552 1 H Ee = % Vol.45 No.2
2017 42 H ACTA ELECTRONICA SINICA Feb. 2017

SRR BRI R R AR S R R A

F/Z.J:\ ,%.1,2,3’5;,]3*6%4’%2?;}[,3
(1. KA AT S AR 5 T TR B, Kt 300072 52, Ft ik K2 A5 A R4 B , KT 300134
3. GHUE BROR B AR 2002, K 300072 34yl b Tall R4 M 15 B TR B, K 300401)

B OE: AIXRPERA RSP m OGS BRI RS R P A SR BRI , B2 0 — OB i 25 TR R AR L D
TG ARIRTE . AR SOZ MR Y S A LR A LA DRZE M MR Y F AR R 5 R AR MR TR MRS A o iR A 7]
R OB FUAR SRR 1 R 2 O S A 00048 2R e A v e 5 A e, AR TR 04 AR S TE 0 AR R R AT (I AR A 7SR
fifp e R P e PR T 2R Y L A LA A 2 D' i P R T 1) 29 AT, TSR A% 2 B R BORAR Rk 2 48, e B AR
LML RDGIE G IR, 7 B A LSS BRI S B0 2 R 3R W, P ) A AR R AR TR 005 T LA ROE IREAMEA LT i
TRFE R IR sl o 1 by T A BE LA T 1 10 2 B3 A SRy RS MACBS) ) L, 5 2 LB v D il MR Tl SRR R T 4
AR PR EE R L.

KW ROGIEEE; R IRRIERI; BRI BUMERAIA

hESES:  TPI51 XHERFRIRE: A XEHS: 0372-2112 (2017)02-0337-09
FBFZ4# URL: http://www. ejournal. org. cn DOI: 10.3969/j. issn. 0372-2112.2017.02. 011

Nonlinear Unmixing of Hyperspectral Images Based on
Differential Search Algorithm

CHEN Lei'*?,GUO Yan-ju*,GE Bao-zhen'~
(1. School of Precision Instrument and Opto-Electronics Engineering , Tianjin University , Tianjin 300072 , China ;
2. School of Information Engineering , Tianjin University of Commerce , Tianjin 300134 , China ;
3. Key Laboratory of Opto-Electronic Information Technology ,Ministry of Education , Tianjin 300072 , China ;
4. School of Elecironic and Information Engineering ,Hebei University of Technology , Tianjin 300401 , China)

Abstract: A novel nonlinear hyperspectral image unmixing algorithm based on differential search is proposed for sol-
ving the limitations of linear mixing model. The reconstruction error is used as the objective function for unmixing based on
generalized bilinear model and the nonlinear unmixing is transformed into the optimization problem. The parameters in objec-
tive function are mapped onto the location variables of the search process and the differential search algorithm is used to opti-
mize the objective function. In the optimization process, the constraint conditions for hyperspectral image unmixing are fulfilled
by implementing the search range controlling strategy. And then,the abundance and the nonlinear parameters for unmixing can
be obtained. Experiments on synthetic data and real data validate that the proposed nonlinear unmixing algorithm can effective-
ly overcome the limitations of linear unmixing algorithm,as well as the local convergence of gradient optimization method ,and
the performance of the proposed algorithm is better than other state-of-the-art hyperspectral image unmixing algorithms.
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LT [R] M W) 22 6] ¢ A= S SRR BLAR T, 3 T4
PETR A5 A ( Linear Mixing Model , LMM ) [ fi# 1R 38 12 %%
SRAEAEFFA AR, P 2 2217 AR 2 M TR A AU (Nonlin-
ear Mixing Model , NLMM ) T~ #J} 5% fift VR 24 1.

HHT, © A dE 4R IR & B8 32 58 5L 7 48 o 1%
(Radiative Transfer, RT) #2619 55 1 B %
K 0R 22 Tl ORL P 2 0D 2 U B, (B X
R R SR S 2 AR, BRI T i DG IR i TR 4L
RIS BRI . #E—2 A 2238 52 RT BEAY i) 3 LA
M (401 Hapke 57800 )  H 22 2 B8 475 % 4775 155 JE 1Y
LR B

R T R R AR AT R — e R IR S
PR PR SR AR T Rk A R AR R P EIR AR
T H e 40 45 SR PEAE Y ( Bilinear Model ,BM) ") Fan 4
B (Fan Model ,FM) 8] T O AR Y ( Generalized Bi-
linear Model ,GBM) """ & Hirpr 377 4% H! 9 GBM J&—
AT SRR, e s T MM BM A FM. [A g, GBM £ %
RANRA IR S bRy IR R BT 13 P A e
FERPERE. TEIZBERL T EAT IR, S A T 98 20 LA
S—JeumocER I, 55 TR B A TR S, R PETR A A
I U B 3 G 3 BT 14754858 T (AN Vertex
Component Analysis, VCA ") iR 0 S5 7E T W] 4 7
AR F AT HET SOZ R A s
BT Bayesian i1 B EE VL. SR, Bayesian Al 1175 12: 47
TEBHE 2R VRS B T T M 1k A IR
T EEATAE S B N RS SRS R R ot

1B S OGS R IR IR LR E A
B IF G SR T RE BN 5 1 42 R A Ak T i — e
BEAM L ( Swarm Intelligence Optimization, SIO ) Jy 32 fif P&
BRI, RIS T F A5 sk vt (A X ey
125 H 32 2 A e 1 D' T AR 10 2 M A TR 1) 3L,
— LA R RE 0 AL T R B ARG A TR U, A
TR SE 4T ) TR AR

PRI, S 7 S 580 e ke v ' i TR A 1 =l 4 1Pk fi
TR A1 A o TR RS B2, AR SCH M — ol 9 i T o049
R BUR AL IR L. B 0, SRR MR
A BB AR TR 0 B AR ek R R R R o4 R Ak
Xof E AR R A AT O A SR A, I ) 4 2R 30 L 4 o o
T TS R R 2R . SE A HE MRS
BRI L A SO e 40 AL T RER BE AR AL T 0 5 19
2 JRACEE Sy AR T T IR A
2 EREEGIELZEREGKEE
2.1 ZMEAEE

ANER B BBUBSO GG 1L E A BIME B Z Wi A
RAAZHFE R, A A3 R 6 SR S A 1O

TR R o R B, R, 15 B B B R R
Ok 1< J 1w Gl g oy — A BHRSLIT R, AR R
RIIE y = [y, 72,50, ] ATRARR N

y= Y am, +n=Ma+n (1)
XA R MR CEH s M g Lox R 4 (3 0 G40 1,
H—Flm, =[m , m,,,m ] (k=12 R) {43
— R TC I s = [ay,ay, 00, ] IR R S F R
Kisn=[n,,ny o n, 10 R BRI 30T R S
TR a ARG R Fh S m o i b, Ho 2
WE “F EJE 91 29 )7 ( Abundance Nonnegative Con-

straint, ANC) FI1“ F F F1°8 — 243 ” ( Abundance Sum-to-
one Constraint, ASC) , H[I

a, =0, ZR:akzl,kzl,Z,---,R (2)
L1 T o T A AN 2 e M P ) v DS TR e vk

TR,
I I
4
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Y,
Figsrth p=| " | oo

Y, ap
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2.2 FELMERARE

4 EARMER AR R B A REZE i, 206 T
FEIE A IR 2 T 5 A AE A P, AR 2R 58007 ek 2
BL AR, anTE 2 Pim. #E4 HRTZ 2 Z R BM, Bk
B S CZ (8] A S AR R A s T -

R-1 R

y=Ma + 2 z Bim Om; +n (3)

i=1 j=i+l
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T PRBLEDGTE SR A 0 52 PR B S, 18 BM
LRl 2 b, %) S BEAS IO B 0 2 (5) 29500, B A
TR AR AR A B —FM

R
Y a, =1, =aa (5)
k=1

1M 5 AT 4R A B R AR R Y 4 B —GBM ]
S

y=Ma+ Y Y vy, aamOm +n (6)

i=1 j=i+l

ST BRI LR (2) 20 U A 3y, 2 T 5 76 0 A
AR AR B4, 25K 0<y,, <1. GBM 31
HE R B S 85 0 A4 R B 2 % R R A
U ) B BOTR B ETE(E. Bln, “ AR (my ) 7 F0 2
o (my ) " R AE TSR TR G 5.
B R SRR AU L SR SRV O, 1 R
SIS H 2T v 0 ammy. JEH, BTS2 T
PSS 1 i B A B T A B — W Jo ) — IR B
BEAE Ly, BN T 1. SR 22 U0 T T R A 8 75
I AT LA PR A A7 P33 952 B 20 3 B 1
Sl PR o T I 20

GBM (545 T8 J2t— )™ SUB B 2 0 <
Yoo <1 I GBM AT LUARIF 1 6 52 7 5 5 0 2 P AIOR
iy, =1 I, GBM BEFE AL T FM; 2 5, =0 i, GBM
AILAE kB LMM. Jf L, GBM b 75 0 i Pl R 1R 45 5 1 22
V& ARG | 1R R TS b R AR TR TR
SUAFAELRME R A 0 5 2 WS 1, % 0 40 0 it LA T8 0
3

3 ETROERMIFLMERREE X

GBM BA7 %ot 1y 38 FHI A, T LAAR B 9 44 38 D 15 TR
AR B, AR SCRAE GBM R, WL Bilie
%, AR e AL J7 i 10 57t ) 4 SRy D0 PR i e
SR GERE BE JE A AL T5 12 5 B A Jma TR A S e 5 B
H TS R 19 OGS R AR L MR B .

ML BIE e BF 58 w8 Dl i IR AR e M A IR
HRE AR PR (1) AR R B8 3 5 (2) AR
AT XT F A R B AT AL SR A , 45 21 52 BLAR 2R A
R FEEMAELMESE
3.1 HREHEAREH

ASCRE R B MR Z AR P SRR 1
MBE. £ GBM T, iy it R SOWII 15 21 9 % mh A g
B ROWIAE R y , R JAEE T IUAT A S e A 7 I3 20 1Y
SOCIETEHE My ML A SCHE AT a =
[y ay, e ap ) Al A AR s G 18R 5 PR BE 1
LIS EC v, MR I 2R R A B OE RIS R
N

Yo =Ma+ Y N y aamOm, (7)

AR F BRI LA S b TR, WINE y FHEE
P Y oo BRI RS H23 , 45 LA 35 LA R B

Ja,y) =ly = Yo I’ (8)
itqj s H ° ”%7 2 - 7@4&,;’ = [';’1,2 ,’5’1,3 P ”)A/I,R”/)}Z,S ";’2,4 s
Yo Ve U T AR A R A TR 1) R
PR (9) By LA ) R A SCA3 1% ) i T 2o 5 RIS oK
A8 bR R J (@, ) 35 B0 e/ ML F BE R Bk @ Il 2R
SRR A y R
minj(a,y) =y = you [’ (9)
A, FHE @ AR AT B BT o LB 5K
fift i ERRAAGRIE @ Hr 4% T AR 57U 29 3 (ANC) L)
AR 1 30 (ASC). [, ALkt S 50k ity iR Z2 0
JEO<y,; <1 BYEER. A SCR A IR RE AL 5
DLHEAT AR sREC SR A, BT LK 2E DAL SR A s F b, 3
TETE 28 5348 R B A 3 AR R T 18 2830 BT o S5 L
PRAESE 11 I 29 HREDR.
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AR R MATE T B B b 2 B R T U, %
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(1) R R AR I o7 B 1 7 2E
B DS FIE IR R N, AEAERCN D[R] 25
[ AT R AR R R ME AL AL X (= 11,2,
3,00,N) x, (= 11,2,3, -, D) S8R i MR AMARAE
55 J AERAEL TERE ORI R Z B8 R AR BT A 7 AR
up; i low; HIFE I NHZ IR (10) SEATBEMLOI i1k, 0
I RBARECH G. SR J5 4% BR DS B33 148 2% SR gt b
BACH AT He AL A
x; = rand (up; — low;) + low, (10)
TEREA AL I A o, A R R AR — 4 R
S up; F low, 1Y EF BRI L, AR IS (10) 7ERLE
JEE N BERL ™ AR 4 B B 0B (E, LAPRIESE R B
ARG N EA T R A R
(2) DS Bk 8 oK
RER RBOCAC Tk 1 1 — AR A A 2 — R i 5 [ 2
B HOH AR, DS SRR B (1) (05 A= 72 S I B
AT StopoverSite, ( ZAENLE ) BFEAE.
StopoverSite, = X, + R, (donor - X,) (11)
Aot domor = [ X, sy ] KT N AR A
rR B AL B 9 — A A A BT AL 4 457 5, 3 1 A T ( do-
nor-X, ) ()58 X8 SRR AR 7 A B A R J7 . R, S BEAIL
B, th Gamma FEALE™ A= 4% F114 5 43 A BEALEO™ A= A%
H[FZHFH]. R, = randg[2 + rand, ] + (rand,-rand,) ,
HAE 2 PR UE &8 R A 1) 35 8 7 28 19 J7 18] ( donor-
X,) LABEHL Y 5 FE AR K. AR StopoverSite, (145 b & {EL
T X,, Wty StopoverSite, % X, 1F HiZ A8 KA
UHALE , A WA IR OR B R A RO X SRR
HEAABR B B R IEAAEL G, K 2 i 48 2R B A v ik i
JE A Foe D P A AR Ay i
DS ok B R B ] S 80D et R, A
PABEARHE AL 18 B (A S LA R O 1) 51 5, A6 X6 S A1 ik 114
RN RCEH T RREZ NS 7 1) P 4R P
R AR R ) 42 JR) S A3 o RS Bl 1 [ I, A AL
E B AR AR B, DT BE A% PR ME 0 1Y 18 R 2] ) et
M4 Ry dee P . PRI , AR SCBE A DS B4R S e e
T AT = I R A AR LM A TR
3.3 RUKkBEREEERRE
TEASCR W vp o 8 D' 1 PR A Al 2 P A TR ) et
HZE R R (9) By SRR AL I L. A SCRI T DS B33 %6
b R BIE A7 D0 A SR A, DT A5 31 S5 R s ) 2 B R
Ha=[a,,a,,,a,]" MALESHRE y="[7,,,
5’1,3 s ")A’l,R ")A’2,3 s'i’z,zt ) v?A’z,R P 9’5/R—1,R]T' @ﬁw‘%%
T UG A 8 R U B RT3 T DS SRE LA oK i
TR e S IR LR A E L M TR A
FEXS R — R R ST AR A, B e S D A R
PR RER AR B 5 DS B30k v o7 AR S 14 XoF Ly B S )

L, BIGHEAT DS S0k v 48 R A A 1 7 8 i B A SCH T
H g RER AR R (9) R B R L a 145 T B Al
LSRR A v 14 SR, WA WA AE R Rk o i
3 e O T T A AR T ) AL, 48 R A A 18 B B O
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Vi) W24 R =3 B RMEMOCE RS R : (a,,a,,
a3 Y1 25 Y130Y25) AR AOKAE 6 4E2S [a] 2 H] DS 33k
AR5 Z R A T IR AL e A R

TEF R TR 148 R o F o, D ORIE B3 115 31 1Y 1
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5’2,3 ";’2,4 e "i’z.ze"" ’&R—],R) ] O=y,,;=1 TR, AR CA
P AT RO A, BF DS S35 th A R AR up,
Fl low, VR cup; =1 Fl low; =0. R Ca, ,a, ., a,)
(49 ASC 2R , 7E48 R TF M3 A 1 45 o X SR A5 14
I (a,,a,, 0 a,) BEFTIH— AR AL B

FET DS B i O R AR e A TR SR 1 B
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|1 I VCA X 52 b5 & 6 i BHR i 47 % oT
PRI

FER2 MRS G EE b R s oo E H il E R
AN A R AEBORNASE E  B.

I3 M DS Bk I A AL b PREAE A 2R S ]
Az — i B A R AMA, BOE up; = 1 Al low, =0.

BB L) P R RO TS R
1% 3 17 B 1.

TS MK (1) R S48 Stopover-
Site, , [A] I %] StopoverSite, JF47 11 44

IO AN RN Y H A E X, FIHE
{5451 B StopoverSite, [¥]3E of & {4, TN 5 StopoverSite, |1
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HWRBAE T R RN EOE: (a,a,,,0,,7,,,
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BERMEa=[a,,a,,,a,]" MARLESHOR A y =
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PR AR S s VR RE , 43 0 R AT 07 ELRCHE B 52 0 Jk
PR AR IR S0 AR TR I REPE AN e FH AR = Fh 45 . FAY
%22 ( Reconstruction Error, RE) ™' &3 # 4> #i ( Spec-
tral Angle Mapper, SAM ) BT 5 AR R 22 ( Root Mean
Square Error, RMSE) ™). H:rfi | RE 1 SAM J2& )\ 34 1:
oy 4 1 v G UG R 5 5 o YO0 50 43 ] 15 22 114 1 2
PEMN PR RE , T RMSE W TR Bk A 10 i 42 2
5 LS R FE 2 () R AR

=P REVEHE bR 43 1 E SCINR

(1)RE

1 IxJ A
RE::«/21><])L;;|bwp) -y I (12)

AP L RBECH 1 x T s el BRIR R y (p) A
¥ (p) A3 R RS p A5 3 5 A L 900 K
FIAR SO TR Y 11 s

(2)SAM

SAM:Ii—J z oly(p).5(p)] (13)

S y = arccos w
AL 0Ly (p) 5 (p) ] =arceos(PEELHE ).

(3) RMSE

WS =[S e —a (1)

X ,a(p) Fla(p) 43 B H E GG EHREE p B E A
B FERIA SR A A T i A
4.1 {HEHEEXE

D5 LA S 56 v 0 K ds e B 5% 1 5 38 I Ry ((U-
nited States Geological Survey,USGS) #2{iL 14 ¥ Y61
(http://speclab. cr. usgs. gov/spectral-lib. html) , J£ 1 )
Dt A S 224 AN B, IR EHE 3 Rl ok
HEAE ¥ 96 Y6 1E ( Alunite , Andradite , Buddingtonite ) ,
L anlE 3 R

FIRZEVEIR & B AL (LMM ) A 26 M IR & 1 Y
( GBM A1 Hybrid Model , HM) 735l 7= 4= 3 1§ 10 x 10 (& &
14 N El 1% Tmagel , Image2 Al Image3. H. o4, £ (H q,
(p) TELIEFA 1 I HTHE T, 76 0 ~ 0. 8 Z [AIFENL™ 4=,
PMARIEEHR AL & g, AELMES By, fE0~1 Z
] e . Hybrid Model &%, — 2y LMM R &
&, —2F R GBM IR A, SR R 52 50 2 S 30 ik
GBM 1) SUR RIS AR AR IR B MR IR G = T

TEA A S0 w6 1% R AT i TR Z AT,
TG S T OGS S PP AR U T 5 IO TR N i TR A
DAPEREISZ I, FE PIFR SEG 251 T A TR -

S 1R RIS P b ) B SR e GG Ry s e, Sk
5 2 SR H vty oG 4 BV 4 IS A s T (i T VCA B

1
0.9
0.8 [
0.7
® 0.6
X
0.5
0.4 71 Alunite
Andradite
0.3 Buddingtonite
0 2 1 1 1 1
0 50 100 150 200 250
VBt
3 USGSIEiE e bRy 3FmLIE th £
%).

FEHEAT W RhSEIR I, A SO 1 B 505 B 4 8 : DS
AR N =30, 4840 D =6, # L5 6 =80, up,
=1,low, =0. A & B iE G IMA T % o =2. 8
x 107 il i 0r F M P VR o T 28 SER 4 AR 3 A
AR B FOR R 4% B Ik S a8 AT 20 R 4t R
(.

SIS 1 SRR B P i B SR T R HE TR

F 1 FR KOG B v i BSOS, AR
SCEE Y Bayes B3k FCLS 834 SUnSAL 834
1 GBM-GDA F3 "' PU vk 14 i TRk BE HEAT L8R
Hirp Bayes 4% 3% \FCLS %53 il SUnSAL %4 1y = Fh it
BEI BL A 5 T 15 28 VA IR 35 7% , GBM-GDA ikl
O H R LT GBM AL FIAS B2 A Ak i vk i IR
P 1 FE1 FOBCE T 20, X F Imagel (LMM ) | Image2
(GBM) Fil Image3 (HM) =FliR 4 5, AU 33815 T
SRR I AR R AR L L o R VR A TR 1 1 A
HA W B

H1 T GBM 570 [ BE AR A7 4 R i G 1 PR 1R 4 1Y
FELRAE RV, SRE T 75 4R PR TR A B R I, Bayes
¥ JFCLS 524 SUnSAL %2 7% . GBM-GDA 52 % FI A U
VTR R Y RE RS B AT 19 S BLIE % Tmagel (977 IR A
SCHEVEH TR T DS BB AT F AR R B0 SR i
AT AR LT ARG B

Xt T &4 Tmage2 il Image3 , f T 9 i [ 1% vh 45 77
FEAE 22 PR IR A 305 , Bayes 3% \FCLS #4531 SUnSAL
Bk SRR AR IR R 1O IR PR RE R 4E, GBM-GDA &
VRS S vk B PR BE W AT T3 = Rl R A TR A 1
PAF T B R IRACR. R, f A SCE B T DS
VRS UAR TR AR, B8 2 R A B AL 7 vk B AT S 4y
(144 SR AT SO VR 5 4 DI AR 38 R e, A S0 i 3 4
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T H GBM-GDA 53k 5 5 (Y e TR
#1 HERRIERE(ERHT)

SUn | GBM- | A&3C

Bayes FCLS
e SAL | GDA |

Imagel 7.96 5.26 5.25 5.26 5.25

RE
Image2 8.83 6.73 6.47 5.96 5.25
(x1072)
Image3 10.33 5.80 5.63 5.56 5.29
Imagel 7.56 7.79 7.80 7.49 7.47
SAM
Image2 8.82 7.02 7.04 6.97 6.79
(x1072)
Image3 7.75 7.52 7.56 7.19 7.13
Imagel 2.52 2.62 2.51 2.65 2.52
RMSE

Image2 | 25.57 | 16.42 | 18.35 | 7.23 | 3.90
(x1072%)

Image3 18.79 9.74 8.57 4.52 | 3.52

%2 RA VCA BiRREH iR T R #HAT
fi#iE

TSR G AR HAY I BT, T B850 Y oo 32 B
ARG T, A SCR ) VCA SE3E AT o e i S B 45
VCA FE R — PP MR T 4 3 T 4 U 0%, (E X T
AELRPEBIRT /9 5 E K, 398 AT AR VCA X 36
T U] S5 S T B S A T e

FIER 2 Jdie ml R 24 0 00 R A R O T 5 e R I
S, AL E AN SR A N I TP A R 50 1 T8 20 P BE R
PR A TR (EAR AR A AN . X U WP R AT AR et
FETRINT , SR T VCA 2538 F JL A e 14 i o 48 B 1 72
Wi o R P AT R )RR A SCRL AT AR ARG T BAR B Al
NS E

R2 EEMIRMEE(fAiTiRTT)

SUn GBM- b'e
Bayes | FCLS Z’K
SAL GDA | &k
Imagel 7.33 5.24 5.26 5.25 | 5.24
RE
Image2 10.54 | 7.26 7.11 5.38 | 5.28
(x107?)
Image3 8.10 6.43 6.85 5.95 | 5.29
Imagel 8.33 7.92 8.06 7.22 | 7.21
SAM
Image2 7.29 7.19 7.66 6.71 6.61
(x1072%)
Image3 7.85 7.57 7.72 7.66 7.36
Imagel 4.77 4.56 4.35 4.33 4.31
RMSE
Image2 20.44 | 27.21 | 21.46 | 6.17 | 4.59
(x1072)
Image3 19.61 | 14.46 | 11.17 | 7.27 | 5.71

4.2 EXHEEW

b — 2P A SRR T B9 3 R mOG IS R B
P fRIR , B S e 8dE v Moffett Field 4% 1 Japs-
er Ridge $it4f Wi i 6% UG B

(1) Moffett Field %#{#E

ZEAEIR B 1997 4R AL 1Y 35 E AN San Francisco
Bay Fgiif) Moffett Field &34, ZEHR HA 189 4
B, WA FE A 400nm-2500nm , S5 3 HE3 4 10nm. 52
B 50 x 50 (¥R TR IR VERE VAL X =
T Vegetation ,Water £ Soil =Fpuoc il sr2H %,

P4 Moffett Fieldfh i (i &l

(2) Japser Ridge %#{1F

AR IR H 1994 AR SR AR 0 I Hb XY Japser
Ridge [ SAPRI DX 1Y 2 6 1% 8. i R A 224 N
B KB N 380nm-2500nm , JG1E 43 HE% N 9. 46nm.
TEEBRT1-3.108 - 112 154 — 166 Fl1 220 — 224 326
MU B R EE Ja (O KB AR R A ) |, 76 4% 198
AN S BRSO SEIR i B 100 x 100 /) EMG E1 T 5
RIRYERE W PE AL, %37 5= 3 2L H Tree , Water | Soil 1
Road [0 3i 7T i, 73 2H BX.

[§]5  Japser Ridgefh# (1[4l

T4 B AR, s AR O AT SR ] VCA
Bk B 6 T T B AR VCA B4 7 A Rz
DG EHG A AR I s oI i 2. 151 8 FIA 9
R A SCEE AR AR 2 Y 2 B2 T8 ik %o e 2 Hr T
fif TR HE 1Y = FE 5 LS B3 Y 3 AT e — B0

R PR A SO R LS R O R A 1
fFIEPERE >R T RE R SAM I~ 48 A5 % b A 1o b 53 3k
HEAT LA HORPSR L i R PERE AN 26 3 IR, S50 HAL
W LI B G5 R — B A SCR R PERE L T Bayes 5
1% \FCLS 3350 SUnSAL B = M MR 505, JF HL
AR T THE LA A B A L PE R TR 375 GBM-GDA, A
A /MY RE I SAM {f.
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Moffett Field Japser Ridge
RE SAM RE SAM
(x1072) | (x107") [ ( x1072) | ( x1072)
Bayes 2.67 2.559 6.02 10.92
FCLS 2.62 2.557 5.97 10.79
SUnSAL 2.82 2.637 6.11 13.57
GBM-GDA 2.34 2.558 5.96 10.49 .
(a) Vegetation (b) Water
ARE 2.27 2.551 5.05 9.68

EadsEEe T ALY GBM-GDA S35 20K
HIHT FCLS S5 P fif 10 580 12 0 1 Ol 1% T 15 80 R 47 T3
i LASRAS WD AR 16, 8% Ja 72 BRI {ELAY SE Al _E 4T GBM-
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(c) Soil
F8  ASCHLMIRAGRIRFE (Moffett Field )

R4 ERBIEEEMREMERE(FEIAIEL)

Moffett Field Japser Ridge
RE SAM RE SAM
(x1072) | (x107Y) [ ( x1072) | ( x1072)
GBM-GDA 16.85 13.563 13.48 27.40
AR 2.27 2.551 5.05 9.68




344 T

¥ W 2017 4

(a) Tree

(c) Water (d) Road
F9  ARCAEEMRA R FEERE (Japser Ridge )

5 it

ARSCHE T — PO 9 56 T B 1% 2 00 m e s BR
PR PRI B . B A GBM HYJERY bR MR 22
VRN ARTR B0 L o8 80, K A 2 ik 1R [l LA A O de B
PEIRIEE. 2y T 5 AR A e 6 B A A 532k ) 00 i 255K
155 o B AR B WSS Jey RV, >R TP B S8 0 S 1)
BREMA T E— P 8 R AL St SR A . 52
B AE SRR, I 48 ATk 2 S M R A R T
AR L P A R 3k oA S v i TR 2. HAR
SCHT R H 5 TR BE AL A I M TR Sk HE 2k BT W)
BRSO GO 2% 1 28 SCHE 3 800 R, T DA
(7 PR 45 A PR R ) T A5 R A TR B .

S7%5 3Lk

[1] Bioucas-Dias J M, Plaza A, Camps-Valls G, et al. Hyper-
spectral remote sensing data analysis and future challenges
[J]. IEEE Geoscience and Remote Sensing Magazine,
2013,1(2) :6 - 36.

[2] Honeine P,Richard C. Geometric unmixing of large hyper-

spectral images; A barycentric coordinate approach [ J ].

IEEE Transactions on Geoscience and Remote Sensing,

2012,50(6) :2185 —2195.

KRS, SR, 1 A, T 2 R AR RO R A 14 8

TEEMG IR GEE T ] HLF2440,2013,41(3) :432 -437.

Liu jian-jun, Wu Ze-bin, Wei Zhi-hui, et al. A fast algo-

(3

[

rithm for hyperspectral unmixing based on constrained non-
negative matrix factorization[ J]. Acta Electronica Sinica,
2013,41(3) :432 —437. (in Chinese)

[4] Rajabi R, Ghassemian H. Spectral unmixing of hyperspec-
tral imagery using multilayer NMF [ J ]. IEEE Geoscience
and Remote Sensing Letters,2015,12(1) ;38 —42.

[5] Hapke B. Bidirectional reflectance spectroscopy: L. theory
[J]. Journal of Geophysical Research: Solid Earth, 1981,
86(B4) :3039 —3054.

[6] Hapke B. Theory of Reflectance and Emittance Spectrosco-
py[ M]. Cambridge University Press,1993.

[7] Dobigeon N, Tourneret J-Y,Richard C,et al. Nonlinear un-
mixing of hyperspectral images : models and algorithms[ J].
IEEE Signal Processing Magazine,2014,31(1) :82 - 94.

[8] Fan W Y,Hu B X, Miller J, et al. Comparative study be-
tween a new nonlinear model and common linear model for
analysing laboratory simulated-forest hyperspectral data
[J]. International Journal of Remote Sensing, 2009, 30
(11) :2951 -2962.

[9] Halimi A,Altmann Y ,Dobigeon N, et al. Nonlinear unmix-
ing of hyperspectral images using a generalized bilinear
model [ J ]. IEEE Transactions on Geoscience and Remote
Sensing,2011,49(11) :4153 -4162.

[10] Halimi A, Altmann Y, Dobigeon N, et al. Unmixing hy-
perspectral images using the generalized bilinear model

[ A].IEEE International Geoscience and Remote Sensing
Symposium[ C]. Vancouver: IEEE 2011 ,1886 — 1889.

[11] Nascimento J M, Bioucas-Dias J M. Vertex component a-
nalysis; A fast algorithm to unmix hyperspectral data[ J].
IEEE Transactions on Geoscience and Remote Sensing,
2005,43(4) :898 -910.

[12] Altmann Y,Halimi A,Dobigeon N,et al. Supervised non-
linear spectral unmixing using a post-nonlinear mixing
model for hyperspectral imagery [ J]. IEEE Transactions
on Image Processing,2012,21(6) :3017 - 3025.

[13] Jia S,Qian Y T. Spectral and spatial complexity-based hy-
perspectral unmixing [ J ]. IEEE Transactions on Geosci-
ence and Remote Sensing,2007,45(12) :3867 —3879.

[14] Rezaei Y ,Mobasheri M R,Zoej M J V et al. Endmember
extraction using a combination of orthogonal projection
and genetic algorithm [ J]. IEEE Geoscience and Remote
Sensing Letters,2012,9(2) :161 - 165.

[15] Zhong Y F,Zhao L,Zhang L P. An adaptive differential
evolution endmember extraction algorithm for hyperspec-
tral remote sensing imagery[ J]. IEEE Geoscience and Re-
mote Sensing Letters,2014,11(6) ;1061 - 1065.

[16] Somers B, Cools K, Delalieux S, et al. Nonlinear hyper-
spectral mixture analysis for tree cover estimates in or-
chards [ J]. Remote Sensing of Environment, 2009, 113
(6):1183 -1193.

[17] Civicioglu P. Transforming geocentric cartesian coordinates

to geodetic coordinates by using differential search algo-



%

2 M Wi AT ROME R AR EURAE L R Sk 345

(18]

[19]

[20]

[21]

(22]

[23]

(24]

(25]

rithm[ J]. Computers and Geosciences,2012,46 ;229 —247.
Yang X S,Cui Z H, Xiao R B, et al. Swarm Intelligence
and Bio-inspired Computation-Theory and Applications
[ M]. Elsevier Inc,2013.

XB) %% ETAE, 5K 8145, DIN AGREE T 2T WU AL
IR o K [T ]. HL T4, 2014 ,42(8 ) 11636 — 1641,
Deng Guang-hong, Cao Wan-hua, Zhang Jian, et al. Data
dissemination mechanism with network coding based on
ant colony algorithm in DTN environment[ J]. Acta Elec-
tronica Sinica,2014,42(8) :1636 —1641. (in Chinese)
Wang Y,Cai Z X,Zhang Q F. Differential evolution with
composite trial vector generation strategies and control pa-
rameters[ J ]. IEEE Transactions on Evolutionary Compu-
tation,2011,15(1) ;55 - 66.

Karaboga D, Basturk B. On the performance of Artificial
Bee Colony ( ABC) algorithm[ J]. Applied Soft Compu-
ting,2008,8(1) :687 —697.

Rashedi E, Nezamabadi-pour H, Saryazdi S. GSA:a gravi-
tational search algorithm[ J]. Information Science,2009,
179(13) ;2232 - 2248.

Keshava N, Mustard J F. Spectral unmixing [ J]. IEEE
Signal Processing Magazine,2002,19(1) .44 - 57.

Plaza J, Plaza A, Perez R, et al. Joint linear/nonlinear
spectral unmixing of hyperspectral image data[ A ]. 2007
IEEE International Geoscience and Remote Sensing Sym-
posium[ C]. Barcelona : IEEE ,2007. 4037 —4040.
Dobigeon N, Tourneret J-Y, Chang C-I. Semi-supervised
linear spectral unmixing using a hierarchical bayesian
model for hyperspectral imagery [ J]. IEEE Transactions
on Signal Processing,2008 ,56(7) :2684 —2695.

[26] Heinz D C,Chang C-I. Fully constrained least-squares lin-

ear spectral mixture analysis method for material quantifi-
cation in hyperspectral imagery[ J]. IEEE Transactions on
Geoscience and Remote Sensing,2001,39(3) :529 —545.

[27 ] Bioucas-Dias J M, Figueiredo M A T. Alternating direc-

tion algorithms for constrained sparse regression: applica-
tion to hyperspectral unmixing[ A ]. Proceedings of IEEE
GRSS Workshop on Hyperspectral Image and Signal Pro-
cessing[ C]. Raykjavik : IEEE,2010. 1 - 4.

EE BT

B & U,1980 A2 HATALE L. B
NFRHAR ARG AR SO T TR A B 1
S5 RHFE R (5 B LA 2 e m 2. R T
FEI7 1) A s G R AL B A AR RO B (S
S AL FRLE.

E-mail ; chenleitjcu@ 139. com

BB 20,1980 48 HAT WAL G. 1
L R B 1 A 5 0 R B 02
A%

BEE  J,1964 48 10 J1 4 T NS 8T, H0R, WL A4S0,

EEBTFETT W ERURAR A, WO T 4



