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DYNAMIC EVENT-TRIGGERED IMPULSIVE
CONTROL OF DISCRETE MULTI-AGENT SYSTEMS

ABSTRACT

Multi-agent systems refer to a distributed system composed of multiple agents
through network interconnection, which has information analysis and processing
capabilities that cannot be matched by a single agent, and is widely used in smart grid,
aerospace, artificial intelligence. If the system contains a leader, it can be modeled as a
leader-follower multi-agent systems. Under the action of control protocol, the follower
agent will eventually emerge with the same dynamic behavior as the leader, and the
controlled system is said to achieve leader-following consensus. In recent years,
researchers have paid attention to static or dynamic event-triggered impulsive control
strategies that integrate the advantages of impulsive control and event-triggered control.
The mechanism can selectively trigger the controller according to the agent's state and
act on the controlled target in a series of discrete moments. In fact, the communication
network of multi-agent systems is also exposed to the threat of network attacks, such
as denial-of-service attacks and spoofing attacks. In summary, this thesis studies the
dynamic event-triggered impulsive control of leader-follower multi-agent systems with
network attacks. The overall content arrangement is as follows:

In Chapter 1, we introduce the research background and significance of event-
triggered control in multi-agent systems and summarize the research status of this field
at home and abroad.

In Chapter 2, we introduce the prerequisites relevant to the research work in this
thesis and explain the special symbols that appear in the text.

In Chapter 3, we study the consistency of multi-agent systems, and construct a
unified error system by using the properties of Kronecker product, give and prove the

sufficient conditions for the real consistency of the controlled multi-agent systems. At
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the same time, the sufficient conditions for multi-agent systems consistency are given
and proved when impulse control is attacked by denial-of-service.

In Chapter 4, we take a closer look at the consensus problem of multi-agent
systems based on dynamic event-triggered mechanism under random denial-of-service
attacks, and give the adequacy conditions that need to be met to achieve consensus in
the controlled multi-agent systems under the relevant assumptions.

In Chapter 5, we systematically summarize the research work of this thesis and
analyze its shortcomings, and look forward to the possible future research directions.

Zhang Dongyuan (Mathematics)
Supervised by Wu Xiaotai

KEY WORDS: multi-agent systems, consensus, dynamic event-triggered impulsive

control, network attacks
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e(n=ay aq, (e,(t) =€)~ et +e )t =t (44)

EH g(e(0) = g(x,(1) — g(s(0)) » BERGE(AA)TERKIN ZIAELE

16



LR R 2 2 18 S

412 EHIFRR
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HIE X 4.1 FIER R ZEe R A4 ) 5@ )M —8, RATRESM T RG4.4)
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O
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H1(4.1) TR R 558(4.28) A 401

), my<m, <0 HHEE.
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AL, Y4 p =921, p,=15.995, m=-125, m,=—0.7581, % (4.28)F %

N—MRIEARSE, HAREPLE 4.2 Fros.

o

o
T

o
T

.
o

State trajectories of all agents without control input
(3,
|
|

t(sec)

B 42 FATHMA T RGHRSHIE

FERIIARI 2t =1, , GRS B R IIRZES Y-

x()=[-76 1 6] . x@)=[8 -1.6 -3] . x()=[8 0 -39],

5 (t)=[-7 1 =11, s(t)=[02 0.6 3.6] ALHABAIIE ¢=02, f=02

MHEEAT 5 4=0.74 , AR L, L A=0.001 , =2, T, =0.02, T, =0.03, T, =0.04,

B =12 ERPHELIRST BN, AT SR> sl &S F Al & P (4.6)/1(4.7)
A A UK RS TR 51, ELE ksl BE A A 4.3 Flros

22



LR R 2 2 18 S

0.02 | i
o
20015
T
c
Q
£
o 001F
2
7]
- |
(=%
E
0.005 1
'TII H,"»" HH-'
ottt | | {180 00 e 0 1 L 1 1 0 19
] 5 10 15 20 25 30 a5 40

43 HEAREIEK R I B E B
TERK bl e PRI N, BRAAG RN 4.4 FE 4.5 Froce) 4 A~ EREEH H e
PRI R GUIRA I

L '
0 0.05 0.1 0.156

t(sec)

o A

b

=

I —

s Q0 - ——— S s ———

= S e,

mﬁ Al 5 —e,lt)

€y(t)
I
0 0.05 0.1 0.15

t(sec)

B 4.4 BopiEsl T EEER 1 A 2 HIRERTSHIE

5
¢!
o
T o
= 0 —
= eyt
=
& e,lt)
P e,
0.02 0.04 0.06 0.08 0.1 012 0.14
t(sec)
o 9
o \
i <
1
€ of —— T ————
= [ = eyl
mE sF 2 5lt)
84t
. I
0 0.05 0.1 0.15
t(sec)

4.5 BORERITEEENE 3 R 4 FRERSHTE

23



LR R 2 2 18 S

HiEl 4.4 A& 4.5 ATLLE Y, 7252 B BEHLIE 26 Ak 55 20 S0 (0 0Bk 4l
PRAERIR S 4 S BREEE B R A0S 3 2 18] IR Z2 RS P 2Usioa s, Hix
APGRT 0. Bl 5 2, WAz 2 B R R G0(4.28) 7] LLSEILIAME & SO I — ik

4.5 REING

AR EAE L =T AL ST T BEN LR 26 R 55 MUl T — A 2 - BRI 2 B e A
RGBS T A b ) e L 85 it Sh A S A PSR R — R BB R
Ik R 20, M e 2 W e ARPE IR A iE Gt — IR ZE R GE, 2T RENL P8y
2 HOFIEN] 1 32 4% 2 B RE MR AR G BE AL IR 48 I 55 BLaky B SE B SO 10— 3
VERR I 2 e 2kt Bom, Bt N EET KRG, 8L Matlab AU {7 H
RIS UEAS SIS 25 R A7 U -

24



LR R 2 2 18 S

FB5E REERE

AL EEI T 2R RGN —BUER . B, X0 EREE 2 R e
PR ARG ER S FAE AN B AR Bk b d2 ) s HK, B XS AN R kb 2
il SR Mg 4t PR AS (R FRIFE 246 e 55 Bk, AEIX PRI [F] AR OB S8 0E 2R 4t m] ASE I
—HWE. BAME, REMEIRERSE, HET AR R o g BT
PR T 2 BB R G B P R I 7S 70 25 o R, 25 R8BI A 2 A dan it
BB, AWIGIIELEAR S BN Tk B N = . s, 2T
2 e MR B PRIE ] T e 2 B e AR R GEml DASI B — B0k

SR, AN AR tRAF AR 2 A e 2 AL, Bt

(1) SCEGINAE LR 55 P Iy R 2 0 S 5568 ks P2 B TP, 38047 %5 R 11
b

(2) B B AR NET, RELELIAEE, bRk,

JEEARK, v B H CAER R AIHT TT LAE th RS BB A SCAEE AN /2 2 bt

47 52 3
= ©°

Ju

25



X W YN 2 R R VAT

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

S22 3Rk

Leital P, Barbosa J, Trentesaux D. Bio-inspired multi-agent systems for
reconfigurable manufacturing systems[J]. Engineering Applications of Artificial
Intelligence, 2012, 25(5): 934-944.

KAKAE, B, RNE, & ZERERSE MAS LHNMAD]. tHATR,
2007, 24(6): 133-137.

skadtom, ElaE, WA, B BUE PERE B 2 B Be R ah A ik i 2 B 12
HI). HEHL TR, 2024, 50(03): 78-88.

RH, ARTEI . BA 2 I AR i 2 8 e iR RGEE V)3 0 T P25 —Buik
[J]. #H 5%, 2013, 28(12): 1811-1816.

Ma Q, Wang Z, Miao G Y. Second-order group consensus for multi-agent systems
via pinning leader-following approach[J]. Journal of the Franklin Institute, 2014,
351(3): 1288-1300.

Zhang Z, Chen S M, Su H S. Scaled consensus of second-order nonlinear
multiagent systems with time-varying delays via aperiodically intermittent
control[J]. IEEE Transactions on Cybernetics, 2019, 50(8): 3503-3516.

Wu'Y, Su H, Shi P, et al. Consensus of multiagent systems using aperiodic sampled-
data control[J]. IEEE Transactions on Cybernetics, 2015, 46(9): 2132-2143.

Ge X, Han Q, Ding D, et al. A survey on recent advances in distributed sampled-
data cooperative control of multi-agent systems[J]. Neurocomputing, 2018, 275:
1684-1701.

Tabuada P. Event-triggered real-time scheduling of stabilizing control tasks[J].

IEEE Transactions on Automatic Control, 2007, 52(9): 1680-1685.

[10]Dimarogonas D, Frazzoli E, Johansson K. Distributed event-triggered control for

multi-agent systems[J]. IEEE Transactions on Automatic Control, 2011, 57(5):
1291-1297.

26



X W YN 2 R R VAT

[11]Brentair M, Urbina S, Arzelier D, et al. A hybrid control framework for impulsive
control of satellite rendezvous[J]. IEEE Transactions on Control Systems
Technology, 2018, 27(4): 1537-1551.

[12]Hernandez-mejia G, Du X, Alanis A'Y, et al. Bounded input impulsive control for
scheduling therapies[J]. Journal of Process Control, 2021, 102: 34-43.

[13]L1 X, Li P, Wang Q. Input/output-to-state stability of impulsive switched systems[J].
Systems and Control Letters, 2018, 116:1-7.

[14]Liu B, Liu T, Dou C. Stability of discrete-time delayed impulsive linear systems
with application to multi-tracking[J]. International Journal of Control, 2014, 87(5):
911-924.

[15]Zhao X, Fei S, Sun C. Impulsive controller design for singular networked control
systems with packet dropouts[J]. International Journal of Control, Automation and
Systems, 2009, 7(6):1020-1025.

[16]Guan Z, Huang J, Chen G, et al. On the stability of networked impulsive control
systems[J]. International Journal of Robust and Nonlinear Control, 2012, 22(17):
1952-1968.

[17]Ai Z, Peng L, Zong G, et al. Impulsive control for nonlinear systems under DoS
attacks: A dynamic event-triggered method[J]. IEEE Transactions on Circuits and
Systems II: Express Briefs, 2022, 69(9): 3839-3843.

[18]Yang H, Wang F, Han F. Containment control of fractional order multi-agent
systems with time delays[J]. IEEE/CAA Journal of Automatica Sinica, 2016, 5(3):
727-732.

[19]Bhat S P, Bernstein D S. Finite-time stability of continuous autonomous systems[J].
SIAM Journal on Control and Optimization, 2000, 38(3): 751-766.

[20]Xiao Q, Wu Z, Peng L. Fast finite-time consensus tracking of second-order multi-
agent systems with a virtual leader[J]. Journal of Networks, 2014, 9(12): 3268.
[21]Wang X, Li S, Shi P. Distributed finite-time containment control for double-
integrator multiagent systems[J]. IEEE Transactions on Cybernetics, 2013, 44(9):

1518-1528.

27



X W YN 2 R R VAT

[22]Cortés J. Finite-time convergent gradient flows with applications to network
consensus[J]. Automatica, 2006, 42(11): 1993-2000.

[23]Zhang Y, Yang Y, Zhao Y, et al. Distributed finite-time tracking control for
nonlinear multi-agent systems subject to external disturbances[J]. International
Journal of Control, 2013, 86(1): 29-40.

[24]Chen G, Yue Y, Song Y. Finite-time cooperative-tracking control for networked
Euler-Lagrange systems[J]. IET Control Theory & Applications, 2013, 7(11): 1487-
1497.

[25]Xiao F, Wang L, Chen J, et al. Finite-time formation control for multi-agent
systems[J]. Automatica, 2009, 45(11): 2605-2611.

[26]Lin X, Zheng Y. Finite-time consensus of switched multiagent systems[J]. [EEE
Transactions on Systems, Man, and Cybernetics: Systems, 2016, 47(7): 1535-1545.

[27]Liu L, Liu Y, Tong S. Neural networks-based adaptive finite-time fault-tolerant
control for a class of strict-feedback switched nonlinear systems[J]. IEEE
Transactions on Cybernetics, 2018, 49(7): 2536- 2545.

[28]Gao F, Wu Y, Liu Y. Finite-time stabilization for a class of switched stochastic
nonlinear systems with dead-zone input nonlinearities[J]. International Journal of
Robust and Nonlinear Control, 2018, 28(9): 3239-3257.

[29]Charalambous T, Yuan Y, Yang T, et al. Distributed finite-time average consensus
in digraphs in the presence of time delays[J]. IEEE Transactions on Control of
Network Systems, 2015, 2(4): 370-381.

[30]Sundaram S, Hadjicostis C N. Finite-time distributed consensus in graphs with time-
invariant topologies[C]. 2007 American Control Conference, New York, USA, 2007:
711-716.

[31]Polyakov A. Nonlinear feedback design for fixed-time stabilization of linear control
systems[J]. IEEE Transactions on Automatic Control, 2011, 57(8): 2106-2110.

[32]Zuo Z. Nonsingular fixed-time consensus tracking for second-order multi-agent

networks[J]. Automatica, 2015, 54: 305-309.

28



X W YN 2 R R VAT

[33]Ning B, Zuo Z, Jin J, et al. Distributed fixed-time coordinated tracking for
nonlinear multi-agent systems under directed graphs[J]. Asian Journal of Control,
2018, 20(2): 646-658.

[34]Feng Z, Hu G. Secure cooperative event-triggered control of linear multiagent
systems under DoS attacks[J]. IEEE Transactions on Control Systems Technology,
2019, 28(3): 741-752.

[35]Chen X, Hao F. Event-triggered average consensus control for discrete-time multi-
agent systems[J]. IET Control Theory & Applications, 2012, 6(16): 2493-2498.

[36]Qian Y, Liu L, Feng G. Distributed event-triggered adaptive control for consensus
of linear multi-agent systems with external disturbances[J]. IEEE Transactions on
Cybernetics, 2018, 50(5): 2197-2208.

[37]Wang Y, Lei Y, Bian T, et al. Distributed control of nonlinear multiagent systems
with unknown and nonidentical control directions via event-triggered
communication[J]. IEEE Transactions on Cybernetics, 2019, 50(5): 1820-1832.

[38]Fan Y, Feng G, Wang Y, et al. Distributed event-triggered control of multi-agent
systems with combinational measurements[J]. Automatica, 2013, 49(2): 671-675.

[39]Xing L, Wen C, Guo F, et al. Event-based consensus for linear multiagent systems
without continuous communication[J]. IEEE Transactions on Cybernetics, 2016,
47(8): 2132-2142.

[40]Cheng Y, Ugrinovskii V. Event-triggered leader-following tracking control for
multivariable multi-agent systems[J]. Automatica, 2016, 70: 204-210.

[41]Cheng B, Li Z. Fully distributed event-triggered protocols for linear multiagent
networks[J]. IEEE Transactions on Automatic Control, 2018, 64(4): 1655-1662.

[42]Qian Y Y, Liu L, Feng G. Output consensus of heterogeneous linear multi-agent
systems with adaptive event-triggered control[J]. IEEE Transactions on Automatic
Control, 2018, 64(6): 2606-2613.

[43]Liu J, Zhang Y, Yu Y, et al. Fixed-time event-triggered consensus for nonlinear
multiagent systems without continuous communications[J]. IEEE Transactions on

Systems, Man, and Cybernetics: Systems, 2018, 49(11): 2221-2229.

29



X W YN 2 R R VAT

BUE T HAIB RIS R F AR AR

[1]5K AR TCIEE), RAAK (RN . 2B EER RSS2 b & kb 42 )
[J]. MA/RVEFE T R2 204, (EH).

30



LR R 2 2 18 S

Bist

TR RIS S, U ARREIAR, BIRTE], BFSUEN =R R .
BIEAEH, X=FRBBGRE, AN LER 7RI, LR ED
Ttz 2k, AR RAMIRNGR 7 2. IR BT AT, Ak
WHRAEARERZLLR, BN AR Rl 5 1K .

B, ERVFRAB IR TN, A S RN R . AR iR
FPE L R NIRRT, IXARRIR SR B, ERSCS /R RE T, RIS E,
A HERTEI T2 SRR FATTs 25 F BATRAK I By, it KM i) — = WIAT
RN S 2. o RA LM S, Remid—4&, HNSREXS
P fE b, SRR i DR IESS T B B[R B AR B 7Kg T2 ot
W, fERMEsae s, Eriz oy REBEOR O RE, Kl IERA
TR B, AR ST LS

Hxk, BERRIE AT, X =FRBA IR, BOA R AT E
B, HAEAR, P Ee 5SRRAMF L. £ XSEdES, BIAXm
o BRAEHON A TR TR, By,

B, WERRMFET, TRBIEB AR AR, KA
NSRRI B EEE AR, Bl BRI BHANHHRRK
FAEEALHD), —ERK, FRENNEZHT - EES8 %,

e RER IR %, G IRAEIMUBRE G, WA RER 5 B BT
4%, IERAT TIRE AT, WAANSIKBDT R, R R A T . 5K
RIS, dh AR S EBST RV, dh o B B0 . WRE
AR HERAOE Cad £ T 8, MEBRMIEE —HRFF M.

R, RMERGHX =4d, ras TRBIMZIMN, R, E2R
NA TR, FA BEAEDT FCAE AT SRAFRNRAIER AR, RS RS !

31



