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Chongqing University of Posts and Telecommunications, Chongqing 400065, China)

Abstract: In order to solve the problem of mean square couple-group consensus of discrete and continuous heterogen-
eous multiagent systems under Markov switching, this paper respectively constructs two kinds of mean square couple-
group consensus protocols of heterogeneous multi-agent systems (HMASs), including cooperative competition relation-
ship and Markov switching topology heterogeneous multiagent systems. Based on related properties of stochastic irredu-
cible aperiodic (SIA) matrix, graph theory algebra and matrix analysis, the necessary and sufficient conditions are ob-
tained to realize mean square couple-group consensus. Simulation examples prove effectiveness of the result.

Keywords: multiagent; Markov; heterogeneous systems; switching topology; cooperative-competitive relation; SIA

matrix; mean square couple-group consensus; control protocol

2B ek RS AR Resm bl e M SRR RGWISE O 4N 24 R G BB 5T 1 —
T I 22 2 S5 A e B R Y™, 2 AP, — M E N S8 REk RS
WS B HA: 2022-01-26. [ %5 H AR B 8- 2023-03-22. ) A, 38 A A I ) A0 A 2R R R T

BE&WH: FEARFARETH (61876200) 5 LRUE Bk T 2w 2 B Be ik R 4 HAS Z2 0 S AR B IR
B DT G i1 (S1876200)s W HCIRBLL Sl 2 R A AR 40, AT (08 4~ 224 R A 1 IR

(2%05;)851\@G227)‘%%ﬁ %%ﬁrﬁﬁ)\ﬁ%li&m H (R23010); A% B IR B — 2L
SRR B S TSE S T % R H (202004205020010) 5 o . , . .
T 1K 124 2 3 ] (KJZS-MJ262001901); TR S H AT, 258 18 R4 — 20 R rg b 58 2 2 L

R { ey msxmX 0895 ); MIKWHIELCIR g i 2 R . AR A )40 1 45, STk [5) S
S S« 5 240, B-mail: 1662598286@qq.com. T—R—WES LR RS H— B, B

O (HBERGL 7 ) SR IR A


https://doi.org/10.11992/tis.202201045
mailto:1662598286@qq.com

« 804 * O R

NN
N

S LERCE

TE R B Iy 2 — BRI T I T e
R G — B FE B SR . SR [6] X
— R B AR RS 0 BUR AT
I, I A AR R MR S R SR A
— B[R] AL S P W R 22 R GRS E MR, 3
R [7] RIE R R Z MG &, BF58 T — 2647 1 —
TR Z AR REREF L . EXFROT, 5
SCABEAE P2 R 25 h A AN [R] A Z W) 52 L, AN
RETEIR] — T4 N A H. . S s e SCHik (7] b & 1 ek
S A R BRAE, SCRR (8] BT T #hi 4 4 al
TR 2T a2 A R G —
Bn) 8, I R — - 00 235 v 8 R A 22 Ji) 3 £ A
HOE, ANIR] T 2% R R A 2 18] {F AL E
T Beoh, LA V24 K28 IR R 50— 2k )
s h, KB g R, /)
RO AR RER B AT MR 3 12 B, SR,
TESLPRIEOL T, ZRBERGH R REM AL R A A
[ 3l Jy 2 vk e, B2 B e S R . I, A
WENTE S 2 B R R G — B, HAT, A
K5 I 2 8 RE MR 2R L 10— Bk B U — LT
SO Sk (121 THE T LA — B R A
AR O 2 B B IR R G — 8. SURR [13]
PP T B I SE Y 5 4 R 255 rh S T 2 R REIR R 58
el —E, SCHR [14] DF5E T B A S-S L
P F i 2 BN AL S5 o 22 8 BE K AR G o L — B, O
ELR IR B 12 3045 T 1 O 2 8 RE IR R Sk

I8 B o3 2 — E I A A AN E Y . e Ah, AR
16 2 Ge M 25 A b S R U 7 SO [RS8 a0 2R
HOBAE RGN B i BT A
il SR, SCHK [15] BP9 1 [ 2 #h b el i T 28 6
TR R GERYA BRI ] 5 3] — Bk R, SCHik [16-17]
SAE T 28 REIR R GEBA [ 2 3 AN SE 2y
SRS 21— FORL A AT I e M T SE IR 2 i
ARG — R . R, ERZ PR, £
B RER R Geah A Ml 2 B I ) A2 A i e A=
S XA R BT UL BAT DTSR N A 2
etk RG A —3", B UIHRIEN T 2 e
ARG — B, A RCR BB A D BT RS
B E B I ] )R 1, SCER [18-19100 3 B8 17
Z R BEIR R G0 U B — BOM 22 ] — B, 3
Hk (200 WIBIFSE 1 2 1 24 5 B[] 1) S0 900 U 7 2%
FAME TR o BeAh, 7R AR B, 2R e
ARG ZFR A N a S — 2L 5 A sk
WAL DA 252 M, DA TTT 3 35028 8 40 M 25 A 1) i
A SIS E FBEALE o An T i X AR F A D
HeEALPE R — ST ST X R 2T Hh IR ] R

AT DAAR S MO R R ALY, R e 32 g 2
HA R 8 ik & A 3 5, g b i 24
2 7H 32 P A I AT ORAL N, T R
] Je e 250 e K 22 45— BOME R 90t ok B 5 |52
N A= 5 S R 3 &L ¥ A
SCHik [23] BF5E T HAT /R AT KU @ S RN T
S5 S 45 N 1) 22 %8 R A R St — BOPE I L, ¢
Hik [24] DHE T 7EMR R IR T B TR T e b4 g4
S ] £ ek RGO — B, JETAEX
2, SCHR [25] PHE T HAT TR T Sk B BR 25 ik v
228 R 2R G i i R T R A

Z bRTIR, B B ek g i 2 R IR R
Ge— B VERTSE, BB 2 R, (H i3 86 i R =
T AR a3 4 0 2 L DTSR W 45 5 N4
FNGE Y PR AE A O S50 A AR R RIS 2
LR LB HIK R G, SRS RIGAIETE,
HEZERIKRGESAH LD THINGSH, X b
ZEtl 2z R RENLYIH Y . R, 7ERFY 2 e Ik
RGBS, AL E RN S E SRS LR,
SHFIBENL )3 S 52 pR R 2 . A SCHE R & — B
T8 BRI 0 57 B 22 8 RE AR R 458, 4 5 1O i
22 RO, TSP e LR, 454 DR ] KBk,
SRR 2 RN —E . R IEE RS B
SR B S e I WL S TIT 24 A 39 I 1 R OGP TR
TR 333 6 22 45 3K RIS 5 o 4 — B FE A L 4k
1, 38 1 05 BL S8 T BT A4 18 A R o

I BRT RS E A RR

1.1 B/RATKEER

B AQ, F P& — A e s e 25 ], Horho 2
FEA 2 0], FACRF A EL, PR A 320 3
{o(k),k = O} 2 — > PR R 2 825 1O ] By /R AT Rk
S =(1,2,---, s} sEo(e) B (A 0 [ o 3% 6 76 15 [E]
k~k+ 1A CAR 250 5% 7% BIIR 28 19 5% 78 A 22 00 BF
A=(p;eR™)N

P(o(k+1) = jlok) =) = p;;

iﬁ*:ﬂg?o, Hzpijzlo
H Dl H, B 00,1 > 0) 5 AN A7 BRI A i 2 i
1] T T SR, o) BTG RS = (1,2, .s), &
8 I 18] 1+ T DR 255 B AR 245 110 5 8 A0
%Yj: (ﬂijGRSXS)j‘:’
Po(t+T) = jlo(t) = i) = m;;
A ;2 0, E_Zﬂij =1,

Jj=1
1.2 EigEH
G:(V,e,A)%%ZT_\‘g‘/I\[zI, V={V1,V2,“',Vn} i‘%i—\‘



54

P4, A T AAE-3E g R R IRl KU b 57

JRZ R MR R E I A — B 5 + 805 *

KEIGI) n A4 s IR &, RIGRYIL B Ry xy, H
JTLEei=,v)evxv, HEA=[a]eR™EK G
PRI, vy eellf, a;=1, R Za; =0, Itk
A, N,':{V_/GV:(V_/,W)E@}%:EZT? B ,@V,EQQBE% o
L(G) = [I;] € R™"FR /R EIGIhr 8 P i/ 1, ‘B oT
R IE A

_aij’i#:j
li'z - . .

=L

13 RRESERERSE

55T 2 8 e IR R G 48 B R 8l ) 27 o
ZR BB RS, T FEE e B =
W 22 80 RE 1A 4 101 8 IR 3% 2 v o 2 RE A &R
i, HHCHREZEEERRG N
Lk+ D) =)+ hu(k),icp,i=1,2,---,m
{{t,-(/(+ 1) = 4;(x) + hy (x)

”i(’“'1)=,ui(/<)+hu,-(l<)’l€p2’12m+1’m+2,~~,n

(1
EHS R R R RGN

i,(t) = u,(t),l Epl,i = 1,2,"' ,m

(050 Ceniemiramssia @

SN SRR T 1 S N R = = L N A | B A
5w R R RE RS A 1] 85 00 Mo 1]
TR — A B R RRAR 2 D4, oo — B R R
T, o B REIA

SRR (1) A X (2) BB EA
FIT BRFE R 2R

_ Aﬁ Afs
A _[ Asf Ass ]

K A A 3 R — B 8 BE M R —
R Z 18] SR B 5 AR — B e R R — By
RSB FEAE B 5 Ay R BEAR 2] — B 3 RE R4
P
G, SR 2R R 5 (1) f1xl () ML
37 30T B
Ly+D; —Ag ]

L=D-A= _Asf Lss+Dsf
D= diag{ﬁl,ﬁz,w ,ﬁn}%@GE@/\EﬁE, H

DfS = dlag{z a;j,iEpl}

JENs

D, = diag{z aj,1 Epz}

JENi

oF mF

1.4 TENXF5|IE
EX1 E#EFmEREehRg () KR
Y3 o — 20 HAK IR A T

}Lr{lmE[|Li(K) —lj(K)|]2 =0,i,j€pe,2=1,2
}i_)IgE[lﬂi(K) — (I =0,i,j € py

K, " ES 2 KRR G
T =5 —BUE X, BB, AT R SO s 4
BT,

EX2 VUMHRFITRHEBITIUEMA 1K
FELRFR N BEALRE R .

SIE 1™ 3B e RREBEHLIEIE, 1= UZBIY
— B AUBRF AR, B AR AR RO BEAR /N T 1,
AR 2 B2 BEHLAS 7] 2 J& 1 %6 BF (stochastic inde-
composable and aperiodic matrices, SIA) % [% .

5138 2" s fE— M, HB=(B), By,
B} s > n B SIA FEFF A 4R &, W BrP AL
3%':] /I\fl:%%;&ﬂ:{Bi.Biz . 'Bi,ﬂ_jJEIL: SIA JE R4, H.

limB,B;,---B; =1,c"

Jjooo

e B— P Ie R AR BE] ) &

#ie 1 ARET| B2 M P N AR, 2 4
SIA JH 4 38 2 N S FRAT 2 SIA 4

IERR K

(B;,®B;)(B;,®B;,)---(B;®B;)=(B; B;,--- B, )® (B,
B, -- -B,-,)Ffrb‘/l , % (B, ® B, )(B, ®B,) - (B, ®B; )l
J2 SIA HilF .

313 st EEAL BB A
n By SIA M EEE . P=(Pij)7E11:—/l\SXs?ﬁHﬁM%
AT LIEAE IR By IR 1] R BE R e AL R, o
SCHE MR Q e R B ERIAT 5 5 5 HY AE [ 2
Qii=p;Bi;, | ﬁ}irp”(Qr),J = P;?lc,-Tj, P;??E e = oo} >
P T TR, € — AT 2 (4 3k F
31 ]

WERA R QSR i 2R 5 By o B B n] LASR
RH

Q)i = Z PinBipii B, piiBi ;=

ESINCRENARENY

£
Dij E EicivipiivaanBi Biiy - Bi

ﬁﬂ%[ﬁi >0, 0.
Eicivinimivran = (Pjis Pivio i D) P

M ps, =0, QS5 iAT FIER j 5 X B B 73 e 3 4 4
eyt P SIA HEWETRAL. KRS B 2, B T
%j(, %*HBU.BMZ‘”Bik,,_/#%‘/féq&fﬂiulczjo IR
A SR A SR A 0, D) 2 AR 23 R I R FROCR 1AL B
B — A2, RIZEE 2 DRy . =0, iR 5
IR AT G PR RY, BORE- S 2L pl AN IS

WL 2 s IR, HiB) 22—
n By SIA SRS PZ(Pij)IEIL:—/I\SXSéﬁH&M;lc
ENIESNR IV NLIPS 2 13 2 7 Sl U 'S



B OB A

* 806

2,
£

4 #H 5518

FEFEQ e R | HLE B EBIAT 5 45 j 5 % 1% A 0 [
Pk 0, =p;B;®B;, W Alim(Q"), = p31z;, H
Pt Me = cofif, P 4T 5 558 A I f 00 K (.
LN —ATnRE AR A )

TERIERLE | 3 3, HLAum

5138 4" EHEFEB = (b e R™, Hfb, <0,
HVi#j, b;>0, 870 E MR 0, A2 40 B4 M
— W E RIS, AR AR (E B A 388, HEFr
TEAE A RRAE o] 5 2 1,2 HAUCY EFE B — B
ARFEHE M HAX RIS A —FRAE BB

BIEE 5% SR A AR S B B R S B 4 Y 4%
4, WX FVe> 0, FfEe P — D EXF ML TR N
IEMWIREALAE RS o BeAk, 2550 M B — A FRHIE (A,
HAFAFEm Y = [vi, v, v, > 05 1Ty = 1FIBTy =
0, 24t — OR, e B = 1,07,

2 BRARNELSERER T 24
—HEBFRER

HHEERRS E R
ik

e Pt 2 PN VI S B e R DTS
SRR AR R G (1) T o — k. 2
THRERZB GRS LR, Bt T =
H—F A P

R A 5 HE—

D a0 - 1)~
JeNg?

u;(x) = a[

’iepl

D a0 + (k)

Jp—_t
JEND,;

3)
A GRS

. o (K)
JeNG;

ui(k) = a’|:

D a0+ 600

Jeng
Ao N{OON R REARIRI AL AR JE AR S N R fE
R AN [R] 20 48 Fa 45 & 5 o FIB M HH N A RS & &R 4L
I, - ha (Lf;(f“) + D;ﬁ“)

_ﬁ”i(K)vi € p2

L(k+1)
t(k+1) |= 0
B+ 1) 20k 0o ph
B 2
¥ (10) 5 R
X(k+1) = H,(, X(6) (11)

X)) = [0, 65 (0, 7 (01"

|

I n—-m "~

RSB BRI A I TE R

FE1  AHlow.c>05E—A>FF I i 5 /K
A REE, HORB A RS = (1,2, s} A5
a<—, ,8<%Hl <ﬁ
Nl s h ™ 4a

WA SR 3) T, BH R 2R aeik R4
K () ¥ Zad—380Y BAUCSZ RGBS T
FETEA o] B LR

JEEA 1) FE

i G UG, U--- UG HA A [l A iU

Sy fAi PR UL, 51 A (o), H:

(k) = 4(x) + é”i(’()

22420 () = 3), Biephf, A

l,‘(K+ 1) = [,‘(K)+

ha Z aZ(K)(Lj(K)—t,-(K))— Z aZ(K)(Lj(K)+li(K))] “)
JjENT® JjENT®
i’l i szlﬁ', ﬁ:
Bh _
e+ 1) =40+ 2 @0 - 16 )
h
At 1) = 100 - 0 -0
©)
% [ 3 a0 - - Y a;;(”(t,-(x)ﬂ,-(m)}
JeNg JeNg

i1 28 (4)~(6) 145

t(k+1) =e¢,(0)-

ha [~ AT 4,0 + (LT + D7) (6)| @
h
e D = 660+ 2 @0 - 6 (8)
h
et D= 1,00 5 (1,60 - 1.00)-
2ah ©)
e [(L39 + DY) = AT, ()]
Horr,
lf(K) = [tl(K)’LZ(K)’ Tt aLm(K)]
LS(K) = [lm+1 (K)a Lm+2(K)a Y Ln(K)]
ﬁ.v(K) = [[lm+1(K)aﬁm+2(K)7 e ’ﬁn(K)]
H =L (7)~(9) 1531
haA;f;K) 0
ph ph 4t
1- 7)In—m 71n—m t,(x) (10)
2;;: (v D7) (1= ﬁjh) [ VAW
BB R/ ek 25 ) g hi i
TS N =)

lmax = maX{ZII’IIZ’ e alnn}



54

VLI, 45: 3T A PR3 6 R TR T K UTe T SR

RGN = — B < 807 *

FAFAE S o FIB T 2
i 2 g
<P e <

I, - hjZ(Llf+Dl )

1=0
—ZH, = 0

Bh,

Z(L’ +D.)
EZS:H,—Iz 0

1=0

P P 2 AR i, A 3]
0

Z(L’ +D)
T GUG U UG, B A [ A4 A, ik
rank[ZL’]—n Lrank[ ZH, ] 2n—-m—1, ffia=

1ﬁﬁ%AZmﬁAﬁ1m%ﬁﬁ RIﬁAZE
S BEURIE, B B4 (AT 1 i
T D SIA VR, S [29) 406 500
H\H,, - ,HJ& SIA i[5,

E X QeR™ ™ FIQ e R™S | H E

VT 545 50 6l I £ 58 R B 53 3 R 0, =

DN

=0

{RICES
PjiHj*nQu’:
piH;®H;, XH \H,,--- \H ) SIA i[5, 5P 3, A
lim(@");; = pj1e, lim(Q°),
K T RIET Mk 76 2 R Ak U B ) R
TR 2 RE R R G (1) BT A
—H, E X

lnml
Y(x) = (I : 2"'")r<)

T
12n 77112”’ m

_ coqaT
_pjilcij

H
() = [ (), 45(K), - 113, (K), £y (K)s Ly (K), -+
By (K0, iy 5 (), -+ 13, ()]
Kby, (<) = iy, (0, i), , (), -, i, (€) = iy, _, (k) (%)
S, HESCEIT X, 2B AAF, Hik

YK = [R5 (). W (K). 1 (K)o
Y000 (), ., (0T

0 (k),

2ah
ZA 51

UM e — AR SRR, [R] I HL o 94700
%‘E\:%n% 1, Jj:to Hv(k)%gﬁgﬁ*ﬂﬁ'g?o

THIESH H,, - HJE SIA JEFE, BHh
h 5
g ZAIS 0
s .
h
(1—_)In —m B_In—m (12)
2
2ah < Bh
= L’ D’ — I,
n—m ﬂs Z + ( 2 ) n—-m
=0
ha Z Al 0
S
1=0
By Py (13)
2 2
n m zah ( LI _[ih ” m
ﬁS 1=0
O I)l*m
—ZA[V O 0 Infm
: Sl (14)
Z(Lz +Dl 0 =0
VL&
1 m
gk) = C— ;t,(K)-l—
1 n
ll(K)+ ﬁl(K)
I=m+1 2 _mlzmz“'l
WA

Vi(k) = () — gk),i=1,2,--- .m
Yik)=t(k)—gk),i=m+1,m+2,---,n
Vi) =pk)-gk),i=n+1,n+2,---,2n

AR W R OR) — Hr iy
V() = B[l ()T ()],
KPERRECAE, & X
Vi®) = ELCGOT™ (k)80 1, € S
P o FFATF (o) = 1) 7R PR PREL, T

—m

V() = Z Vi)

WRPEE LA, A
Vitk+ 1) = B[l (k+ DI (k + Dy ] =

ZE a(x)F(K)FT(K) ()—(K)HQ(J'(K-H) z)|0'(K) JIX
plo) = jt=
E[H ;I ()l (K)H |0 (k) = JIE[B)orcr1y-n|0r(k) = j1X
j=1

plo) =j} =



* 808 - /o R 4 ¥ W %184
: limE(jz(x) — 1, (k))> =
3 HELOI 00 = jlplot) = JHp, = DB =020 (18)
= Lj=m+1lm+2,--- . ni#j
s . . R PR B 25T 7 R 5, T2
;mﬂﬁwwrw%wMWf- (15) BI(6 00— 60000 - 0N & "
2 H;V,(H],i€S [E((K) — 4,00)° 12 (B (0 — f1,00)°12
Z Djitl;V; i’ HRAE L (19), 153,
WA V: = gl g = Pr(o(0) = i), lim E(u(x) = ()" =
P (15) B mRIE, W15 B BT
s(k+1) = De(K) HmE| 3 E00 ~400) =3 (100 =) | =
N, T =) 2 2 2
At ez —An’ sl i s @ e R, H %ngvyﬁwnmwﬂwmk
pnH ®H, paH,®H, B iz (20)
®-= : : 7 ImE(E () = 2,07 + 7 Tm B, (0~ u(0) +
plsH1®H1 pssHA'®Hx ﬂz . 5 % _ _ 5 %_
§"(O)=[gicol, (T I™)" gycol, (T LT -+ gicol,(Fo)! 7 lm [E(‘f(’f)“f(K)) | [E((“"(")f“ff")) [=0
© queol (Lol queoluTo I - q.col, (Pl )] bj=mtlmid, . mis]

2 col R AN AR I (9 £ i1
g BTk, 1350
lim (&%), = pj;1c;;
e 1?2 FA 1) 5 e S U FAE Y AR f1 HLAN
Ja 1 e R
limg(k) = [£1 &1 11"
pidee By R AT KA B P 4558, AN 1, BIA

limV() =711", 7= Zf"
i=1

i
1,17
HmE oy’ (0] = (Iznm - 2"_'")
Koo 12n7m12"_m
12n—m1;
hmE[r(K)FT(K)] (IZn—m - 1T 1 nm) = (16)
K=o 2n—m - 2n—m
12n7mlF2r - ) ( 12nfm1T_ )
1 o — n—m TIIT I e — 2n—m
( ’ lg‘nfmlzn_m ’ lgn,len—m
Fir LA

imE[y 0y ()] = 0
[3¢
LimE[ (0w, (0] = 0., = 1,2, 2n—m
R YSij=1,2,-- ,mai,j=m+1,m+2,--- ,.nH
i# jif, A
lim E(t, () ~ ¢,(0))° =
lim E(t,(6) = g() + g(6) — ¢;(0))” =
Lim E(e;(x) g2(K))* + lim B(e;(k) — g(K))*+
21im E[(t,(x) ~ g())(¢;(x) — g(k)] =
lim E(;(k))* + im E(;(k))*+
" lggE[x//,-(Kk)T/:(K)] =0

amn

[Fi) B -

H = (17) Al (20) B 28 aetk 24020 (1) 52
BT — o —3K.

2) oL,

KRG UG, U--- UG A FAT ] A SR, T2 &
Gt 203 JLIR SR AT e B AR SIS 55 A B A o £
B, Z AR 2= SRR (S B TS L AL
M RE AR B R AT 5c #e, MATAT TG 5L B 2 5 RE A4
F5:3 (1) 25 BRI BN (¥ T oA
—5, FIE .

22 EERBEIRRESERENST B4

XA FEM R DRl R T SRR L

BRER R G () BT o d — s . T
BRI Z B GRS R AR, BT DM

u(t) = cx[ Z al" (4;(0) — 1,(1)-

—r
JEN;

D@ @+ L,—(t))} iep

Y
JEND,;

@n
u(f) = a/[ Z al" (40 — 1,()-
JeNg?
D@l @)+ )| - fuie).i € ps
JeNy!

SR e X 2.1 MA .

EI2 Ao, 1> 00— 55Ul i & /K a]
Fetile, FORB MRS = (1,2, , s} B —4aly >0,
IBALEE PP 21) T, HEL R Rk R85
K Q) B A H Y HICYZ R R G D
FEFEAT o) A BT

MEBR  RAERE 1 A9IED, .

100 = 1)+ 241,
A(0) = 40+ Zp)



54

WG, A5 BT B SE A R R R UM T S 2 IR R G407~ r Bt - 809 -

RIE (2) F21), I F 2 FE SIS .
1)%4i epif,

in=a| > a@P@O-u)- ) al’ o +u@)
JjeNZ) JENYY
(22)
2) %’[i €0 Hﬂ‘, el
i) =5 @0 - 0) 23)
0= -5 0 - o)+
(24)

%" Z al" (4;(0) — 1(0)- Z a;"(;(0) + 1(1)

jeNg jeNg
L (22)~24), BRI Z R KRR G R 5
o(L77+ D7)

i (1)
00 |=- 0
TR0 20 B
:3 sf 2
HE—2, K2 (28) T 5 s iR L.
R(t) = —F,,R() (29)

KPR =00 T @O,

G512 4, 2767 — dadye > 0, WG FFE—F 3 XF
fAkonE N, EEMALITENIE, H-F, )
FBATICE BAANE BIR, -F 204 —1F5
TIEAEL, X 7 A 4R AIE i) 4 R 1,

KR R E ek 25X (29) BHELk, &
SRR (] v, T AR R ) 5 Al fk A R

Ek+1)=e " E(x)
M 51 S AT, R R I /N, A
e, =1, He ™ >0
e e o S — AN BE LA B, A R UE 2 E
M1,

3 FEEXR

AR 3 A1 o B0k B A5 45 98 19 A Ak
P BE B BOREZE T BT 7R n] R id # Xt
IO FR) e R MR SR AL 40

INNPERI NSNS
Bl Rl— OV —
Rl = B — V=

Bl 15838 B WU B, B E E B 1 A s
PEo B 2 BT LR E B, 50 UE 2 BE 2 A IE AR .
] 3 )36 TE AN o B 1 SR, SRS RE AR
253 (1) W H—BCH AN RESEH .

__Infm +

(2) — B A1 B B e AR i A R TR X

ir(0) = —a[-AT () + (L) + Dy (] (25)

L0 =50 -0 (26)
0 =B 0 -u0)-

AR T oft) 27)
& (L2 + DY)ty = A%, (0)]

M
/|
+

(1) = [L(D), (D), (D]
(1) = [Ls1 (D), i (), - 5 1, (D]
(D) = [fns1 (O, fsa (D), -+, (D]
= (25) fil (26), BB 2B REIR RS (2)
1A B IE =R

—aA‘/’.i’) 0
B B L (1)
Eln—m - Eln—m Lx(t) (28)
(1)
2
ewrnw) P,
g T g

K1 Fon 28 aek R 5 () MK (2) A 4%
Wb, B R 3 AR TS, BT IR
P — PR . FEREAS TR, B RER
1~3 J& B e, MR 1 AL AR 4 1S 2
— PR REAR, MRS 2 . A BEIA Z B A
ERR, AR IR Z N TES LR,

© FHih3

B1 2EMWHSEEERS (1) 7 (2) T15EH
Fig.1 Switching toplogies of the multiagent systems (1)
and (2) with spanning tree

Bl fEE R R BRI RS () L R
FERFIE] B =02, & R A Ha=1HE=2.1,
Ty FX S S 40 R e 1 R EOR . ET,  Re A
G Ar EAR A 1]

([0]=[3 5 -4 3 6]
WG T[] SN
po]=[1 2 25]

BER, 7R 2 By IR RIS AR, &



- 810 - BOfiE R & ¥ i #1884
Bl B 2 B BB R GE 2 (1) Y A7 R A 0 B 4 4
K3, 40 Ml 3.4 A, 5 R GEH M AL FIAH G v
B e Py s L WE S C I E D IE 2 AL £
. "y Lt ron v =
() 7EERI G 3) FRESE BT 04— 3. B
4 - . . . . N
0 100 200 300 400 500
3 t/s
= 2 B5 E8sBEER% Q) WIRTRRES]
i | Fig. 5 Markov switching sequence of continuous multia-
gent system (2)
0 160 260 360 460 560
6
t/s { Zn bk
4 — Bkl
2 EHDRA KRS % g
Fig. 2 Discrete sequence with Markov switching signal E, R
i
e

L /(m/s)

0 20 40 60 80 100
t/s

BHSERERE () PEREEET L

Velocity trajectories of agents in discrete system (1)

&3
Fig. 3

0 2‘0 4‘0 6‘0 8‘0 160
t/s
B4 BHSEGRERSE () PEEFLETHME
Fig. 4 Position trajectories of agents in discrete system (1)
B2 feEZR R R RSEA ), i
BRBUB Na=15H=3, 5 Wik L2 8o 2 E
2 PNOE- o N = A L Ol i VA= R NAN Cl R e )

SO]=[1 10 -2 -4 0]
A0 4y 3 JBE 1] Sk 18y
p01=[2 15 22]

HEEZ R RRIR RS (2) W SR ] R 145 5
mE s i, 85 R 2Rk R 5 (2) M E
RAEMBEREWNE 6 7, HE 6 .75, KRS
P FINZE F4) IR OC 2R 85006 2 o B8 2 Y SR i, AL
S 2R ek R gl ) FEEHI R (21) T hE
SEIRI T o — %

t/s

Blo ZEZESERERSEN Q FEREEETLHL
Fig. 6 Velocity trajectories of agents in continuous system (2)
10 — R
st Al 2
6l oE
£ 0 -k 4
-2
Y
0 20 40 60 80 100
t/s
B7 EZSERERSENX Q FEREGCETMiLE

Fig. 7 Position trajectories of agents in continuous system (2)

B3 gk oA B HL B2 B e A R 4L
(1), fEHAUSHARF S LT, B R G4 3 A0
K 8 Pirs THiAA Y, oy A T b P A
A R

. !
\ . \
7
N
-

© FHifh3

B8 FHIMSEMMEINEHEH

Fig. 8 Switching subtoplogies with no spanning tree



%44 DL, A BT A RS AR R AR UM T S B2 RE A R e 7 — ol — g 811

B 9~11 70| s VI AR 5 R BE AN, EOIRAS BEMILAS T 24 Jo 309 0 4 ) A OGP o, 45 3R G &
Wit Fsf T8 28 A7 2 GEAE Sy /R ] R T S5 — o — B
FF o BUE Oy HIKAEN] T BT A A5 R BT Sk

4
w3 Rk, a"kﬂ”%%éiﬁﬁ?ﬁ’f%%%i%ﬁF¢$ﬁ:éﬁﬁ
= ﬂ] HM_ S AL RS 2R 500 44— B
*
s S Lk :
300
ts [1] WEI Ren. Multi-vehicle consensus with a time-varying
9 IR ESERPWHBEHSEEERESE ) WDRA reference state[J]. Systems & control letters, 2007,
K15 56(7/8): 474-483.
Fig.9  Markov switching sequence of discrete multiagent [2] CORTES J. Coverage optimization and spatial load bal-

system (1) with the topology having no spanning tree
Y M potogy & P & ancing by robotic sensor networks[J]. IEEE transactions

on automatic control, 2010, 55(3): 749-754.

[3] BREZHNEV RV, MAL'TSEV E A. An ontological spa-
tial monitoring system for agricultural land monitoring[J].
Pattern recognition and image analysis, 2015, 25(2):
201-208.

[4] QU Yi, XU Haopeng, SONG Cheng, et al. Coverage con-

trol for mobile sensor networks with time-varying com-

munication delays on a closed curve[J]. Journal of the

1010 20 30 40 50 60 70 80 90 Franklin Institute, 2020, 357(17): 12109-12124.
s [5] XIE Dongmei. Necessary and sufficient condition for the
10 BHSERERE X ) P EREEET L group consensus of multi-agent systems[J]. Applied math-
Fig. 10 The velocity trajectories of agents in discrete mul- ematics and computation, 2014, 243: 870-878.

tiagent system (1) with the topology having no (6]

ZHAO Huanyu. Couple-group consensus for second-or-
spanning tree

der multi-agent systems with fixed and stochastic switch-

50 ERERK 1 -- - - AN 4 ing topologies[J]. Applied mathematics and computation,
407 B 2 —— A S 2014, 232: 595-605.
301} FREfR 3 . L
[7]  WANG Qiang, WANG Yuzhen. Cluster synchronization
_ﬁ of a class of multi-agent systems with a bipartite graph to-
= pology[J]. Science China information sciences, 2014,
57(1): 1-11.
[8] HU Hongxiang, YU Wenwu, WEN Guanghui, et al. Re-
I verse group consensus of multi-agent systems in the co-
0 10 20 30 40 . 50 60 70 80 90 operation-competition network[J]. IEEE transactions on
ils
circuits and systems l:regular papers, 2016, 63(11):
B 11 HIASERAMNERSEREREZEXN O PE 2036-2047.
REMRAIE T 2k

(9] Jelswde, WSO, TRIUIGH. — i 2288 B 1A i A K% il 43k i

Fig. 11 The Position trajectories of agents in discrete mul-
el (7] i TR, 2021, 28(11): 2223-2229.

tiagent system (1) with the topology having no

spanning tree ZHOU Ruimin, SI Wenjie, GENG Zexun. Formation con-
H K 10~11 0] LB B, 2428 Gk & S840 $h trol of second-order multi-agent systems with collision
SEMI AL S R B IR, 2B REIR R SR (1) avoidance[J]. Control engineering of China, 2021, 28(11):
2223-2229.
RAESL AT 44— . o
[10] MA Qian, XU Shengyuan. Consensusability of first-or-
% }E ‘L% der multiagent systems under distributed PID controller

with time delay[J]. IEEE transactions on neural networks

RERZ MG VESE 4 G R, X 5 /R 7] and learning systems, 2022, 33(12): 7908-7912.
K }ﬁ%? E’J B HORN 7 22 i) 0] S T 2 e R R 4, [11] LENG Hui, WU Zhaoyan, ZHAO Yi. Group consensus in
P2 2 AP BRI PR A EE L FEELS A second-order multi-agent systems with nonlinear dynam-


http://dx.doi.org/10.1109/TAC.2010.2040495
http://dx.doi.org/10.1109/TAC.2010.2040495
http://dx.doi.org/10.1134/S1054661815020054
http://dx.doi.org/10.1016/j.jfranklin.2020.08.005
http://dx.doi.org/10.1016/j.jfranklin.2020.08.005
http://dx.doi.org/10.1016/j.amc.2014.06.069
http://dx.doi.org/10.1016/j.amc.2014.06.069
http://dx.doi.org/10.1016/j.amc.2014.06.069
http://dx.doi.org/10.1016/j.amc.2014.01.018
http://dx.doi.org/10.1109/TCSI.2016.2591264
http://dx.doi.org/10.1109/TCSI.2016.2591264
http://dx.doi.org/10.14107/j.cnki.kzgc.20210361
http://dx.doi.org/10.14107/j.cnki.kzgc.20210361
http://dx.doi.org/10.1109/TNNLS.2021.3084366
http://dx.doi.org/10.1109/TNNLS.2021.3084366

° 812

B OB A

4t

S

F18 &

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ics[J]. International journal of modern physics C, 2021,
32(5): 2150071.

JIANG Yiliu. Couple-group consensus for discrete-time
heterogeneous multiagent systems with cooperative-com-
petitive interactions and time delays[J]. Neurocomputing,
2018, 319: 92-101.

JI Lianghao, YU Xinghuo, LI Chaojie. Group consensus
for heterogeneous multiagent systems in the competition
networks with input time delays[J]. IEEE transactions on
systems, man, and cybernetics:systems, 2020, 50(11):
4655-4663.

PU Xingcheng, ZHAO Longlong, XIONG Chaowen.
Weighted group consensus for discrete-time heterogen-
eous multi-agent systems in the cooperative-competitive
network with time delays[J]. IEEE access, 2019, 7:
123679-123688.

FRRE, A RGN . 6T 42 1 ) 22 BRI 3R ST AT PRI
[ 5 [ 7 P T — 2 [9]. RS RI27, 2021, 42(3):
299-307.

ZHAO Wei, REN Fengli. Finite time and fixed time con-
sistency of multi-agent system based on containment con-
trol[J]. Applied mathematics and mechanics, 2021, 42(3):
299-307.

LTI )W, SR, S SRELA R 2 ARA R
48— (0] B RER LR, 2020, 15(4): 780-786.
JI Xiukun, XIE Guangming, WEN Jiayan, et al. Binary
consistency of multi-agent systems with delay con-
straints[J]. CAAI transactions on intelligent systems,
2020, 15(4): 780-786.

ZONG Xiaofeng, LI Tao, ZHANG Jifeng. Consensus
control of second-order delayed multiagent systems with
intrinsic dynamics and measurement noises[J]. Interna-
tional journal of robust and nonlinear control, 2018,
28(16): 5050-5070.

SONG Ge, TAO Gang. Adaptive leader-following state
consensus of multiagent systems with switching topo-
logy[J]. International journal of adaptive control and sig-
nal processing, 2018, 32(10): 1508-1528.

PU Xingcheng. Couple-group consensus for heterogen-
eous MASs under switched topologies in cooperative-
competitive systems: a hybrid pinning and delta operator
skills[J]. Neurocomputing, 2021, 441: 335-349.

MA Dan. Switching scheme based on ADT for packet
dropout compensating[C]//Proceedings of 2013 IEEE In-
ternational Conference on Service Operations and Logist-
ics, and Informatics. Piscataway: IEEE, 2013: 576—580.
CHENG Peng. Asynchronous fault detection filtering for

piecewise homogenous Markov jump linear systems via a

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

dual hidden Markov model[J]. Mechanical systems and
signal processing, 2021, 151: 107353.

EICKELER S, MULLER S, RIGOLL G. Recognition of
JPEG compressed face images based on statistical meth-
ods[J]. Image and vision computing, 2000, 18(4):
279-287.

MENG Min, LIU Lu, FENG Gang. Output consensus for
heterogeneous multiagent systems with Markovian
switching network topologies[J]. International journal of
robust and nonlinear control, 2018, 28(3): 1049—-1061.

LI Mengling, DENG Feiqi. Necessary and sufficient con-
ditions for consensus of continuous-time multiagent sys-
tems with Markovian switching topologies and commu-
nication noises[J]. IEEE transactions on cybernetics,
2020, 50(7): 3264-3270.

LIU Zili. Cooperative output regulation problem of dis-
crete-time linear multi-agent systems with Markov
switching topologies[J]. Journal of the Franklin Institute,
2020, 357(8): 4795-4816.

XIE Dongmei, CHENG Yongli. Bounded consensus
tracking for sampled-data second-order multi-agent sys-
tems with fixed and Markovian switching topology[J]. In-
ternational journal of robust and nonlinear control, 2015,
25(2): 252-268.

WOLFOWITZ J. Products of indecomposable, aperiodic,
stochastic matrices[J]. Proceedings of the American math-
ematical society, 1963, 14(5): 733-737.

REN Wei, BEARD R W. Distributed consensus in multi-
vehicle cooperative control: theory and applications[M].
London: Springer, 2008.

REN Wei, BEARD R W. Consensus seeking in multia-
gent systems under dynamically changing interaction to-
pologies[J]. IEEE transactions on automatic control,
2005, 50(5): 655-661.

fEEREIT:

WL, B, A, FEMR
W Z B RER R G B AR A L b
MLAES ., EFMS5HHU R
H 10 &I, ZFR2EARIB I 50 K25,
JREAAEAE R 45 2 36

SRFE R, LA A, EEATETT
i) 2R RER RS


http://dx.doi.org/10.1142/S0129183121500716
http://dx.doi.org/10.1016/j.neucom.2018.08.048
http://dx.doi.org/10.1109/TSMC.2018.2858556
http://dx.doi.org/10.1109/TSMC.2018.2858556
http://dx.doi.org/10.1109/ACCESS.2019.2934988
http://dx.doi.org/10.11992/tis.201908027
http://dx.doi.org/10.11992/tis.201908027
http://dx.doi.org/10.1002/rnc.4301
http://dx.doi.org/10.1002/rnc.4301
http://dx.doi.org/10.1002/acs.2926
http://dx.doi.org/10.1002/acs.2926
http://dx.doi.org/10.1002/acs.2926
http://dx.doi.org/10.1016/j.neucom.2020.11.013
http://dx.doi.org/10.1016/j.ymssp.2020.107353
http://dx.doi.org/10.1016/j.ymssp.2020.107353
http://dx.doi.org/10.1016/S0262-8856(99)00055-4
http://dx.doi.org/10.1002/rnc.3918
http://dx.doi.org/10.1002/rnc.3918
http://dx.doi.org/10.1109/TCYB.2019.2919740
http://dx.doi.org/10.1016/j.jfranklin.2020.02.020
http://dx.doi.org/10.1002/rnc.3085
http://dx.doi.org/10.1002/rnc.3085
http://dx.doi.org/10.1090/S0002-9939-1963-0154756-3
http://dx.doi.org/10.1090/S0002-9939-1963-0154756-3
http://dx.doi.org/10.1090/S0002-9939-1963-0154756-3
http://dx.doi.org/10.1109/TAC.2005.846556

