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Abstract: In recent years, event-triggered control has been developing rapidly with rich achievements, which attracts
great attention from the field of multi-agent systems. This paper presents an overview of the state-of-the-art of event-
triggered control for multi-agent systems. Some representative results and methods in this field are summarized from
the perspective of agent dynamics. Furthermore, some of the research achievements on edge-event driven control for
multi-agent systems are presented. Then, we investigate the consensus problem of multi-agent systems based on a new

event-triggered control method. Finally, some open problems and possible future research directions are proposed.
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MNE PR N AL 7T D IR & AL R
T RGNS 100 AR 2Rk RS0 A s R
(N AR, BN BEAR BT 9 B R AR R
S AP IRAE RE S A, SR TRTE, FToehk
FIThRE LI —, SIS RGP N R T B &
G RAEAMARNERARESEE. ZERERR
oA AP S 1 AR A 2UAE 2R 1) 73 A7 2UHE 2R
(RIS, — B &, BB REAA S A R A A = 5
BRGNS, RSB RS H
PRESEIL. XAIRE G 1 H rh Azl o DR e e b PR 45
PR B A R G, s T RGBT I
Ph AT AR AN S [RIINE, e ) /408 T P 45
EAZEHU, FEAR T IE (SRR

ANFIIUIE 0 2 AR R G TR E AN
FIH A AR BT RBER AN 3BT T30 72 RGN Il UK,
Xt 2 B REVR R G IL L BT E R G TR S
PERIPIAN T T . R G0 B 1 BRI TR Re AR s 7122
B REAARIA] PR AE P03 T DR 3 T A LA A BAR
THREEA R G TE AR AL M RE TR AR 2 AT
MEEIR. FEAAHE: /G —BUEMALE Mo prie=1,
BRI B0 BRI B IE L BELIERT AT EEE PR
Br7=4 i Stk 3 A 3520148 R s R BT A
Z B IR R G i & H A T RRF E 14T 9, 58 RO 4%
TRE A5 B B BIR AV RETa b, T 2AHE: HifAz
HPT90 e 0 BRERRE | R I4E,

152 B RER R GEH LR BT R, B RE AR AL
B A R AR R A IR, PR BRI
WAE R B R, RN, B RER 18138 (5 VH AL AE
IR TS FE AR Y. 75 e B B PRI IS 1t
T, WA A5 UK LSRR K AR e P e 24
WAL — AR %, /£ A TR, K
o TAFHREORE R AR 2 (AT BI85 AR, X
i S A5 (45 22 B RER RGBS RIS R AR
DR, FHK, AT IESHE (R, R R
P B BEARIE S 5 77, 6D RE B BRIV AE. SR,
NARIEAS 2R 3 ) Rt e, AT AR YR SR
HHS AT IR DL L BCRAE A, 2 7 RS SE 312,
FUR T — B AN IR AE A HIE S5 AT, TR
BT — 8 B EAE TR b bR e R
12, S YRS ) 7 AL MR P B PR ER S A2 E
PE L GUT PR S ANE A BE (b P85S 57055 [ [R I
A DAE— B el S A AR DL A RE R BT DR, )
PSR AF IR Bh F ) 7 iR 70 2 B RE R R G i) oA 3
DA ] R A (IS R SORISE R A

H AT &, S AXaEh 2 6 7 ik 32 2R AR R A ok
Z R RGN — Bk A R G AR ) [ PR A
i) i 7 LA B Bl [ . AR SOHs R e AR 51 772 A
JE, XS AR Eh P VR P i vk (6 100 e FL 2 83t AT
IR

2 ZHEEAE RGN E IR E ] (Event-trig-
gered control for multi-agent systems)
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PERGE IR G — B Rl R R R 1)
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HIOTIEATAT 2218 A L B E B AL, Bl BT O
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AT DAAR A 0 A IR sl i g — PR =X
HAF IR G 2 B e ik R G KR 2R
TEALIE 2 B ReAR RGN — B I R, 31X 2 n) Rt B A
A IR AN — I I R H O TX —EB A 145 R AR
%, JRBE 1 22 N BEAR BN 775 R R A1 B2 23 ) I 44
AT
WZERERGEMEEHINHEG=(V, E, Ak
Zlm, b V={1,2,--- , N}ERTS4E, ECVx
VTN A = [ay] € RN*N %7 ITAL A 50 e
BRI iz, () € RER. X TIELER HETE,
FARREARIB) )15 TN
xz(t) :gi(l‘i(t)’ui(t))’ 1= 172a"' 7N~ (D
RIBUR TT L W, AL Z W Ge ks € V, &8 Re A
e eV B S|
2i(t) = @i(t)), t € [th thpr), 2)
Hrp{ti k=0,1,- - }RIRE RS B I %)
FPA. AE e 0 A IR wIALH b, — B A R 3
FAFATLAIR T
tip, = inf{t € [t;, 00)| fi(t) > 0 B f;(t) = 0},
(3)
Hr
fit) =llea()]] — co — cre™" —
Cth(xi<t)v Ljy (t>7 T Ty (t))v
Js € Njys=1,2,--- [ |N;]. 4
JXEUVZH%%%] ARG =R hi(a?i(t), Tj (t),
s () 2 0RRTF (1), x5, (1), -z, (D
BRI K. AE AR BK B SR A e, (8) BR O ZE B T, e+
cre” 4 eohy(zi(t), x, (t), - - -, Tjin| (t)) PR ABAE T
A EHE R, BIEI R (2:(1), 25, (1), -+ 25, (1)
WA DU R B BT BMETURRASE B R AE
SR RANERE(FRER . —EUMESE) K Zenof T N A HL#%
S PR, AR BB S RS E BROC R, Ml ftE
ZHco, c1, coVIETE ], F FAF IR B 2% AF A9 A
33K, HE X aral
EX1 Hey=c;=0,cy > O, FREMXMQ3)
SR A F 44 2% F (state-dependent event condition).
E X2 Hce>0,¢,20,c0+ ¢y >0, co =00,
FRFATF 26 AT (3) A2 IR TG I S 2%+ (state-indepen-
dent event condition).
E X3 Hcy>0,0,20,c0 + ¢ >0, ¢y >0,
REAE AT (3) 2 TR A T ZHF 25 /4 (mixed event condi-

tion).

2.1 H—Br B a4 £ B 8 R R S8 (Muldi-
agent systems consisting of first-order integrator
agents)
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wi(t) = — Y (&(t) — &;(t)), )
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A ETE & BEAREIT WS BV IR S R P IME. (E A2,
FEHAAME6) T, SCHR[65-66] RUFH] T &/bF —4
BREMEA S H B ZenoI B, FHI%A Tk HHERR Zeno B
RERA. FEGEWRR R e, B
a5 DU e 2 i IO S e e
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ot TS, BN R
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S B, (A REHERRA BRI 8] Be 4 BRI
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BT E ST HL 2 45 2

t < tfast + Ei’

XKH: ¢ SRR BRI AT RS S B S B A, e 2
T — SR AE B IR AL, B R A M AN RS B
XA LI A AT AARIE R Rk R 48— 2k
PRSI, tHEEPRIEZenodT AA S KA. SCHR [69-70]
HE— BBk [65-67] R ISR, IARRAPIRAS
WA A2, 5T T B — I A o g LR 1) 22 B e A
ARG —EME ) .

FE1 FHELEMG), £i(t) > OFf(t) = 0H A W
AR . Edn, STk [6817E Wt A DR Bl F il FE N i, 55t
R T WE XA, BIFLEAAEO)F, Wk £ (1) = 0, MAZ
RIS S aij(@:(t) — &5(t)% # 0, 4 BEH {7-ZenodT Hy

JEN;
AR,
TEZ R R RGO, SeybothZE T VR H

TIRE TR, g th 7 DA A B G I 1R 45
KR BrmliE A E S BIE I A IR Eh 2%, B
fi(t) = |les()|| — co — cre™ ™ > 0.
AN RERAN T B BREME BRAIWT T RS R4
I %, FE R R AT, KL T 2 H AR R G HT
P Bk B S P2 — BUECR R RS s T
ARGAME TSI — DB, AR SEF AR
Hh, B BE PR AN T B I S A 40 e A5 SR W 2
SR, B TR A, R X A ARG
B TV EE WA, JEE XA VF AR R K.
55 3CHR (71T RIAEER A FEAN ), Fanf:U2T0f Sift 261
MIRSCEEAABILAE T 200, ZEIBH

e(t)=qi(ty)—aqi(t), tety tj 1), i=1,2,--- N,
XH

%@%:mﬁ+1%%@4”_%“»

TE I TR TR S AR A 2% A4 R FH Lyapunov b8 £ 7
5, R TR AR 2 B R AR R GRS L
B2k, 1 H Zenof T AL KA.

BT FHAF KB 0 2 B ek R R AR, X
Bk (737413 — D70 T ARt 3w s 1 — ok

). eAb, T FHA RS R e, V2
S EARR R A BRI T e, THBLH T K E AR
SRR, MR RERBETY I AR P, T AT RS T SRR
SHEHITE P BB ARk RGP N AT E R
TG BACEER AR, AR @S U8 B i@
EI AR BN BA L 2 B Bk KRB AR T2
S ORI 5. I B AR FIVERE PR E, K
FHAFIRSEH T gm Bz R B sobk.
PR — B S5 R, W LA S35 SR [83-89]. SCHR[90-
ONFIFH F IR B IR ST 7L T H—B A 2k 2
R R G A RN ] — 25, (H2 SCHR 901 45
H 2T Zeno 1) R IHTE.

FESCHR [92] 7, Meng A Chen ) F & 31 440X 5
BT T H— AR S 4L 2 B R R A —
SR 1)L S e A R ] 5 1 B RS AR AT
KRR, At RN B BEM S IR B IEI %, 515t
SERIREELS. BRI R FHE R B 21 #E 2 4%
FRE TG0 R B S A

fi(tf + lih) =
les(ti + Uh)|| —

aill lev (@i(t 4+ I'h)—x;(t: + I'R))||* >0, (10)
JEN;
Horbe,; (¢ + 1"h) o o AT I 20 KRS E 5
KFEEZ W ZME, BRI an N RIAg
e;i(tt +1'h) = x;(t)) — z; (L +1'h).  (11)
TERTHITFAEZAR0) T, Z R RS 1P
— 0 ), IS T R P IR A R B
AT DL Rk 2, XA ORIE T A BRI A A2 R A
TRl . ERE 2 B REfR RSt leader-following
— S5O 10 8, SRR (931 FH R BA M A R Bl A ol g vk
X HE AT VA, D5 R T I AR IR R .
1M H 3K Bh 456, AF SR DR sh 4 i i A A, A5 2] 1
Z BB R GV 2 1 5 1 R 00949 HE
IRFHE A, R — O AR FA RIS 21 B A A %)
gl SR IS B Ebu R - AR E S M S Eo)E kil o N S N
XPARZSE B SR AT, (RN B R SRR .
TESLPRM 25185, B T5 1 58/ LR R A TR
PE, RS B B SHE, X f 5 E R T &
Hergmfdts. SR [98-99148 t, HI T BALH) I Nl
G A AR SE, IR RAMMAEL IE U A
AF1E, 18 5 75 B A4 & Krasovskiifif B¢ /& Filippov#. %
MESZ B ReR KRG ARG A, TSRS
P N5 AR I S HOE 2, 15 2 SR LE. SOk
(1001318 T ¥ 5 B AR A B R AR T — g2
BREAE RGN A IR B — M ) R AR IX A A A
FIVERTS, SCHR (10113 — 50 FH A S S Sk sh s il
WAL T 2 5 Be ik R G0 — B0k i) . B T A 0,
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— BB R REAR R G AT AR Bl — B A A G

AR KAR, W 22530 [102].

22 B AR SR A 2 B Re R RS (Multi-ag-
ent systems consisting of second-order integra-
tor agents)

BEXE e IR AR AL 2 B RE IR R G, B REIA

HIzh Ji TR — kIR N

i (t) = vi(t),
{ 0i(t) = u;(t),

AR STHR (197 B3 I B
ui(t) = —jeZN aij((w; — x;) + k(v; —v;))  (13)

BT A R R A (1) T8 E 08 B W46 1 B RS 1) P A
0(0), BT A & B LU o (0) il 513832 30, H BAT
PR EBRAHETo(0)t + 2(0), X Bz (0)RRVILE L
FARAS BV 1A (£ PR 2 45 44 1) — AR o
AR Z R R R, — s gl NSO,
Hah % — BRER AL () = vo, HveRmI
BEIAASH L.
Seyboth %7 F F - Ok, #7817 H _Fr
T LUK 22 R BE IR R GER — SR . SRS
Hilrh, BT RS R RRE, W ZEEITN
exi(t) = &i(t) + (t - t;c)@z(t) — x4(t),
evi(t) = 0;(t) — vi(t), (14)
i=1,2,---,N,
Hobe 2,(t) =2:(t,), 0:(t) = vi(t)), t € [th, thp0)- 5
TR TR KA, KA T S IREh ] P
wi(t) == 3 ai;((&:(t) + (t — 1) 0:() =25 (t) -
JEN;
(t = th)85(0) + K(3:(t) — 55(2))),
(15)
L, ) FRORTE I 22 B 1 T B 3K E)
2. 5 B — B R o S8 4R 2 5 Re Ak R G S A B
BIFEHIISCRE, PR (15) &8 — R RRER 1 2], £
ARV E L, B
EH 2 B L MEIA RGi(12), oA W%
I SCA(15). I FHAIREh %4

em—(t)
i(t) =
=] =
EH: ¢g>0,0,20,c0+¢1>0,0<a< |[Re(As(I))],
Hrp

1=1,2,---,N. (12)

—at
— Cyp — 1€ )

0 I
—L —kL
WU AR R T 4 2% 1, BT A R B A 1 T R A )
BAo(0)AyHh 0 LR AFHA I Ao (0)¢ + 2(0) A9 Hh 0o

I =

I

INERIN. 5141, ZenofT WA KA.

EEBEEIA4HR BT, 7 DRIE R G EIE—
HF, (| exi(t) ], |l evi(t) || F-0. STHR 1031 T
BEAL A IR, FERIAPR S 2FAF47 1 H
TR AR 2 R RE A RS

FE /W AR ds A R 22 B e AR R G T,
EEWH B e A — My

exi(t) = 2i(t) — z(1),
{ evi(t) = 0i(t) — vi(t),
SCHR [104-106]84 72 % I Z A T (16) 2 AR ¥ it
PESEAT. RERE N, S SR ] P B 2 B Ok
Fravak, B
ui(t) = —jezN a; ((2:(t) = 2;(£)) +k(0:(t) — ;(2)))-
B2, BT RGEIE B, |lex(t)| A T0, &
fil e B8 2 T, BRI AT B — 7 I TR ST

A ST I B AR 0 48 2 B RE IR R GTH S IR
B AR S T V2 A FHIOSE. SR [1071008)
HETARAE B ZE ey (1) = 2,(t) — x;(6) RIK
THERPEEAT, I FH RS AR 72 B R G R 1) .
SCHR 1081 R HI R (16) M, SINZAZETIK
7L — B 2 8 e 1R & 4t [)1eader-following — E 1 7]
8, TR DAE— M S BT HEBR Zeno AT NI R AE.

KT B AR SR 2 B 22 B AR R G ) SO
) 1), J5 2 SO S A R 2. i Persis S OO1
T 1 IR K Z FREAA RGUH H Xshz ] i
23 H AKX RK 2 & HE 4k R 4 (Other types of

multi-agent systems)

ISR, B T B — B A B Ao g 4 2 2 e
ARG, BA — BB R 2 H ek R GRS IK
B A AR 2 12 53 i OUE, JRBIL KR
GER. M &, — RN 2 3 Refk R G A
R AR BN 1T

z;(t) = Az;(t) + Buy(t), i =1,2,--- | N, (17)

Horr: o, (t) e RPN BEAIPIRES, w,; (t) e R FOR
BREMARPERI . FEFEA € RV FIB € R
FETHGERE. BT RGO M IREh ]
— ORI T SR (65671, FHF 2R ZE T BT

T Z{HI(18), ZhangZe MUK FLIR AR 1 2614
W T BRI S N2 R R IR RGN — 8t
I 8 SCHR (11 1R A 7 A R A 22 (L IR Y, (H IR
WA S5 E 32 EUBE ek, L B AR 003 0 IR RN A
H & s mpb IR S E A, 538 7 F 40 sh — 8ok
Zhu M2 B N T AN e, (t) = 2 (1)) — (1),
tefti,ti ), FIFTRE B R4 — M 2

Z':1727"' 7N7 (16)
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REfR RGUHEAT T W98 Xing %! 300 F SR4R Ok 3 45l
VIR REATIN, 3 — B H 8 7N Eh R R [
I, FAF AR TR RS A — Yo Rk
FAEIRR T, B

ezm(t):;vzm(t)_xzm(timk)v ’L:17277N7 (19)

Hot: {tymi ) imk €25 m=1, -, nFT ALK
SmAE R AL A, ST B ET9),
VLT IE 3 MO N BT, % — SOk i AT T %
3],

% 5 AT — R R A 1 2 B B R G, Yu
ST B 7 SR 7205 B 22 I TR, v I 22 0
5y

Hrbg(t)= > ai(xi(t) — z;(¢)), FHREWM 5
jEN.,

JEN:
PEEEAT M T RG0SR — BUME 1] . SR A
FQO) I ZE TN, SCHR[11518F 78 7 AN AR R
(1) 22 25 Re Ak R G0 00— B50HE In) 3L, 17 SCHR 116180 STk
(117153 730 0 FH RS M5 = A 4 A R TR S B A 25 1
FI8 | — R 2 8 Rek R4t leader-following — 3
P ]
SCHR [1181F A 4 DR s 42 il SR M Il 9 1 2 B g
A 22 48 1 i L R T A ot A A R B RN B
Ak R BRI T AR IR S 2% A,
FREE H TSI L R 1) T AR A5 F. SCRR (11914
XTEA BN I A E P BRI SEZ I 2
HRAR R G, B F AR IK SN SRS, DAL PEAE FEA S5 2
ERGH T RGUA S|SB 78/ 261
WF— L2 R RAIN S, RAUSMER
FEAS AR — AN E (9 20, T Bl A RIA (e A 56
MIZRIETR). F0TIX— s, SCHR (120180 [121]5] AL
{ zi(t) = Azi(t), T(ty) = (),
zi(t) = Az;(t), T;(t;,) = ;(t7),
He:telti ti ), i=1,2,--- N, j€N,; TR,
FINFERM R ZEETUN
ei(t) =z;(t) — (), i=1,2,--- ,N. (22)
K R s
ui(t) = =K > a;;(Z(t)
JEN;
H K e R el v il g as. 530k [110-112]
H R 42 W SCAS TR, 425090 L (23) AN 2 il = F
{7 2315 B . SCHR [122-12817EWT 7T 7 45 HAF IR B)
PRI, SR BIZE TN e, (1) = eA0— 10 2, (1) — (1),
TXANBEFARIY () 25 I (22) 2 — 2. RIS, — sy
AR Z AR RGP I EE (1) WA LR
ZAETIQ2)MFFRIG L. BRQ DI AT RETE

21

—z;(t), (23

WS RN Zeno AT IR 3E S 7 T TR AR KA H. 400
TR, Lin&E VR AN B ARSI N T H A
flitt A%, —AMETHE R T E S RPRSE R, J1—
A FRAL AR A B B~ 21E AR5, R X LAt

5 SR BT S KB 2 A, I 4 1 P, AE HEBR

ZenoAT KRR FIN, filtik T ZREGEH[E)A 0] L
I A S SR IR B ) R 5 — AR 22 1 g

ER G, & CAH IR — T, AR AT AZS %

SCHR[130-134]. SCHR [13314ERT 784 I A ksl 4%

A, GIN T BB SR G ZAE T, Hf2a 1 — Bk

SHERFE I 5 F. SCHR (134175 18 1 BRI A 1k g

AR 0y 4 | ) S, E IS R — 8 SR AR, g T

— B S 2% A
Ak, SCHR [135-136 18 IS IRE 2RI 7T 7 A

A — A2 R RER RS
RS R RN R IE S 2 B R R G,

A — R shaA 1 B i 2 B ek RE MBS RE

HIFFE. SCHR[137-143 01X — K R 4, F 3R 5)

FEfRIT 7T,

T 2 B R AR R G SR T AR R G AR | e
BT L s 1 2 8 R RS2 1
RGN AR BN A E. T FHAF R 5
I 7E 5 57 22 R Be AR Z 4 v 16 S PR AT 58 ] A2 SR
[144-145].

XS TEIERS, AFLMERGRAEEIRMNET)
PR, AR O il AR A A0 Ak B B DR HEE . A
X H| g RN J LR B A Rk sh S 2
RefR RGUEEAT T WAL, JRHUAS T — Lo pg R4 5
Mk [148)F H FAF- IR BN 3% I8 7T T £ Lagrangian R 4.
SCHR [149-150101 78 1 2 WA R GEAE F A KB ] T
£ 57 2B U 0 A SCRIR (1511521 FH A J 4k 6 1
WhEHI A | Z AR e BB LS N RGEH) — 3k
i)l

A2 XA RGO EEWRE R T, W0
ZenoAT AIIRAE, & HE A, X0 B HOR R B
IR 45 v R B, H ORI &, — R X A (3)
H ) |leq (8) || 2R 5, I HIWT ||e; (¢) || O3 Al -5 BB TR K
NHSRAFT AL ST R A — AN IE A T 67081 S 4l
JrESE BN APER LA O A A IR ) 547
R A 2k A 1] B8 R AR A AE — AN IE R 5%, AT e e 1
ZenofT NIIRA.

3 ZERAERGHDFEMKSIZEH] (Edge-
event triggered control for multi-agent sys-
tems)
ek 2 B e IR RS I A IR AN 2 2 T

By B ORTE, JEUAS T — RIIKEUR. XiaoS57E

SCHR 15510 X T 2 B Hefk R G A IR sh i),



ERE ]

HREIREE: 2R RER RS HA RS 1057

RIS T AHXPIRAS KB A2 il 2510 2
B, 123 R P AN e A TR S KA I 58T
2 00 2%, AL B BE AR A S 5% Had R Uk
(1531050 1 B — M A g AR 2 B REAR R GL(5) 1T
LFARIR BN IS, N T A RO S Zeno L %, 1R 1T
HAFIREN AR, MEE SN T A AR AL

70 IATE AL T, o, 1, Lo, - - - RN
PRI 2, FFEH Rty =t + hyh > 0. 2K (t) =
max{k : ¢} < t}, e RoR (i, )M SRR F
fid R I 2. 5] NS

y(t) = [ (t) vat) - ym(t)]" =
Dt [ay(t) xo(t) -+ an(t)]",

Horh D@ SRR ORI . X Tvee{1,2,- -,
m}, FAAER R, j, 13y, (6) =2 (t) —x;(t). Frid

g(t) = [G:(t) G2(t) -+ Gm(D)]",
HAg,(t) = zi(tr ) — 5 (trisry). T SCHR[155]
B9 0T R4, 5 X — Jbi (&) TR
R AR SR BN RS, (1) = () — i, T
}4i& Lyapunov PR
Vi) =3 ; 3 (1) (4)
JERFV (£) R ST LMW T 4516
R 3055 %rgaa#m\ BRI % BRI

AGU5), HA AN IREE . IRAAAE 8o, B,
HA0 < o, B < 1, 13 N ASE UL

g (te)g(te) < 97 (tr)y(te),

Byt (te)y(te) < G (te)9(te),
MIAFAE — A B KA ] 3
hmax -

15 R G0 (5) FEFE I Pl
ui(t) = > (zj(tiie) — zi(triw)) (26)
JEN;
TR B — B
TESCHR (15511 244t STk [156] 5 (15713 — 25
R 10 S AR IR B2 0] 4 AT T 1 D10 ¥ 5 A A7
FERITE T SCBR [1581RI A 1RSI RBEDA T 114
B, I TR N N 2R RE RGN —EL
P I .
SCHR[155-15718HF 95 1 [R]85 o] 014 220 S A A )
— S ) B, T SCRR (1591318 T R GE(5) 7 25 6
TR LRI 2 AR ). A, 17, 1), - &
NI (4, g ) IR Z1 4, HA
k" (t) = max{k : t; < t}.

(25)

)\max(L) ’

BRI, 201 P30T

u(t) = Z aij(; (tk J(t)) (tga‘(t)))a (27
JEN;

Horbra; sl (i, ) IBUE. Z - Getk R4, Eak
WU A 30 S TR 42 ) M DAL AE AH A P A S fih i st
ZINAIRE B FEHs A IE, X PR ICIE R S Zenod T )
KA. SCHR (1591385 51 A\ 40 R SRR g vk 13X —
]
C1) i4(i, j) LR F 4 &
BRI R I 2ty
C2) MFhk=1,2---, LIt >t + h, &
INAGELARAL, We,;; FryiZgHix H A
o =t:
alz;(ty) — ;)] <
sgn(a; (1) — z;(8) (wi(t) — ;(1)) <
Blai(t) — x;(t)];
C2) Wk =1,2---, FERZIt >t + h, &
IANRERARSL, W (4, 5) LRl bk H A
tl=t:

l—«o

B, 53 [E A

() — ()] <
sgn(a; (1) — o, (t)) (wi(t) —
-1 y i
P e — s e,
Hrh0 < o < 1< B, KSR B A). 25 jE i o
W(27), it X Lyapunov BR £(24) 3K T 0] i, SRR
C1), C)EkC), C2) T AR UE; (t) — o (¢) A AL T
a(xl(tk J(t)) z;(ty J(t))) 5B(xi(t) J(t)) $J(tk J(t)))
Z 18], AT S5
ETR 4U0 e R o SR A R 2 B ek
RE(S), HIBE IR TR E. 3
i @ A o
hififeh < N (VI DT i, Hodr W2 RoRXT

TIRUEREW rh e BT 7 e 15 B RRERE, D42 i
WERDEFMFNCL), C2) BLCL), C2°) N REM: R %0
O)FIPFE—8 M /R, 1 H ZenofT A KA.
ST i R B AR 2 B AR R Sl S A
IREhE ], CaoZ5AE SR [160] R RIF 5T 1 oStk i) .
FALT SCHR[155], Bto, t1, Lo, - - - Fem FTE KIS
R 21, Hagh ety = t, + h, Hdh > 0 K6
JEIRA, i oy RN (2, 5 ) LI AR AR R A Bt 2. Je et
G FH R DR B NAS B
y(t) = D[z (t) xo(t) -+ an(t)]",
w(t) = D oy (t) va(t) -+ on(t)],
M FAEE g € {1,2,--- ,m}, fEAE B REARI, j, fF

zi(ty)) <
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35 4%

zi(t) — 2;(t), wy(t) = vi(t) — v;(¢). Frid
g(t) = [0a(t) Ga(t) -+ G (D))"

W(t) = [ (t) wolt) -+ Wp(t)
e go () =i (this (1)) — 5 (Eoi 1) )» Wq (8) = Vi (tii (1)
—0; (this ). ZHIEE RN T 1) B, 40 BAFAE H 2L
a,b,c,d, b: 0 < a, c<1,b,d > 1, Wi

alfq(te)| < lya(te)| < blgq(te)l,
H gq(te)yq(tr) =0,
clg(tr)] < wg(te)| < dlig(tr)l,
H w4 (tr)wy(ty) =0,
XHg=1,2,---,m, MFEZEHITML
uit)=— 3 aij(@i(traw)) — 2 (thacr))) —
JEN;

kY ag(vitrae) —vitra))  (28)
JEN;

N, T AR A A 2 R RE AR AR G S — Sk
FAehtth, He T L F A BRSNS, SCER 1611/ 7 =
B 2R LRI 2 8 Be Ak 2 4t [ 1eader-following — £
PE ) B SCHR (1621 o 1 2 AN I 3R 3% 4% 1A 7] 28 1]
R SCHR (16310 FH 0 R S E A RS2 25 18 T R
A A IS ) Z B AR ) A R 2 R REAR R G —
B L

Liuzza%'U7E % 18 2 B Be /R R G0 10 F AT K3 —
B, R IR BN SR A BT E 1R B L TR 48
e b BT, 5) € B, X EETUANE =yq(t)—
Uq(t), t € [tgis, triipr), BUAITBCTT AIELL A 16
B TR X B BME R A TG R, P AIX
—REM AT LLRSOPIRES TR F A 20T
F— RN Z Btk R 41 leader-following —FUPE 7]
TS, SCHR [165 1R 1tttk st i S 2 b i)
FEAEIN, FFRH T Bl 48 0 bR By I I,
pag I NI SRCTE Z2E it/ TE 74T { N NS € IS U S
F.

4 ZHEAeE RGN0 R H A IXEh ] (Inte-

gral-based event-triggered control for multi-

Fyq(t)

)
I

agent systems)
4.1 5|5 (Introduction)

S5 AE RS 45 5 AH b, Mousavi 2560 H HA 1) FH/
TR A DK 42 1] T A ik A 23 7 T Ak BH B A B
ANHO PR S . FE T SCRR [49]H0 B S IX B 4% i1 T,
MousaviZe4i th 7 FU BV IR BN 26 4. T4 Y
HAF IR BN 254 AN EL SR Lyapunov B8 £ -5 2078 P TR 9K
B 8 — B A, IR 5 B A DR S 42 ) bE A B
Bl 7E 2K A F 11 77 T LA 35 GhodratZ:H67]
FIH AR5 B AR IR B3 H B T T — B AR 4 48 2 Rk
2/ etk /e — 8 &L 2] 5 J7 ik, % H

KT R AR 3 B S A DR Bl 428 i) ok 25 P8 — M 1tk 2 3
RER RGIAH SRR

AN AR 73 T A R B ) SRATE 72— MR
Z M BEIR & Sulleader-following —2UPE ) @, AL
g5 AN ], R I A AR R A 5, &
SE I X P 22 A AT PR R A D TR R B R, AT 98D
5 AR 3 B TEARE — B0 S I JE A L, B AR
A I ZenoIW A AT TTER AT UG W T

D) AT A R B A HRA 7T B A — i
MBI 2B aetk 28, 53k 16714H L, A%
FERI RS BA — M. ok, B0 B SR i S ms
ELSCHR[110, 112, 120-121, 13517 {0 SEE 78 Jk A 15 12
&1 T T BA LS.

) AR T —MBA RH N — R 2 85
R ARG FAF IR B —EE 8L A2, CA SR
TEIBEHIN & —E. ZenofT NE T TH AA FIR
166,108 110.120-1211 {5 #1174k [66, 108, 110, 1217
o5 H G IR B SR HERR Zeno A ToA), SCHR[112, 120-121]
R LR ZenofT M, (H 2 HBESLHLATA £ AR
SHEN = XA, TABE SIS — B

T A5 A B 2 TR AR ) 7 V2R A T e A
HIARAS, FEHR] X Bl T (RPIRAS R i) 1 FAF DR B L
HH R B AR AN I AL, SRR (110, 112, 135]7EALEE
HARIRB— M [ U, A R R T 2 B
AT B T8/ N85 T /TR R E Y .

FEARATH, WHEE 4 € W B € R™, ||z]| &R~
HjuH X THMEES ERHEREA € R™ ||A||FRR
H1y5%.

4.2 |7)/8H#4AR (Problem statement)

A, FGHR 7 BA NAERBE & — A5 %
12 B e AR RGBS 0. 8 T AR RN
G = diag{g1, 92, - ,gn}, Hhg; > 0. i R #H
BRI AR R, Mg, > 0; B/, g; = 0. N ERBE
F HEAE XS B LaplacianFE R0 N L. 51 NAERE
H=L+G. T4 286k 25 leader-following
— BCME 1) R IR R % PR R RE AR B S T RE N
(17), B BEROMI BT HE N

o (t) = Awo(t), (29)

Hrhzy(t) € RTRRGHHONRE. HREBH—H
TR 2 4H 1810 22 8 Be A 2R G0 AT vl — B B 20 28 4H A 1)
ZRBAIR R G R RGN IR, BT LA %
eI R A — M. R E R Ia AT, B
Jim [|z5() — zo(£)|] = 0,
M 2 45 (17) A1 (29) 52 Bl leader-following — £ P£. A
TR TR, AR R N Rk
Bi&1 (A B)RAH#EN.
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AR AE— RN 2 B Bk R G101 M E
] R 7 o — N AR R AR O
43 —F4Hr(Consensus analysis)

AT H B2 TR B A IR Sh 5, ATt —
W 261 %2 2 Be Ak & 4t leader-following— 14 n] /&,

TR R, STk (13518 F0 1 SR R ) —

W 2t 22 B BEAKR R 4t Hleader-following — £ 4:, 1IE AH
T HAF YRS AT A RO G AN 0 B 14 B AR,
ERSEEL T SEH— 8. RS RS R 2w, Bk
TR W MRk

foiQ 2 EERINEGEE RN, HIR

F AT BEARO.
Etﬁi?#%@ﬂ%ﬂ? BRE AR P I S5 44
KR,
G i fﬁgg o)
By By i
Ui Tl |z, (nRe>0) |
& 5 : x(t),jEN, | M
il < ! i 2%
xo»i(ﬁu%gi>0) I
(L) (R g, >0)
SF0

K1 B RS REhZ R 2 A
Fig. 1 Configuration of the integral-based event-triggered

control

o W, FFRB AR ST RS B
BRerA. R REM A IREIN 2B e {t,, k=
L, bR R BT Wk I A5 BRI A I R X
TRRE, 7'3T1$1Jr TREPRIPIRAME, S P

z,(t) = Azi(t), 7:(t)) = (1),
(1) = Az (1), 2;(t;) = 2;(8),
. AfEOi(t), jOz(tk) = .’Eo(t ) g > 0
0, HAe,
(30)
Hep:t e[t ti ), i=1,2,--- N, je N, S

REMR0 H 75X %ﬁ*ﬁ@ﬁﬁﬁﬁk%r‘%ﬁméﬁ*{*
B, AR5 IX SEER A 2 AT DUl i AR A (30) 4t -t A
PR AE. [ERERIAE, BEAL(30) 1z (¢) G NFE
FIF WAL R HAGE. R (29), TCAE RS Mg,
> OB, Ao (t) = zo(t). WIFFHAIRBIEHITICH
ui(t)=—K > ay(Z:(t) — z;(t)) —
JEN;

9K (74(t) — Zoi (1)), (3D

Hp K € R &R Rl ot

RSB, 2t € [t ¢, )& CMEZE
A
ei(t) = Z(t) — (). (32)
% FER R IR BN Z P F1 B N I 2R A
t = int{t € [flo0)lfi(t) >0}, (33)
Hrp

t t N B
= Jy Neatlds = i 11 32 0y (i(s) -

z;(s)) + 9i(Ti(5) — Toi(s))||ds, r; > 0.
MHEAFGI) RN, B RO S A iR L ST
RS B i h s, B Bas 10, 5E R A% Al RE
FAFERE, IXEWRE RS1(29) "] Be AT 1. Wi
AN (30), FEMEIRZE N

ei(t) = wi(ty,) — zi(t),
TEFMIEGB3) N, B F R R EOCTR B .
MRIEABH N, AFAEME——ANIEE MR P2 T idRiccati
TR
AP+ PA—-PBB'P+1, = 0,

HiFRiccati T2 0] LLIE— P 5 A%

(A-BB"P)'P+ P(A— BB"P) +

PBBTP+1,=0.

Al UE, AT CAHEHH A — BBT PitHurwitzFE. FR 4 1502
G0, SRR H BT RAEE A RS &, (H) o
FEFEH PR AEAE, W TR R e, A — D IEH 3,
fiReNi(H) > 1. 85, W LIIERERFK = (BT Pf#
BM=Iy ® A—H @ BK &Hurwitz[F1351, K, 17
FEPIAIEE By M pfiifs

[|[eME=t0)|| L yemPt—to), (34)

EI S TR, R EAIERS(7T)
F(29), Har A3zt G, EHE R A K =
LBT P, A I E) 2% A R E(33). x5 2 B34y
Fp, W

’{max

p
pllH | +~[|H @ BKI||H|’

Fmax =  Max K,
i€{1,2,--,N}

N R 55(17)F1(29)5L 81 leader-following — 4. F3 4k,
HAFIREEEH 5] AN =4 ZenodT A,

SEFESTRAE T AEAR O RV HAFIRSIHLE T, — A
Z B e 1R R i Kleader-following— EVE [ f5 ) — A
fife. LTI R, BT B B 5 2 R S
123 [FIF, AT = A 2 TR [T RS T 5 AT ™A
(P IEECR 0 E, AT UERE T AR IR R 5 A2
FEEZenoATN.
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A3 ETLyapunovER$7, SCHR 16616714777
VAR IRBhE T SR AT THTSE, JEEUS T b R Xk
&5 FLR WX PR IX B 42 1] SR LU SCRIR [49]HH (1 S DR Bl 1) 5
i FA /N ER S, A Fh SRS A B3R Ly apunov B 5011
SEATATE IS Z 2 (8] — @ i, ZF ik, A TR
PRERFIRERL, S — M2kt 2 etk R G5 IN T R0 B R UK
BHERIEFAELE T HAALEE Tk, n 25 i R i ST sh %
i

tk+1 ll’lf{t € [tk7 )lf’b(t) > 0}, (35)

Hr
( = Hel(t)H - ”%H Z am(xz(t) a_jj(t)) +
=1
9i(Zi(t) — Zoi (1)), ki > 0.
FER BB G RAAERB, Hf () < 0. 43k
F35) AR, ERTZLE 4 Fo( ) > 0. AU LA

f’(t;;rl) _ J:ik+1 fi(s)ds < 0.
FRYEHAR A (33), FNF T HARHLE T B A2 H I A

il 2. DR, EH AR 2 AR (33) R (AR 1) b kT 4%
FE35) i E (TR
4.4 HEi E (Numerical simulation)
TEARTT, ¥ 245 B AUE SR i BH BT 1S B0 45
E’]ﬁ;‘ﬁ PE. 25 58 2 MEPAR G 8 10— 0hE i), X
— B 1) A B 5 PR B A B AR M 1 68,
/)32?)1%/31%&9’]@73%75&7%?” RAIF IR

[ ]

BAHBALE (A, B) & #E R, BIFFA &L,

RO B R T A R IR I 4%, JLrp AL S R
BRI A1, 2, 3, 4, 5AI— MR 250, FF7 79135 2
KANDF29). Ik 2% 2 [0 I8 1E #h Fh i B2 R, \f
DA AR N G A0 — A Bt ELART SR AT IR
0.

0 /2\ 4

Bl 2 J@fEnih G

Fig. 2 Communication topology G
AR, DU e

K = [1.0846 3.5407),

LT @ A — H @ BK Z&HurwitzP%. B3 H 77
HHIKBNZFA(33) T, SAERFER G #5 PRSPz, an
B3R, SN ERBEHR G 2 s B 7 — 5 B4t 1754
PREHIR i (0 S DR Bl %)

5 R R #35%
12 . '
10k e ER S 7%‘?]% 2 A
g% A3 Hithe
ek n ——HEEMES .
’a-@' 4 )
N 2
B
“ o0
S
-4
-6
-8 : ; I
0 5 10 15 20
t/s
8 . ' '
...... BRRl  — FRgR2
6 - BReE3 - - - FReiR4
. —*”FIEMSS -
S 2
E 0?;"\
= y
-6 : ; I
0 5 10 15 20

t/s
3 ERBEYRY AR RS

Fig. 3 State trajectories of five follower oscillators

2 T T T
Ol_ 1 L dhasass2 t 1 T T 1 1‘|
0 5 10 15 20
t/s
OOLMHHH ] H L
10 15 20
t/s
1 T T T
OI; i serattottantyeg 11114 o ool l .mvl ‘|
0 5 10 15 20
t/s
OP st nl J J vll Hhmmmrmnmn vav;|
0 5 15 20
t/s
0.4
lﬁﬂm Tl I ity nnﬂm it iAlls n [l WH
0 5 10 15 20
t/s

Kl 4 EREEIRG A 1SRN %1

Fig. 4 Task periods of five follower oscillators

AT B TR B AR IR 1 s SR e —
W2k 2 B BE AR R 45 ) 1eader-following— 254 ] /8.
D0 E RS AR AR R BT RS TR R A
FEPT T IS IR B AL, leader-following—EU 4
)] il HAN 2 K A ZenoAT M. F 4, B B S
B4z B W] LA SR AJE 78 2 8 e Ak R 4 [ leaderless —
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A, B B A AR s B A I 2 R
REMAR R GER)— Bk ) 4%
5 W53 (Research prospects)

Z R AR R G HA IR B IR R BT I AR, A7
E— LGNS 583 M R AR LAY 10 L, A R 3k — 22 FR
Fo. B TR R ERR AN B A SR ) — SRR AE 1S
FAERIBFFIT 7).

1) SCHR[100-101175 18 1 ¥ 518 S AR HoE il
&, e R A LR EL SNSRI 5E
AR B ) — AN AR R R R AR A B i
ST RGWME VIR — B, AR S RVME
SRR ZE. IR B IR IR ZE, H T EhAE AR I
fE AR PSS — AN ATAT IR £ B, S 6 E
tds, 2 BeIA R G FA IR B — B [ e — M
(CSSER Oy

2) ZR R RGN BT R Z R T VRS
RN R RRTE. E2 Bk R, i TRA PR
AbFRER, KBS AKEE R e AR 18] = A5 BT R,
PASEIHEA 28 AR S5 eI AL, V2 & AL VA XS
LA RGIEAEH. AL, EH MR 77
AIRBLIR . BRI RGO Ss UG IR . Oy
T ME B AR 7, RIS SRS SRS SR T 2
REVR R G AAL I 2 Oy I B B 2R, H
B A IUT — P BB TR, K 5RT LS 2% STk
[169-170].

3) HElZ® aefk R R FA RS H B A 3 2
SEPERIS B 0 B RAHSCHER AT A S TR
LRSS &, FHEHEAE R N T SERR AR TP AR
AWFFRAARIRZR . JeHGE, 7R TR, i (K
PEIREN A S HON 2 G e 2 TR HR 3B 5 4 (T4, 4
e 2 o ) e AR 47 1) B A3 BARANY TR P 5% R 55
A RFE— S HIBTAT.

2& Yk (References):

[1] REN W, BEARD R W. Distributed Consensus in Multi-vehicle Co-
operative Control: Theory and Applications [M]. London: Springer-
Verlag, 2008.

[2] XIAO Feng. Consensus problems in networks of multiple au-
tonomous agents [D]. Beijing: Peking University, 2008.

(B, ZRRERMIZE RGEHI—EE [D]. b5t JEHTRE, 2008.)

[3] JIANG Fangcui. Consensus and controllability of multi-agent systems
[D]. Beijing: Peking University, 2011.

(057 ZEERE ARG — B S D). Jbat: dbais,
2011.)

[4] CZIROK A, JACOB E B, COHEN I, et al. Formation of complex
bacterial colonies via self-generated vortices [J]. Physical Review E,
1996, 54(2): 1791 — 1801.

[5] COUZIN L D, KRAUSE J, FRANKS N R, et al. Effective leader-
ship and decision making in animal groups on the move [J]. Nature,
2005, 433(7025): 513 - 516.

[6] CUCKER F, SMALE S. Emergent behavior in flocks [J]. IEEE
Transactions on Automatic Control, 2007, 52(5): 852 — 862

(71

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

MINSKY M. The Society of Mind [M]. New York: Simon and
Schuster, 1986.

VICSEK T. A question of scale [J]. Nature, 2001, 411(6836): 421.

REYNOLDS C W. Flocks, herds, and schools: a distributed behav-
ioral model [J]. Computer Graphics, 1987, 21(4): 25 — 34,

TAN Min, WANG Shuo, CAO Zhiqiang. Multi-robot Systems [M].
Beijing: Tsinghua University Press, 2005.

(GRE, £, W& ZHSEARS M]. AL HHERE AL,
2005.)

WEISS G. Multiagent Systems: A Modern Approach to Distributed
Artificial Intelligence [M]. Cambridge: MIT Press, 1999.
FEDDEMA J T, LEWIS C, SCHOENWALD D A. Decentralized
control of cooperative robotics vehicle: theory and application [J].
IEEE Transactions on Robotics and Automation, 2002, 18(5): 852 —
864.

WANG Long, DU Jinming. Evolutionary game theoretic approach
to coordinated control of multi-agent systems [J]. Journal of Sys-
tems Science and Mathematical Sciences, 2016, 36(3): 302 — 318.
(FEe, M5, ZRBAIREERIREL A (1. RafdS
2%, 2016, 36(3): 302 - 318.)

CAMPBELL M E, WHITACRE W W. Cooperative tracking using
vision measurements on seascan UAVs [J]. IEEE Transactions on
Control Systems Technology, 2007, 15(4): 613 — 626.

CHU Tianguang, YANG Zhengdong, DENG Kuiying, et al. Prob-
lems in swarm dynamics and coordinated control [J]. Control Theo-
ry & Applications, 2010, 27(1): 86 —93.

CGERT™, BIERR, XA, &5 FHAZ) /1% 5 Uit 7 o i
Fl (7], $EHEE SR, 2010, 27(1): 86 - 93.)

JADBABAIE A, LIN J, MORSE A S. Coordination of groups of
mobile autonomous agents using nearest neighbor rules [J]. IEEE
Transactions on Automatic Control, 2003, 48(6): 988 — 1001.

OLFATI-SABER R, MURRAY R M. Consensus problems in net-
works of agents with switching topology and time-delays [J]. IEEE
Transactions on Automatic Control, 2004, 49(9): 1520 — 1533.
MOREAU L. Stability of multi-agent systems with time-dependent
communication links [J]. IEEE Transactions on Automatic Control,
2005, 50(2): 169 — 182.

REN W, ATKINS E M. Distributed multi-vehicle coordinated con-
trol via local information exchange [J]. International Journal of Ro-
bust and Nonlinear Control, 2007, 17(10/11): 1002 — 1033.

XIE G, WANG L. Consensus control for a class of networks of
dynamic agent [J]. International Journal of Robust and Nonlinear
Control, 2007, 17(10/11): 941 —959.

SUN Y, WANG L, XIE G. Average consensus in networks of dy-
namic agents with switching topologies and multiple time-varying
delays [J]. Systems & Control Letters, 2008, 57(2): 175 — 183.
XIAO F, WANG L. Consensus problems for high-dimensional
multi-agent systems [J]. IET Control Theory and Applications,
2007, 1(3): 830 — 837.

ZHENG Y, WANG L. Consensus of heterogeneous multi-agent sys-
tems without velocity measurements [J]. International Journal of
Control, 2012, 85(7): 906 — 914.

JING G, ZHENG Y, WANG L. Consensus of multiagent systems
with distance-dependent communication networks [J]. IEEE Trans-
actions on Neural Networks and Learning Systems, 2017, 28(11):
2712 - 2726.

LIN X, ZHENG Y, WANG L. Consensus of switched multi-agent
systems with random networks [J]. International Journal of Con-
trol, 2017,90(5): 1113 - 1122.

CORTES J, MARTINEZ S, BULLO F. Robust rendezvous for mo-
bile autonomous agents via proximity graphs in arbitrary dimension-
s [J]. IEEE Transactions on Automatic Control, 2006, 51(8): 1289 —
1298.



1062 7= h ® w5 M H ¥35%

[27] WANG L, JIANG F, XIE G, et al. Controllability of multi-agent sys- [46] XIE G, LIU H, WANG L, et al. Consensus in networked multi-agent
tems based on agreement protocols [J]. Science in China Series F: systems via sampled control: switching topology case [C] //Pro-
Information Sciences, 2009, 52(11): 2074 — 2088. ceedings of 2009 American Control Conference. St. Louis: IEEE,

[28] JIZ,LINH, YU H. Leaders in multi-agent controllability under con- 2009: 4525 - 4330.
sensus algorithm and tree topology [J]. Systems & Control Letters, [47] REN W, CAO Y. Convergence of sampled-data consensus algo-
2012, 61(9): 918 — 925. rithms for double-integrator dynamics [C] //Proceedings of 47th

[29] GUAN Y, JI Z, ZHANG L, et al. Decentralized stabilizability of IEEE Conference on Decision and Control. Cancun: IEEE, 2008:

. I . 3965 - 3970.
multi-agent systems under fixed and switching topologies [J]. Sys-
tems & Control Letters, 2013, 62(8): 438 — 446. [48] ASTROM K J, BERNHARDSSON B. Comparison of periodic and

301 LU Z ZHANG L. 117 LC I . " event based sampling for first-order stochastic systems [C] //Pro-

(301 ? o »etal. Controlial llt?/ of discrete-time multi- ceedings of the 14th IFAC World Congress. Beijing: IFAC, 1999:
agent systems with directed topology and input delay [J]. Interna- 301 — 306
tional Journal of Control, 2016, 89(1): 179 — 192. '

- ) [49] TABUADA P. Event-triggered real-time scheduling of stabilizing

[31] GUAN Y, JIZ, ZHANG L, et al. Controllability of multi-agent sys- control tasks [J]. IEEE Transactions on Automatic Control, 2007,
tems under directed topology [J]. International Journal of Robust 52(9): 1680 — 1685.
and Nonlinear Control, 2017, 27(18): 4333 —4347.

[S0] LUNZE J, LEHMANN D. A state-feedback approach to event-

[32] JI Z, YU H. A new perspective to graphical characterization of based control [J]. Automatica, 2010, 46(1): 211 —215.
;:)ull;l-jiegt.c;)j;rlollallzggy [J]. IEEE Transactions on Cybernetics, [51] LEMMON M. Event-triggered feedback in control, estimation, and

, 47(6): - . optimization [M] //Networked Control Systems. London: Springer-

[33] LU Z, ZHANG L, WANG L. Observability of multi-agent system- Verlag, 2010.

s with switching topol.ogy [J1. IEEE Transactions on Circuits and [52] DONKERS M C F, HEEMELS W P M H. Output-based event-
Systems II: Express Briefs, 2017, 64(11): 1317 - 1321. triggered control with guaranteed L .-gain and improved and de-

[34] GUAN Yonggqiang, JI Zhijian, ZHANG Lin, et al. Recent develop- centralized event-triggering [J]. IEEE Transactions on Automatic
ments on controllability of multi-agent systems [J]. Control Theory Control, 2012, 57(6): 1362 — 1376.

& Applications, 2015, 32(4): 421 - 431. [53] WANG X, LEMMON M. Event-triggering in distributed networked
R . E A o a4yl 23 72t

Gk, ZOE1E, 5KA%, 5. BRI RGREI R T 0], 2 systems with data dropouts and delays [M] //Hybrid Systems: Com-

HIHEIE 5N, 2015, 32(4): 421 —431.) putation and Control. Berlin: Springer, 2009.

[35] CHU T, WANG L, CHEN T, et al. Complex emergent dynamics of [54] WANG X, LEMMON M. Event-triggering in distributed networked
anisotropic swarms: convergence vs oscillation [J]. Chaos, Solitons control systems [J]. IEEE Transactions on Automatic Control, 2011,
& Fractals, 2006, 30(4): 875 — 885. 56(3): 586 —601.

[36] OLSHEVSKY A, TSITSIKLIS J N. Convergence speed in distribut- [55] MAZO Jr M, TABUADA P. Decentralized event-triggered control
ed consensus and averaging [J]. SIAM Review, 2011, 53(4): 747 — over wireless sensor/actuator networks [J]. IEEE Transactions on
772. Automatic Control, 2011, 56(10): 2456 — 2461.

[37] LIN Z, FRANCIS B, MAGGIORE M. Necessary and sufficien- [56] YU H, ANTSAKLIS P J. Event-triggered output feedback control
t graphical conditions for formation control of unicycles [J]. IEEE for networked control systems using passivity: time-varying net-
Transactions on Automatic Control, 2005, 50(1): 121 — 127. work induced delays [C] //Proceedings of the 50th IEEE Conference

(38] STIPANOVIC D M. INALHAN G, TEO R, et al. Decentralized on Decision and Control and European Control Conference. Orlan-

. . . . do: IEEE, 2011: 205 - 210.
overlapping control of a formation of unmanned aerial vehicles [J].
Automatica, 2004, 40(8): 1285 — 1296. [57] HU S, YUE D. Event-triggered control design of linear networked
. . systems with quantizations [J]. ISA Transactions, 2012, 51(1): 153

[39] XIAO F, WANG L, CHEN J, et al. Finite-time formation control for _162
multi-agent systems [J]. Automatica, 2009, 45(11): 2605 — 2611. )

o [58] GARCIA E, ANTSAKLIS P J. Model-based event-triggered control

[40] TANNERH g’ JADBABALE A, PAPI.)AS GJ. Flockmg mn tea@s of for systems with quantization and time-varying network delays [J].
nonholonomic agents [M] //Cooperative Control. Berlin: Springer, IEEE Transactions on Automatic Control, 2013, 58(2): 422 — 434
2005: 229 —239.

[59] HEEMELS W P M H, DONKERS M C F. Model-based period-

[41] HONG Y, HUJ, GAO L. Tracking control for multi-agent consensus ic event-triggered control for linear systems [J]. Automatica, 2013,
with an active leader and variable topology [J]. Automatica, 2006, 49(3): 698 — 711.

42(7: 1177 - 1182. [60] WANG X, LEMMON M. Self-triggered feedback control systems

[42] JI M, FERRARI-TRECATE G, EGERSTEDT M, et al. Contain- with finite-gain Lo stability [J]. IEEE Transactions on Automatic
ment control in mobile networks [J]. IEEE Transactions on Auto- Control, 2009, 54(3): 452 — 467.
matic Control, 2008, 53(8): 1972 —1975. [61] MAZO Jr M, ANTA A, TABUADA P. An ISS self-triggered imple-

[43] LIU H, XIE G, WANG L. Necessary and sufficient conditions for mentation of linear controllers [J]. Automatica, 2010, 46(8): 1310 —
containment control of networked multi-agent systems [J]. Automat- 1314.
ica, 2012, 48(7): 1415 — 1422. [62] ANTA A, TABUADA P. To sample or not to sample: self-triggered

[44] SHNAYDER V, HEMPSTEAD M, CHEN B, et al. Simulating the control for nonlinear systems [J]. IEEE Transactions on Automatic
power consumption of large-scale sensor network applications [C] Control, 2010, 55(9): 2030 —2042.

/[Proceedings of the 2nd International Conference on Embedded [63] HEEMELS W P M H, DONKERS M C F, TEEL A R. Periodic
Networked Sensor Systems. Baltimore: ACM, 2004: 188 — 200. event-triggered control for linear systems [J]. IEEE Transactions on
[45] XIE G, LIU H, WANG L, et al. Consensus in networked multi-agent Automatic Control, 2013, 58(4): 847 - 861.

systems via sampled control: fixed topology case [C] //Proceedings
of 2009 American Control Conference. St. Louis: IEEE, 2009: 3902
-3907.

[64]

YUE D, TIAN E, HAN Q. A delay system method for designing
event-triggered controllers of networked control systems [J]. IEEE
Transactions on Automatic Control, 2013, 58(2): 475 — 481.



%8 TRETRS: LR REIR RGOS 1063

[65] DIMAROGONAS D V, JOHANSSON K H. Event-triggered control [84] LIU K, JI Z, XIE G, et al. Event-based broadcasting containment
for multi-agent systems [C] //Proceedings of the Joint 48th IEEE control for multi-agent systems under directed topology [J]. Inter-
Conference on Decision and Control and the 28th Chinese Control national Journal of Control, 2016, 89(11): 2360 — 2370.
Conference. Shanghai: IEEE, 2009: 7131 - 7136. [85] ZHANG W, TANG Y, LIU Y, et al. Event-triggering containment

[66] DIMAROGONAS D V, FRAZZOLI E, JOHANSSON K H. Dis- control for a class of multi-agent networks with fixed and switching
tributed event-triggered control for multi-agent systems [J]. IEEE topologies [J]. IEEE Transactions on Circuits and Systems I: Regu-
Transactions on Automatic Control, 2012, 57(5): 1291 — 1297. lar Papers, 2017, 64(3): 619 — 629.

[671 GARCIA E, CAO Y, YU H, et al. Decentralised event-triggered [86] LIU W, YANG C, SUNY, et al. Observer-based event-triggered con-
cooperative control with limited communication [J]. International tainment control of multi-agent systems with time delay [J]. Inter-
Journal of Control, 2013, 86(9): 1479 — 1488. national Journal of Systems Science, 2017, 48(6): 1217 — 1225.

[68] NOWZARI C, CORTES J. Zeno-free, distributed event-triggered [87] MA H, LIU D, WANG D, et al. Centralized and decentralized event-
communication and control for multi-agent average consensus [C] triggered control for group consensus with fixed topology in contin-
/IProceedings of 2014 American Control Conference. Portland: uous time [J]. Neurocomputing, 2015, 161: 267 - 276.

IEEE, 2014: 2148 —2153. [88] HU B, GUAN Z H, JIANG X W, et al. Event-driven multi-consensus

[69] CHEN X, HAO F, RAHMANI A. Asynchronous decentralized of multi-agent networks with repulsive links [J]. Information Sci-
event-triggered control of multi-agent systems [J]. International ences, 2016, 373: 110 - 123.

Journal of Control, 2014, 87(10): 2130 — 2139. [89] LIU S, QUEVEDO D E, XIE L. Event-triggered distributed con-

[70] YIX, LU W, CHEN T. Pull-based distributed event-triggered con- strained consensus [J]. International Journal of Robust and Nonlin-
sensus for multiagent systems with directed topologies [J]. IEEE ear Control, 2017, 27(16): 3043 — 3060.

Transactions on Neural Networks and Learning Systems, 2017, [90] ZHANG H, YUE D, YIN X. Finite-time distributed event-triggered
28(1): 71 - 79. consensus control for multi-agent systems [J]. Information Sciences,

[71] SEYBOTH G, DIMAROGONAS D V, JOHANSSON K H. Event- 2016, 339: 132 - 142.
based broadcasting for multi-agent average consensus [J]. Automat- [91] ZHU Y, GUAN X, LUO X, et al. Finite-time consensus of multi-
ica, 2013, 49(1): 245 — 252. agent system via nonlinear event-triggered control strategy [J]. IET

Control Th d Applications, 2015, 9(17): 2548 — 2552.

[72] FANY, FENG G, WANG Y, et al. Distributed event-triggered con- ontrot fheory ana Applicanions a7n )
trol of multi-agent systems with combinational measurements [J]. [92] MENG X, CHEN T. Event based agreement protocols for multi-
Automatica, 2013, 49(2): 671 — 675 agent networks [J]. Automatica, 2013, 49(7): 2125 - 2132.

[73] GUO M, DIMAROGONAS D V. Nonlinear consensus via contin- 1931 :VSNG A Z?AO Y. Eve“t'tr‘gge;e‘,i consensus 30?“01 ?’r Jleader;
uous, sampled, and aperiodic updates [J]. International Journal of © Zw;flg lel tl}dge.nt syszt(e)r]n; v;;; t]l;ne;;/;;imgmi ]ays ). Journa
Control, 2013, 86(3): 567 = 578, 94 g}éFi)(:;; 1\:1n ;SQIZZEJRM;M M( S )lf e 4 control for muli

5 > . -t t ti-

[74] ZHANG X, CHEN M, WANG L. Distributed event-triggered con- (941 . . © ‘rlggere con ro' ormut

. . . . agent systems with unknown non-linear inherent dynamics [J]. IET
sensus in multi-agent systems with non-linear protocols [J]. IET Control Th d Applicati 2014, 8(18): 2266 — 2275
ontrol Theory an ications, , : - .
Control Theory and Applications, 2015, 9(18): 2626 — 2633. Y and.app
. . [95] HAN G, GUAN Z, CHEN J, et al. Multi-tracking of first order multi-
[75] CHEN X, HAO F. Event-triggered average consensus control for . . ; .
discrete-time multi-agent systems [J]. IET Control Theory and Ap- agent networks via self-triggered control [J]. Asian Journal of Con-
1seret sent sy : Y 4 trol, 2015, 17(4): 1320 — 1329.
plications, 2012, 16(6): 2493 — 2498. . .
) ) ) [96] FANY, LIU L, FENG G, et al. Self-triggered consensus for multi-

[76] LIU Z, CHEN Z. Reaching consensus in networks of agents via agent systems with Zeno-free triggers [J]. IEEE Transactions on Au-

event-triggered control [J]. Journal of Information & Computational tomatic Control, 2015, 60(10): 2779 — 2784,
Science, 2011, 8(3): 393 — 402. . .
B | o ) [97] FAN Y, YANG J. Average consensus of multi-agent systems with

[77] KIA S S., CF)RTES J, MA‘RTINEZ S. DlStI‘lbut?d event-triggered self-triggered controllers [J]. Neurocomputing, 2016, 177: 33 —39.
°°mm}m‘§at‘°“ for dy;)alr;‘lcsgv‘irfzge Cl‘igsem”s in networked sys- [98] CERAGIOLI F, PERSIS C D, FRASCA P. Discontinuities and hys-
tems [J]. Automatica, e B ’ teresis in quantized average consensus [J]. Automatica, 2011, 47(9):

[78] CHEN X, HAO F, SHAO M. Event-triggered consensus of multi- 1916 — 1928.
agent systems under jointly connected topology [J]. IMA Journal of [99] WU Y, WANG L. Average consensus of continuous-time multi-
Mathematical Control and Information, 2015, 32(3): 537 — 556. . . Lo ,

agent systems with quantized communication [J]. International

[79] LIL,HOD W C, XU S. A distributed event-triggered scheme for Journal of Robust and Nonlinear Control, 2014, 24(18): 3345 —
discrete-time multi-agent consensus with communication delays [J]. 3371.
1ET Control Theory and Applications, 2014, 8(10): 830 — 837. [100] ZHANG Z, ZHANG L, HAO F, et al. Distributed event-triggered

[80] WANG A. Event-based consensus control for single-integrator net- consensus for multi-agent systems with quantisation [J]. Interna-
works with communication time delays [J]. Neurocomputing, 2016, tional Journal of Control, 2015, 88(6): 1112 — 1122.

173: 1715 - 1719. [101] ZHANG Z, ZHANG L, HAO F, et al. Periodic event-triggered con-

[81] SHI G, JOHANSSON K H. Multi-agent robust consensus-part II: sensus with quantization [J]. IEEE Transactions on Circuits and Sys-
application to event-triggered coordination [C] //Proceedings of the tems, 1I: Express Briefs, 2016, 63(4): 406 —410.
50th IEEE Conference on Decision and Control and European Con- [102] GAOL,LIAO X, LI H, et al. Event-triggered control for multi-agent
trol Conference. Orlando: IEEE, 2011: 5738 - 5743. network with limited digital communication [J]. Nonlinear Dynamics,

[82] LIN H, WEI Q, LIU D, et al. Adaptive tracking control of leader- 2015, 82(4): 1659 — 1669.
following linear multi-agent systems with external disturbances [J]. [103] CHEN X, HAO F. Event-triggered consensus control of second-
International Journal of Systems Science, 2016, 47(13): 3167 — order multi-agent systems [J]. Asian Journal of Control, 2015,
3179. 17(2): 592 — 603.

[83] WANG H, YU M, XIE G, et al. Event-triggered circle formation [104] YAN H, SHEN Y, ZHANG H, et al. Decentralized event-triggered

control of multi-agent systems [C] //Proceedings of the 33rd Chi-
nese Control Conference. Nanjing: IEEE, 2014: 1321 — 1326.

consensus control for second-order multi-agent systems [J]. Neuro-
computing, 2014, 133: 18 — 24.



1064 7w w5 N H 354
[105] XIE D, XU S, LI Z, et al. Event-triggered consensus control for [124] YANG D, REN W, LIU X, et al. Decentralized event-triggered con-

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

second-order multi-agent systems [J]. IET Control Theory and Ap-
plications, 2015, 9(5): 667 — 680.

MU N, LIAO X, HUANG T. Consensus of second-order multi-agent
systems with random sampling via event-triggered control [J]. Jour-
nal of the Franklin Institute, 2016, 353(6): 1423 — 1435.

HU J, CHEN G, LI H. Distributed event-triggered tracking control
of leader-follower multi-agent systems with communication delays
[J]. Kybernetika, 2011, 47(4): 630 — 643.

LI H, LIAO X, HUANG T, et al. Event-triggering sampling based
leader-following consensus in second-order multi-agent systems [J].
1EEE Transactions on Automatic Control, 2015, 60(7): 1998 —2003.

DE PERSIS C, FRASCA P, HEN D J M. Self-triggered rendezvous
of gossiping second-order agents [C] //Proceedings of the 52nd An-
nual Conference on Decision and Control. Firenze: IEEE, 2013:
7403 — 7408.

ZHANG Z, 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.

NOORBAKHSH S M, GHAISARI J. Event-based consensus con-
troller for linear multi-agent systems over directed communication
topologies: a co-design approach [J]. Asian Journal of Control,
2016, 18(5): 1 - 6.

ZHU W, JIANG Z, FENG G. Event-based consensus of multi-agent
systems with general linear models [J]. Automatica, 2014, 50(2):
552 - 558.

XING L, WEN C, GUO F, et al. Event-based consensus for linear
multiagent systems without continuous communication [J]. IEEE
Transactions on Cybernetics, 2017, 47(8): 2132 — 2142.

YU P, DING L, LIU Z, et al. A distributed event-triggered transmis-
sion strategy for exponential consensus of general linear multi-agent
systems with directed topology [J]. Journal of the Franklin Institute,
2015, 352(12): 5866 — 5881.

ZHANG X, CHEN M, WANG L, et al. Connection-graph-based
event-triggered output consensus in multi-agent systems with time-
varying couplings [J]. IET Control Theory and Applications, 2015,
9(1): 1-9.

ZHOU B, LIAO X, HUANG T, et al. Leader-following exponential
consensus of general linear multi-agent systems via event-triggered
control with combinational measurements [J]. Applied Mathematics
Letters, 2015, 40: 35 - 39.

CHENG Y, UGRINOVSKII V. Event-triggered leader-following
tracking control for multivariable multi-agent systems [J]. Automat-
ica, 2016, 70: 204 —210.

WANG X, NI W, MA Z. Distributed event-triggered output regu-
lation of multi-agent systems [J]. International Journal of Control,
2015, 88(3): 640 — 652.

ZHANG T, LI J. Asynchronous event-triggered control of multi-
agent systems with Sigma-Delta quantizer and packet losses [J].
Journal of the Franklin Institute, 2016, 353(8): 1781 — 1808.
DEMIR O, LUNZE J. Synchronization of multi-agent system-
s with event-based communication [J]. Automatisierungstechnik,
2014, 62(8): 535 — 546.

GARCIA E, CAO Y, CASBEER D W. Decentralized event-
triggered consensus with general linear dynamics [J]. Automatica,
2014, 50(10): 2633 —2640.

ZHANG H, FENG G, YAN H, et al. Observer-based output feed-
back event-triggered control for consensus of multi-agent systems
[J1. IEEE Transactions on Industrial Electronics, 2014, 61(9): 4885
—4894.

HU W, LIU L, FENG G. Consensus of linear multi-agent system-
s by distributed event-triggered strategy [J]. IEEE Transactions on
Cybernetics, 2016, 46(1): 148 — 157.

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

sensus for linear multi-agent systems under general directed graphs
[J1. Automatica, 2016, 69: 242 — 249.

CHENG T H, KAN Z, SHEA J M, et al. Decentralized event-
triggered control for leader-follower consensus [C] //Proceedings of
the 53rd Annual Conference on Decision and Control. Los Angeles:
IEEE, 2014: 1244 — 1249.

XU W, HO D W C, LI L, et al. Event-triggered schemes on leader-
following consensus of general linear multiagent systems under d-
ifferent topologies [J]. IEEE Transactions on Cybernetics, 2017,
47(1): 212 - 223.

ALMEIDA J, SILVESTRE C, PASCOAL A M. Synchronization of
multi-agent systems using event-triggered and self-triggered broad-
casts [J]. IEEE Transactions on Automatic Control, 2017, 62(9):
4741 - 4746.

LIU X, DU C, LU P, et al. Distributed event-triggered feedback
consensus control with state-dependent threshold for general linear
multi-agent systems [J]. International Journal of Robust and Non-
linear Control, 2017, 27(15): 2589 — 2609.

LIU T, CAO M, DE PERSIS C, et al. Distributed event-triggered
control for asymptotic synchronization of dynamical networks [E-
B/OL]. 2015, arXiv preprint arXiv: 1508.04606.

GUO G, DING L, HAN Q L. A distributed event-triggered trans-
mission strategy for sampled-data consensus of multi-agent systems
[J1. Automatica, 2014, 50(5): 1489 — 1496.

YIN X, YUE D, HU S. Adaptive periodic event-triggered consensus
for multi-agent systems subject to input saturation [J]. International
Journal of Control, 2016, 89(4): 653 — 667.

ZHOU X, SHI P, LIM C C, et al. Event based guaranteed cost
consensus for distributed multi-agent systems [J]. Journal of the
Franklin Institute, 2015, 352(9): 3546 — 3563.

YANG D, LIU X, CHEN W. Periodic event/self-triggered consensus
for general continuous-time linear multi-agent systems under gener-
al directed graphs [J]. IET Control Theory and Applications, 2015,
9(3): 428 — 440.

GARCIA E, CAO Y, CASBEER D W. Periodic event-triggered syn-
chronization of linear multi-agent systems with communication de-
lays [J]. IEEE Transactions on Automatic Control, 2017, 62(1): 366
-371.

ZHU W, JIANG Z. Event-based leader-following consensus of
multi-agent systems with input time delay [J]. IEEE Transactions
on Automatic Control, 2015, 60(5): 1362 — 1367.

MU N, LIAO X, HUANG T. Event-based consensus control for a
linear directed multiagent system with time delay [J]. I[EEE Trans-
actions on Circuits and Systems, II: Express Briefs, 2015, 62(3): 281
—285.

CHENM Z Q,ZHANG L, SU H, et al. Event-based synchronisation
of linear discrete-time dynamical networks [J]. IET Control Theory
and Applications, 2015, 9(5): 755 — 765.

LIU Q, WANG Z, HE X, et al. Event-based consensus control of
multi-agent systems with relative output feedback: the finite-horizon
case [J]. IEEE Transactions on Automatic Control, 2015, 60(9):
2553 - 2558.

HU A, CAO J, HU M, et al. Event-triggered consensus of Marko-
vian jumping multi-agent systems via stochastic sampling [J]. IET
Control Theory and Applications, 2015, 9(13): 1964 — 1972.

DING D, WANG Z, SHEN B, et al. Event-triggered consensus con-
trol for discrete-time stochastic multi-agent systems: The input-to-
state stability in probability [J]. Automatica, 2015, 62: 284 — 291.
MA L, WANG Z, LAM H K. Event-triggered mean-square consen-
sus control for time-varying stochastic multi-agent system with sen-
sor saturations [J]. IEEE Transactions on Automatic Control, 2017,
62(7): 3524 —3531.



%8 TRETRS: LR REIR RGOS 1065
[142] GE X, HAN Q L, YANG F. Event-based set-membership leader- [158] WEI B, XIAO F, DAI M. Edge event-triggered control for
following consensus of networked multi-agent systems subject to multi-agent systems under directed communication topologies [J].
limited communication resources and unknown-but-bounded noise International Journal of Control, 2017, 2018, 9(4): 887 — 896.
[J1. IEEE Transactions on Industrial Electronics, 2017, 64(6): 5045 [159] XIAO F, CHEN T. Sampled-data consensus in multi-agent systems
—3054. with asynchronous hybrid event-time driven interactions [J]. Sys-
[143] LIU X, SUN J, DOU L, et al. Leader-following consensus for tems & Control Letters, 2016, 89: 24-34.
discrete-time multi-agent systems with parameter uncertainties
based on the event-triggered strategy [J]. Journal of Systems Science [160] CAO M, XIAO F, WANG L. Event-based second-order consensus
and Complexity, 2017, 30(1): 30 — 45. control for multi-agent systems via synchronous periodic event de-
[144] YIN X, YUE D, HU S. Distributed event-triggered control of ;e:;‘;i ;]S;EEE Transactions on Automatic Control, 2015, 60(9):
discrete-time heterogeneous multi-agent systems [J]. Journal of the ’
Franklin Institute, 2013, 350(3): 651 — 669. [161] CAO M, XIAO F, WANG L. Second-order leader-following con-
[145] ZOU Y, SU X, NIU Y. Event-triggered distributed predictive control sensus based on time and event hybrid-driven control [J]. Systems &
for the cooperation of multi-agent systems [J]. IET Control Theory Control Letters, 2014, 74: 90 - 97.
and Applications, 2016, 11(1): 10 - 16. [162] WEI B, XIAO F, DAI M. Edge Event-triggered synchronization in
[146] LU W, HAN Y, CHEN T. Synchronization in networks of linearly networks of coupled harmonic oscillators [J]. I[EEE Transactions on
coupled dynamical systems via event-triggered diffusions [J]. IEEE Cybernetics, 2017, 47(12): 4162 — 4168.
Transactions on Neural Networks and Learning Systems, 2015, [163] DUAN G, XIAO F, WANG L. Asynchronous periodic edge-event
26(12): 3060 - 3060. triggered control for double-integrator networks with communica-
[147] ZHANG Z, ZHANG L, HAO F, et al. Leader-following consensus tion time delays [J]. IEEE Transactions on Cybernetics, 2018, 48(2):
for linear and Lipschitz nonlinear multiagent systems with quantized 675 — 688.
communication [J]. IEEE Transactions on Cybernetics,2017, 47(8):
1970 — 1982. [164] LIUZZA D, DIMAROGONAS D V, DI BERNARDO M, et al. Dis-
[148] LIU X, DU C, LU P, et al. Decentralized consensus for multiple trlbuFed model based event—trlgge‘red control for synchronization of
. i multi-agent systems [J]. Automatica, 2016, 73: 1 -17.
Lagrangian systems based on event-triggered strategy [J]. Interna-
tional Journal of Control, 2016, 89(6): 1111 — 1124. [165] WU Y, MENG X, XIE L, et al. An input-based triggering approach
[149] WENG S, YUE D. Distributed event-triggered cooperative attitude to leader-following problems [J]. Automatica, 2017, 75: 221 - 228.
control of multiple rigid bodies with leader-follower architecture [J]. [166] MOUSAVI S H, GHODRAT M, MARQUEZ H J. A novel integral-
International Journal of Systems Science, 2016, 47(3): 631 - 643. based event triggering control for linear time-invariant systems [C]
[150] CAI H, HUANG J. Leader-following attitude consensus of multi- /IProceedings of the 53rd IEEE Conference on Decision and Con-
ple rigid body systems by attitude feedback control [J]. Automatica, trol. Los Angeles: IEEE, 2014: 1239 — 1243.
2016, 69: 87 - 92. [167] GHODRAT M, MARQUEZ H J. An integral based event triggered
[151] CHEN X, HAO F, MA B. Periodic event-triggered cooperative con- control scheme of distributed network systems [C] //Proceedings
trol of multiple non-holonomic wheeled mobile robots [J]. IET Con- of 2015 European Control Conference. Linz: IEEE, 2015: 1724 —
trol Theory and Applications, 2017, 11(6): 890 — 899. 1729.
[152] YANG €, Q,IU Y, (,:HEN F, et al. Distributed co.ntrol for coupled [168] LUNZE J. Synchronizable nodes in networked systems [J]. Journal
nonholonomic mobile robots under the event-triggered and self- . . .
) . of Physics A: Mathematical and Theoretical, 2010, 44(4): 045103.
triggered frameworks [J]. Asian Journal of Control, 2017, 19(3):
1-18. [169] KIAS S, CORTES J R MARTINEZ S. Distributed convex optimiza-
[153] MA C, QIAO H. Distributed asynchronous event-triggered consen- tion via continuous-time coordination algorithms with discrete-time
sus of nonlinear multi-agent systems with disturbances: an extended communication [J]. Automatica, 2015, 55: 254 - 264.
dissipative approach [J]. Neurocomputing, 2017, 243: 103 - 114. [170] CHEN W, REN W. Event-triggered zero-gradient-sum distribut-
[154] SU H, WANG Z, SONG Z, et al. Event-triggered consensus of non- ed consensus optimization over directed networks [J]. Automatica,
linear multi-agent systems with sampling data and time delay [J]. 2016, 65: 90 — 97.
IET Control Theory and Applications, 2017, 11(11): 1715 - 1725.
[155] XIAOF, MENG X, CHEN T. Average sampled-data consensus driv-
en by edge events [C] //Proceedings of the 31st Chinese Control ’f/)? ;g‘ ]%r] 4l\3

[156]

[157]

Conference. Hefei: IEEE, 2012: 6239 — 6244.

XIAO F, MENG X, CHEN T. Sampled-data consensus in switch-
ing networks of integrators based on edge events [J]. International
Journal of Control, 2015, 88(2): 391 — 402.

XIAO F, CHEN T, GAO H. Synchronous hybrid event-and time-
driven consensus in multiagent networks with time delays [J]. IEEE
Transactions on Cybernetics, 2016, 46(5): 1165 — 1174.

mail:

FKEMR  (1987-), B, WL, HIATT N2 8 GE 1k R G, B-
zqzhang7 @ gmail.com;

E & (1964-), B, W, B, W5 DR R RS ReRE

ZHLE N RGP S92 AL RS AR R 3848, E-mail: long-
wang @pku.edu.cn.



