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Presently the demand of multimedia information such as digital images rapidly
increases. Thus, image retrieval plays a vital role in several applications.  Typically the basic
representation of images is by using text, such as file name or image caption, which may not
necessarily represent the specific feature of that image.  In this regard, there is a development
of image retrieval techniques by representing specific low level image features such as color,
texture, and shape. Nevertheless, each feature offers the best performance in retrieving only
some image categories. Using only a single image feature for retrieval may lack sufficiently
discriminatory information to distinguish among different image categories. Thus it results in the
inability to retrieve the correct image according to the needs of the users.  In this thesis, we
have investigated and analyzed the performance of color histogram, autocorrelogram, edge
histogram, and wavelet based texture methods. We then propose a feature integration of the
autocorrelogram and wavelet based texture to improve the performance of the image retrieval
technique evaluated by ANMRR (Average Normalized Modified Retrieval Rank). Experimental
results suggest that the proposed integration technique offers much better performance in term
of retrieval accuracy than using ‘each feature separately.  The proposed technique will be

considered as a necessary step toward the development of image retrieval system.
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NINAIUANG 7 289319 eenld

o

- YiesaypnINAaNa (digital image library)

Wl

[

1.2 MUIFENLN LTS

WwAtlANTAUAUATWALER NNz AT Han 1 Tuawiddadoulug) [2], (4] ,[8]
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1.2.2 gzuuU WebSEEk

)
Y =

s¥UL WebSEEK [3], [16] wluszuudadae funuuilasuniswmuniuing
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= e A A =~ = D | | = =
N IUNIANUANALYTRNUNITANFNN 7] 81AHANANNNALIRE ALBENIININEHUTRAINT

Foan1sANWeaNNIATeIRNW Wi ANAYINAZIREATEININ AD AUIURANINFIBTY

A =

(pixel per inch (ppi) ¥Iea1a3EN3 dot per inch (dpi)) T4RABANUINIANINILAIINNAN

] v
o KX A o o

1 1 u?@%ﬂuwmﬂmmmmwmwmum (N34 x 817) BB 1 AN



2.2 TASAS19UDITE UL ABAUNTNAILR N HULLANISTDINTW

aa o

sruuAUAUN WA adaulnndsznausae 3 NITUIUNNIVAN °] 6un
- NTMENANBIUSLRNIZUAININ (image feature extraction)
- n3aF1eATTlnn (image indexing)

v A . .
- NTAUAUNTN (image retrieval)

‘Em‘immﬁ”‘ﬁwmizuuﬁuﬁumwﬁ”f;ﬂﬁﬂwmzqummmwmmm

#ansaunlfianngiin 2.1

SN (1IN LADFANHEULLANNY)

p
L
nwiieglu i
. miu,an HHIUY
oy N Iy O ey |
. aNzRn N .
: r4-~ /I" ] :
= \
NTIAANNUANG
NNABLIDN
» S— —
= llﬂ i g 1 — il ol 0
\.
o o ANIS./ I 14
ArFunIAAUALLS

ﬂﬁ 2.1 ‘Em\imwmmi”uumumumwmﬂ@mzrm”quvmmmw

221  NMSUANANHUZLIRNIZTRINTN

ANBULLANZUDINN Lﬂu@mmuu ﬁ@’]&l’]?ﬂﬁ’]llgﬂ:ﬁﬂﬂﬁ ﬂmummﬁma

tszunanan I (image processing algorithm)

[ j % ] A al
@ﬂHm:ﬁL’ﬂWq::WLﬁqu%@\ﬁﬂqW [3] ﬂ?:ﬁﬂ@u@"lﬂ 3 47U AR 4 gﬂ?q\ﬁ LS
d&l =
WUHNAQ
o o A o o o A
- 4 Lﬂu@ﬂﬂm:ﬂ'ﬂwqZﬂlﬂﬂﬂqWVINUVIU'—W]@'—]ﬂﬂe_JsLU?:iUUWUﬂUﬂWW

4 S . 2 4 . .
aIANATURIN AR TR ALAULALTIURILINN AN IO AILN FILIALS
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- g fludneusiennzaesnini idetunefieginsuaranm oy
sondvauInresing e lunn Binliannsouenuezssnanedng

dld ! 1 o o 14
VINE‘IJ?’NLL@ﬂﬁ]’Nﬂu@’ﬂﬂQ’mﬂHVLﬂ

& a G| o tdl Y a = A
- WuRe  uansusenaEn et uigAMNeIl ANMNASIBEATE

(7

pHdUEanesInge U Ssnnusaznnenalszneudios
[ d‘dv n&/ a dl 1 [ a rd” a

FannEanEuiuianuansiuaen NIATIEINUENAY
diog liansnInueNIezANNUANANeIRn FRTN TN Wy N9

WEINUEIZANNUANGANTEUIIN MRaA I TelaneTluqn AudeTiia

P T Al o
AWTINAENTIUTIVTALDUEND  LTIUAY

ANBULLANIZADIN NN VNI ZAN 1N 1T AUALANW LA LN NAZUANF9TT
aanly  FatilunisAuAUNINLEAZ LI ANAIFad AN IEA N LA NI ZARININA AN AL

% 3'/ dl v o/ a‘d‘ 2 v A a a a dl
Aunndszinmiiu ) ive WnadnsilsannasfuAnwilse@nsninainige
222 NISASNATUNNW

mm%‘wﬁmﬁmw B NNTUNAIANBHULLANIZIAININ LTU E’&IﬂLLﬂ?N‘H@\‘i’z

mafnnmefanusanazaesnanuiaznnlugudeyauazdnifiull

ANBUzIRNIZIRINNWAR WAL Naaninazet ugtlaesAidusoge

¥
=K

A A7 AuatiuNenlaredusagds) o visennwesung o) &5 O deiAennmes

v
o/

ANHTULANIZURININUIY ) IPeNAASANHUZIQNIZINANY Azt T usm iAW

a

wnusaeanulEgR n AR
223 NISAUAUNIN

TURDULINUBINTZLAUNNTAUALAIN AR NITABNANERLDNN  (query

image)  AMNIUAININITAWENINADFANEULLANITIATNFELDINEBNNT  waztinld
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[ v

p o Y Iy A oA pRpm
L‘]_ld?ﬂ‘l_lLV]ﬂUﬂ‘UL"JﬂLm@?@ﬂﬂ&fm:ﬂ'ﬂwq3%@@1]’11/“111@’]“‘1]@33@ PARAUAUNINNHNAN U ANTE
ﬁUﬂqW@@UﬂqNNqﬂﬁZﬁ@ﬂﬂﬂNq I@ﬂﬂq?lﬂ_ld?ﬂ‘]_lLﬁﬂﬂﬂquLLmﬂﬁhﬂﬁ\:ﬁﬁrj’]\ﬁﬂqW 2 NN ‘V]O"]
1mﬂﬂﬂq?ﬁunM?:ﬁﬁl:ﬁVﬁ\ﬁ\:ﬁﬂdq\?L'lﬂLm@ﬁfﬁﬂj&fm:ﬂﬂwqZﬂ]@ﬂﬂqv\lﬁﬂ'&@ﬂ %ﬂﬂquLLmﬂﬁi’N

FEWINNNTNABIA LU TANN T LN ZUININLAATANHUZLANNE
2.2.4 n1942uUn1N (Querying)

AEN19AALNINMININAZTLALTUNITBONULLLDIUFATIZUL TIN9AELNN
= [ as dl ' o o ¥ [ rdl 1 [
UNNTNNTNLALINUAITNITRARUDINNLUANANNAU %miﬁimmwwmwm ANAINNU

[

aanlld  Fnetn91e998n128aUn NN T U ULAUAUNINAAYTIA AW

- MNSRALMINATEANHULLANIEALNNANNAAY  (Simple Visual

'
| o =

Feature Query) Lun13aaunN1nN199UANANHULLANITIBINNT
Faanaiflulefidus 1y Fasnisnaniidesdlssnaudung 25% 3
P31 50 % LazAmAng 25%

- MSEALANAEANHULLAWIZTUAEULLITINAY (Feature
Combination Query) glg1113nldaANHRIZIRNIZIRININKNINNGT 1
uLlunnsaeunn Taenetasiwin (weighting) WAL WAAZUUL 11
HR4nIINNNIRATA (75%) aziiufinifludiasin (25%)

- MSHAUDNAEANHUTLAWILLTIAIUUUY  (Localized  Feature

¥

Query)  tlunggeunInlnENNITE U AN UL IZIBINNFDINTS
% z’/ o 1 % 1 L% L% dl dJ
WFaNe sy AU TUNNARE L ARINIIUININTIBIAN N ATILWLEY
P < o
nndAR uazATIRNLT RAHY
- PSRALDTNAELAINAIRENS (Query By Example) {lun1saeunnu
Tnan s Wl aann AL IR LT A NHIUANIZIDIN NN FBIN3

/UNN mﬂﬁmzum:ﬁqﬁﬂﬂmzqummmwmumﬂﬂ L‘]_]?TEI‘U

'
= [ ¥

p o 1y A o oA p o
LV]ﬂUﬂUﬂWWSLuﬂ'—]u%@H@ PANRAUAUNTINNHAN DU LRNICARXNTIENLNTN
@@UﬂqﬂﬂqﬂﬁQQQQﬂNq

- ﬂq?ﬂﬂuﬂ'\uﬁQﬂﬁﬂHmzlﬂqumﬂﬂ"ﬁﬁQﬂq'Elalun"]w (ObjeCt VS

Image)  \{un1saeUn N IneN1IIEYANHULANIZUAT AN T9IRE)
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Pegniglunn iy FleenImnIndNsnAuAIagATINANTRININW

vl

a o

o o X 2 o o , =<
’&"1‘V]TLNWUQQHUL@@ﬂSLSﬂQﬁﬂW?@ﬂUQWNﬂﬁ]ﬂﬂqwmqrﬂﬂq\‘i RINEN

[

ARMEANG]
dl 4 [ ¥ 14 Ql é{ dl Qdd‘ 1 ¥ '

Walianisnsesiunisldaedldldnanuaauntean  eswiniduisnAeudiedie
wazazaanlunisldann  Teandldlisdudediaonufinaaiussuuridednsnsianizaed

ANLBgNg e

2.3 ANHUSLANIZTADINTN

o o dJ a ] a a v A
ansouzianicaesnan - lnilaqeuiandsiansenusialse@ansnanuesssuuAuAL

NN Lﬁ@ﬂ@’mﬂ’]?La‘ﬂﬂiﬁﬁﬁﬂ‘]ﬂm&@qumﬂﬂﬂ’]w% mmmm?wﬁ*um@ﬁuﬁumw WAAZNIN

LI
a a o o 1

TufluaWmanAuatinaga N3 MINAeN [FANHOLELANIEIRININA LU HNZaNANAN

o

Wnan19AuALAWAF AN IR ANANA L6

o o ol v al
ANHULLANZURININ L UTZALIFN (low-level features) tsznaumisl q, sisauay

a4

dgl a = = o dqj
WUl laadsaslae el

231 4

o o

nsld@lunislszunananmianveuianiaduddty 2 dsznis Ae
dsznisuan  esannddludnenisianizildlunisussenaglivizednenizaes@esing )
¥ 1 IS a a =X o 2 [ 2 al é{
THateilsz@ninan -~ [einlanasmsryuazuandngoanannannliinetieau uay
dsznisiaes  esannuyediANaN s lunsuenue z AN LANsNaeess AUA LT
aeiN9B lWazALIMEY ARtinal MIsuenUezATHIENANS AN WAIRR 24 Tse
qANW (bits/pixel) TIUAAZAANIN (pixel) ANMNTOUAAIATNINTY 16.7 A uAlnelszunn
LATNINIZALIMNTUNA 8 TAFRaANIN  TIUAAZAANTNAINIIDUAAIR LALNES 256 Avintiu

o %’/ o dl é’ﬁ [ dld o o 1 QI o o a ' &
E’N‘LAL&ﬂ@@HVI’&@QH@QL‘flLL‘lj@@EIVINﬁ'}’m@’]ﬁﬂalﬂ?_l’]ﬂﬁlﬂ@’]ﬁ?ﬂﬂq?ﬁLﬁ?’]:ﬁﬁﬂ’]WIﬂﬂNl{i&l’ﬂ
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2.3.1.1 wUUAIaa9d (color model)

o al A aa a dgf a
ILULANa89d (color model) m‘ﬂﬂ?{}mﬁ (color space) anfignuaulng s

a

[

s dl % a a o o al A a o
npUszasdinelilunisdeBanasiduninagnunesiy  wwudnaedd  Ae  sTuLRAR
(coordinate system) wazifinities (subspace) Malusruvtiuwdgninuuedu  lnausas
Aazgnunudneqn- ik i) Rauu

flaqiiuuuuanassdgniaanldnniuetaunsuany ieludouaesanfauag
= 6 1 1 a o=l dl a e = rdl dl % o o
visagUnsnlsng < 11U AeNeillnedd uaziATesind sannsulssynsitanedeaiunnadn
° a = . . 1 % ) =l o [ o dl
A1LULUNINTA (color manipulation) b msmwmwmwxlﬂzfmmmmwmmwLﬂ@@uiuq

(animation) Lilus

a o

uuuaaeane N lETunInAana lAun LUUA1aedd RGB, LULANARNA
HSI LAZLULAY889% YUV 18 IL1UR99893 A9naN9as i A0t it a N A LN WA AN Fai
aanld

)}

o

1) WUUANARIE RGB  lussuuiiaannnInanLgsdnan 3 @ Aa &

£ ¥
=2 a

uAa (Red), ALTen (Green) WAZAWINY (Blue) Wsnaiu v lvhnaflugsng 71U Beilen

b

%3

sl lunnstszunananindaa wazanfaueivseginaniuanduasine o 1 aenetimef

o Al

& wazndewmiaid lusu Wesainginsalinariiazinasnoeulaelduuusiaesd RGB

]

aAD AAUFATAALUNTNABUARINAATiAAINNNsENTlszq ANl AAN I dauasia 3

o 1 ¥ v

AINATIITNFI NI NAN UL

30

2) wuuanaadd HSl O Wiuutusiaasdiianulndpeeiuszuunng

= 4 1

NewwiuATeIAnanNYEe  aaieAsznauutieanidu 3 deu Tun Hue, Saturation uaz

1
= 2 ¥ G

Intensity | IntiAn Hue' Ao Aduiaziausaninandnquacdndaramuned  douen

a qQ

Saturation AB AYNARAYTAAINLTGNDUENE 98z LaNINARAIuYRUNNHANe |WANAN
4 1 . A [ 1 a o %’/ o dé’i

(Hue)  uazgavineAl Intensity A8 SEAUAMNATNIENA  AINLLLLANABIRLALMNNE

duniunisimumalansdszitanan waana luaulssynAuneeEne 1l AsRARIN

371 (object tracking)  warnI9LlsrNANNUMNARTIAY (video conferencing) tB4and

nsuenedAlsznauLedAINadIuarAdeananiu  [10]  nliannsnnsanumg

wasunlasrasusazasdlsznanlfasinailudassraiu
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3) wuuaaasd YUV  luuinsnass@ignivmunauietinunldlu
sruuingiFdiluy PAL (Phase Alternation Line) uaz SECAM (Sequential Color And
Memory ) IPeN1TUeN9ALI2NaUABIAINNATNY (Y) wATeIAUITNaLNIGE (U laz V) aan

annAuetnaiuaasy

Tudnentinusiipenlduuudnaesd RGB lunistszanananin 1iesain
nwAaralaeiall1duuudnaesd RGB @sdmiunmdauin 24 daseannin  usas
LU A8 WA, LTINWATTEY AxlssALANA LA 256 szAL (Faus 0 D9 255) TaeAnRues
WEIATAANIWIAAAINNNIIaNNLLeNTaY AT 3 Uaika  MnldaNsouansdléinnde 16.7
awd (2 Aniulunisihnandadszusanaasaiusiasinnisaneulnda e lulsunn
o o o . L . 5 .
Mwnnzan  neunaziinanilszananasell  etiieanauduteauuazinanlunisin

o A
ATUNIN

- > N oW o o A =

Adluansnuzienizansn Aununddn lussuuAuAaunin . 1Eesann
AN URNIZN IPALAULA LT LRI NRAIN AR IFRANNNITNAIAN  ANHOUZLANIEZNIY
AN mnaznan e ludnefinusilsenausoe Falmnunsuaasd, Color set, CCVs (Color

Coherence Vectors), A3 ALNINIR9ALAZARIAADTTIALNTH

2312 FAXLALNTNURIA

o

a a A A o P DA ]
EI’&I[E] LNTHABNA Lﬂuﬂﬁ?W‘V\l LLAAN ﬁfJﬂNﬂMim’]uQuQmﬂ’]WVIimu ANALLAIATAN
a0 >

TREUNUWEWUNUITALRAIANY )~ dUUNUATNUSINIUAANINATTALAATY 7] @9

Ransaunldannnansiaetindlugii 2.2

AWFunn RGB auwin 24 Tpsaqanin’ | uwbaTlauiLa’ A ua, \1e0
WATHIEY  AzfAIAYINATN9 8 TR Wea 256 92U InalAAILE 0 — 255 AQTIUqANINLG

AZANAIANNTOUANIR LFNNTY 16.7 AUE
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a

N 2.2 Falaunsnaesdresnindaedis (n) nmdneene (1) Balawnsnaesdung

(P) Falalnsnae9diden () F4lnunsNaa9dtnRy

TunsAtuAndalaunsueesd  nmusiaznmazgnatenindanielunin

1
A

WaaARA (dimension) 1B9IALEAT  WAYAAANNTUTILNTAIWIDIANEE IR WNTNUD

o a

wiayd  leennsutiingu@eaniddu m 698 (bin) - Gedeulunidn’ld 64 vise 256 H9d  ne

a o

AT sllAaNN12AR T ARANIEW 64 094 LHANAINNITULINLEZANNNLANANNTAY

a A |

srAuANATasAnE I NNEETiuiAINAzRA NN Aoetady  AuassvAuANg
(R,G,B) Winfiu (255,0,0) 11U (255,40,40) @nemuyseiaziiiinilugduasimiouiuisass

Anlae AN N UL AT AN AN T NN 4R TS [10]

AUALE MW 1 JIWA nx n, RANIN UAz He () Ny [749U3A0N

i

v
[ o

A € 1eenn [ esduazananTnAIuIiEalaunInaesd i aeannten (2.1)

n,xn,

Ine?l h, (1) Pe Balnunsueedd C 1890 |

A o = o o=l
m AR ’QWu%u&ﬂ’]H1UﬂWWM@QﬂW?ﬂQﬂu1W5ﬁ@
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n, A AINNINNTBININ

n, AB AMNEITBININ

NNIUNTAEIAT N, X N, YFDITUIURANINIANANIY TUNNAINANNIT (2.1)
%'/ A o & dl o YA a o dl 4 o a
WuldnglszasAiinerinlvidgalnunsnves@iduusming u uazineliausmindalnunsy

- =< = Ve ~ o Yy
BIRVAININTIR VLA BIATN AN AN FUN L TaURsuAw LS
patiuazlfnmesunudalninIneeaduednin I fagunisi (2.2)

H) =" (hg, hg e, ) (2.2)

a al (= [ al aa v A

galaunsuuesd duansuzlenienvarasn wintau i lussLuAuAUAIN
! 1 dl o P2 3 1o Y 1Y a as
musl‘wty LummﬂmmmmmmimmmmmmLfm mzmumﬂmm@u LWAUDLAEIURNIT

X aa p Iy A o = . o
Un ﬁ@qgﬂLﬂqum@H@ Lﬂf_l')ﬂlm’]?ﬂ?Zﬁqqﬂm@\'jmﬂ’]ﬂiuﬂqw LN

2.3.1.3 Color set

Color set [12] P fsns g MAe288alnuNTNTedA  Tetlsznausaasnd
o = = A = A a2 , !
\usiaas 2 A1 Aa 0 v3e 1 TaediAn 1 azuansienisdiaguesdiuniglunm doud 0

=2 1= 1 = %’/
AzuaAnDanIg lidegaesdniunasunan

uuald (/) A LNEaTlnu color set 189NN / AIANNIIN (2.3) uay
CS, R® color set 2048 C @vAudnuliainannisi (24)  TaeAdnFuaey
i

(threshold) N1 laNUA48 [12] Aanslfanngaunie (2.5)

i 0 , otherwise
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C; = 2 (2-5)
i
Ci
Toeid Aa ANTAENIREUIYE C,

i

oNn O

A Arpuulslsuaesd ¢ malunwasldainnisgusinatig

i

A o = [ o=l
m AR @qu%u@ﬂﬁHiuﬂ’]WM@ﬂﬂ’]iﬂ’l‘ﬂuiVl‘ﬁ’&

ANRENN9UDY color set UBININ /1 W () =(10010100) WAAIIN

~

PP

MelunIn Usenausig@anuan 3 8@ AR AN 1,4 UAY 6 ANANUIURTIUNA 8

=)

! =
AUA

V8

& A P ~ a = 2 aa A | A
LM@@@ZG@QﬂNN@gIﬂAﬂ’]W Lu@\‘iqqﬂﬁ’ﬁimLLﬂ?NT@ﬂ@M?@qququ@i@ﬂ'—]WTﬂQ’&VILM@@LL@@:?’&N

.o A A S o o 4%
ﬁ"]m"]ﬂ"mﬂ"mﬂL?NLﬂ@ﬂuV]ﬂqﬁuﬂllqmﬂﬂﬁuu

%@a%@\‘] color set ﬁ‘ﬂ ﬁQﬂ@mmﬁmjv‘iﬁﬂuslumiﬁﬂuqmi:iﬂL’VI’N?ZWJ'N
Y o ~ o Ny A A A Iy
INLAATANTTUSLLANIZUBANNIN 2 ﬂ']WV]u’]N’TLIEHULV]HUﬂu WENURLAY AR NL@LW']?J?]@N”@

! v
Lﬁﬁl'ﬂﬁ‘l_lﬂ’]?ﬂ?:ﬂ’]ﬂ‘ﬂ@ﬂaﬂ’]ﬂiuﬂ’]w Winviu

2.3.1.4 CCVs (Color Coherence Vectors)

CCVs_fAn.dalaunsuaes@nainisdiuilss (augmented color histogram)
Tnanaiuinludouaesdoyal@anui (spatial information) 19180 1ANN13289 CCVs [8]

Aa nsutvaaninnieluniweandy 2 ngu Ae AN wEeNFATY (coherent pixel)

a o

cin o o : _ B
wazANI Wi @enAniu (incoherent pixel)  Tnaqnnnla - aziluannmiideniaiuf

sialeasdlsznauni@asfniu (connected component) IB4ANNNIUNANNINNANANAIT
nuualdams () Seluenuids [15] nvualidanTaolszanauany 1% 1ea1uau
qanwisnNan e - dawqanawimdenaziuianninldidenfioni- nsutiangs

1099 AN MURTRNUszasAinen danqannd Wi duesdsyneudiAryaasniniiely

q

WA IFutanguesqanWARITNHIA AN BATAWN INT B4R

cCvs wanwla 7 Ae Balnunsntesdresqannlunguanniniides

v
a o o

FANWIRINIWTY  Auuald  H R ABATUUIA m TF UNU CCVs ARINTN G

cev ()
At lFaInNauniIn (2.6)
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e m Aa a1uudniglunInuasannnisataninga

A o . dl dl a o a
AD AanuINaanIWANe luedAlsenaufitenfaiesE |
h. Ao 8alAWNTNY09R |

i=h Ty

NANTUINITAIUINL CCVs Aaannldannsnatinesialdil  Taaniuualian

1 o a6 v IS PG| | [ o=l
Wny 4 NN LL@S@NH@ELMI‘I’]‘W / llﬂ’msluLLm@UﬂﬁﬂWWM@QﬂW?ﬂQﬂuiﬂsﬁ@ﬂﬂﬂLﬂu 3

o o

al
[ANGRZN

=De

2 PR T2 NONN, TR, 1
2853 (28 RN TN T
P N3 28 L, W
2" 2 1R 1N 2
i Leptlh 2 2
2702 )\ 2/, 2 2

v I |
dupanpont Aa  NIsMIesAlssneuiTenmAniuIesgAn W Asuandly

A19199 2.1 Taainnsnvuadyanend (AB.C,...) WiuusazesAlsznauiiianfanii sl

BPC C B B A A
B.F B .C B A A
B-FC D B A A
B C B B A A E
B C B A A E E
B B B A A E E



19

o~ - S s o
FAN919N 2.1 ‘ﬂﬂﬂﬂ?:ﬁﬂ@U‘V]L‘ﬂ‘ﬂNm&ﬂﬂu‘ﬂ‘N’iﬂﬂ’]WiMﬂ’]W /

{ruan1nl A B C D E F
094 1 2 1 3 2 3
AUIA (A UIUIAANIN
dd A e 12 16 6 1 5 2
NTFANAANY)

AMNANTNN 2.1 azlfdnasdilsznen A, B, C uay E  HUUIAYIARIUIL

o g !

QAN WAEBNAAAUNINNGY - GellAwinil 4 apnan  deussdisenay D uaz F Hauwin

Waandn petiuannaniiadluesdlszneu A, B, C uax E azgninvualiiiuganing

1
a o

denmniu  luwsniznqaniniet luesdilszney D uay F axgninvualiiduganinild

)

a o

ITANFANY
-dl 1 1 o al
ANTNT 2.2 AT UAY  URILAAYTA
09| 1 2 3
18 21 0
0 0 8!
| 1 o al o dl dJ v I3
AN LAY - UBNUARZONALAANAIRANTINN 2.2 deazlsanmas CCVs 184
o/ g
ROV EEAD
damuad CCVs taFaunauiudalnunsuaadd e dulszansninlunisg
o ! = = o o PRIy - o o e
AUALANNNINNT iasanninisnndnqanind W lfiluesdsenaudrdnyaesnniel

upazlfinanlunslszanananinnindalnunsnaesid
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2315 MAASSIALNTNUDIA

= = dJ a A A -dl % v A
ARSTIALNTNAANA Teilauing [7] AD N2 NUTDANTNNUAAIANANNUSLT

X 4 A P e | | - o = ' a aa
WUV]T@Q@’&V]LLmﬂmqﬂﬂUﬂU?zﬂgﬁqﬂigﬁqqﬂﬂ@uu GIN'Q?JLLmﬂmqﬂ@qﬂﬂﬂimuﬂ?ﬂm@ﬂ@m

a

ansnedunglflanisdeyainaaiuninszaavesdnialunnmini

ANBUTLAUADIADSILALNSNUDIE [7] An

1. @WI083LNLANANRUSEINLY (spatial correlation)  33WIN9ARMNN 7
= = . : =T
maluna Gadasuidadhdaauszazvineseidnaanninaegdtiu o
=2 o =2 14
sandnasNszaafatesdni e lunwls
2. nagAuralede
3. TWIRTBINLABFANHOZIRNE ABLEWNIAN
4. arunsnldlunasAupunwdniussuugudeyantiaun gy feted
se@nanIn
1 d‘ o/ ! o/ dJ
5. numusenaasuilavaesdanenizuazglieesdngnialunn -
NnannislaguidasiimmdaiazAirmnneliunnsues (viewing position)
= o Y oy |
PINDINARNIITHAINNERY (camera zoom) UATNIWANA, AINATNS

warANlFaus1dasuilasllannipiy

py (c) AN/

=)o

91I7 2.3 AUANFUSITINUNTZNI9ANIN p, WAz b,

D

= a 1 a [ 1
ARSTIALNTNIANATLWINNE C nu CJ. NN /- NISUSUNIENINIANTN

1
o

> a & ! | A Ao A : | e
ANYNANALNINU kK AR ﬁ"]ﬂ'}’]ﬂuqquﬂuquWU‘ﬂﬁﬂqWVIN@ Cj NILUCUNNINL kK 270

AN WANA C,  Asuanelugi 2.3
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o % = o @
NNSANUIUARSTILAUNTNYRIR NUUA I

I A8 DINA WA N, X N, AANTN
A dla o
p(x, y) AR IANINWNNAA (X, )
A o al o o=l = al
m A8 anuaRdnelunn uasannisaterindd Inelanaesdidle
{C,,...C}
A Al
I(p) AR ANRIRIAONN P = (X, y) € |

/ {p| (p)=c} PNUW p € |, azdNyaiL p € /,/(p) = ¢

C

[n] A8 WAL8d {1,2,....n}, d € [n]

A
p, AR AANMNNNE C,

q

& =<

p, A8 AANNTIBL NN /

q

/ & Aoy
Cj AR Lsﬁmm@gmﬂﬂwmmm Cj ARAININ /

satiuazlppe flaunsnaes@ueanin | &ML i, j € [ml waz k € [d] #a

annsh (2.7)
K)oy _
’YC/'C/ (/)=Pr[p2 EICj Hp1_p2 |_k:| (2.7)
Tneif y(c@c. (/) Aa nmasunuAefIlalnInaasdaasnn /
[

k PR s28Ei1aszndneqanIn 2 anTnla

AMiUITEzvnesesndnannm 2 aanmla 7 (k) Ausnsldain L -norm

daaualag [7] lnanvualiiannin p,= (x,, y,) 4azp, = (x, y,) azldanszazinesenang

—_

I ar

ANAAZNNITN (2.8)

pad)}

3
AANTNAIA D

| oy — Py [Emax{|x; —x, LIy, =y, I} (2.8)

TINITATUIDLAREATL (38N97 chessboard distance [6] Imeifisveiy k

Wiy 1 Anduqaninle o azisIwanganIwIaL 7 AANNEYNAL 8 9ann Al



22

sver ko A wiuaaniwle o azfisauanqaninsey o winAu 8k qanin  Asiansaunla

A1ngL7 2.4 uazgiin 2.5

11112113 (14 (15|16 | 17|18

21122 (23|24 |25]|26 (27|28

31132 (33|34 |35|36|37]|38

41 (42 |43 |44 |45 |46 |47 |48

51152 |53 |54 |556]|56]|57]|58

61|62 |63|64]|65|66| 67|68

A\ 2737475 |76 |77 |78

81 (8283|184 |85 |86 |87 |88

o 1

91N 2.4 FR@E19NIINANIRANINATEEIL Kk 1N 1

I g2 | T [ 4le 1.6 (1,7 1.8

21|22 |23 |24 ‘2,5 26 |27 |28

S. 18 3,2, &5 3.4 3@ 36 (37| 38

44 | 42 | 43 | 44 §45 | 46 |47 | 48

B #5727 1#75.3 | 54 j5’5[ 56 | 57 | 58

616263 |64]|65)|66|67]|68

A r2 (73|74 \75|76 |77 (78

81182(83 |84 (85|86 87|88

o 1

71l 2.5 FR@ENINIINANIINAANINNTZEE Kk 1L 2

ABAANINITTET Kk 38L ] AANTNENEN

a o

Angn 2.4 agldnanuanqanInisses k Wiy 1 saLqanImann (2,2

~

HAUWAL 8 9ANIN wazaInglil 2.5 Aausuganniissa k Windu 2 9euqanIng
Win (3,3) Hawauwwindu 16 qanw TeglunisAuanasliaulagpnninieguanvile

N faeenadu luglin 2.4 Airesilaunsneeddssndnediniuadn (refslaunsy

%

LA A o A o = a [y
?Zﬁ‘Vi'J’N'&L@ﬂﬁ)ﬂuu?ﬂﬂﬂimﬂ@?ﬂ:@LLﬂ?N‘mQ@:ﬁ@ﬁU’]ﬂiuu'ﬂl@

o

alil) sasqanwAnin (1,1) 7

4
v8T K WINAL 1 Azwiniy 2/8 uazdnFuqan Wanin (1,2) ariAwindy 4/8 1l
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23.1.6 aalAARsSIALNSH

aalnpafilawnsy Wukimtias (subset) 109AasTlaunnaesd  Insealn
= Ls' = ! . Ls' PRPE o .
AOSTIALNTNIDINW | Nszer k AD AANUNATuaT NN WARA R TWNs 1Ng
FENINRANNHNAL k- FeAruanilFainauniei (2.9)

(k) _i)
YCi C; (1) =Prlp, e/C, oy —p, 5 K] (2.9)

° k " o o
Taannvua i yé‘)c‘ (1) Aa nmefunuaalnmafilalnsnaasnIw / §miy
>l

i €[m] WAL k € [d] AaNN13% (2.10)

(1) (2) (k)
’Yc1,c1 ’Yc1,c1 YC1,C1
() (2) (k)
T C e C Y C
20 42 222 272 (210)

Yo s =

o = o~ A~ e P = " p
T@mﬂlﬂ\iﬂﬂim@‘ﬂﬁﬁiﬂLLﬂ?QJLN@LVIH‘UﬂUﬂ@?j‘I@LLﬂ?Nm@Q@ AR HUUIAUBN

AAALANNIN wazANduFaulunfsA untaand N la u1snAuslfatinesmiia

dJ o Y o = o a
BIANTLER11WNITANMIUAD IR ARFT A LN THUBININAL LI TANNANWIUAN 8 AN LAY

LIMTBNITETYNITNINAANIN 2 980N A 7 (K)

o o P A o a - a 1y

T@@T@ﬁﬂﬂimﬂﬂ??I@LLﬂ?NLN@LVIﬂUﬂUﬂ@I@LLﬂ?NT@Q’& ‘W@’ﬁ?mﬂm’mﬂ’]‘w
o 7 s PR T o LA °

ﬂVN’N'ﬂ\Tﬂ’]WNﬂ@I@LLﬂ?NT@\?@VILﬁll@ur]u nAN9IAR AM1UIU

N 2 gl 2.6
o Y Ao A e v O =y
MgasnntuAauuriniy - Aeulunsaitiasliansnem

o

png

P g a8 a
Qﬂﬂ’]WVIN@LLNLL@mu’] NUABN
1 1 dgl v al
WEINLEIZAIMNLLANFINTEUINWNAIN 2 ﬂﬂwuimMHﬂ’]ﬂﬁmmIm LNTNUARNA
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(n) (1)

71N 2.6 N wsinatanRBalauNINeIRIMNeaUAU (N) NWA 1 (image 1)

(1) AR 2 (image 2)

image1, background
image2, background
image1, foreground
image2, foreground

0.8

+ oo

06}

04} oy

autocorrelogram
G =

021"y . n\

ii]

ol

[a]un)

917 2.7 palneefslaunsuaasningoatinglugili 2.6

a4

al

angli 2.7 azdunadivdnriealnrefilaunsnaesusaz@nszas kA

v
o o KX o

ZlaN! ] T@ﬂﬁﬂ@@ﬂﬂWWﬁﬁ’]ﬁLLﬁmﬁi’Nﬁu AR IHAINN IO L N U Z AN LANANNTZUING

Y o
ANIIAIN N

dl = a o/ v A d” dl 1 |dd‘
Lu@ﬂ@qﬂﬂﬂimﬂﬂﬁﬁiﬂuﬂ?ﬂ 'N'—]Nq?ﬂ@ﬁuqﬂ'&V'&NWUﬁL‘ﬂ\?WUVI?ZMﬁmQ@@VI
~ o o o o o o e ' A
LMNQUﬂUﬂqHSLUﬂqulm Vmiﬁ@rﬂimﬂ'ﬂ?ﬁi@LLﬂ?NNﬁfJ’]N‘V]u‘V]qum@ﬂq?Lﬂ@ﬂULLﬂ@\ﬁJﬂ\?ﬂ’]W
| el o o = ¥ o a Y A 9 = ' A o o '
HINNTITIEAU m\iuuqqz‘mﬂ'—]?ﬂ'&?qﬂﬂﬂ]uLL@:ﬁﬂuﬂumﬂH@ﬂqW Gﬁﬂﬂqiu@ﬂqumLmﬂQﬂULmeq\i

NuNed aulUDananndnnsguanndes, - NNANEA, AvNaduazAMFILANg Ae

utlaqldlfasinailse@nsnn

2.3.2 31514 (Shape)

susailudnusienizassninanilssnmmtentaslddwiunnsadesmil

muuazAuAunn  guse Tuitiunnatagddseesingaialuniw (111 Taanisnguss
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v
o Y

1099n0HuARIR1ANNTUsTINaNARe UM (preprocessing) WTasanges (filter) Tunnsun

q

. A 4 . X ¥ g
reuresingnaulanialunin mnimeanmzendngnie lunmiduduneunialunssuau

NITUENA9UNIN (image segmentation)  fleyyndndny 2 dsznisdmiuniamsaniguing

[

o A dl a o . . . dj
1DNIAE) AD mmqmqgﬂﬂmm (occlusion) wazHNansznuUaNL&s (lighting effect) avay

¥

denaliiiaanuianainlunisnmangliaesinglé

Mn1eLdhg Ae NENIBNANNNTNNNEe ] TuLWALLLNIRTENI N Riun
aasdiuresingnelunn feazaaeedineivglinuardne e sanivaune9ing
melunn  1euresingiaadssanisiasuilas - aewlisetianizanuliadiane

(discontinuity)  1895¥AUANNENAURININIZALNN (grayscale image) Aatiulinng

o =2

AIIRUUBLIUA mqmv‘hié’imﬂmﬁﬂﬁ%ﬁ’mﬁum@wﬁuﬁ (derivative operator) e

v oA o

auusaasieiduinednsanialaguulasaesiarfin  duiuiBunaeuwesingandy

' !
A o

a =l o a 1 a dJ a o a
HaunNdnm Nl aguLdasa9ssAUEINA (gray levels) 400 AYUUTLIDUTNNTEALALN

° & Ao = o % D) : P
auNdNanazNanI NIl sl 89TEALUANNITNAINIUAY I‘I’]WI@EI@QHSLWE‘I&I@ZNﬂ’]?

dl [ v 1 ' dl dl [ o a a 14
asullaeesseiuANlTNdatiNsaLilas TNANNRLINNUNTNYANAR ﬂﬂ‘W@’]?E‘IA’]VLﬂ

a3 2.8

(n) ()

TAUAWMN . sTAUAWN .
AWALNTDL AWALNTDL
' 255

255

|

o o

WAqANIN WRqANIN
(@) (9)

917 2.8 sauwasn wluuuaueu (N) NMNEANAR (ideal image) (1) NMWA3 (real image)

(m) mumwammﬁ (ideal edge) (N) 1ALNINAIN (real edge)
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2.3.21 mimqammau%’mqmﬂiumw

Tumemetin  N1IRgANIBLIRY AR NITLAWNITAIIAUIATUMLNTETIEN
1099ANMaTuLeU (edge pixels) esdimgnielunn  Tnadoulnnjudnmeunesing

1
a

azifluiEinaundaauiige (high frequencies) ﬁqﬁusluquwf]m?ﬁmmmmf;f«zmmu

Fanld 2 35 [1] Ae

1. N9N98saAaNgaviIBAIINDg (high pass frequency filter) Tu
TPLUAIND (frequency domain)
2. n1zpaulagd (convolution) NInAnsLAsiua (kernel) TulalNuig

WU (spatial domain)

nsnsaanzeudng lulamudsnunlngenduniseyiusuiieandy 2 38
dsznauding euiusauALINS (first order derivative) UazayUEaUALAEY (second order

derivative)

!
o o o =K

- ayiusauaunils  shanldlunisAruindasnisnldnuwlasaesse iy

AR iNaRsa s e uTaadngalun . Tnedisuniseuas

A o

d‘ o oAl ! a dl
RIINNTLAL UL A9TBNTZALANANINNINLITIIEU

- ayiuseusUaes TElunimssannveneeddng  Inaanninaauazat nl

= ST P

AU T9NERIINITU AU A9UR9T AL AN ASAIAIUTN (HANNTD

1
67\ =

Aue) a9iAeqnRIUANTIaIRYRLSAUAIARY Azl 2.9

a 9

o A
TEAUANA

BAUSAUA LN

AUYAUTEUALADY

!
v o o =

9117 2.9 ayussusuuilauazassasletduly 1 45
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8

angU# 2.9 @ wmsalsanuAiunisesteufanqagegaTesaug

AUALINTS  uazannnuALE (zero-crossing) TaNBYRUSIUALAD

=KX v

HasannanRaneuside 2 15 AU IUNTAIIANIVALTADRIF D

q

1
a [ =

ARFIANRUNNTNGEENIN  “INTRLUE (gradient operator)”  @NflENNAAgNNIN (2.11)

Tnanuua L £ (x,y) iWuderiduananin

f = = (2.11)

AUNATBIN LA UFAIUIUAANNENANTT (2.12)

o T2

7 2
|G| = [G,+G, ] (2.12)
TnafiAnaanigmsaanireLingAwIndlaanannsi (2.13)
ST=G,
(x,y) = tan == (2.13)
G

wasannnniudeidulisiadias (discrete function)  AsuAsspgldnIg
AanEARUNIseYLE - TadAn G uaz G, liannnafl (2.11) aunsnAwinldann
F uaz F, Aaun1shl (2.14) WAL (2.15) ANAAL
F, = f(xy)-f(x-1y) (2.14)

F o= fxy)-fxy-1) (2.15)

PENUUIALALN AN INUDUNTREUR AN AUIUIAANANNNTT  (2.16)

WAT (2.17) ANNAAL
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2 2.2
|FI=1[F +F ] (2.16)
(F
cxy)=tan | -~ (2.17)
F

HNANBENNITATUINAT G WA G, Tuaunisi (2.11) 2899000 z, 161
AeANNNIN (2.18) uar (2.19) AwWAIAY [27]  IAEAMUAAII8IRANIN, FaNINeAUEL

WUALNW X LAZAINT A MSLLUAUNY v Al

z, z, Z,
Z4 Z5 Z6
Z7 Z8 Z9
ANLBIFANTN
-1 0 _ o
0 1 1 0
FONTINANNTULLILNW X NI INANMTLLUILNU ¥
SOS (25~ z) (2.18)
Gy =(25-2,) (2.19)

a o !

NATINANU T AN TAINI R AIANTIZNUARTILALAINNAINARAATIAN T4

s s
a

TnevinlluamuaaeAdulssAnafang e lAvinaL 1 WABNNATINTBIANA NS ANG
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o AN CA | p Pt X =
ANTWHANURLNIUTANINL O ATNATHAINUANINTU Gﬁﬂ'QzWUimUﬂq?m?QQMqT@U

M) nisngaannaaudngtaeldsansanunnseiuasin W ldnwaeudngiuansnaiy

saaznannluindadalil

2.32.2 AINTRIURUIAY (edge filter)

fansesraudng Huaiegiluut liun Roberts, Sobel, Prewitt, Laplacian,
. . % d‘ 1 aca Y o dl 1 o 1
Laplacian of Gaussian (LoG) las Canny e TauAazisaz AN 1NNLANFNNAY  We
a %'/ [ % v o [ dy
NUURDUUAN 7] ARILNY  FNY
33 P~ a‘ al6) v [
AUABUN 1 FuaINNITUaINING AN nsEALmN

AUABUN 2 NINITATUIUNININNTLAEUE (gradient image)

AUABUN 3 NIN1INMUAANLAGENLLIALY (thresholding) T89NTWNTLALIUE

Wwearnaaiaauresdngnelunn lasqan A unndnAnaniEy

dl o £
wWasuazgnimusliniiuganinaey

[ %

[ dl EY ij dl d” = | o s
nwaaudRn lianduneun 3 Hagidnwazdunmanenigiuass
(binary image) TusiazanNINAINIIDUAANALR 2 52U (R) Aa O (AAn) uaz 1 (@a71)
TnqpnwaeLazgnUnuAteae1s  douqan niaeasgnuuseda  Assaatinglugl

72.10

o 1

dl o ¥ o
gﬂ‘V] 2.10 AYREINNITATIAUNABUIFEY (N) NIWAURLU

q

(1) NMNWLRLIRAE
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1) AINTBIUBLIAYULL Roberts

o % Qdé’ Qdd‘ | dl o % 1
ﬂ’]?ﬁ]?'}@‘l/ﬁ‘ﬂﬂ‘]_l'lﬁ]q@’lf_IQﬁuLﬂur.JﬁVN’]ﬂVl’Qﬂ LL@Z@’]M’]?ﬂﬁ’]UQE‘Iﬁ@@H’N

99059 InelEFaNgNa (mask) AANFUNNTANUIRIINAINNFLREIUE pail [27]

TeazdunaLiindIfan1visasstaz i g wiun1snae LR R Anig
maaniu  Taed G, uaz G, luannin (2.11) aaunsnaanliainannii (2.20) uaz

(2.21) AINAAU

G, =1 M (2.20)

G, =I M (2.21)

=)
tx

ng AB- PN WAIATLNITUATOLITAD UMY 45 8RN

X

<

<

B NI NAIMILNIIUTRLTAY UL 135 83A7

A9 INTALUAURININ / TULUY 45 B9A0

x

o O

<

AR INIALUAURINTN 1 TULu 135 a9A0

o

NN - ATUANHAT  WNUNNIAIUININNTWINTEREIUE

2 =l Qdé’ A = 1 o off .

daldua0all Ae Janulase TUTUNIUNIU (sensitive to noise) NN
= o o v < A o £ o o = s
\Hasandonsanildizuman Ae 2x2  Mliaaaudnalun gAML RRILS
Tdnian  wananiiniansanureviaiizeuresingas o) asinlffdeiliaganiniiud

o dl o dJ dd” o [ o v 1
ANBUSUABIUBUNTALIU miummummmmmmquuu Sobel @Z@WN’]?GVI’N’]L&iﬂ@ﬂQ’]
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2) AINTRIUBUIAYULL Sobel

[ 14 add” o 1 14
ﬂ’]?ﬁ]?'}@ﬁ’]‘ﬂﬂ‘]_l'lﬁ]q‘ﬂ’rﬂ\‘m’]‘wﬂ')ﬁl')ﬁ‘h&’&’]ﬂ’]?ﬂﬁ’]%ﬁﬂiﬂ’] GX AT Gy 1@

ANANNITN (2.20) waz (2.21) AINAAU ALIALLLL Roberts WANANIIANIAFIAUN

! ¥
10UTAnURIAINT N IFazunnsinail fall

AN WAMFUNIIMNTALTAUUIUIUWTELUY 0 89F Ad

NG A 10 —1
M, = —2 0 2 970 2 0 =2
—1 0 1 10 —1

=)
<

gl

x

AD AN NAMFUNIINNELITRNUUIUEUNTELUY 0 89AN

<

AD_FNINAMFLNIIU 2O LIARUUIAIVTRNLY 90 B9

<

x

A9 INTAEUATRININ 7 TULUIUALWTALUL 0 A9AN

© ®

, AR -NTLALUAUDININ/ MALUALUIFIUTALUY 90 A9AN

FadarldnanlunisAuanminngnfnsesteudnguuy Roberts  wsazd

Usg@Aninnunnninuazaaanuansznuandyinusuniuldangy  Weswindauinues

Fanselunindn Aa 3x3
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3) AINTBIUBUIAYUUY Prewitt

[ v add” [J 1 %
NNTATIANNVELIRNIBININAILITUANNTOATUILAT G, uaT G, 5
ANANNITN (2.20) uaz (2.21) \TLALIAULLIL Roberts WAz Sobel  IngifANI9N19M999 1N

[ o dl 173 A [ ! A ] o o dgl
°IJ’P]‘1_IQmq%@ﬂﬁ]QW?WﬂﬂiﬂQZLMNEUﬂULL‘U‘U Sobel WAAZHNALANANAU AL

AN WAMFUNIIMNTALFTAUUIUEUWTOUUY 0 89A A

Te M, Aa FYNsNAMILNIIMITRLARGUUINEUITOULY 0 B9
M, B8 FININAIUTLNN IO URLLUIANTEMLG 90 B9
 Ae InaAsusnaIn W / lTuluueurisalun 0 age

, A9 INTALUAUBININ / TULUILUIFITALUY 90 A9AN

v ng A [ % 1 [~3 1
URAUBNITU AR ’&’m’]?ﬂGI?Q'Q‘VI’]‘IJ@LIQG]E]‘IJ@QI‘I’]Wiﬂ@EI’]\ﬁQﬂL?'} WA

= Yo o/ P2 1 Qdd‘
NI@ﬂ’mi@iUN@ﬂ?Zﬁ‘Vm'aﬁﬂ ﬂ&mpmiumuim’mm’mﬁ@u
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4) AINTRIUBUIAQULL Laplacian

Astiluniansanzeudnguesn nineendanisueniussuduaes

Fagunisi (2.22) Teenuuald 7 (xy) Ae WarduaeaniIn

2f/ X2
R

f = (2.22)

2f/ y2

oY o

aelunnedfuAazldnisAtumIN N RE AN fee Laplacian

o))s

UWNUNNIVNBYAUSALAUADBIN N TARIIN31 Laplacian texld Aa
o 51 0 -1 =1 —1
-1 4 —1 VB -1 8 —1
0 —1 0 -1 =1 =1
WAIAINNITATUIUANINNILARIUETAEFINGNS Laplacian WAAY
MFIRNNANUITB LR VBININ IR NA TN AENALED
Qdé’ = Yo % 1 3 =3
PpilaziilennaldFunansenta ity nsunauaeudiaun AN

mmia@mmﬁﬂitﬂﬂuﬁﬂ&m&l’]mmmummazjﬁ (high frequency noise. components) i
InennsldFansestlfuEaunLndid@ens (Gaussian ‘smoothing filter). linssuaunisnan
v
Wi
5) AINTBIUBUIAYULUY Laplacian of Gaussian (LoG)

NN3A9IAUTDLIRRIBIN AL D UATd L AAKANIZNUAMN AT DT
o dl 4 o 1 o o A = o
nau o G]'J‘W?WQVISL‘FLQ’Q’]ﬂﬂ’]?ﬂﬂ%b@ﬂiu??&ﬁq’N FoNTasUFUTE L UL LN AT ULAZAIN T

adand@en (Laplacian filter)
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Avual  LoG(x,y) e Waridi 2D-LoG A4ANNIIN (2.23) Ay

Ao ANDEULUNIATFIULLLINELT Y (Gaussian standard deviation)

x"+y
1 x2+y2 -
LoG(x,y) = — 2 1— S e 2 (2.23)
2
Feannnistszanaileriduluannigd (2.23) e vuald =14 az

o

1o HaNg9Ratl [1]

0 0 3 2 2 2 3 0 0
0 2 3 5 5 5 3 2 0
3 3 9 3 0 3 5 3 3
2 9 S 2GS SU2% S 5 2
2 o OFR=03 a0 =28 Wb 5 2

2 5 377 1220w | 2 3 5 2

NNTABLIALRY LOG  (LoG response) arilantfluauddniuiznnaed

[ v al dl a dld dl o v a dl
SLALIANNINAMNAST Tnatduniniaulasulasesseauanudndmiasd - az
ANNBORFIANUTIUAY 2 101 FINIIFBLEURY LoG azdlAnduinndmilaeusunie

n41 (darker side)  wazazdAnduauduiuaeuAnuiadneandn (lighter side)  Taedaiay

ANNTOMTIAUIALMNUTDITDLIRYANAANUAET

6) AINTRIUBUIAUUL Canny

o

[ 4 Qdé’ ¥ %'/ dgl
NMIATINNIUBLIAYURINTWADLITY sznavmadunaueei
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dunau 1 ldinseslfuFauuuundidian iNeandoyyinsunau

melunniagnisaenigdunndasonsauuuin e (Gaussian

o

mask) TINANT =14 Aafl

& a = 'S pRIey > a Yo
AURNBDUN 2 ‘W]Lﬂ?Lﬁﬂummﬂﬁwﬂm@’mmwﬁmuw 1 I@ﬂiﬂmQW?qﬂ
LU Sobel Iﬁﬁlﬁ‘ﬁuqmLL@ZﬁﬁﬂVI'—NT'ﬂ\TLﬂ?Lﬁﬂu&T@qu?ﬂﬂoquqvaﬁ@Wﬂ

AN (2.12) uaz (2.13) ANHAN AL

Tunaui 3 miﬁﬁmmmﬂqmm (Non-maximum Suppression) L1
natwualdannmasllfidudgeaaanzdl (ocal maxima) S
A Thganaminaieusildluduneud 2 Qmmwﬁlﬂumu
FRAZHAININNGIANINLTNNEEL 7] TWTiANNI8UNTREUE  FaND

1R ANIINTIAUIN ARSI

AUABUN 4+ NITAVUAAITALNLANLLLILERINETTa  (Hysteresis

1 A

thresholding) 1N s muaATIAGNIAEWIBAN N 2 AT AB T

>

a

(high threshold) uaz T, (low threshold) - Ineiqanawlandaiuinnan
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(Statistical approach), N13asAsI=ATlATea3g (Structural approach)  LazN1IUATIZH

Iealnmin (Spectral approach)

- NNFAATIZILTNAD 5 ﬁﬂﬁ‘lﬁmm@ﬁﬁmmﬁmimammammwiumwm
ANUATUAIN AN 111 ARSTLATL (correlation), WA99NY (energy) 1138
=) dl Y a o dgl a
KN (entropy) 1a lTAFLNE ANEILS TBINUHILRINN
N RN F bt G RN R Eia WIUN13 AT AR N A NN US LT IA AL
sEUINNURLAazduANe TUN N
a T a o a ' dl dJ add‘
- NAISTENAUNATH  TRNNTUATIZININIRIALNWANND B9
Heuldlwevasadaulug) [10], [21], [22] Aa nhsudaaanidn (wavelet

transform)  IagaziinAndnilszansianian (wavelet coefficients) NN ld

! &
251N AUANTTRNIIANDTRINIRY

Tuewddeiilsinnisudauidanndsegndldineasuna dne iz aasivuin

1
o =

o A ) Y p d '
WmLM@N@VIQWﬂWHSluﬂW‘WLL&]@zn’]‘WﬂWﬂﬁ‘::ﬂﬂu MI¢l ”JmﬂV]NTu’]@LL@::/V]?@?WWNL‘LE?J‘U N

dl ] o 1 [ [ dld A 1 dd” a dl
VILLﬁlﬂﬁl’Nﬂu‘ﬂ‘ﬂﬂiﬂEQ?ﬁmﬂu Immmqmmmmiuﬂ;m@mmLﬂ?ﬂumqq@qazuwqumuﬂﬁu
= ° = e o = oMy 4 o  da @ :
“N’&’W’]?ﬂuqﬁd’?ﬁ)Lﬂﬁ"?:ﬁ‘MVI?ZﬂUﬂ’J’]N@&L@ﬂﬂﬁﬂiﬁ @QHQMQVIN%H’W@L@T’M?@V’VJ’]NLi_ld?f;li_IM’N
o dj a t:ll = dl ¥ a rdl o a o 21/ 173 a o
MWQZNWMN’JVI@ZLEHWNQZWEQQLﬁ?’]:ﬁﬁ‘]/l??ém_lﬁ'l’m@&@ﬂﬂ@ﬂ AIUUNIT MEN199LATIEY
ﬂ’]WLLUUM@WH?ZﬁUﬁQ’]N@ZL%H@ (multiresolution) %ﬁﬂﬁmmmﬁLmﬁzﬁmwié’dqﬁu

dJ aQ o/ o 1 g o Qs <
GINﬂ’]?'lLﬂ?’]Zi‘ViﬁLu@ﬂ‘]:fm?.iﬂ\‘iﬂ@’1'}%’&’1&1’1?ﬂﬂﬁimﬂﬁlﬂqﬁﬂﬂ’]’iuﬂ@\?L’J‘V\ILZWI



41

2332 maudasanian

mautlasavidn  unisudasiaunsniimaeidyninianizgaanaud

o A % = ° y = ¥ o o~
BAZITCALAINNATLAE ﬁVI'&‘Lﬂ‘\]iﬂ GIN’&’m’1ﬁfﬂu’]N’11‘]]fl’]ﬁ‘l_l’]EIIﬁN’e‘l?’]ﬂ‘ﬂ‘ﬂﬂ??&‘]_l‘]_lﬂﬂo_,lﬂo_ll’]m%

o

dszneudenguaesdyayinuanizansaniududyoyioniu 6 Inednyoouanisil

1
A

o 4 o | & = Ao @ A Aa Vo .
quﬂUﬁ@UL@ﬂ °‘] NLTEININ LQWL@@ Gﬁﬂqzﬁﬂﬂﬂﬂm:ﬁLﬂu@W@umNﬂqiLLﬂQ\Tﬂqﬂ (oscillate) 1178

D

! s 1

= | o~ di s o Py o
wasulasasinsanias Imammmmﬂ@mmmmzﬁ@uﬂ@ﬂ’mmmmmmmmu E’NE‘IJ‘V]

2.16

710 2,16 AnMUZARIRATUINNIARTRA Daubechiess

4

nstiinsudaanidnunldineetunalnssaivaesdnyola ) a1mim
nlalnenienszanedayaynnuinlies lugaespaunrdauate < adu  Telllnsa¥iaun
AnAariFUgUuAn (basis function) e Ingdsiduilaziduanidnsuindaniandd

[~3 1 dl [~3 1 dl ] [~3 ] a
nWidsusl (mother wavelet) ~ pawAINIAR LR azARUAratin e ERIDgIWIA AL LAIAR
AINNFANG (scaling) AZNITLABUATLMI (translation) lWaeannidnud  nszuaunisil
Fandn nsnszanulan (wavelet decomposition)  anAenisuladnanties  lu
o = [ % [ <3 . | o dl [~1 1 dgl
NIUBUALITUNITRTINNALILINIAR (wavelet reconstruction) aziilun17UIARUIINLAALIATY
o dl o a = dgl 1 o [~3 .

wnmunuivedsznaududyyioadn Funnazuauniaiian nisudanaundn (inverse
wavelet transform)  ganuuale (t) Ae Warduaridnud  Aeluazdauisnden

aun9via laenidaignainaminiu a wazideusumdllvingy b Asaunisi (2.25 )



42

Tnandaaauazaud lunsulasasduiusiuuazine lindunuzeaanidangnanald

v A 1 o [ 3 1Ry o 4 o . v
WAMHANTNALNANUUDIINLA AL mmmmﬂmﬂummmgm (normalize) Tmms@mma

1//a

1 t—b
palt) = — (2.25)
a a

1) n1sulasINRATRININ

Angulasnidauiivaanidy 2 wuu Ae N1TuUaWIEALLLABLTIEY

(continuous wavelet transform) waznasulaaan@niusLGnNiUg  (discrete wavelet
1 dl 6 o Y dl A o Y Adl aa [ % i//

transform)  usiidesannanweluaridulase tosuasianwusdoyaniiu 2 85 fatiuly

nngulasnidnuaan nassedlanisudasnwiaauslisadiasy 2 AR Tagandeanig

wlaaidnly 1 HRvestagaluuiams (column) 1830 W kaznisulasonianlu 1 HRve

[ dJ = a 19 o)
dayaluluauel (row) I8N THANNTINEATL AT

lunadfimzanisarmanniszesiamesuued (filter banks) unld

o

Tunnsudasnnianldlneendesansasmasna (digital filters) wazfrannisinsaasing (down
samplers)  WANNIsNBFILLeINAERSULNTLLLARsEedTT s (two channel filter

banks) aziilunisuandtynndunpesnidu 2 dou Aa dauassdayanudaiiuazdou

wosfayanndgs  laeldansasinuannuen (low pass frequency filter) uazsiansas

o 1

! v ! v
HIUANDAY - A1ntuAIINI9asnIsdnaaet N Tedayaie e A nfansedriaeas

! S 1 e Y

dl 4 ¥ s a tﬂl k7 dl
2 W LW@SLMN@?’JN?J@Q%IQN“@L@’]W‘V\!lﬂ&lﬂ’]LVI’]ﬂU‘H@N@@um@VIﬁ@uL‘U’]N’] IR GRERS

a

1 o

”t];lty’]m%uwmﬁfm&Tfmimmummﬁl&‘ilﬁlmmmmﬁﬂﬁfmﬂwm 2 whfaglipnduilsz@ns
Tudoureanisi sz (approximation) LL@zLﬁ@ﬂ@mﬁn&lmquwmﬁqaﬁqmmmummﬁl
gauazann1MinFaegg 2 winfaglfAnduilsyans ludiurnsmaaziden (detail) Fauand
1ugﬂ171| 217  n1aANItnAlat1e (downsampling) ‘ﬁLflummmﬂ‘hmu%zﬂmmmwm

dl v dld = c; 1 a
LW@imﬂﬂ’]WV]Nﬁﬁ’m@:ﬁL@ﬂﬂﬁ]’]ﬂﬁ]’]ﬂ’]Wﬂ’]‘W@uwm



43
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Level 1

Approximations Honzontal Details Diagonal Details Vertical Details

(m)

gﬂﬁ 2.29 AU AIINIAALULNTEAA 3 32ALAMNAZIRLATBININAIDENG (N) AN

Fuiiu (1) nwildannnisulasanidn (a) Anslesi ldannnisulasanién
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Tnaasnsaetwnisulasndunidnuuuinssiinlfaingili 2.30

dl o @ = a o = % 1
319 2.30 N1TUAINAUWLAALULINTZHA 3 T2ALAITNALLALAUAINTNFIIDEINS

k1l

(n) nwAuaty (1) mwzﬁ”mquﬁ(PSNR =305.08 dB, MSE = 1.74e-026 )

a & a o (3
2.3.3.3 ﬂﬁ%"JLﬂi’lzﬁwuN’Jﬂ’JﬁlL’JﬂLﬂlﬂ

= [~ ° = a o %
nounnidnaidasntiun llunases i adneuzaesnnls IA8Ing

nszananmesnidudaulsznadn o Tuglaesenidnignainawasiaeusiuiy Teusas

1
1l o

douillaseairasnamnisddunnidnus  tnedeysiilunuieingazes NdnsrAnanuny

a

1 1 1
1 o ol

elaAnnunen uarieyaniiluaeuvseaiaduaesingazeeNdnlsyAnsiunutasannange
[24] nsutlasinidniazinlilavisieyamsnaud (frequency information) wazdagyaLd
dl dld o o ]

WA (spatial information) fefudayaniipdrdnysonisnaziuazienuesanse

LRWIZTBINIWALNINAN

AstimsutlasanEau N Tty LR | FldTannng
vhnmanuasowiadn  amiuAsinsadnsTidannsulasavidn me dulssAndioniee
ma’%mﬂ@mmuﬁﬁmqmmﬁmmﬁuﬁqmﬂumw TaeRNWILIA N X n AN Az
AuanduLlsz@nanmidawingy n’ e %ﬁlﬂumqﬂﬁﬂﬁ@3‘1%5ﬂf1?ﬂim'mwﬁ\mu (energy
distribution) wasduilsz@navianluusazunyeiat LB AN YDINUTAUNILNNG

asunefnedulazAvsanian  INeanIunzetanmes, ANqTedgIudaya  sanTisAN



54

o

£ dl dl [ %3 1 1 [ %3
PERULAZAN M 11N 9eNa0A TAENNANIL AR LD LIS DL AN AT NUTINU D

LD ALRIUNAZINITD AL LFANNANNT (2.28) ua (2.29) ANHANAL

Ki

2.,
X/,j

J=1

E/' = — (2.28)

ETota/

V=
ETota/ = ZEI (2.29)
i=0

Tned E, Ae nasewluunutesd /th

E AA NAINIUIINURILD LD EITIUNNA

Total

K P8 a1uoulntias

K A8 arusndnilss@ndinianluunutand ith

«  Pe ARNLsTANB VAR luunugiaed jith

A
1

X 12X} e X

Fatiuas I NIAaFANHLSIONICUN UANHOUZ AN URY  AIENN13N (2.30)

E(I) = (Ey.EqsEy) (2.30)

danansnizulasanian Aa 4181209R AU IMULIMAE S ALIANN

= 14 o 2 a 6 o v é’ o o = dl
(A%l ﬁiﬂ N @100 Lﬂ?’]:ﬁﬁ@ﬂ.lﬂ.l’]ﬂﬂﬂﬂ’]ﬂ‘ﬂu IPEANUIUITALANTHAZLBE mmiﬂu

[

NItATiAzAueg FUIUIATIUNLLRENANTIAA  T9RINNANIINASBIIIUAAY [13]

1
<

Wudn unutesanigamasiaualidenndt 16x16 qanin asaziinlinisnsnzinan

1% { o A o aaa dl
WJEIﬂW‘W@Q\‘i’]uM?@[mLLﬂ?ﬁlu‘Vﬁ\i@ﬂGlNﬁQWNVIHVI’]UN’]ﬂVI’Q@
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2.4 msidFauisuaninasaneuLlanie (Feature vector comparison)

ﬂ’]?L‘]ﬁ?EI‘LILﬁEIUﬁQ’mLL@ﬂﬁi’N?Zﬁ‘Vid’Nﬂ’]‘W 2 AN ﬁﬁié‘imﬂmiﬁmqm?xmmq
TEUNINUANIADTANHOULLANEUAINNTNAD %ﬂﬂ'}’mLLﬁlﬂGi’]\‘i??.ﬁﬁ'j’Nﬂ’]Wﬁ\m‘ﬂ\WZLL‘]J?IF]WN

TLUENINIZUININAATANHTULLANY

¥

Auald / Uay /7 ununIn 2 2MAFeIN s N L FHLRLA N LAN AN
k A8 3382UNN9EUINqAN N

m e anuaniglunn nadnismaulndd Inadimaaesdidu (C,,...,.C }

he. (N way he. (/')ﬁ@ NIRRT BT TALN INURIR C, 1990 [ uaz [/
i i

ANNANAL
k k s

v 8wy 1) e wnmesunuselnpefilaunsuaedd C ved
i i

AN | WA I ANHAN AL

a o

An17ANUIAINN LTl 3 95 fail

24.1 szEgvy L, (L, distance) A8 WATINUBIANANYINIAINLANFNTEUIN
o dl zaddlo P2 3 1o Y
wnwesanszianiy 2 wneeste  duidanamenliine maduarliduten
o v ada = o ¥ dl
sraznny L, dwdudsaalaunsuaesdanuisnAnlfainanni

(2.31)

=1 = 20 g (D=he (1] (2.31)
i€lm]

o v  ad = o v dl
TEUINN L ZQ’]M?U’Jﬁ@@IG]ﬂ@??I@LLﬂ?N'&’]N’]?ﬂﬁ’luﬁlmllﬂqqﬂ’&llﬂ’]ﬂ/l

(2.32)

I — (k) (k) .
="y, = 2o 6, =Y g () (2:32)
i€lmlk€Eld]

FAINN L, A uFLABaalaunINtasauaNsnAmInlAaInannig

(2.33)
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1= Tp o, = NER(D=E ) F 1B (D= E s (NIFIE, (N —E, ()]

2.33
Tt Ea5 () —E g5 (MIH E, () —E (1] (2.33)

FLAULNN L, AUFLABNTIezinuRafeavidn  aunsnAtwansls

ANANN1IN (2.34)

K—1
=Py, = 2AEM) = E, (1) (2.34)
i=0

24.2 szazn1e D, (D, distance) uAssvendutanszazne L, Taanis

1
g

UWNUNANENYINILRIANNWANANNITNIONIRRTANTIANTT 2 nimefla | FneAY

o

NYTIIBNANNUANFANITUINIINIRBSANEIZIANIE 2 awmefla ] w1sdne 1 uandy

NATINIBIINLAASANTULLANTE 2 AR5 (A1 1 ludiuaaadannig WKdnd N tlaary

nsssnagusd) seetgy Amitnaaalnunsugesdazinisunui [ h, () —hg (1]

i i

[hg, (N=h (1]

v o = (% o o aa = a
fnel HAZ UL N UAMT LA T IR AT lawN TN, SalALNTN
1+hg ()+hg (1)

v
o % o

as a ré’ a v <3 é’d rd‘ Y @ KR o [
IANUALUALATNTUATIZUNUHARANAR TN G]E]j.]?ﬁZ\NﬁLW@LL@ﬂGiﬁLMuOQUH'&’] 3n!

YAIANAIHN AN AN TR ANINLA DS AN HOLELANIZI AN FNa L [71 TagNanTan

FRBENRINA 2 @ Ae (1, 1) war (I, /) TeRBalawnsueedd@Asil g (1) = 1000,

i

1o ¢

hC. (/2) = 1050, hC/ (/3) =100 © wag hC (/4) =150  ARZAINFALUUINANANLTIAINH

. a
i I
v

UANFANNTBIAUIUAAN WA LA C, 289MIABINIAUNANWINAUAS 50 UAAIAINUANGIN
109 NANERIILE HediAtuRanndnlameuiunmgusn | ilesRanileiansnnAiau

. . G i - = ° > A4 = o
WANFNSTRININANSN  Azwiudiinislasuulasuesanuinanmtiasin ey
HATINUDIATUIUGANTIN UBININTIIEDY ([1000 — 1050] / (1000+1050))  TuanzinIngn
ADTUNN9L AL LI AI2893 1UIURAN NN NN EUALNATINTBIRWINGAN WD

NINTIEa9 (|100 — 150/ (100+150))

o

1 v 1
AN NTNABIANIATUIANTEENN L, azliAAal
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1y =15 |, = 11000—1050 | = 50

1, —1 = |100—150| = 50
AN |
[ rdl % o < 1 %’/ |%’/ A 1o A
’Q’mN@@Wﬁﬂiﬁ@:ﬁ'&\‘iLﬂG]LM‘LAQ’]I‘I’]WVN’&‘N@LLLLNV’Y]?ZEIZVHQ L, tv1nu Ad 50
[ %’/ dé’s; 13 = ] 1 ¢ o
patiulunsuiiondszaznig L, SLuﬂW?L‘]f?EILILV]EILIW}’]NLLmﬂqu?ZMQqQLQﬂLG}‘ﬂ?@ﬂHmZ

v
RN ZIBININTIRBIARA L dsa IR A AR ANAN A 6

a

'
A o o

TUNOUNNINNABIANIANUIUANEEENN D, AzlFAAal

|1000—1050 |
o 2 b= =0.024
141000 + 1050
| 100 — 150 |
I A e v
14100+ 150

v
o

AINUAANST LFaz AN NN IAeIATuNAEaEN9 D, NuAnGNY
TnanmanaesRslANszaen1e D, NINNIIAMNAKIN  EUNIEANINNINATIABILE
AoNuaNANiuNaNAgInNeusn  AsiulunsiinnsnfauinsuaNuansNTagnIaes

[ ¥ =KX A a a = !
ANBIUSLANIZAETEIENN D, NUILANTNINANINTLEN L,

- gvgen D, éwiudndalaunsuaas@anunsnatuanldannauni
(2.35)

e () —hg (1]

K Zlles Taa RAMAN P L (2.39)
ietm A+ hs (D hs (1)

o v ad = o v dl
U D, @qM?UQﬁT’]@IMﬂ‘ﬂ?ﬁ@LLﬂ?N'&’]ﬂJ’]?ﬂﬁ’]uﬁlm1®@’m’m~lﬂ’]im

(2.36)
| os, D=V, )
1=y p, = Z o T
o N+Y e (1)

(2.36)
ieimikera1 1Y ¢

i
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SN D, AUFLABFAIALNINTAALANITDATINIARINANNIT

(2.37)

EnN=En(l | 1E(D=Eys(]  E,(N=E, (1)
14+E,(N+E, (I A+E(N+FEL() 1+E,()+E, ()
|E135(/)_E135(/l)| + |Enon(/)_Enon(/l)|
1+ E o (NFE () 14+E,  (N+E, (")

non

|/_/l|FE'D1_

(2.37)

+
135

AN D, AWFLAINNAATISTNURASEWIAR A unsnAunsle

NN (2.38)

X lE,(/)_E,(/lH

[/ _/lIE’D1 — z (2.38)
oA+ E D+ E ()
24.3 gzazne S, (S, distance) udsniaualng [9] dutlsvensunaindaudon
Falmunan (histogram intersection) [21,[4] A9g@NN197 (2.39)
(=1, =1= 2 min(hg (he (1)) (2.39)

i€lm] I

Wa9tunaINgUn 231 doundnniu (intersect) 109F4TNLNINTBIATDINN

= oA o = o ' LA v, A :
2,0 Ae daunnn 2 M siulaonawidaunues. | nanzestiuie I lddounuansig
AU MAeRiLNNIATUINIZEENN L, wazszezn1e D, AstiulunisAuanassiasinm

AUNARALNNALAANAINAT 1 HIANNITN(2.39)
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A,
AMUIUIANTN

Narsuasmadieawalli Taenauualinan /, 1, uay 1, tsenausaed

° Ay 4 = f & = A A o ~
RIUAU 3 A 1@LLﬂ ALLAY, FUEIILAZUNY sﬁﬁLLm@:ﬁ@Nﬂqﬂ@ImLLﬂ?Nﬂﬂﬂ’& ANRNTINN 2.3

A19797 2.3 FALALNTNIBIRURININ [9]

FJ 5
'1"1;:/“:, : ﬁ;.{?‘imm@m‘mdi :
o Auee | B@en | AUk
I 103 0.2 05
1, 0.6 0.2 0.2
A 0.5 0.3 0.2

LHAtNANTA AN THAMNAURININANAFITNA 2.3 HIATUIUANNANNNGN

(2.39) azlfppail

[l = 1y 1, =1-(03+02+02)=0.3

I, =141, =1-(0.3+02+0.2)=0.3

AMNNAANST LA THLIUIN AN ANLANGNSTENINn I [, U [, waz /,

Auf, dulAwinie dlesnnannnisiawiarAesnIniigianuuansneeEnamin < i

NaNIAe [, uay [, Haauidniy /, wdauii muummmﬂi”ﬂﬂmmmm (2.39) Tatinng
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dosdmidndn min(h, ().hg (1) $ag max(h, (1),h (1) & uiiadalnunsuaesd

i i i i
v 1Y
o a

TN AR T I UDN AN LANANNTAINIINT LA LURNA AR RIZUINNNINTIRDININENT

° v ada a o ¥ dl
- TN S, Ausunsaalaunsnaesa mmiammmimmnmmm

(2.40)

1 min(hs (1, hs (')
(1=l lpg, TI=— X W, ¢ "5 (2.40)

M ietmimax(hg (1).he (1)

et ANEATAUNINTIBIAUDININAIMNANTWN 2.3 NIAMUIUTZZNN S, Az

|1, = Iy /= 1-(0.3/0.6 + 0.2/0.2 + 0.2/0.5) / 3 = 0.37
Ry

|1, =15 1ps =1-(0.3/0.5 +0.2/0.3+0.2/0.5) /3 = 0.44
|

o

[ u‘d‘ ¥ P~ 1 = dl ¥ o 1
“]’mN@@WﬁﬂiﬂLL@ﬂ\ﬂﬁLﬁHQ’]ﬂ’]W [, HANWUSVANLNUNIN [, NINNIN
dl [ IS DU £ { o dJ =
AW, BUBNARINAINW [, DU [, HATTEIZNIN S, UaENANNIW. /, NU I GﬁﬂﬂW?L‘]_ld??_IULVIEIU

ANHUANANTBSNINAITLEZNN S, UAZANTIAUANIANANNTZUINNIN [, 1L /, LAz

o yala K o 2 ! ! ?:/ dgl ¥
[Ny, 1@@&\1%% LL@ZVI’]SL‘VI’&’]N’WQLLEIﬂLLEIZV’WQ’]NLLmﬂMWQ?ZWQWQﬂWWWQ@WNu1®

NNIANUAINLIZEITNN- S, - AndLisealnmesilaunsy, dalaunsutestaLuay

o

ada a rzilj a v [~ o o a v o Aa al dqj
NBNNIAUATIZUNLRI AL LA WLAR @WN’]?ﬂﬂ’W‘LA’JmVLm‘LAVI’]‘LA@GLﬂﬂ%ﬂuﬂﬂﬂzﬂmmiﬂ%@ﬂ@ ANU

o o ad = o v dl
- L ITEENNG S, @qﬁﬁ‘ﬂﬁlﬁ’rﬂﬂiﬁlﬂﬂﬁ‘ﬁ@LLﬂi‘N'&']ﬂJ’]imﬂ']u”lmllﬂ“ﬂﬂ’&llﬂ’]?‘l/l

(2.41)

. k k
=y g =1—— > mmWéf?Cf(/)’Vé,?cf(/'))
s T T (k) W

1 md etmiketa1™> W e ¢, Y ¢ ¢, (")

(2.41)

FLUNN S, AUFLABFAIALNINDRALANITDATIIARINANNNT

(2.42)



min(E,, (1,E, (I")

min(E 45 (1), E 45(I"))

max(Eh(/),Eh(/'))

’ min(E,, (1),E,, (I"))

max(E 45 (1), E 45 (I'))

MIn(E ;35 (1), E 135 (1)

=1 ¢ =1—= x| +
£ 5 max(E,, (),E,, (I')

min(El’]Ol’] (/)’ non

max(E135 (/),E135 (')
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(2.42)

_|_

maX(EI’IOI’I (/)’ non

o v aal a rd” a v < ° 14
TEEUSNN S1 AMTLITNITUATIZTNURAAELINLAR mmmmmmim

A N@NNITN (2.43)

1 K min(E, (1), E, (')
I/_/llE‘S1 :1_— X

i=0

(2.43)
max(E; (1), E; (I'))

AL Lqmm?@“ﬂwmuwwzﬁu °'| AANITNANUINLILEIENINTEMINUINIARST

2 wnwefla o lAludneoisfeaiu  Taenisulfeumaussudnaninaeunniuninly

o %

MWNRANHUZANIZAANVTEMNOUALNINEDLDINNINTGA  Azdlseayn

2N

¥
UL A

o
aENEA

se &

Tugmiddetiaglisraznay ) | A wdunanfTuniiauauuAns 19z
NIABFANHOIZIANIZIBNNIN 2 NN LHBsANEanImaseslu [14] wudiseasne S, &

UsAnBanuINPgalauAszasn g L, uassseeniy D,

2.5 n199aUsEANENMNARINATANITAUABANW

A8aszAninmaesnaiianisAupun i ldlueudsadiulug) uiveenlfidu 3

3% A0 A8 r —measure WAz p,—measure, Precision WA recall uaz ANMRR
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2.5.1 r—measure WAL p,—measure

r —-measure WAz p, —-measure \UABNNIALsEANENINARIWATIANITAL
AUNINAINAIALALRINN  (Ranking Measures) 3auils  daldluanuiddaees [7] Inadn

o o dl dJ v =K o -dlaz I 14
@’mmmummmwmmmﬂmmnumwmumwmumumim

nvuald {Q,,Q,....Q) Hiwtnrewnmaeun N a8 Q) ARNINHATHETD

]

¥ [ AdJ <A ¢Sl 4 o dl
ANABNANUNTUNINADUNN Q ( TINARNINNARILNUNINARLDIN Q NWﬂWQ@LL@ZLﬂuﬂ’]W

dl Yy v A & o
‘VI:SL ABNNITAUAUNN ) WAY g AR [MUIUNITARLNIN

1) r —measure P HNATINIBIANGLN (rank) VBIATNHARNET

gnéiasduiunisaetnnine  asAenildainannisi (2.44)  TeueeAsues -

measure A1NN9TDAMINUIARNNANNIT (2.45)
q
r —measure = Z rank(Q'; ) (2.44)
=1

r — measure
avg r—measure = ——— (2.45)

q

2) p,—measure B WAFINUBIAN precision W AANHAN recall

! '
o A

C e v = — S Ao = Y =
WAL 1 989NIERUANNTININA  INNHNEDNAIANNT BN AN LTI TOAUALN NG
aglunquineniuiun waauawldisunen  aee-p, —measure UATZANRAYTEN p, —

measure A1:N190 AU IAAINANNIN (2.46) uay (2.47) ANHAIAL

g 1
p, —measure = Z —_— (2.46)
i=1 rank(Q'; )

p, — measure
avg p, —measure = ——————— (2.47)

q
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a v A dld a A dl a g cl dl
L‘V]ﬂUﬁﬂW?ﬂuﬂuﬂ’]WVINﬂ?Zﬁ'&Wﬁﬂ’]‘WN’m‘VI’QWQZNV’Y] r—measure RINAR

q

UWazHAN p, -measure §4N4

2.5.2 Precision Lag recall

n199MAN Precision ay recall 1{luATN19 s aninInaadnARANITAL

AWM el lenudae [11] Taadfenusail

1) precision L{un179aAMNLNLEN WA TAUALANTBITTLY  1ag
RAnsnAINA LN NTeg lNANIALNAWALAMABLDINAMNAWARUAWNITINA 39

AUl FIANNTIN (2.48)

No.of relevant images retrieved
precision = (2.48)
Total no.of images retrieved

2) recall - Lilun1sdpAnaImnsalunIsAuAuN neg lunguaen

AudunwasunmAINIImRalugudeyaresssuy FeRualAsannish (2.49)

No.of relevant images retrieved
recall = (2.49)

Total no.of relevant images indatabase

[% a a a v A £ Qdé’ o a '8
NN29ALIEANTNINLBI LN ATIANN FAUARNINALI T qumﬂﬂﬂqiﬁ bATIEU

o 1

ANNTINTLNINE precision waz recall  TINTATUIUATNABILFBINANTUNT AU

b sy oA o o N | @ Py
MWAMNATIAUAUNAWIAAL | TagRnuaun IR ABANNIWNAL n| 2w aztlsznaudae
I A R o . - . y
PWAIALA 1 DINNAIALN n Tanausndng precision uay recall  usiazqaliain
N1TATUIUANTRIADITANIUNNIAUALNFNG < U il qausnldaInnIsAIanLANT
RMUAUNNAAUAUNINL 10 7N apfiaeduazqasie < N1ldainnisAtuIiaIuIn
MWAAUAUNIYINAL 20, 30, 40 iNAMonlLAUNgEisAn recall WinAL 1 1ige 100 %
Ca = Y a T A v 3
nanke  WeaiNnsnAuAun et lunguiReaiuiun nasuanlAisNg Tnain

precision azlUsunEUALAT recall
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2.5.3 ANMRR (Average Normalized Modified Retrieval Rank)

TuanetinusiazdnlscdAnsnnaednalAn1sAUAUNINGY ANMRR @4
T lueuwdds [5]  esaunsniinndmsiuazaglialietednan  Tnafiansanléann
NANIINAAASlULNT 4 ANMRR 1113501990152 AN 5N NN ATANITAUALNINAIN

aduireanndsey lunguineaiuiun wasunn dellensaulnenguids MPEG-7

Amuali Q AB AIUIUNNTABLIDAN (1% ?Jm@‘hmumw%wumsluﬁm%’mﬂ@
(5])
NG(g) A@ G‘i’mqumwﬁmﬂumjmLﬁmﬁuﬁumwmumm q
Rk Ae fduTiueanm k AldanneantsduALATm
K(g) = min (4 x NG(q), 2 x GTM), Im&‘ﬁ GTM = max {NG(q)}
o 4

Rank(k) Fa aasuiitesn wlunguineaiuidupuanls  dagn

AfnRIRuRgegaRiAwiaiY K+1  TaaAuansldainannisi (2.50)

R(k)  ,if Rlk)<K(q)
Rank(k) = (2.50)
(K+1) ,if R(k)>K(q)

AVR(Q) A8 ANLRALU8NaNALATR9NIN (Average Rank) d1ufugeaunny g

TaA UL lAFIdNNIN (2.51)

NGL9) Rank (k
AVR(q) = (), i d (2.51)

k=1 NG(q)

dl 1 1 a o dl 1 o =X o £% =
IHasANuAazNguAINeNIaRAMIBNINTLENFANSIW ANl AVR(q)
AuaLiuAY NG(q) petiuAgliinislfulgsdn AVR(g)  ieaaNansznuAnnnng
wasuulasredrn NG(g) 38nd1 MRR(g) (Modified Retrieval Rank)  Insianunnslas

ANNN9N (2.52)

NG(q)

MRR(q) = AVR(q)—0.5— (2.52)

2
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A MRR(q) Hasumanswindudud  Taai MRR(g) axlAwiniuguely
N v ¥ - LA o A A T o o
nsfinanunsnAuAunInlfatwanysal natAesNInAuALNIWa lunguReiuiL

AngaunN IFTauNAluaNSUR 1 D9 NG(Q)

NMRR(q) AR AN MRR(q) ¥1m337U (Normalized Modified Retrieval Rank)

A ' o A Y o R ' o A A '
UANRYTEUNIN O (@qﬂq?ﬂﬁUﬁUﬂquL@@ﬂ’N@Nuim) (AN (1N@qﬂq?ﬂﬁUﬁUﬂqWW@%1Uﬂ@N

kTl

WentuAun ngeLnN A lUaNA LT 1 88 K(Q) Inuatunneldsednnisi (2.53)

_ MRR(q)
NMRR(q) = (2.53)

K+0.5—0.5*NG(q)

satiuaglian ANMRR  Fadunei (2.54)
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Abstract

In this paper, we present performance analysis
of two color features for image indexing and retrieval,
namely color histogram and color correlogram. Color
histogram is commonly used as feature vectors for
images because it has low computational complexity.
However, it captures only the distribution of color in
image. Color correlogram is able to incorporate the
spatial correlation of colors and is more tolerant than the
color histogram method to large changes in appearance,
color, contrast and brightness. We implement an image
retrieval ~ system  using color  histogram = and
autocorrelogram methods and use three different types of
distance measure for feature comparison. Experimental
results suggest that the correlogram approach offers
much better performance than the color histogram in
term of the tolerant to large changes in color, contrast
and brightness. Results also suggest that S; distance
measure is the most effective measure in terms of feature
comparison.

Keywords: image retrieval, color histogram, color
correlogram, autocorrelogram, query image,
L, distance, D, distance S, distance

1. Introduction

Presently the requirement of multimedia
information such as digital images and video rapidly
increase. Image Retrieval plays a significant role in
many application areas, < such ‘as education,
entertainment, art history, digital library, diagnostic
medical image databases, journalism data management
and general consumer use.

There are several content-based image retrieval
systems that “have been developed and - provide
satisfactory retrieval performance such as MIT’s
Photobook, etc. [1]. In general, an image retrieval
system consists of the followings:

e Feature extraction and representation. The three
most common image features are color, texture,
and shape. These features are properties of the
image extracted with image processing techniques.
However, a feature that is most suitable for each
image category is different.

* National Electronics and Computer Technology
Center (NECTEC)
Pathumthani 12120, Thailand
Tel: (66-2) 564-6900 ext. 2267, Fax: (66-2) 564-6873
E-mail: yai@nectec.or.th

e Image indexing. Feature vectors of each image in
the database are extracted and the essential
properties of the image is computed and stored as
index keys in a metadatabase.

e Retrieval engine. This step, user enters a query
image. The system then analyses a query and
extracts appropriate feature vector and searches the
database.  The searching process is done by
computing the “similarity” between the feature
vector and those of the candidate image stored in
the database. The retrieved image are presented to
the user in the descending order of similarity to the

query.

In this paper, we present performance analysis of
two color features for image indexing and retrieval,
namely color histogram and color correlogram. We
implement image retrieval system using color
histogram and autocorrelogram methods and use three
different types of distance measure for feature
comparison. The organization of the paper is as
follows. In section 2, we describe two color features
for image indexing and retrieval, which are color
histogram and color correlogram. Section 3 presents the
implementations of color histogram and auto
correlogram methods with three distance measures, L;
distance, D; distance and S, distance. Finally,
conclusions are drawn in section 4.

2. Image Feature Extraction using Color Histogram
and Color Correlogram

Color plays a vital role in image retrieval system.
It is one of the most prominent perceptual features. Each
color model performs differently. There are several color
feature methods that have been employed, such as color
histogram, CCVs, CCV-TEV, color correlogram, color
set and SCCM. Their methods are summarized as
follows:

e  Color histogram [2],[6],[7]. The color histogram is
commonly used for image retrieval. It is obtained by
quantizing colors in an image and counting how
many pixels belong to each bin.

e Color Coherence Vector (CCVs) [6]. CCVs are
augments color histograms with spatial information.
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Disadvantage of this method is that it does not
capture the shape of the connected component.

e CCV-TEV [6]. CCV-TEV is augments CCVs with
Threshold Edge Vector (TEV) that contain edge
information.

e Color correlogram [4],[5]. Color correlogram is a
table indexed by color pairs of an image. It contains
the spatial correlation of colors and robustly
tolerates large changes in appearance and shape.

e Color sets [2]. The color sets are binary masks on
color histograms and they store the presence of
colors as 1 without considering their amounts. Then,
it reduce the complexity of computation.

e Spatial Color Component Matching of Images
(SCCM) [3]. SCCM is a new method for
comparing pairs of images based on color layout.

In this paper, we choose two color features, namely,
color histogram and color correlogram for performance
analysis of image indexing and retrieval.

2.1 Color histogram

The color histogram is one of the most important
techniques in image retrieval. It is an efficient to
compute and effective in retrieval results. In order to
compute the color histogram of an image, the color
model of the images must be quantized into n colors to
reduce complexity of computation, as shown in eq. (1).

HM) = <hy, ho,..., hy> (1

The vector H(M) is the n-dimensional feature
vector representation of the color histogram for image M
where /; is the number of pixels of color j divided by
total number of pixels in M for using arbitrary sized
images

We describe how to -compare two color
histograms, H; = H(M,) and H, = H(M,) in section 2.3

The computational complexity of the color
histogram method is directly related to the dimension of
the feature vector and the number of images in database.

Color histogram: does " not  ‘provide = spatial
information of the content in an image as it captures only
the distribution of color in image. Thus, shape, texture
and other image information are lost. Furthermore, color
histogram is sensitive to changes in brightness, contrast,
and compression artifacts. It is suitable for retrieving
images based on overall color impression.

2.2 Color correlogram

Color correlogram is a new color feature for
image indexing and retrieval. The highlights of color
correlogram are as follows [5]:

e [t represents the spatial correlation of pair of colors
that changes with distance.

e [t can be used to describe the global distribution of
local spatial correlation of colors.
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e It robustly tolerates large changes in appearance and
shape caused by changes in viewing positions,
camera zoom, etc.

e [t is easy to compute.

The size of the feature is fairly small.

A color correlogram of an image is a table
indexed by color pairs, where the k-th entry for (i)
specifies the probability of finding a pixel of color j at a
distance £ from a pixel of color i in the image.

D2 (c)

pi () Image :

Fig.1 color correlogram for p; and p, at distance k&

The concept of color correlogram is illustrated in
fig. 1. In the image /, pick any pixel p, of color ¢; and
another pixel p, at distance k away from p,, what is the
probability that p, is of color ¢;?

Let / be an m x n image. The colors in [ are
quantized into m colors cy,...,cy,. For pixels p; = (x; ,»1)
and p, = (x», )»), we use the L,-norm to measure the
distance between pixels (k) as in eq. (2).

‘pl_pz |Emax{\xl—x2 Myl_yZ ‘} (2)

Let pielc;.pael , the color correlogram of / is

defined fori,j €[m] , k € {1,2,3,....,n} asin eq. (3).
v =Pip, el llp-p =kl ()

The autocorrelogram of image / captures spatial
correlation between identical colors only and is defined

by eq. (4).
a()=yl)(1) “)

The computation complexity of  the
autocorrelogram method is directly related to the pixel
distance selection (k).

One advantage of color correlogram, if compared
to color histogram, can be illustrated in the following
example. Two sample images in fig. 2 have the same
color histograms. Thus, it is difficult to distinguish these
two images using histogram.

(a) (b
Figure 2. Sample images: (a) imagel. (b) image2.
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Figure 3. Comparison of Autocorrelograms for imagel
and image2 from figure 2.

From fig. 3, the change of autocorrelograms of
both color with distance is different for these images so
that we can distinguish between these two images using
autocorrelogram.

2.3 Distance computation

Given two images, the difference between the two
features measures the similarity of these two images.
The features are often treated as vectors, so the
difference turns to be the distance between these two
vectors. We used three distance measures [8]: L, Dy and
S;. All the distance measures are defined as follows.

2.3.1 L; Distance Measure

The color histogram L; distance is the sum of
color histogram differences between two images, as
shown in eq. (5).

[ 1=1", = 2 he, (D)= he (1D )
]

i€[m

The autocorrelogram L, distance is the sum of
autocorrelogram differences between two images, color-
by-color, as shown in eq. (6).

[1=1,,=" 2l7réieD=r&a )] (6)
ie[m].kel[d]
2.3.2 D, Distance Measure

The color histogram D, distance is the sum of
normalized color histogram difference between two
images as shown in eq. (7).

v
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: | he, (1) =he, (1) ]
[ =1yp = P
ie{mll +hc,v ([)+h(,‘l- (1)

The autocorrelogram D, distance is the sum of
normalized autocorrelogram difference between two
images, as shown in eq. (8).

™)

_ |7(Cl:,)ci(])_7z(tl;,)c,-(1')|
P R 1+ Y& D+ e )

[1=1 ®)

2.3.3 S; Distance Measure
The formula to compute color histogram S,

distance is shown, as in eq. (9):

L1, minG (D (1)
= e Db @)

The formula to compute autocorrelogram S,
distance is shown, as in eq. (10):

e g MG (D)

L' =
| s midmiietas max(y e, (1), yeoe, (I'))

(10)

3. Experimental Results

In the experiment, we use 1000 color images for
our test database which consist of different categories
(butterfly, flower, video frame, human and mountain).
We first de-quantize the images into 64 colors and
compute color histogram and autocorrelogram of each
image.

In autocorrelogram method, we choose distance
k=1, 3,5 7,9 and use Dy distance (also called
chessboard distance) between pixels p; = (x, 1) and p,
= (x, y») that is defined as eq. (11).

Ds(p1, p2) = max(jx;-xal,[y1-y2]) (11)

Experimental results-are shown and discussed in
four categories to demonstrate the effectiveness of both
schemes.

3.1 Query with the target image using histogram
and autocorrelogram with L;, Dy, and S, distance
measures
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Fig.4 (a) Queryimage (b) Results of both methods
the two query images: a low contrast query image 1, and

The similarity image to the query image
decreased from left to right. Both methods have good
performance in this case. The target image is in rank

a high contrast query image 2. From the results, the
autocorrelogram with S; distance measure yields the
satisfactory results of both query images. Thus, the

1™ of results of both methods. results suggest that the autocorrelogram method with S,
distance measure is more stable to contrast change than
3.2 Query with the target image with different other methods.

contrast

3.3 Query with the target image with different levels
of brightness

Query Image 1 Query Image 2
histS; : 44" histS; : 414"
hist Dy 969" hist D; : 979"
histL, : 282"  histL; : 616" Query Image 1 Query Image 2
auto Sy ;39 auto S; ;3™
autoD; : 984"  auto D, : 945" hist S, : 82" hist S, @ 22"
autoL, : 971%  autoL, : 898" hist D; : 987" hist D; : 960"
histL, : 401 histL, : 515"
(b) auto S; : 3™ auto S; : 12"
] ] ] auto D; : 666" auto D; : 816"
Fig.5 (a) Target image (b) Query images and result of auto L, : 576" auto L, : 754"

both methods with ranks (Lower ranks are better)
(b)
) ) ) o Fig.6 (a) Target image (b) Query images and result of
In this experiment, the target image is in the both methods with ranks (Lower ranks are better)

database. We then changed the levels of contrast to get

v
o
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In this experiment, the target image is in the
database. We then changed the levels of brightness to get
the two query images: a darkened query image 1, and a
brightened query image 2. From the results, the
autocorrelogram with S; distance measure yields the
satisfactory results of both query images. Thus, the
results suggest that the autocorrelogram method with S;
distance measure is more stable to brightness change
change than other methods.

3.4 Query with the same target image with the
change of color in the background

(@) (b)

histS, : 42™ autoS; : 1%
hist D, : 278" auto D; @ 242™
histL; : 17% auto L, : 228™

Fig.7 Result of both methods with ranks (Lower ranks
are better) (a) Query image (b) Target image

In this experiment, the target image is in the
database. We then changed the background color to
orange, and use this as a query image. From the results,
the autocorrelogram with S; distance measure yields the
first rank of a query image. Thus, the results suggest that
the autocorrelogram with S; distance measure is more
stable to color change than other methods.

From the experimental results in four categories,
we can draw several concluded statements regarding
the retrieval performance of histogram and
autocorrelogram  with  three  different distance
measuresm, as mentioned before. When there are few
dominant colors in the image, the histogram method
performs as good as using the autocorrelogram method.
However, the autocorrelogram method outperforms the
histogram method when query images have different
levels of contrast, brightness, and has background color
changes, especially when using S; distance measure.
These results suggest that autocorrelogram method is
robust to contrast, brightness, and has background
color changes. The results also suggest that the S,
distance measure is the most effective measure in terms
of feature comparison.

4. Conclusions

Two different color features for image indexing
and retrieval were presented, namely color histogram
and color correlogram. From experimental results, the
autocorrelogram method is more tolerant than the color
histogram method to large changes in color, contrast
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and brightness. The results suggest that the S; distance
measure is most effective in terms of feature
comparison in both methods.
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Abstract

In this paper, we present the development of a
digital image retrieval technique using autocorrelogram
and wavelet based texture feature. Autocorrelogram is a
color feature that is able to incorporate the spatial
correlation of alike color and is tolerant to large changes
in appearance, color, contrast, and brightness. A wavelet
transform is used to analyze the textures that are
characterized by their energy distribution in each sub-
band. We propose an integration of the autocorrelogram
and wavelet based texture to improve performance of the
image retrieval system. Experimental results suggest that
the proposed integration offers much better performance
than using the features separately.

Keywords: Autocorrelogram, texture, wavelet transform,
S, distance, ANMRR.

1. Imtroduction

Presently the demand of multimedia information
such as digital images and video rapidly increase.
Image Retrieval plays a vital role in many application
areas, such . as education, enteriainment, art history,
digital library, diagnostic medical image databases,
journalism data management and general consumer
use.

There are several content based image retrieval
systems that have been developed and provide
satisfactory retrieval performance such as WebSEEk,
QBIC, MIT’s Photobook, etc. [1]./In general, an image
retrieval system consists of the followings:

» Feature extraction and representation. The three
most common low level image features are color,
texture, and shape. These features are properties
of the image extracted with image processing
techniques.. However, a feature that is most
suitable for each image category is different.

e Image indexing. Feature vectors of each image in
the database are extracted and the essential
properties of the image is computed and stored as
index keys in a meta database.

e Image Retrieval. This step, user enters a query
image. The system then analyses the query and
extracts appropriate feature vector and searches the

0-7803-8346-X/04/$20.00 ©2004 IEEE

* National Electronics and Computer Technology
Center NECTEC)
Thailand Science Park, Pathumthani 12120
Tel: (66-2) 564-6900 ext. 2267, Fax: (66-2) 564-6873

E-mail: yai@nectec.or.th

database. The searching process is done by
computing a “similarity” between the feature
vector and those of the candidate image stored in
the database. The retrieved images are presented
to the user in the descending order of similarity.

In this paper, we present the development of digital
image retrieval technique using autocorrelogram and
wavelet based texture feature. We implement an image
retrieval system using three approaches which are
autocorrelogram, wavelet based texture and an
integration of the autocorrelogram and wavelet based
texture. S; distance measure is used for feature vector
comparison. The organization of the paper is as
follows. In Section 2, we describe two features for
image indexing - and retrieval, which are auto
correlogram and wavelet based texture feature. Section
3 presents the implementations of each method with S,
distance. We then evaluate the performance of each
image retrieval approach in Section 4.  Finally,
conclusions are drawn in Section 5.

2. Image feature extraction using autocorrelogram
and wavelet transform

Color plays a vital role in image retrieval system. It
is one of the most prominent perceptual features of
images. Each color model performs differently. There
are several color feature methods that bhave been
employed, such as color histogram, color set, CCVs and
color correlogram. These methods are summarized as
follows:

e (Color histogram [2],[6],]7]. The color histogram is
commonly used for image retrieval. It is obtained by
quantizing colors in an image and, counting how
each quantized frequently color occurs.

e = Color sets [2]. The color sets are binary masks on
color histograms and they store the presence of
colors as 1 without considering their amounts. Then,
it reduces the complexity of computation.

e (Color Coherence Vector (CCVs) [6]. CCVs are
augments color histograms with spatial information.

e (olor correlogram [4],I5]. Color correlogram is a
table indexed by color pairs of an image. It contains
the spatial correlation of colors and robustly
tolerates large changes in appearance and shape.
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Texture is an important characteristic for image
indexing and retrieval.. There is significant variation in
intensity levels between nearby pixels within a texture.
Texture is a homogeneous property at some spatial scale
larger than the resolution of the image [3]. Periodicity,
coarseness and degree of complexity are some of the
most perceptually salient atiributes of a texture. The
three primary approaches for texture representation are
statistical, structural and spectral approach. Wavelet
transform is one of most recently popular method for
texture description and classification.

In this paper,” we choose two features, namely,
autocorrelogram and wavelet based texture to improve
performance of the image retrieval system.

2.1 Awutocorrelogram

Color correlogram is a new color feature for image
indexing and retrieval. The highlights of color
correlogram are as follows [5]:

e It represents the spatial correlation of pair of colors
that changes with distance.

e It robustly tolerates large changes in appearance and
shape caused by changes in viewing positions,
camera zoom, etc.

It is easy to compute.

e  The size of the feature is fairly small.

A color correlogram of an image is a table indexed
by color pairs, where the k-th entry for (7,7) specifies the
probability of finding a pixel of color j at a distance k
from a pixel of color i in the image.

p2{cy)

()

Image : 7

Fig.1 The concept of color correlogram

The concept of color correlogram is illustrated in
Fig. 1. In the image I, pick any pixel p; of color ¢; and
another pixel p, at distance k away from p;, what is the
probability that p, is of color ¢?

Let 7 be an n; x s, image. The colors in 7 are
quantized into m colors ¢j,...,cm. For pixels py= (xy ,y1)
and py= (%2, ), we use the L,-norm to measure the
distance between pixels (k) as in Eq. (1).
=¥ l} (1)

| = p, Emaxi|x ~x, Ll »

Let piele;,ppel , the color correlogram of / is

defined for i, 7 e[m], k € {1,2,3,...,n} as in Eq. (2).
() "P[PZE/ “m le'—"k] €3

Autocorrelogram is a subset of the color
correlogram. It captures spatial correlation between
identical colors only and is defined by Eq. (3).

¥,

,,EP'[Pzelc, o1 =y =4l €y
The computation complexity of the autocorrelogram
method is directly related to the pixel distance selection

(k).
2.2 Wavelet transform

Since a single image may contain different textures
at varying scales, wavelet transform can be used to
analyze and describe textures of the image with
multiresolution. We consider that a texture is
characterized by the energy of its wavelet coefficients in
each subband of the decomposition.

Let an image / be decomposed into X subbands
and FE(J) is a feature vector representing the texture
characteristics of the image I that is defined by Eq. (4).

N = (£ B Exy) 0

Then the energy in the i-th subband and total energy
are defined by Eq. (5) and Eq. (6), respectively,

E=2 ®)

K1
Z{l’f,- ®)

swhere x, 14 X, 9y X, ¢ are the wavelet coefficients in
U

the i-th subband and KX is the number of the wavelet
coefficients in the i-th subband.

For the number of decomposition levels, the size of
the smallest subimages should not be less than 16x16 so
the estimated energy values would be robust [8].

2.3 Feature vector comparison

Given two images, the difference between the two
features measures the similarity of these two images.
The - features are often treated as vectors, so the
difference becomes the distance between the two
vectors. We used S; distance as a reference measure. It
is defined as follows.

S; Distance measure

The formula to compute autocorrelogram S, distance
[9] is shown, as in Eq. (7).

¢ { 7 (f))

1 min(y (0 (D
(), }’c ¢ (1)

{«)
¥ C
I/‘fly,.ﬁ:1~‘ Z é

m iG[m],kE[d} max(

D
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The formula to compute S, distance for texture
feature is shown, as in Eq. (8).

_a VKol £, (), (7))
| 1= =1 KE)——-—*———-M(H/)'E’“» ®

From the experimental results in [11], S; distance
measure is the most effective measure in terms of feature
comparison.

2.4 Feature integration

There is no single best feature that gives accurate
results in any general setting. Using a single image
feature may lack sufficient discriminatory information to
retrieve relevant images.

In order to integrate multiple features, cach feature
distance is combined to form the overall distance value
as in Eq. (9),

S = 21 w S (5) )
,where value  which has

wis- a weighted

rangeJ <w <1 and zn:,,,,l =1

=

3. Performance measurement

The retrieval performance is evaluated by utilizing a
kind of ranking measure, ANMRR (Average Normalized
Modified Retrieval Rank) that is defined by MPEG-7
research group. This value is defined as follows [10].

First, we denote NG(g) as the number of the ground
truth images for a query ¢ , R(k) is rank of an image &
in retrieval results and K(g)=min (4* NG(q), 2*GTM),
where GTM - = max{NG(q)} for all ¢’s.  Rank (k) is
defined as Eq. (10).

Rorili) = R o RISK) g

(K+1) yif ﬂk)> K(q)

AVR(Average Rank) for query g is defined as Eq.(11)

/VG(") Rank(k)
Als) = ok 11
Ra) 2 60 (1)

MRR (Modified Retrieval Rank) is defined in
Eq.(12). This minimizes the influence of variations in
NG(g).

M/‘jl‘y(q) = AVR(Q) —0.5—

NG(a)
12
2 (12)
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Normalized Modified Retrieval Rank (NMRR) is
defined as in Eqg. (13).

MIRR) = MRRL) (13)

K+05—0.5" N6(q)

NMRR(q) value ranges between 0 (perfect retrieval)
and 1 (nothing found). ANMRR can then be computed as
in Eq. (14).

a
ANVRR = 102/\//!///9/‘((,) (14)

o=l

Note that the lower the ANMRR value, the better the
performance of the retrieval system.

4. Experimental results

In the experiment, we use 1000 color images for our
test database which consist of 10 different categories
(human, beach, building, bus, dinosaur, elephant, space,
sunset, flower and butterfly).

In autocorrelogram method, images are de-quantized
into 64 colors and distances, k=1,3,5,7, 9, are used.

In wavelet based texture method, images are
decomposed into 10 subbands (3 levels).

In the integrated features method, we use equally
weighted values of 0.5 which offer the best performance
as can be observed from the experimental results.

The evaluation of the retrieval performance is
achieved by utilizing the ANMRR. Our query set consists
of 10 queries (1% of the number of images in the
database.

---- Autecosreiogram

e Texture %
~C3- Aato & Texdurs FIRY 1

08

%ﬂ!‘ﬁ I ST - ..;;‘:f k”’ \X\ -’( ]
= & Y,‘S r‘, { ., f;
< gﬂﬂ:ﬁ? 11‘_ {Z.’a"‘ ;z’] ., Eﬂf‘ .
W) e
032 \E{ 1
B Il A i i
2 1 6. 10
image calegory

Fig. 2 ANMRR results for each method

From Fig.2, the combination of autocorrelogram and
wavelet based texture method has the lowest ANMRR
values for most of image categories. Thus, the results
suggest that the combination of autocorrelogram and
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Auto & Texture

Autocorrelogram

Texture »
Fig. 3 Retrieval results of elephant images

Auto & Texture
Autocorrelogram

Texture S o
Fig. 4 Retrieval results of sunset images

Manchester

Centre

wavelet based texture approach offers much better Manchester  Visualization

performance than autocorrelogram approach and wavelet
based texture approach.

Fig.3 and Fig4 demonstrate retrieval results for
some query images of elephant and sunset scenes. The
leftmost images are query images and retrieved images
are ranked from second left (being most similar to the
query) to the right (less similar to the query).

From experimental results, it has been observed
that wavelet based texture method are effective in
retrieving  texture patterns but are problematic with
non-homogeneous  regions in  natural  scenes.
Integration of both color and texture features allows us
to strike the right balance and improve on the retrieval
performance.

5. Conclusions

Two image features for image indexing and
retrieval were presented, namely autocorrelogram and
wavelet based texture. - We proposed an integration of
the autocorrelogram and wavelet based texture
approach. . Experimental results suggest that the
combination of - autocorrelogram and wavelet ‘based
texture approach offers much better performance than
single feature approaches. It can be concluded that
image retrieval using the multiple features can achieve
better retrieval accuracy than using the single feature
separately.
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