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Ââåäåíèå
Ïîñòîáðàáîòêà âèäåî è òðåêèíã îáúåêòîâ

� Òðåêèíã - îïðåäåëåíèå òðåõìåðíîé ïîçèöèè äâèæóùåãîñÿ

îáúåêòà

� Äëÿ òðåêèíãà íåîáõîäèìà ìîäåëü îáúåêòà, êîòîðóþ

ïîëó÷àòü òðóäîçàòðàòíî
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Ââåäåíèå
Òðåáîâàíèÿ äëÿ ïîñòðîåíèÿ ìîäåëè ãîëîâû

� Äåòàëèçàöèÿ
� Äîñòàòî÷íîñòü äëÿ òðåêèíãà, ïîëíàÿ àíàëîãèÿ íå íóæíà
� Õîðîøàÿ òîïîëîãèÿ è uv-ðàçâåðòêà ïîëèãîíàëüíîé ñåòêè

� Âõîäíûå äàííûå (óñëîâèÿ ñúåìêè, îáîðóäîâàíèå, êàëèáðîâêà)

� Áåç íåîáõîäèìîñòè ñúåìêè ñ ôèêñèðîâàííûõ ðàêóðñîâ
� Áåç íåîáõîäèìîñòè ïîñòîÿííîãî èñòî÷íèêà ñâåòà
� Áåç íåîáõîäèìîñòè ñïåöèàëüíûõ êàìåð
� Áåç äîëãîé �æèâîé� êàëèáðîâêè ïåðåä èñïîëüçîâàíèåì

� Âîçìîæíîñòü âëèÿòü íà ðåçóëüòàò
� Âîçìîæíîñòü âðó÷íóþ èñïðàâèòü ðåøåíèå åñëè îíî

íåìíîãî îøèáëîñü
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Öåëü è çàäà÷è

Öåëü

� Ðåàëèçîâàòü ñèñòåìó ïîñòðîåíèÿ òðåõìåðíîé ìîäåëè

ãîëîâû ÷åëîâåêà ïî íàáîðó ôîòîãðàôèé äëÿ åå

ïîñëåäóþùåãî èñïîëüçîâàíèÿ â òðåêèíãå

Çàäà÷è

� Âûáðàòü ñïîñîá ïðåäñòàâëåíèÿ ìîäåëè è ðåàëèçîâàòü åãî

� Ñîñòàâèòü ïîäõîäÿùóþ ìîäåëü ãîëîâû

� Ðåàëèçîâàòü ýôôåêòèâíóþ îïòèìèçàöèþ ïàðàìåòðîâ

ìîäåëè äëÿ ïîëó÷åíèÿ ìîäåëè êîíêðåòíîé ãîëîâû

� Èíòåãðèðîâàòü ñèñòåìó â ïëàãèí äëÿ Foundry Nuke
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Ïðåäñòàâëåíèå ìîäåëè ãîëîâû
Ñïîñîá ïîëó÷åíèÿ ìîäåëè êîíêðåòíîé ãîëîâû

� Ðó÷íàÿ óñòàíîâêà �ïèíîâ� - ñîîòâåòñòâèÿ 3D òî÷êè íà

ïîâåðõíîñòè ìîäåëè ñ 2D òî÷êîé íà ôîòîãðàôèè

� Ðåøåíèå ñâîäèòñÿ ê ïîäáîðó òðàíñôîðìàöèè ãåîìåòðèè è

çíà÷åíèé ìîäèôèêàòîðîâ ìîäåëè
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Ïðåäñòàâëåíèå ìîäåëè ãîëîâû
Ìîäåëèðîâàíèå ñ èñïîëüçîâàíèåì áàçû òðåõìåðíûõ ìîäåëåé ëèö

� Ìîäåëè ñ ðó÷íûìè ìîäèôèêàòîðàì îòäåëüíûõ ÷àñòåé ëèöà

� Ñòàòèñòè÷åñêèå ìîäåëè
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Ïðåäñòàâëåíèå ìîäåëè ãîëîâû
Ïðèìåð ïðèìåíåíèÿ ìîäèôèêàòîðà
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Îïòèìèçàöèÿ ïàðàìåòðîâ ìîäåëè

Óïðîùåííî (äëÿ îäíîãî ïèíà è îäíîé âåðøèíû):

s

 u
v
1

 =

ïàðàìåòðû

âíóòðåííåé

êàëèáðîâêè

êàìåðûfx 0 cx
0 fy cy
0 0 1



ïàðàìåòðû âíåøíåé

êàëèáðîâêè êàìåðûv11 v12 v13 v14
v21 v22 v23 v24
v31 v32 v33 v34



ïðåîáðàçîâàíèå

êîîðäèíàò ìîäåëè
r11 r12 r13 t1
r21 r22 r23 t2
r31 r32 r33 t3
0 0 0 1



ìîäèôèêàòîðû

âåðøèíû ìîäåëè
X0 X1 · · · Xn

Y0 Y1 · · · Yn

Z0 Z1 · · · Zn

1 0 · · · 0




1

m1

...

mn



Â ðåàëüíîñòè:

� íåñêîëüêî ïèíîâ

� áàðèöåíòðè÷åñêèå êîîðäèíàòû òî÷êè íà ïîâåðõíîñòè

� âåêòîð ïàðàìåòðîâ âðàùåíèÿ

� ðåãóëÿðèçàöèÿ
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Îïòèìèçàöèÿ ïàðàìåòðîâ ìîäåëè
Àëãîðèòì îïòèìèçàöèè è åãî óñêîðåíèå

� Öåëåâàÿ ôóíêöèÿ àëãîðèòìà îïòèìèçàöèè
� ∼ 220 àðãóìåíòîâ ôóíêöèè
� Âû÷èñëÿåò çíà÷åíèå ôóíêöèè è ìàòðèöó ßêîáè
� Îäíîâðåìåííî äëÿ äåôîðìàöèè è òðàíñôîðìàöèè ìîäåëè

� Àëãîðèòì îïòèìèçàöèè
� Ðàçìåðíîñòü ìàòðèöû ßêîáè ∼ 250x220
� ∼ 20 èòåðàöèé äëÿ ñõîäèìîñòè àëãîðèòìà
� ∼ 10 ïîëüçîâàòåëüñêèõ äåéñòâèé â ñåêóíäó

� Âðåìÿ âûïîëíåíèÿ àëãîðèòìà
� Â èñõîäíîé ìàòðè÷íîé ôîðìå: ∼ 900ìñ
� Ïîñëå îïòèìèçàöèè: ∼50ìñ
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Ñîçäàíèå ìîäåëè ãîëîâû

� Ìîäèôèêàòîðû ëèöà ëó÷øå ó example-based ìîäåëåé

� Ìîäèôèêàòîðû ãîëîâû ìîæíî ïîëó÷èòü èç ðó÷íûõ

ìîäåëåé

� Ìîäèôèêàòîðû ëèöà äîëæíû âëèÿòü íà îñòàëüíóþ ÷àñòü

ãîëîâû
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Ñîçäàíèå ìîäåëè ãîëîâû
Ìîäèôèêàòîðû ëèöà
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Ñîçäàíèå ìîäåëè ãîëîâû
Òîïîëîãèÿ ðàçíûõ ïîëèãîíàëüíûõ ñåòîê
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Ñîçäàíèå ìîäåëè ãîëîâû
Ìîäåëü ãîëîâû

Òðåáîâàíèÿ

� Îáúåäèíåíèå ìîäèôèêàòîðîâ
� Ïëàâíîñòü ãðàíèöû ñêëåèâàíèÿ
� Õîðîøàÿ òîïîëîãèÿ ïîëèãîíàëüíîé ñåòêè

Ñîçäàíèå ìîäåëè

� Ïîäáîð íåëèöåâîé ÷àñòè äëÿ ñîâïàäåíèÿ ïî ãðàíèöå ñ
ëèöîì

� Ïîèñê ñîîòâåòñòâèé è èíòåðïîëÿöèÿ äëÿ
ìîäèôèêàòîðîâ ìîäåëè ãîëîâû

� Òðåõìåðíàÿ îïòèìèçàöèÿ äëÿ êàæäîãî èç 200
ìîäèôèêàòîðîâ ëèöà

� Óñòàíîâêà â ìàêñèìàëüíîå çíà÷åíèå
� Ñîâïàäåíèå âåðøèí íà ãðàíèöå
� Æåñòêîñòü îòíîñèòåëüíî ñðåäíåãî ïîëîæåíèÿ

� Ëèíåéíûé ïåðåõîä äëÿ âåðøèí ãðàíè÷íîé îáëàñòè
ëèöà è ãîëîâû
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Ñîçäàíèå ìîäåëè ãîëîâû
Èçìåíåíèå òîïîëîãèè
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Ñîçäàíèå ìîäåëè ãîëîâû
Èçìåíåíèå òîïîëîãèè

Èíòåðïîëÿöèÿ âåðøèí ïîâåðõíîñòè ïî ñòàòüå

Gregory M. Nielson. Scattered Data Modeling. IEEE Computer

Graphics and Applications, 1993

� Ïîñòðîåíèå è ìèíèìèçàöèÿ èíòåðïîëèðóþùåé ôóíêöèè

� Àðãóìåíòû: ðàññòîÿíèÿ äî íåêîòîðûõ ôèêñèðîâàííûõ

òî÷åê ïîâåðõíîñòè
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Èíòåãðàöèÿ
Àâòîìàòè÷åñêîå îïðåäåëåíèå ïîëîæåíèÿ ãîëîâû
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Ðåçóëüòàòû

Ðåàëèçîâàíà ñèñòåìà äëÿ ïîñòðîåíèÿ ìîäåëè ãîëîâû ÷åëîâåêà

ïî íàáîðó ôîòîãðàôèé

� Ñîñòàâëåíà ïîäõîäÿùàÿ ìîäåëü ãîëîâû

� Àëãîðèòì îïòèìèçàöèè ïàðàìåòðîâ ìîäåëè ïîçâîëÿåò

âçàèìîäåéñòâîâàòü íà ìîäåëüþ â ðåàëüíîì âðåìåíè

� Ñèñòåìà èíòåãðèðîâàíà â ïëàãèí äëÿ Foundry Nuke
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Ðåçóëüòàòû
Äåìî

video
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https://youtu.be/HE26YTTHe3A


Âîïðîñû?
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Ïðèëîæåíèå
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Ïðèëîæåíèå
Èíòåðôåéñ ïëàãèíà
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Ïðèëîæåíèå
Ñðåäíÿÿ ìîäåëü
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Ïðèëîæåíèå
Ìàòðèöà ßêîáè

J =

[∂Euv
∂~r

∂Euv

∂~t
∂Euv
∂~a

0 0 ∂Ea
∂~a

]
(1)

[JT (~xk)J(~xk) + λk I ]~pk = −JT (~xk)~f (~xk) (2)

JT J =

∂Euv
∂~r 0

∂Euv

∂~t
0

∂Euv
∂~a

∂Ea
∂~a

[∂Euv
∂~r

∂Euv

∂~t
∂Euv
∂~a

0 0 ∂Ea
∂~a

]
=

=

∂Euv
∂~r

∂Euv

∂~t
∂Euv
∂~a

[∂Euv
∂~r

∂Euv

∂~t
∂Euv
∂~a

]
+

0 0 0

0 0 0

0 0 (∂Ea
∂~a )

2


(3)
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Ïðèëîæåíèå
Îáúåäèíåíèå ìîäåëåé
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Ïðèëîæåíèå
Îáúåäèíåíèå ìîäåëåé
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Ïðèëîæåíèå
Îáúåäèíåíèå ìîäåëåé
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Ïðèëîæåíèå
Ãðàô âû÷èñëåíèé Foundry Nuke
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Ïðèëîæåíèå
Êàìåðà â Foundry Nuke
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