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Iterative learning consensus tracking for non-affine nonlinear multi-agent
systems

CAO Wei't, QIAO Jin-jie?, SUN Ming

(1. College of Computer and Control Engineering, Qiqihar University, Qigihar 161006, China; 2. College of Economics
and Management, Qigihar University, Qiqihar 161006, China)

Abstract: In order to solve the problem of consensus tracking in the given time interval for non-affine nonlinear multi-
agent systems, a distributed consensus tracking control algorithm is designed based on an iterative learning control
method. A communication topology of multi-agent systems is firstly composed of an introduced virtual leader and all
followers, where the role of the virtual leader is to provide the desired trajectory, and then the iterative learning consensus
tracking controller for each follower is constructed by using the tracking error of each follower and its neighbors under the
condition that only some followers can obtain leader information. At the same time, the non-affine nonlinear multi-agent
systems are transformed into affine forms using the mean value theorem, and the convergence of the proposed algorithm
is proved based on the contraction mapping method, and thus the convergence conditions of the algorithm are given.
Theoretical analysis shows that when the nonlinear function of the agent is unknown, the proposed algorithm can make
the non-affine nonlinear multi-agent systems achieve consistent tracking gradually with the increase of iterations in the
given time interval. Finally, a simulation example is given to further verify the effectiveness of the proposed algorithm.
Keywords: multi-agent systems; non-affine nonlinear systems; iterative learning control; tracking control; consensus;
virtual leader

0 51 & REPAR RGO IR 51 1 AR 2 5 RTE, HWE TRk
LR R %A E R R B E A RAEZSRIZ R B HLEs AR AHLU S 24

VAR DU Ze bl B OF LS Eaiy SR8 Tz .

ARG HL R B PR RE AN AR U2, R 2 2 B RER (10— BOE ) 8 1 [ 2 A BT 0 AR A

Yris B HA: 2021-06-20; A BHHA: 2022-01-11.

ESWH: EFBEAREFEESTE (71803095); HEMA SR EFEEDUH (18YICT790130); ERITH
B SRR E ST H (LH2020G009); BT 48 B AR R H AR 4 2 EIE (145109141).

HERE: KRGk

VA IA/EH . E-mail: yiyuqql68@163.com.



930 # % 5

10— R R 2 B Re AR R g &N R
30 T A 3 (s o P SR AR S R, e A T A
BEAR PR A Bl & T — 8. Han fE 2 MRk &R
Gt — U 1) RE AR TR R, 2 HO R 2 B A T
TG 55 B S0 %% AN B A 1) — B0, BRI I — S0Pk,
FE S BR AR A AR A R AE A BN [R] Py I8 31— 2ok, 8
PR 2 22 R T A IR A T — S50 42 ) 1214 3] s
B ] — 50 4 ) 015171,

377 THL B X EZS E TR X JR]_F B IS AT I R
G0, EARE ) P il — o ] {5 4 H A 45 I R] X ) |
SE I 3 B 0 5 A B IR A RH ) kU], L
A JFEL R I W 2 O BIEA TR
TSI SRS B2 R, ORI DA O BR
ER iR 22 A WHE I i fili N, B 25 e e iRER b
R RN Ay DO (R, % R B ) A8 BT AN
4% FR GE R BSR4 ) 4% 45 4 T (T
PRSI AR 1200,

BT FRIEAEE SIS E L AL IR O
A2 R IR AR S S P SL B T 2 R RE R R4
G A 42 ) (21230 0 — S50 42 1) 2429045 s SRR (217 %
X ISR R L 1 2 B Re Ak R0, St T — Rl Tk
A2 2] (g A ) 7 v, TR B AS R NS M T AR 25 1F T
SCPR T HAEE BA T STk [22-23] 43 WA 4% 1 A R 4%
P B T 1] 22 8 Re i & 48, R 20 A kAR 2 T il
S T B R AR R BETE 45 7 i) TR [X R) I 58 55 b sk
BT 75 PO AR 2 A, SCHR [24] 32 7 —Fh o0 A 204K
S P R T B AL 7 AR B 52 R 4 1
B[R] 22 5 REAA 2R T 1 — SO BRI i) S8 SCR [25-
26] 3 T IEARE S v R T R S L
BRGSO A, SOk [2714ERE)T X2
BRER R G, A 5 W P SR A B4y R B R
W A5 IR 2 A T, 3 ) — B i Bl mT DA
PR BR B 8 R AS VIR AR R T 45 72 I 8] DX [A]_E s 2]
AT IR, SCHER (28] 3R I 51N WIAIR A 1R 2%
AR S ST FE I, T2 T 73 B0 2 B ek R4
— SR BRI SCHR [29] £ 0 48 14 B N ) 2 8 R ik &
4, A ) FAREAN 5 R A B L AT 1 i N AN A 0,
it 1 — b o3 A B IR Bk A 5 ) — Bz il L,
Z AT CLORAIE T A 5 R AR BB TE 45 2 B[] X[
A B —EH bR, EAFE B M, SCER [21-29] #2& [H 2%
1551 %2 B e Ak R GEHEAT BB FE, B R AR K2R 2R
IR ST BT VE SR 7 1 AR 2 R Re Ak R
— BV BRI A DG R AR T, IR SR A VS R T £ SE R
ARG AEDT I 2t R G 200 i & 3 kAT
MBN B R GPY S K S AR S et £

xR #38%
B REAR 28 45— Bk IR B 6] BB AR e+ U R
1%,

LRE LA W, O T AL S AR L 2 R e R R
GUAE 25 e I 18] DX 8] b SEEL— Bk e A ER B, Ry
T A AR 2 I BT AN T B R REAR (KRS A
R AR b A B A 2] — B R B %
5%, e, A SIN  RE AT G 3 7 A ) B AU,
IR AT BRI 5 R UL 903 A R 2 R R AR IS
b, RJE AL R A A B RE IR LT (E B
ISR T 3 I A B S A BB AN B BR i S L
S AR PR R R ZE AN WTAE IE P M AN, 4% i ey A\ B IS
AR R 32 V& T B AR N, AT B A PR b
B R ER b AT B 7R B B WSO TR B i AR
o, R e e B AR DT S AR L 2 B e AR R e AL
T 3, 2 T R e S A HE 3 H B Wi
S BRI M AT 45 R R, T B SR T DA
FITAT BRI 2 14 4 1 5 A IR B0 I 25 7 IR (1] X [7)
b Bt e AR iR b

1 FE#R
AL R N A ) 5 R A 4L A 1 R A S el 2

P2 ReR R, o 2 MR AR A
{a‘cj,m) = Flapt) (D), 1),
Yik(t) = Cj i (t).
Hrij=1,2,...,NEF MM L =0,1,2,...
FRIERZE BN ER /TRt € [0,T) 2%
HIBTGER A, 2, (1) € R™ 25 j MR Be AR
R & uj ke (t) € RTZER § AR Be R BN
y;k(t) € R™IEHE N REAR I s £ () R ARFIIFE
LMEREL, O RE YA IS ESEFE.
BRI &8 R 0 A 2 M R A f (2 (2),
w;k(t),t) KTz u I FE AL B /7145, H B, B 7,

KT talf, Ko A, = %J; iifj/‘ , By = % iii% )
A RUBL g€ e ¢ 00 B 5L PH 4 o 8 52 8y
%D 5,’Cf|\ﬂ:xj7k(t)Exj7k+1(t)Zl‘ﬂ,n;ﬁﬂ:uj,k(t)E
Wj 1 (8) Z ).

FRi%2 S5 Re AR H AT AR ME— TR ] g (¢) A

RS A 23 3 9 BAEEAE g () Fl oy (t), BP
{a'cd(t) = f(@a(t), ualt), 1),
ya(t) = Czy(t).
B3 AR 2, 4 (0) = 20,20
I EME, Hoejx(0) = ya(0) — y;,1(0) = 0.
SEL DR 3 A AR ik 1R 2 =1 13 i B v — B
Y 55 5 R 5 3 A 26 ANV 46 P T LU g

6]

2



FA4H

F hF AR A EAR S

AR R S R ) —HORE 1

2;5(0) = 24(0), (H1E—SEHRFERAE L T, R B3 1] LA
TR 9 6 VE FE S ) AR IR A B AR R B i,
2C = [0,C) WL AR RGRE T 5 R 2 (t) =
(o ()T, (02 ()T B, (0) AL
ﬁ»@x?,k(o) i3 A2 ya(0) = Clxj,k(o)-
M7 2 B Be Ak R Gt b 25 B RE AR BESRAS R L6 45
B, Bk T 22 B R A4 2 18] IR I8 AS $h A 2540, A b 225G
éﬁ*ﬁ?@ﬁ’]@h’t\.%mﬂ.TZI—‘ITE?I‘,M’JEPEEEﬁLL
%Hﬂ‘?l)\ﬁ’]f‘?ﬂ/‘ﬁ@%FEEﬁ It BAA # 7 B e A
(FRBE) Re SR A3 A B P B (L 15 2.
AXKHEC = (v,e, A) iR 2 ReRIBE
A Hdo = {vr, 00, .., on } R EHI AL 0 B
M EREBE NS e Coxv T RS AL
V] P32, 27 P A B R A 2 T PR 3835 155 400, 3 R AU AEL
LB BRI 7, A B AR FE. (i,)) € ek
AN R R R, AR B AR R i
AR, A TR 0, = 0. IR i 5 j 22 [A]
AR Ma;; = aj; > 05 Wa,; = 0. € XLy =
D — AZKE () Laplacian % [, H1: D = diag(dy,
do,...,dn),d; = Z ai; RGN, j € Ny N; =
€N,
(R A AR Rt
78 B ¢ IR R AU A0 3 I o 5 O I,
ATLLABTEC = {0Uv, &, A) R a& B S & 1E
P BT 49 e AR 2 (RIS B0 R, o e F A il
AR H . iy F s, R BRBE 7 ¢ 55 400338 2 8] 1)
K& s; = 0RNERBE i 503 H AR, A6
R FFAE B s > ORI NIRMEE i 503 H A Bk
IR, Refig 1501 55 15 B
Big4 EhaE EBEW,@M@@%O%EHE
AR
E2 B4 BRI EE A A AL R
&, a0 RAFAEINSL IR Be A, R REARANBE S —
BV PRER (2B B AR AN AT %), DR el v 4 J2 — Bk R
ERI)— AN B
MG FR IR HIR, N TSR S R L it 2 B g
AARTE 25 58 I 1) X 8] b — 3058 A pR R H AR, AR 300
TN RR AR UT BB A S d i Rk R

ujpy1(t) =

wik®) + T Y (it = éial) +s55(0)|.
iEN;

3)

Hrber(t) = ya(t) — yj(t) 255 5 A ERFEF K ERER

Yd
W, e k() = ya(t) — yix(t )7«% iR B 0 R
RE, ya(t) BRI, I 2

RS,

HNFRIAE T, 30

oi(t) = [o1 (), 23(0), - 2n (D],
ug(t) = [ug (1), ug (1), s up (0],
yr(t) = [yfk(t)yygk(t)a ~ay%7k(t)]T,

er(t) = len(t) ean(®), - ena ()]

flan(t), un(t), t) =

[f (@1 (t), ut (1), 1),

f(a:;k(t), Ug,k(t)a t)y ...

Ya(t) = 1n @ ya(t).
Hrp: 1y & N x 1H4 1551, @ & Kronecker £, [K] 1
AR (DA 3) S5 A LT A

ult) = Flant). u(0). 1), “
n(t) = (19 C)au(?).

) f(x%,k(t)v u%,k(t)v t)]Tv

up1(t) = wp(t) + [(L+ S) @ I'éx(t).  (5)

FLrp T A N 4 50 SR R, LA B ¢ 1 Laplacian
kg, S = diag(s1, s2,---,5N)-

ASCHE ] E A A 8 I B IR AR A ST i Bk
(5), 3 AR 1 ~ 5 4 3R 0 5 26 v 22 2 e Ak
ZG(4) 145 e I 8] X A) b — 2ok 52 4 B T EE L
2 s AT

e th DL A DG E S, PAIT 8 5 SCUe s i B

EX1 [FERE G R € [0,T] ERAE

[Bllx = sup {e"[|A()[}, A >0,
te[0,7)

Hrp || -] 2 R ) —Fhyu 33,
IS a2
EIE1 RAEAE: ST HE (5), yH 2 R
W1 ~ AR A I FEDT ARG 2 B RE AR R 4t (4), W 2R
)M D2
= (L+S)@(CB)||=p<1, (6)
D) 25 &3t At il 225 AR R 0G0 328 e i B2 A, 4
IERIRELk — oo I, BT BR BE 5 1) 50 H vy (¢) BEREAE
5 7 I [R) DX (7] b — 3058 4 PR A0 2 HIZE v, (2), B
Jm lexllx = 0.
UERA RIS R ZE 1 T4
err1(t) = ya(t) — ypra(t) =
Ya(t) — ye(t) + yu(t) — yra (t) =
er(t) = (I @ O) (41 (t) — zx(t)). @)
BT 2 @) HOR AT R R A B SRR, 9 TS



932 # % 5

xR %38 %

R AR S RV (5) B 8k 1, 75 EER A e
S BUR AR S AF LA R 58 (4) BPIRZS T B S AL 9 7 5
e

R 0w (t) = w1 (1) — (), Sup(t) = upa (t) —
(1), 18 1 (1) T i (£) BT, M 58 (4) O3 1 %

5

‘3

Sy, (t) = Apday(t) + Broug(t), (8)

Fort Ap 1 By 18 LR 1. 8563 (5) (7)- 8) F
& 3015

ept1(t) =

er(t) — (I C)x

[} @u(t7) Byl (7) — g (7)dr =

er(t) — (I ®C)x
[\ it m)BR((L + 8) @ I)ex(r)dr =
er(t) — (I @ C)Pr(t,t)Br((L +S) @ INex(t)+
(I @ C)P(t,0)Br((L+S)® I'ex(0)+

(Io0C) jt 0[P (t, T)Bké(TLJrS) ®I)

ex(t) —

ex(T)dr =
[(L+95)®

(160) jt A Dy (t, T)Bk((?(TL+S)®F)] en(r

[ = (L+5) @ (CBRI)]ex(t)+

(I&0C) jt 0[Py (¢, T)Bké(TL +S)® 1)

(CBkF)]ek(t)—i-

er(T)dr,
)
Hrpo,(t,7) 2@ BREEBAEERTE. X (©O)
P i B Y, A
lerta (D) <
11— (L +5) @ (CBpI)lllex(®)]| + [I( @ C)[|

tha[ék(t,T)Bkég—L+S )@ IN)] HH ex(7)||dr. (10)

3 (10) P i [F] I e LLe =M, A > 0, UH

e Mlers1 ()l <

11 = (L +8) @ (CBL)[le™* lex(t) ]|+
blbgf AN ey (1) || dr (1)
[@ )By((L I
Hrpip, = sup H k(t:7) k +9) @ H,

te[0,7],7€[0,t]
by = |(I®C)|. IR4ENTEEE X, EEiﬁ(ll)Tﬁ

1—e

lex+illx < pllexllx + biby llexllx =

1 _ ef>\T
(P+ blef) lexllx = pllexllx,

(12)

AT

H 5 = pot by HI R 1 S (6)
BIEI0 < p < 1,43 H N B8 KREF, ATfH0 < p < 1
R T ﬁtjﬁ%&ﬁ(uﬁmnﬁklggo lexllx = 0,80
leH;o yr(t) = ya(t). O
3 fHEZERS9H

N T IUERVE (5) W R, 2% R B0 9 R
LM Z ARk R g, il E RIS TR, %
RGAFE 1N ERSSEE R AN R IRBEE, Hrh
§ (G €L,2,3,4) MREE#E N

@54, (t) = a3 4, (t) + sin(u; (1)),

x?k(t) = _x},k(t) - 2$?,k(t) + ujk(t)+
0.5 sin(scjl-yk(t)uj,k(t))7

Yik(t) = 27 . (1).

(13)

El1 BERINE
1P 0RO 3, HAE 2 4 e

PRI, e P 1 R] R R RE 1 AR B 3 R
R T E PG R, HS = diag(2,0,2,0), Laplacian
FRE N
1 -1 0 O
-1 1.6 0 —-0.6
0o 0 1 -1/|
0 —06 —1 1.6

KA % (5) 2 H B 1 5 20 (13) 2H B
ZHEBEERRG. B ESBITHE € [0,1], FREEE
—BURESI B INIL A ya(t) = 126°(1 — ). LI
FEAN IR & IV IR w0 (¢) = 0,8 IR E His 1T
I R BR B 2 AT RN S 25, (0) = 0.5, W 4RIRE
22 .(0) = 0,2 2335 I = 0.3. 5 HEE R AE 2 ~ &5
PR,

L:

1.8
- 'yu(t)
1.4}t
< 1.0}
<
= 0.6}
27 o y..s((t)) —— i) ]
F A V(D) =y () e\
0.2 + Vi) ==y K
* Viall) = Pialh)

-0.2 :
0 02 04 06 08 1.0

t/'s

2 AEHEROREBTERMEE 1 FERFEE 3 A% ERER



AR R sk K 3 — BURIE 033

% 48] & 1 AR AN S
2.0
— =240
1.5}
1.0
=05
~ T s® s
0 ~ o (D) —— yus(0)
A V() — - Yaaol)
-0.5¢1 + Vaall)  —— (D)

* Voooll)  —— YieolD)

0 0.2 0.4 0.6 0.8 1.0
t/'s

3 FREHERORE T ERRER 2 MERFEE 4 AY% H ERER

1.8 «@@%@
1.4} /fﬁ i&
< 1.0F F !l
= if X
;;\. 0.6 } ) e Vel Q
T .Vz.(»u(t) 3
o ¥
021 | o vl
l — -0
_02 L

0 02 04 06 08 1.0
t/'s

4 60 RIERET 4N IRMEE AV IR IR

2.0 g7
% x HRERH 1 MOBRERR

Lebt o HEH2MEEBRE
Bug] 1: R -—-- PREEH 3 BIERER R 2
) N BB 4 PR i 2
=120 %
= :
= X
2 0.8} 5
il N

AR EL
5 ANIRMEEM&RKIRERIRE

Pl 2 A2 ER I A 1 AR Bl 7 3 AE AN [R5 AR R E S
A 35 0 ) BRI o 2, 1R 3 A R 2 0 R e 5 4
TEAS[R]IE AR B IS Xof 4005 2 I3 P R B it 2k, 1 4 02
TE 2R 60 YL AR BT A BR B8 6] 4005 2 02 1 BR R
2, 15 2 4 PR A 1 R IR R 0 22 B A I B
W Shith £k

112 ~ 4 1T DUE H 7E R G 0 2 BRBE 3 (BR B
R BE R 3) e SRAF AT S B T, A3
SRR AT DA i A BRI 2 ) B B 2 A R g vk
BT AT 3 I, 22 60 U AR BT BRBE 1
e e AN X A] [0, 1] b — 858 iR EE EA S &
75, (A B S AT DLA Y BEIE AR EE i, B A R
B 5 1) e R PR R 2 OB IS Sk B & LR R FE T,
B — UOEARER R Hl i NG 1E— X, B S U sk
PETT g0, BRI EOE T 76 75 I, 4% 1l AN 8T
A ), DA T A 2 S R T T Y B L, R A R i
7 72 BE IR AR IR B Iz B S 3N & B T E 4R 4

GEAL) L 1A PR ), B PR 5 1 R0 R 3 6 AR, BR B
2R BE R 4 BORAR. R 0k, 7RI 2 3R] 5 PR
BE# 1 HERRE A 3 Hh 26 A BRBEE 2 SPRBEH 4 1
Mkt E 5.

EIRA ST LRI 2 40 0 9 TG 1) & ABLG T 17
BRI 0, A SCRE AR AR IE Y, R A2 Bl A 0 4 B3R
3 1) Laplacian 7 [ AN [7] 1 2, H ZL50 2 WSk A (6)
RAT.

4 & ®

ASCER AR ST ARG 1 2 R Re R R 4, 7 R A
5y ERBEE BE 08 IR0 (5 B T, R AN R
A S AR J R ERER DR 22, 03 1 — b A sk AR5 2
— HOR R R, FEAE T R A i R UE R T TR
BRI, 25 T BRI 78 o 26 . T T4
TR, B v (45 ) S R 0 4 i A BRIE 35 Rl AR
YOG IINAE 25 7 B 8] X 8] |08 O I 405 3 5E, 24
IEARIREE T T0 75 I, 755N 25 58 I 8] [X [A) | o] S
— B SE AR ER R [RIRT, o A A 28 R E AN T
O RR A IRRS T A Y R R A BR B
HAR ) R B 1R 22 AN WS TR 324 N, (58 mT DLS 3 fr
7 R o 0 R L () — B e A BRI
223 Hk (References)

[1] Zhang Z Q, Hao F, Zhang L, et al. Consensus of
linear multi-agent systems via event-triggered control[J].
International Journal of Control, 2014, 87(6): 1243-1251.

[2] Ren W, Beard R W, Atkins E M. Information consensus
in multivehicle cooperative control[J]. IEEE Control
Systems Magazine, 2007, 27(2): 71-82.

[3] Rossi E, Tognon M, Carli R, et al. Cooperative aerial
load transportation via sampled communication[J]. IEEE
Control Systems Letters, 2020, 4(2): 277-282.

[4] Daugherty G, Reveliotis S, Mohler G. Optimized
multiagent routing for a class of guidepath-based
transport systems[J]. IEEE Transactions on Automation
Science and Engineering, 2019, 16(1): 363-381.

[5] Xiao H Z, Li Z J, Philip Chen C L. Formation
control of leader-follower mobile robots’ systems using
model predictive control based on neural-dynamic
optimization[J]. IEEE Transactions on Industrial
Electronics, 2016, 63(9): 5752-5762.

[6] Alonso-Mora J, Montijano E, Niageli T, et al.
Distributed multi-robot formation control in dynamic
environments[J]. Autonomous Robots, 2019, 43(5):
1079-1100.

[71 LiuY Y, Montenbruck ] M, Zelazo D, et al. A distributed
control approach to formation balancing and maneuvering
of multiple multirotor UAVs[J]. IEEE Transactions on
Robotics, 2018, 34(4): 870-882.

[8] Li X, Zhu D Q. An adaptive SOM neural network
method for distributed formation control of a group of
AUVs[J]. IEEE Transactions on Industrial Electronics,



934

*

R %£38%

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

2018, 65(10): 8260-8270.

Zhang H G, Zhang J L, Yang G H, et al. Leader-based
optimal coordination control for the consensus problem of
multiagent differential games via fuzzy adaptive dynamic
programming[J]. IEEE Transactions on Fuzzy Systems,
2015, 23(1): 152-163.

Meng D Y, DuMJ, Jia Y M. Interval bipartite consensus
of networked agents associated with signed digraphs[J].
IEEE Transactions on Automatic Control, 2016, 61(12):
3755-3770.

TE, BN, RO . BT AR B =B
BReR RGBS M 0], A3hIR, 2019, 45(7):
1366-1372.

(Dong T, Li X L, Zhao D D. Event-triggered consensus
of third-order discrete-time multi-agent systems[J]. Acta
Automatica Sinica, 2019, 45(7): 1366-1372.)
Hua C C, Sun X L, You X, et al
consensus control for second-order multi-agent systems
without velocity measurements[J]. International Journal
of Systems Science, 2017, 48(2): 337-346.

Yu S H, Long X J. Finite-time consensus for second-order
multi-agent systems with disturbances by integral sliding
mode[J]. Automatica, 2015, 54: 158-165.

Zhang L L, Hua C C, Guan X P. Distributed output
feedback consensus tracking prescribed performance
control for a class of non-linear multi-agent systems
with unknown disturbances[J]. IET Control Theory &
Applications, 2016, 10(8): 877-883.

Liu J, Zhang Y L, Sun C Y, et al. Fixed-time consensus
of multi-agent systems with input delay and uncertain
disturbances via event-triggered control[J]. Information
Sciences, 2019, 480: 261-272.

Zuo Z Y. Nonsingular fixed-time consensus tracking for
second-order multi-agent networks[J]. Automatica, 2015,
54: 305-309.

Wei X Y, Yu W W, Wang H, et al. An observer-based
fixed-time consensus control for second-order multi-agent
systems with disturbances[J]. IEEE Transactions on
Circuits and Systems II: Express Briefs, 2019, 66(2):
247-251.

Ahn H S, Chen Y Q, Moore K L. Iterative learning
control:
Transactions on Systems, Man, and Cybernetics, Part C:
Applications and Reviews, 2007, 37(6): 1099-1121.
Arimoto S, Kawamura S, Miyazaki F. Bettering operation
of robots by learning[J]. Journal of Robotic Systems,
1984, 1(2): 123-140.

Bristow D A, Tharayil D, Alleyne A G. A survey
of iterative learning control:
high-performance tracking control[J]. IEEE Control
Systems Magazine, 2006, 26(3): 96-114.

Liu Y, Fan Y M, Jia Y M. Iterative learning formation
control for continuous-time multi-agent systems with
randomly varying trial lengths[J]. Journal of the Franklin
Institute, 2020, 357(14): 9268-9287.

Meng D Y, Jia Y M. Formation control for multi-agent
systems through an iterative learning design approachl[J].
International Journal of Robust and Nonlinear Control,
2014, 24(2): 340-361.

Meng D Y, Jia Y M, Du J P, et al. High-precision

Finite-time

Brief survey and categorization[J]. IEEE

A learning-method for

[24]

[25]

(26]

(27]

(28]

[29]

[30]

(31]

(32]

(33]

formation control of nonlinear multi-agent systems
with switching topologies: A learning approach[J].
International Journal of Robust and Nonlinear Control,
2015, 25(13): 1993-2018.

Liu C, Shen D, Wang J R. Iterative learning control
of multi-agent systems
measurement range limitations[J]. International Journal
of Systems Science, 2019, 50(7): 1465-1482.

Lan Y H, Wu B, Shi Y X, et al. Iterative learning based
consensus control for distributed parameter multi-agent
systems with time-delay[J]. Neurocomputing, 2019, 357:
77-85.

Dai X S, Wang C, Tian S P, et al. Consensus control
via iterative learning for distributed parameter models
multi-agent systems with time-delay[J]. Journal of the
Franklin Institute, 2019, 356(10): 5240-5259.

Gu P P, Tian S P. Consensus control of singular
multi-agent
approach[J]. IMA Journal of Mathematical Control and
Information, 2019, 37(2): 535-558.

Luo D H, Wang J R, Shen D. Consensus tracking problem
for linear fractional multi-agent systems with initial state
error[J]. Nonlinear Analysis: Modelling and Control,
2020, 25(5): 766-785.

Bu X H, Zhu P P, Hou Z S, et al. Finite-time consensus
for linear multi-agent systems using data-driven terminal
ILC[J]. IEEE Transactions on Circuits and Systems II:
Express Briefs, 2020, 67(10): 2029-2033.

Ko, R, VRER. —JOREA A Z IR A T E JF
15 5t HE 26 1% R 406 # H 36 B backstepping 15 1l [J]. %
il 5 ¥, 2020, 35(4): 769-780.

(Zhang Q, Wang C, Xu D Z. Robust adaptive backstepping
control for a class of non-affine nonlinear system with
full states constraints and input saturation[J]. Control and
Decision, 2020, 35(4): 769-780.)

Zhang S, Wang Q, Dong C Y. Extended state
observer based control for generic hypersonic vehicles
with nonaffine-in-control character[J]. ISA Transactions,
2018, 80: 127-136.

A, Farza
approximation-based

with random noises and

systems based on iterative learning

Boulkroune M, M’Saad M. Fuzzy
indirect adaptive
for multi-input multi-output non-affine systems with
unknown control direction[J]. IET Control Theory &
Applications, 2012, 6(17): 2619-2629.

ThIIEF, B A, R i M. bt B Tk
sk AL, 1999: 285-286.

(Sun M X, Huang B J. Iterative learning control[M].

1999:

controller

Beijing:
285-286.)

National Defense Industry Press,

&N

i (1977-), 5, 2%, WL, WFIEA S ] 28

Be Ak R G Rl ) S50 9T, B-mail: yiyuqq168@163.com;

e 0979-), &, #¥%, WL, NFHRAG TR FHE

2 5 TR, E-mail: caul980@163.com;

NI (1979—), 5, ¥, L, W& e ReAL

5| %8 7, E-mail: gjg1998@126.com.

(Fritsmig: H )



