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A b stract The increasing application of mechatronic devices in everyday life increases the demands for
higher reliability and safety in order to achieve more sustainable systems. Inspired by the enormous efforts put in
decreasing the number of accidents on the roads which is attributed to implementation of improved mechatronic sys-
tems, a controller for improved vehicle dynamics was created and comparison between two advanced control methods
was made. Improved vehicle dynamics and stability control system is mandatory for most vehicles, and in order to
make contribution in this field, a cascade controller for selective wheel braking control is implemented in a virtual 3D
vehicle model. By using sliding mode control (SMC) and Linear Quadratic Regulator (LQR) as adopted control meth-
ods, an improved vehicles dynamics is achieved and also a more reliable system is created due to the adaptiveness of
the control strategies. Using co-simulation approach involving ADAMS/Car and Matlab/Simulink, results for stand-
ardized vehicle maneuvers are obtained and the benefits of the proposed controllers are analyzed.
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UMIVIEMEHTALIMJA HA HAITPEJTHU YIIPABYBAYKHN METOIH 3A IOJOBPEHA TUHAMUKA
HA BO3MUJIATA U BE3BE/JHOCT CO KOPUCTEILE HA KOCUMYJIAUCKHA TPUCTAII

A mcTpack T 3roneMenata ynorpeba Ha MEXaTpOHHYKH CHCTEMH BO CEKOjIHEBHHOT JKUBOT ja 3TOJIEMyBa
noTpebara 3a moroieMa HaJAeKHOCT U 6e30eIHOCT €O e JIa Ce CO3/aAaT MOOAPKIMBY CUCTEMH. VIHCIUPHPaHU 0]
OTPOMHHTE HANOpH BJIOKEHH BO HaMalyBambe Ha OpOjoT Ha cooOpakajHH HEcpekH, IITO MPETCTaByBa 3aciyra Ha
HUMIUIEMEHTAIMjaTa Ha IOJJOOPEHH MEXaTPOHUYKH CHCTEMH, KOHTpPOJIep 3a Mo00peHa IMHaMKKa Ha Bo3miarta Oere
KpeupaH 1 HampaBeHa e criopeda momMery JiBe HalpeIHH ynpaByBadku MeToau. [logoOpeHa quHaMuKa Ha BO3Wiiata u
CHCTEM 3a KOHTpPOJIa Ha CTaOMIIHOCTa € 33aJ0JDKUTEIICH 3a TIOBEKeTO BO3MIIA, a CO IIel Jia Ce JIa/ie IPUIOHEC BO OBaa
UCTpaXKyBadka 00J1acT, KacKaJeH KOHTPOJIEP 3a CEIEKTHBHO KOYCHE Ha TPKaJlaTa € MMIUIEMEHTHPaH BO BUpTyeneH 3D
Mozen Ha Bo3wi1o. Co ynorpeba Ha ympaByBarbe CO MOMOII Ha Ju3rauka nospummHa (YJIIT) u auHeapeH KBaapaTeH
perynarop (JIKP) kako yCBOGHHM yIpaByBauKH METOJM, IIOCTUTHATA € [0A00peHa JMHAMKKA Ha BO3WJIATA, & BOCTHO
MOpaay aJaNTHBHOCTa HAa CAaMHTE CTPATEeTHH, KpeHpaH € MoHaxexeH cucTeM. Co KOpHCTEHhe Ha KOCHMYJAIUCKa
oxonuHa, BKiyudyBajku AJJAMC/ABromo6un u MATJIAB/CumynuHk, JOOMEHHU ce pe3yiTaTH 3a CTaHIapAU3HpaHH
TECT METO/IU 1 HallpaBeHa € aHali3a Ha MPUAO0OUBKHUTE O] MPEIOKESHUTE KOHTPOJICPH.

KyuHu 360poBH: KOCHMYalHja; KOHTPOJIA Ha CTaOMIIHOCTA HA BO3MJIOTO; YIPaByBamke CO MIOMOLII Ha JIM3rayka
MOBPIINHA; JTHHEAPEH KBAJIPATEH PETyJIaTop; CEJIEKTUBHO KOUCHE Ha TPKaIaTa

NOMENCLATURE E, Lateral tire forces

I, Material moment of inertia
Kq s Front wheel cornering stiffness
K, Rear wheel cornering stiffness

A  State matrix
B Input matrix
E Disturbance matrix
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[ Wheelbase

ly  Distance from the center of mass to the
front axle

I, Distance from the center of mass to the
rear axle

m  Mass of the vehicle

M, Yaw moment

s Sliding mode surface function
Longitudinal velocity
Lateral velocity
Steering wheels angle
Front wheels steering angle
., Vehicle yaw rate

SRR

1. INTRODUCTION

With the tendency to create safer vehicles with
improved performances, it is impossible to imagine
the vehicles without integrated mechatronic sys-
tems. So, a greater effort must be made in improving
and creating more sustainable mechatronic systems
with improved control algorithms. Due to the fact
that in the near future more and more autonomous
vehicles would be produced and the creation of in-
telligent transport systems would be intensified, the
safety of the passenger and the surrounding will
largely depend on the functionality and reliability of
the mechatronic systems.

One of the most common mechatronic system
for improving the stability of the vehicle by selec-
tive wheel braking, commercially known as Elec-
tronic Stability Program (ESP) is described by An-
ton Van Zanten in [11], [12] and [13]. This system
is now mandatory in every vehicle sold in the EU.

Several control algorithms for the selective
wheel braking are proposed such the fuzzy control
[7], neural network method and other advanced con-
trol methods.

In [14] the use of optimal control method in
automotive industry and in future automotive vehi-
cles is proposed. A controller with sliding mode
control as part of the advanced control method used
for improved vehicle dynamics based on individual
wheel braking is proposed in [15] where the re-
search is made in co-simulation environment. An-
other application of sliding mode control is ex-
plained in [5] for traction controller for future elec-
tric vehicles driven by hub motors.

The optimal control based on yaw moment
control is described in [2] where a detailed explana-
tion of the controller design based on LQR (linear

quadratic regulator) calculated by Hamiltonian
function is given.

One of the most used models for analytical re-
search is the bicycle model. This model is used in
[2] and [5], as prime model for research, while this
model can be used also as reference model in co-
simulation analysis. Using a virtual vehicle model
in ADAMS and a reference bicycle model created
in Matlab/Simulink is analyzed in [8], [10] and [15].

Considering the increased presence of mecha-
tronic systems in vehicles and the idea of creating
more reliable and sustainable systems, a co-simula-
tion analysis using virtual vehicle model in AD-
AMS/Car and a reference bicycle model in
Matlab/Simulink was performed. A mechatronic
system used for selective wheel braking is inte-
grated in the virtual vehicle model. Also, a cascade
controller is proposed for the control of the mecha-
tronic system. Advanced control methods used for
the improving the performance and stability of the
vehicle are sliding mode control and linear quad-
ratic regulator.

The performance of this virtual mechatronic
system is analyzed in co-simulation environment
for several standardized vehicle dynamics maneu-
Vers.

2. VEHICLE MODELS

The co-simulation was conducted using a vir-
tual vehicle model from the ADAMS/Car and a ref-
erence bicycle model created in Simulink. This
method was used in order to unify the advantages of
using a virtual 3D model in order to gain more real-
istic results and advantages of using the Matlab/
Simulink software for modelling a cascade control-
ler based on advanced control methods. In this re-
search paper, the analysis and the simulations were
performed using parameters of a representative ve-
hicle from the B — segment. Using the ADAMS/Car
module, this vehicle was specially created for this
research and its primary parameters are presented in
the Table 1.

The virtual ADAMS/Car model has two Mac-
Pherson suspension systems, steering rack and pin-
ion system and tires modelled using the Magic Tire
Formula. Also, the chassis of the vehicle is not vis-
ually presented but its characteristics such as the
mass and the moment of inertia are defined at the
center of the mass of the vehicle. Figure 1 shows the
virtual vehicle model.
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Table 1

Virtual Vehicle Model Parameters in ADAMS/CAR
Mass: 1143.5 kg
Axle weight distribution (front/rear): 55/45 %
Length: 4040 mm
Width: 1734 mm
Height: 1483 mm
Wheelbase: 2493 mm
Front track width: 1508 mm
Rear track width: 1471 mm

Fig. 1. Virtual vehicle model in ADAMS/Car

In order to assemble the co-simulation envi-
ronment and to simulate the mechatronic system re-
sponsible for the improving the vehicle dynamics, a
control system for selective wheel braking is imple-
mented in Matlab/Simulink. This model is simu-
lated by defining an input signals for the activation
of the vehicle’s brakes. The input signals to the AD-
AMS/CAR model are the applied braking torques of
each wheel, making it a total of 4 input signals. The
output signals are the lateral acceleration, vehicle
yaw rate, vehicle side-slip angle and the steering an-
gle value. They are used as inputs for the controller
in Matlab/Simulnik.

As reference model for the controllers, a bicy-
cle model with two degrees of freedom (Figure 2),
presented in [2] is used.

Fig. 2. Bicycle model

Maw. undic. nayu. ciuc. 38 (2), 109-116 (2020)

The equations that define the model are pre-
sented in (1) and (2). While the state-space format
of the system are shown in (3). The used parameters
of the bicycle model are presented in Table 2.
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Table2
Bicycle Vehicle Model Parameters
Mass [m]: 1143.5 kg
Wheelbase [I] 2493 mm
Distance from center of mass to front axle [l]: 1122 mm
Inertia radius [i] 1250 mm

Front wheel cornering stiffness Ket): 77000 N/rad

Rear wheel cornering stiffness (Kar) 77000 N/rad

3. CASCADE CONTROLLER DESIGN
WITH INTEGRATED ADVANCED CONTROL
METHODS

Considering the importance of the vehicle’s
stability and safety it can be stated that the compo-
nents integrated in the selective wheel braking sys-
tem must act fast and in a decisively manner. In this
paper the control of the selective wheel braking sys-
tem is made by using the linear quadratic regulator
and sliding mode control.

The decision for researching improved vehicle
dynamics by using these advanced control methods
was made because of the higher adaptiveness of the
system that they offer in comparison of using con-
ventional control methods. The purpose of these re-
search was to compare the optimal output offered by
the LQR and the increased robustness of the con-
troller allowed with the usage of the SMC.

Using the input of the vehicle yaw rate and the
direction of turning of the steering wheels, the con-
troller finds out whether the vehicle demonstrates
understeering or oversteering characteristics. The
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decision making process for braking intervention is
presented in Table 3 where w, represents the vehi-
cle yaw rate of the ADAMS model and w,. is the

desired yaw rate obtained from the reference bicycle
model in Matlab/Simulink.

Table 3
Breaking wheel control decision [7]

Wref w; — Wrer Steering Braked wheels
0 =0 Oversteer Right wheels
w. f >
" <0 Understeer Left wheels
0 >0 Understeer Right wheels
Wyer <
e <0 Oversteer Left wheels

It must be pointed out that in the bicycle model
and in the virtual ADAMS/Car model, turning to the
left is considered as a positive direction with a pos-
itive value for the yaw rate.

On the other hand, the controller where the ad-
vanced control method is implemented calculates
the necessary braking torgue needed to stabilize the
vehicle.

Using LQR as a control algorithm a Hamilto-
nian function [2] is used, where the yaw moment
generated by the braking of the wheels is used as an
input, while the steering wheel angle is used as an
external disturbance. The equation that defines the
bicycle model now obtains the following form:

% = Ax + B, M, + E6, (4)

The matrix A is identical to the one given
above, while the matrices B, and E now are defined

as.
Kaf
0
b= [_] k= [K;;llf‘ (%)
7 Zaf'f
I

where the matrix E represents the disturbance ma-
trix. The output corrective yaw moment is calcu-
lated using (6).

M, = Ky, + K, vy + K56 (6)

Values of the matrixes used in the input func-
tion, K, K,,y and K are generated “online” while
the system is evaluating the appropriate corrective
yaw moment. These values are calculated using the
cost function with the matrices described in (7).

) =32 [(Xa = X)TQXy — X) + UTRUYdE  (7)

=t m =l 0= (5 D) ur=( )
(8)

where f,, is a function that defines the vehicle speed
and w is a weighting factor. The entire procedure
of calculating the desired output is described in [2],
while the weighting factor w for this vehicle has the
value of w = 3 - 1078, This value of 3, was defined
after few simulations and it be can stated that, by
increasing the value of the coefficient, the system
and the entire vehicle becomes faster in their re-
sponse, but it generates higher amplitudes in the
output results, while the exponent determines the
rang of the value of the output signal.

In the other case, we use sliding mode control
for the previously mentioned controller. In theory
by using this type of control, the system should
“slide” along a surface that defines the best and de-
sired response from it. By moving away from the
surface, the controller must act in order to return the
system in the desired position. Because of this it is
necessary to define the sliding surface and in our
case it was determined that the sliding surface
should be defined as s = 0, which means that in the
stationary condition, the actuators would not be ac-
tive. On the other hand, the functions that will acti-
vate the actuators are defined in (9).

s=é+ e (9)

Where the error (e) is defined as e = 0 in sta-
tionary condition. The value of the coefficient A is
adopted to be A = 30, which allows some improve-
ments in the entire system. Several attempts were
made using different values of the coefficient A, but
it was concluded that this value is most suitable for
our vehicle.

Unlike the corrective yaw moment which is the
output of the controller using the LQR, in this case
the output of the system is defined to be the value of
the hydraulic pressure of the braking system. The
output variable of the hydraulic pressure of the slid-
ing mode controller is defined as:

S
u = ktanh (E) + Ueq (20)
where k = 6, while ¢ = 10 and u,, = 0

The value of the coefficient k defines the max-
imal pressure of the hydraulic system of the front
brakes expressed in MPa, while the value of 4 MPa
for the maximal pressure of the rear brake is derived
by simple proportion. u., represents the desired
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pressure of the system when there is no need for in-
tervention in the system and the ¢ defines the thick-
ness of the boundary layer of the sliding mode sur-
face. This value best suitable for this simulation is
¢ = 10. Lower values lead to a more aggressive
system, frequent activation of the actuators and
worse vehicle performance, while the higher values
decreased the chattering of the system, but it re-
sulted in smaller amplitudes and slower response
from the controller which led to reduced efficiency
of the control method. To summarize all the previ-
ous conclusions, the final form of the output signal
from the controller is presented in (11).

u = 6tanh (éiioe)

(11)

The final stage of the controller must also be
explained. Due to the fact that both of the control
strategies are based on the difference between the
actual and the desired value of the yaw rate of the
vehicle, they are activated even when there is a ne-
glectable difference between the two values. This
will result in much improved safety of the vehicle
and would make the entire mechatronic system and
the vehicle itself a highly effective system. But on
the other hand, the performance of the vehicle
would be drastically worsen due to the frequent ac-
tivation of the actuators. In order to optimize the ve-
hicle performance and to increase its safety, the fi-
nal controller of the entire cascade controller is
added, which determines whether to execute the
commands from the previous controllers or not.

This is solved using the phase-plane method
(B + B) which uses the values of the side slip angle
of the vehicle and its derivative. Control method of
this system is derived from

|CiB+CBl <1 (12)

where the C; and C, are determined by experiment
and several simulations. A recommendation in [7]
for the values of C; and C, is C; = 2.41 and C, =
9.615 and those values were proven to be suitable
for this vehicle too. By decreasing the values of the
coefficients, we would increase the stable region of
the controller which could result in preventing the
selective wheel braking system from activating
entirely. On the other hand if we increase the
coefficient we would make the activation of the
selective wheel braking system more frequent and
that would result in more stable vehicle, but with
degrade performance.

Using all of the previously mentioned control-
lers, a cascade controller for the selective wheel
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braking system was created which send input data
to the actuators of the braking system whether to be
activated or not. Using this controller, the results
from the co-simulation are presented in the next sec-
tion.

4. SIMULATION RESULTS

In order to evaluate the proposed system, co-
simulation using Matlab/Simulink and ADAMS Car
was conducted. The modeling of the controllers was
done in the Simulink, while the virtual vehicle rep-
resents the tested vehicle model. The output data of
the ADAMS model are lateral acceleration, yaw
rate, side-slip angle and steering wheel angle. These
variables are used as input data in the Simulink
model, while the output variables of the Simulink
model which represents the input data for the AD-
AMS model at the same time, are the braking pres-
sure for the sliding mode control and the braking
torque of the wheels for the linear quadratic regula-
tor.

The test maneuvers that were used to compare
the vehicle behavior are step steer turning and single
lane change. In the next analysis a comparison
between the vehicle without selective wheel braking
system, vehicle with selective wheel braking con-
troller using sliding mode control (SMC Vehicle)
and vehicle with selective wheel braking controller
using Linear Quadratic Controller (LQR Vehicle) is
presented.

In the step steer turn maneuver the vehicle is
traveling with a speed of 80 km/h and the maximal
steering wheel angle is 110° (Figure 3). This angle
was determined in order to reach the vehicle limits
for the given road condition defined with its friction
coefficient ¢ = 0.9.

ering wheel angle (deg)

Stex

00 10 20 30 40 50 60
Time (s)

Fig. 3. Steering wheel angle — step steer maneuver

Reviewing the results for the lateral accelera-
tion we can state that these limits are reached, espe-
cially by the vehicle without selective wheel brak-
ing system. As well as for the lateral acceleration,
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the similar conclusions can be drawn by examining
the diagram of the yaw rate. It can be concluded that
the vehicles which have the selective wheel braking
system, have smaller amplitudes, and faster respon-
se time. The oscillation that can be noticed in the
transient state (Figures 4 and 5) are result of the im-
pulsive activation of actuators that activate the
brakes, but do not cause instability of the vehicle
response. In a real situation, due to the inertia of the
mechanical system of the vehicle and the actuators,
these oscillations would be reduced.

/f

I Passive vehicle
EE SMC Vehicle
I [QR Vehicle

Lateral acceleration (m/s”2)

=

20 30 40 50 60
Time (s)
Fig. 4. Lateral acceleration - step steer maneuver

-

I Possive vehicle
I SMC Vehicle
B QR Vehicle

—_

Vehicle yaw rate (deg/s)

=
=
=

30 10 50 60
Time (s)

Fig. 5. Vehicle yaw rate - step steer maneuver

The improvement by using selective wheel
braking system and the mechatronics systems in
general can be also observed in Figure 6 with the
vehicle side-slip angle where it is obvious that the
vehicles with integrated selective wheel braking
system have smaller values, which would result in
improved vehicle handling. It is interesting to point
out the difference in the output commands and the
control logic of the two advanced control methods.
In Figure 7 the braking torque of the right front
wheels is presented. It can be concluded that the
sliding mode controller acts more impulsively and
more frequently, but also with higher amplitudes.
On the other hand, the activation of linear quadratic
regulator occurs less frequently, but with bigger
threshold of the activation command. Beside of the
aggressive response form the actuators, no instabil-
ity is caused in the vehicle’s response.

After conducting this analysis, it can be con-
cluded that both control methods are improving the
dynamics and safety of the vehicle, but it can not be
explicitly stated which control method is better. Be-
cause of this, further analysis and simulations were
performed.

B Passive vehicle
10 \ EE  SMC Vehicle
I QR Vehicle

Vehicle side-slip angle (deg)
s
8

Time (s)

Fig. 6. Vehicle side-slip angle - step steer maneuver

15000

~ Front right wheel
— Front right wheel

100007

===

Fig. 7. Front right braking wheel torque - step steer maneuver

Braking wheel torque (Nm)

Time (s)

Next, the co-simulation of the single lane
change maneuver was conducted. The vehicle is
traveling with speed of 100 km/h and the value of
maximal Analyzing the the yaw rate it can be confirmed
that both vehicles with s 95° (Figure 8). The speed of
the vehicle was increased from the previous analy-
sis, due to the fact that in a co-simulation conducted
with speed of 80 km/h the same conclusions were
made like in the previous step-steer analysis. Be-
cause of this, the velocity was increased in order to
push the vehicle to the limits.

1000

500 \

Steering wheel angle (deg)
s

1000 : . . . ! . . . . :
00 10 20 30 40 50 60
Time (s)

Fig. 8. Steering wheel angle — single lane change

Analyzing the results for the lateral accelera-
tion Figure 9) and the yaw rate (Figure 10) it can be
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confirmed that both vehicles with selective wheel
braking system have faster response, especially in
the first part of the manoeuvre. Also, the amplitudes
of the observed variables are lower. But there is a
huge difference in the second part of the manoeuvre
when the vehicle is trying to change the driving lane
and complete the manoeuvre successfully. Despite
the quick response, it is obvious that the amplitudes
and the time needed for the vehicle LOQR to
complete the manoeuvre are the same as the vehicle
without selective wheel braking system. Also,
during the entire co-simulation the SMC vehicle
generates almost half the value for the side-slip
angle (Figure 11), unlike the LQR vehicle which
obviously fails in the second part of the manoeuvre.

\
/ | \ ;

Time (s)
Fig. 9. Lateral acceleration — single lane change

B Passive vehicle
EE  SMC Vehicle
I LQR Vehicle

Lateral acceleration (m/s*2)

I Dassive vehicle |
B SMC Vehicle |
I QR Vehicle

Vehicle yaw rate (deg/s)

Time (s)
Fig. 10. Vehicle yaw rate — single lane change

I Pissive vehicle
B SMC Vehicle
B QR Vehicle

Vehicle side-slip angle (deg)

Time (s)

Fig. 11. Vehicle side — slip angle — single lane change

The explanation for this behavior is presented
on Figure 12. Analyzing the activation of the actua-
tors, it can be concluded that the selective wheel
braking system that uses the sliding model control
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activates the system during the left and the right
turn. On the other hand, the Linear Quadratic Regu-
lator is activated only during the first turn. The lack
of activation of the controller and the actuators of
the system with implemented LQR results in less re-
liable system. Moreover, the maximal braking
torque of the SMC vehicle is almost twice higher
than the braking torque of the LQR vehicle. Higher
braking torque, more impulsive activation of the
controller and activation of the system during the
entire maneuver result in better results using the
sliding mode controller for the ESP. This makes the
vehicle more reliable and safer.

Braking wheel torque (Nm)

Time (s)

Fig. 12. Front right braking wheel torque - single lane change

5. CONCLUSIONS

The use of the co-simulation method involving
ADAMS/Car and Matlab, allows to exploit the ad-
vantages of both software programs. The virtual
model in ADAMS/Car with over 100 degrees of
freedom is offering the opportunity to make a re-
search of the vehicle dynamics which would gener-
ate results almost as similar as the results from a real
vehicle testing. Also, the possibility to create a con-
trol method for any mechatronic system in
Matlab/Simulink and its integration with AD-
AMS/Car offers the possibility to examine how the
vehicle dynamics and its stability would improve
using an integrated mechatronic system in the vehi-
cle itself.

The research had shown that by using the ad-
vanced control methods, an improved performance
and stability of the vehicle is achieved. By using the
sliding mode control for the cascade controller, it
can be stated that the vehicle has faster response and
shorter settling time, while the amplitudes for the
lateral acceleration, the yaw rate and the vehicle
side-slip angle are smaller. This makes the vehicle
safer and with better handling characteristics. The
controller acts very impulsively and with high am-
plitudes which improves the overall situation of the



116 V. Cv'angoski, 1. Durkov, V. Jordanoska

vehicle. On the other hand, the linear quadratic con-
troller improves the performance of the vehicle in
the step-steer manoeuvre, but fails in the single lane
change manoeuvre. This is a result of the less im-
pulsive activation of the controller, smaller number
of activations and smaller amplitudes of the desired
braking torque of the wheels. From this analysis it
can be concluded that the linear quadratic regulator
generally improves the performance of the vehicle,
but also fails in some more aggressive manoeuvres.
Because of this the LQR should be created in a man-
ner that the coefficients of the control algorithm
should have their values assigned based on the input
signals from the vehicle sensors, such as vehicle
yaw rate, vehicle side-slip angle, etc. This adaptive-
ness would also be an improvement in using the
sliding mode control, but it can be stated that this
method is more robust to different driving situations
and already possesses more adaptive capabilities to
the newly created situations rather than the linear
guadratic regulator.

As a final conclusion, it can be pointed out that
the proposed cascade controller improves the over-
all dynamics, stability and handling of the vehicle
and thus contribute to a safer “driver-vehicle” sys-
tem as a unit part of a network of Intelligent
Transport Systems. The implementation of the ad-
vanced control methods increases the overall adap-
tiveness of the system and contributes to more ro-
bust controllers. This robustness is more evident us-
ing the SMC controller in the single lane change
manoeuvre because of the failed reaction of the
LQR in the second part of simulation.

These conclusion in the research papers leads
to the fact that beside the advantages of these con-
troller over the conventional ones, they also possess
certain limitations. By defining the controller algo-
rithms using constant coefficients limits the adap-
tiveness of the system to different inputs and ma-
noeuvres that are not tested. A next step for further
research would be the implementation of an adap-
tive advanced control methods by implementing in-
terpolation method or another algorithm for deter-
mining the values of the used coefficients. Their re-
placement with different and more suitable values
for every different manoeuvre would lead to crea-
tion of a state of art controller.
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