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Discrete particle swarm optimization endmember extraction based on
shuffled frog leaping algorithm

Wu Guowei, Zhao Yanling, Wang Long, Ni Wei, Xu Lijiang, Ran Yanyan
Institute of Land Reclamation and Ecological Restoration, College of Geoscience and Surveying Engineering ,

China University of Mining & Technology ( Beijing) , Beijing 100083, China

Abstract: Objective The problem of easily falling into “premature” and local optimum values is encountered during end-
member extraction via discrete particle swarm optimization (DPSO). Thus, this study introduced the shuffled frog leaping
algorithm (SFLA) into DPSO. When SFLA-DPSO (DPSO based on SFLLA) was run, the particle swarm was divided into
several groups. DPSO was then used for an in-depth search of endmembers, and information was exchanged between
groups. SFLA-DPSO combined the universality and parallelism of SFLLA with the fast convergence of DPSO. The combined
method can prevent the particle swarm from falling in the local optimum. Method SFLA-DPSO, DPSO, and SMACC were
applied to extract the endmembers of a hyperspectral RS image in Pulang, Yunnan Province. Then, the probability of global
convergence was calculatedby using SFLA-DPSO, DPSO, and N-FINDR to extract the endmembers in the respective search
space of the Hyperion and AVIRIS hyperspectral images. Result SFLA-DPSO had higher precision than the other tested
methods. The global convergence probability of SFLA-DPSO reached 100% as the number of iterations increased, whereas
that of DPSO was only between 50% and 65% . Conclusion SFLA-DPSO showed a much stronger ability to overcome local

convergence than DPSO.
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Fig.2 Hyperion hyperspectral image in the Pulang area
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Fig.3 Endmember spectra extracted by SFLA-DPSO
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WHB(R/L) 20/0 11/9
RMSE(R/L) 8.9108/— 8.9108/8.924 1

250 time/min( R/L) 42.5563/— 42.364 8/41.223 9 10.549 7
TB(R/L) 20/0 12/8
RMSE(R/L) 8.910 8/— 8.9108/8.9213

300 time/min( R/L) 51.102 3/— 50. 793 5/50. 008 3 10.549 7
UH(R/L) 20/0 12/8
RMSE(R/L) 8.910 8/— 8.9108/8.9205

500 time/min( R/L) 87. 406/— 86. 480 7/84. 877 4 10. 549 7
TB(R/L) 20/0 12/8
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SY, SR UREL 40% ;1T D-PSO {UA 4 1k, (55250
BN 20% o BEE SRR EL A3 I, SFLA-DPSO i
P4 SR SOR BOE £, 24 364X 150 I SFLA-DPSO
HB 4 JR) WA B YR Y 90% , T D-PSO ) 4 o
50% ;24 1% 1RV Bk %1k 45 200 Yk HE, SFLA-DPSO
AR FARIR B 4 RIS, T D-PSO H B4 R U 8L
UOB— BLAR R 7E 50% ~ 60% ; 1R 1 4k SFLA-DPSO
R, Bk RIS RE S R . R, BT LM
8 500 YR SE G AR ENZ LS R I BIE

2) S b B ) HE ARG B . SFLA-DPSO 76 4 [v]
BEARUELT R BB ST) F-408G JE EE D-PSO 1 &,
HIRARREGR 2 K BB ey, B 303k 3 2R R R A%
T B H ek IR R A P R B R 5 R R R T
PP, SRR % B, D-PSO J= 3Bk &5 b 1 38
RMSE =8. 917 2 FyHE 2 b 5 3% 4R 0 £5 Aty 184 Jonn iy 185
K, UL D-PSO S it — LR A SR 3B A1 , 7R e
B o RIS, ZEAR R 2R 23 A1 AH %A BT, SFLA-
DPSO #i1 D-PSO $2H 7oAt B # R F N-FINDR 5.3,
HE—A1i B SFLA-DPSO B i) Rk B, i il 4tk

3) A% Ui 7T B TR BN 349 AR AR 2 57 1 0 88 1R AR
Ko ATRERYJIA - (1) Hyperion 5244 4 75 [a] 73 H
BAR, sioci b, S EOR B B, RO R 2 (E K5
(2) RG22 75 B TR LR, UG T A A1

SFLA-DPSO AMY ek T D-PSO 5 [ A JRi i ¢
RS 1y 1) AL, T LIS 4 5 1 it G HE B A BE o

4 LEHRB

P VERL IR I SRR RAG A S I N AR H 3L X )
AVIRIS %, RS HORE 15 32 D UBL 6
L 1900 ~2500 nm 3% B 10 nm, 25 [6] 73 B
20 m, [EIER /NN 400 x 350 423, WAL 6 Fiizi

ARAE VD Al FZ R & dm oo KO 9, 43 i M ]
SFLA-DPSO #1 D-PSO £ BUGE 47 , 1248 1 000 %,
PR ICCHE MR ANIE 7 o, AT USGS ik
TEEESEATIUN, LA SAM 1 SFF [ AT BI{EAE RiR
B RE AR 738 0.7 F10.3, 1 3 fros . M
rh SFLA-DPSO £ H ¥ e & 315 4 6 i, D-PSO 2 H
WCH GRS Bl MARBUR JCKT EF , SFLA-DP-
SO 2T D-PSO,

K6 SEENMEIBIN AVIRIS FOLIE A
Fig. 6 AVIRIShyperspectral image in the State of Nevada
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Fig.7 Comparison on the endmember spectra extracted by

SFLA-DPSO and D-PSO algorithms

%3 SFLA-DPSO #1 D-PSO 2BV i# 5t i A FE H1E
Table 3 Extracting weighted average of

SFLA-DPSO and D-PSO

] LB & D-PSO  SFLA-DPSO
Pinnoite HmgEA 0.784 0. 803
Montmorillonite5 — ZZfifH 0. 828 0.828
Chert Lbeya 0. 838 0.832
Halloysit3 ZIKEIRA 0.815 0.821
Laumontite i — 0. 880
Alunitel T — 0.741
Alunite3 iF 0. 741 —

SR Ie N ZE i AR B i) AVIRIS 5242 4 $2HX 100
A e AR Rk S o 435 il SFLA-DPSO  D-PSO

1 N-FINDR 2B 70

, SR B AR X 5

BRI, S RN 4 TR . ARSI Z R AT A,
RMSE =6. 931 8 4 RS (t .

© i [H K G BT AR AU AT



$20E /5558 /2015 F5 48

KEH, BB, Tk, {8, O, Bt
E TR EEN BB TRt iRTTHEE

D) REAREN . fERT 200 Yk RSk,
SFLA-DPSO ik F| 42 J&y Wit S #E 2 0 100% , i
D-PSO HA7 55% ~65% 5 Herf fE kAR 250 YA L5
T A £, D-PSO A 13 Yk #ll 42 JR s, 42 e ii
SLIMER N 65% , 1518 200 ¥ ,300 ¥k 500 ¥k
B AR HUE B 11 YA R ML, 3 m] BB S MR e H Ry

BOT(0) AR AEAE— i ghtE . R, 5 A
R 53 2 WoRI LA LAY G .

2) VL BOKS E . SFLA-DPSO F1 D-PSO ¥ 7T 4
BoRE BE AR L N-FINDR BOFSRE &1 o

I, SFLA-DPSO ) 3% 3 M 46 40 & 4%, H [
D-PSO#: 5 v IR RS

x4 AREIERRET SFLA-DPSO,D-PSO #1 N-FINDR Y845 R Lb %
Table 4 Comparison of the convergenceresults of SFLA-DPSO, D-PSO and N-FINDR

under different number of iterations

SR B Bk RMSE ttme/min KA

SFLA-DPSO(R/L) —/7.3600 —/1.3209 0/20

10 D-PSO(R/L) —/7.396 4 —/1.3728 0/20
N-FINDR 10.016 6

SFLA-DPSO(R/L) . 931 8/6.956 1 6.5203/6.588 5 3/17

50 D-PSO(R/L) —/6.988 3 —/6.336 4 0/20
N-FINDR 9.8439

SFLA-DPSO(R/L) 6.9318/6.933 4 13.065 8/12.7499 11/9

100 D-PSO(R/L) .9318/6.9354 12.479 3/12.804 0 5/15
N-FINDR 9.204 1

SFLA-DPSO(R/L) .9318/6.932 1 18.469 3/19.311 6 17/3

150 D-PSO(R/L) .9318/6.934 6 18.492 6/18. 663 2 10710
N-FINDR 8.8732

SFLA-DPSO(R/L) 6.931 8/— 25.479 1/— 20/0

200 D-PSO(R/L) .9318/6.9327 22.5803/25.8233 11/9
N-FINDR 8.3207

SFLA-DPSO(R/L) 6.931 8/— 33.025 1/— 20/0

250 D-PSO(R/L) .9318/6.9323 32.7363/33.003 3 13/7
N-FINDR 8.3207

SFLA-DPSO(R/L) 6.931 8/— 39.731 1/— 20/0

300 D-PSO(R/L) .9318/6.9325 39.197 2/38.494 7 11/9
N-FINDR 8.3207

SFLA-DPSO(R/L) 6.931 8/— 66. 145 1/— 20/0

500 D-PSO(R/L) . 931 8/6.9325 66. 037 2/67. 836 4 11/9
N-FINDR 8.3207

L AU RO R (U2 Rt
5 &

1T D-PSO 3 G 5 HUR L 2 5 B A SRy i e
AR A A B SR 5 AR B HORL T HES kv, S i
T SFLA-DPSO 53k, 3§58 153k S smc iy BE 11 f
RIS E T , (o 48 DU o o i T vy o i S

LA

1) SFLA-DPSO #5 Ui 3w G 5 1 W & F D-
PSO, ifif H. SFLA-DPSO 7£ G 7 H R B R Y
FE e, B oy Bk th Ryl de I, 1) 2 Ry dee A1 5 1) A R
R o 1 D-PSO W5 B A Ry B fee it , 52 2
BHRABE

2) ATy i, f ¥ SFLA-DPSO 7 225341
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