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EE421/521 
Image Processing 
Lecture 11b 
IMAGE RESTORATION  
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Introduction to 
Image 
Restoration 



19/12/13 

2 

Image Restoration 
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degradation restoration 

Restoration Example 
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Restoration Example 
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Applications 

¢  Law enforcement 
¢ Medical Imaging 
¢ Space explorations 
¢ Commercial and consumer imaging 

6 



19/12/13 

4 

Restoration vs. Enhancement 
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Resolution vs Sharpness 
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Restored signal: 
increased resolution 

Enhanced signal: 
increased sharpness 
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Image Restoration 
Requirements 
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Image Restoration Requirements 
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Image Degradation Model 
(Space and Fourier Domain) 

Space domain: 

Fourier domain: 
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Inverse Filtering 
 

¢  Use mathematical inverse of the blur function to restore the 
original image 
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Inverse Filtering:Effect of Noise 
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Pseudo Inverse Filtering 

¢  Use pseudo-inverse to overcome the infinities at the 
zeroes of the blur 
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Optimum LTI Filter for 
Restoration: Wiener Filter 

15 
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¢  Recall the Wiener filter for the blur-free case: 

 
¢  When there is blur we have 

¢  Thus, substitute in the blur-free solution 
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Optimum LTI Filter for 
Restoration: Wiener Filter 
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Example:  
Out of Focus Restoration 

Out-of-focus text image Image restored by Wiener Filtering 

Inverse vs. Wiener Filter 

18 

inverse 
filter 

Wiener 
filter 
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Characteristics of the 
Wiener Filter 

¢  There is no ill-conditinoned behaviour associated with 
the Wiener filter 

¢  If the noise power is zero at some frequency à we have 
the inverse filter 

¢  If the signal power is zero at some frequency àthe filter 
becomes zero à we can’t recover information at those 
frequencies where the noise was completely dominant 
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Noise power 
 
Signal power 
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Shortcomings of the Wiener 
Filter 
¢  The MMSE (minimum mean squared error) 

estimate is based on linear assumptions. But 
there are nonlinearities in the image recording 
and the human visual system. 

¢  The MMSE is not the criterion that the human 
visual system naturally employs. MMSE 
restorations in low SNR cases appear too 
smooth; the human eye is often willing to accept 
more visual noise in exchange for additional 
image structure in the process.   
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Example 

21 

¢  7x7 blur, 8-bit quantization                  works best 
¢  7x7 blur, 12-bit quantization                  works best 

 10 2−=γ
 10 4−=γ

22 

Image 
Restoration 
Artifacts 
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Restoration Artifacts 
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Filtered Noise and 
Regularization Artifacts 
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Restoration Artifacts 
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General Linear Regularization: 
Constrained Least Squares Filter 

( )∑∑ ∗∗=
m n

s nmsnmqC 2),(ˆ),(

( )∑∑ ∗∗−=
m n

m nmsnmhnmgC 2),(ˆ),(),(

Smoothness 
of the solution 

Matching the 
observation 

Actual blur Observed image 

Restored image 

High-pass filter 



19/12/13 

14 

27 

Constrained Least Squares Filter 

),(ˆ    respect to    with     minimize nmsCC sm γ+

Relative weight 

Due to Parseval’s relation 
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Constrained Least Squares Filter 
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Example: Derivative Operators 

29 

-1 0 1 

-2 0 2 
-1 0 1 

0 -1 0 

-1 4 -1 
0 -1 0 

One may also use the DFT 
of the first and second 
derivative kernels as 

30 

Constrained Least Squares Filter 
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Wiener vs. Constrained 
Least Squares Filter 

31 

Power Sprectrum Equalization 

32 

),(),(),(),( 2121
2

2121 wwPwwPwwHwwP vsg +=

),(),(),(ˆ 212121 wwGwwwwS φ=

),(),(),(),( 2121
2

2121ˆ wwPwwPwwwwP sgs == φ



19/12/13 

17 

Power Sprectrum Equalization 

33 
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Homomorphic Filter 
Behavior 
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Homomorphic Filter 
Behavior 

35 
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Maximum a Posteriori (MAP) 
Filter 

36 
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MAP Filter 
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MAP Filter Special Case: 
Gaussian Signal and Noise 

38 
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Linear MAP Filter 

39 

=f̂

Linear MAP Filter 

40 
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Summary of Linear Filters 
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Project 3.2b 
Image Restoration 
Due 29.12.2013 Sunday 

42 
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Problem 3.2 Image Restoration 
with Wiener Filter 

1.  Select a 512x512 monochrome image and display it. 
2.  Blur the image with a uniform 16x16 blur. Display the blurred image. 
3.  Add 20 dB Gaussian noise to the blurred image and display the 

result. 
4.  Divide the image into 64x64 regions, apply Hanning window to all 

regions. Display the image with Hanning windows applied. 
5.  Calculate the 2-D DFT of all regions and compute the 2-D power 

spectrum of the observed image as 

6.  Compute the variance of the noise using nearly uniform regions 
(calculate the variance in each block, then average these variances). 

7.  Compare it with the actual value given in Step 3. 
43 
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Problem 3.2 (cont.) 

1.  Calculate the frequency response of the Wiener filter as (use the given noise 
variance) 

2.  Plot the above filter frequency response and comment on its characteristics. 
3.  Obtain the filter impulse response by computing the 64x64 inverse DFT of 

the fiter frequency response. Plot the impulse response and comment on its 
shape. 

4.  Convolve the 512x512 blurred and noisy image with the Wiener filter impulse 
response to obtain the restored image. Display the restored image and 
comment on its characteristics. 

5.  Compare your result with MATLAB’s Wiener filter. 
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Image 
Restoration 
with POCS 

46 

Convex Set 
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Projection onto a Convex 
Set 

48 

Convergence 
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Successive Projections 
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The Method of POCS 
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POCS Example: 
Solving a Linear System of Equations 
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Solution via POCS 
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POCS: Example (cont’d) 
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POCS: Example (cont’d) 
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POCS: Example (cont’d) 
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Convex Sets for Restoration 
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Convex Sets for Restoration 

58 
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Image Restoration Using POCS 

59 

Next Lecture 

¢  IMAGE RECONSTRUCTION 

60 


