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Abstract

This paper investigates the leader-follower consensus problem for a class of delayed
multi-agent systems subject to Markovian switching topologies and intermittent com-
munication constraints. The communication topology among the agents is modeled
as a Markovian switching topology. Based on sampled control, a non-periodic inter-
mittent distributed event-triggered consensus protocol is designed using neighboring
relative state information, effectively excluding Zeno behavior. Agents perform con-
trol updates and information transmissions only when specific triggering conditions are
met, effectively reducing communication burden and energy consumption. Concur-
rently, employing a dynamic proportional coefficient method, time-delay factors are
fully considered. By setting constraints on minimum control time and minimum sleep-
ing time, the control width is reasonably selected, thus avoiding system oscillations
and equipment wear caused by frequent controller switching. Subsequently, using
methods such as Lyapunov stability theory, Kronecker techniques, and graph theo-
ry, sufficient conditions are derived to guarantee the achievement of leader-follower
consensus in the multi-agent system. Finally, numerical simulations are performed to
validate the effectiveness of the proposed control protocol and the correctness of the

theoretical results.
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col{ei(-), e2(-),...,en(-)} € RV, 6(-) = col{d1("),02(-),...,on(-)} € RN", H, = L, + D, , L, N
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3138 2.3. [21] ﬁ%%\zﬁz g e (0,1) L HEHE R >0, HEME w(t) € R, AAA/NER
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SIFE 2.4. [22] R MHARIESE R >0, X et B69HE u, AT AF XKL

—YTR7'Y < 2R — 2¢Y.
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TR, X T2 AR RGN (2) L0 R AEE RS Db . fERRIRE AR 2
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G(t) = [eT(t), el(t—7(t), e’ (t —mar), " (t —d(t)), e (t — h),v1,vs, V3, v4],
a(t) = [s (8),07(t —d(t))], Ris = diag{R, 3R},

1 t - 1 t*‘l’(t) T( )
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Ot = [0y — Do, 0y + By — 207 |, 02 = [Ty — s, o+ T — 205

7:)21 - 1§1 — 1§5,1§1 —|— 'l§5 — 21§9:| ,’l_122 - [’55 — 796,’55 +1§6 — 27510] 5

- T T T o T
_ |, . T _ |, T T _ |=T =T — =T =
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>0Hc>0, FHEER
L0695, 55,51,5, 4EI1%,
Koz, W AED R K6

EIE 3.1. AREL 2.1 AR —FEMBI (6)F, ¥ TLEHFHK o, 8 >

P >0 peM, Q>0 Qs>0,2, >0,Z,>0,R>0,U >0 #oif
P L {00,k =0,1,2,...,} , BIFATF o KBHELEERS

ﬂTH%’”%%%%()%%%%%ﬁ%XL% Bt

— 1 1
@1 = =1 — EH,{Flﬂl - EH?FQ]IQ S 0, (12)
1 - = 1or= -
Oy =5, — Eﬂfml - Eﬂgrzuz <0, (13)
_[An]10><10 2? Eg
= = x —(Iy®R™Y) 0 <0, (14)
| * —(In®U™Y)
[[An]oxo 2T 3%
= * —(IN®R_1) 0 <0, (15)
| x s —(In®U™Y)
k
Sup{Tk_H — Tk — Ok} < C, lim Z( 049 + B( i+1 — z’ — 91)) = —0Q, (16)
kEN k—o0 P
In @ Ris S1 In Q@ Ris So
|: * IN®R13 >0 ’ * IN®R13 >0 ’ (17)
In ® Ry Sy In @ Ry S,
. 18
[ * In ® Ry >0 * Iy @ Ry >0 (18)

HxF,

A1 =Y Tpg(In @ P)) + (In @ (P, A+ ATP, + Q1 + Q2 + Z1 + Z2 + ),
q=1

Ao = Iy ® PyAg, Ay = —H, ® P,BK,,, Ayis = —H, ® P,BK,,

Apoa = —(1 — e D (Iy ® Q2), Apzs = —e*™ (In ® Q1),

Apag = H) QH, @ O, Apys = H QH, @ ®,, Apss = —**(In ® Z1),

A1 =Y 1IN @ P) + (In @ (P, A+ ATP, + Q1+ Q2 + Z1 + Z> + aP, — BB,)),

n=1
Apia=In® P, Ada/In14 =-H,®PF BKpa/InQQ =—(1- U)eaT(t)(IN ® Q2),
Apzz = =™ (In @ Q1), Apss = —e*"(In ® Z4),
X = TMeaTM [IN RA In® Ad 0 —(HEQHP [029] (I)p) 0 _(HEQ‘HI) ® (I)p) @1><4] ,
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Sy =vVhe" [Iy®A In®Ag 0 —(HIQH,®®,) 0 —(HIQH,®®,) O],
j‘f:\/@eam [IN®A In ® Ay @1X7],2§:Jﬁe“h [IN®A In ® Ay @1x7]-

MEBA. %8 TR Lyapunov %L
2LV (e(t), r(t)) = Va(e(t), r(t)) + Va((e(t), r(t)) + Va((e(t), r(t))
H,
Vi((e(t), ()
Va((e(t),r(t))

eT(t)(In @ Prpy)el(t),

/t e 29T () (Iy @ Q1)e(s)ds + / e 29T (5)(In ® Q2)e(s)ds
PR t—7(t)

0 t
+ / / e 2alt=s=m) T (5) (I ® R)é(s) ds db
—7rp JtE+H0

Va((e(t),r(t)) = /t_h e 29T () (Iy @ Zy)e(s)ds + /t_d(t) e~ 29T (5)(In ® Zy)e(s)ds

e e 2elt=s=m)eT (o) (Iy é(s)dsdo,
+/;Le (8) (I ® U)é(s) ds d
& NN, St ST
LV ((e(t),r(t)) = 11913}) % []E [V(t +9),e(t +0),é(t + 19)|e(t), t] — V((e(t),r(t))] (19)

N EAE, K V((e(t),r(t) FBoamA V(L) , Vi((e(t),r(t) TN Vi(t) , Va((et),r(t)) £anN
Va(t), Va((e(t),r(t)) RN Va(t) .

1) %4 te[th  t* Ty T +01) , k=0,1,2,...., Viipy = m,m € M, #5(10) FIBZE2E K]
1,87 V1,541 (t)

S5 T NETH
LVi(t) =e' (1) Z Tpa(In ® Py)e(t) + ae™ (1) (In © B, )e(t)
+ e () (In @ Pye(t) +e' (t)(In ® Py)é(t) — aVi(t), (20)

LVo(t) = e" (t)(In @ Qu)e(t) — e ™ el (t — mar)(In ® Qu)e(t — )
+el () (In © Qa)e(t) — (1 —p)e > ™WeT (t — (1)) (I © Qa)e(t — 7(1))
+ e T (1) (Iy @ R)é(t)
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Figure 2. First error state trajectory
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Figure 5. Intermittent control process
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