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Overview

ÅPart1. Image formation ςIntroduction

ÅPart2. Image formation ςProjection Matrix
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Computer Vision goal: Predict 3D human mesh 
from a single image
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Input (2D) Output (3D)



Computer Graphics goal: Render photorealistic 
avatars
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Input (2D) Output (3D)



Forboth problemswe needto understand
first imageformationmodels
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ã  Marc Levoy

The laws of perspective

 common assumptions

    1.  Light leaving an object travels in straight lines.

    2.  These lines converge to a point at the eye.

 natural perspective  (Euclid, 3rd c. B.C.)

    3a.  More distant objects subtend smaller visual angles.
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ã  Marc Levoy

The laws of perspective

 common assumptions

    1.  Light leaving an object travels in straight lines.

    2.  These lines converge to a point at the eye.

 natural perspective  (Euclid, 3rd c. B.C.)

    3a.  More distant objects subtend smaller visual angles.

 linear perspective  (Filippo Brunelleschi, 1413)

    3b.  A perspective image is formed by the intersection
           of these lines with a ñpicture planeò  (the canvas).
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ã  Marc Levoy

Projection onto picture plane
(contents of whiteboard)

 the division by z means that the size of an object in a 
photograph is inversely proportional to its distance 
from the camera
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Pause the videoandthink
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Shouldit look like this picture?
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Pinholecameramodel
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ã  Marc Levoy

Projection onto picture plane
(contents of whiteboard)

 the division by z means that the size of an object in a 
photograph is inversely proportional to its distance 
from the camera
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Lens cameramodel

ObjectheightImage height

Depth

Distancefrom sensorto lens



Lens cameravsPinholecamera

ÅForthe lenscameramodel, we derived

ÅAs the depth goesto infinity we obtain
Thatis, lenswith focallength isequivalentto pinholeat distance
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Let‘sformalizemathematically…

The goalnow is to express the imageformationprocess
usinga singleProjectionMatrix

42



43



44



45



46



47



48



49



50



51



52



53



54



55



56



57



58



59



60



61



62



63



64



65



66



67



68



70



71



72



73



74



75



76



77



78



79



80



81



82



83



84



85



Slide Credits

ÅMarc LevoyςDigital photographycourseat Stanford

ÅRobert Collins ςComputer Vision at Penn. State University

ÅAndreas Geiger ςComputer Vision at University of Tübingen
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