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Continuous time nonlinear system identification

with wavelet neural networks
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Abstract: The wavelet neural networks are used for identification of continvous time nonlinear systems. For the improve-
ment of convergent speed and the global optimization in the training of wavelet neural networks, the trust region algorithm is
proposed for the training. Then we study the convergence properties about the trust region algorithm. Finally, the simulation re-
sults are given to illustrate the efficiency of the method proposed.
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1 35| = (Introduction)

20148 80 FRE MK, RERES B R
TENAREBZANEL, KT EFREAEXEFE
EROBRFHRTURNHSEHRATE EFTE
MRERKEWEZRPEMHEHENREF R,
MAEMNEEERA T -RAINATEERS. ¥4
HR TS IR ~ 5], ARG R THR (4,514
BTHEHKESEXMR. ERXMRTEATLAE
LR PHR, TSR (6] A E R R BORTT R
ELXHERERFHR.

ARETRAM, AN THZEME A RRPVIELER
e h AR RARERIELEREWIES IR
TA. XRR[7]E8EAE TXHmEE M AER.

HEXREZANNTERNNESTEREAR,
H/NEWE W R BA N RE Fourier KB A EXM
HHERCZERESEEVEARS TIFH) MEE
BEARIFR BRI (B AR R RE R
BEHERXHE) XFEHHEHE—FRL. WEFARATH

*» REMB -EXERPEESL (69774012) BRI H .
W B H 39 :2000 - 09 - 26; TR H 3 - 2001 - 06 — 04.

BERBERERBEINATLHENENE R, A
MHAR—EFRIESHPIRBIFT T . SCHR(8,9]#
T R/NEHE P EBHR — g S s g aT R &
HRGAR .

A XBEE T R R/ A R 4 R BEIR S A S
BRI ERGEW R, AH T R BEE XN
DESZNEERUERERFTE. HFEIMEME
HAHERANBRETRREENRSRBEE AR TR
EREAR, A SCR M T 15 B B R B0 R4 A K
HESKEEER, &5 BSEL Y TEH.
BEMRSIGERBETHEBRTENITITE.

2 INEHEZ R4 (Wavelet neural network)

®’ o(t) RAE BXE suppp = [a,b] IRE
REL, G o I EIE—E XL
FRB V() BREHEEXE supp? = [¢,d]. &
SZH#EFHM BB ESE, EREHER
{on i ()b nken TRBRNY, k() )5 sezr HF

@ i(t) = 2"%0(2" — k), n,k €2, (2.1)
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v, (1) =22 - k), n, k€ Z, (2.2)
HETERABETE,B x = (21,2, %) €
ROMBIDIE ¢ RV EBKEBITRNIER 4 TEEK

$(x) = o(x1)p(xy),
V() = U)W (). 2
FSEE ¥l
$au(x) = 2920(2%; — ky)--
T, (x) = 2820 (2%, — k)W (2% - ky).
HF k= (ko ky) € 24 ABB/DEER, ST 0,
V, = span{ @, ;112 o KA LA(R®) M— M FE
], XLkt T SR FFIMER L2(RY) M —A L4
ﬁﬁ;ﬁﬁf‘l’,,_k(x)}nez,kez“ MR R L2(RY) —
MIEIERE.
TR, BE/PEIEE, MEE f € LX(RY), H]
M BRE, RIITUATIHERARER f(x):
f(x) = Eak¢m,k(?«’)- (2-4)

ez
MNERXEE, R¥E(Q2.4)F XS BT, ELREH

FAERARI |1, LR ERBEEMRM , X BB FRESHEE
B ] X TR] S PR 22 4.
HR(2.4)BH

f(x) = Eak¢m.k(’«’)~

k€ B

He B RER? FH—MBEI k.
FrUAR(2.4) AT LA — AN/ DA 2 W& R &R,

NEHERERBAR REMGILERE; ME

AR « B HE (), BER W, B o RE.

3 —XELUEEMNEAITELEABEIR
(The identification of a class of nonlinear
continuous time system)

3.1 FGR/NE B ¥ E T (Representation of systems

by wavelet series)

BANE BT EHANFREEERNEHNSRE:
= f(x,u),0<t < T,
y = glx,u),0gt < T. G.1)

H¥ z € R" RAGEHREAE,u € R" RRLEHMH

A W], Ty € R B RER G RR) M.
ATHRERS, RITWEFEREBEGARE

w(e) REIHEE y(o) R ERANNIELRERE

f:R™™ > R" 5 g:R™™—R".
MR f 5 g 258,00 LTI URFFB/NERE:
flx,u) = Dabui(x,u),

kEB (3.2)

Eﬁk¢M.k(x,u)-

k€ B

@(2"xd - kd) s

(2.5)

glx,u) =

He ¢ RERERK ¢ WKER T XER, XH
a = {f» P, i) =Jm,.+,,.f(x, u)aM_k(x, u)dxdu,

B = <g’ ¢M.k> =Jm,,+mg(x,u)aM_k(x,u)dxdu.

(3.3)
Hb g, ER",B ER:. BR f5 g KA, TEH
(3-3) ﬂéikﬁj a *ﬂﬁk, %?Rﬂ"]%fﬁ?ﬂﬁiﬂ
£= Eak¢m,k(f,U),
kEB (34)
¥ = zﬁk¢m,k(£,u).

k€ B

Hi 2 €R,7 € R AFIRBRIMRESH .
BREWITES BHKERNK, RN AR
%E)’ = (a'{,"',a};,ﬁ{,"',ﬁ{)'ré ]R('”d)x.ﬁ%ﬁ
BMHHE s KETREHEE Y, 128 2() = 9
(t37). ITEHEBER(3.4) BELRAL(3. 1),
HBHFRBAR ¥y #1153 T R BI5Z REGHR /D

IO = [ 150 = 5C57) 1 2t — ming ().

(3.5)

BRAEGESR: 9 By WESRE  BANEE ¥ FERX
(3.5)ix PR /IME :

J(¥) = min_ J(7).

YER

3.2 Hi#E T F&i% (Steepest descent method)

ATHE 7, EARH TR, S SHHE T3t
W y KB

(3.6)

G = gradJ =
aj T aJ T aj T 3 T™T
((3011) ""’(aax) ’(apl) ’""(BBK) ) .
(3.7)
HEbhZoB(BRMAR)ITENT.:
7{ 3¢ \T
- fo(a—i) (% - y)dt,
T 39 \T
% - 2[ (3_ﬁ%) (5 = y)dt, k = 1, ,K.
(3.8)
WABRI(3.4), 85 T8 (3.8)FH d x nﬁlﬁza—m‘
Edx dE‘JjJ_MEa_‘B%
d u
a_ayk_ Eﬁ,[a¢M i(£, )] SE,
2 (3.9)

3—‘3,‘ = Id¢M.k(£’ u).
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Hoh [, Bd x d BERIHEE, T n x nsmmj-i H
TR HBARRE

ai(5E)= Sal P20 2 ste ),

(3.10)
Hepz h(3.4)HE.
3.3 {E3isiE % (Trust region algorithm)
RETRE A, B T RESRAE R RIFR TR, G
SRUWSRARNG , O b B AT R P B0 0k o Bk 3B Wi Sl
.5 — g X

EX (FEENFREERN BARZER
(h) = mm Glh. (3.11)
ﬂ‘:.nsa
He

h =
(af, -+, ak, b, BT € R+ DK 4 € R, b, € RY.
SBRFAEE(. 1) RN

b == e G (3.12)
MM RBR/MER 6,(h) =- 4l G Il . BEX T4
TREN
Preh; = 6(0) - 8(h,) = A, 1l G I, (3.13)
DREBRTRE
Arehy = J(¥P) - J(yP + b)), (3.14)
BfEE X E
| = 1;:,’;‘ (3.15)
FRATIEHBEL:
1 Bl oy € R™*Y5 4, > 0,6 >0,

01 >1>8,>00<83 <64, BLl:=1.
w2 AIRXG.7) ~ 3.10)iHE G, R
| G Il <e,WHEIEHE; FMHEAG. 12) HEH &,
®3p REAG.13) ~ RG.15)iHE . £
{y“’ + hyy 1 >0,

(1+1)
)I —_—
‘}'(”, n o<

(3.16)

TEE A R :
{[1,31] lhlly 1= 8,
(85,840 1 &y |, B,
FaX Bl:=1+1,BmE24.
3.4 (SHUSE % AW S (Convergence of trust re-
gion algorithm)

511 % 6(y) = vJ(y) BBX(3.8) BE,

HEEHEAEETERNAS Gl W

Gl =8 >o0. (3.17)
Her o RIEHE, WHEEERK 6 #18
| Rl =85, 1 =1,2,-

iE REAKG.12):
BHEFTE o5 118

I hdl = 4. BAFIE

=35, [ = 1,2, (3.18)
BRI AEL, FTREETIFS (1]

A

lim4; = 0.

RO A, < A, (HRFAS B IFI) .
FPreh, =AI Gl =81 4,11 ,LLR G(y) —FK
EH,ER

Areh[l_ = J()’tl.) - ](7'[‘ + htl.) =
= Gihy % oIl by 1)
PN

= Preh[l_ + O( “ h[‘_ “ ),

Areh[

limr;, = lim5—— = 1.
™ 1

i Breh, (3.19)

FRY | TR, EH 7y > 0, HIEBEE
EAAEH

An = I by, I ATER

IR F & . 85 EARIE .
HEBEHBEE A NBEE TG

X5 A < 4y
EFIE 1
AR
liminf [ G; || = 0. (3.20)
iE RiZHK(3.20) FEL, WA FFEEK & &
BRGIANBL . EXES
I = ks rp =85}, (3.21)
RIEFIHE 1 RIERRM: B8 T HERITHI LS.
BT J(%) =0, WA

+° >

S U-I0D] = D) - ()] 2

k€]

ZﬁzPrehk = 62241‘ “ Gk ” = 622656 =+ ™,

kel LISy ke ]

BRETFER, AT (3.20) BaL.

E B TREEXNDHEERE SR, BEER
ER-FAEER S,
4 HFI{FHE (Simulation of an example)

ATRIFBEFENTIHE, RINEETHZ
% Van der Pol 7%
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£ = %3,

2y = y(l—x%)xz—x1+u(t), (4.1)
Yy = x1.

HAKX@ DHEREFEPH R - L - CHEHEHHERIE

MR B _ oM - RC
SRR , S8 u T HP e BRES ME

R, R ZHME,CERE, L IRB THERREN

po=1. u(e) BEARE, y(o) B SR, BEIIH

REMBHNE, W (x,x,) MRFRAHRE.
RPN, RIOIEATIIHAR:

u(t) = O.SSin%tt + 0.2sin %

YIS, ERE9H4H T -0.5, 0.5]hFE
PEBREIRGEHRBA .

HEGEMOLEEL 7o) SBEARE v (1) 5
RN
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Fig. 1 Actual output and ideal output curves
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5 #5i£(Conclusions)
A 30K AN R 4 B T SRR SR i
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