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Leader-following consensus for linear multi-agent systems based on
integral-type event-triggered strategy
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Abstract: Distributed event-triggered consensus tracking is researched for multi-agent systems with general linear
dynamics under directed switching topologies. Most existing works focus on event-triggered control with a fixed
communication topology, which however can not meet the demand that the relations among agents may vary or the
communication topology may change over time. In light of this, an integral-based event-triggered control strategy is
developed in the consideration of switching topologies. Firstly, when the communication topology contains a directed
spanning tree with the leader being the root, we solve the integral-type event-triggered leader-following consensus under
switching topologies by using the Lyapunov stability theory, algebraic graph theory and matrix transformation. Then, the
integral-type event-triggered containment control of multi-agent systems is investigated under switching topologies when
there exist multiple leaders. Moreover, the Zeno-behavior of the closed-loop systems is excluded by developing a positive
constant lower bound under the proposed control rules in both above-mentioned cases. Finally, simulations are presented
to verify the validity of the proposed control strategy.

Keywords: multi-agent systems; fixed topology; switching topology; integral-based event-triggered control; leader-

following consensus; containment control

0 3 & A SRR, 2% 8 A ik R G rh AR TE— AT

AR BEE T AP R, L MR FEE AT E) I, TR — B (A
Gibh I L8] T Bk £ S0 (a0, ). SCHR[8-101 8 BIBRIT T — W IRz £ %59
9 5046 3B D 2 o B A B B, — B T PR RGO T IR B — B L R R T TR R O,
T4 A I G 2R R BT A A R AR IR S I 8L SCHER [11-12] £ XHEAE BRI 78 7 A 4 2 24 68

Wi B HA: 2020-12-15; A BHR: 2021-03-16.
EEWMHE: HEARRIEAESTH (61773085).
HERE: R,

VA IAA/EH. E-mail: liugl@dlut.edu.cn.



F5H

BB At 3 AR FAAR AR A T A AR BT AR R AT TSR — Bt 1259

P 2 40 AL B ). TR B A s i 28 D) e A R
DIHAEAEA R, ST 0k, STk (1318155 1 20 D14
T2 2 R Re AR RSB A .

b R A A R R B AR TR B A S AL, X T RE
IR AR — AP ROK BT FE. SR [14] IR A
fi J AL 1) SELARL, RS Th Hb A PR TR B A AT 5%, 1% 07
A > TR IRIR B, BTk, SR [15-16] i T
Z B AR RGN — BOME ) R (E ) 28 7R B L
BN Tk BRBE R 2 A S A, HoAE s R SR
B, SCHR [17-181 118 T 2 2 Rk & 40 (1) S5 fil e 4
T R — B ) L DNy T R e A OC TR R
P f /N IE SRR EAE 0 42 SR A5 2, SCHR [19] 3 — 2B o 1
— ML M 22 B AR R G 1P F A ik e B B A ) Il L

ANTR] T [ 52 40 0 R 00 S ik g 05191 Sk
[20-21] B 7T 1 U130 40 N — Bl B 2 & itk R4
) A i R — 0 1m) L R P AR S Mk o 7, SC
Bk [22] W08 T ERA RN N E M 2 Rk RS
A finh 40 R B — UM ) L AN R SCRR [22],
T A A F A F5 ) SR, SCHR (23133 — 20 Pk T
ARSI T = 2 R RE A 2R G A BR B — i 1)
JBL SCHR [24] 38 H T — Fh AR o B S fish SRR, RE A%
HE— 25D fd R R, T AE I R, T TR
- fik e FBAR, SCHR [25] 0118 T e A T — &t £
BRER R R4 T BR Bl — 2k () L

2 8T T AR B Al o B ) R 2 R Re A
F 48— B O S BOR AR TR AR E AN R B
PR TR A %A T B O, A SO 7T A M 1440 b
M2 Be AR R G R o B A Al A0 R —
g1 o KR ol | NS = S e i R
5 VAR R RR AR RS, TR A TR 2, Al
A I B IRD T A A AT BRI VE FE AR EL T —
FA Al R 7, BT AR A B A R SR S BE e
38R ik R L, I B RGEANAFAE Zeno L AL
1 P& HIR
1.1 FFSitkA

AT RREE, 1559 ® R 78 Kronecker .
dist(z,C) = ;gylx*yﬂzﬁ/ﬂ?rﬂ%x € RN B|5EG
C € RNWEE, I, Bonn Qe F0 15, 1, RN
TCERB NI n S &, HFEAERX > ()Y &
AX — YRIEECEIEE) M. diag{a; } #RH i
X H TG F A o XS A AERE, || - || 27 1) & A0 AR B
LV 55 rgeajc(mS) KoNEES A o R EK
% [ 1 £dt < 0. W0 F - [o, 8] = RIBT Lia, 8]
*?ﬂ)ﬁaﬁl,mg,...,xq € RM MR ML fe /4R

q
&, Hco{zy, o, ... 2y} = {Zéjmj|5j € R >
=1

q
0,8 =1}.
j=1
1.2 KREER
SCHR 261 08 T REER AR G = {V, £}
FoRE I, Y ={1,2,... N} E£rTH4E,
EC (VxV)RRUE A= [a;] € RNV NE
gﬁ‘]@ﬁ%%ﬁﬁiﬁa“ = O,ﬁﬂ%(], Z) S S,)':”Jaij =
LEMa; = 0. FFHHHEMERRAL = ()] €
RNXN i £ Gl = —ay, i = jBL L =
N
D ay. WAMIAEEAN; = {j € V|(4,i) € &,

J=Lj#i

§ # i} WREG PR ARY AR AT
T R R [ R AR, T B A — R T AR O . S
WO (S AN EE AR, BB o (t) ¢ [0, +00) — P
T s S oo E P = {1,2,...,s}. 4
t > 00, Gouy € G.HHG = {G1,...,G,},s > 1R
B ml ge A IE s fh A I S A

Rig1 (55 0(t) ARETCIRPREH ) 4. EAkdh,
o (t) TEWS Zt, VI, FEAEIX (8] [t,, to 1) PREFEAAR, o (1)
FITIH P RAT . AR, 0 < Ty < tyyr —t, <Th

Ho = 0,1,..., 39Ty f1 T, 359 18 SE3, T i B
IR
SIFE1T B w(t) M b(t) FEIX 8] (o, B) b2

S a(t),q(t) € Lo, ], Ho(t) Flq(t) ~E 7 B
. R

u(t) < alt) +q(t) J) b(s)u(s)ds, t € (o, B),
A

u(t) < alt) +q(t) | t a(s)b(s)els ¥ g

2 VIHmIMR 5 H iR O R — 2
21 Rgmh=

FREAE N + 1AM e i 10 2 2 5 A ik
RGP HORRIGTHE, AL 2, NERE
B SRR B ) )5 R G TR

To(t) = Axo(t),

x;(t) = Ax;(t) + Bu;(t), i =1,2,...,N.
Hexg(t) € R*Ma;(t) € R4 AT 0F
PRBEE i HPIRAS, wi(t) € R™ AR HEME A ¢
RV FI B € R™ ™ N .

EX1B T 286tk R 50 (1), Wi 2 %A
Jim l|lzs(t) — 2o(t)|| = 0, Vi = 1,2,..., N, RZ (1)
SIS R i — 2

BRi&2 (A, B)&EAHEM.

6]



1260 = # 5 *x K %37 %
B3 BEHINEG EEEM, € {1,2,..., #& Hurwitz [, A2 A7 15 P 1E Sy FL6 i A2
s}, LS — B T A O, HLA T AR A b < ye—bli=to) @)

SIFE281 Y& G — AT 1A A ORI, 1 4h
P G 1 7 3 i 7 0 B L A7 B — 1) R AE A H oAt
B R AR 1E S5
P B 3 1T, A0S 2 AAAT JE USSR A
PR AR B TT AR 4
Low = lL;w %;(g] :
Horpr L70 e RN 190 ¢ RNXN By G i 2R
3, ph 513 1A LS A7 S M AR RE B AR AR
22 1BHIgEEIT
N TAE T Ja SRt i, 5 oA Ak — B
W
ui(t) = K2(t) + K(2:(t) — z(1)),
{éz(t) =) (&(t) = &:(t) + dilao(t) — £:(t)).
JEN;
(2
H: K e R AR HlE 25, 2, € RO
SPRSAE T, 243 &5 € R AN BER IR AT
MAFE0 e NI, d; = 1,FMd; = 0.
R G H T EHIR ST, Va2
AR f, A4 1138 25 BT R
{fcj(tg) = y(t})
i(t) = Ad;(t),t € [t), t)11), 5 € {iFUN:.
3

P L GREFHRANGE R R B4R
“ ti, otherwise.

MY Z,k =0,1,...,t, RIS Gy ) VI X BLAY
B ZI. B 3) TR A THE 2 7R3 1A T e
o, BAE SR 2 A S i S, )48 v 2 — N
BOESAE S, 4R e AR 5405 A1 PR $h 25 1 A8 A B2l =
HIRASAS BRI B LAEAT Ak 1 5 B, D) =5 22
TEAE, 75 W ;215 S5 A ) B BA (8] L 8. i3 A
B RE— IRPIERESAE S, =l () 7T DL E 45 2
Zo(t) = wo(t). MHRj € N B—ABdER M,
fEt, I %I Bethka 55 5 A RS,

P 2% K B0 R A B 2 BT AN, A7 A I —
HIIEE R Pt i FEATP + PA— PBB™P + 1, =
0, EWk#H A — BBT P /& Hurwitz [ & TR % 3, {2 7E
NI = 1,2,..., N) G ESLH, 0 A TAEZ
AN IER g ivfﬁ/%ggggf{e N(L3) > 1. Wit
FI2 K = gBTP W13 1,0y = In© A— L]V @ BK

Sy = ma e/t .
FETAG VRS 24 (1) A IR 24 (8), 8 XA v
w7
ei(t) = 2;(t) — zi(t), i €V, t € [t} thyy).  (5)
B RL AR B B
fi(t) =
S Nexs)lds = B, f, lwi(s) = () = 2(5) .
(6)
SO 6, ESH A A e A K A K
T
thy 1 = inf{t € [t 00)|fi(t) > 0}, k=0,1,.... (7)
FERR B ATl R ML, B BE A ¢ 1 428 ol 45 44
k1R,

PFEO NAERBH
A
A
TR
A
x(6,),J €N,
X,-(l’,{) xo(to)(ifd;>0)
x(1)) vV
R FEN | T fhiites
A .8, %, (if d,>0)
X, X,%,%,(1fd>0)
P u, A
RGN o PEHEE
X;

1 RASBEHMZITHIEY
DFIRBE— B AR
BT BRI, A A TR B A fid 0
FERBE — B E LR N T T SR

=)

KR

2.3

ki =max || L ® In||, k2 = max|[|(L] + In) ® L],
seP SEP

= m L —Iy)® BK max = I is
& se%/g(H( 1= 1) I Bma ie{l,g?}f,zv}ﬂ
’Y/BmaxklkB
= t =
71 =7leCo)ll, 72 1= Boncks

EIE1 ERR L~ 3 T, 3 A da sl i
Q). I N K = BT P, By R fib ok 544K
A (6) F (7). XT3 2 =0 (4) )y A S, a5

)

_ 8
5]€2 +’7k1k3 ( )

Bmax <



F5H

J e F By FHRRACRSE T AN S

BEAR R AT IR — B 1261

2T U4 b Go ) NI B REMR R GE (1) SEIL A
S PR — Bk, 3 A, O R 18] BRI TR 4, —
th = nﬁfﬂ"ﬂiii&?ﬁ

1
= W1n( HAII ) ,2,...,N. (9)
RUZ A R GA 2 H I Zeno LA
WEBH S IE B 2 R Rk R G0 S I S R —
. e;(t) = 2i(t) — wo(t) RANERBEE i 59157 06
PPIRAS IR 22, T LATH 3
g;(t) = Agi(t) + Buy(t).
BT 8% Q) FIETHRZE (5), /T3
=BK Z (x;(t) — (1)) + (e (2)
JEN;
Ae;i(t) + BKd;(xo(t) — x;(t))+

K(—d,el(t) + €i(t)).

—ei(t)+

%

e(t) =[ef (t),e5 (1),...,¢
e(t) = [el (t),es(t),...

AR (t) IR
£(t) = Hone(t) = (L] — Iv) @ BK)e(t), (10)

K 1T, = Iy ® A— L] @ BK. ik 404
(6) F1(7) I 45

T
N
cen(®)]”,

j les(s)llds <B; j l2i(5) — &i(s) — Zi(s)l|ds =
., 1A s,
B AGs) = Y (eils) = e5() +eils) — e5(s)) +
0i(e4(5) - ex(s) - ea(s). WATTH
I} Neat)las <Bimax(ILs, @ Lll) [} (o) s+
Bimax(I11 @ Ll) [ le(s)ds.
(11)

H o= L3, + In, LT W LY 058047, In, A
INWEE 47, R AT 15

J7 Nets) s <

klﬂmaxj ||5 ||d3+k2ﬁmaxj || ||d8
FT Ik, v 18
[ lellas < 2= [ eas. a2)

Mto ¢ Xt 2 (10) B3, [F i JE 30 (4) R (12), AT 18
le@®)Il <

9 s(tg) | + ks ) €7 Je(s) s <

t
7e 27 leto)|| 4+ 720" o
to
RS 1, i — 1R 3
le(®)]] <ye™=)+
’726_& J;t ,yle—é(s—to)eése‘[: 'er*MeMdrdS _
0

*lle(s)ds.

,-),16(72*5)(75*150)_

KTy MRER, B By = — 22— AN
2k2+7k1k3

—Z A
THefk R gLl

Bmax < ks ks 56 > it
t — oo, 1[15 |le(t)|| — 0. A ZH
QT R — B

BB IR 2 8 BER RFAAFAE Zeno LR 7E
W1, YTy < typr — t, B ZETAH WY1 H M &
G5 1A I Zeno MR HE 4, 4 X [A] (] f& /)N

To B AT ZHR LU 3 Fp i i

D F X[, ¢ ,). Hh0 < ., -t < Ty,
TEREJG B B e B T X R AEE T 5.

2) HREXIA [t,, ¢, ). K0 < ., —t, < Th.

FETRQ), ¢, N ZH LS j € N AAAEAH BLIRAE,
A e; = 0. W4, Ft, S0 T 6], i 2) 562 It
B1).

3) H XA [t],t,), HF0 < t, -t < Tp.
R B by ZHEFTEA [, ¢, ) AR —ANEHL X
8] [ty £].,,) 1745 —ANTE T 9, ARG 2 H 1 Zeno B
G, BEI 15 0 3) B A2 A I 2), i3k — 2 W] 3R 45 X ]
[t bl 1) IR 52,

TR HTIE B ). % & (5), FE XA [t ¢, 4) 3K
fFei(t) FIFECH

éi(t) = &4(t) — dy(t) =

AZi(t) — (Azi(t) + Bui(t)) =

Aei(t) + BK Y (&:(t) — #;(t))+

JEN;
d; BK (3:(t) — 0(t)) + BK (z;(t) — &;(t)).
4, 1R
el <
[A[lles D + | BEI[|[(zi(t) — :(2)) — 2:(¢)[|. (13)
HREE e (t2)] = 0, 7EX (Al [¢L, ) XF 3 (13) B 43, 7]
"
les (D) <
L el 24(8)) — 2(s)||ds.

75 X 16 [t £), 25 T B 50 4109 (1) i 4 b, 7T 75
ellAl(t=s) < el A=) 3 — 2545 5]

VNBE||(xi(s) ~



1262 # % 5

xR ¥37%

les(t)]l <
[BE I [ (ri(s) - 2.(5)) - ()]s
(14)
Mty B30 (14) AT RS, T4
sty s <
|BK|| Ltk ol AllG—)
Jy M) = () = 2u(r) drds <

t i
|BK| L ellAl(s—t) g g x
k

j: I(@i(s) — 2i(5)) — 2:(s)]|ds.
BT FA Al A AT (6) M1 (T), AT 43
IBK]| f: el A=) 4 = g,

gepag |
IBE] [, el41emds =
k

AT

1 BillAl
TP = ——F In(1+ > 0.
1Al ( ||BKH)

LA RGAAFAE Zeno LR [

AL EHHE TA RUISR N 2 8 e R
GE R 70 B S fid e 1) 403 o BRI — SR L AR EE T
SCHR [25] 3 AR 73 28 S F fh 8 2% 1, A SC it 1
o R S, R E T 2, (1) — () 151 NAE A R bR 2
fi(t) BB TE R I 1 B I F 22, M o 1 P ) R S
R PR, AH LE SR [23] 2R I S fid v, AR
7 B fh i S W 2l D 1 2R APt A OB, A
297 REIR B,

2 B B il A A L AR G A il 2%
AEOR ST B /DN, " Aol 2 I 4 O R B 3 B S
[ TE1) BEG P 2 L, AN T s 2 452 31 I 1 1) B 19 . 5
AR ARt A — A, AR B SR A ke % A B A AR L

TG 5 10— A E A, i N\ CIRZS 2 € Lyapunov
PRI SR R A RS — B BIRE. L TR
R B F 4 fih 2 725 1), Barbalat’s 5| B2 F B 4050
O i R M ) TR AR, S sh & E R
FHRUE 5 PR AL, R T Sh sl i &
45, Barbalat’s 5| B & JC 3.
3 Ui SR R
31 RgEmAEF

MEZ AR R TS ZANFE T, S R
— B 0 R A S B s o ) L AR T TE 2 ek
ARG AR N ANIRBEE A M AN S %, B F =
{1,2,...,N} IR ={N+1,N+2,..., N+ M} E/R

PREE A ST E S N T IREEE 4, 70 Nz,
={j € FI(j,i) € £,j # i} MNR, = {j € RI(j,9) €
E,j # iy FonHIRMEH A RS H AT H AR, 4
FHE AR B )5 RS ik
&i(t) = Ax;(t) + Bu(t), i € F;
#i(t) = As(t), i € R.
KRGS WSHIN RS ) Frik.

EX 20 Mt s oo, i I PRI & Bt
(42 1 B L RE W8 A 45 BT A BRI T A 32E N 1) 40
HTE B A T 2 3 BE AR R S (15) S B 5 4%
Hil. BI, X T vy e F,ﬁtliglodist(xj(t), co(z;(t),i €
R)) = 0.

k4 EEHRINEG AEER, i € {1,2,...,
shAW TR RME, 2 0H - MISEFE—%F
- F e b

EAFEERZ DR RA W FE N, &
W AT AR 3. RS S 3 AN S AR s 1 IE A5
W S, 5] Laplacian 55 [ R 7~ A

~ 0 0
Lg(t) _ l MxM MXN] . (16)

(15)

ig(t) iflf(t)
y\:qj:itlf(t) € RNXN, ig(t) c RNxM
SIFEI N0 AR 4 s, ) L AR 52
SR TF0, HAERE —(L7M)1L3W i e H i Ak
Fp, R — (L)L AT R A 1.
3.2 BRI
it bl 22 R et 10— B8 i B (2), $2 H A L1
Ntz
ui(t) = K2(t) + K(2:(t) — 2:(t), i € F,  (17)
Hrp
zt)= > (@) — &)+ Y (m;(t) — &:(t)).
JENF, JENR,
AT B (2) R AR AR 3 2 K, 3K B KO BT
38 2. K0T 3) P g, BTk 5k, Yl dh
INNREES L B R
Fﬁ@—%@%
(1) = A;(t),t € [t} t)1),5 € {IfUNF.
(13)
¥ Z,k = 0,1,..., W05R 52 m AR S 148
JE ], = t,, SN, = ), t, TR Gy VIR X R
S 1. 4505 N BRI — BRI IR SRS B, Bt
(15) AT AE B B 25 (1) = 24(2),7 € R. 55822754
PR, T3 M (L9 (i e F) sz ok F-0, B F
& e FAFE N IESH g1 g min Re);(L5) >



F5H

J e F By FHRMACKE T AN S

KRR R GoAn IR i — B 1263

L Wi RIS K = BT PR I, = In® A —
L9 @ BR 2 Hurwitz FE, I 4 246 AN TE 52305 16,
T 2
) < Fedtto), (19)
ey = max le=(t=to)]|.
BT THIRES 2, (0) FIEIDIRE 2(¢), & XAk T
B
ei(t) = &;(t) —xi(t), i € F, t € [t, tj,). (20)
¥ (16) AN (15), 752
i(t) = Az;(t) + BK >

JENF,UNR,
i Y
jEN]-‘i UNR«L

(2 (t) — (1)) +

(ej(t) — ei(t))+BKei(t).

(In ® A)zz(t) — (LY ® BK)ax(t)—

(L3 ® BE)ar(t) — (L] ~ Iy) © BR)e(t),
(2D
ir () = (TIu @ A)r 1) 22)
Sorbiop(t) = [T (1), oo B (0] or(t) = [k (0)
O ) = [0, R0
et A \¢”$1¢ﬁ§7’yﬁ@§i
fi(t) =
J lest)ids = B [}, (o) = 2.(5)) = 2(s) .
(23)

Hooht B A IESE R N H 0 A R AR A R B %) T

7

thoq = inf{t € [t},, o0)|fs(t) >0}, k=0, 1,....

24
3.3 SRS
NETF RS, SIS

ky = max (L5 = In) ® LI, 51 = Flle(to) I,

b = max | (L3 (L3 — ) ® BE]|,

- VBmaxkz -

n m’ Bmox = ‘e{lngi%,zv} Bi-

EI2 Al B2 R4 T, e AR
P (16), B 25 N K = gBT P, BB H1F
fil 42 4 9 20 (22) A1 (23). T3 A2 0 (18) 105 1,
IS

1)
5max < =7 (25)
5k1 + sz

W T VA4 G, ) T2 %%%%u@xﬁ@
@ﬁﬂ&%h%ﬁ@k%@%ﬁ@%ﬂ th > A7
FE— N IESHC A
. 1 Bil| A .
n:HmHn0+wg%h»zef, (26)
BZ 3R R G A 22 tH I Zeno A K.
UE B E SRR B 2 Re ik R G s I A B 4R .
Leat) = Y () —a;(t), i € FRFA
JENF,UNR,
X ERER R ZE. Al

SU):(iomC9I)x;@)+(i§”é§LﬂxndL

Hie(t) =[] (t), ..., en ()] FEF QO M 2D,
é(t) = (L3 ()®I Vi r(t) + (LS ® I)ir (t) =
yye(t) — (LT LT — In)] ® BR)e(t),
(27)
B T, = In® A— LY @ BK. 3T (16), W%
= 2(t) + z(t) — 24(t) =
_§;<auw—qw+@ay-%@»+
D (est) +milt) — (1) — eilt) =
JENR,
&i(t) + Z (ei(t) —e;(t))—ei(t),

jENFi

FH ik R 2 1 (22) A1 (23) W 15
S Ness)lds < 3. f, 13 s,
HAr(s) = Z (ei(s) —ej(s)) —ei(s) —ei(s). #E
JENF,
—L At

J7 Neats)lds <8 max(I(Ls, = In) @ L)) x

I Nets)lds + B [ e

e L§Y y LTY 55047, In, ]9 In W4T BT
@71

[} Nets)lds <
B [ e

A1
Bmax

)||d )||d 29

[} lets)lds < _@mklj le(s)llds.  (29)

Mt Bl Xt 2 (26) B3, [R5 FH 3K (18) AT (28), AT 1%
le@I <
3B e(to)| + 7 [ @
e

s)|lds. (28)

s)[|ds + ﬁmaxf le(s)||ds.

S0 e(s) | ds.



1264 ECa |

5

*x R

E37%

~ ~ t ~
le(®)]| < e 2 =)||e(to)]| + Foe ™0 LO e**|le(s)||ds.
fEBh 53 1, /15
le(®)]| < Fre 3¢t 4
’NYzefSt ft 5’1875(5%0)6586]‘; %e_STeSTdrds =
to
1e(72=8)(t—to)

7€
HT 3, FRIER, 15 Bnax =

%' %Bmax
Yek1 + Yk2
< ﬁ,ﬁs > '?2,iﬁ—‘ﬁ§]\*ﬁ‘, %t — Oo’ﬂ»f%'c
5kt + ks ‘
Ie(E)] — 0, 4 % 58 i R SRS B & .
K H 5 8 B 1R AR 7 32, W45 il k1)

o 1 1A . ‘
KB 7 = —— In (1 gl ~”) >0, e F,F
| Al | BK||

I RGAEAE Zeno Bl 5. O
4 fHESER
Bl IGAE 2 B RE AR R AT ERBE — 2 B
B R, @15 N E Gy A G 3988 — B m) AR ik
B AT 3 AR L e INEITEt = 10s NGy D)
o3| Go (1FF LI TRI N 20 8). o N R 3 47 3 e [ Sy
[0 00 0
110 0
Li=|0 -11 0
100 1
0 —10 -1

0 0
-1 1
0 —1
0 —1
0 0
RGN () S HE R I
(010 0
001|,B=|0].
000 1
LRI (A, B) FEEE, W 2R 2. 205 G R AR
ME K = [1.000 2.414 2.414],7[iF I, ® A — L @ BK
(s = 1,2) ¥y Hurwitz FF. 8 BRI 4R IRES 7390 45 7€
Nzy = [-5,13,5]T, 21 = [16,—1,3]T, 2o = [-7,9,
—12]T, 23 = [-6, -5, 7T, 24y = [8,1,-7|T. BT H
i R 2% A (6) R (7), I 2 15 4 1 2 8 e Ak R G IR B
B 5 FE MRS R ZEE. 7T LLE R 2P
AT 0, R 2 8 REAR R G0 S0 403 PR e — Bt
N T REAR AR AR ] B (2) T R BE ) S A
TEOL B34 T 8 B 1A 4 BRBE 1) S5 A ko B
Z. 221 T FA RO OB B AL T AT R A

N
0
0],
0
2

L,

S = O O
_ o O O

A:

2, AR T S A P OS] S DT SR (23] A
KIUEL, B 1 AR RS A SRR LB

40

20

0%

— REEA 1

PR 2
— M3 — HBE4

=20

0 20
t/'s
10
0 L
&
-107 — R 1 R 2
— RpEH3 — HRFEE4
-20 : : . :
0 4 8 12 16 20
t/'s
20
© 0 N
— FRBEH 1 BRBEE 2
— RpEHE3 — REEE4
-20 : : . :
0 4 8 12 16 20
t/'s

B2 REEESNSFERSRENT

% 2
N
=
&
&
0 5 10 15 20
t/'s
- 1
N
=
&
=
= 0
0 5 10 15 20
t/'s
” 2
X
=
Ea
g 9
0 5 10 15 20
t/'s
w 1.5
N
=
X
& 9
0 5 10 15 20
t/'s
3 EIEIRBEEEHAMLATZ]
FT1 EHRARBELE
REEE S SCER 23R R e AR IR
BRBEE 1 750 85
BREEH 2 910 162
PRREH 3 347 88
PREEH 4 760 130




F5H

BB At 3 AR FAAR AR A T A AR BT AR R AT TSR — Bt 1265

(PSRN Ay A G Y S O
A AL W 4 FTR, R~ T R3O,
HARTT RONERBEE, 1 Gy 1 Gy W AR B4 BT, MLRE
HANELE L = 10 s Gy IR Go (17 FLRF E] 9 20 ).

4 BIERIMNEG FG.
ARG )15 15 WS EH R I T

0 -1 0
A

A:

)

10
IEIHIE (A, B) AIEUE, i R R 2. 2 TH 5L I At
K =[-0.414 1.352],7[iE [, ® A — L3 ® BK(s =
2) A Hurwitz B, & BEAABIAIRAS 2 45 € N 2y =
5,57, 29 = [~1,10]", 3 = [4,13]7, 24 = [9,2]",
r5 = [-12,4)7, zg = [14,0]7, 27 = [7,14]7. T H
PRl R 26 1F (22) F1(23), B 5 fi 2 T 2 B Be ik R 440
ORI ERBE PR A S, o] LU H, B4 BT A PR B
UL B TR T A PR A T L b, B 2 e
RGN TSRl

bGil
W
1,
=

20
— GiE - WREEE
10 ¢
< 0RQ
-10
720 1
0 5 10 15 20
t/s
20

El5 GiSEMRMEERSHNE

5 4 i
RCHFF T —RIEYIB IR I T 2 Ak 2 vk &
G5 11053 A7 AR 40 700 T i o — PR B M ) S, %

Pt A A% 8 A AN D T AR IE R e AR 2 18] I8 1E,
[l PRAE 7 R GRS E 1. 4R 4 B 5 — BRAE AR
W AT AR T sl B R s T RS
i BT DI 41T R BE — SR I 78 2R A R HE
B T Zeno IR LUK AFAE 2 /N4 4 I, ZE AR DA%
HPR T 2 8 iR R G LI T B P, AR
Zeno LG i Jm I8 1L SL 36 45 RIS IE T i3 S0
ARNE. RK B TORE E— 25 %5 [E A RS L $
21 DoS it 55 K 3K 1 22 B Be MR R SRR 70 Sl
L P

223k (References)

[1] Olfati-Saber R, Murray R M. Consensus problems
in networks of agents with switching topology and
time-delays[J]. IEEE Transactions on Automatic Control,
2004, 49(9): 1520-1533.

[2]1 WenGX,ChenCLP,LiuYJ,etal. Neural network-based
adaptive leader-following consensus control for a class
of nonlinear multiagent state-delay systems[J]. IEEE
Transactions on Cybernetics, 2017, 47(8): 2151-2160.

(3] FRULE, ZRifEse, AR3%, 55 2T =2 B H KILEC 1

2l n] 150 S 42 11 (0], 42845 BRI, 2019, 34(1):
157-161.
(Chen S M, Li H Y, Shao S, et al. Controllable
containment control of multiple robotic fish based on
bipartite graph maximum matching[J]. Control and
Decision, 2019, 34(1): 157-161.)

[4] Wang Y W, Liu X K, Xjao J W, et al. Output
formation-containment of interacted heterogeneous
linear systems by distributed hybrid active control[J].
Automatica, 2018, 93: 26-32.

[5] Dong X W, Hu G Q. Time-varying formation control
for general linear multi-agent systems with switching
directed topologies[J]. Automatica, 2016, 73: 47-55.

[6] Zhang H W, Lewis F L, Das A. Optimal design for
synchronization of cooperative systems: State feedback,
observer and output feedback[J]. IEEE Transactions on
Automatic Control, 2011, 56(8): 1948-1952.

[71 Wang D, Wang Z, Chen M F, et al. Distributed
optimization for multi-agent systems with constraints set
and communication time-delay over a directed graph[J].
Information Sciences, 2018, 438: 1-14.

[8] Meng Z Y, Ren W, Cao Y C, et al. Leaderless and
leader-following consensus with communication and
input delays under a directed network topology[J]. IEEE
Transactions on Systems, Man, and Cybernetics — Part
B: Cybernetics, 2011, 41(1): 75-88.

[91 NiJK,LiuL, Liu C X, et al. Fixed-time leader-following

consensus for second-order multiagent systems with input



1266

# # 5

F %£37%

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

delay[J]. IEEE Transactions on Industrial Electronics,
2017, 64(11): 8635-8646.

Hua C C, You X, Guan X P. Leader-following consensus
for a class of high-order nonlinear multi-agent systems|[J].
Automatica, 2016, 73: 138-144.

Wang D, Wang D, Wang W. Necessary and sufficient
conditions for containment control of multi-agent systems
with time delay[J]. Automatica, 2019, 103: 418-423.
Wang F Y, Liu Z X, Chen Z Q. Distributed containment
control for second-order multiagent systems with time
delay and intermittent communication[J]. International
Journal of Robust and Nonlinear Control, 2018, 28(18):
5730-5746.

Liu QL, Zhou T, Guo S X, et al. Distributed containment
control of multi-agent systems under asynchronous
switching and stochastic disturbances[J]. IET Control
Theory & Applications, 2019, 13(8): 1105-1112.
Tabuada P. Event-triggered real-time scheduling of
stabilizing control tasks[J]. IEEE Transactions on
Automatic Control, 2007, 52(9): 1680-1685.
Dimarogonas D V, Johansson K H. Event-triggered
control for multi-agent systems[C]. Proceedings of the
48h IEEE Conference on Decision and Control. Shanghai,
2009: 7131-7136.

Seyboth G S, Dimarogonas D V, Johansson K H.
Event-based broadcasting for
consensus[J]. Automatica, 2013, 49(1): 245-252.

Zhao M, Peng C, He W L, et al. Event-triggered

communication for

multi-agent average

leader-following consensus of
second-order multiagent systems[J]. IEEE Transactions
on Cybernetics, 2018, 48(6): 1888-1897.

You X, Hua C C, Guan X P. Event-triggered
leader-following consensus for nonlinear multiagent
systems subject to actuator saturation using dynamic
output feedback method[J]. IEEE Transactions on
Automatic Control, 2018, 63(12): 4391-4396.

Xu Y, Fang M, Shi P, et al. Multileader multiagent
systems containment control with event-triggering[J].
IEEE Transactions on Systems, Man, and Cybernetics:
Systems, 2021, 51(3): 1642-1651.

Zhang W B, Tang Y, Liu Y R, et al. Event-triggering
control for a class

containment of multi-agent

networks with fixed and switching topologies[J]. IEEE

[21]

(22]

(23]

[24]

[25]

[26]

(27]

Transactions on Circuits and Systems I: Regular Papers,
2017, 64(3): 619-629.

Duan P H, Liu K X, Huang N, et al. Event-based
distributed tracking control for second-order multiagent
systems with switching networks[J]. IEEE Transactions
on Systems, Man, and Cybernetics: Systems, 2020,
50(9): 3220-3230.

Xu W Y, Ho D W C, Li L L, et al. Event-triggered
schemes on leader-following consensus of general linear
multiagent systems under different topologies[J]. IEEE
Transactions on Cybernetics, 2017, 47(1): 212-223.
Cheng T H, Kan Z, Klotz J R, et al. Event-triggered
control of multiagent systems for fixed and time-varying
network topologies[J]. IEEE Transactions on Automatic
Control, 2017, 62(10): 5365-5371.

Mousavi S H, Ghodrat M, Marquez H J. Integral-based
event-triggered control scheme for a general class
of non-linear systems[J]. IET Control Theory &
Applications, 2015, 9(13): 1982-1988.
Zhang Z Q, Lunze J, Wang L.

event-triggered control for multi-agent systems with

Integral-based

general linear dynamics[J]. International Journal of
Control, 2020, 93(5): 1005-1014.

Godsil C, Royle G. Algebraic graph theory[M]. Berlin:
Springer-Verlag, 2001: 69-83.

Bainov D D, Simeonov P S. Integraline qualities

and applications[M]. Dordrecht:
Business Media, 2013: 1-15.

Springer Science &

1EEE T

JFE(1989—), 3, WL/, NRZ Bk RS —Ha &

| B 7T, E-mail: zhoutuo@mail.dlut.edu.cn;

RAH (1976-), 5, ##%, W4T, NFRETL

PRI SR AT E . B 2k A p= i R ) A S s ) 4
5, E-mail: liugl@dlut.edu.cn;

FAR(1980-), 5, #dx, WA, NFZ B REAR

G oA Az 500 VI3t i 2R g8 i S ) 5 e 2 W
11257 7T, E-mail: dwang @dlut.edu.cn;

EE(1955-), 5, #Hf, WA, NHERRS

RS S RRR M AR R S A SR

E-mail: wangwei@dlut.edu.cn.

(ALt Fued)



