
Modeling Radial Distortion
Non-linear, Final (u,v)

[uD
vD] = D(r)[u − Ou

v − Ov] + [Ou
Ov],

where r2 = (u − Ou)2 + (v − Ov)2

D(r) = 1 + k1r2 + k2r4 + k3r6
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D(r) ⇒ 1 + k1r2

   ↓ 
≫ 0

   ↓ 
≫ 0

Modern cameras use computational photography 
techniques to undistort images. However, that 
can result in non uniform pixel density.
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We keep projection as normalized coordinates independent of  f. 
        Akin to keeping the image plane at unit distance from C, 
        and later adjust for f by linear scaling.

➔



Camera Matrix
aka viewing matrix

• Suppose basis vectors and the origin of camera coordinates: X, Y, Z and O are 
known in the [Xw, Yw, Zw] world coordinate system


• How to change other points from  Xw, Yw, Zw coordinates to X, Y, Z coordinates

➢ Given X, Y, Z vectors are each of unit length and perpendicular to each other


• Suppose X = Xw, Y= Yw, Z = Zw 

• i.e., camera Origin is translated by O from XYZ origin


• Then the camera coords of any world point P  
is : a translation


• Suppose O is (0,0,0), the two axes are simply rotated relative each other then
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Translation
By vector V

Pixel	
Coordinates

Tv(P) = P + V

Tv(P) = [(X + U) (Y + V) (Z + W)]
→
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To keep the result in 
homogeneous space

In 2D 
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If   and P = [X Y W]T V = [U V W]T

Can you translate a vector?
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Translation and Rotation
Change to new coordinate system

• Combine rotation and Translation:
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     Rotate ( ) 
Or Rotate P and then translate by -O?

P − O

P

     Find coord with origin at O with XYZw, 
     then with XYZ at O 

Or Find coord in XYZ at the (0,0,0) 
      then shift origin to O?

Alternatively,



A Summary of Geometric Transformations

Transformation
Degree	of	

Freedom		2D	
Degree	of	

Freedom		3D	
Preserves Example	(2D)

Translation 2 3 Orientation

Rigid	(Euclidean) 3 6 Lengths

Similarity 4 7 Angles

Affine 6 12 Parallelism

Projective 8 15 Straight	Lines


