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Abstract: This study introduces an online reconfigurable road-adaptive semi-active suspension
controller that reaches the performance objectives with satisfying the dissipativity constraint. The
concept of the model is based on a nonlinear static model of the semi-active Magnetorheological
(MR) damper with considering the bi-viscous and hysteretic behaviors of the 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 a Linear Parameter Varying (LPV)
system. The control input meets the saturation constraint; therewith, the dissipativity constraint is
fulfilled. The online reconfiguration and adaptivity problem is solved by using an external scheduling
variable that allows the trade-off between driving comfort and road holding/stability. The control
design is based on the LPV framework. The proposed adaptive semi-active suspension controller
is compared to passive suspension and Bingham model with Simulink simulation, and then the
adaptivity of the controller is validated with the TruckSim environment. The results show that the
proposed LPV controller has better performance results than the controlled Bingham and passive
semi-active suspension model.

Keywords: linear parameter varying (LPV); reconfigurable control; adaptive control; adaptive
semi-active suspension control; semi-active suspension control; MR damper

1. Introduction

The semi-active suspension offers both passive suspension stability and the active
suspension’s control effect without requiring so much energy compared to an active sus-
pension control. At the same time, semi-active suspension can adjust the damping force in
real time based on the vehicle suspension dynamics and control requirements. The reason
for paying attention to semi-active suspension is that passive suspension systems do not
meet driving safety and ride comfort requirements.

There are multiple damper types: twin-tube, mono-tube, internal-bypass, spool-valve,
electrorheological (ER), and magnetorheological (MR). Among these damper types, the MR
damper is one of the most efficient ones in managing the balance between the suspension
control’s objectives, which are driving comfort, vehicle stability, and road holding. MR
damper is a hydraulic damper that contains oil, and oil has metallic micro-sized particles
that modify the rheological characteristics of the MR fluid when the magnetic field is
applied to the damper. The smart material of the MR damper presents functional and
variable characteristics, and it can be embedded in the damper actuator. Applying the
electric current through the damper coil manipulates the magnetic field of the damper.
The damping ratio of the MR damper is modified by the variation of the oil viscosity [1].
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Several studies have been presented on semi-active suspension control with differ-
ent control methods. There are extensive reviews of methods and approaches related
to semi-active suspension control in [2,3]. Here, some methods will be introduced with
their advantages and disadvantages. The skyhook damping control, which was initially
developed in [4], is a typical semi-active suspension control approach. In the control of
semi-active suspensions, this skyhook approach has been frequently applied. This method
intends to provide a suspension control system that connects the chassis to the sky, lower-
ing the vertical acceleration of the chassis and axle separately [5]. Many researchers have
looked at the skyhook control approach because of how easy it is to meet comfort require-
ments [6,7]. It enhances ride comfort but does not improve road-holding performance.
Although the hybrid model predictive control (Hybrid MPC) approach is extensively uti-
lized, it still lacks robustness features and is difficult to use [8]. The Hin f control technique
has been used in a number of papers. This control technique ensures excellent road hold-
ing, vehicle stability, and ride comfort [9,10], but dynamic control reconfiguration is not
achievable according to the constant weighting of the performances. Due to varying road
conditions and imperfections, control reconfiguration is essential in suspension control.
However, the online configuration is not possible with these control methods. For this
reason, the semi-active suspension control is founded on the Linear Parameter Varying
(LPV) framework, where the online reconfiguration is accomplishable by modifying the
scheduling variable [11–15].

The main contribution of this paper is proposing an online reconfigurable road-
adaptive semi-active suspension controller that reaches the performance objectives and
satisfies the dissipativity constraint. The concept is based on a nonlinear static model of the
semi-active MR damper as in [16] with considering the bi-viscous and hysteretic behaviors
of the damper. The input saturation problem has been solved by using the proposed
method of reference [17] that allows to integrate the saturation actuator in the initial system
in order to create an LPV system. The dissipativity constraint is fulfilled because the control
input meets the saturation constraint. The adaptivity and online reconfigurability have
been solved by using an external scheduling variable that can define the trade-off between
performances and can change the behavior of the controller.

This article is organized as follows: Section 2 contains the modeling of the semi-active
suspension system with MR damper dynamics. Section 3 introduces the formulation of
the LPV model, while the online configurable controller design is proposed in Section 4
with passive and controlled simulation results to demonstrate the efficiency of the pro-
posed method. The simulations with three different road irregularities and two different
scheduling variables are handled with TruckSim in Section 5. Finally, Section 6 contains the
concluding remarks.

2. Modeling of the Suspension System

This section introduces the modeling of the quarter-car model and the behavior of the
semi-active MR damper model using the Shuqi Guo model.

The two-degrees-of-freedom control-oriented quarter-car model is used due to its
simplicity and controllability, where this model is depicted in Figure 1. The two degrees of
freedom are sprung mass (ms) and unsprung mass (mu) displacements, respectively, q1 and
q2. The tire and suspension systems are denoted by a damper that connects the two masses
and spring with stiffness coefficient ks. Fmr is the MR damper force with the bs that is the
damping rate of the shock absorber. Here, w is the road profile, and it is assumed that the
wheel–road contract is ensured.
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Figure 1. Quarter-car model.

It is necessary to write the dynamic model of a quarter-car semi-active suspension
system as follows:

ms q̈1 + Fsp + Fmr = 0

mu q̈2 − Fsp − Fmr − kt(q2 − w) = 0

Fsp = kszde f

zde f = q1 − q2

żde f = q̇1 − q̇2,

(1)

Here, Fsp is spring force, zde f is damper deflection assumed to be measured, and żde f
is deflection velocity that can be computed from zde f .

The behavior of the semi-active MR damper is represented using the Shuqi Guo
model [16] with .

Fmr = a2

(
żde f +

v0

x0
zde f

)
+ a1 tanh

(
a3

(
żde f +

v0

x0
zde f

) )
(2)

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 to fulfill the dissipativity
constraints of the semi-active damper. This parameter a1 is defined as the control input to
ensure the controllability of the damper, while stiffness (kmr) and damping (bmr) parameters
are defined by (3). Table 1 shows the nominal parameters of the MR damper [11,18] and
the quarter-car model for the front and rear suspensions.

bmr = a2

kmr = a2
v0

x0

(3)
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Table 1. Parameters of MR damper and quarter-car.

Parameters Front Rear Unit(Symbols) Suspension Suspension

Sprung mass (ms) 214 336 kg
Unsprung mass (mu) 40 40 kg

Suspension Stiffness (ks) 30 60 kN/m
Tire stiffness (kt) 220 220 kN/m
Damping (bmr) 50 50 N/m/s

a2 1500 1500 Ns/m
a3 129 129 s/m
v0 0.788 × 10−3 0.788 × 10−3 m/s
x0 1.195 × 10−3 1.195 × 10−3 m
F0 400 400 N

3. Formulation of the LPV Model

Next, the LPV model must be formulated. It is necessary to write the nonlinear
model (1) and (2) in the LPV framework as (4).

ρ1 = tanh

(
a3

(
żde f +

v0

x0
zde f

) )
(4)

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

ẋl = Al xl + Blρ1a1 + Bl1w

y = Cl xl .
(5)

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 shown in (6).

x1 = q1

x2 = q̇1

x3 = q2

x4 = q̇2,

(6)

The main approach to finding matrices is arranging the (1) according to state vector
components, performance vector components and the measured signal. Then, results are
arranged according to (5). These coefficients (Al , Bl , Bl1, Cl) give us the matrices for the
control design. These matrices are found below:

Al =


0 1 0 0

− ks+kmr
ms

− bmr
ms

ks+kmr
ms

bmr
ms

0 0 0 1
ks+kmr

ms
bmr
ms

−+kt+ks+kmr
ms

− bmr
ms


Bl=
[
0 − 1

ms
0 1

mus

]T
, Bl1 =

[
0 0 0 kt

mu

]T
,

Cl =
[
1 −0 −1 0

]
,

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 [17]. The state-space representation is modified
with the mentioned modification:

ẋl =

(
Al + Bl2

ρ1

Cl2xl
Cs2

)
xl + Blρ1u + Bl1w

y = Cl xl .
(7)
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The new matrices are found below:
Bl2=

[
0 − F0

ms
0 F0

mu

]T
, Cl2 =

[
a3v0
x0

a3 − a3v0
x0
− a3

]
The Blρ1 parameter is dependent, while the filter F must be added into the (7) in order

to make the controlled input matrix independent from the scheduling parameter [19]:[
ẋ f
u

]
=

[
A f B f
C f 0

] [
x f
uc

]
(8)

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

denoting ρ2 = ρ1
Cs2xl

[17], where x =

[
xl

T

x f
T

]
:

ẋ = A(ρ1, ρ2)x + Buc + B1w

y = Cx.
(9)

A =
[

Al + ρ2Bl2Cl2 ρ1BlC f
0 A f

]

B=
[

0
B f

]
, B1=

[
Bl1
0

]
, C=

[
Cs
0

]T

The input saturation has been considered with a solution from [19]. Here, system (9)
is augmented by adding a saturation to the actuator with the below consideration:

u = sat(u f ) =


F0, if u f > F0
u f , if − f0 ≤ u f ≤ F0
−F0, if u f < −F0

, (10)

Figure 2 shows the MR damper force–deflection velocity (żde f = żs − żus) characteris-
tics from MR damper.

Figure 2. Force–deflection velocity characteristic of MR damper [20].

4. LPV Control Synthesis

The LPV method has been used in order to design an online reconfigurable controller
with external scheduling. The dynamical LPV system can be described in the form of (11).

∑(θ) :

( ẋ
y
z

)
=

( A(θ) B1(θ) B2(θ)
C1(θ) D11(θ) D12(θ)
C2(θ) D21(θ) D22(θ)

) ( x
w
u

)
(11)
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where θ(.) ∈ Θ is a set of the varying parameters that describes a set of system. A ∈ Rnxn,
B1 ∈ Rnxnw , B2 ∈ Rnxnu , C1 ∈ Rnzxn, D11 ∈ Rnzxnw , D12 ∈ Rnzxnu , C12 ∈ Rnyxn, D21 ∈
Rnyxnw , and D22 ∈ Rnyxnu are affine in θ.

The LPV performance problem is defined as choosing the parameter-varying controller,
where the quadratic stability for a closed-loop system is ensured. The induced L2 norm
from the disturbance ω to the performances z is smaller than the value γ, as described
in [21]. Hence, the minimization task is given as:

inf
K

sup
$∈FP

sup
‖w‖2 6=0,w∈L2

‖z‖2
‖w‖2

≤ γ. (12)

The solution of an LPV problem is driven by the set of infinite-dimension LMIs that
must be met for every ρ ∈ FP , making it a convex problem. In practice, this problem is
built up in reality by gridding the parameter space and calculating the set of LMIs that
hold on the subset of FP , as shown in [22]. The feasibility of a collection of LMIs that can
be solved numerically may be represented as the presence of a controller that solves the
quadratic LPV gamma-performance issue. If there exists a X(ρ) > 0 matching the following
linear matrix inequality for allρ, the closed-loop LPV system is exponentially stable with its
L2−gained less than γ, where xTX(ρ)x is a parameter-dependent Lyapunov function for
the closed-loop system for all ρ if a solution can be found. The presence of the solution is
demonstrated in [23].AT

clX + XAT
cl + d/dt(X) XCcl γ−1CT

BT
clX −I γ−1DT

cl
γ−1Ccl γ−1Dcl −I

.

The state-space formulation (9), which was presented in the previous section, is used
in this control synthesis. Next, it is necessary to define the performance specifications in
order to achieve the desired trade-off between ride comfort, stability, and road holding.
The trade-off between these performance specifications makes the system adaptive.

The vehicle’s sprung mass acceleration frequency response must be kept small in the
frequency range [0.5–10] Hz [24]. Thus, vehicle body acceleration must be minimized for
the sake of increasing passenger comfort with the following optimization criterion:

z1 = q̈1 → 0.

The frequency response of suspension deflection must be small, at [0–20] Hz, in order
to keep it far from the structural limits. Thus, suspension deflection must be minimized to
guarantee the stability of the vehicle:

z2 = (q1 − q2)→ 0.

The frequency response of the tire deformation must be small at [0–20] Hz to decrease
variations of side force in order to guarantee stability. For this reason, it is necessary to
minimize the dynamic tire load with the optimization criterion:

z3 = (q2 − w)→ 0.

These performances 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 vertical force generated by the MR damper is the control input u
with the dynamics listed in (2).

A closed-loop architecture of the introduced LPV-based controller that is founded on
a weighting strategy is shown in Figure 3.
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Figure 3. Closed-loop interconnection structure.

Here, K is the designed LPV controller characterized with the scheduling variable 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 mentioned in the previous section
with calculated u f and u is the control input after saturation, while performance outputs
are represented as z.

The unmodeled dynamic ∆ are considered with below conditions:

• |∆(ω2)| = 1 at high frequencies;
• |∆(ω1)| = 0.25 at low frequencies;
• stable with the norm condition ‖∆‖∞ < 1.

The uncertainties of the model are also considered and denoted with the Wr weight-
ing function and ∆. The weighting function of sensor noises n is Wn, while the road
disturbance’s w weighting function is Ww.

Performance weighting functions Wp are responsible for keeping performances, which
are the vertical body acceleration (Wp1), suspension deflection (Wp2), and tire deforma-
tion (Wp3), small over the required frequency range. Wp1 represents driving comfort,
Wp2 denotes directional stability, and Wp3 presents dynamic tire load and road holding.
The weighting functions 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 weighting
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 following performance weighting factors for passenger comfort and road holding are
chosen in a second-order proportional form, as follows:

Wp1 = ρ
α1s2 + α2s + 1
T1s2 + T2s + 1

Wp2 = (1− ρ)
α3s2 + α4s + 1
T3s2 + T4s + 1

Wp3 = (1− ρ)
α5s2 + α6s + 1
T5s2 + T6s + 1

,

(13)

where T1−6 and α1−6 are designed parameters. The weighting functions Wn, Wr, and Ww
do not contain the scheduling variable ρ, and they are presented in similar proportional
and linear forms.
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If the driving comfort is preferred, the scheduling variable is chosen as ρ = 1 , while
if this preference is for the road holding and stability of the vehicle, then the scheduling
variable is ρ = 0 in the designed controller. The combination of these performances can be
defined by the ρ being between these edge values.

It is necessary to apply a filter on the sprung mass acceleration to characterize human
comfort [25]. This filter is applied to the first performance, which is vertical acceleration.
The location of this filter is shown in Figure 3. The transfer function of the filter is depicted
in (14).

WISO(s) =
81.89s3 + 796.6s2 + 1937s + 0.1446
s4 + 80s3 + 2264s2 + 7172s + 21196

(14)

First, the designed controller is validated and compared in Simulink with the passive
quarter-car model and Bingham suspension model. The Bingham model was selected
because the behavior of an MR damper is easily described with that model [26,27]. The road
irregularity for simulation contains 50 mm bump in the 2nd second and a 100 mm bump in
11 s. The scheduling parameter is chosen as follows ρ = 0.5 in order to show the balance
trade-off between driving comfort and road holding and stability.

It is clearly shown that the amount of vertical acceleration is reduced so that driving
comfort is improved with the proposed reconfigurable LPV controller. The improvements
of the proposed controller are 33.65% and 15.4% against the passive suspension and the
Bingham model, respectively. The improvements are shown in Table 2. Please note that
there is a point where this controlled acceleration value is greater than the passive one in
the 3rd second. Figure 4 shows the vertical acceleration result of the simulation.

Figure 4. Vertical acceleration.

Displacement of unsprung mass is not in the performance matrix, while it also shows
the stability performance. Thus, it is also necessary to show the result of unsprung mass
displacement, see Figure 5. It is well depicted that displacement of unsprung mass is
smaller with the proposed controller compared to passive suspension and the Bingham
model. RMS values of unsprung mass displacement for passive suspension and Bingham
model are 0.0642 and 0.0527, while this value is 0.0514 with an introduced controller with
19.94% and 2.47% improvements, respectively.

The tire deformation is also reduced by 21.6% and 6.67% with the new controller
against the passive and Bingham model. The result of tire deformation is shown in Figure 6.
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Figure 5. Unsprung mass displacement.

Figure 6. Tire deformation.

The proposed LPV controller also improved the suspension deflection performance by
33.07% and 10.76% against the passive and Bingham models, respectively. This improve-
ment is well depicted in Figure 7.

Table 2. Performance improvement.

Performance
Passive

RMS
Bingham

RMS
LPV
RMS

Passive
Imp. (%)

Bingham
Imp. (%)

Vertical
acceleration 5.066 3.9741 3.3596 33.65 15.4

Unsprung
mass disp. 0.0642 0.0527 0.0514 19.94 2.47

Tire
deformation 0.0125 0.0105 0.0098 21.6 6.67

Suspension
deflection 0.0384 0.0288 0.0257 33.07 10.76
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Figure 7. Suspension deflection.

5. Simulation Results

Demonstration of the proposed adaptive semi-active suspension controller was sim-
ulated in the TruckSim environment. Figure 8 shows the architecture of a simulation.
A compact utility truck is selected for the simulation with independent rear and the front
suspension and half a tonne of payload. Parameters of the simulated truck are shown
in Table 3. The road distortion is based on real geographical data and integrated into
the TruckSim environment. The simulations are to show the performance results in two
corners of the scheduling variable (ρ = 0, 1). Modification of scheduling variable con-
figures the controller, whereby if the scheduling variable is close to zero, the controller
works as safety/stability-oriented, while if it is close to one, the controller is in comfort-
oriented mode. LPV design allows the online change of the scheduling variable. This
real-time scheduling variable modification makes the semi-active suspension controller
adaptive. This scheduling variable can be designed for different velocities, road irregulari-
ties, and road categories. The system architecture is shown in Figure 8, where measured
output q1 − q2 is forwarded to the controller, vertical force generated by the MR damper
is the control input, and the scheduling variable reconfigures the controller’s behavior.
TruckSim environment is integrated into the MATLAB/Simulink environment where the
controller is performed here.

Table 3. Vehicle parameters.

Parameter Value Unit

Truck mass (mt) 760 kg
Payload mass (mp) 500 kg

Distance from C.G to front axle (l1) 0.55 m
Distance from C.G to rear axle (l2) 1.375 m

Track width (b) 1.26 m
Height of COG (hCOG) 0.813 m

Maximal suspension deflection (dmax) 70 mm
Velocity (v) 60 km/h
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Figure 8. The architecture of a system.

Adaptivity of the introduced controller is demonstrated with three different road
irregularities, which are random road roughness, sine-sweep road irregularity, and several
5 cm bumps. The sine-sweep road irregularity represents a typical road at the bus stop
due to its rolled-up structures with longitudinal sinusoidal road distortion with growing
frequency, see Figure 9a. The length of this irregularity is 83 m. The several bumps
irregularities consist of different bumps following each other, with 5 cm height, to represent
the poor road quality with discontinuities in the asphalt, while its length is 22 m, see
Figure 9b. The road roughness represents the general road roughness in the asphalt,
and this irregularity is shown in Figure 9c. Roughness of 92 m is applied to the simulation.

(a) (b)

(c)

Figure 9. (a) Sine- sweep road. (b) Several bumps. (c) Road roughness.

The operation of the proposed adaptive semi-active suspension controller in case of
several bumps on the road is depicted in Figures 10–12. It is well demonstrated that with
the comfort-oriented setting of ρ = 1, vertical acceleration is decreased compared to the
stability-oriented controller setting of ρ = 0, as shown in Figure 10. Thus, through the
smaller values of sprung mass vertical acceleration, passenger comfort can be enhanced
with the adaptive controller.
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Figure 10. Vertical acceleration of several bumps.

On the other hand, by increasing the value of the LPV controller scheduling variable
ρ, stability-related performances decreases. For instance, tire deformation of the comfort-
oriented suspension setting shown in Figure 11a is slightly bigger than that of the stability-
oriented setting depicted in Figure 11b.

(a) (b)

Figure 11. (a) Tire deformation of several bumps, ρ = 1. (b) Tire deformation of several bumps,
ρ = 0.

Moreover, suspension deflection of the comfort-oriented setting illustrated in Figure 12a
is significantly bigger than that with applying the stability-oriented setting depicted in
Figure 12b.

(a) (b)

Figure 12. (a) Suspension deflection of several bumps, ρ = 1. (b) Suspension deflection of several
bumps, ρ = 0.

The differences in performance are even more pronounced on the road with the sine-
sweep irregularity, as illustrated with the vertical acceleration signals of the sprung mass in
Figure 13, showing significant improvement for the comfort-oriented setting.
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Figure 13. Vertical acceleration of sine sweep.

As expected due to design of the adaptive LPV controller, tire deformation and
suspension deflection for the comfort-oriented setting shown in Figures 14a and 15a are
bigger than those with the stability-oriented setting depicted in Figures 14b and 15b.

(a) (b)

Figure 14. (a) Tire deformation of sine sweep, ρ = 1. (b) Tire deformation of sine sweep, ρ = 0.

(a) (b)

Figure 15. (a) Suspension deflection of sine sweep, ρ = 1. (b) Suspension deflection of sine sweep,
ρ = 0.

Finally, a simulation was performed on the road roughness. As Figure 16 demonstrates,
with the comfort-oriented setting of ρ = 1, vertical acceleration of the simulated vehicle
has been decreased greatly, corresponding to the better riding comfort of the vehicle.

Similarly to the previous scenarios, with the comfort-oriented setting on the road
roughness irregularity, tire deformation and suspension deflection depicted in
Figures 17a and 18a are slightly bigger than those with the stability-oriented setting shown
in Figures 17b and 18b.
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Figure 16. Vertical acceleration of road roughness.

(a) (b)

Figure 17. (a) Tire deformation of road roughness, ρ = 1. (b) Tire deformation of road roughness,
ρ = 0.

(a) (b)

Figure 18. (a) Suspension deflection of road roughness, ρ = 1. (b) Suspension deflection of road
roughness, ρ = 0.

The vehicle stability, road holding, and driving comfort can be ensured by controlling
the vertical dynamics of the vehicle. Thus, the goal is to control the force of the dampers for
each corner of the vehicle. This proposed and validated controller calculates the dedicated
damper force. The scheduling variable changes the characteristics of the controller; thus,
calculated damper forces for each corner vary according to the defined scheduling variable.
This scheduling variable is designed depending on the road irregularities, vehicle velocity,
and other road conditions. This scheduling variable design methods have already been
introduced in our previous papers [11–15].

The proposed controller is feasible for the real-time application. The MATLAB/Simulink
model of the adaptive semi-active suspension control can be implemented in dSPACE
MicroAutoBox II, while this possible model is shown in Figure 19.
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Figure 19. Real-time model.

There are three parts which are receiving, processing, and transmitting. The receiving
part acquires the data from CAN, and it will be transformed into operable signals. Then,
the operable signals will be gathered in the receiving part, and the controller calculates the
damper force with provided scheduling variable and road data. The calculated damper
force will be forwarded through CAN and serial interface.

Performance of the vehicle can be measured with multiple sensors and methods.
In order to measure suspension deflection, a suspension displacement sensor may be used.
A chassis acceleration sensor can be used to measure the vertical acceleration of the vehicle.
Measurement of the tire deformation is not as easy as other performance, while there are
methods for finding tire deformation of the vehicle [28–30]. The earlier study [31] identified
that the computational time costs of the control laws can be reduced by considering the
LPV model. The scheduling variable of our proposed method varies, and it may cause a
high computational time. This time can be reduced with further study.

6. Conclusions

This paper proposed an online reconfigurable road-adaptive semi-active suspension
controller that achieves the performance objectives and satisfies the dissipativity constraint.
The model is based on a nonlinear static model of the semi-active MR damper. Adaptivity
of the proposed controller has been managed by using an external scheduling variable
that allows the trade-off between performances, while the control design is based on the
LPV framework. In order to demonstrate the proposed controller, the controlled model
is compared with the passive suspension and Bingham model in Simulink, while the
adaptivity of the controller has been validated with TruckSim simulation with different
scheduling variables.The simulations prove that the proposed adaptive controller has better
performance results than the passive semi-active suspension and the controlled Bingham
model. Future work will focus on the different scheduling variable designs in consideration
of road irregularity and vehicle velocity.
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