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Abstract. Inthis paper, based on the predetermined virtual trgectory, the reference yaw angle for lane
changing was generated. From the dynamica model of front and rear wheel steering vehicle,
considering the influence of sideslip speed, a track error model of vehicle for lane changing is
established. By applying sliding mode technology, the tracking control law for lane changing was
designed. Based on Lyapunov function method, the stability of the control system was obtained.
Expected tracking performance is verified by the ssmulation.

Introduction

In recent years, research on the vehicle automatic lane changing mainly involves the trgectory
planning for lane changing and tracking control of the planned lane changing trajectory. The modeling
of tracking error should take into account the influence of the longitudinal and lateral velocity of the
vehicle, but in order to facilitate studies, many researches on trgjectory tracking control neglects the
effect of sidedlip speed, such asrefs.[1,2]. Ref.[3] considers the influence of sidedlip speed of vehicle
when studying the trgjectory tracking control of the intelligent vehicle, but the vehicle dynamics
model adopted was based on the front wheel steering. According to the method of ref.[4], when the
trgjectory tracking control is performed on the front wheel steering vehicle, it is not guaranteed that
the position tracking error and the yaw angle error smultaneously tend to 0. In ref.[5], the four-wheel
steering dynamics model is used to study the vehicle lane change tracking control, which can
simultaneously guarantee the asymptotic stability of position tracking error and yaw angle error.
However, when planning the lane change trgjectory, it assumes that the desired lateral acceleration
satisfies the positive and negative trapezoida constraints, while the longitudinal speed is fixed and
does not take into account the real-time requirements of lane changing behavior on the longitudinal
speed of vehicle.

In this paper, we continue to study the trgjectory tracking control of vehicle for lane change on the
basis of ref.[5]. According to the longitudinal and lateral movement constraints of the vehiclein the
lane changing process, we designed the lane changing trajectory based on the five-order multinomial
and cancelled the limitation of the assumption that the longitudinal speed is constant. Based on the
dynamical model of front and rear wheel steering vehicle, consider theinfluence of sidedlip speed, the
tracking control law for lane changing was designed.

Trajectory for lane changing

The global orthogonal coordinate system XOY is established with the starting position of the lane
change as the origin, in which the X-axis coincides with the longitudina axis of the vehicle, and
assumed that the direction of travel of the vehicleispositive; the Y -axisis perpendicular to the X-axis,
and the direction from the starting lane to the destination laneis positive. The desired displacement of
the vehicle center of mass M in the X-axis direction is X ,(t), and the desired displacement in the

Y-axisdirectionis Y,(t). Thetraectory model for lane changing based on five-order multinomial can
be expressed as

Copyright © 2018, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 402



£

ATLANTIS

PRESS Advances in Engineering Research, volume 170

i X,0) = at® +at’ +at’® +at’ +at +a,. Q)
|

fY,@®) = bt® +bt* +bt® +bt* + bt +b,.

Where a, and b is undetermined coefficient, i=0,L.,5. The direction of vehicle longitudina

velocity should be consistent with the tangential direction of lane changing, so the desired yaw angle
of the vehicley , should be equal to the angle between the direction of the track tangent and the

direction of the lane, so we have
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Trajectory tracking for lane changing

From automotive theory, alongitudinal and lateral decoupled dynamics mode is given by
1 T.h
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where m is the total vehicle mass, ¢ is correction coefficient of rotating mass, T,, is the driving or
braking torque on the whesel, ;isdriving or braking efficiency, riswheel radius, f isrolling resistance
coefficient, C is air resistance coefficient, y denotes the vehicle yaw angle, y denotes lateral
displacement, x denotes longitudinal displacement, 1, denotes the total vehicle inertia about vertical
axis, |; andl, are the distance of front and rear axle from center of gravity of vehicle, respectively, Ct

and C; are the front and rear tire cornering stiffness, respectively, d; andd, are the steering angles for
the front and rear wheedl. Let the parameters
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The egs. (3)-(5) can be rewritten as
B =F +a +ai’ (10)
W= byt + by +u,. (12)
¥ = c\ +Cyb +u,. (12

Considering the sideslip speed, the speed of the vehicle along the axis of the global coordinate
system can be expressed as

X = % cosy - ysiny ,¥ = %siny +ycosy . (13)
Considering eg. (13), the acceleration along the axis can be expressed as
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® = #cosy - %siny +w,,¥ = &siny +cosy +w,. (14)
Where w, = Xyk siny - yiyd cosy , w, = Xyk cosy - ¥k siny . Define tracking error as
follows:

e, =Y - Y48 =X -X4,8 =Y - Y. (15)
So

|ég =W - W

|é%< = #.cosy - Wsiny +w, - ¥ (16)

Té%' = #siny +fcosy +w, - \Xg

Applying sliding mode technology, we design the switch function as

S =d +ke. 17)
Where S =[S, ,S,,S, T, e = [e, ,e,,e, T ,andk = diag (kj,k,,k;), is the positive definite
switching function parameter matrix. Adopt the form of approaching law 4 = -1'S,wehave

$+ké+1S=0. (18)
where A = diag (I 1055l 3), isthe positive definite reaching law parameter matrix. Substituting
eg. (16) into eg. (18), we obtain

¥ =D, % =D, cosy +D,siny , ¥ = -D,siny +D,cosy . (19
Where

'D1 $y - k&, - A4S,

IDZ_'W1+§& - Koy - 7Sy

:Ds =-w, + ¥ -k, - 4SS,
From egs. (10)-(12), we have

IF=D,cosy +D,siny -a - a,%

:ul—D-b]y&-b& (20)
Auz- -D,siny +D,cosy -c,¥-cyé,

2

Then from the above egs. (6) and (9), we get
1 T, =dnrF /h
|
_|,_df = (bpu, - byyu,) /(b,b,, - b b,,) (21)
1d, =(o,u, - b)) /(byby, - byb,)
2C, 1, _2C, 2C 2C,
bl2 LL 1b __f b22 .

Z z

Where b, =

Define a Lyapunov functionas v = E(sﬁ + S% + S%), calculating the derivative of eg. (17), from

egs. (3), (4), (5) and (21), we obtainV = sys&y +5, & +S,% =-( S +1,8¢ +18) £ 0.
So the system is asymptotically stable when moving along the sliding mode.

Simulation results

In simulation, assuming that the vehicle mass m=1250kg, correction coefficient of rotating mass
0 =1.1the driving or braking efficiency 5 =0.95, the whed radius r=0.32m, the rolling resistance
coefficient f=0.02,the air resistance coefficient, C=0.45, the moment of inertia 1,=2800kgm?, the

front and rear tire cornering stiffness Cr=70kN/rad, and C,=75kN/rad, the distance of front and rear
axle from center of gravity of vehicle [+=1.35m, and I;=1.25m.
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Simulation results of trgjectory tracking for lane changing are given in Figures 1 to 3. Figs.1 and 2
show the tracking errors along the X-axis and the Y -axis; the yaw angle error of vehicleis shown in
Fig.3. From thefigures, the position tracking error and yaw angle error tend to be zero with the control
method in this paper, it indicates that the control system has asymptotic stability. If ignore the
influence of the side-dlip speed factor in the tracking error modeling, tracking control of the car cannot
guarantee that the position tracking error and the yaw angle error both tend to zero, the simulation
results are shown in Fig.4.
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Fig.1 Position error of vehicle along X axis Fig.2 Position error of vehicle along X axis
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Fig.3 Yaw angle error of vehicle Fig.4 Vehicle position and yaw angle error

Conclusions

In this paper, the control law is designed by sliding mode method. Due to the established tracking
error model takes into account the influence of side slip speed, and the dynamic model of front and
rear wheelsis used, the control law designed in this paper can ensure that the position error and yaw
angle error asymptotically approaches zero and the longitudinal speed is not assumed to be constant,
compared with the existing trgjectory tracking control method, the control law is more general.
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