
Camera Calibration

How we go from the pinhole model 
to real cameras imaging points in the 

3D world

Important practical problem for which software can be found in 
OpenCV , Matlab, and many other places.



The Pinhole Camera

x
y

But how do we “preserve” this image?





Louis Daguerre 
Le Boulevard du Temple, Paris 1833



Eadweard  Muybridge
The Horse in Motion, 1878



Digital Cameras
• The Charge Coupled Device was invented in 1969, based on  exploiting the fact 

that silicon atoms can release electrons when hit by photons. Nowadays CMOS 
imagers are more common. The key difference is in how the charge generated is 
converted to a voltage (when digitized this becomes the pixel brightness value)

Nobel Prize in Physics



Camera Calibration
(figures from https://www.mathworks.com/help/vision/ug/camera-calibration.html )

https://www.mathworks.com/help/vision/ug/camera-calibration.html


Camera Calibration
(figures from https://www.mathworks.com/help/vision/ug/camera-calibration.html )
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Camera Calibration
(figures from https://www.mathworks.com/help/vision/ug/camera-calibration.html )

https://www.mathworks.com/help/vision/ug/camera-calibration.html


Intrinsic Parameters
(figures from https://www.mathworks.com/help/vision/ug/camera-calibration.html )

https://www.mathworks.com/help/vision/ug/camera-calibration.html


Non-linear Lens Distortion 
(figures from https://www.mathworks.com/help/vision/ug/camera-calibration.html )

https://www.mathworks.com/help/vision/ug/camera-calibration.html


Three types of transformations

• Rotation

• Translation

• Perspective projection

We like to use the tools of linear algebra, matrix-vector 
multiplication. But can we do that? Are these 
transformations linear?



Three types of transformations

• Rotation

• Translation

• Perspective projection

Homogeneous coordinates to the rescue!



Let us review projective 
transformations



Rigid body motions
(Euclidean transformations / isometries)

• Theorem: Any rigid body motion can be 
expressed as  an orthogonal transformation 
followed  by a translation.



Affine transformations 

• Definition:  An affine transformation is a 
nonsingular linear  transformation followed  
by a translation.



Some examples of affine transforms…



Projective Transformations

• Under perspective projection, parallel lines 
can map to lines that intersect. Therefore, this 
cannot be modeled by an affine transform!

• Projective transformations are a more general 
family which includes affine transforms and 
perspective projections.

• Projective transformations are linear 
transformations using homogeneous 
coordinates



Homogeneous coordinates

• Instead of using n coordinates for n-
dimensional space, we use n+1 coordinates.



Key rule 

•  



Picking a canonical representative



The projective line

• Any finite point x can be represented as

• Any infinite point can be expressed as



The projective plane

• Any finite point  can be represented as

• Any infinite point can be represented as



Lines in homogeneous coordinates



Incidence of points on lines



Incidence of points on lines



Incidence of points on lines



Line incident on two points



Representing affine transformations



Perspective Projection



Projective transformations
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