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Let, 

𝐾         = Intrinsic matrix of the camera  

 𝑅   𝑡]= Extrinsic matrix of the camera 

𝐶         = Camera center in world co-ordinate system 

𝑃         = 3D point on a plane with normal 𝑛  expressed in the world co-ordinate system (3D) 

𝑐         = Projection of point 𝑃 on the image plane (2D) 

𝑤       = scaling factor (used in projection of 3D point to 2D) 

𝑛         = [𝑎 𝑏 𝑐] represent the normal to the plane 

(Equation of the plane = 𝑎𝑥 +  𝑏𝑦 +  𝑐𝑧 + 𝑑 = 0) 

 𝑤𝑝 = 𝐾  𝑅  𝑡] 𝑃 

        = 𝐾  𝑅𝑃 + 𝑡   

        = 𝐾𝑅  𝑃 − 𝐶    (Note: Camera center,𝐶 =  −𝑅−1𝑡)   --------------------------------------------------------- (1) 

 

Using (1), 

𝑤[𝐾𝑅]−1𝑝 + 𝐶 = 𝑃     ------------------------------------------------------------------------------------------------------ (2) 

 

𝑃 is a point on the plane, => 𝑛. 𝑃 + 𝑑 =  0 

 =>  𝑛  .  𝑃 − 𝐶 + 𝑑 + 𝑛 𝐶 =  0   

 =>  𝑛 .  𝑤[𝐾𝑅]−1𝑝 + 𝑑 + 𝑛 𝐶 =  0  

 => 𝑤 =
(−𝑑−𝑛 𝐶)

𝑛 . [𝐾𝑅]−1𝑝 
      ------------------------------------------------------------------------------------------------------- (3) 

Substituting (3) in (2),  

𝑷 =  
(−𝒅 − 𝒏 𝑪)

𝒏.   [𝑲𝑹]−𝟏𝒑 
 [𝑲𝑹]−𝟏𝒑 + 𝑪 
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