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Abstract—This article proposes a finite-time control method
that integrates sliding mode control with neural networks. The
aim is to address the vehicle formation tracking control
problem under performance constraints. The core advantage of
this method lies in its ability to ensure the stability of the vehicle
formation within a finite time. It also meets the specified
tracking performance requirements during this process.
Specifically, performance functions are first introduced to
constrain the tracking performance of each vehicle.
Transformation functions are then used to convert the system
with these performance constraints into an unconstrained form.
This provides a more concise framework for subsequent control
design. Next, a sliding surface is designed within the
transformed system. This design effectively mitigates the
chattering phenomenon commonly observed in traditional
sliding mode control. As a result, the robustness and stability of
the system are enhanced. To address uncertainties in the system,
a neural network approach is employed for system modeling
and optimization. The powerful approximation capability of
neural networks is utilized to handle nonlinearities and
uncertainties in the system. Additionally, a robust term is
introduced to counteract potential errors during neural
network reconstruction. This further improves the precision
and robustness of the control system. Finally, simulation
experiments are conducted on the MATLAB platform. The
proposed algorithm is compared in detail with existing control
methods. The experimental results validate that the proposed
algorithm ensures system performance and stability while
achieving superior control effectiveness.

Index Terms—{finite-time; performance constraint; sliding
mode control; vehicle formation; neural network

I. INTRODUCTION

Vehicle formation cooperative control is one of the core
technologies of Intelligent Transport Systems, highly
valued for its potential to enhance transport efficiency,
improve safety and reduce energy loss [1-3]. Vehicle
formation cooperative control is used to control multiple
vehicles, keeping multiple vehicles traveling at the same
distance and speed, improving road operational efficiency
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and increasing reliability [4, 5].

Nowadays, the main vehicle formation control methods
are the pilot-following method [6], artificial potential field
method [7], virtual structure method [8], etc. The
driver-following method is a method, which controls the
entire convoy by controlling the lead vehicle. simplifies the
process of designing a controller, have wide-ranging
applications.

Currently, research for vehicle models has matured,
Common vehicle models are second-order [9] and third-order
models [10]. However, due to the complexity of vehicle
systems and the diversity of roads travelled, the third-order
dynamics model is closer to the actual vehicle. The spacing
strategy of vehicle formations directly affects road traffic
throughput. Common spacing strategies are constant spacing
strategies (CS) [11] and non-linear spacing strategies (NS)
[12]. The ideal inter-vehicle distance for CS strategy is a
constant, and can increase road availability, but reduces road
capacity [13]. Ideal inter-vehicle distance for NS strategy as a
non-linear function of vehicle state, Increased road
availability and flexibility, NS contains a quadratic spacing
strategy and an exponential spacing strategy [14]. Literature
[15] proposes a quadratic spacing strategy, balances the
stability and capacity of the traffic flow, enhances the
stability of the vehicle formations. The current control
methods for vehicle formation control are adaptive control
[16], consistency control [17], predictive control [18], sliding
mode control [19] and so on. During vehicle operation,
various uncertainties and external disturbances are often
encountered, and sliding mode control is widely used due to
its high immunity to disturbances. Literature [20, 21]
proposes an integral sliding mode control method, to achieve
formation stability. Literature [22] proposes a robust
two-way fleet controller, can estimate the mismatch
perturbation of adjacent vehicles, however, they are only for
second-order systems and are only asymptotically stable.

Finite-time control is widely used because of its
advantages such as fast response, high disturbance immunity
and high control accuracy. Literature [23, 24] designed
finite-time controllers based on third-order models, to solve

the fleet problem, but ignored the transient performance of
the formation. Literature [25, 26] studies the problem of
formation control with specified performance constraints.
Literature [27] further investigated finite time formation
control with constraints. Literature [28, 29] introduces
performance functions, which allow the tracking error to
converge to a specified range in finite time, but it does not
consider the problem of strong formation stability.

During actual formation control, there are a variety of
unknown factors that can affect the system, neural network
has strong learning ability and nonlinear approximation
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ability, which can offset the negative impact of these
uncertainties on system control, and as such it received a
great deal of attention.

Based on the above analysis, the main innovations of this
paper are concluded as follows:

(1) This paper uses performance functions to constrain the
performance of third-order vehicular systems. This enables
the tracking error to converge to the constraint range in finite
time, ensuring fast convergence.

(2) To ensure the stability of the system, this paper
presents an improved sliding mode control method,
eliminates vibration shaking in sliding mode, and
incorporates a neural network, using neural networks to
approximate complex fuzzy dynamics in control processes,
adaptive and robust terms are used to overcome the external
interference and the reconstruction error of the neural
network.

The overall structure of this paper is as follows: Section 2
presents the system model and control objectives of the
vehicle formation of. Section 3 designs the system controller
and performs stability analysis. In Section 4, the controller is
verified by simulation using real values. Section 5 concludes
the paper.

II. PROBLEM DESCRIPTION

A. Vehicle mode

Consider a formation consisting of a leader vehicle and
several followers on a straight road, as shown in Fig.1.

Pa; ¢ Pay ¢

x,(1) x,(0) x,(1) % (0
V(1) v, () ce v (1) v, (1)
a,(1) a,, (1) a(1) ay(7)

Fig. 1. Vehicle formation model

In the figure, x,(¢) , v,(¢) , a,(¢) represents the position,
velocity and acceleration of the vehicle i respectively.
P,. represents the required spacing between adjacent

vehicles. e is the error between the actual spacing and the

S

ideal spacing during the driving of the fleet, which is called
spacing error.

A single vehicle's third-order kinematics and dynamics
model is:

% () = v,(0),

v,(0)=a,0)

a0y =" L2 1 2u80)+ 120,00+ 4, 0)
mo md )

i

)

where u,(¢) is the control input, m;, is the actual mass of the

vehicle i, & is the engine time constant in vehicle operation,
I' is the wind resistance of the vehicle during travelling,

I'= ouz,.(p , o is the density of the air around the vehicle, 4,

is the cross-sectional area of the vehicle i subjected to wind
resistance, ¢ is the coefficient of air resistance, F, is the
frictional resistance of the tyres when the vehicle is in motion.
Consider road conditions, F, =c,m,gcosb+m.gsin0 , c, is
the rolling resistance coefficient of the tyres, 0 is the slope of
the road surface, A,(#) is the concentrated disturbance

caused by external factors. It is assumed that all vehicles are
produced from the same batch and that vehicle dimensions,
engine and tyre data remain the same during vehicle
formation travel.

B. spacing strategy
This paper gives full consideration to the various aspects
of the vehicle in the process of travelling, proposes a
quadratic spacing strategy, which sets the ideal inter-vehicle
spacing as a quadratic function concerning velocity. The
expression is:
B ()
2a

n

e=x_—x—d,—d,—tv,(t)-

i i

@)
where X, = x,_, —x, represents the actual distance between

By (1)
2a

n

adjacent vehicles. P, =d,, +d, +tv,(t)+ represents

the desired spacing between adjacent vehicles, the ideal
distance includes the length of the vehicle as well as the
safety distance required to start and stop the vehicle. d,; is

the length of thei vehicle, d,is the safety distance allowed
between adjacent vehicles, ¢, is the braking time for braking
in an emergency, ¢ V,(¢) denotes the stopping distance, P
represents the safety factor in the external environment, a,

denotes the absolute value of acceleration during acceleration
and deceleration..

C. control objective

The requirement of this paper is to design a new finite time
control strategy. When the leader vehicle is driving in any
state, the following vehicle can quickly track the leader
vehicle and achieve performance constraints in a limited time.
Specific control objectives are as follows:

(1) Finite-time performance constraints: The fleet is stable
and meets the performance constraints in a finite time:

-£0,(1) < e, <EO,(1) A3)
tmle| < 26,0,
v,(t) = v, (1) 4)

a;(t) = a, (1)

where 0,(¢) is the performance function,

0,(1)=(0,-0_)e " +6_ 5)

(2) Strong formation stability: the spacing error decreases

in steps and does not propagate upstream vehicles along the
formation, as described below:

|E) <|E ()] < <[E () (6)

& is a constant.
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E, (s)
E,(s)

satisfies |G[(S)|S1 , where E (s) denotes the Laplace

the error transfer function G.(s)=

transform of e, (7).

(3) Traffic flow stability: after system stabilization, the
derivative of traffic volume D with respect to traffic density
p s positive.

D. prerequisite knowledge

Lemma 1[30] For a nonlinear system ).c: f(x,u), if there
exists a positive definite function ¥ (x) and exist parameters
a,b>0 and 0<r <1 such that

V(x) < —aV (x)—bV'(x),t >0 7)
Then the system is exponentially stable and faster finite
time stable. The convergence time depends on the initial state
x(0) = x,,, which is given by
V' (x, )+ b
()< — @) (8)
’ a(l-r) b

Lemma 2[15] Equivalence of coupled sliding mode
surfaces and each sliding mode surface: at the same time,

when and only when s, is zero, IV, also converges to zero.
Fs(t)—s., (), i=12,-
N(Z) — i ) 1+1( ) ‘
Fs,(2), i=n
where F is the weighting factor and the relationship
between N, and s, is described as N (1) =F s,(¢) ,

1

n—1

)

s=[s;s,..5], N=[N,N,..N,1.Fis
[F -1..0 0]
0 F -1..0
F= : (10)
00--F -1
000 F|

Lemma 3[28]
there exists an ideal weight vector W and an arbitrarily small
positive constant & enabling the neural network to
approximate f(x) in the following way:

f(x)=W"h(X)+e (11)

where W e R" is the ideal weight matrix of the output layer
of the neural network, e€ R is the reconstruction error of
the neural network approximation, and 4(X) is the activation

For a nonlinear function f(x):R" >R,

function.

III. CONTROL METHODS

A. system transformation

The system (1) is a dynamic model of the vehicle, while
the control object is the spacing error (2), to make the control
objective (3) independent of the system (1), we choose the
new state variable as:

SN 10!
g (12)

By, (D)a, ()

n

Vo =V —V, — L, -

Deriving it and combining it with the dynamics model of
the vehicle (1), we can obtain the new system:

Yii =V,

i (13)
v, = “Wwaﬂﬂmmnrﬁﬂ%
where
1 2 _l —H—an
Jepa) == S da) BlmsaO-—"5G
s an
(14)

The performance constraint is (3), to facilitate the
calculation, transform the objective constraints so that
constrained become unconstrained:

W € (E0,(0,80,(0) = Z(3,) € (-oote)  (15)
that is:
limyl.,-—> £0,(1) Z(yl,i) = +too 16)
1imy“ — -80, (1) Z(yl,i) =T

where Z(y,,) is a function for y,;, when Z(y, ;) € (=0, +e0),
get y,, € (=£6,(¢),E0,(1)) , as long as Z(y,,) is bounded, the
performance constraints of y,; can be satisfied.

The transformation function Z(y, ;) is calculated as:

_L 086,
Z(y) = 2ln(§®i(t)—y1,i)

is used instead of Z(y,;), and the

(17

For convenience, z,,

second-order derivative of z,; is obtained:

_ aZ(yu) aZ(yu)

2=

ayl,i &0, (1) (18)
o= azz(y],i) aZZ(y],i) azz(yl,i) azz(ny)
Y9y 0y,080,(1)  086,(Hdy,, 088, (t)
where
azz(yLi) _ 2yl,iy2‘i2§®i €0, J’2z
ayl,[z [(E.s®i)2 _yuz ]2 (&0, ) yl,i

azz(yl,i) _ _yl,izyZ,iééi_yliE.s ®i(§®i)2

9,088, (1) [0, - n,'T

aZZ(yl‘i) _ _y],i2y2,i§®.i_yZ‘i&éi(&G)i)z

ag@i(t)ayl,i [@@i)z _yl,iz ]2

PZ(,) _—n(E8) 0+, 50+ 27,89, (60,
00, (1)’ (€0, =».T

(19)

We can get the new system:
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21, = 2y,
020 | P20 P20y 200,
M 0y,,080,(t)  00,(dy,,  9E0,(1)° [(¢0,)" -y, T
8, w0 0)
(é@i)z_yl’iz[mis +Ai(t)+f(vi’ai)][ t —an ]
(20)

It can be controlled by controlling the new system (20),
thus achieving our control goals.

B. slide mode control

Based on the converted system (20), an improved sliding
mode surface is designed:
§;=2,;+ }\‘X(Zl,i)

1)
where the x(z,,) function is
|z]’l.|y sgn(zu) s=0ors# O,|zl ,.| >v

2z,) = ‘ (22)

bz +1, |z]’l.|2 sgn(zu) s # O,|yhi| <v

where% <vy<l1, vy is a fraction where both the numerator

and denominator are positive odd numbers, v>0 is a
positive number with a small value, [, =Q2-y)'"" ,
L=(y-1u7.
When s, =0, z,, =-Ay(z,,) , that is
—7\|zl,i|y sgn(zl,l.) s=0ors# Oa|21,,~| >V

Z, = ! (23)
Mz, =M, |zu| sgn(zl’i) s # 0,|zl’i| <v

2
when |z]’l.| <v, z,, =Mz, —7»12|zly,.| sgn(zu) converges

faster than z,, =—7»|zl’l. |y sgn(zll,.) , this indicates that the

improved new sliding mode surface has a faster convergence
rate..

The traditional sliding mode control is affected by various
factors, which will lead to chattering on the sliding mode
surface. Therefore we use the saturation function (24) instead
of instead of the sign function, wherenis a small positive

number representing the thickness of the sliding mode
boundary layer.

1 s>
sat(s) =< ks, k = 1 |s| < (24)
n
-1 §<-
Derivative with respect to the sliding mode:
5, =2, +0(z,) (25)
Introducing a coupled slide mould surface
Cs.(t)—s., (t),i=12,---n—1
N[(t): 1() ‘ 1+1() (26)
Cs,(t),i=n

where C satisfies 0<C<1.

Recalling(26) shows that N,(¢) and s,(¢) have the same
convergence.

The derivative of N, (¢) is as follows:

Clzy A A2, )] = 80P = 1,2, —

i+l

N,()= 27)

Clzy,+hx(z, )i =n

C. neural network approximation
Because there is some uncertainty in the system (20),
both y,; and y,, are computable, we use the RBF neural

network to approximate.

. &), By, )
G,~(Y)—M,-(y)((§®i)2_yl’i2 [t + " ]J fOv,,a)
: &), Bu),)
M(Zl’i)[@@f)z—yl,f [z, + . ]J
Sf.+1 C E.>2®i _ It, +BV,'([)]
(£0,)" —». a,
(28)
where
M,(y)= d Z(yl,i) + d Z(yl,i) +a Z(J’l,,'z)+ 23’1,:‘23’2,1' é(")zz .
9y,,060,(t)  0E6,(1)dy,, 9E6,(1)"  [(€0,)" — ;"]
(29)

According to Lemma 3, when a neural network
approximates an unknown nonlinear function, the neural
network G(Y) can be expressed as:

G (Y)=W h(Y,)+¢ (30)
where ¥, =[y,;,»,,] is the input of the neural network,

W e R" is the ideal weights of the output layer of the neural

network, e R" is the reconstruction error of the neural
network, the activation function is chosen to be a Gaussian
=

function h(Y)=e

of nodes in the hidden layer, ¢; and b, are constants,

, wherei=1,...,m ,mis the number

h(s) < h , hisa positive number.
Assumption 1. assume that W and the reconstruction error
€ are bounded, satisfied|7||<w,, e<e,. Weuse ¥ asan

estimate of the ideal weights W, defined W =W — W as the
neural network weight estimation error.

D. finite-time controller design
The controller of the system(20) is designed as follows:
ani + km sgn(Ni)
v (¢ 0.
POy B
a, (é(.)i) Vi

+ I h(Y) +osgn(N,)]

u, =m[

—A, () +k,sgn(N,)

€2))

where k,, , k, , k, are all positive, 6, >0 is the adaptive

used o as the estimation of o

variable, ; .
deﬁnedgi =0, —(/5: as the estimation error of the adaptive
variable. This paper proposes a robust term &, sgn(V,) to

counteract the reconstruction error.
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The weight adaptation law W of the neural network in the
control process is

wo=wven P08 gy @
a, (EJ@i) Vi
The adaptive law & in the control process is
6 =, + Py S8 (33)
a, (&Q) _yl,f

In order to prove that the designed control algorithm can
meet the control requirements of the whole system, we
analyze and verify the control algorithm by using Lyapunov
theory. The stability analysis is performed first, followed by
finite time analysis, and the following theorem proves the
stability of the proposed control algorithm.

Theorem 1. For the vehicle dynamics model (1), combined
with the quadratic spacing strategy (2), the control algorithm
(31) is designed using the transformed system (20),
Combining adaptive laws (32) and (33). The control
objectives of this paper can be achieved.

Proof: choose the Lyapunov function.

vl Ll e Ls (34)
2 21 21
Derivation of (34) yields
I}i =NI.]\}I.+1W,‘T W,+l(;(; (35)
T T
where
N N N (C[ZZIJF;\’X(ZII)] i;l)
o[ P20 | @z @z
' dy, 00, (1) Bé@i(t)ayl’,. 8&@,(!)2
2y, [Z&Qi &o, u,(t)
s ! [—=+A O+
[(E0,)° =y’ T (80, =y, md
t
roaiis =20 |-
(36)

Combining (28), (29) and (30) is obtained using neural
network approximation:

G.(Y) =V +W)h(Y)+¢ (37)
Substituting (37) into (36) yields:
NN =N, {c %0, [, + NG )](VT/h(X)w?/h(XH
(&G) ) yl[ an
(3%)
therefore
. g6, BV() P
V=N, {c @ [t + . (Wh(X)+Wh(X)+
”(’) A(t)}+ W, W+160
"’ (39)

Substituting the controller (31) and the adaptive laws (32)
and (33) into (39) yields:

=N, {c g+ B 7 e B
(i@[) _yl,[ n
_csgn(N»)} kN —an [+ B0y 8,
d a, (EJ@[)Z _yl,iz
~ 7 Bv.(¢) £o,
—k, sgn(N,)+W; N,[t, +— —h(Y
e A ey
(40)
Simplification of (40) yields:
I}i =_kV1Ni2_kmNi Sgn(Ni)+NiC E-,2@[ 2 [tS+BVI(t)](S_
(é@)i) — Wi a,
k, sgn(N;) —(Assgn(Nl. )
(41)

where k, sgn(s) is a robust term to counteract the

reconstruction error of the neural network approximation,
thus

V, <~k,N? ~k,N,sgn(N,)
<—k N/}
Thus, it can be shown that the system is uniformly

W h(X)

(42)

eventually bounded, and we can know <y, yasa

small constant. Next, prove finite time stabilization. Let the
Lyapunov function be
1
Vs- ==N i2
T2
Deriving it and combining it with neural network yields:

(43)

I}izNiNi

. £, () (=
- N[{c(é@_)z_yll2 1, + . ](Wh(X)+Wh(X)+

u, (t)
m.>

Substituting (31) yields:

e—A, (1) -

(44)

_$
(£0,)" =’

By (1) (Wh(Y)+8 k,sgn(N,)—osgn(N,))

n

V=—kN -k, N, sgn(N,)+N,C St +

50, (¢, +

<—k,N?+NC——="—
(86,)" ~ a,

BV"(l‘)](VT/h(Y)—(5sgn(N,. ))

(45)

Recall the equation (17) shows that there exists a positive

co,

z_yuz >¢>0,

number ¢ > 0 satisfy and there exists

pv, (@)

n

a small positive number & satisty ¢ + >&>0, itis

known thatc > vy, assuming that m=c -y > 0, thus

. L
V,<—k,N?-Co&n|N,|< -2k, V, - Ch &nV > (46)
where a =2k, ,b=0¢&mn, it can be shown that the system
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can reach stability in finite time and it can be shown that y, , is
bounded, so we obtain y, ; € (=£0,(#),£0,(¢)) , which satisfies
the control objective of the system.

With the above proof it is possible to obtain that N, ()

converges to a small neighbourhood near zero in finite time,
which can be obtained according to (26):

Cs,(t) = s, (1)

S (0) <1
s

i

(47)
because of 0 <C <1, we can get0 <

The sign-preserving theorem of the limit yields that the
transformed pitch tracking error z,; and the sliding mode

surface s,(¢) have the same convergence and the same sign.
And 5;(0s,, @20 , so  z,z7,,20

because a1

5,(2) Z,

because 0< because the

converted spacing tracking error z,; and e, have the same
t —st

0 Gne " dt <1,0< E..(5)
[t ee™dt E.(s)
strong formation stability.

convergence, so 0 < <1, satisfies

E. traffic flow stability

N

D
p: = —

(48)
N
Where p is the traffic density, N is the number of

vehicles in the road section, P is the length of the road
section, D is the amount of traffic on the lane (flow rate),
Vs isthe average speed of vehicles in the interval. Assuming
that the formation system arrives at a steady state, the safety
distance of vehicles and the average speed arrives at the same,
take the length of the road section P

B

as P=d,, +d, +t5v+2 , the vehicles within the road
aVl

section N as 1, the average speed Vsasv, traffic density

1

P. = 2(d,, +d,)a,
2d,, +d,)+t, B

the derivativeb is 0, and p>p,, so D >0, the formation

achieves traffic flow stability.

IV. SIMULATION EXPERIMENT

To verify the effectiveness of the proposed control
algorithm, the vehicle formation is simulated in a MATLAB
environment. During the simulation, the convoy consists of a
leader vehicle and four follower vehicles travelling in a
straight lane. Let the initial state of the leader vehicle
be: x,(0)=0, v,(0)=0 . The initial state of the four
following x,(0) =[-24;-48;-72;-96]
v,(0)=[0;0,0,0], ,(0)=[0;0;0;0] .

The time of the simulation experiment is set to 80 s,
considering the actual situation of the vehicle information,
using the same batch of production of the same vehicle,
assuming that the parameters of each vehicle are the same,
where the parameters of the vehicle are set as follows: mass
of the vehicle m, =1600 kg , air resistance I' =0.414, running
vehicle F, =240, length of the

vehicle d, ;=4 m , ideal safe distance d, =7 m , safety factor of

vehicles is

resistance of the

the external environment of the vehicle B =0.2, braking or
acceleration reaction time #,=0.12.§' , maximum deceleration

possible value of a, =7, concentrated disturbance

A,(1)=0.1cos(?) . In selecting the parameters, with due

consideration of the control method and the control
objectives, the parameters of the controller are shown in
Table I.

TABLEI
CONTROLLER PARAMETERS
3 r Y v
0.05 0.8 7/9 0.1
A k, k, k,
0.03 0.03 1 10

as:
_N
P P
B 1 (49)
- 2
dl,.+d2+tsv+BL
’ 2a,
Then
1 2a t.a ta
v:\/(;—du—dz)T”+(%)2 - “B” (50)
Derivation of D =pv:
b=J(1—du ) 2y (Ll L
p p p p
a, (51)
1 2a ta, .,
PB\/(—d g dy) ()
p BB

From (51) it can be found that when the critical density

The acceleration of the leader vehicle is set to

0.5t m/ s 0<t<4s

3 2t m/s* 4<t<8s

“T) 0str6m/s 8<r<12s
0m/s* t>12

The acceleration of the leader vehicle increases and then
decreases, with a steady rate of 16 m/s after 12.5 .

A. simulation results

The simulation results of the control algorithm designed in
this paper are shown in Fig.2-8. Fig.2 shows the displacement
of the formation vehicle, which can be visualized that the
displacement of the following vehicle first converges and

Volume 33, Issue 7, July 2025, Pages 2610-2619



Engineering Letters

then always follows the leader vehicle. Fig.3-4 shows the
relationship between the speed and acceleration of the
vehicles in the formation, and the speed and acceleration can
keep the same with the leader vehicle after stabilization. Fig.5
reflects the workshop distance of the formation, the initial
value is 24 m, and then it is adjusted with the speed of the
vehicles, and finally it is kept at about 14 m, which achieves
the ideal workshop distance. Fig.6-7 reflects the slip mode
surface and the coupled slip mode surface information, and
the slip mode surface converges to zero. Fig. 8 reflects the
spacing error information of the formation, and the initial
spacing error is 13 m, after which it converges rapidly. The
analysis shows that the RBF neural network has good
real-time performance, and the formation system can satisfy
the performance constraints within 2 S . After that, the
formation system continues to converge, and the spacing
error can converge to zero in about 4 ', so that the spacing
between the vehicles can maintain the ideal state, and thus the
stability of the whole fleet of vehicles can be realized.
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B. comparative experiment

To further illustrate the performance advantages of the
novel control algorithm in this paper, it's compared with the
traditional unconstrained control algorithm in literature[31].
Setting the sliding mode function as

1
s, = ¢,(t)+csign(e, (t))|e,. (t)|5 . The simulation environment

and parameters are consistent with thesis, and the simulation
results are shown in Figs.9-15, Fig.9 shows the displacement
of the formation vehicle, Fig.10 shows the velocity of the
formation vehicle, Fig.11 shows the acceleration of the
formation vehicle, and Fig.12 reflects the displacement error
of the formation. Fig.13 shows the formation vehicle spacing
error, and Fig.14-15 show the slip mode surface and coupled
slip mode surface information. The analysis shows that the
spacing error converges to 0 around 14. Comparing Figs. 2-8,
it can be obtained that the control algorithm proposed in this
paper converges about 10 seconds faster than the traditional
sliding mode control, and the algorithm in this thesis has a
better real-time performance, which is able to better realize
the formation control requirements.
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V. CONCLUSION

This paper investigates the vehicle queue control problem

with performance constraints, performance constraints are
implemented using performance functions, so that the
tracking error converges to the bounded range in finite time,
and applying neural networks to sliding mode control, using
neural networks to overcome parameter uncertainty in

control processes, ensure the fleet's strong formation stability.

In urban road traffic, the horizontal relationship during
vehicle traveling is also not to be ignored. In the future, it is
of great significance to study the lateral structure of vehicles.
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