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Nonlinear system multiple model adaptive control
based on piecewise linearization method

LI Xiao4i, WAN G Shu-ning
(Department of Automation, Tsinghua University, Beijing 100084, China)

Abstract: Piecewise linearization (PWL) method is used to identify nonlinear systems, nonlinear sys—
tems are approximated by multiple linear models. Multiple controllers are set up according to multiple
linear models, then a multiple model adaptive controller is formed by using a minmax index function.

By using PWL method an optimal model set of nonlinear system multiple model adaptive control algo—

rithm is given, which reduces the heavy computation burden in multiple model adaptive control. Simu-
lations show the effectiveness of this method.

Key words: piecewise linearization; nonlinear system; multiple model

20 70 [
) ) 10
, 2]
[3] Laguarre
: 2000-10-17; : 2001-04-10
(69974023, 69934010) ;
(1971—),

s ’

; (1956—),



46 = # 5 * ® 17 %

[4] [6] , ® R(m+n+ 1) ><L, S SL’
y() = £(R) = Rhy|©59) (5)

[5] == >> ® S
min  F(®,5) (6)

@ Rm+ ne1)>=<L g gL

F(®.5) = max|y(1) -~ Rkn|@.5)| (7
[7]

3
2

® S, (1)

y(1) = min max hf(q?l),e/)
s s s 0 - @ R"mmu (8)
) d

2 p R MEARRER
3 ARkt ARG B E RN A

it
y()=f(y(t=1), ,y(t- m),
w(t- 1), ,u(t- n)) (1)
su(t)  y(1) .
f(*) (2),(3) (D
|u(n] =¢,
b R° y(t) = any(t— 1) + + ainy(t— m) +
biu(e — 1) + + binu(t— n) + c
i= 1,2 L (9)
{A (g ") = 1+ aing '+ + aing
Bi(q ") = bir+ bi2g '+ + bing "
Z'= (1,2, ,L}.L , (10)
s z' , q' , g 'x(t)=x(t- 1)
{5L= (1L,2),(1,3), {123}, ) )
h(b.8) = (#1118, i= 1.2, L' Aig Yy(1) = Bi(qg Yu(i- 1) +
; i= 1,2, L (11)
Ry = [y(t= 1. .y(t- m),
w(t- 1, ,u(t- n]"
0= [ai, ,daim, bi1, ,[)i,n,ci]'r (3)
Rm+n+l
1 (1) Aiqh) .
®= (6.8, 6] RV 5§ Ai(q ) =0, |q =1, i= 1.2, L
W (%1).00(i= 1.2, L) A= 1- ¢ ', (11) A,
Mi(q y(1) = Bi(qg ")Du(t- 1)
R ©.5) = min max hi(R0).0) (4 - L2 L (12)

7 m-

[ I(h )
(1), W) R



FHREL L THAEBMATENEAN RS54 B F & N4 47
hm(t+ 1) =hs(t+ 1)}
[8]
NA(q Yy(1) = Blq )Du(t— 1) I L,
k= 1,2, (13)
hi(1) = min max hi(Pr),6)
Au(t) = i,j {12 L) (16)
- O (N (1) + O a(AT P (2) + R(1):
+ Oo(x(t) = ker(1)) ) (14) 1) R(t) ZR(1- 1), (15)
Al ) = 1+ ag '+ + ang” "
A(g ) =0, |q] =1 ; )
B(g" )= bi+ bg '+ 4 bg "' 2)R(t)= R(t- 1) R(t) ZR(t- 1)
x(1) = P(qg VA(g Ny (1) + Qg Hu(t- 1) (12) (14

1l
—_
S

P(¢ )B(qg )+ AQ(g )
r(t) L0 *) Li M,
sG(s) > 0, s#*0

Gi(s) = s, |s| =L

|OZ(s)| = M, |s| > Li

Li=M:, 1= 01,

Mi< —Liv1, 1= 0,1,

y(1) = £(1) = min(gi(1), g(1))
g1(t) = max(hi(t),h2(t))
g2(t) = max(ha(t),ha(t))
hi(t) = P8, i= 1,2,3,4

1 5
gi(t) = m(1), g2(1) = hs(t)
21(1) = min(g1(1),g2(1))

1

I(n)mJ h(e+ 1) = r(t+ 1)
u(t)
Q= (u()||u()| =b,mi(z+ 1) =
(e + 1) hiti+ 1) =ha(i+ 1),

(15

Au(1),

u(t) = u(t— 1) + Au(y),

u(t)

4 {5 ESLY

[9]
y(r) = f(y(t= 1),u(t- 1)) =
0.5vy(¢—= 1)+ sin(y(¢ = 1)) + 0.3u(t - 1) +
0.3u(t— Dy(t— 1) + 0.5u(t—- 1))°

- 0.5=u(1) =0.5

2

~

y(1) = mingi(y(t- 1), u(i- 1))
gily(t—= D,u(t- 1)) =
max{hi(y (1 - 1),u(t- 1)),
ha(y (e = D,u(i- 1))}
gy(t— 1),u(t- 1)) =
max{hay(t— 1),u(t- 1)),
ha(y (e = 1, u(t- 1))}
gi(y(t— 1),u(t- 1)) =
max{hi(y(t— 1),u(t- 1)),
hs(y (e = 1), u(i- 1))}
ga(y(t= 1),u(t- 1)) =
max{h3(y(t - 1),u(t- 1)),
ha(y (e = 1), u(t- 1)),
hs(y(e = 1, u(t- 1))}

hily(¢'=" 1) u(i= 1))'i=



%17 %

48

1(c)

—6—0 B0 n
s+ +000000005
e« «00O00DODOQOTY® -

T+t
.

T ¥+ T+ + e e ee0000000QC¢Q I
-
.

1+t +

+4+4++%=020000000O0O0 <

200

14+ + ++ eDODOODOOOO G
1 ++++°*0000000000¢
1++++*0000000000 ¢
1 ++ +0s0000000000@ +
+1+++00000000000O0 ¢
++++200000000000 6O
1++2+»00000000000
1 ++3s0000000000Q0C
+t+t+% 200000000000 X
41 +# » 00000000000
— 1 +#e»x000D0000000C0O ~
4+ +#¥X"000000000D0D0
4 ¥%» xx000000000O0O0
4+ *##»»»000000000GQO0
»

_— ——
]IIIIT <+ ®» x 00DODO0ODOO0ODO0OO OO
N Py &

- 2] o — o < o~ o o ~H

[spox jo xapul (1—-nf ! !

150

u(t—1)

100
t/s

2

i/

50
(

PWL

—0.5

+
45

5

200
200

2.2
150
150

Mo= 0.01, Lo= 0. 01,
(1) = 2.0

r(1)

100

t/s

1) +
1) +

0.549 du(t - 1) + 2.1450
2.0
r(t) = 2.2

100

r(t)

, 0o
50

1.237 8u(t— 1) + 1.8200
hs(y(t = 1), u(t- 1))

~ 0.109 8y(t -
0.848 lu(t— 1) + 2.1432

0.461 7y(t- 1) +

1.078 7u(t - 1) + 1.021 2
ha(y (1 = 1,u(t - 1))
0.341 6y(t - 1) +
0.5759u(t- 1) + 1.246 5
h(y(t = 1Du(t- 1))

- 0.151 5y(t -

ha(y(t = 1), u(t- 1))
0.020 5y(¢t - 1) +
0=1= 50,

50 =t = 100,

100 =t = 150,

150 < ¢ < 200,

. LN

(O3

(T#%52W)

t/s

(b)



52 = #H5

%17 %

(3)

( ) €( €01, €2, €%) , &
’ 0, 05
k,  k(0)=[- 1,

-~ 1,0,N= 0.2,é= 0.1,Q [-2 0,-2 0

0 21 10 k=[- 1.73, - 0.41,0.5]
4, Ha) KO
,  4(b) s
k
5 4 1w
SISO

(References):
[ 1] Tokuda I, Tamura A, T okunaga R, et al. Learning al-
gorithm for chaotic dynamical systems which solve opti—

mization problems[]J]. IEICE Trans, 1998, 81:377-388.

[ 2] Ishigame A, Aihara T, Yuasa H. Optimization with
constraint using chaos steepest descent method [ J].
Trans of the Institute of Syst, Contr & Infor Eng,
1999, 12(2): 3163 18.

[3] Thomas L Vincent. Control using chaos|[]J]. IEEE
Trans on Contr Syst, 1997, 17( 12): 65-76.
[ 4] , . : A/D
[1]. (Acta Metrologica Sinica), 2000, 21
(1): 1246.

[5] Pecora . M, Carroll L T L. Synchronization in chaotic
cireuits[J]. Phys Rev Lett, 1990, 64(8): 821-824.

[ 6] Kocarev L, Parlitoz V. General approach for chaotic
synchronization with applications to comm unication
[J]. Phys Rev Lett, 1995, 74(25): 5028503 1.

[7] Liaw Y M, Tung P C. Analysis and observer design in
synchronization via a state feedback control method|J] -
Phys Rev E, 1997,56(5): 5265-5271.

[8] Brown R, Rulkov N F. Synchronization of chaotic sys—
tems: The effect of additive noise and drift in the dy-
namics of the driving[J]. Phys Rev E, 1994, 50(6):
4488-4508.

(EE% 48T)

(References):
[1] . [Jl.
(Control and Decision) , 2000, 15(4):390-394.
[2] Hunt KJ, Johansen. Design and analysis of gain-sche
duled control using local controller network[ J]. Int J
Control, 1997,66( 5) : 619-652.

[ 3] Zufiria P J, Fraile-Ardanuy F, Riaza R, et al. Neural

[}

adaptive control of non-linear plants via a multiple in—

verse model approach[J]. Int J Adapt Control Signal
Process, 1999, 13(4): 219-239.

[4

[fn.ar}

Smith R M, Johanson T A. Multiple model approaches
to modelling and control[ M ]. London: Taylor &
Frances, 1997.

[ 3] )

[9] . [J]. (Acta Phys—
ica Sinica) , 2000,49( 10): 1919-1921.
[J]. (Acta Automat Sinica), 2000, 26(4) :

523-528.

[6] ] M Tarela, E Alonso M V. A representation method
for PWL functions oriented to parallel processing[ J] .
Math Com put Modelling, 1990, 13( 10): 75-83.

[7] . Optimal continuous piecewisedinear approxi-
mation[ R] - ,2000.

[8] Zhu K Y, Wang L. Design of stable linear system with
input constrain[A]. IFAC 5th Symp on Low Cost Au-
tom[ C]. Shenyang, 1998. 11-15.

[9]1 T Hachino, H T akata. Identification for nonlinear sys—
tems by the automatic choosing function and the genetic
algorithm[ A]. Procof the 11th [FAC Symp on System
Ident[ C]. Kitakyushu, 1997. 1: 69-74.



