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—WPhplomoinon eivar N O100IKAGIA UETOTPOTHG EVOS
poaixod ueyéBoog oe wnioxo, e otoyo v amobikevon,
dioyeipion kot eLELEPYOTIA TOV GE WHPIAKE VTOAOYLOTIKG,
oVOTHUOTA.

IIpdAroyoc

H ynotonoinon propei va opiobei og Eva péco yia n dtatrpnon e Tinpo-
eopiag wov apopd otnv 16Topia, STV TOPASOCT], GTN YADCGCO, GTNV TEXVT, OTN
Opnoxkeia, ev YEVEL GTOV TOMTIOUO, GUUTEPIAUUPAVOVTOG AKOLO TIG ETIGTAESG
Kot v TeYvoloyio. H dnpovpyio evog ynolokon ovitypaeov £xel 6TOX0 va
GUUTANPADGEL TO, KEVE TOV EVOEYOLEVMG O1LLLOVPYOVVTOL LETH TNV KOTAGTPOON
TOV PUGIKOV OVTOTHTAOV, GAAG KO VO, TPOGPEPEL KAVOTOUEG TPOGEYYIGELS GTOV
TPOTO HEAETNG, XPTONG KAl TPOPOANC TOV aVTIYPAPOV. B0 LTOPOVCE VO TTEL KO-
veig 6T M yneromoinon eivat éva HEGo yo v emiPioon oA Kol TV evioyvon
TOV TOALTIGLLOV KOl TNG 1GTOPIagG.

To mapdv coyypape €xel MG PACIKO GTOXO TNV EI0AYMYN TOV AVAYVAGTN
o1o medio ¢ TpdidcTotnc! (3A) ymeromoinong kon Paciletot o pia TAnddpo;
EMOTNUOVIKOV TNYDV. XTO EXIKEVTPO Eivol (o TPOCSTAOEL GUYKEVTPMONG Kl
TPOPOANG TV PBAGIKAOV 10DV YOp® omtd TG 0pyES Asttovpyiog TV dopdpwV
uefodvV ynelomoinong, Tov TpOTo EQOPUOYNG TOVS, KAOME KOl TIG OVAYKEG
K0l TPOKANGELS TOV TPOKVTTOVY GE EENIPETIKA ATOTNTIKES EQPOPLOYEG TNG OTO
YDOPO TNG TOMTIOTIKNG KANPOVOLLAS. O y®dPOog TNG TOMTIGTIKNG KANPOVOULAG
éxel emheyel MG 10104TEPA EVOEIKTIKOG Y10 TIG TPOKANGELS TOV UTOPOVY VO, EUPOL-
VIGTOOV KATA TV YNOLOTOINoT), GALA KOL Y10, TV TAOVCLH LEAETT TEPMTMCEMY
7OV Umopel va ypnotporotn el yio Eaymyn (pOUOY CUUTEPACUATOV CYETIKA
LLE TNV TPOKTIKY EPAPUOYN TG YNPLOTOINoNC.

Kafog givat ektdg T0U 6KOTODH TOV TOPOVTOG GLYYPAULATOS, TO KEIEVO OEV
nephapPdvel Aentopépeleg vAoToinong yio Kabe pia amod tig pebodovg 3A yn-
@lomoinong, aAAd GUYKEVTIP®VEL éva HeYaAio TAN00g avapopmv ard T diebvn
EMOTNHOVIKY BiAoypaia Kot TpaKTiKy, HEGO amd TNV OToio O OVOYVAGTNG
UTOPEL VUL GUVEYIGEL TNV TPOCMTIKT TOV LEAETT] GE OTOL0, OO TOL E101KA OEpaTO
eMOVUEL VO ETIKEVTPDGEL TNV EPEVVITIKN TOL dPAGTNPLOTNTA.

To oOyypoppo KAADTTEL ETioNG Lo GEPA amd E101KA BENaTA, OTMG elvor To
Kprtplo eMA0YNG TG PEATIOTNG LeBOSOV GVUPOVA LE TIC AVAYKES EVOG £PYOV
YNOLOTOINGNG, TO YUPOUKTPLOTIKA KoL 1] AEITOVPYIKOTNTA TOV AOYICUIK®Y OV
oyetifovton pe v emegepyocio Kot peratponty 3A dedopévov, mapadetypoTo
3A ynolomoinong mov cuvavtiovvtol otn otebvn emotnuoviky Pipioypagio
OAAG KoL YeEVIKOTEPO BEROTO TOV OMOPAETOVY GTIV KOAVTEPT] KATAVONON TNG

Mopamphote 611 0 0pBOG GPog eivor TPIBIAGTATN Ko Ol TPIGSIACTOTY TOV EXEL ECPAUALEVDL
emkpatnost. To 1810 1oyveL kat yia T dd1dotatn og avtifeon pe v E6QaApéEVN diGddoTaTH.
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INEPIEXOMENA

3A ynoromoinong kot oxetiovrot pe PEATIOTEG TPOKTIKEG GLALOYTG dedoUEVEOV
Kol 3A avanopocTdoemy.

H mapovca B’ ékdoon tov cuyypdpupatog dtapopomoteiton amd v A’ €k-
doom, Kabmg Exetl yivel onuovikn poonddeia Pedtioonc 6A0V TOV KEWWEVOU,
oAdoyn kot PeATioon OA®V TOV EIKOVAOV, OVOVEMGT TOV KEWWEVOV GOUOOVOL
Le TIg ovyypoveg eEeriels, aAAG Kot TpocONKN VE®V TANPOPOPLDOV, OTMS Y10
TOPAdEYpa 1) E101KT OVOAVTIKY] TOPOVGIOCT LE TPOKTIKEG GUUPOVALS Yo TNV
EQUPLOYN TN TAEOV O10.0€00UEVIG, ONLEPT, POTOYPAUUETPIKNG LeBASOL e TOV
titho Aopn and kivnon, émov meprhapfavovial TAE0V TPUKTIKEG CLLPOVAES
EQOPLOYNG AKOUN KO GTNV TEPIMTMOOT YPNONG CLOTNUATMOV [T EMAVIPOUEVOV
aepookapov (ZunEA) 1| drones.

Avéarng Kovtooivong & Tawpyog [oviiong,
2019.
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—Computer graphics started with the display of data
on hardcopy plotters and cathode ray tube screens
soon after the introduction of computers themselves.
It has grown to include the creation, storage, and
manipulation of models and images of objects. These
models come from a diverse and expanding set of
fields and include physical, mathematical, engineering,
architectural and even conceptual structures, natural
phenomena and so on.

Foley, van Dam, Feiner, Hughes

3A ypa@kd DVTOAOYIGTOV

1.1 Ewayoym

310 KEPAAMIO OVTO EMXEIPEITAL 1OL GUVTOUT EICAYMYTN GTO OVTIKEIUEVO
TV 3A YpagiKdV VToAOYIoT®V. Baoikdc Adyog vrapéng Tov Kepaiaiov eivor
1 TPOVGINGT KATOLMV EIGAYMYIKMV EVVOLDV, 01 OTToieS ivol amapaitnTes yio
™ HeTEMELTa KATOvON o TV nefddwv 3A ynelomoinong Kot Tov dedopEVeV
7OV TPOKVTTOVV amd avTEC. To KePAAno TEPIAAUPAVEL Lio, OVTOUN IGTOPIKN
VOO POLT GTO YDPO TV YPUPIKDV VITOAOYIGTAOV EVOD TEPLYPAPEL TO TAEOVEKTY|-
pato Tov 3A Ypoeik®v g oyEoT Ue To yneloypaeikd (bitmap) ddtdotata (2A)
ypaoud. Zvveyiletl pe avapopég oe TeXVOAOYIES amEKOVIONS 3A YPOUPIK®VY Kot
o710 Pacikd dopukd otoryeio evoc 3A HovTELOV, KAOMS KAl GTIC AOYIKES OVOTTOL-
POCTACELS GE TPOYPUUNATIOTIKO eminedo. [lepthapfavel avapopég og e1d01KES
TEYVIKEG OLVOULKNG SLOUOPP®ONG TV 3A LOVTEA®V, EVD YIVOVTOL TTEPLYPAPEG
Tov pedddmv dopmong 3A Sukprtov emeoveldv (3D models data structures)
KOO Kol TOV SOIKAGIOV ATEKOVIONG 1| «OTTIKOTOINGNS» Tovg (visualisa-
tion). Emiong, yivetan pio eicoywyn oty opoioyic Tov (pnoLLOTOIEITAL GTO
y®po Tov 3A ypapikav. Kabdg n oporoyio avty| Exet g pileg g otnv AyyAikn
YADGGO Kol 1 amddoon e oty EAAnvikn eite dev €xet opiotikomomBet gite
dgv emkpdrtnoe, Oempeital YpMGIULO VO VITAPYEL L0 TAPAYPOPOG TOV CUYKE-
VIPOVEL TOVS PAGIKOVG OPLGHOVS, AVEAVOVTOS ETCL TNV UTOVOLLN TOV KEWEVOD.
To kepdralo KOTOANYEL € OMAD TOPASELYLO TPOYPAUUOTIGHOD 3A YpapIKOY
pe  xpnon g Pprodnine Open Graphics Language (OpenGL). Ot teyvo-
AoYiEeg YPOQIKGV TTEPLYPAPOVTAL HE TETOLO TPOTO, DGTE VO dMGOVYV GTO UECO
avayvaoot po Tpmtn yevor. [ peyaddtepn avaivon e vAomoinong tov
TEYVOLOYIDV aVT®V Bo Tpémet Kaveig va avatpéEel ot oyetikn Pifloypapia.



KED®AAAIO 1. 3A TPA®IKA YIIOAOTI'IETOQN

Q¢ ypagika vwoloyioty (computer graphics) opilovue tic oovleri-
KEC OTEIKOVIOEIS AVTIKEIUEVWV KOL OEOOUEVMV LE TH XPHON DITOAO-
yioty. Hpaxtikd, oe Eva yneioxo vwoloyioTiko oOoTHUO, OTIORTOTE
0€V EIVAL KEIUEVO KO YOG EIVOL YPOPLKC.

[N tovg e181K00E TOL YMPOL, 0 OPOC AVTOHS CLVNOMC EUTAEKEL KoL TN S1d-
dpacn avOpdOTOV-VTOAOYIGTY, GUUTEPIAAUPAVOVTAG TN dNpovPYia, TO YEPL-
GO, TNV AVAALGT KOL TIV OAANAETIOPOCT] YNOLOKOV ATEIKOVICEWDVY LLE TN ¥P1ION
vroloyiot. [To teyvikd, ta ypapud opiloviar mg 1 dnuovpyio, enelepya-
clo Kol TapovGiaoT cLVOETIK®Y EKOVAOV e TN ¥pron vroAoylot (Akenine-
Moller and Haines, 2002; Foley et al., 2005; Spalter, 1998). Kémrotot amd tovg
Topeic otovg omoiovg PBpickovv epappoyn to 3A ypaeikd gival Ta nAekTpo-
VK@ ouyvidio, n TMAEOPACT, 0 KIVNUATOYPAPOG (.. TO EOIKE OTTIKG EQE),
T YEOYPOAPIKA TANpoPoploka cuotipate (Geographical Information Systems
(GIS)), n ontikomoinom dedopévov (.. 3A OTTIKOTOINGT YNUIKDOV EVOCEWDV),0
Bropmyovikdg oyedacpog (m.y. aviioTpoen UNYOVIKY], KOTOCKELT TPOTHNTWV),
N 10TpIkn (7% 3A OYKOUETPIKT OTTIKOTOINGT AEOVIKMV TOUOYPAPLDV), Ol TPO-
COUOIDGELS (T.)Y. PEVGTOSVVOLIKY), 1) EIKOVIKT TPAYHOTIKOTNTO (7). Stodpa-
oTKéG 3A TEPIYNOELS), KOOMG Kot 1 d1d300T TOL TOAITIGTIKOD AToBENATOC.
O1 dvo PBacucég katnyopieg otig omoieg o propodoe Koveig vo dioywpicet To
2A ypaoewd (Ewova 1.1), givar (o) ovtd TV SIOVOGLOATIK®Y EKOV@OV (vector
graphics), o1 omoieg amoteAovvTal 0md avtikeipeva oyediaons (Ypapués, opbo-
yovia, EAdetyelc, 1d&a, kKAT.) Tov Pacilovtol o€ e101KA padnpatikd povtéda, Kot
(B) o1 yaptoypapikég | yneloypaeikés ewoveg (bitmap graphics) mov avamopi-
OTOVTOL OG £Vag O10140TATOG TIVAKOG SIUKPITOV TILOV He dootdoelc N x M
gikovooTtotyeiov (pixels!). Ot sicdveg avtég yopoxmpilovron amd:

* Awotdcelg, yuo mopadetypo 1024 x 768 pixels.

* Avalvon (resolution) og povadeg pixels per inch (ppi): mpokeTol yio
TNV TUKVOTNTO TV EIKOVOGTOLYEI®MV 0VE, LOVASO, LKOVG/TAATOVG GE Lid,
006vn. AvtioTtotya 1 avaivon katd TV eKTHTOOT (TVKVOTNTO EKTVTT®-
onc) oto yopti opiletar oe povadeg dots per inch (dpi).

* Xpopatiko padog (colour depth): To TA00G TV SLOKPITOV QOCUATIKGV
GLVIGTOCAOV KOl TO E0POG TNG OLVOLIKNAG TEPLOYNG TV TIUOV T®V pixel.
INo mopddetypio, 6€ Lo TUTIKT GVOKELT] ATEIKOVIGTC VTAPYOLV TPELS G-
VIOTOOEG YPOUATOG (KOKKIVO, TPpActvo, umhe) pe 0-255 dwofabuiceig yia
kdOe cuvictooa. H cvokeun avty Aéyetar 6Tt éxel fabog ypmdpartog 24
bits per pixel (bpp), kabdg kGOe cvvictdoo amattei 8 bpp kol cvve-
O N GUGKELY BT PIOpel va ametkovicel cuvolkd (28)3 = 224 =
16.777.216 drapopeTikd ypdpoTa.

10 6pog pixel mpoépyetar omd ) cHvrunon Tev dpwv [pictjure [el]ement — pictel — pixel.
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KED®AAAIO 1. 3A TPA®IKA YIIOAOTI'IETOQN

. RETRIEVAL

Ewova 1.1. PRoioypapikés kot O10V0oUOTIKES EIKOVEG.

Avrtifeta pe pio ynookn ovo 500 dlaoTAcE®V, [o IKova 3A Ypoeikdv
dev givar duvatd va avamapictotor o¢ Evag wivakag and pixels aAld g (o
AOYIKA Sopunpévn oVAAOYN amd 3A OVTIKEILEV TOV TEPLYPAPOVTUL OO EMLPE-
velgg (facets) ko kopveég (vertices) opiopéveg atov 3A ydpo. BéPata, kabe 3A
EIKOVA TEMKA TPoPAALeTOn GE Uia TUTIKY 000V Le duvaTdTNTA JOIACTUTNG
poforng. Avtd yivetar pe T ypNon EWIKGOV odyopiBumv Kot HobnuatiKodv
UETACYNLOTICUOV TOV TPOPAALOLY [ KATAAANAN dym g 3A ewdvag 610
eMinedo anekoviong tng 00ovng.

levikd, ta 3A ypagikd meptéyovy TANPoPopio TOV APOPE GTN YEMUETPIKN
Soun Kot 6TV VEP? TOV OVTIKEEVOVY oV ametkovilovv. Ta 3A ypagikd on-
LLLOVPYOLVTaL €(TE €K TOV PNOEVOG L T Pondeila eOIKELHEVOL AOYIGLUKOD GE
NAEKTPOVIKO VTTOAOYIGTY, lte pHéc® dradikacidv 3A ynelonoinonc. Ta 3A ypa-
O amoTehoVV éva moAvmoikiho medio Epevvag pe pio omd Tig Pactkéc Tov
TEPLOYES VO APOPE GTNV ATO0CT] POTOPEAAGTIKAOV YNPLOKDV OTEIKOVIGEDY
pe 660 to duvatd peyarbtepn moTdTTA Kot akpifela.

H yprion 3A ypagikdv Tapéyel o euyEPELN TAPEUPACEDY AT TO XPNOTN.
O mopepfaoetg avtég umopet va givar SopKEG 1 OTEIKOVIGTIKEG KOL VOL ETLTPE-
ovV (0) TNV EL0AYMYT], GQAIPEST, LETAKIVIION KO TOPAUOPPDOT| OVTIKELLE-
vav, (B) ™ Slopdpe®on Tov eeTIGHOV Kot TG okiaong (shading) avtuceipévay,
(v) ™ yopToypaenon veng (ONANST TNV GVTIGTOLYLION KOS YNPLOYPAPIKTG EUKO-
VOG GTNV EMLPAVELYL EVOG OVTIKELEVOD, LE OTOTEAEGLA EVOL YEDUETPIKO OVTIKEL-
LLEVO VO OTOKTA TV «VEN» KATO10V VAKOD), (8) TN p®TOPEAMOTIKY 0mddoon
(rendering), dnAadn N petatpon tov 3A poviélov og po 2A gwdva, 1 KO-
vooelpd (Pivteo), pe GLYKEKPYEVEG TPOdAYPOPES 1] EMOVUNTA OTOTEAEGLOTAL
(avaivon, Badoc ypoudtmv, KAT.).

O teyvoroyieg amekoviong 3A ypaeikov uropodv va taivoundovv oe
TPELC YEVIKEG KOTNYOpPies, Ol omoiec onuepa, dedouEvng g eEEMENG TG Te-

2310 YOO TOV YPOPIKGOV e VIOAOYIGTH, 0 HPOG «LPN» YPNGIHOTOLEiTAL YL VO OpiGEL TNV TEMKT
HOPOT HE TNV 0moi0, ELEOVICETAL £VO OVTIKEIIEVO KOl MG €K TOVTOL GTUOIVEL OVGLUGTIKG TO
CUPDOUOY.
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YVorOYlaG Kot TV aAyopiBumv YpoeikdVv VTOAOYIoT®V, TapoLGlalovy Kowd
onueio:

* H ameikévien o€ wpoypotiko ypovo (real time 3D graphics) facileton
G€ TEYVIKEG KOl VAOTOMGELS E0IKAV alyopiBumv o vAkoteyvikd €Eo-
mMopod (hardware) Kot GUYKEKPULEVE, OTIC KAPTEG-EMTOYVVTEG YPOPIKMDY
(3D hardware accelerators graphics cards). H mpdodog tng cuykekpiué-
VNG VAMKOTEYVIKNG DITOSOUNG EMLTPETEL GYLLEPO TNV EKTEAECT] OATOVI POV
VTOAOYIGUAV POTIGUOD KOl YPOUATIGULOD TOAVTAOK®OV ETPOVEIDV GE
TOAD YP1Yopoug puoiovg (TLUTIKA 6€ TPAYUATIKO ¥pOVo). Q¢ €K TOVTOV,
1 TOWOTNTA TOV ATEKOVILOUEVMV YPOPIKAV TOL GE TPOTYOVLEVES OEKOL-
£Tiec BePOVVTOV «KIVIHOTOYPOPIKT», UTOPEl oNepa va emitevybel o
TPOAYUATIKO YPOVO GE VOV TUTIKO TPOCHOTIKO LITOAOYLIOTY. Av Oa émpene
VoL avaQePBOLV LEPIKES OO TIC OLVATOTNTEG TNG OAOEVH Kol AVEAVOLLEVTG
MoTag SUVOTOTATOV OV TOPEYOVY Ol CNUEPIVEC KAPTEG YPAPIKDOV, TO
nmopakdto Oo propovcay va cuvoyicovv Tig eEediels: (o) voAoyiopol
okiaong og kdBe siovootoryeio Tov oyedialetal, (B) yeopetpikol peta-
oynuoticpol, () moAlomAd «mepdcpatoy ypopatog (lightmaps, detail
textures), (8) peydlo dvvapkd evpoc marétag (48-128 bpp ypoua), (€)
ATEWOVIOT AvayAueov (TAnpoopio VENS), (0T) eEOPAAVVET ETPOVEIDOV
kot ypopupdv (MIP mapping | mipmapping), (£) £éEvmvn andkpoyn meptit-
TV empaveldv, () tpoypoppatilopeva epé (shaders, normal mapping,
displacement mapping, kAm.). O ITivakag 1.1 divet pia cuykpitikn ewova
YOPOKTNPIOTIKOV EMOOCEMV GUYYPOVAOV ETTUYVLVIOV 3A YPOOIKMV.

* H potopeaiotiky 0m660061 £lval 1) OTTIKOTOINGT LOG «OKNVIAC» 3A
YPAPIKAV LE PEAMOTIKO TPOTO, £TCL DGTE VOl EMLTEVYHOVV LYNANG TTOL0-
TNTOG KO TIOTOTNTOG oONTIKA 0ALG Kol PEOAMOTIKA ATOTEAEGLOTO TTOV
oyetifovtal He T0 PAOTIGUO, TN POTOCKINOT], TIC UVAKAICELS POTOG, TIG
avAYALQEG EMPAVELEC, TNV TEXVNTH ATOS00T VYPOV, aePiOV Kol SLopa-
vewg N nudapdavelng. H potopeaiiotiky amddoon Paciletarl o aiyo-
piBrovg mov amaitohv VYNAN VTOAOYIGTIKY 1oYD Kol ENEEEPYOUCTIKO KO-
GTOG Yot TNV €MTEVEN TNG TPOCOUOIMONG LOONUATIKOV HOVIEADV Q-
TIoHoV, okiaong oAAd Kot kivnong Pacet tov vopwv e euoikng. Ot
aAyop1OUOl POTOPENAOTIKNG ATOO00TG EIVOL GTIV TPALYLOTIKOTNTO TPO-
GOUOLMTEG TNG 01000 G KO S1IYLONG TOL PMOTOS PHECA GE £val O1aKplTo 3A
nepPdArov. Evag amd toug d100€d01EVOLG alyopiBoNg QOTOPEUMGLOD
Baciletor oty yyvnhacio g dodpoung mov akorovbel péca atnv 3A
oKknv1 o déoun eoToc (ray tracing), n onoio EeKva amd Lo GUVOETIKN
YN eTog Kot cuveyilel tnv mopeia G 610 YOPO KabDG vEicTOTOL
avdxiaon, dtbiacn 1 mepibraon and ta avtikeipeva g 3A oknvig. H
VAOTOINGT TG POTOPENMGTIKNG OO0 g G Wiaitepa ToAvKkAokeg 3A
OKNVEG amalTel TOAAES POPEG T YPTOT] CLCTOLYLDV VITOAOYIOTAOV, YVO-
oT®V ¢ rendering farms. Mia diadedopévn TpocEyyion katd T xpnion
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Mivokeg 1.1. Evieiktikog o0ykpItikos mivorog oOyxpovwy emtoyovicy 34 ypagikav.

Feature Nvidia AMD Nvidia Nvidia Nvidia
GeForce Radeon RX GeForce GeForce GeForce
GTX 1050 580 GTX 1070 GTX 1080 GTX 2080
3GB Ti

GPU GP107 Polaris 10 Pascal Pascal Turing

(GCN 4.0) (GP104) (GP104) (TU102)

Process 14 nm 14 nm 14 nm 14 nm 14 nm

Shader Units 768 2304 1920 2560 4352

Texture Units 48 144 160 160 272

ROPs 24 32 64 64 88

Core Clock 1392 MHz 1411 MHz 1506 MHz 1607 MHz 1350 MHz

Memory Data 7 Gbps 8 GT/s 8 Gbps 11 Gbps 14 Gbps

Rate

Memory bus 96-bit 256-bit 256-bit 256-bit 352-bit

Memory 84.1 Gbps 256 Gbps 256 Gbps 256 Gbps 616 Gbps

bandwidth

Memory 3GB 4GBor8 8 GB 8 GB 11 GB

Capacity GB GDDR5X

3D APIs DirectX 12, DirectX 12, DirectX 12, DirectX 12, DirectX 12,
OpenGL 4.5, OpenGL 4.5, OpenGL 4.5, OpenGL 4.5, OpenGL 4.5,
Vulka Vulkan Vulkan Vulkan Vulkan

TDP 75W 185 W 150 W 180 W 260 W

Power - 1x 8-pin, 1x 1x 8-pin 1x 8-pin 2x 8-pin

Connections 6-pin

Power Supply 300 W 500 W 500 W 500 W 600 W

TV rendering farms €ivol n KATATUN G TOV EPYACIOV POTOPEAMCTIKNG
AO00GTG KOL 1 KOTOVOUT TV TUNUATOV GE S10QPOPETIKOVG VITOAOYIOTES
(Tunpa pog eidvog 1 vOg 0AOKANPOL KapE GE TEPITTMOT EIKOVOCELPHV
avatifetar oe cuykekpuévo vroroyiot). Kamowo dSnpopidn Aoyiopucd
3A HovTeELOTOINGNC E EVOMUATOUEVOVS OAYOPIOOVG PMTOPEAMTTIKNG
anddoong etvat ta 3D Studio Max, Blender kot Cinema 4D.

* H pn 9ootopeaMoTiKi] 0w660061 000opd eVOAAAKTIKEG LEBOSOVE OTTL-
Komoinong 3A YpapIK®V e KEVIPIKO GTOYO TNV EMITEVEN S0POPETIKAOV
Ao TIKGV, OTWOC Y10, TOPASELY O CVVOETIKEG VEPOUTOYIES, OKITGO 0md
poAvPt, mvédo {mYpaPIKNG, OMTIKOTOINGT CUYKEKPILEV®V YOULPAKTNPIOTL-
KOV G 3A yeouetpiag (G1A0VETA), OTTIKY EVICYLGT TOV AVAYALEOV UioG
EMPAVELNS, TPOCOUOIWOT OKTIVAV-X, KAT.

Ymv Ewoéva 1.2 mapovotdletor mapddetypo un-@oTopedMoTIKNG omddo-
o1G o1 SNUIoLPYI UI0G SLOOPUCTIKNAG EPOPLOYNS EKOVIKOD LOVGEIOD, GUYKE-
KPLEVO TOV LOVGEIOV TOV amoMBwpEVOD dAcovg TG AéoPov, dov evd 1 Yem-
petpio Tov xdpov eivar opHnN, n ven eivar amdivta TeXyNTA (KOt UN-peCAOTIKT).
H teyvikn avt ypnotpomombnke kabmg 1 epapproyn tpoopilovtay yio ypnon
OTO ECMTEPIKO TOV LOVGEIOD KOl dEV VINPYE AOYOS VAL TAPEYEL L0 TOTH OV~
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Ewéva 1.3. Pwropealiouos ue o Aoyiouixoé Blender 3D — Classroom Demo Scene.

TAPAGTACT TOV YOPOV HEGH 6TOV omoio Pprokdtav. Xtnv Ewdva 1.3 mapov-
o1dletan TVTIKG TOPASEIYIO POTOPENATTIKNG 0TAd0oNG Mg TePITAoKTg 3A
GKNVIG.

Av Ba énpene va avapepbovv kdmoieg mepiodot-opoona otV eEEMEN TV
YPOPIKDV VITOAOYIGTMV, QVTEG Eivat ot €ENG:

* Agkaetia Tov 1960: [Tepiodog KoTd TV 0TTOi0, TPOYUATOTOLEITAL 1| TPD-
W €peuva Kot avantuén g Bewpiag 3A ypapikdv, 1 oroia Opwg Ppi-
GKETOL TEPLOPICLLEVT] OTMOKAEICTIKG GE GTPATIOTIKOVG KOl OKOOT|LOTKOVG
XDPOLE.
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* Agkogtia Tov 1970: Avantuén g «d1acoAnveaonoy arsikoviong 3A ypa-
owov (3D graphics pipeline — meptypdeeToL TOPAKAT®), EVD TOPAA-
AnAa 1 EQOUPROGHEVT £pEVV EGTIALETOL GE CTPATIOTIKES TPOCOUOIDGELS
KoL T oYediaom 6To Yhpo TG avtoktviToPlopnyaviag. H teyvoroyia 3A
Ypaek®v apyilel va Ppiokel epapuoyég otn Popnyavio Tov KIvnueto-
vYpbpov.

* Agkogtio Tov 1980: Avantuén piog oelpdg onpavTik®v aAyopifuwmy onti-
Komoinong, feAtimon g TodOTNTAG AMEIKOVIONG TV YPOPIKDV LLE GTOYO
™V KAALYN avayk®v e PBopnyaviog Kivnpotoypdeov. Ty idia dexa-
i, TopovclalovTal Ol TPMTES YEVIKEVUEVES EUTOPIKEG EQAPLOYES GYE-
dlaong ko emeEepyaciog 3A ypaeikdv, EVM KATOLES Amd AUTEC TAPEXOVY
Kot SuvaTOTNTEG ONpLoVpYiog Kivnong.

* Agkoagtia Tov 1990: Avamtuén eEeMypévov TeYVIKOV Kot aiyopifumv
(POTOPENAOTIKNG OTTIKOTOINGNG, LE EGTINGT TNG EPEVVNTIKNAG TPOCTA-
Be10¢ o€ Bépata 6mwg 1 kivion (animation), 1 cvALOYN dedopévav (po-
vtehomoinor kot 3A ynoeromoinom), 1 Kodikoroinomn, oAAd Kot Bépata
EPUPLOYDV TOV VOLWOV TNG PUCIKNG KO TIG UN-QOTOPEAMOTIKES OIT000-
o¢lg (non-photorealistic rendering). [Topdiinia, diveton Epupacn ota 3A
YPAPIKE TPOYHOTUKOD ¥PpOVOL KOl GTNV OAANAETIOPACT| [LE TO XPNOTN.

o Yfuepo n potopeaMoTikny anddoon ayyilel mAéov emimeda aAnbopd-
VELG TETOLO MOTE VO ATOTEAEL TAEOV TPOKANGT) O SLOYDPIGHOG LILOG GUV-
Oetikng amd o wpoypatikn ewove (Eudva 1.3). [Hopammpovvtar Eviova
POVOUEVH DGUMONG OTLG EPEVVNTIKEC TEPLOYEG TNG 0PN VTOAOYIGTMV
(computer vision) ko1 TV ypapkov. [TAéov, o TAndopa amd KapTes
YPOAPIKAOV SOPKADC ALEAVOUEVIG DTTOAOYIOTIKNG 1GYVOC VAOTOLOVV TNV
TPOPOAT POTOPEAMSTIK®OV 3A GKNVOV GE TPOYLATIKO YPOVO.

A&iler va avopepbel o 0To TO oMpEio TMG 01 TEPLGTOTEPES EEEMEEIC GTO
YOPO TV 3A YPAPIK®V TPOEKLYAY TEMKE amd TIC avAyKeS TG Propnyoviog
KWW ULOTOYPAPOV, TOV CTPATIOTIKMOV EQAPLOYDOV KoL TOV EPUPUOYDV EVPETNG
KOTOVAA®GNG, OVOUESO OTIC 0Ttoieg evtomileTal 1 Prounyavio NAEKTPOVIKMV
TOLYVIOIDV.

1.2 Amewkévion 3A povrérlov

H Sucoivoon? me anewoviong evog 3A povréhov (3D graphics pipeline)
ave€aptnTo amd TIg TEXVIKES OVOTOPAOTOCNG TOV XPNGIoTolovvTol BacileTot
ota €€ng (Ewdva 1.4):

30 6pog «SracoMvacny amotelel petapopd oty EAAVIKY YAGGGA TOL avTioToryoy ayyAikod
opov “pipeline” mwov ypnopoToLEiTaL Y10 VoL SNADOEL L0 GUYKEKPIUEVT POT| EPYOACIDV TPOG EVOL
emOuuNTO AMOTELEG LA
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Ewova 1.4. Anuiovpyio kar mpofoliy 34 ypapikav oe 24 povada e&odov.

* Opwopdg avrikeipévov kot 3A oknvig (Ewova 1.4.1): M 3A oxnvi
amoteleitar amd Eva cOVoLo 3A avTIKEWEVOV KABMG Kot amd dedopéva
mov opifovv TV TANPOEOPIo. VPTG TOV ETPOVEIDV TV OVTIKELUEVOV
(.. ynoeoypaekég ewoveg texture map). Emumiéov, mepiapfdavovron
TANPOPOPIEG TOV APOPOVV GTIG GLVONKES POTIGHOD, TN BEom Kot T pé-
00d0 TopaTNPNONG TNG OKNVNG KOt TOV TPOTO LE TOV 0Toio peTafdiio-
VTl To avTIKEIPEVO g TTpog T B€om Kot TN Hopen Tovg (animation).
Ot dopég dedopévov tav aviikeipevoy kabopiloviot ¥p1cILOTOIDVTOG
pio M Ko TEPIOCOTEPES TEYVIKES avamapioTaoTg kol opilovtol apyucd
6€ £VO TOTIKO GUCTNUO, GLVIETAYLEVOV £QAPUOLOVTOS GLGYETIGUEVOVG
petacynpatiopovgs (affine transformations — Siatripnon topariniiog).
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* IN'eoperpikég Metasynpatiopdég Movrérov (Ewova 1.4.11): Katd
Sradikacio avt epoapudloviat o okolovdio GLGYETICUEVOV LETOTYT)-
LOTICUMV LE GTOYO TNV TPOGAPLOYN TOV 3A GVTIKEILEVOV GTO GUCTN O
ouvtetaypévov Tov tapatnpnti. O mapatnpnTig 0TOV EIKOVIKO KOGLO
™G 3A oKNVNG amoTeAel TPOAKTIKG P0l EIKOVIKT «KAEPA, Y10 TV OO0
opiletatl éva ouVoLo TapapéTpmy oL Kabopilovy Tig cuvOnKeg TopaTh-
pnong g oknvng. Ot apapetpot avtég apopovv otn BEon Tov mapaTn-
pnTn HESH GTO YMPO, TOV TPOTO TPOPOANG TNG SKNVIG (TT.). opBoypapiKn
N TpoonTIKN TPOPOAN) TAVE® GTO EMIMESO TAPATNPNONG, TO ONUEID EOTI-
0o™MG, 0ALA Kot ToL OPLoL TOV YOPOL TOV ATOTVIOVOVTAL TAV® GE ALTO TO
eminedo (Opla amoKonng - clipping).

* Yrohoyiopog Poticpov (Ewkova 1.4.1ii): YroAoyiletol o QOTIGHOG TOV
EMPOVELDV (T.). AVOIPOUIKT AVAKAACT] POTOG AVAUESO OTIC ETUPAVELES
TOV OVTIKELEVOV, VTOLOYICUEVT] CNUELKA LLE XPTIOT) TEXEPAGLEVOL TTAN-
00oV¢ TPOGTTTOVGMV KOl OVAKADUEVOV OKTIVOV POTOG) GOUPOVA UE TIG
B£0€1G KOl TO YOPOKTNPIOTIKE TOV TPOKABOPICUEVAOV TTNYDOV POTOG KOl
TO YOPOKTNPIOTIKO TOV EMLPOVELDV TOV AVTIKEWHEVDV (OEIKTEG AVAKAQL-
ong, 61abiaong, TpayvnTag, Ka). Ot cOYYPOVOL ETLTAYVVTES YPOPIKMV
SL0B£TOVY EVOMUOTOUEVEG VAOTIOGELS OAYOPIOL®Y TOL EKTLLOVY OA0L TOL
TOPATAVE & PIKPOHS YpOHVOLS, VTTOAOYILOVTOG TO OPAKTPLOTIKA QOTL-
GLOV €lTE LOVO GTIC KOPLYES TOV EMPOVEI®V TNG 3A yempetpiaog gite o
Ol0KPLTE TUNLLOTO TOV EMPAVEIDYV, £TCL, MOTE Ol OVOYKOIEG EVOLAUETES
TILEG OTIG EMPAVEIEG TOV OVTIKELLEVOV VO VITOAOYILOVTAL [IE S1UOIKUGTES
mapepPorng (interpolation). H cuykekpiuévn tpocéyyion cupufaiet oty
OTOTEAEGLOTIKOTNTO TOV EMLTAYVVIOV 3A YPAPIKOV GTNV TOPOLGINCN
PEAMOTIKA POTOCKINGUEV®Y GKNVOV GE TPOYLLATIKO YPOVO.

* Amaroin kpo@eav emeavel®v (Ewova 1.4.iv): Mo empdavelo «amo-
KOTTETOW OTAV TO SLAVUGHO TTOL TPOGOLOPILEL TOV TPOCSAVATOMOUO TNG
oynuatiel yovia > 90° pe to didvoopa 6¢ong tov mapatnpnty. [pa-
KTIKE, OTIONTOTE OEV £lval opaTd GTOV TapaTPNTY, AAd, e&atpeital amod
TOVG VITOAOYIGLOVG A0S0 G TG OKIVIG.

* Amokom] TUNRATOV avTIKEPNEVOVY TToV Bpickovrar ekTég opiwv (Ei-
kova 1.4.v): H 8éom tov mapatnpnt meptlapPavel mapapéTpovs mov
kaBopilovv to TuApa Tov 3A YOPOoL TO omoio Bo KaTtaANEEL TAVE® GTO
eminedo mpofoing. Onmg Kol 6TOV TPAYUATIKO KOGHO, O TOpOTNPNTAS
€xel éva TEPLOPICUEVO EVPOG OMOGTACEWDY GTIC OTOTES WITOPEL VO, TOPOLTY)-
pnoet avtikeipevo. Ta TUAUATO TOV AVTIKEILEVOVY TOL PpiokovTol eKTOG
TV opiov avT®v o Aappdvovtal VITOYN 6TOVS VTOAOYIGHOVG.

* IIpofoif T oKkNVi|G 670 eminedo wapatypnong (Ewodva 1.4.vi): [lept-
AapPaver T S1dIKaGIo LETOGYNUATICHOD TNG OKNVAG o€ 2A ynoloypa-



KED®AAAIO 1. 3A TPA®IKA YIIOAOTI'IETOQN

PIKN €IKOVA, TO TEPLEXOLEVO TNG OTOL0G TPOKVTTEL OO TO LLETACYT|LLOTL-
o6 TpoPoinc ™ 3A oknvig oto 2A entinedo TpoPoing mov opileTon amd
TIC TAPOUETPOVG TOV TAPOTIPNTY.

* Amédoon winpogopios veNs (Ewova 1.4.vii): [Na kébe €va amod ta et
KovooTtotyeia TG 2A gkdvag VIToAoYileTal To YPON TOL TPOKVTTEL OO
TN OPTOYPEPNON YNPLOYPAPIKMV EIKOVOV TAV® GTIG EMPAVELES TmV 3A
povtédwv. H minpopopia veng eivar 1 yopikr| Sepdpemon Twv ToloTl-
KOV YOPUKTIPIOTIKDV TNG EMPAVELLSG EVOG OVTIKEILEVOD (YPDLUOL, S10pa-
VELWN, aVAYALQO, opaAdtnTa, KoK). H dtadwkacio amddoong g veng o€
Kk@0e onueio ¢ eMEAavelng OVOLALETOL OTEIKOVION 1) AVTICTOTYIOT VPTG
(texture mapping). Eivor 1 emucdAloym g yeopeTpiog evOG AVTIKEILEVOL
ue pio eikdvo (image mapping) mov mpayotonoteiton o€ £va 2A Kovovi-
KOTOINUEVO Y®po pe TNV ovopacio UV space, evd 1 dtadtkocio ovopdle-
tar UV mapping. Zmn dtadikacio avti, Yo KAe Kopuen TG YEMUETPIOG
evog 3A avtikeévou amobnkevetan £va (edyog cuvietaypuévov (u,v).
"Evoc ovyypovog emtayuving 3A ypooik®v UTOPEl Vo, OVOTOPACTHOEL
oA meP1ocoTEPa 0o 30 S1oeKATOUUDPLL EIKOVOSTOLXEID LLE TANPOPO-
pio vong (Yvootd kol og textels) ava devteporento (texture fill rate). H
¥XPNON TNG TANpoPopiag LENG (textures maps) ATOCKONEL GTNV OTOd00N
PEOAMGHOD OAAG KO GTNV TPOGEYYION TG OMTIKOTOINGONG XOPUKTNPIOTL-
KOV KATOLOV ETLPAVELDY OV LE KAACIKN povielomoinon Ba ftov dv-
okolo va arodoBodv. Kabmg sivor n drtadikacio pe v omoia amodideton
POTOPEVAGLOG GTN OKNVN, 1 ¥PNON VONG VYNANE TIOTOTNTOS LUTOPEL VoL
Bonbnoel ot peimon TG AmOITOVUEVIC YEDUETPIKAG TANPOQOPIaG Yo
70 1010 avTIKEIpLEVO.

Sopeova pe perétn tov Cho et al. (2003) ot meprocdTEPOL GvOp@TOL
Bewpov TV TANPOPOPic VONG TO CNUAVTIKO YOPAKTNPIGTIKO Yo TNV
EMTEVEN TOTOV PMOTOPEUAMGHOD GE LA EKOVIKT] OKNVY YPOPIKOV GE
OY£0N e T AETTOUEPT] YEOUETPIKT ToAVTAOKOTTA?.

* IIpofoin — Anewkovion (Eucova 1.4.viii): H tehkn eicova tpofdateton
670 ¥pNoT pHéow piag povadag e£60ov, OTmG eivar 1 006vn 1 0 eKTLTTO-
¢ (Koutsoudis, 2010; Papaioannou, 2001).

YEmonpaiveron 6Tt avénpévi yeopetpikl TAnpopopio onuaiver peydhn axpifew kar ovaioon
(TUKVOTNTO) KOl GLUVETMG TTLO AETTOUEPTG YVAGOT) TNG SOUNG €vOS 3A avTikeéVoL. AVTioToya,
avENUEVN TANPOPOPia VNG OTUAIVEL AETTOUEPESTEPT] YVADGT TOV POCUUTIKOV ETIPAVEINKDV
YOPOKTNPIGTIKAOV TOL AVTIKELEVOV. Idaviicd, ot 600 avtéc TocoTNTEG TANpOPOpiag O Tpénel va
gtvor ot peyovtepeg Suvatés, 0ALG eite AOYO1 O1KOVOULOG VTTOAOYIOTIKDV TOPWOV GE ONEIKOVIGELS
(ko paMoTa ePOPUOYEG TPAYUATIKOD XPOVOL) gite AOYOL OKOVOWING amobNKELTIKOD YDPOV,
0dNYyovV GE o GLVTNPNTIKY 6TAGT oTdOoNg LeTaED TV 6V0 VTV TOGOTNTMV OVAAOYQ e
™V EQUPLLOYT.
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1.3 Avomapootacels kot Sopkd otoryeio 3A povréAmy

To oynua, OPICUEVO MG 1§ UOPPOLOYIO THS ETLPAVEINS EVOS QVTIKEIUEVOD,
&xel peretnBel amd PrlocoEove, WYuyoAdyovg, Habnuotikods aAAd Kot pnyo-
vikovc. Kabmg ot dtdpopeg emtotnpeg mpoceyyilovv Tov 6po amd S10popeTIKN
OTTIKY YoVvia, eivol avapevouevn 1 VIopén TOAAATADY EVVOIOAOYIKMV EPUN-
VEWDV. ZTOV OPO TAEOV YOPO TV 3A YpapIKaV, £Vag OPIGLOG Y10 TO GYNLLOL
Bo propovoe va givar o akdAovBog:

Eotw évag 010kp1tog yawpog n oaotdoewv. To oyfua evog ovti-
KELUEVOD TTOV PPIOKETOL GTO YDPO ODTO KOTOAGUSBAVEL DITOYPEWTIKG.
éva tunua tov. To tunuo ovto kabopiletor amo 10 eCwtepikd opio.
NS ETLPAVELOS TOV OVTIKELUEVOD, KOBWMS EMIONS KAl OO W10, TELPO.
AOPIKDV 1010THTWV TOV, OTWS EIVAL 01 GOVIETOYUEVES THG Bang Tov,
0 TPOCAVOTOAMGUOS TOD Kol 1] KAIUOKa TOD.

H avoamapdotaon 3A SoKkpitdv eMQPAvEIOV Umopel vo Tpaypotonomet
a6 TAN0dpa Tpooeyyicemv, ol 0Toieg GuykevTp@TIKG ametkovilovtol oty Et-
Kkova 1.5. Xt6y0¢ ¢ KdOe TPOooEyyiong ival 1 EKTANPOOT SPOPETIKDOV ALVOL-
VKOV OTEKOVIONC.

Amapoitntn, Yo TNV TANPOTNTO TOL TOPOVIOS KEPAAAIOD, Elval 1) TAPOL-
ciaon Pocik®V 0OpIoU®dY TOV 0POPODY GE OVTIOTNTES KOl TEXVIKEG OVOTOPAGTO-
on¢ 3A S0KPITOV EMPAVEIDY TOV TEPIAAUPAVOLY TO VOVYPOLLLO TUALLL, TV
£0p0., TO JIAVLO LA EMPAVELOG, TO VEPOG CTUEI®V, TNV TPLYOVIKN Kol TOAVY®-
VIKT] TAEYLLOTOGELPA, TO OYKOUETPIKE GTOLYEIDL, TIC TAPOUUETPIKES KOUTVAEG KO
emPavetec, KaBOg kat tn péBodo amewcdviong xaptn Padovg.

* Kopvo1 (vertex) kot ev00ypappo tufqpe (line segment): tpoxeitot ylo
10 Paciké Sopkd yeoUETPKd oTotysio, To onpsio 6To Ydpo R3 xan ta
evfhypoppa TUHHOTO TOL EVEOVOLV 1] optofeTodvTal and dvo onueia. Xa-
paktnpifovratl amd To amelPoeEAdy1oTO LEYEDOG TV GNUEIDY KO TO OTEL-
POEAGYIOTO TAATOG TMV YPALLU®Y, 01 001G 0PLoBETOVVTAL OO TIG GLVTE-
TAYHEVOV TOV KOPLOAOV TTOL 0pilovy TV apyi| Kat To TELOG Tovg 6Tov R3
Kot £YovV o 6tafepn TUKVOTNTA GNUEIWDV.

* 'Eopa (face): opiletar o¢ 1 empdvela Toyaiov oyUOTOG TOV TPOKVITTEL
amo T oHVOEGN-0PYAVOGT) TOLAGYLIGTOV TPLOV KOPLPAOV LE EVOVYpaLLLLX
TuipoTo. Mo £5pa etvor mivtote PKpoOTEPTG O1AGTAGTG OO TO OVTIKEL-
LLEVO GTO OTTO10 AVIKEL, OTTMG Y10 TAPADELY LA Lol £5pa VOGS KOPoL (Tpelg
dlooTdoEl) glvar o eTPAveELD dVO0 JlOCTAGEWDY. TNV OTAY YEDUETPIO,
Hio £3pa EVOG OVTIKELLEVOL EIVOLL LLLOL TOAVYMVIKT SOUN TV OPimV TNG EML-
Qavelog Tov avtikelévov. [apdderypo aming TpIyoviKng £9pag Topov-
otéletor otnv Ewova 1.6, 6mov napoveialovial tpeig kopveés A, B, C,
tpla avtictoyo evBOypappa tuquata AB, BC,C A kot po €6pa mov
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KED®AAAIO 1. 3A TPA®IKA YIIOAOTI'IETON

8. NoAuywvixé mAtypa

€. NapapeTpeds kapmikeg O1. X@prng BaGoug Kol avaxaTaoKew
34 emgdvniag

Ewova 1.5. Mébodor ameixovions 34 diaxpirdv emipaverdv.

CBxCA
B B
A
A
o C
CAxCB
KOPUPEG OPYOAVWUEVEG KOPUQPEG OPYAVWHEVES
apIoTEPOOTPOPA de€i6aTpOPQ

Ewéva 1.6. Yroloyiouos d1ovooudrwv empaveiag.

opiletar amd v empavelo mov weplopilovv ta Tpia evBHYpappe TUM-
pota.

Awdvvopo em@avewog (surface normal): opiletot ®g TO d1dvuGHO TOV
TPOGIOPILEL TOV TPOGAVOTOMGHO MO EMPAVELNS 6TO Ydpo R Ko sivar
KkéOeto oV gv Aoym empavela (Ewdva 1.6). To ddvocpo emipivelog
XPNOLLOTOLEITOL Y100 VO AVGEL TNV OPOGILOPLOTIO. TOV TPOGAVATOMGLLOD
pog eminedng (2A) empavelng Péca og YOPO TPLOV dOoTACE®V (aTTdi-
VINGT GTO EPATNUO TTOL0L EIVOL 1] «IEGO» KOl O 1] «EEW» TAELPE Liag
EMPAVELNG). ZT0 Topadetypa otnv Euova 1.6, 1o didvocua emodveiog
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KED®AAAIO 1. 3A TPA®IKA YIIOAOTI'IETOQN

TPOKVATEL OO TOV VITOAOYIGUO TOL EMTEPIKOV YIVOUEVOL HETAED dVO €K
TOV TPIOV OKUOV TOL Tprydvov. H celpd pe v omoia yivetal to emte-
pod ywopevo gtvar auti mov kaBopilel Tov TpocavaToMoUd TG EMUPE-
vels. Aapfavoviog oporoylokn @opd oto eEmteptkd yvopevo C'B x
C A mpoximtel 611 ) emedveln. £xo eEmtepikn o6yn mpog ta ndve (Ei-
kovo 1.6-aplotepd), eved AopuPavovtag avil-@poroylakn eopd oto em-
Tep1Kd Yivopevo C' A x C B mpokimtel 6t n em@daveia £xel eEteptkn Oym
npog ta kat® (Ewova 1.6-0e16).

Négpog onpeimv (point cloud): opiletan wg éva cHvoro KopLO®V (o1)-
peiov) mov popdalovtol to 1010 3A KOPTECIOVO GUGTNLO GUVTETAYUE-
vov. Kabe kopoen opiletorl amd Tpelg GuVIETAYUEVES, i Yo kaOe dEova
Py y.2)- Ot mepiocotepeg PifAobnkeg emdyvvong 3A ypapikdv axo-
AovBolV T0 GVOGTNO KOVOVIKOTOUIEV®OV OLOYEVMV GUVTETOYUEVOV LE
AmOTEAEG L0, TO KAOE onpeio va ovamopioTatol ond TEGGEPIS CUVTETAYLE-
VeS Pz y. 2 w) MOV GOVABOG avayeTat 6TV avomopaotoon Py jw y /w,z /w,1)-
[No T1g meprocoTEPES £QUPLOYES OmEKOVIONS 3A AVTIKEWEV@V, 1) OTTIKY|
TANPoPopia TOL TPOSPEPEL TO VEPOG onpeinv cuvnBwg dev enapkel, 660
kv Kot av givot. TToAAEG Popég, EKTOG Ao TIC TPELG CLVIGTOOEG TG
Béomg, o KopuPR GLVOOEVETAL OO YPOUATIKEC CUVIGTMGES, Ol OTOIEG
gival cuvnbwg tpetg, R yuo v éviaon Tov KOKKvov, G yio v évioor
TOV TTPAGIVOL Kot B yilo TV £VTOoT TOL UTAE. TNV TEPITT®GCT QLT TO
VEQOG KoAeitan Eyypwuo vépog onueicowv. Exiong, kabdg pio kopuen, og
onpueio, eivar adiaototo péyebog (dev Exet péyebog) yio TNy Tpocopoimon
¢ aicnong Pabovg kat yia T S1eVKOAVVGT TOV YPNOTH GTNV KOTAVO-
NGO NG OMTIKNG TANPOPOPING TOV TaPEYEL EVO VEPOG GNUEiV XpNoL-
pomoteiton 1 TEXVIKN TNG KAUAK®ONG TG pOTEWVOTNTAG 1] TOV HeyEBovg
TOV KOPLYDOV, OVAAOYO e TNV amOGTACT TOV CNUEIOV 0nd TO EMIMESO
nmpoPoAng tng BEong mapatpnong, 1 and v apyn TV afévov Tov 3A
KOPTEGLOVOD GLGTNHLOTOG cuvTETAYUEVAOVY. H adlayn peyéboug emttuyyd-
veTal aviikathotdvtog o onpeio pe petafAntod peyébovg tetpdymvn
EMPAVELD TOV €ivOl TAVTA TOPAAANAN TPOG TO eminedo TpoPoing (kd-
Oetn oto Beatn). Eva vépog onueiov ovamopictatol TpoypoloTioTcd
ovvnBwg amod Evov Ttivaka (array) 1) Lo cvvdedepévn Alota (linked list) pe
TNV KATAAANAT doun SedOUEVAOV V1o TN PLAOEEVIN TV YEMUETPIKOV GU-
VIETOYUEVAOV 1)/KOL TOV YPOUATIKOV cLUVIGTOoMV. Kdmolol dtadedopévol
popedtumol (formats) apyeiov yio Ty TEPTYPUPT VEQOV OTUEIDV Eival Ot
.ASC, .PSI (ka1 o1 000 tomot Bacilovtot 6to TpodTLTTO American Standard
Code for Information Interchange (ASCII)).

.ASC  Monochrome PointCloud ASCII File Format (X,Y,Z)
Colour PointCloud ASCII File Format (X,Y,Z,R,G,B)
.PSI Colour PointCloud ASCII with additional intensity (X,Y,Z,R,G,B,I)
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* Tpryovikn mieyportoserpd (triangular mesh): Zvvavtdror ot Pipiio-
YPaGio Kol MG TPLYOVIKO TAEYIO KOt ATOTEAEL Lol amd TIg TAEOV dnLo-
Qurelg Teyrvikég amoddoons 3A avtikelévay eEoitiog Tov (opaKTNPLoTL-
KOV TOV TpLy®dvev vo opilovv mdvto éva emimedo. To yopaxTnplotiKd
avTo mailel onuavTikd poAo 6TovG oAyopiBuovg pwrtookiacns (render-
ing), aviyvevons ovykpovoewv (collision detection) Ko yewuetpikis omo-
xomns (clipping). Eivaw BéBato mmg omoladnmote avaylven emipdvelo
€VOG OVTIKEEVOL Umopel va mpooeyylshel amd éva mAn0og Tprydvemy.
H tpryovikn mheypotoosipd anotelel Eva omd ta facikdtepa Tapdymyo
TOV TPAOTOYEVOVG DAMKOD £VOG GLGTILATOG 3A ynolomoinong 1 cépwong
(scanning). H dous dedouévav (data structure) piog tpryovikng mieypo-
tocelpdg mepthapPdvel Ty emmpdcsbetn TANpoPopio TG 0pyavwens Twv
KopopaVv oe pi1adec>. H mnpopopia vt pmopsi va omodnkevtel site
®OG CUUTANPOUOTIKY TNG TANPOPOPING TOV CUVTETAYUEVOV TOV KOPL-
ooV opilovtag v TpLdda Kopuedv Tov oynuatilovv éva tpiywvo, gite
exQpalovtog aveEipTnTa TIG CUVTETAYUEVES TOV KOPLO®V TOV KAOE TpL-
YOVOL ayvomvTog TNV VIapén Kowvav kopvedv. H dedtepn mpocséyyion
glval yvoot o¢ axatépyootn (raw) Kot givar TAEOV EEmEPAGUEVT] A.POD
xopaktpileton wg aodupopn oe eNimedo dLoEIPLONC VITOALOYIGTIKAOV TO-
pov. Ta 3A povtého mov TEPLYPAPOVTIOL LE TPLYWVIKEG TAEYLATOCELPES
amoTeEAOVVTOL GLVIOMG Ao Tpia SPOPETIKA TN LT

— v 3A yeouetpio mov Ppioketal opyavouévn Ge KAmolo AOYIKN
doun 0e0oUEVOV (TEPLYPAPETOL TAPOKAT®),

— Vv TAnpogopia vENG (texture) mov amotereitol amd pio 1 TEPLO-
GOTEPES YNPOYPUPIKES EIKOVEG KOl TOV TPOTO |LE TOV OTOI0 QVTEG
yaptoypapovviar — mpofdrrovtor (UV mapping) mdve oty 3A
veouetpia,

— TOVG TPOTOVG |LE TOVS OMOIOVG KGUUTEPLPEPOVTOLY Ol EMUPAVELEG
OTOV VTEC aKTIVOPOAODVTOL A GUVOETIKEG TN YEC PmTOG (material
properties).

Y& TPAKTIKO EMIMESO UIOL AOYIKT) OPYAVMOOT] TPLYOVIKNG TAEYUATOCELPAG
umopet vo amotedeiton amod:

1. Zuvdedepévn MoTo e GUVTETAYLLEVES TOV KOPLO®V 0T0 3A Ydpo.

2. Zovdedepévn Aota Tov apopd 6ToV TPOTTO SLAGVVIESNS TOV KOPVL-
POV, OoTe va oxnuotilovtal ta Tpiyova.

3. Zuvdedenévn Mota, e TIG THEG TOV LoVOdLoimV S1vOoUAT®V.

4. Xuvdedepévn Mota pe Tic ovvtetaypéveg yaptoypdonong UV g
KGOg KOPLPNG TOV TPIYDVO.

SH Swidikacia eivar yvooth kot g tpryovonoinon (triangulation).

14



KED®AAAIO 1.
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Mivaxag 1.2. [Tapdderyuo Loyikig 0opg TPIywVIKNG TAEYUATOTEPEG.

Kopvoég "Edpeg Awvoopata Xuvtetaypéveg
Emgavewng vO1g
10, 20, 30 1,2,3 [abc] 0.0,0.2
20, 20, 35 0.3,0.1
40, 50, 10 0.4,0.15
140, 140, 246 1,2,3 el

Mivaxag 1.3. [Tlcovekthipota ko UEIOVEKTHUOTO, TS XPHONS TPLYDOVOV 1] TETIPATAEOPOV TTHY AVATOPITTACH

TAEYUOTOTEIPDV.

Mieypotooepd Micovektipata

Mewovektipota

Tpiyova
A — IIavta opilovv éva eminedo
— Omnowdnmote oy umopel va
neprypael omd Eva cHvoro
TPLYOVOV
Tetpamievpa

— To m00g TV Tprydvmv Tov
UTopEl VoL YpELGTOVY Y1 TNV
TEPLYPAPN EVOS OAVTIKELUEVOL
pmopei va givan peydiog
Amottovv peyordtepo

Avanapdortacn g idug
TEPLOYNG HE EVOL TETPATAEVPO
avti yo 6vo tpiymva

I8avikd oynua yo xaptoypaenon
mgvefig

Agv opilovv mavta éva eminedo
GTO YOPO

Y kamoleg TEPTOCELG livan
adVVOTO VoL TEPLYPAPOVV BOCIKA
3A oynuato (T.y. Topopida)

AmoBNKEVTIKO YOPO

5. Zvvtetaypéveg veng oto povadiaio ydpo UV (mAnpogopio veng —
ynoeoypaekn eiove — UV mapping).

"Eva mapddetypa dopng Tpymvikng TAEYLaTooElpag tapovstalet o [liva-
kag 1.2.

* Holvyovua Treypatocerpd (polygonal mesh): cuvavtdror ot Biffilo-
YPaGio Kot OG TOAMY®OVIKO TAEYLO. ATOTEAEL TN QUOIKY EXEKTACT TNG
AVOTOPACTACNG LE TPIYOVIKEG TAEYLOTOGEIPES LLE TN (P01 TETPATAED-
pov (quadrilaterals) | GAA@V TOALYOV®V Y1 TN NUIOLPYIC AKAVOVICTOV
mieypatocepdv N mheypdtov (Euova 1.5.9). [ToArég amd Tig oOyypoveg
EQUPLOYEG amekdvions 3A ypapikdv vtootnpilovy TavTdypova Tpiymva
KOl TETPATAELPO [LE ATADTEPO GKOMO TNV EKUETAAAEVGT) TOV TAEOVEKTN-
pdtov kol Tov 0vo Texvikav avarapdotaong. O Iivakag 1.3 cuvoyilet
TO TAEOVEKTNLOTOL KOl LELOVEKTNLOTO, TV TPOGEYYIGEWDV.

Oyxoperpikdé otovyeio (volumetric element — voxel): n oyxopetTpn
OVATOPAoTOOT) TPOKVTTEL GO TN XPTOT CTOEIWIDY HOVAS®OY OYKOL
(oykopetrpikmv otoryeionv). Eva voxel pmopei va Bewpnbel g avtiotoryo
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Ewovo 1.7. Oykouetpixéc avamopootdoels Tpotouns oe SlaPopeETIKES avalioels (ueiwon tov 0ykov voxel
oonyel oe avénon e aviioong).

Ewovo. 1.8. IHopdderyua petotponnic dvo tpiyovwv pe pio xkowvy oxun (1-3) oe mopouetpiky emipaveio
opilouevn atov 34 yapo.

TOV EIKOVOGTOLYEIOV IE TT) S1POPE OTL KATAAAUPAVEL GUYKEKPIUEVO OYKO
oto dtakptd R? ydpo. Avamapiotd £va ototysiddn koo otov 3A da-
KpLtd Y®PO Kot TOAD Guy Ve PPioKEL EPAPLOYT GTIV OTTIKOTOINOT| WTPL-
KOV dedopévav (T.y. amd Topoypdeovg). Evag dtadedopévog Loppotumog
apyeiov g ovykekpipévng doung ivar o PVL (processed volume). Omwg
KOl GTNV TEPIMTOOT TOV EIKOVOSTOLXEI®MV, OGO LUKPHTEPO OYKO EXOVV
Ta, voxels, 1060 Ayotepo ep@avng eival 0 KPUVIIGHOC TOV ETLPAVELDY
(Ewoéva 1.7), 1 avtiotorya, 1000 peydivtepn sivon gite 1 avdivon tov
X®pov gite 1 PePardtnta oTN BE6T TOL OYKOUETPLKOD GTOLYEIOV GTO YMPO.

* [MopapeTpikéc KopmTOAES KoL ETLQAvELES (Parametric curves and sur-
faces): onuepa, vrapyel Evo GUVOAO omd eEE101KELUEVOLS adyopifovg
OV AVOAOUPBAVOLY TNV TEPLYPOPY] LIOG TPLYMVIKNG TAEYLOTOGEPAS 1
€VOG VEQOLG ONUEL®V [LE TOPAUETPIKEG KOUTOAEG. XapakTnpileTol g pio
O AOd0TIKN TEPLYPOON TNG YEOHETPIAG EVOS avTiKEILEVOD, KABDG eml-
TPEMEL TNV TEPLYPAPT] OUOADY KOUTOA®V ETPAVEIDY UEGHD EVOG TEPLO-
piopévov TAnbog onueiov eréyyov. OvclacTIKA Eival 1 AVTIKOTAGTOOM
€VOG VEQPOVG ONUEI®V 1 UIOG TAEYLOTOGEIPAS LE VO GUVOAO TOAD®VV-
KGOV KOAUTVAGDY TOL TTPoceyYilovv TNV avTicTolyn EMUPAVELN PE Lobn-
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patikd tpomo. Kabe mepimhokn meployn pmopel va Bewpnbel wg ohvoro
0o KOUTOAEC TOV VTOAOYILOVTOL KPATOVTAG Lo Topdpetpo otadepn
Kot petafairovrag T dAdec. O TPOGIOPIGUOC TOV CYNLLOTOG TNG KO-
UTOANG TPOKVOTTEL OO TIG CLUVTETAYUEVES TV oNUEI®V ELEYYOVL (control
points). Ot TOAVOVOUKES KOUTOAES KO ETLPAVEIEG YPTCUYLOTOLOVVTOL LIE
™V TPoHTOHEST OTL UTOPEL VA, DVTTOAOYIGTOVV 01 TAPAYWYOl TOVE O€ KAOE
onueio avoAvtikd (cvveyeic mavtov ekTog 0md To onueio Evaong dVo
S10d0YIKOV KOUTLADV). O Babudg TOv TOA®VOLOL TOL PN GILOTOLEL-
ot kafopilet Toug Pabpovg elevBepiag TG KaumOANG, Gpa Kot TV €v-
eMEla NG ¢ TPOG TOV TPOGOOPIGLO TOL OVAYALPOV LLOG EMPAVELNG.
‘Eva mopddetypo TET010v KOUTLUA®Y givol ol EPUITIOVEG KOUTOAES TOV
&youvv mapetl 1o dvopa Tovg omd to I'dAlo padnuatikd Tov 1900 amva,
Charles Hermite, o omoiog peiétnoe, peta&d GAAwv, mpoPAnuate wo-
Aaovopikng mapepfoing katd tunpato. H Euova 1.8 mapovcidlet yo-
POKTNPLOTIKO TOPASELYLO TOV EVOAAUKTIKMDY SUVATOTHTMV OTEIKOVIONG
LE TOPUUETPIKY EMPAVELD, KOl TPLYOVIKO TAEYHO KOL OVOOEIKVOEL TNV
TOLOTIKT OLPOPA TOVG,.

* M£0odog amewkéviong yaptn Ppadovg (depth map): amoterel pébodo
ameoviong 3A poviélov pe ol WdTepN TEYVIKY POTOCKINONG. XOU-
POVO, LLE TNV TEYVIKN 0TN TO KAOE oNUElD TNG EMPAVELNG EVOS OVTIKELE-
VOV eKQPALETOL MG EIKOVOGTOLYEIO GE LKL YNPLOYPUPLKT] EIKOVO, LLE YPDLLOL
7ov emAéyetal omd pio KAipoka dapaduicemv tov yipt (grey scale). H
TN aLTH avamopOoTd TPOKTIKA TV ATOCTUCT TOV KAOE EMLPAVELOKOD
onueiov Tov avTIKEEVOD ard Tov mapatnpnT Kot kabopiletal and v
EVKAEIDELN ATOCTAOT AVALESH GTO GNUEID TNE EMPAVELNG KOl TO EMITESO
nwpoPong (projection plane) 1 eotiaong (focal plane) mov opilel n Béon
napatipnong (Ewova 1.5.01). H teyvikn givan eniong yvoot) og Z-buffer
visualisation.

1.4 3A dwukprtog y®mpog

Ievikd, draxpitog ywpog glvar £vag TOTOAOYIKOG YDPOG, GTOV 0010 TO. O1)-
peio oynpatifovv o acvveyn axolovbio, mov onpaivel OTL €iVOl KOTOLOV®-
pévay LeTaED TOVG, € avTiBeDT e TO GUVEYT] XYDPO, GTOV OT010 TOL GTUElR OYN-
patifouv cvuveyn akoiovBio. Xtov 3A ydpo vdpyovv £E1 Pabuol elevbepiag,
OL TPELS €K TOV OTOI®V apopovv 61N BEon g mpog Tovg doves X, Y, Z, evd ot
GAAOL TPELC GTOV TPOGOVAUTOAMGO, TOVEDTH 1 pitch, dioToLyiouod 1 roll, ektporn
7 yaw. Méoa atov 3A S10KpLTd YMPO UTOPEL VO OPIOTEL L0 GEPA ATO LETO-
CYNUATIGHOVS OV TTEPTYPAPOVY TN UETOTOTION, TEPICTPOPT], KAUAKWOOT KOl
otpéPrmon eviog 3A avtikelévov. H gpaproyn evog LETAC)NLATIOHOD GE €val
3A avtikeipevo givat odnAévdetn pe  pebodoroyio avamapioTacNS IOV 0Ko-
AovBeitat, £To1, £VOG GUGYETICUEVOS LETOOYNUATICUOG EQapoleTatl mg e&Nc:
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Mivaxag 1.4. Baoikoi yewuetpikol ueTacyNioTiouol.

Metatémion Katd éva Savoopa o= (uz, Uy, uz, 1)

1 0 0 wg
' =x+ ug
0 1 0 uy
Py = = Y=yt
0 0 1 wuy
' =z4+u,
0 0 O 1

IeproTpoon} (avTi-@poroyrakd) yOp® amd Tovg dioves x, v, z Katd yovio 0

1 0 0 0
' =x
0 cosf, —sinf, O
R:(0) = ] — y' = ycosly — zsinfy,
0 sinf, cos 0 0 . )
0 0 0 L z/ = ysinfy; + zcos Oy
cosfhy 0 sinf, O
z’ = xcos b, + zsin b
0 1 0 0 ! Y
Ry(0y) = ) - Y=y
—sinfy 0 cosfy O
0 0 0 ) 2/ = —zsinfy + z cos Oy
cosf, —sinf, 0 O
- 0 o o 2/ =xcosf, —ysinb,
sin cos
R.(0.) = ()Z 0 ? - — y' =xsinf, + ycosh
=z
0 0 0 1

Khpdkoon katd tovg mapdyovreg S« g wpog Tovg d&oveg x, y, z

Sz 0 0 0

' = xS,
S 0 S, 0 0 g
Su,Sy,Sz) = - Yy =y
(8a:89,52) 0 0 S, 0 Y
z =28,
0 0 0 1

o XETPLYyOVIKEG TAEYLATOGELPEG KO TOADYWVIKEG TAEYLOTOGEPEC — EQUP-
LLOYT OTIG KOPLPES TOV TPLYDVOV 1] TOAVYDOV®V.

* Y& vEQN omnUEi®V Kol OYKOUETPIKE VEQT — €QPOPULOYT] GTO GUVOLO TV
Kopue®V (onueia) and To onoio anoteleitol To kGOe vEQOC.

O ITivakag 1.4 mapovcidlel tovg factkoBs YEMUETPIKOVS LETAGYNHLOTIGLLOVG
7oV £Qoproovtal 6Tov 3A JaKPLTd YDP®V TOV YPUAPIK®V, GE LOPOT TIVIKOV
oAAG kot eElowoewv. TIpaktikd, 1 €QapLoyn VOGS OTOLOVONTOTE GO CVTOVG
TOVG LLETAOYNUATIGHOVG o€ onpeio X Tov 3A ydpov opileTat G 0 TOAAUTAACLO-
oUOG TOV THVOKO LETUCYNUOTIGUOD LE TO OLAVUGLO, TOL GNUEIOV LLE ATOTEAEG L
TNV TPOoPoAT| TOV oNUEIOV GE VEO YDPO GUVTETAYUEVOV, GTOV OTOI0 TPOGOLOPi-
Cetan o¢ x'. "Etot, Y10 Topddetypa, 1 avil-opoloyloKn TEPIGTPOPT YOP® amd
tov G&ovo X xatd 0, opiletar wg

x' =R, (0,)x (L.1)
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[Ipopavdc, vdpyel €0KOAOG TPOTOG EMAVA-TPOPOANG TOV VEOL onpeiov Tiow
GTO OPYLKO (EMOTPOPT OTIG APYLIKEC CUVTETAYIEVEC) LLE TN YPTON TOL AVTIoTPO-
@OV TTIVOKO LETOCYNUATICHOD ®¢

x =R, 1(0,)x (1.2)

2HvOETOL LETAGYNLLATICLOL LTTOPOVV VO TPOKVLWYOLV ATTO TO GLVOLOGUO TOV
Bocik®dv yeopeTpikmdV peTacynuatiopav. o topddetypa, pio KAUAKOoT| Kot
Sy mov axolovdeitol amd TEPIGTPOPT YOp® amd Tov déova z Kotd O Kat, £xel
™ popei’

T = PwRZ(Q)SSy =

1 0 0 wug cosf® —sinf 0 O 1 0 0 O
1010 O sinf cosf# 0 O 0SS, 0 0]
10 0 1 0 0 0 10 0 0 1 0|

000 1 0 0 0 1 0 0 01

cos) —Sysinf 0 wuy,

_ | sin@ Sycosf® 0 0O
o 0 0 1 0 (1.3)

0 0 0 1

Me 10 d10d0y1KN TOAAATANGLOGUO GTOLEIWOMY PETOoYNUATIop®V (). T =
T; - Tsy...T,) unopei va mpoxvyel évag ToAd cuvbetog petacynuatiopos. H
EQOPLOYN EVOC OTOLOVONTOTE YPOUUIKOD LETACYNUOTIGLOD VTNE TG HOPPNG
Tavo o onueio x = [z y z 1]T tov 3A ydpov opiletar mg 0 Toramractacudg
Tov mivoka petacynpatiopov T pe to onpeio Kot el ¢ OTOTEAEGLOL TNV TTPO-
Bon tov apykov onueiov o€ vEo ydpo cvvietaypivay, ogx’ = [z’ y' 2/ 1]T,

x' = Tx (1.4)

H emotpoen 611G apyikég GUVTETAYUEVEG YIVETOL LE TNV AVTICTPOPT| TOV TIVE-
KOV KO TOV TOAATAAGLOGUO LLE TIG CUVTETAYIEVEC GTO VEO GUGTI LA

x=T1'x 1.5
(1.5)

2NV TEPITTM®ON TOV TPONYOVUEVOD TAPUSEIYLLOTOG, OTTOV O LETACYNUAUTIGLOG
amotehel cUVOEST] KMUAK®OONG, TEPLGTPOPNG KOl TEPLGTPOPNG:

T = (P,R.(0)Ss,) " =S5/R;N(OP; =S RTOP,  (1.6)
Yy

$TIpocoyf 6TV avTIGTPOET TG GELPAG pe TV omoia yiveTal 0 TOAAUTAOGIOGHOG Yia Th chVOgsN
TOV UETOOYNUATIGUOV. QG YVOOTOV 0o TN YPOLUKT GAYEBPO 0 TOAAATAAGIOGIOG TIVAK®Y OEV
givar Tpaén avtipetadetikn, dniadn M1 My # Mo M.
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OOV 1 TPMTN 16OTNTA OPEIAETOL GTNV WOOTNTA OVTIGTPOPG YIVOLEVOL TV
K@V, EVO 1 SEVTEPT 1GOTNTA OPEIAETAL GTO OTL O AVTIGTPOPOG TOV TIVOKA, KALLG-
Koong eivar o wivakog KAUAK®ONG [LE TOVS AVTIGTPOPOLS GUVTEAEGTES, O OVTI-
GTPOPOG TOL TVOKO TEPLGTPOPNG EivaL 010G LLE TOV AVAGTPOPO AOY® TOL OTL O
Tivakag TePIeTPOPNS givatl 0pHoydVIOG KAl 0 avTIGTPOPOG TOL TIVOKO LETATO-
7O G €lval 0 TIVAKOG LETATOTIONG KATA TV avtifetn KatevBvvon (Kemiyatorn,
2019; Koutsoudis, 2010; Papaioannou, 2001; T-tus, 2005)

S5, =S1, R 0)=R.(-0)=RT(), P l'=P, (L7
Yy

A&ilel va onuelmbel 6TL o1 VTOAOYIGUOTL [E TIVOKES YIVOVTOL XPTCLLOTOLD-
VT0G OPOYEVELS GUVTETAYUEVES TG LOPPNG X = [z Y 2 1], 61OV oVCLEOTIKG £xEt
vwobeBein ovpPaon 6T TETAPTN GUVICTOCU EWVOLw = 1 Kou T — z/w, Yy <
y/w, z < z/w, KoB®OG 01 OpOYEVEIG GLVTETAYHEVES ATOTEAODV Ao 6TO TPo-
BAnpo vA0ToiNoMg TOL HETAGYNUATIGUOD UETOTONIONG OV €lval O HOVASIKOG
7OV TPOKVTITTEL O TNV TPAEN TG TPHSOeoNC. XPNOHOTOIDVTAG OPLOYEVEIS GL-
VIETOYUEVEG OAOL OL LETAGYNUOTIGLOT VAOTOLOVVTOL LE TOAAUTAOGIOCLULOVG TTL-
VAK®V, EMTPENOVTAG £TG1 TO GLVOLAUCUO TOVS GE VAL LOVO TTIVAKO. ZTO YDOPO TOV
OLIOYEV®V GULVTETOYUEVOV 1 OMEIKOVIOT] TOL CNUEIOVL Elval Un-HOVOCT|LOVTN
e&outiog Tov GuVTEAEST KAIHOKOG. ¢ €K TOVTOV OV EPAPUOLETAL O povadilaiog
ovvteleotnc KATpaKog (1), TOTE 01 KAPTEGLUVES KOl Ol OLOYEVELG GUVTETAYUEVEG
evog duavdopartog cvurintovv (Koutsoudis, 2010).

1.5 Avvopikn) owopop@®on amxekoviong 3A ocKnveov

[No ™ potopeoioTtikng avarapdotact ToATAOK®OV 3A oknvav, 6T 0cTL-
KOV TEPLOYADV, OPYITEKTOVIKOV CUVOA®VY, UVNUEI®OV, KAT., amotteital 1) ypnon
peydlov 6ykov TANPoeopiog 3A YEOUETPIKOY HOVTEA®Y. XVVHO®OC OU®G, HL-
KpAQ UOVO TUNHOTO QLTOV TOV CKNVAOV VoL OpaTd GTOV TOPATNPNT, KAONOG
TEPUYELTAL EIKOVIKA OTIC OKMVES 0LTEG. [0 v akpifeta, 0Tmg axpPdc cvp-
Batvel Kot 6TV TPAYLATIKOTNTO, TO OVTIKEIPEVA Lag LEYAANS 3A oKknVvig Tov
glvar Kovtd otov mopatnpNT TPEMEL VO amekovilovtal e AETTOUEPELN, EVD
N AETTOUEPELD. OVTH UTOPEL VO LEWOVETOL OTOSOKE KOBDS 1 amdoTOo TOV
OVTIKELEVOV LEYOADVEL YTAPYEL 08 TEPIMTTOOT 1) OKNVH VO EIvoL TOGO LEYAAN
7OV TOL O OMOUOKPIGHEVA avTiKeipeva va punv glvat opatd. TlapdAinia, ctov
TAPOTNPNTA EIVAL OPATEC LOVO GUYKEKPLUEVEC OYELG TOV OVTIKEILEVOV KAOE
(Qopd, EVA OVOLOCTIKG GE KOUio YPOVIKT OTUYUn OgV UTOPET £VOG TOPOTNPTTAHS
VoL £XEL OTTIKY| ETOPT [LE OAEG TIC OYELG OAWDV TV AVTIKEUEVOV GTN OKNV.

[popoavac, N TANpNS POTOPEAMOTIKY ardOS00T] OAOKANPNG HEYAANG 3A oKN-
VG elvat VTTOAOYIOTIKG dtaiTePO damavnpr aALG Kot gV TEAEL, OTOV Elval YVO-
o710l avtol o1 Teplopiopoi, eivor dtomn. o to Adyo avto, Exovv avamtuyel Kot
YPNOCLOTOLOVVTAL CTLEPD OLAPOPES TEYVIKEG TOV AVTILETOTILOVY TNV €V AOY®
dvokola, oTig omoieg cupmeptAappdvovtat (o) n ¥pNon LOVIEA®V TOAAOTADY
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nterpolated interpolated

distance from observer (logarithmic)

(’M

| 44
999

19.020 tngs 8.000 trigs 2.500 trigs 1.000 trigs 400 tngs

Ewova 1.9. Moviédo mollomiddv avolboewy kol emimedo Aewrouspeiag.

bt T w{ / A
¥ £ % .
Teopetpia Agntopepig Avarvon Méon Avaivon Xopuni Avarvon
Tpiyova 108.588 54.294 10.859
Mop@éTtomog Méye0og (MB) Méye0oc (MB) MéyeBoc (MB)
3DS 2 1 0,2
OFF 3 1,5 0,3
OBJ 3,5 2 0,4
X 8 4 0,8
RAW 6,5 35 0,8
ASC 12 6 1,2
DXF 23 11,5 23

Ewova 1.10. Amoucicoon tprywvikie mieyiotooeipag.

avaAvce®V, (B) 1 AVTIKATACTOOT TNG YEMUETPIKNG TANPOPOPIOG LE YNPLOYPUL-
QKN €1KOVO Kat (Y) Ol TPOGOUOIDGELS EMUPAVELDV LE TIG TEXVIKEC normal map-
ping ko displacement mapping (BAT. ToapoKaT®).
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H mpocéyyion g ypnong poviédwv rollamlov ovaldoewy ypnoipomotei-
TOL EKTETALEVO GE EPOPLOYEG YPUPIKADV TPOLYUATIKOD ¥POVOD LLE TNV EMAEKTIKT
OTTEIKOVIOT JLUOOYIKA VITOOEESTEPWOV YEMUETPIKOV/YPOUOTIKOY EKOOCEDY TOV
3A povtéhov kabmg amopakpovovtal and T B€om tov mapatnpnt. H emioyn
™G €K00GMG TOL POoVTELOL TToL Ba ypnoiporon el propei vroroyiletat amd v
TEPLOYT| WOV OVTO KAADTTEL GTIV GLVOALKO omTikd edio (Papaioannou, 2001). H
Ewova 1.9 Ttapovctalel ypa@ikd tnv 10€0 Tov HOVTEAOD TOALUTAGDY AVOADGEDV
Kol TOV EMMESMV AETTOUEPELNG, OTOL 1 pelmon ¢ amdotaong Bedone Tov
EIKOVIKOV OVTIKELLEVOD 0T TOV Tapatnpn T 0dnyel oty avénon e avaivong
oL TPOPOAAOLEVOL HOoVTELOVL. [0l va emiTeLYBOVV S1apoPETIKES OVOAVGELS (TTL-
KVOTNTO TPLY®VIKNG TAEYLATOGELPEG) EPapUOSETAL Uit GEPE 0md aAyopifpovg
«omopeimongy, o 0moiotl AVAAUBAVOLY VO ATAOTOIGOLV T YEOUETPLKN 00N
0€ TUNUOTO TOV HOVTEAOV, TPOoTOODVING VA, SLUTNPHcOVY CGYETIKA otafepn
™ YEVIKOTEPT HOPQOAOYia Kal Tr clhovéta (mepiypappa) tov. TToAdég popéc
T0 gUPadov Kot n BEon evOg TPLYDVOL amoTELOHY KPLTHPLO Yol TN dStaTnpnon
oV ) oYL ot véa ekdoyn. H Eucova 1.10 mapovoidlel mapaderypa LOvIEAOL
GTNV OVOLOGTIKT TOV TUKVOTNTO TAEYUATOCEPAG (AemTopepng avdAvon) Kot
TNV TUKVOTNTA TOV PETO OO dVO AMOUEIDCELS (UEOT Kol YOUNAN ovaAvom),
eved TapdAAnia deiyvel To avtiotolyo péyebog apyeiov yio dSLopopeTIKOvS [Lop-
eoTVTOVG apyeiwv 3A povtéhmy.

H teyvikn normal mapping eivar pua péBodog Katd v omoia yiveton mpo-
COLOIMOT PMTICUOL KOl AVAYAVPOV TG EMPAVELNG, OOTE Vo, gival duvatn N
OTEIKOVIOT AEMTOUEPEIDV GTO HOVTELO YOPIG va amatteital 1 VTapEn VYNANG
TUKVOTNTOG TPLY®VIKNG TAEYUATOGEPAG KOl Y0Pig Vo TpooTifevtal SuVaUIKA
emmAéov Tplyva ) tetpdmievpa. Xty Euova 1.11 mapovcidleron pio amin 2A
€IKOVO VONG amd TNV omoio UToPEl VoL TPOKVYEL O «YEPTNG» Y10 TV EPOPLOYN
¢ ueBddov normal mapping (KEVTPO Kol TAVEO GTNV EIKOVA), KOOMG Kot M
EPOPLOYN TOL XAPTN CLTOV TAVM GTNV OTAOVCTATY YEMUETPIO EVOG TAPOAAT-
AETOETOV BIVOVTAG TOV GOPT| LOPPT AVAYAVPOV, Y®PIG OLLMG VA DTAPYEL OVGLOL-
OTIKA YEMUETPIKT TANPOPOPI0 TEPAV TOV OTAOD TAPOAANAETITESOV. TTN YEVIKN
nepinTon, KoTd T dadikacio Tov normal mapping e&dyetot amd Eva VYNANG
avéAlvong HovTéLO [o ymeloypagtky ewova, otny oroia ovikadiotavtal o€
KkG0e povdada empdavelog (Tpiy@vo 1 TETPATAELPO) O YPOUATIKEG CUVICTMOEG
R, G, B petictpeig ipéc X, Y, Z mov gEPELTO 0vTIGTOY0 SIAVLC LN ETPAVELNG
(normal vector).

Amo v dAAN, M TeYVIK displacement mapping givol evoAAaKTIKN LEBOSOG
LETATOTIONG KOPLPADV TNG YEOUETPING EVOC LOVIELOL GE GUYKEKPILEVE oTLEia
nov opifovrar amod €va yaptn Pdbovg. Me avtd TOV TPOTO EMTLYYAVETOL LKOL-
vomomTtikn aicOnon Pabovg kot ASTTOUEPELNG GTNV EMPAVELN EVOC YEDUETPIKE
amhov povtédov (Ewova 1.12). 'Eva napdaderypa displacement map omd po 2A
gwova veng mapovotaletal otny Ewdva 1.11 oty Kevipikn kot KAT® €1KOVO.

Duoikd vdpyel TANBOG TEXVIKMOV GYETIKAV LE TG TpoavopepBeioes. L2g
L0 YEVIKY TAPOTPNOT, 0 XDOPOoS TV 3A yYpapIKOV Kol Ol TEXVOLOYieg oV
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Ewova 1.11. [Tapdderyua dnpaovpyiog yaptov yia normal mapping xou displacement mapping kou epopuoyn
700 normal mapping o¢ owAo wapolinleninedo.

ABC

ORIGINAL MESH DISPLACEMENT MAP MESH WATH DISPLACEMENT

Ewova 1.12. Hapaderyuo displacement mapping (T-tus, 2005).

TPOKVITOLV PEGA OO AVTOV EIVOL ATOTEAEGLO TV OVAYKDV TOL TPOKVITTOLV
GUVEYELD G€ OVO0 PEYAAEG BLOUNYOVIES, AVTEC TOL KIVILOTOYPAPOV KOl TOV NAE-
KTPOVIK®V TToyvididv. Eivar onpovticd yio GAAOVS TopElS Epappoync I Gueon
EVOOUATMOT], ¥PNION KOl TPOSAPUOYN TOV GUYKEKPILEVOV TEYVOLOYIDV YPOQL-
KOV OTIG OVAYKEG KOl OTLG TPOKANGELG TOL GYETILOVTAL [LE TOVG €V AOY® TOUEIS.

1.6 IIpoypappatiopog 3A ypa@ikov

H Bipro0ikn mpoypappatiopod ypapikdv OpenGL? eivar 1 mhéov Sto-
dedopévn, kabmg amotedel Kown TPooTabeln TOL GVVEXDG EUTAOVTILETOL 0T
TOVG EPEVVITEG TN TEYXVOAOYING TNG EIKOVAG Kot YPAPIK®V amd To 1992. Xpnot-
LOTOLELTOL EVPVTOTA GTNV VAOTTOINGT EQUPLOYDV 3A YpapIK®V og 6TafePEC Kat
KWNTEG GLOKEVES, V(D vrooTnpileTot amd TANODPa emMTaYLVTAOV 3A YPUPIKAOV,
VAOTOMUEVOV €1TE MG OAOKANPOUEVE KUKADUATO EITE MG KAPTEG YPUPIKDYV.

H OpenGL pmopet va yopaxtnpiotel og éva civolo «evtoddv» (API) mov
EMTPETEL TNV AVATTLEN EQOPUOYDY 3A Ypo@ikadV. Agv givarl 1 idta o YA®GGo
TPOYPOULULOTIGHOV AAL dhvaTal va ypnotpomombel oe TAN00C YAWGG®Y Ttpo-

"OpenGL, The industry’s foundation for high performance graphics, official website @ https:
//wuw.opengl.org.
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glColor3f(...)

BiBAOBIKN / MARBog

o Tumog
OpenGL VOMO  apapétpwy  TapapéTpwy

Ewova 1.13. Opiouog ypwudrwv oe OpenGL.

YPOUHOTIGHOV, 0Tteg ot C, C++, Java, oxeddv og GAha TO AEITOVPYIKA GLOTH-
pota. Alafétel TepIocoTEPEC O TPLUKOCIEG EVTOAES, LE TIC OTOlEG AvaAAPA-
VEL VO EKTEAECEL EPYOCIEG OMTIKOTOINGNG YPAPIK®Y OTOAAAGGOVTAG TO XPHOTN
oo TIG AETTOUEPEIEG VAOTOINONG GE VAKOTEYVIKO €Minedo oAAG Kol o€ €mi-
7EO0 TPOYPUUUATOV 0dNYDV TOL VAIKOD (KAPTO YPOPIKDV, OT GUYKEKPILEVN
nepintmon). Mmopel kaveilg va 1 yopaktnpicel ¢ éva EVEMKTO TPOTO EML-
KOW@VIRG [LE TNV KAPTO YPUPIKOV TOL VITOAOYIOTH OPIg Vo amacyoloby Tov
TPOYPOUHOTIOT Ol AemTouépeleg vAomoinone. AAAN po yvoot Pypiodnkn
givou 1 DirectX kot s1ducotepa 1 Direct3D8, 1) onoia amotelei Snpuodpynua g
etaipiog Microsoft. O Kmdwucag 1.1 divel éva omAd mapadety Lo ovamopaceToong
evog tprydvov otov 3A ydpo pe OpenGL, 6mov kdbe Kopven Tov PEPEL Eval
a6 ta Tpia Pacikd ypodpota, to oroia kabopilovrar pe Paon To TPy pOUATIKO
povtédo Red Green Blue (RGB) mov gaivetar otnv Ewdva 1.13.

Kddwkog 1.1: Opiopodg tpryédvov g OpenGL.

glBegin (GL_TRIANGLES) ; // Begin of triangle vertices declaration
glColor3f (5.0, 0.0, 0.0); // Red colour

glVertex3f(—4.0, —2.0, 0.0); // Vertex coordinates

glColor3f (0.0, 5.0, 0.0); // Green colour

glVertex3f(4.0, —2.0, 0.0); // Vertex coordinates

glColor3f (0.0, 0.0, 5.0); // Blue colour

glVertex3f (0.0, 5.0, 0.0); // Vertex coordinates

glEnd () ; // End of triangle vertices declaration

$Enionun ogAido ya to Direct3D ot Sieb0vvon https://msdn.microsoft.com/en-us/
library/windows/desktop/hh309466.

24



BiAoypagia

Akenine-Mdller, E. H. T. and Haines, E. (2002). Real Time Rendering. AK
Peters, 2002, pages 492-494. A K. Peters LTD.

Cho, D., Park, J., Kim, G. J., Hong, S., Han, S., and Lee, S. (2003). The
dichotomy of presence elements: The where and what. In Virtual Reality,
2003. Proceedings. IEEE, pages 273-274. IEEE.

Foley, J. D., van Dam, A., Feiner, S. K., and Hughes, J. F. (2005). Computer
graphics: principles and practice, pages 483—488. Addison-Wesley
Systems Programming Series. Addison-Wesley Publishing Company, Inc.

Kemiyatorn, B. (2019). Normal mapping. Online encyclopedia. https://en.
wikipedia.org/wiki/Normal_mapping.

Koutsoudis, A. (2010). Avarxtnon Tpiodidorotwv Aedouévawv Baoer Ilepigyo-
uévov ko1 MPEG-7 Merodedouévarv. PhD thesis, Tunqua Hiektpordywv
Mnyavikov & Mnyovikov YmoAoywotdv, Anuoxpitelo Ilavemiotiuo
Opdkng.

Papaioannou, G. (2001). Avtduarn ovaxotackevy IpiooiGoTaTOV OVIIKEWUEVOY
ue uebooovg ypagpiewv. PhD thesis, Tuqpo ITAnpogopikng & Tniemikor-
voviov, EBviké & Karodiotplokd [avemotipo Abnvav.

Spalter, A. M. (1998). The computer in the visual arts, pages 128—132. Addison-
Wesley Longman Publishing Co., Inc.

T-tus (2005).  Displacement mapping in mesh.  Online encyclopedia.
https://en.wikipedia.org/wiki/Displacement_mapping#
/media/File:Displacement. jpg.

25



BIBAIOI'PADIA

26



—Meta éminedov, v 8’ €y, év mepipopd. 6V 1oy oTepedy
Aafovres, mpiv abto ko’ avto lafeiv: opliss ¢ Exer €&
UETA JEVTEPAY aBENY TPITHY Aaufaverv: éoti & Tov T00T0
TEPL TV TV KOPwV avény Kol 10 falovg uetEyoy.

ITAdrwv

3A ynoelomoinon

2.1 Ewoayoym

H gmBopio amotdntmong aviikeltévmy Kot GynUATtov [e OnTiKAa Héca EVTO-
niletan otig apyég tov 190v awdva. Ty dwo wepimov ypovikn mepiodo omo-
VTOVUE KOL TIG OPYES TNG POTOYPAPIKNG TEXYNG. Ao TOTE 1) TEYVOAOYiM OTTO-
TOTOONG [LE ONMTIKE HEGO EYEL TPOOSEVGEL LE Parydaiovg puOpovg.

YNuepa, EVOG TUTIKOC COPMTNG EYYPAP®Y OMOTEAEL £Va. OVOTOGTAGTO KO-
pdtt evog ypapeiov, KaBdg EMTPENEL TNV AUEST] KL TOLOTIKY Onpovpyio yn-
QLIKAV oVTIYPAQ®OV 0TOloVdNTOTE gyypagov. Avtifeta, Opmc, 1 dnovpyio
YNOLKOV OVTLYPAPOV 0O TPOYUOTIKG OVTIKEILEVO OTOTEAEL TPOKANGT, 13101~
TEPO, OTOV 1] YEWUETPIKN TOVEC TOAVTAOKOTNTO, EETEPVA OVTH TV CTOLYELMODV
OTEPEDV COUATOV, OTMG EIVOL 01 GPAIPES, O TVPANIdEG Kat ot KOPoLl. XTo Ta-
peABOV o1 Tpoceyyicelg yio T dnpovpyia 3A aviypdemv eV NTAV 0T0d0-
TIKEG KUPIOG AOY® TNG OmOVGIOG EOIKEVUEVOV CLUGTNUATOV LETPNOTG, LOYL-
POV VTOALOYICTIKOV GUCTNUATMOV KOl ETAPKOVG 0T0ONKELTIKOD YDPOV. XNHEPQ,
avTa T péca etvor TAéov dabéoipa Kot odnynoav otnv Kabiépmon o dtop-
KOG eEgMocOpEVNC ayopds cuotndTov 3A ymoetonoinong. Ta cuotipata avtd
EMTPENMOVY TNV OTOSOTIKY KOTOYPAPT) LOPPOAOYIKNG (YEOUETPIKNG) KO YP®-
patikng mAnpoeopiag. H apyn Asttovpyiog tovg Paciletor extdg TV ALY
OTNV EQAPLOYT EVOC LEYAAOL €DPOVE HOOMUATIKOV HOVIEA®V, YEOUETPIKOV
alopdatov kot EEuvev Wedav. [Hapoia avtd, eivar akdpun BéPato Tmg To Kabe
ovotnua Pociletal oe o oelpd amd ToPASOYES KOl VTOKEITOL OE GLYKEKPL-
pévoug meplopiooc. To evolopEPoV TG TAYKOCULOG EPEVVNTIKNAG KOWVOTNTOG
eotaletar otV avantuén odyopibuwov mov Ba emttpéyovv v enetepyocio
TOV Je00UEVOV TOV TPOKOTTOVV LE OTOOOTIKOTEPOVG TPOTOVG OAAG KOl GTN
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onuovpyio véwv pebBddwv arotontmong. Mropel va el kaveic pe Befardtnta
OGS M avanTLEN TV 3A GOpPOTOV (Scanners) amoTEAEL OTOTEAEG L0 GLAAOYIKNG
O0VAELAG EMOTNUOVOV ATt SLOPOPETIKE EPELVNTIKA TTEd D, OTMG Elval LT TNG
OPOONG VITOAOYICT®V, TOV 3A YPOaQIKAOV, TNG UnyavoAoyiog, g Bewpiag Kot
TEYVOAOYIOG TMV LETPNCEDV, TNG POTOYPUUUETPIOG KUL, PUGIKA, TOV Lodnuo-
TIK®V.

EnUovtikd porko oty avénomn g dNUOTIKOTTAS TS 3A ynelomoinong
nailel n dpapatikn Pedtimon otov Topén TV 3A YPAPIKOV TPAYLATIKOD YPO-
vov. H duvatotnta dwoyeipiong molvmhokng 3A yeopetpiog pe yopmiod KOGTog
Bpioket Gueon epapproyn otV ATEIKOVIOT AETTOUEPOV KO VYNANG akpifelog
3A povtélmv, ta onoio cuvnBm TPoKHTTOLY 0o PEBOSOVS KO GLOTHLOTA ON-
povpyiog 3A yneaK®V avTlypaeoV oVTIKEWEVOV 00 TOV TPAYLATIKO KOGHO
(3A ymoeromoinon).

An®TEPOG 0TOYOC OA®V TOV EPELVNTIKMV TTpooTadeldv givor 1 PerTioTo-
OGN TNE TIOTOTNTOG TOV OMOTEAECUATOG LE TAPAAANAT] EAUYIGTOTOINGT) TOV
¥POVOL amoTOT®MENG (GLAAOYY dedopévav). Méypt onuepa, LOVO Lid 0o TIG
dwbéoeg pebodove, M Zynuo ard ctlovéta, Tpooeyyilel v 10 TG «od-
POONG LE TO TATNUA EVOG TANKTPOLY, EVA CVENUEVE ETITESN VTOUOTIGHOD
umopel Vo 0moKTNoEL Kot puo akopn pébodog, n Aopun ond kivinon. Qotdéco to
AMOTEAECUOTA TNG TPAOTNG, AOY® LETPLOG akpifetag kot avaivong Kot GAA®V
TEPLOPLOHUDV, £XOVV EQAPHLOYT KVPIMG GTO NAEKTPOVIKO EUTOPLO, OOV LI OTTAG
pEOMOTIKN Kol Oyl LYNANG aKpifetag 3A amdd00T OVIIKEILEVOVY ElVOL ETAPKNC.
H dgvtepn Otov epappootel cwotd mapsyel VYNNG akpifelag dedopéva Ko
OTOAAACOEL TIG TEPIOCCOTEPEC POPEC TO YPNOTN Omd O1ad1K0GIEG EVOTOiNGTg
TUNUOTIKOV 6opdcenV. DLGIKE 6TIG TEPUTTOCELS OOV amatTEITOL VYNAY| Ye-
oueTpikn akpifela oe 1:1 amotummoelg, papuolovtal TEXVIKEG GAPOONG e
axtivec Aéilep (ex Tov 6pov Light amplification through stimulated emission of
radiation (Laser) tn¢ AyyAMkng), Tig omoieg OUm¢ yapaktnpilovv, T TePLocod-
TEPES POPES, YPpOovoPopeg dladikacieg eme&epyaciog dedopévav. Eivar olyovpo
g 1 dadtkacio. suALOYNG 3A dedopévmv (capwon) etvat po cuvOeTN dtadt-
Koolo Kol EUTAEKEL L0l GELPE EVEPYELDV, O1 OTTOIEG TEPLYPAPOVTOL OTO EXOLEVA
KepdAoio Tov BiAiov.

O touéog Tov ToMTIoNOD EIVaL EVOS TOAD OTOITHTIKOS TOUEOS EPOPUOYHS THS
34 ynpioroinons. H 3A ymelomoinon 610 y®po T0L TOMTIGUOD XPNGLOTOLE -
Tt Evtova 610 PIALo ¢ TEPITTOGIOAOYIKT LEAETN, OO TNV OTOi0 TPOKVTTOVY
peilovog onNUaciog CLUTEPAGHOTA Y10 TN EQOPHOYN TNG 3A ymelomoinong kot
o€ A Tedia, KoM 1) EQAPLLOYN TNG 6TOV TOMTIOUO Tapovotdlel eEapeTikég
TPOKANGELG TOV SVGKOAN ATAVTAOVTOL GE GALO TOUEN GE QLTI TNV KAIHOTO. XT0
TA0IG10 aVTO, diveTal apytkd 1 Pacikh opoAoyia Yo TV KOADTEPT) KOTAVOT|ON|
TOV YMPOV KOl M EUTES®OTN UG KOWNG avtiAnyng. Mio peydAn otkoyévela
OVTIKEWLEVOV OVIKEL GTNV KaTnyopio Tov opilovtal W¢ KIviTa TOATIoTIKG, OVTL-
Keiueva Tov TEPIAOLPAVEL TO TOMTIOTIKO AVTIKEILEV, TMOV OTOI®MV 01 J106TA-
GE1G Kupaivovtal and Kamota yiMootd (mm) £mg Kot ToAAE péTpa (m). O 6pog
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» Xyédo: Evog mivakog Loypagikig
» Keipevo: Ieprypagr evog pvnpeiov

* DoToypagio: ZVVOA0 2A YNOLOYPUPIKOV
EIKOVOV 00 CLYKEKPIHEVES YOVIEG AMYNG
* Bivreo: ZOvolo €1kovooEPOV

» Négg teyqvohoyies: 3A ynolokég avanapact(ioag\
Ko avtiypaga mov tpofdAlovtar pe T Pordeia
VOAOYIOTIKAOV GLUGTNHATOV

Ewoéva 2.1. Méoa npofolic molitiotikod armobéuorog.

«KWVNTE» QAVEPDOVEL T1 SuVATOTNTO LETAPOPAS TOL AVTIKELLEVOL Kol Oyt OTL TO
OVTIKEIPEVO QEPEL KIVIITA PEPN N OTL TAPOLGLALEL Kivion. ZNUEIDVETOL OTL T KO-
TnpoYyia avTh TEPIAAUPAVEL VTOKATNYOPIES LLE LEYAAT YKALO OVTIKEUEVOV TOV
pumopovv va gival and vopiopato £og peydia aydipata. Qg 3A ynelonoinon
oxihvntv uvhueiov opiletal 1 VYNNG akpifelog omoTHNWoN Kol Kotaypoen
TOV LOPPOAOYIKDV (YEDQUETPIKDV) KOL QOCUATIKMY YOPUKTNPIGTIKOV TOV UVT)-
Leimv, To omoia BemPoLVTAL KATACKEVES TOV OEV UopoV va petakvnbovv. Ki
€000 1 YKAUO TOV OVTIKEWWEVOV UTOPEL VoL givort ToAD peyddn kat ot S106TAGELG
va okidovy amd pepkd pHéTpa Emg Kot Kamota ythopetpa (km).

H 3A ymoeromoinon anotelel onpepa va 10104TEP OTUOVTIKO £pYOAEiO Yia
TNV TEKUNPI®ON TOV TOMTIOTIKOV amoBépatog. OEtovtag To péoa TPoforng
TOV TOALTIOTIKOD OmOOEUATOG G ol KALOKO «OVTIKELEVIKOTNTOG) TPOKVTTEL
pa omewdvion mov divetan otnv Ewova 2.1. To oyédro, to Keipevo Kot 1 2A
QoToYpaQlon (Kot to Bivieo) dev pmopohv, TOVAGYICTOV amd UOVEC TOVC, VO
TOPEYOVY ATAVTNGELS GTNV TPOKANGT| TG TANPOVG YNOLOKNG KATOYPAPTG KoL
TEKUNPLOOTNG GTO YDPO TNG TOMTIOTIKNG KANPOVOULAS, TNG OpPYOoA0YinG Kot
g cuvthpnong t€xvepymv. H 3A yneloroinon puropei va cuopufaietl oty avti-
UETOTIOT dVO GNUOVTIKOV TPOKANGEDYV TNG OMOTOAMONG: (0) OTNV AVTIKELLLE-
VIKOTNTO TTEPLYPAPNG TOL TEXVEPYOL (mioToOTNTa) Ko (B) otnv ToydTa Kot
TPOGUPLOCTIKOTNTO TNG TPAYLLOTOTOINGNG TNE KATUYPAPNG. Ziyovpa, OL®S, 1
TANPNG YNOLOKN TEKUNPIOOT TOMTICTIKOV AVTIKEWEV®V TPENEL vo. Paciletal
67O GHVOAO TOV SI0DEGIUOV HEGOV KOL VOL TOPEYEL Lo OVTOAOYIKE! oAokAnpw-
LLEVT] EIKOVO TV OVTIKELEV®V Y10, TO LEAAOVTIKO peAetnTy]. Metd amd dexoetieg
épevvag Kot avamtuéng, 1 3A ynelomoinon 6To ydpo TG TOAMTICTIKNAG KA POVO-
LG amotelel mAEoV o Ko TpakTikh. Kdmola amd Ta 0pEAT Tov TPoceEpEL

10 6pog «ovroroyioan oto onueio ovTd oyeTiCeTar e T ¥PYON TOL GTOV TOPEN THG TANPOPOPLKNIC,
OOV GUVOEETOL [LE TNV OLOKANPOLEVT] GTLOGLOAOYIKY TEPLYPOPT) LULOG CYNPLOKTG OVTOTITOCH.
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glvan ta e€NG:

* KaBbg moAld amd To avTIKEIUEVO TOV TOATIOTIKOD OmOOEUATOC €ival
gvaicOnta Adyo ToAoOTNTOG KOl TOAAEG POPEG VIO KATUPPEVST 1) ON-
povpyia evog 3A ynelakov avTlypdeov odnyet:

— X1 S1evKOALVOT TNE HEAETNG Y1 TNV TOOVT OTOKOTAGTAGT| TOVG.

— ZTn MeEAETN KOl TEWPUUOTICHO OTO YNPKO avtiypapo, avti Tov
{0100V OV TEYVEPYOV, e GKOTO TNV OMOPLYT SLUOIKAGLOV TOL {6mG
va 06tovv 6g KIVOLVO TO TPAYLLATIKO OVTIKEILEVO.

* Ta 3A ynoeaxd avtiypaga mov TpoKHTTOVY UTOPOVV VO OTOTEAECOVY
€va, eMTALOV ONUOVTIKO TEKUNPLO TOV UTOopel Vo EVoOUOTmOEL o8 1o
YnoeaKt cLAAOYT (0moBeTpLo - fAom SESOUEVOV) TAPOLOIDV AVTIKELLLE-
VOV Y. 0YOALOTIOI0V TOV TOpoVGLEAouY Lo GUYKEKPIUEVT] LOPPT 1] TPO-
£€PYOVTOL OO AVOCKUPIKEG EPYOCIES O VOV APYOLOAOYIKO Ydpo. Eivat
wwitepa oNUAVTIKG Yo VOV apyotoAdyo, Vo GUVINPNTH 1| YEVIKOTEPQ
£va, LEAETNTN VO £XEL CLUYKEVTPOUEVA OAOL TAL OEOOLEVO TTOV APOPOVY TO
ekdotote éyvepyo. Eva omd To onpovtikdtepa oTotyeio mov Oo tpémel va
£xe1 0 LEAETNTNG 0T 014001 TOV Elval TAL LOPPOAOYIKA YOUPOKTNPLOTIKA
TOV VIO PEAETT] AVTIKEIUEVOL, GTO 0TToin £EL GpeoT) TpoOGfacn HEG® TNG
a&lomoinong Tv 3A ynelaKoOv avitypdeov, KATL Tov dev Umopel va yivel
HEC® TOV TOPUSOGIOKAOV 2A POTOYPUPIKOV OTEIKOVIGEDV Kl GYESIWOV.
[MopdAAnAo oNUOVTIKE OQEAT TPOKVITTOVV:

— X1 onpovpyio cOyYpoveEV YneloKkov arobetnpiov pe duvatotn-
TEG QVTOLLATNG KOTNYOPLOTOIN oG, OVAKTNONG Kol TPOPOANC GLYKE-
KPYLEVOV VTTOGLUVOL®Y TOV 3A YNOLoK®OV OVTLYpAQ®V.

— X1 obvdeon pe TG TEXVOAOYieG 3A ekTOTOONG LE GTOYO TN ON-
HOVPYio QUOIK®V OVTLYPAQ®V Y10, EPAPLOYES ATOKATAGTAONS, G-
vIpnong, tpofoing kot tpdcPacng amd HEYPL TPOTIVOC ATOKAEL-
GUEVES KOWVOVIKEG OHAOES.

* H onpovpyia evog Atadiktuokov gikovikoD povseiov 1 ékBeong mov emt-
TPENEL TNV TPOSPacn 6e 3A YynELokd avTiypoeo LEYAANG OPYOLOAOYIKNG
Kot apyLtekTovikng a&log pmopel va amoteAésel £va amd T OTLLOVTIKO-
TEPO TPOTOVTA Yol TNV ovAdEIEN Tov ToATIopoV. [Ipospéper T dvvato-
T o€ évo uph Koo va EpOEL 6 EmAPN Kol Vo YV®PIcEL TOV TAOVTO
TOV TOMTIOTIKOV aOBELATOG TPV UKOUT EMICKEPTEL TO YDPO TOL PLAO-
Eevovvtar ta 10w To avrtikeipeva. ‘Eva etikovikd povoegio pmopet va givot
TPocPaoipo amd 1o Aadiktvo aAAd Kol amd TANPOPOPLOKE TEPITTEPA
(information kiosks) mov pumopei va Bpiockovtor gite eviog voc povoeiov,
€lte 0g YOPUKTNPIOTIKG onuein pog acTikng meployns. H mpofoin twv
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exBepdTov pmopel vo ELTAOVTICEL GNUAVTIKE TNV EUTELPI0 TOV EMOKETTN
TAPEYOVTOG SLUdPACTIKO 3A TEPIEYOLEVO GUVOVACLEVO LE TEXVOAOYIEG
TOAVHEC®V, OIS 1] APNYNON, 1| CAANAETIOpaoT, 1| ETALENUEVT] TTPOLY LA
TIKOTNTA, 1) ONLUOVPYia. SIUOPUCTIKMDY EPUPLOYDV, 1) EIKOVIKT TPUYLLOTL-
KOTNTO KoL 1) 3A EKTOTTOGCT OVAUVIGTIKOV OVTLYPAQ®V.

* TToAAG apyoohoyikd pvnpeio Ko euprnota dev tvol S10b£o1io 6To €VpY
KOWO, Y10, TNV amo@uy” Thavav Kotastpoe®mv. Me v 3A ynelomoinon
umopel Kaveig vo emrpéyel TNy Tpocfact Tov Kool oTo Ynelokd avti-
YPOPO EVPNUATOV Kal pyvnueimv, Ta ool gival amaAlayéva, TOVALYL-
GTOV GTO YNPLOKO EMIMESO, amd TVOKIOES TG LOPPNg «MnVv Ayyiletex.

* H ypnion tov 3A yneokov aviypdeov 6tov ToyKOGHO 16T0 Umopel
VoL TPOCPEPEL TOVTOYPOVT] KOL ATOUOKPVGUEVT] TPOGPOGCT) OE ETIGTHLO-
VEG OPYOLOAOYOVG, EPEVVITEG, LEAETNTES, TOVPIOTES, KAT. ZNjuepa divetal
TAEOV 1 TEYVIKT] SUVOTOTNTA Y1al T1) LU VOT] TOL TOMTIGTIKOV amofENTOG
HEG® TOL ALISIKTVOV OKOLO KOl GE POPNTEC GUOKEVEC.

* H ypion 1ov 3A ynookodv avitypdeov yio ) dnpovpyio mpocoold-
GEMV LLE dUVATOTNTEC EAEVDEPTIC TEPINYNONG GE EIKOVIKO YDPO Eivol o1)-
povtikd epyaleio ddyvong. Ipoceépel mAnpEéotepn ovTiAnyn Kot EUTEL-
pio TOL YBpov, KOOGS emiTpémer TV eEETaoT €vOg BENATOG ad drapope-
TIKEG OAAG OKOULOL KO TPOTOYVMPEG OTTIKEG YOVIES, EVD KaOIGTA duvath
TNV TEPUYNOT OE YDPOLS OV Eival ampdcITol, SLGTPHGITOL 1} EXOVV KO-
Oel. Kabiotd v emickeyn mo evyapiotn HECH NG S108pOCTIKOTNTOG
OV TOUPEYEL APOV EVOG EIKOVIKOG EMGKENTNG LITOPEL VoL kaTELOVVEL TNV
mepmynon katd fodinon, oe avtifeon pe pwo kKhooikn frvreonapovoi-
aor evog ydpov. TéNog, emtpénetl 10 SLVOUIKO EUTAOVTIGHO TOV PACIKOD
0énatog pe TAnpoeopio Tov deV givatl SLVUTO VO ATEIKOVIOTEL ATOSOTIKA
pe ovpPoticéc peBoddove TpoPoing.

* Xg meputdoElg Omov 1 3A ynelomoinomn apopd e apPYITEKTOVIKA G-
VOAQL, OPYOLOAOYIKOVE YDPOVE, AOTIKEG TEPLOYEG LE 1O10TEPT OPYLTEKTO-
VIKT| 1] 1oTop1KT| a&ia, 1 EPAPHLOYN KOt TO TapAy®Yd TG SLUPGAOVY oTNV
TOTIKY] KO TEPLPEPELOKT OIKOVOLL, TPOPBAALOVTOG KOl aVadEIKVOHOVTUG
TNV WOWITEPOTNTOA TOV TOTOV GTOYEVOVTNG GE PEAETNTES KOl EMOKEMTEG
EOIKDV EVOLAPEPOVTMV, OMLLLOVPYDVTAG, £TGL, KIVITPO KOl TOAAOTANGLO-
OTIKA OQEAT Y10 VEEC VTTOGOUEG KO TOTIKT AVATTLED.

2.2 Opwopdg 6 3A ynoeromoinong
1 Pproypapio pmopei kaveic va GUVOVINGEL SIOPOPETIKES TPOGEYYIGELS

GTOV OPIGHO KO T Opta Tov TiBevtal otn 3A ynolomoinon, avéioya pe 1o nedio
omd To 0moio TPoEPYOVTIAL X KAOE TEPITTOON OUM®G,
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34 ymeiozoinon eivar n GVALOY UETPHOEWY YWPIKOV KOl QOCUO-
TIKOV YOPOKTHPLOTIKDV OT0 TIG EMLPAVELES TV OVIIKELUEVWY TOV
KOOGUOD KOL 1] UETOTPOTH TOVS O WHPLOKG, OEO0UEVO,

KOl VAOTIOLEITON LLE TN YPNOT] CUVOLOV VAIKOTEYVIKOD EEOTAIGLOV Kol AOYIGHL-
KdV. Mepikd amd to facikd yopakplotikd tg 3A ymelonoinong eivat:

* YAOTOLElL 10, 0VTOUOTOTOINUEVT T} AKOLT| KOL M LLL-OUTOLLOTOTTOIN UEVT) Slat-
dwaoia Tpaypatomoinong petprioemv anodctacng (Bédbovc) mov Pacile-
TOl 6€ KAmola 1] KAmoleg LeBOSovE Kot TPATLTAL.

* [paypatomotel detypatoAnyio oTnv ETIPAVELD OVTIKELLEVOD UE VYNAO
pLOUO (exaTOVTAdES 1) (IMADES KOPLPEG OPIGLEVEG 6TO 3A YDPO avdL dgv-
TEPOAETTO).

* Amookomel, GTNV KOADTEPT TEPIMTWOOT], GTO VO TPAYLOTOTOLEL TOTVTIMGCT
G€ TPAYLLOTIKO XPOVO, DGTE VO DITAPYEL ALECT] EVIUEPMOT| GTO PN OTH.

* Kataypapetl ypopatikn minpoeopia g enpavelng oe cuvovaoud pe
mv 3A yeopetpia.

"Eva svomnpa 3A ynoetoroinong pmopel va xopaKTnpLoTel popno, etapép-
oo M, KON, otalepd. TG TpmTEG HV0 TEPMTMGELG TO CUOTNUO UTOPEL Vol
petapepBel 6To YOPO ELAOEEVIOG TOL AVTIKEILEVOD, EVD OTNV TEAELTON, Elval
VIOYPEDTIKO Y10l TO OVTIKEILEVO TPOG AMOTVMGT) VO LeTapephel 6TO £pynoTh)-
plo ynoeromoinong.

H 3A ymoelomoinon ivat évo onuoavtikd pyareio mov «EEKAEOMVED) Lo
oelpd amd SuvatdTTES TOGO Y10 TNV TEKUNPIOCT OVTIKEWEVOVY OGO KoL Y10, TTAN-
00o¢ eQapproy®dV, OTMG Elval 1 YNELOKT apyE00E€TNON, 1| VTOGTHPIEN EPYACLOV
GUVTIHPTONG, Ol EPOUPLOYES OVTIGTPOPTG UNYAVIKNG KOt 1) d1dyvon. QoTdG0, ot
dtodikacieg Tov 0KoAoLOOVVTAL Y10, TN CLAAOYY| OEGOUEVEOV OO TIG EMPAVELEG
TOV OVTIKELEVOV EVOEYETAL, TOALEG POPES, VO YOPUKTNPIGTOVV MG OVETOPKEIS.
Ao Vv GAAN, €016 PAPOC Yo TV a&LoAOYN oM EVOG GLGTILLATOS YN PLOTOiN-
oMG £YOVV 01 amoNTOVPEVES (LETEMELTO) SlodIKOGIEG EMEEEPYACIOG TOV APYIKADY
dedopévmv mov TpokLATOVY otd TN Ynelomoinon. O ypdvog Tov amatteital yio
N dnpovpyio evOg VYNANG TGTOTNTOS 3A YNPLKOD AVILYPAPOL Eival TOAAES
QOPEG TOAD HEYOAVTEPOG AO TO XPOVO TOL GNOLTEITAL Y10 TY] GLAAOYN TAOV
dedopévov (Pavlidis et al., 2004). H yeopetpikn axpifeia, n evpwoTtio evog ov-
GTHLOTOG KOL 1] ETAPKELD OTOTHTWGTG TOAVTAOK®V LLOPPOAOYIKH ETLPOVELDY
OTOTEAOVV OKOLL KOl OT|LLEPA EVEPYE TTEdin Epevvag. (2G KOPLOL EPEVVITIKT TTPO-
KAnon evromiletal n epaproyn e 3A Yynelomoinong AVIIKEWEVOV HECH OITO-
SOTIKAOV TPAKTIKMY TOV 001 yoOV 6g peydiovg Padpods akpifelag kot avéiv-
OMG, EVO TOVTOYPOVA ATOLTODY GUVTOUOVS XPOVOLG GUAAOYNG OEGOUEV@V TOV
Ba pmopovsav va mpoceyyilovv 10aviKA aKkOpo Kot 0VTOVES TG YNPLOToinomng

YYPAOOV.
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2.3 H 3A ynoromoinon kot T YO.pUKTNPLOTIKA TOV
OVTIKELUEVOV

e ka0e épyo 3A ynolomoinong, apykd pérnpa yo tnv opbn| oyediaomn g
VAOTTOINGNG TOV £lval T eKTipNom Tov LEYEDOVG Kal TG eAeVOEPiag peTaKivong
TV, TPOG YNOLOToINoT, AVIIKEWEVOV. Avtdg dAlmote gival Kol o Pacikog
AGYOG TOV MG TPDTY TPOGEYYIGT| EVIOTIGLOV TOV ATOLTGEMY VAOTOINCTG TOV
£pYOV YIveTOl SIUKPION TOV OVTIKEWEVOV GE KIvTd Ko axivnto. Kivytd avei-
Keluevo, Pmopel va, glval omoladmoTe, OYETIKA HKpoy HeYEBOVG Kol SlooTh-
CEMV, EVKOAO OTI LETAPOPE AVTIKEIUEVE, TMV OTOI®V 1 YNELomoinon propei
va yivel gite o€ e01Kd gpyacTnpla €ite 010 Y®PO MoL Ppickovtal. Ta Kwntd
avTiKeipevo pTopoHv vo amotunwBolv o€ TPELG S10oTACELS Le TAH0GC GUGTNLA-
TV, OTMG vl 01 E101KES LETPNTIKES SLATAEELS TPLY®VIGHOV A& EP, OOUNLEVOL
QOTICUOV Kol OTOYPAUUETPiag. TUmIKd TOPAdETYLATH KIVITOV OVTIKEIUEVOV
OV TPOEPYOVTAL OO TO TOMTIGTIKO amdBepa etval To aydApaTa, ayyeia, oKeom,
KOG HOTO KaBMG Kot T, €101 AXTKNAG TEYVNGC. QG aKxivyTo, OVTIKELUEVA LTOPOVLE
Vo 0piGOVLE TO LEYAAQ OLYGALLOTO, TO KTHPLO, T OPYITEKTOVIKA GUVOALL, OOTL-
KEG MEPLOYEG MOMTIOTIKNG Kot 10TOPIKNG a&ilag, KabdC Kol Tovg opyotoroyt-
KOVG YOpovg Kot 11§ avackapés. H 3A ynoeromoinom oe avtd to avikeipeva
oonyei oto 3A ynoakd avtiypago pe TAn0dpa Topdy®Y®OV TOL OTOTEAOVV
€&lo0V oNUAVTUEG TNYEG Y10 TEPALTEP® PEAETT), OTMG Y10 TAPAOELY O, TO OYESLOL
Vo KMUOKa TToL TOPoVGLAloVY YOPOUKTNPLOTIKES OYELS, KATOWELS 1) TOUEG KoL
umopel va mpokdyovy and edkn enefepyacia tov 3A aviiypagov. ['a évav
OPYOOAOYO, £VaY OPYLTEKTOVE, £VOV TOAMTIKO HUNYOVIKO 1| akdpol Kot Yo Evov
oovtnpnt éva Sdypappa vd KMpoKo pog oyng evog Ktipiov 1 evog ap-
YOLOAOYIKOU GKAUUATOG omtoteAel vTOPabdpo yvaong mov Ba vrootpi&erl pia
UEAETT] CLUVTHPNONG KOl AVASEIENG 1 TNV €EQYMYT CNLOVTIK®Y OPYULOAOYIKGOV
GUUTEPACUAT®V. L€ TEPIMTMOGELS KATA TIG 0moieg va uvnueio dev veioToTol
TAEOV, Umopel va yivel 1 3A oVOKOTAGKELT TOV LLE XPNOT TEXVIKDY QOTOYPOLLL-
petpiog amd eoToypapieg 16TopK®dV apyelov (Tnyéc tekunpioong) kot piog
oE1pdc vmoBécemy. 1o TUTIKG TOPUdElYLATO OKIVITOV UyNUEimV aviKovy ot
vaol (my. molaoypiotiovikoi, Bulavtivol), apyotoAoyikés avackapég (emiyeleg
Kol EVAMEG) KaBMS Kol KTPLo WO10ATEPNG OPYLTEKTOVIKNG a&iog (TTy. VEOKAN-
owd) (Daniil, 2009; Patias, 1999; Tziavos and Spatalas, 2004; Vlachos, 1998).

Onwg éxel avapepbet, 1 epoapproyn piag peboddov ynelonoinong odnyei otov
VTOAOYIGHO TV BECEMV KAl YPOUATOG GUYKEKPIUEVOV G UEI®V TAV® OTIC EML-
QAVEIEG TOV AVTIKEWUEVOV, TPOYLOTOTOIOVTOS Lo deryuatoinyio. Ot Béoelg
OVTEG OTO TTOPAYOLEVO OTOTEAEGLLOL OLVOTAPLOTOVV KKOPLOESH TOL cLVOETOVY
Vv eEMTEPIKT EMPAVELD TOV OAVTIKEILEVOL KOl O OPKETEG TEPIMTMOGELS 0pilo-
vtot o€ éva avBaipeto KapTestovo cOoTN L cuvTETAYUEVDV. [ToAAY cuoaTAaTe
ymoeomoinong (0nmg ot copmtég Aéilep) mapdyovv 3A ynoewokd avtiypaeo og
avaroyia 1:1 pe to mpaypatikd aviikeipevo (dedopéva og opn KAMpdKoon),
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evd dAla (6twg n Aopn and kivnon) oyt H mpoavagpepbeica derypotoinyio
TPOUKTIKG YIVETOL Y0PIg TOV ELEYYO TOV XEIPLOTN TOL EKAGTOTE GLUGTILLOTOG, KO-
0dg M emAoyn TV oNUEi®V OTNV EMPAVELD TOV AVTIKELEVOL TTOL Ba peTpn-
0oVV, TOALEG POpEg, Oev glval Suvatdv vo TPoKaOopIeTOVY. ZUVOAMK(, GTO TEAOG
™G dadikaciog LETPNoNg e Oty TOANYEin TpokDTTEL VoL avbaipeTa pueydo
GUVOAO KOPLPAOV TOV KOAEITAL VEQOS onueiwV, TO OTOI0 AVOTAPIGTE YNOLOKN
™V e£MTEPIKN EMPAVELD TOV OVTIKELLEVOD KOl OTOTEAEL TAL OPYIKA dESOUEVL
™G ynoeomoinone. Xt6xoc Katd ™ @dorn avth eival 1 cvAloyn evdg TALov
TUKVOU (SAS. [Le LeYGAN avAALOT) VEQOLG ONUEi®V e LETPNOELG VYNANG aKpi-
Bewoc. O eivarl avapevopevo, to vEQog avtd omd onueia dev eivar téAeto,
ka0mg 0nmg ovpPaivel og kKGBe dradikocio LETPNOTG VIAPYOVY OGTOYIES TOV
oyetilovtat Le Ta OploL AEITOVPYIOG TOV GUGTHOTOG HETPTOTG KO EEMTEPTKOVG
TapAyovteg mov ennpedlovv Ty kKabe pétpnon. Ot actoyieg avtég ovopalovton
Bopofoc pétpnong. Mapddindra, Eva vEQog onueioy omotelel (o, Kot Kdmolo
TPOTO, KOTEAN» OVOTOPACTACN LG EMPAVELNS, KOOMG avomaptotd Lovo Ké-
7olo, ot TO oMUEiN TNG, LE AoLVEXEIEG KOl kKeva petaly tov onueiov. ‘Etot, to
VEPOG o UEi®V TEPVA OO 0P PrLLATOV ETEEEPYATTAG Y10 TNV TEMKT ATOS00T
Tov 3A avtiypdeov. Xvvifwng omarteital va epoppoctodv pédodol ratpapi-
GUOTOG TOV LETPNOE®V Yo TNV EAAEYT TOAVAOC TAEOVALOVTOV KOPLOOV KoL
™ dopboon tov Bécemv Kopuedv Tov £xovv petokvnbel oe oyéon pe v
TPAYHOTIKT TOVG B0, KaBMG KAl TNV £VOoT TOV KOpLuedV 6g Tpiywmva 1 To-
Myova, dote va dnuovpyndel pa yopig acvvéyeleg emodveia. H dnpovpyia
NG TEAMKNG EMUPAVELOG TTPETEL VOL 00N YEL € Eval 3A YNP1LoKO OVTIKEIIEVO «KAEL-
0TS YempeTpiog 6mov Ba epapUocTel 1| TPOPOAT TNG YPOUATIKAG TANPOPO-
pilag Tov Ba Tov ATOOMOEL KOl TV PMOTOPEAMCTIKY TOV popen. H dnovpyia
EVOG PMTOPEAMGTIKOD 3A YyME1oKoy avTLypdpov amoterel Eva emmALov Tpoidv
EMOKOMNONG TOL OVTIKELLEVOL KOl 1] OTTIKOTO{NOT) TOL HEGM EVOC VTTOAOYIOTN
yivetal ofjuepa e TN ¥PNoN HIO GEPAS EOIKMY HOPPOTOITOV Opyeimv OTw®g
givan o1 popeotumor Virtual Reality Modelling Language (VRML), Extensible
3D File Format (X3D), Wavefront Geometry Definition File Format (OBJ),
Polygon File Format (PLY), XYZ File Format (XYZ), xa.

H mowiMa tov TpdTov VAGV Tov pnooTotel o dvBpwomog yio TV KoTo-
OKELN TOV TOMTIGTIK®V AVTIKELEVOV, KAODG KOl 1) LOPPOAOYIKT| TOVG TOAV-
TAOKOTNTO, OOTELOVV TUNLA EVOG EVPVTEPOV GLVOAOL YOPUKTNPIOTIKAOV TOL
OTOTEAOVV TTPOKANGELS Yo TIG O1dpopeg pebBoddovg 3A amotdinwong. Omwg 1om
avaeépinike, n dwdwacio g 3A yneloroinong avtikelévayv, og neboddov
OMUIOLPYIOG YNOLOKDV OVTLYPAQ®V, TPEMEL, €V YEVEL, VO TPOYLOTOTOIEITOL [IE
T0 LE€YLGTO dLVOTO Pabpd akpifelog Kot avaALONG. TNV TPOYUATIKOTNTO, OUWC,
N axpifelo TN oamotHnwong evog avtikeyévov ennpedletat omd avtd kabavtd
T0 avTikeipevo. Mepikd omd T0 TO CNUAVTIKG YOPUKTIPIGTIKG TOV EIGAYOVV
TPOKANOELG 6TNV eMTELEN LYNANG aKpifetog Kot ovalvong Katd TV ynelomoi-
non VoM LOPPOAOYIKT TOAVTAOKOTNTO TV OVTIKELEVMV, TO YOPOKTPLOTIKG
TOV ETPUVELDY TOVG, OTTMG Ol AVOKAUCELG Kal 0 IPOIGHAC, KOBMG ka1 didyvon
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Kol 0140Aacn TOL EMTOG PEGH GE AVTEC.

[IpovmdOeon yia v 34 wneioroinon ue ovoTHUATA TPIYOVIoUOD AE1LEP Ei-
Vo 10 OTL 1 EMUPAVELD TOV AVTIKEEVOL eivar adtapavig Kot de S1aBAd 1o g,
Otov T0 VMK KATOOCKEVTG TOV OVTIKEWEVOD TPOG YN@elomoinon givar to udp-
papo, tote outh 1 Tpodndbeon dev pmopel va kavomon el TANpmg, Kobmg
TO &V AOY® LMK TTapovotdlel 000 ONUAVTIKEG G TPOG TNV OMTIKN 1O1OTNTEG:
(o) nudrapdveta (B) avopoloyevig empaveiaxt tpoyvtnta. Ot 1d10TnTEG 0VTéG
OTOTEAOVV OVOTTOQEVKTEG TNYEG BopOPov kat emnpedlovy v axpifeio Tov pe-
tpioewv (Godin et al., 2001). H empdvewa evog poppdpov etvor dopnpévn amod
TUKVA GLGGMPEVHEVOVS KpLOoTAAAOLE. H petafAnt) mokvotta towv KpuoTdh-
AoV TPOKOAEL Lict 0VOLLOLOYEVELD GTOL VTOGTPDLOTO KO G EK TOVTOL OALOIDVEL
TOL OTLTIKA OPAKTNPLOTIKA TOV avTIKEEVOL. Kabdg 10 pwg dtamepva pia pop-
APV ETLPAVELDL 1] OVOLLOTOLOPPIC, TMV VTOGTPMOUATMV 00N YEL GTOV AVUTOPED-
k10 dokopmiopo g déoung (light scattering). O dackopmionds avtdg eivon
VIOPKTOG KoL 6T0 0potd pdoua. Ot Godin et al. (2001) Ttpoordbncoav va toco-
TIKOTOI{N GOV TO EDPOG TOL GPAAUATOC TTOL TPOKAAEL O OLUGKOPTIGHOG HIOG dé-
oUNG POTOG AEp. X £Vl amd TO TELPALATO TOVEC GTOYEVOVY aKTiva Aélep Un-
KOLG KOpOTog 633 nm (VOvOUETPA) TAVED G€ KOUUATL AEVKOD HOpUAPOL TOTOV
Carrara Statuario. Xt0 VTOGTPOLOTO TOV HOUPLAPOV OAAG Kol GTNV EMLPAVELY
ToL gLPavilovtav PmTEVOL OLLOKEVTPOL dioKOL YOP® and To oNuelo avaKAaoNG.
2mv Ewova 2.2 tapovsialetar pia d€oun ¢mTog AELEP TOV EXIKEVIPDOVETOL GE
andGTaoN EVOG EKOTOGTOV amd TV AKpn Tov papudpov. H potoypboion éywve
VIO GLYKEKPYEVT) OTTTIKT YOVio, DGTE VoL EIVOL ELPAVES TO PUVOLEVO TNG dlEio-
dVomG Kal SICKOPTIGLOD TOV PMOTOC GTO VITOGTPDLOTO TOL papudpov. Kdmowo
€lon popUapwV emTPETOVV TN O18XVOT TOV EOTIGHOD TOL TEPPAAAOVTOG GTO
£0MTEPIKO TOVG UPOVILOVTOC £TGL o Gelpd amd 110iTEPA YPOLOTIKE YO0
KIplotikd. Me ) cOyypovn Te(voroYia cap@TOV TPLYy®VIGUOV AElep, OVTA
TOL YOPOKTNPLOTIKA EIVOL AdHVOTO VO ATOTLVTOOOVY Kot avamOPELKTO Oa, TpEmEL
va avalntOel Aoon péom ariwov pebddmv 3A yneromoinong. ‘Eva avtictoryo
TOPASELY O, OTOTEAEL KO O OKTIVOAMBOC, £Vl 0O TOL KOWVOTEPX TUPLTIKE OPLKTA
™G opddas tov apePorov. Eva yAunto and axktivorbo mapovordlel Eviova
QUVOLEVO JLOCKOPTICHOD PMOTOC OTOL VTOCTPMUATA TNG EMPAveLdg Tov. To
(MG TPOOTIMTEL GTIV EMLPAVELD TOV OVTIKEILEVOD KOl TN SLOTEPVAEL ONLLovp-
YOVTOG d1dBAaon, TV omoia U cvALaUBEvEL To cOGTN A Gapwong. XtV Et-
Kova 2.3 Qaivetal Uio Ypoetkn avomapdcToot TG O10popoToincng 6ToV TpOTo
OVAKANONG LG OECUNG PMTOG OTAV 1 ETLPAVELD TOV OVTIKEYUEVOD Elvar adtopo-
v (Ewova 2.3.0) kKo dtav 1 emeaveto eivar nudtagavig (Ewova 2.3.p), katd
TNV OTole ELGAYETOL OTPOGOIOPIOTIO OTN UETPNON TNG AVOUKADUEVNG SEGUNG
AOGY® TG TOALOTTANG S1AOAaONG Kol SLOGKOPTIGHOD TNG SECUNG OTO AVAOTEP
GTPOUOTO TNG EMPAVELNG TOV OVTIKELEVOU.

AvoTuX®dG TO PLapapo dev amoTeAEl TO LOVO VAIKO OV E1GAYEL TPOKANOELG
o115 dndikacieg 3A ymoeromoinong. Ilpoxineon yw ™ 3A ynoelomoinomn anote-
Ael ko éva eviovmg AMaEELIEVO YALTTTO EAEQOVTOGTO, OTTOV 1) ATOTVTTMOT| TG
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Ewova. 2.2. A160/.a0m kar S106K0pTIoUOS 9TOS AE1LEP OTNY EMPAVELQ EVOS HLOPUAPOD TOTOV OdT0D.

a. Mn dwtonepath empavela B. Dwtonepatr emdpavela

Ewova. 2.3. Ipogikij avamwopdotaon e omposdloploTios oTh HETPNON AVOKADUEVNS OEOUNG 08 PWTOTEPOTH
EMPAVELQL.

TOAOTAOKN G LOPPOAOYIONG TV ECOTEPIKMY KOIAWV TTEPLOY®V €ival G TOAAEG
TMEPITTOCELS AOVVATT. ZTEVES OYIOUES EIVOIL TOAD SVGKOAO VO 0TOTLT®HOVV amd
TO GUVOAO TV SBEGIU®V HEBOI®V KAl avamOPELKTO Kot omd Tig pebddovg
Tpryovicpov Aéilep, ot omoieg Pociloviol GTOV EVIOMIGUO TNG EKTEUTOUEVIG
déounc Aéilep miveo ota onueia g empdvelng. Xtnv Ewodva 2.4 avamopi-
GTOVTOL YPOPIKA Ta, Bactkd TPOPAIATO TOV UTOPEL VA ELPAVICTODY KATA TN
¥PNoN €vOg GuaTHRATOC TPLYVIcHov Aéilep. H empdveia oty Ewova 2.4.a
glvar amoOAVTO EMITEDT KOl £TCL EMTPEMEL TV OLLOAT KO OTPOCKOTT dteEoymyn
™G oLAAOYNG dedopévev og avtifeon pe v Ewodva 2.4.5, 6mov 10 cvotnpa
avaykaletar va Bpebel vwd peyddn yovio kKAiong yio vo pumopetl vo odnynoet
™V aKtiva A&WLegp 6N VIO-YNPLOTOoINoT| EXPAVELD KOl TOVTOYPOVE VO UITOPEL
va v aviyvevoet. Otov 1 yovio kiiong dev to emtpénet (Ewdva 2.4.y) tote
kafictatar adbhvoTn 1 aToTOTMOYN CLYKEKPILEVOV CNUEIDV, dNUIOVPYOVTOG
OoLVEYELEG OTA OEOOUEVA TTOV TOPAYOVTOL (MUTEAES YNPLOKO OVTIYpa(O). g
TEPMTMGELS YAVATOV, Y0 TOPASELYLLO, OTOTEAEL YEYOVOS TO OTL 1| GLUATN TOL
YAOTTTN pmopel va dnpiovpynoel 1060 Pabiég kot AenTég TTLUYEG TOL 1) HECUN
@m10¢ Aélep aduvvatel va aviyvevoet (Ewova 2.4.9).

H bwoomopd kot avakiacon tng 6éoung emtog Aélep oTig KUPTEG N KOTAES
EMLPAVELIEC TOV OVTIKEWEVOL €IVOL L0 AKOWO OVOTOPEVKTY TPOKANGT, OTMG
eaivetar yopoktnplotikd oty Ewova 2.5. O acvvéygieg mov eupavilet 1 6é-
oun eMTOG Aélep emPArovy TV emavaAnyn g d1adtkaciog GLAALOYNG dEd0-
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AbSuvapia

Tapuwrric oTimwong  Abuvaplia S£0pn¢ dutis

poywiopol Adulsp smgaveiag va $raoer 1o fabog me

£0POUC ywviag kMong

KOVIIVAY QIOOTROEWY Adywt
TOU CUOTRIGTOS

edaverag

KALONG TV oMk

a 8 v 8

Ewovo. 2.4. Emipaveiakés KapUmvADOELS Tov ONIIovpyody TEPIOPIGLODS GTHY WHPLOTOINOT.

--

Ewova 2.5. AvaxAdoeis otny empaveLo ko1 aQovVEYEIES TS OE0UNG PMTOS AE1LEp.

Avtikeipevo \r oaowre onos nie
w YWV V)
L oot PWING TPLY H P

Yndronoinon

AnéoTacn acdaleiac capwtr and To avtikeipevo npoc Pndronoinon
a. B. Y.

Ewéva 2.6. Advvapio amopoyng npookpovorg.

LEVOV GV 1010 TEPLOYT LE TNV TOTOOETION TOL GAPOTI GE SUPOPETIKY| YOvia
0¢aomnc.

370 Y®PO TNG TOMTICTIKNG KANPOVOULAS, 1| LOVASIKOTNTO KOL 1] (VUTTOAO-
yiot a&la Tov Té€yvepymV dev emTpénel opdAuato. H emaen Tov cuoTiatog
GLAAOYNG OEOOUEV@V |IE TIC EMPAVEIEG TV TEXVEPYDV OTAYOPEVETAL pPNTA. ATTO
TNV GAAN, 1 1010 YEOUETPIKT TOALTAOKOTNTO TOV EMNPEALEL T GLAAOYN dedopé-
vov avePalet Tov Tyn SuoKoAiNg 6TO XEPICUO TOV GUOTIHATOS OTOTUTOCTC.
®a tpémel va divetan Wiaitepn EUeaon oty eTAoyN g B€0MG TOV CLGTNHLO-
TOG OAMOTOTMOONG GE GYEON HE TO avtikeipevo. Xtnv Ewodva 2.6 answovilovton
TEPUTMGELS GTIG OTOIEG TO GUGTNUO, GVALOYNG OEOOUEVDV dEV Popel vor Agt-
TovpyNoEt pe aceiiele. H axepatdtnTo T0U 1€)vEPYoL e£00PAMIETAL TPOKTIKA
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LLE TOV OPIGLO IO TEPLOYNGS, TNV oToia o€ Ba mpémel va mapaPiélel moté to 6h-
GTNLO ATOTOTMOOTG KOTA TN dtadikacio cuAAoync dedouévav. Ta tepiocdTepal
cuotNUaTo O10BETOVY o PEYIGT Kot o EAAYLOTY] OTOGTAGT AEITOVPYING TOL
001YOUV GTOV TEPLOPIGLO T®V BEGEDMV TOV UTOPOVV VO AELTOVPYHCOVY YOP®
oo €va aVTIKEIEVO. APKETEC POPEG AOY® TV TEPIOPIGUDV QVTAOV TOADTAOKO
OVTIKEILEVO OEV UTOPOLV VO YynerorotnBotv TAnpwg (Ewdva 2.6.y).

To, KOGUALOTO ATOTEAOVY GAAO EVO, TAPASELY IO, GTO OTTOI0 GUGTHLLOTO TPL-
YoOVIoLoU A&Lep aduvaTODY Vo TAPEYOVY £VOL IKOVOTONTIKO amOoTELECLA AGY®
NG VYNANG OVOKAACTIKOTNTOG TOV LETUAMK®DV ETLPAVELDV OAAA KoL T S0P~
Vel ToV TOATIH®V MOV, VoIKd, akdun Kol pe T xpnon GAAov pebddwv,
OGS Ol POTOYPAPIKEG LEDOJOL, AVOUEVETOL OTL TO OMOTEAEGLLA TG YNPLOTTOT-
nong Ba yapoktnpldtav TovAdylotov TPofAnHatKd. Amd TV GAAN, ovTicTol-
YOV TOTOV aVTIKEILEVA (TOADTILOL AiBOL e £VTOVEG OVAKAGGELS KOl SLUPAVELDL)
UTOpOovV Vo TpocouolmBodv pealotikd pe texvoloyieg 3A ypoewdv HEGH
E0IKAOV aAYOPIOL®V POTOPEOMGLOD EVA 1] OMOTOTMGCT TUNUOTOS TOV €V AOY®
WO10TATOV YIVETAL LEPIKADG HOVO UE TN YPNOT TEXVIKAOV DYNAOD KOGTOVG, O
ot 1ot BoLot ynolomoinong (light dome 1 scanning dome).

H 3A ymoeilonoinon evog vpacpdtivov, Kot akdun tepocdTepo, £vOg Y00~
VIVOU OVTIKELEVOL OOTEAEL GAAN Lo TPOKANGT, APOD 1 TOAVTAOKOTNTA TNG
EMPAVELLG TOV OVTIKELEVOD TPOKOAEL EVTOVA QOVOLLEVA S10GTOPAG OTT SEGLN
QOTOG KaB®G ovTn eloympel péoa oTig TTuymdoels. H ynoelomoinon g enupd-
velog B 0dnyovoe 6T GLALOYY dedOUEVOVY Le VYN AG entineda BopHPov. Akdpa
Kol oV popovoe vo mpaypatoromfei ) 3A anotdHnwon g Youvag Kot Tapa To
YEYOVOC OTL GT|LEPX OL GVYYPOVOL ETTAYVVIES YPAPIKOV dtadéTovy peyaia amo-
OepoTicd pvnung, N OTTIKOTOINGT SIGEKATOULUVPI®Y KOPLODOV GE TPOYUATIKO
ypovo Ba tav adbvorn. Kat TaAL, yio T @OTOPEAAOTIKY ATEIKOVIOT) TETOLOV
TOTOL OVTIKEWWEVOVY gpapuolovtal onjpepa €101kod olyopidpot kaboikoh em-
Tiopov (global illumination) kot mpocopoimong (GUVOETIKY amddooT TPLYDV e
particle engines) pe vynAo, BEPata, VITOAOYIGTIKO KOGTOG.

Yvvoyilovrtag, Eva peydio mAn0og avtikeévay eppavilel évtova mepimlokn
LOPPOAOYiD. KO EMLPAVELUKES 1O10TITES TTOV Elte dniovpyodv TpoPArpata eite
kafioTovV advvartn v 3A yneloroinomn pe T dSbECIIES, ONUEPO, TEXVOLO-
vieg (Hawkins et al., 2001; Marbs, 2002).

2.4 M£0odor 3A ynoeromoinong

Olo Tor gpmopicd, GALG Kol TEPAPATIKA/EPEVYNTIKA, GUGTIILATO TOV LLTO-
POVV VoL GLALEEOVV HETPNOELS 3A YEMUETPIOG KAl YPDUOTOC OO TNV EMPAVELLL
EVOG AVTIKEUEVOD AKOAOLODVTOG £VEL GLGTNUATIKO 1] CVTOUATOTOUUEVO TPOTO
voobvtal ®¢ 3A copotéc. Xnpepa vdpyel Eva TAN00¢ T€To1V GUGTNUAT®V
Ta. omoia Tpaypatonoovy T dadkacio 3A ymeroroinong Pacilopeva oe va
TAN00¢ O10popeTIKOV PeBOSWV Kot TPOGEYYICEMV. ALUPOPETIKEG TEYVOLOYUKES

38



KED®AAAIO 2. 3A YHOIOIIOIHXH

Mpoowmkss xwpos  Xipos xivnorg NepipaMov

Andppatn Opio ontiko’ nediou
0.001 e

0.01 Zxetié MéyeBog
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Ixenkn Nukvotnra

o

.1

1.0

Kavovikonotnpévn petprioipn aAayr andotaong (m)

1 10 100 1000 10,000
Andotaon and onpeio napatipnong (m)

Ewova. 2.7. MéBooor ko amoteleauatikotnro. avtilnyns tov fabovs (rpocapuoyi omd Cutting and Vishton
(1995)).

Mcelg £yovv mpotabel yio T ynelomoinon avikewévey Aaupdvovtog vToyn
YOPOUKTNPIOTIKA OTT®G: (0) VYNMANG avOKAOGTIKOTNTOG EMPaveies, (B) ypouo-
TIKT TOKIAOHOP®ia, (V) LOPPOAOYIKN-YEOUETPIKT ToAvTAoKOTNTO. H axcpifeia
NG YNPLOToinomg, 1 EVKOALN KoL 1) TOYLTNTO ¥PoNGS, KABDS Kol TO €0POG TV
VAK®V OV PUropovv vo. amoturmBolv eival To factkotepa kivrtpa mov Kabo-
dnyobv pa dapkn avantuén otov Topéa tv pebddwv 3A ymoelonoinong. Me-
YEAO TUMLLO TOV GLVOAOD TV EUTOPIKMY GOPOTOV Pacilovial 6ToV TpymVIGHO
Aéep KoL AVTO YIOTL ETTVYYAVEL YEDUETPIKA OTOTELEGLOTA VYNANG akpiPetog,
OV PTAVOLV KOl 0€ enimeda TOAD pikpdTepa Tov 1 mm. Anpogireic pébodot
glvan n Aopn amd kivnon, n Zynpa amd Sounuévo POTIoUO, 1| ZyAUe ord ol-
AOVETA, OALG Kot AAAEG HEBODOL, OTTIMG QLTEG TTOV YPTCLUOTOLOVY POUTOTIKOVG
Bpayioveg pe aebnmpla apng, ot omoieg cuveyxilovv akdpo Kot SiUepa va
eELINPETOVV TIC avAYKeS E0IK®V gpaproydv. H pébodog mov emidéyetan kbe
@opa kabopilel, TpaxTiKd, TO00 T0 TEGIO GAPMOONG OGO KOl TO AVOUEVOUEVOL
OTOTEAEGLLOLTAL.

Duoikd, 1 omoladnmote PEHOSOG £xEl MG EVOLAUESO GTOXO TN HETPNGOT TNG
OTOGTAONG £C TNV EMPAVELY TOV PHETPOVUEVOD OVTIKELLEVOL, Eva LEYEDOG OV
Tk kaAgiton fabog. H pétpnon tov faBovg amd cuyypove GUGTHLOTO 0KO-
AovBel T1g duVaTOTNTEG AVTIANYTG TOL PAOOVE TTOV £XOVV AVAYVOPLGTEL GTOV (V-
Opomo. Xvykekpiuéva, ot Cutting and Vishton (1995) pedétnoav tovg Tpdmovg
avtiinyng tov fabovg amd Tov avlpwmo mov eaptdVTal amd TNV TANPOPOpia
7oV etvat dtobécun oto onTIkd TEdio. Ao TN HEAETN aTH, 101aiTEPO eVOla-
QEPOV TAPOVOIALEL TO YPAPTLLOL TTOV OTLOVPYNONKE KOl OVOTOPIcTATOL GTNV
Ewodva 2.7, 10 onoio meptypdpel 10 €100 TANPOPOPING TOV EKUETAAAELETOL
0 GvBpwmog Yo va avtiAnedel to Badog, kabmg avédvetol  omdoTOOT], OTMG
EMIONG Kot TOVG TEPLOPLoovg Tov Tifevtoat. To ypdenuo avtd avtikatontpilet,
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Kot EMEKTOOT, KOl KATOLES OO TIC apy€G, QALY KOl TOVG TEPLOPIGLOVG TAV®D
67T0VG 0moiovg Pacilovtol ot cOYypoves HEBodOL avTiAnY”Ng BABOVS amd TIg Un-
YovéG Tov 0dnyel TeEAMkd oto amotédecpa e 3A ynoeroroinong. To TAnBog twv
dtopopetikdv pebddwv mov amavidvtal ot Biproypaeio Tpodidet o Eviovo
EPEVVITIKO EVOLOPEPOV Y10l TO GLUYKEKPIUEVO BEpa. Ao Tnv dAAN, 1 dlapope-
TIKN TPOCEYYIoN OV TPOSPEPEL 1 kABe EB0dOC deiyvel TNV TOALTAOKOTNTA
TOL TPOPANUATOG. ENUavTiKh givar 11 cupPoAn adyopifuwoy arnd 10 YOPO TG
3A 6paong vroroyiotdv. Ot Bacukodtepeg péBodot 3A ynelomoinong mov evro-
nilovton ot PrfAtoypagio kot £xovv o1 TPOKTIKEG EPUPHOYES efvan ot €ENG:

» Teyvikéc péTpnong pe ypnon oxtivov Aélep

— Tpryoviopot axtivag Aélep (laser triangulation)

— Xpovov mtiong axtivag Aéilep (time of flight scanning)
* Teyvikég Xynpa/Aopn-Ane-X

— Zyfuo and dopmpévo eoTicpod (shape from structured light)
— Zynupo and otovéta (shape from silhouette)

— Zyfuo and otepeoPmTOYpaplon (shape from stereo)

— Zyfuo and ven| (shape from texture)

— Zyfuo and ok (shape from shadow)

— Zynpo and potookioon (shape from shading)

— Zynpa amd eotopetpia (shape from photometry)

— Zynpo/Aopn omd kivnon (structure from motion)

— Zynpo amd petaforriopevn eotiaon (depth from focus)
* [Hopadoocraxég TexVIKEg

— Topadooioxn potoypappetpia (traditional photogrammetry)
— Tomoypawio (topography)

— Eumepwcée teyvikés (empirical techniques)
* Ewdwég teyvikéc

— Oloypoaoia (digital holography)

— Mwpookonia (atomic force microscopy, stereo scanning electron
microscopy, confocal microscopy, white light scanning interferom-

etry)
— Topoypaoeia (x-ray tomography)
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Inpeumvetal 0Tl 6To TAAIGLO TOL TOPOVTOG GLYYPAULATOS AVOADOVTOL Ol TEXVL-
KEG TPLYOVIGHOV aKTivev A&lep Kot ol TEYVIKES Zynua-Amo-X, dnAadT|, aVTEG
nov oyetifovtar pe v 3A ynoelomoinon aviikelévoy péxpt éva pecaio péye-
Boc (cOuEOVA e GYETIKN OvAAVGT TOL aKoAoLOED), TepLoy| OOV TOPOVGIA-
{ovtal o1 TEPIEGOTEPEG EPAPUOYEG. ZTNV aVOAVGT gV GuUTEPIAAUPEVOVTOL O
puébodor pétpnong ypdvov ttnong axtivav Aélep, ol TAPUSOCIOKES TEYVIKES,
KoOMG Kol 01 EIKEG TEYVIKES, 01 0T01eC €0TIALOVV TNV Yn@lonoino gite ToAD
UEYAADV AVTIKEWWLEV®V EITE UKPOCKOTIKMV OVTIKEWEVOV. [l TIC pev Teyvikég
7oL €0TAOVV OTA TOAD PEYAAD AVTIKEILEVO VITAPYEL EKTEVIC Kot TAOVGLL PBi-
BAoypagio onv omoia 0 evOLOPEPOLEVOG aVAYVAOGTNG UTOpEl vo avatpéEet,
Yo TG 08 €101KEG TEXVIKEG Y10 LIKPOOKOTIKG OVTIKEIUEVO Ol EQOPUOYES Eivar
TEPLOPLOPEVEG MOY® TOL 1d10iTEPA PEYAAOL KOGTOVG 0md TNV avaykn yuo eEet-
OKELUEVO EEOTAIGILO KOl VTTOOOEC,

Kowd otoryeio avapeoa otig mepiocdtepeg peBoddovS eivar n avérykn epap-
HoYNG oG dadtkaciog fabpovounoeics. Tomukd, Babpovounoelc sivat n pvo-
LIoM EVOG GLUGTIHOTOG DGTE VO TOPAYEL L0 AVOUEVOUEVT TIUT €050V Y10 GL-
YKEKPIUEVT TN €10000v. H pOBuion avtn yiveral pe yprion TpoTLT®V avTl-
KEWEVOV (EIOIKOV OVTIKELEVOV YVOCGTOV YOPUKTIPIOTIKOV) GTO, OTTOi0 TO GU-
oTnua £xel Yvoot copmepipopd. H Babuovounoeig pmopel va eravorlappove-
ToL TOAAEG POPEG, AVAAOYA LLE TO GVUGTILO, EVA UTOPEL GE KATOIES TEPUTTMGELS
Vo amoteiton Tpy amd kdbe pyo xprong Tov GLGTHUATOG (Y. TPV amd Kabe
ymoomoinomn). Znv 3A yneromoinomn, n daduacio g fadUovounceiss amote-
Ael 1o KAl oty opb1| extipumon g 3A yeopetpiog (cootn ektipnon Pdbovc)
KoL TNG TANPOQPOpiag VENE (CWOTH aTdOO0CT TV YPOUATOV).

H 3A ynoomoinon amoterel ofjuepa £vo onpovtikd epyaieio pe TOAAEG
epappoyés. Tig televtaisg deKOETIEC EYEL KAVEL TNV EUEAVIOT TOV TANOOC gLmo-
PIKOV GLOTNUAT®V EXITUYYAVOVTOG TN SLYLOT] TNG GLYKEKPLUEVNG TEYVOAO-
viag. H épevva 6pwc 610 cvykekpiévo nedio cvveyiletar Kot véa, PEATiopE-
VOV EMOOGEMV GUGTAKATO KAVOLV GLUYVA TV eupavion Tovg. Eivatl mpaictucd
adVVaTO Vo KataAoyoypaenBodv oia ta dtbéciuo cvotipato kot pébodot.
2T1¢ TOPAypAPOVG OV OKOAOVOODV OVAPEPOVTAL O1 TEXVIKES TPOCEYYIGELG OV
glvar droBéopeg avaroya pe 1o péyeboc Tov avrikeyévon ymelonoinong (o
WO10TEPO GNUOVTIKT TOPAUETPOS) LUE OVAPOPE OTO TAEOVEKTI AT, KOL TOL LLELO-
VEKTNHOTA TOVG, EVA GTH GUVEYELD TAPOoLGLALovTal Ol factkdTepeg HEBOSOL Ko
TEPLYPAPOVTOL O1 SUVOTOTNTEG KOl Ol TEPLOPIGLOL TOVG KOOMS Kol TopadelypLata

EQOPLOYDV.

2.4.1 Méye0og avrikeipévov ko 3A yneromoinon

KaBdg 1 mepartépw perlé tov peboddwv ymoetoinong Paciletol to péye-
0og TV avtikelévov, gival onuavtiko vo katovondel n kKMpoko tov peyedov
Yo TNV omoia yivetal Adyog oTIg Tapoypa@ovg Tov akolovBovv. ['a to Adyo
ovto divetal omnv Ewkova 2.8 pia, evOEIKTIKY GUYKPLTIKY OTEIKOVIOT] YOPUKTT)-
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Ewova 2.8. Zvyrpitio ypapnuo. o1o00Ttéoemy TPoyuaTiKdY aVTIIKEUEVDV.

PLOTIKAV OVTIKEWEVOV YVOOTOV peyeddv oe khipako amd 1 pkpouetpo (um)
¢wc 1 pétpo (m). Xta 30 mepimov eK0TOGTA (€M) VILAPYEL N TOSOGPALPIKT UITAAL
evo ota 0,1 vavouetpo (nm) VTAPYOLY UEHOVOUEVO, ATOO. ATO SIAPOPES pLe-
AETEG, EPYOCIEC KAl EPEVVNTIKA £PY0l GE TOVELPOTAIKO EMiNEdO elval YvwoTd
OTL M AVAKTNGT TANPOPOPING GTNV KAILOKO TOV PKPOUETPOV UTOPEL va givat
TOAD YPAGIUN OKOUTN KOl GTNV TEPIMTMON TOV TOMTICTIKOV OVTIKEWEVOV. Mg
™ YPNON EWVIKAV TEYVIKOV Y10 LKPOOKOTIKA avTIKEILEVa, YiveTal duvath N
petdfaon oy KAipaxo tov 100 nm Kot akoun mo Két.

YN@1omoinct PIKPOGKOTIKAOV UVTIKEREVOV

Yfuepa, givarl dSvvatn 1 GAP®OT OVTIKEWWEVOV TAPO TOAD HIKPNG KAIpo-
Kag pe dapopeg pebodove. Texvikéc Omwg n Mixpookorio Atouixng Avvoung
(Atomic Force Microscopy) xou vy Mixpookorio Zrepsookomikne Zapwons Hie-
Ktpoviwv (Stereo Scanning Electron Microscopy) EmITpEMOLY VO, AVOYVOPLGTOVY
KOl VoL KOTOypa@oOV YOPOKTNPLIOTIKG 08 KAILOKO LEPIKDOV OEKAO®V VOVOLLE-
tpwv (nm). AAAec TeYVIKES, OTWG M Zvveotioky Mixpookonio (Confocal Mi-
croscopy) ko1 Zvufolouetpio Aevkod @wtos (White Light Scanning Interfer-
ometry) TAPEYOLY OVAAVGT TNG KAILOKOG LEPIKMDV EKOTOVIAOMV VOVOUETP®V.
To pelovékTno TOV VILAPYEL 6T YPNoT TETOIV UeBOOOV VYNANG akpifelag
KoL ov@AvoTg eivatl OTL 01 GLOKEVEG TOV TIG VAOTTOLOVV gival Wtaitepa PeYGAOL
KOGTOVG Kol LITopovV va, ¥pnoHomotnfoy yio ynelomoinon ToAd UiKpdV ent-
PavelhV (Tomkd pkpdTepmv Tov 1 mm?). To £OA0Y0 EPOTNHA GTO GNUEIO AVTO
Ba NTov €qv VIAPYEL, TPAYLATIKA, KATOL TPAUKTIKY o&io ot xpion Tétolnv
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TEYVIKOV Kol EEOMTMGLOV Y10 TV YNPLOTOINGT OAOKANPOUEVOV OVTIKEWUEVDV
LG 7O «GLVAB0LE» KATLOKAG 6TO PUGIKO KOGHo. H amdvinon pumopel va givat
puévo voBetiky|, «icwey. Otav to mpdPAnpa Tov avrtipetwnileton givat avtd g
Waitepo aKpPovg amoTHAMONG TOAD UIKPDOV OVTIKEWEVOV TOTE CAPECTOTA
VRAPYEL o EpapproyYn. 1o Ta GLYKEKPIUEVE AVTIKEILEVO TOL LIKPOGKOTIKG. YE-
OUETPIKA YOPAKTNPIOTIKA EmPaveiag ivar cuvnBwg mold onpavtikd. H min-
popopia yI” avtd pmopei va Bondnoet dodikacieg, 6T EAEYXOG KATACTAONS
Kol avBeviikdtnTag, nEBodoc dnovpyiag, Kok.

AT 115 TEYVIKEG TTOL OvapEPONKaY, N nEBodog TG Mixpookoriag Xtepeo-
okomixng Zapwons Hlektpoviwv eivarl LAAAOV TEPLOPICUEVIC EQAPLOYNG. XTN
pébodo avtn, ta delypata Tpémet va 16ayBobv Gg EOIKOVG YDPOLS VIO GUV-
Onkeg KevoD Kot amotteital €101k TPoeTOacia, cVVABWE emKAAVY He pé-
taAro. Etol,  nébodog umopet va ta&ivoun el 6TIC kataotpopikis teyvikes Kol
glval, CUVETMOG, OKATAAANAT YO EQPOPLOYH GTNV TEPIMTTOGCT OVTIKELEVOV TNG
TOAMTIOTIKN G KANPOVOLLAGS. YTTapyouv, BERata, Tepuntdoelg OmmS To Opavspdta
KEPALUKAOV, TO, amoMBdpaTe 1 To YudAvo, avtikeipeva, 6mov Bo propovoe va
EQUPUOOTEL.

H pébodocg g Zovesnioxns Mixpooxoriog Pplokel epapuoyn Kupimg otig
emotpeg g Long Kot divel To KAAOTEPO ATOTEAEGHO OTOV PN CULOTOIEITOL
0€ GUVOLAGHO LLE TEYVIKEG OTWS POOPIGHOGC. ATOPEPEL TKOVOTOMNTIKE OTOTELE-
GLLOTO Y10 TIUOAPOVE] OVTIKEILEVO, EMTPETOVTOS TNV KOTAYPAPT) ECMOTEPIKNG
mAnpogopiag. Ba pmopovce va givar pEH0S0G GTOXEVUEVT] GTNV TOPATIPT|ON
Suapavev avtikelévoy. Eriong, etvarl duvat) n okloypaenon emeaveog my.
Y10 TNV YNPLOTTOINGT EMPAVELOKNG VPTG, EXOVTOC TO TAEOVEKTNLLOL OTL ElvarL pia
péBod0¢ mov de oTNPILETOL OE EMAPT LLE TO AVTIKEIEVQ.

Tn oxlaypdonon emedvelog unopet enione va wapéyel Kot 1 pEBodog g
2ZouPolouetpiog Acvkod PWTOS Kol LAAMGTO UE CTILOVTIKG UIKPOTEPO KOGTOG.
Eumopikd cvotipata emitpémouvy  pETpnon 3A emQoveIlDdY o KAMLOTO KAT®
TOV KPOUETPOL (Lm) Kot B0, LItopodoay VoL YopoKTPLETOVV OLTEP YPTCLULA
Yy TV emioTopévn perétn emeaveidv. H pébodog dev amattel emagn ovte
KGO0, 10104TEPT] EMLPAVELNKT] TPOETOYLACIOL.

H pébodog Mixpooromiog Arouixng Avvouns etvor ) vedtepN GTNV KOTNYO-
plo TOV TEYVIKOV PKpookomikng kAlpakag. H apyn g pebodov éykeitar ot
YPNOT EVOG TOAD LUKPOV LETPNTIKOV GLUGTHHOTOC, e pEyeBog mov dev Eemepva
T O€Ka ATopa, To 0moio TomobeTEiTOL TOAD KOVTA OTN HETPOVLEVT EMPAVELQ
yopilc Opws va vdpyel emaen. Evooatopkés duvdpelg EAKovv to PETPNTIKS
GUOTNLLO TPOG TNV EMPAVELX. To HIKPOoKOTIO UTOpEl va, aviyvELGEL TO GUOTN LA
péTpnong 6NV Kivnon Tov Katd UKo Kot TAGTOG TUVE GTIV ETPAVELD TOV
glvarl vd PéTpNon Kot va pLOUIcEL TNV ATOCTOCT TOV ATO OLTHY UECH TNG
pétpnong g dvvoung EAENG mov aokeitat. H pétpnon g empaveiog tporypo-
TOTOLEITAL HEC® TOL VIOAOYIGLOV TNG EAKTIKNG dvvaung. H pébodog pmopel va
TapEYEL TOAD pLeydin axpifeto mov pmopel va pTdoel kdTw Tov EvOS VOVOLETPOL
o€ €101KEG TEPITTAOCELG.
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To gbAoyo, PEPara, epdTa Ba NTOV oV LILAPYEL KATL 6TV KATLOKO 0VTH
IOV VL Eval EVOLHQEPOV. ZTIC KMULOKES OVTEG AVOKTATOL 1] LIKPO-VPT LLOG ETL-
Qavelog M 1 TpaydINTd TG, M omoia eivar SLVOTO VoL EYEL CUOVTIKY] GULLLLE-
TOYN OTN GLVOAIKT] LOPPT TOV OVTIKEWEVOVD. METOPOAEG GTNV TPOYDTNTO TNG
emeavelog o propodoay va givol YopaKTNPIoTIKEG Yo TNV KATAGTACT TNG
empdaveog (my. odPfpwon). Ipdypatt Aomov, otn PKPo-KAMpoKa VITAPYEL o1-
poavtiky TAnpogopia. ‘Etol, amd T1g té00epig TEYVIKEG TOL avOEEPONKAY, Ol
teyvikég Mikpookomio Atopkng Avvaung kot Xvppoioperpia Asvkod OmTog
£YOVV TPOYLOATIKA KATL VO GUVEIGPEPOVY GTO YDPO NG 3A ynelonoinong Kot
€101KOTEPO GTOV TOMTIGHO. O1 TEXVIKEC AVTEG £X0VV, OLLMOG, GUYKEKPIUEVO, LELO-
VEKTNLOTOL

* Mmopolv vo LETPGOVY HOVO TOAD UIKPEG ETLPAVELES 1) LOVO UIKPE OEly-
HOTO ATTO TO TPAYILOTIKA OVTIKEIEVO KAOE popdL.

* Eivor onpovtikd covleteg, akpiéc kal amaitodv yvmaoels, eEgldikevon
Kot emdeE0TNTA.

* Evo o e€omhiopdg sivol PHeTapepOLEVOC, ATOLTOVVTOL OLAITEPU EAEYYO-
peveg ovvinkeg pétpnong (wy. Oepproxpacio, vypacia).

‘Olo 00 Té KOTASEIKVOOVY TO YEYOVOG OTL TETOLO GUGTNHHOTO LITOPOVV VOl TToLi-
Eovv onuavTikd poAo G€ pia Sladikacio Ynelomoinong wiaitepa og cuvonKeg
OOV 1 LIKPOSOT TNG EXLPAVELNG OVTIKELLEVOV EXEL OTLLOVTIKN TANPOQOpPia VoL
GUVEIGPEPEL TOCO GTN GMOTH OTEIKOVIGT) OGO KOl TOV EAEYYO TNG KOTAGTACNG
TOV.

¥Ne1omoinc pIKPOV aVTIKELREVOV

Me tov 6po «UIKpE avTikeipevay voodvtal ovTikeipeva dtdotaong £mg 100
x 100 mm (1 10 x 10 cm). v katnyopio avth adtopeioPrtnta Snpopiieig
TEYVIKEG €lval avTég oL Pacilovial o cuaTAUATO Tprywvicuod akTivwy AE1Lep.
Yrapyet ofuepa pa peyddn mindodpa epmopikd dabécipwov cvotnudtov Tpt-
YOVIoLOU oKTivev AE1LEP TOL GTOYEVEL GE VTN TV KaTnYopia avTiikelpnévov. H
Boown apyn Aertovpyiog eivol GYETIKA OTAN: (1ol GMUEWKT] TNYT QOTOG A&lep
ONUAOEVEL TN LETPOVUEVT] EXPAVELN EKTEUTOVTOG OKTIVES SLAPOP®V UNKDV KO-
LLOTOG T®V OTOIMV 1] AVAKANGT OVIXVEDETAL OO OTTIKO ateONTNPLo (AviXVELTNG
0¢onc). Kabag n axtiva Aéilep petaxveitor movo otnv emQAveld, cuvavtd
SPOPETIKA VY|, TO. 0ol LETARAAAOVV TO GNLEID EVTOTIGUOV TOL PMTOS GTO
enimedo Tov omtkoy aicBnnpiov. Av Kot T0 cVGTNUA PTopel Vo TEPLYpaQEl
poOnpatikd, To tepiocdtepo cvotiota Pacilovtal og spmelpikn fadpovoun-
GELG JLE (PN OT) TTPOTLTOTONUEVAV Stafadticemy DYOVG Y10 TV OVAYVAPLOT| TG
oxéomg LETOED TNG LETABOANG OTO EMPAVELAKO VYOG Kol TNG BEoNG TG aKTivac.
Me dedopévo O0TL M Tpog pétpnomn meproyn mepropiletar og 100 x 100 mm
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TOL GUGTHHOTO OVTA EMTVYXAVOLV HLol aKpifelo pétpnong g TaENS HEPIKDV
UIKPOUETP®V.

2TV ynoeomoinon Tov LIKPGV OVTIKELEVOVY LITOPOLV VO EPUPLLOGTOVV TOA-
Aég axopn péBodot 3A ymeromoinong. Amd Tig pebddovg mov Exovv avapEP-
0gi 110, N uéBodog Zyrua amd dounuevo pwtioud Kol LAAGTA GE EI0TKEG VAO-
TOMGELC TNG OmoTeEAEL EEPETIKT ETAOYT Y10l VYNANG avAALGoNC KOl aKkpifetog
ynoeomoinomn wkpdv avtikelévov. H pébodog avaivetal mepartépw otny mo-
paypa®o Yo o pecaiov peyéboug avtikeipeva. Xe KATOEG TEPITTMOCELS AAAEG
pébodot, Omwg M doun omo kivyon Bo pmopovGE emMiong, VIO TEPLOPIGHOVG, VO
OTOOMGEL TO TPOCIOKMUEVO OMOTELECLA GTOYEVOVTOAG KLPIWE GE L0 OToT-
O™ UE UEYAAES amaToels akpifelag Kot avdivong povo 6tav cuvdvaletan
LE E101KOVG GOKOVG (macro).

PYnowomoinon avrikelpévev pecaiov peyédovg

2TV KoTNyopio duTi VITAYOVTIOL KEVOLOPEPOVTAY AVTIKEIIEVO KOt E0(D dLo-
tiBevtan o1 TeplocdTEPEG TEYVIKES Ynoronoinong. Ta avtkeipeva eivor dtouotd-
cev avo Tov 10 cm kot propel va ptévouy €m¢ kat 1 pe 2 m. Amd TAgvpdg
TOMTIOTIKOV 0mofépatoc, €0 pmopel vo TepAn@Oovy akdun Kot oyGApoto
@LOIKOV peYEBoVG.

[ToAD d1adedopéve GLOTAUATE GTNV KOTNYOPio 0LTH YPNCULOTOL0HV TEXVL-
k&G dounEVOL POTIGHOV. H Asttovpyia Tov TeYvIKOV avtdv Paciletol og pua
EMEKTAO TNG aPYNS TOL TPyvicuov. H dtapopd givar 6T 1 onueloxn Tnyn
avtikaBiotatal omd éva 2A potifo emTog, T 0moio mpoPdAieTon TAV® o
petpovpevn empavelo. Aldpopeg givorl ot péBodot Tapaymyng avTod Tov HO-
tifov ewTog, GAAoTE pe T GLVUPOA] EMTOC amd Tnyn Aélep kol GAAoOTE pe
amAn mpofoin potifov amd mpofoiwd cvoTna. Zuvibwmg yivetar ypnor po-
tifov, 10 omoio petakwveitol TAVEO GTNV EMUPAVELD TOV AVTIKEWEVOL YO VO
emtevyOel 1 ouvoAIKn 3A amoTHAWON Tov. YTAPYOUV TEXVIKEC TOV YPNOLUO-
TOLOVV TOAAATAG poTifa, kKabmg Ko texvikég Moiré. To onpovtikd onpeio d®
glvar OTL L OTOLOVONTTOTE TPOTO Kol €AV TopdyovTol To HoTifa emTOC, N Ota-
dwkacio aviyvevong kot avdAiveong tovg ivor kown. ‘Eva covnbeg potifo dev
amoteAeital amd 6vo amAég KoTaoTdoelg TOmov on/off aAld, T TeplocdTEPES
(QOPEG, amd MUTOVOEIDEIG HETAPACELG. ZNUAVTIKO XOPAKTNPLOTIKO TV €V AOY®
nefddv givor 01t Kabiototor duvatdg o KaBoplopodg T BEong oTig omoieg
TOPATNPOVVTOL TA HEYIOTO TV LOTIR®V 0dNYdVToG o8 feltimon g akpifetog
™G HETPMOMG, TAPEXOVTOG TN OLVATOTNTO EVTOMIGHOV GE TUMLLO LUKPATEPO EVOG
KpoccoV cupfoing Tov potifov. Epmopkd cvotipato oty Kotnyopio avt
glvar wavd vo emtvyovy akpifeta pérpnong nepi 1o 1/100 tov dtwotnpdtov
peta&d tov Kpoooov tov potifov. ‘Etol €dv 10 didkevo avtd sivor yio mo-
padetypo 1 cm tote M avapevopuevn akpifeia pétpnong eivor g tééng tov
0,1 mm. Emumiéov, ta cvomqpota ovtd Pacilovial cuviBng oe pio ard dvo
Baoég apyég Aettovpyiog, (o) pe ypnon petaoynuoticpov Fourier 1 (B) pe
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YPOVIKN peTatomion edaonc. Kabe mposéyyion €xet ta mieovektipotd g, Ta
TEPLCCOTEPU EUTOPIKE GVOTHUATO BacilovTal TN ¥POVIKT LETOTOTIOT PAoNC,
KaBmg 1 TEXVIKN oLt EYEl ovaALOET IKAVOTOINTIKA GE EPELVNTIKO EMIMEDO Ko
glval o€ PEPIKEG TEPIMTMOGELC EVKOAOTEPT GTNV VAOTOINGT TNG EVOVTL TNG GAANG
uebodov.

"Eva and to onuovtikdtepa YopoKINPIGTIKE TOV TEXVIKAOV GTNV KOTIYO-
plo. avTn gival 0TL, o€ YEVIKEG YPARUES, 1 aKpifeld Tovg glval KAMUOKOOUEV.
Av16 onpaivel 6TL Tetvouy vo HETPoDV pe peyodotepn akpifeta ta pikpd omd
Ot T0 peydAa avtikeipeva. [ to TEPIGCOTEPA GUGTNILATA TO YOPAKTNPLOTIKO
ot €lval GLVVEAGUEVO LE TOV TPOTO OV GyeddoTnKay. Ol TEPLOPIGHOL GTNV
axpifeld Tovg Tnydlovv amd 1o YeEYOvOS OTL o YN@lokn €kove Tov LoTifov
OOTOG £xeL TEPLOPIGLLEVO £0pOc (dvng. To ebpoc avtd opiletar amd v avdivon
IOV TOPEYEL TO OMTIKO OLGONTIPLO OV YPNCILOTOIEL TO EKAGTOTE GUGTNLLOL KOl
t0 BAOn ypopdToV He TO omoio ynoelomoleitol 1 ewova. Bacwd, 660 peyo-
AOTEPO TO TANDOG TV EIKOVOGTOLYEIMV GTO OTTTIKO aloONTNPlo TOGO HEYaAD-
TEPT M AVAAVGN KOl TOGO MIKPOTEPO Umopel va gival To dudkevo petald Tov
KpOoo®V ToL HoTiPov Yo dedopévo péyebog avtikepévov. Kabmg n akpipeia
TOV GLOTNUATOV givol aAANAEVOET e To PEYENOG TV KPOGGMY TOL HOTiov,
HUIKPOTEPOL KPOGGOil 00N YoOV og peyaldtepng axpifeloc amotdnwon. Eniong,
KaBdg o Badn ypopdT@OV YNneromoinons pLeyoldvel yiveTor OAo Kot LLeyaAdTePT
1 WwavoTnTo S1oYOPIGHOD oNUEI®V EVTOG TOV HOTIPOV 0dNYDVTAG GE TEPULTEP®
avEnon g axpifetoc. [ToAld amd ta cvotpata g Kotnyopiag epapudlovy
TNV TEYLVIKT TUNHOTIKAG YN@lomoinong yio Leydieg empdvetes (Yo peyoivtepn
aKpifeln) Kol 6T CLVEYELN YPNGULOTOLOVV AOYIGLUKE, Y10 T1) 0OVYPALLILGT KoL
GUVEVMOT] TOV TUNUATIKOV GopOcey. Duotkd Kot £dd VTAPYOLY OploL Kol 1
dtodikacio cLALOYNG 3A dedouévav amattel TEPLGGOTEPO ¥POVO. AALOL G0~
VTIKO1 TEPLOPIGUOL TOV GUGTNUATOV QVTOV 0AAG Kol KAOE OTTIKOD GUGTNUATOG
7ov Paciletal o SLUCKOPTIGHO POTOS OO Lol EMPAVELY Eivat ot ENG:

* 2oviBws amoToYXGVOLY OTH UETPNON OKOVPWY 1] uopwv emtpoveiwyv. H
AmoAOTMOG CLUPOTH TPOG AVTA ETLPAVELN LETPNOTG EIVOL L0t OLLOAT AEVKT
emdveln yopic avokidoels. 'Etol kabiotavtal KoAn emioyn yo to me-
pPLoGOTEPA OO TO, EPYQL YAVTTIKNG,.

* Tig meplocOTEPEG POPES, YDOAIGTEPC. OVTIKEIUEVO UE OVOKAOTTIKES ETLPO-
VEIES AmOTEAODY onuovTIKG TPOofAnua. Zuepa, BERora, vedpyovv educég
TEYVIKEG OV OVTILETOTILOVY KOl ovTO TO TPOPANUO. TN YEVIKT OU®G
MEPITTMOT, OV ElvaL SUVATH 1 LETPNOT OVTIKEUEVOV LLE VYNAT OVOKAQ-
OTIKOTNTO 1 LUE OLOPAVELQ.

* H dmopln potifwv n onuadiddrv oty empavetra, onwg diaroouos ((wypo-
PIKN) KEPOUIKWDV, UTOPEL V. ONUIOVPYHOEL TPOPANIOTO OTO GOTTHILO, OOM-
YOVTOG 0 KATUOTAGELS AGAPELNG EVIOTIGHOV TV TPOPUrASLEV®V LOTI-
Bov.
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* Meydlov e0povs KVPTEC/KOIAES ETIPAVELES (EVTOVH LUOPPOLOYIKY TOAVTAO-
Kotnta) umopel va amoteléoovy mpofinua oty 3A omotdnwon. I[Tolo
amOTONEG AKHEC PTOpEL emiong va el0dyouv SUGKOMEC.

"Evo onpovtikd yopaKTnploTiko TV GUOTNUATOVY gival OTL Tapdyouy avtd
OV KOAEITOL «VEQOS onueimvy Kol Ol OMOKANPOUEVEG-CUVEXEIS EMPAVELEG.
210 wopoyopevo dedopéva dev vtdpyel Kdmolov €idovg TANpoeopia amoKAEL-
OTIKNG oVVOEoNG HETOED TV oNUel®V Kol £TG1 aUTH TPETEL VO, OPIOTEL GTN
GUVEYELD LEGO A0 OLAOTKAGIES OSNUOVPYING TOAVYWVIKWOV TAEYUATOGELPDV.

2TV KaTnyopia ovTH GVTIKEEV®OY LTOPOVV Vo, ELGAABOVY Kot GAAES TEYVL-
k&G, pia ek TV omoiwv yvopilel onpavtikny avinon ta tedgvtaio xpovia Kot OV
glvar dAAn amod v Oloypopio ue yprion vroloyiotdv. H mapoadociaxn ohoypa-
olo gival oM opun (1 £peVVO. GTO GLYKEKPIUEVO OVTIKEILEVO €xel EEKIVIGEL
7py omd Ta péca Tov 200V aidva), GAAE dev XL KON KOTOPEPEL VO ATOOM-
GEL TOVG KPS TNG TOVAGYIGTOV € EUTOPIKO eminedo. 'Etol n mapadociokn
0AOYPUQIO TOPAUEVEL OKOUN OE EMIMEDO EPELYNTIKNG N TOAD EOIKNG XPNONG.
Hopovoialetor g pio ToAd akpiPr Kot teyvikd ToldTiokn uébodoc. Mepikad
oamd To TpoPAnuata wov oyetilovtol pe TV mopadociaky oAoypaeia eival n
OTOTN O™ Y10 XPYOT VYPAOV Y1 UKOV Y10, TNV EKOECT] TOV EIKOVOV KOl O1 OT|LOVTL-
kot mepropiopol otn duvatodtnta omekdvione. H tdon dpwg paiveror va aAlalet
KaBdg M oloypapia pe ¥pNoN VTOAOYIGTOV divel ADGEIC GTO TPOPANUATO TNG
nmapadoctakng ohoypapiog. H apyn Aettovpyiog g oloypapiog kpoetar 6t
@001 TOV EMTOG. To MG €xEL TPELG ONUAVTIKEG O1OTNTAG: £VTAGT, GLUYVOTNTO
Kol eaomn. Mo acmpdpovpn Vo ovaToploTd ovo Ty évtact). Mua £yypmpn
EIKOVA OVOTTAPLOTE TIG dVO TPMOTES O1OTNTESG, £VTOOT Kot cuyvoTnTo. Movo 10
OAOYPOUUE UITOPEL VO GLAAGPEL KOl VO OVOTOPOOTIOEL KO TIG TPELS WO1OTNTEC.
To pw¢g OV TPOEPYETAL OO SLUPOPETIKH CTLELN TOV AVTIKELLEVOL £YEL SIAVOGEL
SLLPOPETIKO UIKOG OMOCTACEWDV Kot ELPAVILETOL, CLVETNG, LLE JL0POPA PACT|C.
Y76 auti TV TpocEyyion, 1 TAnpoeopia TG 3A SoUNG Tov avTikepévou PBpi-
OKETOL 6TN Paon. Me Edeyyo TG PACNG TOV PMTOG TOL TPOGTIMTEL GTO OVTIKEL-
LLEVO UTOPOVLE VO EEAGPAAITOVLLE OTL OAN 1] TANPOPOPIN PAGTC GTO OAOYPULLLLOL
TPOEPYETAL OO TO OVTIKEILEVO, TOV onuaivel 6Tt B EYovpe KaTAypAWEL TN
cuvolMkin TAnpoeopia 3A popeng tov avtikeévov. Katd v angwdvion, 1o
oAOYpappa epeavifel TopdAlaén, oniadn PAEmovpe éva 3A aviikeipevo Kot
€QV LETOKIVICOVUE T Yovia 1 0€om B€aonc Tov pépvovpe GAAN TUAOTO TG
EMLPAVELAC TOV 6TO OTTIKO TEd10. AKPIBDC OTd¢ Oa yivovTay edv TO OVTIKEILEVO
glye PLOIKY TAPOLGIAL.

Avo givor o1 Ttpoceyyioelg oty oAoypa@ia e vtoloyiotéc: | Preiaxn Olo-
ypopia (Digital Holography) xou n Teyviyra Anpaovpynuévy Oloypagio. péow
Yroloyiotyy (Computer Generated Holography). Kot o1 800 €yovv onpovTiKég
TPOOTTIKES OTI GOAANYT Kot amekovion 3A avtikeévov. Ynewokn oloypa-
ola glvaim d1adKocio TG KAToypaPG OAOYPELLLLOTOG LLE OTTIKA 01eONTPLOL Ko
1 omoffkevon Tov o€ vIoAoyloTh. Emedn n ewova umopei va amokatoctodet

47



KED®AAAIO 2. 3A YHOIOIIOIHEH

pécm Aoyiopucov eivar duvorh 1 eEaymyn tov 3A oynuoToc pe padnuoTikég
uebodovs. Ta ynolokd oloypappoto givol SuvaTd Vo, ATEIKOVIGTOUY UE 000
TPOTOVG:

» Q¢ mpayuatikd oloypduuoto N OAES TIS WO10TNTEG TAPOAALUENG TOV TVL-
KOV OAOYPOUULATOV, LECH TNG «EYYPUPNE» TOV dEGOUEVOV TV ONO-
YPOUUAT®V GE P10 GUGKEVT] TOV OVOLALETOL YOPIKOS SIOUOPPDTIHS POTOG
(spatial light modulator) kat pe T0 OTIGHO TOVG gite e pog omd Aélep
€1T€ 1€ YOG OO ONUELNKT TNYT AEVKOD POTAC.

* Méow tov vTOAOYIoUOD THE KDUATOUOPPHS OO TO OADYPAUUA EVTOS TOV
VTOAOYIGTH KOl GTT GLVEYELD DITOAOYIGHOV TNG EKOVIKNG OVATOpAcTa-
O1G TOL 0AOYPAPNOEVTOG AVTIKEWEVOL GE 000V VTTOAOYIGTN LE TUTTKEG
neBod0vg amelkoviong 3A YpapIKaV.

[Iépav Tov oNUAVTIKOD TAEOVEKTNUATOG TNG LOOTUOTIKNG OVOTOPAGTACTC
TV OEGOUEVOV EVOC YNOLOKOD OAOYPELLLLOTOS, AAAO OT)LLOVTIKA TAEOVEKTILOTO
glvan n peydn didpiela {mNg Tov Kot 1 SuvaTOHTNTO CVILYPOPNS KAl VOO0~
YOYNS ToV. 'Eva akoun TALOVEKTNO TOV YNOLOKOV 0OAOYPAUUATOV Elval OTL
Bacifovtal otn gprion pwtoc Aéep, To 0010 amoTeErEl TPOTLTO. AVTO GTUALVEL
OTL OO TN OTLYUN OV amoBNKeVTEL EvaL YynELokd OAOGYPOLLLO CLLEPO. Kol 1) 010
dwacio emavolnedel apyodtepa, ival dSvvartn 1 amdALTN cOyKpion HeTasd TV
oroypappdtov. To pqkog kopatog Tov ypnoytorotovpevov Aéilep HeNe dev
TPOKELTOL VO LeTAPANDEL pe To mEPAGLA TOV XPOVOL (TapEXOVTaG e TOV TPOTO
ovTd PEBOSO GLYKPITIKNG HEAETNG OVTIKEILEVAOV GTO TEPAGLO TOL YPOHVOVL).

To teyvyta, dnpovpynueEva 0loypPauuaTe. ue YpRon DTOAOYIOTOY EIVOL GTNV
ovoia n GAAn 6yn tov id1ov vopiopatoc. o T dnuiovpyia Tovg yivetar GOA-
Anym 3A dedopévav Kot 6T cuVEXELN 0KoAoVOET Tpocsopoimo TG dladikociog
dMpovpYiag oAOYPAUUATOC EVTOG EVOG VTTOAOYIGTH. Exovtag vnoloyicel Tog Oa
glvar 1o oAdypappa, 1 SLodIKAGIO TPOYWPA GTNV TEAKT| KOTAGKELT TOL OAO-
ypaupotog. [lpdoepatec Tpdodol otnv teElevTaio avTr Slodikacio, E10IKOTEPA
ot MBoypagia nAektpovimv, divouv TAEOV duT TN dVVATOTNTO KOl GE APKETH
peyddn kiipoxo - £0g Kot apkeTd pétpa. Me Tov TpOmo avtd pmopel va ¢n-
povpynOei 1o oOAOYPapLLOL EVOG OVTIKEYEVOL TTOV OEV EYEL, LLE TNV TUTIKT £VVOL0,
oroypapnOei. H mowdtnto amoxatdotaong sivor eatpetiky, kabdg ta teyvnTtd
ONUIOLPYNUEVE OAOYPAULATO LTOPOVV VO EYOVV TAT)PT| TTATPOPOPIa YPDUATOG.
Edv e€etdoovpe ™ péBodo o pueydro Pabog xpovov pumopovpe va, Tove 0Tl M
0AOYPOPIOL TEYVITA OMULOVPYNUEV®Y OAOYPOUUATOV UTOPEL VO OTOTEAEGEL TNV
amoAvTn ADON OTNV YNELOTOiNoT, AToONKEVOT Kol ATEKOVIOT 3A OVTIKELLLE-
voVv.

Mio aKOUN TEYVIKT OV UTOPEL VO, AMOTEAEGEL OVTIKEILEVO PEAETNC VIO TOL
avtikeipevo tng KApaKag ot cuyKekpluévn mapdypoeo givar 1 Touoypagia,
N odkacio. cLALOYNG 3A OYKOUETPIKAOV dedoUEVOVY amd GEPA 2A €KOVDV
Topdv. H pébodog Ppiokel onpepa peyoldTepT EQAPLLOYN GTNV LOTPIKT KOL TV
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aepodtaotnkt]. Efvat tkavn Yo vymAn akpipeta, £101k4 yio pkpd ovTikeipeva.
To Pacikd TAEOVEKTNUA TNG £YKEITOL GTNV IKAVOTNTO GOAANYNG Kot avadT-
povpyiog ecmTEPIKNG douns. H mAéov dradedopévn popen g ekppdleton pe
TN xpNomn akTiveov X, otny onoia yivetol yprion evog mourod oktiveav X younAng
EVEPYELOG. ZTNV Kartnyopia avTn oviovy emiong Kot pEBod0t OTTIKNG Ko 0KOL-
GTIKNG TOHOYPAPIOG, 0ALA Eivol aKOUN OE TPOILO 6TAO0 EEEMENG O oYEom e
v Topoypapia axtivov X. H topoypapio otav epappoletor oe avOpdmoug
Baciletal 610 0TL TO GO TOPOVSIALEL SLOPOPOTOINGT WG TPOG TO VAIKA, TTY.
KOKOAQ, HWOES, VYPA, aépla, kKA. Kabéva amd ta VAKAE autd amoppopd HePOG
TOV oKTiVeV X 6€ S10QOPETIKO TOGOGTH, KO, CUVETMOC, KAOMDC 01 axTiveg dtaTpé-
YOLV TO GAOWO TPOKVTTEL EIKOVO YOPUKTIPICTIKT] TNG S1dpOUNG Tov dtovhbnke
KOl TV VAIK®V 1oV aAinienidpacav. I'ia to Adyo avtd 1 Topoypoeio aKtivev
X avOpdmivov copotoc Oempeitar TAovoto oe TAnpopopia. ['evikd, dpwe, dev
umopet va AeyBel To 1010 Ko Yo TOL OVTIKEIPEVA OTTMOG TOL TOMTIGHOV. YTdp-
yovv eENPETELC, OAAG TOPVOVTAG Y10 TOPASELYLOL TO Oy IALLOTOL, VTTAPYEL TTOAD
UIKPT S10pOPOTOINGT) GTO EGOTEPIKA VAIKE Ko, £TCL, 1) TOLOYPAPia Uwopel va
GVALAPEL PP TOGOGTA TANPOPOPiaG. AVTIOETA VIAPYOVV TEPITTMGELS OOV
N pébodog evdeivotal, OTMS Yo TAPASELY O, GE GOPKOPEYOVC.

Ta tehevtaio xpoOvia Kot LETA GO OTILOVTIKES TPOOAOVE TG £PEVVAG GTOV
TOLED TNG OPOOTS VITOAOYIGTMV KOl THG OMOSOTIKNG VAOTOINONG 10YVPAOV OA-
yopiBuwv, peydin spappoyn ota avtikeipevo pecaiov peyéboug Ppioket ko
N péBodog Adourp amd kivhon. Xmv wpoypoatikodtta n péBodog dev givar mAéov
oVTH OV NHTAV OTAV EKOVE TNV EUPAVICT TNG KOl EQUPHOCTNKE GTN| dNUIOVP-
via apaod vépoug 3A onpeiov and yopakTnploTiKd onueio € EIKOVOGELPEG.
nuepa &xel eLTAOVTIOTEL Kot cupmAnpwBet pe peBodovg dnovpyiog Tukvol
VEPOVG OMUEIOV KOl TEMKNG TOAVYWOVOTOINGTG LG LETPOVUEVIG EMLPAVELOG
a6 moAhamAég pmtoypagiec. H pnébodoc Pfaciletol otnv moAAamA) @®TOYPA-
Q101 €VOG OVTIKEYEVOD LLE TANPT] KAADYT) TNG EMLPAVELAS TOV KOL LLE GMLLOVTIKN
eMKAAVYN peTaé&d TV oToypapldv. H emikdAvyr avth eyyvdtotl 6tL o€ TEPLo-
00TEPEC AMO dVO PAOTOYPAPieg B VILAPYEL TAVTION YAPOUKTINPIOTIKOV CNUEIDV
7oL Ba LTOPOVGAV VO 0ONYNOOLV, LE OVTICTPOPT| UNYAVIKT], GTOV EVIOTIGHO
TOV OMUEI®V QVT®V 6TOV TPOYUATIKO 3A ydpo, amd Tov onoio Tponibav ot 2A
POTOYPOPiES KoL KATE GUVERELD BOL LITOPOVGAV VO, XOPUKTNPIGOVV TN YEOUETPiO
™G EMEAVELNG 0TV omoia evtomiotnkay. To mpdPAnpa sival, 6Tmg cuvnBwg
AéyeTot, «avtioTpoPoy, OnAadn amd 2A ewkdveg mpémel va e€aybet 3A TAnpopo-
pio. [Ipo@avdg avtd dev pmopel va emtevyfel amd pia eikdva, kKabmg amd dVo
dlootaoelg ivatl advvato va fpebovv ot Tpelg S10.6TACEL TV OToiwV TPOoPoAn
glvan ot 6v0 dedopéveg daotdoeic. Kabiotator Opmg duvoti 1 katovonon g
vewueTplog piag 3A oknvig oV VITdPYEL GOVOAO 0Tt EIKOVEC TOV TOPOLGSLAloVY
OTLLOVTIKT) TOTTIKT] ETLKAALY 1], KON, OTLovpyio otepeolenymv (dniodn (ev-
YOV EIKOVOV LE LUKPEG S10POPES, KOT® avaAoyia e TIG EIKOVES omd S0 PATIO).
H péBodog viomoteitan anokAEIOTIKA G€ AOYIGUIKO, TO OTOl0 TPOPOJOTEITAL
oo TO CUVOAO TMV EIKOVMV TOL KOADTTOLV TNV EMIPAVELD TOV OVTIKEILEVOL
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Kol umopel vo emtvyel amoteAéopato VYNANG okpifelag Kot avaivong otav
€QupUOeTal LI YVAOOT TV TEPLOPIGUDY KOl OTAUITHCEDY TNG.

Ynoonoinen avrikelpévov peyaiov peyédovg

2y Koatnyopio autn €VTAGGOVTOL OVTIKEILEVO peyolutepa ond 2 m, To
omoia pmopet va, ptévouy akdun kot ta 100 m 1§ akdpun peyorvtepo. Evod vrdp-
YOLV TOAAEG TEXVIKES Y10, T1 LETPNOT LEGAIMV OVTIKEWWEV®V, TapoTnpEiTal pa
EMeym Totkidiog Heboddmv oty Katnyopia ovth. Ymapyovv, Pacikd, dvo Po-
OlKEG OKOYEVELEG HEBOdMV.

2y TpdTn owkoyEévela, ot pEBodot Baciloviat oty 10€a Tov oxtikod radar.
Xy amhohoTEPN HOPOY| Lo TNYN ekTEUTEL aktiveg Aélep, ol omoieg gival
Stpoppopéveg eite Kotd mAdtog eite Katd cvyvotnta. H aktiva avakAidrot
0o TO GTOYO Ko aviyvevETaL amd To cVOTNHO PETpnong. Me e&étaom g Ka-
TéoTOoNG SWHOPPMONG TNG OKTIVOG TTOL OVIYVEDETAL EIvaL SOLVOTOC O VTOAOYL-
opdG ToL YPOVOL TTOL YPELAGTNKE Yo Vo Stavubel 1 avtiotoyyn amodcTaon Tng
aktivag omd Tov Topmd 6To AVTIKEIIEVO Kol Tiow 610 déktn. 'vopilovtag v
TaYOTNTA TOV POTOG GTOV 0EPQ Elval dSVVATOG 0 VITOAOYIGHOC TNG ATOCTOCNG
7ov dtavdOnke. To cvothuota avTd gival Yvootd ¢ cvetuate Métpnons
xpovov meiong (Time of Flight (TOF)). Xty katnyopia ovTi VIEPYOLV EUTO-
pIKd S100£01EC GLOKEVEG LLE OLVATOTITO HETPTIONG TOAAATADY ouUEi®V Kot
ovvleong o oAokAnpouévng 3A oknvig. [oapéyovv akpifeta mepi ta 5 yiito-
o704 Y10 oo TACEIS Asttovpyiag mepl Ta 3 pétpa kot dvem, pe v akpifela vo
petafaiieton pe Ty andcotaot. To Tpo@aveg PeloveKTNa ival 0Tt TpoKeLTal
v cvotnue Tov Paciletal o onueio, SNAAOT amoteAovv o peyéBuvon tov
GUGTNUATOV TPLYOVICHOD KOl GUVETMG OMOLTEITOL GNUOVTIKOG ¥POVOG Y10, TN
GLAAOYT TOL GUVOAOL TOV ATOPUITNTOV dedOUEVOV, KAODG GOPMVOLY TOAD
HEYAAES EMIPAVELES.

211 deVTEPT OIKOYEVELY LETPTOTG LEYAADV OVTIKEILEVDV OVIIKOVY TEYVIKEG
eotoypappetpioc. H facikdtepn tov te)vikdv avtov givar 1 yvoot Kabo-
onyovuevy Zrepeopwtoypopuetpio. Xt LEH0S0 AT ¥PNOYLOTOL0VVTOL OTLELN
ovapopags, To omoia opiloval GTNV ETPAVELL TOV TPOG LETPTOT AVTIKELEVOVY
Kol AapPavetor TovAdylotov €va (e0hyYog pmMTOYPUPLOV OTd SLOPOPETIKES Ym-
vieg. Méom NG Ta0TIoNG T®V ONUEI®V avopopdg, avtopata 1 0yl kadictatol
dvvarti N avdktnon TAnpoeopiag 3A yeopeTpiog e T HETPNOT ATOGTUONG 0T
10 eminedo Myng tov potoypaeidv. H pébodog divel, Tpopavmg, kaidtepa
OmOTEAEGHOTO OTOV OTO AVTIKEILEVA 1], YEVIKA, GTI KNV VILAPYOVV EMIMEDESG
EMPAvELES Pe Ayo onpeio avapopdg (Streilein and van den Heuvel, 1999).

2.4.2 Tpryoviopdg aktivev ALLep PIKPAV ATOGTACEMY

To YEOUETPIKA YOPOKTNPIOTIKA TOV TPIY®VOV 0ToTELOVV T BACT) Y10 TOA-
AEG TEYVIKEG pETpNoe®V. ATt TIC PACIKEG LETPNOELS YEWIUIGIOG TTOL TPAYLLOTO-
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Ewova, 2.9. Nouog nuitovav, vouog coviuitovmy, OUole. tpiymva Kol TRIYOVIGUOL e aplOuntiKko Topaietyua.

nowovvToy otnVv apyaio EAAGSa péypt kot onpepa pe toug 3A capwtég Aéilep,
N ¥PNOM TOV TPIYOVOV givol BepeMdong. Amd toug TAéov Pactkovg VOLOVG
g yeouetpiag mov Ppickovv epappoyn ot 3A ynelomoinon givor ot vopot
NUTOHVOV KOl GLVNUITOVOV TOV TAPEYEL ApLecn AOoT 6To TPOPAN LG TOL TPLY®VL-
o0V, OTTMC Ypopikd Tapovcialetal otny Ewkova 2.9. Edikotepa 610 TpoakTikd
TOPASELY O VTTOAOYIGHOD TNG UTOCTAUOT|G EXLPAVELNKOD OTUEIOV 0t TO GOPOT
(kato tunpa g Ewova 2.9), sival epeavig o eDKOAOG TPOTOC EXTIUNONG LE
Baon to yvootd peyébn tov yovidv b, ¢ Kol g andotacng g Tnyng Aélep
a0 To OEKTN (KAUEPR) A, PO AN EPAPIOYT TOL VOOV TOV NULTOVOV divel

A C [_ B ] A e

sina sinc | sinb sin(m —b—c¢) sinc @0
i in 74° ’
C=A—"1C o™ ® g1 50m
sin(m —b—c¢) sin 23°

>mv Ewoéva 2.10 mapovstdletor ypapikd 1 dadtkacsiot ToV TPLy®VICHOD
onuewkng aktivag Aélep mov epappoletar oty mpaén. H Béon tov kévipov
TOV TOAPOD TNG dEoUNG POTOG AEWLEP TOV AVAKAATAL TNV ENUPAVELD OTOTVIIM-
veTal Tave oto aetntplo gwovoc. To televtaio pe T ogpd ToL VIoAoYilel
TN VONTH YPOUUR TTOL TERVEL TN déoun o€ Eva akplBadg onpeio Kot avtd €xet
MG AMOTELEG O, TOV VTOAOYIGHO Tov BdBovc. H Béon oty omoia evromiletal o
ToAUOC Aé1lep TAVD TNV EMLPAVELN TOV OTTTIKOD ocOnTnpiov peTafarietor av
petafAnfel n oyetikn BEom AVTIKEUEVOL GOPOTY OTTMOC OmEKOVILETOL YpUPLKH
Ue Tig dtakeKoppéveg ypoupés otny Ewova 2.10. dvoikd, 1 axpifelo tov tpt-
YOVIoLOU oyetiletal e TV KavoTnTo akpipodc eVIOmIGHOD TOV KEVIPOL TOV
TOALOV TNG OEGUNG OTO OTTIKO ausOnTipla o€ KAOe ypoviky oTiyun.

Ownnyéc aktivov Aéilep ypnoiponolovvtal oty 3A capwon Aoyw Tmv 1dtai-
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Ewova 2.10. H diodikacio tprymviouod onuelaxns axtivog Alep.

Mortifa nov ouvavtoUpe o
TELPAPATIKA KO EPMOPIKG oLoTHpaTa

s ot
—— ey

——g—s—y

Ewoéva 2.11. Motifa dounuévov pwtog Aéilep.

TEPOV YOPOKTNPLOTIKAOV TOVG. To KUPLOTEPH YOPOKTNPLOTIKG LG OEGUNG M-
TO¢ Aélep elvan M pikpn TG O106TOPE, 1 PEYAAN KOl GUYKEVIPMUEVT 10Y0G
TNG TTOV ST PELTAL Yo LEYGAEC OMOGTAGELS KOL 1) EKTOUTT TNG GE VO, CLYKE-
KPWEVO PNKOG KOUATOG, ONAAOT €ivol povoyp®uotikr. Ot 1010TnTeg avTég TIG
KAO1GTOOVY TNV 10AVIKOTEPT ETIAOYN Y10 GUGTILLOTO YNPLOTOIN GG Y®PIG PVOIKN
emaen. Ta cvotuata mov Pacilovial 6TV EKTOUT AKTIVOV QOTOG Aélep
YPNOLOTOLOVV StapopeTikd potifa. Xtnv Ewodva 2.11 napovsialovtol Kamoa
oo To TAEOV J1dESOUEVO HOTIPO TOV OTAVTIMVTOL TOGO GE EUTOPIKA OGO KOl
GE EPEVVNTIKA - TEIPULOTIKG CLGTALATO, EVO SIVETOL TAPASELY LA AEITOVPYIOG
ocapmTN AEEP LE YPOLUIKT TTNYT.

O 1pryovicpol eivor o teyvikn mov e@appoletot amd ta téAn tov 200v
o1OVA Y10 T HETPNOT) OMOCTACEMV, EVA 1 XPTON TOV G€ AAAES EPAPLOYEG NTOV
NN yvoot and mold maiidtepa. Ta televtaio yxpovia N avarntoén g Te)VOo-
Aoyiog Peitiooe TOG0 ™V akpifela VIOAOYIGUOV 600 Kot TV TovtnTo. H
TOWKIAID GTOL CLGTHHOTO TPLYOVIGHOV Aélep evtomileTal Kupimg oT:
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* Jdour} TOv PWTIoUOD OV UTOPEL va glvar amdd onueio M oKtivo EOTOG
Aélep N mivokog TOAAUTA®Y oNUEI®V 1) TOAATAEC OEGEG OKTIV@V,

* LOpPH TOL a1eONTHPIOL TOV PTOPEL VA Elval €1TE EVAG YPULLUKOS EITE £VOG
Tpng eninedog arsntipag Charge Coupled Device (CCD) 1} Comple-
mentary Metal Oxide Semiconductor (CMOS),

» ueBodoloyia oviroyng dedousvawv-capwons Tov Uopel va TepAapPavet
€lTE TN LETAKIVIOT TOL OVTIKEUEVOV UTPOCTA OO TNV TTNYY| TG, €lTE
TN HETaKIVNOT TOL {310V TOV GLGTNUATOG GAPMONG YVP® OO TO OVTIKEL-
LEevo.

To cvotipata yneloroinong aviikelwévey tov facilovtal 6€ aKTiveg em-
T6¢ Aé1lep YpMNOILOTOLOVVTAL KUPImG o€ amootdoelg pukpdtepeg Tov 10 m. Ba-
OlKH 00N EVOS TUTIKOD GOGTHUOTOS EIVOL QLT TOL TEPINOUPAVEL i Tnyn Aéilep
Ka1 évo omTiKG aiobntiplo o pio mpokobopiouévy tomoloyio (Yvoot netatd
TOVG OMOGTACT] KOl YVOOTEG YOVIEC TOV OTTIKOV TOVG aEOVmV Tpog Tov a&ova
7). To ontikd aicOnmpio (tomov CCD 1} CMOS) ypnoomoteital Tov evomnt-
oud Tov onueiov N ¢ TEPLOYNG mov «pTilew N aktiva Aéilep. H mpoPfoin
™™g aktivag emtog Aéilep pmopet vo oynuoartilel amid Eva poTevo onpeio, o
ypopun, éva potifo amd piyec | akOUo Kol £V 6TATIKO Tuyoio TAEYNA, 0TS
oto mapadeiypata otnv Ewodva 2.11. H 3A 6éom evog onueiov oty empd-
VELOL TOL OVTIKELLEVOL OTTOV OVOKAATOL 1] KTV PUITOPEL VoL VTTOAOYIOTEL aTd TO
10€aTO TPIYOVO TOL dNOVPYEITAL, OTMG TAPOVOIAGTNKE GTO TAPASELY O, OTIV
Ewodva 2.9. H akpifeta pétpnong faboug petmvetor avdiloya e Ty ondoTtaon
OVALESH GTO GUGTNLLO YNOLOTOINONG KOt TO VTIIKEIIEVO.

e o mpocéyylon Pertioong g Pactkng TomoAoyiag Tov KAAGIKOD GL-
OTHLOTOC TPIYOVIGHOD AELep, Uio. ONUELNKT OKTIVOL QOTOS OvOKAGTOL pEGO
oamd Evav TEPIGTPEPOUEVO KABPEPTN Kol TPOPAAAETOL GTN CUVEXELD LEGH O-
00 TAV® GTNV EMUPAVELL TOV LETPOVUEVOL OVTIKEILEVOD, OTTMOC POIVETAL OTNV
Ewova 2.12. Kabog o kabpéptng 610 £v AOY® GOOTNLO EiVOL TEPIGTPEPOUEVOC,
1 onuelakn déopun Aélep UIopel Vo LETAKIVEITOL EAEYYOLEVO TAV®D OTNV EMLPE-
VELQL TOV OVTIKELLEVOL YMPIg MG VoL VTTAPYEL KIVOT) OVTE TOV COP®TH 0VTE TOV
OVTIKEEVOL, QLEAVOVTAG OTLLOVTIKA TNV TOPOY®YIKOTNTA TG SL0dIKAGTog.

2y mpdén, o€ [o EPOPLOYN COPWTN Ke onuetaxn wnyn Aélep, ot cuvte-
taypéves (X, Z) 1ov «potilopevovy onueiov (BAr. Ewodva 2.12) pmopovv va
VTOAOYIOTOVV LE OTTAEG TPAEELG TPLYDVOUETPIOG:

B fol
~ p+ fotand 2.2)
X = Ztan6

oMoV p ivar 1 BE0M TOL GNUEIOV TOV AVTIKELILEVOL, OTMG TOPOVGIALETOL TAV®
oto owodntipro, O givar n yovio amdkAong e oKTivog emTog AEep G TPOGC
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Mnyn puwrtég
Aéep

N

A

KaBpéntng

(x2) :

Dakog AgBntipag

Erudpavera avtikelpévou .

Ewéva 2.12. ZHvbeto avotiua tprywvicuod Aélep ue ypron kabpémn.

tov GEova Z, evd 0 glvan M amOGTACT OVAUESH GTO POKO KOl TNV TTNYN TNG
axtivag (Baon), evod fo eivorn amdotaoT avapesa 6to alstnTiplo Kot 10 PoKo
(eotiaxn andcTaoT TOL POKOV). Ot TEPLOPIGHOTL TNG LEBBSOL TPLYOVIGHOD pTo-
POVV va, ATodELYBOVV LLE TOV VTOAOYIGUO TOV GPAALATOC ATOKAIONG OTOV AEOVaL
Z, opilovtag 1o 0 z ®G pia cuvapTnot ToL p. O VOHOG 0140001 TV COUALATOV
oTNV TEPITTO®ON VT EKPPALETUL (OC

Z2
A f050p 2.3)
omov o, efvon 1 TLIKN aTOKAIGT 6TN PETPNON TOL oNuEioL p. 26 €K TOVTOL, M
TUTIKT OTOKAGT EKPPALEL TNV OTPOGIIOPIOTIO TOV Z TOL EIVOL OVTIGTPOPMG
avéloyn e v andcotacTn PAcNG Kol TNV €0TIOKN amdeTacT Tov @akov. To
uéyebog g mapapéTpov § mepropiletor kupimg amo:

* 70 KOTAOKEVOOTIKG GTOLYEL TMV OTTIKMOV TUNHAT®OV TOV GUGTHHOTOG, KO-
B¢ 1 evpwoTia TOLV OAOV GLGTAKTOC LELDVETAL OGO TO & AVEAVETAL,

* TIC OTTIKES ATOPPALEIS TOL SNUIOVPYOVVTAL, KAODG TOPOLGLALETAL TO TPO-
PAnuo g avto-amdepaéne pe v avénon tov 4.

To medio 6paonc P, divetar and

-1 P

®, = 2tan 5, 2.4)
YVVERMOC, GE L0, TUTTIKY] KOTAGKELT CUGTNHILOTOG GAPWGNG VITAPYEL EVOG GLUPL-
BOGLOG OVALESO OTNV E0TIOKT OTOGTOCT, GTNV OTPOCIIOPLOTIO LETPNONG TNG
Tpitng d1dotacng (BABovg) Kt TV OTTIKAV OTOPPAEEDY TOL UTOPEL VOL TPOKV-
youv. 'Eva tomkd cvotua 3A ynelonoinong mov BacileTor 6Tov TpLy@vicud
Aélep IKPOV amooTdoe®V, epeovilel cuviOg o TUTIKT oTdKAIoN (07) TG

TéENg tov 50 pm.
Mo mapaAilayn e Pactknig SoUNg TOV GUOTNUATOV QVTOV Vol Ta G-
OTHLOTO TOV KAVOLV yp#Hon Vo omTik@y aledntnpiomv, Ta, omoio, cuvndwg To-
nobeTobvtan ota dvo dxpa tng Pdong Tov cvotiuatog (e v TNyn Aéilep
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Erudpdverla avtkeLPEVOU TIPOG AMOTUNIWON
K(X’Zf

Ewovo 2.13. Apyi Asitovpyiog ovyypoviouévov mepioTpopikod cLOTHUOTOS TPIYWVIoUOD AEI(Ep ue paxo
HEYOANG EOTIOKNG OTOOTACHG.

oTn LéoT). TN YEVIKN Tepinton To onpelo avakiaong g oktivag Aélep
yivetatr avTiAnmtd Ko amd to 500 ontikd aicntipla. H yeoperpikn Avon etvon
010 pe ot otV TEPITTOOT TOL EVOG 0loBNTNPiov Gpa Kot To OTOTELEGHATO
&yovv avtiotoyn axpifeia. H xpion, enropévag tov dgvutepov atsdnnpiov, de
yivetar yia ) Bedtioon g axpifeloc Tav HETpRoemy aALA Yo T felTion TG
OmOdOTIKOTNTOS TOV GUGTILOTOG, LEGM TNG HelONG TOL XPOVOL GLAAOYNG OE-
doUEVOV, KOODC TUNLOTO TG ETPAVELNG TOV AVTIKEILEVOV OV OgV eivat opatd
GTOV TPMTO ocHNTAPLO EVOEXETOL VO Elval opatd amd To dEVTEPO KL, OG EK
TOVTOVL, EXOPKN OES0UEVA OO OAN TNV EMLPAVELL TOV OVTIKELLEVOD GLAAEYOVTOL
pe MyoTeEPEG ETAVOANYELS.

O Rioux (1994) mopovciace o KavoTtdHo TPOGEYYION OTN GAP®ON e
tpryovicpld. [Ipdteve Eva ovyypoviouévo mepiotpopixd ocvotnua mov Pnopel va
COPMOOEL [IE XPNON PUKADV TOAD LEYOANG ECTIOKNG ATOCTUCNG e TOAD LIKPEG
YOViEG TPIy@VIGHOD, Yopic va tiBetol Bépa cupufifacpod oy axpifela tov
petprioewv PdBovc. Xto GuYKeEKPUEVO GUGTNHA EPAPUOLOVTOL LUKPES YOViEg
TPLY®VIGHOV Kol £TCGL EMLTUYYAVETAL LEI®ON 0TV gUPAVIoN TOAVAOV OTTIKGV
anoepdéemv. O anmtepog 6KOTHG TNG GLYKEKPYEVNG TPOCEYYIoNG OV givart
GAAOG amd TO GLYYPOVIGUO TNG TPOPOANG TG aKTivag emTOG Aéllep Kol TOL
evromopov e Onwg ypapwd ovarapiotator otnv Ewova 2.13, to ontikd
nedio Tov aviyveutn akolovbel to onueio cuvdvinong g déoung Aélep pe
TNV EMPAVELD TOV OVTIKEWEVOL KoBmG 1 wnyn A&ep GOPDVEL TNV EMOAVELQ
Tov avtikeévov. H eotiokn amdotacn Tov eakov oyetileTat e to embountd
BaBog mediov M v meproyn péTpnong kot Oyt pe to ontikd medio. H avamtuén
GLOTNUATOV 3A YNE1oTToiNoNG ALTOHOTOL GLYYPOVIGLOV £XEL OO YNGEL GE G-
LOVTIKEG LEIDGELG OTLG OLOUGTAGELG TOV TUNUATMV TTOL PEPOVY TOL OTTIKA osOn-
P (OTTTIKY KEPOAN).

Onwg mpoavapépdnie, n mopaymykodtnto e nedddov avéavetar onua-

55



KED®AAAIO 2. 3A YHOIOIIOIHEH

®
rpappikog atoBnripag CCD
Zuykevipwrikdg Pakdg

; R IraBepog Kabpé
Zapwrrg X- Afova s e CertS

StaBepog KaBpénng —‘_—L__:‘

My 2
| dpwrég Aéep

.0

Avrtikeipevo npog anotinwen

Ewoéva 2.14. Apyn Aeirovpyiog mepinlokov capwti Aéilep e moldamlods kalpépteg.

VTIKG [LE TNV EMKOVPIKT xpnom kabpeptdv. H yprion avt) uropei va faciotel
KOl G€ TAEOV TEPITAOKES TOTOLOYIES OTAOEPWDV KAl TEPLTTPEPOUEVDV KOOPEPTDV,
onwg mapovctaletar oty Ewova 2.14. Xty mepintwon avty], ot KaBpEeteg
TEPLOTPEPOVTUL YOP® OO TO KEVTPO €vOG vontov afova. O déovag X (ueydin
TaOTNTA GAPMOTG) YPTCUYLOTOIEITOL Y10 TN YPAUIIKY] Ghp®aon, evd o dEovag Y
(ppn ToydTNTO CAPMONG) AVaKAL KAOETO TNV 0KTiVO, OCTE VO dSNUIOVPYNOEL
TNV EIKOVO, TTOV KOTOYPAPETOL OO YPOUUIKO OTTIKG aisOnthpio.

Y& TOAAEC EQUPLOYEG OTTOTOTWOONG OVTIKEILEVOVY, EOIKOTEPO OE GTNV TE-
PITT®ON NG TOMTIGUIKNG KANPOVOULAS, EKTOC OO T YEMUETPIO, 1| GLAAOYN
TANPOPOPIaG VOIS (YPOHOTOC) glval amapaitnTy Yo T dnpovpyia evoc TAN-
poug 3A ymelokol avTypdeov Tov avtikelévov. Yrdpyovv cvotipata 3A
YNOLOTTOINGNE TOL PUTOPOVV KOl KATAYPAPOVVY TNV £VIOGCT] TOV EXICTPEPOLEVOL
ONLLOTOG GTO OTTIKO 0N TpLo, aALG cuT 1 TANpopopia dev lvar apKeT Yo
TN PEOACTIKN OTOTUTTMOT TNG VONG. Ta TEPIGGATEPA EUTOPIKE GUGTILATO TPL-
YOVIGLOV £00V BEATIGTONTOMOEL Y0 TNV avayvadpLomn TS aKTivag oTtog Aéilep
K0l TOV GNUEIOV TOV QLT KATAGEIKVOEL KL 0L Y10l TV OTOTOTWGCT TNG (P WLLO-
TIKNG TANPOoQopiag 6To cuykeKpUEvo onpeio. Etol, og ToALd cuoTriata yp1-
GLLOTOIEITAL EXKOVPIKE (110 VYNANG TOLOTNTOG YNPLOKT QOTOYPOPLKT UNYOVT,
ovVN B¢ ToToBeTNEVT 6TO EEMTEPIKD TOV GUPWTY| LLE XPTOT) ELOIKOV CLGTH L0
T0G 6THPLENG, TPOGAPUOYNG KOl BOOHOVOUNGEICS. Xe OVTEG TIG TEPUTTMGELS EivaL
OTOPAITNTN 1 YVAOOT TNG OXETIKNG UMAGTACTG TOV GLUGTILOTOS YNPLOTOINoNG
KO YNOWKNAG OTOYPOUPIKNG UNYOVAG TOL AapPaveTol vy oTIC dtdKacieg
BaBupovounoceics. H Pabupovouncelg kot t@v 000 enttpénel T yoptoypdenon
(UV texture mapping) t@v 2A €KOVOV TOVEO GTNV EMPAVELN TNG TAEYUOTO-
GEPAG 1 TOL YPOUOTIGLOD TOV KOPLODV TOL VEQOLG CMUEIMV TTOV ATodidel
0 capatg Tpryovicpot Aélep (Curless and Levoy, 1995). Téhog, Ba mpémet
va avaeepedi OTL GTO GLOTNHOTA TPLYOVIGUOV HKPAV OTOGTAGE®MY OOV TO
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BaBog vroAoyiletat amod Evav kot Lodvo TaAUd EOTOS, TAPAUTNPOVVTUL GOEALLATOL
puétpnong mov epugaviovror eéantiog Tov Pabpov avaxkiaong g déounc Aélep
GTNV EMPAVELN TOV OVTIKEWEVOD, 0 0T010¢ GYETICETAL LLE TO YOPAKTIPLOTIK
g 1dta¢ ¢ empavelag (Beraldin et al., 2004).

BaOpovounon

H dwdikacio pabuovopnoceigs (calibration) tov yneuakol oxTIKOH GLGTH-
LOTOG TTOV YpNotpomolet £vag cuotnua AElep WKPOV ATOoTACE®Y £ival Po-
o1KOG Topdyovtag tng opbng Aettovpyiag tov. H dwadikacio fabpovounoeicg
glvar cuvnBog TuTomoUEVN Kot TEPIAAUPAVEL TNV OVAYVOPICT) TOV ECMTE-
PIKOV Kol EEMTEPIKAOV YUPOKTNPLOTIKOV TOV ONTIKOV GUGTHLOTOS LE TN Por-
B0 EVOC TPOYUATIKOD OVTIKEILEVOD OV T YEMUETPIKE TOV YOPAKTPIOTIKA
glval yvootad pe moAd peydin akpipeta. Ta yapaktnpiotikd avtd fonbodv otov
OPIGHO TOL LABNUATIKOD LOVTEAOV TOV TTEPLYPAPEL TNV ECTIOKY| OTOGTACT), TIG
TOPAPOPPADCELS TTOV ELGAYEL O PAKOS GTNV EKOVO KOl GALEG TAPAUETPOVG TTOV
£€YOUV EQUPLOYN OTN GLAAOYN dedOUEVMV Kal VITOAOYIoUO Tov BdBovg. Metd
TN GAPOOT TOV YVOOTOD OVTIKEWEVOD 1) GYETIKN OKpifela Kol To e0poC TV
COOAUATOV HETPNONG TOV GLOTNUATOS UITOPOVY Vo LToAoyloTovy. H dradika-
cio amoTeELEL OLGLOOTIKA KO TNV emaAnBgvon Kot emPefainon Tov anoteie-
oudrtov. H axpipela tov cuotipatog pmopel va vtoroyleel Lo Tov yvooTton
OVTIKELEVOL BABLOVOUNGELGS, TO OTTOT0 OTOTVTIMVETAL OO OLUPOPETIKEG BETELG
Kol TPosavaToAopovs. ‘Evag yevikog kavovag mov akolovbeital otn cuyke-
KPLEVT OadKOGT0 EVOIL TTMG TO YOPAKTNPIOTIKG TOV OVTIKEWEVOL Pabpovo-
UNOELGS TPETEL VA elval YveoTd pe axpifela déko popég peyalhtepn amd avty
OV ATOTLTMVEL TO YNPLOKO ONTIKO GUGTN O, TOL COPMTH.

Avdivon

H avdivon (resolution) g 3A ynelomoinong eivar Bsopntikd pio Guvap-
TNoM TOL HEYEBOLE TOV YOVIOKOV PETAROA®Y OV Umopel va aviiAnedel to
oVOTNUA O€ GYEon Ue TNV aktiva Aéep Tov TpoPfdrietal o S1OPOPETIKE OT)-
peia maveo og pio emedvelo ko to péyebog tov otiypatog g aktivag Aéllep
OV OVOKAGTOL AV 1) VYNAN avaivon gival Pacikn Tpodmodeon oe pia epap-
HoYn ynotlomoinong, tote Oa mpémet pe peydin mpocoyn va ereyydein Péltiom
wovoTnTa, €0tiaomg g axtivog méve oto avtikeipevo. Xy Ewova 2.15 na-
poLGIALeTal OTIYHOTUTTO antd SLdIKAGIN YNELOToiNoNg G TUMO TPOTOUNG.
H pvBuion g eotiaong yivetar yepokivnta. Epgpovéotom sival n dtopopd
évtaong aAAd Ko evkpivelng g d0éoung Kabmg 0 capmT)g TANGLALEL TPOG TO
onueio Bértiotg eotioong (Ewcova 2.15.). H avédivon tov ptyovicpol tepio-
piletan amd v mepibAaon g aktivag. AKOpa Kot € BEATIOTEG TEPITTMOCELS,
N 0éoun emTOG o8 dtatnpel TNV amdALTY ELBVYPALUIOT LE TO GTOYO TNG. ZINV
TPUYLOTIKOTNTO, 000 AETTOTEPN €ivor 1 axTiva AElep TOGO LeYOADTEPN ivaL T
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a. Axtiva ektog eotiaong Adyw anootacng  B. Aktiva os opBr eoTwak andotacn and v
AVAPETT OE 0apWTr) Kat ETPAVELR AVTIKEWMEVOL  eMupAVELX TOU QVTIKEILEVOU IPOC anotinwon

Ewova 2.15. Axtiva Aéilep ypopiuirod potifov eviog kot EKTOS E0TIOONG.

Karnyopieg avTiKeIpévwy

A r
8 3 10mm
' i
B2 LI
Noépiopa Ayyeio AyaApa .- 1mm
Opio mepiBAaong
o€ X,y GEoveg /
— 100pm

\ N
\

Oplio oriyparog
TyAg AéiGep(z a§ovag) 1um

1icm 10cm im 10m
KAIpaka avTiKeIpévwy

KAipaka akrivag Aéilep

Ewéva 2.16. Opra nepiflacng ko1 oyéon draotaoemy uetold oxtivag A&1{ep Ko ovIikeuévoo.

amokAion mov dnpovpyeitan e€ontiog g mepiBhaonc. H nepibiaon e déoung
emParrer Evav TePLOPIGHO TNV 1oY0 TG aKTivag AElep.

To ypaonuo omv Ewodva 2.16 meprypdoet ta 0pla mepibiaong oe oyéon
pe t d1doTooT aktivag Kot Pe To puéyebog Tov mpog 3A ynelomoinon ovTikeL-
pévov. O dtywpiopds TV avTIKEEVOVY €ytve Le PAon Tig O106TAGELS TOVG
oe Tpels yevikég katnyopieg. O meploptopdg avtdg £xeL vo, KAVEL PE To OpLol
EVIOTMIGLOV NG aKTivag emTog Aélep amd ta asOntipla, Kabdg avtr Kiveitot
Katd pkog tov agovov X kot Y. v nepintoon tov d&ova Z avtd mov Ha
nepipeve kaveic eivan pia cuveyn Pedtioon 660 N 1oy0¢ ¢ aktivag av&ivetat
KoL TANGLALEL TNV EMPAVELL TOV AVTIKEIULEVOV. AVGTLYDG OUOS KATL TETOL0 OEV
woyvEL. Mo EUTEPIOTOTMOUEVT] OVAAVOT GTO YOPAKTNPIGTIKA TNG d1A600MG TG
déoung emtog umopet va Bpebel oty epyacia tov Beraldin et al. (2004).
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©dpuPog (speckle noise)

Kévepo Stopung dpwrdg Adlep

©dpuPog (speckle noise)

Ewova 2.17. didyvon oxtivag Aéilep mave o€ eTPAVELL UETPODIEVOD OVTIKEUEVOD.

Kowd yapaxtmpiotikd Tov cLGTNUATOV TPIY®VIGUOV AELEP WKP®V OIT0-
OTACE®V ATOTEAEL TO YEYOVOG OTL Ol LETPNGELS TOV 0mooTdoemv PdBove Tol-
AEC POPEC OMOKTOVVTOL e PACT €Vl TUTIKO S10KPLTO TAEYUA (TNV EMLOAVELQ
€vOg OTTIKOD avIYVeELTH), TO OoToio dev umopel va eEacpaiicel OtL KaOe on-
pelo v otV EMPAVELD TOV OVTIKEWEVOD GUUTINTEL PE £VO. CUYKEKPLULEVO
onpeio whvo 6to S1akp1td TAEY O TOL alcOnTnpiov. Ot petprioelc onueio-mpoc-
onueio Pacifovrat oe peydro Pabuod otn ypoppukn topspnBoAn (interpolation)
ota dedopéva. Avtdg 0 TEPOPIGUOG Eival OTOTEAEGHA TNG TPOKABOPIGUEVG
Kol qLGTNPO TEMEPUCUEVTG YOPIKNG AVAALONC TOV ooOnTnpiov €KOVaAG. Xe
Adec uebddovg ynolomoinong (my. Zynuo amd Sounuévo POTIGHO), 1 idta N
néBodoc elodyet o katd TpocEyyion ektipnon (averaging) yio v opbn Béon
TOV PETPOVUEVOL GNLEIOV TAV® GTO OTTTIKO aGHNTHPIO.

®dépvpog

Y& CLOTHLOTA TPLYOVICHOD AEEp WKPOV omooTdoemv, 1 akpifela tov
dedopévav egaptator o péyioto Pabud amd v opbn epunveio g B€ong g
aktivag eotoc Aéilep. H déoun dnovpyel éva mpoeid Gaussian dtoomopdg
Tave oty emeaveln Tav avtikelpnévev (Cortelazzo and Marton, 1999). Eomn,
N XOPIKN SLOTOPE TNG SECUNG POTOG GTNV EMPAVELN EYEL OC OTOTEAEGLLOL TOV
TEPLOPIGUO TNG OLVATOTNTOG AVAKTNONG TNG 0KPLPods BEong Tng déoung omd Ta
omtikd awoOnmpa. To pavopevo avtd sivar yvootd kot og speckle effect kot
epugavifetal pe T Hope1| TLYAING SLIYLONG TOV PMTOG TAVM GTNV EMLPAVELN
TOV ovTIKEWWEVOVY. YTehBuvn yia to avopevo sivorl 1 101a 1 EmQAvELD TOV
OVTIKEWWEVOVY Kat, Kupimg, 1 TpoyvtnTo ts. O 06pufog avtodg (speckle noise)
UETOPEPETOL AVOTOPEVKTO KOl 6Ta TEAKE dedopéva (Eucova 2.17).

[ToAhot gpguvnTég €xovv KATA KapoVE LEAETNHGEL TIG GLVETELES TOL Bophov
Kot £xovv katoAnEel oe évo Oepelmdeg 6plo oL amoTEAEL KOL TO QPAYLO OTNV
akpipelo vroloyiopov tov Bdbovc. BéBata, o B6pvog avtdg pumopel va petwdet
LLE TNV EQAPLLOYT] CUYKEKPLUEVAV TEYVIKADV, OLMG OL TEYVIKES YPOLLLLKOD GIATPA-
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piopartog mov Paciloviol 6 ¥Povikovg TEAEGTESG Kol Ppickovy epappoyr otV
ymowokn encEepyocio EKOVAG OV amodidovV GTI| CLYKEKPLLEVN TEPITTMOT).
AvtiBeta, M epoppoyn nebddwv eitpapicpotoc oto medio e edVoS amo-
dtdovv. Ta @ikTpa avTA givol YVOOTA 0md TOLE YDPOVG TNG YNELUKNG eneiep-
yooiag eOVOS Kol ¢ YOPIKA IATpa. Mia Tumikny nébodog yio Tnv AayIGTO-
moinon tov TpoPAnuatog opbng epunveiog g Béong, amotelel 0 EVIOMIGHOG
TOV KEVTPOL TOL LOVOJIIAGTATOL THALOV TG déoung. Ta amoteAéopoTo, OUMC,
NG TEXVIKNG aLTNG glval opBa Loévo dTav 1 empdavelo cApwoNG eival eminedn
(Beraldin et al., 2004). Eivoi, Aowmdv, yio pio okOun gopd ELQOVES TWS To.
YOPOKTHPLOTIKG, THS ETIPOVEING EVOS AVTIKEWUEVOD ETLOPOVY GTIS EMLIOTEIS EVOS
oopwtn 1£1lep (Boehler and Marbs, 2002; Forest et al., 2004).

O «Béltiotogy TOTOC emMEAVENG Yo yn@lomoinon pe axtiveg Aéwlep ei-
VoL QVTOG OV QEPEL YopakTnploTikd Lambert (gival pat) Kot tavtdypova £xet
VYN0 deiktn avdkAiaong. v Ewodva 2.18 meprypdeetal o Tpdmog Tov Gupute-
PLPEPOVTOL 01 OEGLEC POTOC, KADDG AVOKADVTOL GE LU0 ETLPAVELN KATELOLVOLLE-
vng avakiaong (specular) (Ewova 2.18.a)), oe po empdveto pat - Lambertian
(Ewcova 2.18.) kot o nudtopavn emipdveta (my. pappopo) (Ewodva 2.18.y).
Ye (o MUISQavh ETPAVELL TO (MG JIEIGOVEL GTA VTOGTPOUATO TOL OVTL-
Keweévov, og Pabog avdrioyo g woyvog Tov. Emmpdcheta, 10 pmg doyéeTon
(okedAoE PWTOG) OTO VTOCTPMOUATE TOV GVTIKELHLEVOL KOl dnUiovpyel E00m-
TEPIKO dlooKopmiopo. 'Etot, 1o ontikd chotpo cuAdéyel mA00¢ avakAaceEwy
Q®TOG, GAAOTE EMBVUNTOV Kol GAAOTE OvETBVUNT®V, 01 OToieg eV Guve)Eia
opilouv kopvég (onueia) oto 3A ydpo. Av 1 évtaon g déoung pelwbel, o
06pvPoc yivetar akda TOL0 ELPAUVIAG KoL OVTO LELDOVEL TEPIGGOTEPO TNV TOLO-
TNTO TOV SEGOUEVMV TTOL GLAAEYOVTAL AP KOl TO 1010 TO 3A yne1axd avtiypapo
(Cortelazzo and Marton, 1999).

I'evikd B6pvPog ota dedopéva eppaviletal Otov:

* H avoxiaotikotnta g enipdvelog Totkilel Kot LeToPAAAETAL.

* H yeopetpia g emodveiag mapekkAivel éviova and eninedo og eninedo.
* H mopeia g 0éoung owtdg péypt to aohntiplo mapepumodilerar.

* H tpoydtnto e empdvelag mpokalel mopekKAIoELS GTN OECUT POTOC.

2mv Ewoéva 2.19 moapovcidlovtar kdmoto Tumikd mopadeiypota ot onoio
eLPavifovTor GEUALUTO GTOV VITOAOYIGUO TNE UTOGTACNS OVAUESO GTNV EML-
QAVELD TOV OVTIKELEVOL Kot TNV YT eToc Aélep. v Ewova 2.19.a anet-
koviletatl To eavopevo Katd To onoio, €attiag Tng avakiaong, vroloyileTon
éva onueio oto 3A ydpo mov dpmg dev tavtileton pe tn B€on g EmMEAveLng
TOV AVTIKELEVOL GTOV TPAYLOTIKO KOGKO. XT1¢ Etkova 2.19. kot Ewkdva 2.19.y
napovctalovtot GAAo 600 TapadELYLOTO, GTO OTOI0 O GNUOVTIKEG YEOUETPIKES
OTOKAGELG TNG EMPAVELNG TOV AVTIKEYLEVOL 031 YOVV GE ECPOALEVEG LLETPTOELG
Tov Babovg. v Ewdva 2.19.8 mopovstdletol o gaivopevo, Katd 1o onoio
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Edaveia karevBuvduevng avadaong dwidg Emdaveia tonov Lambert Quronepartr enipaveia

Ewovo. 2.18. Toror emipoveidv kot GOUTEPIPOPE TOVS GTHY avikiooh déouns Aéiiep.
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Ewova 2.19. ITepintcdoeis eopotuévon vroloyiouod fabouvg.

1N HOPQOAOYID TOV aVTIKEWEVOD gUmodilel TO asONTAPLO TOV GLGTHLATOG VO
gvtomicel T0 ONUEID OTNV EMPAVELD, TOL OVTIKEIWLEVOD GTO OTOI0 OVOKAGTOL
N déoun ewtdc Aélep. Xtig 000 TEAEVTAIEG TEPUMTMOELS TAPOLSLALETAL TOPO-
LLO1OV €VPOVG YEMUETPIKO ol (00pvPog ota dedopéva).

Yvvoyilovtag, N HopPoAoyia Kot TpaydTNTO TG EXPAVELNS, KAOMOG Kol TO
VAIKO TOL OVTIKELEVOD EIGAYOVVY VA EVPOG TLXAIMV ATOKAICE®MVY GT1 dladpoun|
g 0éopnc Aéilep Kot E16AYOLV ampocdloploTio 6Tov akpiPn viomiopud g 0é-
oG OVAKAOGNC TNG. ZVVETMDC, TPOKLITOVY TOPAUOPPDCELS 6TV 3A Yempetpio
7ov tehkd vroAoyiletat. [Iépav, opmg, avtov tov Bopvfov pétpnong, cuvo-
A evromilovtan Tpelg dtapopeTikéc myEG BopvPov Tov ennpedlovv Eviovo
GLAAOYY KOl EPUNVELD OTTTIKAV HEGOUEVOV GTO GUGTAILOTO GAPWOOTG LE OKTIVEG
Aélep:

* HAextpikdc B6pvfog, o omolog eivar eyyevig 06pupog o€ OAa Ta nAekTpo-
VIKOQ GUGTYLLOLTCL.

* ®06pvPoc KPAVTIGHOV, 0 0TO10G OPEILETUL GTO OTL TOL GUGTNLLOLTOL TTOL YPT)-
GULOTTOLOVVTOL EIVOL YNPLOKE KOl GUVERADS LITAPYEL TEPLOPICUEVO EVPOG
TILAV Kot SOKPITIKY IKOVOTNTA.

61



KED®AAAIO 2. 3A YHOIOIIOIHEH

* ®06pvPog ddyvong g dEcUNG PTOC Aélep, 0 omoiog cupmeptAapPdver
OAOL TOL KOTLTIKAY TPOPANLOTO TOV AVOTTOYONKOAY TAPOTAVD.

A&iler vo onuelmdel 011 68 TEPITTOCELG OOV Elval YAUNAN M 1GYOG TS SEGUNG
Aélep, 0 Aoyog onpatog Tpog 06puPo (signal to noise ratio (SNR)) etvon puxpde,
KoL £To1, 01 500 TP TES TNYEG BopVPov emnpedlovv 6TO HEYIGTO TOV VTTOAOYIGIO
Tov PBdbovg. Avrtifeta, o BopvPog arnd dudyvon g déoung Aélep oyetileTan
amOAVTO Kol HE TN QUON Kol TO YOPOKTINPIOTIKA TG akTivag Aélep Kot Tov
avtikelpévov (Cortelazzo and Marton, 1999).

I'eopeTrpikn axpipera

Onwg éxel avapepBet, n yeopetpikn akpifela ota cvotiuate 3A ynoelo-
moinong oyetiletor pe v akpifela oTIc LETPNOELS TG 0mdoTACNS 6TOV AEova
Z M 100 Babovg. Oswpnrikd, Oa Enpene KaOe Epyo ynelromoinomg va otoygdel
OTN HEYIOTN YEOUETPIKN OKPiPela yioo AOYOUE TOTAHG AVILYPaPNG EVOG AVTIKEL-
pévov. Iapodia avtd, 1 yeopetpikn akpipeto dgv ival amapaitnTo Kot TivToTe
pia kopiopyn aroitmon. o mapddetypa, o andkAon HEPIKMOV YIMOCTOV GE
onpueio EMEAVELNG TOV ATOTEAEL TUNULO EVOS LOPPOAOYIKA OTAOD YEMUETPLKOD
oynuatog (my. éva eminedo) dev ivar mavtote peydio mpdPAnua. Xe kdbe me-
pPITT®ON, OUMG, OTOV 1 ATOTOTWOCT] TOAVTAOK®V ETPOVELDV Eval avayKaio vo
yiveton pe peydin yeopetpikn akpipela, 0o mpénet va Aappdvetat vwoyn 6t T
dedopéva Tov mTpokvITOVY (VEPN onueiov) mepiéyovv Kol 80pvPo, dmws ava-
oépOnke oty ponyovpevn mopdypago. O B6pvPog avtdg, TPAUKTIKA, TAPOL-
o1aleTal ¢ LETATOMION TOV oNUElOV oo Tig OempnTikd opBic BEcelg TOVG oTOV
3A ydpo, cuvibwg pe Evay Toyaio Tpdmo mwov akoiovdel Gaussian Kotovoun.
To @avopeVo avTd €LGAYEL TPOKANOELS KOTA TNV eneéepyacio Tmv ded0UEVDV,
a@ov emPdaAel T xpnomn eiktpmv oporomroinong (smoothing) Kot andomoinong
(simplification). O 616y0¢ T®V PIATPOV AVTOV Elval TOGO VO, LELOCOVY TO EMi-
neda Tov BopvHPoL 6GO KoL VO LELDWGOVY TOV OYKO TMV OEG0UEVMV, SLOTNPOVTOG
OLMC, KATA TO dVVATOV, AVETAQO TO OPLoL TOV EMPAVEIDV KAl TOV OYKO TOL
OVTIKELLEVOU.

>V Ewova 2.20 mapovoidletat 1 TAEYLATOGEPA TOL dNLIoVpYNRONKE amd
TO LETOGYNUATIGUO VEQPOLG onpeimv HeTd ond GAP®OT e CUGTNUO TPLY®VL-
opo¥ axtivov Aélep. Ot Béceig mOAA®Y onueimv Tov apyKoD VEPOLS £yovv
VIOAOYIG0EL ECQUALEVO TOGO AOYM TNG AVOKAUGTIKOTNTOG TNE ETIPAVELLS TOV
OVTIKELEVOV, OGO KOl TNG VYIGLYVNG YPOUATIKNG UETABOANG AOY® TOV S10KO-
GOV TTOV PEPEL QALA Kot TOL BopOPov amd ™ didyvon g déounc. Avto givorl
€0KOAN EPPAVEG TNV KATM-0EE1E EIKOVA, OTTOV L0 VOT|TH] KOKKIVI] KOUTOAT O&i-
YVEL TO BE®PNTIKO OPLO TNG EMPAVELAG TOV AVTIKELEVOD, TO OO0 EGQAALEVA
Eemepvovv opiopéva amd o onpeio Tov vEpove. Xwmpig T ypnon odyopibuwmv
OLLOAOTOINGNG TOL VEPOLS oM UEI®V 0 BOPVPOC AVTOG LETOPEPETAL OVATOPEVKTOL
KOl GTNV TPOKVTTOVCH TAEYUATOCEPE. AVOAOYQ LE TO UETACYNUATIOUO TOL
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Tinpatu odpuwon
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0F TPUaBEC 10U opilouv Tpiywva otov 38 xipo emdavea (codaruéves petproei Badoue)

Ewova 2.20. [Hopdoeryua vépoog onueiamv e O6pofo uétpnong kot ETTTOOELS TNV TPOKDTTOVGA TAEYUATO-
oELPaL.

epapuoletal, To €Hpoc TOV EMNTOGE®Y TOL BopvPov pewdveral 1| av&dvetat,
EVD TOAAEC POPEC AOY® TNG EVTAGNG TOV OONYEL GE YEMUETPIKEG OIOVVEYEIEG
(«TphmECH) OTNV TAEYLOTOGELPA.

243 Xynpo omd crhovéta

H pébodog Zynpa amd cthovéta (Shape from silhouette) avrkel otnv k-
yopia TadNTIKOV TEYVIK®OVY Kot Baciletol oTnv TANPOoQopio. oV TPOCPEPEL EVal
ovvoro amd 2A pwtoypaeies. H pébodog mpwtoeppaviletar mpv v ymoetokn
gmoyn, katd to 1860, dtav o Frangois Willeme mopovciace pio pébodo pe mv
ovopocio pwtoylortiky (photo sculpture) (Sobieszek, 1980). Xt pébodo g
POTOYAVTTIKNAG ypnoomomOnkay 24 0E6E1G POTOYPAPIONG YO VO OITOKTN-
B¢l éva avtioToryo GVVOLO OO GIAOVETEG EVOC OVTIKELLEVOU OO OLUPOPETIKEG
onTIKEG Yovies. H amotdmmon Tov GIAOVETOV YIVOTOV TAVD GE PMTOYPIPKEG
TAAKEG TOV 6T cLVEXELN TpoParidTay e T PorBela Lag cLGKELNS TPOPOANG
OTOTIKOV EIKOVOV LIE TNV ovopacio magic lantern (poyikog ovog). Xtn cuvé-
YEL0L, OL GIAOVETEG LETAPEPOVTAY TTAV®O GE TNAO LLE T YPNON EVOG TAVTOYPAPOUL.
Onmg NTov ovopevOUEVO, EUTOPIKEG EPAPHOYES TOV VAOTOIOVCAV TN GUYKE-
Kpévn nébodo avamthynkov GuUesa, VD 0 UEYOAEG TPOTEVOVGEC OTTMG TO
[MTopiot, To Aovdivo karn Néa Yopkr onpovpyndnkay eE€dtkevuéva gmtoypo-
QUG GTOVVTIO TTOL TNV TPOCPEPAV MG VINPESTA. AVTO TOV NTOV ELPAVEG AKOLLOL
Kol pe Tig 24 GIAOVETEG TaV TO YeYOVOS OTL 1) S1001K0GI0 ATotTovcE 6€ VYNAD
Babpod v avBpomvn tapépPact. Tavtoypova, peydio HTav Kol To KOGTOG TOV
amopaitnTov eEOMAMGOV (KAUEPES, TPOPOAELS OTATIKOV E1KOVOV). Televtaia,
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OAAG €El00V OMUOVTIKY], NTAV 1 AVAYKY TPAKTIKNG €EAOKNGNG TOV «YAVTTTI
oTN YPNOT AVTOV TOV CUGTNUATOV, 1| 0moin KOBVoTEPOVGE AKOLO TEPLOTO-
TEPO TNV OAN dadikacia. Teducd, n didpketa {ong e peBoddov avthg dev NTOV
peyain (amod to 1863 €wc kat 1o 1867) kabmg 1 d10dikacio TG POTOYAVTTIKNG
ntov axpPotepn amd aileg mopadoctokés pebddovg.

Me v éAevomn TG YNOLOKNG ETOYNG, 1] O1001KOGT0 GOAANYNG CYNUATOV LLE
OMTIKEG LEBOOOVG OMEKTNGE KO TAAL EPEVVNTIKO KOL AVOTTLEIOKO EVILAPEPOV.
H Zynua and clhovéta eivor ofuepa pio avtopotonomuévn nébodog Koto-
oKeLNG 3A avTLYpAe®V PUOIKAOV avTIKEWWEVOVY. Ta mpmdTa ¥povia TG eEEMENG
TOV EQUPLOYDY 3A ynolomoinong NTov pio ToAd SnUoeIANG TeXVIKN 3A ynoto-
noinong Kntov avtikelévov. H apyikn g viomoinon nopoucldetnke and
tov Baumgart (1974) oto mAaictlo ¢ d1d0KToptkng Tov datpifnc. Apyotepa
ot Martin and Aggarwal (1983) mapovciacav T dnuovpyic 3A poviédmv ond
TOALOTTAEG OTTIKEG YOVIES LLE YPNOT| OYKOUETPIKAOV oToryeimv. Baciomkay 6t
LUEB0G0 TV «KPLPDOV TEPLYPAUUATOV», KATA TNV omoio, eEfyayov GIAOVETEG
OVTIKELEV®V OO GEPEG POTOYPAPLOV EVD OT|LLLOVPYOVGAY TPOOSEVTIKA TO 3A
ymoewokd avtiypago HEcw opBoypaeikdv Tpofolmv TV cilovet®mv. O eheyyo-
LEVOG YDPOG TTOV YPTGLLOTOINGOV OTOTEAOVVTIOV GO L0 POTOYPAPIKT YOV
o€ atabepn Béon (Tavo o€ Tpimoda) amévavtl omd T0 AVTIKEILEVO TOL ToToDe-
TOUVIOV TAV® GE E01KN TEPIOTPEPOLEV Pdion (TeptoTpe@Oevn Tpamela) He
gleyyopevo Prpa meptotpoenc. To povTo Tiow amd TV TEPIGTPEPOLEVT PAon
TOV OVTIKELLEVOL TTOV LOVOYPOLO, DCTE VO TPOYLOTOTOLEITOL EDKOAN O SO ®-
pPLopdG TS olAovETag og kKibe patoypagia (Zhang, 1998). H Bacwn péBodog
Zyfua amd olthovéTa Tpoimodétel GIAOVETEG YPIC CPAAUATO (ECMOTEPIKA KEVA
N TEPLOYES OV SEV AVIIKOVY GTO OVTIKEILEVO) Kot G Stadtkacio TeptAapPdvet
Ta mopoakdto PApata (Ewkova 2.21):

* KaBopiopog Tov mopapéTpmy Tov OTTIKOY GUGTHOTOC.
* AMyn edvov.

* E&oyoyn cllovetmv.

* Avdktnon Kot avaxotookevn s 3A yeopetpiog.

Ytv Ewova 2.22 mapovoidletar ypopikd 1 mAdyo Oyn Tov EAEYYOLEVOL
TePPAALOVTOC €VOG TUTTIKOD GUGTHHOTOC ZYNUA OO GIAOVETA. ZOUQMVA LE
toug Tosovic et al. (2002) n andotaon D Oa mpémel Katd LEGO 6po vo Kv-
paivetol yopo ota 120 cm, eved to Hyog d va evtomiletol ota mepinov 3 mm
(og 1Wavikn mepintwon va sivat undevikd). O cuvolkdc aptBpdc TV GlAove-
TV (TAN00C POTOYPAPLOV OTTOV TPOPAAAETOL TO OVTIKEIUEVO OO SLUPOPETIKN
oTTIKN YOVio YOp® amd Evav dEova TePIoTPoP|g) mailel ONUAVTIKO pOLO GTNV
TGTOTITA TOV OVOKOTOUCKEVUGUEVOL OVTIKEIPEVOD, KOOMG AETTOUEPELES TOV
OVTIKELEVOL Elval EUEOVEIG LOVO amd GLYKEKPUUEVES ONTIKEG Yovies. Kabmg
N pébodog Paciletar oe orhovéteg, mpémetl vo avapepbel g t0 3A povtéro
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Ewova 2.21. diadikacio puedodov Zynpo oné oilovéra.

Agovag neplotpodng
TOU QVTIKELUEVOU
npog Yndronoinon

i Otk dfovac np@rou onpeiov Béaong [

: d; ;
ql _| DQuwroypadikr
| Autopatonounpévo unxavn

NEPLOTPEPOUEVO TPATTET

Ewova 2.22. Iapdderyiio. ovTopatomouévon cooTHIaTOS LYo aro GIA0VETa.

OV TPOKVTTEL g TEPIAAUPAVEL LOPPOLOYIKA YOPUKTINPIOTIKA TOL OV €ivar
gUEavN o€ oTES. 6 €K TOVTOL T0 3A HOVTELO €ivaLl L0 TPOGEYYIGT TOV AP KOV
OVTIKELLEVOL KoL Oyl EVOL AKPPBES YyMELakd avTiypago.

[pw ™ Mym 10V oToypaetdV, Tpénel va Ppedel n yeouetpikn oyéon
avapesa ot 6£6M TG POTOYPAEIKNG UNYXOVIG KOL TG TEPLOTPEPOUEVTS Bdomng
Omov ToTOHETOVVTAL TOL AVTIKEINEVD, £TCL, MOTE TO TEMKO 3A ynooakd ovti-
YPOPO VO AVTUTOKPIVETOL OTIS SAGTAGELS TOV TPAyHOTIKOV. Baoikn) mpodmo-
Beom yio v opbn amotdnwon eivor n fadprovouncelg tov cuotiuotos. H Babd-
LLOVOUNGELS TNG QWTOYPAPIKNG UNYAVIG TapEYel OAEG TIC EEMTEPIKEG TOPALLE-
TPOLG, OTTMG TN BE0T KAl TOV TPOSAVATOAGUO TNG GTO YDPO, CALL KoL TIG ECM-
TEPIKEG TOPAUETPOVG, OTIMG TNV EGTIOKN OTOGTOCT KO T HETATOMTIOT TOV OMTL-
KoV K€EVTPOV. [ 1 BUOLOVOUNGELS YPTCILOTOIEITOL OKILOGTIKO OVTIKEILEVO
IOV QPEPEL GUYKEKPIUEVO HOTIPO, GUVAOMG L0 «OKOKIEPO UE EK TOV TPOTEPDV
YVOOTA YEOUETPIKA YopakTnploTikd. To péyebog kot 1 B€on Tov potifov Pabd-
povounoeisg vroroyilovtot fAcel YeOUETPIKOV opydV. Mia TumikT Stodtkociol
Babpovounoeicg meptAapfavel To TopaKETO PripoTo;

* Yyediaon Kot eKTum®oT Tov potifov Pabpovounoeiss.

* VALY POTOYPAPILOV TOV ATOTVIMOVOLY TO HOTIPO VIO SLOPOPETIKES
yovieg Béaonc.

* Evtomioudg opdroymv onpeiov 6to potifo o€ 6A0 T0 GLVOAO TOV PMOTO-
YPOPUDV.
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* YTOAOYIGHOG ECMTEPIKAOV Kol EEMTEPIKAOV TAPOUETPOV HECH TOV LETO-
oynpatiopot Direct Linear Transformation (DTL) mov Baciletat 610 o-
vtého kapepag omng (pinhole camera model) kot GtV APy GLGYETIGUOV
TV GUVIETAYHEVOVY £VOG 3A ydpov (X, Y, Z) kot tev cuvtetaypévoy 2A
EIKOVOG UE YPNOT ATADY YPOUUMKOV EEICDCEDV.

Metd ) Pobduovounoelg Tov cuoTHaTog, akoAovbel n e€aymyn TV ot-
Aovetdv (meprypappdatov). Ot clhovéteg epthappdvovy peydio 6yko minpo-
popiog Tov oyetTileTal e TN LOPPOAOYID TOV LETPOVUEVOD OVTIKEIUEVOD OAAGL,
SVoTLYMG, Ot OAT. Ot LopPOAOYIKEG AVTEG TANPOPOpPiES Ltopovv va, e&ayBovv
omd T1g 2A €1KOVEG e AmAOVG Kol EDPOOTOVS OAYopifLovg omd To Ydpo TNg
eneEepyociog €KOVAG Kal OpacTg VIOAOYIGTOV. XOppove, Le Tov Laurentini
(1994), n AéEn crhovéta VITOSEIKVOEL TNV TTEPLOYN TNG 2A EIKOVAG GTNV OOl
epeavifovtol 6o T 0paTd GNUELD TOV AVIIKOVY GTO UETPOVLEVO AVTIKEILEVO.
BOepdvTag OTL OV VILAPYEL KOUIO TEPAULTEP® YVMOON Yol TN BECT TOV AVTIKEL-
UEVOL GTOV TPOYHATIKO YDPO, TOTE OAN 1 TANpoPopia Tov divel 1 Glhovéta .S;
glvon eminedn mévm o o Teployn tov ympov C;. Tnv meployn avty TV ava-
KTovpE PéEcm g omicbiog Tpofoing g .S; and 1o avticToryo ontiko onueio V;.
YroBétovtag 6T vap oLV N GIAOVETEC, TOTE 0LTEG TEPLOPIlOVV TO AVTIKEILEVO
péoa oe évav Oyko R,. Tvvendg wyvet 61t R, = (N, Ci. H e&ayoyn mg
GLAOVETAG amd TIC €1KOVEG Umopel va vhomomBel og eminedo ewovoototyeinv
ue dadikacio agaipeonc. H apaipeon avti mpoaypatonoleital avapeso oTig
EKOVEG TOV EPLPOVILOVV TO AVTIKEILEVOL KoL TNV EIKOVA TOV POHVTOL OOV ELLPOL-
vileton o 1810¢ YdPOog Ypic OpmG va givorl Tapov o avtikeipevo. Eqv n amdivt
TN TNG OLOPOPAS CVTHG GE KATOL0L TTEPLOYN EIKOVOGTOLXEI®V Elval peyaAdTEPN
omd Eva 6ed0UEVO KATMOEAL, TOTE QLT 1) TEPLOYN Bempeital LEPOG TNE GIAOVETOG.
[paktikd n teyvikn Paciletar ot GOAANYT EVOG GKOTEIVOD OVTIKEILEVOD TOV®D
o€ £VO PMOTEWVO QOVTO, KOl GUVETMS OVOLEVETOL VO, ElvaL GYETIKA €OKOAO VOl
avayvoPLoTel 1 61AovETa ToV avTikelévoy. H eucdva tov edvtov mov AapPa-
VETOL OPYIKE YOPIG TO AVTIKEILEVO OTN OKNVI OTOTEAEL TNV EIKOVA OVOPOPAS
oV YOpov. Onwg meprypdpetor otnv Ewkdva 2.23 1 amopdikpuven tov gOvTov
VAOTOLEITOL e OTTAT apaipeoT) 6To TTEdio TV ikovooTtoryeimv. 'Etot, amd kdbe
EIKOVA TTOL €IKOVILEL TO AVTIKEIIEVO APALPEITOL 1 EIKOVE TOV GPOVTIOL KOl OTTOV
1 amOALTY T TOV ATOTEAECUATOG TS APaipesnS ALTAG 0dNYEL 08 THES Lle-
YOADTEPEG A0 TPOKOOOPIGUEVO KOTOQAL, TOTE TO OVTIGTOLYO EIKOVOCTOLYELN
Bewpovvtal 6T aviKoLY 6TN GIAOVETO. AvtifeTa, GOV 1 ATOAVTY TN TOV OO~
TEAEGLLOTOG TG OLPOIPEST] Elval UIKPOTEPT TOV KUTMPAIOV TOTE TO AVTICTOLYN
gwovoatotyeio Bempeital 6Tt aviovy 610 POVTO. [IpoPavag, kabnhg TpoKeLTaL
Yo EYXPOLUES EIKOVEG, 1 S10d1KACTN TG APAiPESTC KOl GVYKPLOTG YIVETAL TPELG
QOpES, Hia Yo KaOe YPOUATIKO KAVIAL TOV EKOVQOV.

Extog, 6pwme, amd v mpocéyyion e£oywyne ClAOLETAS LE aQaipeon o€
EMIMESO EIKOVOCTOLYEIMV, VITAPYEL KOL 1) TPOGEYYION TNG ECOYWYNS GLAOVETOS [UE
apaipeon o€ ETITESO TEPLOY®V, e TNV omoia umopel va Pertiodel n axpifeia
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Fpappn £IKOoTOIXEIWV
YNQIOYPaQIKig EIK6Vag

0 1 n
o [RIGIBIR[G[B] . [RIGIB]
m[R[G]BIR[G[B] .. [RIG]B

Fpappn gIKooTOIXEIWY
YNQIOYPAPIKAG EIKOVAG POVTOU

0 1 n
0 RIGIB IRIG IB RIGIB
m[r[c[B[rlc[B]  [rlc]B

|AtTrotéAeopal <= Katw@Ai

Z A%ovag - MARBog o1AoveTiV

Ewéva 2.23. ATAOS tpOTOS 0paipeans poviov ae epapuoyés Zyniotog axo ollovETa.

TV arotedeopdtov. Ta fripota mov akoAovBodvtal ot pHéBodo avtn eivar Ta
egig:

* Kotdtunon g ekévog o€ mePLoyEC-TUNUOTOL.
* Emavainym ywo ke meproyn:

— Ymoloyiopdg Tov PEGOL OPOL TNG AMOALTNG TIUNAG TNG O10POPAC
KGO EIKOVOOTOLYEIOL TNG TEPLOYNG LLE TO POVTO.

— Edv o pécog 6pog eivar peyaidtepog and mpokafopioévo KaTdeAl
TOTE OAM TO GTOLYEID TNG CLYKEKPLUEVIC TTEPLOYNG OTOTEAOVY TN LLOL
NG GLAOVETOG TOL AVTIKEILEVOV.

A&ilel va onuelwbei 0tL 1 TPooEyyion vt UTOPEL VO AVTILETOTICEL [ia o1-
LOVTIKT TPOKANGT KATE TNV 0moio £va. EIKOVOCTOLYEID, EVD OVIKEL GTO OVTL-
Kelpevo (01N o1AoLETA), PEPEL XPOUATIKN TANPOPOPIa, TAPOLOLO LLE QTN TOV
@ovtov. H mpocéyyion pe v apaipeon oe eninedo €KOVOGTOLKEI®V 0duva-
Tel TAMPWOG VO OVTILETORICEL TN GLYKEKPUEVT TepinTmon. Ta cuoTiaTo IOV
epapuolovv v eEay®yn GIAOVETOG GE EMIMENO TEPLOYDV VUL CAPAOG TTO €0~
POOTA, KABMG PITOPoVV Vo AEITOLPYNGOVY GE TTEPPAALOVTO LE SLOPOPETIKD
@ovrto. X1nv Ewova 2.24 napovcidlovrol amoteAEGULATO T@V V0 TPOGEYYICEDY
eEaymyng otlovétag (oe eminedo €IKOVOOTOLXEIMV KOl TEPLOYDV OVTIGTOLYW).
AKOLO KO e DTOKEEVIKA KpLTHpLoL 1) 0e0TEPT TEYXVIKN (0&1d otV €1KOVA)
TOPOLGLALEL KAADTEPO ATOTEAEGUATO POV GTN TPMTN Tepintwon (aploTepd
GTNV EIKOVA) TapatnpovLLE 6Tt AavBacéva avayvmpilovial TeployEg Omov avo-
KAGTon éviova To Mg (O TEPIOYESG TOL AVTIKEUEVOL TTOL GMUATOS0TOVVTOL LIE
KOKKIVOL TOUPOAANAOYPOALLILO) MG TEPLOYEG TOV POVIOU.

Telcd Pripe ot dadikacio eivor n avaktnon g 3A yeopetpiog. Katd
SLAPKELL TNG OVOKOATACKEVTG TPOKVTTTOVV d1dpopec TpokAncelc. H Pacikodtepn
aQopd 6To emimedo akpifelog pe TNV omoio UTOPEl Vo TEPLYPAPEL TO OVTIKEL-
pevo, Baoet evog cuvorov 2A crloveT®mv. ADO TLUTTIKES TPOGEYYIGELS ONLLovp-
viog 3A avTikelpévav omd Tig GIAOVETEG gival (0) 0VTH TNG EIKOVIKNG «AAEEL-
G1S» TOL OYKOL TOL 3A HOVTEAOV HEGE TNG EKTIUNONG TOV OYKOL OV KOTOACLLL-
Bavel kabmg otadiakd eEetdlovtol ot TEPLOPIGHOL oV KAOE GIAOVETA E1GAYEL
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(a) A@aipeon Tou @bvTou oe  (B) Aaipeon Tou povTOU O€
£TTTEDO EIKOVOOTOIXEIOU ETTITTEDO TTEPIOXWV

Ewova 2.24. Zoykpion omoteleoudrawv pedodwv apaipeons goveo.

Kot () avt g oTadaKn)G SNUoLPYING TNG TEMKNG TAEYLATOGEPAS TOL 3A Lo-
VTEAOL LE EIKOVIKT «AGEEVOT» U0 APYIKT TAEYUATOCEPAG 0o o GTAOVETA,
N omoia PeATidveTOl GTOSIOKA 0T TIG EMOUEVESG GLAOVETEG OV eEeTdlovTal.

o XNV TpOTN TPOGEYYIoT, 1| ool TpoTdlnKe apyikd amd tov Laurentini
(1994), o avTiKeipevo avamopioTUTOL OO L0 YEOUETPIKT] OVIOTNTA YV®-
OTN KO ®G 07TiKo KEAv@og (visual hull). Qg omtuicd KEAVPog opileTan Eva
péyebog VH (O, V), oto omoio O &ivat to avtikeipevo kot V' 1o ontikd
nedio. ‘Eva avtikeipevo O pmopel va ovoKoTooKELOGTEL TANP®G XPNOL-
HOTOLDVTOG GIAOVETEG TOL OO JAPOPETIKEG ONMTIKEG Yovieg V' edv Kot
povo gav woydvet 6t O = VH (O, V). Kabe cihovéta mpoBdAietar mhve
Kot péoa 6to onTikd KEALVEOC. H mpofoir avt sivon gite mpoontikn gite
TopAAAAN. To 3A yneokod avtiypaeo Snpovpyeital pe Tic ToUEG TV
OYK®@V OV TPOKLTTOVV EEYMPIoTA 0md TV TPOoPoAn Tng Kabe Gllov-
£€t0c. Avtn M mpoocéyyion ovopdletal Aacsvon ywpoo (Sablatnig et al.,
2003) xou amotereital cuvnOmg amd dVo PAcEIS: (o) ATOPPIYT TUNUA-
TV OV OV OVIKOLV GTO AVTIKEILEVO, (B) avaKaTaoKeL ) Kot opydvaoon
KOPUO®V OE TAEYUATOGEPES (EMPAVEIEG). X1 SAOIKAGI0 ATOPPLYNG TO
avtikeipevo dopeital amd £vo GOVOAO OYKOUETPIKGV oTotyeimv. Ot dvo
Srodedopévol néBodot dnpovpyiog TOAVYOVIK®V TAEYUATOCEP®V VoL
N OYKOUETPIKN OetypotoAnyio kot 1 dueon topn (Ahuja and Veenstra,
1989; Baumberg et al., 2005; Lensch et al., 2001; Matsumoto et al., 1997,
Noborio et al., 1988; Potmesil, 1987; Sablatnig et al., 2003). Xtnv Ei-
Kova 2.25 TopovuctdleTol Lo GIAOVETA MG VO GUVOAD KOVIKMV TOUMV
HE OYKOUETPIKA oTotYEl0. ATTO TPOYPOUUATIGTIKY] OTTIKY], TO GUVOAO TMV
OYKOUETPIKOV GTOLXEI®MV avamopioTaTol cLVNOMG e Lol E101KT SEVOPIKN
doun dedopévav, yvoot) o Octree, S10KOAOVOVTOG £TGL TN YP1YOPN
enefepyosio twv mpofolmv (Ahuja and Veenstra, 1989; Noborio et al.,
1988; Potmesil, 1987). H dwodikacio amoppymne TV OYKOUETPIKOV GTOL-
xelwv mov dev avinkovv oto avtikeipevo Pociletal og p€B0dO KATOEAL-
wong (thresholding) pe v Ty tov KatweAiov va opilecal ion pe to
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KWVLKA TtpoBoAn

/ olhouétag
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Ewoéva 2.25. O dyrkog mov dnuiovpyei n mpoontiki mpofors piog orlovéras oe 34 yawpo.

TAN00C TV GILOVETOV OV £YoVV Ypnoionombel yio v 3A avokato-
GKELT] TOV OVTIKEILLEVOV.

21 debtepn Tpocéyyion yivetar yprion g peBoddov T Tpoforig Gliov-
ETOV O MAEYUATOGELPEG LLE TAVTOYPOVT] EPAPLOYT TNG TEYVIKN TNG Gpie-
ong toungs. v Ewova 2.26 napovcialetar, péca amod Eva ToAl amAd ma-
PAdELY L0 KUKAIKNG GIAOVETAG (G€ OAEG TIG OYELG), 1] OTOJLOKT dNlovpYyia
7oV 3A povtéAov (cpaipa 6NV TEPITTMOT 0VTY]) OTd TPELS SLUPOPETIKES
o1hovéTeg. O Kovog ympog Tov opiletatl amd d0o mpoPoléc vroroyileTon
pe ™ Aoy Tpdén AND mov avtieTtotyel oty Toun T@v 300 TPoRoimv
010 3A ydpo (3D Boolean intersection). Ztnv tpotrn akolovdia ekOV@V
omv Ewova 2.26.0 mapovcidletal o xd@pog mov opiletor amd T da-
S0y TPOPOAN GlIAOLETMVY, eV oTN dgvTEPT OkoAovBia elKOVWV otV
Ewova 2.26.8 gaivetor to amotédeopa tng Aoyikng npaéng AND otovg
OVTIGTOL(OVG YDPOVG KAl 1) TPOOSEVTIKY OMLOVPYIO TOL OTTIKOD KEAV-
@ovg (visual hull) pe Statrpron HOVO TOV KOOV YEDUETPIKOV TEPLOYDV
oto ywpo. H Pacwn dapopd avéupeca otnv ev Ady® TpocEyyion Kot
G€ OVTI TOV KOVIKOV TOUMV OYKOUETPIK®V oTolyeimv gvtomiletal 6To
LOPPOTLTIO SESOUEVAOV TTOV YPTGLULOTOLOVVTAL Y10 T1 TEPLYPAPT| TOV 3A
YNEKov ovIypapov.

Metd v oloxAnpmon g dnpovpyiag tng 3A yeoperpiog okolovdel n

avaKTnoT TG TANPoQopiag veNg (Ypouatiky TAnpogopia). H minpopopiog
VEN¢ Pociletal 6To GLVIVAGHO TUNUATOV A0 PMOTOYPUPiEC TOV TPOPAiovy
TO OVTIKEIEVO OO OMTIKES YOVIEG TOPOUOLES LLE BVTES TOL YPNCUYLOTO KAV
yio T dnpovpyio e 3A yeouetpiag. O cuvOLOCUOG TOV TUNUATOV YIVETOL LE
™ BEATIOT TOTOOETN O TOV TAEYLOTOCEP DV TAV®D oTIG E1kOVEG. Kabe tpiymvo
NG TAEYUATOCELPAG YOPTOYPOUPEITOL TAVED GE KATOL0 TN O LG POTOYPUPLOGC.
H emioyn g eotoypapiog yivetanr pe Paon tn Pértiot ontikn yovio eu-
QAVIONG TOL EKACTOTE TPLYDOVOL TOL cLVNB®G opileTor g 1 KABeTn TPoPoin
néve oto eninedo Tov arsbntnpiov g poToypapikng unyavig (Laurentini,
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Y/ et

giely, Yyl
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Ewova 2.26. H teyviki tg Gueons topung o€ mAEYUATOTEIPE, A0 TOALATAES GIAOVETEG.

1994). Me 10 GUVOLAGHO TUNUATOV A0 OL0POPETIKEG POTOYPAPIES TOPOVTLE-
{etat cuYVA TO POIVOUEVO KOTA TO OTTOI0 YEITOVIKA TPIy®@VOL TNG TAEYLATOGELPAG
ovTIoToi{oVToL GE SLOPOPETIKES POTOYPAPIES [IE AmOTELEG LA VO epLavilovTol
YPOUOATIKEG OALGVVEYELES GTNV TANPOPOPIo VONC.

Ta mepiocdtepa d100éc1L0 GLGTHUATO TPOTEIVOLY TN GLAAOYT PMOTOYPO-
POV KAT® amd ELEYYOUEVEG GLUVONKES POTIOUOD, Ol OTTOiEC Elval AVTIOTOLYESG
LLE QTEC TOV CLVOVTAOVTOL GE ETOYYEALATIKE GOTOYPAPIKA GTOVVTIO, DGTE VO
QOTICTEL OUOIOHOPPA TO OVTIKEIHEVO YWPIC VO VILEPYOLV TEPLOYES UE EVIOVN
okioon. Avandeevkto PEPata eivar va cuvexilovy va VIdpyovy KATOlES OKIEG
OV SNULOVPYOVVTOL AT TO 1010 TO AVTIKEIUEVO (Y. M TTEPLOYN KAT® 0md TN
A1) evog ayyeiov). o v amaiiayn Tov 3A aviypdeov and auTég TiG ¥pm-
LOTIKEG avopotopoppieg epapudloviatl adyopidpot ypouatikng avapegng. Ot
aAy6p10ot aVTOol AEITOVPYOLV AVALEGO OTO, OPLO. SIOPOPETIKAOV POTOYPOPLDV.
H avéapeitn tov ypopdtov tailet onpoviikd poAo oty emKdAvyn 1oV Q-
TOYPOPIKOV GLVOPOV aPOV 1 VTAPEN TOVG PEUDVEL TO PEUAOUO TOL TEMKOD
3A avtypdeov. H teyvikn ypopotikng avapeiéng twv Sablatnig et al. (2003)
SLOLOPPAOVEL TIC YPDOUOUTIKES TILEG TOV EIKOVOGTOLYEIDV GTO POTOYPUPIKA OPLaL,
£TG1L OOTE VO VTLAPYEL L0 OLOAT, YPOUOTIKY HETAPON amd TN Hi 6TV GAAN.
Me oot 1 pEB0S0 KAADTTOVTOL LEPIKMG TO ELPOVT OpLal 500 poTOYpaPldy. H
emitevén g avapeidng Paciletar 6TV avayvopiong Tov Tlavoy ToAVYOVOY
7ov Ppiokovial TAve oto v AdY® Opla, KaBdg Kot oty katevbuven Tpog v
omoia Oa yivel 1 oporonoinon. Eoto 6t éva modbymvo cuvopedet pe Eva Ao
Kol £0T® OTL TAL dVO TOAVY®OVA PEPOVY TANPOPOPID. VPNG ATO SLUPOPETIKEG
QMTOYPOPIES, TOTE Kol To. dVO €ival TOAVE LTOYNPLA Y10, YPOUATIKT AVAUEEN
omwg eaivetal otnv Ewova 2.27. O alyopBpog avaueiéng vmoioyilel mv ke
YEITOVIKT VO EEXOPIGTA YPTCUYLOTOLDVTAS TIG KATAAANAES TIHEG drapavelag. H
TEAMKN ATOJ0CT| TOV POTOYPAPLDY HE XOPOKTNPIOTIKEG TIHES SLOPAVELNG GTO
OpLll TOVG EYEL OC OTOTEAEGHLO [LL0L OLOAT HEeTAPBaom amd TN pio €KOva, 6TV
GAAN. O aAydpiBpog avapeling Aettovpyel pOVo ota yertovikd moAhywva. Av
éva avTIKeipeEVo €xel amotummBbel e peydin akpifela toOTE TO, TOAVY®OVA TOL
givan pikpd o péyebog Kat, pUGIKE, TO 1010 1oYVEL KoL Y10 TIG TEPLOYES VONG TOV
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a

Inueio ouvdvinong mingodopiag uddg and Emoyd) nopudsiny nou opilouv 10 onuelo ouvwdvinong
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Ewova 2.27. Ouoloroinon vgig e avoueiln Tiudv EIKkovooToi el oTo. Opia. OLOPOPETIKDV POTOYPAPIDV.

ovaperyvoovtal. Avtd £yl oav AmOTEAEGLO VO, LNV KOADTTOVTOL TOL GOVOPOL TV
dpopeTiK®V peToypaplmv. H Adon Tov mpofAnuatog Bpicketar eite ot Pei-
Tiwomn Tov aryopiBuov, £tot, dote vo mpocsapprdletal avarloya 6to epPfodo Twv
TOADYOVOV, EITE OTN YEPOKIVITI SL0OIKAGIN ETIAOYNG TOV TEPLOYDY OVAENG
omd Tov 1010 TO PN OTN.

Onwg elval avoUEVOUEVO, KOTA TV EQOUPUOYN NS LEBOIOV dLoYOPIGLOD
TOV OVTIKEWEVOL amd TO POHVTO TOPOLGIALOVTOL TO TPMTA GOAALLATO TOL OVTL-
katontpilovtal 6T Ye®UeTpia TOL TeEAIKOD 3A ynoakol avitypdeov. Emiong,
glvar pepkég opég adHLVOTO Vo AToPeLYO0VV GKIEC TTOV TPOKOAOVVTOL OO
TN pop@oAoyio Tov 1510V TOV AVTIKEILEVOL. AVEEAPTNTA OO TNV TEXVIKY TOL
epapuoletar yio v e£aymyn T@V GIAOLET®V, Ta oTnuein Tov Ppickovial oTig
OKIOGUEVEG TTEPLOYEG KOTAAYOLV OPKETEG POPES VAL BempoVVTOL TUN O TOV PO-
VIOV EVAD GTNV TPOYUATIKOTITO OVIIKOVY GTO OVTIKEILEVO.

Me ™ pébodo EZyfua amd cthovéta eivor moAd mBavo vo EmTUYYAvVETOL
KOVOTIOINTIKO OTOTEAEGLO. OTOTVTIMONG NUOLAPOVOV OVTIKEILEVOV (TTY. YVEL-
Ava) 1 avTIKEILEVOV e EMPAVELEC VYNANG ovaKAACTIKOTNTAG (TTY. OonUéVIa
K0l YPUOG KOGUNLATO), Y10 TEPITTMOCELS ONANST) TOV ATOTLYYAVOLY GUGTHLOTO
Tpryovicpov Aélep pkpmv arnoctdoewv. [lapdia avtd, yio v enitevén tov
BértioTov amoteléonatog, Pacikn Tpoimdbeon eival o1 cwGTEG GLVONKEC P®-
TIopoV wov Bo. emtpéyouv v opbn e€oyyn TOV GIAOVET®V. X& OPIGUEVEG
TEPMTMSELS, Umopel va KpBel avaykaio kot 1 avBpomvn tapéppacn yo tov
&leyyo ka1 TN d1opOmON TOV TUNUATOV TAVEO OTIG EIKOVEG TOV 0pifovV Ol G1A0L-
¢tec. To tedevtaio pmopel va viomomOel Kot 6€ TUTIKA AoYIoHKE eme&epyaciog
YNOELOYPOPIKAOV EIKOV®V.

Ta Kuprdtepa petovektTipotTa TG pedddov Zynua ond crlovéta givat:

* To telkd 3A ynoeuokd aviiypago @Epel HOVo TV TANPOeopio Tov me-
pLEyovv ot crhovétes. Kotlotnteg ot omoieg dev lval EUPOVEIG OTIG OL-
Aovéteg bg cuveloPépovy ot dnuovpyio Tov TEMKOD 3A avtiypdpov
(Ewodva 2.28) kat ovamdeeukta 10 TeEMKO 3A HOVTELO dEV OMOTEAEL TL-
GTO YNOLOKO aAvTiypOpOo TOL TPOYHOTIKOD OVTIKEEVOD OAAG L0l OPKETH
kaAn wpocéyyion (Laurentini, 1994)

* To m\00g T®V GIAOVETMV TOV YPTCULOTOLOVVTOL Y10, TV TOPUYDYT TOV
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Ewlva 2.28. [opdderyuo koilng empavelag mov 0ev EUYavILETal OTIG O1A0VETES.

3A avtiypdeov moailel onpavtikd poro otnv moldtnta (MoTdTNTa) TNG
TPocEYYIoNs. Oempnrikd, 8o pTopodoe Kovelg va 16XVPLOTEL TOG 0G0
av&hveral 1o TAN00¢ TV GIAOLETOV TOGO LKPOTEPO EIVAL TO YEMUETPIKD
GOAALN OAVAUESH GTO TPUYUOTIKO KoL TO WYNPLOKO OVTIKEILEVO.

O podA0Gg TOV TANOOVE TV GIAOVETMV GTNV OVAKOTAOKELT EVOG AVTIKELLLE-
vou avadeikvoetat oty Ewodva 2.29. To avtiKeilevo avoKkaTaoKEVACTNKE GE
TEGGEPLG OLOPOPETIKEG €KOOYEG TTOV KaBopilovtar kupimwg amd to mANnbog Twv
oroveT@V ov ypnoponomdnikay. v npotn nepintoon (Ewdva 2.29.a),
éva 6UVOAO amod €61 alAovéteg Tpoaeyyilel amAd To YEVIKOTEPO TTEPTYPOLLLOL Y®-
pig OU®G Vo amodideL TIG KAUTOAEG EMUPAVELES TOV avTiKEEVOL. Emmpdobeta
napovstaloviat Evrova Ta dpla Tov TpokHIToOLY otV 3A yempetpio sEontiog
TOV YouUNA0D TANB0LE GrhoveTM@V. XN emdpevn ekdoyn (Ewdva 2.29.B - Sddeka
cllovéteg) Ko oty tpitn (Ewdva 2.29.y - 18 cthovétec) cvveyilovv va givar
QOVEPA TO, YEMUETPIKE TUNLATO TOV STULOVPYOVVTOL OTtd TNV TTPofoAr) TG KiOe
oovétag oAAG Oyl pe t6c0 évtovo Tpémo. To eavopevo ovtd GTaROTA Vo
glvarl avtiAnmtd 610 avOpdTIvo PATL 6TV TO TANBOC TV GLAOVETDV (Yol TO
OULYKEKPUEVO avTiKEipevo) pTacel Tig 24 (Ewdva 2.29.5).

Inuovtikd poro mailel emiong 1 onTikn yovia arnd v omoia Exel Anedein
KG0e poToypopic, KaOMG 1 TOWOTNTO TNG YEMUETPIOG TOV TPOKVTTEL GLVOVEL-
Cetat pe TNV TOOTNTO TNG VONG Y0 VO, TPOKVYEL TO TEMKO amoTELECLA OTIMG
eaivetan 611 Ewcdva 2.30, Ewdva 2.31. e neputtdroetg 6mov to 3A avrtiypapo
ExelmpokHyeL amod Eva Lkpo TAN00g cthoveTdv Omwg otnv Ewkova 2.30. (de&ia
€IKOVA) TOTE 1 TANPOoPopic VPTG PonOA 6TV GLYKAALYN TOV YEMUETPIKDV OLTE-
Ael@v 0dnyodvTag o€ éva 3A povtédo wov Bo pmopodoe va Bpet Gveta papproyn
o€ dktvakn wpoPoin. [evikd, otav 10 aviikeiuevo mpofalietor amo ORTIKES
YOVIES TOPOUOIES UE OVTES TTOV YPHOYUOTOONKAY KOTA THY WHPIOTOINOT, TOTE 1
TAnpopopio veng Kpver oe ueyaio Pabud ta opdluara oty 34 yewuetpio. H yo-
UnAng mowdtntog £kdoon otnv Eucova 2.31.p (pecaia gikova) amoteAeitor amd
pnoAg ~4.4 K (ihadec) kopueég (20% eni Tov cuvOLOL KOPLO®Y TOV TEPLEYEL
T0 avtiypa@o vyning mowotntag) kol ~6.8 K tpiyova. Av v mapatnprost
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Ewovo. 2.29. Meiwon yewuetpikod opdluotog ue v adénon tov nlibovg Gilovety.

KOVELG O CLYKEKPLUEVN OTLTIKY| YOVid TapOLCIALETOL MG OO0 LE LTIV TNG
vynAng mowdtntag. H mpaypatikotnto «anmokaivmtetowy oty Ewdva 2.31.y
(oxé010 oTO 0€E1d) OTOV TAL YEMUETPUKA GOPAALLATO KO O1 OTOKAGELS VPTG vt
ELQOVETLG.

Koireg Em@dvereg

H pop@oroyikn moAvmAokdtTo 6€ PHEYAAO GUVOAO TOV OVTIKELEVOV TOV
TPOEPYOVTOL 0TTO TO YDPO TOV TOMTIGTIKOD amoBELATOG 081 YOVV GYESOV ApEGH
™ Zynuo omd GIAovéTo 6Ta Oplo TV duvatottov e Onwng avaeépbnke
N 1EB0d0G MaPoLGLALEL CLYKEKPLLEVOVG TEPLOPIGLOVE TOV 001 YOLV OF YE®-
UETPIKA GOALUOTO, Oyl LOvo o€ emimedo BopvPov aAld, Kuping, ot eninedo
vewpeTpiag mov dev voiotatatl. Xtnv Ewdva 2.32 mapovoidletor mapddetypo
GTAOVETOG OVTIKELEVOD KOl GTAOVETAG TOL 3A avTypdpov mov dnpuovpynonke
pe T Zynpo amd GIAOVETA Y10 VO ovaOELYTOOV Ta (Tt YE®UETPIOG TOV
avaxvrTovv. H peydin dtapopomoinom evtomileTol oTnV KATOYT, GTIV TEPLOYN
YOpw amd Tig AaPég Tov avVTIKEWEVOD, OOV TOGO 1 KOUTLAOTNTO OGO KOl TO
KEVO OV VILAPYEL GTO TPAYLOTIKO AVTIKEILEVO amovcldlovv omd 1o 3A ynoelakd
avtiypago. Avtifeta, otnv TAdya 6ym oev eivor eLeoveig onuovTikég dlapopo-
TOMGELC OTN YEWUETPia. Av vToBEGOoLLE OTL T LOVASIKT TNy TANPOPOPIAG Yo
TNV OVOKOTOGKEDT] TOV OVTIKEWWEVOD €ival £vo. GOVOAO and POTOYPOPieg amd
TN GLYKEKPLUEVT ONTIKY Yovia (TAdyla 6ym), TOTE gival AmoATOS PLGIKO Va
unv avoyvepifoviol ouTe 1 E6MTEPIKT KOIAOTITO TOV OVTIKEIUEVOD 0VTE Kol Ol
oméC oTIC AMPEG Tov. Me KOKKIvn dtarypdippucn dtakpivovtal exiong ta 6pla TV
LLOPPOAOYIKMV COAALATOV OV £XOVV TPOKVYEL.

Ta gumopikd cvotipata wov Pacilovral ot pnéBodo Zynua and criovéta
OVTILETOTILOVV LEPIKMG TN GUYKEKPIUEVT] TPOKANGT] LE TNV E10AY®YN piog dg0-
TEPNG POTOYPAPIKNAG UNYovIG (1 OTTIKNG Yoviag), 1 omoio poToypapilel T0
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38 Avaxataokevr

Npoéxue and 24 dpwroypadicg cthovérag
yewpetpia ~44K tpiywva,
Xpwpat mnpodopia
5 dwroypadies (~10M8)

Avtixeipevo onwg epdaviletar
o uua and T guroypadies nov
XpnowonoovraL yia my 34
avaxataokeur

Ewovo, 2.30. Amorpoyn yemustpixoyv ate- Ewéva 2.31. Avarouio o younlis moiotyrog ekooyns
Ae1dV péow 1KOVOTOTIKIG TANPOYOPIOS evog 34 yneiaxod ovypdeov.
vgrje.

34 avexareoxeud aTré SagopeTits ywvics Baang 6pia copeAptvig 34 avaxaTeoKEUg

Ewova 2.32. [ewuetpid, opaluoto. o€ ovokaTooKeDaoUEVH KOAIKA e LYo Om0 GIAOVETA.

OVTIKEILEVO OO SLUPOPETIKN OTTIKY| YOVIO LUE OKOTO VL KAADWEL EKEIVES TIg
KOPTOAOTNTES OV Ogv eppovilovial oty Tpadn 0om. Q¢ ek ToHTOV, KAUTA TN
dupketa ™G 3A avakaTacokevng Aapfavovtol VoY TaVTOYPOVa 01 TPOPOAEG
TOV GIAOVETMV TG AVTIOTOYNG YOVING Kot amd T1G 0V0 POTOYPUPIKES UNYOVES.
Me 11 GUYKEKPIUEVT TPOGEYYIOT, O PaBUOg ToTOTNTAG TG 3A AVAKUTACKELNG
avéavetat. to mapdaderypa g Ewova 2.32, po de0tepn pOTOYPOUQIKT Unyovn
Ba Ehvve 10 TPOPANUL oTIC AaPEc, Oyt OU®G KAl 0VTO TNG ECOTEPIKNG KOLTL-
AOTNTOC, KOOGS ot KpOPeTol TavTa and Ta emTepikd TufroTa (Xeihog) Tov
OVTIKEEVOL. Ze KAOE TEPIMTMOT, TO LOVTELO TNG YEMUETPIKNG TAPUUOPPMONG
7ov gpeaviletor kKatd v epappoyn g pebddov akorovdel ) Bewpio Tov
omtikoV kehdeovg (Laurentini, 1994).

"Evag axdun neplopiopog g pedosov Zynuo and cilovéta mapovctaleton
ypapwd otnv Ewkdva 2.33 ko oyetileTon pe Tig emAEYHEVES YOVIEG POTOYPAOL-
O1G € GYEOT LLE TIG YOVIES OTIV EMPAVELX TOV LETPOVUEVOL aVTIKEEVOL. Hom
ot Biproypapio Exer avapepbei (Sablatnig et al., 2003) nwg ot emieypéveg
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Ewova 2.33. Oéoeis pwtoypapions kar o avtiktomog 1ovg oty 34 ovaKoTtaokevl] ot ZyHio amo GIA0vETA.

YOVIEG POTOYPAPIONG EVOG OVTIKEWNEVOL Unopel va oyetifovtal amdAvta pe TNV
moldTNTA TNG TEMKNG 3A 0VaKATOOKEVTG TOV. AVTO GLVOEETAL e TNV TOAVT
OTTIKY OmOQPa&N (U1 EUGAVIOT]) TV 0PIV TOV OVTIKELEVOD TOV YNOLOTOLE -
Tl o€ Koo amd TG OToypapies, KATL Tov uropel va cupfel and cHuntmon
€0V Ol YOVIEC POTOYPAPLONG OEV EMAEYOVV LE TPOGOYN|. XTO TAPASELY LA GTNV
Ewdva 2.33 mposkuyay 600 3A povtéda wg vépn onpeiov. To tpdto vEQoc on-
peiov (aplotepd) £xEL TPOKVYEL OO GIAOVETEG OTIC KATAAANAESG Yovieg (45° pe
TOOTNOE LLE TO GYNUA), EVO TO EXOUEVO (0EL0) EYEL TPOKVYEL OTTO GIAOVETEG TTOL
akolovBovv éva Tumkd Ppa mepioTpoeng (~10° ywpig TavTION LE TO oYL
oV avtikelévov). Eivar eppavég 0t ov kot otn dgbtepn mepintmon €xovv
ANOBEL ONUAVTIKA TEPICCOTEPES POTOYPAPIES, 1 OVOKATAGKELT TPOKVTTEL Ol
oONté Mo TUPALOPPOUEVT] OO TNV TPAOTH TEPITTWOT|, ATAG Kot LOVO AOY®
KOKNG TOVTIONG TG YOVIOG AYNG TOV GOTOYPUPLDV. ZOUPOV LLE TO TPOTYOV-
peva givai EexdBapo OTL TOGO TO GLVOLO TOV GILOVETMV OGO KOl 01 YOVIEG QM-
TOYPAPIONG EIVO GUVOEDEUEVES LLE TO YEVIKOTEPO GYNIO KOL T LOPPOAOYi TOV
TPOS YNOLomoinot avikelévov. O onuavIikdg ovTtdg TEPLOPIGHOS TPETEL VAL
Aapfaveror Wloitepa VITOYT OE TEPITTAGELS KATH TIG OTOIEG 1 AVOKATOCKELY|
TOV OVTIKELLEVOD, Y. E101KOVG AOYOoLG 1} afleyia, Pacileton o meplopiopévo
TAN00¢ GILOVETMV 1 GE TEPIMTAOGELG 1OLITEPNG YEDUETPIKNG TOAVTAOKOTNTOG
TOV ovTIKEEVOL. Vv Ewova 2.34 mapovsidlovial oe KOKKIVEG OMOYPDCELS
TO YEQUETPIKA GOAALOATO TTOV TPOKVTTOVY GTNV KLAVOPIKT LOPPOAOYia EVOG
OVTIKELEVOL OTOV aVTO QOTOYPAPILeTal amd HOMG OKTM SOPOPETIKEG OMTIKEG
yovieg (otabepd Prpa ko Aqym ava 45°).

"Eva 1dwaitepo yapoaktnplotikd e nebddov givai 1 woAd opaAn ETQOVELNKN
YEOUETPIO TOL TPOKVTTEL, 1] OTTOL0 EIVAL TAEOV EPOAVAG OTALY 0td TaL 3A povTéL
aeopedel n ven, Owc eaivetor otnv Ewova 2.35, oty omoia eikoviCovral 3A
LUOVTEAQ, TTOV OMLOVPYNONKOAY LE T1 ZyMLLaL 0tO GIAOVETO, LIE KO XMPIC TNV VYN
™G EMPAVELS TOVG.

YrevOopiletor 6TL Bactkdg 6KOmOG TOV GLOTNUATOV NG UeBOdOV avThg
glvat 1 aVTORATOTOINEVT 3A AVOKOTAUGKEDT] OAVTIKEWEVOV. ZUVETMG, 1 uEHo-

75



KED®AAAIO 2. 3A YHOIOIIOIHEH

0

W Mepioxég omn 3A yewperpia
TIOU TTPOKUTITOUV AGYO TOU
Teplopiopévou TTARBoUG
Ywvikv Afyng (8 ywvieg).

Ewova 2.35. Iapooeiyuoro 34 avaxotackevdv ue ) uéBodo Xynuo omo ailovéta.

d0g Ppiokel QOPUOYES GTO MAEKTPOVIKO EUTOPLO, KAOMDG 0 GUVTONOG XPOVOG
GLALOYNG OEJOUEVMV GE GUYKPLIOT LE TO POTOPENACTIKGE OTOTEAEGLLOTA TNV
Kka015TovV pio amd Tig TAEOV OMOTELECHATIKEG ADGELS. ZNUEPQ, LE TNV AOENON
TOV VTOAOYIGTIK®OV SUVATOTHT®V Kot TNV TPO0d0 6€ PHEBOSOVEC TOAVEWKOVIKNG
QOTOYPOUUETPIAG Ta amoteléopata TG LeBddov yapaxtnpiloviol TAéov vro-
deéatepa.

244 Zynqpo amé sopnpévo QOTICHO

H EZyuo and dopnpévo eotiopd (Shape from structured light) amoteiet
pa péBodo Katd v omoia 1 avaktnon tov Pabovg Pacileton onv Tpoforn
€VOC LOTIPOL PMTOS TAVM GTIG EMPAVELES EVOC OVTIKEIUEVOD OTO YVIOGTI OTTTIKN
yovia. apatpdvtag TG TopaLopPOCEIS TOL dEXETAL TO HoTifo Kabhg mpo-
Baietor endve otV empdavela givat QKT 1 aviktmon tov Bdovg. Onmg kot
N KéBodoc Tov Tprywvicpov pe oktiveg Aéilep, 1o faboc Tpokvmtel péoa omd
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Swadkaoieg Tpryoviopol. AAA®MGTE, o1 dVO aVTEG HEBOdOL EYovV KOWVE Yopo-
KINPLOTIKE, v 1 Pacikn dapopomoinon tovg eviomileTol ot ypnor mpofo-
AKo0 cvotipaTog avti Tyng eoTog Aéilep. v Ewdva 2.36 mapovoidleton
&va ToPAdELY Lo EPUPUOYNC TG LEBOdOL Mo amd SOUNUEVO POTIOUO LE TO
LOTiBo POTIGHOD Va amoTeAeiTal 0md piyeg 1] AOLPIOES OLOPOPETIKAOV YPOUATOV
(aprotepd) KoL Lo GYNUOTIKY OVOTapaoTaon T Hefddov Kat TG apyng Tov
TPIYOVICHOV TOV EQUpHOLETOL o€ avTh TNV TTepintwon (de&1d).

Ta potifa mov epappolovral Tapovctdlovy vyicvyveg LETAPOAES YPOUATL-
KNG €vtaong Kol TepAaLBavouV piyec, TAEYLOTO Kol KATOES POPES OKOLOL KoL
eMetyeic. H ypouatikn kodikonoinon fondd to cho e anotdmmong vo dio-
yopiocet pe peyodotepn axpifeia tig petaforég oto potifo, kabmg avtd TpoPai-
AeTal IOV otV eMPAveELD TOL avTikeévov. H kwdukomoinon evog potifov
umopet vo mpaypatoron0el pe moikideg nebodovs. ANUOPIAESTEPES TPUKTIKEG
glvar n PeTOPaALOLEVT EVTACT] ATOYPMOCEMY TOV YKPL, 1 EVOAAAYT XPOUATOV
Kol 1 HeTaPANT TokvoTTa oynudtov. H kodwkonoinon tov potifov emitpé-
TEL TNV OVTIOTOIYIOT KOl GVYKPLOT AVAUEGO OTIG BEGELG TV E1KOVOGTO EI®V
IOV OTOTLITAOVEL TO GUGTNUA Kol OTIS BE6E1C Tov KaTAAAUBAVOLY apyLKd TO
gwovoatolyeio emdve oto potifo. Me 1N ovykpion avth voloyilovtal Oleg
ol amokAicelg ota ovtiotoyyo onueio kot €Tl pmopel vo avaktndel n Tpit
didotaon.

Onwg paiveror otnv Ewdva 2.36 0 ontikdg aviyvevtig (Bivteoxdpepa, oo-
TOYPOQIKT UNX0VT]) YPT|CULOTOLEITOL Y10 TN GLAAOYN EIKOVOV TOL TALPOVSLALOVV
™ oknvny vd ™V TPOoPoAr], HEG® TPOROAKOD GUGTHLOTOSG, TOV JOUNUEVOL
QOTIoHOY (2A potifo). Av 1 oknvi gival enimedn, xopig kdmotla petafon otnv
KOPTOAOTNTO TNG EMPAVELOG, TOTE TO TPOPAAAOLEVO HOTIPO deV emBE ETAN TTOL-
PALOPPADGELS. ALOPOPETIKA, 1) YEMUETPIO TNG EMUPAVELNS TOPOLOPPDVEL TO LO-
tifo. H puébodog aroyedel oty avayvopiorn kot eEayoyn g 3A yeouetpiog
™G empdvetog, N oroia copPadilet pe Tig petaforéc mov mapovstaloviol 6To
potifo. H apyn tov tpry@vicpod oty mepinTt@on outh UTopEl Vo EKPPOoTEl
omd 10 Voo TV NUITOVOV og R = B%.

Ta cvotpata TG peBoddov Zynuo and SOUNHEVO POTICUO YPNCLULOTOLOHY
€101Ka oyedaopéva potifa. H kodikomoinon tov potifwv yivetat pe v ovit-
otoiyon kodkoréEewv (codewords) g cuvora gikovootoyyeiov. 'Etot, ta gt-
KovooTtotyeia and To omoia amotedeiton Eva HOTIPO aVTIGTOLYOVY TEMKE OE Evay
2A mivaka, Tov omoiov kdBe kel TepiEyel pior KOIKOAEEN. ZoviBwmg, ot Kwdt-
KOAEEEIS avTég dev eivan dALo mapd amhol apBpol wov yapToypapovVTAL GTO
potifo pe t xpnon yYKpilmv ¥pOUATIKOV TOVOV 1] YEOUETPIKOV OVOTUPUCTA-
oenv. To TA00¢ TV onueinv mov propovv va kodtkorombodv eival avirloyo
pe o TAN00G TV KdKoAEEE®V OV YpnoipomolovvTal. BéBata, 660 To TAn00g
TV onueiov avavetal T060 av&ivetat Kot 1 SVCKOAIN YOPTOYPAPN OGNS TOVG
EMAV® 670 HOTiROo, TO 0moio dev glvar TimoTe AAAO amd Lo SLOKPLTH OVTOTNTA.
H xwdwomoinom pnopel va mpaypatonoitor dArote o £vav omd tovg dV0o
Kapteslovovg agovec tov potifov X, Y kot dAAote kot otovg dvo. H ypron
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wpofoAikéd ovoTnpa pwroypayiko oloTnua

AVTIKEIPEVO PTTpOOTa aTrd 1o potifio

Ewoéva 2.36. Epopuoyn g 1edodov Zyiuo awod Sounuévo pamtioud.

LeBOd®V KMIKOTOINGNG EMTPENEL KATOLIEG POPEG TNV 3A Yyneromoinon axdun
KOl OVTIKELEVAOV TOV KIVOOVTOL, OULMG, LE TOAD PIKPEG TAYVTNTEG.

Yrdpyovv S16popeg TEXVIKEC TPOPOANG LOTIBOV dOUNLEVOL POTICLOV, TOV
Ta&vopohVToL OVAAOYO E TOVG TPOTOLS KMIKOTOINGTG TOV akoAOVHOVVTaL.
O teyvikég avtég givar ot e€ng: (o) moAdmieEng ypdvov, (P) Kmdikomoinomng
YEITOVIKAOV ototyeionv kat (V) dpeong Kmdikonoinon.

Kodwkomoinon woldmreéng ypévov

Amotelel o amd Tig TALov dNUOPLelc TexvVIKEG Kot PacileTtat oty Ae-
YOUEVN TPOOWPIVH KWOIKOTOINGN, 1| OMOI0, GUVIGTUTOL OTIV EVOALUGGOUEVT|
YPNOT EVOC GLVOLOL SAPOPETIKOV HOTIPwv. ZuviBmc, 1 evallayn TV po-
Tifov yivetoan amd moAv amdd potifo (1 apoid) mpog mo cvvheto (1] TLKVO).
H péBodog vt amopépetl petpfioelc vyning akpipfetag Aoyw d00 GNUAVTIKGY
YOPOKTNPIOTIKDV:

* Ta moAlamAd potifa mov TPoRAALOVTIOL ETITPETOVY TN YPNOT YOUNANG
TOAVTAOKOTNTOG KOIKOAEEEWV (T ACTPO-LLODPO) KO L TO EYEL WG ALTTO-
TEAEGO, TNV EDKOAT OTOK®OITIKOTOINGT TOVG.

» Emtuyydvetal KMpdkmon tng todtnrag, kabmg 1 0éon tov kdbe gikovo-
otoyeiov Kodikomoteitan pe OA0 Kot peyaidtepn axpifeia 660 TpoPaa-
Aovtat S10d0yIKa Ta o TEPimAoKa LoTiPa.

Ot Salvi et al. (2004) wpdtevav pia opydvmon Tov pneboddwv moAdTAeENS
xPOVOL Gg TpELg KOpleg katnyopiec. H kdBe katnyopio mpoxvmtel and to €id0g
TOV KOOKOAEEEMY OV Ypnotporotovvtal. [Tapdia avtd Kabmdg vdpyet kot n
SuVATOTNTO GLVIVACUAOV TOV HEBId®V TOADTAEENG ¥POVOL LITOPOVLLE VO O10-
Kpivove GUVOMKA TEGOEPLS KATIYOPIEG:

* Avodikoi KOOKES
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* Kodweg n-ymoiov
* AwPaBpicelg Tov ykpt 6€ cLVOLAGUO UE SLAUPOPH PACTC
* YBpuducéc péBodot

AVOOIKOL KOOIKES  Xg QTN TNV TPOGEYYIOT YPTOLUOTO0VVTAL OVO LOVO ETi-
TEON PMOTIGHOV TOL AVATOPIGTOVV pio dvadikn kotdotacn (0 ko 1). Kabe
€1KOVOGTOLYEO TOL HOTIPOL £xEL TN O1KT| TOL K®OWKOAEEN. 'Eva onpoavTikd yopo-
KTNpLoTikd e pebddov eival 1 kwdikomoinon Tov potifov g mpog éva dEova
(my. povo kabeteg ypouuég). IoAréc epevvnTikég Tpoomadeiec Exovv €0TIAGEL
OT1] GLUYKEKPIUEVT] K®OWKOTOINGN, VA 0mtd T0 1982 o1 Posdamer and Altschuler
(1982) mpotevay v mpoPoin pag axkolovbiog potifov oe kabeteg piyec, e
xpNoN dvadIK®V KodikoAéewv. H kmdikorésn mov oyetiletar pe kdbe giko-
vootogeio gival pa dvadikn akolovdio mov dnpovpyeital amd TO GUVOAIKO
m0og tov potifov. To péyioto TAnbog TV potifmv Tpofoing eitvar oyeTIKOG
pe ) 61a0éc1un avaivomn Tov TPOROAKOD GLGTHIATOG, ONANOT| TO TOGO TUKVEG
umopet vo, givor ot evarhayéc ota potifo efaptdral amd TG SUVATOTNTES TOV
pofoiucol cvothuatog. ['evikdtepa, a&ilel va onpueiwdel 6T amopevyeton 1
ypNo” Heydrov TAn0ovg HoTifmv, AOY® TEPLOPICUDV KOl GTOVE OTTIKOVS OVL-
YVELTEC GLGTNLLATMV, 01 0TTOI0L SVVATOVV VO, EVTOTIGOVV TOAD VYIGLYVEG LETOL
BoAéc (my Wwaitepa otevég piyeg). Emmpooheta, Ta lkovosTotyeio Tov avijKkovy
otV dw piyo poipalovtar v ida KmOoAEEN. Qg €K TOVTOL 0O TPIYOVICUOT
0T0 TEPLOCOTEPH GLGTNHLOTO VITOAOYILETAL GTO KEVTPO TNG KAOE piyag, gite oTal
op1d g (og pia axpn tng). Enueidvetat dg 0TL T de0TEPT TPOGEYYIoN (CKUT TG
piyag) avaeépbnke 6Tt amoeépetl Kolvtepa amoteléouata (Salvi et al., 2004).
Ytnv Ewodva 2.37 diveton £va Tapadety Lo avoKoTooKEVTG TUNLOTOG OVTIKEUE-
vou pe tn péBodo ot 6To omoio yivetat yprion teccdpwv (4) Lotifwv dompmv-
LOOPOV PLY®V HE OTASIKT aOENCT TNG YMPIKNG CLUYVOTNTAG EVOALOYNG TOV
pryOV2.

O Inokuchi (1984) enéxteve v kwdwkomoinon Posdamer and Altschuler
(1982) e1c6dyovtag otV KOOIKOTOINGT KOl AITOYPOCELS TOV YKPL, ST POVTAG
OLLMC TN HOPOPT TOV KOIKOAEEEDV ®¢ akolovBieg dvadikmv ymoeiov (0 kot 1).
To mheovéktnpa g pebddov eviomiletarl 6To Yeyovog OTL LTOPEL Vo TPOypLo-
tomomBet Ereyyoc TV kwdoAéEemv e v andotacn Hamming evod 1 k-
dwkomoinon yiverot mo avbektikn oto B6pvPo oV TPOKVITEL MO TOV OTTIKO
aoOnmpa e eotoypagtkny pnyavhs. O Trobina (1995) evtomice nog to Kkpi-
oo onueio yio Ty amdd0oT| TOV GUGTIUATOV YNPLOTOINGNG TOV VAOTOLOVV
TN GLYKEKPIUEVT] KOOIKOTOINGoT €lvat 1 VYNAY akpifeld 6ToV EVIOMIGUO TNG
Kk@Oe piyoc tov potifov mdve oty ewkdva. IIpdTeve T LETATPOTH TOV PMTO-
YPOPLDV ATOYPDCEMY YKPL GE AGTPOUAVPEG pmToYpapies (bitmap binarisation)
LE GTOYO TNV ovayvadplom The 0Eomg e ke piyog oe eXinedo £1KOVOGTOLYEIOV.
Ot Rocchini et al. (2001) Tpdtevay tn ¥p1om TOV YPOUATOV UTAE Kol KOKKIVO

2Pnelonoinen 610 mhaicto Tov epguvnTiKod pyov PRESIOUS, http: //www . presious. eu/
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HRAGN

Ewova 2.37. Avadikd. potifio. S109popeTtikig yYwpIikng cuxvOTHTas o€ EPOPUOYH ZYHUA A0 OOUNUEVO POTIOUO.

Yo TG plyeg G Hol Amod0TIKOTEPT] TPOGEYYIOT| EVIOTIGLOV TV opiwv. Emiong
TPATEVE TNV E10AYMYT] Hog Tpitng, TPAoIvNg piyas, WNKOVG EVOC LOVO EIKOVO-
otolyelov avapeca og kdBe pmhe Kot KOKKIVY plyd, LEe GTOYO TNV TEPULTEP®
Bektioon g akpifelog, otnv KAMUOKO TOL VO EIKOVOOTOLYEIOD, TOL EVTOTML-
opo¥ ¢ petdfaong amod ) pia piya (UmAe) oty AAAN (KKKvN).

Koowkeg n-ymeiov H kmdikomoinon pe kddikeg n-yneiov tpootadel va
EemepGioel TOVC TEPLOPIGLOVE TNG OVAGIKNG KMOKOTOINGTG KOl VO AOAEIWEL
™V avaykn ypnong moAlomAmv potifov. Ot Caspi et al. (1998) mopovciacav
&vay KOSIKO TOAADY YPOUATIKGOV ETES®V, 0 omoiog PfacileTal oe aApafnto
7oV amoteAeital amd n cOuPolia, 6mov To KAOE GVUPPOLO avTicTOLEL O éval
YPOUA, ETLTVYYAVOVTOG TN HeiwoT Tov TANO0VG TV anattovpevev potifov. H
Kwdwomoinon n-ynoeiov kataeépvel va eEdyet akpiPeic petpnoeig fdbovg evad
dwaBéterl avtoyn oto B0pvPo mov TPoLpyETOL OO TO CIGHNTAPLO TG POTOYPO-
QIKNG UNYOVIG XPNOLOTOLDOVTOG Eva TOAD HKpOTEPO TANB0G poTiBwv amd Ot
1 dVaAdIKY KOIIKOTOINGM.

AwfaBpicels Tov ykp pe dwo@opd eaons Mortifa ota omoia yivetal cuv-
dvaopog yprong dafabuicemv tov ykpt oAAG Kol ELEYYOL (dtapopds) pacng
UTOPOVV Vo, 001 YIGOLV GE KMOIKOTOINGT OV EMITPEMEL TV VYNANG avAAL-
ong 3A ynooroinon. O Giihring (2000) avéntuée éva ocvotnuo Baciopuévo
o€ mpoPolikd cuotiuate texvoroyiag Liquid Crystal Display (LCD) kot Dig-
ital Micro-mirror Device (DMD), ta amoteléopato tov omoiov dyyiEoav €va
UEC® OpO GPAAUOTOC KovTd ota 30 pm pe péytom amodxion ta 0,281 mm.
Av cuVLTOAOYIGTEL OTL TO OMOTEAEGLLATA OVTE EMLTELYONGAV LE TNV TEYVOAO-
yio TPOPOAMKDOV Kol GOTOYPAPIKGYV cuoTnpdtev Tov 2000 Bo pmopovcav va
YOPOUKTNPLOTOVV 1W10{TEPA VYNANG TIGTOTNTOC,
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YBprowkéc teyvikég Xt Piloypaeio avaeépovror péBodol Tov ypnoipo-
TOLOVV TNV TOAAUTAN TPoPoAn potifmv, v ToAOTAEEN ¥POVOL EVD TOVTO-
YPOVO KOl TNV TANPOQOPI0 TOV TOPEXOLV YEITOVIKA glKovoototyeia. I mopd-
detypa, ot Hall-Holt and Rusinkiewicz (2001) epdppocav 1o dtoywpiopd tec-
ohpwv potifov oe cuvolikd 111 kabeteg aoTpOUOLPESG PiyES, OTLUOVPYDVTAG
éva cvotnua pe tkavotto 3A amoTOTOoNS TOGO HIKP®V OVTIKEIEVOV OGO Kot
OAOKANPp@V YdpoV (Ty. Eva dopdto). To amotéhespa anTd enetedydn Adym g
K®SKOTOINONG TOL EPAPUOCTNKE, OAAG KOl TG SOUVATOTITAG OVOLYVOPLONG TWV
PLYOV OVALESO OTO SLOPOPETIKA LOTIPa.

Kmowkomoinon YELTOVIK®OV 6ToL EimV

‘Olec oxeddv o1 TEYVIKEC TOL AVIKOVY GE QTN TNV KaTnyopia ypnoiylo-
ooV éva potifo. H kwdikorésn evog cuykekpiévo onpeiov oto potiffo mpo-
KOTTEL O TOL YELITOVIKA TOL onpeia. H mposéyyion, dpwg, avt kabiotd ducko-
AOTEPN TNV OMOKMOIIKOTOINGT Kol GLYVA TPOKVTTOVY YEMUETPIKA CPOALATAL.
Kat og vty Vv katnyopia pmopel Kaveic va avayvopicel dSapopeTikés Tpo-
oeyyioelg Ommg (o) 1 UN-TLTIKY Kodikonoinom, (B) ot akoAiovBieg De Bruijn kot
() ot padnpotikol mivakeg.

Mn tomikn Kodwonoinen IloAléc epevvntikég mpoomdbeleg eotidlovy o
¥pNoN HOTIP®V oL gival GYESGUEVA £TOL, MOTE VA SLOPOVVTOL GE EVOL TPO-
kaBopropévo mAnbog teploymv. Ot Maruyama and Abe (1993) avéntuéav éva
potipo pe kevd toyoiog kotavounc. Ta keva oynuatifovv éva cuvoro amd gvdi-
YpOL TURHATO, 6oV 1 B€om Tov KdBE TUNHATOG VIToAOYIleTOL OO TO KOG
TOL KO TO UNKOG TMV YETOVIKAOV TUnpatmv. H pébodog avtn €xet epappoyn
G€ OVTIKEIEVA, TOV OTOI®MV 1 EMPAVELN TOPOVCLALEL OPOAEG LOPPOAOYIKESG
petaPorés (opaAn evordayn Pabovg ympic Evioveg omTikég amoppasels). Mia
apoiiayr Tov potifov tapovoidotnke and Tovg Durdle et al. (1998) mov mpod-
TEWVOV TNV KOSIKOTOINoN prydv ce Tpia emineda tov ypt (Agvkd, ['kpilo kar
Moavpo), ¥PNOOTOLOVTIOS TOVTOYPOVA Lo CLYKEKPLUEVT akoAovBio evalio-
Yov:

[ MATABIATMIAMI'MAMIA ]

AxorovOieg De Bruijn H kwdwonoinon potifov pmopetl va mpokdyel Kot
a6 akoiovbieg De Bruijn. @swpnrikd, po akolovbio de Bruijn amoteheiton
amd akolovbieg SateTayUEvOY Yneimv Tov dEV UTOPOVV VO OATOTEAEGOVY TV
évapén kapiog GAANG akorovbiog. Mo axoiovdia De Bruijn taéng n yuo ok~
eapnto k ynoimv, cupPoliCetor og B(k,n) kot éxel cuvohkd pikog k™. T
nopaderypa, n B(2, 3) éxet wijkog 23 = 8 kot ot axorovdisg yneiov 00010111
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kot 11101000 eivon povadikég kot avtifeteg peta&d tovg. H onpiovpyio axo-
AovBiov De Bruijn Eepetyet amd 10 ovTikeipevo tov mapovtog Bipriov, v 1
apykn dtdmmon e ev Adyw Bempiog pmopel va Ppebel ot Piproypapio
(de Bruijn, 1975). E&ottiag g dwotepdtntog TG KmdKomoinong mov mpo-
OCQEPEL | TPOGEYYION 0TI, TANO0G EPELVNTIKAOV EPYACIOV €0TIALOVV GTN GL-
YKEKPLUEVT] KOIIKOTTOIN O™ Yol TV €Qapuoyn otn nébodo Zynua omd dopunuévo
eotiopd Lavoie et al. (1999); Petriu et al. (2000); Salvi et al. (1998); Zhang
et al. (2002).

MoaOnpoatikoi wivakeg Tomomompévol pabnuotikoi tivakeg pmwopovv, emi-
ong, va cvpfdrovy ot dradikacio kmdikoroinong. H yprion mvakov BERata
npoimobétel Ty apeidpoun kwdikormoinon kot 6Tovg dvo GEoves (X, Y), apod
Kké0e onpeio Tov potifov PEPeL SLoPoPETIKN KOIKOAEEN Yia TIC KAOETEG Ko opt-
fovtieg ovvtetaypéveg (Morano et al., 1998). Inuaviikég epyacieg mov €0Tid-
Couv oV gv Adym Ttpocéyyion eival avtég tav Griffin et al. (1992); Petriu et al.
(1992); Spoelder et al. (1998).

Apgon KodKoToinon

H mpocéyyion g dpeong kmodtkomoinong tpoteivel T dnpovpyia potifov,
GT0 0010 KADE EIKOVOGTOLYELD ITOPEL VO TEPTYPOAPEL ATTO T1| YPDLLOTIKN TANPO-
eopia Tov. H dueon kmdikomoinom Ppickel epaproyn 6 HOVOYP®LLO OVTIKEL-
LEVOQL LLE YOUNANG OVOKAQCTIKOTNTOG ETIPAvELES. [la TNV epappoyn g pebddov
amorteitol dtodtkocio BoOUOVOUNGEIGS Yo TV aVOyVOPICT) TOV YPOUOTIKOD
(QAGLOTOC TTOV OVOKAQ TO OVTIKEILEVO OO TIG EMUPAVEIEG TOV. LE YEVIKES YPOLLL-
HéG, o1 mpooeyyioelg dueons kwdtkomoinong ywpiloviar og S0 Kotnyopies:
(a) kwdkomoinon Pacetl dPfabuicemv tov yrpt kat (B) kwdwkomoinon Pdocet
YPOUOTOC.

Kodwonoinon paciopévn o€ owefadpiceic tov ykpr O Carrihill and Hum-
mel (1985) avéntvéav cvotua mov Paciletar 6To AdYo éviaong (intensity ra-
tio) amoypdoewv Tov ykpt. To potifo mov mpoteivovy amotereitol amd Eva ov-
VOAO PLYOV 0€ amoypmcels Tov ykpt. O Adyog €viaong g kabe amdypmong
vrohoyiletal yuo dAha ta ewcovootoryeio Tov potifov. Ta apykd arnoteAéopata
NG GLYKEKPIUEVIG TPOGEYYIOTG NTOV TOAD YOUNANG TOLOTNTAS (COAALLO OV
KoTAoKeEVNG ~1 cm), 0AAG 6T cuvExELln PeATIRON KAV 0md TIg TpooTbElEs TV
Chazan and Kiryati (1995); Miyasaka et al. (2000).

Kodwomoinen Paciopévn og ypdpa  Xtn pébodo avti M mTpocéyyion on-
povpyiog Tov potifov gival TapoOUOLL LE TNV TPOTYOVUEVT, LE LOVADIKT dlo-
@opd va evtomiletal 6to 6Tt o1 drePabpicerg Tov ykpt avtikadiotavrol and Evo
T peg ypopoTikd eacpo. Ot Tajima and Iwakawa (1990) enédeEav To Guvoro
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Mivaxag 2.1. Avukeueviky oOyKpLon TG OVUTPOCOTEVTIKOV UEBOIWV Yo, amd JOUnuEvo pwTiouo
(mpocapuoyn amo Salvi et al. (2004)).

Morifo TUTTUKY) Négog avaivon (%) ApOpog

amékion (um) onueiov potipov
Posdamer 37,6 25.213 21,67 9
Horn 9,6 12.988 11,17 5
Giihring 4,9 27.214 23,38 14
De Brujin 13,1 13.899 11,94 1
Salvi 72,3 372 0,32 1
Morano 23,6 926 0,8 1
Sato 11,9 10.204 8,77 3

TOV 0paTOD PACHATOC GTNV TPOGEyYlon Tovg. [lapdra avtd, yio T GvAloyn
TOV GLYKEKPLLEVOL PAGLOTOG amodeiyOnke OtTL amotteitan £va apketd ohvOeTo
OTTIKO GUGTN O OE EMTESO PMTOYPOAPIKNG UNYOVAG KOl OTTIKOV GIATpmV (Sato,
1999).

H axpifera Tov omoteheopdrov

O1 Salvi et al. (2004) cOykpvav Tig TAEOV AVIUTPOCOTEVTIKES TPOCEYYIOELG
KAT® 0md OUOLEC EAEYYOUEVEG CUVOTKEG LLE GTOYO TNV OVTIKEILEVIKT) a&loAdYToM
KOl aoTipnon tovg. Xto Teipape Tov Teptypdovy tonobetnOnke o Aevkn
enmimedn emeaveln e ondotacn 120 cm and To GVOTNHO KOl ATOTVRTOONKE [LE
enTd dtapopeTikod TOmov potifa. H cviloyn dedopévev mpaypatomotrdnke
v devTeEPN Popd Yo pa amdotacn 40 cm mo kovtd 610 capmt (ota 80 cm).
21N GLVEXELD VITOAOYICONKE 1) TUTIKY ATOKALOT] TNG SLPOPEG TG ATOCTOONG
peTa&y TV 600 ETPOVEL®Y TOL PETPNONKOV Yo kKABE pio omd TIg TEXVIKEG TOV
dokpaotnkay. O Ilivakag 2.1 cuyKeVIpOVEL TO. OTOTEAEGLLOTO LLE TN LOPON
TI®V (o) TUTKNG omdKAIoNG 6€ um, (B) LEGOV OPOL KOPVPDV TOL TPOEKVYOLV
omd Kabe potifo, (Y) mMOGOGTOD TV EIKOVOSTOLXEI®V OV OTOK®OIKOTOL01)-
Kav and gikoves aviiloong 512 x 226 kot (8) cvvoAlkov TA00¢ potifov Tov
ypnoporombnkay oe Kabe PEBodO OV SOKIUACTNKE.

Ye éva akopa meipapd tovg, ot Salvi et al. (2004) enéhe&ov 600 avTiKEiEVOL,
NV TpoTopn evOg addyov Aevkol ypdpatog 21 x 15 x 10 ecm kot éva avBpm-
Vo y€PL Puokov peyébovc. H popeoroyia tov dedtepov eivar Wdaitepn mepi-
TAOKN LLE AGVVEYEIEG OTIC TEPLOYES TV dakTOA®V. KatéAn&av 610 cuunépacpa
011 cvoTiata Tov Pacifovtal oty TOAOTAEEN ¥POVOL amodidovV KOADTEPQ,
EVD 1 VAOTOINGT TOVG €lvarl o €DKOAN TOCO Gg EMINESO AOYIGUIKOD Kol OGO
K0l 6€ TOATAOKOTNTO VAKOTEYVIKNG VTodounG. Ta cvotipota tov Pacilovton
oe potifa dfabpicemv Tov YKPL OATOPEPOLV IKAVOTOMTIKG OTOTEAEGUOTAL,
OAAG M PEYIOTN avdALGeN TTOV BE@PNTIKA LTOPOVY VA ATTOSDHGOVY EIVOL TPAKTIK
advVoTO Vo emttevyei.

H moidtta tev omoteAeGULATOV TV GUGTNLATOY TOV VAOTOLOVV T1 Zynio
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oamd Sopnuévo QOTICUO etvar cuvoedepév LE TN AVAALGT TG POTOYPAPIKNG
UNYOVIC KO TOL TPOBOAIKOD GLGTHLLATOG TOV YPT|CULOTOLOVVTAL. £TO GUCTN L
nov avéntuéav ot Rocchini et al. (2001) ypnoiponoincay goTOypUEIK unyovn
pe ontikd osOntrpro Tomov CCD avaivong 1440 x 960. To potifo mov ypn-
owonoincav Pacilovrav ce 512 piyec. Tovenmg, 1 HEYIGTN dvvaTH avVAALGN
(kopveég opiopéveg otov 3A ympo) eivar 960 x 512. Emmpdobeta, o puBuog
GLAAOYNG dedopévav oyeTileTol pe TNV TaxDTNTO TS YNOLOKNAG POTOYPOQL-
KNG UNYOVAG KOl LLE TNV TOYVTNTO LETAGOONG TMV OEO0UEVMV TTPOG TO VITOAOYL-
OTIKO GUGTN LA TOL TTpayLatonotlel TNV eneepyacio Tav dedopévav. O PéYoTog
OYKOG OV UTOPEL VO OMOTLTMGEL TO GVGTN A otd pia Yovia 0¢aong eCaptdTot
OO TO OPOKTINPLOTIKA TOV TPOPOAKOV GUGTHUOTOS (IKOVOTNTO E0TIOGTG OF
GLYKEKPLUEVO €0POG 0mooTdoe®mV). 1o Pikpd PaBog mediov twv Tpofolkadv
GUGTNUAT®V EYKELTO £VOC OO TOVG BUCTIKOTEPOVG TEPLOPIGLOVS OVTDV TV GL-
oTNHATOV, KaBMG avtd Teplopilel To €0POC TV ATOCTAGEWY OMOTOTWOGCTC.

Y& GLOTNLOTO TOL VAOTOLOVV TN HEB0dO Zynuo amd SOUNUEVO GOTIGUO M
dnuovpyia 3A Yyneokdv avrypaemyv TpokOTTEL LSO 0o dladtkacie enelep-
yoaoiog dedopévov Onmg eivat 1 evBuypdappion, 1 Evomoinon TUNUOTIKGOV oo-
POGEDV KO 1 XPOUATIKN avauelén minpoeopia veng (texture blending) (Chen
et al., 1997; Horn and Kiryati, 1999; Rocchini et al., 2001; Wust and Capson,
1991). Onwg kot og dAreg peBdd0VG, 1 GUVOMKY| TANPOPOPID VPTG TPOKVTTEL
oo £vo, GOVOAO aO PMTOYPOPIES TOV CLAAEYOVTAL OO TIG 101G YwVieg BEaomng
07t6 OTOL TPOYUATOTOLOVVTAL 01 TPOPOAEG T®V HOTIP®V. ANA0dT, TPAKTIKA, EVOL
avtikeipevo pwtoypagiletal vd v Tpofoin potifov aAid Kot VIO PLGIKS
QOTIGHO TOGO Y10 TV ATOKMOIKOTOINOT TNG YEMUETPIKNG OGO KoL Y10l TV 0T0-
TOTOGON TNG PAGLOATIKNG (YPOUATIKNG) TANPOPOPIaS TOV.

Yvvoyilovtag, N akpifela 3A anoTHAM®ONG T®V GLUGTILATOV TOV VAOTOLOVV
™ péBodo Tynua omd dounuévo eoticpod ennpealetat omd (Horn and Kiryati,
1999; Rocchini et al., 2001):

* TNV TOWOTNTO OTTIKAOV TOV TPOPOAIKOV GUGTNUATOS (WOLTEPO YOPAKTN-
PLOTIKA TOV PaKOD),

* TNV IKAVOTNTO, KOl E0POG OTOCTACEMY EGTIOGTG TOV TPOPOAIKOD GLGTA-
Hatog,

* TNV TOOTNTA OTLTIKAOV KOl AGHNTNPOV TNG YNOLOKNG GOTOYPOPIKNG UT)-
YOviG, kKaBdG Kot aviAvoT Tov aesinTipa Kot TeTdTNTA 6TV 0mddoon
TOV YPOUAT®V,

* TIG EMTPETOUEVES YOViES BENGNG TOV AVTIKEEVOD 0T0 TO GHGTN A (0O~
QLN ONovpYiag oKDY AV GTO AVTIKEIEVO o TO 1010 TO GVOTNU),

* TIG EMUPAVEIEG TOV OVTIKEWUEVOV KOL T YOPUKTNPIOTIKE TOVC.
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245 Zynqpo amd otepeopmToyplpion

H pébodoc Zynuo and otepeopmtoypdpion sivor nébodog mov mpoomadel
va g&dyetl 1o péytoto duvatd oyko 3A TAnpoeopiag omd Eva povadikd Levyog
POTOYPAPLOV TTOL EYovv ANebOel amd yvwoth 0éon otov 3A ydpo. H Zynquo ard
OTEPEOPMTOYPAPIOT PpioKel EQUPLOYY GTOV TOUEN TG OPACT|G VITOAOYIGTOV
KO GT1] POUTOTIKT. ATOTEAEL L0 EMLTUYNLEVT TPOOTADELD TPOGOUOIMGNG TOV
TPOTOV Agttovpyiog Tov Proloykol cvothiuatog 3A dpacng mov dubétetl Kot
o avBpomog. H pébodog déyetar g eicodo éva (gbyog paoToypapidv (otepe-
0{gbyoc) mov maPoLSIAlovY VO OVTIKEILEVO OO OTMTIKEC YMVIES aVTIOTOYEG
pe avtég evog (edyoug potidv. Ze £va o1epeoledyos TO TEPIEYOUEVO TV dVO
EIKOVOV TOPOLGIALEl VYNAL TOGOGTE OAANAOETIKAALYNC, EVAD 1) LETATOTION
¢ piog ewdvag og oyéon e v GAAn givon katd Evav Kot povo d&ova, To-
KA TOV «op1lovtion GEova, 0 omoiog avTioTolXEl GTOV AEOVO TOV EVMVEL TO
dvo patio. Adym t™C TPOOMTIKNG TPOPOANG 610 eminedo TV 300 skdvmv, N
puepn petatomion g 0éong odnyetl oty gpeavion mapdAraéng, n onoia ival
KaBoPIoTIKY Yo TV avAKTNOT TOL Babovc.

To OTOYPAPIKA GLGTALATO TOV XPNGLOTOLOVVTAL Y10, TV EPOPLOYN TNG
neBodov Tpémet va tepdcovy amd dtadtkaciec fabpovounoeicc wote vo Kabo-
PLETOVV Ol EGMTEPIKEG KOl EEMTEPIKEG TAPAUETPOL TOVG. Movo £tot kabicTatol
dvvatn 1 opbn avaktnon g Tpitng didotaong (Paboc) yia kébe onueio g
0paTNG OKNVIG, TO 0olo etval Kowvd (OpOA0Y0) Kot oTig dVo gkoves. O ympt-
KOG EVIOMIGLOC TMV KOW®MV CMUEIMV OTA EMIMESN TOV PWTOYPAPIDV TPOYLLO-
Tomoleital ite pe ovtoOpaTEG gite pe xepokivnteg pebodovs. H avdktnon tov
BaBovg viomoteital oyetikd edkoha, Aapupdvovtag vwowT Ta dedopuéva Padpo-
VOUNOELGE KO T S1popa BEGNG TV KOWVMV OMUEi®V aVAIESH GTIG V0 EIKOVEC
(amdoTaong baseline).

Mmropet koveig vo det pio amAomoinpuévn Lopen g dadikaciog mg dud-
YPOLLLLOL POTIG Y10l TV OVOKOTAGKELT] YEOUETPIOG 0O GTEPEOPOTOYPAPIOT GTIV
Ewova 2.38. Ot apyéc mov Si€movy ) Slodikacio TPoEPYOVTIOL amd TO YDPO
g mpoPolikng (ko Wiitepa TG EMmOMKNG) yeopeTpiag. H Avomn tov mtpo-
pAiuatog aneikoviCel amiomompéva oty Ewova 2.39, énov ta tpia onueio
P1, Py, P oynuotiovv évo emmoliko enimedo. Ta kévipa mpofoing twv on-
peiwv (Pr, Py) cuvd£ovtal pe voNTH YPOaLLUT oL TEUVEL T Enineda Tave ota
omoia Bpickovat ot 500 pmtoypapiec. Ta cvlvyn onpeio Topung ivar Ta €1 Kot
e2, 10 omoia ovoudlovrtal emmolid. H 08éon tov onpeiov P vroloyileton omd
TNV €0peCT TOV oMpEiOL TOUNG TAV® oTIC eVBEieg Tov Eektvohv amd ta. P Ko
P> ko opifovtar otov 3A ydpo.

ENUovTIKN TPOKAN O™ TN GLYKEKPLIUEVT LEBOdO elvar 0 opBC evtomopog
TV oporAoYOV (Kowdv) onueiov avipeca og kabe (gbyog eKOVOV 1, dlopo-
PETIKA, 1 Heioon ¢ afePatdtntag T vTdbeong Twe 600 GLYKEKPIUEV E1-
KOVOGTOLYELD OVTIGTOYOUV GTO 1310 OTMUEI0 TAVM OTNV EMPAVELD TOV OVTIKEL-
pévov. To moapamdve gival yvootd Kol og mpofinue aviotoiyions. Emonuai-
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Eixéveg
BaBuovépnong
Evromopés 3A
I > M mu —> povTého
| (Zuvraipiaopa) S TAEYHaTOOEIpEG
Zeoyn
OTEPEOTKOTIKWY
EIKOVWV

Ewova 2.38. diodixaoio eCoywync 34 yemuetpiog ond otepeoledyog.

P=(X.Y.2)

P1=(U2,V2)

P1=(U1,V1)

\ 7
Kévrpo mpoBoArig 1 Kévrpo mpoBoArig 2

Ewéva 2.39. Eminodixi yewpetpia.

Y

ApioTeph) tikéva [

W 1rag {edy
I KO = T oMol
TLPLoo prywv non 5 x4
raurnon paou orepeooxoriag prng Badoug
Achid cixova 1 Kdberos XOPES

Ewoéva 2.40. [evikevuévy d100tkacio oviioroiyions oRUELwY 0€ Eva. OTEPEOLEDYOS POTOYPOPLADV.

vetat 0Tl 0 0pBog eVIOTIGHOG OLOAOY®V onueiov dev givar TpoPavic, Kabmg
01 €IKOVEG €lval GTN YEVIKY] TEPITTWOT «ONUATOY TOL TTEPAapBdvovy B6pvo
(TOPALOPPDOCELC YEMUETPIOG KOl YPDUOUTOC) KOL GUVETMG, O EVTOTICUOG OVGL0-
oG KoBodnyeital amd mpoceyyicelg eAaylotomoinong ceaApaTog (dev vdp-
¥€L TOTE M TéAEL0 TaTIon). H dodikacio avtiotolylong yivetol amd oelpd ond
aAyopifuovg, dote va dnuiovpynBovv Telkd xapteg ovopoldroag (disparity
maps), amd OToL VIOAOYILETOL 1] YEMUETPIO TNG EMPAVELNS TOV OVTIKELLEVOL.
Yty Ewova 2.40 mapovcialovtal ta fripoto piog YEVIKELHEVNS S1odikaciog
OVTIOTOLYIoNC.

To telko amotérecpa givar Evag xaptng Paboug (depth map). Kabe ewcovo-
oTotyelo Tov ¥dptn PaOovg TEPLYpAPEL TNV AOCTOCT LETAED TOV HLETPOVLEVOL
OVTIKEILEVOL KOl TOV KEVIPOL TOV QOKOV TNG KAOE GOTOYPAPIKIG UNYOVNG.
Ymv Ewoéva 2.41 mapovoidlovtal To PHOTO 0VOKATOCKEVNG EVOG OVTUKELLE-
vovu and éva otepeolevyoc. H «apiotep» kot n «de&id» potoypaia ypnot-
LLOTIOL0VVTOL MG TTNYEG TANPOPOPIaG Yio TN dnpovpyia Tov ybptn Babovg, ard
omov O TPoKVYEL 1| TAEYHOTOCELPA TV oty omoia Ba TpoPfAndet n mAnpo-
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T

ne mnpodopia v

Ewéva 2.41. To diaxpitd fripato te oTepe0pwToypapiong.

popia vong.

To epevvnTikd evoloeépov Yo ) péBodo givar peydAo kol avTd OmOTL-
ToveTo and 10 TAN00g TV dwbéciumy alyopiBpmy Tov odnyodv GtV ov-
TOUOTOTOMUEVT avayvdPLoNg opOAOYV (Kov@dv) onueiov avapesa og {eoyn
eotoypapldv. Ot TAéov dladedopévor adydplOpol ¥p1GILOTOODY XOPAKTNPL-
oTikd onueio Tov avayvepifovv kot tavtilovv oto Levyog ewovev (feature-
based stereo matching). Xtnv npocéyyion avtr, ot GyeTIKol akyopdpotl ava-
AapBavouy va evtomicovv OAa eKEVA TO EVOLAKPLTA YOPUKTNPLOTIKA (YOVIES,
gvBeieg, KOUTOAEG) OTNV ETUPAVELL TOV OVTIKELLEVOD TOV EVOL EUPOVT KOL OTIG
dvo pwtoypapicc. H emumolikn yeopetpio epapuoletol yio Tov VTorloyicpd
TOV KOADTEP®V OVTIGTOLYIMDV BEonG oTO YMpo avaueso o€ kabe (gdyog on-
peiov. I'evikd, 1 péBodog yapaktnpiletal e0pmatn otV eKTipnomn Tov Babovg,
0AAG KaBdg M avaktnon Tov fabovg TpaypoTonoleital povo yio To onpeio Tng
EIKOVAG TTOV EYOVV OVOYVOPLOTEL MG KOV aVTO OMOTEAEL ONUOVTIKO LELOVE-
Kktnuo g pefoddov. Emiong, vrapyovv aiyopiBuot mov Pacifoviar oty 0éa
¢ Kotdtunong g kébe potoypagiog oe tuqpato. H katdtunon emrpénet
TOV £AEYY0 GE UIKPES YELTOVIEG glkovooToygiv (region based) yio va gvtomi-
o100V pE PEATIOUEVN SLOKPLTIKY TKOVOTNTA TO. OUOAOYO CNUEID AVAUESH OTIG
dvo pwtoypapies. H BéATIoT aviiotoryio TV TEPLOYDY TPOKVLITEL OO TV
EMMOAIKT] YE@UETPIO KOl GLYKPIGELS TOV TILDV TV EIKOVOSTOLYEIOV (EAAYIGTO
UEGO TETPAYMVIKO GOAALLO 1) GOAALN ATOAVTNG d1popag). Ot alyopiBpol otnv
TPOGEYYION OVTY EMTPETOVY TNV OVAKTNGT LYNANG TUKVOTNTOG XOPpT®dV PBd-
Bovg. To epPadd TV Teploydv 610 0Moio dtoupeital pio poToYpAPio ATOTEAEL
KPUTNP10 Yo TNV modTNTa Tng oviktmong Pabovg, evad tavtdypovo £xel avti-
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KTUTIO KOl GTOVG OTOLTOVLEVOLS XPOVOLG TPAYLATOTOINONG TV VITOAOYICUAV.

To Pacikd TAEOVEKTNLO TG YL OO GTEPEOPOTOYPAPION €lvar OTL M)
néBod0¢ evtdiooeTal otV KATNYopio TOV £LYPNOTM®V KOl GYETIKG CLUTOMOTO-
TOMUEVOV TOONTIKOV TEYVIKOV 3A Yyne1omoinong YEYOVOS TOV KATUANYEL GTO
TAEOVEKTN O, OTL OEV OTaToVVTOL E01KOC EE0TAMOUOC 1) E101KEG GLUVOTKES Y10t TN
GVALOYN dedoUEVOV (POTOYPOELOV). MTopel, Yo mapddetypo, vo vAomom el
UE 3VO HOVO YNOLOKES PMTOYPOAPIKEG UNYOVES 1) KON KOl GE piol, JE TNV TTPO-
HmdOeon 611 N aAdayn BE€ong Yo TN AW TNG SEVLTEPNC PMTOYPUPIOG Y1OL TNV
EKUETAAAELOT TNG TOPAANOENG TPAYHOTOTTOEITOL e EAEYXOUEVO TPOTO. AT
™V GAAN, OC GNUAVTIKG PElovEKTOTA TG HEBOSOVL UTopovV va avapepBohv
Ta €€Ng:

* To BaBoc vmoroyiletan LOVO G avayvOPIGUEVO OPOAOY oMUEia.

* O yépteg BaBovg mov mPoKLRTOVY TEPLEYOLV dEGOUEVE TOV TEPIAALPA-
vouv €viovo 06pufo eEattiag tng SOLGKOALNG EVTOTIGUOD OUOAOY®V GN-
peiov pe vymin axpipela.

* ['o ™ dnuovpyia evog mApoug 3A YyneakoD avirypaeov Vo OVTIKEL-
UEVOL OTTaTovVTOL TOAAG (VYN P®TOYPOPLOV Kot dtadtkaoieg enelepya-
clog (evBVYPAULOT KOl EVOTTOINGT TUNUOTIKGV CUPOCEDV).

To anotedéopata avaktnong fabovg e pebddov oe meployés Yopw amnd
T OPlol TOV AVTIKEIEVOV (TEPLOYN GIA0VETAC) EREavVIfovV, dLVGTLYMGS, EVToVa
apofruata. Opoimg, TpoPAnuatikég yapoaktnpilovtal Kot ot TEPLOYES oTNV
EMPAVELD EVOG AVTIKEILEVOD IOV TAPOLGLALOVTOL £VTOVE QOVOUEVD d1AYVOTG
QOTOC. XTO ONUEID OVTO ONUEIOVETAL ETioNG OTL 1| TANPOoPopia BaBovg mov
e&hyetor omd ta {evyn poOTOYPAPIOV Yopaktpiletal og TAnpopopio 2Y4 da-
otdoewv. Kdtt 11010, Quoikd, 1oyvet yio kdbe pnébodo 3A ynelomoinong mov
umopel Vo OMOTUTAGEL TNV EMLPAVELD TOV OVTIKEWEVOL GTO YMPO Kot O)L TO
E0MTEPIKO TOL Kol LOVo HEBOSOL TOHOYpOPiec LTopohV TUTTIKA VO TAPHyOoVV
nApn 3A minpogopia (Bertozzi et al., 2002; Scharstein and Szeliski, 2002).

2.4.6 Aopn amé kivnon

H pébodog Aopn amd kivnon (Structure from Motion (SfM)) Ba propovoe
VoL TEL KOVELG OTL amoTeAEL piuol TapadAoryn Ka, Yot Oy, pia yevikevon g pnedo-
S0V ZyNUa 0O GTEPEOPMTOYPAPION. TN cLYKEKPIUEVN LEBOJO N TpoNyo eV
doun v 000 POTOYPAPIKOV UNYOvVOV EYEl avTikatooTadel omd po pnyovn
OV KOTOYPAPEL £VOL AVTIKEILEVO 1) U0l OTOTIKY] OKNVI| O SIPOPETIKEG YMVIES
0¢aong. Oempmdvrog 0Tt M EBodog ZyNpa and oTEPEOPOTOYPAPIGT VAOTOLEL
v avaxmon Pabovg and 600 ywvieg Baong (two-view geometry) 1 Aoun
amd kivnon amoteAel T yevikevon og avdktnon PaBovg amd ToALATALG Yovieg
0¢aong (multiple-view geometry).
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Boown mpoimdbeon yio v epappoyn e peboosov eivar 6t To avrtikei-
LEVO TTPOG amoTUT®™oT Oo Tpémel Ppioketal 6 amOAVTN aKvnoio Kol Vo pnv
amoteheitatl and Kvntd pépn ta omoia aAralovv Béon Katd TV appoy”| g
drodikaciog cuALOYNG dedopévav. Duoikd, KATL TETO0 1oYVEL Yo OAEG TIG Lebo-
dovg 3A yneromoinong mov tapovctdovrat 6to Tapdv keipevo. Ot adydpibuot
7oV gpapuolovtat eivat TapoHooL Pe avtovg TG HeBOdoV Zyfua amd oTepe-
0QOTOYPAPIoT Kot givar gvaichntol ato B6pvPo ToL TEPLEXOLEVO Uing aKO-
AovBioc poToypaeldv KAeloTov Bpodyov (closed loop image sequence). Omwg
gtvon avopevopevo ko n Aopn and kivnon Paciletot 6Ny avtioToiylon Kooy
(opdroywv) onueiov avipesa otic potoypagiec. Otav ol powtoypagieg mov
YPNOLOTOLOVVTUL EIVaL OO SPOPETIKEG Yvieg BEAONG 0 VTOAOYIGHOG TOV
TPOCAVATOMG OV cuveyilel va gival puo oyeTikd amhn dtadikoacio, 0E00UEVOL
OTL VILAPYEL OPKETN TANPOPOpio. avtioToiyiong (TAN00C opdrloywV onueimv)
avapeca og dladoykég (yertovikég yovieg Béaong) potoypagpies, apkel, u-
GIKA, VO, VITAPYEL LEYEAN emKAALYT LETAED TV poOToYpapldyv. [Taiaidtepa, N
OVTIoTOIY oM 00 JLOPOPETIKEG YOVieg BEnoNG KATEANYE VO, VAOTOIEITAL XEIPOKT-
VNTa, LLE TNV XEPOKIVITY ETIAOYN TOV OLOAOYOL ONUEIOD GE KAOE POTOYpaPia
(my. pe to deiktn TOL TOVTIKIOD). TNUEPQ, N Sadikacio xel ovTopaToToNnOEl
TANPOC LE TN XPNON OAYOPIOU®OV EVIOTICUOD YOPUKTINPIOTIKOV CNUEIOV o
gwoveg, 6nwg o Scale-Invariant Feature Transform (SIFT) (Lowe, 1999) kot
o Speeded Up Robust Features (SURF) (Bay et al., 2006). ['evikd, ta amnote-
Aéopata g nefoddov mapovclalovy apKETEG ACAPELES APOV 1) AVAKTINGT) TOV
BaBovg Paciletor oTov evtomopd ¢ BEong TG POTOYPAPIKNAG PNYOVIG OTOV
3A y®dpo yopic vo vITdpyeL KATolo TPoNYoOUeEVT] Yvdon YU avth. Ot pobnuott-
K01 VTTOAOYIGLLOT TOV TTPALYLLATOTOLOVVTOL EXNPEALOVTOL OO TUPAUETPOVS OTTMOG:
(o) éva ovBaipeTO GVGTN L GUVTETAYIEV®VY OPIGLEVO GTOV TPOYUOTIKO KOGLO,
(B) n Béom toV avtikeipevov PEGO GTO YDPO, (Y) N KAHOKO TOV OVTIKELEVOD.

E&’ opiopon, n apykn ekdoyn g Lebddov PUmopodoe va Tapdyel YounAng
TokvoTNTOG VEQT omnueiov 1 apoawd véen onueimv (sparse point clouds) kot
GUVETMC NTAV TEPLOPIGHEVNC TPAKTIKNG aloc, kabdg odnyovoe o 3A avrti-
Ypoeo ToAd yapnAng avaivons. Avtifeto, onuepa, oe GuvOLACUO LE OAyO-
piBpovg dnpovpyiog TVKVAOV VEPOV GNUEIDV TOL TPOKLATOVY GO EQUPLOYN
2TEPEOPOTOYPAPIONG 1| TOAVEIKOVIKNG GTEPE0PTOYPAPIong (Multiple View
Stereo (MVS)), n uéBodoc amoterel pra ToAD emttuyNUEVT] ETIAOYT GTO YDPO TNG
(OTOYPOULETPIOG Kot TetveL va yivel  TAEOV dtadedopévn LéEBodog amoTOmMoNg
avTikelpévoy. O cuvdvacspog tov nebddwv SIM kot MVS eivar arotélespo
£PELVOG TTOV 0POPa 6TV avAaTTTLEN HeBOS®Y 3A OmOTHTWONC LUE POTOYPUPIKEG
uebddovg kot oNpepa eppaviletar TAéov g pia evviaio pEBodOG Ue TNV GuVTO-
poypagio Structure from Motion-Multiple View Stereo (SFM-MVS). Anotehel
pio A0om yopmAod GYETIKG KOGTOVG HE DYNAG OU®G emimedo TOLOTNTOG KOl
akpifelog oto mapayoueva dedopéva oty epapudletal cwotd. H dnpovpyia
3A yNPLoKOVY aVILypAQ®Y GTNV TEPITTMOT TOV TOMTIGUOD LLE TI) CUYKEKPLUEVT|
nébodo tetvel, katd Tig TPMOTEG dekaetieg Tov 21ov awdva, va yivel 1 TAEov
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~ * ——

a) Tpeig amé Tig @ YPaQieg T en pe T péBodo SFM-MVS

B) Alag@opeTikig OMTIKEG YWViEg aTrd TO 3A AVAKATATKEVAOPEVO uowno

Ewova 2.42. 34 avokazraokeon ue t pébodo Aopry omd kivion.

OMUOPIANG Ao, Eemepvavtog avtég tov Tpryoviopod Aélep Kot Zynquotog
a6 dounpévo eotiond. v Ewodva 2.42 mapovcidletot Tapddetypo epap-
poyne e puebddov SFM-MVS. To yopaKTnploTikd TV @OTOYPOELOV Eival 1
peyddn emkdioym peto&d tov ewovov (Ewova 2.42.a). Ty ikova mopoti-
Beton emiong Kot pio OTOpEoMoTIK 3A OVATOPAGTOCT) TOL OTOTLIMUEVOL
avtikelpévov (Ewova 2.42.0).

[Ticw and 10 cvvdvacud SFM-MVS kpOfetatl £va chOvoro amd ToAvTAO-
KOG KOl OTOLTNTIKOVG G€ DITOAOYLIOTIKY 100 Kot Lviun aAyopifpovg mov cup-
Baiovv ot onpovpyio Tov 3A YNk aviypdeov péca amd pia oelpd pn-
TaEVOUNLEVOV POTOYPOUPLDV TOV TPOPAAOVV TO OVTIKEILEVO OO SLOPOPETIKEG
ONTIKEG YoViec. Méoa amd TO GUVOLO TOV POTOYPUPLDV, UPYIKOG GTOYOG EtvaL
1 avAKTNON UG GEPA amd eomTepkés (intrinsic) kon eEmtepikég (extrinsic)
TOPAPETPOVG TTOV TEPLYPAPOVY TN PMTOYPUPIKT] UIYOVT| TTOV YPTCLULOTOUOMKE.
Av16 10 PjLo VAOTOEITAL LE TOV EVTOTIOUO OUOAOY®V ONUEI®V G OAEC TIG
POTOYPOUPIES, YOPIG VO ATALTEITAL 1] XPTION POTOYPAUUETPIKOV 6TaOEPDV (0TO-
yov, targets). E€attiag tng amovsioc otdywv, n nEB0S0C evTdooETAL GTNY EVPV-
TEPT] OIKOYEVELD TOV POTOYPUUUETPIK®V HEBOS®V Ympig 6TOYO0VG (target-less).
H péBodog mapovoidlel evpwotia o€ PiKpEG LETUPOAES POTIOUOV KOl EVTOOTNG
TOV YPOUATOV TOL ELEOVILOVTOL OTIG POTOYPAPIEG KL AVTO TNV KAVEL OKOA
O PIMKY] Y10l ATOTVTTADCELG TTOV TPOLYLOTOTOOVVTOL GE EEMTEPTIKOVS YDPOLG 1
o€ y®povg O6mov dev vapyel N duvatdtnTa EreYXOUEVOL POTIGHOD. [Tio ov-
ykekpéva, ta Pactkd Ppoate mov ekteAovvTol Kot v eneepyacio TV
QOTOYPOPLOV Y10, T1 dNovpyic Tov 3A YyNELoKoy avItypapov HEGH amd QVTEG
eivan Ta €€NG:

* Aviyvevon 6NUEI®V KoL TEPLOYDV EVOLAPEPOVTOS (YOPAKTIPIOTIKMY ON-
HelmV) 0TI E1KOVES Pe TNV Epappoyn adyopiBuwy 6nmg ot SIFT kot SURF.
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Quroypadia 1 Quwroypadpia 3

Quroypadia 2
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Ewovo. 2.43. Avamapdotaon tov mpofriuaros eviomionod twv Géoewv Anyns pwtoypopidv oty Aoul oaxd

Kivnon.

TOYKPIoN KOl OVOYVAPLOT] TOV AVTIGTOL®V GNUEI®V TOV £Y0VV ££A-
ver ot adyopBpol SIFT kot SURF, péom g avdivonc dhov tov dvva-
TOV GLVOVAGUAV POTOYPAPLOV YPNCLLOTOLDVTOS AVOTNPES S100IKACIES,
OmmG M TETpAYOVIKY TavTion (quadratic matching) M n avalitmon oe
devdpkég dopég (k-d tree).

Eg@appoyi Tov ailyopiOpov avadrataéng osopov ¢ootog (bundle ad-
justment), o omoiog Pacilopevog o€ dedopuévo GHVOAD OUOAOY®OV GT)-
peiov, vroroyilel Tavtdypova Tic 3A cvvieTayuéveg mov kabopilovy
YEOUETPIO GTN GKNVY, TIC TAPAUETPOVE TG OYETIKNG KIVNONG Ko TOL OTTTIKEL
YOPOKTNPLOTIKE TOV QOTOYPAPIKOV LNYOVDY TOL YPTCLLOTOMONKaY Y1
™ Aym tov eetoypapldv. O alydpBpog Aettovpyel og péBodog 3A
OVAKOTOOKELNC, GTNV OO, AAUPAvVOVTag LITOYN TIG TPONYOVLEVEG TTO-
papétpous, odnyei otn PErTioTn 3A doun (Bacel cuvapTNoNG KOGTOVG).
Mo ypo@ikn avorapioTact ToV TPORALATOS EVIOTIGHOD TV 0écewV
Myng eotoypaplov otn pébodo Aoun and kivron eaivetar oty Et-
Kova 2.43.

Katd v gpappoyn tov bundle adjustment vrotifetol mog vadpyetl éva
mA0og n onueimv otov 3A ydpo mov gival opatd and Eva mAnbog m
OLOLPOPETIKAOV OTTIKAOV YOVIDV (POTOYpapies). Me dedopévo €va Ghvoro
ouOAOY®V onpeimv o dVO N TEPICGOTEPEC EIKOVEC, LITOPEL VO VTOLO-
YIGTOVOV Ol ECOTEPIKEG Kol 0 eEMTEPIKEG TOPALETPOL TNG POTOYPAPIKNG
UNYOVNG, KaBMOC Kot o1 cuvTeTaypéveg (BE0E1C) TV OLOAOY®Y oNUEi®Y
670 3A ydpo. Lo ev Ady® TpOPANpa {ntovpevo gival va vroAoyiehodv
0l LETOOYMLLOTIOLOL TEPLOTPOPNG (rotation — R) ko petatdmiong (transla-
tion — t) TV Bécew@v, and TIg omoieg TpaypatonoOnKe N AqYN TOV E®-
TOYPAPLDV 6TOV 3A YhPpO, KABNDC Kol TV BEGEDV TV OLOAOY®V onpeimV
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Ewovo. 2.44. Avaropaoroon tov mpofANuatos eviomiouod ouoloyov anueiov arov 34 ywpo o€ peis OYelg.

UECM TNG EAUYIOTOTOINGNG UN-YPOLLUKIG GLVAPTNONG KOGTOVG Al
o1V TETPAY®VOV. [0 T0 GUVOAD M €IKOVAV e £va GOVOLO 1 OHLOAO-
yov onpelov wyvet z; ; = PXj, ¢ =1,...,m,j = 1,...,n, 6mov
P; o mivaxog tov c0vOETOL HETAGYNUOTIGHOD Kot X TO S1évosua TOV
GUVTETAYUEVAOV TOV onpeiov § otov 3A ydpo. To TpdPAnpa amottel Tov
VITOAOYIOUO TOV TIVAK®V UETOCYNUATIOUOD P; KOl TOV GUVTETAYUEV®Y
otov 3A ympo (X;) 6hov TV ouOAOY®V onueinV T; j o OAEG TIC PO-
toypapiec. v Ewova 2.44 divetal ypagikn avomapicTact) ToL Tpo-
BANUOTOG EVTOTIOUOV OHOAOYOV GMUEIOL GE TPELS OWELS Yo Tov opBod
VTOAOYICUO TOL TIVAKO TOV GUVOETOV HETACYNUATICHOV TTpoforng F;.
Edwv x; j n tpoPoin Tov onueiov j oty eikova i TotE opileton petofinth
wj j ion pe ) povada av o onueio j vwhpyer oV €OV ¢ Kot iom
pe undév oe dapopetikn mepintwon (Un opatd). O bundle adjustment
eKQpalel TNV EAYIOTOTOINGCT CLVAPTNGNG KOGTOVS MG TPOG TO COUALLN
enovanpoPoing (re-projection error) OA®V T®V ONUEI®V Kol OA®V TOV
TOPAUETPOV TNG KALEPOC:

9(C, X) =3 wijllas; — P(Ci, X))\ (2.5)
i=1 j=1

omov C; n k@0e ewcdva kot ; N O€om Tov onueiov otov 3A Xdpo, EVH
P(C;, X;) etvou n ektipmon tov 0écenv X; dedopévov tov mivoka mpo-
BoAng P karg emheypévng kapepag C;. H ékppaon ||g; ;— P(Cy, X;)||?
dtvel 1o TETpayVIKO Gealua oty ekTdLEVT B6om (¢; ;) TOL onpeiov j
ot PoToYpoPin i o€ oYEon pe To anotéleosuo g oxéong x; j = P X
‘Eva mapaderypa extiunong 0€ong g; j opdroyov onpeiov oe o oym, pe
YVOGTO TOV TVOKQ LETAGYNUATIGU®Y TPOPOANC Kol TNV avticTtotyn 0éon
o€ GAlec 500 Oyelg paivetal otnv Ewodva 2.45.

* E@appoyn g mToAEIKOVIKNG 6TEPEOPMTOYPAPISNS (MVS) ypnoyto-
TOLDVTOG YEITOVIKES (YOPUKG/TOTOAOYIKA) EIKOVEG, MOTE VO TPOKVYEL TO
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EKTIHWHEVN
Béon
onueiov

Ewova 2.45. Extipcdouevn 0éon ouoAoyov orueion pe yvmoto tov mivoke, UETOCYHUOTIOU®OV TPOPOMG.

TUKVO VEQOG onueimv Tov Oa amotedéosl kot TNV apyikn 3A dour, arnd
v omoia, otn cvvEYELD, Ba dnpovpynBei N ToALY®VIKN TAEYLOTOCELPA.
Y11 edon avt kdbe giovootoryeio og kabe poToypapio TpofdrdeTor
GTOV EIKOVIKO 3A Y®DPO, 0 0TO10g ONOVPYNONKE KATE TNV TPOTYOOUEVT
(Ao, HECH TOL YVMOTOV cUVOETOL Tivaka mpoBoing yio Kabe pmto-
ypapio. TeAko amotéleopa eivor Eva mukvo vEQOG onueimy, Tov omoiov
N avdivon (Tokvotnta) meplopiletarl pOVo amd TV AmdCTACT AId TNV
omoia &xel Anedel n Kabe poToypOaPic amd T0 AvTIKEipevo, KaBMG Kot
TOL KOTOGKEVOUGTIKG YOPOUKTIPIOTIKA KO SUVOTOTITES TOV PMTOYPUPLKOD
GUGTNUOTOG.

Kabe prina ot dwdikocio teptrapfavel po tAnddpo podnpotikdy vwo-
AOYIOU®V, Kol KaBmG To TANB0G Kol 1) avAALeN TOV POTOYPOELOV OVEAVEL,
OmoIToOVTOL PEYAAD HEYEDN VTOAOYIGTIKNG 1oYVog Kot puvnung. Onwmg kon pe
KéBe GAAN péBodo, 1ot Ko 1 SFM-MVS £yet ta opla e, Kabdog Bacileton
TNV AVOyVAPLoT OLOAOY®OV CNUEIDV GE EMUPAVELES AVTIKEILEVAOV, 1] TOLOTNTO
Tov 3A ymoelokov aviypdeov oyetileton pe v vmapén EViovov LopQoAo-
YIKOV EMUPOVEINKDY YOPUKTNPLOTIKOV. TETOW LOPPOLOYIKE YOPOKTNPLOTUKE
glvar o1 ouyvEg PETAPOAEG Eviaong N ypOHOTIKOTNTOC. ['la TV epapproyn g
uebodov og avaKAUOTIKEG EMQPAVELEG omaTeiTal 1) Xpior eidTpov (Y. eiltpa
KUKAMKNG TOADGCELGE) OTIG POTOYPAPIKEG LUNYXOVEG Y10, TNV EAAYIOTOTOINOT TOV
OVAKAGGEMV KOL TNG TUY0L0G OKEDATELGS TOL PMTOC (abstract light scattering). H
epapuoyn e peBodov ot empaveleg ywpig Evrova yapaktnpiotikd (featureless
surfaces) pmopei va odnynoel o€ AavOaGIEVEC AVTIOTOLYIEG ONUEI®V avapEesa
OTIC POTOYPOPIEG AOY® TNG ACAPELOG OVAYVADPIOTG TOV OLOAOY®V CNUEIDV Kot
TEAMKA 0TV gUEAavion £viovov Bopvfov ota dedopéva (dpa Kal o YOUNAIG
TOLOTNTOG 3A OVAKATOGKELT) 1] OTLLOVPYIO AVTIKEWUEVAOV E EVTOVEG TAPUUOP-
QOOCELG N aKOUN Kot dNpovpyio TELEiV TAAGHATIKOV ovTikeévoy. [ v
OVTILETOTION TOL GVYKEKPLUEVOD TPOPAATOC £YOVV YiveL ddpopeg LEAETEC,
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peta&d twv onoiwv mpoteivetar 1 Tpofoin potifaov BopHfov (vneoypapikég
EIKOVEG OOV KAOE EIKOVOGTOLYEID TOUPVEL LLLOL TIUH TTOL TPOKVTTEL OO KATO10
pabnuotikod povtého my. perlin noise, wavelet noise, Gaussian noise, koK) Téve
GTNV EMLPAVELL TOV OVTIKELLEVOL, LLE YPNOT TPOPOAIKOD GUOTHUATOC, £TGL MOTE
VO EUTAOVTIOTEL 1) EMPAVELY UE TIG OTOLTOVUEVEG CLVOETIKEG HETAPOAES EvTa-
ONG KO YPOUOTIKOTITOC.

To 3A dedopéva OV TPOKVLTOLY OO TG GLGTNHOTO TOV VAOTOLOVV TN
puébodo SFM-MVS glvar vynAig moldtntag Kot, CUVETMDC, TETOLL CLGTHLLATO
YPNOLOTOLOVVTOL GTLLEPO GE OMOALTNTIKEG EPUPUOYES, OGS GTO YDPO TOV TO-
MTIGHOV. € GUVOLAGHO [LE TN GYEOOV CLUTOWOATOTOIUEVT JAOIKOGT0 TG Lle-
080600v SFM-MVS 10 cuotipoto ovtd amotehoby anodoTIKEG AVGELS YOUNA0D
Kk6oToVG. DVOIKA OV amoTeAoVV TavAKELD, KOOMOG, OTmG Kot Kabe aAAn pébo-
d0¢, VIAPOLV KoL LLEIOVEKTNLOTO KO TEPLOPIGLOL.

H péBodog pmopet va amoteréost por oAokAnpopévn gdypnotn Avon 3A
YNOLOTOINGNG LLE EVIVTOGCIUKA EXITESN AVTOUATOTOINGTG TOV UITOPEL VAL, EQap-
LOGTEL aKOUN Kol 0O TEPIGTAGLOKOVG 1| U1 E01KEVUEVOLS Y proTee. Duoikd,
OT®G Kol 6€ OAEG TIC GAAEC LEBOOOVG, 1 KOTAVOTOT) TOL TPOTOL AELTOLPYING TNG
KOL TOV TEPLOPIGUMV TNG VAL CNUOVTIKE KPLTHPL Yio TV 0pO1 EQAPUOYN TNG,
1660 Katd TN dadikacioo GVALOYNG dedopEvav 0C0 Kol Katd TV enetepyacia
TOVG Y10, TNV TOPAY®YN TOL 3A ynelako avTypaeov. Ao Tnv GAAT, 1 vYNAn
TOLOTNTA TOV SEG0UEVOV TTOV TPOKVTTOLV amtd TNV 0pOn ePapLOYN TNG CLYKE-
Kpévng pnebodov, ) yapaktnpilel og g Avomn mov umopel va eEumnpeTioet
éva peydro g0pog Epyav ynotoroinong. Kabaog n pébodog eivar po amd tig
TAEOV O10.0E00UEVEC LEBODOVE CNEPX, 1| TPOKTIKN TNG EPUPLOYN OVAADETOL
Ote€odkd o €101k0 Tlapdptnpa.

2.4.7 Zynqpo ané gotookioon

H ¢otookiaon mailer modd onpoviikd péoro oty aviidnym tov Bdabovg.
[ToAXol epguvntéc mpoomdbNCAV Vo, TPOGOUOIDGOVY TO TPOTO, LE TOV OTOI0
Agttovpyel 10 avOpdOTIVO cvGTO dpAcT Yo VO avaKTHGoVY To BdBog pe T
Bonbea Tov potookidoewy. H avdktnon Pabovg pe t uébodo Zynua amd
ewtookioon (Shape from shading) amortel por povadikny omtiky yovia 0€a-
o1N¢ Kot GVALOYNG dedopévav. Duoikd 1 pio yovio BEaong mapéyel to Pdbog
KOTA TN GLYKEKPEYN Kol HOVO OYN KOl GUVETMG Yo 1 TANPY OTOTOTMON
€VOG AVTIKEEVOL OToLTEl KO TAAL TN p1oN TOALUTA®Y Yovidv 0éaone. H
ovykekpévn pébodog viomoreital Pacel TE6GApOV TPOGEYYiGEWY, e fdon Tig
EVVOLOAOYIKEC O10POPES OV TTaPOoLGLALeL 1 kGBE alyoplBLuKy Tpocsyylon g
1Wéag avaktnong Pébovg and pmtockioon:

* Teyvikéc eAoy1oTONOINGNG: 01 TEYVIKES EAAYIGTOTOINGNG KATOAN YOV GTNV

€MALON TOV TPOPALOTOC LLE TN XPNoN Miog cvvaptnong evépyelog (en-
ergy function).
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* Teyvikég HETAOOONG: O TEYVIKEG LETAOOONG LEAETOVV T HETAOOGCT TNG
TANPOPOPIG TOV GYNUATOV ad £VO GUVOAO YOPAUKTNPLOTIKMY CNUEI®V
oL Ppickoviol TV oTNV EMUPAEVELD TOV OVTIKELEVOUL.

» Teyvikég mepLOYNG: Ol TEYVIKEG TTEPLOYNG AVOKTOOV TO Pabog péca omd
VIOOEGELS TOV QPOPOVY GTOV TVUTO TNG EMLPAVELOG.

* Ipoppikég teyvikés: ol ypappukés péBodot vroroyilovv m Adon tov po-
BANLOTOG BACEL LOOTLOTIKDY YOPTOV OVOIKANCTC.

YyedOV 6 OAEG TIC TEPUTTMOGELS VIAPYEL 1 VITOOEOT TG pia TNYN POTOC
oKoAoLOEL Lo GLYKEKPILUEVT TOPELD DOTE VO ONULOVPYEL GUYKEKPILEVOD TOTOL
(PMTOCKIAGELG TAV®D OTNV EMOAVELN £VOG avTiKeWEVoL. 'Eva Bacikd petové-
KTNpo g nebddov givar n advvapio eaywyng PaBovg amd oKlOGUEVEG TTEPLO-
¥€G, KOG avTég SV TPOCPEPOLY AEIOTOMGLUNG EVTIOOTG YPOUATIKE TANPO-
@opia. Ot Zhang et al. (1999) katéAnéav ota £NC CUUTEPATLATO TTOL APOPOVY
0€ OLEC TIG TEYVIKEG ZyNLUA OO POTOCKIOON:

* Ta amoteléopata avaktnong fabovg eival un IKOVOTOMTIKAE GE TEYVINTA
dedopéva.

* To amoteléopata oe TeXVNTa dedopéva Yevikd oe Aeltovpyovv mpoPie-
TTIKE Y10l TO OTOTEAEGLOTOL GE TTPOLYLLOTIKO OEGOUEVOL.

* To amoteléouata givol YEPOTEPA GE TPUYUUTIKEG EIKOVEG AmO OTL G
TEXVNTES.

H pébodog amoterel ko onjpepa avtikeipevo Epguvag. Ta pabnuatikd po-
VIEAO AVAKAQONG QMTOG TOV YPTOLLOTOOVVTOL Elval cLVNO®G AmAOIKE, EVD
véa, mo oOvheTa, EYovV 10N TpoTabel. ovneg pavopevo amotelel 0 cuvova-
OUOG OLOPOPETIKAOV TEXVIKMV, MOTE 1 VPPOIKY TPOGEYYIoN VO EPEL TO, TAEO-
VEKTNUOTO TOV J0POPETIKOV TeYVIK®V. Ot Zhang et al. (1999) mpoteivovy 10
GUVOLAGHO TNG HEBBIOL ZyNLa amd wTooKinoT pe T HEBodo Zynua and ote-
peopmToypdpion. Evag dAlog cuvdvacuog mov tpoteivetal Eival avTog e Tnv
pnéBodo Zynpo amd oKl OV TPOGPEPEL KAADTEPO, ATOTEAECUATO GTO. oTuEeio
TOV OVTIKEWUEVOL TTOV KOADTTOVTOL IO OKLEG.

2.4.8 Zynqpo amé ven

H von anotelel o onuavtikny iy TAnpoeopiog yio va avtidneel kd-
TO10¢ TN HopPoroyia TG emupdvetog evog avtikelévov. H pébodog Zynpa omd
von (Shape from texture) Paciletor otV VTOHEST OTL TPOVTAPYEL YVAOOT| Yo TN
doun Kot T LOPQOAOYiL TNG EMPAVEINKNG VPTG TOV LETPOVLEVOV AVTIKELEVOL
(Y. k@O0 gVKOAN OVaYVOPICIHO ETAVOAOUPOVOLUEVO HOTIRO).
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H apyn Aertovpyiog g pebooov Baciletor omnv avayvdpilon Kol eKpe-
TAALELON TOV TOPAUOPPDCEDY TOV JEXOVTOL LELOVMUIEVO T KEIKOVOSTOLYELN
VENE» (texels), Ta omoia opifoviol mg TEPLOYES TS EMPAVELNS TOV TOPOVCIA-
Couv o aVTOVOLT| SOLUKT ETLPAVELNKT OVTOTNTO IOV EXAVIAAUPAVETOL GE OAN
TNV EMPAVELL, OTMG Y10 TAPASELYO OTNV EXPAVELD Uiag paoviac. Ot pe-
TABOAEC TG VENG TAVD GE PO POTOYPOPiL, HECH TNG EKTIUNONG TOV TP
LOPPDOCEMY TOL OEYOVTAL TO. DOUIKH OVTA OTOLYEI, EXITPENOVLY TNV EKTIUMON
™G Hopeoroyiag TG emipdvelag. O VTOAOYIGUOG TOV TPOTOL KAUTVAMGNG TG
eMPAVELNG o€ 0motodNToTe onueio eivar puotkd peydin tpdxkinon. ['a o Adyo
ovTO 0 VITOAOYIOUOG TG EMPAVELNG AOUPEAVEL VTOYN TOV TPOGUVOUTOMGLO TNG,
UEC® EVOC YGpTN KaBET®V SrovuopdTmv. Av To KabeTo dtavdopata givat opKeTd
TUKVA Kot 1 LETAPOAES TNG EMPAVELNG OUOAES, TOTE O YAPTNG AVTOG UTOPEL VO
ypnoponombei yio tnv 3A avaKOTOUGKELT) TOV OVTIKELLEVOUL.

Ewdwdtepa, yio v epappoyn g pebddov otov moAtiopd, dev vdpyet
KOO0 GLEST) TTPUKTIKT EPUPLOYT, KABDG eivor 1d1aiTepa GTAVIO VO VITAPYOLY
TOALTIGTIKG AVTIKEILEVO TV OTOIV 1) ETPAVELX VOl EIVOL OTOTELEGILOL ETOVAAT-
yme tov 1d10v, avatnpd, potifov. Ipaktikég epapproyég dpmg mov dtopaiveTon
va oyetifovtar pe tn pébodo avtn pmopovv va Ppedodv oty avaKATUGKELN
EMPAVELDV amd VPAoUaTa, avOpmTvo déppa, kok (Forsyth, 2002).

2.49 Xynqpo ané potopeTpia

H péfodog Xynmuo amd eotopetpio (Shape from photometry) Pacileton og
o TopoArayn e pebddov Zynua and potookioor. H dtapopd tovg Ppicke-
TOL 0T0 TANOOC POTOYPAPLDY TOV YPNCUYLOTOLOVVIOL Y0 TNV OVOKATOCKELT
Tov Babovg. Ta dedopéva 1GOS0V TOL YPTCLUOTOIOVVTUL OO TI GUYKEKPIUEVN
LéBodo givar akolovdieg POTOYPAPLOV TOV TAPOLSLALOVY EVO AVTIKEIIEVO A0
ovykekplévn (otabepn) yovia Baorng aArd vd petaPintég cuvbnkes Q-
TIopoV (o myn emtog Tov Kiveital o mpokabopiopuévn mopeia). H pwto-
petpikn péBodog avaktd to fabog péca amd YNneoypuetkes Koves dtafoad-
picemv tov ykpt. ['a va to emtdyet, yproonotel fabpovounuéveg aldd kot
un myég ewtoc. H emioyn vt Baciletar oty moAvarlokoTnTo TOV 0AYopin-
pov vAiomoinong g pedosov. Ot fabuovounuéves cuvinkeg OTIGUOD gival
EPIKTEC Lovo og Tepifdiiov epyaotnpiov. [Tapodia avtd Eyovv N Tpotabdel
naparloyés, otig omoieg  péBodog pmopei vo Agrtovpynoet o€ mepidrdov pe
veviKo d1dyvto potioud (Basri et al., 2007; Besl, 1989; Chen and Klette, 2003;
Hertzmann and Seitz, 2003, 2005).

Ot Hertzmann and Seitz (2005) Tpdtevoy Tn 1p1on YVOOTOV YEOUETPIKOV
OTEPEDV, TAL OTOl0. POTOYPAPIfOVTOL VIO GLYKEKPIUEVES GLUVONKES POTIGHOD
TApAAANAQ e To avTikeipevo Tpog 3A ynoelomoinon. Xe éva and To TEPALOTA
TOVG POTOYPAPLOOY EVOL AVTIKEILEVO pE EVTOVI] TANPOPOPIa VPTG Le VYioL-
YVES YPOUATIKEG LeTAPOALC dlmha o€ dVO cpaipeg (avTikeipeva oonyotl). H pia
ocQaipa SLOOETEL EMPAVELD, OUOANG O1AYVONG TOL POTOG Kol Elval YPMUATOG
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YKPL, VO 1 0€0TEPT ElvaL 0L LOOPT GOPAIpO LLE VYNANG OVOKAAGTIKOTNTAG ETL-
@avelo. I'io TNV ovOKOTAGKELT TOV OVTIKELEVOL YPTNOLULOTOM O KAV dEKATES-
oepig (14) potoypapieg kKdTm amod petaforlidpeveg cuvinkes ewticpov. Kabmng
70 3A yNeuoKd ovIiypaQo €ivol EVILTOGIUKA PENAIGTIKO UTOPAGIGOV VO TO
ovykpivouy pe éva 3A ynoelakd avtiypo@o Tov {0100 aVTIKEIEVOD YNQLOTON-
LEVO amd cvOTNO TPIYOVIGHOD Aélep pikpdv amootdcewy TG Cyberware. Ot
EPELVNTEG AVOPEPOLY TG 1 LEDOSOG TOVG KATAPEPVEL Kol EVTOTILEL GIUELOK
to Baboc pe peyahvtepn axpifeia omd o cvoTnUa TPLYOVIGHOD Aélep. Avtd
umopel va opeihetar, BEPaia, Kot 6T HEYOADTEPTG AVAALGONG POTOYPOUPIKT] UN-
YOVT] OV YPTCLLOTOINGAV, EVD TOLTOYPOVA Y10, VO, YN PLoTo1Nn el TO avTIKEILEVO
(koAoppévo amd AETTO OTPMUA BEPVIKION) LE TO GOOTNUO TPLYOVICUOV AEleEp
YPEWAOTNKE VO KAALEDEL e Eva oTPMOUO AEVKNG GKOVNG.

KaBdgn pnébodoc umopet va epoppootel gite vTd GLVONKEG H1AYVTOL EMTL-
ooV, gite VIO GLVONKES TANPWOC ELEYXOLEVOL PAOTIGLOV Kol OvVAYKNG DVTTapENG
OVTIKEWLEVOV aVOPOPES, Eival oTo Oplo TOV TAONTIKAOV Kot EVEPYNTIKOV Hedo-
d®V Kol UTOPEl, OVGL0GTIKG, VO, KATOTHYEL KOl OTIG 000 KATNYOPiES.

2410 XZynpo and petafariopevn gotioon

[dwitepo evolapépov tpdpnée o péBodog mov pmopel vo avakTioel TNV
TPiTn S1UOTUGT) GUVOAO EIKOVMV YPNOIUOTOIOVTAS To PdBog mediov Tov Q-
ToYpo@Kod cvuotnuatog (Schechner and Kiryati, 2000). H apyn Aettovpyiog
™G ueBddov avtng, n omoia ovopaletol Zynpo amd HeTafoAAOUEVT eo0TiooN
(Shape from focus/defocus), mapovoidletarl ypapikd oty Ewdva 2.46. 'Eva
OVTIKEILEVO UE AYVOOTO YEMUETPIKA YOPOAKTNPLOTIKE TOTOOETEITOL TAV®D GE £Val
EMIMESO [IE YVOOT OTOGTACT] OO TI @MTOYPAPIKY unyovn. H ardctacn avt
dovartor va petoPdireton pe otabepd Ppa. To yauniotepo eninedo opiletan
eminedo avapopds. H dapdpemon tov ontikod cvuetipatog (aedntmpag, eo-
K6¢, koK) opilovv £va vonTto eninedo mov ovoudleTol ENIMEDO E0TIOGNC KOl TToL-
POLGLALETOL [LE TN LOPPT| SaKEKOUUEVNS Ypappn s oty Ewkova 2.46. Kabmg o
onTIKO cVOTNHA £xEl £va cvykekplévo Bdbog mediov (ebpog amootdcewv omd
TO POKO KATO TO 0Toi0 eLPAVIfETOL EGTINOUEVT EIKOVA), GTO EMIMESO E0TIOGNG
eotiafovtal HOvo KAmowo amd T TUAUATO TNG EMPAVELNS TOV OVTIKELEVOU,
ta omoio meplopilovratl pésa oto Pabog mediov mov Eekivd Alyo To TPV Ko
TEAELDMVEL AlYO PETA TNV 0TOGTAGCT EGTINGTG.

KaBdg 1 andotacn dy avipeso oto eninedo €06TiOGNG KoL TO EMIMEIO OVO-
Qopdg ivar Thvta YvooT, OT®g YVOoT gival exiong 1 amdcTOcT €0TIOTG
(eminedo eotioonc) aAAd Kot To BAB0G TESIOV Y10 TO GLYKEKPIUEVO OTTIKO GV-
oTNUa, KOOE EIKOVOGTOLYEIO OV EUPAVILETOL EOTIOCUEVO EIVOL TPOUKTIKA OF
YVOOTN andGTACT] Ao TO POTOYPAPIKO suoTnUa (ds = di — d). MetaKivavtog
10 eninedo eotioong Kot ApPavovias vEa pmTOYpaQia, To EGTIOCUEVO ELKOVO-
ototyela Oa etvan mAéov oe dlheg Béoelg Ko cuvendg fripa - frpa dnpiovpyeitot
YOPTNG LE TIG AMOOTAGELS TOV EIKOVOSTOLYEI®DV, 0 YVOGTAOC YapTng PAbovg.
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L emimedo ailodntripa (CCD) |
I 1

oTrmiké oUoTnua (PaKOG)

£TTITTES0 £0TIAONC

empave

QVTIKEIPEVOU peTaBarAopevng Béang

emiedo
dl

Ad

€TTITESO avaQopag

Ewova 2.46. Apyii Aeitovpyiog g uebodov Zynuo aro petafollouevny eotioon.

Ewova 2.47. owroypagics wikpod fabovg mediov pe petafoilouevn eotiaon yio epapuoyi e puedodov Zyiua.
oo perofaliouevy eatioon.

Ewovo. 2.48. Xdptic fabovs mov mpoxdmrer amd v epapuoyn s uedodov Zynuo omd uetaforliouevn
eatiaon.

H avéivon kot n axpifelo tov teqvikav Zynua ond petaforiopevn eoti-
oo™ Vol TEPLOPLOUEVEG G GVYKPLoN HE TIG LeBOdOVG TprymVIGov. AvtibeTa,
OL®G, OV TEPTAOUPAVOVY SLOSTKOGIEG AVTIOTOIYIONG CTUEI®V TOV TUTIKE EpTE-
pLEYOLY VITOAOYI0TA GPdApaTa. Ta amoteAéopatd g yapoaktnpilovtal, YEVIKA,
a&omota. [poktid, n péBodog Aettovpyel amotelecpatiKd Lovo 6Tav o Ba-
Boc mediov elvar Wiaitepa TEPLOPICUEVO Kol GE TOAD PKPES OTOGTAGELS (Y. 0N
wkpookomia) (Favaro, 2000; Schechner and Kiryati, 2000). Xtnv Ewova 2.47
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Ewéva 2.50. [Topaderyua epapuoyns g pedodov Lynua arxo okid.

TOPOLGLALETAL TAPASELY LA ANYNG POTOYPAPLDV TEPLOPIOUEVOL BaOoVG TEdiov
KoL LETOPOALOUEVTG ATOGTACNG EGTIOGNG Y10 TV EQOPLOYN TNG LeBOSoL. XNV
Ewdva 2.48 mapovcidletor to tehMid omotéAespa g nedddov, wg xaptng Pé-
Bovg, VTd droPopeTiKEC Ymvieg BEaonc.

24.11 Xyqpo oo oK

Katd ) pébodo Zynua and okid (Shape from shadow) to 3A ymoeoo avti-
YPOPO €VOG AVTIKELLEVOL dnovpyeitarl omd TOV EVIOMIGHO THG TANPOPOPIaG
OV QEPEL 1 OLAYLON EAEYXOUEVG OKIAG EMAV® OTIC EMPAVEIEG TOV AVTIKEL-
pévov. H okid mpokdmtel amd avtikeilevo avapopds kot amd Tn petakivion
YNNG EOTOC. Mo 0TAOTOINIEVT HOPPT] CLGTILLOTOG TTOV VAOTOLEL T uébodo
Eynuo and okid mapovoialetar oty Ewova 2.49. Ty ewdva avtn, kabdg n
YN POTOC UETAKIVEITOL, 1] POTOYPOPIKY UNYOVT] KATOYPAPEL TNV EMUPAVELL
TOV OVTIKEWWEVOL LE TN OKLA TNG YVOOTS pafdov va gpeoviletor og GAAES
0éoeig mavo oty emtpdvela. O TopALOPPOGELS THG OKLAG AOY® TOL AVAYAVPOL
TOV OVTIKEWEVOL UTOPOVV VAL 00TYICOVV GTIV VIOAOYIGUO TOL Pabovc.
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aiobnTpPag
agng

KatevBuvon odpwong
EMIPAvEIag

EMIPAVEIN AVTIKEINEVOU

Ewéva 2.51. Apyn Aeirovpyiog 34 wneiomoinong pe cooTHUO UETPHONG COVIETAYUEVOV IE ETOPH.

Boowd mieovéktnpa g pebodov gival 1o xapnid K66Tog Tov €E0TAICHOD
KoL 1 YOUNAT VTOAOYIGTIKY 1oYVG, EVO UTOPEL KAVEIC VO EVTOTMIOTEL GTO Ala-
OIKTVO AOYIOUIKO OVOIKTOU KMOWKO TOL VAOTOLEL TN cvyKekpuévn puébodo. H
Baocikn dvckoAia mov mapovstalel N HEB0dog evtomileTal 6TO oNUEL0 AVTOMO-
NG OVOYVOPIOTG TOV OKLMV HEGH OTNV akoAovBio amd TIg QOTOYpaPies.

>tV Ewova 2.50 topovotdlovtal oTiyLOTUTO KOTA TV EQOPLOYR TG dto-
dkaciog e TN oTadloKy HETAKIVNGT TG OKIAG TAVM GTO LUETPOVUEVO OVTIKEL-
LEVO KATA TN S1001K0G I GUAAOYNC dEGOUEV®VY, KAOMDC KOt TNV TEAIKT AVOKOTO-
okevn oL 3A avtrypdeov (Bouguet and Perona, 1998).

2412 XZvotpoto pETPNONS GUVTIETAYREVOV

[ToAb cuyvd GuVEVTODE EUTOPIKA CUGTHUATO TPLYOVIGUOV AELEP KPDV
OTOGTAGE®V Vo GLVOLALOVTOL [LE UNYOVIKOVG Ppayioveg e peydin eievbepia
KIVGEOV YVOOTA Kol ¢ Xvothuoata Métpnong Xvvietaypévov (Coordinate
Measuring Machines-CMM). "Evag t€10106 Bporyiovag mov dpa DTOGTNPIKTIKA
0€ GUOTNUA TPIYOVIGHOD AELEP, LETOPEPEL, LECH EVOG EGOTEPIKOD KOPTEGLO-
VOU GUGTNLOTOG GUVTETOYUEVAY, TNV TANpoYopia BEoNG TG KEPAANS TOVL GV-
OTNUOTOG TPIYOVICLOV, HCTE Vo UTopel Tehkd va avaktnOei 1 axpipng yew-
petpia evdg petpodpevov avrikeyévon. Ta CMM Agitovpyodv Spmg Kot avtd-
voua oG cvoTipota 3A ynetoroinong (e v enmpdcsdetn ypron aebnnpiov
enans. Tétown cvotuata Bpickovy kupimg e@appoyég otny embBemdpnon un-
YOVIKOV €EPTNUATOV, OOV 1 ETOQPY| LLE TO OVTIKEILEVO dEV Elval amayopeL-
pévn. H epappoyn toug eppavifetal mo ovyvd 6to yodpo g Prounyaviog kot
™G AVTIGTPOPNG UNYOVIKNG, EVA avTiBeTa 1 ¥pNoN TETOIWV GUGTHUAT®V OgV
TPOTEIVETAL GE EQPUPHOYES GTOV TOMTIGUO, OTTOV 1] ETAPN LLE TO AVTIKEILEVO OEV
glvar amodekty. [ tn Agttovpyia T@V GLGTNUATOV CVTOV ETPAAAETOL T) ETOPN
TOL ooONTINPioL EMAPNG LE TNV EMUPAVELN TOV OVTIIKEWEVOL TTOL eEETAlETOL.
Muo péon axpifeto petpnoewv mov propet va emtevydel and ta cuykekpiéva
ocvotiuoto ayyilel v téaén tov 25 pm. [apd opwg v vynin akpifea, n
Stadkacio GLAAOYNG dedopévary glval xpovoPopa. Ze amAd GUGTHHATO, O HEGOG
PLOUOC OTOTHTOONG GUVTETOYUEVOV ayYiLEL LOALG TO £va. oNLEiD OvVAL dEVTEPO-
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Aento (Nashman et al., 1995).

>mv Ewdva 2.51 tapovoidletar 1 apyng AEITOVPYiog TOV GUGTHLOTOC TOV
ypnotponoteiton yio v anotonwon 3A cvvietaypévov. To aiodnmplo ayyi-
Cel Vv eMQAVELD TOV OVTIKEWLEVOD KO LETAKIVEITOL TPOG Lo katevbuvon. Ot
UETAPOAES TNG EMPAVELNG TOV OVTIKEWEVOL avTikaToTTpilovtal Kol ot 0éom
Tov awsOnrnpiov. Ot petaforés avtég oe cuvdvacud e T Yvooth 0éon Tov
alcOntnpiov emaeng pnéow tov Ppayiova petappdlovior og 3A ye®UETPUKEG
GUVTETOYUEVES KOL QpOPOVV eKElva T onpeio, To ool dyyiEe TponyovpréEvmg
10 owoOntipro. H peydin axpifeia mov mapéyer o Ppayiovag yo ) 6€om tov
GTO YDPO EMTPEMOVY TN GLAAOYN UETPNGE®V VYNANG akpifelag Kot avaivong
nov opiletar amd to Pripa Tng petakivnong (Papaioannou, 2001).
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—H extetopévn moiKILopop@io. kot OLapopoToiNan TV
OVTIKEWUEVWY KOIOTE, 0.0DVOTH TNV EQOPLOYH UIAS KOl
Hovo uedodov ymeiomoinons yia kale mepintwon. Qg
EK TOUTOV OTOUTEITOL 1] EMAOYY KOTAAANANG ue@odonv yia
T GUYKEKPLUEVY KOO POPO. TEPITTWON KAl 1 O10.01KATLO.
emloyng mpémel va. lopfaver vmoyn o oepe. amwo
TOPOLETPOVS KAl TEPLOPIGUODG.

Emloyn BéElTiotng nebdoov
YNQLOTOINGNG

3.1 Xkenatiko TG emroyng pebodov

H cbykpion tov dagopetikdv pedddmv 3A ynelomoinong Umopet va emt-
TevyDel oo KO 0TO TNV VIOKEYEVIKT] KOTNYOPLOTTOiNoT| TG TOLOTNTOG TMV
3A yMoeukov avtypdeov mov toapayovtol. H pébodog ynoelomoinong e tpt-
YOVIGUO AELEP IKPDY OTOGTACE®MY OTOPEPEL, LEYPL CNUEPQ, TO aKPIBEcTEPQ
YEOUETPIKA amoteléopata. And v GAAn, n pébodog Zynuo and dopnuévo
QOTIONO 0T0didEL KOAVTEPT 3A OVOKATAGKEDT] TNG YEOUETPIOG Hiog EMPAVELNG
oamd 0,11 N péEB0dog ZynNpo amd GIAOLETO OALL Ol KOADTEPT GO TO GLOTY-
pota Tpryovicpot Aélep. Ta aroteléopata tng peBddov Tynpo amd dounpévo
OOTIGHO eivar avdtepa and avtd g peboddov Zynua and GIAOVETA, 0EOL N
TPDOTY KATOUPEPVEL VO ALVOKTHOEL YEMUETPIO Kol 0o Koiheg empdvetes. [evika,
N néBodoc Zynpo amd dounuévo POTIGUO aAAd kol 11 Aopn amd kivron eivon
TEYVIKEG IOV GLVOVELOVY KATON OO TO GTOLYEID CVTOLATIOUOV TNG HEBOIOV
Zyquo. amd GIAOVETH PE TNV emmPOGOeT duvatdTTa VYNANG akpifelog Kot
avaAlvong YeOUETPIK®V aroTelesdToVv. Eniong, ot pébodot avtég eivar amote-
AEGUATIKOTEPEG OO TO, CLGTHUATO TPLYOVIGHOV Aélep OTaV epapudlovtol og
NUSLOPOVT BVTIKEILEVO KOl OVTIKEILEVO LE VYICLYVES YPOUOTIKEG LETUPBOAEC.
H Zynpo and otepeo@mtoypdeion mpoceépet £va YpNyopo TPOTO aVAKTNGNG
BaBovg amd emToypapicg, kaTd TNV omoid, OU®S, 1| TUKVOTNTA TOV CNUelOY
TOV TEAMKOV 3A avtiypdeov dev givar cGuvnOmg peydn, e amoTELESUO VO UMV
OTOQEPEL TO OMOTEAEGLOL TTOL UTOPEl Kavelg va mapdyel e Eva GUGTNUE TOL
Baciletor otn pnébodo Tynua amd dounpévo eoTiopd 1 otn Aoun amd kivnon.
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H péBodog Aoun amod kivnon kabag kain pébodoc Tpryoviopod Aélep amo-
TEAODV KVPLOL EPYAAELD YO TIC EQPUPUOYEC TEKUNPIOONG TOV KIVNTAOV AVTIKEL-
LEVOV TOV TOMTIGTIKOV amoBépatog. 'Exouv amoderybel anotedespoticég Otov
VILAPYEL TEPLOPIGLEVOG YPOVOG TPOSPacon ¢ oto avTikeipevo (Vozikis et al., 2004).
H pev uébodog Tprymviopov Aélep givar vepynrikn puébodog kot Paciletal og
€101K0 oMo, 1 0e péBodog Aoun and kivnon etvor Tabntikn Kot BacileTon
KUPIOG 0€ EIIKELUEVO AOYIGHIKO KOt AYOTEPO GE VAKOTEXVIKO EEOTAMGUO. XTNV
TPOTN TEPIMTMON, 0 OYKOG TG TANPoYopiag eEaptdrtal amd v avdivon mov
TPOGPEPEL O EOIKEVILEVOG EEOTAMGLOC, VA GTN HeDTEP, O OYKOG TG YEMUETPL-
KNG TANpopopiag mov eEdyetal amd akolovdieg poToypapldy oyetiletal dpeca
LE TNV EMA0YN TOV BEATIOTOV YOVIOV Kol 0T00TACE®V BE0oTS, e Bootkd TAEO-
VEKTNHO TN SLVOTOTNTA OTOKPVYNG LLLOG YOUNANG TOLOTNTOG YEWUETPIKNG TTAN-
poPopiag LLEe VYNANG ToldTNTAG TANPOoPopia VPG BéPata, To Televtaio sivat
£va YOPAKTIPIGTIKO OV TapoLGLalovy Kot dAAEG LéBodot, OTTmg 1 ZyNpa omd
otlovéra.

O Park et al. (2002) c¢ pio perétn npocdiopiopon g eBopdg Aibvav ap-
YOOV VN UEI®V CLYKPIVOLVY TN SLVATOTNTA EQPUPLOYNC TPIYOVIGHOD AE1lep Kot
otepe0oPaTOYpaPlons. Evd 1 otepeopmtoypdeion gival ypryopn Kol €0KOAN
KaTd T S10dIKACIo CLYKEVIPWOONG OEOOUEVMYV, 1| EMEEEPYATIA Y10 TOV VITOAO-
yopd tov Pabovg pe vynAn axpifewa givar ocdvhern Swdikacio. Ztnv npay-
LOTIKOTNTA OLLOC, TO YOPOKTNPLOTIKG TNG EXPAVELNS TV AoV dgv aprvovy
Kot ToAAG Tepmpia emhoyne. H ynolonoinon pe Tpryoviopd Aéilep amartei
TOAD TEPIGGATEPO YPOVO Y10 TN GLAAOYN TOV ESOUEV®V, EVD GE avTifeon, 1
GTEPEOPMTOYPAPION Ot yperdletal pueydlo ypovo enclepyonsiog Kol oTod TV
KOO1GTA 10 «PUAKT e TNV aKOVOVIGTN Kol TPayLd empavela Tov Aibwv (Park
et al., 2002).

O1Bohler et al. (2004) ava@Epovy TOE M GTEPEOPOTOYPAPIOT) O AetTOVPYEL
LE OTOOEKTH OMOTEAEGLOTA GE TEPIMTMGELS AVAYALP®OV Gg Agukd HApUapo,
K0O®DG dgV EMTPETOVY TNV AVAKTNON HEYAAOL OYKOV TANpopopiog Babovg. Ot
0pBOYPAPIKEC PMTOYPUPIES ATTO GTEPEOPMOTOYPAPLOT] LTOPOVY VO, AVOVV YP1|-
OLUEG O€ KATOLES EPUPHOYEG OALG Glyoupa O)L Yo T dMpovpyia 3A ynelokmv
aviypdowv. Emonpaivouv eniong to yeyovog 0tL  ymoetlonoinon pe Tpryovi-
oud Aélep emPadel o ypovoPopa S1adikacio. GLAAOYNG OESOUEVAOV ALY Etval
{om¢ Kot 1 LovadIKn e TOCO TOL0TIKA OTOTEAEGLLOTO GE EMIMEDO YEMUETPIKNG
axpipelag.

21t debvn Ploypapia, amavidvial 01deopes cuVOLACTIKEG LEBOJOL e
610Y0 TN PEATIOTOTOINGT TOV OMOTEAEGLATOV OVAAOYA LE TNV EQapLoYn. Evag
GULVOVAGOG, O 0TTOI0C ATOPEPEL IOLUITEPMG IKOVOTOMTIKG ATOTEAEGUOTA KOAD-
TTOVTOG VYNANG OVAADGTG YEOUETPIO KO YPOUATIKY TApoPopia (VPNG) eivor
N péBodog mov mpoteivouv o1 Esteban and Schmitt (2002). H pébodog cuvdvalet
TOV QUTOUATIGHO TNG LeBGOOV Ty pa ad GIAOVETA KoL TV TotOTNTO 3A Yem]le-
Tplog mov TPOoPEPEL 1| ZyNa and otepeopTOYpapion. H pébodog Eexmpiler
oo TIG VIWOAOITES, KAOMS TPOGPEPEL AMOTELECUATO E GYEOOV OLVTOLLOTOTOLN-
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a. Ixfipa and otlovéta
(Tpywvikn TMAEyHATOOELPA HE Kat Xwpi§ MAnpodopia udrg)

B. Zxﬁuu ané GLAOVETA KOl OXAA ANO OTEPEOCKOTA
(Tpywvikr MAeypaTooelpd pe Kat xwpic mAnpodopia udrg)

Ewova 3.1. Zovovaouog twv uedodwv Zynpo arxo o1lovéta ko ZYRio. omo GTEPEOPWTOYPAPITH.

LEVO TPOTO, Y®PIC TNV avaykn eneepyaciag Tov 3A avitypdeov. O cuvdvaopog
TV 000 HeBOdOV TPUKTIKY OVALPEL TOVG TEPLOPIGHOVG TG HEBOdOL Zynua arnd
GIAOVETA 0T HoVTEAOTIOINGT KOlAWV empavelmv. Towg gival n povadikn pé-
B0dog peta ) pébodo Aoun amd kivinon (SFM-MVS) mov Egywpilet yio v
TOLOTNTA TV ATOTEAECUATOV TNG TAPEXOVTOS TAVTOYPOVA CVTOUUTOTOUUEVT
dwdikacio arotvimmong. Ztnv Ewodva 3.1 tapovstdleTor Topddetypa e cuv-
SVAGTIKNG YPNoNG TV PeBddmV Yo T BEATIOON TOV OMOTEAEGLATOV OTOTV-
nwong. To 3D-SOM egivar éva eumopikd AOYIGUIKO TOV TPOCPEPEL VAOTOINON
NG CLYKEKPIUEVNS GLVIVOAGTIKNG peBddov.

evikdtepa, 6Aeg ot vdpyovoec pEBodol 3A amoTHNWONG VTOKEVTIOL GE
SLpopovg TEPLOPIGHOVES. AKOUA KO LE TN XPNON TOV TAEOV GUYYPOVOV VTTO-
AOYIOTIK®V CUGTNUATOV KOl AOYIGUIKOD, GUYKEKPILEVE Pato eneEepyociog
givat duvaTd va yivouy povo 4tav o 0yKog TAnpopopiag oe Eemepva KATOO GL-
yiekppéva opia. Kabmg akdpa kot ofjpepa ot adydpiBpot dlopkdg avanticco-
vton kot vEol aayopiBpot peavifovral, av 1 avartuén tov eE0TAIGHOD Kol TOV
AOYIGHIKOV GUVEXIGEL GTOVG PLOULOVE TWV TPOTYOVLEV®V YPOVOV, TOTE OPKETA
npoPinuata Ba Exovv Eemepaotel pEsa oTo EMOUEVA YPOVI. ZMLUEPTA, O GLVOVAL-
GHOG TNG YMelomoinong Aélep e poToypappeTpkd dedopéva veng 1 n pébdo-
d0g Aopn amd Kivnon EMTPETOVY TV OTOTVIWOT UEYAA®V KOl TOAOTAOK®V
OVTIKEWEV®V TOV Ol O10GTAGELS TOVG EETEPVOVV KOTE TOAD TOL TEVTE PETPOL LUE
OTOTEAEGLOL VO LTTOPOVV VOl EQAPLOcOODY o€ TANOOC EpYmV YNPLomoinomg mov
TPOEPYOVTOL GO TO YMPO TEKUNPIMGNG TOV TOMTIGTIKOV amobépuatog (Bohler
et al., 2004).

113



KE®AAAIO 3. EINIAOTH BEATIZETHE MEGOAOY YHOIOIIOIHZHX

3.1.1 H roydtnte yneomoinong

H dwdkasio capwong 1 cuAloyng dedopévov pmopet va eivar ToAd ypo-
voPopa, wtaitepa dTay amorteitar 1 dNUovPYio LYNANG TVKVOTNTAS VEQPDY O1)-
peiov (vynAn avaivon). lo wapdderypo, Evag puOpog mepi ta 20.000 - 30.000
oNUELR OVA SEVTEPOAETTO GE GLGTIHLLATA TPLYMVIGHOV Aélep Bempeitat yevikd
emopkng. BéPara, a&iler va onueimbel 6t1 0 puOudg cuAoyrg dedopévmv dg
oVUPaiel TOGO oNUAVTIKA 0G0 B ovopévovtay 6T UEMOoT TOV GLVOALKOD
xpoOvov mov omattel Eva Epyo 3A ynelomoinone. Kdtt tétoto givar wwitepa
EUPAVEG 0OV GTO GLUVOAKS YPOVO OTOTEPATMONG GLuVLTTOAOYiovTal emiong
01 YpOVOL T®V VTOAOIT®V EPYACLOV, OTMG 1) OAANYT YoViog BEaong Tov cLueT-
LLOTOG, 1 EMOVAAN YT TG dadikaciog Pabuovounong, n Evonoinen TUNHATIKOY
oapOoENV, 1 enetepyacio Tov dedoUEVAOV, KOK. (2G €K TOOTOL, 1 AOENCT GTOVG
PLOLLOVG GLALOYNG DESOUEV®V OEV TPOGPEPEL GNLLOVTIKT LEIDGT) TOL GLVOALKOD
xPOVOL TG OANG dladtkaciog 3A yneromoinong.

3.1.2 Owvtgyvikég Babpovopnong

O OVTIKEWEVIKOG TPOGIIOPIGUOG TOV EMOOCEDV EVOC GLGTAHATOC 3A Y-
olomoinong amartei ) Pabpovounct| tov. Idavikd, 1 Pabpovounon npénetl vo
Baociletar o TvmoTONEVEC O1001KOGIES, OL OTOIES, dVGTLYMG, dEV VILAPYOVV
axoun ywo. 6Aa to. cvetipate (Marshall and Gilby, 2001). To mpétvmo ISO
10360-2:1994 meprypdoeet Tig nebdd0vg Yo TV EKTIUNGN TOV EMOOCEDV EVOG
cuoTNUATOG PETpNoNg cvvtetayuévov. Ta mepiocdtepa amd avTd To GLGTY-
LOTO, XPNCHOTO00V KATOL0 aloONTNPLe ETAPNG 6€ GLVIVAGUO LE TN YVAOON
g 0éong og éva avbaipeTo kapteciavd chotnua cuvtetaypévov. H Babpo-
vounon tovg Paciletal 6TV OTOUOVEOGCT] KOl OTOTOTWOT GUYKEKPILEVMV O1)-
peiov mov Ppickoviar oe yvootés Béoeic. Zra cvothipata 3A yneonoinong
omd amdoTUoN, OMMG KOl OTIG PMTOYPUUUETPIKEG HEBOSOVE, dev VITAPYEL Kb
noto. LEB0SOG AmOUOVIOOTG TETOLMV YOPUKTNPICTIKOV CTUEIDV KOl GUVETMS, 1
aveaptn Pobpovounon sivor po dadikacio wov de umopel va viomowmnOet.
Q¢ €K TOVTOV givat adHVOTN 1) EPUPLOYT TOL GLYKEKPLUEVOL TTpoTOIOL ISO Yo
TETOL0V TUTTOV GLGTILLOTOL.

H yeopetpiki ToATAOKOTNTO KOL 1) UN-YPOLUUKT QUG TOV OTTIKMOV O~
cONpi®V TOV ¥PNCIUOTOIOVVTAL GTA GLOTHUATA 3A YNEoToiNoNg AALA Kot
OTIG YNPLUKES QOTOYPAPIKES UNYOvEG EMPAALEL KATO10G LOPENC foblovoumon
P omd omoladnmote peTpnTiKn Sdikacio. Kamoleg amd T1g kKAaowég pe-
06d0vg Pabuovounong oyetilovtal Le YOUPTOYPAPNOELS 1| LETAGYNUOTIGLOVG
TPOOTTIKNG TAV® GE GUYKEKPIUEVO SESOUEVA TTOV EYOVV ATOTLIMGEL TaL 1St
T omTIkd aoOnpta. Ta dedopéva Pabpovounong aroteAovviotl cuvinBmg omd
0o mapopétpov (Yo Tapdaderypa €vag 2A pobnUoTikog TIVaKag LE T LopeT|
€IKOVAG) TOL 1 GLUUETOYN] TOVS GTOV VITOAOYIGHO CUYKEKPLLEVOV LETOUCYTLLO-
TICUOV Toilel KOTOAVTIKO POLO OTNV GQUIPEST] CPUALATOV TOV ELGAYEL 1) YE-

114



KE®AAAIO 3. ENIAOTH BEATIZTHE MEGOAOY YHOIOIIOIHZHX

opetpia Tov gkdotote eoakov. Ta cedAipata avtd amsikovilovtal Kupimg mg
TOPULOPPDCELG TNG YEMUETPLOC OAAG Kot TOV ¥poduaTog (colour aberrations).
Toco 1 moAlvmhokdtnTa 0G0 Kol 1 oMo Tewv aiyopiBumy Babuovounong
e€optdtat og peydro Babpod omd to PeEYAAO 0POC SLUPOPETIKMOV 1O THPLOV
7OV PTOPOLV va ypnoiponomBoiv o€ éva cuatnua 3A yneloroinong. Avo Pa-
o1Kol ToTot Babpovounong sivat ot €€1g:

* Mé£Bodog avtikeyuévov avagopdg (reference artefact)
* Mé£B0odog yempetpiog cuotipatog (system geometry)

H BoBpovounon evog cuotnuatog omoTeAel T PAOT Y10 TNV OVTIKELEVIKN
TPOGEYYIGT] VIOAOYIGLOV TV EMOOGE®V Tov. O1 emddoelc avtég oyetilovion
TOGO LE TO YOPUKTNPIOTIKA TOV 0oHNTAPO OTOTOHTMONG OGO Kot [E TO YOP0L-
KTNPLOTIKE TOV OVTIKEIEV®VY TOV Ynerorotovvtat. [ to Adyo avtd givor omo-
paitnto va Tpocdiopilovtal pe Tn péytotn duvart axpifela ol Tapdyovteg mov
emnpealovv Tig petprocls (avakidoels, amoppoenomn Kot S1dBAaGT ToL PMOTOC,
YEDUETPIKT TOADTAOKOTNTA TNG EMPAVELNG, K.0.). Emmpdcbeta, to Aoyiopikod
7OV GLVOOEVEL TO GVGTNHA 3A YnEroToinog Toilel onUavVTIKO pOAO TNV aKpi-
Bewo tov dedopévav Tov cuAléyovtat. O VTOAOYICUOG TNG TPOYUATIKNG OKPi-
Belag pétpnong evog cuotnuatog 3A yneomoinong mpénel vo vrootpiletal
oo T YOPUKTNPLOTIKA TOV AOYIGUIKOD OV OVOACUPBAVEL VO OVOKTHOEL TV
mAnpopopia BdOovg.

3.1.3 H gmaiBgvon g akpiferlog Tov peTprjcemv

Eivar yeyovog 011 dev vapyel kdmoto podTumo 1 debvag avayvopiopévn
puéBodog yioo v extipnon g akpifelog twv cvotnudtov 3A yneloroinong
(Beraldin et al., 2001). Avtd €yl ®G OmMOTELESUA O YPNOTNG VO avoyKALETOL
va avorToéet dkég Tov pebddovg emarnfevong g axpifelog Twv HeTpRoemV.
Ot Beraldin et al. (2001) mopovciocav po pEBOSO OVTIKEWUEVIKNG UETPNONG
™G aKPIPENG TOV GLOTNUATOV LE TN XPNON POTOYPULUETPIOG KOl YEDOOLTL-
KOV oToOpU®V. Q¢ TEPIMTOGIOAOYIKN HEAETT TNG GUYKEKPIUEVTG EPYACIOG EML-
AéyOnie to dyaipa g Maydainvig tov Ntovatélro. O Iivakoag 3.1 meptiopt-
Baver to Babuod afefardotnTog 6to 3A YyneuaKo ovIiypapo Tov TPOEKVLYE LE T
YPNOT TOL GLGTHLATOG GApwoNG TG etatpeiog Optonet. Ta amoteAéopata TG
enoAnBevong NTay TapOLOL. LLE BV TE TOV VITOAOYICON KAV KAUTA T1) S1APKELN TNG

Badpovounone.
3.1.4 H amdctaocn kot o1 cuvOnKeg

Ormpodiaypagég yo to feAnvekéc tov cvotnrdtov 3A yneloroinong npé-
neLmavTa vo Tifevtot v eE€taot. Ot duvaTég amooTaoelg KaAvyn G oyeTilovton
TAVTO LLE TNV AVOKAOGTIKOTNTO TG EMLPAVELOS TOV 1010V TOL AVTIKELEVOL GALG
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Mivaxag 3.1. Babuog ofeforotnras petpnioewy oro 34 yneioxo avtiypapo e Maydalnviig tov Ntovatédlo.

A&ovac-X Aéovac-Y Atovoc-Z Emeaveia BdBog
oz (um) oy (um) oz (nm) capoong (mm)
(mm?)
Apyci Tpoyspn 35 20 125 310 x 230 140
capoon
Toprpoon 18 11 75 225 x 165 100
UOVVEYELDV
Zapowon vyniig 10 6 21 80 x 58 50
avaivong

Kol 0w GAAOVS PLGIKOVE 1| TEYVNTOVG TAPAYOVTES, OTWG 1 SLDYELD TNG OTUO-
oQUIPOC, 0 TEPIPAAAOV POTICUOS KOl OTOOONTOTE ALY mMTPOGOETN PLGIKN
(my. MMokd ewg) N TexvnT akTvoPoria (my. avamdeevkty akTvoPola omd
GAAEG TNYES PMTOG).

3.1.5 To ontTik0 meoio

Ta otabepd cvotiuata 3A yneromoinong mov de drabétovy pnyoavokivr-
TOVG AEOVEG TEPIGTPOPNIC TPOSPEPOLY Eva TEPLOPICUEVO OMTIKO Ttedio. Tumikd,
UTOPOVV VL GOpOGOVV o TepLoyn e0pous 40° x 40° mov avticTtot el oyeddv o€
0,5 axtivia otepeds yoviag (Lo TApNS ceaipa £yl mepimov 12,6 axtivia ote-
peAC YoOViag). Ao TV GAAN, CLGTALATO AVAPTNUEVE OE KATO10V AZova Kivnomng
UTOPOVV VO GopDOGOLV Ttepimov 4,5 aktivia otepeds YOVing, EVO CLGTALATO, [LE
900 GEoveC (TaVOPUKNG ATOWYNG) HTOPOLY VO GOPMOCOVY TO TAVTA EKTOG 0T
L0 GUYKEKPLUEVT] KOVIKT TEPLoyn Kovtd otig 300° yOpm amd to vadip. Me avtd
TOV TPOMO EMTPENOVY T GAPWOT G £va, ONTIKO edio mov mAnodlel ta 11,7
axtivia otepedg yoviag. Ta peydia ontucd tedia mailovv ToAd onUAVTIKO pOLO
0€ MEPWMTMOOELS YNPLOTOINONG KAEIGTAOV YOPp®V (.Y, £va SOUATIO).

To cueTHHATA YNPLOTOINGNG TPLYOVIGUOD EIGAYOVV £val LEYOADTEPO TTAT-
Bo¢ mpoxincewv, mov oyetiloviot pe TV advuvapia TG TAPOVE ONTIKNAG EMOL-
ONG L€ TO GUVOAO TNG OTOLTOVUEVNG TAT|POPOpPIaG Yl TNV 0pb1 avdkInomn Tov
BaBovg. Ze kdmoleg meputtdoelg TiBeTon edAoya TO EpAOTNUA KATA TOCO €ival
€0KOAN N OKOLO KOl EPIKTN 1) AOKTNoN TANpoopiag fabovg, dTav avth gival
SraBéorun omd pio Kot LOVo GUYKEKPLUEVT OTTTIKT Yovia 0éaong. No onpeimbel
WG EPELVNTEG A0 TO TTaveTIoTO ToV OYd1o 6€ Guvepyacia pe v eTonpeia
Cyberware avénto&ay Aoy1opIKO, TO 0010 XPNCLULOTOLEITAL Y10, T OYEdi0CT) TOV
OTTIKOD [LOVOTATION TTOL TPEMEL VO, aKoAovONoel £va cvatnua 3A ynoelomoin-
OMG Y10 VO KOAVWEL TANPMG TO OVTIKEILEVO KOl VO 0ONYNOEL GE £Vl OAOKANPO-
pévo 3A ymotaxd ovtiypago.
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3.1.6 O ynowKég QOTOYPUPIKEG PNYAVES

Ewdwdtepa yio cvotipoto Aélep, xpoteg OAAL KOl GUYKEKPILEVES EQAP-
HOYEC AmOLTovV TV DIOPEN VYNNG TOOTNTOS POTOYPUPIKAOY YNOLUKDV GL-
omudtev péco oto 1010 T0 choTNU Yneromoinong. H ocvykexpiuévn tpocéy-
yion aLEAVEL GNUAVTIKG TO GUVOAKO KOGTOG TG VAKOTEYVIKNG VItodouns. Ka-
0mg 0 ayopaoTikd Koo Tov 3A CLGTNUATOV YNELOTOINoNG ival GYETIKA
TEPLOPLOUEVO, O1 KATAGKEVUOTEG EUTOPIKDOV GCUOTNUATMV TPOTEIVOLY TNV TOTTO-
0étnom e£MTEPIKNG POTOYPUPIKNG UNYOVIAG TAV®D GTO GOLOTILLO OTOV 0VTO OTO-
TeEAEl TPOATOITOVLEVO Y10 TOV ayopaoth. H tomoBétnon yivetal vroypemtikd
pe ™ xpnon Podpovounuévou PHETATPOTEN OV amOTEAEL Kol TN BAoT oThpLENg

™G PWTOYPAPIKAG UNyavig.

3.1.7 H peta@opa Tov 6VGTHNOTOS YNPLOTOiNGNG

"Eva ebkolo otn petapopd choTn o Yyneloroinong Ba tpénet va ivat pukpd
og Ol00TACELS KOl TAVTOYPOVO HE XapMAO Papog, oArd Kol pKpEG 1 €0KOAN
KaALTTONEVEG EvepPYELOKEG ovayKec. TIoAAEG amd TIC EUTOPIKEG TPOTAGELG TOL
gotidlovv oty 3A amOTVTOGOT TEPITAOK®V Kol gvaicOnTmv avtikeipevov &i-
vol GUVNOWOG GYETIKG OYKMIELG KOt deV LITopovv €VKOAa Vo petapepBovy. Ot
LOKPLVEG ATOCTACELG KOL 1 OVAYKN YLo. LETAQOPA TOV €EOTMGLOV givol KATL
cvvnBiouévo ce Epya ynoromoinong. 'Etot, avipeso 6To o1HovTiKd YopoKTnpt-
OTIKA VOGS GLGTNUATOS 3A YN P1o1oinon g Tov TPOKEITOL VO, LETAPEPETOL GLYVA
umopel kaveic vo cUUTEPIAGPEL Kot TNV ovTOoY1| TOL EEOTAGHOD G HETUPOPES.
Eniong Oa mpénet va Aapfavetor coPapd vmoyn 0 TPOTOVG TOV TPOTEIVEL O
KOTOOKEVAGTHG Yol T HETAPOPE TOL GUGTAWATOC, KAOMDG Kot 1 evogyOuevn
avayKn yio emova-Badpovounon Tov cuoeTHHaTog o€ KiBe petapopd tov. No
onpemdel 6TL 0 XPOVOG LETAPOPAS TV cuoTNUdTOY Ba TPEmEL va VogiTol 6To
YPOVOSLAYPOLLLO EPYACIOV YNOLOTOINGoNG MG XPOVOS TOV TO GUGTN LA OEV Elval
dwbéoo (Bohler et al., 2004).

3.1.8 H tpo@odocia 16YH0g TOV GVOTHNATOG

Ta cvotqpate 3A YNnelomoinong Tov SVVAVTOL VO AELTOVPYOVV UE UTOTO-
pieg eivol caQ®g o EVTPOCAPHOGTO GE GVYKPLOT| LLE QUTE TOV ATOLTOVV TPO-
ofaon g pio povipn ypapun mapoyns NAeKTpikov pevpotos. Eva onpoviiko
TPOPAN L TOL PITopEl VO TPOKVWEL Eivat 01 TBUVAS ATOITOVIEVES KOAMOIDGELS
KO 1] €YKOTACTOOT] TOVG GE XMPOVG TOV aVTO 16mG amotelel TpdPANua, OTWC,
v Topdoetypa, e éva povoeio. Ot opnTég YEVVITPIEG UTOPOVV VO, TaiEOVY
ONUAVTIKO POLO GE AVTEG TIC TEPIMTMOGELS OAAA 0 06pLPog OV TPOKVTTEL KATH
™ Aettovpyia Tovg amoterel GAAN (o TPOKAN O] Yl T XPTOT TOVG GTOVG GL-
YKEKPUEVOLG YDpovG. ['evikd, ot popntég yevvnTpleg yapaktnpilovtal og emt-
npocbetog eEomMoudS Kot GUUPAAOVY aVATOPEVKTA GTHV ADENGT TOV KOGTOVG
AELTOVPYIOG EVOG CLGTNLATOG OE YDPOVS EKTOG EPYACTNPIOV.
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3.2 Kpvmpwo emroyng g PéErTioTnc ne@odov

YrevBopileton 0Tt ¢ Kivntd avtikeipeva opiloviot OAa To OVTIKEILEVO TTOV
01 S10GTACELS TOVG TOIKIAOLY HETAED UEPIKDV EKOTOOTAOV £MG KOl LEPIKAV LLE-
TPOV Kol EIVOL AVTIKEIILEVO TOV LITOPOHV Vo LETAKIVNOOVY Y10 VO YN QLomTotn-
Bo0v o€ éva e101K6 epyactnplo. Kamoia yopoKTnpioTikd mopadelyLoTo ovTIKeL-
LEVOV OV EVIAGCOVTOL GE 0VTH TN YEVIKELUEVT] Katnyopia eivor To e€ng:

* Nouiopata

* Epyoaieio kot dAAa EOAMVO avTikeipeva
» Kepapukd okedmn kabnuepvig xpnong
* Ayyeia

* Koounpata

» [ntd

* Ewdona

* Evdvpaoieg

* 'EmimAa

* AlOKOGUNGELG € ToLYin

* Emypagéc

* EmtopPreg otyreg

» TIpotopég

* Omka

* Movoikd 6pyovo

* AVTIKEIIEVO EKKATGLOGTIKNG TEXVNG

* [Tivakeg (oypapikng

Eivan evpémg amodektd g koapio omd tig vrdpyovoeg peboddovg 3A ymoeto-
moinong dev Umopel VoL KAOADWEL OAEC TIG TOPATAV® TEPIMTMOOCELS. AVTO OPEile-
ToL KUPIOG GTNV TOKIAOLOPOIQ TTOV TOPOVGLALOVY T OVTIKEILEVE QVTAV TOV
katnyopltdv. To TAN00¢ TV S10POPETIKGOV HEBOd®V AMOTUTIMONG OE EUTOPIKA
KOl EDEVVITIKA 1] TEPOAUOTIKA GCLGTHOTO EIVOL OTOTEAEGUO GUVEXOVS EPEVLVOG
Yo TV avokGALYM EKEIVIG TNG YEVIKELLEVIC LEBOOOL OV B0l EMLTPETEL, [LE EAGI-
YIOTEG TPOTOTOGELS, TNV OVTIILETAMIOT OAMV TMV 1O10UTEPOTHTOV TOV TOPOV-
ooV To avVTIKEIIEV. ZNHEPQ ELVOL AOVVATN 1] AVASEIET LG CUYKEKPIUEVG
uebodov mg PEATIOTN. Xe TOAAEG TEPMTMOGELG Ol POAOL TOVG EiVAL GUUTANP®-
LaTiKol, OTWG Yo ToPASELYILO GTY] GUVEPYATIKT EQapUOY TV LeBddwv SFM-
MVS ka1 TOF. Ztn cuvéyeto yivetot puo ouykpion emheypévev nedddov 3A
YNELoToiNeNG VLo TO TPIGLO TOV ATALTCEDV EWOIKMV EQappoydv. Ot pébodot
VTG EMAEYONKAY AOY® TNG VPELG ONUOPIATNG TOVG KoL givat ot €ENG:

* Tpryovioudc Aéep IKPOV Am0oTACEDY
o ZyMUa amd SOUNUEVO QOTIGHO

* YyNpo omod GIAOVETA

* Aopn and kivnon (SFM-MVS)
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* Mé£tpnon GUVIETAYHEVOV LE ETAPN

[ToAég popég o1 puébBodot avtég epapuolovtal kot og peydlo (axivnta) avtl-
keipeva (my. oydApota, oyyeio, ETypapés, Kok.), Tov onoimv o uéyebog pmopel
va Eemepva akOua Kol Ta 5 uétpa. Avtd opeileTon otnv avaykn ynelomoinong
TOV V AOY® OVTIKEWEVOV e VYNAN oKpiPela Kot ovdAve, TNy omoio pTopovv
Vo 0modMGOVY 01 GLYKEKPIUEVEG LEBodOL. O dlaymplopdg mov YiveTal avAIESH
o€ KvnTd Kot akivnta avtikeipevo og Oo mpémel va 0dnyel Tov avayvaotn o€
GUUTEPAGLOTA TTOL KOOIGTOVV TIC dVO KOTNYOPIES AMOAVTMS OMOGUVOESEUEVEG.
"Exovv mapovctootel LEAETEC YNPLOTOINGTG OOV 0 GVVIVAGUOC HeBdS®Y Kot
amd 11 S0 Kartnyopieg 0dNyNoe G€ AvVMTEPT TOLOTNTOG OMOTEAEGHLOTO. AVTi-
oTolYa, dNUocievoElg ot dlebvn emiotnoviky Bipioypagio Tpofaiovy 1diai-
TEPO TOLOTIKA omoteAéopata. Ot vfpducég dradikacieg ynelonoinong yio tnv
amonepdTmon ovvleTmv Epywv oyetifovtal duecso LLE TO TEPIEXOUEVO KoL TO
WOHTEPO. YOPAKTNPLIOTIKG TOV PLGIKOV avtikeipevoy. H avaykn amotimmong
KATOLWV TUMUATOV e VYNAY axpifeto aAAd Kot To avTioTpo@o gival Lo amod-
¢@oaon mov Ba Tpénet va AapPAVETOL 0O TOVG VTELOVVOLG TV AVTIGTOLYWV Ep-
YOV, Aol OUOC TPATH ANEOHOLY LITOYN Kal OGAOL 01 GAANAEVOETOL TTOPAYOVTES
Om®G: (0) 0 aPYIKOG GKOTOG £pyov, (B) Ta Xpovikd TANIcIO AToTEPATOONG Kt
(Y) o amautodpevog ypovog encEepyaciog dedopévav. [paktucd eivar adbhvato
va mpotafodv 6lot ot mBavoi GuVdVAGHOL, EVED KATL TETOO €lval eKTOC TV
opimv Tov TapdVTOg GLYYPAUILOTOC.

Ta €pyo ynElomoinong oV ATOCKOTOVUY G VYNAN YEMUETPIKN aKpifeia
glval Yoot kol ¢ Epya opyelofstnons, apod am®TEPO GKOTO EXOVV TN ON-
povpyio 3A yneok®V avTlypaeoy VYNANG YEOUETPIKNG KOL YPOUATIKNG 0KPi-
Belag, pe otd)0 TV opyelobéton Kot peAlovtikn dtopviaén tovg. Metd amd
TNV vAoTOoiNo” EVOG £pYOV apYELODETNONG, KOO KoL 0V KOTOGTPOQPEL TO ovbe-
VT avtikeipevo, Bo vITapyEL, TOLAGYIGTOV ATOOMKEVHEVO YNOLOKA, EVOL VY-
NG axpifetog 3A ynoearod avtiypa@d Tov. Xe ToAAES amd TIG TEPITTAOCELS AVTEG
N pébodog Tprymviopov pe axtiveg A&lep LIKPOV OTOCTACE®Y, N 10, EOIKA
GYEOCLLEVT ZyN e otd SOUNUEVO POTIGUO, 1] AKOUN L0 TPOCEKTIKA EQOPLLO-
ouévn Aoun ot kivnon Ba propodoav va OsmpnBodv wg ot TAEov evdedetyé-
veg uébodot.

310 avtintodo TV Epyv apyetofétnong Epyovtat ol epuppoyég 34 avaro-
POOTOONG, OTIC OTOIEG EMTPEMETAL VO VILAPYOLVY MKPES (I0mG Un opoTéc) eh-
Aetyeic. Eivor BéBoto mmg ymelomomuéva avTiKeileve, Tov TPpoKOTTOVY 0nd
pebddovg 6mmE N Zynua ard dounuévo eMTIoUd, Aoun and Kivinorn kot Zynuo
OO GIAOVETO, HUTOPOVV TEPA Ao TIC EPAPHOYES 3A avamapdcTacns vo ivat
YPNOLUA Y10 LEAETT) OPOD O1 EPEVVITES LTOPOVV VOL AVTATICOVV TANPOQOPIES 0o
Koo TOAD POGIKE YOPAKTNPLOTIKE TOV PEPOLY TO AVTIKEIUEVA. XE QVTEC TIG
TEPITTOCELS OOV 1) VYNAN YEMUETPIKN akpifela dev ival TO TPOTELOV KPLTT-
p1o TOTE TO PAPOG TNG EMAOYNG TEPTEL GE AL KPLTHPL0L, OTLMG Y10 TOPASELYLLL,
1 POTOPEUAIOTIKY OTEIKOVIOT) GE YOUNANG VTOAOYIOTIKNG 10(V0G GUCTILLOTAL.

119



KE®AAAIO 3. ENIAOIH BEATIXTHX MEOOAOY YH®PIOIIOIHXHY

AZ&ilel 0e va onueiwbei 6T1 pe ™V TPO0do TG TEXVOAOYING, Ol VEEC YM(Lo-
KEG PMTOYPOUPIKEG UNYOVES amOdIO0VY TOAD VYNAEG avaADGELS (TAVOLY Kot
Eemepvouv v 14&N tov 100 MPixel) kot emttpémovy T cuALOYN dedopévav
OV UTOPOVV PTAGOVV 1] Kal Vo EEMEPACOVV OE EIOIKEG TEPIMTMOGELS KOOl KO
TNV QVEADGT] TOV OTOSI0EL EVOG GOPIOTNG TPLY®VIGUOV AELEP OTAV XPTCLOTOL-
NnBovv o neBdSoVG dwG stvar | Aopn amd Kivinon.

Orav gpappolovrar pébodol ynoelonoinong tpryovicpov A&lep 1 Sopunpeé-
VOU QAOTIGLOV givatl oxedov BEPato 6TL Ba ypelacToVV TOAAATAES COPADGELS Yo
™mv TP KeAoyn evog avtikeipevov. H pébodog Zynpa and crhovéta kot 1
Aoun omd Kivnon onpovpyovv amevbeiog 3A LoVTELD TOAVYOVIK®OV TAEYLO-
TOGEPOV YOPIG YEOUETPIKES OGVVEXELEG. LE OVTEG TIG TEPUTMOGELS, GLVIO®G
TO TAPOYOUEVO 3A ymelokd avTiypaeo QEPEL QLTOLNTA KOl TNV TANPOQOpia
veN1c. Tomg gival ot povadikéc néBodot, oTig 0moieg, KATOlEG POPES, I LoV
amottovpevn eneEepyacia v 3A poviédwv meplopiletal oe dradikacieg amio-
moinong (amodekaTIoOD) TOV TOAVYOVIKOV TAEYUATOCEPDV. O11310TNTEG TOV
UeBOd@V OVTOV SIKAIMG TIC KATATAGGOVY GTIV KATNYOPIo TOV TAEOV OUTOW-
TOTOMNUEVDV.

Onwg &xel avapepbel, Ta YOPUKTNPIGTIKA TNG EXPAVELNG TOV AVTIKEILEVOV
OTTOTEAOVV TPOKANGELS Y10 TNV EQOPLOYN OPLOUEVOV HeBOd®V 3A ynolomoin-
ong. [Ipotetvovrtat, BERara, dtbpopec ADCELG, DOTE VoL EEXEPACTOVV PEPTKMG OLV-
TG 01 aoLUPTOHTNTEG. AVGTLYMG OLLMG, 01 AVGELS AVTEG OEV EIVAL TTAVTO EPOAPUO-
owec. To mpoPAnpa etvar 1diaitepa EVTOvVo OTOV TPOKEITOL Y10 EPAPLOYEG GTOV
TOAMTIGHO KOL TNV TEXVT, OTOL 1 0pO1| dlaXEIPLOT) TOL TPMOTOTLTTOL EIVOL VYIGTNG
onuociog. Kamwolotl katackevaotéc cuotnudtov 3A ynelomoinong npoteivovv
TNV KEALYN TOV OVTIKEWEVAOV LE GUYKEKPILEVOD TOTOL oKOVT oL Bl avEnoet
™ cvpPototnTa TG EmEdvelog pe T HEB0SO Tove, KATL TOV OUMG UITOPEL VO
npokorécel uoviun eBopd 6To TPOTOTLTO AOY® TNG AOGVVUUING APAIPEST|G TNG
OKOVNG amd POYUES GTNV ETLPAVELQ.

To B&pa ™G POOPAC TOV OVTIKEIUEVOV TOV TOATIGHOV KOl TNG TEYVTG OTE-
VEVEL OKOLLO TEPICCOTEPO TA TEPLOMPLOL EQAPLLOYNG TV CLGTNIATOV LETPNONG
CUVTETAYHEVOV PECH ETOPNG, KAODG M ETaPN LE TO OvTIKEIpEVO glvar oxedov
nhvto amoyopevtikn. Puoikd 1o B€ua g PBoPAC TOV aVTIKEIHEVOV KATA TN
dudpkeln NG 3A amOTOTMONG OEV OPTVEL EVIEADG OVEYYLYTES KOl TIG TEXVIKEG
nov PBacilovtal onv TpoPoir| KATOG LOPPNG POTAOC, OAAN eKEL 01 CUVETELEG
elvan amodederypéva Aydtepo emPAaPels Kot evOEXOUEVMG UTOPOVV LUE KOTOA-
AnAeg cvvOnkeg va ehattmBolv 1 ev pépet va eEaierpBoiv.

Eivol Aouwdv gpeavég 6Tt kheldi otov Tpocdioptopd g BEATIOTNG Avomg
amotelel To cuvtaiplacuo TG LeBOd0V 0o Be@PNTIKY GKOTLA LE TIG EMOOGELG
NG VAKOTEYVIKNG TNG OAOKANP®ONG Kot T GUUPBATOTNTA TNG LE TO UVTIKEILEVO
KOl TOVG KOVOVEG TPOGEYYIONG TOV, GTO TANIGLO EVOG CUYKEKPIUEVOL (NTODIE-
VOU amoteAéopaTog. Me dAla Adyla, Yoo TNV €TA0YY og pebddov ynelomoi-
nyne, fa mpémet va yivel o GHYKPLoN TV YOPOKTNPICTIKOV TV dtadéciuov
EUTOPIKAV CLOTNUATOV TNE KAOE LeBOOOV Kot VoL avoyvoPloTel TO GUGTN A, [LE

120



KE®AAAIO 3. ENIAOTH BEATIZTHE MEGOAOY YHOIOIIOIHZHX

TN LEYOADTEPT] CLGYETION LLE TO GLYKEKPIUEVO, KABE popd, Epyo ynelomoinong.
®a puropovce vo, Aey0el 0Tt

Pérniorn uéBooog 34 ynpromoinong eivar n ueBodog exeivy mov pumo-
PEL va amodwoel 1o féAtioto (Toduevo amoteleaiia yio. To dedOUEVO
UETPOVUEVO OVTIKELUEVO XWPIG VO OTOTEAEL ATEIAN Y10, THV OKEPOLO-
TNTA TOD.

3.3 Kpumpw emroyng cvetiipnatos 3A yneromoinong

H ninfdpa tov onuepvev cuetnuatev 3A ynelonoinong dueyepaivel Ty
EMAOYN TOL BEATIGTOV GLGTHILATOG Y10 GUYKEKPIUEVO £pYO Ynorooinong. Ommg
N emloyn omolovdnTote cuotiuatos PacileTor o £pevva oyopas Kot EVTo-
TOUO TV O100EGIHLMY EMAOYDOV £T61 GLUPOIVEL Kol TNV TEPITTWOT TV GL-
omudtov 3A ynelonoinonc. ZTig Tapaypdeovg mov akolovBodv yivetol pio
TPOoTAOELD TPOGOIOPIGLOV TOV TEYVIKDV XOPOKTNPLIOTIKDV TOV GE GLVIVAGILO
LLE TOVLC TOPATAV® Pactkobg KOvOVES EMAOYNG LEBOSOV OTOTEAOVV 10, OAOKAN-
POUEVT] TPOGEYYION EMAOYNG.

To 0épo Tov avtopoticopov I[loAAd CLGTHWATO VAOTOLOVV EMKOVMOVIO LE
€va TEPIOTPEPOLEVO TPOTTEQL KOl EMTPETOVV TNV VTOLATT EVOTOINGT] TUNHOTL-
KOV c0pOoemv, apov yvopilovy ™ yovia 0€aong amd dmov TpokvnTel 1| Kabe
TUNUOTIKY 0Gp@OT). TNV TEPITTO®ON QVTH, 1| HETEMELTO, ETEEEPYACTn AMEAED-
Oepdvetor amd S1ad1Kacieg EVOVYPAUUIONC KoL EVOTOINGTG TUNUATIKOV COp®-
cemv. Mg auTd Ta. GUGTHLOTO EVKOAN UTOPEL VO XOPaKTNPIGEL KOVEIG TN d10d1-
Kaoio GLALOYNG OESOUEVMV MG LG TUTOTOINLEVT pOLTIVA. Ll LOVadIKO onUelo
drapopomoinong kabe popd ™ néB0d0 acPaAOVg TOTOBETNONG TOV EKAGTOTE
OVTIKEWWEVOL EMAVD 0T0 TEploTpePdevo Tpanéll. TETowa cvoTipata emiTpé-
ovv pubpove yneromoinong mov ayyilovv TOAAES POPES KAt TO. TEVTE OVTIKEL-
peva g pa epyaoyun pépa. Ta cvotipata, Opms, avtd £xouv cuviRBmg TEPLo-
PLOLOVG MG TTPOG TIG JUOTAGELS TOV AVTIKELEV®V TOV UTOPOVV VO, YN PLOTOL-
noovv. o yevikevpéveg teyvikég Aaoelg, mov dev vrootnpilovv T dlayeipion
TEPLOTPEPOUEVOV TPOUTEQDY divouv TNV EAeVOEPIO GTO YEPLOTI VO ATOPAGICEL
ovToc mota €G0S0 Ba akolovONGEL Yo VoL GLAAEEEL TO GUVOLO TV TUNLOTIKOV
GOPDOGEMV TOV ATOLTOVVTOL Y10, TNV OVOKOTAGKELT] TOL 3A ymeiakob avtrypd-
¢@ov. E1o1, 1) drodikacio 6apwong ¥avel TO yopoKTNPIGUO TNG (VTOUOTOTOULLE-
VNG OAAG SLELPVVETAL CTLLOVTIKA TO TEGIO EPAPLOYNG TOV €V AGY® GCLGTNHLLOTOG,.

H gvkolria yepiopod H gvkolrio xeipiopod onolacdmote cuoKELNG Tailel

ONUAVTIKO pOLO GTNV UTOPIKT emttvyia TnG. [ToAAEC popéc n emAoyn evag ov-
OTNUATOG YN@LoToinong yivetal BACEL TNG PIAKOTNTAG TOVG GUGTHLOTOG TPOG
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to xpno. Kdmolog umopet va diaxpivel edkora Tig O10popEG GTOV TPOTO AEL-
TOVPYLOGC OVAUESH O TAAALOTEPO KOl VEOTEPU GLGTNLATA. TO YEYOVOG OTL [o-
povV va, dtakptBovv drapopég o€ o TOG0 vEa ayopd eivar pio onUovVTIKY év-
dgl&n v N dtopkn Pertiooon TOV GLOTNUATOV AVTOV 6TO dpeco pEAAov. To
eminedo dvokoAiag TG dwudikaciog yneloroinong petaffdAietot avaAoya pe
TO OVTIKEILEVO TTOV AMOTVIIMVETAL To CVLGTNA YNPLoToinong ivol o factKog
KOTaADTNG oV kabopilel Tn Sidpkeln TG YNeLomoinong oAAL Kol TV omol-
Tovpevn avBpmmvn Tpoondbeta. Etvol onpovikd, o yEipLoTig TOL GUCTHUATOG
YNPL0ToiNoTGg Vo LTopEl VoL TO XPTCLOTOGEL EDKOA KO ATPOGKOTTO. Xapa-
KTNPLOTIKO TOPASELY IO €IVOL 1] GOYKPLOT OVAIESH GE GUGTNUATO TPLYOVIGHOD
Aélep mov Pacilovtal og yeipoxiviTous Ppayioves Kot 6€ GALN TOV AVIVELOLV
™ B€om ToVE 6TO YMPO KAvovTag YpNoN padtokvpdtev. Eved ta tpdta anaitoby
KOO KO LDTKEG IKAVOTITEG Y10 TO YELPLGLO TOVG, TA TTLO GVYYPOVA, UE SL0CTA-
oelg Alyo peyohitepeg amd to néyebog tog avOpdmivng moAGUNG EMTPETOVY TN
GVALOYTN OeBOUEVOV LE TPOTO TAPOLOLO LE AVTO TNG XPNONG EVOC TIVELOV.

To wA00g TOV TUNRATIKAOV copdce®v  To TAN60C TV TUNUATIKOV Gap®-
eV 0pileTal amd T0 OTTIKO TTESIO 1] TOV WPEALLO OYKO OViYVELONC EVOC GLGTI-
patog yneloroinone. Oco peyoldtepo gival 10 onTIKO TEGIO TOL GLGTNUATOG
TOGO0 MYOTEPEG TUNHOTIKESG COPDOOELC amortovvTal. To bpog Tov Babovg mediov
0€ GLVOLOCUO LE TO EDPOG TOV OTTIKOV TTESIOV EMTPETOVY TNV ATOOOTIKOTEPN
OTOTOTOON OKOUN Kol SUGKOAW®V CNUEI®V, TO OTOld ATOLTOVY TN UETABOAN
gotioong g aktivag eoTog Aélep Aoym g BEong Tovg, OTMS Kol OA®V TV
ONUELD TOV EMPAVELDY LE VYNAEG YEMUETPIKES LETOPOAEG TOV TPOKOAAOVY 016~
YVON G711 SEGUN POTOG KO OTOUTOVV T LETOPOAN TG 1oYVOG TNG OEGUNG, DOTE
va capwbodv ywpig 86pvPo.

H BaBpovopnen Zvotipata mov amartovv fabpovouncn kabe popd mov pe-
tafdrietar 1 B€om Tovg GTO YDPO dev TpoteivovTal, KaBdG 1 ddpkelo NG
dtadikaciog cuAAoYNG dedouévav avéavetat dpapatikd. H avénon tov ypdvov
vroAoyiletal amd to YvoOpEVO ToL ¥pdvov dtudikaciog Babrovounong ent to
AN00¢ TV dlopopeTiK®Y BEcemv mov o AdPel 0 capmTic. YTTAPYouV GLGTI-
Qoo Tov 0 Ypovog faduovounong pmopel vo, Eemepvael okOpa Kot Tn pio opa.
H dadikacio fabpovounong tewv cuompdtov kabopilel tny mototTo TRV 3A
YNOKOV avTypdov. Zuvidog TpoTIHdVTOL GUGTHLOTA TOV 0Toinv 1 Pab-
povounon viomoteitat pio popd kot epapuoleTol og Eva apKeTE LEYAAO EDPOG
OVTIKEILEV®V e SLOPOPETIKES O106TAGELS. DLGIKA, TPOTEIVOVTOL GUGTALOTO UE
OLTOLLOTOTOMUEVT T dladtKacio fadpovouncng.

To hoywopikd  Ze kGmoleg TEpTTMOGELS Elvar amapaitnTn 1 Tpopnfela Aoyiout-

KoV Yo TNV enegepyacio kat dtoyeipton tov 3A yneuakov ovitypdemy. Avtd
T0 AOYIoUIKO amoteAel emmpdoheto KOGTOG Yia Eva £pyo ynolonoinong. [loArd
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GUGTALATO GLVOOEVOVTAL OO AOYIGHIKO AUPPBOLOL TOLOTNTOG KOl AELTOVPYL-
kot Toc. Eivatl moAd mbavd 10 Aoyiokd Tov cuVOSEDEL £VoL GOGTILLOL VOL T
KOAAOTTEL TIG OVAYKES £VOG £pYOV 6TO GUVOAD TovC. [IpoomdBeieg Exovv yivel omd
TAN00C KATUCKEVACTMY, MOTE VO TAPEYOVY £GT® KATOLOVE OO TOVG TPMTUP-
YKoOg aAyopiBpovg enetepyaciog dedopévav. To ko ypapud meptPaiiov
€VOG AOYIoUIKOD GE GUVOLAGHO UE TN AELTOVPYIKOTNTA TOV, TN oTabepdTNTa
KoL TNV akpifelo ToV amoTELEGUATOV TOV, GLUPBAAOVY GTN HEI®GT TOV XPOVOL
eneEepyociog OAAG KAl GTNV APESOTEPT ONLLOVPYIL TOV TEAK®V OTOTEAECILA-
Tv. Mg tov avtioTotyo Tpomo mov €T lovTol Ta TEXVIKA YOPAKTNPIOTIKG EVOG
GLOTAUATOG Yo Vo eEakp1BaBel av avTd KOADTTOVY TANP®G TIC OVAYKES EVOG
épyov, Oa mpénetl va eEocpolcBel Kol 1 AEITOVPYIKOTNTO TOV GLVOOELTIKOD
AOYIGLIKOV.

To BacikodTEPO KPITHPLOL Y10 TNV ETILOYT EVOC GLOTNOTOC 3A ymelomoin-
611G TPOKVTTOVY O TIG AvAyKeG TOL 1d10v Tov £pyov. Ta PfacikdTepa KpiTplo
EMAOYNC EVOC GLGTAUATOG 3A YNeLomoinong, YwPig vo Lropoby va, YopoKTnpL-
6100V ¢ TO LOVOSIKA, gival ta eENG:

* Ontkd medio ohpmoNg Kol TOYVTNTO ATOTOTWOONG

* Axpifeia amotommong 3A yeopetpiog

* Avdivon amotummong 3A yeopetpiog

* AvvoToTnTo OTOTOTWOONG TANPOPOPING VONE KOl YUPOKTNPIOTIKOV EML-
pavelog

* Akpifela avTIoTOl(I0MG YEMUETPIKNG KOL YPOUATIKNG TATPOPOPIoG

* BoOpog kot tog Tpog To (EPIGTH TOV GUGTHLOTOC

* Awdkaoio fabpovounonc Kot avayKkn ETaVIAYNS g

* Amartovpeveg GuvOnkeg yio TNV 0pb1| AglTovpyio TOL GLGTHUATOG

* Méoog GUVOMKOG ¥POVOG ATOTOTMONG EVOC OVTIKELLEVOD

* Méoog ocuvoAkog ypovoc emelepyaciog tov 3A avtypdpov

* Avaykn eminpocOetov Aoyiopikol eneEepyaciog dedopEVHDV

* ®opnTdHTNTO GLGTNLATOG

* YOAOYIOTIKEG AMALTIOELG Yol T GLAAOYN Ko enesepyacio Tmv dedopé-
vov

* Yrnootmpuldpevor popedtumot apyeiov 3A dedopévmv

* [Ipocomikd mov amatteiton Kotd Tn S1odtKocio amroTOTMmoNg

* ATOITNGELG Y10, T HETOPOPA KO 0AAAYNC BE0TG TV AVTIKEIUEVDV

* EminpocOetog eEomMoplodg mov amatteiton ni 1dmon

* ATOS00N TOV GLOTHLOTOG OVAAOYO LE TO YOPAKTNPLOTIKA TOV OVTIKEL-
HéEvev

* M£00¢ 6LUVOAKOG YPOVOG EYKATAGTOONG KOl TOTOBETNONG

o AVTIHETOMION TOAVAOV TPOKANGE®V EQPAPLOYNG TG dlodikaciag GLALO-
NG dedOUEVAOV

* K6010¢ GUGTAHATOG KO TEPLPEPELOKDY TOV

* Eyyimon opOng Aettovpyicg Tov GLGTHUATOG YNPLOTOINoNg
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Mivaxag 3.2. Kpitiipia emiloyng ueboédov kar ovotiuotog 34 yneiomwoinong.

Kpuripro IMBavég peamoTtikég emAoyég

Taén kéoTovg 10.000 €

20.000 €
50.000 €
100.000 €
200.000 €
500.000 €

DUMKOTINTO TPOG VKA Méppapo

Métairo
Kepapkd
Yoaopo

Ebpog (néyeBoc)

N - Muwkp6 <20 cm
gLTovpyiog

Mecaio 20 cm - 65 cm

Meydaho > 65 cm

@ .
opNToOTNTA Not

Ox

Axpi .
kpipea petpriceoy Xoapnn (Zynpa amd cthovéta)

Meoaia (Zynpo oard Sopunpévo eoTiond, Aoun ard kivnon)

Meydn (Aélep)

Amotimmon v Not

(xpdpatoc) on

AT000TIKOTNTA

L Muwkp (Eva émg 800 avtikeipevo ava npépa)

Meoaia (Tpia émg mévte avtikeipeva ave npépa)
Meyaln (Tlepiocotepa omd EEL avTiKeipeva avd nUEPL)

E&edikevon EAdrior

TPOCOTIKOD Muc)éf] N
Meydain

XuppotétnTa pe

TpoTITTQL g;l

* [poarpetikdg e£0TAGHOGC TOV CLGTNHUOTOG YNPLOTOINONG
* AvvaToTNTEG TOPALETPOTOINGTG TOV GUGTHATOG

O ITivakog 3.2 mopovstdlel Ta KpLTnpo ETAOYNS GLGTHHOTOG 3A Yynoeo-
ToiNoNG, 6TOV 0MOi0 AvaPEPOVTOL Kol TOAVES PEOAICTIKEG ETAOYES Yo KAOE
kputipro. O mivokag avtdg pmopel €OKOAN Vo LETOCYNUATIOTEL 6€ Aot on-
peimv eAEyoL Katd T eAcT) ETAOYNE LEBOIOV KOl GLGTHLOTOG YNPOLOTOINGTG,
M, OGKOUN, G€ £VOV TIVAKO TPOJLOYPOPOV YLo. TV TPOUNOEL0 EVOG GUOTHUATOG
3A ynolomoinong.
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—Ta épya 34 wneiomoinong amotelodviar amo &vo.
OVVOAO COUTANPOUOTIKDYV €PYOTIOV TOV CEKIVA 0m0
10 GpYIKY TOPATHPNON KoL KOTOAYEL 0T ONUIovpYio.
evog ymeraxod ovtiypagpov. To obvolo twv gpyacidv
OVTOV TPETEL VO. EIVOL EK TOV TPOTEPOY YVWOGTO O KAbe
Epyo yneiomoinong oe oyéon e o emAeyuévy peébodo
WHPLOTOINONS KAl VO. VIGPYEL 1] KATAALNAN 0pyavwaon yio.
™ PEATIOTN ATOO00H TOV EYYEIPHILOTOG.

Opydvoon ynelomoinong

4.1 Ewoayoy

To épya YynELOTOINONG OMOLTOVV EKTEVI] KOl TPOCEKTIKY Gyedioon OAmv
TOV EMUEPOVG EVEPYELDV TTOV TEPIAAUPAVOLV Y10 TNV EMITEVEN TOL TEAKOD TOVG
o10)0v. H vhomoinon tov ke épyov Ba mpémer va Paciletar og éva TAGvO OV
KaAOmTEeL pe caprveln Bépata dnwg ivar Ta e&ng:

* O x0p1og 6KOTOG KO 01 GTOYOL TOL £PYOV

* To avapevoueva omoteAécOT

* To xowvd 610 omoio amevHHVOVTUL TO TAPAYWYO TOL £PYOV

* Ta o@éAn amd pio t€To1a SpacTnploOTNTe

* To mpocmmikd mov Ha GUUUETEXEL 0TIV VAOTOINGT

* H aopdleto Kot axopotdTTe TOV TPOTOTHTOV

* H opydvoon Kot 0 ypovikdg TpoypPapIATIOUOS TV EXUEPOVS EPYOUCIDV
* O ydpog vAoToinonG TG GLAAOYNG dedopEVEOV

* Awdikooieg dloyeipiong TV 0eS0UEVOV TOV TPOKVITTOLY

O koKhog Long evdg Epyov 3A ymelonoinong amoteieitan omd dStopopeTiKd
otadw. Avtd givar ta e€ng:
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* [Ipoctoyacio yio ) dtadwacio ynelomoinong

* MéBodot duoyeipiong Téyvepy®v Kot EVTUODV AVTIKEUEVDV

* Ad€1000TNOEIS KO SIKOUMUOTO, TVEVUATIKNG 1O10KTNGI0G

* YVAAOYN TV dedopuéEvmv (LETpToN)

* Anuovpyia petadedopévav (metadata) kot wapadedopévov (paradata)
* Amofnkevon Kot StaOAAEN TOL YNELoKOD TPOTHTLITOV LAKOD

* Anuovpyia mopoy®@ymv

* Anpocigvor VAo kal 613d0cm TG TANPOPOPiag

Katd v mpoaktikn epappoy Tov 6Tadiny auTtdv TopatnpodvTol 6YECELS
Kol €EQPTNOELG OVALESH TOVG, EVD 1 GEPA oL gpavifovrol mapondve o
0o mpémerl vo. BecwpnOel amdAvTn aAld, TovAdyioTov, evdelktikn. TToAAég @o-
PEC, TAPOLOLEC EPYUGIEC ATOTEALOVV TNYT YVMOTG KOl EUTELPIOC KOl OTOTEAOVY
&vay TPOKTIKO 00MY0, KaBMS To AAON Kot 01 adVVOUIEG TOV TAPOVGLAGTNKAY G
TPONYOVLEVEC TPOOSTAOELES EYOVV AVAYVMOPLOTEL KOl £Y0VV OVTILETOMIOTEL.

[dwitepa 610 Ydpo ™G 3A ynelonoinong, n ovapopd ce dAAeS pyacieg
OmoTEAEL L1l AOALTA EVOESELYLLEVT] TPOKTIKTY Kot TOAAG vEa Bpata Kot Ttpo-
KAMGELS avadelkvOoVTaL GuVEX®C. O1 0 TPOCOATES EPYUTIiES AMOTELOVY TTpaLy-
HaTiKO Oncavpd 10edv Yo TOAVEC VAMKOTEXVIKEG Kol SLOOIKOGTIKES TPOGEY-
vicelg. H avalitnon amovinoemv o€ TponNyovLUEVES EPYUCIES AMALTEL OPKETO
xPOVo 0ALE cuVIBmG amoPEpel 0PEAT Kot amodetkvieTal ToADTIUN. Efvatl tAéov
KOWA OTOOEKTO TOC O YPOVOC OV APIEPMVETAL Y10 TN OYESTAOT] KOl OPYAVMOT
evog Epyov ynotomoinong oxetileTor amdiuta Le TV gvyxépela dlayeiplong Kot
EKTEAECNG TOV.

"Eva épyo 3A ynotlonoinong de Ba mpémet va EeKva Tptv Tov KaBopiopod Tomv
TEMK®V OTOY®V Kot TN Lope1| TV Ttopadoténv. [ mapddetypa, Eva £pyo mov
&xel 6TdY0 TNV TPOPOAT APYOLOAOYIKAOV EKOEUATOV Y®PIG va ExeL oo TPty e€a-
GQUAIGEL TNV KATAAANAN 00€1000TNOT Ao TNV apUOdLo EPOPELN OPYOLOTHTOV
T0TE pumopei oA gvkoAa va Ppedel extog mpoypoppaticpod. To 1610 wydet kot
OTNV TEPIMTOON EPAPHOYNG LLOG «acOLUPATNG TPOG TO avTIKEILEVA HEBOIOL
ymoomoinong. Kdri térolo umopel va odnynoet oty avénomn tov ypoévov Gui-
AoyNc ko eneEepyaciog Tmv dedopévev Kat iomg emiong va odnynoet o 3A yn-
QLOKG aVTIYPOPO TOV JEV TANPOVV TIG OPYIKA TPOKAOOPIGUEVEC TPOSLOYPAPES
tov épyov. H texpunpioon tov teMkdv otdyov etvor puo avaykaio dtadikoscio.

Mo v mepinton ¢ EQupUOYNG OTO YMPO TOL TOATICHOV, 1| a&ia TV
TEYVEPYOV €IV OVUTOAIYIGTI AOY® TNG LOVASIKOTNTAG, TNG GTOVIOTNTAG TOVG
OAAG Kot TNG TANPOQOPING TOV HETAPEPOVY. To SOLUKE TOVG DAMKE TIG TEPLC-
o6tEPES POPES givar evbBpavoTa Kot ovTd eMPAAEL TN EVAAEN TOVG GE €101KOVG
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YDPOVE KO GLVONKES, EPOGOV, PLGIKA, TPOKELTAL Y10, OVTIKEILEVO TTOV LITOPOVV
va petakiynBovv. Eivat mold onuavtikd Kot v eKtédeon evog £pyov ynoelo-
moinong va unv mpokAnBei ) wapapkpn eBopd ota téxvepya. Etot, axdun Ko
1 ETLOYT] TOL KOTAAANAOL YDPOL YNPLOTOINGTG EIVAL LLLOL GTLOVTIKT OTOQACT
Y0 TNV OTOAVTT TPOGTUGIO TMV AVTIKEIUEVOV. LE TEPUTTMCELG TOV TO EMITPETEL
0 TPOVTOAOYIOUOG TOL £pYOV Ba TPEMEL VAL OPIOTEL EVOG «YDPOG WNPLOTOINoN G,
GTOV 07010 ATOKAEIOTIKA KOl LLOVO B0l TPy LaTOTO10HVTOL Ol ATOTUTMGELS TOV
OVTIKEWEVOVY. AVTOC 0 ydpog Ba Tpémetl va mAnpoi OAeC Tic Tpodmobéoelg (my.
ewTopos, Beprokpacio, VYPAGia, KTA.) TOL VIOSGEUCVDOVY Ol EYOPOL T EMLUEAT-
TEG N OPYOLOAOYOL (O OLLOVTIKES ATOLTGELS Yo TN OLUGPAALGT) TG OKEPULO-
TNTOG TOV OVIIKEWWEVOV. € KOMOEG TEPMTMCELS OTAYOPEVETOL AKOUT| KO 1|
éxBeon oe NAMoKS eoc. [Ipo@avdc, TPaKTIKEG OTTMG TO KATVIGLLA, TO QAN TO Kol
TO TOTO GTO YMPO YNPOTOINGNG AMAYOPEVETAL. LE MEPUTTMOGELS OOV O TPOD-
TOAOYIGHLOG TOL £PYOL OEV EMTPEMEL TV 0PYAVMGT| EVOG YDPOL YNolomoinong,
to1e B0 TpEmel vo akolovdnBohv dideg dradikacies, ol omoieg Ba meplopilovv
07O EAAYIOTO TIG HETAKIVIAGELG T®V avTikewévey. H pebodoroyia dtocpaiiong
NG OKEPOLOTNTAG TOV AVTIKEIWEV®Y O TpEMeL va, TePIAaUPAveEL Kot EVOAAOL-
KTIKQ GEVApLa, T0. 0moio 0o TEPypAPOLY TPOTOVG AVTIUETDTICTG ATPOCUEVDV
KOTOOTACEWY. 1€ TEPUTTAOCELS TOV 1 TAPOVSO KOTAGTACT] EVOG AVTIIKELLEVOL
APMVEL TOALES TBAVOTNTES Y10 POOPE KATE TN LETAPOPA TOV, TOTE TPOTIUOTEPO
Ba NTav va emdeyOel po péBodog Tov dev amattel TN LETAKIVIION TOV AVTIKEL-
LEV@V.

H bwayeipion kot 1 aoc@aielo TV OVTIKEWEVOY avaTifetol 6 ATopo e
€101KT| EUTELPLOL TOV UITOPOVV VA, avaryvopilovy TIC 101ITEPOTNTEG TOV TOPOV-
crafovv ta avtikeipeva. H avayvdpion Tov emmédou ikavoTitov Kot epmelpio
TOV TPOCOTIKOD TOL B0 EPYUCTEL Y10 TO GUYKEKPIUEVO TEXVIKO £PYO OMOTEAEL
onuavTikd Tapdyovta yio v enttuyic. To avOpomvo dvvapkd Ba mpénet vo
glvar evnUEPOUEVO Y10 TOL GEVAPLA SLOXELPICELS TOV AVTIKEWWEV®V Kol Oa TpEmel
va. akoAovBeitar Eva TPOYpApLO ETUOPPOGCTG TOV AVOPOTIVOL SVVAUKOD Yol
T S10THPNGT LYNAOD ETTEIOV KATAPTIONG.

[pwv v évapén g cvAhoyng dedopévav, dtkol diepguvovv Kabe avtt-
keipevo kot aropocifovv av emttpénetarl va yneomomdel pe ) péodo mov
npoteivetar. Emmpocheta, avapépovv OAES T1g 1d1aitepeg dadikaciss dtoyeipt-
ong mov Ba mpémetl vo akoAovdnBovv. ‘Evag katdloyog [Le To OVTIKEIEVO KOl
T1g peBddovg drayeipiong ocvvidooetal kot akolovbeitat Totd amd v opdda
vAOTTOINGNG TS GLALOYNG dedopévarv. O KatdAoyoc avTdg amOTEAEL LEPOG LOG
ovvle¢ PAONC YVOGEDY TOL APOPOHY TO GLYKEKPIUEVO EPYO YNPLOTOINGoTG
0AAG Ko Tig pebddovg ynelomoinomg mov Ba akoAovdnbovv cto Thaiclo vAio-
moinong tov. H emituyia evdg Epyov 3A ymeromoinong Boaciletal oty npogtot-
LoGio OTOTELEGUATIKNG OVTIHETOTIONG OAWDV TV THAvOV evdeyduevovy. Ommg
K0l OTOL0ONTTOTE GALO TEYVIKO £pYO0, £TGL KOt avTd TG 3A ymoelonoinong Paci-
fovtan o€ P avaivon Kivdhveov. Zntnpoto, 0TS Yo TopadELy Lo TEPLOPIGHOL
OV aOPPEOLY OO BERATA TVELHOTIKNG O10KTNGI0G, TPEMEL VO, KAADTTOVTOL
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amd v avdAvon Kivdhvemv mov cuvNOMG TEPLEYXEL EPOTAILOTO GYETIKA LE TIG
GUVETELES YPTONG TOV DAKOV Y®pic oo aAAG Kot TOLEG EVEPYELEC OOl LITOPOV-
cav vo, akoAovOnBovv yia va BpebBodv ot ducaovyot 1 kdToyot. AAAot mbavol
kivduvor oyetifovrot pe v e£ao@AAon TG ALOEVTIKOTITOC TOV OVTIKELLEVOL.

O katdAANA0g vAKOTEYVIKOG e€omMoUdg Kol TO AoyIopiKo Bo Tpémet va
glvar dtaBéoipla ko ETopa Tpog ypnomn Tpv v Evapén tov Epyov. Tavtdypova,
KATOLEG SOKIUES TOV EEOTAIGHOD Ba TaY GLVETO VA TPy LOTOTTOIN00VY TPV TN
GLALOYN TV TPAYLATIKOV dedopévav. Kavéva avtikeipevo de Ba mpénel va pe-
tapepBel 0T0 YMDPO Yneronoinong mpv omod v e€axpifwon g cupPotoTntog
NG EMAEYHEVIC LeBBdoL Kol TNG AerTovpykOTNTaG TOV e€omAaov. Eivat gu-
PEMG OMOJEKTO MG TO KAADTEPO, ATOTEAEGUATA OTOPEPEL O EVOELEXNG ENEYYOG
NG TOPOLUKPNG AETTOUEPELOG TTOV JENEL TN SLdIKAGIOL GLALOYNG dEdOUEVDV
KaBmG KoL TNV PETEMELTO AALGI00 S1001KUCIDV ETEEEPYOTING TOVG.

H cvuvdvaotikn gpnon nebddmv mov aviKouv 6e SLopOopETIKES OLADES YN~
@lomoinomng gival kabe dAho Tapd amoyopevtikn. ‘Exetl anodeiybel dAAwote mg
Hio 070 TIG TAEOV OTOTEAEGUATIKEG TPOOEYYIOELS Yio cVuVOETA £pyn YnPlomoi-
none. Mia ouyKEVIpmon TV POCSIKOV TPOKANCEDY TOL TAPOLGLALOVTUL OTO
épya 3A ymoeromoinong odnyei oto &Ng TpoPAnpatiKég cuvONKeg:

* un ovppatéc Tpog T PEB0SO YNE1omoinong emPAveLes

* advvapio GVALOYNG dEdOUEVOVY QO [N OpATA OTLELN

* gEaopdiion TV evoicOnTOV avTiKeiplevov

* Ynelomoinon LEYAAWMV AVTIKEIWEV®V [l VYNAN aKpifela
* petafoir g akpifelag capwong oto id1o omtikd TEdio
* OTOAOLPT YEMUETPIKAOV OGVVEXELMV oTa. 3A dedopéva

* dwyxeipion peydlov GyKov dedopUEVOV

4.2 Po1 gpyacrav 3A ynoeromoinong

H ovlioyn 3A dedopévav pe KOTOlo GOUGTNHO YNelonoinong gival povo
N apyn wog wiaitepa ovvhetng dadikosioc. Ta PrAparta wov akoiovBodvral,
OTOGKOTOVV GTNV OTOTELEGLOTIKT YPTOT] TV EG0UEVMV TTOL TAPEXOVV T G-
oTiHoTo ynelormoinone. Xtnv Ewodva 4.1.0 meptypdostatl ypaeikd n pon €p-
YOOL®V amd TN GTIYUN TG GLAAOYNG OESOUEVMV EMG KOL TNG TEAKNG OTTIKNG
avaroapdotaong tov 3A ynoakov avitypdeov. H dadikacio eneEepyaciog tov
dedopévav mepthapfdavel Tévte kopla Prjnota (Bertozzi et al., 2002; Pavlidis
et al., 2004):

* wpo-emetepyacio
* €VOMOINoN TUNLOTIK®Y GOPDCEDY

* LETOTPOTN GE MOAVYMVIKEC TAEYUATOGELPESG
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* petd-emeepyacio

* emekepyacio VENG Kot dnuovpyic EKGOGEDV 3A YNOIKOV OVTLYpaOOY
SLOPOPETIKDOV OVOADCEWDY

Ytv Euwova 4.1. mapovcidloviar ot dtobéoipeg aArd Kot ot emBounTég
dlodkacieg mov eumAéKovTol otV eneEepyocio SEGOUEVOV TOV TPOKVITOVY
oamd v 3A ynolomoinon aviikelpévov. O doaympiopdg mov yivetatl oTig oo~
dwkacieg aAAd Ko 1 TEPLYPOEN TOVG givorl LK vo. un copPodilet pe OAeC T1g
dtabéoueg peboddove ynelomoinonc. £2g ex TovTOL Ta PriHoTa TG dlodikaciog
0o mpémel va ANeOoHV vITOYN ®G £va YEVIKEDUEVO SLAYPOLUO POT|G EPYOCIOV
7ov petafdrietar avdioya pe Tnv vioBetnuévn néBodo 3A amotuTmong. Xvvo-
MK, To fripata pog dtadtkaciog ynetoroinong eivat to &ng:

1. XvAAoyn dedopuévev (YemUETPiog KAl VENG)

2. Ilpo-ene&epyacio dedopévav

3. Ouitpapicpa Tov Bopvpov oto VEPoug onpeiny

4. Opodomoinom kol 0pyavmoT TV dEGOUEVOV

5. EvBuypdpuon Kot evomoinon Tmv TUNHATIKOV GopOeEDY
6. Anpiovpyio TOAYOVIKOV TAEYLOTOGEIPOV

7. Amlomoinon TAEYLATOGEPADV - OLOPOPETIKES OVOAVGELG

8. ATaAOUPN YEOUETPIKAOV OLGVVEYELDV

9. Anpovpyio veng

4.2.1 XvALOYN YEOUETPIKAOV OEO0UEVEOV

To mpwto P otn SLadiIKAGio ATOTVTMGNG Eival | GVALOYT TOV dEOOUE-
VOV pe KAmolo 1 Kamoleg amo Tig pefddovg ymetlonoinone. O tpomoc extédeong
NG GLYKEKPIUEVTG dradikaciag eaptdtal o peydio Pabud amd Tov THmo TG
ueBOd0v OALG KoL TIG TEYVIKEG TPOSAYPAPES (TTY. T DTNTA OTOTOTMANGS, POPN-
TN 1O, KOK). Omotadnmote Kot av givat, Opmg,  LEBodog ynelomoinong wov Ha
epapuocbei, n dtadikocio KaTaAYEL GYEOV TAVTO GE L0 GELPE OO TUNLOTUKEG
capdoelc!. O1moAOmAEG GOPHOGELS 0PEILOVTOL GTO YEYOVOS OTL T TEPIGGOTEPDL
GULOTNLOTO GAPMONG ATOLTOVV THV AIOTOTMOT OEQOUEVOV OO SLUPOPETIKES
yovieg Baong, £T01, MOTE Vo KAADYOLV OAEC TIC EMPAVELEG TOV OVTIKEUEVOD.

TM£608o1 dnag ot Zyfpa omd cthovéta kot Aopn amd kivion e cuykekpuéve Sedopévo e16o8ov
0dNyovV 6g OAOKANPOLEVE 3A YNELUKA aVTiYpoQa YOPIc TNV 0VAYKN TUNUATIKOV COPDOCEMV.
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Ewova. 4.1. Poij epyacicv 34 yneiomoinong: (o) I'eviko didypoyuo diadikaoiadv, (B) ovvortiky moapovaioon
dladikaoiayv exeéepyaoiog dedouévwv 34 ynpiomoinong.

YyvnOiopévn TPaKTIKn oL £XEL TpoavapepDel kot fpiokel EpopLOYT GE KIvNTA
avtikeipeva lvai n ypnon evog mepioTpePoevoL Tpamrellov, To 0noio cuvepyd-
{eton pe T0 AOYIGLUKO KoL TOV EMITPETEL VO, YVOPILEL TIg OEGELG TV TUNUOTIKOY
COPMOOEMY. L€ KATOEG TEPITTAOGELS, TO AOYIGLUKO TOV GUGTILLOTOG EAEYYEL KOl
éva GUVOLO OO POTICTIKA GOMATO TOL GKOTO £YOVV VO SNUIOVPYHGOLV TIG
KaTAAANAEG cVVONKEG POTIGHOD Yo TN BEATIOT AMOTUIWOT TV dEdOUEVDV
EMPOVELNKTG VPTG TOV AVTIKEILEVOL KAO®DS Kot VoL TO amaALldEOVY amd ThavEg
OKIEG.
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Tig meprocoTEPES POPES EVva 3A YNPLOKO OVTIYPAPO TEPIEYEL OTTEG GTIV EML-
QAVELDL TOV AOY® 0dVVAUING AUESTG OTTIKNG ETUPNC TOV OTTIKOV CLGTHILOTOG
LE CLYKEKPLUEVES TTEPLOYES TNG EMUPAVELONS TOV OVTIKEYUEVOL. Xuyva emiong,
TOPOVGLALETAL TO PULVOLEVO TNG SLOLPOPETIKTG TUKVOTNTOC CAPMONG GE d10.PpO-
PETIKEG TEPLOYEG TNG EMPAVELOG TTOV OPEIAETOL GTIV AVAYKT oAAayNG TG B€omg
N T®V pLOUIcE®Y TOV GLGTIHLITOC, MGTE VO AT0didEl KOADTEPQ TPOCHPOLo-
LEVT OTIV TOAVTAOKOTITO, TOV LETPOVLEVOD OVTIKEUEVOV. To aIvOpEVO AVTO
glval o cuvnBIGHEVO GE GaPOTEG LEYEAOL BEANVEKODG TOV YPTCLLOTOIOVVTOL
Wwitepa oTNV ONOTOTOOY PVNpeimV Kot KTnplmv, dAld Kol GTO. GUCTHLOTO
QOTOYPOpUETPiaG. O ovToOpaTOg KaBopIopdg TV BEATIGTOV YoVIDY BEaong Yo
ymoomoinon givor emiong pio tporxinen. H arhovotepn mpocéyyion otny avti-
LETOTIONG VTG TNG TPOKANOTG EIvaL 0 XEPOKIVIITOS EVIOTIGUAOV TV YOVIOV
0¢aong. H ynotomoinon Ba mpémetl va mpaypotonoteiton £Yovtag Tavta vIoym
™V gloyloTonoinon tov TANB0LE TOV GaPAOGE®V OALL Kol TV E0GEAALOT
VrapéEng evog LEYAAOL TOGOGTOV ETIKOAVTTOUEV®V CUEI®V aVEESH GTIC dlai-
(POPETIKES GUPADOELS. ZMLOVTIKT €fvol EToTG KoL T YOViK OVAUESO OTIG LEYOAEG
EMIMEDEG EMPAVEIEG EVOG AVTIKEYUEVOD KOl TOV oucONTNPiov TOV CLGTHKATOG
ymeomoinong.

2TV TEPITTOON EPYUCLDY YNPLOTOINCTG TOMTIOTIKOD amofEépnatog sivat
moAlol 01 AOyOL TOV 081 YOVV GTNV TPAYUATOTOINGT) GLAAOYNG OESOUEVOV [E
™ pé€ylomn dvvorr axpifeto. Ot Adyot Yo TOVG OTOIOVG, GTI] GUYKEKPIUEVT
nepintoon, avalnteiton 1 péyotn axpifela kol avaivor oTig LETPNOELS Eival
moAlol kol oyetilovtat TG0 pe TV povadikdtnTa Kot a&io ToL AVIIKEIEVOL
0G0 KOl LE TNV TEPLOPIoUEVT] GVVHO®E TPOGPacT TOV VILAPYEL GE AVTO. AKOUN
Kol oV 0 0YKOG TV dedopévev mov cuAAéyovtal gival t€tolog mov kabotd
TPOKTIKG adVVATO TO VoL ¥pNGLoTotn0ohv OAa Ta. Se00UEVA LLETPTOEDVY LIE TNV
TPEYOVGO, VITOAOYIGTIKT] OTAOUN TNG EMOYNG, OVTO UTOPEL YPNYOPO VO, OVTILE-
TOTIOTEL e TG dapkeig eEelyelg Tng Tevoroyiag.

4.2.2 Tlpo-emeepyocio YEOUETPIKNG TANPOPOPIaG

H dwdikacio g mpo-enelepyaciog TpoyUaTOTOIEITOl AUECHS PETA TV
OTOTOTIMGT) TOV OESOUEVAOV YEDUETPIOG Kal TEPIAOUPAVEL VO, GOVOAO OO LLE-
PIKOG aoLoYETIOTEG epYacieg (Bertozzi et al., 2002). Eivot o dtodikacio mov
OTOVTATOL GLYVO GE EUTOPIKH GLGTIHOTO MG EVOMUOTMOUEVT LEGO 6T O10dL-
Kaoio SNUovpyiag TOAYOVIKOV TAEYHATOV. O VTOAOYIGUOC TV TIVAK®V Ko
0étov povadiaimv dovucpdtov (normal vectors) givat pio omd avTéG, KaTd TNV
0010 YPNCILOTOLEITAL 1] YEOUETPIKT TANPOPOPIN TNG GAPOCTC Y1 VO OVOLYV®-
PLoTEL N POPE TV S1OVUGUAT®V QVTOV (AVOyvOPLoN TNG LEGH KOl TNG EE® OWNG
KkéBe emeavelng) yio kdbe onpeio. Avt givol TOAD oNUAVTIKY TANpoPopia, 1
omoia pumopet va ypnoiponoindei apydtepa yo Ty opo owTIKY| avoamapdoTaon
TOV OVTIKEWEVOD, TNV EVOTOINGN TUNUATOV 0AAG Kol TNV KATATUNOoT KO avE-
Ao TOV dedOUEVOV.
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Apxwd vidog onpelwv

Nés i 3 i
o o e

Tpwywvi mheyuatooeipd

Ewéva 4.2. Oualoroinon vépovg onucicv.

4.2.3 ®Ourpapispe tTov BopHPov 6To VEPOLS onueiv

Ta dedopéva Tov TpokvdITOLY ad TNV 3A YNEOTMOiINGN TEPIEXOVY, GLUVN-
Bwg, cpdipata egortiog g vmapéng Bopvfov otig petprioelg. O BopvPog -
oavileTot pe TN Hoper| TVYoioG LETATOMIONS ONUEI®V YOP® AT TNV TPOYLOTIKN
EMLPAVELD TOV OVTIKELLEVOV. Mo amAoTk| LEB0SOC OV EMITPETEL TV ATAAOLPN
Tov BopvPfov givar 0 VTOAOYIGUOG TOL PEGOL OpoL Béomg TV onueiov avd-
HEGH GE EMKAAVTTTONEVEC capmaelg (Bernardini and Rushmeier, 2002). AAAn
o teyvikn Paciletar otnv vTOdEYHOTOANYi0 TOV GNUEIDY TOV VEQPOLS TOV
TpaypoTonoteitan BAcel Piag eKTIUNONG TG EMPAVELNG TOV avTikeEvoy. Ot
Alexa et al. (2003); Corréa et al. (2002) epapudlovv tnv teyviKn TG TPOPOANG
elayioTov teTpaydvev (moving least square projection) yio vo. GIATpépovV 1O
0opvpo. Eva TAnfoc alyopiBumv mov Tpoépyovtat omd To ydpo TG WYNOLOKNAG
ene&epyociog ewovag Lropovv va xpnoomotnfovv yio Ty opaAomoinon tov
dedopévav tov vépous. Ot amhol ypappikoi akyopiBuot (my. Gaussian smooth-
ing) €youvv 10 HEWVEKTNHO OTL Ogv Umopovv va dywpilovv to B6pvPo oamd
dedopéva vyming cvyvotnrag. 'Etot kataAyovy v opolomotoby Tig AKPEG Kot
TIg AemTOUEPELES TV avTIKEWEV®Y. [evikoTepa, un-ypoppkoi odyopidpot eivar
KATOAANAOTEPOL Y10 0paipecn Tov BopvPov (Bertozzi et al., 2002; Pavlidis et al.,
2004). Zmv Ewova 4.2 napovcialetar £va mopadeLy Lo, OLOAOTOINONG VEQPOLG
onuelov og Eva avtiypoaeo ayyesiov.
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4.2.4 Opoodomoinomn Kot 0pyavmo 0£d0pévev

H dwayeipion tov peydrov dykov dedopévav mov Tapdyouy ol GopmTES gi-
Vot po oo TIG PacikdTePEG TPOKANGELS TOV AVTIILETMOTILOVY TO VTOAOYIOTIKG
GLGTIHLOTO TO, OTTOL0L YPNGLUOTOIOVVTOL KOTA TN didpketn g eneéepyaciog. O
OYKOG TV S£30UEVOV 001 YEL TO, VTTOAOYIOTIKG GLUGTILLOTA GTO OPLOL AELTOVPYING
TOVG, W1iTEPO OTAV OMOITEITOL OAANAETIOPOOT) UE TO YPNOTN OE TPOYLOATIKO
xpovo. H dradikacio tng opadomoinong tmv dedopuévav amoTelel Lo AVoT 6T
pofinua. Edwég dopéc dedopévmv (okTadikd Kot duadikd dEvipa) opyavm-
VOUV HE TETO10 TPOTO TOL OEGOWEVO, DOTE N TPOSTELNGT TOVG VO YiveTat EEvmva
KO YPNYopa ovAAOYO [LE TNV OTTTIKT YOVio V7o TV omoia epeavileTat To avTi-
Keipevo. O1dopEC AVTEG EMTPETOVY TNV TUNHOTIKT OVAYVOGCT) KOl OTTIKOTOIN o
TOV 0£dOUEVOV KOl TPOGPEPOVY TN JVVOTOTNTO ENEEEPYACIOG GE TPOYLATIKO
xpOVo ywpic TV amaitnon TavTtdpovNg TPOSTELNGTS TOV GUVOAIKOD OYKOL
dedouévay.

4.2.5 EvOQvypappion Kor £vomoinon TRtV

OrTunpotiKég copacelg Tpenet va evfuypappicBovy peta&hd Toug, £T61 doTE
Vo umopel va oynUoTIoTel To TANpeG avTikeipevo (ohokAnpmpévo 3A ynelaxo
avtiypago). H dodwkacio avti umopet va eivat €€’ 0AOKAPOL 0LOTOWOTOTOLN-
pévn, €av gival yvoom 1n 6éon Tov GLGTHLATOS YNPLOTOINoNG G€ KABE TUN-
patiky odpmon. Otav kdatt tétolo dev 16y0el, 1 dodikacio TPEMEL Vo Yivel,
OpPYIKA TOLAAYIoTOV, YEWpOoKivnTa. O ypriog tomobetel pe ™ Pondela €181kKoD
AOYIGUIKOV TIG TUNHOTIKEG GOPAOOELS (VEQT oNUEiDV) o8 KAmoleg apyikég 0é-
GELG, 01 0T01EC PEATIOVOVTOL AVTONATO LUE ETOVOANTTIKT Stadikacio. O xpnotng
cvviBwc opilet kdmolo kKowd (opdAOYR) oNUElD TAV® OTO VEPT] ONLEI®V TOV
TUNHOTIKOV COPMDCEDY GE TEPLOYES TOV TAPOVGLACOVV EMKOADYELS, TO OTOiaL
YPNOLOTOLOVVTAL GT GLUVEXELN (O 0dNYol Yo TNV gvBuypdppion. Qotd6c0, TO
nePLocoTepa cvotnpata Bacilovtal apykd otnv avlpomvn mapéupoor. [a
TO AOYO 0VTO £YovVv avamTuyBel ebypnota SladpacTikd epyalieia Tov virofon-
Oovv e T duvatdTNTO APESC ETAOYNG XOPAKTNPLOTIKOV OLOAOY®V G UEI®DY
OTIG TUNHOTIKEG capdoels. H yeipokivin evBuypdppion amortel apketod ypovo,
io®G ToV TEPLEGHTEPO OO OLOL TA VITOLOITA GTASI enelepyaciog Twv dedopé-
vov. Otav 1o TA00G TOV TUNUATIKOV GopOcE®V ayYilel TIg apKETES OEKAOES
ToTE M EVOVLYPALLION B TPEMEL VAL YiveTal o€ EMimEd0 OpAd®V. Ot OUAdES AVTEG
opifovtar cuvnBwg and o ypnotn. [evikd, n gvbvypApUIoN TUNHOTIKOY Cap®-
GEWMV TPAYHLOTOTOLEITAL EVKOAOTEPN GE KAEIOTA avTiKEILEVA (OTTC éva ayyelo
1N éva ayahpotido) amd 611 o€ avokTd ([ popudpivn aviyAoen S10KOGHNon)
(Cortelazzo and Marton, 1999).

O emavainmtikog adyopifpoc tAnciéatepov onpeiov (Iterative closest point)
€xet yiver amd 6A0VG 0modeKTOG ™G 1| TALOV ypnoun péBodoc ylo evomoinon
TUNUOTIKOV capdcewv. H Tpdtn meptypagn tov aiyopibupov €yve amd toug
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Besl and McKay (1992). O alyopiBpog Aeitovpyel oe dVo dokpitd Prpota:
(o) avayvopion avtictoryov (1 opdloywv) onueiov, (B) ektiunon tov yopt-
KOV LETOCYNUATIGHOD 1OV B0, EAUYIGTOTOMGEL TNV ATOCTAGT avAESH Tovg. H
EKTEAECT] TOV OVO OVTOV PtV eTavolappdvetal péxpt va emtevydel 1o Ko~
A0TEPO dLVATO GuVTaiplacua (UKpOTEPO duvatd cEIAUR). Q6TOG0, PaciKO TOV
HEloVEKTNLO glval 1 aoTdBela Tov Topovcldlel o opoAEg empdveles. AAAeg
pébodot evbuypdppuong Pacifovral o Kdmolo 101KA avTiKeipeva A&y oL (my.
oQaipesg, KOAMvVIpot kat emineda). Ta avtikeipeva eléyyov TomobeTovvTOL YOP®
amd TO AVTIKEILEVO TPOG YNPLOTOINGT) TPV TN GLAAOYT SESOUEVMV Kot YN @Lo-
motovvton pali pe o avtikeipevo. Kabag eival yvaotig yeopetpiog propodv va
VOYVOPLGTOOV QUTOUATE KOl GUVET®OG Vo fondncovv tnv gubuypdppion tov
TUNHoTIKOV copooewv (Sgrenzaroli and Wolfart, 2002). To petovéktnua ot
GUYKEKPLUEVT] TTEPIMTMOT Elval TmG 6€ KAOe capwon Oa mpémel va. eppaviCovrot
Kot (o€ KAmoleg TEPUTAGELS TOVANYLOTOV TPi) amd TO AVTIKEILEVD EAEYYOL.

Metd v guBLYPALLLICT] TOV TUNIATIKOV CUPpDGEDY, GEIPA EYEL 1) CLYYD-
vevon kot gvoroinon tovg. Eival n miéov amoitntikn dwdikacio ce eninedo
VIOAOYIGTIK®V TOPmV. IToALEC PopEG O1 16101 01 KATACKEVAGTEG TPOTEIVOLV TOV
éleyyo TV SPESIU®V VTOAOYIGTIKOY TOP®V, APOV O OYKOG TOV SESOUEVOV
vrepPaivel kaTd woAD T SBESUN VI EVOG HEGOV VTTOAOYIOTIKOD GLGTH-
potog. Katd t Sadikacio gvonoinong agaipovvtal, eniong, ta mieovalovia
ONUElD OTA EMKAAVTTOUEVO TUALLOTA TV capmdoemv. H evomoinomn pmopel va
npoypatonowm el o€ SopopeTika eninedo:

o X emimedo onueiwvY, aUETWS UETA. TV EDBVYpOuLLoN TWV TURUATOV: EEETA-
Cetan eav kdmolo onueio LG capwong REavifeTal Kol € KATOoLo GAAN
chpmon kot dev Aopfavetal TAEoV voy).

o Xt emimedo mEPLOYNS 1 aVTIKEWEVOD: KOOMG To dESOUEVA LOVTEAOTOL0D-
VIO, TO TUAHATO TTOL ovaryvepilovtal ¢ KOvd cuyymvebovTaL.

* Aueon ovoyvopion: n avayvopion Tov onusiov yivetal dueca miveo o
£€va, vEQOog ONUEIV TOV OTOTEAEITAL A0 OAEG TIG TUNLOTIKES CUPDGELC.
H povtedomoinon méve oto 3A vépog onpeimv ival SOGKOAN Kot omortel
peyaAn vroroylotikn woy¥ (Pavlidis et al., 2004).

"Evo mapdderypa s0ypappions Kot EVomoinone TUNUATIKOV GOPOCEDY To-
povcidletor onv Ewova 4.3.

4.2.6 Anpovpyio TAEYNOTOGEPAS

H dwadikacio te dnpovpyiog mAeypatocelpdg amd 1o vEQog onpeiny sivat
1 TAEOV KON S1001KaGio 6ToV Topéd TG 3A ynelomoinong, Kabmg n onuovp-
yio gvog 3A povtédov mov meptypdpeTol and TAEypatocelpd etvor cuviBwg to
Baocwkd {ntovpevo mapdywyo €vog Epyov ynoelomoinong. Ymapyovy didgopot
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Ewoéva 4.3. Evfvypduuion kot evomoinon TURUOTIKOY COpDCEDY.

0Ay6p1OUOl TOAVY®VOTOINGNG OV EYOVV MG KOO GTOYO TN UETATPOTNN EVOG
VEPOUVG OTMUEi®V OE oL GLVEXOUEVT EMLPAVELD ad ToADYwVo. H ToAvywvikn
TAEYLOTOOELPE OTOTEAEL L0, OO TIG TAEOV «OLOGONTIKES) OTTIKOTOINGELG EVOG
3A ynookol aviypdeov, 101aitepa OTOV EPAPHOCTEL TAV® TG 1) TANPOPOpia
VONG. ZNUOVTIKO TAEOVEKTNUA TG XPTONG TAEYLOTOGEIPDOV EIVAL 1] OTJLOVTIKY|
LEl®OT) TOV OYKOL dEGOUEVMVY TTOV OALTEITOL V1oL TV TEPLYPOPT] TNG 3A yempe-
tpiog. H mieypatooeipd emtpénet tn S100pactikn HeEAETN ToL 3A avTikeipevov
v e&aymyn dctdcemv, ophoypapiKdV pmTOoYpaPLOV, KoK. Optopuévol aiyo-
pBpot vroAoyifovv To TAEY A TPOOSEVTIKA, BacILOUEVOL BTNV TANPOPOpPia TOV
TapEYOLV Ta yeIToVIKA onpueia Tov vépovg (Bernardini et al., 1999; Lorensen
and Cline, 1987). AAAot, 710 TOAOTAOKOL, ATOPOGIlovV Kol Yo TNV avdAvon
NG TAEYUATOGELPAG GE KAOE TEPLOYT AVAAOYQ LE TO YOPAUKTNPLOTIKY TV ETL-
QOVEIDV OV ONUOVPYOVV (JEIKTNG TOADTAOKOTNTOC TEPLOYNG, KOAUTLAOTNTO
EMPAVELNG, KO.). ZNUOVTIKY TPOKANGCT kKot €06 amotehel o B6pvfog mov €xet
KATOQEPEL VAL SLOPVYEL AT TO APYIKO PIATPAPIOLLY TOV VEQOLS Kot EMOPA TOAD
£VTOVO OTIG EMPAVELEG PiOG TAEYLATOGELPAG 0ONYDVTOS OE YEMUETPIKEG TOPOL-
LOPODGELS.

4.2.7 Amhlomoinon TAEYNOTOCEIPAS

Onwg €xel MM avagepbet, n peioon g YEOUETPIKNG TANpoPopiog gival
OTOPOITNTN YO TNV OTOTEAECUATIKY OloyEiplon TV 3A Ynookdv oviypa-
OOV 0O GLGTNUATO SLPOPETIKDOVY eMdOcewy. H amhomoinon g yewpetpiog
npoypatonoleital 6€ mEPLOYEG TG EMPAVELNS TOV YNPLOUKOD OVILYPAPOL TOL
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dev apovotdlovv évroves petaforés. 'Evac puBudc dstypoatoinyiog g tééng
tov 0,22 mm yuo (o ETITEdT) EMPAVELN, ATOJEIKVOETUL LAAAOV OVETITUYNG,
aeoV KAT® amd GLYKEKPUEVEG cuvinkec, 1 1010 emedvela Bo pmopodoe vo
TEPLYPOAPEL 0O EAAYIOTEG LOALG KOPVPEC OPICUEVES KOl OPYOVOUEVEC GE TOAD-
yova 610 3A ydpo. Ot c0yypovol akyopiOotl arAomoinong Ye®UETPIOG avayvo-
pilovv avtopaTA TO TUNHATO €VOG 3A YyNnelaKoD avTlypd@ov Tov UTOPOVV Vo,
VTOoTOVV amlomoinon ympig va vrofaductel n motdtnta tovg (Cignoni et al.,
1998; Garland and Heckbert, 1997). E1dikég dopég dedopévmv draympilovv
YEMUETPIOL TOV OVTIYpaPov o€ TpRpata. O doywpiopdg yivetor pe KpLtiplo
TN HoBnUoTiKn Ekepact TG HOPPOAOYIKNG TOATAOKOTNTAG avd meployn. H
opyavmon Tov ded0UEVEV KATA 0VTO TOV TPOTO GLUPAAAEL GTNV EMIAEKTIKN
apaipeon mAnpoeopiag 6e CLIPMVIO LLE TO YOPAKTNPLOTIKA TNG EKAGTOTE TTE-
PLOYNG TNG TAEYLOTOGELPAC.

Xoapaxtnptotikd gival To mopaderypo T opdoag Tov EPYAGTIKE GTNVY YT)-
@lomoinon tov Aafid Tov Miyand Ayyeiov (Digital Michelangelo). H epgv-
vtk opdda avéntuée adyopiBpo mov PocileTol 6TV TEXVIKN TG EWKOVIKNG
LVAUNG KO KOTAPEPVEL VO, EMEEEPYACTEL KOl VO ATAOTOMGEL LOVTEAD LIE EVTV-
TOOLOKA OTOTEAEGUATA. XTT GUYKEKPIUEVT] TEPITTMOOT TO APYIKO YNPLOKO OVTL-
Ypapo Tov Aafid arotelovvtay omd 2 SIGEKATOUUDPL TPIY®VA, TO, OO0 LLELD-
Onrav og poMg 56 ekatoppvpla (~3% g apyKng TOcOHTNTOG). Xe KATOLES
TEPMTMGELS M amAomoinomn propel vo Bewpnbel w¢ pio tpoondOeia cuoppiPo-
OLOV OVAUESO OTNV TOWOTNTA TOL 3A avTlypdpov Kol Tov OYKOv dES0UEVEOV
IOV TO TEPLYPAPEL. Me TV €Qapproyn €vog aAdyopiBuov amiomoinong, n amm-
Agw TAnpoeopiog gival, Tpogavmg, avoardeevktn. O IMivakog 4.1 cvvoyilet
TIG OTAOTOMCELS TOV eMdEYETOL Eval 3A avtiypa@o mov TPoépyeTal amd Luo
apyIKn ToAvywvikn TAeypatocepd 34.970 tprydvmv, v v enidpaor oo~
@opwv PebddwV amlomoinong yeopetpiag. Ot adyopiduol mov cuykpivovtol
glvar awtoi (A) Tov oedaipatog devtépov Pabuod quadric error (Garland and
Heckbert, 1997), (B) tov ctofpicpévov opdiuatog devtépov Babdpov, quadric
error weighted (Garland and Heckbert, 1997), (I') tng amiomoinong tov Melax
(Melax, 1998) kofd¢ kot (A) g eMAVOANTTIKNG aQaipeon TprydVOV PAcel
unove mhevpmv. H mieypartoselpd amhonoteiton e otabepd mocootiaio fripa,
EVO TO OMOTEAECLLOTO TTOV TALPOVGLALOVTOL OVTOTOKPIVOVTOL 6TO TEAKO TAT 100G
TOV TPLYOVOV NG TAEYUOTOGEPAS. Ag onuelwbel éti 1 amhonoinon epapuo-
Cetan og k0be mepinTmon otV 0o apykn TAEYUOTOCELPH. XUPOKTNPIOTIKO
QOVOLEVO €VOL 1] ELOAVICT] OCVVEYEIDV GTIG OMAOTOUMUEVES EKOOCELS TNG YE-
opeTpiog. Avtd yivetor dtaitepa ePPavEg otov aAyopdpo (A) émov to Kevd
epeavifovtol Todkd vapig (tpv amd 6,11 otig ahdeg pebddovg) (Pavlidis et al.,
2004). Zmv Ewova 4.4 mapovcsialoviot YopoKTploTikd TopadEly Lot OTA0-
ToINONG YEWUETPIOG LLE YPTON TOV TECTAPMY AVTMV TPOGEYYIGEMV.

Kémoa Bacikd yapaxtnpiotikd Tov o propodoay va xpnoiLorotnfodv g
Kkprpa 0ELoAOYNoNG £vOG adyopiBuov amhomoinong yempetpiog etvar (Garland
and Heckbert, 1997):
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Mivakag 4.1. Aiapopororioelc TANBOVS KOPLPWOV GE TPIYWVIKEG TAEYUOTOTEIPEG.

IMocootd (A) (B) @ A)
amhomoin- Quadric Quadric Melax’s Shortest
ong Error Error Simplifica- Edge First
(%) Weighted tion
95 1,059 1,040 1,375 1,444
90 2,132 2,116 2,936 3,053
85 3,203 3,267 4,559 4,708
80 4,228 4,632 6,195 6,381
75 5,975 6,205 7,883 8,039
70 7,949 7,959 9,614 9,762
65 9,897 9,782 11,400 11,470
60 11,838 11,582 13,128 13,219
55 13,774 13,429 14,900 14,957
50 15,705 15,310 16,698 16,682
45 17,621 17,198 18,550 18,437
40 19,558 19,116 20,309 20,172
35 21,500 21,111 22,081 21,955
30 23,432 23,120 23,963 23,711
25 25,136 25,100 25,933 25,467
20 27,172 27,209 27,901 27,168
15 29,294 29,292 29,766 28,849
10 31,271 31,217 31,656 30,602
5 33,167 33,132 33,440 34,920
0 34,970 34,970 34,970 34,970

* AmoteleopatikOTnTo: 1) IKOVOTNTO TOV 0AYOPLOLO Vo AmAOTOLEL e Yp1-
Yopoug puOoHE cVVOETEC TAEYLATOGELPES.

* [Towdtta: o1 mpoceyyicelg mov TPOKHLATOLY ad ToV aAYOpIOUo dlat-
POVV TNV LYNAOTEPT] SUVOTN TIOTOTITO TOV AETTOUEPELDY KOL TNG ETPA-
VELOG TOV AEMTOUEPOVG 3A YMPLoKoD avTlypaeov.

* [evikdétnTo: 1) OVOUEVOLEVT] CUUTEPLPOPE TOV aAyopiBLOL Elval 1d1a KAT®
0O OTOEGONTOTE TOUVEG LOPPES EMLPAVELNS.

4.2.8 Am0lorp1] YEOUETPIKOV 0.GVVEYELDOV

2 OUOAEC M EMIMEDEC EMPAVELEG 1) CUUTANPOCT) TOV YEDUETPIKOV OOVLVE-
YELDOV OTN YeE®UETPia pmopel va mpaypatomom el pe andn diadikacio wapepfo-
ANG. Znv Ewkova 4.5 TapovotdleTal Tumiko Tapaosty Lo TAEYULATOCELPAG LLE dVO
onpela e YEMUETPIKEG ACVLVEYELEG TOV TVTTOV TNG OTNG, TOL ERPOVILOVTOL G TTE-
pLoyég pe pavpo ypopa. Ot Wang and Oliveira (2003) meprypdpovy pio Stodtko-
ol Y10 TNV QU TOUATT AVOYVAPLOT] YEOUETPIKAY OCVVEYXEIDY GE TAEYLUOTOGELPEG
Kol TV amaAolpng Toug. Ot omég avayvopilovtol avaidovTog TNV TAEYIOTO-
oEPd 6€ KUKAIKT POPa, EVA, TAVTOYPOVA, TPOYUATOTOIEITOL 0vValTNON Y10 Un
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Ewoéva 4.4. Anoteléoporo diapopetindv adyopiOumy anlomoinons piywvIK®y TAEYUATOCELPOV.
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Ewova 4.5. Avayvaopion aovveyeidv oe mheyuarooeipd.

Kowég TAeVpEG. O adydpBLog dev avVTIAUUPAVETOL TIG TEPLOYES TOV TTAGYOLV
OO VTOSELYHOTOAN Y0 (0patd TOTOOETNUEVES KOPLPES). TE AVTEG TIG TEPUTTD-
GELG amatteital N GVUPOAT TOL PN OTH, O OTOI0C TPEMEL VOL AVOLYVOPIGEL XELPO-
Kivnta ta kevd Tov mpokvmtovy. Ta tpiymve mov epeavifovial ypoUaTIcHEVa
Ue TopToKaAl avolkTo ypoua oty Ewova 4.5 amotelodv to «GupepalOUeEVoy
napeuPoing, mévo ota omoio Baciletor 0 aAydplOUOC Yo Vo GUUTANPDOCEL Ta
KEVA TNG TAEYUATOGEPAG. AV KoL VITAPYOVV OPKETEG KOl SLOPOPETIKES TEYVIKES
OTTOAOLPTG OICLVEXELDV, TO OTOTEAECLATO TOVG, TIG TEPLOCOTEPEG POPEG, OEV
givan To avopevopeva. Agv mohovv OU®S, Vo OTOTELODY CNUOVTIKG epYaAEio
OVTILETOTIONG TOL GUYKEKPLLEVOL TPOPANLOTOC. Mol EVOAAUKTIKN TEXVIKY Y10
TN CUUTANPOOT KEVOV Gg VEPN omnueiov €xel Tpotabei and tovg (Carr et al.,
2001). H teyvikn ypnopomotet approvikég cuvaptnoels, dtoyelpiletal peyaaong
OYKOVG OEJOUEVAOV KOl TOPAYEL EVIVTOGCLOKA OTOTEAEGLOTO, EVED UTOPEL Vol
ypNoponombel Kot ¢ TEYVIKN TUNUOTOTOINONG Kol avOdlopyYAvmoNS VEQDY
onueiov. o Tpaxticég epaproyEg Kot TEPAUATIGUOVS, TO AVOIKTO AOYIGUIKO
Meshlab d100étel apketéc pebOS0VEC OTANOIPNG YEDUETPIKDV AGVVEYELDV.

4.2.9 Anpuovpyio verg

Xe eQOPUOYEG AVTIGTPOPNC UNYOVIKNG, 1 YPOHIATIKY TANPOQOPI T®V OVTL-
KEWEVOV TOV YNPLOTOLoHVTOL OEV EIVOL OTapaitnTn Kot i6mG amoTedel KAmoteg
@opég Theovacpo. Katt téroo BéPora Epyetor oe avtibeomn pe Tic ovaykeg yn-
(QLomoinong o€ AAAES EQOPLOYES, OTMG Y10 TOPASELYLLOL GE OVTEG GTO YDPO TOV
noAticpob. H mAnpogopia vepng pocdidel 6to avtikeipevo axpifeia anotonm-
omng aALA Kot @TopedAopd. Meydio TUpa TG TANPOQOPLOS TOV PEPOLV TO
TéYvepya PpiokeTol omoTuT®UEVO GtV VOET| TovS. [ToAAEC gival o1 TEPITTOGELS,
OTIG omoiec 1 dlakdGUNoN evog ayyeiov eépel (OTIKNG onuaciag TAnpogopio
TEKUNPIOOTG Y10 EVOV aPYOtOAOYO.

H ovvBetikn amddoon g Oyng evog avtikeévou gival €va omd ta. Te-
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Aevtaio otadia g dradikaciog ynoeloroinong. TloAlég epappoouéveg texvi-
KEG TPOPALOVY POTOYPUPIEG TAV® OTN YEMUETPIO TOV OVTIKELUEVOD Y10, VO. OT)-
LLOVPYNGOLV TOLG AEYOLEVOLS XAPTES LETG (texture maps), 0TS YPuPIKd omel-
koviletor otnv Ewova 4.6.

AL0QOPETIKES EIKOVEG GLYXMVEDLOVTOL Y10, T1) ONUIOVPYie TOV TEAKOV YApTN
vons. H ouyydvevon avtn TpayLoTonoleital e Tn Xp1on TEXVIKOV avAUEENS
TOV YPOUATOV 6T0 OPlo TOV EKOVAOV Y10 TNV OTOAOLPT] YPOUATIKOV 0CLVE-
yewwV. Extdc amd 10 peyaho TAEOVEKTNLA TG PEUAMOTIKNG OTOS00MG TOL OVTL-
KEWEVOL, 1] CLYKEKPIUEVT LEBOSOC TOPOLGLALEL KATOL PLEIOVEKTHLLOTA, KAODS
1N TANPOPOPIa VPG TOV OVTIKEUEVOL EUPAVILETAL KATO OO CUYKEKPILEVEG
ouvinkeg POTIGHOV, 01 ooieg dev eival GALEG amd QLTEG KATO TIG OOIEG TO
avTikeipevo ymoetomomonke. I'’ avtdv axpifdg To Adyo, EYOVV TPAYLUTOTOL-
N0l peréteg yio TNV TOPAY®YN XOPTOV VONG 0veCAPTNTOG GUVONKAOV E®TL-
ouov (Dana and Nayar, 1999; Malzbender et al., 2001; Sgrenzaroli and Wolfart,
2002).

Téhog, Ba pémer va avaeepbei 6TL TO TPOPANUL TOV OTOV 1} YEVIKG TMV
OCVVEYELDV VILAPYEL KO GTNV TEPITTMON TG VENG Kol amateiTon péBodog ava-
KOTOOKEVTG TNG TANPOQOPiag VONG 6Ta TPOoPANHoTIKG avtd onpeio. H tpocéy-
V1O T®V LETOKIVOVLEVOV EAUYIOTOV TETPAY®VOV moving least squares pmopet
VO EPAPUOCTEL Y10 TNV OVOKOTOGKEDT] TEYVITOV KOl OUAAG HETUPUAAOUEVOV
YPOUATOV. AVTO EMTVYYAVETOL LE TNV OVTIKATAGTOOT TNG YPOUATIKNAG TIUAG
€VOG E1KOVOGTOLYEIOL OVAAOYQ [LE TIG TILEG TTOV €)EL 1) YEOUETPia oTOV GEova Z
GTO CLYKEKPLUEVO OMUEID GE GUVOVAGHO LE T YPOUOTIKT TANPOPOPia amd T
yertovikd tov onpeio (Pavlidis et al., 2004).
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—With software there are only two possibilities: either
the users control the programme or the programme
controls the users. If the programme controls the users,
and the developer controls the programme, then the
programme is an instrument of unjust power.

Richard M. Stallman

Aoylouko

5.1 Ewoayoy

Ka0e chompo yneloroinong cuvodedetal omd AOYIGUIKO, TO 0T0i0, EKTOG
omd TN Ol ElploT TOV GUOTNUATOC EMTPENEL TNV ATOTEAECUATIKT ENeEepyOcio
Kot €0 Y@YN SLPOPETIKAV 3A YNPLIKOV avTlypdp®Vv Kot Tapaydyoy. To do-
Yiolukd mov akoAovbel Ta cuoTiuata yneonoinong Paciletar cuvnBwe ot
YVOOTN OPYLTEKTOVIKT] OAOKANpmoN g aveEaptntov povadmv (modules). Kdabe
povada avaroppdavet vo fondnoet To ¥EPIGTH TOV GLGTHLOTOS GTHV ATOTEPU-
TOON o cvykeKpLUéVNg dladikocioc. H Asttovpykdtnto Kot ot SuvatodTNTEG
TOV AOYIGUIKOD EXNPEALOVY TNV TOLOTNTA TOL TEAMKOD 3A YNELoKoD avTlypaeov
N TOPAYDYOV KOl TOL GUVOAKOD ¥POVOL TTOV AMULTEITOL Y10 TNV enedepyacia
TV dedopévav Tov. Onwg Tpoavapépbnke Kol 6g TPONYOLUEVO KEQOANiO, Hia
TUTTIKY Stdtkacio 3A ATOTOTMONG OMOTEAEITOL OO SLOPOPETIKA PIUATO TOV
0KOAOVHOVVTOL [LE 10 GUYKEKPLUEVT] GEPA AVAAOYA [E TN LEBOSO KOt TO OvTL-
keipevo. ‘Exyovtag cav kpttiplo ovtd to Prjpate pmwopodie va Tpocsdlopicovpe
KAmoleg PacKES LOVAdEG AOoYIoUIKOD Yia TIG €ENG epyasies:

* 'Eleyyog TOV GLGTALATOC YN PLOTTOinoNg.

» Enetepyacio kot fertioTonoinon tov vépoug onueimv.

* 'Eleyyoc kot chykpion e moldtnrag TV OmoTEAECUATMV.
* Anpovpyia TOAVY®OVIKGOV TAEYLUATOGEPOV.

* Enelepyacio kot yoptoypldenon e veng otV ENPAVELD. TOV LOVTEAOV
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(texture mapping) pe SLVUTOTNTEG TPOGOLOIMONG GOVOETMOV ETLPAVELD-
KOV YOPOKTNPLOTIK®V (YOOAASM, TPOYVLTNTA, KOK.).

* Awyeipion Tov TEMKOV 6e50UEVOY Kot LETAOESOUEVOV KOl OPYAV®ON
g TANpoPopiag.

Y& KOTOLEC TEPUTTACELS, EVAD Ol EMOOGELS EVOG GUGTNUATOG EIval EVTLTT®-
GLOKEC, TO AOYIGLUKO TTOV TO GLVOOEVEL EIVUL KATMTEPO TOV ATOITICEDV 1) TOAD
dvoypnoto (Boehler et al., 2002). To yeyovog awtd opeileTor Kupimwg 6To 0T
KAmoleg omd TIG LOVASEG AOYIGUIKOD OTTOLTOVV YVMGELS TPOYPUULOTIGLOD KoL
eumepia. Eival odvnbeg ovopevol to 0Tt o1 Tanpeieg KOTUOKELNG GUGTHILO-
TOV Ynoeomoinong 6ivouv peydAn EUeacn 6To GLGIKO GLGTNLA KoLl TOAD Aryo-
TEPT GTO AOYIGLIKD, GLVAOWC Y10 AOYOLG KOGTOVG. ATO TNV ALY, YVOGTA EUTO-
PG ToKETO AOYIoUKOO oyedioong pe vmoroyiot) (Computer Aided Design
(CAD)) ko 3A povtehomnoinong dev givar QTioypEVA Yo Vo, LTopodV va. yeipt-
GTOVV TO HeYdAo dyko TAnpogopiag mov amodidovv ot capwtés. ' Etol, ave&dptn-
TOl KOTOOKEVOOTEG AOYIGUIKOD EYouV 10N EMEVOVGEL OTNV ovAmTLEN e€E1d1KEL-
HEVOL AoYIGLUKOD emeEepyaciag SEGOUEVOV TOV TPOEPYOVTOL OTOKAEICTIKE OTTO
ocvotuato 3A sdpwong. Kabog, udiiota, to evéiagépov yia v 3A ymetlonoi-
NGoN GLVEYDG AVEAVETAL OIVETOL GTOVS KOTAGKELAGTES £va YPOVIKO TEPODPLo
VoL GUVEYIGOLV VO, AVOTTOCCOVV TIC EPOUPOYEG TOVG TUPAAANAL Le TNV eEEMEN
TOV GLOTNUATOV, TPUYUATOTOLDVTAS ETCL, EUUECH, U0 LOKPOTPODEGUN ETEV-
dvon. Znpepa, ot avaykeg evog yxpnot mov embouel ypiyopn kot a&dmiom
enekepyocio 3A dedopéEv@V dev KOADTTOVTOL amtd £V KOl LOVAOIKO TOKETO AO-
YIGLUKOV. X KATOEG LAMOTA TOAD EOIKEG TEPITTMOGELS O XPNOTNG avaykaleTon
VO KATOGKEVAGEL TaL O1KE TOV EpYOAEin AOYIGHIKOD Y10, VO KAADWEL KATO1ES TTOAD
ovykekpuéveg avaykec. BAEmovtag tv Tpo0odo OV GNUEIMVETUL GTNV 0yopd
3A cuoTnUIT®V Ynelomoinong ta TeEAevTain XpoOvie UTOopPEl KATOL0g Vo EATi-
Cel mwg cvvtopa 1 cuykekpuévn texvoroyia Bo vrootnpileTon and AOYIGHIKS
VYNANG TOOTNTOG,

5.2  AgrtovpyikoTnTa TOV AOYIGUIKOV

21N evotnTa VTN YIVETOL 0VO(QOPA GTN AEITOVPYIKOTNTO KOl GE KATOLoL Yo
POKTNPLOTIKE TOV AOYIGHIKOD T®V cuoTNHATEOV 3A ynoeloroinong tov tailovv
ONUAVTIKO pOAO GTN ¥PNON TOL GLOTNUATOC KATA TN SIAPKELN TNG CLALOYNG
dedoUévev aAAG Kol GTNV EMEEEPYATTO TOV TPOTOYEVAV YNOLOKDOV SEO0UEVAV.
H avoaeopd avti oyetiletot pe to Pacikd €i01 ALOYIGUIK®Y TOV 0pOPOvY GTNV
3A ynoomoinon, copmepAauPAvovTog To AOYIGUIKA EAEYYOV TMV GUOTNUATOV
Kol To, AOYIoLUKG enegepyaciog dedouEvay.

[MoAAég etvar o1 POPEG KATA TIC OTOIESG 1] TOAVTAOKOTNTO EVOG GUGTILLOTOG
3A ynmoeromoinong avtikatonTpiletal Kot 6T0 AOYIGHIKO OV TO GUVOJEVEL KOl
eotlalel oToV £AEYY0 TOV CLOTHROTOG odpmonc. H PBacikn AgrtovpykdtTnTa oL
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TPOGOEPOLY TO. AOYIOUIKA avTd oyeTiCeTOl e TOV TAPT EAEYYO TOV GLGTHLLO-
TOG KOTA TN SLAPKELD, TG SL0dIKAGING GLAAOYNG OEOOUEV@V.

M Baocikn Aettovpywdtnto eAEyyov oyxeTileTonl e Tn duVaTOTNTO EMO-
nTElOG TNG GLAAOYNC OEOOUEV®V GE TPAYLLATIKO ¥pdvo. 'Exovtog emonteio Twv
OEJOUEVAOV IOV TPOKLATOVV, O YEIPIOTNG Uropel va mpofei oe pubuicelg Kot
S10pOHDGELG OTIC TAPAUETPOVE TOV GUOTHUATOS OV enNPedlovy TN dladikocio
arotunwong. Ot pubuicelg avtég umopel va eivan n akpifelo amotdnwong, N
évtoomn ¢ oktivag Aélep (oe cvotipata A&lep), N N VOO POTEWVOTNTOG
ToL LoTifov (o€ CLGTAATO SOUNUEVOL POTIGHOV). Ot féATIoTES pLBUicELS OYE-
tiCovtal e TNV TOWOTNTA TNG TANPOPOPING TOV TOPEYEL TO AOYIGHIKO TOV GL-
OTNUATOG TTPOG TO YEPLOTH TOV. ATO TNV GAAN, KATOLL GUGTHLLOTO ENLTPETOVY
™ pOBON TOV ONTIKOV TOVG oeONTNPpieV He amoTéAsopa TV dueon Pek-
TIOOoN TOOTNTOC TOV dEOUEVMVY. XE YEPOKivNTA cuoThata Tov Pacilovton
o€ Kamoto Ppayiova pmopet va moapéyetor  duvoTdTnTa TPOPOATS TOL VEQOLG
onueiov kadmg avtd dnpovpyeital og TPAYHOTIKO Ypdvo. O YEIPLOTHG TOL GL-
OTHLOTOG UITOPEl VO TEPIOTPEYEL TO VEPOG Kol YEVIKA VO TO PEPEL GE €Ketvn
TNV ONTIKN YOVIA TTov g&umnpetel v kaAvtepn enonteia. To onpeio Tov avti-
KEWEVOL TAV®O GTO OO0 AVOKAATOL 1] OEGUN POTOG ELPAVIETAL KATOLES (PO-
PEC LE JLOPOPETIKO YPMUO HEGH GTO VEPOG ONUEIY. AVTO emiong amoTeAEl
amapoitnTn TANPOPOPia Yo TO YEPIOTH IOV Ho TPEMEL VaL £IVOL EVILEPOG OF
K&OE YPOVIKT GTIYUN Y10 TO GNUEID TNG EMPAVELNG TOV ATOTVTOVETOL, DOTE VO
aropacilel av Oa empeivel TeplocoTEPO GE QWTO onueio N Ba TpoywproeL 6N
ovALoyn dedopévav amd kamowo dAro (Pavlidis et al., 2004).

O 6yKog TANpoPopiog aVEAVETOL OVAAOYO LE TIG LOCTACELS TOV OVTIKEL-
HUEVOL IOV ATOTVTTAOVETOAL. TO AOYIGHIKO, Y10 VO LTOPEGEL VO, AVTUTOKPLOET GTIg
OVAYKEC TOV YEPLOTH TOV GLGTHLLATOG Kot Vo eEVTNPETEL ETa TIG EVIOAEC TOV,
ypnoonotel GHVOETOVG OAYOPIOLOVG TTOV LELDVOLV TOV GYKO TANPOPOPIag LE
£€umvo TpOTO, MOTE VO, EXTPEMOVY GTOV VITOAOYIGTY| VA TAPOVCIALEL T dE00-
péva pe vyniovg pubpotc avoavémong. H peiwon tov dykov dedopévav Bacile-
TOL TOAAEG POPES OTNV AVOLYVAPLOT) TOV CTLELMVY TOV AVIKOVY GTO OTTIKO TTedi0
tov yeprotn (clipping plane). To Aoyiopkd avorapfaver poévo Tov va vroloyi-
6€1 10 BEATIOT0 SLUPPacd avapesa 6TV TUKVOTNTO TOV VEPOVG GNUEIMV KoL
oTNV ToOTNTO OTOKPIONG OTIG EVTOAES. O YEIPIOTNHG UTOPEL VO TEPLOTPEYEL TO
VEPOG, va TANGLAGEL 1] VO amopakpuvlel omd avtd og vav gwovikd 3A ympo,
KaBmg emiong Kot VoL ETAEYEL TUNUATO OO TO VEPOG 1) OKOLLOL KOl LLELOVOLEVL
onueia.

Ot dadikocieg mov epapupolovior katd v enegepyacio Tov dedouévov
&yovv VYNAEG amortnoels, T0c0 o€ eminedo akyopibumv, 660 Kol og eninedo
€VOG AELITOLPYIKOD YPOUPLKOD TEPIPAAAOVTOG TOV Bal EMITPEMEL GTO YEIPLGTH TOL
GLGTIHOTOG VO TTPAYUATOTOLEL TIG epyacieg Tov gbkola. Mepucég and Tig Pfa-
GIKOTEPEG EVKOAIEG OV TOPEYEL TO AOYICHIKO Yo TV eneEepyacio TV d€00-
pévov TephapPavel T SuvatoTnTe EVOVYPAUIIONS TUNHATIKOV GOPDOCEMV, TN
SuVaATOTNTA PIATPOPIGHATOS TOL VEPOLS CTLUEL®MVY, T1 dNUIOVPYI0 TOAVYOVIKOV
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(17}

Ewovo 5.1. I pagixo wepifidilov Aoyioparod MeshLab yia v evBvoypduuion tunuatikdy copooemy.

TAEYLOTOCEPAOV KoL TN XOPTOYPAPION TNG TANPOPOPing VPN 6T0 3A povtélo.

H éwodwcacio svbuypappiong ivatl pia yeypokivnn 1 nu-avtépatn do-
dkacio Tov TPAyUATOTOLEITOL ATd TO YEPIOTH HEoA G €va 3A J100paoTIKO
ePPEALOV. ENUHavTIKO AOUTOV Y1id TO XEPLOTH vl Vo LITopEl va ypnoomotet
Kot va Stakpivel Toug e101KoHg 6ToY0LS ToL opilovv T opdAOYe onpeio ové-
LEGA OTIG TUNLOTIKEG copmdoels. H kaddtepn Ao Tov pmopel vo Tpoceépet
éva Aoyopiko v T dadikacio evfuypappiong ivat o TavtdXpovog ELEYYOG
TOV EMKAATTOUEVOV TUNUATOV 0AAE Kol TOV onpEiOV avaeopdg Tov divel
0 yeplomnc. v Ewova 5.1 eaivetatl o ypoeikd meptpdAlov 1oV avolktoh
Kk®dtka Meshlab!,

"Evo mototid Aoyiopiko eneEepyaciog 3A ymelokdv avitypaeoy 0o mpénet
VO UTOPEL VO TTPOYHOTOTOMGEL TOV OUOAO KOTOUEPIGUO KOPLPDOV GTNV EML-
@avelo, Tov opilel Eva vEQOC onpeimv. Xe mponyUEVE AOYICUIKA TPOGOEPETOL
M SvvaTOTNTA OPICUOL KOTOPMAOV Kol GAA®V pubpicemv mov apopodv GTa

"Meshlab, http://www.meshlab.net/.
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Ewova 5.2. Eupdvion 34 poviélov ato ypapikd mepifidAlov tov loyiouixod MeshLab.

OULYKEKPLEVA GIATPA, TTY. OTNV EMAOYN S10THPTONG TOV GUVOAMKOD OYKOV OV
KatoAappdver to vépog. Ot emmpocbeteg avtéc pubuicelg divouv 6to YEPL-
o1 évo LEYAADTEPO €0POC EMAOYDV, EVD BEATIOVOLV TO GTOTEAECUATO TNG
dwdikooiog euitpopicpotog. Ta amoteléopata g EPAPUOYNG TOV GIATpOV
umopel va yivouv, oplopéveg popéc, 10taitepa €viova. To AoYIoUIKO EVILEPDVEL
TO YEPIOTN TPV TNV EGAPUOYT TOL PIATPOL Y10, TO THAVE TOV OTOTEAEGUATAL.
Av16 TPpOKVOTTEL £1TE PE UNVOUOTO EITE [LE KATO10 EVOEIKTIKG TOGOGTH OTDOAELNG
OVAAVOTG AVALEST GTO TOPAYMYO Kot 6TO apykd 3A yneakd avtiypaeo.

Ot ponypévol adyoptBpol dNUovpyiag TOAYOVIKOV TAEYUATOV EMTPE-
TOVV T1| LOVTIEAOTOINGT) SOUMV TOV UTOPEL VoL £YOVV KEVE GTO EGMOTEPTIKO TOVG
OAAG KO VoY TEG OOUES, OTMG Y10 TAPASELY IO TO E0MTEPIKO evdg ayyeiov. To
YPapK6 TEPPAALOV OTO TEPLGGOTEPH AOYIGLUKE amoTeAEiTOL OO £Vl KEVIPIKO
apabvpo 6mov TPoPailetal To 3A ymelokd avtiypapo eved dha ta dabéciua
gpyoieio Bpiockovtatl yOpw amd avtd, OTmg eaivetal otnv Ewkova 5.2, n onoia
napovoldlet éva 3A povtélo oto Ypapiko tepifdilov tov MeshLab, kafdg kot
N Ewoédva 5.3 mov mopovcidlet £va 3A povtédo o1o mepBAAAoV TOL AOYIGUIKOD
CloudCompeare.

310, 10 TPdSPATH AOYIoUIKA VTosTNPilovTol SuvaTOTNTEG LOVTELOTOINOTG
pe Non-Uniform Rational B-Splines (NURBS). Avtr n puébodog peidvet tov
OyKo 06edopévaV TOL omatTeiTol Yio TV amofnKevon Tov 3A YneloKod ovTl-
ypdoov. H avotepotntd tovg epoaviletarl Kupiog o ovVTIKEIPEVL LE OUOAES
empdvelec kaBmg cLVEIGEEPOVY oTNV 0eaipecn Tov BopvPov Tave amd v
TAEYLOTOGELPAL.

Ot ddkacieg drayeipiong g TAnpoeopiag veENG sival mowkiieg Kot TOA-
AEC POPEC 0dVVATO VO GLUTTEPIANPOOVY OAEG GE [Liol Kot LLOVO EQOPLOYT, APOD
0 EPEVLVNTIKOC YDPOS TNG POTOYPOUUETPIOG KOl TNG EQUPLOCUEVNG emelepya-
ciog ewdvog sivar Wiaitepng evpic. Mepikég and Tig Pacikég 10€eg mov Eyovv
avartoydel adyoplOpikd kol omotehobv Hovadeg AoyIopIKoD gival 0 cuvdva-
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Frex S Gl 4 LCERIE BIDYCC IO MOA Quem WM CE wuuned &

Ewova 5.3. Eupdvion 34 poviélov ato ypapikd mepificAlov tov loyiouixod CloudCompare.

Evroveg ypwpatkég anoxkhioelg  Emloyr Tou tuipartos mg
avapeoa oe 00 £1kOVES TAEYRATOCEIPAS YL XPWpaTixr
opalonoinon

Metd v edappoyr) Touv diktpov

Ewéva 5.4. Oualomoinon ypwpotixdy diapopav oro Viewpoint 3D Photo Studio.

OUOG TANPOPOPING VONE AO SLOPOPETIKEC PMTOYPUPIKEG TNYES, | TPOPOAN
EWOVOV TAVO oTN Ye®UeTpio kot 1 opodn peién tovg. o v emitevén ypo-
LOTIKNG OLOIOHOPOING TO AOYIGLUKO TPOCOEPEL GIATPA YMNPLOYPAPIKMOV E1KO-
VOV OV DAOTOL0VV S1001KOGIEG OUAAOTOINGTG TOV YPOUATIKOV OTOKAIGEDY
7OV TAPOLGLALOLY 0L aPYIKES PMTOYpaPicc. Eva téTo1o mapdadetrypo epoproyng
@ikTpov eLopdAVVONG XPOUOTIKOV OTOKAIGE®V 6T0 AoYiopkod Viewpoint 3D
Photo Studio mapovcidletor oty Ewkdva 5.4.

Emiong, 1o Loyiopiko e0LOUDOEL TOL YOPOKTTPLOTIKA OVOKANCTIKOTITOG TNG
EMPAVELNG TOV OVTIKEWUEVOD KOl EMTPENEL TNV OTOOOCT TOV EMIPOVEIDV LE
EVTOVOTEPO YOPaKTNPLoTIKd. 'Etotl, e ynoetakd tpdmo, yivovtal ol amodocelg
TOV POTOCKIAGEDMY TOV SNUIOVPYOVV O TPUYIEG EMPAVELIEG ALY KOl Ol VoL
KAAGELG OV OMLuovpyolV ot Aeieg Kol yvaAlotepéc empaveles. [apadeiypota
SPOPOV TEYVIKOV 00O POTOCKINOTG KL 11 POTOPEAAIGTIKNG OTEWKO-
viong gaiveral otnv Ewoédva 5.5.
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Ewova, 5.5. Teyvikég amdd00ons pwTtooKiaons Kal YopakTHpIoTIK@Y EXIPAVELQS 00 TO Joyiouiko MeshLab.

5.3 Awysgipion 6€dopévov Ko KOTAYPOPN S1EPYacLOV

O1 dndikacieg mov amortovvTot yio n petdpacn and éva vEQog onueimv
670 TEMKO 3A ymeakd avtiypaeo sivat ToAAEG kKot ToAvTAokeS. Eivat yprioipo
Y10 TO AOYIG KO Vo apyetofetel Ta fripata Tov YivovTal MG IGTOPIKO EVEPYELDV,
€101 OOTE VO EMITPENEL TNV ENMLGTPOPY] GE TPONYOVUEVEC KOTAGTACELS TOV O&-
dopévav. e dad1Kaciec mov TEPIAaUPAvoVY LETACYNUATIONOVS Ba Tpémet Vo
amoBnkedovToL Kol LETAOEOOUEVD, OTTMOC Ol YEWMUETPIKEC OMOKAIGELG LETA TNV
epappoyn evog eiktpov. To ypaeikd mepifdriov Tov Aoyiouikod Bo tpémet vo
poPdAet TIC SLPOPES AVAESH GTO OPYIKO VEPOG onpeimv Kot oto enelepya-
ouévo ynoewokd aviiypago. To TAR00g TV dtopopeTikdv TOHTOV apyeiov 3A
yewpeTpiag mTov vTooTNPIlEL TO AOYIGIKS EMTPENEL TN LETAPOPE TV OEOOE-
VOV o€ TPiTeg EPApPUOYEC. Y TAPYOoVV TOAAOL LOPPOTLTTOL OPYEI®V TOV VTOGTH-
pilovtol amd 10 AoYIGUIKO TOV GLUVOSEVEL TO, cuoTiuaTa 3A yneloroinong. H
LLETOTPOT) GE KATO10 Atd TO TPOTLTA YIVETOL EVILEPOVOVTAG TO (PN OTN Y10 TG
mbavég ammAieteg axpifelag 1 aAloyég mov Ha VTOGTOVV T dESOUEVAL.

5.4 Xvykpion 3A dedopévov

[MoAAég popég umapyel n avarykn oOykpiong 3A dedopévay, To 0oio TPOEP-
yovtat amd drapopetikéc Tyéc. H avdykn yia té€tota cuyKkpilon €xel va Kavel pe
N GVYKPLTIKY aloAOYNGT TG TOLOTNTOG TOV OEG0UEVMY EVOG GLUGTHUATOG OE
oyéon He &va aAAo, TNV a&loAdyNnon NG TOLOTNTOS TOV YNPLUKOD OVILYPAQOv,
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ADDILT LOVHOLLD

Xwpi porigo Wavelet-noise porifo Xwpig porifo  Wavelet-noise porio
Tunuankn odpwon MAfpng oGpwon

Ewova 5.6. Ontixoroinon ¢ anoxiions petold empaverdv ue o Aoyiouixo CloudCompare.

koK. ['a v wpaypatonoinon tétolmv cuykpicewmv Egouv dnuovpynoel e1dkd
AOYIOHIKE, Ta omoia vroAoyilovv TV ATOKAIOT HETAED TOV EMPAVELOV dVO
OVTIKELEV®V, GLYKpivovTag ite TN BEom TV KopuP®OV ToVg gite TN Béom TV
EMPAVELDY OV OPILEL M TPLY®VIKN 1] TOAVYOVIKT TAEYUATOCELPE TTOL TA TEPL-
vpaeet. 'Eva eAevBepo Loyiopkd mov emtpémet Ty VAOTOINGON TETOLOV GLYKPL-
ceov givor to CloudCompare?, 1o omoio pmopsi vo. Topdyst EDKOAN KOTOVONTEG
KOl TOPOCTOTIKEG YEVDOYPOLATICUEVEG OTEIKOVIGELS amokAicemy peta&d dvo
YMOOKOV avTypdowv, Ommg eaivetol otnv Eikova 5.6.

2CloudCompare, http://www.danielgm.net/cc/.
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—Mio uelétn TEPImTWOoNS EIVaL UL «AOKION» TOV EGTIA-
(&1 o€ Epya Tov TPAYUATIKOD KOGILOD T, OT010 OAOKANP D~
Onkov apod aviyuetdmiooy TPoKARoEIS Kou Silnuora.
Kabe épyo tov mpayuotikod kdouov mepiloufidver évo.
Tpofinua, pao oucdo gpyaciog, pio. O1001KAI0. INWHS
amopaoewy, pio. uEGodo vAOTOINONG KoL OTTC. ATOTEAE-
ouara. H oloxiipwon épywv otov mpayuatikd koopo
01vel TOADTILO. COUTEPACUATO. TTOD ATOTEAODY 00NYOVS
VIO T UETETEITAL OYEDLOON KoL DAOTOINGN TOPOUOIODV 1
oVVAPDY EPYV.

MelEéTn TEPITTOCEDV

6.1 Ewoyoyn

Kabngn epappoyn g 3A ymoromoinong 6tov ToMTiopo £xel Ppedei pnpo-
6T0 GTO TANPEG PAGHO TV TOOVAOV ATOLTCEMY KOl TPOKANCE®MY, KPiveTol
WOLTEPO GNUOVTIKT 1] LEAETT] TEPUTTMOGEMY OO TOV TOUEN CVTO, 01 OTOIEG OLVaL-
SEKVHOLV TNV OTOTEAEGLLOTIKOTNTO OAAG KOl TOVG TTEPLOPIGLOVG. ZNUEIDVETOL
OTL T TEAEVTOID YPOVID, £XOVV TPUYUATOTONOEL CNUAVTIKEG EPEVVNTIKEC TPO-
ondBeteg 3A amoTHIOONG TOV TOATIGTIKOV amoBépatog pe egattepikd amote-
Aéopota. Kamoteg amd avtég glyov SLapKeLD TOV EQTOVE £MG Kl LEPIKA YPO-
via. Kopuo attia Tov peydiov ypdvov epapproyng, nrav ot xpovoPopeg dtodka-
cieg amothnwong kot encEepyaciog. Emmpdobeta, onpovticd poro maiée Kot
1 ATOLTOOUEVT] VITOAOYIGTIKY] 1OYVG Yo TN dloyeipion Tov peydiov dykov mAn-
POPOPIaG. XTIC EVOTNTEG TOL AKOAOVBOVV YiveTal avapopd g Kamota a&lidAoya
épya 3A ymoeromoinong pe 6toxo vo dobel pa o oAoKANpoUEVT EIKOVE 0O TO
YDOPO TNG YEMUETPIKNG KOl POCHOTIKAG TEKUNPIOONG TOV TOMTIGTIKOD amrofé-
potog mov vroypappiletl Tig duvatotnteg g 3A ynelonoinone. Ta épya avtd
AELTOVPYOVV TOVTOYPOVO (OC TEPUTTMOCIOAOYIKEG PEAETEC (case studies) aAld Kot
®¢ Paomn Yo ToVg TPOTOVS VAOTOINGNG LEALOVTIKMV £PYMV.

6.2 Ynoewukog Myonqi Ayyehog
"Eva and ta mpodta épya amotdnmong eivorl 1o Epyo Ynelakdg Miyond Ayye-

Aog — Digital Michelangelo - 3D Scanning of Large statues (1998-2000) (Levoy
et al., 2000). H opydvwon tov épyov £yive e TO SOYOPICUO TOV EPYACLOV
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ymoonoinong o (o) oyedioon Kol avamtuEn Tov GLGTHUATOS YNELoToiNoNG,
(B) ocdpwon tov téxvepyov Kot (v) emeepyacio dedopévmv Kot dnuovpyia 3A
YNOLKOD OVTLYPAPOUL.

[dwitepa onpavtikd otoyeio 010 gv AdY® €pyo, TO omoio Bo mpémel va
TOVIOTEL, ElvaL 1] TPOGEYYIOT) TNG EPEVVNTIKNG OLASAG VO GYESIAGEL TO O1KO TNG
GUGTNUA YNOLOTOINoNG e PACIKO KPUTAPLO TIG OVAYKEC TOV GLYKEKPILEVOL
épyov. Duoikd, KTl T€T010 oYeTI(ETAL [IE TOV TPODTOAOYIGUO TOL £PYOV KOl TO
dbéoo avBpdmivo duvapkd. O GopOTNG KATUCKEVAGTNKE amd TNV eTALpEio
Cyberware Bacel TV anoITNOEDMV TNG EPELVITIKNG OUAONS. XYEOAGTNKE £TCL
MOOTE Vo GLAAEYEL TANPOPOPia G VYNAT AvAALGN Y10 VO, LTOPEL VO OTOTLTIM-
O€L To. OMUAdL TOL AeNoE M GiAn Tov Miyoqd Ayyelov. H katackevn tov
GUGTNLATOG YNPLOTOINGNG EMETPEYE TNV OMOTOIMGT EMPAVEIDV OTOLOGOT|-
mote KAlong, kabdg To0 cuoTNUA UTopovce va Kivnbel 1060 mpog Kabeteg 66O
Kol TPog opovTieg d1evhuveels. Xt PEOVEKTHIATO TOV GUGTHLATOG GUYKOL-
TaAéyovtal 1) SuokoAia petakiviiong Aoy Papovg kat 1 ypovoPfopo dtodtko-
cla gykatdotaonc. o v arotdnwon g mTAnpoeopiog vENG xpNoLoToin-
OOV YNOLOUKEG POTOYPAPIKES UNYavEC. MeTd amd dladikacieg eneEepyoasiog Kot
Babpovounong yoptoypaennkay oto 3A ynelokd ovIiypopo TUALOTO TOV
npoépyovrar omd 7.000 ewkoves. Kabdg moAld onpeio Tov Kowd avapeso oTig
QOTOYPaPies ¥pNOLOTOONKE 1| KAOGIKN TEXVIKN TNG AVAUEENS YPOUATOV.
O 6yK0G Ye@UETPIKNG TTANpoPopioac Tov AaBid ayyilel o 600 dioekaToppLPLO
KopLeEg kot 1) LEBodog cvumieong mov epapudsdnke givar 0 amhog adydpBpog
run length encoding. ['a TV OTTIKN AVOTOPAGTAGT] TOL LEYAAOD OYKOL TIAN|-
POPOpPiaG ¥PNCLOTOONKE Lo TPOOJELTIKT] LEBODOG PMOTOCKINGTC KOPLPDV.
2TV TPOAYHOTIKOTNTO GTO TAOIGI0 TOV £PpYOV €PAPUOCONKOV ATOTEAEGHLOTO
TPOTYOVLEVOV EPEVVNTIKMV WOEDV OV TPOEPYOVTAL OO TO YMPO T®V 3A ypa-
QIKOV VTOAOYIGTMV. MeTd TNV 0AOKAp@GT TOL £pyov TéOnKav o TAnfdpa
OepdTov vtd cvlTnong Kot Epevva. Q¢ TAEov onUavTIKd NTay o ENG:

* H xoatackeun cvompdtov 3A ynelonoinong mov pmopohv vo, LETOKIVI-
B0V kot va eykatastadody e0KOAA.

* OeopnOnKe OTL OAEG O1 EMPAVEIEG TV OYAAUATOV EXYOVV YOPOKTNPLOTIKE
ovpPotd katd Lambert (pat). Tétotleg emipdveieg eivat moAd d0oKolo va
Bpebovv kat Bo wpémel va Tparypatonom oy peAETES Yl T O10)LGT TOV
POTOC GTO VITOCTPDLLOTO TOV LLOPUAPOUL.

* Takeva ota dedopéva eontiog TV YEOUETPIKOY cuvBEcewv Ba mpémel va
OVTILETOTIGO0VY LE TNV avATTLEN VEGOV aAYOPIOU®Y LETOCYNUATICLOD
TOV VEQ®V ONUEIOV 0E TOAVY®VIKEG TAEYLATOGEPES,.

* To péyebog tov 3A ynolakov aviypaeov oyyilel epguvntikd Oépato amwo-
Onkevong dedOUEVMV KAl TEXVIKES Y10, LakpoypdVia apyelofétnon.
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Mivaxag 6.1. Aedouéva 34 ynpiomoinong tov Aafio tov Mikelavt{elo.

XopoKTNPLoTIKG 0yGARaTOg

XopoKTNPLoTIKG YN QLoToinong

Bapog ~6 tovol
‘Oykog 2,2m3
Emoévero, 19 m?
“Ywyog 5,17 m

[T\ 00g tprydvev 2 dioekoToppvpLe
TI700¢ TpunpoTiKGY 7.000

GOPMOOEDY

Méyebog dedopévav ~32 GB
(ovumieon yopig

AmOAELEG)

Awdikacio yneromoineng

MéM opddog yneloroinong
Tavtdypovn Topovcia 6To povoeio
Agpreta GuALOYNG dEdOUEVOV
AvBpomodpeg GLALOYNG dedopéEvmv
AvBponompeg enetepyaciog dedopévmv

22

3 dropo kot HEGO OpO

360 dpeg o mepiodo 30 nuepdv
1.080

1.500

Ext6g 0md 10 €181kd KOTAGKELAGTUEVO Y100 TO £pY0 GUGTNLO, YPTCLLOTOMN -
Onkov oAAG 000 SLPOPETIKA GLOTILOTO Y10 VO, KAADWOLV TIG OTOLTOELS TNG
ymotonoinong. I'a to «dbokoha» onpeia epoppdécinke Eva yepoxivnto cv-
OTNHO e popuToTiKO Ppayiova e Faro kot yio o apy1tektovikd chvora yOp®
oamd to aydApota Eva cuotna g ospdg Cyrax ond v Leica. O Ilivokag 6.1
ouvoyilel KAmolo YeVIKE GTATIOTIKG GTOLYEID GYETIKG [LE TNV OMOTOAMGCT TOL
Aofid (Levoy et al., 2000).

Ao éva €pyo Tov MiyomA Ayyedov, TO 0010 ATOTELECE AVTIKEILEVO EPEV-
vog Ko ymoelonoinong ivoe ) Florentine Pieta. To dyaipo gvdgikvotan yio yn-
©10moiNoT, KaODC TEPLEYEL NMUITEAN KOl KOTEGTPOLLEVO CNUEIN KOl LEPIKMG
amoxateotnuéva tunpata. To épyo kKAnOnke va viomooel | etapeio IBM, 1
omoia ONAWVE TOC TO GLYKEKPUEVO £PYO ATOTEAEL TNV O EKTETAUEVT EPELVOL
OV €)EL YIVEL GE GUYKEKPIUEVO EPYO TEYVTG KOL EYEL ATOPEPEL TAVTOYPOVO, Oe-
TIKA OTOTEAEGLOTO GE TOAAOVG TOEIC. O OYKOG T®V dedOUEVMV £PEPVE GTO OPLA
TOVG TIG TOTE PUeBOOOVG OMTIKNG OvVATOPAGTUONG, dIVOVTUG £TGL TO EVOVCUA, Y10
avamtuén vémv alyopiBuov kot peBOd®V Yo amodoTIKATEPT] ONTIKY amdOO0GN
(Abouaf, 1999). H pébodog mov epuppoctnke frav n Zynuo omd dounuévo
POTIOUO KOl G €K TOOTOL TO TE(VEPYO ynolomomonke tunuatikd. poypo-
tomomOnkav cuvolkd 800 TUNUATIKEG CAPMCELS O AMOGTACELG 0md 750 mm
é¢g 1 m. KdBe tunpotikn capoon nepiéyel and 10 K émg 20 K onueio kot
TANpoeopia LENG e BaBog xpodpatog 24 bpp. To Vyog Tov aydApatog etvor 2,5
m, evad 10 Bapog tov ayyilet tovg 10 t. O teMKOS OyKog TV dedopévarv ayyilet
ta 10 GB. Ot 6uGKOMEC OV OVTIETOTICE 1 OUASA YNPLOTOINoNG G AVTO TO
épyo Nrav nokideg. H mpdcPacn 610 xdpov tov povceiov 0mov puAGGGETAL
TO YAUTTH emMTPEMOVTOV LOVO KOTA TIG VUXTEPIVES MPEG KO KATA TN OldpKeLn
tov ZapPatokdplarxov. H opdda dev émpene vo apnvel Tio® TG TO TOPULUKPO
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{yvog Tov Ba TPOOIdE OTL LAOTOOVVTOL EPYOGIEG HECH GTO YMPO TOL LOLGEIOL
g Propevtiog. Ot 60oKoAEC GLVONKEG EpYACING TEMKE EXNPEACAY TNV TOLO-
o Tov 3A ynelakol avtypdeov Tov Tapovciale acvuvEYELES. ZNUAVTIKO &i-
VOl TO YEYOVOG OTL Ol YEMUETPIKEG AGVVEYELEC O UTOPOVCAV VO, EVTOTIGTOVY
TPV TNV TEMKT] CLUYYDOVELCT| TOV TUNUATIKOV CApOGEMY. AVTO ovAyKasE TNV
EPELVNTIKN OLLASA VO TPOYLLOTOTOINGEL Lol deHTEPT EMicKEYT 6TO povoeio. To
TeEMKO 3A yneloKo avtiypopo pEPEL YEOUETPIKN akpifela mov ayyilel to 1 mm
(Abouaf, 1999).

6.3 Epung tov Hpalitéin

[dwitepo evdlapépov mapovstalel Eva Epyo YneLOTOINGoNG TOV TPOYLLO-
tomomOnke otnv EALGSa, o6T0 TAaiclo €vOg epeuvNTIKOD TPOYPAUUATOS TOV
Yrovpyeiov [ToMTiopov, 6T0 0moio 1 ymelonoinon PacictnKe ATOKAEIOTIKE GE
gunopkd Swbéoreg Avoeic. To avtikeipevo g yneromoinong frav o Epunc
tov [Ipa&itéin (343 m.X.) Kot To GOUGTNLLO YNPLOTOINGNG TOL PN CLOTOONKE
NTov 10 dMNUOPIAEG TOTe ovotnua Vivid-900 g etopeicg Minolta. To épyo
TeEPMAUPAVE TNV KATAGKELN EOIKOV IKPIOHOTOC YOP® Ao TO £pY0, £TCL OGTE
va pmopel va tomobetn el o capwtig og yovieg Oéaonc mov Ba, Tov enttpémovy
Vo AOTVITOCEL TANPWS TO dyaipa. To wplopa elye EOMvec Pacelg pe mAGTog
nepi 10 €va PETPO Kot Ppickoviay o€ Kamolo omdotact ond T0 YAUTTO, £TG1
®ote va amokAeloOel to evdeydpevo mhovav BopmdV amd TNV ETUQT TOV UE
TO GOPWTN 1 TI KOADIDOGEIS. Avamthydnke o610 GVAAOYNG SESOUEVOV TOL
opile ta onpeia ynelomoinong, £161 ®oTe va eAayloTononbel To GHVOAO TV
TUNLOTIKOV GOPDCEDY KL, TOVTOYPOVA, VO, EAcPUMGOEL KON TEPIGGOTEPO
N aKEPAOTNTA TOV 0ydAp0TOS. Ot EAaPPES TOAAVIDCELG KOl LETATOMIGELS TOV
IKPUDLLOTOG TPOKAAEGY OE apKeTd onpeia 00pvPo ota dedopéva. Oheg ot Tun-
LOTIKEG COPMOELG TPAYLOTOTOmONKay and ondcoTtoot 1 m amd To AyaApo, IE
avéioon 0,5 mm ko akpifeia pérpnong 0,25 mm.

YKOTOG TNG LEAETNG NTOV T OMOTONMOOT TOV AETTOUEPELDV TTOV APNVE 1)
opiin tov Ilpa&rtéAn. H EAAvikn opdda avtyetmmice to 1010 mpdfAnpa pe
v opdda g IBM oto Digital Michelangelo, kabmg 1o plovseio ftav ovtd mov
OTOPAGILE Y10 TO YPOVOSIAYPOLLILO TPOYUOTOTOINOTG TV EPYUCIOV GLAAOYNG
dedopévov Tov TeEMK dmpkecay dVo NuEpes. Ot TUNUOTIKEG GUPADCELS TOL
TPoEKLYAVY Elyov £va T0606To emkdAvyng ~30%, Yo TNV 0pb1 evomoinon kot
™V avayvopion mhavov myov Bopvfov oty 3A yeouetpia. To TAn00g Twv
TUNHLOTIKOV GOpOGE®V NTav 649 Kot 1) TPIYOVIKT TAEYLATOGEPA ATOoTEAODVTOY
and ~270 ekatoppdpia tpiyova. To chvoro twv dedopévov ntav ttepl ta 10
GB, evd o ocvumieopévog 6ykog toug éptave ta 4 GB. 'Eva and ta Pacikd
GUUTEPAGLOTA TNG OLLADOG YNPLOTOINoNG AMOTEAEL 1] AVAPOPE OTNV EXAPKELL
SUVOTOTNTMOV TOV GLUGTHLLATOS VOl OTOTVTIMGEL YEMUETPIKEG AETTOUEPELEG UIKPO-
tepeg kot a6 1 mm (loannidis and Tsakiri, 2003).
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6.4 H Moayoainvi] Tov Ntovatérro

H Maydainvn tov Ntovatédlo (1455) etvon EbMvo yAvrtd dyovug 1,8 m.
Yréot ebopég e€artiag piog TANUUYPOG, Kol £X0GE TO YPUGO GTPOLUN TOV TO
KéAvTTE. VVETMG, 1 TPooTadeto 3A amoTHNWoNG £YIVE LE TO YAVTTO VO TapOL-
o14lel o OKOTEWVN YPOUATIKG ETPAvELD acOUPatn 1 Tig peBddovg ynotlo-
noinong. ‘Etot, emyyepndnke évoc cuvdvacpds e nebddov Zynua amd doun-
LEVO PAOTIGHO Kot @OTOYpappeTpiag. Ot poTOYpaUUETPIKES LeTpoels forOn-
cav 6TV aKkpPECTEPN EVOTOINOT TOV TUNUATIKAOV GOPDCENDY LE ATOTEAEGLOL
T0 3A ynoewokd ovtiypapo g MaySdaAnvig va. eival YEOUETPIKNG akpifetog
™™g t6éng 0,5 mm. To oo YNPLOTOINeNE TOV XPNGILOTOMONKE NTOV TNG
etaipiog Optonet, To omoio Acitovpyei o€ £va puOd cuAloyng ~210 K onpeiov
ava oevteporento. H pébodog tov TUMUOTIKOV copdCE®Y L KOO onueio
akolovOnOnke kal oe ovt) Vv Tepintwon. O alyopdpog ICP ypnoiponor-
NONKe v v guOLYPAUUIOT TOV TUNUOTIKOV GOPMOEMV. LKOTOG TOV £PYOV
nrav vo petpndei 1o dyodpa pe vynAn akpifela kot Oyt va Topovclacdel og
Kamolo gkoviko mepiBaiiov. H opdda tov €pyov mioTtedel TmG KOTAPEPE LE
TO GLVOLAGHSO HEBODOAOYLDV TTOV VIOBETNGE VO TPOCPEPEL GNUOVTIKT TPOOOO
GTO YMPO TNG YNPLOKNG OTOTOTMONG OVTIKEIUEVOV TOAMTIGUIKNG KAT|POVOULAG
(Guidi et al., 2004).

6.5 Ayaipata Papoo IEm

To 1897 avaxaAldednkav 600 petaAlkd aydipoto tov @apoad [1€m tov
npwtov (Heinz, 2002). To ['eppavikd Apyoatoroyiko Ivotitovto og cuvepyacia
HE AAAOLG 0PYOVIGLOVG AVEALPBE TNV OVATAACLMOT] KOL TN YN OLOKY) TEKUNpioon
TV ayoiudtov. To peyaldtepo ayoipo £xet Vyoc 1,78 m evd to HKPOTEPO
UOAIS 65 cm Kot €lval KOTOUGKEVAGHEVE 0TO PUALG YOAKOD EVOLEVE LE EVa 100G
UETOAMKOV ehacuatov. [ v oAokAnpwon g Slodikaciag TeKUNPimong
To OyGAUOTE omOTVIT®ONKAY pe éva cVGTNHO TNG ETalpeiog Mensi, To omoio
vAomotel T pnéBodo tprymvicpov Aéilep. H dadikacio ymelonoinong dmpkece
TEPITOV OKTAD NUEPES, EVD Y10 L0 OKOUN POPAE, 1 Opdda ynelomoinong avti-
LETOTIOE TPOPANLLATA TPOGPAONG OTA OVTIKEILEVA, OPOV TO LOVCEID EMETPETE
TNV OTOTEPATMOT TV EPYOCIOV HOVO GE GLYKEKPIUEVEG DpEG. To peyoddtepo
Ayadpo, amotuT®OnKe amd 29 S109popeTIKEG ONTIKEG Yovieg Kataypdeovtog 1,8
gKaToppvpla Kopueéc. I'a to pikpd dyoipo arotordOnkav 10 ontikéc ywvieg
kol avoktnOnkav 500 K kopveéc . H akpifela amotdnwong dyyle to 1 mm,
pio amodekth akpifeta. Metd v odokAnpwon g dtadikaciog eneEepyaciog
TOV OEOUEVAV, 1] AVOTOPAGTACT) TOV UEYOAOV 0yGANATOC TOTEAOVVTAY AT 2
EKOTOUUVPLO TPiy®mVa Kot Tov pukpdtepov amd 900 K tpiymva. H opdda ynoto-
7oinNoMg TEPLYPAPEL, GOV TPMTN TPOKANGN TOV AVTIUETMTICE, TN AELTOLPYia
TOV GULOTHLOTOS YNElomoinong o€ TepiPariov e Beppokpacieg mov ayylov
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T Hpla AelTovpyiag Tov. AVagEPETaL, EMICNG MG TEPLOPIGHOG, O aPYOS PLOLOG
GVALOYNG 0E00UEVOV TTOV Omodidel TO GLYKEKPIUEVO cvotnpa. To cuvoikd
Bapog Tov eEomhopod mov petaeépdnke and ) Ieppavia oty Alyvrto frov
150 xhé (Heinz, 2002).

6.6 IloioaomOwa evprpata

Y éva épyo avalnnong Heboddwv dNUOGIELENG EVPNUATOY TNG TOANLOAL-
B¢ emoyng, ['eppavol apyatoldyor Kot Unyovikoi GuvepydotnKay otnyv avé-
TVEN o edkevpuévng pebodoroyiog 3A ymoeronoinong. Ta evprjpata Tpoép-
YOVTOV 0o TNV Kothada Tov motapov Prvov. To peydho mAnbog svpnudtov
amottovoe pia péEBodo ypryopng amotonwone. H pébodog Zynua amd doun-
UEVO QOTIGUO eMAEYONKE ™G 1 KoAVTEPT AOon cuvuroroyilovtog TOG0 TOV
dtabéao ypdvo 660 Kat Ty omattovpevn mowdtnta. H emtloyn tov umopikod
OLOTNWOTOG £YIVE UE KPITAPLO TO PEYIOTO Pafid drabéciov ontikdv mediov.
To ATOS II g etaipeiog GOM GmbH emAéyOnke pésa and Eva mAnbog dAlwov
VIOYNPLOV EPTOPIKAV cvoTnUdTtev. Ot pubuicelg Tov cop®T EETPEYAY TNV
amotOmwon dykov TAnpogopiog mwov ayyilet To 250 mm x 250mm x 200mm.
To Aoyioukd mTov cuvodeHEL TO GOOTN LA TPOPOANG SOLUNUEVOV PMTOG dvvATOL
va eneEepyaotel 1,3 ekatoppiplo kopueég pe akpipela pérpnong 0,02 mm.
'Eto1, 0 ypovog amotummong tov kdbe avtikeluévou dyyiée ta 45 Aemtd. Xto
YPOVO 0V TO TEPIAAUPAVETOLT) EVOTTOINGT TOV TUNUATIKDY GOPDGEDMY KO T) 0L7T0L-
AOLQY| TNG YEOUETPIKNG 0oVVEYELNC. ME TN yp1oN EUTOPIKOD AOYIGUIKOD EMITED-
¥Onke N amhomoinon tov poviédnv. O TOTOg apyeiov arobnkevong Tov xpnot-
pomomOnke frav Stereolithography File Format (STL) (Bohler et al., 2004).

6.7 To épyo 3D Murale

"Eva axopo 6vvheTo épyo amotHnwonc, GuVTNPNONG KAl OTTIKNAG OVATOPG-
otoong givar o 3D Murale. Xt0 €pyo GUUUETEYOV EPELVNTEG OO SLOPOPETIKEG
YOPES, EVD M KalBodynon yivovtay amd To TaveTIoTLIo Tov Brunel (M. Bpe-
tavia) pe v vroompiEn g Evponaikng Eveoong. Ztoyog tov épyov ntav
N OVATTLEN TOAVUECIKM®Y GUOTNUAT®V Kot epyaleiwv mov Bo emétpemay
pétpnon avtikelévay kot pvnpeiov, v 3A anotdnwson Tovg Kol TV OTTIKN
oVATOPAoTOoT) TOVG LEGOH GE TEPPAAAOV EIKOVIKNG TPAYLLATIKOTNTOS. O YMDPpOog
OV EMAEYOMKE Yo TNV EPAPLOYN TOV EPYOAEIOV TNG HEAETNG TaV 1| apyaic
oAn g [Miowiag (Van Gool et al., 2002).
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Mivakag 6.2. Aiapopetirés exdooeis 1ov 34 ynpiaxod aviiypapov e AOnvig tov Apéroo.

Xoyotnpe Xapmong Xynpa and Tpryoviepdg Minolta Vivid 900
dounpévo Aélep (INOA)

ooTicpo (CNR)
‘Exdoon 3A ynooxod A B r A
avTLypaeov (Oxkt. 2000) (Amp. 2001) (Map. 2002) (Oxkt. 2002)
Adpkelo GuALOYNG S nuépeg 4 1 1
dedopévav
TI700g tpunpoTikdY 146 172 297 306
GOPMOCEDV
Adpkelo emeEepyooiog 6 ePdopadeg 3 1.5 4 nuépeg
Axpifea petpricewv 0.57 mm 0.5 mm 0.3 mm 0.3 mm
Tpryovikég 26 30 65.6 68.5
TAEYLOTOCEPES

6.8 H AOnva tov Apétoo

[dwaitepo evdrapépov mapovoidlel eniong To £pyo amoTHNTMOONG TOV UTPOVV-
t{vov ayéipatog ABnva Tov Apétco! mov avakaldednke to 1541 kot pUAGS-
GETOL GTO aPYoLoA0YKO povoeio g Prmpevtiag. H kataymyn tov aydipotog
elvar apeifoin. Mmopel va amoteiet Eva EMANvio €pyo, to onoio ypovoloyei-
tartepi Tov 30 . X. audva. Mmopel, OmG, Vo, AToTEAEL OVTiypa(po TOV dNLovp-
yMOnke kotd ™ Pouaixn wepiodo tov 1o p.X. awmva.

YKOTOG TOL £PYOVL TOV 1 YNPLOTOINGN TOV AYGALOTOC TPV, KATA TN O1dp-
KELOL KO LETA TO TEAOG TG d1ad1KaGi0g omoKatdotacng Tov. H epguvntikn opdda
poondonce va amodeiEel 6TOVG GLVINPNTEG EPYAOV TEXVNG TWS M 3A ynelomoi-
non gival o S1oyveootikh pEB0S0¢ Tov TPOGPEPEL OTLLAVTIKT fo1 010 Kot ao-
terel Paoikd epyareio otn dovAeia Tovg. To Tpocwmikd mov avélafe To €pyo
OTOTEAOVVTIOV OO EMGTNHOVEG TG TANPOPOPIKNG Kot apyotoAdyovs. ['a v
OTOTOTOGT) TOL AYGALOTOG XPNCHOTO 0N KAV TPio GUGTAUATO OTOTOHTWOGONG [LE
dwapopetikéc pebddovs. H dadikacio amokaTdoToong Kol GUVINPNoNG TEPL-
Aappavel v mopaymyr oxediov mwov Pacilovior oe opBoypapikés Tpoforég
TOV OVTIKELLEVOL. 1o To Adyo avTd, avamtdydnke Eva Aoyiopikd e 1dtaitepa
QUMKS TTEPIPAALOV XPNONGC, TO OO0 EMTPENEL TNV ATOKTNGT 0pHOYPAPIKOY
poPorav amevbeiog amd to 3A ynoewokod avtiypago (Rocchini et al., 2001). O
[Mivaxog 6.2 Tapovolalel KATolo vOLOpEPOVTO YOPAKTNPLOTIKG TOL OLPOPOVY
OTIG SLUPOPETIKEG EKOOCEL TMV 3A YNOLIKOV avVTIYPAO®V TOV OyGALOTOS TTOV
dnpovpyHONKay Katd T StpKELD TOV EPYOU.

"Minerva Project, 2000-2003, http: //vcg.isti.cnr.it.
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EpnpéoBia 6Yn Apiotepri 6Yn Niow 6Yn Defia 6

Ewova 6.1. Aviiypagpo kvrladikod yovaikeiov e10wAion.

6.9 Kvuklhadiko sto®M0

INo v a&oddynomn g pebddov Aopn amod kivnon, OT®G CVTH LAOTOLEITOL
HEG® EVOC AO TOL TAEOV OLAOEOOUEVO TTAKETO EUTOPLKOD AOYIGUIKOV, TO Agisoft
Metashape (uéypt to 2018 yvootd wg Photoscan), kat tnv a&loddynomn g amo-
d001MG TOV &V AGY® AOYIGLUKOD GTNV 3A 0VOKOTOGKELT LIKPDV KIVITOV AVTIKEL-
LEVOV, TOV OTOIOV 1 ETPAVELD 08 PEPEL EVTOVO YOPUKTIPLOTIKA, 1) EPEVVNTIKY
opdda morvpéowv Tov Epguvntikod Kévipov ABnva enéhele va ynelomomoet
éva akpBEC avTiypapo KuKAASIKOD yuvalkeiov 10mAiov. Ta KukAadikd e1d0m-
Mo gtvol CUYKEKPIULEVO OVTIKEILEVA OGOV aPOPd TO LOPPOTVTO KOl TO GYT|LLOL
toug (Ewdva 6.1). To €1d®A10 TOV amoTLIMONKE GE TPELG OLUCTAGELG E1)E VYOG
16 cm kot ATov OVTLYpOPO TPOYUATIKOD TOV KOTAGKELAGTNKE GTO VNG NG
Zipvov 1o dtdotnuo peta&d tov 2800 kot 2300 m.X.

H cviroyn dedopévav ohokAnpodnke ce d00 PAGELS:

* Hrpdn pdon apopodce oty 3A yneromoinot tov el0mAIov LE T xp1Hon
ovotipatog Tpryoviopol aktiveov Aélep, Kot GUYKEKPILEVO TO GOGTILLO
Arius 3D Foundation 100 3D scanner.

* H de01epm pdon apopodce 6T pOTOYPAPLIGT TOV OVTIKEUEVOD OO TOA-
AomAEG OTTIKEG YWVIES, LE YNOLOKT @OTOYpaptkn unyavn Canon Power-
Shot A630 pe avdivon 8 MP yio v epappoyn g pebodsov Aoun and
Kivnon.

I tn devTepm Pdiom, cLAAEXON KOV GuVOAMKE 142 g1kdVEC Od S1UPOPETIKEG
yovieg Béaong mive o 600 100TEG KUKMKEG TPOYLES YOP® OO TO AVTIKEIUEVO
LE TN QOTOYPOQIKY UNYOvN 6€ KatakOpvupo mpocavatoicud. H Ewova 6.2
OmEWOVILEL TN YOPIKY KOTOVOUn TV 0écemv AyYng Tov QeToypapldv. O
pENEL v onuelwOdel 0Tl To GVVOAIKO TTANB0g TV Bécemv Tov ameikovileTon
glvar pkpoTepPo Yo Adyous kKoAvtepng napovoioons. H potoypdpion de&niybn
YOPIG TN ¥PNON TEPIOTPEPOLEVOL TPATELLOD, TPOGOLOLDVOVTAG ETCL LLLOL YOLLT)-
A0V KOGTOVG TPOGEYYIoT gupeiag epopproyns. H péon amodctaon peta&d tov
OVTIKEWEVOL KOl TNG GOTOYPOEIKNG Unyovig tav 70 cm. o ) datipnon
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Ewéva 6.2. Oéoeic pwtoypaions yio. 1o kokAadiko g10mio.

Mivaxag 6.3. Méon kar tomiki omdrlion puetald Twv 000 YNPIaKOY aVIIYPaPmY T00 KVKAAOIKOD E10WAIOD.

Avaivon Molvyowvoroinon 36 oo 142 71 om6 142 142 amd 142 Amoéxhion
EIKOVEG EIKOVEG EIKOVEG
i 0,023 0,033 0,042 Méon
Agntopepic
Yumi 0,092 0,076 0,076 Tomy
v , 0,008 0,019 0,025 Méon
Opoin
0,098 0,075 0,076 Tomuen
, 0,027 0,033 0,032 Méon
Agntopepic
, 0,093 0,070 0,083 Tomn
Yrep-vynin
, 0,005 0,017 0,020 Méon
Opoin
0,104 0,077 0,079 Tomuen

0399
0320

Mean = 0.019

Sigma = 0,075, 024

096!

X

o062
0.40:

0017
0.156

Zuxvienta ppdnong

RED)

038

[ | S|

&
g

0
04 ©3 02 41 0 01 02 03 04 -
ARG aNOOTIEONG EMPAVDOG (08 M0OTE)  XPpeTI) ambicon ambatoons cmgevesy T, LYoy

Ewova 6.3. Zoyrpion 34 dedouévav aapwans Aéilep kau Adouns amd kivion yio. K0kAAOIKO E10A10.

gotioong oe OAN TNV eMEAvELR Tov 3A avtiypapov, opioTnKay VYNAEG TIHEG
Stupétn drappdypatog (kKhetotd ddepayua). Ag ypnotporomonke tpodchetog
POTIOUOC, EKTOC amd TO PAOTIGUO POOPIGUOL TOV TPOVTNPYE GTO EPYASTNPLO,
evd 1 Babpovounon g Képepag £yve amoKAEIGTIKA ad TO 1010 TO AOYIGHUKO.

H a&oldynon tov dedopévav mov dnpodpynce 1o Aoytopkod e pebddov
Aopn omd kivnomn TpayHoaToToinKe GUYKPIVOVTOG TIG OTOKAIGELS TNG EMLPA-
VELdG TOV o€ oYéom e Ta dedopéva mov mapnydncav and to 3A capoti Aélep,
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ta ool amotédecay katl To pétpo aindeiog (ground truth). O Ilivaxag 6.3
TAPOLGLALEL TN HEOT) AMOKALOT KOl TNV TLTIKN amOKAoN HETa&D TV d00 Y-
okav avtrypdewv. H Ewkova 6.3 mopouctdlet T cUYKPIoT| 0UTH HLE OTEIKOVL-
OTIKO TPOTO HEG® TNG XPNONG LOTOYPELLOTOS SLOPOPDV KOl YEVSOYPMLLOTIKN
OTEKOVIO).

6.10 Mrnektaowkog tekég Kiovtovkiov Maouma

INo v Tepartépm aglohdynon g uebdoov Aopny amd kivnon (SFM-MVS)
Om®G TN VAoToteiTo pLEcm Tov Agisoft Metashape (péypt 1o 2018 yvmoto mg
Photoscan), kot v ektipnon g amddoong Tov eV AdY® AOYIGHIKOV oty 3A
OVAKOTOOKELT HEYAA®V (aKIVIT®V) OVTIKEILEV®V, 1] EPEVVITIKY] OLLASN TOAV-
péowv tov Epguvntikov Kévtpov Abnva enéhee va ynolonomoet tov Mmekta-
o1k0 tek€ Kiovtovkhod Mraund. To ev Adyw pvnueio Bpioketarl otn péon piog
KOAMEPYNOUNG EKTAONG 0T SLTIKN 0%ON Tng Aipvng Biotwvidag otnv mepioyn
™G E4vOne. Oempeitar g £va amd To To CIAVTIKA 00@poVIKE pvnpeia oty
TEPLOYN Kol VTOAOYILETOL TG EXEL KATACKELAOTEL GTA TEAN TOL 150V CdVA.
[TBavdtata ytictnKe Thve ota epeimia evog opBod0EoL ¥PIoTIOVIKOD VOOD TOL
nrav aeepouévog otov Ayio 'edpylo KaraptGo.

H ovAloyn dedopévav mpaypatomotdnke oe névte pdoels. Ot dVo TpdTeg
0QOPOVGAV TNV ENTYELN KO EVOEPLL POTOYPAPLOT) TOV LUVIUEIOV. ZT1 GUVEYELD,
TPOYUOTOTOO1KE 1 OTOTVTMGT) TOV UVIUEIOL LE YEMOALTIKO GTaONO, EMiyEln
3A cdpwon pe Aélep (Time of Flight) kou pe spmeipikég petpnoeig (Letpotat-
vigg, kok). ['a v emiyeia pOTOYPAPIOT YPNOLUOTOONKE POTOYPAPIKT UN-
yovi Tomov DSLR Nikon D40 ota 6,1 MP pe @axo 18-55 mm kot évo tpimodo.
ATO TNV GAAN, Y10 TNV 0EPOPMTOYPAPION, XPNCLOTOMONKE Eval TNAEKOTED-
Buvopevo eMkOTTEPO, TO 0010 NTOV EEOTAICHEVO LE ol TPV 0EOVEY pan-
tilt-roll TnAexatevBuvopevn kepain kdpepag (360° otov oplovtio d&ova, 220°
oToV Katakopueo aéova) kabmg kot e DSLR Canon EOS350d o€ 8,1 MP pe
@akd 18-55 mm. O cuvoAKOg aplOLOC TOV POTOYPAPIDV TOV YPNCLULOTOMO1-
KOV Y10, TV Topoy®yn Tov 3A ynelakov ovitypdeov Tov pvnueiov nov 652
(469 eniyeiec pwtoypapieg kot 183 agpopmtoypapicg). H péon andotaon g
Képepag amd TNV EMPAVELD TOVL LVNLEIOL NTav 6T 4 m.

310 TAaic10 a&lOAGYNONG TV ATOTEAEGILATMV TOV AOYIGLUKOV Agisoft Meta-
shape (péypt 7o 2018 yvwotd g Photoscan) emthéyOnke to yneloko avtiypopo
OV TPOEKLYE OO TNV OVOKATOOKELT Pecaiog avalvong (medium resolution).
To yapaKINPIOTIKA TOV GLYKEKPUYLEVOL aVTLYPAPOL Bempovvtal cupPotd e
TNV VIOAOYIGTIKN 10Y0 €VOG GLOTAHOTOG péone duvapkdtntag. To 3A avrti-
Ypapo cuykpidnke pe 1o 3A avtiypapo mov Tpoékuye amd 11 copmdcels mov on-
povpyndnkav pe to cvotnua entysag cdpwong Aélep TOF Optec Ilris 3D. Ot
COpOGCELG TpayLaTOTOMONKaY He oYedOV TapdAANAn TomoBETnon Tov capOT
OmEVOVTL G€ PeYOAEG emimedeg emupdveleg Tov pvnueiov. H cvykpion tev dedo-

164



KED®AAAIO 6. MEAETH IIEPIIITQZEQN

Mivaxag 6.4. Méoeg kot TomIKES ATOKAIGEIS TV ETPAVEIDY TV 0D0 TOTWY dedouévav (TOF Aéilep — Adowng
amo kivijon ) tov Kiovtovkioo.

A/A oapoong Méon anécToon Tomun anékien (o)
1 0,001 0,008
2 0,000 0,005
3 0,003 0,017
4 0,001 0,010
5 0,001 0,010
6 0,003 0,020
7 0,004 0,012
8 0,001 0,006
9 0,003 0,018
10 0,002 0,013
11 0,002 0,014
TraOpopévn péon Tipn 0,002 0,014

Xpwpanxd kKAipaxa andoraong

Mean = 0,001
Sigma = 0,006

Mean = 0.001

Mean = 0,004
12 Sigma = 0,008

Tuyvbra epddviong

004 002 o 002 004 0.04 002 o 002 004 0.04 0.02 0 002 004
Sadpavon Anéotaons (m)

(@) uAa npoBdhapov (B) TG KEPaOOKERTG (¥) THAKG OKTayuAKOD ToupHE

Ewéva 6.4. Zoykpion 34 dedopévav aapmang Aéilep kar Aops omd kivion yia to Kiovtovkl.od.

LEVOV TPOYLOTOTOWONKE LLE TN (PNION AOYIGHIKAOV ovolyTol kdduca (MeshLab
kot CloudCompare). O Ilivaxoag 6.4 meptlopfdvel Tic LEGEG KOL TIC TUMIKEG
OmMOKAMGELG TOV EMPAVEIDV TV 300 3A avTlypd®Vv oL TPoEkLYOV HETA Omd
v gvbouypdppion ke capmong Aélep TAVEO GTNV TPLYOVIKT TAEYLOTOGELPA
7oV TPoEkLyE omd T péBodo Aoun and kivnon. Kabe cdpwon kdivmte Eva
SLOPOPETIKO TUNA TOV PVNUEIOV, VD TO TANBOC TV KOPLPOV o€ KABE VEPOG
YPNOOTOMONKE Y10 TOV VTOAOYIGUO TOV HECOV TIHDV, OG GVVTEAESTNG Pd-
povg. H péon andotaon avdpeso otovg oto 600 3A avtiypago eviomileTot oto
2 mm gve 1 GVVOAIKN TLTIKY| amokAon ota 14 mm. H Ewoéva 6.4 avamopiotd
YPOQUKE T cVYKPLON TV dV0 HEBO®V GE EMAEYLEVEG EMLPAVELEC TOV UVILLEIOV
LECO 1GTOYPAUUATOV SL0QOPAG GALA KOL YELSOYPOUOTIKOV OTEIKOVIGEDV.
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—H Aoun amé xivijon eivar {io. poTOYPOLUETPIKY TE-
JXVIKI] OV YPHOIUOTOLEL EMIKOADTTOUEVES EIKOVES YIOL
va kotaokevdoel évo. 34 poviéo piag oknvig 1§ evog
ovuxeyévov. H puéfodog éyet ueydlo edpog epapuoymv
0€ O10.POPOVE TOUELS OIVOVTUS DYNAIIS TLOTOTHTOS ATOTE-
Aéouora avorxaroorevng e 34 yemuetpiog Kol VPHG.

Aoun amo Kivnon

I.1 Ewoyoy

H péBodog Aoun and xivnon amotedel GUEPH L0 TOAD EMLTUYNUEVT Mé-
0000 6TOV EVPVTEPO YDPO TNG POTOYPUULETPIOG Kot amoTeAel TN nEBodO mov
EMAEYOVV TOALOL E101KOL Y10, TNV OTOTOTMGT OVTIIKEWLEV®V [UE GYETIKA YALUNAO
KOGTOG KOt e VYNNG motdTNTOS Topayopeva amoteléopato. Katd Tig mpdTeg
dekaetieg Tov 210V advo £yl oTadlokd avaydel oty mAéov dnuoeiin Abon o€
€QOpRoYEG 3A YyME1omoinong 6ToV TOMTIGUO.

YAuepa, VIaPYoLV SaBECILO TOGO EUTOPIKH OGO KOl AVOIKTOD KOJIKO AO-
YIGUIKG TOV LAOTO0VV T péBodo Aour and kivnon. To gpguvntikd épyo 3D-
COFORM napovcioce £vo AladiKTuOKO GOGTN O TOV TPOGPEPEL T CLYKEKPL-
pévn pébodo g vampeoia. O ypnotng avePalel tnv akolovbia TV poToypa-
OLOV TOV KoL 1] VINPECIN AVOAUUPAVEL VOL TOV EVILLEPADGEL Y10l TV OAOKANP®GCN
™G 3A aVOKOTOOKEVNG KOl VO TOL TPO®ONGEL £val GUVOEGO Yol T UETAPOP-
TOoN ToL 3A YNk avTlypaeov Tov TPOEKLYE T TIC PMOTOYPOPIES TOV.
[opopoa cvotquata £xovv avamtuyfel ko omd etarpeieg Onmg givar n Au-
todesk, n Viztu Technologies ka1 1 Insight3D. H EOS Systems Inc. poc@épet
T0 Aoyopkd Photomodeler Scanner, to omoio omattel ) ypron ewtoctade-
pov (otoyor). H Agisoft tpocpépel To Metashape (puéypt to 2018 yvwotd wg
Photoscan), To onoio amoteAel pia oAokAnpwpévn Avon. Iapouowo Avon mov
VIOCYETAL VYNANG ToLOTNTOG omoTeELécpata omotelel kot o CapturingReality
™G opdvoung etapeiog. Emmiéov, n Pix4D avéntuée to Aoyiopkd Pix4UAV
7ov eivan o€ B€om va, dnpiovpynoeet 3D Yynelokd VYOUETPIKA LOVTEAX OTTO GUA-
AOYEC EVAEPLOV POTOYPOPLDV.

O ITivaxag 1.1 Tapovcidlet Aiota and viomomoelg TG Leboddov Aopn and
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Mivaxag L.1. Aoyiouixa mov viomorodv w uédodo Aoun ardo xivnon.

Aoyiopké Avorktod Kdduka

Matlab

Python

Bundler - Structure from Motion for Unordered Photo Collections by Noah Snavely
(http://phototour.cs.washington.edu/bundler/)

openMVG - An Open Multiple View Geometry library + Structure from Motion demonstrators
(https://github.com/openMVG/openMVG)

Libmv - A Structure from Motion library (https://github.com/1libmv/libmv)

Theia: A Fast and scalable structure-from-motion library released under the BSD license
(http://cs.ucsb.edu/$\sim$cmsweeney/theia)

MicMac, a SFM open-source code released by the Institut national de I’information géographique et forestiére
(http://logiciels.ign.fr/?Telechargement, 20)

LSD-SLAM: Large-Scale Direct Monocular SLAM in real-time, by Jakob Engel
(https://vision.in.tum.de/lsdslam)

MVE - The Multi-View Environment by Simon Fuhrmann, TU Darmstadt
(http://www.gris.informatik.tu-darmstadt.de/projects/multiview-environment/)

SBA for generic bundle adjustment by Manolis Lourakis (https://www.ics.forth.gr/$\sim$lourakis/sba)

Structure from Motion toolbox for Matlab by Vincent Rabaud
(http://vision.ucsd.edu/$\sim$vrabaud/toolbox/doc/overview.html)

Matlab Functions for Multiple View Geometry by Andrew Zissermann
(http://www.robots.ox.ac.uk/$\sim$vgg/hzbook/code/)

Structure and Motion Toolkit by Phil Torr
(http://cms.brookes.ac.uk/staff/PhilipTorr/Code/code_page_4.htm)

Matlab Code for Non-Rigid Structure from Motion by Lorenzo Torresani
(http://www.cs.dartmouth.edu/$\sim$lorenzo/projects/learning-nr-shape/em-sfm.zip)

Python Photogrammetry Toolbox GUI - an open-source SFM GUI (Easy SfM and dense point cloud estimation
launcher) by Pierre Moulon and Arc-Team (http://www.arc-team.homelinux.com/arcteam/ppt.php)

Oroxinpopéve Zvetipara SFM-MVS

Smart3DCapture, by Acute3D (http://www.acute3d.com/)

3DF Samantha - Command line SFM pipeline, by 3Dflow
(http://www.3dflow.net/technology/samantha-structure-from-motion/)

Automatic Camera Tracking System (ACTS), by Zhejiang University (http://www.zjucvg.net/acts/acts.html)
VisualSFM, by Changchang Wu (http://ccwu.me/vsfm)

SFMToolkit (http://www.visual-experiments.com/demos/sfmtoolkit/)

MountainsMap SEM software for Scanning Electron Microscopes. (http://www.digitalsurf.fr/en/mntsem.html)
Voodoo Camera Tracker,
(http://www.viscoda.com/index.php/en/products/non-commercial/voodoo-camera-tracker)
MetalO Toolbox SfM for augmented reality on mobile devices (https://dev.metaio.com/sdk/toolbox)
TacitView by 2d3 Sensing (http://www.2d3sensing.com/content/tacitview)

Catena Python Abstract Workflow Framework with SfM components (http://catena.googlecode.com/)
123D Catch by Autodesk (http://www.123dapp.com/catch)

3DF Zephyr by 3DFLOW (http://www.3dflow.net/3df-zephyr-pro-3d-models-from-photos/)
3Dsom by Big Object Base (http://www.3dsom.com/)

4E Software by 4e Software (http://www.4-e.es/)

ARC3D by KU Leuven (http://www.arc3d.be/)

Australis by Photometrix (http://www.photometrix.com.au/?page_id=19)

Correlator3D by SimActive Inc. (http://www.simactive.com/)

DroneMapper by DroneMapper (http://dronemapper . com/)

ELCOVISION 10 by PMS AG, Leica Geosystems (http://www.elcovision.com/)

EnsoMOSAIC by MosaicMill (http://www.mosaicmill.com/)

Enwaii by Banzai Pipeline Ltd (http://enwaii.com/)

ImageModeler by Autodesk (http://usa.autodesk.com/adsk/servliet/pc/index?id=11390028&siteID=123112)
iWitness by Photometrix (http://www.photometrix.com.au/)

Linearis3D Photogrammetry by Linearis3D (http://www.linearis3d.de/)

Memento by Autodesk (http://memento.autodesk.com/)

PHOTOMOD by Racurs (http://racurs.ru/)

PhotoModeler by Eos Systems (http://www.photomodeler.com/)

Metashape (formerly known as Photoscan) by Agisoft (https://www.agisoft.com/downloads/installer/)
PhotoSculpt by Hippolyte Mounier (http://www.photosculpt.net/)

PhotoSketch by Brainstorm Technology LLC (http://www.brainstormllc.com/)

Pix4Dmapper Discovery/Pro by Pix4D SA (http://www.pix4d.com/)

RealityCapture by Capturing Reality (http://www.capturingreality.com/)

ReCap by Autodesk (https://recap.autodesk.com/)

RhinoPhoto by Qualup SAS (http://www.rhinophoto3d.com/)

SMART3DCAPTURE by ACUTE3D (http://www.acute3d.com/)

Metrology Engine by VisualSize (http://dragonox.cs.ucsb.edu/MetrologyEngine/)

VI3DIM by Vi3Dim (http://www.vi3dim.com/)

VideoTrace by AVCT, PunchCard (http://punchcard.com.au/wordpress/)

WebDLT by B. Molnar, BME FMT (http://d1lt.fmt.bme.hu/)
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Kkivnon opyovouéveg avdioya pe tov TpOTo moL avtég dlatiBevtat (avolkToh
KOOKA, EUTOPIKA, YADCGGO TPOYPUUUATIGUOD, KAT.).

2115 Topaypapous mov akoAovBovv Tapovctdlovtal AETTOUEPELES GYETIKA
LE TNV TPOKTIKT EQUPLOYN TG HeBddov Aoun amd kivnon mov Bo émpene va
yvopilel 6T010G KaAeital va epoprOcEL TNV ev Ady® péBodo Yo pia TAndmpa
épymv 3A ynoelomoinong. Xe moAAd onueio 1 LEB0SOG avapEPETAL [IE T Op-
LKA 6TV ayyAkn YAdcooa SFM-MVS and tig Aé&eig Structure from Motion -
Multiple View Stereo.

1.2 IIpoxtikn epappoyn e pedooov Aoun oo Kivion

2TIC TOPAYPAPOVG TTOL AKOAOVOOVV YIVETOL L0 TPOOTAOEL CLYKEVTPMOTG
OAOV TOV PACIKOV KOVOVOV EQAPUOYNG TNG CLYKEKPIUEVNS neBddov, pe ™
popen onueiov yio e0koAn tpdcPacn. [Ipoteivetal n apyikn epaproyn g Le-
00500 o€ Lkpng KAIpOKaG £pya, doTe va opilovtan pe Kotd 1o duvatd BEATIOTO
TPOTO 01 OYETIKEG TaPApETpOl AAAG Kol Vo EpaprolovTol 0l KavOVEG TOV oye-
tiCovton pe T drdikocio cuAAOYNG dedopévav. Ommc Kot [E TIG TPONYOVUEVES
neBdo0vg TpoPfAEmETAL 1) YPTION VAIKOTEYVIKOD EEOTAIGIOD KOl AOYIGLUKOD, O
0T010G OTI CLYKEKPLUEVN HEDOSO UTOPEL VO TEPLOPIOTEL GE L0 POTOYPUPIKN
punyovn kot éva amd o mpooavoeepBévia Aoyiopkd. H Alota tov onuavtikaov
onueiov mov akoAovbel divetal VIO T LOPEN TPOTPOTNG TPOG TOVE YPNOTESG
™g nebodov:

* [IpoteiveTarn ypnon YnELKNG QOTOYPUPIKNAS pnyavis Tomov DSLR
RE oYETKA vyni avaivon (>12 MPixels) kor koptotepa pe peydlo
péyebog ontikov arcOnnpiov (my. full frame, APS-C). Ot DSLR ¢wto-
YPOPIKEG UNYAVEG TPOCPEPOVY EMAOYEC E TIG OTOIEC OL TAPULOPPDGELG
AOY® ™G ovuTieonc TOPAUEVOLY GE YOUNAO eminedo, MOTE Vo UnV €mn-
pealetal n 3A avakatookevt. ['evikd ot DSLR @ootoypapucéc unyoveg
TPOGPEPOVV TTLO TOLOTIKA HESOUEV GE GVYKPLOT| LE TIC compact Yneo-
KEG UNYOVES, AOY® T®V UEYOADTEPMOV OTTIK®V a1cOnTnpiv, TN ¥PNong
KOADTEPMV OTTIKMV YOPUKTNPLOTIKAV (QOKMV), TNG LEYUADTEPTG YKAUAG
pLOUicE®V POTOYPAPIONG KOt TNG SLVATOTNTOG AmOBNKEVOTG EKOVMV
RAW!. Eniong ot DSLR anodidovv koAvtepa amd Tic compact (Gupma-
velc) unyavéc oe vymiég Tég ISO, 10 omoio emtpémet ) xpyom Tovg
0€ E0MTEPIKOVG YDPOVS YOPIG TNV avAyKn Yo EMmpOcOeTo e£oMAIGUO
(tpimodeg, PruC), evd vooTnpilel pubuicelg KAEIGTOL SLOEPAYLATOG Yo
™V amapoitntn avénon tov adovg mediov.

TRAW sivor 1o apygio. potoypagidvy, ta omoio dev meptéxouy TIHEG SIKOVOSTOLKEiOV oA TIG
TIHEG TOV PETPNGEDV TTOV APAVEL TO OTTIKO aGONTNPIO TG UNYXOVIG XOPIG Kapio TEPUITEP®D
emefepyacio. Avtifeta, o1 potoypaeieg mov anodnievovior oe popen JPG otig pnyavég Exovv
Non vrootel enelepyacio kot cuUTIEST) e ATMAELES.
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* O1EVpUY®OVIOL PUKOL AT03I00VY KOADTEPO GE EPYACIES AVAUKOTACKEVNG
YDOPIKOV GLOYETICUDV OVAEGH GE CTELN GE GVYKPLOT LLE TOVE THAEPA-
KOVG.

* O fisheye @okoi ka@ag ko ov vrepevpvydvior (ultra wide angle)
0V PTOPOVV VO TEPLYPAPOVY EVKOA0 POONUATIKA LE ATOTEAEG O VO
odnyovv og Koakng mowwttog 3A avakatackevéc. 'Eva amd ta yopoxtn-
PLOTIKA TOVG TTOL GUUPAAOLY APYNTIKA oTNV 3A aVOKOTACKELT €lval N
vepPoAikn akTvikn Topapopemon (radial distortion) ota 6pia Tov Pa-
KOV IOV HELDOVEL OpOUaTIKG TNV akpifeia vIToAOYIGHOD BEong Kot 0dnyel
G€ EKTIUNOT ECPUALEVOV TOPAUETPOV KOTA TN Stadikacio Pabduovoun-
omnG.

* O otpefraoeig TpoPorrig mov oyetiCovranr pe pio otadepn eotiokn
anoctoon (fixed focal length) povrehomolovvral Kot o10.TPOVVTOL TLO
EUKOAW Og OYEON HE AUTEG TOV TPOKVATOVY OO QAKOVG LE HETAPANTA
€oTlok” omdotacn (zoom lenses). Ao tnv GAAN, o1 paxol Le HeTaBANT
gotokn amootaon (my. 18-70 mm) givar mo guéliktol oTn YPMoN Kot
XPNOLLOTOLOVVTOL AKOLLOL KO Y10 TOAD KOVTIVEG 0mooTdoels (close range
digital photogrammetry). Xtn Bipioypapio £xel mpotadei n ypnon po-
VOTIKNG Taviog Yo T dtpnon otabepic 6TIOKNG amOGTAONG GE TE-
TO10V TUTTOV PaKoVG. Emiong mpoteivetar va ypnoilonolovvion to dKpo
NG ECTIOKNG AMOGTACTG TOV TAPEYOVV.

* Eninedoo avrikeipeva yopic thovora ven (featureless) kard givan va
amo@evyovtal. H pébodog elvar @Ak 6€ avTIKEIEVO TOV TOPOVGLE-
Couv petaforéc Evtaomg Kot YPOUATIKOTITOS.

* To 1310 1oy 0EL KOL Y10, OLOQPUV 1] YVOMOTEPE UVTIKEIPEVA TTOV (OPOUKTN-
pilovtar og pn-@rika wpog T péBodo. To avtikeipeva Tpog ynelo-
moinon Ba mpémetl va. un dnpovpyohv EVIOVEG PLGIKEG 1) TEXVNTEG (AOYO
POTICUOV) AVOKAUCELS.

* [Ipoteiverar  amo@LY] ATOTUTOGNG GVTIKEIUEVOV UE KV TG pépn,
T0, omoia 0g pmopovv va otafepomonBovv aALd Kol TUNHATOV TOVG, T
omoia de oyeTilovTal LLE TO AVTIKEILEVO TPOG OMOTOTMOOT).

* Av pénet vo. amoTuVTOO0OV YUOAIGTEPA AVTIKEIEVO 08 EEMTEPIKOVG YM-
POVG OOV O UToPel VoL LITAPEEL EAEYYOUEVOS POTIGUOG TOTE 1 GVALOYN
0go0pEVMV TPETEL vaL Yivel o€ NuéPa PE EvTovn VEQ®G1] Yo TV VIapén
dudyvtov povo potiopov. [poteivetar n yprion eotoypapukov lightbox
OOV OVTO EMITPEMETAL.

* Ovpotoypagics o mpémel va mapovorldlovy peydro 10606TH EMKA-
Aoymg (tovAdytotov 60% o 600 YEITOVIKEG PMTOYPOAPIES, EVED VTLAPYOLY
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gpeuvnTég Tov mpoteivouy péxpt kat 80%). I'a v eacpdiion evog Pabd-
LoV eMKAAVYNG 66% G€ 3D0 «YEITOVIKES) QPOTOYPUPIES, 1] POTOYPOUPIKY|
unyovn Ba wpénel va kivnBel oe po andotaon avdioyn tov 34% tov
OTTIKOV NG mEdiOV.

Y10 KGOpo TS KaOe poTOYpaPias To avTikeipevo Oa Tpémer va Ppi-
OKETUL 6T0 KEVTPO Kon v, KarvmTel Ta 3/5 tng potoypogiog (image
plane). ['la tnv enitevén To10TKNAG 3A AVAKATAGKEVNG, TO AVTIKEILEVO Oat
mpémel vo, PpiokeTar 610 KEVIPO TG poToypapiag. [TapdAinia, yio tnv
eMiTEVEN KOANG YEMUETPIKNG OVAAVGTG Bal TPEMEL VO AmoPeVYETOL 1) Aym
POTOYPUPLOV Ao VIEPPOMKES Yovieg OEaong (VTepPOMKT TPOOTTIKY)).

Amapoitntn glval 1 KEGAVYN evOg THRATOG TOV UVTIKEIREVOD OO TOV-
Aayrotov TpEg dwopopeTikés Yovieg Oaonc. Befaio o tpeig yovieg
B¢aomng elvar kot o eldylotog aptBpdc mov omarteital amd T pEBodo yia
mv 3A ovaKoTooKELY.

Hypion tov evempatopévov QLac TPETEL VO ATOQPEVYETUL OTTMS KA1 1)
AMYN VTEPQOTIGPEVOV QOTOYPAPLAV. Elval tpotipdtepn n eEdviinon
TOV PLOUIGEDY TOV TOPEYEL 1) UNYOVT YO TNV ENLTELEN TOL GMOTOD -
TIGPOV TPV amd TV gpappoyn erog. Tlapdiinie dpwe, Bo mpémel va
OTOPEVYOVTOL Ol VTOPOTIGUEVEG POTOYPOPiES, TAA LES® opBdV pLOL-
GEMV TOV TOPAUETPMV TNG UNYOVNIGC.

Eivot yvoot6 mog n potoypoppetpio eivar tavtdypove emceTiun Kot té-
xVN. Xt0 oKk€AOG oV amotelel TEyvN oyxeTileTor PETOED GAA®V pE TNV
KOTOVONON TOV TAPOUETPOV LS POTOYPAPIKNG Unyavis. Kaddgn em-
Toyio g ned@édov SFM-MVS Baciletar oty mo16TNTU TOV QOTO-
YPOPLAOV EIVOL GNUOVTIKG VO, AVOTTOEEL KAVEIG TIC QOTOYPUPIKES TOV
d&roTeg, LeKvavTog amd TO VO KOTAQEPVEL VoL GLAAEYEL Kabapég Kot
OWOTH POTIGUEVEC EIKOVEG KATM A0 OOPOPETIKEG CLVONKEG POTIGHOD.

[dwitepa onpavtikd etvar va yivetar ypion e YOUNAOTEPNS OVVOTNS
poOmeng ISO. H pvbuon tov ISO opilel mooM gvioyvomn Tov GNUATOG
GTOV OTTIKO OLGONTAPLO TPOYUATOTOIEL [LE NAEKTPOVIKO TPOTO 1| PMOTO-
YPoEIK unyovn. Onwg elval puoikd, 060 TEPICCOTEPT EVIGYLGT TOCO
nEPLGGOTEPOG 0 BOpLPOG OV TposoTiBeTOL GTNV E1KOVA. AVTOC 0 BOpLPOC
umopel vo ennpedost SPaUOTIKG TN OldtKacio avTioTolylong onpeioy
OVAUESO OTIC SLOPOPETIKES PMOTOYPUPIES.

YUVIGTATOL 1] OITEVEPYOTOIN G AELTOVPYLAV TNG KANEPUS OTMG Eival
N ctafepomoinon swkévog (image stabilisation) ko n avtépaTn we-
protpogn). H 0éom tov kdbe gicovootoryeiov eivar onuavtikd vo gival
otafepn kotd TV epappoyn g SFM-MVS kat ot Ttapandve pébodot
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aArhalovv T B€om ToVg Yo VoL OMLILOVPYHCOVY LK OTTTIKE KAADTEPT Q-
TOYPOPI TOPALOPPDVOVTAG OLUWMG TO YDPO.

H peioon g avdKkrhoong TOV ETLQAVEIDV ETLTAYVVETUL PUE T1] (P10
TOLOGNTOLOTIKOV QIATPOVOIATPO KOl PIATPOV KUKMKIG TOAOGNS
(PL-CIR). Ta gpiktpo cvTd 0.pa1povV Vo TUNAO 0T TO PO TOV TPOGTTi-
TTEL GTO PAKO GTO OTO10 VIAPYOLV Ol avakAdcels. To amotédespo gival
VO OTOpPITTOVTOL Ol OVOKAAGELS, va Kataypdeoviol {mvtavotepa (o
KOPEGUEVQ) YPpDOHOTO OAAGE Kot kaAdTEPN avtiBeon - dtovyeta.

TovieTAaTOL 1] ATOPLYT] MYNS QMOTOYPUPLOV UTEVAVTL 0TO ANYY PO-
10g (glte TPOKELTOU Y100 TOV A0 €1TE Y1 KATOW GAAN TEYVNTH TTINYN) KO-
Omg Bo INoVPYNGEL EVIOVEG OKLEG AALA KOl TEPLOYEG e VYNAN avTiBeon
Ko evOgYOUEVO OTUEIN [LE VTTEPPOTIGUO.

Mo v amoeuyn Aqyng Borlmv elkdvmv, 101K OTav 01 GLVOTKEG dEV elvarl
WOVIKEG, TPOTEIVETAL 1] YPrioN TPiToda Ko Tnieyelpiopov. 'Eoto kot
YoUnAog Baburdc B6Among (blurring) odnyet ot peimon g gvkpivelog
™G EIKOVAS, VA peydrot Babpol 0hmong amotpémovy Ty opHn Aettovp-
yio TOV aAyoplBumVv avayvdpiong opOAOY®OV GNUEI®V GTO GUVOAO T®V
POTOYPOPIDV.

"Eva yevikdg kavovag eivatl Tmg 1 podpien tTov dta@paypnetog Tov gao-
KoV 00 Tpémer va mapapével otadepi] Kad’ 6A TN dL0dIKAGi0 GLALO-
TS dedopévav. Xe Evav tomikd 50 mm @axd Oewpeitor KA TPOKTIKN
N pOOuIoN TOL dLPPAYNOTOG VO uNV TEPTEL KAt Tov f/11 (my. f/16)
kaBog gppaviovral pawvopeva mepibhaong mov BoAdvovy to Tepleyod-
HEVO TNG GOTOYPAPIOG Kot Let@vouy Tnv gvkpiveld mg. Ilapoia avtd, to
Saepaypo de pumopei va mapet Tohd peydreg Tpég (my. f/2) kabog oe
ot TV Tepintwon meplopiletar onuavtikd to Pdbog mediov Ko amotv-
TOVOVTOL UE EVKPIVELN EMPAVELEG OE L OTEV] LLOVO (DVT] ATOCTAGE®Y
oo T0 POKO.

H p00uion g taydntoag tov KAgioTpov akolovbel Tig EKAGTOTE GUV-
ONKec POTIGHOV Kot TIG AAAES pLOUIcEIS TOV TPOTYOHVTAL, LE YVDUOVA
TAVTOTE TNV AKIVNTOTOINGN TNG okNvg (dNAad1 ot peyardtepes Tayv-
™TEG KAEIGTPOL Eivan TpoTIuNTEES). AV dev gival eQikto va yivel pvo-
pon toyvtnTog dve tov 1/100 tote mpoteivetal n ypnon tpimoda Kot
TNAEYEPIOUOV.

[pwv v gpappoyn Tov akyopiBuwv 3A avoKatacKeLNg TPOTEIVETAL O
EVTOTIGNOG Kot atéppyn TV 00A®OV Kot e KoK £6TINGT QOTOYPO-
PLOV.

INROavTIKG onUEio Kot AETTONEPELES TPETEL VA QMOTOYPOPIlovTaL Ao
TOALES OLAQOPETIKES OTTTIKEG YOVIEG.
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* H mepwkom] (cropping) 1 0w010601TOTE YEOUETPIKOS NETOCYNNOTL-
OUOS TOV QOTOYPUPLAV TPEMEL VO, amoPevyeTor. H avdlvon e oo-
ToYpaPiog 6€ GLVOLACUO LLE KATOL0 YOUPAKTIPIGTIKA TOL POKOD TNG PO-
TOYPOPIKNG UNYOVAG 0mobnkedovTol EVTOg TOL apyeiov Tng EIKOVaS G
ewd Tunpo tov pe v kwdkn ovopocic EXIF header. Tnv minpo-
popla avt) pmopel vo ekpetadientel to Aoyiopukd SFM-MVS katd
Sdwdkacio tov bundle adjustment. Xvvendc, omoladnToTE HETOPOAT TNG
YEDUETPIAG TNG EIKOVOG OVOLPEL TNV €V AOY® TANPOPOPIa LLE ATOTELEC LA
VO TPOKVATOVY AUVOAGHEVES 3A OVOKATACKEVEC.

* [0 Tov vwoAoyioud Tov omTikoh Tediov ¢ Kabe PToYpaPing TO Ao-
YICHKO ypnoyonolel TNV aANpo@opia wov givar arodnkevuévn 6to
EXIF header tov kd0s apyeiov. Otov vadpyetl avti n TAnpoeopia cv-
viBog emttuyydvetal n PEATIOTN TTOOTNTA OTNV 3A OVOKOTAUCKELT. X
TEPMTMGELS OOV 1 GVYKEKPUEVT] TANPOPOPia amovGtilel TOTE KATOLn
AOYIGHIKE KAVOLY DTTOBEGEIC DOTE VO KATAPEPOVY VO, TETLYOLV e, 3A
avaxotookevn. ['o mapdaderypo, oty tepintwon tov Agisoft Metashape
(uéypt to 2018 yvmwotd g Photoscan), to Aoyiopikd vrobétel T ypnon
@axov pe gotiokn amndotaon (focal length) 35 mm oe APS-C omtikd
aeOntplo (avtictoryo 50 mm og full frame pnyavéc) ko mpoomadel
va AoeL 1o TPOPANUa pe avtd ta dedopéva. H peydin ondxiion and
1 GUYKEKPIUEVT TIUN 0ONYEL G€ COAALOTA T} AKOMO KoL 6€ advvapio 3A
OVOKOTOOKEVTC.

* Y& TEPMTMOOCELG KOTA TIG 0Toieg 6gv LIAPYEL 1| KATAAANAN TANpopopia
oto EXIF header tov kd0e apyciov 101 0T pPwopel vo. vToAoyIGTEL
péca and dwdikacics fadpovopnong g punyavig 6Tov TPOKHTTOVY
OLeC TAPAUETPOL TAPAUOPPMONG TOL EICAYEL EVOG PAKOG.

* O1 portopetpikég aArayéc (my. brightness, contrast, KA®T.) 6TIG Q®TOYPQ-
ieg dev emnpedlovv v 3A avokatackevn 0tav avtég fEPata epappolo-
VIOl GE OAO TO GOVOLAO PMTOYPAPLOV KOl OEV ELGAYOVV EVIOVEG AVTIOESELC
KoL OTAOAELD AETTOUEPELONG GE TEPLOYES TNG EIKOVOC.

* KaBmgn cviroyn dedopévmv eivar pia S1o01Kacio 1o TPy LOTOTOoLEITOL
0€ OLUPOPETIKEG YPOVIKES OTLYHEG, KAT® OO S10POPETIKEG GLVONKEG Kt
pe évrovn ypnomn tov eEomAcUoD, Ba TpémEL Kavelg va dMGEL Eppaon
GTI|V TOLOTNTA OAAG KOl 6TV EVPOGTIH TOV EE0TAIGHOV.

* Qg yevIKOg KOVOVAG EIvol TPOTINOTEPO VA YIVEL GVAAOY TOMADOV O&-
oopévev TaPa v, amartn0gl ETMOTPOPT] 6TO TEGIO YL EXAVAANYN TG
owadkaciog. Ot emmAéov poToypOapieg LdAIoTO 001YOUV GT Pedtivon
TOV OTOTELEGUATOV HEGM TOL TAEOVAGLOV dedopévav (data redundancy).
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* ECommhonoc 0mmg meprotpe@opeva tpomélio Kol prapes ohicOnong
ovufailovy 6TNV AVTORATOTOIN G TNG SlAdIKOGI0C GVALOYNG dedopé-
vov.

* ‘Otov vadpyel avaykn Yo Ayn eVOEPLOV POTOYPAPIAOV TOTE ATULTEITOL
eMIAEOV TPOoTAOELn TPOGOIOPIoUOD TOV BEATIOTOV TPOTOV ANYNG, OVA-
AOYO LLE TIG AVAYKEG TOL £pYov ynoelonoinong. Tétolot tpdmot eivon ta. pe-
TAANTOD PKOLG LOVOTOd0, AVOWYMTIKES TAATQOPLES KOL ETOVOPOUEVH
N un-emavopopéva TmnTikd péca (ZunEa - UAV, ehkontepa, KAT.).

* H oyedioon Tov tpdmov cLAALOYNG SEOOUEV®Y EIVOL L0 TOAD OTILOVTIKY
Swdkacio Kot apopd Tov eniyglo kot gvaéplo tpomo cuiloyng. Omov
glval EPIKTO, TPOTEIVETOL EMIOTAUEVT] LEAETT] TOV OVTIKEWEVOL YN QLO-
moinomng, Kabmg Kol SoKIUaoTIKEG ANWELS, 01 omoieg Ba fondncovv oty
KaAOTEPN avamTén Tov oYEdiov cVALOYNG dedopEvey. [Ipopavag ot
epyacieg o€ eEMTEPIKOVG YDPOLS TPEMEL VO AOLPAVOVTAL VTOWT) 01 GUVEN-
KEG epyaciog Kot GALEC TOAVES TPOKANGELS, OTWS T KOPUKA QaVOLEVA,
N TpoécPacn, 1 peETaEopd Tov e£omopov, 10 TAN00G TOV ATOU®Y TNG
opdoag ynoelomoinong, ol kavovicpol aceoieiog, didpopa vopukd {ntn-
HOTO KO EYYPOUPES AOEEG OOV ATOLTOVVTOL.

* Katd ™ ocvlioyn dedopévmv vrapyel avaykn yio Tov Kafopiopud £vog
GUGTI LU TOG CUVTETUYIEVOV AVAPOPAS VL0 TNV KAUAK®OO™ Tov 3A avTi-
vYphpov o Tpaypatikég dtnotdoelc (1:1). [No va emtevyBel avtd yperdle-
Tt 1 TonoBETNoN POTOCTAOEPDV (POTOYPULUETPIKAOV GTOY®V), Ol 0TToiot
Ba amotelovv onpeio ava@opds TOL GLGTILUTOG GUVIETAYUEV®V KO TNG
KAipakag. 1dwitepn mpocoyn mpénet va dobel 6TV TodTNTO TOV PETPN-
GEWV OV APOPOVY GTO GLYKEKPIUEVO GUGTILLO GUVIETAYHEVOV KOl KAL-
UAKOC 0poD TO OTTO10 PAALa Ba petapepOet 6To 3A ynelakd avtiypao.

Eivar onuavtikd va yvopilel koveig Tov tpomo Aertovpyiog g pebddov
SFM-MVS npwv Egxvioet ) dtadikacio cuAroyng dedopévav. Emiong Oa mpé-
TEL VAL KATAVOEL To 3A HOPPOAOYIKA YOPOKTNPLOTIKA KoL T SOUT EVOG OVTIKEL-
HEVOL MGTE VO Utopel va eviomicel 10 BEATIOTO TPOTO GLAAOYNG dedopévay,
glte avtog glvar YOopw and to avrtikeipevo katd 360° gite katd 180°. Adym g
eveMélog e nebdoov elvar duvatd KavelC v avaKOTACKEVACEL O TPELG 010~
OTAGELC AVTIKEILEVA CUAAEYOVTAG OEGOUEVO AKOAOVOMVTAG SLOUPOPETIKES TPO-
oeyyioeig (opulldvtia, kaBeta, evaépa, KA.). [Tapakdtm meprypdpeton o oelpd
omd mpooeYYioelg entyslog cLAAOYNG dedouévav e otdYo TV 3A ovVOKOTO-
okevn pe ™ pébodso SFM-MVS,

* DOTOYPAPLGT KIVIITOD AVTIKEIPNEVOV: Anpiovpyic TOAALATAGOVY KAEIGTOV
Bpoywv and ewtoypapieg mov TpoPAAovy TO AVTIKEIHNEVO Ao dlopope-
TIKEG OTTIKEG YWVieg BEaomng Tomobetnuéveg TaAve o €va 10010 KOKAO.
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AMOPOVWHEVO AVTIKEIPEVO ANMOUOVWHEVO QVTIKEIPEVD
(eodapévn rpooiyyion) (0pB1) mpoaiyyian)

- L Y
o‘ >

0: {0

i @ *Liv?’Q®

Ewoéva L.1. Kalsj mpoktikn Ayne pwtoypagiady yio. Kivito oviikeiuevo.

INo kuAvdpucd avtikeipeva Ba Tpénetl va vapyet wo omdéctoon 10° —
15° avaueco og d0O YEITOVIKEG POTOYPOPIES, MoTe Vo, eE0c@oAabel N
amotovpevn emkdAvyr tov epieyopévou (Ewova 1.1). duokd n omo-
otaon ovTH Uropet vo LetwBel avaioya LE TIC avAYKES TOL TPOKVTTOUV
Kot oetifovtot pe TNV TOATAOKOTNTO, TG EMPAVELNS (LOpPOAOYin) TOV
OVTIKEILEVOL KO TIC KOTAOTNTEG TOV QVTO PEPEL.

dotoypagion tpocoyng ktipiov: [Mapdrinieg cvykiivovoeg Anyelg
He xpnon tpimoda 1 peTafAnTod Hyouvg povonodo. H ewtoypapikr pun-
¥ovn petakwvelton Thve o€ pio vonTt YpoLp Kot 68 TOKTE S100TAHLOTO
(avaykn ywo TovAdyiotov 60% emikdAvym) yivetor ANyn ewtoypapiog.
H xivnon mpémet va yiveror cuotnpatikd, aptotepd tpog deid Kot de&id
TPOG UPLETEPQ, KAOMG TO AOYIGUIKO UmTopel Vo EKUETOAAEVTEL TO GUYKE-
KPLULEVO TPOTO ANYNG KOl VOL LLELDGEL TO GUVOAMKO YPOVO VTTOAOYIGLOV TNG
3A avakataokevn|g (Ewova 1.2).

DoTtoypagion ecTEPKOV YOPov: H tpocéyyion avth ypnoonoteitol
Yl TNV OVOKOTOOKEVT EVOC ECAOTEPIKOD YDPOL OTWS VOGS dmUATION N
TOV ECMOTEPIKOV YDPOVL VoG pvnpeiov. 'Eva cuvolo amd potoypapieg Oa
TPETEL VAL GUALEYOVV LLE TOV TPOTIO TTOL TPOPAUAEL TO GYN A TOV akoAOLOET
o¢ oapopetikd vy (Ewova 1.3).

Ddotoypagion pe cvykiivoveeg Myers: H pébodog epappoletar y
TNV OVOKOTOGKELT OVTIKEIHEVOV 1| LvNUEIOV IE £VTOVO avAYALPO OTIG
eEMTEPIKES EMUPAVELES TOV, DOTE VOl ETTELYOEL TANPNC KAALYN T®V TTTL-
YOV YOPIG Vo LITAPYOLV EVTOVEG Yovieg TpoonTikng katd t Anymn (Ei-
Kéva 1.4).
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npéooyn npoaon
(eodadpévn npoatyyion) (opBr mpooiyyion)

O .....0

TapaAAnAeg Afyeig

60%
oS enKGAudn

Ewovo 1.2. Koy mpoxtikiy Ajyng pawtoypopiov yio mpocoyn Ktnpiov.

EOWTEPIKOG XDPOS E0WTEPIKES XWPOS
(eadparpévn mpootyyion) (opBr npoctyyion)

4TTTTEREYY

- - .
o Il
& - ] | *

& ®

\ o
A T TTTTTT T4

o 9

Ewova 1.3. Kalij mpaktiki Ayns pwtoypopiav o€ e0mTEPIKO YHPO.

1.3 Amdéctacn @OTOYPAPLONG KUl OLUGTACELS

21V mopodod TOPAYPUPO CLUYKEVTPMVOVTAL KATOLES YEVIKESG KATELOVLVTI-
PLES YPOUUES GYETIKES LLE TO TTOLEG TPETEL VAL VAL O1 ATOGTAGELS POTOYPAPIOTG
oo TO AVTIKEIIEVO Kol TaPoLGIALOVTOL TPAKTIKA Tapadeiypato mov oyetilo-
vtot pe 10 PEYEHOG TOV OVTIKELLEVO.

H oandotaon g potoypdoiong oyetiletal pe v avdivoon g ynelonoi-
NoNG Kot €ivat oNUAVTIKO, TPV amd OTIONTOTE AAAO, VO YIVEL id ovOpOpPE OTN
LETPIKN TNG amdoTaonC detypatoinyiag eddoovg 1 ground sampling distance -
GSD, 6mwc cuvibmg kakeital. H petpikn avth TpogpyeTol amd Ty eTIGTHUN
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un-TrapdAAnAeg cuykAivouoeg Afyeig

Ewoévo 1.4. Ko npoxtiri Ayng pawtoypopiadv pe abykiion.

ApvTIKG eminedo
{ Eonaxij anéotaon f

o
Oenkd emimedo l

Yyog nriiong

Moo vy operpo

Ewéva L5. I'sowpetpixd otoryeio mpocdiopionod g OeryuotoAnyios e56poug.

NG TOTOYPAPING, AEPOPMTOYPAPIOG KOl TNAETIGKOTNONG KAl OpIGTNKE Y10 VOl
TPocdlopicel TV avaivon (LikpoTepo HEyeBog €dAPOVG TOV Elval 0paTd) TOL
EMTLYYAVETOL GE POTOYPAPIL OO YVMOGTO VYOS TTHOMG LLE POTOYPOPIKT UT)-
YOV UE YVOOTA yapoktnplotikd. [a mopadstypa, o iwy GSD = 10 m
oNUaivEL OTLEVO EIKOVOGTOLYEID OE POTOYPAPin EGAPOVS AVATAUPITTH ETLPAVELDL
puniiovg 10 m 610 €80.0p0¢ Kol v BE®PNGOVLLE TO EIKOVOGTOLYEID TETPAY®VO,
0VGLIGTIKG YVOPIlovpE OTL £va stkovooTotyeio avamapiotd 10 x 10 = 100 m2.
Kat’ avoloyia, n petpwn pmopel va epoppooctel kot o€ opldvtio d1ed-
Buvon kot avti vo avtiotolel oe Eva HVWog va ypnoiuomoinbel yio thv extiunon
G 10OVIKHG OTO0TOONS OO TO OVTIKEIUEVO YNELomoinong, Yo v enitevén
eMBLUN TG ovdAvoNG (ATOTOTOOT AETTOUEPEIDV). ATO T1| YEMIETPIO TOV TPO-
BAqpoTog, n omoia givat Opoe e 0VTH TNG TEPITTMOONG TNG 0EPOPOTOYPUPING,
gvkoha eEQyeTal OTL 1| OTOGTACN GO TNV EMPAVELN LETPOVLEVOV AVTIKELLEVOL
o€ oo Le OedOUEVO PUEYEDOG AEMTOUEPELDV OTNV EMPAVELL TOV AVTIKEIHEV®V

7oV TTPEMEL va. amotunwBel diveTat:
a= 552t L

j2

omov d n {ntodpevn amdoToo, f. 1 eotiokn amdotaon (focal length) Tov pwto-
YPOPUKOD GLOTNHATOG, S TO HIKPOTEPO UEYEDOG AETTOUEPEIDV TOV GVTIKEE-
vov mov {nteitar vo arotumebel kot s, T0 péyedog evog e1kovooToLyEion THVE®
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070 OTTIKO UGOHNTAPLO TOL PWTOYPAPIKOD cvoThpatog. O mapdyovtag (1/2)
EICEPYETOL MG EPAPUOYN TOL VOOV detypatoAnyiag tov Shannon (kpitriplo
Nyquist) yio vo e€ac@aricel 6Tl TO LIKPOTEPO YOUPOKTNPIOTIKO s f B petpn-
Ol 0pBa ka1 cuvendg divel To Oplo oty emthoyn ¢ andotaong. A&ilel va
onuewdei K1 edm 611 Bempeitar 611 Ta, elovooToryeia ivar TeTpdywva (omdTE
apkel vo givol yvootd To TAATOG EVOG EIKOVOOTOLXEIOV) KOl OTL O HKPOTEPO
uéyebog Aemtopepeidv AopuPavove to pikpotepo pEyehog g TPog OmoludNTOTE
KaTeLOLVGT TOL GTO EMIMESO TAPUAANAQ, LLE TO EMIMESO AMOTONWOOTG.

To uéyebog tov eikovootoryeiov s, e unyovic pmopel vo vroroyisOel xpn-
GLOTOLOVTOG TN pia dtdoTtaon (TAATOS) Tov ontTikoy atsOntnpiov (Yo TeTpd-
Y®VO EIKOVOGTOLYEID — S10POPETIKE, TPETEL VO VIOAOYILETOL 08 GYéom Ue TN
HEYOADTEPT O14.6TACT]) KOL TV AVTIGTOYN SIAOTOGT TNG EIKOVOS TOV TPOKVTTEL:

Sw
Sp =", (1.2)
OOV Sy TO TAATOG TOL OTTIKOV 0O TNPioL Kot w TO TAGTOG TG POTOYPAPiG
og pixels.

Mo mopaderypa, o po pnyovn e aistnipio peyéboug 23,5 x 15,7 mm
ka1 péyeoc pmtoypaeiog 5472 x 3647 pixels, 1o péyebog tov grkovootoryeiov
glvar s, = 23,5/5472 = 4,2945 pm. Avaloya e TOV KOTOAGKEVOOTY, TO
uéyebog evog eikovootorygiov umopel va Topovolalel HEYAAES SLUKVUAVOELS
(my. GAAN pnyavn €xel arsntpa pe néyebog eikovoototyeiov 4 um Kot GAAN
ue péyebog eikovootoryeiov 12 um). Mo kGOe yneoxn eoOTOYPUEIKH unyovn,
1 €0TW0KN omdoTaoT fo Tov oKD kol T0 uéyebog Tov EIKOVOCTOLXEIOV YOO
knpilovv 10 TPOPIA Aertovpyiog TnG. ZUVOAIKA, AV, Y10 ToPAdEypa, {nToduevn
gtvan  yneromoinon aviikeyévov pe Aentopépeieg g taéng tov sy = 1 mm,
ko dratiBeton poToypaekn unyovn pe eokod f. = 50 mm Kot eOnTpLo pe
uéyebog eikovoototyeiov s, = 4 um, n pEy1oTN OTOGTOCT] AMOTVTOONG diveToL:

1 I[mm] 1

B 1000[um]

= 6250[mm] = 6,25m (L.3)

Ortav elval yvootq kol otabepn 1 andotacn and v omoia pmopel vo yivel
QOTOYPAPLOT, TOTE Umopel va extiun el To puéyebog g UikpoOTEPNC AemTOUE-
peLag Tov givan duvatd vo anotunmBel, wg sf = 2s,d/ fe. T'a Topaderypo, eav
dtatibeton umyavh pe s, = 8 um, eakd f. = 35 mm Kot 1 ATOGTACT GTNV
KOADTEPN TTEPInT®ON €ivol d = 5 m, TOTE 1 AVAUEVOUEVN OVAAVGT) TOV UITOpEl
va emtevyBel sivat:

8[m]5[m]

=2
°f 35[mm]

= 2,29 mm (I.4)
Duoikd, KoOMG N OTOCTUOT] HEYOADVEL, LIKPOAIVEL | OVAAVOT] TOV UITOPEL VoL
emtevyOel, yio T cvykekpévn tepintwon (6Aeg ol AAAeG TaPAUETPOL GTOOE-

péc). Apa, n Ty sy mov vroloyiotke eivan 1 KaAvTEPT duvarr]. Oa mpémel
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Améoraon (D))

/

Bdon (B)

TUTUKY anokAon o
o o
8 8

o
2

9 02 03 0.4 05 06 0.7 08
B npog A (Abyog Baong npog andotaon)

Ewéva 1.6. O 26yoc B/ D kou 5 eminramon 100 610 o@diuo HETpRoe.

va onuelnBel TG o€ £va 6HVOAO ad POTOYPOPIEG N ATOGTUCT] POTOYPAPIONG
omd To avTIKEIHEVO glval adVuvaTo Vo TOPaUEVEL oTabepn], TOGO AOY® TG Lle-
Takivnong 660 Kot AOY® TOL avoyAdPOL TOV OVTIKEWEVOL KoL, O €K TOVTOL,
N avéAvon mov pmopel va emitevyDel etvon petafAn ond meproyn oe mepLoyn
TOV TTOPAYOUEVOD 3A HOVTELOV. ZUVETMG OLTO TOL UE UEYOAVTEPT] OOPAAELD
umopet va avaeepBel etvar éva gdpog omd avarvoelg Kot oyl pio Kot Lovodikn
avaivon.

Emumpocheta, akoun o peTpikn mov exnpedlel ™ cvAioyn dedopévav
givan 0 Moyog B/ D, dnhadf n oyéon g andoTaong avVAIEST 6To KEVTPO AWNG
dvo potoypaeudv (image baseline-B) kot g andoTO6NG TOLS OO TO OVTIKEL-
pevo (distance-D). Xe €va épyo QOTOYPOUUETPIOG Lol LEYAATN TIU 6TO AOYO
B/D givon onpavtiky yloo TV oKpiPeLo TOV anoTELECUATOVY, and TNV GAAN,
O, 00NYEl OE LEYAAES AMOKAMGELS TOV TEPLEYOUEVOD PETAED T®V S10d0 KOV
POTOYPAPLOV, KAONDG KOl O EVIOVES OTOPPAEELG TEPLOYDV, LLE OATOTELEGLLOL VO
LELOVETAL 1] TOWOTNTA TNG 3A OVOKATAGKELNG KOTA TNV €QOPROYN 61N HEBodo
SFM-MVS. ‘Eva embountd €bpog tipwdv B/ D, to omoio £xel avopepbel oe
OPKETEG EMOTNHOVIKEG epyacieg Ppioketar avapeoa otig 0,16 kan 0,5, 1 iomg
KoL OKOUO PeYaADTEPES. AVTO OV B0l TPEMEL KAVEIS VO £YEL G YEVIKO KOvOva
givan 6T 1 axpifela vrodoyiopuov Tov fabovg petdvetat aicOnTd dTOV o1 TIHEG
00 Adyov B/D givar pikpdtepn omd 0,3. H Ewdva 1.6 mopovoidler to Adoyo
B/ D xa1 Vv enint®ot Tov 610 6OAALL LETPNONG.
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Ewéva 1.7. O1 tpeig fooikés Topeuetpol piog pawtoypopiKng unyovig.
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Ewova 1.8. Orntikoroinon ayéons diagpayuarog kou fabog wediov.

1.4 Boaowkég mapapeTpor pOTOYPAPLONG

KaBog n Aopn and kivinon Paciletol ot @OTOYPAPIOT Elvol GKOTLO VoL
avapepBovv o1 facikdtepes 0md TIC TAPAUETPOVG oV kKaBopilovv Tn GOAANYN
g eotoypagiog. Avtég ol TapAUETPOL Eivat TO dd@paya, 1 TaXHTNTO TOV
Kieiotpov kat ot Tiég ISO. v Ewdva 1.7 mapovcidlovtat ot mapaueTpot
OVTEG KOl 1] EXLPPON TOVG TAV® GTO TEPLEYOUEVO TNG PwToypapiag. ALilel va
onuelmdel n emidpacT TOv AVOIKTOD 1 KAEIGTOV doppdyuatog (aperture) o€
oyéon ue to Pabog mediov kot TNV TayOTNTO TOV KAEIGTPOL 1) TO YPpOVO Ekbeong
(shutter speed) (Euwova 1.8). Ev cuvtopia, o dtdepaypa kabopilel to péyebog
TOV OVOIYLOTOG GTO (POKO, LEGEH TOV OTOI0L TO QMG TUEWEVEL TPOG TO OTTIKO
oo TAPLO TG UNYOVIG, EVA M TaHTNTO TOV KAEIGTPOL (oL puOuilel To XpoVO
éxbeomg) kabopilel To ypoviKo SLAGTNA TOV TO KAEIGTPO TNG UNYAVIS TP~
HEVEL AVOIKTO KO TO QMG PTAVEL GTO ONTIKO AleONTAP10.
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.5 Movtélho KApePOS 0MG KOl EGTLOKY 0TOGTOON

To povtéro képepag omnic (pinhole camera model) arotelei 1o 70O KOWVO po-
vtého mov pooeyyilel tn dwdikacia g oToypdpiong. To cuykekpluévo po-
VTELO YPNOLOTOLEITAL OE OAEG OTIG PMTOYPOUUETPIKES LeBAOVE Kat OeV apopd.
puoévo tn pébodo SFM. Znv mpayHoTIKOTNTO TO GUYKEKPUUEVO LOVTELO TTPO-
ceyyilel T Agttovpyio TOV TEPICCOTEPMV POTOYPAPIKADOV UNYOVAOV KOl OTOTE-
Ael éva KOAO TApASELY LD YO TV KATOVOTOT] TNG E0MTEPIKNG TOVS YEMUETPIOG.
ZOHQOVO e TO LOVTELO TTPOPOANG TNG KALEPOS OGS, 1| OXECT AVALESOH GE £Vl
onuelo oTov TPAyRATIKO KOGHO (3A) Kot pog avarapdotaong (mpofoing) tov
mhvo og pia eikova (2A eucovootoryelo) eEopTdTol amd TPELS LETACYTLOTICLOVS
(Ewova 1.9). Avtoi etvar ot e&nc:

* MeTaoynNUATIGHOG OTEPEOY CONOTOS TOV OLPOPE OTI LETATOMICT KO TTE-
PLOTPOPT] TNG POTOYPAPIKNG UNYOVIC O TPELS SIUCTACELS:

X X
Yo | [R t]|VY
Ze |~ [ 0 1 } Z @)
1 1

mov R elvan o mivaxog meplotpoeng (3 X 3) NS OTOYPAPIKNG UNYOVIG
Kot t 1o dtdvocpa (3 X 1) yo T HETATONIoN OTO YMPO.

* O LETOOYNUATIOHOG TPOPOANG amd TPELS o€ dV0 dlaotdoslg mov facileTon
KO TAAL GTNV apY1] TOV OLOI®V TPIYDVOV:

JXe fYe
— = 1.6
TET V= (1.6)
omov f etvan 1 eotiaxn andotaon (focal length).
* O petooynuatiocpog
u~ Kx (1.7

oV GLGYETILEL TIG OKEPALES BETELS TOV EIKOVOOTOLYEI®V GTNV EIKOVA T ~
[u v 1T pe 116 dopHmEVES GLVTETAYUEVEG TOVG, AapPavovTog LITOYN TV
OTOKALOT) TOL TPWTEVOVTOG GNUEIOV GTO OTTIKO OLGONTIHPLO TNG UNYOVIC,

ue
ay S U
K= 0 a, w (1.8)
0 0 1

OOV (v, (Ot OL GUVTEAECTEC KAMUAKWOOTNG G€ 000 SLUOTAGELS, S 0 fOOLOC
otpéPrmong (skewness) kot ug, vg M 0€om TOL TPWTEVOVTOG OMLEIOV.
AvTéc glval o1 ecTepIKEC TapApETpot (intrinsic parameters) piog eoTo-
YPOPIKNG UNYOVIG TTOV 0KOAOVOEL TO HOVTELD OTNG. NUELDVETAL OTL TO
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AiofnTipag

%{Zaman avapeoa
r ot o kai algdnTipa

r=vAd

Kévipo -'_,.-' Avrikeipevo
agova*”

= OTTIKGG
Tpwretov agovag
onptio

Ewoéva 1.9. ITpofolij onueiov X ard tov 34 ypo oo exinedo g e1kovog.

oYNUO TV gIKOVooTolXeimv Bempeital yio vkoiio 0Tt givan TETpdymVO
Kol ¢ €K TOVTOL oyVeL 0Tl oy, = a, = f kot OTL dgv TopovctaleTon
otpéProon s = 0. Apa g Tiun Tov o = f opiletar 1 EGTIOKN OmOCTACT
TOV POKOV EKPPOUCUEVT] G glKOVooTolEia. Q¢ Tpmtedov onueio (princi-
pal point) opiletai To KEvTpo Tov OTTIKOD oGO TNPIOV TG POTOYPAPIKNG
pnyovig.

1.6 ®owTtootabepd, 6TOXOL KO KAPOKES

H pébodoc SFM-MVS mapdyet 3A povtéla, ta omoia £Y0vv 6MOTEG avo-
Aoyieg aAAG Ppiokovtal 6€ £va TUY0HO GUGTNLLO GUVIETOYUEV®V avaQopas. Me
™ XPNon emTooTudEpdYV, 6TOYWV Kol KAAK®V, gival duvat) 1 KAMpdKmon
oV 3A yne1aKol aviypdeov, MGTE 01 ATOCTAGELS OVALECH GTIG KOPLPES TOV
va toutilovTol Pe aUTEG TOV TPAYUATIKOD KOGHOV. YTTapyeL o mAnddpa amd
GYeTIKA avTikeipeva, ta omola Umopel Kaveic va ¥p1CILOTOMCEL €lTE GE 6Mm-
TEPIKOL gite e€mTepkov ydpov €pya 3A ymoelonoinong. Kéamow and ta Po-
GIKA YOPUKTNPIOTIKA TOV GUYKEKPILEVOV OVTIKEWEVAOV givol 1 akpifeld Tovg
kot 1 Bobpovounon katé TV KATaoKELT TOVG, 1| TOLOTNTA KOTACKELNG KOl
OVTOYT TOVC GTO YPOVO Kol GTO VEPD, KOOMG KOl 01 SLOPOPETIKES EKOOGELG TOVG
(1Mpokeg) mov Bo pTopoHoay Vo KAADWOLV TIG OVAYKEG OLOPOPETIKAOV EPYOV
ymoonoinong. IIoAAég popéc cuvavtodpe KAMPOKES OV PEPOLY TANPOPOpin
VONG, M omoia eivan ek Tpog Tt puéBodo SFM-MVS, dote va emttuyydvetal
N 3A avaxotackevn] oAOKANPNG TG KAMpakag. Eniong kdmowa Aoyiopukd SFM-
MVS (my. Agisoft Metashape —uéypt to 2018 yvawot6 wg Photoscan) diabétovv
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Ewéva 1.10. Hopadeiyuaza ond pwrootabepa pilixd mpog ) uébodo SFM-MVS ovuford pe to Aoyiopixo
Agisoft Metashape (uéypt o 2018 yvawoto w¢ Photoscan).

d1kd Tovg pwtoctadepd, Ta omoio pmopel kavelg va ektundoet. To mAgovékTno
pe auTd gival 0Tt avayvepiloviol auTOUT od TO AOYIGUIKO HEGH OTIC (PMTO-
YPOQiec, Le amoTELECUA VO TOPAYETOL aVTOHATO 0pBd KMpakmpévo 3A avti-
YPOAPO, APKEL 0 YPNOTNG VA EIGAYEL TIG OKPIPELS OTOGTAGELG AVAUESO T KEVIPO.
TV @OTooTafep®v. Educotepa kaTd T Ynelomoino apyaioAoyIKdV ydpov M
uvnueiov, cuvnbmg opiloviar onueia ehéyyov eddpovg (ground control points
- GCPs) 6mov ot Bécelg Toug vroroyilovtan pe cvotyuata GNSS — global nav-
igation satellite system. H vmapén tov GCPs emitpénel ™) yeooavoaeopd tov 3A
YNOLKOD OVTLYPOPOL, MGTE EKTOC OO T OLVATOTITA VTOAOYICUOV ATOGTA-
GEMV OVAUESO GE ONUEIN TAV®D GTO OVTLYpaQo va, Elval dSuvaTdg 0 EVTOMIOUOG
g 001G VTV TOV GNUEI®Y GTOV TPAYUATIKO KOGLO.

H Ewdva 1.10 mapovsialel mapadeiypota and potoctadepd, to omoia gi-
vor @uAké tpog T péBodo SFM-MVS xar cvpfotd pe 1o Aoyiopikd Agisoft
Metashape (péypt 1o 2018 yvawotd wg Photoscan).

1.7 Yhlwké ovpfotd pe ™ pé@odo Aop) amd kivion

H xatnyopromoinon vAkdv 6e guMKkd 1 Un erukd tpog v 3A ymelonoi-
non pe tn pébodo SFM-MVS dev pmopet va givatl amdAVTN Kot Ol TOPaKATM
Aloteg Ba mpémet va, Aapavovtol vToOYn HOVO EVOEIKTIKA. Xe KAOE £pyo ynotlo-
noinong Ba Tpémel va yivetol EMTOTLIO LEAETN.

DUIKd VAIKG: PUOIKY TETPA, ETECEPYATUEVN TETPA, E0OPOS, UG-
Hopo (oy1 Aevko), koxkoio, Eolo, dépua, wouuitng, aioepo, Umpovv-
700G, YOAKOG, YpLGOG, YOWOGS, KEPOUIKG, TODLLO.

Mu-piiika viikd: vepo, yooli, fAcotnon, putd (o€ eAeyyouevo mepi-
Pailov umopodv va amotvrwBodv), fepviki, atodll, Hovoypwuatl-
KEC TAOOTIKEG-YDOMOTEPES EMLPAVELES, YOAMOTEPOS YPLTOG-YOLKOG-
UTPOOVTLOG-010EPO.
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1.8 Acgiypota wpopfinnatmyv

O ITivakag 1.2 mapovsialet o oepd amd detypata tpofAnpotikdv dedo-
pévav, pe eme&nynon tov tpoPAnuaroc, o oyéon pe  uébodo SFM-MVS.

Mivoxog L.2. deiyuora pofinpotindy dedousvav yia t usédodo SEM-MVS.

* Xpnon flash —'Evtova Aevkd ypdpoto kot 6KLEG
o Koaxd @ovto pe avokAooTIKEG ETLPAVELEG

* TIolb okovpa ypoduaTo
* 'Evtoveg oKiég
* AvakAdcelg

o YmepPohkn yovio AMjyng (Tpoontikn)
* OETOYPAPION ATEVOVTL GE NAOKO POG
e Avinlid Kot ovokAAGELG O YUAAVES ETLPAVELEG

* OETOYPAPION ATEVOVTL GE NAAKO POG
e Avinlid Kot ovokAAGELS TOL QoKD
* Mn-KEVIPAPIGHEVO OVTIKEILEVO

* To avtikeipevo epeavilerar TOAD pokpld

e To pvnpeio givor TOAD peYGAO Y10t VO AVOKOTAOKEVAOTEL GMOTA [E LKPO
mA00g poToypapidV (PALte andoTacn AMyng)

¢ Qo umopovcE Vo TPOKVLWYEL Eva YoUNANG TodTNTag 3A Yyneokod avtiypago

*  AvoKAOOTIKT ETLQAVELL
* Emopdvein yopis ypopatikés petaforés (Aevkod)

o Xoapuniog eotiopog
* Xpnon erog — Anpiovpyic VIEPPMOTIGUEVOY / VTOPMTIGUEVOV TEPLOYDV

e Xoapuniog eoTiopog

* Yymiég tipéc ISO

e IIp6pAnpa oto Pabog nediov — eotioon

* Koaxmn e&lo0ppomnomn tov AEVKOD YPDOUTOG

o Xapnhog goTIopog
* To avtikeipevo epavilerar TOAD pakpld
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1.9 AvTtopoTomoinot) oledtKaGLOV ETIYELNS GVAAOYG OE-
oopuEvov

H eniyeia ko evaépla cuAroyn dedopévav yia m 3A ynoelomoinon pe
néBodo SFM-MVS amartel pia oeipd amod dtadikacisc. [a mapdadetypa, vrdpyet
1 avayK”n Y10, @OTOYPAPIoN TNG KAOE TEPLOYNG TNG EMLPAVELNG EVOG UVTIKEIUE-
VOU TOLAGYIOTOV amtd TPELG OLOPOPETIKEG OTMTIKEG YOVIEG Yo TNV mTVYn 3A
ovaKaTackeLn (0TEPE0KOTIKT TapdAraln). Tavtdypova, 1 ®TOYpAPIoT TOV
GTOTIKOV aVTIKEWEVOL Ba mpémel v TpoypatonomBel and Eva peydio mAn-
00G SLOPOPETIKDY OTTIK®OV YOVIDV BEaomg pe omotélecpa vo emBaiietar N
LETAPOPA TNG GMTOYPOPIKNG UNYOVIG amd To €va onueio oto dAAo ¢ pio
yapumAov k6otovg Avor. H adhayn tng 0€ong tov potoypdpov (6tav Tpokettal
Yo axivinto avtikeipevo) tpoimobétet Kot v vmapén Tov S1fEGILOL YDPOL
v vo petaxvnel. Zotikng onpaciog eivot 1 ao@aAElo ToV AVTIKELEVOL KAT
TN SApKE AYNG POTOYPAPLOV. Xe GAAEG TEPMTMGELS OOV TO UVTIKEILEVO
glvar petagépoio umopet vo omontnel ) TPoGEKTIKY TOT0OETNON TOV pE o~
(POPETIKOVG TPOTOVS, MOTE VO, amoTudody OAa ta puépn tov. Emmpocheta,
emParietaln opbn ANyn EOTOYPAPLDOV TOL B GUVADEL LE PACIKEG POTOYPOLLL-
UETPIKES apyég (.. opOd EOTIOCUEVEG EMPAVELEG TOV OVTIKEWWLEVOD, COGTO
BaBog mediov, koA avtiBeon Kot EvtaoT YpoudTeV, Beprokpacio PoKOV TPV
™V €vapén GLAAOYNG PMOTOYPAPLAOV, K.0L.). ATO TNV GAAN, 1 avayKn Yo Aqym
OOTOYPUPLOV OO GYETIKA 6TAOEPES AMOGTACEL LLE GTOYO TNV EAAYLOTOTOINGN
™G amokAons tev TiHaV G'S D, kabds kot 1 Suokoiic AOYm TV LOPPOAOYIKOV
YOPOUKTNPIOTIKAOV EVOG AVTIKELEVOL GTO VO EVTOMIGEL KATO10C TIC KOTAAANAES
0éogig AMynG, amoTEAOVV TAPAUETPOVS TTOL 0OTYOUV GTNV TOPOLGI0 EMTPO-
cBetov PwTOYPaPIKoL e£omMopoV. TETO10G PMTOYPaPLKOG eEOTAGIOG popel
va gtvat:

* Movomodo-a, Tpimodo-a.

* Eleyyouevog potiopog.

* OiAtpa mTOA®ONCPIATpOTOA®OT).

* BaBuovountéc ypopdtmv kot yeopeTpiog.

* Awgpopetikol pakoi avaroyo pe to p€yefoc Tov avTiKeEVov.

H eniysio cuAdoyn dedopévav yia tnv 3A ymelomoinon avTiKEWEVOVY LE T
pébodo SFM-MVS etvon pio apketd ovOetn dwadkacia, 1 6mote Op®G pLropet
Vo avTopaTononBel, £0¢ kmoto Pabpd, ovarloya Le TOV TOTO TOV OVTIKELLEVOD
OV TTPOKELTOL VO, ATOTVTMGOVUE (Eva Kivnto N éva akivnto avtikeipevo).

Ta 0péAN amd TV QVTOUATOTOINGT] TS JdIKAGI0G CLAAOYTG dedopévav
vt pnébodo SFM-MVS oyetilovton pe Bépata 6m®s to TopakdTo:
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* Amlomoinon g dtodikaciog cLAALOYNG dedOUEVAV.
* Avénom mapayoykdmTog g opddag yneloroinong.

* AvvoToTnTo GLAAOYNG OEOOUEVMY OO AVTIKEILEVO TOAD HKPOD pEeYE-
Bovg (macro pwToypdeion) Kol 6 SVGKOAEG GLVONKES, GTIC OTOoleg ivat
amopaitnToC 0 eMmPOGHETOg EEOMTAMGLOC.

* Enitevén mcg ocvAloyng Sedopévav og TEPITTAOGELS TOL VIAPYEL TOAD
LIPS YPOVOG TPOGPOOTG OTO AVTIKEILEVO.

* E&uo@dMon cuyKeEKPILEV®V YOPOKTNPIOTIKOV GTO OEGOUEVA.

* Enavoinyipdmra g dadikaciog cuAloyng dedopévav e otoyo TV
VAOTIOINOT OVTIKEWEVIKDOV TEPOUATOV aEI0AOYNONG TOV €E0TAGUOD Kot
TV 3A 3£00UEVOV TTOV TPOKVITTOVV.

H avtopatomoinon g dadikaciog sulioyng dedopévav petafBaAieTol avé-
AOYO LLE TO AVTIKEIIEVO TPOC Yy elomoinot. 1o cuykekpiuéva, 6e TEPITTMOCELS
OTOTOIWOTG EVOG KIVITOV OVTIKEWUEVOD, 1) (PNOT| LG TEPIOTPEPOUEVNG PA-
oG amoTeLEL 13aviKn AOoN, apov eEac@AAIlel TV EVKOAOTEPN GALYT OTTIKNG
YOVIOG TOV OVTIKEWWEVOD o€ oyéom pe T otabepn 0éom piag 1 kot TePIGeo-
TEPOV POTOYPAPIK®DV pnyovav. Etiong, emtpénetl ) dpapotiky peimwon tov
TAN00VG PETAKIVICEMV KOl AYYIYUATOV TOL OVTIKEWWEVOD KATL TOV OTOTEAEL
W0witepa ONIOVTIKO TAEOVEKTNUO, OTOV 1) YNELOTOINCT AQOpd TEXVEPYD KOl
N aoedrela Tovg mailel Tpotapyikd poro. H avtopatonoinon tov frpatog
TEPLGTPOPNC TNG Pdong e xpnom KATOoL E0IKOV AOYIGLUKOD EMITPENEL TOV
EVKOAOTEPO EVTOTIGUO OMOPPAYUEVOV TEPIOYDV (TT.X. TO TUNLO TOV COUOTOG
evog ayyeiov Ticw amd Tig AaPég Tov). EmumAéov, ) xpion HOG TEPIOTPEPOLEVG
Baonc emttpénel TV EQapLOY EVOC 6TOOEPOV TOPACKN VIOV (POVTOV) Tio® amd
TO OVTIKEILEVO, [ amoTéAeoa TN HelOT TNG OVAYKNG OPIGHOD TEPLOYDY TOL
@OvVTOL oTIg swkdvee (pdokeg). Emmpocheta, n pubuion otabepod ooTicpod
e&ooparilel 6poleg GLVONKEG POTOYPAPIONG YI0 OAOL TO TUNUOTO TOV OVTIKEL-
HEVOL TTOV OTOTLTTMVOVTOL OTd TNV 1010 OnTIKY Yovia 0éaong (otabepn Béon
QOTOYPUPIKNG UNYAVS KO POTICTIKOV COUATOV).

Tpeig mpoceyyioelg AVTOUATIGLOD TOV SLOSIKAGIOV LTOPOVV Vo d1akpliovv:

+ Xepokivntn weploTpe@opevn Paon: O omtoypdeog Ba mpémel ndvog
TOV VO TEPIOTPEPEL TN PACT), DOTE VO EMTVYYAVEL KABE Popd TNV emBv-
unt yovia 8éaong. Ot TpooNUEI®UEVEG LOTPES TEPIOTPOPTG TAVED OTN
Baon Ponbobv oy emavainyiudTTo Kot 6TafEPOTNTA TOV SE00UEVAV.

* Hpwovtopatn meprotpepopevn Baon: Awbéter dtoukomtn ON/OFF 6mov
Eextva 1) TEPIGTPOPT| (ATEPHOVA) TPOG L0 CVYKEKPLUEVT] POPE (@POAO-
Ykn 1 avti-opoloylokn). H emioyn g embBoung yoviog meptotpo-
PNG EMTLYYAVETOL LUE TO KAEIGIO/AVOLY L0 TOV SLOKOTTT).
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Ewova 1.11. Xprjon ovtdporns mepiotpepdoucvis foons Pfruatikod Kivytipo. pe oovoToTnTa. Yeipiouod amo
VITOAOYLOTH.

* Avtopatn eproTpe@opevy faon pe Prinatiké KivnTi|pa KoL ovVeTO-
™mTa XEPepov omd vroloyiet: Katddinio Aoyiopid avarappdvet
Vo EKTEAECEL TNV €KKivion Kol TowoT g meplotpoens. [Ipoceépetl
SUVOIKT] LETOPOAT TOL PLOTOC TEPIGTPOPNG QPO O YEPIOTNG UTOPET
va opioet uKpdTEPO 1 LEYOADTEPO PrLLOL OVAAOYO LLE TO. YEMUETPIKE YO~
POKTNPICTIKA TOV aVTIKEEVOD. To AoyIoKd pmopei eniong, og KATOlES
MEPUTTMOELS, VO EVEPYOTOLEL TN AYN POTOYPAPIDV KAl G EK TOVTOV O
YEPLOTNG WITOPEL ATAAL VO, TOPATIPEL KOl VO ETPBAETEL TIV QVTOUATOTON -
pévn dadwcacio cvAloyng dedopévev. H emavainyipdtnta tov tpdmov
GUALOYNG T®V SEGOUEVOV LIE T GLYKEKPILEVT] TPOGEYYIOT] EXEL LEYAAN
axpifelo Kot vdpyel TARPNG ELEYXOC TNG SLUSIKOGING.

H vlomoinon pog mepiotpe@odpevng Paonc xauniov KOGTOVG Hmopel vo
npoypatonomBel onuepa e T ¥pnom evOg IKPoeLeYKT, 6mg To Arduino.
Mmropel kaveic va gvtomicel TAn0dpa mapaderypdtwv vionoinong oto Awdi-
KTVO pe ETolo Tnyaio Kmdika, Ta omoio cuvdvalovy kot teyvoroyieg 3A ektv-
TOONG Yo TNV EOKOAN SNUIOVPYIN TOV UNYOVIKOV TUNUAT®V.

Amo TV GAAN, 1 OLTOLOTOTOINGT GLAAOYNG SEdOUEVOV OKIVIITOV OVTL-
KEWEVOVY, OGS gival Pio TPOTOUN 1 VO GYOALN, OTOLTOVV T YPNOT EOIKOV
KOTOOKEVOV TOL KIVOOVTOL ETAVM GE KUKAKEG payes. Kot og ot v mepi-
TTOGCT UTOPEL KOVELG VO S10KPIVEL TPELS OLOPOPETIKEG TPOGEYYIGELS, AVTIOTOLYES
LE OVTEC TV TEPIOTPEPOUEVOV PACEDYV, 0pOoL TO LOVO Tov oAAGLEL gival M
TEPIGTPOPT TOV EEOMAMGUOD YOP® Ond TO CVTIKEIUEVO. XE TEPITTOCEIS OTOV
1N oVAAOYN dedOUEVOV aPOPA TIVOKES, KTPLO, TPOSOYELS Kal uvnpeia, tote
1 VTOUATOTOINCT TNG O10dKAGING GLAAOYNG OESOUEVMOV UTOPEL VO TPOLYLLOL-
tomomBel pe evBOypappec payes. ALilel vo onuelwdel Twg, dtav TpoKeLTOL
Yl ¥EPOKIVITA GUOTAUATA, O POTOYPAPOS Ba Tpémel udvog Tov Vo LETaKL-
vel 10 Payovéto mov Ppioketon TV GTIG PAYES, MOTE VO EMTVYYOVEL KAOE
@opd to emBountd Ppa (TapdAraln avapecso oe 600 SLUOYIKES POTOYPOL-
0iec). evikd, o1 kataokevég pe payeg e€ac@aiilovv v evkoAdTEPT aAoyn
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Ewovo L.12. Ermiyeia ovldoyn dedouévwv ue ) ypron povOmooov UETOPANTOD DWOVS Kol WHPLOKNHS
PWOTOYPOPIKNS UHYOVIS LE OVVOTOTHTA UETAOOTNS EIKOVAS OE ECOTVI] POPTH CVOKEVH.

OTLTIKNG YOVIOG G€ GYEOT LE T LETAPOPA TOL PMTOYPAPIKOV EEOTACLOV TAV®
o¢ 1pinmoda. Emtpénel t otobepn andotaon and 10 OVIIKEIUEVO UEIDVOVTOG
étol 1o €0pog petaPoing tov G.SD. Eriong, mpoceépel duvototnto LeyoAng
EMKAALYMG OVAUESO GE YEITOVIKES PoTOoYpaics. ALilel vo onpelmbel Twg n
EPAPUOYN TOAD UIKPOV PAUOTOC LETOTOTIONG O TEPIMTOCELS POTOYPAPIONG
v og eVOVYPOUUEG PAYES EMTPENEL TN GLAAOYN OEOOUEV®V TTOV Elval Yp1-
oo Kot o€ GAAES epappoyég ommg eivan 1) Gigapixel pmtoypdion.

Y& TEPIMTMOCELC, OTIS OTOIEG AMULTELTAL 1 EMIYELD YNPLOTOINOT EVOG AVTL-
KEWEVOL PE PEYOAO VYOG, TOTE 1) YPNOT LETOPANTOV VYOLS LOVOTOd®Y UITOPEL
VO GUVEICQEPEL GNUOVTIKA OTY] S10O1KAGI0L GLAAOYNG dESOUEV®V, OGS Paive-
tat otV Ewodva 1.12. Zvvifog emtpémovy v TomoB£TN01 TG POTOYPUPIKNG
UNYOVIG o€ VYOG amd Vo £mg kot 0éka PETpa omd To £d0poc. H ypron tovg
emnpedletan amd TV avoyn o€ ToAdvI®mon 1 ooio Tpocsdiopiletar amd Ta vAKA
KOTOOKEVNG, TO PAPOG TS GOTOYPUPIKNG UNYOVIG, OAAL QLGIKE Kot TIG 1KOVO-
TNTEG TOL 1010V TOL YEIpLoT (Soun pe vynAd kévipo Pdapovg). Ta povomoda
oLVoVALovTol GUVHOMG LE POTOYPAPIKES UNYAVES TTOL SBETOVY TNAEXEPIGLO
N YPOVOSIAKOTTI ANYNG OAAL KOl [LE TTLO CUYYPOVO YAPOUKTINPIOTIKA OTMG TN
duvatdmTa acvpuatng petddoong g ewovaog (WiFi). H ypion tovg oto nedio
TPoHToBETEL KATOW EUTEPIN OO TO YEWPLOTH EVD EMITPENEL TNV TPOSPaon
o€ omUEin TOL PHOVO UE GUOTAUOTO U] ETAVOPOUEVOV 0EPOSKaPY (ZUnEA)
umopel Kavelg vo omotundoel. ¢ €K TOVTOV, 1 TPOGEYYIoT OVT WITOPEL va
Bewpnbel £wg éva youniov kd66TOLG VIOKATAGTATO TV ZUNEA Y10 TOAD Yo-
unAé vyopetpa. Tavtdypova, AmoTEAEL [0 TPOKTIKY AVOT| GE TEPUTTMGELS TOV
dev emrpémetan 1 ypnon ZUNEA. Ao v AN, A0y® TOV TPOTOL YPTIoTG TOV
LoVOTOd0L TapovGtdlovtat SueKoAieg oTnV eMiteELEN HIKPOV €XPOVG HETAPOANG
™mc GSD evd tavtdypova o puBuog derypoatolnyiog givor xouniog Aoym tov
TOAOVTOOE®V PETE omd KAOe addayn Béong (VEa omtikn| yovia).

Ext6g and ta axivnta avtikeipeva n SFM-MVS uropet va epoppocbet kot
v v 3A ynmoeromoinomn avlpodTvov coudTev (1., dvpmrol Tov opovV ma-
padoGLOKES POPESIEG). Baotkd mpofAinua eivailn advvopio amoAvTnG akivnoiog
evog avBpdmov, kabdg akoun Kot eAdyiotes petaforéc otn Béon ennpedalovv
Vv oot T TS 3A avakatackevng. [ tnv avtopatonoinon g dtadikociog
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GLALOYNG OEdOUEVAV GE TETOLEG EPYUGIEG EMPAALETOL 1 OPALOTIKT AVEN G TOV
GLVOMKOD KOGTOVG TOV £EomAlolloV. [Tio cuykekpuéva, 1 0moTOTOON AvOpOTL-
VOV COUATOV VAOTOLEITOL [LE TN YPT|OT GLGTOLYI0G PMTOYPUPIKMV UNYOVAOV TOV
Tomo0ETOVVTOL GE GPALPIKT, NHCPULPIKT 1) KLAWVOPIKT dtdtaln. To TAn0og Twv
POTOYPUPIKDV UNYOVAV 0VTIGTOLXEL 6TO TANDOC TV OTTIKAV YOVIDV 0O OTOV
Ba potoypaeiletal tavtdypova (chyypova) to aviikeipevo (m.y. 100 unyavec).
Oco peyahdtepo 10 TANY0C POTOYPUPIKOV UNYUVAOV TOCEG TEPIGGOTEPEG Ol
OTTIKEC YOVieg B€aomng dpo Kot avENoT TV IKAVOTT®V TOV GUGTHLATOS VO
evtomilel mTLYEG Kot KPLQEG OMUElD TAVO GTO OVTIKEIPEVO OV 00N YOV OTIV
KaAOTePN 3A omotHnwon Tov. Mid TETOL0 GVOTOLYIN PMOTOYPUPIKDV UNYUVOV
amontel 101G 6TadEPLS KATAOKEVEG GTNPIENS TOGO TOV POTOYPAPIKOV EEOTAL-
oLo0 660 Kot TOV KAAMIDGEDY TOVS Kol TOL POTIGHOY. Kabmg dev vdpyouvv,
ONUEPT, TOAAEG EUTOPIKEG AVOELG, 1| EYKOTAGTACT] VO TETOLOV CLGTHILOTOG
mephapPavel Kot TNV vAomoinomn Hio GEPAS TEWPAUATOV Y10 TOV EVIOTIGUO
TV Béltiotov pubuicenv. To telpduata avtd Oa Tpénet va meptiapfavouv:
0ALOYEG OTIG BEGELG TOV POTOYPAUPIKDY UNYOVAV, TOV TNYOV QOTIGUOD, TOV
UNYOVIGHOV-TPOTOV TAVTOYPOVIC ANYNG TOV QOTOYPAPLDV, THG dNUovpYiag
SLOPOPETIKMY TOTOAOYIKMOV EKOOGEMV TOV EEOTAIGLOD OVAAOYO LE TO OVTIKEL-
Hevo (T.y. modld, EVIIAIKEG, EOIKEG TEPIMTMGELS POVYLIGHOV-A0OYPOPi0, TOPO-
doctakég oTorég, KAT.). Eva t€to10 ouotnua propel va emtpémet T Aqyn ov-
VEYOLEV®V POTOYPUPIKMY KopE KOl VOL 0OTYNGEL GTI O1LLLOVPYio TPOYLOTIK®Y
(61 omAd oTEPEOCKOTIKAOV) 3A €IKOVOSEP®Y. ZNUEPA, L0 YOUNAOD KOGTOVG
cvotolyia ohpmaong pumopel va vAomomBel pe T ¥pNon WKPO-VITOAOYIGTIKAOV
cvotnudtev ToTov Raspberry Pi kot avticToy@v ynelokdv QoTOYPAPIKOV
unyovov Raspberry Pi Camera.

.10 Avtopotomoinon OLOIKAGLOV EVAEPLOS GVALOYNS
ogoopuévov

H evaépia culAoyn S£dOUEV@OV LE GUGTAIOTO UT| ETAVOPDOUEVAOV 0EPOCKOL-
ooV (ZUnEA) emtpénet T @oOTOYpAPIon ond OnTIKEC Yywvieg Béaong mov &i-
var dvokoro 1] kar advvaro va emitevyfodv pe dAro tpomo. Ta ZunEA cuvo-
dgvovVTOL OO AOYIGLUKO IOV EMITPENEL TV VAOTOINGN GYESIOL TTNONG TAV®
oe ynoewko xaptn. To oyédio mnong Pmopel 6N GuVEKELD Vo oKoAoVONGEL
avtopata to ZUNEA. 'Eva o610 mmong meptypdoetl ekt0g omd yeypapikd
onueia (0€oeig) ota omoia mpémel va Ppedei 10 TUNEA, petaforés oto vyog
TTong, onueio ota oroia Ba yivovv o1 AMYELS TOV QOTOYPAPIOV, HETAROAES
TOV OTTIKOV TEdioV (KaTenhuven TTNTIKOV HEGOV Kol PMTOYPOUPIKAG HUIYOVAG
ave&apto), Kabmg kot onpeio vOlaPEPOVTOC TOL Bo «oMUOSEDEY 1N P®TO-
YPOQIKN pnyovi avtopato 660 1o UNEA Ba metdel yopw amd avtd. A&ilet
vo onuelmbel 0T 1 eKTELEOT] TOV GYESIOV TTTHONG TPOYUATOTOLEITOL CLUTOUATOL
ond 1o ZUNEA ovumeptlopovopévev Kol TV SadtKaoUDY TPOCYEUDGEMV-
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Ewova 1.13. Tomikij doury evog ZunEA ue oxeleto diaralne X (terpaxomrepo).

OTOYELOCEMVY. Q¢ OTOTEAEGLLOL TOV TOPATAV®, OEV omotteiton Kopio emépufoaon
omd To YEPLOTH TaPd LOVO GE TEPUTAGCELS EKTAKTNG avdykne. Dvokd 1 eni-
BAeyn ¢ oG and SMIGTEVUEVO XEPLOTN, GE OAN TN SLapKELd TG, Elval
emPePAnpévn. Znuepa, n vopobecia emPdret  ypron tov ZunEA povo omd
TOTOTOMUEVOUG XEPLoTEC. H xpnon Tovg o€ cuykekpipévee meployes (apyoto-
AOY1KOVG YDpOovGg) Tpovmobditel TNV ad€10d0TNoN and Tig appodieg apyés. H
xpnon ZuUnEA emtpénel v enoavdAnym g Swadikaciog cuAloync dedopé-
vov. Zmv Ewova 1.13 mtapovoidletan pia tomikn dopn evog ZunEA pe okeletod
duraéng X (tetpaxdmtepo). H ewdva mapovoialel exiong ta Pacucd dopkd
oTOlYElD EVOG TETOLOV LEGOV.

‘Eva Wwitepo tunuo g doung evog ZunEA givar  thiepetpio. Xxomog
VrapENG TS €lvat 1 VAOTOINGT TG ACVPUATNG ETIKOVMVIOG OVALESO O £V
otoduo €ddpovug kot og éva TUNEA. e avtifeon pe v tniekatevBovon ava-
AQUPAVEL O TPAYLATIKO ¥POVO TN CLVEYN EVNUEPWOT TANO0VE TOPAUETPWV
7OV APOPOVV TOGO 10 1510 T0 ZPUNEA 660 Kol Tov vTOAoITo EE0TAMGUO TOV 0VTO
petapépel. Kdmoleg amd Tig mopapéTpous mov petadidet ) tniepetpio givat ot
egng:

* YEOYPOPIKO UNKOG Kol TAATOG TOV onpeiov 6mov Ppicketal To TUnEA,

* amootaon ZUNEA and to £€60¢og (VYoUETPO GE GYEOT LE TO OTUEID amo-
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velwong - oxeTIKo, Kal and To £30(p0G - ATOAVTO),
* ToyuTNTA £0GPOVS (m/sec) kot kafetn TayvTTa (M/sec),

* oy€omn TOv OYNUATOG MG TPog Tov opilovta - dEova dratoryiopov (roll),
nwpovevong (pitch) kot extponng (yaw) og poipeg,

* KatdoTaon ¢ wratopiog (moca mAh katovoimOnkav péypt m dedo-
pévn otypn),

* GLVOAIKOG YpOVog mov 10 ZUNEA Bpioketar otov aépa (YpOvog TTong),
* yevikn KatevBuvon Béong otabpov eddpovug,

* 70 TAN00G dopLPOP®V OV TO VoA £xEL EvTomioel To GPS,

* woldTNTa Kat akpifela 0éong oto ydpo (3D fix),

* andotact and to emdpevo onueio evolapépovtog (6tav o unEA PBpi-
OKETOL GE KATAGTOOT OQVTOUATNG TTHONG),

* EVIUEPWOON TNG YPOVIKNG OTLYUNG TTOV TO HEGO KaTapOAvel o€ KATO10
onpeio gvdtapépovtog (opoimg pe Tavm),

* Bivieo mpaypaTiko ypoVOL O TN POTOYPAPIKN UNYOVI TOL QEPEL TO
>unEA.

H avtopartoroinon piag evaéprag cuAAoyNg dedopEV®VY UTOpEL Vo LAOTTON-
Oel péoa amod o oelpd eEEBIKEVUEV®V AOYIGIK®OV, T0. 0Ttoia dtoTifevTol TG0
y10 6Tadepd VITodoyloTikd cuaThpato (Mission Planer? g Ardupilot) 660 kot
11 é€umveg popnTég ovokevég (DroidPlanner — Tower®). Hapoxdto diveta
éva Tapaderypo oxedlacpod oG avtdpotng ttiong e ZUnEA pe tpoxoabopt-
opévn dtadpopr] YOop® amd €va KTNPLo e 6TOYO VO KATOVOTNGEL O OVAYVADGTNG
70 faBpLd AVTOUATIGHOD TOV TPOCPEPEL 1] GLYKEKPLUEVT TEYVOAOYIN OTIG S10dL-
Kaoieg GLALOYNG dedopévav Tov Ba ¥pNoILoTomBoVY AT POTOYPUUUETPIKES
nebdoovg onwg etvar 1 SFM-MVS (Ewova 1.14). To mapdderypo Paciletan
o1 XPNomn ToL dwpedv Aoyiopikov Droidplanner, dtab€otpov yio GuokeLEC An-
droid. O oyedroopdc g mriong tov ZunEA Eexwva pe to yepiot) ZunEA va
opilet og Eva ynerako xaptn tn B€om Tov onpeiov evolapEPovTog KabdS Kot Lo
oelpd and onueia and ta onoia emBouel va tepdoet to TunEA. TNa kdbe éva
omd ta onpeio Tov oyediov TTHONG 0 YEPLoTG ToL ZUNEA pmopet va opiost tnv
TOYVTNTO TTHONG, TO YPOVO TOV EMBVUEL VO KPOTNGEL T GLYKeEKPIEVT BEom TO
2unEA (GPS hold position), kaBmg Kot GALEC TAPAUETPOVG, OTWOS TO APYIKS
VYog amoyeimong aALd Kot Tr PHETABOAR TOV VYOG omd onpeio og ornueio.

*Mission planner http://ardupilot.org/planner/.

*DroidPlanner (Tower), https://github.com/DroidPlanner.
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©ton onpeiov
evBiapépoviog
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aurbparmg
Tpooytiwong kai
amoyeiwang

Ewoévo. 1.14. Opiouog onueiov evdiapépovrog, onueiowv mov Go axorovlioer 1o ZunEA kobdig kot onpeion
TPOTYEIWTNG/OTOYEIWTNG TOVW GE WHPIOKO XGPTH.

©éon onptiou evBlagipoviog

Ewovo 1.15. Avtoporomoinuévny odpwon Ktypiakns oouns oe oloapopetika dyn ue kabopiouévo onueio
EVOLAYEPOVTOG.

O op1opdg Tov oNLEiOV EVOIAPEPOVTOC ONLALVEL TTWS KATA TNV EKTEAEST TNG
nTong 10 eunpoctio tuMqua tov ZUnEA Oa evBuypappiletol Tpog v Kotew-
Buvon tov ev AOY® onpeiov. XT0 GUYKEKPIUEVO GYEDIO TTHONG TOV TALPAOELY-
patog, kabmg to ZUnEA Ba kveitar yopw amd to Kthplo, o€ kdbe onueio Oa
TPAYLOTOTOLEL dLOPOMTIKY TEPIGTPOPT] YOP® GO TOV EAVTO TOV, £TGL OOTE TO
gumpochio TUALO TOV va givVal TPOGOVATOMGUEVO TPOG TO CNUELD EVOLOPEPO-
V106 (KEVTPO TOV KT1piov). To AOYIoUIKO TPOCOEPEL ETIONG LU GELPE CVTOLLOTL-
OUOV OV oyeTilovTol amOAVTO Ue TO dEdOUEVA TTOL ¥pnoiponotel N péBodog
SFM-MVS yw v 3A avaxkotockevn. Mio tétolo emiloyn €ivatl 1 ovTopo-
TOTOUWUEVT] GAPMOOT UG SOUNG o€ dtapopeTikd V. O yepiotng opilel kot
A 10 onpeio evolaPEPOVTOG EMAV® GTOV YNEOLOKO ¥APTN Kol GTH GLVEXELN
kaBopilel v axtiva evog acearods 1eatod KOKAOL TTHONG (KUKAKN TpO-
y1&) yop® omd T doun wov BéAel vo pmtoypagicel. To Aoyiopkd avagépet
TN GUVOAIKT] omdoTaoT oV Ba dravdcel o ZUNEA cdupova pe ta mopordve
dedopéva, Kabdg Kot T SLAPKELN TNG TTHONS COUEMVO UE TNV TAYVTNTO TOV
&xel opioel o yepiotie. TIépa amd Tov oplopd TG OPYIKNG KUKAKNG TPOYIAGC,
0 YEPIOTNG TOUPOUETPOTOLEL TNV OTOCTUCT] AVAUESH GTIC VIOAOUTES KUKALKEG
TPOYLES, opilovtag To HEYIoTOo Vyog mTrong Tov TUNEA katl TG LVWOUETPIKNG
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Stapopdg avapesa ag 000 yelTovikes KUKAKES Tpoytés. H Ewodva 1.15 mapov-
odlel otryoTLTo 0d TO Aoyicpkd DroidPlanner, 6mov o yepiotig opilet Tig
SLAPOPEG TOPAUETPOVS AV TOHOTOTOMUEVT|G Stodtkaciag chpmaong evac KTipiov.
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—Yrdpyovv mepindokeg yemuetpikés oyéoeig uetold twv
TOAOTADY TPoPoldv piog 34 ornvig mov cyetiovrar ye
TNV KIVION Kl TIG TOPOUETPOVS THS KOUEPAS OALG KOl LLE
™ dopj the oxnvig. H mpofoiin yewuetpia eivou éva Oe-
UEAWDOES epYalElo yia TRV amokwIKomoinon s Adoung
amo Kivion, 101K, OTH YEWUETPIO. TOAAOTADY TPOLoLdV,
Kabwg 1 01001Kaoio. GYNUOTIONOD EIKOVAS UTOPEL Va.
Oewpnlel w¢ évog mpoforikog uetaoynuoTIouoS amo éva.
34 wpog évo. 24 mpoforird ywpo.

[ToAvekovikn yemuetpio

II.1 Ewayoy

To avtikeipeva tng TpoPforikng yeopetpiog Kot tng Aoung and kivnon givar
eENPETIKA TAOVGLO TOGO GE TEPLEXOUEVO OGO Kot o€ onpovTiki PipAoypapio
(Faugeras et al., 2004; Hartley and Zisserman, 2003; Moons et al., 2010). Xt0
napov [Hopdptpa emyelpeiton pro eloaywyn otig factkés Evvoleg mov oyetilo-
VTOL LE TO €V AOY® QVTIKEIEVA, EVO 10 TAOVGLA BEpaTa, OTMS TV aAYERPIKDY
TEYVIKOV TAPOLS AL TOPaBLOVOUNONG KOl TOV TPUTAOECTIOKAOY TAVVGTAOV [TO-
povv va Bpebovv ot oyetikn Pipioypapia (Szeliski, 2011).

Avtikeipeva Tov glodyovtol cvopmeptiapupdvoov Bépato OTOS 0 TPIYWVI-
opog (extipnon 3A 0éong onpeiov amd TOAATAEG KAEPES), T Aopn| amd Ki-
ynon and 600 kapé (TPOGOIOPIGHOG EMTOMKNG YEOUETPIOG OVAUESH GE dVO
KGAPEPEG KO TANPOPOPIEG TYETIKA LE TIG ECMOTEPIKEG TAPAUETPOVG — intrinsic
— NG KAUEPAG), TIG TEXVIKES TAPAYOVIOTOINGNS Y10 TV TOVTOYPOVY EKTIUNOT
doung kot kivnong. To peyaldTepo TUNHO TOV KEWEVOV TTOL 0KOAOLOOVV TTpo-
épyetan omd to Szeliski (2011).

1.2 Tpryoviepuog

To poPANUa Tov TPoodiopicrod BEong evog 3A onpeiov amd GHVOAO avTi-
GTOLYWV ONUEIWV EIKOVOC KOl YVOOTEG BEGE1C TNG KpEPaG, EIVAL YVOGTO OC TPL-
yoviopog (triangulation). Anoterel 10 avTioTPOoPO TOL TPOPANUATOG EKTIUNONG
wolag (pose estimation).
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[
q P,
v
Cir. R C:

Ewovo I1.1. IIpocéyyion Oéons onueiov p oto ympo pésw eAoyIOTOTOINONS THE ATOTTATHS OAWY TWV OKTIVOV
OV GVYKAIVOVY GT0 010 YOPOKTHPLOTIKO GHUELO.

11.2.1 TIpocéyyion 1n

"Evoc anlog tpomoc enidvong tov wpofanuatog (Ewodva I1.1) sivar péow
™G evpeong Tov 3A onueiov p! 1o omoio Ppicketar mo KoVTd GE OAeG TIG 3A
aktiveg mov avtiotoy oy 6Tig 2A BEcelg XapaKTNPIGTIKOY onpeinv 7 To omoia
avayvopilovrar and covoro kapepov {P; = K;[R;[t;]}, omov t; = —Rjcj,
Omov ¢; eivan T0 KEVTPO NG J KAUEPOG, DT TIG YEVIKEG GYECELG:

x; = K[R|t] py = Ppu, P = K[R]t] (IL.1)

UE T TO onpeio 010 eMinedo TG EKOVOG TOV amOTEAEL TNV TPOPOAN EVOG Py
3A onueiov tov ydpov ko K ot eomtepikéc kar (R, t) ot eEotepikéc mapd-
petpot g Kapepag. Ot v AOY® aKTiveEG TPOEPYOVTOL TPOPAVAOG OO TO ON-
peio ¢; og dievbvvon v; = N (Rj_lKj_lxj). To onpeio mov &ivar mo kovtd
oto p omv axtiva (to onoio cvpBoiilovpe q;) elayiotonolel TNV omTOGTACT
lc; + d;¥; — p|%, n omoia éxet ehdyioto d; = ¥j(p — ¢;). Etorqj = ¢; +

(%V})(P — Cj) KOl T TETPOYOVIKH 0mOoTaoT HeTaED P Kot g; etval:

2
r2 = H (I - vjv;) (p— cj)H (11.2)
H Béitiom tipn yw to onueio p mov Ppioketon kovid og OAeEG TIC GUYKAL-
vovoeg aKtiveg pumopel vor eKTIUn0el HEGH TUTIKMOV EANYIOTMOV TETPUYDOV®V LE
™V a0poion mave oe OAEC TIG TETPUYWOVIKES OTOCTAGELG r]z Kal €hpeoN TG
Bértiong TIUNG o¢:
-1

p=|Y (I . vjo;) 3 (I . vjo;.) ¢ (I1.3)

J J

ST padnpoTikég avomapootdoeg mov akohovdoly, Eviova GOUPOL GMUATOSOTONY S1ovD-
GLLOTO 1] TTVOKEG EVA KOVOVIKNG VTGS OVTIGTOLOVV 08 BoBUTO pey£om.
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11.2.2 TIpocéyyion 21

2TOYEVOVTAG OE L0 TEPLGGOTEPO PEATIOTY OO GTATIOTIKN AmOYN SLopoOp-
@®OT TOL TPOPANUATOG OV Oa LITOPoVGE VO ATOdMGEL TTOAD MO aKPLB1 awo-
teAéopata OTav Kamoleg amd TG KAREPES ivorl mo Kovid amd GAAEC TPOS TO
3A onueio, Ba umopovce va EMAEYEL 1 EAAYIOTOTOINGT] TOV VITOAOITOV GTIG
e£loMOELG UETPNOEDV:

_ p(j)OX + pg)ly + ngZ +pg3W
PhoX + P Y + phyZ + phaW
_ PloX + Pl Y + 2 + plsW
PhoX + PlY + phoZ + phsW

;
(IL4)

J

omov (z;,y;) ot Bécelg yopokpioTikod 2A onpeiov Ko péo . p%?) elvar ot
YVOoTéG TIEG oToV mivako P; tng képepog (Sutherland, 1974).

To cOVOAO ALTOV TOV N YPOULUKOV £EIGMOGEMV UITOPEL Vo LeToTpanel o€
éva TPOPAN O EAOYICT®V TETPAYDOVAOV 0V TOAAUTAACIAGTOVV Kol Ol VO TAEL-
PEC LLE TOV TTOPOVOUOOTH. ZNUEIDVETAL OTL AV ¥pNnoomombody opoyeveig ov-
vietaypéves p = (X,Y,Z, W) 10 cdvolo eElodoemv mov Tpokvmtel givat
EMIONG OUOYEVES KOl EMADETUL KOAVTEPA MG TPOPANnua Singular Value Decom-
position (SVD) 1 og TpofAnua 1d10Tmv (it e TV DPEST TOV UIKPOTEP®V
wWwlovtav davouopdtev 1 wodavuoudtov). Eav Beopnbel W = 1 etvon dv-
VOT M EQOPROYN TUTIKNAG HEBOSOV YPOUUIK®OY EAOYIOTOV TETPAYDOV®V, OAAL
T0 ovotnua givatl duvato va katoAnget Wwialov, my. 6tav OAeG o1 aKTiveg gival
TapAAANAeG OTmG cvpPaivet Yo onpeio pokpld ond v Kdpepa.

Mo 1o Adyo awtd givor cuyva TPOTIUOTEPO VA YIVETOL TOPAUETPOTOINOT
TV 3A onueimv Le YPNOT OLOYEVAOV GLVIETAYHEVOV, EWOIKA av elval YvooTtd
OTL umopet va, vTdpyovv onpeio TOV gival TOAD LOKPLA OO TIC KAUEPES.

DuoKd, TPETEL VoL TOVIGTEL OTL T XPAOT UN-YPOULUIKDV EAAYIOTOV TETPAYD-
vav glval yevikdTePO TPOTILOTEPT] OO TN YPNON YPOUMMK®V GTNV TEPITTMON
EMAY1OTOTOINGNG GUVOLOL UETPNCEMV OTMG OTLS EEICAOOELS TAPATAVE Y10l TO.
(x,y;). Edwa e, yio tnv mepintmon 500 LETPHOEMY, TPOKLITEL OTLT BT TOV
onueiov p Tov gloyioTomolel To oPAAN EmavOTPOPOANg Lmopel va ekTiunOei
HEGm TG Aong cvotipatog éktov Paduot (Hartley and Sturm, 1997).

‘Eva dAAo mpoPAnpa mov mpémel va AapBAavetol veoyn oTtov Tpry®vicpod
glvar avt6 ¢ otpoekdtnTag (chirality), datnpmdvrog whvtote TV apyn OTL
OA0L TOL OVOKTOEVE, onpeio Tpémel vo Ppiokovtal umpootd amd OAeg TIC KApLE-
peg (Hartley, 1998). Mo, ypfiGn VPECTIKN TPOGEYYION EIVOL 1 KUETAKIVIIOT
aVTOV TOV onueiov oto drepo péom petaforng W = 0.
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P

" emmoAIKG
emimedo

Ewéva 11.2. Emimoliki yewpuetpio 0o oyewv.

II.3  Aom amd Kivioen 0vo Oye®v

2T1g TOPAYPAPOLS OV aKOAOLOOVV emyElpeitan o Eloay@yr] 6T Aoun
amd kivnon, Tov givatl ovGLoTIKG 1) TAVTOYPOVN avakTnon 3A doung Kot B€omng
(m6lag) amd avTioTotyia YOpOKTNPIGTIK®V GNUEI®V.

‘Eoto éva 3A onueio p mov mpoPfdaiietor amd 600 (Oyelg) KANEPES, TV
omoiwv 1 oYeTIKN B€omn kwdkomoteital amd pio mepiotpoen R kot pia petatod-
mion t (Ewodva 11.2). Enedn de yvopilovpe timota yio t1g 06681 TG Kdpuepoc,
YOPIC ATMOAELL TNG YEVIKOTNTOG, LTOPOVLE VO OPIGOVLE TNV TPDTY KALEPH GTO
KEVIPO TOL GUGTILOTOG GUVTIETAYUEVOV cg = 0 KOl G€ KOVOVIKO TPOGAVOTO-
mopd Ry = 1. H mopatnpovpevn 6éon tov onueiov p oty apdn €1KOVA,
Po = doXo avtictoyyiletal o 0e0TEPT EIKOVA OO TO PETACYNUATIOUO

dlfq =Pp1 = Rpo +t= R(dof(o) +t (II.S)

omov X; = K;lxj glval 10 TOmKA JavOHGHOTO KATELOLVONG TOV AKTIVOV.
AopPavovtag To yivopevo TV dV0 TAEVPOV UE t, TPOKEPEVOD Vo amaAelpOet
omd To OeE18 TPOKLITEL

dy[t]x%1 = do[t]xRxo (IL6)

OOV OPIOTNKE O TEAEGTNC EEMTEPIKOV YIVOLEVOL [ﬂ % MG 0 TELEGTNC OV TPOPa-
Al éva d1ivuopa g €vo GLVOLO dtavuoudtov opboydviag Paong mov meptiapt-
Bavetl to t, undevilel ) cvvicT®od t Kot TEPIOTPEPEL TaL AAA 5O Srovio AT
Baong katd 90°. Iaipvovtog 1o E0mTEPIKO YIVOUEVO KOl TV 600 LEPDV LE X1
TPOKVTTEL

doX]([6]xR)%o = diX][t] %1 =0 (IL7)

KaBmg 10 0e&i PEPOG amoTEAEL TPITAD YIVOLLEVO LE dVO 101Eg mapapéTpovc. 'Etot,
TEMKA, TPOKVATEL O PACIKOG EMUTOAIKOG TEPLOPIGUOG

xTE%o = 0 (IL.8)
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omov E = [t]xR o ovoihdng mivaxag (essential matrix) (Longuet-Higgins,
1981). Eivatr pavepd 6t o wivaxog E yaptoypaget éva X onpeio oty sikoéva 0
oe o evbeia ypappn 1 = Exg oty ewova 1, kabodg woyvet 6Tt x]1; = 0
(Ewova 11.2). Oheg avtéc ot gvbeieg Oa mpénet va mepvoldv amd 10 de0TEPO
eMMOAKO onueio e, 10 omoio opileTol g To aplotepd W1ALoV SAVLGO, L
wialovoa Ty 0 M, avtictolya, n Tpofoin Tov dvdcuatog t otny ewkova 1.
H avaotpopn avtdv Tov eKQpaceny diveL TNV ETUTOAMKT YPUUUN OTNV TPATN
gwova o lg = ETX; kot 10 €g, o¢ T0 undevikng tyung 0e&i 1talov diavocuo
tov E.

Me dedopévn T oxéomn mov eKEPALEL TOV EMUTOAIKO TEPLOPIGLO, 1] AVAKTNON
g kivnong g Kapepag umopel va avaktnel péow tov Bedepiddong Tivaka
¢ €&ng: dobéviov N avtictoyov petpnoeov {(Xio,X;1)} eivar dvvatd va
dopoppmbovv N opoyeveic e€lodoeis ota 9 otoryeio tov E = {eq . .. eaa}:

Ti0Ti1€00 + Yioxil€o1 + Ti1€o2+
TioYi1€o0 + YioYile11 + yireia+ (I1.9)
Tine20 + Yioe21 + e22 = 0

omov x;; = (5, Yij, 1). H mapandve cyéon pmopei vo cuvoyioTet:

xi1,x )| OE=Z;, @ E=2z,;f =0 (11.10)

omov ® cvpPoArilet Tov Kotd otoryeio moAlamAaciaoud Kol afpoion TV mi-
vakov. ‘Exyovtag N > 8 tétoleg elodoelg pumopet va yivel pa ektipmon (og
pia kAipoka) Tov otorysiov tov E péom SVD. z; kot 2 sivot o1 Stavoopotiicég
OVOTAPOGTAGELS TOV TvaKkeV Z; = X;1X], kot E.

‘Eva onuovtikd onpeio amotelel  extiunomn g TodOTNTeg TOV £V AOY®
VIOAOYIGU®V VO TNV enidpacn BopOov 6TIg LETPNOELS, KATL TPOPAVMOG VO
HevOpEVO TOAAEG POpPEG G€ ONUOVTIKO PBobud. Av £EETACOVUE TPOGEKTIKA TG
aVOALTIKEG OYE0ELS TapOTAve avayvopilovpe gdkoAd OTL KATOEG TIUEG givat
TOPAY®YO LETPCEDV GTNV EIKOVA, OTMG TioY;1 Kol GAAEG glval ot idieg ot Ti-
Lég TV petpnoewv. Edv otic petpioelg vdpyet cvykpicipoc 06pufog tdte o1
TOPAYOYEC TIWES (T YIVOLEVD) TapoLGLalovy eVioyvévn emtidpacn Bopvfov,
00MNYDVTOG € TOAD KOKNG TOLOTNTOG EKTUNCELS. T va pewwbel avt) 1 emi-
dpaocn tov BopvPov, o Hartley (Hartley, 1995) npdtetve o1 GuviETaYUEVEG TOV
onpeiov va petatonilovot kot KAMPOK®VOVTOL LE TETO0 TPOTO MOTE TO KEVTIPO
Bapovg Tovg va BpiokeTar oty apyn TV aOveV Kot 1 S106Topd Vo TOVG Vo
gfva V2, evé EVPECTIKG KO Y10 YPNYOPOTEPOVS VIOAOYIGHOVG TPOTEIVETOL 1)
dtaomopd va teovtan pe ™ povada (Szeliski, 2011):

20 svpporopdg f ypnotponoteitar ovti Tov € Y10, vo, pmy VIdpEeL Tapavon o, Kadds To GOIPOAO
€ YPNOLLOTOLEITOAL Y10 TOL EMUTOAKE OTULEIQL.

203



ITAPAPTHMA II. ITIOAYEIKONIKH 'EQMETPIA

CEZ' = S(ﬂ?i — x)

II.11
i = s~ ) o

groLdote Y T = >, 9 = Ok Y, #24 ), §2 = 2n, 6mov n givar to TA0og
tv onpeiov. MoMg extiunfel o ovou®ONG Tivakag E ond TIG LETOCYNUOATL-
opéveg ouvtetaypéves { (Xq0,X;1) }, 0mov X;; = T;X;5, 0 ovoddng mivakog E
umopet vo exktiun et og;

E = T]ET, (I1.12)

Molg ohoxkAnpwbei 1 extipunon tov E 1 61evBuvon 1ov dtovocpatog pe-
tatomiong t pmopel va extiundei. BéPata, mpénet vo onpeiwbel 6t n amdAv
omooTaon HeTall 600 Kapepdv dev pmopel vo ekTiun Bl amid kot povo amd pe-
TPNOELG OTIG EIKOVEG, AOYETMG TOL TANHOVG TOV KOUEPDV KO TOV OPOKTIPLOTL-
K@V onueiov. H yvoon yia 11 andAvteg 0EG€1G Kol 0moGTACELS GUYKEKPIUEVDV
onueiov Kot Kopep®v, cuvnbmg kaAovuevav onpeimv eAéyyov (ground control
points) 6T OTOYPUPUETPiQ, ATALTEITOL TAVTOTE Y10, TNV TPOYLATIKY] ATOAVTY
extipnon 0écewv, KAipakoc kot katebbvvonc.

o Ty ekTipnon avtig g KotebBuvong t oe 1avikés cuvdfkeg (amovoia
Bopvov) o oveiddng mivakag E sivor ialov, tTE = 0. H B1alovoa avth
katdotaon eppaviletar o¢ Wwuafovoa pndevikn Ty o6tav epapuoletar SVD
otov mivaka E.

E=[\R=UZV'=[u u t] 1 v (IL.13)

Otav dpwg o mivaxog E vrohoyiletar og mepipdAlov pe 66pvpo 1o didvououa
Kotevfuveng petatdmong t dtveton amd ) pikpoTepn 116{ovca Tt Tov SVD.
KaBbg n d1dotacn tov mivaka eivor peyoldtepn amd v TN Tov, TPOKL-
TTEL OTL TEMKA amoTodvIol 7 avti ToV 8 avIIGTOl(IOV Yo TNV ET{ALCT TOV
eCiowoewv (Hartley and Zisserman, 2003). And avtd 1o GOVOAO TV 7 opo-
yvevov e&lo®oemv, ol onoieg dnpovpyovv évav mivaxke 7 X 9 yuo SVD eivon
duvatd va gvtomiotobv dvo aveédptnta dtavdouata fy, fi mov va tkavomolodv
mv e&icwon pe undév (z;f = 0). IIpopavag avtd Ta SravbopaTo LTOPOHY Va.
HETATPATOVV Kot TAAL 6T popen mvakmv 3 X 3, Eg kot E; mov kaAdrtovv 10
YDOPO AcEWV Yia TV e&icmon

E = Oon + (1 — a)E1 (Hl4)

[N v edpeon g opbHng TIWNG Yo TV TAPAPETPO v TAPATPOVUE OTL O Ti-
vakag E €yel undevikn opilovoa (apod sivar pukpdtepng TaENG) Kol GUVETHG
umopet va ypooet oc:
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det [oEq + (1 — a)Eq| =0 (IL.15)

H ev Moyo e&icmon eivon tpitov Babuov wg mpog o, mov odnyel eite oe
pia gite og Tpelg Moelg. XpnoomoldvIag aVTEG TIG AVCELS OTNV TUPOTAVED
e&iomon yo Tov opiopod tov Tivaka E, propei va yivel Eleyyog kot emthoyn tov
opBov mivaka e GOYKPLon He GAAES avVTIoTOLYiEG OMUEi®V.

Mo extipmbei o Srévuopa petotdmong t, sivarn celpd yio Ty extipmon
tov Tivaka tpocavatoilcpov R. Opilovtag tov teheotr| eEmTEPIKOD YIVOUEVOL
[t]x ®c Tov TeleoTh OV TPOPAAEL Eva SIAVVGLO GE Eval GHVOLO SLAVVGHATMY
opBoydviag Péong mov mepthapPivet o t, pndevilel T cvvicTdoo t kot TEPL-
oTpPEPEL TO. GALa 50 drovvopata Paong katd 90°:

1 0 -1 sy
[t]x =SZRgoST= sy s t ] 1 10 s]
0 1 t

(IL.16)

omov t = sg X s1. Ilpokdntel cuvenmg Ot

E = [t]xR = SZR¢STR = UTVT (I1.17)

ar6 omov umopei va e&aybei 61t S = U. Kabdg o€ £vav ovoiddn mivaka yopig
06pvPo S = Z, npokdntel OtL:

RoU'R = VT kat R = UR], VT (IL.18)

KaBag ta E kot t eivor yvootd péypt evog onpeiov kot ot wivaxeg U, V dev ei-
VoL gyyonuUéVo 0Tt etvar TEPIOTPOPES, TPETEL VO, dN LoV PYN 00UV OAOL 01 TECTEPL
mBavol Tivakeg TEPIETPOPTg

R = +URI,,VT (IL19)

Kat va emkeyodv ot §Ho mov £xovv opitovoa povada (|R| = 1). T tov mepat-
TEPO SLYOPIOUO TOV dVO EVOTOUEVAVTOV TIVAK®V KOl TNV ETAOYT TOV EVOG
opBov mivaxa, ol VO TIVOKEG TPEMEL VO GLVOVLOGTOVV E TIG deVBVLVGELS TNG
petatdmong +t ko vo emheyel 0 suvdvaodC pE Tov omoio avayvepilovror Ta
TEPLGGOTEPQ ONUELN UTPOOTA aTtd OAES TIC KALEPES.

O kovovikomomuévos alyopifuoc oxrw onuciov (Hartley, 1995) mov ma-
POLGLACTNKE deV gival 0 HOVOG TPOTOG Yol TNV EKTIUNGT TNG Kivong KAUEPAS
amd avtiotoryiec onueiov. [apailayés mepthapupdvovy T ypnon entd onpeiov
N tm xpnon mévte onueiov (my. (Nistér, 2004)). Kabng ot mapailayés avtég
amotTovV TN XpNon Ayotepmv oneiwv eivar o ovlekTikég oto 06pLo.
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I1.3.1 ABaBpovopntn mpofoikn aroKaTAGTAC

Otav 1 dnuovpyia evdg 3A ynelakod avtypdeov emtyeipeitoan va yivel
HEG® ¥poNg poToypupldVv Ywpig petadedopéva EXIF, dev vrdpyovv minpo-
Qopieg OYETIKA LE TIG ECMTEPIKEG TAPAUETPOVS TNG KApEPAS KATA TN @doT TNg
QOTOYPAPIONG. AKOUN KOL GE QLT TV TEPITTMOOT €ival SuVOTH 1| AVAKTNON
™G YEOUETPIOG, av Kot 1 aKpIPNG HETPIKT OOUN UTOPEL VO UMV VITAPYEL, TTX.
opBoydVieC YPaUUEC ) emimeda UTOPEL VA, NV AVOKOTO-CKEVAGTOOV OC TETOLA.
e avt mv afabpovountn mepintmon dev eivar yvootol ot wivakeg K xon
GUVETMG OV €lval SuVATH 1 ¥PNON TOV KAVOVIKOTOMUEV@V d1EVBIVoEDY TV
aktivov X; = K;lxj. Avrtifeta, vdpyovv S100€G1UEG 01 GLVTETOYUEVEG EKO-
VOG X, K0l 0 00o100NG Tivakag eKQpaleToL:

%JEx; = x]K;'EK, 'x¢ = x]Fx¢ = 0 (11.20)

Omov 3
F=K|"EK;' = [e|xH (I1.21)

0 Bepeddng mivaxag (fundamental matrix) (Hartley and Zisserman, 2003).
Onmg kot 0 ove1mong wivakag, o Bepelmong tivakag eival (€t g apyng) Tdéng
dvo,

0o vy

F=[e|,H=UZVT = [ u u; e } o1 v] (11.22)

To pikpoTEPO aplotepd 10140V SAVLGHE TOV VTOSEIKVOEL TO EMMOMKO O1)-
peio e; oty ewodva 1 kot 1o pkpotepo de&i W1alov didvuoud Tov VIodet-
kvoeL 1o eg (Ewova 11.2). H opoypagio H nov ev YEVEL TPENEL VO 1G0VTAL LE
H = Kl_lRKa 1 8ev pumopei vor avaxtnBei 16080vapa ard tov F, kabdg kade
opoypaio TG LOPeNS H = H+ evT pokOITEL 0md ToVv 1010 mivaka F.
KdBe térota opoypapio ameikovilel Kamolo eninedo 6T oKV oo Lol EIKOVAL
o€ GAAN. Agv pmopel va givar yvooto €€ apyng mowo eivar, yopic Tpdta vo
&yovv emleyel T€ooEpa N MEPLGGOTEPA GLVETITEDN avTioTolyo onpeio. o va
dnpovpynBet Lo TpoPoAKn VOKOTAGKEL TG OKNVIG UTOPEl va EMAEYEL Lol
OTOLUONTTOTE OLLOYPOPia. H 7ov vo kavorotet v e&iomon tov BepeMddovg
nivaxa F. AkolovBdvTog pio Topeio avaloyr He aDTh Yo TOV DVTOAOYIGHO TOV
nivaxo E, tpoxonret:

F = [e]xH = SZRgSTH = UZVT (I1.23)

K0l GUVETMG:

H = UR] 2V’ (I1.24)
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omov 3 eivat o nivaxkog 101lovIov TGV 6oV 1 LIKPOTEPT T OVTIKATAGTA-
Onke amd o «AoyIKN» eVOALOKTIKY (Y. TN pecaio Tiun), evéd ot Hartley and
Zisserman (2003) wpoteivouv ypnomn g oyEong H= [e] x F mov tomobetei tnv
Képepa 0To AMEPO. TNV TEPITTOON 0T Propel va dtapopemBel Eva (gdyog
TVaK®OV

Py = [1|0] ko1 Py = [H]e] (11.25)

OO OOV UTOPEL VOL TPOKVWYEL M TPOPOAIKT] OTOKOTAGTAGCT] THG OKNVNIG LLE ¥P1IoN
TPLYOVIGLOV.

11.3.2 AvtofaBpovopnon

To amoteléoparta TV VTOAOYIGH®Y Aoung and Kivnon eivat ToA wTo ypn-
G0, AV AOUPAVETOL LETPIKT ATOKUTAGTACT], SNANOT OTOKATACTUGT TNV 0010
dwatnpeitor  Tapariniia, opboydviol toiyol ivar og 0pbEég ywvieg kot to 3A
YNOELOKO avTiypoPO ATOTEAEL L0l KALLOK®OUEVT] EKOOYN TNG TPOYLOTIKOTNTOC.
INo ™ petatponn piog TpoPoAKNG amOKATAGTAGNG GE HETPIKT EXOVV ALVOTTU-
¥0et éva TAn0o¢ amd pebddovg avTofabovounong Tov GToYELOVY GTNV AVE-
KTNon tov ayveactov mvikeov Badpovounong K; mov oxetiCovron pe kébe
ewova (Hartley and Zisserman, 2003).

Ewdwcég teyviég pmopolv va epaposTony 0To LITApYoLvV enttpocbeta fon-
Onticd otoyeia dwbéca, OTMOC Yoo TOPASELYILA, EAV VITAPYOLV TAPAAANAEG
YPOLLES GTN GKNVT, TPl N TEPLGGOTEPQ ONLEID PLYTG LTOPOVV VAL XPT|GULOTOL-
NnBovV Yo TV emitevén opoypaeiog (homography) yia éva eninedo oto anelpo,
omd TO OTOI0 M EGTIOKN ATOCTUGT] KOl Ol TPOGOVUTOAIGHOL UTOPOVV VO OLVOL-
ktBovv. Edv dvo 1 mepiocdtepa onueio euyng Exovv avoayvopilotei  Badpo-
vounon piog-ewovag Paost onpeiov euyng Hmopel va EpaprooTel OTwg TTept-
YPAPETAL GTIS TAPAYPAPOVG TOL AKOAOVHOVV.

A¢ Be@pn|covpLE TNV TTEPITTMGT OTTOL 1) KAUEPO OTOTVTMVEL LLLOL GKTVI| GTNV
omoia VITAPYOLV EvTova TETPAEdPA TYOTO (Tolyol KTNpiv). XTnv TepinTmon
oVTH Uopel va Yivel EVTOMIoCUMV ONUEI®Y QUYNG armd TNV Toun 2A ypapuoy
OV OVTIGTOLYOUV G€ 3A TOPIAANAES YPOUUES GTN OKNVI KOl VO XPTCLLOTOL-
NBovV T onpeio PLYNG YO TOV VITOAOYIGUO TOV ECAOTEPIKMOV Kol EEMTEPIKMV
TOPAUETPOV TNG KOLLEPOG.

"Eva peyddo mAn0og texvikdv £xovv avortuyfel yio Tov eviomiopd tov on-
ueiov euyng (Antone and Teller, 2002; Becker and Bove, 1995; Brillault-O’Mahony,
1991; Collins and Weiss, 1990; Kosecka and Zhang, 2005; McLean and Kotturi,
1995; Pflugfelder, 2008; Quan and Mohr, 1989; Rother, 2002; Schaffalitzky
and Zisserman, 2000; Shufelt, 1999; Tardif, 2009; Tuytelaars et al., 1997). O
Szeliski (2011) meprypdoetol po. amAn te)vIKN POCIGUEVT] CE LETOCYNUATL-
oud Hough, 6mov {edyn evbeidv cuvelcpEpovv GTov EVIOTIGUO THOVAV oN-
HEl®V VYIS, KAVOVTOG XPNON TEYVIKNG EDPOOTOV EAUYICTOV TETPUAYOVOV. L€
TpmTN Paon 1 pébodog ypnoomotei petacynpatiopd Hough yio va cuddééet
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Ewoévo 11.3. Evfdypopua qunuaza kou onueio poyng.

«YMeove» Yo mhovd onueio eUYNG. XN YeVIKN mepintmon Oa propovoe kibe
ypopun va «ynoeilem yio OAeg Tig mbavég devbivoelg onpeiov euyne. H npo-
tewvopevn péBodog eivar va yivel ypnon edyovg avayvopiopévev gufbypap-
LOV TUNUATOV Y10 TOV OpIoUO «OTOYNeLmvy onueiov euyngs. Edv Beopricovpie
m; Kot m; 11g eEIGMOGELG TV YPUUUAOV TOL {ebyoug Tav ev0uypauptmy TUnpd-
TV Kot [; ko [; ta avrictoryo pikn tov tUnudTtov, 1 6cn Tov avtictorov
onpeiov euyNS ekTipdTol Ao TN YVOOTH oYéon:

Vij = Ii’ll X I’ﬁj (1126)

EVO TPOTEWVOUEVO «Bapogy oTdBiong Yo To ev Adyw onpeio opiletat:

’LUZ'j = ||’U7Jjlel] (H.27)

Av16 t0 Bapog opiletal Yo vo mEPLOpIioEL TV EMIOPAOT GYESOV GUYYPOLL-
UIKOV TUNUATOV Kol TUNUATOV PiKpoh pikovs. MOMG 0 ydpog cLGCOPEL-
ong Hough copnAnpwdel, kopveég pmopolv va eviomiotovy pe Tpdmo avaAoyo
LE QVTO TOL YPNCLUOTOIEITAL Y10, TOV EVTOMICUO Ypouudy. Me dedopévo Eva
TAN00C VITOYNPLOV EVBVYPOUU®V TUNUATOV TOL «YNPLoOUVY Yo £vVo. oNUElo
QVYNG, UTOPEL Vo YiVEL YpNOT TPOGUPUOYNG EAUYICT®V TETPUYDOVOV Y0, TOV
akpipéotepo eviomiond kabe onpeiov Puync.

Ag Bewprioovpe ™ oxéon peTa&d TV dVO oKpaiov onpeiov Tav 600 v-
B0ypappev Tunpdtev {pio, Pi1} Kot Tov onueiov euyng v onmg gwkovileton
oV Ewodva I1.3. To gpPaddv tov tprydvov mov opiletar amd ta tpio avtd
onpeio Tov givot kot to PETPO TOL TPUTAOD TOVG Yvopévov A; = |(pio X Pi1) V]
glvat avaroyo otny kaBetn amdotaon di peta&d kdbe axpaiov onpeiov amd v
evbeio mov evavel To v pe To GAAO axpaio onpeio, kabdg Kol TV amdcoTOoN
peta&d pio Ko v. Osopmvrog 6t akpifela evog TpocapLocEVOL EVBVYpaLL-
LoV TUAUOTOG EIval avTioTOLYN HE TNV 0KPiPELD TOL akpaiov GNuEiov Tov, AVTO
amotehet BEATIOTN HETPIKN Y100 TO TOGO KOAA Tpocsupuoletal To onpeio uyng
670 6HVOAO Ypapupu®v. Mia ektipnon katd tnv évvola Tov e0pooTtev elayiotov
TETPAYDVAOV Y10 TO GNUEl0 VYN elvan TOTE:

&= ZP(Ai) =vT (Z wl(Az)mZmZT> v =v'Mv (11.28)
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X3 Xo

Xz X;

Ewoéva 11.4. BaOuovounon ard onueio pvyng.

OOV M; = P;o X Pi1 €lvar 1 €€lowon Tov VOVYPALLLOV TUNLOTOG OVOYOLEVOL
oto uiKog tov I; ko w; = p'(A4;)/A; givon n enidpaon kGbe enavekTiunpévng
pétpnong oto teMko opdipa. H tehikn (nrodpevn Tyun yio to v voAoyiletal
®G TO LKPATEPO 1310d1dvLG L ToL M.

Ag vrotebei howmov 6tTL €yovv gvtomiotel dV0 M meplocdTEPU OpboydVIa
onueia puyne, Ao ek TV omoiwv gival menepacuéva (dev evromilovial omd
YPOUUEG TTOV EPPAVIfOVTOL TOPAAANAES GTO EMITEDO TNG EIKOVAG), OTMS POiVE-
tol otnv Ewova 11.4.

Emiong ag vrotebei 611 (otnv amdodotepn mepintmon) otov Tivako Pob-
povounong Hovo 1 eoTiokn andotact eivatl dyvoot (vioBetdvag TV amho-
noinom 0Tt T0 OTTIKO KEVTPO TAVTILETAUL E TO KEVIPO TNG EIKOVAG, 1) avoAoyia
dwotdoewv etvar 1 kKot dev vdpyel otpéfrmon). Xty mepintwon ovt) 1 e&i-
oo™ TPOoPoAng Yia To onpeio uYNG UTopel va Ypopel og:

Zi — Cx
Xi=| yi—c¢y | ~NRpi=r; (11.29)
f

OTOL TO P; avtioTolyel og pia amod Tig Pacucég devBuvoerg (1,0,0), (0,1,0) kot
(0,0,1) ko r; etvon 1 ¢ oTAAN TOL Tivaka wepioTpoens R.
Ao v opBoyoviotnta peta&h TV GTNAMY TOL TIVOKa TEPIGTPOPNG:

riorj~ (2 — )@ —cy) + (i — )y —cy) + =0 (I1130)

oMo OTOV PMOPEL VOL TPOKDWEL EKTILNGN Y10, TNV EGTIAKY AnOGTOoN f2. INUELd-
vetal 0Tt 1 axkpifelo avTg TG eKTiPNoNG Heyolmdvel KaBdg To onpeio puyng
mAnc1alovv TPog To KEVTPO TNG EKOVOS. AP0V ekTiunOel 1 €0TIOKT ATOGTAON
f ot othreg Tov mivako R pmopodv va ektiunfodv Kovovikomoidvtog Tig mo-
POTAV® GYEoELS Kot AapPavovtag eEmtepikd yivopeva. Evailaxtucd propel va
epappootel SVD g apyikng ektipnong tov wivaka R.

Ortav ko To Tpice onpeio uyNG €lvol 0poaTE Kol TETEPAUCUEVE, GTNV 1d10L
gwova, tote glvar duvatd va exktiunfel 1o onTikd KEVIPO ®¢ 10 0pBdKEVTPO
TOV TPLYDVOV OV dnpovpyeitor amod ta tpio onueio (Ewkova 11.4) (Hartley and
Zisserman, 2003).
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Hapolo aotd, n xprnon un-ypouuiKy EAOYIOTWY TETPOYDVMOYV EIVOL TPOKTIKA
710 aKPIPNHG UEBOOOC EXAVEKTIUNONG OTOLOVONTOTE GYVWOTTWY EGWTEPIKWDY TOP0L-
UETPV fabuovounorng.

Amovoia eEmTEPIKOV TANPOPOPLOV, TPOPAVAOG OEV ELVOL SVVATNA 1) AVAKTNON
gvog mApwg mopapeTpicod mivoka Padpovounong K yio kb ewdvo povo
omd avtiototyieg onueiov. I'a v katddel&n avtol ag BempncoviLE TO GUVOAO
oAV Tov mvakev kauepdv P; = K;[R|t;] mov mpoPdiovv onpeio tov 3A
Koopov p; = (X;,Y;, Z;, W;) oe onpeia 1o eninedo g ewdvag x;; ~ P;p;.
Ag Bewpnoovpe 1o petaoynuoatiopd mg 3A oknvig {p;} néow evog tuyaiov
4 X 4 tpofoAKoD PETAGYNLOTIGILOD H nov odnyel og éva véo povtéro onueiov
p, = Hp;. O am6-8e£16 moAhamhootoopog k6de mivako P j ME H! eEokolov-
O<i va mapdyet T1g 101€G 2A B€oeig Ko éva véo chvoro Tvakwv Baduovounong
umopei va vwoloyiotel pécw RQ mapayovionoinong oto véo mivaka KApepag
P/ =P;H".

I"o to A0Y0 awtd 6Aeg ot péBodot avtofabdovounong TpodmodéTovy mepto-
plopovg otov mivaka Paduovouncng, gite Oétovtag 1 e§lod@vovtag KAmolo ard
T oToLyElnl TOVG, £ite vToBETOVTAG OTL dev aAAGLoVY 6TO ¥pdvo. Evd oTi¢ Tepio-
o6tepES TEYVIKES 0N PLAoypapia TapovcialovTol TEXVIKES TPV 1) TEPIGTO-
tepwv ewdvov (Hartley and Zisserman, 2003), o Szeliski (2011) meprypdoet pua
QAT TEXVIKY] TOV UTOPEL VO AVAKTNOEL TIG ECTIONKES OTOGTACELS OV0 EKOVMV
(fo, f1) and 1o Bepelddn nivako F oe avakataockevr dvo oyewv (Hartley
and Zisserman, 2003). Ztnv teyvikn ovtr yivetar n coppacn 6t n Kapepa dgv
napovctalel otpéPrmon (skew), Exet yvoot) avaioyia dactdoewy (cuvndmg
tifeton 1) Ko €xel Yv@oTd OMTIKO KEVIPO:

f 0 ¢
K=|0 f ¢ (I.31)
0 0 1

Ot ev AOy® TePLopiopol lvat tKevoToInTIKol Y10, AmAEG AVAKOTACKEVEG KOl TTPO-
BoAn oto d1adiKTLO 1| ATV XPNCLUOTOOVVTAL GNLUEID aVOPOPAG e E6APOVG
(ground control points). Ot TePIGGOTEPES KAUEPES CNLEPO. IKAVOTOLOVV TIG EV
AGY® TPOdIaYpaPES, KABMS EXOVV TETPAY®OVE, EIKOVOGTOLYELN KO OTTTIKO KEVTPO
KOVt 6T0 KEVTPO TG 1KOvVaG. 'ETot, elvan mo mBavd vo veiotavtal akTivikég
TAPOLOPPDCELG TOPE TUPALOPPADCELG OYETILOUEVES LE TIC TUPUTAVED TOPAOO-
¥€G. AvTd TPoDHTODETEL OTL O EIKOVEG OEV £XOVV VIOGTEL TEPIKOMN LE TETOLO
TPOTO OCTE VO LETAKIVEITAL TO OTTIKO KEVIPO GE GYECT LE TO KEVTIPO NG El-
KOvag. Yo autég Tig TpodmobEécelg Kol mePOPIGHODS, 1) EKTIUNOT TNG ECTLO-
KNG amdcTaong amd 6vo oyelg Paciletan otig e€lodoeig Kruppa (Hartley and
Zisserman, 2003; Kruppa, 1913) kot viomoteiton g €€Rg:

Méoon tav apiotepdv kot de&idv 1draldvtov davvopudtmv {ug, us, vo, vi }
0V Ogpedddovg mivaka F kot tov avtictoyyev wwalovedv twav {og, o1}
SLIHOPPAOVETOL TO €ENC GUVOAO EEICADCEWV:
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u/Douy _ u/Douy _ ulDoug (1132)
08V8D1V0 000'1V8D1V1 U%VID1V1 '
omov o1 6o TivaKeg
3
D, = K;K! = diag(f}, f7,1) = ? (I1.33)

1

KOSKOTO0VV TIG AyVOOTEG E0TINKEG 0mooTdoels. o anddtnTa o1 aplfuntég
KOl TOPOVOLOGTESG OTO, TOPOTAVE® KAAGLOTO UTOPOVV VAL YPOpOV:

eijo(f3) = ulDou; = a;; + b f3

(11.34)
eij1<f12) = Uz‘UjVSDlvj = ¢ + dijf12

Kabéva and avtd sivor apvikd (affine’) og mpoc Tic e0TIOKEG 0MOGTAGELS
KOl GUVETADG Ol EEICMGEIG UTOPOVV VO TOALUTANGIOOTOVV EEMTEPIKA MOTE VL
ANoeBel n TETpay@VIKN LopeN KaTd TO PEYEDOC TV ECTIOKMV OMOGTACE®DY KoL
KaoTé GUVETELD VO ETMALOOVV.

1.4 Tlopayovromoinon

A6 onUavTIKEG EPYACIES GTO YDPO TNG Ao amd Kivron Kot E101KOTEPA
amd Vv gpyacio Tov Tomasi and Kanade (1992) mpokdmtel 611 1 dopny koL n
Kkivnorn pmopodv va avoktnBodv tavtdypova pécw SVD, kdto and poviéia
opBoypaeikng TpoPoing 1 oyeTIK®V VToBEcEDV (amdppyn Tov 2 Kabe 3A on-
peiov p : x = [Iax2|0] p). Kabdgn televtaia ypapur tov wivako givat mévtote
[0001] dev vrapyet TpoPoAiki| SraipesT Ko GUVETAOG X i = P P> OOV Xji
glvar n Béom tov ¢ onueiov 6T0 j KapE, f’j glval o dve 2 X 4 tuquo Tov
mivaka tpoPorig P; ko p; = (X;,Ys, Z;, 1) eivon to emavénpévo 3A onpueio.
YroBétovpe 6t1 KaBe onpeio ¢ gival opatd oe kdbe Kapé j. Mmopel va, Anedet
N péon TN 6Awv TV TpoPariopevev BEcemV TV oNUElOV T ;i TNV EIKOVA j
©c:

_ 1 ~ 1 _ =
7 7

omov ¢ = (X,Y,Z,1) givaw 10 3A kévipo Bapovg Tov vEPOLg cnueimy e
EMOVENUEVEG GUVTETOYLLEVEG.

KaBdg ta cvuotipata cuvtetaypévey o anokatdotaon Aopng ond kivinon
glvan yevikd toyoia xopic tn ypnomn onueiov eErEyyov €349ovg, To KEVIPO TOV

3YrevBopileton 0Tt aQvikdg 1 opomapdAnAog sival 0 peTACYNUOTIONOS TOV StaTnpei TV
nopaAAnAia.
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KkOGpov propei va toroBetnBel oto kévrpo Papovg twv onpeiwv, £161 OoTE € =
(0,0,0,1), divovtag ovolaoTikd TV teAevTaio ypapun Tov tivokae TpoBoing

P;. Opiovtog xj; = xj; — X; 11¢ Oéoeig twv onpeiov oe oyéon pe 1o véo
KEVIPO TOV GLGTNOTOS GUVTETOYUEV®V, UTOPEL VO YPOQEL:

iji = Mjpi (H.36)

omov M eivat o Gve 2 x 3 tpfpa tov wivaka tpofoiis P kaup; = (X5, Yi, Z;).
Av avamopootaBodv OAES Ol PETPNCELS [E TN Hopo1| Tivaka Tote B Aappdavo-
vTawv 1 akOAovdn avoarapdcToon:

M,
X11 ... XIN :
X = S : =| M; |[p1 .- Pi --- pN]:MS
XMl .- XMN
_MM_

(I1.37)
omov X eivon 0 TivoKaG LETPCEMY, M o nivokag kivnong Ko So TivoKoG
dopung (Tomasi and Kanade, 1992).

KaBdg o mivaxog kivnong M eivor 2 X 3 kat o mivakag doung S eivar
3 x N, o SVD tov X 8ivet UOVO TPELG UN-UNOEVIKES 101aL0V0EG TIUEG. TNV
TEPIMTMON TOV O1 LETPNGELS GTO X gumeptEyovv B0pvPo, 0 SVD amodidet ekeivn
NV TapayovToroinen tpitng taéng Tov X 7o givon mo kovtd oto X vmd mv
évvoln TV erayiotov tetpaymvoyv (Hartley and Zisserman, 2003; Tomasi and
Kanade, 1992).

Dvuoikd Barav wavikdé o SVD tov X : X = UEVT vo amodidet aVTOHOTO
Tovg {NTovEVOLG TTiVaKEG SOUNG S kot kivnong M aArd avtd Sev efvon EPIKTO.
Avti avtov, ypdopetat 1 oyéon:

X =UZVT = [UQ][Q 'ZVT] (IL38)

kot opileton M=UQkuS=Q !ZVT,

H avaktnon tov mivaxka Q e€optdtot amd 10 HoviéLo Kivnong mov viobe-
telton. Xy nepintoon g opboypapiknic mpoPfolrc, Ta otoryeio M eivor ot
TPMTEG 6VO YPAUPES TOV Tivaka TeploTpoPng R; ko étou:

mjomjo = uz;QQTuj; = 1
mjom;; = uz;QQMuj;,, =0 (1.39)
m;im;; = up;+1QQMuy,,, =1

omov ug, etvor ot 3 x 1 ypoppég tov mivaxa U. [Ipoxvntel Sniaon yo Eva peydro

mAnBoc e€lodoemv Yo Ta otoryeio otov mivaka QQT, amd Tov omoio o mivakag
Q pmopet va avaxtn el pécm teTpaymvikng pilag mivaka. EnpetmveTol dm OTL
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aKoun kot petd tov kabopiopd tov mivake Q givar addvato va kaboplotel n
KatevBLVON TEPLOTPOPNC ) €4V 1| Kiviion Tpog Tov aEova Tov Babovg avtioTpé-
QETOL.

H mopayovtonoinon yuw v e€aymyn ¢ doung kat kivnong omd éva cv-
VOLO LETPNCEMV EXEL OPIGUEVO LEIOVEKTHLOTO. ATO T EgYmpiletl To YeYovog
OTL TO GUVOLO YAPOKTNPIGTIKOV CNUEIDV TOV YPTCLOTOLEITOL Y0 TOV TTIVAKOL
UeTPNoE®V TPEMEL VO Elvarl 1006110 o€ OAEG TIG e1kOVEG (KapE). Ot eUTVeELOTES
g Wéa TpoTEvaY Yo to Aoyo avtd (Tomasi and Kanade, 1992) v spappoyn
NG MOPAYOVTOTOINGTG OE HIKPOTEPA O TUKVA GUVOAN GTUEi®VY, divovTtag T
SVVATOTNTO TPOGONKNG TEPIGGOTEPWV GNUEIDV KO KAUEPDV oTNV EEMEN TNG
pebodov. AALo €va oNUOVTIKO UEOVEKTNHA TNG pebddov mopayovtonoinong
glvar 0T dev Umopel vo eQapprooTel og Kdpepeg TOLV 0KOAOLOOVV TO LOVTELO
NG TPOOTTIKNG TPoPoinc. 'Evac Tpomoc va avTIeTOmoTel avt 1 advvapio
glvar va epappootel apyikn aewvikny (my. opBoypaeikn) amoKaTacTacT| Kol £V
ocvveyeia vo 610pfwbel doTE Vo AmTOOMGEL TNV TPOONTIKN UE EXAVOANTTIKEG
uebddovg (Christy and Horaud, 1996). Evoddoktikd 0o pumopovce vo epop-
pootel TAnpng mpoPoiikn mapayovromoinon (Sturm and Triggs, 1996), émov
N ovpmepinyn g TPITNG YPAUUNG TOV Tivaka TG KApepag 16oduvapel pe
T0V ToAAOmAAGIAGHO KAOe amokateoTnuévNg peétpnong xj; = M;p; pe 1o
avticTpopo mpoPoikd Pabdog nj; = d;il = 1/(Pj2pi) N 100d0vapo, pe TOV
ToALOmAAGIAGHO KEOE OEong pe To TpoPfariiopevo Babog d;i:

dinXin ... duXyoo ... diNXN
X=| duxji ... dpxj ... dinkjn | =MS  (IL40)
| dviXyr - dyiXyp o-- AMNXMN

To mpoPotukd Béon dji happdvovtar and avoxorackevr Vo dyemv (Sturm
and Triggs, 1996), eva 6e o mpdo@uteg epyacieg apytkomotovvtor og d;i = 1
kot avafempovvral o ke emaviinyn (Oliensis and Hartley, 2007).

I1.4.1 3A ynouwké avtiypa@o apaiov 1] TVKVOD VEPOVS

A@o? exktiunBet po 3A avokaTaoKeELT] TOAADY OYe®V o GKNVIG, YiveTot
€QIKTN M Onuovpyio €vog 3A ymelokov avitypdeov pe ven. To TpmdTo onpo-
vTiKo Pripa givar va dnpovpynei Eva Tokvo 3A avtiypapo oo To apatd VEPOG
3A onueiov mov mopdyet n pEBodog Aopn amod kivinon. Mo amd Tic EVOALaKTL-
KEG IOV VITAPYOVV glvar va ypnoiponomBel N néB0d0¢ GTEPEOCKOTING OO TOA-
Aég Oyelg (multi-view stereo). AAAN evodiaxTikn gival va epappootel 3A tpt-
YOVIGHOG ameLOeing 6TO apatd VEPOS. ENUEIOVETAL OU®S, OTLT amevbeing epap-
LOYN TPLYOVICHOV 0dnyel 6€ TOAD ATAY] YEOUETPIO TOL AVTIKEWLEVOL 1) OOl
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glvar évrova avTiAnmt Ko £xel meplopiopéves ypnoels. o v enitevén evog
O PEOMOTIKOD avILypapov, £voc ¥aptng veng (texture map) umopet vo, e€o-
¥0et 1o kaBéva amd ta Tpiymva Tov yneakol aviypdeov, pe Staeopovg Tpo-
ovc. AAAN péBodog eivor 1 dnpovpyia Egxwplotod yaptn VENG amd Kabe Kd-
Uepa ovaPopag Kot avapelén Toug Katd Tn d10d1Kacio TG OTEKOVIoNS (View-
dependent texture mapping).

Yty mepintoon wov amotteitol ) dnpovpyio 3A avTiypaeov LYNANG TO10-
mrog (akpifelag Kot aviilvong) tote pio PEB0SOC TLKVOL VEQPOVG TPETEL VOl
gpappootel. To mpoPANpa TG TUKVIAG avTIoTOiYIONG Evol TOAD T TEPITAOKO
oamd avTo NG apalfg ovTioToiyong g Heboddov Aopn amnd kivnon, kabmng o€
TOAAEG TIEPMTMGELG 1) AVAKTNOT TOL BABoVG pUmopel Vol amonTel Kol EVPECTIKEG
npooceyyioels (Ty. empaveleg xwpig euddkpiTa yopaktnplotikd). Ot Scharstein
and Szeliski (2002) wpdtewvov o yevikn tagivounon tov Hedddmv Tukvhg
avtietoiyong, n omoia Paciletor oTovg dopkovs ahydplBove mov propovv
va xpnoiporotnfovv yio va avamtuyfovv tepattépm dirot aiyopduotl. H ta-
Ewounon Paciletar €161 6TV TOPATAPNOT OTL 0L AAYOPLOLLOL YEVIKG EKTELODY
£€va VTTOGVVOLO TMV €ENG TEGGAPOV PrUdTOV:

* YToAOYIGHOGC KOGTOVG TAVTIONG

* 2UYKEVTIPOOT) KOGTOVG

* Yroloyiopog avopotoyévelog (disparity)
» Beltioon avopoloyévelag

Ot tomkoi aAydpiOpol, adyopidpol facioUéVOL GE TOTIKA YOPAKTIPIOTIKA
(Béoer tapabipov), 6mov M avopoloyévela eEaptdtarl HOVo amod TG TOTKEG O1a-
QOPEG EVTOONG UESH GE TEMEPACIEVO TOPABLPO, TPODHTOBETOLY Ll Eppeon
opoAoTNTO. AVTOi 01 AhyOplOpol pTOpoHV EVKOAN VO GTTAGOVY GE Tpia PrinaTo:

* To K6GTOG TAVTIONG EIVOL 1] TETPAYDVIKY] dLOPOPE GTIG TIUES EVTAONS TNG
€IKOVAG LE OEOOUEVT] OVOLLOLOYEVELDL

* H ovykévipwon yivetar pécm a0poiong Tov KOGTOVG TOVTIONG O TETPA-
yova Topabupa e GTadEPT| OVOLLOIOYEVELDL

* Ot avopoloyéveleg vroloyilovral HEG® eTAOYNG TNG LUKPOTEPTG CUYKE-
VIPOUEVNG TIUNG o€ KAOE g1KovooTOoLyEio

Kémotot tomucol adydpiBuotr cuvdvalovv ta Pripota 1 kot 2 Kot ypnoipo-
7OV &va kO6TOG TANTIoNG PACIGUEVO 6TO TTESI0 OPIGHOD, OTME 1 KAVOVIKO-
momuévn awtoovoyétion (Bolles et al., 1993; Hannah, 1974) o petaoynuott-
ouds tééng (Zabih and Woodfill, 1994) kot aAla fobuwtd pétpo (Bhat and
Nayar, 1998).
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Ot xaBolikol alyopiBuot, amd v GAAn, TpodmobéTovy Guecn opaAdTnTO
Kol AOvouv Eva TpoPAnua kaboikng Bertiotonoinong. Tumikd, ovtoi ot adyo-
pBpot dev ektelobv €va Prita cuykEVTpWONS aAAd avalntodyv TV avouoloyé-
VELOL TTOV EAQYLGTOTOLEL [ia GUVAPTNON KoBoAKoV KOGTOVG. Baowkn didkpion
peta&y Tovg eival 0 TPOTOG LE TOV 0010 TPAYHOTOTOLEITAL 1] EAAYIGTOTOIN O,
Y. pe Tpocopolouévn avontnon (simulated annealing) (Barnard, 1989; Mar-
roquin et al., 1987), mBavoloywkr dudyvon (probabilistic mean-field diffusion)
(Scharstein and Szeliski, 2002), peyiotonoinong avapevopevng Tiung (expec-
tation maximization) (Birchfield et al., 2007), ypdeovg (graph cuts) (Boykov
etal.,2001) 1}, axoun, adlyoptBpotl emovaAnTTikng didyvong epmictoovvng (loopy
belief propagation) (Sun et al., 2003).

Meta&d TV 800 HEYOA®Y OVTMOV KOTNYOPLOV 0AYopiBI@v vITdpyouy ena-
vaAnmTKol aAyopidpot, ot omoiot dgv TPoHTOHETOVLY GLESH TN GLVAPTNOT KO-
GTOVG, KO TMV OTOIWV 1 CUUTEPLPOPE LOLALEL LE AT TOV OAYOpiBU®OV ETavo-
AnmTcng Beltiotonoinong (Marr and Poggio, 1976; Zitnick and Kanade, 2000).

ILS Avoowataln oéoung (bundle adjustment)

Onog avapépOnke mopandvem, N TAéov akping uébodog avdaxktnong g do-
UNG Ko TG Kivnomg etvat 1 epaproyn Un-ypopKiG EA0IoTOnOiNoNG TOV Le-
TPNOEDV TOV GEAAUAT®V ETavOTPoPoAng (reprojection), 1 omoio eival YvooTh
OTN QOTOYPUUUETPIO KOL GTNV OPOGT] VTOAOYIOTAOV (O TPOSUPLOYT OEGUNG 1],
omwg £xel emkpatnoet, bundle adjustment. O dpog bundle avapépetat otig 6é-
OLES OKTIVOV TOV GUVIEOLY T KEVTPO, TOV KAUEP®V pe 3A onpeia, Eved 0 6pog
adjustment avaQEPETOL GTOV EXAVOANTTIKO TPOTO ELOYIGTONOINGNG TOV COAUA-
LLOLTOG EMAVOTPOPOATS. XT0 TESIO TNG OPACTIC VIOAOYIOTAV £XEL PN OLLomot Ol
Kol 1 ovopaocio BEATion ektipnon kivnong (optimal motion estimation). Ot
Triggs, McLauchlan, Hartley et al. (Triggs et al., 1999) mapéyovv pia avolotikn
TEPLYPOPT TOL OELATOG KO Lol TEPIAAUPEAVOVY 1I0TOPIKT AVAOPOUT TNG EPEVVOG
LE avopopég otn PAoypapio TNG POTOYPULUETPIOG, KOOMG Kot AETTEC EVVOLEG
oyxeTkég pe mpofanpata otn pétpnon. To aviikeipevo egetdleton evoeleymg
o€ YVOOTA yyelpidia TG moAveKoviKNG yeopetpiag (Hartley and Zisserman,
2003; Moons et al., 2010).

Ta Bacikd ototyeio TG Tpocapoyng déounc oxetilovial oTeEVE LLE TO YV®O-
010 TPOPANUa ™G ektipnong molag (pose estimation), 1 omoio Gtoygbel GTNV
extipnon g otdong (moloc) evog avtikelévov otov 3A ydpo omd €va ov-
volo 2A mpoPordv (gucdveg). To mpoPinua oxetiCeton pe v ewtepkn Pabd-
povounon (extrinsic calibration) ¢ kapepag. To mpdPANUA TG avaKTONG TNG
n6log and tpio onueia, To omoia amoteAovV T0 gAdyloTo UEYeBog mANpoPO-
plag mov amatteitat, ival yvootod ¢ To TPOPANLA TPOOTTIKNG TPLDV onpeiwy
(perspective-3-point-problem — P3P), 1o omoio yevikebeton o TpoOPANUa n-
onueiov og¢ PnP (Haralick et al., 1994).
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p.=(X,Y,Z,W)

Ewoéva I1.5. Extiunon wolog amo Gueco ypopyuro UetooynioTiouo.

O amlovoTEPOG TPOTOG Yo TNV avakTnon g nolag oG kapepag sivot
UECH SLOUOPPOONG GUGTHLOTOG YPOUUK®V EEI0MCEMV amd TN LOPPT| TOV Ti-
VoKo, NG KAPEPAG Yo TNV TPoOTTIKY TpofoArn. YmevBopileton 611 kaBe 2A
onueio oy kapepa x; = K[R|t]p, = Ppy v k60e onpeio p,, otov 3A
koopo ko P = K[R|t] eivar o wivakag g kdpepoag.

o = PooXi + po1Yi + po2Zi + po3

P20 Xi + p21Yi + p22Zi + p23

_ p1oXi +puYi + p12Zi + pis

" pooXi + pa1Yi + poaZi + pa3

OTOVL T4 €IVOL 01 LETPNGELG TOV BEGEDV TV 2A YOUPAKTNPICTIKMV Kol X, €lvat ot

Yvootéc 0éaeig Toug 6t 3A Yympo (Ewdva I1.5). To cvotnpa eElodoemv prnopet

va A&l [ YPOUUIKO TPOTO Y10 TOVE ByVAOOTOVG GTOV Tivaka Tne Kauepog P

UECH TOAOTAOCIOGHOD UE TOV Tapovopooth. O aAyopOpog mov TPoKOTTEL

KOAEITOL AUECOG YPOLLUKOS peTaoynpatiopnog (direct linear transform — DLT)

(Sutherland, 1974). I'la Tov vroAoyiopd tov 12 (M 11 av tebel pa3 = 1) ayvo-

GTMOV ATOLTOVVTOL VO, EIVOL YVOGTEG TOVAGYIOTOV 6 avTicTolyieg petald 3A Kot
2A Bécewv.

[Two axpipr| amoteréopata pmopovv vo Anedodv HéEcw GUeEST|G ELUYIGTOTOT-
NOMNG TOV TAPOTAVED EEICMOCEDV HECH UN-YPOUUKOV ELOYICTOV TETPAYDOVOV
Kot éva pKpo TAN0og emavainyemv. MOAG ekt Bobv Ta ototyeio Tov mivoaka
g Kauepoc P eivat duvati 1 avakTnorn tO60 ToV E0OTEPIKOY OGO KAl TOV
eEmtepikav Tapopétpav (kabobs og yvootév P = K[R|t]), apov, kabbdg o K
glvar ave tprymvikog, 1060 0 K 660 kat o R mivakeg pmopodv vo avaxtnbovv
and tov P pe RQ mopayovromoinon. Xtic epaployE 6Tig omoleg vidpyetl Tpod-
Tepn yvoon Yo tov wivako K (dnAadn o Tivakag E0OTEPIKOV TAPUUETPOV TG
Képepag elvarl yvootog) 1dte ) extipnon g nolog pmopel va yivet pe tpelg povo
avtiototyiec (Fischler and Bolles, 1981). H Bacikn mopatipnon mov ypnotpo-
TOOVV aLTOl 01 Ypapptkol adlydpibpot etvor 6TL | ontiky yovia peta&y Kabe
Cevyog 2A onpeiov X; kot X; mpénet va givon 1 idtar pe ™ yovia petadd tov
avtiotoiyov 3A onueiov p; ko p; (Euwova I1.5).

Aobévtog evog cuvorov avtiotoydv { (X;, pi)}, 0mov X; ivar ot pova-
daieg devBuvoelg mov Aapfavoval amd To PeTACYNUATICNS TV 2A onueiov

(IL41)
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X; OTI¢ povadiaieg 3A devfivoelg X;, HEow Tov avtioTpoPov tivako faduovo-
unong K,

K’lxi
K
OOV AYv®GoTOL £ival Ol AmocTAGELS d; amd TO KEVTIPO NG Kdpepag ¢ oto 3A

onueio p;, 6mov p; = d;X; + ¢. O vopog TV cuVNUITOVEY Yo TO TPLY®VO
A(c, pi, pj;) dtvel

% =N (K™ 'x;) (11.42)

Fij(diy dy) = df + d} — 2dsdjei; — djy = 0 (IL43)

OmoVv C;j = COS Gij = )A(Z . )A(j Ko d%j = sz — ijQ.
Mmnopei vo AneBei kd0e tpimhéta meplopioudv ( fij, fik, fik) kon vo amain-
0000V 0 d; Ko dy, kot vo TpokvyeL N teTaptoPfdouio e€icmon Tov dz,

gk (d}) = aadi + azd} + axd] + ard} +ap = 0 (1L.44)

AoBEvToV TEVTE 1| TEPICCOTEPMVY AVTIOTOLYLMVY £ival duvati 1 dnpovpyio

(n—1)(n — 2)/2 tpurhetdv yio. T Ay pog ypoppkng extipnong (e SVD)
TOV TILOV Y10 TO (d?, d?, df, df) (Quan and Lan, 1999). Metd v ektiunon
TOV anoctdoemv d; pumopel va dnurovpyndel o 3A dopn wov Ba amotedeitan
oo TIC KAUOK®OUEVEG O1evBivoelg onueiov d;X;, Ol OTOIEC UTOPOVV EV GUVE-
xeio va evbuypappiotovy pe éva vépog 3A onueiov {p;} pe xprion andivtov
TPOGOVATOMGHOV Yo TNV TEMKY eKTiUnom g Toloc.

Hoapoia awtd, o To arplfic Kai EDELIKTOS TPOTOS EKTIUNONGS THS TOLOS EVOL
HECW GUETNS EAGYLOTOTOINGHS TOD TETPOYWVIKOD GPALUATOS ETXOVOTPOLOINS Yo,
Ta 24 onueia, ®G GLVAPTNON TOV OYVOCTOV TAPUUETP®V TOLag oto {evyog
(R, t) xau dvvntikd otov mivaka K, pe yprion pun-ypappkdv eroyiotov te-
tpayovov (Bogart, 1991; Gleicher and Witkin, 1992; Tsai, 1987). Ot e&iomoeig
TPOPOANG LITOPOVV VA YPUPOVY MOG:

x; = f(p;; R, t, K) (I1.45)

KOl VO EPOPLOCTEL EAULYLIOTOTOINGCT) TV COOALATMOV ETAVOTPOBOANG

of of of
Exip = Zi:p (aRAR+ SOt + aKAK—n) (11.46)
OmoV r; = X; — X; TO TPEYOV d1Avucpa VToAoitwv (2A cEALua oty TPdPAeYN
¢ Béomg) kot o1 pepikég mapdywyot ekppalovial 6e oYXEOT LE TIG AYVOOTES
TOAPOUETPOVC). ZNUEIDVETOL EOD OTL EAV elvan d1a0éaipeg ekTnoelg 2A ocuvota-
oTopag Yo TiG 0€ce1g TV 2A onpeiov, 1 TOPOTAVE® TETPAYMVIKN VOPLLO LTOpPEl
vo 6TafUIoTEL e TOV avTIGTPOPO TIVOKO GUVOLICTOPAG.

>tV (Szeliski, 2011) mapovsialetal pio TUNUATOTOMUEVT EKOOYN TOV &L~
cMOGE®V TPOPOANG, He 6TOYO TV KOADTEPT KATOVONGT TOL TPOPALATOS TNG
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UN-YPOLLUKNG TAAVOPOUNGONG, ATOTEAOVLEVT] a0 OmAOTOMUEVO PrpaTa, MG
e&ng (Ewodva 11.6):

vy = fr(piic;) =pi — ¢
y® = tr(y™; q;) = R(q;)y"
e (11.47)

(3) — @2y 2
y - fp(y ) - ~(2)

x; = fo(y®; k) = K(k)y®

Omov 6TIG eV AOY® EEIGMGELS C; Efval TOL KEVTPOL TOV KOPEPDOV, ¢ TO. quaternions
TOV TEPIOTPOPAOV TOV KAUEPDOV Kol j 0 deiktng tovg. To TAEOVEKTNUA 0VTNG
™G S1000YIKNG AmEKOVIOTG givar OTL 0 kdOe petacynuatiopoc o Kabe Prpa
€xel oL AN LEPIKTN TOPAY®YO GE GYEOT TOGO LE TIG TOPAUETPOVS TOV OGO
Kot pe Vv €icodd tov. ‘Etot, poAg vmoloylotel | TpoPAETOUEVT] TIUN TOV X;
Baoet 1o 3A onpeiov p; Kot TOV TPEYOVGAOV TILAOV TV TOPAUETP®V TG TOLAG
(cj,qj,k), umopet va. An@Bodv OAeg ot amauToOpEVES HEPIKES TOPAYOYOL LE
YPNON TOV KavOva TG aAvcidag
aI'Z' 81'1' 8y(k)

5o = 3y 500 (I1.48)

omov p'k) kGOe Popé. Eval Ao Tar SVOGHATO TOV TUPAUETPOV TOV VOIGTATOL
BeltioTomoinon.

Emotpépovtag oto bundle adjustment, emonpoiverol 6Tt ot Tapandve cyé-
GELG Yo TNV eKTiunom Toloc SpEPOVY Amd TIG GYECELS TNG TA|POVG TPOCUP-
HOYNG SE0UNG GTO OTL 01 BEGELS TOV YOPOUKTNPLOTIK®V X;j TOPa eEopTdVTL O)L
Uovo amd To deikTN ¢ Tov onpeiov aALd eniong kot amd To deiktn T TOlog TG
Képepag j

x;; = f(pi, Rj, ¢j, Kj) (11.49)

EVO SapEPOVV emiong kot 6To 0Tt 01 3A BE0ELg P; TOVTOYPOVA EVILLEPDVOVTAL.
YvumAnpopatikd, cuvndifetol va Tpootifetorl Eva Prina yio TV EKTiUMON NG
OKTWVIKNG TOPOLOPPOCNC

frp(x) = (1 + Kyr? + /<a27‘4) X (I1.50)

oV Ol KAUEPES TTOV YPNCLULOTOLOVVTAL Ogv Exovv Pabuovoundel ek Tov mpoté-
POV, GCOUE®VO, LLE T SLd0YIKN dladikacio mov @aivetol oty Ewodva I1.7, xot’
avaloyia kot enéktaon g dadikaciog oty Ewova 11.6.

1 véa avt anewovion (Ewova 11.7) éxer mpoctebei oto téhog (apiotepd)
pia akoun Babuida eneEepyacioc OTOL EKTEAEITOL EDPMOOTN CVYKPLION TNG TPO-
Bremopevng kat g peTpodpevng 2A Béong X;; Kot X;j UETE amd KAUAK®OOT
HEC® TNG HETPNONG TNG SLVIGTOPEG TOL BopvPov ;. Zuykekpiuéva:
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X; < fo(x)=Kx |= > folx)=p/z = ~ Srlx)=Rx = > fi(x) =x-c < p,

Iy Iy Iy

k q; ¢

~ 4) 3) 2) ()
54 A 1 g L7 e LA [ 2] A L] A |2
<+ p(|be-xlx) o] - e AR ‘—-->=p/: = = Rx =] =x-¢, 1—
T T T T
| | | |
tH h it h it
2z /] K L/ <

Ewovo 11.7. Ilpofols evog 34 anueiov oe puo 24 uétpnon wg puo minpns axolovbio uetaoynuotioudy.
A1oKeKopUEVES YPOLUES IElYvoLY TNV avTiotpopn KatedBovon.

rij = X;j — Xij

sy = rZTjZZ-_jlrij (IL51)
eij = p(si;)

omov p(r?) = p(r). Ot IakoPiavéc (LEPUKES TaPEY®YOT) HITOPOVY TOTE VaL YPa.-

%

oe;: R
35’;]. - p'(s?j)
S (11.52)
&sij et
0xj = i Yis

To mAgoVEKTNLOL AVTHG TN OAVCIOMTNG AvVamaPAcTacTg dev gival pdvo otnv
OTAOTOINGN TV VTOAOYIGLMVY TOV LEPIKDV TOPAYDY®OV, OAAL KoL GTO OTL [LTTO-
pei va TpocopprooTtel 6€ 0To1dToTE SIUUOPPOCT) KOAUEPDV.
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—Without mathematics, there’s nothing you can do.
Everything around you is mathematics. Everything
around you is numbers.

Shakuntala Devi

Ap1Ounrtikeg pEbooot

III.1 Ewoayoym

Y10 mopov [Tapdptnpa teprtrapupdvovior facikd ototyeio YpopUKng GAye-
Bpog kot aptBuntikéc nEBodot Tov ¥PNGIHOTOL0VVTOL TOAD GLYVE 6TIg LeBddovg
3A ynotlonoinong Kot oty Opact VITOAOYIGT®V €V YEVEL XTO GTOUYELD OV
epLapPAvovTal GUYKATAAEYOVTOL Ol OVOAVGELS WTH®V (eigenvalues) kot
wialovcav Tiudv (SVD) kot Bactkég mapoyovTonooelg TvaK®my. AvVorToc-
covtot Bépata oyeTkd pe ™ Pertiotomoinon kot Tig HeBOS0VG YPUULKDY ALY
KOLLTOL =Y POLLLUKDV EAOYICTOV TETPOYDOV®Y. MEYAAO TUNLO TV KEWWEVMY TOV
axoAovBovv Paciletar oto Szeliski (2011).

III.2 AmoocvvOeon mvakmv

Mo v katavémon g SoUNS TOV TIVAKOV Kot TOV TPOTOL ¥PHoNG TOVG
(6mwG oTNV OVTIGTPOPT] KO TN AVGT| GLGTNUAT®V), XPTNCLLOTOLOVVTOL EVOL TTAT-
0og amd avardoelg 1 arocvvBécelc mvakmy (decompositions).

IIL.2.1 Avéaivon 1010{0V6OV TINAV

Mo amtd 116 TAEOV GUY VA PN GLOTOIOVUEVES AVOADGELG TIVAK®V £ival ovTh
v 11alovodv Tiudv (singular value decomposition — SVD), 1 onoia weptypd-
QgL 0Tl KGbe Tivokag A m X n TPAYUATIKOV TV UTopEl va Ypopel og T0
YIVOUEVO TPLOV TVAKOV:
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Uy

Ewova I11.1. Aneicovion tov ovotiuoros v ato odotnue U puéow tov mivoxo A.

Am><n = UmXpprpVT =

pXn
o) v)

[w ... upp | : (IIL1)
Op—1 v;_l

o6mov p = min(m,n). Ot nivakeg U kor V eivar opbokavovikoi, dniadn,

woyvet yuo Tov kobéva 6t UTU = I kot VTV = I 1o omoio oydet kat yo
T SLOVOGHATO GTAAEG TOVG ;U = V4V = 0;5. O118164lovoeg Tyuég etvan OAeg
un-opvnTikég Kot cuvnbmg ta&vopovvral o€ pBivovsa celpb og > o1 > -+ - >
Op—1 Z 0.

Mia yeopetpikn epunveio g avéivong SVD yuo évav wivaxa A pmopet va
MOl amd v eyypaon] g mapandve e&icwong tov SVD wg e&ng:

AV =UX T| AVj = o4 (IH.Z)

Avt 1 e&lomon exppdaler 0T o wivakag A amekoviCel kde didvoopa fdong v;
o1t 61evbvvon Tov u; pe piKog o 6mwg eaivetol oty Ewova II1.1. Eqv uovo
oL TPATES 7 101aL0voEg TIES eivan Betikég TOTE 0 TTivakag A eivar Téng r Kot o
delktng p ot mapoandve e€lomoelg umopet va avtikataotadel pe o deiktn 7.
Mia onpovtikn widtnTo tov SVD gtvon 611 av Tepikomei ) avamtuén Tov Tivaka

. T . i T 7 7 r 7 7 e
A=> j=0 OjUjV,; OF OTOL0ONTOTE ONLELD, TOTE TPOKVTTEL Lo BEATIOTN KOTA
NV Vvold TV EANYICTOV TETPAYDVOV TPOGEYYIoT| TOL Tivaka A.

1.3 Avdivon WO0TIpOV

Edv o mivakag C givat cuppetpikdg (m = n) pmopei vo avodvdei katd v
évvola ¢ amocvvheong WoTmy (eigenvalue decomposition):
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C=UAUT =
)\0 118

[w ... up_y | : =

n—1
> Nuwul  (I13)
=0

O mivaxag U givot o wivakog Tov 101001avusHATOY KOl TNV TEPITTOCT TNG EV
AOY® amocHVOES G IoYVEL Y10 TIG WOIOTIHEG OTL Ag > A1 > - -+ > A1 KoL OTL
ot WoTIpég pmopel va ivan gite Beticéc gite apvnTukéc.

M €101kn mepint@on cvppeTpikon mivaxke C TpokvnTel GTAV AVTOG O1-
povpyeitor and abpoicpato eEOTEPIKOV YIVOUEV®V

C= Zaiag — AAT (111.4)

KATL IOV GLYVA Tapatnpeitol og exilvon TpoPfAnpdtov eAayioTOV TETPAY®-
vov, 6mov o Tivakag A omoteAsital amd OAd To a; SVOGHATO GTHANG TO £val
dimha 6To AAAO. ZINV TEPITT®ON QLT 1 AVAALGT) YYLATOL OTL Ol TPOKVITOVGES
WO0TES A; 0ev givar apvntikég. O mivakag avtog C givar Oeticd np-opiopévog
(positive semi-definite)

xTCx >0, Vx (111.5)

Edv o mivaxog C eivar mAfpoug TaENG T0TE 01 1010TIUES Elvan OAeg DETIKES Ko
0 TivaKog KaAgital cuupeTpikdg BeTikd opiopévog (symmetric positive definite
— SPD). O1 cuppetpikoi OeTIKA OPIoPEVOL TIVOKES OVOKVTTTOVY GTT] GTATIGTIKY|
avaluon dedopévav, apol avamapIeTOvV T GLVILLCTOPE VO GuvOroL {xX; }
onpeiov yOpw amd T HEsN TN TOVG X

C=-> (xi—%)(x; — %) (I11.6)

2V mepintoon auTh 1 avaivom WTIH®Y Elval YVOoT] ©¢ avaivon KO-
plov cvvictwo®V (principal component analysis — PCA), ka®d¢ ovcslootikd
HovTeELOTOLEL TIG KVPLEG O1eVOVVGELG (Kot HETPA) TNG SOOTOPAG TNG ONUELOKNG
KOTOVOUNG YOp® omd TN peon T tovs. Ztnv Ewdva III.1 patvetar mog ot xv-
PlEG GLVIGTAOGEG TOL Trivako cuvilacmopds C dniavouv Tovg kiprovg dEoveg u;
TOV EMAENYOELO0VG TG aPfEPALOTNTOG TOV AVTIGTOLYEL OTNV €V AOY® KATOVON|
KoL TMOG O W0TIEG 0 = \/E IMADOVOLV TIG TUTIKEG ATOKAIGELG KOTE PNKOG
oUTHV TOV aEOVOV.
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Ot 1oTég Ko tor 1Wiodtavicpate tov C kot ot 11alovoeg TIHES Kot Ta
Wuaovta dtavdouato tov A oyetilovtot otevd. AoBévioc A = UX VT oydet

C=AAT=UXVTVEUT = UAUT (1L.7)

And 6mov eivar avepd 6tL \; = o2 Kot 6Tl Ta. ap1oTEPE-131alovia Slavi-
opato Tov A givor Ta 1dodtavicpata Tov C. H oyxéon avth mapéyet Evay amo-
d0TIKO TPOTO VTOAOYIGHOD TNG AVAALGNG IIOTIL®Y Y10 TOAD PeYEAoVGg Tivakeg
7oV deVv givol TANPoLS TAENG.

Y7apyet n duvaToTNTO 0VTL THG S pOpPmong Tov Ttivako C, o omoiog givat
P x P va onuiovpynbei o mivokog C =ATA 0 omoiog eivan N x N, ko
Yl TOV 0Toi0 1oYVEL OTL O1 WIOTLUEG TOV EIVOL Ol TETPAYOVIGUEVES 1O1ALOVOES
Tipéc Tov A, dnhadn X2, kot givar cuvendg kot 18otpég tov mivaxa C. Ta
1010810VOGLLOTO, TOV C eivar ta o€ 1ualovta daviopota V Tov A, amd 6mov
0L APIGTEPE. 1310810VOGHATO HTOPOVY VoL VoAoyteTowy ¢ U = AVI~L
To B avtd givol oVoIHOEC GE EPAPUOYEC OTMG G LEBOSOVE OvayVAPLoTG
npoconev (eigenfaces).

[IpaxtiKd, ot 1TES Kot ot 131aloVGEC TYES LITOPOLY Vi EKTIUNO0VV mg
axoAovmg: éva Wodidvucua opiletal and v e&icwon

)\iui == Cui, T] ()\lI - C)ul =0 (HIS)

KaBdg n tehevtaio oyéomn eivar pio opoyevig e&icmon umopet va Exet o
un-pUndevikny Avon yuo u; €4V 1o GOGTNO TTOL TEPLYPAPEL Elval OVETAPKOLS
14ENG, SnAad: [(AI—C)| = 0. O vroroyiopds avthg TG opilovoag odnyei 6to
YOPUKTNPLOTIKO TOAVMVVLO TOV GUGTHLOTOG TOV UTOPEL VoL EMALOEL Yo Likpo®
puévo peyéBovg mpofAnpata. o peydiovg wivaxeg, emavainmrikoi adydpidpot
gpopOlovTal yio. vo. ELaTTdcovV Tov mivoke C 6€ GUUUETPIKO Tpidtaydvio!
TVOKO TPOYHOTIKOV TGOV LECH 0pHOYDVIOV LETAGYKNUATICUOV KOl OTT| GUVE-
YeW Tpayporonoleitan mapayovronoinon QR.

II1.3.1 IMapayovromoinon QR

Mo ToAD Sradedopévn pébodog eniivong acbevmg opiopévmy TpofAnud-
TV EAyIoTOV TETPOYOVOV 0AAG Kot Lo fdor yia To cuvietoug adyopidpovg
(6w M avaivomn I0TIUGV Kat 101alOVTOV TIUOV) eilvarn Tapayovtomroinon QR

A =QR (11L.9)

omov Q eivon évag opBokavovikdg (povadwaiog) mivakag (QQT = I) kar R
évag v Tprymvikog mivakoc. Otav o A elval teTpayovikdc, edv o A givor
OVTICTPEYILOG TOTE 1) TALPAYOVTOTOiNon givan povadikn otov givar embountod

'Y evbopiletan ot Tpidiorydviog sivar o mivakag Tov £xet pm pndevikd ototsio mhve ot Khpio:
Sy dV10, T SOYMVIO TAVE KoL 6T Sy ®VIO KOT® orrd TV KOP1a.
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ta daydvie ototyeion Tov R va giva Oetikol apBpoi. Edv o wivaxag A éyeln
YPOLUIK®DG oveEAPTNTES GTNAES, TOTE Ol TPAOTEC N GTHAEC TOL Tivaka Q dtapop-
@mvouv pia opbokavovikn Baon yio tov A.

Mo amd TiG d1aded0pEVEG LeBOOOVG VTOAOYIGHOD TNG TAPOYOVTOTOINOTG
QR amoterei n péBodog Gram-Schmidt. Zopewva pe ™ pébodo avtn, To GTot-
yela Tov mivoka A Aappdvovtol wg chvoro amd SLoVOGHOTE GTAANG KoL 1) TTe-
portépm emeepyacio yivetal 61O EMIMESO JOVUCUATOV KOl EGOTEPIKMDY TOVG
YWOUEVOV, OC EENG:

aje; age; ... ape;
0 asey ... apes
A =[aj]as]...|a,] = [eiles|. .. |en] i ] ) = QR
0 0 ... ape,
(I11.10)
6mov (Bétovtag proj,a = SuaZu):
w =2 €1 = Tu]
uz = ag — proj,, as €2 = o3
: . u
U3 = a3 — Proj,, a3 — Proj,,as €3 = .y (IIL.11)
—_ 3 _ u
u, =a, — Zz Projy;ak €y = HU:”

LETE TOV VITOAOYIGUO TOV €; SIUVUGLATOV 6THAGV Utopel va avaktn et o mi-
vakag Q = [e1]ez]. .. |e,] kat, kabbg o mivakag ivor opBokavovikdg pmopet
va 0dnynoetl eOKOA GTNV gKTiunomn Tov Tivaka R

A=QR=QA=QQR=Q'A=IR<R=QTA (IIL12)

A&ilel va onuelwdel 0Tl 0TI €QAPROYEG TNG OPACT|G VTOAOYICTMOV, 1| EV
AOY® TOPOYOVTOTOINGT) XPTCLOTOLEITAL Y10, TNV ATOGVUVHEST TOVL TIVOKA LLOG
Képepag og TvaKo TEPLOTPOPTG Kot TTivaka fabpovounonc.

I11.3.2 Mapayovromoinon Cholesky

H napayovroroinorn Cholesky pumopei va epappootel e ke CUPPETPIKO
Beticd opiopévo mivako C' Y10 VoL TO HETATPEYEL GE YIVOUEVO GUUUETPIKDV GV
Kol KAT® TPLYyOVIKOV TIVIK®OV

C=LL"=R'R (IIL.13)

omov L eivar o kdto tpryovikog kot R o dvo tprymvicog mivakag. Atapopeticd
omd ™ pébodo amarowpng Gauss, 1 omoio pmwopel va mpovdmobETEL TNV EVOA-
A0y YPOUUGY Kol 6TNA®V | propel va kataotel aotadng, n mopoyovioroinon
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Cholesky mapapiével evotadng yio Betikd opiopévoug mivakeg, Onwe ovTol Tov
OVAKOTTOVV 6€ TPOPALaTA eEAayioTOV TeTpay®voV. EEuttiag Te Lopeng g
TOPATAVO GYEoTG Yo TNV mapayovtoroinon Cholesky ot wivokeg L kot R xa-
AovvTon TETpayvikég pileg Tov mivaka C.

O oAy6p1OUOG Y10 TOV VTOAOYIGUO TNG GV® TPIYWOVIKNG TUPAYOVTOTOINGNG
Cholesky eivar pua yevikevon g pebodov amarowpng Gauss kot fociletal otnv
amochvOeo

71/2 o7 1 o7 71/2 ’Y_I/QCT
cy 121 0 Ci —cyleT 0 1 o
RgclRo (ITL.14)

1 omoio HEC® EMOVUANYE®DY UTOPEL VOL LETATPATEL (G

C=R]...R! R,,...Ri=R'R (I11.15)

1.4 T'poppikd eEAdLOTO TETPAYOVA

[pofAfoTo TPoGaPLOYAS EAUYICTMV TETPUYDVAOV KAVOLV 10104TEP GUYVA
TNV ELPAVIOT] TOVG OE EQUAPLOYEG OYETIKEG LLE TNV OPUCT] VITOAOYIGTOV KAl TO
avtikeipevo g ynelomoinong. [a mapdderypa, n evbuypdupion eovav Ba-
GELYOPUKTPLOTIKMY CNUEIMV OTOLTEL TNV EAAYLOTOTOINGT LLOG AVTIKELEVIKNG
GUVAPTNONG TETPAYDVIKNG OMAGTACNG

Eps =Y _|ril> = If(xi;p) — xj|> (ITL.16)

omov r; = x; — f(x;; p) = X, — X}, akorovb®OVTOG T0 GLUBOAMGHO TOV TPOT-
yovuevov Iapaptpotog, givot to vdrowmo peta&d g petpovpevng HEong X,
Ko g avtiotoyng mpoPremdpevng Béong X, = f(x;; p).

[ToAvmhoka TpoPAaTe OTWS 6TV TEPIMTTOON TG HEYAANG KAILaKag Ao-
UG amo Kivnomn umopel va TepAapuPfdvouy TNy eAayIGTONOING GUVAPTHCEDY
yYMadov petafintov. v Ewova 1.2 napovsialetal éva aniod mapdostypo
TPOPANUATOG TPOGUPLOYNG EAAYICTMOV TETPAYDV®V, OOV {NTOVNEVES vl oL
mapapetpot oG gvbeiog ypappung (m,b). Otav ta katakdpvea deiypata y;
Bewpovvtar 6Tt TEPLEyovv BOpLPo otV Tpocéyyion g evbeiag y = mx + b,
10tE | BéATIOTN EKTiUNON Y1 TIg TApapETPOVS (M, b) umopei va Ppedel amd v
EAYIOTOTOIN O TOV TETPOUYDOVIKDV VITOAOIT®V

Errs =Y lyi — (mx; +b)[? (I11.17)

230



IMTAPAPTHMA 1II. APIOGMHTIKEX ME®OAOI

=y

Ewova 111.2. A6 mapaderyuo mpocapuoyns eAoxiotmy tetpaydvmy.

Inueimvetol dm 0Tt dev gival avaykn va yiveTol Tpocapoyn o€ gvbeia
YPOUUN Yo va Be@peitat 1) TPOGEYYIoT YPOUUIKT. AVTO TOV omotTeiToL Vol 1)
GUVAPTNON VO ElvaL YPOUUIKN ®G Tpog Tig {ntovpevec mapapuéTpove. ‘Etot, yuo
TOPASELY L0, TTPOCOAPLOYT GE MHTOVOELDES PE AYyvVmoTo TAGTog A Kot gdon ¢
(yvoot cuyxvotnto f) wropet va ypaget

Errs = Y |yi — Asin(27 fa; + ¢)| =

(2

> |y — (Bsin2r fa; + Ccos 2 f;)|>  (IIL18)
[

7OV ivat EkEpact ypappky og npog (B, C).

H ocvyvd ypnoiponotodpevn Ekepocn tov TpoPAnpatog eELoyicTOV TETPA-
yovov Aappavel Ty &g Lopen (XPNOULOTOIOVTOS X Y1 TIC AYVOGTES TOPO-
HETPOVG):

Eris =Y laix —bi? = [Ax — b|? (I11.19)
i
1 omoia pmwopel va avamtuydet wg

Errs =xT(ATA)x — 2xT(ATb) + ||b|? (I11.20)

Yy TV omoia 1 eAdylotn T pmopel va Ppebel emidovtog Tig avtioTotyeg
KavoVIKEG eELlOMOELS

(ATA)x =ATb (I1L.21)

"Evoc amd Toug TpoTitdteEpovg TpOTO EMTAVONG EIVOL LLE EQPOPLLOYT TAPOYO-

vtonoinong Cholesky, opilovtag C = ATA = RTR, 6mov R 0 ave-tpryoviog

nivaxag kor d = ATb. Metd v napayovromoinoen n ADon 0¢ TPog X Umopel

va AneBel and
R'z=d, Rx=z=z (II1.22)

7oV TePAapPaverl T Aon 300 TPIYOVIKOV GUGTIUATOV.

231



IMAPAPTHMA 1II. APIOGMHTIKEX ME®OAOI

LS OMkad ehayioto TeETPpayVO

Y& TPOoPANLTO GTO OO0 TO COAAL LETPNONG TOPOVCLALETOL OE OAEC TIG
dwaotdoels (GEoveg), eival o ATOTEAEGUATIKN 1) EPOPLOYT TNG EANYIOTOTOIN-
071G 6€ GUVOAO OLLOYEVAV TETPUAYMVIKOV CPOUALATOV, VIO TN LOPOT OV givol
YVOOTH ®G OMKA EAGYIoTO TETPAYmVO (total least squares—TLS):

Bris =Y (aix)’ = |Ax|? (IM1.23)
i
H petpwkn avt €xetl v tpoeoviy Avon oto onueio x = 0 kot gival opo-
YEVIG ®G Tpog TN peTaPinti X. o To A0Y0 avtd T0 GUYKEKPIUEVO TPOPAN LA
glay1oTonoinong emavédvetal e o akdun omaitnon, ||x||? = 1 n onoia odn-
vel 6t0 TPOPANUA 1B10TIUOY

x = argminxT(ATA)x (I11.24)
x
éto1 dote || x||? = 1.
H tyun Tov x oV ghayiotomotel avtd 10 TPOPANLLOL LLE TEPLOPIGLOVG EIVOL TO
1010014vuG o, 1oV oyetiletan pe ™ pikpotepn Wiotunq ov ATA. duvokd eivor
70 1010 pe To TerevTaio de&l 11alov didvoopa tov A, kabdg

A =0UXVT
ATA = VIUTURVT = VEIVT (I11.25)
ATAv, = aivk
TOV EAOYIGTOMOLEITOL [LE TNV EMAOYN TNG MKPOTEPNS TIUNG T
>mv Ewodva 111.3 mapovcidletor mapddetypo TpofANIoTos Tpocaployng
oe dedopéva Tov gpeavifovv oedApata To omoio Eivol 1COTPOTIKA GTIS dVO

dwotdoeic. H Aon yuo tnv Kahdtepn mposappoyn oty evbeia ax+by+x = 0
umopei vo, Bpebel péow g ehaylotomoinong

Erps—op = Y _ (az; + by; + ¢)° (111.26)

7

Bpiokovtag to 1010d1avucua Tov oyetiletar pe T UIKPOTEPN OIOTIUY TOV

Zq
C=ATA=> |y |[2 wi 1] (111.27)
i 1

Kabog amd tov apywd opiopud tov Errs eoivetal 0Tl 1 eAayloToToinon
glval LOVo oTaTIoTIKA PEATIOTN OTOV OAEG Ol GUVTETAYUEVEG EYOLV TOV 1d10 00-
pvPo, TpofAnpata OTmg aVTO TG TPOSUPLOYNS TNG eVBEiag amaltel Eva apyIko
e agaipeonc g péong Tiung avd didotaon
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Yy

Ewovo. I11.3. [Topaderyua mpooopioyng e dedouéva. [e 160TPOTIKE GPAALOTO.

T, =%;—T
’ " (111.28)
Y=Y —Y
Kat gv ovveyeio Tpooappoyn g evbeiag a(z — T) + b(y — 7) = 0 pe ghayi-
otomoinomn g kepaong

Bris—ap = Y _ (ad; + bj;)? (111.29)

1.6 Mn-ypoppIKa EAIYLOTO TETPAYMOVA.

Y& oA TpoPANpaTe OT®G aVTO TG AoUNG amd Kivnon 1 SpOpe®mon
TOV TPOPANUATOG TOV EAAYIOTOV TETPAYDVOV TEPIAAUPAVEL GUVOPTNHGELS TOVL
dev gival ypoppkég yio v ayveot mopduetpo. Tote to mpofinua avaye-
TOL O UN-YPOLLUKT TOAVOPOUNGT 1| OE UN-YPOUUIKA eAdyIoTa TeETpdywvo. H
oLVNONG TPOGEYYIoN OTNV ETIAVGT TOV UN-YPOUUIKAV EAAYICTOV TETPUYDOVOV
glval M EMAVOANTTIKY YPOUUIKOTOINOT YOP® OO TNV TPEYOVCO, EKTIUNOT TNG
TOPAPETPOV UE Ypriom Tapaydymv Baduidag (lakwpPiovog wivakag) J = g—; Kol
1 ektipunon g otadlokng Pertioong Ap. Avtd odnyel oty Ekepaon:

Enrs(Ap) = Y [f(xi;p+Ap) =X = > [|3(xs; p)Ap—ri|* (I11.30)

(2

6mov ot lakwpBravoi wivakeg J(x;; p) kot o vrdrowra r; Tailovv 10 POrO TG
LOPQOTOINGCNG TV KOVOVIK®Y EEIGDCENY OTME KOl GTNV TEPITTMGT TV YPULL-
LK@V gloyiot@v teTpoydvev ta a; kot b;. Kabobg n tpocéyyion avtn woydel
UOVo yOp® amd £va ToTKd EAGYLGTO 1 Y10 TOAD HKpEG TYWEG Tov Ap, 1) EVuEé-
poon p < p + Ap umopet va unv 0dnyel wévtote o€ HEIDOT) TOV GOEAALOTOC.
"Evog 1poémog yio va, avTipetoniotel o ev Adym TpoPAnpa ivar va yxpnotomot-
nOei axoun HikpoTEPO Pria

p<p+alAp, 0<a<l (IIL.31)
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"Evoc amAog tpdémog yia va Kabopiotel po €dA0YN TN Yo To o glval va
Eexwva pe v tun 1 ko va vrodioupeitot og kaOe Prpa.

Mo GAAN mpocéyyiom Yo va eyyun0el n peiowon tov cedipatog eivor va
npootedel Evag dlaydviog 6pog amdcPfeong otov KotdAAnio Hessian mivoka

C=> J(x;)I(xi) (111.32)
MAadn va Avbein oxéon [C + A - diag(C)]Ap =d, ped = >, IT(x;)r;.
Ed® n mopdperpog andcoPeonc A av&dveral edv To TETPAYOVIKO GOAALL

0€ LELDVETAL TOGO YPNYOpa 0G0 avapévetal amd T Pooikn oyéon Enps Kot
LELOVETOL EQV 1) AVOUEVOLEVT] LEIMOT] TOV GOAALOTOG EXLTVYYAVETAL.
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—O touéog ¢ ancikovions 34 ewovaov kalwog kot ot
EPOPLLOYES TOVS ATOTEAEL EVOLV OTTO TOVG CHLULOVTIKOTEPOVS
TOUEIS OTOV KUKAO &pyocicdv mov oyetioviou pe 34
SIKOVEG.

Amewovion 3A eikOvov

IV.1 Ewoyoyn

"Evag and Toug onuavtikOteEPoug ToLElS TEYVOAOYIDV 3A €1KOVOV gival av-
TOG TOV OPOPE GTNV ATMEIKOVIOT] KO AVATOPOY®YN TOVG EITE GE YNnOlokn gite
oe puoikn 3A popoen. O Topéag avtdg eivar Tov divel kot ah (oM oto yn-
OLOKE OVTIKEILEVO KOL TOL QEPVEL GE ETAPT] LLE TOV TOPATNPNTN, EITE Y100 AOYOVG
EKTTOIOEVLONC, €iTE VIO AOYOUG Yoyoy®mYiog Kot dlaokESOoNS, EiTe Yoo AOYOLg
dnuovpyio TPOSOTIKAOV EUTEPIDV. AV OAeC o1 AAAEG TeYVOLOYieg oyetilovTan
pe v €ic6odo TV dedopévav kal TV eneEepyacio. TOVG GTOV YNPLUKO KO-
GLO T®V VTOAOYIOTAOV, Ol TEXVOAOYIEC TOV TOPOVGIALOVTOL GTIG EVOTNTEG TOV
akolovBovv oyetilovtal pe v €£006 TOVG OO TOV YNELOKO KOCUO Kol TNV
TOPOVGI0 TOVG GTOV KOGHO TOV avOpOTIVEOV 01607cE®V Kol EUTEPLOV.

O topéag ¢ anetkoviong 3A eKOVOV KaBMG Kl 01 EPAPUOYES TOVG OO~
Tehel évov amd TOLG GNUAVTIKOTEPOVG TOUEIG OTOV KOKAO EPYACIOYV OV GYE-
tiCovran pe 3A ewoveg. Iephappdver akyopifuovg, peBddovg kat texvoroyieg
Ue oKomoO TNV EMTUYN Topovsicon 3A edvVmV. ZTIG EVOTNTES TOL AKOAOVHOVY
yivetol pio TpocmdfEl GUVOTTIKYG TAPOVGINGTG TV TEXVOAOYIDV OVTMOV KoL
YIVETOL LI EI0OYOYT OTNV EIKOVIKN TPOYLOTIKOTNTO TOV ATOTEAEL TO KOUPIKO
onNpelo GVVAVINGNG KOl GLVIVAGHOD OAWV TOV TEXVOAOYL®V 3A €OVOV e
G6TOY0 TNV KAADTEPT SLVATH TPOGOKOIMGT TNG TPAYLLATIKOTNTOG.

O1 omepLOPIoTES SLVOTOTNTEG EMEEEPYACIOG KOl AVAAVOTG TNG WNPLOTOL-
HEVN G TAN pOPOpioc, OAAG Kot 1) YapnAol K6oTovg palikn d1abeon Kot avamapo-
Y®YN TG, 0mOTEAODV, {0MC, TO O TPOVTOYTA ETLYELPTLLOTO Y10, TNV VIEPOYN TNG
YNOLOKNG KATOYPOPNG £VAVTL KABE LOPPNG OVAAOYIKNG KOTAYPAPNC. ZNEPA,
N Kupopyic TG YNEKNS KoTaypaens etvar mpoeavig o éva gupld pacua
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EQOUPLOYDV, LE TNV TO TPOGPATY OVTH TNG YNOLOKNG KATAYPOONG EKOVOC,
KIVOULLEVTG KOl LT, LECH TOV YNOLUKOV QOTOYPOPIKOV Kol KIVILATOYPAPIKDOV
unyovov. H koplapyio g ymoelokng kotaypagng Exet non eEamhwbel katd
Lo ETTAEOV JLACTOGCT, TNV TPITY, TPOGPEPOVTAG £TGL OTOV TEMKO ATOOEKTN
po TANPESTEPT TEPLYPOUPN TNG KATAYEYPOUUEVIG TANpOoPopiag. Amapaitntn
TpodmodeoT o€ AT TNV e&UTA®ON NG TEYVOLOYiag 3A ewOVOV givar 1) ypnon
TOV KATAAANA®V epyaAEimV TOGO Y10 TNV KOTOypopn 6GO Kot Yio TV Tpofoin
NG TANPOPOPIOG OLTHG.

IV.2  Teyvikég Mol ametkovions 3A elkOvmv

To mpoidv mov mapdyeton gite pe poviehonoinon gite pe 3A ynoelomoinon
glvar o HoOnUoTIK TEPLYPART| TNG YEOUETPING TOV, 1| OToio Pmopel va ov-
vodevetal amd eMmAEOV TANPoYopies, OTwe ival yia Tapddetypa to ypdpa. O
TEPAOTIOS OYKOG TV ESOUEVOV TNG 3A YNELKNnG TEPLYPAPNG KATOLO0V OVTL-
KEWEVODL, Y10 VO KOTAOTEL Katovonth ond Toug TEPIecOTEPOVG, Bal TPémel va
TOPOVCLOCTEL e TPOTO, 0 0moiog Ba eival 1kavOg va amoddGEL TNV TANpoPopia
omwg Vv avtilapfdvetor KaAvtepa o avOpwmog. O o dradedopévog TpdTog
TOPOVGLUCTC TNG TANPOPOPING AVTHG, EIvaL LEGM TNG OTTIKNG OVOUTOPACTOONG
NG LE XPNOT| SLAPOPOV TEXVIKMOV ADGEMV ATEIKOVIONG WNOLUKNG TANPOPOPIaG.
H ocvokevn anewcoviong mailet moAd onpavtikd poOA0 TNV OTTIKY amdO00T TG
TAnpopopiag, apod amd avtr Ba e&optnbei g o amodobovv ta dedopéva.
Oo0 o POTOPEAMSTIKY gival 1) Topovsioon Tov dedopévev e 3A Teptypa-
eN¢ Kamolov BEpatog, T0c0 o g0KoAO 0 Ypnotng Ba avtidneBel Ty TANnpo-
eopia mov ekppdlovv Ta dedopéva avtd. QQoT000, EKTOG 0md TOV TEXVOAOYIKO
eCOMMOO OTEIKOVIONG, 1] POTOPENAGTIKY] OTIKN amddoon kamolov 3A Oépa-
T0¢ €opTdTOL Kot amd To Aoylopkd Tov Ba ypnoiponombel. Amapaitntn Tpod-
n60gom elvar  LETOTPOTY| TG TANPOPOPING VTG GE LI LOPPT OVOyvmPioLun
omd TOV TOPATNPNTH. AVTO ETITLYXAVETOL HECH JOPOPMOV GLCKEVDV 00V
(Ty. VIOAOYIGTH) OV EIVOL TPOCAVATOAIGUEVES GTNV ENMKOVOVIO avOp®OTOL-
vrohoyloty|. Enikevipo towv teyvoloyidv avtdv gival n 006vn tov vroloyioty,
otV omoio PUTOopel vo YivEL TPOCOPIVA 1| OTTIKY] TAPOLGINCT) TNG YN PLOKNG
TAnpoeopiag.

H ontikn avoamapdotoon tng amodnkevpévne mAnpogopiog Exel mepAcel
a6 TOAAG oTadin eEEMENG HEYPL va KaTaAnEel oty £yypopn 006vn Tov eivat
onuepa yvootn. Koatd m dexoetio tov 1950 1 amewkdvion frav €@kt povo
LEC® NAEKTPOVIKMV ADYVIDV 1] EKTUTIOGEMV, EVA 1| OTTIKY OVATAPACTACT) Y1|-
QLoKNG TANpoPopiog oe 086V d10000nKe Katd 11 dekaetia Tov 1970. Qotodco,
10 udvo mov NTav oe Béom va aneikovicovy ot 000veg aAAd Kot 01 VTTOAOYIGTEG
g oekaetiog Tov 1970 NTov LovOoXp®UO KEILEVO Kot YPUPIKA YOUNANG ovaAv-
ong. Znuepa PEPata, T0G0 01 VTOAOYIGTEG OG0 Kol 01 000veS ToLG, ival og BEom
Vo OEKOVIGOUV amd amhd HOVOXPOUO KEIPeVo PEXPL Kl EYYPOUO YPOUPUKE
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TOAD VYNNG gukpivelag Kot Yo To AOYo avtd 1 ¥PNoT Tovg £xel emektadel
G€ EQOPUOYEG TOAD TO TEPO OO TN CLYYPOUPN KEWWEVOV KOL TNV EUTOPIKN
Swyeipion.

H 710 Kowvi] 6GuoKevT| amekdvVIoNS YNPLoK®dV dedOUEVOV e LaKpd toTopio
OTNV TEYVOLOYIO VTTOAOYIGTMV ALY Kot TNAEOPAGE®Y TV 1 000VT Kab0d1KkoD
COANVA, MOTOGO 1 cOYYPOVN TEYVOAOYia £xEl Vo eMOEiEel o, evpeio YA
TPOIOVI®MV NAEKTPOVIKNG TAPOVCINONS YNOLOKNG TANpopopiag, 1 omoio £xel
WG oTOYO TNV KAALYM TV O10UTEPOV ATOLTHCEMY TNG KABE epappoyns. Teyvo-
AoYieg OTG ovTh TV VYPOVY KpLoTdAAwy (LCD) oAl kot TV TpoBoiikdv ov-
oTnHaTOV TEXVoloyiag ynoakng encéepyaciag pwtog (Digital Light Processor
(DLP)) maifovv mpotaymvioTikd pOAO OTIG GUYYPOVEG GUGKEVEG OMEIKOVIONG,
evd M TEYVOAOYiD TOL KOBOIIKOV GOANVE, TOV ¥pNoYLoTomdnke Eviova yio
nepinov 70 xpovia, omocvpeTat optotikd. Ilpv egtdoovpe v KAOe TEYvoLoYyin
anekoviong Eexymptotd, Oa NToV GKOTYO VO TOPOVGLAGOVE KATO0 YEVIKA
GTOLYElD TOV E1vaL KOWVA G OAEG TNG GLOKEVES AMEIKOVIOT|G LEGM VITOAOYIGTN:

* To péyeBog g 006V, ekppdletal cuvnBwg e TVTGEC KOl OVTITPOG®-
TeVEL TO PUNKOG NG dlaymviov Tov mAalciov amewkovions. Oco peyolo-
Tepn elval ovT 1M T TOCO PEeYOAVTEPT VOl Kot 1) EIKOVA TTOL TOPOV-
oualetal onv 006vn. Pucikd, 660 ovElveTaL To PEYEDOg TNG ATEIKOVIONG
TG0 AVEAVETOL KO 1] 0TO0TOOT aTd TNV 0moio, pmopel vo yivel avTtiAnmm
N TpoParduevn TANPoeopic 0AAG Kol TO TANHOG TV ATOU®Y GTO 0Tol0
gtvat duVoTO VO TOPOLGLUOTEL.

* O Myog TV Thevp@V piog 086vng, ekppaletal pe To Adyo 600 aplBumv
X 'Y kot apopd otnv avoroyio pKovg HeTa&d TG optloVTIOG Kol KoTa-
KOpLONG d1dotacns e 00ovng. Ot mo Kowvég avaloyieg eivorl avtég TV
4:3,16:10 ko 16:9. Zopewva pe £pguveg, 0 omTikd Tedio Tov avBpamov,
T0 omoio givot dievpvuévo kaTd TV oplldvTia didoTtacn, tpooeyyileTon
KaAOTepa amd 006ves pe avoroyia 16:9 kot yio To Adyo avtd 01 TEPLGTO-
TEPEG GLYYPOVEC 000VES EIVOL KOTAGKEVOGUEVEG GTNV AVAAOYIOL QUTY.

* H avaivoen g 006vng, ekppdlel TV ToKVOTNTA TOV EIKOVOGTOLEI®V
g 006vNG TOL TPAKTIKE EKEPALETAL MG TO TANDOG TV EIKOVOGTOXEI®V
006V g o€ pa tvtoa opldvtiag i Kabetng katevBvvong. Oco peyaivtepn
gtvar n avéivon pog 000vNng T060 VKPIVESTEPT Kol «EEKOVPACTI givarl
N ewova wov Tpofdiel oto avOpmmvo patt. Tvmkég TES avaAlvcemv
OV OTOVIOVTOL GE EUTOPIKA cuoThpata givat To 72 dpi (avagpépovTat
Kot ¢ ppi) 1 ta 96 dpi, evid oe cOYYpoveg 006veg EmTLYYAVOVTOL OVOAD-
oelg avo tov 300 dpi. Me amAovg VITOAOYIGHOVCE, 1| €DPEST TG AVAAVGNG
pag 006vnc exkepaleton teMkd g e&ng:

2
R it (Afl) (IV.1)



ITAPAPTHMA 1V. AIIEIKONIZH 3A EIKONQN

omov R n avdivon, W n péyiot opiloviia avaivon o86vng o€ pixel, d n
dlaymviog ¢ 000vng o€ tvioeg, Ay 1 KAOETN GLVICTMOGA TG AVOAOYING
dwotdoemv g 006vNg, Ay M 0pOVTIO CLVIGTAOGO TG avaioyiog dta-
otdoemv ¢ 006vnc. ‘Etot, yio mapdaderypa, o pio 006vn 24 wvtomv pe
puéytot avdaivorn 1600 x 1200 pixel ko avaroyia 16:10, n avdioon ce
dpi (] ppi) vroroyileton wg:

1600 10 2
— 1 — | =17861 v.2
R=— +<16> 78.617 (IV.2)

* To BaBog ypdpatog, To onoio ekppaletal oe bpp Kot apopd 6To PEYIGTO
TAN00C YPOUATOV TOL UTOopEl Vo amelkovicel 11 cvokevn. Ta ypodpota
7oV gival €QIKTO Vo arod00ovV amd Lo CUGKELT OEIKOVIONG, €ival O
apBpdc 2 vyopévog ot dLVaN TV bpp mov yapakTnpilovy T cuckeLN
avtr). Etot 6tav 610 TEXVIKA YOpaKTNPIOTIKE LI0G GUGKEVNG ATEKOVIGTG
AVAQPEPETOL TG QTN Elval KOV v amoddcel Babog ypopoatog 24 bpp,
gVVoEiTon g eivon £QIkTd Vo omodoBody 224=16.777.216 SopopeTikd
xpopozo. [Tapdho mov o avBpwmog dev eivan oe BEom va Eeywpioel ovte
70 éval 06KATO AT OVTA OTAV TAPOLSLALOVTOL TAVTOYPOVO GTNV 1Ol EL-
Kova, o 24 bpp amotelovv T PAon 6TIS GVYYXPOVEG EYYPOUES GUCKEVEG
OTEIKOVIONC.

« H potawvémta piag 006vng mov petpdrot o lumens M o cd/m? ko
ekepalel ™ péY1oTn £VTaon POTOC TOL EKAVETAL OO T GVOKELY| OTEL-
KOVIONG M TN KEYIOTN PAOTEWVH POT) OVA LLOVAOW ETLPAVELNS.

* H avtifeon g 000vrg, ekppaletar g Adyog X : 1 kol agopd ot
Sapopd ot poTEVOHTNTO LETAED TOV O POTELVOV KOIL TOV TTLO GKOTELVOD
pixel mov 1 006vn anewoviCel. Oco mo peydro givor to X 1060 7O
peYaAn eivor n avtifeon g 006vig katl Katd cuvénelo 1doo mo «Lonpdy
eppavifovtat To xpdpata kot o1 S1ofabuicelg TG POMTEWVOTNTOG.

* H ovyvotnta avavémong tg 006vne, ekppaletat oe Hz ko avtictoyyel
670 TAM00C TOV AVAVEDCEMY TNG ATEIKOVIGT oTNV 006vn o€ éva devte-
podento. Tég amd 75 Hz kot mévo givatl ot TAE0V 0modeKTES, KUPImG
v AOYoug epyovopiog, agol 1 cuxvOTNTO aVTH ATOTEAEL EVOL KATDOOAL
KAT® 016 T0 0moio givat mhavo moAlol dvOpwmo va avTihappdvovrol v
avavémon tng 006vng wg £va evoyAntiko «tpepodioacpo» (flickering)
GTNV E1KOVA.

To Topamavm YopakTPIoTIKE stval KO Yio OAEC TIG 000VEG AMEIKOVIONG
KOl Y100 TO A0Y0 awtd dg yivetal avapopd ce avtd Eexoplotd. XTn GuvEKEL
TAPOLGLALOVTOL GUVOTTIKA Ol BOCIKOTEPES TEYVOLOYIES OMEIKOVIONE TTOL €lvar
EUTOPIKA S1eBETIEG O UEP T KO STVETOL 1O1ATEPT) EPPACT) OTT) SLVATOTITA TOVG
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Mivaxog IV.1. Zdyrpion uetald sumopika o1a0éoiuwy teyvoloyiav mpofoing.

Xnueio cvyKpLoNng CRT LCD/Plasma DMD (DLP)
Kéotog peydAo pétpro UETPLO - peydAo
dotevornro 100 - 1500 800 - 4000 1000 - 6000
amewéviong (ANSI)
Avtifeon X:1 100 — 30.000 250 - 2000 700 — 2000
Amédoon YpopdTov TOAD KaAN HéTpLo Ko
Avalvon gwkévag peydain (3200x2560) UETPLOL £0G TOLD HETPLOL £OG PEYOIAN

peyain (1024x768 — (1024x768 —

5K) 1920x1080)
Kotavéaioon TOAD peydAn (and peydn (200 watt peydin (am6 200 watt
NAEKTPIKIG EVEPYELUG 600 watt Tomikn TUTIKNY EAGYIOTN TIW)  TUTIKNY EAGYIOTN TIUN)
MGyt Tiun)

Xpovog Kaig oD peydrog (8000 pétprog (1500 -3000 pétprog (1500 -3000
Aertovpyiag T™ng ANYNS -10000 dpeg) MOPES) MOPES)
POTOG

Kootog avrikatdotaong

peyého (700 — 3500

péTpto (300 — 1500 €)

péTpto (300 — 1500 €)

QOTEWAS TNYHG ©)

AvoKoLio £YKATAGTACNG peyéin puepn puepn

Evko)io petagopag pupn peyain peyain

PoBpég avavéwong g oA HéTplog—oev HéTPLog-peyAoc—

EIKOVag HEYAAOG—13aVIKOG Yiou KovoTmotel yio KOVOTOLEl yial
GTEPEOCKOTIKT GTEPEOCKOTIKT GTEPEOCKOTIKT

OmEWOVIOT LLE YpNoMN OTEWOVIOT| LLE YPNoM OTEWKOVIOT) LLE YPNOT
YOoAMDY YOOAGDY YOOAMGDV

NAEKTPOVIKOD NAEKTPOVIKOD NAEKTPOVIKOD
S10ppAyLoTOG S10ppayLoTOG S10ppAyLoTOG GE

£101KA LOVTELDL

v v Topovcioon 3A Oepdtov. v Tapovciocn TepAaUPavovTol ot ToALd-
TEPEG 000VEG KOBOIKDV aKTIvVmVY, 01 VEOTEPEG 00OVEG VYPOV KPLGTAAA®Y Kot
ot Pacikég eEeli&elg Tovug, 01 000veg S100MV EKTOUTNG POTOC KOl TO, TPOPOAIKA
ovotiuata. O [Mivakag IV.1 eppavilel To cLYKPITIKA YOpOKTNPIOTIKA TOV 010~
Oéopmv teyvoroyidv Tpofoing mov Tapovcidloviol 6T GUVEYEL.

IV.2.1 0O06vec coMMjva Ka.O0OIKOV aKTIVOY

H teyvoloyio 08ovadv kabodikod coiva 1 CRT avakaidgdnke oTig apyEs
g dexaetiog Tov 1920 and tov Karl Ferdinand Braun kot tav pio mapodiayn
tov coiva aktivov X Tov Crooke (Tannas, 1985). Ot onpepvég 006veg CRT
Bacilovtor oty 1d10 apyn Aettovpyiag pe avutéc g dekaetiag tov 1920, evod N
oAy povn eEEMEN TOVG TIG E1YE KOTAGTNGEL Y10 TOAAEC OEKOETIEG MG L0 OITTO TIG
10 J100EQ0UEVES KOl GUUPEPOVGEC AV NAEKTPOVIKNG OTEKOVIONC, KABDG TO
€0POG TV EPAPLOYDV TOV EKAVOV YPTIOT TNG TEYVOAOYIOG AVTNG KAALTTE TOGO
TIG OIKIOKEG OGO KOl TIG EMAYYEAUATIKEG OVAYKES.

H ewova otig 006vec CRT oynpatiletor 6tov pia 0EGUn nAEKTpovimv, M
Aeyouevn aktiva kabodov, eoTidleTal kot KaTevBOVETAL OO NAEKTPOUAYVITES
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G€ U0 LEYOAN YOAAIVY] EMPAVELD EMGTPOUEVT] LE POGPOPO, TNV 006vN, 6OV
Bpioketarn dvodoc. Ta nAexTpovia ETLTAUYOVOVTOL KoL TEPTOVV TAV® GTA, LOPLOL
TOV POGPOPOL LLE TOAD LEYAAT TaYVTNTA, aVOYKALOVTAG TO TG VO EKTELYOLY
@mG. Avtd ovpPaivel Tapa TOALEC POPEG TO SEVTEPOAETTO LE TNV OKTIVO VOl
COPMOVEL OAN TNV EMPAVELR TNG 006VNG amd aplotepd mpog to. de&1d Kot omd
AV TPOG TA KAT®. AVOAOY®G e ALTO TOL TPETEL VO ATEIKOVIOTEL, 1 0EGUN
niektpoviov, kabdg copdvel TV emedvela g 006vne, oaAAalel éviaon pe
OTOTEAEGLO, KATTOL VO EKADETOL AYOTEPO KO KATOL OAAOD TEPIGGOTEPO PG,
oynuotifovtog £T6t TV KOV
210, TAEOVEKTILLOTA TG TEYVOAOYIOG OVOPEPOVTAL:

* [Tapovoidlovv KoAn ¥poUaTIKY 0rdO0c Kot Yio To AdY0 avTo amotéle-
GOV Y10 TTOALG YPOVIQ, OTTOPOLTITO EPYOAELD OE EQPUPLOYES YPOPIKDV.

* Emideucvoovy ypryopovg puBpovg avoavéwong g sidvog, vrootnpilo-
VTOG €TG1 IKOVOTOMNTIKG EQAPLLOYES KIVOULEVNG EIKOVOG, TTY. Y10 TO NAE-
KTpoviKd Toryvidia kot v enelepyacia fivieo. Adyw ovtng TG 1010T-
TG TOVG, Elval EPIKTN M EYYPOUN GTEPEOCKOTIKTY, TPAYLATIKA 3A, anet-
KOVIoN pE ¥p1IoN YLaM®OV NAekTpoviKoD dtoppdypatog (shutter glasses),
ota omoio 0a yivel avagopd o ETOUEVT) TOPAYPAPO.

* 'Eyovv peydAn yovia 6éaong mov ayyilet tic 89 poipeg amd v kdbeto
670 KEVTPO TOV eMmEdOV TG 000VNG, Y0pig Vo eppavilovtal aAAOIDGELG
OTO YPOUATO 1] OTI POTEWVITNTA TNG ATEIKOVIOTG.

AvtioToya, 6To LEWOVEKTNHOTO TNG TEXVOAOYIOG 0TS TEpLAapPdvovTat:

* Oco av&dvetar 1o péyebog g 006vng 1660 avédvetal o OYKOg Kot TO
Bépog Touc.

+ Katovol®vouy apket nAeKTpikn evépyela Kotd ™ Aettovpyia tovg. Ta
mapaderypo pio 00ovn 19 wiocodv katavaidver mepi to 160 Watt nie-
KTpIKNG evépyetag. H katavalmon glval kot vt ovaroyn pe to péyebog
tovc. H peyoddtepn KatavaAmon NAEKTPIKNIG EVEPYELOG GUVETAYETAL KOl
o€ peyodotepn Ekkinomn Beppotnrog.

* H xotaockevn oAAG kot 1 amdovpor| toug emPaphvovy 1o mepPdirov
TOAD TEPLGGOTEPO OO AAAEG TEYVOLOYIEC AMEIKOVIONG, AOY® TNG LEYOANG
T0GOTNTOG LOADPOOL TTOL TEPLEYOVY GTOV KPUGTOAAO TNG 006VNG.

* [Tapovoidlovv avEnpévn EKTOUTN NAEKTPOUAYVITIKNG OKTIVOPBOALOG.

* [Tapovotdlovy Ye®UETPIKEG TAPALOPPDGELS GTNV OMEIKOVICT], 1O1AiTEPU
oT0 Gkpa TG 006V, N 610pbmon TV omoimV AToITEl TEPATEP® NAE-
KTpoVIKO eE0MAIOUO TTOV aVEAVEL TO KOGTOG.
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* [Tapovoidlovv yapnAn evkpivela aneikoviong, Kuplwg ol KaKNG TotoT)-
Tag 006vec, AOY® NG adLVOUING CMGTAG E0TIOGNG TNG OKTIVAG NAEKTPO-
viov.

* To opéhypo péyebog tng amekdviong ival opkeTd PKPOTEPO OO TO LLE-
veBog g 006VNg TOV AVaKOIWV®OVEL O KATOoKELaoTNG. [ mapdderypa
o 006vn CRT tov 17 wtomv &gl o@éMUN TePLoyn anekoviong Afyo
peyodotepn omd 15 tvioec.

* Eivon evmafeig ko mapovstalovv oyetikd pukpr| ddpketo {ong, evod ov-
vNBw¢ o1 kataokevaoTég eyyvdvtot tepi Tig 20.000 dpeg KaANG Asttovp-

yiog.

IV.2.2  O06veg vypov kpvoetairov LCD

Ot 006veg vypav kpuotdAlmv Bacilovtal 6TV avaKGAVYT| TOL VYPOV KPL-
oTaALOL oL €kave To 1888 o avotplakog Potavordyog Friedrich Reinitzer.
Q061060 1 TPOTN TEPUUATIKY) GVGKELT NAEKTPOVIKNG OTEKOVIOT| Ue TN Pon-
Oc10 vVYpOV KpLOTAAA®Y Eyve amd v etarpeic RCA 1o 1968 kot amd 10Te
UEYPLoNUEPO. 1) parydaia TEXVOLOYIKN EEEMEN €XEL KATAGTNOEL TIG 000VEG LY POV
KPLOTAAA®V TNV KEVTIPIKN TeYVoroYia amewkdvione (Chen, 2011).

To Baoikd dopkd otoryeio piag 006vng vYPOV KPLOTAAA®Y givol 0 VYPOG
KpOoTaAL0G. Oc0 Kot av akovyeTal 0EVUMPO, APol £vag KpUOTOAAOG TOTE O Ha
UTOPOVGE VAL YOPUKTNPLOTEL VYPOG, VTLAPYOVY KATOL VAIKA GT (U0 TO OTToia
Bpiockovtot oe o vOLapEST KATAGTAGCT, ONAad dev umopovv va Bewprn oy
00T€ VYPA OAAG 00TE 6TEPEG. ATO T Lol To LOPLE ToVvg PTopodv va, KiviBodv
elevBepa OTTMG TO VYPA, EVD AT TNV AAAN O TPOCAVATOMGUOG TOVS TOPAEVEL
0 1010¢, OnmC T, oTEPEX. AdY® TNG HOPLOKNG TOVG SOUNG, OL VYPOi KPOGTAALOL
&yovv TNV 1010t Voo aAAGovV TNV TOA®GN TOV ®TOS TOL TEPVE Ao LEGO
TOVG, avAAOYQ LE TO NAEKTPIKO TTedio TOV €QPAPUOLETOL GE AVTOVG. ZVVETMG,
€6mKAEIOVTAG £VA GTPOLO VYPDOV KPUGTAAA®V HETAED dV0 PikTp@V oplldvTia-
¢/kBeTNG TOAWDONG TOL PWTOS, Elval EPIKTO Vo eAeyyDel 1 TOGOTNTA TOL PMTOG
7ov Ba Tepdoet tn 61dTaén avTy, oVAAOY e TO NAEKTPIKO TESIO TOL EQUPHO-
{etal 6TO OTPOLO TOV VYPDV KPLOTAAA®Y. Mia 006vN VYP®V KPLOTAAAWY dEV
glvan Timota TEPIGGATEPO AMO £VA TETOLO0 GAVTOVITS» TOAMTIKOV GIATP®V Kot
VYPOV KPLGTAAA®V.

Eme1dn opwmg ot vypoi kpvotaAlot dev EKTEUTOVV P®G, 0L 00OVES VYPDV
KPLGTAAA®V YPNGUYLOTOL00V EEMTEPIKT TTNYN PAOTAOC, 1| OToio GTNV TTEPIMTMON
TV 000VOY VYPOV KPLGTAAL®Y TOL YPNGILOTOLOVVTOL GTOVS VITOAOYICTEG, &i-
vou pa pukpn Adpmo e8opiov wicw amd To GTPOUTO GIATPOV KOl KPVGTAIAA®Y
(yv avtd kot ovopdletot omicB1og POTIGUAC), 1] OTTOi0 GUVOSEVETAL GO LI EML-
QAvELN O1AXVONG TOL POTOS Y10 TNV IGOKUTOVOUT TNG POTEWVOTNTOG GE OAN TNV
empdvelo g 006vne. H swdva oynuatiletot avdioya Le 10 NAEKTPIKO QopTio
7OV GVOTTOGGETOL GTOVG VYPOVS KPUGTAAAOVG 0t £V, TAEYLLOL LKPOGKOTIKMV
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LED display

From Wikipesia, the free encyc

This article is about Light
ot 10 be confused with |
For segment displays, se

An LED display is a flat pan

Ewéva IV.1. Turjuoe eucovag oe 086vn IPS LCD, macro pwroypagio tov tuijuatos ko ueyédoven oe éva onpeio
TS PWTOYPAPIOG.

NAEKTPOSI®OV TOV £YOVV GTOXO TNV TOA®GT] TOV KPUGTAAAW®V Y10, TOV TEPLOPL-
oud M amokAgiond tov omichiov pwtionoV. 2rig 0boveg LCD, ovoiootika, ot
KpOOTOALOL AEITOVPYODY (G TEPTIOES OV TEPITTPEPOVTAL, e NAEKTPLKO EAEYXO,
YLO. VO, TEPIOPIOOVY TO PG VO, TEPATEL OTO THV ETXLPAVELG. TOVS KL VO. PTACEL GTOV
TOPOTHPNTH.

Zuepa, vapyovy 6vo kvplot tomor LCD, 1 teyvoroyia Thin Film Tran-
sistor (TFT) kou n teyvoroyia In-Plane Switching (IPS). H texvoloyio TFT,
glvar ovoraotikd o Tponypévn texvoroyio LCD mov ypnoyronotet éva evepyd
TAEY L 6TO 0moi0 KAOE elkovooTotyeio avTiotoryiletal avtdvoua pe Eva tpavii-
oTop Kot Evay Tokvaty]. To mieovéktnpa g teyvoroyiag TFT etvon 6ti mapéyet
peyaio Adyo avtiBeong kat Yoaunid K66ToC TopaymYNS. 261000, 08 PEATIOVEL
ONUOVTIKG TIC Yovieg B€aong ovTe TNV ATOJ0TIKY OTEKOVIoN Ypoudtov. H
teyvoroyia IPS amotelel pia mepartépw Pertimon g teyvoroyiag LCD. v
TPOGEYYIoN aVTH AAAALEL 0 TPOTOG LE TOV OTTOT0 01 KPUGTAAAOL S1EYEIPOVTOL KOl
glvar S1poPETIKOG 0 TPOSAVATOAIGIOC TNG KPLGTAAMKNG GLoTOLYioG. AVTi N
OAAOYT TPOCAVOTOAMG OV BEATIOVEL TIC Y®Vieg B€aong, TNV avaroyia avtiBeong
KoL TNV avomapaymyn xpoudtov. H katavdimnon evépyelog LeldveTol ETiong o
ovykptlon pe tig 086veg TFT. Ztnv Ewova [V. 1 napovordletor mapdderypa anet-
K6VIoNg o€ 006V THmov IPS, 6w eMjpbn omd 006vn Tomov Retinal . to mopd-
OEY LA 0VTO, 1) EIKOVO, OPLOTEPA Elval TUN O ad TNV 1oToceAida Tng Wikipedia
v to Aqppe “LED display”, otn péon napovoidletar pmtoypagpio tng 006vng
7OV ATEKOVILE TNV €V AOY® GEAida 0md TOAD KovTd (QpmToypapio. macro), Ve
oto. 0e&ld paivetor peyebupévo éva Tunpa TG eoToypapiag Tng 006vNg.

2T0, TAEOVEKTILOTA TNG €V AOY® TEYVOLOYING TEPIAUUPAVOVTUL:

* "Eyovuv pukpr| KaTovaloon NAEKTPIKNG EVEPYELNG KOl KOTH GUVETELD ALyO-
Tepm EkAvon Beppotntag oto tepPdiiov. Mo 086vn TFT tav 15 wiocov
Katavalovel epl ta 35 Watt nAekTpikng eVEPYELOS, EVD 1 KATOVIAMOT

TH teyvooyio Retina (ap@pAnoTpoetdic) sivar omhd (1o OVOpaGic Tov proonotsi 1) etapeia
Apple yio 11c 006veg IPS mov ypnoylonolel 68 GLOKEVES TNG KAl 01 OTOiEg £YOVV dvvaTITNTA
avaivong peyorvtepng and 300 ppi. H avdivon avt) givar yopaktnplotiky yio to avlpdrvo
pétt, kabhg émg ta 300 ppi To patt propet va Staywpilel eikovosTtoryeia.
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pag avtiotoyng CRT kvpaivetatl yopw oto 90 Watt.
* Exmépmovv Alyn niektpopoyvntikny axtivofoiia.

* "Exyovu pikp6 Bapog kot modd pikpd dyko. Xapaktnpilovral kupiog amd
TO TOAD HIKPO TOVG TTAYOG, TTOL GE TOAAEG TEPIMTAOCELS UTOPEL VOL GUYKPL-
Oel pe awtd £vOg KAdpOL.

* Agv mopatnpeiton «TPEROVAO» GTNV EIKOVA TOVS, AP0V AT OE GYNUO-
TiCeTon omd o aKTiVEL TOV GOPAOVEL TNV EMLPAVELD TNG 000VNC TOALEG
(POPEC TO OEVTEPOLETTO. AVTIOETMG 1) EIKOVO TOV GYNUOTICETAN TTOPAUEVEL
®G £YEL LEYPL VTN VA, avavewBel Le kdmola Kavovpya.

* Agv €160 YOV YEOUETPIKEC TAPOUOPPAOTELG oTNV EKOVA. H gvbeio ypapun
amewoviletar g gubeia ypapun. H dwotmta avt) enétpeye v xoto-
okev 00ovdv 3A OTEPEOCKOTIKNG AMEIKOVIONG, Ol OMOIEG EMTPETOVY
o€ €vav 1 Kol TEPLoGOTEPOLVS BeaTég va avTiineOovv Tpaypotikd Badog,
YOPIG TN ¥PNON EWVIKOV YVAM®DV 1] GAL®Y GUCKEVAOV.

* H opéhiun neproyn aneikdviong eivar ion pe 1o uéyebog g 086vngs. I'a
nmapaderypo og pio TFT 006vn 17 wvtodv to péyebog ansikoviong eivat
ico pe 17 itvtoec.

* Kataokevdlovtal and opyavikd VAKE TEPIocOTEPO PIMKA TPOG TO TTEPL-
Bairov.

* 'Exovv peydin didpketa {ong. O1KOTOOKEVAGTES EYYVAOVTOL (IAAOEC DPES
KkaAng Aettovpyiag. H didpkeia (ong T@v 00ovdy vypdv KPUGTUAA®V Ko
Bopiletar amd TN ddpketo, (NG Tov Aauntipa EOOPICUOD TOL TOPEYEL
TO OTOULTOVUEVO MG Y10, TNV OVAYVMOGT] TOVG.

Y10 LELOVEKTAUATA TG TEXVOAOYiOG UTOPODY va avapepBovv:

* Eivaw gvBpoavoteg kot evaicnteg oe Kowvd kabapioTikd eTPAVEIDV, L
ta, onoio ToAdol cuvnthilov va kaBapilovv tic 086veg Tumov CRT.

* Yrmootpilovv ovslooTikd povo pia avéivon aneikovions. [ va amo-
000¢i 6OOTA N AMEIKOVIOT] LEYOADTEPTG T} LUKPOTEPTIG OVAAVOTG, EQUP-
poletar avaroyo peyébovvon 1 GUikpUVEN EIKOVOG, LE OTOTEAECUO VO
ennpealetal apvnTiKd 1 EVKPIVELD TG OTTEIKOVIONC.

* "Eyovv meprlopiopévo gvpog yovimv BEaonc. Av Kot 01 TEPLEGOTEPES GVY-
ypoveg 000veg tomov TFT €youv Peltinbel apketd oe avtd oV TOpED,
TOPOA 0T, JEV elvat Alyeg aVTEC TOL M TAPOKOAOVONGY| TOVE VIO LlE-
YOAN Yyovia og oxéon pe v kdbeto otnv 006vn Tapovctalel TpoPn-
Hata, OTmG OAALOLOCELS TOGO GTA YPMULATO, OGO KOl TN QOTEVOTNTA TNG
OTEKOVIOTG.
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* Epopavifouv kokn ypopotiki anddoon Kot pkpn avtifeon, e1dud 006veg
younAot k6ctovg. H peyodvtepn avdmtuén g teyvoroyiag twv obovamv
OVTOV TOL TOTOV ETXIKEVIPDOVETOL GE OVTO AKPIPDOG TO TPOPANLLAL.

* '‘Exovv peyddo ypdvo andkpiong 1 wkpo pubud avovémong tng eikovag,
onAad”, o xpdvog mov omorteitor PEXPL Vo AAAAEEL XPOUA | POTEWVO-
mta €vo EIKovooToyeio g 080vng eivor pueydrog, pe amoTéLECHO O
EQOPUIOYEG IOV VTTAPYEL £VTOVN Kivron va mapovcstaloviot sidmAa Kot
GALEG TAPEVEPYELES. ZTIG GUYYPOVEG 00OVEG VYPOV KPUGTAAA®Y, OGTOGO,
TéTola avopeva dev gival TAEov 1060 GuY VA, apo eival apketd ypryo-
png anodkpiong (kdto amd to 10 YIA06TA TOV SEVTEPOAETTOV) Kal £TCL
N XPNOT TOVG Yol EPAPHOYES e EvTovr Kivion dev mapovctaletl Kovéva
mpoPAnua. TTapdia avTd OUMC, 1| CTEPEOCKOTIKY EYYPOLUN ATEKOVION
o€y amdn (2A) 006vn vYP®V KPLOTUAA®VY, XPTCYLOTOIOVTOG EBKA
YOAALE NAEKTPOVIKOD SLopPAYILATOS, EIvVOL SDGKOAT).

0006veg LCD omicOrov ootiopov LED

Mia 006vn omicBov poticpod LED? givor pia eninedn 086vn tomov LCD
IOV YPNOUOTOLEL 1 S1ATAEN amd S1OO0VE EKTOUTNG POTOC Y10 TNV TOPOYMYN
TOV 0Ttic01VL EOTIGHOD. YTTApPYEL LEYAAN TOPAVOTON GTN XPHOT TNG OVOUATO-
Aoylog, kaBdg, Tollég popéc 08oves awTov Tov TOTOV gUPavIioVTOr WS «0OOVES
LED» evad otyv mpayuatikotnta mpokeitol yio. 08oveg LCD ormiothiov pwtiopot
LED. Tlpéxerton Opwmg pua teyvoroyia oBovaov LCD, oty omola £xetl avtikaTo-
otobel 1 Adpma pBopiopov Tov omichiov EOTIGHOY [E cvoTotyia 0md d1030Vg
EKTTOUITNG POTOC.

Ta mAeovextipata g xpnong LED ywo tov omicHio ¢oTiopd évovtt mopo-
d0GLOKOV Tpooeyyicemv TepAapfivouv:

* Meyohdtepn YPOUOTIKY VKOO
* [dwitepa AemT KATO.GKELY].

o ZMUOVTIKA EAOPPVTEPT KOTOOKEDT KO TTOAD YOUNAOTEPTG BEPLOKPOGTNG
Aertovpyiag.

* Tomka 20-30% yopniotepn Koravaimaon kot peyordtepn didpketo Long.

* Meyaldtepn aélomiotia.

2 Av kou €xgt emikpatiioeL 1 xpRon Tov 6pov LED kot oty eAAnvikh yAOoo, tpénst va tovioTel 61t
TPOKELTOL Y10, OPKTIKOAEED TOL TTPOEPYETOL 0O TIG AEEELS TG aryyAMKkn G YA®Goag Light Emitting
Diode. 'Eva (1] pia) LED egivor, dnAadn, pio §i0d0g EKTOUTNG POTOS.
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006veg LCD ontic010v ¢OTIOR0U KPAVTIKAV KOVKIO®V

O kBavtikég Kovkideg (quantum dots) etvor eBopilovra pKposKoTIKA Cw-
LaTio NUYOYOV 6TV KAMPOKO TOV VAVOUETp®V (VOVOGOUATIO), TO. OToio
€YOUV OTTIKEG KOl NAEKTPOVIKEG 1OLOTNTEG TOV SOPEPOVY OO GALD GYETIKA
Nuayova ototyeia, 6mwg ot diodot exkmopnmng etog (LED). To dwitepo yo-
POKTNPIOTIKO TV KPAVTIKOV KOVKId®V OV T1g KaOIoTA £va TOAD eVOLOQEPOV
0épa ot cvyypovn vavoteyvoroyia sivar To 6Tt HETAPAALOVTOG TO GYNLLO, TO
VAKO Kot To péyebog TV Kovkidwv pumopel vo pubiotel pe peydin axpifeia
oLYVOTNTA TOL POTOG (YPDOLN) TOV EKTEUTETOL OTOV Ol KOLKIOES dleyeipovTat.
Meydheg kPavtikég Kovkideg g Tééng Tov 5 nm (6 GLVAPTNGCT PLOIKA KoL
pe ™ Soun Tovg) TOPAYOLV (MG HE HEYGAO UAKOG KOHOTOG OV OVTIGTOUKEL
o€ YPOUATO OTWG TO KOKKIVO, EVD LKPOTEPEG KPOVTIKEG KOVKIdES EKTEUTOVY
HIKPOTEPOL UNKOVE KOUOTOS (MG OV AVTIGTOLYEL GE YPDUOATH OTMG TO UTAE.
"Eva 1dwaitepa gvolopépov ototygio oty ev Adym vavoteyvoroyia gival 0Tt yia
TNV TOPAGKELT KPAVTIKGOV KOVKIO®V UTOPoDV va yp1oiomombody yevetikd
tpomomomuévorl Paktnploedyot 10t M13, ot omoiot ENLTPETOVY TV TAPACKELT|
Brocvooopatikov kKpavtikov dopmv (Lee et al., 2002). Enueidveton 6tL 1 €V
AOY® TpocEyyIon dev givol LOVAdIKT GTNV TEXVOAOYIA 0LTH KBS Exel SOKLpLO-
o1l KOVTE 000 dEKAETIES TMPA GTN SLAUOPPDOT KPLOTAAAK®Y SOUDV OO 100G
(BAm. yuo mapaderypa Whaley et al. (2000)). To pukpd péyebog tov kpaviikdv
KOUKIO®V KOl 1] LOVOYXPOUATIKY TOVG OmOKPIOT EMTPENEL TNV EKUETAAAEVON
TOVG o€ EQUPLOYEG Aélep Kal oTIC Eyxpmues 006veg, OAAG 0KOUN KOl GE p®TO-
BoAtaikd cuoTipaTo Kot T PlOOTEKOVION.

Yrdpyovv 000 TOTOV KPAVTIKEG KOVKIOES, 01 KOVKIOEG POTAVYELNG KOl Ol
KovKideg nAextpopmtavyelas. H mpmtn mepintwon apopd Tig Koukideg tov dio-
veipovtor and eac, To 0moio TEMKE TO HETPATPENOVLY GE PO AAAOVL UAKOLG
KOLOTOG GUUPOVO LE TN Hop@oAoyia kot doun tovg. H devtepn mepintmon
aopd TG Kovkideg mov dieyeipovtal amd NAEKTPIKO PEVUO KOl AEITOVPYODV
TAPOUOLN LE TIC S100VE EKTOUTNG PWTOC.

Mia 08ovy kfovtikdy KovKIdWY POTOVYELNS EIVOL [0 GOGKEDY TOV YPH-
OLUOTTOIE] TTPWOUA KPOVTIKDY KOVKIOWY YIa. THY Topaywyn oricflov pwtiouod
oe 06oveg LCD. Ot kPovtikég KOUKIdEG YpTOYLOTOIOVVTOL GE EVE GTPMLLOL TOV
LETATPETEL TOV OTIoO10 POTICUO e TETOL0 TPOTO MOTE VA TOPAYOVTOL KaBapd
Baoikd ypodpoza, BEATIOVOVTOG T POTEWVOTNTA TG 000VNG KOt TN YPOUATIKY
YOO, LELDVOVTOS, TOPAAANAOL, TIG ATMOAELES GWTHS KOL TNV TAPEUPOAN YPOUA-
TV o€ £yypopa eiltpo tomov RGB. Toviletot yio pio oo opd yio TNV owo-
QLY TOPAVONGEDV OTL TPOKELTAL Y10, TEYVOLOYi 0TTicO0L PMTIoUOV Kal, EVHD
670 eumoplo gpeavifovtar tithot 6mwg «oB6vn QD-LED» 1 «086vn QLED»,
e&aorovlel va veioTaTol £vo GTPAOUN VYPOL KPLGTAAAOL Yo TV TEAKN ON-
povpyio g eKdVoC TOL TPOPAAAETOL. ZWTTOTEPOS OPOS VIO THYV TEPLYPOPH THS
teyvoloyiag ovths Oa Hrav «00oves vyp@V KPLoTdlAwY omiciov pwTiouod Kfa-
VIK@®V Kovkidwvy (quantum dot-backlit LCD display). Inpeuwvetan 6Tt vdp-
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YOLV TPOGTADEIEG Y10 TNV EPAPHOYT| TNG TEXVOAOYIOG aVTNG 6g 006veS ywpic
VYPOVG KPUGTAAAOVE ALY 01 TPOGTADEIEG ALTEG EIVaL OKOUN GTO EMITESO TOV
gpyoaotnpiov.

[TAeovekthpata TG TEYVOAOYING QTN givat To eENc:

* Evioyopévo 1o opatd eacpo pe Aryotepn evépyeLd.
* Evioyopévn ootevotra.

* AvvortdtnTo onpovpyiog pe Texvikég 3A eKTOTMONG Kot dSnUovpyiag Ae-
TTOV KO EOKOAUTTOV 000VDV.

* Meyalbtepn dibpketa (oG e TNV HETAPaoT TG TexvoroYiag o€ oTotyeln
avopyavng cLGTACT|S.

* KaAdtepog kopeodg ypOUOTOC 1010ITEPO OTNV TEPLOYN TOV TPAGIVOL
XPDOUOTOC.

Boowod petovéktnua amotelel 1o yeyovog 0Tt o1 UTAE KPAvTiKEG KOVKIOES
amottovV Waitepa akpiPn cuyypovid Kabmg eivatl ol tukpd 1o péyedoc toug,
EVO TapAAAN AL, eEortiog avTtod ot 000veg e KPavTikég kovkideg elvar Atydtepo
oKPPElg Kol OMOTEAEGLATIKEG GTNV ATOS00T] TOV UTAE ¥POUATOG. AAAO €val
ONUAVTIKO HEWOVEKTNUA TOVG gival 1| TOAD akpipn mapoywyn tovg (Katd Tig
apyéc Tov 2019, tovddyiotov 2.000 doAdpia TO YPAUIAPLO), OAAG avTO givor
KT IOV TPOoPAETETAL VO AVOET TO EMOUEVO dLAGTNLLOL.

IV.2.3  O06veg mrhaopatog

H niextpovikn angkdvion 1exvoroyiog TAAGLOTOS TAV Lo EPEVPEST] TOV
nmavemotnpiov tov Illinois g Apepikng 1o 1964. H Bacikn 1déa tav 1 Koto-
OKEVT LIS GLUOKEVTG OEIKOVIONG, 1) 0TToi0l B0 AmOTEAOVVTOY Atd VOV TTIVOKOL
TOAD PiKpdv Aaprtipov Néov, évav yia kabe gikovootoryegio. To 1967 kata-
OKEVLAGTNKE GTO EPYACTNPIO 1 TPATN YPNOTIKT] GUGKEVT] OTEIKOVIONG LE AVEL-
Avon 16 x 16 ewovoatoyeio kot ypmportog moptokori (Hainich and Bimber,
2011; Lee et al., 2008). Ano 101 péYpL onuepa, 1 e£EMEN €xEl KOTAGTNOEL
TNV TEYVOAOYIO TAACUATOG TKOVE TOGO Yl TNV OEIKOVIOT EKOVOV VYNANG
gVKpivelng, 660 KOl Yo TN PEUAMOTIKY OTOO0GN TOV YPOUATOV, EVD TNV o0
otuypn Bewpeiton o KoAn AOoT Yo TV KOTaoKeLT| ENinedmv Kot Aent®dv 0bo-
vov peydlov peyébovg. H ewdva otic 006vec mhdopatog oynuotiletor amd
YMAOEG IMKPOSKOTKOVG AQUTTAPEG POOPIOUOD, Ol 0010l GE SLUTETAYUEVEG
TPLASES JAPOPETIKOV YpduaTog opilovv éva gikovootoryeio. Kabe évag and
TOVG AMOUTTNPEG ALTOVG Elval EVOC YUAAVOG BAAALOC, TOV 0TTOloV Ot TEVTE 0d
T1G £&1 MAeLPEG Elval EMOTPOUEVES LE PDOGPOPO YPDUATOG KOKKIVOV, TPAGIVOL
N UTAE, EVD M KT TAEVPA EIVOIL SIAPOVT LE TPOGOUVOUTOAGLO TPOG TNV OPOTY|
emeavela g 00ovrng. Ot 0ahapot avtol TEPIEYOLVV Eva LETY IO EVYEVAVY aepiV
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(Néov kat Zévo) vd younin mtieon. Otav droyetevtel o€ 0vToHE TOLG BaAdovg
NAEKTPIKN eVEPYELD VIO VYNARY TAGT, TOTE T EVYEVH 0PLoL SIEYEIPOVTOL Kol
EKTEUTOVV VTTEPLOON akTvoPoAric. H exhvdpevn vrepuddng axtivoforia pe
celpa NG O1eyeipel T LOPLE TOL POGPOPOL TOV PPICKETOL GTO TOLYDOTO TOV
OoAap@V, TPOKAADVTOG ETCL TNV EKTOUTT] GOTOS TOL AVTIGTOLYOV YPDUOTOG LUE
OVTO TOV POGPOPOV.

Y10 TAEOVEKTNUATO TNG TEXVOAOYIOG QUTIHG HTOPOLV VO, avapePOOHV:

Mikpdg 6yKog Kol oxeTikd pkpd Bapoc. TTodd pikpd méyog, avtictoryo
pe ovto6 twv obovov TFT.

KaAn avtiBeon, n omoia Eemepvd to Adyo 3000:1.

[ToAV koA amdO06N TOV YPOUATOV.

Agv Tapovctdlovy YEMUETPIKES TAPAUOPPDGELS GTNV EKOVO.

H oeéun meployn anewkoviong sivar ion pe to péyebog g 00ovng.
2yeTikd peyaAn owdpketo {ong, avtiotoyn tov ofovov TFT.
Meydho péyebog. O06veg pe péyebog 65 Tomv Kot Gve.

[Ipoceépovv edio B¢aong 170 popdv kot dev Tapovctdlovy dALOIDGELS
oTNV €1KOVa, OTOV 0VTH TapoInpeitan vd peyddn yovia B€aonc.

I'pryopn amdxpion oe Kivoduevn ewdva.

210 LELOVEKTNUATO, LITOPOVV VO, VOpEPHOVV:

Ynoompilovv povo pia avaivon anewkdvions. ['a va amodobei cootd n
OTEKOVIOT PEYOADTEPNG 1] PUKPATEPTG avVAALONG, EQAPUOLETOL TEXVIKEG
peyébvvong M oikpuvong He omoTéAecua va exnpedletal apvnTiKd M)
KaBapOTNTO Kot 1 EVKPIVELD TNG OTEIKOVIONC.

H avéivon tovg og oyéon pe 10 néyebog Tovg sivat pikpn.

Y& OTOTIKEG EIKOVEG, OTOL £val €IKOVOOTOLYElo dtatnpel o 1010 ypdua
Yo LEYGAO XPOVIKO SIAGTNIA, TOPOVGLALETL TO POIVOUEVO TNG TOTIKNG
KOTOOTPOPNG TOL glkovooTtolyeiov. 'Etol otav amnewovileton oty i
0éon g 006vng N 1010 OV 1} OVTIKEIIEVO Y10 TOAD PEYOAO YPOVIKO
ST, vIapyel peydAog Kivouvog va tapovstactel poviun AAPN ot
eketvn v meproyn. [ 1o Adyo avtd 1 xpnon Tev 0Bovedv TAAGUATOG GE
VTOAOYIGTEG O GUVIGTATAL.

H 61apketa {omng Toug petdvetot Spapatikd dtav AEtovpyodv 610 HEYL-
GTO TNG POTEWOTNTAG Tovg. Metd T0 TEPaG TG ddpkelag {mng TG (o
006v1 VT TOV TOTOL dEV EIVAL EMOKEVATIUN KOl GUVETMOG KabioToTon
dypnortn.
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* Eivo axpiotepeg amod tic avtiototyeg 000veg vypdv kpuoTdAlwv. Qotdc0
o€ Pey€tn peyodvtepa tov 32 vtodv 1 dlapopd oty TIun e&looppomnei-
T, POV Ol TaPAywyn UeEYAAov peyéBoug 0Bovav vYp®V KPLGTAAL®Y
glval mo akpiPiy.

IV.2.4 0O06veg LED

H xamnyopia oBovév LED eivar tedeing dtapopetikn amd v Katnyopia
oBovav LCD pe omicio potiopd LED mov mapovcidotnke og Tporyovpuevn
evomrta. H teyvoroyio 006vng LED ctoyevel otn onpuovpyio €KOVAG otV
006vn and cuaToryio S1O6MV EKTOUTNG PMTOS Y®PIG TNV avayK™ VTopENG 6TP®-
LLOTOG VPYDV KPUOTOAAW®V.

H npotn «mpaypatikiy» 006vn LED pe ) popen tmiedpacng avortoydnke
Kot emdeiynke katd to 1977. AkorovOnoe celpd eEelibewv e ToAAd BpaPeia
Ot OTLOVTIKODG OPYOVIGHOVG Kol OLyd o1yd edpatdOnke 1 apykn dmoyn ot
TpoKeLTal yio T ootk T€voAoyio Tov Bo aVTIKATAGTNOEL TIG KAUCIKES TEYVO-
Moyieg CRT. [Mapdiinia £ywve dueca KoTovontd OTi 1 TeXVoLoYio AT PTopel
€UKOAO VO TPOGUPLOGTEL GE POPNTES CLGKEVES LITaTaPiog AdY® YOUUNANG KoTo-
valoong. Enueidveral, BEPara, OTL Le TNV TEYVOAOYIO TNG ETOYNG NTAV AKOUY|
advvatn N kotackevn Eyypounv ofovaov LED kabdg 1 texvoroyia tov pmie
LED 1p0¢ mepinov o dexoetio apyodTepO.

[epi ta 30 ypdvia amd TV EUPAVICT] TNG TPDTNG TAPOLGINGNS TG TEXVO-
Aoylog avtng, avakowvminke 1 eEEMEN g oe OLED (amd tic Aé&eig organic
LED - opyoavikn 61080g ekmopumg ¢mtdc), 6NV 0moio TpocTénKe £va oTpdUd
OPYUVIKNG VMOOTG TOV EKTEUNEL PO OG OTOKPION GE EVO NAEKTPIKO PELLLAL.
Mo 006vn) OLED prmopei vo 0dnynbei pe mabntkd miéypa (passive-matrix
OLED — PMOLED), 6nov o éAeyyog twv LED yivetan oeiplaxd avd ypouun,
evepyo mAéypa (active-matrix OLED — AMOLED), 6mov o éheyyog yiveton ovd
gwovootolyeio. H mposéyyion tov mabntucod mAéypatog omortel Kabe gikovo-
otolyeio va pmopel va dtatnpel TNV KOTAGTOOT TOVL PEYPL va £pbet kdmoto véo
OO AVOVEDONG TOV HEGH amd T S1001KAGI0 CAp®MONG TOL EXAVOALUPAVETOL
OPKETEC POPEC o€ Eva deVTEPOLETTO (OTTWG YivovTay oTic apykég 006veg CRT).
H mpocéyyion tov evepyol mAéypatog ival ovty Tov TALOV YPNGLLOTOLEITOL
oY€00V o€ KAOe povtépva 000vn amelkdvions, Kabdg divel tn duvatotnTo EAEY-
YOV Tov k@O gucovoaToyeiov EeymploTd.

Yta mheovekTiuata tng teYvoroyiang AMOLED umopovv va avagpepfoidv

Ta €€Ng:
* O1006veg AMOLED mopéyovv vyniods pubpois avavémong elkovag.

* H xotavaloon evépyslog eivor onpovTikd yapunAotepn kot Kobiotd v
TEYVOLOYIO OVTH LU0 EAKVOTIKT ETIAOYT Y10 OPNTEG CUGKEVEC. ZNUELD-
vovtal Opmg to, €ENG: (o) 6tav M dev amekovileTan Timota TOTE N 006V
AMOLED egivar tedeimg extog Aettovpyiag, (B) M katavaioon 16Yvog
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e€optdTor amd TV KOV TOL EIKOVILETOL KOL TI QOTEWVOTNTO TOL EXEL
EMIAEYEL KO GUVETTAOC L0 VYNAN POTEVOTNTO KO L0 KPOTEWVTPY EIKOVAL
umopei vo 001 yncouvV 6€ KOTOVAA®GT VYNAGTEPT] and OTL GE L0 GUGKELT
LCD, otV onoia 1 katavdimon gival mhvto otabepn.

* Kabwg o1 006vec AMOLED ofnvouv tedeing dtav dev eikovilouv kdrtt, o
AOY0G avtiBeong mov mapéyet efvan onuoavtikd peyoivtepog omd tic LCD.

Kémota PelOVEKTAUATO TOV HITOPOvV va. avapepHoDV ylol T GOYYPOVT TE-
yvoroyla AMOLED mepihapfaver o e€ng:

* H dudpxela {ong Tov KOKKIVOV Kol TPASIVOV QAU gival HeyoldTepT) omd
OVTY TOV UTAE KOl GUVETMS OVOUEVETAL VO TOpaTn PN Ol pLeTatomion Twv
XPOUATOV LLE TNV TAPOSO TOL YPOVOUL.

* Ot 006veg AMOLED &ivat emppeneic 6T0 QavOUEVO TOV KAYILLOL 000-
v1¢ (screen burn-in) Tov epLEAvViCETOL WG L0 LOVILT OTEIKOVIOT| TV VITEP-
BoAkd ypNOLOTOMUEVOV EIKOVOY, KUPI®MG OTAV 1] 000V YpNOLLOTOoLEL-
TOL 0T PEYIOTI QOTEWVOTNTO Y10, EKTETAUUEVD OLOOTHLOTO. AVTO YiveTot
Y10TL TO OPYOVIKO VAIKO EIVOIL ETPPETEC GE EKQVAIGUO [LE TN XPTOT.

* Y6 to nAokd eoc ot 006veg AMOLED givan Aydtepo amodoTikeg amd
71 LCD Ady® g LELOPEVIG POTEVOTNTOG TOV UTOPOVV VO ATOODGOLV,
av Ko yivovtatl Tpoondfeleg avTeT@TIoNG TOL £V AOY® TPOALOTOC.

IV.2.,5 TIIpofoikd cvotipata

H wotopia t@v mpofoAik®v GLGTUATOV EEKIVA GYEIOV TOVTOYPOVA LIE OLTH
tov owepd. To 1896 1 kataokevaotikn etatpeio Tov Edison Egkivnoe tnv ma-
POYMYT KOl EUTOPIKT EKUETAAAEVCT] TNG TPDOTNG GVOKEVNG TPOPOANG EIKOVAG
o€ peydin oBovn, to Vitascope, 1 onoia Gvoige tnv cviaio yio To GVERA pE
™ popon mov gival onpepa yvaootdc (Bellis, 2006). [Tapd v moAdypovn mo-
POVGIQ TV TPOPOAIKDY GLUOKEVMV GTO GIVEUG, 1 TPOPOAT NAEKTPOVIKA To-
payopevng eovog apynoe mapa oAl va. gppoaviotel. H kupidtepn attio g
KaBvoTEPNONG VTG, NTOV M EALEWYT TNG TEXVOAOYIOG GYNUATICHOD TNG €1
kovag. Ot mpmdteg Tpoonadeleg TPOPOANG NAEKTPOVIKG TOPAYOUEVIG EIKOVOGC
&ywvav ota TéAN g dekoetiog Tov 1940, pe v tomoBEétnon evog eakov To-
nov Fresnel pumpootd amd po ko 086vn tmieopaons. Me ) Borfeia Tov
QOKOV aVTOV, emTEVYONKE N pEyeBupEVN TPOoPoArn TG eKOVAG OE 1o emimedn
AgvKn eEMQAVELN Le opKeETA tkavomotntikn Todtnta. H didtaén avtr anotédeoe
TOV TPOTATOPO TNG NAEKTPOVIKNG TPoPorng Kot £0elle g elval EQIKTO v
npoPfindel o nAekTpovikd mopayouevn gwova. ‘Etot, ) dekaetio Tov 1980
£KOvOY TNV EREAEVICT TOVG GTNVY Ayopd TO TPATO LY TPOPOoAMKA GLCTHHOTA,
T omoio dgv TV TIMOTA MEPLGGOTEPO OO £vo, KAEIGTO KOVTL pe ol 006vn
CRT oAb vynAng eaotevdtrag, TG 0moiog 1 ekova TpofdAlovtay eKTOg TG
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Ewoéva IV.2. Xootnuo mpofolic tov yOeg (apiotepd) kot tov onjuepo. (0e14,).

GLOKEVNG LEC® EVOC TapafVPOL LLE TOVG ATALPAITNTOVS PaKOVS. AKoAoLOMVTOG
TG eEEMEELG TNG TEYVOAOYING, 1 EPUPLOYN VEWV TEYVOLOYIDV OTTEIKOVIONGC, OTTMG
vt TOV 000VOV VYPOV KPUOTAAA®Y, KATEGTNGE TNV NAEKTPOVIKY TpoPoin
OPKETH OIKOVOLLKT] MOTE VO ¥PNCLOTOMNOEL OO KO Y100 OIKLOKT YP1oM.

H apyn Aettovpyiog TV TpofoMKdV GLUGTNUATOV givol TOAD amAr, opov
0 Baotkdg TOVg GKOTOG EYKELTAL GTO VO LEYEBVLVOLV KOl VO EGTIACOVY TNV TTal-
POYOUEVT] EIKOVA GE L0 EMITEDN AEVKT EMPAVELN Alyd PETPA, LOKPLA OO TN
GLGKEVT]. AVTO EMTVYYAVETAL [IE TN XPTION TOV KATAAANA®V QOK®OV Y10, TN LLE-
v€Buvon KoL TNV €0TIOGOT LUOG TTOAD POTEWVNG EKOVAG, 1| omoio oynuatileTon
€VTOG NG TPOPOAIKNG GUGKELTG.

Katd ta téAn tov 2000 aidva ota TpofOoAlKE GUGTHHATO 1) EKOVO GYN-
patifoviav amd Tpelg moAd pmTevég 006veg kabodikoh cwinva Tov 9 vtodmv,
pa yuo kb factkd ypopo (KOKKvo, Tpdoivo, UTAE), w1000 1 Kibe 006V
OOTOVCE TO SIKA TNG ONTIKA TPOPOANG. AOY® TNG WOUTEPOTNTOS CVTAS, TO
KOGTOG KOTAGKELNC KOl ATOKTIOTG OLTOV TOV GUOKEVADV NTAV OPKETA VYN0,
EVO TONTOYPOVA 1 TOTOOETN O Kal pOLULGT) TOVE OTOTEAOVOE Lo SVGKOAT Kol
xpovoPopo dadikacio. Ztnv Ewobdva IV.2 napovcidlovral 600 evogikTiKd Gu-
oot TPOPOANG, £va TOL TaPEABOVTOC Kal £va TOL TAPOVTOG.

H mio dwadedopévn texvoroyio oNpepa 6TIS GLOKEVES TPOPOANG YoUNAOD
KOGTOVG, £IvVOL VTN TNG LKPOGKOTIKNG S10pavovg 000vVIG LYPOV KPLGTAAL®V,
N omoio TopeuPaiietar HETOED HaG TOAD WoYLPNG TNYNHG POTOC (Tpoforéag
EEVov) Kol T®V ONTIKOV TPooine tng ewovas. To yaunid kd6ctoc twv obo-
VOV VYPAOV KPUGTAAL®V, G€ GUVOLOCUO UE TO HKPO Tovg péyedog Kot Papog,
EMETPEYE TN ONUIOLPYIO POPNTOV TPOPOAMKADV GLGTNUATWV YOUNAOD KOGTOVC,
wKova vo ovtoreEEABovy 1660 oty TPofoir] dESOUEVMVY AO NAEKTPOVIKO VITO-
AOY1GTY], 0G0 KOl GE EQPAPUOYES OIKLOKTNG SIUOKESUOTC.

To 1987 n etatpeia Texas Instruments, LETA 0O SEKAY POV GYETIKTN EPELVO,
napovciace v 1exvoroyia DMD (Zvokeun Prolokdv MikpokaBpeptdv), 1
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omoia amoTelel GUEPQ TNV TTLO EUTOPIKE EMTLYNUEVT ADGN NAEKTPOVIKNIG TTPO-
BoAnc (Hornbeck, 1998; Kim et al., 1999). H teyvoloyio DMD mipe 10 6voud
™G amd TOV TPOTO TOV AELTOVPYEL, KATH TOV OTO10 1) TETPAY®VT| EMLPAVELD EVOG
uikpoenetepyaotn (DLP — Wnolakodg Enegepyaotig PmToc) givol KaAvppuévn
UE YIMAOEG EAEYYOUEVOLG IKPOOKOTIKOVS KaBpépTes. Ot kabpépteg avtoi eivat
£T01 KOTOOKEVAOUEVOL, MOTE OTAY eV TEPVH NAEKTPIKO PEVLA GO TOVG Oy ™-
Y00UG EAEYYOV TOVG, EIVOL TPOCAVATOMGUEVOL TTPOG 10, KaTtevBuVeT, EVD OTaV
SEpyeTaL peLLLA OO TOLS AY®YOVG, Ol KaBpEpteg Tpocavatoiilovtol katd 20
poipeg mpog v avrifetn katevBuvvon. Me Tov Tpodmo avtd, o€ Eva TPoPoiicd
ocvotnua teyvoroyiag DLP, eivor gkt 1 dpopordynomn tov ewtdg evdg mpo-
Boléa Eévov Tpog TOoVg PakoVg TPOPOANG, YO TV OTEIKOVIOT] OTOIOVINTOTE
oyNHatog. Otav 0 TPOcaVATOAGUOS AVTAOV TOV KAOPEPTAOV EVIALAGGETOL TOAD
ypRyopa (Léxpt kot 1024 popécg) 6to Sdotnia EVOC OEVTEPOAETTOL, Eival EQL-
K10 va eAeyyBei n Eviaon Tov eTdg oL Ba TpoPAndei kKot va amodoBovv didpo-
peg amoypnoels. Diktpdpovtag To pmg Tov TpoPoiéa e T Pondeia TpIopdTOY
1 TEPIOTPEPOUEVOV YPOUATIKOV PidTpav, 1N Te)voroyia DMD katdpepe va
OTOdMCEL TOTH EIKOVEC LE EKATOLLIPLO YPOUATO KOl VO KEPIIGEL TOV Y0P~
KTNPIOUO TNG O EPTOPIKE ETTUYNUEVNS TEXVOAOYIOG NAEKTPOVIKNG TPOPOANG.
210, TAEOVEKTILLOTA TG TEYVIKNG CLYKATAAEYOVTAL:

* MetaPAnto péyeboc ametkoviong, 1o omoio puBuiletar amd v omdoTaon
TPOPOANG KoL TOVG POUKOVS EGTINONC.

* O OKOVOUIKOTEPOC TPOTOG Y10 NAEKTPOVIKY| ATEIKOVION [E PEYEog Lle-
yoAvtepo TV 40 vIehmV.

* H 006vn pmopel va mdpel omoloonmote YEMUETPIKO GYNU0, OVAAOYA UE
™V EMEAVELD TPOPOANG, SUVATOTNTO TOV EMITPEMEL TNV KATAGKELT] ML~
GOUIPIKOV 000VAOV TAVOPAUIKNG OTEIKOVIONC.

* IkavomomTikn amdd00oN YPOUATOV Kol KIVOOUEVOV EIKOVOV.

* O1 TEPLOGOTEPEC GLOKEVEG NAEKTPOVIKNG TPOPOANG, KLPImG AVTEG TOV
TPOGOVOTOAMIOVTOL Y10 EPOUPLOYEG YPOPEIOL KOl OIKIOKNG WLXAY®OYiaG,
etvar ehapplég kat ovumayeis. KataAapfavouv moAd Aydtepo xmpo KoL
Ko 0o 000veg, 0GTOG0 TO TEGI0 TPOPOANG TOVG TPEMEL va ivar ELebBepo
EV 0P YPNONG.

Kémota amd ta factkd LEIOVEKTALATO TG TEXVOLOYING AVTAG sivat:

* Katovoldvooy apketn evépyela, pe eAdylotn Tiun kovtd oto 200 Watt.
[Hapdyovv peydia Tocd BepproTnTag, Y10 TV amoymyn e omoiag Ypnot-
LLOTTOL0VVTOL OVEULGTIPES, OL OTO10L LLE TN GEPE TOVE Tapdyovy Bopvo.

* H potevomto ¢ omekoviong ival pkpn Kot cuvidmg yio vo emiten-
¥0el (ol OTTIKA IKAvOTomTIKY 0Td00T ATULTOVVTOL EOIKEG CLUVOTKEG
YOUNAOD OMOTIGUOV.
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* Toéco 1 yempetpio, 6GO KAl 1] OTEWVOTNTO KAl YPOUATIKY] 0TOS00N TNG
OTEIKOVIONG, EEQPTAOVTOL OO TNV EMPAVELN TPOoBoinc. [ia To Adyo avtd,
N xpNoN €WKV 000vdV TPOPoANS elval GE OPICUEVES TEPUTTMCELS OO
paitntn.

* Katd ™ Aettovpyia Toug 0 K®VOC TPoPoAng mpénet va, gival ehevBepog
and oTdnmote punopel va eumodilet v anekovion. Katd cuvéneia amor-
TOOV aPKETH PLEYOAO YDPO KOTA TN YP1ON TOVG.

* AVoKoAn gyKatdoToot, €101KE GUOKEVAOV OV OV TPOGPEPOLY PLOLL-
GELC Y10, TN J1OPOHMO™ TNG TPOOTTIKNG TAPUUOPPMOTNG KO OTOLTEITOL T
wpoPorn vd yovia pe peyddn amdxkiion and v KabeTo o6To £nimEdO
TPoPoAng.

* Meydho k610G Asttovpyiog, Oyt T000 AOY® TG LEYOAVTEPTG KOTAVAA®-
OMG EVEPYELNG, OG0 AOYM TNG LKPNG d1dpKeLag {mNg Tov Tpoforéa Eévov
OV XPNGLOTOL0VV 01 cLGKeEVEG TOTTOL LCD ko DMD. To péco ypovikod
140N 6TO 07010 0 AaurTpag Oa PTAcEL 6TO UIcO TNG ATOO0GNC TOV,
Kopaiverat yopw otig 2.500 dpeg Aettovpyiag, Evd 10 KOGTOG AVTIKATA-
GTOONG TOV Elvat VYNAD.

IV.2.6 XTepeooKOMIKI] NAEKTPOVIKI] UTEIKOVIOT)

Onwg €xel avapepbel oe mPonyoLUEVO KEPAANLO, 1 avTiAnym Tov Bdbovg
N ™G andoTAcT G 6TOV AvOp®TO YiveTal Le d1dpopovg TpOTOVGS, e fOcIKOTEPO
«epyareio» T atepeockonmikt dpaoct). E&aitiog avtng g ikavotntag, o avipm-
710G gival og Béomn vo avtiineBel 1060 TV ArOGTACT TOL OO AVTIKEILEVH TOV
apotnpel, 060 Kot T 0€om Kat T LopPeT TOVG GTO YDPO. AVTO EMTVYYAVETOL
oo pio W10iTePO TOADTAOKT KOl DTOAOYIOTIKG OTOLTNTIKY O1001KAGI0 GTOV
EYKEQUAO, KATA TNV 0Toia 01 000 GYETIKA S10POPETIKES 2A €1KOVEG amd TO KAOE
parti, cvvovaovran o o TAPT 3A gicova tov mepPaiiovtog ydpov. Oco mo
Kovtd Bpioketat Evo avTIKEILEVO, TOGO TEPIGGATEPO LEYOADVEL T SloPOopd GTNV
OTTIKY] YOVIO TOPUTPN NG TOL 00 TO KAOE LATL KO GUVETDC, TOGO T UEYOAEG
glvar o1 drapopég peta&h Twv 600 EIKGVMY TOL OVTIKELLEVOVL. AVTIOETOC, OTOV TO
OVTIKEILEVO OTOUAKPVOVETAL, Ol SL0POPEG OVTEG YIVOVTOL OAOEVA KOL TTLO PKPEG.
2mv Ewova IV.3 eaiveton g kataypdeetor Eva avtikeipevo omd 1o de&l Ko
TO 0ploTEPO UdTL (avtioTorya, 6e&l Kot aploTePd TUNUO TNE EIKOVAC). AKOUN
KOl G€ qLTN TNV EIKOVA givat duvatn 1 avtiAnyn tov Pdbovg kat Tov 6YKov Tov
OVTIKELLEVOL VIO TPOGEKTIKG eAeyYOLEVEG cLUVONKEC BE0ioNC (TOTOBETON TV
YEPUDV GTN POTT] Y10 SLYDPIGHO TOL TTESIOV TV dVO LOTIDV Kol ETKEVTPMON
GTO0 KEVTPO TNG EIKOVOG). Me TNV kavdTnTa ovTh, £ivol EQIKTO VO YivEL OVTIAN-
TTOG 0 YDPOG TOGO GTOV LVIAPKTO OGO KOl GTOV 10€0TO - YNPLOKO KOGUO TMV
VRIOAOYIGTAOV. H avtiAnym Tov y®pov 6Ttov ynelokd kOGO UTOPEL Vo EMLTED-
x0el péom NG xpNoMG EWVIKAOV CUGKEVDOV ATEIKOVIOTG, Ol OTOIES €iTE EXOVV TN
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Ewova IV.3. Zrepeoledyos eikovav.

duvatdTTo Vo Tapéyovy 6To Kabe paTt pa ave&dptnm ewkova, gite Exovv
duvaATOTNTA VA TPOPBAALOVY GTOV TPOAYLOTIKO YDPO OOUEC TPLDV SUCTACEWDV.
Inueldvetar 6TL 1 To SdeSOUEVT Kol OIKOVOLUIKT Avon 3A arekdviong givat,
TPOC TO TAPOV, AVTN TNG TAPOYNG Lag aveEdptnTng 2A ekdvog yio KAOe patL.
AVTO EMTVYYAVETOL LE TOAALOVG TPOTOVG KOl SIAPOPES TEYVOAOYIES.

INvoAld prie-kOKKIvov ok®dv  H teyvikn tov dypouatikdv yoolov &i-
VOl [ TPOGEYYIOT) GIATPOPICHOTOS TG EKOVAS TTov PAEmel kdBe patl. H mo
dradedopévn teyviKn Kavel ypnon evog (edyoue yooMdy e €vo LTAE Kol £vol
KOKKIVO (okO yio To de&l ko aplotepd ATt avtioToyo Kol TNV mTpoPoin oe
oKy 000V oG €101KNG 2A odvletng eikdvag Tov omoterel T cOvBgon dvo
2A ewodvov (Ewodva IV.4). H o ek tov eiovov g ouvleong arodidetal og
OTOYPDGELG TOV UTTAE KOl OVTIGTOLYEL GTO 0paTO TEGIO TOL 650D HATION, EVHD
1N GAAN O€ AmOYPMCELS TOL KOKKIVOD KOl OVTIOTOLYEL 6T0 TTedio TOV aploTeEPOD
patiov. Kabmg n ovvbem avt ewdva mepvi omd To0g @OKOHS TOV YOOADY
oUTAV, 1 TANPOPOPIa, TOV OVTIGTOLXEL GTO APLETEPO UATL ATOKOTTETAL GO TO
1edio Tov 0e&1o0 HoTIod Kot avticTowya Yo T0 aplotepd pdtt. ‘Etol, mpaktikd
KkéBe pdt PAETEL Lol S1oPOPETIKT| EKOVOL Kot ONILIOVPYEITOL 1 TApUAAAEN TOV
B0 VT PYE 0 CLVONKES TPAYLLOTIKAG TOPOTPNONG TG OKNVAG ad dVO PATLOL.
Qo1660, KaBDg N cVLVOETN E1KOVO ATOTEAEITOL A0 YPDOUOTO UTAE Kl KOKKIVAL,
TOL YPOMATO TNG aneKOVIoNG Ba eivar ToAD oArolmpéva o GYEON LE TO TPOLY-
LOTIKE, VO OTOV 0 ¥pNoTNS Pydiet To yvold ond To pdtio Tov Ba ypelaotel
pepid devtepOAemTa LEYPL VAL amoKaTOoTAOEl TANPOS TO YPOUO 6TV OpacTH
TOV.

Ivaié pe gakovg modmong To pog mov exméunetor amd P TNy EOTOC,
OGS Ao TOV NA0 1 VoL AQUTTAPO, KO OVOKAGTOL 0O TAN00G ETPAVEIDY, TTE-
PAOUPAVEL TAAAVTOOELS TPOG OAEG TIG KaTELOVVGELC KABETA TPOG T devBuvon
006N G TOL, OTMG KAOE NAEKTPOUAYVITIKO KOUO KaTd TN d1ddocn tov. Otov
TO MG TEPAGEL ATO £VOL PAKO 1 GIATPO TOAMONG, EMTPEMETOL 1] SLEAEVGT LOVO
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Ewova IV.A4. I'valid pmle-koxkivav pakdv kai avtiororyn oovOety ikova.

F

Ewévo IV.5. INvalid ue kaOeto molwuévoog paxois kot avtioroyn odovletn gikova.

€KEIVOL TOL TUNHATOG TOL PMTOG TTOL Eival KATAAANAO TPOGAVOTOAIGULEVG TOL-
AAVTOONG OOTE VO «CLUUE®VED e TNV dlevBuvon mov «emPailery To ikTpo.
Hopariinia Tpokoieitol TANPNG 0TOGPECT OOV TOV GAA®V TAAAVTOGE®DY TOV
om16¢. Otav 10 Pog e€€A0eL amd t0 eiktpo MOAWONG gival TAov modwuévo,
dMAadn to eminedo TAAGVTO®ONG TOL MAEKTPIKOV 7TEdiov gival To 510 Yo Ol
o @OTOVION. O QAKOG AVTOHS AEITOVPYEL, TPAKTIKA, (OC PIATPO pLOULIOTG TNE TO-
Aoong tov epotdc. Bacel g apyng e mOA®OoNg ToL p®TOS, OTUV GLOKELN
TPOPOANG UTOpEL va EAEYYEL TNV TOAMGCT TOV PMOTOG GE EIKOVA TOL TPOPAAAEL
Kot 1 0€aomn cuvoVACTEL LLE AVTITTOLY YVOALA [LE TTOAMTIKOVG GakoVG (1] @iATpa)
umopei vo eleyyBel TApw¢ To TL PAETEL KOl TO TL 0L Evag BeaTnC. ZuyKeKPLUEVO,
av o€ 006vn mpoPAndei o ohvhen 2A g1KdVa TOL ATOTEAEITAL OO [0, GKTVN
7OV OVTIoTOLYEL 6TO aPloTEPS HATL Le 0ptLoVTIO TOAWMGT] KOt 0O TNV OvVTiGTOYM
oknvn Yo o de&l patt pe kdbetn TOA®ON, TOTE e XPNOT| YVOADV e GIkTpal
op1lovTiag kot Kabeme moAmong umopel v odnynoel K4t £1KOVO GTO COGTO
patt (Ewova IV.S5). 'Etol kot TdAL emitoyyaveton 1 dnpiovpyio mopdiiaing kot
N aicOnon tov Pabovc. QoTdOG0, TO HEOVEKTNUE GVTNG TNG TPUKTIKNG Eival
WG TPoUTOOETEL amdALTY TAOTION TOL 0pIldVTION eMmESOV BEaomg e avTd
™™g 000vng mpoPoing, dNradn o Beatng dev mPENEL VO, YEPVEL TO KEQHUAL TOV
de&16 M aploTePd, oo 1 LOLYPALLICT TOV TOADTIKGV GIATPOV gival {mTIKNG
onpaciog Yo TNV eXiteLEn TOV S10OPIGHOD TV EIKOVEOV.

INvoAld niekTpovikoD de@paypaTog vYpOV Kpvotadirlov To yvolid nie-
KTpovikol dappdypatog vypdv kpvotdiiwv (LCD shutter glasses) etvon et-
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Ewova IV.6. IIpocappolopevy 00ovn kepolig.

O1Kd YVOALE TOV XPTNOLUOTOLOVV OVTL Y10 PaKoVG £va, (0Y0G NAEKTPOVIKA EAEY-
YOUEVOV PIATPOV PmTOG TOV VAOTOLOVVTOL Ue Hikpég 08oveg Tomov LCD. Ta
Soepdypato autd eivar petah Toug GLYYPOVICUEVO (OOTE, OTAV TO £val ival
OVOLYTO KOl EMITPETEL T SIEAEVOT] TOL PMOTOG, TO AAAO Vo ival KAEIGTO Kot Vol
v eumodilet. Otav avtd To yuaAld Aertovpyodv 6€ GLYYPOVIGUO LE o 000V,
otV omoia angwkovifovtatl evaAras kot pe puOud tovidyiotov 50 popég 1o
OEVTEPOLETTO 01 EIKOVES TOL AVTIOTOLYOVV 6TO de&l KOt aploTepd LAt TOTE givat
EQIKTO va. emTELYDEL £yYpOUN GTEPEOGKOMIKY amekovion. Otav 1 evaiiayn
TOV EWOVOV YiveTon Pe apyovg puBuolc mapotnpeitol EVIovo «TpELOAO» TNG
€IKOVAG oL KoO1oTd TN B€aon amd dvokoAn g advvarn. ' o Adyo avtd,
GLOKEVEG IKOVEG VO OVOVEDVOLV aVTO OV amelkovilovv pe puduovg icovg M
Kot peyodvtepovg twv 100 Hz givat ) mo katdAAnAn emdoyn.

006veg kepaiig Ot oBoveg kepaing (HMD — Head Mounted Display) eivat
6VoKeEVEC ToV TTpocaprdloviar 6to kepdAl (Ewdva IV.6), dnwg d1dmTpeg Kot
KPAvN, 0l OTTOIEG PEPOLV Lia UKpT) 000V Yol kGOE PATL Kot cuviOmg Eva e0pog
a6 emmpdodeTo acONTAPLA TPOCAVATOAG OV KoL KIVIOTG Y10 TV KOTOVOT|ON
™G OYETIKNG Béomc Ko kKivnong tov ypnotn. H kdbe o amd tic 006veg avtég
glva Pkt vo Tpopodoteitan pe ave&apTnTn ekdva Kot £Tol va dnptovpynein
mrtovpevn Tapdriaén kat €&’ avtign aicnon tov BaBovg. ZvviBwmg ot ev AdY®
000veg givar TEPITAOKEG GUOKEVEG UE TOAAUTAES SUVOTOTNTEG OAANAETIOPOCTG
Kol Oyt Lovo amAd cuGTHHATO TOONTIKNG BE0onc.

AvTO6TEPEOOKOTIKEG 000veg  Ta 1d10TEPA YOPOUKTINPIOTIKA TOV EMiMES WV 000-
VOV DYPOV KPLOTUAA®OV Kol TAAGUATOG, OTIMG OVTA TNG OUETAPANTNG KoL EPYO-
6T0oL0KA TpoKaBoplopévng BEcNG TV EIKOVOGTOLYEI®V, OE GUVAPTNON LE TV
GPLoTN YEOUETPIO ATEIKOVIONG, KOTEGTNOAV EPIKTO VO GUVOVOGTOVV 01 000VEG
OVTEG LLE 0L TEXVOAOYIKT AVoT 3A amEIKOVIONG TOL TOMATEP NTOV EQPOPLUO-
Ol HOVO UE EWOIKEG EKTUTTOCES. H TeyviKi auth eméTpeye TNV KOTOOKELN
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Ewoéva IV.7. Avorapdoraon tne aicOnong fabovg oe ovtootepeockomikij 00ovy.

oBovav 3A amekoviong, otig omoieg o Beatng ivan og Béon va avtidnebel 1o
BaBog ywpig T ypNOT COUTANPOUATIKOV EEAPTNUATOV OTWS TO E1OKA YLOALA,
divovtag v aicnon 61t to anekovilopevo Bépa Tapovsialetal péca amd Eva
avolktd mapddupo mov kabopilovv ta opro TG cvokevng (Ewova IV.7). H te-
LVOLOYIO VTN ELVOL TAPOLOLN LLE VTN TTOV YPTCLOTOLEITAL GE SLAPOPU GYOAKA
TPOTOVTO, OTWG YOPOKES, OTNV EMPAVELN TOV OTOIMV VITAPYEL TUTOUEVT] Lo
€IKOVA TOL QaiveTaL VO LETAPAALETOL avaloya pe T yovia 0éoong. H adlayn
QUT TPOKVTTEL ad TN YPNOoT NAPaveV PaPdOTOV TAACTIKOV QIATpOV, Ta
omoia d1BAoVV KaTdAANA TV TUTTOWEVN 6UVOETN kdva. H eucdva oynuoti-
Cetar amd 800 1) TEPLOGOTEPEG EIKOVEC, Ol 0T01eS eivar memAeypéveg Peta&hd Tovg
6€ TOAD AenTéC Awpideg pe péyeBog 100 e auTo TV EAKOEW®Y PaPIOCE®Y TOV
dtpavov TAacTiKoD eidtpov. ‘Etol, aviloya pe tn yovia Béaonc kabiototot
opoTh HOVo M pial amd TIG TEMAEYUEVEG E1KOVES KABE popd. [Tapatnpodvrag o
TETOL0 TEMAEYUEVT) EIKOVOL KOUL [LE TOL 6VO LATLOL 0O KATOL0, ATOGTUCT), VoL TOAD
mOavo 10 kdOe paTt va PAETEL Kol S10pOPETIKT PAcT TG ewkdvag avtc. Katd
TOoV TPOTO OVTO £ivan €PIKTO Vo KOTAGKELAOTOVV £vrumes 3A amewkovioelg. H
EPAPUOYN TOPOUOLNG TEYVIKNG GE 0OOVEC LIE TOL OTOPAITNTO YOPOKTPIGTIKG,
ONAad1| avTd Tov EMSEIKVHOLV 01 000VEG VYPDOV KPUOTAAA®Y KOl TAACUOTOC,
anédwoe v aichnomn tov PABoVG CPKETE IKAVOTOUTIKG, e OTOTEAECUO VO
omoteAel oNepa Lo TOAAG VITOGYOLUEVN TEXVOLOYia 3A amelkoviong mov ee-
AMooetal (Van Berkel et al., 1996a,b).

000veg oykopeTpikng amewkovions Ot teyvikég 3A amelkdviong Tov mapov-
OlAOTNKAY GTIG TTPOTYOVUEVES TOPOLYPAPOLGS, Bacilovtal oty «e&amdtnon» Tov
GLGTNLATOG OTTIKNG aVTIANYNG, TapovstalovTog oto kibe PATt po aveEaptn
2A gkdva. QoTOC0 VIAPYOLY TEYVIKEG AMEIKOVIOTG, Ol 0Toieg gival e BEom va
amod®covy TpaypaTikd 3A gikoves. Mia amd avtég eivat kot , 1 omoia, ov Kot
glvar  mododtepn (o€ avaroyikn popen), Bewpeital to pEAAovV e 3A ymoeto-
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KNG AMEKOVIONG. AAPOpO EPELVNTIKA EPYACTHPLA VAL TOV KOGHO £youv 10M
KOTOOKEVAGEL TPMTOTLTO YNPLOUKDOV CLGKELMV 3A 0AOYPUPIKNG OMEIKOVIONG,
®oTHGOo 1 gnoyn mov avTd Ba etvan og BEom va avtaneEEABoVY GTIC amaLToELg
™G ayopdg givon axopa pokpid. Ipog to mwoapdv, ol TeEPIGGHTEPES EUTOPIKA
drabéoeg Avoelg 3A amekoviong Boacilovtal oe TeEXVIKEG TOAAATANG Kot TOY -
TaTNG TPOPOANG 2A elKOVOV, TAVED 6€ NUUS0QAVELS TOYXDTATA TEPICTPEPOLEVEG
emeavelec. H teyvicn oot dnpiovpyet v yevdaictnon pog nudiapavoig,
®oTO6G0 STIROPNS, 3A e1KdVaG, TNV 0TToio 0 ¥PNOTNG UTopEl va Teplepyootel omd
dbpopeg Béoeig, dnmg axpiBmg Oa £kave Kot Le Eva Tpaypatikd 3A avtikeipevo
(Favalora et al., 2002). AAAn po Adon givor autn e To0TaTNG EVIALAGGOLLE-
VNG TPOoPoANG 2A EIKOVOV TAV® GE Pa 6TOIPA 0o TOPAAANAGYPOALLL NAEKTPO-
VIKG S10PPAYHOTO OOTOS VYPOV KPLoTAAAV oto péyeBog 006vng. 'Evag Pivte-
ompoPoréag, o 0moiog PPICKETOL GE GLYYPOVIGLO LE TO NAEKTPOVIKE dtappdy-
pota, TpoPAiet e LeydAn TaydTNTA Thve 610 Kaféva amd avtd po aiiniovyio
EIKOVOV, 1] KAOE LU0 K TOV OTOIMV OVTIOTOLXEL KOt 6€ oL Topn Tov 3A Bépatoc.
Me Vv TeQVIKn oLt €ivol EPIKTO Vo amodo0el apKETA IKAVOTONTIKA 1) TPITN
dldotaon, Topd Tov TEPLOPIoUEVO aptBpd emmédmv fabovg mov Kabopilovv Ta
NAEKTPOVIKE SL0QPAYHOTO POTOC.

IV.3  Emioyf cvotpotog 3A ametkoviong

O mapapetpotl Tov kKabopilovv TV ETAOYN TOV TTO KOTUAANAOL GLGT O
TOG amMEKOVIONG 3A Yynelokdv dedopévmv eivat:

» To minBog twv Tavtoypovawv Gearwv: To TANB0G TV avlpOT®V ToL Oa
mopakoAovBodv Tavtdypova TV Topovsiaon, mailel Kaboplotikd poro
670 péyeboc g 006vNg Ko, KATOEG POPEC OTIC OVOAOYiEG WOV TAATOVG
oAAG Kot ot yeopeTpla g (Y. emimedn N NU-KLAVOPIKN).

» Tnv mbavoryta 1 amaitnon yio otepeooKomIKY OTEIKOVION, DOTE O BEATNG
va €L TPOAYLOTIKY avTidinym Tov Bdbovc.

* To arartoduevo exinedo d10.0paoTikdTHTOS: Y10 TOPAdEYLO oV O emiTpé-
TETOL GTO YPNOTN VO LETOKLVELTAL KATA BOVANGT LECA GTO YDPO ) av O
elvar amAdg Bt oG cLYKEKPLEVNS S1odPOUNG HECH 1OE0TNG KALLE-
pag. H mapapetpog avtr kabopilel tn cvuokevn mov Oa mopeyel TIg etkOVEG
oTN Hovada TPoPoANg, 1 omoio 6NV TEPITT®ON NG TPOoKADopIGUEVNG
mopelag umopet va €va amAd Bivieo yauniov KOGTOVS, EVM GTNV TEpPi-
nTmon g ehevbepng petaxivinong otov 3A ydpo pmopel va givar Evog
VIEPLTOAOYIGTNG 1] AKOUT KOl GUGTOLY10L GUVOESEUEVMV DTTOAOYIGTDV LE
TOAD LYNAO KOGTOG,.

» To koorog.
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[ToAhoi katackevaoTég, Kévovtag xp1on TPOPOAKOV GLGTNUAT®V, KOTO-
oKeVALoVV eEEIOIKEVUEVEG DLATAEELG OMEIKOVIOTC OTTMG: KTOLYOVC», «YPOUPELD,
«opdtion 1 «omniég» (caves), «B0love», kKAn. Tétole GLOKEVEG AMEKOVL-
ong ovopaovtor 006vec ufvdiong, emeldn TepkAEiovy Evav 1 TEPLGGOTEPOVG
Oeatég oe éva ewoviko mepiPdirov. To K6GTOG AVTOD TOV €i60VE GLOTNUATOV
Umopel OVOAOYA LE TIC OMALTNOELG TNG EKACTOTE EQOPLOYNG VO lval apKeETH
peydho. XtV mEPInT®ON EPAPUOYDV OV €ivar emBounty 1 TPAYUOTIKA 3A
omekOVIon Tov BEUATOG, Y®PIc ONMC Vo amatteitat 1 ypnomn tpdcdetmv Pon-
Onuatov avtiAnyng tov Padovg, cuvictdtot 1 xpron Tov evepydv 3A ofovav.
O1 GLGKEVEG OV AVIKOVY BTNV KATNYopia auty) €ival ot enimedeg 000veg TOTOL
TFT 9 mAdopatog, ot 006veg amecoviong 6YKov Kot ot 000veg KEPAANS.

IV.4  Avomapaymyn 3A dedopévov

M amd Tig dadikacieg dudyvong Tov 3A ewdvov gival  avartapaymyn
TOVG pe molkiAovg Tpodmove. H avarapaywyn puropel ite vo avapépetal og On-
LLoVPYio TOALATAGDY YNOLOKOV OVILYpAO®V 1T GE Tapay®mYN VAK®V 3A ovTl-
YPAe®V amd To ynelokod. H mapaywyn ynelokov ovitypdeoy eivot orjuepa pio
TOAD oA dtodtkacion Kot propel vo, yivel g kKGO VTOAOYIGTH [LE TN YPNOoN
ovokev®v omwg Flash Disks kot DVD Disks. And v dAAn, n mapayoyn 3A
VMK®OV OvVTLYpAQ®V ival ol cuyypovn texvoloyia, 1 onoio dArote Boctlo-
Uevn o€ TeYVIKES amdBeong LAKOD Kol GAA0TE 68 3A GUIAEVGN EMITLYYXAVEL T
dnuovpyia 3A «yhortdv» mov Pacilovtal ota 3A ynelokd HoviEra.

IV4.1 Xvokevég 3A ekTimTMONG pe am60gon vAIKOV

O13A gkTurOTEC AsttovpyovV Bactiopevol og d1001K0G o S1U00Y KNG «EKTD-
noong otpopdtov. H 3A ektommon €xel onuepa d10Qopeg TaPaALOyES G
7poc TNV pebodoroyia viomoinong g (Sherman, 2004).

M maporrayn g 3A ekthnwong tepthapavel cOOTNHO EKTOTWOOTG TV-
7ov inkjet. Xtpdpota ATt 6KOVIG (YOWOGS, ALLLOG T} PNTIVEC) EMAEKTIKA GUV-
déovtal HEGM KOAAMOOVS VAIKOD amtd TNV Ke@oAn inkjet dtapoppdvovtog da-
doyKa Topéc akolovBmvtag to 3A ynoewakd avtiypoeo otov vroioyioty. H
péBodog emTpémer T dnovpyia EYYPOU®V 3A TPOTOTOI®V Kot Eivat ypryopn.
EvoAAloxtig, ot GUOKEVEG AVTES TPOPOSOTOLVTAL LE VYPA (OTWS PMTOTOA-
puepn) amd TV KePAAn TOmov inkjet yuo tn onpuovpyio kabe GTPOUATOG TOV
Yooy avtypdeov. Ot cuokevéc avtég (kalovvtatl photopolymer phase ma-
chines) ¥pNGLOTOLOVY VILEPIDOEIC AUUTTHPES POTICLOV TAV® GTNV KEPOUAN Y10
NV GUECT] KATEPYAGIO TOV KAOE OTPONOTOG KOODS 0vTd dnpiovpyeitat.

A6 v AAAN, 1 povtelomoinon andBeong vAatkol og THEN (fused deposition
modelling) givai pia teyvoroyia Tov emiong ¥PNCILOTOIEITOL GTNV TPOTVITOTOL-
NoN YPNOYOTOIDVTAG EOIKO AKPOPHGLO Yo TNV ATOBECT) MOUEVOV TOAVLLE-
POV VAIKOD TV Gg doun oTPIENG, £Va. GTPOLLO T1 POPA.
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Ewoéva IV.8. Tomiko deiyua Eyypwuns 34 extdmwong.

AM dg TeXVIKN XPNOHOTOLEL EMAEKTIKT THEY LAMKOD €VTOG KOKKMOOVG
TePIPAAAOVTOG Yo TN oTPEN, eEodeipovtag TNV ovaykn Yo KATAAANAC VITO-
otplyparoa.

KéBe teyvikn €xel To TAEOVEKTAUOTO KoL TO, LELOVEKTANATA TNG. [evikd,
ONUOVTIKEG TOUPAUETPOL EIVAL 1] TOYVTNTA, 1) ETIAOYT TOV VAIKOD Kot Ol duva-
TOTNTEG YPpOUATIKNG ekTOT@one (Wohlers, 2005). H 3A ektdmmon avtig g
Katnyopiog €ival GYeTIKA YpNyopn, €XEL YOUNAOTEPO KOGTOC, givar £bypno
KOl IKOVOTTOUTIKT Y10 TNV TOPOY®YN TPOTOTOTMV KATAAANA®V Katd T @don
NG TPOTLTOTOINGNG, OTOV 1) AKPIPELN GE SIUCTAGELS KOL 1) UNYALVIKT GVTOYH TOL
VAKOV dev glvar 1dtaitepa onpovtikés. H avaivon g ektommong vroroyileton
pe Péon to mayog g Kabe oTpdomng Kot T Yvooty X-Y aviivon oe dpi. Tu-
TKES TIEG TTAYOVG oTpOHaTOG Kupaivovtot tepi o 100 pm (0.1 mm), evd o1t
X-Y avdloon ot TYég eivat aviAOYEG CLTAOV TOL ETLTVYYAVOLV 01 2A EKTUTOTEG
laser. Ta 3A “pixels” ektdmwong kvpaivovrat tepi Ta 50 pe 100 um (0.05-0.1
mm). Xtnv Ewéva IV.8 ntapovsialetal éva delypa £yypmung 3A ekTOTOONC.

IV4.2 Xvokevéc 3A opirevong

Ot ovokevég 3A opilevong Aettovpyodv G YAOTTEG. XPNGIUOTOOVY K-
plog epyadeia d1dTpnoNG KO GRAEDOVY TAV® GE ALOPPO OPYIKE DAKO TO OVTL-
Kelpevo mov aviypdeovy omd to 3A ynoeakd aviiypapo Tov VITOAOYIGTH TOL
oonyet ™ dwdkacio. Xtnv Ewdva IV.9 paiveton pia cuokeun 3A opikevong
KOTA TN SL0OIKAGI0 GLUAEVONG AVTIKELLEVOL GE TAACTIKO VALKO. Ot pacelg TG
dwadikooiag givat apykd vapyel N dnuovpyeitar 10 3A HOVTELO, GTN GUVE-
YEW KEKTUTMVETOLY LECH TNG EOIKNG CLGKELVNG AV G VAIKO TNG EMAOYNG
(ovvnBwg pntiveg) kot TéA0G To VAKO KaBopileTor Kot KOBeTOL KaTAAAN .

IV4.3 Xvokevéc otepeorBoypagiog

H otepeohboypapio eivat puo texvikn Tpotumonoineng pe Suvatdtnta epop-
LOYNG O€ MEPWMTMOELS TOV AMOLTEITOL VYNAN aKpifela S100TAcEMY Kot KAAR
EMPOVELOKT VON. Mo GLGKEVT TOV LAOTOLEL TV oTEPEOMBOYpOpio KaAEl-
tar SLA (ek 1tov stereo-lithography apparatus). Eivor po pébodog amdbeong
VA0V, TNV omoia YiVETOL XPNoT PEVLGTOD TOAVUEPOVS VAIKOV (pnTivn) oL
avTIOPA o€ VIEPLMOEG PMC Kot otepeonoteitat. To 3A aviikeipevo oynpato-
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Ewova IV.9. Zvokevn 34 ouilevong kou tomiko oeiyuo.

TOLEITAL VA GTPAOUO HECH TNG GTEPEOTOINGCTG TOV TPOKAAEL GTO TOADUEPES M
MY VIEPLOOOVE PMTOC. KabBdg 1 mnyr| vepiddove ¢mTog (mov eivarl cuyva
Aélep) eoTialel o CLYKEKPLUEVT OmOGTOOT), KIVEITOL OVAAOYQ LUE TO GTPOUA
nov wpémel vo otepeonomBel. To moAvpEPEG EYXEETOL GTPMDUA-CTPMUN TAV®D
GTO 101 GTEPEOTOMUEVO GTPMUA Kot 1) YN Aélep amopakpOveToL (TUTIKE e
Prpa peta&d 0.05 mm émg 0.15 mm, 660 T0 Whyog TG Ve 0mdBeomng LAIKOD)
v vo dnpovpynet 1o emduevo otpdpo, kok. To kdbe otpmdpa VAIKOV, Kabdg
OTEPEOTOLEITAL, KOAAG GTO TTPOTYOVLEVO GTPOUA AVTOUATMG. XTO TEAOG TNG O10l-
dwkaciag 1o 3A avtikeipevo guPantileTon o€ €101KA yMuKd Yo Kabapiopod Kot
€1oayetal o€ €101KO POVPVO VTEPIDOOLS akTvoPoiiog. Evodlhaktikd 1 péBodog
umopet vo Aettovpyel e TN YpNon AEKAVIG PEVGTOV TOAVUEPOVS VAIKOV EVTOG
NG OTO10G GYNUATOTOLEITOL OTASI0KE TO AVTIKEIUEVO.

IV.S  AwdpoaoTtikég epappoyés 3A elkOvev

‘Eva and ta onpovtikodtepa Takolovdo Kot GUVALO TAEOVEKTLOTO TNG
xpNoNg 3A VOV Kot Ypaeikav givat 1 duvatodtnto dnovpyiag dadpactt-
KOV epappoymv pe ovtd. o mv akpifeia, n 1660 ToAvovlnTnuévn EIKOVIKN
TPAYHOTIKOTNTO OV €lvar Toapd o S10dpacTIKh epapuoyn ameikoviong 3A
oKNV@V. O1 QopLOYES TOV SNUOVPYOVVTAL LE TOV TPOTO AVTO EYOVV CTILAVTIKA
TAEOVEKTNHOTA EVOVTL TOV TOPAd0Slok®dV 2A gpapuoyadv. [pota and dAa, o
PEOAGLOC TNG ATEIKOVIOTC TOV TOPEYOLV EIVAL CTLLOVTIKA EVTOVOTEPT POV N
SuVaTOTNTA TAONYNGNG GTOV EIKOVIKO YMDPO TPOGOUOIDVEL TOV aANO1vo KOG LO.
[MopdAinia, n SLVATOTNTA TAPATPNONG AVIIKEILEVOV OO OTOLUONTOTE YOVIN
0éaong kot amdoTacn VIO JAPopeS GLVONKES POTIGUOV Kol TEPPAALOVTOG
glval yvapiopa avtov kot povo tpomov Asrtovpyiog. H emintwon tov vyniod
EMTESOV PEOAGUOD TTOL TAPEXETAL 0O 3A e@apUOYEG GTN dnpovpyia epmet-
PLOV, OTIV OTOKTNOT YVOGEMY, AKOUN Kot 6TV vtofondnon tatpikodv pedo-
dwv, OmeG TY. {oomg Yuyoloyik®v mafncemv, ival 1310itepa oNUAVTIKY. XTIg
TAPOYPEPOVE TOL 0KOAOLOOVV STVOVTaL LEPIK TOPASETYLLOTA TETOLWV EQOPLLO-
YOV OV 0TOTELODV £va SELYLO TOV TOAADY SLUVOTOTHTMV OV divovtal TAEOV
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Ewoéva IV.10. [Tepifaliov sumhovtiouévng mopovaioons 34 poviéiwy.
LLE T1| YPNOT| TEYVOLOYIDV ATEKOVIONG 3A elKOV®V.

IV.6 Ilapovcioon 3A avTIKENEVOV 6GTO OLUOIKTVO

H ocvuveync avantuén 610d1KTuoKdY ToAVUESIKOV BAcemy dedopuévav Pmo-
pel mAéov va coumAnpwBel kot olokAnpmBet pe tn ypron texvoroyidv 3A yn-
@10ToiNoNG KOl LOVTEAOTOINONG, KOOMG Kl EQAPHLOYNG GUYYPOVAOV LETPNTIKAOV
dwta&ewmv. ‘Etot, o1 facelg dedopévov pumiovtilovial TAEoV TOGO e TAOVGLO
OTTIKO TTEPLEYOUEVO OGO KOl [E TUTOAOYIKH KO QLUGIKOYTLUKE S£dOUEVA TOV
umopet va 0dnynoovv oty e£0ymyn moAH GNUOVTIK®Y CUUTEPUCUATOV UECH
GULYKPITIKNG EPEVVAG KOl VO GUVEICPEPOVY CNUOVTIKG GTNV TPofoAn Kot Te-
partépm épevva. 'Etot, dAlote Yo Adyovg ovolooTikOTeEPNC eMideléng, aAlote
Yl EPEVVNTIKOVG GKOTTOVG, VILAPYOLYV CNUEPA SVVATOTNTEG OAOKANPMOONG TNG
EIKOVIKNG TOPOLGIOG AVTIKEILEVOV 0TO d1001KTLO, 6 £va TAaicto 3A amewko-
viong e emmpocbetn TAnpogopia avaroya pe edikég amartnoelg (Tsirliganis
etal.,2002a,b). Zmnv Ewova IV.10 tapovcidleTol 6Tty udTUmO 0md S1001KTUAKN
epappoyn emavénuévng 3A TpoPfoAng TOMTIGTIKOV OVIIKEWHEVOV e ETAOYN
Y10 SLAPOPES OMEKOVIGELS KOt TN OLuVATOTNTO VTEPHECT|G LETPNGEWDV OPYALOLLE-
tpiog. Tt Ewodva IV.113 mapovsidleton otryudtono amd Stodiktuokn spap-
poyn ewovikng £kBeong 3A Yynelomompévemy avTiKePEVaV.

SEmokepbeite T oeAida ot dievBvvon http: //virtualworld.georgepavlides. info.
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Ewéva IV.11. Zehida mopovaioons 34 ynpiomoinuévav avukeiévayv oto A1odiktoo.

IV.6.1 Ewovikd poveceio

Mo omtd TIC ONUOVTIKOTEPES SLOOPACTIKEG EQPUPLOYEG GTOV TOUEN TOV TTOAL-
TIGUOV €lvar 1) dNUovpyia lKoVIKGV ekBEcemV Kat povoeinv. Ta EKoviKA [ov-
oeia eivat 3A ydpot, GAL0TE 100101 KOl GAAOTE OVTLYPOPA TPUYLATIKDV YDP®V,
péca otovg omoiovg mapovotdlovral 3A poviéha exbepdtov. H dnovpyia
TOV LOVGEIDV aVTAV YiveTal pe Pacikod yvdUova To VYNAO Eninedo peaAcHoD
HEGM TNG S10THPNONE COOTMY OVOAOYIMY OVTIKEWEVAOV Kol YDPOL, KaBDS Kat
0MOTNG TOTOBETNONG TOV EMIMESOV TV LATIOV TOV EMOKENTN GTO YMDPO (EQO-
GOV AELITOLPYOVV (O EQPAPUOYEC TPAOTOL TPOo®MoL). Ta ekBépata umopei vo
OTOTELOVV TTPOidV 3A YN elomoinong 1 LOVIEAOTOINONG VALY LE TIG OTOLTI -
oelg. To 1810 Kot 0 ydpog. Me v teyvoroyia avtn, eivan dvvati 1 dnovpyio
YNOwWwKAOV 3A avtrypldpov TPoyUOTIKOV LOVCEI®V e TNV YNelomoinotn 060
TOV KTNplov 660 Kot Tev ekBepdtov. Amo Tnv GAA, itvor duvatr 1 dnpovpyia
YNOLIKDOV LOVCEIDV LEGH OPYLTEKTOVIKNG LOVIEAOTOINONG O€ VTOAOYIGTN Ko
1 tonobétnon Tev exbepdtov avdioya pe TG avaykes Tpofoinc. e kabe wepi-
TTMOT), 1] KIVNON GTOV EIKOVIKO YDPO 0KOAOVOEL TOVG KAVOVES TOL TPAYLLATIKOD
KOGLOV WE TNV EPOPUOYT TOV VOU®OV TNG PLGIKNG (BopdTnTa, GLYKPOVGELS,
KoK). DVoKd, 6 EOIKEC TEPIMTMOGELS KOl OTOV VILAPYEL AVAYKT, Elvat duvati 1
vrépPaocn Tov VOU®V TG evong, Kabdg ot teplopiopoi Tifevtol omoKAEIoTIK
OTO TOV TPOYPULLOTIOTH TOL AOYICUIKOV (7). UTOPEL O EMOKENTNG VAL TETAEL N}
vo. LeTAPaivel QVTOUATA OO XDPO GE YDOPO 1 OO LOVGEI0 GE LOVOELD). TNV
Ewodva IV.12 mapovcidletor éva oTLylOTUTO amtd TV TAONYNOY| GE EKOVIKO
LLOVGEIO TOPASOGLAKAV HOVGIKAVY opydvav?, evd otnv Ewova V.13 eaivetat
GTLYLLOTVTIO oo Ydpo exBepdTov kot peAétn emtheypévov ekBépartog (Pavlidis
et al., 2006a).

O emokéntng pmopel vo, aAANAemOpa pe To ekBEpaTa, Vo Ta TEPITPEPEL,
va BAEmel AenTopépeteg and 0660 Kovid BEAeL, va AapPavel emmpocbeteg Tolv-
UEGIKES TANPOPOPiog (g1KOVa, YOGS, Bivteo), va dnpovpyel Aoteg Tpotipumong,

4Ewovikd povceio mapadoctokdy Lovsikdv opydvey ot Siedbuvon http://www.ceti.gr/
momi.
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Ewéva IV.12. Ilepujynon oto 34 €1oviké povoeio mopodooiok®y [LOVGIKDY OpYavmy.

Ewova IV.13. Eicodog oe yipo ekbOsudtwmv kot Thnpopopnon yia. avykekpiuévo xleua.

va dnpovpyet ta KA TOL EIKOVIKA HoLGEin 1] GLALOYEG amd emtheypéva ekBé-
poto. ATo Ty TAELPA TV €KBETT, TO LOVGELO 1 1] CLAAOYN umopel Vo EMAEEEL
nowo, B etvon Ta ekBEpaTa TOL B EloaKOOVY GTO EKOVIKO HOVGETD, £T01L MOTE
va Tapdyel Katd foOANOT aplEp®dUATE 1 OTOYEVUEVEG GUALOYEG ekBepdTmV 1|
neplodikég ekbécels. Ta elkovikd povoeio LTopovy va AELTOVPYOLV EITE TOTIKA
Kol v, SLOVELLOVTOL LE TN HOPQPY| EKTEAEGIL®V apyeiwv, €ite va Asttovpyohv
SLSIKTLOKA HECH KATO10V AOYIGHIKOD TAoNyNnonc. A&iletl va onpeiwbei 61t Tal
SLOSIKTVOKA EKOVIKA LOVGELR Elval ovolkTd Yio To Kowd 24 mpeg TN pépa emi
7 nuépeg v fdopdda.

IV.6.2 Ewovikd pvinpeio ko woreg

M gpappoyn 3A texvoloyldv pe 1010iTEPO EVOLUPEPOV OTOTELEL 1| O1-
LLOVPYIO EIKOVIKOV TOAEWDYV, OOV 0 EMOKENTNG Umopel va Kveital o€ 3A po-
VvTéAA TOAEWDV TOV ATOTEAOVV TO TTPoidv 3A ynelonoinone. H epappoyn propel
VoL {PNCILOTOMOEL £1TE Y100 TNV TOVPLOTIKNY KOl TOMTIOTIKY TpomBn o, €lte Yo
yvopia pe tov tomo. Ot Tpooceyyicels 3A Yynelomoinong mov YpnNGLOTO00-
VIOl G€ aVTEG TIG EPAPUOYES glval cuvB®G YoUNANG avdAvong kot akpipelog
OAAG TOAD pEYAANG TOPAY®OYIKOTNTOS, APOV T EUTAEKOUEVA LEYEON TV Oe-
pdtov etvon 1600 peydla, dote kafiotovv Wwitepa enimovn ) dladikocio
ynoeomoinong vynAng axpifelag. Me dedopévo de To YeYovOg OTL omatTeiToL va
yivel ynolomoinom HeydAng £KTAoNC G€ HKPO ¥povikod ddotnua, pébodot 6mmg
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QOOTOYPOUUETPIO [LE TOTOYPOQPIKT VITOGTAPIEN €ivol Ol TEPIGGATEPO EVOEDELY-
Uévec. 210 TeEMKO Tpoidy, 6T 3A GKNVI TOL TPOKVTTEL, OTWE KOl GTO ELKOVIKY
povoeia, 1 TAONYNoN aKoAOVOEL TO PLGIKO TPOTO TEPUYNONG GTOV TPOYLLO-
TIKO KOGLO LE EPUPLOYN TOV VOU®V TNG PLGIKNG. Puoikd KL €0 pmopohv va
divovtal duvaTOTNTEG OTTMG 1| TTNOT, OTAV 0WTO eEVTNPETEL TOVG CKOTOVG TNG
npoPoing. Tnv teyvoloyia dLTH LTOPOLY VO EKUETOAAEVTOVY TOTIKEG OLVTOOLOL-
KNOELG, VTOVPYEiD, GOALOYOL, EPOPEIES APYALOTITMV, TOVPLOTIKH YPAPELD Yo
Vo TPO®ONGOVY TOV TOVPIGUO UIHG TEPLOYNG KOl VO TAT|POPOPTICOVY Y10 TNV
apyrrektovikn Wiotepotnta evog tomov (Koutsoudis et al., 2007, 2008). Ztn
oehida http://67100.gr mopovoidletar £va 3A HOVTELO TTOV EMLTPENEL TV
EIKOVIKT] TAOYNOT € TUAUO TNG TOAdG TOAN Tng EdvOng. Avtictora mopa-
delypato TAONYNONG GTOV EIKOVIKO Y®dpo pvnpeimv 6mov mopovctdlovtatl dVo
Bulavtivoi vaoi mov Bpickovtarl otny meployxn TS Mavng pmopel Kaveic vo det
Kot va Tepnyn el 6to Ydpo Tovc oty 1otocerida http: //www. ipet.gr/3d_
demo/mani/ (Pavlidis et al., 2006b; Tsioukas et al., 2005).

IV.6.3 Ewoviki mpaypotikotnTa

Tov 6po Virtual Reality (VR) gionyaye o Jaron Lanier, 1dpvtig g €ton-
petog VPL Research, kotd 1o 1989. H VPL Research fjtav n mpdt etapeio
TOANONG TPOTOVIMV EIKOVIKNG TPAYLATIKOTNTAS. AAAOL OpOL TOV Eiyay TPOTOL-
Oel epiapfavovy mv Teyvntn Hpaypatikotnto (Artificial Reality) amd tov
Myron Krueger ot dexoetio tov 1970, tov 6po KvPepvoydpog (Cyberspace)
tov William Gibson to 1984 oto fifAio tov Nevpoudvrng, eved T dekoetia Tov
1990 mapovcidotniay ot 6pot Ewkovikoi Koopor (Virtual Words) kot gucovikd
nepdArovta (Virtual Environments).

H mpotapyikn évvola kot ypnon tov 0pov ofpove Ty eUPudiotikng ei-
kovikn paypotikdémta (Immersive VR), 6mov o ypfotng Pubiletor mAnpog
o€ €vo 3A kOGO oL £xEl ATOKAEIGTIKA dnpovpyndel amd Evav vToloylot)
YOPIG EMAPT UE TOV TPAYLOTIKO, LEG® GUOKELMOV OV TOPEYOLV TIG UIGHNGELS
(Ewova IV.14). H eikovikn mpaypatikdtnra £xel TALOV o eupoTepT| £vvola.
‘Etot xotd 1o Ae€ikd Merriam-Webster Online, €lkovikr TpoyUaTikOTnTo €i-
val «€va TexvnTo TEPIPAAAOV TO 01010 YivETOL OVTIANTITO HEGEH OITONTNPLOK®Y
epeDoLATOV (OTTMOC EIKOVEG Kol YOL) TOV TOPEXOVTOL OO VITOAOYIGTH KUl GTO
omoio 1 dpdon evog ypnotn kabopilel Tt cupPaivel Eviog Tov TEPPAALOVTOC.
H Veronica Pantelidis, kaOnyntpia oto [Havemotiuio East Carolina, avoeépet
TAOG EIKOVIKT TPOYUOTIKOTNTA EIVOL K0 TPOGOUOIMOT] GE VTOAOYIOTH EVOG
TPAYHOTIKOD 1} PAVTOCTIKOD TEPPAALOVTOC [l TO 0moio £vog ¥pNoTNG UTopel
vo. OAANAETOPAGEL 1] VOL XEIPLOTED.

Ot amapy€g TG EKOVIKNG TpayHaTikdTNTag eviomilovtat Babid micw otnv
avBpomvn wotopia:

* ApyiKd, Le T Lopon eikovoypdenong mov Eekvd tpty amd 15.000 ypdvia
®¢ omnAatoypapia,
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Ewova 1V.14. Zdornua epfobiotiig eikovikig mpayuotikotnrag.

GTN GUVEYELN E TO GLVOVUCUO YEMUETPIOG KOL TEYVNG Y10, TN OPOUOTO-
moinon Bsatpikadv Epywv (506 aidvag, Aydbapyog o Zdpog),

6710 VYNAOS entinedo 3A pealiopov ota Epya t€xvng g Apyaiog EAAGSaG
Kot TG PoOpng pe onpavtikn ¢p1on g TpoonTikng,

GTNV TPAKTIKT YPNOT TOV KAVOVAOV TNG OTTIKNG Ao TNV Avaryévvion ko
HeTd,

oTNV TPOTN Tavopapiky arnewovion (1778, Robert Barker, damoyn tng
oG tov Edipufovpyov 360 popdv 6 KuKAMKO d®pATio pe SapUeTpo
mepimov 18 pétpa) ko v e1caymyr| tov dpov Ilavopapa katd to 1791,

OTNV EMVONGN NG POTOYPAPiag Katd To pEco Tov 180v oumva, TV emt-
vonon g oteEPEOTKOTIKNG 000vng katd o 1833 and tov Wheatstone
Kot TN dnpovpyia Tov TpwTdTLVITOV Viewmaster To 1844 amd tov David
Brewster

GTNV ENVOTGT] TOL TPAOTOV UNYOVIKOD EEOUOIMTI TTNOTG Y10 EKTAIOELOT
mAdTov 10 1929 and tov Edward Link

GTNV KOTAOKEVT 6T1) dekaetion Tov 1950 Tov «cvepd Tov pEAALOVTOS) 0md
tov Morton Heilig kot tn dnpovpyia tov Sensorama tov 1956

OTNV KATACKELN TV TPMT®V 00ovedv kepaing (HMD) to 1961 and tovg
Comeau kot Bryan (etorpeio Philco)

OTIG TPAOTEC EPAPUOYES AAANAETIOPACTIKOV 3A YPUPIKDY KOl TOV TPO-
TOV GLOKEV®V OAANAETIOpacnS katd to 1963 amd tov Ivan Sutherland

o11c Tpoondfelog Tov Fred Brooks to 1967 va dnpovpynoet meptBai-
AOVTO OMTIKNG OAANAETIOpAONC Yio BroynuKovg, MOTE V. EPYOVTOAL GE

EMOLQT 1e poPOL.
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"Extote moALEC TervOLOYUEG AaEl £xovv TpoTabel kat dokipaotel. O 6To-
YOG MTaV TAVTOTE £vag: Vo Onovpynel Eva, oAANAETIOpacTIKG TEPIPAAAOY
3A €iKOVOV TPayHOTIKoD YPGVOL Yo TNV EKTOIOELOT, TNV KATAVON O Kot TV
yoyayoyia. Texyvikd, n €ikovikny Tpoayuatikdtnto oV gival Timote GAlo mopd
évag ouvOETIKOC KOGLOG TTOV SlEmETAL Ad £va GHVOAO KOVOV®V, Ol 0TToiot Eivat
dArote oupPoatol Kot GAAOTE Oyl LE TOVG KOVOVEG TNG TPOYLOTIKOTNTOS, LLE V-
vaTOTNTEG TAOTYNOTNG KOl AAANAETIOPAONC, AALY KOl AALTAGELS G EEEI01KEL-
pévo hardware, pe otoéX0 GALOTE TNV EKTTAIOELON, GALOTE TNV TPOCOLOIWON,
™MV yuyoyoyio, 7 cuvévacud Toug.

2fuepa, ot TVTOL GLOTNUATMVY EIKOVIKNG TPOYUATIKOTNTAG EIVOL TPAKTIKY
T€00EPIG:

* [eprparirovra epfovdiong (immersive environments), 67ov 0 YPHGTNG
dev €yet tn duvatdtTTa vo AapPivel SESOUEVA OO TO PLOIKO KOGUO KOl
£xe1 006vN TPOGAPUOGLEVT GTO KEPAAL, AKOVGTIKA GTO, VTLY, EOIKE Y4
VIO 0TO XEPL0L, KOK.

* [eprparirovra 006vng (desktop environments), 610V TPAyLOTOTOLEL-
Tl 3A avarapdotacn o 006vn vToAoyioTH).

» Ileppairovra mpofoinc (projected environments), 60V 10 ELKOVIKO
mePPAALOV TPOPAALETOL OE £VO, PLGIKO YDPO.

* Evioyvpéva nepipairovra (augmented environments), 6Tov €IKOVIKA
avtikeipevo TpofdAlovtal Tive 6TV EIKOVA 0O TOV TPAYLOTIKO KOGO.

Mo ke TN yop1omoinon CLGTNUATOV EIKOVIKNG TPOYUOTIKOTNTOS TPOTELVE TO
1992 o Zeltzer (Zeltzer, 1992), kot ovopdotnke tagvounon Zeltzer pe tpio
KplTnpoL:

* Avtovouio: oYeTILETOL LE TNV IKOVOTITO TOV OVTIKELLEVOV TOV EIKOVIKOD
¥®poL o€ dpdon.

* Alnlemiopaon: oyetileTOL L€ TO TOCOGTO EAEYYOV TTOV QGKEL O YPNOTNG
670 TEPPAALOV.

*» [lopovoia: oyetiCeTon pe o €0POG KOl TNV TOTOTNTA TOV olcOnTipLov
TOV XPNGTN OV EAEYYOVTOL OTTO TO GUGTNLLA.

Me Bdaon avtd ta kpuripia, 1 tagvounon Zeltzer mpoteivel ) oyedioon
evog koPov (Ewkova IV.15) pe mhevpéc mov avtiotoryobv 6Ta Tpic auTd KpLTiplo
KoL TV T0mo0ETNon evog 3E00UEVOL GUOTAUATOG LEGO GTOV KVPO YopaKTnpl-
GOLOV avAAOYQ LLE TO TOGOGTO TOV IKAVOTOLEL TO EV AOY® KPLTNPLo. XTO oNUEl0
(1,1,1) avtiotoryel to amdALTO €1KOVIKO TEPIPAAAOV OOV 0 XPNOTNG dEV Eivat
A éov o Bon va Eexmpilet To eikovikod amd To Tpoyuatikd (Kalawsky, 1994). O
010G OpG 0 Zeltzer StaTvTOGE OTL OEV EIVOL SLUVOTN 1] TPOGOUOIWGCT) LUE TATPN
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0,0,0 Aiimsaiapacn 1,0,0

Ewéva IV.15. To cootnua tolivounong Zeltzer.

AETTOUEPELN. KO TOAVTAOKOTNTO, KAOIoTOVTOC TO onpeio avtd éva Bempntikd
oplo. X kGbe mePITTOOT, KoL GE YEVIKEG YPOLUES, TO TUALOTO EVOG EIKOVIKOD
nepPdAdovtoc givar Ta e&ng:

* X®pog GKNVIKOD 1] YEMUETPIO: TO CKNVIKO TOV TOPAUEVEL OUETAPANTO.
* XpNoTeg: eKTEAOVV EVEPYELES, EAEYYOLV TO OTTIKO TOVG TTEdTO.

* [Ipdktopeg 1 ewkovikoi NBomoloi: ovTOTNTEG TOL EVEPYOVV aveEAPTNTA
Ot TOVG YPNOTEC.

* Avtikeipeva.

Ot 1eyvoloyieg mov Voo TNPILOVY GNEPO GUGTLATO EKOVIKNG TPOYLLOTL-
KOTNTOG ATOTEAOVV AVGELG TOGO GE VAIKO 0G0 Kot Aoyiopukd. tnv Ewkova IV.16
divetal yevikn avamapioTacn TOV EUTAEKOUEVOV TEYVOLOYIOV GtV guPubt-
OTIKN EIKOVIKT] TPOYUATIKOTNTA. ATO TAEVPAS VAIKOV ATOLTOVVTOL TEXVIKES A-
o€1g Y10, 6000 dedopévav (Ty. Yavtia adinienidpaong, acOntipo OEong Kot
yoviag kepaing, kok — Ewova IV.17), yia 3A anewovion (my. 006veg kepoaing —
Ewova IV.18), yia mapoywyn 3A fyov (my. nyeio, akovoTiKd) Kot yio avadpaon
(my. avadpaon dvvaung, avadpacn aeng). And TAevpag AOYICUIKOD OmUITOV-
vtal MGG 6€ 600 eMinedn: OTO EMIMESO AVATTLENG TOV EPAPULOYDV KOl GTO
EMIMEd0 EKTENEDT|G.

Mua e181kn katnyopia teyvoroyidv ov ailel va avoaeepBel AoOym g epap-
HOYNG KOt Xp1ong TS Kot AGY® TOV 1KOVOTOUTIKOD OTOTEAEGLLOTOG GTO VPV
kowo givar avt twv CAVEs (Cave Automatic Virtual Environment). H te-
yxvoroyia ot avarntoydnke oto [Havemotiuo tov Illinois (Xwdyo) amd v
gpegvvntikn opdda Thomas DeFanti kot Dan Sandin xatd to 1991, oto Elec-
tronic Visualization Laboratory kot dnpocievdnke 1o 1993 oto Atebvég Xuvvé-
dpto SIGGRAPH (Cruz-Neira et al., 1993). H teyvoioyia avti mapéyst eppo-
Oom pe TpoPfoin] EIKOVOV GTOVG TOTYOVS KOl GTO TATOA EVOG KOBOL TTOL £XELTIG
dwtdoelg dwpatiov. Me ypnomn KatdAANA®Y ELOQPOV YOOAM®DY KOl GUCKELAOV
mhonynong (my. joystick) etvor duvatn 1 eledbepn kivnon kou mepiynon péca
GTOV EIKOVIKO Ydpo Tov mpoPdrietar péca oto Cave (Ewova IV.19).
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Ewovo IV.16. Zynuotixiy avaropdotoon teyvoloyicdv atyv eufoliotiki eIKOVIK TPOoyUOTIKOTHTO.

Ewova IV.17. Zvokevés £160500 OeS0UEVOY EIKOVIKIG TPOYUATIKOTHTOG.

Ewovo IV.18. Zvokevég 34 ameikoviong e1KoVIKNG TPOyUOTIKOTHTAG.

H ewovikn Tpaypotikdmra £xel 101 APKETES EPAUPUOYES GE SLAPOPOVE TO-

peig aAld dev €xel axoun yvmpicet T d1ddoon mov Ba uropovoe. O Adyog yio
TOV TEPLOPICHO OVTO JEV EYKEITOL GTNV EKOVIKT] TPOYUATIKOTNTO QLT Ko’
VTV 0AAG otV TEYVOAOYio TOov TNV vIootnpilel. AOY® TV TOAD LYMAGDY
OTOITNOE®MY GE dLVATO VAIKO KOl YPTYOPO AOYIGUIKO, 1| EIKOVIKT] TPOYLLOTIKO-
o dev gtvor akoun duvotd vo EQApPUOCTEL TAVTOV. ZTIS TOPAYPAPOVS TOL
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Ewova IV.19. Apyn Lertovpyiag Cave.

0KOAOVHOVV OVAPEPOVTOL EMLYPOLLLOATIKG TOUELG 6TOVG OTtoiovg gite epapudle-
Tl gite pmopel v EQUPUOGTEL EVKOAN 1| EIKOVIKY| TPAYHOTIKOTNTO LE TOAAG
0PENT KOl TAEOVEKTNILOTOL.

» Kataokevég ktnpiowv, 1060 oTr) o)ediooT 660 Kol TNV KOTOUGKEVT] KOl EMTi-
PAreyn g kataokevnc. Katd m oyediaon pmopel va yiver dnpovpyia
EIKOVIKOV KTnpimv pe xpnon Aoywopkov CAD, emonteio oxedaciLov,
Eleyyoc AaBmv Kot Tapafréyemv KaBmG Kol LETATPOTEG GTIV KATAGKELN
Kol 6T0 oYedlaopd o€ Tpaypatikd ypovo. [Hoapdiinda pmopei vo yivet
EIKOVIKT] OTTEIKOVION TNG TPOTEWVOLEVNG TOPELNG EPYUCIDV, DOTE VO, KO-
OioTtatal EVKOAOTEPN 1| KOTOVONOT| TG OANG KOTAGKELNC.

» Xyeoiaon — Design, 6TOL Umopel va Yivel TPOGOIOI®MGN OTOLCONTOTE
KOvoUpylog KOTAOKEVTG LE SuvaToTNTa AAAAYNG GYEOIOGHOD OTO APYLKA
Kot kpicia otddio g oyediaonc.

* Muyyovikn/Biopmyovia, 6mov odnyet o€ anionoinon mpofAnudTov unyo-
VvIKNG (engineering) o€ amAd mEPPAAAOVTO EIKOVIKNG TPOYLUOTIKOTNTOG
HE TETOL0 TPOTO MGTE O KATUVOAMTNG, O UNYOVIKOS, 0 TpounBevtng, ot
managers, ot TEYVIKOL Kal ol ¥pNoTeG OAANAETIOPOVV e TO TTPOidV oe
peydin kiipoka. To amotédecpo eivor onuavtiky peimon kOGTOLG O
olo ta emineda epyacidV Tov oYeTIlovTol Kot KAADTEPT EMKOVMVIO |E
ToVG TEAATEG. Mo €101KN EQAPUOYN OTOTEAEL 1] EIKOVIKT AVTOKIVIITOP10-
pnyovio, 6Tov TPLOoTOTO YPAPIKA Kot epaproyES fonbovv oyedlactég
KOl UNYevIKoOS GUTOKIVATOV Vo KEVOUY 6ot a&lodloynon tov pobnpa-
TIKOV HOVTEA®V TV TPOTOVTOV Ympic va ypetdletal va Kataokevalovy
aAnOva TpwtoTLTO.

* Eumopio, émov divetan 1 SuvatdTNTa 0pYAVOONG IGTOTONMV GE LOPPN|
EUTOPIKOV KOTAGTNUATOV. XN o)ediooT TEPLUUPAVETAL OKOUN KoL 1)
oyedioom TG LOPPNG TOV KATUGTNLOTOC, TOV POPLOV, TOV TUUEI®DV, KOK.
To TAEOVEKTNLOTA Y10 TOV TEAGTN KoL Y10, TOVG TPOUNOEVTES, TOVG 1510~
KTNTES KOl TO TPOCMMIKO €VOG TETOLOL EUTOPLIKOD KOTOGTILOTOS €ival
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moAlamAd. Emtypoppatikd ot onpoavtikotepes duvatdtnteg cuvoyiloval
ota €ENG:

AvvaTdTNTO GUVOAIKTG TOPOVGINGTG TTPOTOVTMV.

AvvatdTTo AVOADTIKNAG TOPOVGinoN S Kabe TpoidvTog.

2UYKPLTIKTY TOPOVGINoT] TPOTOVIMYV.

EvkoAn kat katovornt mhonynon.

Apapatiky] Heiwon Tov KOGTOVG TOL KATUGTHHOTOC.

* Aopdlera, dmov epappdloviot eikovikd mepifaiiovta epfvdiong yio to
OTPATIOTIKO TOUEN, TOV TOUEN AGPAAELNG OAAG Kal Yia TN flopnyavia Tng
Yyoyoymyiog. Atvetot 1 SuvatdTNTo Yo GUECT ETOPY| LE LOVTEAD KO G-
GTNUOTO EIKOVIKNG S10ondaymyn oS (TpocopolmTég Kot EE0L0IMTES) Kot
TOPEYETOL EIKOVIKT SOTOOOYDYNON HECH SIKTVOV LE TO TAEOVEKTILLOL
TOALATAOL XPTOTEG VOl EMKOVOVOLV HETAED TOVG.

* lazpixiy, OOV 1 EIKOVIKT) TPAYLLATIKOTNTO YPTCLLOTOLEITOL OLOEVO KOlL TTE-
PLeGOTEPO OTNV WTPIKN EKTTaidevon. Edd dnpiovpyovvral e101kd «dmpd-
T UEGO OTOL OTTOL0L OL YPNOTEG LITOPOVV KOl AVOADOLV T S18.pOopa aiTiaL
KO TIG EMRTOCELG TV acbeveldv. [apéyetar eknaidevon tv yeypovp-
YOV GE TUTIKEG EYYEPIOEIS OAAL KOl OTH JUKPOYELPOVPYIKN LUE duvaTo-
TNTO Y10 EKOTOVTAOES EIKOVIKEG EMEUPACELS TTPLV TNV TPOYUOTIKY ETOON
pe acBeveic, TV eloyioTonoinon TV Kivouvvev (emmAokéc Katd TNV Y-
YELPNOM) KaL TNV EAAYIGTOTOINGT TOL LTPIKOD GOAALOTOG TOV OPEIAETAL
oe aneipio. [TopdAAnia emrvyydvetol Spapatikny HEIWGN TOL KOGTOVG
EKTAIdELONC, KATAPYOLVTAL TO TOAVEEODN EPYOGTNPLN, KOTAPYOVVTIOL TO
mepdpota o {Ho KoL EAUTTOVETAL 0 YPOVOG EKTAIOEVOTG 0OV 1) EKTTAL-
dgvom €ival o OTOTELECLATIKTY].

o JouPoii atnv avtyetwmion pofiwv. OreoPieg stvar Eva amd To o cLYVA
TPOPANLOTO TOV TPOKAAOVY TO AYYOG KOl GUYKOTAAEYOVTOL GTOV TOUEN
TOV YOYLOTPIKAOV avoLaAdV. Zg Epguva Tov 1998 oty Ollavdia, 3.4%
o0V TANBLVoHOD TTaoyel and ayopapofia, 7.8% Tov TANOBLoUOL WACYKEL
amd kowmvikn eoPia kot 10.4% tov TAnBucpov tdoyet amd e101kEg pLop-
0ég poPioc. O TapadoolaKodg TPOTOG UVIILETOTIONG TS Pofiag gival e
oc®wo™ otabepn Kol otadlokn Oepomeio katd TV omoia ot acbevei vio-
BaAlovTol og S1APOPES KUTAGTAGELS AyYOVS OE GTASIKT LOPQN, OO TIG
0 OTAEG LEYPL KO TIC TO SVOKOAEG KOTOoTAGELS. H yprion g elkovikng
TPOAYLOTIKOTNTOG TPOCPEPEL LU0 SLUPOPETIKY HEBOJO KT TNV 0moid O
acOevnc extifeTan 6€ KOTOGTAGELS GyYoVG o€ £Val EIKOVIKO TEPIPAAAOV, TO
omoio ivat ac@AAEG, YAUNAOD KOGTOVG KAl LE dUVATOTNTO ONLLovpyiog
KOTOOTAGE®V TOL €ival SUGKOAO VO GUVOAVTIGOVLE KOTA BOVANGT GTNV
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kanuepwvn Com. Hepdpato €xovv amodeilel Tl 1 ¥pNo” TG EKOVI-
KNG TPOYLOTIKOTNTOG EXEL PEPEL OMOTEAEGLLATA KVPIOE OTIC LVYOQOoPieg,
apayvopoPiec, ayopapofies, Kheltotopofieg kot poPiec mov apopovv
HeTaKivon e 0EPOTAGVO.
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—When something is such a creative medium as the
Web, the limits to it are our imagination.

Tim Berners-Lee

Anpocigvon 6Tov TayYKOGULO 16TO

V.1 Ewoyoym

1o mapov IHopdpnuo mapovctdletor o TpaKTiky Tpoceyyion oty 3A
ymoonoinon kot dnpocicvon 3A mepieyopévov 6to dradiktvo. H dradikacio
oV EPLYpapeTal vAomotel T uéBodo Aopng amod kivnon (SFM-MVS) péocw
™G xpNoTG Tov Aoyiopkov Agisoft Metashape (uéypt o 2018 yvawotd g Pho-
toscan), evod meptiapPavel fripo ereepyaciog Tov mopayouevov 3A ynelakon
avTIypaeov pe to gredbepo Aoylopuikd MeshLab kat oloxkinpovel pe tn om-
pocigvon tov 3A avtrypdeov otov [aykocpo [o16 pe amhd TPoypOUUATIGHO
Baciopévo WebGL. YrevOopiletor 611 n mpofoirn 3A mepieyopévov otov lotod
dgv €)EL TIC VYNAEC AMOITOELS OE YEMUETPIKT OVAADOT Kot akpifela Tov Exel
éva Tomiko £pyo 3A ymoeromoinong, oA otoyedel oe poTopeoMoTIKT 3A anet-
KOVION TOV OVTIKEWEVOL EVOLOPEPOVTOG GTO EVPV KOO, ZVVENTMOS TOALOL 0md
TOVG TEPLOPIGLOVG KOl TOAAES OTTd TG TTPOSLOYPAUPEG PELYOLV ATTO TO TPOCKNVIO
Kol 1) 0moTONOoT prmopel va yivel pe amAd e£omAMG o, Y0pig VITOAOYIGHOVG OTo-
OTOOTG, X®PIG EMAOYT cLVONK®V, YOpic LeydAn akpifelo avaKaTACKEVTG OALY
IKOVOTIOMTIKT] ATOTOTOOT TNG EMPAVEIAKNG VPTG TOV TEMKE Ba amoddGeL TO
eMBLUNTO amoTéAeoa TG OANO0QAVELNC.

V.2 IMoepoymyn 100 TPOTOYEVOVS VAIKOD
Onwg &xel avapepbel oty Teptypan g nebodov Aoung and kivnon, TpmTo

e oty gpappoyn g pebddov gival 1 GLAALOYN TOV TPOTOYEVDV SEOOUE-
VOV, TO 01010 deV gival GALO amd éva LEYAAO GUVOAD Omd YNQLOKEG PMTOYPO-
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@1eg TOL KOADTTOVY OAN TNV EMPAVELD TOV AVTIKELLEVOL TOL YNPLOTOLEITOL KO
TO TPOPAALOVY OO SLUPOPETIKEG OTTIKES YOVIEC.

210 avtioTtotyo KepdAaio £xovv avapepBel avalvTiKd ot d1001KAGIEG TOV
TPENEL va. akoAovBohVTaL Kot 01 CUUPACELS TOV TPETEL VO YIVOVTOL Y10, TO C®-
OTO TPOYPOUUOATIGUO KOl DAOTOINGT OA®V TOV EVEPYELDV TOL OVOUEGH TOVG
glvar Kot 1o onuavTikd Prpa e GLAAOYNG TV dedopévav (poToypapion). H
OAN drodikacio Tov Oo TEPLYpapEl Y PNGILOTTOLEL GUYKEKPIUEVO TapAdELY e (Lio
EVAOYALTTTN PAOKA), OALD TPOPOVAS 1| OAN TPOGEYYIoN EXEL YEVIKOTEPT] EPUP-
poyn. Ztnv Ewodva V.1 mapovoidletar evoekTikd £€va vTochVOAO TOV GUVOAOL
TOV POTOYPOPLDOV OV EANEONGAV pe TN ¥pnon piog mirrorless poTOypOQL-
KNG pnyovig tomov Samsung NX1000 pe avédivon emtoypagpiog 20 MPixels,
pe eoaxd Tov TPoceEPeL e0TIoK amdotaon 20-50 mm (amodidel pia 6TIOKN
amdotaon avrtiotoyyn 30-77 mm oe 35 mm mApPove Kopé), dlabétel onTIKG
aeOnTApto peyéoug 369.72 mm? (23.7 mm x 15.6 mm), pe péyebog covo-
ototyeiov 4.33 um. H cvlloynq tov QoToypapidv £YVe GE ECOTEPIKO YDPO
YOPIg emAyyEANATIKO POTIOUO 08 GLUVONKEG POTIGHOD Ypapeiov. [To cuyke-
KPLEVE, Ol PLBUICELS TNG POTOYPUPIKNG UNYOVAG KATA Tr GLAAOYN NTAV Ot
eEng: f/22 ap1Budg Srappdypatog avoiypatog, ypovos £kbeong 2 devtepa, ISO
200, eotiokn| amodctaon S0 mm. H EbAvn pdoko tomobetnOnke o pua younAot
KOGTOLG XEPOKIVITN Pdiomn mepioTpoenc, 1) omoia giye KolveOel pe Agvid yoprti.
2UVOMKAE Yo TO gV AOY® €pyo eEAMNEONGaV 36 ¥pOUYLES POTOYPUPIES, Ol OTTOIEG
AOY® TNG QLTOHOTNG POTOUETPTIONG TOV POTOYPOPIKOD GUGTILOTOG TOPOVG-
0oV L0l GYETIKG OHOLIOHOPPT] POTEVOTITO KOl YPOUATIKT 0300 Kot Koo
TEPUTEP® S10dIkacia EMEEEPYATING TOV POTOYPAPIDV OV EQapUOCTNKE. 10
TN TANPY OTOTOHTOGT TOL AVTIIKEILEVOL OUMG Ba yperdlovTay HeyoAdTEPO TAN-
Boc poToypaPldV 6mov Ba To Tapovsialay KAl amd TV To® TAELPAL.

Eniong, a&iCel va onueimbel ed® OTL pio, oo Tig TAEOV KOTUGTPERTIKES SloL-
dwkaoieg emeEepyaciag eivor avTn TG OTOKOMTNG TUNUATOV TOV OOTOYPUPLOV
KOl TPETEL VO, OTOPEVYETOL O€ KAbE mepintmon kabdg odnyel 6T cuvéyeln To
GUGTNLA AVAKTNONG YEOUETPIOG VO YATEL TO GUYYPOVICUO TOL AOY® LETAPOANG
TOV EKTIUMUEVOV OTLTIKOV KEVIPOL TNG TEPIKOUUEVIS POTOYPAPIaS.

V.3  Anmwovpyia tov 3A ynerekov avtiypa@ov

Metd 1 poToYpAPIoT Kot TNV ETA0YT TOV YPHCIHOV QOTOYPIPLOV Ep-
YETOL M CEPA Yo TN ¥PNON AOYIGHUKOV TTov VAoTolel T péBodo g Aoung
amd Kivnomn. 1o Topdadery Lo Tov TePoVGtAleTal YIVETAL ¥PON TOV AOYIoHIKOD
Agisoft Metashape (uéypt 1o 2018 yvwotd wg Photoscan), o oroio vAomotet pe
amodoTiKd TpOTo TN PéEB0dOo Kot Umopel vo mapdyel tkovomomTika 3A povtéia.
210 Aoyiopikd avtd pmopel vo popprootel o dadtkasio 5 Prudtov 0mmg
eaivetar oty Ewkova V.2. [pdto Pripa petd v Evapén Tov AoyIoHKov givat
N dnuovpyia evog véov voépyov (Chunk 6rmg ovopdlovtat 6To AoyIoUIKd) TO
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Ewova V.1. Yroobvolo pwroypapicddpv yia v mopaywyn 34 poviéioo.

Anovpyia
TAEYHOTOG

Anuovpyia
veiig

oy
& povréhov

PECEY PR LT

Ewova V.3. Anuovpyio véov “vmoépyov”.

omoio Ba meplapfavel chHvoro ewToypaeidv Kot 8o propel vo amokatactodel
ave&apnta og 3A ynowxo avtiypaeo (Ewova V.3).

Emopevo Brpa eivon n emioyn kat gloaymyn oto gv Adym vroépyo (Chunk
1) Tov GLVOAOL TV POTOYPAPLOV OV Ba YpnoionomBovVv yio TV Tapay®mYN
Tov 3A ynoewkov avtrypdeov (Euwdva V.4). Apod ot gicoveg eicoybolv, mo-
povctafovtal MG WKPOYpaPies e OVTIoTOLYO YDPo Kot Umopel va apyicel n
dwadikocia pe v evbuypdppucn Tv eotoypaeidv (align photos).
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Ewoéva V4. Eioaywyi 1ov 6vvolov tmv pmtoypopicdv oto ~vroépyo .

H Sdwkacio tng gubuyplppuons eotoypoeldy oVGLOGTIKG VAOTOLEL TN
néBodo g Aopng amod kivnon énwg apykd elye mpotabel, Kol avouévetal vo
npoxvyel éva apatd 3A vépog onueiov mov Bo ameikovilel yovopikd to 3A
ymowokd avtiypago mov Ba mapaybel tedwcd (Ewdva V.5). X edon avty,
avAAOYQ KOl [E TIG CLUVONKES POTOYPAPIONG KOl TO GMOTOYPAPIKO GUGTNLOL,
yivetat, YeEViKd, YpNoT TAPAUETPOV e ATYES AMALTNOELS, TY:

7

Accuracy: highest, Pair preselection: Generic, Point limit: 5000

\

11 ovvéyewn, okolovBel n dwadikacio dnpovpyiag TLKVOL VEPOLG onueimV
(Build dense cloud) mov ovcilactikd vAomotlel mopariiayn e pebosov MVS
YPNCLOTOUDVTOG TO 0patd VEPOGS orueiv mov £xel on mapaydei (Eucdva V.6).
Ady® ™G EQUPLOYNG TTOL GTOYEVEL GE amAf dnpocicvor otov [oTo, oL Tapdple-
TPOL UTOPOVV VL OPIGTOVV LE LI GYETIKO «YAALPOTI|TON:

[ Quality: Medium, Advanced: defaults

Endpevo (tpito) o amotelel ) dnpovpyia TG TOAVY®OVIKAG TAEYUATOCELPAG
(Build mesh) (Ewova V.7), pia dtadtkocio Tov ovclaceTikd EVOVEL TO, GNuEia
TOV TVKVOV VEQOLG 3A onpeiov o€ pia Katd To duvatov eviaia 3A emipdvela,
OAOKANPOVOVTAG TOV KOKAO DTOAOYICU®OV OV GYETILOVTOL [IE TN YEOUETPIKN
0mAS00T TOL OVTIKEYWEVOD OV £XEL OVUYVOPIOTEL OO TIC POTOYPAPIES TOL
ypnoomomOnkay. Ki €5 o1 TapaUETPOL UTOPOVV VO ETAEYOVV LE GYETIKN
€VUKOMOaL, KOl EVOEIKTIKA aAVAPEPOVTAL:

7

Surface type: Arbitrary, Source data: Dense cloud, Polygon count: High

\

A&ilel €00 va. onuelbel OTL av KoL 1 OTEKOVIOT QOIVETOL VO, EYEL L0 KO-
VOTOMTIKNY YPOUOTIKY 0dS00T TNG EMPAVELNSG TOV OVTIKELLEVOL, 1] ATOS00T
avt Pacileton poévo ota onueior Tov TVKVOD VEPOLS Kat givar nuiteAng. [
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Ewova V.6. Brjua 2: dnuovpyio. mokvod vépoug (Build dense cloud).

70 AOY0 aVTd PapUOleTan To TETAPTO Kol TEAEVTAIO0 Pripa Tng dadikaciog Tov
vAomotei T dnuovpyia TS TPAYLATIKN VNG TOV 3A yneakoy aviypdeov. H
dwodkaocio ekteleitan péow g emhoyng Build texture pe svkolo emheypéveg
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Ewéva V.8. Brjua 4: onruovpyio vpng (Build texture).

TAPOUETPOVG

r

Mapping mode: Generic, Blending mode: Mosaic, Texture size: 4096

\

Kol £XEL G ATOTEALEC L TNV TEAKT] QOTOPEAAIGTIKT ATO00T TOL 3A YnelaKoH
avtrypaeov (Ewova V.8).

Telcd Pripa yuo tnv 0ofnKeELOT TOL YNPLUKOD ovVTLYpaeoL givorl 1 e&a-
Y®YN TOV OO TO AOYIGUIKO VIO Lo LOPPT apyeiov Tov givor embounty gite
Yo Tepartépm enebepyacia gite ylo Snuocicvon otov loto. T dodikacio Tov
neptypdpetal oto mapdv [apdptnuo tpoteivetain eEoywyn oe popedtomo PLY
gite OBJ (Ewodva V.9) mov odnyei cuvnbmg oty amobfkevon 600 apyeimv,
€VOG IOV TTEPLYPAPEL TN YEMUETPIO TOL AVTLYPAPOL Kot VOGS TOL TEPLYPAPEL TN
ypopatiky ven (cvviBwg Joint Photographic Experts Group (JPEG) 1 Portable
Network Graphics (PNG)).
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Ewéva V.9. Eéaywyn tov tedikod 34 yneloxod avirypdpov.

V.4 Enefepyoocio Tov 3A ynerokov avtiypdeov

[MoAXég popég elvar avaykaio 1 eneEepyacio Tov mapayouevov 3A avti-
YPAPOVL, EITE Y10 TEPKOTN «AYPNOTNGY TANPOPOPIAG, EITE Y10 TEPLOPIGUO TOV
€0POVG TNG OVAKATOGKEVOGILEVT] OKTVIG, EITE Yia TNV TOTOOETNGN TOV KEVTPOL
Badovc To avTypapov 6TO KEVTPOL GLGTIHOTOG GLVTETAYUEVOVY TTPOPOANG, EiTE
OKOUN KOl GTNV KAILAK®OON TOV avTlypdeov, Kabdg, 0nmg £xel avapepbel, n
avakatackev] SFM-MVS odnyel 6g avdktnon g doung oe Tuyaio cHoTua
ocvvtetaypévov. EmeEepyacia tov aviypdeov pmopel va yivel gite pésa 6to
010 Aoyiopkd tov Agisoft Metashape (péypt to 2018 yvwotd wg Photoscan)
oMoV TapEYEL PUCIKE EpYaAEin TEPIKOTNG, £iTE GE AAAA AOYIGLUKA emeEepyaciog
3A gwodvav. ['a Tovg okomovg Tov mapovtog Hapaptipatog Tapovcialeton n
EMAOYN xpNoNS Tov ehevBepov Aoyioptkov MeshLab.

[pdtn evépyeta eivar 1 elcaymyn Tov avirypdeov oto MeshLab péow g
emioyng Import mesh (Ewova V.10). Mia and Tig Pacikég evépyeieg eneepya-
olag etvar 1 TomoBETNON TOV KEVIPOL TOV GLGTIHHOTOG GUVTETAYUEVOVY TNG 3A
OKNVAG TEPITOV GTO KEVTPO PAPOVE, MOTE VAL €lval 10 EVKOAN Kol KOTOVONTN
N mhonynon oto avtiypoeo otav dnpoctevdel otov Iotd (Ewdva V.11). Avtd
yivetol amd v emthoyn

a '
Normals, Curvature and Orientation >
Transform: Move, Translate, Center

. J

OTOV EMIAEYETOL O UNOEVIOUOG TV 0EOVMV KAl 1] EVEPYOTOINOT TOV EMAOYDV

translate center of bbox to the origin, Freeze Matrix

Telkod kot ToAd onuoavtikd Prpa Tptv v amobnKevon yo dNpocicvon otov
Ioté amotedel n amhomoinon tng yewpetpiog Tov 3A avtrypdeov, kabmg ava-
pévetat £m¢ avTo T oNElo Vo avTioToryel o TOAD peydro apyeio dedopévav.
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Ewoéva V.10. Eiooywyi 34 yneiaxod avirypdapov aro MeshLab.

Ewova V.11. Exovoatornodétnon tov KEVIpo T0b GOGTHIOTOS GOVIETAYUEVDV.

INo v amAomoinon tov 3A poviélmv to MeshLab dwabétel v emdoyn

7

Remeshing, Simplification and Reconstruction >
Quartic Edge Collapse Decimation (with texture)

\

Omov kaveic Tpénel va TEpapatioTel pe to mANndog tov Target number of faces,
MOTE VO EMTVYEL TV KAADTEPT] GYECT LIKPOL CLPYELOVL KOl IKOVOTTONTIKNG YE®-
petpiag yo potopeaiotikny ansikovion (Ewova V.12). Téhog akorovbel amo-
Onkevon tov 3A avtypdeov yuo tov Iotd (Ewova V.13) péom g emhoyng
Export Mesh As kot emthoyn Tov tomov apyeiov X3D kot tvmikég pubuicelg
On®G:
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Ewova V.12. Aziomoinon tov 34 yneiaxod oviiypdpov.

cucew

Ewéva V.13. Anobnxevon tov 34 yneiaxod aviypapov yio dnpocicven orov Ioto.

Vert: Color, Face:Normal, Wedge: TexCoord

Kot EMA0YT TOL apyeiov ¢ veng (cuvnbwg éva JPG 1 PNG apysio).
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V.5  Anuovpyia 1oto6eridas 3A yneLoKoD avTLypagov

E@pdoov to telko 3A ymolakd aviypapo £xel amodnkevtel o€ LOpPOTLTO
X3D eivan duvat n Gueon onmpocievon tov otov [Haykoéopo lotd yopig we-
potépm eneEepyosion TNV avaykn Yo €yKATAGTAON GALDY AOYIGHUKDY. AvTd
7OV amotteiTon givar va dnpovpyndel po oToyeudong 1otocerida mov Oo me-
priapPaver To 3A avtiypago. O anlovotepog TPOTOG gival va Yivel ypnor Tov
HyperText Markup Language (HTML) k®@dwka mov akolovBel, o omoiog pmopel
VoL TPOGOPROGTEL EDKOAN OTIG AVAYKEG TNG EKAGTOTE EPAPLOYNG:

Kddwkog V.1: Baowkog kddikog 16toceridog mapovsioons 3A poviélov.

I <html>
2 <head>
3 <meta http—equiv="Content—Type’ content="text/html;charset=utf —8></
meta>
<!— connect to the x3dom resource >

>

5 <link rel=’stylesheet’ type="text/css
/release/x3dom. css >></link>

href="http ://www.x3dom. org/x3dom

6 <script type=’text/javascript’ src="http ://www.x3dom.org/x3dom/release/

x3dom. js *></script>

7 </head>

8 <body bgcolor=black text=white leftmargin=0 topmargin=0 marginwidth=0
marginheight=0>

9 <!— load and display the 3D model —>

10 <x3d id=’3d_model’ showStat="false > showLog=’false’ x='0px’ y='0px’
style="width:100%; height:100%;’>

11 <scene>

12 <Background skyColor="0 0 0’></Background>

13 <inline url=’column.x3d’ ></inline>

14 <scene>

15 </x3d>

16 </body>

17 </html>
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XYZ XYZ File Format. 34
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3A ektOmT@ON €lval 1 SNUOVPYIN PLOIKMV OVTIKEIEVOV HECGHD UNYXOVOTPOVL-
KOV GLOTNHOTOC TOV petayelpileton KatdAAnAo VAKE Kot eEAEYxETOL 0o
vroioytot. 30, 31, 191, 248, 260, 261

apepardotnra (1 cpdipo péTpnong) eivain meployn yopw amd petpndeioa T,
péca oty omoio fpioketal 1 TpAyUATIKN TIUN TG peTpnbeiong mocoTn-
tag. 85, 115, 116

akpipero (og amddoom ToV OPOVL accuracy) eival 1 yyvTNTA LETAED TOV OTO-
TEAECUOTOG OG OOKIUNG KOl TNG OMOOEKTNG TWNG avapopds. o v
MEPIMTMOT] EVOG LETPTTIKOV 0PYEVOL £Vl £VO KATOGKEVAGTIKO YOLPOKTT)-
PLOTIKO EVM Y10, TEPIMTMOT oG LETPTONG OpILETOL LEGM TOV TPOGALOPL-
ooV tng opBdTTOG (trueness) Kot TG motdTTog (precision).
*O oplopog mept PeTpoe®V TPoépyeTal amd v andeact 2002/657/EK
¢ Emutpomnng, tng 12ng Avyovotov 2002 (https://goo.gl/UYNvkn).
3,10, 28, 29, 32, 34, 35, 39, 42, 43, 45, 46, 49-53, 55, 57, 59, 62, 66, 67,
70, 77-80, 84, 88, 89,97, 98, 100, 101, 111, 112, 115, 119, 123, 124, 130,
133,141,147, 151, 158-161, 174, 183, 191, 195, 208, 209, 214, 247, 261,
265

avaxiaon &ival To QUGIKO EAVOUEVO TNG aALayNG dlevBuveng d1ddoonc evog
KOMOTOG HEGO 6TO 1010 HéEGO AOY® TNG VTOPENG SLOOPIOTIKNAG EMLPA-
vewag. 4, 9, 34-38, 44, 46, 55, 57, 60, 61, 95, 176

avaivon 1M dtokpitikn kovotnta (resolution oty AyyAkn) evog opyavov pé-
TPNONG €ivat 1 EAGIOTN LEeTaBOAT LETPOVUEVOD HEYEDOVG OV PTopEl Va
avayvoplcbel amd 1o GVGTNHO HETPTIONG. ZE IO, EIKOVA dVO0 O10GTACEDY
(potoypapio) elvar avtioToLyn TNG TLKVOTNTOC TOV EIKOVOCSTOLYEIWV TOV
amoptilovy TNV €1KOVA, VD GE €VO, LOVTEAO TPLOV dOGTACE®V Eival o1
TUKVOTNTO TOV GNUEI®V GTO YMPO TOL ATOTEAOVY TO VEPOG GNUEI®V TOV
povtérov. 2, 3, 10, 16, 21, 22, 28, 32, 34, 42, 45, 46, 50, 57, 59, 79, 80,
83, 84, 89, 93, 97, 98, 101, 111, 112, 114, 116, 119, 120, 123, 133, 137,
149, 156, 158,162-164, 173,175,177, 180183, 214,237-241, 244,245,
248, 249, 261, 265
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BaBpovopnen sivor n dwdwacio pe v onoio S10POHMVETAL TO CLGTNLATIKO
GOAAL LETPTONG EVOG LETPTTIKOD OPYAVOL. ZVOTNUOTIKO COAALLN Eivat
Hio LOVIUN amOKAON OTIG LETPNOELS TTOL TTapdyeL Eva Opyavo, 1 omoia
umopet vo, SlopOmBetl pe ™ pétpnon detypatog avoapopds. 41, 44, 56, 57,
65, 66, 82, 85, 114, 115, 117, 122, 123, 156, 163, 174, 177, 186

BaBog mediov eivar 1o £0POG ATOCTACEDV ATTO £V POTOYPAPIKO GOGTNULA, LLEGO
670 omoio gival o€ gotioom O To avTiKEipeva TG okNnvig. 55, 84, 97,
98, 176, 184, 188, 189

BaBog ypdpatog civor to TAN00g TV dvadikmv ynoeimv (bits) Tov ypnoipo-
TOL0VVTOL OVEL EKOVOGTOLYEIO Y10l TIV OMEIKOVIOT] TOV YPOUATOV GE L0
006V 1] Yo TNV TTEPLYPOPN TOV YPOUATOV UI0G EIKOVOG Kol eKQpaleTon
o€ povadeg bits per pixel (bpp). 2, 46, 157, 240

ypappukn wapepPoin eivar pia ypoppkn pébodog mpdPreync Tdv evog Ue-
v€000¢ TOV PETARAAAETOL WG TPOG L0 GLYKEKPLUEVT peTafAnTy| (). XpO-
vOG) amd NON YVOOTES TIWES TOV €V AOY® UEYeBovg, vTobéTovTag 0Tt TO
péyebog avtd petafAiieTonl Le YPOUUIKO TPOTO GE OXEON LE TN CLYKE-
KPUEVN HeTafAnTh oty omoio peretdton ) petafoin tov. 59, 139, 141

YPOPIKG €lvat, YEVIKA, O1 EIKOVES KoL TO. BIVTEO TOV OMLLOVPYOVVTAL LLE TN ¥ P1ION
NAEKTPOVIKGV vohoyiotdv. 1-3, 7, 22, 238, 271

01a0Ahaon elval To PLGIKO EALVOLEVO TNG EKTPOTNG TNG EVOVYPUUUNG TPOYLEG
0140001M¢ £vOG NAEKTPOLOYVITIKOV KOUATOG (6Twg T0 omg) dtav diépye-
Tl oo €va damepatd PEco o€ éva dAro. 4, 9, 35, 36, 115

OLuKPITo O10KP1TO eivan kBe péyeboc Tov omoiov Tég Aappdvovtal pe mpo-
kaBopiopévo pudud derypotonyiog. 4, 16-18, 59

EIKOVIKN TPAYROTIKOTNTO Elval 1) EXKPOTESTEPT] AmOS0GT TOL Opov Virtual
reality am6 v AyyAlKn Kol VTOVOET Lo YN @OLOKN TPOYLOTIKOTTO VIO TN
HOPON CAANAETIOPOACTIKNG EPOUPLOYNG GE VTOAOYLOTI) TOV TPOCOLOIMVEL
GUVONKEG TOV TPAYLLOTIKOD KOGHOV KOl GTOXEVEL GTN dnovpyio epmet-
POV TOPOLOIOV LE OVTEC TOV TPAYHATIKOD kOouov. 31, 160, 237, 262,
266, 268-272

EIKOVIKO €lval M emKpatéoTEPT] 0mddooN Tov Opov virtual and v Ayyln
(av kot Bempeitar KaAdTEPT 1 ATOI00T] MG KOLVNTIKOY») TOL VITOONADVEL
oTIdNmote gival YyneLokd dSNULOVPYNLLO GE DVITOAOYLIGTH KOl TPOGOLOLDVEL
KATL amd TOV TPAYLOTIKO KOGHO (Y. €KoVIKO HOVoElo, EKOVIKOC KO-
opog). 30, 31, 93, 147, 159, 260, 262-264, 266, 268, 269, 272

EIKOVIKO povogio sivor 101K Katnyopio ynelokov IKoVIKOD KOGLOV, O 000G
TPOCOOLMVEL TNV EUTELPIA TNG EMICKEYNG OE £va, EKOEGLOKO 1) LOVGELOKO
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ydpo Omov extiBeTon gite ynelokd exkBEpaTO gite YNELaKA avtiypoeo
TPUYUOTIKOV eKOepdToOV. 263-266

£IKOVOoTOLYEl0 (¢ amddoom tov dpov pixel tng AyyAikng) gival To povadiaio
oToEl0 oG YNELOYPaPIKNG e1KOVAG Tov Kabopilel To SlakplTod YpdLo
NG EIKOVOG O GUYKEKPIUEVT daKPLTN BECT TAV® GTO EMIMEDO TNG EIKO-
vag. 4, 10, 16, 17, 66, 67, 77-82, 85, 86, 93, 94, 96, 97, 142, 173, 175,
181, 182, 185, 186, 239, 244, 246, 248-250, 257

gmavéNuévn TPAYROTIKOTNTO (©¢ amddoot Tov 6pov augmented reality amd
TV AyyAIKn) €ivor 1) TEXVIKG EVIGYVUEVT EUTELPIO TNG TPAYLUTIKOTNTOG,
cuvnlmg pe TV VIEPOEST] YNPLOKNG TANPOPOPING GE OTTIKONKOVGTIKT
TANPOPOPI TOV TPAYLATIKOD KOGHOV. 31

06puvPog civar n kGBe popPNC apvNTIKN EMPPON G e dadkacio HETPNONG
oV Umopel vo TPoépyeTal and TANBDpa TNYDV, OTWOS 1 NAEKTPOVIKN
nmopepPoAn, kpadaopol, kok. 34, 59—62, 117, 134, 137, 203

Aélep (ex tov Opov Laser g AyyAikng) eival 1 EKATOUN GCLUPAGIKOD LOVO-
YPOUOTIKOD POTOG, EVICYVUEVOL HECH EENVOYUOUEVNG EKTOUTNG OKTL-
voPoliag. 28, 33, 35-40, 44, 45, 48, 50-62, 71, 76, 77, 90, 97, 100, 122,
247,262, 289

paykés @avog (o¢ amddoon Tov TpwtdTLoL magic lantern 1 Tov AoTvikoy
laterna magica) givo évag Tp®IUOC TOTOGC TPOPOAEN EIKOVOAC TOV YPTCL-
pomotel e1KOveg LOYPUPIGUEVES, TOUTOUEVES 1) TOPAYOUEVES POTOYPUPUKH
o€ dapaveig TAdKkec (cLVNOMOC KATACKEVAGUEVEG A0 YOOAL), Evav 1) Te-
PLEGATEPOVG POKOVG KAt Lt TNy PwTds. 63

vépog onueimv givar évo ohvolo ehevbepov onueiov oe avbaipeto cHoTNUL
GUVIETAYHEVAOV EIKOVIKOD 3A YMPOL TOV TTEPLYPAPOVTAL OO TIC GUVTE-
TAYHEVEG TOVG OTIG TPELG OIUGTAGELS KO, TPOOLPETIKA, OO TAPOUUETPOVG
ypopatoc. 11, 13, 34, 47, 63, 75, 83, 93, 147-149, 151, 213, 217

OTTTIKO TTEdio €ival 0 YMPOG UTPOCTH A0 £VO, OTTTIKO GUGTNUO TOV EIvVOL TAN-
pmG 0patoc omd to cvotnua. 22, 39,47, 55, 68, 116, 122, 123, 130, 147,
239

nepiBhaon eival To0 PLGIKO EALVOLEVO TNG ddyLONG EVOS KOLOTOC TPOG OAEG
T1G KoTELOVVOELS OTOV GLVAVTE KATO10 EPTASI0 N pio 07N e SUCTAGELS
TOPOTANCLEG TOL UNKOLG KOLOTOG ToV. 4, 57, 58, 176

moeToTNTO (¢ amdI0GN TOV OPOVL precision) eitvar 1 €yyHTNTO LETOED TOV OTTO-
TEAEGUATOV oveEpTNTOV doKILOV VIO pNTa Kabopiopéves (Tpokabo-
popéveg) ovvoniec. To pétpo g motdTag ekEpdleton cuvnBwg pe
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0POLG N TGTOTNTAG KOl VITOAOYILETOL O TLTIKT ATOKALIGT] TOVL OTOTEAE-
GLOTOG TNG OOKIUNG.

*O oplopdc mpoépyetar omd v amoeaor 2002/657/EK tng Ertponng,
g 12ng Avyovotov 2002 (https://goo.gl/UYNvkn). 3, 28, 29, 32,
64, 72, 74, 80, 84, 139

TOAVYOVIKY] TAEYRATOGEPA (G 0mddoom Tov Opov polygonal mesh g Ay-
YAIKNC) elvon pia YEVIKELUEVT OO amtd GLVIEDEUEV TOADYWOV GE 3A
¥®po mov opiler pa empdveln otov 3A yopo. 11, 15, 18, 93, 136139,
141, 142, 149, 152, 156

ToAYOVIKO TAEYRO (g amodoon tov 6pov polygonal mesh tng AyyAiknc)
glval puo yevikevpuévn dopn| omd cvvdedepéva ToAdywvo g 3A ydpo Tov
opiler o empdveln otov 3A yopo. 15, 137

OO (TOL POTOC) €lval TO PLOIKO POVOUEVO KOTH TO OTOI0 TO EMIMESO
TOAGVTOOTNG TOL NAEKTPIKOV TTediov TOV PMTOC eivar To 1810 Yo OAa TaL
ootovia. To eog mov mapovotdlel avt Vv WTepdTNTO. OVoudleTon
TOA®UEVO, EVD, OVTIOETA, OTN YEVIKY| TEPITTWGT TO PMG ATOTEAEITOL OO
TOAAEC AKTIVEG SLOPOPETIKOD EMTESOV TOAAVTOONC Kol BempeiTar pun mo-
hopévo. 93, 176, 189, 243, 244, 255, 256

oapoon civorn LETPMON VOGS OVTIKELLEVOD 1| PG oKNVIG omueio Tpog onpeio
o¢ o Tpokabopiopévn mopeia. 28, 35, 39, 42, 51, 53-57, 60-62, 114—
116,121, 123,130,131, 133, 135, 136, 146, 156, 157, 159, 161, 163-165,
193, 196, 197

okédaon (Tov e®TOC) Eival 0 SLGKOPTIGLOG TOV POTEWVOV OKTIVOV OTAV TTPO-
OTEGOVV GE LUKPOOKOTIKG GOUATIOW Kot gtvat Tpoidv moAMATANG ova-
Khaong. TIpokertar yio amoppOPNoN TOV EMTOG KOl EXAVEKTOUTT] TOV
amd TO PMKPOOKOTIKG COUATION TAVEO GTO 0Toi0 TPOSTINMTEL YWPig ™
HeTAPOAN TOV GLYVOTHT®V TOL EMTOG. 60, 93

otepeolevyog cival £va (070G POTOYPAPLOV TOL AUUPAVOVTOL e GLYKEKPL-
péVT ToToAOYi LLE OKOTO TNV GTEPEOCKOTIKY OPUGCT), KAT avaAoyio pe
) Broroywn dromtikn 6paocn. 85, 86, 255

TPLYOVIKY] TAEYNOTOGEPA (¢ amddooT Tov Opov triangular mesh tng AyyAt-
KNG) eival po 6TotXEW®ONG dopn Ao GLVOESEUEVA Tpiy@ve o€ 3A ydhpo
mov opilel pa emeavela otov 3A ydpo. 14, 15, 18, 139, 140, 152, 158,
161, 165

TPYOVIKG TASYNo, (oG amddoon Tov 6pov triangular mesh tng AyyAikng) etvon
Hio 6ToKEW®ONG doun arnd cuvdedepéva Tpiymva oe 3A xdpo mov opilel
wo empavela otov 3A yopo. 14, 17
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TPYYOVIGPOS eivar o yeopeTpikn péBodog e Tnv omoia etvat SuvaTdg 0 TPOG-
S10pIGUOC TNG OMOOTACTG EVOG AVTIKELEVOL amd 600 onueia, To omoia
elvar o€ YvooTég OYETIKES PHETAED TOVS BETELC, e TNV EKUETAAAEVOT) TG
YEDUETPIAG TOV TPLYOVOV TOL OmMpuovpyeital petad TV yvoOoTOV o1-
peimv kot Tov avtikepévov. 51, 52, 79, 199, 201, 207, 213

TPLYOVOTOINGT OTO TANIGLO TV 3A YpoQIK®V £ival 1) LETATPOTT EVOG VEPOLG
onueiov og Tpryovikd TAéyua. 14

TUMIKY] oOKon elvor éva PETPO TOV YPTGLLOTOLEITAL Y10l TV TOGOTIKOMTOi-
NoN ™G S1eTOPAG EVOG GUVOAOD TILMVY dESOUEV®VY. XAUMAN TUTIKT ATO-
KAMo™ VTodekvOEL OTL 01 TYEG TEIVOLV VO Elval KOVTH 6TO HEGO OPO TOV
GLVOLOL, EVO L0 DYNAT TUTTIKN DTOOEIKVOEL OTL OL TIUEC KOTAVELOVTOL
o€ éva eupitepo gVpog Tmv. 54, 83, 163—-165

V1] (©g anddoon Tov Opov texture Tng AyyAKNG) VOEITAL G TO PO TNG
empdvelog evog avtikeévov. 3-5, 8, 10, 14, 15, 22, 40, 41, 43, 44, 56,
69-75, 84, 87, 95, 96, 112, 113, 120, 123, 124, 131, 132, 137, 141, 142,
145, 148-150, 156, 157, 174, 186, 213, 261

@ihTpo civar pia TOAD yevikn Evvold LE SL0(pOPOTOMGELS AVALOYQ LE TO TEDIO
EQUPLOYNG, OAAG, o KAOE TEPIMTMOT, AVAPEPETOL GE £VOL GVOTNHO
e&apmmua 1 EBOSO OV €YEL OKOTO TNV OTOKOTN TUNHOTOS LG POTG.
149-151, 176, 189, 243, 247, 253, 255-258

ooToylonTiky eivor 1 TPpoPoAn aviikelévov o€ 3 SOOTAGELS e GLYYPOVL-
GUEVEG TPOPOLEC POTOYPAPLOV TTOV EYOVYV ANEOETL amd S18.QOopPES OMTUKEG
YOVIEG YOp® amd TO AVTIKEILEVO TTOL ETVONONKE Kol KOTOYLPMONKE pE
dimhoua svpestteyviog amd tov ['aAlo kailtéyvn Frangois Willéme to
1860. 63, 64

ooToypappeTpia gival 1 vVIoAOYIoTIKN HEBOSOG pe TV omola givol duvaTog o
TPOGOOPIGUOC O10CTACEMY OVTIKEWEVOV LE XPTOT KAAGIKOV d1d1d0Ta-
TV potoypapiov. 28, 33, 40, 50, 76, 89, 115, 133, 149, 159, 171, 175,
183, 204, 215, 266

xaptG Padovg eivar po yneoypoaeikn €kova dV0 S106TAGEWDY, 1) OTOl0 (G
TIéG elkovooTotyeinv £xel YKpilovg TOVOUE TOV OVTIGTOLYOVY GTNV Ao-
GTOOT) TOV EIKOVIZOUEVOL AVTIKEILEVOL Ao To Beatr|. 86, 97-99

XOpTNS VOGS (®G AmOd00T TOV OpOV texture map TG AyyAIKNC) €lvar Lo E10TKA
KOTOOKEVAGLEVT YN PLOYPOUPIKT EIKOVO S0 SL0GTAGEMY OV TEPLEYXEL TNV
N (emeaveloko ypopa) evog 3A avtikeyévov. 142, 214

YnNowké ynotoko gival kébe dokprtd péyebog, tov omoiov ot Tipég ivor kPo-
vtiopéveg Paoet tpoxabopiopévon kavova kfavticpov. 2, 30-33, 48, 60,
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61,64, 65,68,71-73,97,99, 111, 112, 114-117, 119-122, 128, 130, 131,
133,135, 137-139, 145, 146, 148-152, 156,158,159, 161, 164, 171, 178,
186-188, 193, 195, 196,206,207, 213,214, 237-239, 254,258-261, 264

YNQLOYPAQIKI] EIKOVE gival KAOe Yyneloky KOV TOV amoTEAEITOL ATO E1KO-
vootouyeia. 2, 8,9, 14, 15,17, 21, 22, 150

Ynoewmoinen sivol 1 HETATPOT €VOG PLGIKOV UEYEBOVG GE YNOLOKO HECH
e€eldikevpévoy petpnoenv. 1, 3,7, 14, 27-29, 31-46, 48, 51-60, 62, 64,
72,75,78-80, 88, 89, 94,96, 100, 111-124, 127136, 138, 141, 142, 145,
146,151,155-162,171,173,174,178, 180182, 186, 187, 189, 190, 192,
225, 230, 238, 263-265
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Aopn amd xivnon, 28, 34, 39, 40, 45,
49,88-91,111-113,118-120,
124,131, 162-165, 171-173,
184, 199, 202, 207, 211, 213,
214, 230, 233, 279-282

Métpnon xpovov TTHoNG OKTIVEOV AEL-
Cep, 40, 50, 118, 165

Métpnon xpovov TTTNG AKTIiVEDV AEL-
Cep, 164, 165

Mukpooxomia, 40, 42, 44

Oloypaeia, 40,47, 48, 258

ZyMua and dopnuévo eticpd, 39, 40,
45,59,76-78, 80, 82-84, 111,
118-120, 124, 157, 159-161

Eymuo and petafordopevn eotiaon, 40,
97, 98

Yynuo omd clovéta, 28, 39, 40, 63—
65,71,73-76,111-113, 118—
120, 124, 131

Yymua omd okid, 40, 95, 99

ZyMua omd 6tepE0mTOYPAPIoT, 40, 85,
88, 89, 95, 111-113

Zynpo amd ven, 40, 95

Zymua ond eotouetpia, 40, 96

Zynpo and potookioon, 40, 94-96

Topoypaegia, 40, 48, 49

Tomoypaoeia, 40, 181

Tpryovioude axtivev Aéilep, 33, 35,
36, 38, 40, 44, 51-56, 59, 62,
71,76, 90,97, 100, 111-114,
118-120, 122,124,159, 161—
163

Ddortoypapperpia, 28, 33, 40, 50, 76,
89, 115, 133, 149, 159, 171,
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Evpempio

175, 183, 204, 215, 266






