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Homogeneous coordinates

• Add an extra coordinate and use an equivalence relation
• for 2D

• equivalence relation 
k*(X,Y,Z) is the same as                    (X,Y,Z) 

• for 3D
• equivalence relation 

k*(X,Y,Z,T) is the same as                    (X,Y,Z,T)

• “Ordinary” or “non-homogeneous” coordinates 
• properly called affine coordinates
• in 3D, affine -> homogeneous

• in 3D, homogeneous to affine

(x, y, z) ! k ⇤ (x, y, z, 1)
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Homogenous coordinates

• Notice (0, 0, 0, 0) is meaningless (HC’s for 3D)
• also (0, 0, 0) in 2D

• Basic notion
• Possible to represent points “at infinity” by careful use of zero
• Where parallel lines intersect

• eg

• Where parallel planes intersect (etc)

• Can write the action of a perspective camera as a matrix

(tX, tY, tZ, 1) (tX + a, tY + b, tZ + c, 1)and 

intersect at (X,Y, Z, 0)



Lines on the plane





The camera matrix

• Turn previous expression into HC’s
• HC’s for 3D point are (X,Y,Z,T)
• HC’s for point in image are (U,V,W)
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In Camera coordinate system:





The camera matrix - II

• Turn previous expression into HC’s
• HC’s for 3D point are (X,Y,Z,T)
• HC’s for point in image are (U,V,W)



Camera extrinsics

Rotation matrix  - orthornormal, det=1



Camera intrinsics



Camera intrinsics



Location of the camera center 
(where the z-axis pierces the 

image plane)

A scale

Pixel aspect ratio

Skew



Camera matrix for orthographic projection

• Almost never encounter orthographic projection
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Which projection?

Lift from Antonio Torralba’s slides


