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A Robust Minimum Volume Based Algorithm with Automatically Estimating

Regularization Parameters for Hyperspectral Unmixing
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Abstract Hyperspectral unmixing aims at finding hidden endmembers and their corresponding abundances from hy-
perspectral images with low spatial resolution. Based on the well-known minimum volume (MV) rule in geometrical
based approaches, a robust minimum volume based algorithm with automatically estimating regularization parameters for
hyperspectral unmixing (RMVHU) is proposed. In this algorithm, the ANC constraint is replaced with a negative number
punished regularizer which may lead to a more robust result to outliers and noise. A cyclic minimization algorithm is
used to split the nonconvex RMVHU problem into convex subproblems, and ADMM is referred to sovle the large scale
optimization problem with the increasing number of pixels in the image. To improve the convergence of the algorithm,
a strategy to estimate the regularization parameters of the regularizer automatically is proposed. Compared with some
existing geometrical based methods, experimental results show the superiority of the RMVHU algorithm on both synthetic
datasets and real datasets.
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Cuprite, Nevada
AVIRIS 1995 Data
USGS
Clark & Swayzc
Tetracorder 3.3 product
Sulfates
K-Alunite 150c
K-Alunite 250c
K-Alunite 450c
Na82-Alunite 100c
Na40-Alunite 400c
Jarosite
Alunite-Kaolinite
and/or Muscovite
% Kaolinite group clays
Kaolinite, wxl
Kaolinite, px]

Kaolinite + smectite
Or muscovite

Halloysite
Dickite
Carbonates

Calcite

l Calcite + Kaolinite
Calcite +

montmorillonite

Clays

[ Na-Montmorillonite
Nontronite (Fe clay)

% other mincrals

‘ Tow-Al muscovite
med-Al muscovite
high-al muscovite
Chlorite + Musc, Mont
Chlorite

' Buddingtonite
¢ [ ] Chalcedony: OH Qtz
: Pyrophyllite + Alunite
——— f N

2km

K 4 Cuprite HiXH )54 K

Fig.4 The mineral distribution map of Cuprite
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Fig.5 The values of object function when « changes
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Fig.7 The average spectral angle distance of different
algorithms when the regularization parameter is fixed or

changes automatically
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Fig.8 The average root mean square error of different
algorithms when the regularization parameter is fixed or

changes automatically
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Spectral angle distance and average spectral

angle distance via RMVHU and MVES

Table 4

Uiis TLAA TR RMVHU MVES
Spessartine 0.30 1.86
Nontronite 0.26 18.29

Arsenopyrite 2.03 120.60
eo (°) 0.87 46.92

#*5 RMVHU Y4 MVES 8L R % 5 BIUTR
W

Table 5 Root mean square error and average root mean
square error via RMVHU and MVES
Ui TLAA TR RMVHU MVES
Spessartine 0.012 0.239
Nontronite 0.008 0.151
Arsenopyrite 0.013 0.165
eo (°) 0.011 0.185
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Fig.11 The average spectral angle distance of different
algorithms when the number of endmembers changes
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algorithms when the number of endmembers changes
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Table 6  The spectral angle distance of real datasets via unmixing algorithms:
RMVHU, VCA, MVES, MVSA and SISAL
L7/bis RMVHU VCA MVES MVSA SISAL
(a) Desert Varnish 15.08 21.48 16.86 16.02 22.35
(b) Sphene 86.03 28.07 62.25 59.24 18.33
(c) Nontronite 33.57 18.22 35.51 33.13 33.80
(d) Kaolinite 20.32 31.95 29.44 37.59 14.90
(e) Dumortierite 14.55 24.94 23.75 21.60 64.74
(f) Chalcedony 15.15 16.26 38.04 39.76 28.07
(g) Pyrope 23.74 29.89 44.67 54.42 63.03
(h) Andradite 17.18 32.38 45.62 60.30 27.50
(i) Montmorillonite 21.24 46.39 35.85 41.08 21.20
(j) Muscovite 20.66 37.47 65.06 78.46 24.64
(k) Alunite 15.72 37.55 38.57 29.36 12.03
eo (°) 25.75 29.51 39.60 42.81 30.05
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