24 2 Vol 24 Na 2
2007 6 Journal of Guangdong University of T echno bgy June 2007

LS-SVM

AT IERALFE F

(1 s 510090 2 s 510275)
, (LS-SVM)
s LS-SVM R
s . R LSSVM
: TP181 : A : 1007-7162( 2007) 02-0076-04
2 2 2
[1-3]
2 2 1
[4] [ 56]
[ 78]
2 2 1
, ErWel
Bai™" H anm erstemW iener
20 o B o, ey LY
+
, X 2
. . Q2 Y7 y0)]
; Hanmersten W ener R
/L
’ 1
L BIT, & Y, y(1)] r
Q y(t)

, : Yo >, J

( least squares support vector Qf Z LY y(t)], Z¢ r, JZ4Q B ©
machnes LS-SVM) s

2

LSSVM  J A. K Suykens "
uy ens 1 , y(t)Z

. 2006-06 12
(60575006)
(1976-), . .



2 , LSSVM 77
Slx(1)], 31 LS-SVM
LS-SVM
.'K(xi, xj): ¢(x,;)'¢(xj), M er
cer
LS-SVM
thl'lel(_;WTW+ Y—éZeiz) (4)
? stoyfwd(xi)+b]=1-¢ (i=12 - n)
maxmi{Lz—lew+ Y—l_ie?—ia,{y,‘[wvr‘b(xi)+
kT a  wb 2 2i=1 i= 1
b]—1+e}} (i=1 2 - n) (5)
KarushKuhn-Tucker
T aL a. aL oL
’ : Log L-9 L-oa Lo
h=T /h (n ) do ob Oe Gat
{y[kh]} <Y, (z) = ka(kh)sz, w = ;GiYi¢(Xi), (6)
{y[kT] <Yi(z) = ;y(kT)z_k, ;a,-yiz ] (7)
- » a, = Yy* e; = ( (8)
{Y[kT]} N7 (z) = I;x(kT)z . D (x ) b~ 14 e = 0 (o)

x(t) = Q t#Z kT; (1)
y(K') =R y[ (k= 1)T], - y[ (k=p,)T],
x[ K ], ---,x[(k—Px)T]}; (2)
y(kh)=R y[ (k= 1)h], - y[ (k-P,»-)hJ} ;
(3)
s Y s
kh x , kT

Y,

y(b) = f VL= URL vl (k= p b v}
ErW eiBai "

LS-SVM

3 LS-SWM

o L
Yy zz'+v'd La L7 (10)

7= [¢>(xl )Tyl ¢>(x2)1‘y2...¢ (x, )Ty,l] T, Y

I:ylyz...yn] T, }: [ 1 11] T, e= [elez...e,l] , a=

T
[al az.-.a,,] . (10).
K(x; x;)
. M ercer e
K(xix) = 23 bou(x)%(x) (L2 0.
(RBF)
X Y,
K(x;, xj),



78

x(t)<K (x, x; | ¥, ) =b(x)

b (x) x,
32
1) T h
=T f
2) , .'{y[kh]} <Y (z) =
2y (kh )z, { vl (k= Dh],
syl (k= p )h]} ;
3) , K (x;, x; |
Yo ) b(x);
4) LS-SVM ,
\ LS-SVM ,
5) .
. , ; 2
4

sy (K )= 0. 15 x
(K[ )+ 0.8 (K') >+ 0. 15¢(kT - 37 )* x(kT - 5T).
x(kT) (k=1 .., 6 000),

RE[-35] ) RBF
, K(xl, x.,')= exp(— ||x,-—xi||2+
0?), 0=0.037=0.1 n= 10
LS-SVM
2
(k=1 -
120). 5%,
, 10
2 2 1
1 , 10
5
, LS-SVM

20 40 60 80 100 120
AR B
(@) X Kok

0.5 T T T T T T

iR
.f

05 20 40 60 80 100 120

RAERHA

(b) Rk

2
1
1 a 254 6 a 257
2 Q 260 7 Q262
3 a 276 8 Q 265
4 Q 281 9 Q 234
5 Q 267 10 Q263
, , P, n

[1] Poakis J G. D gital Comm uniations[M ]. 3" Editbn
M cGrav-H ill New Yoik 1995

[2] Chow TW § TanH-Z HOSbased nonparam etric and par
ametrc methodologies Hr machine fault detecton| J].
EEE Tmnsactions on Industrial E kctonics 2000, 47
(5): 1051-1059.

[3] LUOH, LIY. The appliation ofblind channel identifica
ton techniques to prestack seismic deconvoluton[ J]. Pwr
ceedings of [EEE, 1998 86( 10): 20822089

[4] AbedM eram K, QiuW Z HuaY B Blind systen dentr
fication| J|. Proceedngs of IEEE, 1998 18(8) : 1310-
1322

[5] Tan H-Z Chow TW S Blind and total dentificaton of
ARMA mode in higher oder cam ulants danam| J]. EEE
T mansactbns on Industrinl Electronics 1999, 46 ( 6):

1233-1240
[6] Tan H-Z ,Chow T 'W S Blind dentification of quadratic



, LS SVM

79

non linear modek using neural newoiks w ilh higher order
camulants] J]. IEEE Transactions on Industrial E lectron-
ics 2000 47(3): 687-69

[7] FangY W, JiaoL C Blind dentificaton of nonlnear FR
volterra channels| C] /I The 5" Intematinal Conference on

(WCC2000, 1CSP2000).
[ s n ], 20000 294-297.

[8] HuaY B, AbedM eain K, W axM. Blind system identift
cation usihgm hinum noise subspace[ J|. EEE Transac

1997, 45(3): 770-773

[9] BaiEW. A blind appwach to the Hanm ersteirW Ener

Signal Prwcess ing Beijing

tons on Sgnal Processing

model identification| J]. Aubmatica 2002 38( 6):
979

967-

[ 10] BaiEW, FuM. A blind approach toH anm erstein model
dentificaton] J]. IEEE Transactions on Signal Process
ng 2002 50(7) : 1610-1619

[ 11] Suykens JA K, V andewalk J Least squares support vec
tor machine classifiers| J].
1999, 9(3): 293300

[ 12] SmolaA J Leaming with kemek[ D].

1998

Neural Processing Letters

Gemany Tech
nischen Unwersifit Beln

Blind Nonlinear Systan Identification Based on LS-SVM

ZHU Yan-fei, TAN Hong zhov’, ZHANG Yun

(L Faculty of Autom atbn, Guangdong University of T echnology Guangzhou 510090 Ching

2 School of Infom ation Science and Technology Sun Y atSen Un wersity Guangzhou 510275, China)

Abstract To sole the nonlnear problems n blind system iden tifcation a novel blind non Inear systen dentifica-

ton approach based on LeastSquare Support VectorM ach nes ( LS-SVM )

sanp Ing the system outputs more nfomaton of the system

is nvestigated in this paper By over

characleristics can be obsewed to blindly ientify non-

linear systems The LS-SVM based m athem atical approxm ation pwvies an adequatemodelng of the unknown sys
ten given the distrbuton know ledge of the system mputs The paper descrbes themechanisn of he oversamplng
and LS-SVM, explans the procedure of he akorithm of he blind systen ientificaton Smulatbn results demon-

strate the effectiveness of this approach.
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