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Original  
image 

Image  
corrupted  
by AWGN 
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obtained  

using a 3x3 
geometric  
mean filter 

Image  
obtained  

using a 3x3 
arithmetic  
mean filter 
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A median filter is good for removing impulse, isolated noise 

Degraded image 

Salt noise 

Pepper noise 

Moving 
window 

Sorted  
array 

Salt noise 
Pepper noise 

Median 

Filter output 

Normally, impulse noise has high magnitude 
 and is isolated. When we sort pixels in the 
 moving window,  noise pixels are usually 
 at the ends of the array.  

Therefore, it’s rare that the noise pixel will be a median value.   Uploaded By: Jibreel BornatSTUDENTS-HUB.com
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arithmetic  
mean filter 
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by additive 
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pepper  
noise 
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geometric  
mean filter 
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Image  
corrupted  
by additive 
uniform  

noise 

Image      
obtained  

using a 5x5 
 median filter 

Image  
additionally 
corrupted  
by additive 
salt-and- 
pepper  
noise 

1 2 

2 

Image      
obtained  

using a 5x5 
alpha- 

trimmed  
mean filter 
with d = 5 

2 
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Image  
corrupted  
by additive 
Gaussian  

noise with  
zero mean 

and s2=1000 

Image 
obtained  

using a 7x7 
arithmetic 
mean filter 

Image 
obtained  

using a 7x7 
geometric 
mean filter 

Image 
obtained  

using a 7x7 
adaptive 

noise  
reduction 

 filter 
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Algorithm: Level A:  A1= zmedian – zmin 

  A2= zmedian – zmax 

  If A1 > 0 and A2 < 0, goto level B 
  Else increase window size 
   If window size <= Smax repeat level A 
   Else return zxy 

Level B:  B1= zxy – zmin 

  B2= zxy – zmax 

  If B1 > 0 and B2 < 0, return zxy 

  Else return zmedian 

zmin = minimum gray level value in Sxy 

zmax = maximum gray level value in Sxy 

zmedian = median of gray levels in Sxy 

zxy = gray level value at pixel (x,y) 
Smax = maximum allowed size of Sxy 

where 

Purpose: want to remove impulse noise while preserving edges 
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Image corrupted  
by salt-and-pepper  

noise with  
pa=pb= 0.25 

Image obtained  
using a 7x7 

median filter 

Image obtained  
using an adaptive 
median filter with 

Smax = 7 

More small details are preserved 

Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Periodic Noise Reduction By Frequency Domain 

Filtering 
38 

Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Periodic Noise Reduction By Frequency Domain 

Filtering 
39 

Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Periodic Noise Reduction By Frequency Domain 

Filtering 
40 

Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Periodic Noise Reduction By Frequency Domain 

Filtering 
41 

Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Periodic Noise Reduction By Frequency Domain 

Filtering 
42 

Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Estimation of Degradation Model  

Degradation model: 
),(),(),(),( yxyxhyxfyxg 

Purpose: to estimate h(x,y) or H(u,v) 

),(),(),(),( vuNvuHvuFvuG 

Methods: 
 1. Estimation by Image Observation 
   
 2. Estimation by Experiment 
 
 3. Estimation by Modeling 

or 

Why? If we know exactly h(x,y), regardless of noise, we can do  
deconvolution to get f(x,y) back from g(x,y). 
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Estimation by Image Observation 

f(x,y) f(x,y)*h(x,y) g(x,y) 

Subimage 

Reconstructed 
Subimage 

),( vuGs ),( yxgs

),(ˆ yxfs

DFT 

DFT 
),(ˆ vuFs

Restoration 
 process by 
estimation 

Original image (unknown) Degraded image 

),(ˆ

),(
),(),(

vuF

vuG
vuHvuH

s

s
s 

Estimated Transfer 
 function 

Observation 

This case is used when we 
know only g(x,y) and cannot  
repeat the experiment! Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Estimation of Degradation Function 
46 

Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Estimation by Experiment 
Used when we have the same equipment set up and can repeat the  
experiment. 

Input impulse image 

System 
H( ) 

Response image from 
the system 

),( vuG

),( yxg),( yxA

  AyxADFT ),(

A

vuG
vuH

),(
),( 

DFT DFT 
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Used when we know physical mechanism underlying the image  
formation process that can be expressed mathematically. 

Atmospheric 
Turbulence model 

6/522 )(),( vukevuH 

Example: 
Original image Severe turbulence 

k = 0.00025 k = 0.001 

k = 0.0025 

Low turbulence Mild turbulence 
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Inverse Filter  

after we obtain H(u,v), we can estimate F(u,v) by the inverse filter: 

),(

),(
),(

),(

),(
),(ˆ

vuH

vuN
vuF

vuH

vuG
vuF 

From degradation model: ),(),(),(),( vuNvuHvuFvuG 

Noise is enhanced 
when H(u,v) is small. 

To avoid the side effect of enhancing  
noise, we can apply this formulation  
to freq. component (u,v) with in a  
radius D0 from the center of H(u,v). 

In practical, the inverse filter is not 
Popularly used. Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Inverse Filter: Example  

6/522 )(0025.0),( vuevuH 

Original image 

Blurred image 
Due to Turbulence 

Result of applying 
the full filter 

Result of applying 
the filter with D0=70  

Result of applying 
the filter with D0=40  

Result of applying 
the filter with D0=85  

Uploaded By: Jibreel BornatSTUDENTS-HUB.com



Wiener Filter: Minimum Mean Square Error Filter  

Objective: optimize mean square error:  22 )ˆ( ffEe 
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Wiener Filter Formula: 

where 

H(u,v) = Degradation function 
S(u,v) = Power spectrum of noise 
Sf(u,v) = Power spectrum of the undegraded image 
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Approximation of Wiener Filter 
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Wiener Filter Formula: 

Approximated Formula: 
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Difficult to estimate 

Practically, K is chosen manually to obtained the best visual result! 
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Wiener Filter: Example  

Original image 

Blurred image 
Due to Turbulence 

Result of the  
full inverse filter 

Result of the inverse 
 filter with D0=70  

Result of the  
full Wiener filter 
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Wiener Filter: Example (cont.)  

Original image 
Result of the inverse 
 filter with D0=70  

Result of the  
Wiener filter 

Blurred image 
Due to Turbulence 
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Example: Wiener Filter and Motion Blurring  

 Image  
degraded 
by motion  
blur + 
AWGN 

Result of the 
inverse filter 

Result of the 
Wiener filter 

s
2=650 

s
2=325 

s
2=130 

Note: K is  
chosen 
manually 
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