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This paper considers the fixed-time control issue of a class of uncertain nonlinear multi-agent systems with external disturbances under
unknown sensor hysteresis and input saturation. The hysteresis phenomenon exhibited by sensors is characterized using the Bouc-Wen
model. The radial basis function neural network (RBFNN) is used to approximate the unknown nonlinear dynamics, and two adaptive rules
are designed to estimate the uncertain parameters contained in the RBFNN and compensate for the sensor hysteresis, respectively. The
backstepping technique is employed to design the distributed adaptive fixed-time control mechanism. The difficulty of controller design is
that the exact states of the system cannot be fed back and the singularity issue in fixed-time control must be excluded. The proposed scheme
ensures the practical fixed-time stability of the closed-loop system and the boundedness of all system signals. Finally, numerical simulation
is conducted to confirm the validity of the theoretical results.
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1. Introduction Nonlinear systems exist in large numbers in the real

world. Due to the complexity of the real world, the sys-
With the rapid advancement of computer science, the Inter-  tem may be affected by some uncertain factors, such as
net, and artificial intelligence, the problem of coordinated  uncertain nonlinear dynamics and external disturbances. To
control of multi-agent systems (MASs) has drawn the inter-  eliminate the influence of these uncertain factors, neural
est of a large number of scholars and has become a hot topic ~ networks [8-11] are usually used to approximate uncer-
in the areas of control theory and artificial intelligence [1, 2]. tain nonlinear dynamics and to realize adaptive synchro-

The main issue in the coordination of MASs is the so-called  nization of systems. In practice, due to the limitations of
consensus problem, which has a wide range of applications  physical devices, it is necessary to limit the system inputs
in multi-UAV formation control [3], multi-robot coordinated  to a specific range, so the development of saturation con-
control [4], satellite formation control [5], and so on. The  trollers is of great significance. For full state-constrained
main idea of consensus control is that each agent coordinates nonlinear systems with asymmetric input saturation, a com-
its behaviors based on local information so that all agent =~ mand filter-based adaptive tracking control scheme was pre-
states are consistent or synchronized [6, 7]. sented in [12]. In [13], the problem of consensus tracking
for a class of strict-feedback uncertain nonlinear MASs with
input saturation and partial state constraints was studied.

Received 22 October 2024; Revised 26 February 2025; Accepted 26 Febru- . B - . .
ary 2025; Published 23 April 2025. This paper was recommended for pub- For fractional-order MASs with Input saturation and partlal

lication in its revised form by editorial board member, Lu Liu. state constraints, an adaptive tracking control scheme was
Email Addresses: *yuhui@ctgu.edu.cn designed by using the event-triggered strategy through out-
“Corresponding author. put feedback in [14].
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Recently, the fixed-time control method has attracted
a large number of attention from scholars due to its rapid
convergence, strong anti-interference capabilities, and good
tracking performance. Unlike the finite-time control, the set-
tling time in fixed-time control has a fixed upper bound that
does not depend on the initial state [15, 16]. In practical
applications, the initial states of the system may be difficult
to acquire or inaccurate, which limits the practical applica-
tion of the finite-time control method. Therefore, the fixed-
time control approach is more applicable in practice. In [15],
the fixed-time adaptive tracking control problem for uncer-
tain nonlinear systems with unmeasurable states and input
hysteresis was studied. The adaptive tracking control issue
is investigated to ensure fixed-time convergence for strict-
feedback systems with input hysteresis in [16].

In applications, actuators are generally used to actuate
the system, while sensors are used to sense the states of
the system for feedback. However, actuators and sensors in
control systems often suffer from a nonlinear phenomenon
known as hysteresis. Due to the effects of hysteresis, the true
inputs and states of the system become unknown. It is thus
evident that the stability of the system cannot be ensured
until the hysteresis is compensated for. To guarantee the sta-
bility of the system is not affected by hysteresis, researchers
have developed many mathematical models that describe
the hysteresis phenomenon, as detailed in the existing lit-
erature [17-20]. Of these models, the modified Bouc-Wen
hysteresis model in [20] is the most widely adopted within
the academic community. A substantial body of research has
been conducted on the control problem of uncertain non-
linear systems with hysteresis, as presented in [21-28]. In
[21], the adaptive finite-time tracking control issue for multi-
input and multi-output nonlinear systems with input hys-
teresis and unknown nonlinear dynamics was studied. In
[22], the authors studied the adaptive stabilization problem
of stochastic nonlinear systems with input hysteresis and
unknown control directions via output feedback. The prob-
lem of event-triggered containment control for stochastic
nonlinear systems with input hysteresis was investigated in
[23]. In [24], the authors studied the adaptive neural control
problem for nonlinear systems with output hysteresis and
unmeasurable states based on output feedback. The adap-
tive tracking control for switched nonlinear systems with
un-modeled dynamics and unknown hysteresis was stud-
ied in [25]. In [26], a finite-time adaptive control strategy
was proposed for nonlinear systems with output hystere-
sis and disturbances. In [27], the author discussed the adap-
tive tracking control issue of nonlinear systems with state
and actuator hysteresis. The finite-time neural adaptive con-
trol issue of nonlinear systems with state hysteresis was dis-
cussed in [28].

It can be seen from the above literature review that
there have been many research works related to the control

issue of systems with actuator and/or output hysteresis.
However, there is very little research on the control issue
of systems subject to full state hysteresis, such as those in
[27,28]. In many practical applications, it is more important
to reach the desired control goals in a fixed time than to meet
the asymptotic performance requirements of the control sys-
tem. Therefore, it is of great theoretical and practical signif-
icance to study the fixed-time control problem of uncertain
nonlinear MASs with full-state hysteresis.

Drawing inspiration from the above literature, this
paper investigates the fixed-time adaptive tracking control
issue for nonlinear MASs with input saturation and full-state
hysteresis caused by sensors. In comparison with related
works, the contributions of this paper are as follows:

(1) Taking into account the potential effects of unknown
sensor hysteresis and input saturation, a fixed-time con-
trol scheme is proposed to achieve the tracking control
objective in MASs with uncertain nonlinearity and exter-
nal disturbances. By compensating for the sensor hys-
teresis in the backstepping design process, the designed
control mechanism guarantees that the closed-loop sys-
tem is practically fixed-time stable.

(2) Most of the existing work focuses on the situation where
the actuator or system output is affected by sensor hys-
teresis, and this paper focuses on the situation where the
full states of the system are affected by sensor hysteresis.
Unlike [21-23], where the actuator hysteresis compen-
sation is only required in the last step of the backstep-
ping process, in this paper, the sensor hysteresis must
be compensated in each step because all the states of
the system are affected by the sensor hysteresis, which
increases the difficulty of the algorithm design. Com-
pared with [24-26], in which only the system output
receives the effect of sensor hysteresis, this is the special
case of this paper.

(3) As far as we know, some research results have been
achieved in the aspect of the asymptotic stability of
uncertain strict feedback nonlinear MASs with full
state hysteresis [28-30]. This paper mainly focuses on
the fixed-time stability of the system. Compared with
the finite-time stability, the upper bound of the settling
time of fixed-time stability has the advantage of being
independent of the initial state. When the exact states
of the system cannot be fed back, it is challenging to
provide a solution for the fixed-time control of the sys-
tem. Additionally, in the fixed-time control scheme pro-
posed in this work, the virtual controllers contain only
error terms with exponents greater than 1, thus avoiding
the singularity problem often encountered in fixed-time
control designs [31,32].



The structure of the remaining content is as follows. For
the problem statement and some preliminary knowledge,
see Sec. 2. In Secs. 3 and 4, we present the adaptive control
design process and carry out the stability analysis, respec-
tively. The simulation results are given in Sec. 5. The whole
paper is concluded in Sec. 6.

2. Problem Statements
2.1. Notations

Some explanations of mathematical symbols are given in
Table 1.

2.2. Graph theory

A directed graph is denoted by G(W, S, A) that models the
interactions among agents, where W = {1, 2, ..., N} repre-
sents the set of nodes corresponding to N following agents,
S S W X W is the set of directed edges, and A = [q;;] €
RV*N s the weighted adjacency matrix. An edge (j,i) € S
means that agent i can obtain information from agent j. In
this case, a;j > 0, otherwise a;j = 0. It is assumed that
a;; = 0 in this paper. The set of neighbors for agent i is
defined as M; = {j | (j, i) € §}.LetD = diag{d,, ..., dy} with
d;=%)_ a; andL=D - A.

Define another graph G(W U 0, §, A), where the leader
agent is labeled as 0. The leader agent is assumed to have no
neighbors. If agent i cannot sense the leader, then, b; = 0
and b; > 0, otherwise. Let B = diag(by, ..., by). We say that
the graph G has a directed spanning tree (DST) if there exists
at least one directed path from the root node to every other
node.

Figure 1 shows a digraph containing a DST for four fol-
lowers and a leader. It is obvious that a;; = 0 except for

Table 1. Symbol table.

R The set of real numbers

R* The set of nonnegative real numbers

R4 The set of g-dimensional real vectors

RNXN The set of N X N real matrices

sign(-) The sign function

Re() The real part of a complex number

-1l The two-norm of a vector or matrix

a(?) The minimum singular value of a matrix

% The gth derivative of x with respect to t

diag(by, ..., by) The diagonal matrix with diagonal elements b,
b, ..., by

1y The column vector with each element being 1

min ¢;, max ¢;
argmingegm f(6)

The minimum and maximum values of ¢;
The value of variable 8 when f(6) is minimum
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Fig. 1. Adigraph havinga DST.

Ay = A4y = Ay3 = 1,d; =d; =0,d, = 1,and d, = 2. Thus,

0 0 0 O 1 0 0 O
01 00 0 0 0 O
D: 'B: 1]
0 0 0 O 0 01 0
0 0 0 2 0 0 0 O
0 0 0 O
1 0 0 O
A= , and
0 0 0 O
01 10
O 0 o0 o0
-1 0
L=
0 0
-1 -1 2

2.3. Problem description

Consider an MAS consisting of N following agents, where the
dynamics of the ith agent are

xi,q =Xig+1t fi,q (iiq)

+dig®), g=1,..,n-1, 1)
Xip = sat(u;(t)) + fln(’zln) + dip(0),
Yi = Xi1» i=1,2,...,N,

where %, = [X;3, %5, -, Xq)", ¢ = 1,2,..,n,and let x; =
X be the full state vector. f;,(%;4) is the uncertain nonlinear
dynamics, d;;(t) € R is the external disturbance, y; is the
system output, and sat;(u;) is the saturation controller with
u; being its input.

The asymmetric saturated controller sat;(u;(t)) is
defined as

sat;(w;) = x;(u)y;, (2)
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where

u.
M w > ugy,

u;

Xi(ui) =141 if — uim < ui < u’iM’ (3)

u.

—— i w <~y

u

L

with u;,, and u;,, being the saturation bounds, which are
known positive constants. It is obvious that the function
xi(u;)) € (0,1], which indicates the saturation degree of
u;. When y;(u;) = 1, it means that no saturation occurs.
For practical applications, the input u; of the saturation con-
troller is required to be bounded. Thus,

0<o, <yx(u) <1, 4
where the unknown constant o; will be estimated later adap-
tively.

The system states Xigpq = 1, ...,n, are measured by sen-

sors with hysteresis. The Bouc-Wen hysteresis model is uti-
lized as follows:

J%iq = Hiq(xiq)

= Ziqxiq + /‘{iqriq, q= 1, e, n, (5)
where %£;, is the measured value of x;,, {;,, and 4;, are

unknown nonzero constants with the same signs, and Tiq is
the solution of the following equation:

‘f.iq = xiqgiq(riq; x[q), qu(to) = 0 (6)
and
' N CO T s
Jiq(ig tig) = 1 = signGiigdhyg gl "1 "' 1ig
2
3 h:
- hfq)lrlql “, (7)

@) 1 3  ofori €]
where hiq ,hl.q , and hl.q are constants satisfying hiq >
1

2
KL EP > 1, and g < 7y = D +4%)
hg;),hg), and hg;) mean the shape, the amplitude and the
smoothness of the hysteresis, respectively. Without loss of
generality, it is assumed that sign({;,) = sign(4;4) = 1.

The aim of this work is to design a control scheme such
that the closed-loop system is practically fixed-time stable
and all the system signals are bounded.

In the following, some required lemmas and assump-
tions are given.

Assumption 2.1. The  external disturbances d
q =1,..,n,satisfy |d;,| < d;, with d;, being constants.

iq’

d%y, —

Assumption 2.2. For leader signal y,(t), a0 4 =

1,2, ...,n, are continuous and bounded.

Assumption 2.3. Graph G has a DST rooted at the leader.

Remark 2.4. Assumptions 2.1-2.3 are common assump-
tions in the tracking control of MASs. Similar assumptions
can be found in [13,27,33].

Remark 2.5. Assumption 2.3 shows that d; + b; # 0, thus
ensuring the effectiveness of the subsequently proposed con-
troller and further guaranteeing the stability of the system.

Lemma 2.6 [33]. For a system x(t) = g(t), if the Lyapunov
function V (x) satisfies

V(x) < —p, VP —p, VP2 + M, (8)
where py,p,, M > 0,5, € (1,),and B, € (0,1) are

constants, then the system is practically fixed-time stable, the
residual set is

_ . M |m
Q—[leSmm([—pl(l_e)] )

M %
[Pz(l - 9)] )}' )

with 6 € (0, 1) being a constant, and the settling time T satis-
1 1

lesT <T = .
fiesT < Twax = 55065 + moeai-py)

Lemma 2.7 [33]. Fora,b € Rand c;,c,,c3, H € RY,

H|a|51|b|52 < ilalcl*'cz

€1 TC
ftey -c
+ CZH—Czc;_zl|b|CI+CZ. (10)
c;+¢,
Lemma 2.8 [34]. Fora; = 0,i =1, ...,n, one gets
n S n
(Zai> SZaf, 0<s<1,
i;l . i=1 N (11)
(Z ai> <ns?! (Z af), s> 1.
i=1 i=1

Lemma 2.9 [35]. Under Assumption 2.3, for any eigenvalue
Aof L + B, Re(4) > 0 holds.

Lemma 2.10 [36]. ForVa,b = 0, q, and q, > 1 satisfying

141= 1, one has
q1 2

q q
ab < azy E
a: q;
Lemma 2.11 [37]. Let § = 6 — 6, where 6 and 6 are two
scalar functions. For any 0 < ¢ = ¢,/c, < 1 withc, and c,
being odd numbers, one has

(12)

ééc < 5191+C - Szél+c, (13)
Crq_2 o
wheres, = £ [1-21+ oo+ HE D and s, = 01 -

2¢(¢=] gre constants.
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Lemma 2.12 [37]. Letp > 1 be an odd number,y > 0 be a Let z, = [214, 251, ""ZNl]T and y = [, 7,, "")A]N]T =
constant, and x < y. The following inequality: (%11, %21, ---:£N1]T- Thus,
x(y —x) < yPH —xP* (14) 2, = (L+B)P — Lyyo). (20)
holds. Step 1. From (1) and (19), one has
Lemma 2.13 [38]. Consider system é(t) =-m, 6% (t) - N ' . .
m,0%P271(t) + s(t), where 6(t) € R, m;, and m, > 0 are Zj = Z a;j(%i1 — Xj1) + bi(Xiy — ¥o)
constants, B; = Zﬁ >,105< B, = % < 1withpy, qq,p,, and =1
1 2
q, > 0 being odd numbers, and s(t) is a positive function. It is N N
> >t > 0. 4 3 4 .
true that 6(t) = 0 forVt = t, if 6(ty) =0 _ Z a; ki — z ay% ;1 + by — by,
j=1 j=1
2.4. The radial basis function neural network N
= (d; + b)#; —Z A — b 21
According to [39], a continuous function f(X) on some com- (d; + bty ‘ %ij%j1 ~ Pido (21)
pactset )y is usually approximated by a radial basis function =t
neural network (RBFNN), that is Further, it follows from (1) and (5)-(7) that

fX)=6"pX) te, (15)

where the approximation error ¢ satisfies |¢] < éwith& > 0

N

Zyy = (di + b)) (G Xyg + A Tig) — Z aij({jlle
e

being a constant. X = [X;, ..., X,]” is the input vector of the !

RBFNN and ¢(X) = [¢;(X), ..., ,, (X)]” is the basis function +417j1) = b
vector with m being the nodes number of the RBFNN. 8* € N
R™ is the ideal weight vector satisfying = (d; + b)) ({;1 + Ai19i1)%i1 — Z a;;(¢jy
j=1
6* = arg min { sup |f(X) —0Tp(X 16 . .
8 germ {XES?X &) v )l} (1) +2j19j1)%j1 — biYo

with 6 = [6,,0,,...,6,,]T being the weight vector.
The basis function ¢;(X) usually adopts the Gaussian
function defined as follows:

Xin — AinT:
= (d; + b) (i1 + 21911) (g— +fu
i2

N
Xiog — Ajpl;
X —1)T(X —y . _Z (T PN e e o
0 = oxp |- 1)], a7 " du) 0@ + ljlg]1)< =
U] j=1

where (; a.nd v;, i = 1,..,m, all‘e the center and the width of + fj1 + djl — by,
the Gaussian function, respectively.
Lemma 2.14 [28]. Let X, = [X,..,X,] and ¢o(X,) = = (d; + b)Yy (Riz — Azl + Giafin + Gi2din)
[01(X,), o, 01 (X,)]T be the input vector and the basic func- N
tion vector of the RBFNN, respectively. Then, _ z ¥ (%), = Ajatiz + $afin

lo(XIl < lleXp)Il, (18) j=1

+{j2dj1) — by
= (d; + b)Y;1(ziz + ajy — Az

holds for any positive integer p < .

3. Adaptive Control Design +izfir + Giadin)
) N N
et -
N . . . - Z a;;¥j %, + Z ;Y1427
Zy1 = Zj=1aij(xi1 — %1 + (%1 — ¥o), j=1

. (19) =
Ziq = xiq - ai'q_l, N N
where z;, is the local tracking error, z;,, ¢ = 2, ..., n, denotes - Z a;j¥j1852fj1 — Z a;j¥j1$2dj1 = biYo,
the error variables between %;, and the virtual controller j=1 j=1

- (22)
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Y. = M’q = 1,2,..,

N
where d; = X f
t J= \q Ciq+1

=1%ij
n—1.
From the definition of g;,(74, %;4) and noticing that
1
L@
_ €Y) (3)y A
Inq(O] < Tiq = (hyg +hy;) "1, one gets

. 1 3 .
GiqUig %) = 1= (A + hi) gl a®

hiq(z) —

) 0 (23)

W @)
> 1 - (hy,) +R)F,

and
. 1 @ 3 h®
9iq(igtig) < 1+hQ[rgl"a + A ||y |"i
he) + h)| .
Y + 8

From (23) and (24), one has 0 < g;,(7;4, %;4) < a.

Therefore,
¢ G+ A d
24 Y, < 24 e (25)
Zi,q+1 {i,q+1
. — I )
LetY, = =4 and Y, = Sig*thig? 1o the upper and
—iq Cig+1 q iq+1

lower bounds of ¥;,, respectively, one has Y, < Y, < 1_/iq.
Since the upper and lower bounds of Y;, are unknown, they
will be estimated using adaptive rules later.
Choose the Lyapunov function V}; as
_1. 152 Y
Vil = Ezil + ﬁeil + 70'1-1, (26)
L
where 6;; = 6;, —8;, with §;, being the estimate of §;;, which
will be given later, and n7;; > 0 is a constant. 6;; = 0;; — 64
with 6;;, = - and 8,, = Ai, in which 6;, and Y., are the
i1 Y, i1 Vi i1 i1
estimations of 0;; and Y, , respectively.
Calculating the time derivative of V, yields that
Vit = 212y — —040 — Y6164
i1

= z;1 |(d; + b)Yi1(Ziz + @iy — AipTip

+ Ciafir + Gi2din)

N N
- Z a;¥j1%jz + Z ;¥j12752
=1 =1
N
—Z a;Yj152fj1
=1

N
- Z a;;Yj1Cj2d 1 — by,
=1
1 ~ A .~ A
——0;10;; —Y;,6i1641- (27)
Ni1

Applying Young's inequality yields that

(d; + b)Y;1212;,

1 1
< E(dl + bi)zyiizizl + EZiZZ'

(28)
(d; + b)Y;12i18i2di4

1 1-
< E(di + bi)zyiz1 izzzizl + Edizr (29)

and

N
—Zjy Z a;;Yi10j2d 4
j=1

N
= -z Z(\/a_ijyﬁsz)(\/ajdjl)
=1

<

N[ =

N N
1 -
Zizl Z aUszl(}?Z + E Z al]djzl (30)
j=1 j=1

Putting (28)-(30) into (27) leads to

. 1 1 1
Vip = E(di + bi)zyiz1zi21 + E(di + bi)2Yi21 i222i21 + Ezi21

12,1,

- Ezu + Eziz t 2z [(di + b)Y (@i — Atz

N
+iafin) — Z a;jYi1(Xj, — jarjz + (o fjn
=1

N
Ziq 2 . 1 32 1 <2
= G di b+ 3+ 5 D e
j=1

1 ~ 2 . A
——0;10;; — Y,16i16:1- (31)
i1
= N _ 1 2v2 1 2v2 72
Let Py (Z;1) = 5(d; + b)Yz + 5 (d; + b)Y (5210 +
1
3Zi1 + (d; + b)Y (iafir — AiaTiz) — 21}]:1
N N Zi1 wWN 2 72
i1 @Yty = Xy @Y Giafjn + X1 a8 —
. 5 s N N N . 9T
b;y,, where Z;; = £xi1: Ri2 X1, Rj2, T, 20 Tj1, T2, Vo] and let
Ziy = [X;1, %1, Yol -
Then,

a;j¥j Xj, +

Vi < Ly le

2%1 T %2 inl(d; + b)Yy + Pi1(Z_i1)]



N
15, , 1 O
+ Edil + E jzlaijdjl 11_L19i16i1
~Y,,61164 (32)

The function P,(Z;;) is approximated by a RBFNN
Wizﬁﬂu(zn) as

P1(Zin)

where the approximation error ¢;, satisfies |¢;;| < &;; and

&;1 > 0 is a constant.
By using Lemmas 2.10 and 2.14, one has

= W&‘Pu(z_il) + &1, (33)

Zilpil(Z_il) = Zi1Wi711(Pi1(Z_i1) +z18

1
< G700 Zin)puZi)
l

1 1 1._
+ E‘U.il + Ezizl + Esizl' (34)

where 6;; = [[W,|%.
Substituting (34) into (32) yields that

. 1
Vi1 < Ezizz + 2, (d; + b)Y a4

1
+ 2u Zi219i1‘PiTl ZiDein(Zi1)
i1

N
Ll vl p gy %Za-dz.

2 2 i1 2 i1 rj1
j=1
1 5 4 ~ A
- n_9i19i1 - Zi10i1‘7i1- (35)
i1l

Select the virtual controller a;; and the adaptive rules
0i1, 611 as

@y = 6110, (36)
@3 = ﬁ - kilzizfl_l
1 j. T
B %Zil@il‘pu(zu)‘l’il(zn) , (37)
i1 = _Vi(11)gi21ﬁl_1 —vy )91.213 2t
* 277/:1 2,0 (Zin) 01 (Zin), (38)
and
0y = —mg) Aizlﬁl_l - l(i) Ai21ﬁ2—1
—2z;1(d; + b))y, (39)
where k;;, Vi(f),n(f),mﬁ),mﬁ) >0,6;,>1Land0< B, <1

are design parameters.
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Remark 3.1. Since ; > 1, the virtual controller in this
paper only contains error terms with exponent greater than
1, which avoids the singularity problem often encountered in
fixed-time control design.

Noting that z;; &;; < 0 and 6;; = 0, one has
Z(d; + b)Y @y < 2;3(d; + b)Y, 64144y
1 -\ 5
=z;,(d; + b)Y, v %%
Li1
= z;1(d; + b)a;y
=z, (d; + b)Y, 6y 4. (40)
From(36)-(40), one derives that
®

i1

(2) @
YV o aop m;
+ 8,67 + g,
i1 i
(2)
m; _
— 5i1&i21ﬁz Lt Wiy, (41)
Oi1

+

1 122 , 132 , 1N 32
where w;y = Spyy + &5 + Sdiy + 5 X a;;d5.
Step 2. From (19), z;, = %;, — a;4, thus,
Zip = Rjp — ayq
= (ipXip + Aiglip — g
= ({2 + Ai29i2)%i2 — Gy
Riz — Aizlis .
= (Ciz + 4i29:2) ((— +fio tdip | —apn
i3
=Yio(Riz — Aiztiz + Giafia + {13dip) — dyq

=Yip(2i3 + @jp — A3tz + {i3fiz + (izdin) — s

(42)
Construct the Lyapunov function V}, as
_1. 1 52 Zi2 ~2
Vl’2 = Eziz + meiz + 70‘1-2, (43)
12

where 8;, = 8;,—8;, with ;, being the estimate of §;,, which
will be given later, and 1;, > 0 is a constant. 6;, = g;, — 6;,
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. _ 1 A1 . . a 5

with ¢;, = T, and 6;, = 7 in which 6;, and Y, are the
= —L

estimations of 0;, and Y, respectively.

Calculating the time derivative of I}, yields that
Vip = 2i52;, — —06
i2
= Zi3[Yi2 (213 + @12 — Ai3tis
+iafiz + (i3diz) — il
1

__gizélz Y 012012 (44)
Ni2
Applying Young’s inequality yields that
1 1
Yi22i52i3 < 2},[222122 + 22i23 (45)
and
1
Yi28i32i5d;; < 2y122 1232122 + Zdzzz (46)
Incorporating (45) and (46) into (44) results in
1,2 2 2.2 1 22
Vlz = EYlZ i2 + 2 12613 i2 + 2213 +Z Zip
+ 2, [Y; 2(“12 — Aiztiz + {isfiz) — diql
+2de 912912 Y,,6126,. (47)
Let Py(Z,) = zz(zylzz + 2Y122 123 + 1 + AYiz({is
fiz — 137”13) @;;, where Zzz = . [Ri1, Xi2, 0i1, 61,
i T2 13] and letle - [le'xzz'gw 11]
Then,
; 1, 32
Vi < 2 [Yip@ip + P (Z)] + Z + Zdlz
1 ~ 2
- _91'29 -Y,; 2‘712012 (48)
Mi2

The function P,,(Z;,) is approximated by a RBFNN
Wiz‘ﬂiz(ziz) as
(49)

< &, and

lZ(ZLZ) = 2‘/’;2(212) + &2

where the approximation error ¢;, satisfies |¢;,|
&;, > 0 is a constant.
By using Lemmas 2.10 and 2.14, one has

2Py (Z3y) = ZiZVVi;(piz(Z_iZ) + Z5€;

1 1
< YN Zizzgi2¢iT2(Zi2)¢i2(Zi2) + S Uiz
Hiz 2

12,1z

+2 i2 2 12’

(50)
where 8, = [|W,|1%

Putting (50) into (48) leads to

Vip <

1
Ezizg + 2, Y0, + eiz‘PiTz(Ziz)‘Piz(Ziz)

1 5
—z
2u;,

1 1, 1._ 2
+ E'uiz 2Z12 + 5812 + 2d12
- _912912 Y,,0i Gi-

i2

(51

Select the virtual controller «;, and the adaptive rules

05, 0y as

Ay = GipQ, (52)
Ay = —kjpz 122/31—1
- %izzizéiz‘l’g (Zi2)Pi2(Z;2), (53)
éiz _ 1(21)9251 1 yl(22)92ﬁ2—1
TR ALORED! (54)
and
by = —mPe2 Tt mg)&fffl — 2,85, (55)
where k;,, ¥ g),yl(;),mf;), > 0,; >1,and0< B, <1

are design parameters.
Noting that z;,&;, < 0 and 6;, = 0, one has
Zi3Y ;5012812

1 0\ .
ziY,, <Y_ - criz) i
—i2

z;3Y 612045

Z;pYp <

= ZppUip —

From (52)-(56), one derives that

@
Y; o _
Vi, < —klzzizzﬁ1 + %Zé - %lez 2 9129261 !
Ve B () B
i2 52h,-1 (1 2B,-1
+— 91'291'22 Yzz i2 121
Ni2
(Z)Y 122182 1 +a)i2
1, 1, vy
= —kipzy ' + 52k = 52k + 8,00
y‘(Z) p @ 5
+ i2 9"’ 02 2_1+ i2 ~ A.2 1—1
7)12 2 01 iz
)
m;
+ 2 6,0 lZZﬁz + w;y,
0i2
here wi, = Spi; + 385 + 2d5,.
where w;, = lezz 2€i2 T 344,

Step q (3 < q < n—1).Itfollows from (19) that

Zig = Xiqg ~ %ig-1

(56)

(57)



= (iqxiq + liqf'iq - di,q—l
= (Ziq + liqgiq)xiq - di,q—l

Xig+1 — Ai,q+1ri,q+1

= ((iq + Aiqgiq) (

zi,q+1
+ f;:q + diq) - ai,q_l

= Yiq(xi,q+1 - Ai,q+1ri,q+1 + (i,q+1fiq
+Cig+1diq) — Aig—1

= iq(Zi,q+1 + ayg — Ai,q+1ri,q+1

+ Cig+1fig T Sig+1diq) — Gig-1- (58)

Choose the Lyapunov function V,, as

Gy =12 4 Lgz 4 ey (59)
iq = 3% 2 T 2 Oig’
where éiq = Bl-q—éiq with éiq being the estimate of 6,4, which

will be given later, and ;, > 0 is a constant. 6;; = 0g;, — ;4
with g;, = YL and 6,
estimations ochrl-2 and Y, respectively.

Calculating the time derivative of V; yields that

. . 1 ~ A

Viq = ZigZiq — Yiq%iq%iq ~ n_,giqe

q

1 . . N 7
= ——, in which 6;, and Y. are the
Yi i2 ~i2

iq

= Ziq[Yiq(Zi,q+1 + Qig — li,q+17ﬂi,q+1

+ (i,q+1fiq + (i,q+1diq) - di,q—l]

1 ~ 4 ~ A
—_ Eeiqgiq - Xl.qdiqaiq. (60)
l
Using Young’s inequality, we have
122,15
Yiqzl'qzl'ﬂ+1 = Eyiqziq + Ezi,q+1 (61)
and
12,2 2,15
YigSiq+1Ziqdiq = Equ iq+1%iq + Ediq‘ (62)
Inserting (61) and (62) into (60) yields that
y 1,2 2 1,252 2 .1, 2
Vl'q = EYiqZL'q + EYiq(i,q+1Ziq + Ezi,q+1 + Ziq
- Zizq + Zigq [Yiq(aiq - Ai,q+1ri,q+1
. 15
+ Zi,q+1fiq) - ai,q—l] + Edlzq
1 5 A ~ A
LetP,(Z;) = z;g(RY2 +2Y202 4 1) 4Y,,({ guifia—
Cthq\Lig) = Zig\51ig T 3 Yigb1q+1 TtiqSiq+1liq
Aig+1Tig+1) Qg1 where Ziq =
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o o N A A N ~ T
(%1, %) oo Xig it Tizo o Nig+1 Oi1s w0 gi,q—l' Oi1s eees Ui,q—l]

and let Ziq = [J?l-l, J?l-z, ,)?iq, Hil’ oy Hi,q—l’ OA'il, oy 6‘i’q_1]T.
Thus,
- e lz 1o
Vig < ZiglYiq@iq + Pq(Zig)] + SZiga T Ediq
1 5 . A
Egiqelq Zqu'qu'iq. (64‘)

The function P,(Z;,) is approximated by a RBFNN
M/ig(piq(ziq) as

Piq(Z_iq) = m;¢iq(ziq) + Eiqr (65)

where the approximation error ¢, satisfies |&;4| < &, and

§;q > O is a constant.
By using Lemmas 2.10 and 2.14, one has

ZiqPiq(Z-iq) = ZquViZ(piq(Z_iq) + 2485

1 1
< Z‘Mq Zizqeiq(pirl‘l(ziq)(piq(ziq) + E”iq
L
1 2 1 _2
t ozt S (66)

where 6;, = ||[W,,||>.
Putting (66) into (64) leads to

V<1

2
iq = 5%q+1 + ZigYiq%iq

1
+ . Zizqeiq(piz(ziq)(piq(ziq)
q

20;
1 — 1 2 1 =2 1 32
T Htia T 3%iq t 3% T 3%
. A 1 ~ A
~Liq%q%4q n—,%%- (67)
iq
Select the virtual controller Aiq and the adaptive rules
éiq' &iq as
aiq = 6-iqdiq' (68)
5 2B,-1
Uig = _kiqziq !
1 y T
- Z#iq Ziqeiq(piq(ziq)%q(ziq), (69)
5 _ . (1D)j2B-1 (2) A2B,—-1
Oig = ~Yiq Yy ' ~Yiq %iq ’
niq
+ Zﬂiq Zizq(pz:;(ziq)(piq(ziq); (70)
and
5 5 (1) 22B1-1 (2) A2B,—1
Giq = ~Zigiq —Myg Gig ' —Myg g " (71)

where kiq, yl.(ql),yi;z),ml%),m.(z) >0,6,>1and0<p, <1

iq
are design parameters.



810 Z Zhou&H.Yu

Noting that z;,&;, < 0 and ;;, = 0, one has

ZiqYiq@iq = ZiqY;401q%q

—z,,Y. 6,08, (72)

From (68)-(72), one gets that

1 1 ]/(1)
2p 72 2 iq 5 A2p1-1
qu iq T+ 2 Zi q+1 Eziq + quglq !

Vg <

A2B2— 1 (1) ~2p1-1
Biq0ra Y 0iqbi

1 1 y(l)
Zﬁ 2 2 iq 5 A2B;—-1
lq iq ! +5 2 lq+1 2 + elqglq !

@) (1)
Mg ~2B1-1
Giq0iq

(73)

1 1.2 32
wherewlq E/,tq+ > lq+ Zdlq

Step n. From (19), one has
Zin = J;ein —Qin-1

= Cin¥in + dinTin — Qi1

= (lin + Aingin)¥in = Ain-1

= (in + lingin)(sat(ui)
tfin tdin) = Gins

= in + Aingin)()(i(ui)ui(t)
tfin tdin) = Gin_q

= Yin i (uduy () + fin + dip] =

where Yin = {in + Aingin'
Construct the Lyapunov function candidate V;,, as

Aip-1,  (74)

1. 52 li ~2
Vin = 5 Zin + EG 50 (75)
where 6, = 6, — 0;, with 8, being the estimate of 8;,,,
which will be given later, n;, > Oisaconstant,andl; =Y, o,

~ . _ 1
0;, With 0;,, = = and

in which o; is given in (4). 6;,, = 0;,, — L

A 1 N 8 . .
Oim = T where 6;,, and [; are the estimations of o;, and [;,

respectively.
Calculating the time derivative of V},, yields that
Y . 1 5~ A ~ A
Vin = ZinZin — _.einein - liainain
mn
Zin[YinXi(ui)ui(t) + Lnfzn + Ylndln Ain- 1]
1 ~ A N A
+z =20 = —0inbin — 1iGinGin. (76)
mn
Using Young’s inequality, one has
1
Ylnzlndln = EYlilen + Zdlzn (77)
Let Pn(Zm) infin + ZYLi in t Zin — dln 1) where
ZI.TI. = [xll’ xln’rll’ = rlTl’ 91. 1’ eln 1’ al 1 = OA_ 1]T
andlet Z;,, = [%;, ., X1, 01, e, 01— 1, 611, ---:O'i,n—1]T
Thu&
Vin = Zin[YinXi(ui)ui(t) + Pm(Z-m)] - Z + Zdlzn
1 5 A ~ A
= —0inbin = ;66 (78)
Nin

The function P,,(Z;,) is approximated by a RBFNN
Vl/in(pm(zm) as

Pin(Z_in) = VVL-Z;QDin(Z_in) + Einr (79)
where the approximation error ¢, satisfies |¢;,,| < &, and
&, > 01is a constant.

By using Lemmas 2.10 and 2.14, one has

Z nPin(Z_in) =z VVi:l(pin(Z_in) + Zin€in

IA

1
Zznein(p;rn Zin)oin(Zin) + Eﬂin

1 1
+ szn +5¢ (80)

where 6,,, = ||W;,|I>.
Substltutlng (80) into (78) yields that

Vin < Zi Vi Xi () (2)

1
mn

1
+ Eﬂin

1, 1 &2 32
ZZLTL + E int de
— =0in0in — [iGinGin. (81)
n
Choose the saturation control input u; and the adaptive

rules Hm, Gy as

u; = OA-indin' (82)



- Tlmzinéin‘/’fn(zin)gﬂm(Zin), (83)
B = v 00 =y Do
* 277;; 25, P i Zin)Pin Zin)s (84)
and
R R S A (85)

1 2 1 2
where k;,,, )/l(n), Vl(n),ml(n),ml(n)

are design parameters.

Noting that z;,,@;,, < 0 and 6;,, = 0, one has

>0,,>1lLand0<p, <1

ZinYin Xi(UDU(8) = 2 Yin Xi(U) 610 iy

= ZinQin — Zinli0inQin. (86)
From (82)-(86), one gets that
1 V-(l)
Vin < —kmzlzf1 - Ezlzn + = éineiznﬁl !
Hin
Ve B m B
in 5 A2By—1 1), ~ A2B;-1
+—=0,,0. " +m; ;6,6
Hin
(@), ~ a2By-1
+min lio-ino-in z + Win
1 y_(l)
_"flnzizf1 - Ezizn + == éméiznﬁl_1
Hin
N LI
il g g2ty Din g g2iimt
Uin mein Oin ein
@
+ %n 6in6—izrlﬁz ' + Win, (87)
m
where w;,, = %uin ; £+ Zdlzn

4. Stability Analysis

In this section, we give the main results summarized in The-
orem 1 and conduct the fixed-time stability analysis of the
closed-loop system.
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Choose the overall Lyapunov function as

N n
V=22
i=1 \q=1

(88)

From (41), (57), (73), and (87), one gets

+

iq .

lq iq

,\232—1
0iq%q

(1)
2p, +w élqélzqﬁl_l

@™
iq . A2B-1
g: O-iqo-iq

(89)

By using Lemmas 2.7 and 2.8, one has

and

(90)

B — B (B Bl "
TR (ﬁ) O

where k; = min; <, kig, 0 < f < 1.
Form (90) and (91), one has

Y

q=1

Zﬁ1
lq iq

n
_nﬁ1‘1 Z

n
nﬁl_l Z

Lk Bim &(@)ﬁ
nfi=l B By .

(92)

From Lemmas 2.10 and 2.11, we have

and

6,027

1q”iq

6,027 = 6,6, —

lq~iq

S mlgizqﬁz ézﬁz

—m, iqg ’ (93)

.q)Z,Bl—l
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S Blzﬁl _ ézﬁl

g, (94)

= 119282 26,71 | 22P2T1-26,-1)7)
where m, TN [1-2 + 25 + 22, ],
m, = ZE2 1 _ pCRDER2)),
2
Similarly,
L A2B,-1 2B, .28
G1q0iq =~ Smyo, " —my6;.7 (95)
and
L a2B-1 . . -
iq9iq o= iq(Oiq — O—iq)zﬁ1 !
28, ~28
Sal.ql—al.ql. (96)

Substituting (90)-(96) into (89), one obtains that

N n B1

=) |-

i=1

nﬁl_l

and

n B2
_ 2Py 132
nﬁ1_1 2 iq
q=1
92 P2
_zzﬁz Bz—1 (2) m, iq
2:uiq
=2 \ P2
_Zzpz Br-1 (2) %iq
20y,
B2 n (1)
ki By =B, (B2 \Fi-F2 Yig 28,
— + 0,
nfi-1 B B = Hig
n _(2) n (1)
iq 2B, iq 2B
+Z g+ ) ooy
q:l q q=1 q
n 2) n
iq 2B
+ o iq 2 + Zwiq .
g=1 4 q=1
It follows from (97) that
N 1 n ﬁl n 9'2 ﬁl
. iq
v=) el %)+ L
i=1 q=1 q=1 9
n &2 By n B2
iq 1 2
* ZZO’L- ) Piz Ezziq
g=1 4 q=1
n élz BZ n 6_2 BZ
+ Z L]+ Z . +M; ¢,
Pt 21iq Pt 20,

i =

= min
12q<n nBl_l

{k Zﬁz
= min
1<q<n nﬁl—l

ki B

nﬁl_l

n (
+Z
K

2) n

-1 (2
2:82#522 'yl(q) 2:82

n

-3

q=1

— B, (ﬁz
B \bBi

m®

2,82+Z iq 21
q

q=1

Hiq

iq

2[?1 B1 1)’(1) Zﬁl B1— 1mf;)}

1 (2
,uﬁz Eq)}

(97)

(98)



n (2)
+ Z Mg 252 + Z Wig- (99)
q=1

Let P(l) = miny <4<y Pi1, P @ = min, <, <, Piz, by using
Lemma 2.8, one has

N 5_2 B1
. _Pi1 1, lq iq
<yl z L, %
£ 31?1-1 (2 %iq 2u;4 Zqu>
n 52 ~2 B2
0: 6!
1, iq iq
- p; Z 72 + —+ + M,
’ q=1<2 N 2y 20y l
N n A2 ~2 ﬁl
<Z _ p™ Z 122 04 Oiq
- i=1 3h q=1 2 Zl,qu Zo-iq
n 2 22 | ]P2
]
@ Z 1 2 14 iq +M
’ q=1<221q 2Hiq 2““!) l
N n 2 ~2 Bl
B p(l) ZZ 122 iq iq
(3N)Bl_1 i=1q=1 2 1 lelq 2 iq
N n 2 ~2 [5’2
@ 1, iq iq
1YY (3 ) +n
e ] 2t 2,ulq 2 iq
(100)
_ N
where M = ¥ | M;
Therefore, one has
V<—p VP —p, VP2 4+ M, (101)

1

G P2 = PP

where p; =
Theorem 4.1. Consider system (1) with senor hysteresis (5),
and input saturations (2). Under Assumptions 2.1-2.3, apply-
ing the adaptive laws (38), (39), (54), (55), (70), (71), (84),
and (85), and the virtual controllers (36), (52), (68), and (82),
the practical fixed-time stability of the closed-loop system is
ensured. Moreover, the residual set is obtained as

Q= [x = (J?l-q, éiq'a.iq)T | V < min

[ M ]ﬁ_[ M ]ﬁ—
p(1—8)| ’'|p(1—6)

and the settling time T satisfies

1 1
T<Tpux= + ,
T p8(B— 1) p6(1—By)
where 8 € (0, 1) is a positive constant, and the following state-
ments are ensured:

(>

!

(102)

(103)
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i) Error signals z; ,, adaptive parameter errors 0, ., and &;
g iq p p q q
satisfy that
|Zl-q| <+/2V, (104)
1Bl < 207, (105)
and
6. < |22, (106)
Y.
—iq
where V > 0 is a constant.
i) The tracking errors y; — y,,i = 1,...,N, converge to a
g yl yO 9

bounded neighborhood around the origin in a fixed time.

Proof. It follows from (101) and Lemma 2.6 that the
closed-loop system is practically fixed-time stable, and (102)
and (103) hold.

In the following, we prove that (i) and (ii) hold.

(i) From (88) and (102), we have

122 V<V, g=1,.,n (107)
2%iq
Thus,
|2;] < V2V. (108)
Similarly,
164 < /zumv (109)
and
. 2V
(ii) Form (20), we have
191 = 3ol < 119 = Lol < —22_ (111
a(£L+B)
Therefore,
Clzll
pl| < +VN 112
191 < o gy * Vol (112)
Lety = [y, ¥z s Wn]" = (X110, %00, o, Xya 17, § = giag
€10 G0 0 Cna b A = diag{dyg, o, Ay L R = [11g, i)
It follows from (5) that
) =y + AR. (113)
Thus,
y={"1(J—AR), (114)

ly = Lydoll = IS — AR) — 1yl
< IC791+ IS ARI + 111y oll
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1 EAl
= ming;, \o(£+B)

+\/_max{ ?‘1}+\/_|y0

1

+ ~/N|yo|>

< V2NV + ¢, |y,| + 3, (115)
— 1 —
where ¢; = min o CiE) 2 = (mm( + 1)VN,and ¢; =

\/Nmaxi{%} are the constants.
i1

Consequently, the following agents can track the leader
agent in a fixed time with bounded errors. This completes
the proof. O

Remark 4.2. In MASs considered in this paper, each agent
is an n-order system. As the order of each agents increases,
the time and space complexity of the proposed algorithm
will increase accordingly. By selecting the adaptive param-
eter as the two-norm of the unknown parameter vector of
the RBFNN, the dimension of the adaptive parameter vec-
tor is greatly reduced. When the algorithm is applied to
each agent, which is actually a 3n-order ordinary differential
adaptive system, the time and space complexity of the algo-
rithm is significantly decreased. Furthermore, the proposed
algorithm is distributed, and each agent can carry out dis-
tributed computing based on network communication. Tak-
ing the second-order MASs that have been widely studied
and applied in practice as an example, each agent is actu-
ally a sixth-order adaptive system. With the rapid develop-
ment of current computer software and hardware technolo-
gies, the algorithm proposed in this paper is fully capable of
being applied to practical systems for real-time computing
and ensuring computational efficiency.

Remark 4.3. It can be seen from (101) that larger parame-
ters p,, p, and a smaller parameters M will result in a faster
convergence rate and a smaller error bound, respectively.

Although choosing larger parameters k;4, t;4, V(l )' yl(]-Z)’ l(i)'

and mg) will result in a faster convergence rate, it may lead
to an increase in the error bound. Therefore, we need to find
a balance between a faster convergence rate and a smaller
error bound.

5. Simulation

In this section, we provide an example to confirm the validity
of our theoretical results.

Consider an MAS including a leader and four one-link
manipulators.

The four manipulators are described by

1 2
7! )pl + T( )pl + T Sm(pl)

= sat(y;) + @, i=1234,

where ‘r( ) ‘r(z) ‘L'l( )

; are unknown constants. ;, p;, and p; are
thelink acceleratlon the angular velocity and the angle of the
rigid link, respectively. @ is the torque disturbance.

Letting x;; = p; and x;, = p;, form (116), one has

(116)

Xi1 = Xz
. 1 T(Z)
Xip = Esat(u ®) - (1)
l l
1(3) 1
(1) sin(x;,) + —= (1)
l l
yi =xi1, 1=1,2,34.

Here, as an example, let rl.(l) = ri(z) =1, ‘L'l.(3) = 2,and @; =

0.4 cos(t). The interactions among agents are shown in Fig. 1.
Set the initial values as x;; = x3; = 0.15,x, = x5, = X3, =
X4y = 0.1,%,, = x4, = 0.2,6,;, = 0.3,6,, = 0.25,65, = 0.4,
64, = 05,0, =03, 134 =1, = 01,6, = 0,6, = 2.5,
03, = 0.3,64, = 3,and 6;, = 0.5. Theleader signal is given as

Yo = sin(t). Select the main parametersas f§; = 909 By = %,
1 1 1
M = Bz = 5, = Ny = 5,mY =mf) =m) =003,

1) _ @ _ . @ @ _ ® _ o _
m,, = 004,mi2 =m;’ =m; = 0.1,y Vi = 0.03, Yia =

0.2,7 2 = 001,77 = 0.5, kyy = 12, kyy = kpy = kyy =
kyy = k32 =kyy, =30,ki; = 20,Uqy, = Ugym = 2.5, Uy = 5,
Uy = 4 Uyy = Uzy = Ugy = 3, Upy = 10,R;55 = hypy =1,
Riga = Rigp = 2,hi13 = hyp3 = 0.5,{4y = {31 = {1, = (3, =
0.1,{,; = {4y = 0.12,{,, = {,, = 0.18,and 4;; = 1;, = 0.9,
i=1,234

For each unknown function, the RBFNN contains five
nodes. The centers of the Gaussian function are uniformly
selected within the interval [—2, 2], and its widths are cho-
sen to be 2.

Within 40 s of simulation time, Figs. 2-9 show the sim-
ulation results. Figure 2 exhibits the curves of y; and y,, and
the corresponding error curves are shown in Fig. 3. It can be
seen from Figs. 2 and 3 that the following agents can track
the leader agent with acceptable errors. The curves of the
adaptive parameters 6, and 6;, are shown in Figs. 4 and
5. Figures 6-9 show the curves of u; and sat;(u;). From the
expanded details of Figs. 6-9, we can see that when a larger
control input (blue line) is required, the actual saturation
control input (red line) can still provide the expected control
effect.

Remark 5.1. The challenges and limitations that the pro-
posed adaptive fixed-time scheme may encounter in prac-
tical applications are mainly manifested in two aspects. On
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Fig. 3. Consensus tracking errors e;;.

the one hand, the construction of the RBFNN requires prior
understanding of the system, for example, the approximate
range of system states and the selection of the centers and
widths of the activation functions of the RBFNN. These are
all influenced by expert knowledge and affect the approxi-
mation accuracy of the RBFNN. On the other hand, the com-
munication between agents may be affected by some uncer-
tain factors, such as communication time-delays and net-
work attacks. These uncertain factors not considered in this
paper may lead to the failure of the algorithm and can be fur-
ther explored in our future research work.

Remark 5.2. According to (102), the upper bound of the
settling time can be calculated to be T,,, = 300s. The esti-
mation of the upper bound of the settling time is evidently

Fixed-Time Adaptive Tracking Control 815

0.6 T T T T T T T

0.5

0.3 i

0 5 10 15 20 25 30 35 40
time(sec)

Fig. 4. Adaptive parameters 911, 921, @31, 6,

11

021

G31

G4

1 L L L L L L L

0 5 10 15 20 25 30 35 40
time(sec)
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somewhat conservative. Judging from the simulation results,
the system can achieve practical fixed-time stability within
approximately 40 s, that is, converge to a bounded neighbor-
hood of the origin. How to obtain a more compact upper
bound of the settling time can be a research topic in the
future.

Remark 5.3. By conducting simulations, comparisons have
been made with several other types of stabilities, such as
practical asymptotic stability and practical finite-time sta-
bility. By observing the convergence curves, it is found that
there is no significant difference in their convergence times.
According to [28], Lemma 3], if a system is practically asymp-
totically stable, then it is also practically finite-time stable.
However, compared with practically asymptotically stable
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Fig. 7. Saturated controller sat,(u,) and its input u,.

systems, in practically finite-time stable systems, the estima-
tion of the bound of the convergence region is more conser-
vative [28]. Compared with the system with practical finite-
time stability, the advantage of the practical fixed-time con-
trol algorithm lies in the fact that the upper bound of the
settling time is independent of the initial state of the system.

Remark 5.4. As mentioned in Remark 4.2, the algorithm
proposed in this paper is distributed, and each agent is capa-
ble of performing distributed computations based on local
information. Even if the number of follower agents increases,
it will not exert a significant impact on the computational
complexity. For example, in the case where the communica-
tion network assumes a chain structure as shown in Fig. 10,
regardless of the scale of the communication network, at any
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Fig.8. Saturated controller sat;(u3) and its input u;.
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S

Fig.9. Saturated controller sat,(u,) and its input u,.

Fig. 10. Chain structure network.

moment, each agent only needs to communicate with one
neighboring agent.

6. Conclusion

This work discusses the fixed-time control issue of MASs
with unknown nonlinear dynamics and external distur-
bances subject to input saturation and unknown sensor hys-
teresis. Using the backstepping design approach, an adaptive



fixed-time control scheme is presented for the considered
system to achieve consensus tracking. The practical fixed-
time stability of the closed-loop system is guaranteed by
stability analysis. The simulation results also show that the
designed control scheme is effective. In future research, the
related topics can be further investigated in systems suffer-
ing network attacks, etc.
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