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Abstract: A novel combination network model of least squares and support vector machines(MLS-SVMs) and the as-
sociate learning algorithm for identifying nonlinear systems based on the input-output data are proposed. In the model, the
identification task is dynamically decomposed into several subtasks according to the physical or statistical natures of the
problem. The SVMs are applied as learning machines to every subtask. After analyzing the statistical characteristics of
the model in the formal characterization, we give an algorithm for training the MLS-SVMs, based on the frame optimiz-
ing principle. The expectation conditional maximization(ECM) algorithm is applied to solve the dependence problem of
parameters. Regularization theory and least squares method assure the identification principle of minimal construction risk
for expert modules. Experiment illustrates good performance of the proposed method by high approximation accuracy and
generalization levels.
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)53 h 5 T T4, 23 BIE T4 IR % SVM, 4 B
s SR SIEEIL AT 2 N ) 55 9 T . Weed 255 (8145 tht ) T VR
% bR B 12 B 8 FIHE IR RS ), Nemmour©1 42
H TR P RSOR H TERE B N % DRI 4 A A ).
B IR T R e TR R SR 1 AL I B,
AFL AL B — % 1 2% 1) ) 43 S 3 1) R LA B B0
W WSR3 RGEEAT AT, TR S ELIE TR
A B AR AL

RS T — B (K AR L 2R S 1 R U
TR Ay e/ RS [ AL (MLS-SVMs), i%
HE R S 1) BREHLAE b B KRB AME R 4, $2
EIMER T A HET 8 7« HEUUREIE. 125 RS
TR /N RS BB R, T R S
(RIGE T SR L, 48 Hh 3 T LR A T B0 18 1 42 )
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2 JRALS-SVMs M 4% 55 7§ iR (MLS-SVMs

model)
EX1 AR REHARIRALS-SVMsH 4%
FER R T Ny
y(z) = Z:lgj($aﬁ)yj(1?»19)- (D

Hor: y(x)h %iﬂéﬁﬁﬂj G r = {y1, Y2,
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Hr(Statistic analysis of MLS-SVMs net-

work)

3.1 REGG PR (Statistic characteristic de-
scription)
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3.2 T 58 % B K BUAR B B (Likelihood func-
tion based on complete data)
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kzl lej log(g; (", B)m;(y*[z*,9)). (11
==
4 FETECMM 2 HAh vF(Parameters estima-
tion based on ECM)
4.1 2 FEMM Al 7 J7 (Parameters estimation
based on EM)
YR SE2.2¥ ) h H’]ﬁiﬁ H bR ok e XA, 1
AU 2 B0 T o) 5] 3 i EMAEEE B EAE FIMAE AT B
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4.2 ?ECME’J KIS BAh ﬁ“(Assomated pa-

rameters estimation based on ECM)
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N AR SR S, A B0 gy R
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Horr:

Y= [y, ,ynl, O = [ajlaaj27"'
@j = diag{(c¢})_1v (C¢?)_17 Ty (C¢§V)_1}a
¢;€ = hf(t)/af(t), 1T = [17 17 ) 1]T;
MR, L r SRS B 0N
Mj(’r’ 8) = K(T, S) = Qo.j(xT)TSOj(Is)v
s,t=1,2,---,N,
HP R R K (7, s) R il A2 Mercerst B 1) R 4. AL
W H3FAZ R A YERR K (2, 2,) = 2l a, FT
1217 2 PR EU(RBF)
K(:L‘T, xs) = eXp (_(:Ur - xS)T(xr - xS)/Ug)
FFiE £ 4% 7] 55 oA 2L (ERBF)
K(z,,1,) = exp (—|z, — x,]/20%).
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4.3 HHRP BT (Identification steps)

Step 1 WJARALT T RRAL. BEHLIEFEIELE AR Ny
HrhZe ) Jpuls, K7 22 BB A INZREE) 7 2.

Step 2 ML T ZAHL. FHIK-means 4 4 7
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5 N SEHI(Example)
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5.1 IiF 4 fF(Validated conditions)

1) JRALS-SVMsH A rh (1) 51 SN S0 ik
. S50 90 E v Ay g S DR B SN N EOe 2 A4S
AT L KA TR AN — AN X s 3 20
2 3] 1) . A S0 I RO RT B B /D SR 1K AT
RGWAT IR, AR CE F5 N B IR BOE AT R
SEBICE IR B fe /N 3 21 545 b5 A AN SR 2.

2) SVMIW IE M 5 1 28 BRI A% o8 2o (1) 36 B
TE3C O T O o i T S R ) AR 3 S 5O AN TR
6 B it BLS-SVMUA JB A LS-SVMs ) 45 I 5 v L
5, AF R AR 456 3% 2 LS-SVMAE & LS-SVMs
[FISVMIE 4+ 2435 C = 10*, RBFFIERBF[Y)
e ho? = 1.

3) NZR& k4. 3Crh R FH SCHRI13]H (Pearly
stopping He i, B M {BUAR 4 1 EE 2 2 /N T 1S
V) L Bl I AR EOR T B (I, IEAR 15 2 7%
PR,

5.2 3261 1(Example 1)

e 2R R E R, ok Hy(¢) A
A u(t) Z M C R R B2 i FE g
y()y(t — Dy(t) +2.5]

T+y2(t) +y2(t—1)
R R Py(t), y(t — 1), u(t)h AN 5, Al
HAly(t + 1), Hdu(t) 2 7E[-2, 2] N 35 4] 43 Ai 1)
B AL AR . A2 10004 A AR H s, IL 5004 A A

y(t+1) = + u(t). (28)

AN NAR Fruy, = sin(27t/25), KFE100 Fllug, =
1.5 x sin(27t/30), KAE 120006 RGBT IR, K H
By )5 R ZE A A TR e DAL AR U

B4 T AR 3 T ERBF o8 5011 5 £ i HH
gL
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Fig. 1 Error of example 1

M TR, FEA R A5 AE TR, R B XATLS-SVMs A
HABMESE K BEAT KA, 145 T JUR IR 13
Ji 2. SR LB BT R F I 7k, BE280 b ) 3
T-500FEAEL DI 2 i (AR, SR A AR 56T s
THI) 573 A8 5004 Ei s 5600 £ 21 1 25 R0 5L 56 1) 3
Ji ZESERNTT 72), B35 K i ANwy AE A B N 2L
P13 BI85 8, 55454 K Fug F 4 i N £ 15 21
(r4h 3.

k1 EHNEEHF ExTbk

Table 1 MSD versus of example 1
" Bi =¥l
PR J5 . . ;
Barde WK A w)  IR205 A ugy)
ME-AR 0.032871 0.037945 0.030092
LS-SVM-RBF 0.013366 0.012895 0.010562
LS-SVM-ERBF 0.010763 0.010321 0.010503
ME-MLP 0.008032 0.009124 0.008882
MLS-SVMs-linear  * 0.004516 *(0.004769 *(0.004656
MLS-SVMs-RBF * 0.003285 *0.003152 *0.003321
MLS-SVMs-ERBF  * 0.003331 *0.003721 *0.003509

MR LA W, R UEEE A R b, AN g
K% R B0 ] BRAE, VR A LS—-SVMsHsE 2 # v DL 45
L 55 FILS—-SVMsH 4 FIMEsH 7Y 5 R #ff (1) 45 1.
)] LLE H VR B LS-SVMs Iz 4k fiE 7, 1R & LS—
SVMs 5 85 T I Zr i B3R 0 s 4 (1) AT 3AN A 28 7
R AR PR 4 R4 1) HR TR AR ROl 45 M g,

A2 LUIE ] H R A7 2 A e
5.3 SE 2 (Example 2)

YrEN BRI R M, Uy () R
Au(t) Z W5 Z T 5122 53 7 R fhid:

y(t)
T+ 200 +ud(t). (29)

y(t+1) =
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1 B Hy (), w(t) ol e N AR &, Al U
y(t+1). 3 Eu(t)ZEAE(—1, 1) NI 5340 IR AL
AR, AR 10004 FE A s, HHh 5008 4 H 2k 1)

ult) = {sin(27rt/250),

0.8 - sin(27t/250) + 0.8 - sin(27t/25), 4t > 500.
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0.010
0.005 |
0.000
% -0.005
-0.010 H
-0.015
~0.020 -
-0.025

0 200 400 600 800 1000
!
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Fig. 2 Error of example 2

k2 FEHRAEEYT Extik
Table 2 MSD versus of example 2

¥ %

BT vk .
[l LR
ME-AR 0.042369 0.041061
LS-SVM-RBF 0.014695 0.028963
LS-SVM-ERBF 0.020983 0.030690
ME-MLP 0.026542 0.015982
MLS-SVMs-linear *(0.020210 * 0.01003
MLS-SVMs-RBF *(.012353 * 0.00669
MLS-SVMs-ERBF * 0.010366 * 0.00313

M ZE2n] LUFE Y, BLAR TR B LS-SVMsHR B Al
LS—-SVME R 7F Ff A 50 UF 42 0% 75 A 22 A 2 1R K,
HALEMRAE L HIR I T LLS-SVMAR A 4714 2
PR R R, R 1 4 ol S A 2 e P AN AN )
(1) 4 <) B BRI 42 ol B, 2 T R R 1) B B R e
i N EASSEES Rl LUR H, 1R A TR A LS-
SVMsHR TR T] DL H 38 N 1 AR 48 4 A\ AR f8: 3 B AH
[FISVME 5T sAEAN ) R 4 A\ B, AT 43 VR & LS
SVMs H AT B UF Iz 4k ey, BeAh, 763056
X T SVMERBF/ERBFA% R £ A 2 1 ik 0 4k 5
WS T PRI, T A LR E E K. SR Re X 2 RO HEAT
ok, AR 3R AT A 45 SR,

5.4 3£ 3(Example 3)
h T IR SO TR R A O, gL

25 R 45, 5000 KRB E R 4. K W RGO
i NAD B R R Gt AT IR, 245 H T A 3
T RBFAZ B 5 (1 VR A LS—S VM [ 5 A i HH &5 5L

<t K
o < ¢ < 500, 30)

I T R BT 2 AR GE AR AR R T, AR ] i
RGN BI RN R G, B AN
BN, IR ET, Ty, Sorh Ty A5 il B2
e R A T A R O il JEE AR R — A AL 385 10021
i N B AR o B e, 345 T R
7 th . I a] BUE H 30 g 7 ik Re % A AL
(R FREINN S Bdi th, A5 281036 2 R FIUI S8R

0.15

0.10

-0.20

0 10 20 30 40 50 60 70 80 90 100
t
B3 iR ek

Fig. 3 Estimation error

M R SEE el DUE Y, TG LS-SVMsH AT
U (1) 5 W R B e, I 2 A0 5 P AN [] 1 3R
G ELR I, A4S T ARG (W IR 6 0 R IR
R E AR b ] AT 325 b8 A —tRe P 1
iRt
6 458 (Conclusion)

SR T RO AR et R G R Y,
AR RRE MEAR B R 2 RF 1) 522 A1 15 20 9 il - (7] —
PERAEZL T, S5 T BT RAAHER L RS
BTV, BN B SN S B R R, SR
FHECMBERT S 5t A7 4 A HER, R 856
WA R 2 R B SR T H b eR 2 15 200
PEREFI S A% A Bl /s — S HE I LS
O ) B — SO 2 ey R AL, @R AN [ R
LM R MR E, TR ALS-SVMsH AT 5 4 1)
EFEPERE N M, JC I TE X2 A0 B8 ) R URS
FE AR AR BRI, REgh ARG IO R AR
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