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Lecture 8: Point Operations



Point Operations
• Transform an image into another one that is more useful

– for a human 
– or a computer

• Global grayscale transformation that uses individual pixels 
only – no neighborhood is used (compare with convolution)

• φ: f(x,y)→ g(x,y) = φ(f(x,y))
– Location (x,y) does not matter, only the gray value f(x,y) matters.

• Often φ is a non-linear operator.
• It is usually a good idea to try point operations as a pre-

processing step.



Affine Grayscale Transformations

• g(x,y) = af(x,y)+b

a b

Identity 1 0

Contrast enhancement >1

Contrast attenuation Between 0 and 1

Brightening 1 >0

Darkening 1 <0

grayscale reversion -1 gmax



Affine Grayscale Transformations



Affine Grayscale Transformations
• An often used affine transformation is to the interval [0,255].
• If your image f has the range [fmin,fmax] then g(x,y)=(f(x,y)-fmin)/(fmax-fmin)*255



Thresholding/Binarisation

• Non-linear transformation

• gmax is usually 1 or 255
• Simplest method for segmentation

– Non-robust due to dependence on threshold T.
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Thresholding/Binarisation

Left: Grayscale image of a road in snow. Right: Thresholding with T=140 
allows us to segment out the darker looking road and trees. Author: Nazar
Khan (2014)



Logarithmic Dynamic Compression

• Useful when min and max grayscale values differ 
by many orders of magnitude.
– Often the case in the Fourier spectrum where |F(0,0)| 

can dominate over the other frequencies.
• Often the ratio of two color values is more 

important than their difference.
• If your image f has the range [0,fmax] then 

g(x,y) = c * log(1+f(x,y)) / log(1+fmax) where c>0.
• H.W.: To force g(x,y) to lie between [0,255], what 

should be the value of c?



Logarithmic Dynamic Compression



Logarithmic Dynamic Compression

Left: Grayscale image of a map with periodic structures. Center: Fourier spectrum. 
Right: After logarithmic dynamic compression. Author: Nazar Khan (2014)



Gamma Correction

• Often video cameras and computer monitors 
have a (different) non-linear relationship 
between input light intensity I and displayed gray 
value f 
– f = kIγ.

• To compensate for this non-linearity, the inverse 
process is applied – the so called gamma 
correction.

• If your image f has the range [0,fmax] then 
g(x,y)=fmax * (f(x,y)/fmax)1/γ where γ>0.

• Range of transformed image is still [0,fmax].



Gamma Correction



Gamma Correction

Left: Grayscale image of a road in snow. Middle: Gamma correction using γ=0.4. 
Right: γ=3. Author: Nazar Khan (2014)



Histogram Equalization

• Transform the gray values such that all gray 
values occur equal number of times.

• Can induce significant changes in image 
perception.



Histogram Equalization



Histogram Equalization



Histogram Equalization



Pseudocolour Representation of 
Greyscale Images

• Recall from the lecture on color perception 
that humans can distinguish only 40 
greyscales, but 2 million colours.

• Therefore, color offers better visual 
discrimination.

• Can be used to map X-ray or thermal images 
to color values.



Pseudocolour Representation of 
Greyscale Images



Pseudocolour Representation of 
Greyscale Images



Pseudocolour Representation of 
Greyscale Images



False Coloring

• To map invisible spectrum to color values.
• Used in remote sensing where usual mode of 

operation is the invisible spectrum.



False Coloring



Image Subtraction
• Digital Subtraction Angiography (DSA)

– Medical imaging method for visualizing blood flow through vessels.
– Take X-ray images before and after giving the patient a contrast agent.
– Difference image will show the contrast agent in the vessels. Hence the vessels 

will be extracted.



Summary

• Very basic point operations can sometimes 
dramatically improve image quality.

• Goal is to obtain new gray value 
representations that are better suited for 
visual perception.

• It is usually a nice idea to pre-process images 
using these basic point operations before 
trying more complex image processing 
techniques.


	CS-565 Computer Vision
	Point Operations
	Affine Grayscale Transformations
	Affine Grayscale Transformations
	Affine Grayscale Transformations
	Thresholding/Binarisation
	Thresholding/Binarisation
	Logarithmic Dynamic Compression
	Logarithmic Dynamic Compression
	Logarithmic Dynamic Compression
	Gamma Correction
	Gamma Correction
	Gamma Correction
	Histogram Equalization
	Histogram Equalization
	Histogram Equalization
	Histogram Equalization
	Pseudocolour Representation of Greyscale Images
	Pseudocolour Representation of Greyscale Images
	Pseudocolour Representation of Greyscale Images
	Pseudocolour Representation of Greyscale Images
	False Coloring
	False Coloring
	Image Subtraction
	Summary

