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ABSTRACT This article investigates an event-trigger-based fixed-time adaptive tracking control problem
for strict feedback nonlinear systems with external disturbances. Relying on the values of the control input
and tracking error, the relative fixed event-triggered control scheme is introduced to save communication
resources on the basis of ensuring the control effect. Based on backstepping technology and neural network
schemes, a fixed-time controller is devised to certify that the tracking error converges to a small neighborhood
of the origin in the settling time. Meanwhile, all the signals of the closed-loop systems are bounded. The
simulation results are presented to demonstrate the effectiveness of the proposed method.

INDEX TERMS Fixed-time stability, nonlinear systems, event-triggered mechanism, adaptive neural

control, backstepping technology.

I. INTRODUCTION
Control theory has been widely developed and used in
recent decades. Due to the continuous progress of computer
technology, neural networks and fuzzy logic systems are
recognized as efficacious strategies for unknown nonlinear
systems [1]-[3]. Combined with backstepping technology,
many developments have been made [4]-[9]. A controller
devise problem was addressed for non-strict-feedback sys-
tems in [4]. [5] studied a robust fault estimation of discrete-
time systems, and [6] investigated a class of control
problems for multi-input multi-output (MIMO) unknown
Euler-Lagrange systems with output constraints. In addi-
tion, [7] presented a fault-tolerant control strategy for
leader-follower multiagent systems. Time delay problems in
practical control systems were studied in [8] and [9]. These
articles only prove the effectiveness of the control strategy
and do not consider improvements in the transient perfor-
mance and steady state performance of the system.

The required time for the controlled system from transient
response to steady state response is also an important part
of the controller design. To attain a shorter required time,
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[10] developed finite-time control techniques and applied
them to a class of control systems. Combined with the
Lyapunov theorem, finite-time control schemes have been
obtained, such as [11]-[16]. References [11] and [12]
researched the control problems for stochastic nonlinear sys-
tems. Reference [13] studied the finite-time control problem
for multi-input multi-output (MIMO) feedback nonlinear sys-
tems, and [14] investigated multiagent systems. On the other
hand, [15] devised homogeneous controllers for inverted
pendulum systems. Combined with the adaptive fuzzy con-
trol scheme, the explosion of the complexity problem of
the control system by the backstepping method was solved
in [16]. Although this method makes the system achieve a
steady state rapidly, it is necessary to know the initial state,
and the practical applications will be limited. To expand the
scope of the applications of this strategy, [17] developed the
fixed-time scheme for the first time. Multiagent systems were
discussed through the practical fixed-time control method
in [18]-[20]. Based on the above schemes, [21] and [22]
investigated an adaptive fixed-time controller with some fixed
parameters and considered the constraint requirements of
control systems. In these two articles, some parameters of
the controller were fixed at the beginning of the design, and
the parameters of the controller may not be set to the best
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numerical values. Therefore, [23] proposed a new control
method that can adjust all parameters of the controller freely.
However, the partial controller needed to be approximated by
the neural network, which may reduce the control accuracy.
Moreover, [24] and [25] addressed the control problem for a
class of nonlinear systems with dead-zone inputs.

The aforementioned achievements simply consider the per-
formance problem of the control system without consid-
ering the resource utilization efficiency. The output of the
controller in the traditional control strategy will be applied
during the whole control process regardless of whether it is
necessary. Communication will be congested if the network
resources are limited. To save communication resources,
researchers have proposed event-triggered mechanisms, such
as [26]-[34]. Compared with the traditional event-triggered
strategies, [26] and [27] addressed novel methods with
inter-event times via additional internal dynamic variables.
However, these controllers are investigated with the assump-
tion of the input-to-state stability (ISS), and the application
of the systems is limited. This means that fewer systems
can be applied. To avoid this assumption, [28] proposed
a novel method that concurrently designed adaptive and
event-triggered strategies. By applying this strategy, [29] and
[30] paid attention to stabilization issues for T-S fuzzy sys-
tems with discrete time and continuous time, respectively.
An event-triggered observer was developed to investigate
dynamic systems via the sliding mode surface method in [31].
Furthermore, a tracking control problem for nonlinear MIMO
systems was studied in [32], and [33] addressed the dis-
tributed bipartite output consensus issue for multiagent sys-
tems. Reference [34] designed an adaptive event-triggered
control strategy for nonlinear systems with a nonstrict feed-
back structure. Nevertheless, these strategies are based on
a fixed threshold, which cannot take into account both the
transient performance and the steady state performance of the
system in the whole control process.

According to the aforementioned analysis, this article
considers the tracking control problem of adaptive neural
fixed-time control based on an event-trigger strategy for
nonlinear systems through backstepping technology. The
event-triggered strategy is presented to decrease the require-
ment for communication resources. The radial basis function
neural networks (RBF NNs) are applied to approximate the
uncertain terms in the nonlinear systems. Under the proposed
method, the tracking error is guaranteed to converge to a small
neighborhood of the origin within a settling-time interval.
It is practically fixed-time stable for a class of closed-loop
systems. The major features and contributions of this study
are stated as follows:

(i) This article combines the fixed-time control scheme
with the event-triggered strategy under backstepping technol-
ogy. Compared with [23], the fixed-time control method for
approximation by the RBF NN is avoided, and the control
accuracy is improved.

(ii)) Based on the tracking error and a fixed value,
an event-triggered strategy is proposed to reduce the
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requirement of communication resources in this article. The
same threshold is applied to treat the transient process and
steady state process of the system in Xing’s event-triggered
strategy [28], which limits the performance of the controller.
Therefore, we propose a dynamic threshold based on the
tracking error. Due to the large error in the initial stage of
control, a small threshold is utilized to quickly reduce the
error and to complete the tracking of the desired signal. After
that, when the tracking error fluctuates in a small range,
the threshold becomes larger and the unnecessary trigger-
ing is reduced. If the tracking error increases, the threshold
decreases, and the control frequency is increased.

(iii) A single adaptive law is devised to reduce the compu-
tational burden of the device.

The remaining parts of this article are arranged as follows.
A problem statement and several preliminaries are described
in Section II. Section III proposes the event-trigger-based
fixed-time adaptive controller. Through a numerical simu-
lation example, Section IV verifies the effectiveness of the
presented strategy. The conclusion is given in Section V.

Il. PROBLEM STATEMENT AND PRELIMINARIES

A. PROBLEM FORMULATION

In this section, a class of strict-feedback nonlinear systems is
expressed as follows:

Xi (1) = fi (6 () + & (x; (1) Xi+1 () +d; (2)
X (1) = fn O (1)) + 8n (Xn (1)) u () + dy (1) (D
yt)y=x1(@),i=1,---,n—1

where ¥ = [x1,---,x]T € 9 are the state variables and
u(t) € Randy(r) € N represent the input variable and the
output variable, respectively. It can be assumed that f; (-) :
N — Rand g () : R — N are the uncertain smooth
functions with g; (0) = 0 and f; (0) = 0. The desired signal
is devised by y4 (), which is a continuous differentiable
function of any order. It is assumed that all the states of
systems (1) must be completely measured as feedback state
variables.

The objective of this article is to devise a fixed-time con-
troller that satisfies several goals:

(a) All the signals remain semiglobally practically
fixed-time bounded (SGPFB).

(b) The tracking error between y (f) € N and y,4 (¢) con-
verges to a small neighborhood of the origin in a settling time
without needing the initial conditions.

(c) An event-triggered scheme is established to decrease
the requirement for communication resources.

B. DEFINITION, LEMMAS AND ASSUMPTION
Definition 1 [17]: The following nonlinear system is
considered:

X=fx0 @

with x (0) = xg. x € N" is the state vector, and f () :
Ny x R — R is the continuous function. For any initial
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condition x (0) € . Itis assumed that the solution of system
[lx (¢, x0)|| < ¢ converges to compact €2 within finite time 7,
which satisfies T < Tnax. The origin of system (2) is
considered to be semiglobally practically fixed-time stability
(SPFTS).

Lemma 1 [35]: Assuming the following design con-
stants: p,g > 0,0 < u < 1 and B > 1, it is obtained that

V(x) < —pV* () —gqVF () 3)
where V (x) expresses a Lyapunov function. The fixed time
for system ( 2), which is stable at the origin, satisfies

1 1
+ .
d=wpy (B-1Dagp
Lemma 2 [23]: Suppose that several design constants

satisfy p,g > 0,0 < u < 1,8 > 1and 0 < A < 4o00;
it follows that

V(x) < —pVF ) —gVP (x) + A Q)

T < Thax = 4)

which ensures the practical fixed-time stability of system (2).
If there exists a design parameter 0 < ¢ < 1, then the settling
time can be given by
1 1
+ .

dI=wpp B-Dap

The residual set of the solution in system ( 2) is expressed
as

_ A \F A \#
v e V() < min <_) (_) .
(I-9)q 1-9p
(7

Lemma 3 [36]: For any real variables i and &, the fol-
lowing holds:

T < Tmax :=

6)

by
b1+ b

b _bh
byl Pt 4 22y g |bith

byye1b
[P E|17 < b1+ by
(®)

where b1, by and b3 are positive constants.
Lemma 4 [37]: On the assumption that ®; € R, the fol-
lowing holds:

(011 + -+ 104)" < 101" + -+ |0,]" €))

witht € [0,1],i=1,---,n.
Lemma 5 [38]: If any parameter p satisfies 0 < p < 1,

it follows that
14p

> gl <> g™ (10)
j=1 j=1

Lemma 6 [21]: If there exists a parameter ¢; > O,
we have

n 2 n
2| =n)d an
j=1 j=1

withi=1,---,n.
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Lemma 7 [39]: If there exists a continuous function
f(@Q) : N — N, which is defined on a compact set O,
it can be approximated by the RBF NNs WS (Q) such
that

F Q@ =W'SQ+5Q). (12)

The ideal constant weight is described by W =
[wi,---wy] € ! and [ is the number of nodes from the
RBF NNs. S(Q) = [s1(Q), -, (Q)]T represents the
basis function vector by s; (Q) = exp(—[Q — o;l*/r?).
The Gaussian functions are centered at o;, and r > 0
expresses the Gaussian width. Approximation error § (Q)
satisfies |§ (Q)] < e, where ¢ > 0 is a constant.

Lemma 8 [40]: For any constant ¥ € R and o > 0,
we have

4
0 < |¢| — ¢ tanh (—) < 0.27850. (13)
o

Lemma 9 (Young’s Inequality): If real numbers €; > 1
and €3 > 1 satisfy 1/€; + 1 /e, = 1, for any vectors y and v,
the inequality holds:

T he!
Yy u=< ZII)’II61 + vl (14)

e he?

with & > 0.
Assumption 1: If the sign of function g;(X;) never
changes, it can be obtained by

0 < by < gi(xi) < by < +00 15)

where b,, and by are constants and i =1, --- , n.
By simplifying notation, time variable ¢ and state variable
x; are omitted in the related functions.

Ill. MAIN RESULTS
A. FIXED-TIME CONTROLLER DESIGN
The design process of the adaptive fixed-time controller
through the event-triggered strategy for system ( 1) is estab-
lished with backstepping technology, and the relative results
can be obtained in this section.

Based on backstepping technology, the coordinate trans-
formation can be obtained by

21 = X1 —Yd (16)
and
7 =X — ] 17

where «;_1 represents the virtual control law. The virtual
control law is defined by

" 5, 1\? 251
Oli=—17i<§> Z,-zﬂ 1—611'(5) Ziﬁ

1 ~
—@z,-esiT (©0)Si (@) (18)
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where 0.5 < u < 1l and B > 1 are constants and p;, g;
are positive regulated parameters. Furthermore, the adaptive
controller is chosen by

V() = @y — @tanh (ﬂ) (19)
o
where @ and o are positive constants. The adaptive law is
devised by

n
X b ~
0=2_ a8 (Q)Si(Q)—pf (20)
i=1 "
where by, p,a; > 0 are the regulated parameters, and
adaptive parameter 6 represents the estimation of con-
stant & = max {[|W;|?/b,i=1,---,n}. According to
Lemma 7, the functions S; (Q;) are utilized to appr0x1mate the

unknown nonlinear functions with Q1 = [x1 , y‘(lo), yfl, )] and

0
Step 1
Based on (16), the time derivative of z is given by

21 =X1— Va4
=fit+gix2+di—ya 21
The Lyapunov function is described as

V= L2y tmgm (22)
R ATRIDY:
where ¢ is a positi~ve constant, and the evaluated error of 0
can be devised by 6 = 6 — 6. Differentiating V| in ( 22) with
respect to time produces

v b g5
1=ZIZ1__
¢

) b ~
2 (fi +gixe +di —ya) — Tm%’

. by
= z1ft + 218122 + 1101 + z21dy — 21Ya — ?m99

- by 4 Z%
= z1f1 — ?99 + 218122 + 1181001 — > +z1dyr (23)

where fi = fi — ya + z21/2 replaces the unknown
package term. According to Lemma 7, fi is approximated
by

fi=WS1(Q1) +81(QD) (24)
such that
afi = 2 (W1 @ +81 @)
|z1| IWLI1S1 (@Dl + |z1] &1

1,
Z1||W1|| IS1 (@D +af +

IA

= 2 4Z1 +ef
b 1
= ﬁzfens] ODI? + a3 + Zz% +¢&? (25)
1
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where €1 > |§1] is a positive constant. It is easily seen from
Lemma 9 that

1, -
21d) < Yo +dj (26)

where d; is a positive constant and satisfies dy > |dil.
Substituting ( 25) and ( 26) into ( 23) gives

. b -
V< ﬁzﬁensl ©OVI?+a + el +d}
1
b ~ A
— ?09 + 218122 + 71811 (27)

According to ( 15) and ( 18), the term z;gjo¢1 in ( 27) can
be written as

1, 1, P
al = — _ _ —
718101 81P1 2Z1 8191 221

81265 (01) $1 (01)

i
1 ,\* 1 \?
_bmpl(zzf> —bmq1<§z%>
b R
— 222081 (01) S1(Q1). (28)

1
Substituting ( 28) into ( 27), the following is obtained:

IA

Vi

IA

_ b, ~x
2230111 (QDII° + a; + 7 + dif — ?mee
1

1,\" 1,\”
+ 218122 — bimpi Ezl — bnqi Ezl
b
T2

" 236ST (01) S1 (01)

1,\" 1, P 2
—bup1 Ezl — buq1 54 +z18122 + 4

g 7SI @DIF =6 | + &7 +di. (29)
¢ 4(11

Stepi (i=2,---,n—1)

According to (17), the time derivative of z; can be obtained
by

%=X — Qi
= fi + giXiy1 +di — &y (30)

where ¢;_ 1—21' i dari lf/ + Z' (1) 9:’(/) yg—H) + aa’ 19 For
the ith subsystem in ( 1) the followmg candidate form of the

Lyapunov function can be described as

1
Vi = Ez,.2+ Vi1. (31)

According to ( 30), the time derivative of V; is given by
Vi= 2%+ Vin
< zifi + zi8izi+1 + 28t + zid;

2\* i—1 2\#% il
(7)) - Zal(3) + 24
j=1 j=1

178485
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—6 +Z€ +Zd2

1
o1 — -
=< zfi - 521'2 + gzt + zigii + zdi + Y d}

b [ 67
+— 24 2||S (Q]

zjlj

j=1
2\* i—1 2\# il
mZp,( ) —MZ%(%) +>q
j=1 j=1
b é i— lCZ R i—1
(Tl T @
j=1
Whereﬁ- =_fi +zi/2 — &j—1 + zi—18i—1. Based on Lemma 7,

the term z;f; in ( 32) is written as
af; = = (WIS () +5:(0))
lzi Wl I1S: (@)1 + zil &
1 1
< —ZIWilPISi @) +af + 5 + &}
da 4

i

IA

b 1

T30S Q@)IP +af + 727 + ] (33)
]

where &; > |§;| is a positive constant. Applying Lemma 9,

the following holds:

1, -
zidi < 15 +d; (34)

where d; is a positive parameter with d; > |d;|. Substituting
(33) and (34) into (32) gives

. b ’
Vi < ﬁziz@ IS: (@117 + zigizie1 + zigii + Y _ &7

i j=1
i—1 2\* i—1 2\*? i
_mepJ-(é) —meqj(é) +y d?
= ~ =
b 11{2
;0 242Hs Q)| —6 —I—Za (35)

According to (15) and (18), the term z;g;«; from (35) can

be described as
B
. Z_zz M_ o i
8iDi B 8iqi )

_ 20ST (0,) S: (O
5 8iZ;jU9; (0) Si (0))
4a;

o (3 (3
mPi 2 m{qi 2
_b_’” 26T (0 S: (O;
zzi i (Ql) l(Ql)' (36)

i

Combining (35) and (36), we have
i 2\* i 2 B
: J j 2
v Zoll) - zo(l) 5o
j= j=

178486

8t =

IA

b ~ -j 2 A
5 (3= (0)|* -8

+2i&iZi+1 +

i i
B3I @
j=1 j=1

Step n
Similar to Step 1 and Step i, the coordinate transformation
is given by

in = Xp — 0p—1 (38)
and the time derivative of z, is obtained by

in = xn - dn—l
an +gnu+dn — Olp—1 (39)

. 1 e, 1 da +1) o1 A
where d, I—Zn— ar)lc, i+ Zn 0 al(nl (] + =5 =50

Consider the following Lyapunov functlon candidate for the
nth subsystem:

1
V, = Ezﬁ + Vo1 (40)

The time derivative of V,, is expressed as

Vn = ZnZn + Vn—l
< Znfu + Zn8nlt + Zudn — Znlin—_1

n=1 /2 2\ B
—bmzpj(é> — b Z%(é)
J=1

b [ 22
+ Zn—18n— lZnJ’_T 24 2” J(QJ)”

n—1 n—1 —
2 2 52
Yo a+ ) +Zd./
J=1 J=1 =1
n—1 n—1

- 1
= Zufn — 51,2, + zu8ntt + 2pdy + Zaf + Zef

j=1 j=1
n=l n=l 2\ n=l 2\ P
PXRIE) —bmz%(é)
j=1 j= j=1
bub [ CT ;
Y ZMIIJ(Q,)II - @1

where f, = f, + 20/2 — dn—1 + Zu—18n—1. According to
Lemma 7, term z,f, in (41) is written as

2l = 20 (W1 Q) + 8, ()

< 1zal IWall 1Sn (@) | 4 12nl €n
1
= yyeRd AIWLIP11S, ()11 + ap +4z +e2
b 1
=i 20180 (Qu)I* + a, +4z +é2 (42)
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where ¢, > |§,| is a positive constant. From Lemma 9, the
term can be described as

1 _
Zndp < ZZ,% + d,% 43)

where d, > |d,| is a positive parameter. Combining (41),
(42) and (43) results in

Vn_42

n—1 2 M n—1 ZZ B
- Zn(3) -na(3)
j=1

Ly iy s

—0 (> 5ls @)
; p 4‘1,2 i &)
n n n
+Y @+ di+) el (44)
j=1 j=1 j=1

The tracking control problem from system (1) has been
preliminarily settled. Nonetheless, real-time control will
occupy unnecessary communication resources. Hence, a pro-
posed event-triggered strategy is introduced as follows.

20180 (Qu)I* + zugnut

B. TRACKING ERROR BASED FIXED THRESHOLD
STRATEGY

To attain the objective of the event-triggered control, [28]
designed a fixed threshold strategy. From this work, we con-
sider the influence of tracking error on the triggering events,
and the proposed strategy can be expressed as follows:

v (t) = a — @tanh (@>
o
u()=v), Vtelt,tiy1), 1 =0

tx+1 = inf{t € N [k (1) > 0™}

(45)

where @ is a positive constant, and the term @ tanh (z,®/0)
in controller ( 45) is used to avoid the ISS assumption with
measurement error. k () = v (t) — u (t) represents the mea-
suring error. We select a positive constant 7, which satisfies

t < {tx11 — tx} with Yk € zT. From the derivative of « (¢),
it is obtained that
Lol = L vt = sign ()% < il (46)
dt dt -

For ( 45), the time derivative of v can be given by
WzZp

cosh? (%) .

The above shows that the functions f; (x;), g; (X;), and d; (¢)
are at least (n 4+ 1 — i)th order smooth functions, and desired
signal yg (t) has (n+ 1)th order continuous derivatives;
hence, v must be continuous. Furthermore, a positive constant
¢ must exist with ¢ > |v|. From ( 46), we obtain « (t;) =
0 and lim;,_, (k (1)) = o*. Hence, the lower bound
of inter-execution intervals 7 satisfies 7 > w*/¢. Therefore,

(47)

V=d, —
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the Zeno behavior is completely avoided. Event-triggered
threshold w* is obtained by

A S——— (48)

w2 + wy |21 (0)]

where wi, w2, w3 and wy are positively designed param-
eters. The continuous control input signal is expressed as
v(t) = u() + n()w*, where n(¢) is a continuous
time-varying parameter satisfying |n (#)] < 1, n(t%) = 0,
and 1 (tx4+1) = 1. Substituting (18), (45) and (48), the term
Zn&nly in (44) is described as

Zngntt = Zngn (v (1) — 1 (1) ™)

_ Zn@
Zn&nlln — Zn&n tanh (%) — Zugnn () 0*

IA

Zn&nlln — Zngn® tanh < pn ) + gnlzawl. (49)

To keep the function continuous and smooth, we utilize the
properties of inequality from Lemma 8 instead of the term
with absolute values in (49) as follows:

n&nlt < Zn8nln + 0.27850

1,\* 1,\*
< —bmpn EZn — binqn Ezn

b >+
— 0SS, (Qu) +0.27850.(0)
n

Substituting (20) and (50) into (44) produces

el 3 1S, Q1> — b i)'
4% n n mPn an )

-1 2 2208, (Qn) S (Qn) + 027850 + rg

b~n1§- né-Z

+--0 Z 2 Zlsi (@) - > = 2 Z1s; (@)
¢ 4a 4
n
+ Z#‘*‘Z‘? +Z£j2
j=1 j=1 j=1
n ZZ M n z2 B b .
= —bm Zp;(é) — b Zq,-(é) + %pee
j=1 j=1
n n n
+0.27850 + Y @i+ Y el + > d’ 51
Jj=1 j=1 j=1

C. STABILITY ANALYSIS
According to Lyapunov theory, the conclusion of conver-
gence analysis can be obtained in this subsection.

From Lemma 9, the term pb,,0 2 /¢ in (51) can be obtained

V, <

bmp 5 bmlo

- b,
mlag < _2mP g2 PmP o
¢ 2¢ 2¢
L (bmp ~ L (bup bmp >
(2Pl (2P g2 ) PP g2 (5o
2(2: ) 2(2; HETRAR
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It can be assumed that adaptive law 6 is bounded by
an unknown constant Ay satisfying [0] < Ag. If Ay <

2¢/pby, we have

1 (bmp ~ 1 bmp ~\?
_(2mPg2) < _Z(2mPg2) (53)
2\ 2¢ 2\ 2¢
Otherwise, while Ag > /2¢/pby,, it is easily proven that
() < L (e L (e a3,
2\ 2¢ 2¢ 2¢
_L(bup 2\’
2\ 2¢
_ _L(bwtgs ﬂ—i—A (54)
- 2\ 2 !

where A; = (bwpA2/2¢)"/2 — (bmpéZ/zg) 2 > 0.
As stated in Lemma 3, while v = 1, & = 0.5b,62/¢,

by = 1—pu, by = p,and b3 = exp((u/ (1 —p))Inp),
it can be shown that

b2\ 2 (1 =y s 4 g2 (55)
2 N 20

In addition, it is easily seen from (55) that

0 b = o (bm\" o e
_Lompr o (224 Za- i, (56
22¢ (% +2( wy p=r. (56)

Substituting (53), (54) and (56) into (52) produces

" B
=5 - 5(5)
C 2 2t

pb
+—9+—(1—/L),LL1“ 57
2¢
Applying Lemma 4, Lemma 5 and Lemma 6, the following
is verified:

n Zz Hn n Z~2 M n Zz H
- 12) <= A A
ij(2> < X1Z<2> =023
Jj=1 j=1 j=1
(58)
and
B n 2\ B n 2 p
< Z5
_ g <_ T) <22
J=1 j=1
(39
where x; = min{p;li=1,---,n}, and x = min
{gjli=1.---.n}. Due to the parameters satisfying

bm, p, u, aj, &, dj, 0 > 0, combining (57), (58) and (59)
results in the following inequality:

. n Z-2 o by ~ H
Vn =< _me1 L - _(ﬂQZ)
]Zzl 2 2\ 2¢

n

_ bmx2 Z;
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Pbm -2
+?9+—(1—M)M1 “—I—Zaj

n n
+ ) eF+ > dP+027850 + A
=
= — V¥ — VP + A (60)

where ¢y = min{byx1, 0/2}, c2 = min{b,x2/n, p/2n},
and A = 0.5p (1 — p) ut/d=1 p a]2 + 2 U_ij +
ZJ’-’ZI 81.2 + 0.27850 + Aj. By utilizing Lemma 2, all of the
signals in the closed-loop system (1) are guaranteed to be
SPFTCs. The signals can converge to the compact set

, < A >é ( A );1
eV <mn{{——) ,| ——— .
{ { (I-9)q (I1-¢p

(61)

The tracking error can be accommodated into a small
region satisfying

1
v =yl = 2(L>ﬁ )
I1-9)q
and the fixed time is selected with
T < Thax := ! + ! . (63)
dI=-—wpp (B—-Dagp

At present, based on backstepping technology, the adap-
tive fixed-time controller has been designed completely via
the proposed event-triggered strategy. Fig. 1 shows the dia-
gram of the design procedure of the controller. The proposed
event-triggered strategy and fixed-time method are devised
based on state feedback. To achieve the purpose of design,
the information is received and sent through the micro con-
troller unit.

Controlled Systems
n ’?:, = f:,: + giTio + d; y i
Aoy f‘n Fogntt + n(n. AN A
¥=mr
oy Tarameters Adaptive Law il
3 — i by 20T @ i I,
8—2,1#355_09 :
£
Virtual Control Laws (i = 1,...,n) Zi

w = —pi(3)" —a(H)7 |

20 SES; jda?

lan

Actual Controller -
v = a, — &lanh(z,2/0)
u=1v(l)

FIGURE 1. The block diagram of the design procedure for the proposed
controller.
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IV. SIMULATION RESULTS
The system model [39] is expressed as

X1 @) =fi(x1 @)+ g1 (x1 (1) x2 (1) +di ()
@ =HG@)+gG@))ul)+d (@) (64)
y() =x1(2)

where fi (x1 (1)) = 0.1x7 (1), fo (%2 (1)) = 0.1x1 (1) x2 (1) —
0.2x1 (), g1 (x1 (1)) = 1 and g2 (%2 (1)) = 1 + x? (1). The
external disturbances are d; (t) = 0.1 sinx; (¢) cosx; (¢) and
dy (t) = cosxj (¢) sinxp (¢). The initial values of each state
variable are given by x; (0) = 1 and x (0) = —1. The control
purpose is to devise the event-triggered fixed-time adaptive
control strategy to ensure the output signal y (¢) to track the
given signal yg (1) = (sin(t/2) 4+ sin (¢)) /2. The controller
is defined by

V() = ay — @tanh (Zz—“’) . (65)
o
The triggering event can be described as
u@)=v), Vel i) (66)
where t;11 = inf{r € N| |« (t)| > ©*} and t; = 0. The

virtual control laws can be obtained with

1" 21 1\* 261
a =—p1(5) o _6“(5) 7
Z]é T
——S8 (@ S1(Q1)  (67)
daj

and

1\ 21 1\* 281
o3 o)

T 1 252 (Q2) $2(Q2)  (68)
where RBF NNs W['S; (Q1) and W2TS2 (Q,) are utilized
to approximate the uncertain nonlinear functions from
system (64), where §; = [xl,yd,)')d]T and S, =
[x1,x2, 0,4, V4, jid]T. The Gaussian functions are centered
at[0,1,—-1,3,-3,5,-5,7, —7]T. In addition, the Gaussian
width is » = 2. The adaptive law is described by

Z—"Z~
=1 "%

The simulation parameters of the virtual control laws,
actual control law and adaptive laws are selected within the
interval (0, 50). To achieve good performance, the related
design parameters can be selected as u = 3/4, B = 3/2,
pP1r = 16,p2 = 22,6]1 =q2 = 2,(11 = da) = 2,bm = 20
and p = 20. The parameters of the two strategies are as
follows: a. Proposed strategy: @ = 12, w; = 0.7, wy = 0.14,
w3 = 3.5 and w4 = 50; b. Fixed threshold strategy: © = 12
and w3 = 8.5.

The simulation results are shown in Figs. 2-8. The tra-
jectories of desired signal y; and the actual state variables

(0)) 8 () — o (69)
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FIGURE 2. The trajectories of the tracking signal y4 and the states x,,
Xqr, X7 under different controllers.
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FIGURE 3. The trajectory of the tracking error of x,, x;, and x;.
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FIGURE 4. Control signals of proposed strategy and fixed threshold
strategy.

are displayed in Fig. 2. xi5 is the tracking effect of gen-
eral adaptive neural control. x1, and x; show the tracking
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FIGURE 5. Triggered events of proposed strategy and fixed threshold
strategy.
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FIGURE 6. Time intervals of triggered events in proposed strategy and
fixed threshold strategy.

effect based on the fixed-time adaptive neural controller
via Xing’s event-triggered strategy and the proposed strat-
egy [28]. Under the same control parameters, the fixed-time
method takes less time to reach the steady state performance.
The tracking errors of various strategies are shown in Fig. 3.
The error of the proposed strategy, z; has a smaller max-
imum overshoot, and the tracking error is smaller than z
and z;,. Fig. 4 shows the trajectories of the control signals
between the proposed threshold control scheme and the fixed
threshold control scheme. In the initial stage of the control,
the threshold value of the proposed strategy is smaller and
triggers more times than that of Xing’s strategy, which causes
the tracking error to decrease rapidly. The numbers of trig-
gering events in 0.5 seconds are 98 and 72, respectively.

178490

16 T T !
- 10
iy FRSPI— = T
o Ficerl threshold strategy
14 ; y i
5 - Proposed straregy
o 05 1 1.5 10 15
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10 F 1

Threshold
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Time(sec)

FIGURE 7. Comparison of threshold values between proposed strategy
and fixed threshold strategy.
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FIGURE 8. The trajectory of adaptive law ¢ from the proposed strategy.

Furthermore, the proposed strategy can adjust the trigger
threshold appropriately with the tracking error and maintains
the error in a small range near the origin. During the whole
control process, the total numbers of triggering events are
379 and 360. Figs. 5 and 6 present the triggering times and
the triggering values of these schemes. The threshold values
of the two schemes are shown in Fig. 7. Compared with
the fixed threshold, the proposed threshold is smaller at the
beginning of control and increases with a decrease in the
tracking error. After 1.5 seconds, the system reaches a steady
state, and the threshold fluctuates with z;. This ensures that
while the tracking error increases, the number of trigger times
grows. When the tracking error becomes 0, the threshold
of the proposed strategy increases to the maximum and is
the same as the fixed threshold. Finally, the trajectory of
the adaptive law is presented in Fig. 8. It starts at zero and
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gradually decreases. The results verify that the closed-loop
system is a SPFTC, and the tracking error converges in the
settling time.

V. CONCLUSION

By applying backstepping technology, this article devel-
oped a fixed-time event-triggered adaptive neural control
strategy for strict feedback nonlinear systems with exter-
nal disturbances. According to the transformation state
error-based fixed threshold method, the event-triggered con-
troller is devised to ensure the effective utilization of com-
munication resources. Under the proposed control strategy,
the closed-loop system satisfies the SPFTS requirement.
The tracking error converges in the settling time. Mean-
while, all the signals of the closed-loop system are bounded.
Finally, the proposed scheme is feasible and effective in the
simulation results.
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