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Guaranteed cost bipartite formation problem of multi-agent systems with
impulse control

WANG Wei', WANG Li*f, HUANG Chi?

(1. College of Data Science, Taiyuan University of Technology, Taiyuan 030024, China; 2. School of Economic

Information and Engineering, Southwestern University of Finance and Economics, Chengdu 610074, China)

Abstract: Bipartite formation and guaranteed bipartite formation of second-order nonlinear multi-agent systems with
hybrid impulses are investigated. According to the states of the leader agent, the target formation and neighbor agents, a
feedback controller and impulse controller for bipartite formation are designed. Based on the target of bipartite formation,
an appropriate error system is defined to transform the bipartite formation problem into the stability of error systems.
Based on the definitions of average impulsive interval and average impulsive gain, a sufficient condition is given to
solve the bipartite formation problem for second-order nonlinear multi-agent systems with the hybrid impulse controller.
The effects of the continuous state feedback controller and the discrete impulse controller on bipartite formation control
are analyzed. Then, for a given performance function, a sufficient condition is given for the multi-agent systems to
realize bipartite formation with the guaranteed velocity performance. Finally, the effectiveness of the theoretical results
is illustrated by two numerical simulations

Keywords: bipartite formation; impulsive control; average impulsive interval; average impulsive gain; guaranteed
cost; multi-agent systems

5 =

BT 2 HahRGAE LR, arliy, Gus  mIIEHIY %

Vol.36 No.l1
Jan. 2021

H4E TS, A0 25 g AT P 2 A 21 L BR 2 4w BT | B

SRR T2 B, 5% T 22 8 Re Ak 2R Gt i B () 42 il
WEFEIR 51 T BRI 2 ) ORI g B AR — A EE
2 B R A R ge v [P T T R, H R BEih Al
i 45, A5 22 48 P K B e AR S T4 i 1) — MO
R ALK, T FUE A IR 2 B HER R G255 DA

ks BEA: 2019-06-13; 1&[E HHEA: 2019-08-01.

i B4R HH A, B9 G B 1 1 ) AT e A
HIE ARG KA SR EAE R, 2870, LSE R G0,
HH AR SRR, XA TEF R RO SR (714
EH T RIS MG R RN 2 B RA RS
R JFHE 7 XA S E. ETRAE R, R T

HEWH: ExERR L TH (61872260,61603268); 1L PE4E E ST & iHXIEBR&1ED H (201703D421013).

RIERE: MHFE.
Tl IAA/EH . E-mail: wangli@tyut.edu.cn.



F1H

I K P IEH T S AR R G0 AR T AR UG B AT A 181

R[] — P ] PR AT AR AR T R AT R R SR R
B, 0T IS 2 B BEAAR R G 11 G A 1] 8 R A AR /D [ A
FURCRIO T SR (101 A TRk [11] 43 350 17— 2k
PR R W 41 22 B Re AR R 4 00 9 DA 1), HLOG T —
B 22 29 11 G B I 700 b I AR 00 B ol R (R AR . i T
FEFIF T3 5%, A8 SOBRT B R4 M 22 4 1 80 1 4 A
I AT 1 .

T ARG E B IAA B PPIRES, B AL A 15
T A SR s ) S 9 o SR O s 2 A 4
ARIUST ik g 04150 2 ik g4 1) R A 4 S I %1 it
o s, TR e 2 ) A BT B ok o 4 ) L A
PR, — BRI T 520, — RO R T [FE. Sk (14] 85T
P& HH T35 ket DX 1) R A 4R B 1O T R e
2 1) KT, T AT AR 22 SCHR R FH P Rk v 42 i #8843
AL — Bl Rk, 3 S SR AN B B 47 B I IS 1) R
G BT SCHR (141 1 R, SCHR [15] 38 1 45 H 7 35 fik
PRSI 8 DA B S0k~ Y ke [ B 1) 5 S R T
TR 2% ik v 1) X 4% 14D [ 200 [l . 3K Sy 1 R o
AT B PR Pk 2 1) 25 (R AL VT 78 B4 A

TE 52 B B A S 30 E A I () R A A 0 75
JB G 2 BT A5 Q0 [ 245 445 ) 24 BRIV 5 Ok N ok
FERILI T, DL K fe KA B R 2 RIS &5 5 SE Y
(1) 1 B B 50, X S 24 B ) R0 R T A e

AW FEAE KR, ARt 2 B Rk R
G AR RSO g B . B0, A I R BRI
A GRBARE S, 1% I BRAE 2 R/ I AR LB %
FEIt. FETAUT R AR HARGmBA BPIRAS LR AT R
REAR IR RAS B TR AS S 5t DA B Sk 28 i 4, 45 H %
B E AR IR 15 22 FR G, FOUR, R ST 35 ikl i 55 07 35
Jok X T () 5 SCA 2R A Bk b 4 1) R 2 8 Re ik R 4t
SE IO 17 G BA (1) 78 53 2 AF. 2 11 35 1 34 ok e i
ISP 25 Jok v DX T (RO 72K 22 0 — B VR 1K R 4, 9F
AT M aEg it RarsE il . A0
120 4w A A1 [ B s e 77 3 458 PR 4 I 42 i 4 A0 ik
AR 6T B ARSEIL IR . 2 5, 6 T4 I PERE
PRE TS 2] T W 25 B M R GuAE SEIR A G A ()17
LR R PERR LY R 78 o0 2% 1. B, 46 N EUE
SRR B 45 SR (A Rk,

1 (AR R AR

KRIAEFAARAERF 5. S0 RFR LR, N #oR
EARBUE: || - || 3o 1 2 1R ) 1 LA Y i T st
FRAFE X, X < 0(X < 0)EAREHPEX & 7ECk

F5E) 1; diag{. . .} FRI FIHEFE; Anax (A) TR HEFE
AR RFF IR @ Ron 0 B P o B 0 SRS B
W BH, B AR A B B ) 4R 2
1.1 EigHEiR
H—AN=nHG = {V,& AR WRS 1L
MEL,HFY = {v,v9,...,0,} BT EESE C
Vx VEIMES A = [a] € RVYZEK
PR R, W IR A5 A WA EE M a,; =
aji # 0,RZ,a;; = 0. AK3CH BT HKME, R
a; = 0,¥i = 1,2,...,N. X T 1 mEd HiEE

1, FRIZAN B g i e P P 7 o 37 o 0 o B o SO
N
= [lij]’lij = —aij,lii = Z awﬁuﬁg/l\%

j=1,j7#i

5 BITE R B G AT fnT LA R TE A I A 3 4,
BV =VviUVe, ViNVe = @, Hf a;j > 0,Vv;,0; €
V,(q € {1,2}) Mla;; < 0,Vu, € Vy,v9 € Vy,p #
q(p,q € {1,2}), MHRE G REEHT &, X Vi, j =
1,2,..., N, af, = |ag|. 3Ry EC G, Hr i
FHFEFE N LY = (1) ooy, WERTC I & G I 1,
MG E@EH LT AR EER LY BITAAEH
FEX A R AEIE, W LT > 0,10 BB E I E SO 1.
1.2 REE

HREH N + I BRI R 2 B REIk R 40, %
Horp il —ANE B N ERIC N “07 FEFRONAT S B BE A,
HA NAE RO ERBE R BEAR. 915 B AR A A 32 1
B AR PR R, PR S i R 52 A B R DA R oA
B BE AT AN ER B 3 REAR 0B J1 AT N
() o) T R AR

{mw = ui(t), "
0i(t) = f(vi(t),t) + ui(t).

Hrba(t) € R*Mlo(t) € R4 B AN Refk
ffr B M BERAS, us () € R™ R4 i N B RE R A%
HIHIN, f : R* x R — R &S (AR 17 B8 oF
K. SR BRI Bh 15 AT R R

~

x'O(t) = U0<t)7 )
o(t) = f(vo(t), 1),
Hrfzg(t) € R Flug(t) € R™ 437 2405 5 ge A 1)

7 B AN IR
Bl X TARLERE S (v(t) = [fi(01(t)),
s faa )] Fle; € {1, -1}, i = 1,2, E% $ oy,



182 # % 5

xR %36 %

FR FHAERXE=1,2,... , n oL
lo1 fr(v1) — o2 fr(v2)] < prloivy — o2va|.  (3)

1 ASCHEFT B R IA] G BA 10 2 SR R A 2 g
A BV PR A 7 AL ) R B A 1) T BE RS 2 ) SR B ) 20 HL
KANAEEETT A 2. B LA, RO T — M ) A e 2 1) R,
ARCE L 2 G — PRI FE B AR, XA FTI ) RS
Tt BEA, A 3025 FE PR AN 43 2HL ) 48 e A4 1) I 42 1k T
AT U, X SR A SO AR M T R R B R T —
%1% Lipschitz {B 15%. H.iii & Lipschitz 254 ¥ & iR £0&E
T A, BB 622 HATAT .

BN SR R A i o7 AN R i 2

{ lim [l2;(t) — zF — eizo(t)]] = 0,
t—00 (4)

Jim vy (t) = eizo(t)]] = 0,
IR 2 % fef RGeS 1 A g A
{ 1,2€Vy;
€ =
-1, i €Vs.

oy )T & BArgmBAIE

% S8 TG 1) 8] G R i 38 1 45 ) ST 1T P, A 4R SR
[115 D = diag{o1,09,...,0n5},0; = £1{fiDAD ]
T TE R AR S o fd ER B R REAA (1) SEIX 1] 2 B,
W N A A

u;(t) =

* * *
x* =[x}, 25,. ..,

> lagllsign(ay) (2;(t) — «5) — (2it) — 27)+

j=1
Y(sign(ai;)v;(t) — vi(t))] — bus[wi(t) — oiwo(t)—
xf] = boy[(vi(t) — oo (¢))], t £ tg, K EN.  (5)
Horfiy > 050y, by > 02 RBHEHIE a5, Beit-an
R e 2 i
{xz—@) = (1 m)aity) — moio(t;) — meat,
vi(td) = (L+muilty,) — mowo(ty,)-
(6)
BKFE TR RS ¢ = {t1,to,.. IR0 < tg < t <
e <ty <tgr <o, lim g = +oo, fkiH5E ), €
RORS B 2 (t) = ity ), vi(te) = vilty,).i =
1,2,...,N,zo(t]}) = xo(t), ), vo(t) = vo(ty)-

L 8xi(t) = oi(mi(t) — xF) — mo(t),6vi(t) =
ov;(t) —vo(t), by = diag{bi1, . .., bin }, ba = diag{bay,
coobont FHER 02 =1,i = 1,2,... N, WRa,;; #
0, oysign(a;;)o; = 1, MRS B 40 F R 2 R 4t

ov;(t) =

oif(vi(t),t) — flvo(t),t) + Z |ai]-

[05(8) — 0xi(t) + (v, (E) — dui(t))]—
b1;0x; () — bayyouv(t), t # ty, k € N,
Adz;(ty) = 0z (t)) — dwi(ty ) = medzi(ty,),
Adv;(ty) = 6vi(t) — dvi(t;) = mdui(ty,)-
(N

g = 14+, 6x(t) = [d2] (t), 622 (t),. .., 0% ()]",
Sv(t) = [ovE(t), vF (t),..., 005 )T, LY = LT ® 1,
By =b1®1,,By =b,21,,D=DI,, Af(v(t),t) =
Df(v(t),t) = 1n @ f(vo(t), t), f(v(t), 1) = [f* (va(t),
£), T (wa(8), 1), ., fT (o (2), O AT, 1% 22 R G2 T
LS sl i 48 7% 2
dx(t) = du(t),
dv(t) = Af(v(t),t) — (LT4By)dz(t)—

V(LT 4 Ba)dv(t), (®)
oxi(ty) = pdwi(ty),
5%’(@) = urdvi(ty, ).
EX2CFH Kb sR ) Bkab FEAIC = {t,
to, .. PP I KRB L p0oE SN

| + |pal + -+ (BN (10|
Ne(t,to)

o N (t, to) FEm ks R 81 ¢ ZERFIRER (to, ) U722

)i el e @

E M 3 CE¥ Rk X (RIS kb P HI ¢ = {t,
to, ...} IR R X 6] 5 SO

t—t
)

A2 BRI kb o B 25 R i 2 ik 1 A
Bt A Jik v ik B (1) ~F 35 4EL, AN 2 1A B A 2% Tk o 1T e
B, BT UL, GF BRI (e ] < DRI (|p| > 1)
A DA, T e X3 AH EESCHR [14] 45 1 ~F 3 ik o
X ] 55 B, o DA T 58T 2 Bk 41 A

2 EELER®
FEIX — R 73, K4 B AR 2 3 Re Ak R G4
TR ) T SRR 1E) 20 A F4 78 70 2% A DA S AE S
B 17 2t BA S 0 T ¥ A2 25 7 P RE LSRRI 78 73 2 1
EIR1 BIEAWATT LR IEE E G(A), R Ak

= lim

t—o0

>0,



F1H

I AFRAERT SHE

PR A SR B9 AR P RE AL 1e) 2 FA 32 41 183

AL T4 1, DU

2k R s 2 R, B G(A) R 4
BBE A (1) BESK B

P 4% (5) A1 (6) B AR R, BRBE
160 2 A, 2 SRS T £ 26 AR RO

2In p
p= T,

+60<0. ©))

Hrp
ol e )]
p = lim )
t—00 Ne(t —to)

0 = max{0, 1+ p* — 2y\min(LT+B2)}.
I Mt € (tr,tra), k € N,HHLY > 0F1

By > 0,78 XA RRELV (1) = 62T (8) (LT +
B1)dx(t) 4+ ovT(t)dv(t). FHE 1R 2 RS (8) X V(1) 3K
S5

V(t) =

202 (£) (L + By)dx(t) 4+ 2607 (£)ov(t) =

202 () (LT + B1)dv(t) + 200" (£)[Af(v(t), t)—

(LT 4+ B1)dx(t) — y(LT + Ba)dv(t)] =

200 () Af(v(t), ) — 2v5v™ (1) (LT + Ba)dv(t).
M1, A

200" () Af(v(t),t) <

N

> [6vi(t) 6vi(t) + [oi f (vi(t), t) — f(vo(t), £)]" %

i=1

[0 f(vs(1), 1) — f(vo(t),1)]] <
> [0vi(t) dvi(t) + 6vi(£) " p" powi ()] <

i=1

(1 + p?)ov(t)Tov(t). (10)

P}, p = max {p;}.F

1<i<n
V() < (14 p* — 29Amin (LT + B2))dv(t) v (t),
(11)
MV () < OV (), V() < PE—V (£:4). 55— 51,
H K R 2] (8), A HERS 2]
V() =
Sx (D) (LY + By)dz(th) + dvT () dv(t]) =
pox ™ (t) (LT 4 By)dx(ty) + pidv™ (ty)ov(ty) =
eV (ty).
MIfT, 3Tt € (b, tosa ] B

V(t) <PtV () < pef TV (1) <

:/H\:EF‘[): diag{plaan"'

pi g ppe? DLV (1) <L <

pius - e TV ().

Rk, 4t € (to,t], A
V(t) < M%/‘% T M?\k(t,to)ee(t_t‘))v(tg)'
RIEIEA LR

([l - [N (i) [) T <

lpal + - e o)
N¢(t, to) ’

A LA HS
i IulHl.\.f-C\::z\: ;t)to)l
t—tg’ 0 (t—to)
N (t.to)

V(t) < € eO(t’to)V(ta_),
%3:”*[]711 E/‘]/T'_E:X,Xﬂ‘ar"ff%"‘ﬁ(]ﬁ <p < 0.5
V(t) < e(%+6/_ﬂ+9)(t—to)v(tsr)'

WNB=2Inpu/T,+60 <0, < O,Fﬁutlggowt) =
0. Mﬁﬁtliglo 162:(£)] = 0., lim [|5v;(£)]| = 0. Bl R it
ARSI T A gRBA. O

E3 O RAE AR SRR, W R Fd, by > 0,0
(D) FTEL T+ p? — 29 A max (L7 +B2) < 0 AT R4IE
PR I R A SR 1) G A LI B SR AT A e A
AN b oS R R B At I 4 o, LR R 3 2 —
SE LR, N T 9800 3 8 e AR R 4 ) B, a5
THIK i H B 2 DL B4R AMERIEG > 0,456
SE BRI 264 (9), T3 ZF IR B e < LARAIE H bR
(RSB LA ki (A 00 T A 3G 25 By vT BLA
F, H By FH R G2 RN &I 42200 B LA R ko 42 1] 548 FEE (1)
LR, TSR Pk s ) 25 A2 9 2 R BA S A, W) By AT
DA I, o428 1] 2 1T LAos 2D BB 8 e A4 1 2
A 1] 0of 4 R RE AR AS B 75 3K

IR R RS B0 0] H 2P
Kl G (A), IEL M bR HOws 2 Rk 1 ZEF5 51 2% (5) A1 (6) 1
TEH N, Hd By = B, = 0, Z 8B RG (1) RESE I

LI} ¢ BN, a0 SR T ) 2% A B

B _ 2 hl/,t

HA6 = max{0, 1 + p* — 29 i (L)}
X IEE R Q, Bt FRbr R N

=3 f:* 50T (£)Qdv(t)dt, (13)
k=0

U SR 22 8 BE A AR L S IO 1) 4 BA ) ) P ORAE 1
BRETAH AT < T WRRZ B RER R G SLIL T
R 2 1 B X 174 2 A

EXR2 HIETCIAEE HA R RIE G(A), B
R 1 BT, FE I &5 (5) A (6) FIME I T, 2 B REAA &
4t (1) BE SEPLOR I BE XL 11 2 B, 4 2R

+6 <0, (12)




184 # % 5

xR %36 %

| <1, (14)

Q+ (L+p)I —29(LT +By) <0, (15
[F] B
0) — 2*(0)) — 20(0) - 15]T(By + LT)x
0) — 2%(0)) — 20(0) - 1n]+

[D(0) — v9(0) - 15]*[Dw(0) — vo(0) - 1]
WEBH B (14) AT (15) 7T LA 2 9), k& 2

BREAR R G0 nT LSO g AL T, R EEIE B 1 R
BRACH L5 I RE R A SN AR e

7=y j:* 50" ()Q6u(t) + V(£)]di—
k=0

3 Lt“l V(t)dt.
k=0 "
HRAE A -3 A0 Je R A 2, A
tim > [ V(e =
k=0 "
lim —[-V(0)+ V()= V() +V(ty) — ...+

m—r 00

V(t,) = V(ty) + V()] =

S
Il
S 8
B &

m—r o0

lim_ [V(0)+ 3 (V(E) = V() ~ Vitn.)].

BA -V (t,.1) <0A lim —V(t, ) <0,

m—r o0

m

JLV(0) + Tim » (V(t)) = V(t;)+

i j::“ Jodt, (16)
k=0

Hrp
Jo =
ST (1)Qdv(t) + svT (1) [(1 + p*)I—
2v(LT + By)]ov(t) =
SuT()[Q + (14 p*)I — 2y(LT + By)]dv(t) < 0.
(17
FHE B 1 AR B AR 0T RNV (6)) = pd V (L), AT

m

Tim Y (V(E) = V() =

j=1
lim Z;wi -V (t;) <0. (18)
p=
a6 ~A8), T UAEEIJ < V(0),J =

V(0). O
4 MR R (8), pu A 2 2R S M1 kv 45 4 3

JE, 26 AF || < 1EESRABFU 2 8l R A R TR 22
RGREN.

3 BEME

AL 64> TRAT 2% I BUE 52451 R 35 E e 25 Hh
(1) 20 A 4% 1) 2 TR0 AT 25k R T 1R B qk, BT RAT 28 1E
X-Y P s Bin = 2. 6N AT IEE R R H
—ANTC I 4 3R A L Ao B 1 TR, BT RAE H, RAT
A EEMER R R A A 0 i R E R N R, AR
A& TR — AR R RO A T s JE T A
F R AHMERIL, CAT8 1.2 3 M KT8 4.5.6 %>
SAE PR AN B . ARSI B bR a2 kAN FT R
A7 953 | S I BN, ELJT TR0 AH 2.

El1 oM ¥ITRREBEHRIN
RATER BN S AT Sy dan T T R A

T = Uy,

y:vy,

. [vg + 1| — |v, — 1]

Vy = —F’LLE,
2

. v, + 1| — v, — 1

I R T T

P ] 88 wg A, AR 20 (5) 25t e b S 5 48 2
0.9,b; = Is,by = diag{4,3,2,1,3,1}. A XLy
ERMA T HR ERTEREA B Hay = o) =
[—20, —20]T, 23 = =zt = [20,-20]T, 23 = z} =
[0,20v/3 — 20]T, B HARTEARZ HIAS IE =M.

51 SR AT B REAE E B SRR R SR
e 2 BA. X5 K AT 2 Tt ok e 47 i, < 35 Bk o R0
BBk X 3 e = 095,T, = 02,03 =
—0.5129. TEF B EAE N, A7 B 1% 2 R G0 R B iR
7 2L B L 2.

BIZZEH T RATBRAERS [ 0 2 10 Py 1%L, I B
BIhbr Tt =0,t =4,t = 7TAIt = 10 ZIH 67 B,
B AN B 4 ) 2 s PR AN SR LR TR AT #8. AT RUK
IR, Bt A B[] R HERS CAT 2T BOF R T H bR
AR, B 42 AT 88 BT8P, S S SR A 1)
AT AR BE S T AR R, HOR/ANHEEETT 1) A1
K.



%14 IR P IEE T AR R G0 BT AR L) S AR ) 185
60 40
40 20
=20 =
= < 0
S 0 B
20 -20
Y t R S B I I t 54 35
100 100
_ 50 ~ 50
~= 0 =
BS S 0
-50 =
~1505 1 2 3 4 5 =300 1 2 3 4 5

(a) PLERZE

(b) HZR%E

B2 {IEIRERGIEEIRE RGN

100

_ 0
2 50 z
*(2) -100=100 0 x(D

B3 XITRMEEEHNIE
40

20
0

V(1)

=20

-40

V(1)

4 TYITEREIREHIE

512 SR 56 EAE B 2 241 N AT SR S Bl
PERE R [7) G BA. 52T ik v 428 i 4 ~F 38 ok s B e =
0.95, T, = 0.2. H x4\ 15%°4 0.0042*, i85 Matlab H
FRLMI T B, 38 210596 2 264 (15) B Q, B
71 —27 0 —-18 0 0
—27 62 -1.8 0 0 0
0— 0 —-18 53 —-27 0 0 oL,
-1.8 0 -27 62 —-18 0
0 0 0 -18 71 -36
L 0 0 0 0 —36 35

WHE RN
z(0) = [-0.0737,—0.0735, —0.006 9, —0.025 8,
—0.0303,—0.0164, —0.0129, —0.024 0,
—0.0326,—0.0425, —0.020 7, —0.036 9],
x0(0) = [-0.029 3, —0.018 7] T,
vo(0) = [~2.2973, -3.0295]",
v(0) = [-5.144 3, —1.1520, 3.7559, —2.815 4,
4.7268,—2.1059, 3.668 3,4.080 9,
—1.1539,-9.6084, —3.3828, —1.513 8] ™.
XAMEN T, 7T LLEAR J* = 216.022 8. TEFREA %L
B FFIERT T FAELE B 5 FR g T UK B FE A R 4L

LA 9 B 5
350

250¢F

~
~ ( J
150

50

5 iEtReER¥JFAT

4 & ®»

AR SRR ZR I R A S A A R
235 14 X0 16 4 A 328 61 1 R R AT 7 9 9. 3Bk % T 140 ik
IR FEE LUK SR ik X T F 5 S0, 45 1 T 2 8 ek 2
255 S B 14) 40 BN B 7643 S 1. A, % T4 2 i Y i
BB T 2 et 2 Gi7E SL UL 4 DA 1 R e
DLARIE Y A 15 b3 B3R 0 78 40 24 1. 477 3500 S0 4 3
S, TV ) 8% T LA £ 8 Bk RGeSt I
L.



186 # % 5

xR %36 %

S2E 3Rk (References)

[I] Dong X W, Li Q D, Ren Z,

formation-containment analysis and design for general

et al. Output
linear time-invariant multi-agent systems[J]. Journal of
the Franklin Institute, 2016, 353(2): 322-344.

[2] Wen J Y, Wang C, Xie G M. Asynchronous
distributed event-triggered circle formation of multi-agent
systems[J]. Neurocomputing, 2018, 295: 118-126.

[3] Wang W, Huang C, Cao J D, et al. Event-triggered
control for sampled-data cluster formation of multi-agent
systems[J]. Neurocomputing, 2017, 267: 25-35.

[4] SuH, Tang G Y. Rolling optimization formation control
for multi-agent systems under unknown prior desired
shapes[J]. Information Sciences, 2018, 459: 255-264.

[S] Martin C S, Padmanabhan M. Pressure pulse propagation
in two-component slug flow[J]. Journal of Fluids
Engineering, 1979, 101(1): 44-52.

(6]  XUATIR, XD, FEuk K R H B4 M. AE AT 7R
1 iR AL, 1988: 201-244.

(Liu Z X, Liu G L. Pump station water hammer and
its protection[M]. Beijing: Water Resources and Electric
Power Press, 1988: 201-244.)

[71 Altafini C. Consensus problems on networks with
antagonistic interactions[J]. IEEE Transactions on
Automatic Control, 2013, 58(4): 935-946.

[8] Wul, Deng Q, Han T, et al. Bipartite tracking consensus
for multi-agent systems with lipschitz-type nonlinear
dynamics[J]. Physica A: Statistical Mechanics and Its
Applications, 2019, 525: 1360-1369.

[9] Shi X C, Lu J Q, Liu Y. A new class of fixed-time
bipartite consensus protocols for multi-agent systems
with antagonistic interactions[J]. Journal of The Franklin
Institute, 2018, 355(12): 5256-5271.

[10] Hu J P, Xiao Z H, Zhou Y L, et al. Formation control
over antagonistic networks[C]. Proc of the 32nd Chinese

Control Conferen. Xi’an: IEEE, 2013: 6879-6884.
[11] Zou W L, Li G. Formation behaviors of networks

with antagonistic interactions of agents[J]. International
Journal of Distributed Sensor Networks, 2017, 13(8):
1550147717726296.

[12] Huang C, Wang W, Cao J D, et al. Synchronization-based
passivity of partially coupled neural networks with
event-triggered communication[J].
2018, 319: 134-143.

[13] Li L L, Cao J D. Cluster synchronization in an array of

Neurocomputing,

coupled stochastic delayed neural networks via pinning
control[J]. Neurocomputing, 2011, 74(5): 846-856.

[14] Lu J Q, Ho W C D, Cao J D. A unified
synchronization criterion for
networks[J]. Automatica, 2010, 46(7): 1215-1221.

[15] Wang N, Li X C, LuJ Q, et al. Unified synchronization
criteria in an array of coupled neural networks with hybrid
impulses[J]. Neural Networks, 2018, 101: 25-32.

impulsive dynamical

[16] Johansson B, Speranzon A, Johansson M, et al.
On decentralized negotiation of optimal consensus[J].
Automatica, 2008, 44(4): 1175-1179.

[17] QiuZR, Liu S, Xie L H. Distributed constrained optimal
consensus of multi-agent systems[J]. Automatica, 2016,
68(2): 209-215.

[18] Guan Z H, Hu B, Chi M, et al. Guaranteed performance
consensus in second-order multi-agent systems with
hybrid impulsive control[J]. Automatica, 2014, 50(9):
2415-2418.

fEEEN

FHR(1992-), L&, HEA, NEERMEFN . 286
1R R G LI I 92, E-mail: wangwei_0082@163.com;

EHR1971-), L, R, HEASIW, NF M2 E A&
KEAR T H S 5000, BN E R S5E 6 A, BE-mail: wangli@
tyut.edu.cn;

#iIR(1983-), F, HI#E®E, ML, NFEHREER
RGEH AR KPR EIE ST EM A, E-mail:

huangchima@ gmail.com.

(it e



