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Abstract : This paper proposes a theoretical framework to study the fixed-time leader-following consensus problem
for a class of Markovian jumping stochastic multi-agent systems (MASs). State feedback switching nonlinear control
protocols with impulsive effects is presented to achieve the leader-following MASs consensus. And by employing
stochastic analysis theory, Lyapunov stability theory, the sufficient criterion is derived to guaranteed fixed-time
leader-following consensus. Moreover, the settling time is calculated as well. Finally, one example is provided to
show the effectiveness of the theoretical analysis.
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FERIPIL, =R foh 2 4] | A il A e oL,

TESLPRINE R GE | DU R G M2 RG22 BN s PR ERR RS20, 3% Fh T a] LLFR
RBENLTHE. SCHR[6] R T Ak B A S0 R At A o) A 1 T P AR — B0 28, Mo T —2RANHi 2 BEMLAR 2R T 2 Rk
RGN AE—BOE RN 76— A ARGUR, Markov BEERR G238 T Z 50, R ERE—FIRA RS, HA
A K ZH R GG A I, WSS Z A R S5 Ak, B R AEAN IR i) A —Fisi X D) 46
) — M AU R G, AR ] D030 T LAE i Markov 4R SEEE. SCHR(7)F5E T —28 B3 Markov 4%
TER) B Z R BEIR R G0 1 — S5 ], HL v BRI DD NN B AT L3 £ Fef s R RS A B0 ST 17 Markov % T4l
ELFIBAE, 5T Markov BRERIUBEHLEZ R REMR R Guie /. L, ASCHIE T B Markov BRERAYBEHL 32 L8 RE
KRS

e 1 RGN AT R D, T2 NI TR S B AL K A, RGeS — IR R A SR AREAR A
kAR 100k AL A SR — it AR E G, AR 2 SIS, B i SR s 2 A, BRARE ]
AR, BT SRR G PERE. SCER[101IE T T —FR A PR A el AR e e il 4%, A Lyapunov sRELZH T
kb3 71 R Ge A BRI IR 25 1.

S RFFEA L, AR SO EZETTRRAN T : (1) ARSCH T HAT IR0 Y Markov BEERFIBEHLAL S 32 M
ZREHR RS 5 (2) Markov BKERBRECAUAAAE T R GeH, i B T At rydshilgs b, Ik, A SGE% T ik
PR ATTTAS 22 0 7 [ B ) PN T 38— 3.

1 AEEE T K & IR

e, ARSI HEIIC S, Kb R FoR n ERLEARZS ). || || FRMILEATEL Iy FR N 4if
PR, YR A, AT, Apax (A) B X\ i (A) SRS A W5 E | B RRHEE R NFIEE. A >0 FoR
TR A R— IR, diag(r) FRXTAMIE. sign(-) [CRMF5REL B{} FRECEE.

FIEH N AR R FTALR S, MgHINEHE ¢ = (V,€) Fn, b v = {1,2,-- N} FRTELE,
E={(i,j)|i,j € V} FilE, LR « MBI RERN N, = {j](1,5) €E}. A= [a;;] e RVN JZEE] G HSRHEAE
W, 25 (i) € €, W ayy >0, T, ay; = 0. X TTCRIE G R, aiy = aji. TR D =diag{d,,ds, - ,dn},
Hd, =Y\ ayy. WIE G MREERDFERE XN L=D— A 2HFE H=L+B, K B=diag{bi,bs, - by},
WA AR @ ARSI E E R, W b, =1, T, b, =0.

Markov &% r(t) (t > 0) FEMERZS 0] (O, F, Fiso, P) LIRAELN, EAEAMRE S={1,2,.--,s} PBAHAF
0= [0ap)exs(d, p€S) WL

04, N+ o(At), d#p

1

P{r(t+ALt)=p|r(t)=d} = {

- . At — N .
HrbAt>0 A lim <Tt> 0. 0, FIRIURTS d FPIRTS p IUEEEEAER, Q1L d £ p, W] 6,, >0, W 6,, <0, 4
N
Hdd - Z de.
p=1,d#p

55 0 D ERBEE R REIR RIS ) R GE R
da; () = [A(r(£))a: () + B(r(t)) f (2:(2), 1) + i (r(£))]dt + g (2:(t), ) dw(?) (2)

Ho (1), t > 0 FIRTE ¢ B2 /R ] Jad BRIBS AR RE. A(r(1)), B(r(t)) € R FonBizs h r(t) W BUERE.
z,(t) € R™, (i=1,--- ,N) FIRH i MERRIKIPRE, w(r(t) € R* I« MR HIMAME. f()e R
PR i MERRRMESREL. g(-) € R HIRBEF B AR IOME AT 5 BE BT w(t) € R oAz g, JF B 2
E{dw(t)} =0 I E{[dw(t)]?} = dt, ¥ Markov 4% r(-) S WHZE D) w(-) BAHE K.

GUFHE x0(t) BIBEHLEN T R G AR

do (1) = [A(r(8))o(t) + B(r (1)) f (xo(t), )]t + g (o (), 1) dw(t) 3)
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Horr ao(t) € R FRFEH PR, flo(t),t) € R* FmTFH BIELLREL, g(x0(t),t) € R FRTFH 1Y
FH O RN
T2 L | 5 R L.
Ri%& 1 XFALEMME 2 Ry R, BOIZPREL £(-) & Lipschitz #ELERY, WIAFFE— B ky > 0 {15
[ f(z(t),t) = fly@®), ) |<hul[z(t)—y(@) |-
g 2 X TMRASREEBREL g(xi(t),t),2:(t) € R* W ELAN Lipschitz 4%
trace[g(ax;(t),t)" g(x;(t),t)] < ko] (t)a,(t),

Hdr g, > 0.
%lfg 1[11] ﬂn%ﬁﬁ 61 2076220753207”' 751\120 u& 0<p§17Q> 17 mljﬁ

(L)< <f)p’ yerw(3e)’
fn

5138 218 4 V (t) e L AR pRER, s LU T &4
{ V() < —aVr(t) =V (t), t#ty,
V() <oV (ty),
Hira,n>0,0<0<1,0<p<1,9>1, WFER V(¢) FERERE] T BT 0, Hh 7w
T<T. — 1 1

all=p) no—1)°

EX 1 XT A0 T(0) AR T REVE 2:(0),20(0), WAL (2) MRS (3) 78 E W H Ak F]
— 2, WA lim,_r E{||2;(t) —20(t)[|} =0 F1 E{||lz:(t) —zo ()|} =0, t > T WSz, Hrb T Jyfs B

2 FELiP
SRR

BT ], 5L R U e
e (r(1)) = s (r(1)) + s (1 (1)) (4)
S
wn (r(£)) = —aa (r(t) e (1) — s (r (1)) ding(sign(e: (1)) les (1) — Ba(r(£) ding(sign(e, (1) e (D),
{ s (r(t)) = 32 Th(r(0)es(D3(1— 1),

G . (0) =) (1),
8§ AR IR e, (1) BRI
Jedt) + B (D) fuledt),0) = on (r(B)es(t) = B (1)

diag(sign(e:(t)))]e: ()" — B2(r(t))diag(sign(e:(t)))le:(t)|]dt + gri(es(8), t)dw(t), t#ty (5)
Aei(tr) =ei(t) —ei(ty) = T3 (r(t)e(ty), t=tx

\

Hrp £, (e — fxo(t),1), gri(es(t),t) = g(x:i(t),t) — g(z0(2),1).
,Eiil 75@@11 {Eww AL, WERAFAE 0 W 0<0< 1, IFHA

a1 (7(1) > Amax (A(r (1)) + €1 Amax (B(r(£)) B(r(£))") +e1k1 + k2,
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Gl

qy—as<0, d#p(d,p€S),
q,—0q>0, d=p(d,peS).
BT, W E MBENLEZ R REIR R ST (2) TN (3) FEFEHIPML (4) T7E [ R k3 —2, Hodr, (SR 7

1 1
T=—= -
B-9) Bla—1)
0 = A (T4 T O) U+ TGO ). =2 Ba= 2 T

5 2
JERR  5E XUNF Lyapunov PREX

1 1
vE G(O,l),ﬁ:%>1.

dq

=qd§;6f(t) (t)
Horbga>1. St B, V() KT ¢ iERL (5) Fﬁ*ﬂifﬁ%ﬁﬁ%
) =2qq ZN; e (M[A(r(t))ei(t) + B(r(t)) fuilei(),t) — i (r(t))es(t)
- ﬁizr(t))diag(sign(ei(t))) |es(t)]” — Ba(r(t))diag(sign(e(t)))]le: (¢)[*

+4a Z tracelgy;(e:(t),1)gui(e:(t), )] + Y 4,0, ( Z ef (t)ei(t)) (6)
MG 1 A 2 al 4
2¢; (1) B(r(t)) filei(),t) ey el () B(r(t)) BT (r(t))e:(t) +eikie] (t)ei(t) (7)
Al
trace[gy (e;(t),t)g1(ei(t),)] < kae] (t)ei(t) (8)

AR 0, BORE X, HE S 04, =0, ST Vaa >0 (des) A

<29dp> aq = 0 (9)
B2 (7)~(9) 1RA (6) 7THG

(t) §2qu€iT(t)A +qu€1 e; )BT (r(t))es(t)
+quelk1e 2qdza1 2qdzﬁ1 (t)diag(sign(e:(t)))]e: ()|
72quﬁ2 (t)diag(sign(e;( |“+qd2k26 t)+Z€dp(qpfad)(ZeiT(t)ei(t))

:queiT(t)(QA(r(t))+el‘lB(r(t))BT(r(t))—l—alklln—&—kzln
— 24 (r > +Z(9d,, g5 — Ze?(t) (1)

—2qd26l ))diag(sign(e;(t)))[e: ()] —QQdZﬂz ))diag(sign(e;(t)))]e:(t)]".
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A B =min(B;(r(t))(i=1,2), IWHEH 1P R &4
o < —2qdiilﬁl<r<t>>|eij<t>”“ - 2qdiiﬁz<r<t>>|aj (o)
< w:ﬂquiil ey wmqiz e (0l (10)
IS 1 T
ééeww*l =i2 ((estor?) R @;(em(tw) -
iz (] XNJZ ((tewtor?) S (ii(euu»z) -
i
qiz ((estor?) ) (Z( 07) N
¥ AR ABISE (10)7T7
v<-28(a) T (iZN;an;eU(t»?) N 2<N>1z“ﬂiqu(§;jnl<e 0) N
<288, (a) *' (iy ) R ((N)q;fm'“) o (i( 0?) N
==Bi(V(E)F - V)™ (11)
b B =285 =2 (00 o)
AR 145
E[LV(t)] < —Bi B[V ()] 5 = BE[V ()5 (12)
oty 1, BERGE (5) BT
V) =qdie?<t:>ei<tz>
qdzN;em><I+Tmr(t)))T(HTi(r(t)))ei(tk)
<044 ZNf e; (ti )e(ty)
o) (13)

Jork é:Amax(<I+Tfk<r<t>>>T<I+mr(tm) <1
S o= e(0,1),a= 2 > 1 PG (12) F1xK (13) A5
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DRPES | B 2 4525 B ] T
1 1
TRO-)  Ba-1)
WY& VAL 8T, FEAE— A SR B AR A ELIRES TE R B 1] 7, i1 lim B{|| 2i(t)—ao(t) [} =0, i=1,2,-- ,N.
MR E X1 AIRRENLEZ R BRIR R S (2) A1 (3) FEEEHIPMNL (4) T @%Tlﬂiﬁﬂﬂl’\]ﬁ@]#ﬁ(.
MRGANAHBEVL TP, WIT LS RS (2) F (3) S R PLF B

ari(t) = A(r(8)) @i (8) + B(r(t)) f (i (), £) +ui(r(t)) (14)

Tro(t) = A(r(t)zro(t) + B(r(t)) f(z,0(1),t) (15)
BTN AR (1) = w1 (t) +uspa(t)

uy(r(t)) = —au(r(t))oi(t) — B (r(t))diag(sign(o:(t)))]o: ()]
—52( (t))diag(sign(o(t)))|o:(t)]" (16)
u;n(t) = ZT2 (r(t))o:(t)o(t —tx)
Hrp o, (1) =2, (t) —2,0(t) FRERERIRZE.
HAG BRSO R 22 R GG o, (t) TR N

ai(t) = A(r(t))oi(t) + B(r(t)) fri(o:(t), t) — aa (r(t))oi(t)

|

|

(
=B (r(t))diag(sign(o(t)))|o:(t)|”
—B(r(t))diag(sign(o(t)))|o:(t)]", t#ts
Aoi(ty) = 0i(ty) —ou(ty ) = To(r(t))ou(ty), t=t
Horb fri(ou(t),8) = fas(t),8) = f(20(2),1), gri0s(t),t) = g(:(t),t) — g(ao (1), ).
WL 1 e 1. Bk 2 BT, DARAFTE—DHEL oo (r() T2 a1 (r(8) > Amax A(r(8)) + 27 Ao (B(r(t))

BT(r(t)))+ Leiky, MRS (14) 1 (15) FEREHIPIML (16) T BEASFE [ i ] N A B — 30 ARE S 13 2 n 1945 2 it
] T, A

(17)

1 + 1
Bi(1—=p)  Bo(u—1)
E OIS 1 AIER] S E B 1 AERTAEE, (B2 o, (r(¢) IOBMETS AR, B RS (2)F1(3) el T
Yo, FrLIERR 1 TPAY aq (r(t) BUES ky, B, WS 1 T oy (r(t) BUES k, JEK, FTLAFERENLR ST (1) F1(2)
W oy (r(t)) BIHEYER LL R SE (14)F1(15) BB A 45

3 HEER
TR LB BRI A SOT4R H 43 S O E R
I A Markov BRERIY M BEHLE R REIRRSE, 4 n=2, N =5, IR T HEEBBERAIE P
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Al = ) AZ = )
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T1:

PEPUE BT
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Jok i 5 R A RE B
T?1:< 02 0 ) T?F( 02 0 )
0 -02 0 -0.3

fi(z:(t),t) =tanh(z,;(t)), i=0,1,2,3,4,

g(x;(t),t) =0.3diag{z;1 (t),z:(t)}, i=0,1,2,3,4,

ABRERBEAIR S 20 = (—30,12)T, 2, = (25,—20)7, 2, = (14,—23)7, 25 = (=10, —5)7, x, = (—40,—6)7.
K1 FR RGN, K 2 Fon @R 1 i Markov YIS R, 18] 3 FIE 4 #5R TIERGEAZ 1 HIH 4
7F TR BRI AR ST 5.
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3 Timhl TR REIK x4 (t) KSHUTE 4 FTARSITRIEEEIK 202 (t) KEHNIE

TEHG AR E BTSSR ke =1, ko =2, 0u(1) =0.73, a1 (2) = 0.69, 5,(1) = 0.9, 51(2) =1.15, B,(1) =
1.2, ﬂz( ):0.8, qa=1.02, 7% v =04, u=1.2, 528 T EEMRE—FHE, HhE 5 fE 6 Fadshl T 6E
PRIPIRZS L. AR o AT DL BIAS SO BE il ds il g 1 A 350k
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za(t). i
ria(t), i

5 IEHIT RIS BEIR v (¢) KIS 6 1EHITEIEEEAR 200 (t) FRASHIE
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