
Today’s Agenda

•Image Degradation and Restoration



Degradation VS Restoration
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Note: a linear, position invariant degradation system with additive 

noise can be modeled as the convolution of the degradation function 

with the image plus the additive noise.

Degradation (convolution)

Restoration (deconvolution)
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Estimate the Degradation Function

• Observation

• Experimentation

• Mathematical modeling



Estimation by Modeling – Motion Blur 

Constant velocity along x and y direction:

𝑥0(𝑡) =
𝑎𝑡
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Estimation by Modeling – Cont. 
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An example of motion blur

Motion in both x and y direction during acquisition



Estimation by Modeling – Cont. 
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An example of motion blur
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Estimation by Modeling – Example 
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Constant velocity along x and y direction:
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What is 𝐻(𝑢, 𝑣)?



Image Restoration

Given the degradation system H and the input image G, 
recover the original image F 

• Inverse filtering

• Wiener filtering



Inverse Filtering
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Limiting the analysis to 

frequencies near the origin 

(0,0)

Ideally:
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In practice:

Low pass filtering



An Example of Inverse Filtering

Original image

Degraded image
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An Example of Inverse Filtering (Cont.)

Original image

Degraded image
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Full filter Cutoff radius = 40

Cutoff radius = 70 Cutoff radius = 85



Minimum Mean Square Error (Wiener) Filtering

Assumptions: 

• Noise and image are uncorrelated

• Noise has zero mean

Original Inverse filtering 

with cutoff = 70
Wiener filtering



The Formulation
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Least square error filter

Minimize mean squared error: 
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),( vuF is the power spectrum of undegraded image

is the power spectrum of noise



The Formulation (Cont.)
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Signal to noise ratio: the metric to evaluate the restoration performance

Frequency domain:

Spatial domain:



The Formulation
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An approximation



Example 2 – Motion Blur + Additive Noise
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Constrained Least Square Filtering
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Assumption: the mean and variance of the noise is known

The image is smooth

Matrix-vector representation:

Alleviate the noise sensitivity by minimizing



Constrained Least Square Filtering
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Frequency domain solution:

Parameter to satisfy the constraint



Example

Wiener

CLSF



Optimize 
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Adjust      to satisfy the constraint:

Accuracy factor



Optimize 

1. Specify an initial 

2. Compute 

3. If                                  , stop or adjust         accordingly 
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How to Calculate 𝜂 2

𝜂 2 = 𝑀𝑁 𝜎𝜂
2 +𝑚𝜂

2



Example

Iteratively search for optimal parameter 



Reading Assignments

Chapter 5.10 – 5.11



Color Image Processing

• The world is colorful

• Color feature is one of the natural cue human used for 
object detection/recognition

• Thousands of color shades vs dozens of gray levels

• Various applications

• Challenges

• Illumination

• Variations

http://www.tutorialized.com/tutorial/Grasslands-

in-3ds-Max/57927https://johnhowie.wordpress.com/2009/12/

22/445/
http://okanaganokanogan.com/2015/10/



Fundamentals of Color Image Processing



Color Representations

• primary/secondary colors

• primary/secondary pigments

• all visible colors



Characteristics of Light

• Radiance

• Luminance 

• Brightness

Picture was adapted from Dr. Gordon Kindlmann’s talk “Face-based Luminance Matching for Perceptual Colormap Generation” 

http://www.cs.utah.edu/~gk/papers/vis02/talk/



Characteristics of Color Light

• Radiance

• Luminance 

• Brightness

• Chromaticity

• Hue – dominant color/wavelength

• Saturation – color purity

White and grey has the same chromaticity, while different brightness



Chromaticity

Tristimulus values of a color: The amounts of the three primary color to 
match a test color 

CIE (International Commission on Illumination) RGB matching function
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The CIE 1931 RGB Color 
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wavelength



Chromaticity

Tristimulus values of XYZ space 

CIE XYZ matching function
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Chromaticity Diagram

x and y to represent colors

Pure color 

and fully 

saturated

Mixed color 

with less 

saturation

Equal energy 

with zero 

saturation



Chromaticity Diagram (Cont’d)

Color mixing: any color on a line segment 
can be generated by the two ending 
points in the color diagram

Metamerism: the same color can be 
generated with different  combinations of 
source colors with the same tristimulus 
values



Color Gamut

• Color gamut: a 
complete subset of 
colors can be displayed 
on a device or 
represented by a color 
space.

• The color represented 
by 3 given colors 
resides in the triangle 
formed by the 3 points

• Not all colors can be 
represented by 3 
primary colors
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