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Iepropronav oe Etkoveg mov Heprioupdvovv Avo TovAdyyrotov

Eninedo
>tovpog B. TCovpumdikng
Meramtuylakr] Epyocio

Tunuo Emotiung Yroloylotwv
[Movemotuo pHng

Iepiinyn

To mpdPANUO e TO omoio aoyoAeiton | Tapovoo epyacio elvol ovTd TG eHpPeEONC
OVTLOTOL(IGE®MV ONUEI®V OVEUESO GE OLOLPOPETIKEG OYELS TPLOALAGTUTWV GKNV®V. To
GLYKEKPIUEVO TPOPANLLEL ElvOl OELEALDOEG GTO YDPO TNG UNYXOVIKNG OpoioN G KoO® GTNV
enilvon tov Bacilovion évog onuovTikog aplOuds amd epaproyéc, dtwgn Baduovéunon
Koepdv (camera callibration), n avayvdplon oviikelnévav (recognition), n eorywyn g
TPLOOLEGTOTNG TANPOPOPLG TOVL XMPOVL (reconstruction) KOS Ko 1) dNULOLPYio LOGH-
ikov amd akodovbieg etkdévav. Eniong, epaproyég Tov TpofARUOTO TNG CVTIOGTOl 1oMG
GUVOVTAUE OAO KOl TEPLGCHTEPO TOL TEAELTAL XPGVIOL GTO X MPO TNG dnNUovpyiog vEmv

OKNVOV 0t SoPoPeTIKEG OTTIKEG Yovies (view synthesis, image based rendering).

ALOPOPETLKEG TPOCEYYIGELS OTO GLYKEKPIUEVO TPOPANUOL Y PNOULOTOLOVV PWTOLLE-
TPIKN TANpOPOpPia, TEPLOPIGUOVG OTN YEMUETPIO TOV KOUEPDV, OAAG KO TEPLOPLGLONG
7oL Tievton omd TNV yeopetpio NG okNvig. ‘Eva petovéknuo Tov mopomréve Hedddmv,
Waitepo Twv 800 TpOTEV KoTNnyopldv eivon 6Tl otnpilovian 6e Vobécelg dnwe OTL N
QOTELVOTNTO TOV ELKOVOV dev UETOPEALETON GNUOVTIKA 1} OTL O1 B€GELS Ko Ol GXEGELS
(.. eyyvTnTo, TOPOAANMOY) TOV XOPOKTNPLGTIKOV TOL TEPIEXOVYV TOPOUUEVOLV GE LLE-
YéAo Bobusd avorroimteg. Tétoleg TpovToBEcelg Sumg meplopilovv TNV eQopLOY VTOV
TV 0AYopIOL®V o8 KOVTIVEG HETOED TOVG e1KGVEG Gmov dNAodY 01 GLVOTKEG AymG (T.X.

OOGTOOT OTTIKWY KEVIP®V, Yoviot AYnc) o€ dlo@épouy GNUOVTIKA.



v mopovco epyocio mpoteivetal 1 AVOT TOL TPOPANUATOG TNG OVTLGTOLYIoNG
YOPOKTNPLOTIKMV VEUESO GE SLAPOPETIKES dyelg oG 3A oknvic, Lo dV0 ol yopibumv
€K TV 0ol®V 0 VoG XPNCLULOTOLEL TN YEOUETPIO TV KOUEPDV, EVA 0 SEVTEPOC TN YEMLLE-
tpio TG oknvic. Ot uéBodot Tov TaPOLGIALOVTHL VIIKOVV GTNV YEVIKOTEPT] KOt yopio
TEXVIKOV Un Bobpovounuévng 6poiong Ko Ypnotonolotv og Bactkd Toug epyaieio tnv
TPOoLoALKY| YEOUETPIOL TOV Y DPOD, 1| OTTOLOL TEPLYPAPEL GAPMG TN SladiKaGio GYMUATIGULOD
ELKOVOV eVH TopEAAN A0 KaOLoTé Un oapodtnTn Tt yp1on PoOLovounuéveay Kouepav.
Eniong, nog mopéyet o omopoitnto epyodreio yior tnv o&lémotn AVom Tov TpofARUeToC
oKOUOL KOl OE TEPITTMGELS OOV Ol GLUVONKEG ANYNG TV EIKGVOV (OTOGTOOT, YOvio)
éxouv peTofAnOel onuovTikd. Ot TPOTELVOUEVOL OAYOPLOLOL EQAPUOCTNKOV GE CKNVEG
ECWTEPIKAOV YDPOV OTOL POLVETHL 1| KOAT] TOLG AelTovpYio GE GYéom e GAAEG GLYYEVL-
KéG uebddove. Téhog, mpoteivovion KEmoleg ENEKTAGELG Ol 0moieg Bor GLVTEAEGOVY GTNV
KOO TTLO AELOTLO T CUUTEPLPOPE TOVG, KUOMS KOl SLUVATES EQPOPIOYES TOVG OTO TAXIGLOL

UEALOVTIKN G EpYOGLOG.

Endéntec:  EtéAog Opeovouddkng
abnyntig
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IMovemotuio  pNng,
Ko
Avtodvng Apyvpdg
Epevvntig
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Feature Correspondence Using the Geometry of Scenes Containing at

least Two Planes
Stavros V. Tzourbakis
Master of Science Thesis

Computer Science Department

University of Crete

Abstract

In this thesis we address the problem of establishing feature correspondences between
different views of a 3D scene. It is well known that this is one of the fundamental problems
in computer vision since a lot of applications like camera callibration, recognition, scene

reconstruction, view synthesis and others, depend on its solution.

Existing methods exploit photometric constaints, the geometry of the camera or the
geometry of the scene to come up with a solution to this problem. The major disadvantage in
most of such methods is that their undelying assumptions are valid only in the case of images
that are acquired from similar viewpoints (e.g. images that are acquired by a stereoscopic

configuration).

We propose two new methods for the problem of establishing point correspondences
between different views. The first method exploits the geometry of the stereoscopic camera
configuration while the second exploits constraints imposed by the geometry of the imaged
scene. Both methods belong to the general class of uncalibrated vision techniques and their
main advantage is that they can be used in scenes where the viewing conditions have been
changed significantly dewring their capture. The methods were tested on a variety of indoor
scenes and their performance was compared with the performance of two existing techniques.

The experimental results show the effectiveness of the proposed methods. Finally, we discuss

il



potential applications of the proposed methods and we propose extensions of this work.
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Evyoplrotiec

>10 onueto ovtd Bor Bl vou evyoPLeTHo® OA0VE GGOVG e GiUEGO elte EUUEGO
TPOTO GLVETEAEGOY GTNV EKTOVNON TOVTNG TNG EPYUGLOG.
Evyoplotd tov eméntn kabnynti Lov XtéAto Op@ovoudEK™ yiow TNV EUTIGTOGVVN TOL
pov €de1&e, aALd Ko Yo T CLVEPYOSTOL LG TaL TEAELTOLO Xpdvia, KaB®E Ko T LéAN
¢ KPLTikig emttpomncg, kabnyntég Idvo Tpayavid, kot Ndpyo Tlpita. Evyoplotd
eniong, To Ivotitovto IMAnpoeopikiic tov Idpvuatog Texvoroyiog xou "Epguvog yiow tnv
VALKOTEYVIKT VTTOSOUT TTOV LOV TTOPETYE.

Evyoplotd Toug Avidivn Apyvpd Ko MovOAn Aovpdkm, KoBmg 1 GLUUPROAT TOVG
NTov KoBoploTikn, 1660 6TV VAOTOINGCN NG EpYyaciog, GO Kot 6T GLYYPOPT] TOVTOV
tov kewévov. Eniong, n omplén mov pov mapeiyov oe 6Aeg TIg SVOKOAEC OTLYUES, LOV
Nrov vrepmoAvTUN. TTodid, cog evxaploT® yor 6A... Emniong, evyapliotd to Xnvpo
XoAkidn Tov omoiov N peTUmTLYLOKY Epyacio VI PEE TO EQUATIPLO YLoL T dnULovpyeio
™G ToPOoVGOG EPYOSTOC, OTWE KoL SAQ TOL LEAT TOL epyoaTnpiov Mnyovikng Opoong ko
Poumotiknig ot oroiotl to teAevtoio xpovio omoTéAEGHY TO deVHTEPO OTITL LOV.

nuovtikd pepidio amd tig evyapiotiec aLilovv ot yovelg ko M adeAen} Lov, ot
omoiot pe avéytnkav 6Ac ovTé oL xpdvia kol forincayv e to dikd Tovg, Eupeco tpoémno,
wadtepor Kotd TV mepiodo v 800 terevtainv xpdvov g epyaciac. Evyoplotd emi-
ong, GAOVG TOVG GUYYEVELS M XopEl TV OTOT®V YloL TNV EKTAPMCT TOVTNG TNG EPYOCTOC,
POVEPAVEL TNV OLYETT TOVC.

Evyoplotd ™ Baocileio (avepyduevn kabnynitplo TANPOQOPLKNG...) Yo TG TOAVTL-
UeG GUUPBOVAEG TNG GTN AOPOOOT) TOL KEWEVOD, OAAG KO Y10 T1] GLUTOPEGTAGT TTOV OV
nopeiye oe GAN TN ddpkela g epyocioc. [mg Bo umopovoo SU®E VoL UNV VYOPLGTHCW
Kol 6A0VG TOLG PiAoVG Lov; Avopéa (éuobec TP, M B cuveyxicovue Tor LoBuLaTo),
MuydAn (TpeAOEMGTHLOVEL, TOL AEEL KOl 0 0LOEAPOC GOV), Oavdon (enavaotaon), Idpyo
(Lo emovdiotoon akOpo yioe To Tidpyo),  atepiva (n KaATeEPT SOOKEAN KOL YPOULLOL-
té0c), idpyo (Unv Eeyxdoelg va mag PEBuuvo avtd 1o ZopPatokvpioko), Avidvn-Mopio
(ue TV TNAEQ®VIKY Go¢ cvunopdotacn and Zéven), HAlo (doctor), Tiévvn-Maipn,
Iévvn-Toto (téte Oo polevtovue Yo titon), Xprioto (diver), John (with your wonderfull
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family), Movoin (kGME), Erevbepia (pavtefod oto enduevo cuvédpro), Avva, Mopio,
EAévn, Anunitpn, nvpo, HAla, Mevédoe, EvBoun, Apn, ..., GOC EVXUPLEGTHO OAOVS, TEPHL-
oope ko 0o tepdoovpe EATLm, VITEPOYES OTIYIEG.

Ye GAoL TOL ayomMUEVOL LoV TTPOCOTO Bor HOEACL VOL OLPLEPMG® QLLTNHV TNV EPYUGLAL...

Ytovpog B. TCovpumdkng
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eodAono 1

Etcoyoy

1.1 Opioudg tov mpoPfAnfortog

>V Topovcd epyocion LEAETETOL TO TPOPANUO TNG EVPECNS OVTIGTOLX{GEWY G-
petwv avépeoo oe évo 6Tepe0cKOmIKO {eHY0g ElKOVV Kot Lo Tpitn, TOovdg otd opKeT
améotoon Aoppovéuevn elkévo, ot oroieg ametkoviCouvy TV 1dta TPIEdAGTOTN CKNVY).
Mo cvuykexpluéva, ebv X=(x, 2, z3) €lvor oL cuvTeETOYUEVES EVOG OMNUELOV GTOV TPLGOLAL-
GTOTO X MOPO, Ko u=(uy, uz), v=_(v1,v3) Ol GLVTETAYUEVES TNG TPOPOATIG TOL onueiov OTIC
ovTioTol e EIKOVEC TOV OTEPEOCKOMIKOV LeHyous, ToTe ovallNTOVUE TG GLUVTETOYUEVEG

w=(wy, w) TG TPOPOANC Tov onueiov X otnyv tpitn etkdvo.

H e0peomn ovTiotolyicemv YopoKINPLOTIK®OV VEUEGH GE SLOLPOPETIKES OTELKOVI-
oelg TG 10og oKV ¢ €xet Wodtepn onuacio otov Topéo Tng Mnyowvikng Opoong. Mio
oelpd amd eQoployEg Onwg M Pabpovounon taov kouepwv (self callibration) [32] [17], n €0-
PECT TMV GLVIETOYUEVMV TNG KOUEPAS [16], T AVOKOTHGKELT] TNG YEMUETPLOG TOV X MPOL
(reconstruction) [20], [18], [19], [10], n omTikn cvaryvadpion (recognition) [1], m dnpiovp-
yio LOGOAK®V omd GOVOAX etkdvav [22] kabdG KoL 1 dnuovpyia VEmV GKNvVav (view
synthesis, image based rendering) [2] 1} 1 TAOYNON CVLTGHVOU®Y POUTOTIK®V GCUGTNUAT®V

[40], otnpilovton oe avTiV okp1Pig T Stadikocio.

Eivol yvowotd 611 1o TpdPANUa TG ovTioToiyiong dev eivorl KoAmg 0pLtouévo Kaomg
nePLocHTEPX. amd vor oMUEiRl TOV TPLOALECTATOV Y DPOVL lvor duvartdv vor TpofEAlovTon
oto 1810 onueio pog 2A erkévos. 'ETot, mpénetl vo oploBovv Teplopiouol yior tov okpipn

TPOGIOPLOUS TOV AVTIOTOLYICEMV OVEUESO OTLG SLOLPOPETLKES OWeELG TIG oknVNG. TTepto-

1



2 epdiono 1. Etcoyoyn

plopol UropoHv vor oTnpLyBovv 1N SLaTPNoN TG POTEVOTNTOG OTIG ELKOVEC. Baoikd
UELOVEKTNLOL TETOL®V TTPOCEYYIGE®Y elvor GTL N LTOOEST YLl ST PNON TNG PMOTELVOTNTOG
OVAUECOL OTLG ELKOVES deV 1o VEL KLPIMG dTOV 01 GLVOT KEG AYNG (Yovia, omdoTaoN, PO-
TIGUSC) €xovv vootel onuovtiky petoforn. Avtd to yeyovdg neplopilel Tnv epaproyn
TOVG 0€ KOVTIVEC LeTaEV Toug Oyelg Ommg oe évor otepeookomikd Levyog etkévav. To
tedevtoia xpdvior oNUOVTIKY €pevva yiveton dote vo e€ayBohV TpOTOL avamopEoTOoNG
NG QWTOUETPLKNG TANPOPOpioG TOv vou Unv emnpedovton omd HeYAAES Slapopég oTIg
cuvenkeg Ayng [5], [14], [45].

Mo GAAN xatnyopion meploplopdyv (.. emmolMkol meplopiopol) Kével xprion g ye-
opetplog tov kouepdv. 'Evo Bootkd Toug OpUme HetovéKTnuo eivon n evatedncio mov
TOPOVGLELOVY OLVAAOYOL LLE T GXETLKT] OE0T TV OTTIKAV KEVTIPOV TWV KOUEPHDV OVAUECTOL
oe Tpelg elkdvec. o mopEderyLol o1 emoALKol Teplopiool aduvortovy Vo Tpocdlopicouv
™ AVon étov ot ToL OTTIKG KEVTPOL TV Kouepdv PBpickovton otnv idta evbeior Ko ot
onTikoi Tovg GEoveg eivon TapdAANAOL.

TéAhog, mepropiool UmopoHv va TpoKHYOLV omtd 1 YEMUETPIOL TNG GKNVIC. YTTAPYOVV OA-
y6ép10uot [21], [33], ot omoiol otnpilovion o€ GXECELC YOPOKTNPLOTIK®OV STME O £YYVTNTO
KO 1 TOPOAANALD VTTOOETOVTOC OTL O GYEGELS OLVTEG OeV UETAPAAALOVTOL GTIULOVTLKE, 0LV EL-
UEGO GTLG TPOG GVYKPLOT EIKOVEG, KETL TOV eV 1GYVEL OUMG YLor LEYOAEC LETOPOAES GTN
yovio 1§ Tnv oméctoon e ANymge. Ta tedevtoico ypdvia €xel YIvel GNUOVTIKT] €pEVVOL GTO
0éo TV TPOLOMKOV CVAALOI®OTOV KOBMG KOl GTOVE GLVIVUGULOVE X OPOLKTPLOTIK®OV Ol
omoiot tig e€dryouv [15], [39]. Baotkd TAEOVEKTNUO QLTOV TV olyopiBuwy eivon | a&lo-
TLOTIOL TOV TPOCPEPOLY KO 1) SLVOLTHTNTE TOVE VOL EQOPLOGTOVV GE TEPIMTAGELG ELKOV®V
OTOL M AMYN TOLG TPOYUOTOTO|ONKE KATM O SLUPOPETIKEC GLVONKES (T.Y. POTEWVO-
NTOC, OTOGTUONG). MELOVEKTOVV GLVIOME GE VITOAOYLGTIKG KOGTOG KAOMC 1 €0pEST TNG
AvoN g Tporylotomoteiton pe eEovTAnTikS Tpomo, Sokudovtog 6A0VG TOVE GLVIVOGLONE

TOV VIOYNPLOV OVTIGTOLY WOV Y OPOKTNPLOTIKMV GTLG TPOG GVYKPLON ELKOVEC.

Ytnv nopovoo epyacia tpoteivovton dvo pébodot (Ipotetvopevn Mébodog 1: TIM1,
[potetvdéuevn néBodog 2: INIM2) ard tig omoieg n pio focileton oty emmoAlKY| yewpueTpio
TOV KOUEPAV, GPO KATOTEACGETHL 0T deVTEPT KT Yopio TEPLOPIOUAY, EVM N GAAN GE
YEMUETPLKOVE TEPLOPIGLOVE VITOAOYIGUEVOLG OO OMUElD TV EMTESWV, YEYOVOS TTOV TNV
KOTOTAooEL oTNV Tpitn Kotnyopio meplopiop®yv.  ovo YopoKTNPLoTiKd Toug eivon M
xPHoN TOV TVEK®V TPOLOALKOTNTOG TOL UTOPOVV VoL €0y 00UV OVEUEGO GTO GTEPOCKO-
mik6 Levyog, Ko Tnv Tpitn elkdva.

Méom twv TpofoMkdv availoimtmy, ol omoleg amoteAoVV o Bacikn évvola TG Tpo-

Turuo Emoetiung YroAoyiotov



1.2. Opydvwon g epyaciog 3

BoAuknc yemuetpiog, yiveton duvoti 1 oflémotn ovtiotoiyion emmédmv Uetold Tov
SLoEOPETIKMY SYewV UOG GKNVIS. AVTH 1 SuVATOHTNTO EMLTPENEL GTOVE TPOTELVOUEVOVG
oAYOpIBLOVE VO avTIoTOLX{coVY oNueio EKTOC TV EMMESWV GE ELKOVEG TOL SLOLPEPOVY
OMNUOVTIKA 0O TPOS TO onUelo Aymg Tovg,.

o TV eQoployn ToV olyopiBLmV YPNOLLOTOLONKAY CKNVEG ECOTEPLKMV XDOP®V CTLG
omolec meptéyovton dH0 eninedeg EMPAEVELES, OO CNUELWOVETOL GTL VTLEPYEL 1) SLVOTOHTNTOL
e€aywyng mvAakmv TpofoAlkdTnTog omd Un mporylotikd (virtual) emimedo tng okMviic.
To amoteAéouota GVYKPIVOVTOL e YVOOTEG LEBGSOVG OTIMG CLTH TOL BepeAdON Tvako
(fundamental matrix) [38] ko Tov TpoPoilko® féBovg (projective depth) [49]. Ot Guykekpt-
pévol adyépibuot emAéynko eEontiog TV KOV X opoKTNPLGTIK®Y TOL TopoVotElovy
pe TG 800 mpotetvopeveg HeBddove. 'ETol 0 adyoplOpog Tov BepeAldon mivoko xpnot-
pomolel TV emmoAK} yemueTpion TV Kopep®v, Oonwg n M1, evd o adydplOpog Tov
npoPoikon Bébovg ypnononotel dvo mivokeg tpofoitkdtntog dnwg ot IIM1, TIM2.

AT6 TNV TOpoVGioen TOV TPOTEWVOUEVOV UEBGOMV TPOKVTTOLV GUECO GUUTEPEGLLOTO
YioL LEAAOVTIKEG EMEKTOOELG TOVE KOOMG KO YLOL TNV €QAPUOYT TOVG OTN oVvOeoT VE®V

oxnvev (view synthesis, image based rendering).

1.2 Opydvoon g epyoociog

310 KeEQPAAOLO 2 TOPOVCLELETOL UL GVVTOLUT TTEPLYPOLPT] EVVOL®V TNG TPOROALKN G YEMLLE-
tploc. Emiong, mopabétovton ko peptkéc Pootkég Evvoleg TG EMTOALKTC YEWUETPioG M
omoio TePLYpAPeL TN GYXEGM OV GLVOEEL dVO KAUEPES TPOOTTIKNG TPOPOATIC.

10 KEQAAOLO 3 TPOYULOTOTOLELTOL LD TEPLGGHTEPO EKTEVIG TEPLYPOLPT] Y OPOLKTN-
PLOTIKAOV OAYOPIBU®MV OVTIoTOIXIoMG, KOOGS KoL 0L EQOPIOYES TOVGS, XMWPlg WGTOGO Vo
enuyelpeiton n eEavTANTIKY Topovcioot] Tovg. IStaitepn éupoon diveton oty TEPLYPOOT|
TV HEBOd®V ovTIoTOlYIoNG HECW® TOV BeleAldon mivoko Kol Tov Tpofoilkov BéabBovug
KOOGS VAOTOON KOV LE GKOTO TN GVYKPLGT| TOVG UE TIC TPOTELVOUEVEG LEOGOOVC.

310 Ke@GA0L0 4 TapPoLSLALOVTHL 01 V0 TPOTELVOUEVEG LEOODOL, TOL TAEOVEKTHLOTOL
KO TO, LELOVEKTAUOTE TOVS, KOBMG Kol KAmolo otolyeior chykplong Ue Tig nebddoug
BepeA1dom wivorka kot TpoBoAtkot Bédovc.

>T0 KEQAAOLO 5 TOPAOETOVTOL OMOTEAECUOTOL TOGO TV TPOTELVOUEVOV UeOGOWY
660 Ko TV LeBSGOV BereAldon ivorko ko tpoBoilkov BAOovg Ge e1KOVEG ECWTEPLK®V
Y OPOV.

10 Ke@GAOLO 6 TOPOVOLELOVTOL YEVIKG GUUTEPEOUOTO Omd TNV TOPOVGH EPYOL-

Stavpog TCovpumikng



4 epdiono 1. Etcoyoyn

clo, mpotelvovtonl UEAAOVTIKEG EMEKTAOCELS KOOMG KO EQPUPUOYEC TV TPOTELVOUEVMV
oAyopidu®y.

TéAog 610 mopdpTNUX A, TOPOVCLALETOL LD TPOGEYYLOT) GTO TUPEUPEPES LLE OLVTE
¢ evpeong avTioTolyice®y TPSPANUOL TNG OVOYVAPLONG CKNVAY, 1 OTTOiol TPOYLOLTO-

nounke oto TAcicLol TG TAPOVOOS EPYOGILOGC.

Turuo Emoetiung YroAoyiotov
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Booikég évvoreg

2.1 Mn Bobuovounuévn 6poon (uncalibrated vision)

Me tov 6po un Bobpovounuévn 6poot, cvaeepOULOGTE GTO GUVOAO TV CAYOPIOL®Y
KO TEYVIK®V TNG UNYOVIKN G Opoiong, ot omoieg dev amattovv Tn xprion Poabuovounuévav
unyovav Aymg etkévav (kopepav). Iépa amd toug Adyoug uebodoroyiog, vidpyouvy Ko
peptkoi mporkTikoi Adyotl mov (oG wOovV 6TV avETTLEN TETOLMV EQPUPUOYXDY. T Tapd-
derypo, o dedoUEVoL TOL TAPEYOVY Ol KOTHGKEVOGTES YIOL TIG ECMTEPLKES TAPOUETPOVS
¢ Kauepog dev eivon Thvtor améAvTa aekpiPny. AvTé €xel cov GuvEREL TNV VITOPEN VTTO-
AOYLOTIK®OV CQOAUETOV GTOVE 0LAYOPIOLOVG TTOV X PTNGLLOTOLOVV L0 TETOLH, TANPOPOpict.
Eivon yeyovog 61t vidpyel n SuvotdtnTo. vor VTOAOYLIGO0UV 01 ECWTEPLKES TOLPBEETPOL
wog xépepoac, pe ™ Poribeta piog drodikociog Pabuovéunong (Calibration). Ouwmg ce
TEYVIKEG evEPYONG dpaomg [4] dmov ot mapdipetpot TG Kbpepog 0AAALOVY SLVOULKEL, O
EMOVOUTPOGIOPIGUEG TMV TOPAUETP®V TPETEL VOL YIVETOL 0LVE THKTA Y POVIKE SLOGTILOTOL,
Y€YOVHG TOL GLUVETAYETOL EMTAEOV VITOAOYLOTLKS K&GTOG. TéAOG, e€icov onuavtikn eivorn
N duvarTdTNTOL TOL TPOSEEPOLY 01 cAydpiBuot un Pobuovounuévng dpoong, vo eneéepya-
GToVUE e1Kkdveg TOL €rouv NN ANEOEel, TIg omoleg dev Guvodevel kopio TANpoopio Yol

TIG TOPOUETPOVS TOV KOUEPDV TOV Y PN CYLOTOL|ONKOY.

2.2 TIpoBorixn yeouetpio

H mpoPoiixt| yewpetpio amotedel éva Pooikd pobnuotikd epycieio, 10 omoio ypnot-
pomoleiton 0A0EVH Ko TEPLGGOTEPO YLOL TNV TEPLYPUPN Ko eniAvon TpoPAnudtwy ot

unyovikn opoon. Ieptypdipel T dtadtkocioo oYNUATIGULOD ELKOVAOV HECO 0O TPOOTTIKN

5



6 epdAono 2. Baolkég évvoleg

npofornf (BA. oynua 2.1), evd T0 KUPLo TAEOVEKTNUA TNG elval OTL dev amontel Tn xprion

¥

T focal length f
Centre of prajection Tmage

Iyquo 2.1: Movtélo TpoonTikig TpoBoAnc

Babuovounuévav Kopepav. VoTNUATIKE GPYLoE VoL ypnoLLonoteitol Tov 190 aldva 6e
EQOPULOYES OMOTOYPOUUETPIOG. Miol IO TPAGPOLTN CVOLPOPE. GLVOVTALE GTT SLOAKTOPLKT|
dtortpPn Tov Roberts to 1965, o onoiog ypnowwonoince v évvola Tov 3 X 2 OHOYEVH
TIVOUKOL TPOOTTIKTC TPOPOATIG, VIO VOL TEPLYPBEYEL TNV OELKOVIOT TPLOILAGTUTWY TOAVE-
opikav avtikelwévoy. Eniong, ot Duda kon Hart [9] to 1973, meptypdipovv oe Ke@EAOLOL
oV PipAiov Tovg évvoleg dmmg TO cross-ratio Ko TG PN CELS TOL Bo LTOPOVOE Vou €xEl
oTNV oVEALON TNG EMTOAMKNG YEWUETPIOG. INUaVTLKO TEAOG LePidLo Yo TNV KoB1€pwon
G GTOV KAGDO TNG UNYOVIKNG Opaong orjnepa, €govv ot Faugeras [11] xon Hartley [44].
AxoAovBel o cOvToun avoeopd oTig Bootikéc évvoleg Tng IpoPoiikric Tewuetpiog [12],
[24], [15], [34].

2.2.1 IIpoPoirkdg yopog (P™)

'‘Eva. onueio tov n-dtdiototov Ipofoiikot Xwpov P™ avorapiototol Le évor Siévuso
dibotoongn+l z=[xy, ..., £,+117 . Ol GLVTETOYUEVEC = OVOUALOVTOU TPOBOALKES GUVTETOLY-
UEVEG TOL ONUElOV Ko TO SLEVUOUOL X, SLEVLCUOL ZVUVTETOYUEV®Y. AVO SLovOCUOTA X, Y,
dtdlotoong n+1, elvorl 1GOSHVOLLOL OV KO LOVO OV DITAPYEL UM UNOEVIKOG aptOUSG A, TETO10G

WOTE T;=Ay;, YL KGBe 1 <7 < n + 1.

Turuo Emoetiung YroAoyiotov



2.2. TIpoPolki yewpetpio 7

2.2.1.1 TIIpoPoiixn Béon

ITpoPoiikny Béion Yo Tov wpoPoikd ndpo P™ opileton évor GOVOLO n+l YpOUULKE Ove-
EGpNTOV SLOVOCUATOV af,...,an+1. GO ddvoouo z € P" umopel vor ek@pootel wg
YPOUULKOC GLVIVOGUEG T®V SovLGUAT®Y TNG TPpoPoAKnig Béiong :

n+l

T= E T;0;
=1

2.2.1.2 TIpoBorixn evbeio (P)

O TpoBoikdg Xadpog P! ovopdleton mpofoiikr evbeio. Me kavovikomoinuévn Béon
el=[1,017, e2=[0,117, k6&6e onueio x Tng npoPoAkric evOeiog, umopel vo, meptypopel pe

&0 cuvteToryuéveg 1, 27 :
T =x1€ + 1€, |z1|+ |22| FO

To onpeton TG e1dLKN G KAGoNG e devtepn cuvieToryuévn 2, A0 (opolmg Ko Yo Ty TpaTn

cuvtetarynévn) etvon oe B€om vor EKPPOLGTOVV e Uiot GUVTETOYUEVN, TNV O = Z1/Z):
r=0e; +e

o too onueior aLTHG TG KAGGM S TOPOTPOVUE OTL OV VITEPYEL GLUVTETAYUEVT] OL TTOV VOL
unopel vo ek@pdioet 1o eg. To e; Aowdv ovoudleton onueio 6To Gmelpo KaOdG unopel vo
mePLYpopel cowv:

. 1
e; = lim (e + —ey)
a—00 a

2.2.1.3 TIIpoBorixé eninedo (P?)

O TIpoPolikdg xdpog P? ovoudileton mpoPoiiké eminedo. To onueion Tov TPOPOALKOD
eMTESOV eEKPPALOVTON LE TPELG CUVTETAYUEVES X1, T2, X3, & |x1| + |x2| + |23| A0. Ol evOeieg

10V TPOoPoALKOV emmédov, opilovton amd pio TPLEdo aplOUdY uy, uz, us, Le eEiowon :
wizy + upzy + u3r3=0, |up| + |ua| + |uz| A0

Mo eviiopépovoo oxéomn M omoio. cuvdéel ypoaupég pe onueio oto P2 eivon owth g

dvikdétntog (duality) :

e 'Evo onueio x pmopel vo meprypopel og to onueio Toung evog cuvoAoL €VBELMY OL
omoieg éxovv SLEVLOUO CLVIETAYUEVOV © KO 1Kavorotovv TNV eicwon vl z=0. H
nopondve eEicoon ovoudleton eEicmon onpeiov don ypouudy (line equation of

the point).

Stavpog TCovpumikng
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e AvtioTtpo@o, pio ypouun Le StevUGUO GUVTEAEGTWV u, LWTOPEL VO TEPLYPOLPEL GOV TO
cOVoro TV onueimv = Tov 1Kavomolovy Ty e&icwon v’ z=0, n onoio ovoudi{eton

eiowon ypopuunig péon onueiwv (point equation of the line).

v KAGon Tev SlovuoudTov dmov yior TNV TPitn cuvtetoyuévn xz woxvel 23 A0, to
onueio umopovv va TepLypa@ovV e 300 GLUVTETAYUEVEC, TIG X =§—; Ko X2=§—§, mov elvon ot
KopTeSLovEG ouvTetaypuéveg Tov onueiov. H evbeia pe e&icwon z3=0, ovoudleton evbeio
670 Gmepo (Io). Kdébe evbeio I tov P? téuvel Vv ly ot0 onueio ( — up,u1,0) wov
ovoudi{eton onpeio Tng voeiog I 6To dmelpo . To drévvopo, [ — us, w17 Suwg, diver v
Kortevhouvon g evbeiog I pe eElomon uy X + up Xo + u3=0. Apo Tor onueio tng evOeiog I

UTopovV va, BewpnBovV Kortevduveelg 6Tov P2,

2.2.1.4 TIIpoBoiixdg xdpog (P?)

'Eva. onueio otov mpoPolkd ympo P3, meptyplpeton omd TECCEPIC GUVIETOYUEVEG
T1,T2,73,24. Evo mpoPfolkd emimedo m opileton omd TNV TETPASH GUVIEAECTHOV

U, U2, U3, ug KO LOYVEL EElcmon:
4
> uizi=0,  |ug| + |ug| + [uz] + |ug| £O
i=1

Ta onueion TG KAGONG UE 24 A0 umopoHV Vo TEPLYPAPOVV LE TIG KUPTECLOVEC GUVTETHLY-

4 _T _T _T 7 _ 7 ’ . .
néveg X=11, Xo=22, X3=22. Ta onueto pe 4=0 opifouv 10 eninedo 670 GMEPO (T ). KGOE
eninedo tov P? téuvel 10 o o€ pio ypoupn, n omoio éxel Stévuouo 1608VVOO e TO
Stévuopo SlevBLVeNc Tov. AvTicToly o Le T0 P? 01 YpopUéC TOL OWVAKOVV GTO o, 0pilovy

Kotevdvvoelg emmnédwv otov PA.

2.2.2 Merooynuoticpoi

'Evog mivokag A dtootdoemv (N + 1) x (N + 1) tétorog wote det(A) £0, opilet éva yporpl-
uKéd petooynUotiopd and 1o P™ 61ov €0uTd ToL Ko ovopdleton tivakog tpoBoAtkov
petaoynuotiopoV (projective transformation matrix). A6y tng oxéong toodvvouiog Tmv
Stavvoudtwy tov P, o tivakog Tpofoilkol petacynuotiopov opileton uéypt éva Padud
KMpoKog r

re=Ay, r A0 < =

1

Ay

"Evoig YopOoKTNPLOTIKOC TPOPOMKSS peTooyNUoTiondg eivan o P3 — P2, o omoiog
opilel To GYNUOTIOUS TOV ELKOVMV Ge évor LOVTELD TPOOTTIKTG TPOROANC (BA. oxfua 2.1).

Exopdletan pe tn oxéon z ~ TX, 6mov T 0 Tivokag LETOLOYNUATIOUOD SEGTOONG 3 X 4.

Turuo Emoetiung YroAoyiotov
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Mo tov xoBopioud tov 11 (avti 12 Ady® oxéong 16oduvoUiog) TopoUETpOV TV 3 X 4

nivako, xpetdlovial 6 ovtiotolyicelg Tpledidiototmv onueinv, pe onueio g elkdvog.

'Evog GALOG LETOOYNUOTIOUOG 1daitepng onpociog 6Ttn unyovikr époon, eivor o
LETOGYNUOTIOUSG avéieso. oe d00 mpoBokd erinedo. (P? — P?) o omoiog ovopdleton

npoPoiikdtnta (projectivity, homography) xon avoropiototol og e€ic:

T hir hi2 hi37 X4
z2 | =|hat hxn ha| | X2
3 h3t ha hizd LX3

6mov onuela z=[z, 22,2317 € m wou X=[X|, X, X317 € m xon m,m € P2 Ané 1

TOPATEV® GYEGELS TPOKVTTOVV Ol KUPTEGLOVEC GLUVTETOYUEVEC TWV OMUElWV:

_x1_huXy +hipXs + hiz

23 h31 X1 + h3oXo + has

y=ﬂ=h21X1 + hp Xy + hos
z3 h31 Xy + h3s Xo + h33

Avtictoyyn oyéon 1oyveL Kou yio TIg evbeieg mov aviikovy 6e TpoPoAlkd enineda. 'ETot,
Yo TG evBeiec I € m Ue TopoUéTpoug eElc®oNG uy, uy, u3, Kol Iy € m UE TOPOUETPOVS

Ui, Uy, Us, 6mov 7y, my € P2 1oybet:

uw=HTU

6mov H 0 mopondve Tivokog LETOHGYNUOTIGILOV.

o Tov VTOAOYIOUS TV 0KTM Otd TIg eVVIA TopoéTpoug Tov 3 x 3 mivoko H
xpeLGlovton TE€6CEPLE TOVAGYLIGTOV OVTLOTOLXIGELS U GLVEVBELOK®Y CNUEI®Y OVAUETOL

oto 500 eninedo, KoBMG Evog Tapdryovtog KApokog dev LeToPEAAEL TO TOTEAEGLLOL.

Ynépyovv d0o uébodot ylor Tov vroroyiopd tov H. H mpdtn B€tel éva onpeio tov
nivoka {60 e ™ povado Kol emAVeL TN YpouKn eEicmon aeiivovtog entd Pobuovg
elevbepiog. 'ETol Yoo TIG KOPTEGLOVEG GUVTETOYUEVESG (24, ;) TV onUeloV TOVL 7 Ko

(X;,Y;) tov avtioToly®v Toug ToV 1), Ko 0€TovTog hzz=1, TPOKVNTTEL TO GOOTNOL

Stavpog TCovpumikng



10 epdAono 2. Baolkéc évvoleg

Xy YT 10 0 0 —oXy —zYi]rhul 21
0 0 0 Xy Vi 1 —wXi —uiYi||he Y1
X, Y2 1 0 0 0 —1;Xo —1Y> his )
0 0 0 Xp Y2 1 —pXo —mYa||ha| |n
X5 3 1 0 0 0 —m3X3 —23%3 | |ho| a3
0 0 0 Xz Y3 1 —y3Xz —y3Y3 | |hos Y3
X4 Y4y 1 O 0 0 —z4Xy4 —x4Ys h3q T4
L0 0 0 X4 Yy 1 —ysXy —yaY4d Lhzpd Ly,

A6 10 mopomdve cOoOTNUO UTopel vo oy Oel Lo Ypopptky AHom Yol TIg TopoUETpovg
tov H [24]. Av vrdpyovv n > 4 ovtietolyicelg onueiwv, LTopovv vo ¥ pneLorotnovv
oAyopLBuol eAoytotonoinong ylo tny evpeon g PEATIOTNC Abone. Oume, | mopomdve
LUEB0B0G dev BaL dWGEL COGTO ATOTEAEGILOL OE TEPINTAOCELS OOV A3z = 0.

11 6eVTEPN, UN YPOoUULKT LEB0JO, [30] ot e€lomoelg :
:L‘(h31X + h32Y + h33) =h11X + h12Y + h13

y(h31X + h32Y + h33) =h21X + h12Y + h23
Uropovv vo Tépovv TN LopOT] :

(XYIO 0 0 —zX -—zY —:1:>h0
0 0 0 X Y 1 —yX —yY —y

6mov h=C(hi1, hia, b1z, hot, hoo, hos, hat, hao, haz) T efvon o nivoxog H og Lopen StoevOGULATOG.

"EXOVTOG TIG OVTLOTOLY{GELS TG EpmV onueiwv 1 eElomon HeTaTtpéneTal oE:

X YT 1 0 0 0 —x Xy —mY71 —x
0 0 0 X Y1 1 —yi Xy —yiY1 —u
X2 Y51 0 0 0 —x:Xo —3Y —19
0 0 0 Xo Vo 1 —pXo —-wnyY2 —-p
zz3 y3 1 0 0 0 —z3X3 —x3Y3 —ax3
0 0 0 X5 Y3 1 —ysXs —y3¥3 —u3
x4 Y4 1 0 0 0 —myXy —x4Ys —24
0 0 0 X4 Ya 1 —wXa —wyaYa —us

Eivou dnhadn tng popoenic AH=0, émov A évag (8 x 9) nivakog. H Adon yio tov h elvor
0 (Lovodidotatog) mupnvag (kernel) Tov A. Av vrdpyouvv n > 4 aviictoryicelg onueimv

ovapeco otor 000 TpoPoAlkd enineda, Téte 0 mivakog A elvon dtdotaong 2n X 9 Kou dev

Turuo Emoetiung YroAoyiotov



2.2. TIpoPolki yewpetpio 11

MeTooyNUATIoUOS [Mivokog AUeTEPANTEG TOGHTNTEC
hir hia hiz]
ITpoPoAlKdg hat  ha  has AGYOL AOY®V, OMOGTAGEWY, YOVIMV
[ h31  h3z  has

aiyp a2 a3
A@uvikdg [am ay a3 AGYOL TOGTAGEWMV, YOVIMV

s11 S12 S13
Ouotdttog S21 S22 S23 AGYOL 0MOGTACEMV, YWVieg

€11 €1 €3
EvkAeidiot €1 exn e OMOGTAGELS, YOVieg
0o 0 1

[Mivoxog 2.1: Metooynuatioplol Ko 1dtdTnTég Toug

VIEPYEL LOVOOLKT) AVOT). ALYSpLOUOL EAO1GTOTOINGN G XPNOLLOTOLOVVTON Yo VoL Bpebel
N Bértiot duvor.

ITépo o6 ToVG TPOPOALKOVE LETOGYMUATIGLOVE Ol 00101 OTOTEAOVV T1 YEVIKOTEPT
nepintwon, GAA 10N UETOOYNUOTICUGY elvol ol €VKAEISLOL, Ol OUOLOTNTOC, KOL Ol

oPLVIKOL 01 0Tto{01 GLVIEOVTOUL LLE OYEGT VTTOGLVOAOV:
Evxeidior C Opotdtnrog C Agwvikoi C TTpoBoAtkol

O1 EvkAeidiol meptAofévouv LeETOopopéc, TEPLOTPOPES KOl GLVIVOGILOVE TOVG, Ol UET-
OYMUOTIGLOT OOLOTNTOC EMTAEOV TIG KMUUKMOELS, EVM Ol OLPLVIKOTL TEPTKAEIOVV KO TOVG
peTooyNUoTioovg shearing. Ot mpooAtkol TeptAOUBEVOLY ETTALOV TOVG LETOLOYTLOTL-

ouovg slant kou tilt (BA. wivorko 2.1).

2.2.3 AvoAiroioteg

Mo oképar Baoikr évvolor g TpoPoAtknig yeouetpiog, eivon owth TV ovolAoiwtoy,
IMA0LOT| TV YEOUETPLKMY TOGOTHTMV TOL TOPOUEVOLY OUETAPANTEG OTOV TOVG EQOPLOGTEL
€voig LETACYMUOTIOUOS. ME Tov Opo YEMUETPLKEG TOGHTNTES, GLVIIOMS EVVOOULE TILEG Y
OYE0ELC TILAV YEOUETPLKMV Y UPAKTNPLOTIKAV, OTIMG 01 eVOeieg, Ta onueia, 1 01 KOUTOAEC.

AmAéC amooTdoel Ko Ywvieg StotnpovvTol HOVO 6TouE EVKAEISIOVG LETOOYN LA TIGULOVG,

Stavpog TCovpumikng



12 epdAono 2. Baolkéc évvoleg

eV AHYO1 TOGTAGEMV KOl YWOVIES SLATNPOVVTOL GTOVG LETOGYNUATIGLOVG OpoLdTNTOG 2. 1
3T0VG APLVIKOVG LETAGYNUOTIGULOVS SlortnpovvVTOL AGYOl OTOGTAGEMY KOl AGYOL YOVIADV.
TéAo¢, 6T0VG TPOPOALKOVG LETAGYNUATIGLOVS StortnpovvTon AGYoL AGY®V, HTOGTECGEWDY
N yoviav [3].

Mo OepeM@dng oovoldoiwtn, Tnv onoiot GuVOVTELE GTOVG TPOPBOALKOVE LETOLOYT -
potiopovg eivon to cross ratio. H mo yvwoti tov popor| opileton pe Bdon téocepa
cuvevbelakd onueio 610 xOpo(BA. oyrpa 2.2). avépeco oto onueior:

(A13) (A24)

C " (M) (M)
r(p1,p2,P3,P4) (A23) (Ag)

Omov A;; cvuporilerl nv amdotoon tov onueiov ¢ oamd To onpeio j.

1

3 METAXXHMATIEMOZ

ynuo 2.2: Cross Ratio 4 cuvevblak®v onueiov

Mo dtoupopeTikny Lop@ny cross ratio, elval ovt mov vVroAoyiletol and Técoepig

evBeieg mov Téuvovton oe éva Koo onpeio p (BA. oxnuo 2.3):

sin 13 sin Qa4
Crly, o, I3, lg) =——— 2" —"24
SN ap3 SIN a4

A6 T1¢ 600 Topandve Bootkéc VOAAOI®TEG TPOKVTTOVY Ko GALEC LOPPESG OLVOLA-
Aolwtv pe mTOAAEG xprioelg otov Topéa Tng Mnyovikng Opaong [52], [7] [15]. Mo
eVOLOQEPOVGH. OVOGKOTTNON GYETIKWYV GpBpwv meptéyxetal oto PipAiio towv Mundy kou
Zisserman [24].

Eeywp1otd EVILOPEPOV YLOL TNV TOPOVCOL EPYUGLXL, EXEL T EQOPUOYT TN OVOALOTOTNG dVO

YPOUU®V Ko 800 onueiwv (two lines two points - 2[2p), and Tovg Aovpdk, XoAkidn Ko

Turuo Emoetiung YroAoyiotov



2.2. TIpoPolki yewpetpio 13

Iyquo 2.3: Cross Ratio 4 GuvTeEUVOUEVOV EVOELHV

Opeovovddxn [15], ot omoiot TN XPNGLOTOLOVY YioL VO EGYOVV OVTIOTOLY{OELG OUOET-
TESWV X OPOKTNPLOTIKMOV, AVEUECSO OE OWYELS TTOV UTOPEL VOL SLOLPEPOVLY OOV TIKE LETOED

t0v¢. H aovaddoimtn avt meptypdipeton od tn oyéon

Iy -z 1y
2l2p(117127$17$2)=1 T12 T

ly -zl

Omov [;x; elvon T0 €0OTEPLKO YIVOUEVO TOV TOPOUETPOV TNG YPOUUNG [; Ko Tov onueiov
x5, Ko ek@palel Ty amwdotoot Tov onueiov and ™ ypouur. H epyasio Baciletor otnv
nopotipnon 6t yvopilovtog v T a g 212p ovoArlolwg yior 800 YpouUéS Iy, ln
Ko d0o onuela z1, 22, TOTE 01 3VO YPOUUES U1, 12, TO onueio 21 Kou N Tun a, opilouvv pio
evbeia (1) Tévo oty omolo VIKEL TO 22, LEGM TN AHoNG TG 2[2p e&iowong g TPOG 5.
Ouoto, oL YpoUUES I, I3, To onuelo 2 Kou 1 ovaAdoiowtn 212p 1y, I3, x1, 22) =b, opilovv pio
devTepM YpoUUT Tévm oty omoia PBpioketon To ;. Tote 10 onueio z; opileton povodikd
®G M TOUN TV V0 EVOELDV €1, €2. "ExOVTaC 000 GUVOAX Y opoKTNPLOTIK®V O1, Oy, opilovv
ovbaipeta 6to O pio Bdomn TpLdv Ypouudv (11,1, I3) Ko evog onueiov 1. YroAoyilovv
yio k6Be onpeio x; Tov O T1g 0V0 awvodhoiwteg a=212p (ly, Iz, x1, ;) Ko b=212p (11,13, x1,x;).
'ETELTOL, Y PNOLOTOLHVTOS GAOVS TOVG CUVIVOGUOVS TPLAV YPOUU®Y KoL eVOG onueiov
(i1, 12, 133, i4) mOVL opilovv piow BGon oto GHvoro Oy, Ko TG avaAroimTeg (a;, b;) TOV
éxouv e€dryet Yo kéBe onpeio amd to O, EAEYXOVV 0V 01 TOUEG TV ELOELMV TOV TAHPVOLV
oo TG eELoMoELS

a;=212p (1,12, Tia, )

bi=212p(l;1, 13, w4, x5

Stavpog TCovpumikng



14 epdAono 2. Baolkéc évvoleg

oVOKATOGKEVELOVY €va, VITOPKTO oNueio 6To0 GUVOAD Oy. AV KOTOPEPOLV VOL OLVOLKLTOL-
GKeVACOLY OPKETA onpeio 610 07, VTS onuoaivel 0Tt To GHVOAL O Ko Oy oLVTIGTOLYO0VV
670 1610 eninedo, Ko owd TIG OVTLOTOLYIGELS TOV EVTOTIGAY, EEGYOVV TNV TPOoRoAtkSTNTOL
TOL EMTESOV.

H pébodog avtiy, av kot €yel oYeTKd HeYGAo VTOAOYIGTIKSG KOGTOG divel TOAD KOAG

OTOTEAEGLOTOL CLKOLLOL KO Y10l ELKOVEG ULOG GKMVIG TTOL SLOLPEPOVY CTIULOLVTIKE O TPOG TO
onueio AMyng toug.
2.3 Emmolixn 'eopetpio

H Emmolxt T'emuetpion meprypdipel t oxéomn mov Guvogel 000 KAUEPES TPOOTTIKNG

npoBoAng (PA. oy. 2.4). TTopoKET® TopaTiBevVTon GUVOTTIKG LePLKEC PaCLKEG EVVOLEC.

X

e s,

O \ /5‘ o)

Iyquo 2.4: Boolkr| YemUeTpLkt] ox€0m 000 TPOOTTIKMOV KOUEPDV.

e Emunolik6 onueio (epipole) e (¢') ovoudleton 1o onueio mpoPfoirig Tov omtikov

kévtpov O (O) Tng niog kGepac oto eninedo Tpofoing tng GAANG (BA. 6).2.4).

e Emnolké eninedo (epipolar plane) ovoudleton to eninedo mov opiletor omd to
onueio X 10V TPLGANEACTATOL XOPOV Kol T ONTIKE KEvTpa (O, O) Tev 300 Kouephv
(BA. oy. 2.4).

Turuo Emoetiung YroAoyiotov



2.3. Emmolxn T'eouetpio 15

e Emumolikn evbeio (epipolar line) (I.) ovoudletor n evbeior mov oynuotiletonl omnd
TV ToU Tov emmoAko® emmédov (epipolar plane) e to eninedo g elkévog TG

devtepnc kGuepog. (BA. oy. 2.4).

e Yyéoelg ovtiotolymv onueiov: 60e onueio z oTNy Tp®@TN E1KOVA TOL OVTIGTOLXEL
oto onueio X tov TpLodidictoton xdpov, dnuovpyel pio evbeior otV devTepn
elkéva Téve otnv onoio Bpicketat to ovticToyd Tov onpeio x*. AvTé 16y veL doTL

o onpeia O, O, X, x, X’ elvon cvveninedo €€’ optopo.

2.3.1 O fgperroong nivokog (fundamental matrix)

H aAyeBpixn) meprypoen Tng npofoiknc yeouetplog, yivetol péow tov 3 x 3 BepeAidddn
nivaka F. 'ETol, ov z=(u, v, 1) eivor éva onueio oty npdn eikdvo ko z'=(u', v, 1) 10

ovtioTolyd Tov 6TV deVTEPT, TOTE LOYVEL

U
(v, 1] F v | =0
1

TMopokdtm cuvoyilovton Heptkéc omd Tig 1ddTNTEG TOV OeUeA MO THvVoKOL.
e Hevbeio I'=Fz elvor n emmoAlkt| evbeiol Tov avTioTolyel 670 X, KoO®g 1oy veL z'l'=0.

e H evbeio [=FTz' elvon n emmolkn evbeiot mov avTioTolXEl 610 X* KOOME 1o)veEL

17 2=0.
o I T §00 emmolkd onpeio toyvel Fe=0 ko F7e'=0.

"o tov vroAoylopd tov 3 x 3 wivaka F [42] [55] vrdpyxovv 9 Gyvmotec TapGUETPOL.

Tuykekpluévo, yiow dvo avtiotolyo onueion z=(u,v, 1) ko z'=(u',v', 1), n ypoppuikny

eiocmon

2 Fz'=0
nodpvel Tn Lopen

u? f=0
omov

! ! ! !/ !/ !
u=[uu',vu ,u ,uv ,vv ,v,u,v, 1]

Ko

f=LF, Fio, Fi3, Fo1, Fao, oz, Fs1, F3, F33] .

Stavpog TCovpumikng



16 epdAono 2. Baolkéc évvoleg

Ady® T0V OTL évog GLVTEAEGTIG KATLOKOG dev LeTOPGAAEL TO OTOTEAEGILAL, OL LYVOGTOL
yivovton 8, kou pe tov meptoptopd det(F) = 0 pévouv 7. Apo, apkovOv 7 ovTIoTOLYIoELS
onueiov avépeco otig 00 eKGVES YLoL TNV EVPECT] LOVASLKNG AVoN . OU®S, OTmG 1oy Ve
KOl GTOVG TIVOKEG UETOOYNUOTIOHOD, Yot Adyoug akpifelog ypnouonotovvtol n > 7
oavTiotoryicelg onueiov, kot epopudlovton cdydplOpot EAd1GTOToINoNG Yo TNV €VPECT
g BéATIoTNG AVONG.

O BepeMddng wivokag YPMNOUOTOLELTHL GE eQUPUOYEC OTTMOG N TPOPOALKT CrvorKo-
tooKeLn [6], Le 6TOYO TOV KOBOPLGUO TEPLOPIGUADV, LKOVAV VO SOGOVV ULDL OLKOYEVELDL
AVoe@V Yoo TN Yewpetpio g Kauepag. Eniong ypnowonoujnke ond tovg Maybank ko
Faugeras yio. AvtopoBuovounon (Self-Calibration) piog kivoduevng képepog [32]. TéAog,
N ONUOVTIKATEPN YloL TNV TOPovoa epyocic epoproyn tov tivoxko F, meprypdpeton and
tovg Faugeras kot Robert [38], ot onoiot Tov ypnGLonotohy TPOKEUEVOL VO VTOAOYIGOVV

™ oxetikn 0éomn avtikeluévmy evog Leyoug etkovmy Ge o Tpitn.

Turuo Emoetiung YroAoyiotov
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To mpoBAnuUO TG CvTIoTOiY 1O

YOPOKTNPLOTIKOV

H avtiotoiyion yopoktnplotikdv Onme onueio, ypoupéc, KoOUTOAES K.0. OVEUESO GE
SlopopeTikég amelkovioelg TG 100 oknvig, amoteAel €éval omd Tor GNUOVTIKOTEPOL TPO-
BAMuorto 6ToV Topéo TNG UNYXOVIKNG OpaoNC.

'Exouv mpotabel opketol aAyOpiOUoL yior TNV ovIloToiy1on YopoKTNPLoTIK®OV 01 0Toiol
SLoLPOPOTOLOVVTOL MG TPOS TNV KATNYopio TV e1KGVOV oTIg onoleg epapudlovton (..
eninedeg 1 Ol OMELKOVIGELS), TOVG LETOOYNUOTIGLOVG TOV EMLTPENOVV (T.)Y. OLOLOTNTOG,
QPLVIKOVG, 1} TOVG YEVIKOTEPOLG TPOPOALKOVS), AAG KO TNV TEYVLKT] TOV Y PT|CLLOTOLOVV
Yoo vor EMAHGOUVV 1O TPOPRANUO. YRTAPYOouV Yo mopddetypor odyopiBuot ot oroiol Paci-
Covton otn dotripnomn e eotetvétntog, (correlation) KoOMdg Ko 6e oYEGELS AVAUESO
G€ YOPUKTINPLOTIKE OTm¢ 1 eyyvnTo onueiov [21] 1§ n dtatripnomn oty kAion gvbeldv
[33], [43]. Tétolot 0Ayép1OUoL dev UTOPOVV VOL EPOPUOGTOVV CVEUEGOH GE ELKOVESG OOV
TopoTNPelTON CNUOVTIKT SLoPOPE OTLS GVVOT KEG ATYM G TOLG, eV O€ BploKOLV EQUPULOYN
KOl OE TEPINTAOCELS YEVIKOTEPWV UETOOYNUOTIGUAV 0TS YLoL Top Giderypor ot TpooAtkol.
Mo AN Kotnyopior odyopibumv eivor avt Tig ovTiotoiyiong Héocw evbuypauUIoNng
(alignment). Two mapddetypo, ot Rucklidge et.al. [8] [47] emtyelpovv vor ovTIGTOLYIGOLV
eninedo oxUoTO VEUEGH GE €1KOVES, avolNTAVTOG GTO XMPO TMV UETOCYKNUATIGULOV
QVTOV OV UETOPEPEL KOAVTEPOL TOL CYNUOTO TNG Hog etkévog otnv GAAN. T
clvykplon Tov oxnuétov epapudleton n awdéotootn Hausdorff evad tn nébodd toug epdp-
LOGOV GE UETACYNUOTIGULOVS OHOLITNTOS KO OLPLVIKOVG. BOGLKA LELOVEKTIULOTOL VTG
¢ nuebddov eivor to HeydAo TN LITOAOYLOTIKO KOGTOG KO 1) U1 ENEKTOGIULOTNTE TNG GE

YeVIKOTEPOLE TPOROALKOVE LETOGYNULOTIGLOVE. TNV KT yopio TNG vTIoTOoi(1oMn S LEGM

17



18 e@diono 3. To TpOPANUA TNE OLVTLOTOLYLON G X OPOKTPLOTIKHOV

evBvypaUUIoN G oviIKeEL Ko 1) LéB0do¢ Tmwv Nagao ko Grimson [36] ot omoiot avalntovv
TOVG APLVIKOVG LETUOYNUOTIGULOVS CVAEGO GTOL OVTIGTOLY L EVOVYPOLLLLLOL TUTLLOLTO TMV
ELKOVMV, OULOSOTOLMVTOG TOL TPMTOL LE TOV 0AYSp1OUo TV K-pécmv (k-means). H pébodog
ovt elvon evaicdN T 6TV TOPOLGia TUNUETOV TOL OToiol SeV €X0VV aVTIGTOLYO TOVG TN
devtepn elkdva, evd dev elvon emeKTEGIUN OOTE Vo TEPLAOUPEvVEL TPOBOALKOVE LETAGYN -
LOTIGULOVCE.

Mo oo kotnyopio LeBddmv ypnoLonotel TEPLOPIGUOVE OO TN YEMUETPIO TOV KOLLE-
pdv. O Faugeras 670 [38] epopudlel emmoAKoVg TEPLOPLGUOVS OVAUECOL GE TPELG ELKOVEG
Yo voL Tpocdlopicel avTioTolyioelg ovapesd Toug (avaAuTIKOTEPN TEPLYPOLPT] OLKOAOVOEL
nopokdtw). Erniong o Zhang ypnowonotel [53], [54] tovg emmoAlkovg TeEPLOPIGUOVE
[42], aviueco ce dV0 elkdves, doTe vor PeEATIDOEL TIG ovTIGTOLY{GELS OV VTOAOYiLeL
oPYLKE HECM KAOOIKOV HeBSdmv avtiotoiyiong (correlation pe relaxation). O vroAoyt-
OUOC TV EMTOALK®OV TEPLOPIOUAV YIVETOL OO TIG OPYLKES OLVTIGTOLYIGELS KO Y1OL TNV
OTOTEAEGULOTIKT] CLVTILETAONLOT TWV GCPOAUGTOV Xpnoiponotel tn uédodo tov EAdyiotov
Tetporyovikov Mécov (Least Median of Squares).

To tedevtaio xpovia Topotnpeiton Ui cvEoVOUEVT TEOM Yo XPTION TEXVIK®V Ol OToleg
Baocilovtol oe mpoPoAtkéc avarloimteg mov e€dyovton omd XopOKTNPLOTIKA TOV E€1-
kOvov. H omovdoidtnto tétotmv odyopifumyv €yKerton 6to Yeyovog OTL UTopovV Vol
EQOPUOCTOVV GE MEPITTAOCELS YEVIKOTEPWV UETUCYNUOTIOU®V 6Twg o1 TpofoAtkol, ko
o€ ELKOVEC OTLC OTOLEG TaPOLTNPOVVTOL CNUOVTIKEG LETOPOAES 0T BEoM T®V TPOG OV TL-
oTolYloM XOPOKTNPLOTIK®V TOVG. Mo omd TG TPATEG EPELVNTIKEG TpooTdbeleg [7]
QPOPOVCE GTNV OLVTIOTOLYLOT KWVOELODV GYMNUOTICU®Y OVOUEGH GE ELKOVEC, UE xprion
OVOALOTWTOV TOGOTHTMOV VITOAOYLLSUEVMY 08 K®VOELdN. O Bactkdtepog TepLoptoUdg Tov
oAYopiOULOL OLPOPE OTNV OVOLYKOGTIKT| VTopEN Kdvmv Hésa ot oknvii. Eriong ot Tyuég
TOV OUETEPANTOV TOGOTHTOV €lvol eVOUGONTEG GE MEPIMTWOGELS EMKAUAVYEWY, YEYOVOS
nov meplopilel v eeopuroyny tov adlyopibuov avépeco ce KovTvég oyels. T'vooTég
TPOGEYYIOELG TOV KEAVOLV YPiOTN HUETEPANTOV TOCOTHT®V, vTILETONILOVY TO TPOPANLLOL
MG oVTLeTOlY oM G OLOETiTEd WV YopoKTNPLoTiK®V. 'ETol ot Meer, Ramakrishna, ko Lenz
[39] ypnowonotovy v P? availoiwtn 1 omoion vroroyileton omd mévie cuveninedo
onueio, ylor voo ovtiotolyicovv mevtddeg otn devtepn elkdvo petd amd eEoviAntikn
ovaliton. To vo Hetdoovy o x®po ovalitnong oAld kou vo oviomeEéAbouy o€
TEPITTMOELS AOTAOELOG Y PT|CULOTOLOVV YEMUETPLKOVE TEPLOPLOLOVE O™ M StétaEn Tov
KVPTOU TEPIPARUATOG GTLG TEVTAOEG,

Ot Aovpdikng, XoAkidng Opeavovddxkng [15], xpnoywonotovy Ty 2I2p tpooAlkt| ovor-
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Aol ormd 800 yYpoappég Kot 0o onueio wg Pdon tnv omoic Ydyvouv eEovIANTIKE 61N
devTepM e1kOVaL Yol VO, 0pIiGOVV TIG BEGELS TV 0vTiGTOL WV CNUEI®V.

Ex16¢ and T1g nepinticelg onpeiwv €youvv peAetndel Kou avriotolyicelg eninedmv yopor-
KTNPLOTIKOV 6w molvymvikol oxynuoatiopol [37] 1 KourOAeg [41] pe xp1rion OXETIK®V

OVOALOLMTOV.

Ta teAevtaio xpovia eeaproYES OTmS 1 dnuovpyia cknvev (view synthesis, Image
Based Rendering) €youv d®GEL GNUOVTIKT] ONOT GE AAYOPIBLOVE VTIGTOTY 1O G X OPOKTN -
PLOTLK®V 01 OTO101 TPOEPYOVTOL OO TOV YWPO TNS Mnyovikiig Opaong. TMapodoctakéc
TPOCEYYIGELC OO TO YMPO TNG YPOPLKN G YPTNCLULOTOLOVV LOVTEAD OLVOTOPEGTOOTG OLVTL-
KEWEVOV 0TOL OO0l TPOGOHETOVV LOPT| VIO VOL KATOOKEVAOOVV VEEC PEOALOTIKEG OKTVEC.
To Baoikd Toug Sumg petovéktnuo eivon n avérykn toug yio eEelntnuévo vaké (hardware)
Ko Aoyltouké (software), koOmg ko 1 Gpeon eEGptnon g moALTA0KSTNTAS TOVG omd
TNV TOAVTAOKOTNTA TNG OKNVIG TOL TPOooTafovV va Kortookevdoovy. Eniong ol avano-
POOTAGELG CKTIVAV TOV VAOTOLOVV OeV €0V TAVTO TNV OTTOPOLTN TN PEOALGTIKOTNTA KOl
YEOUETPLKT] opOBITNTAL.

Mepik] AVon o100 mpdPANUa divouv oAyOplBUol TOL  YPMNGLULOTOLOVV  ToPEUPBOAN
(interpolation) [26], [51] ot omoiol xpnoluomolovv pia BEon omd apKeTES SLAUPOPETIKES
OYELG LG OKMNVIG, DOTE VO PTIAEOVV TEPLYPUPES GUEGO OVOKATIGLUES Otd €vay TTHivorKoL
evpetnplocpov. o tn dnuovpyion Hog véog GKNVIG XPNOLLOTOLOVV TOV Tivako. €v-
PETNPLOCUOV KOODG Ko TIG €1KOVEG TG PAone. To UELOVEKTNUO OLTMOV TOV UeEBOd®Y
EYKELTOL 0T LEYAAT amoidTN o™ KON KELTIKOD Y MPODL, YO TIC SLOLPOPETIKEG OLTELKOVIGELG
NG OKNVIG.

Anuovpyio VEmv oxknvav uropel eniong vo tporyportoroin et péow npoBoAng e1KkovocsTot-
xelov (pixels) otnv kouvovplo etkévor omd etkoveg g Péone. To Pooikd TAeoVEKTNLOL
oG TETOL0G TPOGEYYLIONG, €lvol 1 KOTOOKELT] PEAAMGTIKAV (YEMUETPLKA 0pO®V) OLTEL-
Kovicemv, 1 duvotdTNTa XPNONG WKPWV Pocewv omd YVwoTég e1KOVeES, KOOMDG Kot M
aveEoptnoio Tovg amd TNV TOAVTAOKSTNTA TNG OKNVIAG TNV 000 TPOSTHOOVY VOL CrVOL-
Kotookevdicovy. H pebodoroyio cvtdv Tov adyopiBuwmv elvon dueco cuvoedepévn Ue
10 TPSPANUO TNG avTIGTOlYIONG ONUEiwY, KOOMS N TPOPOAT] TOL €lKOVOGTOLYElOL BTNV
GyvooTn e1kévor 160dVVOUEL OVGLOGTIKA Ue TO TPOPANUO e¥peong avTiotoiyiong. o
™ dnuovpyio g véog oxknvig, apytkd vroroyilovton OAeg ol avticTolyicelg onueiov
(dense correspondence) ovépeco 6e dV0 e1kOveg NG Pdone. 'Emerta, xpmnOLULOTOLOVTOG

QVTEG TLC AVTLOTOLYIOELS KOG KO LEPLKT) TANPOPOPio TOL GLUVIEEL TIG ELKOVES TNG BEong
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Ue TNV Korvovplo etkova (m.y. évo tkpd oplopd avtiotoryicemv onueiwv 1 ypoupuov 1
TIG TOPUUETPOVG TNG VEOIG OEOTC LG LOEXTTC KEUEPOLS OV TTPOKELTOL YLOL TEXVITT] ELKGVOL)
OAOKANPAOVOLY TNV dNULoVpYio TNG VEOLS OMELKOVIOTC.

XopoKTNPLoTIKE TOPUOElYUOTO TETOLWV AYOPIBU®Y XPNGLULOTOLOVV TO Bepedon mi-
voka, [31], [25] 0 omolog vtoAoyilel ToVG EMTOAKOVG TEPLOPLGUOVE AVAUECO OTLG ELKOVEC,
EVO L0l TTLO TPOCOUTT EQAPLLOYT XpNoonolel tov trilinear tensor [2], 0 omolog meptypdi-
@eL TN oY€om oL GLVIEEL avtioTol o onueic: LECH TOUWY EMTESOV GTOV TPLOALEGTOTO
X®po. T1o ToV LTOAOYIOUS TV TopayOvVTmV ToV trilinear tensor ypMNGULOTOLOVVTOL TOL
EMTOMKCE OUElOL OVOUETOL OTLS TPELS ELKOVEC, YEYOVOS TTOV KOBLoTE TN UEB0SS EvoiaONn TN
e GPAAULOTOL, 1010iTEPOL OE TEPITTMOELG OTOL M TpiTn e1kdva elvon opKeTd LaKpLVY GE
oyéon e Tig dAlec 800. Evalapépov moTdG0 Topouctdlel N ENEKTOGT TOV GLYKEKPLUEVOL
oAYopiBUOL YOl KOTOOKELT] VEOV GKNVMOV GE GYEoM UE TN Béom (TePLoTPOPY|, UETOTS-
TLOM) MG 10eaTC KAUEPOS. e Uiow okOUoL GYETLKT EQOopLoYT, 0 Johanson ypnoyuonotet
ovTieToryicelg TV TPofordV TV eLOELBY TOL GYNUOTILOVY 01 TOUEG TV EMTES®V TNG

oKNVNC[23], Yo TNV KOTAGKELY| VE®MV OMELKOVIGEWY GKNVAOV TOL TEPLEYOVV EMITESL.

Mio omd T1g Yv®oTdTeEPEC TPOCEYYIOELS GTO TPOPANLUOL TNG CVTLIGTOIYLONG UM OMO-
eninedwv onueimv 3A oknvav topovcioce o Faugeras oto ‘“What can two Images tell us
about a third one”. Zvyxekpiuéva, yvopiloviag v oviiotoiyion evog onueiov ovauecso
oe éva otepeookomikéd (evyog etkévav (I — L), n 6éon tov oe pia Tpitn elkdva opileton
otd TOVG EMTOAMKOVG TEPLOPLGULOVG AVAUEGH OTLG ELKOVES (I — I3) Kou (I, — I3) ot omoiot
vroAoyilovton Hécm Tv OepeMwdmv mvakmv Fiz kou Frz (BA. ox. 3.1). Av [; eivou n

EMMOMKTN YPOUUT TOVL onueiov m amd v I} otnv I3 1éTe 1o verL:
l1=F13m

Eniong av [ m emmoAlkn} ypop] Tov m’ (avtiototyov Tov m) omd v I, ot I3, 1oy vet :
ly=Fy3m/

Téte to onueio m” g Iz, avtiotolyo twv m,m’, opiletorl povadikd omd TNV ToU TV
VoLV 1] Ko ls.

H nopandve pébodog divel KaAd amoteAéoroto. GTo VPOV HPKETEG OVTIGTOLYIGEL
oo TIC EIKOVEC TOV GTEPEOGKOTLKOV Levyoug otny elkéva I3 doTe vor optoBovv pe okpi-
Beto o1 800 Bepeddelg mivokes. 'Evo onuovTikd Opme LELOVEKTNUE TNG €YKELTOL GTO OTL

ELoGYEL TEPLOPLOLLOVG OLVOPOPLKE LLE TN GYETIKT] B0 TOV ONTIKAV KEVIPMV TWV TPLOV

Turuo Emoetiung YroAoyiotov
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yfuo 3.1: Avtiotoiylon LEGM EMTOAMK®YV TEPLOPICUMY Otd BeLe MmN Tivoko

Koepdv. Av avtd (onTikd kévipa) Bpickovton otny idta evbeio, Ko o1 omTikol GEoveg
TOV KoUEPDOV elval mopdAiniot, tote dev opileton Toun avéueoo oTic ToupdAANAEC 0N
GLYKEKPLUEVN TEPINTTOON EMTOAKEG eVOeieg [, [ ondTe elvorl 0LdOVOATOC O TPOGIOPLOUOS

g 6éong tov m” ot Is.

Mo SlopopeTIKT TPOGEYYLoN TopoLoLdieTnKe otd Tov Shashua [49]. Xtn Guykekpt-
uévn uéBodo, ypMNGLULOTOLoVVTOL Ol TPOROMKATNTEG dVO EMTESMV TNG OKNVNIG, OLVEUECOL
oe 000 e1KOVeEG KOOGS Ko 1 ovTietoiylon evog onueiov eKtog TV eMmEdOV oVAUECE
TOVG, WOTE Vo 0p1LoTel pio TpoPoAtkd ouetdANTN TocdTNn T, TO0 TPofoikd Pébog. Xv-
ykexpiuévo ov Hy, Hy €lvon ot TpofoAitkdtnteg 000 emmédmv ovaueco ot etkoveg Iy, I
KoL po €vol onpeio extés TV emmEdwv (p T0 avtiotolyd Tov 61N L), TéTE KOVOVIKOTOLE

pio omd t1g 000 TPOPOAMKATNTEC DGTE VOL LOYVEL:
/
po =~ Hipo + Hapo

émerta, Yoo KGbe onueio p; (pi 10 avtiotoryd Tov 61N L) TG OKNVIG EKTOC TV EMITESMV,

opilel v avoldoimtn mocdTNTa K; 1 omoio vtoAoyileton Hécm TG oxéong:
p; ~ Hip; + kiHyp;

ZINV Topandve ox€on GAEG 01 ToPGEUETPOL EIVOL YVMGTOL, EKTOC TNG TOGHTNTOS K; G TPOG

v omola Kou emAvel. H yemuetpikn| epunveio tov tpofoAtkot Bébovg x; Yo 1o onueio
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e 7
/
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pl

!

ynuo 3.2: Optopdg tov TpoPoAtkot Bébovg

p; odveton oto oxfua 3.2 ko elvon 0 Adyog Twv cross ratios mov oxnuartifovron mévem
otig evbeieg OP xou OF) amd to onueio O, Ty, Tpo, P ko O, Tpor, Tpo2, Po ovtiotoryo. Ta
onueta Ty, Tpo elvon o1 Topég g evbeiog OP pe ta dVo eminedo, evd To Tyor, Tpoo, OL TOUEG
™™g OF, ue to dVo emimedo. o va TpoPAéyer T Béon evig onueiov p”, (avticTolyo Tmv
p,p" otigly, Ib) oe o tpitn ewkdva I3, ypetdleton Tig mpofoitkdtnrec Hy, Hy Tov emumédwy
Ty, T2 OVOUESH OTLG ELKOVEG I, I3 kou To onpelo pj avTioToly o T®V po, py.  OVOVIKOTOLEL
v Hs og npog Hy pe Béion to onueto pg, py, 0mwg xon yio 16 11, L. Epapudloviog 1o

npoPoAikd BéOog K; TOL VTOAGYLGE Yo T p, p’ owvdpecso 6TiG elkdveg Iy, I, ot oxéon
p" =~ Hipj + kiHap;
opiler tn Béomn Tov onueiov p” avtictolyov TV p,p’ oV elKdva Is.
To mpofoiko BEOog amotedel Lo LoOMUOTIKE KOy ovoAAOT®TT Yior TNV £0HpecT
ovTiotoiyiong onuelmwv oe pio Tpitn etkdéva, n omolor amontel Vo TpoPoikdTNnTES KO

évor onueio Kovovikoroinong eKtég twv emmédwv. H avaykn yvoong evég onueiov Kovo-

vikomoinong ektog Tmv emmnédmv omotelel T0 BootkdTEPO LELOVEKTNLOL TOV OLAYOPiBULOV,

Turuo Emoetiung YroAoyiotov
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KOOGS 0 TPOGAoPLoUGS VOGS TéToloL onueiov amoteiel Kortd fEon tov oplopd Tov Tpo-

BAUOTOg KoL TOV TEALKS GTdY0 TNG LeBBGd0v.

A&iler voo avaeepbel 611 oTor TAoiolor TG TOPoHGUG epYasiog SOKILEOTNKE 1 V-
VOTOTNTO TOV TOPATAV® OAYSPLOUOV VoL ETMAVGEL TO TUPEUPEPES UE AVTO TNG EVPECTG
ovTiotolyicewv, TPOPANUA TNG LVOLYVMPLONG OKNVAV, KEVOVTOg Xp1ion TG omdGToong
Hausdorff [8], [47]. H améoTaion 00T OIS EMTPENEL VOL GUYKPIVOLLE GOVOAXL TILMV Y wpig
vo yvopilovue Tig avtiotolyioelg Tmv otolyeiwv Tov cuvormy. Tleptocdtepec AenTOUE-

peteg meptlopfévovton oto Iopdptnuoe A.

Mo TPOGEATN TPOGEYYION GTO TPOPANUO TN CLVTIGTOIYIONG Y OPOKTNPLOTIKMV
OVAUECOL OE OMELKOVIGELG UM eMiTEd®Y eM@avEL®V Ttapovatdlovy ot N. Georgis, M. Petrou,
J. Kittler [35]. Zuykekpluéva, SLoBéTovTog TIC oVTIGTOLYIGELS TECGEPMV OUOETITESWV
UM GLVELOELOKWY ONUEl®V ovEUEGH GE dV0 ELKOVES, elvon 6e B€om vor LITOAOYIGOLY TIg
TPoPoAéC TV onuelmv TG TPOTING ELKOVOG OTN deVTEPN GOV QLTE VOL OLVIIKOLV GTO
EMINEdO TV TEGOEPMV ONUEI®V. AVTO TO EMLTVYYEVOLV YPTGULOTOLDOVTOC OVOAALOTMOTES
névte opoeninedwv onueiwv [34], oynuotioviog étol o eovtooTik (virtual) Tpofoin
ot devtepn ewkdévo. Tvopiloviog T ovTloTol{CEL AVEULEGO GTNV TP Kol TNV
TEXVNTNH E1KOVA, LETOOETOVV TO TPOPANUOL OTNV OVTIGTOLYIOT OWVEUESO GTOL GNUElDL TNG
TeEXVNTNG elkOvog te tn devtepn. I va Bpouv TiIC ovTioTolyicelg TV onueiwv ovaUeso
tovg, otnpifovton 6to Yeyovdg 6Tl awvtiotoryo onueion 6tn devTEPT ELKOVC, LE VTA TNG
texvnmG, oynuotifouv evbeieg (TI¢ emMOALKEC) o1 omoieg mpénel GAEG VoL TEUVOVTOL GE
évor oneio, 1o emmoAlkS g devtepng elkévos. 'Etol petaoynuotifovv to mpdpAno
oe avolnon Tev ovTIGTOLYL®Y ot ontoieg oynuortilovv gvbeieg mov téuvovton oe éva
onueto. O aAyép1OUSE ToVg TAeOVEKTEL GTO YEYOVOC OTL Ypnoionolel dvo elkdveg, OUmG
oo tel apkeTd Ypdvo Yo vo eetdioet GAEG TG duvartég Avoelc. Mol vor LELOGOLV TO Y pSVo
Yo&ILoTog LTOBETOVY OTL O1 EMTOALKES YPOUUES OeV TEULVOVTOL LEGOL GTO GPLOL TNG ELKOVOLS,
KGTL TOL dev 16 VEL OE ELKOVEG [Le OYETIKE LeydAn amdotoon (1] yovio Afyng). Eriong, n
UEB0BGG TOLG elvorl OlPKETA EVAAWTT GE GPAAUOTO TNV EVPECT) TOL KOLVOV OTUEIOV TOUNG

(epipole) k6Tt TOV TPOGTAHOVV VO LVTILETMOTICOVV e TOV petooynuortiopnd Hough.
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AvTtiotoiyion YopOKTNPLOTIKAOV:

Ilpotervioueveg uéBooot

4.1 Oplrouo6g Tov TpoPAnLOTOG

'Eoto 611 Stobétoupe TIg ovTiotoryicelg SAwv Twv Boctk®v onueiwy (corners) Ko ypoL-

U@V o€ éva 6tepeockomikd Levyog etkévav (BA. oxfuo 4.1). 'Ectw eniong 1t yvopilovue

Iyqua 4.1: Zevyog e1kdvav L TIG OVTLETOLXIGELS OAMV T®V corners

évov uikpd optbud avtiotolyicewy avépeso oe onueio tov Levyoug pe o tpitn etkdva,

To. omoiow oviikovv oe dVo emimedeg emedveleg g oknvig. (BA. oyx. 4.2). Tote pe Poon

25
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oVTHV TNV TANpoYopia, 6T0Y0¢ elvorl vor bTOAOYLGTEL N BéoT 0oLV TOTE ONUEiOL TOV

Iynipo 4.2: Enueio tomv emmédwy g Tpitng elkévas, Tmv omoiwv yvopilove Tig ovTioTol-
xloeLg e avTd Tov 6TEPEOCKOTLKOV (eVYOVE

Levyoug twv elkdvov otnv Tpitn. To mopondve TpéPAnuo dtotdnwooy Ko ot Robert ko
Faugeras oto ”"What can two images tell as about a third one” [38]. Ev® ot tpoovoupepbévteg
EPELVNTEC X PNOLULOTOLOVV TNV €VVOLOL TOV BeeAdddN Tivokal, TPOKELUEVOL VO TPOGALopi-
GOVV TN AVOM, GTNV TOPOVCOL EPYOGTo TPOoTEIVETON 1 YPTIOT) EVOS SLOLPOPETLKOV EPYOAELOV

¢ mpoPoAikric yempetpiog, Tov tivako tpofoitkdTntoc.

4.2 IIM1 : Avtiotolyicelg oo NG YEMUETPLOG TOV KUULEPDV

'Ectm 0Tt dtof€tovpe Tpetg etkdves (11, 12, I3) pog tprtodidiotortng oknvicn onolo mepté-
x€L 8o eminedo. "Eotm eniong 6t o1 e1kéveg I, I, umopoHv vor 0empnBovV GTeEPEOGKOTIKS
Cevyoc. Avéeoo oTig 600 0Tég etkoveg vToAoyilovton GAeg ol duVaTEG avTioTOoL ioEL
XOPOKTINPLOTIK®V (oNUel®V, Ypouudv) [54], [29]. Eniong, éotw 0Tt Stob€tovpe TG ovTL-
otoryicelg mevm ot enineda avépeco otig etkoveg I — I3 kou I, — I5.

A6 TG avTiotoryioelg ovtég e€dyovton ot Tpofoitkdtnteg (Hy, Hy) amd tnv eikéva I
otmv I3 ko (Hs, Hy) omd tnv etxéva I, oty I3 yio tor avtiotoryo eninedo (BA. oxfuo 4.3).

Tdte, edv P elvon éva onueio 6Tov TpLeddoTato Y Mpo eKTOS TV d00 emmEdmV, N evdeio

Tuiuo Emoetiung YroAoylotov
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11 12

H3 H2

H1
H4

o 4.3: Ot TpoPoAKOTNTEG VEUESH OTLG ELKOVEG

OV EVAOVEL TO ONTIKO K€vTpo O NG mp®TNG KAUEPOS Ue To P, Téuvel tor o000 enimedo
mg Tpredidototng oknvig oto onueia TixkouT, (PA. oxyfuo 4.4). Tow cuvevbelakd GTO
x®po, onueia P, Ty, T5, mpofdAiovton oto 1dto onueio (p) tng etkdévog I;. 'Etot, edv 610
onueio p g I; epoproctoHv ot avtictory ol tivokeg TpofoilkdTnTog, 6o LVITOAOYLGTOVV

ot TpofoArég twv onueimv Ty, T endvo oty etkéva Is:
tl ~ Hip

12 ~ Hzp

To 300 owtd onueia opilovv tnv emmoAkny evbeio /) (Yo to {evyog ewkdvawv I, I3) Tévo
otV onoio Bpioketon To p”.
AxoAovBmvTog v avtictoyn dadikocio Yo to {evyog etkévmv I, I3, vmoAoyileton 1

evBeia I, mov opileton omd To onpeio t3 Ko t4:
13 ~ H3p'

t4 ~ H4p'

Stavpog TCovpumikng
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otV onoia Tpoeovdg aviikel to p”. H toun Tmv 300 gvbetdv (11, 1) divel tnv poBoir| tov

onueiov P otnv tpitn etxdva (I3).

\TS 'I} 3dpl an7/
\T 4 7: 3d planel

)
11 12
/A
d |
O o
t4 t2
t3 411
P’
O! 1

Ixyquo 4.4: Yroloylopog tng tpofoAng tov onueiov P otny tpitn etkdvo

42.1 Ot npoPforkdtnTte OVOUEGO GTLG ELKOVEG

To Boocikd cvotatikd Tov ToPATdve olyopibuov, elvon n xp1on Tov TPofoAlkoTiT®mV
(homographies) avéueco otig etkéveg I} — I3 ko I, — I3, Avodvtikn meprypaen yio
TOV LTOAOYIGUS TOVG, OESOUEVMV TV CVTIOTOLXEL®V n onueiov, n > 4 d6Onke 610
Loy WYLk Ke@AA010. EvOlopépov woTtdc0, Topovctdlel 0 Lo wpLoUos TWV OLOETITES MV
onueiov od Tor LITOAOLTEL, KOOGS KoL 1| EOPECT) OLVTIGTOLYIGE®Y OVAUESO GTOL OLLOETITES QL
onueior Tov TpLdv elkévov, ond Tig omoieg Oo e€oyOovv ol mivakeg TPORBOMKOTNTOG,
Oa umopovoope BéPoior vor vVToBEGOLUE TNV ‘‘a priory” yvadomn TOVE, OMOTE TEGCEPQL
TOVAGLOTOV YVOOTA onueia mévm oe k&Be eninedo Oo €dvoy (o AVGTM GTN YPOLLULKT|

egiowon :
p'; ~ Hp;, i=1,..n, n>4

Turuo Emoetiung YroAoyiotov
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Mo Tétotor Topodoy) elvor oxeTIKE oveKTY| Yior PLopunovikés eQaproYES OTOv TOAAEG
TOPEUETPOL TOVL TEPLBAALOVTOC UTOPOVV Vo eEAeyyBoVV. QGTOG0 M TOPOdOYT QLTH deV
umopel vo yivel mopadex T o€ €vor YeVIKOTEPT TAOULGLO EQAPLLOYTC TNG LEBGIOV.

Mol 06 TIG TPWTEG EPYOLGTIES YLOL TO SLOLY MPLOUS TWV Y OPOKTNPLOTIKMDV OGS ELKOVOG
oe eminedo Ty vt Ty Sinclair ko Blake [50] , ot omoiol otnpilovton 6e mpoPoAtkég
ovodloiwteg mov e€dyouvy amd mevtddeg opoeninedwy onueimv. v Topovoo epyacio
npoteivetan [28] o uébodog 1 onoio otnpiletot oty enéktoon e dovAeldc Twv Scmid
Ko Zisserman [48], ot omoiol kotoAiyouv otnv €€ oxéon mov cuvdéel éva Levyog

GTEPEOCKOTKAV ELKOVAV, ETITES®V EMLPOVELDV:
H(m) =[1",F + me'l’ 4.1)

>y nopondve oxéon, F eltvor o Bepelldddng mivokog ovapecso oTig 600 e1KOVEG
(I, 1), € to emmolko onueio (epipole) otny devtepn etkoéva, I=(11, Io, 13) pio ypopunt g
OKNVNIG otV Tp®OTN e1K6vaL, Ko [I'], n avtiotory Tng otn devTEPT ELKOVOL EKQPOGLEVN

¢ mivokog 3 x 3:

0 I
le= |1 0 1
U 0

Ané v TopopeTpikn oxéon (4.1) eEdyeton m mpofokdTNTO WG TPOG TNV gvbeia I (I' M
ovtioTtory1 TG 01N deHTPM E1KOVAL), OVAUESH GE €voL 6TEPEOSKOTIKO Levyog elkGvay, ot
omolec ametkovilouv tnv {d1o eninedn emtdivelc.

H oyéon ot pumopel va yevikevOel €161 dote vo eEdyet Ti¢ TpofoilkdtnTec avapesa o
ELKOVEC TTOL TIEPLEYOVV TTEPLGGATEPOL TOV EVOG EMITMEDL. ZVYKEKPIUEVOL, TOAAXTANCLELOVTOG
Ko ToL 300 Pépn g e€lomong e To SLAVLGLO GUVTETAYUEVAY VO ONUEIOV p TNG GKNVIG,
TPOKVTTEL OTL:

H(m)p=[1,Fp+mel'p

YnoBétovtog 6Tt ovtd 1o onueio oviikel 6To eninedo Tov omoiov avalntéie Tov Tivoko
TPORoALKOTNTOC, oY VEL:

p ~ H(m)p

KOl ETOUEVC:

p =1 ,Fp+melp

v terevtoio oyéom, LoVOdLKOS GyvwoTog elvorn 0 TopEyovIag m, MG TPOG TOV OTOo10

UTOPOVUE VO EMAVGOVLLE:
p' x p' = ([1'Fp) xp' + m(el'p) xp' =
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_ [p'x ([1',Fp) ] [(el'p) xp']
|| Cel'p) xp'||

AvTikoOlotdvTog To m ot oxéon 4.1, vroAoyileton o mivakog tpofoikdtntac H(m).
A6 TIg Topondve oyécelg eEdryeton N tpofokdTnTa eVOg omd Tol enineda TG GKNVNAG,
Ko ovykekpiuévor avtot mov opileton amd tn ypoupury I kou 1o onueio p mov xpnot-
HoTOUON KOV 0TV TopAndve ovdAvon. Yroioyiloviag toug mivokeg TpoBoAtkdtnTtog
Yior GAOVE TOVG GLVIVOCUOVG YPOUUDY Kot oNUeiv ToV 6TEPE0CKOMIKOV LeHYOVs, EML-
Aéyovton exkeivol Tov TPOPAETOVVY TIC OEGELC OLPKETMV CVTIoTOLY WV CNUEI®V TNG deVTEPNG
etkovoc. Anhadn av p, p’ etvon 3o avtiotolyo onueic omd Ty TpdTN Ko deVTEPT E1KOVOL
avtioctorya, 1éte T0 onueio p awvikel 6to eninedo mwov mepLypdpetTal ond 10 H (m) ebv
oy oeL:

p—p|<e

omov

p~H(m)p

Ané tovg mopomdve Tivokeg Tpofoilkdtntog, ovtol Tov TPoPAENOLY GMOTE TIg BécEL
TOAAWY ovTioTolX MV oNUeiv, ovTomokpivovton Le LeYEAT TOoVOTN T OTO TPOYUOTIKE
eninedo TG oxMVNIG ToL omoior oavollnTEeE.

Av Bewpricovpe 6TL | elkéva I3 elvor apketd kovid otic (I, 1), Téte B V&P oLV
OPKETEC OVTIOTOLYIGELG XOPOKTINPLOTIK®V omtd I} — I3 xou omd I, — I3, VTOAOYIOUEVEG
yioe TopddeLyuor o ewtouetpiky mAnpogopion [54]. E@dcov €rovv vmoAoylotel Tol
opoeminedo yopakTNPLoTiKd Tov I, I, elvorl yvwotd Ko Tor OOETInTEd X opOK T PLOTIKE
™m¢ Iz (amd T1¢ avtiotoryioelg tng Ue I, ). TUVERME YPMNCLULOTOLWVTUG TIG OVTIOTOL ES
ouddeg onueimv, vroroyilovtor ot {ntovueveg mpoPoitkdtnteg and Iy — I3 kou omd
b — I5. H epopuoynq g nebddov otn ovykekpluévn mepintoon €xel meprtocoTePO
EMOANOVTIKS Y opaKTHPO, KOUODS OVAUESH 08 KOVTIVEG elKOVEC UTopovV Vo eEoyOovv
ovTIeTOLYIGELG KOl Otd KAMGGLKOVG OAYOPLOLOVE (TT.). TOL YPNOILOTOLOVV GOTOUETPLKTY|
TANpoopin). Xpriowun Sumg 6o Ty 6e TEPITTMGELG GTIG OTOLeg Y PELlOUOGTE TIC BEGELS
onueiwv Tov emkoAvmTovTon (occlusion) otnv tpitn €1kévol, TI¢ omoieg €€’ oplouov dev
UTOPOVV VoL LTOAOYIGOVV OAYSPLOLOL TOV Y PNCULOTOLOVY PMTOUETPLKT TAT|pOPOpiaL.

IT1g TEPIITAGELS 6oL M TPiTN e1Kévo Bploketon opkeTE LOKPLE OO TO GTEPEOCKO-

k6 Levyoc I) — Ip, o1 KAOOoG1LKOTL 0AYSPLOUOL CLVTIGTOIY IO G X OPAKTNPLOTIKAV (YPOULMOV
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N onueiwv) dev elvor oe Béom va. eEGyouv apkeTég Ko moTég avtiotolyioelg and Ij — I3
Ko omd I, — I3. Emouévog eivor oAy mbovo vor unv PBpebel txovdg optbuds (n > 4)
0ELOTOTOV 0VTIOTOLY{GEWY TAV® 0T EMITESD, DOTE VO, VTOAOYLGTOVV Ol TPOPOALKOTN-
TeC. X’ OLTHV TNV Tepintwon, ypnoLonoteiton o tétoptn etkévo (I4) n orolo owoteAet
otepeookomkéd {evyog e N I3. Avépeco 6e avTtég TG 800, Kol CUUQOVA, e ToL OGO TEPL-
YPaoN KoY TopamAve Yo Tig Iy — Ip, Lmopovue var Sty WpIiGOLLE TOL X OPOKTNPLOTIKE TTOV
oviikovv ota enineda TG oknviic. 'Etot Stabétovtog opddeg (O;) OLOETITESWY X opaKTN -
protkav amd o {evyog (It — I) ko (O;) amd to {etvyog (I3 — Iy), uévet vo. BpeBotv tor Levyn
0O; — 04,i=[1,21, j=[1,2] mov avTiotoly oV o€ {810 eminedo NG TPLEANACTATNG OKNVNC,
KOOMOG Ko 01 EMUEPOVS CLVTIOTOLYIGELS TOV X OPOKTINPLOTIK®V TOVS. Onmg ovapépdnke

KOl GTO ELGOYWYIKO KEQAAOLO, 0LTS UTtopel vor emtevy Oel a&LomoTo e KoTdAAN AN xp1ion

g 2[2p mpoforknig avarroimtng [15] (BA. o). 4.5).

EEATQI'H ENITNEAQN (ME©OAOX 'PAMMHE, *HMEIOY)

N
‘0

ANTIZTOIXIZH
H1, H2 H3, H4 EITITIEAQN  (212p)

\
\

I \
\

/ 14 \
1

1 \
] \
1 1
1 1
1 1
1 1
1 1
] 1
1 1
\ 1
\ 1
\ 1
\ 1
1

)

1

ynquo 4.5: EEoyoyn Ko ovTioToiylon emmédmy ovEUeESH OTLC ELKOVEG

Ye khbe Hio oo TIG ToPUTEVED TEPITTMCELS, VTOOEcOUE TNV VTOPEN TPOYLUTIKEY
eMMEd®V 6T KNV Lot bTGOecT oL TePLopilel TNV EPapLoYT TOV cAyopiBuov Ge e1kd-
VEG, 01 0Toieg TEPLEYOVV TOVAGLGTOV dVO TPAYUOTIKE eXimESD. OUMGC, TOL GUUTEPAGLATOL

oand ™ dovAeld Tov Faugeras 1o [11] ava@épouv T duvaTOHTNTO VITOAOYIGLOY TNG TPO-
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BoMkdtnTog evédg emmédon Tov oYNUATILOVY 01 KVTIGTOLYIGELS TPLWV U1 GLVEVOELOLKWV
onueiov ovapeco oe 300 E1KOVES. TUVENMG, e TEGOEPQ. U GLVETINEd onueior LrTopoHV
-BempnTIKd- VoL 0p1oTOHV 01 dV0 TPOPoAKOTNTES TOL Y PELALOVTOL, DOTE LEGH OLLTMV VOl

KoBoplLoToHV 01 Bécelg GAmV TV VoAV onueiwv tov {evyovg oty Tpitn e1KdVOL.

4.2.2 Yrnepnpocsoloplouog (overdetermination) AVcewv

T“ln-\ / Ten plane 1

T2 8 roT2 plane_2

Ti1
T21
\ / plane 1

hub|

ynuo 4.6: AxpiBEctepog VTOAOYIGUOG TMV EMTOAMK®V TEPLOPIGUDV

Mo evOlopépoucal SuvatdHTNTO TOL OAYOPIOUOL elvail O VITEPTPOSOPIGUHG TV AVCEWV.
SUYKEKPLUEVOL, EAV OVEUEGO OTLG TPELG ELKOVES, VITEPYOVV TEPLGGOTEPES TV dVO OLVTL-
otolyioelg emmédmv, TOTe LEGM TV EMTAEOV TOU®V TV (OP) ko (O’ P) ue to enimedo (BA.
oyxnuo 4.6), opilovton pe peyodvtepn oxpifeia ot emmoAikol mepropiopol (meprocdtepo
onueia yio Tov optopd KGOe emmoMknig evbeioc) mov mpocsdiopilouvv ™ Avon oty Tpitn

elKovaL.
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Zuvoyion tov fnudtev tng IIM1

e EEayoyn xopoktnplotikdv onueiov (corners) Kot YPOUU®V ond TG ELKOVEG
I, I, Iz (ot 1,1, amotelovv otepeockomikd {eVYog Ko Ol avTloTolXioelg

Heta&H Toug €rovv vroloylotel [54]1, [29]).

e Evpeomn ouddwv onueimv tor omolor cviikouvv e eninmeda TG GKNVIG Yol TO

otepeookomiké Levyog Iy, I, uéosm tov [28].

> Avnekéva Iz elvon kovtd oto {evyogtov (Iy, Ir), ToTE LGP OVY GHVOALL
opoeminedmv onueimv, LTOGHVOLX TOV OVTIGTOLYLWY TNG I3 pe Tig Iy, Ib.
AvvaTOHTNTOL XPTCLULOTOINONG UN TPOYLOTIKAV ETTEI®V TNG GKNVING,
UEG® TOL VTOAOYIGULOV TPOPOMKOTHTOY OO TG OVTLGTOLXIGELS TPLOV
un cvvevBelok®v onueimv [11].

> Avnewkéva Iz eitvon pokpid omd to Letvyog Iy, I, 10TE ¥ pnoonoteiton to
otepeookomikd g Levydpt Iy, yio vo eEory00HV 01 OpAdeC OLOETITES WV
onueiov [28]. TN cuvéxela ypnolonoteitol o adyoptouog [15], yio vo

VIOAOYLGTOUV Ol oLvTIoTOLY{GELS LE TIG OUBdE omd TG elkéveg Iy, L.

e AeSOUEVOV TOV OVTIGTOLYIGE®V OLVEUEGH OTLG OULEOES OLOETITEd®V oNuUeiwY

ond I} — Iz xon and I, — I3, vmodoyilovton ot mivokeg Tpofoitkdtntog.

e Méow tov mpoPoAtkotiitwyv, opifovion ot Béoelg TV oNUei®V TOL GTEPED-

oxomikov {evyoug I} — I, otnv etkdva I3, og M Tour] 00 EMTOALKDV EVOELDOV.

e Otemmolkég evbeieg umopoHv vor optoBovv pe peyolhtepn axpifelo oy péoo

G1T1 GKNVT| VIEPYOVV TEPLEGOTEPOL OO dVO eMIMESH TPOYUOTIKE 1) UM).

4.2.3 Tevikéc noponpnGeLS, GUYKPLOT LE GALEC NEBOOOVG

H TIM1 cuyyevevel pe tn uébodo tmv Faugeras ko Roberts [38], kabdg otnpileton 6toug
TEPLOPLGULOVE OV ELGEYOVV EMTOAMKEG €vbeiec. AloPépouy OUMG GTOV TPOTO LE TOV
omoio opilovtor ol mopomdvm evbeieg. 'Etol evdd or Faugeras kou Roberts otnpilovron
GTOV VTOAOYIGUS TV BEUEM WDV TVEK®V CVAUECO GTLC TPELG ELKOVEC, GTNV TOPOVCOL
TPOGEYYLOT YPNOUOTOLOVVTHL Ol TPpoPoilkdtnteg Tov e&dyovton amd dvo emimeda TG
oxknvic.

"Evo mpdyto mAeovékTnuo, tng MM 1 nydlet omd tn xp1rion mvakmv TpofoAlkdtnToct

G€ oVTIOLOGTOAN UE TN xp1Non BepeAldon nivaka. O televtaiog, ypetdleton (TPOoKTIKA)
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OPKETEC OVTIOTOLYIGELG ONUEIWV OVAUECO GTIG ELKOVEG TTPOKEUEVOL VOL DVTOAOYLOTEL UE
oxpifeto, Ko mopEAANAC oo tel vou 1kovoTtoleiTon o 1o LPOG Teploplopds det (F') =0.

EmmAéov, 10 yeYovig 0Tl 0 VTOAOYIGUSOG TV TVAK®V TPORoALKOTNTOG deV omoiTel
Vv Ymopén moAAdY avtioTolyicewmy, KabloTd Tov oAlyOp1lOo 13oviKS Yo TEPITTMOOELS
6mov M 1pitn etkévo otnv omoia epopudleton n wpoPforr Ppicketol e onNUOVTIKN
oméoTooT 0nd TO 6TEPEOGKOTIKS Levyog (0mhTe TO TAI00C T®V 0vTIGTOLYIGEMY OVAUEGE,
TOVG ElVOIL TEPLOPLGUEVO).

Mo voBeon mov ypnoiponoteiton amd Ty IIMI elvor owth TG Vmopéng 8Ho
eMmEdwV 6Tn oKkNVHl. AVTOG 0 MEPLOPIOUGS, OV KOl IKOVOTOLEITOL OTIG TEPLOCOTEPES
TEPIMTWCELS OMELKOVIOTC ECMTEPLKAV Y WOPWV, dEV UTOPOVUE VO LOYVPLOTOVUE GTL 1GYVEL
YLOL TNV TAELOYN QL0 TV QUGLKAOV GKNVAV. O Topomdve Teploplopidg unopei va Eenepaotel
vroAoyilovtog un mpoyportiké (virtual) eminedo [11]. Qotdco, avTikeipevo Tepontépm
UEAETNG TTPEMeEL VO OTOTEAEGEL 1) OKPiPelo TV AVCEWY GE TETOLEG TEPIMTWGELS, ALPOV iVl
YVOOTO OTL E1GEPYOVTOL VITOAOYLOTIKG c@EALaTo OTay vToAoyilovtotl TpofoilkdTnTeg
oand AMyec avtiotoryicelg onueiov.

O VTEPTPOGIOPIGUOG TOV AVGEWY EIVOL LLOL EVILHPEPOVTOL OLVALTHTN T TTOV TPOGPE-
PEL 0 TTPOTELVOUEVOC OAYOp1OUOC. O meploplopndg VmopEng emmédwy Yiveton eviovotepog
o€ LTV TNV TEPITTOON, GUMG €Vog 0E1OTIGTOG VITOAOYIOUOG UM TPOYUOTIK®Y (virtual)
emmédwv ond tpio onueio [11], O €dive onuoavtikn afio oe oot TN dvvorTdTNTO.

'Evol LELOVEKTNUOL VTG TNG UeBGd0VL, Omm¢ Ko TNng Hebddov twv Roberts ko
Faugeras, elvoi 0 TepLopioidg IOV ELGAYOLV Y10, TIC GYETIKEG OEGELS TV OTTIKWV KEVTP®V
TV TpLOV kopepwy. Elvor yvootd 6t étov tor ontikd kévipa Bpickovtonr otny ido
evBeia, Ko o1 omTikol GEoveg TV Kapep®v ivar TapdAAnAot, TéTe ol eMmOAKEC evOeieg
TOL TAPAYOVTOL TTEV® GTNV TPiTN e1KGVOL, elvon TOPEAANAES. Xe Uia TETOL TEPITTOON, Ol
YemUETPLKOl TEPLoplopol Tov ek@PALovTal amd TIG EMTOALKEG evbeieg dev elvar oe B€om

vo d®GoVV AHoT 6T0 TPOPANLLOL TNG CLVTIGTOTYLOMC.

O vroAoYIoUdS 800 TPOPOAKOTHTOV AVAUESO OTLG ELKOVEG, Elvor TO KOWVS X opa-
KTNPLOTIKS TOV TPOTELVOUEVOL OAYopiOUov, e avtdv Tov Tpofoitkot Bébovg [49]. To
npoPoikd BAEOog LEGm TOV VITOAOYIGUOV AdY®V amd cross-ratios (BA. Ke@. 3) KoTaPEPVEL
va. opicel TAnpoopior aveEGPTNTN o6 ToL OTTIKE KEVTIPO, 0moTe dev emnpedletol and
TEPLOPLOUOVE OTNV YEWUETPIO TV KopePDV. AvTiBETO, LELOVEKTEL GTO YEYOVOS OTL Y pELdL-
Ceton éva emmAéov onueio (onueio kavovikomroinong) ektog twv d0o emMmESMV Yo TOV

VTOAOYIGUS TOL TpoPoitkov Bébove. H avtiotoryio Opumg evég tétotov onueiov ovépecso
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AmlovoTepog Epopuoyni  oe | AveEaptnoio AveEoptnoio
vroloylopdg (H | pokpovég oyelg | omd TEPLOPL- | oS TEPLOPLOUO
vs F) oG GKMNVIG opovg 6T Afym | Ymopéng

ELKOVOV EMMES WV
M1 Vv Vv X X
ITpofoAn| X X X Vv
ue xpnon Oepe-
ALON Tivoko
ITpofoAn| ue |/ X Vv X
xprion npofoit-
KoV BéBovg

[Mivokog 4.1: ZVykplon HeBGd®V ovTIOTOIYIoNG

OTLC TPELG E1KOVEG, amoTeAEl TOV 6TOYO0 TOL CAYOPLOUOL, Kol dev umopel vor BewpnOel
SEBOUEVO Y10 TEPITTWGELG ELKOVMV 01 OTOTEC SLOLPEPOVY CNUAVTIKE LETOED TOVC,
Ytov mivako 4.1 Topovctdovion GVVOTTIKA ToL LEPLKA 0td To BOGIKE Y OPOKTNPLOTIKG

TOV GLUYKPIVOUEVOV O YopiBumy.

4.3 IIM2: Avtiotolyicelg HEGH TNG YEMUETPLOG TG OKNVI|G

Ytnv I[IM1, 0 VTOAOYIGUOS TOV VTIGTOLY{GEMV TPOYLATOTO ONKE LEG® TOL VITOAOYLIGULOV
MG YEOUETPIOG TOV KOUEP®Y OO TG TPOPOMKOTNTEG EMMESWV TNG OKNVNAC. XNV
I[IM2 1 Avon tov TpoPAiUaTog VIOAOYILETOL XPNOIULOTOLOVTOG Tor {60 LaBMuortiké
epyoreia (mpofoikdtntec). Q6T6G0, 1 TPOCTAOELD, ENKEVIPHOVETHL GTNV EKUETEAELON

TEPLOPLOUMY OV opifovton amd TN yewueTpic TG oKNVAG.

4.3.1 H ué6odoc

IMopovcidlovtog Eovd To dedopéva Tov TPOPAUOTOG, £6Tm V0 e1kOveg I, I, TOL aToTE-
AOVV 0TePEOGKOTLKS LeVYOG KO Yo TIG 0Ttoieg SLoBETOVUE OAES TIG SLUVATEG OV TIGTOLXIGELG
YOPOKTNPLOTIKAV onpeiov Kot ypouudv. And Tig I} ko I, umopovue vor eEGyovpe Tig
npofoiikdtnteg 600 emmédwv mov meptéyovion otn oknvy (BA. oynua 4.7). '‘Ectm I3 m
Tpitn etkdéva g idtog oknvig otnv omolo {ntéiue T1¢ awvtiotoryicels. Avépuesa otig I
ko I3 Srabétovpe Evov opBuod ovtiototyicewy onueinv tdve oe d0o eninedo TG GKNVAG.
A6 T1¢ 800 opdideg onueiwv eEGyovpe TG TPoPoALKATNTEC TOL Lo LETAPEPOLY OTLEiD
TV emmédov ard T I oty I3. Tote Yo KEBe onpeio p ekTdHG TV 300 eEMTESWV, LTOPOVLE
-pue N Poribeta onueiwv Tov cviikovy oto enineda- vor opicovLLEe TEPLOPLGILOVE TOL €TV

Kovol va Tpocdtopicouvv ) B€om Tov onueiov p oty Tpitn elKévaL.
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12
iy H3

— |

H2
H4

Iyquo 4.7: TIpofoAMKOTNTEG OVEUESO GTLG TPELG ELKOVEG

'Eoto p onpeio tov otepeockomikoV {evyoug 1) — I ektdG TV 300 eMmEd®V, TOL 0TOl0V
m 6éon 6éAovue vor mpoodlopicovpe oty ekéva I3 (BA. oxfiua 4.8). Av p; elvon éva
onueio Tave 6to TPOTO eninedo TN oKkNVNIG, TéTE TOL onpeia p, py opilovv pio evdeio i,
N omoia Téuvel to devtepo eminedo TG oKNVI|G 6To onpelo ¢ (N Tour| vroroyileton ot
devtepm ewkova (1) Tov Levyouc). To onuelo Tounig ¢ diveton [13] amd tn oxéon

¢ ~ I XHZ_Tll

6mov I elvon n avtictoyyn evbeio e l; oty elkéva I, n onolo unopel vor vtoroyiotet,
KoBog elvan Yvwotd o p) ko p’ mov v opifouv. H, T eivar o avtiBetoovéstpogog
nivokog Tov Hy 0 omoiog pog HeTapépetl evbeieg Tov devTepov emmédov and v I} ot
L. 'Eotm todpo évo deHTEPO ONUELD pr TAVK 0TO TPHTO eninedo. Taw onueia py, p opilouvv

devtepm evbeia [, n onolo Tépver To devTePO eninedo 6To onuelo ch:
¢y ~ Ihx Hy Tl

H toun tv 300 evbeldv [i,l,, opilel povadikd tn 6€omn tov onueiov p otn devtepn
etkévo.  XpNoLUoToldvTog Tovg tpofolkovg mivakee Hi, Hy HLETOPEPOVTOL TOL OTUElOL
P}, ¢) Ko ph, ¢, Toe omoia awvjxkovv oo dVo enimedo, oty etkdvo Is. Emopévag, umopovpe
vo opicovpe Tig evbeleg 1] ko 1) avtiotovyeg tmv I, I} xou I, 5 oty etkéva I3. H tpoBoin
0V onueiov P 1oL TPLEAAGTOTOL XMpov, oty eikéva I3, opileton amd Tnv Tour| TV

13 n o in
gvoelav 17, 15.

AloneONTIKE, 1e TN XPNOoN TV TPOPBOAKOTHTOV OVEUEGH GTLS TPELG ELKOVES, KOTOL-
@époape va opicovue évo €160¢ GLOTHLATOG CLVTETOYLEVAY, TO OTtoio elval Ge B€om vo

petTapépel KGOe onueio Tov otepeockoniko® {evyovg otny tpitn etkdva (I3).
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IxMuo 4.8: Ebpeon Béong tov onueiov p otnyv etkéva I3

4.3.2 Avtiotoiyion ypouuov

O mopomdved aAyoplOpog umopel vor EQOPUOCTEL KO YL TNV OVTIGTOTYION YPOUU®Y
ovéipeso oto otepeockomikd Levyog kot v Tpitn ewkdéva. 'Etol, av [0 eivon ot
OELKOVIGELG LLOG YPOUUNG 0TO 0Tepe0cKOmIKO (evyog I} — I, TTe 01 amelkovicelg Twv

TOUMV NG (¢}, &) e To dVo emineda (o1 devtepn etkdvo) divovton :
o~ U xH
P! —T
02 ~ l X H2 l

Méom twv npofoiikotitav Hz, Hy mpocdiopilovton to avtictorya (cf, &), T@v ¢, ¢ otV
I;. An6 otd mpoxvmtel N evbeiar I” avtiotoyn tov [,I'. Mo SLoPOPETLKT TPOGEYYIoN
GTNV OVTLOTOLYLOM YPOUU®V UTopel vo TporyportomoinBel Lécm tng aviietoiyiong dvo 1
TEPLGOTEPMV OMNUEI®V TOL AVIIKOLV GE QVTEC. TVYKEKPLUEVH, EMAEYOVTOG Vol TLYOLO
onueio p g I omv eikéva I, 10 avticotolyd Tov oty eikéva I, vroroyileton pHécm
NG TOUNG TV I’ Ko ToV EMTOA KOV TEPLOPLOU00 [.=Fp. Méow tng IIM2, vroroyileton
n 6éon tov p oy ekéva I3. Yroroyilovrog tig Béoelg 600 ToLVAG)1oTOV onueiov ™G

evbeiog [ ot I3, unopet vo oprotel | {ntovuevn evbeio.

4.3.3 Avtiotolyiocelg opoeninedmv onueiov

Ot avtiotolyicelg oloeninedmy onueiwv aviueco oTig Tpelg elkdveg, eEdyovion Ommg
Kot oty IIM1. 'ETGl ylo TI¢ Tepntdoelg 6mov 1 tpitn eikdva Iz Bpicketal Kovid 6to
otepeookomikd (evyog (I, 1), apkel pue Tov adydpibuo tov [28] va eEGryovlle To OLOET-

nedo onueion avépeoo otig I — I. Enlong, vmdpyet Ko wéAl n duvotdtnto xprions un
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TPAYUOTIK®V (virtual) emmédmv péow g dovAeldg tov [11].

Av avtifeta, 1 tpitn elkdva €xel apxeti dopopd omd TG dAreg 800, (GTnV omoio Kupiwg
TEPIMTOOT GLUVELIGPEPEL O TPOTELVOUEVOS OAYOPLOLOC) TOTE UEGH L0 OTEPEOCKOTLKNG
¢ ewkévog (Iy) e€dryovton ot opuddeg opoeninedwv onueiowv avdueco otig I3, 1. H ovti-
otoiylon Toug pe Tig opuddeg amd to Levyog I — I yiveton pe xpnion g 212p mpoforiknig
ovoArloiwtng [15].

IMopatnpotue 6Tt o€ LTHV TN UEOOSO deV OO TELTHL O VTOAOYIGUOS TIVAK®Y TPOBOAL-

KOTNTOG OVAUESH OTLG e1KOVeS I kou I3.

4.3.4 AvvoToTnTO VAEPTPOGOLOPIGLLOD TG AVONG

'Eval o Tl BoGIKE TAEOVEKTILOTO TNG TOPUTAV® UeBGSOV, elvarl N duvortdTnTa LVIEP-

TPOGAOPLOUOV TV AVGe®V. T'lol TOV OPLOUO TV EVOELBV, N TOUN TV OTolmV pog dlvel

<\
AR

Sxquo 4.9: Yrnepnpoodloptopdg AVGEWY

™ 6éom Tov p TNV etkéva I3, xpnoLonoinkay dvo Tuyoio onueia py, p2 TOL TPATOL
emnédov. OUmC TAVE® G LTO TO eMinedo TOAVEV VLGP oLV OPKETA oNUEia p; TaL omola,
uoli pe to onueio p, opilovv evbeieg /;. Ol evbeieg aLTEG TEUVOLY TO deVTEPO ENMIMEDO GTOL
onueia c;:
ci ~ 15 x Hy Tr,

Méow twv opoypagidv Hi, Hy, tpocdlopilovial ol avtiotolyieg Tmv onuelov p;, ¢; 6TV
etkova I3, Andodry, k6Be onueio p; Tov emmédov, dnuovpyel pio evbeia I; N omolo
nepiéyel to {nrovuevo onueio p” ko n omolo umopel va petapepbel oty etkéva Is. H
oo Sradikacio pmopel vor oikoAovONOel xpnGLLOTOLOVTOC ONEiD TOV deVTEPOL EMTESOV
Kot vroAoyifovtog T ToUéG TV evBeldv Tov oynuortilovtol pe To TpdTo eninedo. 'Etol

ov np glvorl 0 optBudg Twv onuel®v TOL TPMOTOV EMMTESOV KL 1y TOV dEVTEPOV, TOTE O

Turuo Emoetiung YroAoyiotov



4.3. IIM2: Avtictolyiocelg L€cm NG YemUeTplog Tng oKNVING 39

GUVOAMKSG oplOUGS (A) TOV TEPLOPICUMY YO TOV LIOAOYIGUS NG 0éomg evég onueiov

eKTOG TV eMMEdY, oTNnV Tpitn e1kdva, elvor:

>\=n1+n2

Zuvoyion tov fnudtov tng IIM2

e EEayoyn yopoktnplotikdv, onueiov, ond tig ewkdveg I, L,I3 (ot I} — I,
amoTEAOVV 6TEPEOCKOMIKS LeVYOS, KO Ol OVTIOTOLXIGELS X OPOKTNPLOTIKMY

neta&H Toug €xovv vmoloylotel [54], [29]).

e Evpeon oo {evydpt etkévov I} — I 600 opuddmv omd onueion tng GKNviig, Tov

oviikouvv o€ avtiotolyo eninedo [28].

> Av 1 Iz elvon xovté otig I, I, dStabétovpe Tnv opadomoinon kot ylo to
onueio g Iz péow avtiotorylwv pe I, I.
AvvotdTnTo Yior xpfion Un Tporylatik®v (virtual) emmédov [11].

> Avn Iz elvon poxpovd amd ¢ Iy, I, xprion otepeockomik|c Le I3 etkdvog
I4, yioo dtoywplopd onueimwv oe enineda [28] . Xprion tov [15] yio tnv

OVTLOTOLY1OT TV OLOETITESWY ONUEl®V pe avTd TV 11, I,

e T KGO onpeio p Tov Levyoug Iy, Ir ekTdg TV dV0 emmédwy, 1 B€om ToL GTNV
I3 mpoodiopileton Hécm TG ToUn G TV 810 LOELBY TOV INULOVPYOVVTOL OO

500 tuyoio onueio Tov evog emmédov (BA. avaALTIKY TepLypan).

e XpNon Twv A=n; + ny SLVOTOV TEPLOPIGULMDV YLOL TOV VIEPTPOGIOPIGUS TNG

Avonc.

4.3.5 Tevikég nopotnpnoelg, cOyKpLon we dALeG Leddo0vG

Onwg Ko 6TNV TPAOTN TPOGEYYION, O¢ Pocikd epyoreio ¥pNOLLOTOLOVVTHL O TPOPOALKS-
NTEC TOV eEGYOVTOL CLVEUESO OTLG TPELG ELKOVES. ETouévac, StaBétel To TAEOVEK TN TNG
UEL®UEVG TOAVTAOKATNTOG OtG TOV VTOAOYIGUO TOVG O GUYKPLOT UE TOV VIOAOYLIGUO
0V BepeM®dN mivoxko. Emiong, n duvortdtnrto xpnoiponoinong Aydtepng tAnpogopiog
Y10 TOV VTOAOYIGUS T®V TPOROMKOTITOV, TNV KOBLGTE 180VIKT] Y10l TEPINTAGELS SOV M
etkova I3 elvon porkpid owd to otepeockomikd Levyog I — Ip.

Mo BeAtiwon oe Gyéon e TNV TponyovUeVN TPOTELVOUEVT LEBODO, elvon 6Tt TAéOV
dev xperdleton var YTOAOYLG00UV o1 TpoPoilkdtnteg avépeco otig elkdveg I kou I3, ot

omoiec evdéyeton vo elvon (1§ emAEEape vo €lvor) ol o OTOUOKPLOUEVES. To YeEYOVOG

Stavpog TCovpumikng
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OVTO GULVELGPEPEL GTNV OTTOPLYT) COOAUETOV VTOAOYIGULOV TOL OToio. oPeilovion GTnV

OmOOTOOT TOV ELKOVWV.

To oNUOVTIKOTEPO XUPOKTNPLOTIKG TNG devTepNg Hebddov, eivon 6t otnpileton
OMOKAELOTIKG OTT YEOUETPIOL TNG OKNVNG OTOTE JEV ELGEYEL KOVEVOLY TEPLOPIGUS Yo TN
GYETLKT B€0M TOV TPLAV KOUEPDV. TVVETMS, VO TLO OIGPOATIG OE ELPAVITELS COOALETOV
KO EQOPUOCIUT OE TEPIMTMGELG ENEEEPTOCTIOG AUKOAOVOLMV EIKOVWV, OTLC OTTOlEG ) KELEPDL

Kwveiton tévo ce pio evbeior.

'‘Evor okOpor Kivtpo yiow TV emAoyn autic g uebddov, etvarl ot duvatdtnreg
OV TPOGPEPEL YLOL VIEPTPOCIOPIGUS TNG AVONG Y®PIG TNV ELCOYWMYT] TEPLOPLOTIKMOV
npovnoBécewyv. H mponyoluevn mpocéyylon Yoo Topadetyno, yperaldtay oKnvE Ue
neplocdTepa. and dVo emimedo, mpoLmOOeon M omolor kpiveton UGAAOV TEPLOPLOTIKY
KOO KO V1oL GKNVEC E0MTEPLKAV X DpwV. Eniong o aplOudc tov emmAéov AVGEWY TOL

SloB€Toupe Yo TN SlodtkaGion TOL VIEPTPOGIOPLOOV EIVOL OLGVYKPLTO LEYUAVTEPOC,.

e cVYKPLOT UE ToV aAyOp1Ouo mov mpoteivel o Shashua [49], mAeovextel oTO 61U
xPELGUOTOLEL LEVO TIC TPOPoMKATNTEG TOV eEGyovTOaL Omd Tow dVO emimedal TG GKNVNAG.
Avtifeta, Yoo Tov LTOAOYIGUS ToL TTpofoikov BEBove, LEGm Tov omoiov yiveTon To M
TPoPoAr}, amonteiton Ko 1 yvaon tng 6€ong evég onueiov Kovovikonoinong extég tmv
000 emmédwv oTIC Tpelg elkovee. TTépo amd TN onuocio Tov yeyovotog 0Tt omoteitol
emmAéov TANpoopia, To vor yvopilovue (0ELOTOTH) TNV OVTIOTOLYIoN €VOG ONUElOV
eKTOC TV 800 eMMEdWV, OTIG TPELG ELKOVEG LoG Teplopilel 6TO Vo, YPNCILOTOLOVUE TN

UéBodo Uovo oe e1kdveg mov Ppickovton KovTé Leta&H TOVG,.

I'oL TOV TPOTELVOUEVO OAYOPLOLO VIIAPYOVV TTEPLOPLOLLOL 01 00101 TPOEPYOVTOL LT
N oxéon mov umopel vo govv HetaEv Toug To eninedo TNG okNviic. 'ETot Bo pmopovoe
o Tapddetyna, ot evbeieg mov opilovial omd kdmole onueiot Tov evOg EMMESOL, VoL
elval oxed6v TapdAANAeG e 1o deVTepO eminedo. Xe Wo TéTolo MEPITTMON, 1 Toun Ue
10 deVTePO emimedo elvou TOAD TOAVS vo Tepléyel GOAALO GTOV LTOAOYIOUS TNG. 'Eva
TopadeLyro Topovctdiletal 6to oynuoe 4.10 dmov ta onueia pi, p3 Oo opicovv TopéS ywpig
UEYAAN TTLOOVOTNTOL GPAAUOTOC, Ol UM Kot TO py. TIpémel moTdG0 vor onpelwdel 4Tt o
VIEPTPOGIOPLOUIS TOV AVGEWV LLE XPTIOT TEPLOPIGUADV amd onUelc: TV EMTEdWY UTOpel
VO OLTOLLOVAGEL TETOLEG TEPLTTMOCELGC.

H cvuykexpuévn nébodog Bor pmopovoe va epoprootel yvopiloviog tovg mivokeg
npofoikdTnTog evOg emmédov (orvti dV0) VEUEGH GTLG TPELS ELKOVES, KO TIG OLVTLIGTOLY (-
Gelg 000 TOVAGYLGTOV ONUElV p; KTOG EMTESOV. Xe oL TETOLH, TEPITTMOT), Ol TEPLOPIGULOL

Yol TNV avTLeToiyiom Tov onueiov p Bo opilovroy oo T evbeieg (p, p;) KoL TIG TOUES TOVG

Turuo Emoetiung YroAoyiotov
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yniuo 4.10: EvBeior mov opileton amd onueio tov evog emmédov ko elvon mopGAANAN pe
70 deVTEPO.

ue to eminedo. Mio T€Tol0L TPOGEYYLON, OV KOl €XEl BE@PMTIKO EVOLOPEPOV, OLVOLUEVETOL
vou €xel TPOKTIKE TPOPBANUOTO Yo SLE@OpOoVE Adyovs. T’ apynv otepel tn uéBodo amd
™ SLuVaTETNTOL VIEPTPOGIOPIGULOD TV AVGe®V. EmmpdcOeto 1 vndOeoT Yo yvwon g
ovTLeTOlY1oNG dV0 ONUEI®V EKTOS TOL EMTESOV €YEL OAOL TOL LELOVEKTIILOITOL TNG VITOBEGN G
YV®GToU onueiov Kovovikoroinong g nuebddov mpoBoitkot Bédovc.

Ext6¢ omd Tnv avtiotoiyiomn onueiv, o TpoTelvOrevVos aAyOp1Ouog uropel e0KoA
VoL EQOPULOGTEL KO Y10l YPOUUES, O TPOGILOPLOUOC TV OTOL®V Unopel vor TpoyLorTomotn Oet
péom tng avtiotoiytong 000 1 TEPLEGOTEPMY OTUELOV TOVG.

TéLog, TpoLTGOeoN Yo TOV ahydp1Ouo e€orkoAovOel va eivon 1 VopEn §o emmédwv
ot oknvi. 'Evog mepLopiods, mov Onme ovopépOnke Kol GE TPONYOVUEVT evOTNTA,
umopel vo oevorpebet, oy yiow tn dnptovpyic Tmv 860 TPoRoAMKOTTOV XPMNGULOTOiGOVLE
tpio Tuyoio, un cuvevbelokd onueio. Béfora, oe vtV TNV TepinTmOOT, 0L TOUVOTNTES
GOEALOTOC OTNV KOTACKELT] TOV TVEKWV Ttpofoitkdtntog avEdvouy. Eniong ndvm oto
eninedo, dev €yovue Leydho aplbud onueinv OoTte vo epopLocOel VTTEPTPOGILOPIGUOS TMV
AVoeV. Apal, évo TETOL0 GeVAPLO €xel KOAES TOOVOTNTEG VO SDCEL KPE COAALOTA, GE
TEPLNTAOCELS OOV Ol TPELS ELKOVES €lvorl OPKETA KOVTE, KO Ol OVTLGTOLXIGELS TMV TPLOV
onueiov avéuesd Toug éxovv yivel pe peydin oxpipelo.

O mivakog 4.2 cuvoyilel 1o BaotKE Y opoKTNPLOTIKE TNG vEALONE TV LeBSdmV eHpeoNg

Stavpog TCovpumikng
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AmlovoTepog Epopuoyni  oe | AveEaptnoio AveEoptnoio
vnoAoYloldg (H | pakpuvég dyelg | oo TEPLOPL- | oS TEPLOPLOUO
vs F) oG GKMNVIG opovg 6T Afym | Ymopéng
ELKOVOV EMMESWV

M2 Vv V4 V4 X

M1 V Vv X X

ITpofoAn| X X X Vv

UéGm BepeAmon

nivorko

ITpoBoAn péow | / X Vv X

pofoikon

BéBovg

[Mivakog 4.2: ZUyKplon HeBGd®V oVTIOTOIYIoNG

OVTLOTOTYLON G Y OPAKTNPLOTIKAY.
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Anotedéopnoto

5.1 Eoopuoyn tov nedddnv kKol cuyKpLTIKN TOpOVGLooN KMOTELE-

oULATOV

Ot mpotetvéuevol olydpLOuol QpopUOGTNKOY GE EIKOVES ECMTEPLKAV X DP®V, OTOL TTEPLE-
xovto 000 Tpayuotiké eninedo. H avtiotoiyion onuelov ovapeco 6To 6TEPEOCKOTIKE
Levyn etkdvov mpaypotonoteiton péow tg pebddov tov Zhang [54]. O dtoyoplopds oe
onueio tTowv emmnédmv tpoorypotonoitnke péom tov [28]. Tig avTIoTOLYIOELS TV OUOETT-
TEOWV ONUELWV OVEUESO OTIG LOKPVVEG OWYELG BempOoVUE YVWOOTEC LECH TOV aAYOpiOUOL
[15]. O VTOAOYIOUOG TMV TVAK®V TPOROALKOTNTOG TPUYUATOTOLONKE LECW® EVOC YPOUL-
pkov adyoptbpov Aong (PA. kee. 2) [27], Yoo tnv PeAtioon xou yior T PeATimot| Toug
(refinement) eQopULOOTNKE EMTPOGOETO EVOIG UN YPOUULKOC 0LAYOp1LOUog Avong (ke 2) [30].
Ttomelpdipoto e€etdileton  okpifeta pe tnv omoio onpeio eKTéC TV dVo emmédwy, evog
0TePE00KOMLKOD LEHYOVE, VTLOTOLYOVVTOL GE LLoL TPiTN E1KOVO TNG GKNVIG. ZNUELOVETOL
OTL dev €yve Yp1oM TNG SLVOTOTNTOG VIEPTPOGILOPLGUOV TMV ADGEWMV TOV TPOSPEPOLY Ol
000 TPOTEVOUEVOL HAYOPIOUOL, KETL TOV TEPIUEVOUUE VO BEATIAGEL OKOU TEPLGGHTEPO
TOL OO TEAEOULOTE TOVG. T'1oe Adyoug uétpnong tne okpifetog tmv adyopibuwy, eEetdllovton
onueio Tov onoiwv ot Tpoforéc éxovv PBpedel a&ldémiota kot ot Tpelg elkdve. 'ETot edv
P etvorn to onpeio TpoPforric mov tpocdlopilovv ot ol yép1OUoL Ko p TO TPOYUOTIKO OMUEiO

otV Tpitn elKéva, TOTE T0 CEEALO OVTIGTOLYIoNG dlveTon Otd TNV eLKAEIdL ATOGTOO :
e=lp — Pl

Mo Adyovg ovyKplong, mopovetdlovton Kot T omOTEAEGULATO TV UEBGSWY 0VTIGTOL-

xong Lécm BepeAldon mivako kot mpoBoilkov Pébovs. Xe GAovg TOLG OAYSPLOHOVS

43
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xpnooromonkav okpiPag ta idia dedopévor. "ETotl ol avtiotoryieg onpeimv (tévm oto
eminedo) mov xpnooromitnkay yio v e&aywyn Twv 800 TVEK®OV TPOoRoAKSTNTOC,
GTOVG V0 TPOTELVOUEVOLS OAYOpIBLOVE OAAG Ko Ge auTéV Tov TPoPoAlkov Bdboug,

omoTéAecay {6000 KO 6TOV OAYSPLOLO VTTOAOYIGLOV TOV BepeAldddn mivoko [?].

5.1.1 Eocotepikdg ympog tov epyootnpiov Mnyovikic Opoong kot Pounortt-
k1¢ oto ITE

Ot etkdveg oLTC TNV okoAoLOiaG, dnULoLPYNONKOY GTO EPYOCTAPLO TNG MNYOVIKTG
Opaong xou Pourotikig (CVRL) tov Idpvuoatog Texvoroyiog xon Epevvag (ITE), oto
HpdixAelo g pMne.

Ftv eikéva 5.1 paiveton to otepeockonikd Levyog (17 — Ir) g oknvic. Emiong éyouv
e€oyOel ko eaivovton 6Aeg o1 duvartég avTiotoryicelg onueimv avépeco otig 0o ELKOVEC.
>1ic etkdveg 5.2 xou 5.3 podivovton ot aviietolyicelg onueiov tdve oto 000 enineda, oo
T0 KGOE HEALOC TOV GTEPEOCKOTLKOD LeHYoLg 6TNnV Tpitn e1kévo.. AVTEC X pNOLLOTOL | OM-
Ko Yoo TNV eEoymyr Tov avtictolyov mvakmv tpofokdtToc. T omoTeAECLOTO
oL 0KOAOLOOVV TTapovotdlovol ot TPoPoAréc onueiwy ekTdg TV dV0 emMMESOV Amd TO
otepeooKomKé Levyog, oty Tpitn 1KV TNG GKNVIG. X€ o TN TN GELPEL TV TELPOUETOV
peretdile To 1660 KoAG TpofANOn Koy amd kébe adydplOpo, oty Tpitn e1KévoL, deEKATEC-
oepd onueio (corners) eKTO¢ TV emmédwy. To cvykekpiluévo onpeia €govv egoyOel e
opkeT| okpifelo Ko oTig TpeLg ELKOVES, OmOTE VOl SLVOLTH 1) KOTAYPOLPT| TOV GOAAUOTOG
TV 0AYopiOU@V. AvEUESH 6To SeKOTECGEPX GTIUELDL TTOV PN CLULOTOION KOV Y10t TLG LE-
TPNOELS, OV VT PY OV OTUEID TOV TOTOUATOG AAAG KO TOV KOVTLOU GTNV KAT® OPLoTEPT
TAELPA TOV ELKOVOV, KOO®S VTE TEPLElXOLY COAAUOTO OLVTIGTOIYLIONG OTLS ELKOVES TOV

6tepeocKomKon Levyoug.

Turuo Emoetiung YroAoyiotov
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5.1.1.1 Avtuiotoiyion ue ypnon Oepeiiddon nivoko

v eikévo 5.4 eaivovion To omoTEAESLATO TG TPOROATIC TMV deKUTEGCHPWY ONUEi®V
pe ypnon tov Oeue®dn mivoko (F). Me T1g donpeg ypouués eoivovton ol emmoAtkol

nepropiopol and 1o Levyog etkdvov ) — I3, evd pe tig podpeg yiow 1o Levyog I, — I3, Ot

ynuo 5.4: TIpoPoAr) onueiwv otnyv tpitn etkéva e xp1rion Bepelldon mivoko

ové 300 ToUEG ToVg Tpoadtopilovv TNV TPooAn| Tov ekGoToTe onpeiov. To LEGo GEAALLOL

npoPoAfg oe aLTHV TNV TEPIMTOON, Y0 TO OEKATEGGEPO GNEiO ) TOWV 7.2 ELkOVOGTOLYELOL.

Frovpog TCovpumdixng
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5.1.1.2 Avtiotoiyion ue xpnon npofoiikov féoovg

210 ToPaKAT® omoTeEAEGLOTO, 1| TPOPROAT TV onueiwy €ytve pe xprion Tov TpoBoilkov
B&Oovg [49]. Znv etkdva 5.5 @oivetonr n mpoPoAn Tov dekotecoldpmv onueiov. Zav
onueio kavovikonoinong emAéybnke to onueio 118 tov otepeockonikov Levyovs. To

Héco oA GE TV TNV Tepintmwon oy 3.6 erkovootolyeio. Emiong mporyportomon-

11819 122

{0 133 13329
14844

153

ynuo 5.5: TIpoBoAr) onueiwv otnyv tpitn etkéva pe xprion npofoirkot Bébove. Py=118

onkov mepdpoto pe Slopopetikd Kébe Popd onpeio Kovovikomoinong. ZTig YpopLkeég
TOPOOTAGCELS 5.6 Kou 5.7 @oiveTon T0 cedApo TpoBoAng yio ta onueion 108 ko 118 Tov
otepeockomkoV Levyoug, ové onpeio kavovikonoinong.  [opotnpovue 6Tt 10 CEEALOL
PoPoAng ennpedleTon ONUAVTIKE 0o TNV EMAOYH TOL GNUEIOV KOVOVIKOTOINGNG,.

Eniong, evo évo onpueio kovovikonoinong divel pikpd codipo tpoBoiig yo éva onueio
dev elvar eE0o@oAoUEVO OTL B GuUTEPLPEPOET Spota Ko ota vTdAomo. ' TapEdeLyLaL,
10 onueio 5 divel cedipo TpoPoAnc kovtd ota 400 etkovootolyeia Yo to onueio 108, evd

yioe To 118 divel AL KOVTA 6To 3 ELKOVOGTOLYELOL.

Tuiuo Emoetiung YroAoylotov
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yfuo 5.6: ZedApo tpoBoArig tov onueiov 108 avé onpeio kavovikomoinomng.

70 =

60 - q

50 - b
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30 q
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101 .
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yiuo 5.7: Zedapo tpoBoArig tov onueiov 118 avé onpeio kavovikomoinong.
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5.1.1.3 Eo¢oppoyn tg IIM1

¥t uéfodo awTi, Ol TEPLOPLGUOL TOV YPNOLULOTOLOVVTOL Yo TNV TPOROAN Twv onueinv
elval Onmg ko 6Tov aAyéplOpo tov Bepelladddn mivoko ot emmoAlkoil. Xe tovTn v
nepintmon Suwe, ot emmoAlkég evbeieg vrodoyilovton pe ™ xpnon twv 3Ho TVEKW®V

npoPoitkdtntog mov €xovv e€oyBel amd t oxknvil. To puéco ceaALo Tpoforng Yo To

Iyqua 5.8: TIpoPoAny onueiwv otnv tpitn etkévor pe yp1ion EMTOAKOV TEPLOPLOUMV,
VTOAOYLIOUEVAV Ot TIG 000 TPOROAMKOTNTEC,

dexatéooepo onueio oty Tpitn etkévo oy 2.5 etkovootoryeiat.

[MopotnpoVUE GTL 01 KAIGELS TV EVOELMV (TEPLOPLOUMV) TTOL EEAYOVTOL TEPLEXOVY COGALLOL
o€ OpPLOUEVEG TTEPIMTACELS. AVTS ogeideton otor onpeion mov opilovv awTég TIg evbeieg
(BA. meprypopny neBGd0v), 6toy avté Bpickovion TOAY KovTd HeToEh TOvG. e TETOlEG
TMEPUTTWGELS, TOL COAAUOTO TNV KAMOMN TV €VOEL®V (TEPLOPIGUADV) UTOPOVV VO, SLopOm-
BovV xpnouoroldvTog évo amd Tor 800 onueio mov Tig opilovv (Tvyoic, epdsov oTA
BplokovTol ToAD KoVTL), Kot TO YEYOVHS OTL 01 EMTOALKOL TEPLOPIGUOL YLl TaL oNpeio TNG

etkovog Téuvovton 6to {6to onueio.

Tuiuo Emoetiung YroAoylotov
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5.1.1.4 Eo¢oppoyn tg IIM2

IMopoxdtom topovotdlovion topoadeiylota Tpofoirg onuelmv oty tpitn elkdva pe
Bonribelar meplopiondy ot omoiot opiloviotl and onueio Twv emmédwy. Ztnv eikéva 5.9
eaivovtal ou mpoPoiég twv onueiwv ot onoieg opiotnkoyv oamd to onueion 40-26 Tov
emmEdov Tov vk 6t de€Ld TAeLPE TNG e1KGVOG (OpolmE Kot yior GAAOVG GVVIVOIGLOVG

T0V¢). To Héso ceaALa TPoBoAng NTav 2.3 E1KOVOGTOLYELOL.

o 5.9: TIpofoAnr onueiwv otnv Tpitn e1Kdvol Pe Yp1on TEPLOPLGULMV, VTOAOYIGUEV®V
ond to onpeio 40 - 26.

v etkévo 5.10 eoiveton 1 Tpofoir| ord Tovg TEPLOPLGHONS TV onpeiwy 68 - 0 Tor ool
VKoLV 6710 eninedo Tov Toixov. To Héco CEAALN GE LTV TNV TEPITT®ON HiTO TEPiTOL
3.8 etkovootolyeio.

Térlog, otnv eikéva 5.11 mopovcidlovton meplopiopol ot omoiol Tpoépyovion amnd To
Cetyog onueiov 42-68, am’dnov 10 onueio 48 oavrikel 6to enminedo TOL TIVOKO EVH TO
onueio 42 oto eninedo Tov Toixov. To Péco ceEAL TPOPOATg Ge LTV TNV TePinT®oN

Ntav 2.4 etkovootolyeio.
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Synfupo 5.10: TIpoPoAr) onueimv otnv Tpitn etkOva e Y p1|oT) TEPLOPLGUMY VTOAOYIGUEVOV
ond to onpeio 68 - 0.

Iynqua 5.11: TIpofoAn onueiwv otny tpitn 1kéva Le X p1ioN TEPLOPLOU®V, VTOALOYIGUEVOV
ond to onueio 42 - 68.
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5.1.1.5 THopotnpioeig

IMopotnpovue 1t OAoL o1 dAyOpLOuot €dmooy opkeTd KOAd amoteAéouato. QoTdc0 ol
TPOTELVOUEVEG LEDODOL VTTEPTEPOVV GE GYECT UE TIC LEBGOOVE TOV BeeM®ON Tivorka Ko
T0V TpofoAlkoV Bédbovc. Emiong, Adym g o€ong Tmv ONTIKOV KEVIPOV TOV KOUEP®V
OTLC TPELG ELKOVEC, TOPOTNPOVUE OTL Ol emmoMKEC evbeieg Twv omolmv o1 TOUES MoG
divouv ) Béon tov onueiov otny Tpitn e1kévol, oynuortifovy peydin yovio petogd Toug.
AT €xel cov GLVETELDL TN ULKPT| evoeBNGio o Kp& SEAALOTH TNV KAIoN Tmv d00
EMTOAMK®V EVOELMOV, KETL TOV AMOdELKVEIETOL OO TOL TOAD KOAG AmOTEAEGUOTO, TOV divel

KUplwg 0 dAYSPLOUOG TTOV X PNGLULOTOLEL TOVE TVHKES TPOPOMKOTN TG,

5.1.2 Eocotepikdg yopog epyootnpiov oto INRIA

H enduevn opddo elkdvov 6tnv onoior SOKIUAGTNKAY 01 0AYSPLOUOL, TPoépyeTal amd TO
epyaotiipto tng INRIA ot Sophia Antipolis tng TaAiiog. Xtnv etkdéva 5.12 goivovton
o1 dV0 OTEPEOCKOTIKEG ELKOVEG TNG OKNVNIG, KOOMS KOl Ol 0vTIGTOLYIGELS TV onUel®V
(corners) Tovg. Ot dV0 ouddeg opoeminedwv onueiov and Tig onoieg vroAoyilovton ot
nivokeg mpoPokdtnTog mpoépyovton and onueia Tv dvo Tolymv T okNvic. XTI
etkdveg 5.13 xou 5.14 goivovton ot avtietoryicelg onueiwv Tov emnédmv avaueso oTig
ELKOVEG TOV oTeEPEOSKOTIKOV {eVyoug, kKo TNV eikdvor otny omoia yiveton m mpofolrni:

Il — I3 KOl Iz — I3.
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yfquo 5.12: repeockonikd Levyog ecmtepikov epyastnpiov oto INRIA
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TMopokdTm TopoLeLAlovTol ToL amoTeEAESUOTO KAOE 0AyopiOov Yo TNV TPOoPOoAN
onueiwv Tov otepeoskomiko® {evyoug, Tor omoio eivon ekTdg emmédv oTnV TPiTN 1KVl

™G oKNVNG.

Iynqua 5.13: Avtietoryicelg onueiov tov emnédwv ond I; — I3

ynquo 5.14: Avtiotovyicelg onueiov tomv emmnédwv ond I, — I3
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5.1.2.1 Avtuiotoiyion ue ypnon Oepeliddon nivoko

Apykd mopovctdllovton To anoteAéooto. 6mov to onpeio tpofoing npocdiopileton and

MV Toun TV dVO0 EMTOALKAV EVOELMV, VTOAOYIGUEVAOV LECH TOL Bee MmO VoK.

TyMuo 5.15: TIpofoAn onueiwv otnyv Tpitn elkdéva e xprion Bepe®on mivoko.

Io €1, evielkTikd, onueio (GLoLo. GLUTEPLPOPE. TAPOLOLELOVY KO TOL VTOAOLTTOL)
TOL 0TEPEOCKONLIKOV {eVYous (elkdva 5.12) Tapatnpovue 6t n tpofoirn Tovg oty Tpitn
elKévaL TG OKNVNG TepLéyel Leydho o@dApa. To Héco GaAlLa Yo Tor 6L ouTé ompeio
Nrov g TaENG TV 45 etkovootolyeimv. Avtd opeideton 6tn oyéon mov eiyov To Levydplo
TOV EMTOALK®OV €V0e1V. Ommg goiveTon kot oty etkévo 5.15, ot emmoAkég evbeieg -e
Gompo e6vTo ot gvbeieg and I} — I3, pe povpo omd I, — Iz- oxynuotifovv moAH pikpi
yovio petagv Toug, dpom Tour| Toug, n omoio opilet To onpeio mpoPoAric, etvou evaicbn

OKOUOL KOl GE EAGYLOTO COEALO VTTOAOYIGULOD OLTHOV TMV ELOELWV.
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5.1.2.2 Avuiotoiyion ue ypnon npofoiikov féoovg

o v mpofoAr| pe xprion tov mpofoiikov BAOOVS, N GYEOT TV ONTIKAOV KEVIP®V
TV Kopepayv, dev ennpedlel 1o omotédecua g tpofoinc. 'Etol 6mwg eoivetot omd tnv

etkova 5.16 to meplocdTepo oM Ueln EKTOC TV EMTESWDV TOL SOKIUAGTN KOV, TPORA O KOV

Iynqua 5.16: TipoBoAn onueiov otny tpitn etkdvo pe xprion tpofoitkov B&bovg.

pe Uikpo (oxeTIKE) GOAAUO GTNV TPpiTn e1KdVa TNG GKNVIG. T'lol TO GLYKEKPLUEVO TTelpapLol
ypnowonombnke cav onueio xavovikomoinong to onueio 120 tov GTEPEOGKOMIKOV
Cevryoue. To péso ocedAa TpofoAng ftav tepimov 18 etkovootolyeio. Ala@opég woTdGO
TopoTNPRON KoY Ko TeAL 6T GOEEALATO TPOBOANC, GTOV Y PN OLULOTOLOVVTOY SLHPOPETIKO
onueio kovovikonoinone. Xtn ypoeikn mapdoToon Tov oxNuetog 5.17 goiveton To
opdAo TpoPoriic oty ekdva Iz Tov onueiov 119 and 1o otepeockomkd Levyog, e
Béion to onueio kovoviKomoinomg mov xpnoionotinke otov adyopiopo. Iopotnpovue

4TL T0 6EAaALO KLUEVONKE ol 1 €mg Kou 55 mepimov etkovootoyeiat.
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Syfuo 5.17: Zediuo tpoPoArig tov onueiov 119 oty tpitn etkéva, ové onueio Kovovi-
Komoinong

5.1.2.3 Eo¢opuoyn tng IIM1

v etkéva 5.18 poivetor n tpoPfoin pepitk®v onueiov tov {evyoug I — I, oty tpitn
etkovo. T'iot Tov 0ptopd tov onpeiov Tpofoiric vmoroyiotnkoy ot emmoMkol meploptouol
pe tn Pondeor twv mvakwv mpofoikdtnroc. O gvbeieg pe Gompo @Ovto elvol ot
neplopiopol (Yo K&Be onueio) amnd I} — Iz eveo pe povpo and I, — I3. Onmg ovoevoTo
to. onueio Tpofoirig mov vtoAoyilovion TEPLEYOLV LEYEAO COAALOL, KOODC O1 EMTOAKEG

evbeieg oynuoartilovv wikpn yovia peto&d toug.

5.1.24 Eoopuoyn tg IIM2

IMopokdtm topovotdletorl N tpofoir] onuelmv ekToc Twv dVo emnédwv, pe faon neptlo-
PLoUOVE OV Topdryovy onueior omd tar 000 enimeda. Tuykekpluéva otny elkoévo 5.19
nopovctdlovion ol €GeS TV TPOPoAMY Leplk®dV onUel®V, 01 omoieg LTOAOYIGTNKOV OO
TOVG TEPLOPLGLOVE TOV GYNUATIoOY dV0 onueio -ta 56, 39- Tov aplLoTePoV ToiY0V. To dVO
ovtéd onueio emAEONKoY MGTE 01 €VOeleC-TEPLOPLIOOL TOV TaPAYOLV Yo KGBe onueio,
va, oxnuatilouv apretd peydin yovio petolb tovg. To uéoco cediuo TpoBoing fTav
nepimov 12 etkovoototyeia. Eniong oty etkéva 5.20 TopovotdlovTon ol oVoKoTUGKEVES

TV 1dlov onueiov and TepLtoptoong Tov dnutovpytnKoy Héow Tav onueiwv 56, 74. To

Turuo Emoetiung YroAoyiotov
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Synupo 5.18: TIipoBoAn onueiov oty Tpitn e1K6Vo LECH EMMTOAMKHOV TEPLOPLOUWY, VITOAO-
YioUévmv otd TpofoAkdTNTEC.

onueio 56 ovikel 6To eNinedO TOL APLOTEPOD TOTY OV VA TO 74 GTO eNinedO TOVL OPLGTEPOD.

To péco opdo TpoBoAig ftay tepinov 10 etkovooTotyeio.
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Synupo 5.19: TipoPoAr| onueiwv oty tpitn ekdva LEG® TEPLOPLOUBY VTTOAOYIGUEV®Y OO
onueia Tov evég emmédov.

Tyfuo 5.20: TIpofoAn} onueimv otnv Tpitn e1K6VoL LEC® EMTOALKAV TEPLOPIGULADV VITOAO-
YIoUEvV otd onpeio Twv dVo emmédwy

Tuiuo Emoetiung YroAoylotov
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5.1.2.5 THopotnpioeig

A6 TOL TOPOTTEVE® OTOTEAEGLOTO. @OVETONL 1) EVULGOMGio TV adyopiBuwy Tov otnpilo-
VIO GE EMTOAMKOVG TEPLOPLOUOVE, MG TTPOS TN BECT] TMV OMTIKAV KEVIPMV TOV KUUEPDV.
'ETO1, OTIG €1KOVEG 0VTEC OToL ol emmoAlkég evbeieg mov vroAoyilovton oynuotilovv
ToAD WKkpn Yovio, ol GLYKEKPIUEVOL CAYOPLOUOL dEV KATAPEPUY VO dMGOVV CMOTEG

npoPoréc otnv Tpitn e1kdvaoL.

5.1.3 Mo oevtepn orkoAov0Bio etkovev oo to INRIA

Ot aAy6p1Bpot doxiudotnkoy oe i akdpo ockoAovdia etkévav, ol omoieg Exovv Anedel
6710 epyaotriplto ROBOTVIS INRIA. Antetkovi{ovv 10 e60Tep1KS evOC dmUoTiov OTOL TaL 300
eninedo OV XPNGLOTOION KOV NTOV CLVTS TOL TOlX OV, (OPLOTEPA TOV ELKGVAV), KOl TNG
VIOLAGTOG 670 BAO0c. To oTepe0sKomIKO {eYOg KOBME Ko Ol 0tVTIGTOLYIGELS OLVEUEGTL
oT1g 000 e1k6veg paiveton oty eikéva 5.21. Ot ovTieTor)iGELg TOL Y PMNCLOTOLONKOV
YlOL TOV VTOAOYIGUS TV Tvakmv mpoBoAtkdtntog ond tg I; — I3 kou ond I, — I,
eoivovton oTig elkdveg 5.22 ko 5.23. A&ilel vo onuelmBel Tt o1 e1kOVEC (OUKOULOL KO LVTEG
OV YPNOUOTOGOUUE WG OTEPEOCKOMIKS LeHYOC) Sla@éPouy YopoKINPLoTIKE UETHED

TOVG,
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yfquo 5.21: repeockonikd Levyog ecmtepikov epyastnpiov oto INRIA
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5.1.3.1 Avtuiotoiyion ue ypnon Oepeliddon nivoko

Ty ewéva 5.24 eodveton n tpofoin onpeiwv Tov 6TePE0cKOmIKOD {EVYOVE GTNV E1KGVOL
I3, ue ™ Pondelo TEPLOPLOU®Y VIOAOYICUEVOV Otd TOVG Bepeddng mivokes (F3 omd

I} = I3 xou Fp3 ond I — I3). To H€GO GOAALD Yol TNV TPOROAT] T®V TOPATEV® G UeEl®V

TyMuo 5.24: TIipofoAn onueiov oty Tpitn e1Kévor LEGM TEPLOPIOULWYV VITOAOYIGUEVOV OO
TOVG OeueMdON TivoKa.

Nrav 19.6 ercovootolyeio. ZTov VITOAOYIGUS TOL PEGOV GOGALOTOG OeV TEPLAUPEVOVTOL
to. onueio endve 6to Tparélt, Yo T omoio To AdBog elvarl moAs peyodvtepo. Tlapatn-
povue 0Tt o1 avTiotolyioelg onueiov Téve oto eninedo, TOL YPNGLLOTOLON KOV VIO TOV
VTOAOYIGUO TV BELEMMOIDV TIVAK®MV, dEV 1 TAV OPKETES YLl TOV OLKPLPT| VTOAOYIGUS TV

Fi3 o Fs.

5.1.3.2 Avuiotoiyion uéco npofoirkod péoovg

v ewkévo 5.25 nopovotdlovion ot tpoforéc onueiwv Tov 6TEPE0cKOMIKOD Levyoug
vroloylopéveg ne t PBonBelor tov mpoPoiikon PBdbove. Q¢ onueio Kovovikomoinong
xpnoonondnke to 108 tov otepeockonikoV Levyouvs. To HEGo cEEANO TPOROANG TOY
nepimov 9.6 elkovootoryeio. Tor TOV LIOAOYIGUS TOV UEGOV GOAALOTOG Oev LETPMOE

N ovunepAeonke to onueio 110 (de€ld embived oto Tpoméll) Tov omoiov 1 TPORoAn
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vroAoyiotnke €E® amd ToL OpLaL TNG ELKOVOLG,

Eniong xopaktnpiotik oy ko téAl n evoietncio tov alyopibuov ce oxéon Ue To

ynuo 5.25: TipoBoAn onuelmv oty tpitn ekdva pécsm npoPoitkon Pdbovg.

onueio xovovikonoing. To onueio 108 €dmaoe o HKpdtepo LEGO GOAALD KOTE TN SLEPKELOL
TOV SOKIU®V. ZINV YPoPLKH Topdotoot 5.26 ntapovstdleton To ceaAo TpoPoAig TOV
onueiov 111 amd 10 otepeockomikd Levyog oe oxéon e To onuelo KOVOVIKOTOINGoNG.
Xpnowonotbnkov, evoelkTikd, 7 (entd) onueiol KavoviKomoinong ekt TV EMTESWV.

To cpdipo tpoBoinig kupaiveton and 1 €mg ko 30 etkovoototyeio.

5.1.3.3 Eooppoyn tng IIM1

Yy etkéva 5.27 paivovion ot tpoPoAég onueiwv mov opiotnkoy pe t Borifeto emmoikmv
TEPLOPLOUAV, VTOALOYIGUEVOV amd TpoPoAtkdtntes. To pécw cedApo mpofoAirnc ftov
nepinov 3.6 etkovootoryeio (ektdg Twv onueiwv tévw oto Tpoméll). TMapatnpove 6Tt
ot tpoPoréc vroroyiotnkov pe moAd kadbtepn akpifelo 6e GOyKplon pe ™ LéBodo TV
OepeAldom mivako, evd afilel vo onuetmdel 6t pe apkety akpifelo vroloyioTnkoy To

onueio endvo 6to Tpoméll.
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Tyfuo 5.27: TIpoBoAn onueiov LECH EMTOAMK®V TEPLOPIOUMY VTOAOYIGUEVOV OO TPO-
BoAkdtnTeg
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5.1.3.4 Eo¢oppoyn tg IIM2

IMopokdtm toapovotdleton N TPoPoAr Twv onueimv TOL YPNOLUOTOLONKAYV KOl GTO
TOPOTEV® TEPGUATO, LEGH TEPLOPIOU®Y otd onpeior evdg emmédov. Tow onueio, emAg-
xOnxav ond 1o eninedo g VIovAdmog. Xtnv elkdvo 5.28 ypnoiponotidnkay to 62 - 65
ue uéco oedAo TpoPoAnc 2.1 etkovootolyeia, evad 6tn 5.29 ta 68 - 75 pe HEGO GOAAULOL
1.5 etkovootoyeio. 1o Héco cdipna dev meptiapufdveton n TpoBoAr Twv onueiwv Tévo
oto Tpotél n omoio epavileton apkeTd evoicHN TN G GEHALATOL.

Eniong, doxiudotnkoy vo, vAOTomBovv meploplopol 1660 omd o eninedo ToL Toixov

ynuoe 5.28: TIpoPorf péow meplopioudv omd to onuelor 62 - 65 Tov emmédov NG
VTOLAGTTOG

600 Ko eVOAAGE omd Tor dV0 eninedo. OU®OG 08 VTEC TIG TEPITTMCELS TOPULTNPTONKOY
opkeTd peydho codipato tpofoins. Otoav, avtibeto, ot mepropiopol opiloviav omd
onueio TG viovAdmoag (BA. oy. 5.28, 5.29), ot tpoforéc vroroyilovtav Ie opKETE LeYEAN
oxpifela. To yeyovog ovtd ogeideton TOaVATOTO GTN OXEGT TV EVOELDY TOV ATOTEAOVV
TOVG TEPLOPLGUOVG UE TO deVTEPO EMIMEDD. TTNV TEPINTMOOT TOV TEPLOPLOU®Y Omtd onueic

TOVL TOlY 0V M TOUM UE TO eN{MESO TNG VIOLAGTOC TapLeiye GOEALQL.
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ynuoe 5.29: TIpoPorf péow meplopiopdv omd to onuelor 68 - 75 tov emmédov NG
VTOLAGTTOG

5.1.3.5 Iopotnpioeig

AT6 1O TOPOTAVED OMOTEAEGUOTH, GUUTEPOLVETOL GTL EVE® OAOL 01 OAYSPLOUOL X P GLLO-
nolovv Tig 1dteg akpiPdg avtiotoyicelg onueimv avépueso 610 otepeockonikd evyog
KoL TNV Tpitn ekéva, ot aAydplOHoL Tov XPMNGUYLOTOLOVV TOVG THIVAKES TPOPoAKOTNTOC,
EMTLYYXGVOUV KaAVTEPO omoteAéoporta. TTEpa amd ) Stopopd 6TOVG TPOTOVS VITOAOYL-
OUOV OWVAUESH OE TVOLKO TTPOPOALKOTNTOG KOl BEUeALdAN, pior StoteOn Tk eEiynon tov
TOPOTTEV® YEYOVOTOG Utopel vor 500l HEG® TOV SLaPOPETIKOD TPOTOV YPNONG AVTAV TMV
ovTLoTolyicev Kabdg, ot adlyopiBuot mov vroAoyi{ovv TPoPoAlKGTNTEG X PN CULOTOLOVV
mv emmAéov TANpogopia YL T0 dlorywplopd Twv onueiov avédioya pe To eninedo 610

omoilo ov1KouV.
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6.1 Tevikd cvunepdopoto

>V Topovco epyocio TpotddnKoy Vo véeg uéBodol yiow TNy eniivom Tov TpoALa-
TOC TNG OVTLOTOLYLONG CVAUECO OE LOKPLVEG OYELS TPLOLEOTOTOV CKNVOV. Q¢ Baotko
€PYOAELD XPNOLLOTOLOVV TOVG TTivakeg TpoRoikdtnTag Tov e€dyovton amd 600 eninedo
G OKNVNAG, AVAUEGH G OVO ELKGVEG OOV 01 OLVTLOTOLXIGELS TV onueiwy elvon YvmoTEg,
Ko TNV tpitn otV onoia Tig (avtiotoryicelc) ovalntoiue. o tnv e0pecn avTioToryLdv
oVAUESH GE OUGOEC OLOETIMESMV YOPOKTNPLOTIKGV KoL TNV eEorymyn TV ovticTolywv
TvaKwv Tpofolkdtntoc npoteivetol n yxprion g uebddov [15] n omoia emitpénel tnv
opkeTé aSlémot avTiotoiyion onuelmv 6e eIKGVEG TOV SLOPEPOVY CTNUOVTIKE UETOED
tovg. Emiong eEetdiotnke Kou pio enéktoon Tov adyopifuov [48] yiow 10 Sloy mplopsd Tmv

onueimv oe opoeninedeg opuddeg ovpecso oe dVO ELKOVEC.

Ot 800 mpotetvéueveg HéBodol peretOnkoy cuykpltikd pe 800 dAieg uebGd0LG
oamd TG omoieg M piow xpnoonolel Tov BepeAl®ddn mivako, eved N GAAN T0 TPOoPoAlKd
Bé&Boc, kobwe drabétovy kové ototxelio: H mpdtn mpotevouevn nébodog xpnotpomotet
EMTOMKOVE TEPLOPIGLOVE OTMC KOl LT TOL BeeAM®ddN Tivako, eve Kot ot 00 TPOoTEL-
vépueveg LéBodot voAoyilovv mpofoilkdtnteg EMmMESWV TS GKNVIG OT®G M LEOOSOG TOV
npofoikon Bébovg.

Ot mpotewvopeveg UEBodotl eoiveton vor aEloTolovV OTOTEAECULOTIKG T LELOUEVT) TAPO-
eopio mov umopel vo cuvdéel TG Tpelg elkdveg, kKuplmg oe GOYKpPLon Ue T UéB0d0 oL
xPNOLOTOLEl BeUEADO TTivoKaL.

Eniong éva onuovtikd toug mAeovékTnuo elvor 1o 6Tl Top€yovy T dLVUTHTNTO VIEP-
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TPOGdoplopon T Avong yior Kabe vroymoelo onueio. Ewdikd otnyv IIM2 1 dtoditkocio
ot yiveton waitepa e0KOAN Y mpig TNV ELGAYWYT| EMTPOGOHET®V TEPLOPLOUWY. AvTiBeTOL
N M1 arortel Ty Hropén emmAéov emmEdwV 0T GKNV].

Axépa, n IIM2 dev ennpediletal amd TIG GYETIKEG OEGELS TV TPLOV KOUEPDV, EVOL OTULOL-
VIIKO TAEOVEKTN UL OE GYEoM Ue TN LEB0J0 ToL BepeAl®ddn mtivako, oAAG Ko Tng ITM1.
'Evor KOO, GMUOVTLKG XOPAKTNPLETIKS TmV dV0 TPOTELVOUEVOV LeBOd®Y GE GUYKPLOT
Kuplmg pe t uéBodo tov mpofoiikot BéBovg, eltval Tt xpnoyuorolovy onueio LOvo Tévm
o¢ eninedeg emEdveleg ToL OOl UTOPOVV VoL OVTIGTOLYNB0VV e peyolvtepn a&lomotio
AOY® TG SuVOTOTNTOG VITOAOYIGULOV TPOPBOoA KAV ovaArlolwToOV ot avtd. Avtifeto, M
UéBodog tov mpofoitkov BaBovg xperdleton éva emmAéov onuelo Kovovikonoinong extég
TV eEMTEdWV, KATL TOV Unopel va, "eofpel” tnv aflomiotio Tov .

To Booctkdtepo pelovéKTNUa T6G0 TV dVO TPOTELVOUEVWOY UEBOGSV 6GO Ko 0rvTOD TOV
vroAoyilel to mpoPoiikd Babog, elvor 6Tt “omontovv” TNV VIopEN dV0 emmESWV OTN
oknvi. 'Evog tétolg meploptopndg elvon SHGKOAD Vo 1o VEL G YEVIKOTEPES TEPIMTWGELS
oKkNVOV otd eEwteptkovg ydpovs. Ouwmg pio Avon o ovtd Bo uropovoe vor d00el omd
TOV VTOAOYIGUS TPOLOMKOTHTOV UM TPAYUATIKAOV EMTEdMV. X Uo TETOL0 TEPImTOON
0 VIEPTPOCIOPIOUOS TMV AVGEWV B0l TPAYULOTOTOLOVVTOY TOAD EVKOAGTEPD KOl OTNV

IIM1, A6y® TG SuvaorTHTN TS TPOGILOPIGUOV AP TOAADY ETLTESWV.

6.2 Melloviikég eneKTEOELC

Mo Tp@dT Kol Giyovpa xprioun UeAAOVTLKY| doVAELd elvar va eEetaotel 0 Tpdmog e
tov omoio B pmopovoe vor a&lomoinbel KadHTepo 1 SLVOTOHTNTO VIEPTOPCILOPLOLOV
tov Aooewv (overdetermination) dioitepor otn devtepn mpotetvouevn UEBOJO. AT
17010 B0 LTOPOVGE VoL LAOTOINOEL e xprion LEBGOMV EHPWGTNG EKTIUNONG TOPOUETPOV
evOg YPOoUUKOU LoVTEAOL (robust regression) [46] Omw¢ ylor mopddetypo n LéBodog Tov
elayiotov teTpaymvikoV oedApatog (least median of squares). Miow oekGUoL LEALOVTIKT
eméktoon Towv meu;odvn 8o oy vor SoKIoiGO0UY 6e GUVILOGUS Le TNV eEoymyr ULoG
A povG avTioToiylong (dense correspondence) VAUECSO GTLG ELKOVEG TOV GTEPEOGKOTLKOV
Cevyove. Gt Té€to10 B €8ve TN duvotdTNTa CVTLIoTOiXoNG OA®MV TV oNuelov TV
ELKOVMV eVOC 6TEPEOGKOTIKOV LeByoug Le il TpiTn LorkpLuvT] OYn HLoG GKNVTC.

Eniong e epoployéc dnuiovpylog texvntov etkévov 8o Lmopovce vo peAetn el n oyéon
TV TvaKkov Tpofolikdtnrog pe poviédo kivnong. 'Etot 6a uropotpe vor vrodoyilovpe

SLopopeTIKéC OYELG TNG OKNVIG ovAAoYO LE TNV Kivnon mov Ba opileton oto emimedor.
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Térog, apxetd ypriowo B ftov vo peretndel m SuvoTdTNTO. VIOAOYIGULOD TUVEK®V
npofoikdTnTog omd un npayuotiké eninedo. Av dvtmg tpia onueion tng oxnvig poli
UE TO EMTOMKOS UTOPOVV VO oG SOGOVY 0ELOTIGTOVE TTivalkeg TPpoRoAtkdTnTog, TéTe Ool

yiver duvati 1 arGAELY” TOL TEPLOPLOUOD TNG VIoPENS dV0 EMTES®Y GTN GKNVY].
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epdiono 6. EniAoyog
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Hopdptnuo A

Avoyvopion oknvig e xpfiion
VEOUETPLKNG TATPOQOPLOC

Elvonw yvootd 6Tt 01 mep1eodtepot oAyOpLlOUoL €DPECNC AVTLOTOLYICEMV OLVEUECO GE dLOL-
QopeTIKEC Oyelg, BewpoBy dedouévo 6Tt ot elkdveg Tov e€etdlovv ametkovilovy Ty 8o
oknvy. EElcov onuovtikd og mpdPANUo SUeC, Vol Kot ouTo TNG oLvoryvmpLong TG oK -
viic. Tétolov eidovg mpoPAruata epeavioviol oe epevvnTikd medio dnwg n TA0yNoN
OLTOVOU®Y POUTOTIKMY GLUOTNUAT®V UE XPNON ONTIKNG TANpoopiac, | N avalitnon

elkdvav oe peydeg Booelg dedopévemv pe Béion to mepleyduevé Toug.

ApxeTég epeuvnTIKEG TPOoTAOELEG KLPLMG GE eQUPULOYEC BAoEWV ELKOVOV KTOVTOVV
GTO GUYKEKPIUEVO EPATNO X PT|CLULOTOLOVINS GMTOUETPLKT) TANpOQOpiol OTMG 1 POTEL-
voTNTO, TO YPAUO, K.0. AVTOU TOovL €ld0Vg N TANPOPopior GUMG dev Lével apeTEPANTN
6t aArélovv ot cuverikec Ayng Tav elkdvov. I'io to Adyo avtd a&ilel vo epevuvndovv
KOl 01 TANPOPOpieg oL Hog divel M YewpeTpio TNG okNVNig LEoo o €val GTEPEOGKOTLKS
Levyog etkévmy. XpNOLLOTOLOVTOG MO¢ Lobnuotikd epyaieio v mpofoiikny yemuetpio
TOV X MOPOV, EYOVLE TN SLVOTOTNTO VO EKOPEGOVUE CVAUALOIMTEG TOGHTNTEG Ol OTOleC dev

emmpedlovton amd LEYAAEG AALOYEG OTLC GLUVOT KEC A YN G TWV ELKOV®V.

IV TapoHoo TPOGGEYYLOT) EPELVIONKE 1N SLVATOHTNTO ULOG YEWMUETPIKTC OVOLA-
Aolwtng Ko cvykekpluéva tov Tpofoilkot PBabovg [49], vor OmOVTGEL GTO EPWTNLLOL
™G opotdTNTaG 000 GTEPEOGKOTIKAOV Levydv elkdvav pe tn Ponbelo g andotoong
Hausdorff.
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A.0.1 H pé6odog

Apykd, vroroyilovtot ta mpofoikd BAOn and kd&be otepeockonikd Levyog Vi kou V;
(Aemtouépeleg ovoPéPOoVToL 6TO KEQPAAOO 3). O VTOAOYLGUOE TV OTTOPOLTNTOV TIVAK®V
TPoPoAKSTNTOG AVAUECSO OTOL GTEPEOGKOTLKE (evyn, Yiveton Le Tpomo SUoto Le avtdv
oL TEPLYpaoenke o610 Kepdiono 4. H Pooikn mapotipnon oty onoiow otnpileton o
oAyop1Buog elvor 61l ov ot 300 GTEPEOGKOTIKEG elkOVES aetkovilouy v 1dtar oknv),
0o meptéyouvv avtictoryo onueio, omdte o cVVora omd mpofoitkd BAOm Bo Tepiéyovv
T1g 101eg TEG (TpoKerLtal Yo TpoPoikd opetdAnteg tosdtntec). 'Evo mpoPAnUe mov
ovtetonilovue eivon 6Tt dev yvopilovpe avépesa oe moto {etyn onueiov vo eAéyEovpe
o Tpoforkd BEON epdcOV TPOPUVMG dev elvor YvwoTég ol avtietoryicels. I'a to Adyo

ovTo ypnoonoibnke n oméotoon Hausdorft:
H(A,B) =max (h(A, B) ,h(B,A))

omov

h(A, B) =max ( ,min2|ai —bi), a;€AbeB

i=1l..n; j=l..n
n onoior cuykpivel d00 GVVOAX TGV Ywpic Kopio Yv®oN avTIoTOlX1oNG TMV UEADY
t0v¢. '‘Etol T dYo ovvora amd mpoPoikd Baon (A amd Vi xou B and V3) cuykpivovion
pe tnv andéotaon Hausdorff. 'Evo detvtepo mpdPfAnuo ot dradikacio tng chykplong
elvon M Tapovcio TEPIMTAOCE®Y KT TIG OTOieC TOAAG onueiat TOV TPWTOL GLVOAOL eV
€xovuv avtioTol o 6To deVTEPO (Ko ovTioTpoPa). Xe pio Tétolo TeEPInTMon O ToPondvm
Tpémog cvyKplong dev Bo dwoel a&dmoTo amoteléopoto, Kabmg onueio Tov dev €youvv
ovtiotolyd Tovg 610 GAA0 Levyog, Bor avTIGTOLYNO0VY e TNV TANGCIESTEPT) TPOG QLTA
T (N omoio umopel va etvort tedelmg dSla@opeTikn}) omdTe N dSlaPopd Toug OoL amoTeEAEGEL
mv teMkn Ty g oméotoong Hausdorff (BA. opiopd). Tiow TNV omoTEAEGUOTIKT)
OVTILETOTLOT TETOLOV TEPITTACEWY EQAUPUOCTNKE M| LeplkT| amdotoon Hausdorff (partial

Hausdorff distance)
h(A, B) =Kth;=1.n, (minj=1.n,|a; —b;|), a; € A,b; € B

oTNV Omoio ELGAYOLLE TNV YVAOOT] Y10 TO TOGOGTO TMV CNUELDV OLVEUESO OTLG ELKOVES TOL
omoio dev €yovv avticTolyo SLAEyovTog TNV K-peyodutepn (avti yio tn Héylotn) omd Tig

eAB1OTEG AMOCTAGELG,

To mpofoikd Bébog uésa amd tn oxéon:
p; =~ Hip; + kiHop;
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pog dtver T duvatdtnta vor tpoPAéyoupe Ty mpofoir| evog onueiov p; g Hog eikéd-
VoG TOL GTEPEOCKOMKOV (eVyoug 6TV GAAN. XPNGUYOTOL®VTOS OVTH TN SLVOLTOTNTO
UTOPOVUE GTNV TOPUTAV® odtkocior TNG GUYKPLONG, ovTl Vo LEAETEUE TIG TIUEG amd
o TpoPoAtkd BaON, va eAéyyovue 10 TOGO KOAG 0VTEG ovoKoTooKeL&lovv omnueio.
Zvykexpéva, ov k; elvon 10 mpoPoiikd BéOog evig onueiov (p;,pl) tov Vi, t61e Bt

ovokotaokevdilel cwotd To owvtiotoryd tov onueio (wj, w;-) ond to Vs:
’lﬁj ~ H3wj + kiH4wj

Ko

[Wj —wi| <e
6mov Hs, Hy, ov mivokeg mpoPoitkdtn o amnd avtictoryo eninedo oto Va. 'Etorav f (p;, k;)
elvor n avokotookevt) Tov onueiov p; € Vi omd 1o mpofoiikd Bébog k; € V2, n anéotoon

Hausdorff moipver tn popon:
h(A, B) =Kthi=1_pn, (minj=1._n,|f Wi, k;) —p'])

AvTtég 0 Tpdmog GVYKpLoNg dlvel pior KoAHTepn dtotodONTIKG epunveion KoBmg LeTpdel

TocOTNTES (EVKAELSLO OO TOOT ONUEl®V) TOL elvarl GpecO EpUNVEVGLULEC.

Lovéyion tov fnudtov Tov oAdyopiduov

e Tl KGOe otepeockomkd Levyog elkdvov, eEGyovton OAeC Ol OUOETITEDES
ouddec onuelov (PA. xe@. 4) kou vroroyilovial ol avticTtolyol Tivakeg

nmpofolkdTnToc.

e Mo x&Be cuvovooud omd dVo mTpofoikdtnTteg Ko évar onueio ekt TV

emmédwv (K&be otepeoskonikov {evyovg) vroAoyilovton dAo Tor TpofoAtkd
Béom.

e Otouddeg omd mpoPoiikd BN Twv dvo Levywv, cuykpivovton ové 300 LEGH

¢ andotaong Hausdorff. Av n andotoon elvon peyddn yioo OAec, téte TOU

&0 otepeookomikd Levyn dev ametkoviCouvv tnv 1dtor oxnv).

H 1€00080¢ SOKIUAGTNKE OTIC ELKOVEG ECOTEPLKMV X DP®V TOV TOPOVCLEGTNKOLY GTO
KEPAAOLO TOV OTMOTEAECUAT®V (KEQ. 5). ZTIC YPOPLKES TAPOOTAGELS TV ELKOVMV A.1 Ko
A2 podveton M T 1oL Tpofoikov BEovg TV onueiwv eKTOC TOV EMTESMV, YLO LULOL

okNVvY| (GuyKekpévo T oknv and 1o epyoctiiplo 1oL ITE) g mtpog 600 dLo@OoPETLKE
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onueia xavovikoroinong (to 118, 133, BA. meprypogn nebddov oto xe@. 3). [Mopatnpotue

GTL TO €VPOC TIU®V TOL TPOPOALKOV BéBoVE elvor pikpo.

2

18 7
16 7

1.4 7

0.6~ =4

I I I I I
2 4 6 8 10 12 14 16

ynfuo A.1: Ot tuég tov TpoPoAtkov BéBoug e onueio kavovikomoinong to 118

2.4

2.2 q

181 q
161 q

L4 TR

12 q

08 1

0.6~ + q

0.4 L ! 1 1 1 | |
0 2 4 6 8 10 12 14 16

ynfuo A.2: Ot tinég Tov TpooAtkov BéBoug e onueio kavovikomoinong to 133
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370 1010 GUUTEPUCUOL KOTOAYOLLE €AV GLYKPIVOLUE TIC dV0 QVTEC YPOPLKES TOL-
POGTACELS, UE LTV TNG e1KOVaG A.3 otnv omolor eoivovton ot TIUEG TV TPOROALK®MY
ovoAlolwTOV O TPog évar onueio kovovikonoinong (to 120) ard tnv mpaTn akoAovdio
etkovmv 10V INRIA. MEG® TV TOPATAVO TEPOUATOV OAAG Kol GAL®V TapSUOLmV, KO-
ToANEope 6T0 GLUTEPOGILA OTL VD TO TPOPOALKS BABoC Topoéverl avodlhoimTo Yo KGOe
onueio aveEdptnTo otd TNV GLYKEKPIUEVN dyn 6TV 0moio LTOAOYIGTNKE, SLOPOPETIKE
onueia uropel vo €xovv v idoe (1] TOAY KovTivny) T tpofoitkov Bébove. 'ETot, M
SLKPLTIKTY 1KOVOTNTOL TOL UOG TPOCEEPOLY 0L TIUEG TOL TPOPoALKoD PéBovg dev eivor
opket dote vo vootnpifouve avoayvadpion oknvov. H eEaviAnTtikiy ovykplon dAwv
TV GLVOA®V otd TpoPoilkd BEON avdpecso oe dVo otepeoskomikd (evyn pe Bdon 6Aovg
TOVG CLVIVOGUOVG Omd TVaKeg TPOPOALKOTNTOG EMMES®MY TOL UmopoHV var e€ayBohv,
KOl oNUEl®V KOvOVIKOToiNong (EKTOC Twv emmédwv) dev Hog eyyvdton o oEldmotn
oévTNon 6t AHo™M ToL TPORARUATOS TOPE TNV EVGTAOELD TOV LOG TPOCPEPEL 1| LEPLKT]
oanéotaon Hausdorff,

AveEGpTNTO 0t TNV OTOTLY IO TNG CLYKEKPIUEVNC OVOALOTMOTNG, BE®POVUE GTL M TPOGEY-
YIOT 07O TPOPANUA TNG CVAYVOPLONG GKNVAV HECH TNG YEMUETPLOG TOVG Elval apKeETH

vrooyouevn ko o&ilel mepetépm pueréng.

13

12 q

11F 7

09 + B

0.8 4

0.7+ + q

0.6~ q

05F i |

0.4 + B

03 I I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20

Syxfquor A.3: Ot Tipég Tov mpofoikot BéBovg te onueio kavovikomoinong to 120

Stavpog TCovpumikng



78

IMopdptnua A. Avoryvadpion oKNvig Le xp1ion YEOUETPLKTG TANpOoQopiog

Turuo Emoetiung YroAoyiotov



Bipiroypooio

[1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

J.L. Mundy A. Zisserman, D.A. Forsyth. ‘3D Object Recognition using Invariance”. Al
journal, 78:420--425, 1997.

S. Avidan and A. Shashua. ‘‘Novel View Synthesis in Tensor Space”. In Conference on
Computer Vision and Pattern Recognition, pages 1034--1040, San Juan, Puerto Rico,
June 1997.

Meserve B. ‘‘Fundamental Concepts of Geometry’’. Dover Publications, New York,
1983.

D.H. Ballard and C.M. Brown. ‘‘Principles of Animate Vision”. Computer Vision
Graphics and Image Processing, 56(1), 1992.

R. Mohr C. Schmid. ‘‘Local Grayvalue Invariants for Image Retrieval”. IEEE Trans.
on PAMI, 19:530--535, May 1997.

Olivier Faugeras Charlie Rothwell and Gabriella Csurka. ‘“ Different paths Towards
Projective Reconstruction”. INRIA, BP-93, (06902), 1993.

Coelho C. Heller R. Mundy J. Forsyth D.A. and Zisserman A. ‘‘Invariant Descriptors for
3-D object Recognition and pose’’. MIT Press, Campridge, MA, 1991.

W.J. Rucklidge D.P. Huttenlocher, G.A. Klanderman. ‘‘Comparing Images Using the
Hausdorff Distance”. IEEE Trans. on PAMI, 15(9):850--863, August 1993.

R.O. Duda and P.E. Hart. “‘Pattern Classification and Scene Analysis’’. Wiley, 1973.

R.M. Haralick et. al. ‘‘Pose Estimation from Corresponding Point Data”. IEEE, Trans.
on SMC, 19(6), November 1989.

O. Faugeras. ‘“What Can be seen in Three Dimensions with an Uncalibrated Stereo
Rig?”. In Proceedings of the 2nd European Conference on Computer Vision, pages
563--578, Santa Margerita Ligure, Italy, May 1992.

79



80 BIBAIOT PA®IA

[12] Olivier Faugeras. ‘‘Three-Dimensional Computer Vision’’. MIT Press, Campridge, MA,
1993.

[13] Olivier Faugeras. ‘‘Stratification of 3-D Vision: Projective, Affine, and Metric
Representations”. Journal of the Optical Society of America A, 12(3):465--484,
1995.

[14] W.T. Freeman and T. Lozano-Perez. ‘‘Steerable Filters for Early Vision”. IEEE Trans.
on PAMI, 11:891--906, July 1991.

[15] M.ILA. Lourakis S.T. Halkidis and S.C. Orphanoudakis. ‘‘Matching Disparate Views
of Planar Surfaces using Projective Invariants”. In Proceedings of BMVC’98, pages

94--104, Southampton, September 1998.

[16] Richard Hartley. ‘‘Estimation of Relative Camera Positions for Uncalibrated Cameras™.
In ECCV92, pages 579--587, 1992.

[17] Richard Hartley. ‘‘Camera Calibration Using Line Correspondences”. In IUWS, pages
361--366, 1993.

[18] Richard I. Hartley. “euclidean reconstruction from uncalibrated views”. In AZORES,
pages 187--202, October 1993.

[19] Richard I. Hartley. ‘‘Projective Reconstruction from Line Correspondences”. In CVPR,
pages 903--907, 1994.

[20] Takeo Kanade Hideo Saito. ‘‘Scene Reconstruction in Projective Grid Space from Large
Number of Images”. CVPR, 2, 1999.

[21] R. Horaud and T. Skordas. ‘‘Stereo Correspondence through Feature Grouping and
Maximal Cliques™. IEEE, Transaction on Pattern Analysis and Machine Inteligence,

11(11), November 1984.

[22] O.Faugeras I. Zoghlami and R. Deriche. ‘‘Using Geometric Corners to Built a 2D Mosaic
from a set of Images”. In Proceedings of CVPR97, 1997.

[23] Bjorn Johanson. ‘‘View Synthesis and 3D Reconstruction of PieceWise Planar Scenes
using Intersection Lines between the Planes”. In ICCV Conference, Corfu Greece,

September 1999.

Turuo Emoetiung YroAoyiotov



BIBAIOT PA®IA 81

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Mundy J. L. and Zisserman A. eds. ‘‘Geometric Invariance in Computer Vision’’. MIT
Press, Campridge, MA, 1992.

S. Laveau and O. Faugeras. 3-D scene representation as a collection of images and

fundamental matrices. Research Report 2205, INRIA, February 1994.

M. Levoy and P. Hanrahan. “‘Light Field Rendering”. Computer Graphics
(SIGGRAPH’96), pages 31--42, August 1996.

M.LA. Lourakis and S.C. Orphanoudakis. ‘‘Visual Detection of Obstacles Assuming a
Locally Planar Ground”. In Asian Conference in Computer Vision ACCV’98, pages
527--534, Hong Kong, 1998.

M. Lourakis. ‘‘Planar Surfaces Extraction between two Uncalibrated Images”. personal

communication, November 1998.

M.I.A. Lourakis. ‘‘Establishing Straight Line Correspondence”. Technical Report 208,
ICS/FORTH, August 1997. Available at ftp:/ftp.ics.forth.gr/tech-reports/1997.

Q.-T. Luong and O.D. Faugeras. ‘‘Determining the Fundamental Matrix with Planes:
Instability and New Algorithms”. In Proc. of IEEE CVPR’93, pages 489--494, New
York City, NY, June 1993.

P. Cohen M. A. Akhloufi and V. Polotski. ‘“Novel Views from Non-calibrated Stereo’.
In Vision Interface 99, Trois-Rivieres, Canada, 19-21, May 1999.

Stephen J. Mayback and Olivier Faugeras. *“ A Theory of Self-Calibration of a Moving

Camera”. International Journal of Computer Vision, 8(2), 1992.

C. Medioni and R. Nevatia. ‘‘Matching images using linear features.”. IEEE, Transaction

on Pattern Analysis and Machine Inteligence, 6(6), June 1984.

R. Mohr. ‘‘Projective Geometry and Computer Vision, in C.H. Chen, L.F. Pau and
P.S.P. Wang (eds), Handbook of Pattern Recognition and Computer Vision’’. World
Scientific, 1993.

[35] J. Kittler N. Georgis, M. Petrou. ‘‘On the Correspondence Problem for Wide Angular

Seperation of Non-coplanar Points”. Image and Vision Computing, 18, 1998.

[36] J. Nagao and W.E.L. Grimson. ‘‘Affine Matching of Planar Sets”. Computer Vision and

Image Understanding, 70(1):1--22, April 1998.

Stavpog TCovpumikng



82

BIBAIOT PA®IA

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

C. Glover N.S.V. Rao, W. Wu. ‘‘Algorithms for Recognizing Planar Polygonal
Configurations Using Perspective Image”. IEEE Transaction on Robotics and
Autamation, 8:196--200, 1992.

Luc Robert Olivier Faugeras. ‘“What Can Two Images Tell us About a Third One?”.

International Journal of Computer Vision, 18, 1996.

R. Lenz P. Meer, S. Ramakrishna. ‘‘Correspondence of Coplanar Features through
PZ-invariant representations”. In 12th IAPR Int. Conference on Pattern Recognition,

Jerousalem, Israel, Octomber 1994.

T. Garavelos P.E. Trahanias, S. Velissaris. ‘‘Visual Landmark Extraction and Recognition
for Autonomous Robot Navigation”. In IEEE/RSJ Intl. Conf. in Intell. Robots and
Systems, IROS’97, Grenoble, France, September 7-11 1997.

Z. Pizlo and A. Rosenfeld. ‘‘Recognition of Planar Shapes from Perspective Images
using contour-based invariants”. In In Proc. DARPA Image Understanding Workshop,
pages 330--350, 1992.

Olivier Faugeras Quang-Tuan Luong, Rachid Deriche and Theodore Papadopoulo. ‘‘On
determining the Fundamental Matrix: Analysis of different methods and experimental
results”. INRIA Rapport de recherche, (1894), May 1993.

O. Faugeras R. Deriche. ‘“‘Tracking Line Segments”. In Proc. First European Conlf.

Comput. Vision, pages 259--268, Antibes, France, April 1990.

R. Gupta R. Hartley and T. Chang. ‘‘Stereo from Uncalibrated Cameras”. In Proceedings
of the Comference on Computer Vision and Patern Recognition, pages 761--764,

Urbana-Champaign, Illinois, USA, 1992.

K. Rohr. ‘‘Modeling and Identification of Characteristic Intensity Variations. Image and
Vision Computing”. IEEE, Trans. on SMC, 2(6):66--76, 1992.

P.J. Rousseeuw and A.M. Leroy. ‘‘Robust Regression and Outlier Detection’’. John

Wiley and Sons Inc., New York, 1987.

W.J. Rucklidge. ‘‘Efficiently Locating Objects Using the Hausdorff Distance”. IJCV,
24(1):251--270, September 1997.

C. Schmid and A. Zisserman. ‘‘Automatic Line Matching Across Views”. In Proc. of

IEEE CVPR’97, pages 666--671, San Juan, Puerto Rico, June 1997. IEEE CS Press.

Turuo Emoetiung YroAoyiotov



BIBAIOT PA®IA 83

[49] Amnon Shashua. ‘‘Projective Structure from Uncalibrated Images: Structure from
Motion and Recognition”. IEEE, Transaction on Pattern Analysis and Machine
Inteligence, 16(8), August 1994.

[50] D. Sinclair and A. Blake. ‘‘Quantitative Planar Region Detection”. ICCV, 18(1):77--91,
April 1996.

[51] R.Szelinski S.J. Gortler, R. Grzeszczuc and M. F. Cohen. ‘‘The Luminograph”. Computer
Graphics (SIGGRAPH’96), pages 43--54, August 1996.

[52] 1. Weiss. ‘‘Geometric Invariants and Object Recognition”. IJCV, 10(3), 1993.

[53] Z. Zhang. ‘‘A New and Efficient Iterative Approach to Image Matching”. In Proc. of
IEEE ICPR’94, volume 1, pages 563--565, 1994.

[54] Z.Zhang, R. Deriche, O. Faugeras, and Q.-T. Luong. ‘‘A Robust Technique for Matching
Two Uncalibrated Images Through the Recovery of the Unknown Epipolar Geometry”.
Atrtificial Intelligence Journal, 78:87--119, October 1995.

[55] Zhengyou Zhang. ‘‘Determining the Epipolar Geometry and Its Uncertainty: A Review”.
27(2):161--195, 1998.

Stavpog TCovpumikng



