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° Panchromatic and Multispectral Images

# Satellites often capture two different types of ges multispectral and
panchromatic.

= A multispectral image (MS) is a four-band image R B, IR)
which has low spatial resolution but accurate cdhta.

= A panchromatic image is a grayscale image whichhigteer
spatial resolution.
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Four-band Multispectral Image Panchromatic

° Pan-Sharpening

¢ Pan-sharpening combines a grayscale PAN imageanitl$ image to
obtain a sharper fused color image.

¢ There are two aspects of the fused image that tocleel analyzed and
compared: spatial quality, spectral quality.

Multispectral Panchromatic Pan-sharpened Image

° Pan-Sharpening Methods
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¢ There are many different pan-sharpening methods.

IHS Wavelet P+XS
PCA VWP Contourlets

They all experience a tradeoff between the finatighand spectral
resolutions and there is no method which is cletidybest overall.
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There is also no standard way to judge the fusisnlts.
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Our group’s goal is to compare and build on exgspan-sharpening
methods, using images from QuickBird satellite.




° IHS Pan-Sharpening

% |HS (intensity hue saturation) is the most basit popular image fusion
technique.

% First the multispectral image must be resized aedrhages must be registered.

% The steps of the IHS technique:
= The color image transformed to IHS color space.
= The intensity band is replaced by the panchromatic image.
= The fused image is converted back to RGB space.
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° Advantages and Disadvantages of IHS
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IHS is very fast and can quickly process large nas of data and
generate sharp images.

IHS fused images experience spectral distortiomftioe original
multispectral image.

There have been many modifications of IHS in asnagit to help this
spectral distortion problem.
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Original Multispectral IHS pan-sharpened image

° ModB BTG of 1HS

> |HS was extended to four bands to include the iaftgIR) band.

# Modifications also included changing the way thtemsity band is
calculated. Many of these are satellite specific.
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Original IHS I =2M,+2IM, +1M,
=1 1 1 1
Extended IHS I =2M+3M, +2M; +2M,

IHS modified by Choi | = 01M, + 025M, +0.0833M, +0.56 M,

Pan-sharpened image using
method from Choi (2008)

Original Multispectral

° Adaptive IHS

¢ We want to approximate the panchromatic imagelaear
combination of the multispectral bands:

Il =aM,+a,M,+a,M,+a,M, » Pan

¢ To do that we calculate the coefficients which miizie the following
function:

FO)= (@M ®)-P(X)*+g (max0-a,))*

X

Original Multispectral Adaptive IHS fused image




0 Comparing the IHS methods

Adaptive IHS

° PCA Based Pan-Sharpening

The Principle Component Analysis (PCA) convertsiiobrrelated
multispectral bands into a set of uncorrelated comepts.

The first band, which has the highest varianceepdaced by the
Panchromatic image.

They are fused together by inverse PCA to obtajh-hésolution pan-
sharpened image (Shah, 2008).
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0 Wavelet method

% The Wavelet method uses Discrete Wavelet TransfDWT) to
decompose the original MS and Pan image and corsifreen to
construct the pan-sharpened image.

= DWT transforms the original image into components.
= One component contains low-resolution informatamg the
others contain more detailed local spatial infdiora
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° Wavelet Method

> The Pan and MS image are decomposed.

¢ The low-resolution component of the Pan is repldnethe
low-resolution MS component.

¢ The final image is created by performing an invevseelet

transformation (Zhang, 2004).
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° P+XS and VWP Methods

# The P+XS is a variational method, which calculatespgan-
sharpened image by minimizing an energy functional.

= |t obtains the edge information of the panchromiamiage, using
the gradient.

= The spectral information is obtained by approximgthe
panchromatic image as a linear combination of théispectral
bands (Ballester, 2007).

¢ VWP combines the Wavelet method with P+XS.
= VWP uses the geometry matching term from P+XS.
= |t uses wavelet decomposition to obtain spectfakination.
= |t explicitly preserves spectral quality better @ler, 2008).

° Pan-sharpening Methods

@ Pan-sharpening methods we compare

= |HS

= Adaptive IHS
# IKONOS IHS
= Wavelet method
@ PCA

# P+XS

1 VWP

¢ We want to compare spatial and spectral quality.

IKONOS IHS

Wavelet PCA P+XS VWP

Adaptive IHS

Wavelet IHS




° Comparing Results

Wavelet PCA P+XS

Multispectral IHS IKONOS IHS Adaptive IHS

VWP

° Evaluating Pan-Sharpening Methods

/ Metrics

* RMSE- Root Mean Square Error
* RASE- Relative Average Spectral Error

» CC- Correlation Coefficient

* SID- Spectral Information Divergance

* SAM- Spectral Angle Mapper

* Q average - A Universal Image Quality Index
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* ERGAS- Relative Dimensionless Global Error in Sysik
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° Metric Results
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VWP performed best spectrally.
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Average Metric Results

> IHS based methods performed best spatially.
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° Pansharpening GUI




Conclusion

& VWP performs the best spectrally.
& IHS based methods perform best spatially.

& The adaptive IHS method performs better
spectrally than the original IHS and IKONOS
IHS.

& There is a tradeoff in every method between the
spatial and spectral resolution.

& The choice of method depends on how the fused
image will be used.




