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Evyopiotiec

>t0 onueio ovTd B MBeLD VoL ELYOPLOTIG M GAOVE OGOVG LLE TOV VLT TOV GAAO
Tpémo e oTHpLEoV KoTd TN SLEPKELD TNG TPOSTAOELOS YLl TNV TPOYLKTOTOIN oM
o TNG TN Epyociog.

Ipaytor o’ dAoL, 0Qeidl® évor Leydho eVXOPLOT® GTOV ENONTN Lov, Tov TTédvo
Tpoyovid, Vo TNV KoBod1yNoT TOV 0TOL0VL TPOLYUOTOTO ONKE CLVT 1| EPYGLAL.
OEA® VO, TOV EVYOPLOTIICM YO TNV EXLGTNLOVIKT] TOL KO0 YN o™, TIC GLUPOVAES
TOV KO TIC WPEG OV UE UEYGAN LTOUOVH] Kol SLAOECT LoV PLEP®GE, TAVTAL
GYOYog GTO EMIMESO TOV TPOCHMKAV oxécemv. Evyxopon vo €xm tnv Toxm Vo
GULVEPYOOTM UE ovOpdIoug cov Tov TTévo Tporyavid Ko 6To LEAAOV.

Eniong mpénel vo evyapiotion to Turuo Ertetiung YrnoAoyiotov tov Io-
vemotnuiov pNg, xkobmg ko to Ivetitovto TTAnpoeoptkng tov IdpHUOTOG
TexvoAoyiog kot 'Epeuvog ylo TV OLKOVOULKT] eVioYLOT KOl VALKOTEXVIKT] VTO-
STHPIEN OV OV TToPElY OV KOTA TN SIAPKELD TOV LETOTTVYLOK®Y OV GTOVIMDV.

INUOVTIKY] CUUTAPACTAON €lX0 KO 0t0 TOAAOVG PIAOVG KO GUVOLOEAPOVS
@OLTNTEG, TOL TTaP& TO Sk Tovg PEPTO epyociog He vropovy ko Gpeén Nty
TAVTOL SLABEGILOL YL GYOALOL KO TOPOTNPNOELS OE TOAAN GTAdLOL TG EPYOGLOG.
IStaitepa BEA® VoL eLYOPLOTHGM TOV O0dmpo T'kapdPelro, pe Tov onoio eiyo pia
oPOCKONTN KO ENOLKOSOUNTIKY) cuvepyacia, Tov MuydAn Aptofdvn yio Tig
APNOUES TAPOTNPNGELS TOL TAV®D GTO KEIUEVO KoL TOV Mbplo ZuvTiydkm yio
™V ovLmoAdyLotn BonBeld Tov oe TeXVIKE BEpoTa TNG CLYYPUENG.

OEA® TELOG VO EVYOPLETHIOW® TOVS YOVELG Lov, Tdpyo Ko AéGmotval, yior TV
EUTLOTOGHVT TOVG, TO KOLPAYLO KoL TN oTPIEN IOV LoV TPOGEEPHY OACL QLT
ToLYPOVIOL X aLTOVE BEAW® VOL APLEP®G® CLVUTT] TNV EPYUGLOL.
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[TAoTynon robot 6e EGMTEPLKOVS Y OPOVE
pe xprion omTikig TANpogopiog

Y&Bpoc Bemoobpng
Metamtuylaxn Epyocio

Tunuo Emotiung YroAoyiotav
[Mavemotiuo pMNTNe

[epiAnym

H Ao ynom evog cuTéVoLOoL GUOTHLATOG OO TEAEL EVOL 0TS TOL TTLO OLTTOLLTI TLKEL
npoBAnuoTe TG pounoTikig. Mio amd Tig mpooeyyioelg 6to TPOPANUO ovTd
Baociletor otn yprion oposiuwy, SNACH X OPOKTNPLOTIK®Y GNUEL®V TOL Y MPOL
OV UTOPOVV GYETIKA €DKOAO VO CVOYVIOPLGTOVV Otd TO CUTGVOUO GUGTNUO
KO VoL PN GLLOTOIBovV yior TNV aruto-oprofétnon tov (self-localization) uéoo
G670 X0po. Q06T16G0, N TOAVTAOKSTNTO TOL TPOPANUATOG TOV OPIGULOD KOl TNG
ovoyvadplong Tov opoctiuwy, odnyel moAAEG @opéc otnv Tapadoyr| VTUPENG
TPONYOVUEVNG YVAOT G, TOGO YloL TO XMOpo Kivnong, 660 Ko yior To 100G TV
ovTIKEWWEVOY TTov Ba xpnolwononbovv cov opdonua.  ‘Etol, n epoappoyn
uog Tétolog Lefddov mapovotdlel mpoPANUOTe o€ dSUVOULKE LETORUAAOUEVOL
nepEALOVTOL.

Yty gpyacio avut tpoteivovpe pio néBodo Yo TAOYNoN G €6MTEPIKOVE
XDPOVG, UE YPNON ONTIKAOV 0pPOCTIU®V, OTOL TePLopiovpe TNV ovorykondtnTo
VYRopENg TPONYOUUEVNC YVHOONGS. Apylkd eEdyeton omd TNV elkévor Tov AopBbivel
T0 GVOTNUO Lo TOLOTIKY] TEPLYpap] TOL Y Wpov. H meprypapn ovvthy mapdryeton
o6 TO S WPICUS TNG EIKOVOG GE TUNLLOTO TTOV OVTLGTOLYOVV GTOVG TOiX0VG,
T0 TWATOUO KoL TNV 0poQPr] TOL X®Opov kivnone. Me tnv meprypa@r] o,
KoBopilovton to TuuorTer TG e1kévog 6mov Bor ovollntnOovv tor opdonuo. Tow
0pOOMLOL TOVL XPMNGLLOTOLEL TO ALLTOVOUO GVGTNUAL, OeV lvol TPOKABOPIGUEVOL 1|
npooyedacuévo, dAAG eEdryovTon omd 1o cHoTNU e pio dtodtkocion e6Tioong
™G TPOCGOYNG G XOPOKTNPLOTIKA onueia Tng etkdvog. Avtd yiveton Ue tnv
APNON CLVEPTHCEWY TOL EKPPELOVY TNV AVOLLOLOYEVELD, TNG ELKOVOG GE KATOL0L
nepLoy.

ITptv v draditkacio Tng TAOYNONG, oronteiton 10 oTddlo TNG eKpuEOnong. X’
0V TS TO GTESLO TO AVTOVOLO GVGTNUO GVAAEYEL OPOCTILLXL 0TS TO X MPO EPYOGLOGC.
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To opdonuo omoBNKeHOVTOL GTN UVHUN TOL GLOGTHUATOS, Loll e TAnpoopleg
Yoo TN oxeTIK Béomn toug 610 Y dpo. To amotélecuo eivor  dnurovpyio evog
TOTOAOYLKOV X GPTT TOL XWPOV, Baciouévou ota opdonue Tov eEGyonKay. otd
™ SEPKELD TNG TAOYNONG, TO CLTOVOUO GUOTNUO GUYKPIVEL TOL OPOGTLOL TTOV
oLVVaVTA e VTG ToL elvorl amodnkevpéva oTn Uvnun Tov. H avoyvopion evég
OPOGCTLLOV TOV EMTPENEL VOL EVIOTIGEL TN BECGT TOL GTO XWMPO KoL Vo kaBopioer
v enduevn kivnon tov.

Yto mAoiolo TG epyosiog vAomoOnKay 1 eEorymyr| TG TOLOTIKNG TEPLYPU-
QNG TOL XMPOV, Ue BEon TNV ONTIKY TANPoYopia, KoO®C Kou M eEorywyn Ko
ovoyvdplon twv opooripmv. H aloddynon g uebddov €ytve Ie TV eQopULOYH
G o€ pia akoAovbic etkévmv amd 10 e6MTEPLKO eVHG KTIpiov.

Endontng: Tévog Tpoyovibe,
Enixovpog kodnyntig,
[Tavemotiuo  pMInc.



Indoor navigation of a robot
using visual information

Savvas G. Velissaris
Master’s Thesis

Department of Computer Science
University of Crete, Greece

Abstract

Autonomousrobot navigation is one of the most challenging problems in robotics.
A promising approach to this problem is based on the use of landmarks, i.e.
distinctive objects in space which can be easily detected by the robot and used
for its self-localization in space. However, the complexity of landmark definition
and recognition usually leads to assumptions concerning the existence of previous
knowledge regarding the robot workspace as well as the objects used as landmarks.
Therefore, such an approach cannot be easily applied in dynamically changing
environments.

In this thesis we propose a method for indoor navigation using visual landmarks,
in which we minimize the need for previous knowledge. Initially, a qualitative
description of space is extracted from the images acquired by the robot. This
descriptionis derived from the segmentation of the image in areas which correspond
to the walls, the floor and the ceiling of the workspace. The areas of the image where
the landmarks will be searched for are defined by this description. The landmarks
used by the robot are not predefined or predesigned, but rather they are extracted
by the robot using a focus of attention procedure on salient image areas. This is
accomplished by using functions that represent the business of an image area.

Prerequisite to the navigation procedure is a learning phase. In this phase the
robot extracts landmarks from the workspace. These landmarks are stored in the
robot’s memory, along with information about their position in space. As a result,
a topological map of the workspace is created, based on the extracted landmarks.
During navigation, the robot compares the landmarks that it encounters with the
ones stored in memory. The identification of a landmark allows the robot to
approximately localize itself and select its next movement.

In this thesis we implemented the extraction of the qualitative description of space,
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based on visual information and the extraction and recognition of landmarks. The
method has been evaluated through its application to an image sequence obtained
from the corridors of a building.

Advisor: Panos Trahanias
Assistant Professor,
University of Crete.
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eodAono 1

Elcoyonyn

1.1 Tevikn etooyoyq

'Evog ot ToVG CNUOVTIKOTEPOLS GTOYXOVG TNG POUTOTIKN G EIVOL 1] KOTAGKELT
QLTOVOLLMV UNYOVAV LE FUVATOTNTEG VO EKTEAOVV GUVOETEG EPYOGLES, LLE OMTOTE-
AeopoTikdTnTor CAAG Ko eveMEla oxeTIKG e OOl TOTE TOOVY KOTEOTOON.
Eivol mpo@ovég mmg pio tétota ToAOTAOKT) GUUTEPLOOPA, TTOV JEV SOUPEPEL TOAD
ol TNV €AAOYN GUUTEPLPOPE TTOAAMYV PLOAOYIKAV OPYOVICU®YV, OV UITOPel Vo
emtevyOel xopic mpwdToL Vo epeLVNO0VV KoL vor ovarttuy oV o1 amA0VGeTEPES
Aertovpyieg ot onoieg otnpileton.

Yty nopovoa epyocio 8o oy oAnOovUE e i oo TIg o 6ovdoieg Aettouvp-
yieg pog ovtdvoung unyovic, Tnv ovutévoun TAonynon (autonomous navigation).
Me tov 0p0 0VTH EVVOOUUE TNV LKOWVOTNTO KATOLOV GLOTHUOTOS VOL KIVELTOL e
emruyio (my. omoeuyn eunodiov, emAoy KUTAAANAOL LOVOTOTIOV, ENITEVEN
610 oL Kivnong, kAr) péoo 6To TEPIREALOV TOV, X PNOLLOTOLWVTOC TANPOPOPieg
oL GLAAEYEL Péo® oncONTpwv. To TECcO oNUAVTIKY €lval yiow évor uTévVoro
GUGTNUN 1) ALTGVOUN TAOTIYNOT, EOAVETOL Ot TN OVATTTLEN QLTHG TNG LKOVO-
TNTOG GTOVG TEPLGGHTEPOVS Otd TOVE LwvTavovg opyaviopovs. OAeg oxeddv ot
Lop@ég Lmmg ypnoyLomolovy tnv thonynon yo Bocikéc Aettovpyieg Tovg, dnwg
N ovolTNom TPOPNG, N EMGTPOVPT) GTNV KOTOLKIO, 1| LETOVAGTELGT|, OAAN KoL M
e€epethivnon KouvoHplmv mePLoy®v ToL TEPREAALOVTOS TOVG,.

IStaitepa onuovtikd etvon 6Aeg ol Tapomdvem Aettovpyieg vo etvarl duvortég oe
nowkido ko petoairdueva tepifdArovto. H mloriynon dev mpémel vo epmodi-
Cetol omd oAAOYEG, 1} VO OTOTUYYGVEL GE KOUVOUPLEG KATOOTAGELS. ATO oVTod
yiveton coég 6Tl n avtévoun mAonynon eivon yevikdtepm €vvole omd oTh
TOV TPOYPOUUATIGLOV Kivnong (motion planning). O wpoypappoTicuds Kivnong
OLVOUPEPETOIL GTO GYEJOOUO TNG KOAOVOIOG KIVIIGEMV TOL TTPETEL VOL TTPOLYLLOLTO-
o 0ovV, €xovtag dedopévn TN B€6mM TOV GLOTHUOTOG Ko YVOPILovTog €K TV

S



6 EDAAAIO 1. EIZAT'QI'H

TPOTEP®V TO X DPO OOV B TporyportomonBel n kivnon (m.y. x&ptec). H cvtévoun
nAonynon avtifeta, ovtipetonilel TavTté)pova ToL TPOPANUOTA TG EKTIUNONG
¢ Wiog Béong ko kivnong (egomotion estimation) ToL GLGTHUATOG, TNG €&0L-
YOYNG TANPOPOPLOV omtd TO TEPIPEAAOV (TUNUOTOTOINGT TOL XDPOV, EKTIUNON
OTTOGTACEWMY, OVOLYVMPLOT] EUTOJIMV 1 YVOOTAV YOPOKTNPLOTIK®OV) KOl TEMKE
™V oELOAGYNOTN KoL XPTioN QLTMV TOV TANPOPOPLAV Yo TV TPOYLOTOTOINoN
™™g kivnonge.

1.1.1 Oplioudg tov TPoPANLLOTOG

O oyedlocldg GLOTNUETOV VTHVOUNG TAOTYNOT G dlorywpileTarl oe dV0 KLupiwg
Kot yopieg, avddoyo pe To tepBHALOVTIO EPYOGIOG TWV GLOTNUETOV : TAOTYNON
oe eEmteplkovg (outdoor) ko ecsmteptkovg (indoor) x®povg. H mAorynon oe
E0MTEPLKOVG XMPOVE, Ue TNV omoior acyoleiton ovty M epyoocio, umopel vo
xPNoYonmon el oe TOAAEC EQOPLLOTEC, OTWS EPYAGIO LTOUOATMOV GLOTNUETWOV GE
dnudoieg vrnpeciec, voookoueia, epyoctdolo, enifieym kou ac@dielo KTipimv
N mopoy"| Porifelog oe Gtopa pe ELOLKEG OVALYKEG,

OL1KOVOTNTEG TOL B0 TPETEL VO, SLOBETOVY TOL GLGTILOTOL LVTA TPOKELUEVOD VOL
OVTOTTOKPIVOVTOL GE OLVTIKEYLEVIKEG QAT OELS, OEV elvon 0UTe AMyeC, 00UTE EOKOAO
VoL emTELYO0VV. Ol TPEMEL VOL VITAPYEL 1) LKOVOTNTOL OV TIAN YN G TNG KivNnong Tov
{810V TOV GLOGTHUOTOC, HTOE KO 1 TKOVSTNTO AVTIANYN G aveEdpTNTNG Kivnong
(independent motion estimation) [Arg96, Par96]. Amopoitnteg elvon emiong ot
Koot TEG OmouYN G eunodiwv (obstacle avoidance) ko kivnong and onpeio oe
onueio (homing). 'EvocHotnuo cvTéportnS TAOT YN ON G B0t Empeme koo voL etvort
Koo vou dlabétel Kamolo Lopen ovTtiAnymg tov meptPdAlovTtog (space perception)
KOOMDS KO TNV 1KOVOTNTO VO OTOUVIILOVEVEL” KOO0l Y OPAKTNPLOTIKG TOL
XDPOV KoL VoL Y PN OLULOTOLET TEXVIKEG EEOY MYT|C GLUTEPUCUATOY (reasoning) MGTE
vo dtotnpet tnv evel&io tov oe pio TANODPo SLoPoPETIK®Y KOTooTdoEwY. Ol
TOL TTOPOTAV® AMOTEAOVV GTILEPOL OLVOLY TG OELATOL BTNV €PEVVOL KOIL TO GYESLAOUS
GULOTNUATOV CVTOVOUNG TTAOTYNONG,.

Onwg avaeépbnke, N eEoywyn TOV omopoitnT®v TANPOEOPLHV ond TO Te-
p&ALoV yiveton pe ™ yprion aweOnpwv. H @don €yel vo mopovcidoet pio
HeYGAN TolKIAleL SLUVOTOTHTWY YU 0TS TO OKOTS, OTMG TN XPNOMN NG OPOoNG,
™me akong, g aPng, g doppnong, N akoun kon ™ yprion vrepriywv. O
avOpmmog €xel emiong XPNOLLOTOLGEL Yo TNV TAONYNGOTN OXNUATOV EKTOUTES
padlokvudtoy. TNV epyocic vt Oo Bempricovpe Gt yiveton xp1rion ONTIKMV
oucOnTpwv. H peydAn diddoomn g 6pocng otn eUoN KoL 1 LEYEAN ToGoTnTOL
TANPOPOPL®YV ToL Umopel vor ovTANnBel amd owtn, €x0vV PEPEL SIKALOAOYTNLEVOL
v 6pocn oTNV TPATN 00N OVEUESH GTLC TPOTIUNGELS TOV EPELVTTMV GLOTN-
LATOV owTtédvoung TAONYNONG. B0 EMKEVIPDCOVUE AOITOV TO EVOLUPEPOV LLOG



1.1. TENI HEIZAT'QI'H 7

otV ontiki) whofynon (visual navigation), tnv e£arymyr dnAodi) TANpo@opLdY
ord pion okoAovbior elKéveV, KOTEAANA®Y Ylor TOV €AEYXO TV KIVIGEWV €VOG
UNYOVIKOH GUOTAILOTOC, TPOG TNV EMITEVEN EVOG GLYKEKPLUEVOL GTOY OV KIVNONG
UEG O GTO Y WPO.

FKOTOC TG TOPOVOoNG EPYOCioG Elvart 1 TepLypoer| Ko ol§LoAdynom Hiog Ledo-
S0V OTTIKTC TAOTYNON G TOL OV TPOVTOOETEL AETTOLEPT| TPOTYOVUEVT] YVAOCT) Y10l
10 epGAlov. H uévn tpovmdOeom eivor n kivnomn t1ov ouTdvorov GUGTHLOTOG
VOl TTPOLYLLOITOTIOLEITOL GE ECWTEPLKOVE Y DPOLG TOL €YO0VV TN dOUT| 0pHOYHDVIOV
nopoAANAemédov. H amodtnomn o) tkovorotel tnv mAetoyneio Tov ecwteptl-
KOV YOp®V KTIplov Kol OKLev, KL €Tol dev meplopilel ouontd t1g dSuvortdTnTEG
eQopULOYNG TNG HeBGd0L. TTépa amd avTH TN YEVIKY TopadoyT], TO LTGHVOUO GO-
otnuo 6 dSrabétel €€’ apyNc TANpoPopieg Yo T doun 1 T dtdtagn Tov KéGUov,
N Yo T0 €(00¢ TOV OVTIKEIUEV®MY TOL VIEPYOVV G VTGV, ZTNV TPOTEWVOUEVT
1EB0J0, oL avaykoieg vTég TANpoopieg eEGyovTon omd 10 VLTGHVOUO GVGTNLLOL
YPMNOLOTOLMOVTOG OTTIKOVG octntiipes. H a&loAdynon g uedddov yiveton pe
TNV EQOPUOYN TNG o€ pia akoAovBio elkdvav amd Toug dLodpOLovg eVOS KTipiov.

1.1.2 Opydvmon tng yponrtig epyociog

Metd TN GUVOTTIKY] TEPLYPOPT] TOL TEPLEXOUEVOL TNG EPYOCIOG OLTHG, OTN
GULVEYELD TOV KEPUAOLOV 1 TO TPOPANUO EVIACCETOL GTNV ELPVTEPT] EPELVN-
Tk meployry. opovotdlovion Ko aELloloyoHviol SLbpopec TPOCEYYIGELS TOL
TOPOVGLALOVV OUOIOTNTEG OAAG KO SLOPOPES LLE TNV TPOTELVOUEVT] LEBODO.

310 KeQGA010 2 YIVETOL OVOAVTIKT TEPLYPOLUPT| TNG TPOTELVOUEVIIG TPOGEYYLONG
670 TPOPANUA TG orvTdvoung TAonynong. Iapovoidlovton ot TpdmoL LeE TOVG
omolovg T0 VTOVOUO GVOTNUO GVAAEYEL TANPOEOPIES Yo TN SOUT] TOL XMPOL
KOL TOL OVTIKEIPHEVD TTOL VIEPYXOLVV G VTGV, KOOMG KoL 1 XPHOT QLTAV TMV
TANPOPOPLAOV Y10l TNV TAOTYNON.

310 KeQGA 010 3 TOPOVGLELOVTOL Ol GUYKEKPIUEVES TEYVIKEG EMEEEPYOGTLOG TNG
ELKOVOC TOV Y PTGLULOTOLON KOV Y10 TNV VAOTOIN 6™ TG LeEBGSoV.

>10 KeQOAO10 4 TOPOVGLALOVTOL OTTOTEAECUOTO, TTOV TPOEKLYOV OO TNV
eQopuroyN TG LeBGd0L Ge o oekoAovbio elkOvVaV.

10 KEQGAO10 5 TopoTIOEVTOL TOL CUUTEPEOUOTO KOODS KoL Ol TOOVEG ETe-
KTAOELG TNG epyociog VTG,

TéLog, oukoAovOel N BLAoypapio Tov XpNOLLOTOLONKE.
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1.2 Bipiroypogiknf ovockonnon

70 TURUO VTO TNG Epyociog yiveTon piow avoioKOTNon TV UEYPL TP EPEL-
VNTIKOV TPOCTAOELDV TOL €X0VV YiVeL Y1 T o) edlooT CLGTNUETOV OLTOUOTNG
TAONYNONG KOl TOV EMUEPOVS Y OPOKTNPLOTIKAOV TOVS. H ovookdnnomn emke-
VIPOVETOL GTNV OTTTIKT) TAOTIYNON OE ECWTEPLKONVS Y WPOLS, TOL £lvor KoL To BEpo
NG GLYKEKPLUEVN G EPYOGLOG.

H xAooikny mpocéyyion péxpt Tapo 610 TPOPANUO TNG ONTIKNG TAOYNoNG
cuvvictotonr 6to vo to dtoympilel oe dVo Eexwplotd TPoPAUOTO : TO TPWTO
€xel VoL KEVEL [LE TNV KOTHOKEVT LOG TPLOOAGTUTING, YEWUETPLKNG TEPLYPUPNS
TOV XMOPOVL UECH UG AKOAOLOIOG eV OV TTapdyovTal Kortd Ty Kivnon
TOV OWTOVOUOV GLGTHUOITOC HEGOL 6TO YWPpo. To devrtepo mpoPAnuUa elvon M
XPNON CLTHG TNG TEPLYPOPTIC YL TOV VITOAOYIGUS HOG 0eKoAoVBiog Kviioe®mV
7oL VoL eMTEAEL TOV 0KOTS TOL GLOTHUATOG. To TPdTO TPOPANUA elvon YvweTd
cav douny omd xivnom (structure from motion) Kou to devTEPO GOV TPOPANLLOL
TPOYPOUUOTIONOV KIvnong (motion planning).

Mio evoAlokTikn tpocéyylon elvonl Bociouévn otny évvola TV OposT LV
(landmarks). Me tov 6po 0pOoNLO EVVOOVLE KATOLO 1OLAITEPO YOPOKTNPLOTIKS
0L KOoHov, oL Eexmpilel omd To vVOAomo meEPIPEAAOV Ko eivon eVKOAO VoL
ovoryvoplotel ommd 10 LTOVOUO GVOTNUOL ZTNV TPOGEYYLOT OVTY, 1| YEOUETPLKN
TEPLYPAPN TOL X MPOL dev elvon amapoitnTn. Ot GYETIKEG BEGELS TV OPOCTILMOV
APMOYOTOLOVVTOL, KOTE TNV €KUEONOTM TOL X®POL, Yo T dnuovpyio evog
TOTOAOYLKOV X &pTN oL TOV TepLypdpet. 'Etol, éva opdonuo umopel vo ypnot-
pomomOel yior vor avTAn0o0v TAnpogopieg yiow Tn GxeTIKN B€6M TOL QL TOVOLLOV
GULOTNUOTOG UEGO GTO XDPO KO TIG EVEPYELEG TOV TPEMEL VOL EKTEAEGEL Y10, TNV
0AOKA pwON oG Kivnong.

Ot TpOTOL PE TOVG OTOLOVG €XOVV OVTYETOMIGOEL Tor TapOTdve B€uoTal ToL-
POLGLALOVTONL OVOAVTIKE TTOPOKATM.

1.2.1 Tprodidototn doun KoL TPOoYpOUULOTIGUOG Kivnong

XopoKTNPLoTikd oG TNG TPOGEYYLONG GTNV Ao YNom elvon 4Tl 6To)EVEL OFE
uio akpiPn] ovomopdeTooTt TOL YWPOL Ko TN Yp1on Kobopd LeETPLKOV LeBSdwV
Yoo Tov mpoypouulationd kivnong. H Aemtopepelokny meplypoen TG OOUNC
TOV KOGUOVL, e HEBGO0VE OTMS CrUTH] TOL TEGIOV OMTIKNG POTNG, OOSELKVHETOL
dvokoro mpoPAnua. 'Etol, TOAAEG mpoceyyicelg éxovv Bempnioel tn doun Tov
KOGLLOV YVMOOTY| €K TOV TPOTEP®V, GE KPS 1 LeYEAO BaOUO.
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1.2.1.1 EEoywoyn douig ornd to nedio ontiknig pofg

Mia yeviki Tpocéyylon oto TpoPANUe TG eEorymyng Tpiodidiototng doung eivon
N ovdALON TNG KIVNONG LECH OLKOAOVOLAV ELKOV®V LE Y PTIOT TOL TEGIOV OTTIKT|C
ponic. H mpocéyyion ot neptlopével 000 6Téold. :

o Apyikd vmoloyiletar 1 HeTHTONION TOV TPOPBOA®MY KETOLWV ONUEiwY Le-
ToEH CLVVEXOUEVV ELKOV®V, 1 0TTol0L OPEIAETON GTNV KIvN O™ TOL TOPOTT-
pnt1. H petotdmon vroroyileton pésm tng avtiotoiyiong (correspodence)
tétolv onueiov (1 opuddov onueiov dnwg yovieg Kou evdOypoppo TUT|-
uota). 'Etol mpokvmtel pio Guvaptnomn 600 ywpitk®v LeToPBANTAV (01 dV0
dlaotdoelg ™G elkovog) Kou oG xpovikig (m xpovikn akoiovdio twv
etkovov). Ot peplkég mopdywyol oTNG TG GLVAPTNONG (G€ GLVOIVOGUS
Le KAmoleg LOBEGELS Yior TNV Kivnom) divouv To SEvusua TNG TOYOTNTOG
KGOe onueiov oto eninedo g ewdvog (image plane). To Srovvouortikd
nedlo mov mpokvnTel elvonl yvwotd cov medio ontikng ponig (optical flow
field)[TL94].

e XN ovvéyelo, vroAoyileton N TPLOANECTOTN TOYVTNTO KO 1 SOUN) TNG
GKNVIG, LECW TV EE16HGEMY TOL GLGYETILOVY TNV TPLGAAGTHTN TOY VTN TO
TV ONUeElmV TG OKNVAG HE TN NAEGTOTN TOYVTNTO TV KVTIGTOL( WOV
TPOPOA®Y TOLG TEV® TNV ELKGVOL.

To mpdPAnua TG doung amd kivnon €xel peretnOel die€odikd oe BewpNTIKS
eninedo [Ull79, SA89]. 'Etot eivor yvootd tor TpofAUoTa Tov mTopouctdlel M
TOPOTTEV® TPOGEYYLOT. TO KLPLOTEPO OLPOPE TNV VTOAOYLGTIKT] TOAVTAOKS TN TOL
7OV TOPOVGLALEL TO TPSPANUOL TNG AVTIETOIYIONG, OLPOV TPETEL VOL EQOPLOCTOVV
KPLTPLoL OLOLOTNTOG O UEYGAD TUNUOTO TNG ELKOVOG. AKOUO XEPOTEPDL, UTO-
pel KEmolo YoPAKTNPLOTIKA TNG UG ELKOGVOG VOL UMV VTTAPYOVY GTNV ENOUEVN,
Ommg otV mepintmon TopeUPoAng KEmolov avTikelnévov. TEAOG, ol emmAgov
TEPLOPLOUOL TOV AmOLTOVVTON Yo TNV eECQEALoT TNG LovadikdtnTtog TG Av-
ong (my. ouoAdTNTO ToL MEdiov Porc) GLVHOWE dev avtamokpivovTol GTNV
TPOYULATIKOTNTO KOL 09N YOUV TLG TEYVIKEG QLLTEG G KOKESG TOOOGELS.

1.2.1.2 Aopun YvOOTH €K TOV TPOTEPOV

Me Béomn To Topamdve LELOVEKTLOITOL, PKETOT EPELVNTEG EXOVV TPOGEYYIGEL TO
pSPANUa dtapopetikd. Mio tétolo Tpocéyyion elvor vo Bempricove Tt KEmoLo
LovTéL0 ToV KOGULOVL elvar YvwoTo ek Tav tpotépwv (a priori knowledge). 'Etoln
Baoikn otpatnylkny cuvictoTol 6To Vo avTIANEBel T0 cvoTnUa T0 TEPPEAAOV
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LLE TN YPTIOMN TOV 01O TPOV KO VoL GLUYKPLOEL 1) TANpogopior orLTY| Le TNV TPOoD-
TAPYOVLOO YVMOOT Yl Tov KOGUo. Edv emtevy0el axpipég toiprocpo (matching),
KOTOATYOUUE Le KAmolo arkpifelor otnv exTiunon tng 6€omg Tov GLOTIULOTOG KO
KOT' EMEKTOOT OE UL TTEPLYPOLPT] TOV GUEGOL TTePLGAlovtoc. To TpORANa TNG
TePLYPAENG TOL TEPPAAAOVTOG GE aLTH TNV TPOGEyylomn Towtileton Le T0 TPod-
AU Tov evtomiopo® Tng Béong tov cvoTipotog (self-location), a@ov Eépovtog
v 6éom Ko €xoviog pio TponyovUeEVN TEPLYPAP] TOV KOGLOV, UTOPOVUE VO
BydAove GUUTEPAGLOTO. GYETIKCE LE TNV CLVOUEVOUEVT] GYT) TOL KOGLLOV OO TN
ovyKekplévn 6éon. H texvikn nmopel vo AELToupYRoEeL KO ovTiGTpOPoL, XpNot-
LLOTIOLOVTOG TG TANPOPOPIEC TOL GLAAEYOLV OL CLGOMTHPEC YO VOL TEPLYPONOVLLE
KOAOTEPO TOV KOGLLO.

'Evog TpOTOC avomopEoTaonS Tov LoVTELOL TOL KOGUOL elvonl pe x6GpTeg
[LPM84, VLS90, Sug88] 1 GAAeg amAéc yemuetpikéc avanapootdoelg [Lat9l]. Xe
oLTEG TIG epyocieg éxovv avamtuybel nébodotl yia Tnv extiunon g Béong Tov
QLTOVOLOV GLOTHUATOG, UEGH GTO YVMOTS LOVTEAD TOL KOGUOV[TLI2, TKI6].
Metd and vt TNV eKTiUNoN, To TPORANUA TNG TAOYNONG OVTILETONICETON U
UETPLKEG LeOOOOVG.

Mio avéddoyn teyvikn xpnoloroiOnke ond touvg Kak et.al.[AKLA89, KK92]
ot onuovpyior Tov avTévopov cvotinatog Ao ynong FINALE. Edw elvon
YVOOT po TPIGOEoTOTN TEPLYPOPT] TOV X®WPOL, amd TNV onoio. umopel vo
TPOKVYEL 1N Gy™n ToL KOGUOoL, dmwg Bor pouvdtoy and pio vwobetiky) B€om TOL
oVTOVOUOV GLVOTHUOTOG. To owTdvouo cvoTnUo Kavel o exktiunomn tng Béong
T0V Pe PBéomn tnv mponyovUeVT Kol TIC eVTOAEG KIvnong mov akoAovonemkov
evolgueca (n extiunon dev umopetl vo elvon axpiprig Adym Twv oTteAeldv T
cvoTuota kivnong). Me Bdon ovt v ektiunon Kot 10 yvwotd LovtéLo ToV
KOOUOV, TPOoKVTTEL Uior orvoLevopevn dym tov meplBEAAOVTOC. XTN GUVEXELDL
QLT M EIKOVOL CUYKPIVETOL UE TNV TPOYLOTIKT] E1KOVOL TOL GLAAOUPEVOLV Ot
KOUEPES TOL GLOTHUOTOC. To TOUPLOCUO TV ELKOVDV €XEL GOV OMOTEAEGILOL VOL
TapOovUE pio eKTiUN oM NG BEGNG TOL GLGTIULOTOG e LELMUEVT aefondTnTOL.

Ot Tsubouchi et.al. [TY87] xpnoionolov eniong TNV TapOnEV® TPOGEYYLOT,
Baoilouevor Spumg kuplmg 6To YpOUO TOV ELKGVE®V, VTOGTNPiovTog Tmg avTd TO
XOPOKTNPLOTIKG dev emnpedleton omd TN eoTeEtvdTNTO 1§ EVOEXOUEVT] GKLA OTLG
elkdvec.

TéLog, oMUOVTIKEG TANPOQOPIeg Yol TNV TPLOAAGTHTIN SOUN) TOV KOGUOL
UTopovV Vo ovTANBovv ot to onueio dtapuyng [PPI6] kon amd GAAeg evbeieg
YPOUUES TNG ELKOVaG [CAIS], TpOoGEYYLoT TOL X PN CYLOTOLELTON KOl GTNV TOPOVCOL
epyooio. Ot mAnpo@opiec ovTég GLAAEYOVTOL UE OMAEG TEYVIKEG CvEALONG
eldvov, Ommg aviyvevon oxkuov, petooynuationds Hough, xon puropovv vo
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odnyfoovv oe Pl oy MPLoT TOL XMPOV CE TEPLOYES, TOLOTIKG, SLOLPOPETIKES
HeTo&v ToLvg (Tolyol, TATWUO KAT).

1.2.1.3 IIpoypoupoticnoc kivnong

"Exovtag dedopévn pior YEWUETPLKT TEPLYPOPT] TOV Y MPOL, O TPOYPOUUATIGUOG
¢ kivnong Tov owTOVOUOL GLOTHUOTOG ot Uiow oyt Béon oe pior GAAN,
ouvioToTonl GTOV VITOAOYIGUS €VOG €AEVBEPOL LOVOTOTION TTOL VO, GLUVOEEL TG
dvo Béoeilg [HA92, Lat91]. To mpdPAnua owtd elvor yvooTd Gov “piano movers
problem” 1] ”generalised movers problem”[SS83]. Ot uébodot mov €yovv npotobel
UTOPOVV VOL KOTATOYOVV GTLG YEVIKEG KOTTYOPLEG TNG VITOAOYLGTIKT|G YEMUETPIOG
[PS85, Nil69, LPW79, RW87], Tov duvapikov nediov [Til90] ko Tov pobnuotikov
mpoypoppotiopnot [FT87].

>11g LeBGd0LG VTOAOYIOTIKNG YEMUETPLOC, TOL TOOVA LovoTdTior otetkovilo-
vion o€ éva YpAo 1) diKTLo, Kt €161 0 VTOAOYIGUAG Lo okoAoLBiaG KIVvIioEDY
avdayeton o éva TpoPAnUo oovalrjtnong oe ypdpoug [Nil69, COY84, Can88]. TToA-
Aéc teyvikéc avalntnong oe ypdpovg, 6nmg depth-first, breadth-first, best-first,
A*, xpNOLOTOL0VVTOL Y10 TO GKOTO aLTO. Xuy VA emiong eapudlovion TexVikég
elayyrotonoinong, Ontmg o alydplBog tov Dijkstra, pébodot simulated annealing,
K.Q.

>t nébodo tov duvopkov ediov (potential field), k&Oe ovtikeipevo Tov mept-
BéArovtog aokel ammoTIKEG dSLVALELS GTOL GTUELD TOVL X DPOV TOV TO TEPLBAAAEL,
evm 0 0td)0¢ aokel avtiotoryeg elxTikég duvapelg[Til90, Kha86]. H évtaon tov
SuVAUE®V VTOV LETOREAAETOL OLVEAOYOL LE TNV OMOGTOOT) Ktd TNV TNYY| TOLG.
TModpvovTog TN CUVIGTOUEVT TV SVVEUEDY OVTAOV Yo KEBe onueio Tov Y dpov,
dnuovpyeiton éva dtavuopotikd medio, ord to onoio €vor GHOTNUO UTopel Vo
e€dyel ™ cwot kotevOvvon kivnong vroloyilovtog Ty kAlon (gradient) Tov
nediov oto onpeio oto onoio Bpioketon. TéAog, otn UEOOSO TOL LOOMUATIKOD
TPOYPOULOTIGHOV, O VTOAOYIGUOG LG KOAOVOIOG KIVIIGEMY OVALYETOL GE TTPO-
BAnua BeAtioTonoinong k&molag GuvAaPTNONG, TOL TPOKVTTEL OO TO TEPLPEAAOV
KoL TOL AV TIKEILEVOL TOV VP oLy Héco 6° oo [FT87].

To Bootkd TAEOVEKTNLOL TOV TOPATAV®D TPOCEYYIoEMVY lvor OTL Tl LOVOTETLOL
nov vroAoyilovton elvon BEATIOTOL GOUPOVE e KATTOLO0 KPLTHPLO, OTMG EAN)L-
070 UNKog dtodpouric, andotaon ond eunddio k.&. 'Exovv Suwe tor ootk
LELOVEKTAUOTO, TNG OVOYKOLOTNTOG VIOPENG MG okpLBoVg avomopEoTaong
TOV KOGLLOL KOl TOV HEYEAOV VTTOAOYIOTIKOU KOGTOVC, TOV KAVEL TIG TOPUTEV
TPOGEYYIGELG UM PEOAGTIKES YL EQOPUOYT G TEPITAOK, AyVWoTo 1| SVVOULKE
uetaforrdueva mepifdAiovto. EmmAéov, o kabapd UETPLKOC TPOYPOULLOTL-
oudg xivnong eivor evdAmtog OTov LVIEPYEL EAMTNG UNXOVIKOS EAEYYXOC TOV
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GLOTNUOTOG. TIOAAG Hikpd AGOM GTIC KIVIIGELS TOV OLTOVOUOU GUGTHLOTOG
GLGGMPEVUEVQL, UTOPEL VoL TPOKOAEGOLV Uio eVTEADC AavBooIEVT EXTIUN O TNG
6éomng tov[TL92, TK96].

To LELOVEKTHLOTOL OLTE € OVV 0N YT GEL GE GAAEG TPOGEYYIGELS TOL dEV OUTOUL-
ToVV pia oxpPn] Ko AewToUEPT] OVOTUPAGTHOT TOL KOGUOV. XTI TPOGEYYIGELG
QVTEC, TTOV VWOOETOVV TIG apyEg NG Bemplag TG evepyols Ko TEAEOAOYLKNG
6paong (active and purposive vision) [AB87, Alo90, Bal91], diveton mpotepondtnto
OTO, TTLO " OPOKTNPLOTIKE” onpeio Tov TepBAALOVTOG (TOL TPOOVOLPEPBEVTA 0PO-
onuo). Metd Tov eVTOTIGUO TOVG Otd TO QLTOVOUO GUOTNUO, TOL OPOGTILLOL
UTOpPOVV VoL xpnoionotnBovv yio t peimon g ofefordtntog g 6€ong Tov
cvoTuotog [LL94] ko yior TNV TA0YNOT TOL, TOL TALOV YivVETON TOLOTIKE, (TT.X.
6710 opdonuo A otpiye de€1d). Tar INTHUOTO OGTAGO TOV TPOKHITOLY Ol CLVTY|
TV TPOoGEyylon eival TOAAG Kou opopovV TovV TPOTO EMAOYNG TOV KOTHAAN-
AV 0pOCTIL®V, TO 100G TOVE KOl TOVG TPOTOVS OVOLYVMPLOTS OO TO OLLTOVOULO
oVGTNUOL.

1.2.2 ITAofynon ue opéonuo,

Me tov 6po opdéonuo (landmark) evvoovue k@molo 1010iTEPO YOPAKTNPIGTLKS
T0V KOGUOV, TO 0moio, AGYm NG WdotepdTNTAEC TOL Hog divel TN dvvoTdTnTo
VO OVTATIGOLUE TTANPOQOPIEG OYETIKEG UE TOL TPOPAUATO TOV OLVOUPEPOT KOV
noponéve. Avoyvopilovtag éva opOdoMUo, UTOPOVUE VO (PN CLLOTOL|GOVLE
Vv TANpoeopic, €lTe Y10l VO TUNULOTOTOU|GOVIE UEPLKMS TOV KOGUO, €lTe Yo
vo Bonnbovie 6Tov TPOGdopIGUS TNG BEGNC TOL CVTOVOUOV GLOTIIOTOG KO
KOT EMEKTOOT OTOV Tpoypopuationd kivnong. Opdonuo, otnv mepintmon
OV OLOYOAOVUOOTE L€ OMTIKOVG 01GOMNTHpES, Umopovv v elvon pior peydin
TolKIAle, amd onTikG epebionato, OM®S YOPOKTNPLOTIKGE CVTIKEIUEVO, OTAEG
yovieg | akuéc, 11 okOpor Ko eldtkd ovTikeipeva mov €xovv Tomofetndel 610
TePREALOV TOV GLOTIULOTOC GKOTLLLOL, MGTE VO TO fonbcovy 6TV TAOyNo.
I'iveton eovepd Aotmdv, 6TL M EMAOYT TOL KOTEAANAOV 0POCT IOV eV elvor AT
vo0eon[GI96]. Apxetd dVoKOoAO elvon eniong to MPOPANUE TOL EVTOTIGULOV
TV OPOCTIL®V OTLS EIKOVEG TOVL AaBAvovTon HEC® TV OMTIKAV oGO TpwV.
Eivor duvatév va dtoympicovpe Tor omTikd 0pOon oL, OTmg €X0VV ELPOVIOTEL GTN
Biproypapio, otig akOAoVOEg Kot yopleg :

e TIpocyedocuévo opdéonuo (predesigned landmarks). Ztnv npocéyyion ovt
GOV 0pOCTLOL Y PN CLULOTOLOVVTOL TPOKOBOPIGUEVE TpdTLTTOL (patterns) 0TS
bar codes [TK94] 1} dALa. omAd yewpeTpikd oyrfpoto [LL9S, LL94, MA9S].
To tpdTLTE. VTE GYEdLELoVTON €TOL MOTE VO Elvail E0KOAN ovoryvopioa
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Ko va Eexympilovv omd tor vtdAoumo avTikeipevo Tov TepBGALOVTOC.

Ot Taylor et.al.[TK94] ypnoyomotovv cav opdonua bar codes, Tov orote-
AovvTon t0 Kabéva omd mévte kdbeteg Awpideg, mov umopel vo €xouvv éva
ord tpior dStopopetikd ypouato. H avayvapion evog opocripov yiveton
eVKOAQ LE TNV €Y@y TV KAOETOV OKUDV TNG ELKOVOLG KOL TO Y POUNTOL
APMNOYLOTOLOVVTOL YL TOV SO MPLOUO TV SLOPOPETIKAOV OPOCGTILWV. TNV
epyoocio ovty mpoteiveton évog alydpibuog eEepedivnong” tov xmpov,
OOV TOL YVOOTA OPOCTULOL KOL VOGS OGO THPOC VITEPT XV X PN CLLOTOLOV-
vion yior T dnuovpyior evog YpGaPov TOL CVOTOPLETE TOL QOO TOV
nepdArovtoc. O Ypapog auTtdg Uropel va xpnoiporondel otn cuvéyelo
YO TNV TAOT YN O™ TOL OLVTAGVOLOL GLGTHLOITOC.

Ot Lazanas et.al.[LL94] xpnoionolobv oo 0pdonUor oAG oGTPOUOLPL
oxédla, TomobeTnUéva GTNV 0poPry TOL XMPov kivnong Tov oVTGHVOUOL
ocvotiuotog. A&ilel vo onuelwdel 611 Tar opdonua eivor TomobeTnUéVOL
oe O€0ELC YVWOTEG €K TV TPOTEPWV, OTMG YVMOTS elvol Ko TO LOVTEAO
T0V k6opov. I'vootéc eivon emiong Ko o1 BECELS TV OVTIKEWUEVAOV TOV
evOEYETOL VO TOPEUTOSIGOVY TO KVTGVOUO GVGTNUO 6TV KivnoT tov. Me
Béon O6AN cvT TN YVOOM, Ol €PELVNTEG TaPOLOLELoVV €val aAYOPLOUO
nAoNynong mov eivon ovekTiKOg o AGON Kol OTEAELEC TOL UMY OVIKOD
eAEYY OV TOV GLGTHUATOG.

Ot Magge et.al.[MA95] aoyorovvton pe T0 TPOPANLLE TOL EVTOTIGUOV TNG
6€0om¢ TOL VLTOVOUOL GLGTNHUOTOS. [ VO TO OVTILETMOTIGOVY PN GULO-
ooV cov opdonuo pior Geaipo, Tov €xel GYENOOUEVOVE TAV® TNG VO
(k&BeTOVC) KOKAOVE. To péyebog NG TPOoPOANG TNG SPOipOg OTNV ELKOVOL
TOPEYEL TNV OITOGTOOT) Ot TN CEOLPOL, EVA 1) LETATOTLOT) TMV KVKAWVY TTEV®
NG TOPEYEL TOV TPOCOVOUTOMGUS TOL HVTOVOLOL GLGTILOTOC MG TPOG TN
ocpaipa. 'Etot, pe yvoot tn 6€om g ceoipog, 0 KoBoptopds g Béomng
TOVL GLGTHUATOC OTOLTEL LOVO TN AHOT OTAMY YPOUULKDY EELCMOCEWY.

To PBoGlKO HELOVEKTNUOL TOV TOPOTEVE® TPOCEYYIGEMV €lvol TPOPOV®S M
odVVOULD EQUPLOYTS TV GE AYVMGTA TEPLBAALOVTOL.

e Emeyuéva opéonua (selected landmarks). Xe avt tnv mpocéyyion to
opdéonuo emAéyovion Péco omd To TEPIPEAAOV OO TO GYENOOTH] TOV V-
tovopov cvotipoartog [NB8S]. 'Etot 10 cvhotnua Lropel va xpnolomotioet
Yoo TNV TAOTYNOTM OVTIKEUEVH TOL VIAPYOLY 1O GTO X DPO, 0 Omoiog
OUm¢ TpEmel v, elvor YvmwoTog €K TV TPOTEP®V. To KPLTNPLO EMAOYNG TWV
KOTGAANA®V opooiuey elvol kot TéAl 1o Téco “Eeywprotd” (distinctive)
elvo, doTE VoL UTopovV VoL TEPLYPEYoLV TO TEPIREAAOV 1KOVOTOINTIKA.
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Mo mopdderypo, ot Yeh et.al[YK95], and éva koBopiouévo VOO OmTL-
KOV YOPOKTNPLOTIKAYV, ETMAELYOLV éva OpOCTILO €TCL DOTE Vo, €L 6GO TO
duvorTov TEPLGGHTEPEG TOUVOTNTEG VO OVOLYVOPLGTEL KOl TOVTOHYPOVOL VL
vrapyovy Alyeg mBavOTNTEC GVYYXVOMNG TOL UE KETOL0 GAAO XOPOKTNPL-
OTIKG TOL Y®Pov. T'al Vo VITOAOYLGTOVV OTEC Ol TBOVOTNTES, YivovTal
OTOTIOTIKEG LETPT|CELG O TPAYUOUTIKES ELKOVES. XtV OpOGMLO EMAEYETOL TO
XOPOKTNPLOTIKS eKEIVO TOL EALGTOTOLEL TO KPLTHplo TOL Bayes.

e Evbeiec ypoppéc(straight lines). Xav opdonuo umopovv va BewpnBovv
Kot ou evbeleg ypoupés [Sug88, KP92, YK95], ool xvplopyxodv GTovg
E0MTEPLKOVGS Y DPOVES KOl UTOPOVV VOL X PN CLLOTOINBOVV Yo TNV TEPLYPOPT)
0V ePPéArovtoc. H yprion Tmv evbeldlv Ge OPLOUEVES TEPLTTMGELG €XEL
KOAG, OTOTEAEGLOTOL, GE YWMPOLG OTMG SLAOPOLOL 1} Ypoupeio. Aev LTOPOVLLE
OU®C VO, BEOPNCOVUE TNV TPOGEYYLOT QLT KOTHAANAN Y10 YEVIKOTEPOLG
XDPOVG, AOY® TNG €YYEVOUS OLOGPELOG TTOL VTEPYEL OTNV TEPLYPOPY| LE
evbeteg ypopéc.

o TTovopaypikt| droyn(panoramic view). H mpocéyyton ovtr| Baciletol otnyv
OVOTOPEGTOOT) TUVOPOULKTIG GOy G TOV XMPov, ONA. GTINV KpATnom
e Lol WHUN OTTIKNC TANPo@opiog OANG TNG dodpouUnG mTov dovvbnke
Koté TNV eKpuéonon [ZBTI1, Zhe89]. Tov poAo twv opocsiuwy ed® tailovv
OAOKANPOL TUNUOTO OO TNV TOPUndve ovorapdotaon. To owtdvouo
GUOTNUO OE CLVTT] TNV TPOGEYYLOT, X PTCLULOTOLEL YLoL TNV TAOT YN O™ KATOLES
GUVOMKEG OMOYELG Y OPOKTNPLOTIKAOV” TUNUAT®V TNG dtodpouns, ko oyt
EMUEPOVS OVTIKEIUEVD OGS GTLS TPOTYOVUEVES TPOCEYYIGELS.

1.2.3 Xvunepbonorto

Ané to mopombve yiveton eovepd 6Tt To TPSPANUO TNG CLTGHVOUNG TAOTYNONG
€xel AVTLETOMIOOE] OTOGTOCULOTIKE, KOl O EPEVLVTTEC TOL €Y0VV G OANOEL e
oTO €YoV KAVEL TOAAEG TOPOLBOYES Yo VoL oTnpi&ouy TNV Tpootdbela Tovg. O
Adyog elvon ) peydAn duokoAio TOL TOPOVGLALEL TO EMLYEIPMLOL VOL OTTOOWGOVLLE
Ge €vol UNYOVIKG GUGTNUO TPOYUOTIKEG TKOVOTNTEG OVTIANYNG TOL XDPOL Ko
ANYMG OmOPAGEMVY Yo TNV TAOYNOoN UEGH G OLVTOV.

Mio cuy v Topodoxn elvon 1) €K TV TPOTEPWV YVAGCT) TOL X MPOV KIvNnong TOL
QLTOVOLOV GLGTNLOTOC. AVTH M TopodoyN) Teplopilel cneONTE TIC SLVOTOTNTEG
YPNOWOTOINoNE TOV OVTIGTOLY MV OLTOVOU®MY GUGTNUETWV LOVO GE TEPLBAALO-
vio enokplog Yvmotd kon Oyl oe mepPdArovia dyvwoto 1 LETOPOAASUEVOL.
Emniong, ot avtictolyol aAdydépibuol tpoypoppotiopnot kivnong etvon xpovoPo-
POl KOl UTOPEL VO, TOPOVGLAGOVY TPOPALOTO GTOV VITEPYEL OLTEATIG UNYOVIKOG
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éLeyy oG ToV GLOTNUOTOG. OAa orvT& delyvouv 0Tt M akpLPrig avomapdGTHoN
0V MePIPdArovTog amotelel piow mpocogyyion e pelovektiuoto. Eivon emiong
uio Tpocéyylon un peoAotiky|, oot Bo amontoHoe omd TO CVTOVOUO GUGTILOL
e€eArylévec ikavotnteg ovTiAnymg mov ivon moAh 8HGKOAO Vo emTELYHOVY GTNV
TpGEN.

Ot mo eAmdoopeg mpoondbeleg elvor avTég TOL GTOXEVLOLVY LWHALOV GE Lo
TTOLOTLAT) TEPLYPOUPY] TOL XMDPOV, KL I} XPHION TOV OPOCTIUL®V GOV LEGOV Y10l ULOL
tétola Teplypaen €xel eovel 6t vooyeTol TOAAG. TTapopével SUmg ovoryTd TO
TPSPANUO TOL KOBOPIGUOD TOV €160VE TWV OPOCTILOV KUOMG KoL TNG EVPECNG
LKOWVOTIOINTIK®V TEXVIKOV avaryvapiong Tous. Etvon eovepd 6t ov 0 TeAlkdg oG
o6t0Y0¢ elvor évor unyovikd cvotnuo 1kove yloo kivnomn péco e TOAVTAOKOL
Kot duvoptkd petoforAduevor mepBEALOvTO, M XPNON TPOCKESOCUEVDV T
emMAEYUEVOV OpOCT|L®V dev apKel, oupo¥ meplopilel Ty xp1oN TOL GLGTHLOTOG
O€ GLYKEKPLUEVOLC Y WPOVGS EPYOCLOG.
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Mé€Booo¢ mAoyNoNG LE xphHioNn
OMTLK OV 0pOCTHILMV

2.1 Ewcoyoyn

>tnv epyocio avti Tpoteivoupe Lo Tpoceyyion 61o TpSBANUOL TNG OLTOVOUNG
OTLTIKN G TAONYNONG GE ECMTEPIKOVS X DPOVG UE XPTIOT ONTIK®V opooTjuwv. H
TPOGEYYION LOG eEVTAGGETOL OTN Bewpia TNG EVEPYOVS KOl TEAEOAOYLKTG OPOOTG
[AB87, Alo90], cvpewvo pe Tnv omoia ot dodikocieg dpoong mov dobétel Eval
GUOTNUO EIVOL TPOCOVOTOAMGCUEVEG GTNV EMITEVLEN GLYKEKPIUEVAOV OTOHYWV.

Yto. mhodola TG Bemplog avTig, B amo@VYoLLE TNV TPOSTAOELN ETaKPLBOVG
OVOTTOLPAGTOON G TNG YEMUETPIKNG SOUTC TOV TEPIPEHALOVTOC, TOPOKEUTTOVTOG
TOL TPOPANUOTA TOL QLT GUVERAYETOL. XINV TPOGEYYION UOG, M TEPLYPOPT|
10V TEPPAAAOVTOG Elval €vog GLVOIVOIGLOG LG TTOLOTLXNG TEPLYPOLPTIG TNG OOUNC
TOV YMPOL KO TMV 0QOOTUM®V TOV VIEPYXOVV GE 0WTOV. ME ToV OpO "TOLOTIKY|
TEPLYPOAPT] TOL YWPOL”, VvvoOoUUEe Ui SloydpLon ToL Ge TEPLOYES e SLoupope-
TIKY| TOLOTIKY TAnpogopio (toiyol, métmuce, opoer)). H mAnpogopia owtr| Oa
XPNOWOTONOel YL TOV KHAVTEPO EVTOTUIGUS TOUVHOV BEGEWY TWV OPOGT|LWV.

To {6l Tor opdonuoe dev eivarl mpoemAeyuévo 1 tpokobopiopéva. TIpoomo-
0dVTOC vou Slotnpricovpe TV eveM&io TOL GLGTHUNTOG KO TNV 1KOVOTNTO
Kkivnong tov péoa oe Gyvoota neptfdAlovto, tpoteivoupe pio wébodo eotiaong
g mpoooxns (focus of attention) oe mpoéyovta (salient) onueio tng ewkdvac. I'Y
ovTé T0 AGYO vioBeToVUE TNV évvola Tov saliency map[CF93], dmov ue xprion
Stbpopwv kprnpiov evtomilovpe 0TV ELKOVOL TOL TTLO Y OPOKTNPLOTIKE” onUeic.
Sto onpeion avtd yiveton emAektikn eneepyoacio otn cuvéyelo. Me tov Tpdmo
oVTSO OLPTVOLUE GTO CVTOGVOUO GUOTNUO TNV ETLAOYH T®V OPOCTIL®V, dvovTog
TOL TNV eVYEPELD VO TPOocapUdleton o€ dALYEC GTO TEPIBAALOV TOV.

17
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H pébodog mloriynomng mov mpoteiveton mepthopfével 0o 6tédia, Tov KEvouy
XPNOMN TNG TOLOTIKN G TEPLYPUPNG TOV XMDPOV KO TNG EMAOYNG OPOCTILWVY : TO
0T6O10 TNG KON ONG KO TO GTAL0 TNG TAONYNONG.

1. otd 10 67610 TG EKUEOMONG, TO LTEVOLO VTN eEBryEL TAT pOPOpPiEG

o6 1o mepdAlov. Eotidllovtoc TNV Tpocoy1| TOL 6T TPoEYovTa. onueia
Mg elkovag, evtonilel onueior 6mov pmopel vor vdpyel €vor VIOYNELO
opéonuo. Me mepoutépm emeEepyocio oLTOV TV onueimv, KoOdg Kot
™ xpNon NS TEPLYPUENS TNG SOUNG TOL XMPOL TOL TPOOVOPEPONKE,
OTTOGTATON £VOL KOUUETL Otd TNV e1KGVOL IOV YopokTnpileton ooy opdonuo.
Ta opédonuor mov evtonilovtonr pe ovTd ToV TPOTO OIobNKeEVOVIOL GTN
uvnun, poli pe mAnpogopieg ylow Tn GYETIKY] TOLG Bé0M OTO YWpo. Me
ToV TPOTO aVTO TTParypoTonoteiton 1 dnuovpyior evOg TOmoAOYLKOH YAPTN
TOV YWPOVL KOl M OVTLOTO{YIoN TV 0pOCHU®V TTAVE® 6 owTtdv. Me 1N
Bonribelor evog dackdhov, mov emPAénel TN Sodikocio Tng eKpuGOmong,
umopel vou yiver Ko ovTiotoiylon Tmv opoc|u®y Ue onuavtixy (semantic)
nAnpoopic yior T Béom Tovg 6TO XDPOo (TM.Y. TO opdonuo A PBploketon
uéoo 6to epyaoTriplo). 'ETol o1 eVTOAEG TAONYyNoNG Unopovv va, divovtol
LLE EVKOAGTEPO KO COPEGTEPO TPOTO.

2. 310 6TAEAL0 TNG TAONYNONG, TPOYUOTOTOLOVVTOL O KAOE elkévar ol 1dteg
epYooieg TOLOTIKTG OWVOTAPAGTOCTG TOL Y MPOV KO €6TIOLONG TNG TPOGO-
NG, OTMG KL GTNV EMAOYT| T®V OPOSTILAOV KT TO 6TAS0 TNG eKUEONoNG,.
Meté v eEarywyn TOL 0OPOCTILOV, TO QVTOVOUO GVGTNUN TPOGTOOEL VoL TO
avayvwpioel, Guykpivovtog To [e To 10m amodnkevpévo opdonuo. Evoeyo-
uevn tavtion (matching), emtpénel 6To GUGTNUO VOL EVTOTIIGEL TN BEGT TOL
GTO (MPO, KoL Vo KLvn Oet.

Tow 300 oTddlar dev elvon eviedmg aveEdptnto. OewpnTikd, M dodikacio
¢ ekudOnong Bo mporypotoronOel wévo pior @opd, Ko ot TAnpogopieg mov
6o amoBNKeEVTOVV Bl XPNOLOTOLOVVTOL KEOBE POPE TOL TO VTOVOUO GVGTTLOL
exteAel pia evtoAr] mlofiynong (navigation task). Av Spw¢ Kortd tn didpKelo g
TAON YNNG GLVOVTNOel Evo Katvouplo 0pOGTLO, TO CLLTOVOIO GVGTN L LITOPEl VoL
EMOTPEYELGTO GTAAO TNECEKUAONONG KO VoL OtOON KEVGEL TO KOVOHPLO OpOGTLO
oTN UVNUN Tov. Me Tov TpOmo owTd, To cVoeTNUA Uopel vo, TpocopudleTon oe
KovoUpLo ded0UEVOL Ko AAAXYEC TOV TTEPIBAALOVTOG,.

INUoVTIKG pOA0 GTNV TPOGEYYLoT HOG EMOUEE KoL 1) ELCOY®YT TS SLAGTOONG
TOV XPOVOL GTIG TOPOTEV® UeBddovs. E@dcov m mAoriynon Tov owTtédvopov
GULOTNUOTOG YIVETOL LE XPTIOT OTTIKNG TANPOoYopiac, Tor dedoUéVa TOV Bal elvor
uio okorlovdio elkdvmv Ko Umopovue Vo omonticovue "oopfotdtnto’” neto&v
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XPOVIKE SLodoIK®V e1KOVV (Teptuévoupe .. évo opdonuo va Bpioketon oe
YeELTOVIKY] Béom ko vo €xel TOPOUOLOL YOPOKTNPLOTIKE Ge dV0 JLHdOYIKES €1-
KOVEC). Me Tov TPOTO VTGO UELDVETOL TO VTOAOYLOTIKO KOGTOG TNG UeBHO0vL,
0POV UTOPOVUE VO EGTLCOVUE TNV TPOCOYN LOG GE TEPLOXES TNG ELKOVOLS OOV
AVOUEVOUUE TOV EVTOTLGUS EVOG OPOCTILLOV KO VO LELWGOVILE TOVG GYETIKOVE VTTO-
Aoyiopove. EmmAéov, 1o omoTeAECILOTO TOV TPOKVITTOLY OTOKTOVV UEYOADTEPT
o&lomiotion GTo CLULE®VOVV LE QVTE TWV TPONYOVUEVMV ELKOVM®V.

IStaitepn Popvtnto €xel dwbel o OPLOUEVOL EMUEPOVS TUNLOTOL TNG LEBGSOV
7oL B0 TEPLYPAPOVV OVOAVTIKE ToparkGT®. 'Evo omd ovtd eivon o cuykepocidg
TOV SLEQOPWV TEXVIKADV eMeEepyociog KOV TOL XPTNGULOTOLOVVTHL, Y10l TOV
TPOGAVATOAMGUO TOVS 6TO JKS oG oTd)0. MeydAn onuacio dwonke Ko 6tnv
TOLOTLKT] TUNUOTOTOINGT TOL X MPOL, OO TNV OTOI0 TPOKVTTOVY TOAAEG OO
VILKEC Kou omapoitnteg mAnpogopiec. Idtaitepn npocoyn BéPona amodwbnke ko
otV e€aymyT| KoL ovoryvaiplom TV OpOGTLaV.

2.2 TMopoooyéc

¥10 TUNUOL VTO TOPOLGLALOVTOL Ko 0VOADOVTOL Ol TOPOSOYES TOV €XOVV
yivel 6T0 oedlocUd KoL TNV DAOTOINGT TNG TPOTEVOUEVNC LEBBGSOV.

"Exel Non ovopepBel n mopodoyn g kivnong touv cuTéVoUoL GLOTHIATOG
e ECMTEPLKOVE X DPOLS. Mio emmAéov mpoLTEOeoT OYETIKA LE TOVG YDPOLG
kivnong elvon vow aroteAovvton omd opboywvio ToporinAeninedo (oxquo 2.1).
H npodmdOecn orvTr| 1KOVOToleliTon otd TNV TAELOYN Lol TV ECMTEPLKMV Y DPWV,
Ommg dmudTior 1 Stddpopot.

AVTOVOLO GLUOTNLOL Emnedo mpoBoing

Syquo 2.1: Xopog kivnong

O AO6yog Yoo outh v omodtnon eivor M duvotdtTnTor €0KOANG e&orymync
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TOLOTLK®V TANPOPOPLAV YO TO YMPO. XTO GYNUA 2.2 QOIVETOL 1 OLVOUEVOUEVT
oyn Tov YWPOoL Ond TO CWTOVOUO GVGTNUE, OV KEVOLUE TNV VroBeon 6Tl O
XOpog amoteleiton amd opBoydvier moporAnAeninedo. BAémouvue dti €yovue
™ duvaTOHTNTO VoL XWPIGOLUE TNV €1KOVOL O KOTAAANAEC TEPLOYEC, TOLOTIKEL
StopopeTikég HeTaEy Tovg. O oy PR aVTOG Ol EMTPEYEL GTO QLLTOVOLLO
cVOTNUO VO EVTOTILEL 0OpOOTLOL TTEVTOL GTLC TEPLOYEG TOL BEAOV|LE.

Opopn —— | >
Emunedo

npoPoing

N
Touyot —

TMotouo \ >

Syfuo 2.2: Avopevouevn oym

Ané ovtd T0 oYU yiveton @ovepd OtL 0 dtopeptodg Tov ywpov PBocileton
otmv eEoyoyn Tov Bacikdv okudv mov oxnuotifovv ol toixol Le Ty opooi,
10 TéTOUO Kot LETaED TouG. Amouteiton Aomdy KAmolor Sla@opd eMTELVOTNTOG
ueto&v Toug ddote N earywyn vt va eivort duvortn. Etvor Aoyikd vo vofécoupe
OTL VTN M JLPOPEL VTLaPYEL, €lte AGY® SLOPOPETIKOV YPWOUATIGUOD, €iTe AdY®
TOV SLHPOPETIKOV TPOCGOVOTOAIGULOD TOV MMESWY. ONOCGIMMTOTE M “gvoncON-
cila” ToV VTOVOLOL CUGTHUOTOG GTLS JLOLPOPES PMTELVOTHTMOV elvon €DKOAO VoL
TPOGUPUOCTEL OTO TPOLYUOTIKE OESOUEVAL.

 nuelo Emnedo
Stadpomg mpoPoAng

Syipo 2.3: Enueio dStopuynig

H mpobmdOeomn tng kabetdtntog Hetald Tov emmédnv mov oynuoatilovv 1o
xdpo eyyvditon TV VIopEN ToL onueiov daguyns (vanishing point). To onueio
Stapuyng etvar to onpeio 6mov GuyKAivouy OAeg ol Bootkég oKIEG TV TOlY®V
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ue tnv opo@r| xou 1o Tt (oxiuoa 2.3). H ebpeon tov eivor amapodtnn, a@ov
TopExel EUUECH TOAAEG TANPOPOPIES Y10 TOL TPLGOEOTOTOL Y OPOKTNPLOTIKE TOV
XDPOL (Kupimg To PEOOC).

Mio mopodoyny eitvor 11 n €i60d0¢ 610 GvoTNUe B elvon piow ockoAovbio amd
SLodoy1Kég 6T XPOVO ELKOVEG, TOL Bl SLopépouvv Alyo peta&h toug. To cvtévoo
cVOTNUO B0 UTOPET £TGL VOL Y PN GUYLOTOITGEL TNV TANPOPOPIOL LLOG ELKOVOLS Y10, VO
ndpel evkoAdtepa o a1OmIoTO OmoTeEAEGLOTOL ot TNV enduevn. H mopodoyi
ot dev elvor mEPLOPLOTIKY], POV OMAMS PEATIAOVEL TOL AMOTEAEGULOTOL TTOV
noipvouue. H uébodog elvor 1oVt vow AELTOVPYTGEL KO GTNV TEPITTMOT TOV deV
VILEPYOVV TPONYOVUEVOL OTTOTEAEGLLOTCL, OTIMG GTNV EKKIVIIOT) TOV GLOTNIOTOC, T
oTNV MEPITTMOT IOV M XPTOMN TWV TPONYOVUEVOV OTTOTEAECUAETOV OMOTVYEL (TT.).
oV 01 SLadoyLKEG E1KOVEG "oy ouv” TOAH LeTaSD TOVE).

Télog, uio mpooaviic mopadoyr| eivon n Ymapén opocinwy 6to mePIREAAOV
Kivnong tov owtévouov cuotiuatog. H Ymopén dnAodn meplox®v 1§ ovIiKel-
WEvav 6To Y dpo mov va Eexmpilovy Kol vor UTopohV va xpNnoLorotnfoby cov
uéoo meprypaeric xon deikteg mAonynong. Eivon ko €30 Aoyl va Bewpricovpe
OTL TéToloL aVTLKEIEVOL VITAPYOLVY. AEV TEPUEVOUUE AAAWOTE OtG TO CLLTOVOUO
cvotnuo vou umopel vor kivnBel péoor oe éva, evieAm oLoldpop@o TepBAAAOY,
OOV KOO Ko €vag AvBpwnog oL UTOPOVGE VO XAOEL TOV TTPOGHVOATOAGIO TOV.

2.3 Teviknf emokonnomn g 1edooov

Me T1g Topodoyés QUTEC, UTOPOVLUE VO TPOYWPT)GOVLE GTNV TEPLYPUPT TNG
uebddov. Tar kOpLa onueia TG eaivovion 6to Gyiua 2.4.

Onwg avoeépnke, n néBodog meptlapfdver dvo Booikd oTddio : TNV K-
uédnon kol v mAonynon. Booikd tufjuoto kot Tov 000 eivol M ToloTIK
TUNUOTOTOINOT TOL YWPOL Kol M eEaywyn TwV 0poGhUwv. Me Tov épo Tolo-
TIKY] TUNUOITOTOINGON Y WPOL CVUPEPOUAOTE GTOV IO MPLOUS TNG EIKOGVOG OTLG
TePLOYEC OV avaeéponKoy Topomdve (oyxfiuo 2.2) Kou v eEaymyr GAAwv
TANPOPOPLAOV Y10 TO X®MPO (onueio dtopuyng). OAeg avtég oL TANpoopieg xpn-
GULOTOLOVVTOL YO TNV €EAYWYT] TOV OPOCT|LMOV, TOL TPOYUATOTOLEITOL e TNV
eotioon TG TPocoYNS o€ MPOEXOVTIOL OMNUEIOL OE GLUYKEKPULEVES TTEPLOYXES TNG
ewdvoc.

310 6TEO0 TNG eKUEONONG, Tor eEorydeva opooNUO, KOODG Ko GAAEG TAN-
pogopiec mov oyetiovion pe ovTd, amobnkevovion ce pioce Mviun OnTiknig
IIAnpooopiog (MOII), ue anotéhecuo tn dnurovpyic evog TOmoAOYLKoH X&pTN
TOV XMPOV. XTO OTASL0 TNG TAONYNONG, TO VTOHVOUO GVOTNUO TPOCTAOEl va
ovoyvopicel kébe opdonuo mov cuvovtd, ovolntwvtog 1o otn MOIL Evoe-
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ekpoonon
3 TunpotoTonon : ,,,,,,,,,,,,,,,,,,,,,,
3 LOPOV AcoKOAOG 3 1 :
1 L MoOIl !
i - |
! I[IpocBeom b |
: ECoyom b ‘
| 0pPOGTLOV : | TomoAOYKOG :
| 0pOGNHOV ot MOIT o XOPTNG 1
TAONYNON
| Tunuotonomon | : |
| xopov | | | |
| ' ' |
| ESoryom Avoyvopion Evtoln 3
! OpOCT|LLOV 0pOGTUOV Kvnong |

Syfuo 2.4: TTAo1ynom Ue xp1on ONTIK®Y OPOCT LMV

YOUEVT ovOryvmpLoT, He T BorBeler Tov TOTOAOYLKOV Y GPTT, TOV EMTPEMEL VL
KoBopioel Tnv xivnor tov.
1 GuVExELD B0 TOPOVGLAGOVLE TOL TAPOTAV® GTAINO OVOAVTIKE.

2.4 Tlorvotikn Tunuotonoinomn y®pov

Me tov 6po TOLOTIKY TUNUOTOTOINoN Y dPov evvoovue TNV eregepyocio TG
ELKOVOC Y10 VOL TAPOVUE KATTOL0 OMOTEAEGLOL GOV TOV GYfLartog 2.2. Ot wAnpo-
eopieg mov BéAove vo avTAricovpe teplopilovTal 6To doywpioud Tmv Kupimv
HePOV TNG eKOVOG. O AdYog Tov OEAOVLLE TO Lo WPLOUO TNG EIKGVOG GE TUTLOTO,
elvon N KotdAANAN emAoyn Tov onueiwv mov Bor avalnTCOVUE T OPOCTILOL.
OEAOVE T.Y. VO OTTOQVYOLLE TNV EMAOYT] OPOCT|L®V GTNV 0pOQH, Y1oTl TOL PMOTOL
etvon GAAOTE ovolyTé Ko GALOTE KAELGTA KoL dev Bo Ty oELomioTa Gov 0pd-
onuo. Ot Teploy€g mov eMALYOVTOL Yo TNV avaliTnon opocinwv teplopilovton
GTOVG TOlY0VG, OToL Kou elvon o mBovS vor Bpebovv avtikeilevo KoTtEAANAQL
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YL OpOGT L.

ATé TNV Sty dpion TG ELKGVOG TPOKVTTOLY Ko GAAEC TANPOPOpieS, OTMS TO
onueio dlaPLyNE, TOL CVOPEPOVTOL OE UETPLKEG GYETELS TOV X DPOov. Ot TANpO-
eopieg LTEC BaL XPNOLOTOINMOOVY GTN CLVEYXELD GTNV EEQYWOYT TV OPOCTILMV.

O 1tpdémo¢ Ue ToV 0mol0 TPAYUOTOTOLEITONL QLT M TOLOTIKY] TUNUOLTOTOINGoN
TopovcLéleTon 6TO GYHUA 2.5.

AvVOoLKN Emtoyng; NAI

TUNWL. ELKOVOG

OXI

TIponyovueva
OTTOTEAEGLLOTOL,

Ewova

OXI

TyedtorypopLol
ZTOTLKN &

TUNLL. ELKOVOLG

ONUELO SLopLyNg

Syfuo 2.5: Tunuotonoinon xwpov

H tunuortonoinon tov yopov propet vo tporyportonotn et pe 80o tpdmovg, ~dv-

2,99 A 2,99

VOULKA” 1 "OTOTIKO

299 299

. Me toug 6povg "duvoptkny” Kol oTotik” TUNotonoinon
€VVOOUUE TN yp1on 1N Ol TOV KTOTEAEGUATOV TOV THPOLE OO TNV TPOTYOVUEVT
etkova, oTn xpovikn okoAovBia. Onwg €xel 10N avaeepBel, N GTOTIKY TUNLO-
tormoinom elval duvorth 6e OAeG TIC elKOVEC, eVA 1 SLVOULKT] TUNUOTOTTOINGM
ToPOVGLALEL LELWUEVO VTTOAOYLGTIKG KOGTOC. Ot 800 duvatdtnteg mopovctdlo-
VIO OVOAVTIKGE TOPOKAT®. 0t GTLG OV0 TEPLTTMGELS Y PT|CLULOTOLOVVTON OTAEG
ey VIKEG eneepyaciog etkovog,

2.4.1 XroTiki TUNULOTONoin o™ Y ®pov

311 CUYKEKPLUEVT LEBOSO TUNUOTOTOINGN G X MPOL EEKIVALLE X PTG KOS TTAN -
poopio ylor TI¢ evdeyOueveg Béoelg Tov Pootk®v aku®y Tov ovolntovue. H
1éBodog amotedeiton omd pio akolovdio TexViKdV eneEepyasiog Tng ELKOVOG :

1. Tiveton e€oyoyq Tov okpudv omd Ty eikévo (edge detection), xpnoiuo-
TOLWVTOG TO GIATPO TOL Sobel.

2. Axolovbei n Aéntovon (thinning) TV oKUOY TOL TPOEKLYALV.
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3. ApoupovvTon ol WKPES AKUES, TTOV CVTLOTOLYOVV GE UIKPATEPOL, OLOTILOVTOL
o€ oTO TO OTALO OVTIKEIUEVOL.

4. Epopuoleton o omrh6g petooynuotiocpos Hough (simple Hough transform)
Y10 TOV EVIOTLOUO EVOELDV YPOUUDY GTNV ELKOVOL.

5. Xto amoteAéopota. TOL TOUPVOUUE EQOPUOLETON O EMOVOANTTIKOC WETOL-
oxnuotiondéc Hough (adaptive Hough transform) yioo koAOtepo omotelé-
GLOTOL.

6. To aroteAéopoto (evbeieg) mov mpokvHITOLY cLuvdLELovTon Yo TNV eEot-
YOV TOL TEMKOU OMOTEAEGUATOG.

2.4.2  Avvouiki TUNROTONoin o X ®pov

Me N péB0d0 SLVOULKTC TUNUOTOTOINGONG X DPOL GTOYEVOLIE GTN XPTNON TOV
OTTOTEAECULATOV TNG OUECMG TPOTYOVUEVN G EIKOVOS. YTOOETOVTOG OTL TO OLVTO-
VOUO GUOTNUO OeV €xEl LETAKIVNOEL ONUOVTIKG HETOED TWV XPOVIK®OV GTIYLDV
KoTé TG omoieg A O Koy o1 VO ELKOVES, UTOPOVLLE VOL TEPLOPIGOVIE GOV TIKEL,
o Tuiportor TG devtepng elkévog ota omolor B avalntricovue Ti¢ Pacikég
OKUES. XTO oYU 2.6-0,, BAETOVUE TO OUTOTEAEGLLOL TNG TUNULOTOTOINGNG X MPOL
MG TPWING ELKOVOS, KOl 6TO GYNUA 2.6-B TO -Oxl KOUOL YV®OTO- TOTEAEGULOL
NG TUNHOTOToinoNg Tng devtepng.

And 0 oxfuo oxuo 2.6-y, yiveton eovepd 4Tl UTOPOVIE VO TEPLOPLOTOVILE GE
TURULOTOL TNG ELKOVOC TTOL BpickovTon KovTd oTig Pactkég akiég Tov YVwpi{ovpe.
AVOAVLTIKG 1| TPpOcEyyIon €xel wg eENG :

1. Apyiké opilouvue pior meploy” mOL Vo TEPIKAElEL TNV akU TNG TPOING
etkovag, e TNV eAntida 6T M Teploy 1) owtn Ba meptkAeiel Tnv 1St ok Ko
ot devtepn etkéva (GxMua 2.6-y).

2. Xt ovvéyelo taipvouue TNV nopdymyo oe k&be onueio (pixel) tng nepto-
NG auTig otn devtepn etkdéva. H mopoywylon yiveton oe KotevbBuvon
KGOETN 6NV OKUN TNG TPOTNG EKOVOG (GYUa 2.6-Y), Yiow KOADOTEPOL OUTO-
TEMEGUOTO, YPNOULOTOLWVTOC VIO-CTUELO KOG VITOAOY1oU0VG (sub-pixel
computations). To arotélecuo eivon évor GHvoro omd onpeio (oyiua 2.6-9)

3. Xe avtd ta onueio tpocopudleton piow evBeio, mov eivol Ko to TEAMKS
OTOTEAECUOL YIOL TNV OKUT] otn devtepn eikéva. Tor 0 okomd ovtd
vAomomOnke pio wopoAioyny Tov Yvootov odyopibuov Least Median of
Squares.
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o) In elkova B) 21 euxovo

Kagevbuvon
TOPOYWYLONG

v

y) In &2n ewcovor 8) Xapagn ypouung
TUNMOL TOPOYYLoNG

Syfuo 2.6: Xpriom nponyoUreEVN G ELKOVOS

H dwxdikocio emovolopBdveton yior 6Aeg T1¢ Pacikég akuéc TG elkOvVoG.
Ot oxuég mov Bpiokovtonr kou méAt cuvdvdlovtol Yoo vo. dOGoLV To TEMKO
OTOTEALECLLOL.

2.4.3 'Eleyyoc emtoyiog

To amotéAecuo KoL TV 000 TPOT®V TOLOTIKNG TUNUaToToinong wropet vou eivon
AovBoopévo. H duvopkn tunuoatoroinon wropel vo omotoyet, e6v ot Stodoytkég
ELKOVEG SLa@éPouV opkeTd LeTaS Toug Kot ot akpég Tov {ntovpe dev Bpiokovton
OTLG TEPLoYEG Mo TIg owvallntovpe. H amotvyion ovvt umopel vor yivel ovTiAnmtn
eAéyyovtog To TANB0C Twv onuelwv Tov TPoEKLYOV Ord TNV TOPUYMYLON :
ToAD WKpdg opBudg onueiov onuoivel 6Tl omoTOYOUE VOL EVTOTIGOVUE TNV
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oxun. H ototkn tunuotoroinon 6o uropovce eniong vor amoTtO)EL, oV GTNV
elKOva, VITAPYOLY TOAAEG OKUEG OV B0 UTOPOVOOV VO, TOPOTAOVI|IGOVY TOV
uetaoynuaticnd Hough. Xov xpirtriplo emtuyiog kot yior Tovg 800 TPOTOUS
Tunpatoroinong umopel va ypnoorondel n cvykplon Ue ToL OTOTEAEGLLOTOL
NG TPOMYOUVUEVN GTN XPOVIKT] okoAovBia e1KGVOS, e TNV onoiol TEPUEVOLLLE
ukpéc dtopopég oty TeMKN Tunuatoroinon (.. otnv kAion Kou to Héyebog
TOV OKULAOV).

2.5 Opoonuo

To opdonuo €govv BepeM®dn onuocio 6TNY TPOGEYYIoN LOG. ATOTEAOVV TN
Béiom, 1660 Yo TNV TEPLYPOLPT| TNG TOTOAOYLKNG OOUT|C TOV TEPREALOVTOC, GO
Ko yior TNy dtodikocio Tng mAonynons. H cwotdg KaBoplopds Toug ETOUEVAC,
Ommg ko M dlayeiplon Ko xpromn Toug, AmoTeA0VV Vol CNUOVTIKSG KOUUETL TNG
ueddd0vL.

Aloxpivoupe 800 Baoikég Aettovpyieg oyetikég Le T opdonuo. H mpdn etvon
n egoyoyn Toug and TG ekdveg mov AoUPAEVEL TO CVTGVOUO CUGTNUOL KOTE
T0 0TAOL0 TNG ekUdONoNG. T'lol TOV EVTIOMIGUS KO TNV €MAOYT TOV OPOCTILOV
npoteiveton n yprion Tov saliency map, wov ovoAveTon 6T cuveyelo. H devtepn
Aertovpyior elvor n ovoryvodpilor, TOL TPOYLOTOTOLEITOL KOt TO GTEd0 TNG

TAoTynong.
2.5.1 E&oyoyn opoofjuonv

H Swodikoocion Tov evtomopoy un mpooyedlocUévmy opooLay, ormontel éva
Tpémo eotioong otor uépm exelva TG elkdvog mov elvor duvaTév vor TEPLEYOLV
OVTIKEILEVO TOV UTOPOVV VO, YpMNGLOTOIN B0V cov opdonue. Me dAlo Aoy,
xpealOpooTe Evor LETPO TOV KATA TOGO vl TUTLLOL TG ELKOVOG SLOUPEPEL OPKETHL
ord T VIOAOITO, MOTE Vo UTopel var xpnowonomBel cov opéonuo. Etnv
TPOGEYYIoN LOG, TO HETPO ouTH VAoToLeiTton e To saliency map, évo x&ptn TG
ELKOVOLG, OOV 01 TEPLOYEG TNG ELKOVOG ToL “Egx mpilovv” éxouv ueyoAvTEPT TIUT.
O yG&ptNg owtdég VToAoyileton oe Kébe onueio TG elkOvaC, MG Evol GTABUGUEVO
GOpOLoUO KATAAANAWY GUVOPTHCEWY f;, TOL EKEPALOVV e TOGOTIKS TPOTO TNV
AVOUOLOYEVELD, TNG ELKOVOC GTNV TEPLO) T ToL onueiov. 'Etot, n Ty Tov saliency
map o€ Koo onueio p eivon

SM =3~ wifi(p) 2.1)

6mov w; 10 Pépog Tng cuvaptnong f; oto teMKd dBpotocuc. Ot GuVoPTY-
GE1g oL ypnoponotcape eivon pion GuvaptTnom cuoyeticems (G€ VO LOPPES),
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N eviponior TG eikévoe, Uo ocvvéptnon xatweiiov onueiwv(pixel threshold)
Kou pior ovvéptnon mov Uetpd ™ Stopopd LeTOED dlodoylk®dv elkdvov. Ot
GUVOPTHOELS QLTEC TEPLYPAPOVTOL OLVOAVTIKA GTO KEPHAOLO 3.

o TOV EVTOTIOUS TV TEPLOY MV TNG EKOVOC OOV B0 WEEOLULE YioL OpOCTLLOL,
YPNOYLOTOLOVUE TO OMOTEAEGUOL TNG TUNUOATOTOINONG TOL XMPOL TNG ELKOVOG.
AvTd mov KAvouue elvor vou eAEyxove LOVO TOL LEPT) EKELVA TNG ELKOVOLC TTOV
OLVTLGTOLYOVV GTOVG TOLX0VGE, 0lpoV BEAOVIE LGVO TaL ovTIKEILEVA TTOL B0t BpeBovv
exel va eEunnpeTiicouy cov 0pdo L.

MeTé TOV EVTOTLOUO TV TEPLOY DV TNG ELKOVOG TOL TOPOVGLALOVV EVILOPEPOV,
eAéyyoupe To saliency map otig ideg meployég, Yoy vovTog yiow onpeio pe peydan
T, Tiveton emAoyn tov onueimv pe tig k peyodvtepeg Tég (6mov k évog
OXETIKA LIKPOG optOUC). 'l vor oo PoiciGovE EGV O TIEG OVTEG CLVTLOTOLYOVV
TPAYLOTL OE €VOL OVTIKEIEVO, TOHPVOLLLE TO OMUElO Pe TN UEYOADTEPT TIUT| Ko
eKTEAOVILE TOL KOAOLOO. PriuaTor

1. Metpdipe Tov oplOpd Tmv dALov onueiwv pe peydieg Tyég mov Ppickovion
ZapKETE KOVIA” Yo vou elvon LEPOG eVOEXOUEVOD CVTLKELLEVOU.

2. Av 0 apBudg avtdg dev elvor 1KOVOTONTIKGG, omoppinTtovpe To onueio
Ko emovoAopévoope amd Ty apyr. O Adyog yiow ovtd elvon dtL mepiué-
vouue amd évo ovTikeipevo mov Egywpilel amd tov dpeco nepiyvpd Tov vo
GLYKEVTPAOVEL TOALG 0l Tor onpeio: Le TIC LEYOADTEPES TILEG,

3. Av 0 op1Budc avtdg elvor tkavomontikds, anogacilovpe 6t Tar onueio
OVTA TPAYLOTL OVTIGTOLYOVV GE KETOL0 OVTIKEIUEVO.

4. T vo evtonicovpe évo onpeio Tov vo BpickeTon evIOg TOV OVTIKEUEVOU,
noipvouue T0 k€vTpo PEpoug SA®V VTV TV G UEiwV.

Me ogetnpio ocvtd 10 onueio, évog oAyoplOpog avEnons meptoyns (region
growing), VoA Bével vo evTomicel TO TUNUOL EKETVO TNG ELKOVOC TOV KOTOAOL-
Béver To avTikeipevo. To KOUUETL TOV KMOCTATOL o) TNV ELKOVOL otoOmn KevETON
oTn Unun. Avtd 1o KOUUATL €ivort Kot To 0OmTiKe opdoMLo Tov B X PN CLLOTOIN-
Oel Kotd ™ didpkelo Tng TAonynong. Mali pe tnv etkdva amodnkevovton Ko
GAAeG TANpoYOpieg, Tov oyetilovTon e TN B€0T TOV 0POCTILLOV, TOGO TEV® GTNV
elkova, 6GO Ko GTOV TPLOALEOTOTO X DPO. AVTEC elvon :

e H 6¢om tov opocriuov mévm otny ekdvo. ZUYKEKPUEVOL KPOTOVVTOL Ol
cuvteTayUéveg Hlag ouykekpluévng yoviog Tov, To UKo Kot TO TANTOG
oV (oMo 2.7).
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(X.y)

ynuo 2.7: @éom opocTiLov - TANpoeopic Yo TN BEom TOL TOPOTNPNTY

e O A6yog (1 = ) tav unkdv tev tunudtev tov opitovtar omd to ixvn
TV 000 KETO BUCIKOV OKU®V KO TIG TPOPLOAEC TMV KOTOKOPLO®V OLKUL®V
070 KGT® HUEPOG NG etkdvog (oynua 2.7). To uikn TV TUNUETOV VTGV
ToPEXOVV TANpOPOPia YIoL TN GYXETIKT BE0T) TOL TOPATNPNTH MG TPOS TOVG
&Yoo amévovtt Toixovug,.

e To pouvopeviKd TAGTOG TOL TATWUOTOG, 6TO 1810 PAB0og e tor onpeio (pixels)
TOV OPOCTUOL TEVM otV elkdvo (oxfuoe 2.8). H puétpnon auty mopéyet
TANpopopio w¢ Tpog to PAB0C TN O€0MC TOL OPOGTILOVL GTOV TPLEIAGTHTO
YOPO, GE GYEOM LLE TOV TOPOLTNPNTN.

2.5.2 Avoyvopion opochiLev

oté ™ @edomn g mAoNynong, okolovbeitol mpwrto plor depyocic, TOVO-
LOLOTLTN e ouTh oL okoAovBeiton kotéd ™ @don g eEoywync, dote vo
EVTOTIGO0UV TPAOTAL OOV 0pOCTILOL ZTT GLVEYELD, T OVOLYVAOPLOT EVOG OpO-
OOV GLVICTHTOL GTNV EXLTLYN OLVTIOTOLYLOT] TOL UE €val amd TOL OPOGTLOL TTOL
Bplokovton amobnkevpévor 6T UVIAUN TOV GLOTNUOTOG, amd TN dadLKocior TNG
exuaononc. H otvykpion tmv 600 0pocTi®y YIVETOL e T p1ioT EVOC GUVTEAEGTN
opotdtnTog. Ipv SUmG EQaPROGTEL VTG 0 CVVTEAECTNC, TPémeL VoL Eemepaotel
évar GAAO TpSPANUOL 1 TO oTOBNKELUEVO OPOGTLO KO TO 0PSO TToL BEAOLLLE
vo. avoyvopicovpe uropel vo éxovv egoybel and ekdveg mov mhpbNKay oo
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! OpPOGMUO
/

Synpo 2.8: dotvoueviko TAGTOG S1odpSLov

SLaPopeTIKEG BEGELS TOV TOPOLTNPNTY.

2.5.2.1 Merooynuotiouog 0éong nopotnpnti (MOII)

Eivol omopoitntog Aoutdv mpotor KEMOl0g TPLGOEOTOTOS UETOCYNLOTICUOG
T0V €VOG 0pooTUOV, ®oTe vo yivel duvorty n cvykpion. To opdoNUO OV
veiototon vt TV enegepyoacio 6N TPOGEyylon Hog, eivon 10 opdoMUo TOL
elvol omoBNKeLUEVO GTNV UVTUT TOV CVTOVOUOL GLGTNULOTOSC. Ot TANpoYopieg
ToL elvor amopoiTNTES Yo TOV LeTooyNUOTIoUd PBpiokovton otn pviun poli pe
10 opoonuUo. O HETAGYNUATIGUOG TOL TPUYUOTOTOLEITON €YEL MG AMOTEAEGULOL
70 opdoNUo, dTmg Bor PotvoTaY omd TNV OTTIKN Yovio Tov VEOL 0POCTILOV, GTO
ovykekplévo Bébog mov Bpicketon.

H dotvmwon tov MOIT akoAovBel amAoVg YEWUETPLKOVS VITOAOYIGULOVE Ol
omolol avaAVovTol OTn GLVEXELD. XTo oyxnua 2.9 eoiveton pio K&toym tov
xMdpov!, ue to awtdvouo cvotnua vo Ppicketon oto onueio . Tow TUNUOTO 2
Kou ;5 elvon tor oevtiotolyo Tufportor Tov oxfuortog 2.7 (vmoAoyiopéva. o pixels).
Apyixkd, ot petpricelg avTtég GuVOEOVTOL LE TOGOTNTEG TOV TOAYUATIXOU YDPOL
kivnong : To TAGTOG TOL XMPOL A, TNV OMOGTHCT) TOL OLTOVOLOV GUOTHLATOG
ond Tov deEld Toiyo, Ta PAON ZF ko Zp, KOODG KoL TNV €0TIOKY OMOGTHON
(focal length) tng kduepog f. Ot mocdtnTeg rLTEG dev elvon amopoitnto va elivorn
YVOGTEC, 0pOoV BaL AmAOTTOINO0VY GTN GLVEXELCL.

And to dpowo tpiywvor AN ko EIIN €xove :

1310 oo éxel yiver vnépBeom evog KaBoAlkoh GLGTHUATOC GLVTIETAYUEV®Y OXYZ TEV® GTNV
KGTOYN TOV Y WPOV.
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A
1 N
1 Z,
! M
| T 7777777
_emmedo T Nt W3 L Ze |
TpOPOANG ! = O II
f vy
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, V. __V___

~ A2

Syfuo 2.9:  dtoym xOpov

v+ _pZe=t (2.2)
ZB
Ouoimg, and Ta dpowo tpiymvo.  AM xou OTIM €xovpe :
; Zr — f
=B 7 (2.3)
Agpoupavtog kot wéAn tig (2.2) ko (2.3) maipvovupe :
= Bi(—— ) @4
T = ZF ZB .

Me 6poto tpdémo, €YOVUE Y10 TO 5 -
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= (A= B)f(-— ) 2.5)

Aranpdvtog TG (2.4) kou (2.5) Bpickovpie tov Adyo 2

%) B
e 2.
Av ovuBoiicovpe to Adyo B/A ue A, moipvovupe
%) 7\,
e 2.7
KoL TEAMKE,
T
A= 2.8
1+ 22 (28)

Av1é Tov €xovpe Kotopépel elvon vor bTOAOYIGOVUE TNV ANGGTAGT TOL OV TO-
VOLOV GLGTHNLOTOG otd deELdl, WG TOGOGTS TOLV GLVOAMKOD TAGTOVE TOL Y HPOL
kivnong, xpnowonotdvtag HGvo HeTPoels Tave oty ekéva (Aoyog t=2). H
LETAOPOLOT) LTI TNG YVAONG GE GUVTETOYUEVEG WG TPOG VO KOBOAM KO GUGTN L
oLVTETAYUEVOV elvor eVKOAN. OempoVEe €var TETOL0 KOBOALKS T€Tolo0 GVGTNUO
ocvvtetoypuévov Ozyz 610 HEGO TOL YWPoL Kivnong, énmg eoivetol 610 G UeL
2.9. Av ovuPoAicovpe pe xp TNV X GUVTETAYUEVT TNG BEOMG TOL OLLTOVOLLOV
GLOTAUOTOG, B €xovpLe

o = % — B

=2 -
A 1

= _ A 2.
A ) 9)

Ag e€etdioovue Topa TNV VYropén evog OpocT|Lov, TO Omoio ToPOTNPEL TO
QVTOVOUO GVGTNUO 0 TNV TOPUTAVED B€om . Av Bewpricovpe 0Tl KATOL0
onueio mov avrkel 6to opdonuo Bpicketon oe PéOog Z kou €xer Xy teTunuévn
(oxMuo 2.10), téte B 1oy vEL

XW = T — X (210)

6mov x M TeTUNUéVN Tov onueiov WEAVE® oTNV elkéva.  aTd TN JLEpKEL
MG TAONYNONG, TO OLTOVOUO GVOTNUO UTOPEl VO GUVOLVTIIGEL TO OPOGTLO OTTO
Kémotar GAAN 8éom z, (oMo 2.10). £T0 Kovovplo GUGTNUE GLUVTETOYUEVOV, TO
B&Bog Z' Tov 0pocHOL UTOPEL Vo Stapépet, OTmG emioNg Ko 1 TETUNUEVT TOV
', 6mwg Bo pouvéToy TNV Konvoovplo, etkévo. H tetunuévn dpog Xy 0o elvon m
ol
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Xw = — (2.11)
f 0
LLE TO , VoL BpilokeTon Gmog KoL TO g
' A [Ell
S S (2.12)
A
0pOGTULO 1
.
zZ 1 |
z y’ 3
v e ] w
Xo : |
z fy l
¥ _______ > l
: X X0 :
~< A2 :

Syfuo 2.10: AtapopeTikéc B€oelg mopatnpnTn

E&lomvovtog Ti¢ (2.10) ko (2.11 €xovpe)
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o xZ (2o — xg) f
A A

oL oG dlvel TNV TeTUNUEVN TNV Kouvovpla etkéva omtov Bo Bpickaype to
0pdoMUO, KOLTWVTOG TO Od TNV Kovouploe B€om. Avtd mov pével eivon vo
eCorelyouue TIg Gyvwoteg moodtnteg mov epeovifovton oty eEicmon (PéOn
7 xon Z' xon BEGELG TOV TOPOTNPNTY o KO 5 TOV EKQPALOVTOL GOUPMVOL LE
v e&icmon (2.9). T va yivel ovTd Bo YPMNOUOTOIGOVUE TN UETPTION TAV®D
GTNV €KV TOL TAGTOLE TOL Y WPOL, ToL €xel amodnkevtel poli pe to opéonuo
(oxMuo 2.8). Av ovpPoAicovpe pe oo To TAGTOG vt e pixels, Ba Exovpe (oyMuo
2.11):

(2.13)

Syipo 2.11: Métpnon BéBovg amd To Govouevikd TAGTOG TOL X HPOv

_4f
o
Ko opoiag Yo 1o Z'. Aviikaliotdvtog oty (2.13) 1o Z, 7', xo ko zy, omd

11§ (2.14), (2.9), (2.12), 6lec Ol Ayv®OTEC TOCHTNTEG OTAOTOLOVVTOL TEALKE KO
Toipvovpe

z (2.14)

) i R W (2.15)
o T AT, 1+

xr

2 e T ’ !
n, QETOVTOCgt = x—f KOl GvVTLloTOL oLt =

EACH
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!

;o | 1
=—r—0[—— — 2.1
AxoAlovOdvtog Ty ido uéBodo kou Yo tov d&ova v, Bpickoupe
;oo
== 2.17
yo=y (2.17)

'Exovtog T1g eElodoelg (2.16) kou (2.17) o MOII eivon evkoAog. Av éva
onueio Tov opoorjuov Bpioketon 6N 6€on (=, y) GTNV ELKGVOL TOL OPOCTILLOV TTOL
Bpicketon 6T uviun, 16T 5TV Kouvovpla etkéva 8o Bpicketon otn 8éom (=, ).
Epapuélovtog tig eElomoelg yio KGOe onpeio Tov amodnkevévou 0pocritov,
TOUPVOLLLE TNV ELKOVE TOL amtd TNV Kovovplor B€om ToL Topotnpnh.

[IpovnéOeon YL TNV 1o}H SAWV TOV TOPUTEVE® eELoMoENY, eilvorn 0 GEovVaG =
NG KAUEPOS TOV QVTOVOLOL GLGTHLOTOG VO elvor TapGAANAOG e Tov GEoval =
T0V X®pov. H mpovmdOeon avth dev meplopilel TV eQopuroyr TOL TOPATEV®D
LETOOYMUOTIGLOV, 0lpo¥ M TapaAAnAlc TV aESvav Lmopel vo emttevy Oel e pio
OA] TTEPLOTPOPT] TOV CLTGVOUOV GLGTHUATOC?. O €AeYY0¢ TNG TOPOAANAiaG 1
oL TV aEOvmv yiveton e0KoAo omd To SdypoLLar TNG LEPTKTC TUNUOTOTTOINONG
TOV XOPpoL (oYU 2.12).

o)

P

Syfuo 2.12: "EAeyyog moporiniiog a&dvaov

2'Eva koAS Topdderypo evepyovg Opaomg, Kotd To omoio o mapatnpng £xel mAfipn éAeyyo
TV TOPOUETP®Y AYNG TV ELKGVOV.
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Ytnv nepintwon mopaiiniiog, ot 800 optlovtieg akuég Oo elvon TopGAANAES
(oxnuo 2.12-00), emouévmg dev Bar aviyvedeton onueio do@uyng otov GEova
x. E&v dev vmdpyel mapoAiniio, ot dVo oxuég o GuykAivouv (oynuo 2.12-
B). H 6éon tov onueiov cOyKAong delyvel Tnv KortevBuvon mpog v onoio
TPEMEL VOL TEPLOTPOPEL 1] KAUEPD TOV OLLTOVOUOV GLOTHULOTOS Y10 VO ETLTEVY OEl
TOPOAANALCL.

2522 Avypoupki topepnfoin

O TPLEAAOTOTOC LETAUCYNULATIGULOS TOV OPOCTILLOV, OIS OLVOAVOMNKE TOPATAV®,
dev eivarl opxetdc. To omoTEAEGUOL TOV UETOOYNUOTIOUOV elvon UEAAOV évar
cUvoLo onueiov 610 GAAOTOTO XWPO, TOPE TO TUNUO pog ekévos. O
Adyoc YU owth elvon 1 GLYKEKPLUEVT LOPPT| TOV EEIGMGE®Y TOV TPLOSLECTATOV
HeTaoyNUaTIclov. 'ETol, To AmoTeAéGUATO TOV TO{PVOLLLE CipOopOoVV onueior 6To
TOAYUOTLHO SLGIHAGTOTO YDPO Ko O)L OE EVOL OKEPOLO FLGOLAGTOTO TAEYLLOL.

o vor oVTILETOTICOVUE TO TPOPANLLC, Y PNCUYLOTOLOVUE OUYPOULULKT TTOLPELL-
BoAr}, doTe VoL LTOAOYLOTOVV OL TIES TNG GLVEPTNONG EKGVOG TEVM ot pixels.
O potetvédtnTo evég onueiov Tov aképonov TAEYHorTog, Tpoceyyileton amd Tig
TIWEG TV onueimwv mov Pplokovion “kovid” Tov. Xto oyxfiua 2.13 eoiveton 6Tt
to. onpeia Tov AopPévovtor v dyy elvon ovvté Tov Ppilokovion LEGH 6TO 2X2
nopdBvpo YOHP® otd to onueio Tov TAéyLaTog. H pmtetvotnta @; evog onueiov
e ot TNV eployxn modpvel éva Bépog w;, oavaAoyo e TNV omdGTHoN TOV d;
ané o onueio Tov TAéypotog. Agov 0 < d; < /2, opilovue

wi= V32— d (2.18)
'ETG1, 1 9OTEWVOTNTO TOL 0odidovpe 6T0 onueio Tov TAEYULOTOG elvor

w; D;
i Z Wi

b =

(2.19)

2,523 Xoykpiomn opociuev

Metd ko T SrypoLtkt| Tope oA, tor d0o opdonuo etvor €tolo yior cOyKpilon.
O cLVTEAET TG TTOL YpMnCLomoteiton diveton otd tov THmo [Pap9l]

LT >—-<1 T
Coef:<p >—<,><T>

(2.20)

g I, ar
6mov 1, To tunua g etkdvag (image patch) mtov kartoopféver to évo opédonuo,
T 10 omodnkevuévo otn uviun opdonuo (template) xon 7,7 to ywvoéuevo tov
QOTEVOTHTOV oviictolywv pixels twv dVo opooripwv. H avtiotoiynon tov
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Synpo 2.13: YroAoyiopdg emtetvotntog onueinv 6to aképoto mAEyLoL

00 TPOTHTWV, KOl GULVER®S Twv onueiwv tovg, yiveton wg €€fg @ To éva
npdTLTO TONOOETEITON WG TPOG TO GALO GVUPOVE. LLE GAOVE TOVG dVVATOVS TPOTOVG
(oMcBaiver) kol vroAoyileton N LEYLOTN OLOLSTNTO, ) OTTOTCL KO KPOLTIETOL WG
TIUT Y100 TOV GLVTEAEGTH] GUYKPLoNG. O cuuBoMordg <> dNAMVEL LEST) TIUT Ko
6 elvou n droomopdl. O Coe f, OTmg €xel oploOet, Taipverl Tyég uetalv 0 ko 1. Mio
T KovT& 670 1 VLo ADVEL TATPN OLOLOTNTA LETOED TV dVO OPOGHLWV, EVH
o Tiur) Kovtd 6to 0 vrodnAwvel cvouoldTNTOoL.

"Exovtag meplypdyel Tig HeBGO0VS TUNUOTOTTOINGNG TNG SOUNG TOL X MPOv,
KOOGS KO TOV YEPLOUO TV 0POCHUL®YV, EILOOTE €TOLOL VO TTOLPOVGLAGOVILE TOL
300 Pacikd otddo TNG LEBGOOL TOL CVaPEPBN KAV GTNV 0P)T| TOL KEPAAOLODL :
Vv ekudOnon Kot tny tAonynon.

2.6 Xtdolo exudomong

¥e avTo T0 GTASL0, TO ALTOVOUO GVUOTNUE GVAAEYEL OAEC TIG TANPOPOPLEG TOL
oV elvon amopaiTnTeg Yo TNV TAONYNOT. XPNOUOTOIWVTOS TIG TANPOPOpleg
TOL TPOKVTTOVV OIS TNV TUNUOTOTOINGMN TOV XDPOL (10 DPLOT GE TOLOTIKEG
neploy£c), To cvotnua eEdyel opdonuo ord To TEPIPEAAOV Ko TOL oo KeVEL
vy peArovtikn xprion. ‘Eva yeviko sidypoppa tng dtodtkociog Tng eKUaomong
nopovoldlleton 6to oyiua 2.14.

To opdéonpo amodnkevovton oe o Mviun Ontikig IAnpoeopiog (MOII).
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ELKOVO

Tunuotoroinon Yrnoioyiopog
X®pov saliency map

E€aryaym
0POCT|LLOV

IMpocbeon
0pOCNLOV
otn MOIT

EMOUEVN...

Syipo 2.14: Avodikocio ekpudonong

Exel xpatovvtonl Yoo kABe opdonpo M etkévol Tov (To TURUO TNG ELKOVOG TOL
ovoryvopioTnke ooy 0pOCT|HO), TO XOPOKTNPLOTIKA TOL Ko 1) 0éom Tov. H oye-
TIKY| 0€01 TOL OPOGTILOV MG TTPOC TOL LITOAOLTEL TPOGdLopileTon otd TO VLTEHVOUO
GUOTNUO TAV® GE €va, TOTOAOYLKS Y &ptn (oynuo 2.15).

VEO
OpOCTLO
O———O0——F O - O
1 2 3 4

yipo 2.15: TomoAoyikdg xaptng

Me owté Tov Tpdmo, 1 MOIT amotedel Yo 10 ovvtdvouo cvoTnuo pior Lopen
TEPLYPAENG TOL TEPIPEHALOVTOC TOV. TN LWVAUT LT Uopel vou Bpel meplypopéc
TOV OVTIKEWWEVOV OV B0 GLVOVTNGEL KoL TIG B€GELS TOVG, Ue Pdon Tig omoleg
unopel va mpoypoppaticel tnv kivnom tovu. o topddetypLo, yio tn LeTakivnon
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ormd ™ 6éon 1 1oL oyNuoTog otn 6éom 4, T0 LTGVOUO GVoTNUO YVopilet
0Tl mpénel va mepdioel amnd T opdonuo oTig evoldueceg Oéoelg 2 kou 3. H
ToPOVGia eVOg SOGKAAOL KOTA TO GTASLO TNG EKUAONONG EMTPENEL AKOUOL TOV
onuavTixo (semantic) TPOGOOPLOUS T®V OPOCTIL®V UEGO GTO XMPO (TO 0pOGMULO
1 Bplokeron otnv xovliva, To opOoNUO 4 6TO €PYAGTHPLO KAT.). 'ETGL, O1 EVTOAEG
TAONYNONG LTOPOVV VoL dIvovTon e To €VKOAO TPOTO ("I YOLVE GTO EPYOGTIPLO”
ovti "myouve oto opdonuo 47). Me 11¢ mopandve TAnpoeopiec otn MOII, t0
ovTévouo cvoTnuo elvor £ToLO Yo, TAO YN o).

2.7 ITlofynon

OB KEVUEVO
0pocCMUO
Tunuotomoneon Ynoloyiouog g/lstoccxnuomcuog
saliency m €ong
Kopov ey mep nopoaTNPNN
ESayom Avypogikn
0pOCTLOV nopeufoin
Zuykpion
OAAO NAI
0pooTUO;
Emhomn AVOyVOPLOTNKE.
KOAVTEPOL

Zyipo 2.16: Atadikacio Ao ynong

H dwodikooio tng mAorynong akolovbel, uéypt éva onueio, t dtadikocio
NG EKUAONOMNG : 08 KEOE e1kOVaL, YiveTon TPOOTAOELD. EVIOTIGUOV Ko eE0YWYNG
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OPOCT LAV, XPTCLULOTOLAVTOG TTEAL TNV TOLOTLKT] TUNUATOTOIN O™ TOL XMPOL KOl
70 saliency map (oyfiuo 2.16).

Ané ™ otiyun] dpumg mov evtomicobel évar opdonuo, opyilel n dodikacio TG
ovoryvaptong tov. To opdonpo mov evioniotnke cuykpiveton e tn oelpd Le KAOe
éva and To opoonuo Tov eivon amodnkevuévo. otn uviun. H ovyxpion omontel
TOVG UETOOYMNUOTIGLOVS TOV TEPLYPAPNKAY GTO TUNUO TNG OVOYVAOPLOTS TMV
opoonuwv. To &yvmwoeto opdono avayvopileton TeEMKE Gov T0 AmoOnKeLUEVO
oTN UvNun opoonuo e To onoio “tovtileTon” meplteocdTepo.

Mmopel vou yivel ak6un pio tpoconkn otn néBodo tng TAoynNone, MoTe Vo
Umopel To LTGVOUO GUGTNULO VOL AVTATOKPIVETOL G HAAOYEG TOV TTEPLBAALOVTOG,
OV UTOPEl VoL GNUOLVOLV TNV TaPOVGLoL KOVOUPLOV OPOGT|L®MV GTO XMPO Kivn-
one. Avtd umopel va mpaypotoronOet pe tov éleyyo tTov Babron opotdtnTog
TOV 0POGTLOV TTOL eMAEYONKE amd T MOIT ¢ KaAVTEPT OLVTIGTOLYLOT TOV VT
e€étoom opootipov. Av owtog o Babudc opotdtntog dev kpibel “tkavomomTikds”,
UTOPOVUE VO BEWPT|GOVIE GTL GLUVOVTTGOUE €Va, KOuvovPLlo 0pOCTLO, TOV OV
VIAPYEL OTNV UVHUN OTTTIKT|C TANpoYopiag (oxuo 2.17).

OAAO NAI
0pOoTHO;
OXI
Emlom
KOALTEPOL
KoAn NAI
OVTLGTOLYLOT; AVOyVOPLOTNKE..
OXI
npog MOIT

Yo oemofnkevon

Syfuo 2.17: Evnuépmon yvaoong

Ye ouTH TNV TEPINTMOT EMGTPEPOVUE OTN dlodikacion Tng expudobnong. To
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opdéonuo amobnkeveton ot MOIT pe OAeg TG GLVOSEVOVLGEG TAPOPOPIES YLoL
HeALovTIKY] xprion. Me avtd Tov TpOTo, M YVACT TOV CLLTOVOUOV GLUOTHOTOG
Yo T0 TEPIPEALOV EVNULEPDVETAL, LE KAOE KOvovpLaL OAAOYT).
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YAomoinon

3.1 Ewsoyoyi

70 KEQAAOLO CLTO B0 TEPTYPEYOLLLE TNV DAOTOIN OGN TNG TPOTELVOUEV G LEDDS-
d0V. O TEPLYPAYOVE TOVG AYOPIOULOVE Ko TIG TEXVIKEG emMeEepyosiog ELKOVOG
OV XPNOYOTOIONKOY, KOOMG KoL TOV TPOTO €POPLOYNS TOVG GTNV TOPOVGOL
epyocio. To Ke@hAono TeptAoPbvel TOV TPOTO VAOTOIN OGN G TNE TUNUOTOTOINoNG
XDPOL, GTOTIKNG KOl SLVOULKNG, KOL TOV TPOTO VAOTOIN OGNS TOV EVTOTIGULOU KO
NG OVOLYVAOPLOTS TOV OPOCTIL®V.

3.2 Xtotikn TUNUOTOnoincT Y Opov

H 6totikn TUNUoTonoinomn tov ydpov amoteAeiton omd pio oukoAovdio oAy
texVIKdV emegepyociog elkdévog. Tty vAornoinon tng uebddov mov €ytve, M
etkéva mov diveton cav €l60d0g apkel vo meptéxel LOVO AmOYPADCELS TOL YKPL
(grey_scaled). Av n apyikn ewdva elvar €yypmun, petotpéneton oe gray _scaled
APTNOLLOTOLMVTOG TOV TUTTO

L_¢R2—I—G2—I—Bz
N 3

omov R,G,B ou pwtelvdtnteC TOL ONUEIOV TNG EYYPOUNG ELKOVOG GTO TPioL
Baoikd xpopato Ko L n kovovpylo gotevétnta tov onueiov otnyv gray _scaled
etkévo. Ot teyvikég emelepyociog elkOvVog oV XPNGULOTOLOVVTOL elvorl KOTé
oelpdn e€orymyn Kot AETTLVON TV OKULAV, 1 CQOIPEST) TV ULKPOV CVTIKEIUEV®V
Ko M xpriomn tov petooynuotiopov Hough yior evpeomn evbetwv. AxoAovdel
TEMKT TUNUOTOTTOIN G TNG ELKOVOLGS.

41
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3.2.1 E&oyoyn oxudv

To mpwro Pno otnv ototiky Tunuotoroinon eivon M egoywyn TV OKU®V
mg ewkévog. H eEayoyn meptlopPbvel opylkd Tov LIOAOYIGUS TOV TILMOV
™G ToPOydyov oe KGBe onueio g ewkdvos. Mo v mopoydylon, UeTd omd
TEWPOUOTICUS HE E1KOVEG amd e0mTEPLKOVG dladpouovg Tov ITE, emAéybnke 10
Yvootéd ¢eidtpo tov Sobel (oxynuo 3.1). H elkdva 6Tn GLVEYELD LETOTPETETON
ce dvadikn, pe N xpnon evog kotmweiiov. H tiun mov ypnolonoteiton otnv
epopuoyn pog etvor 100.  'Etol, 6oo onueion €dwcov TIUN TNG TOPOYyov
ueyorvtepn amd 100, Bewpovivion onueior K@V, VM ToL LITOAOLTA Sty pEEOVTOL.

ympo 3.1: didtpo Sobel - kéBeTn Ko 0pLLOVTIO TOPOYDYLOT

3.2.2 Aémntuvomn oKU@V

o 1t Aéntovon (thinning) TOV oKLV, XPNOYWOTOONKE 0 AAYOPLOULOS TV
Naccache xon Shinghal [NS84]. O aAydpibuog Boocileton otnv évvola Tov oxe-
Aetov oG meproyng [Blu67]. H dvodikn e1kOvo GOPMOVETOL ETOVOANTTIKG KO
oPoPOVVTOL TCL CTIUEID TOV OLKULAYV TOV OEV OTOTEAOVV UEPOG TOV GKEAETOV TV
oxpadv. To av évo onueio elvon pHépog 1 Ol Tov 6KeEAETOU, amoacileton pe
10 Toiprocpa (matching) tng yertovide 8 onueimv (8-neighborhood) onueiov mov
egetdlovpe e mpdtuma (patterns) TOAH YVOOTA O OAYOPLOUOVS AETTVLVOTG,

H Aémtovon tov oxpov elvol ovoykoio 6° autd 1o 6Tddo yioti n etkévo
ToL TPokVITEL B S0l apydtepa Gav €160d0¢ 6TO LeTooyNuotiond Hough, yio
evtomoud evbelwv. H Aéntuvon petdvel Tov oplBud tov onueiov otnv etkéva
Kou emitpénel 6tov Hough xoAvtepor amoteAéouorto.

3.2.3 AQoipeoTn LIKPOV OVILKELUEVOV

ITpwv o petaoynuoticnég Hough oovoddfel Tov evIomoUS TV OKULOV, 0PoLpOVLLE
ol TNV elkévor OAeg TIC "KPES” akUéC. A€yovTog “UIKPEC” evvoOoUUE OTL M
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Heyoltepn oméotoon peto&d dvo onueiov Tovg elvorl pikpotepn omd KEmToLo
KOTOOAL, TOL dlveTon ooV TOPAUETPOG G6TO TPdypoupto. H Tumkni Tiur owotov
oL KoTmEALoV eivon peta&h 20 kou 25 pixels. Me avTdv ToV TPOTO QLPOpOHVTOL
OKUEG TOVL B umopovcay va, ennpedoovy Tov Hough kot vor tov odnyncovy ce
AavBoopévo amotedéopoto. Aev vdpyel kivouvog vor apoupedel ko kdmoto
ol TG Pootkég akuéc, oupoh TEPIUEVOLUE CHUTEG VO €XOVV UKOG GMULOVTIKG
ueyorvtepo omd 20 pixels.

3.2.4 Evpeon evberav

To amotéAlecuo ToL TPoMNyovUevov otodiov elvor pior dvodikny elkévo, Tov
neplAoUPbivel Tor onpeior TV aKU®V TNG oPYLKNG ELKGVOG. X7 oTHV TNV E1KOVOL
epopudéleton 0 Yvootdg petooynuotiondc Hough yio tny ebpeon evbetmv.

H epoppoyn tov Hough edm dev €xel ooy otdy0 TNV €0pecT OA®MV TV ELOELMV
OV AVTLOTOLXOVV OTLG Pacikés akpég mov yhyvovpe.  &TL t€tolo B fTov
odVVATO, AGY® TNG EPOPLLOYNG TOV LETOOYNUOTIGULOV GE OAGKANPT TNV 1KoV,
N onoia meptéyel ToALG onueia, o€ BoOUS TOL TOL OTOTEAEGLOTO TOL Bt €01ve dev
oo roy agémoto.

o tov AGYo owtd M ebpeon TV eVOeLdV yiveTon emAeKTiKG. O peTaoYM-
uotiopnog Hough ypnowomnoteiton pévo pior @opd o€ €vor GUYKEKPYLEVO €VPOG
TOV TOPUUETPOV P Ko B, Yoo var Tépovue pia Toooéyyion Tov 600 OKU®Y TOL
oxnuotilovv ol toiyot pe 10 Tdtmuo (Gxqua 3.2-0). Ao €3 Kou Tépal, 1 €OpeECT
TV EVOELDOV YiveTon GTOOIOKA

1. 'Exovtog Ti¢ mpooeyyloelg Twv 000 oKUdY Tov OYNUOTOg 3.2-0, eQop-
uolovpe tov emavoAnmTikd petocoynuotiopd Hough (Adaptive Hough
Transform (AHT)!)[IK87], yio. tov okpiBn} evtomioud tov okudy. To onueio
TOUNG TOVG oG dlvel apéomg To onueio dtopuyng, To onoio Bo xPMGLLO-
TOUGOLUE GTN GLVEYELD (oyNuo 3.2-P).

2. An6 to onueio Tng elKdvog Tov vIiKOLV OTLG evOeieg Tov BpriKogLe, ETAE-
YOLUE Yo KGO ok To onueio pe TNy LeYoAHTEPT Y GUVTETOYULEVT (OYLOL
3.2-y). To onueion oVTE LOG VTOSELKVVOLV TIG TEPLOYEG OTOL B TPEMEL VL
avolntioovue T1g endueveg okuéc. Epapuolovue ko méAl tov AHT Yo
TOV EVTOTIGUS TOVG,.

!0 AHT vrodoyilel pe peyokbtepn axpipelo Tig TopoUETPOug p Kot 8 picg YpouunG, Le tny
EMOVUANTTLKY] EQAPLLOYT| TOV G S0 Kou o Aertouepeis (fine) vmodionpécelg Tmv TopoUéTpmv
omov €yetl aviyveutel ula ypouun.
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3. Onwg ko mptv, Ppiokovue tor onueior TG elkdvog Ue TN UeYoAVTEPT Y
GULVTETOYUEVT TOVL OVIIKOVV OTLG KGBeTeG oké. Tow onueior ovtd, poli pe
70 onpeio dLoPLYNC, OPKOVV Y10l TOV EVTOTIOUO KOl TV VITOAOITOV OLKULMV

(oxMua 3.2-9).

OMUELO

dtadpvyng

() (5)

(v) ©)

Pynpo 3.2: Atodoykég epaproyég tov AHT

3.2.5 Tunuotomoinom etkovog

H tunuortoroinon tov ydpov otnv ovcio yivetol Pripo Tpog Prila 6to mponyov-
uevo otédto. Ta onueia 1 éwg 6 Tov oynuatog 3.3 Bpickovton e TOV VTOAOYLIGUO
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onueiov Tounig LeTabl TV KOTAAANA®Y OKU®Y. TNV TEPITT®MON Tov KATO10
onueio mpémel vo, aviikel 6e Tpelg amd TG akuéc (oxnuoa 3.4), Bpickovue mov
TEUVOVTOL Ol OKUEC ove V0, Ko TOipVOUUE TO HEGO PO T®V TPLAV onueiv
toung. To uévo mov pével petd, eivon n évmon tmv onueiov Kou n €£000¢ Tov
OTOTEAECLOTOC, TOL €IV M ELKOVH, TOL TOPLOTA TNV TUNUOTOTOIN o).

ynpo 3.3: TeAkd omoTéAecuo

Synpo 3.4: Tpurhd onpeio Toung

3.3  Avvouikn TUNRoTonoinen yopov

Onmg avaeépin ke Ko 6To KEQPEANLO 2, 1) SUVOULKT] TUNLATOTOIN O™ TOL Y BPOL
TPOLYLOTOTOLEITOL LE TTOPOLYWYLOT| GE TUNULOTO TNG ELKOVOG OOV TEPUUEVOULLE VOL
cuvovtiicovpe Tig Pactkés akpués. H mapoydylomn €xel cov omoTéAecuo €va
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cOvoro onueilov (Yoo K&Be meployn), amnd to omoio eviomileton M avticTouym
okunf pe évo odyépibuo xépocng ypouuic. To mporto Pino SUmg oe ouTh TV
pocéyyion elvor 0 KaBoPIGUEG TOV KATAAANA®Y TEPLOY WV OTNV EKGVO, OOV
00 yéaEoule yiow oKUES,

3.3.1 Xp1jon TponyoOUEVIC YVACTG
H tAnpogopio mov xpertalduacte ord TNy TponyovUevn 6TV okoAovdic elkdva,

elvon n Béomn TV PBooitkdv akudv oe owtr|. T'ot T0 okond ovTd, TO LGHVO TOL
ypetdleton vo yvopilovue etvor ta €€L onueio mov eoivovton 6to oyfuo 3.5.

1 6

ynua 3.5: Atapoitntn tponyovuevn TAnpogopic

Tow onpeion avtd opifouv o’ evbeiog Tic €51 amd TIg 0KTM Pootkés aKkUES TNG
tunuortoroinot. OrvrndéAoineg 500 akUéG (LeTaEH 0poPHig KoL Toiymv) BpickovTon
evKoAd omd Ta onpeion 3 ko 4 kot To onueiov AMoPLYNG, TOL UE TNV GEPA TOV
Bpioketon amd Tig akuéc neto&v toiymv kot domédov (onpeio 1-2 kou 5-6).

"ExOVTOG TNV TANPOoQopic: Yo TNy 6461 TV OKUAV GTNV TPONYOVUEVT ELKOVA,
opileton Yo kébe piow | mepLoy” TG Kovovplag elkdvog émov Bar avalnnOel.
H meproyn avt] elvon éva TopoAAnAGYpopLo Kotd UNKOg TNG OUKUNIG, UE TOV
1010 TpocavaToAoUs pe aruTr). To TAGTOG TOL TOPOAANAGYpapLOL KaBopileTon
OPKETA LEYAHAO, DOTE VO SLOGPOALGTEL TO YEYOVOC OTL B0 GuuTEPLAoUPEvVEL TNV
okUY, o€ TEPIMTMOOTN TOV Ol SABOYIKEG ELKGVES SLOPEPOLY CLGONTA LETOED TOVG.
To unfxog tov elvon eniong apketd peydAo, dote vor GuUTEPIAEPEL GO TO duVaTOV
neplocOtepor onueion g okunig. Tow pueyeom ovtd dtoépovv avdAoyo Le TNV
okuf mov BEAoVLE Vo evToTicoule, Ko Kupaivovton petalt 60-80 pixels yio to
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nmAGtog ko 80-140 pixels yio to ufikog. Ebv E€povpe 6T dev vGpyel LeydAn
SLopopd LeTOED TV EIKOVMV, UTOPOVLLE VO, LetdoovlLe To UéyeBog TG Teploxfg
KO VoL ETLTOYOVOLLLE €TGL (KO TEPLGCOTEPO TN UEBODO.

3.3.2 Mopoydyion

Ye KGOe onueio TV TEPLOYWY TOL OPIGTNKOY TOAPVOLUE TNV TOPAYWYO, YO
vo. evtomicovpe tor onueio mov avrikovv otn {ntovuevn oxkur. O tOmog NG
Topoywylong elvor omAdg @ elvor M oméAVTN SLOPOPE TOV POTELVOTITWV TOV
YELTOVIK®V Tov onueilov. Xto oyxfuoe 3.6,  tun d, g optldvTiog moporydyou
o7o pixel p eivon

dp = |fpz - fp3|

omov f,, N pwTeELVOTNTO TOVL pixel p;.

NS Ple ° °
AR OKUN
X TPOTYOLUEVNG
Syl e ELKOVOLG
d P
R .
[ [

ynuo 3.6: Tlaporydyion pe sub-pixel vwoloyiopo

Mo koAOTEPOL AMOTEAEGLOTOL, 1) TOPOYWYLoT YIVETOL G KortevBuvon KAOeTn
oTNV KALo™M TNG AKUN G GTNV TPOTMYOUEVT EKGVOL (oML 3.6), 0LpoV TEPUULEVOLLLE
N oKU GTNV Kovovpla etkOva vou €xel Topouotor KAIoT. AVTO TePITAEKEL TOV
VTOAOYLOUO TNG TOPOYWYOV, oV 1 KAIoT orvtr| dev elvon optldvTio 1) KEOETT, apov
dev UIopoBV Vo ¥PNOLOTOIN 00UV o’ eVBElC O POTELVOTNTEG TMV YELTOVIK®V
pixels. Xe ot TNV TEPINTOOT, KOTOPEHYOVLE GTOV VITOAOYIGUS TMV POTEWVOTY|-
TV TOV vroonuelwv (subpixels) s; ko s,. Ot oTEWVOTNTA TOL $1 VRoAoYileTon
oo TG POTEVOTNTEG TV pixels p; Ko p, o¢ €ENG :
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f(s1) =dpr + (1 —d)pa

6mov d M améotoon UeToED TOV s; KOl pp, TOL VIoAoyileton evkolo omd
m YVOOoTH KAIoM TNg Kotevbuvong mopay®ylons. Xtnv ovcio vroAoyilovue
TO GTOOULIGUEVO GOPOIGUA TOV GOTELVOTHTOV TV dV0 pixels. Avéroya, Adyw
ovppeTpiog, o 1oyvel

f(s2) = dps+ (1 —d)p3

H tiun tng napary@yov d, oto onueio p B diveton todpa omd tnv

dp = |(f51) - (f51)|

¥t ovvéyela, epopurdlovpe éva kotmeAi(threshold) otig Tipéc Tng mopary@yov
nov vroAoyiotnkov. H tiunf tov kotoweAiov kobopiletar otV eQUpUOYN HOG
nepinov oto 20%. To pixels pe TWég TEVD omd TO KOUTHPAL OE®POVVTOL GOV
oMUeio TOV OV KOVV GTNV OLKUT KO KportovvTol 6Tn Uvijun. To anotéAesua g
nopoyaylong dnAodn etvor teAlkd évor GHvoro omd onpeio.

3.3.3 And to onueio otny €vodeio

Ta onpeio TOL TPOKVRTOLY ANO TNV TAPAYWYLOT GE KAOE TEPLOYT) TEPYLEVOLUE
6Tt 6o aviikouv otV oKUl mov ovolnTée (Tor TEPLEGHTEPT. TOVAGYLGTOV).
To emduevo Priuo mov mpénel vou yivel elvonl vor yopd&ovpe pior evbeios Tov vo
npoceyyilel Ta onueio ovtd 660 “kaAVvTEPR” Yiveton. I'a To 6KOTO LTS PN OL-
norouiOnke o alyopibuog Least Median of Squares (LMedS, né6odog eld1otov
Stopécov teTpary@vav)[Rousd]. Akorovbet pia mopovcioon Tov odyopiduov Ko
oVOAVETONL O TPOTOG LLE TOV OTO10 EPAPUOGTNKE OTNV EPYUGIOL LLOLC.

3.3.3.1 Least Median of Squares

O alyép1Bpog LMedS, mov mpotddnke apyikd ord Tov Rousseau [Rou84], avriket
ot Yevikn xatnyopio Twv olyopibuwv yio robust regression. Ov olyépiOpot
oVTOL AVOPEPOVTOL GTOV VTTOAOYIGUS TMV TOPOUETPOV EVOC LOVTEAOV OO OVOL-
Kp1P1] dedopéva. ZuykekpUéva, GT YEVIKN TEPITTMoT VO YPOUULKOD LOVTELOV
OV TEPLYPAPETAL OO TN OYECT

Yi = xilel + - ‘I’xipep—l_ei

2@upilovue 6TL OVOIPEPETOL GE SLOPOPE, PWTELVOTHTOV.
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10 TPOPANUE €lval 0 VTOAOYIGUOS TV TOPOUETPWV Or bk = 1,--- p, omd TI¢
HeTpnoelg y; kou Tig fonntikéc uetoANTEG k. O 0pOg ¢; ToPLoTaVEL TO AGBOC
o€ KGO pétpnom. Av €xovue Tig extTiunoels 4y, - - - . 4, 16te umopovue VoL ExOVUE
uio TodPAEYN TV HETPHCEMV :

di = xabi + -+ 2l + e

'ETG1, UTopoVUE VO, 0picOLLLE TIG AmOKAMGELS LETAED T®V TIUL®Y TOV TPOoPAETEL
TO LOVTELO LLOG KO TOV TOPOTTIPOVUEV®V UETPT|GE®V :

ri =y — i

o v extipnon Tov Topopétpwy Oy, k = 1,--- p, N KAOOLKN TPOGEyyion
elvonm xpnon tov okyopiBuov eldxtotwy teTpaywvmy, 1 least squares method(LS).
O LS emxevipdvetal o€ €vo TpOPANUO EAOYLIGTOTOINONG :

Minimize Zn: riz
=1

Ko elvon evpémg dadedopévoc, AOY® Tov XOUNA0D VTOAOYLGTIKOV TOV KO-
otovg. To kOPLo XaPOKTNPLOTIKO TOL aAyopiBuov awtov elvon ot Pploket éva
LoVvTéLO OV TouPLalel KaAVTEPOL GE OAES TIG LETPNIOELS. AVTOC elvar 0 Adyog oL
o LS divel avollomoto omoTeAECULOTO GE TEPINTAOOCELS TOL KATOLEG UETPICELS
Stapépouv onetNTd amd To LovtéAo mov tonplélel oTig voAortec. Tétoleg mept-
TTHoELG Topovctdovon m.y. dtov vVrdpyel 06pvPoC, 1§ GTAV GTIC TOPOTNPT|CELG
ELGEPYOVTOL KO KATOLEG UETPTGELG TOV OV OVIIKOLV GTO HOVTEAD, ASY® NG
POOEMG TOL TPOPATLaTog®. Ot okyGpiduot robust regression avTIUETORIOVY CVTO
oxpRAOG T0 TPSPAN L.

O LMedS cuykekpiuéva, Ypnotlomotel évo Slta@opetikd KpLtiplo a&loAdynong
NG EKTIUNONG TOV TUPOUETPMOV TOL LOVTEAOV :

Minimize{medianr?}, i =1,---,n

6mov median M SLdUECOS TV VIOAOYIOUEVOV OOKAMIGE®Y (ov INAcdn) ToEL-
Vouricovpe Tig anokAioelg oe éva mivako n otolyeiwv, téte o median elvon M
Tu| mov Pploketon otn O€on n/2). AwocOnTikd, o LMedS mpoorabel va Bpet
évo LoVTELO oL VoL Tonpldlel KaAVTEPOL GTNV TAELOYNPLO TV LeTPice®V. 'ETol
TO TEMKO OmoTéAEGUO dev emnpediletonl KaBdAov and tnv vmapén Kémolwy Le-
TpNCE®V NoTapoyuévav omd 86pvPo. To T06ooTd TV UETPOCEDV VTO UTOPEl
vor ptéoel kot 0 50%. Mio ontik] cOYKplon TV TPOT®V LUE TOVS OTOI0VG
xewpilovton tétoteg petprioetc ot LS kou LMedS goiveton 6to oynuo 3.7.

3To npéBANUa cvTé TOpovoLEleTon kKo TN Stkh pog mepintwon.
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LMedS LS

(o) A&lomioteg UETPMOELS

LMedS LS

(B) Ewcayoyn 6opvPov o€ o peTpmon

Syipo 3.7: Xoykplon puebddov edoyiotwv tetpoydvemv (LS) xor Least Median of
Squares (LMedS)

To vroAoylotikd kéotog Tov LMedS Oewpeiton peyddho [PMRI1]. Avutd cuu-
Baiver yrorti To mpdPANUa eEAoyloTOTOINON G TOL TEPLAOUPEVEL Elvor Un YPOLULKO
Ko emAvETOL e ovolL1)TNOT GTO X MPOL TV AVGEMV (01 TOPGUETPOL TOV LOVTE-
A0V 6;). Ztnv SK1| Lo xp1oN TOL 0AYOPiBLOL ®MGTAGO, TO VITOAOYIGTIKG KOGTOG
Nrov wKpd yio Toug e€Nfg Adyoug :

1. Onwg Bo dovpEe TOPAKAEATM, Ol TOPCUETPOL TOV TPEMEL VO, EKTIUNO0VV elvon
AMyec.

2. OLpeTpNOELG OTNV EQPAPULOYN LOG CVTLGTOLYOVV GTO GTUELD TOV TPOEKLYOV
omd TNV Topay@ylon. Me dedopévo 6t ol meployég mov egetdillovpe elvor
uikpéc, Ta onueia elvon eniong oxeTikd Alyo.

3. Hovoalntnon 610 yopo AOoewV Oev YIveTol eVvieA®S Ty oo, 0AAG Le TPOTO
7oL vo. gyyvdrton 6Tl KAOe vroyrelor Avom unopel va etvor  féEATIoTN TOL
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YA VOLLLE.

To onpeio owtd B Yivouy o e0KOAN KOTOVOT TG GTNV TTEPLYPOLPT] TNG XPTIONS
TOV 0AYOpiOIOV OV OLKOAOLOEL.

3.3.3.2 H ypnon tov LMedS otn nébodo pog

Ipémer opyikd vo tovicovpe 61t 0 LMedS toupiéler pe ouokd tpémno 6to
TPOPANUO HoG, TNG evpeons Hog evbeiog mov vor toupldlel otor onueior mov
TPOEKLYOLV OO TNV TaporydyloT. Avtd cuuPoaivet yroti :

1. Avtd mov yéyvouue elvon pio evbeio, BELOLILE INAODT VO EKTIUTIGOVLLE TOL
a xou 3 g eElomwong

y: = ax; +

mov elvon éva ypopikd LovTéro, e ToL a Kou 3 vou etvait ot d00 TopdieTpot
6, xou 6, mov BéLovue vo vroroyicovpe. o k6OBe onueio (z;, y;) LTOPOVLLE
vou OE@PTGOVILE TNV TETOYUEVN ¥; GOV TNV LETPNON KO TNV TETUNUEVN z;
cav Bonontikn petafAnt’. Zov andxAon r; TOL LOVTEAOL UOG KoL TNG
ToPOTNPOVUEVNC HéTpnong opilovue v arrdotaon Tov onueiov omd v
evbeio Tov TPoKVITEL.

2. H meproyn otnv onoio yiveton 1 moporya@yylon oxeddv ciyovpa Bo mepiéyet
Ko GAAeC, mkpdtepeg akpéc. To onueion mov Bor TpoxVLYoLV Omd CLTEG
TG OKUEG UTOpOVV Vo BepnBoVV cov avokplPeic petproels, aeov dev Bo
Bpiokovton otnv idta evbeia pe ot mov Yéyvouvue (e dAlo Adylor dev
0o tapléllovv oto {ntovuevo Lovtéro). Etvarl govepd 6t dev mpémel outdl
ToL onpeio vo ETNPEAGOVV TO KMOTEAEGUN.  AVOVTOG TNV AOYLKT] VITOOEST
6Tl avTé TaL onueio amoTEAOVV UELOYNOloL 6TO GUVOAO T®V oNUel®V TOV
éxovpe, o LMedS dev Ba tor Adel kolBGA0L VT Sy ylor TV xEpogn e
evbeiog.

To TpSPANUe TG avaliTNONG GTO X DPO AVCEMV GTN GLYKEKPLUEVT] EQOPLOYT
TOV OAYOPiBUOV, SNACOT| TOL KOBOPLGHOV TMV LIOYNPL®V VBEL®V, elvor amAd.
To meproodtepa onpeion o elvor Myo-moAd cuvevBeloKd, Kol ETOUEVOS TOV®
N moAV xovid otn {ntovuevn evbela. Mmopovie AOUTOV Vo TEPOLLE TLY oL
éva Cevyog onueimv kot vor Bpodue tnv gvbeior mov opileton omd avtd. Me
OPKETEG OOKIUEG TETOLWV ELOELWY, UTOPOVILE VO TEPIUEVOLLLE WG B0l TETVYOVLE
™ BéAtiotn Avon, 1| Kémola ToA) KovTd 6° oLTH.

Meté and o Topomdve, LTopovIE VoL GuVOoyicovue T xprion tov LMedsS :
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/* xovvag TO OLVOAO ONIEiI®Y IOV
OPOSKLYE amd TNV mApaydyion ... */
EnavélaBe 50 gopeg {
llape woxaia &vo onpeia.
Bpeg wnv evbeia mov opilfeval amdé avua.
I'va xabe onpeio,
LIOAOY10E TNV QIOOTAOI] TOovL amd Tnv evbeia.
Bpeg wnv 8iapeco (median) tev LIOAOYIOPEVEV GHOCTACERDV.
b
Eneleke vov KAADTEPO amdé Tovg medians.

Awoe oav Avon TNV avtiotvolxn svbeia.

H emioyn tov dtopéoov tmv anoctdoemv punopel vo yiver ypriyopa (O(n)),
xopic va ypetdleton tagivounon toug. O éheyyog 50 evbeldv eivon opkeTdg Yol
uio koA mpocéyyion tng PEATIOTNG AboNG, dTmg Bo ovel GTOL OMOTEAEGLOTOL.

3.3.4 Tunuotonoinom etkovog

E@opuolovtog tTny Topormvm Stodtkacion yio OAEC TIC AKUEC, KOUTOAYOLUE GTNV
evpeomn ovtioTolymv evbeldv. H teMKT TUNUOTOTOINGM TG E1KOVOC TPOKVTTEL
omd ToL ONUElDL TOUNG OLTAV TV EVOELDV. Xe TEPITTWON TOV TPELS evBeiec O
énpene vo. GuVoVTOVTOL 670 1010 onueio (.. onueio 2 6to oyxfua 3.5) Ko owtd
dev ovpPaivet, 1o TpUTAS onpeio Toung eEGyeTon UE TOV GUVLTOAOYLIGUO KoL TMV
TPLOV evbel®v (LEGOG 6pog TV TpLdv onueimv tounc). H yprion g uedddov
€0e1&e GTL 01 BLOLPOPEG TTOV TPOKVTTOLV elvor GYESSV ClLEAN TEEC,

3.4 Opébonuo’

Metd TNV TOoloTIKY| TUNUHortoroinon g etkovoag, apyilel n avalnitnon tov
OPOCTILMOV OTOL TUNHOTO EKELVAL TNG ELKOVOG TOV YopaKkTnpioTnKoy cov Toiyot.
Onwg ovo@épinke 610 KEQAAOLO 2, TOL OpOCTILOL ETAEYOVTOL OTG TO QLLTOVOUO
GOOTNUO X PNOLOTOLWVTHG TO saliency map, dnov evtomilovton To o Y opPoKTN-
PLOTLKG OMUELD TV TUNUATMV TOL OLVOQEPOMKOLY TTAPOTTEV®. T GUVEYELDL, EVOLG
OAYOPLOILOG OEN O G TEPLOYN G LVOAOUPEVEL VOL EVTOTLGEL OAGKAT PO TO OPOOTLLO.
1n cuvéxelo Bo TEPLYPAYOVUE TIG GLVOPTTCELS TTOV YPTCLULOTOLONKOV Yo TOV
VTOAOYLOUOS TOV saliency map ko Tov aAyoplOpo ovénong meploymc.

4H vAomoinon Tov TUHUOTOG cvToh £yve omd Tov O6dmpo T'kapdPero, 6Tor TAGiGLO TNG
TTUYLOKTC TOL EPYOGLOG
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3.4.1 Xvuvoptioelg saliency map

Ot GUVOPTNCELS TOVL YPNOLUOTOLGUUE €YOVV TNV WHTNTO VO LETPOVV TNV
OLVOLLOLOYEVELOL TTEPLOY AWV TNG ELKOVAG. XPTGLULOTOGOYLE PUiot GLVEPTNON CLG)E-
ticemg pe dV0 LOPQES, OLPOV LETE OO TEPOUOTIOUOVS GAVNKE OTL 0t0didovV
KOAG Ko ot 800. AVOALTIKE, GAEG o1 GLVOPTHOELG elvon ot eE1G :

1. Mia cuvéptnom Ry GLOYETICEWG LKPOV TEPLOY WV TNGS ELKOVOG LE TUTO

Ry = _Cuy 3.1)

OpM ¥ ON

e

CMN = UMN — M * [IN
ON = UNN — UN * UN

OM = UMM — UM * UM

Omov puy M péomn T oty neployi N, pyy M LEOT TN TOV TETPOYDVOV
TOV TIOV TG Teploxnig N kou oy M dtoonopd 610 mapdOvpo N. Eivor
eovepd 6t Tapduoleg meployéc Bal divouvv peyodvtepn T oty Ry, EVO
TEPLOYES TTOL JLOPEPOLV B dIvouv KpOTEPES TYLES, YU 0LLTS 1) GLVEPTNON
APNOYLOTOLEITON OVEGTPOUUEVT) GTOV VITOAOYIGUO TOV saliency map.

2. AAAN Lol GUVAPTNON GLOYETICEMS TOL dlveTal otd TOV THTO

ZZi,jeS[](xvy) _ ](l‘ + ivy —I'])]z
#pixelsin S

p(x,y) =

C=> 2 rli,j) (3.2)
1,jEW
6mov W pia meployn} g elkévog ko S pio meployn Tov idtov peyédoug e
KEVTPOo 10 (X,y). H Tt autg TG cuvapTnong eivor HeydAn avapecso o
TePLOYEC TOL SLPEPOLY UETOED TOVG,
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3. Tnv evrpornion H(s) Tng elkévag, mov diveton amd tov TOTO

Z P(h;)log, P(h;) (3.3)

6mov P(h;) m mbavétta éva pixel vo €xer Tiun i. H evipornio otnv
TPOGEYYLOT| oG OmOTEAEL Evor LETPO TNG OLVOULOLOTNTOG, POV €xEL LEYGAES
TIUEG OE TEPLOYES LE SLUPOPETIKES PWTELVOTNTEG.

. To ratweit onueiwv (pixel threshold) etvon éva pétpo avopordtnroc. Avtod

oL UETPE elvorl 0 oplBUEC TOV SLOPOPETIKAOV QMTEVOTNTOV UEGO G Uio
neployn] TG etkovoc. 'Evog oplOpog HeyoADTEPOS otd KOO0 KOTMGAL
VTOJELKVVEL VLENLEVT) CLVOLLOLOYEVELD GTN GUYKEKPLULEVT) TTEPLOYT].

'Evo teAevtoio UETPO TPOKVTTEL OTO TN SLoLPopE LETAED SLOBOYIKMY ELKO-
vov. Avtd Tov vodoyileton eivon apytkd n amdAVTN Soopd HeTHED TmV
QOTEWVOTATOV TOV ELKOVOV :

fi=[ = fai

¥1n ovvéyelo, oe UKPEG TEPLOYES TNG elKOvVoG LoAoyileTan 1 dtacmopd
TOV SLOPOPBV VTV :

L 2
D=%" i w) N“) (3.4)

6mov N 10 TA100¢ TV onuelmv TG TePLoyNG Ko L 0 LEGOG TWV dLOPOPHV
eotevotiTov f;. ‘0o mo peyYGAN M SloToPE TV POTELVOTHTOV, TOGO
LEYOADTEPT 1 SLOUPOPE TV SLAOOYIKWV ELKOVMV KoL KOT® EMEKTOOT) KOL M
OLVOLLOLOYEVELDL TNG TEPLOYNG.

Ot TIéG TV Tapomdvem cuvapTioewy abpoilovtal yio Tnv T tov saliency

map oe K&Oe onueio, 0o TPOTH GTAOUGTOVV KOUTAAANAC, (DOTE VO, GUUUETE-

YOLV GTO OmOTéAEGUO. e TNV 1d1o BopvTnTOL.

3.4.2 AlyopiOuog ovEnong meproyng

Metd ™ dnpovpyio tov saliency map ko tnv emAoyr| evog onueiov pe Heydan

T, 0 cAdyépibuog avEnong meployng ovoAoPEveL vo evTomicel OAGKANPO TO

TUNULOL TNG ELKOVOG TTOV TTEPLEYEL TO 0pOOTLO. O1 VTTOBEGELG TOL YivovTO OYETLKE,
ue to opdomnuo, givar 6t €xel péyebog TovAdylotov 7x7 pixels otnv elkdva Ko
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4Tl T0 opyKS onueio mov Tpoékvye ad To saliency map Ppioketon péco otnv
neployf TG EKOVOG Tov KortoAoPével to opdéonuo. 'ETot, Eekvavtog ommd to
nopdBvpo e péyebog 7x7 pixels mov mepidAiel To apylkd onueio otnv grey-
scaled euwcévol, 0 dAYOP1OUOC TPOGOHETEL SLOOOYIKES YPOUUES KO GTHAEC, LEXPL TO
0pOONIO VO GLUTEPIANPOET 6TO TopdOLPOo. H cuveT KN TEpLATIGUOV eEapTATOL
ond TG POTEWVOTNTEG T®V LIIOYN LV onueiwv. Edv n uéon tiuf tov onueiwv
Stapépel omd TN péon T Tev onueimv mov €youvv NN cvumePIANEBel GTo
0pdoNUO TEPLEGATEPO OO KATOL0 TOGOGTO, 1 EMEKTOON TPOG TNV CUYKEKPLUEVN
KOTEVOLVOT CTOUOTA.

|

| " |
- T I e e
L L T U

| | | |
RS _ = 4 -

| | | |
k R
pixels _ _i_ SLad-
- -
77\ 7\77\77\7
o a1l

| | | |
- —i- - -+ -

| | | |
I [ [ [ [ [ [ [ [ [ [
e e N

| | | | | | | | | | | | | | |
el 4 bl A — ke Ak — - A= 4 — - 4 —

| | | | | | | | | | | | | | |

| pixels —

yfuo 3.8: AAySp1Ouog arvEnong meployig

>t0 oynfua 3.8, Ta kovovpla onpeio O GLUTEPIANEOOHY GTO OpOGMULO LGVO
E04Y,

| Mean — NewMean | -

100 P (3-5)

omov
> i
kl

0 UGG OPOC TV GMOTEWVOTITOV GTO TUNUO TNG ELKGVOG TOL €XOVUE 1MON
ouuneptAdBel 6o 0pdGMUO (TO AOTPO TETPAYWVO GTO GYTLL),

Mean =

(3.6)

> fi

NewMean = i

(3.7)
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0 UEGOG OPOG TV PATELVOTHTAOV TOV LTOYNPLOV CNUEI®V (TO YPOULOCKLO-
OUEVO KOUUATL GTO OYNUO) KoL p TO TOCOOTS EMTPENOUEVNG Slopopd LeTaEv
TV 000 HECWV OPMV YO, VOL GUVEXLOTEL 1) EMEKTOON.

Otov oAoKANPmOel M eNEKTOOT), TO TUNUO TNG EIKOVOC OMOONKEVETOL GTN
uvnun, poli pe tig SlooTéGEL TOV KO TIG GUVTETOYUEVES TNG ENEVM OPLOTEPCL
yoviog Tov.



eodAono 4

Amoteléonoto

4.1 Ewcoyoyn

o Ty KoAvTepN 0ELOAGYNoN NG TPOTELVOUEVNC LeBddov, Ba ypetaldTov
N €QopUOY TNG G éva OLTOVOUO GUCTNUN, GE OLOPOPETIKOVE YMPOVES, OF
GULVONKEG TPOYLOTIKOD XPpOVOV. AVTO 0GTOGO B0l AmontovGe TOAD TPOGTEOELD
YO TNV TPOGHPUOYT TNG UEBGSOVL 6T0 avTédvouo cvotnue. EmAéEoue Aomdy
vo. o&loAoyficovpe tn HEBodo epapudlovtdg Ty oe pior okoAovdior elkdvmv
ond Tov dadpopo eviog ktipiov!. H okodovbic owth mpodkuye amd TV Tpog
T EUNPOC Kivnom wog Kauepog HEco oto diddpopo. Me ovtd TovV TPOHTO
TpocGoUolMOMKe N dy1n oL TEPBAALOVTOG amd TO VTGVOUO GUGTNUO, KOOMG
T Kiveiton. Atodoyikég etkdveg 6Tny oukoAovdio dStopépovy Alyo petasv toug,
OTMG TEPYULEVOLLE VO GUUPOUVEL KOl GTNV TPOYLOTIKOTNTOL, 0lpo® Bewpove GTL
T0 QLTOVOUO GUOTNUO B0 AoUPbivel cuvey®S eLKOVEG KATA TN OLEPKELD TNG
TAOTYNong.

To Baoikd petovéktnuo tng xpriong wog texvntig akolovdiog etkdévav, Gov
dedoUéval Yo TNV eQOPULOYT TNG LeBBGdoV, elvor GTL dev €yovpe TN duvaTHTN T
vo edéyEovpe TN Slapopormoinon mov Bor TpokKaAoVV Ol (TOOVAG GKOTUES)
KWWHGELS TOL OUTOVOUOV GULGTNUOTOS 6TV Oyn 1oL TePBAAAOVTOG Tov o
AopBéver.  éBe kivnom Tov LTGHVOUOL GLOTNULOTOG TOL Bor aAAGLeL T B€om
N ToV TPOCOVOTOMGUS TOV, Bo €xel ooV OmOTEAECUO VO KoTorypdpeton pio
SLoPopeTIKT e1KéVeL omd TG KEUeEPES TOv. Ot e1KGVEG TOL Bl TPOKVTTOLY €TGL
ciyovpa Ba dto@épouv, Alyo 1) ToAD, ortd TN dkild pog okoAoLBia EtkOVmV.

Aev €yovpe TpOmo Aomdv vo eEAEYEOVUE TNV EMISPOOT TV KIVI{CEDV TOV GV-
oTNUOITOC 6ToL Otk dedopéva, mov Ba ypnoyonowtjcel. 'Etot, dev umopovue
Vo SOVUE TNV TPAYUOTIKT EQUPULOYT TNG LEBGOOV KATA TN JEpKELD TNG TAON-

I8puua Teyvoroyiog kon Epeuvog
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ynonsg. Mmopolue GUMC, YPMNOYLOTOLOVIOG TNV TEXVNTY akoAovdic elkévmv,
VOl TEPOVILE OMOTEAEGLOTOL GYETLKG LLE T KLPLOTEPQ onpeior TG nebddov : v
TUNUOTOTOIN OGN TOL Y WPOL Ot TNV ELKOVOL, TOV EVIOTIGULO KO TNV CVOryvVMPLon
TV 0poCcT|LwV. Tow dmoTeEAEGUATA OVTE TAPOVOLELOVTOL OVOAVTIKE TOPOKETW,
LE TNV €QUPUOYT TNG LEBGDOV OE HeEPLKEG OO TG ELKOVES TNG akoAovOiog oL
YPMNOLLOTO ONKE.

4.2 Amnotéiecuo 1

(Y) AérnTuvom oKp®v () ApaiipeoT LIKPOV OKUOV

Syuo 4.1: Apykn eneEepyosio elkévog

>10 oynfuo 4.1 poaivovton T opyLkd otédlo eneepyaciog TG elkévog oTnyV
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TePInTMON NG GTUTIKNG TUNHOrTonoinong. To teMkod anotéiecuo (oxfuo 4.1-9),
UETA TNV 0LPOUPEST] TOV UKPWV OKUAV diveTon 6oy el6000G GTO LETOGYMLOTIGILO
Hough. Xt0 oyMuo 4.2-00 BAETOVUE TO OUTOTEAECHLOL TOV PeTAGYNLOTIGHLOD Hough
o€ OAN TNV elkdvo. Atokpivovton Kobopd ol tpoceyyioels yior 600 ortd Tig foctkég
oKUES. Xto oyxnua 4.2-B BAEmovE TO AMOTEAEGUO TOV SLOBOYIKDOV EQOPLOYDV
T0V AHT Kou 6t0 oyrjpo 4.2~y €YOULLE TO TEALKS ATOTEAEGULOL TNG TUNULOTOTOIN oM.

(o) Hough | (B) AHT

() TeMko amotérecua

Syquo 4.2: Metaoynuotionds Hough

H pébodog g duvopuknig tunuatoroinong napovotdleton 6to oyniua 4.3. H
etkova 4.3-o0 elvon n apéomg enduevn Hetd Ty 4.1-00 GTNV YPOVIKH okoAovBiaL.
Mmopotue Aowmdv vo kKobopicovpe Ti¢ meployxée avalinong Tov oKudyv, e
Bdéion tnv 101 YVOOTN TUNUKTOTOINGT TNG TPOMYOVUEVN S ELKGVOG (GYTLa 4.2-Y).
O oploudg Twv meploywv eoiveton 6to oy 4.3-B, 6mov BAErovue eniong to
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QIO TEAECILOL TG TAPOLY YOG OTLG TEPLOYES OVOLLITNONG TV OLKUL®V. XTO GYTLOL
4.3-y éyovue TO OTOTEAECUO TNG €PoPULOYNG Tov LMedS oto ovvoAo onueiov
oL TPOKVTTOVV. Ol YpOopUéS TOL TPOKVTTOVY GLVOVALOVTIONL Yol TO TEALKO
OTTOTEAEGILOL TTOV POUVETOL GTO Gy 4.3-0.

” . }
| \
[
i1 4
AL r

(B) Toporywyion oe TePLOyES

(v) Eeapuoyn tov LMedS (0) Telxd omotéreco

Syfuo 4.3: Avvopikn tunpoctoroinon

10 oxyNuo 4.4-o paiveton o saliency map yio tnv npdtn etkéva (oxniua 4.1-o).
To onuelo pe g peyolvtepeg TEG ovolnToHvTonl GTOVS TOlY0VS, GUUE®VOL
He TNV TuUnUotoroinon mov mponynenke. Xto oyxnuo 4.4-f ovtd tor onueio
ovupoiilovton pe "X kol BploKovion 6To TEV®-oploTePd LEPOG TNG ELKOVOG.
>0 1610 oxMuo BAEmovpE Ko TNV avtioToly ™ TUnpotoroinon, ue féon tnv omoio
éytve n avolijtnon.

EmAéyovtog ond outd tor onpeio eketva e tn ueyodhtepm T, o aAyopiopog
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avENong meployxng evionilel to opdonuo mov @aiveton 6to oyfuo 4.4-y. To
opéonuo owtd e€dyeton amd TNV €1KOVOL Ko omobnKevETHL OTN UVHUN TOL
OVTOVOULOV GLOTNUATOC (oYU 4.6-0L).

(B) Toe x oTNV €1KOVH, GTUELDOVOVY
TG LEYOAVTEPEG TIUES TOV
saliency map (BA. xeipevo)

() OpéoNUO TPATNG EIKGVOLG

Syfuo 4.4: Saliency map ko e€orymyn opoostipov (1m etkévor)

>t0 oynfuo 4.5 BAérnovue v 10 dtodikaGion yior Tov €EVTOMIOUS Ko TNV
eCoymyn Tov opooniov 61N devtepn elkéva @ YmoAoyileton o saliency map
(oxyquo4.5-o), evronilovton ot peydheg TG (oMo 4.5-B) ko teAkd 1o opdomM Lo
evtomileton (oxfuo 4.5-y) ko e&dryeton omd v erkéva. To eEorydevo opoonuo
eoiveton oto oynfuo 4.6-B eivorl to 1010 pe exeivo g mpwtNg eKdvog, e
Stapopd 6Tt T0 PAETOLILE OO SLOLPOPETIKT OTTIKH YVidL.

H avayvopion tov opoctiov, omontel Tn cVYKPLoH TOV UE TO OPpOCTUO TOV
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o r il
g e e T o e el -

i !
o)
7]

t

(B) MeyoAOtepeg TUEC
Tov saliency map

g

(y) Opéonuo devtepNG e1KOVOG

Syfuo 4.5: Saliency map kot eEorymyr) oposriuov (21 etkévor)

Bpioketon amobnkevuévo otn uviun. Ipwv omd 1t cvykpion, eeopuoLovie 6To
opdonuo ovtd 10 Metaoynuotiond Oéong Mapotnpnty Ko Tn ArypoplKy mo-
pepfoAn). To MOTEAEGLO CVTOV TOV LETOCYNLOTICUL®Y TAV®O GTO 0PGSO 4.6-0
eoivetonl 6to oynuo 4.6-y. H telMkny 6Oykplomn 0o tporylotonomnOel peto&h twv
opoonuwv 4.6-f xou 4.6-y. H avoryxondtnto tov Metaoynuoticpotd ©éong Io-
potnpnTA Kot TG Arypoppiknc MopepufoAng eaiveton omd Tig TIES Tov Taipvel
0 ouvteAecTNG oVYKkpLong (e€icmon 2.20) oTig GLYKPIOELS TOL OTOONKEVUEVOL
otn Uvniun opdonuo He To Kouvovplo opdonuo, petocynuotiopévo  oxt. O
GULVTEAEGTIIG OLLOLOTNTOS TOV OPOGTILOV GTO GYTIUAL 4.6-B KOl TOL U1 LETOOYTLO-
TIoUEVOV 0pOGT LoV (oMU 4.6-ar) MTov 0.7, evd T0 amoTéEAEGUOL TNG GVUYKPLONG
TOV [LE TO LETACYNUATIGULEVO OpOGMLO TOV GYpaTog 4.6-y itawy 0.8, delyvovrtog
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ueyodvtepn opordtnta. H dopopd avépecso oto 000 omoteAéopoto yiveton
HeyodvTepn, dtov ot elkéveg omd Tig onoieg eEdyOnkoy tor opdonua oméyovy
nePLEGHTEPO LETOED TOVG (0TO TOPASELYLLOL TTOV TOPOVCLECTNKE Ol ELKOVEG 1 TOV
SO LKEQ).

(ar) OpGONUO TPATNG ELKOVOLG (B) Opdomuo devtepng elkévog

(y) MOIT ko Avypoppnkny Iopepfoin

Syquo 4.6: Opdonuo

4.3 Amnotéleocuo 2

IMopabétovpue akOpo €vol TOPEOELYUO TUNUKTOTOINONG TOL Y®WPOL O pio
SLoPOPETIKT eLKOVA, OOV deV VTLAPYEL KATOl0 opdonuo. 1o oxfuo 4.7 (a, B, v
Ko 9) eoivovTo Tor 6TAdLOL TG GTOTIKHG TUNUOTOTToinoNG. Xto oy 4.7 (& xou
O7T) TaPOLOLELOVTOL T SUVOULKT] TUNLOTOTOIN O™ LE TNV TOPAYMYLOT GE TEPLOYES
KOl TO TEALKS OMOTEAECLLOL.

>t0 oynuo 4.8 PAérovpe tov saliency map yio T cvykekpiuévn eikévo. Ot
LEYOAOTEPEC TIUEC TOL deV elvor apKeTA LeYGAES Y1OLVOL LTOONAMGOLY TNV VIopén
KGO0V OPOGTLLOV.
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(0) Tunuortomoinon

(e) [Moporyayylon o€ mePLoyEg (o1) Tunuortomoinom

Synpo 4.7: Zrotikn Kot Suvokn TUnpatoroinon
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yipo 4.8: Saliency map
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£QGAON0 5

Younepdonoto - MeEAALOVTIKT)
epyoocio

To anotedéopotor amd VTN TNV €pyocio NTaV apKeTE evOUPPLVTIKE OYETIKA
Ue TNV mpoTevOuevVn HéBodo omtikng mAonynong. H tunuotomoinon tov yo-
POV, OTOTIKY KOl SUVOULKTY|, £dmGE 0ELOTIOTO OTOTEAEGUOTO OTIG TEPLOGOTEPES
nepntdoels. H epapuoyn tng uebddov yior v eEorywyn Un npokabopiopévmy
opoonev £€de1&e TL umopovue vo eATiCovpe o€ KA OmOTEAEGUOTO GTNV KOTED-
Bvvon auth. H amo@uyn Tng TpoemiA0Yig TV OpOCTILAOV QOVEP®GE OTL LTOPOVLE
vo Bedtiddoovpe Ty gveM&ion Ko TNV TPOCOPLOGILOTNTO TOV CVTGVOUL®MY GL-
otmudtov. Exiong, n nébodog avaryvdplong twv opoctiuwv €3e1Ee 0Tt SovAeveL
OPKETE OELOTIGTO, TOVAGYLOTOV OE MEPINTOCELS OVTIKEUEVMV TOV GLUVOVTOVUE
GLY VG OE ECMTEPLKOVS Y MPOVC.

[dwoitepo TPEmeL Vo TOVIGTEL 1 amo@LYY| EE0YOYNC CLUTEPAGUATOV GE VYNAS
eninedo (high-level reasoning) oe 0AdKkANPN TN UEB0S0. OAeg o1 TPGEeLg yivovTon
o¢ eminedo elKOVog Ko OAEC 01 TOGHTNTEG TTOV ELVOlL QTP AT TES Y10l TOVG UETO-
OYMUOTIGLOVGS KOL TNV OVOLYVAOPLOT TOWV OPOCTIUL®V Vol LETPTGLUES TEVE® GTNV
etkévo. To yeyoveg ot eyyvaton Leyolhtepn a&lomioTion Yo ToL OmOTEAEGILOTOL
™¢ Hedddov.

Oy povol ektéleong Tng LeBGO0L GTNV olkoAoLBI ELKOVMV OOV EQOPUOGTNKE
VI PEAY TKOVOTTOIN TLKOT, OVOAOYLKE LE TNV SVCKOALD TOL TPORALOLTOC TO OTToi0
ovTipeTonilel. Inuovtiké poro oty Bedtioon g toyxvTNToC EKTEAEON G ElY OV
n xpNoN TPONYOVUEVN YVOONS YO TNV TUNUOTOTOINON TNG €1kOvVoG KoB®g
Ko N un eEoviAntiky ovalitnon opoouwv o 0OASKANPN TNV eKOVH, OALE
uovo oe meployég te. IIpog tnv Kotevbuvvon g Peitiowong tng ToHINTOG
unopel vou TpoGEEPEL N TOPEAANAT €KTEAECT] TUNUATOV TNG LEBGdOVL, OTTMG M
TUNUOTOTOINGCT TOVL YWPOL KO O LWOAOYIOUOS ToL saliency map, mov eivon
oveEdptnto petagv Toug.
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[eplocdTEPH GLUTEPECUOTO. UTOPOVV VO €0 BOVV Otd TNV EQOPUOYN TNG
LeBAO0V Ge €vol TPUYUATIKO OLTOVOLO GUGTNLLKL, TOL EIVOIL KOl O CVTIKEYULEVIKOG
npooplopdg g Elvon oiyovpo mwg 6o yxpelaotel vor Eemepaotohy TOAAEG
dvoKoAleg Yoo var emtevy el ovTdg 0 okomdc. H epappoyn g nebddov oe évar
TPOYULOTIKG GHOOTNLO KO Ol TELPOUOTIONOTL (e orvTd B dei&ovv e s Tpdmo o
TAEOVEKTHUOTO T} LELOVEKTHLOTO TOV TOPOVGLALEL 1| TPOTELVOUEVT] TPOCEYYLON
GTNV VTOVOUN TAOT YN oM.

On®GONTOTE N GLYKEKPUYEVT €PYOCTIOLOKOUT KO UETE TNV LAOTOINoM KoL
o&loAdynon g o€ éval TPOYUOTIKG cVoTNU, Oev eEavTAel To TPOPANU TNG
OTTIKNG TAOTYNoNG. ot apyNVv npénel vo enektolel 1 LEBOSOC TNG TUNUOITO-
TOINGMNG TOL YWPOL, DOTE VO GLUTEPLAGPEL TIG TPOPANUOTIKEG TEPITTAOCELS TOV
dev avtipetonilel ovti M epyacio (Onmg N mepintmon va unv eivon opatég OAeg
ot okUEQ). 'Eva emduevo Bripor 0o Toy vor oV TILETOTIGTOVV 01 TEPINTAGELG OOV
dev 16 VOVV OAEG 01 TOPOOOYES TTOL EYLVOV GYETIKAL LLE TOVG X DPOVS Kivnong. Me
oVTS TOV TPOTO TO WLTAHVOUO GVGTNUO UTOPET VoL Yivel KOOl TTLo EVEALKTO.

ApKeTH OKOUOL TPOCTEOELD Ko oKEWYT TTPEMEL Vo oiplepwBel oTov Tpdmo e€at-
Yoy opociuwy. Ot GLVOPTIGELS TOV Y PNGLULOTOLON KAV G” UTH TNV Epyocia
vy T dnuovpyior Tov saliency map mBovdg vor unv eivon ot Bértioteg, 1§ vo
TPENEL VO, GUUTANP®OOVV. Eviiopépov elvon akdun vow GKeEPTOVLE 0V TPETEL VL
deyxduoote ooy opdonue 0TI TOTE Lo divel n ovédAvon tov saliency map, 1 ov
npénel va yivetol kémolo emAoyn Le BAon KEmolo kprtriplo KOToAANAGTNTOG
TOV OVTIGTOL OV TEPLOY WDV TNG ELKOVOLS.

'Evog TpOmog enékToong TG LeBGdov Ba Ty 1 yp1ion Ko GAA®V oGO TH-
POV amd TO ALTOVOUO GUGTNUO (TT.Y. oUeONTHPES OmOoTOONS) EKTOS OO TOVG
OTTIKOVG TOL X PN GLULOTOLON KOV GTNV epyocio ovTh. O GLVILAGUES TV TANPO-
QOPLBV OTtd d1GPopovg oncON T peS (sensor fusion) Oo emtpéyel GTo GHGTNUO TNV
e€oymyn aoQOAECTEPWV OTOTEAECUATMV KoL B0 BEATIOGEL TNV TaHTNTE TOL.

Télog, M mpotetvouevn HEBodog Ao ynomng Bow LropoHoe vor cuvovaeTel e
GAAeg poceyyicelg (my. xOpTeS, TPOKOOOPIGUEVH, OPOCTLO) TTPOG TNV KOTEV-
Buvon g Bertimong tng eveMElog TOL CVTOVOUOL GLGTHUOTOC, SLOTNPDOVTOG
NV TOLOTNTO TV OTTOTEAEGUATMV.
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