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Synthesis of an iterative learning controller

for uncertain linear systems
XU Shun-xiao!, YANG Fu-wen’
(1. School of Information Engineering, Jimei University, Xiamen 361021, China;
2. Department of Electrical Engineering, Fuzhou University, Fuzhou 350002, China)
Abstract: A sufficient condition of convergence for the uncertain liear system with closed-loop iterative learning law is de-

rived. Based on this condition, it is shown that the synthesis of an iterative learning controller can be reformulated as a synthesis
of an H,, (sub)optimal controller which can be solved based on LMI approach. As a result, The designed controller is robust
and lower order. Simulation results show the effectiveness of the proposed method.
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1 5|= (Introduction)

AR ST Arimoto % AT ¥ Ui 52k
R HE S, FERAMTM E xR e, K
SXEHREFEEFEREIZRAZE RS FTS
A, R TFANMRITE R S Al A, RIER S
Mt RD, BITEHFEREZSEABHEHENE D,
Moon % APV Roover & B 4 BB 19 0 03T
FERTAREREREAFERFETEHRE, B
BEHEMKERE. A XEAEEEHESHN LM
P H RS L R G AR T 58,
BEHRSOMXEBA, FERNTHEERE AEES
T B8 3 i JE R HA 1 T4
2 9 iR R ¥ 4 (Problem statement and

transformation)

EETREL:

{xl(t) = A1 (t) + Buui(2), (1)
J’l(l) = G (x), xl(O) = xg.

H 2(1) € R, u (1) € RP,y,(2) € R, 5510

REMRE FEHREMAMB L EE, A4y = Aoy + A4,
B, = By, + AB,, [AA, AB,] = DQLE, E,],
Aon s Bow,Ch, D, Ey, E; 535 0 B 3E 2948 B 3 X
RE, Q € R 2y Lebesgue ] il JC B A B 8 M [, FF
W
Q"0 < I;. (2)
T, 45 B AR ST 4 B R D A IR S A
SIE 1 # P(s) NEBHEERRMMAL (1) W%
BEE, REMBMA BN U(s),Y(s), ¥3
A
Ueai(s) = (U(s) + K(s)Epa(s)),  (3)
FEBEFHMHFAM: 7.(0) = (0, vk, b HE
RIREL. 7 Ly ?E%?IESLT%%H&@&(EE(HU) -
yu(e)) = 0) MFESFHH
fF(s)lIlw = 11+ PCYK(s)) T & < 1.
(4)
Hob | - | « H HLTEE, K(s) HERE, I HEY
BB BT .
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4 3 R ELME R G &I BRIt 651
iE  (B%). [ RAS + AR REY, B, D, CIR]
S} TARE P(s) B8 K(s) PHEIERIAT, 5138 1 B8 Esn R —_e2f 0 0 0
ESZ_\—Z ,ﬁ%ﬁ:i&ﬁ T BT 0 _ ),I 0 DT
I Fi) e = (T4 POKG) WD e <1 : R
(s) DY 0 0 -5I 0
Ho w(s) AR KXT RS E 5 A KE g L C,R 0 D, O -l
W(s) = diag(Wi(s), -, Wy(s)). BYS -y 0o DL o0
HoR B 1 B 40 SR SR o R O, LA R ' i
T (s) = Fi(s) T DAS 0 —¢1 O 0 ¥ <0,
2w 1 .
Cl D11 0 — vyl 0
| Ew 0 0 0 -
R I] 0.
RIS RGAER Hrh
Fig. | Diagram of feedback control system A = [Aw chh] D - [OOth]
‘ 0 — O AOh ’ A = D ’
HABHE W(s) HREZ ALK ]
, _ By = [0m2xp — Bowl"s Ear = [Ojxn2 E],
xz(t) = waz(t) + B,,,uz(t), . )
{ (1) = Cyxy(2) + Dyup(s) (6) ® = diag(Ng,I), ¥ = diag(Ns,I),
Y2 = Lu w . T T1T T
Ng,N I B - E1, LC D na
Kz, € R, u,(1), 72(2) € R?, 5B iR B 2% 10 *: s AR B 21 L6 Dul' W
R mAMGERME. BARS ¢ RESHX ' TR 98 A £ i
ﬂw . K(S) = CK(SI - AK)_lBK + DK,
#(1) = Ax(2) + Biw(e) + Bou(e), A 1 FOR REMEREE F(s) H
2(t) = Cix(e) + Dyw(e), 7 Fi(s) = Ce (sl — Agt) ' Ber + Dey.. (8)
y(t) = Cyx(t) + Dyw(t), Hp
Hepx(1) = [2(1) - =(D)]"ER,u(r) € Aci = A, + BBKC,,D¢ = Dy,
RP,w(t),z(t),y(t) € RI, HFIAELK ¢ HRE. Be = B, + BBKD,, Co = [C 0],
4 AT T SR A R T I e A - diag(4.0,), BB = diag(By. 1),
A, B,C B,
A = [ 0 A h] , B = [() ]v Dy = D,, B, = [Bl Oqu]T’ D, = [kaq DZLJTy
' e 0 L Ax B (k+p)x(k+q)
By = (0w, - Bil", €, =[C, D,G.J, Cu = [Cz 0] K= [CK DK]E & i
C2 = gz = G, Cu = Dus Do = 1. RO 6 B33 1 s R 51385, RL(8)
XEERAIE B AR BEREH | Fi(s)lle < Yy IESLERGRF
B8 BTRESK(MMHBERBA u(s) = TE:e > O MEEXMKRE P #E TR

Es)y(s) B HAFREAEHERE, HFAH
| To(s) | w < 7,7 = 1.BRA K(s) BERFTERM
BmREITEHEE.

3 FELEFE (Main results)

FE 1 RK(7)RAHBERE u(s) =
E(s)y(s) B HAF RE HEfaE, 3 A
N To(s)ll e < ¥y WFEFIVELRSE - FHEER >
0,IEEXFRIEE R, S 8 TE =AML

@ + JMKQ" + OK'O'ST < 0, (9)
XE8
[A%LP + PAy PB, PDg, Cg E{{AJ
B'P -yI 0 DI, O
D - DisP 0 -¢€1 0 o |,
Cer Dy 0O -yI O
| Eoar 0 0 0 - élj
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0 O Ofx:
0 By
By = [IK 0 ] ,
E = [Eoa + Eos2KC  EomKD, 0],
Eoar = [Ear Ojuil,
Eony = [Opx - Ea],

S = diag(P,I1,1,1,1),

I=[Bxw 0 0 0 Egul,

2=[c, D, 0 0 oI".

BETRGAIEREE4 25 0B %, e 1 B

BE .

THREHIFRELE:

1) REPBATE , EMBHESBRK G;

2) A REBHEEHIANR,S;

3) SRR T RWFUIEBRERE M, N:
MNT = I - RS;

4) B TFARBUER P

[S I] P[I R]
Nt ol T Tl Ml

5) BR(9)RE3I 3.15R8 K.
4 {HE3EHI(Simulation example)
ARERSG:

. [_1 2] 5 [1] o [0.2]
=1 g ol 7% T ol T T lpal”

C,=1([1 3],E,=[1 1], E, =1, Q = 1.
HEFSH:
ya(t) = sin(mt) + sin(2ne),t € [0,1]
o ER PR iR
w(s):A, =-10, B, =1, C, = 10, D, = 0,

KA RHE(3)
-3.93 2 ;484.96

K=|-092 -9.7:158.21,
~0.2 0.2 : 47.61

e = 2300, ¥ = 0.9349
BAREMBHERRERFOUNSHE AT HTT
HAMBE, SR0E 2 Fin:

1) % ERSBBATHE;

2) B4 Q = sin(2n:z).
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Fig. 2 Tracking error mean square of system
5 #5i£(Conclusions)

BITHES T AHEXRERE R EAE TR
RS, BEHRA DRI REH H KR He
FEH AR, B )5 F LML 7 3 R GL 3R it 2 S =2 )
# THRVEHSEHEIRERS, RERSGE
EREgEEHNEEERR, RESPEgETlh,
REHWSE R FZ R0 =6 8F B K, U
2,{H e HEMETHE .
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