
Today’s Calendar

Intensity Transformation

Histogram processing



Probability Methods
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nth moment of z

Std=14.3 Std=31.6 Std=49.2

What do they mean?



Stochastic Image-Sequence Processing

Using probability and random-process tools

Each pixel is a random event → each image frame is a random 
event, related to time

Probability plays a central role in modern image processing 
and computer vision



Summary

In this course, we will discuss all the concepts in details.



Now,

Intensity Transformation and Spatial Filtering

Reading: Chapter 3.



Spatial Domain

g(x,y)=T [f(x,y)]

→ spatial filter



1x1 Neighborhood → Intensity Transformation 

→ Image Enhancement

Soft thresholding (logistic function) Hard thresholding (step function)

Contrast stretch



Some Basic Intensity Transformation 

Functions

• Thresholding – Logistic function

• Log transformation

• Power-law (Gamma correction)

• Piecewise-linear transformation

• Histogram processing



Some Basic Intensity Transformation 

Functions

Image Negative: s=L-1-r



Basic Intensity Transformation Functions

Power functions



Log/Inverse Log Transformation Functions

Stretch low intensity levels

Compress high intensity levels

Stretch high intensity levels

Compress low intensity levels

Log function:

Inverse log function:



Log Transformations: s=c log(1+r)



Power-Law (Gamma) Transformations

crs =

• More versatile than log 

transformation

• Performed by a lookup 

table



Power-Law (Gamma) Transformations

Monitors have an intensity-

to-voltage response with a 

power function



Image Enhancement Using Gamma Correction



Power-Law (Gamma) Transformations for 

Contrast Manipulation

Washed-out appearance caused 

by a small gamma value



Power-Law (Gamma) Transformations for 

Contrast Manipulation

Washed-out appearance 

was reduced by a large 

gamma value



Piecewise-Linear Transformation Functions: 

Contrast Stretching



Piecewise-Linear Transformation Functions: 

Intensity-Level Slicing



An Example of Intensity-Level Slicing



Piecewise-Linear Transformation Functions: 

Bit-Plane Slicing



An Example



Use for Image Compression

Less bit planes are sufficient to obtain an acceptable details, while 

require half of the storage

original



Histogram Processing
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Transformation Function
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A valid transformation function must satisfy two conditions:

10)( −= LrrTs

The same range as input



Intensity Transformation Function
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Histogram Processing

)(rTIf           is continuous and differentiable over the range of r, then

Probability density function of intensity value
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Histogram Equalization

Cumulative distribution function of 𝑟

A special transformation function

Is it a valid transformation function?

Yes.
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𝑠 = 𝑇(𝑟) = (𝐿 − 1)න
0

𝑟

𝑝𝑟(𝑤)𝑑𝑤

Histogram Equalization
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How to prove it?
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Histogram Equalization
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An Example
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Histogram Equalization – Discrete Case
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𝑠0 = 𝑇 𝑟0 = 𝐿 − 1 

𝑗=0

0

𝑝𝑟 𝑟𝑗 = 8 − 1 ∗ 0.19 = 1.33 → 1

⋮

𝑠7 = 𝑇 𝑟7 = 𝐿 − 1 

𝑗=0

7

𝑝𝑟 𝑟𝑗 = 8 − 1 ∗ 1 = 7



Histogram Equalization – Discrete Case

Histogram equalization is not guaranteed to result in a uniform histogram.



Examples



A Continuous Example
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Compute z?
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