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R R B FE A R A R {5 7 SRR ER . IS4, el R A Be AR R) 43 2B, vt R R
REPA 42 1) SRE 2 [ R 9 P D

WP JE 0, IEAR S 3145 (iterative learning control, ILC) 2 REFEHIMEE L2 —. fEN—Fh
5 o) BRI R, 1ZITVE R A PR ECA A L GERYER . S YL H D) T SC AR AL %A
T L <N w07 AR m i hAG RS, AT e & SEELERAR ) R ge gl H bx. fEid %L H4EH, ILC 7k
AR] JFG 157 B 20 A 2R A R A S5 AR 35 7T 2% 32 O, A9 31 1 Tl AR P2 S8 1) )3z S, i an peidi B
HE B B ReHIME (401, JEZk i R4 68 DLURAL TR A B O~ &5 FEHS ¢ J7 1, Chien %5 (4
Zx6 PD R ONVEUIAMERR IR T — Mk AC5% ) SFEng, DLALIRANT 2 AL a8 N 00 25 5 42 il 1) R
Xiong 45 16 U/ 7873 7% FEVE N 1B L, B PRl G 5005 BRI EE T T B BEEL I R 5
Hrzeaz @l FRg B TIEAR R LA EAE. 456 ILC Be, AT v AR S8 42 i 51 g
IINTIN L RBEBNASAT A, AR AH G ) 5 n DAt e [12~161 il 1) Yang %5 041 F Wang 25 (120 43 514Xt
(] 72 A3 A5 P b, Berh kAR S # SR g SL L 2 B ek R G — B EREE. Shen A1 Xu 8] 452
EAL AT 5 AP E MO AR S5, BB BT BE 22 Lyapunov BREOR DK Bl 1 5B A1 240
2223, AR IR E I AR 2 AR R G — 2 WL Song A% 10 N —EEL A R, BB
I, AR 1 oA N EILAG TR R DL BT RS AR W, A ST P B Dy 2 B Re R — 2
PE S ARG 1) R T — g 2807V

AT, FEREESERR RS (W MR BAGR AR Z AL A& 1E) H, &A1 A (R RefR) IRE AT RE
FATEEIL R —EL, 1R T EIS ) BN FA XA, XA A4 7 i) ) L 12 0] R7E TG A L4 A
YATETT AR 1 ooy, HOCH R Wt & B S0 TR B2 A B B Re e N il R e A Bl
BOFEREEN B F. AR EE NS, A8 GIERE STk, 5 A R 4 i) SR I
ST 2R R R GUE S R A R D711 R, STHER (17) $R T AR T SR AR A S B,
FHF 0 B T e B T AR T 22 G0 o0 A7 XA 4 i) 1) . &% SRR BH, B 9 I 8 HH 10 42 1) SR M AN g
g S AL S, T H e A RS AY, [RII R b 1 s g SR . BT, s AR A S i T
VEAR I 7 28 1) 1) FE P 25 SRR T /D A — e L Bt — DR, ELn A PR R, JEI R IR
ZITRT (AL 5 ] ) S

SER RGATAT 2 & LIRS AT IR, X B2 SR P I 2 BT H A R GRis AT B B . R
AEHIZR, ERIAIR R EIBAT, PRI 24 DAL TIUN B AR 0 S H D 3 A B8 B, AR, A
ZRRER R G B AL 45 I BIE 7010 25 SR A BB TN T T g A N B AT AR 23R 2021 g A
M2 22025 s b AR AR A R TR IR ST B — . TEMTS MR A, AT AR A R AL
I R V5 BRI 2 1260, SR HL ) R 2T S R 2 B R R A . AT
I, A Y 2 PR ) R SR Atk A A T I B A S 2 I R AR 5, S o ) R A A A AR B s AR
FFEE A M, 75 2R H 5 SR SR AR SR, X e R iy R 7 AR, N IRAE T 2T R AR5
Wa, SCHR [28~31) A Al ™ 249 SR AR J7 25060 AH I B B0, 3 48 o) 6 I /LR AT 43, (R e 45 SR R I 78 4
PERRECA R R, £ RN AP AR, B, X E KBNS ILC J7iEw it g ARt fa & H el 4T
H RS, H46, iz H O AR LR AR EE T VLR, RGBT AVIAMECLT. 1X 25 5 7Hi 2 4
WA, BLRESEIREE B AR 1 S B 42 1) SR M iy SR R A, 2 ik RS> BT A8 A3 52 A I L PR Xf A
PRERAEAS AATHAT IR AR Z AW FL, (HHIF FC R SR AR SR e

FET UL B, AR T W R IE M AR A IR AR S 3 b SRn, 2k im o A AR 9T 2 8 e
A& RGN — B AL S i) . ik i AT H bR, AT S 3 AN EERkGR: (1) B TR H 2R
(BRI, X DA TR A2 2V A, RESEIRTIUE B AR I Sl 45 b g . A, AT v hi 2 3R s )
2V HA BB S I 0 S ms, Al — B AR S i) AR 1S DAL (2) ZETHR AN A — 3K
PN, B e ) ) RS, 2 T4 o BRARHE i 2 AR AR B R BE AR BRI 2 77 (3) R
W b, 2R IRAR G HL 5 TR UE R 78 70 264, AN 22 2 ReAA R Guik BB HLA F5 B AT 87
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DN ESR A o A2 8l 240 SR SR PR AR A, T BT T A4 1 SRS 5 B TH SRR A FE RN SR IR R K, gk
G SN B SR R BTSN B A AH. 2R [32~34] BEFE TR R K, ASCR S A ik A 2 T
PRBLUEAR S AR T P2 SRS, X T I IR e T B Ve 0 A

g5 bR, ARSCR S S AR M A AR i, BETE I A S ST 1 I SR AR R 2 R e AR R ST B AN
B P AL A SCRIT S E BTk R (1) Bt 1S R ik QS S B Bk, SOk 7RSSR
S TPEAE RS AR AR, 3 DL SE Ak B TUE HARIISREE. (2) BRIl s B s, 7R3
W, IE S S A B R 2 5 THE N AT PR IR M S 26 1. (3) B CA R FUBERMLL, T H
G5 SRR AR ST A 10 W 8 A R SR B AR P — SO R

TSR o =[r1,.. ., 20)t € R R ALAE, /55 + BrFE, |z BonE o PRKIKIEELL
M = (mij)nxp € R™P JG—SLHERE, FFEVEECRI RN M. XTO58E M, KM p(M) For.
R, O FORFHRE, Iy Fon N gERAFERE. -G T = {1,2,..., T} FoRif A X (E], Hr 7 AR
SE M INZ]. 7356, Py () RonihSE H EGES T, Po(z) = argmingey ||o — |, 224 argmin(.)
FORHRAL min(-) IR

2 Fa&ENR S (e ik

2.1 FAZEIR

Sy = {1,2,...,N} FREREMES, FREMR I EMHE ¢ kitk. XE g mE, v =
{virie Sy} RENRMES, ECV xV AREUNES. AFX (i,7) € E R E BN R v BT R
vi. Ny ={v; € V|(j,i) € B} R m v; BT RsG. —2, A= (i) ven IRERE G 1484
FEFE, A PR S au (= 0) Fon. # (4,4) ¢ B, WA ATER a;y = 0; KZ, a;; > 0.
Laplace FiFFRINA L = (Lij)nxn, HFEFE L FICEMEWT: i # 4, lij = —qij; L = D ity Qi Ak,
BIRBEERTZN (1,7), (G, k)y ..o, (LN), 4, 4,1 € Sy. WER—NHRIEH R EH— A, R S
ST B R, A% BRI A [ AR A

2.2 [a)REHGIA

5 18 LA A A o 2 SRS A ] SRS PR 25 S0 T 22 8 RE AR R 4

{ Tri(t+1) =2p(t) Fups, teT, W

Uk, = Sc, [Vk,i]s

Horp b AREREE & SRR, ¢ R ¢ W2, i o5« DB 21.,:(0) MIFRIREE & GOSN « M
REARIIRIAEIR, 2y i (t) € R™ WJE ¢ WZIRPIRES, vp € R® REIAFE, up, € R? 23 &, Sc,[]
TR RE T, VA E SCRAE T e gn i, REEBIIRZ, 20 (1) P EOFEhH5Eng uy, M oo, R
POEACE AR A R AR (8] 1, RAEEAGT R ) oy 2000 L%, H8E N T F — s 2. R
P Z 42 7 2N A T AT S35 2 FE AN SR B0 R R & a1 S B8040 B0 s SR 1K T H SRR 23 A
iR

S B SR R BRI, AR BN A& vy ATRERFIEANIENES ¢ AR, BE vy, € G,
i € Sn. NRRAEM LR IR, A SCRFH SRR [29,30] BT LILIRE T Se,[] kzlm £ s e, K
XN

T max {pMECi,Vogwgl} x #0,
Se,[x] = { Nzl o<e<iizn 1| [l (2)

0, r=0,
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Hrh o RRE—IE, up,; = So, [vi,i] R we,, SHIN op ZEPRR. FBNET S, [z] BIFEH
AL RN S AR KT B, 1 |1Se, [o]l] < 2], vSc, 2] € Ci, ¥ € [0, 1], I S, [] 5518
x BAMEIRTT R, FER, HLARET So,[] BARAELM, SABR ik —SemxE. N ithr
i, SRHHOCHR [29,30] AR AR REL oy RZNEFESIZIRAEH, ZREOE SN ok, = Sc, [vk.i) /vk,i-
Fhh, RIE (2), v =0 FE oy = 1, WA, up s = ok vk, ok € [0,1].

gib, AHBIRLIMAS (1) fE4%0m T N ZIH—SUEF S g [, A B 53 ae ik 4%
HAAAERE JGE AN YERRAEAR N AR M AR € 2. BRI S, (1) —BUEsHl His

kh%H;o ”mk,z(T) — xd(T)H =0, Vie SN, (3)
Hrp 2(T) 3R T B —BMEIIERE. i) 860 Eir 2
Jim [l i(T) = waa(T)| =0, ¥ i € Sy, 2ai(T) € H, (4)

Ho HZHET YV = {ynv1(T), -, ynm(T)} B m DT EERENE, B H = {3772 wjyn; (1)
Sitiwi=Lw; =0} ynv a1 (1), yn+2(T)s - ynm(T) € R WARKIX LA FE A1 L0 T 1 %I BN
Ubkb, B H 2H S, WD |y < By, Yy € H, By N—NIEEEL 20 (T) WIS L0050 210 4
AR BADIRAS. EAAR IR, & 244(T) = (7)), MEEEH HAR (4) HHRMA N —Siki=H H
BR (3), WOATRE—BUk H AR S 0 B AR i) — MRS .

3 ETiANE SRR —HIHEH
AN EEEIS R I INES T 2 W RA RS (1) 20— BRI T AR A R AR,
A et — A AR A AR IR 2 SR, T

Uk41,i = Okt1,i {uk,i + v Z ajlar; (T) — 2r,i(T)] — qilzr,(T) — xd(T)]} ; (5)

JEN;

Hf 4 > 0 N BE, g el ER:

g > 0, WA i BB R BARR S S B 2u(T), o
g = 0, Fi 5 i FRSZIE AR AE B 2a(T).
FyAb, 5B A LRI ZIBR R 2 eg o (T) = g i (T) — wa(T), i € Sn. FISLI— Bk, FATEFH 2L

B AN G

%1 B UOEARR, S RWIRIRESEA R AN, B 24 ;(0) = 2441,:(0).

&2 #E G = (VU{w}, B) B —BRA R, ZA S LD v AR AT, AT s RS
BN 24(T).

I3 HIAN vy, R — OB PG T, B |kl < By, By, > 0; RN 04 > omin > 0,
Vi€ Sy, k> 0.

S13B1 ([35]) W {dp} R —DLEEFH, H limp oo dip = doo. 5 EHFH {ar} WHRAER pagp+
qar—1 < di, HH p> —q > 0. 4, ALLFAERXL limsupy,_, . ar < %~

EIEL 1~ 3 0L, Bk A IR S (5) M T 2R BEERS (1). B4,

lim supy,_, o, [lex(T)||
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AR, LA AR
||IN —TAp (TL + Q)H <o1 <1, (7)

vV k 2 07 Ak:-‘rl = diag{0k+1,1a sy O-k:-i-l,N}a I'= diag{’yla e a'yN} }FD Q = diag{ql, ey QN}
PR R eri(T) = 2,i(T) — ma(T), AAELTH]

er+1,i(T) = exi(T) + [Tr41,i(T) — 25,:(T)]. (8)
R (1) FTE 2pp1,4(T) — 20,4(T) = [2141,i(0) — 28,3(0)] + Tuns1,: — up), SERE 1 AT
ek+1,i(T) = eri(T) + [2p11,i(T) — 2p,i(T)] = ex,i(T) + Tlugt1,i — wk,il- 9)

HIIEAREE 2T 3RS (5), AN

Ui 1i = Uk = [Oki1i = Hui + orsi % Y aiglerg(T) = eni(T)] = qiers(T) p . (10)
jENi
i, =0 (8) AIAE Ny
ex+1,i(T) — ex,i(T)
=Tok41,i 4 Vi Z aijler;i(T) — eri(T)] — qiew,i(T) ¢ + Toky1,i — up,. (11)
JEN;
NIEESS
er+1,1(T) er,1(T) Up,1
er+1,2(T) ex,2(T) Uk,2
i = Ppi1 , W1 | s (12)
er+1,n8(T) er,n(T) Uk, N
—— —— —— ——
ert1(T) er(T) Uk

H @ppy = [(ZIn — TAe 1 (TL+ Q) ® L], Urgr = T[(Apsr — In) @ ). X3 (12) BUEH, £
ler+1 (T < (| @rll - [lex (T + 1Wrall - Nukll- (13)

BEER (7)), 1R |Pegal < 1, k= 0. 5358, H2L 01 = maxeso{||®k]} < 1, 71 = maxyo{|| s}, IF
ERER up = opion,i, BRI 3 AT |lug|l < [lowill < Bo,. B, [Jukl| < By = VN maxes, { By, },
lenir ()] < orlex(T) | +riBy. B3I 140 limsup .o lex(T)]] < 7B KCHERS limsupy .. [lex(T)]
HI

EREL R ARSE I PRI HENE (5), AR L AGE AT B BT R T SCRR (32, 33] HR BRI K
m. SR, BT AR LA R AE R, e B 1 R R R — SO R 2 A S, 0TG5 S B R R iR 22U
SHTF. Ave i BaRiX — R, N PR AR ST SRS (5) InLASE, AT — B ER AR

O TRERTIAA ) s g, B DL

Uk+1,i = Okl {%‘ > ailan (T) — 2p,i(T)] = glowo(T) — xd(T)}} : (14)
JEN;

VIR, IR (14) ART 2 (5) ZATE T8 B HER I — IO AR A 2 aip R A i 22 A ER

BRARZEMIE N — RN, TR b — Uk AR S AT R OE.
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B LEARUGEACTE T, 8§ A RTIEIRAT L 2p0.(0) = 24i(T), Vi € Sy.
T2 FEUL 2 ~ 4 RO KRR (14) BT T SRIERRL (1) B4, limg o

ex(T) = 0 4 L1 F Z AR SR
|Zn = TA 1 (TL+ Q)| < 1, (15)

V>0, Ap, HFE T 5 Q G wEs 1 —3
WERR  RAERE 2, BRI 4 BLK exi(T) = 244(T) — za(T), W15

ekt 1,i(T) = 2i(T) — 2q(T) 4+ Tupy1,i

= i (1) + Toptr, {%‘ > aijlar () = wx i (T)] — gl i (T) — Id(T)]}

JEN;
= en,i(T) + Toptr, {%‘ > aijlex;(T) — e i(T)] — quek,z‘(T)} : (16)
JEN;

sZiaA (16), H—Ff
er1(T) = Ppprex(T), (17)

Hrp @01 =[In —TA 1 TL+ Q)] ® T

WA, T (Pl = 1Ty — TAra (CL+ Q)| - | Zoll. EEE (|Z,]] = 1, [|[Ppsall = 1Ty —
TAea(TLA+ Q). BE4E, B Jenir (T < [ @ksall - lex(D], llexsa (D) < (TTiZy 1851 lea(T)]). FEHLAE
A 3, AT Aggq # 0, EEERE |Zn — TAk (TL + Q)| < 1, k > 0. I AT limg— o0 ex(T) = 0,
BP=X (3) #3 ASZEL.

ERE2 5 OH SR [22~24] AHELEE, ASCHE H R SRS B DURBIAME AL (1) 7ESCRR [22~24]
W BT R 2 R SR A A T 2R ZLiiﬁﬂj”i*E?&%%E@%iﬂﬁfé%ﬂfﬁﬁ%ﬁ@#&%ﬁi XA S B
H . (2) X 4 RESR T — VI IRESE T OB R M &R, B 441.4(0) = 2.4(T),
HABRBGUOERYIAS FE 4 —FE, IWITE— B FEEE AR T AL Gk AR5 I35 R I8 SR O sr 1

AR, SRR R4 (16) ARG, RNZAEFRERE Ay 5K
k+ 18K A —x 8, I DU — Sk R 2 St 45

IR X 2 ~ 4 0L, FEARE I P R (14) B r‘ﬁﬁ%% SRER RS (1), A, limg o
er(T) = 0 HIEAE— DN TIRIEATES] ko, kr,y ... (ko =0, 0 < ko1 — ks < b, s,b € Z,) W2 FiRAZER
Hsf

kst1

[IZy - T2 L+ Q)| < B <1, (18)
j=ks

;H\:EP B > 0, Aj+1 = diag{aﬂ_l,l,. . .,Uj+1,N} %E|3$ I '5 Q ﬂ;ﬁ !3‘7»’_5’@ 1 EPE]’(]#*i
WERR HEE 1 MEMAL, St (18), TS |1 Iy — TA(TL+ Q)] @ Z, || < 1. B
Py = [In = TAep1 TL+ Q) @ L, H

ksi1

1T @5
Jj=ks

o 1050 @ = By Bpr. 25, 2 @) = [05 yy, W2 s € Zy |07 =8 <
k=k ~

1. G, AR (19), AT limy o0 [|ens (T)]] < limpooe 877 (|52 []]eo(T)]|. X REIRE limy—o0 e (T) =

o, tEPIAYE H bR (3) 15 LASZIL.

<1, (19)
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4 BETERFEIRBAEIE]

55 3 WL AR B ZEREET th I B R 2 B R R ST B, RS, SIAZA
A T EAGRIE T SR BB A H2E A RLRE 1 DX, AT R AR S AV . BRI, AT e R 2
AT TRV A S P2 il R BRI, A SR 5 B ik AQS: 3] P SR 18 A i A 8 REAR R BE N s 24>
A5 A 2 S I ) A RS T AL

s XEANREEHE @ € Sy, BV 244(T) (244(T) € H), WERIZIERER — %A [
HA2.

EIE3 A 3 ~ 5 OL, KA IR (14) M T 2R BERS (1) . B4, 286
RARGE (1) 1E 2 LT 210, RSBl a & 2l

IZn = TAp1(TL+ Q)| < 01 < 1, (20)
H
VNBr . (..
< )
o, < min {dlst(zd,z(T),H)}, (21)

,E\:EF‘ T2 = MaXg>0 ||T(Ak+1FL)||, Ak+1 5 I Eﬁfg 1 ':F'—ﬁjé dist(xd,i(T),H) m”%ﬂi\‘ l'd’i(T) 5&%
H Z 1A R B
AR E X 6 i(T) = wpi(T) — wq,e(T). 53K (16) A0, RIEE 4 A1 5, AT S

ert1,i(T) = 25 (T) — 2 (T) + Tug41,4

= (1) + Topsr, {%‘ > ailan (1) = 2p,i(T)] = qilwwo(T) - xd,i(T)]}

JEN;

= éi(T)+Togt1, {%‘ Z aijlér;(T) — érs(T)) — Qiék,i(T)}

JEN;
+Toki1i % Y, ijlwas (T) = xai(T)] ¢ - (22)
JEN;
Mt (22) AT18

€r+1,1(7T) k1 (T) za,1(T)

er+1,2(T) éx2(T) za,2(T)
' =®p 1 ) —Thp1 ) . (23)

ér+1,nv(T) ér,n(T) zqn(T)

—_——— —_——— —_———
ér+1(T) éx(T) za(T)

Hrp @1 = [[In — TA1(TL + Q)] ® T, Thpr = [T(ApaTL) @ Z,,].
B2, Xt (23) BEsE
lex+1 (D < (1 Ppesall - (D + [ Thsall - za(D]I-
FRIEBE 3, AT Apr # O. T, i1l = 1T — TArs s TL+ Q)| < 1, 244(T) € H. {EREF|ES H
BH NG lza(T)|| < VNBg. BEAh, 2 01 = maxgzo || Prpr || M 72 = maxeso || T ||, G512 1
AHERIE Yim supy, o, 168 (T)]| < Y2Lm . Pk, 24 YN8 minges, {dist(zq,i(T), H)} B, REGHLH
) H bR (4) 15 LS.
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R3S 50wk [(17) AU, ASCHER L S 4] i) R 25 RS T AR 20 R Sk, DRI 4G e B B — Ak
FEARMA R, EEAH TR (20) A1 (21) B TIRAE. BhAN, 24 244(T) = 24(T) = xa(T),
Vi,j € Sy I, EHL 3 WAL R 2. XERH—BWERMR (3) WU MBS EEIE R (4) B— MRk
HI%.

TEN R 3 I, 75 ERER A 24,:(T), 72 M minjes, {dist(za:(T), H)}, MITSEILALZ 125
SR, TE SR SREUX LA B (PRSI AR 5 B NPBRAREBE 3 R 4RI S A ik, EE AR AR 5 =) g
(14) Wk

Ukt1,i = Okt { > ailaen (1) = 2,i(T)] = qilzno(T) = P, (ka,i(T))}} : (24)
JEN;
BT UEI R 1 2510 T ANRE SEIL AL S 1] H AR, e IoX — R, FRA TR AER ¥ 4 15644 Tk
’/ffﬁ*ﬁﬁﬁﬁ, Elj $k+1,i( ) = Tk 'L(T) E j‘, /?\ uk+1 i = Tk 1(T) + Cilk, i, Ci > 0. EE—E (24), /%éﬁ (1) ﬂ
ARy R

T T .
Tp1,4:(T) = (1 - ;)xkz(T) + = Ukt is teT,

T

) (25)
Upy1,i = (1 = ciopp1,iwi) T, (T) + ok 41,7 Z @ik, (T) + 011, Pr, (w5,4(T))
JEN;
Hrpw; = dojen; @ij +qis i € SN 54b, 5 X Lyapunov BRELUIT:
Vi(T) = max {214 (7) = Par (oo (D)] }- (26)
€SN

AT STk (28], 5 SR A Lyapunov BRI R 50 AL S 2 0) 0) BE. 7E 45 H 4510 2 7, JRATTIE 75 22
DL N B BRG] 2.

%6 XIEMEREE i € Sy, BOAFE A Py, (21,4(T)), NWEENZIEREE AL — %A 0 BRAE.

5132 ([31]) Q € R™ */\HF PR WRE YL 8 = 1 O, WA | L B —
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Figure 1 (Color online) Communication graph between Figure 2 (Color online) Consensus control strategy under
the agents. nonconvex constraints.
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Table 1 Nonconvex control constraint coefficients oy, ; for each agent.

Iteration Agent 1 Agent 2 Agent 3 Agent 4
k=1 0.0324 0.3200 0.5060 0.2879
k=3 0.0346 0.4067 1.0000 0.4639
k=5 0.0372 0.5811 1.0000 0.6779
k=7 0.0403 1.0000 1.0000 1.0000
k=9 0.0441 1.0000 1.0000 1.0000
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BT 2 (A d R BE 2. X R R A AR S 4 SRAE — e R B RE 1 55 e SR A IR PR = 1k

5 HHIhE

AT E i PR A B 791 S U BH AR SO 45 SR A Rk
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20,3(0) = [0.8, —=1.2]7 Fl 204(0) = [1.5,0]". Z¥mif %] FJH ARG BN 2q(T) = [1, —-1]T. SHESTHR [30],
ERIAREERN Ci = {(wir, wio)|[(uhy + uip < 1) N(win < OJUI(ud + ui < 77)N(wa = 0)]}, Hf
r; = 0.04, 7 = 0.08, ¥ i € Sy.

I MatLab F2F S, 19288 e IEN LR /5 (R 1 FoR) DUEGEH 1, w3 2 Al
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Table 2 Conditional verification in Theorem 1, Theorem 2 and Corollary 1.

Iteration IZn — TAg1(TL + Q)| Tteration I Hjj];i In —TAj 1 (TL+ Q)]
k=1 0.9882 < 1 ks=1ksy1 =5 0.9476 < 1
k=5 1.0023 > 1 ks =2, ks41 =6 0.9602 < 1
k=10 1.0179 > 1 ks =3, ks41 =10 0.9498 < 1
k=15 1.0004 > 1 ks =12, ks41 =15 0.9849 < 1
k=16 0.9952 < 1 ks =14, ks41 = 16 0.9791 < 1
2 ‘ 4 T T
Agent 1 == 1|LC strategy (14) in this paper
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Figure 3 (Color online) Agent state trajectories with the
consensus control strategy.
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Figure 4 (Color online) Consensus aggregate tracking
error with different ILC strategies.
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SRR T Fd YRR 5.
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EERIER R R 2200 5 W 3 A 4 s, B 3 ARRAS R BB ER 1 IEAREIZ 100 JOEACHPRESPUZE.
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S AT 1E S 2SR BE AR IR — B0 8 LR A BERIRE en(T) = \/ 3L, llens(T)]|2, P 4 MR
LT ARSOEAREA 2T 5l (14) 53R [33] IXAUTE ST 5mE (22) AOBREARZPIE. A 4 Fa] R, A
HH PRI SR (14) EESCHR [33] H B SR S8 I 2L

B2 AfEEEEAQTERIRE (4). ZBTFRE 4 ANEE, TRRES T R )8
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yar (D) Y5 wy = Lw; > 0} 54k, BEefk 1 f 3 R "8 B, € H MER, Hhrme
H; = {ways(T) + ways(T)|ws + wa = 1, wo,wy >0}, i = 1,3. XEWEREL 1 M 3 BEHICHTITHE 6
URRITERSY

5] 1 A, 2 (t), o6, M ug; € R2, T = 5. @EHRINEREN a1 = auz = 0.5, 1 = g3 = 0.1,
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Figure 7 (Color online) Agent state trajectories with the
containment control strategy.
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under nonconvex constraints.
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Figure 8 (Color online) Aggregate tracking error of
containment control with different ILC strategies.
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Abstract This paper aims to address the consensus and containment control problems of multi-agent systems
by designing iterative learning controllers in the presence of nonconvex constraints. A difficulty in solving such
problems is the lack of an efficient tool for dealing with the nonconvex constraints in distributed control. To
tackle the issue, this paper proposes a novel class of iterative learning strategies in line with the nonconvex
constraint operator approach. Then, we apply them in consensus analysis of multi-agent systems under the
constraints. Furthermore, the containment control problem of multi-agent systems is investigated by designing
terminal iterative learning strategies in the presence of nonconvex constraints where the coordination objective
is to make the states of agents at the terminal time converge into the convex hull generated by those of the
leaders. Under the framework of iterative learning control, combined with the contractive mapping technique
and Lyapunov stability theory, some sufficient conditions are established for consensus and containment problems
with terminal iterative learning strategies under nonconvex constraints. Finally, two numerical simulations are

presented for illustration.

Keywords nonconvex constraint, terminal iterative learning control, consensus, containment control,

convergence analysis



