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Per�lhyhSe aut  thn ergas�a parousi�zetai m�a mèjodo
 gia thn eikonik  anapar�stash glupt¸n antikeimènwn  an�glufwn epifanei¸n. H mèjodo
 qrhsimopoie� oikonomik� prositì exoplismì pou apotele�tai apì dÔoyhfiakè
 fwtografikè
 mhqanè
, èna binteoprobolèa ki èna forhtì hlektronikì upologist . O binteo-probolèa
 qrhsimopoie�tai gia ton kwdikopoihmèno fwtismì twn antikeimènwn, elegqìmeno apì to forhtìhlektronikì upologist . Oi dÔo fwtografikè
 mhqanè
 katagr�foun èna stereoskopikì zeÔgo
 eikìnwn.H kwdikopo�hsh tou fwtismoÔ dieukolÔnei thn antisto�qish tou stereoskopikoÔ zeÔgou
. O upologismì
tou ped�ou twn metatop�sewn g�netai me mia ierarqik  mèjodo antisto�qish
 mplok, pou oloklhr¸netai meth leptomer  mètrhsh twn metatop�sewn shmeiak� se ìlh thn perioq  endiafèronto
. Apì to ped�o twnmetatop�sewn kataskeu�zetai mia anapar�stash th
 trisdi�stath
 epif�neia
 tou antikeimènou. Se sun-duasmì me ti
 eikìne
 tou antikeimènou mpore� na g�nei eikonik  anapar�stash sth sunèqeia. Epiplèon, giathn per�ptwsh pou èna antike�meno èqei lhfje� se perissìtere
 ìyei
, autè
 antistoiq�zontai metaxÔ tou
gia thn anakataskeu  enì
 enia�ou an�glufou. H mèjodo
 pou anaptÔqjhke efarmìsjhke me epituq�a sean�glufa tou IstorikoÔ Mouse�ou Kr th
 pou proèrqontai apì to Naì tou Ag�ou T�tou sth Gìrtuna.11H ergas�a aut  ulopoi jhke q�rh sth sugqrhmatodìthsh kat� 75% th
 Dhmìsia
 Dap�nh
 apì thn Eurwpaðk  'Enwsh(Eurwpaðkì Koinwnikì Tame�o), 25% th
 Dhmìsia
 Dap�nh
 apì to Ellhnikì Dhmìsio (Upourge�o An�ptuxh
, Genik  Gram-mate�a 'Ereuna
 kai Teqnolog�a
) kai q�rh sthn upost rixh tou IstorikoÔ Mouse�ou Kr th
 sto pla�sio tou Mètrou 8.3 touE.P. Antagwnistikìthta (G' Koinotikì Pla�sio St rixh
, èrgo 03ED417).
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Abstract

We present a method for visual representation of sculpture objects or the relief of surfaces. The equip-

ment used contains two digital cameras, a video projector and a laptop. The video projector illuminates

objects with a coded structured pattern. A stereoscopic couple of images is registered by the two digital

cameras. The registration of the stereoscopic images is aided by the coded illumination. A hierarchical

block matching technique is used for the estimation of an initial disparity field, from which a dense dispar-

ity field is estimated. Based on the disparities field the 3D surface of the object is reconstructed. Using

also views of the object the visual representation is obtained. If more than one stereoscopic couples are

registered for an object, then using corresponding images the 3D models are registered for obtaining the

whole 3D surface. The methods and techniques developed have been applied successfully on reliefs from

the Church Saint Titus at Gortys exposed at the Historical Museum of Crete.
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Kef�laio 1
Eisagwg Up�rqei mia auxanìmenh an�gkh gia trisdi�stath montelopo�hsh arqitektonik¸n stoiqe�wn istorik¸nmnhme�wn, pou mpore� na sumb�lei tìso sthn probol , ìso kai sthn kalÔterh katanìhs  tou
. Oi ar-qaiolìgoi kai oi istoriko� me thn an�ptuxh th
 teqnolog�a
 mporoÔn na diajètoun tìso nèe
 mejìdou
episthmonik 
 èreuna
, ìso kai mèsa probol 
 twn apotelesm�twn th
 èreuna
 me idia�tera epwfeloÔmenoto eurÔtero koinì [1℄. Oi arqaiolìgoi endiafèrontai na qrhsimopoi soun teqnolog�e
 eikonik¸n trisdi�s-tatwn montèlwn kat� ti
 arqaiologikè
 èreune
 gia to sqediasmì apokatast�sewn   anasthl¸sewn, giathn parous�ash twn eurhm�twn   akìma gia thn tekmhr�ws  tou
. Apì thn �llh pleur� me ti
 teqnolog�e
eikonik¸n anaparast�sewn mpore� na parèqetai exatomikeumènh prìsbash sto eurÔ koinì se istorik� mnhme�-a qwr�
 na prokaloÔntai fjorè
 se aut�. H diafÔlaxh kai probol  tou politistikoÔ apojèmato
 mpore�na epwfelhje� apì ti
 teqnolog�e
 th
 Plhroforik 
. Me th qr sh trisdi�statwn sarwt¸n mporoÔn nalhfjoÔn thlemetr sei
 gia thn anapar�stash tou an�glufou. Wstìso gia meg�la mnhme�a, ìpw
 èna
naì
, oi trisdi�statoi sarwtè
 e�nai aneparke�
, polÔ perissìtero an to mnhme�o de s¸zetai exolokl rou.H yhfiak  epexergas�a eikìnwn, h upologistik  ìrash, h grafik  kai ta eikonik� perib�llonta mporoÔnenallaktik�, kai idia�tera peistik�, na apotelèsoun nèe
 teqnolog�e
 gia thn eikonik  anakataskeu  kaianapar�stash twn mnhme�wn. Oi teqnolog�e
 th
 Plhroforik 
 èqoun to pleonèkthma, qwr�
 na prokaloÔnfjorè
 sto pragmatikì perib�llon, na axiopoioÔn to sÔnolo twn diajèsimwn dedomènwn, plhrofori¸n kaign¸sewn.To D�ktuo gia to Eikonikì Politistikì kai Oikologikì Apìjema

Virtual Heritage Network, http://www.virtualheritage.net/e�nai èna
 diejn 
 organismì
 gia thn pro¸jhsh th
 teqnolog�a
 me skopì th di�swsh kai thn probol  touapojèmato
. Anaferìmeja sth sunèqeia epilektik� se drasthriìthte
 pou upodeiknÔoun thn efiktìthtakai ti
 dunatìthta
 th
 teqnolog�a
 twn eikonik¸n anaparast�sewn. Ta akìlouja èrga e�nai sqetik� meanaparast�sei
 ktir�wn, na¸n   oikistik¸n sugkrothm�twn:
• Yhfiak  montelopo�hsh tou èrgou tou Michelangelo Pieta th
 Flwrent�a
 [4℄,
• Anapar�stash th
 ellhnorwmaðk 
 pìlh
 Sagalassos [12℄,1



• Anakataskeu  twn istorik¸n iapwnik¸n qwri¸n Shirakawa-go [11℄,
• Yhfiak  epanènwsh twn glupt¸n tou Parjen¸na [13℄,
• Yhfiak  montelopo�hsh tou KajedrikoÔ NaoÔ Ag�ou Pètrou sto Beauvais [2℄,
• Yhfiak  montelopo�hsh tou Abae�ou th
 Pomposa [5℄.1.1 Teqnolog�e
 trisdi�stath
 s�rwsh
Pollè
 teqnolog�e
 èqoun anaptuqje� gia thn yhfiak  montelopo�hsh kai thn trisdi�stath anakataskeu arqaiologik¸n antikeimènwn   istorik¸n mnhme�wn. Sti
 teqnolog�e
 autè
 perilamb�nontai tìso upologi-stik� sust mata, ìso kai metrhtikè
 diat�xei
. Ta sust mata aut� epitrèpoun kat� per�ptwsh thn kata-graf  twn gewmetrik¸n kai fwtometrik¸n qarakthristik¸n twn antikeimènwn. To an�glufo th
 epif�neia
tou antikeimènou kai h emf�nis  tou se orismène
 sunj ke
 fwtismoÔ apaitoÔntai gia thn eikonik  touanapar�stash.Basikì rìlo sthn an�ptuxh twn trisdi�statwn sarwt¸n pa�zei h belt�wsh twn upologist¸n ston tomèatwn trisdi�statwn grafik¸n pragmatikoÔ qrìnou. H dunatìthta diaqe�rish
 polÔplokh
 trisdi�stath
gewmetr�a
 se platfìrme
 qamhloÔ kìstou
 br�skei �mesh efarmog  sthn apeikìnish leptomer¸n kai uyhl 
akr�beia
 trisdi�statwn montèlwn pou dhmiourgoÔntai apì th gewmetrik  kai fwtometrik  plhrofor�a.Sthn Ell�da ja prèpei na upogramm�soume ti
 drasthriìthte
 tou InstitoÔtou Politistik 
 kai Ek-paideutik 
 Teqnolog�a
 (http://www.ipet.gr/) ston tomèa th
 trisdi�stath
 s�rwsh
.Sthn an�ptuxh twn trisdi�statwn sarwt¸n sumb�llei h prìodo
 se diaforetik� episthmonik� antike�-mena kai teqnologik� ped�a, ìpw
 e�nai aut� th
 upologistik 
 ìrash
, twn trisdi�statwn grafik¸n, twnmetr sewn me hlektronik� aisjht ria, th
 yhfiak 
 fwtogr�fhsh
 kai th
 fwtogrammometr�a
. H optik metrolog�a fa�netai na pleonekte� ènanti twn metrhtik¸n susthm�twn epaf 
 apì pollè
 apìyei
.Oi sarwtè
 qwr�
 epaf  me to antike�meno diakr�nontai se energoÔ
 kai pajhtikoÔ
. Oi energo� sarwtè
ekpèmpoun k�poia kÔmata, aktinobol�a   dèsmh fwtì
 kai apì thn anaklìmenh aktinobol�a prosdior�zoun thgewmetr�a tou an�glufou ìpou g�netai h an�klash kai thn emf�nish twn antikeimènwn, an qrhsimopoie�taikai fwtismì
. Oi pajhtiko� sarwtè
 den ekpèmpoun aktinobol�a, all� bas�zontai sth l yh tou diaqeìmenouapì ti
 epif�neie
 twn antikeimènwn fwtismoÔ. H aniqneuìmenh fwtein  isqÔ
 ja mporoÔse na e�nai kaiupèrujrh. Oi pajhtiko� sarwtè
 èqoun mikrì kìsto
, all� dÔskola mporoÔn na exasfal�soun uyhl akr�beia. Mia sugkritik  parous�ash twn sarwt¸n pou mporoÔn na qrhsimopoihjoÔn gia arqaiologik�antike�mena, èrga tèqnh
 kai istorik� mnhme�a d�detai sto [1℄. Krit ria sÔgkrish
 apoteloÔn to kìsto
, hakr�beia twn metr sewn kai to perib�llon qr sh
.Oi sarwtè
 laser bas�zontai sth mètrhsh tou qrìnou diadrom 
 enì
 palmoÔ fwtì
 laser apì thn ekpomp w
 th l yh. H akr�beia th
 mètrhsh
 prosdior�zetai apì thn akr�beia mètrhsh
 tou qrìnou. H ekpomp akt�nwn laser mpore� na sunduasje� me m�a k�mera pou entop�zei to shme�o prìsptwsh
 sthn epif�neia kaime thn arq  th
 trigwnopo�hsh
 prosdior�zei thn apìstash. Gia oikodom mata kai meg�le
 apost�sei
e�nai protimìteroi oi sarwtè
 mètrhsh
 tou qrìnou, en¸ gia kontinè
 apost�sei
 kai mikr� antike�mena2



e�nai protimìterh h teqnik  th
 trigwnopo�hsh
. Oi sarwtè
 laser, me uyhlì genik� kìsto
, mporoÔn napar�sqoun akribe�
 metr sei
 gia thn anapar�stash tou an�glufou [7℄. Den èqoun wstìso sth dunatìthtaapìdosh
 twn fwtometrik¸n qarakthristik¸n, en¸ h diadikas�a s�rwsh
 mpore� e�nai qronobìra.Sthn paroÔsa ergas�a qrhsimopoi jhke èna
 sarwt 
 domhmènou fwtismoÔ. To sÔsthma s�rwsh
qrhsimopoie� suskeuè
 genik 
 qr sh
. 'Ena
 binteoprobolèa
 prob�llei sto antike�meno èna mot�bo kaim�a k�mera katagr�fei th gewmetrik  paramìrfwsh tou mot�bou. Me m�a teqnik  trigwnopo�hsh
 pouqrhsimopoie� to gnwstì proballìmeno mot�bo kai thn eikìna tou prosdior�zetai h apìstash twn shme�wn th
epif�neia
. Apaite�tai wstìso h probol  enì
 arijmoÔ mot�bwn gia na luje� to prìblhma th
 antisto�qish
tou mot�bou me thn eikìna tou. MporoÔn ep�sh
 na qrhsimopoihjoÔn perissìtere
 apì m�a k�mere
 gia nae�nai orat� kat� to dunatì ìla ta shme�a th
 epif�neia
 se mia dosmènh l yh. Se aut  thn per�ptwshto prìblhma an�getai se autì th
 stereoskopik 
 anakataskeu 
, all� me domhmèno kai energì fwtismì.Sthn paroÔsa ergas�a qrhsimopoi same dÔo fwtografikè
 mhqanè
 kai èna binteoprobolèa.Gia thn trisdi�stath yhfiak  anapar�stash apaite�tai pèran th
 trisdi�stath s�rwsh
 kai l yh
 eikìn-wn tou antikeimènou, kai h dhmiourg�a enì
 yhfiakoÔ montèlou, kai tèlo
 h eikonik  anapar�stash touyhfiakoÔ montèlou mèsw upologistik 
 grafik 
 pragmatikoÔ qrìnou.1.2 Org�nwsh th
 Ergas�a
Sthn ergas�a aut  parousi�zontai teqnikè
 epexergas�a
 kai an�lush
 eikìnwn kai upologistik 
 ì-rash
 me skopì thn eikonik  anapar�stash arqitektonik¸n mnhmeiak¸n stoiqe�wn. Oi qrhsimopoioÔmene
teqnikè
 parousi�zontai qwrist� sta kef�laio aut 
 th
 anafor�
.Sto Kef�laio 2 perigr�fetai h peiramatik  di�taxh pou qrhsimopoi jhke gia th l yh twn stere-oskopik¸n eikìnwn. Oi apait sei
 fwtismoÔ th
 skhn 
 gia thn akrib  stereoskopik  antisto�qish d�dontaianalutik�. Sto Kef�laio 3 d�detai h qrhsimopoioÔmenh teqnik  gia to diaqwrismì se fwteinè
 kai skoteinè
lwr�de
 pou odhge� se duadikè
 eikìne
 pou telik� ja antistoiqhjoÔn. Sto Kef�laio 4 parousi�zetai hteqnik  antisto�qish
 twn eikìnwn pou èqoun lhfje� gia thn �dia skhn . Sto Kef�laio 5 d�detai o trìpo
anakataskeu 
 th
 trisdi�stath
 epif�neia
 twn antikeimènwn. Gia thn per�ptwsh pou èna antike�meno è-qei lhfje� se perissìtere
 ìyei
 parousi�zetai sth sunèqeia sto Kef�laio 6 h teqnik  pou epitrèpei thnanakataskeu  enì
 enia�ou an�glufou.
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Kef�laio 2
Fwtismì
 th
 skhn 
 kai l yhstereoskopik¸n eikìnwnGia thn trisdi�stath anakataskeu  prèpei na g�nei l yh dÔo toul�qiston eikìnwn apì gnwstè
 proka-jorismène
 jèsei
. Apì th sqetik  jèsh twn optik¸n susthm�twn mpore� na eureje� h jèsh ston trisdi�s-tato q¸ro enì
 shme�ou th
 epif�neia
, arke� na prosdiorisjoÔn oi jèsei
 pou apeikon�zetai sto sÔnolotwn diajèsimwn ìyewn. Apaite�tai epomènw
 arqik� h antisto�qish twn shme�wn metaxÔ twn ìyewn. Wstìsoh antisto�qish me b�sh mìno thn emf�nish th
 epif�neia
 enì
 antikeimènou upìkeitai se l�jh, giat� poll�diaforetik� shme�a èqoun parìmoia emf�nish. M�a oikonomik  kai apl  lÔsh gia thn eÔresh kat� to dunatìtwn antistoiq�sewn me meg�lh akr�beia sun�statai sto fwtismì th
 skhn 
 me domhmèno trìpo. Se aut thn per�ptwsh apaitoÔntai perissìtere
 l yei
 gia thn �dia skhn  me diaforetikì k�je for� fwtismì. Miaanaskìphsh aut¸n twn teqnik¸n d�detai sto [3℄.Sto Istorikì Mouse�o Kr th
 gia to fwtismì kai th l yh twn eikìnwn qrhsimopoi jhkan dÔo yhfiakè
fwtografikè
 mhqanè
 kai èna
 probolèa
. Se k�je xeqwrist  l yh fwt�zetai mèro
 th
 skhn 
 akolou-j¸nta
 mot�ba pou perilamb�noun orizìntie
 kai katakìrufe
 lwr�de
, prosdiorismène
 mèsw kat�llhlwnkwd�kwn (Gray), ¸ste na mpore� na g�nei tautopo�hsh twn shme�wn pou prob�llontai apì to sunduasmììlwn twn probol¸n. Oi kwdikè
 lèxei
 pou qrhsimopoioÔntai gia thn kataskeu  twn mot�bwn èqoun ìle
to �dio b�ro
 kai h apìstash metaxÔ tou
 e�nai ep�sh
 stajer . Tèssera apì ta orizìntia mot�ba poudìjhkan fa�nontai sto Sq ma 2.1. Kat� ton �dio trìpo or�zontai ta epìmena mot�ba ìpw
 kai ta katakìru-fa. E�n dojoÔn m tètoia mot�ba orizìntia kai n katakìrufa, mpore� na prosdiorisjoÔn oi suntetagmène
twn shme�wn eikìna
 di�stash
 2m × 2n. Sti
 metr sei
 pou èginan sto Istorikì Mouse�o Kr th
 e�qame
m = 11 orizìntia mot�ba kai n = 10 katakìrufa an� l yh. Epiplèon qrhsimopoi jhkan kai ta sumplhrw-matik� mot�ba, enall�sonta
 skoteinè
 kai fwteinè
 lwr�de
, gia kalÔtero entopismì twn shme�wn kai twnantistoiq�sewn tou
 an�mesa sth dexi� kai thn arister  eikìna.

4



Sq ma 2.1: Mot�ba pou qrhsimopoioÔntai gia thn upobo jhsh th
 antisto�qish
 twn stereoskopik¸nzeug¸n.
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Kef�laio 3
Duadikopo�hsh twn eikìnwnMe dosmèno ìti ta mot�ba fwtismoÔ e�nai duadik� gia na dieukolunje� h antisto�qish twn eikìnwn a-paite�tai o diaqwrismì
 twn eikìnwn sti
 skoteinè
 kai sti
 fwteinè
 z¸ne
. Epeid  to pl�to
 th
 z¸nh
poik�lei, gia kalÔterh prosarmog  kai apìdosh, kr�jhke anagka�o na qrhsimopoihjoÔn dÔo diaforetikè
mèjodoi tmhmatopo�hsh
.3.1 Leptè
 z¸ne
Gia to diaqwrismì skoteinì/fwteinì sthn per�ptwsh pou oi z¸ne
 e�nai leptè
 g�netai shmeiak  kat�taxhse m�a apì ti
 dÔo kl�sei
 pou montelopoioÔntai me thn akìloujh m�xh katanom¸n,

p(x) =
P0

λ0

e
−

x
λ0 +

P1

σ1

√
2π

e
−

(x−µ1)2

2σ2
1 +

P2

σ2

√
2π

e
−

(x−µ2)2

2σ2
2 . (3.1.1)Oi par�metroi upolog�zontai me m�a epanalhptik  mèjodo gia thn an�lush th
 m�xh
 twn katanom¸n [14℄.O diaqwrismì
 twn dÔo kl�sewn g�netai w
 pro
 thn tim 

κ =
σ2µ1 + σ1µ2

σ1 + σ2

, (3.1.2)pou d�dei proseggistik� th diaqwristik  tim  me krit rio th mègisth pijanof�neia. 'Ena apotèlesma d�detaisto Sq ma 3.1.3.2 Platiè
 z¸ne
'Otan oi z¸ne
 e�nai sqetik� platiè
 mpore� na axiopoihje� h sunektikìthta twn perioq¸n kai na qrhsi-mopoije� h mèjodo
 th
 plhmmur�da
, ìpw
 prote�netai sth didaktorik  diatrib  tou H. Gkr�nia [8℄.To pr¸to st�dio perilamb�nei thn autìmath exagwg  twn qarakthristik¸n twn dÔo kl�sewn kat�trìpo parìmoio me th shmeiak  taxinìmhsh. Sth sunèqeia, prosdior�zontai shme�a pou an koun me polÔmeg�lh pijanìthta se mia kl�sh, b�sei pijanojewrhtik¸n kat� Bayes apost�sewn twn qarakthristik¸nshme�ou apì to statistikì montèlo qarakthristik¸n th
 kl�sh
. Autì to pr¸to b ma epibol 
 isqur¸n6



Sq ma 3.1: Duadikopo�hsh twn tim¸n mia
 eikìna
 me shmeiak  kat�taxh twn shme�wn.topologik¸n periorism¸n qwrik 
 sun�feia
 oloklhr¸netai me ènan algìrijmo plhmmur�da
 perioq¸n, d�-nonta
 w
 apotèlesma thn telik  duadikopo�hsh th
 eikìna
.Qrhsimopoie�tai o algìrijmo
 Priority MultiLabel Flooding Algorithm (PMLFA), pou upolog�zei thdiadrom  elaq�stou kìstou
 me b�sh ti
 kat� Bayes apost�sei
 kai anajètei etikèta sta mh arqikopoihmènashme�a tou plègmato
 epekte�nonta
 ti
 arqikè
 perioqè
 ìlwn twn kl�sewn tautìqrona. Me autì ton trìpoepib�llontai isquro� topologiko� periorismo� gia ti
 kl�sei
. 'Ena apotèlesma d�detai sto Sq ma 3.2.

Sq ma 3.2: Duadikopo�hsh twn tim¸n mia
 eikìna
 me algìrijmo plhmmur�da
.

7



Kef�laio 4
Antisto�qish sunìlwn eikìnwnH antisto�qish qrhsimopoie� to sÔnolo twn eikìnwn dexi�
 kai arister 
 l yh
 me trìpo ierarqikì. HqrhsimopoioÔmenh mèjodo
 mpore� na jewrhje� w
 ierarqik  antisto�qish an�mesa se mplok apì shme�atwn eikìnwn. Upojètoume epomènw
 pollaplè
 analÔsei
 pou qrhsimopoioÔntai ierarqik�. Oi pollaplè
analÔsei
 prokÔptoun apì to eÔro
 twn lwr�dwn,   alli¸
 apì thn kwdikopo�hsh tou fwtismoÔ. 'OsomegalÔtero e�nai to eÔro
 mia
 lwr�da
, tìso pio qondrik  jewroÔme ìti e�nai h an�lush. Ki ant�strofa,ìso leptìtere
 e�nai oi lwr�de
, tìso leptomerèsterh jewre�tai h an�lush. Se k�je p�ntw
 per�ptwshqrhsimopoioÔntai ìla ta dedomèna. All�zei mìno to mègejo
 tou mplok ep� tou opo�ou upolog�zetai hmetatìpish kai kat' epèktash kai to pl jo
 twn mplok. Sta arqik� st�dia qrhsimopoie�tai h pio qondrik an�lush gia na eureje� gia mikrì arijmì meg�lwn mplok mia sunolik  metatìpish metaxÔ dexi�
 kai aris-ter 
 eikìna
. H ekt�mhsh aut  apotele� thn afethr�a gia to epìmeno st�dio pou eur�sketai se megalÔterhan�lush kai me mikrìtera mplok, ki epomènw
 epitugq�nei mia kalÔterh prosèggish. H ekk�nhsh g�netaiapì olìklhrh thn eikìna. 'Ara arqik� èqoume mia sunolik  ekt�mhsh th
 metatìpish
 metaxÔ dexi�
 kaiarister 
 eikìna
. H diadikas�a suneq�zetai mèqri na fj�soume sth megalÔterh an�lush pou jewre�taidunat  h ekt�mhsh th
 metatìpish
. Sun jw
 qrhsimopoioÔntai 6   7 ep�peda an�lush
 gia eikìne
 di�s-tash
 th
 t�xh
 211 × 211. Sto Sq ma 4.1 d�detai èna araiì ped�o metatop�sewn gia na diakr�nontai taxeqwrist� dianÔsmata kai w
 epif�neia h orizìntia sunist¸sa th
 metatìpish
. Prìkeitai gia diaforetikè
parousi�sei
 tou �diou apotelèsmato
 met� to pèra
 th
 ierarqik 
 ekt�mhsh
.Met� thn olokl rwsh aut 
 th
 diadikas�a
 ektim�tai h metak�nhsh shmeiak� gia thn eÔresh tou telikoÔped�ou twn antistoiq�sewn dexi�
/arister 
 eikìna
. H qrhsimopoioÔmenh teqnik  e�nai p�li h antisto�qishmplok mikr 
 di�stash
 gia na eureje� topik� h diìrjwsh w
 pro
 thn ierarqik  ekt�mhsh pou termat�zei semplok. To telikì apotèlesma d�detai sto Sq ma 4.2 se apoqr¸sei
 tou gkr� gia thn orizìntia sunist¸sath
 metatìpish
. Dedomènou ìti e�nai h kÔria sunist¸sa th
 metatìpish
 d�dei tautìqrona mia apotÔpwshtou an�glufou. Oi pio fwteinè
 timè
 antistoiqoÔn sti
 pio kontinè
 jèsei
.
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(a) (b)Sq ma 4.1: (a) To ped�o twn metatop�sewn, kai (b) h orizìntia sunist¸sa th
 metatìpish
, met� to pèra
th
 ierarqik 
 ekt�mhsh
.

Sq ma 4.2: H telik  ekt�mhsh th
 orizìntia
 sunist¸sa
 th
 metatìpish
 se apoqr¸sei
 tou gkr�.9



Kef�laio 5
Trisdi�stath anakataskeu an�glufouGia thn trisdi�stath anakataskeu  an�glufou ja qreiaste� pr¸ta na g�nei h bajmonìmhsh th
 stere-oskopik 
 k�mera
, h diadikas�a aut  perigr�fetai sthn enìthta 5.1, en¸ sth sunèqeia e�nai dunat  hexagwg  twn trisdi�statwn suntetagmènwn, h perigraf  th
 opo�a
 akolouje� sthn enìthta 5.2. Me b�shautè
 ti
 trisdi�state
 suntetagmène
 ginètai tèlo
 h exagwg  enì
 trisdi�statou trigwnikoÔ plègmato
to opo�o e�nai kat�llhlo gia apeikìnish mèsw sÔgqronwn kart¸n trisdi�statwn grafik¸n (enìthta 5.3).5.1 Bajmonìmhsh stereoskopik 
 k�mera
H bajmonìmhsh th
 stereoskopik 
 k�mera
 sun�statai ston upologismì dÔo eid¸n paramètrwn: twneswterik¸n kai twn exwterik¸n. Oi pr¸te
 perigr�foun thn eswterik  gewmetr�a th
 k�je k�mera
, en¸ oiteleuta�e
 prosdior�zoun th sqetik  trisdi�stath metatìpish kai peristrof  th
 dexi�
 k�mera
 se sqèshme thn arister .Sthn paroÔsa ergas�a jewroÔme tìso gia thn arister , ìso kai gia th dexi� k�mera, èna montèlo toopo�o e�nai gnwstì me to ìnoma m�ti th
 belìna
 kai diajètei ti
 parak�tw eswterikè
 paramètrou
:

• Estiak  apìstash: or�zetai w
 to di�nusma fc = [fx fy] tou opo�ou oi sunist¸se
 metroÔn thnestiak  apìstash (me mon�da mètrhsh
 thn apìstash twn eikonostoiqe�wn).
• Arqikì shme�o: e�nai to shme�o sto opo�o o optikì
 �xona
 (o opo�o
 e�nai k�jeto
 sto ep�pedo th
eikìna
) tèmnei to ep�pedo autì. Anaparist�tai me èna di�nusma c = [cx cy].
• Suntelest 
 kl�sh
: e�nai èna
 suntelest 
 o opo�o
 kajor�zei thn gwn�a metaxÔ twn axìnwn xkai y sto ep�pedo th
 eikìna
. Anaparist�tai me èna pragmatikì arijmì α.
• Paramìrfwsh: up�rqoun dÔo e�dh paramorf¸sewn twn fak¸n th
 k�mera
, h aktinik  kai h e-faptìmenh paramìrfwsh. H anapar�stash g�netai mèsw enì
 dianÔsmato
 d = [d1 d2 d3 d4 d5],10



ìpou oi trei
 pr¸te
 sunist¸se
 perièqoun tou
 suntelestè
 th
 aktinik 
 paramìrfwsh
, en¸ oi dÔoteleuta�e
 sunist¸se
 tou
 suntelestè
 th
 efaptìmenh
 paramìrfwsh
.'Estw P = (Xc, Yc, Zc) èna trisdi�stato shme�o sto sÔsthma anafor�
 th
 k�mera
. H probol  p toushme�ou autoÔ sto ep�pedo th
 eikìna
 d�netai apì thn parak�tw sqèsh:
p = K · pd ,ìpou K e�nai o eswterikì
 p�naka
 bajmonìmhsh
 th
 k�mera
:

K =











fx α · fx cx

0 fy cy

0 0 1









kai pd sumbol�zei to shme�o me kanonikopoihmène
 disdi�state
 suntetagmène
 (sthn kanikopoi sh sunupolog�ze-tai kai h paramìrfwsh twn fak¸n th
 k�mera
):
pd = (1 + d1r

2 + d2r
4 + d5r

6)x′ + dx.Ta x′ kai dx pou perilamb�nontai sthn parap�nw sqèsh or�zontai w
 ex 
:
x′ =





x

y



 =





Xc

Zc

Yc

Zc



 ,

dx =





2d3xy + d4(r
2 + 2x2)

d3(r
2 + 2y2) + 2d4xy



 ,

r2 = x2 + y2 .Oi exwterikè
 par�metroi apoteloÔntai apì:
• th sqetik  triasdi�stath peristrof , h opo�a anaparist�tai me èna orjokanonikì 3 × 3 p�naka R,
• kai th sqetik  triasdi�stath metatìpish, h opo�a anaparist�tai me èna 3 × 1 di�nusma T .Gia thn bajmonìmhsh th
 k�mera
 fwtograf�zoume mia bajmonomhmènh skakièra topojethmènh se di�fore
jèsei
 kai se di�fore
 pìze
 (blèpe eikìna 5.1). H probol  twn koruf¸n twn tetrag¸nwn th
 skakièra
sti
 eikìne
 pou prokÔptoun upolog�zontai autìmata. Sth sunèqeia qrhsimopoi¸nta
 mia teqnik  sun-tairi�smato
 upolog�zontai tautìqrona oi pìze
 th
 skakièra
 kaj¸
 kai oi par�metroi bajmonìmhsh
.H diadikas�a aut  sthr�zetai se  dh gnwstè
 teqnikè
 gia to skopì autì [16℄, [17℄. Shmei¸noume ìti hdiadikas�a bajmonìmhsh
 qrei�zetai na ekteleste� mìno m�a for�, prin thn exagwg  twn trisdi�statwnsuntetagmènwn.5.2 Exagwg  trisdi�statwn suntetagmènwnSthn ous�a kat� thn exagwg  aut  ja upologiste� to b�jo
 gia ìla ta shme�a pou apeikon�zontai sthnarister  eikìna. Autì ja epiteuqje� qrhsimopoi¸nta
 to puknì ped�o twn metatop�sewn pou èqei upologiste�11



Eikìna 5.1: Gia th bajmonìmhsh th
 k�mera
 fwtograf�zoume mia bajmonomhmènh skakièra se di�fore
jèsei
 kai pìze
.ìpw
 perigr�fetai sto prohgoÔmeno kef�laio. Me b�sh autè
 ti
 metatop�sei
 mporoÔme na ex�goumeantistoiq�sei
 metaxÔ twn shme�wn th
 arister 
 kai th
 dexi�
 eikìna
. Jewrhtik�, oi antistoiq�sei
 autè
ma
 odhgoÔn apeuje�a
 ston upologismì twn trisdi�statwn suntetagmènwn enì
 shme�ou br�skonta
 apl�thn tom  twn dÔo eujei¸n:
• th
 euje�a
 pou dièrqetai apì èna dedomèno aristerì shme�o kai to optikì kèntro th
 arister 
k�mera
,
• kai th
 euje�a
 pou dièrqetai apì to ant�stoiqo (me b�sh thn  dh upologismènh metatìpish) dexiìshme�o kai to optikì kèntro th
 dexi�
 k�mera
.Wstìso sthn pr�xh oi euje�e
 autè
 mpore� na mhn tèmnontai akrib¸
 (lìgw p.q. mikr¸n laj¸n kat�thn ekt�mhsh twn metatop�sewn) kai gi' autì apaite�tai mia eÔrwsth mèjodo
 trigwnopo�hsh
 [9℄. 'Estw

x = P · Xh ex�swsh pou perigr�fei thn probol  enì
 shme�ou sto ep�pedo th
 k�mera
, ìpou P e�nai o p�naka
probol 
, x = w · (u, v, 1)T e�nai to disdi�stato shme�o se omogene�
 suntetagmène
, en¸ X e�nai to an-t�stoiqo trisdi�stato shme�o ekfrasmèno p�li se omogene�
 suntetagmène
. To (u, v) parist�nei to shme�osto ep�pedo th
 eikìna
 kai w e�nai èna
 �gnwsto
 suntelest 
. Sumbol�zonta
 me pT
i thn i-ost  gramm 12



(aþ) Me paramìrfwsh

(bþ) Qwr�
 paramìrfwshEikìna 5.2: Mia fwtograf�a pr�n kai met� thn afa�resh th
 paramìrfwsh
 twn fak¸n.
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tou p�naka P , h parap�nw ex�swsh x = P · X mpore� na xanagrafte� w
 ex 
:
w · u = pT

1 X (5.2.1)
w · v = pT

2 X (5.2.2)
w = pT

3 X . (5.2.3)Exale�fonta
 ton �gnwsto suntelest  w qrhsimopoi¸nta
 thn teleuta�a apì ti
 parap�nw exis¸sei
katal goume se:
u · pT

3 X = pT
1 X (5.2.4)

v · pT
3 X = pT

2 X . (5.2.5)Apì ti
 dÔo ìyei
 (arister  kai dexi� k�mera) prokÔptoun ètsi 4 grammikè
 exis¸sei
 th
 morf 
 A ·X = 0,gia èna kat�llhlo 4× 4 p�naka A, apì ti
 opo�e
 mporoÔme na upolog�soume ti
 suntetagmène
 X. Fusik�,ìpw
 proanafèrjhke, exait�a
 sfalm�twn oi exis¸sei
 autè
 e�nai polu pijanì na mhn ikanopoioÔntaiakrib¸
, ìpote upolog�zoume mia lÔsh epilÔonta
 èna prìblhma elaq�stwn tetrag¸nwn qrhsimopoi¸nta
th mèjodo an�lush
 idiazous¸n tim¸n (SVD, Singular Value Decomposition).5.3 Exagwg  trisdi�statou plègmato
Met� thn exagwg  tou b�jou
, h trisdi�stath epif�neia pou prokÔptei prosegg�zetai me èna trigwnikìplègma prokeimènou af' enì
 men na meiwje� h gewmetrik  poluplokìthta tou trisdi�statou montèlou kaiaf' etèrou to montèlo autì na prosarmoste� sth morf  pou epib�loun oi sÔgqrone
 teqnikè
 apeikìnish
trisdi�statwn grafik¸n. Gia thn kataskeu  tou trisdi�statou trigwnikoÔ plègmato
 qrhsimopoie�tai è-na disdi�stato trigwnikì plègma sto ep�pedo th
 eikìna
 to opo�o anabajm�zetai se trisdi�stath morf qrhsimopoi¸nta
 ta b�jh pou upolog�sthkan kat� to prohgoÔmeno st�dio. Gia th me�wsh tou jorÔbouefarmìzoume prohgoumènw
 mia exom�lunsh (p.q. me èna Gkaousianì f�ltro) sthn eikìna pou perièqei tab�jh. Tèlo
, gia thn uf  qrhsimopoioÔme thn eikìna th
 arister 
 k�mera
 (profan¸
, lìgw tou gegonì-to
 autoÔ, oi suntetagmène
 gia thn uf  sump�ptoun me ti
 disdi�state
 suntetagmène
 sto ep�pedo th
arister 
 eikìna
).
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Kef�laio 6
Antisto�qish tmhm�twn an�glufouGia thn antisto�qish dÔo diaforetik¸n tmhm�twn an�glufou (ta opo�a èqoun exaqje� anex�rthta toèna apì to �llo, me ton trìpo pou perigr�fhke sto prohgoÔmeno kef�laio) qrei�zetai na upologisje� hsqetik  jèsh (trisdi�stath peristrof  kai metatìpish) pou ta topojete� se èna koinì sÔsthma anafor�
.Gia thn ekt�mhsh th
 sqetik 
 tou
 jèsh
, arke� na exaqje� èna araiì sÔnolo antistoiq�sewn metaxÔshme�wn twn eikìnwn Ik, Ik+1, ìpou me Ik, Ik+1 sumbol�zoume ti
 aristerè
 eikìne
 twn stereoskopik¸nìyewn pou qrhsimopoi jhkan gia thn exagwg  twn dÔo tmhm�twn an�glufou. Pr�gmati sthn per�ptwshaut , kai an (pi, qi) e�nai èna tètoio sÔnolo shme�wn me ta pi (qi) na an koun ant�stoiqa sti
 eikìne

Ik (Ik+1), tìte h ekt�mhsh pìza
 mpore� na epiteuqje� me thn elaqistopo�hsh th
 parak�tw sun�rthsh
sf�lmato
:

∑

i

dist(qi, p
′

i) , (6.0.1)ìpou p′i e�nai oi epanaprobolè
 twn pi sthn eikìna Ik+1:
p′i = Kleft(R · Pi + T ), Pi = (Xk(pi), Yk(pi), Zk(pi)) ,en¸ me dist sumbol�zoume thn eukle�deia apìstash metaxÔ shme�wn sto ep�pedo th
 eikìna
, kai me R, Tsumbol�zoume thn �gnwsth peristrof  kai metafor� sto q¸ro.To prìblhma me thn eÔresh twn (pi, qi) ègkeitai sth meg�lh1 apìstash pou qwr�zei sun jw
 ta shme�al yh
 twn eikìnwn Ik, Ik+1 me apotèlesma na up�rqoun shmantikè
 diaforè
 sthn emf�nish enì
 antikeimè-nou sti
 dÔo autè
 eikìne
. H kÔria sunèpeia aut 
 th
 meg�lh
 apìstash
 e�nai ta antike�mena pouapeikon�zontai sthn eikìna Ik+1 na fa�nontai megejumèna kat� èna par�gonta klim�kwsh
 s > 1 an�logame to pìso èqei plhsi�sei h k�mera. 'Ara an p ∈ Ik, q ∈ Ik+1 e�nai ant�stoiqa shme�a ja isqÔei:

Ik+1(s · q) = Ik(p) ,ìpou o par�gonta
 klim�kwsh
 s metab�lletai apì perioq  se perioq  th
 eikìna
. Me b�sh thn parat rhshaut  qrhsimopoi jhke èna
 algìrijmo
 antisto�qish
 ìpou gia k�je shme�o p ∈ Ik g�netai tautìqronhekt�mhsh tìso tou ant�stoiqou shme�ou q ∈ Ik+1, ìso kai tou par�gonta klim�kwsh
 s. Gia thn me�wsh1meg�lh se sqèsh me thn apìstash pou qwr�zei ti
 dÔo ìyei
 enì
 stereoskopikoÔ zeÔgou
15



tou upologistikoÔ kìstou
, mìno èna diakritì sÔnolo S = {1 = s0 < s1 < . . . < sn} apì par�gonte
klim�kwsh
 dokim�zetai.Ep�sh
 lìgw tou gegonìto
 ìti h sun�rthsh (6.0.1) e�nai mh kurt , e�nai anagka�o na doje� mia kal arqikopo�hsh gia ti
 timè
 twn R, T ¸ste o epanalhptikì
 algìrijmo
 beltistopo�hsh
 na mh pagideuje�se topik� el�qista pou na br�skontai makri� apì to zhtoÔmeno olikì el�qisto. Gia ton skopì autì arke�na upologisje� o legìmeno
 jemeli¸dh
 p�naka
 pou sundèei ti
 dÔo eikìne
 Ik, Ik+1, apì ton opo�o e�naieÔkolo sth sunèqeia na exaqje� mia arqik  tim  gia th trisdi�stath metatìpish kai metafor� [10℄.O upologismì
 tou jemeli¸dh p�naka ja basiste� kai autì
 sti
  dh upologismène
 antistoiq�sei
 shme�-wn (pi, qi) [15℄ qrhsimopoi¸nta
 èna algìrijmo tÔpou suna�nesh
 mèsw tuqa�a
 deigmatolhy�a
 (RANSAC)[6℄, ètsi ¸ste na meiwje� kat� to dunatì h ep�drash apì pijan� sf�lmata sthn ekt�mhsh twn (pi, qi).Sth per�ptwsh enì
 RANSAC algor�jmou h taktik  pou akolouje�tai e�nai ant�jeth apì th taktik  pouakolouje�tai sun jw
 se teqnikè
 exom�lunsh
: ant� na g�netai prosp�jeia na qrhsimopoihjoÔn gia tonupologismì tou jemeli¸dh p�naka ìso to dunatì perissìtere
 antistoiq�sei
 shme�wn, èna mìno mikrì tm ma(to el�qisto dunatì) twn antistoiq�sewn aut¸n qrhsimopoie�tai k�je for�. Wstìso h diadikas�a upologis-moÔ epanalamb�netai arketè
 forè
 ¸ste na auxhje� shmantik� h pijanìthta ìti kam�a apì ti
 antistoiq�sei
pou qrhsimopoioÔntai gia ton upologismì tou jemeli¸dh p�naka den e�nai èktoph (den perièqei dhlad  sf�l-mata pèran twn statistik¸
 epitrept¸n). Sthn per�ptwsh pou antimetwp�zoume to el�qisto dunatì pl jo
antistoiq�sewn pou qrei�zetai e�nai 7, opìte kai qrhsimopoie�tai h parak�tw diadikas�a upologismoÔ. 'Estw
F o 3 × 3 jemeli¸dh
 p�naka
. K�je antisto�qish (xi, yi), (x

′

i, y
′

i) dhmiourge� èna epiplèon periorismì giaton p�naka F :
(

x′

i y′

i 1
)

·











f1 f2 f3

f4 f5 f6

f7 f8 f9











·











xi

yi

1











= 0 . (6.0.2)H parap�nw ex�swsh mpore� na xanagrafte� ¸
:
(xix

′

i yix
′

i x′

i xiy
′

i yiy
′

i y′

i xi yi 1) · f = 0 , (6.0.3)ìpou f e�nai o jemeli¸dh
 p�naka
 ekfrasmèno
 w
 èna 9-di�stato di�nusma. Qrhsimopoi¸nta
 7 tètoie
exis¸sei
 prokÔptei to parak�tw sÔsthma:










x1x
′

1 y1x
′

1 x′

1 x1y
′

1 y1y
′

1 y′

1 x1 y1 1... ... ... ... ... ... ... ... ...
x7x

′

7 y7x
′

7 x′

7 x7y
′

7 y7y
′

7 y′

7 x7 y7 7











·















































f1

f2

f3

f4

f5

f6

f7

f8

f9















































= 0 . (6.0.4)
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To sÔsthma autì ikanopoie�tai apì mia parametrik  oikogèneia pin�kwn:
aF1 + (1 − a)F2 .Apì thn oikogèneia aut  twn pin�kwn epilègoume telik� ton p�naka pou epiplèon ikanopoie� thn sunj kh:

det(F ) = 0 ∨ det(aF1 + (1 − a)F2) = 0 .'Ena par�deigma apì thn efarmog  th
 parap�nw mejìdou fa�netai sthn eikìna 6.1, ìpou apeikon�zontaita shme�a pou kat� ton upologismì epilèqjhkan w
 statistik� axiìpista, kaj¸
 kai oi epipolikè
 grammè
pou proèkuyan me b�sh to jemeli¸dh p�naka.

(aþ)

(bþ)Eikìna 6.1: Epilegmèna axiìpista shme�a kai ant�stoiqe
 epipolikè
 grammè
.Parak�tw (eikìne
 6.2, 6.3 kai 6.4) parajètoume ep�sh
 merikè
 ìyei
 apì dÔo epimèrou
 trisdi�statamontèla, kaj¸
 kai apì to sunolikì montèlo pou èqei prokÔyei met� thn antisto�qish. H sunolik  yhfiak anapar�stash episdeknÔetai kai se èna eikonikì b�nteo sto17



http://www.csd.uoc.gr/~tziritas/DEMOS/IMK.aviTèlo
, sthn eikìna 6.5 parajètoume dÔo ìyei
 apì èna �llo anex�rthto enia�o trisdi�stato montèlo.

(aþ)

(bþ)Eikìna 6.2: 'Oyei
 trisdi�statou montèlou 1.

18



(aþ)

(bþ)Eikìna 6.3: 'Oyei
 trisdi�statou montèlou 2.

19



(aþ)

(bþ)

(gþ)Eikìna 6.4: 'Oyei
 trisdi�statou montèlou pou proèkuye apì thn antisto�qish twn montèlwn 1 kai 2.
20



(aþ)

(bþ)Eikìna 6.5: 'Oyei
 apì èna �llo enia�o trisdi�stato montèlo.

21
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