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Simplex volume minimization based differential

evolution algorithm for spectral unmixing

Qin Shiyin, Luo Wenfei, Yang Bin, Zhang Ruihao
School of Geography, South China Normal University, Guangzhou 510631, China

Abstract: Objective Spectral unmixing is a key hyperspectral remote sensing image processing technique. Many spectral
unmixing algorithms have been proposed. Most of these algorithms are based on the assumption that pure pixels exist in the
hyperspectral imagery. However, when pure pixels are lacking, the performance of these algorithms may deteriorate. The
simplex volume minimization ( VolMin) method provides a good means to overcome this problem. However, VolMin is a
complex constraint optimization problem. Owing to the uncertainty that noise exists in an image, the algorithm is easily
trapped into local optima. Method Thus, we introduce a swarm intelligence technique, i. e. , differential evolution ( DE)
algorithm, into the VolMin procedure. By utilizing the powerful global searching capability and high-dimensional adaptabili-
ty of DE, we develop a minimum simplex volume DE ( VolMin-DE) spectral unmixing algorithm through VolMin-DE enco-

ding. Result Synthetic mixture and real image data are utilized for comparative experiments on unmixing accuracy. The pro-
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posed VolMin-DE algorithm, vertex component analysis, minimum distance constrained non-negative matrix factorization
(NMF) , and minimum volume constrained NMF are compared. Experimental results indicate that the proposed VolMin-DE
algorithm outperforms the other algorithms. The precision ( spectral angle distance) of VolMin-DE can be increased by
7.8% , especially when the accuracy of 10 endmembers is improved by 41. 3% . In the noise range of 20 dB to 50 dB, the
performance of VolMin-DE varies from 1.9 to 3.2 (unit; degrees) , whereas that of the traditional algorithm varies from 2. 2
to 3. 5. This result demonstrates that the proposed algorithm has better noise robustiness than other algorithms. Conclusion
The proposed VolMin-DE algorithm can be applied to hyperspectral imagery regardless of the pure pixel assumption ( maxi-
mum purity level equal to or greater than 0. 8 is recommended) . The algorithm does not require dimensional reduction;
hence, error accumulation is avoided. VolMin-DE has good potential applications in hyperspectral unmixing.

Key words: hyperspectral remote sensing ( HRS); hyperspectral unmixing ( HU) ; endmember; non-negative matrix

factorization ( NMF) ; differential evolution ( DE)
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F1 FEMERRLL THRIELREY SAD #0 SID tb3;
Table 1 Unmixing results of SAD and SID comparison in terms of different SNR
VCA MVC-NMF MDC-NMF VolMin-DE
SNR/dB
SAD SID SAD SID SAD SID SAD SID
20 6.6139 0.0412 3.4867 0.016 3 4.1455 0.0203 3.2035 0.0116
30 5.5577 0.0399 2.646 1 0.008 1 3.2427 0.0180 2.1094 0.0103
40 5.667 6 0.0397 2.7673 0.028 8 3.6536 0.0206 1.9190 0. 008 4
50 5.8715 0.0472 2.1739 0.006 1 3.6132 0.0191 2.1513 0. 008 4
0 5.7725 0.045 4 2.7550 0.010 2 4.0385 0.0222 2.3428 0.0118

T AL P R s o
*x2 AREMEMRILTHIESRAE RE 0 AE (&
Table 2 Unmixing results of RE and AE comparison in terms of different SNR

VCA MVC-NMF MDC-NMF VolMin-DE
SNR/dB
RE AE RE AE RE AE RE AE
20 0.797 3 0.0832 0.7829 0.0510 0.7820 0.0552 0.7812 0.0549
30 0.305 1 0.0753 0.250 1 0.0395 0.2496 0.0421 0.2478 0.034 6
40 0.2213 0.084 6 0.090 7 0.0514 0.084 8 0.047 8 0.0778 0.0257
50 0.1914 0.076 7 0.0336 0.0256 0.042 4 0.044 8 0.0257 0.021 6
0 0.2381 0.080 4 0.0387 0.039 6 0.0297 0.0516 0.0056 0.032 4

T IR AR R 2
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Table 3 SAD between extracted endmembers

and laboratory spectra by four algorithms

VCA  MVC-NMF MDC-NMF VolMin-DE

B 11.7108 22.3716 11.8987 10.059 6
ZUEL 2.2937  2.2905  2.5489  2.2367
i 17.4271  7.9140  9.8379 5.7804
WIfLA GDS84  6.7845 10.8248  4.9045  4.5082
HESE” 5.2540  6.4926  6.8914 8.77238
HIFILA HS295 16.1054  6.2903  17.0049  7.1270
Ul BasE 16.8103 9.6789  5.5589 10.7460
EJikE 4.0371 4.9898 < 3.7285 4.0743
ik 6.7856  7.4941  8.7881  9.9568
By 9.6898 8.7052  7.9069 7.0291
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Fig. 6 SID and RE between extracted endmembers

and laboratory spectra by 4 algorithm
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Fig. 7 Abundance maps of different minerals

estimated by VolMin-DE algorithm
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