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Image Restoration

► Image restoration: recover an image that has been 
degraded by using a prior knowledge of the degradation 
phenomenon.

► Model the degradation and applying the inverse process in 
order to recover the original image.
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A Model of Image Degradation/Restoration 
Process  

► Degradation
▪ Degradation function H
▪ Additive noise
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A Model of Image Degradation/Restoration 
Process  
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Noise Sources  

► The principal sources of noise in digital images arise during 
image acquisition and/or transmission  

✔ Image acquisition
    e.g., light levels, sensor temperature, etc.

✔ Transmission
    e.g., lightning or other atmospheric disturbance in wireless 

network
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Noise Models 

► White noise
▪ The Fourier spectrum of noise is constant

► With the exception of spatially periodic noise, we assume
▪ Noise is independent of spatial coordinates
▪ Noise is uncorrelated with respect to the image itself
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Noise Models 
� Gaussian noise
    Electronic circuit noise, sensor noise due to poor illumination and/or 

high temperature

� Rayleigh noise
     Range imaging: a collection of techniques that are used to produce a 

2D image showing the distance to points in a scene from a specific 
point 

� Erlang (gamma) noise:   Laser imaging

� Exponential noise:    Laser imaging

� Uniform noise:   Least descriptive;    Basis for numerous random 
number generators

� Impulse noise: quick transients,  such as faulty switching 
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Gaussian Noise  

▪ 70% of its values will be in the range

▪ 95% of its values will be in the range
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Rayleigh Noise  
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Erlang (Gamma) Noise  
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Exponential Noise  
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Uniform Noise  
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Impulse (Salt-and-Pepper) Noise  
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Examples of Noise: Noisy Images(1)  
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Examples of Noise: Noisy Images(2)  
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Periodic Noise  

► Periodic noise in an image arises typically from electrical or 
electromechanical interference during image acquisition.

► It is a type of spatially dependent noise

► Periodic noise can be reduced significantly via frequency 
domain filtering
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An Example of Periodic Noise  
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Estimation of Noise Parameters (1)  
The shape of the histogram identifies the closest PDF match
 from the histogram plot of a small background strip of the image
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Estimation of Noise Parameters (2)  

For Gaussian, we need mean and variance, and for other distributions we 
calculate a and b.
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Restoration in the Presence of Noise Only and 
the noise is not periodic is to use

̶  Spatial Filtering  
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Spatial Filtering: Mean Filters (1) 
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Spatial Filtering: Mean Filters (2) 

Generally, a geometric mean filter achieves smoothing 
comparable to the arithmetic mean filter, but it tends to 
lose less image detail in the process
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Spatial Filtering: Mean Filters (3) 

It works well for salt noise, but fails for pepper noise.
It does well also with other types of noise like Gaussian 
noise.
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Spatial Filtering: Mean Filters (4) 

Q is the order of the filter.

It is well suited for reducing the effects of 
salt-and-pepper noise. Q>0 for pepper noise and Q<0 
for salt noise. 
 If Q=0, it is arithmetic mean, If Q=-1, it is harmonic 
mean
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Spatial Filtering: Example (1)
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Spatial Filtering: Example (2)
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Spatial Filtering: Example (3)
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Spatial Filtering: Order-Statistic Filters (1) 

Suitable for 
Impluse noise

Suitable for Pepper 
noise

Suitable for salt 
noise

Suitable for 
Gaussian 
noise
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Linear, Position-Invariant Degradations 
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Linear, Position-Invariant Degradations 

Impulse 
response

Superposition (or 
Fredholm) 

integral of the 
first kind
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Mathematical Modeling (1)

► Environmental conditions cause degradation
   
    A model about atmospheric turbulence 
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Mathematical Modeling (2)

► Derive a mathematical model from basic principles  

   E.g., An image blurred by uniform linear motion between 
the image and the sensor during image acquisition
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Mathematical Modeling (3)
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Mathematical Modeling (4)
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Mathematical Modeling (4)
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Mathematical Modeling (5)
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Minimum Mean Square Error (Wiener) 
Filtering

        

� N. Wiener (1942)

� Objective
     Find an estimate of the uncorrupted image such that the mean 

square error between them is minimized
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Minimum Mean Square Error (Wiener) 
Filtering
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Minimum Mean Square Error (Wiener) 
Filtering
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Minimum Mean Square Error (Wiener) 
Filtering
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Minimum Mean Square Error (Wiener) 
Filtering
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Some Measures (1)
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Some Measures (2)
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Constrained Least Squares Filtering

        
► In Wiener filter, the power spectra of the undegraded 

image and noise must be known. Although a constant 
estimate is sometimes useful, it is not always suitable.

► Constrained least squares filtering just requires the mean 
and variance of the noise.
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Constrained Least Squares Filtering
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Examples

        


