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1 Motivation and Problem Statement
The aim of a vehicle suspension system is to isolate the vehicle from road irreg-
ularities in order to improve road holding and driving comfort characteristics. It
consists of three main elements, which are an elastic element, the damping element,
and several mechanical elements. These elements and the classical scheme of a
wheel-to-chassis suspension are shown in Figure 1.

Figure 1: Scheme of a wheel-to-chassis suspension (Savaresi et al. [2010a]).

The detailed literature review shows that the earlier proposed systems do not
focus on online reconfigurable road adaptivity by considering the cruise control and
vehicle velocity for different road irregularities. Due to this problem and research
gap, a new online reconfigurable road-adaptive semi-active suspension controller,
where integration of look-ahead cruise control is allowed, can be designed, and this
integration can be performed.

The faults may affect the system components, sensors, or actuators, while the
system is in operation. One of the most important and critical faults is the actuator
fault due to its direct effect on the system. There are several faults that may occur in
the suspension system, while the oil leakage fault in the damper is the most common
one. This fault affects the ride comfort and stability performance of the vehicle;
hence, this problem must be solved. The solution to this problem is compensating
for the force lost and ensuring the stability and ride comfort of the vehicle.

The other problem in the suspension design is the dissipativity problem and
handling of the nonlinear effects. Therefore, the semi-active suspension design must
fulfill the dissipativity problem in the synthesis process, and it must handle the
nonlinear effects.

According to the presented problems in the suspension control field, the below
problems are defined:

Problem 1.1 Due to the detailed literature review, current semi-active suspension
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systems are not adaptive for different road irregularities and look-ahead cruise con-
trol.

Problem 1.2 Several faults may occur in the suspension systems, while the most
common fault in suspension dampers is the oil leakage fault.

Problem 1.3 In the semi-active suspension controller design, there is a dissipativ-
ity and input saturation problem, and nonlinear effects are not handled.

2 Basic Notions and Applied Methods
2.1 Adaptive look-ahead cruise control using road and traffic

information
The general adaptive cruise control system considers just the instantaneous effect of
the road conditions since it doesn’t have information about oncoming road condi-
tions and sections. For the integrated adaptive semi-active suspension and velocity
control system, oncoming road conditions are significant and need to be considered.
The introduced cruise control has already been presented in (Németh and Gáspár
[2013]), while this presented method has been modified and integrated into the
current study.

The look-ahead distance is divided into n number of road sections with n + 1
number of points. This segmentation is shown in Figure 2.
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Figure 2: Oncoming road segmentation.

It is assumed that slope angles and speed limits are known for every road section
endpoint. The optimal velocity is calculated by the following formula:

λ =
√

ϑ − 2s1(1 − Q)(ξ̈0 + gsinα). (1)

where
ϑ = Wv2

lead + Qv2
ref,0 +

n∑
i=1

γiv
2
ref,i + 2

m

n∑
i=1

siFdi,r

n∑
j=i

γj . (2)

where si i ∈ [1, n] is the road segment length with L =
∑

si, vref,i stands for
the reference speed at every section endpoint and Fdi,r = mg sin αi is the road
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disturbance force at each section point originated from the slopes on the look-ahead
distance. In order to scale the importance of the look-ahead and actual speed limits,
γi and Q are used with the following constraint: γ1 + γ2 + ... + γn + Q = 1.

Two optimization problems exist and they must be solved at the same time in
order to fulfill the desired goals: both deviations from speed limits and longitudinal
control force must be minimized.

2.2 Semi-active suspension control for passenger comfort and
road holding

The dynamic model of the quarter-car model equipped with a semi-active controlled
suspension is shown in Figure 3.

Figure 3: Quarter-car model.

The control architecture of the semi-active suspension system is founded on the
LPV framework. The performance specifications are defined as below:

Performance 1: Sprung mass acceleration : The sprung mass acceleration
frequency response must be kept small in the frequency range [0.5-10] Hz (Poussot-
Vassal et al. [2008]). Thus, the acceleration of the sprung mass of the vehicle
must be minimized for the sake of increasing passenger comfort with the following
optimization criterion:

z1 = q̈1 → 0.

Performance 2: Vehicle stability : The suspension deflection is the dis-
placement difference of the sprung and unsprung masses, and it is a criterion for
vehicle stability. The frequency response of suspension deflection must be small at
[0-20] Hz in order to keep it far from the structural limits. Thus, the stability of
the vehicle is guaranteed with the minimization of the suspension deflection:

z2 = (q1 − q2) → 0.

3



Figure 4: Closed-loop interconnection structure.

Performance 3: Road holding : The frequency response of the tire defor-
mation must be small at [0-20] Hz to decrease variations of side force in order to
guarantee stability. Due to this reason, it is necessary to minimize the dynamic tire
load with the optimization criterion:

z3 = (q2 − w) → 0.

Performance 4: Actuator saturation: In order to avoid actuator saturation,
Fmr also be considered with the optimization criterion:

z4 = Fmr → 0.

The measured signal is the relative displacement between the masses(y = q1 −
q2). u = F is the control input of the system and Fmr is the force generated by the
actuator.

The presented high-level controller is founded on a weighting strategy formu-
lated through a closed-loop architecture shown in Figure 4. Here, G expresses
the quarter-car control-oriented model, K denotes the designed Linear Parameter
Varying (LPV) controller characterized by the scheduling variable ρ responsible for
control reconfiguration, u is the control input, y is the measured output, z represents
the performance outputs and w is the road disturbance.

The uncertainties of the quarter-car model are considered with a weighting
function of Wr and ∆. Wn represents sensor noises with n measurement noise.
The weighting function Ww denotes the road disturbances with w.

Weighting functions for performances Wp is responsible to keep performances
which are the sprung mass acceleration (Wpa

), suspension deflection (Wpd
), tire de-

formation (Wpt) and control input (Wpu) small over the required frequency range.
Wpa represents passenger comfort, Wpd

denotes directional stability and Wpt presents
dynamic tire load. Since the predefined performance designations may collide with
each other, performance weighting functions Wp need to be designed in a way that a
relevant trade-off can be guaranteed between them. Additionally, to guarantee con-
trol reconfiguration in case one of the predefined performances becomes more impor-
tant due to estimated future road conditions, a scheduling variable ρ ∈ [0.01, 0.99]
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is introduced to shape weighting function Wpa
, Wpd

and Wpt
. Hence, these per-

formance weighting functions related to passenger comfort and road holding are
selected in a second-order proportional form as follows:

Weighting function for vertical acceleration Wpa
is shaped with the (ρ).

Wpa
= ρ

α1s + 1
T1s + 1

Weighting function for vehicle stability Wpd
is shaped with the (1 − ρ).

Wpd
= (1 − ρ)α2s + 1

T2s + 1

Weighting function for road holding Wpt is shaped with the (1 − ρ).

Wpt
= (1 − ρ)α3s + 1

T3s + 1

where α1,2,3 and T1,2,3 are designed parameters. Note that weighting functions
Wpu

, Wr, Wn and Ww are all given in similar linear and proportional form with-
out containing the scheduling variable ρ. The result of the presented design is a
reconfigurable LPV controller; ρ = 1 stands where passenger comfort is preferred,
whereas ρ = 0 represents a controller considering the stability and road holding of
the vehicle. In the case that scheduling variable ρ is between these edge values, a
combination of performances is guaranteed by the controller. The clipping func-
tion must be defined because the static model is thus a saturation function of the
deflection speed q1 − q2 (Savaresi et al. [2010b]).

The designed LPV controller for semi-active suspension control can be road
adaptive by designing the scheduling variable for reliable environmental information.
This scheduling variable design is performed with four different adaptivity methods.

2.3 Velocity Controller Design
The designed velocity by look-ahead cruise control or velocity designer must be
tracked. For this reason, the velocity tracking controller is designed through the
LPV method.

First, it is necessary to formulate the longitudinal dynamics of the vehicle in
order to design a robust velocity tracking controller by Eq. (3):

mξ̈ = Fl − Fd (3)

where ξ is the displacement and m is the vehicle’s mass. Fd is the disturbance
force and Fl is the longitudinal force. The disturbance force is defined as the sum
of the drag, rolling and road slope disturbances.

Next, it is necessary to transform the longitudinal motion equation of the vehicle
(3) into a state-space representation form as follows:
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Figure 5: Closed-loop interconnection structure of velocity tracking.

ẋ =
[
0 1
0 0

]
x +

[
0

− 1
m

]
w +

[
0
1
m

]
u

y =
[
0 1

]
x

(4)

where the state vector contains the longitudinal velocity and the vehicles dis-
placement x = [ξ, ξ̇]T . The longitudinal force is the control input of the system
u = Fl. The disturbance is w = Fd, while the velocity of the vehicle is the mea-
sured output of the system, i.e., y = ξ̇.

The first task of the vehicle is following the reference velocity, which criterion
is formalized in a performance vector: z1 = [ξ̇ref − ξ̇], where the requirement is
formulated as an optimization criterion: z1 → 0. At the same time, the actuator
saturation must be avoided. The maximal forces of the driveline and braking sys-
tems are determined by their physical construction limits. Limits are formulated as
performance criteria: z2 = Fl.

The proposed controller is founded on a weighting strategy formulated through
a closed-loop architecture shown in Figure 5. Here, Gv is the longitudinal vehicle
model defined in (4), K is the designed LPV controller characterized with the
scheduling variable ρv responsible for control reconfiguration, u, n, z are the control
input of the actuator, measurement noise and performance output. The role of ρv

is configuring controller, while in this thesis, it is selected as constant ρv = 1. The
weighting functions Wdist and Wn are for the disturbance and sensor noises. The
performance criteria is represented with Wp, while the actuator with Wact.
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Figure 6: Description of Thesis 1.

3 Theses of the Dissertation
3.1 An integration of the look-ahead cruise control and semi-

active suspension control
The vehicle must be adaptive to different road conditions, such as road irregularities
and vehicle velocities in order to ensure vertical and longitudinal comfort and road
holding. For this reason, vertical control is a key point in order to achieve road-
holding performance with different road irregularities, while the integration of the
longitudinal dynamics of the vehicle into the vertical control can also ensure driving
comfort.

Figure 6 describes Thesis 1, where a look-ahead cruise control can be integrated
into the suspension control. The adaptivity method calculates the scheduling vari-
able for the road-adaptive semi-active suspension controller according to the velocity
and road irregularity information. A road adaptive controller that can be recon-
figured according to different velocities, which are designed by look-ahead cruise
control and different road irregularities by using a GPS-based database to find a
trade-off between vehicle performances, has been proposed. The look-ahead cruise
control has been integrated into the adaptive semi-active suspension control with
different adaptivity methods.

The trade-off is handled by the designed adaptive semi-active suspension con-
troller. An external scheduling variable ρ, shown in Figure 4, reconfigures the
controller’s behavior.

The general architecture of the integration is shown in Figure 7. The road
adaptivity algorithm designs the dedicated scheduling variable ρ in order to achieve
the vehicle performance trade-off between road holding and driving comfort. The
LPV-based adaptive semi-active suspension controller calculates damper force for
a corner of the vehicle.
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Figure 7: General architecture of the integration.

The road adaptivity and integration method must be provided by considering
both the vertical and longitudinal dynamics of the vehicle. Therefore, different road
adaptivity methods have been introduced and integrated into the control systems.
These road adaptivity methods integrated cruise control into the suspension control
system.

The first adaptivity method designs the scheduling variable depending on the
Frequency-weighted vibration magnitude(FWVM) value of the ISO 2631-1 stan-
dard. The algorithm is based on the look-ahead estimation algorithm that consid-
ers prehistoric simulation of passive suspension, which was performed in order to
calculate the RMS values of tire deformation and FWVM value with different road
irregularities and vehicle velocities.

The second adaptivity method is based on the performance comparison and its
effect on the system. The designed database, where the historical travel data and
measurements are stored, has been used in this method. The normalized vertical
acceleration and tire deformation values are calculated from the RMS value of the
performances stored in the database.

The third integration and adaptation method is based on the comparison of the
performance results in the corresponding velocity and road category in the database.
The difference between this method and previous mathematical approaches is the
sensitivity of the calculation of the scheduling variable.

First, performance index is defined by Eq. (5). Here, Υ = 1 stands for the
driving comfort mode, Υ = 0 stands for road holding mode and both performance
consideration is defined as Υ = 0.5. This consideration can be defined as the
position of the scheduling variable from 0.5.

Υ =


0, if ζtd > ζva

1, if ζtd < ζva

0.5, if ζtd = ζva

(5)

Next, shifting index κ must be calculated. It defines the distance of the cor-
responding scheduling variable from the middle range(0.5). The shifting index is
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calculated according to rate index χ, which is computed by the average rate be-
tween the normalized value of tire deformation and fwvm in the database, while
this value is calculated as two according to data in the cloud. It means that if the
rate of the corresponding normalized performance value is greater than two, the
shifting index κ is 0.5. Because, κ cannot be greater than 0.5 due to scheduling
variable limitation(ρ ∈ [0.01, 0.99]). The value of 0.25 restricts the κ value between
0 and 0.5.

κ =



0.5, if ζtd

ζva ∨ ζva

ζtd >= χ

ζtd

ζva 0.25, if ζtd > ζva

ζva

ζtd 0.25, if ζva > ζtd

(6)

Finally, the scheduling variable ρ is calculated according to the performance
index, shifting index, and rate index by Equation (7).

ρ =


0.5 − κ, if Υ = 0

0.5 + κ, if Υ = 1

0.5, if Υ = 0.5

(7)

Thesis 1
An online reconfigurable road adaptive semi-active suspension controller, where
the trade-off between driving comfort and road stability is achieved by using a
scheduling variable that is defined according to different road irregularities and the
velocity of the vehicle, has been designed. The look-ahead cruise controller has
been modified and integrated into the adaptive semi-active suspension controller
with several integration methods.

Publications related to Thesis 1: Basargan et al. [2020b, 2021b,c, 2022a, 2020c,
2022b,d, 2021e, 2020a].

3.2 A reconfigurable and fault-tolerant control
During the operation of the system, failures and faults may affect the sensors,
system components, or actuators. The suspension is one of the main subsystems of
the vehicle, and in case of any fault in the suspension system may directly affect
the vehicle’s performance and safety. The faults that may occur in the semi-active
suspension damper must also be considered in the semi-active suspension studies.
Multiple failures may occur for the MR dampers, while these faults may adversely
affect the operation of the suspension system. Faults that occur in the damper
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generate a loss of force that must be taken into consideration in fault-tolerant control
models.

The proposed control strategy calculates feasible damper forces for healthy
dampers in order to compensate for the lost force of the faulty damper. This
compensation has been realized by changing the level of the other healthy dampers
to the same amount as the faulty one.

The most common damper fault is oil leakage in the suspension system. The
direct consequence of a faulty damper is the loss of damping force which causes a
performance reduction in the suspension performance. Performance improvement
must be focused on in order to provide a fault-tolerant control solution. The loss
of these performances must be declined by designing a fault-tolerant configuration.

The method proposes a fault-tolerant semi-active suspension control strategy
with the LPV control method for when one of the dampers suffers from oil leakage.
In case of a damper oil leakage affecting the damper force, the proposed control
strategy calculates feasible damper forces for the healthy dampers in order to com-
pensate for the lost force of the faulty damper. This compensation has been realized
by changing the level of the other healthy dampers to the same amount as the faulty
one. The introduced controller is founded on a closed-loop architecture shown in
Figure 8.

The model of oil leakage fault, which induces a lack of force in one of the semi-
active dampers, is written as follows:

F ◦
mri,j

= τFmri,j
= Fmri,j

− Fξi,j
. (8)

Here, F ◦
mri,j

is the faulty damper force, τ ∈ (0, 1] is the degree of oil leakage,
Fξi,j

is lost force due to oil leakage fault and i and j express the damper location,
where i ∈ {front, rear}, j ∈ {left, right}.

The fault-tolerant damper force(compensated) that is needed to apply to other
dampers is given as:

FF Ti,j
= Fmri,j

− FCi,j
. (9)

The stabilization force, FCi,j is applied in order to calculate the fault-tolerant
damper force, and it is calculated as follows:

FCi,j = [Wconf (ρ)Fmri,j ]. (10)

Here, Wconf is a weighting function that is responsible for the fault reconfigura-
tion under the fault-tolerant control(FTC) block. This weighting function is selected
in a second-order proportional form and modified by the external scheduling vari-
able ρ. The fault detection and isolation(FDI) is responsible for fault detection,
while it is assumed that the fault is known and detected by FDI.

Wconf = ρ
α4s + 1
T4s + 1 . (11)
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Figure 8: Closed-loop interconnection structure of FTC.

The final equation for the fault-tolerant damper force is written as below by
arranging Equation (9) and (10):

FF Ti,j = Fmri,j − [Wconf (ρ)Fmri,j ]. (12)

The selection of the scheduling variable ρ∈ [0.01, 0.99] is based on the generated
multiple stochastic simulations in TruckSim with different road conditions and vehi-
cle velocities. In case a fault occurs, the scheduling variable is needed to be chosen
smaller in order to reduce the damping force. Damper force changes subjected to
the different scheduling variables are defined as scheduling variable change (∆ρ).
In order to have the same level of damping force with faulty damper force, ∆ρ is
selected depending on the degree of oil leakage.

Table 1 shows the necessary change in the scheduling variable in different fault
conditions of the degree of oil leakage. This scheduling variable selection logic is
based on multiple TruckSim simulations with different velocities and road condi-
tions.

Table 1: Scheduling variable selection.

Fault condition Change in scheduling variable
1 > τ > 0.95 -0.127

0.95 > τ > 0.85 -0.255
0.85 > τ > 0.65 -0.382
0.65 > τ > 0.55 -0.5

τ < 0.55 -0.745

As is shown in Figure 9, an LPV-based semi-active controller and fault recon-
figuration block are given for each corner of the vehicle. The calculated ρ by the
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fault reconfiguration is forwarded to the semi-active controller, while in the first
time step, ρ is selected as 0.745.

FDi,j is the damper force that is forwarded to the vehicle damper.

FDi,j =
{

FF Ti,j , if ϑ = 1
Fmri,j , if ϑ = 0 (13)

Here, ϑ is the fault monitor, where ϑ = 0 expresses fault-free, ϑ = 1 expresses faulty
case. If there is a fault in the damper, calculated FF Ti,j

is forwarded to the system;
otherwise, the damper force Fmri,j

, which is calculated by the LPV controller is
forwarded.

Figure 9: Integration of the fault configuration.

Thesis 2
A reconfigurable and fault-tolerant semi-active suspension controller, which is able
to handle the damper oil leakage, has been designed, where the fault information
is built into the LPV control as a scheduling variable.

Publications related to thesis: Basargan et al. [2021d,a, 2020b].

3.3 Semi-active controller design by handling of the nonlin-
ear effects

The lesson learned from the first control design is the input saturation and dissi-
pativity constraint and handling of the nonlinear effects. In the first design, the
clipping method is applied for the dissipativity, while it is better to consider this
dissipativity constraint in the control synthesis stage.

In order to fulfill the dissipativity constraints of the semi-active damper, a new
damper model and LPV controller that is online reconfigurable road-adaptive must
be designed. In this section, the damper is modeled by considering the Squio
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Guo (SG) model. Then, the LPV controller is designed, where the nonlinear ef-
fects are handled. The simulations are evaluated in order to validate the proposed
control architecture.

The same quarter-car model that is shown in Figure 3 has been used with
different damper models. The new semi-active MR damper is modeled by using the
SG model (Guo et al. [2006]). Here, the damper force is FSG instead of Fmr; thus,
the dynamic model must be rewritten:

msq̈1 + Fsp + FSG = 0,

muq̈2 − Fsp − FSG − kt(q2 − w) = 0,

Fsp = kszdef ,

zdef = q1 − q2,

żdef = q̇1 − q̇2.

(14)

Here, Fsp is spring force, zdef is damper deflection assumed to be measured, and
żdef is deflection velocity that can be computed from zdef .

The behavior of the semi-active MR damper is represented using the Shuqi-Guo
model (Guo et al. [2006]):

FSG = a2

(
żdef + v0

x0
zdef

)
+ a1 tanh

(
a3

(
żdef + v0

x0
zdef

) )
. (15)

where x0, v0, and a2,3 are constant parameters, while a1 varies according to the
current in coil with following: 0 < a1min

≤ a1 ≤ a1max
. This model allows

for fulfilling the dissipativity constraints of the semi-active damper. This param-
eter a1 is defined as the control input to ensure the controllability of the damper,
while stiffness (kmr) and damping (bmr) parameters are defined as bmr = a2 and
kmr = a2

v0
x0

.
Next, the LPV model must be formulated. This model is based on the nonlinear

model (14) and (15).
The ρ1 is defined with the below equation (Do et al. [2010]):

ρ1 = tanh

(
a3

(
żdef + v0

x0
zdef

) )
. (16)

The state-space representation of the model is written as follows:

ẋl = Alxl + Blρ1a1 + Bl1w,

y = Clxl.
(17)

Here, w is the road disturbance and y = q1−q2 suspension deflection is measured
output. The state vector x is selected as xl =

[
x1 x2 x3 x4

]T , in which the
components are q1, q̇1, q2 and q̇2, respectively.

13



In order to satisfy the dissipativity constraint, the control signal a1 must be
positive, as follow: 0 < a1min ≤ a1 ≤ a1max . The solution of the positivity
problem is defining the u = a1 − F0, where F0 is the mean of a1 (Do et al. [2010]).

The state-space representation is modified with the mentioned modification:

ẋl =
(

Al + Bl2
ρ1

Cl2xl
Cs2

)
xl + Blρ1u + Bl1w,

y = Clxl.

(18)

The Blρ1 parameter is dependent, while the filter F must be added into the
(18) in order to make the controlled input matrix independent from the scheduling
parameter (Poussot-Vassal [2008]):[

ẋf

u

]
=
[
Af Bf

Cf 0

] [
xf

uc

]
(19)

The new LPV system is presented with two scheduling variables (ρ1 = 1, ρ2 = 1)

by denoting ρ2 = ρ1
Cs2xl

(Do et al. [2010]), where x =
[

xl
T

xf
T

]
:

ẋ = A(ρ1, ρ2)x + Buc + B1w,

y = Cx.
(20)

The input saturation has been considered with a solution from (Poussot-Vassal
[2008]). The system (20) is augmented by adding saturation to the actuator.

u = sat(uf ) =

 F0, if uf > F0
uf , if − f0 ≤ uf ≤ F0
−F0, if uf < −F0

, (21)

Three performances are defined as a vertical acceleration, suspension deflec-
tion and tire deformation, then they are inserted in a performance vector: z =[
z1 z2 z3

]T .
The relative displacement between sprung and unsprung masses y = x1 − x2 is

the measured signal, and the control input u is damper force.
A closed-loop architecture of the introduced LPV-based controller that is founded

on a weighting strategy is shown in Figure 10.
Here, K is the designed LPV controller characterized with the scheduling vari-

able ρ responsible for online control reconfiguration for the quarter-car control-
oriented model G, uc is the control signal from the controller, F is the filter men-
tioned in the previous section with calculated uf and u is the control input after
saturation, while performance outputs are represented as z.

The uncertainties of the model are also considered and denoted with the Wr

weighting function and ∆. The weighting function of sensor noises n is Wn, while
the road disturbance’s w weighting function is Ww.
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Figure 10: Closed-loop interconnection structure.

Performance weighting functions Wp are responsible for keeping performances,
which are the vertical body acceleration (Wp1), suspension deflection (Wp2), and tire
deformation (Wp3), small over the required frequency range. The weighting func-
tions need to be considered as penalty functions; therewith, weights should be large
where small signals are desired and vice versa.

Since the specified performance designations may conflict, performance weight-
ing functions Wp must be developed in such a way that a relevant trade-off between
them can be assured. In addition, a scheduling variable ρ ∈ [0, 1] is included to
shape weighting functions Wp1, Wp2, and Wp3 to ensure control reconfiguration in
case one of the specified performances becomes more relevant owing to predicted
future road conditions. As a result, the defined performance weighting factors for
passenger comfort and road holding are chosen in a second-order proportional form,
the same as a previous design.

Thesis 3
An online reconfigurable semi-active suspension controller that is able to take into
consideration the nonlinear effects has been designed. The controller reaches the
performance objectives by satisfying the dissipativity constraint, and the input sat-
uration problem has been solved. The concept of the model is based on a nonlinear
static model of the semi-active MR damper that is represented using the Squi-Guo
model.

Publication related to Thesis 3: Basargan et al. [2022c].

4 Conclusion and Further Researches
4.1 Summary of the thesis
I have proposed the integration of look-ahead cruise control into the online recon-
figurable adaptive semi-active suspension control. In this thesis, a road adaptive
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controller can be reconfigured according to different velocities that are designed
by look-ahead cruise control and different road irregularities by using designed
databases to find a trade-off between vehicle performances. The designed controller
is founded on the LPV framework, where the trade-off between performances is
achieved by an external scheduling variable.

I have proposed a semi-active suspension controller with fault-tolerant control
reconfiguration through the LPV control method for the damper oil leakage fault.
In case of a damper oil leakage affecting the damper force, the proposed control
strategy calculates feasible damper forces for the healthy dampers in order to com-
pensate for the lost force of the faulty damper.

I have elaborated on an online reconfigurable road adaptive semi-active suspen-
sion controller that reaches the performance objectives by satisfying the dissipativity
constraint and handling the nonlinearities. The controller is founded on the LPV
method, while the concept of the model is based on a nonlinear static model of the
semi-active MR damper. The input saturation problem has been solved by using
the proposed method in the literature that allows the integration of the saturation
actuator in the initial system to create an LPV system. The main contributions of
this study include the following:

• The velocity designer has been proposed.

• Velocity tracking controller has been designed.

• GPS-based database has been designed and integrated into the cloud.

• The earlier proposed look-ahead cruise control has been modified.

• An online reconfigurable road adaptive semi-active suspension controller has
been designed.

• The look-ahead cruise control and velocity tracking controller have been in-
tegrated into the semi-active suspension control.

• Reconfigurable fault-tolerant semi-active controller has been proposed.

• Another new online reconfigurable road-adaptive semi-active suspension con-
troller has been designed where the handling of the nonlinear effects is achieved.

4.2 Future research directions
Based on my completed research, the following works are recommended for further
study: The proposed controllers can be tested in the real-time platforms in fu-
ture research since they are feasible for real-time application. Additional systems,
such as cloud computing, look-ahead cruise control, velocity designer, and tracking
controller, can also be integrated into the proposed control architecture in the real-
time application. The scheduling variables of the proposed methods vary, and it
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may cause a high computational time. This time can be reduced with further study.
The lateral dynamics of the vehicle can also be integrated into the current study.
The controllers can be designed with the full-car model instead of the quarter-car
model, which was considered in this research. The defined systems can be tested
in a real vehicle that is equipped with controllable MR dampers. The test results
may be helpful in order to improve the performance of the proposed system. More
complex road irregularities can be considered in future studies with different vehicle
classes and models. Other road conditions, such as icy, snowy, and wet roads, also
can be considered for future designs since the designed system is just focused on
the road irregularities. Automated real-time road irregularity detection and classi-
fication might be addressed in future studies instead of the database-based system
to prove the proposed system in more detail.

17



References
Basargan, H., Mihály, A., and Gáspár, P. (2021a). Fault-tolerant trajectory tracking

control for autonomous vehicle based on camera and gps. In 2021 European
Control Conference (ECC), pages 473–478. IEEE.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2020a). Adaptive semi-active
suspension control considering look-ahead road information and irregularities. In
17th Mini Conference on Vehicle System Dynamics, Identification and Anomalies,
Budapest, Hungary.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2021b). Road quality in-
formation based adaptive semi-active suspension control. Periodica Polytechnica
Transportation Engineering, 49(3):210–217.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2021c). Vehicle semi-active
suspension control with cloud-based road information. Periodica Polytechnica
Transportation Engineering, 49(3):242–249.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2022a). Cloud-based adap-
tive semi-active suspension control for improving driving comfort and road hold-
ing. IFAC-PapersOnLine, 55(14):89–94.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2022b). Integrated adaptive
velocity and semi-active suspension control for different road profiles. In 2022 30th
Mediterranean Conference on Control and Automation (MED), pages 933–938.
IEEE.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2020b). Adaptive semi-
active suspension and cruise control through lpv technique. Applied Sciences,
11(1):290.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2020c). Integrated multi-
criteria velocity and semi-active suspension control based on look-ahead road
information. In 2020 28th Mediterranean Conference on Control and Automation
(MED), pages 25–30.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2021d). Fault-tolerant semi-
active suspension control for degradation in damper performance. In 2021 29th
Mediterranean Conference on Control and Automation (MED), pages 1191–1196.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2021e). Road adaptive semi-
active suspension and cruise control through lpv technique. In 2021 European
Control Conference (ECC), pages 461–466.

Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2022c). An lpv-based online
reconfigurable adaptive semi-active suspension control with mr damper. Energies,
15(10):3648.

18



Basargan, H., Mihály, A., Gáspár, P., and Sename, O. (2022d). Lpv-fuzzy con-
trol approach for road adaptive semi-active suspension system. In 2022 IEEE
Intelligent Vehicles Symposium (IV), pages 779–784.

Do, A. L., Sename, O., Dugard, L., Aubouet, S., and Ramirez-Mendoza, R. (2010).
An lpv approach for semi-active suspension control. In 11th Pan-American
Congress of Applied Mechanics-PACAM XI, page PAC0546.

Guo, S., Yang, S., and Pan, C. (2006). Dynamic modeling of magnetorheologi-
cal damper behaviors. Journal of Intelligent material systems and structures,
17(1):3–14.

Németh, B. and Gáspár, P. (2013). Design of vehicle cruise control using road
inclinations. International Journal of Vehicle Autonomous Systems, 11(4):313–
333.

Poussot-Vassal, C. (2008). Robust LPV multivariable automotive global chassis
control. PhD thesis, Institut National Polytechnique de Grenoble-INPG.

Poussot-Vassal, C., Sename, O., Dugard, L., Gáspár, P., Szabó, Z., and Bokor, J.
(2008). A new semi-active suspension control strategy through lpv technique.
Control Engineering Practice, 16(12):1519–1534.

Savaresi, S. M., Poussot-Vassal, C., Spelta, C., Sename, O., and Dugard, L. (2010a).
Robust “LPV Semi-Active” Control. Semi-Active Suspension Control Design for
Vehicles, pages 139–165.

Savaresi, S. M., Poussot-Vassal, C., Spelta, C., Sename, O., and Dugard, L. (2010b).
Semi-active suspension control design for vehicles. Elsevier.

19


	Motivation and Problem Statement
	Basic Notions and Applied Methods
	Adaptive look-ahead cruise control using road and traffic information
	Semi-active suspension control for passenger comfort and road holding
	Velocity Controller Design

	Theses of the Dissertation
	An integration of the look-ahead cruise control and semi-active suspension control
	A reconfigurable and fault-tolerant control
	Semi-active controller design by handling of the nonlinear effects

	Conclusion and Further Researches
	Summary of the thesis
	Future research directions


