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Prof. Shih-Fu Chang

Digital Video and Multimedia Lab
Columbia University

Feb. 10th 2005
http://www.ee.columbia.edu/dvmm

Digital Image Processing

Lecture 4
Reading: 
Image Enhancement: G&W Chap 3, Jain Chap 7
Image Transform: G&W Chap 4.6, Jain 5.4-5.11

Most images are downloaded from the web site of the Gonzalez/Woods textbook
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Image Enhancement
Given an image, improve the subjective 
quality

Contrast
Noise reduction
Edge sharpening
Filtering
pseudo-coloring

No general theories partly because of the lack 
of analytic measurement of subjective quality
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Quality Enhancement: Spatial Domain
Simple Op. – Power-Law Transform

Common 
problem: 
intensity values 
concentrated in 
a small region

How to fix this?
Stretch the 
dark region
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Power-Law Transform
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Stretch 
the bright 
region
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Point Intensity Transformation

Point by point operation
Simple but effective operations
Different rules achieve different 
enhancement effects
Trial and error process to achieve 
desired effects
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Piece-Wise Contrast Stretching
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Intensity Slicing
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Relation between Contrast and Histogram

Definition of 
histogram
Note contrast 
increases when 
distribution is 
spread out
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Histogram Equalization

Note the output 
still does not have 
ideal uniform 
distribution due to 
discrete domains
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Spatial domain filtering – averaging 
multiple frames
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Spatial domain filtering – averaging 
multiple pixels
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Spatial domain filtering – mean vs. 
median
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Derivative operations: Laplacian
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Derivative operations: Laplacian
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Sharpening filter: high-boost with 
Laplacian
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Derivative operations: Sobel
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Combination of different operations

Laplacian

SobelSharpened with
Laplacian

Good at 
enhancing 
edges

Good at 
enhancing 
detailed 
structures

Original
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Smoothed
Sobel

Smooth Sobel x
Laplacian Sharpened

Sum of 
Mask & image

Principal rules + trial and error

Power Law


