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2 Theory 

 

2.1 Pinhole camera model, calibration, image rectification and depth to disparity 

2.1.1 Mapping a 3D-point from the camera reference system to the digital image plane 

The following explanation is based on (Hata & Savarese, n.d.). It is included in the report to 

better understand the camera model used to transform disparity values to 3D-coordinates, and in 

the process understand the values present in disparity maps. Pixel skew and distortion has been 

ignored to simplify the equations. The model assumes that no lens is present within the camera 

and that the aperture is a single point. 

The pinhole camera model is a widely used mathematical model for transforming real world 

coordinates onto an image plane and vice versa. The model tries to replicate the inner workings 

of an actual camera. Before jumping into the math behind it a few aspects will be explained. 

Consider Figure 1 below. 

 

Figure 1: Flow of reflected light rays from object into camera. Source: Figure 1 in (Hata & Savarese, n.d., p.1). 

Light rays reflect of the object onto the barrier of the camera. Light will only pass through the 

opening or aperture of the camera and all other rays are blocked from entering. Finally, light rays 

that do pass through the aperture are captured by the camera in its image plane (film). This is the 

basic concept of any color imaging camera. Furthermore, the scene will be broken down into 

mathematical parts. See Figure 2 below. 
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Figure 18: Binary image of the grayscale where all white pixels coincide with intensity values in the grayscale 

image being above zero. 

 

 

Figure 19: Result of the Top-hat filter. 

 

 

 

 










































































































































































