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Abstract—This paper investigates the problem of prescriptive
performance tolerant control of a heterogeneous vehicle platoon
with intermittent actuator failures. A finite time prescribed
performance function is then suggested, which makes use of
the prescribed performance control (PPC) technique. This can
prevent collisions and maintain connectivity between nearby ve-
hicles while guaranteeing that the platoon system’s tracking error
converges to a predefined region within a prescribed amount of
time. Then, in the context of a sliding mode control approach,
an adaptive fault-tolerant platoon control scheme is proposed
by incorporating a fuzzy logic system (FLS) to compensate for
the effect of actuator faults. This system guarantees that all
signals in the closed-loop system are actually finite time stable
and demonstrates the ability to ensure both the individual vehicle
stability and string stability. And finally, a four-vehicle platoon
is numerical simulation was carried out to show the effectiveness
of the proposed algorithm.

Index Terms—Heterogeneous vehicle platoon control, Finite-
time control, Prescribed performance control, Intermittent actu-
ator faults.

I. INTRODUCTION

Intelligent transportation systems are now a reality thanks
to the recent rapid advancements in automatic control and
communication technologies. One of the most useful meth-
ods for reducing traffic congestion, energy consumption, and
improving transportation efficiency is vehicle platoon control,
which also has major benefits for improving traffic conditions
[1], including lowering tailpipe emissions, boosting traffic
throughput, and improving highway safety.

One of the essential elements of intelligent transportation
systems that is receiving more and more attention is vehicle
platoon management. In addition to lowering air resistance and
fuel consumption, following the lead car in the same lane at a
close distance also increases road traffic efficiency and safety.
Maintaining a specific inter-vehicle spacing is crucial for string
stability, which is the stability of the convoy as a whole [2].
This may be achieved by efficiently controlling each vehicle
in the convoy. The stability of traffic flow, string stability, and
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traffic efficiency are all directly impacted by the shop spacing
strategy that is chosen.

Since it is essential to the effectiveness and stability of fleet
control, the topology of information flow between vehicles
is another crucial component of fleet management. Different
information flow topologies have an impact on the way the
fleet maneuvers and communicates while driving. Appropriate
feedback controllers are needed when designing for various
topologies in order to guarantee system efficiency and stability.

The unpredictability of actuator faults in terms of time,
mode, and amplitude makes it an important issue in the field
of control engineering to mitigate the effects of these faults
on the control system [4]. Adaptive control is a useful method
of compensating for actuator faults because it automatically
adjusts to the uncertainty introduced by the faults, using the
adaptive law to adjust the controller parameters online to
achieve the desired control objective even in the absence of
known fault information [5]. In practice, actuators in control
systems usually suffer from unstable intermittent faults, often
alternating between different fault states and normal functions
[6]. How to efficiently preserve constrained parameter esti-
mates and closed-loop system stability is one of the primary
technological challenges in the field of fault compensation for
occasionally malfunctioning actuators. Actuator fault compen-
sation for intermittent failures in nonlinear systems is currently
the subject of few investigations. The majority of research
has concentrated on guaranteeing boundedness in the sense of
mean-square deviation rather than addressing the correction
of intermittent actuator defects in certain kinds of nonlinear
systems, and no clear link has been found between tracking
error and design parameters. How to completely avoid the
impact of actuator failures on a control system has become
a technical challenge in the field of control due to the fact
that the moment of failure, the mode of failure and the value
of the failure are all completely unexpected.

The issue of intermittent actuator fault compensation for
nonlinear systems was further investigated by Lai et al. [7]. An
uncertain time lag in nonlinear systems including intermittent
actuator fault compensation was the subject of literature [8].



In spacecraft attitude control systems, the literature [9] con-
centrated on compensating for intermittent actuator defects.
K-filtering approaches have been utilized within an adaptive
output feedback control system [10], primarily to offset the
consequences of intermittent actuator failures [11]. The afore-
mentioned research, however, have only shown the system’s
stability and steady-state tracking metrics; they haven’t estab-
lished a connection between the system’s transient metrics and
the design parameters in terms of tracking error. Therefore,
changing the design parameters will not result in an improve-
ment in the system’s transient performance.

In the platoon control of vehicles. It is implausible that the
majority of research findings currently available can only attain
asymptotically stable tracking performance. Finite time control
guarantees a restricted convergence time while also offering
faster convergence and more robust disturbance suppression.
This study applies finite time theory to fleet control [12].
As a result, the spacing error cannot converge to zero in a
finite amount of time. Rather, it can only ensure reaching
the sliding surface in a given amount of time. A different
approach that has been suggested uses distributed control to
accomplish tracking in a finite amount of time, however it
disregards the system’s string stability. Therefore, creating
a coordinated vehicle control strategy that works well and
permits the spacing error to converge to zero in a finite amount
of time is a difficult research problem.

This study attempts to address the prescribed performance
control (PPC) problem for heterogeneous vehicle platooning
systems that concurrently account for intermittent actuator
faults. Using terminal sliding mode control (TSMC), FLS and
PPC. Below is a summary of the work’s principal contribu-
tions:

1) For vehicle platoon with actuator failures, we present an
FTC strategy in this study. The impacts of intermittent
actuator failures are mitigated by the suggested FTC
approach. The suggested FTC approach is unable to ad-
dress the issue of intermittent actuator problems, despite
the authors’ additional research on actuator faults in the
literature [1].

2) As opposed to [2], the suggested strategy in this work,
which makes use of the PPC technique, always restricts
the tracking error to a predetermined set of arbitrarily
tiny residuals, independent of the actuator’s periodic
failures. This means that the required system’s transient
and steady state performance may be determined in
terms of tracking error.

The paper is structured as follows. Section 2 presents
system modeling and problem formulation. Section 3 gives
the main results. In Section 4, numerical simulations are given
to illustrate the performance of the proposed control method,
which followed by the conclusion in Section 5.

II. SYSTEM MODELING AND PROBLEM
FORMULATION

A. Vehicle Longitudinal Dynamics

Consider a platoon of vehicles that are controlled longitu-
dinally, consisting of a leader and N followers. The leader’s
kinematics are represented by a certain model.

Po(t) =vo(t),vo(t) = ao(t) ¢))

where po(t), vo(t) and ao(z) represent the position, velocity
and acceleration information of the lead vehicle. The motion
and dynamics model of each follower i (where i € 1,2,--- | N)
can be represented by a third-order nonlinear equation with
uncertainties.

pi(t) = vi(t),
vi(t) :(li(l), (2)
ai(t) = ﬁuai — filvi,ai) +di(t),

where
1 1, 1

filvi,ai) = %[paAiCai(Evi + TiViai) + di] + 74 3)
where p;(t), vi(t) and a;(t) respectively are the real-time
position, velocity and acceleration of the 7 th following vehicle,
ug; denotes the control input of the i-th car, d;(¢) denotes the
unknown external disturbance caused by wind, road condition,
etc. m; denotes the mass of the i-th vehicle, 7; denotes
the time constant of the vehicle’s engine, d,,; denotes the
mechanical resistance, p, denotes the air mass, C,; denotes the
vehicle’s cross-sectional area, and A; denotes the coefficient
of aerodynamic drag. Due to the technological constraints,
the parameters, such as 7; not be obtained accurately and
thus f;(v;,a;) is unknown. It should be noted that a platoon
is classified as homogeneous if all vehicles have the same
dynamics, while it is considered heterogeneous if the vehicles
have different dynamics, such as m;, t; are different in the
same case.

B. CTH Policy

To enhance platoon security and stability, this paper em-
ploys the constant time headway policy (CTHP) and defines
the tracking error of adjacent vehicle spacing as

d(t) = pi—1(t) — pi(t) — L
{ A @

ei(t) = pi—1(t) — pi(t) — Li — Ay — hivi(2) 5)

The length of each vehicle i is denoted by L; for i=0,1,...,n,
and the minimum safe distance between vehicles is denoted
by A;, h; is the distance between vehicles when traveling. The
spacing between workshops, denoted as d* € R, is the desired
distance when a vehicle comes to a stop.

The first-order derivative of e;(¢) is

éi(t) =vio1(t) —vi(t) — hia;(t) (6)



C. Fuzzy Logic System

For a continuous function f(x) defined on a bounded and
compact set Q, there exists a condition ensuring f(x) stays
within € > 0 of its values.

supf(x) — 0" p(x)| < & ™)
XEQ
Where x = [xi,...,x;]7 denote the input of the Fuzzy Logic

System (FLS), with € representing the fuzzy minimum approx-
imation error. The weight vector 87 is composed of elements
61,62,...,6,. Here, @(x) = [@1(x),...,0,(x)]” serves as the
vector of fuzzy basis functions, and ¢;(x;) is chosen as

H{:l “Fil (xi )
27:1 (H{:] ‘uFi[ (x,'))

D. Intermittent Actuator Fualt Model

@i(x;) = ¥

The inetrmitten acuator faults are considered in system
model, it can be expressed as

t € [trinsthie] &)

i (1) = Exitti (1) + i
Ekirki =0

where Ey; € [0, 1], with k denoting the kth fault model. Mean-
while, ry; represents the unknown stuck fault bias, adhering to
the constraint |ry;| < 7; where 7y; is a constant with 7 > 0.
Additionally, #;;, and ;. signify the start and end times of
the kth controller failure. By understanding the configuration
of these parameters, we gain insight into the behavior and
failure scenarios of the controller under different fault models.

Three distinct scenarios can be categorized under model (9).

1) When & =1 and ry; = 0, it indicates that the actuator
is in normal case.

2) fO<E, <E<Eq <1 and ry; =0, then it implies
the actuator with the partial loss of effectiveness. For
example, &;i=0.6 represents the actuator loses its 40%
effectiveness.

3) Ey =0 and ry; # 0, which means that the actuator faults
occur, at least one actuator is ensured to be faultless.

Further, (2) can be written as

pi(t) :Vi(t)7
V,’(l) :(,ll'(l‘)7 (10)
ai(t) = m:ri (Exiuti(t) + rii) — fivi,ai) +di(t),

Assumption 1 ([1]). Disturbances d;(¢) for i = 1,...,N are
bounded, with |d;(r)| < d}, where d is the unknown maximum
value each can reach.

E. Control Objectives

The following illustrates the goal of the heterogeneous
vehicular platoon.

(1) Individual vehicle stability ([6]): The tracking error be-
tween neighboring vehicles converges in finite time converging
to a small neighborhood near the origin:

li (1) < g
IHITIJet(t)' SE

(1)

where 7, is the tracking error convergence time, and &; is the
smaller positive number.

(2) String stability ([6]): For vehicle platoon, the string
stability can be described mathematically as follows:

lei(x)] < leici ()] < ... <ler ()] (12)

Lemma 1 ([12]). For variables €1, ¢&,...,&, > 0, there is

n
> (Y el 0<p<l
i=1

[ ngk

L

Lemma 2 ([12]). Exist 0 < g < 1 for Vx| > x > 0, there is

ENRYAS g2 g4+l
x(x1 —x2) 7 < (x x2 )q+2
where 0 <r<1,and m=1,2,..., n.
Lemma 3 ([12]). There is a continuous positive definite func-
tion V(x) for constants f1; >0, tp >0,0<y<1,0< & <oo.
For system % = F (x), there exists V (x) < —; V (x) — V¥ (x) +
&, then the upper bound on the stabilization time 7} is

1 B0V V(1) +11
T, < max{to + O (1-7) In M2 );

1 WV (1) + 6ok
fo + w(1=7) In O )}

where 0 < 6y < 1.

F. Prescribed Performance Control

The formation tracking error is defined as

ei=d()—d*(t) (13)

It is clear that the connectivity preservation and collision
avoidance constraints are not violated when the tracking error
satisfies the following inequality

dsar(t) < ei(t) < deom(t) (14)

where dy,r(t) € Ry denotes the safety constraint distance,
deom(t) € R, denotes the compactness constraint distance, and
dsaf(t) < dcom (t)

In control design, to meet the performance criteria for e;(¢),
this paper imposes asymmetric performance constraints on the
bounds of inequality (13).

—Bripi(t) < ei(t) < pi(t) 15)

where B, € Ri, pi(t) denotes a continuous performance
function that satisfies p;(¢) > 0 and is strictly decreasing.

lim p;(t) = pie(t) >0 (16)

t—roo

The performance function p;(¢) is set as an exponential
decay function, with its parameters tuned to control the con-
vergence rate and accuracy of the tracking error. The boundary
function is defined as



pi(t) = (Pio(t) — Pie(t)) eXp(—kmit) + Piw(t)  (17)

where ki, Pmicos Pmip are positive constants.

The initial state of the vehicle platoon satisfies the following
conditions

pi,O(t) :dcom([)*d*(t) (18)

By — d*(t) —dsqy(t)

" deom(t) — d* (1)

Converting constrained errors to unconstrained errors to
achieve performance metrics, for V¢ > 0, we have

19)

ei(t) = pi(t)v(zi(1))

where v(:) is a strictly monotonically increasing smooth
function with the expression

(20)

U(Zi(t))i ezl(l)—‘re Z(0) 21
Then
zi(t) = v~ (443)
i o (22)
= 7 In(P PR
(1) = Ai(éi(r) p,(;?(et,-)(t)) (23)
where
1 1 1
A== — 24
Z(Ei(f)+l3mipi(f) ei(t) —Pi(f)) &4

and it satisfies 0 < A; < A; = g"“ig'l

Defining the error variable and deriving it with respect to
time yields

1
i = zi(t) — 5 In(Bi) (25)
From (8),(37) and (39), we have
ba = v ()~ () — () 20y

Remark 1. If (15) holds, it is easy to verify that (14) holds, the
connectivity preservation and collision avoidance problem is
transformed into a problem that does not violate the prescribed
performance constraints.

III. CONTROLLER DESIGN

For the vehicle platoon system, this section explains how to
develop a finite time control law. The definition of the terminal

sliding mode surface s; as
si(t) = zi(t) + c1izi(t) + cailzi(t) |Fisign(zi(t))  (27)

where c1; > 0,¢p; > 0,and 0 < ; < 1.

Inspired by[6], we introduce a coupled sliding mode surface
to manage the relationship between s;(¢) and s, (), thereby
ensuring the string stability of the platoon.

gsi(t) —sip1(t),i=1,2,.. ., N—1

Sil) = { gsi(t).i=N 29

The time derivative of S; is described as
Si(t) = q(z + crizi + coithilzi M) — Sipa (1) (29)

The time derivative of S, is described as
Sn([) :q(zn+51nzn +C2n,unlzn|“n_l) (30)

Based on (27) (28) and (29), the derivative of S;(z) can be
written as

Si _ quel +q[Al (&Pr%—ef;))f: €ip; +Ai(€i o %)]
+q(caipilzilP = s + c1isi) — Sivt (1)

= —gAihidi + A;
with A; is given by:

(i(1))pi(t) +ei(t)Bi(1) pi (1) —ei(t) PP (1)
Q[/.\i(aifl(t) fai(t)) —A 220)
+Ai(éi(t) — %ﬁi)@) + cisi() + caittilzi(0)[M s (1)
—sin1(t), fori=1,2,..,N—1

(€i(1))pi (1) +ei()Bi(1))pi(t) —ei(1)pF (1)
q[/'\,‘(ai_1(t) fai(f)) — A Pr0)
+A(e4(r) =PI - e45i() + cospul ()P i (1))

,fori=N
(32)
The adaptation laws are designed as
A Si AGl‘Jrl A
&= [YiSitanh(?)— g€ — K i
(33)

2

A Ih Aoy N
6= [S7 5" () () — G, 87 — w6
0i = [X;SiUisign(UiS;) — £0,07" — k9,01]

Take a note that the nonlinear functions f;(v;,a;)(i=1,...,n)
in (2) could be unknown. In accordance with Lemma I, the
NN method is used in order to approximatively represent these
unidentified functions as

fiviya) = ol n(x) +¢ (34)

Where 7 (x;) serve as the fuzzy basis function, ®] represent
the optimal parameter vector, and ¢; denote the approximation
error, which is bounded above by an unknown positive con-
stant ¢*. The goal is to converge the state variables toward
the sliding mode surface delineated in equation (28). And
0<o; <1, Aji(j=1,2,3) are positive.

Si = —2.21'5,‘ — 2.3,'Sl'gl’l(S,') — A]i‘SiP"Sl'gn(Si) (35)

Based on (35), the control law for vehicle i is developed as



=QiU;, Qi = ';’T.‘

e,>d*+g, +17,6;=||di||* = d d;
Ur = 1 (Ml Si|sign(Si) + AiSi + Asysign(81)
) K _
+A+ Y 6m7 (k)0 () + Y€ tanh(31)]
where Y; = ghA,;.

Proof: The proof is divided into two parts.
Step 1. Consider the Lyapunov function

1 1
Vii==S? 92
1i = 2 += 2 1
where (&) = (o) — (4).
The time derivative of Vj; is described as

(36)

Z4 - Q2 (37)

Vi = SiSi + 0,0 + &8 + 0:0;
Based on (35) and (36), we have

(38)

Si = —qMihidi +A;
—[YéémT(xi)n(xi)Si+Yi@taﬂh(%)
+ A1i|Si|%sign(S;) + A2iS; + Asisign(S;)]
+ 0] 0 () = Xildi(0) + G+ ] 4+ i QiU

Further, we can derive that

(39)

S:S; < —MiilS; |"l+1szgn( ) — AsiSisign(S;)

— iS5 0T (0 (1S + TS0 0 (x)
A,ZISZ—FYS(E £tanh( ))"’YSI,;T Ql i

(40)

There exists satisfying

2 1
TS0l n(x;) < TiSijGinT(x)n(x)Si‘FYiﬁ (41)

where 1; > 0, and

85;8; < l1z|S|"’+1s13n( 1) — AsiSisign(S;)

Gi)nT(x)n(x)

+Y;S; (8 Etanh( )) +Y,'SiiQ~iUi

21 2 Y m;T;

Similarly, we have

2 2 i
—hS} XS L (6~ 42)

+7;

(43)

S; &8 ~ A
&€ < —&Y;S;tanh(— ” D) G 887 "k &g (44)

1

and

0:0; < —0XiSiUisign(US;) + £0,0:0% ! + k0.0:0;
45)
Substituting (41)-(45) into (38) yields

Vli = S‘S'+é'é'+§i§i+Qiéi

< —ilSil® sign(S) — lzl — A3;Sisign(S;)
2
A 1
XS0 - 80T ()N () + Yis
2 21;
—&Y;S; tanh( ” D)4 G887 K B8 46)

< o Z ~
+ CQin_qu,H + k0, 0i0; +YiSiinUi
]

FYSi(6— & tanh (1)) —

i

0:Y;SiU;sign(U;S;)
2

- 1 ~ A

- BiYiS,-zénT(x,) 1n(x:) + £, 0:67 ™" + K6, 6,0,

The following equation is maintained given that g, h, R;,
and Q; are all non-negative.

Yisii;QiUi —OiYiSiUssign(UiS;) <0 47

m;;

Then, we have

Vi < —Ai|Si| O sign(S;) — AyiST — A3iSisign(S;)
+ $0,0i0; ot 4 k0,0:0; + §£i§i§§i+1 + K, Ei&i

1 Si
+ e, ee"'“+;<999+r2 +YE(S — Stanh(y))

1

(48)
By using 0 < |yx|— xtanh(x/y) < v7v.
N
Yi&i(S; — Sitanh(21) < 0.2785Y;&y; (49)
(]
where v =0.2785 for Vy >0 and y € R.
Then, we hzve
Vii < —AilS; |6’+1szgn( Si) — 7Lzl — A3;Sisign(S;)
+80,0107" + k0,010 + (e, 887 + Ke ik (50)
o A ~ A 1
+0.6:07"" + k,6,6,+ (027858 + 32
i
Based on Lemma 2, we have
Cgié éo-i+l+Kgééi 1)
< Lo 2 (07— 67 + S (67— 67)
Cg é,é oitl + Kg.éiéi
! ! : ) 52
<G IHE ) e o) O
$0,0:07™ +x0,0:0i (53)

i+l noit2 _ Aoty | Ko 5
< Lo g (07 =07 ) + 31(0F — 07)

Substituting (51)-(53) into (50), we have



1 o+l » oitl oi+1
Vii < =2+ min {Mi, Corom2:Ceior2:C0iora
126 1x2)\Gi 1526 1 742\ 0i
{(1s9)7+ (381" + (362) +(30)
—min {2y, ke, K¢, Ko, } {357 + 382+ 367 + 107}
o+1 .0i+2 | K 2 o+l c+2 Ko, 02
+C€zo‘l+2 ll + 18 + 9161+291l 19

y, ot 072 1+ X g2 L (0. 27858,}/, )

Qi 5,2
0+l
<-TuV 1, —ToVii + A
(54
where
i1 0 oi+1 oi+1 o+l
Y= 20i+ mm{llngeiﬁaga c;+27CQi Gi-+2}

Yo = min {222, Kg,, Ke;, Ko, } .
i+1 i+2 K.Ql' i+1 ,Jrl 9,-
A= 8o, 85507 - 207+ G, 24567 02
L l l+ [

+§g,giz g7+ SLe? +14(0. 27858,7, )
It is evident from [12] that V); is nearly finite tlme stable.
This indicates that Vj; can reach the area Q; in limited time if

there is a constant 6;.

1
Q; =< lim Vi; <min< ( A_' ), ( A_' )
=Ty (1=6)Y1" (1 —6;)Y

(35)
and T; satisfies
o ) 6,1,V %i(0)4Ty;
T1i < Timax := {éini(lff_’i) In == T = (56)
I In anlf"’i(0>+éﬂzf}
T:(1-5,) 6,1

The errors S;, &, and é,- has been proven through their
bounds. Given the inequality %Slz < Vs; <Vy;, it has been
deduced that the errors S; will reach a designated region, char-

1
e\ (e
finite time frame. This ensures that these errors will remain
confined within this specified area within a defined time limit,
thereby confirming their practical finite-time stability.

Step 2: Stability analysis during the sliding phase: By se-
lecting suitable design parameters, L; can be made to converge
to an arbitrarily small neighborhood. When S; ~ 0 for ¢ > Tj;,
it follows that s; = 0. Consequently, the sliding mode surface
s; given in equation (27) can be reformulated as

acterized by |S;| < min{ }, within a

§i = —c1izi — cailzi|Msign(zi) (57
Consider the Lyapunov function
Vo= 57 (58)
Then
Vo = =25 cZ,vsz+l —2e1 Vi (59)

Therefore, leveraging the finite-time theorem from [7], we
establish the global finite-time stability of V;;, and the spacing
error converges to zero within a finite time 75;.

Pi+1

L 20y (0)+2°
ci(1—pi) £t

272 ¢y

The analysis presented shows that the tracking error con-
verges to a small neighborhood around zero for 7; > Tj; + T»;.

Theorem 2: The string stability (12) of the vehicular platoon
system, as stated in Theorem 1, is ensured by the control law
developed in (36) for all 0 < g < 1.

Proof: The proof of string stability follows a similar ap-
proach to that in [12]. Given the definition in (28) where
Si(t) = gsi(t) — si1(2), and with y; converging to a small
region near the origin by selecting suitable design parameters,
we have

C21 )

D < Thimax = (60)

—sip1(t) =0

It is obvious that % ~ q. Since 0 < g <1, then 0 <

TI+(| ()) < 1.
5i(t
Employing the sign preservation property of the Peer Map-

ping theorem, we note that the error z;(¢) and the sliding sur-
face s;(¢) maintain the same sign, which leads to s;(#)z;(t) > 0.
This in turn suggests that z;(f)zi+1(f) > 0, considering that
si+1(t)si(t) > 0. Given that 0 < s;41(¢)/si(t) = ¢ < 1, and
in accordance with equation (27), 0 < z;11(¢)/zi(t) < 1. The
proof is by contradiction. Assuming against our assertion that
zir1(t)/zi(t) > 1

1) Let 0 < z;(r) < zi+1(¢). The sliding mode surface (27)
expressed as

gsi(t) (61)

si(t) = zi(t) + crizi + cailzi| M (62)

From 0 < z;(¢) < zi+1(¢) and ziy1(f)/z:(¢) > 1, it is ob-
voious that z;(t)e™™ < zi11(¢)e™*. Then 0 < foz,( Je S'dr <
Jozi+1(t)e™*dt. The Li(s) = [§zi(t ) ~'dt is the Laplace trans-
form of zi(2), then 0 < L;(s) < L;i11(s), we can get C2iLlH+il >
cz,-Lfl . Then, we have

sLit1(s)+ciiliv1 + C2iL,l'f:_1

: 63
> sLi(s) +c1ili + el > 0 ©
Further, we have
Zip1 (1) +crizip + CZiZfil (64)

> zi(t) +cuzi+euzt >0
Therefore s;41(¢)/si(¢) > 1, it is contrary to the reality 0 <
si+1(2)/si(t) = g < 1. Since then, we have 0 < z;.1(2)/7:(t) =
g<1L
2) The sliding mode surface (27) may be recast as follows
for the case when z;+1(r) < z;(r) <O0.

si(t) = zi +c1izi — cailzi M (65)

From z;1(¢) < zi(t) < 0 and |zi41(0)|/]z:(8)] > 1, it
is obvious that zii(f)e™™ < zi(t)e ™. Then, we have
Jozir1(t)e *'dt < [§zi(t)e *'dt < 0. The Laplace transform of



zi(t) is Li(s) = J§zi()e™dt, then Lyt (s) < Li(s) <0, we can
get CQ[‘LH_] (S)|IJ" < C2,’|L,'(S)|I'li.
Then, we have

sLiy1(s) — cai|Liy1|* +c1ilivy

‘ 66
< sLi(s) — cai|Li|* +c1ili < O (06)

Similarly, we have
Zit1(t) — cailzip1 M + crizim (67)

< Zi([) - CZi‘ZiVJi +c12i <0

Consequently, the inequality s;+1(¢)/s;(¢) > 1 is in disagree-
ment with the known constraint 0 < s;41(7) /s;(r) ~ ¢ < 1. This
implies that the correct relationship must be 0 < z;41(¢) /z;(¢) =
g<1

According to above analysis, we have

e Since 0 < ziy1(t) < z(1), 0 < [yzpi(t)edt <
Jozi(t)e™'dt, and 0 < L1y (s) < L;(s), it follows naturally.
Consequently, ||Gi(s)|| < 1 is satisfied by the transfer
function of the error G;(s) = Lit+1(s)/Li(s).

o Jozi(t)e™'dt < [yzis1(t)e 'dt < O is evident when
zi(t) < ziy1(r) < 0, which implies L;(s) < Li+1(s) < 0.
Hence, ||G;i(s)]| <1 is satisfied by the transfer function
of the error, which is G;(s) =: Li+1(s)/Li(s).

From the preceding analysis, we can conclude that G;(s) =

L’Lf(ls()s ) — q. Therefore, when 0 < ¢ < 1, string stability is

ensured.

IV. SIMULATION STUDIES

To assess the efficacy of the control strategy developed, sim-
ulations were conducted in MATLAB for a platoon consisting
of N =3 vehicles.

The external disturbances were modeled as d;(t) =
0.2sin(t). The fault tolerant model was constructed with
ugi(t) = 0.7540.8sin(¢). The actuator fault parameters were
selected as ry; = 0.01sin(¢). The prescribed performance func-
tion was defined as p; = (14 —0.8)e=%% +0.8. The parame-
ters for the simulation were set as

TABLE I:
PARAMETERS

Ai(m*)  pa
0.2

Ai(m) — hi(s)
8§ 121 2

g(m/sz) Cai
9.8 0.2

TABLE II:
PARAMETERS

Cli €2 i O; Pi 59,- §s,~ 5Q;

1 1 045 04 0.8 0.001 0.001 0.001
Mi Ay A g9 Ky o Ky, K, Ko
40 40 40 0.9 04 0.001 0.001 0.001

Leader vehicle acceleration is set as follows

0m/s? <2
) —1m/s? 2<1<3
D=y 03m/2 20<1<35 (68)
0m/s? t>35
TABLE 1II:
PARAMETERS
i 12 3
mi(*10%kg) 2.1 175 1.82

7i(s) 05 04
Li(m) 4 45

0.42
4.2

TABLE IV:
INITIAL STATES FOR VEHICLES

i 0 1 2 3
pi(0)(m) 1604 145 12848 1124
vi(0)(m/s) 1 1 1.5 2
a;i(0)(m/s*) 0 1.5 2 1.8

The simulation outcomes are depicted in Figures 1-5. The
tracking errors inside the vehicle platoon converge to the preset
zone, as shown in Figure 1, indicating that string stability
has been achieved. Figure 2 demonstrates that the following
vehicle is able to track the preceding one without any collision
occurring. Figures 3 and 4 reveal that the velocities and
accelerations of all followers successfully track those of the
leader under the proposed control method. Figure 5 presents
the control inputs, which stabilize around a region near zero.
A preliminary analysis indicates that the formulated formation
control signals are capable of compensating for intermittent
actuator failures in system (2) and maintain the stability of
the controlled system (2).
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Fig. 1: The tracking error with PPC.
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Fig. 2: The positions of followers and leader.
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g. 3: The velocities of followers and leader.
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4: The accelerations of followers and leader.
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Fig. 5: The control input

V. CONCLUSIONS

The proposed control scheme enforces performance bounds
on the tracking error of the vehicle platoon and ensures the
preservation of connection and the avoidance of accidents
between neighboring vehicles. The control strategy proposed
ensures several key objectives: maintaining connectivity and
preventing collisions between adjacent vehicles, enforcing per-
formance constraints on the tracking error within the vehicle
platoon, ensuring individual vehicles stability, and achieving
string stability over a finite time period. Additionally, the
strategy mitigates the impact of actuator failures. Simulation
results confirm the effectiveness of this approach. It’s essential
to highlight that the convergence time of the algorithm is
influenced by the initial state of the system, which might
limit its applicability in certain scenarios. Therefore, future
research efforts should focus on developing fixed-time control
solutions tailored specifically for vehicle platoons. These so-
lutions would offer predictable convergence times irrespective
of initial conditions, enhancing the robustness and reliability
of the control strategy in practical applications.
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