#43E E2M tE OB % Vol. 43 No. 2
2016 4E 2 B Computer Science Feb 2016
FE&ERAEEEFETH PID BiEREI =

FPERSA' FEEHP? FO°
(EMBEBIAFTENEREEFR 2 M 730050)!
(ZNEBEBIAFRAIESERIE¥KE 2 M 730050)2

B E A LEARTAR A LELEAGEERAE SR T —FHTUAMEIRETEH PAEMELFAEN
PID R it R E 5 Bk B LM sEH., RALFELERNTREFOREE  ERAVZEER A RMBET RS
JHEF AR, o BAE TR S, BASWAS PDRERF IR ENHFALERGATER, EERE
GAEMEENEFH TE2E PDARKRFIEREMEZERS WERLALAERBFL TR AN THELHARK
H,

XEgim FEMRAL,EEWE PIDRRFIEMN LTER

HEESEE TPIS ARG A DOI 10. 11896/j. issn. 1002-137X. 2016, 2. 059

PID-type Iterative Learning Control for a Class of Nonlinear Systems with Arbitrary Initial Value

HAO Xiaoc-hong! LI Zhuo-yue> WANG Hua®
(School of Computer and Communication, L.anzhou University of Technology, Lanzhou 730050, China)!
(School of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou 730050, China)?

Abstract The paper gave an PID-type iterative learning control algorithm with initial state study aiming at a class of
nonlinear system running repeatedly in limited interval. Operator theory proves the validity of the algorithm. The algo-
rithm not only solves initial state problem of the iterative learning control, but also relaxes the convergence conditions.
Results of comparing the simulation analysis of PID-type iterative learning control algorithm with the simulation analy-
sis of PD-type iterative learning control algorithm show that the tracking accuracy of nonlinear system in the initial state

conditions is significantly improved after PID-type iterative learning, and the output error curve tends to zero more

quickly. The results illustrate the effectiveness of the algorithm,

Keywords Nonlinear system, Arbitrary initial value, PID-type iterative learning control, Operator spectral theory

20 42 80 F X, H A% #H Arimoto 21 T R¥E I #
W EAN . B BRI ARMEITHERET S
W, RANE—FEEE P2 EI KR, RAID
RAGHNHRLBNBIEIH, EUREHEREES5H
B IRE B EAREBERES A ERES . &
BEFRENREERELER ., BREIEHOMGERFRE
RIEBUGERITEE , A PRIERE SR RS, 3 REER
VR R ER R REFTRE M &M . BRI SHBTREMB
REBHE N R BYGBATI MMEXE S e BT E. R
i, 72 S B TR R AU B oR 1S R IR ER B B 90, T
HBRERENREEELTEEAFEM THENER
L

YMERBRERE I EHNERRNEZ —, BRI EE
STUAETFBHR. Lee FUHMESRUERLEITET
FEEEMHRER D R PD BRIk I 4 H 08, 45
RUEA EEMBIRER T RATAMMHIRE . HED 5
T HHEImZRART , SR ST B RAR T LU S B B 5

ZF HH.2014-12-20 3R{E HH.2015-04-30

PIBREFSES IR T R B MLIA R S R T R A B L &
BT -EWEMRE, EERPAFEZMEL R
EALE b fRE T EH R ERA SRl A RS S
T R B HEAT R G A FIRME B >, T2 T FFIR B X R
GRIRERETER, LR FU T XF T HEH T8, ghip
FEVERTHEAREI EHBERB PN ERE. 50T
FEALBEWE T 2RI BRHBEBRS TSR ERATE
AFRSENE R LG RS B8 E 5 R ER
i, i R ER IR R — BUR R, B S B HR S EE A
oK. SCHRLS, 9 I PR B 2 SRR 45t TAERRE T i
A T B SR

KX —REFERETHRENIERENE RS £
T —FEERPME T AT PID BRI S HE %, 7
B TR T P e E R . BSIER TR B RS
3 BB SR AR L ATE BT B SR T T 5 (LA
REREY, & R B, FEU RGN PENL LR T 4L
BRER

AL EFR HRBIFEHES (61263008 B 5.

BESAC1960—), 5B, 8%, WL BN, FEBITI 7 02 T Bl WS H B AR G BB HEAR M B A AL, E-mail: haoxhlut@163. com;
FEHA1989—), %0, Wi t, EBFFKF 0% T B 4L KA, E-mail: 345939164@qq, comGEEMEE); E  #£(1987—), %, B+, TEHR

H T Ry A B e R

+ 283 o



1 EE R

HXMUTAFEEEITHRMN—LERERS.
{.ick(t)zf(t,x;(t))+3(t)uk(t)

(=g, (t,x(2))
Hp,t€[0, T, o (D ER" REGHIRE e (D ER KRG
BN i (D ER ARGHE M, f\B.C HiE L EHWE
M. BIZRSEEUGEN MY SEARER, F b WERH
WA 2, (O, Wit iR E R

a(D=y, (O —y ) 2
ROt AR AT PID Bk (R #t,

w1 (O =u (O +(H@+P(&) J dt+L(t)%)ek(t) (3

REMBRAENREI#E:

Zp1 (0) =12, (0) +B(O)L(0)e, (0D @

BHRPAERERE(DBARARXGEREIRE,
MERAR DO IR, WRMA AFKMH EEENET RE
A SEFRA HY BB 52 S BRER I EE BT .

2 e 4iERA
FEUE B AR 0% > B vk 09 58 B 2 B B R LA R = A5

0D

.

E)‘( 1 f=max{ |f, l }%j ngﬁlﬁlﬁf:(fl 7f2 v"‘yfn)T
BTSSR | A || = max (£ lay |} H78HE A= (o) MBS
RBRERE g. (6,2()

g & g1
dxr  Idx» az,
dg: g . &
g:(t,x())= |3z Iz 3x,
Ldx, dxe dx,

ST 1 REBIEH (bl B ZORMBAE,EF Q..
L, TGO IR : || Q @ || <M+ j "N o,

Hrp M1 %8, CL0, TIRE X EXEL0, T LM r
#rBEEZRPENE, B r RFRERBXEEE POR
rxréﬁﬁ%@ﬁ%ﬁ%v A\'\ P. C [0’ T]_’cr I:O, ijﬂ:
PO =pOult) & p BIEERZ/NTF 1,1 lim(P+Q,) (P
F+Q1)++ (PH+Q)(w) (0)=0 ¢ F ¢t —BUR L .

EE 1 MFROFHEARNRLE, 7 cc [0, TIRFH £
T &AM

(al) £, 2()) T 2() 3 B 2B —3 Lipschitz &4, B
SHF 210 sz (DER™, || fltszi (D) — fltszs (D) | <K+
| 2 ()= || 5

()P v, (O t€[0, T] EiELE;

(@Dgt,x(NXTF () WBEE g. GO ETE, g,
2(NFETF (O W R —B Lipschitz &4, B g (x()EF;

(aO) B BUF I BN FM(a2) (ad) HIHR «

p(I—g. (t,zHB@OL)<1,z() €R",:€[0,T1,
Y p->ooff s Ve (O—BURECT ya(8) o

312 ¥ 2,0, TIF a() [0, T] E L EE LR

B, H a(OFEL, T EIERL IR x(O<c(D + J; a(D) (o) dr,
e 284 -

t€[0, T BB 4 : (D <c(e) + fo a(De(De ™% 4. re o,

1.
R B D K R@WA:

e D=2 O+ | [tz )+ B@un (0de
— 2 O+BOLOa O+ [ fleszin e)det
[ Boru o e+ [ LBOLDI, (o art

[ B H@e @ +P0 [ aode

=xk(t)+B(0)L(0)€k(0)+J; [ fCerzpns (2))—
f(r,xk(r))]dr—Jt dB@LD], ()4 +

o dr
J;B(r)H(r)ek(z')dr P2 jo a(Dde (5
S Qe st =N iy
arn () —a@®=(y;@) =31 (D)~ (a(®O— 3 ()
=g (1,6 ) (2 (1) —z241 (1)) (6)
ERGRARGE .

o (D—ee () =g, (2,8 (£)) = {BCOYL(0)es (0)+ f

[f(rsairi (D) — f oy 2 ()} dr —
[ dBDLOD), (a: + [ B HE

e () FtP(2) j e (0 dr} )

.
1 (D=[I—g.(t,6 ®)BW L) ]er () + g. (2,8 (2))

{j' [F (e zim () — f(2r 2 <f>)]df—f
0 0
dB@L& ], ()44 fo B(DH()e () +

dr
PO || eode) ®
ﬁ:z)‘(g% P:CrEOyT]—’Cr[OvT]j]:
Pekm=|:I*gx(t»&(t)B(t)L(t)]ek(t) 9

FXEF Q.:C[0, T]1—=C[0,T1H:
Q&(ek)(t)=g1(t,&(t)){ft dB@LE@] BoLlol, - f
0 T 0
B H(De (D de} —g. (6,4 (8)) » jo [ fCe,
1 (D) — f(ry 2 (e ] de + g (o
£ () JO tP(Des (Ddr 10)
(DR
a1 (1) =Pe, (1) T+ Q (&) ()
—(P+Q)(P+QD(P+Q) (e (D
TEMNEF Q #iTMhit.
Y= (9) BYRTEER A BLTE S
I gz(t,&(t)){ﬁ) dB@L(D] B(ij“‘f) ex () de— ﬁB () H(z)

a@det [ Porad) |+ 1 g ta ) | ]

B = [HD | + el Il de
<lg@ao |« [ 1EBQEDL, o4 -



e Il de+ 1l g Gt 1L [ 2l PG |

le(o |l de
<@ut@htn [ e | d (12)
Hea,p= s | g (& ) lsa= sup

(x,)ER'X[0,T] tef0,7]

| LEQLDL s | By I sh=sup I H) | 5 p=
sup || P || .
B (1) A8,
. (t)—xku):f; [ fCorairs () — fCorz (£)) Tde+
BOL®e ()— jo B(‘QTL(’) oo (et

J - B@H@e @Dde—t JO P(De (Ddr

(13)
EXPIRBIEEE

| zess () — 22 () | <Kfj'o I ke () — 24 (0 || de+-82
e | +aj‘ (o) || det+oh [ ‘
V] 0
e (o) || de+ ptj; e (o |l dr
<K/ [\l bt (0 = (o) [ det

le® | +artoit20 [ e @l de

(14)
Ko =at+bh+pt;l=sup || LD || ;p=sup|| PO | »
LR

| zrs D=2 | <K/ [ Nl zvn (0 = (o) | det
bl e | +a| Neto) | de
bl e | +a| et | det
K| Bilaw | +af law|
do]e e dr

<t e® | +F| |l e(o || dr
0

(15)
Hip, F=a +KbleXrT +TK a1 57,
X (9) BT HB 5 B -

| g (2,8 (2 Jo LA zar () — ooz () 1dz |
<18Kf J; “ Ze+1 (o) — 2 (D) “ dr
<KL [ e Il et/ [ [ 1l eas) | dsde

<NJ; e (2> || de (16

ﬂ‘#‘ 9N=‘3bel+ﬂKfFTo
2 (10) . (12) K (16) 7] 75 .

| Qe <[ N lldetoh [ Newo I det
N[ e I dr

<uf la@ld an

ﬁE‘F ,,u=max(1 yﬁd+ﬂ?h+N) °
313 1 AT lim || e (8) | =0, D24 noolif 1€ [0,
T:] s Vi (t)_"yd (t) vﬁ%ﬁﬁ&%ﬂ%ﬁ:’:%%mﬂ °

3 HESW
ERINT R4
21 ()7 [3sinz ()
[..xz(t)J_ ’:1.5—3t
1 0rwm®
Lo o))
n@®=tex(—x ()

y2(£)=0.5 ¢« 21 (&) +x:(2)
BIAEE N v =y =128 (1 — 1), R WIER S R

0.1 0
. 4}&@#&%

Flw () we@]=[0 1],:€[0,1],HETB. g G z())=

1. 5(sinx; (t)—l)] [xl (t):[ i
3—4¢t xz (2)

[21(0) 12 ()] =[1. 2.1],L<t>=[

t —1
yA=1— g, s L =
[0.5 0.4] g Ct, 2 (t)) B(t) L ()

1—0.1t 0.8
[—0 ost 0 z]’tEEO’lL
BRoAW<LWEEEL1WFF-HEX1H: |AI>
LAWREM | Al <1, BB SEARET . HEERN
B 1B,
B 1ATRUE H, 258 15 WoE R E 2T 2R

2 2
15 15
% 10 \ ’:5' 10
g g
5
0 \"\
% 5 10 5 2 0 5 10 15 20
#HRI Kk HRAK K
H1 PIDREZMHEIREME B2 PDRERMHREEME
norm(el) norm(el)

HRE 1.8 2 TUE Y, PID BB E25d 15 KEE R
FHRECLBIETE, T PDUBENTEER 20 K54
AR B IR, BT W PID BB B (R

MNE 3T LES,. 2 2 RERLELETLBREN

20 20

N
3 ]\ 5]\
g 10 g 10 N
cO 2 4 6 8 10 » "0 3 6 9 \INZ“~1~5~ 18
#HRK L HRK Mk
M3 PDEEREMHBREME W4 PDEERHHREML
norm(e2) norm(e2)

HEE 3.8 4 AU, PID RIB B2 12 kKEfRE &
KRIRZECLBETE, T PDHERMNTEEN 18 KRG
AR RZBOR , fy T W PID BB R fhaE

ZBIMT RS-

I
G(s)—sz+3s+2 as)

« 285




AT RIS HIT R, REER [ 0. 055, ALK
BR 4, AEWEESH ya OFIRTHES  HESER W
T

ME 5 FTRAE 1, 258 30 YOG B 2 RETR 4 #b IR 35

AL,
20 2
15 15
i -
10 10
AN HERN
\\\\
% 10 2 % 10 P E)
BRI S HRK K
S PDRAEZHHRENEK K6 PDAREWHRZME
norm(e3) norm(e3)

FAE 5. 6 FTLLE Y, PID BIE B3 18 IEREB R
GHRLCLBETE, T PDHEENEEER 27 K54
AR B FSCR , kT W, PID BRI 3 4 A

HRIFE ACHET —HRIERENTEREEEENESR
{4 FFF3F PID BRI H], IE 8 T kA% S w6 F eyl
BFMAEVMES T T A LR, TR B 2 T BB AR ™
W BRI 6 8 AL IR AE X 5 B B T 10 7 SR EOR ZE TR AR
—HENERLENE PR, BB T 5%
JEFPRPERE, M ZAEE TR P ERER
%, AR U IR ER BT, R B D . Hid
S S B R ERE S T B R ERE A .

2 % X W

(1] Arimoto S,Kawamura S, Miyazaki F, Bettering operation of ro-
bots by learning [J]. Journal of Robotic System (S1097-4563),
1984,1(2).123-140

[2] Sun Ming-xuan, Huang Bao-jian, Iterative Learning Control
{M]. Beijing: National Defense Industry Press,1999:265-271(in
Chinese)

MR, B A EARFIEH M U BB Tk iR,
1999:265-271

[3] Lee H S,Bien Z. Study on robustness of interative learning con-
trol with non-zero initial error [J]. International Journal of Con-
trol(80020-7179),1996,64(3) : 345-359

[4] Lin Hui, Wang Lin. Iterative Learning Control Theory [ M .
Xian; Northwestern Polytechnical University Press, 1998:91-92
(in Chinese)

MR, EAK AE I EH MM, %, b Tk K2R
#t,1998.91-92

(5] Sun Ming-xuan, Huang Bao-jian, Zhang Xue-zhi. PD-Type Itera-
tive Learning Control Fora Class of Nonlinear Systems[J]. Acta
Automatica Sinica,1998,24(5):711-714(in Chinese)

WIS RERE, KEE EREREH PDBEREIRH
[J1. Bhb33R,1998,24(5) . 711-714

[6] Ren Xue-mei,Gao Wei-bing. Learning control with an arbitrary
Initialstate[ ] ]. Acta Automatica Sinica, 1994, 20 (1) : 74-79 (in
Chinese)

SR, BAR. EEMERAET MRAEIEH). 8z
H,1994,20(1) . 74-79

[7] Yao Zhong-shu, Yang Cheng-wu, Wang Hong-fei. A Frequency-

Domain Design Method for Iterative LearningControl in an Ar-

bitrary Initial State[J]. Systems Engineering and Electronics,

o 286

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2003,25(2) :213-215(in Chinese)

PoAREF , AR, 5 K AEEAHRE T s A T EH rH
il RE TR S8 TR, 2003,25(2):213-215

Chen Y,Wen C,Gong Z,et al. An interatuve learning controller
with initial state learning [J]. IEEE Transctions on Automatic
Control (80018-9286),1999,44(2):371-376

Sun Yu, Li Zhi-an, Lin Hui. Open-loop PD-Type Iterative Learn-
ing Control for a C lass of Nonlinear System sw ith Control De-
lay and Arbitrary InitialValue[J]. Acta Armamentarii, 2010, 31
(6):837-841(in Chinese)

LR . SR N EREREEEEMBR
A THIFE PD Bk EHI[T]. £ T 2R, 2010,31(6):
837-841

Sun Yu, Li Zhi-an, Open-loop D-Type Iterative Learning Control
for a Class of Nonlinear Systems with Arbitrary Initial Value
[J1. Journal of System Simulation, 2008, 20(24) ; 6767-6770 (in
Chinese)

L, FEER, —RER U REEEENHERETWHR DAL
AR I EH[]]. RGN AR, 2008,20(24):6767-6770

Sun Ming-xuan.
learning( J]. Control and Decision, 2007,22(8) ;: 848-852(in Chi-
nese)

PMAFF. MEFESI TR EAREI EH ] EH 50 %, 2007, 22
(8).848-852

Wang Yi-min, Fang Yong. Iterative learning control design for

Iterative learning control with initial state

irregular linear system with an arbitrary initial state[J]. Sys-
tems Engineering and Electronics, 2004,26(3) : 364-367 (in Chi-
nese)

ERE, T E. EEWHRRETHIENREMEREIRH BT
[1]. RE TR S58EFHAR,2004,26(3):364-367

Cao Wei, Cong Wang, Sun Ming, Iterative Learning Control with
Initial State Study for Nonlinear Time-Delay System[]]. Chinese
Journal of Scientific Instrument, 2012, 33(2):315-320 (in Chi-
nese)

B, WL 9. IS T e IR R M R G R R AR5 S 5
0], {88k 2R , 2012, 33(2) : 315-320

Dai Xi-sheng, Luo Wen-guang, Cao Li-sheng. Iterative Learning
Tracking Control for Distributed Parameter Systems with Initial
Large Errors. [J]. Journal of Guangxi University of Technolo-
gy»2012,23(4):18-22(in Chinese)

HEEFX Bk MERRES TSR REERETR
FEHLTD. 7P T2 B4R, 2012, 23(4) : 18-22

Cao Wei, Dai Xue-feng. Closed-loop Iterative Learning Control
with Arbitrary Initial State of Nonlinear Systems[ ] ]. Journal of
System Simulation, 2011,23(5) :965-968(in Chinese)

B L FRURAEERVRRS THHARERESE
0] REATE 2R, 2011, 23(5) . 965-968

Hao Xiao-hong, Zhang Lei, Li Heng-jie. Application of P-type
lterative Learning Control in Active Vibration Control [J].
Process Automation Instrumentation, 2009, 30(2) :47-49
FEBEEL, TR EE AEE AR, P RUGRAN S S BRI E RS E BRI N
AT Bsh ki3, 2009,30(2) :47-49

Hao Xiao-hong, Jin Ya-rong, Ma Yu, et al. Fuzzy Iterative
Learning Control Based on Genetic Algorithm[]J]. Journal of
Computer Application, 2013,33(4) :960-963
AL, ST E, OF, % BT REERNENSREIBHE
w17, HHEHLEL A, 2013,33(4) :960-963



