. Several aspeets of color. texture or object-
shape can be modeled. In order to retrieve similar images within VIR systems these features
are compared to the features of the other images present in the database.

A feature space consists of all features of all images within a database. It a feature space
is endowed with a (similarity) metric. it will be called @ guery space | 28] In most systems
features are represented through a numerical vector (r-tuple of numerical values). The query
space is therefore modeled as asuitable n-dimensional feature space. Standard mathematical
distances like the Fuclidean distance or the Minkovsky distance are used to measure the
distance between two points in this feature space. The similarity measure can be adapted
by giving weights to the importance of certain features i the imugee (Figure 3.1,

3.1 Examples of Features

Content of multimedia-objects like video, images, sounds are deseribed by several features,
dircetly relited 1o the content of the multimedin object. Features of images can be subdivided
into:

o Pereeptual features.

Dirccthy observable features like color disteibution, textural propertios and shape prop-

crties.

o
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e Scmantic features,
Featitie~ teiated o the (SN A [‘Iig’nil‘ui i he il]].l:_\. .\ui![\\ e cal Bas an AP AT

Al I, Seeing Bas o obieet is wgualine of tiie observer refated 1o the coneept.

o Psychological Featires,

Like emations, appreciation (nice wnd ety y and dislike.
Apereeptual Teature corcbe modebod morc or boss fndependantls of the user but ofte loses s
Meaning without conteat Senkmiic and psycioiogical features depend beav iy on the aser

hese fentures canmot be maodeled woitheat am ke ledee of the contest (domain oo tedog)

wherein the system sused. We cenfine cunscves toashort deseription of the most conmnh
uscd feutures fike color and texiure Tor an oxtensive averviow we reter the reader o Bimbo
[ or Huang coadl [T

1.1 Color

Colar s anc of the most powerful teatures sodeseribe wn image with, The prosence and
distiibution of colors induce sensations and convey meanings w the observer |30 I the
Bauhaus period artst and designers Tike Tten descloped color schemes trom o pereeptual
paint of view (Figure 3200 I his book Visaad Percoprion. Tom Cornswect [6] has made an
extensive study.,

Aspects of color can be modeled by several calor attributes. Usually color stimuli are rep-
resented as points in three-dimensional cofor spaces (chunnelsy There are several wins of
avpressing color chanoels. anmangst them RGB Space (Figure 2300 Fach color in RGEB s
exprossad as the combination of the primany colors: Red, Green and Blue, This modet is
used tn most hadware Clelevisions, Computersand Scereens).

o doseribe Tow-lavel color propertion of an image. colar histaprams are used. D\ cotor hise
toram denotes the joint probability ot the intensities of the three color channeds. A similarit
measure s achicvad by histogram matehing cnl ar color moments. AR aspect imporiant to
all teatures s the robustness toa change in lightmg conditions o variations of the image ke
rotating the canvas or rescaling. Gevers 9] stadicd the invarianees of color spaces 10 camera
View paint orictitation wid position of the objoctas well as chanees i the cotor and inteosin
of the iHumination.

As it evample we refer the reader o ithe Blobwarkd sysiom of the Unisarsity ot Caditoriia,

Berkelos:

SphoTOs Lrobwerid,

T ihis cxamples color gaerios can bo processad by rezion. 1w il e clear that combining
color intermation to the spatal relationships within an image (regions. abjectsy witl cohoanee
the resulis.
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3.1.2 Texture

Texture is almost as effective in describing an image as color, J2, 5013016, 19, 20023, 22011

Texture can be anabyzed from both a mathemutical ind o psvehologicad point of view, The

advantage of a profound mathematical theory and human pereeprion join together i using

fractal geometry for feature extraction.

In most texture one finds a structural clement which s repeated in the image by a placement

rule. From a mathematical point of view one can distinguish statistical and structural texture,
A primitive (building blocky is arranged according to a certain placement rule {26, 33|

= Rie: (3.1)

R represents the relation or plucement rule und ¢ denotes an clement. Structural exture is
characterized by a precise definition of £ and ¢ Statistical texture by o more macroscopic
view, with & and ¢ exhibiting variance.

Tamura amongst others [32] was one of the first 1o recognize the importance of modeling in
accordance with human pereeption. In psyehological experiments by testers. several aspects
of both structural and statistical texture were distinguished. She proposed:

contrast . coarseness directionality . line-fikeness | regularity and rovghness

as the main aspects to distinguish the several aspects of texture. These principles have been
used ine.gs QBIC [22] and FracFeat.  fractal feature extractor we builded which will be
discussed in Section 6.1,

Fractal image compression is concerned with finding similaritics between parts of an image
and records the spatial relationships between them, see Figure 340 These spatial relation-
ships relate to the placement rules of Tamura in g very simple way, Fractal features are well
equipped to classify images into natural seenes and human environment {e.g. cities)y [29).
Fractal features can be made invariant (0 o wide range ot image variations, ilke contrast
scading, rotation of the image canvas and even tolds, This makes fractad feature oxtraction
applicable within the domain of textiles and fashion [300 31] The above aspects are subject
of three papers trom Chapter 7.8 and Y. In Chapter S we provide a mathematical background
on the use of fractad geometry tor featuwie extiaction.

In the carly 19907< when wavelets were introduced. many rescarchers started to study the
wavelettransform for texture representations. Among the different transforms. the Gabor [ 16)

transtorm shows ven good results in modeling both mathematical and pereeptual aspects.

Chek ALO ‘


file://I:/jmplc*

Cucstiotis, Quostons, and muore Quostions,

3.2 Questions, Questions, and more Questions.

Sinec there are o wf cncompassing trughs 1 Bie pereeption of cisual aspects. extracting

meaningiul features s challenging roscurch tpie,

e Newerenenph !
A person muyhe recogiized bost by woscars Faloutsos deseribes m his "Gemine ap-
proach waay of Tooking at the problens of finding the most useful feature:

(e st /r’ v dre allonad to e oy oned mamoricdld featiod to dosorib cacd da

chieci wlan shoakd s Teaciure be 7]S]

Pronn s quostion immicdialedy mes quostons arise ke wiici feature o clioose wity.

and hosa 7

Absolutely arbitrary |

Botause o subjectivite i porception thore doos ot exist a single bost representation
for aogiven features thore are multple ropresentations which churacterize the given
feature from difterent aspedts.

The amount of features to be extracted from the image is endless. The choice of the
features inthe system depends heavily on the domain, Morcover, the same imape can
Do retrieved tordiftferent reasons oner tme and the system should be able o come up
with the right features and similarits measures every time. Because teatures are prosent
i the system and provided by the “owner™ of the system it s almost impossible 1o
provide the right feawres. Features are only partialle relevant.  Another aspect is
the invarianee of o feature o perturbations of the image. An objeet can be seen from
different angles. images can be rotated. lighting may vary,

Never right !

Similarity is provided by mathematicallv defined mcasures and teatures. The mcaning
ot the mcasure o the user are ambiguens, Similarity s subjective and stronghy de-
pendent on culture, personal wste and azain on dilferent meanings the user can have
ab ditteront timess B Ligure 335 wo show an example of the imaaes seturned by the

NVirage systenn | L as input the hand of o human being was prosented.

the database inosach aoway that the user is able torelate 1o the sestem i an intuitine and
transparent wax, Fhe user should be o the loops adding know fedee about the simifarin
and the featiures wanted, and communicating with the sostem using refevance fealback and
learning, Simple simulariy, metries are not enough (20§

Chiek AT
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