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Cameras & Camera Geometry
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Pinhole Cameras
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Parallel Lines
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Perspective Projection

Special Case: Weak Perspective (Affine Projection)
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Special Case: Weak Perspective (Affine Projection)

Orthographic Projection
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Strong perspective: 
Angles are not preserved
The projections of parallel lines intersect at one point

From Zisserman & Hartley
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Strong perspective: 
Angles are not preserved
The projections of parallel 
lines intersect at one point

Weak perspective: 
Angles are better preserved
The projections of parallel 
lines are (almost) parallel

Limitations of the Pinhole Model
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Thin Lens Model
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Finite Field of View

Finite Aperture
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Finite Aperture

Real Lenses

• Previous approximation is incorrect
� Aberrations and distortions
� Blurring and incorrect shape in the image
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Spherical Aberrations
Rays further from the optical axis are focused closer to the lens
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Geometric Distortion

From Mark Fiala, Univ. Alberta
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Radial Distortion Model

Vignetting

• Only part of the light reaches the sensor
• Periphery of the image is dimmer
• Problem in practice
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x,y: World coordinates
x’,y’: Image coordinates
f: pinhole-to-retina distance

Perspective 
Projection

x’,y’: Ideal image 
coordinates
x’’ ,y’’ : Actual image 
coordinates

Common distortion 
model

x,y: World coordinates
x’,y’: Image coordinates

Orthographic 
Projection (Affine)

x,y: World coordinates
x’,y’: Image coordinates
m: magnification

Weak-Perspective 
Projection (Affine)


