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Noise-smoothing iterative learning control in procedure
of industrial process steady-state optimization

RUAN X iaoe's WAN Bai-wu’
(1. Faculty of Science, Xian Jiaotong University, Xi &n 710049, China;
2.Systems Engineering Institute, Xi @n Jiaotong University, Xian 710049, China)

Abstract: The iterative learning control is studied for the procedure of industrial process steady-state
optimization in order to improve the dynamic performance of control systems. The basic weighted
noisesmoothingtype iterative learning control structure is established based on given desired trajectory
and the output dynamic information of the real control system. The convergence of the algorithm is
derived from combining frequency—-domain with time-domain. The numerical simulation shows that
noisesmoothing—type iterative learning control algorithm can effectively eliminate the influence of the
noise on the output signals and remarkably improve the dynamic performance of the control systems.

Key words: noise-smoothing; iterative learning control; industrial process steady-state optimization

5 = a

1 2001-05-15; : 2001-07-10
(K97M02) ; (0900-573026)

(1965—) , ; (1928—),

) ’ ) ) ’



420 = il 5 VS K %17 %
(231 ,Go(s) = Gds)G(s)
[3] ) C1, C2, P
[4 6] Ch, ILC,
y s Ck+ 1 "
PID- )
ris1(t) = Owr ru(t) + Ok 1T pen(t) + 5
, ) O+ 1T aen (1) (2
) CE(B= 1,2, ) ,rhe (1)
) E+ 1
,O0ke 1= cke 1/ ch Ty | ]
7. 8] : ce(t) = ya () = YD), ya(n)
( ) ’ Ck
9 . 1 ,_’)_/k(t) =
s 1 1+ 1 - -
[7.8] o AT R
) k (
? )ale )
) Cle+ 1 (2) ri+1(t)
’ (2 (-,
GL‘ S
Yie 1(s) = ﬁﬁm”(“) (3)
2 PRI SRR R R E X
, Cck+ 1,
Cy N(s)
L. Y .)'-k
n.c 59 ot —p
r —
Ya 1 ya,(t)
cl ydl(t)’
1 Cht 1
Ch+ 1
9’%1“) = Fyd;‘(l), k= 1,2, (4)
1 LTLC , 2 ya(t) (- ya,(2))
N(s) o- ) ri(t) y(t)
- , |ya(t) - ye(n| <6 .t [0,T],
T o
G(P!S! ’
Y9 = 176,580 (1) 3 e :
R (s) . Y(s) , ; yi(t)
GC(.S) PID N G])(S) }'rl(l)( A/“'/:("‘)}a Ey oo H I y[‘vk(l)



% 4 H Mo/ Tk 3RS R HE P ovg &5 FRA BR ¥ 54 421
-y < € 0 [0,T],€ 1 4
(O 1(T = na(D)dT< No (10
17 L) = F(s) £ QJ
Laplace | L <P<s|>>:pk(t>, <9>|
, r L™ (P () Wasei(s))| =
1 o o
L[E'Tlf(m”‘ s Fe) ) | pin()Waer(1)] = =
No[t—i‘“lP’*’"(jaWda%” (11)
3 EE4 .
1 (1) | L7 (P () Er(s))| = [pu(ner(n)] =
(2), - vdt P Gw| A (12)
ya(t) O- Laplace f . —"—l
ror, | PG |® PG
o I, T.  |P(w|*< 1.
W(w = |1- SIZT“’IT’(FI + 1
. . _ sinfl
Jaf‘l)%< 1 (6) |P(Jw)|—‘1_ Tl o (D +
o
O () & e i AL
UERA L(f (1) = F(s) S (1) 9) L anlace (1
Laplace ., f(1) = L \(F(s)) 0 P ’
Gep(s eT’S— e Tys ’
6= TP B = S () ] =

,ym 1(;:) = yk+l(t) + nk+ l(t),

1
Erca(s) = Yo (s) = Yrea(s) = =
o+ 1(1 = H(s)(Tp + Tus)G(s))Ew(s) +
H (s) (01N #(s) = Nici(s)) (8)
P(s) = 1- H(s)(Tp+ TCas)G(s),
Wisi(s) = O 1H (s)Ni(s) — H(s)Nis1(s)

Laplace Bi- 2= 0w 10 Oug= 2,3, Lk,
(8)
Er1(s) = 0 1P (s)Ew(s) + Wiea(s) =
O 106P () Ei-1(s) +
O+ 1P (s) Wi(s) + Wre(s) = =
BkP( YE1(s) + Wiei(s) +
S B P W (9)
s m(m= 1,2,
k), | B < «

L™ (Wa(s)) =
L7 TH () (0aV s 10s) S Nw((8)) =

L 172 t0na 1/2

- vdn T PG|

mAmmLWHmP
Vo "y 1- | P(jo] !

+ No (14)
k - oo

W | PG| 2
ek+1(t)|<0(N0[ T 1—|PJ(0| + No

(15)

e ()] < €
€k+l(t)| , €

No(
) ,
yi(t) ya, (1)

4 JRESISARAR 3 X TR L R B
( )

[8]



ts

(¢) k= 10,c0= 1.2
2

422 = Ll bl #F17 %
Ge(s)= 2+ 0.5/s+ 0. 2s,
1
’ Gy(s)= —5———
: » sinwTi 2 1 2+ s+ 1
| H (jw.T)|*=, ol 1 =73 (16) (2), T,
w =0.1,Ta= 0.3 cr=3.0,c2= 2.8,
c3= 2.6,ca= 2. 4,¢5= 2.2,c6= 2.0,c7= 1.8, cs=
T, =1.392/ w 1.6,co= 1.4,c0= 1.2 Y= Oeenpl
1
ML D, g - 3]
5 HTUiR (1+ 1)
2 , )
1 . PID : @
4 ®
3 -
12
:. |
% | va, (1) = 7e(0)| < €€
1 )s ,
0 . . . . yl‘(t) ’ (S
0 10 20 30 40
ts
bk S
(a) k= 2,c,= 2.8 -H =
) € ’
0 10 20 30 40
ts
(b) k= 5,e5= 2.2
1.8
(References):
1.4 [ 1] Findensen W, Bailey F, Brdys M, et al. Control and
E 10k Coordination in Hierarchical Systems[M ]. London:
% John Wiley and Sons, 1980.
1 0.6 [2] Roberts PD, Wan B W, Lin J. Steady-state hierarchi-
cal control of large—scale industrial process: A survey
02 . N [A]. IFAC/IFORS!/IMACS Symp Large=cale Syst
0 10 20 30 40 Theory & Appll C]. Beijing, 1992.1-10.

’

[M]. : ,1998.
(TH#% 4267)



426 = # 5 »® %K %17 %
1 1
Ry Ric Ric | Rice— Ricl Rip L | Ri.cs- Rusl
= 0.8 0. 852 61 0.863 73 1. 112% 0.876 02 0. 881 46 0. 544%
= 0.9 0. 827 24 0. 842 91 1.567% 0.851 83 0.861 58 0.975%
R Ru.c, ,
Ris Ric
1 3) ;
2 )
N =2,(f,m) = (3,6),(f2,m) = (2,7) Y , ,
=09 Ru.c
Ri.«n
(7) (5), , (References):
M= 20.3522,z= 3.137 3 L] » : [M].
., Riwc= 0.7138,Ru.= 0.721 4 > 1992. 40-60.
Ric [0.6353,0.730 3], Ris= |7 ’
[]. . 1999, 20
0.716 4 (6):553-557.
6 él:':[: 'L/B (Sun Y.(Jucha()7 Sh.i Jun. Infﬁ)rmation theor?f ITlethOd of
calculating approximate confidence lower limit for se—
) i riesparallel or parallelseries system reliability with hi-
erarchical successHfailure test data[J]. J of Aeron,
1999, 20(6): 553-557.)
’ [3] K/ N(G) () [JI
’ , 1998,19( 1) : 30-34.
’ (Shi Jun. Approximate limit of the entropy (method)
, for reliability assessment of a K/N (G) system[]J].J of
2) A eron, 1998, 19( 1) : 3034, )
[4] , . [M]. : )
, 1990. 3740.
(L&% 422 T0)
[4] , : 223.
[J]. , 1996, 13( 6) : 717-723. (Ruan Xiaoe, Wan Baiwu. The iterative learning con-

( Yu Nairun, Wan Baiwu. The iterative learning control
for the dynamics in steady-state optimization of indus—
trial processes|J]. J of Control T heory & Appl,1996, 13
(6):717-723.)

[3] )

[J]. , 1997,12(2) : 163-166.

(Yu Nairun, Wan Baiwu. lterative learning control in
steadystate optimization of industrial processes with
delay[J]. Control & Decision, 1997,12(2) : 163-166. )

[6] )

[]]. ,2001, 27(2), 219-

trol for saturated nonlinear industrial control systems
with delay[J]. Acat Automatica Sinica, 2001, 27(2):
219-223.)

[7] Chen Y Q. Moore K L. Improved path following for an
omni-directional vehicle via practical iterative learning
control using local symmetrical double-integration[A].
Proc of the 3rd Asian Control Conf [ C]. Shanghai, 2000.
1878-1883.

[8] ChenY, Dou H, Tan K K. Local-symmetrical-integral—
type iterative learning control[J]. Control T heory &
Appl,2000,17(3) ,347-352.



