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Ilepiindn

Yy napoloa dimhwuatixt epyacia napovodlovtal TeyvxES Yeryopns avalhtnong o UeYdheg
OUANOYEC eXOVWLY, Ue Baor Ta OTTIXd YopaxTnetoTixd ot Ty veoueTpla. Kaldg tétoieg ouihoyéc
undpyouy ae avbovia 6to dwadixtuo, 1 cwoth apyelobétnon Tou TepdoTiou auTOU GYXOU TATEOYO-
oldv elvar mAéov mpdln avayxoalo vy Vv Yeryopen avalhtnoy. Xta mialow Tng napoloog spyooctag
uehethOnxe Eva eupy QAoud TEYVIXGY avalATnong eovewyY UE OTTIXE YApuxTNELoTIXd. Xpenoluo-
TouOnXAY YopaxTNELOTIXd ad OAGXANEY TNV EXOVA, YORUXTNELOTIXA and Teployés ebdvey xabog
XOL TOTUXE YapaxTneloTixd and onuelo evdlapépoviogc. Méow cuoTadomolnorc Twv YapaxtneLoTi-
%@V odnyoluaote ot éva omTd Aelixd, ot dueon aviioTolyla Ue TV Yeriyoern avalAtnon xewévou
o7o dwdixtuo. Eniong, alionowifinxe 1 yewuetpla twv yopaxtnplotixdy, xabde xat uetadedouéva
Oéomne, ue epapuoyh otov yewypaguxd evionoud gutoyeapLdy. Ou Sudgopeg Teyvixéc auyxplivovtat
%o Tapoucldlovtal anoTEAEGUATA 6 TOMES YVWOTEC GUNLOYES ewbvwy. Téhog, avantiooetal pia
draduetuaxt] EQUPUOYT YL TNV ToEoUGLAsT) TOY ATOTEAECUATOY.

Aéieic Khedd

avaxtnon exéveyv ue Bdon 1o ontxd mepeyouevo, ontixd Aelwb, MPEG-7, ontixde Onoavpde,
OTTWXES TIEPLYPAUPES, ONUAGLOAOYIXG XEVO, AVAXTNOT EXOVWY UE BAOT YoUpaXTNELOTIXE and TERLOYES
TOUg, avaxTNoT emovey Ue Bdon onuelwv evdiagépovtog, mepiypageic SURE, oustadonolnoy k-
means, RANSAC, Geo-tags.



Abstract

Over the recent years, the amount of digital images available online has increased rapidly. These
huge multimedia collections contain diverse data and cover almost every aspect of life in terms of
visual and semantic content. Searching through image libraries has become an everyday process,
the same way as Google text-based search. In this diploma thesis, techniques for content-based
image retrieval are presented and evaluated. Both global and local features are used, such as the
proliferous MPEG-7 and SURF descriptors. These are extracted globally from the whole image
surface or locally, from points of interest or segmented regions. A bag-of-words model is used for
indexing and geometric constraints are also taken into account. These techniques are evaluated
over many common datasets, in order to test the universality of their use, towards a web-scale
image retrieval system. Finally, a web-based image search platform is created, and an application
is presented for geographic position estimation of photographs, with the use of Geo-taged images.

Keywords

content-based image retrieval, bag of words, MPEG-7, visual thesaurus, visual descriptors, semantic
gap, region based retrieval, interest point based retrieval, SURF descriptors, k-means, k-d trees,
Ukbench dataset, Zurich buildings dataset, Oxford Buildings dataset, RANSAC, Geo-tags,



Evyoplotieg

H rapotoa dinhouatixy| epyaota exnoviinxe xatd to axadnuainéd étog 2007- 2008 oto Epyaotiplo
Uneohc Eneepyaciac Exdvag, Bivteo xau Hohuuéowv (IVML) tou Efvixol Metoéfiou Ilohute-
yvetou. Ou Aleha va euyaplothow Tov emBiénovia Kabnynt x. Ltépavo Kéihw v tnv eunioto-
obvn ou wou €deile avabBétovTtdg wou TNV gpyacia aUTH Xat yia TN SUVOTOHTNTA TOU UoL €3maE Vo
acyohn0d ue 1o cuyxexplévo evdlagépoy Oéua. Ou Hlela enlong va euyaplothiow tov Egeuvntr Ap
Lwdvvn ABplln xafBdg xan Toug Yrodhgioug Awdxtopeg Evdyyeho Nndpou, Kaddia Iétpo xat Tohia
TFedpylo yia Ty xatahutix) GUUBOAT Toug 0T oLYYEUET auTrhc Tng epyactag ue Ty xabodrynon,
Tig ToAUTWES aUUBoUREC xat UTOBELZELS TOUC.



Ilepieydueva

1 Avdivor cvotnudtey avalitnong ewxévey pe Bdor To onTixd Toug TEPLEYOUEVO 16
L1 Ewayoyh . . ... e 16
1.2 Endudeic xon mpoléoeic tou yphotn . . . . Lo 18
1.3 Aoyt ev6¢ GUOTAUATOS AVAXTNONG « « . o v v v v v o e e et e e e e e e 19
1.4 EZoyoYh onTx®dv YApaxXTnploTiXe)y ol aVATAEdoTACY) EXOVOY . . . . . . . . . . . . 20

141 Xp®Ua . . . . . o 21
142 Yof 21
143 Syfuor . .. 22
144 Ynuela Evdwgépovtog . . . . .o 23
1.5 Teyvixéc TpldoUatos EOVOY . . . . . . Lo 24
1.6 Teyvixeg SeXTOdOTNONG . . . . . o o oo 25
1.7 Teyvixég ye yphon omtxol Ae€lxol . . . . . ... 25
1.8 TinoL epwTAUATOS XOL OTTIXOTONCT) TOY ANOTEAEGUATOY . . . . . . . . . . . . . .. 27
1.9 AvEBpaom OYETMOTNTAC . . o o v v v v e e e e e e e e e 29
1.10 X0yypovo GUGTALATA OVAXTNOTNG XAL EQUOUOYES . . . . o v v v v o oo oo 29

2 Avalritnom ewxdvey pe Bdon ontixd yopaxtnelotixd and oAdxinen tny euxdva 32
21 Ewoyoyh . . .. 32
2.2 Ovomuxol mepiypagelc tou MPEGT . . . . . .0 o 000000000 33

2.2.1  Khyoxwtdg meplypagag Ye@UoTOS « o o o o o oo 33
2.2.2  llepuypagéag OURAS YEMOUATOS . . . . . . . . .o 34
2.2.3  Ieprypagéag SWUTAENS YPOUATOS . o« o o v v it 34
2.24  llepuypagéag ouotoYevolg UGNS . . . . . . L Lo 35
2.2.5  llepuypagéag Iotoypduuatog axudy . . . . . . . oL 35
2.3 Toalpwopa TEQUYRAPEDY . . . . . . . 36
2.3.1 Iponyuéveg duvatédtnteg avalTNong - . . - . o o o oo 38

3 To povtého bag-of-words xav avalftinon pe Bdon ontixd Yopaxtnelotixd neploy ey 39
3.1 Ewoayoyh . . . .. 39
3.2 Katdtunom towv emovmy . . .. 40
3.3 EZaywy?h onTXOY YUROXTNEIGTIXAY . . . o o o o 41
3.4 Yvotadomolnon yapaxneLoTixdy xal dnulovpyilo ontixoy Aeéuxol TinwY Teploydy . 41

3.4.1 oahlybplfipoc k-means . . .. ... 42



3.4.2 Anuoupylo omtweod Ae€ueol . Lo L
3.5 AvonapdoTtact %ol SEXTOSOTNCT TWV EXOVWV . . . . . . .
3.6 Talplaopa TOV EMOVOY . . . . .

Avalrtnoy pe Bdorn Tomxd YapaxTneloTixd

41 Ewayoyhh . . .

4.2 Ta onuela evdlagépovtog xou ou meptypageic SURF . . . . . ..o .00 0000
42.1 llpoodiopiouds TV oNuUel®Y eVOAGEQOVTOS . . . . L L L L
422 ECayoYh meplypd@Eewy . . .. L.

4.3  Anuovpyia ontieod Aeduxod xat dexTodoTHeN . . .. Lo
4.3.1  Anuovpylo omteod Ae€eol . . ...
4.3.2  Anuiovpyla dlavdouaTog avamapdoTaong TV EXOVeDY . . L L L L L L L L
4.3.3  Avalhtnon xovtwvotepou yeltova e Aévtpa k-d . . . . oL Lo
4.3.4 'Opog avtiotpogpng cuyvétnTag ELGAVIOTG XaL 1) AloTa TEpUATIONOY . . . . .

4.4 Talploaopo TOV EOVWY . . . . . .

4.5 'Eheyyoc yeopetplag . . . . ..o oL
4.5.1 Extlunon tnc ouoypagloc ue RANSAC . . . . . . ... ...

4.5.2 Egopuoyh tou RANSAC ye dedouéva ta Staviouato avanapdotasns Twy et
HOVOV . . o

4.6 Egapuoyh: Yewypapixdg eVIOTOUOC GOTOYRAPLAY . . . . . . . . . . . . . ...

Loaguxd nepBdiroy avalrtnong

5.1 Ewayoyh . . . .

5.2 Emhoyég Papdv otny avdxtnorn exévmy ue yopaxtnelotxd tov MPEG7 . . . . ..

5.3 T'papuxd nepi3dAhov AETTOUEPLDY GTNY AVAATNOT UE YALAXTNELOTNS AT TERLOYES TWV
EMOVOV . .

5.4 Tpapuxd nepBdAAov AETTOUEQLOY GTNY AVAXTNGT UE YAURAXTNPLOTIXG and onuelo ev-
SLAPEPOVTOC TOV EXOVOY . . . . . . o o o o oo

Iepdpata xar aELohdyron
6.1 Ewooyoyh . . . ..
6.2 Métpa aloAOYNONG . . . . . . .
6.3 MUMOYEC EWOVOVY . . . . o Lo e e
6.4 Anotehéoupata avalhmnong Ue TeEpLypapelc and oAOXANEN THY EXOVAL . . . . . . . . .
6.5 Amotehéopata avalhtnong ue neplypagelc amd meployés . . . . L. L.
6.5.1 Avdxtnon guowdy ewmévey oty cuhhoyh Corel . . . . o000
6.5.2  Avéxtnomn guowxdy exévey ot ouhhoyr Torralba . . . . . . ..o 000
6.6 Anoteréouata avalAnong Ue Tomxolg Teptypagels . . L L L L L
6.6.1 Avalftnon avixewweveoy e oulhoyrhg UKBench . . . . . . . .. 0000 .
6.6.2 AvalAtnon xtplwv ot ouhhoyée Zurich Buildings xav Oxford Buildings . .
6.6.3 Avéxtnorn ot ouhhoyy Caltech . . . .. . ... 00000

64
64
65

65



7 YuunepdopaTa 80

7.1 BuveloQopd . . ... 80
7.2 BUUTERAOUATO . . . . o e 80
7.3 MehoVixEC TACELC . . . . . s 81

11



ITepteyoueva ITvdxwmy

21

2.2

3.1

4.1

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8
6.9

6.10

To SLdvuoua onTXGDY TERLYPAPENOY UG exovas. Ou cuvtouoypaples Twv ovoudtwy
TOV TEPLYPAPEWY GTOV TIVOXO 2.2, . . . . . L o o
YUVTOUOYRAPIES TWY TEPLYPAPEWY . . o o o o o v v v v st

Ta nedla Tou Staviouatog avanapdoTtaons Ty ewévey. Xto tedlo Turol Ieployrc
arofnxetetal Ui AMoTta and ToUg XOVTLVOTEROUS 6TV EOVA TUTOUS TERLOYNC XAl GTO
nedlo Twég Ouoldtntag n AMota ue Tig avtloTolyes TWES OUOLOTNTAS. . . . . . . . .

Ta medio Tou Slaviouatog avamapdoTacns Twy exévey. XTo nedlo term list anoly-
xevetal pia Mota and toug Gpoug (omtinéc hZelg) mou eupavilovtol o€ auThY XL 670
medlo term frequencies 1 Alota pe T avtlotolyeg ouyvOTNTES EUQAVIONG. . . . . . .

To pétpo tne uéomne axpiBerac (mean Average Precision) yia tic évvoleg g culhoyfic
QUOLXOY EXOVOV. .« . . o o o L
To cuvolixd uétpo e uéorne axpifBelag (mean Average Precision) yia tig 6heg évvoleg
TNG GUANOYTG QUOLXAY EXOVOV. . . . o v v v v vttt e e
To pétpo tne uéomne axplBerag (mean Average Precision) yia tig évvoleg g culhoytic
puox®y ewovwy tov Corel. . . . .. Lo
To yétpo g uéomne axpiBerac (mean Average Precision) yia tic avtiotouyeg évvoleg
oe Sudgopeg Tepinthoelg ueyehoug Onoaupol xal aptbuol xpatoluevwy xovivéTeEpwY
OOV neployody. LTHAN o 150 Tirot neploytic xaw v=4, athkn B: 270 Tonol neployrnc
xon v=1, oty v: 270 Tonol meproyrc xat v=2, othAn &: 270 Timol neproyhc xat v=>5.
O uéooc apliuds 6woTd avaxTNUEVEDY EXOVOY OTIC 4 TPOTES TOU ENLGTREPOVTIL, YA
ohn Ty ovhhoy UKBench. . . . .. .. ..o o000
To uéoco uétpo g wéomng axplfelag yia 6An 0 cuhioyr Twv 2500 aviixelévey,
QpLOTERE YOl TNV TEY VLX) TOU TERPLYPAPETAUL 0TO XEQPIALO 3 ot Be€Ld Yior TNV TEY VXY
TOU TEELYPAQETAL 6TO XEQAAALO 4. . . . . . . . . .o
O uéoog apliudg 6wOTE aVaXTNUEVOY EXOVLV GTIC 5 TEMTES TOU ERLOTREPOVTIL, YL
O6hn) T oulhoy? Zurich Buildings. . . . . . ... ..o o000 o000 000
To péoo uétpo avdxtnong 6co petaBdiretal to Yéyebog tou ontixol he€ixou.

Ta péoa uétpa avixtnong ya ta 11 xtipwa g oulhoyrc Tou mavemoTnulou Tng

To péoa pétpo avdxtnong yia €L and Tig €VVoleg TNS GUAROYTS TOU TAVETLOTAUIOL
Caltech. . . . . . . . ...

36
37

45

25

72

72

73

74

76

76

77
77

78

79



Ilepteyoueva Xynudtmy

1.1 Koatnyoplo xpoTn xob GAGAVELL . . . . v v v oo vt 19
1.2 H dout| evég cuoTAUATOS avaxTNoTG eOVRY Ue Bdon To ontixd Toug mepleyduevo . 19
1.3 Ewdbveg pe mowhia 6ty TuxvOTNTA TOU OTTIXOU TOUG TEQLEYOUEVOY . . . . . . . . . 21
1.4 Yvotadonolnon SWEOTATOY GNUEL®Y. . . . . L L L 25

2.1 OudYo ewdveg umopel va eMLGTRAPOVY KOS TUPOUOLES oV YenoLlorotfoly anoxAeloTixd

yowuoteol meplypapelc. . ... L Lo 33
2.2 Yymuatixd Sudypauua TN TEYVIXNS avalhTnong UE yopaxtnelotixd e€aydueva and
ONOUANEN TNY BIXOVOL . . . . . o oo oo 33
2.3 Ewdvec 2 ypouatixdy emtnédwy pe dtagopetixt| dopn ypoduatoc (and to [Manjunath et al., 2001]). 34
2.4 Yrohoyioude neprypagéa dounc yeduatoc (and to [Manjunath et al., 2001]).. . . . 34
2.5 O dwueplouds tng ouyvotnrtag oe 30 xavdhla yia Ty e€AYwYT TOU TEPLYPUPEA OUOLO-
vevolg vehc (and to [Manjunath et al., 2001]). . . . . ... ... 35
2.6 Arnotehéopata avalhtnong we Bden loa ue 1 o oulhoyy ue puoxég ewdveg and To
Corel. HhvwoPaolhepa. . . . . . . ..o 0oL 37
2.7 Anoteréouata avalftnong ue Bden loa e 1 o ouhhoyy ue puoxég edveg and To
Corel. 'Epnuoc. . . . . . . . .. 38
2.8 Amnoteiéopata avalitnong ue Bdern (oo ue 1 oe cuRhoYY Ue QUOLXES EXOVES amtd TO
Corel. BAdotnom. . . . . . . . . .. 38
2.9 Arnoteréopoata avalnong LoVo Ue TEpLY pagelc LERC 68 GUANOYT UE QUOLXES ELXOVES
ané to Corel. HhwoPaolheyar . . . . . . ..o oo 38

3.1 Iymuatixd Sdyeauua tou custhuatog avalhtnons Ue Bdorn yopaxtnelotixd eEayo-

MEVOL OO TEPLOYES TNC EWXOVOC.  © . . o v v o v vttt e 40
3.2 Ewévec e oulhoyihc Corel (apiotepd) xau n xatdtunon toug (8eid). . . . . . . . . 41
3.3 Yuotadomolnon neploy®dv cUUGOYA UE TA 6Pl TOV TUTWY TEPLOYOV. . . . . . . . . . 42
3.4 Koahob» xal «eaxob tinol neploy @y and 10 ontxd Ae€xd. . ... 47
3.5 Xvotadonoinon dedouéveyv oe k = 5 ouotddec ye tov alybplfuo k-means (and

to [Moore, b]). . . .. 48
3.6 Ou2 (v =2) xovuiwétepol tonot neploync yra xdbe ula and tig meployés tne ewxdvag

OTA APLOTEQSL. . .« o o v v it bt i e 48

3.7 Anoteréouata avalATnong Ue YopaxTnetoTixd eayoueva and TepLoyés o€ GUALOYY
ue Quowxég ewoveg and to Corel. Hhofoaoslheya. . . . . . . . . ... o000 48

13



3.8

4.1
4.2
4.3

4.4
4.5

4.6

4.7

4.8

4.9

4.10
4.11
4.12
4.13

4.14
4.15
4.16

4.17
4.18

4.19
4.20

4.21

5.1
5.2
5.3

Anoteréopata avalATnong UE YopaxTnetoTixd eayoueva and TepLoyés o€ GUALOYTY
ue Quowxég ewoveg and to Corel. Xuowe. . . .. ..o o000

IMowahéuoppeg ewxdveg oTig omoleg meptéyetal 1 évvola «dvlpwmogy. . . . . . . . ..
Ynuela evdlagépovtog ae exdveg Tou (Slou xTiplou and dragopetind) ontixy| Ywvid.

Enuela evdagpépovtog e€ayodueva and Sidpopes xhiuaxeg ue v uébodo Harris - Lapla-
cian and dUo exdveg Tou (BLou AVTIXELUEVOU GE SLaPopeTLXy) XAULAXA XOL OL AVTLOTOL-
YIEC TOUC. . . L L
Teeig exxdveg xa ta onuela EVBAPECOVTOS TOUG. . . . . . . o o oL
Me yetion twv integral images to dfpoloua TV PuTEWOTATOY 6TV Teployy X umo-
hoyileton ue tpelg abpoloele xal T€60epLe TEOGPRAGELS GTNY UVAUN . . . . . . . . . . .
Ané ta apiotepd: Ol SLaXELTOTOUNUEVES YXAOUGLAVES UEPLXES TARdY®YOL SEUTEQIS
Taéng oY xatetBuven-y xon oty xatetuvor-xy xat oL 300 anAoTolioELS - EXTIUNGELS
toug. (amd to [Bay et al., 2008]). . . . . ...
Eymuatuei tapouciasy Tou UEyehoug ToY TETEAYWVIXOY GIATEWY VLo TLS TRELS TEMTES
oxtéPec (and to [Bay et al., 2008]). . . . . . ..o
Apiotepd: ta Haar Wavletes nou ypenowonowoty ta SURF, 8eéid: evromouds tou
%0pLou mpooavatohiopoy and to xukibuevo napdbupo (and to [Bay et al., 2008]). . .
Avo onueta ano d%o ewdveg T omola avtioToyilovtal otny (Sia ot AEEM. . . . .
Taipraopa exdvoy ywelc ontind heduxd (4.10(a)) xaw pe he€uxé (4.10(b)). . . . . . .
Epbtnua 670 3€vTpo Yo TOV TANGLEGTERO YEITOVA TOU . . . . . . . o v v o . .
Terodidotato dévipo k-d (oyfiua anéd typy Wikipedia). . . . . . ... ... ... ..
eVl U€pog Tou Tivaxa onTix®y AEEEwY - edVLY NS Bdong dedouévmy, xan Eva uépog
TOU BLaVUOUATOS AVATARAGTAGTG TG EXOVAC TOU EQOTAUATOS. . v . o v v v v v o .
Anotehéopata avalhtnone oty cuhhoyy and exdéveg tou Caltech. ZéBpa. . . . . .
Arnotehéopata avalhtnone oe cuhhoyy ue exdveg and to Flickr. Big Ben. . . . . .
Tig 30 ewxdveg ULag 0TEPEOOXOTUXNS XAUEPUS UTopel eUxoAa xavelc vo Tig et oay
dvo 6deig Tou (Bou avtixeluevou amd duo SupopeTinég onTiXég Yovieg. . . . . . L.
MpbBhnua extiunong evog ovtélou To onolo mpooapudlet pia eubela ota mapamdve
dedopéva (and to Biilo Twv Hartley xou Zisserman [Hartley & Zisserman, 2004]). .
Egapuoyh Tou RANSAC o¢ nepintwon dnaping oyetiopnol avauesa oTLg eLXoves.

Egapuoyh Tou RANSAC oe neplntwon un dnapéng oyetiopnol avduesa 6Tig eLXOVeS.
O ydetne ue v extiunon g Béorc 6mou TeaBRyTnxe N PwToYpAla TOU EpWTAUATOS
(de€id). Emlome xdto and v ewdva gaivovtar xoL To cUYVOTERX tags TWVEXOVKY
TOU EMUOTEAPTMAY.  © o o o o o vt e e e e e
Anotehéopata avalhtnong. Ot ewxdveg mou extiudtal 6TL TparyTnxay 670 (3lo uépog
UE TNV eXOVA TOU epwTHUATOS Exouy €va Yordlo mepiBinuo. . . . . . . . . .. L L.

H apywah oehida yra Ty ouhhoyr tou Caltech. . . . . . . .. ... ...
AnoTeENEOUATA YL EQOTNUN UE EXOVA UMYOAVAS. . . . . . o o oo
Arnotehéopata vy epdTnUa Ue YVwoté graffiti tou Aovdivou. Xtnv exdva tou epw-
THuatog dimha, aivoviol onuelwUéveS 6ToV Ydptn oL Déoelc TV ewdVWY Tou ENL-
otpdonxay and to ebetnuo xafdeg xo e extiunon uéoo avtdy e Béong to (Bhéne
evohTra 4.6). L L

48

49
50

50
o1

51

52

93

o4
o4
26
56
57

28
o8
o8

29

60

62

62

63

63

64
65



0.4

2.9

5.6
2.7

6.1
6.2
6.3
6.4
6.5
6.6
6.7

6.8

6.9

6.10

Mevot emhoyTic Twv Bapdv yia Toug Teplypagelc oty tponyuévn avalhtnon ue euxdva
aveBACUEVN amd TOV YENOTN. . . . . . . . o
Anoteléopata avaxtnong pe wwoopdnnuéva Bden otny ewxdéva nhofaciléuatog Tou
XOAOTN. . o
To Sdvuoua avanapdotacns e exdvag img288.jpg and tnv cuhhoyh. . . . . . . .
To yeapud mepL3IANOY ATOGPAAUITOONG YioL AvaXTNoY and onuela evdlapépovTog.
Paivetar n exdva ye ta onueto g xabde xoL or aviiotolyleg and tov EAeyyo YewUe-
Tewhc ouvextiétntag we RANSAC. . . o o000

Aglyua and 1o unosivoro tng cuhhoyrg ewdvoy Corel tou yenowononxe. . . . .
Acetyua and ) cuhhoyr ewdévwy tou Torralba nou yenowonofnxe. . . . . . . . ..
Aelypa and tn oulhoyy ewdéveov UKBench nou yenowonouifnxe. . . . . . . . . ..
Aceiyua and ) cuhhoyr ewdévwy Zurich Buildings nov yenowonowifnxe. . . . . . .
Aglypa and tn oulhoy? ewdvev Oxford Buildings mov yenowonouifnxe. . . . . . .
Acelyua and to uvnocivoho g oulhoyrc exdévwy Caltech mou yenowwonowinxe.

Ta uétpa avixtnons yw g évvoteg yiove (Umhé), niwoPaciiepa (tpdowvo) xou BAG-
OTNOY (XOXRLYO). .« o o o
To yétpo avixtnone yLo tny évvora nhtofaciiepa ye 6houg Touc Teplypagels (x6xxivo)
xat uévo ue toug meplypagelc ypduatog (unhé). Ou neprypageic edyovtol and ohé-
XAMET TNV ECOVOL . . . o . L oL
To uétpo uéong avdxtnong tng évvolag Bhdotnor vy Sudgopa ueyedn Bnoavpod xol
oL XUTOAT) axplPBeLag - avaXTNONS YLoL TNV EVVOLX €QNUOG. . . . . . . . . . . . . . . .
To uétpo avixtnone v g évvoteg dpbpog moANe (Umhé)xar axth (xéxxwvo) 6oo
EEENOOETUL TO V. . o o o o e

65

66
66

66

69
69
70
70
70
70

71

72

74



Kegdhato 1

Avdiuor cuetnudTey avalATnong Eovey
UE PAGT TO ONTIXO TOUS TEQLEYOUEVO

1.1 Ewoayoyy

Av 3doeig oe Eva Toudl TELOY YEOVOY UEPMES OTOYRPAPIES XAl TOU TELS Vo 6ou Eeywploel au-
Té¢ Tou €youv avlipdroug and autés Tou dev meptéyouy avlpdnoug elvar oyedév clyoupo 6TL Ha Ta
xotogépet meplonua. H (S epyacia duwe Sev elvar 1600 edxohn axdun xar yia évay eeAyUuévo
nhextpovixd unoroyioth. H onuacioloyn) avdiuor tou onTinol TepleyOUEVOU ULUG EOVAS UTOPEL
va elvat pia tpoatdvia Brohoyixt| Stepyacio Tou avhp®nivou eYxe@diou Tou exteleltol cuveydg, YL
TOV NAEXTRPOVIXG LTOAOYLOTY Elval OUOG Uia TEOXANOT TV TEAEUTALOY dEXAETLOV.

To tehevtala ypdvia €yovue pia paydata abnomn tou aptbuod 1oV exéVWY TOU GUVIVTAUE O
dnguoxt| woepr. H duddoon tne dnolaxic putoypapueic unyavic enétpede otov xabéva va pwto-
veapiler yerhyopa xar eUxola Tov x6cUo mou Tov mepBdiiel. Me eldyioto xboTog Umopel ma va
aveBdoel T GUANOYES POTOYRAPLOY TOU 670 LadixTuo xaL €Tol va Tig poedletor Ye QLAOUS xal
ayveoToug. Yrdpyouv orucpa Sabéoiuec oe nhextpovint| wopg 6To dladixTuo TERdaTIEC GUALO-
Yéc, mowlleg ®S TPOS TO OMTXG XOL GNUACLOAOYXS TEQLEYOUEVO, Tou cuvey(louv Vo ueyah@vouy
CUVEYHS.

'Etov, 1 owoth apyeofétnon dhou autol tou dyxou TAnpogopldy elvar Théov mpddn avayxala,
(OOTE VA UTOROUUE VO YPTOLUOTOGOUUE YRT Y0P Xl 6woTd OAN auth TNy mAnpogopla. Acitoupyieg
omwe avalATnon xoL avaxTnot ewévey and gnelaxés oulhoyeég yivovtar xalnuepvy SpaotneldtnTa
TOAGY avBpdrwy.

H avdxtnon ewmdvwy elvan yla evepy ) meployr) épeuvag and tny dexaetior tou 70, ondte xaL YEVVH-
Onxe ue ul&n epeuvntodv and dbo xuplwg epeuvnTixéc xowdtntes. Ty xowdtnta opydvwens Pdoewy
dedouévwy xal Ty xowoTnTa TS 6pacng unohoytot®y. Ou dUo xAddol e€etdlouy Ty avdxtnom
EMOVOY and SLUQOpeTIXéS oxOomLéS, 1) TpdTY UE TEYVXES Pactouéves o xelyevo xal 1 Sevtepy) Ue
Bdon ta onTixd yapaxTneloTd Twv ewdveyv. O teyvixéc Bactouéves oe xeluevo apyilouv va ava-
TT06G0OVTAL TE0og Ta TEAN Tng dexaetiog Tou '70. 'Eva té1e dnuoguléc mhaloro avdxtnorne npotinébete
TOV oyohooud Tou mepleyouévou xdfe edvag and tov dvlpwno, xou émerta N avdxTnoy exteoU-
viay and éva ovotnua Bdong dedouévemy. Ta xoupd unfple €peuva oe auTOY TOV TOUER, dV0 OUWS
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Baowéc duoxohiee xatéotnoay Ttic uehddouc autéc avamotereopatixés. Ilpdtov, ov aulloyéc ue
EXOVES YLVOVTAY 6AO xaL UeYaAUTERES %o TiTay ThéoV adUvaToY Vo 6 OAaeToUY dheg oL ewdves. To
dettepo Mol apxeTd ouoLBdES TEOBANUA oL TapaTneHinXE, fTay 1 UTOXEUEVIXOTHTA TNHS avTiAndng
TOU TEPLEYOUEYOU TWVY EMOVLY and dvhpnro ot dvlpwno.

'Eto, ot apyéc g Sexaetiag tou 90, npotdlnxe n autduaty oy WYY YALAXTNRLOTIXOY TOV
exévwy, ue Bdon to ontixd mepeybuevé touc. Amd téte €youv avantuybel ndpo mokkés Teyvo-
hovleg xat TeVIxéS EEAYWYNSC YAPAXTNELOTLXGY TOU 0dYNoAY GE TOMAY, EQELVNTLIXA XL EUTOPLXY,
CUGTAUATA AVAXTNONG EXOVEY Ue 3E0T TO ONTIXd TEQLEYOUEVO.

Ytov topéa épeuvac tne «Avdxtnone Euxdvewy ue fdon to ontixd toug mepieyduevor (Content-
based Image Retrieval - CbIR) unopolue va evtdEouye ofuepa onoladiinote teyvoroyia fonbdel oty
0pYAVWOT EOVWY xal oTNElleTal 0T0 OTTIXG TEPLEYOUEVO TS exdvag, dnAady amd éva xplthpLo
oY XELONG TERLOY MY UEYPL ULat EEEALYUEVT) EQapUOYT dEXTOSOTNOYG %ot €V OAOXANEWUEVO GUGTNHUA
avéxTnong.

Ou eqapuoyés tng avdxtnorng exévey elvar ToAamhéc xat TOAAEG amd aUTEG AVAPEQOVTAL T
OUYEYELX TNG DMADUATIXNG auTHS epyaciog oTa eddga Yo Ti dudpopeg Teyvixés. Emivypoupatixd
UTOPOVUE VO avapépouUe Ueptxd Paoxd tedla epapuoydyv:

® Avaxtnomn tapduoleY EOVLY and GUALOYES.
® Avdxtnomn UeTewpohoydy EOVWY Yol TNV TEOBAedT] — TopATHENCT XULELXGDY PULYOUEVWY.
o Avayvdplon tepLoydv o€ 3opupoptrés ELXOVES.

o To&vounomn xat avdiuom LaTeXGY EXXOVLY GoTe Vo unopoty va eCayfolv cuunepdouata yio
NV Umapln) 1 U1 AVOUAALOY.

o Avalhtnoy foywy téyvng and avtiotouyeg cuhhoyés — dnuloupyia Ynguaxdy yovoelaxdy
GUAOYOV.

e Ynuoaclohoyixt ebpeon exXéVLY 670 dLadixTuo.

H nopoloa dimhouatixd] epyacio acyoleitor uévo Ue TNV avdxTnor exOvomy ol Oyl UE TNV
avaxtnon Pivieo. H avdxtnoyn Bivieo unopel and noihoig va Oewenfel éva mo eupl Héua €peuvag,
xafoe 1o Bivieo anotehel ouotaoTind axoroubio exdvoy, dung tpaxtixd 1 Unapén dadoyxdy xoupé
XATAATYEL 0 TOMAES TEPLTTOOELS Vo anoTeAel Topdyovta mou Bonlder tny avdivoy. Xto Plvteo, Ta
dtadoynd xopé UmopOVY Vo PAVERGGOUY TLO EUXOAX TO UVTLXELUEVH TOU TEQLEYOVTAL, ULOG XOL To
onueto and ta onola anotelovvtal xtvouvtol 6Aa pall.

LNV avaoxonnot| ToU YLo TNV avIXTNoY ExXOVeY UEe BAoT To oTTXd TOug Tepley6uevo o Smeul-
ders [Smeulders et al., 2000] etodyet %o xevd» and ta onola tpoxUnTOUY TOAAG TEOPAAUATA:

Awobnuixé Kevé (Sensory Gap) elvan to xevéd avdueoa 610 mpoyUotind avitxelyevo 6Tov x66uo
xaL 0Ty TAnpogopla mou uoc Slvel wa (unohoyloTxd eZaydbuevn) meptypaph Tou and UL
AROTUNWON TNG OUNVAC.

Adyw g dnapéng autol Tou «xevol» 1 TEPLYPAQT EVOS AVTIXELULEVOL UEoo and ULa elxdva elvol
TpoaxTixd advvaty, xabog undpyel dyvola TN xatdoTaong Tou aviewévou. 'Eyovue éhhewlrn mhnpo-
poplog, yLatl PAénouye anid uwa teoBoir| evoc Tplodidotatou avixelévon. Ot ddidotates npoPfohég
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dv0 StapopeTixdV avTixeléveny urnopel va elvat Bieg. Xuvendg, av dev undpyel emnpdobetyn yvdhon,
unopolue wovdaya va vrtobécouue dtiL avtinpoownebouy To (BLo avtixeluevo.

Lpog Tig apyés Tou 21ou adva oL EpELVNTEG GUVERNTOTOINGAY Lo HTL TA YAEAXTNPLOTLXY Y UUNAOU
emEdOL NS ewdvag (nwe Yo TopddelyUa To ypdua, To oyfua xoL 1 uenR) dev épyovial oe duea
avtiotoLyla ye évvoleg tng xabnueptvric uwog Lofc. Mnropel va opLotel, Aotndy, xat To:

Ynuactohoywéd Kevé (Semantic Gap) wg v éhhewdn aviiotoryiag avduesa otnv nhnpogopia mou
unopet xdnotog va e€dyel and Ta onTINd dedouéva xat Ty epunvela Tou €youv Ta (Bl dedouéva
Y xdnolov yphotyn xdrola SeSOUEVY GTLYUT).

Ta medTa cuoTAuaTa avdxtnong exdvey ue Bdon To ontixd Toug mepeyduevo Sev HTav 1660
PLAxd Tpog Tov YenoTy Xt N eZaywYT 6woTOV anoteheoudtony anaitotoe Pabltepn Yveorn Twy yo-
PAXTNELOTIXAY, TpdyUa To onolo Suayépatve TNV avalAtnoy Yo xdnolov anké yenotr. Xeeldotnxe
Aoy UL 6Tp0QT 6TOV GYESLAOUS TOY CUOTNUATWY GGTE Vo BAAoUY TAEOV TOV YEHOTN 6TO XEVTEO
xoL va e&ehlocovtal ue yvouova tny euxohla tou. T va cuuPel autd Oo mpénel T ouoThuaTa
EMOUEVNS YEVIAC VO XaTahaBalvouy To 6NUacLohoYXd TepledUeVo Tou epwTAUATOS Tou BéteL o Ypt-
oTNG %L O)L U6VO yopaxTtnelotxd yauniot emmédou. To mpdBhnua autd xaleltal yeplowon tou
onuactodoyixol xevou.

"Evag anéd 1oug 1p6moug avTLUETONLOTS AauToU Unopel va elval 1) anAy| ueTdgpaoT - avTioTolyia TV
eUxoha eZayOUEVDY YoUNAOU ETLTESOU YORUAXTNELOTIXAY GE EVVOLES TTOU €Y 0UV VONUA Yia TOV YeNoTY.
I topdderyuo umopet elxoha xdmotog va dGoel TNy €vvola «£UN0» GE ULl TEPLOYT ELXOVAS UE TNV
YoeaxTneto iy 6gm tou E0hou, %ol va TNV TEpLYpdPEl UE YApAXTNELOTIXG Youniol eminédou omwe
yio Topdderyua To yemuo g xat Ty ven e, 'Etot, xdfe anotéheoua avaxtnong mou npooeyyilel
Ta (Do yapaxtnprotind Ou unopoloe entong va yapaxtnelotel «UNo».

Hoapadelyuota cueTnudTey Tpog auth Ty xatevbuver) undeyouy ToAAE. XTOV TOUEN TG AVaY V&-
PLOTC TPOCHTWY Yo Tapddetypa, undpyet 1 doukeld tou Rowley [Rowley et al., 1998] ané to 1996.
‘Eva and 1o tpdta 60oTNUATE avdxTnong emovey Ue Bdon To onTtixd TepleyOUEVO TO OTOlo XATA-
TAOTNXE XAl UE TO TPOBANUA Tou onuactohoyLxol xevol fitav to ImageScape [Buijs & Lew, 1999]
070 onolo cUoTnua Uropovoe o yehotng va Bétel edxola epwThuaTa, Ta omola TEPEYOUY XATOLES
ontwég Evvoleg OTwg oupavie, 8évtea, vepd xhn.. To olotnua yenowonototoes apyés g Hewplag
TAnpogoplag yio va xafopioel ta xakltepa yopaxTtneloTixd, Gote va ehayrotononfel n afefoidtnTa
otnv TaLvounen,.

Kaboplotixd Briua mpoc 10 ye@lpmud TOU GNUAGLOMOYLXOU XEVOU GTA GUGTAUATA AVEXTNGYS
exbévwy Ue Bdorn to ontind Toug mepleyduevo, éyive Ue TNV vobétnoy tne avddpaonc oyeTixdTyTaC.
'Etot, ue Sudgopeg uebodoug, o yprotne xateufivvel to alotnua npocapudloviag To EpOTAUNTA TOU
6ho %ol Teog Tov aToyo TNne avalrtnong Tou. H avddpacn oyeTixdtnTog UEAETATAL EXTEVEGTERA GTNY
evotnTa 1.9.

1.2 Emdudéelg xon npobéoelg tou ypnotn

O Datta [Datta et al., 2008] ywpilel toug ypfioteg, avdhoya pe T npobéoels Toug xoL TV Go-
PHVELXL TOU GXOTOU TOUS OTLS €EHG XATNYOPLES:
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nepinyntic (browser): O yphotng nou dev éyer xafapd otdyo xau anhd nepunyeltor oe oulhoyvég
exévey. M ouvedpla tou yprotn Ou meplhauBdver dadoywd, ywelc cuvoyn uetalld toug
epoThuata. Mropel va Ydyver apyued yio unyavég xau énetta yia nhoBaciiéuata otn Bdhacoa.

wumxde yphotne (surfer): O yprotne o onolog éyel evdildueon caghvels wg Tpog ToV oxond NG
avalhmong. Ta apywd epwthuata unopet va elval eepeuvnTixd, o endueva OUwe delyvouy
UE UEYAAUTERY, GaphiVELX TOV 6TOYO0 NS avalATnong.

epeuvnthc (searcher): O ypfotne o omolog elvan Zexdbopoc we mpog To L Pdyvel ot0 clotnua.
Yuvhfog pia ouvedpla tou yerotn Ba elval uuer, oe dudpxeia, ue udmiy cuvoyr xal odnyel Tig
TEPLOGOTEPES PORES OE XATOLX TEALXY ATOTEAECUATA.

A

//// Epguvntng

Jadnvela
Epwtripatog

Neptnyntrg

>
Ao doxIKa epwTrpaTa

Yyfua 1.1: Katnyopla yehotn xat cogrvela

H cagrveia tou oxonol nailet, oVugwva ue tov Datta, onuavtixd pého 610 L nepuével €vag
xerone anéd éva cloTHUa avdxTnong xoL Uropel vo Spdoel ooy xatevbuvthpa Yeauun Yo Tov oye-
dtaoud tou cuosthuatos. ‘Evac mepunyntic dlvel onuacio otny euxoiio tng yeriong xa lowg oty
EUPAVLIOT TOU GUOTAUATOS. LuvAwg €yel xal dveor) 6Tov YedVo, Ue ANOTEAECUN ELXOVES «EXTARZELSY
and Tuyaieg N un avalntioeg va elvon eunpdodextec. O tumxde ypriotne and Ty dAAn, Ho npoti-
uovoe éva ebyENnoTo TEEYBAANOY TO OTOL0 TOV SLEUXOADVEL GTO VO SLUTUTOOEL UE GAPHVELX TO ELOTNUS
tou. To buoppo xaL ebypnoto yYpapixd mepBdAlov dev elval anapaltnTo Y TOV EGEUVNTY, O OTOLOG
TEOTLUA Lo ONOXANEOUEVA XL EU0TOY A ATOTEAEGUATA (OWS XaL TN duVATOTNTA Vo EYeEL TAYeT) EAEY YO
e dwadueactag avdxtnong.

To oyfua 1.1 napouctdlel T GAPHVELN TOU EpWTAUATOS oL BETEL 0 YproTNg o€ GYEaT UE TO OE
ToLd xatnyopla avixet.

Eilvar Alyeg ov ueAéteg mou va oGy OROUYTAL UE TA GUGTAUATH AVAXTNONS and TNV UEpLd TOU
xehotn Baclouéva oe mpayuatixd dedopéva. e ua and autég [Conescu & Christel, 2005] ou ypfioteg
Y wpllovTtal oe apydelous xal TEOYWENUEVOUS Xal UEAETOYTAL T wotiBo ahdnienidpaong uéow evég
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ovoTAuatog avdxtnone Blvieo. Xto [Armitage & Enser, 1997] yiveton uia avdiuen tov avoyxdy
TOU YpNoTN 660V aQopd GTNY AvdxXTNoT oTTXAS TATPoYOoplaC.
1.3 Aopf evdg cuGTAUATOS AVAXTNONS

Yto Yyfua 1.2 galvetol uwa yevie) Staypauuatixd) TEOGEYYLOY £VOS GUOTAUNTOS AVAXTNONG
eOVOY Ue BAoTn TO OTTLX TOUG TEQLEYOUEVO XUl OL XVELEC OVTOTNTES TOU TO ATOTEAOUV.

Mpoenefepyaoia E€aywyn OmTikwv —N Anpoupyia Aopnig
Elkovwv XOpaKTNPLOTIKWY — AeiktoddTnong

dopn
Aektobo6tnong

Eneepyaocia
EpwtApatog

Ipadkd NeptBariov
2U0ThUATOG

Epwtnua Xprjotn

Avadpaon IXETKOTNTAS

Yyfuo 1.2: H Sour| evéc cuGTAUATOC avdxTnong exxOVeY Ue BAoT T0 0TTiXd TOUC TEPLEYOUEVO

Ou ewxbveg g oulhoyTc unopel apyxd va utoatoly xdnolou eldoug npoeneiepyacia, HGote va
UTOEECOUUE GTY) GUVEYELL Vo EEAYAYOUUE CWOTOTERPN OTTIXE YUPAXTNELOTLXA. Y& auTté To oTddLo
unopel va tepthaufdvetal xdnolo guktedeloua ¥ e€oudiuven ue oxond tny anobopufonoiner 1 anho-
noinon TV exdvey. e autd To 6Tddlo Unopel enlong v Yivel XATATUNOT TOY EXOV®Y UE GXOTO
NV €EAY WYY YORAXTNELOTIXAV XAUTH TEPLOYES.

Enduevo otddio elval 1 e€aymyn 1oV onTxdV yapaxtneloTixdyv elte and oAdxAnen tny exdva
elte anéd neployés g elte and xdnow onuelo evdiagépovtog. Teyvixéc mou agopoly 6ty eaywyy
YALUATNELOTIXAY XL TNV EEUTYN avaTapdoTaoy ToY ewmdvwy Ba avagpepboly extevic othy evétnTa
14.

Ané Ta Sedouéva mou e€rylnoav pe v mponyoluevrn Swaduxacto, mapdyetal yio xdle exdva
ua «uroypaghy, dSnhady) teptypagr Tou mepleyouivou TG Ue Bdon Ta mapamdve yapaxtneiotixd. Ot
TEPLYPUQES AUTEC OALY TOY EWMOVWY TEEnel va anolnxeutoly anodotixd, oe uwa Bdorn dedouévemy
Yo mapddelypd, Gote va Umopel €rElTa To GUOTHUA VA YEeNOoLLOTOLoEL OAT) auTh TNV TANpogopia.
Emniéoyv, umopel va yiver xdmowa cuctadonoinon twv meptypapdy and tny onola va npoxtgel éva
Ae&d» dLAPOPWY OTTIXAV YALAXTNELOTLXGOY UE Bdon to onola Ho yapaxtnerotel xdbe euxdva. Te-
YVLXES dewTodoTnomng avagépovtal atny evotnta 1.6 xon teyvixés ue v yeRon ontixol Bucaupol
oty evétnta 1.7.

O nuphvag ToU GUGTAUATOS AVAXTNGYG EVERYOTOLTAL UE TNV L6030 EVOC EpwTAUATOS atd TOV
xehot. Exel yivetor to talplaoua Ty yapaxtnoloiedy Tou epuTAUATOS UE T YAQAXTNOLO TN TV
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eMOVOY TNS GUAROYAC Xat WS 2080 £youue xdToLeC EdVES TaLVOUNUEVES e abZouaa GELRd WS TEOG
XATOLO XELTHELO ATOGTACNS AN TNV EMOVA - epOTNUA. TeYViXéc TAELdoUATOS EXOVLDY avapépovTal
oty evotnta 1.5, Ou dudgopor tinoL epwthuatog avagépovior otny evétnta 1.8.

Ye mohhd olyypova cuoThuaTa dlvetar 1 duvatdTnTa 6Tov YeNoTn va xplvel To anotehéouaTa
TOU EPWTAUATOS BETXd B apyNTLXd %o UE auTOV TOV TeOT0 €xeL To avatnua €va eldog avadpaons. H
avddpaot oyeTnOTTAS UEAETATAL 6TV evoTnTa 1.9,

1.4 Elayowyh onTtix®dv YoUpaxTneloTIX®V %ol AVUToedGTUoT
ELXOVLV

H eZayoyrh ontixdy yopaxtnetotixtdy etvat To Beuéhio Tng avaxtong ewdvey Ue Bdon 1o ontixd
Toug epleyouevo. Me autrhy T Stadixacio xwdxomotodyTal GToLyEld TOU TEQLEYOUEVOU TWV ELXOVKY
ue Bdon ta ool Hua avaraplotatal n ewdva 6to olotnua. Qo elaylel xatd xdnowo Tedmo Ul onTLXT)
«wroypapr» (visual signature) tng eévac.

To yapaxtnplotixd unopodv va e€aybolyv eite and ohdxhnern v exxéva (global features) eite ané
ouddec pixel — meployéc tng ewxdvac (region features). To TAéov ypnoLLoTOLOUUEVA YOPAXTNELOTLIXS
elval auTd ToU XWAXOTOLOVY To ypdua, TRV LER, To oyfua 1) TNV Teployh Yopw amd xdmow onuela
evotagépovroc tng ewmovag. O xatnyopleg autég Ouo meplypapoly TepANTTIXd TAEUXITE.

YNy neplntoon mou to YapaxtneLoTind eE8yovTaL and OAGXANEN THY EXOVA, ETLOLOXETOL VO XWw-
duxomoinfoly cuvokixd yopaxTnploTixd tg. Me autdv Tov Tpémo 1) exdva avoraploTatar OAGXANEY
ue éva Tohudtdotato didvuoua, Tou cuving éxel Sidotaon Tng TdEng Tou 102, Ta yapaxTneLeTXd
Tou e€dyovToL amd OAGXATIEY THY EXOVA YENOLLOTIOLOUYTL GRO oL AY6TERO Ta TeheuTala yedvia xo-
0d¢ dev elvon anotelecuatind oe edveS Ye Tuxvo onTixd mepleyduevo. Me yevxd yapoxtnolotixd
unopet va xwdixonowbel anoteleouatind Uia euxdva NAOBAGLAELATOC, AAA Ot ULl EXOVOL ATd TOUG
dpbuoug tou Ilexivou oe Gpa avyuhic (Tyhua 1.3). H aploteph emdbva avaraplotatar anodotixd ue
nepLypagelc eZaybuevoug and ohéxhnen v exdva (Yo napdderyuo ye xdnotov nepLypagéa ypdua-
10¢) %aBds ONOXANEO TO ONUAGLONOYIXG TG TEPLEYOUEVO UTOPEL Vol TEpLYpapel amodoTixd uovéya
ue v évvola cnitofaciiepar. T v ewdva ota dedid Oo ypelaoTtoly mo eEehlyuéves TeYVLXES
eCaywyng v va xoduxorounlel allonoiolua 1o TEQLEYOUEVO TNS.

Yyfua 1.3: Euxdvec e mowxihlo 6Tny TuXvOTHTI TOU OTTLX0U TOUC TEPLEY OUEVOU
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Yy neplntwon eZayoYhg YopaxTneloTixdy and teptoyés Tng euxdvag amonteltal XAmoLo TEoeRYd-
ola eCaywyhc Twv opley Twy teptoydy. Xuvibeg uébodol elvon 1 xatdtunon tne 6nwe xat 1 e€aywyn
TepLoy®Y Yipw and xdmola onueia ulniod evBLlapépovtog TG EOVIG.

1.4.1 Xpopo

To ypdua elvat éva and Ta Lo SLadedoUEVE OTTINE YAPAATNELOTIXG EXOVWY, UE TNV EPEUVA GTOV
Touéa auté va avlel ota TpdLua 6Téd avdnTLENS TOV cUoTHUATOY avdxtnong ewdvey [Wang et al., 1997].
Meydhn éugaon d360nxe téte oV e&epedvnon dagbpwy ydpwy ypduatoc (color spaces) mou ai-
vetal va mpooeyYllouy xahdtepa Tov Teémo ue Tov omolo To avbpdmivo udtl avtithauPdveton to
YeoOuo ot oyéorn ue tov xhaoowd RGB ydeo (éva nopddetyua elvar o yodpoc LUV). Mehetrifinxe
enlong To MOS YETOBAAAETAL TO YpduUo UE oahhayés 6TOV QuTious, Ty Béon tng xduepag xal TNy
xAlom tov empaveldy xat €youy yivel npoondbeleg va avantuylody uovtéha ue avoyn oe autés TIg
uetafforéc [Sebe & Lew, 2001]. To uovtélo tng «avtifetne avanapdotaons ypwUdtomws, v tupd-
detypa [Swain & Ballard, 1991], xatdgepe va anopovdoel ) uetoforr tne gotewvétnrac (bright-
ness) oe évov GZova, pe anotéhecua va undpyet 1 Suvatdtnta vo analewpbel auth N cuvieTdoa.

To oTéypauud Yewudteny elval ua méyla Tey x| nou yenouwonotiinxe 6 ToAG GUGTAUATA AVE-
%xTNoNg TS Teonyoluevng dexaetiog, 6nwg yo napdderyua to cbotnua QBIC [Flickner et al., 1995]
¢ IBM. Etoatiotxd 10 0TéYpauud Yewudtny utodnhével Ty and xolwvol mbavétnta Twv evid-
OEWY TWV TELOV YPOUATIXGV Xavahdy. M evadlaxtixr tou oToypduuatog autod elval 1 yeron
TV «onyudy ypduatocr (Color moments) [Stricker & Orengo, 1995].

Me To mépaoua TV YeOVeY 1) Epeuva EGTIEOTNXE GTNY eEaYwYT UaC 660 To SUVATOHY XUAUTEENS
aeplindng TeV YpoudTtwv TS ewxovag, hauBdvoviag umddn xor TV ywew Toug xatavour. To
npétuno MPEG-7 ( [Sikora, 2001}, [Chang et al., |) nepthaufBdver obyypovouc Teplypagelc ypduo-
to¢ [Manjunath et al., 2001], nepiypageic mou Ha avahubolv oe enduevo xepdhato xabde yenoiuo-
mowinxay xaL 670 cloTNUA AvVaXTHEYNS Tou YAoRoLhinXE.

1.4.2 Yoi

Me tov 6po vgr avagepbuacte oe onTxd YotiPa mou €youv ouoyevelg WLOTNHTES, oL omoleg dev
elvon amoTéAeoUa TG Tapouslag amhd evog yYpduatog 1 éviaorng. Me ta yapaxtnelotied uerg yivetal
npoondfela va xwdixonoinlel auth 1 TAnpogopla Tng LY Tou LTdpyEL oe didpopa UALXE V) avTixelueva
e ewdvag. Do mapddetyua, to odua g Bpac ¥ tne tiyerng, ou Zhveg empdveleg, oL ToUBAwvoL
TOlYOL, TO XEVTAUATA AAAS OXOUN XUL O OUPAVOS, TO GUVYEQRX XUL OL QUANWGLES, EYOUY YoEAXTNELOTLXTY)
6dn xau emavohauBavéueva potifa, dAlote Tpayld xol dhhote mo amord. Evd to ypdua elvar
YALUXTNELGTING EVOS HoVAy o pixel, 1 upn elval Eva YapaXTNELOTIXG TOU OVUPERETIL GE UL YELTOVLY
— meploy®) pixel. Aev éyel vomua va widue vy ver oe éva onueto pag Eohvng emupdvelag alid o€
Ui TEPLOYY) LECH OTNY EMLPAVELA AUTY.

Ye apxetéc neptnt@oels, 6nos dopugopxéc [Li & Castelli, 1997] # wtpinéc edveg, Ta yopaxtn-
pLoTid uerc elvan Wialtepa yerowa xafog oL teployés ouoLouopONS VYRS 68 AUTES TI TEPLTTMOELS,
€youv dueom oyéon ue oNUAGLOAOYIXES €vvoleg LPNAoU emnédou. Arnotehecuatind anodelytnray To
YOUEAUXTNELOTIXG UQHC oL o€ ewbveg and xelueva [Cullen et al., 1997].

Yuotnuatixr] épeuva Yipw and yapaxtnetotixd vehc deyloe ue tov Haralick ané tnv dexaetia
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Tou 70, mou mpbTELVE TNV avanapdotact g Yéow Tou mivaxa cuvinaping (co-occurrence matrix
representation) ( [Haralick et al., 1973], [Aksoy & Haralick, 1998]). Xta téhn tng (duag dexaetioc
o Tamura yehétnoe xar autég TV VPR ahAd amd dAAY oxomd, eunveuouévog and Quyohoyixég
uerétec v TRV avtidndm g vehc and to avbpdnivo udte [H. Tamura & Yamawaki, 1978]. <o
obotnua QBIC [Flickner et al., 1995] tnc IBM ypnousonoteitat éva eEelyuévo LoviENo TepLypa@hic
vprc Baoiouévo oty doukeld tou Tamura.

Yy dexaetio tov 90, yerowwonothiinxe Waltepa o uetaoynuatioudc xvuatidiwy (wavelet trans-
form) wc péfodoc mepiypawhic Tne LeTc, pe Toug Smith xau Chang [Smith & Chang, 1994] va éyouv
xahd anoteréouata. Ov Wolf xou Bishop unootneilouv 6t ta gihtpa Gabor elvor ta mAéov xa-
TAAMNAA YLt TNV €AY WYY YALAXTNPLOTIXAY UPHS YLoL AVAXTNGT EMOVEY, xalde dev eCaptdvtal and
TNy xAuaxa, 6nwe 1 ouyvotnTa, 1 xatevbuven xat 1 Gacr — TUPIUETEOL TOU YETCLUOTOLOUVTAY
nohibtepa Yo eZayoy ugphic [Wolf et al., 2000]. Xto (dio ovunépacua @tévouy xar ov Ma xor Man-
junath [Ma & Manjunath, 1995], cuyxpivovtac didgopec uedddoug eZaymYhic YopaxTNELOTIXGY and
xopatidio.

ITio oy ypovol tepLypageic uerc, Tou tpocépouy aveluptnola TNV TEPLOTEOPT| X oL OL OToloL YET-
owonohinxay xau 6NV uhorolnoy Tou custhuatog, teptéyovtal oto MPEG-7 [Manjunath et al., 2001],
xaw Oa avakubovy oe enduevo xepdhato.

1.4.3 Yynua

H e€aywyh tou oxAUaTog €VOS AVTLXEWEVOU ELVAL TAUTOOTUN UE TNV XATATUNOT LIS EXOVIS
ot aviixelpeva mou tepthaufBdvet. Ilapdha autd, ou mepioadtepor ahydplluol xatdtunong Sev elvat
anodoTixol 6TV avaxTNon exoveY, XaGC 1 xATdTUNOY UEYIAOY GUANOYHY exdVmy elvar Wialtepa
xeovoPopa dtaduxactia.

1o GUGTAUATA AVAXTNONG EUOVEY AToLTELTAL UL elpmaTY TepLypa@y) avarapdotaong mou fu €yel
660 TO SUVATOY AVOYT| XUl GE TAPAUOPP®GELS Tou ofuatos. Kabde xdmota Adbn otny avdxtnon elvat
amodextd, Ta Uétpa axplfBelag unopoly va yokapwlolv ue anotéheoua va €youue Ueyahltepn evpw-
otlo xou uxpdtepn urtoroylotxy) tolurnhoxdtnta. MéBodol ue avoyt, oTlg TAPAUOLPOGELS UTOROVY
va yenordonounfody anodotixd xau og epwtiuata Ue oxlitoo and tov yphotn [Bimbo & Pala, 1997].

I'evixd, ol avanagaostdoelg oyfiuatog yoplloviol ot exelveg nou neplypdpouy U6vo to meplypauuo
xow oe exelveg mou mepLypd@ouy 6An v meployl) Tou xotaapBdver to oyfua [Rui et al., 1999]. Xe
autés g dUo xatnyopiec ywpller xatr touc mepiypageic tou MPEG-7 o Bober [Bober, 2001] xa
xenouonoel oTtny TeplnTWoT TNG TEPLYRAPNS TEPLYPAUMATOS TNV AVATAPAOTACY) GTOV Yoo XAlua-
xag ¢ xaunvAdtyrac (curvature Scale Space — CSS) [Abbasi et al., 1999]. M avdhuor tov
TEYVOAOYLOY TOLELIGUATOS OYNUATOY and TNV OXOTLd TNS UToAoYLeTXS YewueTplag Peloxetal 670
[Veltkamp & Hagedoorn, 2001].

1.4.4 3Xnueta Evdiagépovtog

IToAAéc Qopéc o€ uia ewdva dev Uag evOLaQEPEL TO YEVIXS TNG TEPLBAANOY, aAAd 0 EVTOTLOUGS
OUYXEXPLUEVODY AVTIXEWEVDY Péoa o auth]. TTpénel Aotndy va e6TLdo0ouUE TNY TPOGoYY) Uag o onuela
NG EmoOVag Tou Umopel vo Teplypdgouy uépn and xdmowa aviuxelueva. ¢ onuela evdiagépovtog
Oewpolye ta onuela, ota onola 1 ylpw meptoyn €xel mhololo ontixd mepleyduevo. Autd umopet
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va elvat onuela 0TV TEpLQEpeld, 0TS YWVIEC 1) XUl 6TO E0WTEPXS EVOC aVTIXEWEVOL. Luvifwng
oe ouovevelg empdveleg dev eyovue onuela evdiagépovtog. H omoudaldtnra autdy Twv onuelny
EYXELTAL OTO OTL TEPLYPAPOUY ATOTEAECUATING ONUAVTIXES TEPLOYES TLS EWOVAG Ue Alyeg oyetixd
Tée, ue anotéheoua va elvar Wraltepa Stadedouéva atny avaxtnon avixeywévony. ' va uny uvndpyel
eCdptnom and v xhlpaxa (uéyeboc) n Swadicaoia aviyvevone onueloy evdagépovtog exteleltal oe
nohhamhéc xhluaxec (multi-scale analysis). Anutovpyeitol yia autéd tov oxond évac ydpog xhipaxog
UE dLaoyLxEC GUVEAEELS TNG EXOVAC UE YXAOUGLAVOUS TURTIVES AUEAVOUEVNE TUTLXTC ATOXALONG T XL
oe xdbe eninedo exteheltal n aviyveuon twv onueloy evdagépovtoc. Avdhuan ydewv xhivoxag xat
EQUPUOYES TOUC 0TV Gpaot utohoylotdy divel o Lindeberg [Lindeberg, 1994].

Yuvifog uall ye toug tomxolc meplypoagelc hauBdvetor umddn xaL 1 YOEWXT XoToVOUR TV
ONUELDY. e UEPLXES TEQLITOOELS Ta oNUEld OUABOTOLOUVTAL UE GXOTH VU AVATOPAGTAGOUY TUAUATA
eVOg AVTIXELEVOU, Xa ENELTa AauBdveTal UTOYT 1 YWEXY XATAVOUR TOV TUNUAT®Y.

Agot éyouv Peebel Ta onuelo evdlagpépovtog, emduevo Brua elvar va Beebel wa ebpmotn xou
anoteheoUa TN avanapdotacy TS Yiew teployfc. O mo anhdg meptypagpéac Ha rav éva Sidvucua ue
TS EVTAOELS TNE PWTELVOTHTAS TOY TELYUpe oNUELWY, UE TNV ETEPOCUCYETNLON GAY UETEO OUOLOTNTIS
dvo tétowwy meploydy. Mia tétolo avanapdotacy Suwe Sev elval Wialtepa anoteheouatiny xabdg

anattel apxetd yoeo anobrxevong, xal Sev Exel avoyy) 6e QULVOUEVA OTWS REELOTEOGY 1 aAhayn
xAlpoxag.

Ané 70 1997 ) Cordelia Schmid npdteLve To mhalolo evég GUGTAUATOC AVAXTNHONG EXOVLY e Bdom
Tomxols meplypagelc yopw and onuelo evdiagpépovtog [Schmid & Mohr, 1997]. T tnv mepiypagh
TV TEPLOY GV yenoiuonotel To local jet — dnAadr cuVENEN UE DLAPOPES YHAOUGLAVES TTUEAYMYOUS XAl
extehel T Sradixaocia e€aywyhic e YxoouoLavég SlapopeTixig Slaomopds Yo va emityer avelaptnola
oTNY xhluoxa.

Enuovtins Biua oty Teplypa @ TOMXGV YapaxTneloTixdy éyive To 2004 anéd Tov Lowe, o onolog
npbteve touc neptypagelc SIFT (Scale Invariant Feature Transform) [Lowe, 2004]. O Lowe yen-
owonolel wg mpooéyyion g hamhaoiavic g yxaovoiaviic (Laplacian-of-Gausian — LoG), yia va
emtayvvel T dadixaoio, ) dtapopd Tov yxaoustavdy (Difference-of-Gaussian — DoG) xon extehel
xa auTog TN Sradixaoia o augavéueveg xhlpaxeg Yo va emtiyel avelaptnolo amd Tny xAluoa. Xav
TEPLYPOQEA TNC TEPLOYNS YUPW amd Ta ornuela, TPoTelvel TN Ypnon LoTOYRAUUATOY TOY TARAYGBYWY,
xpatdvtag mapdhinia ) 6éom xon Ty xatevbuvet| Toug. Me évav xBavitiond twv xateufivoswy xa
Oéoewv TV TopAYOYOY TOU EXTEAE(TUL, EMLTUYYAVETOL ULOL AVOYT| OF ULXQPEC TEQLOTROPES XUl YEW-
UETEWES Tapauop@®oels. Extetauévn allohdynon ol oUyXplor) TOmXGY TepLypagéwy yivetal and
touc Mikolajezyk xot Schmid [Mikolajezyk & Schmid, 2005].

Enewd?) n e€aywyy| neprypagény onwg ta SIFT elvor Wultepa ypovoPBopa dradixactia, 1 evowud-
TWOT) TETOLOV ELSOUC TOTUXMY TEPLYPAPEWY GE CUCTAUATI AVAXTNOTS EXOVKY B T emfBdpuve apxeTd.
'Etot, éyouv yivel tpoondeieg ta tehevtala ypdvia va avartuyfoldy neptypagelc tou wotpdlovtat Ty
o prhocogia ye ta SIFT, elvar duwe mo yeryopa unoroyiowwol. Ye auth TV xatnyopla avixouy
ov neptypagelc SURF (Speeded-Up Robust Features) [Bay et al., 2008] ot onolol Ha avarufody oe
embéuEvo xe@dhato, wog xar elvar ol meplypagelc mou ypnowonowifnxay oe o and TG TEYVLXES
AVEAXTNONG OV TEELYPAPOVTAL GTNY TALOUCH SNTAWUUTLXY.
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1.5 Teyvixéc Tapldopatos ELXOvVemY

'Oc0 onuavted elval Vo €Y0VUE EVPMOTOUS Xl SLIXELTEOUS TERLYPUYELC TWY OTTIXDY YopUXTN-
PLOTLXAY TNG EWOVAS, AANO TGO ONUAVTIXG ELVOL VO EYOUUE XL EVAY UTOTEAEGUATIXG TPOTO Yid VA
UETEAUE TNV OpoLOTHTA UETAEY dU0 EXOVLDV.

Exteviic avdhvon ndve 6tny opoldtnta YapaxtneloTixdy xdvet o Jolion 6nou xat napouotdlet tig
mo dadedouéves uehbdoug yua tov unoroyioud e opoldtntog [Jolion, 2001]. H opotétnta uetalt
300 Sravuoudtwy yapaxtnototixdyv (Feature Vectors), mou unopel va meptéyouy yopaxtnplotixd ond
uia elxéva, ol TepLoy ) TG ewdvag 1) wia teploy ) Yopw and xdmolo onueio evdlagépovTog, UTopel
Vol EXPRAGTEL OC:

Sq.ap = d(Fy, Fap) (1.1)

orou Fy xou Fgy elvat 300 Staviouoto yapaxtnoloTix@y, T0 TedTo and TNy euxdva epwTHUATOS TOU
yerotn xou to devtepo and ulo and Tic ewdves TN Pdong dedouevewy xat d(i, j) xdnow cuvdptno
an60TACYS.

Ye TEQLITOOELS TTIOU 0 Y MPOS TWV YALUAXTNELOTIXADY ELVAL SLAVUCUATINGS, ATOTEAEGUATIXNG XELTHELO
ouolotnTag elvol 1 BuxAeldeta andotaoy, ) L2 6mwg ahhdg elvor yvwoty. 'Egeuveg €deilay éti Sev
UTdEYEL VAl YEVLXA AMOTEAEGUATLXOTERO XPLTHELO - UETPO andoTAONG, AN 1) emthoyY) Teérel va yivel
o oyéaon Ue THY oLAROYY exévwy Tou dlabétouvue xatL TNV QUoN TV SLUVUCUATWY TWV TERLYPUPERDY
mou Béhouue va ouyxpivouue [Sebe et al., 2000].

[ va anogavBolue yior Ty andotacT Yetall lotoypauudtny éyouy npotalel didgpopec uéhodol
TOU GUYXPLVOLY TLG OYETIXES XOPUYPES TOV LOTOYPUUUATWY Twe N andotacy, Minkowski. Ilpotdbnxe
entong 1 yenon abpolotixdv totoypauudtony xalhe vrootneiletar 6Tl elval nepLEGOTERO ElPOOTA
otov 6puBo [Stricker & Orengo, 1995].

O mhéov ouviing 1pémog YeEELOUOY TWV LOTOYRUUUATOY elval 1 UETATEOTY TOUS Ot JLdVuoUd.
'Etot, éva totéypapua ue k xopugés, avanoplotatal Ue éva k-didotato didvuoua: [fi, fo,. .., fi], ue
fi mqv T g i-oothg xopugrc. ‘Eva ueovéxtnua authc tne pebddou, dung, elvatl étL ue autody
Tov TeéTO ayvoeltal n mAnpogopla g Béong and omou e&fyOnoav oL xopuéc Tou LoTOYEAUU-
toc [Rubner et al., 1998]. IlpotdfOnxe, howrndy, to 1998 and touc Rubner xow Tomasi n yefon e
Ardoraone 1wy Heptnatntdy otny I'n (Earth Movers Distance - EMD), yw v yefon tng onolag
avoTaploTAVTOL Ta LOTOYRAUUATA Gay Slaviouata Tou Teptéyouy (ebyn TGV xal Ywpelxic TAneo-
poplac: [(z1, f1), (22, f2), .- -, (&, f&)], 6mou fi elvar n i g i-oothc xopughic xat z; 1 Béomn — To
xévtpo g xopuerc [Rubner et al., 2000].

‘AM\n yenowonolotuevn andotacy etvor 1 anéotacn Mahalanobis, n onola yenousomoridnxe
xuplwg o ovoTAUaTa avdxTnong xatd meployég Omwg to Blobworld yw va cuyxplvel mo olv-
Oetec dopés (Blobs) mou mepléyouv yapaxtneloTxd ypouatos, vehc xat yowpuic xatavours uall
[Carson et al., 1997] [Carson et al., 2002].

1.6 Teyvixég detxtodoTNnong
Yo mpdiua cuoTAUATA avaXTHoNS oL eEaYOUEVES and TIC EWOVES TANPopopies ohlovtay amhd

oe apyela Y anoteloloav eyypagés oe xdnow Bdor dedouévwy. H andédoon xor twv SVo uehodwy,
and TNV OXOMLE TNS UTOAOYLOTIXNS ANMOTEAEGUATIXOTNTAS, EMEPTE UE Tov xapd xalde to uéyebog
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TV cUALOYOY adlave YeoueTewd. Enlong, ta Saviouata yapaxtneloTixdy tou eEdyoviat and Tig
edveS NS oLALOYTC €youv ouvilwe ueydin ddotaoy. 'Etol, xuplog o ueydheg ouhhoyég, elval
TAéov amapaltnTn N yeNon xdmolag EEunvg Lop®hc SewxTodoTNoTS 1 XL XATowg Uopphc cuaTado-
noinong — ouadonolnong tng Thnpogoplaug.

IloAAéc popéc mpoToV epapuootel xdnow Yébodog dewxtoddtnong, unopel va doxiuaotel xdmolo
TEY VL Yo va ehatTwlel 1) SudoTtaoy TV SlavuoUdTeY, OTKg Yo Tapddetyua xdnow wopgy) Tne Avd-
Avone Hpwrevdviwy Yuviotwody (Principal Component Analysis - PCA) [Ng & Sedighian, 1996].
'Eneita, to eupethplor Tou YpnoLuLonolobvTal TAEOV YLoL TOV UTOAOYLOUO OUOLOTNTAS TEQLEYOUY BO-
uéc dévtpwy Yl va emtUyouy Aoyoplfuwxr molumhoxdtnta.  Aouéc omwe ta k-d Sévrea, T k-d
8évtpa mpotepaidTyTac, T R-8évtoa yenoulonouiinxay xoL yenoiuronoodvtal ot SLiQopes YAoTC TNG
dradueaotag avixtnone [Egas et al., 1999] [Scott & Shyu, 2003]. Xto olotnue nou vhonoviouue,
yenoruonofinxay k-d dévtpa yia tov taydtepo mpoodiopioud tou xovtivdtepou yeltova (Nearest
Neighbour) petald 300 TOASEGTATOY SAVUOUATOY YAPUXTHPLOTIXMY.

‘Adheg u€fodor mou mpotdhnray nepthaufdvouy tov xPoaviioud Twv dvuoudtwy (vector quan-
tization) [Ye & Xu, 2003] % tnv ypfion d¥o elddv «wroypapdyv» v x&be exbva, ue 1o éva eldog
va mepLypdipel Ta aviixelueva mou mepléyel 1 exdéva xat To dAho eldog va mepuypdgel TV ywewd
xatavour; otny exéva [El-Kwae & Kabuka, 2000].

Téhog mohhég elvan oL TexVIXég TOL ypnowwomololy xdnowg wopphic hashing, dnhadh mpoBohy -
ATEXOVNOT TV BLaVUOUETOV TV EXEVLY o€ dAhoug ydpouc uixpdtepne didotaong [Greene et al., 1994], [Chum et a

1.7 Teyvuxéc pe ypron ontixol AedLxol

Ye nepunthoelg 6mov eEAYOUUE YALAXTNELOTIXG and TEpLOYES ELXOVOY 1) onuela EVELAPEROVTOS XL
oyL and ohoxhnen TNV exdva, o 6yxog g e€ayduevng TAnpogoplag augdvetal tohd. ' tapdderyua
and 1000 uévo ewdveg unopel va ndpouue 60000 onuelo evdapépovtog cuvohixd, ue to xdfe éva
va avarmaplotatal and éva ddvuoua yopaxtnetotixdy. 'Etol 6tav 1o uéyeoc tng culhoyiic auldvel
otV 14En Tou 10°, Sadixasieg mou extehodvion xat’ enavdhndn Ty avdxtnon 6neg 1 avalhinen xo
e€aywyt) andoTaomng, axdua oL Ue Evay anodotixd tpémo detxtodoTnong elvar Wialtepa ypovoBopec.
Q¢ Abom autol Tou mpoPifuatos éxel tpotabel 1 cuotadonoinoy (clustering) twv davuoudtwy oe
opddec (clusters). Kébe ouddo avunpoonnevetar ouvifiwg and 1o xévipo tne xdle ovotddac.

MébBoSoL cuatadonoinong undpyouvy moAréc ue mhéov Biadedouévn tny k-means, 1 Aeitoupyla
¢ onolag, pag xou yenowonotinxe xar oto clotnud uwag, OBa avarubel oe enduevo xepdiato.
Xapaxtnelotnd g uebédou authc elvan 6t 0 apiuds Ty cuoTAdwY Tpéner va xafoploTel ex TV
npotépwy. ‘Alkeg uébodol mou €youv yenowonownbetl elvar ol kernel mapping, hierarchical clustering
xav metric learning. Ou uéBodoL auatadomoinong ouveyilouv va elehlocovtol uéypl ofuepa xaL va
Bploxouy eqapuoyt| oe ouoThuaTa avdxtnong ewdvey xou avixewévoy [Philbin et al., 2007].

YNy neplntwon avdxTNoNG AVTIXELUEVLY, ATULTELTOL XUl XATNYOPLOTIONGT) TERLOY DV TWV EXOVKY
avéhoyo ue ta avuxeiyeva mou mepéyouv. Autd mpolnobétel va €yel mponynlel mpwv ) yeron Tou
ovoThuatog Yo @dor exnaideuvong. ITohiéc uehodor cuatadonolnong xal exnaideuorng avahbovtal
oto BB3hio Elements of statistical learning [Hastie et al., 2001].

Yy replntwomn tov e€dYovTal OnTXd YApAXTNELOTIXE YeMUATOS Xal VQHS ATd REGLOYES TNS EWXO-
vag (mou ouvAing Tpoépyovtal and xatdtunom) xot exteheotel xdnotoc akybplbuoc cuotadonoinong
oTa SLvHoUaTa YopaxTneloTix®y, Oo mdpouue xdmoloug «tUmoug mepLoydv», xdfe évav and Toug
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Yyfuo 1.4: Yuotadonoinon dddotatwy onuelny.

omoloug Ba yapaxtneiler o xévipo Tng ouotddag. Mmopel, étot, va avarnapactniel n xdbe ewxdva
ue €va dudvuoua mou Oo TEpLéyEL TIC EAAYLOTES ATOGTACELS TWV TEQLOY®Y NS and Tov xdbe timo
neproync [Spyrou et al., 2008]. H Swadwxacia xataoxeufic Tou ontixod Ae&ixol xaL g avanapdota-
ONG TV EWMOVWY Ue auth TNy UEbodo ba avalubel oe napaxdte xepdlaio, uLag xat anotehel uépog
TOU GUGTAUATOC AVAXTNONS EXOVLY Baclouévo oe Teployés mou uhomouiinxe ota mhalowr authg Tng
imAmUATIXC epyaciog.

Yty neplnTwot mou To SLaviGUATI YURAXTNELOTIXGY TE0gpyoVTaL and TepLoyEs YUpw and onueia
eVOLIPEPOYTOC TNG ELXOVAS, UE TNY EPUPUOYT XdTOoLoU Eldoug cuatadonolnong uropel va napaybel Eva
ontixd «Aeixor uxpdv neploy @y (visual vocabulary). Kéfe otoryelo tou Aeluol, dnhadh xébe pla
amd TG mapayoueveS cuaTtddeg, Ou exppdlet, oe mepinTwon mou yenowononfoly tepypagels Timou
SIFT, wa meploynh ©¢ mpog T xateuliveeis TOY TApaYGYOY TOY POTEVOTATOY UECH GE AUTH.

Y10 oloTnua avaXTNoNG AVTLXEWEVLY UEoa and xapé tauvioy Video Google, o. Sivic o Zisser-
man ypnouwonowoly tov alybebuo k-means vy cuotadonoinomn xou dnuoveyia ontixod «Aeixoiy.
TN GUVEYELX YLOL TNV QVATORAGTACT] TOV XARE, EMOTOATEVOUY TEYVLXES OUYVOTNTAS EUPAVIONS CPWY
TIOU YENOLULOTOLOUVTOL YL TNV AVEXTNGY XEWEVOU and unyaveés avalitnone nalpvovtag oay «AéEets»
Ta otouyela Tou ontixod «Aedixotr. Téhog, yenouwomololy Ul TeYVXY YWewhg GUVEXTXOTNTOG
oVugwva ue v omola éva talptacua onuelwy elval cwotd av oTny YUP® TEPLOYT UTEEYOLY XL AN
otovyeia mou tawpldlouy [Sivie & Zisserman, 2003].

Yy teyvueh avdxtnong ue onuela evdlagpépovtog tov vhonouiinxe ota thalolo auThc NG Stmhw-
uaTLehg epyaotag, xXaTaoxeudoTnne onTixs Aelixd xau émerta avanapaotdlnxe 1 xdbe euxdva pe éva
loTéypapus «phigwyr tou delyvel néoec popéc «nplotnxe» xdrow and g ontxéc Aééerc (Visual
Words) wg o xovtvétepog yeltovag ota onuela evdlagépoviog tng ewdbvag. Avahutix| neplypagh
¢ OAnG Sadixactog YiveTal og ETOUEVO XEPINALO.

Mo WBraitepa mpbogaty tdomn elvar va unv avtiotolyeltar xdbe onuelo piag exdvag oe ula Ho-
vayo ontux) A&, Tlpbogata npotddnxay uetalt dAAwY TeelS TeYVIXES GTLS onoleg 1) avTLoTolynoT
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onuetlwy xou onTxdy Aéewv Sev yivetor €va mpog €vo VTETepUIVLOTIXG, aAAd elte Uéow TupRveY
yxoaouowavey [Gemert et al., 2008], elte ye emnpbdobetn TAnpogopla Yo v oyetxt| Béorn onuelou-
ontuhc hedng [Jegou et al., 2008a], elte pe v aviiotolynon napandvew and uo onTix@y AMélewv ot
x&0e onuelo [Philbin et al., 2008].

1.8 TUmol epTAUATOS %A OTTLXOTOINGY) TWV ATOTEAECUA-
TV

Y1ov Yphotn eVOC GUGTAUATOS AVAXTNOTNG EXOVWY, UTOPOUY VO TopEYoVTal SLAPopoL TpOTOL UE
Toug omoloug autoc Ha expedoel To epBTNUS Tou Gote va ndpel Ta emtbuuntd anotehéouata. Elvol
Tohl ypriowo va unoeel o yeRotng va Stakéger uetadl Slapdpwy uoppdv Béong Tou epwThuaTOg, YL
Vol unopecel va Bpet Tov xahitepo avdioya ue tny neplotacn. Mepuxég woppéc epwthiuatog elval:

o Fodtnua ue xetuevo: O ypfiotng Oétel 1o epdtnud Tou TAnxTpoloYOVTaS xdnow AEET i hé€elg
Tou oyetilovtal Ue To mepleybuEvo Tng exdvac. Auth 1 pébodog elvon 1 mhéov Sladedouévn
ofjuepa, ue unyavés avalhtnons 6nwg ta Yahoo xow Google va to ypnowonowoty. BéBaua,
oTNV TERINTWOoN AUTAY TV Unyaveoy avalitnong, n avalhmon dev yivetol ue ontixd yapuxtn-
pLoTixd, ahhd pe UeTa-Oedouéva TpLlyUpw amd TNV WOV, OTWS VLo TUEASELY U amd TO XEUEVO
mou TV auvodelet. T va yivel avalitnon e ontixd yapaxtnelotixd and ephTnua Ue xeluevo,
Oa mpénel va mpolindpyet YVMON Tou GUVSEEL To YAUNAOU ETLTESOU ONTIXE YORUXTNPLOTIXS UE
T udmioy emnédou évvoleg .

o Lodtnua pe exdva: O yphotng elte avePBalel pia dud tou exdva elte Stakéyel xdmolo ané
TNy oulhoyr) xaL Pdyver yia napduoles. To olotnua mpénel va edyel onTixd yopaxTNELoTIXd
ané TNV EXOVA TOU YEHOTN XL VO TA GUYXELVEL UE Ta avTLOTOLY O YUEAXTNELOTIXG TWY EXOVWY
¢ ouAhovhc. Auth elvan 1 Théov Sladedousvn Uop@T EpWTAUATOS GTNV AVAXTNOT) EXOVOY UE
Bdon to omtxd Toug mepieybuevo. [item Eodryua ue meptoyi uiac ewxdvas O yphotng elte
aveBalel uia Suxid Tou ewxdva elte Slahéyetl xdnola and TNV GUALOYT xaL UEoU G AUTHY ETLAEYEL
NV neploy’) mou tov evdlagépel. Tlpotndbeon elvar va undpyel xdnolo eldog xatdtunong Twv
eXOVWV BGTE Vo Umopolv va anouovenboly ol Sldgopol TiRoL Teploy®y amodoTixd. Autol
Tou eldoug T EpWTAUATA PLAOZEVOUY TA GUGTAUATA AVEAXTNONS AVTIXEWEVLY, XaOOS 1) TepLoyT
evdlapépovtog unopel va elvar éva {do | aviixeluevo, 1o onolo npénel va anouovedel and v
UTOAOLTY — U1 EVOLAQPEQOUGA — ELXOVA.

o Bodtyua ue yodgnua-oxitoo ané tov ypfotn: X1o ypapixd TepBEANOY TOU GUGTAUITOS UTO-
pel vou umdpyer pia meployy) oyedlaong, evidg g onolag o yeHotng oyeddler anhd xoL yo-
vipoxouuéva 1o entfuuntoé epdtnua. To ovotnua éneita, deyduevo 0 oxiT60 S euxbva, Ue
uebddoug avdhuong oyuatog e€dyel onTixd yopaxTneLoTixd xat extelel Ty avalrtnon.

o Fodtnua ue obvbeon tinwy meptoydv: O yehotne Bo unopel va @tidlel éva «pooyédior tng
douhc TV exbévwy mou Ydyver opllovtag motoug Tinoug Teploy®dy Bo BéleL va uTdpyouy ol
lowg xaL oe molo Ugpog ng ewodvag. T mapdderypo Oo unopel vo {nthoel and to clotnua
elx6veg Ue devdpbputy Bouvomhayd oTo aploTepd xal Tov HAlo va Sdel 670 Thvw de&id xouudTL
NS EWOVIC.
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o Yivleto epdtnua: Mnogel va nepthapuBdver ouvBuaoud Twv tapandve UeBddwy, xuplwg uelln
exo6voc/oxitoou ye ua Moto entBuuntdy onuactohoyx@y evvoldy. o nopddetypa plo el
x6va mou aveBalel o yefotng xau anewxovilel éva autoxivnto umpootd and tov mlpyo Tou
‘Awpeh, Ba umopel va cuvodeutel and Tig Aéewg car, citroen xou €2 ywa vo Unopéoel lowg va
xoTohdBeL 1o oloTUA OTL 0 YPRoTNG SEV EVOLAPERETUL VLA ELXOVES TTOU TEPLEYOLY TO YVWGTH
owepévio uvnuetlo tou Hoaplolol, akhd Béker ewxxdveg mou mepéyouv To autoxivnto mou delyvel
n ewéva. H évvowr tou alvletou epwtAuatoc Oo emextablel otny enduevn evétnta ue v
ELOAYOYY) TNG AVASPAGTS CYETIXOTNTIS.

Yrdpyouv auétentes Lop®és epOTAUATOS, UOPQES TOU TpocUpU6LoVTAlL 6TA CLUGTHUAUTI To OTola
T ypnoyLonoovy. Xe mo xowvolpleg dnuooleloels elodyovTal véeg Uoppés epwthuatog. o mo-
pdderyua mpotelvetal and tov Assfalg n yprion epwtnudtey mou mepiéyouy TptodidoTata uoVTEAQ,
xafdg urootreiler 6TL Ta SIBLACTATA EPWTAUATA BEV TEPLYRAPOLY COOTE TNV YWELXT XATAVOUT TOV
avixelévoy otny exéva [Assfalg et al., 2002]. e yo dhhn evduagépovoa egapuoyr, o Kaster
TPOTELVEL TNV YP7ioN YELOOVOULEY Xt OUIALXC GOV EQWTALATI XAL GAV AVADOUGT] YL AVEXTNGY ELXO-
vov [Késter et al., 2003].

H ortixoroinon tov anotehecudtony g avalitnong elval évag and Toug TLo GnuayTLXols Topd-
YOVTESG TOU UTOEOUY Vo 08NYHGOUY GTNY anodoyh xoL SNUOTXOTNTA EVOS GUGTHUATOS avixtnong. O
Datta [Datta et al., 2008] xatnyoptonotel Sidpopous tpbénou ontixonolnone we eghg:

o Talwwounorn anotehecUdTwy Ue BAon TNV CYETXOTNTA S TPOS TO ERWTNHUAL.

Xpovohoyut] TaELVOUNGCT TWV ATOTEAEGUATWY.

Y UCTASOTONUEVT OTTIXOTIOLNGT TWY ATOTEAECUATWY.

Iepapyxd Sounuévr ontixonolnom.

Y4vletn ontixonoinon, Ue GUVSLACUS TWV TALAUTEVE.

H to&ivéunorn anoteheopdtov ue Baon Ty oyeTdTNTo 0¢ TEOS TO EPMTNUA ELVOL O TLO GU-
vinilouévog Tpdémog EUQAVIONE TV ATOTEAEOUAT®LY, GUUPOVA UE TOV OTOl0 T UROTEAEOUATO TO-
Ewvouolvta Ue Bdon éva auidvov pétpo andatacng and TNy exdva - epdtua. H ypovohoyuxy
TaZLvéunoT Twv AnoTEAECUATWY Elval anodoTixr oe eQUEUOYES 0PYAVOGTS TROGWTXDY GUANOYHY
eévoy. H ocuotadonoumnuévn ontixonoinon 1oy anoteheoudtwy egapuéotnxe and tov Chen oto ol-
otnua CLUE [Chen et al., 2005]. H wepapyixd dounuévn ontixonolnon epgavilel ta anotehéouata
o xdmoa Lepapy et} dout| 6nwg Yo Topddelyua Ue Hop@t| Sévipou.

Telodldotaty anetxxévLon Twy AtoTeAeoUdTOY TpoTtelvetal and to avotnua 3D Mars 6nou ot ewxd-
veg epgavilovtat 6e TpLedldoTaTo TAEYUN Gav o€ eQuproY T euovixiic mpayuatxdtntog [Nakazato & Huang, 2001
IBraitepa onuavtind yia Ty dnuovpyia Tou Yeapuxol tepdAlovtog evog ouoTRUATOS avanTuEng el-
val v uehetnfel xow va xatavonel to ndg o ypnotne ocuvifug dwayeplletar Tig exdveg mou €yel
XL TOS SLUTUTAVEL xaL TepLypdgel autd mou Oéhel va mper wg anotéhecua. 'Epeuva méve otny
avlp®dmvy cuuTepLpopd S Tpog TNV dlayelpnon Tou ool uAxoU éyouv Segdyel o Rodden xat
Wood [Rodden & Wood, 2003] xow o Cunningham avokier to 1éH¢ 0 dvBpwnog neptypdper Ty avé-
Yxn tou Yo ontixy) tAnpogopla [Cunningham et al., 2004] [Cunningham & Masoodian, 2006].
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Hepropiouotc oty Teémo Béong TV epOTNUATOY BETouV QopnTéc cUOXEUES, OTWS XLVNTE THAE-
gpova ) PDA. Ta teheutaia ypdvia xvntd tepuoatixd Yivovial 6ho xol To Uy Ve Ye1OTES ATOUAXRU-
OUEVODY GLUOTNUATOY AVIXTNOTG TOAUUECHY. ME TETOLWL CUGTHUATA OUWS, AeltToupYieg OTwe 1 xUAlon
XOL YEVIXOTERX 1) TEELAYNOT) 010 Tep3dAlov Suayepalvetal and To uixpd uéyebog tng 086vng. ‘Epeuva
Yl TNV onTixonolney oe 1€Tolou eldoug GuaXEVES UTdPYEL UE TpooEYYloELS BacloUuéves 6TNY TPOGoYY
Tou ypfiotn [Chen et al., 2003], xaL oty npocwnonolney tov cehidwy [Bertini et al., 2005].

1.9 Avddpacr oyeTXoTNTAS

Ané v dnuoveyia Twv TpdTeY cuoTNUdTOY avdxtnong dUo xdpla teoPfiuaTa TapaTneROnXay:
To onuaciodoyixé xevd, 1 éhheuln dnhadh avtiotouylag avdueoa otny eayouevn oty TANEopo-
ola xar v gpunvela g TANpogoplag AUTHS OTOY YPROTY, XAl N UTOXELUEVIXOTNTA TS aviedniyng
avtiAngne we mpog to ontd mepteyduevo. H unoxewwevindtnta undpyel o tohhamhd enineda, yio
TUEABELYUA XATOLOG YPNoTNG UTOEEL Vo EVBLAQERETAL VLo TO YEMU ULUG ELXOVIS TNV ULd QOpd, EVE
%x4Te and dAlec cuvOrxes Vo evBLapépeTal Yl THY LEY.

'V autd Tov Aoyo, and To pia-xa-6€6 EpwTAUATE TV TEOW®Y CUOTAUITOY AVAXTNOTG, N EX6-
uevy yewd mpoondinoe vo evowuatdoel Ul ouveyt avddpacr and tov yproty, tonoletdviag Tov
0UOLAGTIXE 6T0 X€VTPO, Y Vo Udbel teptoadtepa v i tpobéaelg - otdyouc tou (human in the
loop). H Swdpaotint| dtaduxacio tou va xplver o ypriotng ta anotehéouata tne xdbe avalhtnong
xau vo avampooapu6lel To epdtnua ue Bdon autd, ovoudletar avddpaoy oyetixdtntac (Relevance
Feedback), oe avtiotouylo xa ue nahibtepeg napduolec tpooeyyloels yio xeluevo. H avédpaon oye-
TdTTag unopel va Bewenbel pio el neplntwon avadvduevye onuacodoylac (emergent seman-
tics) [Lew et al., 2006].

Yy mo anh pwopeh g, 1 uébodog avadpaorg oyetixdétntag Tou Rocchio, to 1971, npdteive
v yetaxivnon tou onuelov epwtiuatoc (query point) mo xovtd o€ oyeTUXd ATOTEAEGUOTA XAl TUO
uaxptd and ta un oyetxd [Salton, 1971]. BéPala mhéov to epdtnua dev unopel va napaotabel e
évo u6vo omnueto xol and to 1971 ndpa morhéc puéfodol TpOGUPUOGUEVES GTNY AVAXTNGY EXOVWY UE
Bdom to ontxd Toug mepleyduevo £youy npotalel.

O Sclaroff ypnowonoiel 6710 oVotnud ImageRover anoctdoeig Minkovski yua tnv avddpaon oye-
TIXOTNTAS, UE TOV YphoTn VoL TUxdpEL TLS oy ETIXES ELXOVES and tar anoteréouata [Sclaroff et al., 2001],
evéd o Chen ypnowonowel SVM wag xhdong v v exudinon e avédpaorne [Chen et al., 2001].
Ou Tieu xou Viola ypnowwonototy tov akydpuo exudnong AdaBoost Yo tnv avddpacr oyetixd-
™Tag Ue xahd anotehéouata xabdg o AdaBoost Aettovpyel xald xau ue meploptouéva GeT exUdOn-
onc [Tieu & Viola, 2000].

Ou Rui xav Huang mpotelvouv €éva TOAUUEGIG UOVTIERD TOV AVTILXEWEVKY, TIOU TEPLEYEL SLAPOpA
YALUXTNELO TN XoL TOAMAATAES avarapaoTdoels, xdfe uwa and Ti¢ omoleg ouVOdeleTal UE XATOLOY
ouvTeEAeoT!| - Bdpog. Me Ta Sladoyxd epwTHAUTA XAl CUUG®YI UE TI ATOPIoELS TOV YeHoTn, T Bden
uetaBdhhovtat, petadhhovtag Tavtdypova xal to anoteléouata g avalhtnone [Rui et al., 1997b].

Trv anddoorn dapdpwy TEYVXGY avadpaons oYeTXOTNTUC ot neplBdihovTa Ue uixpés 0bdveg
(xwntd tmhépova, PDA) ueletdel o Vinay, eZetdloviag 1o xotd 1660 1 avddpaoy oyetixdTnrac
uall ue evahhoxtinés oTpatnYIXéS ONTIXOTONONS, UROPOUY VA YeNoWOTOoL0oly YLd VA UELOGOUY
Tov apliud TV eYYEdpeY Tou meénel va e€eTdoel 0 YEROTNC TNG XLWNTHC GUGXEUTS UEYpEL Vo QTAOEL
070 ot6yo g avalhtnoric tou. Kataoxevdler yu' autd to Adyo wwa dour dévipou ue Oheg Tig
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mhavég evépyeeg yprot - ousThuaTog, GoTe va Tpoadioploel wia LY UeyloTou oty anédoor, Tou
ovothuatog [Vinay et al., 2005].

1.10  X0yYpova GUCTAUATA AVAXTNONG KoL EQAPUOYES

Trv TAinBdpa oLGTALATLY aVaXTNONG EXOVLY Ue BAoY TO OTTIXG TOUS TERLEYOUEVO TOU OVITTU-
xOnxay uéyel v nponyoluevn nevtaetia, epeuvoly e€ovuyloTixd apxeTés oyeTIXES PBALoYpapLXES
uerétec. H mo ohoxinpwuévy yvio cuothuata uéyel to 2002 elvan 1 emoxdnnoy Twv Veltkamp xat
Tanase ané to mavemothuto tne Outpéytne [Veltkamp & Tanase, 2002]. Xe auth neptypdgpovra
avohuted 46 ouvothuata avixtnong. Ta meplocdtepa and autd dnutovpyhinxay epeuvnTixd ohhd
apxeTd and autd elyoav xoL EUTOPLXT, EQUPUOYT).

Yta o mpdogata €T, Oyt U6Vo Sev €xouv Byel 6T SNUOGLOTNTO TOAAL GUOTAUATA AVAXTNGNS
Baoloueva 6T0 0TS TEPLEYOUEVS TWV EXOVODY AANE X0l 1 GLYTELTTIXY TAELOYNGLo TWY TAANOTERWY
ouoTNUATLY Exel otauathoel va eehiooeTal.

"Eva obotnuo avdxtnong to onolo dvteie 6Tov ypbvo xal undpyel axoun dwbéowwo oto {viep-
vet etvaw 1o Tkona'l, Snuioupynuévo ané o yaklhxéd oviitodto Inria. Ye autéd ypnowonotobvro
YW TNV OUYXQELOT OTTLXE YUEAXTNPLOTLXG YPOUATOS, oY AUATOS xaL Lehc. Yrmdpyel enlong 1 duva-
TOTNTA AVAXTNONG UE YAEAXTNELOTIXE eEayOUeEVA ad TEPLOYES TNG EXOVAS, AVAXTNOT UE aVASEaUoT)
OYETMOTNTAG, AVAXTNOT) UE TOTUXA YALAXTNRLOTLXE TOVY EXOV®Y xaBGS xaL avaxXTNoT TELGSLECTATOY
LOVTEAGY.

To mo evdlagépovta cuothuata nov eéeAlocovtal ofjucpa Tpoépyovtal and TNy, Wialtepa evepyT
oTov YGpeo, oudda Tou mavemotnuiov tng O&pdedneg. Xe mhfen egapuoyr undpyouv dUo cuoTh-
uata, to éva ané ta onola elvor to Video Google? 670 omoto o ypRotne Sahéyel éva avitxeiuevo
and XAMOLO YULUXTNELOTIXG XopE Ulog Touvtag ot avalntdvtal dila xapé tne tawiag ota onola
autd mepléyetal. Eva axdua ovotnuo mou umopel va doxwudosl xavels 6T0 ourt g ouddag elval
T0 oVotnuo mou evtonilel xdmowa xtipla tne O&pdedne peca oe wia tepdoTiol GUAAOYT, PWTOYEU-
odv?. To evotnua auté Baclletor 6To mponyoduevo olhd éyouy Yiver peydhec Bertidoec Téve
OTOV EAEYYO YWEWMS GUVEXTIXOTNTAS, TNV dewxToddTNnom xaL TNy TayVtnta 6e oyéorn ue to Video
Google [Chum et al., 2007] [Philbin et al., 2007].

‘Eva d\o abyypovo cbotnua avdxtnong eivar to SIMPLYcity * (apyixd v 1o Semantics-
sensitive Integrated Matching for Picture Llbraries) éva olotnua avixtnong to onolo elvar, 6nwg
AéeL xau To Gvoua Tov, evalobnto ot onuactohoyixés évvotec [Wang et al., 2001]. Zuvdudlet dnhadd
UETABEBOUEVA TNG EXOVAC e OTMTLXA YopaxTnetoTixd yia Ty elaywyr tou arotehéouatog. To
cYoTHUY auTthd cuvdéeTal dueoa xal e 1o cvotnua Alipr®, To onola cuvdidlel enlong petadedouéva
TV EOVOY Xal dIvel 6Tov Yphiotn TV emAoyr avixtnong «oyetxdvy (related) ¥ «napbuoiwv»
(similar) ewévov. Tty npdtn nepintwon, n avalhAtnon yivetow ypnowwonoudvtas taunéles (Ue Ty
HOPOT XEWEVOU) TV EOVLY EVE 0Ty deltepn e ontixd yapaxtnptotixd. To 6ho ovotnua otoyelel

lhttp://www-rocq.inria.fr/cgi-bin/imedia/circario.cgi/demos
Zhttp://www.robots.ox.ac.uk/ vgg/research/vgoogle/index.html
3http://wuw.robots.ox.ac.uk/ vgg/research/oxbuildings/index.html
‘http://wangld.ist.psu.edu/cgi-bin/zwang/regionsearch_show.cgi
Shttp://alipr.com/
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OTNV AUTOUTY YAWGOWT SElXTOBOTNON-TaELVOUNOT TOV EXXOVWY UE UETASESOUEVO XaL ETULOLOXEL UL
otatioTixf npocéyylom npoc auth Ty xatevfuvor [Li & Wang, 2003]. Ta apywd Alipr dAhwote
onuaivouv Automatic Linguistic Indexing and Picture Retrieval. 'Evo axdéua obotnuo nov cuvdidlet
napbuoteg teyvoroyles (xa davelleton xon o (3o ypaguxd tepBdihov) etvar to CLUES.

Ané v xohoooialo avATTLEY TWV POTOYRAPXAY GUANOYDY TOU UTAEYOUY GTO (VTERPVET EURVEY-
otnxe 1 oudda tou Torralba xa oyedlace éva olotnua avixtneng to onolo ¥lehe va teptéyel 660 10
Suvatéy TeploabTepeg ewedveg. AvéntuEe hownéy 1o avatnua 80 Million Tiny Images” to onolo tepié-
YEL Wiat TepdaTiat GUAROYY amd TohD Uixpéc exdve (32 x 32 ewovootouyeiwy) [Torralba et al., 2007).

"Eva axéua olotnua avéxtnoen rou uropel va Beet xavelg online oto (vtepvet elvan to Acciol®.
Ye autd, o ¥photng Slvel 6TO GUGTNUA HATOLEG ELXOVES TIOU TERLEYOLY TO AVTLXELUEVO TPOC AVAXTN O
XOL XATOLES ToU deV TO TEELEYOLY, XL UE TNV Ypnoldonoinar evog eldog xatdtunone and onueia
eVOLAPEQOVTOS XaL eVvog ahyoplBuou udbnong amd molhamhéc ewdveg TavouolbvTaL oL EdVeS Xal
ETLOTEEPOVTAL GTOV YENOTYN OL XOVTLVOTEQEC.

Ou tatpixée ewxdveg elvar évag Toyéag oTov onolov 1 yeron cuoTnUdTwy avdxtnong ue Bdon To
ontxd mepleyouevo elvar Wialtepa dwadedouévr. Ta anoteréouata 6Tov TOULd AUTOV Elval EVTUTWL-
oLaxd Xl LaTEXd XEVTpa 68 6AO TOV XOGUO Y pNoLULOTOLoVY xalnueptvd tny teyvohoyia auty| yio ava-
yvéeor taffoewy and axtivoypaple, uayvntixés topoypapies i eyxeparoypapfuata [Tagare et al., 1997].
Ta cuothuata autd dev Slagépouy oe TOAAG onuela and T GUGTAUATA AVEXTNONS PWTOYEAPLOY
yeVXoU TEPLEYOUEVOL, aARd amoTehoUV OTIC NMEPLOGOTEPEC MEPLNTOOELS EMEXTAGE Touc. To aU-
otnua Tou npotelvouy ot Lehmann et al. anéd to navertothutou tou Aayev [Lehmann et al., 2000]
[Lehmann et al., 2004], elvaw pio enéxtaon tTou yvwotol custhuatog Blobworld [Carson et al., 2002].

Enoxénnon twv cuetnudtoy avixtnong ue Aon 1o ontixd RepleyOUEVO TV EXOVGLY TA OTtola
€youv wtpwés egapuoyés, éywe to 2004 and tov Muller [Miller et al., 2004]. Ye avtriv mapou-
otalovTal TEYVIXES XAl EQUPUOYES CUOTNUATWY AVAXTNONS UE YVOUOVA TLS LUTELXES EXOVES, dlveTal
oyt BiBhioypapla xou mpotelvovtal oevdpla Yoo ueAhovtixt| eZ€AEn Tou xhddou.

Shttp://wangl4.ist.psu.edu/cgi-bin/yixin/spectralsearch_show.cgi
"http://people.csail.mit.edu/torralba/tinyimages/
8http://wuw.cs.wustl.edu/accio/
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Kegdhato 2

AvalAtnon ewxdvey ue Bdon ontixd
YALEAXTNELOTIXA ATtd OAOXATIEN TNV ELXOVA

2.1 Ewaynyiq

Ye autd 10 xEQPIAULO TALOUCLALETAL 1) TLO ATAY) TEYVLXY] AVAXTNOTS EWOVWY UE 3doT To onTix
TOUg TEpLeybuUEVO. Xe auTh TNV TeplnTwon yopaxTelaTixd eEdyovton and ohdxhnen Ty ewdva (global
features) xar oUUQLYAL UE AUTE GUYXPIVETOL 1) EXOVA TOU EPWTAUNTOS UE TLS UTONOLTES ELXOVES
g Bdone. Ty mponyoluevy dexaetia dnuoveyRinxay moAAd napduown custhuata avalitnong,
EUTOPLXE %o UT), BACLOUEVR GE OTTLXA YALUXTNELOTIXS YPOUATOS XAt UPHE EEAYOUEVA AT OAOXATET)
™Y exova.

'Onwe avagéplnxe xal 610 Tponyoluevo xe@dhalo, ol teptypagelc mou eEdyovtar Xatd auTdy
TOV TPOTO UNopoUV Vo TepLYpdouy anoTEAEGUATIXG EWXOVES UE Opald OTTIXO - GTUACLOAOYIXO TE-
pleyouevo, xabde Yo va evtomotel a Evvola UE Ypron auTOY TV TEPLYRAPEDY, TRENEL VAL XUTEYEL
EVOL ONUAVTIXG TOGOGTO TNG EWXOVAS. E ELXOVES UE TUXVO OTTLXS TEPLEYOUEVO, OL TEPLYPAPELS au-
Tol, 0TV MpooTdfela TOUG VoL AVATORAGTHGOUY OAOXANEY TNV £LX6VA, UTEEdedovTaL XaL Yavouy Thy
dLaXELTIXOTN T TOUC.

Koplo mheovéxtnua autic e uebodou elval 6tL unopel vo xaTnyoploTORCEL ATOTENEGUATIX
ebVeS oL OToleg TEPLEYOUY GTO GUVORO 1 GE UEYAAO TOGOOTO TG EMLPAVELAS TOUG EVVOLES UE (AU~
xTNpLoTL| VYT 1) ypdua. Ewdveg and éva nhioPaciieua, yia nopddetyuo unopody va EeyweloTovy
eUxoha Ue 3o YapaxTneloTind Ye®dUatog and exdveg evog MBadlol B yevind and ewoveg Ue Puolxd
tontla (BAéne oyfuata 2.6, 2.7 xat 2.8) Xopaxtnplotixnh) QR EYOUY XoL OL EXGVES UE XOTAPPEXTES
XAl UE TO XATAAANAAL YopaxTNeloTixd ugng unopolyv vo Swagoporoinfoldy and dAAec — mopOUOLES
YEWUATIXG — ELXOVES.

Avoxohieg 6TV avdxtnoy unopoly vo nopatnenboly oe avouolduoppes GUANOYES EXOVWY. Av,
Yo Topddelyud, To Talplaoud YiveL Lovdya Ue ypwuatied xpltheta, oL 300 exdveg Tou oyfuatog 2.1
Oa emotpagoiy we tapduoles. To 8o unépdeua unopet va tapatnendel oe dAleg TEQLRTOGELS EUOVODY
av yenowonownoly anoxielotind meptypoagelc vehc. Ta mepduota €dellav étL évag ouvduacudg
TEELYPUPEMY LPHC XAl YPMUATOS UTOPEL Vo €)eL TOAD XAAd ATOTEAECUATA GE EXOVEC URO QUOLXA
Tonla.
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Yyfuo 2.1: Ou 800 ewxdveg umopel va emotpapoly ¢ Tapduoleg av yenowdorotnboly ano-
XAELOTIXG YpwUaTIXol TEpLYpapELlC.

E€aywyn Omtikwv
XAPAKTNPLOTIKWV N
Am6 OAEC TIC ELKOVEG TNG [/

Offline tabkaoia:
Anpoupyia g Bdong
XOPAKTNPLOTIKWY

AmnoBrikeuon otnv Bdon

Baong
E€aywyn Omtikwv
. . . . XapaKTNPLOTIKWY ard A JUyKpLON TWV ] .
Online badikacia: Epwtnua Xpnotn TNV €LKOVA TOU — XQPOKTNPLOTIKWY [TOPOHOLEG ELKOVEG
E£PWTAHOTOG

Bdon
XapaKTNPLOTIKWY

Yyfuo 2.2: Eynuatixd didypauua tne TeYVxAC avalAtnong Ue yopaxtnelotixd eaydueva
and OAOXATEN TNV EXOVAL.

Lougwvo ye Ty amhy Swdixacio Tou oy uatog 2.2, onTixd yopaxtneloTixd eEdyovTial GUVORLXd
and xdbe exdva tne oulhoyric. Ta yapaxtnerotind autd oynuatilouy eva ToAudldoTaTo Sidvuoua
avarapdotachc e xor anofnxedovtar oty Bdon Sedouévey Tou cusThuatog. Auth 1 Saduxacia
exteheltan ula Qopd v Ty Bdomn dedouévwy oy o npayuatikd yedvo (offline) xar npéner vo Eo-
vaexteheotel 6tay embuueitar va eloayfoldy xawvolpleg exdveg oty Bdorn. "Otav yivel éva epdtnua
(query) v avalATnom, T OTTUXS YAEARTNELOTING TNG EXOVAS TOU EpOTAUATOS EEEYOVTAL THY OTLYUR
exelvn (online) oL ouyxplvovtaw ue to avtioTolya yapaxtnelotind 6Ghev Tov exévey and ty Béor.
Ané v olyxpLom EMLOTEEQOVTAL GTOV YEHOTN OL XOVTLVOTERES, GUUPOVA UE XdTold andoTacy and
TNV EXOVA TOU EPWTAUATOS, EXOVES WS Tapduotes. Puoixd ta ontind yapaxtnelotixd dev ypetdletal
va eZayfolv Eavd av 1 ewxdva Tou gpwTAUATOg elvat pia and Tig ewdveg Tng Bdong. e auth Ty
neplntwon o yapaxtneloTixd Aaufdvovtal and tny Pdon.
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2.2 Ouv ortuxol neprypageic tov MPEGT

Lo v e€ayoyh TV YopaxTneloTxdV and Tig eOVES YENOLLOTOLOVUE OTTIXO0US TEELYPAUPELS
Tou npotinov MPEG-7 [Chang et al., |. To MPEG-7, yvwoté xa wg Awenagy| Meprypagrc Ho-
Avueowxot Ilepieyouévou (Multimedia Content Description Interface), elvar to teheuvtalo mpbtuno
nou avéntue to MPEG, petd ta Wuwltepa Siadedouéva npdtune MPEG-1, MPEG-2 xoa. MPEG-4.
Evé ou npdyovol tou eotialav 6Ty xwdixonolinot, cuutlesn xaL avanapdoTos! OTTIXOAXOVGTLXOY
vAwol, To MPEG-7 eotidlet otny neptypagy| Tou nohuueoixol nepeyouévou [Sikora, 2001]. Avopé-
PETUL OTO TEPLEYOUEVO SLAPORETIXDY XATNYOPLDY OIS exdva, Blvteo, yog, outhia, yeapud xabdg
xaL oLYSLACUOUS TV xuTNYoeLdY auT®Y. H avdntuéy tou dpyioe to 1998 xau €yive diebvég npdTumo
10 2001. Iopaxdte ene&nyodvial cuvomTnd ol Teelg Teplypagels ypoduatog oL ov dbo Teplypagels
vphe tou MPEG-T7 ou yenowonovifnxay [Manjunath et al., 2001]. T v eayoyy TV tepiypo-
oV anb TIC ebVee Ypnoruonolfinxe xou evowuat@dinke 610 clotnud To npéypaupa VDE! (Visual
Descriptor Extraction), nepuoobtepec TAnpogoples Yo to onolo undpyouv oto [Tolias, 2007).

2.2.1 KApoxwtdg meplypapéas YeoUwatog

O xAwaxwtdc neprypapéac yeduatoc (Scalable Color Descriptor) elval éva oyfua xwdixonoln-
org Paoiopévo atny uetatpont) Haar ndvew otig Tiwés evég otoypduuatog ypduatog otov HSV ydeo.
To wotéypapua xBavtiletor ota 256 bins xaL ot ouvéyela, ue d0poLom YELTOVIXGY X0pUPGBY UTOREL
va uewwlel tepatépw to péyefoc tou mepiypagéa. H Pacuxh povdda tng uetatponic Haar amote-
Aelton and wa Aettovpyla abpoloupatog (Baburnepatd giktpo) xau ua hettovpyla Swapopdc (udinepatd
piktpo). H uopenh tou dwavicuatoc mou npoxintel dlvetaw and tn oyéon

SCD = [e1,c1,...,¢N] (2.1)

6nou N elvan to uéyebog Tou LoTOYPAUUATOC.

2.2.2 Ilepiypagéog douns Yp®dUATOg

O reprypagpéac douic yeduatoc (Color Structure Descriptor) mpoonafel va anoTtundoeL ta To-
XS YeWUATIXA YopaxTnetoTixd tng ewoévag. Ta va to netdyel autd, éva napdbupo didotaong 8x8
pixels capdver Ty ewdva. Xe xdbe petaténion tou napaHioou, xatauetpdtol o aptiuds TwV PopPGY
Tou 1o xdfe ypdua tepthauBdvetor uéoa 6To doulxd atolyelo, xal dnuroveyelton 1ol éva LoTOYpAUUA
Yeoudtov. Ot dbo ewdvee tou oyfuatog 2.3 elvar napduoles cav Lotoypdupata (2 xopupdv), oL Te-
eLypagelc Souns ye®dUaTég Toug duws elval evieAds Slagopetixol. H popgy) Tou Swaviouatog divetat
and v oyEom

CSD = [hy, hy,. .., hy] (2.2)

6mou N elvon 1o péyeog tou wotoypdupatog, dnhadh o apluds Twv ypoudtwy. T va elvol
anodoTixdg o meptypagéag, To Yedua xBavtiletal oe 256 enineda xar €ToL 0dnyoduacTte o€ eva Sud-
yuoua Teptypagnic Ue 256 otolyela. O UTOAOYLOUOS TWV TWUGY TOU TEPLYPAPEN GTNY TERITTOOY ULdg

Thttp://image.ntua.gr/smag/tools/vde



Eyypwunc exoévas (e 8 Swapopetind ypoduata) gaivetar 6to oyfua 2.4. To douwxéd otouyelo elvar
TETPAYWWLXO oL EyeL To ueyehog 8x8 elxovoatolyelia.

Yyhuo 2.3: Ewdves 2 ypouotxdy emnédwy ue dagopetixd) dour ypduatog (and to
[Manjunath et al., 2001]).

v 31

B x 8 struchoing element

YyAua 2.4: Yrohoyioude neptypagéa doufic ypwuatoc (and to [Manjunath et al., 2001]).

2.2.3 Ilepiypagéag dLataing yeduatog

O reprypagéac ddraéne ypduaros (Color Layout Descriptor) avonaplotd anoteAeoUOTIXG TNV
YWl xatavour Tou yYpduoatog atny exdva. Kalde diver Bdorn otny ywewxt| Sour|, elval Wiaitepa
xenowog o€ epapuoyés avdxtnong ue Bdorn oxiteo tou yehotn. o v eaywyh Tou neptypapéa,
N ewéva Swpeltar oe 64 unhox, oe xd0e éva and ta omola eZdyeTAl EVA AVTLIPOGWREUTIXG YPOUA.
Yy uwpooxomut euxdva ueyéboug 8x8 mou dnuloupyeiton and Ty napandve Swadixactio exteleltal
dtaxprtde uetaoynuatiopés ouvnuitévou (AME- Discrete Cosine Transform - DCT) Zeywplotd oc
xébe éva and ta tpla ypwuatd xavdiw. Ev tékel, o nepiypagéac e&dyetar and toug mpdToug
N un ouotbpoppa xBavitouévous ouVTEAeoTés (Ue 0dpwon o 0d0VIWTY Tpoyld - zigzag scan) Tou
UETAOYNUATIONOY Yo To xdbe xavaht. O mepiypagéac Sdtaing ypduatog opiletar and v ayéon

CLD = [{DYDC, DYA(;Z}, {DCT‘Dc, DCrac, } {DCbDC, DCbac, }} (2.3)
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channel

channel
number

3 [
20 ir.‘,bs. i

28‘,127 25 25
1]

Eyfua 2.5: O Suauepioude g ouyvotntag oe 30 xavdiia yia TV eCaywyr) TOU TEQLYPAUPEN
ouotoyevolc ugfhic (and to [Manjunath et al., 2001]).

6mou T 1, J, k Snhdvouy tov aplbud Twv AC cuvtelesTtdv xal unopodv va ndpouv Tig Twés 3, 6, 10,
15, 21, 28, 64. Xenorwonowlnxay 12 cuvtekeatéc GuVOAX, 6 yia TNV GOTELVOTNTA XaL 3 Yo xdle
YeWUATIXG xavdAL 6ToV yewuatixd ydeo YCrCh.

2.2.4 Ilepiypagéag opwoloyevolg LPNG

O reprypagéac ouotyevolc vpic (Homogeneous Texture Descriptor) neprypdget tmy xateufu-
VIXOTNTO, TPoYUTATA oL TOXTXOTNTA SLdpopwy Tpotinwy/teptoxdy g ewdvas. Baolletor otov
UTOAOYLOUO TOTUXMY Y WELXMY XAl GUYVOTXAY OTATLOTXGY TNg uenc. H eudva guitpdpetar ue glitpa
TPOGAVATONGUOU oL xAlgoxac xoL vrohoyiletar n yéon tyuh xaw n Tumxd) andxhon (fpc, fsp) TV
arotelecudtoy oto medlo tng ouyvétntag. To oyfua 2.5 Selyvel o nidg ywelletal To eninedo TV
ouyvothtwY ot 30 xavdhia and to glitpa. H A1 Swaduxacia emtoydvetoal onuavtind av oL tapardve
TWES UTOAOYLOTOUY GTNY TEELOY Y TNS GUYVOTNTAC XoL Oyl 6Ty ywewr meproyr. O mepiypagéog
ouoloYevolg Lerc oplletal and TNy mapaxdtw oyéon:

HTD = [fDC,fSD,el,EQ, .o, en,dy,da,. .. ,dN] (2.4)

‘Onou fpce elvar 1 uéon xon fgp 1 TURLXH ATOXALOT TV TWWGY T1)¢ EX6Vag, N 0 aplbuds Tov xovakidy
ota onola Ywpllel 0 TepLYpaENS TOV YOEO GLUYVOTHTOY XaL €; Xt d; 1) UEaT evEpyeLa XaL 1) ATdXALeT
evépyelag Tou xafevég and autd. To tehixd Sidvuoua Tou neplypagéa exel Unxog 62 otolyelwy.

2.2.5 Ilepiypagéag Iotoypdupatog axuoy

O reptypapéac totoypduuatoc axudy (Edge Histogram Descriptor) elvat éva didvuoua 1o onolo
QVATUPLOTE TN YWEWT XATavoUY) TwV axueOy Yéoa otny ewdva. H xoatavourn tov axuody elvar uia
XAAY) AVOTApdoTaoT) VPN, YEHOWY Yo TO TAlpLAGU PUOLXDY EOVWY.

['o Tov unohoyloud Tou meplypagéa, 1 ewdva dpeltor oe 4 X 4 unoewdveg xu €meita 1 xdfe
uta and autés datpeltal EMTAEOY OE U] EMXANUTTOUEVA TETRAY WYY Unhox, To Uéyebog twv onolnv
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xafopiletor avdhoya pe Ty avdiuon tng exévag. O aplBude twv unhox etvar otabepds v dheg Tig
edveg xat elvan {oog pe 1100. Ov axués ywpllovtal oe 5 xatnyoples: optldviies, xdbeteg, Slayhvieg
ue Tpocavatohoud 45°, Slaydvieg Ue mpocavatoioud 135° xo un xateubuvtixég axués.

Yty ouvéyela xdfe éva and ta umhox tadivoueital oe ula and Tig Tévie xatnYopleg axudy 1 oay
umhox yopelc axués. I va yiver  xatnyoplonolnon egoapuélovial aviyveutés axpudy oe xdfe umiox
apov autd Bewpnboly cay exdva 2 X 2. Metd v xatnyoplonolnen 6 AnY Twy uniox, utoloyilovral
TA LOTOYPAUUOTO axp®Y Ue 5 xopu@és, uia yia xdfe eldog axurc, v Tic 16 unoewxdves. "Eyouue
dnhadrh ouvohxd 16 X 5 = 80 xopugéc, dpa 0 TEPLYPAPEAS LOTOYRPAUUATOS axUdY elvar éva 80-
dudoTato ddvuoua.

2.3 Toalplaoua meplypapéwy

Metd v e€aywyh TOV TEpLYpAPEewy and ULd eLXOVA, TNV EXOVA AUTHY AVITAPLGTOVY Tl GTO
oVOTNUA Uag Oyl Ol TWES QOTELYOTNTAC TOY ELXOVOGTOLYEL®Y TNG, AAAL Ol TUIES TWV TERLYRUPEDY
mou e€hyfnoav. Av unohoyioouue ta emuépoug ueyéln Tou xdbe mepleyaéa, TAéov 1 xdbe exdva
avanaploTatol 6To 6UeTHUA Lo Ue Eva didvuoua Sidotaong 666, avelapthtwg Tou ueyéboug xou tng
avédlvone e (mivaxag 2.1). Ilgérer va onuewbel 6t yia va eayfoldyv cwotd éhow ov neprypagpelc
and uia exdva, analteltal va €yel eldytoto uéyebog 128128 ewovootouyela.

| SC [ CS [EH | HT | CL |
1256 [ 256 | 80 | 62 | 12 |

Iivaxag 2.1: To ddvuoua ontixdy Teplypagéwy uag exovag. Ol ouvtouoypagleg Twv ovo-
UATOVY TWV TEPLYPAPEWY oTOV Ttivaxa 2.2.

H Sewxtoddtnon otny amhf auth wopgth cuothuatog elvar e&loou amhi, xabdg yio xdbe edva
ooletar oty Bdorn dedouévey to Sidvuoua Tou oyfuatog 2.1. Ou twég Tou xdbe tepiypagéa oHdlovtal
oe dtaxpLtd medla tng Bdong yio tayTnTa, xabde, dTWwS AVAPERETAL TAPUXATK, YL TNV GUYXELOT) TOVY
eévwy utoroyilovtal Eeyxwplotd oL emuépoug anootdaels v xdfe meprypapéa.

Lo T odyxeron 8bo ewdvey, utohoyilovial apyxd oL emuépoug anootdoelg UETAg) TwV avTi-
OTOLY WY TEPLYPAPEWY TOUC %ol EMELTa, UETE xat amd pia daduxaoia xavovixomoinong, Byaiver and
QUTEC TLC EMUEROUS ATOGTACELS 1) UEGT an6OTAGY], avahoya ol Ue Ta Bden mou €youy xafopiotel yia
Tov %xdbe mepLypapéa.

To npoétuno MPEG-7 8ev opilet pntd xdnowa 6uvdptnor unoloyiouol andotaong yia GAOUS TOUS
neprypagelc. Ilewpduoata dumg €youv Sellel 6t 1 cupewe yprnoidonotoluevn xat Wiattepa anir L1
anéoTaoy umopel va egapuoctel ue emtuylo yia T oUYxpLon TV TEpLYpd(pEwy SouNg Yp®UaTOG,
LOTOYPAUUATOS AXUMY, OUOLOYEVOUS VGRS XAl TOV XAUIXWTO Teplypapéa yehuatos. Ou ediodhoelg
dlvovtal mapaxdTw:

256
D(SCD,,SCD») = Z | c15 — coi (2.5)
i=1
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256

D(CSDy,C8Dy) = | ha; — hyi | (2.6)
=1
60

D(HTDy,HTDy) =Y _ | huj — ha | (2.7)
i=1
80

D(EHDy,EHDy) =Y | e1; — e | (2.8)
=1

[ Tov unohoyioud g andotaonc wetald dVo meplypagéwy ddtaing ypduatog, 1o MPEG-7
Tpotelvel Ty e&hc cuVdpTNoN:

D(OLDy, CLD) = \/ 3 (wyi( DY = DY2)? 4 wij(DOr} — DCr2)? + wyo(DOBL — DOR)?)
(2.9)
‘Onou Ta Bdpn wy; ,wrj , Wek elvol oty mpoxelévn neplntwon (oo pe 1.
[ Tov umoloyioud g cLVoAxrc andoTacrg HETalY TV dUo ewdvey, utohoylletar o yéoog
6pOC TWV TAPATAVE ATOGTAGEWY UE BdpT), UUPLVA UE TNV OYEoN:

wes - distcg +wpg - distpg +wgr - distgr +wery, - distor, + wge - distge
wes + WeEH + WHT + WL + Wse

D(I,I5) = (2.10)

orou distx elvon 1 anéotaor TRV 8U0 EWdVLY GUUGHVA UE Tov TEpLypagéa X xaL wx TO aviioToLyo
Bdeog Tou. Ou cuvtopoypagles TwY Teplypapéwy galvovtal 6Tov Tivaxa 2.2.

Ovopacio neprypapéa Yuvtopoypapio
Heprypagéag Aouric Xpduatog CS
Khpaxwtog Heprypagéac Xpoduatog SC
[epuypagéac Iotoypduupatoc Axudy EH
[Tepuypagéac Ouotoyevoic Yorc HT
[Teptypagéag Adtaine Xpduatog CL

[Tivaxag 2.2: Yuvtouoypaplec TwV TepLYpapeéwy

Ty «canhip autopatonoumnuévny (ue éva xhix) avalhtnon oto ovotnua 6ha ta Bden €xouy Twud
1, dpa 6hov oL mepiypagelc ouuuetéyouy egloou otny tedwh avdxtnon. To ypdua €xel étol éva
TpoBddioua ae ayéomn ue TV LY xaBOS yenoLLoTolUVTAL TEEL TEpLYpaels YpduaTtog xat 8o uerc.

Mepwd anotehéopata ue autd to Bden galvovtal ot oyfuata 2.6, 2.7 xau 2.8. Y10 mdvw
uépog elvar 1 oV TOU EpWTAUATOS XAt amd x4Tw Tallvounuéves and Ta aplotepd mpog Ta dedLd
xaL and TEvVw TEOS TA XATw oL xovivotepeg 12 ewxdvec. Yo mopadelyuoata qatveton xabapd ot
OL AVAXTOUEVES S XOVTLVOTERES ELXOVES LOLdlOUY TOAY Ue TNV eXdVa TOU EpWTHUATOS WS TPOS TO

YEOUA Xl THY L.
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Yyfuo 2.6: Anotehéouata avalhtnone ue Bden loa ue 1 oe cUANOYY UE QUOLXES ELXOVES ATO
to Corel. HioBoolheua.

2.3.1 Ilponyuéveg duvatotnteg avalntnong

Ytov ypfotn tou cuothuatog dlvetal 1 duvatdétnTa vo yetafdiier xatd Polinon Ta Bden Twv
mepLypapéwy. 'Etol o mponyuévog yenhotng, uetaBdihovtag ta e, UTOPEL Vo YpNOLULOTOLAOEL TOUG
xotdAAnhoug mepLypogelc Gote va xateubiver Ty avalATnor tpog Ta YopaxTneloTixd tou entbuuet.

Y10 oyfua 2.9 gaivovton ta anoteréopata avalfTnong g emovag Tou oyfuatog 2.6, ahhd po-
vayo ue Toug meplypageic venc. Mropel va napatnerioet ebxoha xavelc 6Tt dheg oL Adbog» avaxtroelg

uotdlouy Ue TNV exdVA TOU EQOTAUATOL WS TROS TNV LY.
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Yyfuo 2.7 Anoteréouata avalhtnone ue Bden loa ue 1 oe GUANOYY Ue QUOLXEC ELXOVEC ATO
to Corel. "'Epnuoc.
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Yyfuo 2.8: Anoteréouata avalhtnone ue Bden loa ue 1 oe GUANOYY Ue QUOLXEC ELXOVES ATO
to Corel. Bhdotnon,.
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Yyfuo 2.9: Anoteléouoto avalitnong UGVo Ue TepLYpagelc VYA 0 GUANOYT| UE QUOLXEC
ewodveg and to Corel. HhoBaotieua
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Kegdhato 3

To yovtého bag-of-words xa avalrtnon
UE PACT) ONTIXA YOEAXTNPLOTLXE TEQLOY MY

3.1 Ewoaynyiq

'Oty 10 6NUACLOMOYLXO TEQLEYOUEVO TWY EXOVRY EUTEPLEYEL TEQLGGOTERES ATO ULX EVYOLES LPT-
AoU emmédou, T6Te Ui Teplypa@r] eCaybuevy and ohdxhnen TNV MOV TERLYPAQEL OAES TS TEQLEY -
ueveg évvolec wall. Kablotatow howndv oyedoy adivato 1o va Slaymelatoly TOAATAES EVVOLES AUTEC.
Auté éyel wg anoTéheoud, EXOVES TOU TERLEYOUV LTOGUYOLS TwV {NTOVUEVOY EVVOLOY TNE EXOVIS
TOU EPWTHHATOS, Vo U1V EMLOTREQOVTAL oav Tapduotes. EpeuvAlnxe npog auth tnv xatedbuvorn uia
ey vty avalAtnong mou Baciletol oe YopaxTNELoTIXd TERLOY MY TNS EXOVAS, GV Ui TEOoTdleLa va
anotunwloly xalitepa xau vo elvar Siayweloweg modanhés évvoleg udmhot emnédou.

Ye auté 1o xe@dhato tapovatdletal auth N o oUvleTn TEY VX avaXTNONS EXOVLDY. LiUPeVA
ue auth, N xdbe edva umdxertol apywxd oe wa Swdixacio xatdtunong. Xwelletoar o Teployég,
ané Tig onoleg énelta e€dyovTaL To OTTIXG YapaxTneloTixd. ‘Emeita, yio va emiteuybel taydtnTo
anodoTXOTNTY, exTEAElTAL CUGTASOTOINGY OAWY TWV ONTIXGOY YULUXTNELOTIXDY TOV TEELOYDYV TOV
ebVOY NS Bdong, ue anotéhecpa va e€dyovTal xdnotes ouddec neptoydy and Sudpopes ewxbdves, ot
ornoleg poldlouy wg mpog Ta ONTLXE yapaxTneloTixd. Mropolue va molue 6t xdfe uo and autég
oynuotilel xou €vay TONO TEQLOYTC.

o %80 exdva petd v xatdtunor, unopel vo unoloyiotel 1 andéotaon — ue Pdon xdnolo
xpLThpLo — TV TEPLOYOY TNg and xdfe tino neployrc, ouyxplvovTag Ue Ta OTTIXE YopaXTNELOTIXS
Toug. Av amd xdbe neployn xpatnbel n eAdyrotn and autég Tig anoatdoelg, 16Te auTh Ho eugaviletal
07OV TUTO TEPLOYNS, OTOV Oomolo 1 cuyxexplévn Teptoyr elval mo «xwovidy . H eudva unopel niéov
va avoanaploTatal and Toug XoVTLVOTEPOUS TUTOUS TERLOYDY TV TEPLOYOY NG xabdS ot and Tig
avtiotolyeg anootdoels. Autd opllouv to ditdvuoua avarapdotaons tng exdvos. T v alyxplon
TV EOVOY, UTopoly v cuyxplioly ta avtioTtolya SlaviouaTta avanapdoTaone 1OV EXOVLY. XToV
XeNOTN EMOTEEPOVTAL WS TALOUOLES OL ELXOVES T SLUVUGUITO AVATIRACTACNS TOY OTOlWY ATEYOUY
Ay6Tepo amb To aviloTolyo SLAVUCUO TNG EXOVAS TOU EPWTAULATOS.

H Sout| Tou cuotiuatog gaivetal 6o oyfua 3.1. H Siaduxacia dnuioveylag Tou ontixol Aedixol,
dnhadnh tou he€uxol Timwy mepLoy @y, xalhe xon 1 e€aymYn SLavUoUATOY AVITApdoTAGS Yol X80
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Offline Stadikaoia:
Anploupyia omnTikol
Ag€lkoU TUTIWV TEPLOXWV

Online Swadwkaoia:

Epwtnpa Xpriotn

/ A\\\

/\\

-

N : & ] N
/ . a Sy AmoBrkevon T~ AmoBrikeuon k2
T JuMoyr ElKovwv/ omnTKoy )\SELK()V . Swavuopdtwv
S5
i I
E€aywyr Omtikwv L GAnuloup’vLa
) ) i\ 4 ; LAVUOHATWY
Kordrunon twv ewsvay [ ) XapaKTnpLOTIKWY Zuotaboroinan /| avomopdotoong ya
anod Kabe meploxn e

Katdtunon kat e€aywyn
OTTLKWV
XOPAKTNPLOTIKWY Qo

Anploupyia
Saviouartog
QVOUTOPAOTAONG yla TV

N
v

/

20ykpLon twv
Slavuopdtwy

MapopoLEG ELKOVEG

TLEPLOXES TN ELKOVOLG TOU - QVOapEoTaong
EPWTHHATOG
/ LT\\\\ )\
Omntiko )\EELK()/ 6(1(,"] Sedopévwy
LY o
\\// \\//

Yyfuo 3.1 Lynuatixd Sudypauuo Tou cuotiuatog avalitnong ue Bdon yopaxtnelotind ea-
YOUEVY OO TEPLOYES TNS ELXOVAC.

ua Ao LG EWOVES TNg Bdong exteheltal pla popd. Xe mpayuatind yeovo epwTAUATOS 1) Stadixacta
XATATUNOTS, EEAYWYNS YARAXTNPLOTIXGY %ol SLVICUATOS AVATARIOTACTG EXTEAELTAL UOVO Yl TNV
eX6Va TOL €pOTAHULATOC, EQOaoY auTy Sev avixel #dn 6Ty Bdon. Apxetd napduoia cuothuata avalh-
nomg €youy avartuybel uetd to 2000, ahhd n e€EAEN TOUC EYEL OTIC TEPLOGOTERES MEQLITMOELS TAEOY
OTAUATHOEL.

3.2 Koatdtunon tov exdvmy

Q¢ xatdtunon pag ewodvag oplletar 1 Swaduasio xatd Ty onola W ewxdva Staywpetletar o
OUOLOUOPYPES WG TPOS XATOLO XELThpLo TepLoyés, oL omoleg elvor emlBuuntd va avTLoTolyoly G avTL-
xelyevar, TUAUATO AVTIXELLEVODY 1 YEVIXOTERpA EVVOLES. TNV Tpoxeluévn Teplntwor Ho Béhaue Wavixd
and Y XATATUNGT VO TAPOUUE TLG TEPLOYES TWV EXOVWY TOU AVILGTOLYOUV OTLS ONUAGLOAOYLXES
€VVOLEG TIOU TEQPLEYOVTAL OTNV EXOVY, GOTE va Tig €youue dwrywplowes. Katd v bavueq auth
nepintwon Oa unopovicaue ue toug omtixolg nepLypagelc mou avapéplnxay otny nopdypapo 2.2 va
exgpdoovue emaxpl3eg xdfe uPnhol emmédou évvola ue yaunhol emmESOU YoEAXTHELOTLXA Y welc va
evurdpyel «BopuPfocr and dhheg EVVOLEC TNV TEQLOYT| TOU AVUTAPLOTOUUE UE TOUG OTTIXOUS TEQLY Q-
pelc.

H xatdtunon tov eudvov anoterel Ty fdon tne nepattépn avdluong xon 1 emituylo tng xabopilel
XAl TN YeVxOTepn emTuyla TV eMOUEVLDY anoTEAEcUdTOY. AuaTuydg N Wavixt, xatdtunoy elval
TpaxTixd adUvato vo entteuy el xabdc elvar xat o€ TOAES TEPLTTOOELS OUGLAGTIXG AdUVITO VoL OPLETEL
uta Wavier) xatdtunor. H emhoyn tne uelddou xo twv napauétomy tne xatdtunong e&aptdtal Tohd
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Yyhue 3.2: Exdvee tne oulhoyric Corel (aptotepd) xar 1 xatdtunon toug (delid).

and Ty GUANOYY TV EXOVRY 6TLS ontoleg Oa epapuoaTel.

Yy vhonolnon mou npayuatonohinxe, yenowwonoinxe uo uéhodog xatdtunong nou Poaciletal
o€ ouvtaxTxd onTxd yapaxtnetotixd [Adamek et al., 2005]. H ouvyxexpuuévn uébodog emhéytnxe
vt 1 xatdtunon e odnyel cuvilwg oe ueydheg teployés, Tou aVTATOXEIVOVTAL GTNY YWwpeLxY) Sou
TWV TEPLEYOUEVOY GTIS PUOLXES ELXOVES EVVOLOY GTLS OTOLES doXUAGTNXE TO clotnua. 'Evvoleg 6mwg
BraoTnony, LovL %ol EPNUOG» AVOUEVETAL VA XATAAAUBAVOUY EVa UEYAAO T0G00TS TNG EXOVICS
0TNY OTOld EUTEQLEYOVTAL.

Y oyetxr dnuooieuorn [Adamek et al., 2005], enextelveton o ahydpibuoc Recursive Shortest
Spanning Tree (RSST) ue éva xovodplo LovTéNo ypouatog xoL ouvtaxtixd yapaxtnetotixd [Bennstrom & Casas, 2
TOU YPNOLIOTOLOUVTAL KOS XELTHELO Yl TNV évwor (merge) twv neploydv. Enlong ewodyovtat tpémol
avéhuong Sounc NG EOVIC UE TROGUPUOYT TNG YWEWNS TANROQoplds XAl TOU OYHUATOS TWV TE-
otoy&v. Hapadelyuota xatdtunong emdvmy ye v ouyxexpiévn uébodo gaivovtal oto oyfua 3.2.
Bhénouue 6t 1 ouyxexpuévny uéodog xatdtunonc odnyel ouvilwe oe apxetd Ueydheg TEQLOYES XL
ahhd moAAES Qopég dnuLoupyolvTaL Xal Uxpés TeployEc Tou ouctaoTxd anoteloly H6puBo Yo Thy
avéxtnor. Ipoonabdvrag va petwbel To nARbog autdv Twy neploy®dy, T€0nxe UEYLoTO bpLo xaTATUN-
oT¢ 0TLC 8 TMEPLOYES v ELXOVAL.

3.3 Elayoyr onTxdv yopoxTnpleTiXmy
Tt vor €8 y0oUUE ToL OTTIXE YAPAXTNELOTIXG TWV TEPLOY DY TOV EXOVOY YENOULOTOLOVYTAL OL TTE-
pryoapelc ypduatoc xar veic tou MPEG-7, ou onolol meplypdgoviol eXTEVHS oTny evotnta 2.2

‘Onweg xaL 6tNy teplntwoy eaywyHS OTTUAY YALUXTNELOTIXGY and OAN TNV exdva, ETOL XL E8G
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OTIC TEPLOYEC TNG, Yo TNV EEaywYR TV TEplypavéwy ypnowornoeltar o mpbypauua VDEL avd
neployn [Tolias, 2007]. Tehuxd ov 5 neptypagelc nou e€dyovral, EVOvovTal o€ €var Stdvuoua yaeaxTn)-
ptoTixdy (feature vector) tng neployfic, mou €yer Ty wopeh e oyéong (3.1).

fi=f(r;) =[SCD(r;),CSD(r;), EHD(r;), HTD(r;), CLD(r;)],¥r; € I (3.1)

6mou fi 1o Sudvuoua yupaxTNELeTXGY Tou avTioTtolyel oty nepwoyf 1 e ewdvac I, CLD(r) o
TepLypageas ddtalng ypoduatog Yo Ty neployn 75, DCD(1;) o meptypagénc xVplov ypoudtey vl
TNV TEELOY Y T X.0.X.

To dudvuoua autd €yel urxog 666 otolyelwy xon amotelel TNV avanapdoTaoy TNng TERLOYNS T;
o7o olotnua. To Swviouata and dheg Tig TEPLOYEC GALY TWV EMOVKY TNG GUALOYTS atolfnxedovTa
TpocwELYd oty Bdor, Gote va yenotuononioly énerta yio Ty dnutoupyia tng TeAuic detxtodoTnong
TV EXOVOY TOU GUOTAUATOS.

Ou meprypagels mou eZdyovtal xatd autdv Tov Te6T0 Unopolv va meplypdouy anoteAeouaTind
Tg mepLoyég and Tig onoleg edyovTa, 6TV AUTES £Y0UV ApALd ONTLXS - GTUAGLOAOYIXO TEPLEYOUEVO.
Auté avouévetar v toylel Yo TS TERLOYES TV EOVOY TNG GUANOYTHC, ULag Xol elval Teployég amd
XATATUNOT) oL omoleg Wavixd nepléyouy Ul €vvola udmioyd emmédou tng ewxdvag. Tlpaxtind, oe xdbe
TepLoy ) dev undpyet Lovdya ulo évvola, aAld unopolue vo Bewpoouue 6TL uTdpyel Ua xbpLa Evvola
1 omola xaTéyEL EVa ONUAYTLXG T0G0GTH TNG TEPLOYTIC, OTOTE XAl TAAL 1) TEQLYPAPT] TNS GUYXEXPUUEVNS
évvolag ané toug MPEG-T nepiypagelc otny neployh auth, avauévetar va elval anodotixdtepr anod
TNV AV WY TOV TERLYRAPEMY And OAOXANEY TNV EXOVA.

3.4 XuoTadonolnoy YopaxXTINELoTLXGY Xol dnuLovpyla OmTL-
%200 Ae€x0l TUTWYV TEQLOY OV

YTIC TEPLOYES TV EOVWY TNS EXAGTOTE GUANOYTC TEPLEYOVTAL EVVOLES LYNAOY ETLTESOL OL OTtolES
UTdpY 0LV 0€ TOAAES dhheg and Tig ewdveg. Autég Tig évvoleg elvan embuuntéd To oloTnua Vo uroget
var Eeywpllel xal vo EVTOTIGEL ATOTEAECUATIXG, BOTE AV 1) EXOVA TOU EPWTHUATOS Ao TOV YENHOoTY)
TLC TEPLEYEL, VO TEQLEYOVTOL XUl OTLS AVAXTMOUEVES - TUPOUOLES ELXOVEC.

H ocvotadonoinomn 6 Aoy aut®dv Twv Teploy®y and OAeC TL ELXOVES TNG GUANOYTS, TOV TEQLOY MY
dInhadr Twv onolwy Ta Swviouata yupaxtneloTixdy wowdlouvy (dpa euneptéyouy Bewpntind o Tig
(dtec évvoteg udmhot emnédou) elvar howndv o emBefinuévn diadixastio. M tétowa oyadonolney
TV TERLOY DV Dot EBLVE XATOLES TUIES YAPAXTNELOTLXGY, OL OTolEC EnavahAUBdvoVTIUL UEGA GTLS ELXOVES
¢ oulhoyhc. Mropodue va nodue 6Tt autd ta potiBa optlouv tinous mepoydy (region types, oyfua
3.3).

Eugoviletar howndv 1o mpdfinua tne ouadonoinone ¥ cuotadonoinone (clustering) twv Swo-
YUOUATWY YARAXTNELOTIXOY, TOU Elval ouclacTixd mohudidotata Staviouata dedouévwy. T v
ovotadonoinoy dedouévov undpyouy dwbéowes Tohhéc Teyvixés, otatioTixég ot un [Bishop, 2006].
Yty npoxeluévn teplntmom, Aoym xal TS UEYIANG SLdoTaonS Twy dedouévmy, TpoTiudToL o Wialtepa
dtadedouévog alyderbuog oustadonoinong k-means, mov avanticoetal oTny unoevéTnta 3.4.1.

'‘Otav npoodloplatody oL cuoTtddes autég, Hu unopel xdbe Sudvuoua avarapdoTtaong Teploy g va
unopet va avtiotorynbel oty xovTivéTteen — Ue xdnolo UETpo andoTacS — GE AUTO GUGTAdA.

lhttp://image.ntua.gr/smag/tools/vde

47



Yyfuo 3.3: Yuotadorolinon teploydv clUu@mva UE T Opla TV TUTWY TEQLOYOV.

3.4.1 o alydbpbuog k-means

H xatnyoplonolnomn dedouévwy oe k ouddec cuotddes Uéow UROAOYLOTT OVOUdleTal GUYVE XaL
k-cuctadoroinom (k-clustering) xaw oe auth v xatnyopla akyoplBuwy avixer xou o alydpuog k-
means nou yenowwonoinxe. O apliuds Twv cLUCTASLY - oUWV K ElvaL YVOOTOC EX TWV TROTERWY
xat To TEéBANUa elvar va xatnyoplonoinfody To ToAUSLAGTATA SLaVOGUATA YURUXTNELOTIXGY OE AUTES
¢ k ovoTddec.

O alydplbuoc k-means uvroloyilet xou avabéter xdbe dedouévo 6to x0vTLvdTePd TOU XEVTPO GU-
0tédag xat mpwtoeupaviotnxe to 1967 [MacQueen, |. To xévrpo ouotddac (centroid) oplleton wg
0 Uéoog 6poc GAWY TV oNUelmY oY avixouy aTr cueTdda, dnhadt o apliunTindc uEcog aUTOY TV
onuetlwv oe xdbe dudotaoy Twv dedouévwy Tpog cuctadonoina.

O ahyobpbuog anoteheital and ta napaxdten PrRuct:

o Emioy? tou apfuol twv custddwy, k.
o Tuyala emhoyh k onueloy og apyind xEvipa TmV GLGTASWY.

o Avtiotolynon xdbe onueiouv 610 xovTLV6TEPO - GUUQWVA Ue xdTow andeTaGT] - XEVIPO GUOTE-
doc.

o Ermavainoloyiouds Tov xEVipwy T0V cUGTIdWY 0 H€Go bpo TwV onueiwy Tou aviiaTolyinxe
TREONYOLUEVKS TNV xdbe cuoTtdda.
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o Emavdindn tov d%o napandve Brudtey uéyet va txavorounfel xdnolo xplthiplo TepUaTIoUOU.

Kettriplo tepuatiouol unopel va elvor 1 eAayloTonolnoy xdmolon auvapetnolaxol, 6nwe Lo -
eddelyuo 1 LEYLoTY anboTAoT) and To x€EVTEO TNE cLoTAdag Yia xdbe onuelo, To dfpoloua TV UECKHVY
ATOGTACERDY GE OAES TLS GUGTABES, TO A0POLOUA TWY TUTLXGOY ATOXALGEDY TV CUGTABWLY 1 1) GUVOALXT
anéotaoy) LeTall TV onuelwy ug cusTtddag xaL Tou xévipou. Enlong étav oe xdmola and Tig eno-
varfels dev undpyet mo xapla yetatoénior onuelou, dea xal x€vipou cuoTadag, Tt 0 akydpliuog
tepuatileTal.

Q¢ uétpo andoTaC owonoteitan cuvibng 1 Euxdeldeia andotaon petalld tov N-didoTtatwy

v \v
dtavuoudtwy Ty onueloy. Lo to clotnud pog, wag xal ta dedouéva npog cuctadonolnoy elval
SlaviouaTa YUpaXTNELOTIXOY UE TNV YVWoTh popeh e ellowone (3.1), n Ewdeldeia andotaon
Tpononothiinxe Gote va unoloyiletal o xdfe neplypapéa EeYwELoTd, GUUQWVL UE THY GYECT:

D(FVl,FVQ) = D(SCDl,SCDQ)+D<CSD1,CSD2)+
+ D(HTDy,HTD>)+ D(EHD,,EHDs) + D(CLDl, CLD,) =

256 512
= fou — fuz+ Y fou — fu +
i=1 i=257
575 654 666
+ Y fou— fos+ Y fou— fost+ Y fou — fou (3.2)
i=513 i=576 i=655

To xpithplo tepuationol xouL 1 emtAoyy Tou U€tpou andotacrs elval ol nopdyovieg nou xabopl-
Couv 10 oyrua tn¢ ovotddac. Enlong elvar onuavtind va toviatel 1L To anotéhecua Tou ahyopibuou
ennpedleton and TNy Tuyala apyLxt avdleon TV XxEVTpwY TV cUGTAdWY xoL Yl Uxed apliud ou-
0TadwY evdéyeTal va uny cuyxhivel tdvta ota Bl xévtpa. Auetuydg, o anhdg alydeibuog k-means
elval apxetd apyds v ueydro apliud ouotddny xat toiudidotata dedouéva.

"Eva napddeiyuo custadonolnong ue tov alyopfuo k-means nagouvoidletar oto oyfua 3.5, Sio-
Yedupato o onola dnuoupyhinxay and v ulornolnoy [Pelleg & Moore, 1999]. E3& 7 dudotaon
TV dedouévoy elval 2 xav o emBuuntécg aplbudg ouotddwy 5. Ta apyixd dedouéva galvoviar 6To
oyfiua 3.5(a), evéd oto oyfua 3.5(b) ue xOxxvo onueLdvovTaL Ta XEVTPA TV oLGTAdWY To onola
apyxonoiinxay tuyala. Lto oyfjua 3.5(c) onuetdvovtal To GpLo TV GLUOTEdLY UE auTd Tor Tuyala
apyxd xévtpa, Yvootd xaw oc xeiid Bopoviér (Voronoi cells). Ta onuelo mou avixouv oe xébe
uLa omé T ouotédeg ypwuatilovtar xatdhhnha (oyhua 3.5(d)). 'Enecita to xévipa 10V ouoTASWY
uetaxtvouvtar 6Tov P€co 6o Tov onuelwy tou avixouy oty xdbe cuctdda (oyrfua 3.5(e)) xar 7
draduxaatio enavohauBdvetol Uéyplg 6Tou va Uny €YOouUEe UETAXLVAOELS ONUEl®Y and TNy ulo cueTdda
oe M. H tehin) ovotadonoiney galvetal 6to oyfua 3.5(]).

Enextdoeg xo Pedtidoelc tou ahyoplbuou k-means, 6nwg elvar hoywxd xaloeg €youv nepdoel
Tévo and 40 yedvia and v eupdvior tou, £xyouy npotalel toAléc [Philbin et al., 2007], [Kanungo et al., 2002],
[Fang, 1996] xau [Frossyniotis et al., 2004].

3.4.2 Anuovpyia ontixol) Aeguxol

Me egopuoyyh tTou ahyopliuou k-means ota SLavioUATE YOEAXTNELOTIXGY OAOY TOY TEPLOY WY
OA®V TOY EXOVOY T1)C GUAAOYNC, TROXUTTOLY XATOLN XEVTRA GUGTASWY, To onold AToTEAOUY UEGOUG
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(a) TonoL teploydy and 1o ontixd Aedixd, ot onolot
nephoBdvouy évvoteg UPMAoY emTESOL.

(b) TYrot neptoydy and To ontixd helixd, oL onolot
dev mepthauBdvouy évvoleg UPNAoU emLTESOL.

Yyfuo 3.4: Kahob xar «xaxob tonol neploydy and 10 ontixd Aelixo.

bpoug and Slavvouata yoeaxTneloTixey edayuéva and napduoles meptoyés. To Sudvuoua tou xdbe
%x€vTpov, anoterel Eva ddvuoua to onolo npooeyyilouy xdnolec Teployéc and exdVeS TG GUALOYTC.
Mrnopotue vo nodue 6Tt to x8fe xévtpo expdlel évav tino nepwoyiic (region type), mou unopel
va elvan elte umootvolo elte unepovvoro wag évvolag udmios emmédou. H évvola oupavég yia
nopddetyua, unopel va elvar oe mohholc dtagopetixolc (YpoUaTiXd xal K¥S Tpog TNV LEY) TURouS
TEPLOY Y, Uag xoL o xafoupdg ovpavédg Sev elval (BLog Ue TOV GUVVEQLIGUEVD, TOV VUYTEELYS 1] TOU
nhoBaciiéuatog. Iapduoia, oe €vayv timo neployrc elvor mbavéd va ouyundpyouy napandyvew ané uia
évvoteg uPnhol emmédou, xuplwg oY TeplnTwor Tou dev elvar SlayWELOUEVES UETA THY XATATUNOY).
IMapdderyuo evvoldy mou unogel vo GuVUTdpyoUY Ge ULa auaTada elvar o oupavég ue v Bdhacaoa.
[io v uTmop€GouUE VoL OTTIXOTOLAGOVUE TOUG TUTOUG TEQLOY MY, EXTOS A0 TO XEVTPO TNE GUOTA-
dag avatélnxe otov xdbe évay %L TO XOVTLVOTERO OE AUTOY SLAVUCHUA YALAXTNELOTXADY, dNAadT) To
OLAVUOUA YORAXTNRLOTLXMY UL CUYXEXPLLEVNS TTEPLOY NG HLag aTd Tig eLxdVeS TNG GUALNOYYE, TO onolo
€yeL TNV UxpbTERn andaTaoy and 6ha 6to xdbe x€vtpo cuotddac. Iapaudelyuata tétolwy neploydy,
Tou yopaxtneillovy T oueTddes, dpa xal TUmoug TepLoY Y palvovtar 6To oyfua 3.4(a).
Avotuyte, uuag xat 1 cuatadonolnoy yivetal ndve oe Gheg T TEpLOYES Tou eEAYEL 1) XAUTATUNOT,
xa Oy uévo oe exelveg Tou TepLEyouY wPEAUES Evvoleg, oynuati{ovtal xal apxeTol TUTOL TEQLOY GV
oL ornolol 3ev TERLEYOUY 0UGLUGTIXE xdTol Evvola LYMAOY ETTESOU XAl AELTOURYOUY AEVNTLXE OTNY
draduxacta tng avixtnong. llapadelyuata tétoiwy tinwy teploydy galvoviar 6to oyrua 3.4(b). H
Onapln tétowwy ouoTddwy elvar avandgeuxtn ot wa dadixacio udbnone ywelc eniBiedn (unsuper-
vised learning) 6nwg elvon 1 Swodwacia Tou exteeltal yia TV dnuovpyla Tou ontixol he€ixov.

AZiZel va onuewwbel 6TL To oyfua TV TEpLOYGY Tou gaivovtar ot oyfiuata 3.4(a) xo 3.4(b),

50



TUPOTL O AEXETEG REQLITOOELS ELVAL YUPAXTNELOTLXG TN EVVOLAG TOU TEQLYPAPETAL OEV XQUTLETAL XL
dev neprhaufdvetar oty tAnpogopia Tou onTioy he€lxob.

3.5  AvanoapdoTtacy xal 6ELXTOdOTNCY TOV EXOVLY

Agétou oynuatiotel 1o ontxd Ae€ud meploydy, xdfe ewxxdva g cuAoYRC UTopel Vo avama-
caotafel uéow Tou Aedwol avtol, ue éva didvuoua avarapdotaons (Model Vector). To dudvuopa
aUTO YLt ULal ExX6Va, B pavep@vel TOUg XOVTLVOTEROUS o auThY TUToUg TepLoy1S.

To Sudvuoua avanapdotacng Ho anoteheiton and évav aplud oMLY RepLoyfc o U Ty Yo
xd0e évav and autolc, 1 onola pavepdvel To TH660 Uoldlel o xabévag pe xdmolo and TS TepLoYES TNS
eoévac. T va e€aylel to Sudvuoua autd, e€dyovtal mpdTa To SLAVICUATA YALAXTNPLOTIXGOY ATO
x&be meproyh TN exbvag, To onola £youy TNy Lopgl| tng oyéorne (3.1). 'Ereita unoloyiletar v and-
0TAoY TOU %x40E SLAYOoUATOS YAPAXTNPLETLXGOY antd Ghoug Toug Tunoug teployns. 'Onwg avapéplnxe
oty umoevetnta 3.4.1, Ta x€vTpa TV 6uGTAdWY Tou e€dyovTon and Ty Swdixacio custadomoln-
ong ue tov alyoptduo k-means eivor dlag Sidotaong ue ta dedouéva etaddou, dpa Exouy %ol auTd
TNV SLEOTUCT, TOV SLIVUCUATOY YapaxTnetoTixdy. Mnropolue howndv yenowonoldviag Ty oyéon
(3.2) va unohoyloouue v anbotaon e x&be meployhc e ewdvag and tov xdbe tino neployfic,
Beloxovtag v ambéotacy Twv Uetall Toug SLavuoUdTeY yapaxTnetoTdy. Lo xdbe neproyh tng
eévag howndy vroroyilovial ov anootdoelg uetall authc xdbe tinou neployhc xar eLodyovial 6To
dudvuoua avanapdoTacng oL v TUToL UE TS XOVTLVOTERES anootdoelg, xdbe évag oav Leuydpt pall ue
UL TUWUY AVTLOTROQKS avahoY T TNg andeTacng Tou amd TNy Teployy) Tne edvag. Av évag and toug
TUTOUC TEPLOY NS BRlOXETAL GTOUC V XOVTLVOTEPOUS YL TAVL ATO ULd Ond TS TEPLOYES TNG ELXOVOG
T61E PuOoXd eLodyeTal plo HOVaya Qopd, UE T ouolbTNTAC TNV PEYLoTY and Tig Twés. Av MV;
elval to dudvuoua tng ewdvag ¢ tote Oa Eyel wopen:

MV; = {RT;(1),SV;(1)},{RT;(2),5Vi(2)},... . {RT;(4),SVi(5)}|, i=1... Nimages (3.3)

610U Nimages €va 0 apluée Twv exévoy g ouhhoyfic , RT;(j) évag tinog neployfc «xovtivéey
oty ex6va i xaw SVi(5) elvan v v opoldtnrag (Similarity Value) tou, nov dlvetar and tov tino:

, o
SVi(j) = — (3:4)
'Onou d;; elvon 1 eNdyLoty andotacn tou tinou mepwoyfic RT(j) and xdmowo and i neployés g
eévac 1. To o eLodyetal Yoo Ty xavovixorolnon twv TWéy opodtntag. To di; Oa divetol and v
oyéon:
4(j) = min {D(fu(rtj),fv(r))}, i=1...Nimages, j=1...Nrp (3.5)
TER;

6mou Reg; elvat 10 6Uvolo TV TEQLOY GOV UETE TNV XATETUNOY TNG ELXOVAS © XaL D(fv(rtk), fv(r))
elvat 1 andotaon vetadd Tou dlaviouatog yupaxTnetoTixdy Tou turou neployhc k (ue rty = RT;(j))
XL TOU SLoVOOUATOS YORAXTNELOTLXGY TN TEELOYAC T TNS EOVaC %, Tou cuufoiilovTar aviioTolya

we (folrty)) xon (fo(r)).
Edxola mapatneel xavelg 6Tt 0 uixog Tou SLavicuatog avanapdoTacyg mou wwoltal Ue 2 X N
elval yetafBAntéd. Autd ouuPatvel yiatl o apliuds Twv TOHTOY TepLoyic Tou elval X0VTd 0TS TEPLOYES
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Yyhua 3.5: Lvotadonoinon dedouévwv oe k = 5 cuotddec ue tov alyéplfuo k-means (omd
to [Moore, b]). 52
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Yyhua 3.6: Ou 2 (v = 2) xovuvitepol tonol teploync yioo xdbe ulo and tic neptoyéc e
ELXOVOC OTA OPLOTERD.

TIg ewovag eCoptdtal and T Teployéc Tne x8le euxdvac. Av dev eugaviatel xdnotog THnog TepLoyic
oS €Vag Amd TOUC Y XOVTLVOTEROUS O€ Ve and ula meployt] wog exdvog ¢ 161e 10 Ny Oo Loodtol ue

Np = v * Reg; (3.6)

6mou v elvar 0 aplBuds Ty xovTVoTEpwY TUTKY meploy g Tou xpateital xal Reg; elvar 1o obvolo
TWY TEPLOY WV UETE TNV XaTtdTunom tng emévas 1. Lto oyfua 3.6 gaivovtat ol 2 (v = 2) xovtvétepol
TUTIOL TEQLOYTHC YL TLG TEQLOYES [ULOIG ELXOVAS.

Enlong otov nivaxa 3.1 anotundvetal oynuatixd éva Sidvuoua avanapdoTaong:

ID ewdvag | Turou Heproytc Tweg ouotdtnTag
12345 124366 1 324 | 0.155 0.03 0.4 0.2 0.17 0.045

[Mivaxac 3.1: Ta medlo Tou SLaviouaTog avamapdoTaons ToY exévey. to medlo Tinot
Ieptoyic anobnxedetal utor AoTa amd TOUS XOVTLVOTEPOUSC OTNY XdVO TUTOUS TEELOY NS XAl
oto medio Tweéc Ouotdtntag 1 Aota ue T avtioTtolyeg TLUéS ouoldTNTAC.

O Aéyog Yo Tov ontolov emhéyTnxe To va anofnxedovtal oL v xovivétepol oe xdfe meployr THmoL
nepLoy s elvar 6t tapatnerinxe 6Tl Tohhég Evvoleg uPnhol emnédou exppdloviay oe TupUndVL And
évay timoug tepoyfic. 'Etol av yio napdderyuo 8o tinol teployic exppdlouy Ty dUMo uiag tapaiag
XAL XEATLOTAY UOVAY O O XOVTLVOTEROS TUTIOG TERLOY TS OTO SLAVUGUA AVATARAGTAGTS, TOTE OL TEQLOYES
dV0 exbévewy mou expedlovior 1w and Tov TedTo xor 1 GAAn and Tov dedtepo tVno, Aavlaouéva
dev Ha elyav xaula opoidtnta. Mewdvetar e autdv Tov Teém0 howndy 10 opdiua Tng xBavrtonolnong.

Enuovtixd elvat vo tovieTel 1o 6T Yo Ty e€ayoyh Tov anooTtdoewy YeTald Suo SLavuoUudTLY
YAEAXTNELOTIXADY, 01N oyéoT, (3.2) ewodyovtor xal Bdpn xavovixonoinorns oe xdfe meplypagéa oL 1)
telnt) andotaon Byalvel wg o uéoog 6pog ue Bdpn Twv enuépoug anootdoeny. To Bdpog yia xdbe
TepLypa@Eéa LooVTaL Ue TNV HEYLETY SuvaTh andoTacy uetalt 8Yo (Blwv teplypapéwy aviueoo oe Gheg
TIC MEQLOYES TWV EXOVOY TNS GUAAOYTC.
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Yy Bdom dedouévev anobnxeletal To Sidvuoua avarapdotaong v xdbe ewdva xoL TAéov xdfe
edva avanoplotatal ot Bdorn pe eva 2 X Np-didotato Sidvuoua TOnwy Teploynhc xoL TGV 0goLoTn-
tag. ' uehhoviuer tpoabnixn véwy exdvey A yio Ty e€oywyT Tou Staviouatog avanapdoTtacng and
edveg mou aveBdalouv ol yproteg, anobnxevovtal exiong oty Bdom Ta xEVTpd TV TUTWY TEPLOYGV.

3.6 Talplaopa TV eXOvev

[ va unohoyiotel n andotaoy uetalt dbo eudvov apxel va utohoyiotel ) Evxheldeia andotaon
UETAEY TOY SLAVUOUITOY AVATALIGTACNS TWV SV0 AUTMV EXOVLVY.

'‘Otav eLodyetal 670 GUGTNUA EVA VEO EQOTNUN AVAXTNONG, TOTE, av N exdva elval exdva g
ouAlOYT, popthveTaL and TNy Bdor To Sidvuoua avanapdotacng xal unohoyileton 1 andoTACT, TOU
amd oha o avtioTolya Staviouata 6 ALY TV ewdvey g cuhhoyhg. Ou amootdoelc TadivouolvTal
XUl GTOY YPHOTN TOU GUOTAUATOS ETLOTREQOVTAL WS TAPOUOLES OL ELXOVES TOU EYOLY TNV UIXPOTERT
an6eTACY).

Mepwd mapadelyuata avalhitnong gaivovton ota oyfuata 3.7 xal 3.8. Yto ndve Uuépog elval 1
EXOVO TOU EQOTAUATOS XAl ONd XATw ToELVoUNUEvES and Ta apLoTepd Tpog Ta dedld ol and mdvw
TPOG T XATwW OL XOVTLVOTERES 12 euxdveg. Y10 oyfua 3.8 o owotég avaxthoes e €Bdoung xol
6ydong ewdvag dev Ou emotpéovtay ue v avalhtnon Baclouévn oe yopaxTneloTixd oAOXANeNS
e ewdvag. H avdxtnon petd and xatdtunoy oe neployég elvon méd evalohntyn oe eumepleydueves
gvvoleg uYmiol emmédou.
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Yyfuo 3.7: Anoteréopato avalATnong UE YopaxTneloTixd eCayouevo and Teployés o GUA-
oY1) ue guolxeg ewodveg and to Corel. HloPaolheua.
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Yyfuo 3.8: Anoteréouata avalATnong UE YopaxTneloTixd eCayouevo and Teployéc o GUA-
hoY1 ue guolxeg edveg and to Corel. Xudvi.
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Kegdhato 4

Avalhtnon pe Bdon Tomxd
Y LRAXTNELGTLXY

4.1 FEwoaywnyi

Kafihe ov mohuueonés oulhoyéc yiyavidvovtar cuveyde xal to Ilepleyduevo touc extelveton
oyedov oe xdbe éxpavon tng Lwhg, 1 dSuVATOTHTA AvIXTNONS EMOVLDY UE TO (BL0 GNUAGLOAOYIXO
TepLeyOuevo elxoha, yeryopo xal e axpifBeia Oa Hrav Waitepa yeowun. Mo tétown avalrtnor
épyetan oe mhpn avTioTolylo ue TV avalhtnen oekidwy uéow ulag unyavic avalitnong wotol, 6rwg
v tapdderyuo to Google.

Edxola xatahaPaivel xavelg 6TL neptypagels efayouevoL and ohdxAney TNV exdva dev UnopoUy
o€ 1060 UEYAAT XAlLaxo Vo AVATURAGTHOOUY TOV TOAOUORYO GNUAGLOAOYLXG SLAXOGUO TOU TE-
ptéyouv ot cuhhoyéc. To (o woylel xou v meplypageic and neployés xatdtunomng xalohe ol «tinot
TEELOY W V» BEV UTOPOoUY Tapd va yapaxtneloouy ouyxexpuuéves meployée exévmy. Me 6houg toug
Tpoavapephévtes teptypagels, n avdxtnomn tng évvolag «dvlipwnogy and ewodveg ULag GUAAOYTHS OTWS
Tou oyfuatog 4.1 elvon mpaxtixd addvaty.

[ va yrogéoouy va avanapaotafoly 6moTd oL napandve ewxdves, dote No unopel émerta eloy el
xau vo arouovwlel i mthnpogopla tng Unaping avbpdnov, Oa mpénel va ypnoluwonownbel éva uixpdtepo
douwxd otolyelo meplypagrc amd 6T ohdxhnen 1 ewova 1 ueydheg meployée tne. 'V autéd to Advo,
Tor TEAEUTALA YEOVLOL YENOLUOTIOLOUVTOL XATd XOpwV TepLypapels eCayduevol and neployés Ylpw and
onueta evdagépovtog. Ta onuela evdagpépovrtog ylag ewxdvag umopel va elvor axués 1 yovieg tng
ebvag aAAd xat onueta évtovng uehg B akhayrhc tng verg. Ta onuela autd elvar edpwota oe peTa-
Bokéc xhipoxag dtav avtd eEdyovral and todhanhéc xhluaxes xabdec xal ot nepLoTpoPéS (oyhuaTta
4.2 xau 4.3). H neproyt) ypw and ta onuela, and vy onola eZdyovtor ontixd yopaxtnelotixd, éyel
uéyeboc avdhoyo ue tnv xhiuaxa otny omola evroniletat o onuetlo.

Ané #80e pia and Tic emdveg TNE GUALOYTC e€dyovTaL oL tepLypagelc YYow and Ta onuelo eviLa-
P€pOoVTOC XaL and autd Snutovpyeltal ue cuotadonolnen éva ontixd Aeéixd alupova Ue TG AEEeLoy
Tou onotov Hu avanapactalboldy ta onuela GAwy Twv exbévwy. To he€uxd dnurovpyeltar yiott 1 aneu-
Oelac e€avtintuer obyxpion onuelo ue onuelo avdueoa oe 3o euxdveg elvar Lo Wialtepa ypovoPBopa
dradixasia. Me tny ypron tou ontixold Ae€uxol 1 oUyxplor dU0 EXOV®Y AVAYETAL 6TNY GUYXELOT
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Yyfuo 4.2: Ynuela evdlagépovtog ot euxdveg Tou i8lou xTiplou and dlagopeTixt| omTixy Yovia.
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Yyfua 4.3: Xnueta evdlagépovtog eCaydueva and Sidgopes xhiuaxec ue tny uéhodo Harris -
Laplacian ané 800 eix6veg Tou (Slou aviixeluévou oe SLa@opeTixr xAluaxa xal ot avtioTolyieg
TOUC.

TV SLAYUOUATWY AVATAPdoTAGY S TOUS.

4.2 Ta onuela evdiagépovtog xou oL neptypapelc SURF

[ va unv undpyel e€dptnon and v xhipoxa (uéyebog), n Siadixacta aviyvevone onuelwy
evdlagpépovrog exteheital oe mohhamhés xhluyoxes. Anutouvpyeltal YLt autd TOV GXOTO EVIS YOEOS
xhpoaxag and Stadoyxéc GUVEMEELS TN EXOVAC UE YXOOUOLAVOUC TURHVES aUEAVOUEVNS TUTLXTC
anéxAione o xar oc x&le eninedd tng exteelton 1 eCaywyr onuelwy evdiagépovtog. Ov dadoyixég
ouveAZelg ouGLUOTIXd EOUAAUVOUY THY ewxdva 6A0 xaL To TOAS Ue anoTéAeoua 6TLg xAluaxeg mpog
TNY X0pUYT Vo EYOUME ULXL APXETY ATAOTOLNUEVT) EXBOYT| TN AEYIXNS EXOVIG.

ITio mpdogateg teyvixég npotelvouy TN Snulovpyia ydeou xhigaxag ye noppohoyxd gihtea avtl
yia GUVENEY Ue yxouolavéS cuvapthoel 4.3. Autd uropel va odnyroe. oe onuela npoodioplouéva
ue peyalvtepn axplBela, xafodg tTa popporoyxd giltea Slatneoty 6yedov avahholwTeg TIg axUég Tig
ebvag axdua xal oe VPNAd enineda guitpapiouatoc. H epapuoyy uopporoyixdy ydeny xiiluaxag
oty eZaywyyh onuelwy evdlapépovtog €yLve TOAD TpbGQUT UE EVILAPECOVTA ATOTEAEGUATAL.

Trv meployn Yipw and ta onuela umopovue va v meprypddouue ue Sudgopoug Tedmoug, amd
TOAY amhoUg mou elval oL TWES NS PuTEVOTNTAC Uéypl Wialtepa avvletoug, 6nwe wa oeled and
LOTOYRAUUOTA TV XATEVOBUVOEDY TOY TopAYOY®V.

H aroteheouotindtnia Twv onueloy xal Ty TEpLYpa@ény UeTpLETAL xuplng Ue dYo xpithpla: Ty
enavolndnuétnTa (repeatability) xou to xatd néoo elval eududxpitol (distinctive) xan yopoxtnplott-
xol ou Tomuxol meprypagelc. Embuuntéd elvan enlong va elvar ta onuela mou e&dywvrol aveldptnta
and apuixéc petaBohés [Sapiro & Tannenbaum, 1993]. 'Onwe avagéplnxe xar o€ tponyolduevo xe-
pahaLo, avahuTixt) avyxelon xat aLoAGYNoT TOTXGY Teplypagéwy yivetal and toug Mikolajezyk xat
Schmid [Mikolajezyk & Schmid, 2005].

Y1y viorolnen Uag yenouonooaue To onueia eVOLAGEPOYTOS XaL TOUGC MEQLYPAPELS TOU TRO-
tewvay ol Bay, Ess, Tuytelaars xa. Van Gool to 2006, to SURF (Speeded-Up Robust Features) émwg
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Yyfua 4.4: Teeig etxdveg xau to onueta evOLAPEROVTHS TOUC.

nepLypdpovtol oto [Bay et al., 2008]. IlpotyunBvxav autol ol tepiypagelc yatl extde tou 611 edyo-
vt mohd o yeryopa and dhhouc mapduotoug neptypagelc, énws to SIFT [Lowe, 2004], éyouv xat
xalbtepn anddoaon. [ tnv vhomolnon yenowwonouinxe xaL o x@G3xag Tou divouv oL dnutovpyol YL
TNV eEAY WYY TOY ONUELDY XL TOY TOTUXOY TEPLYPAPEWY.

Yto oyfjua 4.4 galvovton tpelg euxdveg pe 1o onuela evOLAPEPOVTOG ATOTUTWHUEV UE HOHKLVES
tekeleg. H axtiva tou mpdoivou xdxhou glpw and xdbe onuelo, elvar avdhoyn tng xAluaxag otny
omola w6 Beélnxe.

4.2.1 IIpoodloplopds Ty onuelny EVOLOPEROYTOS

[ Tov mpoodiloploud Twv onuelny evdlagépovtog 1 napandve uébodog mpotelvel ulo Wialtepa
verivoen extiunon e uhteac Hessian. H uAtpa Hessian (Hessian matrix) elvar o tetpaywvixds
TVoXag TV UERXGV Topa Y GYnY devtepns Taing wag auvdetnons. I va extiunlel n uhtea, yivetol
xefion tov integral images, ue TNV YeNoN TOV oTolwY UELOVETAUL SpauaTiXd 0 YeOVOS UTOAOYLOUOY
c [Viola & Jones, 2001]. H ww# tnc Integral image Ix(z) otny Béon z = (z,y) mepéyel to
dBpotoua 6Awv TV pixel Tng avtloTolyng ewdvag ot wa tepLoy ) ophoywviou, ue dvew aplotepd dxpo
v apyh (0,0) xau xdtew dedid dxpo To onueio x, dnhady

i<z j<y

In(@) =YY 1(i,j) (4.1)

i=0 j=0

Metd Tov utohoyioué trnc integral image, anartolvrtat Lovdya teelg abpoloelg yia vo utohoyLoTel
T0 &fpoloua oV PuTEWVOTATLY ot onowdhnote opfoydvia meployh tng exévac (oyhua 4.5). O

60



X=A-B-T'+A

Yyfuo 4.5: Me yprion tov integral images to dfpotoua Twv guTELVOTATOY 0TNY TepLoyr) X
unohoyiletat pe tpelg abpoloeic xat Téooeplc TpooPdoelc oty Uviun

unohoyloudg elvan aveldptntog tou Ueyéfoug g mepLoyric oty onola {ntdue to dbpooua TV
oTowyelwy, yeyovoe Wialtepa onuaviixd xalode 6co avePaivel 1 xhivoxa otov yoHeo xhluoxog Oo
€youue 6ho xaL yeyohltepa UeyEOn oiktpwy.

O avyveutic onueloy evdagépovtog Paciletal otn ufitea Hessian yua va Bpet Ooeig ue tomuxd
uéyiota. H emdoyy tng xhluaxog xabopiletat and tny opllovoa tng unteas, 6nwg elye mpotelvel o
Lindeberg [Lindeberg, 1998]. e wa Oéon z = (x,y) e ewévac I, n uhtpe Hessian oto ornueio
autd xa oe xhigaxa o elval:

zy\ L, yy\Ls

610u Lyg(z, 0) elav 1 cuvéhi&n tne yxaovolavic ueptxic Tapaydyou deutépog TENC Ue TNy
exoéva I o7o onuelo z. Ouyxaouotavég Oempotvton BENTLoTES Yiot TNV avdhuon o xhivaxes, alhd piag
xau TEETeL vor Slaxpttomoinfoly ol vo xato@ilwioly, anoxtody aduvaula oTny enavakngnuéTnTA
TOUS OE TEPLOTRPOYES YVpw and meptttd tohhanhdora Tou /4. Autd ouufaiver Aéyw tne tetpay mvic
pUOTNE TOL PIATEOL XaL Loy YEL Yl GAOUG TOUG avLy VEUTES oL Yenoiuorololy Ty uhtea Hessian. [
Tov 8to A6yo, 1 uéyloty enavahndnubtnta eugavileton ota ntolanidold twv 1/2 wopdyv. Tw
TepeTalpw AmAOYOTEUGT TOV UTOMOYLOUGY, OL UEPLXEC TORAY®YOL TOY YXaouolavdy tpoceyyilovTa
and gihtpo-xoutiob (box filters) énwe galveton oto oyfua 4.6 yweic uelwon otny anddoo.

Ta 9x9 glhtpa tou oyfuatog elval oL Tpoceyyioelg g Yxaouctavig ue ¢ = 1.2 xaL aroteholy
Vv ehdylotn xhlpaxa uroloyiouol. Av cuufohicouue ta plhtpo autd ye Dyg, Dyy o Dy t61E 1)
opllovoa e uhTpac:

det(Hexey) = DyyDyy — (wDyy)? (4.3)

6mou to Bdpog w ypnowonoleiton yior va Statnenlel 1 evépyela petall TOV YXAOUCLAVOY TURHVOY
XL TV eXTWHoEwY Toug xau talpvel Ty Ty 0.9, Ou amoxploeg tov glhtpwy o xdbe xilpoxa
XAVOVLXOTOLOUYTAL GE GYECT UE TNV XAlpaxa mou Peloxovtal.

H extiuduevn T e opilovoag g urteag Hessian aviimpoownedel tny andxplon Tng exovag
(blob response) otnv Oéon z. Ou anoxploec and Ghec Tig xhpaxes anolnxelovial oe évay ydptn
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]
1

Yyfuo 4.6: At to aprotepd: O SLaXELTOTOLNUEVES YHAOVUOLAVES UEPLXES TR YWY OL DEUTEPAC
Taing oty xotevbuvon-y xoL TNy xatebiuver-xy xal oL 300 ATAOTOLACELS - EXTIUYOELS TOUC.
(am6 To [Bay et al., 2008]).

anoxploewv (blob response map) xat ané autdv énerta e€dyovtar tomxd péyiota (local mazima),
Ta omola dnAdvouy onueto evdagépovtog.

[ v dnutovpynlet o ydpog xhigaxag aratteltal To guhtpdploua Tng elxdvag Yio anionolnom xol
TauTtéypova N urnodelryuatohndla e, dote va avePBaivel 1 xhlpaxa. Me autd Tov Tpén0 Shutoupyol-
VTaL OAO XL UXEOTERES EWOVES, SOUT| TOU TEPLYPAPETAL GUY VA WS ToAUXAWaxwTh tupauida. O Lowe
agatpel dradoynd enineda TNg TUpAUldag Yior var TdpeL U EXTIUNOY TNS SLaPopdS TWV YXAOUCLAVKDY
xaL vor exTiRoEL UE auth Tov Tpémo TNy andxpeior, [Lowe, 2004].

o ta SURFE avtl va ylvetar unoderypoatodndla tng ewdvag oe xdbe eninedo, ueyaldver to
uéyebog tou teTpdywvou giktpou ue To omolo auTh amhomoleltal. Auté xdvel Ty e€aywyy TayiTteen,
x006¢ ue Tig integral images o ypdvoc eqapuoYnhc evog gidtpou otny ewxdva elvar aveldptnTog and
10 Uéyebog tou glhtpou. 'Etol 1 exdva guhtedpetor apyixd ue to 9x9 giktpa wg eAdytoTn xhlpaxa
xoL enelta Stadoyxd ue @lhtpa ueyalltepou ueyéloug, auidvovtag xdle Qopd to mapdbupo avd
Touldytotov éva pixel oe xdfe mheupd g udoxac mou odnyel oe wa ouvolwr aldinor 6 pixel oc
xd0e eninedo yio to @idtpo. T tn dedtepn xhipaxa 1 exdva Ho puitpapiotel ue gidtpo ueyéloug
15x15 pixel. H Swaxpith gbon towv integral images emBdAler autdy 10V XPAVTLOUS TOV HAUAXGY.

O yopog xhiuwaxag Swupeltal oe oxtdfec. M oxtdfa aviinpoownelel Yo Gelpd and QLATEO-
olouata mou TeEAxd avTioTolyoly ot ulo adgnom tng xhluaxag meplmou xoatd éva mapdyovta 2. Xe
xd0e embuevn oxtdBu to Yéyebog mapdhupou Tou @iltpou auidvetar ue dimhdota TWY and 6TL 6THY
nponyovuevy oxtdfa. Autd onualvel 6TL 1 devtepn oxtdPa, Ou apyloel ue gplhtpo ueyéfoug 15x15
pixel (o€ auté T0 uéyeboc éxer Sumhaoctaotel teplnou to apyxd uéyeboc e npdtne oxtdfBac Tou elvol
9x9) xon 1o enbuevo piktpo Oa éxel uéyebog 27x27, unéotel Snhadt avinon 6x2=12 pixel ava Theupd.
To oyfua 4.7 Selyvel ta peyéhn v @lltpoVv Y Tig Teelg TE®Teg 0xTdBeg. Elxola napatneel xavelg
6Tl oL oxTdPeg emxahinTovTaL, TEdYUX Tou cuuPalvel ye oxond va xadupholy ywelc xevd dheg ol
mhavég whlpaxes. ‘Onog elvar hoywd, o aplbuds Twv edayduevoy onuelov avd oxtdfa yetdvetat
anétoua 660 aveBaivouy ol oxtdfBeg. Iponctind, yetd tnv tpltn oxtdPa, ta elaydueva onueta elvat
oA Alya.

[ xaBoprotel n axpPric Béon tou onueiov evdlogépovtog Tvew 6TV exdva oL aveldptnto
and v xAlgaxa, exteleltol évag anodotinds ahy6plduog Yiol TOV EVIOTLOUS TOTUXGY UEYLOTWY Avd-
ueoa oe xhipaxeg (non-mazimum suppression) oe pio 3x3x3(xhigoxes) yYeLTond 6noe TpoTtelvouy o
Neubeck xar Van Gool [Neubeck & Van Gool, 2006]. 'Ereita, T tomxd uéylota and ¢ opilovoeg
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Yyfuo 4.7 Lynuatixr nagovolaon Tou uéyedoug Twy TETPATOVXOY GIATPWY YLd TIC TEELS
npitec oxtdPec (ané o [Bay et al., 2008]).

e whtpag undxevton oe mopeUBolf pe v uéfodo mou elye mpoteiver o Lowe [Lowe, 2004], -
duaato Waltepa onuavten yuatl oe apxetéc neplntodoels oL UeTAfoAég NG xhluoaxag o Sradoyixd
enineda elvan apxetd peydhes.

Yougpova ue to mapdndvw, 1 uxedteen duvath xhivoxo, UETE xal TNV mapeufoly, elval yia
oc=16= 1.2%2 mou aviioTolyel oe @lhteo 12x12 xau 1 yeyaddtepn Yo 0 = 3.2 = 1.2%.

4.2.2 E&aywyn neplypapémny

O nepiypagéac Twv SURF nepuypdgel tny xatavour| twv evidoewy 6tny teployr) Yipw ond 10 o1-
ueto evdwagépovtog, TapduoLa Ue Ty TATeogopla Yo Tig xaTeuhiveelg TwV TapaydyYwy Tou eEdyeTal
anéd ta SIFT. Avtl vy v xatavour| 1oy napaydhywy éuns, ota SURF ypnowwonolotvtal ov xata-
vouég Ty xuuatdievy Haar tpdtne t6&ne (first order Haar wavelet responses) oTig xateubivoeils ©
xav y. H taydtnta e€aywyhc tov nepiypagéwy auvidvetal mohd ue v ypron tov integral images
xaw yioo var xpatniel uixed to uéyebog tou mepiypagéa ev Téhel ypnoiwonowovvtal 64 Swaotdoers.

[ va undpyer aveCaptnotla otny teplotpogt|, xafopiletal oe xdbe onuelo evdiagpépovtog Evag
xUplog mpooavatohoués. Apywd vroloyilovtow ou anoxploes Twv xupatdiowy Haar (ta wavelets
Tou yenolwonolodytal gatvovtal oto oyfuo 4.8, aplotepd) oTic xateuhivoelg T xoL y o U axtiva
65 Ylpw and to onuelo xau ye Brua derypatodndlog s, ue s va elvor 1 xAlpaxa atny onola Peébnxe 1o
onueto. To péyefoc Twv xupatdiwy elval enlong eaptduevo and v xhlpaxa, xabdg éyouv urnxog
mheupdc 4s. Ov anoxploeic unohoyilovtol xaL agot toug doboly Bdern ue ua yxaovowavh (o = 2s)
TIS VATAPLGTOVUME GOV ONUElo 6TOV RO UE TNV 0ptldVTLa ATOXELGT GOV TETUNUEVY XaL TNV Xx&beTn
oav TeTayUév. Q¢ x0plog TpocavaToAeud 0pllouue 10 UaxpUTERO SLAVUGUN TOU TEOXVTTEL ARG TNV

63



dfpoion Twv anoxploewy ot éva xuhibuevo napdbupo té6Eou /3 (oyfiua 4.8, 8eZid).

dy

. dx

Yyfuo 4.8: Apiotepd: to Haar Wavletes mou ypnowonowoly 1o SURF, delid: evtomoude
TOU %xUPLOU TROCAVATOALOUOU antd To xuhLbuevo Tapdfupo (ard to [Bay et al., 2008]).

Metd tov xabopioud Tou xdpLrou npocavatohiouoy, dnulovpyolue wa teploy | thdtoug 205 yipw
and 1o onuelo eVBLAPEQOVTOS, TPOGAVATOMGUEYT) XUTAAANACL UE TOV TPOGAUVUTOAGUS TOU onuelov
v omola tepayilovue oe uxpdTepeg 4x4 teTpdywveg unomeployés. O Teuaylouss auTog elval ama-
paltntoc Yy va anolfnxeletar enlong ywewxt) nAnpogopia. e %xdbe unoneproyr unoloyilovtal ol
anoxploelg Twv Haar xupatidlov oe 5x5 lowv anootdoewy onueta, xar abpollovtar avd xatelbuvon
(oplévtia xon x&letn o€ oyéon TdvTa Ue TOV XxUplo TPocavaToAoud Tou onuelou) xou avtd ta abpol-
OUATA ATOTENOVY TLS TROTES TUES TOU Slaviouatog Tou reptypagéa. [ va undpyer TAnpogopla YL
TNV TOMXOTNTA TWV UETAPOAGY TwV evidoewy, abpollovtal enlong oL andlutes TWHES TwY ATOXPlOEWY
oTic 3o xatevbivoeic.

Tehwxd, ®d0e vnomeployn yopaxtneiletal and téoceplc TWéS: dbpoloua Twv oplldvTiwy anoxpel-
oewv, dlpoloua Twv xdbetwy anoxplocwy, dfpoloua TV anorlitwy TWEY TV 0plléviiwy anoxpl-
oewy, dlpolopa TV anohitey TWOY TV xdbetwy anoxploewmy. Av evihoouye Aowndy bheg Tic 4x4
unoTnepLoyés ot Eva dudvuoua éyouue 64 Twég Tou yapaxtneilouv Ty teployy Yiew amd To onueto
evdLapépovToc.

[ va undpyer avelaptnotlo and v aviibeon (contrast) yetatpénouye To SLévuouo TOL TERLYEA-
péa oe povadialo.

4.3 Anuovpyla ontixod Ae€ixol xou deLxTodoTNo

To ontind he€ud unogel va to oxeqtel xavels o TAHEn avtioTolyla ue éva cuvnBlouévo YAwooixd
Ae€ix6. e auti| Ty Teplntmon U exova UTopel Vo avTLoTOLYEL 08 UL TROTACT), 1) XAAUTEQO OE LA
Tl Ypapo xeWWEVOL, To onolo avarnaplotatal 6to yoptl ue xdnoleg AéZetc. Avo mapdypapol Tdve
oto 8o Oéua, yio mopdderyua to moddogaipo, Hua mepiéyouv apxetéc xowvég hé&elg Omwe Yrmedo,
oudda, tpomovnThc, Yxoh xal Tohhég dhkesc. Mropovue howndy va cuyxplvouue dVo napayped(pous »g
Tpog To Béua Toug, ehéyyovtag TNV emxdiudn dpwv o autég, ywplc va yeetdletal va Eépouue autd
%00’ autd to Béua. Yto oyfua 4.9 galvovtal dvo onuela and dYo exdves Ta omola avauéveTal va
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Eyfuo 4.9: Avo onuela aro dYo exdveg to onola avtioTtolylCovtol otny (Bl omtier AL,

avtiotoynfolyv otny B ot AEEN. Xto xdtew uépog gaivetal 0 YOpog TV ONTLXGY AEEEWY TOU
ywelletoaw and oe xeAid Bopovol.

BéBawa, elvat yeyovég 61, v onuactohoyxt| caghvela TV YAwoowoy Aélewv dev umopel va
TAnoLdoouy o ueydho Babud ol omtinés Aéerg, xalbde n tohuonuia tng xdfe ontixig AéEng xabiotd
o€ TOMES TEPLNTMOELS TNV ATOGAPHVLOT TOUS axaToROMTY).

4.3.1 Anuovpyla ontixo) Aeguxon

I v dnutovpyia ontixol Ae€uxold axolovbeital 1 Sladixaclo TOU TAPOUCLAGTHXE XAL GTNY EVE-
nta 3.4, Exteheltoan dnhadh ovortadoroinon ota Savicuata twv 64-idotatwy SURF nepuypagéwy
mou e€dyovTal and évay aptud exdvemy g GUANOYTC.

H ovotadomolnon yivetar xau ndhl ue yeron tou ahyoplfuou k-means, o onolog meplypdpeton
avohutixd otny evotnta 3.4.1. T peydho aplfud onuelwy xar cuetddwy, 1 cuetadonoinor eival
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wea Wrattepa ypovoPopa diaduxacia. Eilvar advnfeg, o apbudc twv éZewvr tou omxol Aedixol,
Gpa oL 0 aplbuds TwY cUGTAdKLY Tou k-means, va elval Waltepa ueydhog, ToAAéC Qopéc aTny TEEN
TV dexddwy yhddwy [Jegou et al., 2008b], [Philbin et al., 2007]. Me tov aplbué twv onuelwy avd
edva Yopw ota 500, n ouostadoroinom onuelwy and 10000 ewxdveg oe 5000 onuela unopel va mdpet
apxetéc Uépeg ue Tov Paoxd akydplfuo k-means. Xwplc Bertidoelc Tou ahyoplBuou, tétola hedixd
elval urohoyloTnd avépuxta.

I'V autd to Aéyo, 7 cuctadornoinoy dev ylvetal oe Oheg Tig EOVES NG GUAAOYTC, ohAd o€
unoagUvoro toug. Ta xévipa Twv cuoTddwy mou e€dyovtar anobnxedoviar oty Bdor dedouévwy.
Mnogolye TAEOV VO OVATOPAGTACOVUE TS EWXOVES TNS GLUAAOYTC Oyt Ue Ta onuela Toug, aAAd ue
Bdon v andéoTacy Tev onuElwy auUTOY AUTEC T OTTNES AEZELDY.

AZilel va onuetwlel 6Tl and boo ueyaritepn nowehio exbdvwy eEdyeTal T0 TUCAYOUEVO ATd TN
ovstadornoinon Ae€wd 1660 To XaAd UToEoUY Vo avamapacTafoly Ue auTd ELXOVEC UE SLapOopETIXd
Oeuoatixd mepieydueva. To Blo ouuPaivel enlong 6c0 avidvetar to uéyebog tou Aeduxov.

4.3.2  Anuprovpyia dLavioUaTog AvATApdoTACNS TOV EXOV®Y

[ va avarmapasthooupe Tig ewxdveg adlonolotue To onTixd Ae€uwd xau oynuatiCouue yio xdfe
exovo éva Stdvuoua avardpdotaonc (Model Vector). Tw xdfe mepiypagéa onuelou tne ewdvag
Beloxouue Ty xovTwvdtepy oe autov ontixt) AEEn. "Eyouue Aowmdv éva toTtdypapud ELGAVIONG TV
OTTXGY MEEWY WS xovTIVOTEPOL YelTtovee (nearest neighbors) twv onuelwy.

Lo v elpeon e xovivétepnc oe xdbe onuelo ontixhc AéEng elvan, Adyw Tou ueydhou apthuold
onUel®Y xal OTTXOV MEewY, UTOAOYLOTIXE anayopeuTixd va eieyyloldy efavihntixd 6heg oL ano-
otdoec. Xpnowdonowlviow howndy ta Sévipa k-d (k-d trees) ta omola meptypdpovial 6ty enduevn
vroevétnta (4.3.3).

To 6Téypaupa EUPAVLONE TOV OTTIXGY AEEEWY WG XOVTLVOTEROL YEITOVES 0T GNUelal ULd ELXOVAS
XOVOVLXOTOLELTAL XL OL U1 UNdeViXég TLUES Tou anolnxedovtal ot évay Tivaxa eupeThplo Tou TANGLaleL
™V dout| TV avreoTpauuévwy apyelwy (inverted files) mou €youv evpela ypriom otny Tayela avdxtnon
xewévou [Harman et al., 1992], [Zobel et al., 1998], [Squire et al., 2000], [Witten et al., 1999].

Kdébe ewxdva avanaplotator howndyv and T0 moleg onTxég AEEELS XoL UE TTOLY GUYVOTNTA EUPAVI-
Covton wg xovTvdtepeg ota onueta tg. H yopgr tou Slavicuatog avanapdotacng napoucidletal
otov nivaxa 4.1. "Otav avagépetar and 36 xat tépa 6Tt Yo ontixy) AEEN eppaviletal e Lol Eeova,
evvoeltar 6TL elvon xovTvéTtepog yeltovag ot éva A neplocdtepa and ta onueia TNg.

‘ image ID ‘ term list ‘ term frequencies

ITivaxac 4.1: Ta wedloa Tou dlavioUAaToC avanaEdoTaonS TWV EMOVWY. XTo Tedlo term list
amofnxevetal pLot Alota amd Toug Gpouc (omtixéc MéEelc) mou eupavilovtal e QUTHY XL 6TO
medlo term frequencies n Alota ue tic avtiotolyeg ocuyvoTnTeS euQdvLoNg.

Muog xou 1 6An teyvint| Sewxtoddtnong elval eunveuouévy and v avalAtnorn xeldévou, Tohhég
popéc unopel va ypnowonotnfel extéc and Tov Gpo tng ouyvétntag eupdvions (tf - term frequency)
xau évag 6pog avtlotpogne ouyvétntag eugdvione (idf - inverse document frequency), nepintwon
mou UehetdTal 6Ty unoevothTa 4.3.4.
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H Sraduxascia epwtiuatog oe o 6UAROYYH edVeY UE xat ywelc omtd Aeduxd galvetal 6To oyrfiua
4.10. Yty npdTN meplntwon xatd tny onola dev undpyel Ae&xd, 1) CUYXPLOT TOY TOTXGDY TEQLY -
Péwv yivetar dueca xor Bploxovtal oL xovTivoTepeg Teployég eCavtAntind. Xtny deltepn neplntwon,
otn dedld uepld g ewdvag, xdbe wa and Tig exdveg g Bdong €xel €€ apyric avtiotolyioel xdbe
onuelo T Ye xdnolo and ta onuela-AéZelc Tou omtixoy he€uwov. 'Etol, oe uia véa euxdvo-epdh U
apxel va avtietorynbolv ta onuela g otic xovivotepeg ontixée Aé€elc tou Aeduxob. Tote, mo-
pouoec Ba elvar ol ewdveg g cuhhoytc, T onuela TV onolwy avtieTolyolvTal enlong otic (dieg
MEerc.

4.3.3 Aval¥tnorm xovtivotepou yeltova pe Aévtpa k-d

To dévrpa k-d (k-d trees) éyouv apxetéc dexaetieg mou egapudlovion otny avalAtner ninpogo-
ptov [Freidman et al., 1977], [Bentley, 1975]. Ta dévtpa autd eivar Suadixd dévipa (binary trees)
xo elvan wa Sour] dedouévewv mou anobnxelel évay nenepacuévo aptbud onuelwy ddotaong k (to k-d
elvat ouvtouoypagla Tou k-dimentional) xat éyouv TAndpa epapuoYdY 6TOV TOUER TNS UTONOYLOTL-
xhc udbnone [Moore, a] xat Twv vevpovixdy dixtiwy [Omohundro, 1987]. Euelc ta ypnowwonotodue
Yl TV €0peoT) TNS xoVTLVOTeEpNS o€ xdfe onuelo ulag ewxdvag ontenig AéEng, medfinua Wialtepa
dUox0A0 AL YeovoBopo Aoyw tng uPmArc ddoTaoTg.

To dévtpo k-d xataoxeudletar Stop@dvtag Tov ToAudLdotato ydpo o Nulenineda Stadoynd g
Tpog T Sdopeg daotdoels. )¢ eloodo Yo TNV xataoxevy) Tou malpvel n otoyela didoTaong k.
Avadoywd oe xdbe ua and Tic k Staotdoeig xuxhixd, o ydpog Statpeltat otn uéomn oe dVo nulenineda
xaw xdfe €va amd autd énerta Sratpolvtan Eavd wg Tpog TNV enoUEVY SidaTacy xaL 1) Sladuxactio auty
tepuatiletal 6tav xdle éva and ta onueia Tng eLoddou Eyel UOVO TOU TNY Ll TOu TEQLOYY).

Yo oyfua 4.12 arewoviletar éva tpiodidotato dévtpo k-d . O mpdtog diaywpiopds (xéxxwvo
YeoOua) x6BeL tov apyxd yopo (hevxd ypodua) oe 8Uo vro-yopoug, xdbe évag and toug omoloug
duaywelleton (ue mpdowvo ypodua) eniong oe dYo umo-yodpous. Téhog xdbe évag and autolc toug
Téooepls UTO-Ywpoug Zavd ywplleton (ue umhé ypdua). Koabde dev umopel va undplel emmiéov
dtaywploude, ol tehxol oxTd vno-ydeol, xaholvial gUAda tou §évtpou.

Anuovpyeital étol éva 3€vTpo, 1o onolo uag mapéyel uio ToAD yeryoen avalhtnoyn oe dha To
onuela wg npoc v Béomn tous. To dévipo autéd éyel Uog log(n).

‘Eva tétoto dévtpo, yua onuelo didotaong 2, gaivetal oto oynfua 4.11 otnyv aplotepy| Ueptd.
Yy 8e€id peptd mopouctdletat o SIBLEOTATOS YOPOS TOY oNuelwy xaL oL Teployés Tou xabevie. Xe
uta TepinTWon EPOTAUATOS YL TOV TANGLEGTEPO Yeltova evog onuelou q exTtég dEVTpou, apxel va
TPOOGTEAAGTOUY Ol YPOUATIOTOL, 6TO AELoTERO TURUA x6uSoL Tou dévipou.

Yy neplntwon nou eZetdletan €36, to dévipo k-d Snutovpyeitar and dho to 64-SidoTata xé-
VIpa TV oVoTAdWY Tou edyovtal and Ty cuotadonolnoy (evétnta 4.3) xoL anoTteholy T OTTIXES
MéZeig Tou he€uxol pag. To Sévipo autd dnulovpyelton wa gopd, 60eg ewxdveg xaL va Béhouue va
detxtodoTHCOVUE.

Kd&be onuelo g ewdvag, yua tny onota Béhovue va Peodue 1o Slévuoua avarapdoTtaong, EpyeTol
O¢ EPATNUA YL TANGLECTERO YEITOVA 6TO 3EVTEo xaL auTd Bploxel TNV XOVTLVOTERT 6€ aUTO To oNuUelo
nepLoyn), 1 onola avTLoTolyel oe xdnolo x€vipo ouaTddag, ot xdnola ontix A€, Mia ToAY npdapat
avaoxémnon tv uehddwv avalhtnong mhnoiéotepou yeltova, Bewpel 6TL Ta dévtpa k-d dev elva Ta
xatarnhétepa oe peydro apliud dlaotdoeny, evéd Ta xaAlTEQN anoTEAéoUATA EEAYOVTAL UE TNV
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Yyhue 4.10: Taipiaoua exdvoy ywpelc ontixd helixd (4.10(a)) xat pe Aelixd (4.10(b)).
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Yyfua 4.11: Epdtnua oto 8évtpo yia Tov TANCLEGTERO YelTOVA TOU (.

Yyfua 4.12: Tewodidotato dévipo k-d (oyfiua and v Wikipedia).
yetion vantage point 6évrpowy [Kumar et al., 2008].

4.3.4 'Opog avtioTpoyng ouYVOTNTAS ELPAVIONG %Al 1) AloTO TEQUATL-
opov

O dpoc avtiotpopne ovyvotntag, elvol uia axdurn teyvixy) daveltouévy and v Oewplo avalin-
onc xal avayvoplone xewévou [McGill & Salton, 1983] [Rui et al., 1997a], n orola éyel ta teheu-
Talol YEOVLO EQUPUOGTEL XAl GTNV AVAXTNCT EXOVWY elte EUUEsd 08 GUVILAOUS UE YAWGOLXY ovd-
Avon [Kanade, 1998], eite dueoa oty avalftnorn pe ontixd Aeuxd [Sable & Hatzivassiloglou, 2000]
[Sivic & Zisserman, 2003] [Chum et al., 2008].

MéypL tdpa, T0 Sidvuoua avanapdoTtaons UG exovas AauPave umodrn povdyo U Th yio
x40 omtuen AéEN mou mepLéiye N edva: TNV T TNG GUYVOTNTIS EUPAVIONS TNg AEENg auThS g
mhnoLéotepoc yeltovoag ota onuelo tng ewdvag authc. Tdpa, npootifetar xal o bpog avtiotpopng
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- - - £lKOVA 1 2 3 4
£lKOVA £WKOVOL EPWTHHATOG
VW34 0.13 VW34 0.12 0.12 0.05 0.22
VW35 0.1 VW35 0.1
5 VW36 "G’ VW36 0.4
ﬁ. VW37 0.4 E’. VW37 0.3 0.3
5 VW38 0.2 g VW38 0.6 0.12
E VW39 0.3 TE' VW39 0.4 0.1 0:33
) )

Yyfua 4.13: éva uépog Tou Tivaxa onTIXGY AECEWY - eXOVLY NS Bdong dedouévwy, xal éva
UEEOS TOU SLAVUOUATOC aVATOEAOTAOTS TNG EXOVAS TOU EPOTAUATOC.

ovyvétnrag -idf (inverse document frequency) o onolog opiletar wg:

d, = logﬁ (4.4)
nk
6mou N elvar 0 aplBudg TV exdvey g cUAOYHC xat 1y, 0 aplBuds Twv Popdv mou eugaviletal 1
A& VWi wg xovtivotepog Yeltovag oe 6Aa Ta onuelor and 6Aeg NG elxdVeS TNG GUANOYTC.

Eivar dnhady évag cuvtekeotrc Bdpoug o omolog uwag delyvel 1660 dnuogudfic» elvar ou Aéelg
oe 6N v ovhhoyh. Auth elvon wa onuavtiy napduetpog, xafdg Aéec mou eugavilovrol mhpa
TOAND GUYVE, dpa xaL oe TOAAES ewxdveg, dev pag Ponldve oty owoth avdxtnor. Hapduola, ondvieg
AéZewc ou omoleg epgavilovtar oA apatd, elvar ToAd mhavéd va elvar BGpuBog and tne ewdveg xal
oYL XATOLO TEAYUATIXE YALAXTNPLOTIXG GNUELD TWY EOVWY.

'V auté tov Aéyo emhéyetal o€ xdnoleg nepuntdoelg va dnuovpynlel wa /emphiiota tepuoti-
ouoU (stop list) obugpuva ue Ty onola undeviletar 1 enlppot 1wV OTTIXGOY AEEWY TOL TEPLEYOYTAL OE
autrv. Tétolec anoteholv ontixés Aé€eic ot onoleg eugavilovtal elte Tohl cuyvd elte TOA) ordvia.
H stop list auts| épyetar oe dueon aviiotolylo e Ty aviloTtolyn AoTta 6Ny avaAuGT XELWEVOL, 1)
onola nepLéyel Aé&elc mou dev uog Bonddve otny xatavénon (6nwe my debpa 1 odvdeopouc). Me tny
stop list Ba auehovtay, yio mapddetyuo 1 ontixd) AEn 34 oto oyrua 4.13 1 omola elvar xowy oc
TOMAEC EXOVES (0TO ATAOUGTEUPEVO TUPADELY A TOU OYHUATOS) XoL dEV TopEYEL ouoLaoTixd Porewa
Yo Vo Sty welocouUE Tig ELXOVEC.

4.4 Talpiaopa ToV EXOVOLY

Ko oty npoxeluévn neplntwor, 6nwg oL oty neplntwon ye 1ov ontxéd Onoavpd and mepLoyés
(evotnta 3.6), Yo va umohoyiotel 1 andotac petalt dvo ewmdbvov apxel va utoroyiotel 1 Euxheldela
anéotaon YeTall TWV SLUVUCUATOY avaTapdoTaong TnY V0 duToOY EXOVOY.

‘Otayv ewodyetal 610 clotnua Eva vEo epdtnua avalhtnong, ToTe, av 1 exdva elvol exdva g
ouhhoyng, goptdvetal and Ty Bdorn to Sdvucua avanapdoTacng xal utohoylletal 1 andoTAcT TOU
and 6ha ta aviioTolya Sraviouata OALY TV edVeY g cuhhoyhic. Ol anootdoels TadlvouolvTal
XOL OTOV YPHOTY TOU GUOGTAUATOS ETLOTEEPOVTAL WS TUPOUOLES OL ELXOVES TOU £Y0UV TNV ULXpOTERT
anboTACT).
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Eyfuo 4.14: Aroteréopata avalhtnong otny culhoyr and ewxdveg tou Caltech. ZEBpa.

"Eva anhonounuévo napdderyua authic tne Sladixaclog anotundvetal oynuatixd ato oyfua 4.13,
6mou alvetal éva uépog Tou Tivaxa onTOY MEELY - edVLVY TNC Bdong dedouévwy, o éva uépog
TOU SLVUCUATOS AVATARAGTACNS TNS ELXOVIS TOU EPWTAUATOS. LUUQ®YO UE AUTO TO XOUUITL TWY
SLaVUoUATWY avaTapdoTaoyg, 1 ewxdva Tou epeThHUATOS Telver va woldlel ue Tig ewdveg 1 xat 4 tng
Bdong.

Mepuxd napadetyuata avalitnong gatvovtal ota oyfuata 4.14 o 4.15. H ewxcdva Tou epwthua-
TOG QalveTAL 6TO TAVEW UEPOC TWV GYNUATOV.

4.5 'Eleyyog vewuetplog

Avetuyte, uetd to 61ddLo avalftnong Ue aUyXpLon TwV SLUVUCUAT®Y AVATIRdoTAGTS TV EXO-
vov elvar 6Uvnlec T0 GaLVOUEVO VOl ETLOTEEPOVTAL WG XOVTLVOTERES UPXETES ELXOVES OL OTOlEC UTOQEL
val Uotdlouy 6Ny eXOVOL TOU EpOTAUATOS WS TROS TLS OTTIXES MEEELS ToU TERLEYOLY, Ta onueia OUwS
TOU aVTLETOLY0UY 0T AEEelg auTEC elva xaTaveunuéva Ue SLa@opeTixy| ywewxr dou 6Ty avaxTuévn
EOVA 0E GYECT) UE TNV EXOVA TOU epwTHUATOS. Oo Htay Aotndy Wialtepa Yefoleo vo Unopovoe va
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Yyfuo 4.15: Anotedéouota avalitnong oe culhoyr ue exdveg and to Flickr. Big Ben.

oUUUETEYEL 0TNY EUYWYT TOU TEAXOU AMOTEAEGUATOS XUl XATOLO YEDUETPIXO XPLTTRLO YLol Tl G-
uetlor avdueoa otig 300 ewdveg Tou UoLdlouy Ue Baom To YopaxTneloTixd Twv YUpe TOUS TERLOYGV.
Aoxwdotnre ye Betixd anoteréouata 1 uébodog RANSAC mou mpotdbnxe and toug Fischler xa
Bolles to 1981 [Fischler & Bolles, 1981].

Muog xan 0 uébodog auth elvar amontnTiny) UTOAOYLOTLX, dev exTeleltal o€ OAEC TNG EOVES TN
Bdomng, ahhd 0TLC TEGTES EXOVES TTOU ETLOTEEPOYTAL ANH TNV CUYXPLOT TWY SLAVUGUATOY AVITAedoTa-
ong. Elvar onuavtind howndv va toviatel 6tL dev oupuetéyer atydg oty avalhtnon Tov emovey,
aM\& oty ernavatalivéunon (re-ranking) Twy xaAiTtEpwY anotereoudtwy, dophdvovtas ot ueydho
Babubd e Mboc avaxthoels ewmdvov (false positives). Me xatwhiwon TwV anoTteEAeoUdTOV 010
Téhog, unopoly va emteuyfoly uPniéc anoddoelc TNV avdxTno), ue xdnoto emnpdcheto xdaTog,

BéPona, atov ypdvo avalrhtnorg.

4.5.1 Extlunon tng opoypaglog ue RANSAC

H uéfodoc RANSAC (RANdom SAmple Consensus) éyeL oav 6160 TNV elpeot) Ts ouoypagiac
(homography) avéueoa oe 300 ewxbves, dNAadh Tov TPOOTTXG UETAOYNUATLOUS TTOU UeTaoynuatilel
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Yyfuo 4.16: Tig 80 ewxdveg Ulog otepe0oxomixc xduepas Unopel edxola xavelg vo Tig Oet
oav Vo 6elc Tou Blou avtixeluevou and duo SLaPoPETIXES OTTIXES YWVLES.

x&fe onuelo z; e wlag edvog oe x&fe onuelo = e dhhne, otny neplntwon Tou URdpEyouY TOAREC
A&Boc avtioTolylec.

Me 3edouévec Tic avtiotoryles Twv onueloy avdueou ot do ewdvee, dnhadh ta Lebyn x; < o),
o nivaxag ouoypagpiac H oplletal wg n uftpa:

T, = Hzx; (4.5)

H extlunon tng ouoypagpiag €xer dueon yenowdtnta 6Tny pUBULeT GTEREOGHOTUIXAY XAUERHDY OTOU
exel 1 ula ewdva Sragéper and TNV AN UGVO WS TEOG EVaY TEOONTIXG UeTaoynuationd. ‘Aucoa,
6ung, umopel xdmolog va avdyer v aviiotoryia uetald dUo exbdvwy and oTeEpE0GXOTIXT XAUERY
oe 0o ewdbveg Tou (dlou aviixeluevou and duo dlagopetixéc ontixés Ywviee (oyfua 4.16). Eneldd
oty dedtepn meplntwon ol uetaBolég unopel vo elvar apxetd pueyahdtepes, xdtL mou B odnyroel oe
AMyeg owoTég xat apxetéc Adbog avtiotolyieg uetall Tov onuelwy Tov dVo ewdvwy, yeroLuonoteital
n wébodoc RANSAC novu elval Wialtepa elpwotn xal Unopel Vo EXTUUAGEL TNV OUOYEAU(LO AXOUO XAl
oe nepdhhovia ye ueydho no6ocTé and Adbog aviieTtolyles.

Y1oyoc g uebhddou elval oyv ubévo va mpoodioploel ulo uhteo opoypaplag UeTald TwV duo
eOVOY, ohhd xol vo Tadlvounoel Ta onuela oe dUo xatnyopleg: o AUTA Ue CWOTEG avTioTolyieg
(inliers) xov o autd ue Adbog avtiotouyies (outliers).

"Eva anhé napdderyua, tov gaivetor 6to oyfua 4.17, elvor 1o tpdfAnua extiunong evog noviéAou
T0 omolo npocapudlel ula ypauur ot ula oudda and onueia. Autéd 1o medBinua uropel va Hewenlel
avtlotoyo ye v extlunon evéc povodidotatou aguixol petaoynuatiopol ' = ax + b avdueoa
oe avtiotolyovta onuela mou avixouv oe dVo yeauués. To uadpa onuela elvar ov inliers xou Ta
&dera oL outliers. H uéhodog ehaylotwy tetpaydveny oto napddetyuo avtéd Oa €dive tnv extiunon tou
oyfuotoc a. H uébodoc RANSAC 8lvel tnv, xatd mold cwotdtepn, extiunon tou oyfuatog b. H
Wéa tou RANSAC elval mohd anif): Awadéyouue dvo onuela Tuyata, Ta onola mpopavde opllouy uia
evfela. H vrootrjoiéy (support) tng eufelag authc, dlvetar tov apliud tov onuelnv mou Peloxovtal
oe anéotacn wxpdtepn and ¢ and tny eubela. Agdtou exteléoouue TV Tuyala emhoyr onuelny

73



a b

Eyfua 4.17: HpbBhnua extiunong evog uoviéhou to onoto npocapudlet uio eubela ota napa-
Téve dedouéva (and to BBilo twv Hartley xou Zisserman [Hartley & Zisserman, 2004]).

v évay apliud gopny, Hewpolue kg Aor tny eulela ue Ty ueyaritepn vrootrely. ()¢ inliers
fewpolvtal boa onueia Peloxoviar oe andotaoy uwedtepn and t and v eufela (autd opllouy xa
70 6UY0AO consensus 1oy avagépet xat to 6voua Tou RANSAC) xau ta unéhoina Bewpotivrar outliers.

Opllovtag wg xatarlknhétepo woviého tny eulela ye v peyalitepy utootholn, euvoolue TNV
xaAdtepa Tpocapuoouévy ota dedouéva eulela. T napdderyua, n eubela (a,b) tou oyfuatog éyel
vroothplln 10 evd n evbela (a, d) wovdya 4.

LFevind, étav Béhouue va npocapudcovue éva woviého oe dedouéva To apyixd Tuyalo wog delyuo
Oo mpénel va mepLeyel t6oa onuela 6ca elvon avayxata yia vo oplotel To yoviého. Y10 napandvew
Topdderypa to wovtého ftav 1 eufela xau yeewdotnxay %o onuela. ‘Otav to uwovtého Bo elvar 1
opoypapla Ho arartolvtol TovAdylotov éooepa onuela yia vo opLoTel.

Me 3edopéveg Tic avTioToyieg Twv onuelwy aTig Yo ewdveg, o Baowés adydpitfuoc tov RANSAC
YW TV eVTOTLOUS TNng ouoYpaglag petall dUo emdvwy €xel kg eEng:

o Awdoyuxd emhéyovtal ye tuyato teémo 4 onuela, dniadh o ehdylotog aplbuds onuelwy mou
yeetaletal yia vo oplotel Lo opoypapia, oL Ue autd unoloyiletol To LOVTENO oUOYpAplag
obugwva ue ™) oyéon (4.5). Yrnobétouue dnhadn apyixd 6tu ta 4 autd Tuyala onuela avixouy
070 Yovtého ouoypaplag nov Béhouue va Bpodue (unobBétovue dnhads 6T elvan inliers).

e Me Bdon 1o povtélo Tou UTOAOYIGTNXE TEONYOUUEVWS XoL Uld TORAUETPO andGTACNS T, UTO-
hoyileton o aplbude Twv onuelwy mou enaknledouy to wovteho autd. Do va emadnfelel Eva
onueto 1o povtého, Ba mpénel 1 avtioTolylo Tou aTny deltepn exdva va Bploxetol o andoTaoy
uxpodTepn and ¢ and v Béor mou npofAénel To uovtého opoypaplag. Aniadh:

I (4.6)

xfetn

émov t2 = F 1(a)o? xa F, (k%) = f0k2 22 (E)dE elvar 1 ouvdptnon muxvéTnTog mbavéTrTog
Yo TNV xaTavour Tou 6edluatog tou Bewpolue 6Tl axoloulel xatavour x2, ue m Babuolc
ehevbeplag. Ta onuela yio to onola Loy del ) Ttopardve ouviixn, Bewpolbvta inliers o ayéon
ue to ouyxexpuévo woviéro. To a opileton ouvifoc (oo ue 0.95 dote va urdpyer 95%

mhavétnta xdbe onueiouv va elvar inlier.

o Tetpddec onuelowy emthéyovtat Sladoyixnd oL aviueod 6TLS ETAVAANPELS XPATLETAL O UEYEL TOTE
uéyiotog aptbudg inliers mou €yel Bpebel xabidg xar o mivaxag oyoypaplag yia to aviioTolyo
LOVTENO.
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o I dwduxaoia emavarauBdvetar elte uéypl va ohoxhnewel évag npoxaboprouévog aplbude ena-
varfpeny elte uéypl va néoel 1 mbavotnta va Beeboly neproodtepot inliers oe xdnolo poviého
%4t and n toig exatd. H mbavétnta auth opiletar wg e€hig:

n=(1-pPp)" (4.7)

6mou k elvat o aplBude tov onueloy - aviiotouytdy Letall Twv 300 exdvwy xal To Prelvol 7
mhavotnta va emhextel éva «aubéiuvto» and outliers delyua, oL loovTal pe

I m—1 .
pr=tw) L o (49

6mou € = I /N elvar o Moyoc inliers / onuela. To 5 ouvifiwe opiletat oo e 0.99.

e 'Otav wavonownfel n tapandve cuvinxn etavarnpoodiopiletal To uovtého opoypaplag ue dha
Ta onueta mou Bewerbnxay inliers anéd ta mapandve BAuata.

4.5.2 Egapuoy® tou RANSAC pe decdopéva ta daviopata avarnopd-
OTACTG TWY EXOVE®Y

Eivow epgavéc 6t o alydelbuog tou RANSAC, énwg mapousidotnxe mply, e€aptdtol o ueydio
Babud and tic avrioTtolyles Twy onuelny tou Ha tou dobolv yia va Bydher owoth extlunomn tng ouo-
veagiag. Ou avtiotolyieg autég dev elvon Swabéoiueg dueoa, xat To va exteheotel ylo Sradixaoia
eUpEONS TWV XOVTLVOTER®Y YELTOVWY avdueoa o Gha o onuelar Twv BYo exdvwy elvar o Wiaitepa
xeovoPopa Sladixacto. O exyetahieutolye howndy Tig avtioTolyleg onuelwy - onTxdV AEZewy YL
va Snutovpyicouye avTioTtolyleg onueloy uetadd Ty dbo ewdvov. Me i emmiéov pop@n dewxto-
d6tnomne, olupenva Ue Ty onola yia xdbe exdva anolnxedetar To mola onueia X0V WG XOVTLVOTERO
veltova Ty xd0e omtier AéEn, 1 dwadixacta auth elvan Wialtepa yeryoen.

Hapdha avtd, 1 ehagpeid auth dwdixactia aviiotolynong onueloy entpéper Aoyw tou xBaviiouol
TV onTX®Y AEEewY, Tohhéc Adfog avtiotolylec. Av oe o omtuer] AEEN avTioTolyovy yio Topd-
devyua 10 onuela g tedTng ewdvag xal 8 tng delvtepng, avtl yia 8 cwotéc avtiotolyles Ho ndpouye
80. 'Etot, 10 dwaduxacia avtiotolynong axoroufel xon pia Stadixacio andppldng TorGV and autég
ehéyyovtag TNV avileToLylo Twv YELTOVKDY Tou xdbe onuelou Ue toug yeltoveg tou avtiatolyol tou
onuelov [Sivic & Zisserman, 2003].

Hapadelyuata tng 6Ang dwadixactag gatvovtar ota oyAuata 4.18 xow 4.19. Mtig ndve ewxdveg
QalvovTal oL apyLxEC avTLoToLyEC ToU TEOoXUNTOLY and TNV AVTLoTOlYNoT OALY TWV oNUelnY Twy dUo
EOVOY TIOU aVAXOUY 6TNY Bla ot AéEn, otn uecalo galvovtal oL aviiaTolyleg Tou Uévouy Uetd
ToV EAEYY0 AVTLOTOLYLUC TN YELTOVLAG XUl OTNY XATK €xdVa oL TEAXES avTLoTOLYlEC Tou EVTOTLOE
o RANSAC. Sty npdty neplntoon (oyfua 4.18) undpyet avtiotouylo petall twy d%o emdvev xa
Begbnpav mohol inliers, oe avtifieon ye v debtepn (oyAua 4.19), énou dev undpyet xar Peébnpay
Myol.
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Eyfua 4.18: Egapuoyr tou RANSAC oe nepintwon Unoping oyetiopol aviueca oTig EXOVeg.

76



Yyfuo 4.19: Egapuoy?, tou RANSAC oe nepintowon un Vnoping oyetiouol avaueco oTig
ewdVeC.

77



4.6 Egoapuoyf: YEOYTPAPLXOS EVIOTLOUOG PWTOYEAPLOY

H yuyavtonoinon twv culhoydv exdveny oto dadixtuo, cuvodeltetal xal and v npoclfxn-
EVOOUATWOT OTLS EXOVES SLaPOpmY UETASESOUEVLY VLo TNV TATOECGTEQT) TEQELYQPUPT, TOUS. MITNV XoTh-
yopta auth nepthauPdvovtol xdnolo xeluevo nou teplypdget To Tepteybuevo tng exévog (description),
YopaxtnploTinég Aéewg yia Ty ewdva (tags) (MéZewg otig onoleg ouvifng Baoiletal xau 1 avalitnon
EOVOY UE Bdon xeluevo Tou TapéyeToL 0TS LoTooeAdeC we oulhovég) alhd enlone xon petadedo-
uéva yewypapuic Béomg (geo-tag). To yetadedouéva Béong elvar 10 yYewypapxd urxog xal mhdtog
TOU P€poug ou TeAlhyTNXe 1 pwToYpapla, TLWES Tou elte e&dyovTal autéuata péow GPS and opt-
ouéveg Ynpuaxéc pwtoypaguxéc unyavég elvar xabopllovtar yerpoxivnta and toug yefoteg péow tng
exdoTote LoTooehidog mou @uhoevel TNV GUALOYYH PuTOYEAPLDY. XTNY TERIGTLL GUALOYY TOU LGTO-
y&pou Flickr! yia mopdderyua, extuldtal 671 xataywpodvial xatd uéso 6po xébe uhva mepinou tpla
exatopulpla QuToypapleg ue uetadedouéva Héong.

Egéoov 1 avalrtnorn ue ontixd yopaxtnetotixd umopel va yenowsonoinfel arnodotind yia tny
avéxnon putoyeapldy and xtipw (BAéne evétnta 6.6.2), ue xdnow enelepyaocia oty TAnpogopia
Oéong Twv exdvov Tou avaxtHvton unopel ebxoha va e&aylel minpopopla Oéong yia Ty exdva Tou
EPWTHUATOC.

Ot owotéc edveg mou avaxTthdnxay, av 1o epdTnua anewxovilel Yo THpddelyUd xdnoLo Uy Xe-
xpuévo uvnuelo ulag TéANG, avapevetoL va £xouy TNy o ) oeddv TNy (8ta Thnpogopla YEOYpUPLXTS
Oéong ue to yvnuelo autd. 'Etol ue anhh avdiuon Twv geo-tags oY emoOVwY TOU ETLOTEEPOVTAL UE
Vv avalATno, avaUéveTal To UEYUAUTEQD GUVEXTIXG UTTOGUYOLO TOUG Va €xeL TNV (Bla yewypapux)
Oéon ue v ewdva.

[ewduota éyvay oe gulroyt and 2000 neplmou ewxdveg tou Flickr, otic onoleg anewxcovilovton
uvnueta e méing tou Aovdivou. Autéc emiéxtnxay uéoa and 20000 euxdvec Tou xatedotnxay and
TOV LOTOYOEO, WS TLo XAOUPES XAl AYTLTPOCWTEVTIXES Yol Ta Uvnuela autd. "Oleg oL euxdveg €youy
TAnpogopla yewypapxhc Béong.

Yty eqapuoyn mou avantiylnxe, unopel o ypRoTNG Vo EXTEAECEL EPATNUA UE ULA POTOYPAUPLA
Tou mou amewxoviler ueTadl dAhwy xdroto uvnueio tou Aovdivou, xav uetd tnv avalhtnon va tdpe
wta extiunon tne mhavol pépoug 6mou unopel va Tpafytnxe 1 potoypagia. Autéd emttuyydveTal e
uia Stadixaoto cuotadonolnong pe oVUNTLEY TdVe oTa SIBLECTATA geo-tags TV POTOYRUPLDY TOU
ETMLOTEAPNAAY WS XOVTLVOTERES.

O ahyobpiuog Tou yenowonoteitar Yoo Ty ouatadonoinon auty elvar o alydplbuogc RNN - re-
ciprocal nearest neighbor[Olson, 1995],[Leibe et al., 2008] , and tnv éZodo tou onolov emhéyetal n
TLO GUYEXTLXY| GUGTAd W mhavy yia mpdliedn Oonc.

[ TV ontixomolnon Tov anoTeAeoUdToV Yenowonotiinxe to ypapuxd neplBdiiov tou Google
maps 6nwe gaivetor 6to oyfua 4.20. Xtov ydptn pe x6xxwvo marker QaiveTal 1 EXTULOUEYY YEW-
yeapw Béon xau e yardlio 1 Béon TV edVOY Tou exTiwdTol 6Tl anewxovilouy To (So uvnueio ue
T0 epodTUA. Anoteléouata avixtnong gaivovial oto oyfua 4.21 xou 670 oyfua 5.3.

Avahi0mpay enlong oL yapaxtneoTixés Aéelg — T tags — TV PuTOYPAPLAY, AEEELS Ue TI oToleg
oL yenoteg mou aveBdlouy Tic pwtoypapies ot culhoyr Tig yopaxtneilovy. 'Etol, uall ue tic edveg
TOU EMLOTEEPOVTUL GTO YEeRoTN XoL TNV exTlunon g Yewyeapuic Béong tne ewdvog nou éfeoe wg
epOTNUA, ETLOTEEPOVTUL ENLONG XAL OL GUYVOTEQES YALUXTNELOTIXES AEEELC TWV POTOYRAPLOV TOU

"http://wuw.flickr.com
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R = P B i =
W &
: B et
=

Tags:
gallery
trafalgar
museLm
londen
square

|

Sirn: 0L0461 Show Inliers

Sim: 0.0164 Show Inliers Sim: 0.0402 Show Inliers
Sim: 0.02639 Show Inliers

Eyfua 4.20: O ydptng ue v extiunon tng Béong 6mou tpafriytnxe 1 QwToYpaplo TOU Epw-
Thuatog (8e€ld). Enlone xdtw and ty exdva gaivovtal xat o ouyVOTERX tags THVELXOVWY
TOU ETLOTRAPNXAY.

emoTpdenXay ©g xovivétepes (oyfua 4.20, xdtw and v ewdva).
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SRS Sheucinifees Sin: 0.0149 Show Inliers Sim: 0.0097 Show Inliers Sim: 0.0032 show Inliers

Sim: 0.0078 Shoew Inliers Sim: 0.0072 Show Inliers

1] Sirn: 0.0071 Shovw Inliers
Simn: 0.0073 Shaw Inliers

Sim: 00063 Show Inliers Sim: 0.00EE Show Inliers

Simn: 0.0053 Shiw Inliers Sirn: 0.0086 Shew Inliers

Sim: 0.0063 Shoow Inliers

Sirn: 0.0061 Show Inliers Sim; 0.0039 Show Inliers

Yyfuo 4.21: Anoteréouata avalrtnone. Ou exdveg mou extiudtor ot TpalSfiyTrnxay oto {dLo
UEEOC UE TNV EXOVOL TOU EPOTAUATOS €youv €va Yaldllo meplBhnua.
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Kegpdiowo 5
Foapuxd nepifdiiov avalhtnong

5.1 Ewcaynyi

To yeapud nepBdhhoyv elvar Wialtepa onuavtixd oe éva cloTHUL aVAXTNOTS EXOVEDY, Xa0OS 1|
arknienidpoomn Tou yeRoTn ue auto elvar ouveyrg. Llpéner howndy va elvon xahaiolnto xar Aettoupynd,
6mwe enlong xaL eixoho atn yeron, €toL GoTe 0 yprotng vo odnyelton o cwotd anoteléouaTa
avdxTnone Yeiyopd, axoua oL av Exel Loviaya T Thov Bacués YvOong YELpLoUoy.

To ypapud mepiB3dihov mou dnutoupyhinxe yia vo oteydoel Tl SLdpopes TeEYVIXES AVAATNOTS
Tou avorthyOnxay fitav oe Loper oehidag lvtepvet, Ypauuévo oe YAwooo php.

H yevuxt| Tou dnodm gaivetal 6o oyfua 5.1, 610 onolo gatvetal n apyixr oehldo yia Tnv ouALOYT
eévey ané to Caltech!. O yphrotne pe éva anhéd xhx ot pa potoypasio extehel epdinua oTn
Bdon e auth. Ta anoteAéouata avdxTNONG YLo TO EPGTNUO UE THY UNYAVY) TOU TURATAVL GYHUATOS,
galvetor 610 oyfua 5.2. Avdhoya ue v exdotote avalftnon to mepdAlov yetaBdileTal, 6nwg
yio mapdderyuo 6tav o yehotng Béker va avePdoet dunid Tou puToypapla Yo Vo EEXLVACEL Ep@TNHUA
avéxtnong, 6rws Ho dodue otn cuvéyeLa.

"Eva dhho nopdderyue palvetal 670 oyfiua 5.3, 6Tou 6TV gAY auTh Ue ewbveg and to flickr?
patvetol dimha and TNV OV TOU EPWTAUATOS GTO TAVK UEPOS AL O YIPTNG UE TNV YEWYEAPLXY) BEaT)
TV ex6vev tov emtotpdgnxay. H yewypagu 6éon twv exbdvov (Geo-tag) elvar éva petadedouévo
TOU TUPEYETUL 6TO GVoTNUA and 1 Bt T GUAAOYY.

5.2 Emnihoyég Popdv TNV avdxTnoy EXOVOY UE YoRAXTNEL-
otwxd tov MPEGY

Y10 oyfua 5.4 galvetal To yeapud mep3dAlov tou eugaviletal 6Tav o yehotng avePdost U
dutd Tou EdVA YL EpOTHUA.  XE TopOUOLo YpuPd TEPBIANOY XATAAYEL XAl O YEHOTNG TOU
StaAéyel UL amd TN ewdveg NG oLAROYHS Y epdTNua, ahhd dtakéyel and To Yevol TNy emLhoY
«arponyuévn avalhtnory (BAéne evétnta 2.3.1). ESG unopody va xaboplotody Béer yia xdle évay and

"http://www.vision.caltech.edu/Image_Datasets/Caltech101/
*http://www.flickr.com/
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Visual Similarity Retrieval

by A

ndon dataset] | [ Random Sample ] Il [ Caltech dataset + GCC ] | [Random Sample]

Eyfuo 5.1 H apyuxr| oeiida yia tnv ouhhoyt| tou Caltech.

Similar Images

sl 00152 Show nilsry o017 Show nler e i am:00ie o nilers
- :
2im: 0.0183 Show nilers Sl 00187 Show hllers Sim:0.018 Show nllsry

a0

Eyfua 5.2: Anotehéouata YLol EpOTNUA UE ELXOVOL UNYAVHC.
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Shownllers

Sz 0242

Yyfua 5.3: Amoteréopata yia epdTnUe e Yvwoto graffiti tou Aovdivou. Xtnv exdva tou
epwTAUATOC dimAa, @alvovTal onuelwuéves oTov ydetn ot Béoelc Twv edvey Tou enLoTEd-
prxay and To alotnue xafdhe xat ula extiunon uéow autdy e Béone to (BAéne evotnra
4.6).
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You can choose a query theme, or input manually the weights for each descriptor.
To input the values manually below choose ™o Theme' fram the Presets list.

Query Prasets | General search j
i

Enter the weight for each descriptor:
Color Structure Descriptar:

izl

Scalable Color Descriptor:

4

Caolor Layout Descriptor:
Edge Histogram Descriptor:
Homogenous Tecture Descriptor:

Number of closest images returned: |12

Submitthe Queryl

Yyfuo 5.4: Mevou emhoyic Tov Bapdv yio Toug Teplypagelc oty Tponyuévn avalhtnor ue
eOVoL aVeBACUEVT amd TOV YEHoTN.

toug névie MPEG-7 repiypageic nou Satifevtat, mou napovsidlovtal avahutindtepa oTny eVOTNHTA
2.2. 'Ornwg galvetal xaL and o oyfua, o yehotng unopel elte va dwoel yewpoxivnta éva Bdpog
v x&be mepiypagéa elte va emhéZel and wa oewpd and mpotdoeis cpwtiuatoc (query presets). Xe
auTEC UTdpyoLY €Toles emhOYES Bopdy, 6Tou oe xdnowa, yio napdderyua, divetal Bdpog u6vo 6Toug
Yewuatixols teptypagelc 1 o xdmolo dAAY undevilovtal 6hot oL yewuotixol tepLypapelc.

Y10 oyfjua 5.5 napouotdlovtoL To ATOTEAEGUATA ORd EpGTNUA AVAXTNONG UE ELXOVA TOL YpnhoTh,
o0TNV GUAROYT EXOVOY UE YARAXTNELGTIXE ToU eEdyoVTaL amd OAGXATET TNV EXXOVA XOL LGORPROTNUEVA
Bden meptypagény.

5.3 T'pagpixd neplBAANOY AENTOUEQLAY GTNY AVAXTNGCT) UE YO
PAXTNELOTLXA ATO TEPLOYES TMV ELXOV®Y

[Magdhhnha ue TNy LVAOTOLNGT TOU GUOTAUATOS AVAXTNONG, AvanTUY Onxe xaL Eva enonTd YeapLxd
TepPdihov, 6o onolo unopel va det 0 eEEAYUEVOS YENOTNE — YVAOGTNS TWV TEYVOROYLOY TEPLOGOTERX
otouyela v 10 oVotnua. To mepBdAloy autd elvan enlong o Lop®r oeAB®Y Tou (VTEQVET.

TNy avaxtnon Ue yapaxtnetotixd mou e&dyovtal and meployéc tng ewdvag, Ha frav Wialtepa
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Yyfuo 5.5: Anotehéouata avdxtnong ue tocopdmnuéva Bden oty exdva NALOBAGLAEUATOC
TOU YENHOoTN.

xerowo va umopel va del xavelc puepwd emmiéov otovyeta v v xdfe ewdva. Xy avalhtnomn ye
YALUATNELOTINE ATd TEQLOYES YL TapddeLyua urnopel xavelc va del uia elxdva oL T e€aYOUEVES Ao
NV xatdtunon neployéc e. Alvetal enlong 1 SuvatdnTa va SeL xdmoLog 1o dtdvuoua avanapdeTaeng
yioo g exebvor (evétnra 3.5), oe wopey Ypaghuatos 6nws gaivetal oto oyfua 5.6. Xtov &&ova
z Peloxovtar ou tonot teproyric (110 otnv npoxewévy neplntwon). Ildve otov dova twv tHinwy
mepLoy g, avaypdgetal o xdbe évay and autols xal o aptiude Tng xovTvédTeERTC 0E AUTOY TEPLOYTS.

5.4 Tpopuxd neplBANAOY AETTOUEQLOY GTNY AVAXTNOY) UE Y-
PAXTNELOTLXE antd oNUEldL EVILAPERPOVTOS TMV EXOVLY
Y10 ypapxd REPLBIANOY ATOGQUAUITOOTS TOU GUOTAUITOS OVAXTNONG ELXOVOY UE YUpUXTTEL-

oTxd eCayduevo and onuela evdlaPépovTog TOV EMOVEY, UTopel 0 YeRoTng Tou evilagépeTal va det,
ot avohoyla Ue TNy avdxtnom and TepLtoyéc, Ud and TLS EXOVES UE To ONUELX EVOLAPEPOVTOC TN TUTW-
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€3 viewMY.php (PNG cikdva, 1000x500 ikovoaToiyzia) - Mozilla Firefox =10l x|
| i ‘http:ﬁlZ?.l‘1.ijychlrdvleWM\u"php?Fr\zlmQZBS.]pg 07
the MV for img288.jpg
500000
435626
400000 389648
362223 360308
32852
303627 300080
300000 289539 290700
37105728268 76611 278258
261568 63028 253955
246059 248100 263755 3974736956
221988 28554 16485
205322 2 5138495 25842
2000884520 181092 187976 4 S 181580 8502 83269
57931 HRa112 162857
E L 1 15128 5 181642 o - 7
29439 35
1 | S 22e o 23505 1 13358 46
il
100000 §
%53 ;
I I | “ é'§§| 1? | i33
| aokknpoEnKEs

Yyfua 5.6: To didvuouo avanapdotaons tne exdvoc img288.jpg and tny cUANOYY).

uéva xabde xaw to didvuoua avarapdotaons tne (evotnta 4.3.2). Ernlone onuavtuc Borbela yio tny
anoopaludtocn tou eréyyou yewuetplog ue RANSAC (evétnra 4.5.1) elvan vo urmopet o del xavelc
To mola onueta £youv avTioTtolyla olugpuva ye tov e€ayduevo and tov RANSAC, yetaoynuatioud.
Mua drodm tou ypagLxol autol nepBdilovtog galvetor 6to oyfua 5.7.
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Inlier features

Yyfuo 5.7: To ypoapuxd mepBdAlov anocpahudTwons Yo avdxtnon and onuelo evdLopé-
covtoc. Paivetar n edvo ue ta onuela g xalde xal oL aviiotolyleg and Tov €heYyo
veouetpxig ouvextixdtntog ue RANSAC.
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Kegdharo 6

Iewpduata xot aglohdynon

6.1 FEiwoaynyi

H a&lohdynon 1ov cusTnUdTey avdxtnong exovey elva uia Wialtepa dboxohn alld mapdiinio
xoL ouolddng dadixaotia. Méow Ttwv armoteleoudtov xol e avddpaong mou e&dyetol and AuTh
unopel va uetpnlel n andédoon xor w¢ ex T0UTOL va xpilel 1 BLwoLdTHTA TOU GUGTAUATOS EUTOPLXS
XOL XUPLWS EQELVTTIXY.

Yav eunopxd mpoidy, Eva aloTUN avAXTNONG TMEEMEL, YLo VO BPEL EQUPUOYT|, VO TAUPJYEL TA
emBuuntd anoteréopata otov tehdtn. ‘Etor, 1 eaywyr fetndy anotekeoudtov elval emBeBAnuévn
XOL ATOLTOUUEVT).

Yoy mpoldv £peuvag, Ulo ONOXANEOUEVY TEYVXT avaXTNONE EWOVOY cuVOLAleL £va Wialtepa eupl
paouo ETUEEOUS TEYVLXGOY. AN TeYVIXES eaYwYNS ONUELWY XOL YORAXTNELOTIXGY UEYEL TEYVLXES
dewxToddTNnoNg XoL Tapldouatog exdvey. Xuvdudlel Bdoeig Sedouévwy xal cuALoYES edvmy ot
Ut OhOXANEWUEYY OVTOTNTA, TA ATOTEAEoUATA, ElTE CUVOAXE elte emuépoug, TN omolag elval oyt
Uévo peTerioua, aAAS xaL OTTXAOS EEaYOUEVA. LUUQWVOL UE auTH TNV hoYLxY), eXTOHS and Ty alloid-
YNOT GUYOAXE TOU GUOTAHUNTOS auToy X’ auToY Cay ULl GUYBLACTIXY Xal TOAGTAOXTY EPEUYNTLXY
%ATaAoXEVY), T0 cUoTnua unopel va yenowonombel xow og Bdorn v allohdynon (testbed) dAhwv em-
UEEOUG TEYVIXAY, OO Yo Tapddetypa Texvxég ouotadonolnong, efaywyhs onuelny evdlagpépovtog
7 dewxtodoTnoNg.

6.2 Métpa a&lohdynong

To pétpa allordynong ta davelletal 1 avdxTnoT eXOVLY aTd TO YEVXOTERO XAl YELTOVIXO TOpEN
NG AVAXTNONG TANPOQOELOY. YRdpyel 1 avdyxn va yYenoworonfoly xdmola avTixeluevixd Uétpd yio
™V a€LOAOYNoY TNE anddoome TV AV VEUT®Y Ta ontola Ba e@apuoaToly 6T EXOVES OV ETLOTEE-
povtaL uetd Tty avixtnor. Tig npotinobéceic mou mpénel va mhnpel €va xabohxd uétpo olyxpLong
ouyxevTpdvel xal Teplypdget o Datta [Datta et al., 2008].

Abo yvwotd yétpa mou davellovior and Ty avdxTnoy TANRoQopL®Y, EQUEUOCLUA 6E TROBAAUNTY
oav oL TO GLUYXEXPLEVO, elvan To uétpo axpifeiac (precision) ol 10 uéteo avdxtnone (recall).
Opllovtag cav | - | to mhAfoc twv otowyelmv evée ouvélou, To uétpa precision xat recall divovrat
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ané toug tomouc (6.1) xou (6.2) avtiotouya.

DG
p= PellTel 1 N (6.1)
1D|
D.NG
Ry = P0Gy (6.2)
|G|

6mou N¢ elval 0 apluds TV TepleOUEV®Y GTT GUAAOYT| EVVOLGY.

Me amhd Aoy To mpdTo YETEo Elval T0 TOGOGTE TWV EXOVKY TOU EMLGTEAPNXAY ANt To GUGTHU
oL OTOlEC MEPLEYOLY UL 1) TEPLOGATERES AT TLG EVVOLES IOV TEPLELYE 1) EXOVA TOU EPOTAUATOSC, TEOG
OhEC TIg EXOVES IOV ETLoTRdgNXay 6Tov YeNotn. To deltepo uétpo, To Utpo avaxtnong, pag divel
TO TOGOGTO TWV EWMOVWY TOU ETLOTEAPNXAY XAl TEPLEYOLY ULX 1) TEPLOGOTERES ANO TIG EVVOLES TTOU
TepLelye 1 exéva ToU pWTAUATOS, TEOS GAeg Tig EwdVES Tou TNV ametxovilouv.

Ané 1o nopandve gatveton xabapd 6TL yio Ty alordynon araiteltar a priori yvéon twv enbuur-
OV anoteheoudtwy. Q¢ olvoto Sedouévne arfbeiac (ground-truth) ovoudleton 1 TAnpogopia yLo To
ONUAGLONOY XS TEPLEYOUEVO TWV EXOVLY, dNAadh 1 embuunth é€odoc tng avixtnong. Iephoufdvel
dnhadrh tAnpogopia yia To Tota évvola anewxoviletar oe xdfe ula and tic etxdvec.

[ xdfe évvown (concept) mpog eviomoyd ¢ 10 6UVoOho TOV EXOVOY TN GUAOYAS unopel va
yweLotel oe 8Yo unocUvoha. To éva Ou anoteheltar and Tic ewxxdveg mou anewxovilouy Ty €vvola ¢
xaL To dAho ané exelveg mou ev Ty anewoviCouv. Ta 800 autd unocstvora cuuBoiilovtal ye Gt
xar G aviiotouya:

G.:{iel: ceC(i)} (6.3)
G.:{iel: c¢C(@i)} (6.4)

6mou C(i) elval 10 60volo TV evvoldy exelvwv ou onolec anewxovilovtar otny ewdva ¢ xat I elvan
TO GUVOLO TWV EXOVOY TS GUALOYTS. Liugnva ue tov Smeulders 1 6An dwadixaotio aftohdynong
elva mpoPhnuoter xaBde To ovvoro dedouévng akffeta dev umopel va oplotel TdvTa oAoxAnewmTIXd
xau pe axpiBeta [Smeulders et al., 2000]. Xtic neploodiepes nepntdhoets, autd to {htnua avdyeta
070 TEOBANUA TOU 0pLoUOY TNG TEAELUS aVAXTNONG, XATL Tou anodewxvieTtal 6Tt elvan e€apTOUEVO amd
Ny neplotaon,.

Edxola xatahafaivel xavelg 6T av 10 6UoTNUA AVAXTNONS ETLOTREPEL GTOV YEHOTN OAOXATON TNV
oUAOYT eEbVLY, Talvounuevn BEBala wg TEog TNV AT6GTACT ATd TNV EXOVA TOU EPWTHUATOS, TOTE
auTd o U€tpa Sev €youv Wialtepn onuaota, ulag xal dev euneptéyouvy xafdlou TAnpogopla Yot TNHY
0¢on Twv cwotdy xar hdbog avaxtduevny emodvwy. To uétpo avixtnong oe auth 1 tepintwon Oo
elvol mévta 1 yiatl 6heg oL EXOVES TOU TEPLEYOUY TLC €VVOLES TNE EWOVACS TOU EpWTAUNTOS B €xouv
eMOTEAPEL, ULOG XAl ATOTEAOUY UTOGUVORO TwY eXOVKY Tng cuhhoyTc. To uétpo axpifelac Ha elvar
entone otabepd xau (60 pe Tov Adyo Tou aptBuod TV EXOVLY TOU TEPLEYOUV TLC EVVOLES TNG EXOVAC
TOU EpWTHUATOS TPOS TO GUVORO TV EOVWY T1)¢ GUAAoYHS. Amattelton Aowméy éva uétpo to omolo
Oa hauPBdver unddn xar Ty Béon avixtnone TV «GLoTOW xou dfogr olupwva Ue To ep@TNUA
AVAXTACEWY.

'V autéd tov Méyo epapudletar to uétpo ¢ uéone axpifeiac (Average Precision), to onolo
optletar and v oyéon (6.6. Tw e avdyxec unohoylouol tne oplletar ue v oyéon (6.5) 7
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axpifelo €4v TAPOVUE TLC M HOVTLVOTERES OTNV EXOVA TOU EPWTHUATOS ELXOVES.

1
Pm = E ];xk (6.5)

Mropet va epunveubel 6TL 10 py, elvan 1 wéom T TOV T1, X2, . . ., Ty, Xt GUULSONLETAL UE Ty, OTOU
z; € {0,1} xon elvon 0 av ev urdpyet oty exdva oty Héon i Evvola Tng EXOVIS TOU EPOTHUNTOS
xau 1 av undpyer. H péorn axpiBewa opiletor oav 1 yéon tiuh twv axpPeidy uetd and xdbe oyetixd
YopaxTneloTind xapé mou ouvavtiétal oty Moto. Mabnuoatixd exgpdletar and tov tino (6.6), o
orolog avtietolyel atny uéon axpeifBela v v évvola ¢ ue napdbupo N.

1 1 L
APCNZ?Z%PJ‘ZCTZ LY (6.6)
|Gel = |Gl

'Onwg yiveton eixola avTdnntd, 1o uétpo g Léang axplfBelag ennpedletal okl teplocdTepo and Tig
OWOTES UVAXTAHCELS OV ETLOTREQOVTAL G LYNAT O€om, and auTéC TOU ENLGTEEPOVTAL GE YUUNAOTERES.
Av ndpovue tov aplBuntixd uéoo bpo and uéoeg axpifBeieg yio UL oeLpd amd EpOTAUATA TOTE TAlEVOUUE
T0 uétpo mean Average Precision (mAP) 1o onolo elvar SUoxoho va uetagpoaotel evnya xabdes dev
undeyouv 0o hé€erg yia Tov Yéco bpo oty ehknvixt] YAGooa oe avtifeon ye tnv ayyhui (mean -
average).

[ v Smutovpyla TV YeagnudTtwy oL Ty eaywyr xaumuhedy axplfelag, npéner va undpyet
2oL UL TOEAUETEOS Tou UETABdAAeTaL. AuT elval 0TI TeplocoTERES TERIITAOELS TO TapdHupo TwY
EMOTPEPOUEVWY ATOTEAECUATOY YVWOTO XAl WG scope, aAAd byt tdvta. 'Ahkec popéc oNUAVTIXETATOS
TopdyovTag yio Ty anddoor elvar to uéyefog Tou ool Aeduxol, doa o aptbudc THV GLUGTASWY
xatd ) Sradixactia e ovetadonolnong [Jing et al., 2004]. Alho0 mpotelvetar vo yetafdiletar o
aptbude TV WOtV EXOVLY K< Tpos To epdtnua (size of the embedding) mou undpyouv oty
ouhhoyY exévwv [Huijsmans & Sebe, 2005].

6.3 XUANOYEC eOVWLY

Lo Ty mhnedtnTa Tng napovctacrg ol aZlodAdyNnong Ty TEY VXAV Tou avantdydnxay, yenouuo-
mowOnxay ToAkES SLopopeTinés GUANOYES edVwY. Ol ulNOYES elval SLAQORETIXES YIa TOU OTTLXOUS
meprypagelc Tou MPEG-T7 xau Swagopetinés v Toug tomxolg meplypagelc Ylpw and ornuelo evdia-
pEpovtog, xalhe xdle Tey Vx| avaTaploTd 6mOTA SLAPORETIXOUS TUTOUS EXOVKY.

TNy npdtn neplntwaor, 6Tou Ta ONTXA YApaxTneLoTiXd fitav ol neplypagelc tou MPEG-7, tov
TPATO AOYO €)0UV EOVEC UE QUOLXE TOTlo XoL AEOLO GNUACLOAOYIXO TEPLEYOUEVO, TOU TEPLEYOUY
UGALoTA €VVOLES aVAYYWRlOWES WS oS TNV LR xoL To ypdud. Awréytnxay YU autd to AoYo
ewobveg and v tepdotiar cuhhoyy tng Corel, delyya twv omolwy gaivetar oto oyfua 6.1. [
VoL doxuaoTel 1 TEY VLI UE ONTIXd YURAXTNELOTIXG eE0YOUEVA Ontd TEPLOYES TNG EXOVAS UETE amd
xatdTunoT, yenowonoumbnxe exlong n oulioyh tou Torralba! pe ewdvec ané Tic xatnyoptes: axth,
ddoog, autoxvnTédpouog, xal dpduog mtéAne. Aslyuata galvovtal 6to oyfua 6.2.

'http://people.csail.mit.edu/torralba/code/spatialenvelope/
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Eyfua 6.2 Aetyuo and 0 cuhhoyy exxdvov tou Torralba mou yenowwonouhinxe.

Y1 Settepn nepintwon 6nou yenowonowiinxay tonuxol neplypagelc doxwudotnxay SLdpopeg GUA-
hovég, yia va eheyybel xatd té6c0 unopodv ou teyvixéc autég va ypnoononfody anodoTixnd YL YeVL-
%€¢ GUANOYEG EXOVWY, OTWS YLOL THEABELY U YL TNV AVAXTNOT) EXOVEOY UE GUYXEXPLUEVA avVTIXELUEVA
1 xtlpa, oe nepBdhhovta ue ueydhn adhayh ouvBnxdy (ahhayéc xhipaxac, neptypagt, ahhayéc oToy
POTLOUS).

Ot ouhhoyég ebVLY GTLS OTOlES EYLVAY TELRIUAT AVAXTNONG UE YAeAXTNPLOTIXY e€aY OUEVA antd
onueta evdlagépovtog elvar ou e€1g:

e 'Eva unoctvoro anéd exdveg tou Caltech 1012, delyua twv onolwy galvetar oto oyfua 6.6.
Arnoteheltar and 1025 ewxdveg Swaheyuéveg and 8 xatnyoplec: (éPpec, avtoxivnta, paxéteg

’http://www.vision.caltech.edu/Image_Datasets/Caltech101/
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Eyfua 6.4: Aetyuo and 0 cuhhoyy exxdvoy Zurich Buildings mou yenouwwonouifnxe.

TEVLS, EVTOUd, AYEAEDES, dEpOTAdVY, UNYavES xal Tpyog Tou Alpel.

e T culhoy# exévey Zurich Buildings® (oyfue 6.4) mou anotereltor and 1005 exdveg, ol
omoleg anewxovilouv 201 xtipa Tng Zuplyng.

e Ty npdogatn culhoyH ewévev Oxford Buildings* (oyhua 6.5) 1 onola tepiéyel 5063 euxdveg,
mou anewxoviouv xtipla e O&pdedne xat apxetéc edveg-«oxounidloy, dnAady| exdveg mou
dev amewxoviCouv xtipa xaL npoxaiodyv 06pufo oty avdxtnor.

*http://wuw.vision.ee.ethz.ch/datasets/index.en.html
‘http://www.robots.ox.ac.uk/ vgg/data/oxbuildings/index.html
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Yyfua 6.6: Aelyua and To utocUvoro Tne culloyrc exdvwy Caltech mou ypnowwororiinxe.

e Ty oulhoyh ewévev UKbench® (oyfua 6.3) n onola aroteieltar and 10000 ewxbves, mou

Shttp://www.vis.uky.edu/"stewe/ukbench/
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arewcovilouv 2500 avtixelyeva, to xabéva and téooeplc OTTHES YWVIES.

Ye 6hec TiC mapandvw GUANOYES EOVLY Tou yenoluonotiinxay, elte unhpye elte dnuloupyinxe
atvodo Sedouévne arnbetac (ground-truth). Ilpocdiopiotnxay dnhadr oe x&be ecdva oL nepLeybueveg
évvolec yia va unoget vo aglohoynlel n avdxtnom ye ta U€Tpa TOU TAEOUGLAGTNXAY GTNY evoTNnTA 6.2.

6.4 Amnoteléopata avalhTnong UE TEPLYPAYPELS and ONOXANET
TNV EXOVAL

Muog %o oL teyvixég mou avantiybnxay 1o xepdialo 2 elvar Tey vixée TohatdTepwY ETOV, TARPKS
avahuuéveg xat agtoloynuéves oty dielvr Bhioypagia, dev xpllnxe yerowwo va atoloynboly autég
exteveds. Emhéytnxe vV autd tnv oxond éva unocivoho tng culhoyrc tou Corel.

Ou €vvoleg mou unfpyay o1r cUAROYY Ue QuaLXES ewxdveg elval oL e€hg: Lo, Bhdatnom, nitoPo-
olheua, dpduog, €ponuog, xatapedxtng, Tapahio, xabde xal euxdveg mou npoonafoly va unepdédouyr
TNV AVAXTNON PUOLKAY EXOVWY, OTIWS: VUYTEPLVES PuTOYRAPles TOANG, EXOVES ECWTERLXGY YMPWY,
unofardooieg pwToYpapleg xaL EOVES UE YaTES.

To vnocivoho tou Corel mou emAéytnxe, nepléyel UEYAAT TowAla 6TNY Uop®T EUPAVLONG TWV
Topandvew xdplwy evvoldy. I tapddetyua, uia exdva otng onolag uia dxpen eugaviletol ulo cuoTtdda
Brdotnong, Oewpeltal wg ewdva mou mepyel T ouYXeXEUEVY €vvola. AuTo €yel K¢ anoTéAEoUA
UELOUEYVA GUVOALXE TOGOGTA Tou UéTpou avdxtnong yia xdbe évvora. Ta nocootd autd TpoxinTouY
G UEGOS 6pOC TWV UETPWY AVIXTNONG VLo EPWTHULATA UE OAES TLG ELXOVES TNG GUAAOYNS TOU TEPLEYOUY
v évvouwa. ‘Etol napdti oe €va ueydho utocivoio Twy exdvey uropel va epgaviletat agrobaduactn
avaxTnom, apxolv Uepxés ewbveg oL onoleg dev meplEyouy TNV ouyxexpuévny évvola xafapd 1 o
UEYILO T0G0GTS Y va Uelwboly To GUVOALXE TOGOGTA AVAXTNOTC.

Yto oyfjua 6.7 galvovral Ta uétpa avdxTnong Y Tig EVvoleg Yo, nhtoBaciieua xat BAdotnor.

Yrohoylotnxe enlong to uérpo tn¢ uéone axpiferac Yy xdbe évvola, mov oTNY TpoxeLEVY TEPl-
TTwon anoteheltal and 1oV U€co bpo TeV UETPOY OOV TV EwmbVeV TNg xdle évvolag (mean Average
Precision - mAP) xou ta anoteléopata napovoidlovial 6tov nivoxa 6.1.

H cuvokixt| uéon T Tov UETpmv Yo OAeS TS évvoleg elval:

Hoapatnpeltar edxoka 6t ou évvoleg mou evioniloviar mo elxola and TOUg TEPLYPAUPELS TOu
MPEG-7 eCaydbuevoug and ohdxhnen tny ewoéva elvar 1 BAdotnoy, to nhtoPaciieua f 1 €pnuog,
évvoleg e xuplapyn Béon oto nepPdiiov toug. Me emtuyla paivetar 6t Eeywpller 1 ouyxexpluévn
TEYVIXT XA TIS ELXOVES ECWTEPLXOV YDPEOU UNd TLS UTONOLTES.

Ané v dhdy, évvoleg GTWE 0 dpOUOC XAl O XUTACPAXTNE TOU UTOREl Vo £Y0UY YApUXTNELOTIXY
upn xaL yedua, dev xatahauBdvouy ouws cuvAbws YEYdAO T0G00TO TV EXOVKY, dev elval xal
Wraltepa avayvwplowes and to GUVORLXE onTixd yapaxtnelotixd. Muxpd nocootd avdxtnong €yet
% 1) €vvola «apaiion xabdg diémetal and Ueydin ontixt| nouxthopoppia.

Kobde n neprypapy| e&dyetar ouvohixd and ohdxhnen v ewdva elvar hoyuxd va evronilovron
XxohUTERA OL €VVOLEC OL OToleg elval oL LOVISLXES OTLC EWXGVEC TOUC.

Me ahhay?) tov Bapdy unopel va napatnerioel xavelc Ty onuacto Yoping Tautdypova TepLypd-
PV LeNC xa yeouatog. Av emavahdPouue Tig uetpoelg Y TV évvola nhtofBactieua, uw évvola
mou xavele Oa meplueve 6tL 0 eviomioude g Oa otneldtay mo Tohd 6TOUS YPWUATIXOYS TepLYpapElS,
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Yyhua 6.7: To uétpa avixtnone ylo tic évvoleg ytove (Umhé), nitoBaciieuo (mpdotvo) xat
BrGotnom (x6xxivo).

e€akelpovTag Toug tepLypaelc uPHC TOTE Ta anoTeréouata elvar uTodeéaTepa, OTWS GalveTal xaL 6TO
oyfua 6.8.

6.5 Amnoteléopata avalATNong UE TEPLYPAPElS Al TEPLOYES

6.5.1 Avdxtnom guoxey exxdvwy otn cuhrhoyr Corel

[o va e€etdoouue TNy ey vint) oVugwva ue v onola ol teptypageic MPEG-7 e€dyovtal and
TEELOYEC TNG EXOVAC METH ATO XATATUNGT), YENOULOTONOAUE XL TEAL T GUALOYT QUOLXADY EXOVEY
tou Corel. TIapdti mo oOvheTy, 1 Te VX AUTT TOU TEPLYPAPETAL 6TO XEQPIANLO 3 E3WOE GE UEELXES
évvoleg TNg cuAhoYTg YelpdTepa anoTeéouata, and 6TL oL teplypagelc Tou e€fyfnoay and ordxiney
™y ewova. Autéd unopel va e&nynbel and 1o yeyovog 6Tl oL exdveg TG oUYXEXELWIEVNS GUNNOYTS
TEELYPAQOLY €vvoLleg LYNAOU ETLTESOL OL OTIOLES E€YOUY OUOLOUORHT VP XAL YPMUO XUl XATAVELOVTIL
OUYOAXA GE OROXATION TNV EXOVAL.

To uétpo péong axpiBelac (mean Average Precision) yia x86e yia and i évvoieg e cUAAoYRS
gatvetol ooy nivaxa 6.3. 1o ouyxexpuevo nelpaua yenowonowiinxe Onoavpds 70 tinwy teployng,
xafdg autd Peébnxe 6T Bydlel ot TepLocdTERES MEQLITOGELS Tol xahUTepa amotehéoyato. Eniong
xpathOnxay 6To Stdvuoua avanapdeTaong oL 3 x0VILVOTEROL TUTOL TEpLOY GV Yo xdle neployy) xautd-
TUNONG.

Ané 1o anoteréouata napatneel xavels 6TL EVE TO UETPO TNG UECTS AVAXTNONG EREGE GE EVVOLEC
O6mwe YLoWL, épnuog xa nitoBaciieua, avéibnxe dung oTic o oivlieteg évvoleg dpbuog xat BAdoTtro
TIOU GUYUTAEYOUV GTLG ELXOVEC UE JANES EVVOLEC.
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"Evvoia ‘ mAP ‘

Xow 0.525
HAwoBaolieua 0.633
Bhdotnon 0.609

Apbuoc 0.149

"Epnuoc 0.595
Kotappdxtne 0.262
[Taparkio 0.244

Ewdvec and ecwtepind yoeo | 0.781

ivaxac 6.1: To pétpo tne péone axpiPelac (mean Average Precision) yio tic évvolec g
OUAOYNAS PUOLXDY EXOVOY.

Iivaxag 6.2: To ouvolxd pétpo tne uéone axpifBetac (mean Average Precision) yio tig dhec
EVVOLEC TNC GUALOYNC PUOLXDY EXOVWV.

"Eywoy nelpduata ue diagopetind ueyedn Onoavpot, dnhadt dragopetind apliud TOnny neploy oy
mou eZdyovtar and TNy dwadixactia tng ouvotadoroinong. H eZ€h&n tou uétpou uéong axpifelag yia
v évvola Prdotnon 660 aihdlel o apliuds Ty TOTLY TepLoy g oToV Onoaupd palvetal 6To oyHud
6.9(a). H xoaurndin axpeiBeiag - avédxmong yia v évvowr épnuog mapovotdletar oto ayfiua 6.9(b).
Y1 ouyxexpuévry oulhoyt elvar Aoyixd va €youue uxpd mocooTd avdxtnong Aoyw tng Vnapeing
ueYdAoU aplBuol eXOVOY TNS EVVOLUS GTNY GUAAOYY.

6.5.2  Avdxtnom guowxey ewévey otn cuhhoyy Torralba

[ var @arvoly oL Suvatdtnteg Tng TeY VLxhg £YLVAY TELRAUATA XL GTNV ATOLTHTLXT GUAAOYT| YLOl X0
myoplonoinon oxnvic Tou Torralba. 'Onwg ebxola galvetor xow ota delyuata e ouhhoyrc (oyrua
6.2) oL ewdvec elvan Wialtepa avopoloyevele xat mo olvletec and tou Corel. ESG, ou neprypageic
MPEG-T7 e€aydbuevol and oAdxAnen TNy exova €3woay anoyonteutixd anotehéouatd. A TovoTel
enlong, 6T oL évvoleg mou alohoyhinxay wg Tpog TNV avdxtnoy elyav Théov ueyahltepn cuoyéTion).
Metproaue twés tou pétpou uéong axplfelac Yo Tig €vvoleg axth, 3dcog, auToXLYNTOdEOUOS Xl
dpbuog TOANG xat Tautdypova aTn culhoy unfeyav enione oL xatnyopiec enapyla (open country),
Bouvé xat exdves néAng. Ta yétpa ueong axplfBelag yio autég T Evvoleg divovtal otov mivaxa 6.4

[apatnpolue 6Tl 1) e VXY anodidel ndpa TOAD xahd 6Tlg exdves Ye TNy évvola axtr xalog
xaL 0TS Ewoveg BAooug, eV 1 anddoon mégTeL aohnTd 6T vvoleg auTOXLYNTOSEOUOS XaL BpdUog
noAng. Avo elvar ol xdpLor Adyou mou unopoly va e€nyHoouy auTtéd TO PULVOUEVO.

[Modtov, oty nepintwon tne axthg xau Tou ddooug 7 xatdtuney elvol suxohdteprn xau divel
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Yyfuo 6.8: To uétpo avixtnone yia Ty évvola nAtofactieua Ue 6AOUC TOUC TEPLYPAPELS
(x6xxvo) xoL ubvo ue toug meplypagelc ypoduatoc (Unhé). Ou meptypagelc eZdyovtat and
ONOXATIEN TNV ELXOVAL.

TLO GWOTA TLG TEPLOYES Yl TNV eEaywYh OnTix®Y yopaxtnewoTixdy. Kaldg 1 xatdtunon elvar 1
Baomn v TNV TEPULTERL AVAAUGT], XL ECUYOYY) YURAXTNELOTIXAY, 1] CWOTH xATdTUNnoT Slvel mepLoyEg
ue «onuaoior dNAadh TEQLOYES YUPAXTNPLOTIXES XOL OUOLOYEVELS. MTIC elxOveg Bpbuou TOANG XAl
autoxvnTédpouou and Ty dhhn 1 xatdtunoy elval cuvhng wwxry and v drodn ot dev Pydlel
TEELOYEG UE «vONuUo» SNhadt| TepLoyés Ue xuplapyes EUTEQLEYOUEVES EVVOLES. ZEXLVOVTAS ATO TETOLOU
eldoug meployég, ot meprypageic MPEG-7 dev divouy aviinpoonneutixés xal Staxpltées aneixovioelg
TV EXOVOY UE anoTtéhecua Tehxd TNy uelwon Tng anddoorg.

O 8eltepog hdyog mou unopel va e€nyRoeL TNy TTOONS TNS an6B00MC TNG TEYVIXNC GTLS EVVOLES
aUTOXLYNTOBpoMUOS Xl Spbuog TOANG elval 7 Wialtepa LYY cuoayétion Twv dUo xatnyopldy. Ty
avVEXTNOT) EUTAEXAY ETLOTG XL OL EXOVES TTOATIC TTOU TEQLELYE 1) GUAAOYT|, UE ATOTEAEGUA TNV GUYYUOT
AUTOY TOY TELOY EVVOLAY XATA TNHY avVAXTNOT).

Trv eZéMEn Tou Yéoou UETEou avdxTnong oc oyéon Ue Tov aplBud TV XOVILVOTEPKY THTWV
neployfic Tou xpatolvial 6To ddvuoua avarnapdotaons (v) gaivetatl oto oyfua 6.10 v Tig évvoleg
axth) xal dpduog moAne. 'Onwg aveBalvel To v avefalvel xor o pé€tpo UEong avdxTNONG YLoL TOV
dpbuo néAng xalie Ue neplocdTepoug TUTOUS TERLOY MV TETOLES EVVOLES TEpLYpdpovTal xaiUtepa. To
avtifeto ouufalvel yia v évvola axty.

Me v ouyxexpuuévn teyvue éyvay téhog melpduata oe unocUvoho tng ouiloyric UKBench
(oyfiua 6.3) ue anoyontevtxd anoteréouata. H avouolouopplo tov aviixeluévey odiynoe ot tinoug
TEELOY MV U1] AVTLTIPOCGWREUTIXOUS Xal TOAY YauUnhd t0606Td avdxtnons. To puéoco uétpo avixtnong
avaypdgetal 6Tov Tivaxa 6.6.
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Eyfua 6.9: To yétpo uéong avdxtnong tne évvolac BAdotnon yia Sudgopa ueyéhn Onoavpol
%o oL xaumUAn axelBelag - avdxTnong yia Ty évvola €onuog.
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‘ "Evvoia ‘ mAP ‘

Xuow 0.238364
HivoBaolheua | 0.296623
Bhdotnon 0.6198

Apbuoc 0.173303
"Eenuoc 0.430011
Karappdxtng | 0.198477
[Mopaiia 0.182617

ivaxac 6.3: To uétpo e uéone axpifelac (mean Average Precision) yia g évvoleg tne
oLAOYTAS PUOLXKOY exdVLY Tou Corel.

| "Evvoia | o | B | Y | 5 |
Axh 0.360817 | 0.459348 | 0.659348 | 0.451611
Adooc 0.165435 | 0.265507 | 0.233548 | 0.177838

Apbuoc I1éAng 0.127017 | 0.0553128 | 0.0876473 | 0.139885
Autoxuvntédpouoc | 0.0877063 | 0.0619179 | 0.102364 | 0.144771

Iivaxag 6.4: To pétpo tne uéone axpifelac (mean Average Precision) yia tic aviiotoiyec
évvolec o€ ddpopeg Tepintdoele Ueyéboug Onoaupol xat aptiuol xpaTOUUEV®DY XOVTLVOTEROY
TOnwy teploydv. Xthkn o 150 Tomot neproyfc xau v=4, othin B: 270 TVnol meploync xou
v=1, othAn y: 270 TUnoL neploynic oL v=2, othin 8: 270 Torol neployfic xar v=>5.

Ané ta napandve amoteréoyota elvol Gavepr| 1 oveYXY WIS TLO EURWGTNG TERLYPAPHS TWV €L
%x6V0V, Tou Oo unopel Vo AVITAPAGTHGEL ATOTEAEGUATIXG UL EXOVO UE UPYNAT TuXVOTNTO OTLTLX0U
mepleyouévou. llpog auth ™y xatevBuvon uehethbnxay ou texviés e meprypagelc eZayduevoug
YOpw and onuela evdLa@épovtog NG EOVIS, Ta ANOTEAEGUATA TwV onolwy axokovboly otny end-
UEVT UTOEVOTNTA.

6.6 Amnoteléopata avalATnong UE TOMXOUS TEPLYPAPELS

Hapdtl 1 avdxTnon Ue TOTXA YopaxXTNELOTIXd TOV exéVeY elvol To State-of-the-art otnv xa-
Tnyopla NS avdxtnong ofuepd, dEV UTARYEL ULo AVTIXEWEVIXT] GUANOYT aLOAGYNONG YL AVAAOYES
egapuoyéc. H mietovétnta Twv cuhhoy®y mou dnuociebovial, Telvouy TEPLEGHTERPO PO TNV AVl
YVEUGT], AVTLXEWUEVOY - TOTWY Topd tpog TNV anhy) Oepotixd - onuacioloywe avdxtnon.

Hoapdho autd emA€yTNXaY GUAAOYES TOU UTOEOLY VoL EXTLUACOUY UE 0ZLoTLoTlo TNHY anddooT Twv
TEYVIXDY AVAXTNOTNG.
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Yyhua 6.10: To uétpo avdxtnone yia Tic évvolec dpbuoc TOANG (UTAE)xar axty (x6xxivo)
600 e€ellooeTal To V.

6.6.1 Aval¥tnomn avixelpévey tng cuirhoyns UKBench

H ouhhoyry UKBench amoteheltar and 10000 ewxdveg, mou mepieyouv 2500 avtixelueva and 4
e6veg 610 xabéva. Xxomdg g avdxtnong €36 elvar vo emaTEagodyY G EVa EpATNUA WS TEMTES, Ol
3 evamouelvavteg elx6VeS ToU BLou avTixeluévou o undpyouy otr cuhhoyr. To aviixelueva avixouy
oe pLa eupeta Yxdua, 6mwg gatvetal xal 6To oyfua 6.3 xoal Tohhd and autd €youy puToypapnlel 6To
8o mepLBdiloy xar €youy umoaTel UEYAAN alhayT 0TV oTTLe Ywvio Adng.

[apaxdte galvetor o uéoog aplduds TwV AVAXTNUEVLY EMOVWY TOU (Blou avixeluévou oe O
1 cuhhoyr) UKBench, éva uétpo mou €yer wg péyrotn iuh v twn 4 yio téheta avéxtnor. H tud
auTH UTOAOYLOTNXE WG UEGOS 6RO TWY AVAXTHCEWY UE OAES TLS ELXOVES TNG GUANOYNC.

‘ Métpo Avdxtnong ‘
2.5303

Hivoaxag 6.5: O yéoog aptBudc 6wOTE avaxTnUEVLY EXOVWY OTIC 4 TPOTEC TOU ETLOTEEPOVTAL,
v 6An tn ouiroyy) UKBench.

Téhewa avdxtnor, dSnhady| entoTEoPh TV 4 EOVWY TOU AVTIXEWEVOU TEVTA WS¢ TEMTES YL EQK-
THua Ue onotadrinote and autég, emtelylnxe o apxetd ueydho aplud and Tic ewxdvec.
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Yy avdxtnon emévey onuavtixd elvar entong To ugtpo ueong axplfelag mou yia oAdxhnen
oulhoy malpvel ylo Wialtepa anodotier Ty, 6TKS @alvetal otov Rivaxa 6.6.

Ae€xd TOTWY TEPLOY®Y | OTTLXO Ae&ixd
mAP mAP
0.0812 0.4463

ITivaxag 6.6: To pyéoo uétpo tng uéong axplBelag yia 6An 1 culloyh Ty 2500 avixelweévwy,
APLOTERA YLOL TNV TEYVLXY| TOU TEPLYPAQYETAL 0TO xe@dAolo 3 xou Se€ld yia TNV TeY VXY Tou
TepLYpdpeTaL 6TO XePAAALO 4.

To uétpo autéd elvar ueyalitepo and to aviioTolyo PETRO AVAXTNONS TOU ToEOUCLILETAUL TAUPA-
mévo (1/2,5303 = 0, 395), xdtt tou onuaivel 6t tohhéc Qopéc N avdxtnomn unopel vo unv elvae téhewa,
0 Yphotng 6ume oyedéy ndvta Ha Peel autd mou {ntdet uéou otig TedTee N ewxdvec.

6.6.2 Avalrtnom xtiplewyv otig cuhhoyég Zurich Buildings xar Oxford
Buildings

Mua tpbogatn téon elvor 0 GUVSUAGUOS TNG AVAXTNONS ELXOVEY UE TEYVIXES EVTOTLOUOU - OVILY VK-
otong Béong. o v emiteuyfel %t tétolo anartodvron npdobeta petadedouéva [Hays & Efros, 2008],
OuS we Tp®To PR mpotdoceTal N cwoth avdxtnor. Ilpog auth v xatedBuver otpépovian dlo
YV0OTES GUALOYES TOU aToyebouy 6Ty avayveelor xtplwy. H o aroteheltar amd xtipia tng
OZp6pdnc’ (oyhua 6.5) xar n &y and xtipia Tne Zuplyne (oyhua 6.4). Mewpduata, éytvay oL 6T
3o culhovég, ue Wialtepa Oetind anoteréopata otr deltepn neplnTtwon.

[apaxdte galvetal o uécog aptiuds Twv avaxTNUEVLY exévenY Tou Blou xTiplou 6T TévTe
TptTeg Béoelg, yio 6An T ouAhoyY) Zurich Buildings. To uétpo auté €yer wg uéylotn Tus Ty TLuh 5
v ket avdxtnot, xafoe undpyouy 5 ewdves Tou xdbe xtiplou ot GUALOYT. Xuvohixd undeyouy
201 xtipw. H ty) auth urmoloylotnxe wg U€oog 6pog TwV avaxTACE®Y UE OAEC T EOVES TNG
oulhoYTic.

‘ Métpo Avdxtnong ‘
| 3.7114 |

ivoaxag 6.7: O uéoog aptBudc 6wOTE avVaXTNUEVLY EXOVWY GTLS 5 TROTES TOU ETLOTREPOVTAL,
yuor 6An T ouAhoyY| Zurich Buildings.

Ipaxtixd autd onuaiver 6TL xatd oo 6po oe xdfe avdxtnon ol 3.72 npdtec EXOVES OV EML-
otpépovTal elvar ewxdveg Tou Blou xtplou. Téhewa avdxtnon, dnhadt exotEoph TwV 5 EOVLY TOU
xTiplou TAVTa We TE®TES VLo EpOTNUA UE omoladinote and autés, emttelylnxe oe ueydho 1060GTH
TV XTeleY xa auTd galveTal Xat and TNy UPNAY uéon TLuh Tou Y€Tpou UEOTC AVEXTNONS OTOV Tivaxa
6.6.2.

Shttp://www.robots.ox.ac.uk/ vgg/data/oxbuildings/index.html
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‘ Yulhovv| mAP ‘
| Zurich Buildings 0.796 |
| Zurich Buildings ouloy# 2 | 0.7299 |

"Eywoayv entong nelpduata v va Peeblel 1o Béhtioto uéyebog ontinol Ae€ixod. To uétpo uéong
avéxtnong Yo ™ oulhoyrh xtiplwy g Zuplyng galvetol otov wivaxa 6.6.2. Ilapatnpeitol 6TL To0
Béhtioto uéyelog he€uxol elvon otig 350 omtixés Aégelg.

Mévyebog Aelixob | mAP
30 0.2610
105 0.6457
350 0.7954
454 0.6443
640 0.3381

ITivaxac 6.8: To uéoo uétpo avdxtnone 6o petafdiletal To Uéyehoc Tou onTixol Aelixov.

Ye W mpoondfela vo mpocouoldoel 1 avalitnen otn culloyh TV avalftney eovey 6To
dradixtuo, tpootéhnxay otn cuihoyy Zurich Buildings xau ewxdveg and dhheg culloyés, doyeteg
uetadl Toug. Xe xdbe évvola - xTlplo 0 AOYOC TV GWOTOV UTOTEAEGUATOY TPOg To 6WOTd elval
mhéov apxetd uwpés: 1074 H oulhoyr auth ovoudotnxe Zurich Buildings ouAloyr 2 xou 1o uéco
METEO avdxTNong xal oe auth Ty Tepintwor gatvetar otov nivaxa 6.6.2. Hapatneeitar bt tapd v
ELOAYOYY) TOAGY TAEATAAVITIXGY EXOVLY 1) AVAXTNOT OTLS TEPLOGOTERES POPES TUPEUELVE GE UPNAL
enineda.

Ta newpduata exteréotnray enlong xa yio ta epwthuata mou Bétel | ouiloy Oxford Buildings.
H oulhoy? anotedeltor and 5063 exdvec and tic onolec 624 elvar wpéhuec (52 euxxdvec oe xdbe éva
ané 12 xtipa g TOANE TS 0€PEdNC) %ot oL UTOAOLTES EXGVES TUPATAUVNTIXES YLOL TNV AVAXTNOT).
H a&iohdynon otn ovyxexpluévy Bdon npounolétel 5 epwthpata yio xdfe éva and ta 12 xtipo xol
Téhetor avaxtnoy Hewpelton exelvn xatd v omola €youue Tig 52 ewxdveg Tou exdoToTE XTiplou va
ETMLOTEEPOVTIL TPMTES XOL YL TA D EPOTAUATA.

Y10 oUvoho dedouévng ahfbelag mou mapéyetar, extdg and To moleg ewdveg Ha yenouonowmboly
oS ep@dTnua, opllovtal exlong xat oL cuvteTayUEveS EVOS oplloywviou 6Ty Exova - ep@dTNUL UECH
o7o omolo mepiéyeton To xTiplo. Mto oyfua 6.5 galvovtal cav xitpiva ophoydvia. LNy Teyvixt| wag
dev mepthauBdvetal 1 enthoy) UTOGUYOAOU TNG EXOVAS KOS EQOTNUA YL TNV avVAXTNOT), XoL ETCL AUTH
N Waltepa yprown mAneogopia ayvorfnxe ota mewpduata mou €ywayv. Autd €yer wg anotéheoua
apXETE YAUNAOTERA TOGOGTA avAXTNOTNG And dAAeS TPOGQATES AVTIOTOLYES ETMOTNUOLXES douheieg
xoL ouuPatvel SLoTL oTNY Tpoxelwévn TeplnTwor Sev EpyovTal Gay ep®GTUN UOVO onuelo ToU xTlplou
ahhd o onuela and ohdxhnen TNV exdvaL.

Ta pétpa péong avéxtnomng yio xdbe éva and ta xtlpla g cuALoYHc galvovtal 6Tov mivaxa 6.9.
Eival o uéoog 6pog tov uétpwv yéone avéxtnorne (mean Average Precision - mAP) vy to névte
epwThUaTa Yo xdbe xtipLo.
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Kriplo mAP

All souls 0.1207
Ashmolean 0.1156
Balliol 0.0967
Bodleian 0.0885

Christ church 0.1465
Cornmarket 0.1902
Hertford 0.3950
Keble 0.1944
Magdalen 0.0310
Pitt Rivers 0.0667
Radcliffe Camera | 0.1505

[Tivaxag 6.9: Ta péoa pétpa avdxtnone yio ta 11 xtipla tng ouAloyrc Tou TavemoTnulou
e O&podpedne.

6.6.3 Avdaxtnomn otn culhoyn Caltech

Ané v tepdotior oulhoyr tou Caltech emhéytnxay ewdves and Tig xatnyoples: ZEPpa, Lo,
aEEOTAAVO, ayehdda, unyovy|, xatoouplda xal mhavityg. Enlong mpootélnxay edves and tig €vvoleg
autoxivnta, paxéteg Tévig, xon mipyos tou ‘Awgeh. To unostvolo Gto omol éylvay melpduota, ne-
petye tehud 1025 ewdveg and Tig moapandve xatnyopleg. H duoxokia otnv avixtmon ewdvwy tou
neptéyouy 1660 YEVLXEG EVVOLEG elval UEYAAT Yo TeyVxés ywple emPBAenduevy udbnor. Aev avaln-
ToUUE TAEOV €val GUYXEXPLUEVO aVTIXELUEVO, OAAG ULol YEVLXOTERT, ONUAGLOAOYLXY EVVOLL TTOU UTOpPEL
va tepLéyetal o€ OAn 1 uépog tng 006vyne, wa ) mapandvew and uwa gopés. To oyfua 6.6 pavepdvel
TNV Towhouoppla 0T EMAEYUEVES ELXOVECS.

Ytov nivaxa 6.10 elvon ouyxevipwuéva ta uéoa uétpa avdxtnong v g €L évvoteg. Ilapatn-
poUvtal uPnhéc Twée avaxtnong otig LEPpeg, oTiC UnyavéS, T dEpOTAdVA Xal Toug TAavrtes. [ Tig
CéPeec Bonbntixdes mopdyovtag Aray 1 yapaxtnptotxy 6gn mou uoedletar o mAnbucude. H évvora
TAAYATNG €YEL, OTWS XAL 1) €VVOLOL AEQOTAAVO, GYETIXE Uixpr] avouolouop@la 6Tr GUALOYT EVE OTIC
unyavés Betind v TNV avdxtnon ftav To yeyovég 6TL oL TepLocdTERES PwToYpapleg NTav TeafnyY-
uéveg oe heuxd @bévTo. Xe auth Ty neplntwor, 6ha to onueia g exdvag elval weéhua onuela Tng
€vvolug.
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"Evvola mAP
"Hhioc 0.121425
Agponhdvo | 0.299128
Avyerddo | 0.216099
Mnyavs | 0.374383
Katooplda | 0.223029
Z£€PBpa 0.413085
[Mavrtne | 0.281523

Hivoxag 6.10: To péoa pétpa avixtnong yia €41 and T €VVOLEC TNG GUALOYTHC TOU TOVETL-
otnulou Caltech.
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Kegpdiawo 7

YUUTERAGUATA

7.1 Xvuvelcgopd

Yo mhatowa authg g Simhouatixig epyactug tapousidlovtat Texvixés yia yeryoen avalhtnomn
eOVOY oE UeYdheg oulhoyée, ue Bdon omtxd yopaxtnploTixd. Apywxd ueletrhinxe dieloduxd 1)
Bhoypapia Yipw and to Béua tng avalhtong ewdvey ye Bdor 1o onTid TOUS TEPLEYOUEVO, TNV
onola meptAaUPAvovTal ETOTAUOVIXES dNUOCLEUCELS YLO GUOTAUATA AVAXTNONG GUVOALXE AAd xal
Yoo €var UEYAAO £VPOC TOEATAEUP®Y TEYVLXGY T omoleg yenoweonololvtal xatd v avalitnon,
OTWS eEAYWYT HAL TEPLYPAPT OTTLXGY YORAXTNELOTLXGY, cucTadonolno, éheyyo vewuetplag, Bdoelg
dedouévwy, dewtoddTnoT o elpecn TANGLEGTEROL YElTOVA.

Me Bdon to fewpntind autd mhalolo, uehethnxay xat vhomolhfnxay Sidgopes Texvixés Yo xdfe
0Tddlo tng avdxtnong exdvey. Ta arnoteréouata cuyxplbnxoay oL Eyivoy ToANE telpduato 6 Yvw-
0TéC GTOV YWEO GUAAOYES ELXOVOY, YL TNV UETENOT TNS GUVOALXYS anddoong alhd xat Tng anddoong
TV EMUEPOUS TEYVLXGY EEAYWYTNS YARAXTNPLOTAXADY, GLUGTASOTONGTS, SETOdOTNOTS XAl ENEYYOU
veouetplag. Tehwxd, Snuiovpynnxe éva yeryopo obvotnua wavé va exteréoel avalrtnen vdmiol
emnédou ypriyopa xou anodotixd. Me oxond tny ontxonolnon Twv anotehecudtoy, dnuioupyRinxe
emlong Lo epapuoyy 1otol yia avaliTnom emdvey Ue BAcT onTixd YupaxTneloTLxd.

To ohoxhnpwuévo ovotnua, unopel va ypnowwonounlel oto uéhhov we Bdon (testbed) yio tov
EheY )0 anddoong VEWwV TeEYVIXGY, 68 Oha 1o eTLUEpOUS 6TddLa Tne avalftnorg.

Téhog, vhomouifnxe uia Tponyuévn egapuoy avalATnong Ue TLg anodoTixdTERES and Tig TEY VLXES
Tou vhomouiinxay adugwva ue TNy onola elval SuVaTHS 0 YEWYEAPLXOS EVIOTLOUOS LIS QPAWTOY Q-
plag yéow ontfic avalAong oe Yia GUAROYY QoToYEaELOY Ue Uetadedopéva Béong (evétnta 4.6).

7.2 Yuunepdopata

H xdfe teyvixs) and avtéc mou yehethinxay, mepléypape xor ULo SLAPOPETIXY, TROGEYYLON YLo
TNV eEAYWYT XAL TNV TEELYPAPT) TOU OTTLXOU TEPLEYOUEVOU TwV EXOVwY. H exdva aviuetwnriotnxe
oTNY apYY) CUVOAXE »C OVTOTNTA, EMELTA TEQLYPAPNKE ATO TIS TEPLOYES XATATUNGNG TNG XL €QTUCE
Vo TEpLYpdpeTal and meployEs YVpw amd onueta evdlagépovrog tng. Kdbe ula and tig teyvixég
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uTEPTEPOYOE Gt XdmoLo entnedo enl TV dAAWY, 0mOTE deV UTOPOVUE Vo ULANGOUUE YEVLXE YLol ULd
xohUtepn teyvixn. Mnopolue dumg tdvta vo emthéEouye TNY XATIAANAY Yo TNV EXACGTOTE TeploTaoT,.

Y10 xeqdhoro 2 vhomolhlnxe ua Tey v xatd Ty omola e€dyovTal ontixol mepLypagelc YpdUATOS
xoL uphg tou npotinou MPEG-T7 and oldxhnen tnyv ewdva. Ilap’ 6ho mou 1 teyvixh) auth €yel
TAéov otapathost va eEelhlooetan, 1 avalATtnon evvoldy 6neg nhofaciiepo xal yLévl ue auth Thy
TEY VXY GE GUANOYY| O PUOLXEC EWXOVES dlveL avTaywVLoTixd anoteréouata. Elval yeyovdc ndviwg
61 mepypagelc e€ayouevol and ohdxinern Ty ewxdva dev Uropoly va teplypdouy anoTeEAECUATIXS
EXOVES UE TOAOTAOXO ONUAGLONOYLXS TEQLEYOUEVO, TNY TAELOVOTNTA SNAASY TWV EXGVWY TOU GUVAYTS
wavelc.

LOugwvo e TNV TEYVLXY TOU THEoUGLleToL 6TO XEQPIAOLO 3 oL exdVES UTOXELVTUL TROTA OF
XOTATUNOY XL EMELTA YpwUoTixol meplypagelc xal meplypagelc LeRc e€dyovial and TS TEPLOYES.
Iivetaw ue autéd tov tpéno npoondfewa vo Satpebel 1 ewxdva 6Tig MePLEYOUEVES €VVOLES, XATL TTOU
TpoceYYILETUL LXAVOTIOLNTIXS 0TS EWXOVES UE 0potd GNUACLOMOYLXG TEPLEYOUEVD, OTwS palveTal and
Ta ATOTEAEGUATO OF TELRGUOTA UE PUOLXES emdves. 'Eneita Snutovpyeiton Aedixd Tinwy neploy @y ue
AROTEAECUN VA UELOVETAL BpAaTIXd 1) UTONOYLOTLXT TOAUTAOXOTNTA 6NV oUYXELoT EOVWY. Alvetal
7 duvatéTnTa Vo ueyahdoel To uéyehog Twv ouhhoydv. EEEMEYN o mapduoieg Teyvinég umopel va
UTEEEEL, UE TNY YENOLLOTOINGT) SLaQORPWY TEYVIXGY XATATUNOTNS XAl SLAPOPWY ONTLXGY TEPLYPAPEWY.
Enlong yerowo Ba frav va uropéoet va xpatniel mhnpogopla yio Ty Béomn Twv meploytdy yéoa otny
eovaL.

Ye oulhoYég ue yeyalltepn tohunhoxdtnTa, BERata oL Teployés xaTdTUNoNS SEV UTOEOUY VA TEQL-
Yedhouy ATOTEAEGUATIXG TO GNUAGLONOYIXO SLAXOGUO TOV EXOVKOY UE ATOTEAEGUA VO ATOTUY Y EVEL 1)
avéxtnor. Enlong, épyeton n avdyxn avdxtnong avitxeluévny xol Oyt evwoldy, SnAadt TUNUdTny TV
eOVOY Tou elval oyedév tavouoldTuURa ano ewova o ewxova. 'V autd uehetinxay teyvinée mou
Bacilovtal oe meptypagels eayduevoug and onuela evilapépovtog NS eOVaS, OTWS TEPLYPAPETIL
xa 670 xe@dhato 4. Xty 6woTh avdxtnor Bonbdel xaL o Eheyyog e Yewuetplag TwV onuelnwy eviia-
PEPOVTOC, OV UVAUEVETAL VU EYOUV UEYAAT ERAVOANPLUOTNTE UETUEY EXOVODY TOU (BLOU AVTIXELUEVOU.
Ta mewpapatind anoteréouata €detiav 6TL oL Tomxol autol meptypagelc elvo mpdyuatt ebpwaoTol ot
ahhay€g xAlpaxag xoL oe TEPLoTEOQT, Ue anoTéAeouo UPNAE TOGOOTA AVIXTNONS O EXOVES XTi-
olwv amd Srapopetixég onTiég Yovieg. YmAd entneda avdxtnong avixeluéveoy emtedydnxay xat oe
yevuég oUALOYES, xdTL ToU amodeElXVUEL TNV YEWXOTHTA TN Uebodou.

7.3 Mellhovixég TtdoEeLS

H Snuovpyia ueydhov ontindy Aelixdv @Epvel TNV OA1) TEYVIXT OE QUECT) AVTLGTOLY L0l UE TNY AV~
Chtnomn MEewv o unyavég avalhmong tou dwadixtiou. H dnuovpyla evég avdroyou cuothuatog
avalhAtnong ewodvey oe ueyeln Swadixtiou elvat éva avouxtd epguvntind Béua mtou anacyolel uepida
NG emoToVIXNG xowvétnTag ofjuepa. H avdxtnon emdvoy and culroyés exatouuuplny eovey,
oulhovég oL onoleg NO7 elvon dabéoiueg oto dradixtuo, o eAdyloto YEdVo, analtel nepaLTépw Avd-
ntulrn oe pia TAnddpa eTUEPOUS TOUEMY, OTWS NS SeTOB6TNONS, TN GUYXELONS XL TNS AVIAUGTS
TV EXXOVOY. LToV Touéd TS SeTodoTnong onuavtixy elval 1 eloodog tng évvolag tou hashing yia
Vv avanapdotaon v exévey [Grauman & Darrell, 2007b], [Slaney & Casey, 2008], [Chum et al., 2008], [Yang et
Enlong npdogata yenowonohinxay tolhamhd Sévdpa ano@doewy Yy T Yeriyoey dewxtodoTnon et
x6vov [Obdrzalek & Matas, 2005], /citelepetit2006kru.
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Enlong, ou ontixée AMéZeig gaivetar 6TL Aoy Sev apxolv and U6VES Toug va TeptypdPouy ano-
d0Txd T0 6UYYOAO TwVY eOVLY. ExToc Tou 6Tl ayvooly Ty YEoUETpXT TANeopopla Tdayouy elte
and umepeledinevon elte and yevixdtnra. To pixpd Ae€ixd, emoTeépouy TOAES TUPATAUVITLXES
edveS eVvO T Ueydha Ae&uxd anopplntouy tohhd Getixd anoteréouata Aoyw unepBolixfic xBavto-
noinone. T't autéd yivetal npoondbeia SnuLovpylog TaUTOYEOVA UIXPOTEPWY XAl TLO YALUXTNELETIXGDY
Ae&uxdv [Fulkerson et al., 2008] [Gemert et al., 2008], 6nwc xor heCwdv pe molhanhéc xhivoxeg
Aentouéperog. Enlong aloonuelotn elval n npdogatyn tdom yia talplaoud eEoOvwy 6 Lop@T| Tupaul-
dac [Grauman & Darrell, 2005] dou¥| v onola dueoa unopel va enextabel o ontxd heluxd ye Lopeh
rupapidag [Grauman & Darrell, 2007a] 1 d¢évtpou [Nister & Stewenius, 2006], ¥ he€uxd tou eunepté-
Youv xat TAneogopla tne Béonc-yewuetplag Twv onuelov oty ewdva [Lazebnik et al., 2006], [Jegou et al., 2008b].

Téhog, ye dedouévn uwa anodotixt| avdxtnon ue Bdorn to ontxd mepleyOUevo, Unopel va npo-
ywenoet xavels 670 emduevo Briua, 6mou Yéow Wag TepdoTiag Tayxocuag Bdong Sioexatouupplny
eOVeY, wa ewova Hu apxel v Ty axpn avayvopion tng 0éong otny omola auth tpafriytnxe.
Hpog auth v xatevBuven xivolvton apxetés véeg dnuooietoes [Hays & Efros, 2008]. Eniorng, 6a
unopel va elvar Suvath n TAYewg autopatomolnuévy Siayelplom xat TagLvOUNoT) TOY TEOCKTUXGY GUA-
AOY DY POTOYRAPLOY TWV YENOTOV.

To uéhhov g avtouatonomuévng, Yeryopns avalhtnong eévmy oL TOAUECWY YEVIXOTERO
AVOUEVETAL TOUNGYLGTOV EVBLOQEROY, UE TNV TERPAaTIO AVATTUEY TV avTloTOLY WY GUAAOYOY 670 da-
dixtuo.
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