
Last 4 lectures

Camera Structure HDR

Image Filtering Image Transform



Today

Camera Projection

Camera Calibration



Pinhole camera



Pinhole camera model
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Å The coordinate system

ïWe will use the pin-hole model as an approximation

ïPut the optical center (Center Of Projection) at the origin

ïPut the image plane (Projection Plane) in front of the COP (Why?)



Pinhole camera model
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Pinhole camera model
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Pinhole camera model
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Intrinsic matrix

Å non-square pixels (digital video)
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Intrinsic matrix

Å non-square pixels (digital video)

Å skew
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Intrinsic matrix

Å non-square pixels (digital video)

Å skew

Å radial distortion
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Distortion

ÅRadial distortion of the image

ïCaused by imperfect lenses

ïDeviations are most noticeable for rays that pass 

through the edge of the lens



Barrel Distortion

No distortion

Barrel

Wide Angle Lens



Pin Cushion Distortion

Pin cushion

Telephoto lens

No distortion



Modeling distortion

ÅTo model lens distortion
ïUse above projection operation instead of 

standard projection matrix multiplication

2. Apply radial distortion

3. Apply focal length 
translate image center

1. Project  (X, Y, Z)
to ñnormalizedò 
image coordinates
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Camera rotation and translation

tR
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Two kinds of parameters

Å internal or intrinsic parameters: focal length, 

optical center, skew

Å external or extrinsic (pose): rotation and 

translation:

11
100

0

0

~

1
Z

Y

X

lkji

hgfe

dcba

Z

Y

X

yf

xf

y

x

c

c

tR



Other projection models


