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Overview

• Part1. Image formation – Introduction

• Part2. Image formation – Projection Matrix
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Computer Vision goal: Predict 3D world from a 
single image
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Computer Graphics goal: Render photorealistic 
images
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For both problems we need to understand
first image formation models
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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.

3 6



7



8



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 “picture plane”  (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 video and think
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Should it look like this picture?
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Pinhole camera model
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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 camera model

Object heightImage height

Depth

Distance from sensor to lens



Lens camera vs Pinhole camera

• For the lens camera model, we derived

• As the depth goes to infinity we obtain
That is, lens with focal length is equivalent to pinhole at distance
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Let‘s formalize mathematically…

The goal now is to express the image formation process
using a single Projection Matrix
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Slide Credits

• Marc Levoy – Digital photography course at Stanford

• Robert Collins – Computer Vision at Penn. State University

• Andreas Geiger – Computer Vision at University of Tübingen
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