
Image Processing 



Overview 

Images Pixel Filters 

Neighborhood Filters Dithering 



Image as a Function 

ÅWe can think of an image as a function, f,  

Åf: R2 Ą R 

ïf (x, y) gives the intensity at position (x, y)  

ïRealistically, we expect the image only to be 

defined over a rectangle, with a finite range: 

Åf: [a,b]x[c,d] Ą [0,1] 

 

ÅA color image is just three functions pasted 
together.  We can write this as a Ɂvector-

valuedɂ function:  ( , )
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Image as a Function 



Image Processing 

ÅDefine a new image g in terms of an existing 

image f 

ïWe can transform either the domain or the range of  f 

ÅRange transformation: 

 

 

What kinds of operations can this perform? 

 



ÅSome operations preserve the range but change 

the domain of f : 

 

 

    What kinds of operations can this perform? 

 

ÅStill other operations operate on both the 

domain and the range of f . 

 

Image Processing 



 
Point Operations 



Point Processing 

Original Darken 

Invert Lighten 

Lower Contrast 

Raise Contrast 
Nonlinear Raise 
Contrast 

Nonlinear Lower 
Contrast 



Point Processing 

Original Darken 

Invert Lighten 

Lower Contrast 

Raise Contrast 
Nonlinear Raise 
Contrast 

Nonlinear Lower 
Contrast 

x + 128 x * 2 255 - x ((x / 255.0) ^2) * 255.0 

x - 128 x / 2 x ((x / 255.0) ^ 0.33) * 255.0 



Gamma correction 

Â = 1.0; f(v) = v Â = 2.5; f(v) = v1/2.5 = v0.4 

Monitors have a intensity to voltage response curve which is roughly a 2.5 power function  

Send  v  Ą  actually display a pixel which has intensity equal to v2.5  



Neighborhood Operations 



Convolution 

0.2 0.1 -1.0 

0.3 0.0 0.9 

0.1 0.3 -1.0 



Properties of Convolution 

ÅCommutative 

 

ÅAssociative 

abba *=*

( ) ( )cbacba **=**

Å   Cascade system 
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Convolution 

Convolution is linear and shift invariant  
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Convolution - Example 

f
g

gf *
Eric Weinsteinôs Math World 
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Convolution - Example 



Point Spread Function 

Optical 

System 
scene image 

Å  Ideally, the optical system should be a Dirac delta function. 

()xd ()xPSF
Optical 

System 
point source point spread function 

Å  However, optical systems are never ideal. 

Å  Point spread function of Human Eyes 



Point Spread Function 

normal vision myopia hyperopia 

Images by Richmond Eye Associates 
astigmatism 



Original Image 



Blurred Image 



Gaussian Smoothing 

http://www.michaelbach.de/ot/cog_blureffects/index.html  

by Charles Allen Gillbert  by Harmon & Julesz  

http://www.michaelbach.de/ot/cog_blureffects/index.html


Gaussian Smoothing 

http://www.michaelbach.de/ot/cog_blureffects/index.html  

http://www.michaelbach.de/ot/cog_blureffects/index.html
http://www.michaelbach.de/ot/cog_blureffects/index.html


Original Image 



Sharpened Image 



Sharpened Image 



Original Image 



Noise 



Blurred Noise 



Median Filter 

ÅSmoothing is averaging 

(a) Blurs edges  

(b) Sensitive to outliers 

(a) 

(b) 

ïSort            values around the pixel  

ïSelect middle value (median) 

 

 

 

ïNon-linear (Cannot be implemented with convolution) 

Å   Median filtering 

12-N

sort median 



Median Filter 

Can this be described as a convolution? 



Original Image 



Example: Noise Reduction 

Image with noise Median filter (5x5) 



3x3 

5x5 

7x7 

Salt and pepper noise Gaussian noise 



Example: Noise Reduction 

Original image Image with noise Median filter (5x5) 


