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Dynamic Event-triggered Fixed-time Consensus Control for Nonlinear Multi-agent Systems
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Abstract This paper investigates the fixed-time consensus problem for nonlinear multi-agent systems under
bounded disturbances and a fixed communication topology. Addressing the challenges in existing event-triggered
control methods, such as convergence time dependence on initial conditions, low triggering reliability under disturb-
ances, and lack of theoretical basis for control parameter design, a dynamic event-triggered fixed-time consensus
control method is proposed. Firstly, a fixed-time controller integrating nonlinear gain and disturbance compensa-
tion is designed, which uses hyperbolic tangent functions instead of sign functions to eliminate chattering and
achieve smooth control signals, ensuring the upper bound of convergence time is strictly independent of initial
states. Secondly, an event-triggered mechanism based on adaptive dynamic variables is constructed, significantly re-
ducing communication frequency and rigorously excluding Zeno behavior. Furthermore, through the construction of
a novel Lyapunov stability analysis framework, explicit expressions for the upper bound of convergence time and
the lower bound of event-triggered interval are derived. Simulation results demonstrate that the proposed method
ensures fixed-time convergence performance while effectively achieving optimization and improvement of communic-
ation efficiency.
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it BER T IBHME AT, HEWRS T
AL, BCE AR RN AR AME, R, 5IHE 28
WMERE K, IRTHSEEIEE. 24 (2] > 01, 2/6 82
K, tanh(z/8) — sgn(x).

FH X 1E D) BR 2 tanh(z/6) 7] € XUN:

x ﬂ, x| <6
K x tanh(3> = 0 (12)

sgn(x),

§ N—IR/NIE R, K > 1 93 s e R 8, T L
R AR E, B9 RS PIIAE
PO IE D) R B 15 R AL UHJ% RIS

B3N
(Zaw (1)) —x; tk )

N 1+
Z Qij mz tk
7=0

c3 Z ;5 (xz tk (tk
Kd x tanh (; Zaij (xi(ti) - xﬂﬂ;))) -
j=0

2

cs ) g (@i(t) — z;(1) —
7=0

—~ 1 Y
K d x tanh 3 Jz:;) aij (zi(t) — x;(t))
(13)

EIE 2. FHEHA (1) A (2) 7R M IEL M4
SRS 2R RS, FHERW 1 ~ 4 Ko, HiE
BN R 3 A P53 5 Brid &A%, 746 b
W) ERN, HIEEETFE S, K, ki, ko >0 ff
FFU N AEE R AL

—~2 —~

T NKd 1) K
DLz < —2% o S ae (14)
vle®)s 552 k25

YU 2 Gt mT S B ] 5 I 1) — B

E 2. HIBUH IE I R R E AT, 2 (] > 6
i, X IE DT eR BT I U RS e B, B S A E
B MERERE. 24 Jo] < 6 I, PO IE B B B
BT R BT ST I, D REEHR. €
1R AR B R R AR SR E S, B i A R
fil R 2 AE S, G T e B 2, R AN R,
1% F [FIFE 1) Lyapunov BRECIEBIEEHIHMM (11) A
R, e P 2 [E B R B 5% B.

7 3. BB 2 R ARG AL E I R] A USSR 7R
VIR, T AR SR I S R B R R
oy Qi 1 o < B N 1 TR = 0B g E T
B, 00 ¥, MM K FEH TR, H
TUHRFEAN G e Th 8 THAE . B8 K AIIE Lya-
punov FHH 7 —yi(t) K d tanh(-) T, Jy 1 A3
S, WA S AL G, N S BT AR
K E’Jj(/l\ﬁfﬂﬁﬁﬁléﬁ}ﬁ’ﬂ%lﬁEI’HE, (EREA-ALPIF N2
PEARIE S 1, co. BRSNS TE] 1) b 5} Thax B,
ey TG, {0 K OERIEIIRED, W LU RS b
ANFFYERRAE — D /IR R EVCE N . REH i
R K W RGN RE R S H B (HH 5[ E N TR ST
EF Tax ZTAXELMAS H— DM ERFERR R, X2
HTAERE PEIEN] (WLF3% B) A2, JyabH i)
HHMEMA R, K BNAE 2 AN 846 5
REZH (N, d, 6 55) KAEREMG, X2 €
(i) 42 1) BEAL A0 B A% R G i 1Y) V\]T‘fh PR, SR, A
SCIETHEISIE TR K X REMEREMIER, XN
ZHROFTRAL T B KOS SIGH AR R
Wi 7R 7E 15 F 45 LAIRHIE.

E 4 AR T RSN 2 B RER RS
A BN T I R I TR — BovE ) 1) j, oz 0 ik
THH AR T SIS ST 8] b FRA ST TR AR RS 11 [
SE N [ ASRE , 4 35 PR AIC R e A m) PR JE A5 A [

ge Lk HAR, ASCBTE 1 PR ] SR, IR
ﬂ:iﬁﬂtﬁﬁ I E I TR A S B A SR A A LR Y
PRI B THAE SR, =2 i DX AE TS0 Sh 4 i b 2 5
e H— BT RS o B 20 25 5 fi A [ 5 I 1)
21 %% (symbol-function-based dynamic event-
triggered fixed-time controller, S-DETFC) /7% (/L
X (3)), & REHER 1 IRIE, BEARAMEILE), H
LI NFERIE TR, F 3T 00 =) e
B2 A o A [ € IS IR 4% i 2% (tanh-based dy-
namic event-triggered fixed-time controller, T-
DETFC) 7% (WX (11) e 2), % BIEAA
RO B, BAERFEAT MR E’Jﬂﬁﬂ‘éﬁfﬂi‘)&
TRt — IR E R, 57 B S R HESE
B‘J%%*%#ﬁﬂﬁlmﬁﬂﬁﬂh%ﬂ%& (SETFC) #47 Ti
REXTEE.
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NTHI ST 2 8 e A 2R G B A A A TR R A A K
T 0, BT 2 5 R Sk A 1sF 1) e e /0N ) B A2 9100, AN
T PRAIE S ) 88 AN 2 A PAT, RIFEBEAS S0 it
FEH RGAMELE Zeno 1T 4.

IR 3. LERURRS (1) A (2) e & %1 (9)
T, SEHLAT S ERIE — B i [ B ASAEAE Zeno 1TN.

BEHEIE Y |e(t)| < 6, |ys(b)] < 6 B, ik — R
FIHE S R AATE] (1)) = o1 + pa(ty) + @a(t],);
W ei(t)] > 6, lyi(t)| > 6 B, HAEPIE Y |&;(0))
<6, |yi(t)] <& MU B I FE L A ), Ak A A5 3
|Ei(t)| = @1 + @2(th) + @3(th,), BATZ AAEAEASE
KA, B o14+@2(th)+ P3(tl) < o1+ ¢a(th) +3(th),
FIFA R T EEAE EHE 3 H 2 e, (4)| < 0, |ya(t)| < O,
fih % 1B A2 75 KT 0 BIDAT. PEZRAE B I R LI 5% C

SE 5. BHASTH A A NG 52 KBS ARG K
g B AT {5 AR (AL 3, RPN NALE 2R 48 S B Il 5 B
(TS S I S )R] X [R) P, shas PRk SR (7) ~
(9) M T 15 G ifh & FAF R SRmS, BES AT &5k /b
ISSER R/ M N TE1R S S P a S A S S ]
TR . ZMERESE T 0 P FEATLERAE T[] 52 B [ 4% )
a5 (11) Tt 1] _E AR SPIEIRE TR, MshisH
i R AL 30 3 L P R B A A B 3 R Y A R
{E, 75K ARIE Lyapunov 2 5€ B AT HE T 8) & H A
B Y. X THE R GRS F £
FF B A5 A% DU PRI SIGHE AR, T IR A P AR
IR 5 2 D BT e A SBR[ B TR WA 8
PERERIRTIR T, SR IR TS 2R i A4k B
br. FEZER (W 5 7)) ik 7 _EiRS5 8.
4 BE

SR BT 2 AR SR H A R T A 1 1) R K B
AP b R [ 52 I A3 ) 2% 1 SEBLIRRE, vk 1 4
T B IR SRR I A O AE TR ] R B [ 4% )
B (1) 5ahEFEFA L (38 (7) ~ (9)) M
GhE R At WIFATHT. Hodr, 1=
e, ea, cay a, b FENTRGUH R E i T Sk
e, K Al d FT3amish il ae r; SR S5
p, 0, o, ¢ VrEAT fid & BRMEL AN Bh A48 & v, (¢) (I
HrIE AR, [ 5 T A AT s A I (1)~ 1l

H3£ 1. T-DETFC EASLIURAE

BN, N, a, A, Z, uo(t), ¢1, c2, c3, a, b, K, /CZ, P, 0,
o, g, 0, £;(0), x;(0) > 0.

M. 2(t), wilt), {t.}

1: WAk ¢« 0, 2« 0, 2;(0), x:(0) >0

2: while ¢ < Ty, do

S 52 &
t—t+ At
zo(t) = zo(t—At)+ (uo(t — At)+ f(xo(t — Ab),
t— At)) x At
: fori=1: N do
6: RSB JERES 2;(6), 7 e Ni (N BB
RefA @ BIATIEEES)
T i(t) = zi(t) — xo(t)
8: yi(t) = ]io aij (2:(t) — 2;(t}))
9: SR I
10: AN (13) 115 Bi(r)
11: Xi(t) = xi(t — At) + xi(t — At) x At
12: mmzeoﬁ@ﬂ—%ﬁmﬁm“ﬂ—
13: %Ecz|yi(t)|[l+§])
14: if g;(t) > 0 then
15: tho—t
16: I 8 z(t) ZN;
17: MR (11) THEB R IR i (t)
18: Ei(t) < 0
19: else
20: ui(t) = w; ()
21: end if
22: WEEH
23: zi(t+ At) = z(t) + (wi(t)+ f(zi(t), t) +
di(zi(t), t)) x At
24: end for

25: end while

ERERSE 1, 2, 3, a, b ILFRE T RS
[ 5 B e e e B 5, 38 KX B8 2 3fonT il B
FIREI IR K F1 d T 1998 R G s
HBE T, A RARIE SR AT . &
TR Z K p, 0, o, e BRI FHAMOEHLER], 2
thop Mo T ER BN SR x, () FIEFTES, o Al
e FRIRIVE Ml BIELI RS, B R IXEE S A 0m] /i
e, HA] B R RS L. 1 &S 8 FH A
fih e 2 B By IR ik, A RAIE AR 58 [ R I 1) RS RE
HIBE T, SEBUAEAE BEURH #E-15 F i 1 RE A0 BRI 1168

5 RGMHE

S UE Pt 425 i) SR W (A RUPE S bk A S
BT BB TR0 B AT b, R S
B WR 1 PR,

e 4 MREEE R 1 A0S 4RI £ B
RS, 5 MR AR Z 18 1) 5% & FlAE 4 B RoR,
WE 1R ST RS (1) f(2), Rk mEue &
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F 1 BhAEHRE E N A B L TSR
Table 1  Main parameters of dynamic event-triggered
fixed-time consensus algorithm
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Fig.1 Communication topology diagram

Flai(t),£)=0.22;(t) +sin(z (1)), f(zo(t),t)=0.220(t),
IR 2 P20 R0 405 2 (R4 RN 20 3 d (2 (t),
t) =0.1cos(t), uo(t) = 1.5sin(t) . HH f(z;(t), t),
di(z;(t), t), uo(t) 7 M 2R 24 R 3. ik 4.
d=0.3. BT H PIREEIRE N 20(0) =0, 4 4
FRBEE VIR N 2(0) = [1, —2, 1, —2] .

A2(L) = Aa(Ly_2a7) = Aa(Lp2a)) =

)\2(2[%1) =14
An(L) = AN(E[_zTa]) = )\N(E[%) =
An(Lize)) =55
SR REIEE SO YNTUEA-E o8 IV SN S SE
4 -1 -1 -1

-1 3 -1 0
L:

-1 -1 3 -1

-1 0 -1 2

PG —ERBEH AR RN B = diag{1, 1, 0, 0}.
R4 S-DETFC #rg (=X (3). WERZE (6). fil

REBEL (7)s I E (8) il 2% (9)), BEilFHR

ZH N x:i(0)=13,a=2,b=1,¢c1=2, ca =4, c3

— 5, WALETE 1 HIAAE. Aa(L) = 1.4, An(L) = 5.5,
ki =5.14, ke =9.69, H#E (A9) THHF 2 T
~ 14.46 s.

7t S-DETFC 5% (2N (3)) fEH T, RS H e
BB, (H RS S B ERHR, %I
GIRT T bR S AT AN 2 . N EHR AU
Jl T AT B B, T T R AL,
RN IR EF R ZE AR B R SR . IR A L
HERRHR I — PR RE, AA3CRH T-DET-
FC SRug (RP 3T X0Hh IE U oR 201 3 2 A % [
S8 I )42 1) 2% ). V2% SR 7 AR 0 45 1) A N ST i 48
ERE AR T S-DETFC () [E 4 B

NE B PASAS [R] SRBS RIEAS , R 2 53R 3
AR T H B GEARTE S-DETFC. T-DETFC K&
SETFC = Fh 5 g~ (1 fish & IR 5 T 353 ik [ B
AL R EY, T-DETFC 0% A8 A 20 154 84S
PR, JLRl R KB (261 1K) B S-DETFC g (1765
W) Wb 2 85.2%, 8 SETFC 5hg (2252 1K) Ii/>
2] 88.4% (W3 2). V35 fih A [ B A2 1 = 38 15 A
R ELETR bR, Al R A) BB O B ARG, 2K
K. Wk 3 Frox, T-DETFC f9°F £ il & 8]
F% (0.056 9 s) 7> 5k 2] SETFC (0.0054 s) F1 S-
DETFC (0.018 8 s) M%7 10.5 f5 £y 3.0 fi5. L L
SERIEREE S S Bk T @ BRI ERAE, B
PR, 7050 E B B3R 30 A8 S A R ML S5 el ik
AL AE (RAE T B PE BE 0 [, e 5 25 BRI {5 F4m.

R 2 AT TR R RS gt

Table 2  Triggering count statistic for agents under
different control strategies
g BRBEE 1 BRBEH 2 RREE 3 WEEE 4 BH
S-DETFC 231 529 509 496 1765
T-DETFC 63 74 67 57 261
SETFC 566 556 553 577 2252

R3O AFERISEE R R RS (s)

Table 3  Triggering interval statistic for agents under
different control strategies (s)
Pl sng  PRREE 1 PRRESE 2 IRBEE 3 IRBEE 4 M

S-DETFC 0.0206 0.0168 0.0182 0.0198 0.0188
T-DETFC 0.0477 0.0525 0.0636 0.0641 0.0569
SETFC 0.0059 0.0050 0.0060 0.0049 0.0054

Kl 2(a) BR T T S-DETFC H#ng (31t
W (3) Sk % (7)) 128 Re RS L.
SIG S5 RR B, FEWIURBT B (¢ < 0.3 s) BRBEE Aefh
5 G ERSAERFZME; 2t >03s B, RS
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Eitd 52 %

g
¥

HBEN PRI SR N B, BT A R il R A3 3 A 8 42 40
SFERSHEINIL 2o(t), T t=06s FIER—3K
P, Bk | S-DETFC HHg (1A 2. Bl 2(b) Ak
H T-DETFC HEm& (# B (11) FAH [F i fid A bR
(7)) WX Ehsie gt B M T 2(a), B 2(b) i@
iGN IE )R, B IR T USRS, BTl
BREARTE t = 0.3 s BRI AN FRE RS, et =
0.4 s K—FE, B S-DETFC 5 g Yt Si0m /& 12 TF
33.3%. T-DETFC ZRH& i) = YA 1] T~ 0.4 s
INFFRAS TR EFE Tax ~ 14.46 s, 8 T-DET-
FC S0 AE CRAIE [ B [ Sove (9 (R, B AR
RS PERE.
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(b) The state trajectory of each agent under T-DETFC

K2 sh&F M alksn 28 i RGURE R LT
Fig.2  Comparison of state synchronization in multi-

agent systems under dynamic event-triggered control

K 3(a) /R T S-DETFC HeHE N K fih & i %1
I SRR BORAE 0 < ¢ < 0.2 s BB, BRBE R AE
AR TE) W0 [ % 22 0K, A R AR, ST 53 i ) B
B M RGUETIEINSL (0.2 <t < 0.8 s), fill kA
BRI, MIBGIE K. REAEL > 02 s BN
A5, BT RS RS R RHRRZ T, Al A 5 B
IR IR T 0 B35 A, il R A AE RIS B
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(b) The triggering interval of each agent under T-DETFC

K3 shdf ks~ 2 etk 24
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Fig.3  Comparison of communication triggering

intervals of multi-agent systems under dynamic
event-triggered control

BRAT LR AR AH o AT (10 i AR AT 3K 3R 2% 5 WS 7 7
PRESESEHR. 2B IAIELE BHIEDT HAAE ST 7).

Kl 3(b) 4 T-DETFC 50 T 1 fl A B %) 53 A7 .
XFELE 3(a) AT WL, T-DETFC $E0& 4 2k 3 7 i1
PERE. TEZNA VI (0 <t < 0.2 s), HAhk %)
FIRERON SR, (HIE t > 0.2 s RAMANFASG, fit
R ARG Y R IR AR, — BURIRES, AR
B T HEHRE R 2 R RSB (1> 0.2 8),
T-DETFC fifil & 18] [ 5. 3% K F S-DETFC K%
TE [FI B B 1) ik A TR B i R 80 i) A T BRI, R
ERGEEER L, W S-DETFC 5% 8> 2
85.2% (WL5& 2). %45 R IS BE U8 VH FE 1Y £ BEAIE
52, T-DETFC SRuE 8 il BHig, 78 4E ke 4% hil 1k
REMRATHE T, BT ReIE .

K 4(a) /R T S-DETFC 5E0E N K Hl 4
AL, TIGLE RR M, TR L (0.2 <t <0.85),
HR RTINS 5 2 IR BR (5K bR 33
RAE A 3), FOARVE A Al L) 78 B 3 AL 1)
SN, BhAh, JEfid ok I 2 N AR R R R
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R P S AT 35 75 Ay 5 T B AR e
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(b) The input trajectory of each agent under T-DETFC
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Fig.4  Comparison of input trajectories of multi-agent
systems under dynamic event-triggered control
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Fig.5
evolution under dynamic event-triggered control

Comparison of measurement error and threshold



566 H | th =2 i 52 %
TEMEI S HOR ) A8 B R 5% A1 Al A ok BrBEe (0<t<0.2s) FPELi &, il i [a] (8] Bg Aty
A[733] SETFC Hg T &% & e Ak KRS L 1A 32 DEGE; RSB (t > 04 s), il 55 A% FE
i1l N T A % sk A B 2] . BN, IEILR S B T A N RS R
W 6 iz, 78 SETFC RIS T, 4 MERBEE 1) P—3, R RGE SETFC S0E T {54k 5 w4
FLERFEAE 0.4 s WHOEI S = T4, I 589 &7 K.
B AT A TR SRR — B BB | | | |
TERBIBL (6> 0.4 5), BHIMABRIEEE, R4 b 4 h——————————————
I IR, Bk T SETFC S Al = AU 4E+F
RYkue k., WAL ROUE RS WA
O ICEILG, UA I R 78 g5 v B 4 ) SR
3R . o
2.0
1.5 ~~%g§1 Rk L
N EE&E% 2 L L L L
- PR 3 0 0.2 0.4 0.6 0.8 1.0
0.5 - IRBEE 4 Time /s
F 0 8 SETFC i F &% etk i fil A vt %1
0.5 2‘21 Fig.8 The triggering time of each agent under SETFC
iy SETFC He8 R [ A B LR, 5551 %
oo BRURIR 9% (A0 s Ae ke S U R AR AL Y), Hofid A N %)
Yoo os 12 16 2 {E RV 1451504, AIECZ R, S-DETFC Al T-
Time /s DETFC 5B 18 b PR O 1 5 & AL, 2 3 1%
6 SETFC fEM T & & fefk 1R AL (S 7k 5 BeFE, FINIGR RAPITHNRE ). 47
Fig.6  The state trajectory of each agent under SETFC /Eu\ﬂ%ﬁ, WA GEAESE, RATATEEA A HE

/7 R T SETFC 5 T #HI N wi(t) 1
A, FERIEIT B (0 <t < 0.2 s), BRI ASNEE
B, ORI 2B REREE, B, (1) S RHIE 2 (RO R
[ B AR, A T T R R WL AR RS
BB (1> 04 s), RIRRERT, Bl 2o
WESE S TR AR A X W] AL,

30 = : : ‘
- ERBEE 1 - PR 3
157,{’5_: .......... B 2 --- MpEE 4 |
\'1
S 0 rl\v‘I TR
=
) %, Oz
1511} “af
0.2 0.3 0.4 0.5
730 III'i L L 1 L
0 0.2 0.4 0.6 0.8 1.0
Time /s
Kl 7 SETFC /EH T & & B ndE il A
Fig.7  The control input of each agent under SETFC
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