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Digital Image 

Processing: 
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Imaging Geometry: Perspective Transformation 

Lens center 
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(X,Y,Z) = world coordinate 

l 

(x,y,z) = Camera coordinate system  
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Eq. 1.1 
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Imaging Geometry: Perspective Transformation (cont.) 

Relation between camera coordinate (x,y,z) and real world coordinate  

(X,Y,Z) are given by 

     Since on the image plane z is always zero, z=0, we consider only (x,y) 

while z is neglected. 

Eq. 1.2 
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Imaging Geometry: Perspective Transformation (cont.) 

      Equation 1.2 is not linear because of Z in the dividers so we 

introduce the homogeneous coordinate to solve this problem. 
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Homogeneous 

coordinate 

k = nonzero constant 

    To convert from the homogeneous coordinate wh to the Cartesian  

coordinate w, we divide the first 3 components of wh by the fourth  

component.  
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Imaging Geometry: Perspective Transformation (cont.) 
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The perspective transformation matrix for the homogeneous coordinate: 

Perspective transformation becomes: 

Eq. 1.3 
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Imaging Geometry: Perspective Transformation (cont.) 
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From homogeneous 

coordinate 

We get camera coordinate in the image plane: 
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Imaging Geometry: Inverse Perspective Transformation 
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hh cPw 1 where Eq. 1.4 
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For an image point (x0,y0), since on  

the image plane z=0, we have 
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Inverse Perspective Transformation (cont.) 
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We get the real world coordinate : 

Since the perspective transformation maps 3-D coordinates to 2-D Coordinates, 

we cannot get the inverse transform.  
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To find the solution, let 
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Inverse Perspective Transformation (cont.) 

We get 
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Eq. 1.5 
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Inverse Perspective Transformation (cont.) 

From Eq. 1.5, 

Z
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We get Eq. 1.6 

Substituting Eq. 1.6 into Eq.1.5, we get 

Eq. 1.7 

    Equations 1.7 show that inverse perspective transformation requires 

information of at least one component of the world coordinate of the point. 
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Camera Model 
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Camera Model 

Transformation Matrix 



13:22 

Camera Model 
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Camera Model 
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Camera Calibration 

Cartesian form 
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Stereo Imaging  



13:22 

Camera Coordinate system 


