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Survol : mélanger le réel et le virtuel

Orientation Éclairage Ombres
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Orientation Éclairage Ombres
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Matrice de projection

Paramètres 
intrinsèques

Paramètres 
extrinsèques

<latexit sha1_base64="blD91L4HNeMR/ly321Jtd1GEv5g=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XoqiRSrC6EghtdCBWsLTSxTKaTduhkEmYmQgn9BTf+ihsXCuLWlTv/xkma4qMeuHA4517uvceLGJXKsj6NwsLi0vJKcbW0tr6xuWVu79zIMBaYtHDIQtHxkCSMctJSVDHSiQRBgcdI2xudpX77jghJQ36txhFxAzTg1KcYKS31zIoTIDX0/CSa3DqRoAGBp3CmXU6+3Z5ZtqpWBjhP7JyUQY5mz/xw+iGOA8IVZkjKrm1Fyk2QUBQzMik5sSQRwiM0IF1NOQqIdJPsowk80Eof+qHQxRXM1J8TCQqkHAee7kwvlH+9VPzP68bKP3YTyqNYEY6ni/yYQRXCNB7Yp4JgxcaaICyovhXiIRIIKx1iKQuhbtknRzacJ7MQ2odVu1a17atauXGR51EEe2AfVIAN6qABzkETtAAG9+ARPIMX48F4Ml6Nt2lrwchndsEvGO9fRCyekw==</latexit>

p0 = Mp

<latexit sha1_base64="SRasqFbYw2ys3yPZPiUZ78U8Vk0="></latexit>2
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<latexit sha1_base64="xy5JjEIfwD7+uPHP4AW5M1WuiSk="></latexit>2
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<latexit sha1_base64="UETkb213UeFG7lfdna0v5fcQ1dI="></latexit>2

4
r11 r12 r13 tx
r21 r22 r23 ty
r31 r32 r33 tz

3

5

Rappel
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Estimer les paramètres de la caméra

http://www.vision.caltech.edu/bouguetj/calib_doc/

Rappel
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Estimer les paramètres de la caméra

http://www.vision.caltech.edu/bouguetj/calib_doc/

Rappel
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Estimer les paramètres de la caméra

http://www.vision.caltech.edu/bouguetj/calib_doc/

Rappel
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Orientation Éclairage Ombres
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Orientation Éclairage Ombres
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Option #1 : identifier les sources lumineuses manuellement

Problèmes?

Très fastidieux

Que faire si l’illumination est complexe?
19



Option #2 : capturer la lumière! D’où provient la lumière?

20



D’où provient la lumière?

Lumière : capturer la radianceDirections : panorama sphérique

21



1 : Panoramas sphériques HDR
Par exemple :  

https://blamethemonkey.com/hdr-photography-panorama-tutorial

22

https://blamethemonkey.com/hdr-photography-panorama-tutorial


1 : Panoramas sphériques HDR
Par exemple :  

https://blamethemonkey.com/hdr-photography-panorama-tutorial

23

https://blamethemonkey.com/hdr-photography-panorama-tutorial


• Avantages : 
• Très haute résolution (10K x 7K+) 

• Pas de mosaïque : sphère automatique 

• Haute plage dynamique 

• Problèmes : 
• Très dispendieux! 

• Long à capturer

Panoscan MK-3

2 : Caméras panoramiques (MK-3)
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2 : Caméras panoramiques (Ricoh Theta Z1)

• Avantages : 
• Très facile à utiliser 

• Exposure bracketing disponible 

• Abordable 

• Problèmes : 
• Long à capturer
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Source

3 : boule de Noël

26

https://visitmonroeville.com/event/ranas-music-studio-presents-holiday-music-from-around-the-world/christmas-tree-ornaments/


3 : sphère métallique
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3 : sphère métallique
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3 : sphère métallique
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3 : sphère métallique
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hdrdb.com

31

http://hdrdb.com
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Illuminer un objet réfléchissant
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3 : sphère métallique
Rappel
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3 : sphère métallique
Rappel
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Comment éclairer l’objet?

+
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Sphère

<latexit sha1_base64="dixHqC74yRW4sNRBxGTdROcwm7k=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKtHoreOmxgv2AdinZNNvGZpMlmRXK0v/gxYMiXv0/3vw3ptsV1Ppg4PHeDDPzglhwA6776RTW1jc2t4rbpZ3dvf2D8uFRx6hEU9amSijdC4hhgkvWBg6C9WLNSBQI1g2mNwu/+8C04UrewSxmfkTGkoecErBSZwATBmRYrrhVNwNeJV5OKihHa1j+GIwUTSImgQpiTN9zY/BTooFTwealQWJYTOiUjFnfUkkiZvw0u3aOz6wywqHStiTgTP05kZLImFkU2M6IwMT89Rbif14/gfDKT7mME2CSLheFicCg8OJ1POKaURAzSwjV3N6K6YRoQsEGVMpCqLvedc3Dq+Q7hM5F1atVvdvLSqOZx1FEJ+gUnSMP1VEDNVELtRFF9+gRPaMXRzlPzqvztmwtOPnMMfoF5/0LxTmPeQ==</latexit>

✓

<latexit sha1_base64="DRbrWJbcq5l58OR4BTmFyOlpRYY=">AAAB63icbVBNS8NAEJ3Ur1o/WvXoZbEInkoi0uqt4KXHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/Y5JGUOuDgcd7M8zM8yLOtLHtT6u0sbm1vVPereztHxxWa0fHfR3GitAeCXmohh7WlDNJe4YZToeRolh4nA68+W3mDx6o0iyU92YRUVfgmWQ+I9hk0jgK2KRWtxt2DrROnILUoUB3UvsYT0MSCyoN4VjrkWNHxk2wMoxwuqyMY00jTOZ4RkcplVhQ7Sb5rUt0nipT5IcqLWlQrv6cSLDQeiG8tFNgE+i/Xib+541i41+7CZNRbKgkq0V+zJEJUfY4mjJFieGLlGCiWHorIgFWmJg0nkoeQst2bpoOWiffIfQvG06z4dxd1dudIo4ynMIZXIADLWhDB7rQAwIBPMIzvFjCerJerbdVa8kqZk7gF6z3LzTKjpA=</latexit>

�
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Objet réfléchissant (miroir)

Objet réfléchissant

Observateur
<latexit sha1_base64="thnojhF2yS7LBQYWQaptXjksVVc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQire4KbrqsYB/YhjKZTtqhk0mYmQgl5C/cuFDErX/jzr9xkkZQ64GBwzn3cs8cL+JMadv+tEpr6xubW+Xtys7u3v5B9fCop8JYEtolIQ/lwMOKciZoVzPN6SCSFAcep31vfpP5/QcqFQvFnV5E1A3wVDCfEayNdD8KsJ55fiLScbVm1+0caJU4BalBgc64+jGahCQOqNCEY6WGjh1pN8FSM8JpWhnFikaYzPGUDg0VOKDKTfLEKTozygT5oTRPaJSrPzcSHCi1CDwzmSVUf71M/M8bxtq/chMmolhTQZaH/JgjHaLs+2jCJCWaLwzBRDKTFZEZlphoU1IlL6FpO9cNB62S7xJ6F3WnUXduL2utdlFHGU7gFM7BgSa0oA0d6AIBAY/wDC+Wsp6sV+ttOVqyip1j+AXr/QsPWJFj</latexit>n

<latexit sha1_base64="gn00w9v/BjQon4DD0Fqq4j/NyLs=">AAAB8XicbVDLSsNAFL2pr1ofrbp0M1gEVyURaXVXcNNlBfvANpTJdNIOnUzCzKRQQv/CjQtF3Po37vwbJ2kEtR4YOJxzL/fM8SLOlLbtT6uwsbm1vVPcLe3tHxyWK0fHXRXGktAOCXko+x5WlDNBO5ppTvuRpDjwOO15s9vU782pVCwU93oRUTfAE8F8RrA20sMwwHrq+cl8OapU7ZqdAa0TJydVyNEeVT6G45DEARWacKzUwLEj7SZYakY4XZaGsaIRJjM8oQNDBQ6ocpMs8RKdG2WM/FCaJzTK1J8bCQ6UWgSemUwTqr9eKv7nDWLtX7sJE1GsqSCrQ37MkQ5R+n00ZpISzReGYCKZyYrIFEtMtCmplJXQsJ2buoPWyXcJ3cuaU685d1fVZiuvowincAYX4EADmtCCNnSAgIBHeIYXS1lP1qv1thotWPnOCfyC9f4FG4CRaw==</latexit>v
<latexit sha1_base64="UYzMKdimq06t+atfHbzHfBDR2OU=">AAACK3icbZDLSgMxFIYz9VbrrerSTbAIdWGZKdLqQii66bKCvUA7lEwm04ZmMkOSKZRh3seNr+JCF15w63uY6QWq9UDgz/efQ05+J2RUKtP8MDJr6xubW9nt3M7u3v5B/vCoJYNIYNLEAQtEx0GSMMpJU1HFSCcUBPkOI21ndJf67TERkgb8QU1CYvtowKlHMVIa9fO3PR+poePFIoE3sFxcXHkCe9gNFFyAcXK+5F0s8X6+YJbMacFVYc1FAcyr0c+/9NwARz7hCjMkZdcyQ2XHSCiKGUlyvUiSEOERGpCulhz5RNrx9K8JPNPEhV4g9OEKTunyRIx8KSe+ozvTDeVfL4X/ed1IeVd2THkYKcLx7CEvYlAFMA0OulQQrNhEC4QF1btCPEQCYaXjzU1DqJrWdcWCq2IRQqtcsiol6/6yUKvP48iCE3AKisACVVADddAATYDBI3gGb+DdeDJejU/ja9aaMeYzx+BXGd8/7LKoWw==</latexit>

r = 2(n · v)n� v
Rayon réfléchi

Normale à la 
surface

37



Objet réfléchissant (miroir)

Objet réfléchissant

Observateur
<latexit sha1_base64="thnojhF2yS7LBQYWQaptXjksVVc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQire4KbrqsYB/YhjKZTtqhk0mYmQgl5C/cuFDErX/jzr9xkkZQ64GBwzn3cs8cL+JMadv+tEpr6xubW+Xtys7u3v5B9fCop8JYEtolIQ/lwMOKciZoVzPN6SCSFAcep31vfpP5/QcqFQvFnV5E1A3wVDCfEayNdD8KsJ55fiLScbVm1+0caJU4BalBgc64+jGahCQOqNCEY6WGjh1pN8FSM8JpWhnFikaYzPGUDg0VOKDKTfLEKTozygT5oTRPaJSrPzcSHCi1CDwzmSVUf71M/M8bxtq/chMmolhTQZaH/JgjHaLs+2jCJCWaLwzBRDKTFZEZlphoU1IlL6FpO9cNB62S7xJ6F3WnUXduL2utdlFHGU7gFM7BgSa0oA0d6AIBAY/wDC+Wsp6sV+ttOVqyip1j+AXr/QsPWJFj</latexit>n

<latexit sha1_base64="gn00w9v/BjQon4DD0Fqq4j/NyLs=">AAAB8XicbVDLSsNAFL2pr1ofrbp0M1gEVyURaXVXcNNlBfvANpTJdNIOnUzCzKRQQv/CjQtF3Po37vwbJ2kEtR4YOJxzL/fM8SLOlLbtT6uwsbm1vVPcLe3tHxyWK0fHXRXGktAOCXko+x5WlDNBO5ppTvuRpDjwOO15s9vU782pVCwU93oRUTfAE8F8RrA20sMwwHrq+cl8OapU7ZqdAa0TJydVyNEeVT6G45DEARWacKzUwLEj7SZYakY4XZaGsaIRJjM8oQNDBQ6ocpMs8RKdG2WM/FCaJzTK1J8bCQ6UWgSemUwTqr9eKv7nDWLtX7sJE1GsqSCrQ37MkQ5R+n00ZpISzReGYCKZyYrIFEtMtCmplJXQsJ2buoPWyXcJ3cuaU685d1fVZiuvowincAYX4EADmtCCNnSAgIBHeIYXS1lP1qv1thotWPnOCfyC9f4FG4CRaw==</latexit>v
<latexit sha1_base64="UYzMKdimq06t+atfHbzHfBDR2OU=">AAACK3icbZDLSgMxFIYz9VbrrerSTbAIdWGZKdLqQii66bKCvUA7lEwm04ZmMkOSKZRh3seNr+JCF15w63uY6QWq9UDgz/efQ05+J2RUKtP8MDJr6xubW9nt3M7u3v5B/vCoJYNIYNLEAQtEx0GSMMpJU1HFSCcUBPkOI21ndJf67TERkgb8QU1CYvtowKlHMVIa9fO3PR+poePFIoE3sFxcXHkCe9gNFFyAcXK+5F0s8X6+YJbMacFVYc1FAcyr0c+/9NwARz7hCjMkZdcyQ2XHSCiKGUlyvUiSEOERGpCulhz5RNrx9K8JPNPEhV4g9OEKTunyRIx8KSe+ozvTDeVfL4X/ed1IeVd2THkYKcLx7CEvYlAFMA0OulQQrNhEC4QF1btCPEQCYaXjzU1DqJrWdcWCq2IRQqtcsiol6/6yUKvP48iCE3AKisACVVADddAATYDBI3gGb+DdeDJejU/ja9aaMeYzx+BXGd8/7LKoWw==</latexit>

r = 2(n · v)n� v
Rayon réfléchi

Normale à la 
surface

<latexit sha1_base64="nyUcseTlLKTY5/YZAJ+/nNnKN38=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMQQcKuSKK3gJccI5gHZMMyO5nNDpl9MNMrhCU/4MVf8eJBEa/evfk3TjYRorGgoajqprvLjQVXYJpfRm5ldW19I79Z2Nre2d0r7h+0VZRIylo0EpHsukQxwUPWAg6CdWPJSOAK1nFHN1O/c8+k4lF4B+OY9QMyDLnHKQEtOcWTsg0+A+LYAQHf9VI5Ocd27PMF4cwplsyKmQEvE2tOSmiOplP8tAcRTQIWAhVEqZ5lxtBPiQROBZsU7ESxmNARGbKepiEJmOqn2TcTfKqVAfYiqSsEnKmLEykJlBoHru6cnqj+elPxP6+XgHfVT3kYJ8BCOlvkJQJDhKfR4AGXjIIYa0Ko5PpWTH0iCQUdYCELoWZa11ULL5OfENoXFatasW4vS/XGPI48OkLHqIwsVEN11EBN1EIUPaAn9IJejUfj2Xgz3metOWM+c4h+wfj4Bsu9nD4=</latexit>

(✓r,�r)

Conversion en coordonnées 
sphériques

38



Objet réfléchissant (miroir)

<latexit sha1_base64="dixHqC74yRW4sNRBxGTdROcwm7k=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKtHoreOmxgv2AdinZNNvGZpMlmRXK0v/gxYMiXv0/3vw3ptsV1Ppg4PHeDDPzglhwA6776RTW1jc2t4rbpZ3dvf2D8uFRx6hEU9amSijdC4hhgkvWBg6C9WLNSBQI1g2mNwu/+8C04UrewSxmfkTGkoecErBSZwATBmRYrrhVNwNeJV5OKihHa1j+GIwUTSImgQpiTN9zY/BTooFTwealQWJYTOiUjFnfUkkiZvw0u3aOz6wywqHStiTgTP05kZLImFkU2M6IwMT89Rbif14/gfDKT7mME2CSLheFicCg8OJ1POKaURAzSwjV3N6K6YRoQsEGVMpCqLvedc3Dq+Q7hM5F1atVvdvLSqOZx1FEJ+gUnSMP1VEDNVELtRFF9+gRPaMXRzlPzqvztmwtOPnMMfoF5/0LxTmPeQ==</latexit>

✓

<latexit sha1_base64="DRbrWJbcq5l58OR4BTmFyOlpRYY=">AAAB63icbVBNS8NAEJ3Ur1o/WvXoZbEInkoi0uqt4KXHCvYD2lA2202zdHcTdjdCCf0LXjwo4tU/5M1/Y5JGUOuDgcd7M8zM8yLOtLHtT6u0sbm1vVPereztHxxWa0fHfR3GitAeCXmohh7WlDNJe4YZToeRolh4nA68+W3mDx6o0iyU92YRUVfgmWQ+I9hk0jgK2KRWtxt2DrROnILUoUB3UvsYT0MSCyoN4VjrkWNHxk2wMoxwuqyMY00jTOZ4RkcplVhQ7Sb5rUt0nipT5IcqLWlQrv6cSLDQeiG8tFNgE+i/Xib+541i41+7CZNRbKgkq0V+zJEJUfY4mjJFieGLlGCiWHorIgFWmJg0nkoeQst2bpoOWiffIfQvG06z4dxd1dudIo4ynMIZXIADLWhDB7rQAwIBPMIzvFjCerJerbdVa8kqZk7gF6z3LzTKjpA=</latexit>

�

<latexit sha1_base64="nyUcseTlLKTY5/YZAJ+/nNnKN38=">AAACDXicbVDLSgNBEJyNrxhfUY9eBqMQQcKuSKK3gJccI5gHZMMyO5nNDpl9MNMrhCU/4MVf8eJBEa/evfk3TjYRorGgoajqprvLjQVXYJpfRm5ldW19I79Z2Nre2d0r7h+0VZRIylo0EpHsukQxwUPWAg6CdWPJSOAK1nFHN1O/c8+k4lF4B+OY9QMyDLnHKQEtOcWTsg0+A+LYAQHf9VI5Ocd27PMF4cwplsyKmQEvE2tOSmiOplP8tAcRTQIWAhVEqZ5lxtBPiQROBZsU7ESxmNARGbKepiEJmOqn2TcTfKqVAfYiqSsEnKmLEykJlBoHru6cnqj+elPxP6+XgHfVT3kYJ8BCOlvkJQJDhKfR4AGXjIIYa0Ko5PpWTH0iCQUdYCELoWZa11ULL5OfENoXFatasW4vS/XGPI48OkLHqIwsVEN11EBN1EIUPaAn9IJejUfj2Xgz3metOWM+c4h+wfj4Bsu9nD4=</latexit>

(✓r,�r)

Conversion en coordonnées 
sphériques

39



Objet réfléchissant (miroir)
Tout premier résultat! 

(Jim Blinn, 1976)

40



source 41

https://www.youtube.com/watch?v=xutvBtrG23A


Approximations

• La carte contient une vue du monde à partir d’un seul point 
• Cette vue change en fonction de la position sur l’objet! 

• Introduit distorsions, mais difficile à remarquer 

• Minimales pour un petit objet dans un grand environnement

42



Approximations

• L’objet ne se réfléchit pas lui-même

43



Au cinéma…

44



Flight of the Navigator (1986), premier film à utiliser cette technologie 45



Z

Terminator 2 (1991) 46



Mélanger le réel et le virtuel

GIF-4105/7105 Photographie Algorithmique 
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Illuminer un objet virtuel
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3 : sphère métallique
Rappel

48



3 : sphère métallique
Rappel

49



Comment éclairer l’objet?

+

Que faire si l’objet n’est pas réfléchissant?

50



Une journée dans la vie d’un photon
source de 

lumière

<latexit sha1_base64="Xj1++u1olMJa6MmD31DeWW7WzeI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclYlIq7uCmy4r2Ae0Q8lkMm1oJjMkGaEM/Qg3LhRx6/e4829MpyOo9UDgcM653JvjJ4Jr47qfztr6xubWdmmnvLu3f3BYOTru6jhVlHVoLGLV94lmgkvWMdwI1k8UI5EvWM+f3i783gNTmsfy3swS5kVkLHnIKTFW6g2FjQZkVKm6NTcHWiW4IFUo0B5VPoZBTNOISUMF0XqA3cR4GVGGU8Hm5WGqWULolIzZwFJJIqa9LD93js6tEqAwVvZJg3L150RGIq1nkW+TETET/ddbiP95g9SE117GZZIaJulyUZgKZGK0+DsKuGLUiJklhCpub0V0QhShxjZUzktouPimjtEq+S6he1nD9Rq+u6o2W0UdJTiFM7gADA1oQgva0AEKU3iEZ3hxEufJeXXeltE1p5g5gV9w3r8AXgePzg==</latexit>

�

Absorption

Idée : D. Hoiem

surface
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Une journée dans la vie d’un photon
source de 

lumière

<latexit sha1_base64="Xj1++u1olMJa6MmD31DeWW7WzeI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclYlIq7uCmy4r2Ae0Q8lkMm1oJjMkGaEM/Qg3LhRx6/e4829MpyOo9UDgcM653JvjJ4Jr47qfztr6xubWdmmnvLu3f3BYOTru6jhVlHVoLGLV94lmgkvWMdwI1k8UI5EvWM+f3i783gNTmsfy3swS5kVkLHnIKTFW6g2FjQZkVKm6NTcHWiW4IFUo0B5VPoZBTNOISUMF0XqA3cR4GVGGU8Hm5WGqWULolIzZwFJJIqa9LD93js6tEqAwVvZJg3L150RGIq1nkW+TETET/ddbiP95g9SE117GZZIaJulyUZgKZGK0+DsKuGLUiJklhCpub0V0QhShxjZUzktouPimjtEq+S6he1nD9Rq+u6o2W0UdJTiFM7gADA1oQgva0AEKU3iEZ3hxEufJeXXeltE1p5g5gV9w3r8AXgePzg==</latexit>

�

Réflexion diffuse

Idée : D. Hoiem

surface

52



Une journée dans la vie d’un photon
source de 

lumière
Réflexion spéculaire 

(miroir)
<latexit sha1_base64="Xj1++u1olMJa6MmD31DeWW7WzeI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclYlIq7uCmy4r2Ae0Q8lkMm1oJjMkGaEM/Qg3LhRx6/e4829MpyOo9UDgcM653JvjJ4Jr47qfztr6xubWdmmnvLu3f3BYOTru6jhVlHVoLGLV94lmgkvWMdwI1k8UI5EvWM+f3i783gNTmsfy3swS5kVkLHnIKTFW6g2FjQZkVKm6NTcHWiW4IFUo0B5VPoZBTNOISUMF0XqA3cR4GVGGU8Hm5WGqWULolIzZwFJJIqa9LD93js6tEqAwVvZJg3L150RGIq1nkW+TETET/ddbiP95g9SE117GZZIaJulyUZgKZGK0+DsKuGLUiJklhCpub0V0QhShxjZUzktouPimjtEq+S6he1nD9Rq+u6o2W0UdJTiFM7gADA1oQgva0AEKU3iEZ3hxEufJeXXeltE1p5g5gV9w3r8AXgePzg==</latexit>

�

Idée : D. HoiemImage

surface

normale
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https://www.flickr.com/photos/physicsclassroom/galleries/72157625381599100/


Une journée dans la vie d’un photon
source de 

lumière
<latexit sha1_base64="Xj1++u1olMJa6MmD31DeWW7WzeI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclYlIq7uCmy4r2Ae0Q8lkMm1oJjMkGaEM/Qg3LhRx6/e4829MpyOo9UDgcM653JvjJ4Jr47qfztr6xubWdmmnvLu3f3BYOTru6jhVlHVoLGLV94lmgkvWMdwI1k8UI5EvWM+f3i783gNTmsfy3swS5kVkLHnIKTFW6g2FjQZkVKm6NTcHWiW4IFUo0B5VPoZBTNOISUMF0XqA3cR4GVGGU8Hm5WGqWULolIzZwFJJIqa9LD93js6tEqAwVvZJg3L150RGIq1nkW+TETET/ddbiP95g9SE117GZZIaJulyUZgKZGK0+DsKuGLUiJklhCpub0V0QhShxjZUzktouPimjtEq+S6he1nD9Rq+u6o2W0UdJTiFM7gADA1oQgva0AEKU3iEZ3hxEufJeXXeltE1p5g5gV9w3r8AXgePzg==</latexit>

�

Transparence

Idée : D. HoiemImage

surface

54

https://www.kobycoinc.com/replacement-windows-roscoe-il/


Une journée dans la vie d’un photon
source de 

lumière
<latexit sha1_base64="Xj1++u1olMJa6MmD31DeWW7WzeI=">AAAB7nicbVDLSgMxFL3js9ZX1aWbYBFclYlIq7uCmy4r2Ae0Q8lkMm1oJjMkGaEM/Qg3LhRx6/e4829MpyOo9UDgcM653JvjJ4Jr47qfztr6xubWdmmnvLu3f3BYOTru6jhVlHVoLGLV94lmgkvWMdwI1k8UI5EvWM+f3i783gNTmsfy3swS5kVkLHnIKTFW6g2FjQZkVKm6NTcHWiW4IFUo0B5VPoZBTNOISUMF0XqA3cR4GVGGU8Hm5WGqWULolIzZwFJJIqa9LD93js6tEqAwVvZJg3L150RGIq1nkW+TETET/ddbiP95g9SE117GZZIaJulyUZgKZGK0+DsKuGLUiJklhCpub0V0QhShxjZUzktouPimjtEq+S6he1nD9Rq+u6o2W0UdJTiFM7gADA1oQgva0AEKU3iEZ3hxEufJeXXeltE1p5g5gV9w3r8AXgePzg==</latexit>

�

Idée : D. Hoiem

Réfraction

Image

surface
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https://www.britannica.com/science/refraction


Une journée dans la vie d’un photon
source de 

lumière

<latexit sha1_base64="ps2v6ewc6PXIiW4Gzz1DYemgENQ=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZkire4KbrqsYB/SDiWTybShSWZIMkIZ+hVuXCji1s9x59+YtiOo9UDgcM653JsTJJxp47qfztr6xubWdmGnuLu3f3BYOjru6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbuZ+94EqzWJ5Z6YJ9QUeSRYxgo2V7gfcRkM8rA5LZbfiLoBWiZeTMuRoDUsfgzAmqaDSEI617ntuYvwMK8MIp7PiINU0wWSCR7RvqcSCaj9bHDxD51YJURQr+6RBC/XnRIaF1lMR2KTAZqz/enPxP6+fmujKz5hMUkMlWS6KUo5MjOa/RyFTlBg+tQQTxeytiIyxwsTYjoqLEuqud13z0Cr5LqFTrXi1ind7WW408zoKcApncAEe1KEBTWhBGwgIeIRneHGU8+S8Om/L6JqTz5zALzjvX4mVkHM=</latexit>

�2

<latexit sha1_base64="5Xg4NptmVzoDPgR3M1KVWBEnX/E=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqkxEWt0V3HRZwT6kHUomk2lDk5khyQil9CvcuFDErZ/jzr8xnY6g1gOBwznncm+Onwiujet+OoW19Y3NreJ2aWd3b/+gfHjU0XGqKGvTWMSq5xPNBI9Y23AjWC9RjEhfsK4/uVn43QemNI+jOzNNmCfJKOIhp8RY6X4gbDQgQzwsV9yqmwGtEpyTCuRoDcsfgyCmqWSRoYJo3cduYrwZUYZTwealQapZQuiEjFjf0ohIpr1ZdvAcnVklQGGs7IsMytSfEzMitZ5K3yYlMWP911uI/3n91IRX3oxHSWpYRJeLwlQgE6PF71HAFaNGTC0hVHF7K6Jjogg1tqNSVkLdxdc1jFbJdwmdiyquVfHtZaXRzOsowgmcwjlgqEMDmtCCNlCQ8AjP8OIo58l5dd6W0YKTzxzDLzjvX4gRkHI=</latexit>

�1

Idée : D. Hoiem

Fluorescence

Image

surface
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http://physicsopenlab.org/2015/12/15/what-is-fluorescence/


Une journée dans la vie d’un photon

λ

source de 
lumière

Idée : D. Hoiem

Dispersion 
sous la surface

Image

surface

57

http://www.3dcenter.org/news/separable-subsurface-scattering-wird-performant-nutzbar


Une journée dans la vie d’un photon
source de 

lumière

Idée : D. Hoiem

Phosphorescence

<latexit sha1_base64="nu2+wmI+d4TwNSkqruv88/8C5OM=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9mItHoQCl56rGhtoV1KNs22odnskmSFsvQnePGgiFd/kTf/jel2BbU+GHi8N8PMPD8WXBvX/XQKK6tr6xvFzdLW9s7uXnn/4F5HiaKsTSMRqa5PNBNcsrbhRrBurBgJfcE6/uR67ncemNI8kndmGjMvJCPJA06JsdKtucKDcsWtuhnQMsE5qUCO1qD80R9GNAmZNFQQrXvYjY2XEmU4FWxW6ieaxYROyIj1LJUkZNpLs1Nn6MQqQxREypY0KFN/TqQk1Hoa+rYzJGas/3pz8T+vl5jgwku5jBPDJF0sChKBTITmf6MhV4waMbWEUMXtrYiOiSLU2HRKWQh1F1/WMFom3yHcn1VxrYpvziuNZh5HEY7gGE4BQx0a0IQWtIHCCB7hGV4c4Tw5r87borXg5DOH8AvO+xfzIY3L</latexit>

t = 1

<latexit sha1_base64="IYgKfaz6LQ+iwZQSetWzojVdFd8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWj0IBS89VrS20Iay2W7apZtN2J0IJfQnePGgiFd/kTf/jWkaQa0PBh7vzTAzz4ukMGjbn1ZhZXVtfaO4Wdra3tndK+8f3Jsw1oy3WShD3fWo4VIo3kaBkncjzWngSd7xJtdzv/PAtRGhusNpxN2AjpTwBaOYSrd4pQblil21M5Bl4uSkAjlag/JHfxiyOOAKmaTG9Bw7QjehGgWTfFbqx4ZHlE3oiPdSqmjAjZtkp87ISaoMiR/qtBSSTP05kdDAmGngpZ0BxbH5683F/7xejP6FmwgVxcgVWyzyY0kwJPO/yVBozlBOU0KZFumthI2ppgzTdEpZCHXbuaw5ZJl8h3B/VnVqVefmvNJo5nEU4QiO4RQcqEMDmtCCNjAYwSM8w4slrSfr1XpbtBasfOYQfsF6/wJPpI4I</latexit>

t = n

Image

surface
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https://sites.google.com/site/phosphorescenceandmore


Une journée dans la vie d’un photon

λ

source de 
lumière

Idée : D. Hoiem

Inter-réflexions

Image

surface

59

http://gearcraft.us/global-illumination-minecraft-seus-v10-2-download/


Exemple: mitsuba

+ =

http://www.mitsuba-renderer.org

60



Mitsuba
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Illuminer les objets virtuels
Sphère 

lumineuse
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Illuminer les objets virtuels

Scène virtuelle

Sphère 
lumineuse

63
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http://www.pauldebevec.com/RNL/


Mélanger le réel et le virtuel

GIF-4105/7105 Photographie Algorithmique 
Jean-François Lalonde

Ombres et autres interactions

Merci à A. Efros et P. Debevec!Image © TriStar Pictures 65



Orientation Éclairage Ombres

66



Orientation Éclairage Ombres

67



68



69



Modéliser la scène

scène réelle

Sphère lumineuse
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Modéliser la scène

scène réelle

Sphère lumineuse

objets synthétiques
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Modéliser la scène

scène réelle

Sphère lumineuse

objets synthétiques

approximation de la scène
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Modéliser la scène Sphère lumineuse

objets synthétiques

approximation de la scène

73



74



75



76



<latexit sha1_base64="xH9Hl4QrLj1SanjVNONBK9UmpS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURafVW8NJjC/YD2lA220m7drMJuxuhlP4CLx4U8epP8ua/MU0jqPXBwOO9GWbmeZHg2tj2p5VbW9/Y3MpvF3Z29/YPiodHbR3GimGLhSJUXY9qFFxiy3AjsBsppIEnsONNbhd+5wGV5qG8M9MI3YCOJPc5oyaRmheDYsku2ynIKnEyUoIMjUHxoz8MWRygNExQrXuOHRl3RpXhTOC80I81RpRN6Ah7CZU0QO3O0kPn5CxRhsQPVVLSkFT9OTGjgdbTwEs6A2rG+q+3EP/zerHxr90Zl1FsULLlIj8WxIRk8TUZcoXMiGlCKFM8uZWwMVWUmSSbQhpC1XZuKg5ZJd8htC/LTqXsNK9KtXoWRx5O4BTOwYEq1KAODWgBA4RHeIYX6956sl6tt2VrzspmjuEXrPcvlc+NAg==</latexit>�

<latexit sha1_base64="AiPtOvX8owCS7hqEo23qeQ+ydgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWj0IBS89tmA/oA1ls522azebsLsRSugv8OJBEa/+JG/+G9M0glofDDzem2FmnhcKro1tf1q5tfWNza38dmFnd2//oHh41NZBpBi2WCAC1fWoRsEltgw3AruhQup7Ajve9Hbhdx5QaR7IOzML0fXpWPIRZ9QkUvNmUCzZZTsFWSVORkqQoTEofvSHAYt8lIYJqnXPsUPjxlQZzgTOC/1IY0jZlI6xl1BJfdRunB46J2eJMiSjQCUlDUnVnxMx9bWe+V7S6VMz0X+9hfif14vM6MqNuQwjg5ItF40iQUxAFl+TIVfIjJglhDLFk1sJm1BFmUmyKaQhVG3nuuKQVfIdQvui7FTKTvOyVKtnceThBE7hHByoQg3q0IAWMEB4hGd4se6tJ+vVelu25qxs5hh+wXr/Aq4PjRI=</latexit>=

77
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Survol

Bernard Lebel79

http://vision.gel.ulaval.ca/~jflalonde/cours/4105/h15/tps/results/tp5/BELEB79/


Bernard Lebel80

http://vision.gel.ulaval.ca/~jflalonde/cours/4105/h15/tps/results/tp5/BELEB79/


Bernard Lebel

<latexit sha1_base64="uRFqrSjUkvxbtunAT+WK4UMRXjY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvPQitGA/oA1ls520azebsLsRSukv8OJBEa/+JG/+G9M0glofDDzem2FmnhcJro1tf1q5tfWNza38dmFnd2//oHh41NZhrBi2WChC1fWoRsEltgw3AruRQhp4Ajve5Gbhdx5QaR7KOzON0A3oSHKfM2oSqXk7KJbssp2CrBInIyXI0BgUP/rDkMUBSsME1brn2JFxZ1QZzgTOC/1YY0TZhI6wl1BJA9TuLD10Ts4SZUj8UCUlDUnVnxMzGmg9DbykM6BmrP96C/E/rxcb/8qdcRnFBiVbLvJjQUxIFl+TIVfIjJgmhDLFk1sJG1NFmUmyKaQhVG3nuuKQVfIdQvui7FTKTvOyVKtnceThBE7hHByoQg3q0IAWMEB4hGd4se6tJ+vVelu25qxs5hh+wXr/AsZPjSI=</latexit>

M
<latexit sha1_base64="K4PaqJUDF5gmyp+swZONbGMPorM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvPTYiv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlvTNsIan0w8Hhvhpl5XiS4Nrb9aeXW1jc2t/LbhZ3dvf2D4uFRW4exYthioQhV16MaBZfYMtwI7EYKaeAJ7HiTm7nfeUCleSjvzDRCN6AjyX3OqEml5u2gWLLL9gJklTgZKUGGxqD40R+GLA5QGiao1j3HjoybUGU4Ezgr9GONEWUTOsJeSiUNULvJ4tAZOUuVIfFDlZY0ZKH+nEhooPU08NLOgJqx/uvNxf+8Xmz8KzfhMooNSrZc5MeCmJDMvyZDrpAZMU0JZYqntxI2pooyk2ZTWIRQtZ3rikNWyXcI7YuyUyk7zctSrZ7FkYcTOIVzcKAKNahDA1rAAOERnuHFureerFfrbdmas7KZY/gF6/0LzeONJw==</latexit>

R
<latexit sha1_base64="M74vRj3vYQmVP96lHK/TFiSiHBo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvNRbC/YD2lA220m7drMJuxuhlP4CLx4U8epP8ua/MU0jqPXBwOO9GWbmeZHg2tj2p5VbW9/Y3MpvF3Z29/YPiodHbR3GimGLhSJUXY9qFFxiy3AjsBsppIEnsONNbhZ+5wGV5qG8M9MI3YCOJPc5oyaRmreDYsku2ynIKnEyUoIMjUHxoz8MWRygNExQrXuOHRl3RpXhTOC80I81RpRN6Ah7CZU0QO3O0kPn5CxRhsQPVVLSkFT9OTGjgdbTwEs6A2rG+q+3EP/zerHxr9wZl1FsULLlIj8WxIRk8TUZcoXMiGlCKFM8uZWwMVWUmSSbQhpC1XauKw5ZJd8htC/KTqXsNC9LtXoWRx5O4BTOwYEq1KAODWgBA4RHeIYX6956sl6tt2VrzspmjuEXrPcvwD+NHg==</latexit>

I
<latexit sha1_base64="0vzPrNsmIC4ZvgS6BUx3eh4F0LE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUgyUr0uqt4KUXoYJpC20om+2mXbrZhN2NUEJ/gxcPinj1B3nz35imEdT6YODx3gwz87xIcG1s+9NaWV1b39gsbBW3d3b39ksHh20dxooyh4YiVF2PaCa4ZI7hRrBupBgJPME63uRm7ncemNI8lPdmGjE3ICPJfU6JSSWngs9vzwalsl21M6BlgnNShhytQemjPwxpHDBpqCBa97AdGTchynAq2KzYjzWLCJ2QEeulVJKAaTfJjp2h01QZIj9UaUmDMvXnREICraeBl3YGxIz1X28u/uf1YuNfuQmXUWyYpItFfiyQCdH8czTkilEjpikhVPH0VkTHRBFq0nyKWQh1G1/XMFom3yG0L6q4VsV3l+VGM4+jAMdwAhXAUIcGNKEFDlDg8AjP8GJJ68l6td4WrStWPnMEv2C9fwFlH435</latexit>

(1�M) <latexit sha1_base64="f7GmyC1xV1SBoXemZu9ViYIUiMs=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKtHoreOmxgv2AdinZNNvGZpMlmRXK0v/gxYMiXv0/3vw3ptsV1Ppg4PHeDDPzglhwA6776RTW1jc2t4rbpZ3dvf2D8uFRx6hEU9amSijdC4hhgkvWBg6C9WLNSBQI1g2mNwu/+8C04UrewSxmfkTGkoecErBSZwA8YmZYrrhVNwNeJV5OKihHa1j+GIwUTSImgQpiTN9zY/BTooFTwealQWJYTOiUjFnfUknsEj/Nrp3jM6uMcKi0LQk4U39OpCQyZhYFtjMiMDF/vYX4n9dPILzyUy7jBJiky0VhIjAovHgdj7hmFMTMEkI1t7diOiGaULABlbIQ6q53XfPwKvkOoXNR9WpV7/ay0mjmcRTRCTpF58hDddRATdRCbUTRPXpEz+jFUc6T8+q8LVsLTj5zjH7Bef8C122PhQ==</latexit>⇥<latexit sha1_base64="f7GmyC1xV1SBoXemZu9ViYIUiMs=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKtHoreOmxgv2AdinZNNvGZpMlmRXK0v/gxYMiXv0/3vw3ptsV1Ppg4PHeDDPzglhwA6776RTW1jc2t4rbpZ3dvf2D8uFRx6hEU9amSijdC4hhgkvWBg6C9WLNSBQI1g2mNwu/+8C04UrewSxmfkTGkoecErBSZwA8YmZYrrhVNwNeJV5OKihHa1j+GIwUTSImgQpiTN9zY/BTooFTwealQWJYTOiUjFnfUknsEj/Nrp3jM6uMcKi0LQk4U39OpCQyZhYFtjMiMDF/vYX4n9dPILzyUy7jBJiky0VhIjAovHgdj7hmFMTMEkI1t7diOiGaULABlbIQ6q53XfPwKvkOoXNR9WpV7/ay0mjmcRTRCTpF58hDddRATdRCbUTRPXpEz+jFUc6T8+q8LVsLTj5zjH7Bef8C122PhQ==</latexit>⇥ <latexit sha1_base64="9pPW32abr8JM1acCoCE5+zPFj+s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi0uqt4KXHFuwHtKFstpN27WYTdjdCKf0FXjwo4tWf5M1/Y5pGUOuDgcd7M8zM8yLBtbHtTyu3tr6xuZXfLuzs7u0fFA+P2jqMFcMWC0Wouh7VKLjEluFGYDdSSANPYMeb3C78zgMqzUN5Z6YRugEdSe5zRk0iNS8GxZJdtlOQVeJkpAQZGoPiR38YsjhAaZigWvccOzLujCrDmcB5oR9rjCib0BH2EippgNqdpYfOyVmiDIkfqqSkIan6c2JGA62ngZd0BtSM9V9vIf7n9WLjX7szLqPYoGTLRX4siAnJ4msy5AqZEdOEUKZ4cithY6ooM0k2hTSEqu3cVByySr5DaF+WnUrZaV6VavUsjjycwCmcgwNVqEEdGtACBgiP8Awv1r31ZL1ab8vWnJXNHMMvWO9fkseNAA==</latexit>

+

81

http://vision.gel.ulaval.ca/~jflalonde/cours/4105/h15/tps/results/tp5/BELEB79/


Bernard Lebel

<latexit sha1_base64="uRFqrSjUkvxbtunAT+WK4UMRXjY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvPQitGA/oA1ls520azebsLsRSukv8OJBEa/+JG/+G9M0glofDDzem2FmnhcJro1tf1q5tfWNza38dmFnd2//oHh41NZhrBi2WChC1fWoRsEltgw3AruRQhp4Ajve5Gbhdx5QaR7KOzON0A3oSHKfM2oSqXk7KJbssp2CrBInIyXI0BgUP/rDkMUBSsME1brn2JFxZ1QZzgTOC/1YY0TZhI6wl1BJA9TuLD10Ts4SZUj8UCUlDUnVnxMzGmg9DbykM6BmrP96C/E/rxcb/8qdcRnFBiVbLvJjQUxIFl+TIVfIjJgmhDLFk1sJG1NFmUmyKaQhVG3nuuKQVfIdQvui7FTKTvOyVKtnceThBE7hHByoQg3q0IAWMEB4hGd4se6tJ+vVelu25qxs5hh+wXr/AsZPjSI=</latexit>

M
<latexit sha1_base64="K4PaqJUDF5gmyp+swZONbGMPorM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvPTYiv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlvTNsIan0w8Hhvhpl5XiS4Nrb9aeXW1jc2t/LbhZ3dvf2D4uFRW4exYthioQhV16MaBZfYMtwI7EYKaeAJ7HiTm7nfeUCleSjvzDRCN6AjyX3OqEml5u2gWLLL9gJklTgZKUGGxqD40R+GLA5QGiao1j3HjoybUGU4Ezgr9GONEWUTOsJeSiUNULvJ4tAZOUuVIfFDlZY0ZKH+nEhooPU08NLOgJqx/uvNxf+8Xmz8KzfhMooNSrZc5MeCmJDMvyZDrpAZMU0JZYqntxI2pooyk2ZTWIRQtZ3rikNWyXcI7YuyUyk7zctSrZ7FkYcTOIVzcKAKNahDA1rAAOERnuHFureerFfrbdmas7KZY/gF6/0LzeONJw==</latexit>

R
<latexit sha1_base64="M74vRj3vYQmVP96lHK/TFiSiHBo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvNRbC/YD2lA220m7drMJuxuhlP4CLx4U8epP8ua/MU0jqPXBwOO9GWbmeZHg2tj2p5VbW9/Y3MpvF3Z29/YPiodHbR3GimGLhSJUXY9qFFxiy3AjsBsppIEnsONNbhZ+5wGV5qG8M9MI3YCOJPc5oyaRmreDYsku2ynIKnEyUoIMjUHxoz8MWRygNExQrXuOHRl3RpXhTOC80I81RpRN6Ah7CZU0QO3O0kPn5CxRhsQPVVLSkFT9OTGjgdbTwEs6A2rG+q+3EP/zerHxr9wZl1FsULLlIj8WxIRk8TUZcoXMiGlCKFM8uZWwMVWUmSSbQhpC1XauKw5ZJd8htC/KTqXsNC9LtXoWRx5O4BTOwYEq1KAODWgBA4RHeIYX6956sl6tt2VrzspmjuEXrPcvwD+NHg==</latexit>

I
<latexit sha1_base64="0vzPrNsmIC4ZvgS6BUx3eh4F0LE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUgyUr0uqt4KUXoYJpC20om+2mXbrZhN2NUEJ/gxcPinj1B3nz35imEdT6YODx3gwz87xIcG1s+9NaWV1b39gsbBW3d3b39ksHh20dxooyh4YiVF2PaCa4ZI7hRrBupBgJPME63uRm7ncemNI8lPdmGjE3ICPJfU6JSSWngs9vzwalsl21M6BlgnNShhytQemjPwxpHDBpqCBa97AdGTchynAq2KzYjzWLCJ2QEeulVJKAaTfJjp2h01QZIj9UaUmDMvXnREICraeBl3YGxIz1X28u/uf1YuNfuQmXUWyYpItFfiyQCdH8czTkilEjpikhVPH0VkTHRBFq0nyKWQh1G1/XMFom3yG0L6q4VsV3l+VGM4+jAMdwAhXAUIcGNKEFDlDg8AjP8GJJ68l6td4WrStWPnMEv2C9fwFlH435</latexit>

(1�M) <latexit sha1_base64="f7GmyC1xV1SBoXemZu9ViYIUiMs=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKtHoreOmxgv2AdinZNNvGZpMlmRXK0v/gxYMiXv0/3vw3ptsV1Ppg4PHeDDPzglhwA6776RTW1jc2t4rbpZ3dvf2D8uFRx6hEU9amSijdC4hhgkvWBg6C9WLNSBQI1g2mNwu/+8C04UrewSxmfkTGkoecErBSZwA8YmZYrrhVNwNeJV5OKihHa1j+GIwUTSImgQpiTN9zY/BTooFTwealQWJYTOiUjFnfUknsEj/Nrp3jM6uMcKi0LQk4U39OpCQyZhYFtjMiMDF/vYX4n9dPILzyUy7jBJiky0VhIjAovHgdj7hmFMTMEkI1t7diOiGaULABlbIQ6q53XfPwKvkOoXNR9WpV7/ay0mjmcRTRCTpF58hDddRATdRCbUTRPXpEz+jFUc6T8+q8LVsLTj5zjH7Bef8C122PhQ==</latexit>⇥<latexit sha1_base64="f7GmyC1xV1SBoXemZu9ViYIUiMs=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKtHoreOmxgv2AdinZNNvGZpMlmRXK0v/gxYMiXv0/3vw3ptsV1Ppg4PHeDDPzglhwA6776RTW1jc2t4rbpZ3dvf2D8uFRx6hEU9amSijdC4hhgkvWBg6C9WLNSBQI1g2mNwu/+8C04UrewSxmfkTGkoecErBSZwA8YmZYrrhVNwNeJV5OKihHa1j+GIwUTSImgQpiTN9zY/BTooFTwealQWJYTOiUjFnfUknsEj/Nrp3jM6uMcKi0LQk4U39OpCQyZhYFtjMiMDF/vYX4n9dPILzyUy7jBJiky0VhIjAovHgdj7hmFMTMEkI1t7diOiGaULABlbIQ6q53XfPwKvkOoXNR9WpV7/ay0mjmcRTRCTpF58hDddRATdRCbUTRPXpEz+jFUc6T8+q8LVsLTj5zjH7Bef8C122PhQ==</latexit>⇥ <latexit sha1_base64="9pPW32abr8JM1acCoCE5+zPFj+s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoi0uqt4KXHFuwHtKFstpN27WYTdjdCKf0FXjwo4tWf5M1/Y5pGUOuDgcd7M8zM8yLBtbHtTyu3tr6xuZXfLuzs7u0fFA+P2jqMFcMWC0Wouh7VKLjEluFGYDdSSANPYMeb3C78zgMqzUN5Z6YRugEdSe5zRk0iNS8GxZJdtlOQVeJkpAQZGoPiR38YsjhAaZigWvccOzLujCrDmcB5oR9rjCib0BH2EippgNqdpYfOyVmiDIkfqqSkIan6c2JGA62ngZd0BtSM9V9vIf7n9WLjX7szLqPYoGTLRX4siAnJ4msy5AqZEdOEUKZ4cithY6ooM0k2hTSEqu3cVByySr5DaF+WnUrZaV6VavUsjjycwCmcgwNVqEEdGtACBgiP8Awv1r31ZL1ab8vWnJXNHMMvWO9fkseNAA==</latexit>

+

Rappel!
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<latexit sha1_base64="K4PaqJUDF5gmyp+swZONbGMPorM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvPTYiv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlvTNsIan0w8Hhvhpl5XiS4Nrb9aeXW1jc2t/LbhZ3dvf2D4uFRW4exYthioQhV16MaBZfYMtwI7EYKaeAJ7HiTm7nfeUCleSjvzDRCN6AjyX3OqEml5u2gWLLL9gJklTgZKUGGxqD40R+GLA5QGiao1j3HjoybUGU4Ezgr9GONEWUTOsJeSiUNULvJ4tAZOUuVIfFDlZY0ZKH+nEhooPU08NLOgJqx/uvNxf+8Xmz8KzfhMooNSrZc5MeCmJDMvyZDrpAZMU0JZYqntxI2pooyk2ZTWIRQtZ3rikNWyXcI7YuyUyk7zctSrZ7FkYcTOIVzcKAKNahDA1rAAOERnuHFureerFfrbdmas7KZY/gF6/0LzeONJw==</latexit>

R
<latexit sha1_base64="PuNBiEn8AMhlJmIFCroL2ujQsbQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VROixBfsBbSib7bRdu9mE3Y1QQn+BFw+KePUnefPfmKYR1Ppg4PHeDDPzvFBwbWz708qtrW9sbuW3Czu7e/sHxcOjtg4ixbDFAhGorkc1Ci6xZbgR2A0VUt8T2PGmNwu/84BK80DemVmIrk/Hko84oyaRmreDYsku2ynIKnEyUoIMjUHxoz8MWOSjNExQrXuOHRo3pspwJnBe6EcaQ8qmdIy9hErqo3bj9NA5OUuUIRkFKilpSKr+nIipr/XM95JOn5qJ/ustxP+8XmRGV27MZRgZlGy5aBQJYgKy+JoMuUJmxCwhlCme3ErYhCrKTJJNIQ2hajvXFYesku8Q2hdlp1J2mpelWj2LIw8ncArn4EAValCHBrSAAcIjPMOLdW89Wa/W27I1Z2Uzx/AL1vsXui+NGg==</latexit>

E
<latexit sha1_base64="KhIEVm++YlzjgOo9dCFEZd105II=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahHiyJSKu3ggg9VjFtoQ1ls920SzebsLsRSulv8OJBEa/+IG/+G7dpBLU+GHi8N8PMPD/mTGnb/rRyK6tr6xv5zcLW9s7uXnH/oKWiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH1/P/fYDlYpF4l5PYuqFeChYwAjWRnLLd2c3p/1iya7YKdAycTJSggzNfvGjN4hIElKhCcdKdR071t4US80Ip7NCL1E0xmSMh7RrqMAhVd40PXaGTowyQEEkTQmNUvXnxBSHSk1C33SGWI/UX28u/ud1Ex1celMm4kRTQRaLgoQjHaH552jAJCWaTwzBRDJzKyIjLDHRJp9CGkLNdq6qDlom3yG0zitOteLcXpTqjSyOPBzBMZTBgRrUoQFNcIEAg0d4hhdLWE/Wq/W2aM1Z2cwh/IL1/gWLXo4S</latexit>

(R� E)<latexit sha1_base64="xH9Hl4QrLj1SanjVNONBK9UmpS0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURafVW8NJjC/YD2lA220m7drMJuxuhlP4CLx4U8epP8ua/MU0jqPXBwOO9GWbmeZHg2tj2p5VbW9/Y3MpvF3Z29/YPiodHbR3GimGLhSJUXY9qFFxiy3AjsBsppIEnsONNbhd+5wGV5qG8M9MI3YCOJPc5oyaRmheDYsku2ynIKnEyUoIMjUHxoz8MWRygNExQrXuOHRl3RpXhTOC80I81RpRN6Ah7CZU0QO3O0kPn5CxRhsQPVVLSkFT9OTGjgdbTwEs6A2rG+q+3EP/zerHxr90Zl1FsULLlIj8WxIRk8TUZcoXMiGlCKFM8uZWwMVWUmSSbQhpC1XZuKg5ZJd8htC/LTqXsNK9KtXoWRx5O4BTOwYEq1KAODWgBA4RHeIYX6956sl6tt2VrzspmjuEXrPcvlc+NAg==</latexit>� <latexit sha1_base64="AiPtOvX8owCS7hqEo23qeQ+ydgk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWj0IBS89tmA/oA1ls522azebsLsRSugv8OJBEa/+JG/+G9M0glofDDzem2FmnhcKro1tf1q5tfWNza38dmFnd2//oHh41NZBpBi2WCAC1fWoRsEltgw3AruhQup7Ajve9Hbhdx5QaR7IOzML0fXpWPIRZ9QkUvNmUCzZZTsFWSVORkqQoTEofvSHAYt8lIYJqnXPsUPjxlQZzgTOC/1IY0jZlI6xl1BJfdRunB46J2eJMiSjQCUlDUnVnxMx9bWe+V7S6VMz0X+9hfif14vM6MqNuQwjg5ItF40iQUxAFl+TIVfIjJglhDLFk1sJm1BFmUmyKaQhVG3nuuKQVfIdQvui7FTKTvOyVKtnceThBE7hHByoQg3q0IAWMEB4hGd4se6tJ+vVelu25qxs5hh+wXr/Aq4PjRI=</latexit>=

Rendu différentiel : calcule la différence entre  
(objets + scène) et (scène seulement) 

pour capturer les interactions entre les objets virtuels et la scène réelle
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<latexit sha1_base64="fjQ4FhrRvv/16h9PHBHL04gFmas=">AAACA3icbZDLSgMxGIUz9VbrrepON8EiTJGWiUirC6FQhLoo1GIv0A4lk2ba0MyFJCOUUnDjq7hxoYhbX8Kdb2N6EdR6IPBxzv+T5DghZ1JZ1qcRW1peWV2Lryc2Nre2d5K7e3UZRILQGgl4IJoOlpQzn9YUU5w2Q0Gx53DacAbFSd64o0KywL9Vw5DaHu75zGUEK211kgdFeAnLVXgCTZQpp81rTcSsZq7S6U4yZWWtqeAioDmkwFyVTvKj3Q1I5FFfEY6lbCErVPYIC8UIp+NEO5I0xGSAe7Sl0ccelfZo+ocxPNZOF7qB0MdXcOr+3BhhT8qh5+hJD6u+/JtNzP+yVqTcc3vE/DBS1Cezi9yIQxXASSGwywQlig81YCKYfiskfSwwUbq2xLSEvIUucgguwncJ9dMsymXRzVmqUJrXEQeH4AiYAIE8KIASqIAaIOAePIJn8GI8GE/Gq/E2G40Z85198EvG+xeitpND</latexit>

C = MR+ (1�M)(I + c(R� E))
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