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Varies of Least Squares Approaches



Introduction

Least squares unmixing methods are widely
used to solve linear mixture problems.

A weighted least squares method is
introduced as a generalization. With different
weight matrix is used, a certain detector or
classifier will be resulted.

Constrained weighted least squares approach
is developed by combining sum-to-one and
nonnegativity constraints.



 Linear Mixture Model

where
r is a spectral signature of pixel vector
M is a signature matrix
is abundance column vector
n is an additive white Gaussian noise
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 Linear Spectral Mixture Analysis
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Unconstrained Least Square Unmixing

•Minimize least square error:

•Solution:
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•Minimize least square error:

•Solution:

Weighted Least Square (WLS)

nαr WWMW 

)()()( αrαrnnα WMWWMWE TT 

rα WWMWMWM TTTT
WLS

1)(ˆ 



Five Algorithms:
1. Least square solution  (identity

matrix).
2. Noise whitened least square 

(n: noise covariance matrix).
3. Filter vector algorithm 
4. Target-constrained Interference-Minimized

Filter  (R: Correlation matrix).
5. Constrained linear discriminant analysis 

(: covariance matrix).
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Data Whitening
Whitening:
Center the data:

where

Decorrelate the data:

V is the eigenvector matrix of covariance matrix.

is the matrix with eigenvalue in the diagonal line

New data:
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Experimental Results

AVIRIS data:
 Spatial resolution 20 m, 224 bands with spectral resolution

10 nm.

 The AVIRIS scene of size 200200 is from the Lunar Crater
Volcanic Field (LCVF) in Northern Nye County, Nevada.

five signatures:

(A) cinder, (B) rhyolite
(C) playa, (D) vegetation
(E) shade
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 HYDICE data:
 210 bands from 0.4 –2.5 m.
 Spatial resolution: 1.5 m.
 Target of interests:

Five types of panels, tree, grass
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•A constrained linear unmixing requires that

and for all

•One method is to solve the constraints:
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Constrained WLS

 Two constrained:

 Sum-to-one:

 Nonnegativity:

 Lagrange Multiplier:
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Sum-to-one Constrained Least Squares (SCLS)
Unmixing

•Constraint:
subject to

•Rewrite the equation:

and minimize the error:
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•Constraint:
subject to ,

•Rewrite the equation:

and minimize the error:
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Nonnegative:

subject to

•Lagrange Multiplier:
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Experimental Results

Cinder Rhyolite Playa Vegetation Shade
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Two stage processes:
 Target Detection Process (TDP):

Automatic search for potential targets.

 Target Classification Process (TCP):

Classify those targets using Least-
Squares approaches.

Unsupervised WLS
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Target Detection Process
Initialization

Select an initial target T

T1Find the first target
with the maximum length
in the orthogonal complement
space of T0

U0 = 

U1 = { }T1

Find the k th target
with the maximum length
in the orthogonal complement
space of and
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Data whitening (continued)
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Unsupervised LS:

TDP finds background
pixels as potential targets
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Unsupervised Weighted LS:
Background Whitened Target Detection Algorithm
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Background Whitened Target Detection
Algorithm:


