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Event-Triggered Adaptive Prescribed Performance
Control of Uncertain Nonlinear Systems

Haibo Xu, Xinyu Ouyang, Nannan Zhao and Yiqin Zhou

Abstract—An event-triggered based on prescribed perfor-
mance control (PPC) for the tracking control problem of strict-
feedback uncertain nonlinear systems with input saturation
constraint is studied. First, a smooth nonlinear function is
introduced to approximate the saturation function. Secondly,
the PPC design process of a class of uncertain nonlinear
systems and a new error transformation function are designed
to guarantee the output of the system does not violate the
set constraints of the preset functions. Thirdly, an event-
triggered based on adaptive PPC for a class of uncertain
nonlinear systems is implemented. It makes all closed-loop
signals in the system uniformly ultimately bounded (UUB).
Finally, an example is given to demonstrate the effectiveness
of the proposed method.

Index Terms—Nonlinear systems, event-triggered control
(ETC), prescribed performance control (PPC), unknown control
direction

I. INTRODUCTION

N the past several decades, adaptive control based on

backstepping technique has been one of the most com-
monly used nonlinear system design methods. This method
provides a general iterative construction tool for design-
ing controllers, and some significant control schemes have
been developed [1]-[6]. Since the nonlinear systems contain
unknown terms, neural networks [7]-[10] and fuzzy logic
systems [11]-[14] have been widely applied to the control
design for uncertain nonlinear systems.

Recently, a new method called prescribed performance
control (PPC) has become a research hotspot. In practical
control systems, PPC not only guarantees the stability of
the nonlinear system but also guarantees the transient and
steady state operation of the system [15]-[18]. For the strict-
feedback nonlinear system with uncertain multi-input and
multi-output, in [15], Malek et al. designed an adaptive
tracking controller to make the tracking error converge to
its predefined boundary. In [16], an adaptive fuzzy controller
with prescribed constraint for a class of nonlinear strictly
feedback nonlinear systems has been designed by using fuzzy
approximation. In [17], Zhang et al. realized the control
of the nonlinear feedback system with unknown direction
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by using the preset performance, rather than using the
neural/fuzzy system to approximate the results, which greatly
reduced the computational complexity.

Remarkably, data transmission is accomplished through
periodic sampling in the framework of classical sample-data
control. Unfortunately, the network resources are limited, and
the periodic transmission scheme causes a large amount of
communication resources waste and increases the operating
cost of the system. Therefore, a new control approach called
event trigger control (ETC) [19]-[23] has been proposed to
solve the above problems. ETC has made significant progress
in recent years [24]-[27]. In [24], Xing et al. designed new
design methods based on fixed threshold strategy, relative
threshold strategy and switching threshold strategy. In [26],
the results of [24] were extended to the event triggering
control problem of uncertain nonlinear systems with actuator
failure.

In addition, the control problem of saturated nonlinear
systems has been taken concerned by researchers [28]—
[31]. In [31], Wang et al. designed an adaptive tracking
controller for a class of pure-feedback stochastic nonlinear
systems with input saturation. They solved the problem of
non-differential saturation nonlinearity by using a smooth
nonlinear function.

Inspired by the work in [16], [24] and [31], we design
an event-triggered with fixed threshold strategy based on
adaptive PPC for a class of uncertain nonlinear systems with
input saturation. The main contributions of this work are
summarized as follows:

(1) A new error transformation function is used for the first
time to generalize an adaptive tracking control scheme for
a class of strict-feedback uncertain nonlinear systems with
input saturation constraints, where the problems of PPC and
ETC are considered simultaneously.

(2) Compared with PPC results in [16], this paper extends
the conclusion to strict feedback systems with unknown
disturbances and input saturation.

The rest of this paper is as follows: Section II introduces
the unknown nonlinear system function, saturation function,
new error transformation function and some preliminary
contents. In Section III, backstepping technology is used
to design the fixed threshold policy event-triggered adaptive
controller. The simulation studies are carried out in Section
IV to verify the effectiveness of the proposed method.
Finally, Section V concludes the paper.

II. SYSTEM DESCRIPTIONS AND BASIC KNOWLEDGE

Consider a single-input and single-output (SISO) strick-
feedback nonlinear system with unknown control directions
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and unknown disturbances by the form

t; = fi(®;) + hi(Zi)wia () + Ni(t)

Tn = fu(Zn) + ho(Zp)u(t) + An(t) (1)
Yy =1
where z; = [v1,79,--,7;]T € R (i = 1,2,--- ,n)

indicates the system state vector, y € R is the system
output. f;(:) : R® — R and h;(-) : R — R are unknown
smooth functions, \;(¢) show the unknown perturbation and
INi(t)] < Ai,i=1,2,--- ,n, where )\; are unknown positive
constant, and u(t) denotes the actual control input subject
to stochastic saturation nonlinearity, and S(v) represents
the actuator saturation nonlinearity operator with unknown
constants Up,x > 0 and upi, < 0, described by

Umax; U 2 Umax
u(t) = S(’U) e ’U’ umin <v < umax
Umin, U S Umin

2)

where v is the input signal of the saturation nonlinearity
system. From (2), when v(t) = tnaz OF ¥(t) = Upin, there
exist two sharp corners. In order to construct control input
signal directly by the backstepping technique. As in [32],
S(v) can be approximated by the sum of a smooth function
G(v) and an approximation error g(v), where G(v) can be
defined as

G(v) = {

;

—),v=0

Umax

), v <0

Umax * tanh(
Umin * tanh(
U

Umin

€ Umax — @€ Umax

v>0

*
Umax ) v V=

— € Umax + € Umax
v —v

@ Umin — @ Umin

Umin * ) —v 7U<0

\ € Umin + € Umin

Then, S(v) in (2) can be given by:

u=_S8)=G)+g(v) =G,(v)v+g(v) (4)

where G, (v) = (0G(v)/0v)|y = ¢_» and v, = ov, (0 <
o < 1). In addition, according to g{v) =S(w)—G(v) is a
bounded function, the following formula is established

lg(v)| = [S(v) = G(v)]
< max{tmax(1 — tanh(1)),

Umin(1 — tanh(1))} ©®)
=D
Substituting (4) into (1) results in
T = fi(%:) + hi(Z:) @i (8) + Ni(t)
Tn = fu(Tn) + ha(T0)Gov + ho(Zn)g(v)  (6)

+ A ()

Assumption 1: For the functions h;(1 < i < n),
there exist unknown positive constants b and by,
such that

0<b<|h <by <o (7

Apparently, h; are strictly either positive or negative. Without
loss of generality, it is further assumed that 0 < b < h; <
b M-

Assumption 2: The function G, in (6) is bounded by

0<G,<G,<1

where G, is an unknown positive constant.

Remark 1: As stated in [32], the limitation in (8) was
recommended. In many physical processes and systems, the
actual control input signal v must be finite , so Assumption
2 is legitimate.

Remark 2: According to Assumptions 1 and 2, it produces
0<bpy<h; 0<by, <hiG, (i=1,2,...,n—1), where
by, = min {b, bG,, }.

Lemma 1: [31] The desired signal y,.(¢) and y,.(¢), .- (¢),
-y (t) (n € RT) are continuous, bounded and known.

In this note, the fuzzy logic system is applied to estimate
the function f(x) defined on some compact sets. The fuzzy
logic system can be written as

y(x) = Whi(x) 9)

where W is a collection of points for a fuzzy membership
function, ¢ (z) is the set of maximum operation of fuzzy
set. If all memberships are chosen as Gaussian functions,
the following lemma holds.

Lemma 2: [33] Let the continuous function f(z) defined
on a compact set 2. Then, for any given positive constant
€ > 0, there exists a fuzzy logic system (9) such that

®)

sup | f () — WT(a)| < e

xeQ)
Lemma 3: [34] For ¥Y(z,y) € R?, we have:

oy < Zjap 4 Ly (10)
T q

where the positive constants § > 0, p > 1, ¢ > 1,
furthermore, p and ¢ satisfy (p —1)(¢ — 1) = 1.

III. CONTROLLER DESIGN
A. Prescribed performance control
The state errors are defined as follows:
21 = X1 — Yr,
i = i — Q—1,

11
i=23,.n (h

where y, is the desired trajectory and «;(i = 2,...,n)
denote virtual control law, which are used to stabilize each
backstepping design step. In order to accomplish prescribed
performance control (PPC) for each tracking trajectory error
zi, the convergence domain function is defined as

01 = (QO - Qoo)eiét + 0o, (12)

with o9 > 0., Where gy describing the initial value, o, is
the maximum allowed steady state error and & representing
minimum speed of convergence, all of them are predefined
positive constants. In order to stabilize (1) and guarantee
|z:(0)] < |oo| can constrained the transient and steady
state bounds for the output tracking error z;, the new error
transformations is expressed as
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01+ 21

01— 21

m = In( ) (13)

Remark 3: The hyperbolic tangent function tanh™*(z) =
1In(1+ z/1 — z) is used to design the new error transfor-
matlons n1. According to the properties of tanh™'(.), if
n12(t) is bounded, then inequality |z1(t)] < p1(¢) hold-
s. The tracking error z; is constrained by the prescribed
performance function p;, and the transient and steady state
performance can be guaranteed with the desired trajectory
yr(t). This also means that the design of the Lyapunov
function in the form of (18) is reasonable.

The virtual control law « is defined as

1
= — %(Ch + 5+

Wher§ Zl = [xlvyTvyT7Q17gl]9
[1'1, 0? y7”7y7“7 01, Ql]

sl (Z)0(Z) (4

o 1s the function of

1
a; = —(a,-+§)zi 202%% (Zi)i(Z;)
1 1

a, = — (an + 2_d2)z 202 Zn@@b (Zn)bn(Zn)
(15)

where a;, C;(i = 1,2,...,n) and d are p0s1t1ve demgn

constants, Z; = [Tp,0,Yr,Ur - yﬁ),gl,gl 95 ) @

the functions of [Z,, 0, yr, ¥y - - y,(« , 01,01 - , 0 is the

estimate value of the adaptive law 6, which is spemﬁed as

2
Wil

m

0= max
1<i<n

(16)
6 can be updated by

. € n
%7@ﬁﬂm+;b@zwm—w(n)

where € and J are positive design constants.

B. Event-triggered controller design

In this subsection, an adaptive fuzzy control design pro-
cedure based on backstepping technique will be proposed.
Furthermore, an event-triggered adaptive controller will be
presented.

Step 1: A positive definite Lyapunov is defined as follows:

1 b, ~
Vi= o + (18)
2e

2
By combining (6), (13), (14) and (17), the derivative of V7 ()
can be obtained
; . 012 by ~ 4
Vi=moi(fi + iz + A — 9 — %) _ ?99
1
(19)

Based on I:emma 3, it is not hard to obtain that 71 A <
n?¢? /2 + A1 /2. Using this inequality into (19) gives

. . )2
Vi <mon(fi + hawe + 771;1 —Ur — &)
01
2
+%—iw 20)
X by
< morhixzg +mFy + 3~ ?99
where Fy = ¢1[f1 + (mé1/2) — §r — (0121/01)]- Since F)

contains the unknown function f(Z;), F} cannot be directly
used to construct virtual control signal «;. By employing a
fuzzy logic system Wi 11(Z1) to approximate Fy, I} can
be expressed as

Fy = WfTwl(Zl) + 11 (Z1),

where 71(Z;) is the approximation error and £; is an
unknown positive constant. By Lemma 3, one has

In(Z)| <& 2D

W*TH CQ 7]2 52
Fo< bm 2 ” T 1 <1
mbr < 012771 %7/114' t5+35
b c: n 2
< 20T B SIS ST |
_2012771 Yy + 5 + 5 + 2
(22)
Based on (14), we can have
2 2
nihi
moio = —a1h177% - 12 zczhlelﬁ%
2
N7bm b
(23)
Then, one can deduce from (20), (22), and (23) that
. C 7] 2
m T 1
Vi <morhizg + 202771% U+ — 2 + 2
HOS bm
\b,,
21 —99
+ 2
< —aybyn; + merhyz
bm
+ —0( an1¢1 = )"‘Al
(24)
where , ) )
_o A A
A= B + 5 + 5

Step 2: Similarly, the virtual control signal as will be
constructed to control the system. According to z5 = x2—a7,
we can define the Lyapunov function as follows:

1
Vo=Vi + 523

5 (25)
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By substituting (11) and (24), we obtain the time derivative Then, (28) can be rewritten as
of V, as

. b
Vo < —ajby,n? + —20 +A ‘
2 < —a10,M . (202 M — ) ! Vo < —arbnni — asbpzs

+Z2[h1771¢1+f2+h2903+5 day 2,74
. L
Oa oo
_a_l(f1+h1172)+22(a i) b (29)
1 + =0 (202771% (20
B Z 3041 olF+ D) Z a041 (k+1 €
- 2022‘1%  — )+A1+A2
80&1 € 3
BY; 202771% Py — 89 202 Q@Z’Q (0
8041 ~ 8041 "
o0 ]_%ZZ TRk e
AN i
21 c? &2 N\ 2
2 4 A, = 2472472, 71 30
26) 2= to t ot (30)
Therefore, we can rewrite (26) as
. b, B
Vo < _@1bm77% + — (202 Ulw Py — 9) Step i (¢ = 3,4,--- ,n—1): Based on step 2, the iterative
method can be used to obtain
day - 2,7
A - ; oA (27)
5\5 5\% ] i—1 1—1
+ 25(hozs + hooy + Fy) + 5t Vier < —aibmni — Z arbpnzi + Z Ay
k=2 k=1

where

b~ € o 1
D, +hi—1zi12 + ?9(2_012771% (0
Fy =mhip + fo + 3 - a_<f1 + hiy) i (31)
€ X
+ Z 2—022131/11{?/% —0)

O 1 O (k11
+22(5—)" - 0
axl kX; aggk) 1

80%
! ooy (k+1) 5’041 T - Z “k+1 Z 202 PYarkd ?/)z (0
> oy 26 202 acz Y -
k=0 d
_ 00(1 € 1/} 8@1
06 2 02 72V 9 where

Similarly, based on (22), the following result holds
bm

Vy < —agb,,n’ € 2Tepy — > o 32 il k3
+ A — %222 202 AU
+ hazazg — bnaszy — %23 (28) we can take the Lyapunov function as follows
- sl v+ o 0UT
+%22+%%+%§+%%+§ V;=Vz~_1+%i2 (33)
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and then taking the time derivative of V; yields

i—1 i—1
—ay by’ — Z akbmzz + Z Ay
k=2 k=1

by~ € !
+ ?9(2—01277?1#{% + ; 207 —5 2 h bk

i—2 n
A Oa €
—0) —Z 89k Y Z—CZQZWMZ

l=i+1

Oy — Oy (k+1)
bay (g =Y 2

k)
k=1 o 001
1

a4 (k+1)
_Z ouy® Ya
aai_l €
96 207"

1t
Oy

EZ: € 2T
- = z
o0 = 20,3 E P

8061'_1 A 5\2 L 5\,%
00+ + > =
o0 | 2 ; 4

(34)

Then, we can write

i—1 i—1
Vv, < albm'rh Zakbmzk—l—ZAk
k=1

by, ~
+ ?9(2—01277%?/)??/11

i—1
€ A
+ Z 2—60213@/1/3@% —0)
Oay, € 5.7
- Z 2k+1 Z Py
I=i+1 20

1_

/\2

+ 2i(hiip + F) +—+§ T
k=1

where
F, = hi 1z 2 Tap, Zaakz v f
i = i1zl — 5557 i ~ Zk+1 i
20 —~ 00
i—1
Oy
- P L(fr + hitsn)
Tk
k=1
i—1 9 -1
Jday_q O0i—1 (kt1)
+ZzZ( ) _Z 01
k=0 O k=1 aggk)
i—1
Oy (k+1) Oa;_1 € 2T
- » Yd 2771¢1 P
— gylF) 00 2C%
8%_1 . € 8@, 1
— + s
00 22013 RVt

Similarly, according to (22) and (32), it produces

Vi < —a1b,n; — Z arbmzp + Z Ag + 2zizip1
k=2 k=1

by € o 7 ~ € 2T A
+ ?9(2012771@/)1 Py + kz:; —202 20 W — 6)
- i —aakzkﬂ i . ZlQ%Twz
A 2
k=1 90 l=i+1 2C]
(35)

Remark 4: This paper only designs one adaptive law 6
in each step of virtual control input, which is similar to
literature [31]. This greatly reduces computational complex-
ity. Because of the term (da;_1/00)0 contains the terms
Zitl, ", 2n, the fuzzy logic system Wl-Tzl)l-(Zi) can not be
directly used to approximate it. To overcome this difficulty,
we divided the therm (Oc;_1/ 89)9 into two parts in (34):
(Dai—1/00)((e/207 )T 1+, (6/2%)2/#/% Y —00)
and (da;_1/80) [Zk i1 (€/2C2)224bil ). The first term
can be summed up in the package function Fj, and the second
part will be dealt with in the later design steps.

Step n: The event triggering mechanism is used to design
the actual controller v(¢) in step n. Now, select the Lyapunov
function candidate V,, as

V.=V, _ +» (36)
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The derivative of V,, can be obtained

n—1 n—1
Vi < —abyn} =) bz + ) A

k=2 k=1
bm
? (575 Cg UA ¢1 (O
€ A
+ Z 2—02213%:5% —0)
k=2 ~k
+ Zn [hn—lzn—l
8(1/;C
202 nw 1%2 _Zk—i-l + fn
+ haGov + g + %"
n—1
8067171
- (fr + pt1)
1 axk
n—1 2 n—1
Oay—q Oy (k+1)
ey Gy -5 Gy
k=1 k=0
n—1 aan_l (k;+1) aan 159]
= gy 1 00
=Py
+ 5 + 1
k=1
(37)
Therefore, we can rewrite (37) as
n—1 n—1
k=2 k=1
b
(202 Thw,{wl
38
Z kak Uy — ) 8
=2
(h GO'U + hn.g + Fn)
X?L «— X
+ 3T
k=1
where

-1
80%

Fn :hn—lzn—l 202 n¢ ¢nz 60

k

-1 5
Z n—1 k+1
(

k=

01

Zn — aan_l
+ fn+ 5 ; o7 (fi + hirsr)

n—1
+znz
k=

1

Z —1 k+1 aOénA—1 (5é
00

k=0

ﬁan 1

(9xk

Next, the adaptive controller is given as

w(t) = utanh( enft ) (39)
Y
The triggering event is defined as
v(t) =wl(ty), Vt € [ts,ter1), pEZLT (40)
tsp1 =inf {t € RY [|e,(t)] > p}

where p,y and i > p are all ensure positive constant, and
the measurement error is given as

ey(t) = w(t) —v(t)

Similar to the analysis of [24], the inequality |w(t) — v(t)| <
p holds for the time ¢ € [tg,ts41), so there exists a
continuous function x(t), which satisfies |x(¢)| < 1 with
X(ts) = 0 and x(ts4+1) = £1, the following expression holds

v(t) = w(t)

Remark 5: p is the fixed threshold. The value of u needs
to make the system stable and has the least number of events
triggered at the same time

By taking (6), (11), (39) and v(t) = w(t) — x(¢t)u into
consideration, one has

(41)

— X (t)p (42)

n—1 n
Vn < —albmnf — Z akbng + Z A"
k=2 k=1
b ~

€ ~— €
+ ?9(2—0277%%%01 + Z 2—02213%?%

bm
9) + 2,hn Goay + 2phng + —5 22 20071,

+ 2,h, G <—,E tanh <@> — X(t)u)
Y

(43)

Note that the hyperbolic tangent function tanh(-) has the
following property [35]:

0 < |¢| — s tanh (i) <0.2785y  (44)
v

where v > 0 and ¢ € R, eventually we can get

n—1
V < _albmnl Z akbmzk + Z Ak
ey ) )
? (s~ 02 771% Py

n-1 (45)

+ znhnGaan + 2phng

bm
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By using the virtual control law «,, and Lemma 3, it is easy
to obtain the following inequalities

hnGo 2}
ZnhnGaan S _anbmzn2 - %
b a1 (46)
- 202 Znewn wn
haGo2?  byyd?g?
anhng < =557+ A;bm (47)

where d > 0 is a design parameter. Combing (45) with (47)
and (46), together with the fact 0 < (—1/2)62 + (1/2)6>
result in

n

. b0 ~
Vi, < —aybyn? — ; axbz — 50"+ po (48)
where py = (b,6/2€)0* + > 1 _; Ap + 0.2785vdy +

bar/d%g*2b,,. Defining 9 = min{2b,0a;,0,i =
1,2,--- ,n}, (48) can be rewritten as
Vi <%V + po (49)

Theorem 1: Consider the uncertain nonlinear systems (1),
the adaptive law (16) and the event-trigger mechanism (40)
controller. If the assumptions 1-3 are satisfied, then the inter-
execution intervals {t,. 1 — ts} for Vs € Z* are lower
bounded by a positive constant {* > 0 such that Zeno-
behavior does not occur.

Proof 1: In order to prove that there exists a constant £* >
0 such that {ts 1 —ts} > t*,Vs € ZT, by recalling e, (t) =
w(t) —v(t),Yt € (ts,ts+1), wWe obtain

d d % , s <ol (50

o leo| = dt(ev % e,)2 = sign(e,)é, < |w| (50)

It can be seen from (39) that w(t) is a function of the
variables, z, § and ¥(Z,), where x and 0 have been proved to
be bounded, and ¢/(Z,,) is a differentiable Gauss function, so
w(t) must be a continuous function. Hence, there must exist
a constant @ > 0 such that |&w(t)| < w. From e,(ts) = 0
and limy _y ¢, €,(t) = p, we obtain that the lower bound
of inter-execution interval t* must satisfy t* > m/s, the
Zeno-behavior [36] is successfully avoided.

The proof of the Theorem is therefore completed.

Remark 6: Based on the above proof, the designed adap-
tive controller (14)-(15) with parameter update law (17)
and trigger mechanism (39), (40) not only ensures that
the tracking error does not violate the preset performance
function, but also ensures that all signals of the closed-
loop system are bounded, and also realizes the event trigger
mechanism well.

IV. SIMULATION

In this section, the effectiveness of the proposed control
method is verified by the following numerical simulation
example.

A second-order nonlinear system with unknown control
direction is considered as follows:

j,’l = T3 + )\1,
to = Acos(x1) + Bu + Ao,

y =T

(S1)

15

T yo
—y,®

5 10 15 20 25 30

Fig. 1.

Desired signal y,-(¢) and system output y(t) .

-10 L L L L L
0 5 10 15 20 25 30

Fig. 2. System state xa.

where x; and zo are the state variables, y is the system
output, A\; and Ao are the disturbance, and u is the actual
control input, which defined in (2). And the nonsymmetrical

input saturation limits are chosen as u;,q; = 500 and
Umin = —400, respectively.

To verify the tracking performance of the proposed al-
gorithm, the reference signal is chosen as y, = sin(t).

The parameters of the prescribed performance function g
is specified as g9 = 1, 9o = 0.04 and ¢ = 0.4. The control
parameters are selected as A = 9, B = 0.9, C; = 50,
Cy = 50, a1 = 100, ae =70, d =1, e =1,6 =1,
v = 10, ¢ = 0.1, # = 7.The disturbances are taken as
A1 = 0.5, Ay = 0.8. The initial conditions are taken as
[21(0), 22(0)]" = [0.2 — 0.5]" and A(0) = 0. The simulation
results are shown by Figs. 1-8. Desired signal y,.(t) and
system output y(¢) are shown in Fig. 1. Fig. 2 displays the
system state x5. The tracking error of the proposed method
is presented in Fig. 3. The bounded curve of adaptive rate 6
is shown in Fig. 4. The trajectories of event-triggered control
signal v(¢) and continuous control signal w(t) are shown in
Fig. 5. Figs. 6 and 7 show the event-triggered control input
v(t) and the saturated control input u(t), respectively. The
time intervals of each event are shown in Fig. 8.
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1 ‘ 1500 ;
: R — vt
\ —Zl(t) (®
08y ---—01 || 1000} ]
A )
06l % 4
kY 500 |
.
04F % ,
. 0
0.2f ‘o 01 |
“'-— ________________________________ -500} i
0 / ------------------------------
—0.2} 2 el \ | -1000} il
02r~t . —01
4
'I
I 1 -1500} ,
,l
’
-06 1 -2000} ]
o8l
°l: -2500} E
_l L L L 1 1
0 5 10 15 20 25 30 _3000 ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30

Fig. 3. Tracking error z; under the prescribed performance constraint g1 . _ ) )
Fig. 6. Event-triggered control signal v(¢).

0.04
500 ‘
— u(t
0.035 . ®
400} .
0.03 T 300} B
0.025 1 200 .
0.02 1 100 i
0.015 - b — — ]
-100 .
0.01 .
-200} .
0.005 .
-300} .
0 . ‘ . .
0 5 10 15 20 25 30 _400 ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30

Fig. 4. Adaptive law 6.
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ear systems with input saturation constraints. The unknown
function is approximated by adaptive fuzzy control, a new

In this paper, a new control scheme based on event error exchange function is proposed, and the tracking error
triggering is designed for strictly feedback uncertain nonlin- is constrained by the preset constraint function. An event-

V. CONCLUSION
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triggered fixed threshold strategy is designed, which is
theoretically and experimentally proved to be feasible and
effective. How to extend the algorithm to nonaffine stochastic
nonlinear control system and other event triggering strategies
will be a further topic.
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