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Abstract: In this study, the adaptive finite-time leader-following consensus control for multi-agent
systems (MASs) subjected to unknown time-varying actuator faults is reported based on dynamic
event-triggering mechanism (DETM). Neural networks (NNs) are used to approximate unknown
nonlinear functions. Command filter and compensating signal mechanism are introduced to alleviate
the computational burden. Unlike the existing methods, by combining adaptive backstepping method
with DETM, a novel finite time control strategy is presented, which can compensate the actuator
efficiency successfully, reduce the update frequency of the controller and save resources. At the same
time, under the proposed strategy, it is guaranteed that all followers can track the trajectory of the
leader in the sense that consensus errors converge to a neighborhood of the origin in finite time, and
all signals in the closed-loop system are bounded. Finally, the availability of the designed strategy is
validated by two simulation results.

Keywords: leader-following consensus tracking; adaptive finite time control; dynamic
event-triggered control (DETC); unknown time-varying actuator faults

1. Introduction

In recent years, the distributed consensus problem in the MASs has been widely studied by
many scholars. Remarkably, leader-following consensus control, which is intend to design a control
protocol according to local communication so that all followers can track the trajectory of the leader,
has been applied to many engineering fields, such as robotic manipulators [1] and grid-connected
microgrids [2]. Considering the existence of uncertainties, a large number of adaptive consensus
tracking control strategies based on backstepping method have been proposed in [3—6]. Note that the
results of the above studies have a common problem, that is, the “explosion of complexity” problem
caused by repeated differentiations of the virtual control signals. To tackle this problem, command
filter-based backstepping method was proposed in [7]. In line with this method, many excellent
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research results have been presented in [8§—10]. For example, in [10], a novel adaptive command filter
backstepping control scheme was advanced, and it was proved that asymptotic tracking could be
achieved by a Lyapunov stability analysis. In addition, with regard to stability issues, various types of
Lyapunov functions have been offered in [11-14] to analyze the stability and synchronization control.
However, the above results mainly discuss stability in infinite time. In many industrial engineering
fields, to improve convergence rate and convergence time, systems are required to achieve stable
performance and tracking performance in finite time. Based on this, numerous finite time consensus
tracking schemes were developed in [15-22]. Nevertheless, actuators of all agents mentioned above
are required to operate healthily.

As is known to all, actuator failures often occur during the operation of many practical systems,
which can lead to system performance degradation, or may bring adverse impact on the industrial
production. In response to this, researchers have focused on fault-tolerant control to compensate the
influence caused by actuator faults, see [23-29]. However, the residual fault control rates in the
aforementioned literatures were always constants. There is a more practical class of faults composed
of time-varying actuation efficiency and time-varying uncontrolled additional faults. In order to deal
with such actuator faults, many research results have been presented in [30-37]. For example, in [34],
by introducing some integrable auxiliary signals and a new contradiction argument, an adaptive
consensus tracking control scheme was given for MASs with time-varying actuator faults.
Unfortunately, the control signals of above-mentioned results are needed to have continuous
transmission to actuators, which inevitably results in a waste of resources.

Recently, so as to utilize communication resources more effectively and reduce computational
expenses, event-triggered control (ETC) has been investigated and has received attention increasingly.
Different from the schemes based on event-triggered mechanism (ETM) in [38—47,49, 50] where the
threshold parameters were all fixed constants, DETC schemes with the help of adaptive backstepping
method were developed in [48, 51-54], and the threshold parameters were required to be adjusted
dynamically. Furthermore, in [55], based on DETM, two intermittent control protocols were
introduced depending on whether combined measurement or single measurement was used, which
could diminish the update frequency of control protocol in the nonlinear MASs. However, to our
knowledge, there are few research results on dynamic event-triggered adaptive finite-time consensus
tracking for high-order nonlinear MASs with time-varying actuator faults, which motivates our study.

Inspired by the above mentioned results, this paper will study the problem of adaptive finite-time
leader-following consensus via DETC for MASs with time-varying actuator faults. The main
contributions are as follows:

1)Unlike the previous results in [27-29], the time-varying actuator faults are studied in this paper.
An adaptive leader-following tracking control strategy is presented, which makes consensus errors
converge to a small neighborhood of the origin in finite time.

2)To reduce the computational burden, command filter and compensating mechanism are
introduced. Besides, different from the schemes based on ETM proposed in [38—45], DETC is
proposed. The dynamic event-triggered controller with larger triggering time interval is designed for
each follower, which greatly saves communication resources while successfully compensating for
actuator efficiency.
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Notation

Table 1. The connotation of symbols.

Symbol Connotation

R the set of real numbers

R the real r-dimensional space

diag{-} diagonal matrix

A®B Kronecker product of matrices A and B
|- absolute value

Xig> 8iq xi,q(t)a gi,q(')

2. System formulation and preliminaries

2.1. System formulation

Consider a class of nonstrict-feedback nonlinear MASs, whose dynamics can be described by

Xig = Xige1 + 8ig(xi), q=1,2,...,n—1
Xip = U + 8in(Xi), 2.1
yi=xi, i=1,2,...,N

where x; = [xi1, Xi2,...,X,]7 € R" represents the ith follower’s state, u; € R and y; € R denote the
system input and output, respectively. g;,(x;) (g = 1,2, ..., n) are uncertain smooth nonlinear functions
satisfying g; ,(0) = 0. The actuators of N followers may suffer from failures, which can be modeled as

ui(t) = oi(Mu,(t) + (1), i=1,2,...,N, (2.2)

where o;(f) € R is an unknown time-varying actuation effectiveness, i;(f) represents a control signal
which needs to be designed later and i,;(¢) denotes an unknown additive fault.

Remark 1. In lots of literature on the MASs consensus control [27-29], there always exists a normal
actuator, that is, 0;(t) = 1, it;,(t) = 0. However, in practical applications, the actuator may be subject to
fault. As shown in (2.2), the time-varying actuation effectiveness and additive fault are presented. In
other words, the actuator may resume healthy operation or change from one type of fault to another.

2.2. Topology theory

The directed graph Y = (A, B) is composed of node set A = {1,2, ..., N}and edge set B C AXA,
which is used to denote the interaction between N followers in this study. Define the connectivity
matrix as L = [l;,], namely, /;, = 1 in case of having a directed edge from p to i ((p,i) € B),
l;, = 0 otherwise. Besides, it is required that /; = 0. The neighbors set of node i is expressed as
M; = {pl(p,i) € B}. K = diaglky,k,,...,ky} is an in-degree matrix with k; = 3’ 5. ;. Denote the
Laplacian matrix as C = K — L. Define the pinning matrix ‘W = diag{w,,w,,...,wy},and w; = 1
indicates there is a directed edge from the leader indexed by O to the ith follower, w; = 0 otherwise. And
the augmented graph Y/ can be obtained, which is composed of Y and edges between some followers
and the leader. Additionally, we can get the matrix D = C + W.
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Control objective: This study is to design an event-triggered controller for every follower with
actuator faults, so that y; can track the output of leader y, where possible in finite time, and can
successfully avoid Zeno phenomenon. To achieve the control objective, some preparatory knowledge
will be given in the following.

2.3. Preparatory knowledge
Assumption 1. [15] The fixed directed graph Y includes a spanning tree with the leader as a root.
Assumption 2. The output y, and y, are continuous, known and bounded functions.

Assumption 3. [31] 0;(t) and u;(t) are bounded for i = 1,2,...,N, namely, there exist constants
Oimin > 0 and itimax > O’ SI/tC]’l that Oimin < Qi(t) < 1 Cll’ld |i;tl(t)| < ifzimax-

Remark 2. Compared with [5], the condition required for the leader’s trajectory signal y, is relaxed
in Assumption 2. In other words, it is not required that y; and its derivatives up to the n-th order are
bounded and continuous.

Remark 3. Assumption 3 indicates that the actuator has a limited actuation effectiveness.
Furthermore, the existence of Oimin implies the exclusion of cases where 0;(t) = 0 and o,(t) tends to 0.
In other words, the ith follower can be affected by u;(t). Besides, it is required that 0;(t) and i1,(t) are
bounded, which can contribute to compensating the actuator fault in the following control design.

Lemma 1. [40] Define that g(Z) is any continuous function over the compact set Z and € > 0, then
there is always a radial basis function neural network (RBFNN) 'S (Z) such that

sup[3(2) - ®'S(Z)| <&, ZEECK, (2.3)
ZeE

where @* = [0}, D7, ..., CD}“]T € R' with node number | > 1 represents the weight vector, and S(Z) =
[51(Z), 52(2), ..., (D). s{(Z) = exp[%](]’ = 1,2,...,1) are Gaussian functions with the
center of receptive field 9; = [9}1,...,9;,]" and h being the width of s,(Z). Besides, the ideal constant

weight is denoted as ® = arg min { sup, = |g(Z) -0 s (Z)|}.

Lemma 2. [40] Suppose & = |e,6,...,&l’, where k is a positive integer. Let
S (&) = [51(&), $2(&), . . ., si(&))" be the RBF vector. Then, for positive integers m < n, one has
ST(&)S (&) < ST (&S (&) (2.4)

Lemma 3. [44] The inequality O < |u;| — y; tanh (g—‘l) < 0.27850 holds for any oy > 0, u; € R.
Lemmad4. [31] Let 61,05,...,0, € R, 0 <a < 1, then the following inequality holds

(Z |5i|) < ZI&I“ <n'™ (Z |6i|)

Lemma S. [16,29] For the system x = f(x, u), if there exist constants A, & > 0, 7 € (0,0), a € (0, 1),
h € (0, 1) and a continuous function V(x), such that

a

(2.5)

Bi(llxll) < V(x) < Ba(llxlD,
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V(x) < =AV(x) = EV(x) + m,

where B1(.) and B,(.) are K -functions, then it is said that the system is practical finite-time stability.
Besides, the settling time T satisfies
1 1 AVI=(x0) + hé

T < n = .
(I-a1 A T+ hé

- (2.6)
(1-h)é

3. Design procedure and stability analysis

3.1. Leader-following consensus control design

In this section, an event-triggered adaptive finite-time control scheme is proposed by backstepping
method for system (2.1) subjected to actuator faults. To avoid “explosion of complexity” problem in
the process of backstepping design, the first order command filter and compensating mechanism are
introduced. The design framework is as follows.

First, define the tracking error and transformation of coordinates as

Git = D lp(i = yp) + wili = Ya), (3.1)
PEM;
Sig = Xig — vai,q, (32)
where g = 2,...,n. &;, is the output signal of command filter, given by

Vigig + Xig = g1, &ig(0) = a4-1(0),

where «@;,_; is as the input signal and ;, is a positive parameter. To deal with the impact of the
unachieved portion (&;, — @;,-1) caused by the command filter, the compensating signals n;, (¢ =
1,2,...,n) are introduced as

Mg = =g + (ki + wniz + (ki + w)(&ip — ;1) — di1sgn(n;n), (3.3)
) . 4

Nig = —AigNig + NMige1 + (Fige1 — Qig) — digsgn(n;y) — 7Mia 4= 2,3,...,n—1, (3.4
) 1

Nin = =AigNin — dinsgNMip) — Zni,m (3.5)

where A;,, d;, are positive parameters, and 1;,(0) = 0. Then, define the compensated tracking errors
as Xiq = Siq — Mig-

In order to develop the following backstepping design process smoothly, we define the constant
6, = max{IICD,-,qIIZ, qg=12,....n},i = 1,2,...,N. Obviously, 6; is an unknown constant because
||D; 4|l are unknown. Let 0; be an estimation of 6;, and the corresponding estimation error is defined as
éi = 91‘ - 91‘.

Next, the design procedure will be described detailedly based on backstepping method.

Step 1: From (2.1) and (3.1), we can get that the derivative of y;; is

Xin = (ki + wi)(Gio + Gip + 8i1) — Z lip(Xpo + 8gp1) — WiYa — M1 (3.6)
PEM;
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Construct the candidate Lyapunov function as

X' 1 .
va=2, L
)1 4 2p1 i

where p; is a positive parameter. Then from (3.6), we have
‘ 3 ¥ ) ; 1.
Vit = x| (ki + 0)(Sio + &io + gi1) — Z lip(Xp2 + &p1) — WiYa — Nin | — ;9 i0;.
PEM; !

According to (3.3), one has
’ — . 1.4
Vi = 0K+ @iz + i) + 8 (Zan) = 03+ Ayaier + diasgnGn) - 8. G

where g;1(Z;1) = (ki + w)gin — 2 lip(xXp2 + gp1) With Z;; = [x], x]]". In view of Lemma 1, by using
PEM;
RBFNNS to approximate function g;;(Z; ), namely,

8i1(Ziy) = O]\ S:i1(Zi1) + €1(Zi),  eii(Zi)] < &, (3.8)

where ¢;1(Z; 1) denotes the approximation error and &;; > 0. Through employing Young’s inequality
and Lemma 2, one can obtain that

0 B3, 8
Xllgll(zll)— 2b2 Xl]Sll‘S 1+7+4X1] 4 B (3'9)

6 d2

3 i1 i1
Xiadisgn(m,) < —= + —=, (3.10)

where S;; = S;1(Z;)) with Z;; = [xl-,l,xp,l]T and b;; > 0 is a parameter to be designed. Then,
substituting (3.9) and (3.10) into (3.7), we have

6

. ] 1.2 3 Xii 0;
Vi S)(il((ki +w)(xiz + @i1) — wya + /11',1771',1) - ;l_giei + 4)(,1 + 7 + 27, —x1STiS
o -
. )
2 4 2 ( )
The virtual controller is devised as
3
1 Xiv XSS 3
o= g — L ZMTTETE e g — (1 + ks + iy | 3.12
1y l( 1S~ > 2, il + Wy 4( wiXi1 (3.12)

where &;; > 0 is a design parameter. It follows from (3.12) and Young’s inequality that

. 9 plelszls A3 4 b, &, d&
Vii < - e+ (ki + ] DTy~ 2k + wpy + kg By T
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~ 6 ¢T 2 g4 2
1 0; piX“S,"]Si,l A bi,l €i1 d;
< _/li,l/\/i] - fi,l)(?,l + Z(ki + wi)/\/iZ + _,(

e 20, U2 4 2
Step q (¢ =2,3,...,n—1) : According to (3.2), one has
Xiq = Sigr1 + Qige1 + 8ig = &i,q — ig- (3.13)

Choose the following candidate Lyapunov function as

1 4
‘/i,q = ‘/i,q—l + _Xi’q’

4
then we can derive that
. ) 3 _ . 4
Vi,q = Vig-1 +Xi,q Xig+l + Qg4 + gi,q(Zi,q) — Qg + Ai,qni,q + di,ngl’l(T]i,q) + Z)’],‘,q , (314)
where g;,(Z;,) = gi4- Similarly, it is obtained from Lemma 1 that
8iqdZig) = <1>1~T,q5 idZig) t€ig(Zig), leig(Zig < Eig, (3.15)

where g;,(Z; ;) is the approximation error and &; , > 0. It follows from Young’s inequality and Lemma
2 that

3 i 6 QT biz,q 3 4 é?,q
Xig8iq(Zig) < _2bqui’qSi’qSi’q + 3 + ZXi,q + 4 (3.16)
6 g2
3 iq iq
XigQiqsgn(nig) < > + > (3.17)

where S;, = S;,(Z:,) with Z;, = [x;1, Xi2, ..., Xi,]" and b;, > 0 is a parameter. By plugging (3.16)
and (3.17) into (3.14), one can obtain that

¢ 3 XY
y : 3 < i 6 T 4 i,q
Vig < Vig-1 +xi, (Xi,q+1 + Qg — Qig + Aiglig + Zni,q) + WX i,qS iSiq T é_lX iqgt 5
i.q
2 =4 2
bi’q &, dl.’q
+ =+ =+ —=
2 4 2

Then the virtual controller «;, can be constructed as

3 3)¢T
Xi,q Xi,qGiSi,qSi,q 3 ggi,q M

T—T_fi,q_EXi,q_T"'a'i,q’ (3.18)
iq

Qig = —AigSiq —

where &, is a positive parameter to be designed. Using Young’s inequality, we have

q q 2 q 6 ¢T q 2 =4 2
. 1 9. oix; S Sy« b: g d’
4 3 4 i oLy b [AY [AY [AY

Vig < — E AinXiy — VEZI EinXiy + igr P [ E —Zb?v - H,J + E (—2 ot

v=1 v=1 v=1
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Step n: In the last step, we will design the event-triggered controller based on actuator failures. The
DETM is considered as follows:

w0) = wilh), Vel b). (3.19)
th, = inf {t € R ko) > yiOla(n)] + A}, (3.20)
¥i(H) = =Biyi (1), (3.21)

where @;(¢) is the control signal to be designed next, ' denotes the update time, z;(r) = @,(f) — () is
the measurement error , A; > 0 and g; > 0 are parameters. Moreover, it can be seen that Vy;(0) € (0, 1),
we have y,(f) € (0,1). According to (3.20), we can obtain that V¢ € [t’, t‘+1) (D] < vi(Olui ()| + A,
then it is concluded that @;(t) = (1 + &1 (2)y:(1)a;(t) + £;2(H)A; with |£;1(£)] < 1 and |£;5(¢)| < 1. Hence,
u;(t) can be expressed as

@ (1) Lia(DA;

(1) = - _ 3.22
WO = oD T+ LD (22

According to (3.2), one has
Xi,n = Qi(t)ﬁi + ijli + gi,n - &i,n - ﬁi,n- (323)
Define the Lyapunov function candidate as

4
V'i,n =Vip1 t+ Z)(i,n'

From (3.5), one has

. . . 1

Vin = Va1 + X1, (Qi(f)ﬁi + i + 8in(Zin) — Qi + AipMin + dinSgN(M; ) + Zﬂi,n) , (3.24)
where g;,(Z;,) = gin- And we can get from the similar process (3.15) that

gi,n(zi,n) = (Dl?:nSi,n(Zi,n) + 8i,n(Zi,n)7 |8i,n(Zi,n)| < éi,n’ (325)

where ¢;,(Z;,) represents the approximation error and &;, > 0. From Young’s inequality and
Assumption 3, it can be derived that

Xialli < ix,n i“m (3.26)
0, b, 3 &,
X ngm(Z, n) < WX’ nSlnS,n + 7 + 4_1)(‘” T’, (3.27)
6 2
Xindin in) < 2 + 7 (3.28)

where S;, = S;.(Z.,) with Z;,, = Z;, and the design parameter b;, > 0. By substituting (3.22) and
(3.26)—(3.28) into (3.24) yields
@;(1) Lin(DA; . 1 3

‘/lns‘/ln—+3 (7 - - in+/linin+_in +_4
ne e X””(Q()(lm,](rm(r) T+ Zatoyny) ~ T el T g R
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6 2 a4 2
Hi 6 th 1 4 b gin din
+ =" ST S, + + =iy =
2b2 ln in 2 4utmax 2 4 2
(oS STS 0 L) (P& B
/ltv iy — #—0,'4' ﬂ+ﬂ+ﬂ+_“4
Z Xis = Zf X ¥ [Z 26, ) v:l(2 4 T T gMmax
3 Wi( ) Lin(DA; 3
+Xi nQi(t) ( - + Qiminl/vina/i,nL (329)
’ L+ 8@y 1+ 8a@)yi) ’
3
where a;, = g,im ( AinSin — @ Xi% —&in— %)(,-,,, - g’” + a,,,) and &;, > 0 is a parameter. The
event-triggered controller @;(¢) and the adaptive law 6; are dev1sed in the following:
3 3 -
Xinaiﬂ” _ Xinoi
wi(t) = — (1 + ’)/l(t)) [ai’n tanh — + 0; tanh — ) ) (330)
i i
l/\/l VS, vSl v A
_ Z 2b2 - A, (3.31)

where 0; > 0 and 0;,,;,0; > % Owing to 0 < Qjmin < 0i(1) < 1, |£1(H)] £ 1, |£i2(H)] £ 1 and xtanh x > O,
we can get that

l( ) 3 a"n 3 O
! = imin, in t h = Vimin t h 332
ot )X’”l + ¢ 1(t)%(t) ~OiminXi i a0 o 9 Xi01tan o (3.32)
Lin(DA; X A ’
O T < || 3.33
AN T 2 oo = 11—, (3.33)

According to (3.29)—(3.33) and Lemma 3, one has

2O

n n Ao n b2 & 1
- E /liv 4 E iV 3 + —10,~9i + E - + ﬂ — + = + 0.557 iminO i+ 3.34
— ’XI,V o é: XI,V pi — ( 2 4 2 4 tmaxJ Q g ( )

Remark 4. As shown in (3.19)—(3.21), one of the characteristics of DETC is that the threshold
parameter yi(t) can be dynamically adjusted. If supposing y,(0) = 0, A; # O and B; = 0, (3.21)
changes into tf .y = inf {t € R| |z;(0)| = A,-], which is the classical sample-data control. Moreover, if
setting v/(0) # 0, A; # 0 and B; = 0, the proposed DETC becomes the static event-triggered control.
Therefore, by comparison, DETC is more flexible. Besides, DETC has a larger average triggering
time interval and fewer communication times, which can contribute to reducing the update frequency
of the controller, saving communication resources and improving the utilization rate of resources.
Step n+1: For the compensating system, the following Lyapunov function is constructed as

ln+1 = § nlq

From (3.3)—(3.5), we have

Vipe1 = = Zﬂ,qn,q Zd,qsgn(mq)n,q+(k +w)77,1nzz+2n,qn,q+1 24%

q=2
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n—1

1 . y
= T+ (ki @)(2 = @)y + ) (g = @)y, (3.35)

q=2

It follows from Young’s inequality that

3
(ki + w)m; iz < 4(k + W)t + (k + W,
77i,q77i,q+1 < Zni,q + Zni,q+l’

and from [26], forg = 1,2,...,n — 1, itis gained that ||&; ;-1 — @; 4|l < T;, in the time T}, where 7;, are
positive constants. Hence, (3.35) can be written as

’ 3 4 C 3 4 C 3 3 S 3
Vipet < —(Ai,l -kt wi))n,-,1 - ;ui,q -ty - ; digligP + (ki + 0Tl + ; Toglig]

< -AiVipn — d; Vi

in+1°

(3.36)

where 1, = 4m1n{ 3k + W) dig — } d =2 \/E( min{d;,} — max {(k + wi)r,-,l,Ti,q}) and d; > 0
can be satisfied by choosing suitable parameters. A candidate Lyapunov function is selected as V; =
Vin + Vins1, then from (3.34), we have

. o1 I A n
Vi = ) Anh) = Y EGHE) - AWVint — iV, + 0+ 10, (3.37)
v=1 v=1 !
& 2
where A, = 4min{a;,}, & =2 \/_mln{.flv andI1; = Z (L +4+ L + i mwx) + 0.5570imin0i. Choose
N

the whole Lyapunov function candidate as V = }; V;, then the derivative of V can be gained that
i=1

N n N N
Vs- ZZM» DI D - Zﬂvum Zd Vit 2200+ ) 338)
v= i=1 It i=1

i=1 v=1

3.2. Stability analysis

Theorem 1. Consider the MAS (2.1) with actuator faults (2.2) satisfying Assumption 1-3, if virtual

controllers (3.12) and (3.18), actual controller (3.19), adaptive laws (3.31) and the compensating

signals (3.3)—(3.5) are designed under event-triggered mechanism (3.20) and (3.21), then it can be

guaranteed that 1) all signals in the closed-loop system are bounded; 2) the tracking errors converge

into a small neighborhood of the origin in finite time; 3) Zeno behavior is effectively elimitated.
Proof: We can know from Young’s inequality that

Aisr AN A,
200 < L8+ —LoP < —

A
Pi 2p; 20 ' T 8

A(—)4 + 7, (3.39)
2p;
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where 7; = % + %912 With the help of Lemma 4 and by substituting (3.39) into (3.38), one has

N

V<- ZZ“W—ZS—HZ ZZ& ) - ZA(—)4 Vi = Y diVE L +T1

i=1 v=1 i=1 v=1 i=1

<AV —¢Vi +11, (3.40)

N[

N

where I1 = Y.(II; + x;), A = min{A4;
i=1

(3.40) that V < =2V +1II, namely, V < (V(ty) — D)e™" + I < v(z9) + L. Therefore, all signals in the

closed-loop system remain bounded. According to Lemma 5, we can conclude that V < (ﬁ)% in a

1A, A} and ¢ = min{é;, A, d}, i = 1,2,...,n. It follows from

l’4

finite time T for h € (0, 1). Thus, it is derived that |g; .| < 2 V2 (

{a- h)g) . Due to g1 = D(y - (1y ® ya))

1
2V2(the)’

- , where u denotes

with ¢ = [§1.1, 62,15+ .- snal” and y = [yi, yau, - .. ynal”s thus [y; = yal <
the least singular value of . Moreover, T satisfies

4 AVity) + h
T < max(Tyy) + < In AT+ he (3.41)
/l(—(l_h)gﬁ + hé
Next, we will demonstrate that Zeno phenomenon can be excluded under the proposed scheme,
namely, there exists ¢, > 0, such that ;| — ¢ > ¢, with [ € Z*. Owing to z;(r) = @;(t) — i;(t), we have
Vte[t,1,,),

d d
Elzil = — Vzi X z; = sgn(z;)z; < |yl (3.42)

dt
Furthermore, it follows from (3.30) that @; is differentiable and z7; is a continuous function of bounded

signals. Hence, it can be obtained that |@;| < @, where @} > 0 is a constant. Because of z,-(ti) =0and
il (t )I A;

l

lim,_>,;-+1 zi(t) = )/,-Ib'ti(tf)l + A,, therefore £, > . In conclusion, the Zeno behavior is prevented.

4. Simulation results
In this section, two simulation examples are given to verify the effectiveness of the proposed

control scheme.
Example 1: Consider the following multi-agent system

):Ci,l = Xi2 + &i1(Xi1, Xi2), | @1
Xip = ui + gin(xi1, Xi2), i=1,2,3,4,
where g1 = 0.05 sin(xl’l - Xl,z), 812 = 0.01 sin(xl,l)cos(xlyz), g1 = 0.01X2’1 COS(.XZZ),

g2 = 0.03sin(0.5(xp1 — x22)), g31 = 0.02exp(—x31)cos(x32), g32 = 0.02sin(0.3(x3; — x32)),
841 = 0.05 exp(—x4,1) cos(x42), g42 = 0.01 sin(x4,; — x4). The actuator fault models for four followers
are defined as
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u; = (0.8 + 0.1 cos(—0.51))it; + 0.3sint, uy = (0.7 + 0.1 sin(-0.6¢))it, + 0.3 sinz,
uz = (0.6 + 0.2 sin(—0.57))az + 0.3 sint, wuy = (0.5 + 0.1 cos(—0.7¢))ity + 0.3 sin z.

The communication topology of four followers and one leader is shown in Figure 1. And the Laplacian
matrix and the pinning matrix can be described as

1 0 -1 0 0 0 0 O
0 1 -1 0 0 0 0 O
€= 0 0 0 0 W= 0 0 1 0
0 -1 0 1 0 0 0 O

Moreover, the output of leader is y; = sin(0.5¢). Our control objective is to make the output of each
follower y; track y; in finite time. NNs are used to approximate the unknown nonlinear functions
8isZiy) G = 1,2,3,4,q = 1,2). (Dj,;S iq(Zi4) contains 11 nodes, and the centers ¢}; are evenly
distributed in [-2.5,2.5] with width of 2. Besides, the initial conditions are selected as
x(0) = [0.1,0.1,0.1,0.2,0.2,0.1,0.4,0.3]", y(0) = [0.5,0.5,0.3,0.5]", 6(0) = [0.1,0.2,0.3,0.4]7,
Mi4(0) = 0 and &;»,(0) = 0,71 = 1,2,3,4, g = 1,2. To achieve the control objective, the design
parameters are chosen as A;, = 15, b;, = 10, &, = 0.1,d\ gy = dry = 025, dry = d3 g = dyy = 0.5,
Ai = O.6,ﬁl‘ = O.S,pl = P2 = Py = 15,p3 = 10, l//l' = 005, 01 =0 = 53 = 50, 04 = 60, Al‘ = 3 and
0;,=02,i=1,2,3,4,qg=1,2.

The simulation results under the proposed control strategy are depicted in Figures 2—7. As shown
in Figure 2, each follower’s output y; can well track the leader’s output y,.

Figures 3 and 4 show the input signals #; of four followers. The trajectories of dynamic trigger time
intervals ¢/, | — ¢! are exhibited in Figures 5 and 6, and the event-triggered numbers of four followers are
shown in Table 2. It is clearly seen that the amount of computation and communication resources are
considerably reduced. At last, Figure 7 displays the boundedness of the adaptive laws 6,(i = 1,2, 3, 4).

RORE

Figure 1. Communication topology in Example 1.
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Figure 2. The trajectories of y;(i = 1,2,3,4) and y; in Example 1.
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Figure 4. The trajectories of control input signals #3 and i, in Example 1.
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Figure 6. The trigger time intervals of i3 and i, in Example 1.

Table 2. The number of triggers of each follower in Example 1.

Agent(node) 1 2 3 4
The number of triggers 81 100 71 229

Example 2: To prove that the proposed scheme is applicable in practice, the multiple single-link
robot manipulator systems (SRMSs) are considered. According to [29], suppose that there are four
followers and the SRMS is described as

Mql + Bq, + NSll’l(ql) = Ii’ I= 1,2, 3,4, (42)
m 2 2 2
where M = = + 3—[@ + MOLO + ZIZER ,N = ’”ZLI?G + MOLOG and B = 1< , ¢; and [; are the angular position

and motor armature current respectively. In [29], the designed parameters M = 1,B = 1,N = 1 have
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been given. Define x;; = ¢q;, x;2 = ¢;, u; = I;, (4.2) can be rewritten as

Xip = Xia + 8ias
Xip = Ui + &i2, 4.3)
where g;1 =0, gi» = 10sin(x;;) — x;». The actuator fault models for four followers are defined as

u; = (0.6 + 0.1 cos(=0.50))it; + 0.3sint, up = (0.5 + 0.25 sin(—0.6¢))i1, + 0.3 sin#,
uz = (0.7 + 0.2sin(-0.5¢))it3 + 0.3sint, uy = (0.3 + 0.25 cos(—0.7¢))it4 + 0.3 sinz.

The communication relationship between the four followers and the leader is depicted in Figure 8.
Therefore, based on Figure 8, the Laplacian matrix C and the pinning matrix ‘W are expressed as

1 -1 0 0 0 0 0 0
0 1 -1 0 0 0 0 0
¢= 0 -1 1 0 W= 0 0 1 0
0 0 -1 1 0 0 0 0

And the leader’s output is y, = 0.5 sin¢. The initial conditions are the same as in Example 1, and the
parameters are designed as A, , = Ay, = Ay = 65, A3y = Aup = 60, b;, = 10, &, = 0.01, d;, = 0.01,
A,- :Z,ﬁi :2,/),- :20,lﬁ1 :lﬂz :lﬂ3 :0.05,W4 :0.12,51 :52 :54 250,53 :45,A1 :4,
A =A3;=1,A,=5ando;=0.1,i=1,2,3,4,qg=1,2.

Figures 9-14 display the simulation results of our devised scheme. The output curves are shown in
Figure 9, which indicates that the desired consensus can be achieved in finite time. Figure 10 illustrates
the trajectories of the adaptive laws 0:i = 1,2,3,4). The trajectories of i;(i = 1,2, 3,4) are drawn in
Figures 11 and 12, and the trigger time intervals are reflected in Figures 13 and 14. Furthermore, the
event-triggered numbers of four followers are presented in Table 3. In conformity with the simulation
results, the control scheme can be well applied in the SRMSs.

0.4

0.35

0.3
f

'

0.25 P,

\
02f ¢

o 5 10 15 20
Time(sec)

Figure 7. he trajectories of the adaptive laws ,(i = 1,2, 3,4) in Example 1.
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Figure 8. Communication topology in Example 2.
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Figure 10. The trajectories of the adaptive laws 8;(i = 1,2, 3,4) in Example 2.
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Figure 9. The trajectories of y;(i = 1,2,3,4) and y,; in Example 2.
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Figure 12. The trajectories of control input signals #3 and ii4 in Example 2.
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Figure 11. The trajectories of control input signals #; and i, in Example 2.
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Figure 13. The trigger time intervals of #; and #, in Example 2.
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Figure 14. The trigger time intervals of i3 and 4 in Example 2.

Table 3. The number of triggers of each follower in Example 2.

Agent(node) 1 2 3 4
The number of triggers 362 685 390 289

5. Conclusions

In this paper, with a view towards leader-following consensus tracking, an adaptive finite-time
DETC scheme has been proposed for MASs with unknown time-varying actuator faults. Based on
adaptive backstepping method, neural network approximation technique and command filter technique,
the actuator efficiency has been compensated successfully. Moreover, the DETM has been given for
each follower to reduce the update frequency of controller and mitigate the communication burden. In
the light of the presented control scheme, leader-following consensus has been achieved in finite time
and all signals of the closed-loop system are bounded. In the future, we will tend to study the consensus
tracking problem of multiple leaders with time-varying actuator failures in switching topology.

Acknowledgments

We sincerely thank the editors and reviewers for their careful reading and valuable suggestions,
which makes this paper a great improvement. This work was supported by the National Natural Science
Foundation of China under Grants 61973148, and supported by Discipline with Strong Characteristics
of Liaocheng University: Intelligent Science and Technology under Grant 319462208.

Conflict of interest

The authors declare there is no conflict of interest.

Mathematical Biosciences and Engineering Volume 20, Issue 5, 7761-7783.



7779

References

1.

10.

I11.

12.

13.

H. W. Zhang, F. L. Lewis, Z. H. Qu, Lyapunov, adaptive, and optimal design techniques for
cooperative systems on directed communication graphs, IEEE Trans. Ind. Electron., 59 (2012),
3026-3041. https://doi.org/10.1109/TIE.2011.2160140

H. Cai, G. Q. Qu, Distributed tracking control of an interconnected leader-
follower multiagent system, [EEE Trans. Autom. Control, 62 (2017), 3494-3501.
https://doi.org/10.1109/TAC.2017.2660298

G. Wang, C. L. Wang, L. Li, Q. H. Du, Distributed adaptive consensus tracking control of higher-
order nonlinear strict-feedback multi-agent systems using neural networks, Neurocomputing, 214
(2016), 269-279. https://doi.org/10.1016/j.neucom.2016.06.013

D. Zhang, Q. L. Han, X. Zhang, Network-based modeling and proportional-integral control for
direct-drive-wheel systems in wireless network environments, /IEEE Trans. Cybern., 50 (2020),
2462-2474. https://doi.org/10.1109/TCYB.2019.2924450

J. S. Huang, W. Wang, C. Y. Wen, J. Zhou, G. Q. Li, Distributed adaptive leader-follower and
leaderless consensus control of a class of strict-feedback nonlinear systems: A unified approach,
Automatica, 118 (2020). https://doi.org/10.1016/j.automatica.2020.109021

N. Wang, G. H. Wen, Y. Wang, F. Zhang, A. Zemouche, Fuzzy adaptive cooperative consensus
tracking of high-order nonlinear multiagent networks with guaranteed performances, IEEE Trans.
Cybern., 52 (2022), 8838-8850. https://doi.org/10.1109/TCYB.2021.3051002

J. A. Farrell, M. Polycarpou, M. Sharma, W. J. Dong, Command filtered backstepping, IEEE
Trans. Autom. Control, 54 (2009), 1391-1395. https://doi.org/10.1109/TAC.2009.2015562

J. P. Yu, P. Shi, W. J. Dong, C. Lin, Adaptive fuzzy control of nonlinear systems with
unknown dead zones based on command filtering, IEEE Trans. Fuzzy Syst., 26 (2018), 46-55.
https://doi.org/10.1109/TFUZZ.2016.2634162

Y. X. Lian, J. W. Xia, Ju H. Park, W. Sun, H. Shen, Disturbance observer-based adaptive neural
network output feedback control for uncertain nonlinear systems, IEEE Trans. Neural Networks
Learning Syst., 2022 (2022), forthcoming. https://doi.org/10.1109/TNNLS.2021.3140106

C. Xin, Y. X. Li, C. K. Ahn, Adaptive neural asymptotic tracking of uncertain non-strict feedback
systems with full-state constraints via command filtered technique, IEEE Trans. Neural Networks
Learning Syst., 2022 (2022), forthcoming. https://doi.org/10.1109/TNNLS.2022.3141091

R. H. Li, H. Q. Wu, J. D. Cao, Impulsive exponential synchronization of fractional-order complex
dynamical networks with derivative couplings via feedback control based on discrete time state
observations, Acta Math. Sci., 42 (2022), 46-55. https://doi.org/10.1007/s10473-022-0219-4

Z. Q. Zhang, H. Q. Wu, Cluster synchronization in finite/fixed time for semi-Markovian switching
T-S fuzzy complex dynamical networks with discontinuous dynamic nodes, AIMS Math., 7 (2022),
11942—-11971. https://doi.org/10.3934/math.2022666

J. Bai, H. Q. W, J. D. Cao, Secure synchronization and identification for fractional complex
networks with multiple weight couplings under DoS attacks, Comput. Appl. Math., 41 (2022).
https://doi.org/10.1007/s40314-022-01895-2

Mathematical Biosciences and Engineering Volume 20, Issue 5, 7761-7783.


http://dx.doi.org/https://doi.org/10.1109/TIE.2011.2160140
http://dx.doi.org/https://doi.org/10.1109/TAC.2017.2660298
http://dx.doi.org/https://doi.org/10.1016/j.neucom.2016.06.013
http://dx.doi.org/https://doi.org/10.1109/TCYB.2019.2924450
http://dx.doi.org/https://doi.org/10.1016/j.automatica.2020.109021
http://dx.doi.org/https://doi.org/10.1109/TCYB.2021.3051002
http://dx.doi.org/https://doi.org/10.1109/TAC.2009.2015562
http://dx.doi.org/https://doi.org/10.1109/TFUZZ.2016.2634162
http://dx.doi.org/https://doi.org/10.1109/TNNLS.2021.3140106
http://dx.doi.org/https://doi.org/10.1109/TNNLS.2022.3141091
http://dx.doi.org/https://doi.org/10.1007/s10473-022-0219-4
http://dx.doi.org/https://doi.org/10.3934/math.2022666
http://dx.doi.org/https://doi.org/10.1007/s40314-022-01895-2

7780

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

X.N. Li, H. Q. Wu, J. D. Cao, Prescribed-time synchronization in networks of piecewise smooth
systems via a nonlinear dynamic event-triggered control strategy, Math. Compu. Simul., 203
(2023), 647-668. https://doi.org/10.1016/j.matcom.2022.07.010

L. Zhao, J. P. Yu, C. Lin, Y. M. Ma, Adaptive neural consensus tracking for nonlinear multiagent
systems using finite-time command filtered backstepping, IEEE Trans. Syst. Man Cybern. Syst.,
48 (2018), 2003-2012. https://doi.org/10.1109/TSMC.2017.2743696

J. W. Xia, J. Zhang, W. Sun, B. Y. Zhang, Z. Wang, Finite-time adaptive fuzzy control for nonlinear
systems with full state constraints, IEEE Trans. Syst. Man Cybern. Syst., 49 (2019), 1541-1548.
https://doi.org/10.1109/TSMC.2018.2854770

J. Wu, S. Qiu, M. Liu, H. Y. Li, Y. Liu, Finite-time velocity-free relative position coordinated
control of spacecraft formation with dynamic event triggered transmission, Math. Biosci. Eng., 19
(2022), 6883-6906. https://doi.org/10.3934/mbe.2022324

C. Wang, C. Zhang, D. He, J. L. Xiao, L. Y. Liu, Observer-based finite-time adaptive fuzzy
backstepping control for MIMO coupled nonlinear systems, Math. Biosci. Eng., 19 (2022), 10637-
10655. https://doi.org/10.3934/mbe.2022497

Y. Cui, X. P. Liu, X. Deng, G. X. Wen, Command-filter-based adaptive finite-time consensus
control for nonlinear strict-feedback multi-agent systems with dynamic leader, Inf. Sci., 565
(2021), 17-31. https://doi.org/10.1016/j.ins.2021.02.078

L. Kong, W. He, W. Yang, Q. Li, O. Kaynak, Fuzzy approximation-based finite-time control for a
robot with actuator saturation under time-varying constraints of work space, IEEE Trans. Cybern.,
51 (2021), 4873-4884. https://doi.org/10.1109/TCYB.2020.2998837

L. L. Zhang, W. W. Che, B. Chen, C. Lin, Adaptive fuzzy output-feedback consensus tracking

control of nonlinear multiagent systems in prescribed performance, IEEE Trans. Cybern., 2022
(2022), forthcoming. https://doi.org/10.1109/TCYB.2022.3171239

X. D. Lii D. W. C. Ho, J. D. Cao, Finite-time stability and settling-time
estimation of nonlinear impulsive systems, Automatica, 99 (2019), 361-368.
https://doi.org/10.1016/j.automatica.2018.10.024

D. Zhai, L. W. An, J. H. Li, Q. L. Zhang, Adaptive fuzzy fault-tolerant control with guaranteed

tracking performance for nonlinear strict-feedback systems, Fuzzy Sets Syst., 302 (2016), 82—100.
https://doi.org/10.1016/].fss.2015.10.006

Y. M. Li, S. C. Tong, Adaptive neural networks decentralized FTC design for nonstrict-feedback
nonlinear interconnected large-scale systems against actuator faults, IEEE Trans. Neural Networks
Learn. Syst., 28 (2017), 2541-2554. https://doi.org/10.1109/TNNLS.2016.2598580

G.Y. Lai, C. Y. Wen, Z. Liu, Y. Zhang, C. L. P. Chen, S. L. Xie, Adaptive compensation for infinite
number of actuator failures based on tuning function approach, Automatica, 87 (2018), 365-374.
https://doi.org/10.1016/j.automatica.2017.07.014

Y. X. Li, Finite time command filtered adaptive fault tolerant control for
a class of wuncertain nonlinear systems, Automatica, 106 (2019), 117-123.
https://doi.org/10.1016/j.automatica.2019.04.022

Mathematical Biosciences and Engineering Volume 20, Issue 5, 7761-7783.


http://dx.doi.org/https://doi.org/10.1016/j.matcom.2022.07.010
http://dx.doi.org/https://doi.org/10.1109/TSMC.2017.2743696
http://dx.doi.org/https://doi.org/10.1109/TSMC.2018.2854770
http://dx.doi.org/https://doi.org/10.3934/mbe.2022324
http://dx.doi.org/https://doi.org/10.3934/mbe.2022497
http://dx.doi.org/https://doi.org/10.1016/j.ins.2021.02.078
http://dx.doi.org/https://doi.org/10.1109/TCYB.2020.2998837
http://dx.doi.org/https://doi.org/10.1109/TCYB.2022.3171239
http://dx.doi.org/https://doi.org/10.1016/j.automatica.2018.10.024
http://dx.doi.org/https://doi.org/10.1016/j.fss.2015.10.006
http://dx.doi.org/https://doi.org/10.1109/TNNLS.2016.2598580
http://dx.doi.org/https://doi.org/10.1016/j.automatica.2017.07.014
http://dx.doi.org/https://doi.org/10.1016/j.automatica.2019.04.022

7781

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Z. M. Wu, Y. F. Wy, Y. Dong, Distributed adaptive neural consensus tracking control of MIMO

stochastic nonlinear multiagent systems with actuator failures and unknown dead zones, Int. J.
Adapt. Control Signal Process., 32 (2018), 1694—1714. https://doi.org/10.1002/acs.2940

W. B. Xiao, H. R. Ren, Q. Zhou, H. Y. Li, R. Q. Lu, Distributed finite-time containment control
for nonlinear multiagent systems with mismatched disturbances, IEEE Trans. Cybern., 52 (2022),
6939-6948. https://doi.org/10.1109/TCYB.2020.3042168

W. Bai, P. X. Liu, H. Q. Wang, M. Chen, Adaptive finite-time control for nonlinear multi-
agent high-order systems with actuator faults, Int. J. Syst. Sci., 53 (2022), 2437-2460.
https://doi.org/10.1080/00207721.2022.2053891

D. Ye, X. G. Zhao, B. Cao, Distributed adaptive fault-tolerant consensus tracking of multi-agent
systems against time-varying actuator faults, /ET Control Theory Appl., 10 (2016), 554-563.
https://doi.org/10.1049/iet-cta.2015.0790

F. Wang, X. Y. Zhang, Adaptive finite time control of nonlinear systems under time-
varying actuator failures, IEEE Trans. Syst. Man Cybern. Syst., 49 (2019), 1845-1852.
https://doi.org/10.1109/TSMC.2018.2868329

Y. H. Jing, G. H. Yang, Adaptive fuzzy output feedback fault-tolerant compensation for uncertain
nonlinear systems with infinite number of time-varying actuator failures and full-state constraints,
IEEE Trans. Cybern., 51 (2021), 568-578. https://doi.org/10.1109/TCYB.2019.2904768

Y. F Li, S. X. Ding, C. C. Hua, G. P. Liu, Distributed adaptive leader-following consensus for

nonlinear multiagent systems with actuator failures under directed switching graphs, IEEE Trans.
Cybern., 53 (2023), 211-221. https://doi.org/10.1109/TCYB.2021.3091392

C. L. Wang, C. Y. Wen, L. Guo, Adaptive consensus control for nonlinear multiagent systems
with unknown control directions and time-varying actuator faults, IEEE Trans. Auto. Control, 66
(2021), 4222-4229. https://doi.org/10.1109/TAC.2020.3034209

W. Wu, Y. M. Li, S. C. Tong, Neural network output-feedback consensus fault-tolerant control
for nonlinear multiagent systems with intermittent actuator faults, IEEE Trans. Neural Networks
Learn. Syst., 2021 (2021), forthcoming. https://doi.org/10.1109/TNNLS.2021.3117364

Y. H. Yin, F. Y. Wang, Z. X. Liu, Z. Q. Chen, Finite-time leader-following consensus of multiagent
systems with actuator faults and input saturation, IEEE Trans. Syst. Man Cybern. Syst., 52 (2022),
3314-3325. https://doi.org/10.1109/TSMC.2021.3064361

K. X. Lu, Z. Liu, Y. N. Wang, C. L. P. Chen, Resilient adaptive neural control for uncertain
nonlinear systems with infinite number of time-varying actuator failures, IEEE Trans. Cybern., 52
(2022), 4356-4369. https://doi.org/10.1109/TCYB.2020.3026321

J. W. Xia, Y. X. Lian, S. F. Su, H. Shen, G. L. Chen, Observer-based event-triggered adaptive
fuzzy control for unmeasured stochastic nonlinear systems with unknown control directions, /IEEE
Trans. Cybern., 52 (2022), 10655-10666. https://doi.org/10.1109/TCYB.2021.3069853

L. Cao, H. Y. Li, Q. Zhou, Adaptive intelligent control for nonlinear strict-feedback systems with
virtual control coefficients and uncertain disturbances based on event-triggered mechanism, /EEE
Trans. Cybern., 48 (2018), 3390-3402. https://doi.org/10.1109/TCYB.2018.2865174

Mathematical Biosciences and Engineering Volume 20, Issue 5, 7761-7783.


http://dx.doi.org/https://doi.org/10.1002/acs.2940
http://dx.doi.org/https://doi.org/10.1109/TCYB.2020.3042168
http://dx.doi.org/https://doi.org/10.1080/00207721.2022.2053891
http://dx.doi.org/https://doi.org/10.1049/iet-cta.2015.0790
http://dx.doi.org/https://doi.org/10.1109/TSMC.2018.2868329
http://dx.doi.org/https://doi.org/10.1109/TCYB.2019.2904768
http://dx.doi.org/https://doi.org/10.1109/TCYB.2021.3091392
http://dx.doi.org/https://doi.org/10.1109/TAC.2020.3034209
http://dx.doi.org/https://doi.org/10.1109/TNNLS.2021.3117364
http://dx.doi.org/https://doi.org/10.1109/TSMC.2021.3064361
http://dx.doi.org/https://doi.org/10.1109/TCYB.2020.3026321
http://dx.doi.org/https://doi.org/10.1109/TCYB.2021.3069853
http://dx.doi.org/https://doi.org/10.1109/TCYB.2018.2865174

7782

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

H. J. Liang, G. L. Liu, H. G. Zhang, T. W. Huang, Neural-network-based event-triggered adaptive
control of nonaffine nonlinear multiagent systems with dynamic uncertainties, I[EEE Trans. Neural
Networks Learn. Syst., 32 (2021), 2239-2250. https://doi.org/10.1109/TNNLS.2020.3003950

J. W. Xia, B. M. Li, S. F. Su, W. Sun, H. Shen, Finite-time command filtered event-triggered

adaptive fuzzy tracking control for stochastic nonlinear systems, IEEE Trans. Fuzzy Syst., 29
(2021), 1815-1825. https://doi.org/10.1109/TFUZZ.2020.2985638

C.E.Ren, Q. X. Fu, J. A. Zhang, J. S. Zhao, Adaptive event-triggered control for nonlinear multi-
agent systems with unknown control directions and actuator failures, Nonlinear Dyn., 105 (2021),
1657-1672. https://doi.org/10.1007/s11071-021-06684-w

J. B. Qiu, M. Ma, H. Wang, Event-triggered adaptive fuzzy fault-tolerant control for stochastic
nonlinear systems via command filtering, IEEE Trans. Syst. Man Cybern. Syst., 52 (2022), 1145-
1155. https://doi.org/10.1109/TSMC.2020.3013744

X. L. Wang, J. W. Xia, J. H. Park, X. P. Xie, G. L. Chen, Intelligent control of performance
constrained switched nonlinear systems with random noises and its application: an event-
driven approach, IEEE Trans. Circuits Syst. I Regular Papers, 69 (2022), 3736-3747.
https://doi.org/10.1109/TCS1.2022.3175748

C. Y. Wang, Z. Y. Ma, S. C. Tong, Adaptive fuzzy output-feedback event-triggered
control for fractional-order nonlinear system, Math. Biosci. Eng., 19 (2022), 12334-12352.
https://doi.org/10.3934/mbe.2022575

P. Cheng, S. P. He, V. Stojanovic, X. L. Luan, F. Liu, Fuzzy fault detection for Markov jump
systems with partly accessible hidden information: an event-triggered approach, IEEE Trans.
Cybern., 52 (2022), 7352-7361. https://doi.org/10.1109/TCYB.2021.3050209

J. Song, Y. K. Wang, Y. G. Niu, H. K. Lam, S. P. He, H. J. Liu, Periodic event-
triggered terminal sliding mode speed control for networked PMSM system: A GA-optimized
extended state observer approach, IEEE-ASME Trans. Mechatron., 27 (2022), 4153-4164.
https://doi.org/10.1109/TMECH.2022.3148541

S. X. Luo, F. Q. Deng, On event-triggered control of nonlinear stochastic systems, IEEE Trans.
Autom. Control, 65 (2020), 369-375. https://doi.org/10.1109/TAC.2019.2916285

X. D. Li, D. X. Peng, J. D. Cao, Lyapunov stability for impulsive systems via
event-triggered impulsive control, IEEE Trans. Autom. Control, 65 (2020), 4908-4913.
https://doi.org/10.1109/TAC.2020.2964558

X. D. Li, X. Y. Yang, J. D. Cao, Event-triggered impulsive control for nonlinear delay systems,
Automatica, 117 (2020). https://doi.org/10.1016/j.automatica.2020.108981

F. Shu, J. Y. Zhai, Dynamic event-triggered output feedback control for a class
of nonlinear systems with time-varying delays, Inf. Sci, 569 (2021), 205-216.
https://doi.org/10.1016/j.ins.2021.04.020

X. H. Ge, Q. L. Han, L. Ding, Y. L. Wang, X. M. Zhang, Dynamic event-triggered distributed
coordination control and its applications: a survey of trends and techniques, /IEEE Trans. Syst.
Man Cybern. Syst., 50 (2020), 3112-3125. https://doi.org/10.1109/TSMC.2020.3010825

Mathematical Biosciences and Engineering Volume 20, Issue 5, 7761-7783.


http://dx.doi.org/https://doi.org/10.1109/TNNLS.2020.3003950
http://dx.doi.org/https://doi.org/10.1109/TFUZZ.2020.2985638
http://dx.doi.org/https://doi.org/10.1007/s11071-021-06684-w
http://dx.doi.org/https://doi.org/10.1109/TSMC.2020.3013744
http://dx.doi.org/https://doi.org/10.1109/TCSI.2022.3175748
http://dx.doi.org/https://doi.org/10.3934/mbe.2022575
http://dx.doi.org/https://doi.org/10.1109/TCYB.2021.3050209
http://dx.doi.org/https://doi.org/10.1109/TMECH.2022.3148541
http://dx.doi.org/https://doi.org/10.1109/TAC.2019.2916285
http://dx.doi.org/https://doi.org/10.1109/TAC.2020.2964558
http://dx.doi.org/https://doi.org/10.1016/j.automatica.2020.108981
http://dx.doi.org/https://doi.org/10.1016/j.ins.2021.04.020
http://dx.doi.org/https://doi.org/10.1109/TSMC.2020.3010825

7783

53. L. J. Wang, C. L. P. Chen, Reduced-order observer-based dynamic event-triggered adaptive NN
control for stochastic nonlinear systems subject to unknown input saturation, /EEE Trans. Neural
Networks Learn. Syst., 32 (2021), 1678-1690. https://doi.org/10.1109/TNNLS.2020.2986281

54. M. Li, S. Li, C. K. Ahn, Z. R. Xiang, Adaptive fuzzy event-triggered command-filtered
control for nonlinear time-delay systems, IEEE Trans. Fuzzy Syst., 30 (2022), 1025-1035.
https://doi.org/10.1109/TFUZZ.2021.3052095

55. A. H. Hu, J. H. Park, M. F. Hu, Consensus of nonlinear multiagent systems with
intermittent dynamic event-triggered protocols, Nonlinear Dyn., 104 (2021), 1299-1313.
https://doi.org/10.1007/s11071-021-06321-6

4

;Ei% AIMS Press

Mathematical Biosciences and Engineering

©2023 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

Volume 20, Issue 5, 7761-7783.


http://dx.doi.org/https://doi.org/10.1109/TNNLS.2020.2986281
http://dx.doi.org/https://doi.org/10.1109/TFUZZ.2021.3052095
http://dx.doi.org/https://doi.org/10.1007/s11071-021-06321-6
http://creativecommons.org/licenses/by/4.0

	Introduction
	System formulation and preliminaries
	System formulation
	Topology theory
	Preparatory knowledge

	Design procedure and stability analysis
	Leader-following consensus control design
	Stability analysis

	Simulation results
	Conclusions

