55 40 %5 2 11 EHEZwe 5 r A Vol. 40 No. 2
2023 2 H Control Theory & Applications Feb. 2023

—RARLMEZ B EE ARG S A ke — 2k

ARSCAR!, SR, [l

(1. R TR AEEERE, TI75 At 210094; 2. BEZE TRE 2 ERG TAR2ARR, VL5 B 210007)

TR B xt—2RIELR 2 B F AR R G, W 78 28 T 92 FH ko 1) X0 — BOPE s e v 1) . 50 N Tk o8 i) (] s 1) 5
i, R FH AR AR K, Rl (B AR 50 15 S AR BRAR ki (5 5, BTt S F ket — BOhE Vi, & Jegh i — 2k — ) ar Y
SIFH R . R 2R U SR R O Tk, S A B B, TERH TR T, 2 3 EIR RG] LS BLEL —
k. 78 % g —a) ER B ST Bk s s, 7R AR VR B X AR SR 2 Wl B EAOIRAS. SRR IR, $e T OREE—
V) &R 28 S5 R ok P 3 S SR R () B R BRE, BT T 2 H ER RS SEIUENE — B R A, 32D b, o dr
TR AR XA S TSR A A B, SRAE— TR B 2 S B K b B BOR A6 R JE SR RE SR B, T 2 3 4 X )
TOm, FIB AL kg S B #Eos T BB H R — TE) 8 2 s Pk o B 13 ) ) USRS i B 3L, Bk o i B 2
EESES

KR Z HEERG 8k AR YE R G SRFRSEH; Bz i, ko8 d 1) frds )

SIRAMRI: 40k, FoRik, Mg, —38HELR 2 B R RG0S ik — B0k, 35138 5 M, 2023, 40(2):
267 - 274

DOI: 10.7641/CTA.2022.20189

Practical impulsive consensus of a class of nonlinear multiagent systems

ZOU Wen-cheng', WANG Rong-hao? , XIANG Zheng-rong!f

(1. School of Automation, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China;
2. National Defense Engineering College, Army Engineering University, Nanjing Jiangsu 210007, China)

Abstract: In this paper, the practical impulsive consensus protocol design is investigated for a class of nonlinear multi-
agent systems. By introducing the pulse-modulated intermittent control scheme, novel practical impulsive consensus pro-
tocols are proposed, where the signals with large peaks and short durations are used to replace the ideal impulsive signals.
First, a continuous-intermittent-type practical impulsive protocol is given, and it is proved that the asymptotic consensus
can be achieved by the protocol using the Lyapunov functional method, graph theory and the intermittent control theory. In
the implementation of the continuous-intermittent-type practical impulsive protocol, it is necessary to measure the agents’
states continuously in the control interval. In view of this limitation, the sampling-intermittent-type practical impulsive
protocol is developed. Using the sampled-data and intermittent control theory, the sufficient condition on the asymptotic
consensus is established. Furthermore, it is analyzed that the sampling-intermittent-type practical impulsive protocol de-
generates into the periodic sampled-data protocol when the control interval is equal to the sampling period, and degenerates
into the impulsive protocol when the control interval goes to 0. The relationship among the sampling-intermittent-type
practical impulsive protocol, periodic sampled-data protocol and impulsive protocol is revealed.

Key words: multiagent systems; consensus; nonlinear systems; sampled-data control; impulsive control; pulse-
modulated intermittent control

Citation: ZOU Wencheng, WANG Ronghao, XIANG Zhengrong. Practical impulsive consensus of a class of nonlinear
multiagent systems. Control Theory & Applications, 2023, 40(2): 267 — 274

ks F139: 2022—03—16; 3 H - 2022—06—30.

T3@{Z/E% . E-mail: xiangzr@njust.edu.cn; Tel.: +86 13951012297.

BT .

5 ARSI H (61873128, 62173341), TL544 B AR XI5 H (BE2018004-3) ¥

Supported by the National Natural Science Foundation of China (61873128, 62173341) and the Key Research and Development Plan of Jiangsu
Province (BE2018004-3).



268 oA R 5 N A

40 3

1 55

TSR, BT 2 H ER RS R HIE T ZE
HAURE 2 N, HAR R E IR — 8 2 b
[i] 42 1] (1) — AN i e, AT 45 2 ad et Je 5 B AC
i o3 A I, BREh B EARSE— AU LIRSS
EEFIHIFER. £ 8 F kR G— SRR 451 Tk
I TR S 2 R Y R R AT 55, s Ay
P L A AR g A S 1] VR 0 AT 2 AT 55 0 e O 25,

H T SEPREE R G R AR & SR LRIt R G, MR Z
FIHELeYE 2 B TR R G — BT ) R 5 e
i, SCHR (71 7T 1 U1 1Rl R0 22 28 2 4\ T
2R MR MEZ B B ARG 0 % — B R L £ XS
—R B AR E 2 B ER RS, SCER 8152 T —FF
o N A S P A B N A R
TR HFA, SCHR (91150 TE T —FRoB i 58 42 70 A =B
W FESCHR [10] 5, —EEM ARt 2 B BIR RGO
S N [F) X0 — B50PE n) /S 2B 7. F X B B S A B
A ERHEL 2 5 ER RS, k1115 T
— Rl — B F R A, PA B
HSEILER R T B AR ] R E S2EAE . AT %0, 78
SEBR N R, AR R SR 15 A A A DLSICER, =
KA NS SHREIRS. ST, REVREE
B Rt 2 B R ARG T 2R R 2
W, A RO T Rguil s . it 3 B R
23 V1) I TR] find e 7R SR A — S B S0 T ) AR S Rk
[12-14]-H 15 2 77T, SCHR[15-1814R T T ARkt 2
H R RGeS ik — 20 I0F — 5 TR &0
() Ao 7 28, MRS 2 A EAR RS
T EE 20

TE ik s 1) 7 5 1 STt P, SO — 6 28 5 s (1]
BAERMNEHT 24, Rk, kbt RO E TK
FEFE IR TE g, HonT DLRRARIEAS 0 far A9 i 28 SEHT A
K. BEAk, Rikppdzilic BoAa e B P, S pE o #E
BEARASAR 5 21 kbt Mg ol v N TR it
% H ER ARG — B SGsTE. Rk i s nr LA
53 ) 55 1) i i 28 AR A ik e PR SR A 42 ) SR S A 45
£, TR AR R B b, 2 B XA T 2 ke
B 18] 81 BIAT LA AN [R]. SRR [22-25 18T AN R E 2R 14
Z HER RS 1 a) ok 2R R — SR P, £
SRAFH AR ik e sk Z21] 1 1) B AE — N4 2 I TE 2 9. ¢
Bk (262718 1 SR T Bkt — S, il
SAAF RN T, BkppiEdE S B ER T Irg ERaE
M2 5B ARG, W, ELt 2 B ERRENE
fih R — ECME ) ARG B T 5 Ry, TR
F5, s PRSCAR 2 AR ERAR ik i (5 5 3.

b, RREEITRITE T3 /0N, VB T 55 K3 AR ik o
TR ANELER. PR, AR R AR Bk S s i —

S AR A LS. 78 SEBR L R, ) RE2E
B AR, W (AR KI5 5 RARE A Bk {5 5, X
RRER 2 O B kb i BS A ge A 2 5k
S bR . SCHER 3015 — R M 4 2 B
FARRGEEH T — P kA 61 (8] 8145 ] (pulse-modu-
lated intermittent control, PMIC) /7 &, iZ 1%l T & 7
SrHiZEE T RFEE R AN K ) B PR, H S
A ERAR K E T, SCER (3113 — D4 H 7 —Fh A
TREHLEALIPMIC — S FRIER 7 . (X BRAE W
PIHh s — M A 4 2 B B R St SCER 321130
T FET I K B R — BN, ST T RGeS
— BRI TR S L BEAR A, STHR [30-32] A 5T 532
RNEMEZ B R RS, YelEF TR, R 2 3 2k
Z 45 P [RIPMICIP) AH G B 70 45 5% v R WLk IE. b 4h,
PMIC— U 5 E A ik — Bt 7 &8, R — 87
RINRAWA PR

T U kg, A0 — K42 A R RSR
RETFE 5, 18I 5] APMICEA, Bt — S il A
MR FE TR S W R

1) & ET R IR 2 B F1R R4, AT PM-
ICEIAR, Wit 17 PIM s B — B U, 23 il i 44 1%
s — (1] B 4 S FH ik e LRI SRASE — () B 28 i FH ik v
P I 2 o S bR BT v, R A T g s i 5
g, #8772 B ER ARG —BWER 78 %A

2) SRR 7R — B E B SO ik i — S B
VAT AR BT H I SRR — [ 8 8 S FH Ak b B sl 45451
IRNIRVT 1 SRR — (R R 28 S F Ik o B 13 ) SR/ ik
— P AR R

ASCHIRIARFE T LZH R : B2 7 BT
BHNR, FEA T RO RN ) B AR, SE3TT R T
AL EE TN ZE, AFE PSRRI B — Sk
UERH. B4 B A, BSUE T R R — B B
BHRNE. )5, AR EESTE 7 iagh.

S A, R, RPHIR™ ) | R 7R 52
AL, ndEszinEEMm x ngESCAE S, ST RHFRSL
FEFEA € R™™, Apin (A)FIN pax (A) 73 0 R R Ho e/
M KFFIEE. diag{ay, -+, a, PRSI ICEIKIR
Nay, - a, BN FAHFE. 55 ||| R0 7. )
#0(t) F ok 27K Dirac i £, W EI6(t) = 0,¢ # 0,

f: S(t)dt= 1.

2 PRI ) A
2.1 AREAE®

MEMEG = {V,E, A} KRR 8 Eih2
FEEEHRS, PV ={v, ieV={1,--- ,n}}
NV RES, BAETENTCEN A EFES E C
V x VERINE; A=aij]nxn € RVEREGHIAR



2 1

ARICREE: —RARLNEZ A TR RS ko — Bk 269

BAARE. (v),0,) € B2 HA Y0, > 0, X ik
H i n] DO B 445 43R5 2., Bi v, 508 v,
28, 1IeN; ={v;: (v;,v;) € E}; fillla;; =0, £Ix
(4 % 8 A 3 P45 B . 5T 1 L (v, 0,)
€ E<(v;,v;) € E. H—%i1(v;,,vs,), (vi,,v4,),
(0,05, ) RO R, S, W) — SRR AR A
AT S AFEAE — 25 4%, NIFR IR EIE . 8 X
M Laplacianf N L = [1;]nxn €ER™, Lij = —ayy,
i g li= i . HEBEB = diag{by, -+ , b} %
915 15 1 LR T K R, AR
RTINS A EASREUE S, b; > 0; 50, b; = 0.
2.2 SR
2 FE 1AM B 8 Al AN ER B AR B 2 22 5 =B
RS, HEREES RGBT
T =u;+ f(t,z;), i€V ={1,---,n},
{ i = f(t,m0),
HAAREZEL — nXo B PR B A 03, AR 20X 405 Al IR
x; € RERNHFERIPIRE, u; € R R BRI A 145
BTN f ()il 2 an MR IR 2RV E R 2L
BiZ1 Vo, 2, € R, JELRMERES()FHL
|f(tx1) = f (¢ a2)| < pley—aof, VEZ0, (D)
Sty > 0 AL
AICAUHETPMICSKEE A 2 H ER R G ()TN
Az FH R — B B, DASIEI 1 40 T R Pl —
Ep}ij& |w; — x| = 0, Vi € V. BFH P4 5l i %4 N
T 4582 — [) 7R Sz FH ik b B USOF SRR — TR] B R s FH ik
M.
DU S AN 5 B A BT 53— S 7 0 2644
Bi& 2 KGEmHES, BA7ED > 0,7 € V.
BB Py Bk, T4 L +
BX#RHIE®E.
Sl H2 B35 30D = [ty ty] € RA—A 5280,
WA R % a (¢) 75 D HZE 2k Hipi

a(t) < b(t)+ Lt o(s)a(s)ds, 3)
Hrb(t)Fle(t) > 0D ESIREL, Xt € D
aft) < b(t)+ | t b(s)e(s)el rds. (@)
3 FEER
3.1 s RIERA ST A ki il
TS — [ala Ay s Ak I BGa T e i R
u; = li koio(t —t,), 5)

(D

n

ﬁ:':i:‘: ¢l = Z aij(xj — 1’1)+bl($0 —flfi), k > 0%—‘

j=1
ANMFBEHR B S (6) FRONSE Rk R 5, 2 SUA
- 1, t € [0, At),
o) = {0, t ¢ [0, Ab),
J kR AR I %, At NK e RS, T > At
W, T LUE H, AAEIX A [t 8+ At), FEERAER T
A& & R AR RE X 8], B 3 4wt s oK
PESZHN.

t, = 1T, 1 = 0,1,2,---

RIB1 BT A LKA, MBI
s, Brkar > PPmelL D) ) i st

(Amin(L + B))
TERIR, 2 B B R GaT sSe UL 0 T RS — ik

UE  FIEW T Lyapunov BR 2L

&L
V=53 d=50" (©)
Hhg=[¢1 -+ ¢a]"
W1t [t b+ Al)

AT LASRAG VRS [ ¢ (4 S50 2
V=09¢"9=—¢"(L+B)i=
~k¢"(L+B)p— " (L+B)f, (D
Horp:
T=[r1—m9 ---
f=1Ufta)—f(txo) - flt,zn)—f(t20)]"
B 5 BT830 < Apin (L + B) < Anax(L + B),
siaikl, 515
—¢" (L + B)f < pAmax(L + B) 10| |Z]| <
PAmax(L+ B) |8][ [I(L + B) " ¢|| <

TR
HEER(T)-8), 717
V<—aV, &)
Hrha, = 2(kAmin(L + B) — pi\%).
B2 tet+ At i)
AT LASRAGV XS R ¢ 0 52000 2

V =—¢"(L+ B)f. (10)

l‘n_xO]T7

H=(8)1F
V < a,V, (11)
Amax(L + B)

H — 9 ax\ 7 T/
EPOCQ p)\min(L+B)

CEETHULIRI2ATGYE € [t t + At),
V(t) < e—ozl(lAt+t—lT)+a2l(T—At)V(t0)’ (12)



270 wom w5 N A 9540 %
M TAEEL € [t + Aty tr4q), H By ?%'atlim V() =0 lim |z; 20| =0, VieV.
— 00 o0

V(t) < e—al(l+1)At+a2(l(T—At)+t—lT—At)V(to).
(13)
DRIk, ANHERS 2]
V(t)) < e MendtmaaM=20y (ry - (14)

N TAmax (L + B
At > PP L B)
(Amin(L + B))
OélAt — OZQ(T — At) =
T L+ B
Win(L + B (kAt — LT Amax(L+ 2)) >0
()‘min(L + B))
(15)
)ﬂ'JEr?%llim V(IT)=0,#—IF
— 00
lim V(t) =0, (16)
SE1 IR, Mk kA > CLAmax(EE D)
()‘mirl(L+B))

SCRIVRAS T S AR AR, R B2k
SR (O ST, MM, A — 0. T EE - oo,
B, (ST LA T S,
255 P (5D 5 ST e
By, S R — SO
w = S Kt — 1), (17)
=0

Hrp: k> ORI EL 6(t) IR Dirac RELL
T2 FEZHEERRG), WHRBBR U285
_\‘—L, Hﬁh’l >\max(8) + CYQT < 0, %B/L\ij‘b‘((l7)ﬁ/‘]ﬂ£
HIF, 2 3K R 50 0] SEElbT o S R EE — 20,
O = [I — k(L + B)|"[I — k(L + B)].
HE SHn(6) I Lyapunov g £, HT
o(tf) = o(t;) =K (L+B)pt;),  (18)
MLE
V(t]) < Auax(@)V(8)). (19)

AR B LHER, T4t € (b, t0) IV,
V(t) < etV (). (20)
H20(19)-(20) 7] 13
V(t) < Amax(O)V (1) <
Amax (@)e2t=t=DV/ (£ ) <
<
Npax ()2 =V (1), 1)

HRQDAIN Ao (©) + T < 0713
lim V(t)) < ! Amax(@) DIy ey — 0 (22)
—00

IEEE,

FHECR(17), BrL(S)H — e B RO s 1 5,
w51 FrR, Wr(S)TE 5 SO, Be S i Hh e 5 AR
e, FLR, SRS BUR BT T E , PhGE) 38 28 k)i
BN AR R BT B 1 K SR A8 DRI, S P 2% A e RS 216
B TPM(17) 38 2 & R IGE ORI AF X 52 2%, 75 SR A
BRI IR AR 2R P AN S 2 B m, PN(5) e BE 4T MG
SRS 277 TH PR R 22K, J@d W R 2k, W DAAS
Wi = 2 B ER RGN — BUEUSOE 2. A R L
WA7), RGH— BN SOE ARG E 52 AL, Hig
TG MR BUN AR K, 8 RS SR T et R,

2 WEITE, # A0, k— oo, ML) SEER LA
BT — ANk — B R4 BAASE E R DL 1A R Y
kAt=FK', At — O, B F1RETRIRAL 8 B2, XA ] /A
e TR 7) Bk — B DGR TR T an=(5) i S:
— [ ER T S kv s . SEBr b, BT AT
EHER X EESE, FEAV (6 +A)FIV ()R V (4 +At) <
MY (1) BHAL = 0, HV () < e 2 Amim(LHB)y (),
1A LA R 9B T 2. T4, G 52 vt AT DAZEHE fik o
WA 7) ISR RK R, RN — TS
3.2 RAE—IaIER A S ki il

AN R 4 A — SRR — TR R S ke P L
P vt R

us = ikqﬁi(tl)é(t —t), (23)

Hrfk > 02— Mg iR AL AR R o, FIEREL0 () 1)
EXGE3NWME. ¢, =1T,1=0,1,2, - - NkshiE
BRI Z, AR SERE, T > At REEHE . 7T LG
H, ATEX ANt 1 4 At), TFEERAER T R4

G EE, PRAL(23) Y St A AR T ik v ke
SR 2 B AR AARJE RS, TE RN B X (8],
H RN — R HAL = THE, Pril23)i8
WA HIRAFE— S AR, B (23) M4
PIMSL(S) 2 BE 5 S

EE 3 FEZATERRG), RBBIRI25L
3, HA ¢ (At)e= T2 < 1, IBALETHLQ23){EH
™, 2 H IR RG] SEOUETT S B — Sk, b
oy(1 —e=7Y)

01
Amax (L + B)

= B L+ B) P XL+ B)"  (24)
Amax (L + B)
Amin(L + B) )

q(t) =e 2"+ (e = 1),

g1 = Q(kAmin(L + B) —pP

03 = 2kAmax(L + B).



2 1

ARICREE: —RARLNEZ A TR RS ko — Bk 271

WE EEUN=R(6) ) Lyapunov R 5.
Mt € [ty, t -+ AN, ARV ¢S50 A
V= —k¢"(L+ B)p(t) — ¢"(L + B)f =

—k¢"(L+ B)p — ¢" (L + B)f +
kot (L + B)(¢ — o(tr))- (25)

RAE RGBA O MPLQR3), 5153

¢ = —k(L+ B)g(t) —

s6RE), A

H¢H<k%mAL+fﬂH¢@0H+P§::§;

(L+B)f. (26)

ol <

max

(L
/\max(
Amin (L

p(ll(@ = el + lle@))-
27)

HQ7) VL € [, + At),
¢ = o)l < [, Ioldr <
S, ulllo = oty + o)) ar. 28)
e B IE
¢ - gl < [ I3ldr <
[} nlo = sl + ot )dr <

pllote)ll (¢ —t) + [ wlo - dlt)lar <

pllg@l (¢t —t) +

S ol (7 = t)e—"ar, 29)
Hep
[ i o)l (-~ tert—mar =
—pllet) | (¢ — t) — llg(t)l| =75, =
—pllee) | (¢ — 1) + (]| (=) — 1), (30)
4i60(29)-(30), REBAFRIVE € [t, 6 + At),

6 — oIl < gt (@~ — 1) =

V2(e"tt 1) /V(t).  (31)

B aR@) ARG DRN(Q2S), ATEVLE € [t,t, + At),

Amax (L + B)
ML+ B) )¢ o+

2k Amax (L + B) (e — 1) /V(t)VV =
—01V + O'g\/V\/ V(tl)(eﬂ(t_tl) - 1)

V g_(kkmm([/ + B) -

(32)

Lx =VV. RE)TEN

R L £ O CAE VR ED)

ISR, 515
_ m(l—en T

< p (e = 1)x(t) +
o” T X () =
q(t —t)x(t), (34)
V(t,+ At) < F(AHV (4). (35)

At € [t + At b)), IRIEEHTHAER B, BHG
AV <V, #5575

V(tiyr) < e2T=2DV (¢ + At). (36)
4E430(35)~(36), 113

V(tizr) < @#(AHe= T2V (1), (37)
Hrhg? (At)ex=(T—28 < 1, JH:}H?O V(t) = 03 H
tlir& |z — x| =0,Vi € V. EEE

E3 AL 0, HIT — At — T, i1 B 5 A 5 #5k
— oo. HIH

(Al = Amax(L + B)(1 — e—kAt)\mm(L-i-B)) y
1 B Amin(L + B)

(ekAt)\max(L+B) 1)+ e FARmn(L+B) 38y

M g (At) < 1A7 BASR ik AtE VPTG FF45 5% (At) x
e@2(T=AY | W[ BBIT AV, d1bL BT, A
THS R E e B A S F Bk — S5 bl FE 3547 B 5
Bl v, Pp S B I B PR R, S AME S BB R,
At < i In(1+ ﬂ) A g(At) < 1, RIEX BT B EES
¢ (At)e*2(T— A’f ) <1 B TERTEAER), SLBUE TR (A

1 1
At + o In m)
L1 FHEZ EIM&%?)‘E(D, BRI A2 A

S, HAt=T,T < —ln(l—i- ) HEALEVIL(23) 1
TEHF, zaﬂzls/%é}ﬂ*fmﬁﬁﬁ@ﬁ%ﬁ& Vg

W EHNE(6) ) Lyapunov iR . AR 4 2 #E3 K
iR, TS

V(tlﬂ) < ATV (). (39)
AT < ;ln( %), BRLLG(T) < 1 WA
tli}m Vit )—O%Dhm |xl—xo\ =0,VieV. ik

N2 B KA — [ R S B 2 TR B
PRI AIROSC R, gt i T 45



272 BofH B

EE 4 HEZEHFERRGW), DR R
SEL S HRRIALT B EAL = K, K FIT 58 52
R A AR, T4 M AL — 0, HETE — ool 78
WAL IIER R, £ 31k R 55 0] SeHLs i 4 5 R
5
WE At € [ty, t+ At), ATLURAF ORI [
SHuH L
¢=—k(L+B)o(t)— (L+B)f, (40
BAL — 0, HEE — coffif,

¢t + At) = ¢(t) — kAL + B)g(t) =

(I —K(L+ B))o(t). 1)
IEHUUNE(6) ) Lyapunov BB 3, A 15
V(t: + At) < Amax(O)V (1). (42)

fEt € [t + At ), TTEEV < o,V R E 2
FRIAIE B JE %, ﬁ%ﬁﬂ}g{r}l@ V(t) = Ou&tliglo |z —20
|=0,VieV. iFk.

FE 4 3, G A EAR N IR T R
FUSEFH ko, Bkt s AR IR 2 I 5. b T
Sk — SO (23), 2 AL = T, TR — A
SR AE— B T 24AL — 0, K — oofif, JLAGHRAL
S9N — S
4 PiEEpH

TEATTH, Rk — S E (1 7) S Bk — 3k
PML(S)~ (23)F5 53 531 BT B AN A FI44N R
BE B AR AN 2 B AR RS, B EAREEE IR IME
BT, AR 14 3R 4 BREE F A, 5
ROFIRAT H B4, B 2RI RS ()R,
Hif(t,x) = 0.1cosz + 0.01sint. & H FEAREI]
IR N

20(0) =1, 21(0) = 3, 25(0) = —0.5,
x3(0) = =2, 24(0) = 0.45.

K1 dEfEn

Fig. 1 The communication topology

R kR — S AT R R S iR 8
EIMIEEREL + BAnh:

5 M H 40 &
5 -1 -1 0
-1 2 0 -1
L+ B=
+ -1 0 2 -1
0 -1 -1 5

Hf (RIS Sp = 0.1, 855 L + B, WRFa, =
1.2. ¥51In M\ar (O) 5K 155 R H T 2. HER2A &
H, 240 < &' < 0.3330F, 5 HH (S Huk BUESR ARG
B L, BRI, 29k =0.2851F, In Apay (O BUR/IME
—0.6709. HIn Aoy (O) + o T < ORAF AT 25V 145
JAIA E 580,559 s, iX BLIEELE = 0.285, T = 0.15 s,
¥ B F AR LR L T 3.

35 T T T T
3.0r
25
201
o 1St
{2
' lo0f
0.5r
X:0.333
0.0 Y+ -0.004004 il
-0.5 X:0.285 4
Y: -0.67095
,1 .0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
k!
lg] 2 In Amax(e)‘%k’/%% lg]
Fig. 2 The relationship between In Amax(6) and &k’
4 T T T T T
— Xy XXy —— Xy
3N J
2 - -
o Ae .
koI j}"’
ES oLk |
-1k A
-2 1 i
— 1 1 1 1 1
30 1 2 3 4 5 6
t/s

3 KPP (1) H RS
Fig. 3 States of agents under protocol (17)

T THT SR FH I 48— [R) B2 Sz R ke B SL(S). R ER
T = 0.15s, At = 0.001 s, G531 Frik, 5 kot oy
WO L, Ak 2 B0 B DU AE X 17 5, Jd il 1 K 2s &,
AT AR = 2 3 ER R G — SU R SinE R ik
Bk = 1000, il B4 R T Ead, sTLUE R, £ 5
TR RGR P SZEL T —FrE.



2 1

ARICREE: —RARLNEZ A TR RS ko — Bk 273

3 T T T T T
— X)X ——Xyg—— X3—— Xy

,3 1 1 1
0 1 2 3 4 5 6

t/s
K 4 SERIBKAPLS) T B ERES
Fig. 4 States of agents under protocol (5)

B I, L FH SRR — [ Y siz ik v — S0P P A
FZHTHRARS. EIE = 14, At = 0.001 s, 5R15
q(At) = 0.9934, ¢*(At) = 0.9868. R B 4 1F
P (At)e2T=2D < 1 G A VG AT <

1 1 \ \

FRRELH T ES. nTUUE W, EE3) T, £ H
TR RGARE 2L — B0k, MELERLS), T 23)RY
S0 B 0 A X 42 2. EL L 4 5 15 AT B
W(S)HR T SR AISGE R, ML (23) L ASE T
FLSTEANER T AL 1E .

4 T T T T T T T T

— X)X ——Xyg——X3——Xy
3 -

_4 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45

t/s
K5 SERIKL23) T B EHRES
Fig. 5 States of agents under protocol (23)

5 Zw

ARSI B NPMICHNS, A—RAE4 2 1 ik
ARG T RS2 F o — SO P PRI 5
i 4 S T 5l ) B R S kv b AR SRR — ] B 2R
S i B . S AR T O R O v, ARBEE,
DA SRR R0 I s B8 E I T 7RV LU
FIR, B 582 E 254k R G0 0T LSBT 45 S BR B

— B BeAh, AR REUER] T4 R RR A — B
ISR K e — S PSS SR A — i) B 7R S K
BRI B e, EE N EUE BT ISR
T BT R

SE Mk

[1] MA Dan, ZHANG Baofeng, WANG Luyao. Controller and topology
co-optimization for consensus of multi-agent systems. Control Theo-
ry & Applications, 2019, 36(5): 720 — 727.
(S, Tk, FHERE. 28 ek RG— B in B4 ] 48 5 90 40
PMRIBEAL . IR S5 R, 2019, 36(5): 720 — 727.)

[2] YU W, WANG H, HONG H, et al. Distributed cooperative anti-
disturbance control of multi-agent systems: An overview. Science
China-Information Sciences, 2017, 60(11): 110202.

OLFATI-SABER R, MURRAY R M. Consensus problems in net-
works of agents with switching topology and time-delays. /EEE
Transactions on Automatic Control, 2004, 49(9): 1520 — 1533.

[4] ZOU W, HUANG Y, AHN C, et al. Containment control of linear
multiagent systems with stochastic disturbances via event-triggered
strategies. IEEE Systems Journal, 2020, 14(4): 4810 — 4819.

[5] DONG X, HU G. Time-varying formation control for general linear

3

—_

multi-agent systems with switching directed topologies. Automatica,
2016, 73: 47 - 55.

[6] TANG Jiayu, LI Xiangmin, DAI Jinjin, et al. Coalition task allocation
of heterogeneous multiple agents with complex constraints. Control
Theory & Applications, 2020, 37(11): 2414 — 2422.

(EEFEAR, AR, ARHERE, 55, SARAIHGRAT T 5t 2 8 R AT
FAYIC. S 5, 2020, 37(11): 2414 - 2422)

[71 ZHANG W, YU Z, LI S. Adaptive output consensus for hetero-
geneous nonlinear multi-agent systems with multi-type input con-
straints under switching-directed topologies. Control Theory and
Technology, 2021, 19(2): 260 — 272.

[8] GONG P, LAN W, HAN Q. Robust adaptive fault-tolerant consensus
control for uncertain nonlinear fractional-order multi-agent systems
with directed topologies. Automatica, 2020, 117: 109011(1 - 7).

[91 ZHAO L, LIU Y, LI F, et al. Fully distributed adaptive finite-time
consensus for uncertain nonlinear multiagent systems. /EEE Trans-
actions on Cybernetics, 2022, 52(7): 6972 — 6983. DOI: 10.1109/T-
CYB.2020.3035752.

[10] LIK, HUA C, YOU X, et al. Output feedback predefined-time bipar-
tite consensus control for high-order nonlinear multiagent systems.
IEEE Transactions on Circuits and Systems I: Regular Papers, 2021,
68(7): 3069 — 3078.

[11] TANG Y, WANG X. Optimal output consensus for nonlinear multia-
gent systems with both static and dynamic uncertainties. /[EEE Trans-
actions on Automatic Control, 2021, 66(4): 1733 — 1740.

[12] ZOU W, GUO J, XIANG Z. Sampled-data leader-following consen-
sus of second-order nonlinear multiagent systems without velocity
measurements. International Journal of Robust and Nonlinear Con-
trol, 2018, 28(17): 5634 — 5651.

[13] CUTY, LIU Y, ZHANG W, et al. Sampled-based consensus for non-
linear multiagent systems with deception attacks: The decoupled
method. IEEE Transactions on Systems, Man, and Cybernetics: Sys-
tems, 2021, 51(1): 561 — 573.

[14] WANG Z. Sampled-data output feedback control for a class of uncer-
tain nonlinear systems. Nanjing: Southeast University, 2015.

[15] SU Bo, WANG Hongbin, GAO Jing. Anti-disturbance fixed-time for-
mation control of multi-AUVs via event-triggered strategy. Control
Theory & Applications, 2021, 38(7): 1113 — 1123.

(TR, FHOR, R, TR SRS T 2 AUVPLT-HE 2 i 2R A
P, EmIERIR SR, 2021, 38(7): 1113 - 1123))



274 B of w5 N M 408
[16] LIU W, HUANG J. Cooperative global robust output regulation for a [27] CHEN T, PENG S, ZHANG Z. Finite-time consensus of leader-

(17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

class of nonlinear multi-agent systems by distributed event-triggered
control. Automatica, 2018, 93: 138 — 148.

YOU X, HUA C, GUAN X. Event-triggered leader-following con-
sensus for nonlinear multiagent systems subject to actuator saturation
using dynamic output feedback method. IEEE Transactions on Auto-
matic Control, 2018, 63(12): 4391 — 4396.

GUO X, ZHANG D, WANG J, et al. Adaptive memory event-
triggered observer-based control for nonlinear multi-agent systems
under DoS attacks. IEEE-CAA Journal of Automatica Sinica, 2021,
8(10): 1644 — 1656.

AYEPAH K, SUN M, JIA Q. Event-triggered synchronization of
switching dynamical networks with periodic sampling. IEEE Trans-
actions on Circuits and Systems—I1: Express Briefs, 2021, 68(6): 2172
-2176.

QI Y, MU R, ZHANG X. Periodic event-triggered bipartite con-
sensus for multi-agent systems with partial information transmis-
sion. Asian Journal of Control, 2022, 24(5): 2778 — 2786. DOI:
10.1002/asjc.2648.

ZHANG Z. Research on impulsive consensus of several kinds of
nonlinear multi-agent systems under different control mechanisms.
Guangzhou: Guangdong University of Technology, 2021.

KE C, LI C, ZHANG Q. Distributed adaptive fault-tolerant consensus
of nonlinear multi-agent systems via state-constraint impulsive pro-
tocols with time-delay. /IEEE Transactions on Network Science and
Engineering, 2020, 7(4): 3112 - 3121.

LIU X, CHEN D, LIU Z, et al. Distributed leaderless impulsive con-
sensus of non-linear multi-agent systems with input saturation. Non-
linear Analysis: Hybrid Systems, 2020, 36: 100855.

MAT, LIT, CUI B. Adaptive-impulsive consensus of multiagent sys-
tems. International Journal of Robust and Nonlinear Control, 2018,

28(6): 2031 —2046.

WEN G, ZHAI X, PENG Z, et al. Fault-tolerant secure consensus
tracking of delayed nonlinear multi-agent systems with deception
attacks and uncertain parameters via impulsive control. Communi-
cations in Nonlinear Science and Numerical Simulation, 2020, 82:
105043.

XU Z, LI C, HAN Y. Impulsive consensus of nonlinear multi-agent
systems via edge event-triggered control. IEEE Transactions on Neu-
ral Networks and Learning Systems, 2020, 31(6): 1995 — 2004.

following non-linear multi-agent systems via event-triggered impul-
sive control. IET Control Theory and Applications, 2021, 15(7): 926
-936.

[28] TAN X, CAO J, RUTKOWSKI L, et al. Distributed dynamic self-
triggered impulsive control for consensus networks: The case of im-
pulse gain with normal distribution. IEEE Transactions on Cybernet-
ics, 2021, 51(2): 624 — 634.

[29] LI'Y, LIC, YOU L, et al. Exponential synchronisation of nonlinear
multi-agent systems via distributed self-triggered hybrid control with
virtual linked agents. International Journal of Control, 2021, DOI:
10.1080/00207179.2021.1967453.

[30] LIU Z, YU X, GUAN Z, et al. Pulse-modulated intermittent control
in consensus of multiagent systems. IEEE Transactions on Systems,

Man, and Cybernetics: Systems, 2017, 41(5): 783 —793.
[31] TANG Q, ZHOU H, LIU Z, et al. Distributed consensus tracking

with stochastic quantization via pulse-modulated intermittent control.
Journal of the Franklin Institute, 2017, 354(8): 3485 — 3501.

[32] LIU T, JIANG Z. Distributed control of multi-agent systems with
pulse-width-modulated controllers. Automatica, 2020, 119: 109020.

[33] DU H, CHENG Y, HE Y, et al. Second-order consensus for nonlin-
ear leader-following multi-agent systems via dynamic output feed-
back control. International Journal of Robust and Nonlinear Control,
2016, 26 (2): 329 — 344,

[34] HONG Y, HU J, GAO L. Tracking control for multi-agent consensus
with an active leader and variable topology. Automatica, 2006, 42 (7):

1177 - 1182.
[35] APOSTOL T. Mathematical Analysis. New Jersey: Addison-Wesley,
1974.

FE& R A

ARScmk i, HETH T RN RGN B R R R G
%4, E-mail: gongchan00@ 163.com;

ERWE L, B, A Ay AR RS B RsEHIA
Z A TR R G0 EFEH, E-mail: wrh@893.com.cn;

P T, O, TR RIW, HArwt gy o R R 4 AR
ARG MR RS EEEH] SR %], E-mail: xiangzr@nj-

ust.edu.cn.



