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An Improved Fast N-FINDR Endmember Extraction Algorithm

ZHAO Chun-hui, GUO Yun-ting
(College of Information and Communication Engineering , Harbin Engineering University ,

Heilongjiang 150001, China)

Abstract: Traditional N-FINDR algorithm suffers from complicated calculations, and is sensitive to noise
and initial endmembers, resulting in wrong extraction by outliers. In order to solve these problems, an
improved fast N-FINDR endmember extraction algorithm was proposed, which gets rid of the redundant
information and reduces the search area of commonly used N-FINDR algorithm by spectral distance, then
smoothes the spectral noise and gets rid of the outliers adaptively. In addition, the initial endmembers of
N-FINDR are selected by maximizing the spectral distance, avoiding the blindness of random selection.
The synthetic data and real hyperspectral data were used for simulation analysis, and the proposed
method was compared with existing algorithms. The experiment results show that the proposed method
is able to extract the endmembers correctly in the noise, and has higher extraction efficiency and
robustness than existing algorithms.
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Spectral distance measure; Anti-noise
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Table 1 Spectral distortion of different objects in noise
Objects  Mineral 1 Mineral 2  Plant 1 Plant 2

SD(20dB) 9.95>X10% 9. 94X10 % 9. 94X 10" 9.94X10"*
SD(30dB) 9.98>10* 9.97X10 * 9. 98X 10" 9.96X10 *
SD(40dB) 9.98> 10 ° 9. 98X 10 ° 9. 96X 10 ° 9.98X 10 °
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Table 2 Comparison of the processing time

. Time of pre- Number of Extraction Total

Algorithm . . .
treatment/s candidates time/s time/s
N-FINDR - 25600 431.44  431.44
MN-FINDR 5.41 1600 28. 46 33. 87
DN-FINDR 13.78 34 0.56 14. 34
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Table 4 Comparison of the processing time

) Time of  Number of Extraction Total
Algorithm . . .
pre-treatment/s candidates time/s time/s
N-FINDR - 25600 424,65  424.65
MN-FINDR 5.18 1605 29.01 34.19
DN-FINDR 5.52 14 0. 24 5.76

ME 7 Al LLE H, N-FINDR 89 %} & A 25 5 5,
T3 0 = e B AR TCRE R T A R MR A S VE S

JCHRIU K, 1 B O 0 3 OT 19 Bk 2k . £ MIN-FINDR 5%
b A N R Sy o TR o i DAL= S R R T AN
Taifg oC 9 43 A s R A 5= 80 R T 4 7E MN-
FINDR % o [Al A 0 gk it 40 . 1 DN-FINDR i3 i 4~ #k
158 L 9 4 5 BE 0% HE R 37 5 05 A0 T 38 L 3R O IE L 4l v
M55, % 4 1, N-FINDR &5 MN-FINDR % 3 () #E i
1A% A4 B 28 4k, i DN-FINDR W T 5 {4 /9 3% hn
CFHE 5236 4. 2 325 7 0..005) , {1 75 13 {8 70 B A4 1% o0 4%
H B0 7 3 Hh 1 % 1 i o0 AN B0 2D B TR R AR
B —E AR, BB TR (R 2 ERO T ARk R R A
L (RS R SR T ) 1 36 BB AN 2% B R A 7 AR
W 75 8 DL R DG AR Y B R 2R A R .

3 0.16 g 2 g 1.0 8 2
g g g g
5 0.14 S 5 0.8 5]
= 2 1 o 2 1
2 0.12 2 2 06 2
= = = =
£ 01 g0 £ 04 £
QL QL QL QL
“0.08 SaRs | 202 SO |
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Bands Bands Bands Bands
(a) Endmembers extracted by N-FINDR
g 2 § 2 g 1.0 g 0.16
2 g
g g § 0.8 5 0.14
31 2 1 R &
2 = L 0.6 20.12
= = = e
g0 g0 £ 04 g 0.1
2 2 2 2
ot | Lo | v 0.2 “0.08
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Bands Bands Bands Bands
(b) Endmembers extracted by MN-FINDR
g 0.14 g 1.0 g 08 g 05
g g g g
5 0.13 5 0.8 5 0.7 5 04
] [} ] [
= = = =
2 0.12 L 06 2 06 L 03
E E E E
S 0.11 5 04 35 05 5 02
2 2 = a
0.1 @ (.2 2 04 » 0.1
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Bands Bands Bands Bands
(c) Endmembers extracted by DN-FINDR
W7 smniRERE R
Fig. 7 Comparison of the endmembers extraction results
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Table 5 Endmember(EM) extraction result via N-FINDR algorithm

Processing Missing
N-FINDR EMI1 EM 2 EM 3 EM 4 EM 5 EM 6 EM 7 EM 8 EM 9 . .
time/s Object(Ob)
Category  Ob 1 Ob 9 Ob 7 Ob 9 Ob 1 Ob 7 Ob 5 Ob 9 Ob 6
SAM 0.0114 0.1756 0.0694 0.0595 0.0661 0.0164 0.0922 0.0502 0.0371  203.22 Ob2,3,4,8
ED 0.0597 2.1846 0.9281 1.0010 0.9994 0.1780 0.8992 0.3475 0.3078
% 6 MN-FINDR EkiEH&ER
Table 6 Endmember extraction result via MN-FINDR algorithm
_ Processing Missing
MN-FINDR  EMI1 EM 2 EM 3 EM 4 EM 5 EM 6 EM 7 EM 8 EM 9 . .
time/s Object
Category Ob 9 Ob 1 Ob 7 Ob 1 Ob 7 Ob 9 Ob 9 Ob 7 Ob 5
SAM 0.1756 0.0661 0.0694 0.0114 0.0164 0.0502 0.0595 0.0164 0.0922 56.87 Ob2,3,4,8
ED 2.1846 0.9994 0.9281 0.0597 0.1780 0.3475 1.0010 0.1780 0.8992
%7 DN-FINDR Eiki2H4ER
Table 7 Endmember extraction result via DN-FINDR algorithm
. . . . Processing  Missing
DN-FINDR EM1 EM 2 EM 3 EM 4 EM 5 EM 6 EM 7 EM 8 EM 9 . .
time/s Object
Category  Ob 1 Ob 6 Ob 9 Ob 3 Ob 8 Ob 5 Ob 7 Ob 6 Ob 4
SAM 0.0217 0.0547 0.0250 0.0946 0.0489 0.0392 0.0119 0.1135 0.0187 9.57 Ob 2
ED 0.2252 0.6707 0.1528 0.9578 0.2302 0.5051 0.1263 0.6932 0.3063
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