
Pointwise Operations 
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  10504: Mestrado em Engenharia Informática 

Chap. 3 — Image Processing: Pointwise Operations	
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Outline	
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Representations for images	
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Images have both spatial and frequency representations	
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How is an image processed?	
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What is the meaning of frequencies in an image?	
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Image processing in the spatial domain	
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Pixel or point operations	
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Image negative	
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g(x,y)=T[f(x,y)]=MAX-f(x,y)	

	
 	
   =255-f(x,y)	
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Dynamic range	
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The human senses of sight and hearing have a 
very high dynamic range. 	


Factor 	

(power)	
 Decibels	
 f-stops	


1	
 0	
 0	

2	
 3.01	
 1	


3.16	
 5	
 1.66	

4	
 6.02	
 2	

5	
 6.99	
 2.32	

8	
 9.03	
 3	


10	
 10	
 3.32	

16	
 12	
 4	

20	
 13	
 4.32	


31.6	
 15	
 4.98	

32	
 15.1	
 5	

50	
 17	
 5.64	


100	
 20	
 6.64	

1 000	
 30	
 9.97	

1 024	
 30.1	
 10	


10 000	
 40	
 13.3	

100 000	
 50	
 16.6	


1 000 000	
 60	
 19.9	

1 048 576	
 60.2	
 20	


100 000 000	
 80	
 26.6	

1 073 741 824	
 90.3	
 30	


10 000 000 000	
 100	
 33.2	


Diagram of decreasing apertures, that is, increasing 
f-numbers, in one-stop increments; each aperture 
has half the light gathering area of the previous one.	


In optics, the f-number (sometimes called focal 
ratio, f-ratio, f-stop,  or relative aperture) is the 
focal length divided by the "effective" aperture 
diameter. It is a quantitative measure of lens 
speed, an important concept in photography.	
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Effects of the f-number on image quality	
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Comparison of f/32 (top-left corner) 
and f/5 (bottom-right corner)	


A 35 mm lens set to f/11, as indicated by the white 
dot above the f-stop scale on the aperture ring. 
This lens has an aperture range of f/2.0 to f/22 
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Dynamic range in digital photography	
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Strong Reflections	


Uneven Incident Light	


Here we see the vast variation possible for incident light, since 
the following diagram is scaled to powers of ten. If a scene were 
unevenly illuminated by both direct and obstructed sunlight, this 
alone can greatly increase a scene's dynamic range (as apparent 
from the canyon sunset example with a partially-lit cliff face).	
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Contrast	
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Bit Precision of Analog/
Digital Converter	


Contrast 
Ratio	


Dynamic 
Range	

f-stops	


8	
 256:1	
 8	

10	
 1024:1	
 10	

12	
 4096:1	
 12	

14	
 16384:1	
 14	

16	
 65536:1	
 16	


Left side of the image has low contrast, 
the right has higher contrast.	
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High dynamic range (HDR)	
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–8 stops	
 –2 stops	
 +2 stops	
 +4 stops	


Simple contrast reduction	
 Local tone mapping	

HDR photography functionality 
was added to the iPhone 4 in 
iOS version 4.1 on September 
8th 2010	
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Contrast stretching	
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Before linear stretch	
 After linear stretch	
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€ 

POUT = (PIN − L)
MAX −MIN

H − L
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + MIN

L  : lowest pixel value in image	

H : highest pixel value in image	

MAX: maximum pixel value allowed in image	

MIN: minimum pixel value allowed in image	
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Histogram equalization	
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original	
 equalized	


original image matrix	
 equalized image matrix	


Equalization formula:	


L : number of amplitude or intensity levels	

MxN : resolution of image	

cdf : cumulative distribution function	
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Histogram equalization (cont’d)	
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Histogram equalization (cont’d)	
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Summary:	



