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Formation de l’image

• Faisons le design de notre propre caméra 
• Idée 1: plaçons un capteur en face d’un objet 

• Quelle image obtenons-nous?

Source

Objet Capteur
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http://www.kindpng.com


Le sténopé (pinhole)

• Idée 2: rajouter un barrière pour laisser passer seulement certains 
rayons 

• Cela réduit le flou 

• Le trou : l’ouverture, ou le sténopé (en anglais : pinhole)

Source: Seitz

Objet CapteurBarrière avec trou
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Caméra sténopé (pinhole)

Forsyth et Ponce

Capture un « pinceau de lumière » : tous les rayons convergeant en un point. 
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Caméra sténopé (pinhole)

Sténopé (trou) 
Centre de projectionPlan de l’image

Distance focale

Modèle mathématique : point + plan

Axe optique
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Camera obscura

• Idée : Mozi, Chine (470–390BC) 
• Première construction: Alhacen, Irak/Égypte (965–1039AD)

Camera obscura à l’UNC Chapel Hill 
(Photo: Seth Ilys)
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Abelardo Morell

http://www.abelardomorell.net/books/books_m02.html 8

http://www.abelardomorell.net/books/books_m02.html


Point of observation

Figures © Stephen E. Palmer, 2002

Réduire les dimensions : 3D ➛ 2D

Monde (3D) Image (2D)

On perd une dimension!
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Qu’est-ce qu’on perd?

Source

Les longueurs

Pour d’autres exemples,  
cherchez « forced perspective »…
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https://mymodernmet.com/wp/wp-content/uploads/2017/07/funny-leaning-tower-of-pisa-photos-9.jpg


Qu’est-ce qu’on perd?

David Forsyth

B’ C’

A’

Les longueurs
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Qu’est-ce qu’on perd?

Source Source

Les angles

Le parallélisme
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https://posterjack.ca/blogs/inspiration/10-forced-perspective-photos-you-have-to-try-for-yourself
http://www.pxleyes.com/photography-picture/56082db562231/One-way-bridge.html


Qu’est-ce qu’on perd?

David Forsyth

Le parallélisme
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Lignes et points de fuite

Ligne de fuite

Point de fuite

Point de fuite 
(à l’infini)

Credit: Criminisi

Point de fuite

14



« Objets » de fuite?
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Nous exploitons ces effets!

Source 

Illusion de Müller-Lyer

Nous ne prenons pas de mesures dans 
le plan de l’image, mais tentons de les 

interpréter en 3D!
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https://michaelbach.de/ot/sze-muelue/


Ames room

Source17

https://vanessawilgeroth.wordpress.com/2017/02/05/ames-room-illusion/
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Modélisons la projection

Sténopé (trou) 
Centre de projectionPlan de l’image

Distance focale

Modèle mathématique : point + plan

Axe optique
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Modélisons la projection

Sténopé (trou) 
Centre de projectionPlan de l’image

Modèle mathématique (2D) : point + ligne

Distance focale
<latexit sha1_base64="SXy/IiV4vrwJNYiT2rXXtFZSj94=">AAAB6XicbVBNSwMxEJ2tX7V+VT16CRbBU9lIsXorevHYgrWFdinZNNvGZrNLkhXK0l/gxYOCePUfefPfmG5XUOuDgcd7M8zM82PBtXHdT6ewsrq2vlHcLG1t7+zulfcP7nSUKMraNBKR6vpEM8ElaxtuBOvGipHQF6zjT67nfueBKc0jeWumMfNCMpI84JQYK7WCQbniVt0MaJngnFQgR3NQ/ugPI5qETBoqiNY97MbGS4kynAo2K/UTzWJCJ2TEepZKEjLtpdmhM3RilSEKImVLGpSpPydSEmo9DX3bGRIz1n+9ufif10tMcOGlXMaJYZIuFgWJQCZC86/RkCtGjZhaQqji9lZEx0QRamw2pSyEuosvzzFaJt8hdM6quFbFuFWrNK7yPIpwBMdwChjq0IAbaEIbKDB4hGd4ce6dJ+fVeVu0Fpx85hB+wXn/An7AjWg=</latexit>

f

<latexit sha1_base64="KIiA4HTjwyE//dtZWQo0LiMQ2iY=">AAAB6XicbVBNSwMxEM3Wr1q/qh69BIvgqWxErN6KXjy2YG2hXUo2nW1js9klyQp16S/w4kFBvPqPvPlvTLcrqPXBwOO9GWbm+bHg2rjup1NYWl5ZXSuulzY2t7Z3yrt7tzpKFIMWi0SkOj7VILiEluFGQCdWQENfQNsfX8389j0ozSN5YyYxeCEdSh5wRo2Vmg/9csWtuhnwIiE5qaAcjX75ozeIWBKCNExQrbvEjY2XUmU4EzAt9RINMWVjOoSupZKGoL00O3SKj6wywEGkbEmDM/XnREpDrSehbztDakb6rzcT//O6iQnOvZTLODEg2XxRkAhsIjz7Gg+4AmbExBLKFLe3YjaiijJjsyllIdRccnFG8CL5DqF9UiWnVUKap5X6ZZ5HER2gQ3SMCKqhOrpGDdRCDAF6RM/oxblznpxX523eWnDymX30C877F50kjXw=</latexit>z

<latexit sha1_base64="IWnT4UeHD9RnEsMzGsnK2tLND+g=">AAAB6XicbVBNSwMxEM3Wr1q/qh69BIvgqWykWL0VvXhswdpCu5RsOtvGZrNLkhXK0l/gxYOCePUfefPfmG5XUOuDgcd7M8zM82PBtXHdT6ewsrq2vlHcLG1t7+zulfcP7nSUKAZtFolIdX2qQXAJbcONgG6sgIa+gI4/uZ77nQdQmkfy1kxj8EI6kjzgjBortaaDcsWtuhnwMiE5qaAczUH5oz+MWBKCNExQrXvEjY2XUmU4EzAr9RMNMWUTOoKepZKGoL00O3SGT6wyxEGkbEmDM/XnREpDraehbztDasb6rzcX//N6iQkuvJTLODEg2WJRkAhsIjz/Gg+5AmbE1BLKFLe3YjamijJjsyllIdRdcnlO8DL5DqFzViW1KiGtWqVxledRREfoGJ0iguqogW5QE7URQ4Ae0TN6ce6dJ+fVeVu0Fpx85hD9gvP+BZufjXs=</latexit>y

Axe optique
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Projection sous forme matricielle

• Est-ce que c’est linéaire? 
• Non! Il faut diviser par z… 

• Que faire?

x0 = f
x

z
y0 = f

y

z

21



Coordonnées homogènes à la rescousse!

• Représente des coordonnées 2-D avec un vecteur à 3 éléments


x
y
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4
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y
1

3

5
Coordonnées homogènes
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y
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Point 2D


x/w
y/w

�
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Représentation matricielle x0 = f
x

z

y0 = f
y

z
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<latexit sha1_base64="pRKE4LN9euMIxTAp3tix0SXVyTU="></latexit>2

4
wx0

wy0

w

3

5 =

2

4
f 0 0
0 f 0
0 0 1

3

5

2

4
x
y
z

3

5

Représentation matricielle
• La projection est une multiplication matricielle en coordonnées 

homogènes:  

• Nombre d’inconnus? 
• 1 (f) 

• Forme simple car nous avons fait plusieurs hypothèses…

Matrice de projection
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<latexit sha1_base64="rW8kDot5mcDaIXT2KBfSkrzJbL0=">AAACCHicbZBNS8MwHMbT+TbnW9WjIMEhCMJoZTg9CAMvnmSCc4O1ljRLt7D0hSQd1NKbF7+KFw8K4tWP4M1vY9ZVUOcDgYfn+f9J8nMjRoU0jE+tNDe/sLhUXq6srK6tb+ibWzcijDkmbRyykHddJAijAWlLKhnpRpwg32Wk447OJ31nTLigYXAtk4jYPhoE1KMYSRU5+m5ya0Wc+gSeQQ9aHkc4TbL0LoOHcOwYjl41akYuOGvMwlRBoZajf1j9EMc+CSRmSIieaUTSThGXFDOSVaxYkAjhERqQnrIB8omw0/wfGdxXSR96IVcnkDBPf26kyBci8V016SM5FH+7Sfhf14uld2KnNIhiSQI8vciLGZQhnECBfcoJlixRBmFO1VshHiLFQip0lRxCwzBPj004a74hdI5qZr1mmlf1avOy4FEGO2APHAATNEATXIAWaAMM7sEjeAYv2oP2pL1qb9PRklbsbINf0t6/AFQHmP8=</latexit>

y0 = f
y

z
+ v0

Hypothèse #1 : centre de l’image

<latexit sha1_base64="CWGW1Sij39GYI/Lz2KcBqmyI9XU=">AAAB8nicbVBNSwMxEM36WetX1aOXYBEqSEmkWL0VvHiSCtYW22XJptk2NJtdkmyhLP0XXjwoiFd/jTf/jel2BbU+GHi8N8PMPD8WXBuEPp2l5ZXVtfXCRnFza3tnt7S3f6+jRFHWopGIVMcnmgkuWctwI1gnVoyEvmBtf3Q189tjpjSP5J2ZxMwNyUDygFNirPRQSTx0CsceOvFKZVRFGeAiwTkpgxxNr/TR60c0CZk0VBCtuxjFxk2JMpwKNi32Es1iQkdkwLqWShIy7abZxVN4bJU+DCJlSxqYqT8nUhJqPQl92xkSM9R/vZn4n9dNTHDhplzGiWGSzhcFiYAmgrP3YZ8rRo2YWEKo4vZWSIdEEWpsSMUshDrCl+cYLpLvENpnVVyrYnxbKzdu8jwK4BAcgQrAoA4a4Bo0QQtQIMEjeAYvjnaenFfnbd665OQzB+AXnPcvRrGQDg==</latexit>

(u0, v0)

<latexit sha1_base64="wMUHWYyeE57GgBauiXNxJCrbuA8=">AAACCHicbZDLSgMxGIUzXmu9jboUJFgEQSgTKVYXQsGNK6lgbaEdh0yaaUMzF5KMtA6zc+OruHGhIG59BHe+jel0BLUeCBzO+X+SfG7EmVSW9WnMzM7NLywWlorLK6tr6+bG5rUMY0Fog4Q8FC0XS8pZQBuKKU5bkaDYdzltuoOzcd+8pUKyMLhSo4jaPu4FzGMEKx055s7wphMJ5lN4Cj3Y8QQmyTBN7lJ4AGPHcsySVbYywWmDclMCueqO+dHphiT2aaAIx1K2kRUpO8FCMcJpWuzEkkaYDHCPtrUNsE+lnWT/SOGeTrrQC4U+gYJZ+nMjwb6UI9/Vkz5Wffm3G4f/de1Yecd2woIoVjQgk4u8mEMVwjEU2GWCEsVH2mAimH4rJH2sWSiNrphBqFro5AjBafMNoXlYRpUyQpeVUu0i51EA22AX7AMEqqAGzkEdNAAB9+ARPIMX48F4Ml6Nt8nojJHvbIFfMt6/AE9PmPw=</latexit>

x0 = f
x

z
+ u0

<latexit sha1_base64="1hYBPeP5o7YuAl4CoZTfVSIM0Uw=">AAACAnicbZBNS8MwHMbT+TbnW9WL4CU4BE+jleH0IAy8eJIJzg3WOtIs3cKStiSpbJZ68at48aAgXv0U3vw2Zl0FdT4QeHie/58kPy9iVCrL+jQKc/MLi0vF5dLK6tr6hrm5dS3DWGDSxCELRdtDkjAakKaiipF2JAjiHiMtb3g26Vu3REgaBldqHBGXo35AfYqR0lHX3BndOJGgnMBT6EPHFwgnozS5S7tm2apYmeCssXNTBrkaXfPD6YU45iRQmCEpO7YVKTdBQlHMSFpyYkkihIeoTzraBogT6SbZD1K4r5Me9EOhT6Bglv7cSBCXcsw9PcmRGsi/3ST8r+vEyj92ExpEsSIBnl7kxwyqEE5wwB4VBCs21gZhQfVbIR4gTUFpaKUMQs2yT45sOGu+IbQOK3a1YtuX1XL9IudRBLtgDxwAG9RAHZyDBmgCDO7BI3gGL8aD8WS8Gm/T0YKR72yDXzLevwAIMJdR</latexit>

x0 = f
x

z
<latexit sha1_base64="q5+1lubEmS6IbhGNjNaka95G5Bo=">AAACAnicbZBNS8MwHMbT+TbnW9WL4CU4BE+jkeH0IAy8eJIJzg3WOtIs3cLSF5JUqKVe/CpePCiIVz+FN7+NWVdBnQ8EHp7n/yfJz404k8qyPo3S3PzC4lJ5ubKyura+YW5uXcswFoS2SchD0XWxpJwFtK2Y4rQbCYp9l9OOOz6b9J1bKiQLgyuVRNTx8TBgHiNY6ahv7iQ3diSYT+Ep9KDtCUzSJEvvsr5ZtWpWLjhrUGGqoFCrb37Yg5DEPg0U4VjKHrIi5aRYKEY4zSp2LGmEyRgPaU/bAPtUOmn+gwzu62QAvVDoEyiYpz83UuxLmfiunvSxGsm/3ST8r+vFyjt2UhZEsaIBmV7kxRyqEE5wwAETlCieaIOJYPqtkIywpqA0tEoOoWGhkyMEZ803hM5hDdVrCF3Wq82LgkcZ7II9cAAQaIAmOAct0AYE3INH8AxejAfjyXg13qajJaPY2Qa/ZLx/AQtVl1M=</latexit>

y0 = f
y

z

<latexit sha1_base64="P+ulmi+b1XkmH6CHKBYXAWPpprA="></latexit>2
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w

3
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2
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3

5

<latexit sha1_base64="pRKE4LN9euMIxTAp3tix0SXVyTU="></latexit>2
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w

3
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2
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f 0 0
0 f 0
0 0 1

3
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x
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3

5
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Hypothèse #2 : pixels carrés

<latexit sha1_base64="ZfIff5zKKLqcuGVPVzQ0gCAsMMQ="></latexit>2

4
wx0

wy0

w
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4
↵ 0 u0
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3
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<latexit sha1_base64="P+ulmi+b1XkmH6CHKBYXAWPpprA="></latexit>2

4
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w

3

5 =

2
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f 0 u0

0 f v0
0 0 1

3

5
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x
y
z

3

5
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Hypothèse #3 : axes perpendiculaires

<latexit sha1_base64="GnBI2thZq5nUKq0e+VZtpU1nQC0="></latexit>2

4
wx0

wy0

w

3

5 =

2

4
↵ s u0
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0 0 1

3
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x
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5

<latexit sha1_base64="ZfIff5zKKLqcuGVPVzQ0gCAsMMQ="></latexit>2

4
wx0
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w

3

5 =

2

4
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0 � v0
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3
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z

3

5
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Hypothèse #4 : caméra à l’origine

<latexit sha1_base64="alNIFnqkPqvwEZW9HqajxG1Do5s=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBahQilZKVZvBS+epII1hTaUzXbTLt1swu5GjKE/wosHBfHq3/Hmv3GbRlDrg4HHezPMzPMizpS27U+rsLS8srpWXC9tbG5t75R3925VGEtCOyTkoex6WFHOBO1opjntRpLiwOPU8SYXM9+5o1KxUNzoJKJugEeC+YxgbSSnel9Lag/Hg3LFrtsZ4CJBOamAHO1B+aM/DEkcUKEJx0r1kB1pN8VSM8LptNSPFY0wmeAR7RkqcECVm2bnTuGRUYbQD6UpoWGm/pxIcaBUEnimM8B6rP56M/E/rxdr/8xNmYhiTQWZL/JjDnUIZ7/DIZOUaJ4Ygolk5lZIxlhiok1CpSyEpo3OTxFcJN8hOCd11KgjdN2otK7yPIrgAByCKkCgCVrgErRBBxAwAY/gGbxYkfVkvVpv89aClc/sg1+w3r8A86CPXg==</latexit>

(x, y, z)

<latexit sha1_base64="N2GSrM6SO95jujEBHoSStJFvVUo=">AAAB+XicbVDJSgNBEO1xjXFJ1KOXxiBEkKEnDknmFvDiSSIYE0jC0NPpxMaehe4aMQn5Ei8eFMSrf+LNv7GzCG4Pqni8V0UVL0ik0EDIh7W0vLK6tp7ZyG5ube/k8rt71zpOFeMNFstYtQKquRQRb4AAyVuJ4jQMJG8Gt2dTv3nHlRZxdAXDhHdDOohEXzAKRvLzuSL49ycY/OG0jY79fIHYXrXqERcT2yXErZQMOfU8r0ywY5MZCmiBup9/7/RiloY8Aiap1m2HJNAdUwWCST7JdlLNE8pu6YC3DY1oyHV3PHt8go+M0sP9WJmKAM/U7xtjGmo9DAMzGVK40b+9qfif106hX+2ORZSkwCM2P9RPJYYYT1PAPaE4Azk0hDIlzK+Y3VBFGZissrMQKsTxyg7+S75CaJZsx7Ud59It1C4WeWTQATpEReSgCqqhc1RHDcRQih7QE3q2Rtaj9WK9zkeXrMXOPvoB6+0TVkmS8w==</latexit>

(tx, ty, tz)

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

4
wx0

wy0

w

3

5 =

2

4
↵ s u0

0 � v0
0 0 1

3

5

<latexit sha1_base64="UhUaDqblvcOZ6MS8waxvHavHd6A=">AAACHnicbVDLSsQwFE19W1+jLt0EB8HV0IqOuhPcuFRwVJiWIc3czgTTtCS3Yi3zJW78FTcuFBFc6d+YGSv4OnDD4Zx7k5sTZVIY9Lx3Z2x8YnJqembWnZtfWFyqLa+cmTTXHFo8lam+iJgBKRS0UKCEi0wDSyIJ59Hl4dA/vwJtRKpOscggTFhPiVhwhlbq1HYCCTG2gwh6QpVMa1YMSj5wr2kQ0GJ43LgBqG5lBVr0+hh2anWv4Y1A/xK/InVS4bhTew26Kc8TUMglM6btexmG9lIUXMLADXIDGeOXrAdtSxVLwITl6HsDumGVLo1TbUshHanfJ0qWGFMkke1MGPbNb28o/ue1c4z3wlKoLEdQ/POhOJcUUzrMinaFBo6ysIRxLeyulPeZZhxtou4ohF3P32/69C/5CuFsq+E3G97Jdv3gqIpjhqyRdbJJfLJLDsgROSYtwsktuSeP5Mm5cx6cZ+fls3XMqWZWyQ84bx/tXKMy</latexit>2

4
x
y
z

3

5
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Hypothèse #4 : caméra à l’origine

<latexit sha1_base64="alNIFnqkPqvwEZW9HqajxG1Do5s=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBahQilZKVZvBS+epII1hTaUzXbTLt1swu5GjKE/wosHBfHq3/Hmv3GbRlDrg4HHezPMzPMizpS27U+rsLS8srpWXC9tbG5t75R3925VGEtCOyTkoex6WFHOBO1opjntRpLiwOPU8SYXM9+5o1KxUNzoJKJugEeC+YxgbSSnel9Lag/Hg3LFrtsZ4CJBOamAHO1B+aM/DEkcUKEJx0r1kB1pN8VSM8LptNSPFY0wmeAR7RkqcECVm2bnTuGRUYbQD6UpoWGm/pxIcaBUEnimM8B6rP56M/E/rxdr/8xNmYhiTQWZL/JjDnUIZ7/DIZOUaJ4Ygolk5lZIxlhiok1CpSyEpo3OTxFcJN8hOCd11KgjdN2otK7yPIrgAByCKkCgCVrgErRBBxAwAY/gGbxYkfVkvVpv89aClc/sg1+w3r8A86CPXg==</latexit>

(x, y, z)

<latexit sha1_base64="N2GSrM6SO95jujEBHoSStJFvVUo=">AAAB+XicbVDJSgNBEO1xjXFJ1KOXxiBEkKEnDknmFvDiSSIYE0jC0NPpxMaehe4aMQn5Ei8eFMSrf+LNv7GzCG4Pqni8V0UVL0ik0EDIh7W0vLK6tp7ZyG5ube/k8rt71zpOFeMNFstYtQKquRQRb4AAyVuJ4jQMJG8Gt2dTv3nHlRZxdAXDhHdDOohEXzAKRvLzuSL49ycY/OG0jY79fIHYXrXqERcT2yXErZQMOfU8r0ywY5MZCmiBup9/7/RiloY8Aiap1m2HJNAdUwWCST7JdlLNE8pu6YC3DY1oyHV3PHt8go+M0sP9WJmKAM/U7xtjGmo9DAMzGVK40b+9qfif106hX+2ORZSkwCM2P9RPJYYYT1PAPaE4Azk0hDIlzK+Y3VBFGZissrMQKsTxyg7+S75CaJZsx7Ud59It1C4WeWTQATpEReSgCqqhc1RHDcRQih7QE3q2Rtaj9WK9zkeXrMXOPvoB6+0TVkmS8w==</latexit>

(tx, ty, tz)

<latexit sha1_base64="SRasqFbYw2ys3yPZPiUZ78U8Vk0="></latexit>2

664

x
y
z
1

3
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<latexit sha1_base64="xy5JjEIfwD7+uPHP4AW5M1WuiSk="></latexit>2

4
wx0

wy0

w

3

5 =

2

4
↵ s u0

0 � v0
0 0 1

3

5

<latexit sha1_base64="gVX5HfKybjrdVQx0zVyO8kW9AnE="></latexit>2

4
0 0 0 tx
0 0 0 ty
0 0 0 tz

3

5
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Hypothèse #5 : pas de rotation

<latexit sha1_base64="alNIFnqkPqvwEZW9HqajxG1Do5s=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBahQilZKVZvBS+epII1hTaUzXbTLt1swu5GjKE/wosHBfHq3/Hmv3GbRlDrg4HHezPMzPMizpS27U+rsLS8srpWXC9tbG5t75R3925VGEtCOyTkoex6WFHOBO1opjntRpLiwOPU8SYXM9+5o1KxUNzoJKJugEeC+YxgbSSnel9Lag/Hg3LFrtsZ4CJBOamAHO1B+aM/DEkcUKEJx0r1kB1pN8VSM8LptNSPFY0wmeAR7RkqcECVm2bnTuGRUYbQD6UpoWGm/pxIcaBUEnimM8B6rP56M/E/rxdr/8xNmYhiTQWZL/JjDnUIZ7/DIZOUaJ4Ygolk5lZIxlhiok1CpSyEpo3OTxFcJN8hOCd11KgjdN2otK7yPIrgAByCKkCgCVrgErRBBxAwAY/gGbxYkfVkvVpv89aClc/sg1+w3r8A86CPXg==</latexit>

(x, y, z)

<latexit sha1_base64="SRasqFbYw2ys3yPZPiUZ78U8Vk0="></latexit>2

664

x
y
z
1

3

775

<latexit sha1_base64="6Ja9Unja0v+45a/dXW4raOfxacs="></latexit>

(r↵, r� , r�)

<latexit sha1_base64="gVX5HfKybjrdVQx0zVyO8kW9AnE="></latexit>2

4
0 0 0 tx
0 0 0 ty
0 0 0 tz

3

5

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

4
wx0

wy0

w

3

5 =

2

4
↵ s u0

0 � v0
0 0 1

3

5
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Hypothèse #5 : pas de rotation

<latexit sha1_base64="alNIFnqkPqvwEZW9HqajxG1Do5s=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBahQilZKVZvBS+epII1hTaUzXbTLt1swu5GjKE/wosHBfHq3/Hmv3GbRlDrg4HHezPMzPMizpS27U+rsLS8srpWXC9tbG5t75R3925VGEtCOyTkoex6WFHOBO1opjntRpLiwOPU8SYXM9+5o1KxUNzoJKJugEeC+YxgbSSnel9Lag/Hg3LFrtsZ4CJBOamAHO1B+aM/DEkcUKEJx0r1kB1pN8VSM8LptNSPFY0wmeAR7RkqcECVm2bnTuGRUYbQD6UpoWGm/pxIcaBUEnimM8B6rP56M/E/rxdr/8xNmYhiTQWZL/JjDnUIZ7/DIZOUaJ4Ygolk5lZIxlhiok1CpSyEpo3OTxFcJN8hOCd11KgjdN2otK7yPIrgAByCKkCgCVrgErRBBxAwAY/gGbxYkfVkvVpv89aClc/sg1+w3r8A86CPXg==</latexit>

(x, y, z)

<latexit sha1_base64="SRasqFbYw2ys3yPZPiUZ78U8Vk0="></latexit>2

664

x
y
z
1

3

775

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

4
wx0

wy0

w

3

5 =

2

4
↵ s u0

0 � v0
0 0 1

3

5

<latexit sha1_base64="UETkb213UeFG7lfdna0v5fcQ1dI="></latexit>2

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

3

5

<latexit sha1_base64="6Ja9Unja0v+45a/dXW4raOfxacs="></latexit>

(r↵, r� , r�)
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Quelles sont les dimensions de M?

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

Combien y a-t-il d’inconnus?

<latexit sha1_base64="SRasqFbYw2ys3yPZPiUZ78U8Vk0="></latexit>2

664

x
y
z
1

3

775

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

4
wx0

wy0

w

3

5 =

2

4
↵ s u0

0 � v0
0 0 1

3

5

<latexit sha1_base64="UETkb213UeFG7lfdna0v5fcQ1dI="></latexit>2

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

3

5
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Estimer les paramètres de la caméra

http://www.vision.caltech.edu/bouguetj/calib_doc/33



Estimer les paramètres de la caméra

http://www.vision.caltech.edu/bouguetj/calib_doc/34



Estimer les paramètres de la caméra

http://www.vision.caltech.edu/bouguetj/calib_doc/35



Calibrage de caméra

Plus de détails?

36



La caméra

GIF-4105/7105 Photographie Algorithmique 
Jean-François Lalonde

Lentilles
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Caméra sténopé (pinhole)

Sténopé (trou) 
Centre de projectionPlan de l’image

Distance focale

Modèle mathématique : point + plan

Axe optique

38



Une façon plus « moderne » de créer un sténopé

http://www.debevec.org/Pinhole/

Pourquoi si flou?

Comment améliorer la netteté 
de l’image?

39

http://www.debevec.org/Pinhole/


Réduisons l’ouverture

Crédit: Seitz40



Réduisons l’ouverture

Crédit: Seitz

Diffraction!

Plus de lumière, mais flou!

Net, mais peu de lumière

41



Solution?
Lentilles!

Crédit: Seitz42



Lentilles minces
• Géométrie optique simplifiée:  

• tous les rayons parallèles convergent (pour une lentille convergente) en un point à 
une distance f de la lentille (la distance focale) 

• les rayons passant par le centre de la lentille ne sont pas déviés (comme le sténopé)

Source

Plan de l’image

<latexit sha1_base64="mPBAe3GQtTYq6jqwjZgwzXzuS90=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIq7eClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+NaRpBrQ8GHu/NMDPPiwTXxrY/rbX1jc2t7cJOcXdv/+CwdHTc0WGsGLZZKELV86hGwSW2DTcCe5FCGngCu970duF3H1BpHso7M4vQDehYcp8zalKp5Q9LZbtiZyCrxMlJGXI0h6WPwShkcYDSMEG17jt2ZNyEKsOZwHlxEGuMKJvSMfZTKmmA2k2yQ+fkPFVGxA9VWtKQTP05kdBA61ngpZ0BNRP911uI/3n92PjXbsJlFBuUbLnIjwUxIVl8TUZcITNilhLKFE9vJWxCFWUmzaaYhVCznZuqQ1bJdwidy4pTrditq3K9kcdRgFM4gwtwoAZ1aEAT2sAA4RGe4cW6t56sV+tt2bpm5TMn8AvW+xfr4Y06</latexit>

f

43

https://phys.libretexts.org/Bookshelves/University_Physics/Book:_University_Physics_(OpenStax)/Map:_University_Physics_III_-_Optics_and_Modern_Physics_(OpenStax)/02:_Geometric_Optics_and_Image_Formation/2.05:_Thin_Lenses


Lentilles minces

Source

<latexit sha1_base64="mPBAe3GQtTYq6jqwjZgwzXzuS90=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIq7eClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+NaRpBrQ8GHu/NMDPPiwTXxrY/rbX1jc2t7cJOcXdv/+CwdHTc0WGsGLZZKELV86hGwSW2DTcCe5FCGngCu970duF3H1BpHso7M4vQDehYcp8zalKp5Q9LZbtiZyCrxMlJGXI0h6WPwShkcYDSMEG17jt2ZNyEKsOZwHlxEGuMKJvSMfZTKmmA2k2yQ+fkPFVGxA9VWtKQTP05kdBA61ngpZ0BNRP911uI/3n92PjXbsJlFBuUbLnIjwUxIVl8TUZcITNilhLKFE9vJWxCFWUmzaaYhVCznZuqQ1bJdwidy4pTrditq3K9kcdRgFM4gwtwoAZ1aEAT2sAA4RGe4cW6t56sV+tt2bpm5TMn8AvW+xfr4Y06</latexit>

f
<latexit sha1_base64="srXaOAsJuQAiCcSWdF7q8APAV2g=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVafVW8NJjRfsB7VKy2bQNzSZLkhXK0p/gxYMiXv1F3vw3ptsV1Ppg4PHeDDPzgpgzbVz30ymsrW9sbhW3Szu7e/sH5cOjjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvVn43QeqNJPi3sxi6kd4LNiIEWysdBcO5bBccatuBrRKvJxUIEdrWP4YhJIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs1Dk6s0qIRlLZEgZl6s+JFEdaz6LAdkbYTPRfbyH+5/UTM7ryUybixFBBlotGCUdGosXfKGSKEsNnlmCimL0VkQlWmBibTikLoe561zUPrZLvEDoXVa9WdW8vK41mHkcRTuAUzsGDOjSgCS1oA4ExPMIzvDjceXJenbdla8HJZ47hF5z3L2wgjho=</latexit>

do
<latexit sha1_base64="A//lQx7lMAuXGLGAT/UjlB3ibys=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvPRY0X5AG8pms2mXbjZhdyOU0J/gxYMiXv1F3vw3btIIan0w8Hhvhpl5XsyZ0rb9aZXW1jc2t8rblZ3dvf2D6uFRT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Cbz+w9UKhaJez2PqRviiWABI1gb6c4fs3G1ZtftHGiVOAWpQYHOuPox8iOShFRowrFSQ8eOtZtiqRnhdFEZJYrGmMzwhA4NFTikyk3zUxfozCg+CiJpSmiUqz8nUhwqNQ890xliPVV/vUz8zxsmOrhyUybiRFNBlouChCMdoexv5DNJieZzQzCRzNyKyBRLTLRJp5KH0LSd64aDVsl3CL2LutOo27eXtVa7iKMMJ3AK5+BAE1rQhg50gcAEHuEZXixuPVmv1tuytWQVM8fwC9b7F2MIjhQ=</latexit>

di

<latexit sha1_base64="HGFskwzSASzm+qV0WTq1OXmCWVU=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCUCgTKVYXQsGN7ipYW2iHIZPJtKGZC0lGKMM8hBtfxY0LBXEruPNtTKcjVusPgf/85xySfG7MmVSW9WksLC4tr6yW1srrG5tb2+bO7q2MEkFom0Q8El0XS8pZSNuKKU67saA4cDntuKOLSb9zR4VkUXijxjG1AzwImc8IVjpyzGrfF5ikKEs9J8pgFc7ULIPnP7WfOWbFqlm54LxBhamAQi3H/Oh7EUkCGirCsZQ9ZMXKTrFQjHCalfuJpDEmIzygPW1DHFBpp/mnMnioEw/6kdAnVDBPZzdSHEg5Dlw9GWA1lH97k/C/Xi9R/qmdsjBOFA3J9CI/4VBFcEIIekxQovhYG0wE02+FZIg1BaU5lnMIDQudnSA4b74hdI5rqF5D6LpeaV4VPEpgHxyAI4BAAzTBJWiBNiDgHjyCZ/BiPBhPxqvxNh1dMIqdPfBLxvsXByOe1Q==</latexit>

1

do
+

1

di
=

1

f

Équation des lentilles minces

Plan de l’image

Comment contrôler la distance où 
les objets sont en focus (do)?

44

https://phys.libretexts.org/Bookshelves/University_Physics/Book:_University_Physics_(OpenStax)/Map:_University_Physics_III_-_Optics_and_Modern_Physics_(OpenStax)/02:_Geometric_Optics_and_Image_Formation/2.05:_Thin_Lenses


Pour expérimenter

45

https://www.geogebra.org/m/YDMFRFjb

https://www.geogebra.org/m/YDMFRFjb


Lentilles : champ de vue

Source

<latexit sha1_base64="mPBAe3GQtTYq6jqwjZgwzXzuS90=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIq7eClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+NaRpBrQ8GHu/NMDPPiwTXxrY/rbX1jc2t7cJOcXdv/+CwdHTc0WGsGLZZKELV86hGwSW2DTcCe5FCGngCu970duF3H1BpHso7M4vQDehYcp8zalKp5Q9LZbtiZyCrxMlJGXI0h6WPwShkcYDSMEG17jt2ZNyEKsOZwHlxEGuMKJvSMfZTKmmA2k2yQ+fkPFVGxA9VWtKQTP05kdBA61ngpZ0BNRP911uI/3n92PjXbsJlFBuUbLnIjwUxIVl8TUZcITNilhLKFE9vJWxCFWUmzaaYhVCznZuqQ1bJdwidy4pTrditq3K9kcdRgFM4gwtwoAZ1aEAT2sAA4RGe4cW6t56sV+tt2bpm5TMn8AvW+xfr4Y06</latexit>

f
<latexit sha1_base64="srXaOAsJuQAiCcSWdF7q8APAV2g=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVafVW8NJjRfsB7VKy2bQNzSZLkhXK0p/gxYMiXv1F3vw3ptsV1Ppg4PHeDDPzgpgzbVz30ymsrW9sbhW3Szu7e/sH5cOjjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvVn43QeqNJPi3sxi6kd4LNiIEWysdBcO5bBccatuBrRKvJxUIEdrWP4YhJIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs1Dk6s0qIRlLZEgZl6s+JFEdaz6LAdkbYTPRfbyH+5/UTM7ryUybixFBBlotGCUdGosXfKGSKEsNnlmCimL0VkQlWmBibTikLoe561zUPrZLvEDoXVa9WdW8vK41mHkcRTuAUzsGDOjSgCS1oA4ExPMIzvDjceXJenbdla8HJZ47hF5z3L2wgjho=</latexit>

do
<latexit sha1_base64="A//lQx7lMAuXGLGAT/UjlB3ibys=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvPRY0X5AG8pms2mXbjZhdyOU0J/gxYMiXv1F3vw3btIIan0w8Hhvhpl5XsyZ0rb9aZXW1jc2t8rblZ3dvf2D6uFRT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Cbz+w9UKhaJez2PqRviiWABI1gb6c4fs3G1ZtftHGiVOAWpQYHOuPox8iOShFRowrFSQ8eOtZtiqRnhdFEZJYrGmMzwhA4NFTikyk3zUxfozCg+CiJpSmiUqz8nUhwqNQ890xliPVV/vUz8zxsmOrhyUybiRFNBlouChCMdoexv5DNJieZzQzCRzNyKyBRLTLRJp5KH0LSd64aDVsl3CL2LutOo27eXtVa7iKMMJ3AK5+BAE1rQhg50gcAEHuEZXixuPVmv1tuytWQVM8fwC9b7F2MIjhQ=</latexit>

di

<latexit sha1_base64="HGFskwzSASzm+qV0WTq1OXmCWVU=">AAACFXicbZDLSgMxFIYzXmu9jbp0EyyCUCgTKVYXQsGN7ipYW2iHIZPJtKGZC0lGKMM8hBtfxY0LBXEruPNtTKcjVusPgf/85xySfG7MmVSW9WksLC4tr6yW1srrG5tb2+bO7q2MEkFom0Q8El0XS8pZSNuKKU67saA4cDntuKOLSb9zR4VkUXijxjG1AzwImc8IVjpyzGrfF5ikKEs9J8pgFc7ULIPnP7WfOWbFqlm54LxBhamAQi3H/Oh7EUkCGirCsZQ9ZMXKTrFQjHCalfuJpDEmIzygPW1DHFBpp/mnMnioEw/6kdAnVDBPZzdSHEg5Dlw9GWA1lH97k/C/Xi9R/qmdsjBOFA3J9CI/4VBFcEIIekxQovhYG0wE02+FZIg1BaU5lnMIDQudnSA4b74hdI5rqF5D6LpeaV4VPEpgHxyAI4BAAzTBJWiBNiDgHjyCZ/BiPBhPxqvxNh1dMIqdPfBLxvsXByOe1Q==</latexit>

1

do
+

1

di
=

1

f

Équation des lentilles minces
Considérons un objet à l’infini
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https://phys.libretexts.org/Bookshelves/University_Physics/Book:_University_Physics_(OpenStax)/Map:_University_Physics_III_-_Optics_and_Modern_Physics_(OpenStax)/02:_Geometric_Optics_and_Image_Formation/2.05:_Thin_Lenses


Lentilles : champ de vue

Source

<latexit sha1_base64="mPBAe3GQtTYq6jqwjZgwzXzuS90=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIq7eClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+NaRpBrQ8GHu/NMDPPiwTXxrY/rbX1jc2t7cJOcXdv/+CwdHTc0WGsGLZZKELV86hGwSW2DTcCe5FCGngCu970duF3H1BpHso7M4vQDehYcp8zalKp5Q9LZbtiZyCrxMlJGXI0h6WPwShkcYDSMEG17jt2ZNyEKsOZwHlxEGuMKJvSMfZTKmmA2k2yQ+fkPFVGxA9VWtKQTP05kdBA61ngpZ0BNRP911uI/3n92PjXbsJlFBuUbLnIjwUxIVl8TUZcITNilhLKFE9vJWxCFWUmzaaYhVCznZuqQ1bJdwidy4pTrditq3K9kcdRgFM4gwtwoAZ1aEAT2sAA4RGe4cW6t56sV+tt2bpm5TMn8AvW+xfr4Y06</latexit>

f
<latexit sha1_base64="srXaOAsJuQAiCcSWdF7q8APAV2g=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVafVW8NJjRfsB7VKy2bQNzSZLkhXK0p/gxYMiXv1F3vw3ptsV1Ppg4PHeDDPzgpgzbVz30ymsrW9sbhW3Szu7e/sH5cOjjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvVn43QeqNJPi3sxi6kd4LNiIEWysdBcO5bBccatuBrRKvJxUIEdrWP4YhJIkERWGcKx133Nj46dYGUY4nZcGiaYxJlM8pn1LBY6o9tPs1Dk6s0qIRlLZEgZl6s+JFEdaz6LAdkbYTPRfbyH+5/UTM7ryUybixFBBlotGCUdGosXfKGSKEsNnlmCimL0VkQlWmBibTikLoe561zUPrZLvEDoXVa9WdW8vK41mHkcRTuAUzsGDOjSgCS1oA4ExPMIzvDjceXJenbdla8HJZ47hF5z3L2wgjho=</latexit>

do
<latexit sha1_base64="A//lQx7lMAuXGLGAT/UjlB3ibys=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvPRY0X5AG8pms2mXbjZhdyOU0J/gxYMiXv1F3vw3btIIan0w8Hhvhpl5XsyZ0rb9aZXW1jc2t8rblZ3dvf2D6uFRT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Cbz+w9UKhaJez2PqRviiWABI1gb6c4fs3G1ZtftHGiVOAWpQYHOuPox8iOShFRowrFSQ8eOtZtiqRnhdFEZJYrGmMzwhA4NFTikyk3zUxfozCg+CiJpSmiUqz8nUhwqNQ890xliPVV/vUz8zxsmOrhyUybiRFNBlouChCMdoexv5DNJieZzQzCRzNyKyBRLTLRJp5KH0LSd64aDVsl3CL2LutOo27eXtVa7iKMMJ3AK5+BAE1rQhg50gcAEHuEZXixuPVmv1tuytWQVM8fwC9b7F2MIjhQ=</latexit>

di

Équation des lentilles minces
Considérons un objet à l’infini

<latexit sha1_base64="G1kk3gqPGGrmhcnqXzdj0fzEI7o=">AAACBHicbZBNS8MwGMfT+TbnW9XjLsEheBqtyKYHYeBlxwnuBbZS0jTdwtK0JKkwSg9e/CpePCji1Q/hzW9j1lVR5x8C//yf5+FJfl7MqFSW9WGUVlbX1jfKm5Wt7Z3dPXP/oCejRGDSxRGLxMBDkjDKSVdRxcggFgSFHiN9b3o1r/dviZA04jdqFhMnRGNOA4qR0pFrVkeBQDi1s9R3aQYv4fc9yFyzZtWtXHDZ2IWpgUId13wf+RFOQsIVZkjKoW3FykmRUBQzklVGiSQxwlM0JkNtOQqJdNL8Exk81okPg0jowxXM058TKQqlnIWe7gyRmsi/tXn4X22YqODcSSmPE0U4XiwKEgZVBOdEoE8FwYrNtEFYUP1WiCdIU1CaWyWH0LTsi4YNl80XhN5p3W7UreuzWqtd4CiDKjgCJ8AGTdACbdABXYDBHXgAT+DZuDcejRfjddFaMoqZQ/BLxtsnnAWYSg==</latexit>

1

di
=

1

f
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https://phys.libretexts.org/Bookshelves/University_Physics/Book:_University_Physics_(OpenStax)/Map:_University_Physics_III_-_Optics_and_Modern_Physics_(OpenStax)/02:_Geometric_Optics_and_Image_Formation/2.05:_Thin_Lenses


Lentilles : champ de vue

Source

<latexit sha1_base64="mPBAe3GQtTYq6jqwjZgwzXzuS90=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIq7eClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+NaRpBrQ8GHu/NMDPPiwTXxrY/rbX1jc2t7cJOcXdv/+CwdHTc0WGsGLZZKELV86hGwSW2DTcCe5FCGngCu970duF3H1BpHso7M4vQDehYcp8zalKp5Q9LZbtiZyCrxMlJGXI0h6WPwShkcYDSMEG17jt2ZNyEKsOZwHlxEGuMKJvSMfZTKmmA2k2yQ+fkPFVGxA9VWtKQTP05kdBA61ngpZ0BNRP911uI/3n92PjXbsJlFBuUbLnIjwUxIVl8TUZcITNilhLKFE9vJWxCFWUmzaaYhVCznZuqQ1bJdwidy4pTrditq3K9kcdRgFM4gwtwoAZ1aEAT2sAA4RGe4cW6t56sV+tt2bpm5TMn8AvW+xfr4Y06</latexit>

f
<latexit sha1_base64="A//lQx7lMAuXGLGAT/UjlB3ibys=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWr0VvPRY0X5AG8pms2mXbjZhdyOU0J/gxYMiXv1F3vw3btIIan0w8Hhvhpl5XsyZ0rb9aZXW1jc2t8rblZ3dvf2D6uFRT0WJJLRLIh7JgYcV5UzQrmaa00EsKQ49Tvve7Cbz+w9UKhaJez2PqRviiWABI1gb6c4fs3G1ZtftHGiVOAWpQYHOuPox8iOShFRowrFSQ8eOtZtiqRnhdFEZJYrGmMzwhA4NFTikyk3zUxfozCg+CiJpSmiUqz8nUhwqNQ890xliPVV/vUz8zxsmOrhyUybiRFNBlouChCMdoexv5DNJieZzQzCRzNyKyBRLTLRJp5KH0LSd64aDVsl3CL2LutOo27eXtVa7iKMMJ3AK5+BAE1rQhg50gcAEHuEZXixuPVmv1tuytWQVM8fwC9b7F2MIjhQ=</latexit>

di
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https://phys.libretexts.org/Bookshelves/University_Physics/Book:_University_Physics_(OpenStax)/Map:_University_Physics_III_-_Optics_and_Modern_Physics_(OpenStax)/02:_Geometric_Optics_and_Image_Formation/2.05:_Thin_Lenses


Lentilles : champ de vue

Source

<latexit sha1_base64="mPBAe3GQtTYq6jqwjZgwzXzuS90=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIq7eClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+NaRpBrQ8GHu/NMDPPiwTXxrY/rbX1jc2t7cJOcXdv/+CwdHTc0WGsGLZZKELV86hGwSW2DTcCe5FCGngCu970duF3H1BpHso7M4vQDehYcp8zalKp5Q9LZbtiZyCrxMlJGXI0h6WPwShkcYDSMEG17jt2ZNyEKsOZwHlxEGuMKJvSMfZTKmmA2k2yQ+fkPFVGxA9VWtKQTP05kdBA61ngpZ0BNRP911uI/3n92PjXbsJlFBuUbLnIjwUxIVl8TUZcITNilhLKFE9vJWxCFWUmzaaYhVCznZuqQ1bJdwidy4pTrditq3K9kcdRgFM4gwtwoAZ1aEAT2sAA4RGe4cW6t56sV+tt2bpm5TMn8AvW+xfr4Y06</latexit>

f
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https://phys.libretexts.org/Bookshelves/University_Physics/Book:_University_Physics_(OpenStax)/Map:_University_Physics_III_-_Optics_and_Modern_Physics_(OpenStax)/02:_Geometric_Optics_and_Image_Formation/2.05:_Thin_Lenses


Lentilles : champ de vue

Source

<latexit sha1_base64="mPBAe3GQtTYq6jqwjZgwzXzuS90=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIq7eClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+NaRpBrQ8GHu/NMDPPiwTXxrY/rbX1jc2t7cJOcXdv/+CwdHTc0WGsGLZZKELV86hGwSW2DTcCe5FCGngCu970duF3H1BpHso7M4vQDehYcp8zalKp5Q9LZbtiZyCrxMlJGXI0h6WPwShkcYDSMEG17jt2ZNyEKsOZwHlxEGuMKJvSMfZTKmmA2k2yQ+fkPFVGxA9VWtKQTP05kdBA61ngpZ0BNRP911uI/3n92PjXbsJlFBuUbLnIjwUxIVl8TUZcITNilhLKFE9vJWxCFWUmzaaYhVCznZuqQ1bJdwidy4pTrditq3K9kcdRgFM4gwtwoAZ1aEAT2sAA4RGe4cW6t56sV+tt2bpm5TMn8AvW+xfr4Y06</latexit>

f
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https://phys.libretexts.org/Bookshelves/University_Physics/Book:_University_Physics_(OpenStax)/Map:_University_Physics_III_-_Optics_and_Modern_Physics_(OpenStax)/02:_Geometric_Optics_and_Image_Formation/2.05:_Thin_Lenses


Lentilles : champ de vue

Source

<latexit sha1_base64="mPBAe3GQtTYq6jqwjZgwzXzuS90=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIq7eClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+NaRpBrQ8GHu/NMDPPiwTXxrY/rbX1jc2t7cJOcXdv/+CwdHTc0WGsGLZZKELV86hGwSW2DTcCe5FCGngCu970duF3H1BpHso7M4vQDehYcp8zalKp5Q9LZbtiZyCrxMlJGXI0h6WPwShkcYDSMEG17jt2ZNyEKsOZwHlxEGuMKJvSMfZTKmmA2k2yQ+fkPFVGxA9VWtKQTP05kdBA61ngpZ0BNRP911uI/3n92PjXbsJlFBuUbLnIjwUxIVl8TUZcITNilhLKFE9vJWxCFWUmzaaYhVCznZuqQ1bJdwidy4pTrditq3K9kcdRgFM4gwtwoAZ1aEAT2sAA4RGe4cW6t56sV+tt2bpm5TMn8AvW+xfr4Y06</latexit>

f

<latexit sha1_base64="mPBAe3GQtTYq6jqwjZgwzXzuS90=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolIq7eClx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+NaRpBrQ8GHu/NMDPPiwTXxrY/rbX1jc2t7cJOcXdv/+CwdHTc0WGsGLZZKELV86hGwSW2DTcCe5FCGngCu970duF3H1BpHso7M4vQDehYcp8zalKp5Q9LZbtiZyCrxMlJGXI0h6WPwShkcYDSMEG17jt2ZNyEKsOZwHlxEGuMKJvSMfZTKmmA2k2yQ+fkPFVGxA9VWtKQTP05kdBA61ngpZ0BNRP911uI/3n92PjXbsJlFBuUbLnIjwUxIVl8TUZcITNilhLKFE9vJWxCFWUmzaaYhVCznZuqQ1bJdwidy4pTrditq3K9kcdRgFM4gwtwoAZ1aEAT2sAA4RGe4cW6t56sV+tt2bpm5TMn8AvW+xfr4Y06</latexit>

f
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https://phys.libretexts.org/Bookshelves/University_Physics/Book:_University_Physics_(OpenStax)/Map:_University_Physics_III_-_Optics_and_Modern_Physics_(OpenStax)/02:_Geometric_Optics_and_Image_Formation/2.05:_Thin_Lenses


Champ de vue (zoom)
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Champ de vue (zoom) = rognure
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Champ de vue & distance focale

CdV élevé, f petite 
Caméra près de la voiture

CdV petit, f élevée 
Caméra loin de la voiture
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Effet « vertigo »

 

 

 

Vertigo (Hitchcock, 1958), https://www.youtube.com/watch?v=je0NhvAQ6fM 55

http://www.youtube.com/watch?v=je0NhvAQ6fM
http://www.youtube.com/watch?v=MWRncNMEhLw
http://www.youtube.com/watch?v=je0NhvAQ6fM
https://www.youtube.com/watch?v=je0NhvAQ6fM


 

Goodfellas (Scorsese, 1990), http://www.youtube.com/watch?v=MWRncNMEhLw
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http://www.youtube.com/watch?v=je0NhvAQ6fM
http://www.youtube.com/watch?v=MWRncNMEhLw
http://www.youtube.com/watch?v=je0NhvAQ6fM


Version extrême

http://i.imgur.com/MfnOPZM.gif 57



Source58

https://petapixel.com/2013/01/11/how-focal-length-affects-your-subjects-apparent-weight-as-seen-with-a-cat/


En résumé

• Le sténopé est le modèle le plus simple 
• Tous les points sont en focus 

• Très sombre, limité par la diffraction 

• Les lentilles capturent plus de lumière 
• Mais ne sont en focus qu’à une seule distance 

• Cette dernière peut être ajustée en déplaçant le capteur 

• La distance focale détermine le champ de vue
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La caméra

GIF-4105/7105 Photographie Algorithmique 
Jean-François Lalonde

Exposition

Merci à A. Efros pour (la plupart) des slides!60



Exposition—déroulement d’une photo

Plan de l’image

• Comment contrôler la quantité de lumière au capteur? 
• Trois paramètres principaux: 

• vitesse de l’obturateur 

• ouverture (stop) 

• sensibilité du capteur (ISO)

l’exposition!
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Analogie : seaux d’eau

Source62

https://www.lightandmatter.org/2011/learn-photography/the-three-basics-of-photography/


Vitesse d’obturation : mouvement

Source63

https://www.lightandmatter.org/2011/learn-photography/the-three-basics-of-photography/


ISO : bruit

Source64

https://www.lightandmatter.org/2011/learn-photography/the-three-basics-of-photography/


Ouverture : profondeur de champ

Source65

https://www.lightandmatter.org/2011/learn-photography/the-three-basics-of-photography/


Ouverture : profondeur de champ
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Ouverture : profondeur de champ
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Ouverture : profondeur de champ
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Ouverture : profondeur de champ
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Ouverture : profondeur de champ
Grande ouverture = petite profondeur de champ

Petite ouverture = grande profondeur de champ
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Démonstration
http://camerasim.com/apps/original-camerasim/web/
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http://camerasim.com/apps/original-camerasim/web/


La caméra

GIF-4105/7105 Photographie Algorithmique 
Jean-François Lalonde

Problèmes de lentilles

Merci à A. Efros pour (la plupart) des slides!72



Problème : aberration chromatique

• L’indice de réfraction dépend de la longueur d’onde 
• c’est ce qui explique pourquoi un prisme révèle les couleurs de l’arc-en-ciel! 

• Crée des distortions de couleurs près des bordures de l’image
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Problème : aberration chromatique

Près du centre de l’image En bordure de l’image
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Problème : distorsion radiale
Lignes droites deviennent courbées 

en bordure de l’image

Source 75

https://lms.lnt.de/fisheyedataset/


Problème : distorsion radiale

• Causée par lentilles imparfaites 
• Encore une fois, plus important en bordure de l’image

Pas de distorsion “Pin cushion” “Barrel”
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Problème : vignette Atténuation de lumière en bordure de l’image
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