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EEoyoyn kprtnpiov aoc@orodg TAoynong poundt ne yprion
TOVOPOUULKNG KOUEPOLG

Mopyog A. AkovpuiovEékng
Mertomtuylokr] Epyocio

Tuiuo Emotiung YroAoylothv
IMoavemotuio  pMTng

IepiAnyn

H ovtévoun mroriynomn evog poundt pe BEon tnv onTiky TANpoeopio Tov Topéyel
o kéipepor, orotelel Evo ToAH oMUov Tk TPOPAN O GTOVE TOUELG TN UNYOVIKNC OpOoN G
Ko poumoTikig. Ot mpotewvoueveg texvikée otnpilovial cuvifme 6Tov LVIOAOYIGUS
¢ onTIKNG PO Yo TNV e€aymyn kputnpimv kivnong. EmmAéov, m mAetoynoio Tmv
npoceyyicemv Pacilovion 610 LOVTELD TNG KEUEPOS TPOOTTIKNG TPOPOATIC. To yeyovog
0QelAeTO GTO GTL LTOV TOV 100VC 01 KEUEPES ETVOL EVPEMS dLaOEGOUEVEC.

To tedevtaio ypdvio €xovv opyicel vor YPNOLLOTOLOVVTOL KOl Ol AEYOUEVES Ke-
VIPLKEC TTOVOPOULKEG KEUEPES e VP0G OTLTLKOV Ttediov €wg 360 poipec. To ontikd medio
QLTMOV TOV KOUEPMV SELKOAVVEL TNV EMIALOT CNUAVTIKOV TPORANUETOV G GYéom UE
NV ALTOVOUN OTTTIKT) TAOT YN O™ POUTTOT.

>y mopovca epyacio, mpoteivovton dvo HEBOSOL Ylor TOV VIOAOYIGUS TNG 1d10G
kivnong g movopotkig Keuepas, av eivor yvooti N andotoon TG KOUepos omd
Ké&molo onueio tov mepifdAiovtoc. Emmpdcbeto, ov elvor yvowot| M ToVTNTOL UE
v omoior Kiveitor M KAuepa, ot dVo HéBodol divouv TNy duvVoTOHTNTE VTOAOYIGULOV
m¢ andotaong evég onueiov omd v Kauepo. Ot dV0 HEOOJOL SOPEPOLY M TPOG
mv mpocéyylon tov tpoPAiuatos. H mpwtn pébodog Paociletar 6tov VTOAOYIGUS EVOG
TUKVOV eSOV ONTIKN G POTIG AGY® TNG KIVNONG TN TOVOPOULKTG KAUEPOLS, EVA 1| devTEPN
Baoileton otnv avtistoiyion (correspondence) GUYKEKPILEVMV X OPOKTNPLOTIKAOV LETAED
80 movopopkayv etkdvav. EGv téoo 1 1dio kivnon 660 kot andoToom TG ToVOPOULKNG
Képepag omd kémoro onpeio Tov neptPéArlovtog dev elval yvwotd, ToTe Tpoteiveton Evog
TPOTOG VIOAOYIGUOV TOV AGYOV TOVG Yol KAOE yopokInplotikd onueio tng oxknviic. O
AOYOC ot umopel var xpnoomonBel cov HETPO Tov YPGHVOL OV CLMOUEVEL YOl TNV
cOyKpovoN NG Kbpepog e KGBe onueio Tov TeptPAAAOVTOC, oV 1 KEUEPO SLOLTNP|CEL
oTofeP TNV TaHTNTO TNG.

H xevTplkn mavopotkr] KEUEPO TPOGOULOLMOMNKE LLE TNV XPTOT TOV TPOYPAUULOTOS
ewtookioaong POV-Ray. H xprion cuvOeTIKOV oKOAOLOLOV elkévav divel tnv duvorto-
o enaAfevong g akpipelog twv mpotetvéuevov nedddmv. Ta v eEoywyy Tov
YOPOKTINPLOTIKMV GNUEl®MV KoL TNV 1 VNAGTIN O™ TOVE, X pnoipomotionke to mokéto KLT.

A6 To TEWPOUOTIKE AmOTEAECUOTA, OTOdELKVOETON OTL 1 deVTEPT LEBODOG TTaLPEYEL
LKOWVOTOIN TIKT| okpifeto LeTpiioewv, oveEAPTNTH TNS VAAVONG TOV PN CULOTOLOVUEV®OV
ELKOVMV N TNG TaVTNTOG TNG KAUepas. EmmAéov tor amoteAéoporto detyyvouv 6Tt 1 Tpadn
Uébodog mAeovektel Tng devTEPNC LOVO GTO OTL TOLPEYEL TANPOPOPiaL Yior SAC TOL G ULEioL
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¢ oKMNVNIG Ko Ol LGVO Y10t CUYKEKPLUEVOL XOPAKTNPLOTIKA. 'Evor GAAO GUUTEPAGLLOL
7oL TPOKVTTEL, €lvon 6Tt 0 aAySp1OHog tyvnAditnong elvon emBovuntd vo vrootnpilet
OLPLVIKOVG LETUGYNULATIGLOVES AGY® TV OTTLK®V TOP ULLOPPMOGEMY TOV TPOKAUAOVVTOL OLTTO
TNV TOVOPOULKT] KAUEPD.  AelvovTog, TpoTteivovTon LEAAOVTIKEG KOTEVOVVOELS €pevVag
yioo v Bedtioon g xpnNoTKOTNTOG KO OMOTEAECUATIKOTNTOG TMWV TPOTELVOUEV®V
uebddmv.

Enéntec:  TtéA10g Op@orvouddikng
abnynmg
Tunuo Emotiung Yroloylotmy
[Movemotiuo  pyiING,
Ko
Avtdvng Apyvpdg
Epevvntiig
Ivotitovto ITANpoQopLKniG
Tdpuua Teyvoroyiog kot ‘Epevvog
Hpdixeto - pAng
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Criterion estimation for safely navigating robots using a panoramic
camera

Giwrgos A. Akoumianakis
Master of Science Thesis

Computer Science Department
University of Crete

Abstract

Autonomous robot navigation based on visual information provided by a camera,
comprises a very important problem in the field of machine vision and robotics. Proposed
methods usually depend on the computation of the optical flow to extract criteria for robot
navigation. In addition, the majority of the approaches assume the perspective projection
camera model. This is due to the fact that this type of cameras are commonly available.

In recent years, the so called central panoramic cameras with upto a 360 degree field of
view are also being used. The wide field of view of these cameras facilitates the resolution of
important problems regarding autonomous visual robot navigation.

In this thesis, two methods for calculating the egomotion of a panoramic camera are
proposed, assuming that the distance of the camera from a point in the environment is known.
Additionally, when the translational speed of the camera is known, the same two methods can
be used to calculate the distance between a point and the camera. The two methods constitute
different approaches to solving the problem. The first method is based on the calculation of a
dense optical flow field due to the motion of the panoramic camera, while the second method
is based on the correspondence of points between two panoramic images. If the egomotion
and the distance of the panoramic camera from a point in the environment are not known, a
method for calculating their ratio for every scene point is proposed. This ratio can be used
as an estimation of time to contact between the camera and every scene point, assuming
egomotion parameters are constant.

The central panoramic camera was simulated using a raytracer program called POV-
Ray. The use of synthetic image sequences allows us to verify the accuracy of the proposed
methods. The KLT software package was used for the extraction and tracking of suitable
characteristic points between panoramic images.

The experimental results prove that the second method provides satisfactory accuracy,
regardless of the image resolution or the speed of the camera. Additionally, it is shown that
the first method is more useful only when time to contact information is required for all image
points as opposed to a set of characteristic points. Another conclusion is that the tracking
algorithm should support affine transformations due to the optical deformations caused by the
panoramic camera. Finally, future directions for research are suggested in order to improve
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the usability and effectiveness of the proposed methods.
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Evyoplrotiec

IMpoto o’ dAovg B IOEAD VOL EVYOPLOTIGM TOVG YOVEIG LoV AYAmLo Ko Avva, Yo
NV oUéPLETN GLUTAPACTOCT) TOVG OAL LTE TOL YPOVLCL.

OEA® VO EVYOPLOTIIO® TOV EMOTTN KOONYNTH HOL K. XTEA0 Op@ovouddikn yio
TNV CLVEPYOOIOL LOG TOL TEAELTOHOL XPOVIOL KOL YIOL TNV EUNIGTOGVVT oL £3e1ée OTIG
duvortdtnteg Lov. Evyoplot® to HEAOG TNG KPLTIKNG EMTPONTNG, KO OUKOONUOiKS oL
oVUPoA0 10 TpwTOo Xpbévo, KoONyNnTi k. TIdvo Tpoyovid Kobmg Kot Tov K. ATGGTOAO
Tporyovitn yio TIg TPOTAGELS KOl TOP AT PTIOELS TOVC.

Evyoplotd diaitepa Tov Avidvn Apyvpd Yo TV ovclaotikt foribeia mov Lov
TPOGEQPEPE, CLPOV YmPig TNV LIOOTHPIEN TOL N gpyocio avTH dev Oa elxe oAOKANP®OEL
eykoipmgc.

Aetvovtog, BéAm vor evyaploTiom GA0VG TOLG GIAOVE TOL ATOKTNGA TO Y PSVIOL
nov éuetvo 6to HpdikAelo, kaBmg kot tnv Belo Lov tnv Atévo.

TMpyog A. AKOvULovEKNG
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eodAono 1

Etcoyoy

1.1 Tevikni Heprypoon

H ovtévoun mAonynon evoég poundt pe Bomn tnv onTikn TANpo@opior Tov Topéyel Lo
Képepa, anoteAel évor ToAH onuovTikd TPOPBANUO 6TOVG TOUEIS TG UNYXOVIKTG OpOoNG
Ko pounotikic. Ot mpotetvéueveg teyvikég otnpilovion cuviBme, 6ToV LIOAOYIGUS TNG
OTTIKNG PONG Yio TNV e€orymyn| kprtnpiov kivnong.

H mletoymoio tov epyocidv mov €gouv yivel uéypt onpepo BewpoHy GTL xpNoLULO-
noteiton N KAMoGIKN kéipepo TPoonTiKT¢ TPoPoAnic. To yeyovdg dikonoloyeiton od To
071, CLVNBMG, O1 KAUEPES TTOV YPTNCLULOTOLOVVTOL TOGO YOl EUTOPLKES OGO KO YLOL ETLOTN-
LOVIKEG EQAPLLOYES OLKOAOVOOVV TO LOVTEAO TNG TPOOTTIKTC TPOPOATC. YTEpyouv Sumg
KO OL AEYOUEVES KATOSOTTPLKEG 1| TTOLVOPUULKES KEUEPES, LLE CNUOVTIKE LEYOAVTEPO €V-
pog ontikoV mediov [SPHI7]. Taw tedevtoio Y pdvic. TO EVILOPEPOV YLaL TNV (PN CYLOTOINCN
TOVOPOULK®V KOUEP®Y elval uENUEVO KoL €xel ELPAVIOTEL TAO0C EPYOIGLOV TOVL OLTYO-
A0VVTOL PE TO TPOPBANUO TOL VTOAOYIGUOV TV TOPUUETPOV KIVIONG TNG KEUEPOS KO
™G doUNG TNG GKMNVNC, TOV OTOTEAOVV XPTIOLUES TANPOPOPIES YO TNV OTTIKY) TAOTYNON
poundt [CS96, CSITb].

o v e€oyoyn kprtnpiov kivnong, otnv nietoynoeio Tov epyosidv, vroloyile-
ton 10 medlo TG OmTIKNC 1§ TG K&betNng poric. H dradikocio orvtr| elvon vITOAOYLoTIKE
XPOVOBOPO, KAOIGTAVTOG TPOPANUNTIKY) TNV EQAPLOYT| TNG GTNV TAOHYNON POUTOT GE
TPAYUOTIKO XpOVO. AVTI M epyacio dev ooy oAelTOon GUECO LLE TNV EQOPULOYT TV KAXGC-
GLK®V TPOTOV VIOAOYIGUOV TNG OTTIKNG PONG KO TOV YPSVOL EMOPIC GE TOVOPOULKES
KOUEPES, OALG TpoTElVOVTOL S1APOpOL UNYXOVIGHOL Yol TOV Torx D VITOAOYIGUS KpLTnpimv

eyy0TNTOG TNG KAUEPOS e onueio TOV TEPIPHALOVTOC TOVL UTOPOVV VOL Y PN GLLOTOINO0VV
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2 epdiono 1. Etcoyoyn

Yol TNV OTCTIKY| TAOTYNON POUTOT.

1.2 IIponyovueveg mpoceyyicelg

1.2.1 H ontikn porj

H pétpnon g ontikng pong o€ pior akoAovdior elkdvav elval Wow Guviing TpokTikm
Yoo TNV ovéAvon g kivnong g kauepas. o Tov VTOAOYIGUS NG OMTIKNG PONg
oo toHvTol Vo VIOAOYLOTIKG Prilato Tor ool EKUETOAAEVOVTOL VO SLAPOPETIKOVG
TEPLOPLOUOVE. Apylkd, VITOBETOVTOG GTL dlortnpeiton KEmolo €i80¢ TANpoPopiog UeTOED
TV elkOVmV, VToAoyileton to dtdvucouo TG ToyvTNTOG Yior KABe onueio tng etkévog.

Svueovo pe tov Singh [Sin90], umopovue vo Eex wpiCOVUE TPELS SLOPOPETIKEC TPOGEYYIOELC:

e Avtécmov otnpilovtal otny KAion (gradient based) ko mov Bewpovv dTt dtartnpeiton

otabepn n potevoTnTo NG etkévog [HS81, Nag83],

e Avtéc mov otnpilovion e texViKéG cuoyétiong (correlation) Kot oL BewpPOHV GTL

drortnpeitot oovoddoimtn 1 TomikY| kortovoun Tng évroong [Ana89].

e Avtéc mov otnpilovton 6e yWPOYXPOVIKE GIATPOL KOl TNV SLOTHPNON TNG EVEPYELOG
[Hee88, FJ9O0].

To devtepo Prina vwoAoylopov otnpileton 6NV VIEOeCN OTL M ONTIKY PON Me-
ToBEAAETOL OLOAG OTO PeEYOADTEPO UEPOG TNG elkdvag [HS81] xon ypnoywonotel pio
tey VKT regularization. Znv nporyportikdtnto To medio onTIKNig pong dev elvart OpoAd Yo
dtépopovg Adyouvg [Lou98]. Ou Black kot Anandan [BA93] mpoteivouv éva miaicio yio
TOV VTOAOYIOUO TNG ONTIKNG PONg Tov enpovilel uikpdtepn evouconcic oe dStoavi| 1
oveEGPTNTO KIVOOUEVO OVTIKEIUEVO, O OLOLVEXELES BABOVG, OKIEG KOl OVTOVOKAGGELS,
AAAOL OOLTOVV VoL TTOPOLEVEL GTOOEPT 1| KATOM TNE QOTELVOTNTOC TNG ELKOVOLG GTO X PGVO
[UGVTS89] 1 Bétouv meploplopovg GYETIKE e TNV yemuetpio tng oxnvig avti yio v
opoAdTNTOL TOV TESIOL TNG OTTIKY|C poT|c [TM93, WKPS87].

Mo KpLTLKT TopovGioon TV Topondve LeBddwy topéyeton oto [BFBY4].

1.2.2 Xpé6vog Enoong

Mo omd TG ONUOVTIKOTEPES IKOVOTNTEG VO KIVOVUEVOD TOPOTNPNTH EIVOL O VTOAOYL-
OGS TOL xpOvoL eraPic”’ (M xpOVoSg cVYKpovoNng, N XPOvVog TPOGKPOLONC) UE ONUeio
T0V TEPIPEAALOVTOG TOV, INAadN 0 ¥pdvog mov Bo LecoAaPricel LExpL TNV GUYKPOLGOT

Turuo Emoetiung YroAoyiotov
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edv o mopotnpNTig Stotnpricel otadept) v toxvTnTo [Louds]l. 'Exovv yivel didipopeg
epyacieg Yo Tov VTOAOYIGUS TOL X povov era@ric. Ot Cipolla ko Blake [CB92] tpoteivouv
TOV VTOAOYIOUS TOPUUETPWY TOV OLPLVIKOV LOVTEAOL TOV Ttediov Kivnong evog mopoko-
AOVOOVUEVOL OVTIKELUEVOD, €TGL (DOTE VoL VIIOAOYIcOVV TOV YXpévo emaenc. Ot Sandini,
Gandolfo, Grosso xon Tistarelli [SGGT93] €yovv mopoOLGLAGEL €val TPOTO VTOAOYLGUOV
TOL XPOVOL TPAGKPOVOTG Y PN CLULOTOLDOVTOG EVOL OPOOAULKS CleGON T pOL LLe AOYOPLOULKEC-
noMkég cuvietayuéves. Ot Nelson ko Aloimonos [NA89] avalvouv ko metpopotifovton
LUE TOV VTOAOYIGUS TOL XPOVOL EMOPNG YPMNOUOTOLBVTOS TNV omdkAon (divergence)
670 medio g onTiKNiG ponc. O Subbarao [Sub90] €xel vwoAoyicel TeEPLOPIGUONVE YLOL TOV
XPOVO ETAPNG Y PNOLULOTOLWVTOG TOPOYDYOVE TPMTNG TAENG TNG OTTIKNG pOo1ic. O Arnspang
[Arn88] mapovotdlet peptkoHg amAoVE EKTIUNTES Y10 TOV XPOVO ETOLPNC, Y PTNCULOTOLMVTOS

UepoOVOUEVo onpeio Ko KOUTOAES, e BAon Tnv otk po1| KoL TNV OTTIKY EMLTELVO.

To BoolkdTeEPO UELOVEKTNUOL TV TEPLOCOTEPMV Tpooeyyicewv eivor 6t Bacilo-
VIOl GE TOPOYWYLON TOV TESOVL OMTIKTC PONG UE OMOTEAEGUO VO EIVOLL VTTOAOYLIOTIKE.

xpovoPopec ko alitepa evaiodnTeg otV okpifelol LTOAOYIGUOD TN ONTIKN G PONC.

1.2.3 Tovopopikég KkOuepeg

Mo 06 TIC TPWTEG EPYOGIEG TOV €YV TTEVM OTLG TTOVOPOULKES KAUEPES OUPOPOVGE TNV
ovoyvapion mopeiog e tnv Poribetar movopoptkig avoarapdotoong (Zheng kon Tsuji,
[ZT92]). Me TV yopToypa@nuévn TAoynon evog poundt eE0TAGUEVOD [LE TOV KMVIKO
otk onoOntiipo COPIS aoyoAnbnkav ot Yagi, Nishizawa kou Yachida [YNY95]. O
Nayar aoyoAtnke Ue T1g KaTodlonTpikés ToALKaTeELOLVVTIKEG Koepeg [Nay97], eved poli
pe tov Gluckman mpételvoy TpOmTOVE VITOAOYIGUOD TV TOPOUETPOV TNG 1dlog Kivnong
(egomotion) [GN98]. Ot Svoboda, Pajdla kou Hlavac éyovv mapovcidoel 1pdmovg VtoAoyt-
ooV kivnong pe tnv xpnion Kevipikrg novopoptkig kéuepog [SPHIS], émwg ovvt mov
xpNoononke otnv nopovoo epyocio. Ot {dlot Teptypdpouvy Twe Kotookevdlovton
QVTEG Ol KOUEPES €TOL MOTE Vo £(0VV KAETOoloL emOuunTtd xopoxtnpiotikd [SPHI7]. Ot
Geyer ko AavinAidng éxovv tpoteivel LéBodo yor tnv Babovounon (calibration) Kortodio-
nTptkn ¢ kbpepag [GD99]. TIpdopata (1999), €xovv yivel epyociec mévm 6NV 6TEPEOGKO-
TLKY) OPOLOT KO LLE TNV X PTIoN TOVOPOoULK®V ousntiipwv [SS99, SKS99, OHS99]. I'evikd tow
terevToio xpdvia €xel Yivel por TANOMPOL EPYUGLAV GYETIKE LLE TNV XPTIOT TOLVOP UKDV
KOUEPWOV oTNV TAoTynomn pourndt [EAH9, TA00, CS97a, WI99, KD98, GV99, RS98].

IMaopyog A. Axovuiovéikng
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1.3 Xxkom6g tng mopovong epyociog Kot Kivntpo

H yp1ion Tovopopik@yv eLKGVmV Y10l TOV VTOAOYLIOUO TNG Kivnong o mopéyel 000 Bactkd
TAEOVEKTILOITOL GE GYEOT UE TN YPNON KAUGOIKHOV KOUEPDV.

H avéivon g xivnong Bocileton 6Tov VTOAOYIGUS TOV UETOTOTIGE®Y Y OPOL-
KTNPLOTIKAOV NG eKOvVoG, O onueio. ‘Otov xpnoLomoteitol piot KAGGLKT) KOUePOL
TPOOTTIKNC TPOoPoANig, ot avtioTolyioelg opiouévmv onueiov eEapavioviol, oot ovté
to onueio Byaivoouv €€ amd T0, TEPLOPLOUEVO, OTTTIKO TTESIO QLLTOV TOV KOUEPDV. AVTIOE-
TG, GE L0 TTOVOPOULKT| Kbipepol e omTikd medio 360, ot avTietolyicelg Tmv onueimy dev

x&vovtol otd To onTiKo Tedio, Tapd LGVO o KHALPOOVY amd GAAC OLVTIKEIIEVOL.

Muwoe GAAN TepinTmomn otV omoio 0l KAOCGLKEG KAUEPES LELOVEKTOVV, elvol GTO
4T 01 oAy6p1OUol LITOAOYIGULOU Kivnong SuoKoAEVOVTUL VoL EEXMPICOVY GLYKEKPILEVOLG
TOmovg Kiviijcemv. T mopddetylo, optouévol TOmoL LETOPOPLKNG KO TEPLGTPOPLKTG
Kivnong dnuovpyotv mTapduolo medio onTiKNG pong, dkd 6ty ot dtopopés Pabovg
otV okNvH elvon ikpég kot 1o ontikd medio otevé [DNIO]. O AovinAiong [DN93] €yet
dei&el 611 10 TPOPANUOL Adveton av €xovpe evpv ontiké medio. Emiong, ot Brodsky,
Fermueller ko1 Aloimonos [BFA98] €de1&ov 6TL M extiunon kivnong dev eivon oyedov
TOTE SLPOPOVUEVT] OtV OEMPTIGOVLE U0l GPOUPLKT] EMPAVELDL OtelkOvionc. H movopopikm
KGuepo pe 10 onTikd medio twv 360° amoteAel pia wEpo TOAD KOAY €TAOYN YL TNV
eniAvomn ovToH TOL TPOPANUOTOC.

Ytnv nopovoa epyocio Bempoiie éva poundt to omoio eivon epodiacuévo pe pio
Tovopotkn xépepo. To poundt unopel vo Kiveiton mévem oe po eninedn emedvelo Ko
N mowvopopkn képepa eivon tortofeTnuévn TEv® 610 POUTOT €TGL WOTE O OTMTIKOG TNG
G&ovog vo eivon KEBeTog oTNY EMPAVELN Kivnong. ZInv Yeviki mepintmon, T0 poundt
umopel vo extedel LETOLPOPLKT] KO TEPLGTPOPLKT KIvnom, SUmg TNV Topovoo epyociol
Bewpn|ONke 611 TO poundT dev ekTEAEL GLUVILOGUEVT Kivnon.

Y1606 g epyaociog elval n avémtuEn ueBSdmV Yior ToV XopoKTNPIoUS SA®V
TV onuelov ToV ONTIKOV TESOV TNG TOVOPUULKTC KOUEPOS MG TPOS TOV XPGVO OV
OUTOULEVEL LEYPL TNV GVYKPOLON TNG KAUEPOLS LE QLT EAV TO POUTOT dlorTnpel oTabEPEG
TG ToPUUETPOVE Kivnong tov. Ta kpitiiplo mov e€dryovton dev eEopTdvTon ouyds omd
mv andotoon g Kauepog and tor onueiat Tov TePPAAAOVTOC 1 TNV ToXHTINTO TOV
pouUTOT, ALG amd évar GLVILOIGUS TOVE. o TapadetyLa, évor onueio Tov TePBAALOVTOC
nov Bpicketol ToAD KovTd TNV Kbpepa o yopoknplotel og akivéuvo edv n eopd Tg

UeTOUPOPLKNG Kivnomg dev elval mpog avtd 1o onueio. 'Etot, emtvyydveton évog moAy

Turuo Emoetiung YroAoyiotov
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APNOOG XOPAKTNPIGUOC TV ONUEIWY TNG CKNVIE O TPOG TNV "EMKIVOILVHTNTO TOVG,

0 omoiog umopel vou ypnoLonon el Yo TNV cvTGVoUn TAOTYNOT TOL POUTHT GTO X MPO.

IMaopyog A. Axovuiovéikng
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Boolkég évvoleg Kol VTOAOYLOTIK,

EPYOAELDL

2.1 H ontikn pon

OempoVue pio KEUepo THTOL TPOOTTIKN G TPOPOANC KO TO GVGTNUN GUVTIETOYULEV®V TNG
Omm¢ vt Paiveton 6to oMU 2.1. To OOt CVaPOpES TN KAUepoS, etvalto (X, Y, Z)
ue apym oto onpeio O, to omoio eivort ko 1o k€VTPo TPoPoAniS. To GVGTNUO GLUVTETOYUEV®OV
™G oKNVNG Bempeiton Tl cuuTinTEL Le TO GVOTNU OVOEOPAS TNG Kauepos. 'Eotm éva
onueio P=(X,Y, Z) 100 xdpov kol €0T® 6Tl N KéePO KIVEITON e LETOQOPLKT| Kivnon
T=(U,V,W) xou meprotpo@ikn kivnon w=(a, 3,7). Ta v oyetkn “otépen” (rigid)

kivnom 1ov onueiov P g mpog tnv kduepo 1oy Vel ott [Fer93]:

dX

— = U-p06Z+~Y

7 BZ + vy

dy

— = -V —~Z Y 2.1
7t V4t (2.1
dZ

E = —W—OéZ+IBY

Me Béomn to povtélo Tng TpoonTiKig TPoPoANc, N TpoPoAin evdg TPLGdEGTOTOL GNUeiov
P(X,Y,Z) oty ewkéva p(xz,y) dveton amd tnv oxéon:
_ XY
(z,y) =(, =) 2.2)
To f elvon M eotioky) omdotoiem TG Kauepoc. Emopévmg n toxvinto (u, v) tov onueiov
p(z,y) otV elkéva elvor:

dx
dt

u =
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P(X,Y,Z)

XxAuo 2.1: To GUGTNUOL GUVTETOYUEVOV TNG KOUEPOS

_ dy
v = % (23)
Xpnoonotdvtog Tig oxéoelg 2.1 kou 2.2, ot e€lomoelg 2.3 yivovton [LHPSO]:
(=Uf +zW) xy z?
= ta (G + ey 2.4)
Z ro !
(=Vf+yW) Y y?
v = —————— —f—+a(=+f)—yx (2.5)
7 7 7 =

O1 Top OV ® EELCMGELG UTOPOVV VOL Y MPLGTOVV GE dVO UEPT, OTOV TO vl LEPOG eEaPTATON

UOVOo omtd TNV HETAPOPLKT KIvnom Ko 1o GAAO LEVO otd TNV TEPLOTPOPLKT:

U = Utrans + Urot
UV = Ugrans t Urot
énov
(=Uf+azW)
Utrans = T
(=Vf+yW)
Vtrans = T

(2.6)

Turuo Emoetiung YroAoyiotov
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KOl
Urot = -l —ﬁ(w—z + )+
rot f f Yy
2
Urot = —ﬁ%+a(y7+f) —yz

Eivow govepd 6TL Lévo 1o Hetoupoptkd Hépog g kivnong e€aptdron ond to féog
Z ¢ oknvig. EmmAéov, and tig eElodoelg cuunepaiveton 6Tt N OTTIKY po1} TOPOUEVEL
OUETAPBANTN amd TNV THVTOHYPOVN KAMUAK®OOT TOL BAO0VS Z Kol TNG LETOPOPLKTC TO V-
mrog (U, V,W). Anhodn| dev eivor duvotd vor SlopopomtotiGOULE TIG TEPITTMGELS EVOG
onueiov mov Bpicketon pokpid aArd Kivelton pe peydan toHTnto Ko evog onueiov mov
Bploketon KovTd oAAG Kivelton pe pikpn o vtnto. H mopatiipnon ovtr elvon onuovtikn

Yo TNV €vvolo ToL YPpOVOL ETOPNG.

2.2 Xpovog emoofg

O ypbévog emaenig t., LETOED TNG KAUEPOG KoL evEg onpeiov Tng oknvic, opileton wg t;%
Omov Z eivai to BéBog Tov onueiov Ko W 1 GLUVIGTOGO TNG LETOPOPLKNG KIvnong Téve
OTOV OTLTLKG AEOVH TNG KAUEPOG TTPOC LTO TO OTNUELD. O VTOAOYIGUEG TOL XPGVOL ETOLPNG
elvon dloitepor oNUOVTIKOS YL TNV TAONYNOT. Oemp®dvTog OTL M GXETIKT TOVTNTO
Topapével otofepn otov xpovo, Tote 0 AdYog % dlvel Tov xpovo mov amopével uéypt
10 onueio va €pBel oe emopr] pe Tnv kbepa 1 vow tnv mpoonepdicoel. O xpdvog emapnc,
Ommg opiotnke, dev elvor 0UTe 1| ATdGGTOOT OO TO ONUElO OVTE 1) GYETIKH TOYVTNTO TG
KOUEPOLS, OAAG (Lo LETPTOT TOL GYETILETON e TOV XPOVO aVTIdPOLOTG TOV TOPOTNPNTY.
'EGT® W0 KAOGGLKT TPOOTTLKT] KAUEPOL LE TO GVGTN LN GUVTETHYUEVOV TNG GKNVTC
KoL Tov medlov amelkoéviong, Onmg eaivovtonr oto oynfua 2.1. H kéuepa Kiveiton ue
petoopikny kivnon (U, V,W). H oyxéon mov cuvdéel Ti¢ cuvietayuéves (X, Y, Z) otov
TPLGOLAGTOTO XDPO Ue TIC SodEoTOTEG GLVTETAYUEVES (2,7) TOL ONTIKOV Tediov UG

Kuepag Le eotiokt| andotoon f, elvou:

=IX 7 — fX=0
v Z 4= w2 = @.7)
y="7 yZ — fY=0
IMopoywyilovtog, To cvotnuo 2.7 yivetot:
d az dx _ =
GL g — = N uZ + W — fU=0 2.8)
Wz +ylZ _ fd¥-g vZ + yW — fV=0

TIMaopyog A. Axovuiovéikng
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IMopoywyilovtog Eavé to cvotnua 2.8 yivetou:
gy 92y doyy g AW pdU g } | AZ+ul +ulW +0-0=0 } N

dt
bz ydZ Wy 4 dW_ pdV bZ + oW + oW +0 — 0=0

aZ +2uW=0
bZ +2vW=0

(2.9)

2 _du _dv , ’ 2 z ’
6mov a=%; xon b=77 elvon o1 cvvicTOcEG TNG ONTIKN G EMTérLVONG, TOL VROAOYILOVTONL

Topoy@yilovTog TG GUVIGTMGEG TNG ONTIKNG PO1IC. AVVOVTOC TO GVGTNU eELOMCEWY 2.9

TPOKVITEL Y10 TOV XPOVO eToLpri OTL:
= te=—, te=— (2.10)

H puoicii epunveio tng mopomdve oxéongetvor 6t o xpovog TpdoKpovong eivor oovaAoyog
MG OMTIKNG PONG KOl OVTIGTPOOMG CVAAOYOC TNG OMTIKNG emtdyvvons. Emouévag,
VoA0YILoVTOC TNV OTTLKY POT} TOL TOPEYEL EVOL OVTIKEIULEVO GE L0 0LKOAOVLOTIO ELKOV®V
Ko vroroyilovtag v mopdymyo e, o xpGvog emo@ig Ue To ovTikeievo pmopel vo
vroAoylotel amd Tnv oyéon 2.10. H puébodog avtn petovextel yioti elvon evaiodnn oto
GOAALOTO. VTTOAOYLOUOV TNG OTTIKNG pon¢ ([Loud8], €. 6). Tevikd, 0 VIOAOYIOUOG
G ONTIKNG poNig emnpedleton amd Tov 06pLPO Kol 6TV MEPITT®MON LOG TO TPOPANULL

EVIGYVETOL OO TNV YPTHON TNG TOPOYAYOV.

2.3 H novopouikn x&uepo.

>y epyocio oty Bewpeiton OTL XPNOULOTOLEITON U0l KEVTPLKT] TOVOPOULKT] KEUEPOL
ontiko¥ mediov 360°, av ko ot aAydplOpot Tov mtopovctdiovton dev eEapTLIOHVTOL AUECO
omd To €HPOg TOV OMTIKOV Tediov. Adym TovL TPOTOL UE TOV 0moio Kotookev&dlovton
oVTOV TOL €l00VC Ol KAEPES, Ol ELKOVEC TOL dlvouv elvor apylkd o€ KUKALKY] Lopen
(oyMuo 2.2(a)) AL pe KOTAAANAOVE LETOGYNULOTIGULOVE UITOPOVV VO, LETOTPOTOVY OE
KLALWVOPLKEG elkdveS (oxnua 2.2(b)).

Ot Chahl kon Srinivasan [CS97c¢] deiyvouv GTL OV 01 GLUVTETOYUEVES EIVOLL KOLVOVIKO-
nomuéveg oto adotnua [0,1] kou cov (0,0) Bewpnbel T0 KEVTPO TNG KVKAIKTC ELKOVOLGS,
TOTE OL KOPTECLOVEG GUVTETAYUEVES (), Yp) EVOG OTUELOV GTNV CLPYLKT] TTOVOPOLULKT] ELKOVOL
GUVOEOVTOL LLE TIG CUVTETOLYUEVES (Z¢, Ye) TOV 1810V onpeiov 6TV KLAVIPLKT| ELKOVOL LE

TIC eELoMoELC:

T cos 2mxe)

8
=
[

Yp Ye Sin (27y,) (2.11)

Turuo Emoetiung YroAoyiotov
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Ty
®

(b)

Syfuo 2.2: Elkovo omd TV Tovopotk) kéiepo tov gpyoctnpiov Mnyoavikig Opoong
kol Poumotiknc tov ITE. (a) m opyixn movopokn etkéva, (b) UETOoYNUOTIGUEG TNG
eLKOVOG (a) 68 KLALVIPLKT Lopon.

H napovoo epyocio dev ooy 0AeiTal [Le TOVG LETUOYMUATIOULOVE TOV Y petdlovTon
yioe TV eEorywyn TS KVAVOIPLKTG LoperiG. Ot GLVOETIKEG E1KOVEC TTOL X PTGLULOTOINON KOV
dev yperdlovtorl owtd to Pripe yrorti eivon kortevBeiov 6e KuAvOpLkY| Lopery. I'ar Tovg
KOTAAANAOVE UETOOYNUOTIGLOVG TOV OOLTOVVTOL YOl TNV €E0Y®YT| TNG KLALVOPLKNG
HOopONG Omd TPOYUOTIKT] ELKOVOL TOVOPOULKTC KAUEPOG OLOYOAOVVTOL WE UEYOADTEPN
Aemtopépela ot Apyvpog ko Tookipng [TAOO].

Me TNV yemUeTPio TOV QUK®OV TOV KEVIPIKOV TOVOPUULK®OV KOUEPAV, EXOVV CLGYO-
AnOet extevadg ol Svoboda, Pajdla xon Hlavac [SPH97]. Z1nv dovAeia toug €xel otnpiydel
KO T KOTOLOKELT] OPLOUEVAOV EUTOPLKDV TTOLVOP UKDV KOUEPDV.

v vroAomn epyocio, Ue TOV OpO TOVOPOLLKY] EIKOVO CVOQEPOUOOTE GTNV

ovTioToLYN KLUAMVIPLKY| LOPON.

IMaopyog A. Axovuiovéikng
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2.3.1 To npéypoupo Povray

Agdopévou 0Tt 6TV GpyLee o TN 1 epyocion dev LI PYE TPOCGPOOT GE TPOYULATIKY| TOLVO-
POULKT] KAUEPDL, YLOL TNV TELPOUOTLKT] ETAATIOELOT TOV TPOTELVOUEV®V UEBOI®V, OTTOPOL-
ciotnke N eEopoimon T Tovopotkig KAUEPOG X PNOULOTOLMVTOG ETOLO AOYIOULKO, TO
omoio emTpénel TNV IMUOVPYIOL GLVOETIKMOV AKOAOVOLAV TOVOPUULKDYV ELKOVAOV. AGY®
¢ mponyovuevng eunelpiog mov vafpye [Ako97] Kou Tov TopeyOUEVEOV SLVOTOTHTOV,
omoQacicTnke vo ypnonomonbel évor ehevBepng xpniong mpdypoupo eEopoimong Tov
TPLGOAGTOTOL Y WPOoL, To POV-Ray M| 6mwg elval o mAfipng titAog tov, Persistence Of
Vision Raytracer [tea99].

To POV-Ray vrootnpiler v e€opoimon Kouepov Sla@épmyv TOmmv, uio omd Tig
omoleg elvor Ko M TOVOPOULLKT], L LOVO LELOVEKTNLO GTL TO EDPOS TOV OTTIKOV TESIOV TNG
etvor puéypt 180°. "Eva mieovéktnuo tov POV-Ray elvon 1) 1dtaiitep o TAOVGLO TEPTYPOLPLKT]
T0L YAWOGA, M omoio vrwootnpilel and amid oxyfuato (moAbywvo, ceoipec, KOOV,
KOVOLG KAT) uéypl kKoxAloeldn oviikeipevo Ko dnuovpyion oxnuétmv pe odyefpliéc
npagels, dmwe évomon 1 dlopopd kdvou kot ceaipog. EmmAéov, to POV-Ray pog diver tnv
duvatdtnto dnuovpyiog ckoAovoldv elKévav, edv Koveic Tpocsdiopicel Tov aplOud twv

ELKOVMV NG 0koAovBiog Kol TOV TPOTO e TOV 0Toio KIVEITOL 1) KEUEPOL GTOV Y WPO.

2.3.2 Efonoiwon novopouikig KGUeEpOS

H movopopikn kéipepo mov vrootnpilel 1o POV-Ray éyel otabepd €0pog onTiKoH TeEdiov
ico pe 180°. TTpokeluévou va. emtevy el 1) eE0L0TMO™ TNG KEVIPLKTC TOVOPOULKTIG KEUEPOLG
v 360°, Yo kKéOe oxnvi mov eneepydleton To POV-Ray dnuiovpyeiton ko pior devtepn
otV oot €l OVTIOTPAPEL 0 TPOGUVATOALGUSG TNG Koepac. 'ETot, yia KGOe 6éon tng
KGuepog 10 POV-Ray dnuiovpyel d00 movopapikés etkdveg e ontikd medio evpoug 180°.
H telkn| movopopitkn etkévor ontikot tediov 3602 mpoxkHntel omd TV cuvévmon Tev d00
emuépoug etkdvav. Ot opiopol yior Ty kbepo mov mpémel vo €xel KEOBe opyelo oxnvig

v To POV-Ray mpémel v, elvort o¢ eEfg:

/ /FRONT

camera {
panoramic
location <0, 0, 0>
right x
upy

Turuo Emoetiung YroAoyiotov
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look_at z
}

Yol TNV UTPOGTIVT] B€aL Kon

/ /BACK

camera {
panoramic
location <0, 0, 0>
right x
upy
look_at -z

}

vtV 6éo Tpog to o .

Anogoociotnke ol etkéveg vo etvar peyéfovg 9002200, Tov divel Adyo TAGTOVG VWYOUE
ico ne 4.5:1, 0 onoiog elvort GLVNOIGUEVOS YO ELKOVES TOPUEVES OUTTO TTOLVOPOUULKTY| KELLEPQL,
AOY® TOL OTL 0L TOVOPOLULKEG KAUEPES EXOVV GYETLKE KPS OTTIKS TESLO GTOV KOTOKOPLPO
G&ovo. EmmAéov, oTo MEPEUOTO TOV €YLVOV YPMNOLLOTO|ONKOY E1KOVEC avEAvong
4502200 xoBde kot 18002200 ! yiow vor epevvnBel g M owvGAvon Tov ousONTHPL TG

KGUepog enNpedlel TOL OTOTEAEGLOTOL.

2.4 EEoyoyn xopoktnptotikdv kot iyvnidtnon - To ntokéto KLT

oy e€ary@yn TV XoPOKTNPLOTIK®Y ONUEl®V KoL TNV 1 VNAGTNGT TOVG GE SLadoy1KkéC
eLKOVEG TN OKOAOVOTOG, TPOTIUTONKE 1 X pNOLOTOINGCT EVHG ETOLLOV THKETOV. TVYKEKPL-
uéva, xpnoporoidnke to mtokéto KLT to omoio amotelel Lo vAomoinom tov i vnidtn
xopakTNPLoTIKdY onueiov towv Kanade, Lucas kot Tomasi [LK81, TK91], and tov Birchfield
Stan [Bir96]. H dnuiovpyio Tov mokétov €yel otnpydel kou otnv epyacio twv Shi ko
Tomasi [TS94], ot omoiot enexteivouy TV LEB0d0 Tov Tapovctdleton 6to [TKI1]. EmnAéov,
epopuoeTon 1epapylkn 1Y VNAGTNON TOAAATAWY CVOAOGEMY TOV EMTPEMEL TV TOPOLKO-
A0VONoN akéua peyolbtepmv petakiviicemy. H nAektpovikr| dtevOuvvon poli pe oonyleg
Ko TNV BpAtodnxm pe tov kwdika Bpioketon 6to http://vision.stanford.edu/~birch/klt/.

Mo avoAivtikd, otnv epyocio twv Tomasi kot Kanade [TK91] 6ewpeitor 611 M

UETaKIVNON TOL XOpOKTNPLOTIKOV TOL Ly vnAoteiton elvon pévo petopopikr): 'Ectm 1o

'Eviopépel Lévo n GuVIETOYHEVT TOV TAGTOVG OTTGTE Y10, AGY0oVg olkovopiog xdpov dev awérenke kou n
ovEAVoT TOL VYOLGS TOV ELKOVAV

IMaopyog A. Axovuiovéikng
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YOPAKTNPLOTIKS YVAOPLOUO U0 ELKOVOLS, TO OO0 YPAPETOL GLVOPTHOEL TWV Y MPOYPO-
VIK®OV PeTaANTOV z,y,t o¢ I (z,y,t). 'Ecto 0Tt T0 onueio x=(z,y) petoxiveiton Kotd
d=(¢&,n) petagv 8060 elkdvov. TOTE av o1 etkdveg lvartl SLadoyLKES LE ULl LLKPT| XPOVIKT
StapopdL T, Loy VEL:

I(z,y,t+71)=1(x —& y—mn,t) (2.12)

v mpoypotikdtnto n oxéon 2.12 dev 1oxvel akpiPig Adyw BopvBov. Ot Lucas kou
Kanade mtpoteivouv v elory16tomoinom tov mbovoy GOAALOTOG Y10 VO OVTLGTOLY|COVV
pior pkpny meploy yOpw omd To yopokTNPLoTikG onpeio mov tyvnioteiton peto&H 86o
dtadoytkmv etkdvmv. Eovaopilovtog J(x) =1 (z,y,t + 7) xon I (x —d) =I(x — &,y — 1, 1),

TOTE TO LOVTELO YO TNV TTEPLOYT| TNG ELKOVOC TOL EAEYYXETON YiVETOL:
JXx)=I(x—d)+n(x) (2.13)

6mov n(x) elvon o B6pvPoc.  ardmv, 0 ddvvouo Saeopdc d emAéyeton €16l BOTE
VoL EAyloToToloeL To AGB0¢ Tov opileton and v mopokdtw eEicwon, Yo TapdoLpo

nAevpdg W yOpw amd 10 onueio evolopépovtoc:
e=/ [[(x—d) —J(x) 1> w(x) dx (2.14)
W

To w(x) elvon o cvvéptnon Popvintog, n onoiow umopetl eite vor oprotel cov w(x) =1
otV amAovoTePT TEPImT®ON 1 Vo €lvol KAToLo GLUVAPTNO™M ToL divel peyaAvtepo Péi-
POG 0TO KEVTPO TOL TopaOVPOL 1N Ul cvvéptnon mov egoptdton ond 10 €1d0g TV
YOPUKTNPLOTIKAOV TOL BEAOVLLE VO LY VNAaTNO0VV.

Ynobétovtog wkpn LETATOTION, 1| CLVEPTNON €VIOONG TNG eKévog I unopel vo
npoceyylotel ue oelpég Taylor mg eEic:

I(x—d)=I(x)—gd, (2.15)
énov g=(%, g—;) elvon to gradient Tng elKévog yiow TNV cvykekpluévn neployn. Telkd
([TK91], oeA. 6-7) KOTOAYOUUE OE €vor oVOTNUO eEloMoE®Y, dmov GyvwoTtog elvon M
petotoémon d :

Gd=e (2.16)

O ivoKog TV GLUVTEAESTOV G €lvoil 0 GUUUETPLKOC 2 X 2 TIVOKOLG :
G= / gglwdA (2.17)
W
Ko 10 e elvon éva SledLAeToTo dLEvuGLLoL ToL opileton M :

e= / (I —J) gwdA (2.18)
w

Turuo Emoetiung YroAoyiotov
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O mivaxkog G uropel vo vmoroylotel omd to gradient Tng piog ELKGVOG KoL TO SLEVUGLLOL
e and TV daeopd TV dVo elkévmv, ontdte N puetotdnion d vroAoyileton Avvoviag To
ovotnuo 2.16.

o v emAoyn tov onueiov mov eivor KotGAANAo yior 1yvnAdtnon, yio K&oe
onueio g etkévog vroroyileton o mivakog G Kot ot O0TIHEG TOv.  oTémy yiveton
ToEvounon Tov onueimv og TPog TNV EAG)LOTN WLOTIUY TOV G Kol EMAEYOVTOL TO CTUELD
TOVL OLVTLIGTOLYOVV OTLG UeYoAVTEPES WO10TIUEC. H @uoikn epunveior ovTtig TG ERAOYIG
etvor 6t mivorkeg pe pLeyGAeg 1OLOTLES aVTLOTOLXOVV OE TEPLOYEG e EVTOVEG OLOKVULBIVGELG
GTNV POTEVOHTNTO TOL €ivol KOTEAANAES YioL LY VNAGTNON.

o v yvnidnon, n e&icwon 2.16 Aoveton eRavoAnmTikd UEXPL TO GOAALD €
Ommg vroAoyileton amd TV oxéon 2.14 va eloryiotomonOel. TeAkd évo onueio Bempeiton
6Tl yvynAortriinke cwotd edv Bpedel kbmoro petatdémon d wov vo epropilel 1o GPAAUOL
€ K&t ond évo TPooToPocIGUEVO Oplo. Edv vrdpyovv meprocdtepec amd piow T€toteg
petatonioels, emAEyeTON ekelvn OV divel TO KPOTEPO COAALLDL €.

Ot Shi xou Tomasi [TS94] enexteivouy T0 TOPOTEV® LOVTELOD, EMLTPENOVTOS OTOLO-
MMOTE QLPIVIKO UETAGYMNUOTIGUS, ONA. EXLTPENTOVY TOV GLVOLOGUS YPOUULKOD LETOOYT -
LOTIGUOV KOl LETAPOPEC, HIVOVTOG TNV dSLVOTOTNTO LY VNALTNONG X OPOKTNPLGTIK®Y TOV
TEPLOTPEPOVTON, HeYEBVVOVTONL, HiKpaivouy KAT. Xt0o Hovtédo twv Shi kou Tomasi M

UETATOMLION LETAED V0 SLadOYLK®V X POVIKAV OTIYU®OV 0piletatl g i=Dx + d 6mov

dyx d:vy
dyl' dyy

D=

elvon o mivakog mopapdpemons. Enouévog, ov A=1 + D Kol TO X UETPLETONL MG PO TO

KEVTPO TOV TopolBVPOL, TO LOVTELO TNG EKGVOG YIVETOL:
J(Ax + d) =1 (x) + n(x) (2.19)
To AéBog Tdhpo opileton amd TV e&icmon:
€= /W [1(x) —J(Ax + d) 17 w(x) dx (2.20)

v tpéxovca ékdoon tov KLT 1 enéktoomn twv Shi ko Tomasi dev €yel vAO-
nowm0et, ondte ypnoomoteiton u6vo N Kabopn LeTopoplkny kivnon mg dtopopd Leto&n
&0 onuelwv. v mepintmon T mopovong epyociog, AGY® NG TOPUUOPOMOTNS TOL
ELGAYETOL OO TNV TOVOPOULKT KAUepa, 1 EAAELYT VTG TG duvatdTNToG dnUtovpyet
TPOoPALOTO TNV CWGTH LYVNAATNON O SadoyLKES elkOveS dTav 1 petatédmion elvon

UEYEAN.

IMaopyog A. Axovuiovéikng
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O potervoueveg né600ot

3.1 1In npocéyyion - Xpnoiponoinon ontikic pofg

Ymobétovtog 6T Y pNOUYLOTOLELTOL (Lo KEVTPLKT] Tovopotkn} Képepo: 3607, e o HoTNHLOL
GLVTETOYUEV®V TNG OTTMG PaiveTol 6To oYU 3.1, TTE 01 EELOMOELS TOV 1Y VOV VLo TIG

GULVIGTMGEG TNG ONTIKNG ponig (2.4,2.5) umopel vo BempnOel 611 cuveyilovv va 1oyvouvV

Y

o

. .
4@? P(X.Y,2)
Y

X

%

Iynua 3.1: To GOOTNUO GUVTETOYLEVOV TNG KAUEPOLG

KOl OTNV TEPINTMOON TNG TOVOPOULKNG Képepas, av vrotedel 6Tt To ontikd medio g

17



18 epdiono 3. Ot mpotetvoueveg LEBOSOL

TOVOPOULKTG oG Kbipepog xmpileton oe kGBeTeg oTeEVEC Apideg (oxMua 3.2). Xe KGOe pio
ond oTég TIg Awpideg 1oy vovy o1 eElodoelg (2.4) kot (2.5) yioti eivon oyeddv eninedec.
GOe popd Bo Tpémel vou AapPdveton vedym 1 yovio Tov oxnuotilel n Awpido vt pe
MV KaTtevhuvvon TPog TNV onoio. Bempovpe ATl Kiveiton M TOVOPaLKT) KOUEPOL WOTE VO
EMAEYETOL T COOTH CLVIGTAOCO TNG KIVNONG TOV avTIoTOLYXEl 08 oL TN TNV Awpido.
IV mopovGo TEPITTMOT 1 TAVOPOULKT ELKOVOL Y wploTnke oe 100 Awpideg Goeg
LOG EMLTPETEL O OPLOUOG TV ELKOVOGTOLXEI®V GTOV 0p1dvTio GEOoVaL, dNAcdN KEBe Awpido
éxel T og (otov GEova TV x) 660 €va ELKOVOOTOLYEIO KO EIVOIL OVGLUGTIKE LU0l GTHAN.
EmmnAéov, oe kdBe otiAn g eikévog ovtiotoryel pia yovio, n omoior vwoloyileton
Stopdvtog TNV cvvteTayévn KAOe GTHANG 6TOV GEOVH TV 2 UE TO 27, EPOGOV TO TAGTOG
g elkévog extetveton amnd 0 €mg 2 Adym Tov €0POVE TOV onTikoV Tediov. H gopd mpog

; ; . s ; ; . T
TNV OTOLN KLVELTOL 1| TTOLVOPOLULLKT] KALLEPOL OplgiiTO(l VO ELVOIL TTOVTOL GTO 5.

H/2

T,
-

-H/I2

o
<l
(W)
o
o
A
t
2
o
3
[\S]
[\
3

ynmuo 3.2: To ontikd medio g kbepog Ko piow Awpido

YnoBétovtog 6TL kébe Awpida elvon 1660 otevh wote 2=0 Kol dedouévou Gt €xel
oploTel TG dev VITEPYEL TEPLOTPOPLKT Kivnion YOpm omd Tov dEovol Z Kol UETOPOPLKT

névm otov GEova Y, dnA. y=0 kou V=0 161 o1 e€iomoelg (2.4,2.5) yivovtou:

w = g (3.1)
2
v = g+a(y7+f) (3.2)

EmumAéov, e6v 1 TovopolLKY| KAUEPD, SEV TEPLOTPEPETOL YOP® 0Tt TOV KOTOKSOPLQO GEOVOL

Turuo Emoetiung YroAoyiotov
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e, TOTe Yo kKéBe Awpida (0THAN) 1o Vel Tt 3=0, omdte N e&icwon 3.1, yiveton:

u=—U7f (3.3)

AvtioTolyo, edv 1 TOVOPOULKT] KAUEPOL OEV TTEPLOTPEPETOL YOP® ald TNV Popd kivnomng,
TOTE YloL KGO Awpido 1oy veL 6TL =0, ondte N e€icmon 3.2, yiveton:
yW

'U=7 (34)

YW

0 /2 T

yiuo 3.3: 'Evo avtikeipevo dnwg omelkovileton otnyv KVAVIPLKT e1KGVOL TOL TOHPVEL M
TOVOPOLULKT] KAUEPOL

Huné0eon (oxfuo 3.3) elvon 6tL vndpyet évo onueio P, Le cuvietayévn otov GEovo
2 TNV Zj KoL GLUVTETOYUEVT) GTOV AEOVOL iy TNV ) UE aVTIOTOLYEC TOYVTNTEG LETOTOTLONG
TG u, Ko vi. H xdpepo kKiveiton pe tayvtnto (U, V, W) =(0,0, S), 6mov n xortevbuvon
ToL povadioiov (0,0, 1) avtiotoryel oty yovia 5, 6nmg anetkovileton 6to oyfjuo 3.2.

Téte, Onmg eoivetol 6To oxnue 3.4, Yo TV YPOoviKY| oTiyur| k 1oy veL OTL:

COS T
Up=Scosz,_; = uk=—fS Th—1 (3.5)
Zi—1
. _pSinxy_
We=Ssinz,_; = ?)k=SM (3.6)
Zg—
Eneldf up = 2 — k1, LETAED SLadoytkdv e1KGvav TN oikoAovbiog 1oy el 6TL:
COS Zg
— = _— S
T — T f 7
COSTp_1
Tp—xp-1 = —fS 7 (3.7
k—1

TIMaopyog A. Axovuiovéikng
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Syquo 3.4: TTovopotkr| Kéipepo Tov Kiveiton pe toyvtntor S 6e 000 SodoyLKEG PACELS
¢ oukoAovBiog

AvtioTouyo yio TNV KEOeT LeTATOMION, EXELON v = Yk — Yk 1, LETAED SLodoy LKV ElKOVmV

¢ aukoAovBiag 1oy veL 6TL:

Yo sin x0
— = > v
Y1 — Yo Zo
k— sin Th—
R (3.8)
k—1
Mo v andéotaon Z, evog onueiov P and tnv kbuepo (oxnuo 3.4) 1oy vet:
Z2 = (Zp_1 — Ssinzp_1)?+(Scoszp_1)> =
Z]% = Zl%—l + Sz sin2 Tp_1— 257, Sil’lxk,1 + Sz COS2 Th—1 =
ZF = Z} | +8° 287, sinzp_; =
7 = \/Z,g_l +S2 287, | sinzp (3.9)

Turuo Emoetiung YroAoyiotov
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AnAodny ovodpoptkd pmopel var VToAoYLoTel T0 Z; opkel vor elvorn yvooTi M opyikn

oméoTaoN Zp Ko M ToXVINTO S TNG KAUEPOLC:

Zy = \JZ3+ 5% —25Zsinag
= 2 2 _ i
Zkfl \/Zk—z + S5 ZSZ/C,Z SINX_»
Zy = \JZ} ,+5% 257 singy_ (3.10)

TG TOVOPOULKEG 1KGVeES, TO OMTIKG medio Kotéd Tov KoTakOpLeo G&ova eivor
OPKETE o 0TeVO oe oxéon Ue To onTikd medio kotd tov opilovtio dEova, Yo avTtd
GULUEEPEL VOL X PN GLULOTTOIN Ol TO TAGTOG EVOG CLVTIKELUEVOV TOL OELKOVILeTOoN KoTd Uikog
0V GEOVOL T TNG ELKOVOLC, YIOL TOV VITOAOYLIOUO TOPOUETPOV OTMG O XPOVOC ETUENG. AV
yiver tunuoartoroinom g elkévag Kot ovoryvmplon Tov ovTIKEWEVmY, TTe Unopel vo
VOAOYLOTEL M EAGLOTN Ko UEYLOTN 0pLLSVTIIOL GLUVIGTMGO KAOE OVTIKEIUEVOD (CYTLLOL

3.3) éto1 MoTE T0 TAGTOG KAOE OVTIKELUEVOL VoL diveTon amd tnv e€icmon:

Arrr=tg, —x1,=—fS (3.11)

To TAeoVEKTNULO TTOL €XEL M YPNOLULOTOINGT NS SLOPOP B GLUVTETAYUEVOV Ax Ry, €lvor 6Tl
dev elvou avaykm vou 1oy OeL 0 TEPLOPLOUSS TNG UM VTOPENC TEPLOTPOPLKNG KIvVNnong YOp®
oo ToV KoTakOpLeo GEova tng Kbpepac, dNAod umopel to 4 vor elvort Stopopetikd Tov
unodév, yiorti K&Oe onueio Tov 1810V aVTIKEUEVOL €xeL TNV 1810 TEPLOTPOPLKT] TOXVTNTAL,
omdTE TOIPVOVTOG SLOPOPE CUVTETOYUEVAV 1| TEPLOTPOPLKT| KIVNnom aAAnAoovoupeitot.
IMop6Ao mov 10 Az gy €lvol HETPHOIUO Ko YVOOTS o' tny etkéva, cuveyilel n vmopEn
TPLOV BOCIK®V 00y VOGT®V, TOL VoL 1 T VTNTA S TNG KEUEPOG KO Ol OPYLIKES LTOGTEOELG
TV 600 GKPOV TOL OVTIKELULEVOL O TNV KOAUEPOL Z R, KOL Z1,,, OTOTE T XP1IOM TOL TAGTOVG
TOL OVTIKELEVOL TEALKE dev BonBGel GTOV VITOAOYLIOUOS TOL YPOVOL ETOLPT|C.
Emiotpépovtog otnv mepintwon Tmv CUVIETOYUEVOV VO XOPOKTNPLOTIKOV ON-
petov, av N tovInToe S TG KAUepag elvar yvworth, elval duvotdg 0 VITOAOYIGUOS TNG
omdoTAONG TNG KAUEPOLS OTd TO GLYKEKPIUEVO onueio, OTOC NTaV TNV XPOVIKH GTLyun
TOL OVTIGTOLYEL OTNV OUEC®G TPONYOVUEVT] ELKOVOL TNG OKOAOLOTOG, XPTICLULOTOLOVTOG

eite v petotémion katd Tov opt{ovTio GEova 1 TNV LETOTOTION KOTE TOV KOTOKOPLPO

GEovor:
G = Zpy = f§—BTkot (3.12)
(Tp—1 — k)
G8) =7, , = 1Tk (3.13)
Wk — Yr—1)

IMaopyog A. Axovuiovéikng
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Avtiotoryo, vmobétovtog 0Tt Yo évor onpeio eivon Yvooti n opyikn ondoTaeT TOL Ol
v KGUePA, TéTE LIopel vor VITOAOYLGTEL OLVOLOPOULKA M TarY VTN TS WE TNV omoial Kivelton

n xduepoL:

G =s = Fhot =T Zpon (3.14)
fcoszp_q
B8 =g = WY1 Zi (3.15)
Yk —1SINTp_1

Enouévme, ov pior KEVIPLKY] TOVOPOoULKY] KEuepo onttikov mediov 360° xiveiton
TavToL Pe oTadepn} TovTNTOL S Ko KOLThEL LOVO TPOG TNV KOTeEHOLVOT TPOC TNV omoio
Kwvetton, vdpyel TPOTOG VITOAOYIOUOV TNG OMOGTAONG EVOS YOPUKTNPLOTIKOD onUeiov
oo TNV Kéipepo oy E€pouie TNV T HTNTO TNG.

AvTIoTpSOMG, lvarl SuvaTdg 0 VTOAOYIGUOS TNE TOYVTNTOG LE TNV ool Kiveiton M
Kéuepa ov vdpyel éva onpeio ovopopdg tov oroiov 1N Béon wg TPog TNV KAUepo elvor
YVOOTY).

Yy mepintmon mov TOC0 M ToYVINTO TNG KAUEPOS OGO KO 1 AmOGTOOT €VOG
onueiov eivon dyvmortol, umopel va ypnoponomBet o Adyog % nov diver tov xpovo
enaENG, MA. TNV eMKIVOILVHTNTO GVYKPOVOTG TG KEUEPOS LE TO EMINESO TOL onuelov

mov elvon KAOBETO TNV Yopd Kivnong:

Zk—1 Jcoszy_
3.7) = - 3.16
T R G.10)
(3.8) = ZE-l _ Yro1 STk (3.17)
S Wk — Yr—1)

P . . , . Lo . ,
Oco mo kovid oty povédo Bpicketon o Adyog “5 Yo évor XopaKTNPLOTIKS

onueto, 16co peyaAvTepog elvol 0 Kivouvog GUYKPOVONC TOV TOPOTNPNTY UE TO GVL-

YKexplévo onueio. Avtiotpdeme, ov o Adyog Z’gl elvor onUovTIKG HeyolhTtepog Tng

povadag, dev vtdpyeL Kivouvog v yKpouonc.

3.2 2nmpocéyyion - XpNGLUOTOiNGT OVTILGTOI1ONG Y UPOKTIPLOTL-
KOV

TNV TPONYOUUEVT TOPEYPOPO €YIVE TPOCTAOELD VTOAOYIGOD TOV XPGVOL ETOPNC KO

NG TOY VTN TOG KIVNONG TNG KAUEPOLG X PN OULOTOLOVTOG WG ALPeETN Pl TIG EELODOELS Yo TNV

OTTIKY POT| TOL 1GYVOVV GTIG KAUCGGLKEG KEUEPES TPOOTTIKN G TPOPOATI Ko epopudo-

VTOG TIG UE TIG KOTEAANAEG TPOTOTOGELS GTNV TEPIMTWOT TMV TOVOPUULKDV KOUEP®DV.

EvoAlakTikd, umopel vor okoAovonOel tio SlopopeTikn Tpocéyylon mov vor odnyel otov

Turuo Emoetiung YroAoyiotov
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VIOAOYLIOUS EVOC "KpLTNpiov emKIVOILVOTNTAS”, dNA. TOV LTOAOYIGUS EVOG 0piov Yo TOV
XPOVO enaPNig, TOV VoL elvor SUVOLTY| 1 XPNGLULOTOIN O™ TOL YO VO, OTOPOGIGOVLE OV VoL
onueio mov pog evotoépet elvarl “emkivouva” Kovid otny KEUePO, G GYECT TAVTA UE
mv ToVTNTA TG,

'Eotm évor onueio P, ue cvvtetayuéveg otov z GEovol TI¢ zx Kol x| YuoL 000
Stadoykég elkdveg TG oukoAovBiag (oxnuo 3.5). H yovia ¢, etvon n yovio mov oynuortilet
N KaTtevBLVON NG UETOPOPLKNG Kivnong g KAUepoS Le TNV opyxn Tng ekdvog (mov

ovtiotolyel oty yovia tov 0°). Onwg eoivetotl Ko omd To oYU, 1oxvouvy ot e€fg

/2

3m/2

Syduo3.5:  tvnon mowvopaptkiig KAUEPOS MG TPOG X OPOKTNPLOTIKO onueio P

eELOMOELC Y10l TIC EQUTTOUEVES TMV YOVLIAV TOL OVTLOTOLY 0V 0T TOEQ ) KO Tj 1

tan 2= Ok
$k= —_—
Dy,

tanz, (=

k—1

IMaopyog A. Axovuiovéikng
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EmnAéov:
Cr-1=C + Sy=C}, + Ssin C), + S'sin
R o P :>tanxk71=’f—¢k
Dy 1=Dy, + Sz=Dj, + S cos ¢y, Dy, + S cos ¢y,
EMOUEVOC, Y10 TNV SLoPOPE. TOV EQATTOUEVMY, LG VEL:

Cy Cy +SSil’1¢k_

Atan = tanzp —tanz,_1=— —
b k=l Dy, Dy + Scos (ﬁk
_ CyDy + CS cos ¢k — Cy Dy, — DS sin ¢k_
Dy (Dy, + Scos ¢y)
S .
= ———(tanz COS ¢y — Sin ) =
Dy + 5005 6 k COS O bk,
= Dp+Scos¢y _ tanwy cosdy—singy
S tan xy —tan y _; =
D, = Z.coszy
Zpcosxy _ tanzy COS ¢y — SIN ¢y, — tan zy, COS ¢y, + tan ;1 COS ¢y,
S tan z, — tan x4
V4 tan zj_; cOS ¢, — sin
Zy  _ k—1COS Py, Pr (3.18)
S (tanzy — tanzy_1) COS i

Onog Ko 6Tny TPONYOUUEVT TOPEYPOPO, LOXVEL OTL ¢=F OTOTE CVTIKOBLOTMOVTOG OTNV
3.18:

7Z 1

ko _ - (3.19)

S tan x;_1 COS xp — Sinxy,
. Lk 1

ok 2 3.20
N S (tanzy_; —tanxy) COS Ty ( )
. Ly COS Tf—1

- = 3.21
N S sin(rp_1 — x) ( )

O tpeig eEloddoetg (3.19),(3.20) kou (3.21) elvou 1GOSVVOYEG, LLE TTLO GLUEEPOVOOL OTTH GOy
VIOAOYLOTIKN G TOALTAOKATNTOG TNV e&icmon (3.21), Le 300 TPLYwVOUETPLKEC TPEEELS Ko
uio dtaipeon. Ot e€lomoelg (3.19) ko (3.20) ovTIGTOLYOVV OE TPELG TPLYMVOUETPLKEG
npdiEerc, ua dtaipeomn Ko €val ToAAOTAAGLOGUS. 1o Tov VTOAOYIOUS TV Zk 1) S, apKel
N Avon ¢ e&icmonc (3.21) og Tpog TNV LeETAPANTY TOL Elval yvmoT:

Zk SiIl(:L‘k_l — :L‘k)

S = (3.22)
COS Tp_1
7 - S CoSTp_1 (3.23)
k sin(xy_1 — z1) .

Av 16060 M TOXVTINTOL TNG KGUEPAS, OGO KOl M opylKN oméotoon Oempovvion
&yvwotot, o Adyog % umopet vo xpnoporon et og kprtiiplo emkivdovvétntog. Edv eivon
UIKPOTEPOG TNG LOVEOOG, CNUOLVEL OTL TNV EMOUEVT XPOVIKT] GTIYUN M KAepa Bor €xet

KOAVYEL AmOGTOOT LEYOADTEPT OO Z, OTOTE UTOPEL VUL GLYKPOLOTEL e To onueio P.

Turuo Emoetiung YroAoyiotov
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Z

\ k-1

O X
Di-1

Syduoe 3.6: tvnon mavopopikig KEUEPOS ®¢ TPOG YopokTnplotikd onueio P otnv
TePINTOON TOL P =7 /2 KoL OOV Sy €lVOL 1| GLVIGTOGOL TNG TOYVTNTAS S GTNV Kortevhuven
Tov onueiov P.

O A6yog %’i divel v 1dla emkivduvotnTa oe dAo To. onueiot Tov onTikov ediov To
omola 1GaméyouV amnd TNV KEuepo. Oa NTov MGTEGo eMOLUNTS TO UETPO TNG EMKIVIVVO-
oG va eEaptdton omd 10 Kotd mécov éva onueio Bpioketon kovid otny kotevhuvon
G LETOPOPLKNG Kivnong Tov poundt. Ta vo emtevy el ovtd apkel va vroroylotel o
AGYOG g—s Omov Sy €lvor M CLVIGTMOCO TNG LETAPOPLKT G Kivnong S otnv KortevBuvon Tov

onueiov P (oxnua 3.6). I'ia TV cuvieTdoo Sy 1o veL 6Tt
Sy = Scos(g — 1) =S sinzy,

om6te M e&iowon (3.21) yivetou:
Zi COS Tj—1
Sd Sil’l(]?k_l - :L‘k) sin AN

(3.24)

H e&icmon (3.24) unopel vo ypnotonon el yio Ty ektiunomn tov Kivdhvouv cHyKpouong
ue to onueio P oto enduevo Prino. Tvykekpluévor eév % < 1 vrépyer BePordtnTo Yo
GUYKPOULGT] TNV ENOUEVT] XPOVIKH] OTIYUH. OempnTiKd, ylor vo. Unv vrépyel kivouvog
GUYKPOLONG TPEMEL % > 1. TIpoktikd, AOY® TG adpEveLlog TOV POUTOT, UTOPel vor

oot el o Adyog % vou elvor SNUOVTLKE LEYOADTEPOG TNG LOVADULC.

IMaopyog A. Axovuiovéikng
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Yvykploelg nedoomv ko

MELPOULOTIKO OTTOTELEGLOTO.

YKomdg TV TEPOUETOV TOL TporyportoromOnkay ftav vo peretndel n axpifelo twv
TPOTELVOUEVOV LeBSdMV KOl 0 TPOTOC TOL OuTH ennpedleton omd TG SLGPOPES TOPOLE-
TPOVE, OTMG TNV TOXHTNTA KIVNONGS TOL POUTOT KOl TIG OTTOGTEGELS TV LY VNACTOVUEV®V
onueiov omd v Kduepo. EmnAéov, oto melpduoto LEAETONKE 1) eXidpao™ TNG Sloupope-
TIKN G OVAALON G TNG EIKOVOG OTNV akpifela TV amoTeAEGUATOV. 10 TOL TPOOVOLPEPOEVTOL
TEPAUOTO X PN OLLoToOnke évor amAd okNvikd 6to POV-Ray dote vo elvon duvortni
yvnAdnon evog onueiov amd Tnv opyn g oekoAovdiog €m¢ 610 TEAOG TNG, YLOL VOL LNV
EMNPEAGTOVV 01 PeTPNoeLg omd aotoyior Tov 1y vnAdtn Tov KLT.

INo v g&opoimomn TOAVTAOKOTEP®MY OKNVAV OTMG GTOV TPOYLATIKS KOGHO, on-
povpyfibnke woe ovveetn oknvy He to POV-Ray kol ypnolpuonoidnke 1o xpitriplo

EMKIVOLVOTNTOC Yo TNV dNpovpyio evog xGptn emkivouveoy onueimv.

4.1 Amnoterléonoto eQOPUOYNG OE OMAEG OKOLOVOIEC ELKOVEOV

>T0. TMEPGUOTO TOV OLVOLPEPOVTOL GTNV GLVEXELDL XPNGLLOTOONKeE cov €1G0d0C Yo
10 POV-Ray évo. oamAd oknviké 1 xdtoymn tov omoiov ameikovileton oto oynfuo 4.1.
ITpdxerton yioo évor teTpdlymvo mAevpdic 1 Tov omoiov yyvnAoteiton n de&id dxpn Xg,
ommg N kauepo Kiveiton. H kduepo Eexivéier omd tny 8éon O pe otodepry toydvtnTar S
Ko opd Kivnong mévem otov dEova Z. Apyikd, T0 KEVIPO TOV TETPUY®dVOL Pploketon o€
omGoTOoT KATh ToV Z dEova Zy kot Kotd tov X dEova Xy amnd 1o kEvipo Tng KEUEPOLS.

H xdpepa kadvntel andotoon ion pe 2 x Zyz uéxpt 1o onueio E. H anevbeiog andotoon

27
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Zd == Zd

yfquo 4.1: To oxkNviKS TV TEpoUETOV-0eddeTtotn Groymn (kéToyn)

™G KAUEPOG omtd TNV TAELPA X i elvon Zy oty apy1y (Béomn O) yio vor kortodiEet v elvor
Zy 1 (8éon E) oty tedevtoio etkévo e ockoAovdiog. To oknviko eivon 660 10 duvortdv
O OTAS MGTE GTTOLOL SLOLPOPEL OTLG LETPTIGELG VoL UMV 0QeileTail GE amoTuyio yvnAGInong
T0V 6oToH onueiov. Na onuelmdel, 6t dtav yiveton avoopd oe tyvynidtnon onueiov
YO TOL GUYKEKPLUEVOL TTELPAUATO, EVVOEITONL M 1xvNA&Tnon evég onueiov mov €xel da
oplLéviio cuvioTdoo pe v mAevpd Xp. EmmAéov, yio TV €Qopuoyn TG Tp®ING
UeBG0v ypnoonondnke uévo n optléviia petaténion (e€lomoerg 3.12, 3.14 kou 3.16).

Ytooynfpoto 4.2 ko 4.3 ametkoviovTol oploUéVeS ELKOVES TNG AKOAOLOTOG YLoL TNV
GKMNVH IOV TEPLYPAPNKE, Yior 0ptLovTior vGAvom TG etkovog iom pe 450 etkovoototyeia,
ToxVTINTO KOUepog S=0.2 kou apyLkég anootdoels (Xy, Z4) =(1,6).

>T0L TEPEUOTO TTOV OKOAOVOOVV, EKTOC 0LV OVOUPEPETONL OLOLPOPETLKA, TOL OTTOTEAE-

GLLOTOL YLOL TOV TTPWTO OAYOPLOUO aipopohy Lévo Ty opt{évTio LeTortémion.

4.1.1 Ielpluoto Le SLOQPOPETIKEG TOYVTNTEG

ZIV celpdl TV TEPOUETOV TOL 0koA0LOOVV, €xel dtatnpnBel otabept| N avédvon g
etkdvog (900 x 200) ko ot opylKkéc amooTAoeLlS €xovv oplotel va elvol X =2 Ko Z4=5
Yo 6AEG TIg mepnToElS. Metofdddeton wévo m torxvTntor S e Ty omoia Kiveiton m

Képepa. Tao melpdpota enovoleon Koy T€ocepic Eopég e toxvtnteg S=0.1, $=0.2, S=0.4

Turuo Emoetiung YroAoyiotov
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ynupo 4.2: Ot etkéveg 0,3,6,9,12,15 kou 18 g aukoAovdiog twv mepapdtmv, o IW =450,
S5=0.2, X4=1 xou Zz=6. O1 KAOETEC GTHAEG TOV OVTIGTOLYOVV OTO 1YV TOV TAELP®V Elvon
TOVIGUEVEC.

IMaopyog A. Axovuiovéikng
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_
_
_

_
.

yfuor 4.3: Ou ewkdveg 21,24,27,29,31,33 ko 35 g okoAovbiog TV TEPAUETOV, Yol
IW=450, 5§=0.2, X;=1 xou Z;=6. Ol KGOeTEG GTNAEG TOV OVTIGTOLXOVV GTO ixVvn TV
TAEVPAV elvor TOVIGUEVEC,

Tuiuo Emoetiung YroAoylotov
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ko S=1.0.

Apyikd m képepa kiveiton pe ppn toyvtnto .S=0.1. Onwg uropet vo tapotnpnOel
oo 10 oYU 4.4 To AmOTEAEGLOTOL OO TNV ELKOGTH €1KOVOL TNG oukoAovBiag, omdte Ko
opyilel vo mAnciéilet 1o 1yvnAototuevo onpeio, elvon apKeTE 1KOVOTOINTIKE KO Y10t TIG
&0 pebddovg. Zuykekpipévao, n extipnon ylo Ty toyvtntoeivon S+0.01, Tov avtictoryel
o€ oYeTIKT| dtopopd (deite oymipo 4.8) omd TNV Tporyortik Tory VTN ToL +10%. To 1810 16y Vet
Kot yoe Tnv ektipnon tov Bébovg. H kopver| mov epueovileton 610 Stdypapior Tov AGyou
Zy | Sq ogeileton 6t0 OTL GTOy Tepvdet To onueio dimho okptBadg omd TNy KéipepoL, Tuyoivet
vo, yiver =7 ondte eugovileton 0 otov mopovopoot tng eEicwong (3.24).

To 16t 1oy vovv ko Yo TV epintwon mov S=0.2 (oxnua 4.5). Epécov 1 dtopopd
KMong 610 ontikd medio Yo 300 dtodoyKeE etkdveg elvon peyolvtepn omd 1 poipa, to
amoteAéopato Tov divouv kot ot dvo péBodot elvarl 1kovomomTiKG (Ypaenuo (c) oto
oxnuoto 4.4,4.5,4.6 xo 4.7).

AVEGVOVTOC TNV ToVTNTO LLE TNV OTTolol KIVEITOL 1 KGUEPD THPATNPOVUE OTL VLo
S5=0.4 (oxfuo 4.6) N Tpdn LéBodog opyilel vor divel xelpdTep o mOTEAEGUOTO OTLG EKXTIUT-
GELG V1oL TNV T VTINTO Ko TO BAB0G o€ oxéom e tnv devtepn. H dtopopd eltvon daitepo
ELQOVNC OTNV TepinTON oV 1 KAepo Kivelton pe peyddn toxvinto S=1.0 (oyfiua 4.11,
ypooipota (a),(b)), ondte N npdTN HEBOSOC €xel OYeTIKO GOAAUO =~ 4%. AvTIOETOC M
devtepmn LEB0SOC divel eEopeTIKA OmOTEAECUOTOL LE OYETIKO opdAlo < 1%. Emiong, m
extiunon mov yiveton yo o Kprrrpro emkivouvotntog (Ypdenuo (d) tov oxnudtev 4.4,
4.5, 4.6 xon 4.7) eivon o oELOTIOTN 6G0 UEYOAMVEL M TOYVTNTO, OTMG POAVETOL KO OTd

™V Lelwon Tov oxeTKoV GEAALOTOC (Ypdenuo (¢) Tav oynudtoy 4.8, 4.9, 4.10 ko 4.11).

060 N ToxHvTNToe EGVEL Ko ot dV0 UEBodOL divouy KOAOTEPEG EKTIUNOELS Y10,
10 B&Oog Ko TV ToVTNTO, AGY® TV oNUOVTIKAV dtopop®yv KAlong uetafd kdbe
elkévog, MAod AdYm ™G HEYOADTEPNG UETOTOMIONG TOV LYVNAXTOVUEVOL OMUeiov.
JVYKPIVOUEVES, O 3O EB0SOL HIVOLV TOVOLLOLOTLTTC, OTTOTEAEGLLOLTOL Y10 LK PEC TOLY VTN TES
(5=0.1,0.2), Sumwg 600 M toyxvTNTe avEdveton (S > 0.4), n devrepn néBodog apyilet
vo. TAEOVEKTEL TNG TPWTNG MG TPog TNV akpifelo Tv vroioylouwyv. H dtoeopd mov
epoaviCeton petald tov 860 ueBGdmv 660 avfdvel N peTotémion UeTOED dodoyIKdY
EIKOVOVY, ogeideton 010 O6TL Ol eEIGMOELG TNG ONTIKNG PONG OTLC TOVOPOULKES KEUEPECS,
TOL YPNOLOTOLONKAV GTOV VTOAOYIGUS TNG TPMOTNG LeBGS0V, 15 VOV UOVO Yo IKPEG

petortonicelc.

IMaopyog A. Axovuiovéikng
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4.1.2 TMepbpoto e S1oQopeTikéc OVOADGEL ELKOVOLG

To melpbipoto uTé Eytvo yior vo LeAetn el o TpOmog Le tov omoio ennpedlel 1 ovdAvon
NG ELKOVOG TTOL Y PN CLULOTOLELTON TNV aKPiPELal TV VITOAOYIGU®Y. XPTGLULOTOI 0N KE TAAL
TO TPOTOTLTO GKNVIKO TOV GYNUATOC 4. 1, LE TIC TOPUUETPOVS OTNV TPAT TEPIMTOON VoL €l-
vou (S, Xy, Z4) =(0.2,1,6) xou otny devtepmn mepintwon vo elvon (S, X4, Z4) =(0.4,0.2,8).
Ye KAOe TePIMTOON TO TELPAHUOTA ETOVOANUPEVOVTOV Yo TPELS SLOPOPETIKEG 0pLldvTieg

ovovoelg pe ITW=450, ITW=900 kou IW=1800 elxovoctotyeio.

4.1.2.1 Xxnvixo 1

Xpnotoro|dnke wéAl To GKNVIKS TOL GYNUOTOC 4.1, 0AAS TOPOL 01 OPYLKES OTOCTAGELG
elvou Xy=1, Z;=6 xoun toxvnta eivon ion pe §=0.2.  otémLy VAP OVV TPELG TEPLTTHOCELG
ovaAoyo e TNV oplLdvTior ovdAvon oL xpnotponoteiton. No onuelwdel 6Tt Adym tov
TPOTOV VIOAOYIOUOD TOV Tk, EVOLOPEPOV €xel LOVO M 0plLGVTIOL CVEALOT), YU OWTO deV
ovoeépeton 1 KABeT arvéAvom, n onoio Ty T€Tola doTe va Stortnpeiton o Adyog 9:2 twv
TAELPAV.

Apykd xpnouoro|nke N GXETIKE XOUNAY avdAvon Twv 450 etkovoototyeimv
(oyniuo 4.12). To anoteAéopato ivol tkavortomTikéd dtav 1 dtaeopd petald kbde
etkovog elvon peyodvtepn omd 2° oto ontikd medio g xbuepac. Ov dvo alydpibuot
enpovifovton 1606HVaIOL GTOV VIOAOYLIOUO TNG TorxvTNTOG (Ypdonuo 4.12 (a)) evd o
devTePOg elvarl KaAVTEPOG GTOV VITOAOYIGUS ToL PéBovg (Ypdonuo 4.12 (b)). Zto dkpo
TOV YPOPNUAT®V 0ol amokAicelg elvon évtoveg Adym g xoUNANS oevdAvong, eneldn to
1 VNAOTOVUEVO GLKPO TOL TETPAY®dVOL dev ametkoviletan pe oxpifeto omd 10 POV-Ray.

AvEdvovTag TNV avEAvon NG e1K6vog, ol amokAicelg wikpaivouv.  odvTepal
GUUTEPLPEPETOL O OEVTEPOG OAYOPLOLOC, ELOLKE GTNV TEPITTWOT VITOAOYLIGLOV TOL BEO0VG.
Yvykexkpuéva, 6tov IW=1800 (oynqua 4.14) metvyoivel omdKALon omd TG TPOYUOTIKES
TWég uKpoTepn and 10% 1600 Yoo TNV toxvTINTOL S 660 KoL yiow To BABog Z, akduo
Ko Ue Stopopd LOMG piog poipog peta&h dvo dtadoyikwv elkévav (oxfiuato 4.14(c)
kot 4.17(a),(b)). Me dtoipopd 610 onTIKO TeEdio Téve amd 4° o1 eKTIUGELS ToL YivovTon
€xouv oxetkd cPaALa < 4%. AvTIOET®G, 0 TPATOG OAydplOpog, dev divel kKoAvTeEpOL
OOTEAEGLLOTOL LLE TNV oLOENOT TN LvEALONG, €01KE oty ektiunon Tov Pédovg, Adym

TV TEPLOPLGULAV TOL TIBEVTOL Ot TNV KTOU TN O LETPNGEMV OO TPELG OLOLOOYLKEC ELKOVEG.

Turuo Emoetiung YroAoyiotov
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0.14

units

degrees

i

o

o
(o} 10 20 30 40 50 60 40 50 60 100
frame number frame number
(a) (b)
T T T 3000
"tmpratioactual” ———
; |
L 2500
2.5 V/\
2000
1500
15 JVF
A 1000
A
T i 500
Ut [\
o
o 10 20 30 40 50 60 40 50 60 100

frame number

(©)

frame number

(d)

ynuo 4.4: Ta omwoteAéoparto Tov 600 HeBddwv yior toyvtnto S=0.1, optldvtior ovGAvon

IW =900 xou opylKkéc omocTACELC X 3=2 KO Z4=5

10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
émov tmpSalgl avTicTol el GTOV TPATO TOL TOPOVCLEGTNKE GTNV epyocic ko tmpSalg2 otov devtepo. 1o
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG g—’; KO 1) EKTIUN O TOL TPOTELVOUEVOL 0AYOp1OLov. Ot Lovédeg
otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.
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ynuo 4.5: Ta amwoteAéopato Tov 600 HeBddwv yior toyvtnto S=0.2, optldvtior ovGAvon

IW =900 xou opylKkéc omocTACELC X 3=2 KO Z4=5

10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
émov tmpSalgl avTicTol el GTOV TPATO TOL TOPOVCLEGTNKE GTNV epyocic ko tmpSalg2 otov devtepo. 1o
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG g—’; KO 1) EKTIUN O TOL TPOTELVOUEVOL 0AYOp1OLov. Ot Lovédeg
otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.
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ynuo 4.6: Ta omoteAéopato Tov 600 HeBddwv yior toyvtnto S=0.4, optldvtior ovGAvon

IW =900 xou opylKkéc omocTACELC X 3=2 KO Z4=5
10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
6mov tmpSalgl avtiotolyel 6TOV TPMTO TOV TAPOVCLEOTNKE OTNV epyocio Kot tmpSalg2 gtov devtepo. Tto
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG g—’; KO 1) EKTIUN O TOL TPOTELVOUEVOL 0AYOp1OLov. Ot Lovédeg
otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.

IMaopyog A. Axovuiovéikng
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ynuo 4.7: Tao omwoteAéopato Tov 600 Hebddwv yior toxvtnto S=1.0, optldviior ovéAvon

IW =900 xou opylKkéc omocTACELC X 3=2 KO Z4=5
10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
6mov tmpSalgl avtiotolyel 6TOV TPMTO TOV TAPOVCLEOTNKE OTNV epyocio Kot tmpSalg2 gtov devtepo. Tto
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG g—’; KO 1) EKTIUN O TOL TPOTELVOUEVOL 0AYOp1OLov. Ot Lovédeg
otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.

Turuo Emoetiung YroAoyiotov
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o 4.8: TTo6ooto 6YeTKoH AdBOLE Yo TNV TtepinTmon Tov oxfuatog 4.4.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAYSpLOLOLGE, 0td TNV TTparyHotik 6toy S=0.1. Avtietoiymg oto (b) ametkovileton n eni tng % omdkAion Tov
BéBovg ko 670 (€)M el TNG % ATGKALOT TOL AGYOL STMG VTOAOYIGTNKE 0T’ TOV TPOLYUOTIKG. XPpNGLLOTotei Ton
Aoyop1OuLKn KAILOKOL 6TOV KOTokGpueo GEoVaL.

IMaopyog A. Axovuiovéikng
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ynfuo 4.9: TTo6ooto 6YeTIKoH AdBOLE Yo TNV TepinTmon Tov oxfuartog 4.5.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAYSPLOLOVGE, 0td TNV TTparyHotikT| 6toy S=0.2. Avtietoiymsoto (b) ametkovileton n eni tng % omdkAion Tov
BéBovg ko 670 (€)M el TNG % ATGKALOT TOL AGYOL STMG VTOAOYIGTNKE 0T’ TOV TPOLYUOTIKG. XPpNGLLOTotei Ton
Aoyop1OuLKn KAILOKOL 6TOV KOTokGpueo GEoVaL.

Tuiuo Emoetiung YroAoylotov
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ynuo 4.10: TTocooTd oy eTikoV AGBOLE Yo TNV TEPITTOOT TOL GYUOTOC 4.6.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAYSPLOLOVGE, 0td TNV TTparyLotik| 6toy S=0.4. Avtietoiymsoto (b) ametkovileton n eni tng % omdkAion Tov
BéBovg ko 670 (€)M el TNG % ATGKALOT TOL AGYOL STMG VTOAOYIGTNKE 0T’ TOV TPOLYUOTIKG. XPpNGLLOTotei Ton
Aoyop1OuLKn KAILOKOL 6TOV KOTokGpueo GEoVaL.

IMaopyog A. Axovuiovéikng
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ynuo 4.11: TTocooté oyeTikov AGBOLE Yo TNV TepinTOOT TOL oxUotog 4.7.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAYSpLOLLOLGE, 0td TNV TTparylotik 6toy S=1.0. Avtietoiyms oto (b) ametkovileton n eni tng % omdkAion Tov
BéBovg ko 670 (€)M el TNG % ATGKALOT TOL AGYOL STMG VTOAOYIGTNKE 0T’ TOV TPOLYUOTIKG. XPpNGLLOTotei Ton
Aoyop1OuLKn KAILOKOL 6TOV KOTokGpueo GEoVaL.

Turuo Emoetiung YroAoyiotov
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Synuo4.12: Ta amotedéopota, Twv 000 Hefddmv yia tayvTnTa. S=0.2, oprlévtior ovGAvon

IW =450 xou opylkéc amootdoelg X =1 xou Z;3=6

10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
émov tmpSalgl avTicTol el GTOV TPATO TOL TOPOVCLEGTNKE GTNV epyocic ko tmpSalg2 otov devtepo. 1o
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
, 7 7 Zy, , 2 7 z
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG 5% kou M eKTiIMON TOL TPOTELVOUEVOL AYGPIBUOL. Ot oVEdeg

otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.

IMaopyog A. Axovuiovéikng
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Synuo4.13: Ta anotedéopota Twv 000 Hefddmv yia tayvTnTa. S=0.2, oprlévtior ovGAvon
IW =900 xou opylkéc amootdoelg X =1 xou Z;3=6

10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
émov tmpSalgl avTicTol el GTOV TPATO TOL TOPOVCLEGTNKE GTNV epyocic ko tmpSalg2 otov devtepo. 1o
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG g—’; KO 1) EKTIUN O TOL TPOTELVOUEVOL 0AYOp1OLov. Ot Lovédeg
otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.

Turuo Emoetiung YroAoyiotov
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Synuo4.14: Tao anotedéopota Twv 800 Hefddmv yia tayvTnTor S=0.2, oprlévtior ovGAvon
IW=1800 ko opyLkég amooTdoelg X =1 xou Z;=6

10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
émov tmpSalgl avTicTol el GTOV TPATO TOL TOPOVCLEGTNKE GTNV epyocic ko tmpSalg2 otov devtepo. 1o
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG g—’; KO 1) EKTIUN O TOL TPOTELVOUEVOL 0AYOp1OLov. Ot Lovédeg
otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.

IMaopyog A. Axovuiovéikng
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Synfpo 4.15: TIo6oTo oYeTIKOV AGBOLE Yo TNV TEPINTOOT TOL oxUortog 4.12.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAyépBuovg, amd v mpaynotiky dtoav  IW=450. Avtiotoiywg oto (b) amewkovileton n eni g %
améKALoN ToL BEBOVG Kot 670 (€) M €nl TN % amdKALoN TV AdYOL STMG VITOAOYIGTNKE O’ TOV TPOLYUOTLKO.
Xpnotonoteiton LoyoptBuikn KAHaKo 6Tov KotaképLueo dEovoL.

Turuo Emoetiung YroAoyiotov
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Synfupo 4.16: TIo6ooTo oY eTIKOV AGBOLE Yo TNV TTEPINTOOT TOL oY uortog 4.13.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAyépOuovg, amd v mpaypotiky étov  ITW=900. Avtiotoiywg oto (b) ameikovileton n eni g %
améKALoN ToL BEBOVG Kot 670 (€) M €nl TN % amdKALoN TV AdYOL STMG VITOAOYIGTNKE O’ TOV TPOLYUOTLKO.
Xpnotonoteiton LoyoptBuikn KAHaKo 6Tov KotaképLueo dEovoL.

IMaopyog A. Axovuiovéikng
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o 4.17: TIo6ooTo oY eTIKOV AGBOLE Yo TNV TEPINTOOT TOL oY Uortog 4.14.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAyépBuovg, omd v mpaynotiki 6tov  IW=1800. Avtictoiywg oto (b) omeikovileton n ent g %
améKALoN ToL BEOOVG Kot 670 (€) M enl TN % amdKALoN TV AdYOL STMG VITOAOYIGTNKE O’ TOV TPOLYUOTLKO.
Xpnotonoteiton LoyoptBuikn KAHLoKo 6Tov Kotak6pLueo dEovoL.

Turuo Emoetiung YroAoyiotov
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4.1.2.2 Xxnviko 2

To 6xNVIKO 0TS EMAEYTNKE £TOL MOTE VO LeAeTN Oel N tepinTmomn Omov €vog TopotnpNTiG
0 omoiog apykd Ppicketon poxpid amd To 1yvniotovuevo onueio, Kiveliton e peydan
ToXVTNTO KOl TEPVAEL TOAD KOVTA ot To onpeio. I'owtd, 6To GKNVIKO TOV GYNUOTOG
4.1, ot opykég amootdioelg opiotnkoy vo eivor Xy=0.2, Z;=8 xou n taryvtnto ion pe S=0.4.

oTOTLY, OTMG KO TTPOTYOVUEVMGS, TO TELPOLOL ETOVOUAOUPBEVETOL Y10 TPELS SLOLPOPETIKES
ovoveelg 1TW=450,900, 1800.

To mopdv oKkNVIKG omoteAel ior SOGKOAN TePINTOOTN YIOTL OpPYLKE, KO Yo LeYGAo
XPOVIKS dtdotnue, to {xvog otov optléviio G&ova Tov onpeiov mov ToPOkoAoVBEiTL
efvon TOAY Kovtd oto T, dNAodr| Kovid otny korevBuvon kiviong. Avto €xel cov amo-
télecpo M petokivnomn Tou yvniototuevou onueiov vo elvon opytkd oxedév undeviki,
wtadtepo GTaV 1 VAALOT TNG ELKOVOG elvor yoUnAn.

Ewdiké otnv mepintmon g xounAng ovéivong (IW=450) ot 300 adyopibuotl Ko-
BvoTepOVV Vo SOGOLV eKTIUN O™ Yior TNV TovTNTa Ko T0 Bébog (oyripo 4.18(a),(b)), evd
oty teMKkd divouv, 1 amdkAlon omd TG TPAYUOTIKEG TWWEG elval onuavtikt|. T opt-
GUéVO oplBUs elkSVaV 6TV apy1| TNG oekoAovBiag Ko Ady® Tng X oUnANG avédAivong, To
TETPAYOVO TOV OKNVIKOV dev ametkovileton kaBOAov, yior vTd Ko ep@ovileton opyLkd
Ui Kopuoen ot ypaeruota (a), (¢) Tov oxnudtov 4.18, 4.19 kot 4.20 yioe tnv togdtnTo
Ko TNV dtopopd kAo,

Mo oovéhoon ITW=900 ot exTiufoelg mov divel o devtepog alydplOpog elvor 1Kowvo-
TOWNTIKEG KOL UTOPOVV VOL YPNGLLOTTOINO0VV ylor TNV €KTIUNON TG ToVTNTOG KO TOV
Bé&Oovg.

>y mepintwon g VYNANg avdivong, onov IW=1800 (oxnuo 4.20), 0 TP®OTOC
oAyop1Ouog cuvveyilel voo unv dOivel 1KOVOTOINTIKG OTOTEAECUOTO, EVM OVTIOETMOG O
devTEPOC dlvel o eddV UNdevikd ToGooTd AGBOVE YLOL TNV XPOVLKT TEPL0G0 TOV OLVTIGTOLYEL
oTIG elkOveg 15-20.

To kprtriiplo emkivduvotntog (Ypdonua (d) tov oxnudtmv 4.18,4.19 kou 4.20), 6mmg
TOPOTNPEITOL KOl GTIG TPELS TMEPLMTWGELS, KATA TNV XPOVIKN GTIYU ] TOL ovTloTolyel
omv 151 eikéva g akolovbiog, mAncldlel to 1, divovtag BeBatdtnto tpdokpovong
T0V onueiov pe v kbipepo. TTNV TPOYUOTIKOTNTO TO onpeio mepvdel dindo and Tov
mopatnpn T Kortd Ty 191 eltkévo. O cuvaryepuog etvon yevdng Ko ogeiAetol 610 0Tt TO

1y vniotovuevo onueio tAnotélel moAH Kovtd Ty Kauepa (X;=0.2).

IMaopyog A. Axovuiovéikng
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Synupo4.18: Ta anoteldéopota Twv 000 Hefddmv yia tayvTnto. S=0.4, opr{ovtior ovGAvon
IW =450 xou opylkéc onootdoelg X ;=0.2 xou Z;=8

10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
émov tmpSalgl avTicTol el GTOV TPATO TOL TOPOVCLEGTNKE GTNV epyocic ko tmpSalg2 otov devtepo. 1o
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG g—’; KO 1) EKTIUN O TOL TPOTELVOUEVOL 0AYOp1OLov. Ot Lovédeg
otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.

Turuo Emoetiung YroAoyiotov
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Synuo4.19: Ta anotedéopota Twv 600 Hefddmv yia tayvTnta S=0.4, opr{évtior ovGAvon
IW =900 xou opylkéc omootdoelg X =0.2 xou Z;=8

10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
émov tmpSalgl avTicTol el GTOV TPATO TOL TOPOVCLEGTNKE GTNV epyocic ko tmpSalg2 otov devtepo. 1o
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG g—’; KO 1) EKTIUN O TOL TPOTELVOUEVOL 0AYOp1OLov. Ot Lovédeg
otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.

IMaopyog A. Axovuiovéikng
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1.2 T T
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Synuo4.20: Ta amotedéopota Twv 000 Hefddmv yia tayvTnTo. S=0.4, opr{évtior ovGAvon

IW=1800 ko apy1kég amoothoelg X ¢=0.2 ko Z4=8

10 Ypaonuo (a) ametkovileton n TpoyloTik| TogHTNTO KoL Ol EKTIUHGELG Tov d{vouv ot 300 adydpibuot,
émov tmpSalgl avTicTol el GTOV TPATO TOL TOPOVCLEGTNKE GTNV epyocic ko tmpSalg2 otov devtepo. 1o
(b) ametkovileton To TPOyUOTIKG PAOOG TOL oMpeiov KO 01 EKTIUHGELG TTOV divouv ot 3ho aAyéplpol, 6To
(c) ametovileton 1o £0pog TNG Kivnong 6o onTikd medio ToLv KEVEL TO 1 VNAOTOVEVO onUelo Ge Hoipeg Ko
o710 (d) ametkovileton 0 TPoyLaTLkdg AGYoG g—’; KO 1) EKTIUN O TOL TPOTELVOUEVOL 0AYOp1OLov. Ot Lovédeg
otov opt{ovTio dEovo 0popovV Tov adEovto aplBpd etkGvag TG okoAlovbiog.

Turuo Emoetiung YroAoyiotov
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Synfpo4.21: TIo6ooTo oYeTIKOV AGBOLE Yo TNV TePINTOOT TOL oy uortog 4.18.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAyépBuovg, amd v mpaynotiky dtoav  IW=450. Avtiotoiywg oto (b) amewkovileton n eni g %
améKALoN ToL BEBOVG Kot 670 (€) M €nl TN % amdKALoN TV AdYOL STMG VITOAOYIGTNKE O’ TOV TPOLYUOTLKO.
Xpnotonoteiton LoyoptBuikn KAHaKo 6Tov KotaképLueo dEovoL.

IMaopyog A. Axovuiovéikng
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o 4.22: TIo6ooTo oY eTIKOV AGBOLE Yo TNV TEPINTOOT TOL oY Uuortog 4.19.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAyépOuovg, amd v mpaypotiky étov  ITW=900. Avtiotoiywg oto (b) ameikovileton n eni g %
améKALoN ToL BEBOVG Kot 670 (€) M €nl TN % amdKALoN TV AdYOL STMG VITOAOYIGTNKE O’ TOV TPOLYUOTLKO.
Xpnotonoteiton LoyoptBuikn KAHaKo 6Tov KotaképLueo dEovoL.

Turuo Emoetiung YroAoyiotov
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Synfpo 4.23: TIo6o6To oY eTIKOV AABOLE Yo TNV TTepinTomn Tov oxfuotog 4.20.

10 ypaoenuo (a) omerkovileton n enl TG % améKALoN TG TOYVTNTAG oL LRoAoyileton omd Tovg dvo
oAyépBuovg, omd v mpaynotiki 6tov  IW=1800. Avtictoiywg oto (b) omeikovileton n ent g %
améKALoN ToL BEOOVG Kot 670 (€) M enl TN % amdKALoN TV AdYOL STMG VITOAOYIGTNKE O’ TOV TPOLYUOTLKO.
Xpnotonoteiton LoyoptBuikn KAHLoKo 6Tov Kotak6pLueo dEovoL.

IMaopyog A. Axovuiovéikng
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4.1.3 Iepopotikd onoteAéoHoTO Y10 TNV TPATN LEO0OO Y PTICGILLOTOLMOVIOG TNV

KOTOKOpLON HeToTONIOoN

TG KEVTPLKEG TOVOPOULKEG KEEPES, TO OTTTIKOG TTed(0 KOoTd TOV Kortorkdpueo d&ova elvor
TOAV 7o 6Tevé amd 1o omTikd medio kotd Tov optlévtio dEova. o avtd tov Adyo, dev
TPOGPEPETOL 1| XPNCLLOTOINGT LOVO TNG KOTOKOPLPNG LETOTOTLGNG Y10 TOV VITOAOYLIGUO
Tov kprtnpiov kivnong. Ouwmg, amd T1¢ e€lomoetg 3.13, 3.15 ko 3.17 mov apopoHv TNV
KOTOKOPLON UeETOTOTION, Topartnpeital 6t n peyolhtepn tAnpogopia mopéyeton 6TV
N KOTOKOPLPN LETATOTLOT YIVETO KT TNV dtevBuven TN eopds kivnong, sniadn otig
yovieg 5 xou 37” oV oplldvTion dEova. AKPIPMOG YL TOL XOPOKTNPLOTIKE oNUeior TOL
OVTLETOLYOVV GE QTEG TIG Ywvieg, N optldvTia petatédmion eivorl ovOmapKT, ondte To
Kprtiiproe tov otnpiovton oty opt{dvtia LETATOTION SEV UTOPOHV VOL X PT|GLULOTOIN B0 VY.
Enopévaog n kotokdpoen petotdmon pmopel vou xpnolponondel cupminpouotikd ylo
TOV XOPUKTNPIOUS onueiwv pe pikpn optldviio petotémon. o TNV emoA|fevon Tmv
oxéoewv 3.13, 3.15 ko 3.17 yxpnoyononke 10 anAd oknvikd 1 kétoyn Tov omoiov
ametkovileton oto oxfua 4.24. H kduepo xiveiton pe otobepny toyvnto $=0.6 Tpog 1o

KEVTPO eVOG TETPAYdVOL TAELPAG 1 Tov Bploketon apylkd oe amdotoon ion pe 10.

TEAIKH ©GEXH
KAMEPAX

APXIKH ©EXH
KAMEPAX

Sxfquo 4.24: To oKknvikS ToL TEPAUOTOC-OLGIAoTOTN Arroyn (KEToyn)

Yto oxfuo 4.25 anetkovifovton optopéveg ELKOVES TNG olkoA0LOTOG YioL TNV GKNVI

Turuo Emoetiung YroAoyiotov
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7oL TEPLYPAPNKe, yior opt{ovtior avdAvon g etkévog ion pe 900 etkovootolyeior Ko
KOToKOpLEN oev@Avon iom e 450 etkovootouyeio.

Onwg uropel vo topotnpn et amd to oxmuo 4.26, ot eKTIUNGELS Yo TO BEOOC Ko TNV
ToOTNTOLTNG KEpepoG opxi{ovv vo GLYKAIVOLV TTPOG TIG TPOYLOTIKES TIUES TOVG LETE TNV
8n etkévo TN ekoAovbiog, OGS ToL amoTeAEGLOTO UTOPEL VoL BE@PTBOVV 1KOVOTTOINTIKE
UOVO OTLG TPELG TEAEVTHIEC ELKOVECS, OTTOTE 1) UETATOTLOT GTO OTTIKG Tedio avTIoTOl)El GE
TovAdylotov 10 elkovooTtolyeio (Ypdenua (c) Tov oyfuotog 4.26). AvticTolyo, LIEPYEL
ONUOVTIKT] OTOKALOT GTOV VTOAOYIGUO TOL Kpltnpiov emkivovvotntog (Ypdonuo (d)
0V oYNUoTog 4.26). Tow amoteAéoato VTA 0QeiAOVTOL 6TO GTL 01 VTOBEGELS Pdion TV
omoiwv eEdyetan N e&icwon 3.4 1o HOVY UOVO V1oL UIKPEG LETOTOTIGELG TV ONUEl®Y, G
GULVIVOGUS LE TNV TOPOUOPOMCT TOV ELGEYOLV Ol TOVOPOULKES ELKOVES GTOL AKPOL TOVG
oTOV KOTaKOPLEO GEova. QoT600 N akpifeto elvol opKETE LKOVOTOIN TIKT DOTE VoL UTTOPEl
VOUY PN CLULOTOIN Bl GUUTAN POUOTIKE Y100 TOV VTOAOYIGUS TOV KPLTNpiov eXLKIVOLVHTNTOG,

6tov ot uébodol mov otnpifovion oty optldviior LETATOTIOT deV UTOPOVV VO dOGOLY

uétpnon.

IMaopyog A. Axovuiovéikng



56 eQGAono 4. Xuykpioelg HeBOdmv Ko TELPOUOTIKE OTOTEAEGLOITOL

Synupo4.25: Ovetkdveg 1,4,8,10,12,14 kou 16 Tng oekoAovbiog tov metpduatog, yiow IW=900,
T H=450, S=0.6 ko opyikn andotoon ion pe 10. Ot opt{vTieg GTHAEG TOV OVTIGTOLYOVV
oto KEBeTo iy vn TV TAELPWY elvorl TOVICUEVEG.

Tuiuo Emoetiung YroAoylotov
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57
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ynuor 4.26: Tol omOoTEAEGUATOL TNG TPWTING MEBGOOVL HE TNV XpHoM TG KAToKSpLENG
petatémiong yio toyvInTer S=0.6, optléviior oovéAvon ITW =900, KotoKOpLEN ovEALON
T H=450 xou opyixn andotoon ion pe 10

¥10 ypaonuo (a) omerkovileton 1 TPOYUOTIKY ToyOTNTO KoL M €KTIUNOT TOL SivEL O TPOTELVOUEVOG
olyopopos.  =to (b) ametkovileton 1o mpaypotikd Pabog tov onueiov kou M extiunomn mov divel o
TPOTELVOUEVOS aAYOPLBLOGC, 6TO (C) ometkovileton To e¥pog TG Kivnong 6To KoTaképLEo onTiKé Tedio Tov
KGVEL To 1yvNAotoOpevo onpeio oe etkovoatotyeio kon oto (d) ametkovileton o mparyLotikdg Adyog Z—; Ko m
extiunon Tov Tpotevéuevov odyépioov. Ot pLovédeg otov optidvtio dEova apopotv Tov orv&ovTo aptopd
etcévog ¢ akorovbiog.

IMaopyog A. Axovuiovéikng
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4.2 Eoeopuoyn tov xputnpiov emxivouvotntog o€ cOVOETEC 0KO-

AovBieg elxkOvav

310 meipopal Vo, EEUPUOGTNKE TO KPLTIPLO ENLKLVOVLVOTNTOG GE Lol GVVOETN olkoAovOioL
etkévmv Tov POV-Ray, Tpokelévou vo. anoTunmBovy o emtkivovvo onueio. 1o oyfuo

4.27 amerkovileton n K&TOWN TOL GKNVIKOD TNG KOAOLOTOG KO 01 Py LKES OMOGTACELS.

‘ A

P17 | K
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[ ! TEAIKH @ESH
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yfquo 4.27: To 6KkNVIKS TOL TEPGEUATOG - SIGOACTATN GImoyn

>10 KLT ypnowworominkoy ot mopokdtm mopduetpot (ametkoviovtor uévo ot

TOPGUETPOL TTOV TPOTOTOL ONKOV):

mindist =10
window_width=15
window_height =15

Turuo Emoetiung YroAoyiotov
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searchRange = 32
sequentialMode = FALSE
smoothBeforeSelecting=FALSE
borderx =15

bordery =15

nPyramidLevels =2

subsampling=4

Eneldn n movopotkn etkova €xel ontikd medio evpovg 360°, onueio tor omoio Bpickovton
070 0PLOTEPO GKPO TNG KLALVIPLKT G ELKOVOG YeLTvidLouv Le onueio tow omoio Bpickovton
oto dekl dikpo tne. Emouévamg, éva onueio mov petakiveiton omd 1o éva dkpo 6to GAAo,
npénel vo iyvniateiton cwotd. To KLT dev moapéyel ovty tnv dvvatdtnto. To 1o
AGYO avT6, cav €l60d0¢ 6to KLT mopéyeton fior TepLodikn ETOVAANYN TNG KLAIVOPLKNG
etkévog Katd tov dEova X. TTo GuyKeKpIUEVH, 1 VAOTOINON TNG TEPLOSLKT G EXOVEANYNG,
yiveton emoavaioupévovtog To Hed oplotepd TUNUO TNG KVAVIPLKNG E1KOVOG LETE TO
deELd Gplo g kou emavoloPavovTog To Ued deEld TuipoL TG TPV TO opLotepd Oplo
¢ (oxqua 4.28).  atdmLy, 01 GUVTETOYUEVES TV CNIUEI®V TOL 1Y VNAXTHON KOV ETLTUYAC,

ENOVOTPOPEHALOVTOL GTNV OPYLKT ELKGVOL.

| W |

7

2w

yfquo 4.28: H etkévo mov diveton cav ei6odog 6to KLT

o tov VIoAOYIoUG TOL KPITNPiov EMKIVOLVOTNTOG XpNolLorotidnke kuplmg
0 AOYOG g—; ommg dtveton and v oxéon 3.24, mov otnpileton 6TOV LIOAOYIGUS TNG
op1LLOVTLOG LETOTOTLON G TOV YOPOKTINPLOTIKOV onueiov. EvodldoxTikd, dtav 1 optidviio

petotémion elvon WKkpOTEPT NG KAOETNG UETOTONIONG, Y PNOLLOTOLELTOL O AGYOC Z’“S‘l

IMaopyog A. Axovuiovéikng
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6mwg diveton amd v oxéon 3.17 yio v teMKn TaSivounon Touv YopoKINPLoTIKOU
onueiov ®¢ TPOS TNV EMKIVOILVHTNTOL TOVL.

Apywkd n toyvINnTa opiotnke wg S=0.075. Tow omoteAéoUOTO TNG EQOPUOYNG TOV
Kprtnpiov emxkivduvotntog ametkoviCovion oto oyfpota 4.29, 4.30, 4.31, 4.32 xon 4.33.
Mo k6Be emruy®e 1yvnAotovpevo onueio vroAoyiletar 10 xkpLTiplo emkIvdLvVETNTOG
(oxéom 3.24 1 3.17) xou yiveton taSivéunon tov onueiov, oand to onueio pe v wikpdtepn
TN g to onpeio pe Ty peyoddtepn Tur kprtnpiov.  otdémy, 10 30% TV onueiwv pe
mv wkpdTepN T Kprenpiov xopaktnpilovron g ta mo emkivduvo (ametkovilovton pe
X 0T0 oxNuata), To endpevo 30% tav onueiwv yopoktnpiloviol wg Arydtepo emkivouvo
(amewkovilovton pe + otor oYUt Kot Tor evomoueivovta ototxeio (40%) Bempovvion
¢ axivovva (cupPoAilovton pe A oto oyxfpota). Ot mopandve AGyol Umopobv vo
petaAN00VV avddoyo e TV epoproyr. Tow onpeio yior tow omoio dev vITdpyeL KBOAOV
petotémion otov opilévio GEovo cuuPorilovton pe O oto oxfuote. Onwg pmopel
vo Topatnpn el omd Tor omoTEAEGUOTO TOV TELPAUATOS, 1| TAELOYN Pio TETOLV onueinv
GLYKEVTIPOVETOL YOP® amd TIC Kotevdvvoelg 7/2 kou 37 /2 otig etkdveg. To onueio yro tow
omoia To kprtfiplo maipvel opvnTikég Tég cuuporilovron pe <.

A&iler va onuelwdet 611 0 AGYog Zi/Sq M Zi—1/S Yo TV KAOETN LETATOTLOT) TOV
xpNoonoteital Mg KPLTiplo emtkivduvetntog noipvel opvnTikd npdonuo ywow onpeio
1oL €x€l TPOOTEPAOEL M| KAUEPO. OepnTIKE OA0 Tor onueio Tov ametkovi{ovton 6To de&i
AUV KEBe KLAMVIPLKTC ElkOVaC B Empene vor cupoiilovton pe O, yioti Ta onueion cvtd
omopakpOvovion omd v kduepo. Oumg, dnwg PaiveTon 6ToL TEPAHUATO TOL EYLVALY,
onueio te opvnTiKd Kprtiplo entkivduvotntog epneavifovton Ko Tpog v eopd Kivnomng
NG KAUEPOLC (OPLOTEPO MULOV TNG KVALVIPLKTIG ELKOVOLC), EVA OVTIGTPOQX oUeiol pLe BETIKO
KPLTPLO EMKIVOLVOTNTOC ELQOvVICovTaol 6T0 670 de€l oL Kébe KLAMVIPLKNG ELKGVOLG.
H ec@oAévn o] coumepleopd o@eileton 1660 6€ omoTLYio GOOTHG L VNAdTNONG 0o
10 KLT, 660 K0l 68 GOAAUOTO KOTA TN SNULOVPYIC TOV TOVOPUULK®V ELKOVOV o TO
Povray.

To 1010 meipoLol ETOVOAT PO KE KO Yo TETPOATAGCLOL Tory VTN T S=0.3 Ko oetkovi-
Ceton otoe oynuotoc 4.34, 4.35, 4.36, 4.37 xon 4.38. e vty TNV mepintmon yivovton eovepol
ot meplopiopol mov Bétel To KLT opoV Yo ONUOVTIKEG UETOTOTIGELS 1Y VNAQTOVUVTOL
eMTLY MG eEAdLoTOL onueia (etkéva 29 6to oyripo 4.36).

To mepdpota cvTd deiyvouv Tig duokoAieg mov epeaviovion 6e évo TOAOTAOKO
nePPEAAOV, OLOC TO ATOTEAEGULOTOL TOL SIVEL TO KPLTIPLO EMKIVIVLVOTNTOG ElvOl OPKETE

GLVETH, OTdTE UTOPEL VoL Y PN OLUOTOINBEL Yior TNV TAOTiYNON POUTOT.

Turuo Emoetiung YroAoyiotov
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ynuo 4.29: Ot etkdveg 17 kou 33 tng akorovbiog yio S=0.075

T1ic elkdveg (a,c) amerkovifovon dAo ta onueio mov tyvnidnoe emtuydg to KLT xou otig (b,d) eoivovron
o onuelor ovEAOYOL LLE TNV EMKLVILVOTNTO TOVG - X TaL TTLO eMkivduva, + tor Atydtepa emkivduva ko ovtd
7oV eivon oyeTIKG okivéuvo cvpoiilovtorn pe A. Me O cupPoAilovton ovTtéd 6Tor omoic: dev ToportnpiOnKe
optlévtio petatdémion ko pe & owtd mov divouvy apvntikd Adyo Zi/Sq. H toydtnto g kéuepag eivon
5=0.075.

IMaopyog A. Axovuiovéikng
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yfuo 4.30: Ot etkdveg 49 kou 65 g akorovbiog yio S=0.075

T1ic elkdveg (a,c) amerkovifovon dAo ta onueio mov tyvnidnoe emtuydg to KLT xou otig (b,d) eoivovron
o onuelor ovEAOYOL LLE TNV EMKLVILVOTNTO TOVG - X TaL TTLO eMkivduva, + tor Atydtepa emkivduva ko ovtd
7oV eivon oyeTIKG okivéuvo cvpoiilovtorn pe A. Me O cupPoAilovton ovTtéd 6Tor omoic: dev ToportnpiOnKe
optlévtio petatdémion ko pe & owtd mov divouvy apvntikd Adyo Zi/Sq. H toydtnto g kéuepag eivon
5=0.075.

Tuiuo Emoetiung YroAoylotov
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ynuo 4.31: O etkdveg 81 kou 89 g akorovbiog yioe S=0.075

T1ic elkdveg (a,c) amerkovifovon dAo ta onueio mov tyvnidnoe emtuydg to KLT xou otig (b,d) eoivovron
o onuelor ovEAOYOL LLE TNV EMKLVILVOTNTO TOVG - X TaL TTLO eMkivduva, + tor Atydtepa emkivduva ko ovtd
7oV eivon oyeTIKG okivéuvo cvpoiilovtorn pe A. Me O cupPoAilovton ovTtéd 6Tor omoic: dev ToportnpiOnKe
optlévtio petatdémion ko pe & owtd mov divouvy apvntikd Adyo Zi/Sq. H toydtnto g kéuepag eivon
5=0.075.

Topyog A. AKOVULOVEKTC
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o 4.32: O etkdveg 97 kou 113 tng akorovbiog yior S=0.075

T1ic elkdveg (a,c) amerkovifovon dAo ta onueio mov tyvnidnoe emtuydg to KLT xou otig (b,d) eoivovron
o onuelor ovEAOYOL LLE TNV EMKLVILVOTNTO TOVG - X TaL TTLO eMkivduva, + tor Atydtepa emkivduva ko ovtd
7oV eivon oyeTIKG okivéuvo cvpoiilovtorn pe A. Me O cupPoAilovton ovTtéd 6Tor omoic: dev ToportnpiOnKe
optlévtio petatdémion ko pe & owtd mov divouvy apvntikd Adyo Zi/Sq. H toydtnto g kéuepag eivon
5=0.075.

Tuiuo Emoetiung YroAoylotov



4.2. E@oppoyn tov kprtnpiov emkivouvotntag e cUVOeTeS 0lkoAovdieg etkOvmv 65

)

ynpo4.33: Ot etkdveg 129 kou 145 g akorlovbiog yio S=0.075

T1ic elkdveg (a,c) amerkovifovon dAo ta onueio mov tyvnidnoe emtuydg to KLT xou otig (b,d) eoivovron
o onuelor ovEAOYOL LLE TNV EMKLVILVOTNTO TOVG - X TaL TTLO eMkivduva, + tor Atydtepa emkivduva ko ovtd
7oV eivon oyeTIKG okivéuvo cvpoiilovtorn pe A. Me O cupPoAilovton ovTtéd 6Tor omoic: dev ToportnpiOnKe
optlévtio petatdémion ko pe & owtd mov divouvy apvntikd Adyo Zi/Sq. H toydtnto g kéuepag eivon
5=0.075.

Topyog A. AKOVULOVEKTC
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)

ynupo4.34: Ovetkéveg 5 (17) ko 9 (33) tng akorovbiog yio S=0.3

¥1¢ (a,c) omelkovifovon ot elk6veg he GAo Tor onueior Tov tyvnAdnoe emttuyoe to KLT xou otig (b,d)
@oivovTon TOL ONUEID CVEAOYOL LLE TNV ETLKIVEVVOTNTO TOVG - X TOL TLO EMLKIVOLVEL, + ToL AydTepa emKivauva
Ko owTé oL givon oyeTikd akivduva cupuBoirilovton pe tpiywvo. Me tetpdymvo cupBoiilovtor ovtd oto
omoio dev mopartnpribnke optlévtio petotémion kon pe pépfo owté wov divouvv opvntiké Adyo Zy /Sq. Tdpo
N tovTo etvon iom pe S=0.3 (TeTpomAEoio omd To TPONYOVUEVO TElPOLeL). Z€ TOPEVOECELS VOLPEPETONL )
elkéva mov avtiotoryel oty dto Béon oty nepintwon nov S=0.075.

Tuiuo Emoetiung YroAoylotov
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ynupo 4.35: O etkdveg 13 (49) kou 17 (65) Tng akoAovdiog yio S=0.3

¥1¢ (a,c) omelkovifovon ot elk6veg he GAo Tor onueior Tov tyvnAdnoe emttuyoe to KLT xou otig (b,d)
@oivovTon TOL ONUEID CVEAOYOL LLE TNV ETLKIVEVVOTNTO TOVG - X TOL TLO EMLKIVOLVEL, + ToL AydTepa emKivauva
Ko owTé oL givon oyeTikd akivduva cupuBoirilovton pe tpiywvo. Me tetpdymvo cupBoiilovtor ovtd oto
omoio dev mopartnpribnke optlévtio petotémion kon pe pépfo owté wov divouvv opvntiké Adyo Zy /Sq. Tdpo
N tovTo etvon iom pe S=0.3 (TeTpomAEoio omd To TPONYOVUEVO TElPOLeL). Z€ TOPEVOECELS VOLPEPETONL )
elkéva mov avtiotoryel oty dto Béon oty nepintwon nov S=0.075.

Topyog A. AKOVULOVEKTC
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)

ympo 4.36: Ot etkdveg 21 (81) kou 23 (89) tng akoAovdiog yia S=0.3

¥1¢ (a,c) omelkovifovon ot elk6veg he GAo Tor onueior Tov tyvnAdnoe emttuyoe to KLT xou otig (b,d)
@oivovTon TOL ONUEID CVEAOYOL LLE TNV ETLKIVEVVOTNTO TOVG - X TOL TLO EMLKIVOLVEL, + ToL AydTepa emKivauva
Ko owTé oL givon oyeTikd akivduva cupuBoirilovton pe tpiywvo. Me tetpdymvo cupBoiilovtor ovtd oto
omoio dev mopartnpribnke optlévtio petotémion kon pe pépfo owté wov divouvv opvntiké Adyo Zy /Sq. Tdpo
N tovTo etvon iom pe S=0.3 (TeTpomAEoio omd To TPONYOVUEVO TElPOLeL). Z€ TOPEVOECELS VOLPEPETONL )
elkéva mov avtiotoryel oty dto Béon oty nepintwon nov S=0.075.

Tuiuo Emoetiung YroAoylotov
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ynquo 4.37: O etkdveg 25 (97) kou 29 (113) tng ackorovdiog yio S=0.3

¥1¢ (a,c) omelkovifovon ot elk6veg he GAo Tor onueior Tov tyvnAdnoe emttuyoe to KLT xou otig (b,d)
@oivovTon TOL ONUEID CVEAOYOL LLE TNV ETLKIVEVVOTNTO TOVG - X TOL TLO EMLKIVOLVEL, + ToL AydTepa emKivauva
Ko owTé oL givon oyeTikd akivduva cupuBoirilovton pe tpiywvo. Me tetpdymvo cupBoiilovtor ovtd oto
omoio dev mopartnpribnke optlévtio petotémion kon pe pépfo owté wov divouvv opvntiké Adyo Zy /Sq. Tdpo
N tovTo etvon iom pe S=0.3 (TeTpomAEoio omd To TPONYOVUEVO TElPOLeL). Z€ TOPEVOECELS VOLPEPETONL )
elkéva mov avtiotoryel oty dto Béon oty nepintwon nov S=0.075.

Topyog A. AKOVULOVEKTC
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(b)

)

ynpor 4.38: O etkdveg 33 (129) kou 37 (145) tng akoAovbiog yior S=0.3

¥1¢ (a,c) omelkovifovon ot elk6veg he GAo Tor onueior Tov tyvnAdnoe emttuyoe to KLT xou otig (b,d)
@oivovTon TOL ONUEID CVEAOYOL LLE TNV ETLKIVEVVOTNTO TOVG - X TOL TLO EMLKIVOLVEL, + ToL AydTepa emKivauva
Ko owTé oL givon oyeTikd akivduva cupuBoirilovton pe tpiywvo. Me tetpdymvo cupBoiilovtor ovtd oto
omoio dev mopartnpribnke optlévtio petotémion kon pe pépfo owté wov divouvv opvntiké Adyo Zy /Sq. Tdpo
N tovTo etvon iom pe S=0.3 (TeTpomAEoio omd To TPONYOVUEVO TElPOLeL). Z€ TOPEVOECELS VOLPEPETONL )
elkéva mov avtiotoryel oty dto Béon oty nepintwon nov S=0.075.

Tuiuo Emoetiung YroAoylotov
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EniAdoyog

5.1 Tevikd counepdopoTo

v TapoHoo epyocion TpoTdenKoy dvo UEBOSOL Yol TOV VTOAOYIGUS TOPOUETPOV TOV
UTOPOVV VO, Y PNGUYLOTOINO0VV GTNV OTTTLKY| TAOTYNOT VOGS POUTAT TOL EIVOLL EPOSLAUGUEVO
UE U0l TOLVOPOULKT] KAUEPOL. XKOTOC MTOV VO OmoPeLy el 0 VTOAOYIGUAE TNG OTTIKNG
poNG, AOY® LTOAOYIGTIKNYG TOALTAOKOTNTOGS. TEOMKOV Ol TEPLOPIGUOL TOL GTOTIKOV
TEPLPAALOVTOC KO TNG LETOPOPLKTIG KIVNONG TOL POUTST.

H tpdtn uébodog a@opd TNV 1 vNAGTINOT CVTIKEUEV®V KO DVTOAOYIGLOV TNG Béomg
TV dV0 GKpwV TOLG, MOTE Vo, eEoyOel TANpogopia Yo Tov ypdvo emopric. Xmpig Tov
GUEGO VIOAOYLOUO TNG OTTIKNG POTIG, Elval SLUVATOS O VTOAOYIGUSHG TNG OTOGTOONG KAOE
TAELPAG v M Wior Kivnon g Kauepog elvon YvooTr|. AVTIGTPOO®S av elvol YvmOOTN
N apyLKN OmOCTOOT UG €K TV TAEVPAV TOL OVTIKELUEVOV, UTOPEl VO VTTOAOYLGTEL M
TOXVTNTO TNG KALUEPOLS.

v devtepn HéB0do, yiveton n 1yvnAdtnon evog xopokTNPloTiKoy onueiov dote
vo, voloylotel M petakivnon tov ixvouvg tov otov opilévtio dEova. Opiotnke évo
KPLTPLO EMKIVOLVOTNTAGS, OC 0 AGYOS TNG OTOGTOCTC TOV ONUeEiov TPOg TNV TorHTNTOL
¢ KAUEPOS, TOV UTOpel vor xpnolpomonBel otnv TAONYNoN TG KEUEPOS QKON KO

6tov ot 0o TopdeTpot elvon GryvmoTot.

5.1.1 IMieovekTiuoTo

To. TAEOVEKTIUOTOL OVOLPEPOVTOL KLPIMG otV devTepn WEOOSO TOL THPOVLGLACTNKE,
dedouévou 0Tl dmwe arodelyTnKe amd To TELPOUATIKE OTOTEAEGULATO, 1| TPMOTN UEOOSOG

nmAeovekTel TG deVTEPNG LOVO v YivEL VTOAOYIGUOS TOL eSOV TNG OMTIKTN G POT|C, DOTE

71
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VO TEPOVUE OTOTEAEGLOITOL YIOL LEYAAD oplBUd onueiov, koBmg kot av elvon embountd
VoL PN GLLOTOIN Ol 1 KOTOKOPLEN LETOTOTLGT GTOV VITOAOYLIGUO TV KpLtnpiov kivnong.

H mpotetvopevn nébodog yior tov vtoAoyiopd g dilag kivnong, av eivol yvooti n
oméoTooT and Evol Ly vNAoToVevo onueio (ko ovtioTpoPo tne amdotoon g omd To onueio
ov glvor yvooti 1 ToHTNTo TNG KAUEPOS) TETLYOUVEL IKAVOTOUNTIKG OTOTEAEGULATO 1OG
Tpog TV akpifelo TV omoTeAeCUETOV. AKOUO KOl 68 SOGKOAEG MEPLTTWGELS, OGS
oV XPNoN EKOVOV Y OUNAG CVEALONC, TO TOGOGTO andkAlong Kvuaiveton Leto&d 5%
Kol 10%, 6tav 10 onueio evolaeépovtog BplokeTal 6e andoTaoN KOV Yo VoL TopBovv
UeTproELs.

To ONUOVTIKOTEPO TAEOVEKTNUOL TNG LEOGOOVL €lvail M ULKPT] VTOAOYLGTIKTY TOAL-
TAOKOTNTA, ENLTPETOVTOC TNV XPTIOT TNGS YLOL TNV dNUovpyio xapTn ETLKIVOLVOTN TG Yo
EKOTOVTAOEG ONUEior 68 TPOYUOTIKG XpOVO. TNV MEPINTOON TNG TOPOoVONG EPYOSTIOG
N UEYOADTEPT XPOVIKT] KaBLGTEPMON TtapoLGLoLdToy KaTd To0 0TAd0 TNG EVPECC TV

XOPOKTNPLOTIKAV onueimv Kot TNG L vnAGTNoNG Toug e tnv xprion tov KLT.

5.1.2 MelovekTHuoTo,

To BocikdTEPO UELOVEKTNUO TOV TPOTELVOUEVOV UEBGIWV €XEL VoL KAVEL LE TOVE TTEPLO-
pLoUoVE oL TiBeVTOL 6TV Kivnon NG TOVOPOULKHG KAUEPOS KoL TOL TEPIPEAAOVTOG.
Anonteiton n kbpepo va Kiveiton e otabepny toxvTNTo Ko X opic mepLotpoeik kivnon.
Apykd xperdleton vo yivel 1 KTGAANAN €VOLYPEUULOT, BGTE TO ONUEIO GTNV KVALV-
dpikn popen Tov avTIcTOLKEl 0TO T Vo cupuminTel Ue TNV Popd Kivnong T pOUTOTIKNG
TAOTOOPLLOG.

EmunAéov, 10 mepifdAlov Bempeitan ototikd, yior vor umopel 1o poundt ov Oélel
vor 0AAGEEL KOTEHOUVVOT, VOU OTOUOTEEL TNV UETOQOPLKT KIvnom kol vor eKTeAel Tnv
OTOLTOVUEVT TEPLOTPOPT| Y WPig TOV Kivouvo Tpdokpovons. 'Evag devTtepog Adyog ylo TV
omoitnon Tov 6ToTiko® TEPIBAALOVTOC, elval 6Tt dtav TAnolélel éva avTikeipevo v
TOVOPOULKT] KEUEP T, ETELDN M YOVIOL TPOGEYYIONG Elval GyveoTn (N Yovia ¢ TNG ox€oNg
3.18), dev umopel va yivel ektiunomn tov kvdHvov.

Evor oKOULOL LELOVEKTNULOL OQEIAETOL BTNV YPTION XOPAUKTNPLOTIKAY onueiv, ovtl
Yo TopadetyoL TG xpriong ovikelnévav. Hyprion onueiwv yro tnv iyvnidtnon amoteAet
petovéktnuo, yrorti dtorv To onueto eivort Tpog v kortehOvvomn g kivnong, n LETOTOTION
TOV 670 ONTLKO Tedi0 elvor EAGYLOTN 1 AVOTTOPKTN LE TOTEAEGILOL T) TPOTELVOUEVT) LEOOSOC

VO OLTOTLYYGVEL VOL TO Be®PTiOEL EMKIVOLVO KOO KO otV 1) GOYKPOLOT elvol Thov.

Turuo Emoetiung YroAoyiotov



5.2. MeALOVTIKEG OTELOVVOELG 73

5.2 Melrovtikég oteEVOOVOELG

H mopovoo epyocio emdéyetol TOAAEC PEATIOOELS KO EMEKTECELS TOV UTOPOVV VoL
VAOTTOINO0VV UEAAOVTIKAL.

Mo Tpo@oviiG EMEKTOOT EVOL 1 TOTOBETN O TOVOPUULKTIG KAUEPOLG GE UMY OVIGULE
Kivnong ko 1 Afym TpoyLaTIKOV TOVOPOULK®OV oeKoOAoLOL®Y etkdvav. 'ETol uropel vo
emPefortmBovV TO TEPOUOTIKE OTOTEAEGUATO OO TNV YPTON GLUVOETIKAV OLKOAOVOL®V
elKOVOv.

Inuovtikt| BeAtioon yor TNV ¥pNCUOTNTO TNG TPOTELVOUEVNC LeBBSoV B oumoTe-
AOVGE M (PO TOL TEPLOPLGULOV OE TPOG TNV KATEHOLVOT TNG LETHPOPLKT|C KIvnong Ko n
duvaTdTn T TOLTOYPOVNG TEPLOTPOPLKTC KiviioNng YOP® amd ToV KaTakdpueo GEova Tng
KOUEPOLC.

'Evog okOpo tpomog Bedtioongc, o 1tov 1 iy vnA&tnomn ovTiKELWEV®Y 1} OAOKANpwV
TEPLOX AV TNG eIKOVOG, ovtl Yo onueio. AnAodn dev Bo petpléton M petakivnomn evog
onueiov, oAAGE M dlopopd 6To LEYEDOG VOGS OVTIKELUEVOD DOTE VO, UMV VITAPYEL LOLVOLTIOL
ektiunong g emkivduvotnTog, Yo onueio mov Bpickovion tpog tnv @opd kivnong.

EvoALlokTtikd, cuveyilovtog tnv xpnoiponoinon onueiov, elvol duvoth n TUnuo-
TOmOIiNGoM G MEPLOYEG TNG ELKOVOG KOl 1 opodoroinon Tav emkivouvmv onueiov ova
TEPLOY |, DOTE TEPLOYEG e LEYAAO OplOUS emkivduvev onueiov va BempoHvTon GLVOAMKE
emKivouvec.

Mo axopo BeAtioon Oo amotedAovoe n aviikotdotoon tov KLT, elte ue mo
YPNYOPOULG OAYSPLOUOLE ovoryvdpiong kot yvnidtnong onueiov, 1 pe oAydpibuovg
1oV VOGTNPIlovV Ko OPIVIKOUE UETOGYMUOTIGLOVE KOTG TNV 1Y VNAATNGON, OCTE VO
TeETLYOLVOVTOL KAAVTEPO AMOTEAEGULOTO, KOUTAL TNV XPTNON TOVOPOULKTG KEUEPOLC.

TéLoc, peALlovTiKd, M TpoTtetvouevn LéBodog Ba Lmopovce vo emekTadel GTNV YPN-
GLLOTOIN O™ GTEPEOGKOMIKNG TOVOPUULKNG Opaone, Le TNV Porifeta V0 TOVOPOULKHOV
KOUEPAV, OOV EKUETOAAEVOUEVOL TIG SLUPOPETIKES OTTIKES YOVIES TV KOUEPAV, VOL ETVOLL
duvath M extipnon g emkivduvotntog okéuo Ko yio onueio mov Bpickovion otnyv

KotevOuvon g kivnonge.

IMaopyog A. Axovuiovéikng
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