55 41 B4 6
2012 4 6 A

P R SR
ACTA PHOTONICA SINICA

Vol. 41 No. 6
June 2012

doi: 10. 3788/gzxb20124106. 0672

— M AT B IEY RIE S 758 15 615 1 R

pan]

P 15 g oG 2 HRUGR

EH.F4.50F
(PEAE Tk K2 A shifb2:Be, 1% 710129)

W E.NAFH
R ALk

%}iﬂkj’{%%éﬁj.]ﬂ#aﬁé'}i/fn o 9’]Tﬁ'ﬁ )ﬂ ﬁ:ﬂily_
AXA ez ER A THEAEERABARBARBRYY ERETH

R B A% 3% AR BT VAR 3%
F EAR LR

AN Ao N L AEEGBARE AT R EGEAMAS L EHEFT . RETHETEHVEF
AF S EEHEFAN SR eNB L THEP AR ENIRAGO ISR L BRIET EHG

BEFM ARSFZARBREREN AR TR @345 2 EW

EFAFHREARAMKMBIREL.

SUT AR R - 1) 35 5 e - T I 5 viwlzﬁ&T%m%Jkﬁz,ﬂ- CECR B G LR

ATHVRBEFH O IR ARBRIEETALE

%—}fg’\»‘k‘%’;—ﬁuﬁ’_]éj{é w_:a%

PR R TR R

EAE B E k. Bk d IDL7.0 23, £ & AVIRIS F Cuprite 36 R # & ik % & B 1% L3t 47 £ 36,

SE I 25 R A R GE v K AR UM

3% 0T AR E A AR R M A B S o @R R T Fokeh A ok

KB SLE R BUR; BAF; RAHL; EBRMBR

FE4EKES . TP751.1
0 3§

o G T 18 R PR i 5 BT A A A B TR B RO

T AR AR I, e 8% 76 AT WO DL R i L b R R 41 4h
W B e — 7 5 Bl Wy AT DU AL o3 A MR AE L A0
T HERA S AR S 9 DL ROG R R L o G AR
TSI BT HAR . BT G 1 R R R TR
HH T HAA 8 B AT A2 T — SER AT 1 (RS 33 Ak
PR A A 5 o o0 $2 HCR AR oT g Y L BN [
YDA St T R R G I R AR v H Rl ) R
FRIAR T - MR 405 3 T 1Y) 6 33 1] £ AT LA SR A 2By B
B o BT i G BUR AR 1 25 18] 43 PR AR AR B
P38 S 22 Rl D e I R R R R £
1R G AR oo . 7E B S 5 HER AT T A — R
e G 1 R G b B B T L R 1 AT IR S RO A
il » 2 22 0SB IO T A0 250 ) T 4k BT A i o 42 R
(9 TE A 5 A5 B 5 ) 22 1 1 A8 S 3 2 oE
JE B BRI HERAPE S H R T S T 5 U AT
BT 1w JL AT 2E A S 9 N-FINDR™ | 5 /) 14 L AR
#5 (Minimum Volume Transforms, MVT) &
DLV J7 158 22 R S8 B il 445 6 30 23 i VR 1) iR AR 22 43
% (Iterative Error Analysis, IEA) & ¥ il 57 %

im*’j“l‘/\ﬁg :A

EEWA EHRK A KRB S (No. 60802084) B

NEHS:1004-4213(2012)06-0672-6

1545 #7 (Independent Component Analysis, ICA)
S AR B B0 g o0 B IBOCR 12 I O 3 B /YOG 1
FAEAR B AR ICG IS 18] 1Y AH DG A T, I A ]
1% 2 2 [8] 1) 25 ) 41 ¢ P, Antonio Plaza 58 A TE &
%ﬁ?%l/\m)‘ﬁlg@ﬁzlﬁlf?iﬂqj T RIE

SR A B8 A 2 G o # I (Automated
Morphologmal Endmember Extraction, AMEE) 2
20— M G a3 A FDG I AE B S B A SCHETE AN
3BT AMEE 535 i JE i b & X2 B8 A7 AE 1 R FR
PE LB T T TR G 5 R R R s oT 4 ) 1B e
PRIES AT R4 G S — g
] B A T 5807 25 JPRE O T o oS M, 44 B IE Y
A3 B & 2% i oo #2 B C(Automated Modified
Extended-Morphological Endmember Extraction,
AMEMEE) & . i T AMEE By RIE S
TR R BRAE I B Ty LA R R S B
SRIBUIN 2 W B 12 10 ) T S92 B e Dl 1 R R R L T
W 2 m 85 R 5 W AT T L.

1 FEESFETFHEBIERE

SO TR — R AR LR B B B R
ZMF%/\EIE{J??XT AR b BENLILAT 7 1

E—1EE  EW (1976 —), 5 G UG U L P B g 2k L SR BB ST 5 1) R R 6 %8 SR (% 40 L. Email: wangying@henu. edu. cn
=3 U B0 (1956 —) , B 204 1S, B B 5T 07 1) A R ) 5 B AL B Email: lguo@nwpu. edu. cn

Wi B .2011-12-31;18 B H#3:2012- 02- 20



6 4] T — P TE IR RV A5 24 0 7 0 5 O i a2 Je P 1R i e P IO 1 673

WESE e W) L T AR R AR B T 3 e ) K 4]
G LT AR S AR T A 2R A A O
SR AR Ab B Y 1 B0 4 Ok o 32 W e O 7E 2326 TR
BARIT A BT il JC 4 HAE 5 T AR B T R GF I RICR
SZMESFE TGN R EREERER . REZL
e BOGE ] 5 78T 25 24 & v i Ak 307 XL DR IR
M TE R GG 18 R i T 43 SR R
— 2K T & ML I 352 501 03 ) A B A il B A 4
P (] DU A E AT - 2R 5 f Ak 31 45 SR Rl i
] & A% 2, B Fb Ak B T5 ¥R 2 T SRR 1) & L Oy
HHE S Gy A2 S e i 1) B R AE AR YT
JRIEZS F WAL H g A7 i 58, i A b 3107 X 2
F- it JC A BURIR &A% T 43
L1 ¥RESZET

S ML 3520 5 3 i R 45 # O0 & (Structure
Element, SE) B A 4 2 (8 1Y K/ ok PesE X bt
TR M BAE ¥ RIE S ¥ B 7 (Extended-
Morphological Operator, EMO) ¥ 3% [m] & 1F by 2%
AR 3L SR P A ol o B U)K e X6 0 O3 1 B
P14 5 Ak o O 0 T 52 i B R TR A 2 B T SR A1 1
e H . Antonio Plaza £ AMEE B 1% SE F
BAGIE N S SE B ORI i i i 2 AR
oA HE e T )

Dsuml f(xsy) s SE]=Dsyul f(xsy) s f(x+
s,ert)]:ZZ}Dist[f(x,y) » f(x+s,
v+ V(5.0 €2 (B) (D

K [z N gtk m i, N B (2. )
€28 W [ Con) 9 R T B 22 (B) o5
JuE SE BY75 [8] A8 A5 3 [l Dist O S AN G5 ) & 1Y
B S I 1 A G 0 AL 2 0 695 05
5 8 (Euclidean Minimum Distance, EMD) ,Jt:3i& ffi
( Spectral Angle Distance, SAD), & = JF &
(Mahalanobis Distance, MD). J¢ i 1§ & # &
(Spectral Information Divergence, SID)%. AMEE
Bk b 2 R LTS M SAD.

(2)

. <ar\j 9bN>
Dist N v) = y = R S S
istsap (@n s by ) =0, ., =arccos Tan T o0

A an by O N 4536 ) . 25 F L AMEE &
e T SR O B T R S R T i Ik
TH

(f@B)(I’y): V {DSLJM[f(1‘+.Va
ezl p
y+t),SE]} (. y)EZ (3)
J AR
(f@B)(x,y)= /\7 {Dsum[ f(x—s,
sneZt (B
y—1),SE]} (x,y)EZ’ (€9)

AMEE B3\ FEm OG5 & R EMR EiE Ty
Je N ik iz B AT DL R A48 T B S IR A ROt i RCR
2 R i hvis DR IR G 1R oo % alifgoct .
Bf, AMEE 83k i & X T B & B 0 % 45 3
(Morphological Eccentricity Index, MED) i 25 45 4
JCE SE it Deuul[ J5 KHY5 I0 - LR AEA [F] 2648 7T
X 4548 I8 3% N TR B 158 0 B i B8

MEI(m,n) =Distsap [ (fF @ B) (x,3)

(fRB)(x,y)] (5)

Ji 2 1) Sty G 4 IR0 3 2o %o 3 i 15 AR ) MEET &
A1 1 73 0 45 58 i
1.2 TRESEZEEFHRERUEREE

AMEE & 338 17 EMO (1) 8 ik Fi g il iz 8
K3 B AR T FIR G 8T 1 E o K 0 SE R W
PR K iz I SRR PR IR 4645 oo XHIR & R ot i
i, R Z IR, R R 22 EMO H BT R 0635 17
1 HE R HL0 BT R, an = (1) BT, 445 0T 31 A BE AR IE
£ SE UG B R Dson [ 8 # 5 5LF . SE o fiz
KM Dsom [ MEHRS H SE i ¢ 4iE 25 (] v 5 97 1
1 1) 1A 2 L [/ B e /N Dsow [ B #1615 47
i 23 [] v B OB 2= AT 1 vt DY ) 5245 3. 4,
i1 T SE H RS2 1906 3 1] £ B 3R 15 8K Dsum [ M S
PRI IHG 224 i i 53— I A P15 v A Ti) e ) 266 il 114 30 S
AR, 23 A SO e G L 77 AR S RN AR SC
P — Fh & IE B 9T R B 2 B T (Modified
Extended-Morphological Operator, MEMO) , 7£ J5
A1 B EMO Sl 1 DLRR ] LUE IE SE s oo iy
e e B GE 5 I K

(f ®B)ypmo(xsy)=Dist[ (f D B)(x,y),

Vi ]V Distl f (x4 3) s Vi ] (6)
& IE 5 YR 3
(FfRB) wiemo (x5 y) =Dist[ ( FRB) (x,y)
Vi ] ADist[ f(xs3) Vi ] (7

T Vi N FE U 18] OB (o ) A0 JEOE 3 1) 6 DL R
EMO #i H 't 3% ) 5 5 3 of 1) B A0 R R AT L AR
ok ) 5 i 1) Sk 1 2 T DR R R A

¥ EMO F1 MEMO i) % ik 55 1 T 5 40
G B AT LUE 3 TR K BRI ). A
Phiw G B SimHyp 425 5 A48 o0 H br B i
G » 43 AL T DU i RO B T S R O oG 2R PR TR
AR IR A 1% 8. SimHyp 25 8] 43 $E % g 200 X
200, 63 B ECh 50, 55 7T 4% i 10X 10 25 i) K /).
SimHyp 55 12 3 Be (4 B BE A 1] DL IR 1Ca) o 43 51 L
23 [l K/ 33 % SE Xf SimHyp f# 5 ¥ EMO #il
MEMO & SCF i B Bk iz 55, 25 5 B 4 50 an 1 (b)
A 1Co). B 1 AT LLE L &k iR PRz ik iz



674 * T

% H

B8 i T X s XA A 3 K S T AR 4R T TE B 43 EMO
T B RRAE L PR 1 () R TR R Y A U
o= A O ROV 7 AR B SR BN EMO SE SCTR
R 1% 1) d HE AR 6 v DU 5 18 GE B MEMO i T
JAT BR i 2% 4 AR IE T 268 O /Y IE B R e,
K 1(o).

(b) EMO »

(a) SimHyp
M1l GEEGHEEKZEZRLEK

Fig.1 Comparison on dilation results of simulation image
1.3 EEmENitE

MEMO i 1 5] A FEAE ] 5 3 5038 LR 4
PR AT TE B 14 R B R ok 00 SR i v 1] i Vi 19 3T
SRR R P 3 B 0 2 2 (6) L (T A DG B, > — Rl
[ i A SN A NI S (| I NS
SimHyp , 1] LAR F 5% i BG 0 B E 10 5 A Vi s
T BT ST B RS P O R R R A )
AH PR R 15 AH G PE AR B 4% o SR PS4 ) i JE 1%
PRAE MEMO 25 4 o 0] iy 1F B M BRI A 7 42 1
B Vi B9 05 s AR IEATAR TT T Ve Y BRI B
KRTREBBIC. KB Vi = {1z, ) KRB
FPLE SRS CheinT Chang #2 Hi i BE 14 31
K& ¥ (Simplex Growing Algorithm, SGA)M sk
R IEZS B Z B N+1 AR E VL Ve
Vv o N Rt il B 4R Ja SR i 7 R 4 (8).

Distemp (Ve » Vo ) = 2504

. — 2
Distgmp (Vret » Vi) =211

(¢) MEMO

Distemp (Vier s Vv) =254 (8)
A Distewn O S BRCBE B A SCH i 19 Powell
TRA AR LR AE L T R4
2 ETRETFRESEZETFHNHITE

INE %

TE AT v oG $ B 2 AR o MEMO H i
i 0 b i B 45 LA DR bR 23 ) K /INGRE T Y
iz B A B

(foB)MEM()(x7y):((f®B)MEM()@ B) vevo *

(x,y) 9
(f * B)MEM()(Jva):((f@B)MEM()®B)MEM() *
(x,y) (10)

Fe Iz 5 MM iz 53 A2 ¥ s T TR — A~ 8o B

20 G EL AT A D B X1 Y - A d A - T s
([ B)ga (xyy) = ((fB)ypvo * B)yevo *

(x,y) (1D
(fyB)JC\}fEﬁA?)ODC“I’y):((f * B)yevo ° B vemo ®
(x,y) 12

PL2s ) RUST i 36 1 SE X6 D v o't % 328 Jak R4 i
n W IF-PA iz SR A -TF s B8, 8 SCHIE ] 42

DVerenclose — (o g )

ai—1 = Distsap[ (f s B) ™ (s )"

(f+ B ()] (13)

D Velose—open — {BoseBi)

Bi—1 = Distsap[ (£ B) o™ (2,30,

(fs B (xs ) ] (14)
K k= (1, ). SEHEW], 4648 oT H) & 1] &
DVere o i SE 2R H 26 B BEK » e KBUE 1t A
55 SE (#9728 [a) RUSF A O, 11 ) 22 [0 & DV [y oo
RN TR KA, — AT A% T 0 TIRG
80 A DU TELF AR . 05 1w i 24 A0 B R A
BTG AR B ) 23 A A5 S 2 i T 4R Y E
R

ASCHE ) AMEMEE 5395 15 58 % J5 4 & 't
Tk 1 SR BB A LB B TR IE 28 2% BR A 9 25 [B] 46
PEUE I AR5 AR IR A5 2 1 A 5 ) 5 EAT S o R I, O
T 3 G B B AR o 3 ST B © 3R R i T Y B2, B
AL BREGA T -

1) X I o Ol 1% o Ja P A8 WA SR
T A0 A A B, AN A R A Y S e R B
JEARAF /N AR AL T A AR 2

2) R B ) 4k B ¥ (Virtual Dimensionality,
VDU T T AL B B B E DR 2 BRAE B IR A
1k 251

3) HEW IR SE 25 8] RF LA R GEARIREL .

4) TR & Vi,

5) X 4R KA n T MEMO 1 JF-H4] iz
SRR BRI 38 B8 i B A G T B E ) i DV o
FHF 0t T BOR DV v IR AR 5/ B

6) & A B RBUAICER DV o B I 114
TCAE Ry — A i 0 K

7)1 BR E R B IC 52 W G AR AL 1
W 5 T 0 3 70 AH LR JC BT X R [ DVer e i Sy
75 5 1 3 ] LAAR B G 14 1F 58+ 25 [l 452 6 2 B
M5 0 BE X R Y DVere cose ol 2%

8) HARILFNL IR 2) BeE B A RS F, M HE G
AR 6).

3 XWESH
AR S0 B T ST ) B G R R0k 1



6 4]

T — P TE IR RV A5 24 0 7 0 5 O i a2 Je P 1R i e P IO 1 675

TFEENEEIMN Cuprite Hi X, HLZE AT W6/ 4 4b
6 1% i, 1% {% CAirborne Visible/Infrared Imaging
Spectrometer, AVIRIS)#KHL. AVIRIS i K {5
A 370~2 480 nm, Y% 4> HEE 10 nm, Cuprite $L4
224 A PBL B R K W WSORTIR AR M L D B . R
189 A &5 B, 78 SCR 2 B0 1) L i 21 A1 98 43
(K 1990~2 479 nm) , & 50 4~ B . 25 [8] 43 BF

¥R 350 X400, f ENVI #4424k, i F Cuprite Hi X
R 2 RS . HL 20 22 U T S R SR L PRt
Cuprite B4 22 H] T 50 1F £ F i 0T 52 B 2L AR 5 1%
JCAr BT E. SR FE D7 B ) SE, 28 1] RoF i
3XBIF IR B Ui 1Y AR UKEL n B 10, i T 44 B
iR 52 H 6k i A 2.

N ] -
2 Kaolinite 3 AN 3 N\ ==
%4 é \ /\/‘\\ é F " _
g Muscovite 3 N ] \3 U
] 3 ’ ™~ 51
=1 Calcite § ‘ . 3 § P T
k31 Q o
é Buddingtonite = - = T
5 . 2 1 &
~ Alunite
i1 ARRERERUETY NRURUTRUNE NRRRRRURTI SRRNRRANITL G o L L L L | o L L L L
0.5 1.0 15 20 25 20 21 22 23 24 20 21 22 23 24
Wavelength/pm Wavelength/pm Wavelength/um
(a) USGS (b) Kaolinite (c) Muscovite
T — —~ //A/\ —~ P~
s b . ] = Ny - S N -~
2 \ N 2 \ 2 \\/fm \
= e J \ 2 8 ~
|5 |5} i D
~ =4 ~ [
20 21 22 23 24 20 21 22 23 24 20 21 22 23 24
Wavelength/um Wavelength/um Wavelength/um
(d) Calcite (e) Buddingtonite (f) Alunite

W2 HmaTRBRER LK

Fig. 2

K 2Ca) 5 7 Cuprite #HiIX 5 Ffr % Ww#)
USGS St FE b 19 5200 56 3% ith 2k LA JAS 3O3R
AMEMEE 44 i) 3 7T 5 5200 56 3135 i 4 LA 2 ENVI
ON A B 2 3 ) - 2 i o' 3 il 28 0 L IR (b)) ~
(D, R E T W5 63 il 4ok e & 7 X4 78
(b) ~ () i, A 34 B sy T 06 335 ith 48 FH 52 2 R
USGS Y63k i v 2 2% 63 FH sl k3R ENVI 45 1

Comparison on endmember extraction results

(47 156335 FH e 26 . DI HR o] LU Y A SCHE B
Moo Eig 2 5 2 % i A B v & . IE#i
e TR R 4 7 AS TR B 1 W ISCRRAIE . LA SAD i
T ARALPE BE i IR CR 3 AMEMEE  AMEE,
N-FINDR, PPI, IEA, ENVI [ #F 3 7¢ #2 B i 72
SMACC 458 FH S 1% JIr i 14 35 6 5 -5 AH 07 55 B iy
Y%7 6k MBI L 25 R L3R 1.

x1 HEEMUELLR
Table 1 Comparison on spectra similarity
Similarity score (Spectral Angle Distance in radian)
Algorithms o ) ) ) ) . . . Average
Kaolinite Muscovite  Calcite Buddingtonite Alunite Zeolite Silica o
similarity
AMEMEE 0.059 72 0.064 81 0.051 12 0.087 92 0.07219 0.095 15 0.087 54 0.074 06
AMEE 0.066 81 0.07541 0.052 17 0.106 88 0.087 25 0.091 58 0.08817 0.081 18
N-FIINDR  0.099 12 0.122 52 0.122 97 0.142 11 0.098 75 0.11587 0.10085 0.114 60
PPI 0.122 81 0.154 12 0.115 89 0.121 57 0.100 18 0.134 87 0.111 89 0.123 05
1IEA 0.060 57 0.062 18 0.078 12 0.098 12 0.099 95 0.108 78 0.099 82 0.086 79
SMACC 0.078 94 0.072 16 0.065 78 0.100 28 0.087 25 0.127 88 0.10059 0.090 41

M1 R EE T LUF . AMEE i T 285 % 18
T2 A HDETEAE B » i o0 32 BOROR A T H At g 4K

HOGIE S BORY B AR SO A AMEMEE & 3%
MBI T 97 R 25 2 v 16 HE 3> 005 e o 0, ik — 25 4%



676 Xt T % W 41 %

fe B U T Y Al R R R0 s T 4R X DA PR
PEAT AR TR R A L R AT A5 21 25 ) £ 151 450 14 4y
i T B3 45 T ol AS SO 3 4 ARG S e 4R 2 M i
RS E Y Cuprite b X = Ff-E WA 4 /19 53 4. 38 i

(a) Kaolinite

(b) Buddingtonite

Fe T LLE 1, B 3 s iy L) 43 4 5 USGS A A
i) Cuprite # X5 ¥ 7 16 Fil Fred A. Kruse 7EiZ #
DX T Al Ay S R T AR A AR G W s 3 s DA
AT UE BH T A% SC 3 70 B8 BBk A A 0k

(¢) Muscovite

B3 smonxt AL F oA B

Fig. 3 Mineral distribution maps for endmembers

TR

AXTEMS AMEE Bik—¥V RIES =/ T
LRl 1 B\ SE o {057 60 HE I 5000 85 25 2 U A
F 8 TR EY RIERYE IR N T
T 3 % BT 1% 3 0 $2 . R SCHE 9 AMEMEE 55
Pe TR TR R A 22 B 1 AR oo a8 U
PG 5] A SEME ) 5 Ve s DRUE TR I RN 1k i
TR 5 5 ) [R5 G 7 O R s )45 L DT 4
Th 7 i T 4 ORK R L ST 5% B AE DA i T B L AH AR
AH IO 14 43 A i 1 2 D7 TR BT AR SRR A AL
PE. AR SO S G TAE E2 0 AWE o, — & B
FRASH L . S6 B UILEFTHES R A &N K
B Ve AR TG ZIE S FUR B ROCR s — 25 e
T 3852 B 1 DG 1 R PR A5 L At 451 33 1 17 .

S % ik
[1] LI Xi. CHEN Xue-hong. CHEN Xiao-ling, et a/. Blind
unmixing of hyperspectral mixed pixels assisted by wavelet

packet decomposition[ J]. Acta Photonica Sinica, 2011, 40

(6): 835-842.

A FL L BRAEVL BRI RY AR NI A R R T Y OB ISR A 1R

JCH ML), BT, 2011, 40(6) : 835-842.

[2] WANG Shuang, HUANG Min, ZHU Qi-bing. Optimal
wavelength selection of hyperspectral scattering images based

on UVE-PLS projection analysis[J]. Acta Photonica Sinica ,

2011, 40(3); 428-432.

I AR R S BT IO B R R g /N e 4R o b

B e O i IS PR AR R AR B Bk B LT ). T 29k, 2011, 40

(3): 428-432.

[3] KESHAVA N. A survey of spectral unmixing algorithms[J].

Lincoln Laboratory Journal , 2003, 14(1) . 55-78.

[4] WINTER M E. A proof of the N-FINDR algorithm for the
automated detection of endmembers in a hyperspectral image

[ CJ. Algorithms and Technologies for Multispectral,

Hyperspectral and Ultraspectral Imagery X, Proc. SPIE,

2004, 5425:31-41.

[5] CRAIG M D. Minimum-volume transforms for remotely

sensed datal J]. IEEE Transactions on Geoscience and Remote

Sensing, 1994, 32(3) . 542 - 552.

[6] NEVILLE R A, STAENZ K, SZEREDI T, et al. Automatic
endmember extraction from hyperspectral data for mineral
exploration[ C]. in Proc. 21st Can. Symp. Remote Sensing,
Ottawa, ON, Canada, 1999.

[7] WANG Jing, CHANG Chein-i. Applications of independent
component analysis in endmember extraction and abundance
quantification for hyperspectral imagery [ ] ]. IEEE
Transactions on Geoscience and Remote Sensing , 2006, 44(9) ;
2601-2616.

[8] SETOAIN J, PRIETO M, TENLLADO C, et al. Parallel
morphological endmember extraction using commodity graphics
hardware[J]. Geoscience and Remote Sensing Letters, IEEE,
2007, 4(3) . 441-445.

[9] YU Yang, ZHANG Xu-ping. General theory research on
morphological correlation for Gray-Scale face recognition[ ] ].
Acta Photonica Sinica, 2006, 35(2): 299-303.

R IRIBNE. R PRI TE 25 20 G B — M e B e .
Y FoF i, 2006, 35(2): 299-303.

[10] HUI Jian-jiang, LIU Zhao-hui, LIU Wen. Application of
mathematical morphology on infrared image of multi-dim-
small target[J]. Acta Photonica Sinica, 2006, 35(4) . 626-
629.
SUAEYE L XIRIE X SC. BT A AR5 2 85 /0 B AR S B0
MR L], JeF2# 4. 2006, 35(4): 626-629.

[11] FAUVEL M, BENEDIKTSSON J A, CHANUSSOT J. et
al. Spectral and spatial classification of hyperspectral data
using SVMs and morphological profiles [ ] ]. IEEE
Transactions on Geoscience and Remote Sensing . 2008, 46
(11): 3804-3814.

[12] VELASCO-FORERO S, ANGULO J, CHANUSSOT J.
Morphological image distances for hyperspectral
dimensionality exploration using Kernel-PCA and ISOMAP
[C]. Geoscience and Remote Sensing Symposium 2009,
IEEE International, 2009, 3: 109-112.

[13] PLAZA A. MARTINEZ P. PEREZ R. et al. A new
approach to mixed pixel classification of hyperspectral
imagery based on extended morphological profiles [ ] ].
Pattern Recognition , 2004, 37(6): 1097-1116.

[14] PLAZA A, MARTINEZ P, PLAZA ], et al. Dimensionality
reduction and classification of hyperspectral image data using
sequences of extended morphological transformations[J]. [

IEEE Transactions on Geoscience and Remote Sensing ,2005,



6 4] T — P TE IR RV A5 24 0 7 0 5 O i a2 Je P 1R i e P IO 1 677

43(3): 466-479. [16] CHANG Chein-i, Du Qian. Estimation of number of

[15] CHANG Chein-i, Wu Chao-cheng, Liu Wei-min, et al. A spectrally distinct signal sources in hyperspectral imagery[ J].
new growing method for simplex-based endmember extraction IEEE Transactions on Geoscience and Remote Sensing 2004 ,
algorithm[J]. IEEE Transactions on Geoscience and Remote 42(3): 608-619.

Sensing , 2006, 44(10) . 2804-2819.

A Hyperspectral Remote Sensing Image Endmember Extraction Algorithm
Based on Modified Extended-morphological Operator

WANG Ying, LIANG Nan, GUO Lei
(Institute of Automatic s Northwest Polytechnical University, Xi'an 710129, China)

Abstract: Applying the morphological operator, which characterizes the spatial correlative informations of
pixels, to endmember extraction of hyperspectral remote sensing image can improve the performance of
algorithm effectively. In order to overcome the limitations in sorting rules and replacing criteria of
extended-morphological operator, which is commonly used in hyperspectral remote sensing image to
extract endmembers, the modified extended-morphological operator is proposed after introducing the
concept and presenting the calculating method of reference vector. The cross-replacement phenomena at
the junction of different classes can be avoided and the correct coverage direction can be ensured when the
modified sorting rules and replacing criteria have been applied in endmember extraction algorithm to
enhance the results as key means. The endmember extraction algorithm using the determine profiles,
generated after open-close and close-open operations defined by basic dilation and erosion operations of
modified extended morphology, is described in detail. The automated modified extended-morphological
endmember extraction algorithm is achieved by using both spatial and spectral information in a combined
manner, thus, the endmember extraction result is superior to the approachs designed from a spectral
information viewpoint only. The alogrithm is implemented in IDL7. 0 and testd by using real hyperspectral
imagery collected by airborne visible/infrared imaging spectrometer in cuprite area, the experimental
results of the similarity on spectral curves, the average similarity and the mineral distribution maps verified
the validity of the algorithm.

Key words: Hyperspectral image; Endmember extraction; Morphology; Mixed pixel; Linear unmixing



