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Abstract: Spectral endmember extraction is an important pretreatment for the further analysis of hyperspectral
data. Regarding many kinds of endmember extraction algorithms, N-FINDR algorithm is widely utilized for its
full-automation and better endmember extraction performance. However, the order of the samples has a certain
effect on the endmember extraction, and traditional N-FINDR algorithm also needs to reduce the dimensionality
based on the number of the endmembers, which will limit its application. In the actual hyperspectral data, the
incompact clustering of the same species presented in the high dimensional space also increases the difficulty of
endmember extraction. So this paper proposed an improved stop rule and the pretreatment of the features, and
utilizing Support Vector Machine (SVM) to conduct the second endmember extraction. Experiments show that the
improved stop rule further increased the volume of the convex polyhedron composed of the endmembers. The
pretreatment of the features and the second SVM endmember extraction increase the separability of the data and
the precision of the extracted endmembers respectively.

Key words: Image processing; Spectral endmember extraction; N-FINDR algorithm; Improved stop rule;
Pretreatment of the features; Support Vector Machine (SVM)

Vol.34No.2
Feb. 2012

1 58§

Bl R AL BRI R e, moti B T3
F w5 PR B BRI N . “ oot Y
58 SCh B AR R AT ) FE AR AL 2B B 1 R
fE G R P 2 R R A SIS b e R, A
e B A AR VR AR LA v 6 1 R 43 A S (1) i

2011-06-14 e #], 2011-09-29 2i[m]

5% [ B2 3 & (61077079) , BB WO b A R &
(20102304110013) F S JR ¥ T 2% H 22 Ay Sk A 2 42 (2009RFXXG
034) ¢ Bl iR

MEEES: S5 qibinwinter@gmail.com

o TR, Z Mmoot UREARE R kR, AR
KV VA N-FINDR #3402, SGA &k, %%
afifr gy, EARRZEST, F55. N-FINDR HikE
TS AR B KAk & i o U, B
THIESE, ERFRCRG &S, (HiXH LR
BLRFAEALBE, V] Re 2 20 G P AEAE IR /N H AR SR G
iR I B G R e . HoRr ©f 2 Sk X
N-FINDR HyE48 ok, SCHR[3) 51N e S 4k vk
ke PR RCR TG . IR 2 A AT
SEWIUR I TGRS, . SCHR[4) 38 28 T et de /s —ofe
R ENLEE B E T, BURREE N-FINDR
SR ARARRI T S . SCHR[B A AN S 3



500 BT 516G 8 %R

% 34 %

P Y F0T0 K 1) v 4 B TEARAAR R Xk S AR AR,
WS T N-FINDR 595 75 L4 b BRI EEK

FH T B2 I (1) 3 0 B A DAy At = 6 1 a4k 2R
JIERAEE AR, DB 2 i oo o2 15 AR IX
—RHWIRIRRIE, 0 22 A HR L IR B A 32 0%
EEAEH . A SCHEIR AN T AR R 5
SRS R [ AL (SVM) SRR g 6t [, $EH T
(1) N-FINDR SAASEHIAEN],  mo ik B R fiE ik
PR UL K L T3 Fe ) AL B o6 IR BRI
2 N-FINDR i T2 BV E 3%

mEOGE RGBT A G R, a4
AR, BN TGRS N T AR I — AN TN, R g
TUHEIE FR AL g SEBUH Y I AR T RS, 1S R IX
LTS A R AR AR K, T B g TG A% 2R AT
ET RN R B La B p ME R e,e), e,
K P AR R K
1 1 1

1"1 1"2 e Tp

det

V(el,€2,~~-,e ):

' (p—1)! ®

Hnr,r, Nepe, e, BEYERE (p—1) 45 P

XN R, det[] A | 200 by AT A0 aUAR T A e i

A, BRI B IR RIEAT A T A LS

TR BT, ELAR P AR FE 2 ISR (3] SCHR[5) 4
R AR AR T S A R

SR, S

;H\:I:':‘Ap = (61,62,~'~,ep) ’ Eﬁﬂ:AzTAv(l = 1"”’p) gf"_E’
SEIT I, T RLE(2) 0] AT f] 24 £ 110 v ol i 254k
M, AT E e B
3 XFHm=ENIRE
SCRF I AL R A SR ALR Sk — AN e o
S, AEF P SRFEA RN I n] e g oy T, I HiX
R R NS =Y SR NEIo3: [ TN (2 S v S 1 =
PLIFRRTE 22 SCHR(9]) o SCHF I LI R 0N
f(:v):Za:yiK(:Ei,x)—l-b* :(W*'I)+b* (3)

' = Zn a1y, 0<a; <Co

4 UHRIRITIRERE R
4.1 MU A9 N-FINDR & X =H1EN)

Jidf N-FINDR S5 5l bedt i, BENLIEE
— UG A MWL T, VI LUK A s e AR Sk TS,
P ARRRL, B R 1 BEAME AR O 00 A by
Jel AR oG, AR TR T SR

AR . 9 i fa IR AR R T 4 i (R AR i, H
TR MG ZE 5 e 1) 2 2 ORE Y PR g oG, 2L RGHT TR i TG
mlEAL, JFEFYATARE, EE LREE, B3
I IR Rk, e G )
MBI R % BB ) IC . B G R 1) i 0 2L
Hop, H NAMEE AL R EEAEALE Ik R
HR R REAME R AR T AT p RIS ST, B
BB FIRECA N x p o XFPSATLAE I R — K iy 1
TAERAT AR TS ) i 76 2K 2 5 e v 8 B i T 1)
GEIATHBE LS, R EAME E i g
2, (BRI THRRIESE, R fis
S 5 R o AR 28 AR AR AR BRI A i oo 4
K, BmMEARIE B R, BAZBE/BRE
A i TG IR AT B o AR 1T A 4 KR ()45 3R e g 1)
HE A cA G e, 2R HE CL Ik, BARIX
AHE RIS TR K A AR Xk () N-FINDR
SAEAENAEI, S T — AR 2= D AR AR V5
B AR R e A HLAE, R AEA
PTG F 3 ARV S, s e i, AP
A G Z B AT — vk 1 AR E, HRIWA
Uiy TG R I ST 1 SEIG R, AL ) it
i, AR RRRLL R 4G N-FINDR Sk —4
S0 NP/ B: ot R e O A s | T = A 1 PO (B4
I NGIRER S PE e NSO e/ I 8
4.2 FFAETRALIE

SRR G G, T R s e R Al I
WM CTEARAYE, AR 2 A i 4 = 1) I
WAT AL 1) B A 2 - 3 K H U N-FINDR
%, T BRI AERCZ i oA B R, A IEAS
AEIE At P2 UREAN MO IR 3 TG o A R FH SCHR [ 32 1
P4 P ARAER T A, TS 2 IR EHIE
PR, TR A I AN BEAR 2 b ™ S AN [R] A7) [a] (1)
ZE), BRI T S c PR AR SR R R 4R
G UG AT R IE AL B, IO ZE AR
FROESAT AR, T 22 v A F g

‘77:2* 1271:(%5*@)27 =1 N <4>
j=1

n

e N U6 G T B (AR (B BE) M. ZEHR
T ZEARAC BRI AL, AR RS 0] o 5 ZE AR AL
R IRFAE B AN [ 3 ) 22 A MO B, X FFIE
FE H K BT AR A 18 RO AL 225 TR A AN [ M) 22 1] £
TERESE NP | I N2 7 b 1o L1 S T
P T HEGR SR IUREAN M) 2 0 3 TC IR RG
4.3 BT XFHEENAIRT ZRIER

J5ils N-FINDR $i:H1 SR [5] 52 AR AR H
JTEBPR ARRIS ST 0 i G P e —#E N, (R



%2 1) AR

PRk N-FINDR /&6 1% o e B EUR 501

Schrr e &, TSR, SR G
AEAEAFAE T HCSE I T I, O A ST RS S 1)
AL R A 2 TR AR e B e 5 | N s ndR O, B
B 2R 3 O A AE 23 18] A2 4 5 A S 1) 3w o6
AE BRI, 53R mim o c BRI IR . SCHRF
I B LA A R O FEAS B A T AR e P, th
BN T REAAE e B AT k. p A4l
RAEE A D AR

1 .
14 }j]::-fjiv 3 ]@,z::L2,n,p (5)
4 p p—11
ﬁ*ELqiﬁﬁ¢%r¢ﬁﬁ,m@—n4mﬁ%

&%&%,m%%r¢mﬁﬁ§;ﬁi%E%,W&
%Zpﬁm?%iﬁmﬁ%%oﬁﬁﬁﬁ
B4 p, X N-FINDR FykiERH K oc, 7R3
AN E 2 B TR O RN JCIE . b AN Sealr AR R
(RRECER ), TERG p DRI, MIE p AN SCRF L,
BEREASCRR M AU — 2800 e SO +1, 1 A
e =10 XFF A1 289, EBUX—25]h
5 HAD—1 SERNFEAS SR B AR AR R e R IRIAEAS 15 Ay
IS G n) f, AN AR S 20
1

=——V

k(p—1) [k(z

k(p—1)+1L,i p—1)i
E*Z@Mmjﬁiﬁﬁ§m¢,ﬁ%—MM@fn
AFEAR RUIN ERRS 41 5 ¢ A s A A4
Zwﬂﬁﬁﬁ%ﬂﬂww—nﬁﬁﬁﬁﬁmﬁwo

T U, BL—/N1 3 Ao 4 i 4E 4L
PHATIIA . BE 3 NmIcsr il A, B,C 5 BN
JCIEHL 3 M A8IEUG =, 0l A, Ay, Ay By, B,
By;C,,Cy,Cy (B 1) A EFERA 1 PSRN EA
MOALi=1,23 5 BB,B,;C,C,Cy 4l 1™ K 1 A
ﬂ,$T&%Zmﬁmﬁﬁ?E%4ﬁ,%ﬂﬂ
A E I, BRI 7 B S AL = 1,2,3 34K
ZMMW%%%mWﬂOXH%ﬁAﬁ%%%¥
W B AO W T AR Y

s DRI DR A A R o G5 ) 8T 2 A A SR R A
A;yi = 1,2, 3 BB T ) B AR 7]
KA B U T R B A
k-p
A0, =By K(z;,3,)+b, i=12-k (7

RTER 1N, R 78 5k
A={4 | A0, = max(4,0,),j =12k}  (8)

v

]h’ia 1= ]-72)"'7k (6)

\ @ A4
v
v
\

/ 3
A @4 \
) \
L} Y
7 — -
N ST
’
" l’ \\
I XoX
ll, ! : “\
¢} ' \
L [ i NN
[y CZ

' \
O L L Lk ToRp S

M

]
Blf'l’;' ' \
SV \

S

(S -& S TR N o] EReR

DA SRR BRI SRIR :

TR 1 WEGSEEGHR (=}, 2 € RV, St
HOh p, FHESRI M 4. WHES BT % 0? s N
JEAG G { o, } WP BT 258 R MAN B B2
HWURFIEJS 800 {2} o M\ {2} "PRENLIEEL p A i
YR ia s C I =4 e}, T BT AR G G AL R
AR & EM Auic EHTREL 6 EM BEE.

T 2 N {z} PROGERU &, B e
JCI A {e} A1, THEAHN AR, AR,
WU P UE S AR R e A AR, T ) 2, B ARAH
Nt EM=EM+1, EL2#J7 {z,} F T 1 E.

FH 3 KW EM 2EANE, A%, WD
B i S, A ) T DS R R — 2D 1R,
BSR4, K EM B%, EELRT 2.

FH 4 KEIRAFI p NG {e, ) EEUILAE R A
X [] {a, } AR VIR i) S5 L e o) deE . AN TG
76 {a, } FPIEEN kAT ARIR, MR p A S HE BN,
AN SCRF ) EEHLIE U — 20 0 +1 IR0 0 -1,
PHPE -1 ZON B 41 20 1) A by 5 i TG 1)
IR, HIEL R,

5 {AEXIW

WA T HLHE ) 5 1) 503258 U SN-FINDR,
A8 FH SCHF ) WL EAT S 0 IR IR B e SR
SVMN-FINDR.. SCHR[5]42 H (AR5 T77 08 SN
TN-FINDR:; *f 1 4155 fitb SN-FINDR A
SVMN-FINDR i i+ 70 T B M AR TR )R DN,
DA BT 36 H (st oG 5 BEAE AT T R 25 . SEBGH 2 4
N LAt (B 2), fi(-15,0), (0,20), (15,0) 4
WG TG, BEBEHL AR H— 4 R S i 10000 /S AL
BN 0 394, T ZEh 2 pyET s . B R oot
FSEHLAEN S , N-FINDR SE3 1) v G 1) f 41 A
— AN U R, 1 B0 AR R AR A IR 4R N-



502 BT 5 HE

S 4

EORVE

R 2

0

20

B
— N-FINDR o kAR
-- SN-FINDR o SVMN-FINDR
A Pl

2 SE 1 hA A

FINDR &4t m 7.47%. {F SN-FINDR $&H 311
Uity TG A A L B0 S ) E LT R e, 1
kAR N 20, MNFE 1 HATDAE Y, ASSCEVESEE R

*1 X1 PRREEERIm T HR R RIRE LR

(1) i 7G K 55 B8 A ) AR R E BRI N-
FINDR S92 1/4, 82 2w o H A BIe{E .

55 2 45256 B /E L N-FINDR, TN-FINDR £/l
SVMN-FINDR, SESEEH Sk 1) 7o H T 26 PR itk
TR ORI I RRIR AR . AR B, SR
A BB BT o BEHL AR AN 1x12 [ a
b, 23 BIMEINAME A 0, J725 0 0.5 KIBERL: =,
AERAN 120012 FIFEFE A 1 B, BHFE A 1 B
FRARR & B BE ©, S r:
(1)1 42 200 4 th 100%11) A 19 1 42 200 Ffhi 4 u;
C 11 201 % 400 %¥is 1 80% 1) A 17 201 %2 400 %k
A 20%1F) B 1) 201 & 400 Eda 4k, DL,
A [ R 100%56 983 0%, BRI 20%,
AN B A s Ee B 0%3e648 21 100%, BE 76 1
20%. FEAETACERIEFE R, REAEAE M 4EECR 5, SCFF
LI & ARBREEA S0 20, MRIREVER T k4
LI/ L . BRI AR K 3 R,
AN IR IR 22 0K 2 Bos, MWRPATLLEH, A
TR N-FINDR #il TN-FINDR

%2 K 2 PARERR R R TRIRIRE LR

EM #£8UJ7%:  N-FINDR  SN-FINDR  SVMN-FINDR
N 141.8671 152.4598 109.8215 EM $EHuE N-FINDR TN-FINDR SVMN-FINDR
R 4.0360 3.6260 1.0944 fATRAR 2 0.0057 0.0024 0.0021
(n) £5 ) (b) N-FINDR 1105 7T (149 17 i 45 42 (¢) TN-FINDR £ (d) SVMN-FINDR
s e AR i e L SIS TT AR T ES gL

3 B IG fR

PR TG AR TR 25 BN, TR 45 R T 1 B A

553 ASEI A R RS R, TR R,
38 R — AR AE s ) R RN R RIS
(s G BGEA T ST . SREL AVIRIS &% itk B 5onf
BOEBHTVEYY, T AVIRIS BB\ EE M, 4%
Z IR R HER R (20 mX 20 m), GRBEHE
RK, IFHAEMMNSHILTMEE, AR a
RFZH e mbE, R E RS 5 =A%
EE 21009 Fh A AR AT RN [R] S92% P i TG L
PEfE. R 3T 9 FIAS R M1 44 B LA R B o
YIS R RN FRE AU R, AR A

[ AEECA 10, SCREF AL & AR 200 230 Y
FI N-FINDR, TN-FINDR fl SVMN-FINDR #F47 ¥
JCHEEL, HREREERINE 4 s, W& 4 Pl LIEH
N-FINDR 1 TN-FINDR #B{ fEH2E 2K 6 FiR
[P35 76, SVMN-FINDR S0k H 3k E 8
FAS[R] A2 PR B TG, — VAT SR 381 1) g G kg 142
6(K& 1). T AVIRIS Elg#T 6 H, EAT
KGWAEKEIE, w6, M7, M) 8 Bt )
e R AL, fEIX e MR AR, 3 ik
R i TR A A — i R 2



32 AL, —FhGdk Y N-FINDR & % i o de i s vs 503
x3 LR 3 PR MMBARREEN
Hip 1 i 2 Hipy 3 i 4 Huyy 5 ) 6 ) 7 ) 8 iy 9
Hi) 4 FK k1 K2 L] HEAR T KE 1 KE 2 KE 3 TR
BEAH 1434 834 497 747 489 968 2468 614 1294
F 4 1 3 PRREEEMMRE TS 6
WG 1 Uity JG 2 Ui JG 3 Ui JG 4 Ui IG5 Ut G 6 it G 7 Ui JG 8 Ui G 9
N-FINDR W 9 H) 5 H 1 oy 8 Wy 7 Wy 7 Wy 7 oy 4 by 8
TN-FINDR 3 Wy 7 iy 8 Wy 5 Wy 4 ) 8 9 Wy 9 Wy 7
SVMN-FINDR  ## 9 H) 8 H 1 Wy 7 Wy 3 ) 8 oy 2 Wy 4 Wy 5
6 Z5it (5] WKIEHE, BIGH, JHEE. — R A O AR [ SRR
N . N SO P B 45 i oG B Ak SREBFEEIERE, 2006, 16(9): 1196-1200.
ASCHGE T N-FINDR L0 BN, 150 PHRLIOT R, R ©

LIS, JRR B AR AR s VA 2D 1
Ko P2 T RGBT BE, BT 225K
(K1 BEEAT ARART S0, J 5 1 ANTRI ) A A vy 4 1)
IR o3P SIN T SCRFIR B 2 280 R,

FE AR R B S o HEAil b, BEAT K G HEHL

P T oK . ARSCRE I 3 Pl e i
SR AR, BT MR R R Ty AL

FESE B 7 DL AT DU 7 kAT B %
2 % X

[1]  Schowengerdt A R. Remote Sensing: Models and Methods for
Image Processing. San Diego: Academic Press, 1997:
120-121.

[2) Winter E M. N-finder: an algorithm for fast autonomous
spectral endmember determination in hyperspectral data.
SPIE Conference on Imaging Spectrometry V, Denver,
Colorado, 1999, 3753: 266—275.

[3] Plaza A and Chang C I. An improved N-FINDR algorithm in
implementation.  Algorithms and  Technologies  for
Multispectral, Hyperspectral, and Ultraspectral Imagery XI,
Bellingham, WA, 2005, 5806: 298-306.

[4]  ESLH, sk, RPHR S A TCIE BB T AR A BRI
STk A=Kk, 2010, 29(6): 471-475.
Wang Li-guo, Zhang Jing, Liu Dan-feng, et al.. Distance

measurement based methods from endmember selection to

spectral unmixing. Journal of Infrared and Millimeter Waves,

2010, 29(6): 471-475.

(6]

(7]

(8]

[9]

AATRI

#*

FEd:

Geng Xiu-rui, Zhao Yong-chao, and Zhou Guan-hua. An

automatic hyperspectral image endmember extraction
algorithm utilized the volume of simplex. Nature Science
Process, 2006, 16(9): 1196-1200.
TFaEte, HEEF, W% REIE A
244], 2009, 31(3): 514-518.

Wang Yan-hua, Tian Sheng-feng, and Huang Hou-kuan.

FEEAL BT EER

Feature weighted support vector machine. Journal of
Electronics & Information Technology, 2009, 31(3): 514-518.
Ma& s, ELm. RARIARNIK R S R L. By
5 B4R, 2011, 33(5): 1055-1061.

Tao Jian-wen and Wang Shi-tong. Maximal margin support
Journal of

33(5):

vector machine with magnetic field effect.

Electronics &  Information  Technology, 2011,
1055-1061.

L, . RS — SRR RALEIEAIT. i 5 R
1, 2010, 32(6): 1284-1288.

Tian Jiang and Gu Hong. Outlier one class support vector
machines. Journal of Electronics & Information Technology,
2010, 32(6): 1284-1288.

Li Kun-lun, Luo Xue-rong, and Jin Ming. Semi-supervised
lerning for SVM-KNN. Journal of Computers, 2010, 5(5):

671-678.

W, 1965 44,
AR

o,
FAC I K PR A

A, BT

e 9, 1985 4EAE, AR, BRSSO m ek B 2R.

K

1, 1986 fFAE, AR, BRSSO i AL



