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Abstract Simplex growing algorithm (SGA) is a kind of effective endmember extraction algorithm for hyperspectral
images. In order to solve the high computational complexity problem which arises in the repeating volume calculation
for SGA, with SGA that uses hyperspectral spatial simplex volume computation formula (NSGA), two fast
implementation algorithms, NSGA algorithm based on matrix factorization (FNSGACF) and NSGA algorithm based on
the block matrix determinant (FNSGA), are proposed. FNSGACF uses improved Cholesky decomposition to change
simplex volume computation into triangular matrix decomposition, which can reduce the computational complexity and
improve the efficiency of the algorithm. FNSGA introduces the idea of partitioned matrix to simplify the computation
of the matrix determinant which greatly reduces the computational complexity. The experimental results with the
simulated and real hyperspectral data show that these two fast implementation algorithms can perform faster on the
basis of keeping results of NSGA and achieve the purpose of fast implementation.
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Table 1 Comparison on computing time, spectral angular

distance and simplex volume of various algorithms

for endmember extraction

Algorithm  Time /s  Volume of simplex SAD
NSGA 0.25 1.86X10~* 0.048
FNSGA 0.16 1.86 10" 0.048
SVATF-CF 0.19 1.85X10°* 0.048
FNSGACF 0.14 1.85X107* 0.048
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Fig. 1 Results of various endmember extraction algorithms varing with SNR
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Table 2 Comparison on the relationship between the
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spectral angular distance and endmember number of

4 endmember extration algorithms

Number of

endmembers  VOOA  FNSGA - SVATE-CF FNSGACF H R R AR AR R T B AT i), I BLBE % BR R
6 0.038  0.038 0.038 0.038 P4 38 TR B0 gl 2 1 B A 38 o bR AR 1) 2K R
9 0.042  0.042 0.042 0.042 W .
12 0.053  0.053 0.053 0.053
15 0.064  0.064 0. 064 0. 064
18 0.072  0.072 0.072 0.072
# 3 4 Fpumoc iR LB T R S oc B H 1
KR

Table 3 Comparison on the relationship between the computing time and endmember number of

4 endmumber extraction algorithms

Number of endmembers NSGA /s FNSGA /s SVATF-CF /s FNSGACF /s
6 0.23 0.13 0. 28 0.09
9 0. 34 0.17 0.32 0.14
12 0. 54 0. 26 0.49 0. 20
15 0. 84 0. 34 0.79 0.27
18 1.24 0.42 1. 20 0.31
F 4 4 TP BRI A G TC B 06 1 AR BE B 5 IR R/ R LR
Table 4 Comparison on the relationship between the spectral angular distance and
image size of 4 endmumber extraction algorithms
Image size /pixel NSGA FNSGA SVATF-CF FNSGACF
64 X 64 0.048 0.048 0. 048 0. 048
100X100 0.076 0.076 0.075 0.075
144X 144 0.055 0. 055 0. 055 0. 055
196 X196 0. 054 0. 054 0. 054 0. 054
256 X256 0.052 0.052 0.052 0.052

5 A Pl 0 4R U I ) 5 TR O/ G R L ER
Table 5 Comparison on the relationship between the computing time and image size

of 4 endmumber extraction algorithms

Image size /pixel NSGA /s FNSGA /s SVATF-CF /s FNSGACF /s
64 X 64 0. 38 0.19 0.21 0.16
100 X100 0.98 0. 44 0. 56 0. 38
144 X144 2.11 0.97 1. 59 0.78
196 X196 4.50 2.09 3.93 1. 80
256 X256 8. 68 3.67 6.40 2.83
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Table 6 Comparison on the relationship between computing time of endmember extraction

algorithm and endmember number for Cuprite data

Number of endmembers NSGA /s FNSGA /s SVATF-CF /s FNSGACF /s
6 22.15 9.51 8. 39 8. 26
10 27.03 11. 22 11. 60 10. 15
14 33.28 14. 31 13.49 11. 64
18 46. 04 18. 89 17.63 15.68
22 60. 32 22.53 21.90 19. 40
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