Bt 28
2006 3 B

BTIS BN
GEOLOGY AND PROSPECTING

£ 000 http://www.cqvip.com|

Vol.42 No.2
March ,2006

ETRERURENXZHFRENAETREDRN

BXAR" e %' k48°
(l. PEHAFHFSHRBIREYE, K 410083,

2. HHER,EH 351100; 3. HEABT EHAAEFL, LK

100814 )

[ FE]LFR &L T R#E4 R (spectral similarity scale — SS8) # & # & FHL( support
vector machines - SVM) i& BB F R EZ ERBAF T ik, BF EABFEBRLARHHEET L
HEZLBAFLR A A E KA LandsatTETM £ A PR LS BH L AT HE ABR EARS E
ARG HR S ASE L%, AR SSS FRBRMNGHER, XS LA SVM Bk /78 &
FHAMEZERR, RBLREFIMEEFEE KRR,

[X@A]AEEMREL IHGEN FhEEs SARE

[(PEASES]IPE27T [XWIRIRB]A [ XEHS]0495 - 5331(2006)02 - 0069 - 05

0 3|

R BRI B SR BT DX dsh 5 ol PR R R v R
IR RBARH B3, LR — S R TAF R
TR X, A SRR B AR B IX, BE KK
R T BFA TARRYE Bk, AR B R —Fh S
ER, HFXHMMmY G BET T, Bk, 838 H R W
WA BAEE — R, WEESERS 2
BT HATE B Lk R fE BRI M B B,
HX eIk FEEIR TH5RAH, LK BRAR,
EHFRSBRANTIT, hAE R KRBT A
B, TR B — ST A N BT A
% BB (SRS L) E, Bl TERESK
AR RS, BRI R—BARES AW,
XFFFEYL(SYM) B — MR TS BB HLE
FRY ERRARES R R SR IRAE
BRI SRR MR, F E R AR AR
BN, EFMEYIRE S G R A WE¥ T
%, BEERERTES RIS, X8
AR B E , VR4 BB J7 vk 2 E 8 BFAh 5L
HPAZE, ARG FER AR L, B MR 0 R SRR
MK EBUIGRRE AR o i i T ) 2 AR BURE A {5
BRRK,

S AP R R R R R Z E R

m}

RANFIFEAR F A TE S8 AR LU B, T A2 G2 4 e 1 48
LB 807 i (0 - BRIRBE B R R B LI AE)
RUBE R A#EZ B RN (EE) RIER. Bilk
AR T —FE TG BURE (SSS) By 32 ]
BEYL(SVM) BT L AR {7 BARIE B, il g Xt F
M 223 X G I IE A T RO R R LR R
BB A RE AT, FRER T S AMENK
R

1 ETAREHDURENXFHFRENKEE

1.1 SVM EXJF3E
7 #%51a] AL (Suport Vector Machines — SVM) 52
BRBCAMR TR [3, 4], XB RN AXMXANE
BT AR, TR BV EA BT AE L
B, B, L0 8 fME L a RS H A
RKE L HL H2 435 ad & R P B o KRB S
BT T REm L, AT 2 18] Y BE = ) A 53 26
[B]B% (Margin) . RIZVIGHEAER (x,,y,),i=1,
n,xe R, H x AR, | WEEERE,y BREA
FETREEH, T RHENLKRE,ye | +1,
-1}, D 473 |8 ) A R B — RIE KX N, ¢
() =w - x+b FREMBEN:
wex+b=0 (1)
BATEF R R BOH 170 —4k, E FL A FE AR

[ A B 3312005 - 08 - 24; [ 81T B #2005 - 10 - 11 ; [ AT ARG ] i A
[(ESHMB]EEK" L7 FHBOGTRIT B (45 :2003BA612A -04) Bl
[B—{EEE ST XA (1967 4 - ) , 5B, 1987 F 8N THfEK¥E, K L0 EERE T 4E BRIEW, REBNIEREAR R GIS if

Fﬁl{’ﬁo

69


http://www.cqvip.com

o B SR

£ 000 http://www.cqvip.com|

2006 4

Rlg(x) 121, B kB KERIARERR g(x) |
=1, XHDERRHRFT 2/ || w ||, B E &
REWTFE | w | ® B/ TTERS K L0 A B4
EHROE REEREHEAREM:

yl(w+x) +b] -1=20,i =1,-,n (2)

H, o O

Margin=2/||W/||

B X Es AR g

2 BB A 2o )| GRRE A B & MR W 49, Vapnik F1
Cortes % A1 8| A TIERIFATIAS B K (2) RMFE
ok
yil(w-x) +b] =1 -§,6£20,i =1,,n

| (3)
B, LR BB IRE & SRR TE BHER
SRFEHFER, Y, & W GRS R/ BT
FABRREREURR ||w | /2 BB/IME, SRR H
PRERE lw )| °/2 + CCY, & ) IB/ME; HP C>0
B—AEB, RTINS, b R A E R
FRRE,C AR TN ERNETIRE, X212
WRAK L, HAHETE R R -

n 1 n
maxZai - ?2 aiajyiyj(xi . xl.) (4)
i=1 ij=1

st0<ag, ssCi =1,-n (5)

RIS X BRI IR A 2
fx) = sen{ P ay(x-x) 46} (6)

o; A Lagrange T, o, FNAFHIHEA U ARAE X HF
b1, BT H, H, EEEEA, X B IE0fld
TEMIGFAELERM L, EEX X Fm L
AR 5 55t TR BIRE 3

X TF AR ol B, S F B E KR
KRB I ER, B SR IS8R R iR X =5 (8]
S5 P B R B AR M AR e, B B e MR AR =
' RIE L FERHE R [, FHE M RETE,
PR - T Sk B _b X R SR W] AR R M
K, FHi, R BYLZEAIRAEL RO, (X L
SHUBERE T M IERIEBN IR . B A

70

A
n 1 n
max; a; — Tiglaiajyiny(xi,xj) (7)

Horf K(x; + ) AW R Mercer {04 k%K, B AT,
N 3 26 A R 3 A BD BT AZ R B AR 1) 2
¥ RN Sigmoid %R %o

Xt FEZRFERE, TRAZ N 0FK SVM 4
ESN:ODIN S 2N
1.2 EHEMURE

SRR BE (SSS) T e E XAER T
Rl —Er e S (PSR TR R K & A A R /N
M) KE X FEEKK/NSF XX, B
I, PSR R Y63 R B AR LA S 3 /A
U F ). AT € B RABAICIEE B K/ NFI T 1)
HIFRLRE , RATSIA T S8 AH LUE ( spectral similari-
ty value — SSV) ,SSV BB RiARX N (8) K :

SSV = J& + 7 (8)

XE,d, AT LHBRIRIER, FEFE BRI K
MNES BHRO)RITE, r 1 BEMEXRETE
iz, TEFERIERMERER, ITE R H(10)
o

4 = J3 T s K- )7 (9)
Jorb N DR R 1R TT I B B, X R AR 18T
SRR, Y ISR,
r=1-r (10)
Horb o AR, (1) RHE

. z], (X —px) (Y —py)
(N -1 )U'XU'Y
oy sy ST HAB TR YIE, 0 oy 5T HI AP
eI MR HERE -

SSV {EYK/NFLE D 0 /2, SSV #/h Fm B
g AL, IS L, SSV A 0 Rl —Kd
ik B Ll b, Ry i E WS —
IZER B HIRE—DB/MYRIE, SSV B/ FiZ
ERR TR 2 R iZ 2,

1.3 HF SSSEySVM B3

EizE LT, RITEHEREHENEITEE
S58RSHEHEZ A SSV, K SSV H/N TR 5E
ER G ITE HI SRR SRS FI A SVM Faxs e fh 43
AR, B o R R R A AR R X i R AR AT
fFER, KEEHMARIT .

1) SENMERETTEETEE 5 &R

(11)



http://www.cqvip.com

B2

£ 000 http://www.cqvip.com|

TRSCRS  FE T OGO DR I 34 ) B LI 2 5 B4R L

WA SSV {E, I H B M PR E MW 4R B (E L
B, &EDTFERE E RE, Wk xR geEA,
XEHBRAXCREMERENHRE, BERIERE
B RBHEEAR , LERIE YA A 5128 B bRiY B
FARLH: 5

2) GRFEA MG AR BOR X B TR MR A
¥, W E R A RE, AT 1) .

3) FIFREA ISR S N cross — valida-
tion B LW E B SVM RIS R,

4) RFEEA SVM BRI S EI 2% SVM 552K 3%
R,

5) RAVIZETFH SVM R 8 A8 R 45
115 BRI

2 RBBRRAH

2.1 RBEIE

REGEHFFENZE LB X, ZiA%K
X 14km, $F 25km, FFH K 350km” , Xy F B
R A NWW E [ PR k46 1L —3 43 B0 T
WEAXFEFTR. BRAEL NWW 5 NW [5h
F,KH NE MK SN [m], RNFEKERKBZAEN
B RS N A ANE RS R INEK
H RKEUETTHHEERS BEEES, AXE
—NR B RBEERYLEPX, R FEE
L0 ERER IR R AR

BRI BT F B B 4 2001 4E7 A 3 H 1Y landsat7
ETM 3% e H PR 6 M (1.2.3.4.5.7 B
B EMg K/ Ky 881 17,489 B, X ER #ATEIE
RS IE JUfR] A TE 0 3 7 i o 55 #) B 08 T Ak 2
HA ™ BERYEMNMRTEREKEH, TR ERR
RS RE, BRERARY .

L = gain * DN + bias (12)

P :'n'Ldz/(Eocose) (13)
Hep L Y4 KRR RS, DN £
RITIKIEAE , 3% 42 (gain) FW#5 {8 (bias) AT A 3C
g s, p RMY RETEE,d, B R SCHANEE
B, Ey ARKTEBH K PHEEBEE , 0 J9 BUR A 9 K PH
RIUA , A BRI 3K SO 2R
2.2 ISR FARE
1 T 33 ) B AL AR I SR A SR i R R
SH BN HI B R PG AT . Bk, YIGREEA
BEHRERERARE FRAPBA TR RNE
B, AR RIS A S 5 5 R R H i 8 %)

SEREREHELS

2 YN 250 B A AR 4R SE AR B B T IR
() HFRYOR (B 2) 5 S EFAMAL YR fiE A
FREXMEEYA 8 2, KA HLNAPHRE
REEE, B 2R s 5 R R b 2 HAh 6
HH: KRS AEDE BREDE BDHE N
KA. KA GRS, FlH%KREY Land-
satTETM 3B RE 1945 4 B A5 BE (5 Ho R Y5 kR EF
SMEIL YR, 75 3050 3 IX X £k Ak T 25 2 L JB £ ok AE
HOSRE AP A BRED S BHE NOA
TR H RGN A HER T —E R RwEs
Witk AR A, #—2 B ENVI #44
(96 T LR A AT T “n 4580 25 1) 4246, 18
B A sl Bk 5, BB 2 4R 40 1 5 R A
FEXT N TM1 TM2 TM3 TM4 TM5 F1 TM7 I Ex )61
H R B AR BIN S 6 SRE FIH SSS Bk, 4
STES M GOT IS & K5 E N E i SV
{8, 4 SSV {E/ T & B B 1R 7T %8 J VI Zhkt A
X B2 (IR R DRI & 2643 I R4 B) 200
A A YIGREA ot
2.3 SVM {EEIZIE R LI 4R

HEESENEERSEMELENET C X
SVM WtERE LS, B, 76 A S8 B AL
FHAPLANBIBIET , I 88 M BB AR T — 4
¥ EEMFEE, Vapnik % A HWBFZEY,SVM i
PEBE 55 7 v P ROR B B 26 R R R K, T B K
MBSERREENET C £H0 SYM #EEHn T T
BEE, HIEEE IR SVM 432 8864 15 RBF
RBE W B, E S EA L F LA & %, RBF
BRAAT LI A 2 S A B B S 4 1 2 e o
AT e 28 8 4 () A 4k ) 95 R ML, X 2
R R B SRR B, STBR R M mOR
RBF # BB, 541, Sigmoid 4% o UL M 4%
SESWETHEREH RBF A, BRI Xt A4 SO ak e %,
TE WS AN RBF B2y METET C,
AR 32 XX B B  cross ~ validation) e BUX
FASE, XA R A 4R n
AT, BREED n -1 ATFERA SYM I, 5
%t SVM BZESIE T C FIAR R B R 3, B RIA 1
M FHEMSRERE, REREIRE QHHRIET
HTFHBUE, &% ,n WEE—B N 10, Bt bk
LR FEMEE SVM A BH KN y=0.5,C =32,
B 5 BRI RS B 5T K 24 ETM 183847 713
BIRE BB R A 2, AR Al SVM

: 71


http://www.cqvip.com

£ 000 http://www.cqvip.com|

RS R 2006 4F

2

AN
R

NN

A

1

<

B2 FHERE A

1— B RURED BPRRA BB B 28R A B R RERA 12 3 — R AR BRPERA ;4 —BERRBRA T R E BRE S—&
KAREDE, RERESKE 6—BaANSHKHA RS T— AL aH—PRENE S—KARE—PRERA I —KABAR
RIEKES; 10— KBR—BREBEAE SR I KEFETARNKE 12— KRS (vm) ;13—F K ()

. -
.

TALRE

X ’i‘ P
Bl v v

B3 SVM $REUkAL RIS B &M ETM JFE(7,4,1)

o,

By B 415 K2 Chih - Jen Lin FF & ) LibSVM 3 423K, LibSVM B Z T SVM . [EI5 M5 3
AU LibSVM SR —— " R 2R fHi R RS S L ENEAR LGSR T Plat
72


http://www.cqvip.com

£ 000 http://www.cqvip.com|

w2 SN BTG AR I 3 m B AL AR (S BRI

%Hj E{] SMO[ 1] 1 Joachims %t{j B"J SVMnght[ 12} ﬁ% of adaptive multispectral detectors J]. IEEE Transaction on Signal

;EE\@O Processing, 1993, 41 (8) :2639 ~ 2656.

2.4 %E‘Zﬁﬂ‘ﬁ [2] Ruiz—armenta ] R. Prol - ledesma. Techniques for enhancing the

N - b spectral response of hydro — thermal alteration minerals in Thematic

ﬁgﬁﬁ%ﬁ‘w‘ﬁﬁﬁ%ﬁﬁqg—lj‘xﬂﬁb Mapper images of Central Mexico[ J]. Int. J. Remote Sensing,

T, ERERE i, 2 K3 BB 0 1 K 1998, 19 (10) :1981 ~2000.

ﬁ&‘&'f{t ,&ﬁﬁ}%ﬁfﬁ ,%%ﬁ}%ﬁgo Zﬁﬁ’\ggﬁi [3] Vapnik V N. The Nature of Statistical Learning theory[ R]. New

SR P B U7 1K — AT BB R () RO Vorks SpeingerVerlg, 995

i, EE AR R EMQJ‘&I@E%"FE\E}&F{ (4] Vapnik V N. Statistical Learning theory[ R]. New York: Wiley,

1998.

%%ﬁﬁ ,ﬁl—l‘%éﬁg ’ Xq%gﬁyﬂ_ﬁm‘ﬁej&??ﬁﬁl\ [5] Cortes C, Vapnik V N, Support — Vector Networks[ J]. Machine
#E; —EMAIREE BN EIE, AKX H Learning,1995,20(3) :273 ~297.
F R EE 231000 R (E)12 &, XA 11 [6] Scholkopf B, Mika S, Burges C. Input space vs. feature space in
ﬁm“ﬁe( ):l_:-l; ) 5%&%@@5&@%#1—%)@‘ %,% , % ,% kernel — based methods [ J]. Transactions on Neural Networks,
A IL6% . HERHTERILI AR |, S oo OO O

i ) A . . - [7] Granahan J C , Sweet ] N. An evaluation of atmospheric correction
S )-‘5‘&@“)*( ROBATT FSrEiE ’ %?Ziﬂm— = techniques using the spectral similarity scale[J]. IEEE 2001 In-
W1tfm”}5ﬁﬁ,'ﬁ7£ﬂﬂ‘igm lﬁlﬁfgﬁftw{tTE@ﬂ ternational Geoscience and Remote Sensing Symposium, 2001, 5:
R, 5K B 2022 ~ 2024,

(8] Hixson M, Scholz D, Fuhs N, et al. Evaluation of several schemes
3 2%,7 ‘],'f'} i—7_ ]‘ﬂ 7%@ for classification of remotely sensed data[ J]. Photogrammetric En-
- ; i . ; gineering and Remote Sensing, 1980 ,46.:1547 ~ 1553.

TR FB R THBROREMZIY (o) v . st simipnsinin. s e in
E B YLE RS L fE BRI ik, BB B Ah 32 st i 4E. 2000,
ETEE, FIRFE TSRS EREE, B3TH [10] Chih - Chung Chang, Chih — Jen Lin. LIBSVM: A library for sup-
ﬁm%ﬁg;‘&% o iR T{gﬁﬂg%mg@y‘{tm@{%‘ port vector machines, 2001. software available at hitp://www.
BT A S A LA S B B 2 R coie. . et/ = clfn/ b

_ " s . _ PN [11] Platt J. Fast training of support vector machines using sequential
IE/JETJ- [ﬂ jﬁ?)‘ﬁﬁ%ﬁ{ﬂﬁfﬁ%—@ ET,”E Ej‘ﬁlﬁélﬁl B;‘thlj\ fﬁl minimal optimization[ A]. Advances in Kernel Metheds — support
}B)HQ ’ [ﬂﬂtﬂ um&ﬁi% lﬂl%ﬂ"]f%%o 7 M\ ’ ﬁu{ﬁhﬁ vector Learning. Cambridge[ C]. MA : MITpress,1999. 185 ~208.
EHE?@B‘]& &ﬁ[))\ &*ﬂ KJL[: E‘J%ﬁ 5 E%g iﬁ_‘ﬂ}m (121 Joachims T. Making Large — scale SVM Learning Practiceal
?1..?0 [M]. In Advances in Kernel Methods — support Vector Learning,

[ %%Km] MIT Press,Cambridge, MA, 1998:169 ~ 184

[1] YuX, Reed I S, Stocker A D, Comparative performance analysis

EXTRACTING ALTERED AND MINERALIZED ROCK INFORMATION FROM REMOTE SENSING
IMAGE BASED ON SUPPORT VECTOR MACHINES AND SPECTRAL SIMILARITY SCALE

FU Wen —jie'?, HONG Jin —yi', ZHU Gu - chang’
(1. School of Geoscience and Environmental Engineering, Central South University, Changsha 410083
2. Putian College, Putian 351100;3. Nonferrous Metals Resource Geological Survey of China, Beijing 100814)

Abstract: A new method for extracting mineralization information from remote sensing image based on support vector machines (SVM) and spectral
similarity scale (SSS) is presented. Based on the Landsat 7 ETM data and ground truth data, Lianlan area in Qinghai Province is taken as a typical region
to select training size of main rock types with the method of SSS. Then SVM algorithm was applied to extract mineralization information from remote sensing
image. Practice has proved that such a method is effective in extracting mineralization information.

Key words: spectral similarity scale, support vector machine, altered and mineralized rock information, remote sensing data
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