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Fixed-Time Fuzzy Adaptive Control for Switched
Nonlinear Systems with Input Constraints based
on Event-Triggered

Jiangnan Zhao, Xinyu Ouyang, Nannan Zhao and Yaobang Zang

Abstract—A fixed-time fuzzy adaptive event-triggered control
strategy is proposed for a class of strict-feedback uncertain
switched nonlinear systems with input saturation. Firstly, the
unknown nonlinear functions in the system are approximated
by fuzzy logic systems, and the unknown states of the system
are estimated by using a linear state observer. This eliminates
the limitation that states must be measured and functions must
be known during the controller design process. Secondly, the
event-triggered control is introduced to dynamically compensate
for the saturated input of the system, which reduces the
updating frequency of the control signal and effectively saves
the communication resources of the system. And only one
adaptive parameter is needed in the design, which not only
reduces the computational burden, but also solves the problem
of excessive parameterization. Finally, the simulation results
verify that the proposed method can ensure that the reference
signal can be well tracked within the preset time when input
saturation occurs.

Index Terms—event-triggered control, fixed-time control,
switched nonlinear systems, input saturation, fuzzy adaptive
control

I. INTRODUCTION

ITH the deepening of research on nonlinear sys-
Wtem control technology, the importance of switched
system has attracted a lot of attention[1-4]. A tracking
control method for switched nonlinear systems with unknown
time-varying parameters was provided in [5], an adaptive
neural network control scheme was given, which ensured
that the whole system was semi-global uniformly eventually
bounded. In [6], Hespanha generalized the concept of dwell
time to mean dwell time and proved that the switched
system was exponentially stable under the mean dwell time
switching signal. In [7], a robust adaptive control scheme was
proposed for strict-feedback uncertain switched nonlinear
systems, which effectively reduced the number of adjustable
parameters of the controller. However, the above research
ignored the phenomenon of input saturation in the system,
which reduced the performance of the system.

Compared with time-triggered control, event-triggered
control (ETC) [8-9] can significantly reduce the amount
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of data in the network transmission, as well as reduce the
calculation frequency and execution times of the controller,
improve the transmission efficiency. In [10], Sahoo et al
proposed an optimal control method based on event-triggered
mechanism for uncertain nonlinear discrete systems, the ul-
timate boundedness of the closed-loop system is guaranteed
by using Lyapunov technique and event-triggered conditions.
In [11], an ETC method based on HDP technique was
given, which can make the discrete system asymptotically
stable. In [12], the problem of adaptive tracking control for
nonlinear systems with time-varying delays was studied, and
an event-based adaptive control strategy was provided to
reduce the communication burden. However, in the above
research, the fixed-time control problem of the system under
input constraints is not considered.

In control systems, input saturation can lead to per-
formance degradation and even instability of closed-loop
systems [13]. To address these issues, in [14], Li et al
studied adaptive fuzzy control scheme for nonlinear systems
including input saturation, which guaranteed that all signals
in the closed-loop system were bounded. In [15], for the
closed-loop nonlinear system with input saturation, an aux-
iliary control signal was designed to deal with the saturation
function to ensure that the closed-loop nonlinear system can
maintain stability when input saturation occurs. The adaptive
fuzzy control problem for nonstrict feedback systems with
input saturation was studied in [16], the auxiliary control
signals are introduced to sovle the input saturation problem.
However, in the above studies, the fixed-time control scheme
for switched nonlinear systems with strict-feedback form is
not considered.

In order to overcome the shortcomings of the infinite time
control, the finite time control method [17-19] was proposed,
which has faster convergence speed and better robustness.
However, the control performance of the system largely
depends on the initial condition of the system, which makes
the finite time control have great application limitations.
Therefore Polyakov proposed fixed-time control in [20] to
solve this problem. In [21], a tracking controller with fixed-
time was given for the strict-feedback nonlinear system to
ensure that the system output can track the reference signal
in a fixed time. In [22], an adaptive fixed-time controller
was provided for the MIMO nonlinear system, which had
effectively improved the robustness of the system. In [23], an
adaptive fuzzy fixed-time controller based on was provided
for the uncertain multi-link robot system to guarantee the
rapidity of system’s transient response.

Based on the above research, this paper focuses on a class
of strict-feedback switched nonlinear systems with saturated
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input constraints. A fixed-time fuzzy adaptive event-triggered
control method is proposed. The main contributions include:

(1) By introducing fixed-time control and event-triggered
mechanism, the proposed control method not only reduces
the large occupation of communication resources caused by
compensating the saturation input, but also ensures that the
output of the system can track the reference signal within a
preset time, and the tracking time is independent of the initial
state of the system. When there is saturation phenomenon in
the system input, it can maintain a stable state and improve
the system performance, which is more conducive to practical
applications.

(2) Compared with the control scheme proposed in [14-
16], firstly, there is no need to design auxiliary control signals
in the process of dealing with saturation input constraints,
which makes the designed control scheme more simple and
the proposed control scheme has a wider application range.
Secondly, only one adaptive parameter is needed in the pro-
cess of controller design, which reduces the computational
burden and solves the problem of over-parameterization. At
the same time, the state of the system is estimated by using
a linear observer, and the unknown nonlinear functions in
the system are approached by using a fuzzy logic system
(FLS), which eliminates the restriction that the state must be
measurable and the function must be known.

II. SYSTEM DESCRIPTIONS AND BASIC KNOWLEDGE
A. Problem formulations
Consider the uncertain switched nonlinear system with
strict-feedback form as follows
1 =2 + from)(71) + di o (1)
Ty = 2ip1 + fiow) (@) + di o (t)

. _ (D
Ty = ’LL(’U) + fn’g‘(t) (S(In) + dn,cr(t) (t)
Yy =a.

Where Z; = [v1,29, -+, 1T € R(i = 1,2,---,n),

u € R and y € R are state vector, input variables and
output variables of the system respectively; o : [0,00) —
M = {1,2,---,m} denotes switching signal, m is the
number of subsystems, f; .y and d; x(-)(k € M) represent
the unknown nonlinear function and the unknown external
disturbance in the system respectively; v(t) is the actual
control input of the system, u(v) denotes the system input
subject to saturation constraint.
u(v) can be fomulated as

U [te| < Umax

Where 4, 1S the maximum value of the control input, and
u. is the control input to be designed.

The main control objective of this paper is to design
a fixed-time control scheme for the system shown in (1),
which can maintain a stable state when the system has input
saturation phenomenon, and ensure that the output of the
system can track the reference signal within a preset time.

B. Some preliminaries

Definition 1.[21] A nonlinear system

&(t) = f(x(t)) 3)

Here x(t) € R™ is the state variable of the system, f(-)
denotes a continuous nonlinear function, z(0) = 0, f(0) =
0. If the system (3) is stable in the sense of Lyapunov and
there exists a convergence time 75 makes x(¢) = 0 for all
t > T, then the system (3) is said to be finite time stable.

Lemma 1.[24] If V' (z(t)) is a continuous function, there
exists arguments y > 0,¢>0,h>0,8>1,0<y<1
and 0 < n < 1 holds

V(x(t) < —(hVY +cVP)a(t) + x 4)

Then the system (3) is referred to as fixed time stability
and has a convergence time of T satisfies the following
inequality:

1 1
Ts < Tma;v = - 5
(L=7)nh (1 =Pme ®
The state of the system satisfies
— : X 3
X 1
(m) 71}

Lemma 2.[22] z; > 0 satisfies the following inequalitys

n n p
ZZiPZ(ZZi)70<p<1 7
i=1 i=1
n n P
Zzi” > nl_p(z zi) ,p>1 )
i=1

i=1

Lemma 3.[25] For any z, y € R2, there has
L a 1 b
< — — 9
vy < |z + b ly] )]

Where ¢ >1,a>1,b>1and (a—1)(b—1)=1.
Lemma 4.[26] For w, £ € R there exists any positive
constant s, € and [ satisfying the inequality as follows

K|¢#|€ K Kk+e € — 1, 1kte
W€l < el T 10

K+e€

Lemma 5[27] F(z) is a continuous function defined in

a closed set (2., for Ve > 0, there exists a FLS y(z) =
WTp(z) satisfying the inequality

sup [f(z) = We(a)| <e
TEN,

(1)

Where W = [wy, wa, ---, wy,]T is the weight vec-

tor, Plx) = [p1($)7 pg(l‘), ) pn(x)]T/ 2pi(x)’ is

the basis function vector, N > 1 is the numéEr of fuzzy

rule, p; is the selected Gaussian function, p; = exp[—(z —

wi)T(x — i) /%2, i = (i1, -+, pin)T is the center of

the basis function with a width of ~;, =1, 2, ---, n.
Lemma 6.[28] For I' € R, o > 0, there has

r
0 < |I'| = I'tanh(—) < 0.27850 (12)
g

Assumption 1. The reference signal y; and its nth order
derivatives are continuous, known and bounded, then there
is a function k., (t), satisfying inequality k., (f) >

W) G=0,1, -, n).
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Assumption 2. The external disturbance d; x(¢) in the
model is bounded, and there exists a constant (Z@k > 0,
satisfying inequality d_“€ > |d; i (t)]

Assumption 3.V X, Y R, there exist positive constants
hix(i=1,2,...,n) such that

|fie(X) = fie(Y)] < higl| X = Y| (13)
ITI. STATE OBSERVER DESIGN

In order to solve the problem of unknown state of the
system, a state observer is designed to estimate the system
state. Then (1) can be written as:

1 =22+ fre(@1) +dip(t) + Afik
B = i1 + fin(@i) + dig(t) + Afig
jjn =u-+ fn,k('%n) + dn,k(t) + Afn,k

Yy =x.

(14)

Where 7; is the estimated value of Z; , Afi ) = fir(ZTs) —
fi,k(t%i), Z = ]., e, N
The designed state observer is as follows:
T1 =&+ maly — 1)
T = Zip1 + 1y — 21)
aéfn =u-+ nnk(y - jjl)

J =1

5)

According to equation (15), there is

ajjn]T» Bn = [Oa
T

—M1,k

—12,k In—l

i O - 0

For a given matrix Q = Q7 > 0, there exists a matrix

P =PT >0 that satisfies
ATP+PA=-Q (17)

Where A is a strict Hurwitz matrix, define e = 2z — & =

[e1, e2, -+, en]T, combining (14) and (16), there has
é = Ae+ AFy + Fy, + Dy, (18)
Where AFk = [Afl,ka e ,Afmk]T, Dk =
[dig, s dng]”s Fie = [fre(@), -, for(@a)]".
Select the Lyapunov function as follows:
Vo = e’ Pe (19)

Taking the derivative on both sides of equation (19) yields
Vo =—e"Qe+ 2" PAF,+

20
2¢T PF, + 2¢T PD;, (20)

By using FLS, Fj can be expressed as follows:
Fi(zo) =Wo k0(Zo) + €0,x(Zo) @1

le0.1(Z0) || < €0

Where Wy, = [Wojjk,h'”

lc01(Z0) -+ w0 (Z0)]"
According to Lemma 3 and Assumptions 2-3 , we can
obtain the inequality as follows:

’W(,)I;k,n]’ 6O,k(ZO) =

2T PAF;, < (n+ || P |I?Y_h2)ee
=1

n 22)
<A+ PP heTe
i=1
2¢"PDy < (nee+ |P|*Y_d7) (23)
i=1
2eT PF, < ele+ ||P|? || sl
o <eTet [P o

< ele+ [P (6 + f)

Where h; = mazgem{hix}, d; = mazgep{dir}, 6o =
mazgem {|[[Wo kl|*}-
Taking (22)-(24) into (20) we have:

Vo <—e"Qe+ (n+ |[PI*Y_h)eTe+
=1
(ne'e + IIPIIQZ d3)+
=1
eTe+ ||P||2 (6o + 53

(25)

)
< —poe’ e + ||P||2(ZJ12 + 600 +¢5)
=1

Let 1o = (Amin(Q) —2n — 1 — ||P|[*X h3).
i=1

IV. CONTROLLER DESIGN

In this section, the steps for designing the tracking con-
troler of system (1) will be provided. Firstly, coordinate
transformation is defined as

21 = T1 — Yd

— Q1
1=2,---,Nn.
Here y, is the reference signal, z; is the tracking error, and

a;—1 is the control signal at the «;_; step.
Step 1: Combining (1) and (26), we can get:

Hr=m+e+tar+ fir(®)+dig—Va (27)
Select the Lyapunov function as follows:
L L
= = —0
Vi=Vot gat + 5 6 (28)

Where g; > 0 is the design parameter, the derivative of
equation (28) can be obtained:
Vi :Vo +z1(z2+aq +ea+ fip(er) +dip—
. 152 (29)
Ya) — —0161
g1

Where 671 =0, — él denotes the parameter error, by using
FLS, it has

frw(@y) = Wiei(1) + ene(@), ler(a) <er (30)
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According to Lemma 2, it has

1 1
1 1
z1e2 < 3 22+ §€T€ (32)
2 fip(@r) =2 (Wier (a )+51 k(xl))
61 1, (33
32 Z1<P1 v+ 2“1 + 221 + 5c1

Where 01 = mazgem{||W1k|[?}, a1 > 0 is the design
parameter.

1 1-9
Zld])k < 52% + §d1 (34)
Substituting (31)-(34) into (31), we can obtain
. . 1 1
Vi <Vo+ 21 (a1 — ya) + 227 + 523 + —||e||2+
1 sl 39
% 221<P1901+2 +§€1 —*91914- d1
_ The designed virtual control signal «; and adaptive rate
91 are
N
=_92 _ L _
o z21 +Yd % 221<P1 ©1 (36)
h 2207 — ey 228 g
X 1 ~
b1 = gl(ﬁ%zf@%pl —0161) (37)
Where the design parameters o1, a1 and h;, c;(t = 1,--- ;n)
satisfies o1 > 0, a1 > 0, h; >0, ¢; > 0.
Substituting (36) and (37) into (35) yields
1
Vi <Vp + 722 + fHeH + a1+
1 (38)
551 + 010,60, + §d1
Referring to Lemma 3, we can get
~ A 1 -~ 1
01010, < *5019191 + 5019191 (39
Substituting (39) into (38), there has
Vi < —pollel* + [Ip1* O} + 60 + )+
i=1
1 1 5 1 1 1 - - 40
52’224’5“6H +§a%+55%77019191+ ( )
1 1-
50’19101 + §d12 — hlzf — clzfﬁ
Step 2: According to (15) and (26), we can get
womom . @1)
=23+ Qa2+ M2 k€1 — Q1
Select the following Lyapunov function
1
Vo=V1 + §z§ (42)
V, can be get
Vo =Vi 4 22(23 + g + M2 k€1 — G1) (43)
According to the Lemma 3:
1 1
2923 < *Z% + *232) (44)

2 2

8011 1 2 8&1
T, < 2(%y2 45
e < gl @)
8041 (651 T
—22 fie < Zzi(Wl,k% +e1k)
0z Oz
1 8(1
S 1 I KIR TR E D)
1 80(1 1 9
522(6‘7501) T 5%
Oay Oaq o
—29—d d 47
250 1k_22(a 1)+ 1 47)
Substituting (44) — (47) into (43), we can obtain:
1 1 38 pda1, 1 o
< — Z
Vo <Vi+ 22+223 +22(8x1) +2||€||+

1 5,00 1 1.2
i %(87) <P1T901 +01 + +§5? + §d1 +Zz(0¢2+

T2,k€1 —

8&1 2 Bal () BalA
8 91 Z@ yd meﬂ

(48)

Design the virtual control signal oo as follows:

9 , 0 .
E:E;—ngyQ)+—€§@2—sz§Y1— (49)

Substituting (49) into (48), we can get:

1 1

+5% +f|| 12+ 61 + 51 2+

12 1 (50)
*dl — 2 —h22’2 _CQZSB

Step i (2<i<n): Combining (15) and (26), we can obtain:

Vo <Vi +

Zi=2; — G

. (5D
= Ziy1 + Q; + M k€1 — Q1
Select the Lyapunov function in the following form
1
Vi=Vi_1+ Zz (52)

2
V; can be get
Vi =Vio1 + zi(zig1 + i + miper — 1) (53)

According to Lemma 3, one has:

1 1
Ziziv1 < =2+ =2’ (54)
2 2
1 2 8ai_1 2 1 2
< =z - 55
er < 3R el 69

Oa;—q
—z
8371

O 1 0oy
i 1f1k < *212( 1)2§01TS01+
83}1 4 83}'1
(56)
0, + 122(80%71 )%+ 152
! 27 aIl 2 !
Oa;_1 1 5, 0a;1,9 1202
) fpy” = 57
Zi—g dyp < 221( o ) +2d1 (57
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Substituting (54)-(57) into (53) produces:

. . 1 3 2 8az 1
‘/zg‘/z—1+221+2 z+1+2 Z( ax )
]. 8061 1
— - 0
|||| 17 (6 )</71</71+ 1+
1 Oaj_1 A 58
561+ d1 + zi(a; +miker — 0, 8
)
Z 80@ 1 A i: 80@ 1 j) _ 80(1‘_1 N )
= 01 8y Dy or,
The virtual control s1gna1 a; 18 des1gned as follows:
3 80@ 1 az 1 A
i = 5% (8 77¢k€1+z j
a1 ; " By y 2y-1 (59)
90, b=zt Z < By —hit -
Oay; 1 Ooy;_
) 2[3—1 i—1 A = i—1\2 T
Cii Oxq 2 4ZZ( Jry Voo
Substituting (59) into (58) results in
1 1
Vi <Vioq — 521 + 221+1 + *HeH +
) (60)
5512+*d1 + 601 —hiziv—cl 26
Step n: From (15) and (26), we have
Z - mn - an 1
=u-+ TIn,k€1 — dn—l (61)

= AU+ U + N g1 — A1

Where Au = u — u,., there must be a positive number D
satisfied D > | A ul.
Choose the Lyapunov function as:

V= Voo + 57 (62)
it has
V, =Vi_1 + Zn (DU + Ue + N k€1 — 1) (63)
The triggering event is defined as follows
w(t) = ay, — fitanh @
ue = wty), Vt € [ts,tsH) sezt (64)

teyr =inf{t € R7|le(t) > pl}

Where u, r and i are positive design parameters, p <
i, e(t) = w(t) — ue.

According to [29], when t € [ts,ts11), We can ob-
tain |w(t) — uc] < p, so there is a continuous function
x(t) with x(¢) <1 when x(t5) =0 and x(ts4+1) = £1, and
it has

ue = w(t) — x(t)p (65)
Combining (61) and (63)-(65), we can get:
V,=V,_1+ Zn (AU + ue + 1p g1 — 1)

= 'nfl + Zn(w(t) —x(t)p+ Au+ Mn, k€1 — bin—1)

. Zn
= Vot + 2 — fitanh =5 — (b + Lut

TNn,k€1 — O.471—1)

(66)

According to Lemma 6, one has:

—zn,atcw”mM + |znp] < 0.2785r (67)
T
Substituting (67) into (66) produces:
Vi <Vi1 + 027851 4 2, A
< 1+ r—+ z u+ 68)
Zn(an + Tn,k€1 — an—l)
Further, (68) can be rewritten as
V,, <Vi_1 + 0.2785r + 2, Au + Zn(Qn+
e — Oon—1j5 %@._
Mn,k€1 6é1 1 2 8@ j
j=
- 8an 1 j) _ (’)an 1, (69)
ayd(j D 01 ?
Ban,l 30zn 1 0oy, 1
— d
o1 €2 — f1 k D21 1 k)
According to Lemma 3, we can get
1 1
zZnAu < 527,,2 + §D2 (70)
804”,1 1 Ban 1
—Zn, < = - 71
gt er < SRR L el )
Oovy,_ 1, 0o,
Zn ) lfl,k = *ZTZL( 1)2@1T%01
T 4 ox1
(72)
+ 6, + 122(80471*1)2 + 182
! 2 " 8x1 2 !
0oy, 1 1 5,00,-1.9  1:2
n d — —d 73
gy Bk S g =) gds 03
Substituting (70) — (73) into (69) produces
. . 1 1 1
Vi <Vioq +0.2785r + §z§ + 5D2 + §e%+
3 2 8an i 1 2 1 -2
— 0 —d
3 Zo( o, )? +2||e|| +tOL+gdi+
Q1 A Oap_1 -
Zn Qo + n,k€1 — < 0, — Qs i
( " K 691 ! =2 al'j J
-~ 6an 1 ) 8an,1 R 1 2 8
Zaydj 1) Ya Oxy $2)+4 n( ox, )@1 ¥1
(74)
The final control signal «,, is designed as follows:
3 5an 1 an 1 A
L eI
aan 1 don 1 Y aanfl . (75)
Z 5‘ (G- 1) + 8331 T2
1 n— _ _
Substituting (75) into (74) produces:
. . 1 1 2
Vi <Vi—1 +0.2785r — 2zn + 2D
(76)

1 1
§H6H2 + 5512 + §d1 460y — hp227—

2
CnZ nﬂ
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Theorem 1. Under assumptions 1-3, the virtual control
rates of system (1) are designed as (36), (49), (59), and (75),
and the adaptive rate is (40). Then, by adjusting the design
parameters h;, ¢;, (i =1,---,n), g1, 01, a1, the output of
the closed-loop system can track the reference signal within
a preset time, and the tracking time is independent of the
initial state of the system.

Proof. Combining (25), (40), (50), (60) and (76) yields

n
Vi < = (o — §)||e|| +5 (JZ +el+ —6191+
2 1 2
n=Dg oty Lo s o785t
n 2
1 2\~ 7 (77)
5D2 +|pll (; d 240y +¢€2) +0.2785r—
IR
i=1 i=1
Choose ju1 = o — 5, F' = min{2c;, 2h;, i = 1,--- ,n}, we
can get
s 1 2 1 2 1 2
Vo < = gpuallell” = S palle]” ~ *m(HeH )7+
1
§H1(||€||2)ﬁ (52 +e2+ 2 91‘91+
2(n—1) af 2 72
—— 0+ — ds+6
—200+ %) 4|l <; R,
0192 0'152 92 52
53)—T1—T1—U (4)’84‘01(41)6"'
0.2785r + D — FZ Lo FZ ! 22P
) 2 — 2
Because of 01 >0, 8> 1, n > 1, it has
o7 -5 B
_01(7)6 S —nNn _’80'1(*)5 (79)
4 4
According to Lemma 2, we can obtain
—an: Lo o —27_1F(Zn: 122)7 (80)
o 2 b o 2 Z
—Fi 126 o —2ﬁ*1n1*5F(§: 12«2)5 (81)
o 2 tT o2 '
According to the Lemma 4 , whenw =1, = | e |*, k =
1—7, Il =~T77, e =, it has:
(II [ mll I? +7(1— 80l (82)
Similarly, it can be concluded that
P 42
(2 < DR 41y (83

Substituting (79)-(83) into (78) produces

Vo <= B lel®y” = B el’)? = B fle)*-
B B BB
( 141)7—111 ’601(11)'6—0111—1-01(11)54-

1
slell’)? + EL1 =)+ (1 —7)i-

n

27*1F(Z%

=1

- 84
2 4 IplP O @ + 0 + )+ BY
=1

2(n—1
%(CE +el+ %9191 + MG

1 1
2 =D - 287 1p1=Bp (Y " 228
0.2785r + 3 (§ 5%)

Further, there has
52
V < —h((eTpe) +
(" pe) + ()
~a((eTpe) + (O
291

W+(

Where h = min{w“ﬁ, (%)7,2’Y?1F}, c =

min{‘z(‘xmil(ﬁ)rﬂv”l‘ﬂal(gj )7, 207 PR, = (1

N+ (1 - >me<2duwwmw+x£+ﬁ+

219,9, + 2Dy, 4 “—nl) +0.2785r + 1 D2,
The common Lyapunov function is chosen as follows:

V,.=e pe—l—z z+— (86)
Substituting (86) into (85) one has:
Vo <= RV, = V2 + EL(lell’) — L llell*+
2 2
02 02 (87)
Ay 01y
01 4 1= 4

Suppose there are arbitrary constants ©7, Oz, such that
llell < O, [|61]] < B2
The following inequalities hold when ©@; < 1, O3 < 2:

p 0
5 Ulell)? = - llell® (88)
62 62
Ul(j)ﬁ—alz<0 (39)
Substituting (88)-(89) into (90) produces
Vi, < —hVY —eVP 4+ % (90)
When ©; > 1, ©3 > 2, we can obtain
M M M -
L (lel?)’ - B el < etety -1 o
62 62 02 62
Ul(zl)ﬁ oy =o (] 5Pt -1
92)
OS2yt )
> 01 4 4
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Substituting (91)-(92) into (87) we have

Vo, < —hVY —eVP 4+ % 93)
Where X = ¥ + X1 + X2, X1 = £603[(01)°7! — 1], x2 =
03 1/093\5-1
017[(7) —1].
Summarizing the above two cases, we can obtain
Vi, < —hVY —eVP 4+ x (94)
Where x = x + x1 + Xeo.
- 0 ©:<1 B 0 ©6;<2
Xl_{xl @121 XQ_{XQ @222 (95)

By using the definition of @ in Lemma 1 and V,,, it has

1, b% 1

52 < ( =) (96)
; 2 (L=n)h

L 22 X 1
=1 5 ' < (W)ﬁ (97)

Combining (96) and (97), z; € {2, can be obtained

— {2 | |z min X —% L
QZ—{Z| |1‘S {\/(1—7])}], 7\/(1_77)0 }}

(98)

According to (98), we can get z; = y —yqg € §2,, So
the tracking error can be aggregated into the {2, region by
adjusting the design parameters.

V. SIMULATION EXAMPLES

Consider strict-feedback switched nonlinear system as
follows

Ty =2 + fi00)(®1) + di o) (1)

To =u+ .f2,o(t) (jQ) + dn,o’(t) (t) 99)
Yy =21
The designed state observer is
Ty =do+m o)y — 1)
&2 = ut M) (y — 1) (100)
§=i

When o(t) = 1, we choose fi1 = 0.0lx1e 0571, fo, =
0.1ze + 23, di 1 = 0.02cos(t), da1 = 0.16sin(t), when
o(t) = 2, we choose f12 = 0.02.%’16_36%, f2.0 =0.015e" %14
0.01ze, dy 2 = 0.01sin(t), d2,2 = 0.02sin(0.2t).

Ip this simulation, 1 = 0.21, 9 = 0.2, 7 = 0, o =
0,60 =001l.r=140=7 pu=0.1, unee = 150, Upin, =
—150, A1 = 150, h2 = 150, ¢l = 150, ¢2 = 100, a1 =
0.01, o3 = 30, g1 = 10, v = 100/101, B = 2, m1 =
150, m2,1 = 100, 11,2 = 30, 72,2 = 200. Reference signal
ya = sin(0.6t). Here only a FLS is needed to approach
the unknown nonlinear function, and the fuzzy membership
function is iy = [e(-0-B* @ - (-4 @—(~44D)] | —
15, -, 15,5=1, ---, T.

The simulation results are shown in Fig.1- Fig.7. From
Fig.1 and Fig.2, it can be seen that the designed state
observer can estimate the unknown state x; and x5 of the
system very well. Fig.3 shows that the system’s output y can
effectively track yq. Fig.4 shows v(t) and w(t), respectively.

Combining Fig.6 and Fig.3, it can be seen that the system
meets the phenomenon of input saturation, but the system can
maintain a stable state. Fig.5 is the holding time of the trigger
execution interval, the number of events triggered in 30s is
2859, the trigger rate of the system is 9.5% (the simulation
step size is 0.001), therefore, the communication resources
are effectively saved, Fig.7 shows the switching curve of the
function o (¢).

15 07

—> 1 1

0.1 -

0 5 10 15 20 25 30

ts
Fig. 1. State variable x1 and variable estimate 1.

=}
[

2§ 08 [
0.6
4t 04
0.2
sf L ‘
0 0.1 02 0.6 0.7
8 . . . . .
0 5 10 15 20 25 30

t/s

Fig. 2. State variable x2 and its estimate Zo.

VI. CONCLUSION

A fixed-time fuzzy adaptive event-triggered control
method is given for strict-feedback uncertain switched non-
linear systems including input saturation. This method can
ensure that the system has good signal tracking performance
within the prescribed time, and the initial state of the system
will not affect the tracking time. Meanwhile, by introduc-
ing event triggered control strategies, the communication
resources of the system can be effectively saved, and even
when the system experiences input saturation, it can still
maintain good performance.
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0 5 10 15 20 25 30
ts
Fig. 3. System output y and reference signal yg.
15
—w()
- =)
10 8

15 I I

Fig. 4. The trajectories of signals v(t) and w(t).

30

0.8

0.7
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Fig. 5. Time interval of triggering events.
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Fig. 6. Actual control signal w(¢) with saturation constraints.
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Fig. 7. Swithing signal o (t).
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