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Two different groups of image processing 
algorithms 
• Point processing is defined as an operation which calculates the new 

value of a pixel based only on the value of the pixel in the same 
position in the original image.

• Neighborhood processing is defined as an operation which calculates 
the new value of a pixel based on the value of the pixel in the same 
position in original image as well as on the value of some pixels in the 
neighborhood.



Point processing in mathematical sense



Example – Gray-Level Mapping

g(x,y)=f(x,y)+b                             (brightness)



Limited range



Contrast

g(x,y)=a f(x,y)                             (contrast)



Linear gray-level mapping

g(x,y)=a f(x,y) + b                            

In order to get best contrast (values in [f1 f2]):

0=a f1 + b   and    255=a f2 + b 

we get

a=255/(f2-f1)  and   b=-a f1



Non-linear gray-level mapping

• Gamma mapping

• Logarithmic Mapping

• Exponential Mapping

• Histogram Equalization



Gamma mapping

g(x,y)=f(x,y)γ f(x,y) must be mapped to [0,1] first.



Logarithmic mapping

g(x,y)=c log (1+f(x,y))

c=255/(log(1+vmax))

vmax is the maximum pixel value in the input image. 



Exponential mapping

g(x,y)=c (kf(x,y)-1)

c=255/(kvmax-1)

vmax is the maximum pixel value in the input 
image.

k is normally chosen as a number just above 
1. This will enhance details in the bright areas 
while decreasing detail in the dark areas



Histogram

• Age of people at a party



The image histogram

• h(i) = card{ (x,y) | f(x,y)=i }



Image ↔ Histogram



Realation between an image and a histogram



Histogram(s) of a color image



What information can be retrieved from a histogram?



How can an image be enhanced?



Histogram stretching

g(x,y)=255/(f2-f1) * ( f(x,y) -f1)                           



Histogram equalization

• Cumulative histogram: 𝐶𝑗 = σ𝑖=0
𝑗

𝐻[𝑖]



An example of cumulative histogram



Application



Thresholding



When does it work?



Color thresholding



Application – how to find the blue chips?



Problems



Thresholding in video



Automatic thresholding

• Otsu score



Automatic thresholding (local)



Inverting an image

g(x,y)=255-f(x,y)



Alpha blending

g(x,y)=α∙f1(x,y)+(1-α)∙f2(x,y)


