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Image retrieval

= Searching a large database for images that match
a query:
» What kind of databases?
= What kind of queries?
» What constitutes a match?
» How do we make such searches efficient?
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Applications

s Art Collections
= Fine Arts Museum of San Francisco

= Medical Image Databases
=« CT, MRI, Ultrasound, The Visible Human

s Scientific Databases
= Earth Sciences

= General Image Collections for Licensing
» Corbis, Getty Images

= The World Wide Web
= Google, Flickr
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Corel data set

118011 1090 1015
WATER HARBOR SUN CLOUDS SUN TREE
SKY CLOUDS WATER $KY PLAIN SEY

14307 € 102042 112024 131007

VIOUNTAINS TREES MUSEUM memaorial GARDEN BUILDING GARDEN FLCWERS
aspens VALLEY FLAGS GRASS FLOWERS TREES HOUSE TREES

60,000 images with annotated keywords
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Corel data set
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Fine Arts Museum of San Francisco

80,000 images
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Fine Arts Museum of San Francisco

CS 484, Spring 2007

Web number: 4359202410830012

rec number: 2

Title: Le Matin

Primary class: Print

Artist: Tissot

©2007, Selim Aksoy

Description:

serving woman stands in a
dressing room, 1n front of vanity
with chair, mirror and mantle,
holding a tray with tea and toast

Display date: 1886

Country: France



Getty images — Hulton archive

o
With over 40 million images, this archive is an unparalleled resource of

unigque illustrative material, covering every facet of people’s
experiences and anvironment, recording history to the prasent day.

Hult0n| Archive

Search Hulton Archive
Search the entire online collection
of over 250,000 images.

Go to Getty Images to search:

Creative Selection >

Ower 35,000 Hulton Archive images
available for advertising and promotional
use with online purchase & download.

Motion Archive >
Historical footage from Hulton Archive.

Go to Getty Images for contemporary

MNews & Sport imagery.
HP7110

In the News: rpam Cone Ernst Haas: A Pioneer In Colou

What's New About Hulton | Archive Contact Us
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Over 600,000
images



Query formulation

= [ext description (keywords)
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= Symbolic description (man and woman on a beach)
= Relevance feedback

CS 484, Spring 2007 ©2007, Selim Aksoy 9




Google query on “rose”

Two-Tone Rose
500 x 375 - 95k - jpg
gardening.about.com
[ More from z.about com ]

351 % 334 - 51k - gif
www._geocities.com

| i

ROSE Online
800 x 640 - 393k - jpg
WWW_garmeogre_ com

Rose
512 x 512 - 19k - jpg
www_parabola.me.uk

Lewis Rose also known as Lewis M. ... Rose Parade Seating-Chart Seating ..

347 x 348 - 18k - jpg
lewisrose.com

449 x 354 - 18k - gif
www . barrystickets.com
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Welcome to the Corpus Christi Rose

Frosty se
600 x 451 - 70k - jpg
blogs warwick ac uk

Tracey Rose The Thinker, 1996
500 x 451 - 26k - jpg
www_artthrob.co.za

. Rose Quartz point shape in Sterling ...

456 x 478 - 15k - jpg
l-wrw.wehug.c:cum
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B 2 -
Dominic Cavendish reviews The Rose We've been in the business of rose .
400 x 539 - 78k - jpg
www witherspoonrose. com

400 x 313 - 40k - jpg
www.telegraph.co.uk

Tracey Rose Span I, 1997
317 x 500 - 18k - jpg
www_artthrob co za

350 % 307 - 57k - jpg
www_tradewindsfruit_.com

rose rose 6499 hits
574 x 576 - 33k - Jpeg
www_firstmonday.org

The Exorcism nfEmiI Rose
300 x 375 - 29k
www.smh.com._au
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Corel query on “rose”
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Corbis query on “ro

7

42-17895937 (RM)
Season of Perfume by

xEx

42-17895408 (RM)
Avtumn Beauties by Wang

42-17895882 (RM)
Little Black Cat by Wu

42-17860276 (RM)
Home by Hugh Shurley

g

42-17895421 (RM)
Butterflies Among

Red Roses by L

42-17805445 (RM)

u Bisa

42-17895962 (RM)
Beautiful Flowers by Cao

42-16247767 (RM)
Peppers Stuffed with

Yang Ping Chingho Yeizhao Hugh Shurlay Flowers by Wang Chingho Lu Bis= Jingen Rosebuds

¥ang Ping Wang Chingho Wu Yeizhao Hugh Shurley Wang Chingho = Price Image Cao Jingen -Bilic

|:-:- Price Image |:-:- Price Image =+ Price Image = Price Image | |:-:- Price Image ||:| Lightbox ||:| Cart |:-:- Price Image =+ Price Image
|DLightbox  [Ocart | [OLightbex [Ocart |Dtightbox [0 cart |DLightbox  [Ocart | |OLightbex [Ocart |DLightbox  [O cart O Lightbox |0 Cart

42-18240866 (RM)
David Bowie Smoking

42-17165934 (RM)
Waoman Taking a Bath in

42-16246447 (RM)
Oriental-Style Litchi

42-16801960 (RM)
Bouquet of Red Roses

42-16801959 (RM)

Bougquet of Red Roses

42-16801939 (RM)
Bouguet of Red Roses

42-17529104 (RM)
Rose Red #9 Series by

42-17529137 (RM)
Rose Red #46 Series by

Cigarette Rose Petals Salad May 27, 2005 May 27, 2005 May 27, 2005 Elisa Lazo de Valdez Elisa Lazo de Valdez
1976 Fendis 1.Riou Owen Franken Owen Franken Owen Franken April 1, 2008 April 1, 2006

Stava Schapiro 2 Price Image 2 Price Image i+ Price Image i Prjces Srrate ¥ Pt Trrrce Eliss Lazo de Valdez Elisa Lazo da Valdez
RS o Ge |D Lightbox  [O cart O Lightbox | Cart O Lightbox | Cart |D Lightbox O cart |DLightbox  [Dcart #+ Price Image PUPOES TS e

|O Lightbox O cart | T |O Lightbox [0 cart |DLightbox  [Ocart

+ " e R 3 S
42-16240140 (RM) 42-15044324 (RM)

42-15766292 (RM)

42-17520136 (RM)

42-16248491 (RM)

42-16248521 (RM) 42-16246499 (RM) 42-15766394 (RM)

Rose Red #57 Series by Roses in Kohinoor Suite Stuffed Red Onions Bridal Bougquet Red Onion Sliced Red Onion Glass of Rose Wine Rose Petal Bath at
Elisa Lazo de Valdez Bathroom at Amarvilas... C.Fleurent 2005 Garcia l.Garcia G.Flayols Vanyavilas Resort
‘éIF‘"” tr 20%5 vald il:nu.arﬂ\.r 31‘|’_ 2003 |:-:- Price Image | Robert Levin - Price Image | » Price Image | »- Price Image | -']:”U_Egr’ 31[_2003
isa Lazo de Valdez emi Benali ; =mi Benali
ke e | [os prica T | |O Lightbox [0 cart | [¢+ Price 1mage | [Oughtbox [Ocar | |[Oughtbox [Ocart | |[Oughtbox  [Ocart | oo |
=+ Price Image rice magel | ||:| Ligghitbre “:‘ Cart | *» Price Image
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Difficulties with keywords

= Images may not have keywords.
= (An image is worth ... how many key-words?)

= Query is not easily satisfied by keywords.

= A casually dressed couple gazing into each others eyes
lovingly with dramatic clouds in the background.”

» Pretty girl doing something active, sporty in a
summery setting, beach - not wearing lycra, exercise
clothes - more relaxed in tee-shirt. Feature is about
deodorant so girl should look active - not sweaty but

happy, healthy, carefree - nothing too posed or set up -
nice and natural looking.”

> Content-based image retrieval (CBIR)

CS 484, Spring 2007 ©2007, Selim Aksoy 13




Content-based image retrieval

| want an image
similar to this one

Category search using query by example
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Content-based image retrieval

Query Image Retrieved Images

X 7

User . -
~ V\ ‘
\\\\ "
\\\\ :
w \ @ Distance Measure
DaVas
. - ) .
AN
A x
Images Image Feature Feature Space

Extraction
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Image representations and features

= Image representations:
= Iconic
= Global
» Region-based
= Object-based

= Image features:
= Color
= [exture
» Shape

» Objects and their relationships

(this is the most powerful, but you have to be able to
recognize the objects!)
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Image representations and features

Feature extraction

Textual features Visual features
eKeywords
*Annotations Domain-specific
oAttributes General features foatures
_ eFaces
Global features Region-based eFingerprints
eColor features eSkin
e Texture «Color eHorses
o [exture
eShape

CS 484, Spring 2007 ©2007, Selim Aksoy 17



Image similarity

= Distance measures:
» Euclidean distance
= Other L, metrics
» Histogram intersection
» Cosine distance
= Earth mover’s distance

= Probabilistic similarity measures:

=« P( relevance | two images )
» P( relevance | two images ) / P( irrelevance | two images)

CS 484, Spring 2007 ©2007, Selim Aksoy 18



Global histograms

= Searching usmg global color hlstograms

245017 345020 35023
.::'-:-3._" T T

345025
245044 245051

245041

24035055
CS 484, Spring 2007 ©2007, Selim Aksoy
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Global histograms

Relevant Images:

UW ISL  Feeventineges

Image Database

UW ISL

Image Database

_Gut |

imagel7ES, d=-5.3450  imegelT31, d=-4.8801  imapeSO1, c=—4.T220  image30i, d=-dTF114
. Querylmage:
imagel 763 ppm I

S e
Load | _Random |

Database:  (mged07, Ge-d SOTA imagel 136, 6=-45300 | imagel7S3, de—4.5235  image3a2, de-d.4808

mage3aT, o=03762 | imagelll8, k04313

mage316, ¢=04855 Imege33l, ck0.4857

images2l, d=0.5047

=

COLHIST + MVG B

LAR + COOC +Lp |3
COLHIST + FIT =

EECERIVI GABOR-FIT |,
-1 Graph Theoretic Clus -1 Graph Theoretic Clus
i Combined Classifiers | i Combined Classifiers |
4 Bayes Network | 4 Bayes Network |
= MARS Model | = MARS Model |
2 ETHZ Model | 2 ETHZ Model |
- Relavancs Faedback| - Relavancs Faedback|

Change Working Dir. | Change Working Dir. |

Num. Retrieved: EZ’I k Z . Num. Retrieved: EZ’I
ﬂ M. .ﬂ [ ImageFr, c=2B983 | Enagel 706, d=20296 | magelssd, k20101 megellVE, d=20004 ﬂ M_ _ﬂ

“Airplanes” using color histograms (4/12) “Sunsets” using Gabor texture (3/12)

CS 484, Spring 2007 ©2007, Selim Aksoy 20




Query by image content (QBIC)

U zage: M Get 1nfo [€ color Histograrm [C] Lot T Testure Special Hybedd

Eepmond s Presinus Mt
| Prosous | ot

e First commercial system
e Search by:

e color percentages

e color layout

e fexture

e shape/location

e keywords

Try their demo: http://wwwgbic.almaden.ibm.com

CS 484, Spring 2007 ©2007, Selim Aksoy
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Color histograms in QBIC

= The QBIC color histogram distance is:
dhist(1,Q) = (h(I) - h(Q))" A (h(I) - h(Q)).

= h(I) is a K-bin histogram of a database image.

= h(Q) is a K-bin histogram of the query image.

= Ais a K x K similarity matrix.

R G B V
Ri1 0 0.5 0.5
G0 1 0.5.5 0
B0 0 1 P

1 n
? 1
V 1

CS 484, Spring 2007

How similar is blue to cyan?
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Color percentages in QBIC

Images 1-8 out of 50

view full size

view full size

view full size

view full size

%40 red, %30 yellow, %10 black

©2007, Selim Aksoy

CS 484, Spring 2007
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Color layout in QBIC

Images 1§ out of 41

wiew full size

wiew full size

wiew fill size

wiew full size

wiew fiil]l size

Colum ns:

Roaws:

CS 484, Spring 2007

©2007, Selim Aksoy
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Earth mover’s distance

For each image, compute color signature:

S
o R -
v o =, R . ’
e S——— ———

Define distance between two color signatures to be the
minimum amount of “work” needed to transform one
signature into another.

[ H—

CS 484, Spring 2007 ©2007, Selim Aksoy 25



Earth mover’s distance

= Visualization using EMD and multidimensional
scaling

CS 484, Spring 2007 ©2007, Selim Aksoy
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Probabilistic similarity measures

= WO classes:
= Relevance class A
= Irrelevance class B

= Bayes classifier , .
. Aif P(A] (&, ¢;)) > P(B|(&¢)))
= Assign (&) to {B otherwise

= Discriminant function for classification
Ay~ PALES) _ P(&,E) A PA)
TPBIEE) P& B)PE)

= Rank images according to posterior ratio values
based on feature differences.

CS 484, Spring 2007 ©2007, Selim Aksoy 27



Probabilistic similarity measures

[ UWIISLL | [emeneoss

- Image Database

© GueryImage:
imageal o6 ppm
—Load | _Randon |

Database:

1 Graph Theoretic Clus|
W MagelSSz, 6=-43891  WnapelS3S, --43362  ImagelST7, 41172
E_ BayesNebwok | yoievant Images:
4 MARSModel | @ ———— e

_ Change Warking Dir. |
 Num, namauau:iﬂ |

. EnngeBdE, «=55.2003 | imaged00, ce59.3261

UW ISL ‘ _Relevant Images:

~Image Database

e

[ imagegdd, g==5.1543

- images7s, d=-4.8187 | imaged09, ck—4.7620 imageS49, d=-16530

. GueryImage:
imagesdd ppm I
Load | Random |

Database: : __I

LAR + COOC + FIT
LﬁﬂtﬁOGCtLp |

-1 Graph Theoretic Clus{
 nage1597, te-40424 =.[_ Cnmhlna'd. Qlaassmat'sl
W Bayes Network [
= MARS Model |

_ Change Working Dir. [
~ Mum. H'EME'JBH:\HZ'[ ] |
2[ g-l“"’“ 2| | image7Sz, 60,1365

©EnaQeTIG, oG] e LMM | image716, ¢=59.6950

“Residential interiors” (12/12)

CS 484, Spring 2007

“Fields” (12/12)

©2007, Selim Aksoy
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Shape-based retrieval

CS 484, Spring 2007

Find more shapes like this

©2007, Selim Aksoy
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Shape-based

retrieval

[atabaze .sﬂlnal:s- =

li=play l:-:l-: irages P

Search watric | aplitudes 7

Configure z=arch netric, ..

Horking Set; 85

Right bukton F:

CS 484, Spring 2007

wnunkaincatboetat |

~

sharmicolbortal L

brishirzhbit

©2007, Selim Aksoy

I [nitialize
I Stuffle
| Lowd [uery

S [uery

Fefresh Cache

Page UpdOoun

Tirp tn page

|

Jurp to itaw

R
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Elastic shape matching

Sketch-based
query

retrieved images

CS 484, Spring 2007 ©2007, Selim Aksoy 31



Iconic matching

Example applications:

— Copyright and trademark protection

— Duplicate removal

— Linking images used 1n evidence, for example child
pornography
Problems in finding “exact” matches:

— Lossy compression, image scanning

— Color space conversion
— Photoshop-style transforms: blur, scale, rotate, warp.
crop, cut, etc.

CS 484, Spring 2007 ©2007, Selim Aksoy



Iconic matching

= Wavelet-based image compression
= Quantization of coefficients

painted scanned

From Jacobs, Finkelstein. & Salesin
Fast Multi-Resolution Image Querving, SIGGRAPH 1995

CS 484, Spring 2007 ©2007, Selim Aksoy
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Iconic matching

Example taken from Jacobs, Finkelstein, & Salesin
Fast Multi-Resolution Image Querving, SIGGRAPH 1995
CS 484, Spring 2007 ©2007, Selim Aksoy
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Region-based retrieval: Blobworld

e Images are segmented on color plus texture
e User selects a region of the query image

e System returns images with similar regions
e Works really well for tigers and zebras

Demo: http://elib.cs.berkeley.edu/photos/blobworld

CS 484, Spring 2007 ©2007, Selim Aksoy 35



Region-based retrieval: Blobworld

| #I'.l (= F ¥ 'hl:l'l:hl:l'.-':

Wb I | wrmeviNL YO mOMA M DA DM
dkgpol| ey vy | Wl | hek [

Huery Wby

(O froc K00 rsmges (18 sorreh |
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Retrieval using spatial relationships

= Build graph using regions and their
spatial relationships.

= Similarity is computed using graph
matching.

adjacent

abstract regions

CS 484, Spring 2007 ©2007, Selim Aksoy 37



Combining multiple features

Text query

on
“rose”

CS 484, Spring 2007 ©2007, Selim Aksoy
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Combining multiple features

Visual query

CS 484, Spring 2007 ©2007, Selim Aksoy
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Combining multiple features

Text query
on
“rose”
and visual query

CS 484, Spring 2007 ©2007, Selim Aksoy
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Video Google: object matching

CS 484, Spring 2007 ©2007, Selim Aksoy
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Video Google

( iy oow flizg)’

s

SN IENEAEY :I_J._ 353
o
[ 4 Ll |4 M

AL

CS 484, Spring 2007

(i con i)’

G

Pl
N alnlelelalele
Ly iiials
nNnoononnnIne

" | ®lsla

o
L

Booog

©2007, Selim Aksoy

Viewpoint invariant
descriptors

Visual vocabulary

42



Video Google

Document 1

Now Is the time
for all good men

to come to the aid
of their country.

Document 2

Summer has come

can never last.

and passed. The innocent

CS 484, Spring 2007

©2007, Selim Aksoy

Inverted index

Word Document

aid 1
all 1
and 2
can 2
come 1,2
country 1
for 1
good 1
the 1,1,2
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Video skimming

Seene Changes

Camera Motion

Object Detection

Text Detection

SPi | pus PENRNGN o uic  Jen g static

TF-IDF Weight

= &, - s = - ., P .
. a0 g 2 __x.h;-a.-é_ﬁ FEFLS G AP TSI T OISO EE b = Ll g P
Transeript S&EE STSFTESS 5 OS§VF TVESSTES S SEFTEF ST F &
g 2 £ ’ Al - - - L
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Event detection, indexing, retrieval

Assign semantic labels to significant events in video:

Explosion, car crash, door slam (audio/video track)
Marilyn Monroe enters scene

Pele scores goal

Jay Leno tells joke and then delivers punch-line
Two people exchange a briefcase n park

etc.

CS 484, Spring 2007 ©2007, Selim Aksoy
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Informedia Digital Video Library

= CWll Indosmecha DVLS v, 220

Fle £t Hevgele (réora [sta Wirdow Help Comments!
Geach srpwhece [evcepl the tails feld] for
ruinn =] £1 Just what is ol nino? Thete ssemingly unola 3

Infoamesdia-Il Profotype

3 "F| Mo efleets™ Floods focus [CIol =]

...........................

.,":'_'t.g;:fc EL NINO STRIKES
E D

r

Bogota,
COLOMBILA
L

Cowt | UndoEdt | [T match st =] m.| '

12 of 215 resulis {(ench page sorted by dote): all of *E1 fioassnpssnnas LTI

Mino," I T T,

el v o g B Aplipd F s pelier

o | NetPage | GoloPage | Vel |

I 20 LSeseh Revdls [Page 1 of 18]

7 0 el . Wl
101937, But Penraan ishermen had known
about of nino for conturies. Fishermen hod no
way of knowing when ol nino would min
sonson. 000233

] o | [ 2000 wuitie dosuments 8 sctiee wornds,

L

R W Dain

Tt j AR AOEATRE -
A nabonal Emengensy in parts of the couniny Iﬁ,ﬂ P I:!u.-dlr-lhe foods and mudshdes ¢
Thase seermingy ﬂ rontas oo haos cng A o Foracasters ey more I s onth

rpoeiae thineg in comemncn. Thi global waathir
iphErarmensn knoen ot ¢ rend. Justwiet iz ol ;I

IDVL interface returned for "El Nino" query along with
different multimedia abstractions from certain documents.
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Informedia Digital Video Library

ak Elsnryhuard repnesenl:mg rrrull:lple video segments

I:D‘I- 51 WJ-
|[ H1 HZ § ud sBII

Curent Class Walus [Confidence]:

[T Oultdacis
=i Elvscape
i i

IDVL interface returned
for “bin ladin" query.

[ Ipdooes

[= Landstape

[T Medolsgue

r | The results can be tuned

CS 484, Spring 2007

[ Face
T fessiet = | using many classifiers.
[T ddichoi = Earhe;a'
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Relevance feedback

= In real interactive CBIR systems, the user should
be allowed to interact with the system to “refine”
the results of a query until he/she is satisfied.

El ImageRover Test - Miciosoft Internet Exploier

File Edit Wiew Go Favortes Help ages SElEEtEd
= -
H 20 [0 N @ FE 8 &8 3
Fomwar d Stop  Fefesh  Home Search Favoites  Prnt Fant Mal Edit

thdlesslhttn#atlanllc TEO fogi-bindpaged s eywonds=mourtain+bike+raceireturned=40
J_| Likksz @ Best of the Web @ Today's Links @ Web Galleny @ Product Mews Microzoft |

Select relevant images to gnide search.

Images found

Select relevant images to guide search.

Images found

CS 484 Sprlng 2007 " ©2007, Selim Aksoy




Relevance feedback

= Example methods:

= Query point movement

= Query point is moved toward positive examples and moved
away from negative examples.

= Weighting features

= The CBIR system should automatically adjust the weight that
were given by the user for the relevance of previously retrieved
documents.

= Weighting similarity measures
» Feature density estimation
» Probabilistic relevance feedback

CS 484, Spring 2007 ©2007, Selim Aksoy 49



Relevance feedback

s Positive feedback

p(A | 5(0)/5{1)1---/5(;)) = p(é:(Tq) | A)p(A | 5(0)/5{1)/---/5(;—1))
p(B | 5(0)/5{1)/---15(;)) o« p(é:(Tq) | B)p(B | 5(0)/5{1)/---15(;—1))

= Negative feedback

p(A | 5(0)/5&)/---/éaq)lé(i)l---lé(_m)) =

p(é:(_m) | B)p(A | é(O)Iéa)l-ﬂlé:(Tq)lé(_l)l---Ié:(_m-l))
p(B | é(o)lé(—;_)l'"Ig(—::])lé(;_)l'”lé(_m)) =

p(é(_m) | A)p(B | 5(O)I§a)l-ﬂlé:€|rq)lé(_1)l---Ié:(_m-l))

CS 484, Spring 2007 ©2007, Selim Aksoy 50



Relevance feedback

il 1§ g

) ——

m.-l

1WA 1] §
I v o
=

il E SO Ui soNer ] [BANSE ST TG T SR

S B

UimageiT6, de0 0324 | | imbgeiT45, 0e000X2 | [ imagel7T2 GRDO0E2.| | magelTIT. d=0.0058

“Sunsets” using color histograms
(1/12)

CS 484, Spring 2007

Using combined features (6/12)

©2007, Selim Aksoy

After 1st feedback (12/12)
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Relevance feedback

“Auto racing” using color Using combined features (9/12) After 1st feedback (12/12)
histograms (3/12)

CS 484, Spring 2007 ©2007, Selim Aksoy 52



Indexing for fast retrieval

= Use of key images and the triangle inequality for
efficient retrieval.

CS 484, Spring 2007 ©2007, Selim Aksoy
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Indexing for fast retrieval

Offline

1.

2.

1.

2.

3.

Choose a small set of key images.
Store distances from database images to keys.

Online (given query Q)
Compute the distance from Q to each key.
Obtain lower bounds on distances to database images.

Threshold or return all images in order of lower
bounds.

CS 484, Spring 2007 ©2007, Selim Aksoy 54



Indexing for fast retrieval

s Hierarchical cellular tree

Level 2=Top Level

Q OIRT
RIS

Leveld = Ground Level

CS 484, Spring 2007 ©2007, Selim Aksoy
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fast retrieval

Indexing for

B

CS 484, Spring 2007
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Performance evaluation

= Two traditional measures for retrieval
performance in the information retrieval literature
are precision and recall.

= Given a particular number of images retrieved,

= precision is defined as the percentage of retrieved
images that are actually relevant, and

» recall is defined as the percentage of relevant images
that are retrieved.

CS 484, Spring 2007 ©2007, Selim Aksoy 57



Current research objective

Query Image Retrieved Images
'. )
%
Q:, sAnimals
inh =Buildings

Tl =Office Buildings

=Houses
w =Transportation

eBoats ©
Q *Vehicles
Images Object-oriented
Feature Categories
Extraction

CS 484, Spring 2007 ©2007, Selim Aksoy 58



Demos

= Blobworld (http://elib.cs.berkeley.edu/blobworld/)

= Video Google (http://www.robots.ox.ac.uk/~vgg/
research/vgoogle/index.html)

s FIDS (http://www.cs.washington.edu/research/
imagedatabase/demo/fids/)

= Like Visual Shopping (http://www.like.com/)
= Google Image Search (http://images.google.com/)

= Yahoo Image Search
(http://images.search.yahoo.com/)

s Flickr (http://flickr.com/)
= The ESP game (http://www.espgame.org/)

CS 484, Spring 2007 ©2007, Selim Aksoy 59



