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B snoxy mexnonozuueckux 0ocmudiceHull UCCIe008anue u npumeHe-
Hue 2¢hdexmusnvlx Memooos YnpasieHus 8 AemoMOOUNX CIMAHOBIMCS
gadicHetiwell  001acmvio, 0X6amMvléalowjell He MOJbKO ABMOHOMHbBIE
MPAHCNOpMHblE CPeOCmed, HO U Opyeue UHMeLLeKmyaibHble QYHKYUU.
Jlannas paboma paccmompugaemcs HpuMeHeHUU KOMOUHAYUY MEXHUK
PID (nponopyuonansno-unmezpanvbHo-oughgepenyuansvhoe ynpasienue)
u MPC (ynpasnenue na ocHoge MOOenu NPeocKa3anus) Oas nosbluleHus
aghghexmusrnocmu ynpasnenus 0gudxcenuem agmomoouetl, 0cobeHHo npu
OMCAEAHCUBAHUU 3A0AHHBIX mpaekmopuil. B uccredosanuu, npusedemcs
OUHAMUYECKAs: MOOeNb aBMOMOOUIsL, HA OCHOBAHUU KOMOPOU 0daemcs
oyenka sgpgexmusnocmu pabomer komounayuu PID u MPC o munumu-
3ayUU OMKIOHEHUSL MeXNCOY HAKMUUEcKol mpaexmopuell O8UNCEHUs U
3a0anHoOl mpaexmopuel npu Nno00epICAHUU NOCMOAHHOU CKOPOCU
aemomobuns. Pesynibmamol nokazuleaiom, 4mo 3MOm UHMeZPUPOSaH-
HbILL N00X00 0becnevugaem 3HAYUMENbHO TYUULYio 3ppekmusHocms no
CPasHeHUIo ¢ UCNOb308aAHUEeM MONbKo Memodo8 PID uiu MPC.

In the era of technological advancements, the research and applica-
tion of efficient control techniques in automobiles are emerging as a
crucial field, not only focusing on autonomous vehicles but also encom-
passing other intelligent functionalities. A recent study has employed a
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combination of PID (Proportional-Integral-Derivative) and MPC (Mod-
el Predictive Control) techniques to augment the performance of motion
control in vehicles, particularly in tracking predefined trajectories. By
utilizing a dynamic kinematic model, the study assessed the efficacy of
the PID and MPC amalgamation in minimizing the deviation between
the actual motion trajectory and the predetermined reference trajectory,
while maintaining a constant vehicle velocity. The findings reveal that
this integrated approach yields superior effectiveness compared to solely
employing either PID control or MPC methods.

Knioueevie cnoea: mpaekmopus osudcenusn, PID, MPC, ounamuka
nogopoma asmomMoOus.

Keywords: motion trajectory, PID, MPC, vehicle cornering dynamics.

INTRODUCTION

The research and application of effective control techniques on auto-
mobiles is becoming an important field, not only for autonomous vehi-
cles but also for other intelligent functions that are being developed. One
of the important problems in this field is to ensure that the vehicle's mo-
tion follows a predetermined trajectory, which is determined by the sen-
sors installed on the vehicle (Radar, Lidar, Camera, GPS and others)
and the model predictive controller (MPC) combined with the PID con-
troller. When controlling a vehicle to follow a predetermined trajectory
with an allowable error (according to SAE is 150 mm), it is necessary
to take into account the effect of the lateral tire force generated during
turning [1].

When turning, the vehicle’s motion follows certain rules, affected
by the steering angle and the lateral deformation of the tire during turn-
ing [2-3]. When there is a lateral force, the vertical reaction force from
the road surface acting on the two wheels of the same axle changes, af-
fecting the ability to transmit traction and braking force, and even caus-
ing dangers such as skidding or tipping the vehicle sideways. The lateral
deformation of the tire during steering can cause the vehicle’s trajectory
to deviate when it is controlled automatically. This paper studies the
ability of the vehicle to follow a predetermined trajectory in the case of
parking and double lane change at different speeds, taking into account
the lateral deformation of the tire during steering. The modeling method
is chosen to carry out the above research.
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MODELING DEVELOPMENT

Modeling of the cornering dynamics of the vehicle.

Based on prior research in electric vehicles [4—5], the paper presents
the methodology for constructing a dynamic model of a front-wheel-
drive electric vehicle based on the vehicle's dynamic equations.

The bicycle model can be used to investigate the cornering dynamics
of vehicles in motion trajectory problems [2—4] (fig. 1).
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Figure 1 — Vehicle cornering model

Notation in fig. 1: B — yaw angle; & — steering angle; vy, v, — front
and rear wheel velocities; a;, a, — distances from the vehicle's center
of gravity to the front and rear axles; / — wheelbase; @ — vehicle body
angle; p — turning radius; C — center of gravity; o, o, — front and rear
lateral tire slip angles.
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The equations of motion are obtained as follows:

— Cuz

-C

ol

myvy

X

-a4,-C,+a,-C,

V=V, vy

-a,-C,+a,-C,

iy
2 ’ 2 {y}—'_[
-a -C,—a -C, v

my

X

-V

-1

IZ : vx [Z : vx
-C,—Cy -a,-C, +a,-C,
2
m-v, m-v:

-a,-C, +a,-C

1

z

I v

C

al

B +
__alz'cal _alz'cal \I'[ a—

m

)
&]5; @)
m

., -86.(03)
s

The Vinfast VF e34 car was chosen as the research subject, and its
technical specifications are presented in tab. 1.

Table 1 — Input simulation parameters

Parameter Value Unit Parameter Value Unit
a 1,125 m Ja 2875 kg/m’
a, 1,486 m Cui 500 N/degree
m 1850 kg Cyp 833 N/degree

Modeling of MPC, PID, and combined controllers.
At each sampling time, the future control signals are calculated by
optimizing the objective function J(U) in a similar form to the following

equation:

J=Y" L(X(t+k/0),Y(t+k/O)ut+k/1).

The PID control scheme is named after its three corrective terms,
the sum of which is formed by the manipulated variable:

u(t)=MV (1)=K,e()+ K, [ e()dr +K, %e(t).
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The predefined trajectory and actual parameters of the Y-coordinate
and roll angle of the vehicle body are fed into the PID controller, and the
output of the controller is the steering wheel angle. With the obtained
steering wheel angle, the position of the vehicle's center of gravity can be
determined through the dynamic model of the vehicle's yaw motion.

MPC-PID Combined Control Model

The combination of the two MPC and PID models improves the sys-
tem by overcoming the drawbacks of each individual model. The model
of the system with the combination of MPC and PID is presented
in fig. 2.
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Figure 2 — Simulation Model of the Combined PID and MPC Controller

EXPERIMENTAL RESULTS AND ANALYSIS

The simulated double lane change trajectory is based on the «ISO
double lane change test» [7]. Simulation results of Double Lane Change
at Vehicle Speed of 120 km/h are present in fig. 3 and tab. 2.

Table 2 — Simulation error results at 120 km/h

Parameter MPC + PID PID MPC
Controller Controller Controller
Maximum Lateral Deviation
of the Vehicle Trajectory 0,127 m 0,256 m 0,661 m
Maximum Yaw Angle Error 0,251 rad 1,011 rad 0,245 rad
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Figure 3 — Double Lane Change at 120 km/h using the Combined MPC
and PID Controller

Simulation results of Right-Angle Turn at a Vehicle Speed of 100
km/h are present in fig. 4 and tabl. 3.
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Figure 4 — Right-Turn Maneuver at 100 km/h using the Combined MPC
and PID Controller
Table 3— Right-Turn Maneuver Error Results at 100 km/h
Parameter MPC + PID PID MPC
Controller Controller Controller
Maximum Lateral Deviation
of the Vehicle Trajectory 0,130 m 0.415m 0,710 m
Maximum Yaw Angle Error 0,320 rad 0,767 rad 0,326 rad
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The results show that when performing double lane change and right-
angle turn with constant longitudinal velocity, the lateral deviation using
PID and MPC controllers is significant. According to the SAE standard
for deviation of 150 mm, this indicates that at this speed, the perfor-
mance of the PID or MPC controller alone is no longer guaranteed.
Meanwhile, using the combined MPC and PID controller results in a
maximum lateral deviation of 130 mm. This error falls within the SAE
recommended range.

CONCLUSION

The construction of a combined MPC and PID controller for trajecto-
ry tracking leads to the conclusion that the controller satisfies the track-
ing of a predefined trajectory in the case of parking or lane changing at
low speed, and is also effective compared to using only the MPC or PID
controller alone. However, the controller does not operate completely
accurately when the vehicle is moving at high speed. Based on this con-
clusion, future research will focus on optimizing or combining other con-
trollers to achieve accurate trajectory tracking at high speeds.
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Tires are the components that make contact with the road surface,
and their condition is one of the factors affecting the smoothness of the
vehicle. This paper investigates the influence of tire stiffness variation
on the performance of the suspension system. The study employs a com-
bination of experimental and simulation methods to examine how chang-
es in pressure and load lead to changes in tire stiffness, thereby affecting
vehicle body oscillation. Experiments were conducted to determine tire
stiffness, and the experimental results were incorporated into a quarter-
car suspension system simulation model for further investigation. The
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