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[Movemotuo pHng

IepiAnyn

00D 0 PLOUSGS INULOVPYIOG ELKOVEOV OLLEAVETO CLVEY MG [LE TNV TéPOSO TOL X PO-
vou eivarl amopoitnn n dnuovpyio Tpédnmv doryeipitong (ELPETNPLOUOS, VEKANGT) TNG
OTTIKN G TANpoopiag Le Bdon to meprexduevo g, Content Based Image Retrieval CBIR.
To mepleyduevo twv elkdvav dev Lmopel vo teprypoget e AEEeLg Kobme 1 meptypoen elvon
VIOKEUEVIKT V1oL K&OE AvOp 0. AAMA®MOTE 0LVTH ENAANBeVETON OO TO PNTO: ULt ELxOVA
aEiCet 000 yileg A€Eels . Tlow TNV TEPLYPOLON] TOV TEPLEYOUEVOL TIPEMEL VoL Yivel xpriom
OPLOUNTIKAOV YOPOKTNPLOTIKAV To. omoia elvonl cvykpiowo. Znv mopovoo epyacio
UEAETATON M APTOT TNG VENG KO TOL Y POLOTOG YLOL TNV TEPLYPOLPT] TNG ELKOVOLC.

[Mopovotalovon Tpelg mPooeyyIioelS Yo ToV XOpoKTNPIoUd TG verc: Descrite
Wavelet Frames avéAvom, MR-SAR kon tor giAtpor Gabor. T'wa Tnv o0ykpion twv Hebddwmv
yivovton eKTeETOUEVA TELPGUOTO GE LEYAAD OPlOUS ol etkOveg Tov mepléyouvy ven. To
nelpdipoto Baciloviol 68 KoTNYOPLOTOINGELS TOV ELKOV®V e Ao TOL Y OPOKTNPLOTIKE
tovg. Emiong mopovcidleton évog aAyoplOlog TUNUOTOTOINGNG EIKOVOV XPTGLLOTOLM-
VTG XOpaKTNPLoTIKA VENG Le Bdon tnv DWF avdAivon. O odydptOuog elvol peptkd
QVTOVOUOG KAOMG XpeLALeTON TOV OPLOUO TMV SLHPOPETIKMV TEPLEXOUEVDV TNG ELKOVOLG.
I'iveton mopEOecT) TEPOUATIKOV OTOTEAEGUATOV GE GUVOETIKEG EIKOVEG TOV TTEPLEYOLV
VO CALG KO OE ELKOVEG L€ PUOLKEG GKTVEC.

Eniong 660V apopd T YopoKINPLOTIKE TOV YPOUATOS Topovotdleton évog oA~
v6p1BL0oG ey Twv Kupiav yxpoudtov etkdévov. H eaywyn ovtodv Baciletol oto
cvotiuato xpouatov HSV, ko Lab, ta omolo kol cuykpivovion. IMopovceidlovton ot
SVaTHTNTEG TTOV TOPEYOLV TOL KVPLOL YPDOUOTO YO TNV TEPLYPOLPT| ELKOVMV, KAOMG Ko
UETPOL GVYKPLOTG TOV X OPOKTNPLOTIKMV TOV YPOUETOV. TNV GUVEXELN YIVOVTOL TTELPOL-

HOTOL VAKTNONG CLVOLELOVTOG X OPAKTNPLOTIKA DENG KoL XpDUOTOC OTLG 1d1EC e1KdVEg

i



TOVL YPNOLOTOONKAY 6TV Kot yoplomoinon vene. Télog mapovotdloviol Tpédmot

e€aywyng TUNUGT®V otd TNV elkéva e BAom To XpdUO KO TNV VOT YLoL TNV TEPLYPUON

TOV TEPLEYOUEVO.
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Texture and colour feature extraction for image segmentation and

retrieval
Spyros A. Liapis
Master of Science Thesis

Computer Science Department

University of Crete

Abstract

Now days the generation rate of image is increasing rapidly. So it is necessary to
develop ways of manipulating (indexing, retrieval) the visual information by its content.
This is called Content Based Image Retrieval (CBIR). The content of an image can not be
described with words, because the description made by a man is subjective. Never the less
this is confirmed by the old saying: ”an image is worthy as one thousand words ”. In order
to describe the image content, must be used arithmetic features that will be comparative. In
this work texture and color are used for image description.

Three ways of texture characterization are presented: Discrete Wavelet Frames, MR-
SAR and Gabor filters. For comparing these texture features, experiments are performed on
a large number of textured images. These experiments are based on image classifications,
according to the above texture features. Also an image segmentation algorithm based on
DWEF texture features is proposed. This algorithm is partially supervised because the number
of different texture contents in the image is needed. Experimental results of the segmentation
algorithm are performed on synthetic textured images and on images of physical scenes.

As for color features an algorithm of image dominant color extraction is
proposed.  The extraction is based on HSV and Lab color systems, which are
compared. The capabilities of dominant color extraction in image description, and
distance metrics for comparing them are presented.  Also experiments of image
retrieval based on texture and color features are performed, on the same images that
where used in texture classification. Finally numerous ways of segment extraction

from the image according to texture and color are proposed for content description.

il



Supervisor: George Tziritas
Associate Professor of Computer Science

University of Crete

v



Evyoplrotiec

IMpoto amd dAovg Bo 1OeLD VoL eV OPLGTHO® TOLG YOVEIG LoV AAEKO KOl ortepivol
OTMG KoL TIC Yiorylddeg AOnvitoa Ko ZToUaToOAN, TOL Y wpic ovTovg dev Oa Bplokduovy
670 onueio cvTd. Me TNV ovoTPoen} Ko TIG apy€C TOL LoV €800V KOTAPEPOL EKTOG amd
KGETOYXOG LETOMTLYLOKOD SITAMUATOC, VO Yive GTOpo XPNOLUO Yol TOVE CUVAVOPDTOVS
pov. EAmilm ¢ éva onueio vor eKTAN PO TIG TPOGOOKIES TOVC. ..

Eniong evyoplotd tov endnn g epyaciog avtig Ndpyo Tlipita, mov ywpic v
cuuPoAn} tov dev B elxe oloxAnpmBel N epyocio. To tedevtoio 3 ypdvia elyoue po
Gyoyn cuvepyooio amd tnv omoio képdioo mépa TOAAE tpdrypota. ExXTég omd yvadoelg
GTO OVTIKEUEVO TNG EPYOOTLOC, OMEKTNCO BUCIKES apyEC TTOV B0 LoV XPNCUEYOVV GTNV
vréronn pov Lmn. O IMwpyog Tlpitog etvort éva VTOSELY L0 ETLGTHLOVOL, KOO YNTH CAAG
Ko otkoyeveldpyn. Tov edyouon vo mopapeivel dnwg etvar.

>10 onueio owtd B MO0 VO EVYUPLOTHC® TOL LWEAN TNG EMTPOTNG K. ATOGTOAO
Tporyovitn xon k. TIdvo Tporyovid Yo TIg EMONUAVGELG TOVG KOL YLoL TOV XPOVO TOVC.

Agv B0 UTopo VG AL Vo, ToPUAELY®, TPMOTA 0td GAOVG TOVE PIAOVS KL GUULPOLTNTES, VOL
evyaploticmtov HAio I'kpivia, 0 omoiog Borifnce koté Tor LEYIGTOL GTNV TPOYULOTOTOINGN
g epyocioc. Ot atedeiwteg suinTioelg oG Yo Béporto TG epyasiog Kot un fTo tévto
EMOLKOOOUNTIKEG - LWEAAOV O)L TTAVTO, €XEL TO EAGTTMUOL VO OWVIIKEL GTOVG ~aOANTIKE.”
wontoHs. Oa Tov TopaKoAoVoo VoL TPOocEEeL amd e6 Ko TEPOL TOV EXVTO TOV YLOL VOL UMV
€xoupe Kot AL KEVE SLOLGTILOLTOL.

Axdun evyoploTd SAOVE TOVG PIAOVLG LE TOVE 0010V TEPAGOL OEEY OTES LEPES KO
vy teg 610 HpdikAero Tar tedevtaio 6 ypdvia. Oa LLov Aetyouv ToAD KaTd TNV omoydpnon
pnov amd To HpdxAelo 6mov mépaca Ta o Spopeo xpovia g Mg LoV - ToL @OLTNTLKA.
Idtaitepor Bor pov Aetywouv ot viyteg mov mépaco 610 HpdkAelo. Xtov Anuitpm, GTovV
Topyo, otov Eevitepévo Odvo, 6Tov  hoTa, 6Tov NiKO KOt 6TOVG VITOAOLTOVG ... OYOLLOL
vo Bpovv owtd mov yéyvouv otny Lon|. Mepikoi vouilw 6t o €xovv Ppet om.

Eniong 6éAm va evyoplotion Ttig ¢idec pov Mopio kou ElevBepio, ot omoieg
LOV CUUTAPOGTEON KAV YUY OAOYLIKE GTOVG SVGKOAOLE Yo LV Koupovg 610 HpdikAeto.
Nouilw 611 10 Kotdeepoy UE TO TUPUTAV®. AT TNV TAELPE oL B TOVG EVYNOd Vo
"y aAop®oovy” Atyo. To dyyxog kével ka6 ... Mapia.

TéAhog evyoprot® TV Bayyeiitoo ko tov Iavorylotn tov pe Boridnooy népo ToAhH
KOTA TNV Topoplovny Lov oto HpdxAeto.
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" H Con eivar éva mauyvidl ... maiEte 000 WTOQELTE.
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ATOKpIGELG GTOV XMPO TV GLYVOTHT®V OV ANMOKOTTOVTIOL G 5 eninmedal
TNGOVAHAVOTC. « « o v o o e e e e e e e e e e
Discrete Wavelet Transform - 1D decomposition, 6Tov s;, d; TPOGEYyLoN KO
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Discrete Wavelet Frame 1D decomposition, 61tov s;, d; TpoG€yyion Ko Vid-
AOLTO GTO EMIMEDO 7 OVTIOTOLYOL « « v v v o o e e e e e e e e e e e e e e
Discrete Wavelet Frame 2-D avédAvon: h kotodiafotd, g avodiapotd

Tpomog Sy mplopov TV cuyvoTiT®my otnV Discrete Wavelet Frame . . . . .
Gabor Wavelets frequency decomposition: 6GTo oMo @oivovTon o1 TEPLOYES
GLYVOTNTOV TOV AETTOUEPELDV GE KGOE eMinedo, Ko TNG TPocéyyiong oev-
TePO eMMESOL (LeGOi0g KOKAOC). ZuupeTpikol kVKAol (dnAady otnv oo
Kotevivvon) 6to avTioTol o eninedo ovEdAvLoNG CviiKouV TNV 18t Guvt-

otmoo TG avdAvonc (coefficient) dtdtt €yovpe eiltpo GpTLoG cLUUETPLOG

IToAAomAN g avéAvong SAR povtéro e ypnon Gauss mupopidoc L emmédmv.

H Béon pe t1¢ 55 etxdveg mov meptéyouvv ver| ord to VisTex tov MIT. . . . .

OUTOAN eMTLYI0C, GLVAPTICEL TOL OPLOLOV ELKGVWOV TOV OVOKAT ONKOV
ord v Béon, Yo v DWF avéivon. Tiveton ovykpion 6tov xpnGLLo-
molove TNV Bhattacharya pe Laplace kou pe Gauss Kortoovour] GAAoL KoL Tnv

Maximum Likelyhood. . . . . . . .. ... ... Lo

OUTOAN emMTLYI0C, GLVAPTICEL TOL OPLOLOV ELKGVWOV TOV OVOKAT ONKOV

10

11

13
14
14

17
19

26

27

ord tnv PBéon, yion 6Aeg TG LeBddovg (Gabor, DWF (ue Laplace), kot MR-SAR). 28

O\ ToL TAOLOL TOV HVLTOUOTOL AAYOPLOOL TUNUOTOTOinoNG. . . .« . . . .
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Ouadomoinom: ke KOKAOG TOPLOTAVEL HLoL TPEYOLGA KAGOT. 6B popd.
EVMOVOVTOL O1 TTLO KOVTIVEG. ApYLKA €xove 6 KAGGELS TOV TPOKVITOLY OId
xopoKTNPLoTIKG 6 block-kAdcewv. Telkd vroAoyilovion Tor avTITPOC®-
TEVTIKA X OPAKTNPLOTIKA TV 000 {NTOVUEV®OV KAGGE®V . . . . . . . . . .
H opyikn} GuvOeTIKN €KV e 5 VEEG KoL 01 opyLKEG KaTaTAEELS e Péon
TNV OTTOOTOOT]  « « v v v v e e e e e e et e e e e e e e e
Ot xortotéierg petd 1o eiATpo eVOLAUESTG TIUNG KoL 1) TEALKT ELKOVOL LETEL

tov ICM, ovticToly o ylor TNV GLVOETIKNY E1KOVAL e TIC TEVTE OLOPOPETIKEG

Tow un opotoyevn block xon ta block mov ypnoyonominkoy yio v eEo-
YOV TOV XOPUKTNPLOTIKAV KEOE KAGONG, ovTioTOL O YIoL TNV GUVOETIKN
ELKOVOL UE TIG TTEVTE SLOLQOPETIKEC VQPEC. « « o o v v v o v e e e e e e e e e e
H oapyikn eikévo kot 1 TeMKY| TUNUOTOTOIUEVD, ovTioTol ol YL TNV
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H oapyikn eikévo kot 1 TeEMKY| TUNUOTOTOINUEVT, ovTioTol(Ol YioL TNV
GLVOETIKTY| e1KOVOL e 4 SopopeTikég VEEC (D19 DID3 D5). . . . . . . . ..
H opyikn eikévor Kot n TeAKT] TUNUOTOTOINUEVT), ovTIGTOLY O YioL TNV
GULVOETIKY| EIKOVAL UE TPELS SLUPOPETIKEC VPES. .+ « « « v v v o o o e e
H opyikn eikévo kot 1 TeMKY| TUNUOTOTOINUEVT, ovTioTol ol YL TNV
GULVOETLKY| ELKOVOL LE OVO OLOUPOPETIKEGVPEG. .« . v v v v v v v v e v e .
H apyikn etkévo Ko ot TeEMKEC TUNUOTOTOINUEVES, UE 2 Ko 3 KAGGELG
ovtioTolyo Yo TV etkévol He ToL BOTooA. .« . . . . . L
To block mov ypnoionotovvton yro v e€orymyn Tov TopoUéTpwv Kébe

KAGONG Yo KGOe mepintmon (2 kot 3 KAGGELWS). .« . . o o oo
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eodAono 1

Etcoyoy

1.1  ivntpo viomoinomng tng epyociog

O pLOUGE MNULOVPYIOG TV EIKOVDV o0 SLAPOPES TNYEC QLLEAVETOL GLVEXXDG LLE
v mépodo Tov xpoévov. TInyéc mopoywyng etkovav elvor dopveOPOL, GTPOTIMTIKEG
OVOLYVOPLOTIKEG TTHGELS, T CIGTLUVOULOL YL TNV KOTOX®PMNOT KOKOTOldv pe PBdomn 1o
TPOCONO €1T€ TOL SUKTLALKA OTOTLITOUATO, KOUEPES TOPOKOAOVONONG Y OP®V, 1OTPLKE
Opyowvo, GVGTNUO OLKLOKN G SLOLOKESUON G, LEGH, EMLKOIVOVI®MV 0TS TNAEOTTIKOL GTOOUOTL.
AVTOUATMG CLUTEPAIVOVULE OTL GLVOPOTOL SLEPOPWV ETOYYEAUATOV OO EMGTILOVES MG
évor oA xPNOTN EVOC TPOCHOTLKOV VITOAOYLOTH, EPYOVINL GE EXOPY| LLE TNV ONTIKY TAN-
poopio, TOL TOPEYETOL OO TIG TOPOUTEV® TNYES, YO SLOPOPETIKOVEG GKOTOVS. Ondte
ovoykaio Bewpeitor n dnuiovpyio TpOTV dtayeiptong (EVPeTNPLOCUOS, OVAKANGN) TNG
omtikN¢ TAnpogopiog e Béon to mepleyduevo g, Content Based Image Retrieval (CBIR)
[1]. 'Eva cbotnua CBIR ogeidel vo opyel0BeTOEL OMOTEAEGUOTIKG KO LE EVPLEG TPOTO
MV TePEOTIO G GYKO OTTIKT) TANPpoopio Tov Ppicketon 6To omodNKeEVTIKE LG, MOTE
VoL Top€YOoVToL 0ToV ¥pNotn dStopoveic Aettovpyieg de1ktoddTNoNG Kol Yo&iotog Twv
elKGVaV. Me tnv eE€MEN TG TeXVOAOYIOG TO KOOGTOG TNG LVAUNG KO TMV OMOONKELTIK®V
HEG MV LELdVOVTOL, KaOMG TO LEYENOC rLTMV avEAvel Le Yp1iyopoug puouove. I'eyovog Tov
KGVEL EQLKT TNV TPAYUOTOTOINGN EQOPULOYMV TOV EUTAEKOVTOL LE Sloeipion elkOvVoV,
0POV Ol EPAPLOYES QLVTEG OLTLALTOVV UEYAAT) DVTOAOYLOTIKT 1YV, LWVIUT KOl ATOOM KEVTLKO
XOPO. ATOUTNGELG TOV NTOV OTAYOPEVTIKES VIO TIG EPOPUOYES QVTES TOL TPOTYOVUEVOL

xpévio. To tedevtoio xpovia opyilel Kou yiveton e@ktii 1 VAOTOINGCT EQPUPULOYDY OTOC:
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e dwayeipion mAnpoeopiog apyxelov AL TnAeomTIKAY otobudv (video/multimedia

database).

e dwoyeipion PBdaoewv Aoyotimwv (trademarks) ylioo TMV KoToxVP®OT TVELUOTIK®V,

EUTOPLKMV dtkatopdtwv (copyright).
e YE@YPUQOLKE GLOTHUOTO TAN poYopiog, ynelokés BipAtodnkeg (digital libraries) [2].
e emOTNUOVIKEG Pdioelg dedopuévav, oe Topeic 6mmg 1 Prodoyio tTpik.
e oyedloom VEOCUETOV Ko LOSOG.
e TPOPAEYN KOpOV.
e emPBoAr| VOLOL Ko Stepehvnon eYKANUATOV (EYKANUOTOAOYLKES BAOELS).
e Gyedloom Ko SlaKOGUN O™ ECOTEPIKADV Y OPWV.

e dloeipion PAoewv eKOEUATOV TOV YKOAAEPD KOL TV LOVGELWV.

1.2 To npofinuo.

Ta televtoio xpovia yiveton €pevval Yo TNV aveHPEST TPOTWV YOl TNV TEPLYPOLPT
KO TNV SLoELPLOT TNG ONUAGLOAOYIKTIG TANPOQOPTINC, TOV TEPLEYETOL GE LULOL ELKOVOL, KO
v elcaymyn g o€ Lo féomn dedopévmv. Ot kovég Béioelg dedopévav mov doyxerpilovton
Kelevo kot aptuovg éyovv puedetn el eEovTAnTikd T1¢ teAevtaieg dexoetieg. Ot apiduoi
Ko To Kelpevo €pouvv éva HeyGAo TAEOVEKTNUO, TO OTL LTOPOVV VO KOTOUETPNB0VV VoL
to&voun 0oV Kot Vo amobnkevTtovy (e ToV TPOTo oVTO GE HmoONKEVTIKA Héoo. Xe
ovtiBeom, yio TIg elkOveg Ko 1o video dev VIhpyEl KATOLOL YAMGGO TEPLYPOULONG TOVG,
omdte o o oxectokn Péon uropel vo omobnkevtel P etkovo oAAG dev Umopel va yivel
eENePAOTNOMN o€ QLTHV Ue PAom To Tepleyduevo e AAYOPLOUOL Yo TNV detkTeEL0dHTNON
elkovmv elvorl elvol okl 6e Un 1kovoromTiké GTédlo Yylol VO 1KOVOTOIiGOLV TO
CBIR. To mpéPAnuo eivor 61t 10 mepleyGUeVO TV etkOVmV dev Umopel vor meptypopel pe
Keipevo. Enepwtdvtog oe TANpo@opic KEWWEVOL, TO TL GNUOLVEL OLTO TOV SLOLTLTOVETOUL,
CLYKPLTIKG UE TIG €1KOVES, elvol avotnpd cuyKekpluévo. Xe ovtifeomn enepwtwvTog
TANPoQopio. e1KOVOC, TO TePleXOUevo TG umopel vor Anedel dtapopetikd e ToAL0VG
TPéTOVG 0 AoPoPeTIKOVG YpMotes. To xeiuevo €xel Ayoug PBobuovg eAevbepiog dGov
oPOpE TO VOMUOL TOV. AV xopakTnpletel/enepwtnOel Lo etkévo pe Béom to keipevo, Ho

dtomoTwdel VOV UEGMOS GTL VILAPYOVLY TEPOL TTOALOT Y OPAKTNPLOUOTL ENEPMTIOELS TOV
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umopovv va yivouv pe Béion to teptexopevo tg. To yeyovog avtd cupupodilet pe 1o yvmwoto
pNtéd: "M exdvo aiCer 600 yilies AéEels”. AAAG Ko ThA ov oxke@Tel kovelg 6Tl Lo
etkovor umopel vou €xel avapiounta avtikeipevo pe Stdpopeg 18LETNTEG KOl TOTOAOYIKEG
oyéoelg Leto&H TOVE, TOL KO QUTEG EIVOLL VITOKEIUEVIKEG, TOHTE GUUTEPOUIVOLLLE GTL OVTE OL

xiheg AéEeig elvon apreTéc.

1.3 Epevvnuikéc npoceyyicerg

Mo v mpaypoatoroinon tov CBIR vrdpyovv 600 Pooikéc tdoelg 6Gov opopd
MV TEPLYPOPT] TV ekOvov : Ue yvopiouoto” kol pe egoywyny “XopoKTNPLoTL-
KOV’ /ovayvoplon ovtikelnévov ( attribute based representation vs feature extraction/object
recognition subsystem ).

>INV TPAOTN TPOGEYYLON TO TEPLEYOUEVO NG EIKOVOG LOVTEAOTOLEITOL MG €Vol GV-
VvoAo omd yvopiounoto tor onmoia eEdyovton tnv enifreyn ypriotn. Ondte peténerto eivon
duvorthy N dwxeipton tovg amd wor ovpPotikyy Péomn dedouévav (my. oxeolwokny) [3].
To. cuoTHUOTO VT eUTEPLEXOVY €val LEYAAO BoBUd yevikevong otny mePLypopr TNg
elkévos. Avtd €xel 10 LELOVEKTNUOL OTL OGO HEYOADTEPT €lvol M LPOLPETIKOTNTO GTNV
TePLYPOLPT] TOGO AYOTEPO EVLEALKTO B €lvail TO GVOTNUO GTNV dNULOVPYIO ENEPWTHOEMV.
H 1ébodog ot viofetiOnke od epevvntéc 6ToV TOUEN TV BACEMY SEQOUEVAV.

H devtepn mpocéyyion e€optdron and évor VTOGVOTNUO EEQYMYNC Y OPOKTNPLOTL-
KAV KOl ovoryvoplong avTikellévay. To yopoktnpiotikd mov eEdyovion meptypioovy
KOl OVTITPOCMOTEVOVY TNV €1KGVO. o T0 WAHEIWO OVAUESO OTO Y OPOKTNPLOTIKE QUTH
KO Y10 TO KOADTEPO TOUPLOCUOL [LE TIC TPOSLALYPOLPESG TOV Y PN OTT, EMGTPATEOOVTOL UE-
00801 ovVOryvVOPLONG TPOTONTWV. AVTH 1| TPOGEYYLOT CLUTOUOTOTOLEL TOV Y OPOKTNPLOUO
TOV eIKOVOV KoTd TNV €16080 NG e1kévag otnv Pdon dedopévav. OUmg ey vikég eEorym-
YIS YOPOKTNPLOTIKMV TANPOS VTOUOTEG elTe elvarl TOAD TOAOTAOKES Kol £(0VV LEYEAO
VIOAOYLOTIKG KOOTOG, €iTe TelvOuV vor AELTOLPYOVV Yol éval TOAD GUYKEKPIUEVO Tedlo
dedOUEVMV EQOPULOYDOV KoL Oyl otV Yevikn mepintmon. H puébodog avth avortiynke
KUPlg omd EMGTHUOVEG GTO TOUEN TNG VIOAOYIOTIKIG dpoong Ko Tng eneepyociog
eLKOVav.

Onwg té0nke 10 TPOPANUO GTNV TPOTNYOVUEVT] EVOTNTO Ol EMEPMTHGELS TOV Yi-
VOVTOL GE QUOLKY] YADOOO TPEMEL VO LETOPPOLOTOVV GE YAMGGO KOTOVONTY| Ylol TO
cvoTnuUa avédkAnong. FADNcGo ToLv VoL X PN GLULOTOLEL Y OUNAOD EMTESOV Y OPUKTNPLOTIKE

(low-level/primitive features) tng e1k6vog Ko vor GLUVOETEL AOYLIKE YOPOKTNPLOTIKG ON-

Eropog Aldmng
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UOGLOAOYLKOV XOopaKTpOL e BEOT TO TEPLEXOUEVO OO TOL TPWTOYEVT| X OPOKTNPLOTIKA.
Apéowg dtapoiveton ) avorykondtnto g eEorymyng tav low-level features amd tnv etkévo
KO M UEAETN TEPLYPOPTC ALTWV OAAE KOl CLYKPIGEWS LTV, XOPUKTNPLGTIKE TOL
XPNOLOTOLOVVTOL YIOL TNV TEPLYPOLPT] TMV ELKOVMV Ko amtd TIg dvo poceyyioelg elvou:
xpouo, ver, oxfuo, xeipevo, kivnon (ov mpdxertan yoo video), ywpikol mepropiopol
(spatial contraints).

v mopovoo epyacio peAetdton n eEoymyr xopoKTNPIoTIK®Y Tov Bacilovton
otV Vo1 (texture) Ko o610 ypdupo (colour), akoAovOdVTOG TNV deVTEPT TPOGEYYION
(feature extraction). To yp®duo Ko 1 vET| elvor 3HO YOPOKTNPLOTIKE OIS TOL TTLO CNULOVTIKE
GTNV TEPLYPOLPT] TOV TEPLEXOUEVOL MO EIKGVOG.  aBdG Pactldevol e ouTé Lropovue
VO EVTOT{GOVIE OLVTIKEIEVOL | VOL OLTTOILOVAGOVIE KO VOL X OPOKTNPIGOVIE GMULAGLOAO-
YIKE EEYWPLOTEG TEPLOYES OTNV EIKOVOL. AVCTLYMC OAYOPLOUOL UNYoVIKTG dpoong Ko
emelepyaciog elKéVmV TPOg LTHY TNV KaTevBuven eivor TOAVTAOKOL dEV AELTOVPYOVV
TANPOG VTOUOLTAL, 1) OTAV AELTOVPYOVV TEIVOLV VoL SOVAEVOLV Y10l VOL CUYKEKPIUEVO TTEGTO
dedOUEV@V, OTIMG TPOUVAPEPONKE. TNV £pYOCio CLTH JEPELVAVTOL CAYOPIOUOL TUT -
TOTOINOME TOL VO XPNGLULOTOLOVV Y PMOUD KoL VO EEYOPLOTA 1} KO CUVILOOUS OLVTHOV
660 10 duvortdv avtéunato. Emiong peretdvion or kotdAniol meprypaeeic (descriptors)
YL XPOUO KO Y10L VOT Ko ovyKpivovton HeToy Toug pe melpduoto ToSivouoemy
EMGTPOTEVOVTUG KOL YVAGELG OO OVOrYV®PLOT TPOTUT@V (pattern recognition).

>10 oynuo 1.1 @oiveton pior TV opyLTekToviKy Hog Pacemg dedopévmv omd
etkéveg. ‘Omov évag xpNoTng ord 0TOL0dNTTOTE TEPUATIKS GLUVIESEUEVO GE dIKTLO Umopel
vo. VTOPBGAEL EMEPATNOT UECH TOPOOELYLOTOG €lTE LECW® AEKTIKAOV YVoplopdtov. H ené-
poINon ot peTaepdleton omd TV PAoN O YOPOKTINPLOTIKE TOV Y PNCULOTOL0HOVTOL
YI0L EVPETNPLOCUS, T.Y. YOPOKTINPLOTIKA LAV Ko ypwuotos. Emiong ot etkdveg mov
elodyovion oty Béon eneEepydlovtonl amd adyopibuovg eEoywynig TV TponyoHUEV®Y
YOPUKTNPLOTIKAV. Tl YopaKTNPLOTIKA omoOnKeVOVTOL, UE TNV LOPPT| LETAOESOUEV®V
(metadata) o€ évo amoOnkevTIKSO PEGO (GKANPOG dlokog). To X apOoKTNPLOTIKE TNG EMEPH-
TNONG GLYKPIVOVTOL LE TOL X OPOKTNPLOTIKA 6NV BAOT). ME 00TV TOV TPOTO OVOKTAVTOL
Ol OMLOLOTEPEG ELKOVEG Ko HeTadidovton oTov ypMotn. Oduo mov Blyeton 610 GVGTNUOL
0T, Elval 1 CNUOCIOAOYLIKT) YADCGO LETEPPOIOT G TNG ENEPWTNONG (GTOLV QLLTH dev Yi-
veton [e eikdva véderyuo), dmov eUTAEKOVTOL OGOl OLGYOAOVVTOL LE GNUOGLOAOYIKS
eVPETNPLOCUS Ko TexvNTh vonuooHvn. Erniong Olyeton n petddoon kot 1 omob{Kevon
OOV 0L OAOVVTOL EMLGTHLOVES OO TOV X MPO TV SKTHOV Ko Bewpiog TAnpopopiog Ko

Kodlkomoinong. Xto KOUUETIOr TG eEay®YNC Y OPAKTNPLOTIKAY Ko cOyKpLong yiveton

Turuo Emoetiung YroAoyiotov
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xprion adyopibumv ymelaknig eneéepyocsiog ElKOVOV Ko avy®plong TpoTOTmV. e ot
ToL $VO0 KOUUATLO ETKEVTPAOVETOL T TTOPOVG L EPYOGLOL.
I'vootd cvotiuoto Paoewv dedopévav pe ekéveg elvon QBIC [4], Virage [5],

VisualSeek, PhotoBook [6], Chabot [3].

—
YITOBOAH
Telco/LAN Routel/ EINEPQTHZHE

[m]
META®PAXH /
EINEPQTHXHX XE

XAPAKTHPIZTHKA SYTKPIZH
ANAKTHZH

XAPAKTHPIZTIKQN OMOIQN EIKONQN
\

>

E[z20AOZ EZATQIH
—_— Hi gh
XAPAKTHPIETIKOQN
EIKONOQN Speed
Disk
ATIOOHKEYEH

Iyquo 1.1: Tomik?| apy1tekTovikT oG Péong dedopévmv e elKOvec.

1.4 H opybdvoon tng epyoociog

10 kepAAono 2 e€etdllovTon YopaKINPLoTIKA VOV (texture features). TTpoteiveton
n yxpnon Discrete Wavelet Frames (DWF) avdAvong mov Poacileton 68 TOAVKOVOALKS
euAtpdpiopa Tov etkovev (multichannel filtering) mwov Soywpilel Ti¢ Ve pe Pboion
NV oOKPLON TOVG G dLEPOPES TEPLO)EG oLy VoTHTwV. Eniong mapovcidlovton to Gabor
eiltpa, Toomoio etvar Tng idtog otkoyévelog e tnv DWF, kot Multiresolution Simultaneous
Autoregressive model (MR-SAR) puéfodog mov Pocileton 6e LovTEAD 0LTO-TOALVIPOULOTG
(autoregressive models). Xt0 ke@dAono 3 mopovoldleTonr M ENISOON TOV TOPATAVO
YOPOKTNPLOTIKAV VONG O TEWPEUATA ToEIvOUNoNG 68 ddpopes PACELS Le VOEC, 0PoD
TPATO TOPOVGLOGTOVV TOL KATEAANAC KPLTH PO OLOLOTNTOG 1] AMOGTAO G VAL TEPITTMOOT).
310 KePGA00 4 ToPoVGLELETON 0 AAYOPLOUOC TUNUOTOTOINGNG TOL ovatTOY BN Ke te Béomn

to. DWF features yio tunuoctonoinon pe péon v ven. 1o keediono 5 mopovotdlovton

Eropog Aldmng
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TPOTOL TEPLYPOLPNG TNG ELKOVOG LE BAom To xpdua (eEorymyn| Kupiov xpwudtwv/ dominant
colour extraction), pe SBPOPOL GLOTIULOTO XPOUAT®V. XTO KEQPEAXLO 6 TOPOVGLALETOL M
ta&véunon eikévmv e Bdon to xpouo kot TNy ver. EEetdlovton Tpomol GuvaLaoron
QVTOV KOODS LEAETETOL TO TOCO PEATIAOVOVTOL TOL TOGOGTA EMLTLYIOG LE TNV EMTPOCHETN
XPNHON TOL YPOUNTOC. XT0 KeEPHAOo 7 mpoteivoviol TpOmol e€aywyng TUNUATOV Ue
Béion TV LET| KoL TO YPDOUA YLOL TNV TEPLYPUP] TOV TEPLEXOUEVOL TNG elkOvac. Emiong
TOPOTIBETOL 1 TUNUOITOTOINOT EIKOVOV LLE TNV TPOGON KT TOV XPDUOTOS GTOV AAYOPLOKO

TUNUOTOTOINGNG, OTTOL KO YIVETOL 1| GVYKPLOT GTNV TEPINTWOT TOL JEV €Y OVUE YPDUOL.

Turuo Emoetiung YroAoyiotov
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XopokTnplotikd veNg

2.1 Tevikd

Y1 umopet vor xopoktnpleOel onoltodnote mePLodikd OUOLOYEVEG TPOTLTO OTNV
etkévo. To Tapaderyor ve1 Uropel va xopokTnPLeBel Evor pry€ VOGO, L0 TTEPLOYT LUE
ypooid, o EvAvn empdvela x.1.A. To Tpdtumo ovtd dev pumopel meprypopet pe Béion v
KOTOWVOUN TNG QOTELVOTN TS AAAG [LE TO TG UETAPAALETAL ) POTELVOTNTA TEQLOOLXA OTAL
pixel ™S ewmovag.

310 ToPeEABOV €youvv TpoTabel TANOWPO OO GTOTIGTIKEG TPOGEYYIGELS YioL TNV
ovaAvon ko eneEepyocion etkOvmy mov eptéyouvv ven| [71,[81,[9], o1 omoiol Bacilovton
GE€ Y OPOKTNPLOTIKA TOL OTOPPEOVY OO GLOYETIGELG ONUEl®V KOl 0td LOVTEAD TV ALV
nediwv (random fields). Apydtepo mpotdbnKov HEBOSOL YPNOULOTOLDOVTOG X OPLKE QIA-
Tpa. TomkoV yopoktipo [10],[11]. Qo1d60 o8 aLTEG TIg TPOGEYYIoELS TOL TPOPAUOTOG
VIEPYOVV UELOVEKTAULOTOL, OTIWG LEYAAO VTOAOYIOTIKG KOGTOG, TOL 0TT010L AOVOVTOL [LE TNV
xpfHon Tov petocynuaticpov Wavelet [12], [13]. 'Exovv cvykpotnOel 300 KVpleg otko-
véveleg/katnyopieg LeBOdwv oL €rouvv emKpATHGEL ToL TeEdevTaic, ypdvio: multichannel
filtering ([14]) (Wavelets [12], Wavelet Packets [12], Wavelet Frames [15], Gabor ¢iltpa [16]
[17]) ko1 random fields (Markov Random Fields, SAR ko1t MR-SAR models [18]).

e LTV TNV gpyocior TO TPOPANLUO TOV XOPOKTNPLGULOV TNG LOTC TpoceyYileTan e
tnv Discrete Wavelet Frame avéivon, 1 omoiow ovijkel 6tnv npdtn Kortnyopio Lebddwv.
O oxomdg TNG vGALONG Elvor vor KalBOPLGTOUV X apOKTNPLOTIKE Yol KAOE LOT| €101 WOTE
KGOe (o vou umopel va oprotel povooriuavto. And Ty @Uom g veNg tétoto dtdikpion
umopel vou yivel 6To medio TV oLy VoTHT®V, OOV KEOE LET £)EL SLOPOPETLKT) GLUTEPLPOPJL,

MNAadN SLoPOPETIKEG GLYVOTNTEG GLVELGPEPOVV, OGOV OLPOPA TO UEYEOOG KOL TNV KOTED-

7
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Buvon, ywo tnv ovvoeon g k&be veNc. OndTe Yo TOV KOS 0TS XPNOLLOTOLOVVTOL
eilTpal OV OMOKOTTOVY SLoLPOPeTIKEG Lveg ovuyvotitwy. [Tpoceyyicelg oe multi-channel
filtering Stoipopomotovvton Kuplmg oTa GIATPOL KOl GTOV TPOTO TOL TOL Y PN OLULOTOL0VV. Ot
uébodot otny kortnyopia crvtr| Pacilovion otny Bedpnon 6t n ven elvon TeEPLOdKS GTipLoL
Ko oveEGPTNTO 0TNV UeTorTémion (translation invariant).

>11g TopoKdTm evotnteg Tapovotdlovial Too DWF, too Gabor gidtpo (de0tepm ko
myopin), Ko T TOAAOTAN G OVAALGN G TVTOYPOVIG QLTOTOALYIpOLoN G LovTéda (Multi
Resolution Simultaneous Auto Regressive models, MR-SAR), mpocé€yylon nov avijkel 6tnyv

devtepn kaTnyopio.

2.2 Avdéaivon Discrete Wavelet Frames (DWF)

2.2.1 KoBopiopdg ¢iATpov Kol 1016TNTEC OVTOV

H avdivon, 6nmg meptypdonke, TPEmel Vo SLOOTAEL TIG GLYVOTNTEC TOV CTULOTOC
€16000V o€ Y aUNAEG Ko VYNAEG GLYVOTNTES. OTTHTE Y10l TOV GKOTO 0LLTS PN GLULOTOLOVVTONL
eiltpa h,g, 6mov 10 h elval to kotodoPotd (lowpass) eiAtpo Ko 10 g avwdaBotod
(highpass) @iAtpo. Ta @iATpo cLTE €YOVV TNV WOTNTA VO VOl GUUTANPOUOTIKE €TG1
WOTE VO KHAVTTOUV GA0 TO QACUO TV GLUYXVOTHTWV. Ondte €roviag T0 h GIATPO T0 g

opiletan oTIg oL VATNTEC KO 6TOV YPpOvo ot Tig €€i¢ oxéoelg avtioToryo:

G(2) 2H(—2z1 }
@.1)

g(n)

(— 1)(1771) h(l —n)

omovto G, H elvon o1 LETOOYNUOTIGLOL Z TOV A, g GTOV Y MOPO TOV GLYVOTHTOV AVTIGTOLYOL.
Eniong yia tov Wavelet petaoynuotiopd xpetoldUacTte TNV TEAELOL OVOKOTAUGKEVT] TOV
oPYLKOV CNUOTOG Otd ToL GIATPOL 0L TEL. Tl vor elvait ePLkTO orvTd TETE TO A VOL 1KOVOTIOEL

Vv ouvOiikn TV quadrature mirror filter Tov éxel wg e&nc:
H(z)H(zD+H(-2)H(—2z"" =l (2.2)

ZINV eQOPUOYH PN OLLOTOMONKE GOV GIATPO A TOL TEPLYPAPETOL KATWOL LE TNV GLVEP-

TNOM UETAPOPAS TOV :

2 4 4 —1 -2
H(z =22 Z+61+6 otz 2.3)

To TpdTLTOL QL TE PIATPOL UTOPOVV VOL EMEKTAOOVYV VTEPSELYUOTOANTTMOVTOG (upsampling)

UEe TopAyovIor 2 Ko VoL TopGyouy Kouvoovpylor GIATpa. Le emovoAnmTikd tpomo. Tdte
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To Toporyopevor eidtpo Bo éxovv mg eENC GTOV XMPO TOV GLYVOTHTOY Kot GTOV XPSGVO
avtioTolyo:
Hi+ (2)
Gis1(2)

. 2.4)
G(z*) H;(2)

H (") Hi(2) }
Omnov 10 7 elvor 0 delKTNG TOV TPEYOVTOG TOPOAYOUEVOL GIATPOV, KO UE CpYLKT TIUN
Hy(2) =1. Ioodvvopa 610 xpOvo 1 6xéom YpaeeTol

hi+1 (ki)
gi+1 (k)

h] 49 xh; (k
[h] i ()} 03

[g1 1o *hi (k)

Omov o cvuPoiiouds [hly, onuaiver vrepderypatoAnyio pe mopdyovior m, SMA0SM
nopeUPor] m — 1 undevikadv evitdipeco omd K&be cuvieAesT ToL QiATpovL. TETOLOL
eiltpa umopovv vor amocuvOEGOLY évol Gl 6T0 TEdio TV GLYVOTNTOV GE TOAAG
eninedo cuyvoTHTOV. ITo GuYKeEKPLUEVO GOV lpopd TNV VAOTOINGN KAOE eninedo améyet
o6 TO TPOTMYOVUEVO TOV KO TO ENGUEVO TOV KOTE Uio oKTEPaL (AmdoTHo GUYVOTHT®V
f2, f1 o oktéPeg elvon log, (%)), eneldn ypnowonoteiton to eidtpo (2.3). Avtd cvuPoivel
yioti 1o TP€YoV KoTOINOPATS GIATPO LLE TO GUUTAT POUOTIKS TOV X mpilovv TOV Y ®pO TV
GLYVOTNTWV GTNV UECT GE KAOE eMITMEDO TN TOPUTEV M GYéonc. Xe KGOe eninedo avéivong
TWV GLYVOTHTOV SLOCTOVTOL OA0 KO O YOUNAEG GUYVOTNTEG, KPOTDOVTOG UE TO [g] 40
QIATPO TO TEPLEYOUEVO TOV OPYLKOV ONUKTOG GTO ENIMEDO OLVTO 7 TOV CLYVOTHTWV. Eved
ue 1o [hl4i amokdénTovTon Ol YoUNAdTEPEG GLYVOTNTEG (h, g CUUTANPOUOTIKG) Y10, VO
ovoAvBovV 610 endUEVO eninedo omd To i (i + 1). Eniong to 611 1 mopomdvm celpd giAtpav

KOAVTTEL GAO TO TTESTO TV LY VOTHTOV emPBeRatdveTon amd TNV oxEon:

|H; (727 2 + Z |G (7271 2=1 (2.6)
k=1
¥t0 oynuo 2.1 eaivovtol ot {®dveg Twv GLUYVOTHTOV TOL AMOKOTTOVTIOL GE
KGOe eminedo ToL petooynuotiopoV. To enimedo TG ovGALONG TOL OVOTOPIioTO-
vionw 610 oynfua elvon 5, omdte cvpewvo pe v 2.4, goivoviol ot omoxpicelg tmv
Hs5(2),G5(2) ,G4(2) ,G3(2) ,G1(2) ,G1(2).

2.2.2 Wavelet Frames

XPNOOTOLDVTOG Ulal GEPE. SLoKPLT®dV QIATPOV, dTWS 0LTE TOL TEPLYPEPNKOLY
oTNV TPOMYOVUEVN EVOTNTO, UTTOPEL Vo emtevy Oel N KortaokeLn| puiog opboywviog Wavelet

arocVvieon¢ (orthogonal Wavelet decomposition). 'ETot yio o0T6 TOV GKOTO UTOPOVLLE

Eropog Aldmng
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magnitude
© o o o
w N ()] o

o
N

0.1

O | 1
0 0.5 1 15 2 2.5 3 3.5

radial freq

yiuo 2.1: Amoxpicelg 6Tov ydpo TV GLYVOTIT®V TOV OMOKOTTOVTOL G 5 enineda TG
ovAaALoNG.

Turuo Emoetiung YroAoyiotov



2.2. Avélvon Discrete Wavelet Frames (DWF) 11

Vo Be@PCOVLE TG SLOLKPLTEG KOVOVIKOTOINUEVES cuvapTioels Paoelg (basis functions) :

i1 (k) =242h; (k — 24
) ( ) } o

i1 (k) =2112g; ( — 21)

O6mov i, [ elvon o1 delkTeg KMUAKMOONG Ko LETATOTIONG crvTioToyo. Ol GUVOPTHGELG VTEG
TOPEYOLY TOVG X MpovG V;, Wi, dnov V, W ovoudlovion xdpotl TpocEyylong Kot VITOAOITon
avtiotolyo. Béon tov 1010Titemv TV eiATpov, dtwg teptypdonkay, éxovue V; 1=V, @ W;
kol V; LW;. Omndte €yovue pUor 0pOOKAVOVIKY] BAOT TV YOPOV QLTHOV TOPOYOUEVN
oand T O, y. T voo vmoroylsBel n opBoywviow mpoPoAry evég dlokpltoy CHUOTOC
GTOVG Y DPOVS HLTOVC, OV €XOVUE TOPE VO DTTOAOYIGOVE TO ECMTEPLKO YIVOUEVO TOV
ONUOTOG Ue TIG ovTioToryeg cuvapTioels Pdoelc. "'ETol UmopoUUEe VO, KOTUGKEVAGOVUE
wo drockpitry Wavelet avédvon pe BéBog aovaAlvong I, yior TNy olKOYEVELOL GUVHPTI|GEDY

< QL V1,2, ..., W1 >, M Onola ovEALOT TEPLYPEPETOL OO TNV TOPOKATO eEicmon

I
z (k)= st ory+ > > di) yyy (2.8)

leZ =1 leZ

omov sy €lval n mpoocéyyion oto BaBog avdivong I xou d; ot Aemtopépele (VTOAOLTOL)
m¢ avaivong Wavelet tov apyikov ofjpatoc. Ta sy, d;i=1..1 (wavelet coefficients) vmo-

Aoyilovton amd tov €€Mc aAySplOUo omoGHVOESNC TOV TPOKVTTEL OO TOL TOPUTAV®

sy ()
d; (D)

22T l
[hy *x] or (D } (2.9)

22 0gl % 21 1 (D)

6mov o ovuPoro z (k)T =z (—k), xou [.1 ), Serynotoreryio ové m deiyparto. O okyépiopog

oVTHG PoiveTon Ko 6To oynuo (2.2).

HE) = V2 = Si+l()

Si(l)

G2 - y2

Gi+1())

yquo 2.2: Discrete Wavelet Transform - 1D decomposition, émov s;, d; TPOGEYYLoN KO
VIOAOLTO GTO eninedo 7 avTicTOoL XL

Eropog Aldmng
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Oumg mopatnpeitot 6Tt Lo ok€Poro LETATOTLOT TOL VTG OVAALGT GT|LOITOG
B0 €xel GOV LMOTEAEGLLOL LLOL UT) TETPUUUEVT] TPOTOTOIN O™ TOL peTaoyNUoTiopnob Wavelet,
0 omoiog Teplypaonke mToPUnAve. ONOTE oV YPNCILOTOLOTOY 1| OWVAALGT CLLTY| YO VOl
e€ay00VV yopakTNPLoTIKE VENG dev Ba NTaV VT EMOPKNG VLTl €xel BewpnBel N VER
ooy oo oveEGPTNTO KOTA TNV LETOTOTLON, INA0OY| eV EKUETOAAEVETON 1) LVAALOT) TNV
nePLodtkHTNTOL TNG VOGS, 'ETot Yo var EemepacOel to mpdPAnUa outd ypetolduocTte o
ovéAivon oveEEPTNTN omd TNV HETOTOTLON, Kol avTéV Tov AdYyo elodyovton oo Wavelet
Frames (Kvoportopop@éc mAonciov). Ot omoleg Bacilovion 6tnv 180 T0L VTOAOYIGUOV TOV
petacynuotiopnod Wavelet yior GAeg TG SLVOLTEG LETATOTIGELS TOV GTILATOG E1GGS0V. AVTO

00 oo ToVoE TNV BedPN O™ LG OLKOYEVELDG Oitd GIATPOL TOL B £x0VV MG €ENG :
<gitk=10) .91k =1 ,hi(k=1)>leZ (2.10)

omov [ axépoia petotémion. Oedpnon mov pog odnyet oty avéivon Discrete Wavelet

Frames pie Wavelet Frame coefficients mov meptypdpovton omd tnv oyxéon
I

z(k)=> sy (D k=1 +>> di(1) g; (k= 1) (2.11)

leZ i=1 leZ
N omoio cuvendyel TNV oxéon :

I
z (k) =sg(k) xhy + Y d;i (k) *g; (2.12)

i=1
N oxéomn ot TEPLYPEPEL TOV OAYOPIOUO CVUKOTHGKEVTC TOV apyLKOV CHUOTOG Ol
to. wavelet frame coefficients. Ou cvviotdoeg (coefficients) tng avéAivong umopotvv

VTOAOYLOTOUV Otd €vay YP1YOPO EMOVOANTTIKG OAYSp1OUo :

si+1 (k) = [h]Tzi*Si(k)} (2.13)

dis1 (k) = [g)ypi *5; (k)
Avtéc o1 800 eElomoelg elval ol eElodoelg amooHvieong Tov opylkov ofuartos. Edd
eodveton 1 dtopopd tv Wavelet frames ord tnv kAooikn avéAvon Wavelet 6mov to orjpo
Kotmderypnotonntotoy (down-sample) eved tdpo vepdetypotoAnmreiton (up-sample) to
elATpO, KOl GTIG §V0 TEPIMTACELG YLOL TNV EEXYWYT AENTOUEPELDV TOV OVTLTPOGHOTEHOVV
YOUNAOTEPEG GLYVOTNTEG Omd TO apylkd ofua. O oAYOPIOUOC oLTOC POivETHl Ko

OYNUOTIKG pe Stdypopa, poig 6to oxnua (2.3).

2.2.3 2-A enéxtoon tov DWF yio eoyoyi Y opoKTnploTiK®@y vefig

H avédAvon mov meptypdenKe yloL vo xpnoLonotn0el oe etkoveg mpénet vo emekTodel

oTLC 000 AUGTACELS. AVTO Umopel vou emitevyBel av mépove cov BAomn Tig GLVOPTHCELS

Turuo Emoetiung YroAoyiotov



2.2. Avélvon Discrete Wavelet Frames (DWF) 13

H(zM\(2M))

Si+1())

si(l)

G(Z\(2M)) > Di+1(l)

xMquo 2.3: Discrete Wavelet Frame 1D decomposition, 6Ttov s;, d; TpOGEYYLom Kol VITOAOLTO
670 eninedo ¢ avtioTol o

TOL TPOKVTTOVV Atd GAOVG TOVE GLVIVOGLOVE TWV YIVOUEV®V TOV GLVOPTHGEWV BACEMV

0, Y oe KGOe kortevOuLvoT. ANAodn} €xoue :

O (z,y) =¢p(x) p(y)  Wi(z,y) =¢(z) P (y)
Vo (z,y) =p(z) ¢(y)  W3(z,y) =y () P (y)

2.14)

o6mov Tt D, ¥, ¥,, W3 elvor ot 2-A wavelet cuvopticelg Béong émov ot ¢, ¢ opilovtol
omv (2.7). Enewdn elvon dwoywpiociueg n avéddvon el Mydtepo vmoAoyloTikd KOGTOG,
PO Ol YPOUUES Ko ol GTHAEG TG elkdvog emeEepydlovton EexmploTd Le LovodtéoToTo

eiltpa. O adyéplOHog ™G 2-A aroc VOO C Yo elkdveg €xel w¢ eENG :

diiv1 (k1) = Thlggi (R) %[glspi (1) *s; (K, 1)
dyint (B, D) = [gdoos () #[hT s (D) i Chsy 1)
daiv1 (k1) = [glypi (B) %[glqai (1) xs;(k, 1)

sie1 (k1) = [hl4pi (B) % [hl4oi (1) *s; (K, 1)

(2.15)

omov 10 (k,1) eivon éva onueio tng ewxdvog, so(k,1) n opyikr| ewkova, [ 14, elvon
vrepderypotonyio pe mopdyovion m, dij+i,dai+i,d3+1 €lvon ov Aemtopépereg BéOovg
ovéAivongi + 1 (emimedo i + 1) Kou s;+1 €lvou n TPoc€yylomn e oavaAvong oto i + 1 eninedo.
O aAy6p1Bpog Tapovotdleton oYNUATIKE 610 U (2.4), eved 6to oynuo (2.5) eoiveton
¢ N oavdAvon ovTr| dtorywpilel T cuyxvétnteg, 6mov A, Dy, D,, D3 elvon ot meployég
TV GLYVOTHTWV TOL ANMOKOTTOVTOL G KGO eninedo avdAvong. Me A cuufoiilovton ot
ovyvétTeg TG Tpocéyylong (wavelet coefficient s;+1). Evéd ue Dy, D,, D3 cvufoiilovton
0l KOTaKOPLOPES, 0pLLOVTIEC KOl Ol dtorydvieg ovyvotnteg ( wavelet coefficients dy, dy, d3)

avtioTolyo.

Eropog Aldmng



14

eQGA0n0 2. XopoKTNpLoTIKE VPTG

KATQAIABATO
TPAMMEX

APXIKH
EIKONA

ANQAIABATO
T'PAMMEZ

KATQAIABATO
XTHAEZ

ANQAIABATO
XTHAEZ

KATQAIABATO
ITHAEZ

ANQAIABATO
XTHAEZ

IMPOZEITIZH

AEIITOMEPEIEZ

Iyquo 2.4: Discrete Wavelet Frame 2-D avéAvon: h katodiofato, g ovodiofatd

Tv

D3 (u,v) D1 (u,v) D3 (u,v)
D2 (u,v) A (uy) D2 (u)
D3 (u,v) D1 (u,v) D3 (u,v)

ynuo 2.5: Tpémog Sty mwpiopov Twv cuyvoTtov otny Discrete Wavelet Frame

2.3 ®iktpo Gabor, Gabor Wavelets

Onwg meprypdonke n avéAvon Discrete Wavelet Frames (DWF) ce xébe eninedo

GLYVOTHTOV TOL ooAVEL TPocBéTel 3 kovovpyla wavelet coefficients éva Tov omopo-

vdver T optLovTieg GLYVOTNTES, £VOL TOL CMOUOVAVEL TIC KOTOUKOPVEOEG GLYVOTNTEG KO

Turuo Emoetiung YroAoyiotov



2.3. ®idtpo Gabor, Gabor Wavelets 15

TEALOG €VOL TOV OLTTOULOVEVEL TLG SLOLYWVIEG GLYVOTNTEG. YThpYel OUMG Vol LELOVEKTN AL,
oev Otaywolfovral ot dtoywvies ouxvoTnTes, dLOTL BE®POVVTOL EVIOLO Ol GLYVOTNTEG OTLG
Kotevdvvoelg 45°, 135°. Autd €xel ooy GUVERELDL, TT.X. OE UL ELKOVOL TPOG TUNUOTOTOiN o,
N onoia meptéyel SO VPEG TOL SLOLPEPOVY UGVO GTNV KOTEVOVVGT TMV Soryvimy GuyVo-
TV, vo unv uropel n oaovéivon DWF va oy mpiletl tig 800 meproyxéc. Avti n didikpion
umopel va yiver xpnoonotwvtog eidtpo Gabor [16]. Ta. Gabor @giAtpo éxovv Tnv 1816t TOL
vo. KOBOLV HoL GLYKEKPLUEVT] TTEPLOYT] GLYVOTITOV KOl GE GLYKEKPIUEVN KaTeHOuvon,
€101 MOTE VO, UTOPOVV VoL KAADYOLV OA0 TOV XOPO TV cuxvoTHT®V. Ta eiltpa ovtd
SLOLPEPOLV GTNV GVYVHTNTO MOKOTNG, GTNV KOTEVOVVOT KOl GTO €0POG TOV GLYVOTHTOV
TOL ATOKOTTOVV. XNV €pyocic. vt AomotiOnkov Gabor ¢idtpo Gptiog cvppetpioc. H

KPOLOTLKT mdKPLoT EVOS TETOLOV GIATPOUL elvart

h(z,y) = {—l[$—2+y—2]}* QrupX) (2.16)
z,y) =exp{—3 o 032, cos (2muyg )
ue
X=xcos(0) + ysin(0) (2.17)

Onov up elvor T0 KEVIPO TNG TEPLOYNS TV GLYVOTHTOV TOL OEAOVILE VO OTTOLLOVAGOVLE,
6,0, elvor o1 6ToBepég ydpov Tov Gaussian gakérlov. Omov 6 elvon 1 devBvvon tov
cvyvotitwv (orientation) w¢ mpog tov opiévtio d&ova z. Metooynuotiovtog oTig
ovyvétnteg Le Fourier petaoynuotions yio 6=0 (orientation 6tov X-GEovor) €QOLLLE :

2 1 _ (u+ uo)2 v?

v
+ G—%] b+ eacp{—i[ p + G—%] I3 (2.18)

u

1[(u — ug)?
2 o2

u

H (u,v) =A(exp{—

1
2wGy

Omov 0u=ﬁ , Sy= Ko A=276,6, .
oy kotdtagn evog onueiov veNg xpetdleton TANPoPopic GTOV X HPO TOV GLYVOTHTOV
oAAG emiong Ko otov ywpo (spatial). Avtd eivor yoti eidtpo pe pikpd €0pog GTIG
ovyvétteg droywpilovv KaAvTepo TIG VPEC. Evd otov Y dpo @iATpo pe Hikpd e0pog
divouv xoAvtepo localization. Avtég ot dV0 106N TEG €lvorl avTIOTPOPWS GLUVIEdEUEVEC
AOYO OVTIGTPOPMG OVALOYN G GYEoNG X WdpoL-cLYVoTHTOV. Tow Gabor @iATpo umopovv Ko
GLVIVALOVY Ko TG dV0 OLLTEC 1OLSTNTEG.

H emAoyn tov topopuétpav €yve €101 dote Tor eidtpa vor xmpilovv Tig cuyveTnTeg
Ue HkpdTtepN eMKAALYM KOl VOL KOADTTOUV OAO TO PAGULO TV GUYVOTHT®V. 'EToL UE Tol
KpLTpLor avTé T0 VPO TMV GLYVOTHT®V B, Kol T0 €0pOg TNG KortehOLVONG (orientation)
By ylo €govpe EMKAALYN TOV GTIG GLYVOTNTES GTO WGO TOL LEYIGTOV TNG GLVEPTNONG
petapopdc (half-peak support), divovton oo TG TopaKET® GYEGELS:

ug + SGU
B,=l _ 2.19
r OQZ(UO — SGU) ( )

Eropog Aldmng
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So,
uo

Bg=2tan"' (&) (2.20)

Omnov 10 B, petptétan oe oktdfeg Ko 1o By o€ poipec. Ztnv viomoinon n nopdueTpog S
emA€x ke icov pe (2in2) 2.

Xmv  eeopuoyn xpnowornoteiton cov €vpog ywoviog ovyvotitwv By 45°,
omdte €yovue 4 SLOPOPETIKEG KOTELOVVOELS GLYVOTNHTOV 7OV SoPEPoLV KoTh 45°
pe 6=0°,45°,90°,135°.  Zov opyikr ovxvétnte ug ypnotponoteiton M I o« V2
(k0K OV (VpOoceikévog) 1), 6mov N o aplbudc Twv pixels oTic 6THAEC, OeMPHOVTOG
TG ovyvotTEG 670 ddotnuo [ — N/2 N/2]1. T Toug mopomdvem TOToVS 1 T T
TOL ug KOVOVIKOTOlElTOL oty pHovada (doipeon pe N) @épvoviag T ouxvOTNTEG GTO
Stbotnuoe [ — 1/2 1/2]. Avtd yiveton ylor vol G V0VV Ol TOPATAVE GYEGELS KOL YLoL
vo e@apudleton n avéAvon Kol oe e1KGVEG UE SLOQOPETIKS OPIOUG GTNAMY YPOUU®V.
XPNOLUOTOLDOVTOG TOVE TOPUTEV® TOTOVG THIPVOLUE TOL GIATPOL TOV OTOLLOVAVOULV TLG
o VYNAEG cuyvotnTeg o€ 4 NoPopeTIKEG dlevbuveelc.I'or vo, Thpovpe younAdtepeg
GLYVOTNTEG TO ug OLoilpeiTon dor Tov 2 €101 MOTE 0l OVO GLYVOTNTEG VO OTEYOVV KOTE
woe oktéPo oe KAOe eminedo. Eniong wia oktédPa etvon 1o ebpog cuyvotiitwv (frequency
bandwidth) B, €101 ®ote voo KOAOTTOULV OAO TOV Y®PO TV GLYVOTNTWV KOl VO UNV
EMKOAVTTOVTOL TO, EMUEPMG PIATPOL 6 KGOe eminedo avdAivone. Tloipvovtag 6Ao ko
ULKPOTEPOL ug, SLOPAOVTOS TAHAL LUE TO 2, CLYVOTNTEG OLVOAVOVTOL GE TOAAG EN{mEdOL KO
oe 4 dopopeTiK@ orientation oe KGOe enimedo. Ondte Yo Lo avdAvon oe 3 enimedo Oo
éxovpe 12 piatpapiopéveg etkdveg (gabor wavelets coefficients). To mog ympilovton ot Gv-
xvOTNTES V1oL dV0 emimedo avdAvomng eoiveton 6To oxfua (2.6) 6to onoio eniong eoiveton
TG Ol AenTopuépeleg dlopépouvv oe kdBe eminedo wor oktdPor (u=up/2). Eniong yia tov
VTOAOYLIOUO TOV GUVTEAEGTAV TOV GIATP MOV QOLPOVTOGS TNV LEST TUUT] TOV GUVTEAECTHOV
K&vouue €tol tor idtpa vor €gouvv péon Tiun undév omdte xou to coefficients Bo €xovv
mv o péon T, €tol dote vo €gouvpe TovTion pe Toe DWFE. AkOUor 01 GUVTEAECTEG
KOVOVLIKOTOL0UVTOU SLopdvtog o€ KOe eninedo e 10 A=276,0, . Ondte Yo kée onueio
MG ELKOVOC €XOVUE EVOl YOPOKTNPLOTIKO dlévucUa To omoio divel TNV GLVEIGPOPE TNG
KGOE cuYVOTNTOC, TOL OLVOAVONKE, 6TO GNUEl0 ALTO TNG ELKOVOS, OTTMG 0LKPLRMS Kol TNV
oavéivon DWF.

2.4 MR-SAR povtéio

H uédodog avt eivor pior vromepintmon tuyoiwv nediov Markov (MRF). Eivon

L0 OTOTLOTLKT TPOGEYYLoT oV YopokTnpilel TNV vO1| He BAoN aPLOUNTIKE GTOTIOTIKG,

Turuo Emoetiung YroAoyiotov
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Iynuo 2.6: Gabor Wavelets frequency decomposition: 610 oxfjuo @oivovToL Ot TEPLOYES
GLYVOTHTOV TV AETTOUEPELMV G KEOE eMIMEDO, KO TNG TPOGEYYIONG OEVTEPO EMTESOV
(necoiog kOKAOC). Tuppetpikol kOKkAoL (dNAady otny idor KortevBvvo™) 6T0 ovTicTOLYO
eninedo avaALON G oviiKovY 6TV 1o GuVIeTOG o TNG oevdAvong (coefficient) dtdtt éxovpe
eidTpo GpTLog cuppeTplog

Zrvpog Aldmng



18 eQGA0n0 2. XopoKTNpLoTIKE VPTG

yvopicuota. To mopdderypo n SAR pébodog toupiolel évor 6TOTIOTIKG LOVTELO QLVTO-
TOAMVOISUIONG 0TV €KV BpickovTog TG TopoUéTPOovs TOV LOVIEAOV, LE TIG OToleg

yopoxtnpileton n ven.

2.4.1 SAR povtéro

"Exovv mpotabel didpopeg mepntddoelg Tov SAR povtélov 6mmg SAR aveEdptnTo
¢ TepLoTpoPnig (RISAR) ko KUKALKS SAR (CAR) [18]. Ztnv napovoa epyacio eEetdleton
70 0 Bootkd Lovtédo SAR, amd 10 omoio TPokHTTOLVV Ta LITOAOLTE 0TS Kot To MRSAR.

"Bt 6TL g (8) €lvor n ootetvdtn T 6T0 onpeio s=(s1, s2) wog etkévog SloeTaoeEm

M x M, ue sl,s2=1,..., M. To SAR povtéro unopel vo. ek@pacOel mg:

g(s)=p+ 29(7“)9(5+r)+6(5) (2.21)

reD
6mov D givon évor 6Vvoro o yertovikd pixel and to s. H mo kowvn yertovid (1 néiok o)

TOL Y pnotponoleiton evpoinmg eivorn 1 devTépoag TaEEmS TOV Paiveton 0To Tivako 2.1.

-L,h) | O, | (1,1)
(-1,0) | (0,0) | (1,0)
(-1,-1) | (0,-1) | (1,-1)

[Mivokog 2.1: Mok yertovidg devtepng td&ems yia To pixel otnv 6éon (0,0)

>ty e€iocwon (2.21), e(s) elvor pior aveEaptnn Gauss tuyoio petafAnti pue péon
T undév kon droomopd o2, O (r), 6mov 10 r € D, elvar 01 TOPEUETPOL TOL LOVIEAOV TOV
xopaktnpifouvv v e€dptnon evég onueiov e To YeLTOVIKE TOL, Kot W eivor eE0pTMUEVO
ond TNV péomn TN g eatetvdtnTog TG etkovoc. Otav €xovue 6(r) =0( — r) 161€ T0
povtélo elvonr GUUUETPLKG. ‘OAeC Ol TAPAUETPOL TOV LOVTEAOVL (U, o, 8 (r)) umopovv vo
VIOAOYLOTOVV GE vl SeSOUEVO TTopEBLPO BTNV ELKOVOL KEVOVTOG Y p1oN TNG LeBSGdov Tov
codApoTog elayiotwv tetpoydvev (Least Squares Error, LSE). otéd tnv vAomoinon m
péon T oponpeiton omd 1o LovTELD Kol dev AoUPEveETOL VT GYNV OTLC TAPOUETPOVC,

AT GOV VoL APOLPOVULE TNV LEGT] GMTELVOTNTO OO OAEC TIG OEGELG OTNV ELKGVOL.

24.2 Enéktoon o€ moAAomAN oovéAvon

Yrépyovv 860 Boactkéc duskorieg mov €xel To LoviéAo SAR otny epoproyn Tov. To

TPAOTO elvor M EMAOYN TNG YELTOVIAC, 6TNnV omoio To pixel Bewpovviol wg eEoptdueva.

Turuo Emoetiung YroAoyiotov
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To devtepo elvor M eMAOYN TOV KOTAAANAOL TOPOBVPOL YLOL TOV VITOAOYIGUS TV TAPOL-
UéTpwv, 6T0 omoio M VPN umopel var BempnOel opotoyeviic. TTig mo TOAAEG TpooeyYioeLg
xpnoonoteitol yertovid otobepov peyébovug (fixed-size neighborhood), n omolo kévet
TNV TPOGEYYLON UM TPOGUPUSGLUN GE OAEC TIG TEPLTTWGELS (nonadaptive). To Topdiderypo
o€ ELKOVEG UE VPN "AENTOV” yopakTNPLoTikdv (fine texture), pio pikpn yertovior ko évo
UKpo6 mopEBvpo elvor apKETE Yo TOV XOPAKTNPIGUS TNG VENG, OAAG G GAAEG LItopel VoL
elval amopodtnTn N XP1oN Kot LIKP®OV KO LEYOAMY YELTOVI®V KO TOPpoBUpaV, £TGL MGTE
va eEoyOel TAnpopio oe dtopopetikn KAHLaKo Ko oovdAvon.

Q01660 deV UTOPOVUE VO Y PN CLOTOL|COVUE UEYGAES YELTOVIEG YIOL OAEC TIG VOEC.
"Exel mapatnpnOel amd melpduoto togvounong 0Tt n xpion 0o Ko LeYoAVTEPNG YEL-
Tovidc and éva onueio ko mépa piyvel 10 T06ooTd emTvyiog. AvTd cvuPoaiverl yroti
emnpocbeTa onueio otV pdoko dev TpocsOEétovy TAnpogopio | onoia umopet vo dio-
QOPOTOIGEL TNV LN, KAAG cvoyeTilovv onueio Tor omoio omoio dev eivon eEaptduevar.
AVT6 €xel GOV OMOTEAEGUD VOL LELOVETOL 1) SOVOUN TOV TOPOUETP®Y TNG YELTOVIAS Ol

OToleg €XOVV TNV SOLPOPOTOINTIKT LKOVOTNTOL.

Y G I\
L-1 ]
SAR
J
GL-2 A
. GL2 SAR I MMAPAMETPOI
MONTEAOY
APXIKH =
————= [IYPAMIAA
EIKONA
Go E R }
-

Iyquo 2.7: TIoAdomAn g oovéAlvong SAR povtéro e xprion Gauss mopouidog L emmnédwv.

H andppolo twv mopomdve delyvel 6Tt elvor avdeeAn n yprion UeyGAwv
yertovidv. Avté BéPona dev onuaiver 1t onueio g etkévog mov Bpickovton pokpld
etvor aveEdptnTa LeTo&H TOVG GE OAEG TIG TEPITTMOGELS. H AHoM Y10 TNV OVTIUETHTLOT TOV
npoPApnotog Paciletor oty e€oymyn mopoUéTpwv o€ TOAAOTAS eninedo avaAlHoewv
(multi-resolution).

Mo mpooéyyion g Avong elval n ovomopdotoon e eikévag pe o Gauss

mopouida. Xe kdBe eminedo g mupouidag G; M TPEYOVOO EIKOVH TPOKVTTEL OO TNV

Eropog Aldmng



20 eQGA0n0 2. XopoKTNpLoTIKE VPTG

TPONYOVUEVT] UE TNV EQAPLOYT| EVOC KOTOINOPATOV GIATPOV KOl Lo SELYUOTOAELWIOG.
'Emelto e kG0e eninedo avarvong, uropel va epopprootel éva Loviého SAR pe otabepn|
puéoko kot mopdivpo yior Ty eEaywyn mopouétpwv (oxfua 2.7). Ondte oe vynidtepo
eninedo avéivong g mupoapidog (fine resolution) e€dryovion TOPEUETPOL TOV ALVTIGTOL-
X OVV G AENTE Y OPOKTINPLOTIKE, EVE GE YounAdTepol (coarse resolution) ToPGUETPOL TOL
ovTioTtory oV e Pooikd doptkd otoryeior TNG VNG, XOVOPE XOPUKTNPLOTIKG (texture
primitives). AVTH N TPOGEYYLON €YEL TO UELOVEKTNUA TNG YXPNONG TV GIATP®V TO 0Tol0
TPOGOETEL LTOAOYIOTIKO KOGTOG KO EMION G SLGKOALX GTNV Vi VELGT TOV GLVOPWV GTNV
nepintwon g tunuatonoinong. Eniong vndpyel duokoiia otnyv avtictoiyion kébe on-
petov otnv opyikn eldva Adym g oAAoy1c TG KApHokag, o€ KGO eninedo To uéyebog

TV ELKOVOV 0AAGLEL.

d2 d2 d2
dl dl dl
do | do | dO
d2|dl |do| x |dO|dl|d2
do | do | dO
dl dl dl
d2 d2 d2

IMivoxag 2.2: 2Ovola yertovidv D; ToAAOTADY emmédmv yior To MR-SAR povtéro.

Muwoe GAAN Tpocéyylomn elvon vor kpatnOel n avéivon g elkdvog otobepii
Ko vou oAAGlel n pdoko. ‘060 peyodhtepo eninedo 1000 KPATOLE O LaKPLVE onueio
OTNV YELTOVIG. ZToV Ttivorka 2.2 @oivovTon ol GNUElo X pNCLOTOLOVVTOL Yol TNV e€orymyn
TopapéTpav o k&be eninedo, D; Yo To eninedo [, ue D; = d;. ‘Ocov apopd 10 Uéyebog
TOV TapoBVpov, Bo UTopovoe KEAAMGTO Vo xpnoLonotn el petoAntéd puéyeboc. Agov
660 HIKPOTEPO TO €MIMEDO TOGO MO AENTA YOPAKTNPLOTIKE Gpa TGGO Mo Alyo onueio
Y10 VOL VTTOAOYIGOVUE TIG 0LVTIOTOUYEG TOPOUETPOVS. AAAG CtLTO dLGYEPOLVEL TIG EMOOGELG
MG TUNUOTOTOINONG, OTOV EVIONICUS TV ouvépwV, Yol e peydAvtepa. enimedo To

TopGOLPO peYoA®mVeEL TOAV. 'ETol ypnoiponot|dnke péyedog mopadvpov otobepd.

Turuo Emoetiung YroAoyiotov



eQGA0N0 3
Togivounon veng

3.1 DWF yopoktnptouog g veng ko kprripto toivounong

H DWF avdéivon umopel vor epoplootel 6e elkdveC TOL TEPLEXOVV VT, KOL VO

TPOKVYEL TO AlkOAOVOO OV TITPOCOTELTIKS SLEVUGLLOL
yCk, D =<y (k, 1) ,...,yn—1 (K, 1) yyn (K, D) > (3.1)

omov k&be otoryeio y (k,1) €xel vTOAOYLGTEL GOUPOVOL LLE TNV OVAAVGT) TTOV TEPLYPAPETOLL
ond v (2.15) kon n ddloTaem Tov dovuouotog etvon N=37 + 1 émov I elvor To TAN00¢
TV emmédmv ¢ avdAvone. To mpwto N — 1 otoyxeio Tov dovOoUoTog elvor KoL ot
AETTOUEPELEG TNG AVAALONC EVM TO TEAEVTOHO GTOLYELD Elvor I TPOGEYYLoN TNG AVAALONG
oto I eninedo. Xe kGOe eminedo avédAvong npocteifovion TPeELg KovoUPYLEC GUVIGTHOOES
TOL SLHLPEPOVY TNV KOTEVOVVGT) TN GLYVOTNTOS TOL AVTITPOSWTEVOVY. 'ETGL oevEAoyoL
UE TNV TWT| OE U0 CUYKEKPIUEVT] GUVIGTAOCO TOV SLOVUCLOTOS TOV X UPAKTIPLOTIKGY,
UTOPOVLLE VO LETPT)GOVLE TNV GUVELGPOPE GLYVOTHTMV GLYKEKPIUEVOL LEYEOOLG KO KOL-
tev0LVONG (UEYEDOC Ko KOTEVBVVOT EEXPTAVTOL OO TNV GLVIOTAOGH TOV SLOVOGUOTOC),
oe évo onueio (k,1) g etkévog. Enopévmg Slopopetikéc veég Lmopohv vor dStakplfotyv
ond to uéyebog Ko TNV Kotehiuvon TV GLUYVOTITOV, TOV GLVELGPEPOLV YLOL TNV KOTOL-
GKEVN TOVG, Ko LOVO. 't TV ToV AGY0 GTNV epyocior LTV 1 SLAKPLOT SLOPOPETIKHDV
VOV Bocileton povo otig N — 1 Aemtouépelec Ko Ol 6TV GLVIGTAOGCO TNG TPOGEYYIONG.
Eniong évag dAlog AGyog mov M mpocéyyion mapoieineton Bacileton otnv mepintmon
7oL 000 e1KOVEG Le TNV 181o LET| €YovV dLaPOPETIKY SOGTOPE GTNV TPOGEYYIoN dTOWV OL
oPYLKEC ELKOVEG €0V dlopopd 6TnV ovtiBeon (contrast).

Omndte K&Oe VPN YopakTNPileTat and Tig Stacmopéc Twv N — 1 cuvictwo®dV y; (k, 1)

UE TG VYNAGTEPEG GLYVOTNTEG , e Stbvuopa Stouoropdv o7 (i=1,..., N — 1). Avtég o

21



7 epdiiano 3. Tagvéunon venig

XOPOKTNPLOUOG elvor ePLkTOC YTl vToAoYiLovTog ToV TivoKo GLUVILCTIOP®Y (covariance
matrix) SLOMIGTMOVETOL GTL GUGYETICELS TMV GLVIGTOO MV elvor TOAD WKPES, KOVTE GTO Un-
dév, ondte umopovv vo BempnBoHV UNdEV. AVTd emaAnBevel Ko To AN OEC TG avéAvong
oPov ToL GIATPOL OYESAGTNKOY Y10 VOL OTTOLLOVAVOLY SLOLPOPETIKEG TTEPLOYES GLYVOTY|-
TV Ue 660V To duvatdv UKpdtepeg emkoAbyels. To yeyovog avtd Bonbdel ToAd otnyv
amAomoinom Tov KpLtnpiov TOv TPOTEIVETON TOPUKAT® £TGL UELWVETOL KOTE TOAD TO
VTOAOYLOTIKO KOGTOG TOL oAyopiBuov. Emiong npénel voo onuelmbel GTL o1 Aemtopépeteg
GTO SLEVLGLLOL TV XOPUKTNPLOTIKAOV €0V Undevikni uéon T (ywoti G (1) =H (— 1) =0).

Ynobétovtog tompo 6t €rovpue Gauss GLUVAPTNON TLKVOTNTOG TOOVOTNTOS OTLG
ELKOVEG TNG 0LVEALONG TO KPLTHPLO UEYLOTNG TBavoedvelog (maximum likelihood, ML)

dlver v amdotoon wog veNg vy otd katnyopio (KAGO™M) etkOvmv VENG J.

2
S; +logo} ;) (3.2)

i,J

= kD gy
di =3 Y (= +logo; )= (
i=1

(k1) =1 Tij

6moL 10 TPHTO GBpoLoUa ovopépeTal o€ SAa Ta onueio TG e€etallduevng TPog Kot yo-
promoinom veng, oi ; €lvann SLoomopd TG i GLVIGTMOOG TNG KAGONG j, KO 52 1o Stévvouo,
Staomopdv mov yopaktnpilel T vrd eEétaion vef y. To kpLTriplo cLTd TPOKVTTEL KN
v e&icmon

di (2) =(@ — mp) T C (@ — my) + log (det (Cy) ) (3.3)

N omoio vroAoyilel TV amdotoom evig onueiov pe didvououo avédivong z and kAdon k
o6mov Cj 0 mivokog GLVILOoTOPAS (covariance matrix) Tng KAGong, my dlévocua LEcwv
TIUAV oe KGOe eninedo (avdAvong) Tng kAdong, kou émov AT eivon avdioTpogog Tov A.
H amlonoinon tov kprtnpiov elvon eueovig edv Anedel vtdymy, 61t 10 dtévucua TV
HéowV TILAVY €xel Undevikéc TIEG oupoV KOs wavelet coefficient €yel puéon tiun undév, Kou
OTL oS TOV TVAKO GLUVILHCTIOPWY KPOTOVVTOL LOVO ToL GToLYElo TG Starymviov (dnAadn
ot dtaomopég o kbBe eminedo avaAvong) aeoV ol cuoyeticelg (correlation) peta&d TV
GLVIGTOGMV elvor opeAntéeg (dNAadn tor ototyelo ekTOg dlorywviov €xovv TOAD WKPEQ
TILEQ).

10 onueio ovTé Paiveton TO TAEOVEKTNUO TG OVAALOTG LTHG EVOLVTL TOV UETO-
oynuoticpnov Wavelet. Topo mAéov kéBe onueio yopaktnpiletor omd éva Stdvocuo g
oVAALONG EVA UE TOV peTaoynuotiopnd Wavelet dev yiveton avtd AGyo Tng LIoderyoto-
Anviog.

Eniong eetdiotnke Ko éva mo evolo@épov kpitiplo 1 omdéotoon Bhattacharya.

AT elvorn eEAKLOTIKS S16TL GLVIEETOL OTEVE LE EAG1oTO AdBOC Karté Bayes taSivounong

Turuo Emoetiung YroAoyiotov



3.2. Gabor ¢iAtpal 23

otV mepintwon 600 KAGCEMV, 0ol 01 GVYKPIGELS Ko 6TOL TaPokETe Telpoorto Yivo-
vtol ové 80o. TTo ovykekpluéva eivon edikn| mepintwon tov Chernoff gpdypotog g
mOavéTNTOg AoV Kortd Bayes [19].  atdmy 6ToTiotikhg oovdAvong delydnke 6Tt o1 Gu-
VIGTMGES TNG 0LVEAVOTC TTOV OLVTITPOGMOTEVOLV TIS VYNAEG GLYVOTNTES (0L TPOGEYYITELS)

0KOA0VOOVV KarTovoUn| ToL Umopet va teptypogel od tnv yevikevuévn Gauss [12].
C
ply)=——o
20\/g e (e

6oV M ToPAUETPOG o oyeTileton Ue TV SooTOPE KoL 1 ¢ UE TNV 0EHTNTO CLVEPTNONG

(3.4)

nokvotntog mbovétntoc. o c=2 éyovue Gauss eved yia c=1 Laplace. A@o¥ TpokTiKd
OTMG TPOAVOPEPONKE OeV €YOVUE GLOYETION OVOUETOED GLVIGTOOMY TNG vEALONG, N

omOoTOoT EKEPALETON WC:

1 N-1  gcy 5¢.
af @) == 3 In— =t (3.5)

C~C
i=1 2\/51' Oij

v mopovoa epyocio xpnowwonoteiton n Bhattacharya amdéotoom, Ko diepevvovvton
ot emddoelg NG Yior TWEG Tov ¢ = (2,1), Aadn Bewpwvtog Gauss 1§ Laplace xortovoun
avtiotolya. To kprtriplo ML xpnGluonoleitol TepLteGHTEPO YLOL TNV TUNUATOTOINON KBNS
Kotnyoplonotetl onueio oe kKAGoM.

Suvoyilovtog umopovie TAEOV VoL KOUTTYOPLOTOU|GOVILE Lo VO TTPOG eEETOIOT GE
KGmolor amd TIg e1kOveg Ue ver, mov Ppiokovion oe (o Bhomn dedopévav e eLKOVEG,
xpnoonoldvtog tnv DWF avédAvon. Avuté yivetor vrorloyiloviog tor xopokTnpLoTikd
Sdtavdouato dlomop®v Yoo kK6Be elkdva otny BAom.  Gvovtog Xp1rioN TOU TOPUTEV®
kpttmpiov 3.5 umopotue pe Béon v T Tov, vor StatdEovpe TG etkéveg oty Péon
pe oepd opordtntos. Oco mo wkpy N Tuf 1600 mo Suoleg eivan ol elkdveg Tov

ovykpivovion.

3.2 Gabor ¢iitpo

H dtopopd twv ¢idtpwv Gabor amd t avéAvon DWF eivot 6t Stoympilel Tig 600
Slaywvieg ovyvotnteg, o€ avtifeon e tnv DWF mov Tig anmokOnTeEl GE 0L GLUVIGTMOG.
o vor SlomoTmoel, 6Tor TELPAUOTO TOV OKOAOVOOVV GE TTLO KAT® EVOTNTES, TOGO GLVEL-
GOEPEL O Y MPLIOUEG TV SOYDVIOV GLUYVOTHTMY GTO TOGOGTO EMTLYIOG, KPOTOVVTOL
ot amokpicelg twv DWF @iAtpov. ATAMG Ol GUVIGTMOGES OV CLPOPOVV TIG SOYDVIES
ovTikofteTovvton e TG avtiototyeg 600 anoxpicelg Twv eidtpmv Gabor Tov o@opovV

TLG OVO SLOLYADVIEG TOV TPEYOVTOG EMMEIOV avAALOMC. ALTO Yiveton Yot Ta gidtpor Gabor

Eropog Aldmng
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dev elvar dtoympioo ko apyel ToAd KaTd Tov cuykepocud. OmdTe YPNOILOTOLELTOL M

{0100 peBodoroyial e TPV yloL TNV KOTNYOPlonoinom.

3.3 MR-SAR

o Tov yopokTnpopd veMc pe MRSAR petoANTiC LEAOKOS X PN GLLOTO Koy
SLbpopeg TYEG TOL oP1O0 eEMTES®V avaAvonG. Ol YELTOVIES, V1o TO SAR OVTELO Ge KGOE
eninedo, mov ypnooromtnkoy eoivovton 6to oxfua 2.2. To uéyedog tov TapadHPOL
elvalr 6An n ewkdvo Koo ol ekdveg o@opovy poe ver.  To XOPAKTNPLGTIKA TOV
LOVTEALOV €1Vl OL TOPEUETPOL TNG LAGKOG KOOWMS KO 1) TUTTLKT] TOKALGT TOL COEALXTOG
GTOV VTOAOYIGUS TV TUPOUETPWY LE BAon TNV LEBOBO TOL GPAAMLATOC TOV EA)ICT®V
TeTpoy@vey. Ondte oe KAOe eminedo 0 oplOUSS TV YOPOKTNPLOTIKOV €lvor 5, eneldn
yiveton xpriomn GLUUUETPLKOD LOVTELOV.

"o To KprTriplo opotdtnToG ¥ pnoonoleitol n andotocn Mahalanobis:
dz,y) =z -—PTC 1z -y (3.6)

OV , Y ELVOIL TOL X OPOKTNPLOTIKE dVO LPWV, Ko C' elvot 0 Kotvog Tivorkog cuvalooTopdic
OA®V TV YopoKTNPLOTIK®OV. Oc0 To uikpn| Tiunf Tov Kprtnpiov 1660 mo oAl potdllovy

o1 8o VPEC.

3.4 IIpdtvmo neipopo

o v oVYKPLoN TV eMEOGEWY TOV SOPOP®V XOPUKTNPLOTIKAV VNG YiveTon
xprion evég TpdTLTOL TEPAUOTOC TaELVOUN oG [20]. OAeg ot etkdveg Tng Béiong k6fovton
ce 1odpopo tuipoto icov peyéboug, K@t Tov TPOLTOBETEL OAEG OL ELKOVEG VO €YOUVV
{oeg dootdoelg. Omdte ko dnulovpyeiton évog pueydhog aptbuds and etkovidio.  6be
ELKOVIOL0 XPMOLUOTOLEITON YIOL TNV OVAKANGT TOV KOVIIVOTEPWY ELKOVISI®MV amd Tnv
Béiom, exTOC 06 TOV €0LLTS TOV, YPNCUYLOTOLWVTOS TO, AVTIOTOLY O Y OPOKTNPLOTIKE KoL
ovtiotolyo kprtriplo avéroyo pe tnv puébodo (DWF, MRSAR, Gabor). Xe k60 oplOud
OVOKANOEVTOV elkovidiwy, Tov Tpénel vo. elval peyaditepog 1 {cog and Tov otabepd
op1OUs etkovidimv avd elkdva, vToAoyileton 10 TOGOGTO emTLYioG. ANAOSY| TO TOGOGTOH
TOV COOTAV €1KOVISi®V TOL avaKANONKOY 6TO T0 GUVOAO TV GOOT®V. Me GmOoTo
elkovidlo vo. elvot To e1Kovidlo Tov oviikel oTny 1d1o ELKGVOL e 0rVTS TOL X P GLULOTOLETON
YL VAKANGT.  GvovTog TNV dtodtkocion ouTh yror Ao Tor etkovidia umopel vor e€ory el

YPOELKE TO OALKO TOG0GTO eMTLY LG GE KAOE aptOUd e1k0oVIdiwv TOv vaKAT ONKOaY.

Turuo Emoetiung YroAoyiotov
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H Bdéon mov ypnoonotidnke eivon éva vrochvoro g VisTex ard to MIT [21]. H
Béion avt) omotedeiton ot QLGIKEG VEEC, TOL POTOYPOPIONKAY OE PLOIKEC GLUVOTKEC.
O veég elvar and EOAa, ELTE, AovAovda, TpoEr, Guuo, KAadid, B&dAacco, ovpovd,

VOAGULOTO KO GAAEG BELaTIKEC TTEPLOYEC.

AT6 oTéG EMAEYON KOV 01 TEPLGGATEPO OUOLOYEVELC KOOMG TO meipopar eEapTdTon
omd TV avopoloyévela Tmv etkévov. To meipopo e€etdlel av amd évo Koppdtt po
etkévog umopovue vor Bpovue tor vwoAowra tor omoio Bor elvort wopduoto, MAad Kotd
TG00 KATOLN, YOPUKTNPLOTIKE VO OVTATEEEPYOVTOL GTNV CLVOLOLOYEVELDL ULOLG ELKOVOLG.
Av wo etkévo eivort ToAD ovopotoyeviG Oev €xel VOMLOL VOL GLUUTTEPIAN PBEl GTO TTeipoLoL.
And TV emAoy oruTi] €uetvay oty Péion 55 elkdveg ol omoieg paivovion 6to oxfuo 3.1.
AvTég k6Bovton oe KoudTior Towv 128 X 128 dnuovpywvtog wia Béon and 880 etkovidia,
koG KABe elkcdvo €xel peyebog 512 x 512.

>tov oynfua 3.2 eoivovion tor TocooTd emttuyiog oto melpopo pe tmv DWE
avdAvon, Kévovtog ypnon ¢ Bhattacharya yio kotovour] Gauss xon Laplace, ko tng
andotaong Léytotng mbovoedveloc. H avéddvon éytve oe 5 eminedo, SnULOLPYHOVTOS OL6-
VOGULOL Y OPOKTNPLOTIKAOV dtdioTtaong 15. Ao 6Tt eoivetotl 6to oxfjuon Laplace Aettovpyet
Alyo kodVTepo otd Tnv Gauss yioe tnv Bhattacharya. Tuykekpiuéva €xouv pio tococtioio
povéada dtdpopa 6Ty €xouvv ovorkAnOet 15 etkovidio omd v Béiom (76.8% €voavtt 75.9%).
Ev® 10 T0606T6 emtuyiog yiveton 73.0% otnv mepintwon g andotoong Boctouévng
otV UEYLoTN TOovoPaveLo. AVt delyvel, dTmg TpoovaeépBnKe, TNV KOAHTEPT GYedloon
¢ Bhattacharya otnv nepintwon mov €yovpe TV eAdy16TOTOINGCT TOL GPAAUTOS GTOV
éxovpe dVo KAGoel,. Onwg otny mepintwon 3@ Tov ol amootdcelg vroAoyilovton ové
Levyn KA doewv. Eniong n Bhattacharya €yet tnv 1316t ToL TG GLUUETPIKOTNTAC, TOL OEV
éxel m ML andotoon. Avtd onuaiver 6tt, av vroloyilovue v andotoon T VNG
omd v ve1 y, elvon n 18t 6Ty vVoAoyicovpe TV ardotoon TG y o v z. 0co
ovEGveTon 0 apLBIGS TV EIKOVAOV OV oVOKATIBNKaY T660 oruEGVETHL KOl TO TOGO0TS
emtuyiog, mpdrypo mov 1o vEL €K KOTUOKELNG TOV TELPAULOTOC.

Eniong to neipopo epopuootnke yio Ty MR-SAR mtpocéyyion yio Stdpopa eninedo
OVAALONG. AOKILAGTN KOV TPELS SLOLPOPETIKES TULES Y10l TOV OPLOUS TV eEMTES®V, 3, 4 Kol
5. O apBU6g TOV YOPOKTNPLOTIK®Y, TOV eEdyovton oe kGOe eminedo eivon 5, éxovtag 15,
20 ko 25 ddiotoon 6To SIEVLGUOL XOPAKTNPLOTIKGV YL TOVS oplBUovg emmédwy 3, 4,
Kot 5 avtiotoryo. Alomotdonke 6T yio 3 kot 4 eninedo oovEAvoNG el opLe ToL LEYOADTEPOL
T0G00TA emtuyiag, 69.22% xou 69.28% avtictoryo. AT kel Ko petd 10 T0600Td EOIvVEL,

éyovtog ota 5 eninedo T060oTd emtuyiog 68.9%. And T0 Tpito enimedo 61O TETOPTO M
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Bark.0002 Bark.0003 Bark.0004 Bark.0008 Bark.0009 Brick.0000 Brick.0002

Brick.0004 Brick.0005 Clouds.0000 Fabric.0000 Fabric.0002 Fabric.0004 Fabric.0007

Fabric.0009 Fabric.0011 Fabric.0013 Fabric.0015 Fabric.0017 Fabric.0018 Flowers.0002

Flowers.0003 Flowers.0004 Flowers.0005 Food.0000 Food.0002 Food.0005 Food.0006

4

Grass.0001 Leaves.0001 Leaves.0002 Leaves.0004 Leaves.0008 Leaves.0010 Leaves.0011
Leaves.0012 Leaves.0013 Leaves.0014 Metal.0000 Metal.0002 Metal.0004 Sand.0000
. .-: C ‘
I £
Stone.0001 Stone.0002 Stone.0004 Tile.0000 Tile.0004 Tile.0007
Water.0000 Water.0002 Water.0003 Water.0004 Woo0d.0000 Wo0d.0002

ynfupo 3.1: H Béon pe 11 55 etkéveg mov meptéyouvv voen and 1o VisTex tov MIT.
Tuiuo Emoetiung YroAoylotov
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27

Benchmark for DWF

100

Correct Percentage

: o : : 3 A+t
% H++++:+++++H+++H+H’*H+ﬁﬁﬁ
e i

Bhattacharya with Laﬁl ace featureé —
Bhattacharyawith Gauss features <. |
i Maximum Likelyhood -+--

yfuo 3.2:

20 30 40 50 60 70 80 90 100
Number of Retrieved Images

OUTOAT EMLTLYIOG, CLVAPTIGEL TOL OPLOULOV EIKGVEOV TOL OVOKA BN KOV

ormd v Péon, yio tmv DWF avdAvon. Tiveton cOykpion 6tov ypNOLULOTOLOVUE TNV
Bhattacharya pe Laplace xon pe Gauss xotavouny dAra ko tnv Maximum Likelyhood.

Eropog Aldmng



28 epdiiano 3. Tagvéunon venig

Benchmark for all texture features
100 == ! ! ! ! ! ! !

Correct Percentage

MR-SAR -+--
50 | | | | | | | I
20 30 40 50 60 70 80 90 100

Number of Retrieved Images

Syquoc3.3:  oumHAN emtTLYiog, GLVOPTHGEL TOL OPLOULOV ELKGVE®V TOL OVOKA BN KOV amd
v Béon, Yo dAeg Tig nebddovg (Gabor, DWF (ue Laplace), kot MR-SAR).
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oHENON 670 TOG00TS emLTLYIOG Eivor oplork £g UNSOULVT, eV emmAoy €xovpe ovénon
TOV VTOAOYLGTIKOV KOGTOVG, KoBMg TposteiBovion 5 TEG xapokTnploTikey. Emiong
oLEGVETOL TO VTOAOYLOTIKS KOGTOG GTOV VITOAOYIGUS TOL OVTLOTPOPOL KOOV THIVOKoL,
GLVALOOTIOPES, 0 0TOl0g ypMNoLonoteital oty omdotacn Mahalanobis (3.6). To 6t dev
oVEGVETOUL TO TOGOOTS, KAAG HeldveTon KLOAS, oeeideton 6to 6Tl cvoyetilovton onueio
o omoio eV TPOGPEPOLV TAEOV SLaYWPLOTIKT dLVOTOTNTO, TOPE UGVO UELDVOLV TNV
ddvoun Tov oM VIOPYOVIOV XOPAKTNPLIGTIKAOV KT TO TPOTYOVUEVO EXITEDL.

Ytov oxfuo 3.3 eaivovion To ToGoGTA emTLY NG 6T0 Telpopo Le OAEC TIG LeEBGS0VG
DWEF, ¢iltpa Gabor, MR-SAR. To Bé&Bo¢ tng avéivong eivon 5 yioe v DWF kon to giATpo
Gabor, €éyovtog €Tl Svuoua XoPpoKTNPLOTIKAY dtoctdoemg 15 xon 20 avtictolyo. To
eninedo avédAvong yio tnv DWF elvon 3, éyovtag €tol ko aut ditdotoon 15 6to dibvo-
GO YOPOKTINPLOTIKMV. OTOC QOAVETHL | GLUVELGEOPX, TOV SLHYWPLGUOV TOV SOy OVIMV
ovyvotitv elvarl moAl pkpn T TAEEMS TN WoTig TocooTioiag Lovéados. Evd ko ot
&0 HéB0dol TOAVKOVOALKOD PLATPOpioUOTOg VItEpEovV TG MR-SAR mov aviikel otnyv
oltkoyévelo Tav Tuyainv nediwv, ue DWF 76.8%, Gabor 77.2% xou MR-SAR 69.2% 1060616
emtuylog.

>tov mivoko 3.1 mopoteiBovion ToL VOAVTIKG OTOTEAEGILOITOL Y10l TOL TOGOGTO EML-
toylog o KAOe elkéva omd TG 55 ¢ Péionc. And tor T0GOGTA TOV TVOKO LTOPOVLLE VOl
SlomoTAcovpe T0 0Tl Kartd Léco 6po N DWF m.y eivol moAd kadvtepn omd tnv MR-SAR
dev onuodivel 6t vepTeEPEl 6 TOGOGTO EMTLYIOG GE OAES TIG EMUEPOVE ELKOVES. AVTIOETMG
o€ TOAAEG mepuntoelg N MR-SAR elvon cuvipintikd koaAvtepn and Tig GALeC dV0 nedod-
dovc. H MR-SAR pé0030¢ €xel KOADTEPOL OTOTEAEGULATO GTLG TEPITTWGELG GOV €YOVLUE UM
dounuéveg VEEC, TOL OeV €XOVV KLPLOPYES GLVIGTMOOES GTO eSO TV GLYVOTNT®V, ON-
Ao LTEG OV elvor " OTIKES” KoTd piior évvora. AvTtd cupfoivel Adym KoTooKEVTIG TNG
uebddov, N onoior oTOL YOPAKTNPLOTIKE TNG om0 KevEL” TOV TPOTO TOV AAANAETLOPOVV
(ovoyetilovton) yertovikd onueio. IIpocéyylon evieAdg SLoPopeTIKT omd TNV oy dPLoN
TOV VOOV OVAAOYOL LE TNV GULUTEPLPOPE TOVG GTOV Y MPO TV cvyvoTiHTtwv. Emiong n
MR-SAR 6nw¢ Kol 6TIG SOUNUEVEG VPES, Ko OTLC TOAD “adpég” (coarse) LPEG aduvartel
va e€diyet Ty omontovpevn TAnpogopic, a@ov “ypnoiponotel” cuoyeticelg Tomké o
yertovikd onueio. T Tov 6Komd avtd M Stoemopd Tov AGBOVE GTOV VTOAOYIGUS TV
TOPOUETPOV TNG LAOKOGS, Ue Bdon tnv HéBodo tmv elayiotwv teTporydvmv, dev elvon
opKeTh yio vo eEoyOel n avéhoyn mAnpoeopic. Av Ko TOAAXTADY EMTESOV LVAAVONG T
puéoxa e€bryel mAnpogopio and cuv ANV Tpio pixel, ko amd exel Ko Tépo o1 GLoYETIELS

deV TPOGPEPOVV TNV ATMOLTOVUEVT Lo WPLOTLKT 1Kot ToL EVved TO péyebog tov gidtpou
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otv DWF @tdével 65 pixel 6to néunto eninedo.

'Etol ot veéc Brick.0002, Leaves.0001, Leaves.0002, Leaves.0010, Wood.0002,
Fabric.0000, Fabric.0002, Fabric.0004, Fabric.0009, Fabric.0011, Flowers.0003, émov eivon
SOUNUEVEG KO €XOVV YOPOKTNPLOTIKEG GLUVIGTWCESG 6TO TeEdi0 TV GV VoTHT®Y, Too DWF
Ko eidtpa Gabor vreptepov. Emiong dev €xel KoAég emddoelg 1 MR-SAR, o11g LOES,
Tile.0000, Tile.0004, Grass.0001, Leaves.0014, 6mov €youvv moAD adpd XopOKTNPLOTIKA.
Qo160 N MRSAR vreptepel otig veég Bark.0009, Fabric.0007, Fabric.0015, Fabric.0018,
Food.0005, Leaves.0011, Leaves.0014, Leaves.0008, Stone.0004, Metal.0000, Meatal.0004,
Clouds.0000, ot omoieg dev elvol dounuéves Ko e€ivorl OXETIKE UE AENTE YOPOKTNPL-
otikd (fine). Eniong cvuntopatikd n MR-SAR npocéyylon €xel kol htepn enidoon otnyv
Stone.0001 émov M vE1| elvar pe adPA YAUPOKTNPLOTIKE OAAAL UE UEYHAT OVOLLOLOYEVELDL
ce ovTd, omdte emnpedlel v enidoon twv Gabor kot DWFE. H ver| avty dumg drortnpet
OYETIKA TIG TOTKEG GLOYETIGELS OYETIKG 1d1EC OTIC TEPLOTOTEPEG OEGELG TNG ELKGVOG,
divovtag kaAbvTtepo m0600Td TNV MR-SAR.

To covumépocuo mov PByoivel omd T TOPATAVE® SUTIGTAOCELS elvorl OTL OL VEEC
dltokpivovtol kaAvTepor KVPLwg GTOV “YMPO” TV GLYVOTHTOV Ko Oyl UE TIC TOTKEG
ovoyetioelg. Opmg ovtd dev elvon apketd, yioti 1 enidoomn Twv LeBSdWV e TOAVKAVOL-
AKA EIATPOL AdLVOLTOVY VO LKOWVOTIOU|GOLV OAEC TIG TEPIMTOGELS. OMATE 180VIKTY| Oo TOV
o Tpocéyylomn mov 6o cuvdvole Ko TIg 000 TPoceYYioelg, avAaAoyo Le TNV TtepicToo,
ov €ovpe dounuévn | un ver. Ilpog avtiv v KotevOvvon Kiviibnkov ot Picard ko
Liu, Yo vo BeAtiddcovv tnv enidoon tov MR-SAR povtélov, ypnoiponotwvtog tny Wold
amocVVOeoT 6e GuVOLVOCUO Le TNV MR-SAR [20]. H amocthvBeon ovtr| dev eivar timoto
GALO omd TNV €VPECT KLPLOPY®V OPULOVIKHDV GTO TTESO T®V GLYVOTHTOV TOV LOWV. 'l
TOV GLVIVOLCUO TPHTELVOLY €VOL KPLTHPLO Yol VL Oely VEL TO KT TOGO Uio LT elvor doun-
puévn. To kp1t1pro awtd To dokipocov oty Brodatz féon dedopévmv Ko dMAmooy Ko
ovumeplpopd crvtov. Eeapuélovtog Sumg oty topohoa epyocio To KPLTplo ovTé oTig
55 ewxdveg omd 1o VisTeX dev elye koA Guunepteopd. To GTATIOTIKE TMV TGV TOV GTL
etkoveg dev €dtvay TNV emboun T WKt (SOUNUEVAOV KoL Un) Kotovoun pe dvo uéytoto
(bimodal). Emiong to Wold povtélo ce xopio mepintwon dev umopel vo cuykplOet e
TOL XOPUKTNPLOTIKA TOV TOAVKOVOA KOV LeBOdwY, KaBMG xpnoponolel évo ToAd uikpo
UEPOG TOL PACLOTOC Yot VoL eEGyel Kuplapy o LGVO X OPOKTNPLOTIKE.

Ocov aeopd TV PeAticon mov tposeépouvv Ta Gabor GiATpo, orvTY| elvon eLEovig
OTIG TEPINTAOCELG OOV €YOVUE ULdt amd TG dV0 KOPleg darymvies katevdvHVGELS Kuplapym

oty ewkéva, énwg otig Bark.0003, Fabric.0004, aAld ko Tig 000 0AAG Vo elvon KAm®e
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3.5. EmmAéov TelpoploTik G omoTeEAECILOTOL 31

enoaveic (dounuéveg), va Eexmpifouv neta& Toug Ko vor uny eivor "y ooTikés”, Omme oTLG
veég Tile.0007, Metal.0004. Xti¢ veéc Grass.0001 ko Stone.0004, mopatnpeiton peiwon pe
TOV SO WPIGUS TV Sory@Vimv GLYVOTHTAOV, Ylotl CVTEG ovoLyviovTon e oKovGVIGTO
Tpémo Y wpig Kopio dopn), dmote 0 SrowPLGUAS dev TPOGPEPEL Kol EMITAEOV TANPOPOPToL
Yo To TEPLeYOUEVO. XTO onpelo vt TPEMEL VoL EXLOTUOVOEL TO HEYGHAO LELOVEKTNLOL TTOV
éxovv to. iATpa Gabor, 10 omoio eivor T0 HEYAAO VITOAOYLOTIKO KOGTOG KOOMG dev elvor
Slaywpioa. Oco peyoddvel to eninedo 1660 o1eViTEPES LAVEG GLYVOTHTOV OAAL KO
YOUNAOTEPEG GLYVOTNTEG TOKOTTOVTOL SNULOVPYDVTOG €TGL LEYGAO €VPOG GIATPOL TTY.
50 pixel. e avtibeon pe v DWF émov ta gidtpo eivon doywpiopo, ot enegepyosio
viveton oe Kdbe Kortehovvon Eexwplotd. o1 emmALOV oV Ko ToL GIATPO @BGvEL vo €xel
uéyebog 6to mEUNTO eninedo 65, 0 xpPOVOC TOL KVOAIGKOUV 01 GVYKEPUGLUOL arvé eminedo
nopoével o 181og kabdg ot undevikée Tiuég elvon ot 1deg oe dAo Tor PIATPOL. ATAGMG
oYVOOUVTOL Ol TOAATAOGLOOUOL e TOVG UNOEVIKOVG GUVTEAEGTEG TV GIATPOV, 0LPOD

elval o€ yvoot 8éom. To yeyovog ovtd kdvel Tnv DWF avédvomn mo eAKLGTIKY.

3.5 EmnAiéov nelpolotiké omoTeA{GLOTOL

TV evotnTo. VTRV TOPOVOLELOoVTOL TEPOUOTIKE OTOTEAEGLOTOL TTOV EYLVOV YOl
v DWF avéivon kot tnv Brodatz Bdon voav [22]. To melpluotoe. o@opovv €vo
vocVVoAo NG Brodatz Bdong, xobwg vipyoyv dobéoyuor povo 20 deiypoto omd 1o
GAUTOLW, oe évor GHVOAO outd 110 mepimov elkdvec,.

To meipopo mov €ytve eivon TopOUOlo e TO TEIPOpLOL TNG TPOTYOVUEVNG EVOTNTAG,
T1GAL yiveton n xprion etkovidiov peyébouvg 128x 128, mov eEdyovton amd tnv opyikn
elKéva, Yoo v eEorymyn mocootav enttuyiog. H dtopopd eivou 6t e€dryovton 50 etkovidia
oo KGOe elkdva Pe Tuyoio Tpémo. AKOUa 1| K&Be opyLkn elkéva KAGo™ €xel éval eviaio
SLEvuouUo Y OPaKTNPLOTIKAY TO 0010 eEQYETOL 0TG OAGKAN P TNV elkévVa.  (Oe etkovidio
ord o 1000 (50x 20) 610 GHVOAD KOt YOPLOToleliToil g TPOog TiG 20 apylkEg ELKOVES TNG
Béiong. Xpnoomoinkoy ol anoctdoelg g Léylotng mbovoedvelog kou n Bhattacharya
VIOBETOVTOG KOTOVOUT| XOPOKTNPLOTIKADV Gauss. To om0 TEAEGULATO OVOAVTIKE QaivovToL
otovg mivokeg 3.2, 3.3 ywo tnv Bhattacharya ko péyiotn mbovoedvela ovtictoryo. "Evog
’evOLAUEGOC” apLOUEC GTOVE TVOKEG ONUOUVEL TOG X ELKOVISL Oltd TNV VET BTNV TPEYOVLGAL
YPOUUN KartotdyOnkoy otny ven tov Bpicketon oty Tpéyovco 6THAN. Mo avTd Ko To
otoryeior 6TV KHPLA SLorY®VIo TOL Tivoka elvor LEYOAVTEPOL YIOTL OVTITTPOCOREVOVV TIG

cmoTég Kototdelg. Ot dHo televtaieg oTHAEG lvol To GUVOAO TV ELKOVISI®MV G K6OE
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epaAaio 3. Tagivéunon veng

‘Ovopo verig DWF Gabor MR-SAR
Bark.0002 78.8 82.5 79.6
Bark.0003 542 69.6 53.8
Bark.0004 719 715 82.1
Bark.0008 56.7 59.2 59.6
Bark.0009 379 41.7 56.7
Brick.0000 87.9 86.2 88.8
Brick.0002 81.2 80.4 375
Brick.0004 76.7 76.2 52.5
Brick.0005 90.0 92.1 72.5
Clouds.0000 93.3 93.3 100.0
Fabric.0000 792 75.0 312
Fabric.0002 86.7 86.2 50.0
Fabric.0004 72.1 76.2 63.3
Fabric.0007 97.5 98.8 100.0
Fabric.0009 98.8 99.6 929
Fabric.0011 783 86.2 525
Fabric.0013 100.0 100.0 97.1
Fabric.0015 80.4 87.1 90.0
Fabric.0017 98.8 100.0 100.0
Fabric.0018 90.0 84.6 100.0
Flowers.0002 512 529 442
Flowers.0003 933 93.3 433
Flowers.0004 66.7 78.8 62.5
Flowers.0005 571 60.8 69.2
Food.0000 592 57.1 612
Food.0002 538 50.0 55.8
Food.0005 81.2 80.4 96.7
Food.0006 90.0 92.1 60.8
Grass.0001 91.7 812 53.8
Leaves.0001 783 75.8 40.0
Leaves.0002 89.2 82.1 34.6
Leaves.0004 86.2 92.1 96.2
Leaves.0008 65.4 62.5 69.2
Leaves.0010 575 542 29.6
Leaves.0011 525 512 92.1
Leaves.0012 754 72.1 70.8
Leaves.0013 61.2 59.2 60.0
Leaves.0014 76.2 71.7 36.7
Metal.0000 79.6 754 90.8
Metal.0002 98.3 99.6 100.0
Metal.0004 792 94.6 100.0
Sand.0000 96.2 96.7 89.2
Sand.0005 612 579 48.8
Stone.0001 579 59.6 67.1
Stone.0002 833 829 712
Stone.0004 88.3 842 90.4
Tile.0000 77.1 754 50.8
Tile.0004 98.8 98.3 55.8
Tile.0007 88.3 94.6 100.0
‘Water.0000 579 56.7 99.6
Water.0002 64.6 65.0 69.2
Water.0003 98.8 97.9 90.8
Water.0004 60.4 60.8 854
Wo00d.0000 34.6 29.6 204
Wo00d.0002 100.0 100.0 41.2
TOVoAO 76.8 772 69.2

IMivokog 3.1: AVOAVTIKE OO TEAEGLLOLTOL Y10 TOL TTOGOGTO EMLTUY10LC OTLG EMUEPOVS ELKOVOLG

¢ Béong yio kébe LéBodo.
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eLKOVOL Ko T0 1060016 emLTLY 0 68 v Th. To GVVOAM KO TOG0GTS emtTLY G elvor 98.8% Yo
tnv Bhattacharya ko 98.5% yio. tnv amdéotaon pe péytot mbavoedvelo. Eniong kot edd
nopotnpeiton | vepoyn T Bhattacharya évavti tng ML. AK6U™N T0 6TL TOL TOGOGTA £lvor
ToAD LVYNAG ogeideton GToV UIKPO oplBUS KAGGewy 20, évovtt 55 otny VisTex. o eneldn
o1 VEég otV Brodatz eivon mo KaAd SoUNUEVES KO TTLO OULOLOUOPPES KEVOVTOG TOAD TTLO
evKoAo 10 Teipapo. To TPOTLTO TEIPOLLOL TS TPONYOVUEVNG EVOTNTAG EQOPUOGTNKE KO
ce vtV TV Pdon yio tnv DWF avdAivon ko pe omdéotaon Bhattacharya kou Gauss
KOTOVOUT XOPOKTNPLOTIKAOV divovtog mocootd emttuyiog 92.0% otov eAdy1eto duvartd
op1OUs elkdvav Tov avakAnenkov, emPefordvovtog €Tet TNV eVKOALO TOV TELPEUATOGC.
[eprocOtepa mepdpota o Ty Péon pe tig Brodatz éxovv dnpooctevdel oe maiondtepn

epyooio [23].
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IMivoxag 3.2: Atotéopoto tng DWF avéivong pe Bhattacharya andéotaon yio o meipoplo
ue ti¢ Brodatz etxdveg ko 50 Tuyodo etkovidio orvé e1kovaor.
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Tunuotonoinon veng

Mo v tunuortonoinom etkévav, Tov meptéyouvy vay oploud omnd SLUPOPETIKEG
VEEC xpnotpomoteiton  avéAvon DWF pio mov oot €8e1&e va €xet a&loloyo omoTeAE-
OLLOTOL GTNV KOTNYOPLOTOiNnoT. ZNTovpuevo eival vor eviomeovv oty etkévo. ToL TUHLOL
o6mov Bpioketon M kéOe vPN. e owTO T0 KeEEANO TopovotdleTon évog aAyOpLOUog
tunuortonoinong Poaciopévog otnv DWF avdivon. Xto mopelddv €yovv mpotabel ol-
yép1uot Tunuortoroinong mov Paciloviol 6e vevpwovikd diktvo [24], Ko GTOTIOTIKEG
TPOCEYYIOELC UEYLOTOTOLMOVTOC VoL KPLTTPLO TOOVOTNTOG €K T®V LVOTEPWVY (a posteriori)
-mpocéyylon Bayes [25], oe opadomoinoelg (clustering) [16] [26], ko Te)VIKES LETAPANTOV
cuvopwv (region growing, snakes) [27]. Ztnv mopovGo epyasio yior TNV TUNUATOTOINGN
APMNOLULOTOLOVVTOL OTOTIOTIKEG TEXVIKES (O™ M ¥ Pp1YioM Tov Kprtnpiov g wéylotng mi-
Bovodiverog kot Tuyaimv tediov Markov Yo tTnv KortortdEn onpeiov kot Ty oAdpoon
TOV ETIKETAV OVTIOTOL( () GE GLUVOVOCUS e TeYVIKEG Opadomoinong (OTmG teEpopPy LK
OLLOBOTOIN OGN Y10 TOV VTOAOYIGUS TMV 0P IKADV TopaUETpaiv) [28].

To xepdhono yopileton oe TPeLg EVOTNTES. XTNV TPATN TEPLYPEPETHL TOS VITOAO-
yiovton tor StavHopoto TV SoeTopdV, oV yopokTnpilovy kdbe KAGon-TUUO 6TV
etkova, outépota xmpig v Poribeita Tov xproTn. XNV devTEPT VIOEVOTNTA TEPLYPAPE-
o, Béomn TV SLVLUGUETOV VTOV, Tmg KAOE onueio TG e1KOVOG KATOTACCETOL G Ui
oo TIG KAGGELG KO TG KOTOANYEL O OAYOPIOUOC TNV TEMKT e1Kévo omotédecpuo. H
O doditkocio Tov akoAlovbeiton Tapovotdleton 6to oyfua (4.1). Ztnv Tpitn evétnto
TOPOVCLELOVTOL TELPOUNTIKG OTOTEAEGUATO. GE GUVOETIKEG ELKOVEG VOWYV OAAG KOl GE

PUOLKEC OKMVEC.
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e@dAono 4. Tunuotomoinomn vENG

Apykn Ewxova

(1)

Discrete Wavelet Frames

)

block

N Y

3)

EmAoym xovtivotepwv
Cevyoprwv block.  Extyunc

EVIOL®V SLOVLGUOTOV
Sdtacmopwv avo Levyopt.

(4)

Iepopylxog  oAYOPLOUOG J

EEaipeon ovopoloyevev J
ﬂ

()

opadomonone. Extyunon
SLOVLCULOTOV SLOGTOP WV

)

Mo koBe KAoo.

i (5)

(5)

YTOLOYLOLLOG OLTOGTUGEWDV
Boon Tov KpLINPLOVL
KOTOTOENG

(6)

Median Filtering

GTOVG TIVOKEG OMTOGTOCEMV
oo Kode KAoom

(7)

ICM
Evoon cuvektikmv
TEPLOY WV Y PNCULOTOLOVTOG

YELTOVIA TOL CTUELOV.

Teakn Tunuortomoimuevn Eikovo

yfuo4.1: Ola oL 6T6EdL TOL VTOUATOV HAYOPLOUOV TUNUOTOTOINGNG.
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41 AvtopoToC VTOAOYIGUOG TOV OLOVUCUATOV OLOCTOPAV Y10,

K60e KAGoM

4.1.1 Apyxég npoceyyioelg

310V oAySp1OIo TOV LAOTOL BN KE YLoL TNV TUNUOTOTOiNoN Bewpeiton YvwoTo To To-
e KAAGELC-VQEC TTEPLEXOVTOL GTNV VT TUNUOTOTTOINGM elkdvo, dNAodn divel o xpriotng
TOV 0PLOUS QL TOV GTNV YPOUUT| EVTOADV dtav apyilel To Tpdypoppc. OndTe TO TPOPANLLOL
¢ TunpoTonoinong éxel g eENg: yvopilovtog nécec Slo@opeTikéc VEEG VLGP OV GE
wo etkévor vou Bpefotv ot meproyéc 6mov PBpioketon n kéde pio. o vor Kortotdoupe
onueio 68 KAAOEIG-VPESG Y peLGLeTon Vo, VTOAOYIGOVUE OTOCTAGELS OO TIG KAGGELS, Ol
omoiec ypeldovTon Yo vo, VITOAOYLGTOVV TOL SLOVOCUOTO SLaleToPdig KB KAGoNG (opyL-
KéC ToPGUETPOL). ApoL TPEMeL va. BpeBoVV 01 OVTITPOCMREVTIKEC TEPLOYES KABE KAGONG
Y10 TOV VTOAOYIGULS TV SLOVUCGUETOV SLOGTOPEC.

Ye mptn edomn 1M eikdva yopilovion oe block peyébovug 32 x 32 pixels, ko o€ KGO
block vroloyileton T0 dtdvuoua SleoTop®dy. AOKIUEGTNKOY SLEEOPOL OAYSpLOUOL Yiol
mv evpeomn Twv block mov aviimpocwnebovy kébe KAAOM €161 BGTE 0TS LLTA VOL VTO-
AOYLGTOVV TOL OVTITPOCMRELTIKA Stoviopoto dtoomopwy. Evog omd ovtotg Bacileton
otV 1éa 6TL T AVTITPOSOTELTIKE block m.y. Yl dVo kAdoelg Ba elvor ovvTéd OV TOL
StavHouaTo SLOGTOP AV TOVE B0l aéYOVV TEPLEGOTEPO. AVTHG OAYSPLOULOG ywAaiver Yol
évor oo ToL d0o block mov Bo emieyovv Bo elvon block mov Ba Bpicketon mévm 6To GHVOpPO
TV 000 VPAV, MADY| Ba TepLéyel Ko TIg dV0 VEES. AvTd cuuPaiver ylorti epeovileton
UEYAAN dooTopd 6TO ddvucuo dtaomop®v Tov block ovtov 6TV KortevBuvvo™ KEBETN
TOL GLVEPOL eMeLdN ekel ExovLLe FLOPOPETIKO TTEPLEXOUEVO, TTPEYLLOL TTOV TO Kéivel To block
ovto vo etval pokpld omd 6Ao tor GAAo. To 1dto ovpPoivel ko ov okoAovOnOel m
ovtiotpoen mopeior MAadny edv Ppiokovue eviaio didvooua dtoortopayv Yo block ouré-
YOoLV Arydtepo opadonoldvtog orvtd to block, ko oAokAnpwvovtog v dtadikocio dtov
éxovpe op1BUS opddwv 1810 pe Tov oplBpd Twv kAGoemv (apyilovue omd onddeg doa Ko
ta block g eltkévog). AvTog 0 1epapyLkdg alydpibuog opodomoinong [29] €xel axplpg
10 {810 TPSPANUA e TOV TTpoNYOVUEVO OAYOPLBLLO Le To block oL Tep1€yovv TOAAEG LPEC

nAadn mov Bpiokovton ce GUVOPO.
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4.1.2 Anéppryn un oporoyevayv block

Apoa pe kotéd Kémolo Tpomo mpénel var eEopovivion Tor un opotoyevi) block. Apa
tifeton Béua oportoyévelog twv block kot mwg unopel vo dtomotwdel edv éva block etvon
opoloyevéc OyL. T'tot vuTd Tov AGYo Bpédnie éval KpLTiplo OLLOLOYEVELOG TTOV TTEPLYPALPETOIL

oo v e&icmon :
2
(yp i~ Op z)

>y

pEblock =1

4.1
Hy= #pzxels @D

Ub i
6mov b to block mov e€etdilletoun, p éva pixel mov avrikel oto block ovTd, Ko N 0 apBUdS
TV GLVIGTOC®Y TOL SLOVOGUOTOG SLGTOPEC (M TPOoGEYyyLlom mopaAeinetot). To KPLTIipLo
avt6 Bacileton otnv 1880 6T ety évor block mepiéyel 890 veégn uéomn dapopd Tov y? (k, 1)
and v dleomopd of o eivon peyoddtepn amd 6t oe évar block pe o v (cwTH M
Sropopd éxer vonua yiott o?=E{z?} apot E{z}=0 y10. KGOe cuVIoTOO0 TNG OVEAVOTC).
H Swoipeon pe 10 eKE6TOTE 07 Yiveton Yoo AGYoug KovoviKomoinomg, €161 doTe Vo £ el
vonua n 6HYKPLoT TOV TGOV TOV KP1Tnpiov yio Stopopetikd block etkdvog (kébe block
€x el SLOLPOPETIKO Ul%,i)‘ Omndte av éva block €xetl mo peydAn T kprtnpiov oe oxéon Ue To
YELTOVIKE TOV TO 0tLTO €lvort éva mbovo ovopoloyevég block to omoio mepiéyel chvopo. Aev
elvon Spmg mévta avopoloyeveég éva tétoto block, yiati kdAALGTa Bl LTopovoE VoL elva
omAMG vl TOTKO UEYLGTO. ATd TANOWpO TELpOoUETOV dlomioTadnke 6t éva block eivot
ovololoyevég étov tor 300 YELTOVIKA TOV (eite otV KoTakOpLen €ite otnv optlovTio
dtevoOuvon) €xovv ABpolcUa TIL®YV opotoyévelag, Baon g (4.1), pKpdtepo omd TNV TN
opotoyévelag Tov block mov epevvote. Me orvTd TO KPLTNPLO, OV TPOPOVAS EPOPULOCTEL
yoe 6Ao tor block g ewxdvog, aporpovpe oxeddv Ao tor orvopotoyevr] block. Avté
o eEMdylota block pe ohvopo, mov pumopetl vo petvovy, dev ennpedlovv 10 amoTéAecuo
NG OLOBOTOINGoN G TOL OOl EPAPUOGTEL TOPOKATM YLOL TOV VITOAOYLGUOS TV SLOVLGUAT®V
SLOICTOP WV TV KAAGE®V, Y10t v Té TOL EUeLvay dev €xovv TG0 LeyaAeg SlooTdpec, 6GO

oVTA oL aToppiEeM KAy, AGY® TOL KPLTNPLoL OLOLOYEVELXC.

4.1.3 Ouooonoinon (Clustering)

AoV €yovpe dtakpivel To un opotoyevn block, dovAebovpe Tdpa e ToL LITOGAOLTOL.
Ene1dn] mbovov va €xovpe block pe ovvopo oe avtd mov €rouvv ammopeivel, OTmg Tpo-
ovopéptnke, Bpiockovpue o (= (op1BU6G block) / 4 ) Levydpra o elvor wo KovTé
peto&H tovg. Me vtV ToV TpOTOo B ToPOOVV LOVO avTimpocwrevTikd {evydpio block
oo 6Aeg TG KAGoNg g ewkdvac. To vor extiundel mo block eivon mo kovid oe éva

GAAO, oLvaAOYOL LLE TO SLdvuouo StocTopdv Tov kKabevdg block, ypnotporon|dnke n e€nig
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oandotoon petagv dvo block:

i » NZ _"%" 42)
1,02 — 0_1’ 021

6mov N 0 aplBrdg TV GLVIGTOCHV TOL SLOVOICUATOG TV SLCTOPAOV,KaL OTOV o7, 05
oL SLoLVOGULOTOL SLOGTIOPWY TV by, by avtiotolyo. H dwaipeon oto dbpoioua amockomnet
oe Kowovikomoinon yuo vo €xel vonual vor cuykptiotv ot v Uépn amooToels. AQov
evtomoBovv ta Levydiproe ovté vtoAoyilovTon eviaio SovOGUATO SLLCTOPWY, dNACOY
vroAoyilovtog Yo koBévo omd o Té To SLEVLGLOL SLOIGTTOPdV YLor AL TaL oTMUeio Tmv §V0
block. Aedopévmv Tmv  SLovLOUAT®Y SLOCTOP®Y EQOPUEOVUE TOV 1EPOPYLKS OAYOP1OULO
OLLaOTOINGCN G TOV TPOOVOLPEPONKE GTNV TPONYOoULEVT voevoTnTe. 'Eyovog opyiké
KAdoeLg 6oeg ko to Levydprlontwy block (- To TAY00¢), evdvouue o KAOE ETaVEAN YN TOL
oAyopiOuov Tor TANGLESTEPOL SLOVICUOTO, SlaloTop MV, VIToAoYiLovTog omd dAa Tow onueic,
OV OVTITPOCMOTEVEL TO KEOE SLAVLGLULX, TO eVioio dlévuouo dtoomopdv. Enouévmg otnyv
eENOUEVT ETOVAATYT KEOE POpE. B LGPy EL Ko pior KAGoM Aydtepn. Otov 0 optOuds tmv
KAGoEWV OTaGEL Vo elval 160G e ToV oplBUd TV KAAGEMY TV JLOLPOPETIKMY VOOV TOV
VRAPYOLY OTNV E1KOVEL, TOTE 0AySp1OUog Teprortilel Ko €YOVUE TOL VTITPOCOTEVTIKG,
StavHouato SLooTop®V Yo, Kébe kAGon. T'o v andotoon LeTaEh TmV SLovOoUET®V
Staomop®dv SVo KAGAGEWVY, Y10L TNV OULOBOTOIN O™ OEV Y PNOLOTOLELTHL ) TOPOTTEV® eEicmON
(4.2) aAAG M €ENC:

|le _O-%z|

nb; X nb
dCuCz: 1 2 Z

4.3
nby + nby U”+a2Z (4.3)

6mov ot cuupoitouol eltvor ot {dtor pe v (4.2), ekTdg omd TOL nby,nby mOL €lval O
op1Ou6g Tv block mov avTimposmreHovy o1 KAGGELS ¢1, ¢y avtiotolya. O mopdyoviog
TOVL TPOGTEONKE OTNV OMOCTOCT OMOGKOTEL GTO VO UELMGEL TNV OTOGTOOT KAGGEWDY
mov €xovv UeYEAN Stapopd otov oplBud twv block. AnAadn to Kprtriplo owtd €xel
v Téon vo evovel peydiieg ouddeg block pe pikpég opddeg block, ko dyt vor evdver
KAQGELG TOV OVTITPOSMREHOLY HeYGAO aplBud block. Avtd €xel cov amoTéAEGUO VO
EMAEYOVTOL OL TTLO CLVTLTPOCGMMEVTIKES TEPLOYES VIO KAOE KAGoM KoL vou divovTon KoAHTEPQ.
OVTITPOCOTEVTIKE, SLoVOGUOTOL. ANAOWDT €lvoi o Thovd dvo TOAVTANON G opddeg block
oL €Y0LV OLAOOTOINOEL LEYPL OTIYUN G VOL CLVTLTTPOGMOTEVOVV SLAUPOPETIKEG KANGELS TTaLPEL
vou oviiKouVy TeMKE oty 1dta. H teapy ki opodonoinon mov neplypdonke Tapovotdleton
o710 oMU (4.2).

310 TapomEve KpLtiiplo opotdtntog block ypnoyionoteiton pévo n dteomopd.
AnAodn Bpiokel dpota tablock mov €xovv duoteg SlooTOPEG GTIG AETTOUEPELES 1] KO GTNV

npocéyylon. Av Sumg 0éAove vo Kototdoupe dopopetikd dvo block mov mepiéyouvv
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Apykeg Khowoelg

(1)‘ @ o @ @ e e ‘

2 ® @ @ ) @
3 @ ) (&) e
@) &) &) (¢
5) @ O]

Telkeg Klooelg

o 4.2: Opodomoinon: Kdbe KHKAOG TOPLGTAVEL ULdL TPEYOVOO KAGOT. GBe opd. eV®-
VOVTOUL Ol TTLO KOVTIVEG. ApyK& €x0ve 6 KAGGELG TOV TPOKVTTOVY OO YOPOKTNPLOTIKE
6 block-kAdcewv. TeAlkd VTOAOYILOVTOL TOL AVTITPOCWOTEVTIKE Y OPOKTNPLOTIKE TV dVO
{ntovuevmv KAGCE®V

101eg VEEC AALG SLOLPOPETIKTC POTELVHTNTOC, TOTE GULLOMVOL LLE TOL TAPOTTEV® B0t TIG Bewpel
ouotec. I'a cvTd ToV AGYO KAAMGTO UTOPEL VoL xpnoLLontotn 0et n wéomn Tiun g npocéyyt-
OM¢ 07O KPLTPLo. ALTO Yivetol e TV xprion ¢ andotoong Bhattacharya (5.11), xoBwmg
ovTh GVVVALEL TNV Péom TN Ko Ko TIG SlaoOpeg Kol o€ Eeywplotong 6pove. Emiong
OTMC amodelyONKe Ko 6T0 KEQAANLO 3 €xel TOAD KOAY| €ENLOOCT OTNV KOTNyoploroinom.

1oL TELPOUOTIK G ATOTEAECUOTO TOPOVGLELOVTOL OLVEAOYOL OLTOTEAECILOITOL.

42  otdroén onueiov otig kKAGoelc. 'Evoon cuvekTIKOV nePLo-

X OV

E@opuoLovTog T Topomdvm EKTILOVLLE TOL KV TITPOCHOTEVTIKE SLotVOGLLOTO, SLOUGTTO-
pPAV Yo KGO dopopeTik VPN Tov PBpicketon oty etkdvo. 'Exoviog Tnv mAnpogopio
oL TH UToPOoVUE Vo KOToTEEOVUE KEOE onuelo o€ pio omd TIg KAGCELC-VEES TNG ELKOVOLG.
AvTé yiveton ypnoionoldvtag 1o kpltipto (3.2) oAAd Lévo ylor TNy omdoTaoT EVOS ON-
peiov amd xopoKTNPLETIKS VENG (SLEVLOUO SLOGTOP®V) KOl O Y10l GVVOAO onueiwv. T'o
Tov AdY0 avto dev xpnotuonolidnke Bhattacharya, mov elye kaAvtepn enidoon, eneldn) dev
umopel vor vToAOYiGEL AMOGTOOT Y OPAKTNPLOTIKAOV EVOC ONUEIOV 0TS TOL Y OPOLK TN PLOTIKE,

oG KAdione. Omdte €xovpe:

k, kD) —uni)?
4;p) = Z( BED | jog g2y N ;%_“NJ) +logok, (44)
,J 5J
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OTOV yj,; TO SLEAVLOUN TOV TILMOV TNG owdAvong Yo To onueio avtd HE GLVTETOYUEVEG
k.l , N 0 aplbudg TmvV GuVIGTOOHV TNG oVAALONG, Ko 0]2 70 SLEVLOUO SLUGTOPMV TNG
KAdong. Ot dvo tedevtoiol 6pot yPMNGUYOTOL0VVTIOL GTNV TEPITTMOT oL YiveTon xp1rion
TOV YOPUKTNPLOTIKAOV TNG TPOGEYYIONG, LE Uy, VO elvon 1 péon TN TNG TPOGEYYLoNG
(Yo i=N). Apo. GOUQOVOL LLE TNV andoTaoT oLTH €va onpeio Bo aviikel 6TV KAGGT oLLTN
omov M (4.4) diver v wkpdtepn Tur. Apo vroAoyilovpe TG TIHESG TNG AMGOTAONG Y10
KGO onueio owd KGOe KAGoN.

Eme1dn 1o kp111)pro mov e@apuéleton lvotl oToTioTIKO Ko OTUELOkS O €xovpe ap-
KeTég AAB0C KotortdEelg onueiwv SlocKOPTIOUEVEG TNV elkOVo. OTtdTe yior TNV PeAticoon
TOV KOTUTAEEMV X pNOLOTOLEITOL EVaL GIATPO EVALGUEON G TGS, TO 0TTOl0 eQopuoLeTan o
KGOE TIVOKO ATOGTAGEMV TPOG Lol GVYKEKPLUEVT] KAGoT. To giATpo epopudleton oe évo
nopdBvpo 15 x 15 pixels. Avtd 10 PLATPEPIGLOL EXEL GOV ATOTEAEGLLOL GE YELTOVIKG GTUEloL
01 OO TAOELG TPOG Mo KAGom vo €yovy Ty {8ta Tun €tot eEopavilovton To GToTIoTIKA
codAporto. Eniong évog Adyog mov emAéynke to GiATpo evdldipeonc TG elvot va unv
eEMNPeacOoVV T GHVOPA TV KAGCEWV. OcoV a@opd TNV VAOTOINGCN TOL EVOLEUEGOV
QiATpOL ypnoomoOnke évag Yp1yopog aAyopiouog moAvriokdtntog O(N). To onueio
oVt ToL alyopiBuov elvon Tov KoBLoTEPEL TOV OAYOPLOUO TEPIGGHTEPO KON VIO CLLTOV
Tov AdYo éytve N BeAtiotonoinon.

Axéun Sdumg amopévouy AGBog KotatdEelg ota onueio TG etkévog. Avté cvuPoi-
VEL AGYO0 TV 0LVOLLOLOLOPPLAV TOV TOPOLOLELOVTOL G TOAAEG VEEC GE OPLOUEVEG UIKPEG
TEPLOYEG TOVG, TO OTOL0 Ko dNULovpYel LIKpég omég 6TV E1KOVOL KOTETAENG TOV ONUEl®V.
AVTO SLOPHAOVETAL LUE TNV EQPAPULOYT TOV ETOVOANTTIKOV odyopiBuov ICM yiow TV GuvE-
VOOT GUVEKTIKAV Teploydv [30]. AvTdg o adySplOpog yio TNy Kotdtatn K&motov onueiov
YPNOLOTOLEL TIG AMOCTOCELS OO TG KAGGELS, UETA OO TO GIATPEPLOUC, OAAG GUVEUOL
AoBévovog véyny to Tov €xouvv Kotartory el Ta yertovikd onueia.O ICM olydp1Buog
YPNOLLOTOLEL Ll TTOPAUETPO, TOV SIVETOL OO TOV YPTIGTN GTNV YPOUUT] EVTOAGDYV, 1 OTtol0L
TEPLYPEQEL KOTA TG0 B0 ANEOEl LTOHYNV Yo TNV KortdTaEn evog onueiov N YeLTovio Tov.

A6 Teprypdipeton od Ty €€ e€icmon :
icm_dist; (y) =d; (y) + A (8 — 2 x M) 4.5)

6mov A M mapduetpog Tov ICM , 8 eivarl 0 opBudc tov yertovikwv onueiov, M; eivon
0 aplBUGG TV YeLToviK®Y onueimv mov €xovv kotortayBel otnv KAdon j, d;(y) elvou n
onéoToon amd TNV (4.4) LETA TNV EQaPUOYT TOV GiATpOv, icm_dist; (y) elvou N amdoTaom
nov xpnowonotel o ICM yior v KoTatdEn evég onpeiov mov mepLypdaPeton omd 1o

dibvooua y g owvdAvong. Ondte emovolnTikd o ICM eAoyloTOTOLEL TNV TOPATAVE®
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anéotoon yioo 6Ao tor onueior TG elkOvoc. AVTO €xel Gov OmOTEAEGUN Ol OTEG KO
Toyxoior LKPOAGEON vo KaAveBohy Kot vor dnuiovpynBel n telkn| elkévo KototdEewy,
OmOV €YOVV TUNUOTOTOINOEL Ol SLaPOPETIKEC TEPLOYES TNG OPYIKNG elkOvac e Pbion
mv ven. Tleprocdtepa Yo T0 TG LOVTEAOTOLEITON TO TPOPANUO OVAOEONG ETIKETHOV

ToPOVGLELOVTOL GTO TOPEPTNUL A.

4.3 Ieipopotikd omoteréopoto,

O olydépOuog TG TUNUOTOTOINGNG EQOPUOGTNKE GE ELKOVEG GUVOETIKEC OAAD KO GE
elKoveg omd PUOLKEC okNVES. XT0 oxfua 4.3 eaiveton 1 apylkn] cuvOeTIKY €lKévoL TOLV
nePLEXEL 5 ALoPOPeTIKES VEPEC outd To Brodatz album (D77, D55, D84, D17 xou D24), xa®mg
Ko de€lé g o katatdielg e Péion v andotoon 4.4. Ttnv aplotepn elkdva tov 4.4
QoivVOVTOL Ol KOTOTAEELG LETA TO GIATPEPIOUA LLE TO eviLbieso @iltpo, kKo otnv deEd
petd v epoppoyn tov ICM. Eniong 610 4.5 mopovotdlovton ot elkdveg tov delyvouv to
block mov yapoKTNPLETIK®Y crvopoloyev) kot tor block mov teAlkd emA&y Onkoy GOUEOVOL

LE TOV aAYSPLOLO apy1KOTOINOMG Y10 VOL DTTOAOYLGTOVV Ol alpyKéC TapEUETPOL TNG KAOE

KAGOTC.

o 4.3: H apytkf) cuvOeTIKY e1kOvaL e 5 veég Kot o opytkég katatdéelg pe pdon v
anéoTOoN

To block mov e€oupovvion amd To KPLTHPLo oVOUOLOYEVELG OVTMG Elval oVTé oToL
oHVopa TOL €0VV TNV UEYOADTEPT CvTiBEST UETOED TV SLAPOPETIKAV VOOV OTMG OTOL
ovvopo tng D55 pe tnv D17 xou tnv D23, 6t covopo twv D23, D77 kou D23, D17. Eniong
to. block mov ypnoonoloHvTal Yoo Tov VIOAOYIOUS TV TOPUUETPOV KEBE KAGONMG

elvor oVTITPOCMTELTIKE Yo KAOE tio amd outiv dnwg eoivetotl otnyv deid etkdva Tov
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{
i
]

o 4.4: Ot KototdEelg Letd To GIATPOo eVALEUEON G TIUHG KO 1) TEALKT| ELKOVOL LETA TOV
ICM, avtiocTtoryo Yoo TNV GLVOETLKT ELKOVAL LLE TIG TTEVTE OLOLPOPETIKES VOEC.

Synuo 4.5: Tow un opotoyevii block ko to block mov xpnoiomotidnkoy yioe tnv e€orymyn
TOV YOPUKTNPLOTIKAV KEOE KAGONG, otvTIGTOLY O YIoL TNV GUVOETIKT E1KOVAL LE TIG TEVTE
SLOLPOPETLKEC VOEC,
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oynuotog 4.5. H avéivon €ywve oe 3 eninedo SnNUOvpydvtog 9 TYEG YioL TO SLEVUGLOL
XOPOKTINPLOTIKMY. o VT yloti dev xpNOUOTOMONKE 1 TPOGEYYION, OGS KO GTLG
VIOAOLTEG ELKOVEC [LE GLVOETIKEG VOEC. TTal GYNUaTO 4.6, 4.7 @aivovTon Ol opyLKES ELKOVEG
KOl TEAKEG TUNUOTOTOINUEVEG Y10 GUVOETIKEG elkdveg e 2 Kot 4 SlopopeTIKES VOEG

avtictoryo. Ot avoAvcelg éytvay e 4 eninedo, Ko 6TIg dV0 ELKOVEG.

Tyfuo 4.6: H opyikr] e1KOvo Ko 1 TEALKT] TUNUOTOTOINIEVT], OVTIGTOLX O 1oL TNV GLVOE-
TIKT| EIKOV, e 300 dlopopeTikéc VEES (D9 D3).

Iyfuo 4.7: H opyikr| eLK6vor Ko 1 TEALKT] TUNUOTOTOINUEVT, OvTIGTOL( O YloL TNV GUVOE-
TIKY| elkéva e 4 Stopopetikég vEEG (D19 D9 D3 D5).

O olydp1BUog EQOPUOCTNKE KO GE ELKOVEG LUE PUOLKEG GKNVES. XTTal oxfuato 4.8,
4.9 poivovton To amoteAéopoto yior §00 euotkéc oknvES. H mpaytn meptéyel tnv mOAN Tov
San Francisco poli pe 0dhacoo ko ovpovd. Evd 1 detvtepn mepiéyet nio mAoryld e x6ptoL,

Kot ovpowvd. To emimedor ovdAvong eivon 3 ko yiow Tig 000 eLKOVEG,.
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Iyqua 4.8: H apyikn etkévor Ko 1 TEAKT TUNUOTOTONIEVT], AVTIGTOLY 0L YLOL TNV GLVOE-
TIKT] EIKOVOL LLE TPELS SLOPOPETIKES VQEC.

ynuo 4.9: H opyixn| elkdvor Ko 1 TEAKT] TUNLOTOTOINEVT), 0LvTIGTOLY Ol Y10l TNV GUVOE-
TIKN etkévor pe 600 SLOUPOPETLKES VPECS.
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FT1C ELKOVEG LE TIG QLOLKEC OKNVEC KoAOTEpOL omoTeAéoparto eEGyOMKaY KEAVOVTOG
APNOM TNG GLVIGTMOCOS TNG TPOGEYYLONC. TNV OVGLOL YPNGLULOTOLOVUE TNV UEoT TIUN Ko
v Slaemopd TG TPOocEyylong oto Kpitiplo 4.4. H péon tiun g npocéyyloong elvon
{dto pe v péon Tun e apykng etkovog ( H (2) |,=1=1). Me tnv xprion tg Héong Tune
BeAtidivovton To. AMOTEAEGUOTO, GTNV TUNUOTOTOINOT OTLG ELKOVEG UE QUOLKEG GKMNVECG
yoti moiler peyddo poro M eoTeEVOTNTOL (Y. SO OPLOUGS 0VPavoDy BEAAOGOC). Xe
ovtifeomn pe TG GLVOETIKEG OV YpnolomoOnkay mov elvol opotoyevelg 6Gov opopd
NV TEPLOSKHTNTOL TOLG KL TNV SOUT TOVG, GAAG LePLKEC SLOPEPOVY EGMTEPLKE OO
TEPLOYT O TEPLOYT) OTNV POTELVHTNTO TPAYLO TOV KEAVEL TNV TPOGON KN TN TPOGEYYIONS
GTOV XOPOKTNPIOUS Un PBeATioTikn Yoo TG ekdveg avtég. Emiong m mpocéyylom dev
Bonbder mévto kobwe mpénel Phioel Tov KprtNnpiov vor oekolovbel Kortovour] Gauss, ToL
dev cvuPaiver mévtoL.

Eniong o alydp1buog TunUotonoinong eQopuooTnke Ko 6e GAAN Ho e1KGVoL Tov
nepléyel euolkn oknvy. H ewdva ovty eivon plo edikn nepintwon kob®g meptéyet
Bétooro amd kémola mopaiio. Yrdpyovv tpelg Ldveg amd Botooio n wpdn Ldvn elvor
néTpeg UEYAAOL UéyeBovg, oty devtepn Ldvn YIAG BOTGaAO GKOVPOL YPDUOTOC EVH
N tpitn meptéyel kot vt YIAS BoTGaAdKl, OAAG avoly TG amdypwong 6xedOvV GLoTPO.
¥ty mepintwon mov BéAove va dtoywpicovue Ti¢ Tpelg Ldveg to kprtiplo 4.3 yio tnv
opoaworoinon block xotd v apylkomoinon dev elvon apketd, yioti dev kbvel xprion
TV LeGEmV TIL®V K&Oe block otV cuvioTtdco Tng tpocéyytons. To kpLTrplo ot eivort
ovorykoio 6tov Bor OEAOLE VoL TUNUOTOTOIGOVUE TNV €1KOVOL 6€ dV0 (MVES, EVAOVOVTOG
cav pio meployn to YAG fotoorol, eneldn cuykpivel Stoomopéc Kot oL LEGEC TIUES. XNV
oavtifetn mepintwon Spwg eival avoykoio n xprion g andotaonc Bhattacharya. Xto
oxnuo 4.10 eoivovton n opyikt] elkdvo KoBmg Ko o1 TEMKEG TUNUATOTOINUEVES UE dVO
Ko Tpion tufporto (kdvovtog xprion g 4.3 ko tng Bhattacharya avtictouyyo).

>10 oynua 4.11 eoivovtol to block mov ¥pNGYLOTOLOVVTOL Yo TNV CPYLKOTOIN oM
oe KGBe mepintwon. Tlopatnpovue mwg pe tnv Bhattacharya to dompo kot 1o povpo
Aent6 BOTGOAO EVAOVOVTOL EVE GTNV 0vTIBETN TTEPITTMON OTOTELOVV EEYPLOTEC KABOELS
M eotetvétto otor Opror Tv block 6to oxMua eivon dtopopetikny). Eniong to puéyebog
tov block 610 Tapdderya ovTd etvar 64 x 64. Xpnouonoteiton o peydio block Adym tng
UEYAANG 0LVOLLOLOYEVELOG IOV TTOPOLTNPELTONL GTNV TThve Cdvn.

TeAeLDOVOVTOG TO KEPAAOLO CXVTO, SLUTLGTWONKE OTL O AAYSPLOLOG TTOL OLVOTTVY O KE
éxel koA enidoon TNy TUNUartoroinom elkévav pe Baomn Ty ven. QeTOc0 €YEL TO LELOVE-

KTNUo 6Tt dev elvor eVieAMS LTOVOOG KAOMG X peldleTon TV aptoud Tmv KAAGE®Y GTNV
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Syfuor 4.10: H opyikf etkévor Kot ol TeEMKEG TUNUOTOTOIUEVES, e 2 kol 3 KAGGEeLg
avtiotoryo Yo TV elkévo Le tor OTeodoL.

Syniuo 4.11: Ta block mov ypnoiporotovvton yiow Ty eEaymyr TV TOPOUETPOV KEOE
KAGoNG Yo kKébe mepintmon (2 ko 3 KAGGELS).
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etkovol. H ebpeomn Tov ap1uov Tmv SLa@opeTik®dv VO®OV 6T0 TopeABOV €xel pedetn el and
tov A. Jain [16]. Eniong ypetdleton ko TNV TopEUeETPO A Yior TOV AYOPLOUo XoA&pmong
ETIKETMV 0 0moiog diveton amd Tov xPNOTN OAAG EKTILETOL EVKOAN LLE TOV TELPOUATIGUO.
Mo evdetktikn Tiun elvon 1o 1.0. ‘Evo petovéktnuon tov etvor 6t n xpriomn block dev to
KGVEL TPOGOPUOCIUO GE OAES TIC ELKOVEG, Yiorti Ba VTGP oVV e1KGVEG TOL Bt Y petdlovTon
Stapopetikd péyebog block avédoya pe To “coarseness” NG LENG TOL TEPLEYETOL GTNV
ELKOVOL KOl LE TO X DPO TOV KATOAOUPEVEL GE QLLTNHV.

310 TeAevTOi0 TOPEOELY IO POUVETOL OTL TOPE TIG KOAES CPYLKOTTOI OELG TOL OLTTOTEAE -
ouoto ToPoLGLaovy apkeTéc AdBog kotatdEelg (0még), ol onoieg dev eEovdetepdvovTal
ord tov ICM 00te omd TNV yp1on eVOLAUEGOV GIATPOL OTLS TWEG TNG OdGTOoNG. AVTO
ogeideton 6TV oduvoic TOL GTATIGTIKOV KPLTnpiov vo kotortdéel onpeio dtov €xovpe
ovopoloyevelg veég. TIprypott 1 LEYGAN 0LVOULOLOYEVELD TOV VITAPYEL OTNV TAVED KAGGT
deV Lo LPNIVEL VOU LLLAGLE Y1OL VPT] GTNV TTEPLOYT| CLLTT], TOPOAX ALTA TO KPLTIPLO dely Vel
vo tor Kotopépvel ev uépn. o v Pedtioon tov amotedecudtwv elvon omopoitntn
N xpNon mo aveeKTIK®V (robust) uebddwv Oémmg level set adyopiBuovg 1 adyopibuovg
EMEKTOONG TEPLOY WV (region growing). Ilepimtwocelg aAyopibuwv ovtdv elvor o aAyod-
p1ouog ypriyopov Prnuoatiopot [31] kot o SRG [32], 6mov Eexivovv amd Tig TLo Glyovpeg

KOTOTGEELG Le Péion TNV eXTIUNOT TN OMOCTOONG KO EMEKTEIVOVTOLL.
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To ypdua moiler onuovtiké péro otnv Lwn tov avBpdmov. ot opynv eivor
évor omd tor onuovTikOTEpOL onTIKG epebdiocpator pali pe v xivnon, kot 1o Pébog.
ALOLQOPETIKA YPOUOTO €(OVV JLOPOPETLKY EMidpOoT OTOV GvBpwmo, dmmg T0 KOKKIVO
NAwvel amoydpevon, 1| to xitpvo mpocoyn, kivouvvo. Emiong 10 kékkivo eivotl mo
GULVOPTAGTIKS XPOUC, TO TPAGLVO Eekovpdlel, evd To UTAE TO TO VY EPLOTO. ATO TO.
Bé&ON TV oldvev 0 AVOpOTOG XPNGLULOTOLOVGE TO X PMUC OTNV Kodnueptvy Tov Lo Yo
VO KOTOLOKEVEGEL EVOVUOTO VoL INADoEL GuvousOuoto kot GAAA. PLGLKE VAKE omd
ToL omoiol Lropoveay vo xpopotiovv otidnmote A0 VAMKOS ondviloy otor TahondTepo
XPOVIL (xpwoTikég ovoieg, pigments). Tétolor VAKE GElov T0 PEpog TOVG O YPLGEPL
exelveg T1g emoyés. OAGKANPN M otkovouio TéAewv otnpildtov ce Tétolo LAIKE, dTwg
N TopeHPa oTa XpdVIeL Tov Bulovtiov. MOAG Tov 190 ouwva emtedydnke N Taporymyn
oo POONG UE CVVOETLKA LG, OTHTE KOl GAAOEE 1) GyM TOL KOGUOV. ATt TOHTE Ko €mELTal
avoioe Broteyvio ETOmV EVOLUATWV GE TOAAEG VEEG OO PMGELS, 1 £YYP OUN PWTOYPOPiCL,
N éyxpoun TAe6pOoT), YLUXOAGYOL HEAETOVV TNV eNLOPOOT] SLAPOPWV XPOUATOV GTOV
avBpwmo, ko M aryopd €xel yeuiler omd mpoidvto mov €xovv 0Tl AmOYPDCELS eEMOLUEL O
TEAGTNG. ZMUEPOL GEIPE €XOVV TAPEL Ol VITOAOYLOTEG HVUTAPLOTMOVTOG TOL EKATOUUOPLYL
XpHOTO TNG POONC.

Aldveg Tdpa 0 AvOpOTOC TPOSTOO0VGE Vo eENYIoEL TNV HIOPEN TOL Y PDULOTOG KO
vo To pueAetioel. Qg tov 170 oudvo okdpo stotnpovvtoy n Bewpior ToL APLGTOTEAN TOV
éleye 611 SA0L ToL Y pOUOTO TapdyovTay (e TNV MiEN Tov Lordpov Ko Tov donpov. 'Enetto

o Leonardo da Vinci mpoondbnce vo petpricel mola eivon tor Boctkd xpoUoto. oAAG dev

49
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UTOPOVGE VO TOQOGIGEL OV L TE elvart €€11) 0KTM. AvTé €m¢ 6ToV 0 Isaac Newton, 10 1672
OVOKOAVYEL OTL TO AEVKO QMG GUVTELBOTAV OTO OADL TOL OPATE Y PDOULTO TOV PECUOTOG
[33]. Tpd&yuartt To xpodua dev VIEpPYeL 6TOV PUGIKS KOGUO, Topd LOVO GTO UETL KoL
GTO LVOAS TOV aVOPMOTOV, GTNV UGN LITEPYEL | NAEKTPOUOYVNTIKT ok TivoBoAic. 'Etot
XPOUO EIVOL TO QVTIANTTO OTOTEAEOUA TOV QWTOG, OTNV 0QATH TTEQLOXN TOU PAOUATOG,
OV €xer unxog xvuatos amo 400 nm éwg 700 nm, TEQTOVTAS OUPLBALOTOOELSN TOU
uatiov. O avOpOTIVOG aUEPAGTPOELIN G €XEL TPELS TOTOVS O Y P OUATIKOVS POTOANTTEG
nov ovopdovton kmvikd KHTTapo (cones), ToL 0oio ovTomokpivovton 6Tnv ok Tivooiio
Ue SLoPOpeETIKES POOUOTIKEG KOUTOAEG andkpione. o owtd tov Adyo tpelg Tég
elvon apKreTéc ylow vor TePLYpAWoLV €val XPOUOL, TOPEYOVTOS TIG OVTIGTOLXES PUCULATIKEG
GUVOPTNGELG TOV YPTNCLULOTOLOVVTOL (TPLYPOUOTIKH Opaon). Me 10 avTIKEIUEVO avTo

ooxoAeiton N emoTiun g ypopotopetpiog [33] [34] [35] [36].

5.2 Xpouotikd cvotiuoto

Eva ypopotikd cvotnua (colour system 1 colour space) eivar o uéfodog ue v
omota wiropovue va xaboploovue, Vo ONULOVOYNOOVUE *OL VO OTTTLXOTTOLOOUUE YOWUA.
YoV GvOpomol UmopoVUE vou vou opicovpe Evar xpoUd omd TIG WOLOTNTEG TOL OTMG PO-
tewvotnto (brightness), amdypwon (hue), Kou Kopeoudg (saturation). "Evog VTOAOYLOTG
opilel évo ypdua pe Béon Tic deyépoelg Tmv KOKKIVOV TPECIVOV KO UTAE GOGOSPOY
otov K0Bodlké cwAiva T 006vne. 'Evog extunwtrc opilel éva ypduo pe Béon v
OVTOVAKAOGT] KOl TNV OmoppOPenon Tov KLovov, TG LoTléVToS, Tov KITPLVOU Kol TOL
Hovpov peAoviov 6to xopti. 'Evo ypduo ovomopioTaTol Le TPELG GLVICTHCES, Ol OToleg
KoBopilouvv TNV BEom TOL GTO GLYKEKPLUEVO XPOUOTIKG GOOTNUO. OTETE 01 GLVIGTMOGEG
dev delyvouv mwg elvor To xpoUo OTTIKE OAAG TTOV BpicKeETHL GTO YPOUOTIKS GHGTNUOL.
Ynépyovv mépo ToAAG ypopotikd cuotiuoto. '‘Eva Adyog eivon 6t ypetdlovion do-
QOPETIKE GLGTIHLATO Y10 SLOLPOPETIKES EQOPUOYES, YIOTT LEPLKE GLOTILOITOL AELTOVPYOVV
KOAOTEPOL GE KAMOLEG EQOPULOYEG OO KEmolor AALDL €lTe €val XPOUOTIKG GVGTNUO QTLE-
YTNKE Y10 TN GLYKEKPLUEVT epaployn. Tuotnuo 6mws to RGB (Red Green Blue) ko oAAG
cuoTHUaTO €X0VV QTLOTEL Y1OL YPOLPLKE VTTOAOYLOTAY. AAAC €lvo QTIOYHEVOL YLOL TNV
€VKOAN dnuovpyio xpwUET®V aALE Kot yp1ion amd Tov vOpmmo, dnwe To LHS (Lightness
Hue, Saturation). AKOUOL GLUOTUOTO €LOVV KOTOOKELOGTEL YIOL VoL €lvorl OPLOLOUOPPOL
ovTIANTTE KoTté Tov GvBpwmno (perceptual uniformity), 6rwg To Lab [37].

To ypoOUOTIKE GVOTNUO UTOPoHY VO, Sloywplotovy o€ eEoptnuévor omd TNV GL-

Turuo Emoetiung YroAoyiotov



5.2. Xpopotikd cuotiloto 51

oKeVN Kou Un, o€ mpooBeTikd (additive) ko ouponpetikd (subtractive), Ko G€ OLOLOLOPPOL
oVTIANTTE o6 Tov GvBpmno ko un. EEaptnuévo and tv cvokevn (device dependent)
€lvoll TOL GLOTHLOTOL GTOL OTTOLOL TOL Y POUOTO TTOV TTapdyovTo eEopTdvTotl amd v pHo-
HLoT TNG GLOKELNG e TNV oTola YiveTal N onTiKoToiNno™, 0G0V a@opd TNV ovTiAnym omd
oV GvBpmmo. e avtifeon un e€optéueva amd v cvokev (device independent) eivon
TOL GUOTAUOTO GTTOV TO XPWUO PoiveTal TO 1010 6oV Ko oV cvTd Topactodel. To RGB
nopdderyuo etvor device dependent, eved to Lab dev elvot. [IpocBetikd elval to GuoTHHOTOL
oToL OTOl0L SLOLPOPETIKEG OLKTIVES PMTOS avaryviovton Ko divouvy éva ypoua. Ty évo
OVTIKEIPEVO avTOVOKAG aktiveg dmov aruTég cuvdvdlovtal kot divouy Tnv aicbnomn tov
AP DUOTOG TOV OVTIKELUEVOL GTOV AvBpwno. To Bactkd xpouota (primary colours) eltvoi to
KOKKIVO TO TPEGIVO KO TO UTAE. AQOLPETIKE GLGTHLATO EIVOL QL TE GTOL OTTOLNL TO TG OOt
eoiveton évor onueio ypouotikd eEapTaTon omd TIG OOy PMOELS TTOV OITOPPOPA VTS Kmd
10 PAoua. To Bactkd ypdUoTo 68 dpotpeTikd GHOTNU eIVl TO KLV M portlévto Kot To
kitpwvo (CMY cyan magenta, yellow). To RGB e 10 CMY &{voil GUUTANPOUOTIKE LeTaED
TOVC. Me oQUIPETIKE GLOTIUOTOL SOVAEVOVY KUPIMG 01 GMTOYPEPOL KO 01 KOAATEYVES
YTl XPNOLOTOLOVV YPWOTIKEG TOV OTTOPPOPOVY OO PMOELS YLOL VO, dNULOVPY|GOLV
APAUOTO OTNV TOAETOL TOVG, .Y N UTAE Pogr) elvorl unde Yol 6tav T0 QO¢ "y Tumoel”
oTNV EMPAEVELD, TNG TO pigment amwoppoPd (1] oponpel) OAO TO YPOUATIKS QOO EKTOG
TOV UTAE TO OTO10 OVTOVOKAATOL GTO ATl OUOLOUOPPO avTIANTTS omd Tov GvOpwmo
elvon évor GVUOTNU, €6V L0 LLKPT] CAAOYT] GTNV TUUT MLOG Y P OULOTIKT|C CUVIGTMCOG, Elvoit
TPOCEYYLOTIKE 1 1310 6TV avTIANYM TOV XPOUATOS 06 TOV GLVOPMTO.

ENUOVTIKE P OUOTIKA GLUGTILOTO TOL OTTOL0L Y PN GULOTOLOVVTOL KO GTNV TopOoVGOL

epyooio elvor:

e RGB 10 omoio elvon mpocOetikd cvotnuo Poclopévo ek KOTHoKeLNG GTNV TPL-
xpopotikt Bewpio. Eivon €dkoro otnv vAonoinon un ypouptkd (not perceptually
uniform), eEoptnuévo amd TNV cuokeL] oPov €xel GYENNOTEL YLOl TIG CTOLTHOELG
TV GLOKEV®V (TOAV KovT& 6To hardware). AOGKOAO GTNV YP1ioT and TOV AVOp®TO.
XPNGOTOLELTON OTIG TNAEOTTIKEG KAUEPES, YPOPLKE DTTOAOYLGT®V, GTOV KOOI KO

GCOAMVOL 000VOV, KOl G€ AALEG GLGKEVEC.

e LHS (Lightness Hue Saturation) t0 omoio OWVjKEL GTNV OLKOYEVELOL TOV CUGTHLOTMV
mov doywpilovv TV ewTEWVOTNTE Ord TNV andXpwoN Kot Tov Kopeoud [38].
Alopépouv L6vo 670 TG vIToAoyilouv TV pwtetvétnTo. Meptd oud ovvtd eivor HCI
(intensity), HSV (value), HVC TSD (hue saturation darkness) kot ALo. To GuGTHUOTO

outd etvon ypopuukot petocynuoticpol tov RGB ondte kKo ovtd eivorn eEoptnuéva
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ord TNV ovokevt). Elvor un ypoupikd Ko Tapouctdlouy X poUOTIKEG OVVEYELEC.
'‘Evo. Bootkd TAEOVEKTNUOL TTOV €XEL M OLKOYEVELDL TOV CUGTNUATOV OLTHOV elvol
0 Sl WPLOUEC TNG EOTEWVOTNTOG, O OTOI0G EMTPENEL TNV Y WPLOTH emelepyacio
QOTELVOTNTOG KOl TOV YPOUATIKOV GUVIGTOO®MV YPNCLULO O TOAAEG EQOPUOYEC.
Eniong eivon ex Kotookev|c Stonadntikd yior tov dvOpmmo yioti pe avté oekpiBag
o tpiocyvopiopoto opilel o AvOpmog To xpdpoto. o vo epoprudGovpe omevbeiog

lightness

saturation

hue

Zyfua 5.1: Avoropdotoct Tov Kovou Tav LHS ypopatik®ov cuetnudtony.

evkAeidio amdotaon peta&h onueiwv dev apkovv oL TYEC TOL GLOTHLATOG OTTMG
elva, kKoBwe oto LHS éyovue otnv ovoio moAkég cuvietayuévee. o avtév tov
AOYO epapudleton Evog un YPOoUULKOS LETHGYNUOTIOUOS, ToL dev elvon Timota GALO
Ot6 TNV LETOTPOTY| OE KUPTECLOVEG GUVTETAYUEVES, LE apyM) TV aEOvav otnv Bdon

TOV K®VOL oyniua 5.1, [26].
<l,h,s >—<I,l s cos(2mh) ,l s sin(2wh) > 5.1)

Omov ToL [ eOTEWVOTNTO, h OmOXPMOT, s KOPECUOS €lvol KOVOVIKOTOIMUEVO. GTO
Stotua [0,1]. To xounAd onueio oTov K®Vo eivor kovtutepa Letatl Toug. AVt
cvuPoadilel pe v avOpodmivn avtiinymn xkabdg 660 mo AMyoTEPO MG TOGO TLO
dvoxoro umopel o GvOpmmog va dtaywpicel yxpouota, Telvoviog €Tol TPog TNV
opotopop@ic: TNV ovTiAnym. v mopovca epyocio emAéydnke 1o HSV cvhotnua

omd Tnv otkoyévelo LHS cuotnudtov.

Lab: To 1931 CIE, (Commission Internationale de I’Eclairage) [39], moilel onuovtikd

POAO GTOV OPLOUS TMV YPOUATIKAOV GLGTNUATOV. TNV TPOGTAOELO VO, KOTOGKEV G-
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oel éva YpOUaTIKé cvoTNUN To onoio v elval perceptual uniform, dnuiovpyel tov
XYZ pouatikd c0otnuo, To oroio Koleiton Kot "Kovoviks”. To cvotnuo ovtd
ovomopiototon cuxve Le €va SALEoTOTO XPOUOTIKSG SLEYPOLLLO TTOV TOPLGTAVEL
TG Béoelg AWV TOV OOYPMOCE®Y, KOl €YEL TO OYNUA EVOS LOTIOTAOLKOV TOVIO.
Q061660 10 XpOUoTIKS TPdTLNO Pacileton 68 EOVTOOTIKG PBOCIKE XPDUOTO TOV
dev vrépyovv mpaypuotikd. Etvol kabapd Oempntikd kot ovtd Kével To GHOTNUN
oveEGptnTo cvokeviic. H kotookevy tov Bociotnke oTig KOUTOAEG omdKplong
TOV YPOUATIKOV QOTOANTTGOV TOL avOpdmivoy potiov. Eneldn) ol amokpicelg oh-
AéCovv ad vBpwmo oe dvBpwno M CIE kabdpioe €vog TpdTtumo HEGO TapoTnpnTi
KOTOTLY TOAADY TEWPOUATOV, KAVOVTOS TNV KOTOYPOPT] TOV ATOKPIGEMV TOV YPO-
UETOV ovTIKEWUEVIKT]. TloL TNV avomopdoTaoT TOV XPOUAT®V PN CLULOTOLOVVTOL
3 ovvictwoeg X,Y,Z, 6Tig omoleg to focikd xpouoto oynuotilovv éva ypouatiko
TPLedLGoTaTo TPiywvo. Tow Pootkd xpodUOT EVOVOVTOL NAadN Le evBeleg YpOoUUES
KO TO XPOUOTIKG Stérypopor Tov Tpoovopépbnke oynuotileton pe v tpofoir|
TOV YPOUETOV GTO ENINESO TOV TPLYDVOL oL oyMNUaTileTon e T0 KOKKIVO KOl TO
TPEGLVO.

Q061660 N TPMOTN o T TPOocTEOELD. e TO XYZ €xel 300 Pootkd LELOVEKTHLOTOL TO
évar 6t elvon SVoKOAO Vo Tpootedel N pwtetvdTNTA, KoL TO GALO OTL LITEPYEL Lo
ddxpion ovauecso ot AoUPavOUEVES SLOPOPEC XPOUAT®Y KOL OTN TPOYLOTIKN
dtopopd 6to cvotnuo. I'a vTd T0 Adyo amd To XYZ @Tidynke to Lab. Xpnouuo-
noteiton €vog Un YPOoUULKOS LETOOYMUOTIOUOS LETOOXNUOTIEOVTOG TO YPOUATIKS
SLAYPOLLLLD, GTOV TPLGOLEGTOTO X DPO. AVTOC O LETAUGYMUOTIOUOC €XEL GOV OTTOTENE-
ouo to Lab, vo elvon oxeddv oLolOLOpPO GTNV KATOVOUN TOV YPOULOTOV Y0 TOV
GvOpmmo, Kol vou uropel vo epoprootel n evkAeidwo oméotoon. Eniong €yel tnv
116N T OO0 MO TE GLVOLAGUOG (a,b) oe GTOBEPT| TN TOL L, Vo éxel TévTor TNV
o potelvotTnToL 6TV ovTiAnym. To GY1ULOl TOL GUGTHLOITOC GTOV X MPO lvoL GV
évor ookl 10 omoio GTevevel GG YOUNABVEL 1] POTELVOTNTO, UWLOVUEVO TLC 1OLOTNTEG
tov HSV, 61 dumg 1660 660 10 HSV, dmmg o povel amd tor TELPOUATIKE OTOTEAE-
opoto. EmmAéov Spmg to Lab dtotnpel tnv 1dtdtnto tov XYZ vo eivorn aveEdptnto

GULOKEVNG,.
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5.3 Efoyoyn xvpiov xpoudtov

H mpocéyylon mov akolovbeiton otnv gpyocio ovTr, ywoo TNV TEPLYPOPT| TNG
elkovoc te Béon to xpouce, Bacileton oty eaymyn Tov kupiov ypoudtov ond v
etkévo (dominant colour extraction). Me Tov 6po cvtéd evvoeiton 1 eEoywyn “Kupiopywv”
AP OUETOV TNG ELKOVOS, ONAOLIT TV Y POUATOV TOV ETLKPATOVV GTNV KOV Tol Y p@OUOTOL
oVTA, emBvuNTé elvor var cuvodevovtal omd Twv opldud Twv pixel mov xKotéyovv otV
elkdvo KoBmg Ko TIg meEPLoy€g mov KaToAapévouy. Apo t0 TPOPANUO aviyeton O
“ueptkn” tunuotonoinom, yworti dev eivon amapoitnto vo yvopilovue tor akpipry opilo
TOV YPOUATIKOV TEPLoy®v. AVTé BéPona e€optdton amd TNV eQopuoyr, dAAG yiow TNV
ovaKAnon N un okpiPic tunuotoroinom dev Bo ennpéale Tov yoKTNPLOUS TG ELKGVOG.
¥11¢ oak6A0LOEC VITOEVOTNTEG TOPOLGLALOVTONL TPELS TPOGEYYIGELS MOV SOKIUAGTNKOV.
H mpdteg 800 eivon n tepopylk| opodonoinom, Kot TUNUaTonoinon pe LovtéAo Uigng
KOTOVOU®Y (mixture decomposition) Yoo vor Ko TaAEOVUE GTNV TPOTELVOUEVT LEDODO LLE

ouowomoinon Paoiouévn oe K-means.

53.1 Igpopyrki) opodoroinon

H pébodog PBooileton otov KA0OIKSG aAYSOpLORo 1epapylKic opadomoinong omd
mv ovoyvépnon mpotimmv ([29]). To agyxd xowuoto evdvovtor kotd {edyn ko
ovtikolicTovtol He évol xpopo mov eivon n péon Tung tove. GBe @opd yiveto Lo
tétolo évoon. To xpoOUaTo ToV EVAOVOVTOL KGBe Popd elvor ToL TO KOVTIVE GOUQOVOL UE
KGO0 KPLTHPLO SLat@opag X pOUATOV GE £V GVOTNUO ypdpotwy. H dtadikacio otopotd
0tav €Qovue OTACEL GTOV EMOLUNTO OPLOUS XPOUOTOV, KOOMG TO YPDOUOTH G KAOE
EMOVEAN YT HEL®VOVTOL KOTA évo.. AvTd Tov dev €xel Koboplotel elvar mola o elvor To
opYLKE ypdpoto. o cuTdv Tov AdYo M etkdvo xopileton oe toopeyéom tuiuoto (block),
OOV TO KAOE TUM O B EYEL EvoL Y P DU VTIPS MOTO, TOL B VToAoYILeTO o TNV Héom
T GAwv Tov xpoudtov Tov pixel oe ovtd. H yprion tov block kdver v eaywyi
TOV OPAKTNPLOTIKAV XPOUAT®V TOAV 0dpdL (coarse) Ko auTé OeV oLVTOmoKPivovTon 6Tol
OVTITPOCMTEVTIKA XPOUOTH TNG ELKOVaS, 660 To Héyebog tov block peyoidver. Evd
o yxpdévoc mov amorteiton avEdvel mhpo oAV 660 pikpaivel to block, pe okomd vo

2,99

e€ayBovv mo "Kabopd” xpduoto. Avtéd yiveton yroti yioo vo yivel pion évoon mpémet
VO, VTOAOYLGTOUV Ol ovOoETOED OmoGTAoELS OAV TV YP®UGT®Y. TOLAGYLIGTOV TNV
TPAOTN Popd Wévo, Yol 6e KGEOe eninedo UmOpPovV VoL KPATOHOVTIOL Ol TOAESG TULES TMV

OTOOTAGEMV KOl VoL VTOAOYIOVTONL Ol OUTOGTACELS Ot TO KOVOUPYLO XPMUX (00VTS TOL
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TPONABE artd TNV Tponyovuevn évaon). AALG ko TdAL elvon ToAD opyo Yol yperdllovton

TAPo TOAAEG eEmaVaANYELS, dtov pikpaivel To uéyebog tov block.

5.3.2 Movtéro ni&ng KoTovVouL®Y

H uébodog avtr| €xel xpnoononOel e TOAAEG TEPLTTMOGELS OTTOV CLMOLTELTON TUT-
potoroinon [40] [41]. Ermiong €xel ypnowywonoindel yio TUNUOTOTOINGT LE GUVOVOIGULO
XPDUOTOG Kot LENG [26]. Tl TOVE GKOTONVE TNG EPYOCTLOG XpNoLoTotiOnke N ui&n xorto-
VOU®V Yo TUNportoroinom te wévo to xpopo. H tpocéyyion outr) Oempel tor TUjorto g
ELKOVOLC o0V EEYMPLOTEG KOTOVOUEG TOV OLVOULYVOOVTOL HETOED TOVG. TNV TPOKULUEVN
nepintmon Bempovpe 6Tl KAGGELG-XPOUATO 0lKOAOVOOVV Kortavour] Gauss. H Abom tov
TPOPANLOTOC OVEYETOL GTNV EVPECT] TOV TOPUUETPOV TMV KAUTOVOU®Y LE LECT) TIUN LW;,
nivoKko. cuvololoTmopdg X;, apriori mOovotTNTo P(w;) TG Kébe KAdong w;, ue i=1...C,
6mov C' 0 oplBUdC TV KAGCEDY. ZOUPOVO LE TO KPLTHPLO TNG LEYLGTNG TLOXVOPAVELOG
(Maximum Likelyhood) ot cuvOiikeg yioo tnv extiunon tov Bértiotwv Abcemv pe Béon

EMOVOANTTIKO oAyoprOuo eivor [29]:

1 N
Pwi) =+ ;Pwi) E7S) (5.2)

YR Pwi) |z

= (3.3)

SN P(w) |z)

5 _Zl]cv=1 P(w;) |zg) (g — W) (@ — w)?

= i (5.4)

Zk=1 P(wz) |(L‘k)

ue
. = p (@ |wi) P (w;)
P (wj|z) Z;\;lp(xk\w]-)P(wj)

|Zi|_%emp[_%(xk_P-i)tzi_l(xk'_P-i)]P(Wi) } (53)

> 1512 eap =14 i) 1, Copmpt )1 P ()
6mov N eivor 0 ap1BUdE TV deSOUEVOV SLOVLCUAT®V XPOUOTOS = (SldoTaoNn G TPin), TNV
npokeévn mepintmon o apdudc tov pixel otnv ewkdévo. Omov p(zk|w;) cvvdptnon
TUKVOTNTOG TOUVOTNTOG TG KAAONG w;, KL P (w;i|zk) M €K TOV VOTEPV TOOVHTNTO TNG
KAGONG w;, MAadN Ttoto N TOovOTNTOL VO €YOVUE KAGOT w; OTOWV TOLPOITPOVUE Y P DU T .

H enovoinmtikn uébodog dovAevel wg eENG:

1. Bewpavtog Tov oplBud TV KAGCEWY OedOUEVO, OPYLKOTOLOVUE UE TIUEG Omtd TO

LOTOYPOULLLOL TIG OPYLIKEG LEGES TIUEC KOL TIG TLOAVHTN TEC TV KAAGEMV O LGOTHOOVEG.

2. VIOAOYIGUSG Le TNV oxéon (5.4) Tov TivoKo GLVILOIGTIOPELC.
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3. extiunomn g ek TV VoTEPV TOUVOTNTAG Le Béomn v (5.5)
4. kotdroén tov pixel pe faon TV HEYLOTN €K TOV VOTEPWV TOAVOTNTOL.

5. vmoAoYIoUdG pécwv TV pe Vv (5.3), mBovoTtov KAGcewv pe v (5.2) Kou

nivoko cuVAlHGTOPEC Le TNV (5.4). Metd aukoAovBeite To Prina (3).

H enovoinntiky dtadikocio otopatd 6toy 0 oAyoplOuog cuykAivel otnv Avon 6tov
MAod otopaticovy voo aArdllovv ot péoeg Tég. To pelovEKTNUO TIoL €YeL elval
0Tl apyel voo cvykAivel, yperdleton oyxeTikd mOAAEG emovoAyels. EmavoAliyelg mov
K0oTi{ovV POV GTOVG VTOAOYIOUOVG EUTEPLEXOVTOL OVTIOTPOPEG TUVEKWV YL KOOE
KAGoM, KoOde kol moAlol vmoAoyiouol yioo kébe pixel Eexmplotd. OG0 To TOAAEG
KAGOELS T6G0 To TOAD emPpodVveTOn 0 XPOVOG ULOG EMOVEANYNG VO OAYOPLOULOU.
Eniong kAdoelg dev €youvv amopaitnto kotovour] Gauss dnwg OewpriOnke. To xpoUoTiKd

GVOTNULO TOV X pnotlormoidnke eivarl to HSV petooynuotipuévo onwg oty 5.1.

5.3.3 K-means opooonoinon
5.3.3.1 Boolkdg odyéprOuog

Eneldny dev €yovue mévto kotavoués kKAdoewv mov vor mpoceyyiCovv v Gauss
KOTOVOUT], Ko ENELD 1) TPOCEyyLon Ue TNV W& xotavoudy eniong eivon apyn yiow o
EQOPUOYT VEKANGONG KOl ELPETNPLUCULOV ELKOV®V, TPOTIUHONKE M eEorymyn) TV Kvplop-
YOV YPOUATOV Vo YIVEL Le Tov alydplOuo opodortoinong -means [29]. O K-means €xel
TO TAEOVEKTNUO OTL SeV Y petdleTon Topadoyég Yio TIG KOTOVOUEC TV KAGoewy. Emiong
elvon amAé epapuooiuog kot viomomonog. To Bripoto tov K-means eivon omAd ko
TPOKVTTOLV Otd TNV EAXYLGTOTOINCT) TOV TETPAYMVIKOD COEAUOTOC. ApyLKE Bempovue
YVOOTS TOV 0PLOUS KoL TIG TIES TV VTITPOCHTMV Y POUOTOV, OPYLKOTOINUEVES EK TMV

npotépmv. To Pripoto eivon Tor e€ENg:

1. kotdtoén twv pixel pe Bdon o ypodUO TOVG GLYKpIVOVTOG TO. LEe GAOVG TOLG
oVTITPOSMOTOVE. I'iveton xprion LETPOL SLOLPOP B YPDUATWY GE ETAEYUEVO GVOTN LA
xpoudtwv. To k&Be pixel kotatdooeton TNy KAGGN 61OV €YeL TNV WKpdTEPT TIUH

TO UETPO.

2. YRoAOYIoUSG €K VEO, LETE TNV OPYLKOTOINGT, TWV OLVTITPOCSHTMV WG TNV LECT TIUT

OAV TOV YPOUETOV TV pixel Tov aviKovv 6T avTioTol eg KAGGELS.
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3. av ot uéoec TWég dev LeTaPANBOVV (Xp1rion KATOL0V KATOL0V KATWEOAL0V) TOTE
tepuotifeTon 0 aAySplORog e KHPLOL Y POUATO TOVS VTLTPOCHTOVS GTNV TEAELTOLO

EMOLVAAN YT, KOL GOV TUNUOTOTOIMUEVT] ELKOVOL Ol KOTATAEELS OTTmG €X0VV, OAAMDG

emoTpoer| 6to Pripnc (1).

Av o€ Kdmolo erovaAnym po KAGon petvel yopic onueic 1ote ovt ovtopdtmg e€onpet-
O oo TNV SodLKaGior Ko ToL Kuplopy o ypdroTo Letdvovtol kotd évo.. H amdotoon
UeTaE ypoUdToY OV Ypnollonoteitol eivor N evkAeidia. Tol CLOTHUOTO XPOUETOV
OV EVOOUOTOBMN KOV G6TOV alydp1Buo eivon To petocynuatiopnévo HSV [26] ko to Lab,
GULOTHUOTO GTOL OTtOto €€l VOMUOL VO, XPT|CLULOTOTICOVUE EVKAEIOLD MOOTOOT KOOWMG

elvan perceptually uniform.

5.3.3.2 Apyixonoinon

Méypt OTIYUNG Ol TIUEG TOV OVTITPOCHNTMY TOV KAGCE®MV 6TO SeEKivnLo TOL ETOVOAN -
TTIKoV oAyopifuov BewpriOnkav yvootés. o vo yivel m ovtéduotn n eoymyr Tov
Kuplopywv xpOUETOV ovortHyOnke Lo LEB0S0S opYLKkomoinong omd TO 1GTOYPOLLLLOL TOV
YPOUATOV TNG elkdvos. Ocov apopd Tov oplBud Tov Kuplapywv xpoudtonv Bempeitol
otabep¢g 100G e 16. O op1BUOC LTOC EXTIUNONKE LEC® TNG EQOPLOYNS TOV OAYopiOuov,
oPOV TTELPOUOTIKE SLOTIGTAOONKE GTL 0 OPLOUSG 0rLTOG elvor OPKETHS YOl VOL TTEPLYPBIYEL
o BOOIKE XPOUOTE GTNV ELKOVOL. XTNV TEPINTO®ON TOV GTNV TPAYUOLTIKOTN T B0l Y pELOL-
Cévtovoay mo Ayo ypopota, yiveton po eneEepyocio €k TV VOTEP®Y (post-processing)
OV TEPLYPAPETAL GTNV ETOUEVT VTOEVOTNTOL.

OGOV a@opd TOV VITOAOYLIGUO TV TILAV TOLG VIOAOYILETON TO 1GTOHYPOULDL X P®-
uétov (colour histogram) cto RGB cvotnua ypoupatov. To 1otdypopa vroroyilduevo
VIOKELTOL KPAVTIOUO G KEBE GLVIGTMG, €TGL DOTE VO £XOVUE OKTH EMITED TILMV GE
KGOE cLVIOTOoO, TPOKVHTTOVTOGS 512 dtopopeTikd xpouota. O KPavTtiondg eivor opotd-
pop@og, MAadn 10 apylkd ddotnuo Tinov (0-255) kébe cuvictocag dionpeiton oe 8
LOOUN KT SO TILOITOL, e KEOE EVol OO QLU TE VOL OLVTIGTOLYEITON [LE TO LEGO TOL SLOLGTILO-
T0G oTNV apylkn KAipoxa. H dtadikocio ovth elvon vmoypewtikn yroti ympic kfoviioud
gy ovUE 2567 SLOPOPETLKE Y PDUOTO KAVOVTOG TO 1GTOYPOULLO TOAD 0poud (sparse), YLovtt o
TEPLOCOHTEPA, YPDUOTO TOV GLOTILOTOG OeV BOL VPOV GTNV ELKOVEL. AVTE TOL VPOV
Oo elyov TOAD WKpEG GLYVOTNTEG ELPBEVIONC KEVOVTOG TO 16TOYpOoLe SOOYPNGTO Yo
Vv eEaywyn opyLtk®dv xpmudtmv. Exiong ta 512 ypoduoto eivotl opkeTd yio vo KoAvyouy,

ev LEPM, TNV oVTIAN YN TOL OLVOPDTLVOL UG TLOV.
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'Ex0ovTo VToAoYiceL T0 KPovTIGUEVO 10T YPOUULD XPOUAT®Y, INA0dN TIC GUYVOTN-
Teg eLPbviong oe KAOe kPovTiopévn xpouotikn 6éomn (histogram bin), KOs Béon vtdxerton
oe éva LATpdplopoa. Emitpémovion bins 6tor omoior mocootiodor ouyvoTnToL EUEEVIONG
Eemepvdiel évo KaTdOAL, otV TpoKkelUévn Tepintmon eunelptkd 0.05%. Eniong entpéneton
évog Léylotog aptbudg ord 100 xpapoto vo diéEABovV omd Ty dtodtkacio vt Avto
yiveton yior TNV 6Tafeponmoinom Tov xpovou eKTEAEONG, 0LPOV GTNV GUVEYELD OTonTeTON
0 VIOAOYIGUOS OAMV TV 0rvE dV0 amooTdcewy TV Ypoudtwy. Eniong 100 dtopopeTikd
AP OUOTO LULE TIC LEYOUAVTEPES ELPOVIGEL OTNV KOV elvor ETOPKT TPOKTIKE.

To ypdUaTo opodomolovvTon Ue BEon Tov tepopytkd adydpiouo opadoroinong [29]
nov €xel ovopepOel KoL Ge TPONYOUUEVEG eEVOTNTES. Xe KAOE eEmMOVEANY™ TOV OAYopiB-
pov vroAoyifovton ot avé 300 CMOGTECELS XPOUATMOV KO EVEVOVTOL T KOVTIVOTEPOL
YPOUOTO, dMULovpydvtog évol véo mov elvorl 1o otobuicuévo Gopotopo pe Béon
TOGOGTIOiOL GLYVOTNTA ELPAVIONG KAOBE YPWOUKTOS. MeTh TNV évmotn Ol TOCGOCTLOEG
oLy voTNTEG ELPGVION G 0OPOiloVToL Yior VOL VTTOAOYLGTEL 1| GLYVOTNTO TOV VEOL Y PDUOTOC.
Ol EMOVOANYELG OCTOUOTOVV €Q° OGOV OTAGOVUE OTOL 16 YpOUOTE LE TIC OULOOOTOLGELC.
Ot ovvéptnon andotoong xpoudtov eivor 1 evkAeidia ko dev vmoroyileton 6to RGB

cVOTNUO XPpOUETOV 0AAE 6T0 Lab 1] oto petooynuoticuévo HSV.

5.3.3.3 Emnefepyooio ek TV votépov

Me TNV mepETOON TOV EMOVOANYE®V TopotnpiOnKe 0Tl TOAAEC Popéc KAAGCELS
éxovv ypouoto tor onoio potdllovv mépa moAD peTaEV tovg. OmdTe €K TV VOTEPWV
opadomolovVToL TéTold Kuplopyo xpouoto o¢ eENg: voAoyiloviol GAEG Ol HnmOGTACELS
peta&h Toug Ko lepopyLlkd eVAOvVOVTol KGO opd Tor 500 KOVIIVOTEPOL YPMOUATO, EGV M
ondoTAoN TOVG Elvol KAT® Otd €val KOTAPAL TO 0Toio eXTIUNONKE eUmeELpLKA. ATO ToL SVO
xpoLoto ovté pe féon to pixel Tov avTimposmrehovy GTNV e1KGVOL LITOAOYILeTON 0 LEGOG
ovTimpdomnog Ko Eavoryiveton 1 16tar Stoditkosion €mg GTov dev LGP OVY Y PDULOTO TOV
evavovtol pe Béon to katdeM. Emiong mopdAinio evavovton Ko ot etikéteg (labels)

KOTOTAEEWY GTNV TUNLOTOTOINUEVT LKV, GTOV EVHOVOULLE X PDULATOL.

5.3.3.4 Ileipouotikd onoteAécroto.

H mopomdvo 1éBodog yio tnv eEorymyn kuplmv ypoudTomv epopudcTnKe e SLEQopeS
etkéveg Yoo vou o&lohoyn el m enidoon tov akyopibuov. Eniong xpnoorotionkay 8o
XPOUOTIKE GVOTHLOTO, TO KopTeotavd HSV (e&icmon 5.1), kou to Lab, yio va 6uykptoovv

o1 emd6GELS TOVG. Tol KOTOOALOL TOL X PN OILOTOIONKOV Y10 TNV €K TMV VOTEPWV EVMOOT)
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xpouotwy eivar 0.007 kot 58 avtictolya, To omoio eEGyON KoY TepopoTikd. H emAoyi
TOV TILOV elvorn SOGKOAT, KAOMG €YLve LLE TETOLO TPOTO MGTE VO UMV EVAVOVTOL TEPLOYES
Ue SLopopeTikd ypdporto mov xprilovv onuociog. 'Evo t€1010 6p1o dev eilvon Gopég KoBmg
o€ 6molo onueio Ko vor Urel outd TAVTOL B0 VITAPYOVY XPOUATO TOL OTTOlo B0 Empene Vo
evmbov Kol dev evabnKov, Kol ovTiGTPOPa TOL evabnKov evd dev énpeme. To ov Bo
vivel n évoon eivon vrokelpevikd Ko eEoptdton amd To TL emBvpeiton KEOe opd Yo TOV
XOPOKTNPLOUS TNG ELKGVOG, TO 0Toio Eepevyel amd TNV OUOLOYEVELD GTNV OVTIANYN omtd
oV GvOp MO OV SLOBETOVY €V UEPT) TOL GLGTIHUOTA Y POUATOV.

¥to oynuoto 5.2, 5.3, 5.4 goivovton ot opylkég elkGVeg, Ko LETE amelkovi{Oueveg
UE ToL KOpLoL X poUaTo. TOVS, kKévovtog xprion HSV xou Lab avtictolya. Xto oxyfuoto 5.5
5.6 5.7 poivovTon ToL KOPLOL Y pOUOTO TTOV eE6  OMKaY Kot Ue T 5V0 CVOTHLATO Y POUETOV
Yo TOL TPOTYOUUEVOL TPLaL TEPAUATO OVTIOTOLY O KOl Yo, TOL 500 GUGTHUOTO Y POUATOV.

Onwg paiveton omd Tor AmoTeEAESUOTO TOL 00 CUGTHUOTO £XOVV ovTiBET GLUTEPL-
@opdl. To HSV divel peydAn ueocn otnv eotetvotnTa, OTmg QoiveTon Kol 6TV oxéon
5.1, 6mov VIEPYEL KOl OTOVG TPELG OpovE. ALTO €xel cav amotédecua vo, ywpilovton
OTOYPADGELG LE BEon TNV eOTEVOTNTA, OTMG GTO GYNUO 5.2 GTOV 0VPAVS KOl GTO GYTLOL
5.3 0710 TOVKEULGO, 61OV TO TOLKEULGO Y WpileTon avAAOYO LE TOL TOL EIVOL TTLO GKOVPO
N mo awvoilktd. Xe avtibeon e to Lab 6mov opodomolel Ao 10 movkduico, yroti toilet
peydAo poéro n oamdypwon ond 6t N eotevétnta. Emiong yio ovtd to AGYo evavel
amoYPWGEL; TOv Ppiokovtol 610 TPHoONO Kol KEAVEL OAO TO TPOGMMTO Vo €xel evioio
amdypwon 6nwg oto oxfua 5.4. To Tt ad tar dvo eivor koAHTeEPO e€apTdTon e TO TL
0éLovUE VO KAVOLUE UETEL, T.). OV ETPETE VOL X PNOLULOTOIOEL YioL TNV ey ™Y TPOCHONTWY
191 elvon TPOTUATEPO VL Yivel m| xprion Tov Lab. e GdAAEC TeEPIMTAGELG O™ OTOVL dVO
ovTikeipevo €(ovv KovTiviy amdypmom AL SLoPEPOVY GTNY POTELVOTNTO, deV dtory mpi-
Covton pe to Lab. Xe moAAég mepintmoelg SUmg ovtd Tov KAvel to Lab eivou mo kovtd
TOAAEC POPEC GTO TEPLEYOUEVO TNG ELKOVOG, KOOMG MOUOVOVEL OVTIKEILEVD TPOGOTAL LLE
evioio amdypwon. To Lab €yel SUmg Evor LEYAAO LELOVEKTNLOL GTL OL TYLEG GTLS X POUATIKEG
GULVIGTMGEG VoL elvor TOAD GUUTLKVOUEVES, dNAadN Vo Exovv Likpn dtoomopd. Mropel vou
éxel LeyGAo e0pog SLVUTAV TIU®V GTIG GLVIGTMGES (a,b) AAAG Ol TIUEC TOL CLVOLVTAVTOL
oTig ekéveg elvon polepéveg oe kpn meproyty. o mopdiderypor Lmopel m GUVIGTOG. ()
vo éxetl medlo Tiav [-137,96], aArd modpver Tipég oto [-30,30]. Ot peydiheg katd omdAvtov
TIWEG Yo TaL (a,b) cipopovy oA Kopeouéva ypduato (Le peydAo saturation), dmwg évo
ToAD évTovo KOKKIVO OV dVGKOAN GUVOVTATOL GE Pior QUOLKY] OKNVY|. ALTH M WKPN

SloTopE YPOUATIKAOV TGV glvor vevBuvn BéPora yior TNV opadomoinon Tmv Opolwy

Eropog Aldmng



60 €QAA0LO 5. XPOUOTIKE Y OPAKTNPLOTIKA

QoY PDCE®Y OVEEXPTHTOL KPS OALXYTIC OTNV QOTELVOTNTO, OAAG TOAAEG POPEG EVAVEL
SLoLPOPETIKEG OLTOY PACELS, O 0Toieg Ol émpeme va eivor §00 EeymPloTd KUPLO Y PDOUOTOL.
Avté cvvavtdton 6t0 oxfua 5.2 Yo to Lab, dmov evdveTon Likpov Kopesuov KiTplvo e
ULKPOV KOPEGUOV TPAGLVO.

To peyoddTeEPO LELOVEKTNOL EIVOIL OTL OV EVAVEL TV YOUNADY QOTEIVOTHTOV YPO-
pota. Onmmg eoiveton oto oyfuota 5.5, 5.6, 5.7 vadpyovv TOAAG Kvplopy oL XPOUOTO
to. ool 6To UATL @oivovton 1dta emeldn elvon xounAng eotetvétntog. Ipdypott 66o
o Myo @mg 1660 o dSVGKOAN TO avOPOTIVO UETL Umopel vor Slorkpivel SopopeTIKES
omoxpwoels. Ily. oe moAV Alyo @wg To povpo oiveton 1810 Ue éva oKovpo UTAE M
évo. oKoVpo kékkivo. To Lab dev Aoppével ovtd vméyny tov, 6mote eEGyovion opKeTd
Kuplopyo xpdUoTor Tor omoior £(oVV SLOLPOPETIKY OO PMOT OAAAL GTO UATL PaivovTol
oo Xe avtifeon to HSV pe tov 1pomo mov petaoynuotileton oAAG Kot tnv dour| tov,
€YOoVTOoG oMU KOVOV, 0VTO TOL KEVEL €lvorl vaor EPVEL TLO KOVTE TOL YPDOUOTA GO TLO
TOAD LELOVETOL I} QOTEWVOTNTO, dNAadT 660 Katefoivoupe Tov Kdvo. Tta oxfiuata 5.5,
5.6, 5.7 ta xvplopyo xpopoto Tov HSV dev mepléyouvv mOALEG SLOPOPETIKES OKOTELVEG
OmOYPWGELS OTMG 670 Lab.

EmmnAéov 10 Lab apyel mepiocdtepo va cuykAivel o to HSV. Zuvibwg ypetdlo-
vIon SIMAGCLEG eEmOVOAYELS, 35 He 75 xkotd LéGo Opo avtiotoryo. AVt €xel vor KAVEL
BéPono kot v KApoKO TIL®V TV 000 GLOTNUATOV KaOdS To HSV €xel moAd wkpn
KMpoko Tdv, oto [0,1]1n eotetvétnto ko [-1,1] ot GAieg §00. Ev 1o peto&v 1o Kpitiplo
GVYKALONG €lval TO0 GOPOICUO TOV TETPOYDOVIKAOV SLOPOPOV TOV THAOL®V UE TV VE®V

OLVTLTTPOCMOTMV.

54 Ileprypoon etxovog pe oon 1o ypouo.

"Exovtog eEdyel Tor KOPLoL XpAUOTO GE UL EIKOVOL KOl TIG TEPLOYEG OTLG OTOlEC
Bpiokovton otny elkévo, LTopoHUE Vo EGYOVUE Y OPOKTNPLOTIKE, VYNAGTEPOV CTILOGLO-
A0Y1KOV emmédov, mov vo Bocilovton 6e aLTE Ko VoL TEPTYPAWOVE TO TEPLEXOUEVO TNG
etkévog. Emiong va KotoioKeLAGOVLE TPOTOVE GUYKPLONG TV YOPOKTNPLOTIKAOV QLTOV.
H opéong enduevn vroevotnto eEetdlel Tig SuvatdTNTEG TOL TOPEYEL M EEAYWYT TV
Kouplapywv xpoudtomv 660V a@opd TNV TEPLYPOPT] TOV YPOUOATIKOD TEPLEXOUEVOL TNG
etkovoc. Evod m pebenduevn mopobétel étpo (KpLtiploy) ylor tnv UéTpnomn dlaeopdc 1

OLOLGTNTOG LETOED TOV XOPUKTNPLOTIKAOV.
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! £

yfuo 5.2: H apyikn etkévor Ko 01 omeltkovicelg tng e v eEaywyn kupiev ypoudtmv
pe to HSV ko Lab
Ymopog Atdmng



62 €QGA0N0 5. XPOUOTIKE X OPOKTNPLOTIKE

Iyniupo 5.3: H apyikn| etkdvo Ko ot ametkovicelg g pe v egorymyn xuplov ypoudtov
pe to HSV ko Lab
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yfuo 5.4: H apyikn elkévor Ko o1 omeltkovicelg tng e v eEaywyn kupiev ypoudtmv
pe to HSV ko Lab
Ymopog Atdmng
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yiua 5.5: TlopdBeon tav eEoybéviav kuplov xpoudtov pe to HSV méve kot Lab kéto,
YloL TNV TOL TEPLEXEL TOV dPOUO e TaL diepyOueva ovvToKivnTo

Syniuo 5.6: Tlapdbeon twv oy Béviav Kupiwv xpoudtov pe to HSV ntédvm ko Lab kdto,
Yol TNV ELKOVOL TOL TTEPLEYEL TNV KVPio TOL oryopAlel VOECUOTOL

54.1 Xpouotikd yopoKInploTiKd

O mo Kowvdg TPOTOG, YLOL VOL X OPOKTNPIGOVUE TIG YPOUOTIKES TEPLOYES TOV €YOVLV
e€oyOel, elvor 0 LIOAOYIOUGG TV CVTITPOCSHT®Y TOLS, MG TNV Uéom T SAwV Twv pixel
7oL oviikovv otnyv eploy. Eniong umopet va yiver xprion mg Sleomopdc ToL YpOUATOG
€101 ddote vo Tpootedel N TANPOoPopio Yiow T0 TOGO elvor SLOGTOPUEVT] XPOUOTIKE 1oL
neploym omd To Kupiapyo xpduo. Axduo eivor duvortn Ko n xprion UEYoADTEPNG TEENG
OTOTIOTIK®OV OTMG POTES TPiTNG TAENC [42].

Muwoe onuovtikyy TAnpogopio 6oov opopd To mepleXOUEVO elvorl To TOGO apouny
(sparseness) eivor wor kAdon, dnAady méco doormapuévn Pploketol 610 eninmedo g
etkévog. Mo tétota TAnpoopion o uropovoe vor teprypa@el amd Ty uéon T Tev
GUVTETAYUEVOV TV pixel Ko ortd TNV TVTLk amdKAMGT Tovg omd cvtiv. Tnv TAnpogopio
oVTHV 0ev Umopel vo meprypopel omd TNy KAoGLKOTEPT Kol ToAoLdTeEPT LEOOJO TTEPLYPOL-
NG etkdvog He BAon to ypwuo, To Eyxpoua 1otoypdupoto [43]. 'Eva iotdypoppo 6o
Kotétale Opoteg e1kOVeg e SopopeTikd TepleySUeVo dTmG TNV EIKGVOL TNG YOAAMKNIG Ko

™G oUEPLKAVIKN G onuaiog, Kabdg £xouvv mepinov 1d1eC GLVEIGPOPES GTO UTTAE GTO BIGTPO

Synuo 5.7: Tlapdbeon twv oy Béviav Kupiwv xpoudtov pe to HSV ntédvm ko Lab kdto,
v TV etkévo tov meptéyel tov Bill Clinton

Tuiuo Emoetiung YroAoylotov
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KO 670 KOKKIVO. AQoV UGVO CLTHV TNV TANPOoQopic. UTOpel Vo TapEYEL TO 1OTOYPOLLLAL,
dMAOBY| TNV GLVELGPOPE. KAOE YPDUOTOC GTNV KOV, KOt GY1 TO TMOG KOTAUVEUETOL KAOE
AP DU GTNV ELKOVOL.

O Pass TpocQETOG Y10 VO, TPOGHEGEL TETOL TANPOPOPIO GTO 1OTOHYPOULLLDL, ELCTYOLYE
oL X pOUOTIKA cuvaen dtoviouota (Color Coherence Vector, CCV). H nuébodog elvon po
EMEKTOIOT TOV LOTOYPEUUOTOC LE TNV SLOLPOPE. OTL ELGEYEL Y WPLKT) TANPOYopic GE oVTO.

G0e bin j 1oV oTOYphUpOTOC avTiKaBioToton omd éva Cevydpt TdY (o, B). Omov «
elval o op1BPGG Twv pixel mTov aviikovy 6e cuvapeic (Guumaryelc) ueydheg TeployEg TG €l-
K6vog (coherent pixels) TOL PDAUOTOC TOV OLVTITPOGMOTEVEL TO bin 5, evd 4 elvon 0 ap1Oudg
TV Un cuvae®v (incoherent pixels). To dBpoicsuo TV 5HO VTV TILGY dTVEL TNV TIUT TOV
bin 670 0py1KS 16TOYpappo. O Zabih Yo Tov 1810 Ady0 KoTooKeVOIGE TOL EYYP OO SLaypEL-
pota. cuoyétiong (colour correlograms, cuoyetoypdupoto) [44]. To colour correlogram
eKepalel TNV xmplk1| cuoyétion LevyapLdV XPOUOT®V Ue TNV andoTaon. Mo 6éon Tov
GULOYETOYPEUUOTOG OV TITPOCOREVEL TNV TOOVATNTO OO VL YPDUOL ¢; GE TOGTACT K VO
gyovpe xpouo cj. Akéun €xet tpotolel n yprion SdLEoTOTOV YELSO-KPVUEVOV LOVTEA®DV
Markov (2D pseudo-hidden Markov model, PHMM) yio. Tnv e€oryoyn TopouéTpmy mov Oo
eXPPALOVV TIC X POUOTIKEG GLOYETIOELG 6TO emimedo TG etkévog [45].

Eniong éyovv mpotadel 1é60odot eEorywyng Y p OUOTIKMY TEPLOY MV O OTOIEC VoL EYOVV
ONUOCLOA0YIKS Tepieyduevo [46]. Tétoleg meproy€g opeiAovy vou elvorl Guumoryeic Ko vo
€xouvv éval vroAoyico aplBusd and pixel. Me ovTd TOV TPOTO HLTOUATMG ATOPPITTOVTOL
ULKPEG TEPLOYEC OTNV ELKOVE, LE TOL KUPLOL Y PDOUOTOL, TTOV OV TAPEXOVY OVCLUGTLKT AT -
poopio ylor To TEPLEXOUEVO TNG ELKOVOC. ATTOONKEVOVTOL GOV X OPOKTNPLOTIKE Ol O€GELG
OTNV ELKOVA TOV TEPLOY DV CLLTOV, TO Y PDOUOTO TOV TEPLEYOVV KAOMDG KO TaL LEYEON TOVG.
H mpocéyyion o] divel Tnv SuvortdtnTor ENEPWTIGEMY TOV VO 0LPOPOVY TNV TOTOAOYLKT
OX€0M YPOUATIKOV TEPLOY®V OTNV EIKOVO, UE TNV YPNON XOPLKOV Bacewy dedouévmy.
Mo mopdderypuo ’Bpeg Lov ULo ELKOVOL TOL VO TEPLEYEL TAVM UTAE KOl KAT® TPEGLVO”.
Ieprypdpovrtog 1ol po etkdvo N omola vou Tepléyel mbovov évor Tpaotvo Tomio Le yo-
AGLLo ovpovd Téve and avtd. 'H ernlong vor BéAovpe pior etkévor vor €xel oAAETGAANAEG
EVOAAOLYEG TEPLOY WV UTAE KOl AGTPOV Y VOVTOG £TOL YIOL TNV EAANVIKT onuoic.

Mo eapLoyn Tov ypnolponotel dueso v eEoymyn Kupiov xpduatov eivor ov-
yxplon Aoyotvnwv (trademarks) etonpeldyv, €161 doTe va evtonilovion amopiuioels. Avtd
yiveton xpnopomoldvtog évo tpéno cvykpiong twv eEoybéviav Kupiov ypoudtov. H
ovykpion mov wpoteiveton, Kot apyxfv vroAoyilel Ola Tig avoueToED OmOGTECELS TMV

xpoudtwv. H anéotoon ovth umopel vo Pocileton o diEpopa YopoKINPLOTIKE TMV

Eropog Aldmng
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e€ayOEVTOV YPOUOTIKOV KAGCEMV, OTWC LEGEC TULES KO SLUOTOPES YPWUAT®Y, TAT|00G
onueimv, 1 10 1660 cuunayeig eival 66OV LPOPA TNV KOTOVOLLT TOV OTUEI®V GTNV €1KOVOL.
Otav VTOA0YIETOVV GAEC Ol VOUETAED OMOGTACELS, e KATOL0 UETPO GHYKPLONG, TLG OLTO-
enkevoue oe évo ivoxo A(1,j), 6mov n Béon (i,j) TepLéyel TNV ndGGTACT TOL Kuplapyov
XPOUOTOG 1 TNG TPMTNG ELKOVOLC OO TO KLPlopy 0 YpdUa j TG devTepNg elkévog.  GBe
@opd Bplokovue to eAdyioto GTolyeio Tov mivako A Ko To kpotépe. Metd oBivouue
MV i ypouun kot TV j oTAN vrobétoviag 6Tl ol SelKTEC TV YPOUUDY OLVTIGTOLYO0VV
oToL KOPLOL XPOUOTO TNG TPAOTNG EIKOGVOS, EVH 01 GTHAEG TNG devtepne. EPrivoviag tnv
ypouun i ko v otiAn j onuaiver 6t toupioge kadbvtepo omd 6Ao Tor AL Y POUOTOL
10 i Ko 10 j. Omote awtd Pyouvv ektdg TG VdAoN G dradikaciog cvykpicewe. Metd
okoAovBeiTon 1 {81oL Stodtkocior YAy VOVTOG TNV EXOUEVT] EAGYLOTT TIUT GTO GTOL el TOL
éuewvoy otov mivako. H dtadikacio ovty cuveyiletal €mg 6tov telet®dcouvy ot delkteg
oTig Ypouuéc | oTig otiAeg, yorti 800 elkdveg dev €xovv amopoitnta Tov idto oplops
Kuplopywv ypouatwv. H cuvollkn omdéotaon twv 800 etkévev elval to dbpotsuo dAwv
TOV EAAYLOTOV TLLOV TOV EMAEYONKOV.

O mopdv adyéplOuog e€orymync kuplapxmv xpoUETOV ovortiyOnke Yo To Tpod-
ypopupo DIVAN [47] 6mov €KTOG Yol TOV XPOUATIKS XOpOoKTINPIoUS oKnvev (scene/shot)
Kol TAotoiomv kAetdiwv (key-frame) evog video [48], xpnoonoteiton yiow tTnv oviyvevon

npoownwv [49], aviyvevon Kelwévov otnyv etkévoL.

54.2 Métpo cOYKpLONG (OPOKTNPLOTIKAV

To mo KO1v6 HETPO OUOLHTNTOC YLOL TNV GUYKPLOT) IGTOYPOUUATOV elvor 1| Tour| 000

LGTOYPOUUATOV.
> min(hi(5) ,ha(5))

OOV hy, hy, €lval tor 300 VIO GVYKPLOT 1GTOYPAUUOTO, 4 €lvor 0 delkTNG TOL dLorTpéyel

(5.6)

[(h1,h2) =

6Ao o bin. AALO LéTpo TV €YEL Y PNGLLOTOINOEL Y10, 16TOYPAUILOTH. ElVOlL TO X TEOT:

(h1 () —ha () )2
X2=Z 14 24

5.7
(h1(j) +ha(5)) G-7)

To uétpo ot elval HETPO AmOOTAONG, G OLVTIBEST e TNV TOUT|, SNACON LKPEG TIUEG Oon-
poivovuv peydiec opordtnrec. Eniong xpnoiiomrotovvton TeTpory®vikoy THTOV OmoGTAGELS
(Quadratic) énwg oto svotnua QBIC [50].

dpisi=Chy — hy)' AChy — hy) (5.8)

Turuo Emoetiung YroAoyiotov
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6mov A=[a;;] elvon évog ivocog cuoyeticemv petad 800 YPOUAT®Y i, j GTO LOTOYPOYLILOL.
Eniong ylo v Slopopd 16TOYPOUUET®Y XpNOoLLoToteiTal 1 AoyoplOuiouévn e&icmon

TOUPLAGLOITOG Kartovoldv otny onoio Bacileton n andotoon Bhattacharya [19]:
dhist=log (D v/hi (i) hy (i) (5.9)

v mepinmtwon ovt ypeldletol Tol 16TOYPAUUOTO VO €lVOl KOVOVIKOTOINUEVOL
> h (1) =1, dnAodn vo elvor cuvapTnon TLKVOTNTOGS TOOVOTNTOG.

OcoV 0UpopdL LETPOL YLOL SLOLPOPES Y POUATIKAV X OPOKTNPLOTIK®OV (6TOV R"™) elvon

dr, (@) =, | Y (wi — ;)2 (5.10)
=1

e z,y € R"™. Eriong ypnoluonoloHvion Kol GTUTICTIKE KPLThiplo OTme 1 omdoToon

gvkAeidia (L, metric):

Bhattacharya yior Tnv opot6TnTo XpOUOTIKOV TEPLOY MV, KEVOVTOS XPTION TNG Topadox 1S

OTL M KOTOVOUT] TOV XPOUOTOC GTNV TTEPLO)T] koAOVLOel Kortorvour] Gauss.

g2, L )2
a=y (T T, L )7, (5.11)
— 2 o‘iio'%’i 2 M — Moy

0oL Ui, Uy € R™ elvorl o1 Léceg TIHES TOV YPOUOTIK®OV TepLoydv (dominant color), ko
01,07 € R™ elvon o1 SLLOTOPES TV XPOUATMV OTLC TEPLOYES AVTEC. Xe OAEC TIG TEPITTWGELS
OV €Y OVUE GLYKPIGELS YPOUATIKDV TILWV TOTE TO 1 €€l T 3. Eniong ypnoywonoteiton
N anéoTAoN GLVNULTOVOV aiTepa 610 RGB chotnua xpoudtov, 6mov dev €xel vonuo
N epopuoyn NG evkAeidiog [51].

z, t
Bk

0 (x,y) =arccos( (5.12)

Ftnv ovoio ot N amdoTae™ VIOAOYILeL TNV Yovio TV 600 XPOUATIKOV SLVUCUETOV,
660 To pikpn N Yovio TG0 o KovTd elvorl Tor SLovOCUOTO (LTE. AVTH ) OOGTOOT €XEL
vonuo yio o RGB 6mov 1 KotehOuven Tov xpmUoTtiKod SlovOGULOTOS ONAMVEL €V UEPT

mv andypwon.
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otnyopromoinomn Ue tn ypfiion
AP OLLOTOS KO VONG

e ouTd TO KEPAAOLO yiveTon diepevvnomn Tov kortd néco Bonbd to xpdUo otV
Kortnyoptronoinomn eikévov oe cuvovacud pe v ven. Ilpoteivovion tpdmol yior Tov
GUVOLAGUS TV YOPOKTNPLOTIK®V TOL YPOUOTOC KOl TNG VENG. XT0 TOPeEABOV €xovv
TPOTOOEl TPOTOL Y10 TOV GUVIVUGUO TOV XPOUOTOS KOL TS VENG 0T KOvov Ue évol didi-
VOGO Y OPOKTNPLOTIKAY ([26] , [52]) ko ko e&icwon amdotoons. To xopokTnpLoTIKE
umopel vor unv elvor Kotvé my. SEVUOUO SLLCTIOP®Y YL VO] KO 1GTOYPCULOTO YLOL
xpouo ([53] [52]). Eniong umopel vo ypnopomoin el Eexwplot améoToomn SlopopeETIK®Y
YOPOKTINPLOTIKMOV KOl €K TOV VOTEPWYV GLVOILAGUOS VENG Ko YpdUaTog Le Béon Tig
EMUEPOVE KOTOTAEELS TV amooTdoewv. Onwg tpdterve N Picard [20] yio ToV GLVILOGUS
Wold yapoxtnplotik@yv kot MRSAR yopoKTNPIOTIKAOV. XT0 KEQAAOLO ovTé yivovton
TEWPEUOTO LE KOV OEGTOOT KO 1), GLVIVALOVTOG TNV VO KoL TO YpdUa TNV BAon
VisTex ond t0 MIT oV TopOVCIEGTNKE 6TO Ke@GAowo 3. To meipopo To&vounong eitvor
70 1810 [e TO TPHTLTO TEIPOYLDL TOV TOPOVGLAGTNKE GTNV evOTNTO 3.4. ME 0TV TOV TPSTO
unopel va SlomioTmOel Kotd TG0 Ko ToLoL X Op K TNPLGTIKE TOL X pdUotog fondovv otnv

BeAtiwon Tov TOG0GTON EMTLYIOC.

6.1 Xpnfon Kowviig 0mOGTOCNG XPAONLOTOS KO VOT)G

Mol TPATN TPOGEYYIOT, GTOV GLVOLAGUS VENG KO YPDUATOS, Elvor VoL TPOGOHE-
GOVLLLE TIG YPOUOTIKES CLVIOTOCES (a,b) ToL cueTHUOTOC XpwUd TV Lab. Ocwpaivtog 4Tt

TOL X OPOKTNPLOTIKG QLLTE TOL XPOUATOS 0ekoAOLOOVV Kartorvoun eite Gauss eite Laplace,
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UTOPOVUE VO (PN CLULOTOI|COVE KOVE SLEVUGULO YOPOKTNPLOTIKMY. XTO SLEVUGLLOL Y OL-
PUKTNPLOTIKAV TNG VPTG TPpooTeiBoVTON Ol Sloicmopés TV (a,b) Eexwprotd. 'Etol umopel
KGAMGTO Vo yivel n xprion ¢ améotoong Bhattacharya 6nmg ko mptv. Mévo mov yio
T1g 600 TEAEVTOUEG GLVIGTWGES TPOCTIOETON OLKOUD, EVOLG HPOC GTNV OTOGTOGT] TOV OLPOPEL
Vv péomn Tiunf cutdv (e€icmon 5.11). Mo Tov To X OpOKTNPLOTIKE eV €Y 0VV OmopoiTnTOL
péon tun undév. H mpocéyyion aut) SLmg €xel ToV TEPLOPLOUO GTL Ol EIKOVEC TPEMEL VOL
éxovv katovoun THmov Gauss, 6€ KAOE GLVIGTMOGH OO TIG 0V0. ANAXSN TPEMEL O OLTTOY P®-
GELG VOL GLYKEVTPAOVOVTOL YOP® OO CUYKEKPIUEVT OO pOOT O€ KGBE GLVIGTOCH. AVTO
éxel Paion oto cuykekpluévo meipapo yroti ol etkéveg omd to VisTex elvol opoloyeveig
Koté BGony Ko €xoVV 01 TEPLGGHTEPES oL KVPLOL TOYPOOT).

Av 6pmg n Béion etvon ywpic meproptopotg (unconstrained), dNAodY| yevikég elKOveg
Ko Ol 1KGVEG TOV TTEPLEXOLV LOT|, TOTE TPEMEL VoL PN GLLOTOIN Ol AALOG TPOTOC X OPCL-
KTNPLoUOV TOoL Xpduotoc. 'Evog tétolog tpomog elvon n xprion 16Toypouudtov. Akoun
KOl OV OTNV GLYKEKPLUEVT BAom mov ot Kortovouég mpooeyyilovy, €0Tm o1 mepLociTe-
peg, TNV Gauss, TAAL €lvor o EAKVOTIKN 1 APON TOV 1OTOYPEUUOTOC KOOMG Tonptdlet
oKPLB®G Tor 0edoUEVaL TNV EKGVOL KO YL TOL GTATIOTIKE TOVG. 1o voL xpnotonrotnfovy
TOL LOTOYPEULOTO TOV XPOUATIKOV GUVIGTOCHOV Lol [Le TO SLEVUoUOL XOPUKTNPLOTIKOV
™G VONG, TPEMEL VoL YIVEL XPTIOT ULOG KOVOVIKOTOIUEVTG OTOGTOONG 1GTOYPOUUETOV.
Onote XPNOLLOTOLOVTIOG TNV OdsToon 5.9, unopovue vo odpoicovpe Toug dpovg g
Bhattacharya yio. tnv ven e toug 600 6poug Yo TNV NGGTOCT TOV LGTOYPOUUATMV TOV
GULVIOTOCHV a Kot b, vioBeTdvToC €101 evioio dmdoTOoT X OPOKTNPLETIKAY. [TpodndBeon
Yo voL elvol KOVOVIKOTTOINULEVT T OTOGTOOT) TMV 10TOYPaUUETOV Elvorn To dBpotGUo SA®V
TOV TYLAV TOV KAOE 16TOYPEUUOTOS VoL Elvor LOVADOL.

BéBoio ypnoyuonoldvtog Eexmplotd TIg CUVIOTOOES TOV XPDOUOTOC BE®POVUE GTL
dev ovoyetilovton. Me ovTd ToV TPOTO X EVOUUE TOAD TANPOPOPIOL YLl TO MG KOTOVE-
LOVTOL Ol OTOYPMCELS GTOV JAAGTUTO Y dPo, dMNAS TG GLVIVALoVTOL HETOED TOVG
ol TIWEC TV (a,b), KO TOLEG OMOYPAOCELS TPOYULOTIKE VILdpyovv. T ovtd ToV Adyo
elval Bept) n xpfon evég KovoviKomonuévou SdtdoToTov 16TOYPAUUATOS TV (a,b)
Cevydv. Ot duvatéc Bécelg (bins) TOL 1GTOYPAUUNTOG CrVTOV elvol Ttepimov oTig 53.000.
o ovtdv Tov Adyo kPavtiloupe Tig SUVATEG TIUEG YOl VOL EAXTTMGOVUE TO UEYEDOG TOV
1OTOYPEUUOTOC. AoKIUGoTNKOY 000 opotdpopeol kKB&vtiouol pe 256 6écelg (16 eninedo
oe KOs cuvictwoa) kou 1024 (32 eninedo 6e KAOe cuviotwon). ITpoTiuritnke o devtepog
yioti HEGM TEPOUATIKOV omoTeAecUETOV elye KoAVTePN emidoom. Avtd ywati to Lab

GULYKEVTPWVEL TIG TEPLGGOTEPES OMOYPNDCELS GE €VOL KPS VTOGVVOAO TWV SLUVOT®V KLTO-
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YPOoEMV. T'lo v TéV TOV AGYO0 €vag KPavTIondg 6 Teplochtepa, eninedo elvor orvoryKoiog.

¥t0 oxynua 6.1 @aivoviol ot emOOGELS TOV TOPATAVED LeBGd®V Ylor TO TPETLTO
nelpapo ovaxAnong etkévemv (evéotnto 3.4) yior tnv Béion pe tig 55 elkdveg and to VisTex
3.1. TIpato 6 TOGOGTS emTLYIOG EPYETOL, OTMG AVOUEVOTAY, O GLVIVOGUAOG LE XPNON
SOLEOTATOL 1GTOYPAUUOTOC, LETA TO, LOVOSLAGTOTA LOGTOYPEULOTO TOV 3,b GLUVIGTOGHV,
peté m evioior Bhattacharya pe Gauss Kotovour] YopokTNploTIK®V Ko HeTd 1 idtar pe
Laplace xortovour|, pe mocootd emtvyiog 91.3%, 90.6%, 88.5%, 85.3% avtictoiyo. Emi-
ong mopatifeton 6To YPAPNUO VTS Ko 1| KOUTOAN e TV avéAvon DWF 5 emnédav,
ko Laplace kotovoun} xopakTnploTiKdv e tocootd 76.8%, n omoia €xel T0 KAAVTEPO
OTOTEAEGLOL YLOL X OLP UK TN PLOTIKA VOIS KOl LOVO, OTTMG TOPOVGLEcONKE oTNY evoTNn T, 3.4.
H mopdBeon 1o amoteAéoiotog ouToh yiveTan Yo vor eovel moco evicyveEL TO TOGOGTO

emtuyiog n TpocHN KN TOL YPOUOTOC.

Benchmark for common distance for texture and colour

100 T T T T T T
| | | 3 ﬂﬁm;axﬂwm#xwwaﬁ##w#*

nnnnoas|

Correct Percentage

60 DWF with Laplace features; and normllezed 2D hlstogram dlstance —
: : DWF with Laol ace featuresiand normilezed 1D histogram distance ¢

55 L L S SO texture and color with gauss feature distribution - i
i . texture and color with Iaplace feature distribution -+
: : DWF texture retrieval with laplace feature distribution ©

50 I I I I I I I I

20 30 40 50 60 70 80 90 100
Number of Retrieved Images

Syfpoc6.1:  aumOAn emttuyiog, GLVAPTHGEL TOL APLOLOD ELKOVMV TOL AVAKAT | BNKOV 0o

mv Béon, K&vovtog xprion KON omOGTOoNG YLOL X P MU0 KOL Y10 VOT.

Eniong éywve 10 meipopa pe Tar Topandve YopaKTNpLoTIKE XOpic ToV Guv-
dvooprd T vPNS. AVTS €xel 6oV GKOTS VO SLUMIGTWOEL TLO X UPAKTNPLOTIKG €XEL TNV

KOAVTEPT) ENLdOON OO LGVO TOV. 0l ENioMC VoL cuumepavOel ooy M LPT] elvon To Kvplapyo
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YOPOKTINPLOTIKO, Y10 TOL GLYKEKPLUEVOL dESOUEVOL, OO TO YpDUO. To OTOTEAEGLOTO TOV
TEPAUOTOS ALTOV QoliveTol 610 oxNfua 6.2. Me Gelpd T0606ToU emtTv)iog elvarl: VET| Ue
DWEF rnévte emmédwv Ko Laplace kotavoun xopaktnploTikdyv, SdtdoToto 16TOYPOYLLLOL
TV (a,b) CLVIGTOOWHYV, LOVOIAGTOTO IGTOYPEUUAT TV a,b EexmploTd, Kou Tapadoyn
Gauss KaTovouig TV cuVIoTOoWV a,b, e Bhattacharya andotoon e ToGooTd emtuyiog
76.8%, 71.1%, 70.2%, ko 62.8% avtiotolyo. ol TNV oLYKEKPLUEVT TTeploplouévn Péion
dedopévmv n ve1| Tailel peyodhtepo pOAO oo TO XPWUO OTWS OVOUEVOTAY. AAAG GTNV

vevikdtepn mepintwon €OouvUe TO YPOUO Vo Elvorl IO 1GYLPO XOPOKTNPLETIKG omtd TNV

ven [52].
Benchmark for texture and colour aone as independent features
100 ! ! ! ! ! ! !
95
900
85
2 80
@
[S]
b4 75
g 4
S 70
65 [
L S e
: DWF texture refrieval with laplace feature distribution ——
55 L S SO SO only.colour.using 2d histagram.normalized distance... ¢.............. 4
i i i only colour using 1d histogram normilized distance +
3 3 only color with Gauss features with Bhattacharya distance -=-
50 i i i i i i i i

20 30 40 50 60 70 80 90 100
Number of Retrieved Images

Sypoc6.2:  aUmOAN emTLioG, GLVAPTHGEL TOL APLOLOV ELKOVMV TOL AVAKAT | BNKOV 0o
v BAom, KAvovTog (p1on TOL XPOUOTOS KoL TNG VPG e mPLOTA.

6.2 XYvvovooudg €K TOV VOTEPOV

Eniong yio tov ouvéuooud Tou XpOUOTOS Kot TNG VONG Umopel vor xpnoiporoinOet
SLLPOPETIKTY OMOCTAGT SLOLPOPETIKDV YOPUKTNPLOTIKADV, KO VoL YIVEL 0 GLVIVOGUOG LUE

Bbion TG KOTUTAEELG TV EMUEPOVS AMOCTACEWVY LE Xp1ion dedopévng tocéotwong. ITo
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OVOALTLKE PN CULOTOLOVLLE Y10 VO KOTOTAEOVIE TNV €1KGVaL VIToAoYiLovTog opyikd Tig
TIEG KoL TV 800 omocTdoemy Le Baomn to xpouo Kot pe Béon v ven. TagivopoHue Tig
TIEG TOV OMOGTAoE®V EEYMPLOTA e Bdion TNV WKkpdTtepn. Metd vroioyilovue (o véo

TIU-omdoToen ond TV GELPA KoTatoEng Tov PBpioketol o elkévo 68 KEOe amdcToon:
D (i, 7) =pery x O(dist;(i,7) ) + per. x O(dist.(i,7)) 6.1)

o6mov O (z) eivon M oelpd Tov otoryeiov z av TagivounBoHy SGAeg Ol TEG MG TPOC TNV
wkpotepm, émov dist. (i, 7) €lvon n oamdoTaem TG i e1KOVOC omd TNV j Le BAom To Ypduo
Ko disty (4, 7) M omdoTOON 7 ELKOVAG Omd TNV j Ue Béiomn tnv ver|. Ot TIWEG pery, per. elvail
01 TIUEG TOGAGTMONG TV dVO OpWV GTNV GYECT, KO LoYVEL pery + per.=1. Av OEAovUE VO
éyovue avékAnon ent icolg 6poig pe 50% yior KEOBe ¥ apoKTNPLOTIKO TOTE 1) TUUT| KOL TOV
dvo mopopétpav eivon 0.5. Me Béon awtd to Kprtiipto (6.1) yiveton  TeAlKY] KOTOTAEN LE
Béiom To PO KO TNV LOT]. ETO TELPELOTO TOL OLKOAOVOOVV e BEon avTiV TPOGEYYLoN
ypnoonou|onke DWF avdAvon mévte emmnédwv e Laplace kortovoun xopoKTnpLloTiK®y
YL TNV VPN KOl LOVOILEOGTOTO 1OTOYPEUUOTO TV a,b GLUVIGTOO®V Yo TO Xpoud. To
TOGOGTA YLOL TNV VET TOL YpnoipomoiOnkoy etvon 0%, 25%, 50% 75% 85% twv onoiwv
ol KouUmOAeg emTvyiog eoivovton 6to oyfpna 6.3. To puéyloto Tocootd emttvyiog elvol
87.3% pe 75% vo. cuvelo@épel n von. Tpdypo avopuevouevo KoB®MS omd Tow TPONYOUUEVOL
nelpdiportor eévnke 4Tl Lo T CUYKEKPIUEVO GVVOAO dedopévmv 1 ven| Toilel peyodlvtepo
péAo otV avayvapion. BéBouo dev kotdipepe vor TECEL TO TOGOGTO EMLTLYIOG e KOLVN
améoTooT, 6Ty ypnoLonotenkoy to idta xopakTnPLotikd (90.6%). T'eyovog mov Kavel
MV evioio omOCTOOT) TLO UTOTEAECULOTLKY.

Q01660 M TPOGEYYLOT QLT €YEL TO TAEOVEKTNUO OTL TO TOGOGTO UTopel vor KoBo-
pileton omd Tov ApMNoTN UE TL KPLTHPLo BEAEL VO OVOKTIIGEL TNV E1KOVA TOL owvollnteiton.
Mmopel va 8élel ovTég Tov LOLELOVY TEPLEGATEPO GTO XPWUO KOl AMYOTEPO GTNV VOT].
Av16 yivetor moAy ebvkoAo kabopilovtog Ty tocdotmon. Eniong €yel 1o mAeovEkTnLoL
Tl unopel vor tpocoproctel oroladrimote UEB0d0g cVYKpLong e BGon to ypdua 1 tnv
VO UE OMOLOONTOTE XOPAUKTNPLOTIKA. ITy. B0 umopovce vor GuykpivovTal Ol eLKOVES
pe Béion to Kuplopyor xPOUOTE TOVE XPTNGLLOTOLMVTING €Val KPLTHPLO OTMG otuTd GTNV
TPONYOVUEVO KOEPGAOLO Y10l TOUPLOGULO OULEOWY KLPLOV X POUETOV, 1) TO GUGYETOYPOULLLOL

Ko 00To Ko’ e€NG.
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Benchmark for split distance for texture and colour
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yfuo 6.3:

20 30 40 50 60 70 80 90 100
Number of Retrieved Images

OUTOAT EMLTLYIOG, CLVAPTIGEL TOL OPLOULOV EIKGVEOV TOL OVOKA BN KOV

omd v Péon, KEvovtog xprion SOPOPETIKNG OTOGTOONG YOl YPMOUO KOL YLoL LT KO
GLVIVALOVTOC TEC EK TMV VOTEP®V IUE TOGOGTOCELG,
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ESoyoyfh tunuétov pe m xpfion
AP OLLOTOS KO VONG

Y10 ke@AAoo ovtd egetdllovton TpOTOL eEaymyNG TUNUATOY TNG eKévosg, He PBdon
MV VEN KOl TO YPOUO, YLOL TOV XOPOKTNPLGUO TOV TEPLEXOUEVOL NG etkdvoc. 'Evag
TPOTOG YLor vou yivel owtd elvon elvor M TUNUATOTOINGT XPNOLOTOLOVTOS KN KOIVOU
YOPOKTNPLOTIKE X POUATOG KoL VOIS AALG elvor SVGKOAO €vag odydplOLog vor UTopéaet
VO IKOVOTIOU | GEL OAEG TIG TEPITTAOCELS TV ELKOV®V. ANAad Oty dev € OVUE TEPLOPIGUEVO
6VoAo atd etkdveg (unconstrained). TTOAAEG e1kOVEG dev €Yl VOMULOL VOL TUTLOITOTTOIN B0V
pe vef yroti dev mepiéyovv mAnpogopia mov umopel vor BewpnBel v, Tov elval Ko
cuvnowopévo. AALG oe GAlec mepumtdoelg N Ve moilel mpwtevovio POAO YL TOV
Loy WPLoUS TV SLaPOPETIKAOV Tepleyolévmv g eikévog. 'H emiong va ypetdleton vo
YiVEL TUNUOTOTOINON PN CLULOTOLDVTOG KOl TOL V0 YOPOKTNPLOTIKE. OempnTikd N Tpitn
nepintwon elvol n wo yevikt Koode évo avtikeipevo yapoktnpileton ond tov cuvovacuo
TOL YPOUOTOG KO TNG VENG TOV. XT0 oxfUa 7.1 poivovton ot Tpelg Stakpicelg mg Tpog Tov
XOPOKTNPLOUO TNG etkOvac. H didikplom ovutn pmopel va yivel pe kabodjynon (supevised),
yioti elvon ToAD SOGKOAO Vo Yivel CLTOUATO ) TUNUOTOTOIN G KOl 1 EMA0YH omd évoy

oAyopLouo.

7.1 Eoyoyq tunudtov exmplotd o€ (palLo Kot vor

Avt n Tpocéyyion akoAovbeital Kou 6to QBIC ([53]) KaBMOG TOL X APOKTNPLOTIKA
e€dryovtonl auTéUoTo AAAG KO NULOWLTOUOTO Y OPLOTE G VO1 Kot ypduc. Emiong ot

Avdpovtcog, TThataviwtng kot Bevetcavémovrog [51], mpoondbncov va doywpicovv

75
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TO TEPLEYOUEVO TNG ELKOVOG UE Plomn av TEPLEYEL VOl GLYKEKPIUEVO YPOUX 1) TTEPLEYEL
UETAPBOAEG OTO XPOUO KOl GTNV @MTELVOTNTO 0TtdTE Umopel var BewpnOel ver). 'Emerto
nepleyouevo yopaktpiletor omd Tov ent Pépoug xopaKINPLoUS TV eEoy0EvTwv TepLo-
YOV ue Béon to ypdua Kot Ty ver avtictolyo. To KPLTHPLO TOL XPTGLULOTOIONKE
ovoudLeton dpaoTnodTnTa Xowuatos (colour activity) ko Boacileton oto dBpotouo TV
Yovidv dtavuouditwv 6to RGB cvotnuo ot omoleg ek@palovv andypwon. To petovéktnuo
G TPOGEYYLIONG QTHG elvor 6Tt dev umopel vo yopoktnplodel o teployn pe féon to
YPOUO KOL TNV VPN TOLTOXPOVOL KO ENIONG KEATOL OV €Yove TOAAEG UETOPOAES dev

onuodiver cutOpOT GTL 1| TEPLOYT QLLUTY) TTEPLEXEL LOT).

[ INEPI'PA®H EIKONAX ME XPQMA KAI YOH ]

TMHMATOIIOIHEH ME TMHMATOIIOIHEH ME TMHMATOIIOIHEH ME
XPQMA KAI YOH XPQMA Y®H

Synpo 7.1 Atdkpion Tponav mepLypa@iG ELKGVOS e Tunuatoroinom e Béon v ven
KOLL TO Y PO

7.1.1  Aviyvevon vofg

Eniong évog tpémog vo Teptypbiyoupe TV elkéva EExmpLoTd YioL VO Ko ypdUo eivor
vo xpnoonon el évag adyopiduog aviyvevong vene. To ypduo unopel va meprypoget
Ue TIg LeBGd0VG TOL TPOTAOM KOV 6TO KEPGANL0 5. Ot AAYOPLOUOL TUNUOTOTOIN GG VPTG
OTMG SLOMOTAOMKE KO 6TO KEQPEANL0 4 deV UTOPOVV VO AELTOVPYICOVY COOTA Y10l OAEG
T1G €1KGVEG YEVIKOU TEPlEXOUEVOV, Lor TOoL Bar VTLdpyel TeplexOpevo mov dev o pumopel
vo. Bempnbel vor|. Tl owtév Tov Adyo umopel vor xpnoyononbel évog adydplOuog
aviyvevong veng, o omoiog Bor aviVEVEL TIG TEPLOYES TNG ELKOVOLG TOV UTOPOVV VOL KO-
pakTNPLGO0LV e BAomn TNV vEN, INACd TEPLOYEC TOV €YOVV KATOL0 EMOVOANUPOVOUEVO
npoétuno. 'Exovrtog eEdryel Tig meploy€g ouTég 0oL UTOPOVLE VO TIG TUNUOTOTOIIGOVLLE UE
évoy aAyOpLlOo TUNUOTOTTOINONG KOl VOL Y0P UK TNPIGOVUE KAOE TUT|LLOL.

ITpaytol €éBecov T0 epdTNUO €V vTdpyel vy otnv exova ol K. Karu A. Jain [54].
3NV TPOTN QTN TPOGEYYLOT YO TNV AvViYVELOT VPTG TNV KOV ovomTOYXONKE Evog
oAyoplOuog mov Pacileton oy eEorywyn) TOMIKAOV UEYIOTMV Ko EAOYIOTWV GE YPOULES

ko otiieg. 'Eva onueio oty ewkdva yopoxktmpileton cov tomkd akpotato (local

Turuo Emoetiung YroAoyiotov
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extremum) edv, elvol ToLTOXpOVeL TOTLKG UEYIGTO 1| EAGYLOTO OTLC YPOUUES KOL OTLG
otAec. Edv éva koppditt etkdvog meptéyet ven, kpiveton ord tnv Tukv_oTnToL TV TOTIKOV
oKpPOTATOY. AV €rovie TOAD peydAn TukvétnTa Téte elvon 06pvPog, by TOAD pikpn| TéTE
Hio opoloyevig Teployn. XNV evolGueon mepintwon €OovLe TEPLEXOUEVO VPG,  OTE
NV EQOPUOYH TOL SATGTOONKE GTL TO KPLTHPLo oLLTS dev Umopel VoL EVTOTIGEL CWOTE
TG TEPLOYES VPNC. AVTO YTl TaL KPOTOTOL TOPEYOLY TO KATA TOGO OUOLOYEVIG elvart
N nepoyn. QoTdG0 e LTOV TOV TPOTO TEPLOYES TOV TTEPLEXOLV OKUES AAAG KoL GALOV
eldov¢ Un opoloyevig TEPLOYEG UTOPOVV VO, Bempn B0V VEES. Emiong to Kp1Tiplo outo dev
TOPEYEL TNV TANPOPOPin TO KOTé Tdc0 dounuévn eivon n meploy| mov e€etdleton mpdryno
nov yopoktnpilel pio voen.

>y epyocio vtV €ytve to omémeLpor oviyvevong veNg e TNV ypMNon g ovd-
Avong DWFE.  G0e onueio otny eixdva yopaktnpiletor omd tnv Slacmopd Tmv TGV TG
OVAALONG GE Lol LLKPT| YELTOVIE (TT.X. 5SX5 ko 9% 9). Tt TNV dLéKpion Tov eV €vol dLévo-
OO XOPUKTNPLOTIKAV lvor LT 1 d)L, xpNOLLOTOIONKE évor veELpwVIKG diKTLO gvBeiag
tpopodoocicg (feed forward neural network). T'toe TNV ekmoiidevon Tov VeELP®VIKOH SLKTVOL
xpNoonobnke o adyopiouog onicOiog puetddoong (back-propagation) [55]. Meydiog
opOudg amd onueior LEME KOL OVTITPOCOREVTIKE UN-VET|C divovton Yo exkmoiidevon. H
TPOGEYYLoN LT €lye KOAG MOTEAEGUOTO Y10l LEPLKEC TEPIMTWGELS ONAODT Vi VeELE
MV VEN TOLAGYLGTOV OTLC TEPIMTWGELS TOV OVEAOYO TepLeySuevo elye dobel ko otnv
dtodikocio ekmoidevone. Omote M dodikocior T orroitel TOAY KoAd KoBOPIGUEVO
GUVOAO dedoUéVmV EKULAONONC TOV VELPOVLKOD KTHOV. QGTOGO deV OmoPevyOVTaL Ol
AGBOC aviyvevoelg, mov elvon mePloyég mov MEPLEXOLV OKUES. AvTO yiveton yroti to
YOPAUKTNPLOTIKE €YovV eMKAALYM, TPAYUO TOL KAVEL TNV OVIYVELGT TPOPRANUOTIKY.
Ye ovtd GLUPBGAAEL Ol emAOYT TNG MIKPNG TEPLoxNG eEQYYNG TV YOKTNPLOTIKAV KO
N xprion eiATpwv mov dev €lval TOMKOD YOPOKTHPO YIOTL XPNOLOTOLOVV TANPOPOPio
ond onueio TOAH pokpld omd TNV TEPLOYT| EVOLOPEPOVTOC. Xe WO TPOGPOTN EPYOGLo
twv Malik ko Belongie yiveton eEorywyn tunuétov ond guotkég oknvEég KAVovToG X p1rion

YOPOKTNPLOTIKMY VOIS KOl OKULAV, LE TKOWVOTOINTIKG amoteléopota. [56].

7.2 Tunuotomoinom He ¥pOULO KoL VO

o Ny TUNUotonoinon etkévemy Pe BAom to ypdua Ko tnv ven X pnoLorot|onke
0 0LYSp1OLOG TOV TOPOVCLEGTNKE YO TNV LPT| GTO KEQAAML0 4, 0 0mol0¢ EMEKTEONKE KON

Yo To xpadpo. H eméktoomn elvor o tpmtn Tpocéyylon Tov TpoPAUaTog Ko YIveTol Le
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™V TPOGONKTN GTO SLEVLGULA YOPOKTINPLOTIKMY TOV OAYOPiBLov dV0 EMITAEOV GUVIOTM-
cdv. H ouviotdhoeg outég mpémet vo yopoktnpilouy Ty andypmoon kobmgn eoTevoTnTo
cvumeptlopPdveton Mo pe v xprion g npocéyyons. o tov Adyo avtév ypnot-
pomot|Onkay ot Vo XPOUATIKEG CUVIOTHOOEG TOL Lab cvothiuotoc. o vor yiver ovtn
N mpocO KN €ytvov d00 TOAD oNUOVTIKEG TapadoyEg ol omoieg B GYOAMOGTOVV GTNV
cuvéyelo. H mpdn elvor 6t1 OempoVLe Tmg 01 YPOUOTIKES CUVIOTOCES, HTTMG CAAMGTE KO
01 GLVIGTOCEG TG DWF avdAvong, akolovbov katovour Gauss. Evd ot detvtepn elva
671 6Aeg 01 CVVIGTAOEG elval HETOED TOVE 0loLOYETIOTEC. Ot TPOooHKN Yiveton 6e GAQ TaL
Kprtiplo Onwg Ko otnv mepintwon g uéong TUng g npocgyytons. o tnv opotd-
o Tov block ypnowonoteitol n amdotaon Bhattacharya. O alydpibuog epopudotnke
oTLG 101G E1KOVEG LE QLLTEG TTOV YPTCUYLOTOONKOV GTO TELPAUATIKE OLTOTEAEGILOTOL TOV
KEPOAOLOV 4 Ue PUOLKEG OKNVEC. £T0 oyfue 7.2 eodvetol 1 etkévo pe tor fOTooio 6TV
gyxpoun Hopen ¢ Ko M tunuoatomonuévn etkévo. To omotéAecua elvol KoAHTEPO

omd avtd ywpic xpouo (4.10). Avtd ogeileton 610 GTL Ol GLVIGTHOOEG a,b akOAOVOOVV

Synpo 7.2: H opyikn} e1Kdvor Ko ot TEALKT] TUNUOTOTOINUEVT, e 3 KAAGELG YLoL TNV ELKOVOL
ue to BOTeoAo KEVOVTOG KOL Y PTOT X PDOUATOS

KoTovoury Kovié oe Gauss. Omdte ol UECEG TUUEG KOl Ol OLOOTIOPEG TMV Y POUOTIKHOV
GLVIOTOGHV GLUVELGPEPOLY GTNV SEpBWOT TV AEB0G KoToTEEe®Y TOV dNULOVPYOVVTOL
Ue TNV xpHon LEVO TV XOPAKTNPLETIKAV VPNC. Opwme dev cuvovTdton vy v vo €0VLE
Kotorvoury Gauss oTlg XpOUOTIKEG cuvieoT®oes. To 180 TpoPAnua amovidton Kot 6Tnv
xpfon v tpocéyytong s DWF avdAvonc. I1y. pio GuveKTiKT] GNUOGLOAOYLKE TEPLOYT|
umopel vo Teptéyel SLBPopeg UmoYPOOELS LOKPLE LETAED TOVG KEAVOVTOG TNV KOTOVOUT
oV vo. umopel vor elvor otidmote. Ondte TOAAEG opég Tor dedopévar dev Oar Tonplélovv
otV povtelonoinon tov TpoPAUaTog 6Tmg €xel. To YeEYovog ovTd enaAnBeveTOL OO
mv epopuoyn Tov odyopibuov otnv eikdva mov mepéyel Ty TOAN tov San Francisco,

oxnuo 4.8. H meproyxn g mOAng etvor oA orvopoloyev|c €xovTag €Tol LEYOAN SlooTopd
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OTLG X POUOTIKEG GUVIGTMOOES, 01 0Toleg dev alkoAoLOOVV Katavour) Gauss. Avté €xel oo
OTOTEAEGLO ) KAGOT] TOL CVTUTPOCMOTEVEL TNV TOAN VoL TOPVEL TOL TEPLGGATEPOL OMUELDL
MG KAGONG TOL OVTITPOGMTEVEL TOV OVPOVS KOOBWME M TPMOTN KAGG™ €€l TOAD UeyEAN
dlaomopd 6e Gyéomn Ue TNV GAAN. Emopévemg 1o xprtiplo dev toupldlel oTig e1KGVEG TOL
OEAOVLE VO TUNUOTOTOI|COVLLE.

YoV LEALOVTIKT] TPOEKTAOT TNG TPOCTAOELOG VLTI G TPEMeL var Bpefohy yopoKTn-
PLOTIKG TTOV VO TEPLYPAPOLYV TNV KOTOVOUT] TNG YPOUATIKNG TANpogopiag. AvTo Hmopel
va, yivel xpnoLOToLdVTOG e€aywyn Kuplwv ¥pOUETOV 1 TNV YPNCILOTOINGCT TOTIK®OV
otoypoppdtov [53].  6Be onueio Bo mepLypEeeTOL Otd TNV TOTLKT] KOTOWVOUTY TOV Y P®-
UaTov oe o TpokoBoplopévn yertovid. Avtéd PéPona €xel To LeEtOVEKTNUOL OTL ELGEYEL
évoL VTTOAOYLOTIKG KOGTOG TO 0Toio Ttpémel vor avTietowmiedel. Eniong ylo tnv avtéuotn
EQOPUOYH TOV adyopiBuov mpémel vor avomtuyOel évag aAydplOUog yiow TNV eOPECT TMV
SLPOPETIKAOV TUNUETOV GTNV EKOVAL.

>¥to Berkley ot Malik, Carson, Belongie, kot Greenspan yio TNV ovantuEn evég
GUOTHUOTOG EVPETNPLOCHOV KOl OVEKANGONG ELKOVOV TPOTELVOLY TNV OVOTOPAGTHON
Blobword eikévov [26]. H avorapdotoon avt Bociletol oe éva cvtéuato adydplopuo
nov PBooiletor oe xopaKTNPIOTIKE VPN KoL XPOUATOS. O aAyoplOpog Kavel xprion
¢ EM (expectation maximization) opadonoinom ylor amocHvOecG KOTOVOUMY. oL €00
yiveton M mwopadoyn OTL ToL XoPOKTINPLOTIKG 0eKoAOLOOVV katovoury Gauss. BéBoto to
GUVOAO OedOUEVMV TTOV Y PTGLULOTOLOVVTOL ElVOIL TEPLOPIGUEVO, INANOT| GTO GUVOAO CLLTO
dev TEPLEYOVTOL ELKOVEG YEVIKOV TEPLEXOUEVOL. T10L TNV OTOPLYT] CLVIGTOGHV TOL eV
oKoAovBoVV kortovouny Gauss, OTMC N QOTELVOTNTO KOL Ol YPOUOTIKEC GUVIGTWGES, M
etkdvo Avaivetol pe Kamolo kotmdoéto eidtpo. TLy. otnv nepintmon Hlog eELKOVOG
nov meptéyel LEPpal ot piyeg ydvovton pe TNV AVovemn ondTE 1 KOTOWVOUY TV QOTELVO-
TtV Tévo oty (EPpa "mnyoivel” mpog v Gauss. Emiong ypnopotovvton pévo tpio
YOPOKTINPLOTIKE Lol TNV VEN, oViGoTPOoTio , ToAMKITNTA Kot oevtifeon. 'Evog Adyog mov
APNOLLOTOLOVVTOL TOGOL Mydl XopoKTNPLOTIKA lvonl AOY® ToL peydAov KOGTOUE GTNV

OVTLGTPOPT| TOV THVAKO GLVILOLGTOPES 6TOV EM.
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EniAdoyog - Yvunepdouoto

TV epyacio cLT TOPOVCLAGTN KOV TPOTOL EEXYWYNG Y OPOKTNPLOTIKMY VPTG KoL
AP DUOTOG KO 1| EQUPLLOYT OVTAV GE VKA O™ KO TUNULOTOTOINONG ELKOV®V.

0oV 0POoPE. TNV VPN TOPOVGLACTN KLY KO CUYKPIONKOV EKTPOCOTOL TOV dV0 KL-
PLOTEPMV UEBGBWV YLOL TNV OvEALOT Ko Y opokTnplopd g verc. EEetdotnkov n DWFE to
Gabor @iltpo od TNV Kot yopior ToL TOAVKOVOA KO @UATpapicuortog, kot 1o MR-SAR
LOVTELO TTOL CLVIIKEL GTNV KOTNYOopia TV T oimV TEdimV. Me TNV TEPATMOT EKTETUUEV®V
TEPOUATOV SLOTGTOOMKE OTL 1] TPWTN Katnyopia uedddmv vreptepel. H DWF avéAvon
Kol TaL iATpar Gabor elyav kaAvTtepn enidoomn and tnv MR-SAR mpocéyyion. Ta melpd-
potos €0e1&ov Gt ot LEB0dOL e TOALKOVOAM KO GIATPEPIoUD £0VV KOADTEPT EXLOOON OTLG
ELKOVEG OV TEPLEYOLY douNUéveg VOES. Evad pe tnv xprion MR-SAR €yovue koAHTepPO
TOGOGTO EMTLY LG VIOl TIG UT) SOUNUEVES VOEC, INACLOT L TEC TOL €Y O0VV OKAVEVIGTN dour].

Avortiynke évog adydplOpog tunuotonoinong kévovtog yprion s DWF avéiv-
ong. O aky6p1Bpog elvol NMUOLTOUOITOG KOOGS Y peldleTon ToV aptOud TV Sla@opeTiK®dV
TEPLEYOUEVDV GTNV ELKOVA. O aAYOP1OUOG EQPOPUOGTNKE LLE TKOVOTOINTIKG TOTEAEGLOLTOL
o€ €KOVEG OV TEPLEX 0LV VOT|. EXTdg 0md cuvOeTIKES E1KOVES TTOV TEPLEXOLV VO], EYLVE
EQOPLOYT KOl OE PUOLKES GKTVEG TOL €YO0VV £GTM KO OLVOULOLOYEVES TEPLEX OUEVO VPTG, Tow
OTOTEAEGLOTOL T TOLY TKOVOTIOLN TIK G op kel 1] E1KGVOL TOV TUNULOITOTTOLEITON VOL EYEL TEPLOYES
Ue KEmol0 emoVOAOUPOVOUEVO (Teploditkd) TPHTLTO TOL Uropel va Bewpn el vOT).

OGOV 0POPE TOL YPOUATIKA YOpaKTNPLOTIKA VAoToOnke évor alydpibuog e€or-
YOYNS Kuplowv xpoudtov eikévov. O aAdyoplBuog avtdg kéver ypnon g K-means
opadomnoinong. T'tveton xprion twv HSV (uetaoynuaticuévo) kon Lab dnmov ko cuykpivo-
viol. ATé o TEpapotor SlomieTdin ke 6Tt To petocynuotiopévo HSV Aopfével vmdéymy

TOV TEPLOGOTEPO TNV POTELVOTNTOL. AVTO €YEL GOV KMOTEGUA VO, SLOGTIAGEL TTEPLOYEG TOV
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€XO0VV OLOLOUOPPES OOYPWCELS, o€ avTifeom e To Lab mov moilel peydho n amdypmon
oo TNV eOTEVOTNTO. AAAG TO peTaoyNUOTICUEVO HSV €xel To TAEOVEKTNUOL OTL EVAVEL
SLOQOPETIKEC OO PMOCELG GE YOUNAES POTELVOTNTES, TO OO10 £lVOll GUVETES e TNV OVTi-
ANym 1oL ovBpOTOL KOO®S 0G0 TLo Y OUNAGS 0 POTIGUES TOG0 FOGKOAN avTIAaBAveTon
Slapopéc oty andypwon. Xe avtifeon to Lab dev opadomolel SlapopeTikéc omoypOoeL G
YoUNAéC pwtelvotntec. Eniong mopovoidlovion Tpdmot xopakTnpLGUov TOL P OUKTIKOV
nepleyOevo e faon tnv eEarymyn kuplmv xpdUotev, KoOdg Kot eElodoELS AmOGTAGE®Y
YoL TNV GUYKPLON YPOUETOV KOL X OUPOKTNPLOTIK®V OLUTAV.

Eniong dievepyri ko TelpEpoto ylor Kot yoplomoinom eLKGvay LUe ToV GLVIVOGUS
YOPAKTNPLOUS VPTG KoL XPOUOTOS. Ol E1KOVEG TOV XPMCLULOTOION KAV TEPLEXOVV VOES
oo EYPMUES PLOLKEG GKNVEC. ATO TOL OUTOTEAEGLLOITOL, YLOL OLUTO TO GVUVOAO dedOUEVOV,
Stamotwonke 6t M Ve Toilel ENUOVTIKOTEPO POLO GTNV CVOLYVHOPLOT). QGTOGO TO TOGO-
016 emTuyiog oLENONKE CNUAVTIKE [LE TNV TPOGOHNH KT TOV YPMOUNTOC, XPTCULOTOLDOVTOG
KOl TOV GLVOVOGUS KOl TV SVO Y OPOKTNPLOTIK®MV.

Eniong mopovoidotnkoy npoceyyicelg yiow TUNHATONOoINoT £YXpOUOV ELKOVOV [LE
xPAoN YXPOUATOC Kot VENG. TTapovotdleton o TPATN TPOCEYYIoN ENEKTEIVOVTOG TV
oAY6p1OUL0 TOL TPOTAON KE Yo TUNUatomoinon vorc. EEetdlovtan o1 meplopiopol mov €xel
660V 0LPOPA TIG ELKOVEG TOL UTOPEL VOU TUNUATOTOINGEL, YIOTL 1] KOTOVOLLT] TOV (P OUOTOG

oe KGBe Tunuo povtelomoteiton pe tnv xkortovoun Gauss.

8.1 Mellovtikn gpyocio

0G0V aEopE TOV XOPOKTNPIOUS VNG Bor pmopovoe vo eEetacBel évag TpOmo
cuvdvocro Tov DWF kot MR-SAR. H DWF avéivon €xel KoAHTepo AmoTEAEGUOTO, Y10
dounuéveg vPEg evdd N MR-SAR koA0TEpa yiow Un SOUNUEVES, OTTOTE OV KO TO TTOGOGTO
ovoryvaplong etvorl tkovomontikd, umopel vor BeAtimbel pe tov cuvdvooud twv 0o
ueB6dwv ové mepintmon. O cuvdvocudg umopel vou yivel pe tov Tpdmo mov TpoTeivel M
Picard yio cuvdvooud Wold kouw MR-SAR [20]. TTpénetl va Bpebel dumg évo kprtiiplo mov
va, dtoywpilet Tig dounuéveg ko tig un dounuéveg veéc. Emiong a&ilel vo e€etootel m
opoOLOTNTO VEMOV aveEapTHTeG KAk AnAod| vor e€ayBohV oPOKTNPIOTIKE TOV VO
etvor oaveEGpTNTO e TNV KAHoko. AVt yiorti umopel o€ OpLOUEVEG TEPITTMGELG VOL OENOLLE
wa CéBpoar var TV opodonoloVoe pe pio GAAN 1 omoior vo Bpicketonl Myo mo pokpié
otV e1kéva omdTe AAAGLEL VTOUETOG KAILOKOL TO TEPLEYOUEVO TNG OE GLUYVOTNTEC.

Ocov oopd TNV TUNUOTOTOINGT Ue VO Ko XpoUd TPEnel vor evpebel €vog
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OAYOPLOLOG EEQLYOYTC TOV OPLOLOV TV SLLQOPETIKAV TTepteolévmy otny etkdva. Eniong
umopel vo yivelr m TpoGONKN SLOLPOPETIKHG LOVTEAOTOINGONG TNG TPOGEYYLIONG KOl TMV
AP OUOTIKOV GLVIGTOC®V, KOG dev akoAovBovV mévto kKotovoury Gauss. Mio oo
npocéyyion elval n xp1iomn TomK®V 1eToypoptdTov. Eniong 6o GEle va xpnotuoroteldel
yio Ty e€oryyn Kupiwv xpoudtov o Lab e cuvdiooud pe to HSV. Ztnv nepintwon mov
€XOVUE YOUNAES POTELVOTNTEG TOL Y PDOUATO VOL EVOTOLOVVTOL €K TMV VOTEPWV e To HSV.
TéLog mpémel vo emekTOOEl 1| KOTNYOPLOTOINGT YOl U1 TEPLOPLOUEVO GVVOAO EIKOVOV,

KEVOVTOG YPNOT TOV KUPLmV XpoUETOV KoL TOV X OPOKTNPLOTIKOV VNG,
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Hopdptnuo A
ALYop1OlLog Y OAGP OO ETLKETOV

Tty StépBwomn TV AGB0G KATATAEEWY TOL TPOKAAOHVTOL OIS TO GTATIGTIKS KPLTH P10,
yiveton xprion evég ol yopioov YoAdp®mong eTKeT®V. O alydp1Buog ovtdg etvot o Bays
npocéyyion M onoia Bacileton 6to poviédo Tuyaimv tediov Markov (MRF) Tav eTikeTdv.

TToAAG TpoPALOTOL GE CLVEALOT ELKOVMV UTOPOVV VoL LOVTEAOTOINOOVV [Ee TNV
OVAOEST ETIKETMV YPNCLOTOLWVTOS CVUEPaLOUeEVT TANpoPopia. Xe aLTO TO GTUTIOTIKO

LOVTELO €)Y OVLE:
e ¢vo 6UVOAO amd Béoelg T etkévog S = (k,);
e £vo 6 UVOAO ol TBOVEG eTLKETEG Yol KOBE Oéon L =11, 1o, ..., 1y;
e évo 6 hVoAo omd mBavég mapatnpnoelg Y = y(k,1), yio kébe 0€on.
e Lo oyéon yerrvioong, G, otig 6écelc.

To €yxerton 6TV ovEBeST ETIKETAOV YioL KAOE B€om, Le TéTolo TPOTO DoTE 1| AVoN
vo elvoll GUVETTG LE TIC TOPATPTIOELS OAAG KOl LLE TOV TEPLOPLOLLOVE TOL ELGAYOLV Ol
oyxéoelc yertviaong.

'Eoto ¢ o mopéor (KATKa) g yertovidg G, oxyfua A.l. Mo kotBoAkny dtokpitr|

O]10]0

O O O
O @] O O |0

O O O
O]10]0

Tynuo A.1: Tertovid devtepng TéENG KoL Ot TOOWVEG EMAOYEC TOPEDY
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ovABeon eTIKETAV w avobétel o eTtkéto w(k, 1) € L. 'Eva MRF [57] opileton amd to
duvopikd V. (w), yioo kdbe duvat mopd ¢ Kol yioo Kébe duvotr] ovaOeon ETIKETAOV.
Axolovbdvtog to Bedpnuo. Hammersley-Clifford ko Ty ovtiototyion Heta&d tov TV
MRF ko tov xatovoudy Gibbs [58], n mOovotntor PG KoBoAIKNG avaBeon g ETIKETOV

dlveton and v mopoxdtw oxéon [57]:

4

P(w) e_%U(w) (A.1)

N|—

omov T eivon pio 6tofepd Kovovikomoinong, Ko

Uw) = > Velw) (A2)
ceC
Z = Zef%U(w) (A.3)

ZIV TaponEve 6xEoT, Tov ovoudleTol Kol cuvapTnomn dtaywpioov, 1o C dnAdvel To
GHVOAD OA®V TV GUVIESEUEVDV TTOPEWY AXUPEVOVTOG LTOYNV TO OPLOUEG TNG YELTOVIAG
G, xou Z elvon por otofepd Kovovikonmoinong. MIA®VTOG HE GTOTIOTIKOVS GpOuG,
U elvon n ovvéptnomn K6oT1oug (1] evépyelog) Tov GLOTHULATOS, evdd V.() ovoudleton
GLVAPTNON SLVOULKOD, KO OLVTIGTOLYEL GTNV GLVELGPOPE T®V TOTIKOV AAANAETLOPEGELG
otV KoBoMkn evépyelor Tov GLoTHUOTOC. 'Evo onuovtikd 0éua otnv otnyv diepyocio
oVTY| elvol vou EKUETOAAEVTOVUE TNV YVAOOT] €K TV TPMOTEPDV UE TNV TIG SLUOECIUES
TOPATNPNOELS, €TGL DOTE Vo dnuovpynbel wor véor Lopen TN GuVEPINoNG KOGTOVG
(M evépyerog). Avti M Hopen eivon évog GuVEILOGUEG HETOED TOV YOPIK®OV 1O0THTOV
TOV eSOV ETIKETAV KO TNG KOUTOAANAGTNTOG TOV TOPOTINPTCE®Y, GE GXEON WUE TG
eTLKETEG. AKOAOLOWVTOG TNV VTOBEGN 1 Otd KOVOU TLKVATNTO TBOVATNTOC TOV TTEdiov
TOV ETIKETWV KOL TOV TEGOV TV TOV YOPAKTNPLOTIKAV TNG LTS elvor avédhoyn e To

ok6Aov00:

P(w) H efé(y(k,l);w(k,l)) (A.4)
(k,)es

OOV 1 KOTOAANAGTNTO EVOC SLOVOCUOTOC YOPOKTNPLOTIK®Y diveton omd Ty e&icmon
4.4. H peyiotonoinom g ek TV VoTtépmv TOaveTNTOg eivor 1603OVOUN e LE TNV UEYL-
otonoinom ¢ and Koo TuKVOTNTEC TOavOTNTAG, Kol 0dNYel 6TNV Aoy loTOmOiNGN

G oLVAPTNONG KOGTOVE TOL dveTon Old TNV O(EOM

1

Uw) 2 23 Ve + 3 d@h,D,ythD) (A.5)
ceC (k,es

= Up(w)+ Uz (w,y) (A.6)
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6mov 0 6pog §() exkEpalel v anoitnon e KaTaAAnAdttog. ol v avébeon twv
ETIKETMV OTNV TEPIMTOOT TNG TUNUOTOTOINGON G LPTC 0 deVTEPOG HPOC arvTIKABIGTOTON OO
GOPOLoUO TV OTOGTAGEMV OO Uior KAGOT (SnNAadn Yo o eTiKéto) o€ OAaL Tow ompeio
mg elKovoLC.

Mo KO1vT| TEYVIKT] Y10 TNV AV6T TETO1®mV TPoBANUET®Y elvor n yprion tov kpttnpiov
NG UEYLGTOTOINONG TNG €K TOV VOTEPM®V TONVOTNTAS, dNAOST TG peyLioToToinong tg
€K TOV VOTEPOV KOTOVOUNG TWV ETIKETAV, OeG0UEVOL TMOV TOPOTNPHIGE®Y, TO OTOi0
elval 160d0vopo Le v edalotoroinon g ocuvaptnong K6otov. H edoyiotonoinon
yiveton pe évav koboplotikd (deterministic) oadlydpiouo, enovaAoPovouéveov TomKov

emKpatovodv Ty ICM (em Iterated Conditional Models)[59].
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