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XAHPOV 1 TUNUATOS AUTHS, Yo EUnopxd oxond. Emtpéneton 1 avatinwor, arnobrixeuon
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ITp6hoyoc

H uehétn o 1 epyaoia yio tny exnévnom evog SdaxTtopixol elval agvan xol xXomo-
dne, alhd Tautdypova Waltepa evdilagépouca xal e€oywe dnutovpyixy. H eniteuvén
TOU GTOYOU AUTOY, UOU EBWOoE TEOOWTLXA TOAU UEYAAN xavonolno, 1660 Yo TNV
OMOXAHPWOT XL TO TEAXO EMLOTNUOVIXG ATOTEAECUN, OGO XAl YL TIC EUTELPEC TTOU
anoxouloa xal Toug avlp®droug mou yvodploo dha autd T yedvia. Auth 1 teplodog
ATOTEANEDE TO TLO YOVLUO Xl LwVTavd XouudTL TNg Lwhc Uov, €S GTUEQX, XolL ATOTEAEL
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elou, xalnyntic Ltépavoc Korhac. 'Ol autd to ypovia o x. Kéhhag gpovtilel
TPooWTIXE, Ue TN OeTixr evépyela Tou Tov Slaxplvel TdvTa, OOTE To gpYaoTpLo Vo
amoTeAel TOV XoTIAANAO Y OEO Yo UEAETN XaL TopaywYY) dnutovpyic oxédng, alid
TOUEAAANAAL oL €VOY EUYEELOTO UXPOXOGUO TOU oTtolou £xw TNV TN va elpal uéhog.

Ocpuéc euyaplotiec ogelhw xal ota dAAa 00 UwEAn TS TEWEAOUS ERLTPOTAS, Xo-
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xal To Oetind toug oydha.  Idwaitepn uvela Oa Abeha va xdve otov Ap. Tidvyn
ABplOn, o onolog anotéleoe Yo UEva TEOTUTO EPYATIXOTNTAC, dNULOLEYIXAC XAl GU-
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(hproug diddxtopec Tou epyactnplou. Me oplouévoug Slaotavpwinxaue epeuvnTixd,
UOLOUOTAXAUE YAUPES XAl ATOYONTEVOELS, AYwVieg xat CeviyTial Yoo TNy enitevdn Twy
exdotote oToOYwY uac. Me tohholc dhhoug unopel Voo unv ouvepYdoTnxo epeuvnTIXd,
ohAd GUVEBAAOY x000ELOTIXG TNV ETLTUY T TEEATWOT TOU SLOUXTOPXOU WOV UE TN GU-
vey Y| Toug utooThpllr), Ti¢ cLLNTACELS Uag Tl TAVTOC EMLOTNTOY XAl TOUC EUPUTEQOUC
%x0voUg TeoBANUATIONOUS UaC.

Téhog, BéAw va euyaplothion Toug Glloug uou, oL onolol Tédvta Ue oThpay ota
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Odvoc Abavaotddng
Ab¥va, Noéuferog 2009






Ilepeydueva

IIp6hoyog v
Ilepieydueva vii
Katdhoyog Eynudtwy xi
Katdhoyog IIivaxwy xiii
Ilepiindm XV
Abstract xvii
1 Ewaywyn 1
1.1 Avtixeluevo xouw Kivitpo AwoteBic ..o 1
1.2 Audpbpwon Kewuévou . ... 3
2 Avaropdotaoy I'vodong 7
2.1 OOy oo 7
2.2 Aca@h BOVORG . ..o 8
2.2.1  Oplopol xau cuuBoliouol ... o 8
222 Aocagelc TEAEOTES ..o 10
223 Aca@elc EYEOEIC . ot 11
2.3 Oewpla [pdpov. ..o 11
2.3.1 Avanapdotaon Ewévag ye I'pdgo ..o 14
2.4 Ovtohoywd Moviého I'vOong ... 16
2.4.1 H I'hdooo Avanopdotaonc I'vbone RDE ..o 17
2.4.2 H I'hdooo Avanopdotaonc I'vbonge RDFEs ... 19
2.4.3 H I'hdooo Avanopdotaone I'vbonc OWL ..o 20
244  Acagrc Enéxtaon tng [hdooac OWL ... oL, 21

3 Elaywyr Enuaoctoloyuwrs Ilepiypagric ue Xpron
Teyvoloyidv I'védong 23
3.1 ElOoyyn o 23
3.2 Emoxénnon MeBodohoylag ... 24
3.3 Ovtohoywr Yrodoud I'vlong ... 25
3.3.1  Ovrohoyia Ontixdv Heptypa@éomy ... 26
3.3.2  Ovtohoyla Aourc Ilohvuéowy. ... 26
3.3.3  Ovrohoyla ITuphva xaw Xwpo-ypovixeég Enextdoeig ............ 27
3.3.4  Ovrohoyla OeuatixoV [ledlov ... 28

vil



3.3.5 Ilpocéyyion pe Hpdtuma LTy ULOTURGL. v v 28

3.4 EZaywyn xar Anobrxevon XapoxmnoloTx®dy ..., 29
3.4.1  Apywed Katdtunon. ..o 29
3.4.2  ECaywyt xou Talpiaouo XapaxTnotoTit®dy .. ..ooovii.a., 29

3.4.2.1 lepiypagéag Kipiwv Xpwudtwv . ..., 30
3.4.2.2  llepiypagéag Ouotoyevols YOnrc ..ot 30
3.4.2.3 llepiypagéac Xyruatoc ue Baon v Ieproyr ........ 31
3.4.3  Avdxtnor Hpbturnwy LTyUWdTummy ..o 31
3.4.4  Apywonoinon yeowaxol ['pdgou Xapaxtnpiotixdyv ARG .. ... 33

3.5 Koataoxeur Enuactohoyixdy MetadeSoueveny. ... 35

Ynuaoctoroywxn Katdtunon Ewxévev xar Bivteo 39

4.1 Koatdtunon Ewdvoy ..o 39
4.1.1  Ta&woulo Ahyoplbuwy Katdtunong ...t 40
4.1.2  Alyépbuoc Katdtunong RSST ... 42
4.1.3  Alyopbuoc Katdtunong Watershed ... 43
4.1.4  AZwohéynon AlyoptBuwy Koatdtunong ... 44

4.2 Ynuaocohoyw| Enéxtoon Iepoydy ..o 46
4.2.1 Emoxénnon Ipotewvouevng Hpooéyyong ..ot 47
4.2.2  Alyéplbuoc Enuoaocioroywot IIinuuuetouod ... ... 48
4.2.3  Alyoplbuoc Enuoactoroyweot RSST ..o 51

4.3 Ynuoaoohoywd Katdtunon Bivteo. ... 53
4.3.1 Emoxénnon Mebodoroylog ... 54
4.3.2  Avanopdotaon Bivteo ye I'pdgpo ... 55
4.3.3 Avddvonevoc BoF ... o 56

4331 Emhoyf Kopé .. ... 56
4.3.3.2  Ymoloyioudg Lnuactohoyixic xat

Yuvtaxtixnc [epiypaghc 'Oyxou ...l 57

4.3.3.3  3A Ynuaocwohoyu) Enéxtaon ...l 57

4.3.4  Avdlvorn Awdoyuxdy BoFs. ... oo 58

4.3.4.1 Talpiaoua '‘Oyxwyv Awdoyxody BoFs................ 58

4.3.4.2 Evnuépwon xar Addoon Evvoldy ...l 60

4.4 Ontxd Evwolohoyixd TTAalGLO . ..o 62

4.5 Ilewauatind Anoteréouoato oe Ewdve ... 63
4.5.1 Tlpoetowaocta Hepaudtwy xar Awaduxacia AZlohdynong ....... 63
4.5.2  Evdewxtixd ATOTEAEOUOTO XAl DUUTEQHOUOTO v vvveeeee . 65
4.5.3 Evvoohoywd IThalolo ... 68
4.5.4  YUVOAXE ATOTEAEGUATO « oot e 71

4.6 Ilewpauatixd Anoteréouato o Axohoulieg Bivteo ............. ... .. 73

4.7 BUUTEQAOUOTO v et v ettt ettt ettt e 76

Ynuaotoroywxn Epgunvela xow Lulhoyiotier: Ontixr) Aoyuxy 77

5.1 EloOyy - 7

5.2 Tlpoodioploude Tou TIpoBAAUATOC ..o 78

5.3  Alwwuatixdc Uxehetdc xow Epunvela
NS OIS AOYXNAC . oot 81
5.3.1 Movtého I'vihong Ontinic ITinpogoplag. ..ot 81

5.3.2  Ilepiypaguxéc Aoyixéc yua Avanapdotaon Ontixic
IIinpogoplag ... 83



5.3.3  Katavonen Ilepieyouévou xor LUAOYGTIXA. ..ol
5.4  Amnd toug Onuxoic Ilepiypageic otic

TEVVOLEG-ALEYERTEC . o et

5.4.1  Aweyépteg XpOUUaTOC . ottt

5.4.2  AYEETEC YONC oot

5.4.3  ALEYEPTEC LYNUATOC - .ottt
5.5 ApYd ATOTEREOUATA vttt
5.6 Muvagelc Epyoaolec. ...
5.7 BUUTEEAOUOTO . . oottt ettt ettt et

6 Erniloyog
6.1  DUUTEEAOUATA . oottt et et e
6.2 2uvelopopd %ot ANUOGIEUOELS ... vv ittt
6.3 MelovTiréc Emextdoeic ..o

A Koatdhoyog Anédoong ‘Opwv
Al Koatdhoyog AyyAxdy 'Opmv ..o
A2 Kotdhoyog EMnvixdy "Opwv. ..o
A3 AXpOVOULO L.

B Koatdhoyog dnpooieboewy
B.1 TIELOBLXG ..o
B.2 Kegdhawa BiBMwy ..o
B3 BUvEDQLO L
B4 Teyvixéc AVaQopéc ..o

BBAoypapia

Bloypagpuxd Enuelwpa






Katdhoyog Xynudtomy

1.1

2.1
2.2
2.3
2.4

3.1
3.2
3.3
3.4
3.5
3.6

4.1

4.2

4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
411
4.12

4.13

4.14

4.15

4.16
4.17

Lynuotixd ddypauua avdhuong nepleyouévou ue Borbeta yvoone. ... 3
Hapadelyuata enmedwY YRAQWY. ..o 12
YyEoT UTOYPAPOU XUl ETAYOUEVOU UTOYRAPOU. .o vvie i 13
EZaywy? ehdylotou cuvextixoy dévdpou and otafuicuévo yedgo. ... . . 14
[apdderyua avarapdotaone xatdtunonc S ulag edvag Ue éva

OYECLUXO YRAPO YUQUXTNELOTILDV. « v e v ee et aeee i ee e et aae s 15
Yrodour| xoL SLaoUVSEST) OVTOROYLMV. « .ottt 26
Iepapyla 0VTOAOYIOG OTTIXGDY TEQLYPUPEMY. « .o v et 27
Apyitextovixty avdluong noluuéony ue Borlbela yvodonc............... 33
Anoteléopata oe exdveg and To Hepatind nedlo “mapaia”. ... 36
Arnotehéouata oe ewdveg and to Oeuatind tedlo “poépuovio 17... ... .. 37
Arnoteléouata oe exbdveg and To Hepatind medlo “téwc”. ..l 37
Katdtunon ewdvog and Swagopetixolc ypfiotes (lo napdderyuo and

™) Bdon exbévoy tou Berkeley). ... 40
Katdtunon ewdvac and dtagopetixolc yefiotes (20 napdderyua and

™ Bdomn exbdvwy Tou Berkeley). ... oo 41
Aldypauua porfg tou ahyoplBuou xatdtunone RSST. ... .. 42
Movodidotato napdderyua xatdtunong watershed. ............ .. ... 44

Katdtaln pehodoroyidv alloddynone alyoplbuwy xatdtunong emévoy. 45
LY NUATIXY OVATOEACTACT] TOU ONUACLOAOYLX0U TANUUUELOUOU exdvac. 50

Audypauua Aertoupylog onuactoloyixfc xatdtunone Blvteo. .. ... ... 54
Xowput| xar ypovixh) anodéunorn evog Bol By, ... 55
Tatptaopo 6yxwy Sadoywxdy BoFs. ... o oo 60
Yuyyodveuon 8o BoFs. ... o 61
Ewévec and 1o 6Uvoro dedouévmy ohfletac. ..o 65
Kotdtunon ewdvag ye yeron tov akyopibuwy RSST, SW xou

SREST (10 TOPESELYIIO) . < . e vee e e e et et ee e 66
Kotdtunon ewdvag ye yeron tov akyopibuwy RSST, SW xo

SREST (20 TOREDELYILU) . < v e ve vt e ettt e e 67
Kotdtunon ewdvag ye yeron tov akyopibuwy RSST, SW xau

SREST (30 TOPESELYIIO) . < . e vt e e et e ee 68

LNUAGLOAOYIXT XATETUNOT EXOVWY XoL AVATEocapUoYY TwV Babudy
EUTLOTOOUYNG TWV EVIOTLOUEVODY EVVOLOY UECH aVATPOPOSOTNONC TN

OVOLYVORLOTIC. v e vttt ettt e et et ettt e 69
ENUACLOAOYIXT XATATUNOY XAl EVVOLONOYLXO TAALGLO. ..ot 70
Merétn enidpaong BoplBou elcddou otny TeEA Tallvounom. .......... 72

x1



4.18 nuactohoywr xatdtunon Bivieo (lo mapddetyua). . ...t 74

4.19 Tnuactohoywxr xotdtunon Bivieo (20 mapddelyua). .....oooveina... 75
5.1 Katdtunon ewdvag ue Bdon tn yewuatixr) TAnpogoplo. ... ... 79
5.2 Apyttextovixy| ToU TPOTELYOUEVOU GUOTHUATOC OTTLXAS AOYLXAG. . . ... .. 81
5.3 XuVopTACELC CUUUETOYNC YLl TLS EVVOLEC-BLEYEQRTEC YPMOUATOC. ..t .. .. 89

5.4 Kotdtunomn etxévog ) Yeovix| OTlYUN b oo 93



Katdhoyog ITwvaxwmy

2.1

4.1
4.2
4.3

4.4

4.5

5.1
5.2
5.3
0.4

Acelc TEREOTEC. .ot

Babuol cuuuetoyrc xdbe évvolag yia téooeplg YeLTOVIXES TEpLOYEQ. . ..
Yrohoyioudg Bopdy TV axudy Tou UTOYEAPOU Gisga. «vvvee v ...
Babuol cuuuetoyrc xdbe évvolac moty xoL uetd Tov ahyopLbuou
evvolohoyxoU mhawctou yia ewdva and to Hepotind nedlo “mapaiia”. . .
Lhyxplon emddoewy avd €Vvola TOV TEOTELVOUEVWY aAYoplfuwy yia
10 Oeuotind medlo “maparhlo”. ...
AZiohbynomn onuaclohoyeic xatdtunong BIVieo. ...l

LNUAGLOAOYLA EVVOLODY HAL QORMY. oottt
Oproude Bafudy cuuueToy N SLEYERTAOV UPNC. oo

Acelypo e BAong YVOONC 2. oo
Acagelc toyvptopol and éva delyua touv ABox. ........... ...

xiil

67
68

70

71
76

85
90
92






Iepthndm

To avtixeluevo tng datpPric authg elval 1 EVOWUATOOT TEYVOAOYLOY YVOOTC OTNY
avdAuvom xaL Ty Tepltypaph exdvey xot Bivteo. H olunpaln Twv ey voloyidy Yvoong
UE TEYVLXES 6pAoTC UTOAOYLOTOY aToyelel TNy BeATiwon Tng xatavénong ontixoy me-
pleyouévou, uéow tng allomolinong TpdTepNC YVHONC ot alyoplbuoug onuaclohoyixric
avdiuong edvey xol Bivieo. 1o ocuyxexpuuéva, uehetdue To TEOBANUL TNG XATATUN-
oTC EXOVWY xal BlyTEo xoL TpoTelvouUe XaLvoTdUES TEYVLXEC evToTloUoy, eCaywYhc,
AVOLYVORLOTS %Ol TopaxohoUinong avTXELUEVKDY BAoT ONUAGLOAOYIXGY XAl OTTIXOVY
xprtnelwy.  Ilpotelvouue ula mpooéyyion onuactodoyixic xatdtunons, eurhoutilo-
VTUG TEYVIXES ETEXTAOTS TEQLOYMV UE ONUUOLOAOYLXY YOLAXTNELOTIXG TEOXELUEVOU
vo avTietonioouue TpoBAfuata tou ogelhovtal oTtny aduvauia TEpLYpaphc oNUAGLO-
AOYLX®DV OVTOTHTWY ATOXAELOTIXG UE OTTixd yapaxTtneloTixd. Emniéoy, mpotelvouue
éva Sounuévo mhalolo yvoong, to onolo anoxakolue ontixi Aoyuxr, Boclouévo oTic
TEPLYPAPLXES AOYIXES XAl TIC QOAPElC EMEXTACELS TOUC, YL VA GUVOECOUUE OTTLXY
YALOXTNELOTIXG Ue €VVoleg TTou anoTeholy To Aelihdylo evdg Beupatixol nedlov. Xen-
OLUOTIOLOVTAC €Vl GUVORO AlwUSTWY oL 0ELOTOLOYTIC UTNPEGLEC GUAAOYLOTIXNC, eE3-
youue ovunepdouata Yo Ti¢ TLhavég evvololoyixés epunveleg mou emdéyovtal TUh-
MATA 1) TO GUVONO NG EXOVAC.
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Abstract

The main research area of this Ph.D thesis, in a broad sense, is the integration
of knowledge technologies into the analysis and description of multimedia. Knowl-
edge technologies can aid computer vision tasks towards the improvement of the
understanding of visual content, by exploiting a priori knowledge in algorithms of
semantic image and video analysis. More specifically, we examine the problem of
image and video segmentation and we propose novel techniques for the detection,
extraction, recognition and tracking of objects, based on semantic and visual crite-
ria. We propose a semantic segmentation approach, which enhances region growing
algorithms with semantic characteristics, in order to deal with problems that raise
from the shortcoming of describing semantic entities by visual characteristics ex-
clusively. Moreover, we propose a structured knowledge framework, which we call
visual logics, based on description logics and their fuzzy extensions, to link visual
data with concepts that form the vocabulary of a domain. We use a set of axioms
and a reasoning engine to infer possible semantic interpretation of parts or the whole
of an image.
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Kegdhato 1

Ewcayoyy

1.1 Avtuceipevo xar Kivntpo Avatpf3vg

Eivat adtaugioBnto yeyovocg 6t Lolue otny enoy Tne tAnpogoplac, 1 onola yapo-
xtneiletal and T SuvaTéTNTa VLo EUXOAY TEbGGPBAoT GTNY TANEOYOENCT XAl T Y VOO
Méypl mpbogata, 1 dnguaxh) Thnpogopia teploplldtay xotd To Ueyahitepo T0GOOTH
¢ oe xetuevo. H npdodog otic teyvohoyieg UALOUIXOU XaL TNAETUXOLVWVLGDY EYEL 087)-
YHoeL 6e ULo oLVeYT| xouL TayUTotn alinoT Tou GYX0oU TOU ToEAYOUEVOU TOAUUEGLXOU
(évtumou, nyNTLxoU xaL onTxoV) TEPLEYOUEVOU, TO 0TOL0 EXTOC and GUANOYEC XaL op-
YElol 0pYaAVLOU®Y %ol LYOTLITOUTWY, Elval TAEOV TEAYUATIXOTNTA XAl YLo TOUG ATA0US
yeriotec. H mapaywy?) xou 1 Stayelpton mohuueoixol nepleyouévou €yel anlorotndet
1600 oAU, Tou amAol YeYOTES dNULOUPYOUV TROCWTLXES CUANOYES EOVWLY xaL BlvTeo
xo g wotpdlovtal uetall Toug, TapdyovTag €vay TEpdoTio 6YX0 dedouévwy. Evdel-
xTxd, oe TpdopoTn Epeuva avapéplnxe 6Tl oTo SixTuUAXd YOEO youtube cUAAEYOVTOL
20 dpec Bivteo xdbe Aemtd, evd unnpeoteg duayeiplong xau Slavourc exévwy 6TwS To
flickr xat To photobucket €youv cuyxevtpdoeL and Touc YENOTEC TOUC TEPLOGOTERES
and 1010 eixébdvec.

‘Oho autd T0 TapaYOUEVO LAXG alloTtoleltal ot €va eupl YAoUd EQUEUOYOY TOU
extelvetal and unnpeoieg Quyaywylog, Tovplouoy, TOATIOUOU, e& UT0CTACEWS EXUY-
Onomn uéyeL To Nhextpovixd eundplo xatl Ty TnAglatexr. To onuavtixdtepo npdBinua
TOU TPOXUTTEL, elvat 1 anoteheopatixy dayelplon Tou TepdoTiou autol 6Yxou dedo-
UEVDY, xaldC 1 yenoludTnTo 6AY aUTOY TV eQoupUoY®y xaboplletal TAéov, oyedoV
ATOXAELOTIXY, amd TS SUVATOTNTEC TOU TapEyovToL Yio eUxohn avalhtnon, tayeia
TpOOBacT XL PLALXT) TPOC TO YEHOoT TApoLGlaoT Tou oyYeTIXoU Tepleyouévou. To mo-
AUUECLXG TEPLEYOUEVO OTOTEAEL Uta UEYAAN TpdXAnon and Ty drnodn tne anobrixeu-
org, TNg Uetddoong, g SewxtoddTnong xou Tng avdxtnong. Lo va avtiuetwrioboly
TéTole TpoxAfioelg dev apxel va avantuyfel anhdg YpnyopdTtepo LUALGUXS 1) Vo Oy e-
dlaoToUY TEPLOGOTEROL AAYOpLOUOL ECOYWYHC Kol ENECERYATLUG YUPAXTNPLOTIXGDY ATO
T0 ofua xabautd, adld anaiteltal uia Babitepn xatavénon Tou ToAuueoxo) UALXOU
070 onuactohoyxd eninedo. Kt tétolo amottel Ty avoyvopeLomn aVTIXELUEVWY XOL
YEYOVOTWY TOU eU(avi{oVTaL 6TO TOAUUECXO TEQLEYOUEVO UE TEOTO avTioTOLYO UE
v avtikndn mou €yel xau v epunvela Tou Toug anodidet o dvbpwrog.

H araltnon yioa autduatn 6NUacLlohOYLX] XATAVONOT) TOAUUESLXO) TEPLEYOUEVOU
dev elval xawvolpla: €yel anoteAéoel Ulo amd TIC ONUAVTIXOTERES EPELVNTIXES TROXAY-
OELC TWY EMLOTNUOVIXAV TESIWY TNC UTOAOYLOTIXHAC OpAoNSC Xl TNS TEYYNTAC Yonuo-
olvne xat elvon Yvooti ue tov bpo anuactodoyixd xevd (semantic gap). 'Evac mohd
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dtadedouévog oploude tou onuaclorloyxol xevol oto 36bnxe and toug Smeulders
et al. [118]: “The semantic gap is the lack of coincidence between the information
that one can extract from the visual data and the interpretation that the same data
have for a user in a given situation.” Xe ehelbepn anddoom, T0 oNUAGLONOYIXS XEVEH
aroteAel TV éMhewdn oluntwong petadl tng mhnpogoplog mou unopel vo elaybel and
ToL OTTIXS dedouéva xaL TNG epunvelag Tou emdEyovTal Ta (dla dedoueva Yo Eva Y-
ot oe oplouévn xatdotaon. O dpog “xevd” mpoxUmTeL and TNV avavTLoToLYlo TWY
YALUXTNELOTIXGY Tou eEdyovTol autduato and alydplbuoug enelepyaciac oruaTog
(ta omola éyouv aplfuntixh wopen), ue TV epunvela Tou toug dlver xat utopel va
avtiingbel o dvlpwroc. Kabde oxondc tng onuaciohoyixic avdivong elvor 1 ea-
YOYN TEPLYPAPNc TOU TEPLEYOUEVOL BGoTe va yivetar xatavonth and tov dvlpwro,
elvat avayxato v cuvutoloylotel 1o avlpdnvo Yvwolaxd Uovtélo.

H rapandve dwarniotwon odnyel oto ocuurépacua éti elvar arapaltntn 1 evowud-
oY YVOong ot Sladixacto Tng onuactoloyxic avdiuone. H yvdon yopw and €v-
VOLEC, OVTOTNTES, avTixelueva xal cuUPBavta tou eupavilovtol 6To TepleyOUEVO, xabdS
xal YUpw antd g oy€oelc UETAEY TV EVVOLOY auTOV UTopel vo artotunwlel ue 1pémo
e1T6 1) UToVOOUUEVO, VO TepLYpdpeL TEOTERT) EUTELpla 1 va elvan Tpocapuolouevr), alhd
oe xdfe mepintwon elvat anopaltnTy N AvaTopdoTacT TN GE ULo TUTOTOLNUEVY) Lop®Y
xal xuplwe avayvopiown and uroloyiotéc. llpbogata éyouy npayuatonoinbel ece-
AMelc otny xatevbuvon tne avanapdotaone xol eaywyhc yvoone. Ewdwdtepa, ota
mhalota e avdntuéne tou anuactoloyxol totol [14], déOnxe éugaon oty xabié-
PWOTN TUTIXDY YAWGOMY avVaTapdoTaong YVOoTS, Tpoxewévou vo dobel vonua otny
Thnpogopla mou elvat Stabéoun oTov TayxdouLo LoTH oL Vo emLTAnel 1) XaAUTERN
avalhtnomn, avdxtnon xo aélonolnor tng.

Ot ovtoloyieg anoteroly éva 6UYYPOVO oL EUPEWS BLABEBOUEVO POPUAAMCUS UTO-
Hixevong xou avarapdotaong Yvodong xal e€ac@aiilovy 1 SLaAELToUEYXOTNTO UETAEY
ETEPOYEVMY EVPUOY CUCTNUATWY xol avipdrwy. T Ty xataoxevy|, Ty xwdLxo-
molnomn xaL 0 yeron ulac ovroloylog, elval arapaltntn ulo Tumxr YAOooo avama-
edotaong yvoong. To mo onuavtind yapaxtnelotixd ulag YAOCOoUS avanapdoTaong
OVTOAOYLOV Elval 1) EXPEACTIXOTNTA TOUS" OG0 TLo EXPpaoTuxt) elval ula YAOOGA, T6G0
TLo €UX0AO xuL amhb elval vo avamapaothoel xdtl. Elvar duwe yvwotd 1o mpdBinua
Tou oLUPBaouol ueTa) TNC ONUAGLONOYLXHAC EXPRACTIXOTNTAC XAl TNG TOAUTAOXOTT-
TOC TNS CUAAOYLOTLXAC Yot TNV e€aywYr) ouurnepaoudtwy. H Suvatdmnta napaywnyrc
VEAS YVOONG, UE YPNON UNYAVIOUDY GUAAOYLOTIXNG, ATOTEAEL EVay amd TOUG XUELOUG
OTOYOUS TWYV ETLUEPOUC TEYVLXOV OVATARIGTAOYS YVOOTS Xau Utopel vo allorotndet
0€ GUOTAUTA GNUAGLOAOYLXHC AVAAUGTIC TOAVUEGIXOU TEQLEYOUEVOL.

Y10 oyfua 1.1 anewxoviletol To Yevixd oynuatixd Sidypouua oNUacLOhOYLXHAC
aVEAUGTC TEPLEYOUEVOL UE YpNoT TEXVOROYLOY YVOOTC, Xalde xal ol emuépoug dla-
dixaotieg xoL n adAdnhenidpaon autdy. Ot analthoels evog TETOLOU GUOTAUATOS ElvaL
va déyeTal we €loodo omoladfitote Loppy| Tohupeotxol Tepleyouévou (xeluevo, fyoc,
outMa, ewdva, Bivieo, ouvbetixd ypapixd, x.4.) xau va divel oto yprotn T Suva-
TOTNTA Yoo onactoloyxr avalATneT), avaxTnon Xl TAOHYNOT UECK EpOTNUATOY OE
eVVoLOhOYLXO eTinedo.

Apywd, to VA vglotatol tpoemelepyaota yaunhol emnédou, dmwe elvol yuo
Topddetyua 1 agalpeor dngraxol HoptBou xal avdioya Ue To eldog ToU TOAUUEGLXOV
UAxoU umopel va tepthaufBdvel adénon tng ypwuoatixic aviibeong tng ewxdvag, dayw-
ptoud TAdvwy Tou Bivieo %x.d. Y10 enduevo oTddlo eCdyovTal aptBunTtind yapoxtnet-
OTXd and TO TMEPLEYOUEVO, TA OO ¥PNOLLOTOLOUVTAL Yol TNV ouadorolnom xat Ty
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MoAupeoikd
Mepiexopevo

ZKNVESG
Mepioxeg Eikovwy
XOpaKTNPIOTIKE

_Gnuo:cno.\ovmr'] avadfTnon Kal avaktnon
'k TIEPIEXOMEVOU

Yyhua 1.1: Yynuatocd Sudypauua avdivone nepieyouévou ue forbeta yvéone.

Mpoemegepyaoia
Xapnho( Emimédou

ZNUacIoAoYIKA
TEplypaQr
TIEPIEXOHEVOU

AvdaAuan Baciopévn
aTn yvwan

TMOAUPEDIKN
Ovtohoyia

ETLAOYY) TUNUATOY EVOLAPEPOVTOG. XE AUTO TO GTABLO UTOROUY VAL EQIRUOCTOUY UETO-
oYnuaTLouol Tou oHUATOS, OTWE T.Y. UETAoYNUATIoUOS Fourier ¥ pyetacynuatiouds
xuuaTdlou xau énelta vo eoyfBoUy SlaviouaTa YoapaxTneloTIX®Y, OTwS elval oL OTTL-
xol 1} ou axouotixol meptypoagelc. To aptbunuixd autd yopaxtnelotxd avaiiovtol Ue
uefodoroyieg unyovixic udbnong xat avayvdpelong TeoTiTwY xaL Ue TN cUVdpoUY TNg
Tohuueoxfc YVOorg Tou elval arobnxevuévn o Lopgt| oviohoylog aviiotolyilovtat
o€ éva apyixd 6UVOANO and GNUAGLONOYIXES OVTIOTNTES. 1TN GUVEYELY, 1) alloTolnoT TNg
TUTXC onuaolohoyiag xaL TS oLAAOYLOTIXAC BEATIOVEL TNV ApYLXT) ONUACLONOYLXT
avdiuor, dophhvovtag ecQuhUéVES eEXTIUNRCELS, EMAVOVTAC TUYOV AVTIXPOUOUEVA de-
douéva, eCdyovtag véo EUUEDT) YVMOT XaL TapEyovTag EVIEAEL Uit GUVORLXE GUVETY),
oNUACLOAOYLXT| TEPLYPAPT TOU ToALUEGLXOV LAoU. Me Bdon tn onuactoloyuxy| ava-
TUEAGTAGT] TOU TOAVUECLXOU TEPLEYOUEVOU, O TEAXOS 0TOY0G elval 1) SewxTodoTNno
xal eupuRc avalHTNon TOAVUEGIXOU TEQLEYOUEVOU, dNAASY 1 avaTTUEY UNYAVIOUDY
Yo onuoolohoyer avalATnom, avaxTnon, XATNYoeLoTolnon Xal TAOHYNOY) TOU TepLe-
YOUEVOL.

To avtixeluevo tng mapoloag SlatpBnc xiveltal UEGO OTO TAEATAVW TEELYQPAPEY
Thalolo xaL To GUYXEXELUEV EpELVETAL 1) alloTolnon TNS YVOong oTr Stadixaoto Tng
XATATUNONG EOVWY X0l BLVTEO X0l GTOV EVIOTLOUO XOL AVAYVOELOT) EVVOLOAOYIXDY
oVTOTHTWY Uéoa 0To Tepleyduevo. Alvetal €Ugoon oTny ETLAOYT TN AVATARAOTACTS
e YVOONS GoTe Vo eCUTNeeTel To SLTTO TNC POAO WS EVOWUATOUEVT dladixaoia o
ahyoplBuoug avdhuong xar ¥ AeELAOYLO YLo TN ONUACLOAOYLXY| TEPLYPAQY) TOU TEpLe-
YOUEVOL.

1.2 Awpbpwon Kewpévou

Ta xepdlaia mTou cuVLETOUY TN SLaTELBr AUTH AVTLETOLYOUV OF BLUQORETLXE GTAdLL
e avdiuong mepleyouévou ue Bdorn tn yvoor. I ouyxexpuéva, 6to xepdhato 2
Tapouvotdlovue TNV anapaltnty Oewplo oyeTixd Ue Souéc xal YAMOOES AVATOEdoTA-
ong yvéone. e autég mepthaufdvetal 1 aoagic cuvolofewpla TOU TEOCYERETAL WS
ueco avarapdotaone afeBatdtnrac, n onola elval Eugutn ota tpoARuata Tng dpo-
ONC UTOAOYLGTGY atL avdiuong exdveoy xal Blvteo. Tao acagrh clvora dlvouv T
dUVATOTNTA YPHONS YAWGOLXGDY HpWY %ol XAVOV®Y TOUS 0Toloug aZLOTOLOVUE YLo TNV
avanopdotoor aAld xoL enelepyaalo TwY eVVOLOY Tou eEAYOVTUL 0RO TO TEPLEYOUEVO.
Mia evpéwe Sladedouévn uopt| anoffixevorng dedouévwy amoteholy oL ypdgoL, oL
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eWwd oL oyeotaxol ypdgol yapaxtnelotixdy. H Oewpla yodgpwy ueletd tic oyéoelg
AVTIXELUEVWY ToL OTIOLoL €Y 0UY XATOLL GUVAQELL UETAEY TOUS 1) CUYBEOVTOL UE XITOLOY
oplouévo tpoémo. Elvar mpogavéc ot and nopduoleg apyéc SLEmovTal Ta avTixelueva
XL OL OVTOTNTES o UTdpyouy ot ula ewxdva 1) uta axohoubio Blvteo xou autr axpl-
Bde tny atolnor Oeuehidvouue xau yenowdorototue. To xegdloto 2 ohoxhnpdveta
UE TNV mapouctact) Twv Oeuehwddy oTolyElwy evOC 0VTOAOYIXOU UOVTEAOU YVOGTNC
XUl TNV TEPLYPAPT OPLOUEVKDY SLABESOUEVWY YAWOOMY AVATAPIGTAONC, Ol OTOLES YT
OLUOTIOLOVVTOL YLOL TNV XATACKELY), TNV Xwdlxorolnon xa tn yenon ulag ovioloylag.

Y10 xe@dAaLo 3 TEPLYPAQOUUE Ta GTASLA AVAALOTC EOVWY UE YPH 0T OVTOLOYLOY,
Eexwvdvtag and tny Tpoenelepyaotio ulag ewdvag B ulag axorovbiog Bivteo, Ty eda-
YWYT| YAEAXTNPLOTIXADY AUTAS XL XATAAYOVTOS 0TNY Tallvounor Ue Bdon tig évvoleg
mou e€iyfnoayv and meployéc TNC edvac. Xe auTod TO XEPIAOLO TEPLYPAPETAL 1) ETL-
X0LYOVYLOL TOU GUOTAUATOS AVAAUCNC UE TS 0VTOAOYleC ToAUUEowY. Ev npoxeluévo,
xatd TN dadixactio avdivone toluueoxol Tepleyouévou xal Tne e€aywYnic TN on-
UacLo oYX TEpLYpagric Tou, elvan avayxalo vo avaxtniel n tpdtepn YVOOoN and Tig
ovtohoyiec (oL onoleg ypnowetouy we Bdoelc yvdoews). Il ouyxexpéva, ol évvoleg
¢ ovrohoylog Oepatixod mediou elval cuvdedeuéve Ue TPOTURA GTLYULOTUTOL OTLTL-
OV TEPLYPAPEWY UECK TNG OVTOAOYIOG OTTLXMVY TEPLYPAPEWY 1) OTolol UOVTEANOTOLEL
€VVOLEC X0 LOLOTNTEC OV TEQLYPAPOUY TA OTTIXA YALUXTNELOTIXS EVOC AVTLXELUEVOU
(oyfua, ypdua, uet, xivnon, xti.). H avdxtnon autdy Ty ottyutotinmy xat to tai-
PLLOUO TWV OTTLXOVY TEPLYPAPEMY TOUS UE TOUC avTioTolyoug Tou e&dyovTal and TNy
umd avdhuon exodva 1 Blvteo, amotedel €va onuavtixd xouudtt tng ahknienidpoaong
TV ahyoplBuwy avdiuong ue Tig TEXVOLOYIES YVOOELS.

X1 ouvEyeld, 0T0o xePdAalo 4 TEQLYPAPOUUE T1) ONUACLONOYIXY) EREXTACT) AAYO-
elluwy xatdTuNnoNe, UE OXOTH TOV EVIOTLOUS XOL TNV VALY VOELOT) AVTIXEWEVWY UEod
oe exdveg xou axolovbiec Bivieo. Tlpdxeitan yia ulo mpocéyylon n omola euniou-
Tilel TEYVIXEC XATATUNONS EMEXTAOTC TEPLOY DY, UE GNUAGLONOYLXE YOpAXTNELOTLXY,
TPOXELWEVOU Vo eTLAUOOUY TROBAAUATA UTERXATATUNONGC ) UTOXATATUNGNC TOU GUY VY
TOEATNEOUVTAL Xal 0QelhoVTaL TNV aduvaulo TEQLYPAPHC ONUACLOAOYIXDY OVTOTHTWY
Ue omTxd wovo yapaxtnelotixd. Ilo ouyxexpluéva, o xploc otdyog Tng onuactoho-
YWNC EMEXTAONC TEPLOY DY Elval Vo eTLTUYEL TOGO XAADTERN XATATUNOT) TNS EXOVOC,
600 xaL Vo yapaxTneloeL XL va xaTatdlel T enUépouc TepLoyéS Tou GUVHETOUY TNy
ewoéva. Emmpdobeta, oto xepdiaio 4 tapouctdlovue ulo xovotéuo Teyvixy Yo TN
YWEOYPOVIXT XoTATUNGT, axohoubLdY Blvieo, YenoLLoToLOYTIC OTTLXE oL GNUGLO-
hoywd xpitheta. To anotéheoua elval 1 oNUAGLONOYLXT YWEOYEOVIXY XATETUNOT),
dnhady o evromioude, N mapaxohoUinon xol 1 avayvoELoT AVTIXEWIEV®DY EVOLAPEQO-
vTog uéoa and axoloubiec Bivteo uixprc 1 ueydine didpxelac.

Y10 xeqpdharo 5 e€etdlouue éva Tumxd, Sounuévo Tthaiolo yvodong xabdg xar v
anapaltnTtn uebodoloylo mou mpémel vo axoroudnbel yia va emiteuylel 1 endiwxd-
UEVT OTUACLOAOYIXT XATATUNCT) EXOVODY XL AVAYVOPLOTS AVTLXEWEVLDY. ()¢ YAOOOH
AVATAEAOTAOTS YVOOTNC ETLAEYOUUE TIC TEPLYPAPIXEC AOYLXES XL EMLTAEOV YENOUULO-
TOLOUUE TS AOUQEC EMEXTAGELS TOUC YLO VoL UTOREGOVUE VoL EVTEZouue 6T0 cUoTNUd
uac To Bobud aodgelac ToU UTELGERYETAL AVATOPEUXTA GTO GTABLO NG AVAALOTS TNC
eodvac. Egoapuélovue unrnpeoieg acagoilc culhoyiotixfic aneubelag oto mpdBinua
e xatdTunong ewovey, oc uébodo uroloyiouol onuacloroyxic andctacng Yo
TEPLOY @Y. OFEAOVTUS VoL Amo@UYOUUE TO Sl wELoUS TOU TEOBAAUATOC TNE XATATUNONG
XAl TNS AVOYVOPLOTE, o TeoPBhiuata “yauniol” xot “udnhol” emmédou, elodyouvue
TNV EVVOLAL TNG O TLXTS AOY XS Yo TNV EVLalol AVTUUETOTLOT AUTOV TWV TEOBANUATWY.
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Télog, oto xegpdhato 6 cuvodilovue ta Paoixd GLUTEEAOUATA TOU TALOUCLAGT-
xav ot Tporyovueva xe@diato Tne SlatelShc. Avadetxviouue TN CUVELGPOREE LS XL
Tpotelvouue xaTeLHUVOELS YLo TEPULTEPW EPEVYNTIXEC EMEXTAOELL.

O
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Kegdhato 2

Avanapdotacn I'vorng

2.1 Ewoaynyi

‘Eva and ta tohatdtepo (NTHUATA TOU €Y0UY OTAGYOARGEL TNV EMLOTAUT TWV UTO-
AOYLOTOV, elvar 1 UEAETY TNG QUOXAS YVOOTE ToL Plouatixd anoxtd évag dvipwrog
xa0dg oL 0 TEOTOC xUTAYEAPHC, AVATAEAOTAGNS XAl EVOOUATWOTNS TNG 08 Ulo Unyavy
1 éva utoloylotixd obotnua. H Swaducaoio tng udbnong xou tng culloyiotixhc, 1
orola €yel anoteréoel QLAocoPIXd Béua and TNV apyaLdTNTa, AmoTEAEL €Va EQELVITIXG
avtixeluevo ue pllec oe mohhd emotnuovixd medla, 6nwe n Yuyohoyla, n Liocoplia,
N vevpoloyla xal 1 emOTAUN TV utoloyloTt®yv. ‘Ooov agopd Tto teleutalo, €yel
evtayOel otov Touéa TNg TEYYNTAC vonuoaoUvng, 1 onolo UeAeTd TN oyedlaon EVQUAOY
UTOAOYLOTIXMY GUOTNUATOY TOU EMSEXVIOLY YALUXTNELOTIXG Tou oyeTilovTaL Ue TN
vonuoolvn otny avipdrivn cuuneplpopd, Otwe m.y. udfnorn, mpocapuocTixdTNTA,
eCUYWYT) CUUTEPAOUATWLY, xaTavénon and o ouupealoueva x.4&. [103].

H yphon teyvixdv teyvntic vonuoovvng etvar wialtepa dladedousvn oe Sadixa-
olec uPnhol emmédou TNe dpaoTg UTOAOYLOTAOY, OTKC ELVAL 1) XATATUNGCT] EXOVOY XaL
Blvteo, N avayvdplon avILXEWUEVWY Xal XATACTACEWY, N 3A avaXATAOXELY) OXNVHC
x.4. T v enihuon mpofAnudteny autol Tou eldoug aratteltar xatapyds ula anodo-
W poppt| avanapdotaone (tpdtepnc) yvdone xat pio otpatnyw allotolnone tng
yvdone authc oto mhaiolo evoc alyoplfuou. H avanapdotaon yvoone ogeilel (o)
va elvon Tumxer| (v éxel avotner obvtaln xat wovooruavty epunvela), (B) va elvan
EXQPAOTIXTH GGOV 0POPE To ONUACLONOYIXA YaPaXTNELOTLXE TN XaL () va elval 660 To
duvatdv TEpLoadTERO anodoTixy| €yovoa Uxed Pabud tohumhoxdtntag. Ta tpla autd
YALOXTNELOTIXG ELVOL TOAAES POPEC AVTIXPOUOUEVY, OTOTE ECUPTATAL AT TO OYEDAOTY
N EMAOYN NS XATIAANANG AVATOEAOTAONS YVAONC YLo TO EXACTOTE TEOBANUAL.

Y10 mapdv xegdhato mapouctdlovue Ty anapaltntn Oewpla oyetixd ue tic do-
UEC %O TG YADOOES AVATURIOTACTS YVOOYS OV Yenotuonoioaue otn dtatpPn. Xe
autég Tepthaudvetal 1 aoaghc cuvohofewpla Tou TpocPEpeTal W UECO avaTapdoTa-
ong affeBatdtnrac, 1 ool elvat Euputn ota TEOBAAUATI TN 6PAOTIC UTONOYLOTMY XL
avdivong exovwy xol Bivteo. To acapr olvoha divouv tn Suvatdtnta Yerong YAwo-
OOV 6pWY XUl XUVOVLY TOUC 0Ttoloug afLOTOLOVUUE YLa TNV AVATopdoTacT) aAAd oL
enedepyaoio Twy evvoldy Tou e€dyovtal and To tepLeyouevo. Mia eupéng Sladedouévn
uop@y) amobrixevong dedouévwy amoteholy oL Ypdgol, xal edxd oL ayectaxol YpdgoL
yapoxtnetotix®dy. H Oewplo yedowy ueketd tic oyéoelc aviixeluévwy ta onola €youy
xdmota cuvdgeLa UETAEY TOUC 1) oLVSEOVTAL UE XdATOLOY Oplouévo Tedmo. Eival npogo-
VEC OTL A6 TUEOUOLES UPYES BLETOVTOL TA AVTLXELUEVA XAl OL OVTOTNTES TOU UTHEYOUY
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oe ulo edva A ulo axorovbia Blvteo xor auth axpBode v alolnorn Heuehidvouue
xaL ypnowonowoUue. To xegdhowo xhetver ue tnv mapouciacn tou wabnuatixod uo-
VTEAOU OVTOAOYWXHAC YVOOTC, Tou anotehel éva alyypovo @opuaiioud anoffixevong
XL OVATURAOTAONS YVOOTNG, XAl Ul GUVTOUY ETLOXOTNGOT OPLOUEVWY EVREWS YETOL-
MOTOLOUUEVWY YAWOOMY AVITALIGTACTS OVIOAOYLOVY.

2.2 Acagn XOvoha

H ofefordtnra agbovel ota npofAfuata tng 6paomne UTOAOYLGTOV XaL NG AVIAUGNC
eOVLY xal Bivteo xal o¢ ex TouTou 1 dtayelptor| Tng elvan ulor ToAD onuavtixy naped-
uetpoc 6tayv oyedidlovtal alydpliuol xor GUGTAUATA Yo TNV ETUAUGT QUTAY TWY TEO-
Banudtwyv. H affefardtnTa uneiocpyetal o dudpopa oTddL EVOC GUGTAUATOS OPAGTS
urohoylotdv: Ilpoobetinde HépuPog xatd tn Sdpxela Tng amotinwong tng ewxdvac,
avaxpifela oe UTOAOYLOUOUS, AGAPELN GTOV OPLOUG TWV XAJCEWY %ol 6TNY epunvela
evvoldy, aobevie optouéva (ill-posed) mpoPAfuata, x.&. Iohd ouyvd ypewdletar vo
oLYBLACTOUY EEYWPELOTEC UETPNOELS ATO SLAPOPETIXES TNYES, VO UTOAOYLOTOUY Tolxiha
YALUXTNELOTING AL VO EPAEUOCTOVY GUUTANOWUATIXES H TUPATANEWUNTIXES TEYVIXES
utor mpaxTixy) 1) omola dnuLovpyel véa epwTiUaTa 600V agopd To Kg Hu enelepyaotel
n mheovdlouoa TAnpogopta xoL tog Ho emAufoly Tuy oy avtifécelc xal acUVETELES.

H Bewplo tov a009dy cuvélov (1 adlde acaphc ouvohobewpla) ntpoopépeTtal we
uécov avanapdoTtacrng autol Tou eldouc afefadtnTog otn Swtinwon akyoplbuwy,
xafdg umopel vo dlayelplotel euAxTa Xal Ue UEYAAN EMLTUYlO TNV OVATAPIGTAOY
avaxplBov uetpoewy Tpoogépovtag ulo Aoy avanapdotaon (oe puoxh YAdooo)
TV aPEBalny EVVoLGY Ue TN ¥eHoT YAwoow®dY xovovey. Do mapddetyua, n évvola
“UaNOC %opdC” UE TNV ToEAdOCLUXT) AOYLXT) TEPLYRAQETAL UE EVOL GUVORO TOGOTLXGOV
uetpoewy g Oepuoxpaciag, uypactag, nhogdvelag x.&., evd ue yphorn aoapoic
hoywerie Oa unopoloe va meptypagel wc "Céotn ue haxdda”. H ypron Aextixdv
bpwv mpoopépel ula Tpoodeutixh uetdPaor and tn ula évvola oe ulo dAAY, xdTL TOU
aVTATOXELVETAL OTNY TEAYUATIXOTNTA, XUODC TIC TEPLOGOTERPES PORES BeV elval SuvaTd
vor Tpof3nytel ula Sloywetotixy) Yeouur UeTagy 800 eVVOLGDY, OTwe .. " Aloxdda” xol
7oUVVEQLY” T TOGOTIXS TL TOGOGTO TOU 0UPAVOU TEETEL VO VAL XAAUUUEVO UE GUVVEQQ
v va Bewpnfel o xalpdc ouvvePLIGUEVOC;

2.2.1 Opiopol xou cuyfoiicuol

Ye auth Ty evotnta Oo meplypddouue v ouvtoula opLouéves Paolxéc EVVOLEC TN
Bewplac aoapdy cuvohwy. EnhéyOnxe vo un yivel extetauévn neptypagy| tne Bewplog,
ahhd ulo eloaywyr oe xUpleg €vvoleg xat ouuohiouols, Yo TV xakltepn Suvath
XATAVONOY TOV ENOUEVLY xegalalwy tne SwatplBrc. Do Aemtouept| meptypapt| Tng
fewplag aoapdy cuvdwY xau acagolc Aoywrc evdelxvutal To Bifiio Twv Klir xou
Yuan [58], to onolo anotéheoe Tt Paowxd TYA i T ouyxexpluévn evotnta. Télog
Y10 EQAUPUOYES TV ACAPWDY GLUVOAWY XL CUCTNUATWY OTNY ORUOT) UTOAOYLOTOY Xl
enelepyaolo exdvac npotelvovtal ta [15, 144].

Optopds 2.1 (Acagéc Xovoho) Eva acapéc olvoro A opiletar w¢ mpog to ye-
vixd odvoro (universal set) X xar avanapiotdtar ue uila 6UVEETNOY GUUUETOYNS fia:

pa: € X — pua(z) €10,1]. (2.1)
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Kegpdlaw 2. Avarnapdotacy I'véone

Y& avTBLAGTOAY UE To XAaoLxd GUVOAA, OTOU 1) YAEAXTNELOTIXT cuvdpTtnon 14 anel-
xovilel ta otouyela x € X ot0 dltywo odvoro {0, 1}, n ouvdptnon oupuetoyhic a(z)
To anelxovilel oe évay mpayuatixd aplud o onolog ouuPBoAilel To Pabud cuuueToyic
ue tov ormolo To otoyelo x avixel 6To acapéc olvoho A C X, Ag onuewwdel 61,
Ydpwv anholoteuone, ouyvé Yo To oUUPOAGUS TS ouVpTnore ouuuetoyic fia(z)
yenowonoteitar xau 0 A(x), dSnhadh A(z) = pa(z).

OpLouds 2.2 (TthAprypa Acagois Tuvohou) Lthpiyua (support) evdc acapols
ouvdblou A w¢ mpog to yevixd ouvolo X elvar 1o xAaoixd oUvolo to omolo mepLEyel
oAa ta otovyela tov X ue un undevixd Pabud ovuuetoyic oto A:

supp(A) = {z € X|pa(z) > 0}. (2.2)

'Eva acagéc ovvoho A (ue memepaouévo othplyua) elval xat’ ovotay éva 6UVOAO
drateTaryuévey Leuydy, tou otolyelou o € X xat tou Babuol cuuuetoyhic tou ua(z),
Inhadhy A = {(pna(z),z) | x € X}. Mia ouvifng xau mpaxtixi| avanapdotaot evig
acopolg cuvohou A elvar auth Tou afpolouatog:

A= ZMA(%)/% = {pa(z1) /21 + palz2)/z2 + ...+ palzn) /2, }, (2.3)

émouv i € Ny, xau n = |supp(4)|.

Optouds 2.3 ("Ydog Acagois Tuvéhov) 'Ydoc (height) evic acagols ouvdlov
A elvar to uéytoto twv Babudy ovuuetoync oto X uetall dAwy Ty otolyelwy TOU

A:
h(A) = sup pa(z). (2.4)

rzeX

"Eva acagéc alvoho A héyetar xavovixd avy h(A) = 1, evd héyetaw vmoxavovixd
avv h(A) < 1.

Opiopds 2.4 (ITAnBuxétnta) H minbuxdtinta (cardinality) |A| evidc acagoic ou-
vodou A opiletar to dbpotoua dAwy twy Babudy ovuuetoyrs twy otolyelwy tou A:

Al = card(A) =) pa(x). (2.5)

zeX

Optopbg 2.5 (Iobtnta Acapdy Tuvéhwv) Avo acapr olvola A xar B Aéyovrau
loa, A = B, drav xdbe otoryeio x € X éyet (610 Pabud ovuuetoyrc ota A xat B:

A =B < us(r) = pp(z), VreX (2.6)

Optopbg 2.6 (Yrnootvoho) I'ia dvo acayl obvoda A xar B opiletar n oyéon tov
urnoouvérou C. To A elvar unootvoro tou B (1 adhidc 1t to A meptéyetar oto B)
AVV:

ACB< us(x) < pp(r), VeeX (2.7)

Afavdoios Abavaoiddng 9



Kegpddaw 2. Avarnapdotacny I'véone

ITohG yphown elval 1 évvola T andotaons d0o aoapdy ouvorey. Av F(X) eivo
10 aougéc duvapoalvoho (power set) tou X, téte autd Teptéyeton 6To Hovadtato xUBo
n-dtdotaong [0,1]". e autdy tov n-didotato ydpo unopel va oplobel n Minkowski
andotaoct dVo aoapny cuvorwy A xat B wc elnic:

n 1/p
dy(A,B) = (% Z \pa(z;) — MB(l“i)|p> (2.8)

Yuvhbelg enthoyéc yio Ty Ty Tou p elvat p = 1 (Manhattan ¥ city-block anéotaon),
p = 2 (Euxheldero andotaon) xaw p — oo (Chebyshev andéotaon) n onola tooduvouet
UE TOV TEAEOTY| Max.

2.2.2 Acageic Teheotég

[ vo umopEGOUUE VoL YENOLUIOTIOLAGOVUE Ta ACuPT) GUYOAX WC UECO AVATURAOTACTS
afefatdtnrag, elval anapaltnto va 0ploouUE TOUC TEAEOTES OUUTANPGUATOS, TOULS
xol Evwonc evog 1) TApATdve aoapdyv cuVOAwY. L'evixebovtag toug avtiotolyoug
TeheoTéC and TNV xhaowxr| Bewpla CUVOALY, BLaTLETOVOUUE OTL deV UTdP)YEL LOVAdIXOS
0ploudg Y autoUC, Touvavtiov Yio xdbe évay undpyel Ul oXoYEVELD GUVORTHOEWY
7 omola wxavorolel éva ovvolo allwudtwy. [ éva acagéc alvoho A, to acapéc
ouumhfpwud Tou A opiletar wg A = ¢(A): [0,1] — [0,1]. To mpdTuno cuUTAAPLUAL
elvat to ¢(a) =1 — a.

Mia ouvdptnon t ovoudletar TpLywvixy vopua (T-vopua) oL UTOPEl Vo yapd-
xTNELoTEl e aoa@hic TouY av xal wovo ov TAneol TiC mopaxdTw Booxéc WLoTN-
tec. O teleotric acapolc TOUNC TMEAYUATOTOLELTAL 0Nd GUVAPTACELS TNS UOPPNC
t:[0,1] x [0,1] — [0,1], on6te éyovue (AN B)(x) =t(A(z), B(z)), Vz € X. Ioylet
6TL N ouvdptnon ¢ (xou 1 u étwe Ba dovue Ayo Tapaxdtw) elvar aveldptntn and 1o z,
OTOTE YL ATAGTNTA UTOPOUUE var avTixataothoovue Tic Tuéc A(z) xou B(z) ue Slo
tuyales Twéc a,b € [0,1]. Ondte oL napaxdtw WidTnTee elval avayxaleg ot xaveég
Ylo Tov oploud plag ooa@olc Tounc:

1. t(a,1) = a (oudétepo otolyelo)

2. t(a,0) = 0 (anoppoyntxd otolyelo)

3. a <b=t(a,c) <t(b,c) (Lovotovixdtnra)

4. t(a,b) = t(b,a) (avuyetabetixdnia)

5. t(a,t(b,c)) = t(t(a,b),c) (npooetatplonxdTNTA)

Avtiotouya opiletar xou n aoaghic évoon u: [0,1] x [0,1] — [0,1] wc (AUB)(z) =
uw(A(x), B(z)), Vo € X. H u elvar -xovépua avv elvor avtiuetabetixr|, npooetal-
ptotixt], un avlouoa xou yio To dVo oplouata, €yel to 0 yia oudétepo %ol To 1 Yyl
anoppognTixd ototyeto. Ou T-vépueg xat oL T-xovopueg elvar Suixée, dnhadr Lxavo-
ToLovy T 8V0 TopaxdTw OYEoELS:

c(u(a,b)) = t(e(a),c(d)) (2.9)
c(t(a,b)) = u(e(a), c(b)) (2.10)

Yrtov mivaxo 2.1 napouoldlovtal OpLoUEVES EUPEWS Y PNOULOTOLOVUEVES T-VOPUES XAl
oL Suixéc Toug (W TPog To TEGTUTO GUUTAiPLUA) T-XOVOPUES.

10 Abavaoios Abavaoiadng



Kegpdlaw 2. Avarnapdotacy I'véone

IMivaxag 2.1: Acageic tedeotéc: T1-vdpues xar ot SUIXES TOUC T-XOVOPUES, WS TPOC TO
TEOTURTO OUUTATpwua.

‘Ovouo t-vopuac Optoude t-vopuac  '‘Ovoua t-xovopuac  Oploude T-x0vVopUIC
Hpbtunn Toun min(a, b) Hpétunn évoon max(a, b)
AlyeBpuxd yiwvouevo ab AlyePBouxd dbpoloua  a+b—ab
Lukasiewicz max(0,a+b—1) Ppayuévo dfporoua  min(1l,a + b)
ab a-+b—2ab
[wé H h _ ‘Al H her ————
wopevo Hamacher - —— -, Opotopa Hamacher -
b, ava=1 b, ava =20
Apaotixt Tout a, avb =1 Apaotixt| évwon a, avb =10
0, ahlou 1, aAhot

2.2.3 Acageic Xyéoeig

Mo oyéon avanapiotd v Tapousta A Ty anovstia ulag cuoyétiong, alknhenidpaong
7 SlaoUvdeorne uetald Twv otolyelwy dUo 1| mapandve cuvOlwy. Autdéc o oploude
unopel vo yevixeutel Gote va emtpénel Ty Umoapln Babuol woylbog tne cucyétiong
1 e adnhenidpaong uetaly Twv otolyelwy. Ou Babuol cuoyétiong unopolyv va
avanopaotadoly we Pabuol cupuetoyfc ulag aoagolc oyéone, xat’ avoroyia Twy
Babudv oupuetoyric evoc otouyetlou oe €va aocagéc ovvoro. llo ouyxexpiuéva, ula
acaprc oyxéon R and 1o odvoro A o610 clvoho B elval éva acogéc oUvolo ent Tou
A x B. To R(a,b) avtiotoiyel oto Babué mou 1o a oyetiletor ue to b uéow g
oyeonc R.

Mepuxéc and tic Baoixéc WLotnTee elvan oL axdhoulec: H avtiotpopn oyéon oplle-
T wg e€hc: R (a,b) = R(b,a). H auvfeon sup —t oplletar oc eZhc: [A 6 B] (a,b) =
sup(A(a,c), B(c,b)). H tavtorxsj oyéon, 1(a,b) = 1,a = b,I(a,b) = 0,a # b, elvar

Cc

T0 0UBETEPO oTOoLyElo TNC oVVbeong: Rol = 1o R = R,VR. Yuyvd cuvavtiolvTal ot
Wotntee e avaxaotixétytac (I C R), ovuuetpixdtptac (R = R™) xou uetafa-

txdtyrac sup —t (R SR C R). Eniong, ov Wibtntec e toodvvauiac (avoxhaotixd,
ovuueTpueh xat uetafotixd), ovufatdrntac (avaxhaotixh xoL ovuueTexy), dtdtaéne
(avtioupueTew xow uetafotix]) xat guididtadne (Uetafotixnd xal avaxhaoTixt).

2.3 Ocwpla I'odpwy

H fewpio ypdpwv (graph theory) omotedel éva onuavtixd xouudtt tov Slaxpltédv
ualnuatixdy, n onola €yel Bpel mdpa TOAES EQUPUOYES GTNY EMLGTAUN TWY UTOAOYL-
oT®V, ahNG enlong ot unyavixn, oTig oxovoulxés xal avlpwniotixés emtothuec. H
Oewpla Ypdowv [34, 142], ev yével, UEAETA TIC OYECELS OVTLXELUEV®DY To OTtoldL €YOUV
xdmota ouvdgeta Uetall Toug 1) cuvdEovTaL Ue xdmolov oplouévo teéTo. [loArd meo-
BAjuota uropoly va Statunwbholv wg agnenuéva tpoliiuata tne Bewplag yedpwy
xaL e ouvduaotixfic Bektiotonoinone (combinatorial optimization), yi ta omolo
urmdipyouy xhaowxéc Teyvixég enthuong. Tumxd:

Opwopds 2.7 (Tedgog) ‘Evac ypdpoc G = (V, E) elvar éva Statetayuévo {elyoc
dvo Eévwy uetall toug owvdlwv V xar E. Ta otoiyela tou ouvdrov V # 0 ovoudlo-
vrar xéufor (1 xopugpéc) tov ypdpou, evé ta ototyela Tou ouvélov E CV XV elvau
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Kegpddaw 2. Avarnapdotacny I'véone

éva uroaivodo Tou ouvéAou TV un dtatetayuévwy C(evydy tou Vooxar ovoudlovtat

axués (1 mhevpéc).

O ouvifing Tpdmog avarapdotaong evog Yedpou elval vo oyedidletat ulo xouxxida
v xdbe x6ufBo (vertex) xou va evévovtan dbo xouxxideg ue ulo eubela av oL avtiotol-
yoL x6ufol ouvdéovtar ue ula axuy) (edge). O tpémoc mou oyedidlovtat oL xouxxidec
xat ot ypauués elvor adidgopog, onuoavtixt elval uévo 1 mhnpogopla mowa Levyn xou-
Bov oynuatilovy axuéc (oyfua 2.1).

AL kel <P
SRESRE
& VA <P

Yyfua 2.1 Hapadelypata eninedwy yodpwy.

[apoxdtw opllouue pepée Paoixéc €vvoleg xat Ty amapaltntn wabnuoatixg on-
uetohoyta mepl ypdgwy, mou Ho yenoluonolicovue oe auTd aAAd XL O ETOUEVO Xe-
péhata TNg St

H minfuxdtnra tou cuvérou twv x6uBwv V' ovoudletar tdén tou ypdgou, v
1 TAnBuxd T TOU GLVOIOY TV axuGY E ovoudletar uéyeboc tou yedgpout. Av oe
éva Ypdpo G undpyel axur mou evidvel 8Vo xouPoug v,, vy € V, t6Te cuuBolileton
ap = (Va, vp) € E xar ov x6ufor avtol Aéyovrar yertovixol. H yeitovid evéc xéufou
Ve € V oplletal wg 10 6Uvolo Twv x0uBwy tou cuvdéovtol uall Tou:

Ny =A{vy: eq # 0} (2.11)

"Evac ypdgoc ovoudletar un-xatevfuvduevos avy d0o xéufol ve, vy € V oye-
tilovtar auolBala UE TAUTOOTUO TEOTO: €qp = €p, VUq, Uy € Vi €gphg € E. Av
Téh ou axuéc elvon Tpocavatohouéves (opllovtat and datetayuéva Lelyn x6ufwv),
S1AadY| epy Z €pe, TOTE 0 YEAPOC Ovoudletal xatevfuviuevoc. Av ula axur| evivel
uta xopugt| ue Tov eauTd NG, TOTE AéYETaL Bodyog, eved axuég Tou €youy Ta iBLa dxpa
Ayovtal moAdanAée. O mio ouvibelc teptntdoels Yedgpony Tou Ha uog anaoyohioouy
elvol amdol, dnhadn yedpoL mou dev mepléyouy olUte Ppdyouc 0UTe TOMATAES axUES.

1@ewpolue 6Tt To 6Uvoho Twy %6uPwy Tve oTo oroto oplleton évac Yedpos G ouuPorileton
toodbvopa we V= V(G) xat napopoles yia 1o obvoro tov axudv E = E(G). Mévo étav dev
elvon andiuta Eexdbopo and 1o cuupealdpeva O TOLo YPAPO AVIPEPOUAGTE Bu Yenoulonoteltal o
o avoutixée ovpfohioudc V(G) xow E(G).
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Kegpdlaw 2. Avarnapdotacy I'véone

Avadpour; (path) Myetow wa didtaln x6uPwyv oL onolot evdvovtol pe axuéc. Babudc
(degree) d, evic xéuPou v, oe éva un xatevbuvouevo ypdpo xaleltal o aplBude Twy
TPOOTIUTTOUCMY GE AUTOV AXUGY, T0 GUYOAO TwV omolwy oplleTal we:

E,={ew: b€ N,} CE. (2.12)

ITohG ypriowun etvat 1 évvota Tou uroypdgou (subgraph) G’ = (V| E’) evéc ypdpou
G = (V,E) elvar o ypdyoc tou omolou dhec oL axuéc xal oL x6ufol mepLtéyovtal
otov G, dnhadh V! C V xaw E' C E xou ouuPoliletar G C G. Aedouévou evic
UTOGUYVOAOU TwY x6UPwV Tou Yedgou G, V' C V., o unoypdgoc G’ nou tpoxintel and
0 V' xavto B = EN(V x V') Myeta enayduevos vroypdgoc (induced subgraph)
xa oupfBoriletar G' = G[V']. Tto oyfua 2.2(a) arewxovilovtal 8o ypdgol: o évag
elvat o G ue 10 x6upouc, V(G) = {a,b,c,d,e, f,g,h,i,5} xar o dhhoc o H, ue
V(H) ={a,b,c,d,e, f} (ypwuatiouévoc ue x6xxwvo). Eivaw cagic n oyxéon H C G.
Y10 oyfiua 2.2(b) éyouue tov do ypdyo G evd yia tov H' woylet V(H') = V(H)
xoau E(H') = {E(H), eps } xou elvar mhéov enaybuevoc uroypdgoc tou G.

(a) O H (xdxxwvog) elval uro- (b) O H' (xdxxwvoc) elvar
yodgog tou G: H C G. EMUYOUEVOS  UROYPA(OS  TOU
G: H =G|V(H").

Yydua 2.2: Yyéon vnoypdpov xal enayouevou Unoypdgou.

Ao ypdgol G xou H héyovto toouoppixol xal cuufohiCovtar G ~ H, av undpyel
éva mpo¢ éva aviioTolyla TV Xopupdy Toug €tol Gote éva (ebyog xopupoy Tou G
ouvdéetal ue ulor axun avy to avtiotolyo Celyog xopugdy tou H cuvdéetol ue ula
oxun. Xuvextixde (connected) ovoudletat o ypdpog yia Tov onolo undpyet Stadpout
an6 xdbe xéufo oe xdbe diho x6uPo. 'Evac unoypdgpog mou Tepléyel GAoUg TOU XOU-
Boug xat TopaUéVEL GUVEXTIXGS oL axUxAxde Aéyeton ouvdetixd dévdpo (spanning
tree) ywa T0 onolo Loy vouV oL TapaXdTe WGTNTES:

o Av Swoypagel onowadfnote axun o yedgog Ha mddel vo elvat cuvexTixoe.
e Avo Swagopetixol x6ufol ouvdéovtal and ulo xal LoOVo uia Ay Stadpour).
e O ypdgoc tepiéyel axpPoe |V] — 1 axuée.

Téhog, ula onuavtue) xatnyoplo Yedgpwy, Ty onota Oa yenoluorol\oouue eXTETA-

uéva, elval ot heyouevol otabutouévol ypdgol (weighted graphs), otoug onolouc xdfe
axuy) 8¢ hoylletar toodUvaun ue 6hec Tic utohoireg, alld otabuileton dlopopeTind:
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Oploude 2.8 (Ltabuiouévog I'edgpog) ‘Evac ypdpoc G Aéyetar otabuteuévos av
ot axuéc tou éyet optotel ula ovvdptnon Bdpous (1 xéotoug) w: E — R. Avdloya
ue Ty meplntwon, n ouvdptnon Bdpous w umopel va uovtedomolel andotaoy, ypovo,
ouotyta, xau to nedlo Tudy va uny elvar to R addd o R 5 ro N,

Ov otafulouévol ypdgot €youv eupela diddoon oe epapuoyéc 6mwe 1 Sayeiplon Si-
%xT0Y, Yl oUTO oL LY VY anoxaholvTal xat dixTua. XNy Teplntworn Twv otaful-
ouévwy Ypdgwy, To Bdpog evég uovoratiol toovtal Ue To dfpotoua Twv Papdy TV
APV ToU ouVLeTouy To wovordtl. Téhog, 1 ocuvdptnom Bdpoug dev uTdxeLTaL GTOV
TEPLOPLOUG TNS TELYwUAS avleOTNTAC W(eqe) £ w(eq) + w(epe).

Y10 oyfua 2.3(a) gatvetar évac otafuiouévoc ypdgoc 8 x6ufwy xar 17 axudv,
ue TN ouvdptnon Bdeoug va eyel tedlo Ty to N. Ytov ev Adyw Ypdgpo unopolue
var uToloyloovue To eEAdyLoTo GUVEXTIXG d¢Vdpo (minimum spanning tree), éotw T
ue xpLtrplo ehaytotonoinong to dbpotoua TV Bapdy TwV axu®y Tou dévdpou. XTo
oyfiua 2.3(b) anewovilovtal Ue TpdoLVO oL axUES TOU EAEYLOTOU GUVEXTIXOU DEVPOU.
Eilvar mpogavéc 6t to T elvar ouvextixd 8€vdpo Ttou ypdgou, avtifétng dev elvol
xafdlou mpogavég 6TL M emAoYT| TV axudy ehaytotonolel To dfpotoua Twy Bapdy. O
dVo o yvwotol akydplfuol (Tohuwvuuixic tohuthoxdtntac) yio elpeon eEAGyLGTOU
ouvexTxoU dévdpou elval Yvwotol we ahydpliuoc Kruskal xatr adydptbuoc Prim [34].

(a) Trabutouévos ypdgoc. (b) EXdytoto ouvextind dévdpo.

Yyhua 2.3: Eéaywyr eddyiotov ovvextixol 8évdpou and otatbutouévo yedgo.

2.3.1 Avanopdotaon Ewxdvag pe I'pdgpo

Lo v eqapuoyy| evog alyopibuou enelepyaciog xal avdiuvong ulag ewdvag elvor
anopaltTn N XatdAANAY avanopdotacy e ot ula dour dedouévwv [121]. H ou-
vnBéotepn avarapdotacy oe unoloyloty elvol auty evég mivaxa, émou ta oTolyela
Tou mivaxa anewovilouy TN OTEWVOTNTA 1 xdmolo dAAN WBLOTNTA TOou avTioTolyou El-
xovooTolyelou. Auth 1 anewxdvion elval anapaltnTn ot @don Tne npoenelepyuoiog
utac edvac xat aroterel TNy eloodo oe akyoplBuouc enelepyaciac yauniol emné-
dou, énwe puiTpaplouatog, aviyvevong axudy x.d.. Ilohhéc popéc HENovue va €youue
uto uPnhoTepou onuactoloyxol emmédou mepLYpapn NG EOVaS, 6ToL To uoixd
otouyeto tng Sdourc Bev elvat éva ewxovootolyeio, alhd ulo oudda auT®Y Ue xoLvd
YALOXTNELOTING OTWS POTELVOTNTA, YPOUA 1) LT, To oTolo TOAVHS AVTLTPOCKHTEVOUY
eva avTixelpevo 1) ula teployy) evdlagepovtog. Ouolaotind 1 TepLypa@y| Tng exdvag
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uetaépetal and 1o eninedo Tou EXovooTolyelou oTo enlnedo TV MEPLOYGY, Ta oTola
ouvihflog mpoxUntouy and dadixaciec cuotadonolnong X xatdTunoNC.

[ plor mhien xatdtunomn tne ewxdvog I oe éva nenepacuévo oivoho N meploydy 1
N

TunUdTLy (regions/segments) {s,} toyleL 6t I = U Sq Xl SqN sy = 0, Ya,b, a # b.
Egboov unogel va ylver n nopadoyr| ot ula eova 1[ unopel va meplypagel and T
emuépouc TEpLoYEC {S,} TOU Y amoTeEROVY, 1S Eval SOUNUEVO GUYORO OVTIXELUEVLY,
t61e elval oaghic N duvatétnTa anexéviorc e oe évay (eninedo) ypdpo, dnwe autde
oplotnxe otnv mponyoluevn evotnta (opioude 2.7). Xe authv Ty meplntwon, to
ovvolo V twv x6uBwyv tou Ypdgpou G oyetiletol Ue To GUVORO TWV TEQLOYGY TNC
exovac {sq}, evd oL axuéc E otic totohoyixéc oyéoelc Uetall Twv mepoydy. H
TomoloYwY) oyéorn TNe YeLtviaong dUo TEPLOY DY IXAVOTOLELTAL AV OL TEPLOYES QUTEC
€YOUV XOLVO TEPlYPOUUAL.

Y10 oyfua 2.4 golvetol g yivetol Suvath 1 aviloTolylon Tov TEpLOY®Y ulag
xatdtunong S plag ewodvag I ye éva ypdgo. To olvolo Twv TEQLOYOY TN XATATUN-
one e ewdvac {s,} éyxouv avuotoiynbel otouc xéuBouc V = {1,... 14}, evd 7
yeitviaon d0o meploy®dy €yel anotunwiel wg ula axur uetald Ty aviloTolywy xou-
Bwv.

(a) Tuyalo exédva I. (b) Mio xotdtunon S tng ewdvag 1.

(c) Yrépbeon tou ypdgouv G atny xutdtunon S

Yyfuo 2.4: oapdderyua avarapdotaonc xatdtunons S ulac ewxdvag ue éva oyeoiaxo
YodPo XARAXTNOLOTIXGY.

Ye auTH TNV TOTOYRAYLXT) AVITAPAGTACT, TWY TEPLOY MY TNS EXOVAC elval amapal-
™o va npocbécouue TV Thnpogopla Tne tepLypagiic TG00 TwY TEpLoy GV (UE Ypron
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OTTIXOV TEpLYpaPéwy Tou Ha tapoucLastovy 6To xepdlato 3.4.2) 660 xaL TAnpogopia
Yoo T Ywewd| oYEon autdy. AuTd ETLTUYYAVETAL UE TNY TPoalixn YapuxTneLoTIXdY
1660 6TOUC *OUPBOUC GO Xl OTLC AXUES TOU YPd@ou, xal 1 doun auth ovoudletol
oxeolaxds ypdyoc yapaxtnoiotixdy (attributed relational graph - ARG) [133, 36].
O x6uPot xau oL axués Tou ARG evowUaTOVOLY TOGO GUVTAXTLXT|, OTKC YLoL ToEd-
detypo n oplbunTier-tapauetpux) TepLypapt ulag teploync 1 1 yowewxt Sudtaln dvo ne-
PLOY MY, 660 %alL oTUACLOAOYIXT TANEoYOopia, OTwe Tt Tbavd avarnaplotd Ul Teploy,
1 Tolo oVVBETO aVTIXElUEVO aVTLOTOLYEL GE €Va UTOGUVORO TEploy Y (LoodVvauo oe
évay unoypdgo tou ARG tng ewxévag).

Oplopdg 2.9 (Eyeoraxds I'edpog Xapaxtneiotxdv) Evac Yyeoiaxdc [pdyos
Xapaxtnprotxdv, ARG, opiletar and ti¢c ywpixéc ovtotnres (nepioxés) sq, ue xdbe
ula va avanaptotavetar ané évay xoupfo v, €V xar to Stdvuoua yapaxtnoloTixdy
tov xduPov a(v,), xar tic Svadixéc ywpixéc oyéoeic eq, € E ue 1o didvuoua yapa-
XTNELOTIXGY TNG axuric w(eqp)-

H yevix6tnta Tou Topandve oplool EYXELTOL 6TNY ETLAOYT TV YOpUXTNELOTIXGOY o)
xou w(+) TV xOUPEY xal TV axudy aviictorya. Xto xepdloo 3 Oo acyolnfolue
ue TNV emAoYR xat Ty e€aywyh Twv yapaxtnetoTixdy a-) xor w(-).

H avarapdotaon utag ewdvag ue tov ARG €yel 1o TAeovéxTnua va ouyBLdleL Ty
TOTOAOYXY) TEQLYPAPT| TOU TROGQEREL 1) BOUT| TOU YPAPOU, UE TNV TUPUUETPLXY| TEQPL-
Yeaph) TS eodvac oe eninedo TEPLOY GV, N onola Tapéyel aptbuntixy anotiunon Twy
YAEAXTNPLOTIXADY, ATOEALTHTY YLol T GUVTELITLXY TAELoYN@lo TOV TEYVIXOY avdiuong
(ouumepthaUBavoUévou xal auTOY TS XATATUNONS XAl avayvoplone Ue Tic onoles fa
acyolnfolue oto xepdiato 3 xat 4.

2.4 Ovtohoywd Movtého I'verong

Ou ovrodoylec (ontologies) [48, 14] anoteholv éva 6Uyypovo xaL eVpéne dladedouévo
popuahoud (formalism) anofrxeuonc xaw avanopdotaone yvoone. O dpoc mpoépye-
ToL Ao TN PLAOCOGLA XL 6TO EVVOLOAOYIXS TAALGLO TNC ETMLOTAUNG TWY UTOANOYLOTMV
optletar we évag Tumixde xat pnTés mpoodloplouds evéc Aeéidoylov mov ypnoiuonoiel-
TaL yia va meptypdiet éva feuatixd medio ue tic Evvoles, TiC IOIOTNTES xaL Ti¢ OYETELS
mov to anotedody [48].

Egboov ula ovtohoyla arotedeltal and Tic €vVoLeg, TIC BLOTNTES XAl TLC OYEOELS
UETAZ) TV eVVOL®Y, ualnuatixd urnopel va exgpaotel wg eZnc:

0 ={C, R} (2.13)

Yy eglowon (2.13), O elvar n ovtoloyia, C elval 10 6OVORO TV EVVOLGY TOU TE-
pthaufBdvovtar otnv ovtohoyia xat R = {ry}: C x C — {0,1}, p,q € C eivar 1o
oUVOhO TwY Buadx®V oyéoewy Tou GuVolou Ty evvoldy C. Tevixd, ol (onuaocto-
Loywéc) oyéoelc mepLypdpouy éva eldoc ouvdgelac weTall dUo eVVOLGBY av YL €val
Cedyog evvoldy p,q € C woylel 1y = 1 161 Aéue 6TL oLVdEOVTUL ONUAGLOAOYLXA.
O 1BL6TNTES TWV EVVOLOY UTopoVY Vo avamopaotafoly xol autéc we oyéoelg UeTaly
NS €vvolag xal e WLoTNTac 6mwe Oo dodue TopaxdTtew 6TO ENOUEVO XEQAAALO GTNY
evotnTa 3.3.

[ v xataoxeur, Ty xwdxorolinon xou T yeron ulag ovtoloylag elvol anapol-
TN pla Tumi YAdooo avanapdotacrg Yvédong. ' autéy to oxond dnuovpyhinxe
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apyxd n RDF (Resource Description Framework), n enéxtact, e RDFs (Resource
Description Framework Schema) [141] xou ueténeita 5 OWL (Web Ontology Lan-
guage) [95] and tov opyavioud mpotunomoinone tou mayxéoutou totod W3C. Xtic
TUEAXATO TAEAYPAPOUS TEPLY PUPOUUE TA YAQAXTNPLOTLXY TWV TELOY AUTOY YAWGG®Y,
1) 6UVTaZ1) TOUS XaL TLS OTUAGLOAOYIXES BUVATOTNTES TOU TPOGPELOLV.

2.4.1 H I'Ndooa Avarnapdotaong I'voong RDF

H RDF elvow pia yAdooa 1 omola yenowuonoleltol Yoo TNy anif teplypap?) toOpwy
(resources) tou dwdixtiou. H neprypagt| auth eondletan xuplng otny anddoon ueto-
TANEOQORLUG Yo TIC OVTOTNTES AUTES, OTWS Elval 1 TepLypa@r Tou TiTAou, Tou 0V6-
UATOC, TNS NUepounviag dnuiovpylag ol dAAWY YopAXTNPLOTIXGY XATOLOU TEPOU TOU
dtadixtdou. Me tnyv évvola mépoc, avapepdUaoTE G OTOLASHTOTE OVTOTNTO TOU To-
Y®60ULoU LoToU, 6TwG elval Ula Lotooehlda, Eva Tuiua 1 éva 6Uvolo and LoTooehideg,
nhextpovixd apyela 1 axdua xor aviixelpevo ta onola dev elval dueco Stabéolua 6To
dtadixtuo, dnwe elvan yio Tapddelyua éva BiBAio.

H RDF Booiletar otny 3éa 6Tl oL tdpoL oL omolol TeENEL Vo TEPLYpapoUy €)Y0UV
WBLOTNTES UE oLYXEXPLUEVES TWWES. 'Etol howndy wa ueta-tAnpogopia yio évay noeo
anoTeheltol amd ULo 8LOTNTO Xt TNV T Tou €Yel 0 TOPOC Ylo TNV LBLOTNTA AUTH.
M éxgpaon yia évav népo ovoudletar RDE npdtaoy. Xuvodilovtoag Aowmdv, ua
RDF npétaon anoteheitan and uio tpithéta (triple) evioc unoxewévou (subject), did-
tac (property) xou avtixewévou (object). Ty 6éon tou unoxewévou xatahauPdve
o mépog, TN Béon g WiLdTNTAC 1 WLOTNTA Tou Tou anodidouue, evd TN Béon Tou avTi-
XEWEVOL 1 WY Tou €Yel 0 TOPOC auToC Yot TNV Wiotnta. H T autrh unogel va
elval xdnolog dAhog mépog 1) xdmola TiuY| SESOUEVKDY. LuVTaXTIXE OL TPOTAOELS AUTES
dnhdvovtar amd pie Statetaryuévn Tetmhéta e Hopyhc, (s,p,0). 6Tou To s, p xou 0
AVTLTPOGOTEVOLY TO UTOXELUEVO, TNV WBLOTNTA %ol TO avTixeluevo avtioTtolya, evéd 1
TetmAéTa Tepuatiletal ue To oVuBolo tng TeAelag.

"Eva oVvolo and tpiniéteg RDE unopodue va to avtiingbolue xol o¢ éva ypdgo.
Ye autdv 10 Ypdgo Ta aviixelueva xol Ta utoxelueva tallouy To pdAo TV XOUPKY
ev®d oL WBLoTNTES Tallouy TO POAO TWY AXUGY TOU Toug GUVIEoLY. 'OTwe avapépaue
xaL oty etoaywyt), 1 RDF elval wa yAdooo avarapdotaong yvoong yio 1o onuo-
ololoywd otd. ‘Etol howndv, o mpétumo e RDE xafopiler xau wa odvtaln 7
onola €yel wg oxond o. RDF tpumhétec va Souolvtal ue évay tpémo enelepydolo
and uTohoYLoTIXE cuoThuata xal egapuoyés. H olvtaln auty de Oa unopoloe va
Baolletar oe dAlo npdtuno mapd wévo otny XML, H olvtaln autd avagépetar o
RDF/XML otvtaén [13]. Ta Aéyouc yevixdtnrac n RDE yenowonowel avagopéc
OUOLOUOPYWY avayvoploTixdy tépwy (Uniform Resource Identifier - URI references)
Yo va Tpoadiopioel Tig ovtdtnTeg oL onoleg Pploxovtal otn Oéon Tou unoxelévou,
e Wiotntac xa tou avixelwévou. Mio avagopd URI (URIRef) anoteheitar and
to URI ot and éva mpoatpetind avayvwplotixd tuiuatoc (fragment identifier). T
rapdderyua to URIRef http://www.example.org/index.html#section2 anotehel-
tou and to URI http://wuw.example.org/index.html xal and TO AVAYVWELOTIXO
TuuaTog Section2 to onolo Swaxpivouue and To URI pe 1 yperion tou cuuyfodiou #.

A¢ dodue Tdpa W UTOPOUUE Vo 0plooLUE UETA-TANROQOpRLN Gt BLE(POPOUC TOEOUC
yenotuonowdvtag ) yhdooo RDF. "Eotw 6t 6éhovue va mepiypddouue tn yvoon
6Tl 1 otooeAda http://www.example.org/index.html €yel dnulovpyd Tov John
Smith. Ytnv npdtaor auth unopolue va dtaxplvouue eva utoxeluevo, TN oeAida, eva
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avtixelyevo tov John Smith xou ute 8L6TNTA, AUTH TOU dNULoLEYOU NG LoTOGEALSAC.
Auty| n ueta-tAnpogopla unopel va teptypagetl o uia tptmAéto RDE we ednic:

(http://.../index.html) (http: //.../creator) (http: //www.example.org/85740),
6mou 85740 elvon éva avtixeluevo mou avtinpoownelel tov John Smith. IMoupatnpolue

ot 1 RDF yenowornowel URIrefs 6yt uévo yio va npoodiopioer tov ndgo tov omoto

xaL TepLYedpouue ahhd xaL Ty WOTTA XoL To avixeluevo. ‘Orwg yivetar avTiin-

10 lowg elvar Alyo dBoko va ypdgouue cuvéyela ohdxhnea ta URI twv ovtothtwy

Tou yenowwonotoUue. 'Etol Aondy TOANES PopEC Y pNoLUOTOLOUVTAL GUVTOUEVOELS OF
uopwn tpofeudtov (prefixes) ta onola ovoudZovtar QNames. 'Etol howndv n napa-
Téve TptmAéta unopel va ypaptel we: (ex:index.html)(dc:creator) (exstaff:85740).

'Onwe elvar guoxd, av emfuuolue, UTopoUue Vo TEOGSMOOVUE ETLTAEOV UETA-
Thnpogopleg Y Tov apyixd uag mopo. [ maupddelypo umopoVue va molue OTL 1
nuepounviar dnutovpyloag tne totooeAidac frav 1 197 XenteuBplou tou 2006 ¥ 4t 7
YAOGoo oty onola elvar Ypouuévn elvan Ta Ayyiuxd. Ol mhnpogopleg autéc unopoly
VoL Teplypapoly Ue Tig axdhouleg toimiéteg:

(ex:index.html) (exterms:creation-date) (“September 19, 2006 ),
(ex:index.html) (exterms:language) (“English”).

Ac Solue tdpa mota Lopen éyel 1 Yvoon uac auth oe RDF/XML olvtaln. H
RDF /XML uop@n tov mapandve npotdoewy eivar 1 axdhoudn:

<?xml version="1.0"7>
<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf -syntax-ns#"
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns:exterms="http://www.example.org/terms/">
<rdf:Description rdf:about="http://www.example.org/index.html">
<exterms:creation —date>September 19, 2006</exterms:creation—date>
<exterms:language>English</exterms:language>
<dc:creator rdf:resource="http://www.example.org/staffid/85740" />
</rdf:Description>
</rdf:RDF>

Ané to mponyoluevo mapdderyuo Tapatneolue 6Tl 1) yeron topwy oty Béon Twv
avTIXEWEVWY Uag Blvel Tn duvatdTNTA Vo dNULOUPYHOOUUE AAUGLIBES amd TELTAETES
RDF 6mou 1o avuxeiluevo tng wag temhétag eugaviletar wg unoxelyevo tng G-
Ang. Autd To yapaxtneloTixd elval apxetd yerioluo, xabde ol TwéS Tou arodidouvue
oTNY WLOTNTA £VOC TOHPOU UTOEOVY VoL £Y0UV X0l JAUTEC UE T1) GELRY TOUC XATOLN TEEL-
Yeaph) xat dpa va avaraptotoly uia tepinhoxn doun. I'a mopddetyua otic nponyou-
UEVES TELTAETEC AMOBMOOUUE WS TLUR TNE WLOTNTAC NuUEpounvia dnutovpylag To Aextind
“September 19, 2006”. 'Iowc wa xakltepn TpocéyyLon va Atav 1 nuepounvio auth
vo avarapactalel ue xdmolov ndpo, mou Ho ovoudletar nuepounvior xat Ha €yet Tig
WBLOTNTES UNVaC, NUEpa %ol €TOC, OL OTOLEC OTN GUYXEXPLUEVT Tepintwaon Oo €youv
Tig Tweg “September”, “197 xav “2006”, avrtiotolyws. 'Etor howndy umopolue va
AAVOLUE TIC TUPAXATW SNAGOELS:

(ex : index.html)(exterms : creation — date)(exdateid : 85740).
(exdateid : 85740)(exterms : month)(September).
(exdateid : 85740)(externms : day)(19).

(exdateid : 85740)(exterms : year)(2006).
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2.4.2 H I'Ndooa Avarnopdotaong I'voong RDF's

H RDF pog nopé€yer tn SuvatédtnTa Vo SNULOURYHOOUUE ATAES TEOTACELS YLl TOUG
TOPOLS TOUS OToloug BEAOUUE Vo TEpLYpdOLUE YPNOLLOTOLOVTS WOLOTNTES, TUUES XL
URIref vy Tov 1poodlopioud TV GUGTATIXGV TOU GUUUETEYOUY o uia tpdTact). H
RDF 6uwc dev napéyel Suvatdtnta vo oploouue xat va teplypddouue éva emmiéov Ae-
EhoYLo, To omolo mhavdy va embupolue va ypnoLULOTO COUUE GTIC EQUPUOYES UaC.
Mo ouyxexpuuéva dev €youue tn duvatdtnta Vo oploouue Tic xAdoels (évvoleg) ot
oroteg eugavilovtal oe wa egapuoyr. Emnpdoheta, elvar puoxd va emtbBuuolue tny
TEPLYPUYT TWV XAACEWY X0l TV WLOTATWY Hac dnhdvovtac oyéoele unaywyhc (urto-
evvolhy) avuead touc. H yAdooa 1 onola napéyel ) Aettoupywdtnta auty elvae 1
RDFs [24]. Ouctaotixd n RDFs napéyet éva eminhéov Aelihéyto méve oe autd tng
RDF, nepulaufdvovtag otolyeila mou mpoadidouy Ty emtnpdobetn auty| Aettoupyixd-
NTA.

H duvatdtnra oplouol xAdoewv vlornoteltal uéow tou otolyelou rdfs:Class
tou Ae€hoylou e RDFs. 'Onwc eldaue otny mponyoluevn evotnto TpoXeWEVou
Vo dNAGooUUE OTL €vag TOROC elval OTLYULOTUTO UL XAJGNS YPMOLLOTOLOAUE TO
otowyeto rdf:type. 'Etol howndv npoxeyuévou va SnAGoouUe ULo Vo xhdor), €0Tw
v ex:MotorVehicle, autd mou €youue va xdvouue elvat vo dNULOVEYAOOULUE TNV
toutAéta (ex : MotorVehicle)(rdf : type)(rdfs : Class), otnv onola 1 cuvtdueuon
“ex:” avamapiotd to URIref http://www.example.org/schemas/vehicles. Ev
ouveyelo umopovue va dnhdoouue 6TL 0 mopog ex:Audi elval yéhog tng xAdorg
ex:MotorVehicle ypdgovtac: (ex:Audi)(rdf:type)(ex:MotorVehicle).

Me autév Tov TpdT0 UTopoUuE Va dnuLtovpyricouue To dixd uag he€lhdylo, dnhadh

vo. oploovue 10 0UVOLO TwV ¥xAdoewy ou eugavilovtal oe ulo egapuoyr wac. [
ToeddeLyUd UTtopolue emmpdobeTa Vo XdVouUE TS SNAGOELS:
(ex:Van)(rdf :type)(rdfs:Class). xoi (ex:Truck)(rdf:type)(rdfs:Class). Ila-
PUTNEAOTE OTL TPOXEWEVOU VO ONAOGOUUE ULo XhdoT) TEETEL Vo xdvouue yenhon Tng
ueta-uovrteloroinong. Auté yuati 1 xAdorn ex:Van opiletal ©¢ GTLYULOTUTO TNS UETO-
xhdore rdfs:Class. AAAd axdua neplocdTepo e@b6GovY To otolyelo rdfs:Class elvat
TEOPAVADS XL AUTO UL XAJOT TRETEL Vo Lo VEL, ol 6VTwe oe xdfe RDFs apyelo oy e,
n tewhéta (rdfs:Class)(rdf :type)(rdfs:Class) [49].

Ané n otiyur| mou €youue oploel TiC xAdoELS, UTOPEL Vo Uag evdlapépeL va opl-
OOUUE OYECELC UTAYwYHC avdueoa ot autéc. Lty RDFs autd emtuyydveton e
xeYion tou ototyelou rdfs:subClass0f. 'Etol Aowndy uropolue va SnuLovpycouue
Tlc axo6lovbec TpoTdoELc:

(ex : Van) (rdf :subClassOf) (ex:MotorVehicle).
(ex : Truck) (rdf :subClass0f) (ex:MotorVehicle).
H RDF /XML oVvtaén twv nopandve oploudy elval 1 axéhoudn:

<?xml version="1.0"7>

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf -~syntax-ns#"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf -schema#"
xml:base="http://example.org/schemas/vehicles">

<rdfs:Class rdf:ID="MotorVehicle" />

<rdfs:Class rdf:ID="Truck">

<rdfs:subClassOf rdf:resource="#MotorVehicle" />
</rdfs:Class>
<rdfs:Class rdf:ID="Van">
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<rdfs:subClassOf rdf:resource="#MotorVehicle" />
</rdfs:Class>
</rdf:RDF>

Extéc ané 1t Suvatdtnta neptypapric Xhdoewy, UEow oyécewy utaywyhg, 1 RDEs
TOEEYEL ETUTAEOY T1) SUVATOTNTA SNULOVEYLS TEPLYPAPMY Yol TLS L8LOTNTES ToU eThu-
LoVUE Vo yenoluonolioouue o uia egapuoyr vac. IIo ouyxexpuuéva urnopolue va
TepLypdouue oyéoelg utaywyng avdueca o duo WLOTNTES, aAAd emmpdoleta uno-
polUue va oploouue to medlo oplopol xar to medlo TwdvV wag oyéong. To medlo
0pLouoy Log dNAGVEL TO TL TUTOL EMLTEETETAL VoL elval oL Topot oL omotot Bploxovtal
otn Béon Tou unoxelwévou ulag TELTAETAC EVE TO TEdLo TWGY Uag Aéel TL TUToU elvol
oL mogoL ot omotot Bploxovtal otn Béon tou avixewwévou. Ta otoiyela mou napéyo-
vtat and v RDF's yio tnv uhonolnon tng Aettoupyxdtnrog autic elval o ototyela
rdfs:subProperty0f, rdfs:domain xaL rdfs:range.

2.4.3 H I'Ndooa Avanapdotaons I'voong OWL

H yAdooa OWL [95] elvar pio YAGOOO avamapdoTaoTs YVOONS Yol TO GTUAGLOAOYIXO
ot6. H yhdooo OWL, oto ueyaitepo uépoc tne, Paoiletal mévew oe exppaotixég
neptypapixéc hoywée (ITA) [11]. To npbdtuno e OWL xafopilel ouotaotind tpeLc
UTo-YAOGoES aLZavouevne exgpactixfc Suvatdtntac. Ou yhdooeg autéc elvat ol
axdélovbec:

OWL Lite: H yAdooa auty| aneufivetal oe yprjoteg ot onototl embuuovv va ypnot-
uorotioouy Ty OWL yio Ty meplypagn YvOoNE 68 £QapUoYES Tou deV £Y0UV UEYdAES
ATALTHCELS OE EXPPACTIXES duvatdTnTeS. 'Etol Slvetar 1 Suvatdtnta avdntudng eetdi-
AEVUEVWY EQYAAELWY XAl UNYAVLOU®Y ECAYWYRC OUUTEQUOUATOY, T OTOLOL AVUUEVETOL
VoL AELTOURYOUY TayUTepa and epyalelo To onola UAOTOLOVY TEPLOGCOTERO EXPEACTLXES
Yhdooec. H yhdooa auth elvan toodbvaun ue v neprypapuer; Aoy SHIF(D) [95].

OWL DL: H yAdooo auti| Slvel T UEYLoTN eEXQEaoTixT SUVATOTNTO TOU TROG(E-
eetat and Tt YAOooa OWL ywelc duwe va ydvovtal oL xahég UTOAOYLOTIXES LBLOTNTES
e Autd onualvel 6tL 1 YAOooo auth, oe avtifeorn ue v tekeutalo uTo-yYAGGGA
e OWL, eivar arogaciown (decidable). H yhdooo auth elval tooddvaun pe tny
neptypapxny hoyweh SHION(D) [95].

OWL Full: H yAdooa auty) npoogéper to (8o Ae€ihdyio ue tn yAdooa OWL
DL. Emunpdofeta duwe mapéyel tn ouvtaxtixt eheubepla xat to yopaxtnelotixd tng
yinooag RDF xau o ouyxexpiuéva tn Suvatdtnta ueta-uovielonoinone. H yAdoou
auth elvar capds un-anogactown (undecidable) xafdc dev emPBdhher neptopiouoic
ot xefion uetafatixdy wiothtey [83)].

Avtiotouya ue tig A, n OWL nepthaufdver éva algdfnto To onolo aroteheiton
ané xhdoelc (classes), Widtntec (properties) xou droua (individuals). Ou xhdoeic tne
OWL anoteholyv €va avdhoYo TV EVVOLOY TV TEQLYRAPXOY Aoyx®dy. 'Etol Aoi-
oV Stonohntind ulo xhdon avoraplotd éva oUvoho amd aviixeluevo To omola €youv
XOLVA YAPUXTNELOTIXG, 0TS Yo Topddelyuo 1 xAdon tov avlpdrwy % 1 xhdor Twy
autoxivitoy. ‘Onwc ou A, étor xau  OWL, nepihaufdver 1660 atouxés xhdoelg
600 xau tepLypagéc xhdoewv (class descriptions). Emnpdobeta, napéyovtal xat aid-
uata xAdoewy (class axioms) dnwc aiduata LTaywYARS, Lwoduvaulac ahhd xoaL ToAAE
axoua.  Ou 8LoTnteg, mou elval To avtiotolyo Twv pdhwv otig IIA, avanapiotoly
duadxéc oyéong, dnradn Celyn avixelwévwy. Emmpdobeta n OWL npoogépel
SuvatdtnTa oplopol allwudtey Wotitwy (property axioms), 6nwe aliduota UETA-
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7

Batix®dv pdAwv ahAd %o dAha aiduata to otola dev eugaviCovrol dueca napd uévo
éuueoa otig ITA. Téhoc n OWL npoogépel Tt Suvatdtnta oplopol Loyuploumy, oL
omolot oty nepintwon e OWL ovoudZovtal yeyovota (facts). Téhog xatd avti-
otouyta ye tic IIA 1 OWL mpoogépel évav Tumixd tpéT0 Yoo TNV anddoor epunvelag
oTa SOULXY TNG CUCTATIXA.

'Onwg avagépaue xol otny ewoaywyr epdécov  OWL elval wa yAdooo avamo-
EAOTACNC YVHOONS YO TO ONUACLOAOYIXO LoTH, eXTOC and TNV agnenuévn ouvTaln,
npénet va dabétel xat RDF /XML olvtaln. H olvtadn auth uwog Slvel ) duvatdtnta
VoL SLUUOPPOCOUUE TN YVOOT LG OF a UOPPT| TEOOTEAIOLUN antd EQUPUOYES TOU
Tayxoouiov LotoV. Egdcov 1 OWL Sabétel apxetd neplmhoxous xataoxevaoTtés, N
oUVTagn auTy elval TOAAESC Popéc Teplmhox.

2.4.4 Acagrg Enéxtaon tng I'Ndooag OWL

o v mhetodmola tov egapuoydy tou onuactoloyixol Lotol elvar {ntoduevn 7
duvatdtnTa drayelplong Tng aodgelag xat TN aPeBaldTnTac TNG UTAEYOVGAS TATPOGO-
elag, xabd¢ elvat teplocdTepo Yprowrn and Ty anA Yvoorn tng Utapdng 1 oyt ulog
évvolag 1) utag oyéong evvoldy. Xe autd To mhatolo xaboplotnxe N acapnc enéxtaon
e OWL, n ~OWL [127, 124], n onola éyet wc xVpla dtagoporoinoyn tny Urnopén
BoBudv oupueToyfic oTouc toyvplouolc (Yeyovota).

H enéxtaon tng OWL armattel xar xabopioud véac oclvtaing, téco oe agpnen-
uévo eninedo 600 xar oe eninedo ovvtaine RDF/XML, étol dote va elvol duvath
N dAwon tou Pabuoy cupuetoyrc. Oplletar Aowméy 1o otoiyelo “membership”, to
onolo arnotekeltal and dvo emuépouc otolyela, to “ineqType” xar “degree”. To
“ineqType” dnhdver to eldoc g aviedtntac (t.y. >, <, evdd to “degree” unodnidvel
10 Bafud cuuueToyRc TOL ATOUOL GTY CUYXEXPUEVY XAdGT xou €yel Tedlo TGV To
[0,1]. Xty nepintwon nou mapaleinetar o Babude, utovoeital tinog aviedTnTac TO
“=" nou Pabude toog pe 1. 'Ocov agopd tnv RDEF /XML clvtaln, divetal moapaxdte
€vol ToRAdELY O TEPLYPAPHC EVOC AUTOXLYNTOU, OTOL €youUE acagonolnon ulag LSLo-
mtdc tou (“luxuryCar”) xow tne oyéone tTou e xdnoto dhho autoxivnto 660V apopd
v tayvtnta (“faster”):
<owl:Description rdf:about="Porsche 911">

<owl:type rdf:resource="luxuryCar" owlx:ineqType="2>"
owlx:degree="0.8"/>
<faster rdf:resource="Mini Cooper" owlx:ineqType=">"
owlx:degree="0.9"/>
</owl:Description>
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Kegdhato 3

Ecaywyr Ynuactohoywrc Tlepiypaprc
ue Xenorn Teyvoroyimv I'vidong

3.1 FEwaynyi

H avdivon euxdvag xa Bivteo elval éva dUoxoho xal xatd xavéva acbevie oplouévo
TpéPANua. Autd onuaivel 6tL dedouévne uévo tng ontxic mAnpogoplac (dnhadt o
ofua wag ewdvag 1 evée Bivteo) dev vplotatal wovadixy yevixrh hion oto mpdBinua
™ avdiuong [105]. TIpoxewwévou va uetatpanel to TpéBANUa 6€ xaAd 0pLOUEVO XaL Vo
xataotel Suvaty 1 enthuon Tou, araiteltal o TepLoploUd Tou TAKHOUS TWV aTOSEXTAOVY
ANoewv. o 10 oxond autd €yel mpotabel otn oyetwxny| BBhoypagla 1 elocaywy,
ot dwdixaola tne avdiuong, npdtepne (a priori) yvdone. H mpdtepn yvdon yuo
éva Oepotind medlo Tumxd mepthaufdvel Ta onuoavTixd aviixelueva tou ediou, Ta yo-
eaXTNELOTIXS Toug, oyéoelg UeTall autdy, x.d4. Aobelong authc tng yvdong, elvor
eQUXTT 1) SLAXELOT XOL 1) XATNYOELOTOINOT TOY CNUAGLOAOYIXDY OVTOTATWY eViC Deya-
ol medlou, xahdS xaL 1) avaYVORLGT TOV SLUQORLETIXMOY ATELXOVIGE®Y TOU UTOEOUY
autéc va éyouy [30].

Ou 8udpopeg mpooeyyioeig mou napousidlovtat ot BiBloypapio yio To TEOBANU
e avdiuong exovag xal Blvteo Ue ypron mpdTtepnc YvOoNe SlaxplvovTal Ue xpLtrplo
Tov 1m0 TNE YvVOoNng mou allonmololy oe duo YEVIXEC xaTnyoplec. TNy medTn Xo-
Tnyopla avixouy oL tpoceyyloelc Tou xdvouv yehor Yveong mou Sev elval auotned
0pLOUEVT, ARG UTOVOELTOL 0Tt €Vol GUVORO TAPAdELYUATOY Xal eEQYETOL AT AUTO UE
eneZepyaoio Tou xaL oLy Va xdvovtag yehon Ledddwy unyavixic exuddnone [17]. To
%0pLo TAEOVEXTNUO TV UehOdwY auTdV elval 1 SUVATHTNTA VO AVATAEUGTHOOLY GU-
oyetioelg UeTady OTTIXDY YORAXTNELOTIXMDY XUl EVVOLOY UEow Tng Sadixaciog Tng
exmaidevone. Teyvixéc unyavixhc udbnone 6nwe ou unyavée dlavuoudtwy oTHeLeng
(support vector machines - SVMs) [138] eival ol dtadedouévec yia TV avanopd-
otao, dewtodoTnon xat avixtnon nepteyouévou [89, 5, 64]. To Puoixd yetovéxtnua
QUTOVY TOV TEYVIXOV Elval 0 adlagavic TeOTOS aVaTApdoTaoNS NS YVOoNC, Tou XabL-
0ToVY TOAU dUoxoh €wg adlvatn Ty allonolnot| Tne oe dhho Depatind medio, xabdc
X0 TNV ENEXTUOT TNG UE TEPLOCOTEQES OTNUACLONOYIXEC OVTIOTNTEC.

Y11 Seltepn xatnyoplo avixouv ol TpoceyYloelg Tou afloToloUY auUeTNEd OpL-
OUEVT) YVOOT, UE YpNon TeEXVIXGY TUTixig avarapdotaons. Ewdixdtepa, oto mhaloto
e avdnTUENE Tou onuactohoYxol Lotol [14] uobethfnxay tumixéc Yhdooeg avano-
PAOTACNC YVOONS HOTE VoL €lVOL EUXOAOTERY 1) ETEXTOOT XOL 1) ETAVALYENOLLOTOINOT
e Yvdong, xabdeg xo 1 eCaymyy) VEag YVOHong UEow TS GUANOYLOTIXNC. LTS EpY Q-
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olec twv Maillot et al. [68, 67] npotelvetar ula uebodoroylo Yo TV xotaoxeun xat
v adlonolnon Bdoewy yvdong oe mpofifuata dpaonc unoroyiotdy. H npocéyyion
auth Boaotletal 6T0 cUCYETLOUS EVVOLGY and ovToloyiec Bepatixol tedlou ue ontixoic
TEPLYPAPELS, TOU OE GUYBLACUS UE XAVOVES YENOLUEVOUY GTN) ONUACLOAOYIXT avdAuoT
exovov. O teprypagueéc hoywée (ITA), xwdonowuéves ot yhdooo DAMLAOIL,
yenowonouifnxay otny epyaotia [107] yLo TNV XaTaoXeUH EVOC ETOTTEVOUEVOU GUOTH -
uatog exuddnong, mou yeplletal T TEPLOYES TNG EXOVIC WS OTLYULOTUTO OTTIXADY
TEPLYPOPAY XUl TNV AVAYVOELOT, EVVOLOY KOS TEoPAnue tallvounonc. 1t1o mpoinua
NG XATAVONOTNG TEPLEYOUEVOL, oNuavTIXES elvan oL epyaoteg Twv Moller xou Neumann
, oL omolol Tapouslacay TN dXY| TOUS TEOCEYYLOY YENOLIOTOLOVTAS TUTIXES TEPLY Q-
PEC YADGOES 0L LOVIEAOTOLOVTAS TO TROBANUA AUTO WS TEOBANUN CUVETAYWOYNS.
Apyxd, Siepevvnoay T emTAEoV SUVATOTNTES TOU TOREYOLY OL TEOTUTES ETEXTUCELS
TWY TEPLYPAPXAY hoyxdV [80] xat pueténetta enéxtetvay tic IIA neplaufBdvovtog yw-
owéc oyéoelc Hote Paollouevol 6T UTOBETELS xaL TIC YWEWXES OYETELS, VoL UTOPOUY
v €TEXTELVOLY Ta amoteléouata oVupwva Ue T Swbéowun yvodon [90].

3.2 Emoxdénnorn Mebodoroyiag

e auTO TO XEQAAALO TEQLYPAPETAL 1) ETUXOLVWVIN TOU GUOTAUATOS AVIAUOTS UE TLC
ovToloylec TOAUUESWY, UE GTOYO TNV eCaYWYY) ONUACLOAOYIXNS TEPLYPAPNS TWV EL-
x6vwv. Ev npoxewévw, 6tav mpoxettal va avolubel ulo véa ewxdva xou vo eayOet
and auTh 1 onuaclohoYLXT TEpLYpaT| TNg, elval avayxaio vo avaxtnbel 1 mpdTeEn
yvdon and T ovioloylec (ov omolec ypnotuelouy we Bdon yvohonc). Ltnyv evé-
T 3.3 MepLYpdpouUEe T ovtohoyleg Tou cuvléTouy TN YVoor Tou yernoluonoLeltal
YLl TNV aVEAUOT) TV EXOVEY XL TNV e€aywYY onuaclohoyxic teptypaghc. 1o ou-
YHEXPLUEVD, OL EVVOLEC TIOU ATOTEAOUY TO AEELAGYLO TNC ONUACLONOYIXAC TEELYPAPNC
ouadonotovvtal avd Heuatiny| xatnyopta xat opllovtal otic ovtoloyieg Oepatinoy ne-
diou (domain ontologies). Ot évvolec aUTEC GUVIEOVTAL UE TO OTTLXS YOEAXTNPLOTLXG
uéow TEOTUTKV oTLYoTUTwY (prototype instances), ta onolo €youv xaTaGXEVAOTEL
eX TV TPoTépwy Ue emBAemouevy Stadixaolo eaywyhs OTTIXOY TEQLYPAPEWY XL
avTLoToly Mo aUTOY Ue évvoleg amd TNV oviohoylo Oeuatixol medlou. Emmiéov, o
EVYOLEC X0l OL BLOTNTEC TV OTTLXMY TEPLYPaéwy (OTwe elvan oL meptypagelc yia to
oYU, To yeodua, TNV Uy, Ty xivnon, x.4.) yovtehonotovvtal oty ovtoloyio onti-
%Gy mepLypagéwy (visual descriptor ontology). H avéxtnon autdy tov npdtunwy xat
TO TAlPLOIGUA TWY OTTLXOY TEPLYPAPEWY TV UE TOUS aVTIoTOLY0UC, Tou eZdyovTaL and
v uné avdiuor exdva 1| Blvteo, arotelel Eva onuavTind xouudTl g aAAnienidpa-
ong Twv akyoplBuwy avdhluong ue T TeYvoroYiES YVHOELS.

H npotewvouevn pebodoloyia avdivong emdvov ue Bdon tn yvodon, apyixd xa-
TUTEUVEL TNV EXOVa O ouoloYeVelg teployés. EmAéyouue va gpyaotolue ue uixpéq,
OUOLOYEVELC, YWELXY CGUVEXTIXEC TEPLOYEC oL oToleg TapdAAnha €youv ula Sour| xoL
YApoXTNELOTIXG, ot avtifeon ue ta pueuovouéva eixovoototyeia. [ xdfe meploy,
e€dyouue €vol 0UVONO OTTIXGY TEpLYpaéwy (xatd Bdon meptypagelc Tou npotinou
MPEG-7), ot onolot aynuatilouy 1o didvuoua yapaxtnelotixdy tne und eZétaon ne-
etoyrc. H mpooéyyion tou npofAfuatog oe authyv ) @gdon elvon 1 avdhiuor ue Bdon
TEPLOYES XaL Oyl 6TO GUVOLO NG exbvag 1) Ue Bdon onueta evdagpépovTog, £ToL GoTe
vor dlvetal 1 duvatdTnTa axplBolc eVTomouoy Ty evvoldy oTtny ewxodva. Ilpoxeiué-
YOU VO ovTLoTOLYloOUUE QUTEC TIC TEPLOYEC UE XATOLEC évvoleg amd Tny oviohoylia
Oepatinrc meploy g, avaxtodue dha o TEdTUTA oTLYMLOTUTA VLot Xd0e évvola, ue e&a-
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VTt avalhtnon, xat ue Bdorn v ovioloylo ontixdv mepLypapény, Sia3dlovue
TOUC OTTLXOUC TEPLYPAPELS TWV EVVOLDY oUTAY. 2T1) oUVEYELN TalpldlOUUE TOUS OTTL-
xoUg meplypagelc ue Toug avtiotoiyoug e€ayBéviec meplypagelc TwY TEQLOY®Y, UE
Bdon ouyxexpuuéveg TeyVixée Taupldouatog, xat urtoloyilovue to Bafud xatd Tov
orolo ula meployy) umopetl va yapaxtnoiotel and uta évvowa. Me autdv tov 1pdTO,
ETLTUYYAVOUUE TO YUQUXTNELOUO TNG EXOVAC UE ONUACLONOYLXES EVVOLEC Xl UAALOTA
ue axpifela 600V agopd TN ywelxt| Toug Béor.

Ta mapaydueva UETASESOUEVA, TEPLYPAPOUY ONUAGLOAOYLXY TO TEQLEYOUEVO XAl
udhoto ue Souxd tedémo, xafde N mepLlypapy) Yivetal 1660 6To eninedo dAng TNC EL-
%x6vag, 600 XUl 6T0 ETUNESO TWV AVTIXELWEVRDY ToU TepLéyovTal oe auTthy. To avrtixel-
uevo evtomilovTal UEGO OTNY EOVI OE TEPLOYES OV €Y 0UV TEOXVYEL 0N XATATUNON
Xal OTLC Omoleg €YOUUE AVTLOTOLYNOEL €vvoleg and To oyetxd Oeuatind medlo poall
ue Babuolc euntotoolvne. Enlong, eZdyovtar xat o ywpwéc oyéoec (tévw, xdto,
uéoa, %.4.) UETOEY TWY aVTIXELWEVLY TNG EOVAC, EToL XaT auTdY TOV TPOTO Ta Ue-
Tadedouéva ouvdudlouv onuacloloyxr xaL ywewxt TAnpogopla. H oelplaxonolnon
(serialization) twv petadedouévwv yivetal oe popyry RDFs, axohoubdvtog to @op-
uaAtoud e ovtohoyloc douric tolupéowy (multimedia structure ontology), n onoto
elval uépog e unodourc Yvoong xou Oa teptypddouue otny evétnTa 3.3.

H ouvohuxr npooéyyion uog oto mpdPhnua tng avdiuong ewodvag v tny eda-
YOYT) ONUAGLOAOYIXOY UETASESOUEVODY UE YPHOT) TEYVOLOYLOY YVOOoNS amoTelel éva
vevxd mhaioto, xhuaxoluevo (scalable) 6oov agopd tov aplfud twv evvoldy xat
Twv feuatindy ediwy, To onola unopet va avalioel xau vo diayetplotel, xafdg 1 uno-
doun TWV OVTOAOYLOY TROGPEREL TN SUVATOTNTA ENEXTACTC UE XENON) VEWY OVIOAOYLOY
Oepatindy nedlwy.

3.3  Ovzoloywy) Yrnodour I'virorng

Yxomog uag elval 1 yvoor teploy®dyv va ouvdudletal e ta younhoU emintédou onTixd
YAEAXTNPLOTING TOV AVTLXELUEVODY XL TIC Y WELXES TEpLYpapés oynuatilovtag étol éva
mhaiolo avdiuong tolvuéowy utoBonfolduevo and ovtohoyleg. H yevixy| apyitexto-
vt Lo vvdeaTE TwV 0VToAOYLAY, Tou anewxoviletal oto oyfua 3.1, anotekeltal and
uta Bdon yvedong, cuunepltAaUfavousévou Tou oYHUATOC TNS ovToloyioug, Twv avTi-
OTOLY WV OTLYULOTUTOY TNe Oeuatixnic meploync xat Twv xavovey. H xoataoxevy) tng
ovtoloylog agrvetal oe eWXOUC NS OVIOAOYXNAC 1) TOAUUECLXAC UNYAVLXAC, EVED
Ta AMOTEAEGUATA UTOROUY VO yenotlorolnfoly ot 6NuacLoloYLXT| delXTodOTNOT XAl
avdxTNoT emovwy xal Blvteo, To oNUACLOAOYIXO OYOAACUS, %.&. XOUQwVL UE ou-
THY TNV TpocéyyLon, 1 dtadixaoio avdiuong Tohuuécny eEapTdTal XaTd €vo UeYSAO
uépog and 1N Bdon YVOoEWY TOU CUOTAUATOC XoL XaTd cuvénela 1 uéhodog unopel
VoL EQUpUOCTEL EUX0A ot dlapopeTixéc Deuatixée meployéc und Tov 6po OTL 1 Bdon
YVOoEWY Elval eUTAOUTIOUEVY UE TIC avTloTolyec TAnpogopies Tne Deuatixhc neplo-
<. O eumhoutionds TG BACTC YVOONG UE YWEOYPOVIXES GYEGELS AVTLXELUEVODY XL
0pLOUOUC YEYOVOTWY TopEYEL To U€oa Yo eTLTEOobeTy - eaptduevn and To Heuotind
medio - eCaywyy onuactoloyiog oe eninedo YeYovotwy ndvw and tn onuoaclohoyia oe
ETTEdWY avTixeWévou (.y. éva autoxivnto mou Byaivel and to dpduo).

Me v owoddunon autol Tou eVoTonUEVOU UOVTEAOU Tou TeplhauBdvel GAeg Tig
TTUYES YL TN oNUocLohoYXr avdiuor Tohuuéony, oha ta uépn Tou aviuetonnilo-
VTaL OC OVTOAOYIXES EVVOLEC. BUVETHOC, Slagopetixol alydpluol avdhuong toluué-
owv Utopovy va e€eTaoToVy Ue amhd xafoploud Twy avTloTolywy CTLYULOTUTWY OTNY

Afavdoios Abavaoiddng 25



Kepdlawo 3. Elaywyr Xnuaociodoywjc Heprypapic ue XpfonTeyvoloyidy I'véone

DOLCE Core Ontology \;;_\_.
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4 Spatio-Temporal Extensions
J' ¥ Multimedia Ontologies: Domain Ontologies ., ¥
—y 1
0% visual Descriptor Ontology (VDO) M-Ontobdat-Annotizer framewark N E‘“
a0 Multimedia Structure Ontology (MSQ) \-vl.\"'
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Yyhua 3.1: Yrodouri xat Stactivéeon ovtodoyidy.

ovtoloyla oL TNV avanTuln xatdhAnhwy Sietapody. Emmiéoyv, véeg onuaciohoyixéc
évvoleg unopolyv vo xafoplotoly xat va e€ayfolv autéuaTo UE TNV TEQLYPUPT TV
WBLOTATOY Toug, To avTioTolya younhol emnédou YapaxTneloTixd oTny oviohoylo xat
UE TOV EUTAOUTIOUOS TNg Bdong Yvoong ue Ta xatdAinia otiyudtuna. Kowd epyaheia
OVTOAOYLOV UTopovy va yenotuorotnfoly yio v Stopbwlel xau va yivel dtayelplon tng
TpoTELYOUEVNC ovTohoYxnc unodouric. To oyfua 3.1 arewxovilel T cuvolxt Staodv-
deon twv ovtoloywdy. H oviohoyuxr urodour| anoteleitol and té€coepig xatd Bdon
ovtohoyleg: (o) Ty ovtohoyla tuphva (core ontology), (B) tnv ovtoloyio tohuuéonv
(multimedia ontology), (y) tic ovtohoylec Bepatindy neptoydv (domain ontologies)
xat (d) v ovtohoylo onuxdv neptypaéwy (visual descriptor ontology). Ytic napa-
#ATW ToEAYEAPOUS TERLYPAQOUUE TN dour XL TN YeNoY TV €V AOY® OVIOAOYLOV.

3.3.1 Ovtoroyia Ontixov Iepiypapény

H ovtoloyla onuxdv neptypagénv (Visual Descriptor Ontology - VDO) uovtehonotet
€VVOLEC XAl LOLOTNTES TTOU TEPLYPAPOUY OTTIXA YopaxTNnELoTixd evog aviixeluévou. Ilo-
pého mou 1 xataoxeur g VDO elvar otevd cuvdedeuévn ue Tic mpodlaypapéc mou
xafopilovtal oto npdtuno MPEG-7, ypelidotnxe vo yivouv apxetéc TpononolfoeLs yia
va. yetatpanel To XML oyfua tou mpotinou oty oviohoyia onTiX®OY TEQLYPAPEWY
VDO.

H évvoia VDO:VISUALDESCRIPTOR PBploxetatl 6tny xopu@r| tng ovtohoylag onti-
OV TEPLYPAPEWY XAl OE AUTHY UTAYOVTOL OAEC OL EVVOLEC TWY UOVIEADY TWV OTTIXOV
TepLYpAPEwY. BuvioTatal Baowxd and €2l umb-évvoleg, ula yior xd0e xatnyopla mou
op!lel to mpdTUTo MPEG-7, %01 ouyxexpuuéva To yp®dua, To oyhua, 1 ugph, 1 xtvnon,
0 evtomioudc xat oL Baoixol mepLypageic. Q¢ mopddetyua, oto oyfua 3.2 areixovilo-
VTaL oL UTé-€vvoleg Tou undyovtat and tny évvolr COLORDESCRIPTOR. Kdbe ulo and
TIC UTOLYOUEVES QUTES €VVOoLeC TepLthaufBdvel évay aptbud and oyeTixolc Teplypagelc ol
omolol ue TN oeLpd Toug opllovtal wg évvoleg oty VDO.

3.3.2 Ovroroyia Aouric IlIohvpéowy

H ovtohoyla dourc tohuuéony (Multimedia Structure Ontology - MSO) povtehonotet
TI¢ ®UPLEC TONVUEOLXES EVVOLEC TOU OYRUATOS TEQLYRUPYG TOAUUECWY TOU TEOTUTOU
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Yyfua 3.2: Iepapyia ovroroyiag ontixdy meptypapéwmy.

MPEG-7 [106] xot tic auoiBaiec oyéoel, 6nwe elvat ylo napddetyua 1 anodéunor (de-
composition). Evtéc tou MPEG-7, 1o tohuueowxd nepteyduevo ywplletal o névte
eldn: Ewova, Blvieo, fyoc, ontixoaxovotind xat tohvuéoa. To npdtumo mpofiénel
yio %d0e évo amd To TévTe auTd eldn TIC SixéC TOU XAACELC TUNUATWY TROXELUEVOU VoL
TepLypdel n dour| Tou xabevoc oto yweoyeovo. 'Eva tufjua oplletal wg ulo xhdon
TOU TERLYPAPEL TOL Ywptxd 1/xaL Ypovixd dpla evoc mtoluueatxol nepeyouévou. Ilo
ouYXEXPLUEVA Yo To BlvTeo, TpofAénovtal oL xAdoelc “turua Bivieo”, “xivoluevr me-
proy”’, “otatixt teployh”, “Uwoaixd” oL omoleg unopolv va tpoxidouy and ywelxy,
YEOVIXT 1| Ywpoyeovixr xatdtunon Tou Bivieo.

3.3.3 Ovroroyia IMupHva xar Xwpo-ypovixéc Enextdoeig

O pbdhoc tng ovtohoyiag nupfva (core ontology) oto cuvolxd Thaioto piag ovtohoyt-
x¢ Bdomne yvodong, elval va Aettoupyel wg onueto avagopds Yo Tig EnLUEEOUC OVTOAO-
viec. ITo ouyxexpéva, yia autdy T0 oxond, enthélope v ovtoloyia DOLCE [42].
H DOLCE etvan ulo eup€we yenoULOTOLNUEVT) X0 TEXUNPLOUEVT OVTOROY Lo TURY VAL, UE
UOTNEE 0pLOUEVY AELOUATA, DATNEOVTIC TAUTOYpovVA Ulo dour emavayernoLluonoloU-
UEVOY XUl EUPEWS YPNOLUOTOLOUUEVWY XATNYOPLOY X0l EVVOLOV.

Av xau n DOLCE nogéyet ta uéoa yLor Ty avonapdoTaoT Y weo-YeoVIXOY YopaxTn-
PLOTIXAY, BEV ETLTRETEL TNY AVATAREOTAGY) GUVIET®OY TOTOROYLXGY Xal XATELHLVTIXGDY
oyéoewv PETALY YPOVIXOV 1 YwEOY TEpLoydY. Ol xateuBuvtinés ywexés oyéoelc
elval amapaltnteg v va meptypddouv nwg meployés g exdvag elval tomobetnué-
vee 010 2A ydpo (tny andlutn ol xar T oyetxn Toug Béon, énwc m.y. WHAA A
AEZIAATIO). Ot TomohOYWXEC YWELXES GYETELC TEPLYPAPOLY TS GUYSEOVTAL TO TE-
ELYPAUUATA TOY TEPLOY DY, OTKS Yio Tapddelyus AKOYMIIAEL 1) EIIKAAYINTEL Me
TopdUOLO TEOTO, O YPOVIXEC OYECELS [3] YENOLUOTOLOUVTAL YL YO AVATApaoTAGOUY
TIC OYECELC TV TEPLOY OV oTr Sldotacy Tou ypdvou. Emnpdcbeta, enextelvoue tny
évvola ITEPIOXH T ovtohoylagc DOLCE, ®ote va unootnellovue Tomohoyixés xol
%ATEVOLVTIXEC OYEoEl UETAEY TEPLOY MY BLAQORETIXOU TUTOU, OTKS YLo ToEddelyud
v Oty “Xpovuxy Hepoyh” xouw “2A Ilepoy®”, ol onoteg elvan ypriowee xabdc
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ATOTENOVY GUY VA TO ATOTEAEOUN SLAdIXACLOY AVIAUGTC TONUUECWY.

3.3.4 Ovtoroyla Ospatixot Iledlou

O péhoc twv ovtoloydy Beuatixol medlou (domain ontologies) elvatr n povteho-
Toinon Tou nohuueotxol LAxol oe oyéon ue ouyxexpiuéva medla/oeviplo tporyua-
X0V %x60U0L, OTWS Yo TaEddetyuo “xaloxaiplveég dtaxonéc”, “téwic”, x.d. 'Oleg
oL ovtoloyteg Beuatixol medlou Paotlovtal areubelog A elvarl eubuypauuiouéves ue
v ovtoloyla tuprva DOLCE, étol hote va ouvdéovtal ue €vvoleg ugnhol emmédou,
eCaogailovtac dtakettovpyxdtnta (interoperability) uetall Touc.

Ou ovtohoyleg Oeuatixol nedlou optlovtal Ue TETOL0 TEOTO HOTE VoL TAPEYOLY EVAL
YEVIXO UOVTENO TOu TEedlou Tou Teplypdpouy, AaUPBAvovTac Ouwe UTOYLY oL Tn ou-
YUEXPUIEVT OTTLXY| EVOS Yenotn 1) analtnor ulag epapuoync. H povrtelonolnom evig
Oepatixol nedlou and T ula eCumnpetel T Aoy xaL oNUAGLOAOYLXY TEPLYPAYT] TOU
and TLC EVVOLEC XL TIC GYEGELS QUTAV TOU TO anoTeholy, eved and TNy dAkn Oa tpénel
VoL ELVAL EQLXTY] 1) AVAXTNOT) TETOLWY EVVOLGY Ao UTOUATA ERYAAELD avEAUGTC TOAU-
uéowyv. Me dhha AoyLa, oL évvoleg mou meplypdgovtal oe ulo ovtohoylo Oepotino
nedlou mEEneL Vo untopovy va e€ayfoly autouata, eved Ho TEENEL VO TOPAUEVOLY XATO-
vontéc and évay dvbpwro (oe avudiaotold) ue aplhuntixéc avoanapaotdoels 6Twe To
SLoVOoUAT YOPAXTNELOTIXGOV).

3.3.5 IIpocéyyion pe Ilpbtuna Xtiypidtuna

H meplypoagy) TV yopaxInoloTiX®dY TwV EVVOLOY UE OXOTO TN YE1oT TOUC oTNV avd-
AuoT, puoltohoyixd odnyel oe Eva dIAnUUO LOVTEAOTOINONE TWV YAEAXTNPLOTLXWY OU-
tév. To diinuua mpoxintel xabde 1 yeNon TOV TWOV YUPUXTNPLOTIXGY 1S EVVOLES
7 W8LOTNTES EVVOLOY Bev elval e@uxt areubelag ywplc vo anogiyouue deutépou Pob-
uol uovtehonolnon. Xtn du yag mpooéyylor, N Pdon yvohorne eunioutiletal ue
OTLYULOTUTIOL EVVOLGY, TIOU aVAXOLV 0TS ovTohoyleg Oeuatixdy nedlwy, Ta onola egu-
TNEETOVUY WS TEOTUTAL YLol AUTES TLC €VVoLeS. AuTH TO ETLTUYYEVOUUE UE TNV ELOAYWYT
emmAéov evvoldy (tou tinou VDOEXT:PROTOTYPE) mou cuyxexpiuevotololy (in-
stantiate) Tic a@nENUEVES EVVOLEC GUVOEOVTEC TEC UE EVVOLEC TIC OVTOAOYLOS OTTIXOV
meptypa@énmy. O €yvoleg TIC 0VTOAOYIOG TEQLYPAPEWY TEQLEYOUY TIC TLES TWV Yo-
PUXTNELOTIXDY TOV EXJOTOTE TEOTUTWY CTLYUOTUTWY, EMLTRENOVTAC Uld pedloTuxy)
%ol eUXONA EMEXTAGUUY TEOGEYYLOY, Slatne®dvTac TapdAinia xaboper tnv oviohoyia
Oepatindy nedlwv and to TedTUTA GTLYULOTUTA.

H npotewvduevn unodour| oviohoylag yenoluomnolel K< YAOOG AVATAPdGTAONS T
YhHooa Resource Description Framework Schema (RDFs). H RDFs napéyer tcavo-
TounTxd aptBud Paowxdy tinwy (primitives) yio va unopéoet vo xaboploel ta yovtéha
TOV EVVOLOY TV 0VToAoYL®OVY Oeuatixdy tedlwy. Avtifeta, dAla uéen tng ouvoluxric
ovtohoylag, 6w elvar yior mapdderyua n ovtoroyia tupriva DOLCE, elvow xwduxo-
roinuéva otn Yhdooo OWL 1 oe xdnowa Sidhexto autic. H andgaon uag va avama-
pacthcouue Tic ovtoloyieg Oeuatindy nediwyv ue RDES ogelhetat oto yeyovog 6t n
xerion utag 1600 exgpaotixrc YAdooug 6w  OWL Oo anattovoe ol neptocbtepo
TOAUTAOXOUC UNYaVIoUoUS avdAuong xat dladuxacieg cuunepacuatoloylog. Kdtu té-
TOLO, %0l OESOUEVOL TOU 6YXOL TwV oTLYULoTUTKY Ttou Ho arnaitniel va enelepyaotoly
avéd mdoa otyun, Oa allove unepBohixd Tny Toluthoxotnta xal Oo xabloTovoe avé-
QT TNV TepaTépw eEEMET TNe avdluong ulag ewxdvag 1 ulag axohoubiog Blvteo.
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3.4 Elayoyrh xou Anobfxeuon XapaxtnploTixmy

Y1n ouyxexpluévn evotnta Ha neptypddouue tn uebodoloyio eCay WY YopEaXTNELOTL-
AOV TEPLOY DV TNG EXOVIS XAl TO TAlPLAOUA AUTOY UE TEOTUTA OTLYULOTUTIA EVVOLOY
UE TEAXO OXOT6 TNV Tallvounot| Touc.

Katapynyv, n ewdva xoatotéuvetol oe évay aplud neploydy ue tn Porbeia evicg
ahyoplBuou xatdtunone, oUTwe GoTe va xotaoTtel Suvaty N avdiuon ue Bdorn T me-
PLOYEC XaL OYL TG TWES TWV ELXOVOGTOLYELWY. LT GUVEYELX EEAYOVUE OPLOUEVOUS TU-
mxoUc ontxoUs Teptypagelc Tou Tpotinou MPEG-T xat touc anofinxedouue oe éva
oyeolxd Ypdpo yapaxtnpotuxdv ARG énwe autdc meplypdpnxe otny mopdypa(o
2.3.1. X1n ouvéyewa axohoubel ulo Stadixaoio avdxTnong Twv TGOV TV YopaxTnpeL-
OTXOY TROTUTWY OTLYULOTUTWY antd T BAon YVOHOoNC UE 6X0T6 TO Talploouo Xatl Thy
Tagivounon tev teploy®dy. To npdtuna oTiyutdTUTA anoTEAOUY UERPOS TNS GUVOALXTC
Bdomg yvdong mou meptypdgnxe otny evotnta 3.3, 1) onolo apyxd yenouuevEL YLo TNV
amofYixeuon EVVOLOY XL YopAXTNOLOTIXMOY GUVIESEUEVOY UE TNV EXOVOL XOL TIC TEPLO-
YE< TS, aAAd umopel va ypnotueloel entong xar yio TV e€ayYY CUUTEPAOUATWY UE
OXOTO TNV TEELYPAUPT TNC OF EVAL AVATERN ONUACLONOYLXE eRLTESO.

3.4.1 Apywh Katdtunon

[ToAréc teyvixée avaluong exdveny egopudlovTal GE OUAdES ELXOVOSTOLYELWY 1) Oh-
MO TEpLoyEC NG EOVaC, oL oTtoleg UoLpdlovTal XIToLo 1| XATOLL XOLVEL YopaXTTEL-
otxd. 'Etol elvon anapaltnto 610 otddio npo-eneepyaciac vo e@apuooTel xdnolog
ahybpLiuoc xatdtunone (nteptocdtepa 0to xe@diato 4) yia Vo dSNULOVPYHOEL OUOYE-
vele (wg mpog xdmoto xpLthplo) meptoyéc. Auth tny mpocéyylon enthéEaue xoL euelc
xaL ypnotuonolfioaue ula mapahhayh [1] tou Swadedouévou ahydptbuou avadpoutxd
eNdytotou ouvdetixol dévdpou (recursive shortest spanning tree - RSST) [82]. Autd
T0 0140 Tpo-enelepyaciag TapdyeL Eva GUVORO GUVIESEUEVLDY TEPLOY GV, ETOL OOTE 1)
TEPALTEP® AVAAUOT) VoL YIVEL OTLC TEPLOYES AUTES XAl OYL 0TO ETINESO TWV ELXOVOCTOL-
yelov. Avo napadelyuata xatdtunong anewxovilovtal oto oyfua 3.4, 6Tou 1 apyLxt
edva €yel xatatunbel oe uepinéc Teployéc, xdbe ula ex Twv onolwy anewxoviletal Ue
ulor otabept| yxpL T (xavovixomomnuévn yia va elvat o eudidxpltn n ewxéva).

3.4.2 Eaywyrn xou Talpiaocpa Xopaxtnolotixdy

ITpoxewévou va avamapaoTHOOUUE ATOTEAECUATIXG TNY OTTLXY| TAnpopopla Tou Te-
pheletal oe ulor TEPLOYY) NS EOVAC, ETAECAUE OPLOUEVOUC OTTLXOUC TEPLYPUQELS
mou mpotelvel To mpoTuno MPEG-7. Ilio ouyxexpuuéva emhélaue évay meplypopéa
yio Tplol Baoxd OMTIXd YARUXTNELOTIXG, TO Ye®ud, TNV uen xal To oyrfua. Ot orti-
%0l TEQLYPAYPELC TOU YPNOLLOTOCAUE VLo TNV AVATURAOTACT TOV YoUUNAOU-ETLTESOU
YopoxTNELo XY TN x&be meptoyfic elvan o meptypagéac xUpwwy ypwudtwy (DC), o
neptypagéac opooyevolc ugpric (HT) [112] xau o meplypagéac oyfjuatoc ue Bdon o
oyfiua (RS) [18]. T tn uovtelonolnon xat anobfixeuon tTwy udpnhov-eminédou yapa-
ATNPLOTXOY Ypnolonotioaue aoapr oUvoha THavdY cLVSEOUEVWY UE TIC TEPLOYES
EVVOLOV.
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3.4.2.1 IIepiypagpéas Kipiwv Xpwudtwy

O meptypagéac xVplwv yYeoudtov (DC) [69] anotehel pio mohd ouurnayy xal ono-
TEAEOUATLXT TEPLYPAQT TN YpwHoTxhc xatavounc ulag teployfic. Arnoteleltol and
o xUpta ypduato (UEom TWh 6TWS avamaploTOYTOL 0TOV TRLEdLEGTATO YMPo YpOUd-
T0C), T T0600TA XGAUdnS we Tpog To euBaddy TNE Teploy e, TN dlaxduaver) Toug xat
™ ywewxt toug ouvoyh. O DC elvar WSaitepa Yoo Yo eQapuoYES avdxTnong
eOVLY Ue Bdon To yeohua xabdc xol Tallvouncn Teploy V.

[ Tov uroloyloud Tou TEpLYpagEa XUPLLY YPWUATOY, Ta YEOUIUTH TOU elval
TUEOVTA OF [Uia SEBOUEVT) EXOVA 1) ULd TEQLOY Y| EVBLAPELOVTOC TROTA CUCTABOTOLOVVTIL
xal o1 ouvéyela unohoyilovtat ou uéoeg TwéS Tne xdfe cuoTAdag xou TEooLeeTIXS
uroloyilovtat enlong oL dtaxuudvoels Twv xVplwy yewudtwy. Enlong uroloyiletol
XL TO T0600TH xdhudng Tne TepLoyfic amd TNy ev AoYw cuotdda. Téhog unoloyiletol
UL TLUT Y wexic ouvoyhic mou Bonid otn dtagoponolnon uetalld Twy YeydAwy evialwy
TEQPLOY OV YEMUATOS EVAVTIOV TWV YPOUATWY Tou elval eEanAOUEVE O OAT) TNV ELXOVA.
O apBudc Tov xuplowy Ypwudtnv utopel vo towxilel and meployn o TEpLOYT XoL €Va
UEYLOTO OXTH %UPLY YpwUdTwY Uropel vo yenowwonolndel yio vo meplypddel tny
eXOVaL/TEPLOYT).

DC = [{¢;,vi,pi},8],i = 1..N (3.1)

6mou ¢; elvat 10 i-00T6 %VpLo Ypdua, v; 1 SLaxVUAYOT) TOU YEOUATOS, P; TO TOGOGTO
%x4Audng Tou i-06ToU %UPLoL YEMULTOS, S 1) YwelxY cuvoyT xol N o aplfudc xuplwy
YewudTwy o omolog elval oxtd. Kdbe meployt| unopel va €yel to mohd oytd xVpLa
Yeduata, Topdha autd, Telpduata €youv detéel OTL Tpla Ue Téooepa XUpLa YPOUATA
elvol apxeTd Yo var Teptypdouy LxavomotnTixd TN YemUaTixt xatavour| ulag teptoyic.

H petpuen andotaong dpc(DCy, DCy)' yia %0 neprypageic DC, xav DCy 300
TEPLOY OV a, b oplletar and tny axdhouvdn oyéon:

N1 No

N1 N2
dpc(a,b) = szl + prj - Z Z 20044 bjPaiDbj (3.2)
=1 j=1

i=1 j=1

O oLVTEREOTAS (g4 5 ELVOL O GUVTEAEG TS OUOLOTNTUC BUO YPWUATWY €1, ¢2 1ot oplleTaon
o¢ eZnc:
ller—eal|
1 - ||Cl—02Hmaw’ av Hcl B C2H S Td

Q1 = (3.3)
0, av || — cof| > Ty

3.4.2.2 Ilepiypagéag Oporoyevois Yorg

O neprypagéac opotoyevoic vpric HT [69] napéyel évay TocoTxs YopaxTneloud Twy
TEPLOY WV OUOLOYEVOUC VPN Yia avdxTnon ouotdtntag ue Bdon tnv ugr. Boolletol
GTOV UTOAOYLOUO TV TOTUXOV YOEXOV XAl CUYVOTIXOY OTATIOTXOV g uerc. H
TepLoy ), apyixd, QukTpdpeTal Ue Ui oelpd evalohnTwy QiATpwy TEoGaVUTOAGUOY XAl
xhilpoxog xau utoloyileton 1 uéon xou otabepy| AmOXAOY TOV QLATPACLOUEVKDY ATO-
TEAEOUATWY 6TO YOpo TNg ouyvotntag. H unohoyiotxy nohumioxdtnta autod Tou
TepLypapéa UTopel vo uetwbel onuavTixd UE TOV UTOAOYLOUS TV TLUGDY GTNY TepLoyh
CUYVOTNTOC TOEd OTN YWELXT TEELOY Y.

ITw Ayouc amhdTntac ot avoryveoludtntas dewpolue Yo Ty andotaon SU0 TEpLYPUGEWY Lo~
dVvapoug toug ouuBoiouoic dpo(DCy, DCy) = dpe(a,b) (rapopolns xat yia te dyr, drs).
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ITio ouyxexpluéva o TepLypaéas ouotoyevols LY optletal we:
HT = [U,Ug, Stda 617"76305d1>'->d30] (34)

'‘Onou avg elvar 1 uéon T xat std 1 TUTXY ATOXALOT) TOY TWOV TNS QWTELVOTNTAC
e meploy g, avilotolya. e; xat d; elval 1 uéomn evépyela xal 1) TUTLXY) ATOXALOY) TNC
evépyeLac tne andxplong yLo xdbe éva and ta tpdvta giltea (i € [1,...,30]).

Téhoc optletar n andotacy dVo neprypagpéwy HT, xor HT, dYo neploydv a,b ue
™y axdiovln oyéon:

Npr=62

dHT(a, b) = Z

i=1

HT,(i) = HT,(0)

g;

(3.5)

6mou o; elval ulo topdueTpog xavovixonolnong yua xdbe ocuyvotixd xavahL.

3.4.2.3 Ilepiypagéag Xynfuatog pe Bdon tnv Ilegroxy

O mepiypagéac ayfuatoc ue Bdon v teptoyn [18] exppdlel T xatavoun eLxovooToL-
Yelwv uéoa oe uior 2A meploy ) avTixelévou, unopel va teptypddel oUvheta avtixel-
UEVO TOU amoTeAOUVTAL 0ntd TOAATAAGLES acUVIETEC TepLoyéc xaOdC enlong xal amhd
avTixelueva ue B yowplc TpUnec. Xuvunoloyilel dho o elXovoaToLyEld TOU ATOTEAOVY
T0 oyfua, dnradh To meplypauua xal To eowtepxd etxovootolyeta. Aev ennpedletol
and TePLOTREOYY Xl XAUAX®WOT. AV oNUAVTIXA YAEAXTNELOTIXE YVePloUaTo auTo
Tou Teplypa@én elval Ta o) 6TL diver éva ouunay) xoL anodotxd TEéTo TEPLYPU®nc
TV WLOTATOY TOMATAGY aoVVIETWY Teploy Gy Tautdypova xat B) 6T elvar edpwotog
oo Hépufo xatdtunong, m.y., otov xpouotxd BépuBo (salt and pepper).

ITio ouyxexpluéva, eCaYOVTOL OL GUVTEAECGTEC TOU YWVLOXOU UXTLVIXOU UETAOY -
uattopot [18] (angular radial transformation - ART):

RS = [M;] (3.6)

6mou M; elvor ol xavovixormounuévol xal xPavtiouévor ART cuvteleotéc.
To npétuno MPEG-T 8ev xabopilel ula ouvdptnon andotaone uetall dVo mepl-
Yeagéwy RS, ondte uvobethoaue Ty xhaowxr Euxdeldeia andotaon:

|RS|

drs(a,b) = \| > _(RSa(i) — RS(i))? (3.7)

=1

3.4.3 Avdxtnon llpétunwy Xtiyutétunemy

o Ty avéxtnorn Tov TeoTUTKOY GTLYOTUTOY XAl TOV TEPLYRUPEWY TOV, YENOoL-
uomotoUue tn unyavh OntoBroker n onola uropel vo emuxowvovel ue ™ Bdon yvodong
UECK XUTIAANAGY EPWTNUATOY, eVE eminpdoheta utootneilel ovtoloyieg anofnxeuué-
vec o RDFs. [N toug oxonotc tne avdiuorng, to OntoBroker xaieltal va goptdoet
Ti¢ ovtoloyieg Oepatinic meployfic, 6mou elvar dnhwuéves évvoleg udmniod emmédou,
NV ovToAoyla OTTIXGY TeplYpaPEwy 1) omola TeptAauBdvEL TOUS 0PLOUOUC TWV OTTIXMY
TEPLYPAPEMY YaunhoU emnédou, xafhe xal Ta TEdTUTO OTLYULOTUTIA ToL 0Ttolo GUVSEOUY
TIC €VVOLEC UE TOUC Teplypaelc, dnAadn 6An tn Bdon yYvdone Tou cuoTAUATOC oK.
'Onwe avapéphnxe xaL TponYoUUEYa, 1] ETXOLVWVIX TOU GUGTAUATOS AVIAUCTC UE TN

Afavdoios Abavaoiddng 31



Kepdlawo 3. Elaywyr Xnuaociodoywjc Heprypapic ue XpfonTeyvoloyidy I'véone

Bdom yvdong emttuyydveTol UEOW XATIAANADY EpWTNUATOY, UE Ta OTtolol ETLTUY Y ve-
TOL N AVAXTNON TLOY CUYXEXPLUEVWY OTTIXMY TEQLYPAPEWY YL OTOLAdHTOTE €VVold.
To OntoBroker ypnowonotel tn yAdooo hoyuic mhatotou (f-logic). H yhdooa f-logic
elvan ula yYAdooo avanapdotaong 1 onola utopel va yenolwonownfel yia vo povtelo-
nonfolv ovtoloyles, xafdc enlone xat yhdooo epwtnudtwy (query language), 7
ormola ypnowonoteltal yoo Ty emixolvwvia ue T Bdor yvoong tou Ontobroker.

To Ontobroker ntpoogépet emxotvovia (API) ue oplouévec YAOOGES TpOYEAULATL
ooy, 6nwe n JAVA xat p C+4. Kabde n dedtepn npotundnxe yia tnv ulonolnomn twy
ahyoplBuwy avdiuong, yenowonofinxe xat to aviiotoiyo APIL, étol dote va eda-
ogalotel 1 0UVdEGT TOL GUGTHUATOC avdAuoNC UEcw web service ue Tov eCunneetnTy
otov onolo Teéyel To Ontobroker xal elvar goptwuévn n Bdon yvodong. Ilpoxeiwévou
VoL AVAXTHOOVUE TOL TPOTUTTOL OTLYULOTUTYL atd T1) Bdon Yvdong ue emttuyla, undpyouy
uepwxol evalhaxtixol 1péToL, wotdoo oe xdbe mepintwon ypedletal vo Béoovue ula
oelpd and cpwthuata. Axohouvfolv oplouéva mapadelyuata ol 1 Brua Tpog Brua
emeNYNoT QUTOY Yl Vo XaTaoTel cagéc mwg umopel va emteuyfel to mopandve.
Ac¢ unobéoouue 6t Béhouue va avaxthoouue 6Aoug toug SLabéaLuoug oTTIXoUS TE-
etypagelc tne évvolag “undia tévic”. Koatapyny, ue 1o mopaxdton anthd epdTnUo oF
f-Logic oto Ontobroker avaxtolue éha Ta TedOTUTA TOEASELYUATA TN CUYXEXPLUEVNC
€vvolog:

FORALL X<—"http://www.acemedia.org/ontologies/tennis"#Ball.

To anotéheoua ToU TUPATEVEL EPOTALATOS ElvaL:

X = "http://www.acemedia.org/ontologies/VDO-EXT"#Ball_Prototype_1"

Yuveyilovtag, 1o emduevo Brua elvar va {nticouue dhoug Ttoug BLabéoiuouc onTi-
xoUg meplypagels (6mwe autol opllovtar oty VDO) vy to mpdtuno mopddelyuo
Ball_Prototype_1:

FORALL X<—"http://www.acemedia.org/ontologies/VDO-EXT"#Ball_Prototype_1
["http://www.acemedia.org/ontologies/VDO-EXT"#hasDescriptor >>X].

To anotéheoua Tou Tereutatou epwtAuatog elvar 6Tt To Ball Prototype_1 eivaw ou-
OYETLOUEVO UE TEGOEPLS OTTLXOUC TEPLYPAPElC:
X="http://www.acemedia.org/ontologies/VDO"#AVDE_INST_110147216871832572097"
X="http://www.acemedia.org/ontologies /VDO"#VDE_INST_110147216053132572097"

X="http://www.acemedia.org/ontologies/VDO"#VDE_INST_110147217659332572097"
X="http://www.acemedia.org/ontologies /VDO"#VDE_INST_110147218634332572097"

"Eneita unopoUue Vo avaxTHoOVUE TIS TUES Tou xdbe €va omTixoU TepLypagéd, EQOCOY
avayvoplooupe tov tito tou (ty Dominant Color, Edge Histogram, xix.):

FORALL
X<—"http://wwuw.acemedia.org/ontologies/VDO"#VDE_INST_110147216871832572097:X..

To napandve epdTnU ETLOTEEPEL OAEC TIC EVVOLES NG OVTOAOYIAC OTTIXOY TEQLY PO~
PEWV OTIC OTOLEC AVAXEL TO CUYXEXPUIEVO TOEAdELYUAL:

X = "http://www.acemedia.org/ontologies/VDO"#DEFAULT ROOT-CONCEPT"
Xu=u"http://www.acemedia.org/ontologies /VDO"#ColorDescriptor"

X = "http://wuw.acemedla.org/ontologies/VD0"#VisualDescriptor"
Xu=u"http://www.acemedia.org/ontologies /VDO"#ScalableColorDescriptor"
Egboov Berxaue 61t to nopddetyua neptypagéa VDEINST 110147216871832572097
avagépetal otov neptypagéa ScalableColorDescriptor, uropoldue va avaxticouue TLg
TEAYUATIXES TOU TLWIEC:
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FORALL
X, Y<—http://www.acemedia.org/ontologies /VDOAVDE_INST_110147216871832572097 [X—>>Y].

Ou TLég mou emoTpégovTal elval:

X = "http://www.acemedia.org/ontologies/VD0"#numberOfCoefficients",
Y|_|=|_|O

Xu=u"http://www.acemedia.org/ontologies /VDO"#number0fBitPlanesDiscarded"
Y=26

X = "http://wuw.acemedia.org/ontologies/VD0"#coefficients™",
Yy=¢y"0001111111111111"

H nopardve Swadixaotio ypewdletal va emavaingbel yio 6 Aoug Toug ontixolc Tepl-
Yeagelc mou elvar ocuvdedeuévol ue to moapddetyua Ball Prototype_1 xoau ouvendcg yia
6hec Tic évvoleg N ovtohoylac fepatinfic meptoyfic (n Bepatixd teptoyh) Tévic oto
TOPATAVE TUPAdELYUA) Yia TS OTOLES EVOLAQEPETAL VO EVTOTUGEL TO GUGTNUO OVEAU-
onc. ‘Ohec ot Twwéc anofnxedovtal oe xatdhhniec ecwtepxéc douéc tng C++ xou
OUVLGTOUY TNV a-priori yvoon tny omola Siayeptletar To clotnua avdiluong xatd
OLdEXELA TOU TALPLACGUATOS TEPLYPAPEWY TROXELUEVOU VoL YupaXTNELOEL ONUAGLOAOYIXS
TO TEPLEYOUEVO.

3.4.4 Apywonoinorn Xyeotaxot I'edgpouv Xapaxtnpiotixdy ARG

L
- \ — Ontology Access & _i/-_—_i} Visual Descriptor ey Region Labeling
‘\ Querying | Matching v
=
*-@-¢ |
Attributed Relational Graph

Mulimedia  mmmmd | Segmentation W WL .
Epelocin i ; 4 i~
N e

— Y —
¥
1

~ ‘L (g - aGraph Edge

Spatial Relations

Graph Vertexy
[ V@a! Descriptors
| Set of Labels
Set of Degrees of Confidence

Linked Vertices' simiarity

!

Visual Descriptors 'S
Extraction [ 4

Detected
concepts:
rdf metadata

Yyhua 3.3: Apyitextovixy) avdivons noAvuéowy ue Pornbeta yvoonc.

[ Ty a&lomoinom e npoavagepheloog avanapdotaong yvHong xat Tn dnuLtovpyla
oNuUAcLOAOYLXOY UeTadedouévey Tou va Bacilovtol 6To TepleydUEvo, Exel dnuLtovpYn-
el wa mhatgdpua yia Tov €leyyo xoL TNV alloAdyNnoy T660 TV OVIOAOYLOV TOU
dnutoupyhinxay, 6o xoal Twv uetadedouéveoy nou edyovtat. H mhatpdpua auth
ovoudletar KAA (knowledge assisted analysis) xat n apyttextovixy| tne galvetol oto
oyfuo 3.3.

O ypdypoc ARG apyixonoleltal Tévew o€ ulo UTEEXATATUNGCT TNE ELXOVAC PucLlouévn
oe aly6plBuo xatdtunone ue Bdon to ypdua xat to oyfua [1]. T x&be uio neproyn
Tou dnurovpyeitar e€dyouue Toug meptypageic DC, HT xat RS (eCiodoeic (3.1), (3.4),
(3.6)) xaL ouvbétouue éva dudvuoua yapaxtnplotixdy D, = [DC, HT, RS,] yio xdfe
TepLtoyY) a xou arofnxedetal otov aviiotolyo x6ufo v, tou ARG. Ytov xdfe x6ufo
arofnxevovtol ol omtixol TepLtypagelc Tne aviioTtolyng teploy e, xafdg xar oplouéveg
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dhhec mAnpogopiec (Suadixr| udoxa, meplypapua, xhr). H Vnapln evéc cuvdéouou
avdueoa oe 800 x6UBOUC TOL YRAPOU ONUALVEL OTL OL TEQLOYES TOU AVTLOTOLYOVUY O
auToUS Toug XOUBoug elval Ywexd yettovixée. TTapdAinia, arobnxevetal n andotao
uetaly Ty dbo meploydy Ue Bdon Toug onTixolc TepLypagelc TS, xafdg xan Ta xowvd
otolyela Tou TEPLYPAUUATOC TV BU0 TEPLOYOV.

O Babude opordtnrac (evadhaxtixd, n andotaoy) Uetall 10V TEPLOY MY UTOPEL Vol
uroloytotel ue dUo Ttpbdmoug. O mpdtog elval Ue TOV UTOAOYLOUS TOY UTOGTAGEWY
UE TN YeNom TwV UETEXGY auvapTAcewY olugwva Tou tpotitou MPEG-T7 (eZiodoetc
(3.2), (3.5), (3.7)). Xtn ouvéyela 1 povadixy andotaon vetadl Ty dVo meploydy
uroloyiletatl and éva dfpoloua ue Bden, To onola TEOXUTTOUY TELEAUATIXG, ENELTA
an6 TNy allohdynon Twv anotehecUdTwy Ue Bdon éva 6Uvolo exdveY exmaldeuonc.
O devtepog tpdémOC elval ue Tt yeriorn evég vevpwvxol dixtuou back-propagation.
To dixtuo déyetal cav eloodo T TEPLYPUPES TWY TEPLOY MY XaL EYEL WS €£080 TNV
XAVOVIXOTOLNUEYT andoTact] Toug. Eneld| n yvdon 6tL 8o neployéc elvar yettovixég
dev elvol apxeTh ylo TNV ATOTEAECUATIXY AVEAUOY, €E4YOVTOL GUUTANPWUOTIXG Ol
Ywewée oyéoelg Uetall Twv meploy®dy. Ou oyéoelg autéc umopel va elval oyeTixéc,
OTwe Yo Tapdderypa “n meproyn 1 Beloxetar ndvew and tnyv meployn 27, B andluteg,
orwg “n meproyn 1 Beloxetol ndvw and dheg Tic meployéc”.

Me tov (dto tpdéT0 6w YiveTal o utoloyiouds Tng andotaorg Uetall dbo meplo-
YOV, Yivetor xou 1 autdg Uetady uiag meployhic xa wag évvolag. ‘Oleg ot mbavég
€VVOLEC YL Ula eploy ) amobnxevovtal otov aviioTtolyo x6uPBo tou ypdgou xol xdbe
uta ouvodevetal and éva Pabud ouoldTnToag avdueca oTny €vvola xat Tny teploy ). Ou
évvoleg ou €youv Babud ouoldtTnTag xdTw and €vo TpoxadoploUévo XATOPAL aTop-
elnTovTaL Yl TNV TEQULTER® aVAALGY. XtV Teplntwor mov dUo 1) TEPLOGOTERES YEL-
TOVXEC TEPLOYEC €Youy Tpoodloptotel OTL avixouy otny B évvola, Bewpolue 6T
ATOTENOVY U€pOC ULag LeyahiTepnC Teployfc Tou Ywplotnxe and Adbog tne xatdtun-
onc. Ot mepLoyéc evivovtal xol TapdAAnAa avavedveTal o Ypdpoc xafde xal dheg ol
ThAnpogopleg mou €youv anolnxeubel oe autév. 'Etol, yio mapdderyuo, e€dyovral ot
omtxol Teplypagelc Yo Ti¢ véeg mepLoyég mou mpoéxuay, utohoyilovtal ex véou ol
ATOGTAOELS UETAEY TEQLOY MDY XUL EVVOLMDY XAT.

Kdfe gopd mou o euxdva Slvetal otny mhatgpdpua yio avdiuon, 1 Bdon yvdong
TOU €YEL XATUOXEVACTEL EX TWV TEOTEPMY YPTOLLOTOLELTAL YLO TNV AVTLOTOLYLOT) TE-
PLOY®Y NS ewmovac Ue évvolec. Autd emituyydvetol Ue tn oUyxplorn towv MPEG-7
TEPLYPUPAY TOY TEPLOY DV TOU TEOXUTTOUY UETE TNV XATATUNCN UE TIC AVTIOTOLYES
TV TEOTUTOY CTLYULOTUTWY TWV EVVOLGY Tou €youv xwdxorolniel otic ovtoloyieg
Oepatindv medlov. T v avdxtnon Tov oTLYULOTUTOY YpNoLUoToLElTaL 1) Unyavy
Ontobroker?. H mhatgdpuo Ontobroker enitpénel 10 ©OpTwUA TOV OVIOMOYLOY TOU
elval xwdwormounuévee oty YAdooa avoarapdotacnc RDFs xau mo cuyxexpiuéva tng
VDO ovtoloylac mou neplhaufdvel ToUC 0pLoUOUC TWY OTTIXOV TEPLYPAPEWY TOU YET)-
owornowoaue, xafdg xal e oviohoylag mou meplhauPdvel xwdixorouévn Yvoon
NG ONUACLONOYLXAC TEPLOY S OTNY oTola AVAXEL 1) TPOg avdAUGoT) exdva. Xty mepi-
TTWOT) TOU YLoL XATOL EVVOLAL YPNOLUOTOLEITAL O 0OPLOUOS TN OE XATOL TPOYEVEGTERT
ovtohoyla, 6nwe yio tapdderyua n DOLCE ovtoloyia yia tny évvolr ANOPQIIOY, TO
Ontobroker urogel vo 0 goptdoel TapdAAnha Ue TS TEOTYOUUEVES.

http:/ /www.ontoprise.de/en/home/products/ontobroker
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3.5 Koataoxeur Ynpuactohoyix®dyv Metadedouévemy

O oxomég g avdhuong elvar vo eZdyet yopaxtnelotixd udmniold emmédou, To onola
vo ylvovtol avtiinntd and to yerotn. Iapdhinha pe autd elvanr avayxaio va dn-
ULoupYEl ONUACLOAOYLXY UETABESOUEV TA OTOLOL TEPLYPAPOUY UE TUTOTOLNUEVO TPOTO
TO TOAUUECLXO TEPLEYOUEVO. LTNV OVAYXALOTNTO TWV GNUACLONOYIXDY UETAOESOUE-
vov avagephiixaue otny elcaywyr e StateBrc, xafde Tagéyouy T SuvatdTnTA YLa
eUxohn avalAtnon, TAOHYNOoY Xal aVEXTNOT TOU TOAUUEGLXOU UALXOU.

[ Ty avomapdotacT TV onuacloloYLx®y Letadedouévey emthéyinxe n yYhdooo
neptypagpric RDFs, xafdc OBewprinxe 6TL 1 exppaotxdtntd tng elvol emapxic xoL
emmA0Y SleuxoAUVeTaL 1 dlacUvdeon Twv UeTadedouévwy ue v oviohoyia MSO
Tou TepLypdpel TN dour) Tou mohuueoxol VAoU. H doun auth elvar xatd xdplo
ANoYo PBaotouévn otny MSO, n onola yovtehonolel Ti¢ xVpleg TOAUUESIXES €VVOLES
TOU OYAUATOC TEPLYpAYNE ToAUUESwY Tou potinou MPEG-7 [106] xat tic auolPaleg
oyéoelc, OTwe elval Yoo Tapddelyua 1 anodounoc.

ITo ouyxexpuuéva, 1 LEPAEYLXT AVATALIOTACT) TWV ONUAGLONOYLXOY UETASESOUE-
vov ouvicTatal and Ta axdhoubo téooepa enineda: Turuatog, WioTnTeg TUNUdTWY,
OTTXAC TEPLYPAPNS %Ol ONUACLONOYXADY UeTadedouévwy. To npdto eninedo avamapl-
0T TO €80 TNC TEPLYPAPOUEYNC OVTOTNTIC XA TOPEYEL TNV ATARULTITY Y WPOYEOVLXTY)
aATOdOUNGCT), Lo TUPASELYMO oV TEOXELTOL Yo Ulol TepLoyh TNg exdvag, yua OAN TNy
eova, vy éva xape evog Bivreo x.d. To deltepo eninedo avanaplotd Tig WLOTNTES
Tou exdoToTE ElBOUC TUAMATOS TOAVUEGOU XaL aQOpd LWBLOTNTES VLo YWELXd, YEoVLXd
XAl Y WEOYEOVXY TUNUATA, OTWS ELVAL VLol TARESELY O CUVTETAYUEVES TEPLXAELOVTOG
mhatotou, Suadixée udoxeg mepLoyNc, Ypovixy agpaylda evoc xapé, x.d. To eninedo
omTNc TEpLYpapnic dnuloupYel cuvdEoelc Ue TNV ovToloyla OTMTIXOV TEQLYPAPEWY
VDO xou cuvdéel tar TUAUATA UE TEQLYPAPELC OTWS Lo TUPAdELYUA O TEQLYPAPENS
ouotoyevolc verc. H Vnopln autod tou emnédou petadedouévwy eEunnpetel mepL-
ntoelg avalhtnone ue Bdon ula ewdva mapddetyua 1 éva oxitoo, TaxTixy apxeTd
dtadedouévn oe cuothuata avalitnone ue Pdon To tepleydUEVO.

Télog, To eninedo TV onuaclohoYx®dY UeTadedouevwy artotelel To o onua-
VIXO OTNY TEOTELVOUEVY] TROCEYYLON TEQLYpapc ToAuUEowy. To erninedo autd Twy
UETAOESOUEVMY OUCLUOTIXG GUVOEEL ToL TUNUATA UE TS ONUNCLONOYIXES EVVOLEC TTOU
eliyOnoav xatd ) didexela Tne avdiuvong tne ewdvac. O évvoleg mpoépyovtal and
TI¢ ovtohoyleg Oepatindy medlwy xou elvor autée mou xafopilouv To onuactoloyLxd
AeZuhdylo mou unopel va ypnowwornoinfel oty meptypapt Tou nepieyouévou. I mo-
pddelyua, unopolue vo €youue TNy mepLypapr 6T Ula exxdva ametxovilel évo opeLvo
ToTlo xaL ETMTAEOY EVA CUYXEXPLUEVO TUUA TNG EOVAC amelxovilel €va eNdg.

Apéonc and xdtw gaivetal éva ATOOTACUN ONUAGLOAOYLXOY UETASESOUEVLY YLo
ulo exéva and to fepatind nedlo “rapaiio” (oyAua 3.4):

<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf -syntax-ns#"
xmlns:nsl="http://www.acemedia.org/ontologies/SCHEMA#"
xmlns:ns2="http://www.acemedia.org/ontologies/INSTANCES#">
<rdf:Description rdf:about="ns2:imagel_segment3">
<rdf:type rdf:resource="ns1:StillRegion"/>
<nsl:depicts rdf:resource="ns2:Sea"/>
<nsl:degree rdf:resource="ns2:0.214404"/>
<nsl:depicts rdf:resource="ns2:Sand"/>
<nsl:degree rdf:resource="ns2:0.798639"/>
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Rarul

Sand

(v)

Yyfuwa 3.4: Arnoteléouata oe eixdvec and to Geuatixd medlo “maparia”. () Euxdva
etoddou, (B) apyixii xatdtunon xau (y) talivéunon neptoydyv ue talptaoua nedtunwy oTy-
LioTUTWY.

<nsl:aboveOf rdf:resource="ns2:imagel_segment7"/>
<nsl:rightOf rdf:resource="ns2:imagel_segment2"/>
<nsl:aboveAll rdf:resource="ns2:false"/>
<nsl:belowAll rdf:resource="ns2:false"/>
</rdf:Description>
</rdf:RDF>

Y10 Uxpd aUTO XOUUATL TOV TOPAYOUEVKDY UETASESOUEVMDY TNC EXOVAC UTOPOVUE Vo
xdvoupe Tic e&fic Tapatnerioes: Katapydv o ovouatoydpoc (namespace) nsl ypn-
owonotettal oto URI yia va 3nhwlel to eldog Tou moluvueoixol tufuatog mou Oo mepl-
Yeagel, dnhad 6Tl To oyudtuno "ns2:imagel _segment3” elvol timou "nsl:StillRegion”.
211 CUVEYELXL TO CUYXEXPUIEVO OTLYULOTUTO TEQLYPAPETAL ONUACLONOYLXE aTtd TLS EV-
voleg OAAATTA xou AMMOS xou udhiota ue évay Bafud euniotoovne. Télog oTo
TOEATAV ATOOTACUN QAULVETAL XL O TPOTOC TEPLYPAPTC TWY Y WEXOY OYECEWY UETAEY
TV TUNUATWY Tou anaptilouy Ty exdva imagel. Ilo cuyxexpuéva, éyouue 6tL TO
otiywotuno “nslrimagel_segment3” elvatr ITANQATIO to otiyuldtuno “nsl:imagel _segment7”,
AEZIAATIO to ouwywotuno "ns2:iimagel _segment2” xai dev Lxovomolel Tol xpLTHpL
yia vo elvan ) teploy ) ITANQATIOOAES 1§ KATQATIOOAES Ti¢ Teployéc Tne elxdvoc.

O
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T ELJIwrs

Road

®) ()

Yyfua 3.5: AnoteAéouata oc eixdvec and to Geuatixd nedio “popuovia 17. (a) Euxdva
etoddou, (B) apyixii xavdtunon xat (y) talivéunon neptoydyv ue talptaoua nedTunwy oTly-
HioTUTWY.

Line

(v)

Yyfua 3.6: Anotedéouarta oc euxdvec and to Yeuatixd nedlo “tévic”. (a) Ewxdva eioddou,
(B) apyuxt xardtunon xar (y) talivdunon nepoydy ue talptaoua dTUTWY GTLYULOTUTWY.
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Kegdhato 4

dYnuactohoywey) Katdtunorn Ewovey
xaL Blvteo

4.1 Katdtunorn Ewovey

H 6paon uroloyiotdy aoyoheltatl ovotnuatixd ue T Bewpla xat TNV eapuoyy akyo-
elbuwy Yo Ty autouatonoinom dtadixaoldy ontixhc avtiindne. Xovtpuxd, To avti-
xeluevo e €peuvac dtaywplletol oe Stadixaaleg xoL unyoaviouolc yauniol emiwédou,
OTwe Yoo mapddelyua 1 agaipeon Boplfou, o eviomiouds xal efoudiuvon 1) 6Euvon
AXPOVY, 1) OTTLXY TEQLYQPAQPY) EXOVWY X0l TEPLOY MV EVOLAPEROVTOS, 1) XATATUNGCT| OF
ouoyevelc Teployés xau oe dadixaoleg vgnlod emnédou 6mwe elval 1 Tadlvounon e
xOVWY, 0 EVTIOTLOUOS XAl 1] OVAYVOELOT) AVTLXELUEVWY X0l YEVIXOTEQN 1) XUTAVONOT
nepleyouévou [121, 46]. Eivar BéBata eugoavic 1 ouoyétion xat n emxdhudn tov 8Vo
QAUTOV ETUTEDWY, KO TTLO CUYXEXELUEVA YLoL TNV XATATUN O, 1) oTola anoTelel €va TEAOTO
Briva v TNy e€aywy?| ONUAGLOAOYIXOY TEPLOY DY TOU 081 YOUV GTNY XATAVONOoT) TNC
ELXOVOC.

H autéuatn xatdtunon ewdvoy elval éva and 1o Heuehiddn mpoBiiuata oTtnv
enelepyaolo edVag Xat TNV 6pUCT UTOAOYLOTGY Xal elval plo e€0Y WS amoLTnTLXY XoL
duoxoln epyaota. O aviixeyuevixds oxondg NG xATATUNOTNE Elval 0 Sl wELOUOS TNG
exOVaC o€ oNUAlVOUOES TEPLOYES OL OTIOlES VL EYOLY LoYURT| CLUCYETION UE avTixelueva
Ta onola teptéyovtan €€’ ohoxhhpou 1 ev uépel otny elxdvae [121]. H Suoxolia tou npo-
BAuaTog yivetal TeplocdTepo ExONAN 4TOY TPOOTUHNCOLVUE Vo 0ploouUE TNV €vvola
“avtixeluevo”. AauBdvovtoag utddiy TNV TOAUTAOXOTATA TV EXOVWLY, YivovTal duc-
dLdxpLTal T OPLAL TWV AVTLXELUEVWY, OTWS uTtopel var gavel amd to oyfuata 4.1 xou 4.2.
Y1o ev AOYw 800 oy AUATA EYOUUE TA OTOTEAEOUATA TNG YELROVAXTIXAC XATATUNONG
do ewdvwy and dagopetixolc avlpdroug, dTou UnopoVUE Vo TORATNETICOUUE TO
TOC0 UTOXELUEVIXY elval 1) Stadixactor xatdtunong ulag exxdvog. Ou exdveg mpoép-
yovtow and 1t Bdorn dedouévwy xal alloAdynorng xatdtunong eévwy tou Berkeley
[73] xav ou 0dnylec Tou d6Onxav otouc yeRotec Atav va dupécouy v xdfe exdva
oe TUAUATA T oTolo VoL avamapleToly “rpdyuata’ 1) “uéen meayUdTwmy” TNV oxNnvY),
ouoag 1 dag, 600 elvat autd duvatdy, onuactac. Kdbe évag xatdtunoe tny exxdva oe
dtapopetind Babud Tunudtwy, avdloya ue to Babud Aentouépelac Tov onolo Bebhpnoe
OTL AVTITPOOWTEVEL XAAVTERA TNV ONUAGLOAOYWXY) epUnVela TNG oxnvC.

Egboov de unopolue va oploouue Tt axpl3de evvoolue w¢ “onuaivouca” meploy,
tote elvan cagéc 6Tl mpoonabolue vo hoouue éva TEdBAnUa Tou eV €yl SLATUTK-
fel emaxpBde xar dev yvwpllouue molog elvatl 0 6TéY0¢ TNg xatdTunonc. Av oxondeg
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uoc elval n mAene xatdtunon ulac ewovae, TOTE To anotéhecuo elval €va 6UvVoAo
aoUVOETWY TEPLOY DY Ol oToleg avTLoTOoLYoUY ula mpog ula ue avtixelyeva ¥, YEVLXO-
TeEPA, EVYOLEC TOU UTdEYOUY oTny apylxt) exdva. Mia mo yalopr analtnorn elvol
QUTH Yo UEPIXT xaTdTUN O, 6ToU Yia Topddetyua emtBuuolue va Sty weloovue €va 1
€0tw xdmola aviixelueva and to mapacxivio. Mia dhAn mo yohaet analtnor elvol
Vo OUABOTOLNOOUUE TEPLOYEC UE [BAoT %xATOL0 XELTAPLO OUOLOYEVELNS OYL arapalTnTa
aoUVdETEC UETAEY TOUS, ETMLTEENOVTAC OXOUN Xul ETUXAADPELS TEQLOYMV.

[Mapd v eAlny| dlatinwor Tou TeoBARuaTog TN XaTdTUNoNS, Ula ueYdAn Yxdua
EQAPUOY MY AL CUOTNUATOY OTWS 1] XWOLXOTONOT EXOVLY, 1) VALY VOELOT) AVTLXELUE-
VoV, 1) Texunelwon xat Setxtodotnor, uetall GAAGY, YeNolLoToLoVY O X4ToL0 6TAdLo
xdmotov ohy6pLiuo xatdtunong xat 1 antdé3007| Toug e€aETATAL ONUAVTLXY ATd AUTOV.
Eilvar xowveg anodextd 6T mapd v moAueth épeuva 6To avTixeluevo, 1 omola €yel
odnyrfoet oe ulo Thnddpa TeYVIXGY xat alyoplbuwy Baolouévmy e dlapopeTinés Tpo-
oeyyloeic [105, 93, 26], undpyouv optouéva avurépPinta TpoPAfuata, dtwe elval yLo
Topddelyua, n uepxn 1 ol emxedhudn (occlusion), n ortovduhwty xivnon (non-rigid
motion), n unepxatdtunon (oversegmentation), ta onola peldvouv tny entdoomn, Ty
axpifela, TNy evotdfelo xa xatd cuvénelo TNV a&LOTLOTLO TV TEOAVUPERDELTGY EQop-
LHOY®OV. Xe avTdaoTorA Ue dAha avTixelueva Tng 6paong UTOAOYLOTOY Ta omola elval
%ok Oepehlwuéva, OTwC T.y. NS avayvdelong xoL T Tailvounons, n xatdtunocn ei-
vat évar aobevdes optopévo (ill-posed) npdBinua, xabde dev uploTatal povadixr yevixn
Moo, avTixeluevixd xal xabolxd arodextrh eved xat 1 alloAdynot tne exldoong Tou
exdotote alyopifuou xatdtunonc tapauével pia dtadixacio xate oy v UTOXEWUEVLXT.
Yy xatdtunon, elval ol dYoxoho vo mocotixorowbel 1 entdoon ulag uehodou,
oUtwg Gote va elval eguxty 1 dueot oUyxpton dUo alyoplbuwy uetpdvtac Ty (S
rocHTNTA opdiuatog. Ilpoxewévou va uetatpanel To TEOPANUA TNG XATATUNONS O
xahd optopévo (well-posed) xon vo xataotel Suvath n enthuon tou, yeetdletal vo ena-
voadtatutwBel xat vo yivouv oplouévec unobéoeic hote va meploplotel To TAHHoC Twy
ATOOEXTMY ACEWV.

4.1.1 Toa&wvoula AlyoplBuwy Katdtunong

Ou teyvixéc xatdtunong exdévwy mou €youy npotabel otn BiBhloypagia utopolv vao
tadivounbolv e Bdon didgopa xpithpla. [lodd cuyvd o Slayweioude yivetow oe Yo
ouddec: (i) oe teyvixéc ue Bdon Tic meployéc, mou Pactlovial o xELTHELY OUOLOYE-
VELOG YOROXTNELOTIXOY Ywetxd 0UaSOoTONUEVWY ExovoaTolyelwy xou (ii) oe teyvixég

Syhuwa 4.1: Xewowvaxtixl xatdtunon exdvac and tn fdon ewxdvoy tou Berkeley [73].
Arné apiotepd mpo¢ ta Seéid €yovue mio yovOpoeldn xatdtunon ue AtyoTepes TEQPLOYEC.
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Yyfua 4.2: Katdtunon exdvac and dapopetixolc yeriotes (20 napdderyua and tn fdon
ewxdywy tou Berkeley).

ue Bdomn to meplypouua, étou evtonilovial ta Gpla TV avTixeluévey (T.y. ue yeron
e ywewxhc mapaydyou - gradient). ITo Aentouepric Swaywproude emttuyydvetat av
o¢ xpLthpLo Tallvéunong yenowonoiniet 1 uabnuatixy uebodoroyia ndve otny onola
Baolletan évac ahybplbuog xatdtunonc [70]. Me aut ) Aoy tpoxintouy ol e€rc
uébodol: (i) uetafolxéc (variatonal), (ii) otatiotxée, (iii) Paoctlouevec oe ypdpouc
xat (iv) wopgpohoywxéc. "Eva dhho onuavtind xpttfpLo yia vo talvourficouue uefddouc
xatdTunong elval To eldog g TAnpogoplag Tou yenotuonoleltal Yo Ty opadorolnor,
olUpva UE To 0Tolo UTdPY LY YovTpixd dVo xatnyoplec : (i) ahybdplhuol odnyoluevo
a6 o Sedouéva 1) alMdS eX TV xdTw Tpooéyyion (bottom-up) xou (i) alydpefuol
odnyovuevol and to uovtélo 1 ahhids dvwbev npooéyylon (top-down). Ou teyvixéc
e mpdne xatnyoptac tpoonafoly va e€dyouy onuavtixéc ovtdtntes (Weatd avti-
xelpeva) anoxhelotixd and Ty enelepyoaoio OTTXAOY YopAXTHELOTIXGOY OTKS Elvat To
Yedua 1 1 oyotoyévela Lerc xat Bacilovtal oe emavalnrTixés Stadixaotiec ouyydveu-
org eLxovooTolyelwv ol teploydv. O teyvixéc tng Sevtepng xatnyoplac tpootaboly
VO XATATUNOOUY TNV EXOVOL OE OVTIXELUEVA TWY OTOLWY To OTTLXE YopAXTNELOTIXG Tal-
eLalouy UE QUTA TWV LOVTEADVY.

H Bhoypaglo oto aviixeluevo tng xatdtunong exévmy elval tepdotiar evdel-
xTxd avapépouue oplouéves dladedouéves uebodoloyleg xatdtunong OTKC 1 xATw-
pAwon Lotoypduuatoc [92], ue Bdon e axuée [97, 99], n ovotadonoinon (cluster-
ing) [16, 57, 25, 27], n wabnuatixy wopgpoloyia [139, 77|, ypapohewpnuxéc teyvixéc
[82, 104, 109, 60, 39], otatiotixéc teyvixéc [134] xar o vevpwwixd dixtuo [94] uetald
TOAGY GAAOY.

ITio mpbopata, €va ueydho xouudTL Tng Epeuvag ExEL EOTIAOEL 6TO GUVSLACUS Ya-
QUXTNELOTIXDV TOTUXMY TEPLOY MV TNG EXOVAC, UE YopaXTNELoTLXd e€ayOUEVAL and OAT
v edva. H hoyued autic tne npocéyyiong elvon 1L thnpogoplo mou €yel eCoyfel
and 6hn v exdva uropet va Bondrioetl va Eexaboploouy aodgelec Tou TpoépyovTaL
and v avdhuor oe TEpLoyES TNe ewdvac. Lnv epyaoio [66] ypenotuomovidnxe éva
dixtuo Bayes Yyl Vo eVOWUATOOEL yoUNAoU Xol UEGOU ETMUTESOU YAUPAXTNELOTIXG UE
oxoT6 TNV TaZLyOunot emovoy ecwteptxol 1 eEntepxol Yopou. LNy epyaota [22]
TpoTdbnxe ulo ToAUXAACLY TAELYOUNOT), TOEOUOLL UE TPOCEYYLoELS aoapoUs AoYixN,
vl v Teptypdidet puolxéc ewdveg 6TIC omoleg ouvhfng Tepléyovtal TG oNUACLONO-
Ywd avtixelpeva, evéd acagrc Talivounon neploydv yenousonolhfinxe otny epyaocta
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[61]. Xtnv epyaoia [88], ue exudOnon dixtbou Bayes ue talivountéc wg xéuPouc,
avtiotolyiletal 1 younhol emnédou avanopdotaon Blvieo ue vdnhol emnédou év-
voleg YL 8etxtodotnom, guktedploua xat avdxtnon Bivteo. Ernioneg, n yvodon yu
oyetxy| 0éon uetall meploydY oty ewdva Utopel va yenotdorowdel yia va meplo-
ptotel To elpog Twv Thavedy Aoewy xat va Bedtiwlel 1 enldoon g avayvodpelong
avuxewévoy [78]. Téloc éyel mpotabel n yphorn tou ahyopifuov EM [59] yio v
GUVERYELN TNG AVALYVOPLOTS AVTIXELWUEVOY X0l TNE XATATUNONS EXOVWY.

4.1.2 AlyopBpog Katdtunons RSST

Q¢ Bdon yio TV xotdTunon exdvey 6To mhalolo tne datePric, yenotdonowiinxe o
ahybptBuoc avadpoutxol edytotou ouvdeTixol dévdpou (recursive shortest spanning
tree - RSST) [82]. Tlapd tn oyetxd ueydhn unoloytotixi Tou TohuthoxdtnTa, ew-
peltal éva Loyupd epyahelo xatdTUNoNC EOVLY GUYXELVOUEVO UE dAAES TeyVLXEC [84]
(6mwe N ouotadonoinon ue Bdon to ypdua, N TUPAULILXY| ETEXTAOY TEPLOY MY, O UOpE-
poroyxés alybplbuoc watershed), mou mpotwwdtor Adyw g SuvatétnTag evxohoU
0pLoU0U TOU XELTNELOU LY YOVEVUCTC TEPLOYMV.

IMAGE

18-1. Map image to c
s p g o
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- m o
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|
/Y'\.
,/"' s the lree.\"\.‘ ;
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~._complete? -~ |
R v
il STOP
No
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"]
Y (/]
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the new vertex =]
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duplicated link 3
LP-4. Sort the heap
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Syfua 4.3: Avdypauua porjc tou adyopibuov xatdtunone RSST [82].

To Sudypauua poric Tou akyoplBuou galvetar oto oyfua 4.3 xou 1 Aettovpyia Tou
TEPLYPAPETAL GUVOTTLXY 0T cuvéyela. Kotd tnv apyixonolnor tou alyopifuou 7 e
x6va eLoodou I, Saotdoewy M x N yoptletar oe M X N nepoyéc peyéboug evog
elxovooTolyelou ot Yo xdbe mepoyy| mapdyovtar ovvdeouol (links) ue tic téooepic
yelrtovixée tne meptoyéc. Lettovixéc ulog nepoyrc X Oewpolue Tic meployéc exelveg
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Tou améyouv éva ewxovooTtolyeilo amd T X xor cuvdéovtal uall Tne oplldvTia ¥ xato-
%x6puQa, aAAG Oyt daydvia (4-connected). e xdbe olvvdeouo avatibetal éva Bdpoc,
(oo ue Ty andotaon TV dVo neploy Y T onolec ouvdéel. H andotaon auty unopet
va optoflel ue omotovdirote tpdémo xar xabopilel ouclaoTixd TV TpotEpULOTATA UE
TNy omola ot Teptoyég evidvovtal uetall Toug. [ mapddelyua, yia Toug oxorols Tng
xatdTunone ue Bdomn to ypdua n andotaot d.(X,Y) yetalld dlo yertovxdy eploydv
X xar Y ouvifog oplletar wg to yivouevo tne Euxieldelog andotaong twv Uuéowv
YEWUATIXGY CUVLOTWOROY TwY 800 TepLoydv xal evoc pou Tou elvol cuVIETNoT TOoU
ueyéfouc Twv dVo Teploy v oe pixels xat euvoel TN CUYYOVELOT) TWV UXPOY TEQLOYGOV:

X1 1Y

(X, Y) = 1elX) = eI Ty

(4.1)

6mou ¢(X) elvan éva Sdvuoua dLaoTtdoemy 3 X 1 Tou TEPLEYEL TIC TRELC UEOES YPWUATL-
xéc ouviotdoec tne Teptoyfic X xau | X | elvar to uéyefioc tne oe pixels. Ytn ouvéyela
6hot ot oUvdeouoL TayouovvTol xatd alfouoa oelpd andoTAONS, ETOL BGOTE O TEMTOG
OUVOECUOC UE TN UXPOTERT) ATOCTACT) VO OVTLOTOLYEL OTIC O “XOVTLVES” TEQLOYEC.

Koatéd v ermavarnmntixd) gdon tou RSST mpayuatonoleitol avadpoulxt| ouyyd-
veuon emAéyovtac xdbe popd Tig 80 YELTOVIXES Teploy€C UE T1) UiXpOTERY) ANOCTAOT
xat egapudlovtog Tic axdrouvfec evépyeleg oe xdbe emavdindn:

1. Xuyywvevovtal ol 300 TANCLECTERES YELTOVLXES TepLoyég ol enavalnoroyllo-
VTOL oL WBLOTNTES TN VEOC TEpLoy A (.Y, OTTLXOL TEPLYPAPELS YLoL TO YPMOUL TNY
upR, To péyebog).

2. Enavatnohroyilovtat xou taivopolvtol ta Bden 1oV cuvdEoUuwY NS VEIS TERPLO-
YHC UE OAEC TLC YELTOVLXES TNC.

3. Agaipolvtal oL Tuy6v dimhol 6UVSEcUOL TOU TEOXUTTOLY ATd TN CUYYOVEUODT).

H enavohnmtint dladuxacta tepuatiletol 6Tay elte 0 cuvolxoc aptbudc Teploy oy
elte 1 ehdytotn andotaon yivel (on ue éva npoxabopiouévo xatdeil. To xatdeil
anéotaong elvol cuvhng TpoTudTERO BLOTL TO TARDOC TOV TUNUETOY TOU TEOXVUTTEL
amé TNV xaTdTunon eaptdTol and To avIixelueva Tou undpyouv otny exéva. H uno-
hoyiotxr tohuthoxdétnta Tou RSST xafopiletal oe ueydho Babud and tny enthoy
Tou ahyopibuou talivounone twyv Bapdy, o onolog anotehel To Paowxd TapdyovTa
xafuotépnonc.

4.1.3 AlyépBuog Katdtunons Watershed

O uetaoynuatioudc watershed ogelhet to dvoud tou otnv tomohoyla, 6mou Uehe-
TAVTAL TO OYAU XaL To YEOYPuPd yapaxtnelotxd (Bouvd, motduta, xAm.) Tng
emupdvelac e yne. Hpdtor ou Digabel xou Lantuejoul [35] npdtewvay to uetaoynua-
Tioud watershed yia v xotdtunon exévey xal €xtote uekethinxe xou emextdlnxe
[77, 139, 29, 120] xou anotelel uio xhaowx| TeYVIXH ToU LTAYETAL 6TO TEdlO TNS U~
Onuatiedc woppoloyiog.

H Boaowd 3éa elvar va Bewpnbel 1 exxdva (1§ ouviboc uia ouvdptnon Gloug dnwe
T.Y. N xhlon g wtewvdénrog - gradient) we ula tomohoywed empdveta: 1 Ty Tou
elxovooTtolyelou avTioTtolyel 6To Uog Tou ouyxexpluévou onuelov. Xto oyrua 4.4
galvetal to UovodldoTato Teoplh ulag ewxdvag, 6mou €youv eviomotel Ta TOTXS
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.. watersheds

S

o caichment
T basing

Yyfua 4.4: Movodidotato mapddetyua xatdtunonc watershed. Ta tomixd eddyiota 61-
utovpyoly xotrddec meptovAoyiic, evéd ta tomxd uéytota opilovy tic udatoypauuéc [121].

ehdytota xou Ta Toxd peyota. To oUvoho Twv eixxovooTolyelwy Tou GUVdEOVTAL UE
éva Tomx6 eldyloto dnutovpyel ula xoldda meptoulhoytic (catchment basin), eved
Ta ewcovooTtolyela mou Beloxovtal oe tomxd uéyiota (1 toodlvaua, dev avixouv oe
xaplo xohdda neptovhhoyric) opllouv Tic udatoypauuéc (watershed lines), ol onolec
xa xobopllouy To meplypauua Tne xdfe teployfc LETE TO TEPAC TN XATATUNOTC.

H Swaducaoio mAnuuuptouol Eextvdel and 1o Tomxd eAdyLOTA TNS TOTOYQEAPLXTC
ETLPAVELNS NS exdvac xat To VPoc Tou vepol avePBalvel éng 6tou dUo xolhddec (A
AMuvec) ouvavtnfoly, ondte xau oynuatiletar éva gpdyua to onolo anotehel Tn Sta-
YweloTeh udatoypauun ToV Yo autdy eptoydv. O TAnuuLplouds ouveyiletat €wg
6tou va xahugbel 6An 1 empdvela and vepd, Ve TapdAAnha dnutovpyouvTal oL uda-
TOYPUUUES TTOU Bo 0ploouY TNV TEAXT XATATUNOT TNS EXOVIC.

'Eva foowxd uelovéxtnuo tou watershed anotehel o ueydhoc aplBudg Tomxdy
ehaylotwv mou odnyel oe peydho aplhud TeAxdv teploydy, ue diha Adyla oe UTEp-
xatdtunon e exodvac. Ta va avtwetwniotel autd To medBinua, yivetal yeron
onuadeutéhy (markers), ot onotot xabopilouy notec teployéc Ha TAnuuvploovy, Teplopl-
Covtag ToV apliud Twv TEAXOY TepLoy GV oTtov aptiud Twv onuadeutdy. H Swadixaota
emhoyc onuadeutdy elvat dUoxoln xau Wialtepa xplowun yio To TEAXS ATOTEAECUA
xaL eCAPTATAL XAl ATO TNV EXACTOTE EQUPUOYT.

4.1.4 A&oléynon AlyoplBuwyv Katdtunong

Eivow mopddolo to yeyovog 6t mopd Ty TOAUETY| €pELVA OTO OVTLXEUEVO TNG XOTH-
TUNONE EXOVWY, GUYXELTIXA ExeL agliepwlel TOAY Aydtepn mpoondlewa yia éva amd
To Poowxdtepa otolyela omolaodinote €peuvag, autd g alloAdynonc. Moy €yel
uroTiunfel and TNV CUYXEXPLUEVT ETLOTNUOVLXY XOLVOTNTA 1) AVOLYXOLOTNTO XL 1) YT
OWOTNTA Yol AVTLXEWUEVLXA 1] UTOXELEVXS Xptthpla adlohdynorng, dwubéoua olvola
OEBOUEVWY DOXLUGDY, TUTLXES XOL XOLVOC ATOOEXTEC UETPLXES, EMLOTNUOVIXES OLUYXpPL-
GELC X0l OMOTEAEGUOTAL.

Ipduueg epyaotieg oto aviixeluevo eugaviotnxay ota t€hn e dexactlog Tou 70,
eoTidlovtog 6Ny allohdynen ahyoplbuwy evromiouol axudy, ot omolol artotehovy
éval TOAD Uxpd UToGUYOAO TNg xatdTunong emovoy (av ol Sev undpyel xdmolog
XOWVAOS ATOdEXTOC 0pLloU6S Tou TL elvar xatdtunon ewxoévoc). H mpdtn onuavuxd
gpyaota Tou éxave emoxoTNoN NS TEpLoY NS TNG ALOAOYNONS TEYVIXADY XATATUNONC
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Yyfua 4.5: H yevixy xatdraln xatd tov Zhang yia tic uebododoyiec alioldynone adyo-
plbuwy xatdtunonc ewxdvwy [146].

exovewy frav and tov Zhang [146], émou mapouvoiace ula TAHEN xatnyoplonolnon
uebodoroyldy allohdynorne xatdtunonc. Ilo ouyxexpluéva, talivéunoe g uebddoug
oe Tpelc yevuxég xatnyoples (oyfua 4.5):

o Avahutixée, o omoleg mpooeyyilouv Oewpnuxd To mEOBANUN, OTKC Yo Topd-
delyua 1 LEAETN TNG TOAUTAOXOTNTAC

o Eunepwxric ouuPatdtnrac (goodness), Tou ypnotlonolody Uetpxés Paotouéves
0T ATOTEAEGUATA ahYoplOUWY XaTdTUNGNC EXOVWLY.

e BEurnepixfic avaxohoubioc (discrepancy), mou petpolv ula andotaon and ulo
Weath xatdtunon and 1o olvolo dedouévov arfibetac (ground truth).

O Zhang eZétaoe 1o mpdfAnua and uia oyetnd udnlol emmédou ontixr, ywelc va
ddoel ToAAES TeyVixéc hentouépetec. TTapdha autd, Oeuehinoe T entBuuntéc WoTneg
Tou mpéneL va Exel uio uebodohoyia allohdynong: va elval o) aveZdptntn epopuoYnic,
B) ToCOTXN XAl AVTIXEWEVIXT XaL Y) YAUNAAC TOAUTAOXOTNTAC.

Mio axéua evdeheyfic entoxénnon napovoidotnxe and touc Hoover et al. [50],
OTOU UEPWXES EPEUVNTIXES Ouddeg Tapouciacay Ulo xowvh Thatedpua Yo TN doxuut
xal TNV allohdynon ddgopwy akyoplBuwy xatdtunong xal UeTexdyY allohdynorg.
Av xat ot ahydptbuol xatdtunong xafhe xat 1o oUvoho dedouévwy Bewpolvtal TAéoV
Cemepaouéva, to dpfipo autéd mapouciace évav xahd oploud Tou TpofBhuatog, ula
nAfien uebododroyla allohdynone (oe avtibeor ue tov Zhang [146]) xau débece tdoo
Toug alyopifuoug 660 xaL T0 GUVOLO TV BEBOUEVWY OTNY EQELVNTLXY XOLVOTNTA YLo
mepattépw allohdynom xol xelon. H xlplo cuvelogopd ftav 71 yeron uetpuxnc Po-
oloUEVNC 6T0 6UVOLO Bedouévwy ahrfelac Ue Ypron EMXAAUTTOUEVWY TEQLOY MY XL
Stapdpwv xpttnplwy yia urép- xal und-xatdtunor xat Hépufo. Xperon cuvdhou de-
Souévov alifelac éxavay xol oo Huang xar Dom [52] nou mpdtetvay tpeic uebddoug
alohdynone ula Bactouévn oe utohoyloud mopouétewy, uia deltepn Paclouévr oe
YALUXTNELOTING XUV XUl TEPLYPUUUATOY xal Ula Teltn ue tn ueyalitepn enidpaor),
Baolouévn oe utoloyioud andotaone Hamming petalld twv emxaAuntoUeEVWY TEQLO-
YOV.
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ITio npbogatn elvar 1 Sovketd ot yeténerta 1 dtatpl3h) tou Martin [73, 72] n onola
anotéheoe Tour) xal onuelo avagopdc Yo UeAAoVTIXéS epyaoieg xabde edpatwoe TNy
That@épua ouyxeltixfc allohdynone Berkeley, n onola mepthaufdver 300 ewxdveg ue
TI¢ udoxeg xatdTunong ané tohholg yprotes. Ilapovstacay 8o uetpinés opdiuatog
xatdTunong, to tomxd o@dhua ouvénewac (Local Consistency Error - LCE) xou to
xaBohxd opdiua ouvéretac (Global Consistency Error - GCE), ta onola utohoyilouv
UE UM OUUUETEIXO TEOTO TNV ETXAAUYN TOY TEPLOYOV TOU dNULOURYOUVTAL antd TNV
QUTOUATY) XATATUNOY UE TLS TEPLOYES TOU EYOLY YUPALEL OL YPNOTEC.

ITio mpbdogata, €Y0ouV EMXPATAGEL OL TEYVLXEC AllOAGYTIONS TOL AVAXOLUY GTNY Xd-
Tnyopla e eunelpxrc avaxohloublog xat €youv mpotabel Wéeg elte o yevxée elte
eoTlacuéves avd medlo egapuoyhc. 'Evag delxtne mou unohoyiler tnv axpifela tng
xatdTunone xoL houPdvel utodly Tou oplouévec enttAéoy anatthoels (Yo vo emAUGEL
YVOOTE TROBAAUATA GUVAPRY TEYVIXOY) dTwg vo uny Yiveton unébeon yia tov apliud
TV TEPLOY GV A va UTdpyEL EREY YOS Yl EXQUNOTIXES axpalec tepntdhoets [135]. Eni-
onc undpyet n drodn 6t dev elvar anapaitntn n allohdynon tng xotdtunong ulag
eovag, aAld anarteltar xaln enldoon oty oYWy TWV ONUAVTIXGOY TEQLOY KDY TOU
avaTapLeTOUY xdmolo aviixeluevo [43, 44]. Téloc éyouv yivel mpoorndbelec Yo evow-
UATWOoTN TEYVIXOV alOAOYTIONG XATATUNOTC OE AUTOUATA XoL NULAUTOUATA GUCTHUATA
xatdtunone. Mio tétowa npoondfela tapovoidotnxe otic epyaoiec [74], 6mou uetall
oy yenotuonoifnxe 1 Bdon dedouévewv tou Berkeley [73], xau xotéhnZoav 6t n
auTOUATY ECAYWYT TOU QOHVTOU GE GUVSUAOUG UE Ulol TEYVLXT XATATUNONS UTOPEL Vo
OVTIXATACTACEL TN YELPWVOXTIXY EPYACLO TNC XATAOXEVC TOU GUVOROU BeB0UEVWY
alffetac ywplc pueydho xéotoc atny todtnta avtdy [45].

4.2  Ynpoactoroywx Enéxtaon Ileproyov

[apd tn ueydhn epeuyntint| tpoondfeia, 1 avbpdrivn ontixt| avtidndn urepéyel exd-
Bopa TV mo alyypovey alyoplbuwy xatdtunone. 'Evac and toug xuptdtepoug Ao-
Youg v auto elvar 6L 1) bpaor Tou avlpdrou Baolletal ot éva Uueydho T0606T6 GTNY
tepdotio TpdTepn (a priori) yvdon mou éyel ousowpeloel uéoo and ta PLduaTd Tou o
x40 dvbpwroc xat o TpdToc Tou unopel va tn dwayetptotel [71]. H yvdon auti éxel va
XAVEL UE TT) ONUAGLOAOYLXY) EQUNVELD TOY AVTIXELWEVWY 0TS auTd eugavilovtal uéoa
oe plo exova (oyetixd| Béom, ypdua, oyfua, xAt.) xat Bonbiel va cuumhnpwniolyv to
XEVA TOU avamdpeUXTA UTdeyouy and TNy 2A armexdvion e 3A mpayUaTixoTHTAC.
H dwaniotwon auth odfynoe otny elcaywyy| VEwv We®Y and 1o yORO TS TEXVNTAS
vonuoouvne, Gote va Peebel anodotinde tpdnoc eCaywyrc, avanapdotaong, Soyel-
etong xat aglomolnong g YvOong Tou QuoxoU XOoUoU O TEOBAAUATA XATATUNONS
edvoy. [pogavade, eCattlog tne yevixdtntag Tou tpofAfuatog, o apliudc Twv uto-
Oéoewv yio ulo étola Bdon yvdong elvol tepdotiog xal 1 emAoyr TN eZeldXEUUEVNS
YVOONS Yl TNV EXAOTOTE XNV, atotehel tepinioxo medBAnua and uévrn ng.

Etvau Stonolntind goavepd dtL av evowuathoouue teplocdtepn TAnpogoplia, 1 onola
vo tpoodidel ula urobetinn epunvelo Tng oxnvic, Oa €youvue euepyeTIny| CUVETELL OTT)
dtadixaoton TG XATATUNONE HAUL TTLO CUYXEXELUEVA OTNY ATOPAUCT) GUYYOVEUCTS 1) OYL
dVo meproy@yv. Eival enlone dwnolnuxd cagéc 61 1o (onuxd) evvolohoyixd mhai-
oo (visual context) 6nwe mpoxUnTEL AN TNV OAXY OTTLXY XL EpUNVELD NG OXT)-
Vg, Blvel apxeTolc TepLoplouols UeLdVoVTag €10l apxeTd To uéyehog Twv utobéoewy
mou uropoUy va eayfolv and tn Bdorn yvhorne, PeATidvovTac TS emOOCELS TEYVL-
%OV avayvopone avixelévey [129, 131] xow xabiotdvroc epueth xoL anodotxs Ty
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vlomolnon onuactoloyxd eviuepwy (semantically aware) adyoplBuwy xatdtunonc
EXOVOY. XTOY0C Uag elval Vo BEATLOC0UUE To ATOTEAECUATA TNS XATATUNOTG ELXO-
YOG EVOOUATOVOVTIC YVOON Tou e€dyetal and aviyveuon avixeluévoy. H cuviing
TEaX T xatavonong piag oxnvig elval 1 oeLplaxy) EQUEUOYT TV SLABLXAGLOY TNG K-
TdTUNoNS XoL Tadlvounone TepLoy vy, 6mou 1 Sadixactia g xatdtunong dnuloupyet
ouoYyevelc Teployéc oL omoleg €nelta aviiotolyolvtal oe mhavd avixelueva. H Suxy
UUC TPOCEYYLOT) EVOWUATOVEL TNV AVAYVOELOT LEGA 0TOV aAY6pL0U0 TNg XaTdTunorng,
ULUOVUUEVT €V UEREL TOV TPOTO TOU Aettoupyel 1 avBpdmivy dpaom, xabde €yel Somt-
otwlel 6TL 0 eyxégalog evronilel YVwoTd o auTtdy avixeluevo xat Uetd unopel va ta
Staywploel euxohdtepa amd 1o POHVTO, Ywelc va eEeTAGEL AETTOUERT) YAPAXTNELOTIXG
[4].

Lyetxég epyaciec Tou avadelxviouy 1 YeNOoWWOTNTA TNG AVUYVOELOTS LV TIXELUE-
VOV X0l TNG onuactoloyixiic epunvetag ulag oxnvic wg €uguto uépog tng Sadixactog
XATATUNONG TNS EXOVAC €YOUY eUQovLoTEL antd To TEDTA oTddla TNg oUleudng Twy
XAIDWY TN TEYYNTAC VONUOCUYNC UE TNV 6paaT UTOAOYLOTAOY. AT TIC TPOTES EPYO-
olec unfpZe auth Ty Feldman xou Yakimovsky [38] n onola npdtetve ) ouyydvevon
YELTOVLX@Y TEQLOY OV UE x0LVT| epunvela xaL T Yprion evpeTixdy uehddwy yia Tov tep-
uatioud g Saduxactog eméxtaong neploydv. I[lépacav apxetd ypbdvia €wg 6Tou va
enaveugavioTel To (ATnua Tou xatd T6c0 1 xatdtunor teonyeitol X utopel vo Wdwlel
0¢ uépoc tne dtaduxaatog avayvdpelone aviixeluévoy (98] xat Wiaitepa n epyaotio twv
Borenstein xat Ullman [21, 20] é8woe véa dOnon ot yehon npdtepns yvodone yLo
xatdtunon exdévoyv. Il ocuyxexpuéva, tpdtelvay tn ypRon YvOoNg Y To oyfud
0pLoUéVeY avTIXEWEVLY 1 omtola odnyel v xdtwlev (bottom-up) xatdtunon. Trnv
TAUTOYPOVY) AVOLY VORLOT] AVTLXEWUEVDY XAl XA TATUNOT TEOTELYAY Xal ot Yu et al. [145]
YENOLULOTOLOVTAS €VOL UNYOVLOUS QUoUATIXNC BLYOTOUNONC YRA(POU YLd TOV UTOAOYL-
oub e Béhtotne xatdtunonc tne exoévac. Ou Leibe xat Schiele [62] unootnpilouv
xa autol Ye TN oelpd Toug OTL BU0 SLadLxacteg TNC VALY VORLOTG XL TNS XATATUNONS
elvar Tepimheyuévee (interleaved) xau ypnotuonototy uio mhavohoywxd| Swatinwon xat
unoBéoelg yio mhavd avoyvwplouéva aviixelueva yia va BEATLOo0UY TNV TEMXY Xo-
tdtunon e ewovac. Téhog, ou Shotton et al. [111] mpdtetvay véo yapaxtnplotixd
ToL oTolol TEPLYPAQOUY TO OYHUA XAl TNV VY| Ulag TEpLoYNC %ol Ue YENHOT AUTOY KO
eCaptnuéva tuyala nedla (conditional random fields - CRFs) ta&ivouoly xou evtoni-
Couv avuxeiueva and 21 dtapopeTinés xAdoelg. LNy o Tpdcaty oyetxy Souleld
twv Shotton et al. [110], avuxatéomnoay ta CRFs ue 8évdpa anopdoewv (decision
trees) eTLTUYYEVOVTAC ONUAGLONOYIXT XUTATUNOY OE TEAYUATIXG YEOVO.

4.2.1 Emnoxénnon Ilpotewvouevns Ilpooéyyiong

Yy evotnra 4.1 tepiypddaue oplouéves mpoceyYioels 6T0 TEOBANUA TNG XATATUT-
one ewbvov xot udhiota dbo (alydpiuot xatdtunone watershed xow RSST) tic pe-
Aethoaue oe ueyalitepo Bdfog mpoxeluévou va YIVEL TLO XATAVONTY 1) TROTELVOUEYT
uebodoroyla Tne onuacLloroyxic xatdtunonc. Baowxde uac otdyog elval vo euniou-
tloouue Tic TeyVIXéC xatdTunong enéxtaone neploy @y (region growing) ue onuacto-
AOYLXE YORAXTNELOTIX, TROXELUEVOU Vo ETLAUGOVUE TEOBAAUATA UTEEXATATUNONS 1)
UTOXATATUNONS TOU GUY VA TapatneolvToL Xal ogellovtol oTny aduvaulo Teplypapnic
ONUAGLOAOYIXDY OVTIOTHTWY UE OTTIXA UbVo yapaxtnelotixd. Ilo ouyxexpuéva, o
x0pLog oToY0¢ TS oNUAcLtohoYxic eEnéxtaone teploydy (semantic region growing -
SRG) elvar va enttiyel 1600 xahdtepn xatdtunon tne edvac, 660 xaL Vo yapaxtnpl-
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OEL XL VoL XU TATAEEL TIC EMLUEQOUS TEPLOYEC Tou cuVBETouY TNy exdva. H xawvotouta
TOU TPOTELVOUEVOU aAYOoplOuoUL Eyxeltal 6TnY Tporonolnon xublepwuévwy alyoptiuwy
XATATUNONS DOTE VoL EVOWOUATOCOLY YOLAXTNELOTIXG EVOLAUEGOU ETLTESOU, OTWS AUTA
TOU TEPLYPAYTXAY oTNY evoTnTa 3.4.4.

H avdivor pe Bdon tnv yvodon tou tagouctdoaue 610 xe@dhato 3 nponyeltol tng
OTNUACLOAOYLXAC XATATUNONS. LUVOTTIXY, 1 TEocEYYLoT €yel wg elhc: H apyun e
%xOvVa xaTaTéUVETOL UE Bdom évay amhd Lepapyixd alyopLluo oUOLOYEVELLS WS TPOC TO
Ye®uo %ol dnutovpyel ToAES uxpéc meployés. Amd autéc T Teployég eCdyovToL oL
Tomxol ontxol teplypagelc oL onolol ue xdmowa puéhodo unyavuic udhnone (talplo-
OUO TEWTOTUTWY, VEUPWVIXS 3XTUO, X.4.) avTioToL oVVTaL UE EVVOLES OTOONXEUUEVES
oe ulo Bdon yvoone. Kat’ autédy tov 1pomo, xdbe teproyn ouoyetiletol ue éva alvoro
mhavdy evvoudy. H tonoloyia twv neploydy, ol ontixol teplypageic xaL To olvolo
TV ThavoOY evvoldhy, artobnxevovtal oe €va oyeotoxd Yedo yapaxtnetotux®dy ARG
o omolog elvar oty ovclo 7 eloodog yla To OTASLO TNC ONUACLOAOYIXAC XATATUN-
onc. IMéov n uetpuer ouoldtnToac dUo neploydy LTohoyileTal UE aoaPelc TEAEOTES
TV ACGUPOY GUVOA®Y TV EVVOLGOY Tou €Youv ouvdelel Ue TIC Teployéc auTES XoL Ta
Ao GUVORAL EVVOLOY YENOLUOTIOLOVUVTOL WS XELTHARLO YLA T CUYYOVEUCT) YELTOVIXGDY
neptoy®@v. H mpooéyyion auth unopel va egapuoctel oe ula mowhio tepapyxdy xoL
un alyoplBuwy ouyydveuone neptoydv [1, 82, 77, 2, 37|, ue uxpéc TpomonolioeLs
%d0e popd 660V aQopd TN UETELXY OUOLOTNTAC XAl TIC GLUVOTXES TEPUATIOUOU.

Eilvat onuavtixd va utoypauuicovue 6Tl auty 1 TpocéyyLom elval aveldptntn Tou
ahyoptfuou xatdtunone mou Hu emheyel, apxel va avixel otn Yewxdtepr xatnyopla
Twv ahyoplfuwy eméxtaone teploydyv. 'a va to xatacthcouue cogéc eCetdooaue dVo
Topadootaxéc TeYVxEC xatdTunong, tov alyopfuo watershed [77] xou tov alybphuo
recursive shortest spanning tree (RSST) [82]. Tpononotficaue e topandve: teyvixéc
OoTE Vo evepyoUy 6Ta 0oy alvola Tou elval arobnxevuéva otov ypdgo ARG ue
TPOTO TOPAUOLO GaY VoL EVERYOUGRY GE younhol ETLTESOL yupaxtnelotixd (6nwe elvat
T0 Ypedua, N veh, xAT.), 6twc cuuPaivel tapadootaxd. Ou dVo mapullayéc axohou-
folv tic avtiotolyeg Oeuehddels apyéc TV 0pLOUGY TOVY Topad0oLaX®OY akyoplfuwny
TOUS, WOTHGO EYLVOY OPLOUEVES UETATPOTES oL Bewperifnxay anapaltntes xoL oL omoleg
aVaLPEROVTIL 1T 0TO Xeluevo Tou axoAoubEL.

4.2.2  AlyéplBuog Ynpacioroyixot IIAnuuveLtopos

Y dueh wog onuactohoyxy| exdoy | Tou petaoynuatiopol watershed (SW) éyoupe
yenotuonolfioel ulol xatvotouo uéhodo yio Tny emLAOYY TV TEPLOYOY-0TOpwY, xalde
enlong €youvue tporomolioel To xpLthplo Bdoet Tou onolou dnuLovpyYoUVTAL OL LdUTO-
yoouués. Tumxd mpdxeital yio éva XpLThpLo 0UOLoYEVELAS, To ontolo eapTdTol dueca
Om6 TO UETAOYNUATIONS TNS EOVOS Tavw 6ToV omolo epapudlouue tov ahybeliuo
watershed. Y1nv o ocuviin nepinTwon npdxeital yoo T LY TNg xAlong Tng ewdvag
(h e YxpL ouvioTdoag Yl éyypwues ewxdves). 'Onwe avagépbnxe xal oty evo-
mta 4.1.3, éva and Ta Paoixd UelovexTAUATA Tou UeTaoynuatiopol watershed yua
XATATUNOY EXOVWY ElvaL 1) UTEEXATATUNOT XL 1) SuoXOAA ETLAOYNG ONUABEUTHOY BOTE
va TepLopLoTel 0 apliudc TV TEPLOY V.

LNV TPOTEWVOUEYY TEYVLXY| oNuactoloyixol TAnuuvplouoy SW, ol teployéc mou
EMLAEYOVTAL WS ONUABEVTES TPOXVUTTOUY ATH ONUACLOAOYIXE XELTAPLAL, XL TLO GUYXE-
xpuéva and To Babud eumiotoclivng mou €yovue 6TL 1) TEpLOY Y| TEpLYpdgeTal and ula
évvola. O oyeolaxds ypdgoe yapaxtnelotix®dyv ARG, mou anotelel 0 uop@y| avo-
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TapdoTAcNC NS Exdvag aviotolyilel xdbe meployy| s, o évav xouPo v, € V. O
xOUPoc v, TEpLYpdpeETaL and Eva SLAYUOUL YOpAXTNELOTIXGOY a(V,) TOU TEPLEYEL XAt
T0 0GAQEC GUVONO EVVOLDY L, OTwe autd mpoxUntel and TN Stadixaatio apylxonoinong
Tou ARG.

‘Eotw S C V 10 0lvoho t0vV xXOUB0Y TwV TEpLOY OV TOU ETLAEYOVTAL YLoL VA
yenowonomholy wc onuadeutéc/ondpol xatd Ty apyxoroinon Tou SW akyopibuov.
Mio meployn s, Yl vor aviixer 6to ovvoho S (Snhadi) va toylel v, € S) ogeldel va
Thneol ta mapaxdtw SVo xplthpLa:

1. To Uog Tou acagols cuvérou L, (opouds 2.3) va elvar pueyahltepo and éva

HOUTOPAL:
h’(ﬁa) > Tseed (42)
2. H mepoyt| s, va meptypdpetar and uia uévo évvoa (xUpta évvora):
h(L,) > Z pa(c), o6mou ¢ pu(c*) = h(Ly,) (4.3)
ce{C—c*}

To npdto xpithpto e€acpahilel 6TL 1) TEPLOYT| TEPLYPAPETAL, UE ApXETA UeYdAo PBabud
EUTLOTOOUYNG, antd ulor TouAdytotov évvola. H Ty tou xatwghiov mpocapudletol
autouaTa oe xdbe exdva, Ue Bdorn To LoToYpauUd TV Pabudy euniotocivng GAwy
TV TEpLOY®OY Tou TNy anaptilouy oL yia 6hec Tic évvotec. Eival emouévme hoyixd
va fewpfioouue 6Tl auTtéc oL teployéc €youv Tadivouniel opld xoL unopolv vo ano-
TEAEOOUY TOUC ONUACLONOYXOUC ONUABEUTES YLO TOV TANUUUQPLOUS TV YELTOVIXMV
meptoy@v. O deltepog meploploude eCao@aiilel 6Tl 1 TEPLOYY| TEPLYPAPETAL TAHEMSC
and ula Lovo Evvola, amopelnToVTAC TEPLTTMOELS TOU TEPLGGOTEPES EVVOLEC £)OLUY CU-
oyettotel (ouvifoc eZattioc Aavlaouévne tadivéunonc) ue uia neptoyr. To ddo autd
xpLThpLa yenotuonolotvTal Yo Thy oph emthoyn TV TEpLoy BV we oNUAdEUTES Yio TN
CUYXEXPLUEVT EVVoLa c*.

Mio emavarauPBavouevn Siadixaotio ehéyyer xdbe neployh-onuadeuts) s € S, xou
evionilel ¢ dueco ywewxd yeltovixée meployés, ue Bdon tnv 8-yeitowd. ‘Eotw
r € Ny ula yertovxr neployh) tou s, xar p(r) 1 avadpouxy) cuvdptnon dddoone,
étow Gote s = p(r). Luyxplvouue ta aoaph obvola Twv Teploydy r xat p(r), L,
xat Ly, avtiotoya, otolyelo mpog otolyelo xau yia xdbe xowvy) évvola uetpdue to
BobBud ouuuetoyhc Tng ouyxexpLuévnc évvotac oty Teployh 7, iy (c). Edv o Pabudc
autég elval ueyadltepog evog xatwehlou ouyydvevong, Téte Bewpolue 6Tl 1 TEQLOY Y
r elval onuactohoyxd napduota ue to daonopéa e p(r). To xatdheht ouyydveu-
ornc oplletal oe oyéon Ue TNV andoTACT, TNG TEPLOYAC T and TOV apyxd oNuUAdeuTy
st pr(€) > K" Therge, 60U 1 Tapduetpoc K elvar ulo otafepd Alyo ueyaldtepn trne
Uovadag, £TolL HOTE To XATOPAL o€ xdbe emavdAndn n va UeYaADVEL UN-YpouuLxd ot
oyéomn ue tnv andotaoct and to onuadeuty. H ev Aoyw andotaon de uetpléton o
elxovootolyelo ohhd otov apliud Ty Prudtwv-etavarfpewy Tou aiyopibuou yia va
TpoonehaoTel 1) eV AOYw TEQLOYY).

X1 ouvéyewa 1 meployh r mpootifetol o éva véo cUvolo meploywdv M, 6mou
T0 n ouuBolilel to Bua tne emavodnmtieic dadxactac, xo MO £ S, M! £ N,
AT, Xty enduevn exavdindn tou akyoptBuou n emhoyy Twv VEwv onuadeutdy ba
yiver and to olvoho M. Metd tn ouyydvevon o ahyoplbuog enavainoloyilel Toug
Babuoisg cupueToyfic OA®Y TWY EVVOLOY Yol TN VEX TepLoy Y| 7 Tou 6uvOlou L »¢ TNy
acap) TouR TV oUVORWY L, xav Ly

Ly = t(Lpw), £7) = Lyry N Ly (4.4)
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Yyhua 4.6: Lynuatodd] avanapdotaoy Tov onuUACIoA0Y X0l TANUUUPLOUOU ELXOVAC.

H nopandve dwadixaoto emavaraufBdvetal éwg To BRuc n mou ixavonoleltal To xpL-
THELO TEPUATLOMOU: To acu@r) CUVORA YLot OAES TIC TEPLOYEC-ONUABEUTES Vo Elval XEVY,
dnhadry M = (). Ye autd 1o onuelo tpénel va utoypaupicovue twg 6tay efetdloval
oL yeltoveg ulag meployic, oL Teployéc Tou €youy eZeTaoTel o€ TEONYOUUEVO Briud Tou
ahyoptfuou eatpodvtal, oUtwe dote xdbe Teployt| tpooneldletol ulo udvo @opd, and
TNV XOVTLVOTERT) TEPLOYH-0NUadeuTr, dnwe xabopllel 1 yewuetpla Tou ypdgou ARG.

Y10 oyfua 4.6 napovoldlovue oplouéva BHUATA TOU ONUAGLOAOYIXOU TANUUUEL-
ouol. Koatapynv n emxdva €yel xatatunbel oe ndpo TOAEC ULXEEC TEPLOYES UE TOV
ahyoplbuo watershed. Anéd tic neployéc autée oynuatilovue To oyeotaxd Ypdpo yo-
paxtnpoTixdv ARG xou evtorniCouue Tic TepLoyéc-onuadeutés, ol onoleg TATEOUY Tig
mpoavagepbeioes npotnobéoeic. Xto dlo oyfua €youvue Lopxdpel TIC TEPLOYES AUTES
ue Eexwplothd ypdua aviloya ue TNV xVpta évvola ¢ Tou TLg avttoTolyel (ox00po uthe
7 évvolr OYPANOS, avolyté UThe 1 évvole ©AAAATA, Tpdolvo 1) évvola BAASTHEH
xaL yxpt 1 évvolr AMMOE). 'Eneita eetdlovtat oL yettovixéc neployéc, dniady| to
obvoho {Ny, }, Vs, € S xu epboov wavonoteitar To xprtiplo ouyydvevone Svo
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YELTOVLX®OY TEQLOY GV, TOTE AUTEC GUVEVOVOVTAL XL EVAUEPMOVOVTAL XATAAANAGS Ta
oo GUYONX EVVOLOY TwV Teploydv autdy. H Swaducaotio auty elvar (o yior 6Aeg
TI¢ mepLoyéc-onuadeutéc xal ouveyiletal éng 6Tou cuvavinfodyv dVo mepLoyéc mou
TpoépyovTaL and dLapopeTixd onuadeut| (x6xxuvn SlaywetoTixr yeauuy oto oyfiua)
7 0eV xaAUTTETAL TO XATOPA LYY OVELUOTIC K™ - Therge.

Me 1o népog g extéheong tou aiyoplBuou SW, oplouévec neployéc Oa €youv
OUYYWVEVTEL UE TOUC ONUACLOAOYLXE XOVTLYOTEQOUC ONUASEUTES, VK hheg Ba €youy
uetvel avernpéootec. Ilpoxeluévou vo uehetioouue aUTEC TIC TEPLOYES, EXTEAOVUE
Tov alydplbuo SW oto véo ARG, dnuioupy®dvtag véeg Teployéc-onuadeutéc. Auty
1 Lepapy x| oTpaTnYxY) dev ypeldleTal eMTAEOV TUPUUETPOTOLNOY) OE GYEGT UE TOV
ahybptiuo SW, xabde ol véou onuadeutéc dnuloupyolvtal autduata (Ue Uuixpdtepn
T Yo T0 XOUTOOM Teeq). 'Omwg elvat avapevouevo, oL TepLoyéc Tou dnutoupyolvTal
xaTd TNV Te®dTNH exTéheot) Tou SW €youv ueyalitepr BefoldTnTa Yo o dpLa TOUS ol
YLt TNV 0p01) 6NUAGLOAOYLXY) TOUC AVATUREGTACT), OE CUYXELOT UE TLC TEPLOYES TTOL O
utovpyoUvtal ot endueveg exteréoels Tou SW. Tlapdha autd dev elval yelovéxtnuo
YL ToV aly6pLbuo, xabdg oL teployéc Tou dnutoupyoUvTal xatd To SeUTtepo oL TeiTo
Briva elvar xahitepeg and autéc mou elyav mpoxidel ue Tov apyxd akydeliuo xatd-
Tunone xat emnpodobeta Swatnpeeltol 1 aodgelo 0Ty TAgLVOUNOY TV TEPLOYDY GTO
TeMx6 anoTélecua, Tou elvar yerowur oe endueva otddlo enelepyaotiac.

4.2.3 AlyéplBuog Ynpacioroyxot RSST

O napadootaxde alydplbuoc xatdtunonce RSST [82] avixel oty xatnyopla twv xd-
twlev (bottom-up) alyopibuwyv. T'evixd, autol tou eldouc o akydplfuol Eexivdve
EVOVOVTIG EMAVUANTTLXE YELTOVLXA €LxOVoaTOLYElo xat Teployég ue Pdon éva 1 tapo-
Tave xpLTipla ouoldTNTog, €wg 6Tou Weavorolndel n cuvbixn TEPUATIONOU TOUS XL
OL OLUVEXTIXEC TEPLOYEC TTOU SNMULOVEYOUVTOL ATOTEAOUY TNV TEAXY| XUTATUNOT) TNS EL-
x6vac. 1o ouyxexpuwiéva, xou dtwg teplypddaue otny evéotnta 4.1.2, o alydpibuog
RSST éyel eowtepind anobnxevuéva, eite oe uopen Aiotag elte o Sour| ypdgou, dha
Ta elxovooTtolyela mou anaptilouy TNy ewdva Yoall ue Thnpogopleg 6TwS 1 PwTELVO-
TNTA, TO YPOUA TOUS, 1 Ypwuatixr aviifeon and ta yertovixd toug x.d.. Me Bdom to
%ELTHPLO ouoLoTNTaC Tou €yel oploTel xdbe gopd, unoloyileton 1 andotoon Yo xdbe
Celyog yelitovixdyv ewxovootolyelwy. H yeltovid unopel vo oplotel ue onolovdnrote
aubalpeto TEéTO, xakd elvan TdvVTLS va elvar uxer) yia vo uny emPBoplvel TRy TayiTnTa
Tou alyopifuou.

H ypron evéc ypdgou ARG, énwe autdg meptypdgnxe otny evotnto 2.3.1, elvat
XATAANANAY ¢ doun yia Ty extéleon tou RSST akyoplBuou. Katd tny apyixonoinon
tou RSST xd0e ewxovootoyelo avtiotouyiletoar o évav x6uPo tou ARG xou xd0e
Celyoc yertowxdy ewxovootolyeloy oe ulo axur. Ou axpéc tallvouolvial wg meog
10 Bdpoc Toug, Tou tpoxUnTel ue BAoT To xpLThplo opoLtbTnTac (Yo Topddetyua Uto-
eel va ypnowonoinbel 1 ypouatixr avouoldTnTo TwV GUVIEGUEVKDY XOUBnY Bdoel Tng
AVTLOTROPTC XAVOVIXOTIOLNUEVTS EUXAELDELNC ATOGTACTC TWY YPOUATIXOY CUVLGTWOOY
Tv). Emhéyetar n axur ye to ehdyloto Bdpoc yia va agorpebel and tov ARG xou vo
OLUYYWVELTOVY oL Tapaxeluevol xoufol oe évav. "Yotepa and xdle Brua to yopaxtn-
pLoTxd TN mpoxvntoucac teptoyfic (nwe m.y. to uéoo ypdua) enavaitoloyilovra.
Emniéov, o RSST enavatnohoyiler xar ta Bdpn Twv axudy TOU EXNEEGCTNXAY XL
enavoatollvouel T axuéc tou ARG, étol Gote oe xdfe Brua va emhéyetal ue ophd
TEOTO 1 axun ue To wxpdtepo Bdpoc. H Swaduxactia auth cuveyilel éwg dTou txavo-
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mownbel xdmota and T ouvbixeg TepuaTIoU0Y, oL omoleg cuvibng elvan uta uéyion
Ty Yo To Bdpog ulag axurc mou unopel va Siaypagel elte o aplBudc Twv xOUPwV
6TOV TEAMXO YPdQO.

Axohouvfdvtag tic ouuPdoeig xau Ta oVUBoa TOU €YOUUE YETNOLUOTOLACEL £6C
Topa, mopovcidlovue ulo tpomonoinuévny éxdoor tou RSST adyoplfuou, tnv onola
ovoudloupe onuactohoyixé RSST (SRSST). H Baowd| diagoponoinon tou SRSST
and Tov nopadootaxd ahyopluo Eyxeltol 6ToV UTohoyLloud Tou xpLTnelou ouoldTNTog
dvo meploy®v. Enlong, oe avtdlactolr ue tov adydplbuo SW nou mepLypdgnxe otny
Tponyovuevn Topdyeago, 0 SRSST dev yenowwonotel neploy€c-onuUadeuTtés xatd TNy
apyweoroinon tou. To Bdpoc ulag axurc eq Tou ARG unohoyiletan amd to ooy
oUvoha TV Tapaxeluevoy xoufov a xau b:

w(ew) =1 — h(La A Ly) (4.5)

6mou A elvol 1) acaghc ToUH TOV AoaPdY GLUVOALY EVWWOLOY Ly, Ly Tou Teplypd@ouy
Tic Teployéc a, b avtiotolywe xa h(:) elvat o teheotric Udoug Tou acaolc cUVOROU.
Kafde to Gog evic aougoilc ouvohou avixel oto ddotnua [0, 1] téte apxel va to
APALPEGOUUE ATO TN LOVADOIL YLOL VO EYOUUE TO XUAVOVLXOTOLNUEVO UETRO AYOUOLOTNTOG
TOU avamapELoTdTAL Ue To Bdpog Tng axurc. Kabde o teheotric A, énwe 6hot oL acagelc
TEAEOTEC TOUNS, XOVOTIOLEL TLC LOLOTNTES TNS AVTUETAOETLXOTNTOC XAl TS TEOGETALEL-
ouxotnTag elvan eEaopallouévo OTL 1 oelpd TV oploudtny otny eilowon (4.5) elvat
adLdpopn xar €tol tallvouolvtol dheg ol axuéc tou ARG ywelc va mailel pdho 1
oeLpd.

Ac eZetdooupe hentouepdc €va Bua Tou SRSST alyopibuou. Katapytyv, evto-

miletan n axun ue To ehdyloto Bdpoc otov ARG: e, = argmin (w(egq)). Ot x6uPot
eqbEE
TOU YPAQYOU U, XAl Up TOU AVTLOTOLYOUV OTIC TEQLOYES @ XL b EVAVOVTOL XL Oy NUoT-

Couv ula véa meployt), é0tw a. O ARG avavedvetol xatdAAnha Gote va ametxovilel
™ véa xatdtunon e exdvoc. H Swaduaoio tne avavéwone tou ARG mepthau3dvel
Tic axdhovbec evépyelec:

1. Yrohoyiwoudc tou aocagols ocuvohou L; enavextiudvrac ohoug toug Babuoic
EUTLOTOOUYNG YLal OAEC TIC EVVOLEC:

lal - pa€) + b - polc)
lal + 0] ’

pa(e) = ceC (4.6)
H nocétnra | - | elvar 1o péyefoc tne meptoyic, Snhady o aptfudc twv exovo-
otolyelwy mou anaptiCouy TNV TepLoy.

2. Ilpoocopuoyh tTwv axudv tou ARG":

(a) Agaipeon Tng axuic €.

(b) Emavextiunon tov Bapdv twv axudy e Tou ennpedotnxay ond T ouyy -
veuon. Autéc elvat To oUvolo TV axudy mou €vag and toug SVo mpo-
oxeluevoug x6ufouc éhaPe UEPOC 0T GUYYMVELOT) TOVY TEPLOY MY @ XL b:
e€ FE, U Ey.

Ta mapandve BAuata eravorauBdvoviol uéyelc 6tou 1o Bdpog tTng axung e va
elvat peyalitepo and éva xatdoh: w(e*) > T,. To T, urohoylletar otnyv apyy) Tou
ahyoplBuou Bdoel Tou afpoloTinol LoTOYEAUUATOS TV Bap®y OAGY TOY axudyv E Tou
ARG (nopéuota ue tov utohoytouwd tou Tieeq).
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4.3 Ynpoacrtoroyxr Katdtunorn Bivieo

Ta tehevtala ypdvia N TopaywyT TOAUUESIXOU Tepleyouévou €yel anhonoinfel ndpa
TOAU SLeUXOAUYOVTAC TOUC ATAOUS YEYOTES VoL SNULOURYOUY TPOCWTLXES GUNNOYES [Bi-
vteo xat va Tic uotpdlovtal. Evdewtind, oe mpdogaty épeuva avagpéplnxe 61l 670
duxtuaxd yoeo youtube.com cuiiéyovton 20 Gpeg Blvteo xdfe hentd. Autdc o tepd-
0TL0¢ 6Yx0¢ dedouévoy, uall ue Ty avdyxn yio arodoTtixy| cuyxpedTnoT, SextoddTron
xau avalrtnon mou €yel dnuiovpynlel, xabiotoly anapaltntn Ty avdntudn alyopib-
UGV TOU VoL aVoAVOUY GTUAGLOAOYIXE TO TepleOUEVO TwVY PBlvTeo.

Y& ouVEYELd TNS TEONYOUUEVNS EVOTNTOC, EREXTELVOUUE T ONUACLOAOYLXY) XATd-
Tunon oe axoloubiec Bivieo, mpotelvovtag évay uBpdixd alydplbuo yweoypovixic
XOTETUNONG %ot oNUactohoYxol yapaxtnplouol thdvev Bivieo. "'Eva mhdvo (video
shot) opiletar we 1 Souwxr| wovédda tou Bivieo tou amotelelton and cuveydUEVL Xopé
TOU TPOXUTTOLY antd Uio CUYXEXELUEVN Xduepa UE eYYpapy ywelc dtaxort| [19]. H yw-
poypovixt xatdtunon tepayilel éva TAdvo oe cuveyduevouc 3A dyxoug (2A+ypdvoq)
oL omolot elval 0UOLOYEVELC WE TRPOC £VOL GUVORO YopaxTneloTix®y. Autol oL dyxot ano-
teholv To PE€oOo, xaT avahoyla UE TIC TEPLOYES OTNY TEPIITWOY TWV EXOVWY, YLo TN
onuactohoyixt| Talvounon xou Slddoon Twv evvolody ot éva TAGVO.

"Eyouv npotabel apxetés teyvixéc Yo Tn ywpoypovixt xatdtunocn Blvteo oe 6yxoug.

Ou 3A mpooeyyioec éxyouv we eloodo éva TAdvo (1 Loodivaua o 6UVORO TWV Xupé
(frames) Tou t0 anoteEAOVY) xat BEATLOTONOLOVTAS XATOLO XPLTHELO EEEYOUY GUVEXTL-
xoUg 6yxoug [63]. TIio ouyxexpLuéva, oL 6yxot €youy poviehonotnbel ue uelyuo Lovté-
AoV gaussian xatavoudv (gaussian mixtures models) yio to ypdua xou ) Oéon [47]
1 Bewphnxay we uxpd urnakduata (patches) mou xwvolvtar ypauuwxd [32]. Enione
TEYVXES OTTIXC Tpoooy i €youv yenowsonolnbel yia Ty eCaymyn TwV oNUAVTIXOY
byxwv, evronilovtac npdta 3A onuela evdagépovtoc [101]. To Paowxdtepo npdBinua
TV 3A TEOCEYYICEWY 0T YWEOYEOVIXT XATATUNON lvol 1 TOAUTAOXOTNTE TOUS XL
10 aUENUEVO LTOAOYLOTIXG Toug x6oToc. Tlpoxewwévou va uewwbel n tohumhoxdTnTa,
€youv mpotabel mpooeyyloelc Tou yenolonololy TNy avarapdotaon 2A+ypbvog xal
elvaw To anodotixée, e Bdpoc duwe e axpifelac oty eaywyh Tov yxwy [41].

H evowudtworn onuaciohoyixrc tinpogoplag otn diadixacio Tng ywpoypovixihc
xatdtunong Oéter dYo xlpiec mpoxdfoeic. Hpdtoyv, N avayvdelon evvoldy Yo TepLo-
Y€<, N omola ETLTUYYAVETAL UE TNV €CAYWYT| XL TO TALPLICUO OTTIXMY YALUXTNELOTL-
%0V, emépel éva tpdobeto unohoylotxd x60T0C, TO onolo elval axduo ueyohiTepo
oty mpoxettal i 3A yapaxtnelotixd. AeUtepoy, 1 alloToTia TwY ONUAGLOAOYIXADY
YoeaxTNELOTIXOY e€apTdtol and Tdpa TOAES TapauéTpoug xol Sev elval TdvToTe op-
XETA PEYAAT YLar va ebvan yeriotun. O 8Vo autol tapdyovieg utodelxviouy OTL 1) e oM
ONUAGLOAOYLXODV YUALUXTNPLOTIXGY OTo TEOTA oTddlo evog akyoplBuou xatdtunong
elval un anodotxy xat avaroTeAecuoTixy, av oyl xal mopamiavntixy. Ernouévwe, 7
TPOGEYYLOT TOU TEPLYPAPETOL OTLS EMOUEVES EVOTNTES, TEOXELUEVOL Vo avTamoxpliel
ot dUo Baowxéc npoavagepheloec mpoxinioele, elodyel 300 xatvotoues 1déec” TpdTOY,
1 EVOWUATWOT TNG ONUACLOAOYIXTS TANPOGoplag 6T0 0TABLO TN XATATUNONS YivEToL
6tav UTdpyEL oYETIXd ULxEdC apliudc dyxwy ol deltepoy, 6TL 1) oYY TOV OYXOY
dev yivetar and 6Ao To TAGVO, alhd mponyelTal 1) YPOVIXT XATATUNGY| TOU GE UTAOX
ané xapé (block of frames - BoF) xou oto téhoc npotelvetar uebodohoyla yia
onuaclohoYLx) cLYYOVEUST, TwV BoFs evog mAdvou.

Afavdoios Abavaoiddng 53



Kegpdlawo 4. Ynuaowroyixsj Katdtunon Eixévey xar Bivteo

i Matching merging

Video Shot BOF Labeling

—— - R Y ..
Spatiotemporal i r-- BOF Merging________ !
Segmentation > ' i
Region Volume ! !
Labeling labeling [ !
1 1
Frame selection [ ' |
" ! Volume Volume | ;
______________________________________ !
1
|
1

BOF 2

BOF Labeling BOF Merging

Video shot labeling

Yyhua 4.7: Awdypauua Aettovpyiac onuactodoyuxic xatdtunons Bivreo.

4.3.1 Emoxonnon Mebodoloyiog

H mpotewvéuevn uehodoroylo onuactoroyixric xatdtunong Pivieo anewxoviletol oto
oyfua 4.7. Ou axohoubiec Bivteo Bewpovue 6Tl anotelodvtal and éva mhdvo, dia-
popeTxd mpénel vo mponyniel évac akydplfuoc daywetouol TAGvey (cVugova Ue
™ oyetxt| PBhtoypaplia, aliomiotol ahybptbuot emtuyydvouy axpifeta dvw tou 90%
[19]). EZattiac emxalidewy, oxiaone, alayh ontixhc ywviag, xivione e xduepac
%4 T avTixelueva €youy UeYAAn yweixh xaL yeovixy) artdxhior, ducyepalvoviag Tov
EVTOTLOUG XoL TNy Topaxohovlnon toug. H anodéunocn evéc mhdvou oe umiox and
Aya xopé (BoF) extdéc and ) uelwon tne unohoyloTixic TOAUTAOXOTNTAC, UELOVEL
X0 QUTH TN YWEOYEOVLXT andxALo.

H onuaociohoyund xatdtunon Blvieo anotehelton and ddo Paoixd otddiar npdTov,
ané ) oelploxn enelepyaoio yo 6ha ta BoFs nou cuviotatat otny entofjuavon (label-
ing) twv 6Yxwv UE EVVOLES XUl TN GUYYMOVEUCT] AUTOY UE OTTXE XUl OTUAGLONOYIXE
xpithpla (intra-BoF avdluom) xou Seltepoyv, and to Taipltacuo xot T ouyyOveuon
byxwv petall dadoywxdy BoFs (inter-BoF avdhuom). To mpdhto otddio ametxovi-
Cetar uéoa oto mhaloto Ue TN UmAe Swaxexouuévr yeauur oto oyfua 4.7. Ilpdtn
dradixaotio uéoa oe auTd To TAAloLo Elval N YWEOYEOVIXT XaTdTUNOY Yl TNV ATO-
déunon tou Bivteo oe €va 6Uvoho ouvextx®dy Oyxwv. To anotéheoua elvar €vog
2A+ypdvog ydetng xatdtunong, o onolog delyuaTtoAnmTelTaL YpOoViXd Ylol Vo Topdl-
¥0oUv oL udoxec xatdtunong avd xopé, xdbe ula ex Twv onolwy anoteheitol and éva
GUVOAO U1 ETLXAANUTTOUEVLY TepLOYGY. OL TepLOYES AUTES EMLONUALYOVTAL UE EVVOLES
(region labeling), ue axpiBdc Ty (S dadixaocia Tou nepLypd@PTxe 0To XePdAaLo 3.
Ou évvoleg nou anodbbnxay otic teptoyée, aviiotoryilovtal otouc 6yxouc (volume
labeling), and toug omolouc éyouv mpoxiet, €& apyhc, ot meployée. Téhog, axo-
Aouvbettar 1 Stadixactior oNUACLOAOYIXAC EMEXTAONC OYXWY, UE TOEOUOLO TEOTO OTWS
avahilnxe vopitepa otny evotrta 4.2, ue xupldtepn dagopd 6TL 0 oyYecLaXOS YRAPOC
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YopeaxTNELoTIX®GY ARG €yel xal Ypovixéc axuec.

To 8ebtepo 61ddo e avdivone (anetxovillduevo Ue To TAAGLO UE TNV XOXXLYY)
Sraxexouuévn ypauur oto oyfua 4.7), éyel we 0tdyo va cuvdEaeL Toug byxoug ueTall
dradoyxdv BoF's xat va mapdyet cuveyelc, cuvextixolc 6yxoug eVTdC ToL TAGVOU, ToU
VoL OVTLOTOLY0UV OT1) Y weOYPOVIXT TeoY L8 ToU %dle EVIOTLOUEVOU %Ol AVIY VOPLOUEVOU
avtxelwévou. To talplaoua Twv 6yxwy (volume matching) yivetat ue Bdon ) onua-
olohoYLxY) Toug epunvela xat amOTEAEL TO XPLTHELO YL TN GUY Y GVEVGT) BUO0 BLadoy XY
BoFs (BoFs merging). H Stadixaotio enovalauBdvetar yia 6ha ta Ledyn Swadoyixdv
BoF's, ohoxAnpdvovtag T1 6NUaGLOAOYIXT YWROYPOVLXT XATATUNGT) TOU TAGVOU.

4.3.2 Avanoapdotaon Bivieo pe I'pdgo

Axohovfdvtac to mpdtuno MPEG-7 yua tnv neplypagy) tolupéony, éva thdvo Bivieo
anodoueltol oe tuAuaTa Blvteo e tepapyxd Tpomo. Katapyry, éva mhdvo ywelletol
oe M unhox and xapé (BoFs) B; (i € [1, M]), xdbe éva ex twv onolwv anotelelton
and dadoywd xapé Fy, t € [1,|B;]]. H ywpoypovixh xatdtunon tepayiler xdfe B; oe
éva olvolo 3A reploydy tou Pivieo (6yxwv) Sp,. Kdbe 6yxoc a € Sp, unodioipeita
xeovixd oe 2A meployéc R,(t), Fy € B;. Téhog, n xatdtunon tou xapé 10 }povixn
oTiyur| t oplletal g 1 €Veon TwV TEPLOYDY OAWY TV OYXKY TOU TEUVOLY TO xupé Fi:

Sy = U R, (t). Ta otouyela tou cuvhétouy éva BoF anewxovilovtal 6to oyhua 4.8.
aNF;#0
| S | Spatiotemporal segmentation
|
S S, S, Frame segmentation
F F F

Frameregions

Ryt Ri(t) Rt

a Volumes

»
»

t, t, ty t

Yyhua 4.8: Xwowxd xar yoovixd anodounon evéc BoF' B;.

H avoarapdotaon evog turuatog Bivieo, énwe elvar éva BoF, umopel va yiver ue
xerion evog oyeotaxol ypdgou yoapaxtnelotxdy ARG, 6nwe autdg oplotnxe otny
evotnta 2.3.1. Av oploouue S, tnv xatdtunomn evoc BoF B;, t61e évac 6yxoc a € Sp;
avanaplotdtat atov ypdoo G = (V, E) ue tov x6ufo v, € V, 6nou v, = (a, D,, L,).
H mocétnta D, elvar 10 6UVOAO TOV OTTIXGV TEPLYPAPEWY YL TOV OYXO a, EVD 1|
éxgpaon L, elval To aoa@éc GUVOAO EVVOLOY TOU TERLYPAPOUY GNUAGLOAOYIXE TOV
0YXO0 a.

Ao (ywpoypovixd) yertovixol 6yxot a,b € Sp, ouvdéovtal ue ula axur Tou Ypd-
QoL eqy € E pe didvuopa yapuxtnolotixdy wleq) = (sh s5). H nocbtnta s elvar
1 OTTIXY) oUOLOTNTA TV dV0 dyxwv a xal b 6twe vnohoyiletar and 1o ddvuoua Ty
oGV TEpLYpaEwy Dy xat Dy. Eneld) undpyouv SlapopeTinés UeTpixéc andoTaong
v xdfe évav ontixd meptypagéa (edxd Yo Toug TEpLYpagelc EXTOC TOU TPOTUTOU
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MPEG-7), emAéYOUUE TOV XOVOVIXOTOLNUEVO YPAUULXG GUYBUAOUS AUTOY TV oTo-
otdoewy xaL utoloyilouue €ToL TN CUVOAXY OTTLXY| amdoTACT TWV dV0 LTS eZéTaoT
6Yxwv. XpnouonoloUue GUVAPTHOELS XAVOVLXOTOINoNE andoTaonS Yo xdbe mepLypo-
péa {ngq}, d € D xa ouvteheotéc Bdpouc oy avdhoyo Ue TN omoudatdtnta Tou xdbe
TepLYpapéa

D _

Sgp = E gy (4.7)

deD

H rocétnra s5, aviixatontetlel T onuacioloylxd ouotéTnTa Tov 300 6YXwV a oL

b oL umoloyiletal and ta dVo acagh ovvola evvoldv L, xou Ly ue tny axdiouln
ellowon:
c
sqy = sup(t(Ly, Ly)), a€S,beN, (4.8)
c;eC

N, elvat To 6Uvoho TV YELTOVXOV O6YXwY Tou a xat t elval pia T-vépua 8V0 aca@oy
ouvolwv. Awchnuxd, n ellowon (4.8) Swtundver 6TL 1 onuacloloyxf ouotéTnTa
sk elvar o péyiotoc Pabude, 6nog ouverdyetal and T YVOon Uac, 6TL oL bYXO0L a XL
b potpdlovtar Ty dar Evvota.

4.3.3 Avdlvon evég BoF

O mo evhoyog tpémoC Yia va avtiotolyloouue ula évvola oe éva Turua Bivteo Oa Ytay
va amouovooouue Ty 3A meployy) tou Bivteo (6yxoc), vo eZdyouue Ta OTTiXd Y-
QOYPOVLXE YALUXTNELOTIXE TOU XOL VO YENOLUOTOLAGOUUE XATOLA TEY VXY UNYAVIXHC
udfnong yio vo ta Touptdouue ue €vvoleg and ula Bdon yvodone. Auvotuyde 1 meo-
oéyyLom auty avtiuetonilel coBapd tpofAfuata e€attiog Tou UeYdAou UTOAOYLOTIXOU
%x66TOUC ToU €Youv ot Sladxacteg e€ay®YNS Xl TULPLAOUATOC YURAXTNPLOTIXGY ATO
6yxoug uéoa and uta axolovbio Blvteo, ¥ 1 onuaclohoyLxy| avdluor GhwV TwV xopé
EeYwploTd.

Ipoteivouue howmdy ula evahhaxtixrh Tpocéyylon yo v emofiuavon (labeling)
TWV OVTIXELUEVODY, EVTHC TOU ypovixol Thatalou Tou xabopllel 1) Sudpxelo evog umhox.
Enéyouue oplouéva UuGvo xopé YLol Vo YapaxTnelCOUUE OTUACLOAOYIXS TIC TEpLO-
Y€ and TS omoleg amoTEAOUVTOL Xl AZLOTOLOVUE TN YWEOYPOVLXY| XATATUNGT YL TN
diddoon twv evvoldy amd tic 2A meployég uéoa otoug 2A+ypbévo dyxoug. O end-
UEVES EVOTNTEC AVOAVOLY TNV ETLAOYT TWV YURAXTNELOTIXOY XURE, TN ONUAGLONOYLXY)
TEPLYPAPY, TOV OYXWY XUl TNV ETEXTUOY XUl CUYYOVEUCT] TV OYXWV UECA OE €Vl
BoF.

4.3.3.1 Emloyv Kopé

H emdoyn opiouévev xapé and éva umhox xoapé (BoF) yivetar yuo va ehattwbel to
UTOROYLOTIXG %00TOC TNG EC0YOYTC OTTIXOV TEQLYPAPEWY oL TNS TAllVOUNONS TOVY
TEPLOY MV, OTWS AUTEG TREOXUTTOUY AT TNV TOUY| NS YWROYPOVIXNC XATATUNONS UE
T0 ouyxexpévo xupé. H emhoyr modOY yopaxtnpiotixdy xopé Ho odnyroel oe
xahUtepn meptypagy) Tou BoF, evd aviifeta n emhoyh Aywy yopaxtnplotixdy xopé
o odnyfioel oe mo anodotixd xau Ypriyopn enelepyaoctia. Ltny axpaia teplntworn mou
emhey el éva udvo xapé, téte oe Tohholc 6yxouc de Ha anodobolv évvoleg xat de Ou
emteuybel 1 onuactoloyxr ouyydveusr Toug.

Enéyouue éva alvolo and xapé, €otw T, xal Tic avTloTolyeC UdoxeS xoTATUNONC
St = {Si}, t € T xou unohoyilouue To dvoryua TV dyxwy Tou tepthaufBdvoviol 6To
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T. Me tov 6po dvoryuo evog 6Yxou a, evwoolue Tov aplbud twv xapé ota onola €yel
EVIOTLOTEL 0 @, 1) DPOPETIXE TO GUYOLO TV X0pE€ UE TO OTOlo €YEL U XEVY| TOUH.
Aedouévou evoc atalepol ueyéfouc tou ocuvdhou T, emhéyouue to olvoro T™ 1o
oTolo UEYLOTOTOLEL TO GUVOAXO dVOLYUX TWY EVIOTLOUEVKDY OYXwY ot €va Bol' B;:

T — argmax Z lal (4.9)
TeFUTD(Fy) Va€Sp;,aNST#0

H ropandve rmapdotacn FITN(F), elvar n oxoyéveld twv umoocuvéhewy mAnduxdtnrog
|T| ané 0 olvoro F; twv xapé tou BoF B;. Erlone, Sp, elval 1o olvoro twvy
XOTATUAOEWY OhwY TwV xopé Tou B; xau |a| elvon 1o péyeboc tou 6yxou a. To
xpLthiplo e oyéone (4.9) uneptepel oe oyéomn Ue TNV ETAOYYH GUYXEXPLUEVLY Xopé
xa0d¢ mapéyel TNV xaAUTEEN ETIAOYT OY XY UE TN UEYLOTY duvath xdhur o 6ho To
BoF.

4.3.3.2 Yroloyiouds Xnuactohoyixng xot Luvtaxtixng Iepiypagprs "Oyxou

Y1ig mponyovuevee evotnteg delaue mwg ylvetar 1 emhoyn Twv xopé T and éva
unhox B; xau 1 eZaywyy tov teploxdy R, (t) (6nou a € Sp, xaL t o delxtng tou xopé
F, € B;) uéow tne toufc tou 6yxou a ue to xapé F; € B;. Xpnowonolhvtag 1o
unyavioud Tallvounone teploydyv, mou meplypddaue 6To XeQIAALO 3, AVTLOTOLYOVUE
oe x40e neployh Ry(t) éva acapéc alvoho evwwoldy Lg, ). To acupéc oivoho evvoldy
L, tou 6yxou a, cuvunohoyiletal and ta acagr cvvoha Twv Teptoydv R, (t) yio Gha
Ta xapé Fy € B; mou avixouv 6Tov 6Yxo a UE TOV TapaxdTw TeAeoTr| cuvdbpoiong
(aggregation operator):

> w(Ra(t) L,
L, = €& (4.10)

> w(Rdl0)

ter™
O ev Moyw teheothc ouvalpollel Toug PBabuolc cupuetoyric xdbe évvolag amd Tig
neployéc R, (t) mou avixouv otov 6yxo a ue dtagopetind Bdpoc w(R,(t)) yio xdbe
TepLoy Y, To onoto Bdpog xaboplletal amd T YPOVLXT) GUVOYT XoL GUVEYELN TWY TEQPLO-
YOV.

Exté¢ tng onuaclohoyxic emofiuavorng, ol 6yxol yapaxtnelloviol xat and your-
AU emimédou ontixolc meplypagelc. Av xal oL TEpLeGHTEROL TEPLY PPELS TOU TPOTUTOU
MPEG-7 dnulovpyrnxav yia tnv meptypagr 2A meploydy, oplouévol umopoly va
enextafolyv edxoha xor oe 3A dyxoug ywplc TNV avdyxrn enavaitohoylouol Toug,
ahAd Ypnowdonoldvtog TeAeoTéc ouvdlpolone yia Toug meplypagelc Twv 2A meplo-
Y@V mou oynuatilouv tov dyxo. EWluxd yu Toug mepiypagelc mou Poaocilovial 6Tov
UTOAOYLOUG XATOLOU LOTOYPAUUOTOS, UTOPOVUUE Vo EMAEEOUUE TOUS TEAEGTES UéToU,
evdtdueoou xal tourc. Me autdy Tov 1pdmo dev ypetdletal va untohoyioouue €& apytic
T0 LoTdYpaUua o Evay 3A yOpo, alhd e anhéc TRAZELS Vo ETOVOLY PTOLULOTOL\COUUE
To LoToYypduuaTa Tou €youy anofnxeutel yia Tic 2A neployéc. Eminpdobeta, anoblr-
xevouyue 1o Uéyehog xat Tn ywpeoyeovixn B€on ToV OYX®Y UE TN LOPPT| TEPLXAELOVTIODY
mhawolwv (bounding box) yia ypfiyopo evtonioud xaL avixtnom.

4.3.3.3 3A Ynupactoloywr) Enéxtaon

H yweoypovixh) xatdtunon nou Paciletor oe ontind yopaxtnelotixd cuvibng d1-
utoupYel TEPLOGOTEPOUS GYXOUC aTd TA AVTIXELUEVA TTOU UTHEYOUY OTNY TEAYUATL-
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xotnTa péoa oto Bivieo. Ilapduola ue ™ hoywn tng onuaclohoyxrc enéxtaong
TEQLOY OV TOU aVAAUOAUE OTNY EVOTNTA 4.2, ETLYELPOUUE VU OUYYWVEUGOUUE GYXOUG
UE ONUACLOAOYIXE xPLTAPLYL, OTWS AT anelxovilovTal UEsa and TO ACUPEC GUVORO EV-
vordv tou xdbe dyxou. EmhéZaue tov alybplbuo SRSST (unoevétnta 4.2.3) yio
ONUACLONOYLXT) CUYYBVEUGT) GYXWY, UE TN dlagoponolnon va €yxeltal oty dnutoupyia
TOU OYEGLIX0U YRAPOU YopaXTNELGTIXMY, Xalde auTOS TAEOY OVITAELOT OVTIOTNTES
oTov 3A y&peo, 6nee oplotnxay otny evotnta 4.3.2.

To anotéheoua elval va uetwlel o apliudc tov dyxwyv oe xdbe BoF xat va éyouvue
uta mo ouvexT xatdTunon Ty avixelevwy Tou Blvteo. Télog, ta onuacilo-
Aoyl yopaxTneLoTixd Tou avavewuévou ARG mou mpoxUntel unoloyilovtol ue
oyéon (4.6), evd ta ontxd yopoxtnelotixd utoloyllovial axohouhdvtag TNy TpocEY-
yion mouv mepLtyeddaue oty unoevotnTa 4.3.3.2 xaL autéc o ARG Ba yenoruonoinfel
070 ENOUEVO OTAdLO TS avdiuong dadoyxdy BoF's.

4.3.4 Avdivon Awxdoyixédy BoF's

Yy nponyoluevn evotnta (4.3.3) neptypddoue ™y xatdtunon xor Ty Tallvounon
byxwv uéoa oe éva umhox omd xopé (BoF). Kafde o tehxdc pac otéyoc elval n
xatdTunoT ohdxinens tne axohoubilog Blvieo mou mepLéyel ouveyelc oL GUVEXTIXOUC
6yxoug, oL omolol €youy ypovixt| didpxela UeyaAUTep Tou evog BoF, ypeewdletar va
£QUPUOCOVUE Ula OTRATYWXY Yol Talplaoud OYxwy xal cuvEvwaor dladoyx@dy BoF's.
Y1ig endueveg dU0 UTOEVOTNTEC OVAAUOUUE TNV TEOTELVOUEVT, TEYVIXY| TULELLOUATOC
OYXWVY UE YPNON OTTIXADY XAl ONUAGLOAOYIXGY yapaxTnetoTix®dy. H onuacioloyuxy
ouadonolnon ylvetal xatapyds oe 6yxoug ot onolol €youv yapaxtnetotel and xdnola
évvola ue peydho Pabud ovuuetoyrc xot enextelvetal t6oo ypovixd (oe Stadoyixd
xap€) 600 xal ywewxd (oe yelrtovixolc 6yYxouc) BACEL TS ONUAGLONOYIXHAC XOL TNS
OTTLXNC TOUC GUVAPELIC.

4.3.4.1 Taipiaopa ‘Oyxwv Awdoywxsdy BoF's

'Onwg €yovue mpoavagépet, éva BoF amoteheltar and éva uixped aplbud and xopé
(ouviBoc 10-15), ondte elvar amopaltnTog €vag Unyavioudts ouVEVLoNS dadoyixdy
BoF's, étol dote oL e€ayfévtec dyxol va €youy Ty anapaltnTy Yeovixr cUVEYELL, OTWS
auth xaboplletar and TNV TpoyLd xau TN Sidpxela eupdviorc oe 6Ao o TAdvo. 'Eotw
dvo Stadoyxd Bol's B; xau Bj 1 %ol oL avtiotolyol oyeotaxol Ypdpol YapaxTnotoTixdy
touc G; xat Giqq, avuietolywe. H ouvévwon twv B; xou B4 Oa yivel ue Bdor to tolot
6yxoL auTt®y Ty dVo BoFs tapidlouy xar oe T Babud. Ou mibavol cuvduaouol elval
[V(Gi)| x |[V(Git1)| xau oe auth) tny unoevétnta o avahlcouUE TO TS UTOPOVUE VOl
eAATTOO0LUE AUTAY TNV TohuTAoxOTNTA BdoEL 0pLOUEVLDY XpLTNolwy.

Katapyde, enedr| uehetdue Bivieo evog udvo mhdvou, UTogoUUE VO XAVOUUE TNV
un6beom 6t T avTixelpeva eugaviCouy pla ywpoypovixr cuveyeta xaL va TepLoplcouvue
Tov opliud Ty Thavdy TaplaoudTewy Twv dyxey, xabde dev elval avayxato va ege-
TAOCOLUE aXPAlES TEQLTTMOCELS Y weoYpeovixrc aouvéyeluc. 'Eotw, G, o ypdgoc mou Oa
mpoxUdel and TN ouyydveuorn Twv G xou Gipr. Apywd, Bétovue G = G; U Giqy,
7 wodtvaua V(G) = V(G;) UV(Gi1) v E(G) = E(G;) U E(Gi4q1). Tw ddo
x6uPouc v, € G; xou vy € Gipr Ba dnurovpyRoouue uio (ypovixd) axur otov G
av To mepxielov mhalolo tou 6yxou b € B téuveton pe Tty xdhoupr mupauida
mou avaraplotd Tic mhavég Oéoelc tou Oyxou a oto enduevo BoF By, H mdvoe
Bdom tng mupauldag avtiotoyel axpBdc oto mepchelov mhalolo Tou dyxou a, eved
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N UeYSAn (xdtw) PBdomn elvar n ueyébuvern tne ndve Bdone xoatd évav mopdyovia
5 = diaz * Ppyr, OTOU dppap ELVOL 1) UEYLOTY] ETLTRETOUEYY] UETATOTLOY EVOS OIVTLXEL-
UEVOL UETAEY 8U0 BLadoyxdy xapé, eVD hyyy elval To Udog tng mupauldoug xatd urxog
Tou ypovixol dZova. To olvoho twv axudv Uetalld TOV YWPOYEOVLXA YELTOVIX®OVY
x6uPwv 1o opilovue we Ey(G), f mo anhd E;. To anotéheoua elvar 6t yia xdbe
6yxo a € B; undpyel éva aivolo 6yxwv mbavdy vy talplacua 6To Biti, Tou Yobn-
LOLTLXE VOTOPLOTETOL Od TO GUVONO TV Ypovixd YELToVXGY 6yxwv N tou x6ufBou
v, € V(G;): NI = {vy: vy € V(Git1), ew € E'(G)}. Me tny dia dradixaola oyn-
uatilouue xaL to ovvoro Nf, 6mou Moyw Tou tpéTou xataoxeufic Tou (efaitlac Tne
aouuueTplac e x6hovpne tupauldoc) dev toy el tdvta NE = N

Metd to mpdTo BAua, To onolo dnutoupyel éva olvolo axudy E, uetald yowpo-
YPOVIXA YELTOVXADY GYXwY Tou avixouv ot dUo Stadoyxd BoF's (Bdorn twv ywpoypo-
VIXGV TEpLOploU®Y oy enBEAheL 1 Tupaulda), BENouue va TeploploouuEe TEPALTEPW
Toug duVaToUS GUVSLAGUOUC TALELACUATOY. AT GAOUC TOUC OYXOUC ETLAEYOUUE VA
Eexwviooude Tov UToAoYLoud TwV THAVGY TaplaoUdTewy and auTtols ToUg GYXOUS TOU
yopaxtneilovtar and ula xpa évvowa (dec ellowon (4.3)), Touc omoloug xaL ovoud-
Loupe xVploug dyxoug xar aviiotolyolv otoug xéufouc v € Vy(G;) C V(G;). 'Eotw
c; € L, xav ¢y € Ly 6TL elval oL xUpleg EVYVOLES YLal TOUS GYXOUC @ Xl b, avVTLoTOlYWC.
H Swdweaota tatpidouatoc 6yxwy Eextvdel and ta tatptdouata Vo xUplwy dYXey ot
omolot yapaxtnptlovtar and ty Ba évvola, dnhadh v v, € Vi(Gy), vp € Vi(Giv)
xaL ¢ = ¢;. To 6dvolo tov 6yxwv autdy v to B; elvan V/(G;) C Vy(G;) C V(G)
xaL yw 10 Biyy avtiotowo V/(Gir1) C Va(Git1) C V(Gig1). H Wéa elvor 6t ddo
YWpoYpovxd Yettovixol yxol a xat b (cUugwva Ue Tov oploud mou dHoUUE GTNY
TopaTdve Tapdypapo), Toug oroloug éyouue yapaxtnploel ue allomiotio ue TV (Lo
évvola (6VUOOVL UE TOV 0pLous NS xUpLac vvoluc), anoteholy to BéATioTo duvatd
talplacua. To 6Uvoho TV BEATIOTWY BUVATOY TatplaoUdTwy arotelel To 6Uvoho TwV
Bértiotwy axudyv Ef C Ey (xpithplo (o) tne napdotaong (4.11)).

To enduevo PBrua elvar vo eCetdoouue ta mhavd tolptdouato uetadl Twv xUpLwy
oyxwy and 10 B; (éotw Vy4(G;)) %ot tov Ywpoxpovixd YELTOVDY aut®vY 0t0 B
eZatpouévey TV x0pLwy 6YxwV (¢0tw {Ny, () —Va(Git1)}). Te autd y meplntwon
hopBdvouue UTGPLY HaC EXTOC OTb TN ONUAGLONOYIXY OUOLOTNTA S5 oL TNV OTTLXA
opot6TNTa S5, o éyouv oL dlo byxol a xau b. Yrohoyllouye ToV xavovxoToLnuévo
Pabuéd tnc ontixhc opolbtnrac b, ue vhivouca oelpd xar epapudlovue To xpLthplo ()
e Topdotaone (4.11) yia va ehéyEouue av mpéneL vo SNULOUPYROOLUE To TalpLlacUa
auTO.

Téhog, umdpyer xou 1 teplntwon mou ol dUo 6yxoL a xau b elvar xplol dyxol,
ue dtapopeTixh dume xpla Evvola, Ci # €, YEYOVOS TOU UTOPEl VO OQelleTal 0T
dedouévn aflefardtnta mou Exel 1 Sladixaota Tng e€aywyhic dyxwy ol Tne Tavouncic
autedv. Téte, ue empilaln yia v ophdtnTa Tng Tadvéunong Tou evog and Toug Yo
6Y®0Ug, EAEYYOLUE UE Eva TOAD auoTNEG XELTHPLO av oL 8V0 dyxoL €youy Tdpea TOAY
nopouota ontux teptypay| (xptthpto (B) tne napdotaone (4.11)). To xpithplo autd
emPAAAEL N oTTLXH ouotbTNTA S5 v elvon 1 peyahdtepn petal 6Awy Tov ThHavoY
Taplaoudtey (rank(sh) = 1).

Ta mapamdve xpithpla yia To Talplaoua dU0 OYX®Y CUYXEVTPOVOVTUL OTNY TUQ-
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G, G,
’/. v, =02 58 =09 ¢ ="FoLusce”, ¢j =0
\"J i
—I-. v s£ =09, 5L =08, ¢ = *FOLLIAGE", ¢ = “FOLLIAGE"
? < g
ks, ¥ "'0 ¥y ~* =11, ﬁ = 1.5, ¥} =" "FOLLIAGE", ¢ ="8A%D"
b v, akt =02 45 =0.3. o7 = “FOLLIAGE", ¢ =)

Yyfua 4.9: Talotaoua dyxwy dradoyixdy BoFs. O xUptor éyxor ancuxovilovrar ue mayed
HUXAXT yoauul, eve ot axués mou teAxd Snuitovpyolvtal elvat ot eq XAl €qc TOU TANEOUY
ta xptthota (y) xar (o) tne mapdotaone (4.11) avuiotolyws. Ot axuéc eqq xat eqe (U
Staxexouuévy yoauu) eunintovy ot nepintdoeic (B) xar (y) ywelc duwe va mAnpeoly ta
avtioToLya xpttipLa.

XATW TOUEAOTACY) oL ATOTUTGVOVTAL UE €va Tapdderyua oto oyrua 4.9.

{va € Va(Gy), vy € Ny N Va(Gipa), ¢
€ap € Et(G) ayv {Ua S Vd(G’L)a Uy € Né n Vd(GH-l): c 7£ CZ: Tanﬁ(sapb) = 1} B)
{va € Va(Gi), vy € {N} = Va(Gipr)}, BLrotoa) > 1y ()
(4.11)
To xatdgph Ty € [0,1] xabopilet 10 néoo avextixd elval To xpLthplo yia Ty OTTXA
ouoldtnTa. XNy axpala mepintwon mou Ty = 1, téte hauPdvetar unddy ubvo to
xo\UTepo omTixé Talplaoua (uéyloto sP).

Y1o oyfua 4.9 gatvetor éva amhd mapddetyua: Ta dVo dadoyxd BoF's By xat Bs,
€youv evdeuxtixd 1 xau 4 xéuPoug, dnhadi V(G1) = {v,} xau V(G2) = {wvp, v¢, va, ve. }
Ou 6yxou a xau ¢, d elvar xVplot Gyxor (naytd yeouun), dSnhadh v, € Vy(G1), ve, vg €
Vi(G2). To mpdto Prua elval va ehéyZoupe av UTopoUue va TatpldEoute Toug XUpLouC
6Y%0ug, dNAady) av UTopOUUE VoL STULOUPYNOOUUE TIC AXUES €4 XOL €44. L'laL THY 0XUT)
€qe AUTO elvar 0ph6, xalde ¢ = ¢ = FOLLIAGE (xpttiplo (@), EVO YLl TNV €uq
dev elvon 0pf6 xafdc ¢ = SAND xau rank(sD) # 1. To deltepo Prua elvor va
eAEYZouUE av UTOPOUUE Vo TOLPLAEOVUE TOV OYXO0 @ UE Evay X TV b oL e, oL oToloL
dev yapaxtnpilovton and xdnota xVpla évvola. EXéyyouue To (Y) xprtiplo xou yio Ty
TeplnTwoT TwY @ xat b 1 ot opodTTa S5, elvon apxetd peydhn xaL dnutoupyolue
Y XY €qp, %#ETL TOU DEV Loy UEL YLl TNY SL).

=} S ew € Ef ()
(

*
a
*
a

4.3.4.2 Evnuépwon xar Aiwddoon Evvoldy

Egboov €youv npoodloplotel mototl dyxot tatptdlouy uetald dvo dtadoyixdy BoFs, o
6yxoL autol ouyywvedovtol xol ta do BoFs ouvevdvovtal oe éva. Emedr) n Staduxo-
ola elval emavainmtixy, 0o e€etaotel xatd néoov 1o véo BoF unopel vo ouvevmbel ue
T0 enoUevo, axorouvldvtag T ueodoloyia nou napoucidoaue oty TEONYOUUEVY EVO-
mta. T va yiver autéd elvar amopaltnro vo avavedoouue ta yopaxtnetotixd (ontixd
X0l GNUAGLOROYIXE) TWV VEWY GYXwV, 6Twe éxouv xaboptotel Uetd Tic dadixaoieg
TOLPLAOUATOC XUl OUY Y OVELOT.

H avavéwon Twv evvoldy yua xdfe dyxo ylvetol ue yprion acop®dy TEAECTOY GU-
vafpotong, oL onotot elvan xatdAdniol, xafdg yenotlorolovue ooy cUvola yia TNy
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w(cy) | n(cy) r(cy) | n(c)
v, 07 |05 v, (065 |05
v, 075|065 | |v, [06 |05
v, (065 |06 v, (085 |06
v, |055 (075 | [v, [05 |06
Vs [045 (06 v, |06 |085

v, |05 |055

(o)

Vi \p) n(c) | n(c,) n(c) | n(c,)
Vg v, 07 |o5 v, 074 |055
v, |07 |os8 v, 074 059
v, [078 [06 | ) |v, |0.78 |06
v, [053 |08 v, [053 |08
v, v, |0.48 |058 v |0.48 |058
v, |06 |05 v, |06 |05

Vs

®)

Yyfuwa 4.10: Yuyydvevon Sdo BoFs. (a) Talpiaoua dyxwv uetalt twv ddo BoFs. (B)
Yuyydvevon twy 8Uo BoFs xai avavéwon twy onuactodoyxdy yapaxthototixdy. H (davixy
onuactodoy sy xatdtunon arcixoviletar ue ti¢ Staxexouuéves yoauués. Ot taiptaouévor
Syxot onpuetdvovtal ue to (8lo ypdua xat oL xUplol Gyxot UE Toyid YoauuT.

AVATOEAOTUOT TWY OTUACLOAOYIXGY YopaxTneloTixdy. O xlpleg évvoleg Sladidovtol
UECK TV OYXWY Tou VEou Yedgou G. 'Eotw a €vag un-xiplog éyxog, v, € G
opilouue éva alvoro vnodPRplwy xVpwwv evvoldy Cp = {c € C|uy(c) > T}, T uia
évvoa ¢ € C,, unohoyiloupe 1o Babud ouvupetoyfc fig(c) Tou TpoxUnTel and T oU-
vahpoLon Tou xOUBou U, XAl TV YELTOVLXGOVY TOU Tou €Youy enlong xUpla €vvolo Ty

| S fblus(e)

beENE

a(e) =
8 S

beNE

(4.12)

émou Nf = a U {b € N,|c; = ¢} elvar 1 npoavagepheioa yertovd xav |b| to tpéyov
uéyeboc tou 6yxou b. H évvoia ¢* € C, mou yeylotonotel to Pabué fi,(c) emhéyetar
YL x0plor EVVoLa TOU GYX0U @ XL AVIVEDVETAL TO ACUQES GUVOLO TV eEVVOLOY L, UE
TeEAe0TEC Ao poUs oLVAHpoLoNC TWY GYXWY TNS YELTOVLAC Ng*.

H duddoon auty| extedeltar oe 6ho 1o ypdgpo G avadpouwxd. 'Eotw o ypdgog
Gp = (Vi(G), EVd(G)) o ornolog elval évag uroypdpog Tou G Tou TERLEYEL UOVO TOUC
x0uBoug TV xVplwy 6Yxwy (Vi(G)) xou tig npoonintovoeg axués autdv (Ev,q)).
Moéhic e€etaotolyv xar avavewboly ou xlplol dyxol, elvar mbavd va mpoxihouy véol
xUptot 6yxot 6Tov unoypdpo G' = G — Gp. H avadpouwxy poutiva avavéwong tov
ONUOGLOAOYLXODV YAPAXTNELGTLXGY eTavahaufBdvetoal 6Tov unoypdgo G', éng 6tou va
unv urdpeyouv véoL xdptoL 6yxot, dnhadf Gp = 0. To arotéheoua elvar 1 dibpHwon twy
Babudv cuyueToyc Yol TS EVVOLEC GTOUS UN-xUploug 6Yxouc, haufBdvovtog uTtdgLy
TO €VVOLOAOYIXO TAALOLO TNG YELTOVLAC.
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To oyfua 4.10 anewxoviCel éva mapddelyua yia To TOS EMTUYYAVETAL 1) CUYYO-
VEUGT) OYXOVY UE TAPIAANAT oLVEVWOT Ty dUo BoFs. Yto mapddelyua Oewpolue 6t 1
Wavxr, xaTdTUNoT anelxoVILETAL UE TIC SLUXEXOUUEVES YROUUES, Exyouue dnhady) dvo
OYxoug Ue xUpLeg EVVoLeg, TG ¢ xaL ¢a. gy 1 ouyydveuon, €youv evioniotel opt-
ouévol xUptot byxot (vy, v, v11) ota dVo BoFs. Metd tn ouyydveuon (oyhua 4.10(B))
ot BaBuol cuupetoyfic avavedvovtal cUUgove Ue Ty eZlowon (4.6) xaL 1 onuactolo-
YA opotétnTa £ TRV VEoV axudy etavairtoloylleto cvupwya ue v eflowon (4.8).
Néa otouyela avadvovtal yio T onuactohoyxh opotdtnta Twy Leuydy x6uPoy (vs, v1)
and (vs,vs), xa0AHS 0 vg €xer avtiotorynbel ue Tov xVplo 6Yx0 vy. Enouéves, hoyw
e dLddoong TNg €vvolag ¢, oL xOUPBoL U1 XL Uz GUYYWVEUOVTOL UE TOV U3 XOL OL
Balbuol cuyueToyic TOUC 6TO AGUPES GUVORO TV EVVOLOY avavedvovTal Bdoel Tng
(4.12).

4.4 Orntxd Evvolohoyxd IThaloro

H Wéa va ypnowonotioovue ontixy| evvolohoyuxy| tAnpogopia, otnplletol oto ye-
yYovog 6tL otn glon xdfe aviixeluevo evroniletal oe évo oUvniec mepBdAlov xou
ouvurndpyet wall ye diha avtixelueva. To ontixd evvololoywd mhalolo entyelpel va
LOVTENOTIOLAGEL TLG OYECELS TOU BLETOLY OPLOUEVES EVVOLES, TTOU ATUVTMOVTOL OF ELXOVES
xat Blvteo xou vo aglomolioet auty TNV TAnpogopla Yo TN Betiwon Twv anoteleoud-
TOV NS TAEVOUNONS TEpLoy Y ol OANg Tng ewdvac. Oploude xor avalutixy nept-
YEAPH) TOU EVVOLOAOYLX0U TAULGLOU X0l UEPLXMDY EQUQUOYRDY OE TROBAAUITO AVIAUGTS
edvog xat Blvteo unopolv va avalntnioly otn didaxtopuxt| Statel3n Tou ®. Mulwvd
[85] xau oty extevh xdhudn e oyetic Ploypapiog Tou Teptéyetal exel.

Ye auth TV evoTnTa To evvolohoyxd Thaiolo To mpoodiopilouue wg To Pabud
ovoyétiong ulag évvolag ue 1o fepatind nedlo oto onolo avixet ula ewdva. Ilupoa-
delyuatog ydply, 1 évvoln ©OAAASTA oyetiCetol ue to fepotind nedlo “mapaiia” oe
Babud 0.9, evéd 1 évvola BAAXTHSH oe Babud 0.6. 'Onwe avagpépaue otny evotnro 2.4
ot évvoleg C mou avixouy oe ulo ovtohoyia O, cuvdéovtol uetall Toug e duadixéc
oyéoeic R. Auwtpéyouue To Ypdyo tne ovioroyiag xd0e Oeuatixol nedlou mpoxelué-
VoU va UToloyloouue TN cuoyétion uetall dUo omolovdfnote evvoldy xafdg xaL
oyeTwoTnTo TAatotou tng xdfe évvolag, ue Bdon tic oyéoelc R xoL v 8LOTNTO TOU
uetaPatixol xhewoluatog. O Babuol cuoyétiong, emouévng, e€dYovTaL Ue OTUTLOTLXY
avdAuoT TV dedoUEVLY exTaideuong.

H rnpotewduevn yerion tou ontixol evvololoyixold Thatolou €yel wg oxombd TN
Behtiwon tov exTuduevony Babudy ocuuuetoyhc ulag teployrc oe ula évvola, émwe
autol TEOXUTTOLY AT6 TN ONUACLOAOY XY XATATUNOT Ul EXOVAC. LUVOTTIXE 0 AhYO-
etbuoc axohoubel to mopaxdTw BAuata:

1. T %éBe évvola ¢ € C mou avixel 610 acapeés oUVoro eVoldy L, NG TepLOyhc
Sq UE PaBub ouUUETOYTC o (C), UuTOhOYILOUUE TN GUGYETLON T UE OTOLASHTOTE
GAAn évvola ¢ # ¢ mou avixel 6To cUYXEXPLUEVO Depatind medlo 6.

2. Me yprion uvetafoatixol xhewoluatoc oTic oyéoels 1o, ¢ € C — {c}, unohoyi-
Lovue To Pabud cvoyétione cry(c) tne évvolag ¢ ue to Bepatixd nedio 6.

3. Enavatnoroyilouvye to Babud ovuuetoyic pa(c) odupwva ue tov axdérovbo
avadpoulxd TUTO:

palc) = py ' (c) = npo(pg~" (c) — ero(c)) (4.13)
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Y1y rapamdve eglowon, n elval axépatog aptbude mou utodnidvel Tov aplhud
TY enavahfheny tou ypeetdlovtal Yo ) oUyxAton otn PédTiotn Tt tou pl(c)
(ouviBoc 3-4 emavahielc opxoly), evd npy elval ulot TUEAUETPOS XAVOVLXO-
moinong 1 onola e€aptdTal anoxAeloTIXd and To exdotote Heuatind medio 6 xou
UTOBNAMVEL T ONUACLOAOYLXT] GUGYETLOT TOY EVVOLOY TOU TEdLOU.

H ouvelogopd tou ontixod mhaiciou 6T 6NUAGLOAOYIXY) XATATUNOT) EYXELTOL GTNY
aVOTPOCUEUOYT TwV Baludy GLUUETOYAC TOVY EVVOLAY, AVIAOYO UE TO TGO GYETLXEC
elval 070 Oeuatind medio, ouvunoroyllovtog TaEdAANAo xoL TN CUCYETLON TOY UTOAOL-
TWV EVIOTULOUEVODY EVVOLGOY TNy exdva. 'Onwg Ho goavel xol otny enduevn evotnra,
TOL TELQOUATIXG ATOTEAECUATA UTOBELXVIOUY OTL TO EVVOLOAOYLXO TAaloLo evioy Vel Ta
0p0d anoteléouata TS apyLXAC AVAYVOPLONS EVVOLOY oL EAXTTOVEL Toug Babuoic
OUUUETOYHC TWV ECPANUEVODY EVVOLOY, UELOVOVTOS TNV ETLBEACT TOU €YOLY OL TEpLO-
YEC AUTEC OTY ONUACLOAOYLXT| XATATUNON.

4.5 Ilepapatixd AnoterAéoupata o Euxdveg

4.5.1 Tlpoetoipaocia Ietpapdtomy xoar Atadixacia AEwohdynons

[Tpoxewévou va a&lohoyoouue Tov aAYopliuo oNUACLONOYIXHAC XaTETUNONS, OTLS 8V
TUEAANALYES TOU, XdVoe TelpduaTa ot 3U0 GUVOAA EXOVKOY TOU AVAX0oUV 0T Deuatixd
nedla “nopaiia” xar “edhl”. To olvolo twv exdvwY Tou TpdTou Heuatixol tedlou
ftay 443 xou tou dedtepou 159, oL onoteg amoxthlnxay elte and to Swadixtuo eite
and npoowmixf; cuMoYR. ATd e cuvolxd 602 ewdvec ypnotuonolfioaue to 20%
autdyv, frot 120 ewxdveg, v TNV eXTAlBEUOT) X0l TOV UTOAOYLOUOS TWV TUQUUETPWY
Tseeds Tnerge, T xar np. Elvaw xowvéde anodextéd [146, 73] 6t 1 o avtixeluevixy ue-
Bodohoyla allordynone ahyoplbuwy xatdtunonc nepthaufdvel ula oyetxr olyxplon
TWV ATOTEAECUATWY o€ oyéon Ue autd mou Dewpovvtal 0phd, To cvvolo dedouévey
alffetac (ground truth). H xoataoxeur) tou ouvéhou dedouévov arffetac elvar plo
Ypovofbpa dadixaata, Ty onola npoctalficaue va amiomolicouue Ue TNV uhonolnon
evoc epyahelou yewpoxivnng xatdtunong xal Tadivounone teptoy@dyv. Ipoxewwévou va
Tapovotdoovue BAua teog BAua tn uebodohoyla xal T anoteAéoUATd TN, UAOTOLH-
oouE €VoL CUCTNUA YPUPX S ahANAETidpaong Ue TO YeHoTY, TOo OTOlo EVOWUATOVEL
6houg Toug TPOTELVOUEVOUS aAlyopiBuoug 6co xat T Stadixacia tng allordynong au-
TOV.

H Swaduxaotio alohdynong etvar mdvto Wialtepa onuoavtixy xabdc tocotixonolel
Vv enldoon evog alyoplbuou 1) evéc cuotiuatog, Bonidvtac oty eaywyr| ETLOTY-
MOVIXOVY %0l GUVET®OY cuunepaoudtwy. Kabde 6to xepdiao autd €youue ypernoluo-
TOLAGEL aGaQT) GUVOAA YLOL TNV AVATURICTACY) TOV ATOTEAECUATWY TN Tallvounorng,
Oewprioaue Quoxd va LLOBETHGOUUE TN YENOT) ACAPAY TEAEGTOVY Yo TNV alloAdyToN
TV anoteleoudtwy. To tTelxd aroteréopata Twv SVo alyoplbuwy onuactoloyixic
XATATUNONS, 600 XAl NS EQPUEUOYHC Tou akyoplBuou evvololoyixol mhatolou, elvol
7 MAOXA XATATUNONG XAl €V AEYELO TOU AVATAPLOTE TO ACAPES GUVORO EVVOLDY LU
Oheg TIg TEPLOYEC NG XaTaTUNUEVNS exdvag. H ewdva and to olvolo dedouevwy
ahffelag amoteheital and €va 6UVOLO GUVBESEUEVLDY, U1 ETLXAAUTTOUEVODY TEPLOY GOV
seg;, oL onoleg elval oUVBEdEUEVES YELPWVAXTIXE UE Ula ATOXAELOTIXG €VVoLa.

Apyxd uroloyilovue 10 T0G00TO NS emxdAudng Tne xdbe meploync a ue Gheg
TIC TEPLOYES S€g; TNG UAoXAC antd TNV OV ToU ouVOAou dedouévey alflewac, Bdoet
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e e&lowone (4.14), 6mou 1 tocdTNTa |al elvor To péyeboc Tne nepLoytic a, dSNhady To
euPaddy Tne ueTENUEVO OE ELXOVOGTOLYELd.

overlap(a, seg;) = % (4.14)
Y ouvéyeto unohoyilouue ty Dombi t-vépua [15] (n onola emhéyOnxe uetold
EANOY T-VOpUGY UETH antd TELpauaTiG ENeYY0) UETAE TNe emxdhudng xat tou Babuol
OUUUETOY S TNC avTioTolyng évvolag Tou opllel To 6Uvolo dedouévmwy ahnbelag yio Tny
ev Moy meployn. To arotélecua Tou TeAeoTH AUTOU UETEAEL TNY ENLTUY Y| XATATUNON
XAl AVAYVOPLOT) TG CUYXEXPLUEVNS TEQLOYNC OE GYECT XL UE TNV AVAYVOPLOT TNG
opbrc (wg mpog 0 6VVoho dedouévwy ahfbelag) évvolac ;.

score,(ci) = max (tgompi(overlap(a, seg;), fia(c;))) (4.15)

Xpnotuonotolue tny e€lowon (4.15) yLa Gheg TLg €vvoleg Tou aoa@olc auvohou A tng
meploy < a %ol g ouvdudlouue Yo vo utohoyloouue Ty enidoorn tou akyoplBuou
OTY) GUYXEXPUIEVT) TIEPLOY T, OTIOU Ugomp; Elvar 1 Dombi t-xovédpua:

scoreq = Ugompi ({scoreq(c;): ¢; € A}) (4.16)

Xdpn otny WLOTNTA TNS AVTLIETAOETIXOTNTAUS TOV TEAEOTOV T-XOVOPUAS TWV ACAPHDY
oLVOAWY, 1) GELPd TLY opLloudtey TN (4.16) dev tatlel xdmolo onuavtixd pbro, ondte
0 uToloyloudg yivetat oelploxd yia Celyn Babudy cuuuetoyfic Twv evvoloy ¢; € A.
H eCiowon (4.16) voc mopéyel éva uétpo atohdynone tne entdoone tou akyopiHuou
vl pla ouyxexpuuévn Teployt, avedptnta tng évvolag mou ametxovilel. Av xau mpd-
xeltal yioo o evilagépovoa tocdHTNTA, xuplng arotelel ula evdidueon Ty yuo va
uroloylooupe tny entdoon oe 6hn v exdva. Kabde n xatatunuévn euxdva anote-
Aelton amd TNy Eveon TwV ETLUEPOUC TUNUATOY, Bacllduevol 6To score, UTOPOUUE Vo
aZloloyricouue To anotélecua Tou akyopifuou oe AN TNV EHVA, YENOLULOTOLOVTAC

teheotéc ouvalpoloenc:
Z (|a| - score,)

score = 2L (4.17)

> lal

acl

H nopandve uebodohoyia agiohdynone, ue yerion twyv edlodoewy (4.14), (4.15),
(4.16) xav (4.17) mapéyel ) duvatdtnta alohdynone 1660 1wy alyopliuwy xatd-
TUNOMNC, 600 XL TNC ETUBOONC GTNY AVAYVOPLOT) TWV EVVOLGOY XAl GTOV EVTIOTLOUS TNC
eu@dvionc Toug uéoa otny exdva. H tun score € [0,1] yo v xdbe etxdva avtoava-
xA& TNV enldoom Tou alyoplfuou onuaclohoyixfc xatdTunong, hauBdvovioag unddy
TNV TOLOTNTO TNG XATATUNONS AL TOV EVIOTLOUS TwV 0pbdY eVVoLGY oTIC avTioTolyeg
TEPLOYEC, TaVTA OE oY Eom UE TO 6UVOA0 dedouévwy ahrbetac. Tlpoxeuévou va ouyxpel-
VOUUE TOL ATOTEAEGUATA TOY TEOTELVOUEVKDY alYoplOuwy onuaclohoyxhc xatdTunong
ue auTd evog Tapadootaxol alydplbuou, To onola TPoPAVHS Y VooUY OTOLSNTOTE o1
uaolo oYX TANpoopla Yo TS TEQLOYES TNG XATATUNUEVNS ELXOVAS, YETOLLOTOLOVUE
TIC UAOXES XATATUNONC WS eloodo ot évav ahydpliuo xatdtalng, o onolog otnplletat
oe Talploouo OTTIXOY TEPLYRUPENY Xt ELAYWYT| EVVOLMY aVd TEQLOY Y|, OTWS TEPLYPY-
@eToL 0TO xe@dAalo 3. XTn ouvéyelo Tou xegaratou Ho dellouue 6Tl 1 Stapopd g
XENOMS NS ONUACLOAOYIXAS TANEOQPORLAG TOU TEPLEYOLY TA AoUPT) GUVOAA EVVOLOY
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e xdbe meployhc xatd TN Sudpxela TS xatdTUNoNe, odnyolv oty Beltiwon téco
NG XATATUNONS 600 XAl TS AVULYVOPLOTS XAl TOU EVIOTLOUOU TV eVVOLOY o€ xdfe
TEPLOY N,

To arotehéouata tng allohdynong mou €ylvay 6e 6A0 10 GUVORO TWV EMOVOY €l
vau fetid, axdua xal oe mepLnTOOELS oL omoleg yopaxtnellovtal and duoxohieg otny
0p01 xatdtunomn xau otov evromioud evvol®dy. H enéxtaon neploydy xabodnyeitol xol
and T mbavéc évvoleg mou evtonilovtal, 0dny®dvTac o Pehtlnon Twv arnoteleoud-
TV TV aviioTolywy tapadootaxdy ahyoptBuwy. Téhog, oL teployéc Tng edvag Tou
TEOXUTTOUY antd TN oNUAGLOAOYXY XaTdTUNoT aviiotolyilovTal Ue TS OTUACLONOYL-
x€¢ évvoleg, TIC onoleg avanaplotoly ue éva Pabud mou mpoadidel éva hoyixd uétpo
Tlotne Yo TNy 0pb1 onuacloloyxy| xaTdTunoN.

4.5.2 Evdeuxtixd AnoteAéopata xor XUUNEpIoUAT

Ye auth Ty Tapdyeago Oo teptypddouue AeTTOUEROS TRl TELPAUUATLXE TopadelyUaTd,
TPOXELUEVOU VO TAPOUGLAGOUUE XaAUTepa TI¢ TpoTtelvdueves uebodoloyieg onuacio-
hoywerg xatdtunone ta topadelyuata tpoépyovtat and to Deyotind nedla “ropoiio”
xa “edhl”. Luumhnowuoatixd dlvouue xat €vo TapddeLyo UTOAOYLOUOUY TNS GNUCLO-
Aoyuhc opolotnTog Letald 8U0 YELTOVX®Y Teploydy, xafde xal tny exidpaon Tou
ahyoplBuou Tou evvolohoyxol thatctou oe U0 exdveC 6Ta amoTEAECUAT TNS TadL-
vounong. L' tn cuvoluxn emoxdnnomn xot extiunon tng enidoong TwV TEOTEVOUEVWLY
uefodoroyidvy, napouctdlovue To ATOTEAEGUOTA YL TO GUVOAO TWV EXOVODY, TOV
Oepotindy nedlov xat Ty ahyoplBuny.

(i) (ii) (iii)

Yyfwa 4.11: Exdvec and to obvodo Sedouévwy arijferac (ground truth images).

Kdbe éva and o tpla 6Uvoha exévev anotehovvtal and téooepls eixxdvec: (o) Tny
apyxt; exéva, (B) to anotéheoua tou napadootaxoy RSST alyopifuou xatdtunone,
(v) tn udoxa xatdtunonc tou SRSST xa téhoc (8) tn udoxa xatdtunonc tou SW.
Y1o oyfua 4.11 galvovtat ot udoxec xatdtunonc oand 1o avvolo dedouévny aflelog,
oL oroleg dnurovpyRinxay yelpwvaxtixd. Xtny nepintwor tou RSST npoxafopilovyue
Tov 0pliud TV TEMXOY TEPLOYDY OOTE Vo LOOUTAL UE OUTES TOU TR YOVTAL ATd TOV
SRSEST xou va €youue oLYXploLU ATOTEAEGUATAL.

Y10 oyfua 4.12 galvovtal To anoteréouata yio ulo exdva and 1o Beuatind me-
dlo “mapaiia”, otnv omola eugaviCovtar dvipwrol Lamhwuévol o ula auuddn mo-
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cahlo meploTolytouévn and Bedyta. Xe ulo TedTN eNLOXOTNOY), UTOPOUUE Vo SLomi-
othoovue 6L 1o anotéheoua tou RSST oto oyfua 4.12 (a) elvor averapxée ot
dvhpwnol €youy ouYYwWVELTEL Ue TNV TEpLOY Y| TNS duuou xou emmhéov 1) Odhocoo xoL
Ta Bpdyta €youy unepxatatuniel oe todkég teployéc. To anotéleoua ng yerong Tou
SW (oyfua 4.12 (c)) napovordler uio atohntd Bertiwon. Ilo ouyxexpiuéva moapoa-
meolue 6Tt ta dVo oduata e Bdhacoac (ota aploTepd TNS EXXGVOC Xal 6TO UEGO
avdueoa ota Pedyta) €xouy xatatunbel cwotd, Tapd T StapopeTiet) LET XL YEMOU
ToU TAEOLOLILOVY EAEW TWV XUUATIOUGY TS Bdhacoag, Tapdyoviec tou odRynoov
OTNY E0QPANUEVT UTEPXATATUNOY 0TNV TepinTwor Tou RSST. Entong, ta Pedyia €xouy
xatatunfel xahitepa oe dUo ueydheg mepLoyés mou SuoTuy®e AOYW NG €VTOVNG Ta-
pouclag oxLdV 61N Pia € auTeOY, dev xaTéoTyn duvatd va Tne avtieTolyniel 1 évvola
BPAXOX oe apxetd ueydro Babud dote va ouyywveuTel Ue T YELTOVLXT TEPLOY Y| TTOU
€yeL Tadlvounbel wg BPAXOX.

Axéun 7 onuactohoyxt| xatdtunon SW xotagépvel va emLTUYEL GE EVOY LXAVO-
mouuxd Pabud, TNy avayvdelon xal Tov EVIOTLoUS Twv avip®drwy tou elval Lamhw-
uévoL oty duuo. Kohd anotehéoupata enttelyOnxoy xal oTny Teplntwon e éviovng
oxdc oto Uéoo TNng edvag, xabde 1 TepLoy ) xdTw and Ta Pedyto avayvoploTnxe
owotd wg AMMOE, oe avtifeon ue ™ havlaouévn xotdtunon otny nepltTtwon Tou
RSST.

Y1 ouvéyea oto oyfua 4.12 (d) gaivovtol ta anotehéouato TNG oNUAGLONO-
ywhc xatdtunong SRSEST yuw v Blo exdva. e oyéon e tov alyoplbuo SW
(oyfua 4.12 (c)) napatnpolue uxpés dapopéc. Ta mapdderyua, o Pedyoc ota delid
anoteleltol and tpla TURUATA, eVd xou 1 Bdhacoa xdtw and ta Pedyla oTo UEoo
e ewovag €xel Aavhoouéva unepxoatatuniel. o T ouyxexpluévn ewxdva oL TLéC
Tou score, OTWS oploTnxe 6NV TEoNYoUUeVn evoTNnTa, Y xdbe ula and T TeELC
reptntdoelc elvar 0.61 yia tov RSST, 0.85 yia tov SW xan 0.78 yio tov SRSST.

(b)

(d)

(c)

Syfuwa 4.12: Katdtunon ewxdvac ue ypion twv adyopifuwy RSST, SW xat SRSST (1o
napddetyua,).

Ye autd to onuelo ag eZetdoovue hentouepds éva Briua tou ahyopliuov SRSST.
H apyueh xatdtunon xow tadivounon nopriyaye neplnou Tpldvta Teployég xat €va aca-
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()

Syfua 4.13: Katdtunon ewxdvac ue ypion wwv adyopifuwy RSST, SW xar SRSST (20
napdderyua).

Iivaxag 4.1: Bafuol ovuuetoyic xdle évvolac yia T€00€p1¢ YELTOVIXES TEQLOYES.

Heproyh "Evvolec
OYPANOEZ OAAAYYA DBPAXOY BAASTHZH AMMOY ANOPQIIOY
a 0.66 0.82 0.67 0.65 0.68 0.75
b 0.74 0.77 0.64 0.64 0.69 0.73
C 0.68 0.79 0.68 0.65 0.75 0.67
d 0.90 0.77 0.67 0.65 0.64 0.98

péc alvolo evvoldy Yo TNV xdbe ula. Xdugwvo ue 1o cUvoro dedouévmy airbetog,
Téooeplc and auTéc (E0Tw TEPLOYES a, b, ¢, d) OTNY TEAYUATIXOTNTO AVTLGTOLYOUY OE
ulor tepLoy ) n omola elvon 1) Bdhaooa ota aplotepd Tne edvac Tou oyfuatos 4.12 (a).
Ov téooepic autée meployés oynuatiCouv évav unoypdgo G, tou ARG, Snhadn
Gsea = (‘/L-seaa Esea); omou Vieq = VUg,y Upy U, Vg KL Egeo = €ab; Cacs €ad) Ecd-

Ytov mivaxo 4.1 eugavilovtal ot évvoleg xau ot Bafuol ouuuetoyic Toug Yol TIC
uné eZétaon nepLoyéc a, b, ¢, d. Me Bdon tic Tiwéc autéc xal Ty e&lowaon (4.5) unolo-
Yilouue Tt Bépn TV axudy Tou UToYEd@ou G, (Tivaxac 4.2). Edxola napatneoldue
OTL M axur| UE TO UxpOTEPO Bpoc elval 1 eqe, UE Ww(eq:) = 0.21, xaBdc oL dVo autég
TepLoyég polpdlovtal Tny évvold ©OAAALTA Ue Babud ouotdtntag 0.79. Xdugwva ue
tov ohy6pliuo SRSST ol neployéc a, ¢ Ha ouyywveutoly xat o dnulovpyfioouy uia
véa teploy Y, €0Tw a. Lougwve ue ty eélowon (4.6), To acupéc 6Uvolo EVVOLOY TNC
véag mepLloyfic utohoylletal Ue amAr) aVTIXATAOTACT TOV TULOV:

la| - 1o (OAAASTA) + |¢| - p(OAAAETA)
lal + |c]

pa(OAAATTA) = ~ 0.811

Me tov idto tpéno unoroyilovtar xat 1o iz (OYPANOT), 15 (BPAXOS), xTh. Buveyi-
Covtag 070 enduevo Brua Tou alyoplBuou, 1 oaxuy €. agalpeitol and 10 Yed@o Gieq
xaL o GAeg TLC YELTOVIXEC axuéc (mou €youy évay and Toug Vo xéufouc Toug, Tov a
1 Tov ¢) enavairohoyilovtal ta Bden Touc olugwva ue Ty (4.6) xat T0 Véo aoupéc
oUVOhO eVVOLOV L4 g meployhg a.
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ITivaxag 4.2: Yrodoyioudc Papdy tov axudy tou uroyedpol Gspa.

Axuéc ‘Evvowee Bdpoc w
¢ OYPANOY ©OaAaAAYYA BraAxox BAAXTHYH AMMOYE ANOPQIOYS
€ab 0.66 0.77 0.64 0.64 0.68 0.73 0.23
€ac 0.66 0.79 0.67 0.65 0.68 0.67 0.21
€ad 0.66 0.77 0.67 0.65 0.64 0.75 0.23
€cd 0.68 0.77 0.64 0.64 0.69 0.67 0.23

Y10 deltepo mopddetyua (oyfua 4.13), mdht ta anoteréocuata tou RSST xpl-
VOVTUL AVETOEXY OPLOUEVESC TEPLOYEC TOU TepLEyouy avipdhroug ¥ uéen toug, elvol
NovOooUEVE CUYYWVEVUEVES UE TEPLOYES TOU TEPLYRd@ouy T Odhacoa 1 v duuo,
ev®d emmiéov 1) Odhaocoa elval UTEEXATATUNUEYY AOYW TV YpwUaTX®Y avTiihéceny
TV emuépoug teptoydyv. H egapuoy Tou SW Behtudvel onuavtixd to anoteAécuaTa
(oyfiua 4.13 (¢)). H Bdhacoa xatatéuvetar xou evtoniletar 6wotd, xabde xat 1 yu-
vaixa oto tpooxivio. To uelovéxtnua elvat 1 ouyy®dvevor Twv avipdrwy ota deéid,
%xa06¢ 0 ahyopLlbuog dev avTiueTo el TEPINTMOOELS ETXAAVYNC AVTIXELUEVWY TOU oV
xouv otny Ba évvora. [a tny B exxéva 0 SRSST (oyfua 4.13 (d)) o mnyalver
e€loou xald ue Tov SW. Melovextel 6nwg galvetal 6tny teplntwon Tng xatdtunong
NS Yuvaixag Tou Tpooxnviou, xafoe éva Tuua €xet Talivounbel Adbog xol emnpedlel
TNV TEPALTEQL OLYYMVEUOT| TOU UE TO UTOAOLTO OGUA. XE TOCOTIXE VOUUEQRX, YLOl TN
ouyxexpluévn exova o RSST nétuye score = 0.82, o SW 0.90 xar 0o SRSST 0.88.

ie) i)

Yyfua 4.14: Katdtunon ewxdvac ue yenon twv adyoplfuwy RSST, SW xat SRSST (30
napddetyua,).

Anoteléouata and to Oepatixd nedio “edh” eugavilovion oto oyfjua 4.14, (eu-
paviletal éva oTtyudétuno and aydva Tou Tayxooulou tpwtabAfuaTtog pdit), éTou
uropolv va e&ayfoly nopduoLo GUUTERIOUATA UE TO TOPATAVE).

4.5.3 Evvoroloyxd IThalcro
Y10 oyfua 4.16 napovoidleton 1 ypapuxt| SLETaY) ¥eNRoTN TOU CUGTAUATOC, XoL TLO

OUYXEXPLUEVO OTY) QAoT EAEYYOU TWV ATOTEAECUATWY Tou alyoplfuou Tou evvololo-
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(@) (b) | (©)

Yyfeo 4.15: Ypuaoctodoyue] xatdtunon emxxdvoy xal avanpooapuoylj twv fabudy eumt-
OTOOUVIS TWV EVTOTLOUEVWY EVVOLLY UECW ayaTEOPOSOTNONS TNE AVaYVOPLOTS.
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TntelGent Merang

Rl

Concepts

SRG Confidence
Walues (36)

Context Confidence
walues (3¢)

Sky
Sea
Cliff
Plant
Sand
Person

43.80
86.15
27173
2255
18.78
6.95

58
92
59
54
52
0

Yyhua 4.16: Ynuaoiodoyuxsj xatdtunon xar evvooloyixd rialoo.

Ilivaxag 4.3: Baluol ovuuetoyic xdbe évvoiac moty xat UETE TNV £QApUOYT] TOU
adyopifuov evvolodoy ol mAaioiov yia ewxdva and 1o Geuatixnd medio “mapalia”.

"Evvotec

Ieptoyy Ovpavic Odlacou Bpdyoc  BAldotnon ‘Aupoc ‘Avlpwrog
Ty METd  mpLy WETE TPV UETE WpLV UETE  mplv UETd ey MWETd

50 066 072 0.82 0.90 0.67 0.73 065 0.69 068 070 075 0.74
53 073 075 0.72 085 064 0.72 066 0.69 064 069 0.73 0.75
s7 069 073 078 0.88 0.66 072 065 069 072 072 093 0.81
89 069 073 0.66 0.83 064 072 067 070 066 069 0.65 0.69
512 066 0.71 0.70 0.85 0.67 0.73 065 069 074 073 0.81 0.91
513 064 071 071 085 069 074 064 069 0.73 0.75 075 0.73
515 090 082 0.77 0.88 0.67 0.73 065 0.69 0.64 069 098 0.84
516 079 074 0.80 089 064 072 066 069 065 069 0.73 0.75
518 0.84 095 083 09 067 073 089 080 065 069 0.00 0.40
526 069 073 090 0.93 069 074 066 069 065 069 084 0.77
529 076 0.76 0.61 0.71 068 0.74 0.74 073 0.70 0.75 087 0.79

Yol mhowotou oe ula ewdva. O akydelbuog autde egapudletor UETE To TEPAUC TNC
ONUACLOAOYLXAC XUTATUNONS oL OTwe Teplypddaue otny evéotnta 4.4 pubuilel Toug
Babuolc ouuuetoyric Yo xdbe €vvola xdbe meployfic ywelc vo ueTaBdAheL T udoxa
XATATUNONS TNS EOVaC. 2To oyrfua 4.16 galvetal dtt €youue emthéel TNy meployy
¢ Bdhacoug 6To Tdvw aploTepd onuelo TS ExdVAC (YPWUATIOUEVO UE EVTOVO UTAE).
Kdtw and v edva gatvovtal ol Pabuol cuuuetoyric xdbe évvolag yio Ty emthey-
UEVT) TEPLOY N, TELY XAl UETE TNV e@apuoYr Tou alyoplfuou evvololoyixol miaistlov.
[t ouyxexpluévn teploy ), 1) onola TEoPAVAS avTLoToLYEL 6TNY évvold ©OAAASTA, 0
ahyopLhuog audvel Tny ev Aoy Ty ocuuuetoyfic and 0.86 oe 0.92. T T undhoineg
évvolec, oL omoleg elval doyeteg ue 0 ouyxexpluévn Teployy, ot Bafuol cuuuetoyric
Toug elte pewdvovton elte augdvovtal Alyo, Sieuxohivovtag T Sudxplon Tne xuplapyng
(ot 6woTAC) évvolac OAAATTA.

[ va detouue xalltepa TNy enldpacy Tou evvolLohoYLx0U TAALGLOU, TAEOUGLA-
Couye otov mivaxa 4.3 Toug Babuoic ouuuetoyhic TV €€l evvoldy OYPANOS,©AAATTA,
BPAXOx, BAASTHEH, AMMOY, ANOPQIIOY, YLol TIC TERLOYES TOU TPOEXUYOY UETH TN
ONUACLONOYIXT XATATUNGT XouL UETA TN ¥phion Tou evvolohoywxol mhatotou (oThAkec:
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Iivaxag 4.4: Yiyxpion emddoewy avd €vvola twv mpotetvéuevwy alyoplfuwy yia To
Beuatixs nedlo “rnapalia”.

"Evvotec Watershed SW SW + C RSST SRSST SRSST + C

OYPANOX 0.93 0.95 0.94 0.90 0.93 0.93
OAANAETA 0.79 0.80 0.84 0.81 0.83 0.89
AMMOX 0.72 0.79 0.81 0.72 0.82 0.88
ANOPQIIOY 0.44 0.56 0.60 0.48 0.48 0.55
Braxox 0.61 0.75 0.77 0.66 0.76 0.78
BAAXTHSH 0.67 0.70 0.71 0.63 0.68 0.69
YUvolo 0.69 0.77 0.79 0.70 0.77 0.78

mpty - uetd) xau ouvoilovue TV enidpuon 6T GUVOAXE OTOTEAEOUOTA TNG ELXOVOC.
H npayuotixn évvola mou avtiotouyel oe xd0e meployy, onwg tny €youue xabopioel
YELPOVAXTIXA XATE TNY XATAOXELY| TOU GUYOLOL dedouévmy ahfbetag, Toviletal 6ToY
Tlvoxa ue oxovpa YeduuaTa, EToL GoTe Vo Qovel xahiTepa 6TL TO EVVOLOAOYLXS TAALOLO
Behtidvel 1o Bobud eumoTOOUYNE TNC AVAYVOELONS TV 6WwoT®Y evvoldy. Tlocotixd,
oL TEPLOYEC 50, S18 ALEAVOLY To Pafud cuuueToyic Tng opbric Toug évvolag o€ T0600TH
nepinou 11% (v ty évvolr OAAAESTA) xat 13% (OYPANOE) avtiotouya. Yuvohxd,
uetpfioaue ula abinomn e téing tou 12.5% vl T owotég évvoleg xdbe mepLoyic,
T0G0GTO SLOAOU AUEATTEO.

4.5.4 Yuvolxd Anotehéoupata

LT1¢ TpoNYoVUEVES UTOEVOTNTES, TepLYpdaUe OpLoUEVa TapadelYUATA EQUEUOYTC TWY
TEOTELVOUEVLDY UEDBdWY onuacLlohoyLxfc xaTdTunomne xat avadelloue Tic AETTOUEpELES
TOUC XOL T TROTEPNUATA TOUS OE GYEGT UE TOV TApad00Laxd aAYoptduo xatdtunong
RSST. Y¥e auti| ed6 tnv mapdypago Ho mapoucidoovue To anotehAécuata Yoo To oU-
VOAO TOV EWOVODY, TNV TLdpaot Tou evvololoyixol Thatalou xabde xoL Ty evpwoTtia
ToU ouothuatoc oe HopuPddn eloodo (havlaouévn talivounon apyxdv TEpLOYMY).
To olvolo exudfnone tTwv 120 exdvwyv yenotdoroilnxe Yo Vo UTOAOYLGTOUY oL
BEATIOTES TUWEC TWV TALUUETEMY TWV ETLUEEOUS ahyoplHuwmy.

Ytov nivaxa 4.4 nopouctdlouue To ATOTEAECUATO YLOL TO GUYORO TWV EXOVOY
Tou avrixouv oto Oeuatixd medlo “rapaiia”, Tic emdboelc xdfe adyoplBuou yia xdbe
gvvola 660 %ol ouvolxd. To voduepa Tou mivaxa elvar o pécog dpog twV scores
OhwV TV exdVoY. O €€l 6TARES aVTLOTOLYOVUY OTa ANOTEAEGUATA EEL SLAPOPETIXADY
ahyoplOuwy: (o) xatdtunon ue petaoynuoatioud watershed xou taivounon meplo-
YOV UE TalpLoUd OTTLXGY TEPLYPAPE®Y, (B) onuaoctoloyxol tAnuuuptouot SW, ()
oNUacLtohoYxoU TANUULELoUol xat yeron evvotohoyxol thaslou SW + C, (8) xa-
tdtunon ue RSST xau talivéunen neproydv ue talplaouo onTixdy Teptypagéwy, (€)
onuaoctohoyxé SRSEST xou téhoc (01) onuactohoyxd RSST xau yphon evvololoyi-
%oV mhawctov SRSST + C.

'Onwe elvat gavepd, n évvola OYPANOS anoloufdvel tny xahltepn enldoon otny
AVOLY VORLOT) X0l TOV EVTOTILOUS, xaBd¢ onowadfrote uebodohoyla xal va yenoluotoln-
Ol emituyydveton enldoorn ueyahitepn Tou 0.9. Apxetd xald elvar to arotehéouata
xal Yo T TEpLoyég mou yopaxtnellovtal and T évvoleg OAAATTA xat AMMOE,
%xa06¢ TpodXELTAL YLl EVVOLEC TOU UTOROVY VA YAQUXTNELOTOUY ETLTUY KOS ATO TO YeOUA
XAl TNV VT, eV dev €youv TOAD UeYdAT Towala oTny eupdviot Toug. Autd cuu-
Balvel évtova oty Tepintwon tov avipdrtwy, xabde 1 Towiiia 6Tto oyfua Toug, 6To
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—)=— Total

Sk

09 Y
Sea

Sand
Person
Cliff
Plant

Evaluation score

0.2F

0.1f

. . . . . . . . . . . .
0 0025 0.05 0.075 0.1 0.125 0.15 0.175 0.2 0.225 0.25 0.275 0.3
Gaussian noise variation

Yyfua 4.17: MeAéry enibpaonc Goplfov etoddov otny tedixyy taéivéunon.

uéyefodc Toug xau To av elval vtuuévol 1) oyt emnpedlel apvnTixd TNy enidoor Tou GUCTH-
uoatoc wac. Téhog, otic mepintdoelc Twv evvoldy BPAXOS xat BAAXTHEH oy Uouy
EV UEQPEL TA TUPATAVW, YEYOVOC TOU AVTAVUXAG OTNV TOLOTNTA TWV ATOTEAEOUATWY
TOUg, 1) onola T0o0TIXd BeloxeTal To Tévw and Ta avTloToLyo VOUUEQRX Yia TNV £VVOoLd
ANerarios.

Meletdvrog o amoTeEAéouaTa 6T0 GUVOAO TWY EVVOLOY, TALATNPOVUUE OTL 1) YpYoN
onuaclohoYXc TAnpogoplag yia TNV xatdtunomn ulag exoévag PeEATLOVEL 08 TOGOGTO
ueyohltepo tou 10% ta anoteléouata tou ophol evioniouol xal e avayvoeLeng
onuactohoyx®v oviothtwy. Il cuyxexpluéva, cuyxplvovtag To UeTAOYNUATIOUS
watershed ue tov akydplbuo onuacioroyixol Thnuuuplouol SW €youue Guvolixy
avénon 11.6% xaw 14.5% ye 1 ywplic ty emmiéov ypRomn Tou evvolohoyixol Thatciov.
Avéhoya elvar tor voduepa xal otny nepintwon tou RSST xat tou SRSST, énou 1
avénon elvar 10% xon 11.4%, ndht ue B ywelc ) yerion tou evvololoyLxol thatciov.

Mekétn Enidpaons Ooplfiou

Kabd¢ 600 oL 8bo akydpibuol onuactoloyixic xatdtunong 660 xoL auTég TOU EVVOLO-
hoywoU mhatclou eCopTdvTal and TV apyixornoinon tou ARG, dnhady, v apyix)
ToELYOUNOT) TWV TERLOY DY TOU TROXUTTOLY ATd TNY AEYLXT| UTEPXATATUNGT), Ogelhouue
VO EPEUVACOVUE TNV ATOXELOT TOU cUoTAUATOC Uoc ot HopufBddn eloodo. Q¢ eloodo
fewpolue ta aoagrh ovvola evvoldy Tng xdbe Teployfic xal we €£odo TNy TeAxy| ud-
OXA XATATUNONG XAl T VEX ao0@Y) GUVORA EVVOLGOY TV VEWY Teploy®yv. [a autd
10 oxond, npochécaue yxaouoavéd H6puBo Tolathdy Pabuldwy (uetaBdihovtac Thy
Staxduaven o e yxaouotavic xatavounc) otc Twés tov Pafudy cupuetoyic TV
ACAPDOY GUVOLLY ELGAdOL, eExTEAECOUE, UTO axpBd¢ Ti (8lec ouvlfixeg, Ta melpduatd
uag Yo To 6UVoho TV exOVLY ol utohoyloaue To Babud enldoorne score tng xdbe
exdvoc.

H emhoy?| tou yxaouvotavol uovtéhou Boplfou Sev €ylve ylol XAmoL0 GUYXEXEL-
uévo héyo, xafde Gewpolue btu omotodfnote povtého tuyalac uetafohdc (xar oyt
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XATOLUC GUYXEXPLUEVNC XaTavouhc) TS elabdou Oa unopoloe va yenotuonoinbel yio
vo eZouotioel T havbaouévn apyixn xotdtunon xat talivounon. I'a tov tpoohetind
yxaouolovo 06pufo, doxiudooue SLEQopec TUES TNC SLAXVUAVOTC XOL TLO GUYXEXEL-
uéva o € [0,0.3] ue BAua 0.025. T 0 = 0 €yovue anousia Boptfou, evd oploaue
uéytotn T o = 0.3 xafdg nelpauatind Tapatnerioaue OTL yia Ueyohitepeg TLWES oL
HopuPddeic Téc ouuueToyc énegTay extéc Tou nediou [0, 1].

To arotéhecuo Tou TELEdUATOSC aUTOY, amelxoviletol 6To SLdypauUo TOU oY Hud-
tog 4.17. Il ocuyxexpuuéva, oto dudypauua @alvovtal ov TWES score o SLipopa
enineda HoplPou otny eloodo, yia xdbe évvola Eeywplotd xabdc xaL o otabulouévoc
(ue Bdon ) ouyvétnTa eupdviofc Tov) U€ooc Gpoc autdy (Taytd Yeauur), Yo TLc
443 ewdveg tou Bepatixoy medlou “mapaiia”. Mropolue vo mapatneioouue 6Tl YL
Younhd éwe ueoata enineda Bopifou (o < 0.15) 1o clotnua avTaToxplvetal apxeTd
xahd, emdewxviovtag ulo otabepr xol edpwoTr GUUTERLYPOES.

Ev mpoxewévw, v uxeés twée HoptBou, n ouvoluxy enidoon tou cuoThuaTog
Topauével avarlholwtn yiew oto 0.7 ue 0.8. Ou emdboeic yio xdbe évvola, aveldp-
T, xuuaivovtar and 0.55 éwe 0.95, Twwéc mou xplvovtal txavonolnTixés dedouévng
¢ mowhiag Ty exdvey. Ilio cuyxexpuueva ol évvoleg OYPANOS xar ©AAATTA
arodewxviovtal Tohl aviexTtixéc axduo xat oe Yeydha enineda BoplBou. 'Onwe ava-
u€vaue, yia ueydieg twwég Boplfou, m.y. o > 0.2, 1o dedouéva etoddou elval oyeddy
Tuyalo, UE ATOTEAEOUO TO TROTELVOUEVO GUCTNUA VO OONYEITAUL OE UN-VTETEQULVLOTLXY
amoteléouata (tuyaio avouelwon Twv xoutuldy Y o > 0.2). Suunepaouotixd,
axéuo xou 6tay 1 apyxy Tadvounoct arnotuyydvel oe éva Bafud, to clotnud uac
EXMETANAEUOUEVO TN onuactoloyLxt| TAnpogopla OANg g yettowdg ulag meployig,
ETLTUYYAVEL LXAVOTOLNTLXE TEAMXS AmOTEAEGUATAL.

4.6 Iletpapatind Anotehéopata o Axohloubieg Bivteo

Ye auth) Ty evotnTa Topouctdlouue EVOEXTIXG ATOTEAECUATA TNC TPOTELVOUEVNG UE-
H6dou onuactohoyxrc xatdtunone axohoubidy Bivteo, ta omola €youv didpxelo and
100 éwc 650 xopé. To onuaclohoyxr Aelihdylo nepthaufdvel Tic évvolec OAAATTA,
OYPANOZ, BAASTHSH xou ANOPQIOE. ['a tn Sudpxewa Tou BoF Soxwdoaue Sud-
popec TéS xat xatalhoue 6Tl 1) Pédtiotn T Arav |B| = 10.

H npdtn axoloubia Bivteo (oyfiua 4.18) avixel otn Beuatixd, neproyt “mopahio”
xa anetxovilel d0o xoméhec Tou nepmatovy dimha otn Odhacoa. Apyixd ol xoméheg eu-
pavilovrtal oto Bdfoc tAnodlovtac tny xduepa (BoFs 1-5), axoloubel éva didotnua
6mou gaivovtar oe xoviv anbotaon (BoFs 6-10) xat téhoc 1 xduepa meplotpépe-
Tat ypriyopa 180° xou delyvel tic xoméleg and niow (BoFs 11-15). Ou évvoleg mou
evtonilovtol oto emAeYUEVA xape elval ol ANOPQIIOE, ©OAAATEA xat OYPANOE. Ot
xUptot byxol mou evronilovton elvon 1 xoméla ota aplotepd (évvolr ANOPQIIOY), 1)
deZid mepLoyt| tne Bdhaocoac (évvolr OAAATTA) xou 1 meployh Tou oupavol (évvola
OYPANOY).

H npdtn mapathpnon elval 6Tl 1 meploy ) Tou 0upavol €yeL avayvwpeloTel oe dla
ta BoF's xou udhiota we xpLog 6yxoc xau enedr] enaknfedel to xprthplo (4.11)(a) ot
StadoyLxol 6yxoL cuyywvedovtal xaL armoteholy Ula ovtoTnTa Xoh’6An N Sidpxela Tou
TAdvou. XNy meplntwon Twv dyxwy Tou €YouV YapaxTneloTel and tny vvola OA-
AATTA (Selud amd e xoméheg) 1 ouyydveuon uetall dtadoywdv BoF's Baciotnxe
xaL T 6T onuacloloyxT ouolotnta Tou xpLtnpelou (4.11)(a). Hapatnpolue 6Tt o1
othin (B) Tou oyfiuatog 4.18 oL 6yxoL mov avtiotolyoly 610 Xouudtt autd Tne Bdhao-
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BOF 1

BOF 3

BOF 5

BOF 7

BOF 10

BOF 11 |

BOF 12

» e
(o) (®) () (3) (e) ©

Syfuwa 4.18: (o) Kapé oe diagopetixd BoF's. (B) Apyixij ywpoypovixij xatdtunon xdbe
BoF. (y) Xnuaowldoyixij xatdrunon xar ovvévwon BoFs. O dyxor ovyywvedoviar xat
enextelvovrar o 6An T Stdpxeta Tou TAdvou (brnwe anotundvetar and to otalbepd yowua-
ttoud). (8) Evromioude tne évvorac ANOPQIIOY. (¢) Evromioudc tnc évvotac ©AAATTA.
() Evronioudc tne évvotac OYPANOS.

cog éyouv e€aybel ophd, ahid dev undpyeL 1 Ypovixn cuvéyela oe GAO TO TAAVO, X4TL
TOU ETLTUYYAVETAL UE TO Talplaoua Tov 6Yxwv ot dtadoyixd Bol's énwe nepiypddoyue
oty unoevétnra 4.3.4.1 xou anewxoviletal 6tn oA (Y) UE TOV X0WVE YpwUATLOUS
oe Oha Ta BoFs. Evdugépoy napovoidlel xau n teplntwon tng neployrc tng Hdiao-
oag apLtotepd and T xonéhes. 'Onwg galvetat and tn oty (€) Tou oyfuotog 4.18,
N AVOYVOELOT TNS €vvolae OAAATTA anétuye, ohAd TO Talploouo TwV OYXWY 6TA
dtadoyxd BoF's enetelyfn yden oty ontin opotdtnta xat to xprtiplo (4.11)(y).

O evtomoude xat 1 avay vopeLoT tng évvolag ANOPQIIOE elval mo 3UoxoAT), xabdg
N oty T meplypapt| elvan Wiattepa mepinioxn. Xto BoF 1 ol 800 ollovEteg Twy
xopltoL)y evtonilovial 6woTd xal efdyetal évac dyxoc yio Ty xdbe pla. O dyxoc
e aplotepd xomélag tou BoF 1 ouyywveletar oplde ue toug aviiotolyoug uéypl
to BoF 10, 6tav xau eagaviletal Aoyw emxdiudng and tnv dAAn xoméha xal and
To BoF' 12 uéyp. to téhog enavevrtoniletar. Kaldg dev uvnootnpiletar to talplacua
byxwv uetall un ddoywdv BoFs, oe tétolec nepintdoeic (npdBinua emxdiudng)
dev elval duvaty| 1 Tautonolnon Ue To avTXElUEVO ToU eTAVEUQAVILETAUL GTY) OXNVT).

Y10 devtepo mapddetyua (oyfua 4.19) gaivetar ula yuvaixa e xovivéd mAdvo
UnEooTd and €va autoxivnto xat éva onitl. Ol évvoleg Tou evtonilovtol elvat ou AN-
OPQIIOT xat BAASTHSH, evd oL évvolec AYTOKINHTO xot KTHPIO, av xot tapodoeg,
elval Tepaytouéveg o€ TOAOUS OYX0US XAl BEV ATV SUVATO VoL avayvepLtotoly. Mro-
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Kepdalaw 4. Ynuaocwroyixyj Katdtunon Eixévev xar Bivteo

(o) (5) () (5) (e)
Syfuwa 4.19: (o) Kapé oe diagopetixd BoF's. () Apyixij ywpoypovixij xatdtunon xdbe
BoF. (y) Xnuaowloyixij xatdtunon xat ovvévwon BoFs. O dyxor ovyywvedoviar xat
enextelvovrar o€ 6An ) Sidpxeia Tov TAdvou (6nw¢ anotundvetar and to otalbepd ypwua-
ttoud). (8) Evromouds tnc évvorac ANOPQIOS. (¢) Evtonioudc tne évvorac BAAXTHEH.

poUue va Topatneioouue 6TL 1 etxovllouevn yuvaixa €yel xatatunlel oe teplocdTepa
am6 €vo Uép, UE XUpLOTERA LT TOL Xe@ailoy oL Tou TaATol tne. Emedn o Poabude
oLUUETOY S TNS évvolag ANOPQIIOY, 6w tpoéxude and tn Swadixaacto Tng avayveo-
plong, NTay oyeTxd Uxpdc, oL ev Aoyw O6yxol 8t Bewprinxay xlplol %ol enouévewg
dev ouyywvevbnxay olte evioc tou xdfe Bok olte uetall toug ota dadoyxd BoF's.
Emniéov duoxohia anotéheoe xau 1 havloouevn apyLxt] Yweoypovixy xaTdTunct 6to
BoF 4, 6mou 1o xegdhl éyer ouvevwlel ue to mapaoxrvio. Téhog n BAdotnon éyel
evtomiotel xou xototunfel opbd, ue elalpeon ta BoFs 6-8 6mou, Aoyw emxdiudrng,
dev xatéotn SuVATOC O EVIOTLOUOS TOUC.

H olohdynon tov anoteAecUdTwy TS ONUACLOAOYLXAC XATATUNOTS TWV TopA-
Tavw axoloubidy €yive ue BVo SlapopeTid xpithpta yia xd0e évvola, dTwe galvetal
xaw otov nivaxa 4.5. To uétpo ophdtnrac Ace [43] petpder Ty axplPela Tne xatdtun-
ong Y x&be évvola evomoldvtag tny axpifBelor xar Ty avéxdknorn. H uetpuxt| score
dlvetal amd v e€lowon 4.17 xau avakVetor otny evéotnta 4.5.1. H npdtn napatienon
mou umopel va yiver elvar 6t 1 évvolr OYPANOS avoryvoplleTal ol XoToTéUVETAL
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Kegpdlawo 4. Ynuaowroyixsj Katdtunon Eixévey xar Bivteo

Iivaxag 4.5: Alwidynon onuactodoyixic xatdtunons Bivreo.

BAASTHESH ANOPQIIOY OAAAYSA OYPANOX  Yuvodixd

IMopdd.1  Acc X 0.74 0.87 0.96 0.89
Score X 0.62 0.65 0.78 0.71
IMopdd.2 Acc 0.81 0.86 X X 0.84
Score 0.55 0.64 X X 0.61

xalOtepa, xafog éyel T yeyallteprn T xal ue T dVo uetpixéc. [ v évvola
BAAXTHSH av xau 1 uetewry Ace elvar vdmi, 1o score elvar apxetd yauniotepo,
Yeyovog mou e€nyeltar and Ty averapxy xatdtuncr tou oc oplouéva BoFs. H év-
volor ©AAATTA €yel uhnhéc Twéc Acc xat score, dedouévne tng otabepnc omTixrc
e meptypapric (ypoduatoc xar vehc). Télog, oty mepintwon g évvotac ANOPQ-
0%, ta anoteréouata fray xdnwe xalitepa oto deltepo Bivieo (oyfua 4.19) xabde
dev umhpyav T TpoPARuaTa emxdALPNC Tou TapousldoTXayY ot oplouéva BoFs tou
TpdTou Bivieo.

4.7 YuunepdoUoTd

Or uébodot mou TAPOUCLACGUUE OTO TAEOY XEPIAALO UTOROVY VO GUVORIUOUY GTTY UAO-
Tolnom ECUTVOY XL ATOSOTIXGY TEPLBAAOVTIWY avdluong exdvey. Aetlaue 6Tl 1) xa-
TATUNOT EXOVWY XOL O EVTOTILOUOC XOL AVALYVOELOT EVVOLOY UTopoly Vo evorolnfolv
¢ TEOBANU XAl VO AVTLUETWTLOTOUY TopdAAnia, tetuyalvovTag onuavtixy| feltioon
oe oyéon Ue oelplaxéc TpooeYYIoELg 6o 1 XATATUNGCT TEONYELTAUL TNE AVALY VORLOTS.
H xdplo ouvelopopd uag elval 1 Teocgyylon tng TAUTOYEOVNS XATATUNONS XAl oVo-
yvéplong ulag ewodvag, 1 omolo Tapéyel o VEX OTTIXT OTIS TEYVLXEC EVTOTLOUOY XL
avary vopLong avixeluévey. Ado napdynyo authic tne éac elvat (o) ot 3%o akydpelh-
UOL ONUACLOAOYLXHS EMEXTACTS TERLOY MY, RTOL 1 oNUAcLoAoYLX0U TAnuuuetouol SW
xal 0 onuactoroyxds SRSEST, ou onolol e€etdotnnay o€ éva 6UVORO TRAYUIATIXOY
exovov xau (B) n ywpoypovixh xatdtunon Blvieo, ue ) onuacloloyxy GUVEVKOT
dtadoyxdy urthox and xapé (BoFs).

Aeutepeouco cLVELGPORE elval To xpLThpLo enidoone evOC CUCTAUATOC EVTOTL-
ooy evvoldy oe ula edva. Ilpotelvaue éva uétpo to onolo hauPdver undduv Tou
1660 TNV axpl3h xaTdTUNCT TN EXOVAC OE OYEaT Ue To 6UVOLO dedouévwy airbelag,
660 xoL TNy 0pBn avayvdelon Tne évvolac tou anewxoviletal oe xdfe neptoyn. Ilpdxel-
TOL Yo €vol UETPO eTLTUY0US Tadlvounong Baotouévo oe Teployéc xat Oyl 6To GUVOAO
NS EXOVAC, OTWS LY VA Yivetol oe Tepintdoelc Tallvounong exévmy. Ilpdxeital yia
€vaL Lo auoTNES UETPO, xaBde amaltel Tov axpBn evionoud Tng Evvolag 6Ny ExXoVa
xat 6yt amhd Ty opby) andvinor 6to epdTnua av uTdpyel X oyt 1 évvola xdnou Uéoa
TNV EXOVaL.

O

76 Abavdoioc Abavaoiddng



Kegdhato 5

Ynuactohoyixhy Epunvela xou
YuAhoyioTien: Ot Aoy

5.1 Ewoaynyi

To noluueoxd TeplEYOUEVO TOU oA YETOL XOL SlaVEUETAL To TEAEUTAlaL Ypdvia elvat
TEAYUATIXG TEPAGTLO %ol oL TeYVOLoYieg avalAtnong dev €YOuy XUTAPEREL VA LXAVO-
TOLAOOUY TLC AVAYXES TOU TEAXOU YpNotn, yia dUo xuplng Aoyouc. O mpdtog elvol
ot 1 gpyaoia TG yeLeVAXTXAC TEXUNPLKOTS TOY TOAVUECHY OTA TWELVE TEOTUTA
uetadedouévmy elvar 3UoxoAn xat ypovoBopa. O deltepog ogelletar 6To 6TL elval
oL YAGDGOES TEPLYPAYPNC TOU YENOLULOTOLOVVTAL OTd T TPOTUTO UETAdESOUEVWY (6w
v mapdderyua to npétuno MPEG-7 ot to Dublin Core), Baotlovror oty XML(s),
n omolo 8ev mapéyel duvatéTnTeS onuactohoyxric avanapdotaons [28, 55, 54]. To
epOTNUA MooV elval Twe unopel xdmotog va deuxtodothoet, va avalntoel xol va
AVAXTACEL TOAVUESLXO TEPLEYOUEVO UE BAOT TO ONUAGLOAOYIXO TOU TEPLEYOUEVO" €V
epOTNUA To omolo Ue dAha Aoyia exppdletal wg 1 eoy®YH X0l AVITAEAGTACY) TOVY
ONUAVTIXDY EVVOLOAOYLXGDY TEQLEYOUEVWY TWV BES0UEVWY, UE TETOLO TPOTO, (HOTE VA
elvol QT 1 xaTavéNnoT Twv 1600 and ToV TeEAXd YeRoTn, 660 Xl and TOV UTOAO-
yioth [136, 87, 122].

Ta mohuueowd apyeta elval, ev yével, oUvbeTa Ywpo-ypovixd oHudTa Tou TEPLE-
YOLV 1600 aplbunTtixy 660 xal onuactoroyxr TAnpogopia. o autdy T0 AdYO, TOAAES
uébodol avdhuone xal texunplwong, mou éyouv mpotabel otn BiBAloypagpia, urolon-
fovvtar and xdnotov eldouc yvdon [122, 56, 132]. H déa autiic tne npocéyyiong
elval xatapydc va epunveutel To mepleyouevo ue Bdom Ta enUEpOUS oToLyEld TOU TO
ouvBétouy (fyog, Blvteo, v, exdva, xeluevo) oe Tohhamhd eninedo Aentouépetac
xaL émetta vou xafoplatoly ol tnyéc onuactohoyxic TAnpogoplac (oxnvés evoc Bi-
VTEO, TAAVOL, X0PE, CUYXEXPLUUEVO AVTLXEIUEVD, TAULOLO XEWUEVOU, UTOTLTAOL, AQTYNOT),
nynTxd epé x.4.). Telxd n onuactohoyixh xatavénon enttuyydvetat and autég Tig
TNYES TAnpogoplac xat Tic aAANAEEaPTHOELS TOUC.

[ mapddetyuo ag unofBéoouue, ywplc andiela e yevixdtntac, 6Tt Béhouue va
avahboouue ulo potoypaplo Tou xatd xUpto Adyo anewxovilel éva autoxivito. 'Evac
ahybpeluog xatdtunone ue Bdon to yeduo e&dyel pla meptoyr) mou anewxovilel éva
XoUUATL TOL auToxvhTou, uia TNYH Thnpogopiac a (ywelc Quoxd vo éyouue axdua
avaryvoploel 6tL mpdxettal yloo avtoxivito). Katomy, e€dyovtal oplouéva tpoxabopl-
ouéva yapaxtnelotxd (omtixd yopaxtnelotixd tou tepthaufdvouy Thnpogopta Yo TN
YewueTpla TG TEpLoyfc, To ypodua tTne, Ty uPh x.&.) xou anofnxedovtal oe xdmola
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Kepddawo 5. Xnuaowdoyixij Epunvela xar YuAdoyiotixi: Ontixy Aoyuxi

Soun avanapdoTaeNC YAPAXTNELETIXGY YLot EXOVES (OTWG, Yio TAPASELYUd, O OYEGLA-
x6¢ ypdgoc yapaxtnelowxdv ARG). To enduevo Briua elvan n avayvdplon ue Bdon
T0 BEATLOTO TAlpLOGUO TV YUPAXTNELOTIXGY TNS TEPLOYNC XL TV YOLAXTNELOTIXGY
UOVTEAWY OVTIXELUEVODY ToU amoTeholy €va eldog mpdteprne yvoone. Edv emteuybet
To Talplaoyo Ye TNV eTxéta AYTOKINHTO, T6Te dnulovpyeitar ulo onuaclohoyixy
oyéon petaly tne meployfc a xal tne évvolog AYTOKINHTO. Xuveyilovtag auth
dradixaoto Yo ToAéS TNYEC TANEOPOPLIC UTOPOVUE VO GUVOEGOUUE ETLTAEOY ETLXETES
oL omoleg mpooTifevtal 6T GUYOAXY| TEPLYPUPT] TNC ELXEOVAC.

Auth 1 mpooéyyLom, av xa UTopel va EQaUEUOOTEL GE EXOVEC UE OYETLXE Uixpd
aplud aviixewwévey, 1 oodlvaua Alyeg mnyéc mAnpogoplac, Yl TEQLTTMOOEL GTOU
eugaviletol ueydrog aplhude aviixeluévwy xal evvoldy elvol ToA) aloldd0én HoTte va
AVAUEVOUUE LxavoTolnTxd arnoteléopata. Avo anuoaviixol hoyol yio autd (uetall
AWV PuoXE) elvar TEHOTOY 0 EVIOTLOUSS TWY 6WOTOV TNYHY TANpogoplac (Tou 610
Topandve Topdderyua Baolletar oty Swadixacia Tne xatdtunong xou tne eCaywyrnc
XATIANAWY TEpLoy V) xat dedtepov o xaboptoude Tne onuactohoyixfc epunvelac duo
e dadixaotioc avayvdptone (6nwc elvat 1o Talplaoud UE LOVTEND AVTIXELUEVWY).

210 Tapdy xepdhato Tpotelvouue uta evialo aVTLUETOTLON TwV BV0 TaEATAVEL TEO-
BAnudTwy, yenoworoldvTag Ulo TUTXY avanapdoTaoy YvoOong xal éva TAalolo GUA-
hoyiotixfic mou xabopllouv TNy TERLYpAYY| XaL THY OTTIXOTONoN TV UTE aviyveuon
EVYOLQDY, ELOGYOVTOC TOV Opo Tne ontixlc Aoyixrc (visual logics). ITo ouyxexpuuéva,
otny evotnta 5.2 Oa dtotunwlel To TEOBANU exTEVEGTERO XAl TLO TUTILXE, XAODC %ol
N dour NG TEOGEYYLONG MAC YL TNV eTlAUCH Tou. TN CUVEYEW oTNY EVOTNTA 5.3
Oa mepLypddouue To mhaiolo TN omTixAg hoyuxic Péca and TN OXOTLE TWV ACAPDY
TEPLYPAPLXOY hoyw®dy. 'Eneita, otny evéotnta 5.4 mepiypdpovue tn Sladixaoto ega-
YOYNC OTTXDY YUQUXTNELOTIXGY XL TNV AVTLOTOLYNOT TOUS UE EVVOLEC TOU TAALGLOU
NS OMTXAC AOYWXAC, UE YPHOT) A0APOY GUVOAWY XaL UTNEECLOY cuhAoyLoTixhc. Té-
Aoc oty evoTnTa 5.5 dlvovTal xdmola evIEXTIXd aTOTEAECUATA, EVE) OTNY EVOTNTA 5.6
Tapouctdlovtol TahadTERES GUVOQELC EpYaoiec.

5.2 IIpocdiopiopdg tou IpofAfuartog

Y1ig mapaxdte Topayedgoug Hu SLaTun®doouuE To TUTXE TO TEOBANUA TNS ONUAGCLO-
NOYXAC XATATUNONS XUl XUTAVOTONS EXOVLY Xat Ha Tapoucldcouue TNy TeocéYYLoT
MOG XOL TNY AEYLTEXTOVIXY] TOU UOVTENOU UOG, EVE OL 0pLoUOl XoL Ol AETTOUERELES
TEPLYPAPOVTAL OTLC EMOUEVES EVOTNTEC.

"Eva obotnua avdivong ewxdvoc epunvevet plo aptuntid (tavd ot cuvtaxtixt)
avamapdotaon e exévoc o ula ouuBoixy| (mbavd xal onuactohoyixh) replypaph
TOU TEpLEYOUEVOL TNE. X1 Suxt| uag mpooéyylon ulobetolue avarnapdoTtact TN -
x6vac ue Bdon Tic Teployée, Yenoulonoldviog To Yedgo ARG, 6nwg autdg oplotnxe
otny evotnra 2.3.1, emhoyy| 1 onola mapEyel ulo Sour| yia éva 6UVOAO LoYUELOUGDY
Tou emd€yovTal ToAMaThéC Siepunvetec. And tnv dAAn, yiot TNV ouUBOAXY TepLYpaph
ToU TEpLE)OUEVOU UloBeTAoUUE TO Qopualloud TV TEPLYPAPLXGOY Aoyixdy (descrip-
tion logics - DLs), emhoyt, n onola anotekel ) Bdon tne yAdooac OWL nou elvan
n teétuny yAdooa e W3C yio Ty avanapdotaot oviohoyldy [12] xou enouévec
unopel va yenowdonolniel aneuvbelac w¢ Teplypapn TEPLEYOUEVOU GTO GNUAGLOAOYIXO
10t6 (semantic web) [123]. Ipoc auth tnv xatevBuvon €yet yivel ueydhn npoond-
Oelor vo uetagpepboly xal vor epUNVEUTOUY OL TUTIXES UOPQES UETADESOUEVWY EXOVWY
(MPEG-7, VRA, Dublin Core x.4.) oe nepiypagixéc hoyixéc [137]. Envypauuotixd,
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Kepdlawo 5. Ynuaowloyixyj Epunvela xar YvAdoyiotixy: Ontuey Aoyuwe]

Yyfwe 5.1: Katdtunon eixévac ue fdon tn ypwuatixl tAneopopla.

VO OLVAPEPOVUE OPLOUEVA ETUTAEOV TAEOVEXTHUATO TNE YPNONC TWV TEQLYPAPIXOY hO-
YoV 6T onuacloloyr avanapdotao. llpdTov, ol doeic yvdoeig nou Bacilovton
0€ TEPLYPAPIXES AOYIXEC TOEEYOUY TN BUVATOTNTA YL UTNEECIEC GUAAOYLOTIXYC, OL
omoleg umopolv va yenouonotnfoly yia Tov euniouTtioud g cuUBolxiC TEpLY papTC.
Aeltepov, €youy xafoplotel eTeXTAOELS OTIC TEPLYPAPIXES AOYIXESC TOU XOAUTITOUY TN
dayelpton afelatdtnrac [124], n omolo evundpyel K¢ yapaxTnELoTXd o€ 0TOLOdHTOTE
oVotnua avdiuong exdvag. Téhog, ou meptypagunés hoyixég Baoilovtal otny utdbeon
avowtol x6ouou (open-world assumption), ulo mpayuatind onuavuxs Lot te e
hoyueic mpdne téne (first order logic) xat Twv oNUAGLOAOYIXOY TNE TUTWV.

Ac¢ npoonabrioouue va avahboouue to mpolAnua. Xto oyrua 5.1 unopolue va
doUue pla exdva oL TNy xatdtunor e o évayv aplbud meploydyv. Kdbe meployy
avanoplotd ula oudda euxovootolyelwy o onola £youv €va 1) TEPLOGOTERA XOLVEL Y-
paxTNpLoTXd. LuvAbwg, autd Ta yopaxTneLeTixd elval onTixrc QUoNg, 6TWS TO YPMOUA
(vt TopdBeLy U To YXpL YpdUa TNS TEPLOY NS S1 TNS Ex6vac Tou oyfuatoc 5.1). 'Eva
YALOXTNELOTIXG, Tou UoLpdlovTal and %oLvol EXOVOoTOLYEL ULIC 1) TEPLOGOTEPWY
TEPLOY WV, unopel va exppdlel T ouuuetoy R otny ontuxonolnon ulac évvolac. T
Topddetyua, 1 mepLoyh s2 dev yapaxtneiletal and xdmowa ouolouoppla 6 xdTOLO
aptBuntixd yopaxtnplotixd (6nwe Atav to ypdua Yy Ty S1), ahhd uotpdlovton to
YALUXTNELOTIXG NG anewdviong Tne évvolag POAA, €youv dnhadr éva xowvd onuo-
olohoyxd yapaxtnplotixd. Emnpdoleta, n ouyxexpluévn neployy| dev €yel uévo tny
évvol POAA w¢ xowv6 onuactohoyixd yapoxtnetotixd, alhd cuuuetéyet e€icou woall
ue dAAec TEELOYES OTNY OTTIXOTOINGY TwV eVVoLdY AYTOKINHTO, PAAI x.d. Xprot-
uomoldVTaS auTyh TN hoyuxy) utopolue va Sovue xdbe meployh wg TNYT TAnpogoplac,
and v omola uropolue va eEdyouue onTxY TANEoQopla and Ta ELXOVOGTOLYELDL TOU
™ ouvbétouy (6mwe elvon m.y. ot omtxol meplypagelc), ahhd opLouéveS Popéc umo-
povue entong vo eZ8youue xaL onuacloloyx TAnpogopla (6nwe elval .y. 1 évvola 1
oL évvoteg Tic omoleg ontixonotel). To mpdto emtuyydvetar uéow dradixaotag e€ayw-
S XAeaxTNELoTIXAY, EVE To 8eUTepo ouviing uéow Swadxaolog avayvdptong. Eivo
TPOYAVES OTL av xaL 1) TedTY Stadixacio uropel mdvta va odnynoet ue emttuyla otny
oTTXY TEPLYRAYY) TN TEPLOY NS, N emTuyia Tng avayvdplone Paoiletal xuplwe ot
onuaclohoyLxt) ouoloyéveln tne meptoync. Lo mopddetyua, o ontixde mEpLYpapEag
20PLWYV YPWUATWY TNG TEQLOYHC S15 TNG EXOVAS TOu oyfuatog 5.1 unopel edxoha va
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Kepddawo 5. Xnuaowdoyixij Epunvela xar YuAdoyiotixi: Ontixy Aoyuxi

eCayfel, ahhd dev elvor xabbhou cagéc Tota elvar 1 évvola (av umdpyel) v omola
OTTXOTOLOUY antd x0oLvoU, Yeyovog mou odnyel oe mbavy) anotuyla Tou alyopibuou
AVALY VOELOTC.

L0UQwYI UE TOV TURATAV® QopUaALous, 1 Sladlxaclo TNS xatdTunons unopel va
oplotel we 0 xaboploude TwY XATIMANAWY TNYOY TANEoYopiac, eved 1 dtadixacia Tng
AVOLYVORLONS WS 1) oYY TS onuaclohoYxc TAnpogoplag and Tig TNYEC auTéc.
Auth 1 tepapy x| Tpocéyyion elval TEOBANUATIXT OE TEPLTTHOOELS 6ToU 0 apliudc TV
aVTIXEWEVWY o€ ula exdva elval peydrog, xafdhg Téte elvan anapaltnTo vo cuuTeplhn-
@pBolv Texvixéc avayviplong ot Stadixacto Tne xatdTunong oUteng Kote va egayboly
onuactohoyxd opbéc meptoyéc. Kot’ autd tov t1poémo ol Suoxohieg xat Ta tpoBhiuata
NS AVaYVORLoNE UeTatifevTal oTny XaTdTunoy. XNy TPOTELVOUEVY] TEYLXT|, TEOOT-
Hodue va to anogiyouue LTOoTNEILOVTAC TNY XATATUNGY) UE GNUACLOAOYLXT AvaAUGT)
Baolouévn oe unnpectag cuAhoOYLOTIXTC 0T oyeTxy Bdon Yvdorng.

To oyrua 5.2 cuvodilel Tnv npotewvduevn Wéa. H yvdon tou custhuatog anote-
Aeltow and tpla uéen: v opodoyla (terminology), Touc toyuptouodc (assertions) xat
™V unyavii ouddoytotixijc (reasoning engine). H opoloyia elvon éva abvoro aliwud-
TWV TOU TOPEYOLY €VOL GUYOLO OTTIXADY 0pLOUGY XoL UTOY®Y®Y (subsumptions) tou
Tepthau3dvouy TIg €EVVOLEC XaL TG OYEOELS Toug 0Ty Bdor yvdong. 'Eva napdderyua
tétolou adiduatoc Ha urtopoloe va SnAGVeL 6T 1) évvolo KOKKINOAYTOKINHTO elvat
éva autoxivnto ypduatog xéxavou. Elval onuoavtixd va tovicouue 6t 1 opohoyia
xafopilel Ty agnenuévn yvoon, 1 otola dune uropel va ouvdelel ue Tov TpayuoTIXG
%x66U0" oTNV TepInTwon Tou eCeTAlOVUE, Ol TEPLOYES TNS ELXOVOC ATOTEAOUY oVTIXEL-
MEVO TOU x60UO0U, av xal dev elval anapaltnto vo neploploouue Tov x66Uo UdVo o
6Tl anewxoviletal TNV eLxdvaL.

Ot toyvplouol 6UVBEOUY TNV opoloYyia Ue Tov x6ouo (Tny edva), GUVSEOLY Snhady
T évvoleg ue Tic TNyeg mAnpogoplag. [ mapdderyua, €vag toyvplouds umopel va
INAGVeL 6TL 1) TEpLoY Y| 51 TOAVMS elval ‘%dxxvou ye®dUatog’ 1) OTL oL TEPLOYES §1 XL
9 elvan ‘yettovixée’. Xtny evotnta 5.3 Oa Sofolv teplocdTepec AETTOUERELESC GTO TWC
TUTOTIOLOUVTOL aUTOL OL Loy LELoUOL.

H unyavh oulhoyiotixfc (oyfua 5.2) elvat éva oUoTnua Tou, YenoLLoToLdvToS
NV opoloyla xat Eva 6UVOAO LoYURLOUGY, UTOREL VoL atavTd O EpOTAUATA OTWS “elval
7 mepLoyn) 81 autoxivnto;”. "Eva onuoavtind yopaxtnelotind e Unyavic GUANOYLOTL-
xhg elvar 1 undleon avoxtold x6ouou. Liugova Ue auThy, Vo GUVOAO TEPLOYGY TO
epunvevouue wg éva mhavde drelpo oUvolo To onolo dev tepLopiletal and To cUvolo
TOV 0pATOVY TEPLOYOY. AuTtd UTOVOEL 6TL 6TO EPATNUA ‘UTAPYEL XATOLOL TEPLOY T XOVTH
otV s1;’, N unyovy Oo anavtfoer “OXI” av ev undpyel 6T ouYXEXPLUEVT XoTd-
Tunon e ewdvag, evéd fo anavticer “NAI” av 7 Unopin ulag neployrhc s (n onola
dev mepthouPdvetar oty Und eZ€Taoy) XaTdTUNOY) ToU Vo elval ‘xovtd’ oTtnv sp dev
Tpoxahel acuvénewa otn Bdon yvodonc. To ocuyxexpluévo yapaxtnelotixd elval ToA
YEY\OLUO OE OPLOUEVES TERLTTMOOELS, OTWS VLo TAPASELYUN OTNY TEPITTWOT TNC EMLXIAU-
e (occlusion) dtav éva aviixeluevo xahdnTETOL UEPXAOS K OAXOSC 0nd xdmoto dAho
xafdg Beloxetol tlow Tou oty 3A oxnvi.

XpnowonoldvTag TNy Topandve UT000UR YVOOTC, 1) TROTELVOUEYT) dtadixactia xo-
TdTunone Behtidvel Ty apyixy Slauéplon TNg exdvac, axoloubdvtog pia meaxTixy
OUYYOVEVOTC TEPLOY MV X0l OVATEOGUPUOYTS TOU GUVOAOU TWV LGYUPLOUGDY TOU SLE-
mouy 11 véa Stauépton. Xovtpd, 1 Swaduxacto extvdel e TNy eCaywyr| OpLoUEVWY
YALOXTNELOTIXAY YAUN oY EMTESOU TNS EXOVAC %ol avabETel €va GUVORO OTTIXAY
TEPLYPAPELY Yia Xdbe meploy) TNC EOVIS. LT GUVEYELD, QUTE Ta YAEAXTNELOTIXG
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Yy 5.2: ApytTexToviX]) TOU TEOTELVOUEVOU OUOTHUATOS OTTIXIS AOYIXIC.

xaBopilouv xar apyxomolody T0 6UVOAO TV LoyLploU®y (T.y. 1 Teptoyh s1 elvat
‘oxxvou ypoduatoc’). Téhog, ue ypron unnpeotdy culloylotxfc, utoloyiletal 1
andoTaor and OAEC TS YeELTOoVXEC Teployég ue ula uetpixr mou Paoiletar 1600 o€
aplhuntixoic 660 xaL oe onuaclohoyxolg dpouc. Tlpénel va onuelwdel dtu dev elvar
1600 xafoplotxdc Tapdyovrac N apyx xatdtunon e ewodvac (av xor B emttd-
YUVE TN 6UYXALOT) Tpog TNV TEMXN XaTdTuUno), oUTE XEmoLo XaTOPAL YLot TO XELTHELO
TEQUATIONOY oTNY axpaia TepinTwor, unopel vo Oewpnlel we apywxt| dauéoion tng
eXOVUS OAO TO GUVOAO TWV ELXOVOOTOLYEL®Y Yol WG TEAXY) SLaUEpLon OAT) 1) EXOVA WG
uta meployy.

5.3 Alwwpoatinds Xxehetog xou Epunvelo
g Ontuers Aoyuxr

5.3.1 Movtéhio I'vong Ontixrig IIAnpogoplog

To mpdto Priua otov xabopioude evig xatdhhnhou Uovtéhou Yvdong elval va Tpoo-
dtoploouye Tig onuaGLOOYIXES OVTOTNTES, TIC OToleC 0VOUdLouUE EVVoLES, TOU €YOLY
ONUAVTIXG OO GTNY XATAVONOY TOU Tepteyouévou ulag ewodvac. 'Onwg avapépbnxe
TpoNYoUUEVa, 1 exova Oewpeltar ule culhoyY Teploydyv, and T onoleg elval oye-
Twxd anhd va eCayfoldy ontixd uetpriowa yapaxtneloTixd: mohl Suoxohdtepo elval
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10 €pY0 TNg eCaYWYTHC ONUAGLOAOYIXAS TANPOYORLaC XaL TNS AVTLOTOLYLONS TWV TEPLO-
YOV ue évvotec. Ot évvoleg anoteloly ta povadiata xotnyopriuata (unary predicates)
Xol UE XATAAANAO ouVBLaoUd Toug unopolue va e€dyouue mo oUvletec €vvoleg xoL
Teplypagéc. Emnpdobeta, neployéc Twv omolwv ta meptypdupota drtovtatl, Oewpol-
VTOL YELTOVIXES, YOpaXTNELOTIXG Tou Untopel va avanapaotadel wg ula ywpxh oyéon.
Kafdc autod tou eldouc oL oyéoelc, evdvouy 8V0 ovtdTNnTeES, avagépovial e pdlot.
"Etol dnutovpyeltar To Tumxd mhatolo tng mepLypapic ulag exdvag wg €va oUVolo
evvol®dy C xal polwv R.

Yndpyouv évvoleg oL omoleg umopodv va e€ayfoldv aneulelac and epyalelo avd-
Auong ewovac, evédd dhlec e€dyovtal UEow allwUudTtwy Tou cuvdudlouv EVvolec XL
pohoug xat aviAxouy oe éva uYNAGTERO eninedo ex@paoTXdTNTAC. LTN YoUNAOTERN
BaBuldo authc Tne tepapytxnic OTTIXAC AOYIXAC, CUYXATAAEYOVTOL OL EVVOLEC TLC OTIOLEC
ovoudlouue dieyéprec.

Optoués 5.1 (Aweyéptng) Mia évvora-bieyéptne T € Io elvar n évvora mou unopel
va apytxorownlel and ula Siadixaocia elaywyric xar taiptdouaTos YapaxTNOLOTIXGY.

O évvolec-dleyépteg elval €Vvoleg TOU avLyVEVOVTUL UE OYETXE ATAEC TPAZELS TdVW
OTNY EXXOVAL XA TLS TEPLOYEC TNG, XOL OXOTOC TOUC elval v EEXVAGOUY, 1) ahhLdC var Ste-
velpouy, ula Sladixaocto eméxtaong tng yvodong Bactouévn otny ontixr hoyuxt. Auot-
oOntixd, oL évvolec-dileyéptec (1) amhd dieyéptec) anoTeholy 1 SLayweloTiXr Yeauun
uetal Tne avoarapdotaons Ulag meployfc Ue aptBuntixd yapaxTnetoTixd xat Tng Teo-
oEYYLofc TNE omTixric hoyuaic. Emouévec, o tapamdve oplouds €yel Toh) onuayTind
e6ho, xabdc arotehel To TpdTo Priua Yo TV uetdPaon and Tic aplbunTixés Tég o
Yhwoowég TwéS, ol omoleg €youv Sionclntind vonua xat mepleyduevo Yo évay Gv-
Opwmo. Ou évvoleg dieyépteg opilovtal av Bewpricouue onTxd YopaxXTNELGTIXY GTWC
TO YPOUA, N ueh B To oyfua ulag teploync. ‘Etol, nopadelyuata Sieyeptdy oe oyéon
ue to ypoua elvar oo KOKKINO, MIIAE, ANOIXTOMIIAE, xAm." yia v vgh TPAXY,
AE10, KATEYOYNTIKO, AT." ot Téhog yia To oyriua ot KYKAIKO, EIIIMHKEY, xAT.
‘Ohot ot Sieyépteg, uall ye tic webodoug e€aywync Toug, tapouctdlovial avaAUTIXE
otnv mopdypago 5.4. Iapduoia ue toug Sieyéptee, opllovtal oL oL pdlot-dieyéptec
Tr: évac pohoc-dieyéptng elvan o pdhog nou unopel va apytxonoiniel and ula diaduxa-
ola e€aymYNC UETPROWU®Y YALAXTNELOTIXADY.

Yuvende, ue Bdon toug SleyépTec xal Toug duvatoUc cuvduaouolc Toug, elval
Suvatéy va optotoly ta ontixd aéiduata (visual axioms), ue ta omola Unopodue vo
oploovye To exgpaoTixég €vvoleg. O mpdTog TUmog ontixol allduatog tov opllouue,
ovoudletatl anAd allwua.

Optouds 5.2 (Anhé A&iwpa) Eva andd aélwua elvar ula éxppaon € mov yenot-
uorotel uévo évvorec-dieyéptrec: C = E(mi,...,T),, 6nov 1; € To,1 < i < n xat C
elvar pla éyvora téroia dote C # ;.

To amhd a&lduato LILGTOUY TO TEMTO B YLo TOV TEOGOLOPLEOUS Lo GUVOETWY XL
EXPPACTIXGY EVVOLGOY. LnUeLdveTal 6Tt Ta amhd adiduata dev nepthauBdvouy pbioug,
ahhd ubvo exgpdoeig uetall Sieyeptdv. Autd onuaiver 6TL ula meployy) yopaxtrel-
Cetal amoxhelotxd omd ta Suxéc Tng Widtnteg xou Sev emnpedletal ond AUTEC TV
Yertovxdy tne neploy@dy. [a mapdderyua, 1 éxppaon BoyNno = £(KAeE, TPAXY)
anotehel éva anAd allwua. Ilapduola umtopoly va oplotoly %ot dAAEC EVVoleg UE
xerion anhodv alwudtey, 6twg KAOAPOTOYPANOS xou BPAXOX.
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TéNog, UTOEOUUE VO EVOWUATOOOUUE X0l TOUS POAOUS GTNY XUATACGKEUR TWV OTTL-
%10V allwudtoy. Ot pdhol YpnoluoTolouvTal Yol Vo cUVdEGOUY BU0 TEpLOYEC %ol TIG
WOLOTNTES TOUC XL TLC EVVOLEC-OLEYEPTEC TOU TIC GUVOSEVOUY, YLaL VO SNULOVEYRCOUY
mo oVvleteg exgpdoelc. Autd ta aliduoata To ovoudlovue douxd altduara.

Optopbg 5.3 (Aouxd AZiwua) Aouwxd alloua elvar ula éxgpacn dieyeptdy xau
pblwv: C = E(1y..., oy R1,...,Rp), Snov 1 € Te,1 <i<n, Ry € Tp,1 <i<m
xar C & To elvan ula éyvola mov dev aviixer oto oUvolo twy SleyepTdy.

Ta douxd aliduata, xabde tepthaudvouy pdhoug, urtopoly va dlatundoouy clvie-
Te¢ €vvolec oL omoleg opllovtal oe oyéon Oyt uévo ue ulo, alrd ue éva ouvduaoud
yeltovx@dy 1) un meptoy®dv. Kdfe ulo and auvtéc Tic meployée mbavov va meplypd-
peToL and SLAPOEETIXY OTTLXA YALUXTNELOTIXG, OTWS TO Yedua 1 1 VYR, evéd extong
unopel vor onTixomolel xoL SLaPopETIXEC EVVOLEC" OAES AUTEC OUWS GUUUETEYOLY OTNY
and xowvol ontuxonoinon ulag TouAdytotov évvolag, ThavoTaTa ATOTEAOYTIS UEROG
evoc mo oVvbetou avtixelwévou. Ilapadelypatog ydewy, o oploude tne évvolog AE-
NTPO elvar éva Souxd aliwuo Paciouévo otig évvolee KAPE, PYAAA xaL 6T0 pdho
TEITNIAZEL: AENTPO = £(KAPE, PYAAA, TEITNIAZEI). To allwya autd héel 6T n
évvolo. AENTPO opileton wg uio teptoyr; xagé ypduoatoc (n onola aviiotolyel oTov
%0pU6 TOL dEVTROL) oL and ula Yettovixr neptoyh tou yopaxtneiletal and tny évvola
PYAAA. Xtov oploud tng évvolag AENTPO O unopovoaue va yivouue o avalutixol,
ATOLTMVTAC GUYXEXPLUEVOU TUTOU Yeltviaon (T.y. ywewxi) 6nwe elval 1 EINAIITANG,
EINAIAPISTEPA, ¥AT.) % ouuuetoyf meptoobtepwy meploydy (my. Ue yphon e
évvolog KAAAL). Elvow gavepd 6tL oL neployéc mou Unopoly va GUUUETEYOUY GTOV
oploud ulag évvolag UEow evHg doutxol alldUATOC UTopoUy Vo €YOoUV EVIEADS dla-
popeTxd onTixd yopaxtnelotixd. Ta Souxd aliduata Topéyouy Tn SuvaTéTNnTA Vo
0plOOVUE TLO EXPEACTIXES EVVOLES, UE T1) YeT 0T pOAWY OTwe ol EXEIMEPOS, EXEIA-
MEZOMEPOY, IEPIEXEI, EINAIIIANQ %.4..

LUUTEPACUATING, 1) TALATAVL APYLTEXTOVLXT|, TNV OTolo 0vVoudoaue OTTiXr Aoy,
yenotuonotel uta tlepapyixr] avamapdoTaon YVOoNe, CEXLVOVTAC and UETPHOLUN OTTIXS
yopaxtnplotxd (Steyéptec) xal @hdvovtac oe mo oUVIETES XL EXQPPAGTIXES EVVOLEC
L€ow TOV onTXdY allwudtoy (arthdv xat douxdy). H ypron tunuic yAdooag ava-
TAPAGTACTC YVOOTC Xal TUTXNS onuactoloylog tapéyet dUo yprolua TAEovEXTHUATA:
Tp®TOY, 1 Bdomn yvdone nou dnuioupyeltol uropel vo uetagepbel, vo eravayenoiuo-
mownbel xat va epunveutel elxoha xaL enTd oe €va véo oUoTnud, xol delTepoy elval
duvatdy va yenotuononholy unneectac GUALOYLOTIXHAC TAVL OTN SESOUEVT) YVOCT XL
1 eCaywyh ovunepacudTwy tou odnyel oty eaywyy| véag TAnpogoplag, Siadixacta
nou ovoudlovue ontixy ouAdoytotixj (visual reasoning).

5.3.2 Ilepiypagixés Aoyuxég yia Avanapdotacr Ontixng
ITA\npogoplag

Ou meptypapuxéc hoywxég - ITA (description dogics - DLs) [11], anoteholy v xatdh-
AN YAdooo avarapdotaong yvhong yia vo xwdxorotnfel n ontixd hoywer| [80, 90].
Ou ITA elvon ulo owoyévelo gopualiouol avanapdotacns Yvoone Poclouéves ot
AoYnY|, OYESLUOUEVES VOl AVOTAPLOTOVY XUl VO GUUTEEALYOUY YVOOT YUpw amd éva
ouyxexpuévo medlo ue dounuévo xal oagt| teéno. Ilapduola ue to yvwolaxd uo-
vtéhou tou avlpdrou, to Beuehddn otouyelo Twyv ITA elvar oL évvoleg xat oL pdlot,
Ta onola yenoLuoTolovvTal 6e alLOUATA XL OYECELS OTLYULOTUTWY PACEWY YVOCEWY.
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Eivar mpogavic 1 avtiotolyia xou 1 opoldtnTa Ue TN SoUY) TOU UOVTEAOL YVOONS TNG
onTXAC AOYIXAC TOU TROTEIVOUE GTNY TEONYOVUEYT, EVOTTTA.

Avéddoya ue Ty exgpaotixy| duvatodtnta plag yAdooag, ol ITA mapéyouy éva oU-
YOAO XATAOXEVAOTAOVY (constructors) yLo TNy xataoxeur oOVOETOY EVYOLOY XL pOALY
an6 amiolc. Ilpdta opilovue to0 olvoho twv atouixdy evvordy C, TOV aToULXGY
pOAwY R xoL twv atéuwy I. X1n cuvéyelo unopolue va oploovue olvletes évvoiec
uéow olvbetwy exgpdoewy. Av unobécouue 6Tt ypenoluonotolue ) YAdooo SHIN
DL [51]}, t61e ula SHIN-évvowa oplletor emaywyixd wc:

1. Av C € C, t6te C elvar yla SHIN -évvoua,

2. Av C xou D eivar évvoeg, R elvan pohog xavn € N, t6te (=C'), (CUD), (CMD),
(VR.C), (3R.C), (> nR) xa (< nR) elvar entone SHIN-évvotec.

Enmunpédofeta, av R elval évac pdrog, t61e xar o R~ elval enlong pdhog xat ovoudle-
Ton 0 avtlotpogoc Tou R. 'Onwe unopolue va dwumiotdoouue, n yhdoor SHIN dev
TPOOQEREL TaL UE€GU YLol VoL dnuLovpyrioouue cUvletoug pdhoug, dnhadt| utdpyouy uévo
atouxol pélol. Befalwg, mo exgpaotinés 1A, énwe auth tou tapouoldotnxe otny
epyaoia [80], dlvouv ) duvatdétnta yprone olvbetwy péhwy. Erlone, to aliduata
evvol®v etval g wopgpnc C =D 1 C C D, 6nou C, D elvar €vvoleg ot epunvedovToL
ot évvowa C elval toodvaun 1 utd-évvola Tng évvolag D avtiotolyws. 'Eva olvolo
TéTolwy allwpdtwy atotekel 1o odua opoloylac (TBox) T. Emnhéov, unopolue va
€youue allduata pohwv e wopehc Trans(R) Aéyovtac 6Tt o pdhoc R elvan petafa-
Txog xou e wopgric R © S Aéyovtag 6t o pdhog R elvon umd-pdhoc tou S. To
oUvolo TV allwudtwy pdhwy anotekel to odua pdlwv (RBox) R. Xuvdudlovtag
ToL AELOUOTA EVVOLOY X0l pOAWY, dnutoupyoUue Ty utovooluevn yvoon (intentional
knowledge) evic Oepatixol nediou, n onola umopel va ypnotuomoinfel yia ) onua-
olohoyuxt| epunvela Ulog edvag Xal TV TEPLOYDY TOU TNV ATOTEAOUV.

Me tnv avtiotolyton Tne ontxic hoyixrc xoL tng onuetohoyiag Twv ITA tou avakv-
OOUE TOPATAVR, UTOPOVUE VO XAVOUUE OPLOUEVES Ypriowes Tapatneroelc. Katapyty,
oL deyépteg xaL oL péhol-dieyépteg matlouy Tov (Blo pbho UEe TIC ATOULXES EVVOLEC XaL
Touc atouxolc porouc twv ITA. Autd tovilel Eavd étL oL dieyéptec anoteholy To
Beuehiaxd otolyelo Tne onTinrc Aoyuig xou dev UTopoUv Vo 0ploToUy o oyéon UE
dhhec évvoleg Uéow alloudtwy. Axdur, to anid allduata elval otny ovoto allod-
LOTOL TEPLYPAPLXMY AOYLX®DY Tou oTn deid ueptd TepLhau3dvouy €vvoLeS NS Lop®nc
(=C), (C U D), (CND), érou C,D elvar deyéptec. Xto mapdderyua tne évvolag
BOYNO 10 allwua éyel we e&ficc BoyNo = (IIPARINO U KASE) M TPAXY. And
™Y dAATY, To douxd aliduoata elvol adiduata ITA mou otn dedid uepld mephoufd-
vouv Touldytotoy ula évvola tng wopyiic (VR.C), (AR.C), (> nR) f (< nR), dnhadn
repthauBdvouy pdloug mou cuVdUALouY TOAAES TEPLOYEC YL TOV TPOGdLopLoUsd Ulag
ouvlbetng évvolag. ‘Eva tétolo mapddeiyua elval 1 évvola AENAPO 1) onolo optleton
o< AENAPO = KASE M IrEITNIAZEL ®YAAA. Téhog, ypnouonoldvTag Tn onueLo-
hoyia twv ITA, 1 arnaltnon 6t ula évvola C' 8ev avixel 610 6Uvoro Twv deyeptdy ¢
(optouol 5.2 xar 5.3) unodnhdver 6t to T Box elvar axuxhixd, dnhadh xaulo évvola
dev oplletal dueoa 1 €uueco UEGK TOU €AUTOU TNC.

IEnuedveton 6t unopolv vo ypnotlonotnfoly xon AN CUGTHLATY TEPLYPUPIXGY AOYLXGV TE-
PLoGOTERO ) AYOTEPO EXPEACTLXA.
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Ilivaxag 5.1: Ypuaooloyla evvordy xar p6lwy.

Koataoxevaotrc Yovtadn Ynuactohoyla

xafolur évvola T T%(a) =1

xevi évvoLa 1 1%(a) =0

YEVIXEUUEYT, dpvnom -C (=C)*(a) = c(C*(a))

Touyy (00leuin) CnbD (C 11 D)% (a) = t(C*(a), D*(a))

évoon (dalevin) cubD (Cu D) (a) =u(C*(a), D*(a))

unapélaxdc teptoptopéc  IR.C (3R.C)*(a) = sup {t(R*(a,b),C% (b))}

beAT

TEPLOPLOUGS TLUNC VR.C (VR.C) (a) = bienAfI{j(RI(a, b), C* (b))}

TEPLOPLOUOC TO-TTONY <pR . ;nf ar J (R (a, b;), uic{bi = b;})
Lyeensbpi1

TEPLOPLOUGS To-AybTEpO > pR sup  t(th_, R*(a,b;), ticj{b; # b;})
Dby EAT

avtloTpogos pdlog R~ (R7)%(b,a) = R%(a,b)

Looduvoula C=D Va € AT.C%(a) = D*(a)

UTG-€vvola cCcD Va € AT.C*(a) < D*(a)

uetofotixdc pdhog Trans(R) Va,b € AT R (a,b) >
SuchAI{t(RI(aa C)a RI(Ca b>>}

un6-pOAOC RCS Va,b € AT.R%(a,b) < S%(a,b)

LoYLpLOUOL EVVOLGDY (a: C)<n C*(a)<n

Loy LpLouol pOAWY ({a,b) : R)<ain R%(a®, b%)=an

5.3.3 Koatavénon Ilepieyouévou xor XuhhoyLotixy

'Onwg elval yvwotd, n Saducaoto g avdhuong emxovag EUTEQLEYEL €val UEYSAO Tto-
00016 affeBatdTnTac xal avaxplBolc YvHone, x4t To onolo ogelletol xatapy iV oTNny
unébeorn mou yivetal 6t ulo doddotatn avanopdotaoy uropel va meplypddel Tov
TELOBLIOTATO XOOUO. LUVETHS, ELVaL AVATOPEUXTY) 1) ATOAELL TANEOPOPLAS, YLO OTOLA-
dfmote mepaLtépw avdluot xat av Béhovue va xdvouue. Enouévoe, elvol Aoyixd va
utobeThioouuE WS WO TPAXTIXES TN aoa@ols auvolobewploc (6Twe Tic oploaue oTny
evotnta 2.2) xou va yenotuonoticouue Babuolc euniotoolvng yo To xatd té6co ula
mepLtoyy) ontixomotlel ula évvola, 1 oe Tt Babud éva Cedyog meploy®dy Lxavonolel éva
eéro. 'Etol unopolue va dniodoovue 6t ula teploy | €xel tpayeta v oe Pabud 0.7.
Tnv teleutalo dexaetio €xel epeuvnlel 1 SUVATOHTNTA EVOWUETOONS TNG AGAPELNS OTLS
TepLypapieéc hoyixéc [128, 125, 124] xau éyouv dnutoupynbel o acagelc Teptypapxéc
roywée (f-DLs).

Ou évvoleg, oL pohoL xat to allduota ot aoagelc teprypapxéc hoywée (fuzzy
description logics - f-DLs) opllovtat xatd tov (8o 1péno mou oplotnxay xou 6Tig
xhaowée IIA. Ou Slagopéc Twv dlo YAwoodv eugavilovial 6Tic oyéoelc UeTaly
atéuwy (Lebyn atdéumv) xot evoltdv (pdhot). Ye avidlaotodh) ue g xhaowxég IIA,
ota -DLs optlovue touc aoagelc toyuptouodc (fuzzy assertions) mou emttpénouy va
neplypddouue oyéoelc ottyutotinwy (instance relations) ypnotuwonoidvrac Babuoic
ovuuetoyhc. Il tumxd, ov acagelc woyvptouol opllovtar we e€fic: (a @ C)xan A
({a,b) : R)xan, 6mou paelvon >, >, < o <. Mnopolue vo e£0U0LdGOUUE Loy UELEUOUC
e woppic (a @ C) = n, Gewpdvtac dlo oyvplouolc e woppic (a @ C') > n xa
(a:C) <n. To olvoho TV acapdy Loyuptoudy tpoodiopilet to ABox A. 'Etot, 1
toimhéta twv TBox, RBox xat ABox (7, R, A) elvat autd nou anoxahoVue ovroloyia
ontxiic tAnpogoplac (visual ontology).
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O acageic toyuptouol unopovv va yenoworownbolv yio va teptypddouy tig oyé-
oelc oTlyuwotinwy uetall ulag meployfic xor ulag évvolag, ohhd xou uetall evog
Levyouc meptoydv. Do mopddelyua, urnopovue vo yeddouue (s @ Kaor) > 0.7,
((s1,S2) : TEITNIAZEI) > 1 xot (s2 : PYAAA) > 0.8. Autd| n yvdon tou eZdyeta
améd avdiuon Tne exovag, onwe Ho deuytel oty mapdypago 5.4, arotehel TN eny
Voo (eve Ta allduaTta EVVOLOY XaL pOA®Y OTOTEAOUY TNV UTOVOOUUEYY YVOOT) Xat
apyonolel TNy omTe Aoy,

"OnW aVaPEQUUE Yol TARATAVE, 1) OTTIXY AoYLXY) OQelkeL Vo €YEL TUTILXY) ONUAGLO-
hovtla, emouévwe ol ITA elvar mpdypatt xatdAAnia Yo TNV avamapdoTaoT) TS OTTIXNAS
nAnpogoplac. H ypfion ouvaptfioewy ovuuetoyic ue tedlo oy to [0, 1] e&unnpetel
otov opoud tne acagolc epunvelac (fuzzy interpretations) [128]. Mia acoagrc ep-
unvela elvon éva Levyoc T = (AT, 1), énou 1o nedlo AT elvar éva un-xevé ovvoho
aviixeévoy xat L etvon pla ouvdptnon acagoic epunvelac, 1 onota aneixovilel:

1. éva drouo a € T oc éva otouyeto al € AT,
2. uta évvowr C € C og pla ouvdptnon oupuetoyhc C1 @ AT — [0, 1],
3. éva p6ho R € R pla ouvdptnon oupuetoyrc RE : AT x AT — [0, 1].

H ouvdptnon acagolc epunvelac uropetl vo emextabel ue yprorn tekeotdv aou@olc
AoYAC xaL Vo Tpood®aoel onuactohoyla oe oUvleteg €vvoleg, pdhoug xaL allLOUATA.
O wlvaxag 5.1 amewxoviler auth 0 hoywr, émou ¢ elval To acaPEC CUUTATIPLUA, T 1)
acaphc Tour xat u N acaghic évwon (BAéne napdypago 2.2.2).

IMapdderypo 5.1 Eotw o acagelc ioyvpiouol (s1 : KA®E) > 0.8 xat (s : TPAXY) >
0.9 xar 10 allwua xabopiouot tn¢ évvoras BOYNO BOoyNO = KaeE M TrAXY.
Téte, ue Bdon tov nivaxa 5.1 éyovue Kaor® (s7) > 0.8 xar Traxy’(s?) > 0.9 xa
uropolue va ouuncpdvovue 6t Boynot (sT) > t(Kasr? (region?), Tpaxy?®(s?)) >
t(0.8,0.9). Av ypnowonofoovue tpy mpdtuny toul yia t-vépua (t(a,b) = min(a, b)),
t61e BOYNO® (s7) > 0.8, evd av ypnowworotjoovue Ty Lukasiewicz t-vépua (t(a,b) =
max(0,a + b — 1)), téte Boyno®(s7) > 0.7.

Mio evdiagépouoa mhevpd towv ITA elvar 61t Tapéyouv Thovolec unnpecteg cuume-
paouatohoylag, yia Tig onoleg undpyouy anogactiowot (decidable) akyépibuol. Autd
ornuatver 6t elvol eguetd va eCaybel véa yvdon ue teyvixéc GUAOYLOTIXTC GTNY OVTO-
hovta. Ov urmnpeoiec ovunepaocuatohoyiag Twv IIA €youv emextabel xau otic aougeic
ITA [128], wavonoldvtag ty anaitnon v ontix) culhoytotixt. Emnpbofeta and
TOuC TUTLXOUC Unyaviouolc ouunepaouatoroyiac tov ITA, o acageic ITA mapéyouv
™V uTnpeaio UTOAOYLOUOY TOL UéytaTov eAdytotou gedyuatoc (greatest lower bound
- glb) evéc atéuou oe pla évvola, To omolo opiletal we eZhc:

glb(a,C) =sup{n: ¥ = (a: C) > n}, (5.1)

6mou a elvan éva dtouo, C ula évvola, n € [0, 1], X 1 Bdon yvdone xoL = toptotdvet
Aoy ouvenaywyy (implication). Awefnuxd, to glb elvar o ueyahitepoc Babude
ue Tov omolo éva dtouo a avixel otny évvola C ywplc va eugaviletal xdmota avtigaon
oty yvoor. ‘Onwg Oa gavel oty enduevn evétnTa, 1 UTNEEGLN CUUTEPACUATONOY OG
glb Oa gavel Wiaitepa yprown v tn Swadixacia TS avdAUoNS XaL XATAVONGNS TNS
eoVvoC.
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Téhog, mpoxeluévou va Yivel eQuxTy| 1) e|0Y) UTNRESLOY GUANOYLOTIXHC, elval ana-
paltnTog évag amogaciowog alydpluog v tn YAdooo f-SHIN, 6nwc v mopd-
deryua o ahybplbuoc tableauz [126] yio tn YAdooo fxp-SHIN . H yhdooo fxp-SHIN
TpoxUnTeL and Ty acugl| teptypapuxt) Yhdooo f-SHIN ue 1o Lukasiewicz aocupéc
ovumhMpoua (c(a) =1 —a), ue ©ic Godel t-vépua xat t-xovépua (t(a,b) = min(a, b)
xav u(a,b) = max(a,b)) xa ye v Kleene-Dienes acagy| ouvenaywyyh (J(a,b) =
max(1l — a,b)).

5.4 Arné toug Ontxoig Ilepiypagels otig
‘Evvotec-Aleyépteg

Ye auth Ty evotnta Ha nopoucidoouue T dadixaocta eCaywynic Twy dieyeptdy T =

{7} v meployéc and Touc ontixolc teptypagelc (xpLa autolc Tou tpotinov MPEG-

7). To obvolo twv deyeptdv T = {7} unopel va avahulel oe emuépoug uno-

obvola T, mou oyetilovial UE GUYXEXPLUEVES OUAdEC OTTIXOY TEpLypapéwy (T.Y.

Yeoua, ven, oyfua) R ue eEetdixeuuévouc aviyveutée (T.y. aviyveutic dépuatoq)

oL omolol TpoxUTToUY ond AVIALGT TOAAATAGY GTOLYElWV-YapaxTnetoTxdy (multiple
n

cue): T = LJTZ
i=1

Ta aocag; clvoha uropolv va dtayelptotoly Ty afeBatdtnta ToAd xallTtepa and
T ®Aooxd GUVOAY, EVED ETULTAEOV €YOUV UEYAAUTERES EXPRAOTIXES SUVATOTNTES YLu
VoL ovamapao THooUY TpoBAduata Tou Teayuatixol xéouou [58]. Enouévewe to utofe-
TOUUE YLOL TNV TEQLYRAYT] TWV AoAPDOY LoYUELoUGY oL ontolol avtioTolyilouy eployéc
e ewodvag xau dieyépteg ue éva Pafud ocuvuuetoyric. Optlovue To acugéc alvoro
TY deyeptdyv 7 ndvw oto olvoho T ue ouvdptnon oupuetoyfic 7: T — [0, 1].
Xenotwwonowdvtag ) onuetoypapia abpolouatoc yio éva acagéc olvolo, yedpouue
|7
T = ZTZ'/T(TZ'), émou |T| elvar 1 mhnBuxdtnta tou ouvérou T, 7; € T elvan évac
i=1
Sieyéotne xav T (7;) elvan o Babudc ovupetoyiic Tou dleyéptn 7; 6T0 Aoaés olVolo.
Yrig endueveg topaypdpouc Ho topouctdcouue Toug SLEYEPTES TOU Y PNOLLOTOLOUUE
xaL oY ETLOVTAL UE TRELS OTMTLXEC TINYEC: TO yYpdua, TNV U@l xoL to oyrua. Ou delouue
aVoAUTLXE T1) SLadixaoial AVTLOTOLYLONG TWY OTTIXOV YAPAXTNPLOTIXOY UE TIC EVVOLES
dleyépteg xal mwe xataoxeudlouue To aoupéc oUvoro T .

5.4.1 Auweyépteg XpdUatog

To yedua arotelel 6w TO MO EXPEACTIXG OTTIXO YULAXTNELOTIXG, TO oTtolo €YEL TO
EMLTAEOY TAEOVEXTNUO VO ElVaL AUETIBANTO OE OTOLOSATOTE YEWUETELXO UETAO)Y MU0~
TLoUO NS EXOVAS (UETATOTLOY), TEPLGTROWT, TEOBOAR, %.4.). Xtn BBAtoypapia €youy
Tpotabel mdpa TOAAG YoEAXTNELOTIXE TOU UTOPOVY Vo Teplypddouy To ypdua ulag
TEPLOY NS TNG ExoVag. Evag eupéwg Sladedougvog Teplypaeds Yo To Ye®dua elval o
neptypagéac xlpiwy ypwudtwy (dominant color - DC') [69], o onoloc anotehel xau
uépog tou mpotunov MPEG-7. T ula meproyy s1, o nepiypagéag DC opiletan wg
€VaL OLAVUOUA YoRAXTNRLOTLXOV:

DC = {(¢,p,v);,8), 6tovi=1,...,N (5.2)
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Y1y nopandve tapdotaoy, ¢; elval To -06T6 xUplo yeoua, v; elval 1 Staxiuaven Tne
XATAVOUNC TOU YPOUATOC OTNY TEPLOYT|, P; ELVAL TO TOG00TO XaTdAnng Tne tepLoyric
and TO -06TO XVPLO YpAUd, S ELVAL 1) YWELXY) GLUVOYY) OTNV €xTacT TNS TepLoyic xat N
elvat 0 apluds xVpLwy ypudTtwy Tou utopel va elval To UEYLoTo €ng oxTH. (loTdoo,
1 ovomapdoTaor auth Sev elval xaTdAANAn Yo T Suxh uac Tpocéyyion, xabde dev
emHuuoluE Vo YPNOULOTIOLGOUUE TO GUYXEXPLUEVO Teplypagéa aneulelog yia xdmoLa
EQAPUOYY), OTOC T.Y. YL DELXTOBOTNOT XaL AVAXTNOTN EXOVKY Ue BA0T) TO TEpLEOUEVO
(6mou Ba opilaye xdmota uetpixr) anbotaons téve oto didvucua DC). Exonde uog
elvan v avtiotolyloouue Tig apluntixée Twég Tou dwaviouatog DC ue Yhwoouxoic
bpoug, oL onolot o arotelodv Toug deyéptec (optoude 5.1, mapdypagoc 5.3) v To
Ye®ua, oL omotol elva:

T; = {KOKKINO, ANOIXTOKOKKINO, KITPINO, ANOIXTOKITPINO,
[TPASINO, ANOIXTOIIPASINO, MIIAE, ANOIXTOMIIAE,
MAYPO, T'KPI, ANOIXTOT'KPI, Ax1iPO}

[ vor emtdyouue var yapaxTneloouue Ue YA®OGLX0oUS 6pous aptBunTtixés Tuuéc,
yeetalouaote ulo cuVEETNON UETACYNUATIOUOU Tou Vo oLVSEeEL To didvuoua DC' ue
éval (aoa@éc) oUVORO EUBLEXELTWY YPWUATWY, OTWS AUTE TOU YPENOLLOTOLOUUE xolTN-
uepwd. Ta ypwuatind ovvoha (color sets) [119] elvar ulo ouunayrc xau mo GuUTU-
AVOUEVT, UOPQT| AVATURICTACTNS TWY LOTOYPAUUATWY Ye®dUaToC Xal €youv Tpotabel
ddpopol péhodol yia Ty eaywyy) TOUS, OTOC N XATWPAWGT ETL TOU LGTOYRAUUATOC
1 enl e nlow-tpoPolfic (back-projection) tng exdvac. Xtn duxr wog teplntwon, to
YEOUATIXO 6UVOAO anoTelelTal antd T0 6UVOLo Twv dleyept®dy T xou xataoxevdleTal
ue Bdon tov meplypagéa xUplwy Ypwudtoy. Emmiéov, yio xdfe Sieyéptn unohoyi-
Couue xat To Bobud mou exppdlel 1660 xahd yapoxtnellel 0 YAwoowoc bpog Tic
aptBuntixéc twéc. Autdc o Babude elvan o Babudc ovuuetoyhc tou deyéptn (7;) oto

T
acapéc alvoho T = ZTZ/’E (1), 6mou 7; € T7.

H Saduxaoio xocwzoiauﬁg TOU A0A(POUS YPWUATIX0U GUVOAOU, BEBOUEVOL TOU TEPL-
Yeagéa xVplwy yewudtwy, elvar 1 edic: Ipdta uetatpérovue to dudvuoua YpdUaTog
v = [r g b] an6 tov RGB ypwuatixd ybeo oto ddvuoua u = [h s v] Tou HSV, o
omolog elval ontxd mo ouoLbUoPPOC (TEPLOGHTEPES AETTOUEPELES AVAPEPOVTAL BTNV
Tapdypago 3.4.2.

To enduevo Prua elvar va xPavticovue to u xat Ha to xdvouue oe 12 eninedo:
glm] = Q(u), 6mou ¢[m] elvar 1o Sdvvoua xBavtiouol xaw m € [1,...,12]. H ouv-
othoo H (Hue) mou neptypdget tn ypwuatixy andypwon xBavtiletal oe 4 enineda, n
ouviothoo S (saturation) mou mepLypdpeL Tov xopeoud Tou ypoduaToc xPavtiletal oe
1 eninedo, n ouviothoo V mou meprypdpel T pwtevétnta o dlo enineda (avolytd
xaL 6x0Vpo) xat Téhog dhha 4 enineda g pwTEVOTNTAC UE UNdEVLXY) TLUY XopECUOU
avTLoToLyoUy ot 4 Téc YxpL, and palpo éwc donpo. To Sdvuoua xBavtiouol gm]
xafopilel évay 12-8idotato duadixd ydpo B2, dmou xdbe dieyéptne ypoduatoc avit-
otolyel oe ulo emAOYY YPOUATOS AT6 TOV XBAVTLOUEVO AUTO YPWULTIXG YOEO.

H acdgeia ewodyetar oto Brua xBaviiouol tng yeouatixhc andyewone H. O
Yewuatixog yoeog HSV elval €vag xulvdpxde ydpeog, Tou onotou 1 cuviothoa H
hauBdvel Twéc oto medto [0,360°]. O xPavtioude oe 4 otdbuec Tou H yivetor ue 1o
dtaywpeloud Tou 3loxou Tou og 4 TOUELC ToU AVTLOTOLYOUY Gt 4 SLaxpLTéC YPOUATIXES
ATOYPWOGELS: XCxx1V0, X(Tp1vo, TPdotvo xaL uTAe, Ue ta xévtpa toug oTic Héoeig 0°,
90°, 180° xou 150°, avtiototywe. T xdhe éva, optlouue uto cuvdptnoT ouuueToyhc
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N

degree of membership

0 pil2

pi 3pil2 2pi
Color hue: 0< 8 <21

Yyfua 5.3: Yuvaptiioeic CUUUETOXTC Yia Ta YpoUaTA XOXXYO, XITELVO, TEACLYO Xt UTAE
SetyuatoAnprrodueva oto dloxo tn¢ yewuatixic andypwons H tov HSV ydpou

T1(1;): [0,27) — [0, 1] mou avuotoryilel tic Twéc e andypwone 6 tou deyéptn 7
oto povadato didotnua. H e&iowon (5.3) naptotd 0 ouvdpTtnon GUUUETOYNS YLo
T0 SeyépTn KOKKINO® mapbuota 0pllovTal oL ouVapTHCELS GUUUETOYHC XaL YLoL TOUC
uméhottoug ypwuatixoug dieyéptes. Kabde 1 andypwon opiletar 68 mohxég ouvte-
ToYUEVES, dixatoloyeltal va yenoltuonoltioouue TV TeoPBoAr) otoug dUo d&oves wg
ouvdpTnor ovuuetoyrc. To oyrua 5.3 delyvel TIC CUVIRTACELS CUUUETOYNS VLo TLC
TEOOEQPLS YPWUATIXES ATOYPOOELS XOXXLYO, X(TOIVO, TPATLYO XKoL UTAE.

cos(d), 0<0,%)

7, (KOKKINO) = ¢ 0, 0 €[z, r) (5.3)
cos(f), 6 ¢€ [, 2m).

Yuvdudlovtac ta 4 eninedo tne andypwone (xdxxivo, xitowvo, mpdotvo, ure) Ue
o dV0 TNg utewvdtnTac (oxodpo xar avorytd) xatahiyouue oe oxtd deyéptec. Ot
unéhotnol T€oceple e£4YoVTaL UE OUOLOUORPY XPAVILON TNC YOTELVOTNTAC UE TOUTOH-
YOOV UNSEVLXT| YPWUAUTIXY andYewaoT, TopdYOVTAC XAT oUTOV TOV TEOTO TEOOERLS

emtnAéov Seyéptec: Mavpo, I'xpt, Avorytélxpt xav Aonpo.

5.4.2 Aveyéptes Yorg

O nepiypagéac avalitnone verc (texture browsing - T'B) yopaxtnellet tnv vy oe
oyéon ue Ty xavovixdétnta (regularity), tnv xatedfuvon (directionality) xow tpoy -
ta (coarseness) [69]. O nepiypagéac T'B opiletar oto npétuno MPEG-7 we eZc:

TB = [v1 vg v3 vy Us). (5.4)

210 Topandve SLdvuoua To U1 avTLTPOoWTEVEL TO Padud xovovxOTNTOS TNG UGTC Xou
elval xPBavtiouévog oe T€ooEple TWES: TOAU xavovixd, xavovixd, Alyo axavévioto
xal axavévioto. Ou Tiéc ve xat vg pubutlouy Tic dVo xVplec xateubivoele (tpooava-
ToAopoUs) e uehc. Lmuetdvetal GtL ula exdva umopel va €yel Tautodypova Uéypet
T0 moh) dVo xatevfivoelg, T.y. €vog tolyog anotehoVuevog and ToUBAa €yel TNy (dla
otiyun xou optlovtia xou xataxdpupn xatevbuvtixd ver. H mepiypagn tng xoted-
Buvone xPavtiletar oe €51 entneda, oto medlo Tudy [0,150%], evd undpyer emtniéov
xal 1 T e un xatevfuvone. Téhog oL TUWES vg, U5 AVTLOTOLYOUY GTNY TeayUTNTa,
n onola xBavtiletar oe téooepa enineda: Aelo, Alyo tpayV, tpayy xon moAU tpayU.
[eploobTepec AemTOUERELES VLol TOV Teplypa@én avalhtnong Lenc xoL TNV eaywy
Tou and ula ewdva 1 Teployn e exévag divovtat ato dphpo [143)].
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Hivaxag 5.2: Optoudc Pfabudy ovuuetoyic Sieyeptdy uprc.
Kavovuxdtnta Tr(xav) Teayvtnra  Ta(tpy) Koatelbuvon Ta(xth)

(Ul) (U4 & U5) (1)2 & U3)

AXAVOVLOTO 0 Aelo 0 optlovtie  max(cos(vs), cos(vs))
AMyo axavévieoto 0.3 AMyo tpayd 0.3 xotax6pupn max(sin(ve), sin(vs))
HOVOVIXO 0.8 TEAYY 0.8

TOA) XAVOVLXO 1 oAU Tpayy 1

O meprypagéag T'B éyel and tn @lor Tou K31 ula onuactohoyxy évvola, xabodg
dev meplypdpetal and apluntixéc TWée, adld and yAwoouxous dpouc. Autdg elval
xal €vog Baoixdc Aoyog yia Tov omolo emhéloue auUTOY TOV TEPLYPagEd, 0 0Tolog
dnutoupyhiinxe oto mhatoo Tou tpotinou MPEG-7 yio v avalftnon tapduolny oe
ugph exovwy. O Yhwoowol autol pot elvatl TVTIWE ETOL 0pLOUEVOL, BGOTE AUCTNEA
elte undpyouv elte Oy, xdTL To omolo elvar Yoo Yo EQAUEUOYES BEXXTOBOTNONG XL
avalrftnong. Ln Suxt| pac dum opyttexTovixt, entBuuolue Vo ELoAYOUUE aGpELd
otoug 6poug auTolc Xl oTIS WLOTNTES aUTES TNS LR (xavovixdtnta, xatelbuvon
xaL oy UtnTa) xal vo tpoadihoouue éva Babud cuuuetoyhc. [ autdév to oxomnd,
optlouue ulo cLVEETNGT UETACYNUATIOUOU TTOU amelxoVILEL T TWES TOU TEQLYPApEN
T B oe Sieyépteg ugric oe éva Babfud. To olvoro autdy Twv dleyeptdy elval:

T, = {TPAXYTHTA, KANONIKOTHTA, OPIZONTIAKATEYOYNSH,
KATAKOPY®HKATEYOYNTH}

Me mpdtn uatid xdrotog unogel va tloteve 6TL T0 0UVOAO TV dieyeptdy verc Th
anotelel unocUvoho Tou meplypagéa T B, autd toylel U6vVo Yl TO xAaoxd GUVOIO
Ty xau oy vy 1o acagéc ouvoro . To acoagéc alvolo T mapéyel To anapaitnTo
elpog TGV yia To oTolyela Tou, dote Ue to Pabud cuuuetoynic va exgppdletol dueca
T0 THCO AVTLTPOOWTEVTIXOC elval €vag dleyéptng yia ula meployn g eodvag: Ty =
|T2|

Zn/'fg(n), émou 7; € Ty
i=1

H Swaduxaoctio acagoroinong twv dieyeptdv verg, elvol uia anewxdvion tov Bab-
uov tou meptypagéa TB oe Babuolc ovuuetoync, xabde o TB oplletal oto Suo-
xptt6 medlo (nivaxoac 5.2). Xto deyéptn uepric KANONIKOTHTA, avabétouvue téooeplc
Bobuolc oupuetoyhc, avdhoya ue tnv Twwh v tou neprypagéa T'B (eglowon (5.4).
Hapduoia, yio o Seyéptn upric TPAXYTHTA avabfétouue téooeplg TdAL TWéS, avd-
Aoyo UE TNV €vtaon Tng TeayUtntac Twv vy ol v3. Ocov agopd tnv xoatelHuvon
e vric, opllouvue Toug e&hc BVo deyéptec: OPIZONTIAKATEYOYNSH xau KATA-
KOPY®HKATEYOYNZH. Ot Bafuol ouuuetoyric npoxintouv and tnv mpofoly| tng
x&he xploc xatevbuvone (wla and e €€ tou vrnootneiler o TB) otov opldvtio
xal Tov xotoxdpupo dZova aviioTolyws. Ondte, oL cuVapTHOoES cUUUETOYTC elval:
T>(0pl) = max(cos(vs), cos(vs)) Ta(xat) = max(sin(va), sin(vs)).

5.4.3 Aueyépteg Lyfuatog

Lot v meptypagr Tou oyfuatog ulag mepoyfic dev Ha ypnoluonolioovue xdmotov
and toug meptypagelc tou mpotimou MPEG-7, xafdc ou Sieyépteg mou Héhovue va
oploovue mpoxUntouy areubelag and Ty exxdva. To olvoho, howndy, Twv dieyeptdy
oyfuatos elvon to eZhc:
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T35 = {KYKAIKOTHTA, OPOOTQNIOTHTA, ENIIMHKYNSH}

H xuxdoedtyra elvar évar uétpo tou xatd m660 xUxA xou ouurayhc elvat ula
TepLoy Y| xal unohoylletal we e€hc:

47 - euPadov

XUUMXOTI T = (5.5)

nepluetpoc?

[Mpdxettar yia éva uéyebog ywplc uovddec, Tou onolou 1 TWY eAdYLOTOTOLELTAL, OTWS
avVoUEVETAL, Yo Uia xUXALxT| Teploy T, EV® 660 ueyalitepn elval 1 Ty Tou 1660 Al-
YOTERO XUXALXO elval TO oYua TNG TEPLOYNS. LUUQWVIL UE AUTY TNV TARATHRENOT),
emhéyouue uta ouveyr, yvnolwe @hlvouca cuvdetnom Yol TNV ATEXOVION TNG HUXAL-
x6tnTac oe Babud ovuuetoync oto acupéc oUvoho tou Sieyéptn KYKAIKOTHTA:

T3(xuxd) = e . [0, 1] — [0, 1] (5.6)

H oploywvidtnra elvan éva uéyeboc mou delyvel m6co xohd taptdlel n und e&é-
Taon neployy) oto Tepixhelov mhaiowo (bounding box) xau unoloyileton ue Bdorn tny
TAEAXYTW GYECT:

euPadoyv mepLoyric
euPaddv mepundelovtog ophoywviou

opboywviétnTa = (5.7)

Hpogavag, v opoydvieg meployée, ol omoleg Tautilovtal Ue To mepixhelov Toug
opfoydvio, 1 1w g opboywvidtntog elvar ton ue ) wovdda, evd 660 etdveton 1)
TWh auth, T660 AydTepo oploydvia elval 1 meptoy . Me Bdon auty Tnv Tapathienon,
oplCovue wg ouvdptnon ouuuetoyhc Tou dieyéptny OPOOIQNIOTHTA TNy TAUTOTLXY)
ocuvdptnon:

T5(0pboy) = opfoy: [0,1] — [0, 1] (5.8)

Téhog, n emunxvvon ) exxevipdtnra, elvar éva axduo yopaxtnelotixd uéyebog
Yoo To oyfuo ulag Teployfic xal LooUTtal Ue To0 AGYO TOU URxouC Tng UEYLoTng yopdhic
TOU SLUTEEYEL TNV TEPLOYT), TEOC TO UNXOC TNC EAAYLOTNS YOEdHC:

ufxoc wéylotng yopdiric
ufxog ehdytotng yoedhc

emuixuvon = (5.9)

Alonontxd, n ouvdeTnon CUUUETOY NS YLo AUTOV To dleyEpTy, TEENeL va elvat Yvnolwg
adZouoa, XL UAAOTO UE UN-YRAUULXS TROTO, ULAS XaL 1) LBLOTNTA TNS ENLUAXUVOTC UTO-
hoyiletar w¢ xhdoua dVo uetafintodv. 'Etol mpotelvouue Ty mopaxdtew cuvdptron
OULUUETOYTC YLl TOV UTOAOYLoUS Tou Babuod cuuuetoyic Tou Sieyéptn ENIMHKYNSH:

Ti(emu) =1 —1/emu: [1,00) — [0, 1] (5.10)

"Eyovtac oploel 10 6Uvoro T3 TV SLEYEQTOV OYAUATOS XAl T GUVIRTNOT GUU-

uetoyhc yia tov xabéva, uropolue va oploouue 10 AoAPEC GUVOAD TV SLEYERTAV
|75

oyfuatoc T3 = Zn/’];}(n), 6mou 1; € Ts.

=1
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Iivaxag 5.3: Aeiyua tnc fdone yvdone 2.

7 ={T'paxial = ANOIXTOIIPAXINO,
PYAAOMA = [IPAXINO LI KANONIKHY ®H,
BovyNo = (IIPAxINO U KA®E) M TPAXEIAY @H,
XOMATINOZAPOMOY = (KA9E L ANOIXTOKA®E) M TPAXEIAY &H,
AxeaaTINOZAPOMOE = (I'kp1L ANOIXTOI'KPI) M AEIO,
AASTIOAHSAPOMOY = KASE[ TPAXEIAY &H,
XIONISMENOSAPOMOY = ASIPO I AEIO,

ArPoMOE = XOMATINOXAPOMOY U AZSAATINOSAPOMOXLI
UAASTIOQAHSAPOMOY LI XIONIZEMENOZAPOMOY,

AENAPO = KA®E M JrEITNIAZEL.DYAAQMA }

R = {TEITNIAZEI C IEITNIAZEI }

5.5 Apywd Arotelécuata

"On 7 Badixaoto TN avdhuong CexLVAEL UE TNY XATUOXEVT) TOU ApYLX0V OBUATOC
toyuptoudy ABox, 6Tou oL apyixol Loy uploUuol GUVLGTOVTAL ATOXAELGTLXE 0nd EVVOLES-
dieyéptec. Enixdnomn tng ontixic culoyiotxric yenowonolel to apywxé ABox xou
Ta adiduota Touv oduatos opodoylas TBox xau dnutovpyel véoug Loyuplouols, ouv-
déovtag meployég TG ewodvac Ue Véeg €vvoleg. EmmAéov, ue yperon tng unneeciog
OUMNNOYLOTIXAG LEYLOTOU EAAYLOTOU QEdYUaTOog glb umopoluE Vo avaxTAOOUUE TANEO-
popleg Yo To Babud ouoldtnrog 80 YELTOVIXGY TEPLOY DY, O GYEaT UE XdToLa EVvold,
XL Vo TG ouyywvevoouue ot ula eviala teployy| 1 omola avamaplotd TNy dla Evvoa.

Y10 xeqpdhao 5.3 oploaue 0 doun xoL TN Aettoupylo TN TREOTELVOUEVNG OTTLXTC
Aoywerjc. Auth n hoyuxy| amooxonel 1o va uag Bonfrioet va avtikngholue Tic évvoleg
utag Beuatinfc meployfc xafde xar g oyéoelg mou T SLETMOUY, UE TPOTO TOU VA
eCunnpeetel adyoplbuoug avdiuong ewdvag xal va Toug Toapéyel To undBabpo Yvdong
Yoo TNV eNLTELEY) TOLOTIXGDY XUl ONUACLOAOYIXDY ATOTEAECUATWY. XTOV Tivoxo 5.3
eugavileton éva andonacua TN ovioroylag tou Oepatixod medlov “pdA”. Ilpdxeiton
vl €vo ToAU xpd Uépoc e Bdomng yvodone X, xATL Tou €YLVE EGXEUMEVA YLOL VO
elval To XaTaYoNTH 6TOY avaYvVHoTn 1 Sladixaolo TNg cUANOYLOTIXHC xat va Yivel Lo
duvati| 1 Tapaxolovbnon tne Brua mpog Prua. Ipdta Oa delfouue dTL ue yprion Twy
EVVOLOV-OLEYEPTAY TTOU 0pLOAUE TNV EVOTNTA 5.4 UTOPOUUE VoL XATAOKEUGGOVUE OTAY
aZuduato. Autd to alLduaTa yenoulorololy Tig évvolec-dieyépteg Uall ue uepLxoic
xataoxevaotés [IA ue oxond tov oploud amhdv evvoldy.

[apadeilyuatog ydptv, €yovue oploel Tnv évvola I'PASIAI ypenowuonoldvTag éva
deyéptn ypouatog, ouyxexpluéva tov ANOIXTOIIPASINO. Eriong, éyouue oploel
™V €évvol AASTIQAHSAPOMOY ouvdudlovtac dUo Sleyépted, €vay Yp®dUoToC %ol
évav Lerc. A6 v dAAT, emitpémoviag YeHon POAwY, UTopolUE Vo GuVSUdGOLUE
TEPLOYEC, UE DLUPOPETIXE UGALOTH OTTLXY YUQUXTNELOTIXG, YLo VO OplOOVUE TLO GUV-
fetec évvolee, allomodvtac douxd aliduata (opioude 5.3). Ilo cuyxexpluéva, o
eého¢ IEITNIAZEL yprotuonoleltal yio va oploouue tn oUvletn évvolo AENAPO, TO
onolo yovtewd anoteheltat amd 8V0 XOUUdTIAL, TOV x0pud Xl To @UAAwUa. Télog,
otov mivaxa 5.3 mapoucidlouue xar éva allwuo pdhou To onolo dnhdvel 6TL 0 pdhog
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®)

Syhuo 5.4: Aoy ewxdva (apiotepd) xar  xatdtunoy the ) yeovixli otiyur t (deéid)

TEITNIAZEI elvon ouuueteixds. Me tn Borffela tng ontixic Aoyixric unopoUue va xota-
OXEVACOUUE TEPLOGHTEPOUC 0PLOUOUS EVVOLOY, aTAoUGTER®Y %ol GUVOETOTEPWY, TS
elva oL évvoleg OYPANOYE, X YNNERIAXMENOXOYPANOY, POAA ot AYTOKINHTO.

Y10 oyfua 5.4 anewxovileton pio etxdva xou dimha ulor mbavh xatdtunoy tne oe
uta pdiom t Tou alyoplBuou xatdtunong, émou €xel ywpLotel oe Tepinou TELdvTa TEpLO-
Yéc. Xe autd o onuelo ac enavérbouue Ayo otov alydplbuo xatdtunone SRSST
TOU TUPOUCLICAUE avahuTixd otny topdypago 4.2.3. Katd tnv extéleon Tou t-0otoU
Briuatoc ouyydveLanC TepLOY DY, £Y0UUE NON EVa COUI LoYUELOUDY TOU €YEL TEOXV(PEL
and TOV EVIOTOUS TV EVVOLOV-OlEYERTOY oTa Tponyolueva (t — 1) BAuota, xabde
xal oty e€aywyt evvoldy ue Bdon tnv ontxy culhoyiotixr. O mivaxag 5.4-A no-
PEYEL TO aoa@éc GUVONO LOYUPLOUDY YL €Va CUYXEXPUUEVO XOUUATL NS exdvac (ot
xwduxol apliuol Twy Teploy Y AVTLOTOLYOUY UE AUTOUC TN XATATUNUEVNS ELXOVOS TOU
oyfiuatoc 5.4). Ynueltdvetal Tt évvolec-Sleyéptec mou dev €youv avtyveubel (1 Loody-
vapa, eviomouog Sieyéptn ue undevixd Bafud ovuuetoyrc 0To acagéc cUvoho TV
dleyeptddv) dev mapdyel toyvptoud tou timou (s; ENNOIA; > 0), xafdc dev mpo-
o@EpouY xdmola onuactohoyLx) alla oty dtadixacia TS OTTIXAC CUALOYLOTIXTC, EVED
avTIOETWS AUEAVOLY TNY TOAUTAOXOTITO XL UELOYOUY TNV ATOS00T) TOU GUOTAUATOC.

Enixinon te ontixric oulhoylotixiic dnuloupyet véoug acagels toyuplouolc (BAéne
nivaxa 5.4-B) eunhovtilovtac 1o ABox, evd emtniéov enavainohoyiletal to UéyLoto
ehdytoto gedyua glb v xdfe meployr xou yua xdbe évvola olugova ue v egi-
owon (4.6). Do mapdderyua, éotw n teployy) s1 oty omola €yel anodobel 1 évvola
PYAAA olupova Ue ToV allouatixd oploud: PYAAA = [TPASINOLUREGULARTEXTURED,
6mou o Pafude yua T véa évvola TpoxUnteL and TV acaupr Evoon Tov Babudy Tov
oyeTllouevmy dieyeptdv. Lopdvovtag to Yedpo ARG, Beloxouue 6Tl oL Teployéc sy
XUl S3 €Y0UV UEYLOTY OUOLOTNTA XAl dpa 1) axuy) ea3 Tou ARG €yel ehdytoto Bdpog
Wag, 6TwS auTH unoloyiletal and v eZlowon (4.5). Ou 8Vo autéc neployéc oe autd
T0 BAua tou akyoplBuou, ontixonololy and xowvol tny évvola I'PASIAL tovilouue
6TL autéd oylel oto t-Briva, xabde ot endUEVY QAoT UTOPOUY XIAAGTI VO OTTLXO-
ToLoV xdrowa dAAT €vvola, 6mwe T.y. Ty KHIIOE. Me Bdon tn onuactohoyixr Toug
ouoLOTNTA X0l TV and xowvol ontixonolnon tne évvolag ['PATIAIL anogacilovue vo
TIC OUYYWVEVOOUUE %ol Vo eTavaidBouue T Stadixaoto eCaywyhc deyeptdy YLo TN
véa meptoyy). O véou Loyuptouol tpootifievtar 6to ABox xou 1 dtaduxacia npoywedel
oto Bhua (t+1).
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IMivaxag 5.4: () Acapeic toyvpiouol and éva delyua touv ABox oto Brua t xat (B) ot
eayduevol acapelc toyvptouol.

C)) ®)

[eproy? "Evvoia Bafuég "Evvoia Bofuéc
$1 [IPATINO 0.79 DYAAOQMA 0.79
s1 TPAXEIAY ¢H 0.80 I'PASIAL 0.78
s1 KANONIKHY oH 0.80 I'pPAXIAL 0.71
$1 OPOOrONIOY X XHMATOX 0.87 BovynNo 0.69
S ANOIXTOIIPASINO 0.78 XOMATINOSAPOMOX 0.69
S9 TPAXEIAY ®H 0.80 AATTIOAHEAPOMOY 0.69
S3 ANOIXTOIIPATINO 0.71 APOMOX 0.69
S3 TPAXEIAY ®H 0.30 XOMATINOSAPOMOS 0.30
S4 Ka®E 0.69 APOMOX 0.30
S4 TPAXEIAY oH 0.80 Y KONH 0.70
S5 ANOIXTOIIPATINO 0.85 BoyNoO 0.67
S5 TPAXEIAY ¢H 0.30 XOMATINOSAPOMOX 0.67
S6 KASE 0.67 AASTIOAHSAPOMOY 0.67
S6 TPAXEIAY ®H 0.80 APOMOX 0.67
S7 ANOIXTOI'KPI 0.72 ASHAATINOSAPOMOS 0.70
S7 TPAXEIAY ®H 0.30 APOMOX 0.70

5.6 Xuvagels Epyaoieg

H 3éa tne ypriong YAGOGoC TUTLXHC avamopdoTaong YVOoNS oe TEoBAUATA aVAAUGTS
ToAUUEowY dev elval xalvolpla. Xto mapehlov €youv yenolwonoinbel acagelc nept-
Yeagpueéc hoyxée (f-DLs) mpoxeuévou va mapéyouy éva TUTLXG LOVTELD Yio avVEXTNOT
Tohupeowxric thnpogoplac [75, 76]. Meténeita epyaoto tou Di Sciascio [108, 33] napou-
olaoe ula enéxtaon Twv I[IA dote va tapéyouy ta uéoa va alloroinbel To neplypauua
XaL TO Ypduo Ulog TepLoy g < EVVOLES TEQLYRAPIXADY AOYIXGY XUl TO TROTELVOUEVO
UoVTELO ypnoluwomoliinxe Yo avdxtnon exdvey ue Bdon to oyrfua. Ouv Moller xou
Neumann [80, 90] napouciacay T dixi| TOUC TEOGEYYLOT YLaL TNV XATAVONON EXEVGY
ue Bdomn tumxéc meptypagpuxéc YAbooes. Ntny mpdtn epyacta [80] Siepeuvifnxay ot
ETUTAEOV DUYATOTNTESC TOL TUPEYOUY Ol TPOTUTES enextdoels Twy [IA [11], evd ot
devtepn epyaota [90] yenowwomouifnxay xat emextdoelc twv IIA v ywpixée oyé-
oeic. 'Olec ou mpoavagepheloec npooeyyloelc Hewpoly dedouévn tny Umapln opbiic
XL EXPRACTIXAC TEQLYPAPHC TN EMOVAC UE Bdom eTxéteg mou €youv avtiotolynbet
o€ TepLoyéc TNe, dnhadr tpolnobétouy TNy extélean evoc ahyoplbuou xatdtunong xoL
ev ouveyela ula Swaduxacta avayvdplong mou mapéyel TNV apylxy TEQLYpayY) 1 omola
anofnxedetar oe ula Bdon dedouévmy. Ou meplypa@xéc AoYIXES YENOoLULOTOLOUVTOL
ATOXAELGTLXE YLaL VO VAOTIOLNOOLY epyaotec UYNAGTEPOU ONUAGLONOYLXOU ETUTESOU 1)
Yl avdxTnon nepleyouévou anofnxeuuévou oe uia Bdon yvobong. Kab’ 6cov eluaote
oe Oéon va yvopllouue, 1 duxy| uac tpooéyyion Swgoponoteltar xaL elval Lovadixy
oto yeyovog 6t ypnowonotel T ITA xou unrpeoiec oulhoyloTinfc autdY e Tpo-
BMuata avdluong ewovag yauniod emrédou, dnwe elval 1 xatdTUNoT, Ue 0X0Td Vo
Behtidoel 1660 To ATOTEAEOUATA TNC XATATUNONS, 060 XAl TNS AVAYVOELONS oVTL-
xewévwy. H xowvotoula g mpotewvduevne uebodohoylag elvar 1 otevr dtacvdeon
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uebodwv mou eqapudlovrtal ancubelac GTNY EXXOVA XL TIC TLUEC TWV ELXOVOOTOLYELWY
e, Ye texvoloyieg mou Paoilovtal oe Swayelpion Yvdong ubnhol emmédou xat unr-
peclec GUALOYLOTIXAC xoT’ QUTOV TOV TPOTO oL SLUdXAGIES TNG XATATUNONS XAl TNS
VALY VORLOTS EQYOVTAL TLO XOVTAL.

Enlong, éyouv mpotabel xal oplouévee teyvixés mou Paoilovial oe teyvoloyieg
Ghhec and Tic meptypapixéc hoyixéc. H Hunter [53] npdrteve tn ypron oviohoyldv
xal xavovey. 1o cuyxexpuuéva, ol xavovee xataoxeudlovtatl ue oUvtaln xoL on-
uaotohoyla olugwva ye to mpétuno e RuleML [102], evd ypnowwonouifnxe éva
dixTuo ovTOhOYLOV TOAUUECWY anotehoUuevo and ula ovtoloylo Tuprva, ovioloyieg
Bepoatindy medloy xou ula ovtohoyia yua to npétuno MPEG-7. H unyavy mandarax
[100] ene&epydletat Toug xavdves Ue oxomd Vo eEGyel VEX YVOOT. AUt 1 TpocEyyLlon
avTlueToRleL To TPOPANUN O TEPTTHOOELS OTEVRDY Oeuatixdy tedlwy, étav to el
AOYLO EVVOLGY elval TOAD UixEd, VG UELOVEXTNUA Elval 1 UEELXT AoLUPBATOTNTA TWY
XAVOVWY UE TIC 0VToAoYleg TOU 00NYEl O UELWUEVT EXPRACTIXOTNTA XAl TEPLOPLOUE-
veg unnpeoteg ouhhoytotihc. Mio dAAN mpocéyyion oty avayvdelor oNuacLOhoYL-
%OV avTixeluévwy oe axohoudiec Blvteo ye yprjon oviohoyldv toluuéowy tpotdbnxe
oty epyoota [31]. O xavévee oty yAdooa hoyixfic mhatotou (F-logic) xaboptlouv
Ta epyadelo avdhuong toluuéony Tou Ho yenowonoinfoly, avdloyo ue g EVVoleg,
TIC WLOTNTES %Ol TA YUUNAOY EMTESOU YORAXTNELOTIXG TOUS, YLOL TOV EVIOTLOUG OT)-
UAGLOAOYLXODY EVVOLOY 0pLoUévwy 6Tny ovtoloyia. Télog, xavdveg, ovtoroyleg xol
epyahela avdhuong Tohuuéowy, anoteholy o dedouéva eLoOd0U NS UNYaviS GUALO-
yiotic KAON [91], o onolog avahaufdvel va ouuminedoet autéuota ulo ovtoloylo
TOAUUECWY.

5.7 Yuunepdouata

Y10 xeQAAoLO 0UTO TopoUCLdcaUE EVO SOUNUEVO TAALOLO YVOONC xa0OC xal TNy ona-
paltntn uebodoloylo mou mpénel va axohoulnlel yio vo emitevybel n emdiwxduevn
ONUAGLOAOYLXT) XATATUNGT] EXOVWY XL OVOLY VORLONG AVTLXELLEVWDY. (¢ YAGBOGO avo-
TOUPAOTAONC YVOONS EMAECOUE TLC TEQPLYQPUPLXES AOYIXES XAl EMLTAEOY YPTOLLOTOLY-
OOUE TLC AOUPELC EMEXTAOELS TOUC YLOL VO UTOPEGOVUE VoL EVTAEOUUE 0TO GUCTNUA UOg
10 Bafud AodPELUS TOU UTELGERYETOL OVATOPEUXTA OTO GTABLO TNS AVIAUONC TNS ELXO-
vac. Egapudoaue Tic unnpeoieg acagpoic culhoyiotixrc ancubelag oto medBinua tng
XATdTUNONS EMOVOY, we Uébodo utohoylouol onuaclohoyxic andotaong dVo Teplo-
YOV. OENOVTAC VoL aTOPUYOUUE TO SlaywELoud TOU TROBAAUATOS TNS XATATUNONS XL
NG AVALY VOPLOTS, TOY TROBANUATOY ot “yauniol” xat “udniol” emnédou, elodyaue
™V évvola Tne ontixric Aoyuxric (visual logics) ylo Ty eviaio avTLUETGOTLON AUTOY TWY
mpoBhnudteyv. H Sounuévn apyitextovixr tng ontixfic hoyuxfc Baoiletal otov opl-
oub tou oduatos opodoyiac (TBoz), oto odua pdlwv (ABoz) xou 670 odua pblwy
(RBoz). To TBox anoteleltan and: (o) tc évvorec-Sieyéprec (trigger concepts), ot
ormoleg ouoLHOTIXG aroTeEAOVY TIC Tp®TeS evdellelg OTL ula Teployn ontixonotel ula év-
vola, (B) T ontixd aliduata xou T Soutxd aliduatae, 1o onolo YenoLULOTOLoUVTAL YLO
va. ouvBécouy o olvleteg évvolec. H anewxdvion ulog neployrc and toug ontixoic
TepLypagelc mou TN yapaxtneilouy, ot ula évvola, cuVBETEL TO ohUA TRV 0ELOUATOY
ABoz otny gpunvela Tou avoLyToU xGCUOU TWwV TEPLYRAPLX®OY hoyxdy. 'Eva xdplo
TAEOVEXTNUO TN YPHoTNS aoapoUc ouAloyloTxic elval 1 unneeota uéytotov eAdyt-
otou gpdyuatos glb, n omolo unohoyilel To Pabud cuuuetoyfic ulac neployfc otnv
ontxonoinon ulag evvolag.
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Kegdhato 6

Eniloyocg

6.1 Xvunepdoyota

To avtixeluyevo épeuvag TN SLaTEBhC AUTAC HTAY 1) EVOWUATWOT) TEYVOAOYLOY YVOCTS
OTNY AVIAUOT] EXOVOY XL TILO GUYXEXPLUEVA 1) ¥PY0Y] BLAPORETIXMY AVATAPACTACEWY
YVOOoNG 68 TEOBAAUATA OTWS 1 XATATUNGCT) EMOVWY XoL BlvTeo, 1 avayvopelon avTi-
AELWEVWY, 1) ONUACLOAOYLXY| TEQLYPAPT X0l AVAXTNON TNG OTTIXOUAXOUCTIXNAS TANROYO-
olac. Ta epeuvnuxd autd mpofAfuata elval eyyevide aobevie oplouéva, xabde dev
uploTatat ulor povadixr, avtixeluevixd xat xabolxd arodexty Aor. [Tpoxeiuévou va
xataoTel Suvaty) 1 Adon auTOY TV TEoBANUdTWY, elval anapaltnTo Vo eTavadLaTUTL-
Holv xau va yivouv oplouéveg unoféceic Tou Ha teploploouy o TARHoc TV anodexTdY
ANoewv. Emmiéov, naupd tn ueydin epeuvntixt| mpoondfela, n otdbun tng teyvolo-
viag dev €yel unopéoel va @tdoel To entnedo g avbpdmiyng onteic avtiAndng xal o
XUPLOTEPOC AOYOC Ylot auTO elval 1) Tepdotia TpdTepn YVOoT Tou Slabétel o dvipwnog
xat o Tponog wou TN dwayeplletal. H olumpaln twv texvoloyidy Yvhong e Tevixég
6pUONC UTOAOYLGTGY oToYeUEL O aUTO axpB3dC, oTny avanapdotact xol aflonolnon
NS TEOTEPNSC YVGONS oe alyoplfuoug onuaclohoyYxic avaAuoTc Eovwy xat Blvteo.

ITo ouyxexpuyiéva, otn date3y) auty eCetdooue o dtabéatuo LOVTERA aVaTapd-
oTaone YVOone xo emthéEoue SVo Ta onola ixavorololy Tic analtioelc Tou Hécaue €&
apyhc. H mpdtn elvon ulo uBpdued avanapdotaon exdvey xol Bivieo ue yeron yed-
POV XL ACAPOY CUVOAWY TOU YENOLUOTOLEITAL YL TV ONUAGLOAOYLXY| XATATUNOT XL
VLY VORLOT) AVTLXELUEVWY amd To Tepleyduevo. H aoagric cuvolobewpla emiéybnxe
o¢ Yéoo avanopdotaons tne afeBaldtnTac, n onola elval Euputn oto TEoBARuUNTA TG
6paoNC UTOAOYLOTAY %ol avdAuong emodvewy xat Blivteo. H ofefadtnra oty oty
ouTH eVTOTULETAL GTOY CUOYETLOUSO TWY OTTIXGY YopaxTNeloTx®dy 2A % 3A teploydy
™NC eoOvag 1 Tou BlVTEo Ue ONUACLOAOYIXES OVTOTNTES XaL Ta acaupr cUvola dlvouv
1 SuvatétnTa va Sofodv Babuol ainfogdvelac oty 0phdtnTa VS TETOLOU GUGYETL-
ouoU. A6 Ty AT, Yoo TNV e@apuoyy| evog alyopibuou enelepyaaiog xal avdiuong
utac ewodvac 1 evog Bivieo, elval anopaltntn n xatdAAnin avanapdotact tne oe ula
dour) dedouévwv. Katarinhdtepn Oewpninxe n doun yedgpwy, xalde 1 oyetixt, Denpla
UEAETA TLC OYEOELC AVTIXELUEVKDY T oTola €Y0UY XAToLo GUVAEELN UETAEY TOUC 1) GUV-
dovtaL Ue xdmolov oploUévo TpoTo, UE Tpopavy TNV aviioTotylo ue Ta aviixelueva
xaL Ti¢ oy€oelg Toug Péoa ot ula exxdva 1) éva Blvteo.

[ v xotavonoT TepleyoUEVou XalL TN oNUaclohoYLXT TepLypagr| autol, n Ba-
oy araltnon HTay yio ulo TUTLX) XaL EXPEACTIXY YADOOA AVATAPAGTACTC YVMOOTC,
7 omola vo mopéyel TN duvaTédTNTA eCUYWYNC CUUTEQUOUATWY YLl TOV EUTAOUTIOUS
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¢ ouuPoluic meptypaprc. o v avanapdotaon autic T Yvoong uvlobetroaue
TO QOPUAALOUS TWV TEQLYRAPUADY AOYLX®DY, OL OTOlEC TaEEYOUY TN SUVATOHTNTA YLo
EheYY 0 OUVETELNC X0l UTneeoteg culhoyloTixrc. Emmhiéov ou meplypa@uxéc hoyuxég
arotehoVy 11 Bdon g Yhdooag OWL nou elvan 1 mpdtunn Yhdooo tng W3C yuo tny
AVATARAOGTAOT OVIOAOYLOY GTOV OTUAGLOAOYIXO LOTO.

Aedouévng Tne TedTERNS YVAOONS XAl TNS AVATAPIGTACHC AUTHS, TN UeTdPoon and
TOL oELOUNTIXG YoEAXTNELOTIXE TOU GHUATOC OTO GUUBOAXA-EVVOLONOYLX, T1) SlaTu-
TOOUUE WG TUlPLAOUA TEPLOYDY TNG EXOVAC UE TEOTUTA OTLYULOTUTA EVVOLOY TN
ovtoloylag Oepatixod medlou. Ilo cuyxexpuuéva, cuvdéoaue TIC EVVOLEC TNG OVTO-
Aovlog Beuoatixol medlou pe TEOTUTA OTLYULOTUTA OTTLXMV TEQLYRAPEDY UECK TNG
ovtohoylag omux®dy teplypagéwy. H avidxtnon autdv twv otyulotinwy xot o Tai-
PLIOUA TWV OTTIXOVY TEPLYPAPEWY UE TOUC AVTLGTOLYOUC Tou e€dyovTal amd TNV UTO
avdAvor ewova 1 Blvteo, anotéhece Eva oNUAVTING xOUUATL TNG AAANAETSpAONS TwWY
ahyoplBuwy avdhuong ue Tic Teyvohoyieg YVOoELC.

Ta yapaxtnetotind - ontixd xol cuuohxd - tou €youv e€aybel oto Tponyoluevo
oTddlo TNg avdhuong xat €youy anolnxeutel oTn Sour Tou oYECLAX0U YPAPOU YupEI-
xTNELoTIXAY, alomoliinxay 6Ta Thalola TS ONUAGLONOY XS XATETUNONS ELXOVKY XL
Bivteo. Avuuetonioaue To TeéPAnua NG omd XoLVoU XOTATUNCNS KoL VoY VORLONC
AVTIXELWEVWY, 0TO TAALOLO TNG CUYYMOVEUOTC YELTOVIXMY TEQLOY KDY, OL OToleg €Youy
uta xowvy) onuactoloyxy| epunveto. Xe avTdlacToAr Ue TNV oLVHiTn TEax Ty TNS oEL-
PLAXAC EPUPUOYNC TWV SLABXACLAY TNS XUTATUNONE XL TN AVOLY VOPLOTS, EVOOUATO-
oaue 0ToV ahy6ElUO XATATUNOTC YoEAXTNELGTIXA ToL ToEdyOnxay xatd T Siadixa-
ola e avayvdplong, xal egoapudoaue UBEWXA (omTixd xar cuuBolxd) xerthpta Yo
™Y ouYYOVEUOT TepLoY®V. O %Uplog oTdY0g NG ONUACLONOYLXHC XATATUTONG ATV
VoL ETLTUYEL XAAUTERT XATATUNOT) AAAY VoL 0VATEOQOBOTHOEL UE BEATIWUEVA OTOLYELO TN
dtepyaoia Tng avayvdplong, yapoxtnellovtag Tig enuépouc TEpLOYES TOU GUVBETOUY
v ewova 1 to flvteo.

Télog, n onuaclohoyxt| avdhuon exdvewy xol Bivieo ohoxhnpdvetol ue tny eda-
Yoy UeTadedouévwy, Ta OTolo TEPLYPAQPOUY TO TEPLEYOUEVO GE €VA EVVOLOAOYIXO
eninedo, Loodlvauo ue autd mou avtihauPdvetar xou emtbuuel vo SayetploTel €vog
dvlpwroc. Xpnowonoicoue To TUTLXG, dounuévo TAalolo YvOoTg TwV acupdy Te-
ELYPAPXAY AoV, Yl Tov EheYyo Tng ophdtnTac oL Tov eunioutioud tne edo-
ybeloac onuactoloyuic mhnpogoplag.  Avadellaue 0 yenowwdTnTa TOU AVOTNEOY
mhatolou Yveong, UEow TN SuvaTOTNTAC TOU EYEL VLo EUXOAT) ENEXTAOT), SLAUOLEACUO
xaL enavayenowwonoinon. Emnnpdcheta, n mapayduevn onuactoloyixy| Teplypa@r Tou
Tepleyouévou, elvar Souxn, xabdg o yapaxtnplouds agopd 1660 GANG TNV X6V,
600 XUl T AVTIXELUEVO TTOU TEQLEYOVTAL GE AUTAY.

6.2 vuvelogpopd xar AnuocleloeLg

YBpwduxy| avanapdotaon ewxxdvey xou PBlvteo pe yedpoug xal acagpy) GUVoAa

AuTovénTo TEoanALTOUUEVO TPOXELUEVOU VU EVOWUATOOOUUE TEYVOROYIES YVOOELC OE
TpoPBhiuata avdiuong ewodvag, elval va oploouue L eldoug yvdon ypetalduacTte xat
TOC UTOPOVUUE VAl TNV AVATOEAOTACOUUE TLo xatdhhnha. Ouotaotixd ypeetalduaocte
%dToLou €ld0Ug AVATAPAOTACT TEOTEENS YVMOONS VLo Vo BBOOVUE EVVOLOAOYIXT TEQL-
Yeaph) oTa OnTIXd yopaxTneloTixd mou edyouue aneubelag and tny ewdva. Ilapdh-
Anha, 1 ofefondtnta agpbovel ot TpoAfuata TNg 6paomS UTOAOYLOTMOY, XoOLGTMOVTOC
xeriowo epyahelo Ty acagy cuvolobewpla yio TV avatapdotach autol Tou eldoug
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mhnpogoploag. 'Etol howmdy, npotelvouue Tt yenoluonolnoy Twv acapdy GUVOAWY YLa
™y avanapdotaon ey thavdy evvoldy Ttou oyetilovtal (ue xdnoto Babud ouuueto-
Yhc) UE plo exdvaL xaL TLS EMLUEPOUS TEPLOYES TTOU TNV OTOTENOUV.

Emnpédobeta, yperalduaote ula dour mou va umopel va Sayelplletar armodotixd
TOL OTTLXG YOEAXTNPLOTLXE oL TN Ywelxr TANpopopla mou eldyetal and ulo EXOVA.
[ autdv tov oxomd emhéaue Tov oyecluxd Ypdpo yapuxtnpiotxdyv. H Oewpla
Yedpov arotelel ula xohd PLEAETNUEVY ETLOTNUOVIXY TEQLOYT TOU WO TOPEYEL TA
xaTdAANAa e@OdLaL YL var TpoPAAuata avdivong ewxdvag. T ouyxexpluéva, ol xéufol
TOU YPAPOU AVTLOTOLYOVY OE UT-ETLXANUTTOUEVES TEQLOYES OL OTOLES TIEELY PAPOVTAL UE
AATOLOL Y APAXTNPLOTLXAL.

H xawvotoula tng mpotelvoueyne TpoceyyLlong elval 1 eVOWUITOOY TOU acu@olc
ouvolou evvoldy, Tou oyetilovtol Ue xdbe meployy|, 0TA YAPAXTNELOTIXG TWY avTi-
oToL WY XOUPWY Tou Ypdou avanapdoTacng Tne eoévas. O otafutouéveg axuéc
TOU Ypd@Qou avTLoToLYoUV OTIC YwelXEC OYEoEls UETACY TOV EMUEPOUS TEPLOY MY XAl
10 Bdpoc Toug unodnhdvel To Babud onuaclohoyxic ouoLOTNTUC AUTOY TV 3V0 CUY-
deduevmy Teploy®dv. Emniéov, npotelvaue Ty enéxtaot Tou oyectoxol Yedpou yo-
PUXTNELOTIXAV UE YPOVIXEC aXUEC YLoL TNV avamapdotaoy oaxohoubdy Bivieo. Ou
dnuootevoelg mou oyetilovtal Ue To oLUYXEXPLEVO xouudTL TN StateBric elval SYo
Gpbpa o mpaxtixd ouvedpiwv [6, 7] xaL atoondouata oe dbo dpbpa Teplodixdy 9, 86].

Y NUACLOAOYLXY XATATUNOY) EXOVLY xat Blvteo

H npdtn egopuoyr Tng evooudtnong YvoHong o TeofARuata avdAuong exévag fTay
n onuactoloyuxt| xatdtunon. Kuiplog 6tdyoc tng onuacLloloyixic xatdtunong elvol
var eTLTUYEL XAAVTERT) XATATUNOT) TNG ELXOVAC XAl VO YAeAXTNELOEL XL VoL XATATAEEL TLC
enLuépouc Teployéc mou TNy cuviétouv. H xatvotoula tne npotetvéuevne uebodoloylog
€yxeLtaL oty Tpononoinon xabepwuéveny akyoplfuny xatdtunong eméxtacng Teplo-
YOV, OCTE VA EVOOUATOOOLY YopaxTnoloTixd evilducoou emnédou. Ye avtibeorn ue
uta mAeldda teyVixdv mou TomobeToly celplaxd Toug alyoplfuoug xatdTunong elxdvog
XL VALY VOPLONE OVTIXELUEVWY, TPOTELVOUUE TNV EVOOUATOOT TNS AVOLYVOPLOTS UEod
otov ahyobpluo tne xatdtunone. Ta yapaxtneiotind evdiduecou emnédou elval on-
uaotohoyxéc ovtdtniee (1 ahhdC onuactohoyixéc ETXETEC) OL OTIOLESC AVTLETOLYOVY
oe %&b mepLoy Y| xau avanaplot@dvTal e acaugr ovvola. Ta xpithpla cuyydvevong
do mepoydy mhéov Sev Paolloviol amoXAELOTIXG OTA OTTIXE YALUXTNELOTIXG TOUG
(omtixer) opoldTTa), AAAG X0l OTO GNUAGLONOYIXE, YAEAXTNELOTXE OTWS TOL AnodLdoUY
o V0 acah clvoha evvoldy (GNUaclohoYXr ouoldTnTa).

Teonoroioaue Vo yvwotolc akyoplBuoug enéxtaong TepLOy®OY, TO UETACYNUIL-
Tioud watershed o Tov adybplfuo RSST, dote va ypnowwonololy ta onuactoloyxd
YALAXTNELOTING 1S XELTAELAL GUYYOVELUCTS dUO TEPLOY DY XaL TEpUATIoMOU Toug. Xpn-
OLUOTIOLAOAUE TENEOTES AoaPOY oUVOLLY (T-VOpUES, T-xovopues xat ouvdfpolone)
YL0L TOV UTOAOYLOUO TNS ONUACLOAOYIXNS OUoLOTNTAC SU0 TEQLOY MY XaL TNV e€aywYT)
TOV VEOV ETIXETOV UETE TNV ouyyoveuot. Emnpdoleta, enextelvaue tn uebodoro-
ylo onuactohoyuic xatdtunorng oe axohoubieg Blvteo, emTuyydvovTag ywpoypovixy
e€ay®Yn, EVIOTOUO X0l Tapaxoholinon avixeluévmy, Ue Tautdypeovr Uelworn tng
UTOAOYLOTIXYC TOAUTAOXOTNTOG TOU EYEL 1) Y wpoypovixT| avdiuor Bivieo.

OL Snuooctetoelc Tou 6YeTOVTAL UE TO GUYXEXPLUEVO XOUUATL TNS SlatptBric elvol
dVo dpbpa oe mpaxtixd ouvedplwy [8, 115] yia tnv meplntwon e xatdtunong ewxd-
vy xat éva [40] yio Ty meplntwon tou Blvteo. Emtmiéov, n ouvelopopd teptypdpetal
deZodixbtepa oe dVo dpbpa meptodixdy [9, 114] xau oe éva xepdlaio BBilou [130].
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Ontuxen Aoy

Mio Baouer) BLoTnTa TWV TUTXOY YA®GOOV aVaTapdoTaong YVOOoNS, OTwS Yo To-
edderyua n OWL, elvar 1 duvatdtnta yefione UTNEeoLdY GUANOYLOTIXAS YLoL TNV TOV
€heyyo tng opbdTnTag xou TNy enéxtaon tng yvoons. Ilapouvoidoaue éva dounuévo
XL Llepopyxd Thatlolo avamapdoTaong YvOons oTtnellOUEvo OTIC TepLYpa@IXéS hoYL-
%€ XL TLC ACUPELC EMEXTAOELS TOUC YLOL VoL UTOPOVUE Vol EVTEAEOUUE 6TO GUCTNUA UOC
10 Pobud aodgelag TOU UTELGERYETAL AVATOPELXTA 6TO 6TAdL0 TN avdAuorng. Ava-
del€aue TNV onuoclohoYla TOV EVVOLOY Xal TV POA®Y TWV TEPLYPAPLXGOY AOYLXOY Ot
oyéon ue To TeoAnua TNg avdAuong euxdvac ol teplypddoue T SuvatdTnTa EUXOANC
EMEXTAONC XAl ETAVAYENolUoTolnong tne Bdong yYvdong oe €va Véo cUoTnua.

To ev Aoyw mhaiolo To ovoudoaue ontixr hoywxy, xabdg otnplletal ot Uetprioa
OTTXA YAPAXTNELOTIXS Tdvw oTo ontola Deuehidvetal o oploudc mo 6UVHETWY evvoLdy
yenotuonoldvtag ontixd adiduata. Ou évvoleg-dleyépteg elval €VVOLES TOU UTOPOUY
var aviyveuholy anevbeloc pe optouévouc (amholc) urtohoylouolc Tvw oty EXXOVY
xal ev ouveyela “dleyelpouv” T Swadixacto eméxtaone tne yvoone. H dwdixaotia
auth Paotletat oc dVo eV aliduata, Ta anhd xat to Souxd. Ta mpdta opilouy
VEEC EVVOLEC YENOLLOTOLOVTAC UOVO EXPPUOELS EVVOLOV-SLEYERTMY, EVE Ta deUTEQY
UTOPOUV VO YpNOULOTOLAGOLY Xal pOAOUS YLal Vo exPpdoouy o olvletec évvolec.

Ot dnuootetoelc Tou oyeTllovTol Ue TO CUYXEXPLUEVO XOUUATL TNS StaTplPnic elval
éva Gpfpo Tévew otn cuhhoyioTi ToAuuéony [113] xar dhha ddo oyeTxd ue ™) ypfion
ACAPDY TEQLYRAPXADOY AOYIXOV YLo AVAAUGT) XAl AVAXTNOT TOAUUECGHY, OE GUVESELO
[117] xov oe teptodixd [116].

Katavénon nepleyopévou Bdoel unnpeotdy (acapols) cUANOYLETLXYS
LTV XATAVONOY) TOU TEPLEYOUEVOU ULAC ELXOVAS, TOU anoTEAEL Eval amd Tor oNUAVTLXE
TEOPBANUATO, GUVELGHEREL 1) UPYLTEXTOVIXY| TNC ONTXNAC AOYIXAC UE TN YpY|oT) UTTEE-
oldv ouhhoyotixric. Ovoudooue ontixy) GUALOYLOTIXY TO GUYOAO TWV UTNMRECLOY
OUAMNOYLOTIXTC TTOU TPOGPEPOLY Ol ACUQELC TEPLYPUPLXES AOYIXES, OL OTOLEC UTNEEGLES
YenotuonoolvTal Eunpuxta oe TeoPAfuata avdivong ewovag. 1o cuyxexpuuéva,
Tpotelvaue TN yenon Tou UEYLETOU EAAYLOTOU QEAYUATOS YLd TOV UTOAOYLOUO TNG OT)-
UaoLOAOYLXHC ouotdTNTAC BU0 TEPLOYDV 1| EXOVOY, OTWE AUTAC CGUVETAYETOL ATt TN
Béon yvihone. H Bdon yvdone aroteleltar agevog and to aliduota (odua opohoylag
- TBox) ot agetépou and TN GUGYETLON TWY EVVOLMY TOU TEOXUTTEL and Tn Sadixo-
olo evtomouoy xat avayvoplone (6nwe m.y. oTNY TEPITTWON NG ONUAGLONOYIXHC
XATETUNONG).

Ot dnuootetoelc Tou oyetlillovTol Ue TO CUYXEXPLUEVO XOUUdTL TNe StatelPnic elval
dvo dpbpa oe mpaxTixd ouvedplwv [113, 10] xau éva dpfpo oe neptodixd [116].

6.3 Melhovixéc Enextdosilg

Eivaw dedouévo 6tu 1 epeuvntind| dpaotneidtnTa elval agvar xat ot xaula neplntworn dev
ohoxhnedveTal 6To Ypovixd opilovta ulag ddaxtopueic SwateBric. ‘Oco teptocdtepo
euPabivel xavelc o éva avTixeluevo, T660 TEPLGGHTERD dNULOUPYOUVTOL VEEC amopleg
xal TeoPAAuaTa ahAd xou Wéeg ya enthuon autdy. Me Bdon v mapoloo dotel3t
Tpotelvouue oplouéveg xateubivoelc Tpog T onoleg unopel vo emextalel 1 épeuva
070 EVPVUTEPD TAULOLO TNG ONUAGLOAOYXHC AVAAUOTIC TOAVUECHY XL TNG XATAVONOTNS
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TEPLEYOUEVOL. BUVOTTLXE TpoTElvovTaL:

1. Xprion yewuetplog xal TUNUATIXGOY UOVTEAWY YLO TOV EVIOTLOUG XUl TNV oVo-
yYvdpeLon oUvbetwy avixelévey. Agopul| arnoteholv ol epyaoiec [21, 62] o
omolec umopolv va enextabolyv Ue yprion uepovoulxdy (partonomic) oyéoewy
%L SLTUTWOT) TOU TEOBAAUATOS WS Talplaoud UTOYEAPMY.

2. Evowudtwon mhovotixdy UoVIEAWY GTO OYECLAXS YRAPO YORAXTNPLOTIXMY YLd
NV XaAUTERT AvVaTaEdoTAOY TV dedousvey. Evdewtind, oe tapeugepelc epya-
olec éyel mpotabel 1 yphon eaptnuévey Tuyaiwy tedlov (CRFS) [111], uapxo-
Bravédv tuyalowv tediwv (MRFSs) [79] xau o akybplfuoc ueyiotonolnone npocdo-
xtac (EM) [59].

3. Enéxtaon tng apyltextovixic TN onTXAC Aoyxhc Ue Tpochixn emmiéov ev-
VOLOY, a&lwUdTwy 1 TEYVXOY eCaynyhc evvoldy dleyeptdy. Enlong npotelvetan
N TepalTépw alloTOlNoY TWV TEPLYPAPIXMY AOYLXGDY YLO TN OTUACLOAOYLXY) EQ-
unveta [96] xou avdxTnorn TOAUUEGLXOU TERLEYOUEVOL UE Y pHOT ONUACLONOYIXGY
epwTnUdTLY [81].

ITio avalutixd, 1 yehorn TedTERTC YVOONS Yo To. Uépn Tou cUVBETOLY OpLouEéval
avTiXelueva xal 1 Yewuetpla mou To diémet, unopet va Bornbrioer otn dnutovpyla uro-
Béoewv Yo TNV Umapdn TOU AVTLXELUEVOU OV EVTOTLGTOUYV OPLOUEVES AUTO TIC GUVLGTEM-
oec tou. T mopddetyuo ue dedouévn T YewUeTpld TOU TEOCMTOU, O EVIOTLOUOC
evog yoatiol unopel vo fondnoel 0Ty xaTdTUNOT XaL TNV oVOLY VORLOT] XoL dAADY Ue-
POV TOU TEOCOTOU, OTWS 1 UUTY ol To otéua. 'Etol umopel va avrtiuetwniotel mo
ATOTEAECUATIXG TO TEOBANUA TNg emxdAudne 1 xaxic apyxhic xatdtunonc. Mia
mhoavr wovtelonolnorn twv uepdy Ue Ypd@o, UETATEENTEL TO TEOBANUN ot Talplaoua
UTOYRAP®Y" UETALY TOU YRAPOU aVATOEdoTAONC TNG EXOVIC XOL TOU UOVTEAOU TOU
avixelwévou. H edpeon e Bértiotne Adong oto mpdPBAnuo Tou TalpldoUdToS UTo-
Yedpwv elval toodlvaun Ue To TROBANUa TNg €UpEOTNS OAMY TWV LGOUOPPLOUDY TWY
6hwV TV UTOYEAYWY at elval NP tohumhoxdtnrag. o autd éyouv tpotalel otoya-
OTUXEC TEYVXES, TPOOEYYLOTIXECS (LEpapytxT) amodounoT oe UToYed@ous), Uun axplBéc
(h LoodUvaua, avextxd oe M&On) talplaoua [65], uetpxée ouolOTNTAC YWY Xt
ehayLloTonolnon ouvapTioewy x60Toug Ue Touéc Ypdowy (graph cuts) [23].

X1 Sty auty) yenoluonolfioaue TNy acag cuvorofewpla Yoo TV avomapd-
otaor e afefatdtnTag otn dwdixacia g avayvodplone evvoldy. H epunvela twyv
TEPLOY WV NS exdvag 1) Tou Bivieo unopel va uovtehonownbel ue mo ovvbeta mbavo-
Twxd poviéha omwe etvol to CRFEs xau to MRFs. Me éva tétolo yovtého umopolue
vo. xdvouue utobéoelc BAoel TwY OTTIXAY YAPAXTNELETIXADY AAA Xal TV UTOOEcEWY
Yoo TLG YELTOVLES TepLoy€g, divovtag ula veéa epunvela oto ontixd evvolohoyind Thai-
oto. To apvntind authc g mpaxTixic elval 1 ca@hc SLOYXWOY TN UTOAOYLOTIXNS
TOAUTAOXOTNTAC OE GYECT UE QUTY TNE AVATAPIOTAOYS UE TA AGUPY) GUVOAA.

Téhog, otnpilduevol oTic aoaelc TEPLYPAPIXES NOYLXES, YENOLIOTOLACOUE U Y-
VLOUOUS GUANOYLOTIXHC YLal Vo SEXTOS0THOOVUE XaL Vo anofnxedcouue TNy e€oyOUEVT
ornuactohoyxt| teplypagr ot ula Bdorn yvdong. Autd mou uropel va Siepeuvnbet elvan
7 SUVATOTNTA EXTEAEOTC EPWOTNUATWY ot ula TEéTol Bdon Yvdong, Ta onola ue yerion
TOV XUATIAANAGY UTNEEGLOY GUALOYLOTIXHC UTOROVY VO AELTOURYRGOUY OC UTYAVLOUOS
ONUACLONOYIXAC AVIXTNONG %ol XATATAENS eOVmY. Emmhéov, 1 npotelvouevrn mpo-
ofyyLon TS omTxng hoyixrc mapéyel ulo apbomTy| apytltextovixy Tou divel SuvatdtnTa
Yo eméxtaon elte ue mpoohixn véwy evvoldy, elte véwv allwudtoy, elte axdua xou

Abavdaoiog Abavaoiddne 101



Kegpdadaio 6. Ernidoyoc

VEOV TEYVIXGV eEaywyhg evvoldy Bleyeptdv (m.y. €vac akybptbuoc evioniouol mpo-
odnwy). H npochinn véwv otoyelov xal uehodoroyidy e€aywyhic Sieyeptdv unopel
VO EUTAOUTIOEL TNV apyX?] YVOOT xal Vo SOoEL UEYAAUTERT, EVPWOTIL 6TO GUGTNUA
uoc.

[l
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[Tapdptnuo A

Katdhoyog Anddoong 'Opwv

A.1 Koatdrhoyos AyyAuxody 'Opwv

a priori knowledge
adjacency matrix
aggregation
aggregation operator

angular radial transformation (ART)

assertion box (ABox)
at-least

at-most

atomic concept

atomic role

attributed relational graph (ARG)

back-projection
bayesian network
block of frames (BoF)
bottom concept
bottom-up (approach)
bounding box
browsing

cardinality

catchment basin
classification

classifier

clustering

coarseness
combinatorial optimization
concept assertions
concept

conditional random fields
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TPOTEPY YVOOT

mlvaxac yertviaorng

ouvdfpolon

teheoTric ouvdbpolong

YOVLAXOC AXTLVXOC UETACY NULATLOUOC
OOUI LOYUELOUGDY

TEPLOPLOUOS TO-ALYOTERO
TEQLOPLOUOC TO-TOAU

aTouLXr Evvola

aATOULXOS PONOC

OYEOLAXOC YRAPOS YURAXTNPLOTIXDVY
Tlow-Tpooln

dixtuo bayes

UTAOX ATO HAPE

xevr| évvola

xdtwlev/ex tov xdtw (tpocéyyLon)
nepehelov Thalolo

Thonynon

TAnfuxdTnTa

%x0LNABa TEPLOUAAOYTC

Ta&vounon

TalvounTtic

ovotadonoinon

TeayUTNTY

ouyduaoTixh BektioTonolnon

Loy upLoUol EVVOLOY

€vvola

eloptnuéva Tuyata tedla
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conjunction
context

contour-based shape descriptor

core ontology

crisp set

decision trees

decidable
decomposition

degree of membership
description logics (DLs)
directionality
disjunction

domain knowledge

dominant color descriptor

dominant concept
edge (of a graph)
efficiency

equivalence

exists restriction
expectation maximization (EM)
explicit

extensional knowledge
first order logic
flooding

formalism

fragment identifier
frame

frame logic (f-logic)
fusion

gaussian mixture model (GMM)

general negation

gradient

graph cuts

greatest lower bound (GLB)
ground truth

hardware

height (of a fuzzy set)

homogeneous texture descriptor
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EVVOLOAOYLXO TAULGLO
TEQLY PAPEAS OYHUATOC
ue Bdon 1o meplypapua
ovtohoyla muprva
xhoowxd 6UVoAo
dévdpa amopdoewy
ATOQPUCLOLUOC
anodouno
Babude ovuuetoyic
neptypapixéc hoywég (IIA)
xatevhuvon/TpocavaTOAGUOC
évoon/didleven
Yvéon edixol tediou
TEPLYPAPENS XVPLWYV /Y OPAXTIPLOTIXMDY
YEOUATWY
xUpLo Evvola
e (vgiigo)
anédoor
tooduvaula
utap&laxdg TeEpLOPLOUOS
ueytotonolnorn tpocdoxtiog
enroc
enTh Yvéon
Aoywnic Tpdh TN Tdéng
TANUUUELOUOC
PopUANMCUOC
VALY VWRLOTIXG TUAUATOS
xopé
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ouVTNEN
UElYUO UOVTEA®Y YXAOUGLAVOY XATAVO-
LY
YEVLXEVUEVT] dpVvnom
TAPAYWYOC
TOUES YPAPWY
UEYLOTO ENdYLOTO QEdyua
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ill-posed

implication

implicit

indexing

individual

induced subgraph

instance relation

intentional knowledge

interoperability

inverse role

invocation

labeling

marker

markov random fields

membership function

metadata

minimum spanning tree

modality

multiclass

multimedia structure ontology (MSO)

multiple cue

namespace

non-rigid (motion)

occlusion

open-world assumption

oversegmentation

performance

pixel

power set

primitives

propagation function

propagator

prototype instance (PI)

reasoning

recursive shortest
spanning tree (RSST)

region growing

region merging

region splitting

region-based shape descriptor
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regularity

resource identifier

resources

role assertions

role axiom

role box (RBox)

scalable

semantic gap

semantic region growing (SRG)
semantic web

serialization

sub-concept

sub-role

support (of a fuzzy set)
support vector machines (SVMs)
taxonomy

terminology box (TBox)
texture browsing descriptor
top concept

top-down (approach)

tractable

transitive role

trigger concepts

trigger

unary predicates
undersegmentation

uniform resource identifier (URI)
universal set

value restriction

vertex (of a graph)

video shot

visual axiom

visual context

visual descriptor ontology (VDO)
visual logics

visual ontology

visual reasoning

watershed

watershed line

wavelet
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AVALY VWELOTIXG TIOPOU

nHpoL
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A.2  Katdhoyog EAAvixev "Opwv

axun (Yedpou) edge (of a graph)

AVAYVOPLOTIXO TOPOL resource identifier

AVOLY VORLOTIXO TUNUATOS fragment identifier

avadpowxd eAdyLoTO recursive shortest
oLVBETLXG BEVDPO spanning tree (RSST)

avtioTtpopog pdhog inverse role

dvewbev/xaboduxy| (tpocéyyiomn) top-down (approach)

alwpa pdhov role axiom

anodouncy decomposition

anddoom efficiency

ATOPACLOLLOG decidable

aTouLxr évvola atomic concept

aTouLxog pO6AOg atomic role

dtowo individual

Babuds ovupetoyms degree of membership

Baouxol tonou primitives

Batog tractable

YEVIXELUEVY] dpVnoT) general negation

YEVIX6 6UVOAO/GUVONO avapopds universal set

YV&OOT edLxol nediou domain knowledge

TOVLAXOS AXTIVINOG UETACYNUATLOUOS angular radial transformation (ART)

dewxtodoTNOoY indexing

dEvdpa ATOPACEWY decision trees

dLalpeom TEPLOYGY region splitting

dLaAeLTovp Yo T TAL interoperability

dLaomopéag propagator

dLeyépTng trigger

dixtuo bayes bayesian network

duVoULOGUVOLO power set

oUVolO dedoUévmy albeLag ground truth

ewxovootolyeio pixel

eNdYLOTO OLUVOETLXO BEVOPO minimum spanning tree

eEMMTTOS/ 60eVHS 0pLoUEVOS ill-posed

gvvoLa concept

€VVoLEG dLeYEpTES trigger concepts

EVVOLOAOYLXO TAalGLO context

évewor)/dLdleuin disjunction

e€aptnuéva Tuyala nedia conditional random fields

ENMAYOUEVOG UTOYRAPOS induced subgraph
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EMEXTAOY) TEQLOY MDY
enidoon

emuxdAugn

enlxAnon

ETLGHUAVOY)

tooduvouio

LOYVUELOUOL EVVOLDY
Loyuplonol pOAwy
xaBohuxr) Evvola
HAVOVILXOTYTA

xOEE

»xateVBuVOT /TPOGAVATONOUOS
»xdtwhev/ex TV xdtw (TpocéyyLom)
XxEVY) EVVoLa

xhaoxd clvolo
XALUAXOVUEVOS

®OLAAdA TEPLOLAAOYYS
x0uos (Yedypov)
xupatido

xLpLa Evvola

Aoy mhouwciov

hoywig Tp®dTNg TAENS
nopxofiavd tuyaio medio

region growing
performance
occlusion
invocation
labeling
equivalence
concept assertions
role assertions

top concept
regularity

frame
directionality
bottom-up (approach)
bottom concept
crisp set

scalable
catchment basin
vertex (of a graph)
wavelet

dominant concept
frame logic (f-logic)
first order logic

markov random fields

greatest lower bound (GLB)

expectation maximization (EM)

UEYLOTO EAAYLOTO QPRAYU
ueYLoTonoinom npoodoxiog

welypo LOVTEA®Y YXA0LGLAVAOY xaTtavo- gaussian mixture model (GMM)

yYayy

weTafBatixds pohog transitive role
UeTAdEdOUE VAL metadata
UNYAVES DLaAVLUOUATLY GTARLENS support vector machines (SVMs)
unary predicates

block of frames (BoF)

uniform resource identifier (URI)

povadiaio %aTNYopHhaTR

Urhox and xopé

OUOLOLOPPO AVAYVWPLOTIXO TOPWY
OVOUATOY (P0G namespace
ovtohoyia dourg TOALUESL Y multimedia structure ontology (MSO)
OVTOAOYLO OTTIXGV TEQLYPAPEWY visual descriptor ontology (VDO)
ovTtoloyla muprva core ontology
O TLXY Aoy visual logics
onTLXY) ovToloyla visual ontology
OTTLXY) GUAANOYLOTLXY visual reasoning

onTLX6 aglwua visual axiom
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TAdvo
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ONUADEVTS
ONAAOLOAOYLXY) ENEXTACY) TEQLOY DY
ONULACLONOYLXO KEVO
ONUACLOAOYLXOG LOTOS
onovdLAwTH (xivnom)
otiptypa (evég acapols cuvéhov)
CUYYWVEUCY] TEQLOY WV
GUAAOYLOTLXY)
ouvdfporom
ouvdpeTtnom diddooTs/dlacTopds
OUVAETYNOY) CUUUETOYYS

Abavdaoiog Abavaoiddne

visual context
gradient
texture browsing descriptor

dominant color descriptor

homogeneous texture descriptor

region-based shape descriptor
contour-based shape descriptor

description logics (DLs)
bounding box

value restriction
at-least

at-most

adjacency matrix
back-projection

video shot

cardinality

flooding

browsing

multiple cue

multiclass

resources

a priori knowledge
prototype instance (PI)
extensional knowledge
explicit

serialization

marker

semantic region growing (SRG)
semantic gap

semantic web

non-rigid (motion)
support (of a fuzzy set)
region merging
reasoning

aggregation
propagation function

membership function
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ouvduaoTixy BeAtioTonoinon
CUVETALY WY

ouvTNEN

cucTadonoinon

OYEO0M CTLYULOTUTIOU
OYEOLAXOS YPAPOS YALAKTNELOTIXDY
COUA LOYVPLOUDY

ooy opohoylag

oOUAL POA®Y

TagLvéunon

TagLvouTnTig

Tagivoula

TeAECTNS ouvdbpolong

TOUES YRAPWY

Topn/ 6vleuin

TpayLTNTA

TPOTUXOTNTA

UBATOYPAULUN

udpoxpltng

VALOWLXO

unapgLaxds TEpLOPLoUOS
UTEPXATATANGY

uTG-évvola

unébeon avoLxTol ®kOGUOL
UTOXATATUNOT)

UTIOVOOUUEVT, YVGOT
UTIOVOOULEVOG

UTG-p6AOg

Oog (evés aocagpois cuvbhou)
Qopualopog
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combinatorial optimization
implication

fusion

clustering

instance relation
attributed relational graph (ARG)
assertion box (ABox)
terminology box (TBox)
role box (RBox)
classification

classifier

taxonomy

aggregation operator
graph cuts

conjunction

coarseness

modality

watershed line
watershed

hardware

exists restriction
oversegmentation
sub-concept

open-world assumption
undersegmentation
intentional knowledge
implicit

sub-role

height (of a fuzzy set)

formalism
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A.3 Axpoviuya

ABox
ARG
ART
BoF
CRFs
DLs
EM
GLB
GMM

KAA
MRFs
MSO
PI
RBox
RSST
SRG
SRSST

SW
SVMs
TBox
URI
VDO

A
ITA

assertion box

attributed relational graph
angular radial transformation
block of frames

conditional random fields
description logics
expectation maximization
greatest lower bound

gaussian mixture model

knowledge assisted analysis
markov random fields
multimedia structure ontology
prototype instance

role box

recursive shortest spanning tree

semantic region growing
semantic recursive shortest
spanning tree

semantic watershed
support vector machines
terminology box

uniform resource identifier
visual descriptor ontology
if and only if

description logics
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Buoypaguxd YXnucloya

O Bdvog Abavaoiddne yevwiinxe otnv Kafdha otic 5 PePpouvaplou 1980 xau ue-
Ydhwoe oty Abrva. Anogoitnoe to 2003 and tn Lyohy) Hiextpoldywy Mrnyavixdy
xat Mnyovixdv Yrohoyiotdy tou Efvixod MetooBlou Ioluteyvelou xat otn cuvé-
YELOL GUVEYLGE TNY EXTALSEUOT| TOU WS UToYRPLoc SLddxTopac oo epyacThpto WnpLaxirc
EneZepyaotiac Ewodvac, Bivteo xat llohuuéowy und tnv eniBredm tou xalnynth Xté-
pavou Kéla. Xto mhaloto tne Sidaxtopixrc Tou SlatelBnic €xet dnuootevoel dplpa oe
EMLOTNUOVIXS TEpLodixd xar cuvedpla, xabdg enlong €yel ouuuetdoyel oe epeuvnTxd
X0l AVOTTUELAXE TEOYEAUUATA.

Y. TOVOES

Ph.D. “Teyvoldoyiec I'vésons xar Hpdofacn oc Orntixoaxovotixés IAnpogopiec”
Epyaotfpio Unpuaxtic Enelepyaociac Exévwy, Bivteo xou llohvuéowy, EMII, 2009

— Yrotpogla [IENEA, “Ynuaciohoyry Avalhitnon Ilohuvueoixod Yol ue
Xerion Teyvoroydy I'védong”, 2005-2009

—  Oowuatdelo Bpafelo yio v mpdodo Twv emoTnUOY xat Tov TeYVAOY, 2005,
2006, 2007
Alrdoua Hiextpoddyou Mnyavixod xar Myyavixod Yroroyiotéy, EMII, 2003
—  Kotedbuvorn: Hiextpovixrc xal Xuotnudtwy
— Awmhwuatixd) Epyaoto: Ewovixy Avarapdotaon tne EAAnvuic Nonuatixdc
IM'\doocac oto Awadixtuo
Egeuvntixd Ilgogpin
Epeuvnuxd Evduagépovta:
—  Katdtunon xal onuaciohoyinds yopaxtneloude emxdvey ot Bivieo

— TDpagobewpnuixéc uébodol xaL acapic ouvohoblewpla ue epapUoYég 6TV avd-
AuoT exévev xat Blvteo

—  Avanopdotaon xal yphon yvoong v avaAuoy xal TEELYEAPY) TOAUUECLXOU
TEPLEY OUEVOL

Yuuuetoyy oe 3 eupwnaixd epeuvntixd npoypduuata (K-Space, aceMedia, FAETHON)

Yuyypagéac 6 dpbpwy oe emoTnuUOVIXS Teplodixd, evdc xegaratiou BiSAlou xo 18
Gpbpwv oe GUVESELAL UE XPLTEC

E€wtepndc xpLthc o€ emoTnuovixd Teplodixd xoL ouvédpLa

LuVdlopYavemThS xaL UENOC ETLTROTAC TROYRAUUATOS GLVESPlWY XL NueRldwY

129



Avdaxtier) Eunetplo
Eoyaotijpwo Ynpiaxic Encéepyaciac Eixdvag, Bivreo xat Hlodvuéowy:
—  Ungaxy Enelepyaoia Ewxdvoc xow Teyvohoyiec Bivteo, 2003-2008
— Tpague ue Yrohoyiotég, 2003-2005
Primus IT Seminars: Ewonyntic oeuwvapiov MS Excel, MS Access, 2004
Moscow Awiation Institute, Department of Computational Mathematics: Ylo-
Tolnon exnatdeutixoy hoylouxol yua enthuon Slagopxody ellodoewy, 2002
Ilpoowmixd Xtouyeio
Zévec YAOooes: Ayyhuxd, Iepuavixd, Ionavixd
Méhog TEE (2004), IEEE (2004)

Fevixd evdiagépovta:
—  AOAnTixéc dpaotnpldtntes: Undoxet, xoAoufBnon
—  Talidua, yvwpluio ue Stagopetinés x0UATOVRES ol TOALTLOUOUC

—  Efehovtée Spdoeic yia To mepBdhhoy xat Tov dvipwnro
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