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Evxapiotieg

H ovvBeon kar xardbeon e napovoac epyaciac be Ba Nrav e@ikt) Xxmpic v IpaKTK)
Porfera xa v Poxohoyiki oV PnapdoTacy IoAAov atopmv. Niobe v avdykn Ka o@eido va
TOVC EVXAPOTHOM OAove Beppda. Xmic svxapiotiec avtee, Opmce, Ha mePOPIoT® yia evVONTODG
AOYOVC 08 GOOVC OXETIOTNKAV AJIE0Q [I€ TOV MPAKTIKO 1OVO TOpéd evioXvonc jov.

Ov adyopipor mov mapovopiCoviar oto xeipevo otnpiCovian og pia Bewpia mov
Bepeliowdnke xan pov vrnodeixtnke anod m Dr. Cornelia Fermiller xa tov xaBnynuy I'aven
Adoipovo. Tovc evxaprot®m 1000 yia TV ApXiKi) IPOca vATOAI01] LoV GO0 K yid TIC PETEMEITA
vnobeifeic tovg.

Evxapioto, emionc, tov xopro Ltehio Opeavonbdaxr, emPrcnovra xadnynty me epyaoiag
pov, yia m¢ ovpfoviec, T ovvepyacia Kai TNV vmooThpiEl] tov Katd T SidpKeia g
petamtoxiakne pov Onteiac km raitepa KAt TOUC TEAEVTAIOUC PNVEC EKMOVIONG TG
gpyaoiac.

[Moavnpy, emionc, vanpfe 1 ovpforn tov kabnynieov Iavov Tpaxavid ke Amootorov
Tpayavity. Apeodtepor ¢ HeAn e eE£TA0TIKNC EMTPONNC KA e1iKOTEPA O IPOTOC OC
YVOOTIC TOV AVTIKEIPEVOD TIC £PYAOIAC ODVETEAE0AV OTNV MO OAOKANP®IEVI] OV PIANP®OON
TOV KEYIEVOD.

Emmni¢ov, ot ovvepydtec pov oto gpyaotnplo Mnxavikic Opaone kar Popmotnixic,
Mavoine Aovpdxne ka Aviovie Apyopoc, Hikaodviam éva OAOPDXO Kl PEYAAO EVXAPIOT®,
kaBoc maviote enedeixvoav 161aitepn npobovpia oto va pe Ponfovv xwm va pe cvpfovievovy
yia omoobnmote B&pa mposkvmte.

Ooov agopd 0T CVYYPAPT] TNC EPYAOLAC, OPETA® VA AMOOMOM T £DOT LA KAl VA EKPPAOK)
T1C eVXAP1OTiEC Pov TO00 0Tov [mpyo Zovpt) mov H10XETEVOE TO KAAMTIEXVIKO TOD TAMEP APEVTO
0T0 0Xe6100110 MOAADYV OXTIATOV TOV KEEVOD, 000 K 010 Ltavpo Tpondxn mov égepe ot
nepac e 161aitepn) emIvxia TIC AMOOTOAEC KATAYPA@NC eMINK®OV pafnpankov wnov Ka

PETAPP AOT|C TNC MEPIANPIC O TNV EAANVIKI] 0TIV Ay YAIKT] YADOOA.



Téhoc, xara 1 HdpKela ¢ MPOETOPAOIAC JIOV Yl TNV IAPODCIACT] TNC &pyaoidac
béxtnka ™y apéproty ovvbponr) morieov cvvadbéigov.  Extipem Pabotata yuU avtd ka
guxaplot®, houov, tovg avvy TCtGika, Tavvn XovphatCr, BapBdapa Maotr, Mipdavia
Konpwwoty, Adnva Tpagioty, Oobwpr) Xatopvin, Aconowa Bapfaxd, Anpnipn Aaok aidxn

kar Xprotiva I'kprrCaun.
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AAyopiOpol Xp1jon¢ IPoToI®@V aAAay1|C HPOCII®V Yia
tov evromopo neptoxov FOE kat AOR otnv

MEPUIT®OT 161a¢ KIvNong

Ytoyravvibng Avaotaciog
Metantoxiaxn Epyaota

Tunpa Emotpne Yonoroyiotov
[Tavemotmo Kpnne

ITEPIAHUH

Eva peyaiov evbiagepovioc mebio epappoyomv e Mnxavikne Opaone amotehei 1
MAOIYNON AVTOVOI®Y INXAVIK®Y GUOTIIAT®V, Ta OMOic K1vouvial 0 MOIKiAa mepifaiiovia
npoonafoviac va emIvxovy TOuG MPOodIAYEypAIEVODC TOVC oTOXovC.  Avdapeoa otie
IKAVOTITEC IOV TETOLA GLOTaTa Kaiovviam va emdeifovv mepriapfavovial o vIOAOYIOPOC
16iac xivnonc, 11 amo@ovyl epnodiov, 1 avayvmplol] avedptIne Kivonc, o Ipoyp Apatiofnoc
pdos@wv yia v emitevfn otdéxov K 11 Xaptoypagnon xeopov. O vmoioyopoc biac
Kivione, edikotepa, amotedel pia amd T Meploootepo Bepehmbelc 1KavotTec £vog
AVTOVOJIOV OVOTNIATOC, KAH®DC 0 ovvexne ¢AeyX0C T@V KIVI0E®V TOD OX1 AMAG XPIOPIEDEL
yia va ava@epetal oto mepifaiiov tov aihd xm emParietan yia v evxepeotepn ovvbeon
AVOTEP®Y AETTOVPYI®V.  LTA TACOIL avti¢ axpifoc ¢ £pyaciac KATAOKEDAOTIKAY K
pehemfnkav técoepic adyopifpol mpooeyylonkon ImpooHlopiopod t@v mapapstpov 1biac
KIVI|OT|C TOD ILap atnpnt] Ao Ti¢c HS1a60X1KEC E1KOVEC MOV KATAYPAPEL 1] KAPEPA TOD 08 OTATIK(
nepifariovia. Ot MAPAPETPOL ADTEC 0TI YEVIKI] MEPUITMON KIVI|OIC 0TO TPHIAOTATO XOPO &i-
van 81, ano ¢ omoiec tpeic exPpalovy TN PETAPOPU KAt TPELC TNV MEPIOTPOPI] TOD ADTOVOILOD
OVOTIIATOC.

H npooéyyion mov axorovdnbnke PaoiCetan otnv efaywyr] nminpogopiwv amd 1o medio
KABetnc porg, 10 OMoi0 OVOIOTIKA AVAMAPIOTA TI] PETATONION TOV ONEIOV TOV AKI®V TG
oxnviic oti¢ Kabeteg mpoc¢ ¢ axpéc SievBovoeic. Ilapd t pr manpn ninpogopia Kivyonc mov

gnnepiexeta oto nedio kabemne porc, 1 xpnon tov mpotpndnke £vavil €Keivov ¢ OMTIKIG
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por¢ (mov avtavaxid v 0AOKANPOREVY PETATOMOY TV oNpei®v), H10T1 0 VIOLOYIGILOG TOV
npotov efdyetan pe amdovotepec pebobove. Or arhayée ota mpdoNpa TOV PETAPOPIKGOV
KAl IEPIOTPOPIKOV GV VIOTOOMV T®V Olavoopatmv kabetnc pone Snpovpyodv yemnetpikong
neplopopove yra t feon oty ewova 6vo Graitepov onpeiov, tov Focus of Expansion
(FOE) xa tov Axis of Rotation (AOR), ta onoia xapaxtpiCovv xa xapaxtpiCovia ano
TIC ap apETpoue Kivione. Luykekpipéva, 1o FOE eivan 1o onpeio mov 1o 61civoopa peta@opac
tepvel 1o eminebo mpofoli|c (ewova), eve 1o AOR givan 10 onpeio ovvavinong tov emunédov
mpoPoArc pe 1o H1vvoja meEPIoTPOPI|C.

Ot akyopiBpotl mov KATAoKEVAGTNKAY 0TOXEDODY 0TV 0p1ofETnon MKp®Y MEPIOXMY OTIY
gikova omnov pmopovv va Ppiokoviar ta FOE xat AOR. H expetdiievon 1ov yeopeipikov
WBlomtov e xkabetne porc ovvieheita e ) 80mon aniov Kpitnpi@v mov €AEYXOUV TNV
E1PAVION OVYKEKPIPEVOY MPOTOIOV OTNV €1KOva. H amhdmta tov kprmpiov eival biaitepa
ONPavTIKI], H10T1 001yel 0€ YPIYOPOVC VIOAOYIOPODC, Ol omoiol givan emPefAnpévor yia
ypryopn andkpion tov ovotparoc. Ta xpiijpra eAéyxov mpotnmv epappolovia og et
opdbec Gravvopdtemv kabetnc porne, ota Stavdopara ovykekpiyEévon kabe @opd peTpov Kat
Sievbovornc xam ota Stavbopara mov avijkovv ota enovopalopeva coaxis Kar copoint ohvoia
mov amotehovv 6o eibikéc KAhdoelc Stavvopdtov Tov emnebov Xmpov.

H Zettovpyia tov aiyopiBpov efetdotnke oe Soxipec pe ovvletkd -Kvpioe- K
npaypatkda 6ebopeva. H evpeon meproxmv omov ta FOE xa AOR avijxovv 1jtav emrtoxi|c.
To péyeboc avtOV TOV IEPIOXMY TTAV APKETA PIKPO OTNY HEPITT®OOT] T@V 0V VIETIKOV E1KOVOV,
aihd mapovomCotav avfnuEvo oY MEPIT®O TOV IPAYRATIK®OV €1KOV@Y, abinon Iov
opelhetan Kupimwe 011 peiwon e Stabeopine o@ehyine minpogopiac mov efdyetm amd 1o
nebio kabene porc.

Enontc : Xighoc Opgpavovdaxne, Kabnynuic
Tunpa Emotipne Yonoroyotov, avemotimo Kprie
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Algorithms using sign—alternation patterns to locate

FOE and AOR areas in the case of egomotion

Stogiannidis Anastasios
Master of Science Thesis

Department of Computer Science

University of Crete

ABSTRACT

A very promising field in the domain of machine vision applications is the navigation
of autonomous mechanical systems. These systems move in various environments trying
to achieve a set of prescribed goals, and their capabilities include egomotion estimation,
obstacle avoidance, independent motion detection, motion planning and space mapping.
In particular, egomotion estimation constitutes one of the most principal tasks of an
autonomous system, since the continuous control of its own motion, not only is used for
self-reference with respect to the environment, but also is indispensable for making easier
the composition of higher level functions. The contribution of this work consists in the
implementation and study of four algorithms which compute approximately egomotion
parameters from successive images, which the moving observer—camera records in static
environments. There are, in the general case of three—dimension motion, six egomotion
parameters, three of which represent the translation of the autonomous system, while the
rest three represent its rotation.

The approach followed is based on extracting information from the normal flow field,
which actually represents the displacement of the points of the edges in the scene, with
respect to the direction perpendicular to the edges. Despite the fact that the motion
information contained in the the normal flow field is not complete, the normal flow field
has been preferred to the optical flow one which represents the complete displacement
of the points. The reason for this choice is that the computation of the normal flow
field is acheived by much easier methods. The sign alternations of the translative and

rotative components of the normal flow vectors yield a set of geometrical constraints to



the position on the image of two special points, FOE and AOR, which characterize the
movement parameters, and are characterized by them. Particularly, FOE and AOR are
the intersections of the image plane with the vectors which represent respectively the
translation and the rotation of the observer.

The goal of the designed algorithms is to specify small areas in the image that contain
FOE and AOR. Exploiting the geometrical properties of normal flow consists in specifying
simple criteria which test the appearance of specific patterns in the image. The simplicity
of these criteria is of particular importance, since it allows fast computation, critical to
the rapid response of the system. The patterns—search criteria are applied to three groups
of normal flow vectors, namely, vectors of constant direction and constant norm, as well
as vectors belonging to the so—called coaxis and copoint sets, constituting two particular
classes of plane vectors.

The performance of the algorithms has been tested with synthetic — mainly — as well
as real data. The regions where FOE and AOR belong have been successfully discovered.
The size of these regions was small enough in the case of synthetic images, however, it
appeared larger with real ones. This increase is mainly due to the diminution of available

useful information extracted from the normal-flow field.

Supervisor : Stelios Orphanoudakis, Professor

Department of Computer Science, University of Crete
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KegpaAawo 1

Ewoayoyn

1.1 Tevikn Oswpnon

H 6paon anoteiei ) onpaviikdtept) tov aofnoemv tov avlpomov. Aot eivat vmevfovy yra
ODALOYI| TN MALOVOTTAC TOV IANPOPOPIMY MOV ekeivoc Katexel. H xatavonon tov Kavovev
mov 11 6enovv kabdme Kal 1) 0X£01 ¢ Jie T AOYIKI] K T OKEPn amotéhece OX1 JLOVO
aviikeipevo Beopnuikic, @rhooo@ikic avalmonc, aiid xa nebio £viovev emoTnoviIK®v
gpevvov. Ilapdddnia, opme, pe M petafolrn] TV aviANPenv yia T1¢ apXec mov opilovv
MV OpAcI] TOCO MC PLOIKO PUVOIEVO 000 Kl MC YVOOTIKI] Agttovpyia, avabewpeitan pe 1o
HEPAOPA TOV XPOVAOV Kt 1] AOY1KI] XPNOPROMOINOG ¢ ano Tov avlpmmo Ka ta vImoAoyloTikd
oVOTIaTA.

Ov ohogva peyadviepec amartiosic tov avdpomvov £6ove yia vEEC TEXVOAOYIKEC
efediferc mov Ba Gievkodvvouv 1 Cor tov mpombnoav (kam mpowmbodv) ) PBeltiwon
WG DOWTTAC TOV DIOAOYIOTIK®OV ovoTRdtov Ka Sedpuvav (kaw Sievpdvoov) 1o @dopa
£QaPIOY®V Tovc.  Avdjleca ¢’ apntéC ODYKATAAEYOVIM Kl €KEIVEC MOV APOPOLV OTn
PORMOTIKI] Kt 101KOTEP AL 0TIV KATACK £V LXAVOY IOV IPOCO LOIMVOLY KAMoto eibo¢ “vvonc”
ODIIEPIPOPAC IOV GV VAPTATA Al Tovc e101KOTEPOVC 0TOXO0VC KAbe epappoync. H Myxaviky
Opaon 6wabpapatiCer kegatmmdy poro (kw) oe AvTOV TOV TOpEA.

Eva peydio nebio epevvov diid Ka IpAKTIK®OV eQAPROY®Y TIC PORIOTIKIG 1Vl EKEIVO
MC KATAOKEDIC ADTOVOROV INXAVIK®V ODOTNRATOV Ta omoia fa &iva Kavd va Kivovvial
oe buvapikd mepifdiiovia aiinrembpomviac e avtd avaioya pe Ti¢ mAnpogopiec mov Ha
ovAAéyoov. O1 KATAOKEDAOTES TOV ADTOVOR®OV AVTOV ODOTHIAT®Y 0@eidovy va ta epodidlovv
€ 10X VPONC PNXAVICRODC Kl ASTTOVPYIEC avTIANPIC, vONOL ¢ KAl OpAo1|C, MOTE va 1val TKavd

Va QVTAIOKPIvOVTIaL 08 MP Ay HATIKO XPOVO OT1C OVXVEC KAl AlpOPAENTEC PETAPOAEC TOV XDPDV



2 Ewayoyn

bpaonc tovg [19]. H épevva oty Myxavikn Opaon analhaypévy mA£ov and 10u¢ a@opiopone
napeABoviov Xpovev, Katd Toue oIoione To £pyo ¢ g Xpnoijeve mapd povo ot Asttovpyia
e aviiAnyne, e€amriovetm v 1eAentaia SEKAMEVTAETIA 0TI AE1TOVPYIA TOOO TN VONOT|C OO0
Kat ¢ 6paonc pe Paciko KPrtplo v HO0TIKOTEPT] KU AMOTEAECHATIKOTEPT] XPOPHOMOIN 0N
Tov 61afeomov mopev, TOV avaKATAOKEAoTIK®OV pedddov Kk tov 1Kavotitov 6pdong to
VIIOAOYIOTIKOD OD GTIATOC.

H Baoopevn ota Sebopéva, mov xatwypd@ovv ot arodnirpec Tov, Kivior Tov ODOTIATOC
0TO X@MPO ava@epetal Kal o¢ mionynol. Onuki mionynon sivar 11 Stabikaoia eAEyXov 10V
KWI0E®OV PE0® TNC avdivon e tov Aapfavopévev exkovov. H opfn (omtiki)) nionynon evog
TETO100 GLOTIATOC MeptAajifavet ) Bepehimon IKavoTT@Y oV fa Tov EMTPEMOVY VA Kiveital
AnpooKonta oto xopo. Térowee wavotree amotehovv 11 efaxpifmon e 16iac kivnone, n
AMOPVYT] ERNOOIOY, 1] AVAYVOPIOT] TIC KIVvIoNC aveEApTNTov aviKeIEvev, 1 map akoiovdnon
KIVODPEVOV avTIKEPEveV, 1] Hladbikacia emotpo@nc oty Baot, 11 XapTtoypa@non Xopmv K.d.

O1 wavoteg avtée pmopovv va tafwvopnfodv avdioya pe v MOAVIAOKOTTA TOV
PAdNpATKOV MOV Ta POVIEAOIOIODY O £Va 1EPAPXIKO OVIEAO AE10AOYNONC, OV PP®VA JIE TO
OIO10 1] EMADON TOV MPOLANIATOV IOV APOPOLV O0TIC VPN AOTEPEC Pabpibec emxeipeita émeita
and my avriotoxy Bempnon ka e£aymyl] AMOTEAEORATOV AIO TIC XAPNAOTEPEC, AMAODOTEPEC
adrd xa Paomotepeg Pabpibeg [11]. II.x. 1 avayvepon mwg xiviong evog avefdptnron
KIVODJIEVOD QVTIKEIEVOD OTNV MEPUITOOI] |1 OTATIKOD MAP ATNPITI] EVXEPAIVETAL O JIAVTIKA,
€AV IPOTA TO GUOTLA-IAP AT PN TIC avayveploel TI¢ HIKEC TOV AP a&Tpons KIivions Kat 116
apapéosl amd Ta yevikda Sravdopara Kivione OA@v TOV ONHEI®V TOD X®POv, £TO[ MOTE VA

anopovmbel 1 Kivyo1 mov o@eiheta 610 AAAO AVTIKEIIEVO.

1.2 To mpoPfAnpa 16ia¢ Kivnong

M’ avujv ) Aoyii), 1 iKavotnta vmoioyiopod e biac kiviong amobeikvoetm va givan
Bepedwbeotarn yla €va avtovopo oOOTNA, Pia Km 0 aKpiPic AeyXoC TOV KIVI0E®@V K
mc Béone tov pEéca 010 X®po eivan amapaitnroc yia oiec Tic vyniofabpec wavornreg
TOV.  LDVENMC, AIMTOLVIM gDPp®OTOl K eveAlKtol aiyopipol mov va 6ivovv Abdon oto
mpOoPAnpa Tov PIOAOYIGROV ¢ 161ac Kivnonc, Tov mpoodiopond, dnhabi), v mapapspmv
nov exppdCovv v aihayi Béonc evoe maparnpnu).

To poviedo xivnone mov efetaleta eivan exeivo ¢ oupmayoug kivaong (rigid mo-
tion). Topmayng xivion onpaivel 6Tt 6ia Ta o peia Iov anoTe AoV KAIO0 KIVODREVO 0O

Kwvobvia pe v ibta taxvinta, 1600 oe peTpo 000 Kar @opd. H mapaboxiy avt) amhonoet
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aofntd ta pabnpanxd tov poviéhov kivione xmpic pdAota va xapaxmpifel onaviec Km
efeuévec KATAOTAOELS, Q@O Ta MEPIO0OTEPU AVTIKEIPEVA e1vanl €K TI|C KATAOKELNC TOVG
ovpnayt. Emiong, 1o mepifdrrov otic mepurtowosic vmoioyiopon biac xivione Hempeitar
oTanKo, Timota 6mAadi Hev Kiveltan eK10¢ amod v Kapepa-maparnpnti. Tote, 11 Kivnon
avTi) Tov mapatypny) wobvvapel pe pra akpiPoc aviibetn mpo¢ T 61K TOL PETATOMON OADY
TOV oNPeEi®v Tov Xopov. Av xwm 1 ovvlnkn avty be @aivetm WBraitepa peailotikiy, vIdp-
XOUV MEPUTTMOELC EPAPPOYHOY OMOV IMPAYIATIKA TO JLOVO AVTIKEIPEVO MOV KIVEITA 0TO XMPO
glvan 0 Iap At pIc-—KAapepa, m.X. Bpabvvi] enonteia ERNOPIKOV KATAOTIIATOV, EVOOOIK1 K
PETAKIVIION ATOI®V PE 8101KEC AVAYKEC K. AL, Q0TO00, av KAMOW0 JKPO AVTIKEIPEVO KIVETTM 1€
mKp1 taxovuta aveldptnta ano tov mapatnpnr), feopeitan 611 1 xivnon avt dev ennpedlet
OVOIOTIKA TO Eyedoc Moy avaImaploTd ) PeTATOmon TV o eimv, enopévec oev ennpealeta
kat 11 pefoboc vmoroyiopon ¢ 16iac Kivone mov TEPTypa@eTal Map aKAT®. 1e IEPUITOoelc,
OJI®C, OMOV MOAA( AVTIKEIpeva petaxivovvial avefaptnra amd tov maparnpnty, 1 péhobog
avt, mpo@avec, ¢ Ba amo@eEpetl IKavomouTKd anoteiéojard.

O voloyiopdc e 161a¢ Kivnon ¢ avayetat Ip aKTIK A 6TOV DIOAOYIORO Tov ££1 map ApeTpmv
nov xapaxtpiCovv onotabnmote ovpIayl) Kivion Kamowov aviikeipévov. Ot 1pe1c and avtsc
TI¢ Iap apetpoue ek@pdlCovy 1) peta@opd Kal o1 VIOAOUIES Tpelc eK@pdlouy v IEploTpoer)
0V Kwvovpevoy maparnpnt]. To mpofinpa vmoioyiopod Tov mapapetpov exel efetaotet
apretég gopég oto mapehBov [32] [10] [20] [31] [9] [11] [25]. Evbewtkd, or Horn xan Weldon
A0X0A0ODVTA 1€ TOV MPoob10popd ¢ petagopikic xiviong [32], ot Aloimonos xa Duric,
ot Sinclair,Blake xan Murray xar or Burger xan Bhanu aoxokobvia pe v nepimtwon otn
OIOlQ 1] MEPIOTPOPT] KVATVETA 08 YvooTd pkpa opra [10] [20] [31], eve n Fermuller efetalen

m yevikn nepinmtwon kivnonc [11].

1.3 IIpooceyyion ¢ IAPOVOAC EPYACIAC

YioBetoviac my npoogyyion e Fermuller, otnv mapovoa epyacia o mpoobiopopoc tov €1
HAp APETPOV eMOWKeTa Peom e avalimone xa oplof&tnon ¢ neploxov Omov avijkovv 600
raitepa onpeia e ewwovag, 1o Eoriaké Enueio EEamAwong (EZE) (Focus of expansion)
(FOE) xa 1o Znpeio A&ova Mepiotpopnc (ZAM) (Azis of Rotation) (AOR). To FOE eivar
10 o1jgio mov To H1vvopa mov ek@pPalel T PETAPOPIKI] KIvIon TERVEL TNV £1KOVA, £VE) TO
AOR &ivar 1o onpeio mov 10 H1AVLORA TNC TEPIOT POPIKIC OVVIOTMOAC TNG YEVIKIC KIvoNC
wpvel My ekova. [a v avixvevor mAnpo@opiov mov odnyobv otnv evpeor tov FOE

kat AOR xprnomponoeitan 1o nebio xabetne pone avtl yia €Keivo ¢ OMTIKIC, Pia K 1)
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e€ aywy1) Tov mp®mTov eival ypiyopotept K evkohotept. H enefepyacia tov Stavvopdtov tov
nebiov xabetng poric Hev axorovBel v nayta taxniky e anonepotpogr| (derotation) xm
anopetagopdc (detranslation) [31], aldd eotidler v mPoco X1| TE 0TV AVAKAAVPT NEPIOXDOV
¢ E1KOVAC OOV GV VAVIMVTAL OV YKEKPIPEVA MPOTVIIA AAAAYNC HPOOT IOV TOV G1AVDORAT®Y
tov nebiov. Ta mpotwna avtd xabopiCovia anod T¢ map apeTpove Kivyonc, ENOREVEOC MAPEXODV
ninpogopiec yra 1 f¢on tov FOE xa AOR. H avixvevorn tov npotonev yiveta pe 600 10
Suvatov AmAovoTep A KPUPLa, MOTE VA PIv eMPaphVETal 0 XPOVOC AOKPIONC TOV OV OTIATOC.
To tehxd amoteheopa 1v aiyopifpov eivar 1 oprofeon ag Kpne eEPIOXIC OTIV E1KOVA

omnov avnkovv ta FOE xan AOR.

1.4 Opyavoon KeWEvoy

Y1o Sedrepo ke@dhmo mapovomiletan pia YEVIKY Ieptypa@l) t@v evvoimv ¢ Mnxavikic
Opaong Ka Tov avaxataokevaoTiKoD K TEAE0A0YIKOD IOVIEAOD OPAOT|C. 2.TO TPITO KEQPAAMO
ovvogilovial emypappankd or kopotepec pedobor vmoAioyopod Kivionc, £monpaivovia
KAMO1a PEIOVEKTIIATA TOVC, Kt akorovdel pia yeviki avaivon ¢ 16¢ac 1ov aiyopifpmv mov
viomowmdnkav. Xto tétapto ke@aimo opiCovian Kar e£yodvial o1 £vvolee Tmv Tediowv OnTKIC
ka xabetne poric, opiCetan 10 obotnpa ovvietaypévev pac xa e£dyoviar ot e1omoe1c Tov
nebiov ontikie porc. Ot e€womoeic tov mebiov xabetne ponc AvaAvovia 0XOAAOTIKA OTO
népnto xkepadao. IapovopiCeta 11 akvobwtr oxéon me tpdiaotate Kiviong pe 1o medio
kabenc pone, mc por|c pe ta onpeia FOE xaw AOR xan tov onpeiov pe ta enavaiapfavopeva
HPOTUIA EVAAAQYNC TMPOONpov tTov Stavvopdtov. Ot viomoujoeic v aiyopifpov mov
BaoiCovian o avtéc Tic 168e¢ KartabEToviar ovvVOnTIKA 0TO MPOTEAEDTAIO KEPAUAMO, TO OMOI0
OAOKANp@VETA J1& TNV IIAPODOIACT] TOV AMOTEAEORATOV. Téhoc, 010 £B60po Ke@AAmo TG
gpyaoiac mapovoillovia Ta TeAKA OV PIEPAOIATA Kl KAMOIEC OKEPEIC YA TNV eNEKTAOT Kt

OVPIANP®ON TOV aiyopifpmv.
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Mnxavikn Opaon

Mia and ni¢ onpavtikotepec 1kavotntec tov avlpmmonv givan exeivy ¢ opaonc, 1 aiofnon n
ool lval Katd To Peyainvtepo 1om¢ Padpd vievbovy yia v avtiAnypn tov KO0 MoV Jac
nepifarier kaboc kar yia ) 6pdorn pag péoa og avtdov. Luveldnronomviac amod aovec T
xpnomomta Kxam Bapdinra me opaon yra ) (o) tov, 0 AvhpeoIoc v KatéoTnose aviiKeipevo
EMOTNPOVIK®V IIAP AT PIOEDY KW PTAO00 PIK®V MpofANjlatiopov e Paopone otoxove va
Katopdmoet va ov AAAfel Tove PrXavioptove Ae1tovpyiac ¢, va avakaAdPel Ka va epanvenoet
TOVC VOPODC MO T1 H1IEMOVY KAl VAL AVIXVEDOEL TI] 0X£01) TG JE TN VON01] K T1) o0 veidnor), 11

Kup1otepec hertovpyiec mov 1ov EexmpiCovy avdjieoa ota vnodoura 161 tov (ko Paopheiov.

QvopLoyiKI AOPPOLA TIC EVIOVIC, O1APKODC K KATA MOAAODC TOPEIC TEAEOQOPIC AVTI|C
avalnmong amotédeose Ka 11 0Tad1AKT] KATAOKED] TEXVITOV AVTIKEPEVEOY KAl PNXAVIIATOV,
Ta omoia Hemopeva amd apxec mov oefovial Toug VOROVC TNC OPaoNC EMTUYXAVOUV TN
Bedtimon (@axol ontikev nabioemv), oo pnAnpmor (Qaxol PAKPIVEOY AIOOTACEDY), AL K
OAIKI] AVTIKATAGTAOT TOD avfp@INvon ONTIKOD GVOTIHATOC (KIVIRATOYP APIKEC, POTOYPAPIKEC
INXavec). v tehevtaia avt) Kamyopic aviKouv K Ol IAEKTPOVIKEC KAPEPEC IOV
XPNOPOMOODYTAL Yia TNV HpOORNPn MApAoTACE®V MO To eE@Tepiko HePPAAiov, ONmC
EIMON ¢ K Y1 TV MAPEMOJIEVI] E10AYOYI] TOV AP AOTACEDY ADTOV 0T MOTKIAC DIOAOYIOTIK(

oVOTIaTA.

H aipatodbne avammwén tov vmoloy10TIK®OV GUOTHIAT®V K 1] EVIVIOOKT H1eDpuver To
PAOPATOC XPTO1 ¢ TOVC AMAITNoaV, IPoKAheoav Kat ev téhetl Bonfnnkav népa tov dAiov Kat
and mv Stapopoon 1ov 16eov otov topéa “Ymnoroywotikn Opaorn”: eehiypevec ovokevec,

Kavouplol aiyopifpol Xpnopmonoinong tone, vEee @lA0COPIeC AMAITIOIC TOVC.



) Mnxaviky Opaoy

2.1 KAaojk1] vmoAoy10tiki] opaoct

H umoAoyiotiki /i pnxavikn épaon (computer or machine vision), obpeova pe £vav amd
TOVC MOAAODC MAPERPEPEIC OPICHODC TG, QIOTEAEL TOV EMOTNHOVIKO TOPEA MOV €XE1 OC
AVTIKEIEVO TOD TNV KATAOKEDT] 00@®V, VONIATIK®V Ieptypa@mv ¢ Sopc, ¢ Kataokenie
Kt ToV 15100V Tov TPp1H1doTaton Xmpov Xpnoponoimvias 161dotate e1kovec.

H vnoloywtikn opaon yevikd Beopeitn xoppdtt wm¢ Texvatig vonuoouvng (Ar-
tificial Intelligence (Al)). H Texvnui Nonpoovvn éxer oc¢ oxomd w¢ Tt pelém
MC £VVONC OVPIEPIPOPAC Kl TNV MPOCOROIMOI] TG HE T OLVVOPONI] VIOAOYIOTIK®V
peoov. TMa va emrevxbel o peyaiemiforoc avtdc otdxoc, or gpevvnrec e Texvug
Nonpoovvne emx&vipmoav v mpoooXi| Tove Kat katefaiav tic Suvapeic toue otnv bpeon
pefoboroyimv mpdoPNPC K avanapioTaon TANPOPOPIOY YEVIKIC OKOMIOTNTAC, ETORMOTE
va Snmovpynoovv povigda “oco@otepa’ xa ikavotepa. H taxktki avt), onoc 1ntav enopevo,
vioBefnke xa axohovdnfnke yia apxetd xpovia Ka amd TOUC AOXOAODJIEVODC PE TN
Mnxavikn Opaon.

Anoteheopa avtc e evbvypappone oty peboboroyia twv 6vo emotnpov NTaw
Il SMKPATNoN ¢ QLA0COQPIKIC ypappie mov opile om peow e Mnxavikne Opaong
npoonafovpe va avamapaotnoove 1o nepitBdiiov pe 001 PeyaAnvTept] AEMTOPEPELA YiveTal.
H Bempia avtry, xoproc sxkgpaotic ¢ onotac viple o Marr, opile ot 1 Opaon amotedei
ma Srabikaoia avaxataokevig, €00 K 0 OPOC AVAKATAOKEUAOTIKH 6paon (reconstructive
vision), Srapéoov m¢ onoiag avtipeteniCeta 1o npofinpa me SnpovPYIaE AvaLap AoTAcEmV
AvEavOPEVNC APUPETIKOTNTAC, £eK1v@vTde amd Ta MP@OTAPXIKA oToOXeld tTov Hibidotatov
E1KOV@OV K KATAAIYOVTAC 0TIV MANPEOTEPT OVVATY] MEPTYPAPL] TOV AVTIIKEIPEVOV, ETOIMOTE
VA KATAOTEL EQIKTI| 1] AMOTEAEO]ATIKT] AIOKPI0T] TOV OVOTATOC 08 £p®@Toelc mov e£etdlovv
10 00Volo TV Wlottwv avteov [19].

H extetapévn evaoxOinon tev epeuoviov jie ta  mpofAnpara  avayvoplone K
AvamapioTaonc TV 10T IOV IOV avTKeIEvev Tov nepifaiiovioc obiynos oty cOAANPN Kw
viomoinorn ¢fvnvov Ka ypyopmv pefobmv cvAhoync Ka OXNIATOMOIN0NG TOV IAPOPOPIDY
mov o1 aofnuipec mapéxovy oto ovotnpd, kame emone Kwm oty epgavion xka feperimon
VEDV OXETIKOV MEPIOXOV EPEVVAC, OMOC 1) PNXaviki pabnon ka or yvoompwiroyikee faoceic
bebopevov.

Opme, mapd ta onpaviikd avtd emrevypata, otadiaxda evioxvinke 1 avtiingn ot n
Mnxawnixt Opaon 6ev Ba npénet va amoteiel £va nedio epenveOV WIOKOPPEVO AILO TODE GTOXOVC

m¢ Texviuie Nonpoovvne. Kpuikoi me Texvnuie Nonpoodvng toviCav ot 1 pehétn e
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vonpoov vy 6ev emipenstar va SraxmpiCeta and 1 pedét v pedobov emrxowveoviac pac
ovtomrac pe 1o nepipdrrov tov. Wouxoidyor, petd amo Mepapatd, amo@aivoviav 0Tt oTIy
P AYyIaTKOTNTA aKoja K otov avlpomo or Siabikaoieg e Opaone Kw ¢ KATAVONOI|G
bev pmopovv va Bewpovviar 1 pla o and myv diin [33]. H Mnxavikr Opaon émpene
VO OTAPATNOEL VO AOXOAEITAl QIMOKAEOTIKA JI€ TV 1KAVOIOUTIKOTEPT] QvAIAPAOTAOT] TG
nAnpogopiac Km ogethe va enexktabel oe Cupata APne ano@doemv mote va fHievkohvvhel

10 1610 ¢ 1O Epyo [4] [5].

2.2 TeAeodoyikn - Evepyoc Opaon

Tic amogeic tov kxprtikov e Texvnue Nonpoovvne npbav va evioxvoovv epyaoiec,
mov amodeixvoav Ot MoAAd amd ta mpofAnpata mov Bewpovviav un ypapmxda 1 ill-
posed eivar Svvatd va emivBoov pe v mpovmdHeon OTL 1) KApEPA-IMApATPTIC Kiveital,
a@oD Ol EAEYXOJIEVEC AVTEC PETAKIVI0E1C epnAovTiICODY TO ODOTNIA JIE VEEC, XPNOPHEC K
AmoOAPNVIOTIKECG MAnpogopiec yia to mepiBaidov [6]. ALAd Sev elvan pdvo 1 Sramiotwon 6T
£VAC PETAKIVODPEVOC, KL (pa EVEPYOC NEOM Kt TNC Opao1C, mapatnpntc 6rabéter neprooo-
Tepa MALOVEKTPATA ad £vav oTanko avdhoyo. Me évavopa ta amoteAéopara pehet®v o
Stapopone Cankodce opyavioponc, ahdd ka avaioytCopevol Ty mepimtmo1) t1ov avlpemion, oto
Bempnmiko TOpEa MPOLKLPAV VEQ EPAOTNIATA OXETIKA J1e To Ipaypanko peyefoc ka giboc ¢
AT POQOPIAC MOV AmatTeital yia va ahAniembpd omotd £va £€vvoo oot jia e 1o nepifdiiov
ToUV.

And my xown gpmepia yvopiCovpe o011 10 avbpomvo onmikd obotnja Asitovpyel pe
pefobove mepioodtepo moonikee mapd moconikes. ILL.x. évac avlpomoc oxebov mote bev
voioyiCel axkpifoc, S 1ot Sev pmopel xar Som £pabe va pn tov xperaletar, v andotaot
oV and ta mepifdhrovia avtikeipeva. To povo mov Kavel elval va eKTA MPooe YYIoTiKd
WV AO0TAOL AUT, Va T KATATAOEL 08 YeviKee Karyopieq (Simha,kovid,paxpidt) 1 akopa
va avag@epetal oe avtd pe Pdon t oxetiki tove Heon wc mpoc Aria avnuikeipeva tov i610v
xopov. I[lapdpotec avagopéc K ovyKpioelc XpnoIonoonvIa ovvexela anod my avlpomvy
opaon yia v av@Avorn TOV HEPIOCOTEPOV XAPUAKTNPOTIKOV TOV AVTIKEIEVOV, Yid TNV
TaxvTTa, 10 oXNIa, v ver. Emionc, moid cvvnhopevec eivan o1 Ae1tovpyiec ¢ EMAEKTIKIC
anobox1¢ TANPOPOPIOY KAl TOD £0TIAOROD ¢ MPOooOoXIC. Xe ma Stabikaoia avalimornc
0 vlpmmo¢ emxevipoOVEL TV IPOCOXI] TOV AMOKAEI0TIKA 0XeHOV 0TA AVTIKEIPEVA MOV TOV
evbragepovv.  Ayvoel 10 mAnboc tov abiagopmv ontikov -kKm dAhov- gpebopdtov mov

Héxetan Kan eKpeTaAAebeETan JOVAXA EKEIVA IOV TOV MAPEXOVV AN POPOPI|OT] ODOPIOTIKT], ALPEO
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ovvOebepeévn 1e T0 OKOMO MOV €XE1 €K TV MPoTEpov Béoet.

Axolrovdoviac pra tétora XaAap@TIKI, AyOTEPO AIMTNTIKI], AAACL OX1 AVAIOTEAECPATIKI)
Aoy kar oty Mnxavikyy Opaon, myv tehevtaia Sexamevrastia popgomou)fnke pa véa
Bewpnon tov porov xm v peBodbov . Baomkd otowxeia ¢ MoioTikig i TeAcoAoyikig,

ono¢ ovopdleta, Opaong (Qualitative or Purposive Vision) eivea [6] [4] [5]:

0 KaBoplopdc OV YKEKPIIEV@OY £PY@VY 1] OTOX®V MOV TO OVOTIC KAAEITM VO EMTUXEL.

11 ODAAOYI| EKEIVOV OVO TOV MANPOPOPI®Y Moy fempobvim XpHojec o8 O0XE0 e TO

nebio epappoync 1 e1ikoOTEPA TO OVYKEKPIEVO EPYO.

® 1) eVEPYOIOINOT] TOV o NTPOV EKEIV@OY IOV MAPEXOVY TNV KATAAAN AT IANpOPoOpia yia

mv emitevf1) evoe 0TOXOD.

® 1| ETAPPAO]] TOV IPOTOYOVOV Oebopévov og avamapaotdoslc vId 10 OKEMTIKO TI|C

AnoTeAcOPatKOTEPNC efvIpeon ¢ 10V e101KOV alyopifnmv enefepyaciac tovg.

e 1 Snovpyia aiyopifpov moTK®OV K OX1 M0CO TIKOV OIOL 1} akpifeia otic petprosc

Kat ta evhidpeoa anotedéopara 6gv lval o1 paivovod.

2.3 IT)onynon

Eva amo ta mo evbiagepovia mebia epappoyov e Mnxavikne Opaone eivan exeivo
w¢ mAoRynong (navigation) xwvodpeveov pnxavov (mobile robots).  Ta mobile robots
anoteiovv (1] TovAdaxwotov mpoopifovian yia va amotehéoovv) “efomvec” pnxavéc mov
Kwvovvia oe Suvapikd nepifdiiovia npoonafoviac va emrdHXovy ToU¢ IPodlayeyp ApPEVODC
Tovc 0TOX0V¢. [Ma va AMOKTHOOVY IKAVOIOU|TIKI] AUTOVOJIiA MOTE v KATAPEPVOVY va Hpovv
AMOTEAEOPATIKA 0 1) otanikda mepifaiiovia mov petafdaiiovial ovxvd Kam ampofienta,
npénet va egotidCovian pe 1woxvpéc pebobove avriAngng (perception), vénong (reasoning) xm
dpaong (acting), hewtovpyiec mov 1 opbiy viootp€r) tove Paoiletam 610 6MOTO 0xEGTAORO K
ODVTOVIONO TOOO TOV PIXAVIKOV JLEP®Y, OO0 Kl TIC APXITEKTOVIKIC AAAN Kl Tov adyopifpov
IOV XPNOJHOMO0DVTM Ao to ovotnpa [19].

Avdjieoa oT1¢ ommKEC 1KAvOTNTEC, MOV £va TETOW0 oDOTNHA Kaheitam va embeifer,
nepraapfdavoviar o mpoobiopropde e 16iag Kivnornc, 11 ahAay yoviac ANPne e Kajepac, 1
extipnon tov fabovc Tov onpeimv ¢ OKNVIC, 1] eKTIINO0T] TG KIvNonc avel dpTita K1IvoUpevev

AVTIKEIEVOY, 1] Amo@uyl] epnodiov, o kabopopoc otoxov, 11 mapaxoiovfnon Kivovpevmv
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AVTIKEIEVOY, 1] KATAOTPp®ol] 0Xe6100 peAAOVIIK®Y K1vi|oemV, 1] Hladikaoia emotpo@nc oty
Baon xa n xaptoypagnon piac mepoxic. H xatdtaln tov wavoutov aviov oe &va
povieho 1o omoio fa Sramvestan amo T AOYIKI] TG TEAEOAOYIKING Opaonc odnyel otn
ovvbeon ac epapxiac, ta emineba ¢ onoiac xabopiCovian amd Ty MOAVIAOKOTTA TOV
nabnpankev povieiov mov ovvobebovv kdbe wkavotta [11]. M’ avtov tov 1pono, Sebopévon
£vOC MPOPANIATOC OVIIEPIPOPAC TOV ADTOVOROD GLOTHIATOS 0TO XMPo, efetdletan apxIKA O
¢heyXxoc TV padnpankd aniodotepov adid ovvapa Ae1tovpyikd Paokotepmv 1KAvOT)ToOv
TOD OLOTNLATOC Kt 0T1) ovvexela akorovdel 1 6p aotnpronoinon v ov vhETOTEPOV IKAVOTITOV,
1 omoia Paoileta 1600 0T1¢C XAPNAOTEPOD £MUIEGOD AVAADOEIC OO0 Kl 0TV AVAKTNON Ald TO
nePPAALOV TOV AMAPATTT®V Y1a TOV EKAOTOTE OTOXO MAIPOPOPIDV.

I1.x., n 1kavomta anogoyt|c epnobinv faoiletm og Keivi) Tov IPood10p1oon TV OXETIKMV
Babov prac oxnviic Kat 1) yvmo1 0Tt amAd o Xpovoc mBavi|c IpOoK povoT|C eival ApKETA AV
amd 10 Xpovo avtibpaornc tov cvotnparoc. Ko 1 wavotta ektipnone avefaptnme kivnonc
otnpietan og Keivi Tov vIIOAOY100L ¢ 16iac Kivnong, pra xa yia va “ovveibnronoujost” £va
oDOTNRA TNV AveEAPTNTI HETATONMON KAUIOWV AVTIIKENEV®OY emPAAAETAL 1] AMAAOPT] TOV OIKOV
TOV AP APETP@V Ao TO YEVIKO mebio Kivionc. Lopgova je avty ) Srafabpon i ikavotnta
mpood1opiopon e 6iac xKivyonc xkpiveta fepehwdeotarn yra v mAoNyno1 TOV ADTOVOROD
PNXAVKOD GDOTIRATOC, a@od o Kdbe mepimtmon 1 6uvatdtnia eA£YXon OV KIvIoe@mv Kdl

ava@opdc oto mepiBdiiov OX1 amid Xpnomevel aria emPaiieta.
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KegpaAawo 3
IIpoo6iopropoc kivnonc

To mpofinpa vmoioyiopov 16iac Kivonc, yevikKd LIAYETM 0€ €KEIVO TOD DIOAOYIGHOV
me 1phlaotatne Kivnone €voc vTIKEIEVoD PE0M TOV MANPOPOPIOV IOV  AMOKTODVT
and 0ibiaotarec kapepec. Ol TEXVIKEC MOD XPNOPPOMOIODVTAV Yid TOV MPOoH10pIopod
me Tpidldotam e Kiviong pEXpl Ipwv jeplkd Xpovia axohovBodoav T @rAoco@ia TG
avaxataokevaomkng opaonc. Onmc Ba Geixtel mapaxdtm, Opme, 10 TEAE0AOYIKO HOVIEAO
Op oI C MIOPEL VA @PAPPOOTEL 0TO OVYKeKpipevo mpofinpa ¢ biac kivionc, Snpovpymvrac
ETOPIO Yp1yopoue K evehiktovg akyopifpovg [11].

3.1 TeXViKEC DIOAOYIOHOD KIVNONC

[Taadtepec mpooe YYIoEIC TC ONTIKIC TAO YOI C PNXAVIK®V OV OTNIATOV, EMNPEAOILEVEC A0
mv avakataokevaotiky fewpnon e dpaone tov Marr, axoirovfovv pma Srabikaocia Gvo
Bnndtev oty npoondbera avaxdhogng me tpibriotamc kivnon e ano Svvapikeg ewkovec [29].
Y10 mpowto Prpa, emxeipeital va vIoAOY0TODY 01 akpifeic Petatomioslc 1wV £1KOV@Y oTa
Sraboxikda frames eite j1e T POPEPI] AVTIOTOIXONC XAP AKTNPIOTIK®OV €1TE J1& T LOP@P1| IVKVOV
nebiov xivyone (optical flow). Zv nepintwon nov 1 petardmon eivar peyain, ov yKekpipéva
XAP AKTPIOTIKA TOV E1KOVOV AIOPOVAOVOVTA K map akorovBovvia oe pra akoiovdia mordov
ewovev (correspondence problem). Ywmv avtifery nepintwor, 6nkabi otav 1 petatdmon
glvanl Kp1), Ol KIvNoelc 1oV elkovov Bempovviar o¢ pia tpibidotary ovvdaptnon tov Hvo
XOPIEKOV K ¢ pac xpovikne petafinuic. Me Bdon 11¢ XopoxXpovikee mapaymyovc
kaBoc xam mapaboxéc mov vioBetodvian OXeTKA Jie T ODVEXELA ADTNG TG GUVAPTIOING
voloyiCetan 11 oK1 pot) 1] alAo¢ 1 TaxLITA TV onpeimv oto eminebo mpofolrnc. X

ovvexela, oto 6edtepo Prpa e Hradbkaoiag, Eexvovtac and Tic e£10m0E1C MOV OV VOEOVV TIC
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AP APETPOVC Kivior ¢ jie T hibidotaty xivnorn v onpeiov oto eminebo mpofoil|c emxeipeita
o axp1Pc mpoobiopopodc ¢ npaypankic ipihraotarc Kivone xadme Ka 1) KAtaoK vt puag
HEPTYPAPIC yla Ta aviikeipeva tov X@pov (structure from motion). Méoa ota yevika
HACIOIL TIC TPNONC TOV 600 avtov Kupwv Pnpdtov, éxovv Snuovpyndei kwm peietnHei
noArec pehobor, o omoiec Gragépovv 0TI XPNOPIOMOINO0T] EMPEPOVC MAPAPETPOV, ONMDC O
TOIOC TOV AP AKOAOVINTEDY XaAp AKTNPIOTIK®OVY 011 Hrabikacia avriotoixnonc, 1o minfoc 1ov

exOvemV, 10 poviého mpofolic x.a [17] [18] [26] [14].

3.1.1 To npoPAnpa avriotoixnong

To mpé6Anua avrioroixnong (correspondence problem) ovviotatan otnv evpeon evoc
TAPLAOPATOC PETAED TRNRATOV piac e1KOVAC Kl T@V AvTIoTOIX®OV TOVE 08 eMaKOA0VHeC e1KOVEC
[3]. H avnotoixnon emddetan ovvijfoc oe Svo Prpata.  Apxikd, emhéyoviar mpdtoma
XAPAKTNPIOTIKA Ao TV £1KOva Kafme Ka £va Petpo opototnTac yia v mapakoiovdnon
tovg ota emopeva frames. H avtiotoixnon oty ovvéxera vmodoyietan ehaxiotonomviac pia
OVVAPTNOT OC MPOC OAd Tta dvvard tapidopara. H emioyi) tov £ibove 1ov Xapaxtplotikmv
tov omoimv Ba efetaotel 1 mopeia oto xpovo eaptatar and 1 Grabeomora tove ot
gikova K v aflomotia 1ov petpnoemv tove. Otav onpeia & ovvaviovia oe PEYUAEC
HOCOTNTEC, TOTE XPNOPHOMOIOUVTA (AAAQ XAPAKTIPIOTIKA, ONMC YPAPRREC, MEPTypUppaTd,
peyddec Kovkibec, yoviee, Xapaxmpotikd Snhabn mov yevikd fexwpiCovv amd to mept-

Bardov tovg [21] [28].

3.1.2 M¢e00601 LITOAOYIGP OV OMTIKIG POIG

Ontiki por, onmw¢ efnyeital avaivniKOTEPA OTO EMOPEVO KeQAAMO, €lval 1) QavOPevl)
Kivon tov onpeiov Tov Xepov, Onm¢ avty] mapovoilleta otic 61aboX1KEC e1KOVEC IOV
Kataypagel 11 Kajepa £voc Kwvobvpevov mapatnpnty. O 0m0TOC DIOAOYIONOC TC MAPEXEL
MOADTIIEC MATPOPOPIEC Y1 TNV KIVI|01] TOV Iap atnp1 T, Kaboc xa yia v xkivnyon aveEaptnta
Kwvobpevov avtikegvov. O1pébobot mov epappoCovia yia Tov pIOAOYIORO ¢ ONTIKIC POTG

JIOPODY v XMPIOTODV 0€ TEOOEPIC KATIYOPIEC.

o Texvikég mapaywyions (Differential techniques). YTC TEXVIKEC MApay®ylone
vroioyiCetal 1 TAXDINTA A0 TIC XMPOXPOVIKEC AP AYDYOUC TNC EVIAONC TG E1KOVAG
1 and gratpapopéve exbooe1g me eikovae (xpromonowviag katodtafard (low-pass)

1 Covonepatra (band-pass) @idtpa) [8] [22] [30].
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e Taipiaopa mepioxwv (Region-based matching). Xopgova pe avtég Ti¢ mpooeyyioetc,
n taxvra v opiCetm oc¢ 1 petatdomon d = (dp,d,) mov mapdyel 10 KAADTEPO
Taipraopa petald meploxmv 1V elkOvov og Htagopetikec xpovikee otiypec. H evpeon
TOD KAADTEPOD TAPIAOPATOC avaAoyel 0TI peylotonoinon ¢ mpoc d evoc peyéfovg

opowTAC TV e1KOveY [24] [27].

e M£6odor1 ouxvoritwv ( Frequency-based, Energy-based). ¥’ avtn v opdba texvikav
1 taxvinta vnoioyiCetar péom tov mediov ovxvoutov. O1 XMPOXPOVIKEC OVXVOTITEC
mac ewkovae ovvbeovtm pe TIC GV VIOTOOEC TG KIVI|ONC 1E0® NEPIOPIORMV-EE10H0ENV,
1 AVO1 TV OMOIOV EKTIPATAL OTL IPOCPEPEL Pia KAATL MPOOEYYIOL] TC OMTIKNG POIC

[12].

o daoikég Texvikég (Phase-based techniques). L7 avuv v xAdon pebodov 1 taxvmra
opiCetan  XpNOONOOVIAC IANPOQOPieC amod 11 oLVPmEPIPopd @Aone Tov e£obmv

katobtapatov @idtpev (low-pass filtering) [16] [7].

3.1.3 TIlIpoBAnpata otic pefo6ovg LIIOAOYIGH OV AVTIGTOIXNONC KAl
OITIKIG POIC

[Mapa 10 yeyovoe o1t 11 £pegvva km avaivorn tetowv pedodbmv ovvobeveta amd moAAd
HEWPAJATA, @AaiveTm OTL Ol TEXVIKEC avtec Oev elval KatdhAniec yia va xpnopononfovv o¢
Baon evoc oroxAnpmuévon ovotiparoc mov fa Spa vEAKTA Ko 1IKAVOIIOTIK( 08 £Va YEVIKO
nepiBairov. H extipnon mg kivnone, onog avipetoniCeta otig pebodove avtéc, meprhap-
Baver Ppata tov omoiwv 1 padnpartikiy povieAomoinol] Tove KAtahlyel og JI ypappiKec
efromoeic 1 oe aplpo e£10m0emV MOV MEPIEXOVY MEPIOOOTEPOVC AMO AVTEC Ayvmotovs. H
ovviifne TAKTIKY MOPAKApgne E10wv npofAnjdtov eival 11 swoaywyn veov mapaboxov
OXETKA Jie To mepiffaiiov Kl T ovvexela ¢ Kivnone, napaboxec opoc mov Hetovv me-
plopopone oty evehfia Tov PNXAvIKOD OVOTIATOC.

Y10 mpofinpa avniotoixnone m.X. e0pyovia napadboxec ONmE 1) OPOOTITA TNC KivIo1|G
TOV XAPAKTPIOTIK®OV J1AC YEITOVIAC OV ¢ 1KOvac, mapaboXi) mov oe mapabeiypata
oxNvov Jie peydiec Stagopec Pabove atovel Kar Kpivetal ave@dppoot).

Yy DeplItool) ¢ OMTIKNG PONC, £MONC, OVVAVIATA TO NEPIPNIO MPO6Anua avoiyuarog
(apperture problem) (ox. 3.1). Eote 6t napaxorovfeitan tomxd 1 xivion KAmotag axkprg.
Otav 6gv DIAPXOVY AODVEXEIEC KL 1] £VTIAOT] TOV ONEI®V TI¢ Mapapevel otabept) 0To Xpovo,

TOTE 0 MPOOH10PIGROC TG MATPOVC KIVIOL| G TOV O IEIOV J1& TOMKEC 1OVO peTpoets Kabiotarm
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(cc) (B)

Yxnpa 3.1: To npofinpa avoiyparoc

Tomxd, povo 1 mpoPolny ownv kdbetw mpog v axpn Sievbvvon pHmopel va LIOLOYIOTEL IKAVOIOUTIKA.
Ta wmy efaxpifoon ¢ mpaypaukine Kivnong evog ONPelon ¢ AKQNG GIaToDVIW EMUIAEOV YEVIKOTEPEC
napampnoelg (I.x. mapaboxée smoothness, edpeon avnoTolXIOV 68 6D0 EIKOVES, EVIOMONOC UOVVEXEIDY

KAL)

npofAnpanikoc, pa xwm 1o povo peyedoc mov pmopobpe va maparnprooviie e ac@disia
glvan 11 mpofoil] tov Hravvoparoc kivnone otnv kabety mpoc v axpy 6evbovon. Ta va
vepnndndel avto 10 epndd1o axorovbeitan pra Srabikaoia avixvevonc oe 0OAOKANPY T OKIVY
otoixeimv mov fa Sracagnvicovy ) odyxvon yia my akpifi tavtdma 1ov Kivioenv (yoviec,
Sragopec oto xpopa, smoothness). Opwe, B’ avtdv tov Tpomo ot aiyopiBpor emPBapvvovia

Kt 11 Xprjoppomnoinot) tovg xabdiotara npofAnpanki oe e@apioyEC mpayiatikon Xpovo.

3.2 Y0AAOYIOTIKI] TOV DACIOWPIEVEOV AAYyopiOpmv

Ano ) oty mov 0 VIOAOYIOROC TC OMTIKIC POIC -TOV IO MAPAOTATIKOD 100 ¢ peyefovc
avamapdotaone e Ipidldotatne Kivnonce oto eninebo IMpoPOoinc TC KAPEPAC- AmmTel
yevikove vmoloyopove evaiofnrove oe Adbn [15] [10], n mpoomdbeia mpoobiopiopod g
pbldoTate Kivone otTpé@eta Mpoc Tov evIOMopo AAhlov peyedov mov slvar wwavd va
mapExovy mAnpogopiec yia v xiviorn. Eva tétoo péyeboc, onme @avnke ka oto mpofinpa
avolypatoc, pmopei va eivan 11 kabetn mpoc m Gevbovor] ¢ petatdmon Kamolag axpic.

To nebio avtd kdleTng pong, Onm¢ ovonaletm, PUOIKA MEPIEXEL AyOTEPT] MANPOPOPia am’
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0,71 €KEIVO TNC OMTIKIC polC, Oev mavel, Opme, va efaptdra Ka avtd and my tpiidotarn
KivI|O1] TOU Hapatpnt] Ka apa va aviavakid pepoc -0&faotd Oonme amodelkvieTal- avTiC
mc e€apmonc oty Sibhaotarn yeopetpia tov oto eminebo mpofoiiic.

Av avaloywotel Kavelic TI¢C DEPUITOOELIC ANA®Y Kivijoewov, omov pndeviCoviar ov Tpéc
KAMOWY IMapajpetpov, Km mo dikd exeivee ¢ xabapnc petagopiknc xwm e xabaprc
HEPIOTPOPIKIC KIVION ¢, O1AMOTMVEL OTL O DIOAOYIONOC TV [N PNOEVIKOV IApAIETpeOv &i-
val EDKOAOTEPOC, agob ol pabnpanxkéc eflomoeic mov ovvbEovy v TpdidoTary Kivyon e 1
Si61dotan mpoPol) m¢ andonowvvia [32].

Emionc, n e££taon tov e£10moe@v mov 6ivouy v taxvITa TOV O IEIOV TG OKVI|G 08 J11a
VEVIKI] KIV1|01] QAVEPMVEL 1AL OV PIPETPIA OC IPOC TIC GO OVVTIETAYIEVEC TOV OLAVDOILATOC TG
TaxvITac: 1oo o¢ mpoc¢ tov X, 600 xwm mpoc¢ tov Y dfova, o1 PeETAPopIKEC OV VIOTMOEC TG
KIVIOT|C eivan YpApiKEC O¢ MpoC & K ¥, avtifeta pe 11 meplotpo@ikec Omov ot Opol & K i
napovoilovia vympevol oto tetpdyovo [13] [11]. Emunpoofétng, 1 kpiomn i) tov Bdbovg
7 €vOc onpeiov mov petatomCetal 0XeTKA KATd TV KivIo1 TOD Iap atnpIjtl) DIE0E pXeta LOVo
oT1¢ ££10M0E1C TIC PETAPOPIKIC OV VIOTMOAC.

Yovbvdaloviac ti¢ tpeic mapanave naparnproetg, 1 Fermuller e€etalet tov 1pémo pe tov
OI010 01 H1APOPETIKEC TYIEC 0TI PETAPOPIKI] Kl TNV IEPIOT POPIKT] GV VIOTHOA J1AC GUIAYOVC
kivnon¢ emypedlovv 1o mebio xabemng porc [11]. Amobewkvietam OTL vIAPXEL e APPIKTY
ox¢on petald me S1apopemonc v tpov tov nebiov xabetnc porc xwm e “avumarotrac”
v 600 ovviotwomv. Efetdloviac Tic yeopetpikee Katavopse v Tipev tov nebiov kabetnc
porc e€dayoviar ovomon ovpmepdopara yia 1 8éon tov xapaxtpotikev onpeiov FOE xa
AOR (BA. xegddmo 4) mov opifoviar amd T¢ mapapéTpone Kivyong, apa ka yia g ibeg
¢ IAp apéTpoug.

Ot akyopiBpor mov viomomfnkav oty mapovoa epyacia otnpiCoviar og avtv axpilfoc
1 Bewpia e Fermuller. Aramvéoviar amd mic apX&¢ tov 1€AE0AOYIKOD JIOVIEAOD OpaAOT|C,
kaBoc 6e Hiverar Graitepn épgaon otic ovykekpipévee tipec tov mediov xabetne pornc,
mapd POvo ToDTO AVIXVEDETM Yl TOV €VIOMOPO 6 avtod eidikov npotonov. O Béogic tov
IPOTOIOV OTNV EIKOVA OGLVIYOPODY OTOV AMOKAEIONO 1| TV IPOKP10T] MEPIOXMV, Ol OMOIEC &i-
vau DIOYNPIEC KaToX1|¢ TV Kpiopav onpeiov FOE xat AOR. Ta npdtvna avta avamapiotov
gvaiiayéc meploxmv e Benko Ka meploxmv e apviTiko mpoonpo, Opmc, 1 1béa yevikedetm
K EKPETAAAEDORAOTE OMOLAOIOTE AAAAyT] 0TV AVAREE] TOV IPOOI MOV 11a¢ Meploxnc (I.X.
and pekta fenikd xa apvnukd oe povo Benika). H enavadnmuxi avalimon Sragopetikav
TETOWV IPoTHIeV etwvel aodnra v mbavotnta habepévne extipnonc.

[Ipener va onpewbei ebm o1, av xwm 11 0An Hrabikaoia otoxedel OTNY AVAKAADYPT TOV
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onpeiwv FOE xan AOR, o axpipiic vnohoyionoc me povadikic 8¢one tov onpeiov amoteiet
¢va 6V0KO0AO MPOPANPaA, Kupiwe A0Yy® Aabmv oty yrnelomoinon, avalidmotmv 61avoopatmy
petaromonc xaw BopvPov otnv ewova.  (Afifer va toviotel akopn 0T @aiveta va LIdp-
XODV PUXOAOYIKEC amobeifeic o1t ka o1 avlpmior Svokoievoviam va vIOAOYico VY TNV axpif)
katevfuvor Tov mpoopopov Tove oe ovykplogee nepurtwoeic.) H Avon oto mpofinpa ei-
var va unv epevvata 11 akpific 8¢on twov FOE xar AOR, aird pe my mpodmobeorn avtd
va Bpioxovia peoa oto eminebo mpoPoiic va mapayoviar 6vo meproxec 6vo Hraotdoemv
otnv ekova péoa otic onoiec ta FOE xam AOR va mepikieiovian. H mapaboxi miwmorc
twv FOE xat AOR péoa oty ewxova 6ev eivan efonpaypankn. Ilépav tov yeyovdtoc om
pnopovv va xpnomonomfodv gpuymviot @axoi mov “avtuikpvCovv” peyaddrepo onmiko medbio
mc¢ oxnvic, Svo ovvibelc taxtikée kivnone v mobile meplopiCovv  Bon v FOE xa
AOR. Yoykexpipeva xa 6oov agopa oto AOR, 11 meprotpoer xvpaivetm ovviifoc péoa oe
MEKPQ, YvoOoTd Opla, Ta OMoid PETAPPACIEVA 08 OV VIETAYPEVEC Tov emuebov mpofoirc bev
Bpiokovim € amd Tic e1kdvee mov karaypdagovv ot xapepec. Ooov agopd oto FOE, avto
kata peydin mbavotra Ba Bploxetam péoa oty elkova, xaboc ta mobile (kat” avaloyia pe
tov avlpeno) xwvovvia npoc my katevbuvon mov otpégovia ot Kdpepeg toug. Ot meploxéc
gvtomopon, houov, 1wv FOE xa AOR ovopdaCovian avtiotowxa fuzzy-FOE xa fuzzy-AOR.
Mapa mv anoiseia oe axpifeia, ov fuzzy meploxéc amotehodv MPpAKTIKA epydAeia oTI
avaAvorn GVVAMKOV OKNVIKOV, J1ia Kal prdpxovv Stabikaoiec, ol onoiec 6exopevec o¢ 10060
¢ nepoxec tov FOE xa tov AOR extedovv ma ypriyopn xm e€aviinuki avalrmmorn oto
X®OPo 1oV MOavev napapsipmy Kivnong mov opiCovial amd avtéc Ti¢ neploXec yia va fpovv
my e£aba (1 ng e€abec) mov aviamoxpiveta xaivtepa ota Sebopéva tov mebiov xdbetnc
ponc [1] [2] [11]. O1 Hwabikaoieg avteg apmpodv EMAVAANITIKG KAIOIQ PETAPOPIKI] K
KAIota meploT po@ikl) Kivnorn mov opiCeta ano 1o xmpo edvpeonc tov FOE ka tov AOR, xa
Kpatovv o¢ feTiKd amoteAeopara eKeivee T1¢ TIIEC TOV ONJIEiov yia Ti¢ omoiec o1 derotation

kat detranslation 1exviké¢ eAaX10TOMOI0ODY KAMOTA OV VAPTIOT KOGTOVC.
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Ontikn kaw kabetn porn

Y10 Ke@AAmo avtd meprypd@etal £va TIMKO oDOTNHA TPV alovey yia v ava@opd Tov
KOOJLOD, EPPNVEDOVIM KAl ODYKPIVOVTAL ODVONTIKA Ol £VVOlEC Tov nebiov Kivnong, KAbstng
Kivnong, OmMTIKAG PORG K KABETNG Pong kai, téAoc, mapdyovia ot efiomoelc tov mebiov

ONTIKI|C PONC MOV ODVEIAYOVIAL AIO TO OVOTNA MOV OPIOA]IE.

4.1 Ava@opiko ovotnpa a£ovev

Oemponjie OTL TO ONTIKO AC CDOTNIA AMOTEAEITM A Pia KAJlepa 1} OIOiC KIVEIT 0TO XMPO.
Ta onpeia tov pGirdotatov xmpov avtiotoxiCovian oe onpeia e Sibrdotarng e1kOvAC IO
Kataypagel 11 kapepa peom npoontuikng npofoine. H apxn O twv afovev tov §e€r0otpogon
ovotpatoc ovvietaypévev pac OXYZ tonobeteitan oto gotiako onpeio (nodal point) e
kapepag (ox. 4.1). To emimebo mpofoinc-ewkova eivan mapaiinio pe 1o eminebo OXY
Kk tepvel tov dfova Z oto onpeio (0,0, f). To petpo f ovopdleta eotiaky amdotaoy
(focal length) wc¢ xapepag. To toxaio onpeio R (Rq, Rz, R3) tov tpiidotaton xopov
avtiotowxiCeta oto 1 (11,79, 73) WE E1KOVAC, OOV T elvan To onjieio mov 1o Siwvopa OR
gpver 10 emnebo npofoinc. Ipopavme woxverrs = f, eve anod opodta tprymvev efdyeta

_ Bf Ry f
R3

O 1y = - K@ ry = , omov R3 to Bdbog tov onpeiov K.

R

4.2 TIlebio Kivnong Kar OMTIKI] por|

To medio kivnong (motion field) evog napampnu) xaboc avtde Kivelta pe KAmota taxota
peoa o pia apetdPAnTn oxknvi), WIOTEAEl OVOIOTIKA pia eKX@pnon O1avoopdtov ota

onueia mM¢ oKNVIC, £T0p mote KAbe Hidvvopa va avuikatomtpiel T OXETKI] Kivion Tov
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Yxnua 4.1: To obompa avagopac

avtioToxov onpeiov nave oty Siidotaty emeavera npofoliic (ox. 4.2). Xy nepimtoon
evOC MAPATNPNTI-KAREPAC | OXETKY Kivnon avt) tov onpeiov (mov Befma mocotikd &i-
var avtifern amd v Kivion Tov mapatnpnt) 1000 KAtd To HETAPOPIKO 000 Kl KATd TO
HEPIOTPOPIKO KOPPATL T¢) mpokadel pia Sa@opd oty £viaoy ¢ @OTEVOTNTAG TV ONPei®Y
TV 610b0X1IK®OV £1KOVEOV Moy Kataypdaget 1 Kajiepa. Ot otiypiaiec ahAhayec TE @OTEWVOTNTAC
oto eninebo mpoPolnc-ewova avakvovia yra va Snpovpynbet 1o medio onTikig pong (optic
flow field), ¢va irdotaro nedio Siavvopdtov Mov avtavaxid T PETaTONIon TOV ONREIOV o8
6vo Sraboxikec xpovikée otiypec.

Ta 6vo nebia, av xam ovyyevebovv apketd, 6ev tavtiCovia, ma ka 1 “ven” tovc si-
var Stagopetiky]. To pev medio xKivnone avamaplotd peailoTiKeC ahAhayEc 010 Xmpo, To Og
neblo OMTMKIG PoNC AvAmaploTd UIVOPEVIKEC H1a@opec 08 eVIAOEIC @OTEWOTNTAC. AV Kat
ovviifoc petaforéc tov mebiov Kivnone mpokakovv avaioyeC netafoiec 010 nebio OMTKIG
pong, 1 ainfeia eivan 0T 1a 6vo €idn nebimv Sev akorovdodv PIOXPEMTIKA TO £va TO Ao,
Avaldoywteite 10 mapdberypa mac dixme texture, 1ehsrac ogaipac 1 onoia eeTiCeta amd
kanota myl eotog [23]. Otav 1 ogaipa mepotpegeta yopem and kamota Hiipetpd g,
10 mebio Kivnonc Oommce elvanl QuojKo “evepyomoleitan” Kar ta H1avdopata Kivnonce maipvonv

ODYKEKPUIEVEC TIPEC AVAAOYQ e TV TaxDTTa ¢ o@aipac. O1evidoeic 0T @OTEWVOTITA TOV
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Yxnpa 4.2: IIebio xivnornc

To nebio xivnong evog miotov mov kottagtl evbela pupootda os pia emtnedn nton. To meblo xivnong mag
KAPEpAc 1) €VO¢ IIAp atnphtl), 0 OMOl0¢ KIveltal o€ 0X €01 1€ 1o neplfailov amotedel e eKXmpnon Stavoopatov
o€ onpela e g1KOvag Katd my omola kabe Sidvvopa avamaplotd my Kivnon oTny £1K0va ToD avTioTOlXO0D

OKTVIKOD OT)JIEI0D.

oNpeiv, OP®C, 68 PeTaPAAAOvial I K 1) TOMOYpa@ic TOV XMPOov Map Apevel amapAhaxt.
Avtifeta, av vnoBeoovpe 611 1 6@ aipa mapapEvel akivi Ty, onote Kal Ta Stavbopata Kivnonc
glvar pndevikd, adid 1 oyl @otoc adidlel yovia eKmoumng, TOTE MPOQPAVEOC Ol VEEC
POTOOK 1A0e1¢ SNovpyodv £va onTiko mebio pole mov aviavakAd avti v aiiayl] yoviac.
Axpaiec mepurtoosic, OIMC avt e ogaipac, oe Ba ja¢ AnAoXoAooVY OTNV IAPODO
pehetn. An’ v aAln, yia va €ivan annobotiKo¢ 0 bIIOAOYIGILOC TOV OITIKOD Mebiov, £1011 YyOUpE
mv efne -ox1 efompaypankip- mapaboxi: Gebopévne plac oxnvie, 11 TN TG EVIAOIG
POTEWOTNTAC £VOC ONPEIOD TOV KOOJOD map apével otabepl] 0T1C AMEIKOVIOE1C TOV 0TO eMnedo
npofoiric. Av [ glvan 11 ovvdpnon £viaonc ¢ QEIEWOTNTAC, TOTE 1] mapadoxi] avti

ex@pdletan pabnpanxda wg [8]:
Iz, y,t) = I(z + dv,y + dy,t + di)

Ocwpaviag de = udl xa dy = vdt 6mov (u,v) 10 S1UVVoRA ONTIKIG POIG, OVOPIOTIKA 1)
ontyjiaia taxvnia, tov onpeion (z,y), avantbooovpe 1o Sevtepo oxehog ¢ efiomone pe
oe1pd Taylor xan mpoxvmter 11 e€iomon:

I I I
Iy t) = 1,0 + Do+ Ly + P 1 e

dx dy ot
6mov e 1o dbpoopa Tev vmokomev opev ka 2L = [, L = ] 9L — [ o1 pepikoi mapdymyot
dx Ty Jy Y Bt i

mc [ o¢ mpoc¢ 10 xopo kwm 10 Xpovo. Otav dt — 0, 1016 ¢ — 0, ondte Hrampoviac pe
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dt xatainyovpe oty yvwotl) e&iowon meplopiopol Tng onTikAg pong (optical flow constraint
equation), 1 onoia empenel, oneg deixfnke oxnpankd oto nponyovpevo xegdimo (ox. 3.1),
TOV DIOAOYIOPO 1OVO ¢ MPOoPOANC TG ONTIKIG PONG 0TO S1Avvopd ¢ KAIONC ¢ EVIAOI|G
(intensity gradient) [8].

dx dy

I, +1
dt gy T

0=ul,+vol,+ 1 (4.1)

1] LETAYPAPOVTAC TNV [I€ JOPPT] EOMTEPIKOD YIVOPEVOD

— L =(I1,) - (u,v) (4.2)

4.3 Kabety pon

To nedio kabetng pong (normal flow field) anoteheitan anod g npoPoréc tov Stavvopdtov
onmik1¢ porc otn hevbovon e Eviaonc, 1 omoia Hievbvvon yia éva onpeio pac akpng ei-
var kaBetn mpog v axpy. To mebio avtd ovxva ovyxéeta pe to medio KGOeTNG Kivnong
(normal motion field), tic xdBeteq ovvotwoeg 6ndadn tov npoforev tev Htavvopdtov
Kiviione oto emnebo mpoPoinc. Av Kwm @QUOIKA Jia TETOLA TADTION AMOTEAEL VONLATIKO
o@dipa, amodekvoetar oty mpdfn Ot yia ovykekpievee ovvlnkec 1o nebio xabetne porc
AMOTEAE] 1KAVOIOUTIKI] IIPOOEYY1on Tov mediov KAfetne Kivnone Ka emojiévec, RIopet va
xpnomponofei yia mv e£aymyl OV IEP AOILATOV IOV a@opovV otV TPIG1doT Aty Kivyol).

[T avadvuxd, ¢ote I(x,y,t) n éviaon me ewwovae, v = (u,v) 1o nebio onuikig por¢
ka © = (7,7) 10 mebio xivnone o’ &va onpeio (z,y). To povabiaio Sitvwopa oty SievbBovon
g Khiong g éviaong eivan 7 = (I, [,)/\/(1%, [2). To meio xabetg xivnong éxer pétpo

MPOPAVOC 100 JIE:

w, = (u,v 1, =
(00 (st )
a0, = (& Ay VI
e a
1 dx dy
a0, = — (LY 1Y 4.3

An’ my adldn, epdoov 1o nedio kAbene xivnonc opiCeta we 1 mpofoil) Tov nediov oMK

porc, Srtapovtag oty (4.2) pe 1o pétpo tov (I, [,) yra va mpoxdyget 1o povadiaio Sivvopa
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otnv katevBovon avty, éxovpe [13]
-1
VIR I

((Les 1y) - (u,0)) = un =

1
Uy = ———1I; (4.4)
Il
Anod g (4.3) xa (4.4) mpoxvmrer o1
1 dI
Uy — Uy = 7—— — 4.5
K )

H (4.5) nkover 6t ta Svo nebia elvan mepinov ioa dtav 1 kAion g &viaong V1 xopaivetam
og vynhd emneda. Avto pac mpoibedler va mepipévovpe om 1o medio kabetne porc Ba pac
£podidller pe af1domotec mAnpogopiec yra v tpiiaotary Kivyo1 povo otav ) Tyl g KAiong
TMC EVIAONC €1Vl APKETA JIEYAATL, YU aAvTO K 0TOV DIOAOYORO Tov mediov kdabetnc porc
AapPavovtar voyn povo ta onpeia yia ta omoia to peyefoc \/m Eemepvagt KAIOW0
KAT@@AL.

1o oxnpa (4.4) @aivovta ta onpeia 6mov napovolotnrav Stavdopara KAGeT¢ ponG amno
] PETAKIVION TOV Iapampnty 6To oKnviko tov oxiparog (4.3). H mapayoyon ¢ npo¢ to
Xopo mpayparonow|dnke pe v epappoyi @iAtpmv Sobel oty 3 X 3 yertovid kabe pixel, eve
EKEIVI] OC MPOC TO XPOVO eKPpAoTNKe Jie T péon Ty e Stagopdc e éviaone me 3 X 3
yertoviac kabe pixel (BA. Hapapmpa A).

4.4 YrnoAoywopog e£1000E®V OMTIKIG POI|C

H xdpepa-napatnpntic xiveita o’ eva kard ta aAia otanko nepifaiiov. H xapepa axorov-
Bel £va ovvbuaopd mepoTPoPIKI| ¢ Kot petagopikic kivnong. LopforiCovpe e w 10 Hidvvopa
nov ex@pdlel MV MePOTPO@IKY Kivnon Kar pe ¢ 1o Sivoopa mov ek@pdlel Ty peta@opik)
kivior. Eote ot ov otiymaiec ovvietaypévee evog onpeiov P oto xepo eiva (X, Y, 7). H

ottypaia taxvinra V' otov onpueiov P 6iveta amo 1 oxéon
V=-t—wxr (4.6)

O¢toviac t = (U,V,W) xa w = («,,7) n efiowon (4.6) pmopel va Eavaypaget
XPNOMIONOIOVIAC TG OV VIETAYIEVEG TOV S1avpopdtov o [13]

X =-U—-pZ+~Y,

Y =—V-v1X+az
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Yxnpa 4.3: Ewova xapepag

YRnviko Kamota Xpovikiy otiypn 1. Xt ovvéxela o mapatnpntg eKTEAE0E INETAQOPLKI] KAl IEPLOTPOPLKT)

KIVI0n) KAl KATEYPAWE VEQ E1KOVA 1) OOl H1a@epel €AAX10TA Ao TNV IPTI).
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Yxnpa 4.4: Iapdberypa nebiov kabetne porc
Avavdopata xabetng pong Ppednkav yopo amd Ti¢ Mo £VIOVeEC AKPEC TOV g1KOVOV, “epebiopeéva” mpogavag

amd myv aldayn EeEWOTTa A0ye ¢ KIvnong e KAuepac.
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Z=—-W —aY + 8X,

omov 1) Tedeia SnA@veEl TV DAPAY®YION OC IPOC TO XpOvo.
H omuxin porn oe xdbe onpeio e ekovac eivar 11 oTiyjiiaia TAXDTUTA TG EVIAOI|G
potevoTTac oto onpeio exkeivo. Eotw (2, y) éva onpeio oto eminedo npofoiiic. Ynobétoviac
npoontik1 mpoBoin ot cvvietaypéveg tov onpeiov p(x, y), m¢ npofoinc éniabn tov P oty

£1KOva 6ivovianl amo TIC 0XE0E1C

Xf 7
T=— KMy = —

A A
H onuikn pony (u,v) oe éva onpeio (x,y) mg ewovag etvay

U=TKMD =7y

[apaymyiCoviac tic f1om0e1¢c yla £ KAl § @C MIPo¢ To XPOVo Kl XPNOJIOIOI@VIAC TIG

napaymyovc t@v X, Y xa Z, DpoKDITOUY Ol Mapakdteo ££10m0e1¢ yia TV OITIKI poij:

X XZ U W «
Y YZ , Vf W ey pe
U_E_W_( 7 vet+af) =yl Z f+f)'

Zavay pagovjie TI¢ Map anavm e£10m0E1C 0T LOPE|

U = Ugrans + Upoty U = Ugrans + Uyoty

ONOV (Utrans, Virans) ONADVEL TO HETAPOPIKO KOPPATL K (Uyor, Vrot) ONAGVEL TO HEPIOTPOPIKO

Koppat ¢ xivnone. Tedkd katainyovpe otic e£10moeic:

—Uf+azW Ty z?
rans — 5 s Uprot — X/ — e ) 4.7
o ~ trot = 07 (f+f)+7y (4.7)
—Vf+yW y? Ty
rans — s Urot — — — P — . 4.8
o L o= ol )= 5 = (4.5)

[Tap atnpovpe 6 1 omtikyy pory e€aptatar amod tic 61 mapapétpove kivnonc. O1 petagopikec
OVVIOTMOEC EIVAL YPAPPIKEC OC IPOC T KW Y, EVE) Ol MEPIOTPOPIKEC OXl. Emionc, 11 Tip1) tov

BabBovc Z vmeiogpxetan povo 0TI PETAPOPIKI] ODVIOTMOC.
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4.5 TIlapabeiypata anAov Kivijoeov

4.5.1 Meragpopik)

Eote 611 o mapampruic extehel povo petagopik kivnorn. Tote, dnmc @aivetal Kar amo
pope1) mov AapPdavoov o1 ef1omoeic kiviong pndeviCovtac T1¢ mapapeTpove MEPOTPOPIIC,
_ =Uf+aW

U = Utrqns = T == (—l’o + $)7
—Vi+yW w
U = Dtrans = T = (—yo + y)7
, omov (xo,y0) = (%, %) H xivnon avty Snpovpyei éva meblo omtikiic porc pe to

XAPAKTNPIOTIKO 0Tt Oha Ta Sravbopata Pplokovial mMAve o0& QOPeic IMOv MEPVAVE ANO TO
OVYKEKPIPEVO o1 Jieto (2o, Yo) Tov eminebov mpofoliic. To onpeio avtd anotekel v Top1| OV
Sravdopato petagopkiic xivnong (U, V, W) pe 1o eninebo npoPorng (ox. 4.5). H omnk1 por
og keivo 1o onpeio sivan 0. Av o mapampntic nAnoiCetl 10 oxVIKO, TOTe Oha ta Stavdopata
“Cemmbovv” amd 1o onpeio avtd, £ve av AmOpaxpLVETA Ta Hravvopara Karevfovovia mpoc
eKelvo. LTi¢ avTioTOIXeC MEPUITOOELC TO onjieio ovopdletcn EoTiaké Znpeio EEamAwong (EZE)
(Focus of expansion) (FOFE) 1y Eoriaké Znueio Suppikvwong (EXX) (Focus of contraction)
(FOC). To piixoc tov Stavvopdtov efaptdtm guopkd and m Beon tov avtiotoxev o1 peiov

010 TP1B1A0TATO XMPO.

4.5.2 TIlepiotpo@iki
Yy mepintool] mov o MApatpntc eKTeAel POVO MeploTpo@iKl] Kiviol), T0Te o1 €£10m0e1C;
Kivnonc Aapfavovv v efnc popen

Yy x?

U=t = — (7+f)+7y

vzvmzoz(y?Jrf)—ﬁa}—y—W

Ta onpeia 0V XEPOL KIWOUVTM 08 KVKMKEC Mepipepeiec oe emineda ta omoia gival kabeta
otov aova mepotpognc, Snradn to Swwvvona «, #,v. H anewovion avtov tov kvkhikov
HEPIPEPEIMY 1E0M TI|C MPOONMTIKTG IPoPoitic Pploketar va givan 1 Topt) Tov emmebov npofoinc
K evOC KOVoU Mov opifeta amd tov afova MEPoTPOPNC KW TV KUKAKY Hepigepera (0X.
4.6). H xovua) avt topr Aapfdaver mowikec popeéc -vmepBoin, mapafolr), eidewpn,

KUKAOG- avaioya pe t Oeon tov dfova meplotpo@rc oe oxeorn pe 1o emnebo mpofoinc,
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FOE

(U,V, W)
/
z

Yxnpa 4.5: Iepintoon peta@opikne Kivnonc

Ot gopeic v npofoiov tov Stavvopatev kivion ¢ otny elkOva S igpxoviar 620t amo 1o onpeto FOE (%, ‘év—f)

AOR

(o, B, )

NN

Yxnua 4.6: Ilepintoon mepiotpo@ikne Kivionc
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ovoonika 6niabn avaioya pe Ti¢ TPEG TV napapgtpev «, 4, y. To onpeio nov 1o Hiavvopa
neplotpognc (o, 3,7v) tepvel 1o eminebo mpofoinc ovopdleta Znueio AEova MMepioTpophs

(2AN) (Azis of Rotation) (AOR). Ot ovvietaypévee tov AOR oty ewodva eivan @ = aw—f Kau
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KegpaAawo 5

EXpetaAAe00on YEOUETPLK®OV

1botnev Kabetnc porg

Av xa 1 mAnpogopia mov pac mapexetl 1o nebio kabetc porc eivan MKpoOTEPY 08 afia amo
€Kelv] Tov nebiov omTKIC pPoNC, MPOTYIEITM 0€ AVTHV TV IPOCE YOl O DIOAOYIOROC ADTOD
tov nmebiov, 0 OmMOIOG &€ival EVKOAOTEPOC K amaitei Ayotepec vmobéosic yra 10 OKNviKo.
Y10 ke@adiao avtd Ba 6eixfel moc, XPHOPONOIOVIAC TI¢ YEMRETPIKEC 1010TTeC Tov nediov,

eayovian xprjoieg mAnpogopiec yia m Béon v kplomev onpeiov FOE xam AOR [11].

5.1 Ileproxec otabepric xkabetng porg

Onoc exer mpoavagepbet, Eva Sravoopa tov nediov kabetn g porg amoteiel v Kabetn mpofoin
oV avtiotowxov Sravboparoc ontikig porc oty Sievbovon tov gradient. Etop av eivar u q
ONTIKI pol} 0To onpeto (X,y) K n = (ny,ny) 1o povabiaio Siavvopa oty katevbovvon tov

gradient, to S wavvopa kabeng porg eivan :
up = (u-n)n

Avukaboteoviac oty efiomwon avty] TIc TApAOTACELS TOV ODVIOTOOMY TOL U, 1| ££i0@01) TOD
PETPOL U, TOV Up TMaipvel Y e£1C POPQIY:

(4.7)(4.8)
Up = UrotNy + UtransTe + DyotTly + Viranstty —

2

_Kl’—l'n LT n K— n ay—2 B e
un—Z( o)1+ ( 7 5(f+f)+7y) x+Z(y Yo)ny + ( (f+f) 5f 7(5)1@;

onov (g, yo) = (%, %) elvan 10 FOE.
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Exovtac o¢ 6ebopevo 1o mebio kdbetnc porc 6vo Sraboxikov eikOvov, 1ac anaoxoiei 10
gpompa av and 1 feon 1ov Stavvopdtov Kabetne pone pe ovyKeKpuyiEvy Tyl o0& PETPO
Kat @opd pmopovpe va efaydyovpe cvpnepdopara yra 1 9¢on ton FOE xa tov AOR.
Avabrataoooviag my efiomon (5.1), &top wote va Staxwpicovpe 10 ypapmxo (kaw oty

HEPINTWOI] PAC PETAPOPIKO) amd To 1| ypapmikod (IEPIOTPOPIKO) KOPRATL TN¢ Iaplyeta 1i:

(1= (a2 - (%2+f)+7y)nx—(04(

v

)= 5 = g2, = Y (&= zo)na+ (s vo)my)

f VA
(5.2)
H nooomta (oz% — ﬂ(l}i + f) +yy)n, — (a(% + f) — g — Y& )n, AMOTEAEl OVOPOTIKA
mv npofoll] ¢ TEPIOTPOPIKIC OVWMOTMOAC TG Kivnong oto Sdvuopa (ng, n, ). Aviifeta, 1
nooo T %((:1; — 20)nz + (y — yo)ny) anotedei my npofoll] TC PETAPOPIKIG ODVIOTOOAC
m¢ Kivnong oto Svvopa (ng, ny).

Aexopevor 1 peaiotiki vmobeon 611 10 Paboc etvar mavra Betikd, Snaadbny Z > 0, xa
vob&toviag om o napatpntic manomiCel y ok vy, Kav apa W > 0, mpoxdmret 1 map akatm
aviomon:

2

(wn — (aa}_y_ (%Jrf) + Y. — (Oé(y?2+f) —ﬂ?—y—vx)ny)((w — 20)ne+ (¥ —yo)ny) >0

1] MO ODVIONA

h(un,a,ﬂ,’y;:Ii,y)g(II?O,yo;:l:,y) >0 (53)

oo h(tn, a, B,7,7,y) = un — (a2 — B(% + f) +3y)n, — (a5 + f) = B2 = y2)n, xa
g(xo,y0,2,y) = (v — 20)ns + (¥ — yo)ny. Tooo 1 e€iowon h(x,y) = 0, 1 onoia mepryplpet
ma vnepPolty , 6oo xa 1 efiowon g(x,y) = 0, 1 omoia meprypager ma evbeia, xwpiCovv
MV £1KOva 0g 600 MEPIOXEC OMOL 0T e Aapfdavooy fetikéc TeC eve otV QALY ApVITIKEC.
Xapaxmplotikd otoixeia ¢ ¢ eivan o1t figpxetan ano 1o onpeio FOE, agod o1 ouvietaypevec
tov, (o,Y0), pndeviCovv my efioworn ¢ = 0, evo ovyxpovee exer Sievbvvoyn xdbetn oto
povabiaio Hvvopa (ny, ny), agod ot oVVTELeoTEC Tov @ Ka y oty eflowor ¢ = 0 eivan
ngy Ka n, avtiotowxa. Emiong, mapatnpovpe o1t 1 ¢ eivar avefaptTy 10U PETPOV U, TOV
Stavvopdtov mov efetaloope. Av, howrov, Bplokape  Bon Svo oY cvbeimv yra 6vo
Sragopetikéc opddec Gravvopdtov kabetnc porc, a avakaivntape apeomc Kk 11 H¢on tov
FOE, mov 6ev givan dAdn ano myv topn tov evbeiov. Enopévec, 1o npofinpa petatiferan
010 va avaxaivgbei £vac 1ponoc mote va evtomiCovial o1 Ipooe yYIOTIKEC £0Tm 0E081¢ TETOWY
gvberwv oto eminebo mpofoirc, 6eboptvon o av km yvwpiCovpe ) Hievbuvor) Tove amod tov
opopd ¢ avalnmorng otabeprc kabetnc por|c, ayvoodpe v axpiPt) tove tomodétnon oty

ewkova. Mia mBaviy 8gon tov h kv g oto emtnebo mpofoine gaivetar oto oxnpa 5.1.
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Yxnpa 5.1: Kapmbiee xapaxmpiopod ovykekpipevyc kabetne pong

O meproxeg KABe e pone ovykexkpippevoy pEtpon ka Sienbovone xapakmpifoviar amd ja gobela kar pa
vrepfoin. H evbeia etvar kabetn oty Srevbovon tov Sravvopatev ka 6iepxeta and 1o FOE, eve 1 vnepPfoin

Siepxetan and 1o AOR, otav 1 xdBetn porn etvar 0.

Yxnpa 5.2: Katavour pétpov tov Stavoopdtov kabemc por|c.

To eminebo mpoBoln¢ Sraxwpiletm og MEPLOXEC avdioya J1E TIC TIPEC TOV PETPODL TOV Htavvopdtov Kabetng
pong pe Sievdvvorn (ng,ny). Twy meploxn pe my oplloviid ypdppeor ta dtavdopata £¢xovv péTpo pPovo
PEYALDTEPO AMO Uy. LIV HEPLOXI [E TNV KATAKOPLPI YPAIEAOT 1OVO MKPOTEPL] TOV Upy. LTIG DIOAOUIES

HEPLOXEC DIIAPXOVY Sravdopata je PETPO PEYAADTEPO, HIKPOTEPO, AALA KAl 100 JIE Uy,.
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h(u,, x,y)=0

-60 |

Yxnpa 5.3: Ieproxéc kabetnc pone mapdiiniov 61avoopatmv

Ov vnepPoréc h(uno, ©,y), h(unt, 2, y), h(tna, #,y) aviiotoixodv oe maparinia Siavdopata xabetng porig
PETPOD Uy, Up1, Upz. 1O PUNKOC Uyo w0oLTA pe 0, yU' avto kw 1) vuepBoin nepvaer ano 1o AOR. H evbeia
g = 0 givar avefaptntn and 1o pnKro¢ v Savuopdtov Kar agod avtd eival napaiinia petad tovug eKeivn

glvan 11 161a yra Oda.

Aepevvovtag Ti¢ ipéc v h xa g oti¢ 1eooepic neproxec nov oxnuatiCovia, e€ayovpe
XPNOA OV PIEPAOIATA Y1C TNV TIT] TOD PETPOV U, TOV Hlavdopatoc KABetnce pone 0to onjieio
(x7)- Av h(2,y) > 0 w1 v, > (a2 = B(5 + f) +99)ns + (ol + f) = B — ya)n, =
Up > Upor, ONAAOI] TO PETPO TOV Sravbopatoc elvar peyaAbIEPO AMO TI] OVVIOTOOA MEPIOT POPI|C
¢ k&betng xivnone. Av g(x,y) < 0 tote kan 0 > %g(:z:, Y) = 0 > Ugrgns, ONOTE | OLVIOTOOW
petagopdac e xabeme xivione eivan Kpotepn tov pnodevoc. IlpooBétoviac xard péin g
6vo mapanave avieotreg mpokvITel U, + 0 > Uyt + Uprgps KW EMOPEVOC TO PETPO TNC
kaBemc xivione elvar mkpotEPo amd u,, omov g(x,y) < 0 xa A(x,y) > 0. Me my b
Aoyikn ovpmepaiveta 6Tt oti¢ mepoxéc omnov ¢g(x,y) > 0 xa h(x,y) < 0 10 pérpo ¢
kabemne xivnornc etvar peyaivrepo and u,. Xvvenoc, ta Stavdopata kadbeme xivnone pe
RETPO u,, Kan Sievbuvon (ng, ny) , Ba Bplokovia avotnpd povo otig vioiouee 600 NEPIOXEC
(xwpic avtd va onpaivey, Befara, 6Tt dAa Ta StavdopaTa ATOV IOV MEPIOXDOYV EXOUV PETPO
un) (oxipa 5.2).

Mia emmagov evbragépovoa maparnpnorn, mov fa Bonbnoer oty efaymyn ninpogopiac
yia m 8¢on tov FOE, givan xan 11 €€1j¢c: av Bewprijoovpe maparinia Stavvopara xabetng
kivnor ¢, niabn Gwavvopara g popenc k(u,,v,), ov mepoxéc oto eminebo mpofolic
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Yxnpa 5.4: O¢on vnepPforov Aoym mepropiopmv Babovc

O meplopiopol otig npée v Z meplopifovv my neploxn) (ypappooKlacpévy em@avela) mov pnopel va
Bpilokoviar ta Sravdoopata xdbetng pong ovykexpipevov petpov kar Sievbovong. To otévepa tng Katavopng
OV Stavbopatev nave Kxa Kate and my gvbeia pag Siver £va pétpo mpoosyylotikon npocdiopiopon g Heong

mg.

oprofetovvtan Kar maAl anod jia xa v avtiv evbeia, agod 1 6ievbvvorn tov Gravvopdtomv
glvan otabept), evo o1 vnepPoréc mov oxnuatiCovia Sta@Epovy KATd TOLC YPARPIKODC LOVO

Opovg Tovg, Kat dpa elvar Katd Kamowov tpono “napddiniec” i pla pe my diin (oxnpa 5.3).

5.2 Ewaywyn opiov Babovg

Eoto 61t avalnrodpe, onm¢ xm mpv, 6da ta Stavdopata xabetne pong pe petpo u, K
SevBovor (n,, ny). Eibape o1t avtd ta Suavdopara Bpiokovian anox A10TIKA 08 600 NEPIOXEC
ot onoieg opobetovvtan amd pia evbeia xa pia voepPolrl), Kapmviec mov opifoviar amd ¢
£€1 -dyvootée pac- mapapstpove Kivnone kaboce Pefara xm and 1¢ ov yKEKPIEVEC TIREC
oV petpov kK Hievbovone. Xtic ovvnfiopevee, ONMC, MPAKTIKEC EQAPOYEC AOYIKO &ival
va vnofecovpe o1t 11 ox 1YY Xapaxpileta 1000 anod &va eAAX10T0 (Zpyy,) 000 K@ Ao &va
1Ey1010 Babo¢ (Zpar). Avuxabotoviac, howmov, avtée g 6vo tpeg oty efiowon (5.1),
HPOKDITOVY Ol e£10m0elc 6vo vémv viepfoiov, ol omoiec tépvovian oty evfeia ¢ = 0 Kat
o1 omoie¢ opiCovv pra meploxi) oto eminebo MPoBOANG PEOA 0TV OMOid MPAKTIKA AVI|KODY

oha ta Sravvopata xdbetng porc pe i embopyrég tpéc oe pétpo ka Sievfuvon (oxipa
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5.4). Hapampovtag mpooeXTikd 10 oxnpa Stamotovovpe 0Tt napdn 6ev E&povpe v axpiPi
Bcon ¢ evbeiag ¢ (mapd povo y Gwevbuvor Tng), amoxtovpe MALOV £va 10XVPO PECO
IMPOOEYYIOTIKOD DIOAOYIOHOD TNG: To oX1jpa mov mepifdiiel dha ta Stavvopata xabetng
POIC 118 OVYKEKPIPEVO 1ETPo Kan H1evBuvorn otevedel Xap Akt ploTIKA 0TIV HEPIOXT] YOP® Ao

m Cnrovpevy gvbeia.

5.3 Opoonperaxa kar opoafovika Stavoopata

H avayxkn yra my edpeon neprocdtepmv neplopiopov yia ) ¢on twv FOE xa AOR obnyet
otnv mpoomnafera evpeonc opabomounjoemv @V H1avvopdtOv KABeTnC porc ol omoiec va un
XPIOPOIOI0DY OC POVAOIKO KPITIP1o TV TADTION 0€ PETPO KA POPd, AAAC IOV VAL EMTPENODY
og pa opdda va mepexel Sravvopata Stagopetikic Sievbvvonc ta onoia va ovoxetiCovia jig
Kkanow otafepd 1pomo and ta Cnrovpeva onpeia FOE xa AOR.

Ac avaroyiotovpe m.X. v nepintoor jac xabapd petagopixic kiviong. Onoc gaiveta
oto oxfpa (4.5) 6ia ta Sravvopara onniknc poric “Cennbovv” ano to FOE. Av fewprioovpe
éva xato onpeio (r,s) m¢ ewkovae, 10te maparmpovpe o6t av yia kabe onpeio (z,y) e
ewovae npoPdlovpe 10 avtiotorxo S dvuopa onnikig porg oto Savoopa pe Srevbvvon (—y+
s,x — 1), mov eivar kABetn mpo¢ exeivy m¢ gvbeiac mov evovel ta (&, y) xa (r, s), 10T€ T
petpa v npoforev eivar feTiKdA IAVH K apvnTKA KATto and v evbeia mov Siepxetan anod
1 FOE xa (r, s) (ox. 5.5). Enopévac, péow tov (r, s) Bploxovpe £vav akOpa meptoptopo yia
10 FOE: Ba Bpioxetam ndve oty gvfeia nov nepvdaer and 1o (r, s) xa xopiCet ta Siavdopara
kaBec poric pe Srevbivoere (—y + s, @ — r) oe opdbec pe Betikd K apvnuikd péTpo.

Me Baon avt m Aoyl yevikepoviar kKat efetdlovial oTi¢ emOpevec mapaypigouc
6vo veéec pebobor Hraxmpiopon tov mebiov kdbetng porc os opdbec, ol omoie¢ mapPEXovLV

nAnpogopiec yia mm 8¢on tov FOE xa AOR.

5.3.1 Opoonpeiaxka Siavoopava

Ta opoonueiaka diavoopara (copoint vectors) opiCovia pe Baon koo onpeio tov Hiidotaron
XOpov. Luykekpyeva, 1o Hdvuopa kdabeme pone u o’ éva onpeio (x,y) Ba avixer oto
00voLo TOV Sravvopdtev copoint m¢ mpo¢ KAmow onpeio avagopdg (r, s) edv xam povo edv
1 &evbovon tov u eivan kabet oty evbeia mov evover ta (z,y) xa (r, s), Sniadn wovtm

pe (—y + s, — r) (oxnpa 5.6). To pérpo tov povabiaiov (r, s) S ravbopatog copoint oto
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Yxnpa 5.5: Mapdberypa opadomoinonc Siavvopdtov Stagopetikov Sievdvvoe mv

Yta ttooepa onpeia (2, y) ta Stavdopata pe ) 0TépEN ypapprn elval 1) OMTIKY por) IOV eKQPalel T eTAQOPIKY)
kivnon. Ta Siavdopata pe ) Staxexoppévy ypapprn opiCovia ¢ kabeta otny evbeia mov evavel ta (7, s) KAt
(z,y). Te Oka ta onpela mave and my evbeia mov Sigpxetar anod 1o FOE ka 10 wxalo (7, s) 1 yovia mov
oxnpatiCovv ta Stavdopara eivar o€eia, apa 1 mpofoln tov S ravdopato¢ onTKN G pong oto devtepo Siavoona
(6n2abn n xabetn pon) etvar Benikny. Avtibeta, kAo anod my evbela dheg o yovieg eivan apfielec, emopéveg

olec o1 mpoPolég elval apvnTIKEG.
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rxnpa 5.6: Atavbopata (r,s) copoint

Yto oxnpa gaivoviar ta Siavdopata (r, s) copoint. Xe xdbe onpelo (z,y) ta Stavdopata €xovv Sievbuvon

(—y+s,2—r).

onpeto (x,y) éxel pETPO MPOPAVAC,
(_y + 5, — 7“)

V0w =)+ (v = 5)?

Me &rabikaoia avdhoyn pe v amhi nepinmtwor otabepod pétpov xa Sievbvvone (PA.

Mapapmpa B), mpoxdmter 11 napaxdte avicwon yia ta (r, s) S tavbopata copoint pe pétpo

un(x,y):
m(T,S,Jfo,yo; :z:,y)(un(:zi,y) - n(ﬂ&%ﬂa% l’,y)) > 0,(')1'100

y(wo —r) — x(yo — 5) — wos + yor

—2}(Bs +7f) = y*(ar +4f) + (zy(as + Br) + o f(af +r)+

m(r, S, Xo, Yoy T, y)
n(r7 87 a? ﬂ? 7; x? y)
yf(Bf +7s) = [*(ar = ps)
, onov (g, yo) 10 FOE. H evbeia m(r, s, xo, yo; x, y) SraxwpiCer ¢ apvyuikée and ng enikéc
PETAQOPIKEC 0V VIoTOOEC TOV Stavvopdtov. H xapmdin and my iy, étav 10 pétpo u,(x, y)

wovta pe 0, SraxmpiCel T1¢ mePOTPoPIKEC apvyTikee Ka Petikée ovviotwoeg (oxipa 5.7).

H peBoboc eviomopov tov FOE mov amoppéer amd jia tonoypa@ica ONmG 11 map andve

elvan amkr). Tooo 1o FOE (%, %) boo xa 1o (1, s) pndeviCovv v efiomon ¢ evbeiag m,
dpa 1 evbeia Higpxeta and ta onpeia avta. Egocov 1 axpifiic 8éon tov (r, s) eivan yvoori),

paxvovpe oe evbeiec pe Sipopec HrevBvvoerc ardd mov mavia mepvovv amod 1o (r,s) va
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(B

(rs

()

Yxnpa 5.7: Ipoonpo Sravvopdtov copoint

Ta davdopara (r, s) copoint Aoye petagopds oxnpatiCovv §vo nuienineda 6nov oto éva palevovia dla Ta
apvnuika (apai) meploxn pe Kovkibeg) K 0to dxlo dka ta Betikd (mukvr meploxn pe kovkideg). H ypappn
Sraxopropov Sigpxeta anod ta FOE xa (7, s) (oxnpa (a)). Ta ravvopata (r, s) copoint 20y0 nepotpo@ng
elvan apvnuika otav Pplorovia péoa oe pia Sevtépacg tafne xapmvin (apaur) meploxn pe xovkibeg), n omoia
Siepxetan amod 1a AOR xau (7, s), kv elvan etk oe Oheg Ti¢ dhheg Beoeig (ap ) meploxn pe kovkidec) (oxnpa
(B)). Twm yewkn mepinteon ovpmayodg Kivnong ta Stavdopata kAfemg porg mov aviiKoLy 6TO ODVOLO TOV
Sravvopatev (r, s) copoint katavépovia oe teooeptg meploxeg (oxnpa (y)). OmOL Utrgns > 0 KA tpr > 0
(ap ) meploxn e Kovkibeg) 1 pon) elval apvnTIKL, OMOD Uirgns < 0 KL Uy < 0 (MUKVI) HEPLOXT| Ji& KOVKIBEC)
1 por) elvar BeTIKY), OOV, TEROC, Utrans < 0 KW por > 0 1) Uppans > 0 KA Uy < 0 (meproxeég 6ixw¢ xovkibec)
avaperyvoovtar Betikd, apvnukd kar pnéevika Sravdoopata. Oetnikn fempodue ) @opd 1@V H1avuopndt®v mov

“xvodvtar” avtifeta amd tovg Selkteg TV poroyimv.
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Bpobpe mota avtamokpivetal KaAdTep a 0TO HOVIEAO H1aX®PIopon fETIK®Y K apvTIK®V TIPGOV.
Enavadngy me 0Ang Srabikaoiag yra Stagopetikd onpeia avagopde (r, s) xa ovykepaopoc

ToVv anotekeoptdtov obnyei oty tonobétnon tov FOE ot top1y o 1 meproodtepov Covav'.

5.3.2 Opoafovika &ravbopara

Evac axépn mo yewnikoc tpomoc Bempnonc e evpeonce Stavvopdtov kdbetne pone pe
ovyKeKplevee aiid ox1 otabepec typéc oe petpo kwm Sevbovorn elvan ekeivoc mov Xpnop
pomnotei ta opoa&ovika diaviopara (coaxis vectors), ta omoia opiCovia ¢ mpo¢ pra Tprada
npaypankav apipov (A, B, (') yia toug onotovg woxver A? + B* + C? = 1. Kdabe t¢to0
Suiwvoona (A, B, C') opiCer pua dnepn krdon ano kovooe pe afova (A, B, C') xa xopoer v
apxn v afovov. H topn tov xovev pe to eminebo mpofoiic Snpovpyel Kovikee TOPEC mov
ovopdCovtw ypappég mediou A,B,C ((A,B,C) field lines). Ot ypappég avtég eivar axpifoc ot
YPAPpEC mave oTic omoiec Ha Kivovviav ta onjeia tov emuebov mpoPoilc av o map arnpnTiC
nePoTpe@otav yope anod tov afova (A, B, C). Eva Siwvvopa xdbetg porg oto onpeio (z, y)
aviker ot KAdon v (A, B, C') coaxis Stavvopdtov, edv xa povo edv 11 Sievbuvor) tov etvar

i61a pe exeivn tov Sravboparoc M = (M,, M,) (oxtjpa 5.8), énov?

(M, M) = (mA(* + f?) + Bay + Caf), (Azy — B(z* + f?) + Cy[))

Me v i61a doyikn odneoc Ka otic 6vo mponyovpevec mepurtoosic, embopovpe va Bpovye
VE@PETPIKEC Kapnbhec mov va xapaxtnpiCoov xa va xapaxtmpiCoviar and ta FOE xan AOR
K mov va StaxepiCovv apvnuikee K OeTiKEC TPEC TOV PETAPOPIKOV KW MEPIOTPOPIKMY

ovvioTwonv. Me avdroyo tpono onwc kw npw (Bi. Iapapmpa B) npokvmtovv o1 avicomtec:
k(A,B,C, L0, yoaxvy)(un(xvy) - Z(A,B,C,Oé,ﬂ,’)/;l',y)) >0
OIIOV,
k(A,B,C,xo,y0;2,y) = 2*(Cf+ Byo) +y*(Cf+ Axo) — xy(Ayo + Bao)—
ef(Af + Cxo) —yf(Bf + Cyo) + f*(Azo + Byo)

, 0o1mov (¢, yo) 10 FOE. Avtifeta pe my nepintoon v Stavvopdtov copoint, oTnv mpokeipévy

nepimmwon 1 evbeia k& eivan exeivy mov Htaxopilel T MEPIOTPOPIKEC ODVIOTMOES, EV@ O

'Kébe Covn expdalel ma meproxn omov Pploxeta i aviiotoixn evbeia.

2H &wevbovon (M, My) oto onpeio (z,y) npoxvmier o¢ effic: a) Ipdgetar n e&iowon tov KOKLoOL mOL
MEPLYPAPEL TV TEPLOTPOPIKT| KIVNON TOV oNjelov Tov Xopov pe afova meplotpoeng to Sidvoopa (A, B, C).
B) YmoroyiCeta n e&iowor g mpofolrc tov x0KLoL oto emineo mpofolnc. v) YmoroyiCetm 1 egamtopévy
mg e§lomong Mg Kevikng Topng oto onpelo (2, y).
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P{Af/C, Bf/C)

rxnpa 5.8: Aravvopata (A,B,C) coaxis

Ypo oxnpa gaivoviar ta Sravvopara (A,B,C) coaxis. Te kdbe onpelo (z,y) o1 Sievbovoeig tov Stavoopdtev

givan (M, My) = (—A(y* + ) + By + Caf), (Azy — B(z? + f?) + Cyf)).

PETAQOPIKEC, OTAV TO PETPO Uy (2, y) wovta pe 0, SraxepiCovia and v xapmdiy [ (oxipara
5.9).

Mapatnpovpe 6t1 1o FOE Pploketan mave oty kapmoin & ka to AOR Bpioketm
nave oty evfeia [, xabog ov ovvietaypévee tovg, (2o, yo) K (aw—f,ﬁw—f) mbeviCovv Tic
avtiotowxec efomoeic. Avtifeta, opoc, jie tic nepurtwosic e otabepnc kabeme porc xwm
v Stavvopdtev (r, s) copoint, ayvoovpe tdoo 1 Srevbvvon 6oo kw to dyog ¢ evbeiac [
kaboc ot mapapetpor avtég e€aptovia ano ta Stavvopata («, 3,7v) xa (A, B, C'). Enopévec,
yla va pnopéoovpe va Xpromonouoovpe ta Sravvopara coaxis (A, B, (') pe éva tpomo
HAPOJOI0 JI€ EKEIVO TV H1AVDOILATOV copoint Kat Tov Stavvopdtov otabepric kabete porgc,
ogelhovpe va amiomoujoovjie Tic €£10moe1c Tove. Avto yiveta Stakéyoviac e101KeEC TPEC
yia ta A, B xan C. Toykexpyieva efetalovpe ) popel) tov eflomoemv yia ¢ e€1¢ peic

IEPUITHOOEC:
e (A, B,C)=(1,0,0), onote 1a (A, B, (') coaxis ovopdlovim a Stavdopara

e (A, B,C)=(0,1,0), onote 1a (A, B, () coaxis ovopdlovia  Stavdopata
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(c0) (P

(¥)

Yxnpa 5.9: Ipoonpo Siavvopdtov coaxis

Ta Savvopata (A, B, ) coaxis hOye petagopdc slvar apvnukd otav Pploxovia péoa oe ma Sevtépag
1a€ne xapmoin (kv meploxr pe Kovkibec), 1 omoia Sigpxetar ano o FOE, ka elvar fetika oe Oleg 1ig
addec Béoerg (apan meploxn pe xovkibeg) (oxnpa (a)). Ta Stavdopata (A4, B, (') coaxis Loye mepiotpo@r
oxnpatiCovv 6vo npenineda omov oto £va paledovial 6Aa Ta apvnTIKA (IVKVI TEPLOXT [i& KOVKIBEC) Kal 0T
a22o dka ta Betika (apvnuikn meploxn pe kovkibeg). H ypappn Siaxepiopod Sigpxetar and 1o AOR (oxnpa
(B)). Twm yewkn mepinteon ovpmayodg Kivnong ta Stavdopata kAfemg porg mov aviiKoLy 6TO ODVOLO TOV
Sravvopatev (A, B, C) coaxis katavépovia oe 1¢00epig neploxe¢ (oxnpa (y)). Omov tyrans > 0 KA tyor > 0
(ap ) meproxm) pe Kovkibeg) 1 por) elvan BeTikT), OOV Usrgns < 0 KA o < 0 (mUKVI mEPIOXT) Pe KOVKIBEG) 1)
POT| EIVAL APVITIKL], OOV, TELOC, Utrans < 0 KWUpor > 0 1) Utrans > 0 KA e < 0 (meproxéc Sixwg xovkibec)

avaperyvoovtar Betikd, apvnukd kar pnéevika Sravdoopata. Oetnikn fempodue ) @opd 1@V H1avuopndt®v mov

Af ﬂ)‘

“amopaxpdvovia’” amé 1o onpeio P, &
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e (A, B,C)=(0,0,1), onote 1a (A, B, (') coaxis ovopdloviam v ravbopata

a Sravoopata
O efromoetc e kapnvine ko e evbeiac petaypdgoviar oc:
k(A,B,C,x0,y0;2,y) =0,A=1,B=0,C =0 =

2*(04+-0yo)+y* (0f +1x0) —y (Lyo+0x0) —x f(1f+0x0)—y f(0f+0yo)+ f* (Lro+0y0) = 0 =
yieo — ayyo — f2 + flzo = 0
K
(A, B,C,a,B,v2,y)=0,A=1,B=0,C =0 =
Y(a0 —71) — (50— 70) + B — a0f =0 =

—yy+61f=0=
_Bf
y - -
~
[Mapatnpovpe 6T 1) Kapmvin k maipver ) poper vnepPoinc. Emione, n evbeia [ amoxtd

yvootl] mAgov GevBovon kwm ovykexkpipéva mapdhinin pe tov afova X.  To oxnua

Sraxoplopov fetikmv Ka apvTK®V Stavvopdtov naipvel ) poper) tov ox. 5.10a.

g 6vavbopata

k(A,B,C,x0,y0;2,y) =0,A=0,B=1,C =0 =

2?(0f+1yo)+y*(0f+0x20)—xy(0yo+1zo)— f(0 f4+0x0) —y f(1f+0yo )+ f(0zo+1yo) = 0 =
w*yo — xyzo — yf* + [ryo = 0

Ka

(A, B,Cia,B,v;2,y)=0,A=0,B=1,C =0=
§(00 — ~0) — (30— 41) + 80f —alf = 0=

vy —af =0=
_of
~
Onoc xm mpwv, 1 Kapmodn k maipver ) poper voepPoinc. H evbeia [ amoxta SievBvvoy

X

naparinin pe tov afova Y. To oxnua 6taxmpiopod fetikov Kxwm apvmmKov 61avoopatov

maipvel T poper) tov ox. 5.1043.
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Y RevTpo
E1K 0V 6L

FACE

x={ oy )t

(B) (y)

Yxnua 5.10: YXxéon FOE xa AOR pe «, 8, v Stavvopara

To (a) elvar 1 anomnoinon v 5.9(y), otav (A4, B, C') = (1,0,0) (Siavdopata «). To (B) elvan 1 avtiotowxy
amionoinorn tov ??(y), otav (A4, B,C) = (0,1,0) (6ravdopata 8). To (y), 1€hog, elvar 11 amrkonoinorn tov
?22(y), otav (A, B,C) = (0,0,1) (bravdopata v ). Ka o tpeig evbeleg tov oxnpdtev Sigpxovia and to

AOR. Avtifeta, o kapmdreg iepxoviar and to FOE.

~ 6ravdopata

k(A,B,C,x0,y0;2,y) =0,A=0,B=0,C =1=

2?(Lf40yo)+y*(1f+020)—ay(0yo+0x0)—a f(0f +1x0) —y [ (0 +1yo)+ [ (0z0+0yo) = 0 =
? +y* —axo—yyo =0

Ka

(A, B,Cia,B,v;2,y)=0,A=0,B=0,C =1=

y(al —40) — 2(f1—+0) + B0f —a0lf =0 =
ya—axF =0

Yy nepintoorn v v Stavvopdtov 11 kovikn topn k& amiovotevetal oe kvkho. Ta FOE

3

Kt T0 KEVIPO ¢ e1Kovae Ppiokovian o avubiapetpikda onpeia”. H evbeia [ amokta xiion

. To povieho Hraxmpropod Betik@v Kal apvTIKOV S1avDopdtov Iaipvel T pop@l Tov 0X.

8
5.10+.

3H avnbrapetpiédtta tov onpelov (0,0) xaw FOE mpoxdmtel o¢ e81)¢: Oswpodpe éva onpelo P (z,y)
¢ KDKMKIG nepwpeperag. Oa npener 1) yovia OPF| émov O 10 kévipo ¢ ewkovag kar F' 1o FOE, va eivan
kdBetn, apa OP.-PF=0= (z,y)  (r — 20,y — yo) = 0 = 22 — 220 + y* — yyo = 0. Avtd dpeg, oneg
gatvetar kxau ad my eloeon ¢ Kapmving k, wxvel, agod 1o (2, y) elval onpelo Tov KUKA0D.
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KegpaAawo 6
ITapovoiaon AAyopiOuwv

Y10 KEQAAMO AUTO ava@EPOovIal OV VOITIKA 01 aAyopifjiol mov viomouifnkav Ka eKTpeovia
Ta anoteAeopara 1ovg. Oempovje MAvIoTe MC £10060 TOV aiyopifpmv 1o nebio xabetnc pong,
10 omoio mapayetal amod H6vo H1aboxIKEC £1KOVEC MOV KATAYypA@nKav amnd TNV KApepa Tov

K1VODJIEVOD AP AT P1|TY).

6.1 Evtomopoc FOE peow otabepric xabetng porc

Avatpéxoviac 610 HMPOIyoUPREVO Ke@AAMO, 0TO KOPPATL MOV avagépeta oty Ipoondbeia
EVIOMOPOD 10V S1avopdtev KABetnc po1ic OV YKEKPIIEVOD petpov u, xa Stevbovong (n,, ny),

HPOEKDPAV KAIAKOTA Ta £E1)C OV PIEpAoLaTAL

1. vmdpxer pra evbeia mov xwpiler T1¢ BeikEe amd TC APVNTIKEG PETAPOPIKEC OV VIOTOOES
tov Stavvopdtovt. H evbeia avtr éxet yvootr kiion (kabetn ot (n,, ny,)) Ko Siépxeta

ano to onpeio FOE.

2. Yndapxer pia vnepPoln 1 onoia xmpiCel 1ic eTikeée Ao 11¢ apvTIKEC MEPIOT POPIKEC

ovviotmoec Tov Stavvopdtovl. H vmepfoln avty 6tav u, = 0 nepvdel and 1o AOR.

3. Ta Sravdopara pe pérpo axpifoc u, xkaw Sievbvvoy (n,, n,) pnopovv va BpeBovv povo

og 6vo and ta teooepa Ttetaptnpopra”’ mov oxnpariCovv 1 gvbeia e TV KAPIMOAT.

4. H xatavonr tov Stavvopdtov mapovopilel A0ym T®V MEPIOPIOR®OV £hAX10TOD K

péyotov Babove eva “otévepa” oT1C MEPOXEC MAVE Kl KATO ard v evbeia.

LO1 dpot “Bemikéc” wa “apvnikéc” €80 xprnopomoleital KaTaxpnoTikd. LIV IpayRaTIKOTTA £VVosita
TUIEC PEYAADTEPEC KL PIKPOTEPEC QIO KAMOLA TUIL| Uy,
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5. Y& opdbec Sravvopdtov pe v ibia Sievbovon, (ng,ny,), ahdd Stagopetika pétpa,
Upgy Unls Up2y - - -, AVTIOTOIXOVY “mapdhiniec” viepPoiéc ahhd povo ja gvbeia, agov,
onwmc beixfnxke, 1 efiomor ¢ etvar aveEaptnTy ¢ THIC Tov pEtpov. Ilapammpovpe oT
10 FOE 6ev pnopei va Ppioketa ekel mov aAANAOKAADITOVIM O1 KATAVOREC MAPAAANADY
Sravvopdtov kabetc porc, agov ta Cevyapra vnepPfoimv mov 1i¢ opiCovv Hev tEpvovTar

nave otny gvfeia, otV omoia avToO AVIKEL.
Ytoxot tov aiyopifpov giva

e ovpgova jie Ta ovpnepaciara 1 xa 4, 1 avakaivyn neproxmv omov 10 FOE mBavdtata

Bpioxetan (oxipa (6.1)).

e ovpgpova pe ta ovpmepacpata 1 kwm 5, o amokieiopoc nepoxov omov 1o FOE bev

nnopei va Bpioketa (oxipa (6.2)).

[Ipw meprypagel o akyopiBpoc, agiepovovial PepikeC ypappec otnv e£1ynon tplov
AP APETPOV TOV adyopifpov o1 omoiec Kpatovv 161aitepo poOAo OTNV VAOIOINOT] TOD.

Mia K a0X0A0DPAoTE pe mp aypatikove aplfjiovce elval QUOIDAOYIKO va MEPIEVOVPE OTL
A0V TOV WOKA0e®V 0Ta Tedevtaia Sekabikd Tove gn@ia eAdx10ta navopoldtona Stavbopata
fa avaxadvmtovope oe OAOKANpn Y €kova. I avtd kar ovveldnid avtikabotovpe
ovvexela pe 1) Stakprrotra, mobetovrac 1000 yia T Hievbovvon 600 Kar yia To PETPO
M yv@wotl amd Tov AmelpooTikd Aoylopo &vvora g € - yeuviaonce. OpiCovpe étop vo
PeTAPANTEG E4ngle KM Ejepgrh , Ol OMOIEC OLOPIOTIKA SHIIOVPYOLV KAGOELS PETPOV K
SievBvvoewv. Méoa oe xabe xAdaon 6ior or apifpoi Bewpovvian icotl. IL.x. otnv xAdoy
SrevBovoeov 0 avrikovv dhec o Srevbiovoerc dir yia tig onoiec wxver dire[0—cqngre, 04Eangie)-
O1 xhdoerc avtee SrabpapatiCovv Sumhd poro otov adyopiBpo, 61T K ovvyyopodv oty
7Sraxpr)” wotra twv apipemv xa kabopiCovv v moAvnAokotnTa Tov aiyopibpon, pra Km
o1 6VVaTEC OVYKPIOEIC TOV KATAVOI®MV T®V H1avuopdtv tov mediov pone e£aptovial amod 1o
mAnfo¢ tev S1a@opeTIK®Y TIP@V oy pPnopovv exeiva va Adfovv. Tomkin Tpn yia 10 €440
glvat 11 0,39(= %) mov xwpiCer 10 xOKAO TV Sievbivoswv oe 8 Topeic-kAdoeig (oxipa 6.3).
Mia mxi) T 100 Ejepge, eivan 11 0.07 mov yia Stavvopara pe pétpo péxpr 1.5 (to omoio &i-
var ovvibhopevny nepintoon pia ka ta 6taboxikd frames xataypa@oviam moAd ovvIona 10 £va
PETA TO AAho, onoOTE Kan o1 akjiec 6ev mpoiafaivovv va amopaxpvvlodv amod v mponyovuevy
B¢on tovg) Enmovpyet 12 xAdoerg pétpov.

Muia @iy napapetpoc tov ovotiuarog eivar 1 Box Size, 1o péyeboc Snhabyy e mievpag

TOV TETpAy®vev e Ta omoia xompiCovpe v eikova tov nediov xkabetng porc. H xardtpnon
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Yxtpa 6.1: IIpoobiopiopoc FOE anod topn evbeiov

Yto oxnpa (a) napovomifovia ta Stavdopata kAbetg porg RETPo uy,1 kar Sievdvvong 0 (pavpeg Kovkidec).
H evBeia mov mepiéxer 1o FOE ka xopiCel 1i¢ BeikéC amod TI¢ apvnTIKEC PETAQPOPIKEC ODVIOTOOEC £XEL KALOT|
% xa Pploxetan exel mov 1 Katavonn) otevedel. Lto oxnpa (B) mapovomlovia ta Sravdopara kabemg porg
& PETPO U,z Kar Sievbvvon T (yrpt xovkibeg). H evbeia mov mepiexer 1o FOE ka1 xopiCel ¢ fenikég amo
TIC UPVITIKEC IETUPOPIKEC OV VIOTMOES TV Sravuopdtev exel KAilon 0 ka Bploketal €Kel IOV 1] KATAVORT] TOV
véov Stavoopdtev otevedel. Lo (y) mpoobopiCetar ma meproxn yia 1o FOE ano my topn tov {ovev mov

Sniovouv 10 “otevepd” v Katavopmv Stavoopdtev.
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(B)

(¥

Yxnpa 6.2: Anoxiciopnoc FOE A0y aAANAOKAADYPNC TOV KATAVOR®OY

Y10 ox1npa (a) mapovoiriCovia ta Stavdopara kabeng pong pETPOL Uy, K Srevbovone  (pavpeg Kovkideq).
Yro oxnua (B) mapovemlovia ta Sravdopata pe 6ra devbvvon kar pétpo w,z H1i@opo ToV Uny (YEP
kovkiBeg). Xto oxnua (y) mapovemlovial TavTOXpOvA Ol KATAVOREC 0TIV €1KOVA KAl Tov 6o opdbov
Stavwopdtov. Endve xa xdate otnv sikova Staxpivoviar o1 600 meploxéc omov vmapxovv Siavdopata xa
10v 6o katavopov. H Covee mov éxovv ienbovoy i6ra pe ¢ evbeilac mov nepiexer 1o FOE, ovykexpipéva
oto napaderypd pac 0 poipeg, Kal 01 OHOlEC MEPVAVE A0 MEPLOXEC OOV o1 SO Katavopeg aiiniokaivmrovia

Bempovvial ¢ vmoyngiec 1 xaroxng v FOE.
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Yxnpa 6.3: Xaopopog v Sievddvoewv oe KAdogic-Topeic.

H tipty 100 €4pg1e KaBopiCer 1ov apidpo 1ov xhdoeov Sievdovocov (§ — 8,5 «— 4). H npn avt pai pe

KELVI] TOV €1engep MNPEACEl €MONG TV MOADIAOKOTITA TOV alyopifjiov.

AUTI] TNC E1KOVAC ODVIEAEITAL Y1a VA AMOKTIOOVHE £va KPitrplo amd@aonc yla 1o av Hvo
Katavojee S1a@opeTKov petpov adiniokaivntovia. Axpifn yveoon ¢ ahAAniokaiognc i
pn aiindoxdhogne Ba amoxtovoaje pOvo £av Advaje YypARPIKA OCUOTIHATA AVIOOOEDY MOV
Ba avixvevav v mapovoia KAMoon 1] KATOWwY S1aviopat®v pe PeTpo U, PEoa 0g Tpiymva
nov Ba oxnuatiCoviav amd 1p1adec Srtavvopdtov 18 PETPO Uy,  Avil yia 1 xpovoBopa
avtn] Srabikaoia mpotpnfnke 11 AAANAOKAADYY TOV KATAVOROV va amo@aoiletal anavioviac
TO EPOIIA av 0 £va OTOIXeWwOeC TeTpdymvo Ppiokovia Stavbopata pHKove K t,; K
Upe. Ilpoooxn amarteitan yra pia opfn emdoyn e BoxSize. Av etvar mo peyddn an’ ot
mpenel ta tetpayova fa mepixieionv ocvxva Stavdopara S1a@opeTIKOV PETPOV, XOPIC OPOC
avtd va aVTAmMOKPIveT OTNV MpAyRaTiKI] KATAOTAOoL TG AAANAOKAADYIC Tove. Amo v
ahd, evbexopnevy eKXmpron pag vnep tov 6éovioc mxpic tpng oty BoxSize, Ba enégepe
10 avtifeto amotedeopa. IToad Ghoxora mieov Ba avaxaivmtotav meploxn aAANAOKAALYPC
Kl £vac¢ amod Toue KDPlove oToxovc tov aiyopifpov Ba xabhototav apriori avégiktoc. Anod
petpnoeic Ppenke 6T ma wavonowuiky wmkr T yia  BoxSize givan 10 pixels.
Emionc, mpéner va onpewblovv ta ££1¢ oxenkd je 10 Xapaxtipa tov aiyopifjov.
Onoc mpoavagepOnke, 6evtepo emOWKOPEVO 0TOXO TOV aAyopifpov amoteiei 0 £VIOMONOC
neploxmv oty 1kova omov 1o FOE anokieieta va Bpioketa. H ovAdloyiotiki anokieiopmv,
opwe, ovxva xpvPel mayibec. H mbBavomra xamowov Adbovc otnv 0An mpoepyacia tov
bebopévov (otnv evpeon tov mebiov xdbetne porg 1 oty Tl wopnon TV StavvopdTeY
OoVpPOVA fe TIC TEC Tov PETpov Kat ¢ Oedfuvorc tove) €rhoxedel ovvExela Ka Apa

Ba mpémel va eij1aote MPooeKTKOL e a@oplojtong tov otvd “bev emaveletdlovia Meploxéc
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amal xm amobeixtovv pia @opd axatdriniec yia FOE7. Av ka ma tétoia Aoyikn
fa emtdxvve v extéheon tov aiyopifpov, Ba Gmmovpyovoe mbavotara xa Svoppeotec
HAPEVEPYEIEC OMOC O IMAINPIC AMOIPOGAVATOAIOROC TOV GUOTIIATOC, (v Y1 KAMO1d (Tic TO
FOE Bpoxotav oe meproxi) mov xapaxtnpilotav axataiinin. I'ia 1o A0yo avtd 1 vobeoia
£vOC oK AnpoD, adiddiaxtov adyopifpov anoppimtetat Kk BeoniCetan £va mo “Snpoxpankod”
ovoTIQ YNPiopaTog KaTaAAnAéTnTag mEPOXC. LUIP@OVA J1e TO ODOTNIA AVTO, AvAAOYQd JIE
10 mdoo 10xvpy vrogngota Katoxtg tov FOE Béter ma neproxr) (1o enibeto “woxvpr)”
aa@épeTal oTNY EKIANPOOY 1| 11| KAnowv npovmobecewmv), mpootifeta ota pixel mov v
anaptiCovv ma Bapbvovoa Betiki grgoc. Avtibeta, dtav xamora meproxi) Hewpnbel 10xvp)
voyt@ra p1 xatoxtc tov FOE, tot1e ota pixel mov v anaptiovv mpootibetan pia apvuik)
P1POG.

O aryopifpoc mov efetaler va Bper (km va vrepyn@ioetl) T1¢ TEPIOXEC OTEVERATOC TOV
Katavopov Stavvopatov kabeme porc pe ovyKeKpiievo petpo Ka @opd (ovpgova pe ta

ovpnepaopata 1 xa 4) éxer ¢ e€n¢:

# Evpeorn ovvorov kabemne porc NV
# KaBopiopoc Staxprtod ovvorov Sievbovocwv D
# KaBopiopoc 6taxprtod ovvorov petpov L
# KaBopiopoc ovvorov otoixewbov tetpayovov B
#V (d,1,b) e (D x L x B)

Bpec 10 voovvoro xabetnc porc Ny

X Giavdopata oto xovtl b, pe pnxog [ xar Sievbovor d FHRFEE

B (dy, 1) e (D x L)

Edv card(Ng,1) > Minimum Points **** anateita ehdxiotoc apipoc S ravvopdrov

* Yopminpmoe Kevd oTnv Katavoy)

Kokkok

evbeia xabet ota Sravbopata

* Y evbeia & pe Sievbovon d, = ;—1 KoKk
v

@ Vote = FitModell(e, Ng,;) **** noco “kain” eivan 1 evbeia; *H4*
QVbeB xab “Simha” oty & 5% gngloe oe Oha ta FFHEE

VoteFOE[b] += Vote X oToxe1m0n Tetpdyova ¢ evbeiag

O aiyopiBpoc, houmov, Eexvaet pe ) Snpovpyia T@v KAdoemv petpov Kar Hievbovornc
ka v enakoliovfn xatataln xdbe Sravdoparoc oe xamora vmepkidon (Cebyog pétpov
ka Sevbovor ), 1 omoia mepiexel TeMKd Ola Ta SLavbORATA OV YKEKPIPREVOD PETPOL KMt
ievBovonc. Tavtoxpova, yia kabe 6idvoopa fploketal pE6K TOV KAPTEOIVOV OV VIETAYIEV@Y

TOD TO OTOIXEIWOEC TETPAYOVO OTO OMOI0 AVIIKEL K 1) MANpogopia Katakpateitar afpolotikd

Kokkok

Kokkok
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yia kabe tetpdyonvo, 10 @0Te 0TO TEAOC TC OILP@OONG TOV H1AVUOIATOV VA 1val YVeOoTO
nooa Sravvopara xabe vnepxiaonc, 6naadi ovykekpipévon petpov Kar Sievbovvorc, avikovv
oe Kabe teTpaymvo.

Y ovvéxelta axkorovbel 11 emavainmuikiy, Sevtepn @aon tov aiyopifpov. H Aeitovp-

yia €vO¢ KUKAOD ¢ emavAANPnc @aivetal KaAvtepa oe eva eikoviko mapadeiypa. Eotw

s
R

ont Pploxkovpe ta Sravvoparta xkabemne pone pe petpo 1 xwm Srevbovoy Eoto ont 1
KAtavoil] Tov HS1avuolat@v oty eikova givan avti) tov oxnpatoc 6.4.H evbeia mov mepiéxen
10 FOE éxe1 xdion xdbern mpoc ta Swavvopara, 6niabn 0. Emopéveoc, yia va Bpobvpe
nmov otevevel 11 Katavopt] Stavvopdtov efetalovpe Odec tic mapdhiniec mpoc 1o X dfova
Ampibec. Ovopdalovpe andotaon Ampibac 1o n£1po mov exPpdlel To MAATOC THE KATAVORT|C TOV
Stavvopatov og tovty ) Aopiba. Q¢ povada pETpnonNe TV TAWTOV KATAVORTG XPIOJHOIotET T
TO PNKOC TNC MAEVPAC evo¢ otoxeimdong tetpayovon. Etop otnv opioviia Ampiba 0 tov
napabetypatdc pag 1 anootaoy eivan 5(=5-141), oty Aopiba 1 4(=4-1+1), oty hepiba 3
2(=3-2+1), oty 2opiba 8 6(=5-0+1) x.An. IHapampovpe 611 ot1c hapibec 2 xa 9 be Ppebnke
kabetn por. Eneidn), dpme, taxtixi tov aiyopifpov givan va 6ivel P1j@o og OAeC TIC MEPIOXEC
npofALmetan 1) TEXVIT] EKXOPI0T KAIo1ac anootaolc oe Kabe tétota Aopiba. 2t Aopiba 2
IL.X. eKXOPEeita 1] Ti1] 3, IO IPOKDITEL AMO TO JLECO OPO TOV AMOOTACEDV 0T1¢ Awpibec 1 Kat
3(3= ‘lzﬂ), eve ot1 Aopiba 9, 1 onoia Ppioketm oty AKPY TC E1KOVAC, EKXOPEITM 1) TIA
6 mov AVTIOTOIXEL AMAC 0TIV HANOEOTEPT] AN KevY] Awpiba.

Y ovvéxela vmoloyiletan 11 péon Tpn vV amootdosmv v Ampibov.  Ta 1o

54+4+4+34+3+243434+44646 Eva
10 :

ovykekpievo mapdbetypa 1 péon Ty eivan ion pe 3.9 =
anAd PETPoO MPLoHOTNONC TOV OTEVAOY MEPIOXOV TIC KATAVORNC AMOTEAEITA AMO T TE00EPQ

Iap AKATE) KPUnpla:

® av 1] amoOoTaol 0g KAmola Ampiba eivan peyadvtepn amd T peot), TOTe 1) PHYoc eival

KAKH (Bi. dwpibec 0, 1, 7, 8, 9).

e av 1] AmdOTAOT IV JKPOTEPT] AMO TI| €0 AAAA Ol AMOOTAOEIE TOV MAWIVOV A@pibnv

etvan JKpOTEpe ano my efetalopevy, tote 1 yrgoc eivan METPIA (BA. Lopiba 5).

e av 1] AmdGOTACT €1Vl JUKPOTEPT QMO T PEOT K 08 [l ovo amo Ti¢ humdavée Aopibeg
epeaviCetan amootaon peyaivtepn and my efetalopevy, tote 11 Prgoc sivan KAAH
(BA. 2opiba 2).

® (v 1] AmMOOTAOT] vl JUKPOTEPT] QIO TI] PEOT] KW KPOTEPT] 1] 101] AMO TIC AMOOTAOELC

v Sumhavev Aopibov, tote 1 gigoc eivar IOAY KAAH (BL. dopibec 3, 4, 6).
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0 1 2 3 45 6 7 8 9 Iatog Ynooc Kprnpro

o. o e | ¢ 5 10 H[1]>M860
oo 0 T 4\, 10 TI[U>Meco

3=(4+2)/2 30 TI[<II[1-1]&&II[>TI[1+1]

Al 7 40  TIR<TI[1-1]&&I[]=TT[1+1]

°r 2 40 TI[=T[1—1]&&II[L]<TI[1+1]

ShRIE 3 20 TI[U>TIf-1]&&TT ST ]

T 2 40 TI<II[-1]& &< I[1+1]
o« "t 4 10 TIp>Meco
I o | o °. 62 10 H[l]>MSCO
6 10 II[it]J>Meco

Yxnpa 6.4: Iapdberypa Aettovpyiac aiyopifpov otabeprc poric

Y10 oxnpa mapovojiGovia Sravbopata Sievbovong I Ko pETpov u,y (pavpeg xovkideg). H evbeia mov
nepiexel 1o FOE éxe1 xdion 0. To mhatog tng katavoprn¢ te@v Stavnopdteav kabe, oplloviiag otny meplntoon
nac, 2opibac exepaletal peom e 61aQopac TOV & ODVIETAYIEVOV TV AKPAleY 0TOXEWOOV TETpay@veOy
oV MEPLEXOVV H1avboIaTd TOL OVYKEKPUIEVOD PETPoL Kar Hievbuvornc. Avalioya jie ) 0X€01 TOV TAATOVC
katavoun¢ xabe Aeopibag pe ta aviiotoxa niat wv Surhavov Aopibev, kabog xka pe 10 péco, €AAX10TO Ka

péyioto midatog, 6iboviar gngotl oe xabe otoixembec 1ETPAYOVO.
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H yngoc mpootifetan oe xdbe otoxeindec tetpdymvo mov avixetr otny efetalopevy Ampiba.
Etop oto mapaberypa pac, av avtiotowxnoovpe to KAKH pe tov apiBpo 10, to METPIA pe
tov apifno 20, to KAAH pe tov apiBnd 30 xa to ITOAY KAAH pe tov apiBno 40, ot tehikec
ot kabe tetpayovon Ba eivan ekeivee mov @aivovial 61o oxnja 6.4, LIy mpaypankotna
TO PETPO YNPIONC €IVL MO MEPIUTAOKO, MOTE VA AVIAVAKAC TIC AIOXpmoelC petald Awpibov
MOV EPIITovY 0To 1610 Kpripro. O1 amoxpmoelc avtég ex@palovy 1 0X£01) TG AIO0TAONG
kafe Ampibac pe ) peon, eAdx10T) K peyloty andotaol) 0rov 1ov Aopibov. M’ avty
Aoyik1), oto mapdberypd pac 1 Aepiba 0 Ba naper xepotepy gigo (oto Siotnpa and 1 ¢oc
10) and m dwpiba 1, 6wt n andotaoct) e (5) ninopiler nepioootepo ) péyoty (6).

Agov emavainebei 1 161a Grabwaoia yra dda ta Svvard pérpa xwm Sievbvvostc,
Katajetpovvian o1 Benikéce prgot kabe terpaymvov yia va Bpebet 1 péyroty tipr. H tipn avt
AIopel va avtiotoixel og 1eTpaymvo mov nepiexel 1o FOE, etvan Suvatov, opme, va avtiotoixet
og Kamowo dAio, mbavotara yertoviko tov Cnrovpevov. 'V avtd 10 Adyo ¢ tediki) Avon
IPOTEIVETAL TO GUVOAO TMV TETPAYOVOV IOV OV YKEVIPOVODY KAIMO10 MPpoKadoploptévo moco oto
pieav:. Av, map’ 6L’ avtd, 1 IpoTevOIeV]] HeploX]| MAPAIEVEL OXETIKA PeYAAT], TO TO00O0TO
Preov pnopel va avfdveta, amoxieioviag emmieov TeTpayova (Km apa onpeia), péxpic
otov 10 efabod ¢ meploxnc pewdel KAto and Kamow Oplo.

O alyoppog, topa, mov eiéyxel (OVpPeVA fe Ta ovpnepdopata 1 xa 5 otnv apxi tov

kepaiaion) my akataiiniomra xaroxnc oo FOE yia kdnora nepoxiy éxer o¢ e€1ic:

# Evpeorn ovvorov kabemne porc NV
# KaBopiopoc Staxprtod ovvorov Sievbovocwv D
# KaBopiopoc 6taxprtod ovvorov petpov L
# KaBopiopoc ovvorov otoixewbov tetpayovov B
#V (d,1,b) e (D x L x B)

Bpec 10 voovvoro xabetnc porc Ny

I Gitavbopata oto xovti B, pe pikoc A xa Sievbovorn & FHFEE

# Y (dy, 1) e (D x L)
VbeB: Ny, # O
VI >1: Ny # O **** oto b vndpxovv Stavvopata pe pijxn [ xa !/
* NegativeVote = WeightIntersect( Ny, Nap)

Kokkok Kokkok

nooo “afiomotn” eival 1 aAANAoKAALYT);

2Y1a Sika pac napadeiypara xpnopmonoifnke o 80%
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*VieB
xa b opiCetan anod m Sievhovon =+ ka 1o b

VoteFOE[V] += NegativeVote

[Meprypagixd, o akyopiBpoc, agov Ppet ta Stavvopata kabetne poic mov aviKovv og
kdabe terpdyovo, efetdler mora tetpaymva xapaxtpiCovia w¢ nebio ovpmtmonc Stavvopdtmv
mc ibrac SievBovone arida 6vo Sragopetikov pétpov. Otav Ppebel éva €100 TETPAYDVO,
akoiovbei 11 afroroynon e vmonbépevne ariniokaivyne neproxov. H afiodoynon avty

BaoiCetan oe xpripra, onwc:
o 1 Sragopd, [ — ', tov petpev tov Stavvopdtmv
e 10 minfoc, card(Ngp) xa card(Ngn), 1ov Stavvopdtov kieme pong

® 1| AMOOTACT TOV JEOMV TIIMV ODVIETAYIEVOVY T@V S1avvotatov Kabe p&tpon

Yopeova j1e To IpmTo KPITpto, 000 mo peydin sivar 11 Stagopda ! — [, 1000 mo moAv
avfavel 1o PBdpoc e apvnUIKNC Prgov, 61011 1000 peyaivtepn yivetwm 1 mbavotnra n
AAANAOKAALPT VA PNV OPEiAETl 08 AIAL yeitviaol 60o Kovivev pétpev. Etop mpaxtikd, n
nepimwon [ — [ = 1 6ev efetdletan xabBdhov, pra xa €€ opropod o Katavopse Stavvopdtmv
pe Sraboxikd pétpa givan yertovikee. Avtifeta, ma Sragopa [ — [ > 1 amotehei 1oxvpn
evberfn ainbooc ariniroxdaivyrc.

To &ebtepo Kp1tiplo XPNOPOMOIEITAL Yl TNV AMOQPUYI] MEPUITOOEDV HIEROVOUEVOV
€0QUAPEVOY O1AVDOPAT®Y PoNC MOV PIMOpPOLY va mapamiavijoovv tov aiyopifpo.  Etop
amateitan 11 vVapfn evoc eAdxiotov apifpod anod Sravdopara Kxwm 1V 6V0 PETPOV, O OMOIOC VA
ovviyopel oto ainfec e vapne kabene poc AOym PETAKIVIONC AKAIC 0TO OV YKEKPIPEVO
TETPAYDVO.

Téhoc, To Tpito Kprinpro amoteiel AAin pra npoordbeta Sraogdiione eviomopov ainfone
Kar Oxt amdd ainfogavone aiindroxdaivgnce. To onpeio mov ekepalel ) peon Tyl 1oV
Sravvopdtev pétpov [ (1 mhnpogopia yia Tic ovvigTaypevec Tov napdyeta xard my Stabikaoia

BonSme amd 1o

evpeonC TV ovvokov Nyjp) Ba mpémel va pnv améXel mepiocooTepo Ao
AvTIOTOIXO onpeio peong e towv Stavvopdtev pétpov . Avtibetn mepimtwon Ba onpave
] ] ] [} ] ] [44 L)) ! !
mBavotara 611 0Aa ta Sravdopara pétpov | fplokovian m.x. “apiotepd” 010 TETPAY®VO K OAd
ta Stavdopata pet I Bpi “6ef1a” : ' 0 '
pata petpov I Bplokovian “6e£1d” oto tetpaymvo, mepimtowon nov Ba ovvenayotav
mv avonapfia aAANAOKAAVPIC TOV KATAVOR®OV.
Me Bdon ta mapandve xprnpra e£dayetar ano 1o e£etalopevo 1e1pdynvo b pia apvnuiki

(1 axopa pndeviky) yiigoc. H yngoc avty &e Sivera povo oto tetpayovo b, adia xw oe 6ha



6.1 Eviomopog FOE péow otabeprc kabetng porng 53

0O 1 2 3 4 5 6 7 8 9 Ynoog

0 o s o® el . i. . mm H 0
I SO MRE “ .l. 0
2 “a m 0
; .-. | 0

ol - 0
5 T o | Hy H = 0
6 PR N e 0
7 o P | =" 0
gl e |5 .",': m g = ~10
9 ;;I. e | _10

Yxnpa 6.5: ITapdberypa apvnuikie gneionc neploxov

Yto oxfipa Sraxpivoviar pe pavpeg xovkideg ta Siavdopata pe pnxo¢ u,; xar Sievbovon 5. Me pavpa
wIpayovaxia Stakpivovial ta Stavdopata pe PNKo¢ upz xar Sievfovon mail 5. Av Ta U,y K@ Uy HTav
Sraboxikda pétpa ov mbaveg aiinloraivyelc 10v katavopav b Bav ennpealav to 1ediko6 amotéieopa. Eoto

OTL tp1 — Upz > 1. Ty opiloviia hepiba 8 Bploxeta 1o tetpdyevo (5, 8) pe Stavdopata xa v 6vo pétpev.

H 6wagopd tov 600 “péonv” onpelov twv 6vo opndbowv Sravvopdiov 6ev angxel neplocotepo amo W,

omotTe 1) aAAniokaivyn Peepeltal IPpaypaniky Ka oia ta Tepayova e Aopibac 8 gneifoviar apvnuka
(-10). To 610 woxvet kA yia ta tetpdyova (4,9) ka (5,9). Aviibeta, oto wetpdyevo (5,0) 1 andotaon eV

BoxSize
2

“néomv” onpelov elval peyaidiep!) amo , omote 1) vnotBépevy ariniokdaivyn Se Aapfaveta vooyn

K 0T tetpaymva e Aopibag Sev mpootibetar apvnuikn wngoc.
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(Y)

Yxnpa 6.6: Mndevikd Stavvopata (r, s) coaxis

O1 0p1lovIEG YPAPPMOELE AVTIOTOLXODY 0g Teploxee pe Betikd Siavoopara. Ot kabetec ypappeogic
AVTIOTOLXODY O MEPLOXEC PE apvnTika Stavbopata. XTi¢ AEVKEC MEPLOXEC DIAPXOLY avapepstypéva Benika,
apvnuikd ka pndevika Stavdvopata. Ta pndevikd Siavdopata (pavpeg kovkibeg) propodv va Bplokovia povo

OT1C AEVKEC TEPLOXEG.

ta dAda tetpayova mov opiCoviar and t Covy mov Hiepxeta ano 1o b xa £xe1 Sigvbovon ;—1,
exkgpaCoviac £topto yeyovoe pn katoxic v FOE and xavéva and avtd. Yto oxnpa (6.5)

@UIVETAL OV VOIITIK( 1] ASTTOVPYIKOTITA Tov akyopifjiov.

6.2 Evrvomopog FOE xan AOR pe &wavoopata (7, s)
copoint

Yopgova jie 1o mponyovpevo Kegdiao, jia mbaviy 8éon e evbeiac kK xapmbAng mov
xopiCouy T¢ Benkéc amd TC apvTIKEC PETAPOPIKEC Kl IEPIOTPOPIKEC OVVIOTOOES TOV
Stavvopatov kAbetne porne Mmov aviKovv 10N C 08 KAMO0 0DVOAO H1avuopat@v copoint, Ha
etvan onw¢ avt tov oxiparog (6.6).  Ta peovektmpara v Siavvopdtov copoint (dnec xwm

TV coaxis) elvar Ot
® JIMOpPOLJE Vva XpNojonooovje Stavopara pndevikod povo PIiKouG

e 10 mAnfoc yevikd tov pndevikmv S1avoopdtmv eival miKpo, 1€ OV VEIELA TO JOVIEAO TOD

oxnparoc (6.6) va pnv eivar 1000 epQAvEC.
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Avnumapgpxopaote 1o mpoto peovekmpa  egappoCoviac tov  aiydopibpo, mov Ba
HAPOVOOTEL MAPAKAT®, o0& MOAAG onpeia (r,s). Qoov agopd oty Avoyn tov Sedrepov,
napatnpovje Ot g xpe1dleta va mEPoPIoTOLHE 0T HEAETI] TOV TETPAYDVOV MOD MEPIEXODV
povo pnbevika Sravvopata, ahid xaAiota pnopovpe va emextabodiie oe A PEAETI] TOV
0UPMC MEPIOOOTEPOV TETPAYDVAOV JI€ avajlepetrypevec denikec, apvnukee Kan pndevikec tpec.
Ta onpeiac FOE xa AOR Bpiokovia oe tétoieg mepoxéc (1) axpifoc Simha oe tétoec
IEPIOXEC) 1A K, ONKOC @aiveta Ka o1o oxnpa 6.6, aviixovv oe kapmdieg nov StaxmpiCovv
MEPIOXEC TNC E1KOVAC PE apiyl] ovvoha BeTK@V 1] apvITIKOV S1avodToOv and MEPOXEC e
AVAPEPETYIEVA ODVOAC ETEPOOT IOV H1AVDOPATOV. LTOX0C Tov aiyopifpov, Aowmov, sivar va
Bpet tic meproxec oty e1koOvVA MOV AnoteAovy Ta Opta petalv “xabapomrac” xa “pifne”. H

yeviki Sratvbnmorn tov eivar 1 €€1\¢:

# Evpeorn ovvorov kabemne porc NV
# KaBopiopoc ovvorov Sraxpriov Sievbovoewv D
# KaBopiopoc ovvorov otoixewbov tetpayovov B
# Ta Suigopa (r, s)
* Evpeon ovvohov Stavvopdtev copoint C P,
*VbeB
Bpeg ta vnoovvora betikav C'P, 4, apynuxov C' P, g,
kat pnoevikov C'P, . Stavvopdtov
* Yxnpanoe 1o Miz = {b : be B xa b 6pro petald
TETpayovev e otabepd mpoono Ka TETpayOvayv jie
nowAla Ipoot p@v }
* Edv PureTranslation(Mix) = TRUE
YV be¢ Mixz VoteFOE[b] += CONST
* Edv PureRotation(Mix) = TRUE
Vb e Mixz VoteAOR[b] += CONST
* Eav NoPure(Mix) = TRUE
VdeD
@ & n evbeia mov Sigpxeta ano 1o (r, s) xa exer Srevbovvon d
@ Vote = FitModel2(e,C' P, )
@ VbeB xab “6imha” otnv evbeia &
VoteFOE[b] += Vote
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Yxnpa 6.7: Iapaberypa Aettovpyiac aiyopiBpov xprone Stavvopdtov copoint xa coaxis
(1)

A) Tepintwon dravvopatev copoint. Eote on ov kukiioko eixvouv tig Béoeig, omov Bpebnrav apvnuika
Sravvopara xabetne porg mov emurhéov aviKovv oe KAmow ovvoko Siavvopdtev copoint (r,s). Ta
erpayovaria Seixvouv g Beoeic v avalioyev fetikov Sravoopatwv. Ta terpayomva mov mepExovv
apgotepec Betikéc K apvnrikée Tpeg (opiCovia amod £vtoveg pn Sraxkexoppéveg ypappeés) Pploxovia nave
0€ KAIIOl0 OXNIaTopo evfelag, apa 1 PETAQOPLKI] OLVIOTOOQ TNE YEVIKNG KIVIONC KUPLAPXEL EVAVIL NG
nepotpo@iknc. Mia xa efetalovpe Sravdopata copoint, ta teTpdymva avtd, aiid Kal Ta YEITOVIKA TOUG
(opiCovtan amod €viovee Sraxexoppéves ypappéc) yia AOyovg xaliapomrag, fem@podvial DIOYHQYLL KATOXNG
tov FOE xa Zapfavoov v avaloyn Bstikn grgo.

B) Av avddoyo oxnpa e§ayotav and my e£étaon Siavvopdtev coaxis, ta weTpdyeva Katoxng 600 Ipoonpev

Ba yneiCoviav o¢ voogn@la xatoxnc tov AOR.
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Yxnpa 6.8: IMapaberypa Aettovpyiac aiyopifpov xprone Stavvopdtov copoint xa coaxis
(2)

A) Tleplmwon Stavvopdtev copoint. Ov xvriiokol Seixvovv ta apvnukd Sravdopata xkabemg porg mov
VKOV 0€ Kamolo o0voio Stavoopdtev copoint. Ta pkpd terpdyova Seixvovv g aviiotoxeg Heoelg tov
ferkov Siavoopdtov. Ta tetpayeova mov mepEXovy apeotepes fetikée Ka apviukes Tipée (opiCovial amo
évtoveg [n Sraxexoppéveg ypappéc) oxnpatiCovy pla KA€10TH) KAPmoAn, apa 1) TEPIOTPOQLKY GV VIOTOOA TIG
YEVIKIG KIVIONG DIEPLOXDEL TG peTtagopiknc. Ta tetpayova avtd, kabe¢ ka ta yertovird tovg (opilovia
ato £vioveg S1aKEKOPPEVEC YPAPPES) yia A0YOUE Xakapotntac, yneilovia o¢ vrogngta xaroxnc tov AOR.
B) Av avddoyo oxnpa e§ayotav and my e£étaon Siavvopdtev coaxis, ta weTpdyeva Katoxng 600 Ipoonpev

Ba yneiCoviav o¢ voogn@la katoxrng tov FOE.
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O oxnpanopoc tov Mix npaypatomoteitan jie pia amin avadpomxi Stabikaoia depth-
first-search. H 6iabikaocia Eexivaer and kamoo tetpayovo mov nepiexel Sravoopara pndevikd
1 Sravdopata Svo mpoonpmv. Lt ovvexela, efetdleta 1 vIEPOXT) 1) OX1 KAMOLAC Ad TI¢ 6DO
OVVIOTOOEC Kivong (IEPoTpo@iky], petagopiky). Av 1 xivion eiva petagopikn (1 yvoon
QT IPOEPXETTA ATO TO YEVIKOTEPO ODOTNA EAEYXOD TV K1vjoewv Tov mobile), tote oby-
POVA J1& To OXTpa 5.7 10 60 V0oA0 TV TETpaymvemv Tov Mix Ba amotedodv jia evbeia ka O6Ahol
ot gngot Ba agopovv oto FOE (ox. 6.7). Ty avtifen nepintoon, ta tetpdyova tov Mix
Ba oxnpariCovv (0xebov) eva kvkAo xw dhot o grgor HBa xararoyiCoviar yia 1o AOR (ox.
6.8). Lty yeviki) mepimtwon Kiviong, ta etpayova b tov ovvorov Mix & Ha oxnpatiCovv
KAMO10 KAVOVIKO YEMIETPIKO OXNJIA. X avtv v Iepintool] akoiovbeitan pra avaioyn pe
myv nepimteon otabeprc kabetne pore Srabikaoia: efetdlovpe mora am’ Ohec Ti¢ evbeiec
nov mepvave and 1o (r,s) taplalel kaivtepa pe 10 povieio tov oxnparoc 6.6. Kpiujpo
TAPLAOPATOC AMOTEAEL O XOPIOPOC oTa 6o ¢ Katavourc tov pnbevikov Stavvopdtov, pe
TPOIO WOTE 1) KAatavopn) va “otevevel” oty meptoxt) kovid oty evbeia (ox. 6.9) H pérpnon tov
“otevéparoc” otove aiyopifpove yiveta pe pebobove mapopotec pe ekeivee tov aiyopifpov
ovyxkekpevic kabene porc. Ta tetpdyova mov Bpiokovia Simia oty emxpateotepn evbeia

yneiCoviar @¢ kardAinia xatoxic oo FOE.

6.3 Evtomopo¢c FOE xar AOR pe &6uwavoopata
(A, B,C) coaxis

O aiyopipoc vmodroyiwopov FOE xa AOR pe 1 xpnomonoinon v Stavvopdatov a, 3,
(ewbikev nepurtwoemv 1v coaxis (A, B, (') napovopiel moALEC OPOOTTEC € EKEIVOV IIOD
xpnomonoiel ta Stavvopata copoint. Mia kar mail ta Gravoopara pe pnbeviko petpo eiva
Alya, eMEKTEIVORAOTE 08 0L Ta HLavDOPATA MOV MEPIEXOVY AVAIEPETYPEVA IPOOT L. LTOXOC
pac eivan va Bpodpe Ti¢ NEPIOXEC OMOV MAP AT PEITAL AAAAYT] A0 TETPAYOVA AJILY®V MPOOT| 1OV

oe TeTpaymva 6vo mpoonuev. O aiyopifpoc exer wc efnc:

# Evpeorn ovvorov kabemne porc NV

# KaBopiopoc ovvorov otoixewbov tetpayovov B

# KaBopiopoc ovvorov Sraxpriov Sievbovoewv D

Tk xk

# VYV we{a, v} **** e nepurtwosic Sravvopdtev coaxis

* Evpeon Stavvopdtwv coaxis C'A,,

*Ybhbe BB
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Yxnpa 6.9: Iapaberypa Aettovpyiac aryopiBpov xprone Siavvopdtov copoint xa coaxis
(3)

Me tovc¢ xvkAiokovg avanapotovia ta Stavdopata kabetng pone pndevikod PNKove mov AviKOvV 0 KAIOW0
ovvolo Sravvopdtev (7, s) copoint. To (r, s) Bploxeta oty topn v evbervv el, €2, €3, e4. H evbeia mov Ha
BempnBel OTL aviamokpiveta KaADTEPQ 010 LOVIELO Tov oxnparog 6.6 Ha Bewpndel vmoyngra xatoxog tov FOE
K 0og OAa ta otoxelmdn teTpaymva mov yertovedouy pe avtn 8a Sobet pia Betikny yngoc. Xto mapadevypa
pag 1 evbeia €2 anobeikvdetw 1) KaAOTEPY IPOTACT], APOD T} KATAvour) 1@V pndevikov Stavvopatov “otevevel”
K 011 6v0 meploxec mov ovvavidatal pe v evbeia. Ta tetpdyeva mov oxnpatifovial pe Srakexoppevec

ypappec gneifoviar o¢ katoxor tov FOE.
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Bpeg ta vmoovvola Betikav C' Ay, apvnuikev C Ay,
ka unéevikov C' A, Stavvopatov
* Yxnpanoe 1o Miz = {b : be B xa b 6pro petald
TETpayovev e otabepd mpoono Ka TETpayOvayv jie
nowAla Ipoot p@v }
* Edv PureTranslation(Mix, ) = TRUE
YV be Miz, VoteFOE[b] += CONST
* Edv PureRotation(Mix, ) = TRUE
YV be Mix, VoteAOR[b] += CONST
* Eav NoPure(Mix, ) = TRUE
Eaw w = a = d = 0 **** o Suavdopara ***+*
Eawv w = 3 = d = § **** 3 Giavdvopara ****
Y evbeia pe Sievbovony d
Vote = FitModel3(e,C' Ay )
VbeB xab “Gimha” oty &

VoteAOR[b] += Vote

Kokkok Kokkok

Eav w =~ ~ Gravvopata
VdeD
e 11 evfeia mov Higpxetar and 1o (0,0) ka £xer Hievbvvoy d
Vote = FitModel4d(e,C P,y )

VbeB xab “6imha” otnv evbeia €

VoteAOR[b] += Vote

H evpeon e neproxne Mix yiveta, Onoc xm oty nepintoon 1ov Stavnopdtov copoint,
pe ma 6tabikaoia depth-first-search, n omoia exvdel and KAmMo0 GTOXEIWOEC TETPAYDVO
oto omoio mepexovial xaw fetika xa apvnukd (1 anid xa povo pndevikd) Sravdopara.
Av 1 xivioy eivan petagopiky) (kw mddl, OHe¢ Kw oty Hepintool tov S 1aviopdatov co-
point, 11 yv®o1 avtl] MPOEPXETal AMO TO YEVIKOTEPO GUOTNIA EAEYXOV TOV KIVIGEDV TOD
mobile), tote ta teTpayova nov anoterovv 1o Mix fa oxnpariCovv pra xapmbiy (viepfoin
av efetalovpe ta o 1 f Sravdopata kw xvklio av efetdlovpe ta v Sravbopata) xkam dha ta
tetpayova fa gngiotovv o¢ vogn@ra xkaroxnc tov FOE. Av 1 kiviion eivan mepiotpo@ixiy,
to1e 1A TETpayova tov Mz, ta onoia fa oxnpatiCovv (nepinov) pia gvbeia, Ba gngrotovv ¢
vogngia katoxng tov AOR. Av xkama anod tic Svo nepurtmoeic 6ev 10xvel, 1018 0 ahyopifpoc

npoonabel va eviomioe1 v evbeia HLaXGPIOPOY TOV MEPIOTPOPIKOY GVVIOTOODV JIE T1] YV@OTI),
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amd tove mponyovpevone aiyopifpovc, pehodo Soxnc evbaiwv Srapdpmv tomobetoewv oty
gikova. Ano ti¢c e£1000e1¢ TOV KanvAov Ka endeimv mov napovoioTnKav 6To MponyouEvo
Ke@ddao km xapakmpiCoov ta «, f xm v Siavdopara, ovvendayetwm 0T yia ta o Ka 3
Sravdopata, efetalovian povo o1 mapdiiniec npog 1o X xa Y avtiotoxa afova evbeieg (1
FitModel3, 6naabtj tov aiyopifpov eivan e16ikn nepimtoon e FitModell tov aiyopifpov
otabeprnc xdbetne porc), eve yra ta v Sravdopata, efetdlovian povo ot evbeiec Sragdpmv
SrevBovoeov mov Higpxovia and 1o (0,0) (1 FitModeld, 6niaby, eivan ebwkn) nepimtoon e

FitModel2 tov alyopifpov Stavvopdtov copoint).

6.4 AmnoteAeopata

H anoboon tov aiyopifpov mov meprypd@nkav mponyovjevec GOKIAoTNKE 08 jia 0g1pd
and ewkodveg mov napovopiCovv to mebio xAbetnc porc mov MmPoKLITEL Amd T PeTAKIvIoN
me oxnvig. Luie Soxypec xpnomonomdnkav xopine ovvletikee, adhd xa opopgva Cedyn

P AYPATIK®OV E1KOVOV.

6.4.1 XvovOetika 6eboptva

Ta ovvbenika Gebopéva Smpovpyodviar yvepiCoviac ek TV IPOTEPOV TIC THEC TOV
Sravvopdrov (U, V, W) xa («, 5,7) mov xkabopiCovv 1o péyeboc me mepiotpo@rg xa e
petagopac. Me Baon avn m yveon kam g efomoetg (4.7) xa (4.8), Pploketam apxikd 1
onuiki) por| yra xdbe onpeio (x,y) me swkovae xw oty ovvéxeta vnoroyiCeta 1 xdbetn pory
npofdairoviac kabe Sivvopa og SievBovoeic mov aviotoxovv oe vobetikee axpéc. [a va
pooo 101wHov, dpwe, 600 To HVVATOY MEPIO0OTEPO O1 pearloTIKEC oV VONKEC evpeot ¢ KabeTnC

po1C Xproponolovvta Ta £1)¢ TeXvaopata:

e [a xdbe onpeio (x,y) opiCetan mia twxaia npy Babovg 7, étop wote va pyv
AMOKAEI0VTAL PUVOIEVA OMOD OTJIEIN YEITOVIK( 0TV £1KOVA, AAA( AMOPAKPUOPEVA 0T
oxnv1] mapovojrilCovv eviehoe Sragopeniki] petatdomon axkpifoc sfatiac me Stagopdg
tov Babovg tove. H mpr) avm) emhéyetan avapeoa og ekeivee mov opiCoviar amd ta

npoxafopopeva Opra (Zmin K Zppar) TG OKOVIC.

o Emiéyetan emionc toxaia oe xabe onpeio n 61evbBovon mpofoiic ¢ onTKG poric, MOTE

n xafetn pol) va avTiotolxel 08 AKpEC MOKIA0V H1evBovoswv.
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e OpiCovian mepoxéc oty ewkOva omov 1o omukd medio pndeviCetan  amodAvta
AVTIOTOIXMVTAC OT1] PEAAIOTIKI] KATAOTAON TIC AmOvoia¢ OmmKIG-KAbetne porc og
HePloXeC Xmpic kafdhov akpec, Onmce m.X. ovpfaivel 6TOVC TOIXOVC. XTIC VIHOAOUIEC
MEPIOXEC OOV DIAPXOVY AKHEC - EMOIEVOC Kal Htavvopata xabetne pornc, pe ja
ovvapton mokvottac mbavomrag eetdletan ke onpeio (x,y) av aviker OviRG o€

axpn onote xa Syprovpyeitan 1o avdhoyo Siavvopa kabety porc.

Axodrovdoviac ¢ mapamave apxéc ta mebia kabemne porc mov efdayoviar eivan jev
ovvhenikd, mpooopotdonv, dpmc, og apketd Babpod tm ovpneprpopd 1wV nediov xabetnc porg
P AYPATIK®OV E1KOVOV.

Ta newpapara mov efetdotnrav Siegepav petald tove og PAOIKEC AP APETPOVC TOV GLOTI-

patoc, Onme

e 10 peyeboc e petagopdc (ta€y peyeboue peiov teooepa (m.x. 0.0006) w¢ peiov éva
(m.x.0.2))

e 10 péyeboc ¢ meprotpogrc (taly peyebove peiov teooepa (m.x. 0.0006) w¢ peiov éva
(m.x. 0.2))

e 1 O¢on tev onpeiov FOE xa AOR oty ewdva (xévipo 1) nepigépera)
® TO MOCOOTO TG E1KOVAC OMOD DIIAPXOVV MEPIOXEC J1e MATPOPOPIC KIVOLC
e 1 Tiur ¢ eotiakc andotaonc f (150mm-599mm )

Ov mypiec t@v vmorowwv mapapstpev Srampndnkav otabepéc ka ovyxkexpyiéva, To
eghaxioto Baboc Z,,;, ota 150mm, to péyoto Baboc 7,4, ota 5000mm, o1 Sraotdoeic 1ov
eovev 01o 300 X 300, 1o xévipo (0,0) tov emuebov npoPolriic oto (150, 150) ovvietaypévav
E1KOVAC.

lMa kaBéva amd ta mapaxdte® mnepdjlara E£TAOTNKE TO MOCOOTO EMTLXIAC KM 1|
ovvelopopd kabe adyopifpov oty tedik Avon. H avaoxonnon v anoteheopatov £d6eife 6T
OT1C MEPUITMOELC TIOD 1| MEPIOTPOPIKI| Kivo1] elvan og amoivta peyedn apketd peyaknvtepn anod
) petagopiki), o evtomopdc tov AOR BaoiCetan oty Xpnomionoinon 1600 1ov copoint 600 K
TOV coaxis HlavoRATOV. LTI¢ IEPUITMOELC, OPKC, MOV 1] PETAPOPIKI] Kivion yivetat 101 1) Kat
PeEYAADTEPT AlO TNV HEPIOTPOPIKI|, 1] Yevikl KatebBovorn yia v evpeon tov AOR npoépxetm
amnd ta Stavvopara coaxis. Ooov agopd oto FOE, onwc avapevotav or faojkéc xatevfovoeic
Sivovian and g pefobove edpeonc Tov GTEVERATOC TIC KATAVORTC TV HS1avvotdtov Kabetnc

POIC Kl AvayvepIong TV IPpoTiIev tov Stavvopdtov copoint (ovvifoc xpnopmonotovvia
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1e00epa 1| OKT® onpeia avagopac (r,s)). Avtifeta, o alyoppoc anoxoni¢ nepoxmv Onov
Stamotmvovian akAniokadvgelc oe Katavopee Stavvopdtov Stagopetikod prikove xa ibrag
SevBuvonc amobeikvoetm Kt mp AKTIKA OTL XPNOPPEDEL YA VA AMOKAEIET MEPIOXEC OTA AKPA
me e1xovac, mapd oto va xabopiCel pe axpifera Beogic onov 1o FOE pnopei va Bpiloketa.

Yug ewoveg (6.10-6.18) @aiverw éva mapdberypa amoteréoparog avalnmmone tov
AOR. H xivnon g xdpepac fraw (U, V,W) = (0.03,0.03,0.06) xa (a,(,7) =
(0.005,0.0055,0.008), mov ovvenayetaw o1t 10 AOR Bpiloxetam oto onpeio (93,103). Yug
ewodvec (6.10),(6.11),(6.12) oxppariCovia ta eviidpeoa anoteA&opata pelemne v IpoTvnmv
v Stavvopdteov copoint pe onpeia avagopdc ta (0,0), (-97,107) xa (128,109), xa oto (6.13)
1 ted1) mpotaon avtc e pefodov yra tic meproxéc mov mepikieiovv 1o AOR. Ot ewkoveg
(6.14), (6.15), (6.16), (6.17) napovopilovv ta o, 3,y Sravdopata yia my ibra eioobo ka v
ovvenayopevy npotaoyn yra 1o AOR. Yy ewova (6.18) napovopiCeta 1o anotéheopa amd
10 0VVEVLAOTO TV VO MPOTACEMV.

Yy mepntmon mov OAEC Ol MEPIOXEC TG EIKOVAC MPOOP EPOVY MANPOPOPIEC Yia TO MedIO
kaBetc porng 1 emtoxia g pedodov frav andivt. Orvvnoroyilopevee neploxec yra ta FOE
kat AOR eixav epfabo mg taéng tov 1%. H otabraxt) peiwon tov mooootod, 80%, 60%, 40%,
e e1KOVAC MoV mapexel Hravbopara Kabetne porc emegepe pia MI@oI] TC AIOSOTIKOTNTAC
¢ pedodov xabme o1 péoec tipec v epfadbov 1wv neproxmv yia ta FOE xkat AOR avéBnxav
oto 3%, 8% xm 12% avtiotoixa. K mddy, opme, 1 ovpnwon tov FOE xa AOR pe nig
mpotEwvoevee meploxec ntav axkpifrc. Asiyna, emiong, me otabepdtnrac tov aiyopifpov
anoteAel 1 Mapatnpno1 OTl ta amotehtopara 6ev ennpedCovial amod T 0XE01 TV H1iPopmv
1afeov neyedov petagopdc K IepioTpo@ne mov SOKIPAOTHKAY.

O1 xpdvol EKTEAEOTC TOV MPOYPARPIATOV 08 OAEC TIC MEPUITOOEIC TAV APKETA XAPNAOL,
anotéieopa ¢ avalnmong animv Ka Ox1 odvhetov péTpov avayvemplone Tov IpoTuIny.
Ytove mpotove H6vo aiyopifpove ot xpdvol ££apTOVIAl AIMOKAEI0TIKA AMO TO ODVOAO T@V
Stagopetikov pétpov xkm Sievbdvosmv mov xapaxtpiCovv ta Stavbopara.  Xtov Tpito
aiyopibpo o emavainpeic xabopiCoviar amod tov apifpd tov onpeiov avagopds yia Ta onoia
Bpiokovpe ta Stavvopata copoint, eve 6Tov TEAEDTAIO O XPOVOC eKTEAEOTC ivan oTabepoc pia

K kabe popa efetdlonpe TI¢ Tpelq AMAéC IEPUITMOEIC TOV H1AVDOPAT®Y coaxis, Ta «, fray.

6.4.2 TIpaypatikéc €1KOveC

H epappoyn tov akyopifiov oe mpaylanikéc e1KOVEC AMEQepe AMOTEASOPATA XAPNAOTEPTC

akpiferac an’ 6,11 otV HePinTool] 1V ovvletikov eikovov. O1 Aoyol mov cuvieAoDdv 67 avty
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MV OO0l ¢ anmoboTKOTTac eival 11 jeiwo1 tov minfove tov 6tabéommv Gravvopdtomv
kaBemc pore (otic ewoveg mov xpropponouifnkav 1o mocootd v pixel pe xaber pory
bev Cemepvovoe 1o 10%), emopévec Km ¢ o@EMpnG mAnpogopiac Ka 1 mapeiogpnon
petald v Gravvopdatev tov mebiov kdbetnc porc Sravvopdtov mov Gev ogeiiovian otn
KivIoT] TIC KAPEPAC AAAG oty ampOOpevn] ahAayl] ¢ @@OTEWOTTAC KAMO1AC IEPIOXI|C.
Ta Stavdopata avtd guopkd Sev akoiovdodv Ta POVIEAN KATAVOI®MY IOV MEPTYPUPNKAV OTO
Ke@adimo 5, omote obnyovv tove adyopifpove oe Aabepévec extipnosic. H xatdotaon avm
ODVEMAYETM 1A XAAAPOTNTA OTIV EPAPIOYT] TOV KPITPpi®v AviXVEDOIC TOV MPOTDI®V MOV
avalnrovvta, 1) onmota ano@épel avinoeic oto epfado tov neproxov twv FOE xam AOR. Yta
Siagopa mepdpara mov Eywav 1o epfabd avtd xvpavotav yopo oto 15%. Xta oxijpara
(6.19)(6.20)(6.21) napovopillovta ta amotehéopata tov aiyopifpov yia 1o nebio xabetg
por|¢ tov ox1paroc (4.4). Xto oxnpa (6.19) napovopileta i) npotaoy tov aiyopifpov ebpeong
FOE péoo Sravvopdrov otabepric poric. 2to oxnpa (6.20) mapovopiCeta 1 mpdraoy tov
adyopifpov mov xpnomponotet Sravvopara copoint (ta (0,0), (—26, 34), (38, 30), (=59, —129)
otV IEPITOOL pag). Lto oxnpa (6.21) napovopiCeta 1 teAik1| mpdTaocn mov NPOKDITEL ALd
10 ovvbvaopod t@v 6vo mpotdoewv. Ta terpdyova mov Pneiotnkay o¢ miavoi KAToXotl Tov
FOE ovyxévipmoav nave and 1o 70% mc péyotng grgov. To FOE oty mpaypankomta
Bpioxeta oto onpeio (6,24).
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152

100 -

&2

£D -

S5

LrnnT

Al

Yxnpa 6.10: potwno Siavvopatwv (0,0) copoint

H Siabikaoia edpeon¢ kar eviomopod v Ipowrev yia ta dtavvopata (0,0) copoint xatéinée otnv yneion

TOV IEPLOXOV TOV S1UKPIVOVIA 0TO OXNIA O¢ NEPLOXOV LIOYNHPWY yia 1o AOR.

150

100 -~

50 b

-100 -~

-150

“CONTE" @

Yxnpa 6.11: Ipotno Siavvopdtwv (128,109) copoint

H Siabikaoia edpeon K eVIOMOpRoL tov mpownev yia ta dtavvopata (128,109) copoint xatéinée otnv

PHQOT TOV IEPLOXOV ToV S1UKPIvovIa 010 OXNIA B¢ NEPOXOV DIOYNPWwY yia 1o AOR.
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152 ' '

el ]

100 - B

&2

£D - 1

al =1 =] n L] ‘nn 152

Yxnpa 6.12: Ipotno Siavvopdrwv (-97,107) copoint

H 6rabwkaoia edpeone xa eviomopon v mpotonev yia ta dtavdopata (-97,107) copoint kateinée otnv

PHQOT TOV IEPLOXOV ToV S1UKPIvovIa 010 OXNIA B¢ NEPOXOV DIOYNPWwY yia 1o AOR.

LI LA LT

100 - B

&2

£D - 1

Yxnpa 6.13: Mia npoty npotaon yia to AOR

Ta pavplopeva TETpaymvakla ouyKEVIp@oav nave amod to 80% tov peyiotov tov feTikov preov dotepa amo

10 0LVOVAOHO TV TAPAIAVE TPIOV MPOTACEMY TV SlavpOopdteV copoint.
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To pavpopévo mepiypappa Bpébnke 0T xopiler Betikd and apvnuikd Sravdopata o

152 1 1

=8

&2

£D -

LrnnT

al =1 =] n L]

Yxnpa 6.14: Ipodtono Stavvopdtov a

To pavpopévo nepiypappa Bpeébnke ot xopiler Benikd and apvnuika Sravdopata .

100 -

&2

£D -

Rl

Yxnpa 6.15: IIpodtono Siavvopdtov 3
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152 1 1

AT

100 -

&2

£D -
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Al

Yxnua 6.16: IIpotomo Stavvopdatov v

To pavpopévo mepiypappa Bpébnke 0T xopiler Betikd and apvnuikd S ravdopata 4.

LA LA 1T
Y

&2

£D - 1

Yxnpa 6.17: Aevtepn mpotaon yia 1o AOR

Ol PAVPIOPEVEG TEPLOXEG OV YKEVIPHOWY TOVC MEPLOCOTEPOLE Yrgove yia to AOR dotepa amod 1o ovvbvaono

TOV IAPUIAVe TPV IPOTACE®Y TV Stavuopdtov o, F ka 7.
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S
= 1 -

&2

£D - 1

Yxnpa 6.18: Tehkn tomofemon tov AOR

Yovbvaloviag Ti¢ mpotdoele mov @aivovial ota oxnpara 6.13 ka 6.17, Ti¢ TIEPLOGOTEPEC PHYODE ATECTIAOAV
10 T£00£PQ OTOIXEIWON TETPAYOVA IOV £1KOVICOVTM 6TO ELAVEH aploTepo KOPPATL TG e1kovag. Ot mpaypankec
ovvtetaypéveg oo AOR eivan (93,103). Ot Benikég Tipée tov X d€ova oty mpaypankotta eival aviifeta
amd 0,1 Hglxvel 10 oXNud, e Ka 010 §e£100Tpogo ovota ovvietaypevev o fetikoc nuafovac OX Seixver
npo¢ ta apotepa. H ovpmwon AOR otnv mpotewvopevny neplox) etvar axpifng. To mooooto ¢ neploxng
glvan 4 pepn ota 900, Snhabn 0.44%
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Yxnpa 6.19: Ilpowm npotaon yra 1o FOE

Y10 oxnpa mapovomlovia ta tetpaymva mov ovveiefav tovhaxioto 1o 70% tng péyotng yneov, odugeva

1€ tov adyopifpo otabeprc kabetng porg
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Yxnpa 6.20: Aegvtepn mpotaon yia 1o FOE

Y10 oxnua mapovomletal To anotéieopa e pneogopiac yra myv katoxn tov FOE pe 1 xpnon tecodpov

ovvoLiev Stavvopdtev copoint
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SCOP_CANYRS ~

1ar

~1ay

el (1] a 1an nra

Yxnpa 6.21: Tehkn npotaon yra 1o FOE

O ovvbvaopog mg npodtaong (1) xa g mpotaong (2) £xel w¢ anotéleopa TV IPOKPIoH TOV LAVPIOREVOVY

etpayovev o¢ mbavd katoxng tov FOE. To FOE oty npaypatnxomta Bploketa oto (6, 24)
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KegpaAawo 7

EniAoyocg

7.1 Xvpnepacpata

Yta mAaio avtic e epyaoiac peiemnke to mpofAnpa tov mpoobiopopod e 6iag
Kiviione evoc maparmpnt) o omoio¢ Hrafétel pia kdjiepa ANPNC PRelaxov £1KOVOV Kdl
Kwveita og éva otatiko mepifaiiov. H ixavotmra avtonpoobiopiojiod tov KIvijoemv £vog
PLOPKOV ompatoc eivar Bepehimbne Ox1 povo yia ta epfra ovia, ahAd Ka yia Ta avtovopa
ANXAVIKG ODOTHATA TOD IPOOOIOIMVODY “gvvoec” ovpmepipopec. Karéxoviac avtv v
wavotta voponfeitan 11 Katdophworn 6vok oAdTEp@Y EpYmV, OMKOC 1] amo@uyl eunodinv K 1
AP AKOAODON 01 KIVODIEVOV AVTIKETIEV®V.

Yy mapovoa epyaoia 660nke éngaon otnv ekpetdiievon tov nediov kabetne pornc Kat
OX1 0g& K&€ivo TI¢ OMTIKIG, O10T1 0 DIOAOYIOPNOC TOV Mp®MTOL ammtel Atyotepec mpafeic Kat
napaboxec yia 1o oxnvikd. Onme exer anobeixbei, oto nebio xabetne porc, av kar €€ opropon
HEPIEXOVTAL ATYOTEPEC MANPOPOPIEC AMO TO MEHIO OMTIKIG PoIlC, elval HVATOV VA AVIXVEDTODY
otoixelda mov va mapéxovv jEtpa vnobeonc xwm mpoobiopiopod t@v axpifeov mapapsipmv
kivionc. Ta otowxeia avtd mapapévouy PETAR@IEOIEVA 1E0A 08 ££10MO0E1C ANAMY KAPRIVA®Y,
gvberwv, vnepfolomv Ka KOKA®V, 01 onoiec ek@pdlovy Tic MooOTNTEC ¢ MEPIOTPOPIKTC Kt
¢ PETAPOPIKIC 0VVIOTOoAC ¢ Kivionc. H avakdivyn tov oTtoxeinv avtov anodeikvoeta
on 6ev anatel akpiPeic petproeic peyedov, addd aviifeta pnopei va oTNPIXTEl 08 MOTIKEC
AVAADOELC TOV E1KOVOV, OIMC 1| £££pehvi|ol] TOVC yia TOV €VIOMONO Ka “Xaptoypdagnorn”
IPOTUIOV MOV IPOKAAel 1) 1G1010pPI KATavopt] T@v HeTIKOV K apvTIK®V 61avioPaT®v TOD
nebiov xabetnc porc.

H pn&boboc, hourov, mov xpnopponoteita yia tov mpoodioptopo ¢ biac xivnong Paoiletam

OTIV €DPECT] AVTOV TOV YEVIK®OV MPOTDI®V, TA OMOIA MAPEXOLV MAIpogopiec yia 11 Béon
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otnv e1kova 6vo evbragepoviov onpeiov tov emuebov, tov FOE xar tov AOR, tov onpeiov
6naabn ota omoia ta Sravdopara peTa@opdc Ko meplot po@iic 6 vavtony 1o eminedo mpofoilc.
Tehikdc otoxoc givan 11 oprofemon 600 600 To HVVATOV MKPOTEPOV MEPIOXDOV, Y1 TIC OMOIEC
pe ao@diera Ba amogavopaote 61t mepiexovv ta FOE xa AOR.

Kdabe évac amd tove técoepic aryopipooe mov viomombnkav axoiovbfei tn 61x1 tov
ovAroyrotiki Paoiopevoc oto Hragopeixkod mpodTIo mov smxeipei va avakaivgel. Mia
Kl OT1C €QUPIOYEC T PORIOTIKIG Oiveta peydin &pgaony ota Bépata xpovov, xKvplo
peinpa xabe ahyopibpov eivan 1 BEomon anAmv Ka €DKOAC VIOAOYIOIIOV KPIIPIOV yia TV
AvVIXVenor] 1OV IPOTOIMV, ETO MOTE O XPOVOC EKTEAE0NC TOV IMPoypappatoc va Siarnpeitm
000 10 Hvvatov MKpoOTEPOC. LTo 1ehoc KAbe extéheonc mpoteivovial opdbec onpueiov mov
Sraxpivovian yia ) peyadin mbavotnra va ovykaraieyovia avajeop tove ta FOE xar AOR.
Muia ovpnepaopanikn Stabikaoia af10hoyel Kal 6V YXOVEDEL TA AWIOTEAEOPATA TOV TECO AP@Y
aiyopifpev Snpovpymvrac v tedik extipnon yia tic mfavee 8éoeic twov AOR xar FOE.

Ta anoteAéopara mov mapiyayav ot aiAyopifjol xard ¢ S0K11e¢ PIopovy va Xmpiotony
pe xprtnplo v ainfo@daveld Tove o€ TPEIC KATYOpiec: dAPloTd, 1KAVOMOU|TIKA Kl OX1
AMOTPENTIKA. X PNOPOION®OVIAC ov vheTIKEC e1KOVEC 1 apkeTl] mukvotnta nediov kabetnc poric
0 oVVOMKOC ahyopibpoc emétvxe vynhotatec amobooeic eviomiCoviac mavia pe axpifera
Kat og oteva yeopetpikd miaiom ta onpeia FOE xar AOR. Otav 1 éviaon tov nebiov
kabemne pone pewwveta aodntd oty e1xova, 10TE TA MAGGIL aptd H1evpdvovTAl AvaAoyd,
HAPEXOVTAC OIMC MAVIA Af10MOoTa AMOTEALOIATA. LIV MEPIITOOT], TEAOC, IPAYRATIK®V
£1KOV®Y 1] addoo1) Tov akyopifjov peroveta aofntd -0X1 OPOC AMOYONTEVTIK -, IEIMOT] IOV
ogeihetan Kupime otic ovvinkec onuovpyiac ket g polc amod mpaypatikes elKOveC.

To peyeBoc tov neproxmv Ba pmopovoe va edattmbel av XpnoonoonvIay NEPIoo OTEPO
sophisticated texvikég evpeonc e kdbetng porg (ovoonikd, evpeoy axpov oe Sraboxikec
e1KOVEC), MoTe 01 ahyopidpot va 6Exovia w¢ £10060 meproo dtepa xa mo afomora Stavdopara
kabemne porc. Teérolee teXVIKEC amamTobV PEYAADTEPOVC XPOVOUC EKTEAEONC, ON®C 1|
avénon avt wookeAileta £v pEpel Amd TN PEIMON TOL XPOVoOD Tov axpPlfodc MPoodioplopo
v napapetpov Kivionce anod ta fuzzy-FOE ka fuzzy-AOR, pia xkat ov adyopifpol pe
MOWTIKOTEPY], €10060 mapdyovv mxpdtepec meploxec.  Amo v @Adn, e£aviAnnkotepec
Srabikaoieg avalnmong v Siigopov mpownev (m.x. pe  Xpnoponoinon pebodomv
ehdx10Ton TeTpaywvikod ogdiparog (least square error) yia wmy emtoxnpévi mapepfoli
TV OVVAPTNOEMY TOV KAPMvAev mov dnmovpyovv ta mpotvna) mbavotata Ba anégepav
mxpodtepec mepoxec yia ta fuzzy-FOE xam fuzzy-AOR, to tipnpa, opoc, Ha nrav g

empPBdpovon t@v Xpovev ektéheonc tov aiyopifpov. T avto otnv mapovoa epyacia
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npotpnfnke va Statnpnbei 1 anmdotra OV KPUNpiov avakAaAvyne tOV IpoTOIOV, A@olh O

aiyopipor oviee oplofetonv omotd ¢ neproxec 1wv FOE xan AOR.

7.2 Enextaoeig

Agbopévne e peioone me avotnrac tov aiyopifpov oe mpaypankéc ewkovee Paopk
Kl IpoT €yvola €IEKTAoNC Tov amoteiel 11 mpoomdbeia otabepomnoinonc tov oe vyniAa
emineba anoboone. H mpoomdabBera avtn) Ba mpémer va amotedeitan and 600 LIOEVOTNTEC,
n pia Ba agopd oty moonikotepn efaymyl tov mediov kabetne porc Ka 1 GAin otn
e€ avtAnuikotepn Hiepedvnon Ka avaAvor TV IPOTUIOV XAPAKTIPIOHOD TNE MEPIOTPOPIKIC
Kl PETAQOPIKC ovviotmodc e kivione. Or e£avtinmkotepec K avaAvTIKOTEPEC ADTEC
avalnujoeic ovvenayovia empapuvon TV IPpOypappdtov e emIAEoV XpOvo, O OIOoioC
Yl €QAPOYEC PORMOTIKIC €lvanl dlaitepa onuavnko¢ Kar meplopopévoc.  Mia Avon
oto mpofinpa avtd Ba amotedovos 11 XPNOPIONO0]] APXITEKTOVIKOV MAPAAANA®V mov Ha
EMTIPENMOVY TNV eKTEAe0N £Evmvev Ka ypiyopmv aiyopifpomv yia v amokombl ohosva
Kt KahDtepov amoteieopatov. H évvora paiiota m¢ mapdAAnine eKteAeone TRNRATOV
evoc mpoypapparoc eivar Graitepa ok yia tove xataokevacheviee aiyopifpooe kaboc
avtol gpgaviCovv SumAn mapaidnhia: eowtepiki), kaboc og kabe adyopiBpo avalnrovvia
EMAVAANITIKA Ta IPOTVIIA MOV Snpiovpyodvial amd Stavvopara KAbetne poric mov &xovv
Xop1otel og Hragopec aveEaptniec Katnyopiec, ahhd K eE@tepikl], Kadmne 010 16A0¢ ¢ OANG
Srabikaoiac o1 mpotaoceic kabe adyopifpov oviiéyoviar K ovykpivoviar yia v efayoyn

TOV TEMKOV ODIEP AGPATOV.
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ITapaptnpa A
YnoAoyiwopoc kabetne pong

Eotw ot 11 kdpepa éxel xataypdpel og £va ovviopo Xpovikd Sraotnpa 6vo ewkdvec tov
P AYJLATIKOD KOO oV, o1 omoie¢ ¢xovv anobnkevbei otovce mivakee A xa B. T'ha va Bpebei
kaBety por| oe kAmow onpeto (4, ) ¢ ewdvag Xperdleta va map aymyloove O¢ IPo¢ XpOvo
Kat xopo. H mapayeyion oc¢ mpo¢ xpovo yiveta fpioxoviac 11 j&o1 T me Stagopdc g
&viaonc tov onpeiov g 3 X 3 yewroviae v (,7) (ox. A.1)
I = (Be+1,j+1)—AC+1,7+1)+
Bt+1,5)— At +1,5)+
B(i+1,5—-1)—A(G+1,7 - 1)+
B(i,j+1) = A7+ 1)+
(¢,7) = A7)+
(1,5 — 1) A(w’ - 1)+
(¢
(¢
(

Uobobo

Bl—lj—l) A(t—1,5-1))

bo

5
H napayoyion oc mpo¢ 1i¢ 600 61a0TA0g1¢ TOV XOPOD MPAYLATONOETTM e TV EQAPPOYT)
v @iktpov Sobel oty 3 X 3 yerrovid tov (7, j) (ox. A.2)
I, = (B(i4+1,5—-1)—B(t—1,j—1)+
+2%(B(t+1,7)— B(i—1,7))+

+BG+1,j+1)-Bi—-15+1)+
+A(+1,;—-1)—B(i—1,7— 1)+
+2+ (A +1,5) — AL - 1,))+

+AG+1,)+1) - A —1,j +1))55
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I, = (Bi—-1,7+1)—-B(i—1,7 - 1)+

+2x(B(i,5+1) = B(i,j — 1))+
+B(i+1,5+1)—B(i+1,5 —1)+
+AG-1,7+1)—A(t -1, — 1)+
+2x(A@ T +1) = A5 = 1)+
+AG+ L +1) =A@+ 1) — 1))
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ITapaptnpa B

IIpoBoArn omtikig porc oe

6iravbopata copoint Kar coaxis

B.1 IIpoBoArn oe 6iavoopata coaxis

Ta Stavdopata coaxis w¢ mpo¢ pia tpida npaypatkev apipev (A, B, C) yia myv onoia
wxver A2+ B? + C? = 1, opioviat o¢ exeiva ta Sibidotrara Siavvopata (z, y) nov Sievhovor

TovC slvan 1)
(Mg, my) = {[—A (y2 -|-f2) + Bay + C:ch] ) [A:L'y —B (:1;2 —|—f2) + Cyf]}
H npoBoii] tov Stavvopdtov ontikic porg ota Sravdopata (A, B, C') coaxis w0ovtwm pe
(uz;0y) = ((u,0) - (M, My)) (M, M)

omov M = (M,, M,) = M(mx,my) 10 povabiaio coaxis (A, B, (') oto onpeio (z,y) xm
(u,v) 1 ontwk1y pony oto onpeio (x,y) dneg Siveta and TOVE THIOVG

(u,0) = (Utrans + Urot, Vtrans + Vrot)
= {(FF + [0 =87 + ) +w] (T + ol + 1) = 5% — 0]}

= e any )+ {[o B (E40) 4l o (2 40) 0% 2]}

omov (U, V,W) xka (a, 3,7) ta Stavdopata mov exgpdlovy avTiotolxa T HETAQOPIKI] K

IEPIOTPOPIKY] OVVIOTHOQ TG Kivnone xa (g, yo) = (%, %) 10 onpeio FOE oto omnoio 1o

Srvvopa petagopdc ovvavidet 1o emnebo mpofoine. To pétpo ¢ mpoPoinc ¢ OMTIKIG
porc oto (M, M,) wovta pe 10 dfpowopa v pETPeY TV Ipofoidv TG PETAPOPIKNG )
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K TG DEPIOTPOPIKIC Ty OVVIOT®OAC TG onnkG pon¢ oto (M, M,). Mag evbiagéper va

paBovpe mote 1o dfpoopa avto yiveta 0.

H npoBoiij m¢ petagopikiic ovvictwoag oto (M., M,) woovtwm pe:

tn — %(l’ — 2o, Y — ?Jo) . (MamMy) = %(l’ —To,Y — yO) . [Hlm(mammy)]
= Z(e =20y —w0)- {Hlm (A + /%) + Bry + Caf), (Avy — B(x* + [*) + Cyf)]}

N[

(—Azy? — Aef?* + Awoy® + Af*wo + Bay + Ca* f = Braoy — Caof) o

4 %(AxyZ — Azyyo — Bx*y — By f* + Ba%yo + Byof? + Cy*f — Cyyof) HIWH

WX(CF + Byo) + y*(CT + Aro) — ay(Ayo + Bao)] o

—

N %[—xf(Af—l-Cl'o) —yf(Bf + Cyo) + f*(Azo + Byo)] m

JR— W ; 1
= 5 k(A B, Coxo.y0i0.y) T

OIIOV
k(A,B,C,xo,y0;2,y) = 2*(Cf+ Byo) +y*(Cf+ Axo) — xy(Ayo + Bxo)

—xf(Af + Cxo) —yf(Bf + Cyo) + f*(Axo + Byo)

H efiowon k& = 0 meprypager pia xapmdin n omoia Sitpxetar and 10 FOE xm xmpiCel 1ig
fetikéc Amo TIC APVITIKEG HETAPOPIKEC OVVIOT®OEC TV Sravvopdtov (A, B, (') coaxis ma

Kat 1o mpdonjo ¢ eivan i610 e Keivo e 1,.

H npoBoii) m¢ neprotpogikiic ovvwotwoag oto (M, M,) wodt pe:
e = o =805+ D) ] [al + D) = 8% = el (M, M)

= {fem =B+ n+w] [l + 1) - 52— 5e ) [ mesmy)|
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= (—aAS —advyf+ BATE + BAS + BALPf + BAYES

+ ozB% — 631’3711 — BBxyf + yBxy?

+aCaly — BC2% — BCxf? +yCayf

+aAZE 4 adayf — BAZE

fy - ’Vszy

— aB™ — aBy*f — aBf* — aBa’f — aBf* + BBZL + BBy f + yBa® + yBa f?

+aCy® +aCyf? — pCay* —1Cayf) =

= (@ 4y + ) (aCy —yAy —aBf + JAf +yBe = fCx)

= (@*+y*+ ) Z(Avac’O"ﬂ’%x’y)”lm

onov (A, B,C, e, B,v;2,y) = aCy — yAy — aBf + BAf +yBx — fCx

H efiowon [ = 0 eivan pia evbeia mov Hiepxetar and 1o AOR, axorovbei 10 mpdonpo ¢

rnp Kat dpa xopiCel ic fenkec and 1e apvmKEC IePoTPOPIKEC OV VIOTWOEC.

Telikd éxovpe 6T 10 PéTpo G mPpoPodnc ¢ onukic pong oty devbvvor (M,, M,) &i-

val 100 Jie

bt = ||]\12|| [% k(A7B707 xovyo;xvy) + Z(A,B,C,Oé,ﬂ,’}/;l',y)]

Otaw k> 0xar [ > 0, tote t,, + 7 > 0. Avtifeta, otav £ < 0k [ < 0, o018 £, + 7 < 0. Apa
navd Sravvopara (A, B, C') coaxis pe pétpo 0 mpénet va avalnmboov ota &vo tetapmpopia

nov oxnpatiCovv or / = 0 kan £ = 0 xa yia ta onoia o1 k xan [ Aapfavovv etepdonpec T,

B.2 IIpoBoArn oe 6iavoopata copoint

Ta Sravdopara copoint o¢ mpo¢ pra Svdba npaypatkev apBpov (r, s) opiCovia o¢ ekeiva

ta Sibriotara Sravvopata (z, y) mov Sievbvvor tove eivan 1
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(ma,my) = (=y + 5,2 —7)

To pétpo m¢ mpoPoli|c ¢ peTagopikic ovviotmoag oto povadiaio (M, M,) g bievbuvorc

(—y + s,x — r) w0Vt pe:

t, = %(:p — x0,y — Yo) - (My, M) = %(1’ — T0,Y — Yo) - [||M||(ml”my)]

N[=

(l'—l'o,y—yo)‘ ||M||( Y+ s, :1;—7“)]

_ %(—xy+xs+xoy—$03+“’y_$yo_yr+y0r)m
W

= 7 Wlwo—r) —a(yo = 5) = 205 + yor]

= % m(r, s, o, Yo; T, Y) m

omov m(r, s, xo, yo; ¢, y) = y(xo— 1) — 2(yo — ) — xos + yor. H eliowon m = 0 naprotdveram
and ma evbeia, 1 onota Higpxeta and 1o FOE xa 1o (r, s) xa xopiCer tig fetikée ano ng

APVTIKEC PETAPOPIKEC OV VIOTMOEC.
To pétpo m¢ npofoling m¢ nepotpogiknc ovviotwoac oto (M, M,) wovtc pe:
o= {lo% =805+ Nt [ol5 + 1) = 8% = e} (M. M)
= {lom =B+ n+w] [l + 1) - 52— 5el ) [ mesmy)|
= (e -8+ n+aw] a2+ 1) - 2 =]} [h—u 4.0 =)
= (—a® tasT B+ Byf = 055 — Bsf =y sy

—|—a +axf —arf — ﬂwy—l—ﬂr — vy —I—’yr:I;)HM”
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= (e*(Bs +f) —y*ar +7f) +ay(as + 6r)
+aflaf +r)+yf(Bf+vs) — far + 65))”17”

onov n(r, s, o, B,y w,y) = ¥ (Bs+vf) —y*(ar+9f) +ay(as+fr)+af(af +yr)+y f(Bf +
vs) — f*(ar + f3s). H efiowon n = 0 napwtdveta and pia xapmviy Sevtépov Babpod mov

Siepxetar amo 10 AOR xan xwpiCer Tic apvnuikée amo 1i¢ BeTKEC PETAPOPIKEC OVVIOTMOEC.

Tehkda exovpe omt 10 1&Tpo ¢ npoPoinc evoc Sravvopatoc ontikie pong oty Sievbvvoy

(Ml’vMy) ot he tn + T'p = [% m(r,s,xo,yo;x,y) + % n(r757a7677;x7y)] m Ta

Sravvopata pnbevikov prikove Ppiokovial pdovo otic neploxec omov m > 0k n < 0 m < 0

xat n > 0.
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