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Camera Calibration
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Camera Calibration
• Geometry

– Where is the camera located ?
– How is the camera oriented ?
– What are the internal parameters ?

• Radiometry
– What is the relation from incident light 

intensity to pixel values ?
• Parameters are estimated by observing 

objects of known dimensions and measuring 
their projections on the image plane
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Intrinsic Parameters Without lens distortion

u f (x/z) cu u
v f (y/z) cv v
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Intrinsic Parameters Without lens distortion
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Projection Matrix
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Linear Geometric Calibration
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• Know 3D coords and 2D coords
• 11 unknowns (up to scale)
• 2 equations per point (eliminate s)
• 6 points are sufficient

Nonlinear Methods
• Problems with Linear Method

– Too many free parameters
– Doesn’t model lens distortion

• Nonlinear Methods [Tsai, 1985]
– Parameterize matrix P as a function of

• Rotation vector v
• Position vector O
• Focal length vector f
• Center of projection c
• Lens distortion parameters

– Use non-linear Least-Squares Solver
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Intrinsic Parameters With Lens Distortion
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Intrinsic Parameters With Lens Distortion

If lens distortion is moved to the last step,
It can be estimated independently as the first step,

And images can be warped after capture to remove distortion
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Why is lens distortion independent ?

• Projection is now
– a projective transformation from 3D to 2D
– Followed by a 2D to 2D warping (lens distortion)

• Warping can be estimated and corrected by 
looking at the image of a planar pattern or lines 
because

• Homography from plane containing the pattern to 
image plane preserves straight lines

• So, the problem is to find the warping parameters 
that straighten all the lines as much as possible


