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Image Transforms
• Single band: spatial domain to frequency domain

• Multiple bands: spectral enhancement
– The enhancement techniques that require more than more than 

one bandone band of data.
– Purposes:

• extract new bands of data that are more interpretable to the 
eye (VI, Tasseled Cap)

• apply mathematical transforms and algorithms (Band ratioing)
• display a wider variety of information in the three available 

color guns (R, G, B) (PCA) 
• compress bands of data that are similar (PCA)

Indices

• Band ratioing
• NDVI (Normalized Difference Vegetation Index)
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Spectral Properties of Objects

Soil Reflectance Separation
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Tasseled Cap Transformation
(Spectral Enhancement)

Mixture of Soil & Vegetation Reflectance
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TM
R,G,B = 3,2,1

TM
R,G,B = 4,5,3
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TM
R,G,B = 7,4,2

Tasseled Cap: 
Brightness
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TC: 
Greenness

TC: 
Wetness
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TC: 
Haziness
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Dehazing Algorithm

• Tasseled Cap Transformation
• Subtracts Haze from the blue band 

Dehazing
Original Dehazed

Images produced by B. Beller
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RGB / IHS Transform
IHS Color Coordinate System

Data Fusion

• Fuse data
– Resolution merge

• Merge SPOT 10m pan with 20m multi-spectral
– Sensor merge

• Merge Radar intensity with multi-spectral
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Fusion Procedures

1. Band transformation
– RGB – IHS
– PCA, Tasseled Cap
– Wavelet Analysis

2. Band replacement
3. Band back-transformation

SPOT Resolution Merge - IHS
(FCC)
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TM multi-spectral merged with Radar image

Principal Components Analysis 
(aka Factor Analysis)

• Capture the main factors & reduce data 
redundancy

• Based on covariance matrix
– Covariance measures the tendencies of data file 

values in the same pixel, but in different bands, to vary 
with each other, in relation to the means of their 
respective bands.

http://csnet.otago.ac.nz/cosc453/student_tutorials/principal_components.pdf
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Principal Components Analysis 
(PCA)

Covariance Matrix
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PCA of Landsat TM

PC I: NIR, II: Visible, III: Vis-B, IV: Temperature

Calculating Components

• Component A
A = C1X1+ C2X2 + C3X3 + C4X4

• Component coefficients
• C1=0.35, C2=-0.08, C3=0.36, C4=0.86

• BV of input bands
• X1=28, X2=29, X3=21, X4=54

• What is the BV of component A?
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Fourier Transformation

Sinusoids

Image Domains
• Spatial domain (2D images)
• Spectral domain (Feature space plots, scatterplots)
• Frequency domain (Fourier Transformation)

Low High
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Fourier Filtering

Fourier Analysis (http://cns-alumni.bu.edu/~slehar/fourier/fourier.html)
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Wavelet Transform
1st iteration:

Horizontal
Vertical

Diagonal
Wavelets

2nd iteration
Wavelets
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