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Abstract: A multiple model based adaptive minimum variance control is provided for a nonlinear discrete time system that
is subject to multiple operating regimes. The RBFNN, i.e. radial basis function neural network, is used to approximate the
nonlinear unmodeled error of the local linear model at different equilibrium operating point. And the nonlinear system is modeled
by the muitiple linear models and neural network at different equilibrium operating point. A switching function with integral
property and minimum variance algorithm are used to set up the multiple model adaptive controller. From the result of simula-

tion, it can be seen that the controller proposed in this paper can give a better control performance for nonlinear system.
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1 5|3 (Introduction)

ZEAAFEMZEHR (MMAC) Xt TEERIE
KEMSEHENREHTEHRHO BRI
B O7E 70 SEARIHT, BB I T MMAC AN, B
FHA LR S 38 B R R B0E R GRS T
4 8] B . 90 4E A DA 3k, B Middleton, Goodwin,
Narendra AR TR EEMNBEIRE, KA L T
HETHm 5 B Z A B E M E 2, IFIE
HATREEHARBRESE AXIFLBERENBEL
BiE M A R EEMRAER S . [4]X—%K3E
SUBHEERAARILEZ T RERELE/ER BN
TR oe—A Rt R Ge % i ] B A4 2545 U T ) 422 41
Frtk.
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ZiR.X[SIHLMER S RBF M4 W& E RIS
BRI T —RAF R X R 6 30 [6]
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MR, BT IHTEEE.
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HEANTHRE, HARNESTRABRBENEER, 8
RIERA A iR EW . ESBRTENELT, &
EIRFNEHXRE BB TRATESEER
AN Fetk BUA RBF M2 W, Nk T H & N3 vk 7ERE
TR B2 P S B0 SRR
2 8] B H £ (Problem description)
AN T B AR B AT R SRR S
{x(k +1) = f(x(k),u(k)),
y(k+1) = g(x(k),u(k)).
Heb, y(k) REGH N, () Fl g(-) AREZEE
x(k) ERVMAGEA w(k) WIERMEL, B ()
Mog() RN BRAEALK() BRA N B
HEPRE VS (5, v w), 0 = 1,2, , N, HRE
(1) EE V&R MEREAREIT, THRE N AR
B 2R T A Al

(1)

d
ks D) = L] (k) - x4
Ix | (x,.u)
d
D ) - w) + %,
Ju (x."u.')
< ) (2)
ik + 1) = 28 (x:(k) - x) +
dx (x."".‘)
ad
g Cu:(k) = uw) + 7.
L 311, (xl..u,l.)

BINRENREAEHEBE R BRERGERYE
B OCHEKEMEA T XM HEAEE N R
BRMERMERUEREZ M FEELRIRE ¢, K
—X A FHMZEANOBERE, B £(-) M
ge() RPRTHABRNENSBI K _RHTR
BB 1T GEBE AR B K SR T 5 | R A R B4R B 518
= XMEASEFRRTRENFE, EHBREN
B AR, AR, S8, EERE U
B RRIE.

FF RBENN EA 7] LA LU BN FEIRERYE
R, 4< SC A RBENN 3k 8 i 3 3 28 v fb A
RIMIERHEIRE ¢,. BREEHENFFRHAXE D
W, 15 RBFNN, {f R &Kl e, EERELEe = 0
B, HBEAERAEME w, 418 e, - 6, | < e,
D XA L. WA V4 S IE R B T R R
B M(i=1,2,,N)

rx,-(k+1)=:—f

x

(wi(k)-u;)+

(x,,u)

X; + NN(wx,xi(k),ui(k))y

(x,-<k>-xi>+§—’;

(x,u)

(x,-<k>-xi>+3—§

dg
D’i(k+1) = 3

x

(ui(k)_ui)+

(x,.u) (x,u)

yi + NN(w,,x;(k),u;(k)).

(3)
Hh, NN(w,x(k),u(k)) 7 RBFENN H1% i &,
x(k),u(k) y RBFNN M AR &, w AFERE.
2 T W4E BT B A B 3 2014 8 T v FGE R, AR
Fi RBENN R EEH AR5, R A K MAMET
RERYFRETN, 3 BB TR EHER A, R TH
A BT MEY,  RETREMILTHRESN , HET
RS EESEN IR, EaAE YR, s
R/
3 EHIARIZIT(Design of control law)
3.1 BHiENH&/MH EE H 28 (Adaptive minimum

variance controller)
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3.2 RBFNN i)l & & i% (Training algorithm of
RBENN)

HTRHHEAFERBESS, EESHEES
WEAE, WEERES, A BB EFNERIZR,
EEFEHBEE,CRAE | 5 &/M T RBFNN
SR T LR BT ok BN R 22, X B {3 R R T eR B4R
7 RBENN ) %5 66 %5 .

z(t) = Kt x(¢t) - s; 1) =

N
2o (x(e) - s ;)
exp| J=! yl=sig L,
2a?

yf(t) = ij.i(t)zi(t) + Bj(t) =
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wiolt) = 6:(t), z(t) =1,
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ERITHWBEHEENR 2; BES { TRITHF LM
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Fig. | The radial based function neural network

4 EE]5% %R BE (Switching function)
AXHETEHAYAENEHSREIE N

A AR ) A Z (8] V) e R SL B A L FE R SRR AT
R 1 ¥ 45 A BR HOH TR — LR Y BE B B X R
RIEMBE, YRGS RO A B RIBEEIR I #K
MR L, REEX RIEHS B RBETER
RSB R BRI /9 5 BB BT B0 A 3 8% T4E . X
22— P LA A B ) B R
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HERFAE, Wit T B Rt R ir VI B R 3K

k

Jik) = D3a(N% D | (k) - y* (k) 1. (6)

He, 5 (k)i = 1,2, ,N) B i MREEIREE,
y* (k) NERGWHEBH .0 < a(j) < 1 HMRE
F.iE (k) = arg11<n£i<nN]L-(k),r(k) BB 28 k B2 B
KA BHER . B TRATXMHERSTAY
BedE bR AR, NI LR, T B 5 T3R8

B2 S HRAPIRET KA — 1 REHR
RS, RBINN i 5 A MBS &, BiEl
AMTESSRANEE, U - PREEBEE, ME
fisE ERAE R B DA LR R R, DA SR IT X —
A2 & BB AR IR 22, 1E 0 P08 R B A B AT,
RET—HZARANEHEE AFRXRAT
RBFNN &8 M a7 AR AR R R AR 25, [H 15
BEYIRETRE  BE THEEY®RABEE, BHN
Rk TR e it A Bl B [a] B . N T T A0 B4 T
HE LS B BHIE, R AR SOR A B R — T AR LT e 5R
%, HLRESCHE B B N PR I WA, XA
LERERI - ITMHEMENEI ML, 55—
JE B £k 1 AL A T Bt in — > RBFNN A9 7 35 A8 3%,
M SIS EERINRTR T, ASCIRE AT
BB E/D, R HEER.

5 {AFEH](Simulation)

DIESEB AN EX KN (CSTR/ERN X R,
CSTR [ B it #2 7] 1 2 i Ad [ R 25 0 18 Fndi i 5 #2
SR CREER T=0.2s)08!

x1(k +1) = 0.8x;(k) +0.2D,(1 -

w1 (k) )exp(x(k) /(1 + %2(k) /7)),
22(k+1) =0.82,(k)+0.2BD,(1-2,(k))exp(x,(k)/
(14 2,(k)/7))+0.28(u(k)-2,(k)).
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H,CSTR AA R X E JFRHEBAEHINTR .

B ERE ¢ = 100Ts. 2 ¢ < 10T BF,y" =
0.8660; 4 10T < ¢t < I15STH},y* = 1.7518; % 15T
<t <20THt,y* =2.7518; 4 20T < ¢ < 28T iY,
y* = 3.8518; %4287 < t < 50T Bf,y* = 5.1000;
50T <t < 100T B}, y™ = 4.5000. A4~ CEriR
MEHAGENE/MFEZERBTOTHRGE
SHT.
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5.1 HEEBHHE%E M E (Simulation having the
same number of local models)
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Fig. 2 Simulation with equal models

MTESETLE WL, 7€ TR A MK EERA
BHENFAET A4S HmM " RERKH]E ¢ =
207,: = 287 B, ASSCARER B 49 55 A0 i b B F 4
HIE AR L AN il RBENN Bf 7= 4 g8 I8 /), AU n iR
T ShAS AR B, [F B > T AR E] A PR
5.2 &¥atE A 5 B (Simulation having time-

varying parameters)

WA 3 R, BTSRRI ERAMER(F 5.1
PR B 3 MERDAMAT , RAESH g HERT A
5 0.28 LK 0. 34 BF , RAFRESH E 5EHE
IR HHZE. M 3 AT AE S, 7 50T < ¢ < 100T
it , BAFE B AR AL &Y o fin A RBENN (8 5 (#1541
) (9 DI 4 0 B, 5 AR ) B A Bl sh Bk s A SCiR
B FENERRARLE TR, EHBERAKLE.

LHAMM RS SE (W0 D, , v) FERTELR £ LRT,
A SRR ) A ) B A ER 15 B BT ARSI R
6 % FiF(Conclusion)

AIGE SRR ERANE A& S ML R
SHER FHERERRENEMEBILAERE
HEKMUREZMPEARE BT TEXERES
P EBERERR N AR/ EERRE, X —/
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Fig. 3 Simulation with time-varying parameters
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