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Abstract; Anomaly detection is an important application of hyperspectral images. Aiming at the problems in current resear-
ches, a new anomaly detection algorithm based on spectral analyses was proposed for hyperspectral images. The algorithm
used spectral analyses technique to effectively separate target information from complicate backgrounds and greatly sup-
pressed background interferences for detection. And those error data obtained after spectral unmixing with background end-
members only include abundant target information and better follow Gaussian distribution. Principal component analysis was
used to transform the error data, and local average singularity was defined to select the most effective principal component
for anomaly detection according to high-order statistics. Final detection was realized with conventional RX detector. To vali-
date the effectiveness of the proposed algorithm, numerical experiments were conducted on real AVIRIS data. Experimental

results show that the proposed algorithm greatly outperforms the conventional RX algorithm.

Key words: hyperspectral images; anomaly detection; principal component analysis

5l

il

AR S AR XS B AR (B FRAE AR K R b, %ot
BiEHBREEL AL 2L ARE
B LI HEAT SR A RIS B 3, N TR LR A 4K 0t
T4 BRI IR 3 7 i, BN IR R, T
AR EDGE S B R, BOLIER B L 28 R BT
ER M BARRI RN S TR ETE M
mfﬁ[l].

EI AR ASEI 74T S 4G 00 72 i i R R R £
FE. T AR SRR EIE(E B 7R K FR AL B e AR X

W7 B K3 :2005 - 08 - 15, 4 8] B 9 :2006 - 05 - 15
ESME :FH A KPS (60472048 F1 60402025) BT A

B3], Bk, AFEHFEDH BARRRS BMAT 7GR
HRAEFRER, B RN TR RA B
Xt ¥ BRI R A K, B R I AR R R R
S8 & RANERA BindaigE S T IR A, FEK
E AT -NE R RS R P oalU e = L
ZRNFTRFRNEERENAZLEERERHY RXE
B RX B P H Reed I Xiaoli Yu P AR
{917 RX Bk e — M A M BR J 1 T A SR
HAS IS 7. EEE A RX Bt &k R &4
MRS ARENBERRE, X FERR =@
JRE A — RX Bkt vk RS R

Received date: 2005 - 08 - 15, revised date; 2006 - 05 - 15

BN FER(1977-) , B, BRITEAMA @/ B, TENFROCR BRI BT By ma9etaT.


http://www.cqvip.com

474 255 Z KK ¥R 25 %

B R R S T R A G G, B RS R ALY, BB
FBERMARBTRES A4, X ETH RS
WEBAIWE; Z Y R B AR TEbiEE
QAL RN, TR R AR U 2R, KRS
TR B B8 1 AR B0, 10K S R B R it
BREY = BB RGN E B AR s
AR, X HER W E RX B e, Bk, ¥
RX B H TR & L% ER AL BRI R 4 3.
FH., Schweizer™ 25 AR T —ME T 4RI S
SR] F HEHL ( Gaussian Markov Random Field, GM-
ROYWFAREMEME S ZBETER = THM
{5 — BRI = T D R AT R AL e
RE IR, B A R R A — R
ZRE BT A 2 A R A a0 A AT
B ATHERAD T EESE S, = ETREH
KU A o B PR T LA PR AR U 22 50 R i 4R
REkFER. (B, % B WEEE MR ARIRE,
B = 4 35 iy 2 /K ] 3K Rl L 3 T v 3o 8¢ /0n 23 R R~ 64
KA AT X P B A A B B S 4% o5 LA
BRENAR/ DB, ASIHHAS KRN A IR
H 2% 75 RX B a0 E, Kwon™ %5 At — 5 4
BT —FETEAELNE RX e B, B %
RE A 58 i LR FH 180 3 PR A B B = T Y AR R M
FebE, HIR A R R E I mE. R
WL ERBEATRET &SRS/ R arse,
HRH T —FET E 050 B4 AR I w0,
SAHWEPMIMIR IR, "ENE ST
Yk EE BT B A MR SRR T R0 BRI /Y
F ) R
XTI (o] B, AR SCHRE T —Fp BT b5 %
(Spectral Unmixing) [ 785 ;i {5 27 S K0 L7 B 1.
WHBEEAYOL M LR TIH, fRasREH
PfE BB E 0B AR 4 ROE SEBA BRI
REZE &R, B FIH H3L A AVIRIS
FHAT T A WL

2 EFHEMENTRONEE

FESERASIN S 58 F R R AR B LT, 4541
R 2 FARA 2 18] RS AT R ot 1% B 4 7 2 6] 43 ¥
BEUNR, R HARE RO EHR P 8
BRULNEE I, HirE ERERIMEEFar
S, UK, AT DL 2 ik 50 P 37 o 7 i 9K B A
FREEAILTAEA SR BARGE. X8, X TH
F HIRRIS R R TR TR IRE iR 22 5

LRI, B A A T LATE AR R R 2 4R BT

ASCE B E SR AR R B SR REAR R
HRERER, RGF T FOCEE BHT#IF
SbER KA R BAME B A P EBIFRERGE D, A A
F G A T BOR X A e S R 2 RO A AT RRAE 42
B, s SCP R R ar 7 ORI B R AR R
SRS B, 458 20 RX R ANE T,
B -MEMETRIEM PO LIEF RO E
2.1 BEBFEAIHEF

iR (WRERIER) REEMNGE S
T 2 PSP L BUAE B A AR ST AR T LA
TI/NF— R E Y OGRS B R B 3R EL,
PRt AT LA R SR 2647 2 Fn 06 5 e Y H AR iR 51 b 2.
i fRF ERBAE = AT RS HA R ER
RUSR f# A% % 5% 7C ( Endmember ) 1) 8 sh 4B, &%t
AR RARIETL, S AR PR AL,

B B4 Lx 1 5, EiR e ik
EUEH M B R B RR & S B—1L
x p BAERE, EM A M R ZEAIEERPEEN
TR B, EATLIER [s,s,,00,s, ], H
s; 2= L x L 3jal &, p RARRH— L4y iy
FEIEREE R LR , TR AL ER P BT AR AE M S b 8 Y
BT a= (a,0,,a,) £—1p x 1 K3FHE
&, & A E AR PR Ll Rk
fift 1% ( Linear Spectral Unmixing) i EIR SR EF
EARY EER - E R EREH. IHERE
8 r AT LR A0 R R R A

r=Sx+n (1)
Hiton REEFHEE r SMEETARA AR, E
HRK AR ERS. FHEENEL T r=Sa,a 20
VB ELSEE. B r =1 +n, A IR 22 Wt oy 2
RN V=E(nn"),

ATRIERE B EA —EREE M
WERERHERIAL (1) I LA AR &4, BIdE fatk 4
BN — 429K

4

Zlaj =1 (2)
(J=12,-,p) . (3)

a =0

XFFARME(2) F1(3) B2 R A 2R ME R BUSR
i, — S SCBRERES 1 T T AT R Tkt

XS R TR, A SCE B, U R Y
R HHATHR, T A EE AR RS
i, AL T R A 2 0tiE e ot A sh 3R B ARt


http://www.cqvip.com

6 _ BRSO H DL R A R AN B B 475

AT LA AR AT o 6 1 75 B IR TT X th R A B BRI
AR A, AR B AT 2 S R R TR AT
3, SRR 25 MR A BT M IR TS 07 S0 SRS
SEARE SRR Ik SR TR A I

2.2 HRASTHRIAEE

TE SRR 2 7 , AR SCH 1R R 3 LA 0
IREMIE TR R B2 5 00 B e 5 iR
ERFA, (B R D A8 % 5 B AR
HBERECE RERTE A S BULA A . h T 18R
EEOSEERREREAN TSR, A B LY
BT RX Hyk it T4 SR — A RUE & 76 RX
WIS, AR R A R A
SRR IR R TS . I b X TR B R s
AV, HHL B A U 8 B S AR R PO B AR ) . R
RIS PIEA R, R 4 5 AR, R
i AU AR . G, B SR AE A R
B FEE B, S SR A R 3 O T PR, W FEE A
B R A R R KA A R, PR, T
AN 45 P U FE AHEL M R AN B A, A ST
T RO L T R A R, DN
N, IR HUS S B3 Sk, e
o RRE A R E LN B R A R
T4 52 B R0 RIS L, e v B R B )
X480 4 38 LR 1. K T 40 B B =5 0 X Bk
AL BT RERTHRENSREREE. B
B X BT A R B R A

(1) HHA N, =0,

(2) EEHBREAN SRR O, HEREM
M skew FIUKEEAE kur ;

(3) ¥(2) BSR4 BUIR R T, A0 T, 347
Hoa%, | skew! > T, 3HH | kurl > T, MIN, = N,
+ 1, IR A,

(4) INTEA EHEUR S AL Bz e, IS e
HON, R E (2) A I T —A B .

TE_ERAN I R D BRI N, R E S
BRIV A RE. WA T, T, 4 5BE Y o6,
0,6, , Hh o, fl o, 41 B TR = B AEHIPUB AR B9 AR
WL A B R V6/N M 24/N N R aT [
KAN,0, =1 He, 1, BERYER 11 TILEH,
BIE T, R T, BERE DR/ BE ALY,
2.3 RXRWEF

RX F kR0 B T 2 B R 27 SAR I i 22 4
Bk BT RA R KB R REIEE. £ RX B
P BT E ARG ISR B 2R A, LU

R EAMEE VPO, TR AR, B
1B : H, {UE BARARAETERIRIR, H, 18 BARIEL
B, , 18 TR O T 8048 59 40 7 L 4 T
FEAARF B LI, 53 B B B A N, ,C,)
N, ,C,) Heo y, # g, 535K RHE O A &
BHEAAR BRSME, C, HERFE RXETH
A SEE e )
. T [z BEZH

RX(r) = (r - )€ (r p.,,){<17 5

e ERA, r RERIIRE o IR L, T
C, 535w, R C, HOGETHLH.
2.4 ANHNHEZHPR

BUAE , TRATH AR SC4 8 0 LA S 90 A5 B
WHWTF

(1) WAB RS,

(2) 7 FH 3870 SR BB o 2R B B A 1 5

(3) BRI FIRTTIHE, AR E TR
T EE SRS A B R AT IR A IR B R, 3615 5 B0
TCAE R G R IR A Ee 5

(4) 1B (2) F1(3) FFIKELAG TS B8 7C Y6 ik Al
HIREIRA L], b 6 785 V6 i B A% b S I 15 55 25 51
158, BEIRR L RIE,

(5) WHARIR 2= BRI AT AL A 3, FEF R £
FRA SRR AL AR 35 SR 3 AT AT S

(6) &FXTAEHS 0 R4 4 BRI 2.2 157
R ARSI RH T A RE,

(7) Beik H FUA B T49 R A S HE 4 A4
Sy, FIRT RX BT X B AT A | 2 A I 45 2.

TENE, HE RS REANFAE R BT
HEFTAINET , BT R G4 R 08T 1 o/ h— SRR AR I 6.

3 RRHRRSH
AT W EA SR B A RO, B LAY

» (4)

(b)

B 1 T A R i i B R 6 B B FAE NI
H AR5 (&) B BHRES 6 B (b) B4k BARSrfi

Fig.1 The 6™ band of hyperspectral images for anomaly
detection and the corresponding ground distribution of tar-
gets. (a) the 6" hand of hyperspectral images (b) real
distribution of targets
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Fig.2 The unmixed components of four backgrounds
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Fig.3  The first-nine principal components transformed from

the analysed error data
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Fig. 4 Local average singularity of the first-thirty principal
components
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Fig.5 Comparison of detection results with three methods
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Fig.6 ROC comparison between the proposed algorithm and
RX algorithm
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