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Hyperspectral Band Reduction Based on
Rough Sets and Fuzzy C-Means Clustering

Shi Hong Shen Yi Liu Zhi-yan
(Dept of Control Eng., Harbin Institute of Technology, Harbin 150001, China)

Abstract A method of hyperspectral band reduction based on Rough Sets (RS) and Fuzzy
C-Means (FCM) clustering is proposed, which consists of the following two steps. First,
Fuzzy C-Means clustering algorithm is used to classify the original bands into equivalent
band groups, which employs the concept of attribute dependency defined in RS to define the
distance between a group and the cluster center, viz. the correlatives of adjacent bands. Then
the data is reduced by selecting the only one from each group with maximum grade of fuzzy
membership. With this approach, great dimension of band is decreased while preserving
much wanted information. Simulation results prove the effectiveness of this approach.

Key words Hyperspectral remote sensing, Rough Sets(RS), Fuzzy C-Means(FCM) clus-
tering, Band reduction
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MBS HEAGE R (Hyperspectral remote sensing) 4875 FIAR 22 1R 2= fit) B8, LI i B A R 3
AR IR IRERE R, EAEERIZNIE S (Spectroscopy) ; 20 H4E 80 SRR 4 HESLALISOE
W% (Imaging spectroscopy) , ERTERBLMISAYEIN. TG, ELLIMFIPLIIX I, KREUF
Z AR A8 FBDCHRE S RS BURI B, BURIG S BT+ EHE R i BOGHE
TR, BEFAE—RTETMESAOGEHRE. SRENEBREZIGEEE (4-7 METRGE) A
b, EREMARERS: —RESPHNES (& 10nm) , X{EEBEBEMILFE Z61%
AEEMFPLA S, R B 4 A 38 R AR 4 TR R B R4 KU MR i 9 AL TR B (6], TR
R G A SR T (B FE RS TR A AR S, T 25 S ul EER 19 23 181 AR D PR B2 0 3 Y (B] A9 AR S 1.

FESGHHE B AR 2 T HUSAE, 8T GRS BT oA RO 3R B S Rl T ) AL ST
S8, RBRTHEHARFTE, W JOHMSHOR. SIS TEREA. RS SARAR. Jouka
AR, XEHWHEAFEBNEALERSE.
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2 SCHR BB BT AT, YRR B G4 SR AR BT H 43 35 ST AR SRS T I (R
&, A% RS RAEMHREER AWM E, BRATRET —SHERCH, H+ Purdue
K #:#9 David Landprebe & T K EAYFFIT; {H SRR, X HMERBFFLFREMNEL, &
SRS L ANB2WHR T ES SRR LBAR, 105 AR LR
A% (MLC) . MLC EFERBMAA 2, © EERER LAY 6 AR T 120
R R AR B EMESTHI%S).  MLC BRAM AR ERER U FKETIIE T
ZhE—6hE, EEHTREIEEGEIEEA. G8E, SRS MRS L BT
WEHR G A BB B TR 0 A FRG T S PR TIAD SR (S0 PR AR EIRER) Wi/ N 4
B, (EUE N 09 2 H6 I P AR AL PR AR T AT R S RS SR AT ST AL B . A ANERR EIRIE T R
NI ER, B R ATRE L HUR B FAME BT RE s () . —Fl B AT SR T P A R N L Y
FEREERGAFE (PCA) , ERESGIMFE (F2) E LM SR IETRETE, #HEIE
Ref R ERAM AL, FLED NG EE MG BB RECETIBAR AR /N, (EE
PCA {WAER /M IRET X TA BN, AARY T e 49, ok, B—rdand
AR AR BRI T A0 R MR IR AT, MG W Pk R T MM T4, AR
B4 i B R RBIAY, A6 HEIRAG I BLAOVE B T LU ELE AR, BB, MARZHSE
WM B P — B A T E A LA S ML S IR B A4, AT LSS IBIR 4e R4 408,
FlEHR R THAEE, I Tu SEEAETFENSMT (CA) RikHEiE (BS) Bk 0,
EEN, AMIXZRITATERE. BRIR R — IR s, R, iR/
g [7-10) 5 A RAE AR B of, BN T — eV REECIT, MR A B A0 AR RS AL S T ik

KRN T —FE L4 (Rough Sets, RS) B4 36tk By 41 & ik B e, SRIGH
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BOHATEUIS MRS, IR B g 2 E R UAER, RIS ESE S0 i Bed
PR —A G B, B, el B8 fo AR U HE TR AR B R TR SRR, BT AR
Feiki BT R B A I 9 4 25 IR TR 2 Bk, B ATV 2 (4R M ST o 38 I A TR BS AR
W RBIREARR; JEE, XA A4 B AT U {0 AE ) 49 43 2600 6 S HE I BUROA o =48
DAY, 48 STIUAEI S5 R4
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2.1 BBRKEEERAL

EBERM R E L S K A EBE, WREEAEEEHTENNS, 2SEEM
FdZ, HAHZRFELW, BWRULNES SR ICEEE LM BRE X @RI RET A/,
A XX —ABE 2 A 7 S s U, SR BORBUR T 3 5 5 RE 09 & B R B R X (81 B
A ERATARE S, MAEEEME L. AERERREER, BRME, KA
FRF|EGWBEHAFTE X° 850 (ChiMerge) '3 Xt 18 BEZAR Y IR B 17 B BUHIAL 22,

X* IR T REKAE R, BIGERTRA2EHE L, FTLMESR S KE R EE .
WAL TRAE L T — M EEFRE XA 2e852"  (Relative Frequency of Class, RFC) . %
BINLH, RN REEREE S IR, H 28 HEF, 12 K461, MXAXEMH RFC
LR 70% IEH 30% . AERRYESHULE L, MZRRARFE — X6 RFC #—Efif
SEAREX A REC MRk, ChiMerge B x° St EEAKFIE MM X A4 RFC B2
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A E], B EXEAXIEIARS) WohEE, YRR TR I8 5 69 5 A0 IR 3T R T 89 X
B AR X E], FILOEK A KEG I —AKiE, meeE i, RS E R AT e
R T AR SIRAIME L, X — S TREIL B A HFHR RS L TR K58 EF R
2.2 FCM it B sy

SRR SRR BUE TR AU SN 25y, 5— B KA 5 T RBREI 83 R M. Ei,
RIS, W EEAERE B A N 2B, AR AR PR BB Z B R AR
AARMLLAL, TR RlAY B P A I B RIBUK.

FCM Rk 1410 @a st BARR HO/ MER & RIS B & R4, BRTLRREEA
TEBTARFEEINGERE. BFRBMERAKXERTRH
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di~ din 2/(771,—1)’ I, =
1%2{1/Z;h/n) e =9 ®
0, HAflh

WREAIB I BE Y e, | REARREL, % UG —UO| < ep MR, LERF n R
HRAWEE ¢ WHIEG wi Bk AWBAEE | A LRAOBRIHE R v hREE
Dy U BSHISUREESRE, V BRAEDOSES m pBEMIEEEG I = (il <i < ¢dy =0},
Lier, Wik = 1; ¢ AT,

RS, da = |lok — vl . BB ESEEFOMIER, BIYBIEMMAMEYER, FIE
TGN B A R o (BRI 1) it
2.3 FET YRR H A0S E A Bt I
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72 SR FATSS AR TR0 o g A B ARSI AL TS A 51

MRS SRIEE R —FREETF “40iR” B9 AL FRAHIAI RBS & 15 B BT ik, BB R —1
HIRFIRRL S = (U, R) , thirfg BRE. X B “Aif” 515 ERA R R 19520,
B, ST SR RSB U 89%I4, 2fE: U/R={X1,Xs, -, Xa} .

¥ RERH U LOETSNERINTE, R U MRSMEBEINETES X, RyEEgS
B HEA RS,

WMIE— X C U BERR ML R BATERS IR, B X v R @ LASisi (Exact
sets) , &M X N R AFE XA, WHRIERTE B oUm s,

SZRR b, FEATE BERE AR AR I IS R IE — MR OIS X AR SRR, KRR
T LA L 00 R0 2 L 3R IR O RS R TE e, LS B 00 R AR SR T B TE G < B, T
4#5” (Upper/lower approximation set) HEgHLE .

# X CU HHfkds, SXHATFE R (X)=U{X;€eU/R:X;CX}, R (X)=
U{X: €U/R: X;iN X # ¢}, HBI%H X iy R FIEAHM X 49 B E3El.
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HIBESR 7 R RES 18 R iR PR (OB PESC 2. RPTNRYESR (B H BB ERIR R 1)
PCR,QCRXUMSHHMNE: U/P={X1,Xs,--, X}, U/Q={N,Y2,- -, YV}, Q
5 P ZIEREIER Ap(Q) EXIT:

m

Ap(Q) = card(P_ (7)) / card(U)

FART RSN P REBRYBLRIAS U/Q WX RayE A H, FET Bk T /R [E A9 & e 38
ST AEES; card(l) BRESHIL.
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B, Ao (d) BB R— BB B RIS SREE ), T F] St ik B Xt 7R [ 44 #h 8 73 25 R 7 3R
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Ty = {Im,ﬂ?k'z,'“,ivkm}
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ERARERFeE, BRI B E SRR E AR IR, 0% B IE W
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X AR ] 49 30 4 LA A LU AR 5] 4 2R A Y6 BR oA g ARG, @ R 2 (B = 1,2,---,n)
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MRS BT FER m ARELES I E 0 NREBEIREN TUEM. 856, KFEXT
WIS R R R E R O(A|UP) . HP, A NBRUEE, U SXIR4EEe. WRRAER
HEIENT T R HEE, TN REEEN O(A|U|g|lU]) . =XxFEiR A RE—1EHE, B
R O(UNg|UY) . Tk, EEAEUMNERTRTEUNEREN O(U]) , K-
PRET IR A M T R BEESRE O(Ug|U]) . BT, XA ERERE O(nm|U|lg|U]) .

BRI B O(U?) . BNt HT 7, EREREN O(U)gU]) .
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115 16 2534, B3t 220 Y6 E, FERE S S T HOK RIS Jep B 103-111 &
148-166 P B, T4 192 ik Bt, iRWAHCH 9. Ead IR, RERITRARR BN P
LN e ko]

Vi = {9,15,31, 50, 56,65, 96,136,186} ;

LI IRE) BAMNLAEA A B
Vy = {5,7,32,38,59,63,97,116,195}; V5 = {13,17, 18,27, 28, 56, 65, 68, 120};

Vo : MUMIRAIE, BE4EEN 6 (d) RROWEEBEM; Vs RISHRE [ 8 BGERT
B —4ERt O, (d) , HIEAEFR R B AN,
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1AM T HULFRMBRGGBRLAS HRIREE, KT 3 Zasreariioksd, MRk
R ISR R P £ 2T 50, BT HAR 13 2L T3S I0E. R Vi 30k (16] ik

LT e B AL
Vi = {25,56,86, 117,145, 186,207} .

&1 BAURSEBE

eI RS-FCM (%)

Vi Va Vs |Z

1 Corn-notill 90 92.5 42.5 82.5
2 Corn-min 79.17 91.67 79.17 91.67
3 Corn 100 95.24 95.24 95.24
4 Grass/pasture 100 100 100 97.06
5 Grass/trees 100 100 100 83.87
6 Hay 100 100 100 100
7 Soy-notill 91.53 83.05 94.92 91.52
8 Soy-min 94.52 87.67 75.34 79.45
9 Soy-clean 82.61 82.61 73.91 73.91

10 Wheat 100 95 100 95
11 Woods 100 100 100 100
12 Bl-gr-tr-dr 100 92.31 92.31 69.23
13 Stone 100 77.78 77.78 77.78
Average 95.22 92.14 87.01 87.48

MFE 1 FEMmER, Vi STRAYRBAR IR E L BRE Vs MG HAER,; Vo B3FIB
1 DU B RS TR e B X S A RO AR R b, BRI MBS BE AN AL T Vi 5 TR T 13 SCHuay oy
R VI WFT Vo, AT, ASCER A I B A R T IR R Y.

ARARE, VLR, BARELIRISHE T B WP i B IR — 2L H R AR U
by, (BB AR MENZE REY BRIREER”, SEFETHROS MR, AR
AL RO B0 ) B TR A DR B AE R, FTRAR SIREY LS, HRE—Hh
b 82 BEL R h SRR JEE I S 33 I BOSE AP A T 1, AR 28R 25 2R s 4% B AL (R PR A I B, 3O
ZATUAA IS 1 RIS 2 Rhen il BrAlay b, SURAETHE MR =iK, RS 2 A FTEIY
B BT MR RSP 28RBS, B T I BOX FESE kit ARXTER 2 41, SR 1 AE AR
KRB FHR T WBT & 20 Bl RAE N M. 288, ARTH RN RRGFHRE—FE
EHPFTE, BABREMBUNAREHEMEBE RN RR, #PRESIEHE.

B 1 AHE B ORI, BRI RS aE N 16 ted; | 2 ARH
YR IE AR BT MLC 4285 5 SRR B AL

Bl R EIERG (BE) K2 WEARE MLC A%nEE ()
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