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ABSTRACT

This thesis proposes a method that is combination of autocorrelogram and color difference
correlograms for image indexing and retrieval system. This method makes use of both color and
spatial information. Autocorrelogram is graph and table that expresses how the spatial correlation
of identical color changes with distance. Color difference correlogram is graph or table that
expresses the spatial correlation of color difference of any pixels with distance. Experimental
results suggest that this proposed method can retrieve images which different views of the same
scene, and large changes in appearance. The performance of the proposed scheme is also

compared with various methods : histogram, autocorrelogram and color difference correlogram.
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oun IdiinsswAuazdoyaFeiuiididroiGoni1 “Color- Correlogram” anziana

=
y
W
- o o e Mot =0t
0

sanusIFauNvesaandoala lmussozvivavesiinega [3]

“u

i

202 wdvuﬁ‘) (Texture representation)
ﬁnymzﬁﬁtgww"\?yuﬁ:mmgﬂmw"H'ﬁmﬂ%ﬁ'uarhaﬂ"hwmiuﬂﬁmjafi'auwagﬂnm
(region segmentation) fﬁﬂﬂuﬁ'ﬂﬂwLm'qﬂs:mwmmﬁuﬁwmgﬂmwaamﬂu 3 Usunnfe
WO (coarseness) 1361 (smoothness) Has T aNe (rogularity) Taofisziimaiinlumsm
SnvaizueaiuAa (texture description) 8¢ 3 1/szinfio
- Statistical rﬂ'umﬂﬁﬂﬁ‘l%’v{ugmmmﬁﬁlﬂunmmmﬁuﬁﬁlugﬂmw (region histogram) 9
iumaiiaiiey19aanuuanis (contrast) anuiungu (granularity) HazAMUNEIY

4
(coarseness) YOINURIVDIFUN N

1
=

= yé’ o o - ) 4 4 a o w
- Spectral Humaiian ¥ iugnvesiladduens TalnsTinduvesiuinionmsendidaves
M13n3529101U Fourier transform domain

[l ¥
- structural  ifhumaiiafiefiodnyaziuiivesganwlaldgiuumse Tnseadeues

3 1
a o LIany

1 ¥
WuRInlegudNansodfuNuAIvesglamld



2.1.3 z‘l.l"JN (Shape Representation)

msaaii Taolddnuarddesgilinildiuegialiilszney 2 350 boundary-based
1A% region-based «'ﬁa“ﬁmﬂﬁ"'ﬁ'{';%z“l%'ﬁmuﬂiﬂsm%wmsﬁmmgﬂmw (image coding) 1l
UNUABUIMUAYDIFUN N

20619994 boundary-based ULAAIAIY 2.1 1AAIDH1IVDY region-based 1AL 2.2

) 210757543

Definition Object Coding Code

;ﬂﬁ 2.1 UAAII boundary-based

Tree Representaion

g‘ﬂﬁ 2.2 LLAAIID Region-based

2.2 msﬁ'uﬁui’fayngﬂmw (Image Retrieval Strategies)

L4
Hagiiuiimsduaudoyaginmmainisaedl

2.2.1 msnuaulasly¥ien11u (Query By Text)
¥ ¥ "
AR R AU T luszuuAuAudeyaginiw Wy Corbis (http//www.corbis.com)
Ling Photodisc (http://www.photodisc.com)
¥ £ Yo o a A o o & 1 [
Aldansadumginmialdfidify (keyword) nSofdigysauiy Boolean operators
1914 “AND” “OR” 18z “NOT” n30f1¥0199zAun Tau1998 (phrase) 194 “woman walking on

the beach”



-
2.2.2 manuaulasmaidengilnin (Browsing)
ad o { do d o o o .
35 Taona lndldmunsadongunmiidainy 13 Taomsdaedvindifoatugdnwie
4 4 [ - oa & o { o {
uaas Iagnmiiazgy Falidesivsz@niam daluilegivldtisedunsinuatuginmi
= =) - J i & o
tlszaninmanniulumsuaainguuesglnmdlsznoudlsitms 2 uuude
! . & a o o
- Thumbnail browsing #evzuaaszinmannlasnmeivelwaiilunmwunadng vy
: 2 a do a
#1190 1ile thumbnail gnAAnAszuAAIgUNMMALYIIAYT UMD
- Slide show vzuaaIgUnIwuuUNMIvENazAIMAINYLIAYT T olvIAmMINUNTIvE
o
nfmua
Taona ludrszvudududeyaginmilegiu msidenginimeznuiofa thumbnail
ol v d :
browsing FadlauooNvziduuyy side show
& 5 o o g ' 4
nsduudeyaupnitsinisdalsainnuesglamitannlinowie i 19amse
= < i @
wengUnmidesmsidazaanuaziiaia Feoresmiulszanvesgdamilu 1 szduwie
nawizaun 18 @ed1au lu Corbis duaontszinn “Landscapes and scenic” i)z
A7) 1M “Deserts” “Forests” 130 “Lakes river and oceans- iaz Ingna lginmes
& o w ! ﬁ; = P 2 4 & A
RNITUINAVAUAIANUARIIATY (similarity measure) vTIzRLAFmuNT@ongnwiNe

AumgUnmndesmsla

2.2.3 p3AuAuzUaMINABUNIUN (Quey By Image Content)
@ o ﬂ’ L] ) =) 1 3 = A <,
dumsdufugiamandneuddgiioglugdom wu & g5 dui dudu 5833

¥
=

3
fTvaneglunudai

2.2.3.1 m‘sﬁﬁiﬂuﬁ';ﬂmwﬁ’uatha (Query by Image Example)
' Ed 1 '
nmsavsuuuiee g ladengnminvz1diilugnmdiodalumsaas uazszuuagia
9/ = 3 o L] o Ao g ] & o  dang ¥ ] o o
ANuAMEANITEH I UM Uamisanuld FewadwsnldezGvsmudiay

S5 ol
AUA[IOAA

2.2.3.2 m‘sﬁa’%;ﬂmwiﬂﬂnnﬁmunm (Query by Image Specification)
r'i‘luﬁ':‘é‘i?'imu1smzuﬁ'ﬂymzﬁ1ﬁﬂgvmgﬂﬂ1w Tavflezdinmstmuadi 18 Tavase et
wu lu QBIC vzwouldldmunsofiigunimlaoldalaunsuvesd  Feansnssy
weslwudvesdludalaunsuld Wy msamnsassyldhesdumgnmitiahdy 17%

Az 11%



b.

2.2.3.3 msadsgUmmlaalimsnaguvesily (Query by User Construction)
duassn i ldadunewiudvesginmiaonsing ninmiesilonagd dediugy

FEUUAUAUNTE DrawSearch 1WR1¥nag uazifendvosgnm udiszuuduaudeya

sUnmuingUndlenalaslddnvazddyvesduazgilitavesgnneg uaaadegilin 2.3

314 2.3 uaasszuUAUAY DrawSearch

2.2.4 Relevance Feedback — Query Refinement

relevance feedback fonIzUIUMIHITHBYT I eqRsuBInIsAs Invdalasnniis

a g

= a o @ I A 1] @ o " e
Fuan Tavigiiua NedAgvoamninineidesuazaannudidgyveswain luneadea
A 1 o é ar -t [} o d’
Fuilumaiafldfunsdufuenas aaluilapivldivisszuuimanmsiinfidu
query refinement @MiuMIAuAUtoYazlnM. Madiutn szutAuAuzUnw Surfimage

uanaAgli 2.4

3UN 2.4 uaasszuuAUALFUN N Surfimage
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U

2.3 szuvauaudeyagUmwludagiiv

}id & dal = =
Tunaretnriun 1@l szuuduaudoyagininuuuasununiuan ninswana lu

Y9

Ed
=t

NUAUFINATNIIMIANYT Aene Tl

2.3.1 QBIC

uszvudududoyaginmidindu Taoialy ﬂﬁagnﬁwuﬁfulﬂu BM szuuiie1d
t’?m%’uumm’%gﬂnm %Y Fine Museums of San Francisco 110 Ministry of Culture 5£UU
QBIC iiuszuuduiudoyagnmonaeuiivivesglamdsamnsadss Tavldgam @
at13 Msnaglvesdld m'iLﬁeﬂﬁuazﬁnym:ﬁuﬁwmgﬂmw Wudu annsodililyg 5w

AzIBUALAZNANDITTUY QBIC TAN hitp://wwwbic.almaden.ibm.com/ LAAIUNIMYDI QBIC

Aagiil 2.5

Usage: (1 Get Info I Find Smdlar Color (€] Find Simdlar Celors  [E] Find Sirnilar Lavout
(¥} Find Stmdar Texnure

vnr
R
3
(L
T

OEaD=

| ¥4

T ioEwmBa|

51 2.5 uamaszuudududeyaginin QBIC

2.3.2 Virage : VIR
Y A 9/ :1 o = . é - o =1 9/
Wuszuudududeyaginmiigniaunsinuiiv Virage Faildnuazmsduiudoya
¥ i ¥
s - | =

b 2 o 9 o = - ' A
gﬂﬂ'lWﬂﬁ'lUﬂaQﬂlIiZU‘U QBIC 1ﬂiﬁﬂ‘klm2$’d AHUSIPIWNUNVDIT E‘IJ'SNLLE‘]:W‘NN’J‘MN

& = v va l
sUn M Feeunsogsiwazidoavesszuuil 1dN hitp:/www.virage.com/
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2.3.3 Pichunter
dln o o = o 4 ey ’ 1 o
WuszuuiiannTasanniuisoves NEC daldquauidvesgdamuuudien w das

1 o o = ' aa q’r =
'ﬂ'J‘LI‘IJEN‘Uu'IﬂE‘lJﬂ'IW lﬂﬂﬂ“ﬁuﬂ‘uﬂﬂﬂllﬁ3ﬂ1ﬂ1ﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂ80ﬂ

2.3.4 VisualSeek

ﬂ - o 4 a w o o o a A

Wuszuuignianniulasuminndeladuds dszmaaniyowsn Feszuy

§ a d & o '

VisualSeek ldvanuuumiheeldgldannsanagiiiveldlunmsiiiginm daSend “Colour
Region Queries” Tavvouldgldeamsndmuadumis vmnauazdvesneumunioz1dly

- . at o o o A ﬂ. = 4
mMifas lduazdimnsadum laelimiddn 1dendae Feawsogsvazidoamugy1édn

http://www.ctr.columbia.edu/VisublSeek/ uﬁﬂdﬁizﬂ‘ﬁ 2.6

podA podB podC

color '\7, l? |7
Ltexdure [ [ @
shape W M W
jmotion M. F
5% v o\ O
ispace. V. W
;f visible |V ~ V
¢ xpos 171 178 175
ypos 53 148 196

width
helght a7 102 82

w
hr
o
N
~J
w
w
N
[N}

Spatial Match: © ¢ exact (8 best (™ none

ColorMateh; {7 exact f:'best " none

S——
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2.3.5 Excalibur : Visual RetrievalWare
A o -g - - - & a4 oy - W 7
Lﬂuszunwwmuwuiﬂumw Excalibur Technologies #iUAa18ARINY QBIC A& Virage
3q 3 o ' o w o Bl A2 yy 1 oa 1 TS
IﬂE!F;j'1‘]5?7']3J'Iiﬂﬂ'I'Hu'Flﬂ'lﬂ'TﬁJﬁ'lﬂiyﬂlﬂ\‘lﬂﬂﬂmzﬂ']ﬂiuﬂw‘] ‘]N"lﬂllﬂ o E‘}.J'i'l\? LAZWUHRHD
¥ [ '
Wudu Tavmanudidgeziimdud 1595 uandsgili 2.7 uazansomdoyamiufuves

sruuil 1dn http://www.excalib.com/

3N 2.7 namsszuuAuAudesyaznIw Excalibur : Visual RetrievalWare

2.3.6 Photobook
:{ L3 = o 4 o - A
WuszuuiannTasdesidodeyadenan MIT Uszmaanigomim Falszneuda
Y o @ = Yo 0w A" ' [ | 4 =
'H'H']i]f]ﬂ'l‘H'J'llﬂ']ilﬁﬂﬂu'ﬁﬁﬁu'H']Z'llﬂ'l‘WTﬂU’lﬁfﬁﬂﬂmzﬁ'lﬂiywuﬂ’luﬂnc] YU TUASWURND Tﬂﬂl

wimiudsgUnmeenidiudiuuaz Idydnual Tnvda Tuid aunsageaziBuaiu@ue

sruuil lan http://vismod.www.media.mit.edu/~tpminka/photobook/
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2.3.7 Blobworld

o o -3 a a a [ = = 4 =
l.'ﬂu‘iz‘]J‘lJ'ﬂW@Jm’l‘lmTﬂﬂﬂ'lﬂ’J‘lﬂﬂf)iJWlmil; urnnasuaaveais UszmamueimiGe

-=ly Y A Vo o @ = t!f a o ' ' dy -

izuuuﬂsﬂuﬂugﬂmwlﬂuhanymzmmgwm WHHI AU ‘UﬂUl.‘llﬂ‘lJENE']J‘SNLLﬁ%WNH'J
= 3/ o o o [ o o 1 g/ o - P

Taondldannsofmuannudnguosdnuuzdidgaieg 18 uaasdagli 2.8 Faeuson

' ¥ ]
ﬂﬁ'au“mwmﬂmmas:unﬁ"lﬁ’ N http://elib.cs.berkeley.edu/photos/blobworld/

fblob2| very [not | not | mot | very
~, s LA L . a et . E

Query image: 13! Query blob
Querying from 35000 mages (2000 retumed by the fiter)

==
g
g

6; 26052 (score = 0.96) Hew g- iery

- U T

U 2.8 uaraaszuuAuAUYoYagzln W Blobworld

2.3.8 MARS (Multimedia Analysis and Retrieval System)

=)

l:iycu J a voa a 4 o a = .;' v
szuvivannIu lasumannddaduesd Uszmaaniyonsm Fuiluszuuiieedudu
b4 [l
sUnmlavlddnuazdigvesd Wuia 3u5n Taodldmaunsadis Taeldgnmied nie
o = 1 o‘: a d E 3
Amuaduazgditavesgdnin saunsausonas lneldnisdiuiunimssng (Boolean
ar 1:; Aé =) :: 9 ar o Qs 1 s [

operator) WARIAIZUN 2.9 Fwanimsais lasldanuusdiguesgilitavesglnmalsdi

" b 1
Tavanansov n’fny‘mw WANYDITZUVT TAN http://www.ifp.uiuc.edu/~yrui/html/research.html/
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® shape query € Boolean query C Glabal texture € Global color

Done

3N 2.9 nansszuuAuAudoyagnw MARS

2.3.9 MetaSeek

Wuszuiwanniu ey Image and Advanced Television Lab ww1InayInauie
UszimmAanigomsm «?arﬂuszuuﬁﬁuﬁu%qa;ﬂmwTﬂu“l%'ﬁ'numthﬁ’tyum?tuazﬁuﬁ’:
Taomsadaz ¥ 1didonszianvosgnm uazdmuadidwamio URL veagilnin ueas

' ' ¥ ]
AegUN 2.10 rnsideyamiuAyyeeszuuT 17 hitp:/www.ctr.columbia.edw/metaseek/
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Number of images: mj Images 1-4 out of 2 7jidE:

B ke B pisaaxe M tixe B pisaaxe M oiice M piarixe

I[Ilﬂ&l!.lt" URL or keyword: =

Similarity Measures: M Color N Texture

Number of searches: m Max waiting time: MISetnnds

U 2.10 nansszvuAuAudeyazUnIN MetaSeek

2.3.10 Netra
= & 4 = a = o = o a =t
sruuiinanvu Tasnindndnanssu Il wazaeunames umiansdounaveariio
' ¥
Uszmaanigowsn anvazdrgvannlyluszuuinensyuaunisvenisdauvesgnm
= . a o 9 [ -~ Y Vg VA
(image segmentation) fmivAumiagniovouwauesiaglugdam Tasszuvezvdlmden
-4 i - 2 = d’
MTAYUIINUAT (Texture keywords) uaaanaziii 2.11 annsmdeyaiiu@nyeszuui 14

= - 5 . At
W http://maya.ece.ucsb.edu/Netra W30 http://vivaldi.ece.uicsbedu/Netra/

Select Imaga Category Select Query Image
[Y31= Engiieh Cyuntry Gardens) 2158000 po ™
158001 og

1132 (Annuats for American Gardens)
|133 - Perannials in Bloom)
(141 - (Beneatn he Canbbean)

144 - (Cammorola Coasts)
150~ (Autumn)

151 — (Winter)

152 - (Tropical Planis)

3 < 182 - (The Grand Canyon)
% 164 - (Ocaan Life)
. Displayin ?M%Eh 169 - (Vagetables)

171 - e & Frosf)

Query Image = 158003 ipg

image = 176076 ipg Image = 184047 jpg

Image = 114081 jpg

Texture ieywards For Gaarch

mushroom b.l

From ihe Baiecied Region
GRS NSITE [ 1 F e Image = 158019 isg image = 178028 log Image = 160081 jpg

- seBatine )

Ui 2.11 namsszvuAuAudoyagUnIn Netra
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L)
a4 g

av a
2.4 NURENINEIVBY

=

a4 Ay A4 g & oo Ieq Vo w a

qm'.1inmmawmszuuﬁuﬂuwga;ﬂmmmmmumunmﬁwwhanyiu:ﬁmtg‘uma
¥ [ v
uazdoyaFanuniiaane lil

2.4.1 Histogram Refinement for Content-Based Image Retrieval

= o A _ o 3 o _- a

WAUIIUUDY Greg Pass LAY Ramin Zabih [1] FeuIveil ldiuauematind sy

= = o o ' 2 2 o Vet a A s w

WFouneugdnImniGondt “Histogram refinement” Fstmualiimaiuoulvdmiy

= = = - dy 1] = = 1 = 4

manfSounouaalaunsy Teomatiniivzutslsuanvesinaaludalaunsuunazdlaoly

. 2 5 2.2 ﬂ ' & df o e ' o - [
spatial coherence” N TWANLYRL Hﬁﬂuﬂuiﬂﬂﬂwu'ﬂﬂﬁﬁlU‘lﬂiﬁi}jﬂﬂﬁﬂﬂ’Jﬂ]ﬂﬁ’ﬁ'ﬂlﬂﬂﬂﬂﬂu

@
@

L ]
Amararfuazihulszinn “coherence” uat liil¥fimaaiiuvziiiulszinn “incoherence” Taud
a S =t [ o = = o & Hq
Wnraneglszinnidniiezgminnulisuisuny  Fensspaumsilglumsueniszinn
WAravesda Taunsuisund “Color Coherence Vector (CCV)” [2] Tagh ccv iflunszuoums
o ¥ e & R d o ¥
niimITawdoyadeiuii e dsanddsitianudalumsdnnuge aunsalduonnnw

L A 4 ar =t o =
uanasvesglnmniaa launsunmidounula  uazfidszaninmlunisauduglnim1da
1 = 19 - Ci ﬂ; o Ll ﬂ‘

nnaalaunsy uadlmslasumlasvesuasvesgdniminng vesglnminiufiisuas

sUnmiiiufaeuvesassensshliianuRanaialunsauaudoyaginiwld

2.4.2 Image Indexing Using Color Correlogram
- e = J - o d’
HOI1U390UD4 J. Huang, S. R. Kumar, M. Mitra, W.-J. Zhu ({a& R. Zabih [3] #10113501 14

dnauednazdfgyuosgdamuuilmingsnin “Inss Taunsuuesd” (Color Correlogram)

4 ] L4
T | = 4

Taw#i T35 Taunswwes & vziaasaniug S MR AN UIrozn19sznI1eg drulay
Tas3 Taunsuvesdiidnuusiatinaiife

D Tas3 TaunsiwpedtlsenoudvamingiFenuiiveqd

2) Tns3Taunsuvesdminsnl¥esuremsnis v ioviinm (global distribution) V®4

ﬁwﬁuﬁv‘iaﬁfuﬁmmﬁ mwwﬁ (Iocal spatial correlation of colors)

3) wABMIRIUIN

nnanuazisuvedlngi Taunsudind nundredui Id sz @nsamlumsuenany
unnavesgUnmuazud ludeiduvessa Taunsy wonnmiuIns3 Taunsuvesdiinamnamy
domanlaounlasien veagilam mildaunsofuiugdamgdnmiidyuesfiuandieiu
fogluaniiderdunaggnmiiinisnlasumnlasie 14

sl 1dvnsnanesfugudeyaiivsznoudognms i 14554 30 uas

~y = - s A
nfSouioudszaninmnudalaunsuuas Histogram Refinement 11% CCV uag CCV/C
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walls1ngimsleTass Taunsuvesdausadudnudeyagunmidsz@ninmandiita e

d' o = =
niwlseumen

2.4.3 Color Indexing with Weak Spatial Constraints
= e i - L = = 1 o a d
HAUITBYDY Markus Stricker 110 Alexander Dimai [4] ¥3911390i Tdiueuedsmsh
] .n' a o Ad 9/ = Af c; o o 9/ 9/ o
WouaNuFau lumsastialasswdeyadeiuilumsasigdnmid 3dweiu Tavee
e ' - v @ A a ' > o :
wiaunlugdnimesnitlu s daufideuiuiu GuFoni “fuzzy regions” #a31lfi 2.12 uagds
= do w o o o S8 ad :!’ ﬂy = v o Y
minszawves 3 dusnidrdguidanuiludyil Fmsiidesmaiionlumsiafuies

= = g ¥ = 1 o o o o :Iy
manlasuulasznmsnyunwisadaniese: lifinadennnesdnvuzdingi

gﬂﬁ 2.12 1leYR9 fuzzy regions

2.4.4 An Integrated Color-Spatial Approach to Content-based Image Retrieval
- é = e dy o ~
HWAUIVWYDI W.Hsu, T.S.Chua tind H.K.Pung [5] mumwu"lﬁ’fmmum’wﬂummmi
v = w Nt 2 Y Y« 2 - -
sanmay’ﬁmmzmmgnnﬂwumrmgﬂmwmmrmu Tﬂﬂﬁll‘i]"lﬂﬂ’liiﬂﬂﬂl“‘h’ﬂﬂ]ﬂﬁﬁﬂ'lﬂjlﬂﬂ'm

& ' .y | a4 S s s aa das y
nniugUnmezgnudaduiundindeslaviuaasfiunes ifiosd@Roaniinaunnni
oA ! 4 =] A = o 3 o o ' d{‘ et -
adu  dwanuadioatavesgilnm 2 gilfednivesmsdeunuiuszniaiuiiniidmilou
as = oo Y a o | ° 4 o da
iU u3deil ldnaaesdas Taeldgudeyaniipdnmdnnu 260 31 Fawadwsilden

¥ "
Aawv AA

= d'd 1 Y= a o 9/ I a
msfsanIms ldaalaunsy  matdanldluauiteiinnuasmuaedssuniulugilnm

[ Yo o P = :‘dd 1 [ d'd 1 o
uﬁzﬂ‘lIJ'ﬁﬂﬂﬂuljﬂQll'ljﬁl‘liﬂ'ﬂ'Jﬂq‘l’lﬂi%"ltlﬂﬁﬂﬂuﬂuﬁlmﬂﬂ'Nﬂuu‘ﬂz ANNHUUIALANATINU

< ' o -
amies uatimsAnouign

A AND 7
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- o

1 ¥ A/ ]
nnaddsinamndduimue  duaidivinedestunsduiudeyaginmin 1d
) = 3 - A e w A o A Y Ay 4 - O,
deyaduazdoyaraiunmswduieldlunsdstivazduiudoyaginm Fevzmum
[ ¥ ¥ [
matiauaazI5 N 1¥ unuiteden insdedndeadeidonazdosnanuandranu
¥ [l 1
Tuanadei 1dAnywazihaisouos J. Huang wagfinamuiminauonoinunmsasiy
amlav1¥1ns3 Taunsuvoadinlfidunuamalumaiann ileanmihuisiiidsz@ndnm
A = s e P = i a ] o 3
guilenfSvumeuiuiimaoug uazlinnuamuaemsuldsunlasiieg vesgilnm il
Y A e P 1 w a0 A a o aa -
anseduAugnmnlyuuesiuanasnuieg luanun@eriuuazgdnmnimsulaou
! 3/ u’: = ° A a e 4: o o o ars ik = '
wlasdisg 18 sauiaiimisdaniide  Tavanideil Iddwauednunsdngn Gonh
= 1 U ﬂé e
“Tn53 TaunsuANNUANAIYBIAE (Color Difference Correlogram)” @4 IANAILMINALUUL
AMUAAYDA AT lauNI VYo IANAZNOHRVOITA IALNINYDINNIUUANA19UDITZALTIN

[3, 6] (histogram of grey-level difference) tNoINWszANS N TunsAuAudoyagzilnm



uﬂ?ll 3
msnuaudeyazimunlaglieesinlnsilaunsamay

I = 1 =
ﬂ‘i‘iiﬁl!ﬂiuﬂ'ﬂ&lt!ﬂﬂﬂN‘Ui’Nﬂ]ﬁ

¥ .
uddsil lAdnyuazidunuduszuumsduiudeyaginmlavldens Talass Taunsy
= ' ! & o o & o o 4 A ¥
uazIns3 Taunsuanuuanavesmd  duiluszuuiiwanniulaviiiaglszasdiine 14
o 4 i
dmsuduiugdnmTaldnewiuivesgdnim FeszuueIdd1fidonginmdlodiei
¥ 3 ¥ ¥ @ o w g 9 v A Y Ay
aams Iy lumsaumzinmlugwdeya Tavdnuazdiagnldlumsdsiivazdunudoya
A < - = ' a2 o g w
jinmdAeonilalnss TaunsuuasTnss Taunsunuuandavesmd FududnvazdiAgi
lasmdoyaduazdeyadaiuiivesgdnmddrodu dildauisaduiudeyazinimiteg
anmiReIny agyueanana iy sauhldsgdnmaiininlaounladaeitaen 148
U MIMYU Mstouazutie Hudu
szuunsduaudoyazinmiseldoos Inlass Taunsuuaz 1as5 Taunsunnuuanais
» » >
woardlszneuAlniuasuNGng 2 Tunou fie matarivesgnw naznisAufudoya

suUmw

)

3.1 msmartsUaw

o e

Tuauidvilld adrdadigmmlaoldoos Talasd Taunsus A g5 Taunsy

' Vo 4: ar d.
ANUUANATNUDIN T mmwmaumiﬂn &1

Umm ——» minsesd

v
v v

203 1a1n33 Taunsu Tas3 Taunsun 1 uuana 1904 d

JUnm
Tugwdoya

' ¥
UM 3.1 Tumeulumsdaiiglam
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1 ' A o/
007 1alns5 Taunsuuaz Tas3 Taunsuanuuandevesmidduiludsivesgininee

. 3 4 2 '
gniafuasgudoyariioiin ¥ luduaouvesmsduaudeyaginmidlddoams

3.1.1 M3n3047 (Color Filtering)
: L | Y o A ° - o d’ )
Wuduaeulumsuadvesgnmddidhulawszdudndmua  Taoluauidoi 1dus
A1 RGB woagUnmesnilu 64 szdv iieannnududeunaznalunmsidsiinansds

A15190 3.1

M50 3.1 LAAINT 19T RGB 64 5201

1 0 - 64 0 - 64 0 - 64 pre 120 - 192 0 - 64 0 - 64

2 0 - 64 o€ o 65~ 128 34 129=192 0 - 64 65 - 128
3 0 - 64 g - 64 129 =192 35 129 - 192 0- 64 129 - 192
4 0 < .64 i 54 193 - 255 36 Iy 193 0.- 64 193 - 255
5 0 - .64 65-128 0 - 64 37 1295192 65-128 0 - 64

6 0468 | 65-128 1 [65-128 38 ] -129-192 | 65-128 | 65-128
i 0 - 64 65-!2-8_ 129=192 39 129+192 65 - 128 129 - 193
8 0/- 64 65 - 128 193 - 255 40 1292152 65 - 128 193 - 255
9 0 - 64 129 - 192 0.- 64 41 129-192 129< 197 0 - 64

10 8 -"g2 129 - 192 65.- 128 42 129-192 (29 %192 65-128
11 0 - 64 129-192 129 - 192 43 109 4100 129 <192 129 - 192
12 0 - 64 129- 192 193 ~255 44 129~ 192 129 192 193 - 255
13 0 - ‘64 193 - 255 0,64 45 12951192 193 =255 0 - 64

14 0% 64 193.=255 65- 128 46 129+192 193- 258 65 - 128
15 0. -.64 193 - 255 129-192 47 129-192 193= 285 129- 192
16 0 = 64 193 - 955 193 - 255 48 129=192 193 - 255 193 - 255
17 65 - 128 0 - 64 064 49 193-~255 0/~ 64 0 - 64

18 65 - 128 0 <64 65-128 50 41 193 -255 0~ 64 65- 128
19 | 65-128 0. - 64 129 - 192 51| 193-2554 70 - 64 129 - 192
20 | 65-128 0 - 64 193-255 52,4 193225571 0 -64 193 - 255
21 65 - 128 65 - 128 0.-_64 33471937255 | 65-128 0-64

22 65-128 65 - 128 65 128 54 193 =955 65-128 65 - 128
23 65 - 128 65 - 128 129 - 192 55 193 255 65-128 129 -192
24 65- 128 65- 128 193 - 255 56 193 <255 65 - 128 193 - 255
25 65 - 128 129 - 192 0 - 64 57 193 - 255 129-192 0 - 64

26 65 - 128 129 - 192 65 - 128 58 193 -255 129 - 192 65 - 128
27 65 - 128 129 - 192 129 - 192 59 193 - 255 129-192 129 =192
28 65- 128 129 - 192 193 - 255 60 193 - 255 129=192 193 - 255
29 | 65-128 | 193-255 0 - 64 61 1 193-255 [ 193-255 LUE

30 65 - 128 193 - 255 65-128 62 193 ~255 193235 65-128
31 65-128 193 - 255 129-192 63 193 - 255 1931235 129-192
32 65 - 128 193 = 255 193 - 255 64 193 - 255 193~ 255 193,z 255
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3.1.2 0031Aln531a1n5) (Autocorrelogram)
o &
903 1alasT Taunsududuavealnss Taunsuvesd [3] Falns3launsuvesdvos
A o o = J IJ . - 1 i " o
JUnmmAens nSomseiuaasanduiusiFeiNui (spatial correlation) VoIgaNUARAIIAY
o 1 ] " 3 " - a; =
Auszosr1esznaI g i Tavszuana190nfalaunsuveadiiwiiiosnism

1 ) L : 4 ' o o a 1 i
anmnihnzduvesdlugilnmmniugshildswdoyaenduiusiFaiun

mruali
I fAegUnimvuian, xn,
m  fAedwuvesdlugdnn Taviilliavesiiihu (c, ..., c )

p(x,y) AoNnwange x iUy
Clp) Aodvosfinap
- ) q'dq 1 - [ :’
I AoiravoINaEaN L dIiY c Al p € 1 udr Cp) =c
1 L _ & L} 4 1] 1
[n] AoIAUBIILIEHIITEHIIRNITaFI AN {1, 2, . n) Tnofssbey1asening 2

- o

wnamunsadnan asiine dismualdfiomap, = (x,.y,) 18z p, = (x,. v,)
¥

AITUTZOZHINTENIRRNA p, T p, 7D [p, — p,| Y max{ |x,x, ly =y, }

H.(D  Aeduvesinaalugilam taldiu o

- 1 g - ~ ag 1 (=] = A " "

au@iinmbufingalag vead ¢ lugdamdnndilass launsuvesdneninai

ﬂ - o Ao ¥ A o a ' o & oA

witluiwnuiinaailid o veoninavesd ¢ AMBVVWNNIAY k 130919920a139N
' & ) - ' ¥ a ) 5 = ]

au1ananIa11as3 Tannsuvasdnamnnuiezduisenuiinisavesd j Nzogvia k 1n
= \ S il d A -

Wnwavesd i nanasdagilin 3.2 Tavi p,(x,, y) Wudineavesd ¢ na px,, y,) dufinaaves

A 1] 1 : = o
a ¢, TITTUSHNIZHITIVD I ADINNIFUNTND k

. a 1 i ‘77 ; ' 2
Ui 3.2 nanainavesgnmiiiludedinlumsdnumailngs Taunsuvesd
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dimuald d €l ij Emluay k €[d] AniulasiTannsuvesdvesgnin i fe

k) ~ s
Vo R P cip €1 |p, = )k (3.1)
b p1€L,, P, €1 j
k
®) rgi’)‘"‘j ®
Y"i,"j( }= m 3.2
1
Taoh T = |tp, €1_,p, €1, Ip,—p, =k} niv1NANIBNOGINITABS MU

i

a - a1 - = v e
WAAYeId ¢ NHNINNNIFAVRIT ¢, AU k
w M o a - oo b ‘e a = -
AIMIIABTIURNAIFANIMNANNTZO WIAY k. Dnfinwavesd ¢ Taoh sk fe
finraNilszoz19mMAY k ONRnravedd ¢ nAazinisa
1 o = 4 1 ' 4 a é o
daueed lalasd Taunsy WuaniusiFeiuiszniedfimioudu Fududuraves
Tas3 Taunsuvesd TagiiessTnlass Taunsuvesgtlnn 191 i €mluaz k E[d] fio

(k)

o’ M=y m (3.3)

iinenneesTalass TaunsufluanduRufinmeAust (ocal correlation) weadiiinIm
ﬁ1ﬁ'ignmndmﬂﬁuﬁufﬂaaﬁgwuﬂ (global correlatiomlugimw uaze d flesq filsane
dmsumsmanduiufifeiiui Fohlieeslalasi Taunsudarmamudentslisulas
maq;ﬂmwmnmﬁmﬂﬁﬂéuﬁﬁ' ﬁugwwaaﬂmﬁuﬁﬁmm:ﬁ (local property) Favirlet
o3 TaTns3 TaunsnannsesviiazAududeyaginmiiogluamuiiieriunamaues
salifagnmiiinsaideuiniag g3z 16a

et oesTalass Tainsuvesgildaed 2 guliiiaalaunsuvesiimioudu Faidifios
2 Afenaeiudmdes uozli d = {1,2,3,4,5.6,7, %, 9, 10} nanagildededagild 3.3 naz

o0$1alas3 Taunsuveagidredia 2 g1l dsgali 3.4

() gun il 1 (¥) 3Unmii 2

31]‘?; 3.3 Unwdiedna 2 1
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Autocorrelogram

0.7

A

afundivoagyl
0.6 M
Alon1an 1
0.5 - A ¥

aviunivoagl
0.4 00140 1

0.3 - @fundvo ezl

faou14% 2

- @vunivoagl

Aa0u14n 2

Distance

314 3.4 003 TaTns3 launsuvesginmaied

3.1.3 In33launsunnuuanc13ve3Ma (color difference correlogram : CDC)
v - i w® o o 1

Ta35 Taunsupunana e smaneni nTearsanuaasanduiuiveInunana
vospaveslinalag Auszezvnuesinmatiy  Taenings launsnuednunana1avesd
TahnuaAavesing TannsuvesdnaznguiveddaTaunsuuesnunanasuesszaudin

e o 4 1 o
[3, 6] (histogram of grey-level difference) ¥nlszgndldne I unsadudugilnminiiiaglu
= o Tl 4 v s

sUnmad At uuATi Fuana iy

¥ o ¥ g A 0 ¥ - | ] ~ é = v L]

i muald diff AeAmuuanAnveImdvesRnma 2 Wnadeeelineg lusaves
{diff, , diff, ,..., diff .}

ANNIOAIUIUNIAIAIIVIANANVDIMATZHINTVOINAYA 2 Naraniiszeevaminy

k ADN311101A AT AVDY 2 NAFAUTHINAA 1 HAAIAIA IS0 3.4

diff = | C(p,) - C(p,) | (3.4)
Tagfidmuald |p, - p,| =k

-y - F 4 ' - ' ' et
auygandmduninealasg lugdnmium mlnas3Taunsuaumandisvesardiiian

da '

ANMANANYIINTMIAY diff  Asmimunhezlufsewuiinaniisnnuandeves
? &N e aa 1 - a A J v e - ' S U &
Iy diff, annnmsalugdnminsuyunmiing k wieeivznandnedieniiei
A11A53 Taunsuanuuanasvesmanesinuinzdunsewuinsaiinn ana19ves

o & A

= T e o v = o o/ = ci
MANINY diff, N32ozH k NInRnFaNnMdanosw naawdegli 3.2 Taed p(x, v,) 1Hu
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- H 0 o a o~ ci 1 . ' o =
Anafifidainsu uaz p,(x, y,) Huiinwaiilinnadeues [Cp,) - Cp)| 9N diff

Y
HAYTLIZHITEHINNIADINNIFANING k

Tas3 TsunsuANIANAIYBIATAD

CDCiq M = Pr [| Cp,) - C(p,)| =diffy| |p, ~p, [ =kl (3.5)
_ Bag®
CDGM = n,xn,x 8k (3.6)

o k I A o = e " - o aa " o S
Tagh Bag (1) Aedrurunnmaniiszosviavinnagaguanaaiiosu i k uazil

' ' ' o = & - o 3 o - -
ANIUANAIVBIMTIAY diff, ¥ luanddei Iddmualifinmanninaaluglnmwily

- o - = " 1 a P L) .
WnraguanaanlFnnsaanunand nvessdvesinisaneguivesn lminy k

¥
o o/

dniudrgnmiiiving o x o, swlifinmoguinaiei 19Rnsansiity o, x o, Anvauaz
finafiegsen nwaguinaniivisoiliausiiy sk daiudamsdesouiinma
%ﬂﬂuﬂﬁadﬁﬂizzﬁuﬁ!ﬁﬁu k mnﬁm‘mgurfnmafiﬁmmn’fmuﬂiu:ﬂmwun:ﬁfh
AIIANAIBITIMATY diff. FeildnouRNBAIAY o, x 0, x 8k

o/ U al - : A o
Mol viagddedulugn 33 M war (v AFaTaunsumileuiu el

=4 v 1 o d 1 ' L) v
Tas3Taunsumunandisvesmidaaasluglin 3.5 Tasniinimianasvesad 2 sfe
diff, uag diff,,

Color difference correlogram

N
0.9
0.8 —
0.7
0.6
0.5
0.4
0.3
Q.2
0.1

(0]

| ——— pnwil 1: Diffo

prer il ;Unﬁwﬁ' 1:
Diff20

- = 2¢ - - gunwil 2: Diffo

Al do -tUn'\wv'i 2:
Diff20

o2 8 A B ST B S0

distance

[ 4
U 3.5 Tas3Taunsuanunandevesdvesgiliediaisaes
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Taviifvesens TaTas3 Taunsuuaz Tns3 Taunsuanuuandvesmidvoazinimezgn

w o 3 & o ¥ o A -
daunu I lugmdoyadaiiTasaadrauaasianisai 3.2 naza1sai 3.3

. { o 1
M990 3.2 naaa Insaadavesmsninuaiens 1alass Taunsuvesgilnmlugmdeya

vovlaa ¥l Mosuy
PicID Long Integer | 3¥avoagUnw
K Integer FTUTHTLHIINAIYA
1 clcl:v = 1 o
1 Double 1993 1a1A53 launsuuaIanIATIMIAY 1
2 Double A100s 1alass launsuvesaninaiiminy 2
3 Double Moo Ialass launTuue sanidyiimiiy 3
' Ads A 1w
4 Double 1997 1n 1033 Tauniuvodnimatminy 4
d o 1
5 Double 100319 1A73 TAUNTUVOIANIATLIMIND 5
6 Double | 001 1aTns3 Tannsune saiisaiivinm 6
7 Double A1004 1a1n33 launsuvosdniisetiminy 7
BLSSE
8 Double f1oes InTas3 Taunsuvosdnildwilniiin 8
9 Double A1007 1a1a33 Taunsuvesd niisyiini iy 9
10 Double 03 1a 173 Tauns uuosdnyilinafm 10
1 Double MeesIalass Taunsuvosdintaytimidy 11
12 Double Aoos Talnss Tauns uyosdatewstimiif 12
13 Double frooiTalnss Tauniuvesanidaiionsy 13
14 Double 1005 19 1953 1aun3vUeaanuastinIND 14
15 Double 1003 10 1A73 launINYoIANUAFUNIAL 15
L d = L o
16 Double A1993 1n 1n33 launs uvasdnua sty 16
17 Double 1005 101075 Taunsuveadntiasiiminy 17
18 Double A1003 1n1n53 Taunsuveadntiasiimiy 18
19 Double A1007 101073 Taunsuuosdniigwilifi 19
20 Double 1003 101033 Taunsuveadniiastimiiu 20

=

64 Double 1907 1a1ns3 launsuueadniarimny 64
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M13147 3.3 I.l’ffﬂxllﬂ‘ﬂﬁ%"lﬂ‘lmw‘m'lﬁ\iﬁl AuATAsT TaunIuAuIANAYDIMT YD

sUnmlugdoya
Foilad ¥iin fMesng
PicID Long Integer sﬁﬁmaq;ﬂmw
K Integer SLULM NI INANIYA
0 Double 1 Tas3 Taunsuanuuandsvesmanta N uIAnAsve M ARy 0
1 Double A1 1as3 Taunsunnuuandevesmaninnuuana e anify 1
2 Double A1 Tas3 TaunsunuuanAvesmanilmaand e aniiy 2
3 Double A11A33 TAlNTUAUIANA TR THNTIAMAIIANA B I AT 3
4 Double A 133 Tanas iR ARR B AN MANLANM DI ANIAY 4
5 Double A11A55 Tauns uAuuAnAIYBIm AN IMA INIANA IR EAY 5
6 Double A11A33 Tauns U AR VB TANTAIA LA 1B I ARy 6
7 Double m11n53 TalnTumINLANANYRIS AR A MUANA 19y 3 AiRY 7
8 Double #1153 ToNNIUA NULANAYDIMATTA A WIARA 0¥ 3 ARy 8
9 Double 1 1ns3 TaunsuaANA 1YeIRIANLAIA LA 1M ARy 9
10 | Double A TnTs TainsuauuAnA VeI mERIAIAMUARA VDA AL 10
11 Double 153 TalnTIANuUANA eI ARTIIA WIARA 11 YD If 1 /MY 11
12 Double ATas3 TalnsunLUANAI o ImMBEmAUIANAI B Im AR 12
13 Double 1133 TaunsuA AN 1aeem I REA A INARAI 1Ye I AR 13
14 Double A1TA33 TaunTuANLIANAIYEIMETImAWIANA 1 1vB I AR 14
15 Double A11n33 TaunsuAMUIANA DI ERTMALANA YA AR 15
16 Double A11a33 Tauns A NuuARA Ro IMARNAIALLAR WD I TIRY 16
17 Double A1 TA33 U3 UAIIANA VeI AN A IANAJYD I I AY 17
18 Double A TAs3 TaunsunnuuAnA1veemanimaNuuAnA Ve m ARy 18
19 Double A Tns3 Taunsuanuuansavesmditmanuuandsvesm @iy 19
20 Double f1Tns3 Taunsuanuuandauesmanimnuuansavesmdimy 20
63 Double m'{ﬂssTnunsnm’lmmnnNwmﬁﬁ“ AIANUUANA VD IMTININD 63
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dudeyaveaglnmezdany Pimsalugudeyaiitilnssadaumasdmg 3 4

o

a ¥ o d 3
M9 3.4 uaaanaadoyaveaglnminsanyluguteya

Foilad ¥iin Mosue
PicID Long Integer | 31 av03glnw
Width Integer anunfavesglam mioduiinea
Height Integer anugavesgilnm Inthedufinma
PicFile String Fovoagunm

3.2 msAuAuveyazUmIn

¥4 ¥ ¥.\4 |35 | k74 o =4
minuauteyazdnimvesTruunisauaAudayagdnniasldoeslnlngd Taunsuuas

u

Tns3Taunsuanuuanatwesad Hunsduiudonagnnnldlnmndieds Tauld

("]

£ =3

3/q 3/ o g 1 A o g ¥ = g o { oo
dlinigddetianimedunignmlugideyanadenanugdnndied. daildunoulu

U

& g

msfufudeyazilnmeagii 3.6

b

JUnwAedts. f——f minsoed

.
Y .

paflalasd launsy Tas3 launsuanuuand Wvo i
I
[
. e 7Unw
N1TIAAATINUANA 1 (Distance Measure) ————— P - 5
= HARWEYBINITAIT

2 PRIERDT
AriveagUmn

P Tugwdeya

T ¥
31 3.6 umastunoulunsAududoyaginmineldons 1 Tnss Taunsuuas Tnss Taunsy

ANUUANANNVDIAT
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i 1 A ar 4 i
vinglit 3.6 uaadlfiiuiniedldidenginmiedaig 19 lumsdunugnmnn
¥ A o ° o = =

gwdeyanioglaudy szuusziimsnsesdd AuammessTalagi Taunsuuaz Tnss Taunsy

i (. a 1l é ) at : o o o "
ANuuanAveImdvesglnmdedts Funileunviuaeulumsiidaiigam ualu
msfuaudeyagUnimeziidi 1d lnSsudouduaiess Talass Tauniuuaz Ins3 Taunsy

[ ' k3 o a 1 a "
auuananvesmdvesgUnmlugmdeyaTasl¥nszuiumsiiFonin “mifannuuandig
. é { o o L - 1
(Distance Measure)” FagUnmlugideyaiilnnuadrwadanugilnmdindamnn q il

ANULANA1YT BOY

3.2.1 MIIANNUIANA (Distance Measures)
TuaniddeilvznFouiisuess lalass Taunsuiaz lasT launsuanuuand1aveamaves
s ' 4:‘ o a q‘ ar o C=) = ' -
pnwmdmediminnfTnuees Ialass launsuiaz 1as5 Talnsua1uuana1IveId¥ea
a & o
snmieglugudioyaTaold d, (, distance measure) [3] #a1d1l5zgadnnvinmsiannuy
' - A o 9 - 1Y
UANANIUY L, (L, distance measure) iN0¥1 IHiaglwainasignudvanu
Aega dusmnsangdaw 2 gae (L) uaz (I,L) ~Jagh  H.(L) = 1000
. A \J -y Q’: 1
H,(I) =1050 H, (1) =100 uazH, (L) = 150 FIHARINYBINNIEAVO3UNINNIT0gAD 50
X3 1 1] I':[ 1 1 H o : 1
TaoiuIdFannamuandvesgnmgn 2 szilaammnenanigdoiwgn 1 dnium
ANUUANANYDY | H (D) - H1)| v Inawdadgpnniudmsdae | H (1) + H @) | il
:
LI

{ o A = i 1
aunsh lgdnnuisnSsuifouanuuandseninglam e T Taold d, fe

AR T [, (D) =h ()]
B0 RNt 030 e Db} ‘e

d,(y) =lI-T|, 4 = LIS heb 2 2y (3.10)
e~ PUT e T ke il TEY @ + v E () |

| CDC (I) — CDCe (T) |

(3.11)
diffe (i), ke [d) 1 + CDCﬁm, (I + CDC:;iﬁ', (')

d,(CDC) =T =T'|cpc, o, =

a7 d1 dwmsvess Inlnss TaunsuswnuIass Taunsuanuuanaiaveadne

d, (y,€DC) = d, (y) + d, (CDC) (3.12)
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-ooa
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nmifuAudoyaglnmlaslddeyadswiudoyadeiun Weminszaninmlumsdudu
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~
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doyagUnmidinniu dnszuaumsang Hdnwunidivaueluuni 3 wazluumiiezld

UUAUDMINADDIAZHANITNANDY

4.1 A53adszansmw (Performance Measures)

v
lumsnaassiegdadseaninmmlunisdunudoyazininlay1d Ranking Measures [3]

]
o o =

Ranking Measures (Hu3niiadsziminmlumsauiudoyalasinoindiduives

snmiagndosiannsaduiuld Tavdmuald (Q, ...Q} Wuwwavesgunmiminndas

o | o Vo 4 4 ad
uazli Q Whunadwfigadead1ms1AI5 Q &1 Ranking measures WTEnoudn 2 5o

4
L=

1) r-measure ABNIIHIHATINVOIRIAUN (Rank) AomIsaNINAANTNGNADIVOIRAS
v " i
NINUA AIAUNTTT 4.1 HAZATINAUVDL r-measure. A1LTORIIN 1A 1ap1i1A r-measure 13
» ¥ '
AWTIUIUATTNMINUA- AITUNTI5T 4.2

r—measure = > rank(Q,) (4.1)

Ayg r - measure = ﬂﬂg (42)

ﬂi 1 o
2) p,-measure ADMITHI precision % recall 1NN 1 Taveunsan p,-measure 18910

qunN1IN 4.3 uazvinma ldnnaunisn 4.4

q 1
- measure = e (4.3)
P Zl:l rank(Q,)
Avg p, - measure = w (4~4)

matianannsodAufudeyaznmiildsz@ninmeslia1 r-measure @azAIv0

p,-measure ¢4
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4.2 03n1lszneUVRINIINARDY
nmsnaaessruuduiudeyaginiwiasldess Tnlass Taunsuuaz Inss Taunsu

anuandsvesmd TaoldTsunsu luTnsvedrivawdn 1o7#u 6.0 (Microsoft Visual

Basic 6.0) uazianudoyalavldgudeyaveslulasaedvidnima 97 (Microsoft Access 97)

naneslavldindoslulnsnoufianes Jumuiionms se6 fifmiennudr 128 waglud

Tagiesfilsznouvesnsnaassiiferelui

- gma’fﬂgazﬂﬂmﬁi‘hmugﬂmwf}’amﬂ 10204 gam Tasigunmlugiudeya
fvinafiuandafudaud 37 X 56 finira 89 384 X 256 i uazizuunves Indiiu
JPEG BMP 1oz GIF ¥131n 1831910 WWW-DB stanford EDV/IMAGE $113% 10,000

31 110¢ http://elib.cs.berkeley.cdw/photo $11471 204 §Unaw

v
e o '

- é ] ~ !
- wvsandvesgnidhiiuy RGB Faniseanidlu 64 & aniunuUANAIIYBIMITYY
wiiaeoniily 64 55A Ao €0, 1,2, ..,63}
" ] ¥ ¥
- pnminiml$idugdanwdaednlumsfssismauimea 100 jnm Tasnigdnm
o ' ' = o oA Y 1 k7 - [ :
aetuan: el dnmraansngnaesad lugiveyaiios 1 gl

- Rvedszusvi k= {1,3,5,7,9) uay k=1{1,3,5,7,9, 11, 13,15, 17,19}

4.3 Wanlinaaeg

luniinaassil Ifiwaninaasssinmsfudnglnmd 08 a launsuHiso
803 In1n33 launsu(AC) Tas3 launsuanumananeesmd (CDC) uag 005 Inlnss Taunsy
FafiuTnsd Taunsupauuandayeamd (AC/CDC) nuSsuiivunadnsuazszdninm
TaviidaetavesglnwildlunsiaTunsramananosvosnsassuaaeiaaed 4.1 Tavi
NANINAABIIUAARNRIAUR (rank) voagUnMHAAWEAgRABITDIgnINEIRE T IIIN
Adifiemsaduiuld Jsz@niamluvesniinaaesmsfuiudoyazlnmiiiisaves
gozvnfl k= (1,3, 5,7, 9} uansiamanadi 4.2 uazilszansamluvesmsnaneamsfuiu

doyagUnmniiimauoszoeriian k={1,3,5,7,9, 11, 13,15, 17, 19} LaAIAIA13199 4.3
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8191

JUn A0
TR

i o

Junmradng

Hist | Auto | CDC [AC/CDC

54 10 2 2

21 7 36 4

8 2 17 1

16 8 14 4

28 12 1 1

53 12 1 1

4 6 2 1

7 9 16 4
27 6 16 2




o a a a dda 1 =y [
MINN 4.2 llﬁﬂ\'lllizﬁ'lﬂﬁﬂ’iﬂﬂ'lﬂﬂ'ﬁﬂ’)i‘i"mittlzﬂ"li k=1{1,3,57,9} TﬂUl‘lﬁU‘UWlU‘UﬂU

Uszaninmuoddiaee

s Hist Auto CDC | AC/CDC
r-measure 2000 1396 177 282
Avg. r-measure 20 14 12 3
P, -measure 35,91 63.45 58.84 T2
Avg. pl-measure 0.56 0.63 0.59 0.77

M50 4.3 uaanlszaninmainmsadT Allsosa k= {1,3,5,7,9, 11, 13, 15, 17, 19}

TaonSvumopiudszaninmuo 358139

M Hist. Auto cpe. N\ Ac/cDC
r-measure 2000 739 850 202
Avg. r-measure 20 " 9 2
p,-measure 55.91 69.62 58.33 79.51
Avg. pl-measure 0.56 0.70 0.58 0.80
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Abstract

This paper proposes method that combines autocorrelogram
with color difference correlograms for image indexing and retrieval
system. This method makes use of both color and spatial information.
Autocorrelogram is graph and table that expresses how the spatial
correlation of identical color changes with distance. Color difference
correlogram is graph or table that expresses the spatial correlation of
color difference of any pixels with distance. Experimental results
suggest that this method can retrieve images which different views of
the same scene, large changes in appearance. The performance of the

proposed scheme is also compared with various methods.

Keywords : image retrieval, content-based image retrieval system,

color difference correlogram.
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ABSTRACT

This paper proposes method that combines
autocorrelogram with color difference
correlograms for image indexing and retrieval
system. This method makes use of both color and
spatial information. Autocorrelogram is graph and
table that expresses how the spatial correlation of
identical color changes with distance, Color
difference correlogram is graph or table that
expresses the spatial correlation of color difference
of any pixels with distance. Experimental results
suggest that this method can retrieve images which
different views of the same scene, large changes in
appearance. The performance of the proposed
scheme is also compared with various methods.

1. INTRODUCTION

At present, image databases are becoming
larger and more widespread. There is a need for
efficient and effective image refrieval systems.
There are two steps that are common used in most
image database information retrieval systems as
followings: indexing and searching. In indexing
process, each image in a database, a feature vector
capturing certain essential properties of the image
is computed and stored in a feature-base. Then, in
searching process, given a query image, its feature
vector is computed, compared to the feature vectors
in the feature-base, and images most similar to the
query image are returned to the user.

In a content-based image retrieval system,
color [2](3], the most recognizable element among
image contents, is usually used for various image
database applications. Color histogram, however,
does not provide enough spatial information such
that different images may have similar color
histogram. To handle the weakness of color
histograms several new features that strive to
integrate both color and spatial information have
been proposed [1][10-13]. This paper proposes a
novel scheme AC/CDC (Autocorrelogram and
Color Different Correlogram) that makes use of
both color and spatial information. The
effectiveness of the proposed scheme is tested and
compared with both color histogram and color
correlogram method.

Wichian Premchaiswadi
Faculty of Information Technology,

King Mongkut’s Institute of Technology
Ladkrabang, Bangkok, 10520, Thailand
Phone: +662 737-2551-4 (401) Fax:+662 326-9074
Email : wichian@it.kmitl.ac.th

2. THE PROPOSED SCHEME
The proposed scheme consists of three mains
steps as follows:
1) Color Filtering
2) Autocorrelogram and
3)  Color different correlogram.

2.1 Color Filtering

The process is used for quantization of the
RGB colorspace into 64 colors to reduce the
complexity and calculation time.

2.2 Autocorrelogram

A color correlogram expresses how the spatial
correlation of color changes with distance [1].
Informally, a color correlogram of an image is a
table indexed by color pairs, where the k-th entry
for <ij> specifies the probability of finding a pixel
of color j at a distance k from a pixel of color i in
the image and defined by the formula shown in
Eq. | and Eq. 2. Such an image feature turn out to
be robust in tolerating large changes in appearance
of the same scene causes by changes in shape, etc.

Let / be an n x n image. The colors in / are
quantized into m colors ey, ..., ¢a. H,, (I) is number
of pixels. of color ¢; in /.

For a pixel p = (x,y) € 1, let C(p) denote its
color, Lets I. = {p | C(p) = ¢} The distance between
2 pixels, i.e., for pixels p;, = (x;, ¥). p2 = (%2 y2),
defined {p; — p; | = max{|x; - x;|, s - y2 1}, let [n]
denote the set {1, 2, ..., n}.

Let a distance d € [n] be fixed a priori.
ij € [m],and k € [d].

75:2)(1)"‘ 1, A [PZEI | o, - P2 I=K] (D)
ré, ()

(k) ’-'uf; )
A ey H,. x8k

The autocorrelogram  captures  spatial
correlation between identical colors only [1] and
defined by Eq. 3. Autocorrelogram is a subset of
the color correlogram.

a®()zyQ D 3)
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Consider the RGB colorspace with color
quantization into 64 colors. Thus, color difference
values is set {0, 1, ..., 63}.The distance set d = { 1.
3,5,7,9, 11, 13, 15, 17, 19}.Query set consists of
100 queries, each with a unique correct answer.

Hist : 153 Auto:20 CDC:4 AC/CDC: 1

Hist: 54 Auto:5 CDC:11 AC/CDC:2

Hist: 55 Auto:8 CDC:5 AC/CDC:2

Fig. 5.1 Sample queries and answers.

]

Table 5.1. Performances of various methods
[ Method Hist | Auto | €DC [AC/CDC
r-measure ! 3536 ; 432 | 3899 | 227
; | i !
{ Avg. r-measure | 48 ' RS- 3

;
pi-mecasure | 42.76 | 61.02 | 36.73 | 72.83

‘7\_;;_1 pl-mcusurez 043 | 06l | 0.37 4 7 W
P ' ! l
L L

Table 3.1 shows the results of the experiments.
The performance of the proposed scheme is also
compared with other methods. color histogram.
autocorrelograim and color difference correlogram.

Fig. 5.1 shows sample of some queries.
answers  and ranking of color histogram,
autocorrelogram. color difference correlogram and
AC/CDC methods It can be seen that the AC/CDC
schewe performs better performance than the other
compared - schemes and could retrieve images
which different views of the same scene, large
changes in appearance.

5. CONCLUSIONS
From the experimental results. it could be
concluded thar the vse of autocorrelogram and
color difference  correlogram for indexing and
image comparison that used both color and spatial
information could improve the performance of the
image retrieval system
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2.3. Color Difference Correlogram

Color difference correlogram (CDC) is the
scheme that is modified from the texture
description technique [4-8]. Color difference
correlogram of an image is graph or table that
indexed by color difference value, where the k-th
entry for Diff; specifies the probability of finding
color difference value Diff; of pixels at distance k
from any pixels in image. The color difference
value between two pixels having distance equal to
k is defined by Eq. 4.

Diff; = | C(p1) - C(p2) | )
where |p—py| =k

The color difference correlogram is calculated
by the formula in Eq. 5.

Calfjr (1) = Pr_[1C(p,) - C(pa) Il || py = Py 1< K]

e oy Bam (D) 5
Cfam (1) = nyxn, x8k ®

Where B, (/) is the number of pixels having
distance of the center equal to k and having color
difference equal to Diff;

Example Consider the two sample images are
shown in fig. 2.1. The two images have exactly the
same histogram. The color difference correlogram
corresponding to these two images are shown in
fig. 2.2. Color difference value of these two
images is Diffy and Diffy,.

Fig. 2.1 Sample images : image 1 and image 2.

Color difference correlogram
1 .
0.9
0.8
0.7
06
05
0.4
0.3
0.2
0.1
0

—— image |: Diffy

= image 1: Diffy

-=3-. image 2: Diff,

... x- . .image 2: Diffy

! 23 &8 8 7 8810
distance

Fig. 2.2 Color difference correlogram of two
sample images
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3. DISTANCE MEASURES

This paper use d, distance measure for
comparing histogram, autocorrelogram, color
difference correlogram and AC/CDC because it is
“relative” measure of distance.

d, distance measure for histogram,
autocorrelogram, color difference correlogram and
AC/CDC is defined by Eq. 6 - 9.

dy(h) =1 1-TI'|paq,
| b, (@) - he,(T) |

2 - (6)
ie [m] 1+ hc'(l) # hc,(f)

dl(y)=l1_‘[‘ ly‘dl

- lhcf(j) i hc,('r') I (7)
“dde fmik e f 1+ he (D) + he (T)

dl(m‘:): |I-I‘[mal (8)
1 . | COCh (1) - COCH (1) |
 diffye (dif) k< (@] 1+ CDChgr (1) + COC o (1)

a,(v,€0C) = dy(y) + 0, (CDC) ®

4. PERFORMANCE MEASURES
The performance measures use the parameters
the same as described in [1] as follows.

1) r-measure is the sums up of the rank of correct
answer of all queries and average r-measure is
the r-measure divided by the number of
queries q as shown in the formula below.

r— measure =y, rank(Q,) (10)

I - measure

Avg r - measure = (11)

2) py-measure is the sum of the precision at the
recall equal to land the average pl-measure is
the pl-measure divided by q as shown below.

p, — measure = SR 4N (12)

1 7ank(Q))

Apg pl - measure = Leasure_ (13)

5. EXPERIMENT AND RESULTS
The proposed scheme is implemented by using
Visual Basic version 6.0 and Microsoft Access
Database. The image database consists of 10,972
images in various formats such as JPEG, BMP and
GIF and various sizes. The database is considered
as a heterogeneous image database
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