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Abstract: A nev two-step oontrol scheme with input constraints is presented to obtain a fast and
efficient algorithm. The input constraints are substituted by intemediate variables constraints of the
model and an on-line algorithm for detemining the intemediate oconstraints is given A dding

intermediate constraints guarantees the existence of the real solution to the static nonlinear algebraic

equation, and makes it easy to stabilize the closed-loop systen and enhance the optimality property of
the control system. Smulation results show the validity of the theoretical analysis
Key words Hammerstein model; Two-step control;

equation; Stability

1
Hanmerstein
pH
Hamm erstein ,
CARMA ,
Hamm erstein
[1,2] 1
: 2
: 2001-10-09; : 2001-12-29
(69934020)
(1972—), (),

Intem ediate constraints, Nonlinear algebraic

stein

Hanmerstein

(1965—) ,

1

Hanmer-

[3]



1 : Hamm erstein 25

[1,2,4 6]

[5] [L 4,6]
[5]

Hamm erstein

x () = f (u(®), W X

f(u()- x(@®=0
u(t), N ev ton-Raph=on (21

21
f
f
[7],
u= g(x)
f

x(t) = rd (1) + oo M(Y) +

+ riu(t) + ro (1)

[1]

X (t) = I’odduOdd (t) + + ru (t) + TIo (2)

odd ,
[2] : u(t) = x(t)/a
[4]
u() = 1/ra(x(t) - rpuP(t- 1) - rp1X
u” (t- 1) - - ra?(t- 1)) (3

p , (3

(3) y I
r [5]
X (1) = reent™™(t) + + rw(t) + o (4
even : (4) ,
X (1) = reven 0™ (1) + + rw(t) + ro (5)

revenueven (t - 1) -

u(t) = 1/ri(x (1) -

leven- 1 X

u™™ t(t- 1) - - W (t- 1) - ro)
(6)
[5]
22
, x (t)
u(t) x (t) f( g
x (1)
u (t) A
u(t) = £ (x (1))
x(t) = f (u(1), u(t)
= £ 1 (x (1) u() = gx (1))
x (1)
_ox(1)
xoa (1) = L1 (x())]  Ax (1)
Ax (1)
fo+
f o+
u(t)
fo
fo ul(t)
x (1), x(t) =
fo(u(t))
3
1) fo,
u(t) ;
2) u(t)
fo
3) fo,



26

18

u(t)
[1,4]
u(t)
u(t)
u(t)
Ax (1)
u(t)
Ax (1)
23
, Ax (t)
u(t)  x(1) , x () u(t)
, Ax (t)
x () u(t)
u(t)
, x (t)
u(t) ,u(b) u(t)
Ax (t)
24
x(t) = f (u(t), u (1) x ()
Unin € U (t) <
Umax, x(t)  unn< u(t) € Unmax
, Xmin Xmax
[1,2 4] , X
[4]
u X
Xmin Xmax
(1), fo(u) =
Lr-ad" "+ L- Dr-aub %+ + 1

Uik = Una” + sgn{f (uda”)}Audx”  (7)
ek (i= 1,2, )

» Umax Xmax u

T i

If (d) - f (Ul ?) |< €
TN
Umax

Xmax = f (an\‘a;) Xmin Xmax,

o= - sl @)Y (©)

Xmin  Xmax Lr-au '+
L- Dr U %+ + =0

Unin  Unax X = f (u)

Xmin  Xmax Lore-au (1)

+ L- D %()+ + =0

Hanmerstein

Xmin Xmax, Xmin Xmax

3 Hamm er stein

Hamm erstein

31

foﬂk)- Xos = 0,
f(us) - xs= O fo(us) - Xos= 0
(3) (6)
f(u) - xs= 0
(3 (6) fo(us) - Xos
=0 .
f(us) - xs= 0 fo(us) - Xes= 0
O
(3 (6
(5
+
x (1) = folu(t)),
1



1 : Hamm erstein 27

| BT LR | (D) .A_l u(t) .xnew(t) Xt & B3| ¥
IR HIE LAY

1
fo=f, Hammers-
tein ,
1
foZ f f £ fk fo= f,
fo= f )
X . fo f
f#f f(u- x= A
t X y f
32
Ax (t) , Ax (t)
: Ax (1)
1 I"]:
u= sat{u}, desaturation
X ’
desaturation
33 NLGPC
‘ + CARMA”
[2,4,5]
GPC Aa(z My (1) = b(z YAu(t
- D+ E(; w(t+ i) GPC**58
N,

I =% Iyt+ - wt+ H]F+

ZMAX (t+ j- DI (9)
[8]

3 x (1) :
(2, (3), (5 ,
ys= [b(1)/a(1) If o (Umax) (10)
ys= [b(1) /a(1) 1f o (Umin) (12)
1 X Umin Umax( X =
f (U) u [Umin,Umax] ),
Yess = |y$' (U|
, x (1)
GPC 7 Xmin € X (t) <
Xmax, ( )
4 x (1) ,
Ys =

[b(l)/a(l) ]Xmax Ys = [b(l)/a(l) ]Xmin
4
A(1- z '+ Q252 Y)y(t) =

(1- 122 HAx(t- 1), w= 12,
GPC )
N> 1 Ni1= 2, N2= 6, Ny= 2, A=

0. 000 01 u(- 1)=
Au(- 1)=0, [y (0),y (- 1),
y(- 2]= [0,0,0]

x= 0. 051 2u*+
Q 206 9u®- Q 243 7u’- Q 998 3u+ Q 0165,

x =- 10963,
y' = Q 877,
(6)
x=- 23501
u’+ 2 185 4u’+ Q 861 9u, |u|<
1
1) ,
[x |< 1 0405,
[us, Xs,ys] = [- Q8172 - 1 0405,Q 8324],
4 ; 2) desaturation
, [us, xs,ys]= [- 1,- Q 697 2,
Q 557 8], 3



28

18

(References):
[1] Anbunimani K, Patnaik L M, Sama | G Self-tuning-
minmum variance control of nonlinear systems of the
Hammerstein model [J ]
1981, 26(10): 959-961
[2] ZhuQ M, Waw ich K, Douce JL. A dgtive general
predictive controller for nonlinear systans[J] IEE
ProcD, 1991, 138(1): 33-4Q
[3]Bloemen H H J, Van dBoom T JJ, V erbruggen H B.
M odel-based predictive oontrol for Hammerstein-
W iener systans[J]. IntJ Contr, 2001, 74(5): 482-495
[4] Zhu X F, Seborg D E Nonlinear predictive control
based on Hammerstein models[J].
Appl, 1994, 11(6): 564-575
[5] :

IEEE Trans Autan Contr,

Control T heory

Hammerstein
[J] , 2000, 17(8): 529-532
(Xu Xiangyuan, M ao Zongyuan The analysis and
research of predictive control based on Hanmerstein
model[J]. Control Theory Appl, 2000, 17(8): 529-532 )
[6] Wang W. Generalized predictive control of nonlinear
systams of the Hanmerstein fom [J]. Control T heory
Appl, 1994, 11(6): 672-68Q
[7] Pearon R K, Pottmann M. Gray-box identification of
block-oriented nonlinear models[J ]
2000, 10(4): 301-315
[8] . [D]
, 1997

J Proc Contr,

1
0
y
-1t
0 5 10 15 20
sample
2
0
-0.4
u
-0.8
U AT LS S
sample
3
5
Hanmerstein
, Hanmerstein
( 23 )

[9] Liu Puyin On the gpproximation realization of fuzzy
closuremapping by multilayer regular fuzzy neural net-
work[J] M ultipleV alued L ogic, 2000, 5(3): 463-48Q
[10] Liu Puyin A novel fuzzy neural network and its
goproximation cgpability[J] Science in China—Series
F, 2001, 44(3): 184-194

[11] L iu Puyin A nalysesof regular fuzzy neural networks
for approximation cgpability [J ]
2000, 114(3): 329-338

[12] L iu Puyin, W ang Huaxing U niversal gpproximation of

Fuzzy Sets Syst,

a class of oontinuous fuzzy valued functions by regu-
lar fuzzy neural neworks[J] A cta Elect Sinica, 1997,
25(11): 41-45

[13] Liu Puyin, Wang Hao. Research on gpproximation
capability of regular fuzzy neural network to continu-
ous fuzzy function[J] Science in China—Series E,
1999, 41(2): 143-151

[14]Mao JH, Zhang X F, LiY D. Research on fuzzy sys
tem as universal goproximator for function[J]. Science
in China—Series E, 1997, 27(4): 362-367.

[15] Dianond P, Kloeden P. M etric Spaces o Fuzzy Sets
[M ] Singapore: World Sci Press, 1994

[16] Nguyen H T. A note on the extension principle for
fuzzy sets[J]. J M ath Anal Appl, 1976, 64 (2): 369-
380



