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Identification of Separable Variable Nonlinear Dynamical System
Based on SVMs
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Abstract In this paper, for the case that the state variables can be separated from the
control variables in a nonlinear dynamic system, an improved regression estimation algorithm
based on SVMs is presented and then applied to nonlinear system identification. This kind
of learning machines includes two nonlinear functions whose variables are the state and the
control ones, respectively, and they are used to identify the two nonlinear functions in the
separable-variable nonlinear dynamic system. The simulation results validate the efficiency
of our method.
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y(k+1) = F(y (k) u(k) = g(y(k)) + h(u(k)) + ek +1) (1)

H y(k) = [y(k), %*wamkfn+mTeycﬂWAM%%ﬁﬁﬁ%%Mﬁm;
u(k) = [u(k),u(k —1),---,u(k —m+1)]" e CR™, u(k) ZEXERZWEA, YU
B&E. g() M ()mfﬂ%%%@ﬁﬁ e(k) RRGH T, XIRBE n M m ZRFECH
m EHIEL AT HRERSEAHR, REMTAEROEHRRA w0) e U AHEFHEIR

B y0) ey, RERHEHRTFE R FERITIELERE () f1 h() FHNEFEREE Y

U LESE.

WMRFRRRAIREN, FHIRNIELEDNE R RSB RA G N B R 55,

w()ﬁ PR SRR LTS A X AR B AR, BARFERD SR AT UdEAT, (HEHERAE

SZ BRSBTS e T RS, BRI E L, BN AR REm
ﬁmmﬁﬁﬁ%k ARG S . AR ITESSIAF AR R, &

BT SRR LAY ENE AR, A EXTEAL (1) Br R R i IR B R HT R,

3 PCHERY [l VA T SR L

KEFAR (1) B3R A A B T4 B R TR A BN S R, SRR BB 34
AT RS (1) BT TEHIR. BRI {(y(k), u(k), w+meRnue
Ry € Rk =1, 1}, Hobt | RINGREEA R A B, & SE R AR AR T b 25 25 40 i 2 o A
B4 BISR AT A Mercer BB 51K E BRI T A M. v -5 o(y), u — v(u), RIGTE
A 2% 1] P T e I 0

Gk +1) = fy(k), u(k)) = w(y(k)) + w3 (u(k)) +b (2)
FINGER R, B/ M2 g KUK 5 58 2 24 42 o] 22 ) Y — > S 9 3 22 -
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min 2 (|7 + flwoal?) + € S(ECk + 1) + € (k + 1) (3)
k=1

subject to  y(k+1) — f(y(k),u(k)) <e+ &k +1)
Fly(k),w(k) —y(k+1) <e 4+ (k+1)
Ch+1),6(k+1)>0, k=1,---,1
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Zak—ak (k+1) —EZakJrak) (4)

k=1 k=1
1

subject to (g —az) =0, ag,a5€[0,C], k=1,---,1
k=1

BT ¢ Al ¢ & Mercer #Z MBS, BrLAw] LL4r51 A Mercer #pREL Ko(-, ) A1 Ky(-,-) X
B (4) B (o(y (k)Y (y(k))) H (P(w(k))(u(k))). EFEBCHER BIE A T 32 B L
B R

1 !
gk+1)= Za —a;)Ky(y +Za — o) Ky(u(j),u(k)) +b (5)

Hef b WTLLH KKT 445Kk 18.

TE B A B S T SR AL A% R Ko () 1 Ky (-, ) A% bR B B S 50RT LU
AME, WATLUARHE. X FE—FERA TELEDTREEA (1) XPREEEME
AN T2 B S 00 IR, B TR S AR B PR N R B A SO s 5 — T
B FBIANT A Mercer % pREL, 33X P R E0 0 BN S 50CER v A SZ % 8%, DT AE R
IFHE T IR S R4
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TELAT 9550 B, 349 F 25 IR M 22 T 4 b U A 5 LA 38

Upest

$Mﬁ%ﬁﬁ%w.%wﬁﬁ%X%mwwJZﬁhyfﬂmuE¢§%y%ﬁﬁﬁ,

i=1
Urest AR MIREE LHIREA AR A9 SCSL 50 A% 2 RO 8 POR FH7E J&) 3 31 Rl P R 90 5 XL
IR F s

3B B R RGN 1R, HERM GRS 2. B 1 AE 2 4 5%
T LA 3 R HEIRAE R, BHRIRZE BORTEA Y (a) B, HAPRASA. B
A AR R T X =FONEREIRRE. MR (b) B SEZM R 2 AL T AR 53
TIEG B BRALAL.

1 3PDRAMPFRRL

Table 1  Three identified systems

WJ——F :F%jl: e(k) _U”é% u(k) %W%gﬁ

L y(k+1) =03y(k) +0.6y(k — 1) + 0.6sin(wu(k))+ FXEK., fFlEE [-1,1] 85
0.3sin(3mu(k)) + 0.1sin(57u(k)) +e(k+1) ~ 0.1 FEHAEE EITE

u(k) = sin(27wk/250)

2. y(k+1) = ygkiy;k(;)ll[y(&* 21)5]+ BHEMH . L [=2,2) 55 u(k) = sin(2rk/25)+
u(k) +e(k + 1) J 0.1 fETE A BEYLARR sin(27k/10)

s k= B s e g1y ?*@EE’J\ FRMEZE  [-2,2] 14T w(k) = sin(27k/25)+
14y~ (k) K01 E T EERE HEIAR sin(2mk/10)
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Table 2  The identification results of three examples in Table 1

Sk B3l HHRIRE

% JE T 16 T 2 4% N2 10.20.1,® 1= 5000 0.8286

Bl C =100,¢ = 0.01,1 = 100
PR SR ) AL 0.4576

B BN B @

C =100, = 0.01,1 = 100

B A SRR A L ’ ’ 0.0584
Ko(,) SR, Ky () Bk

2 J2 il ) 0 22 ) 2% N3 402015 1= 5000 0.2557

Bil2 C =100,¢ = 0.01,1 = 100
7 HE S HF A AL T, 0.1494

. C = 100,e = 0.01,1 = 100
PO B SR B AL Ko(r) BlTHE, Kol ) MR 0.0959
22 J2 il 1) A 22 ) 4% N3 40,2015 L = 5000 0.3129

B3 C = 10000, ¢ = 0.01,1 = 100

7 HE S HF A AL BRSO B 0.1564
etk ) 2 R R L C = 1000, ¢ = 0.01,1 = 100 0.0557

Ko () Bl Ky(, o) SRR

500 0 100 200 300 400 500
(b)
B 11 s iR ER (a) MUREBE KA SO E SRR #HABAL (b)
Fig. 1 Example 1: (a) The identification error curves obtained by three methods. (b) Outputs of the

original system and the identification model obtained by our method
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Fig. 2 Example 3: (a) The identification error curves obtained by three methods. (b) Outputs of the

original system and the identification model obtained by our method

@ L@%\QEEEW%, THERBABHRA S48, HAREHT S NS 58 40 4A~F 20 4, fHEH
B EANECH 1.

@ K(zi,z;) = exp(—|lzs — =;[%/2p%), (p # 0 € R)

® K(ws,;) = oTa;
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Bl 4. BATHFERER T RIS WA S RS, BRECRMZEA S HHIRR
GRTAR I TR 2 R R

020 L) 23

Hetei (k) fl ea(k) REXEMN. IRHEZER 0.1 WEHTE WS FS. BN, wi(k) F1 ua(k)
L [—1,1) XA S BEALAE B TEREET, ui (k) = sin(27k/25), ua(k) = cos(2mk/25). &
WML RME 3 iR, FLLEBI ZEAZHHEF, OTIETRE BT 0 HERAE
7.

3 ] 4 HYHERG

Table 3  The identification result of example 4

) FRIR 2
Y1 Y2
2 JZ I ) B 22 ) 4% NE 50,2515 | = 5000 0.7902  0.4251
C = 1000, e = 0.01,1 = 100
T 3 3R o ! 0.3062  0.3921
Pl S 4 1) B T ey,

C = 1000, e = 0.01,1 = 100

Kol BilTE Kol Gepppy 02476 02018

e B SR R L

b gEWIE

AICE A — R B AR AR RS S RS, WAL FIA DI IR LA R ROt T
SCHR AL BN BEA. A SO R D T R SRR AL L RERE B A AL RR TE — A
THRORRS, R T EZ R R AR, WEBE EEEERR TR & S A EH 2 R 32 X
M. R RRWIRT TR (1) RARs S LB R G, BATHT7 Ik AR HES R ) B
HLEA B AP i AR
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