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Abstract—Rolling resistance depends closely on tire
temperature and inflation pressure. Effective radius, which
affect adhesion coefficient, is influenced by inflation pressure
and vehicle velocity. Exploiting this complex relation, this
paper proposes a model of this relation and then, a nonlinear
observer allowing to estimate the rolling resistance, the tire
temperature and the inflation pressure. Using only the
measured wheel rotational speed and vehicle velocity, which
available from CAN-bus of vehicle, this system does not
require any additional physical sensor. This nonlinear
observer bases on the sliding-mode observer technique due to
its robustness and finite convergence time. The novelty of this
approach is the capacity to provide the good estimations of
many grandeurs of vehicle tire though the existence of
disturbance and variation of uncertain parameters. The
challenge obviously still exists with the indistinguishability
between rolling resistance and air drag force. The
applicability of proposed models and observer is confirmed
by the simulation results where the estimation errors are in
an acceptable range.

Index Terms—rolling resistance, inflation pressure, tire
temperature, effective radius, observer, sliding-mode

I.  INTRODUCTION

Rolling resistance, along with aero dynamics resistance
force, is one of the most contributors to fuel consumption
problems of vehicle. Passenger car, in general, is light
weight and operates at high speed and so, aero resistance
is much larger than rolling one. However, in case of heavy-
duty vehicle, rolling resistance can account for at least
30 % of total resistance [1]. To reduce fuel consumption,
it is necessary to monitor the states of tire-road interaction
as well as the rolling resistance during vehicle
performance. However, up to now, this task is still a
challenge due to the high cost of physical sensors attached
on vehicle tires. In this case, virtual (software) sensors are
brilliant candidate to solve this problem.
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Rolling resistance is a “virtual force”, which represents
the dissipated energy per distance. This force depends on
many factors such as tire material, temperature, pressure,
tire-road contact, road pavement, load, and vehicle
dynamics [1]. In general, experimental research has shown
that rolling resistance coefficient can be modeled as a
second order function of vehicle velocity [2], [3]. However,
this model is valid only at the conditions where tire
temperature is considered as constant (short time).

The influence of tire temperature to Rolling Resistance
Coefficient (RRC) is indicated in [3], [4] where RRC is
inverse proportional to tire temperature. The reason is that
an increase in the tire temperature causes a decrease in the
viscosity of tire material and the loss energy. The
dynamics of tire temperature was considered as a first-
order differential equation [5] while the tire temperature at
stationary conditions was considered as a second order
function of vehicle velocity [6].

Effective radius which influences directly to the traction
force, also has an undetachable link with tire pressure and
vehicle velocity. The experimental results of showed that
this relation is nonlinear [7]. Tannoury et al. [8] used the
high gain observer and second order sliding-mode
observer (SMO) for estimating rolling resistance and
detecting suddenly decrease of tire pressure had been
developed. By comparing mean errors between the real
and the estimated values, authors concluded that the
sliding-mode observer provides better results than the high
gain one thanks to its robustness properties. However, this
approach only used the estimated rolling resistance as an
indicator for the variations of tire pressure and therefore, it
does not allow to estimate the precise value of tire pressure.
A multi-physical tire model was developed to consider the
temperature and pavement of the road surface [9].
However, the results of the experiments only verified the
proposed model while the rolling resistance estimation
part was not addressed.
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Second order sliding-mode observer (SMO) for a
general form of mechanical systems was presented in [10]
which was modified from the super-twisting algorithm and
was applied to estimate the wheel speed from the measured
wheel rotation angle in [11]. In [12], this observer was
used not only for states estimation but also for parameters
identification and unknown input reconstruction. In [13],
SMO was developed to estimate the lateral forces by using
the bicycle model. In [14], the authors tried to estimate
separately lateral tire force thanks to the distribution of the
vertical loads of each tire. This estimation still exists
significant errors between the simulation and the estimated
results due to the nonlinearity of lateral forces. In [15], the
parameters of heavy vehicle suspension system and
vertical tire force were identified and estimated thanks to
SMO technique. The results of the experiments confirmed
the accuracy of estimated value as well as the finite time
convergence  properties.  Adaptative  sliding-mode
controller and robust SMO were proposed in [16] to
estimate the optimal braking slip ratio and to provide an
effective braking adapted to the road condition changes.
Not limited in estimation purpose, second order SMO was
also used for fault detection in a vehicle cooling system
[17]. Besides SMO, extended Kalman filter (EKF) was
also widely used to estimate vehicle states and parameters
([18], [19]). In [20], first order SMO and EKF were
combined to estimate the vehicle sideslip angle, tire force
and to identify the wheel cornering stiffness. Nevertheless,
there is no research which exploits the relation among the
tire characteristics and the rolling resistance to develop an
observer which can replace the real sensors in automotive
control system.

In section 1, the model of whole system is established
which includes the relations among the tire inflation
pressure, effective radius, tire temperature and rolling
resistance. Based on this model, a sliding-mode observer
is designed in the next section after verifying the
observability of system. In section IV, simulation results
will be presented which allow to evaluate the efficient of
this observer, especially in the case with sudden variation
of inflation pressure. Finally, some conclusions and
perspective of this approach are drawn in the last section.

NOMENCLATURE
SYMBOL DEFINITION
1) Wheel rotation speed (rad/s)
v Longitudinal velocity (m/s)
r Wheel torque (N.m)
M Vehicle mass (kg)
J Wheel inertial ((kg.m?)
F, Longitudinal traction force (N)
F, Normal vertical force (N)
E.. Rolling resistance force (N)
Crr Rolling resistance coefficient
Cr Wheel shaft viscosity (kg.m2s?)
A Slip ratio
u Adhesion coefficient
R, Nominal loaded radius (m)
R Effective radius (m)
T Tire temperature (<C)
P Tire inflation pressure (bar)
Prom Nominal tire inflation pressure (bar)
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A complete model of vehicle is always complicated due
to the complex interactions among the sub-systems,
especially the interaction between the tires and road
surface. This paper focus only on the tire’s dynamics
where the temperature, pressure and rolling resistance
have large contributions. Whole system includes two sub-
systems: a quarter-car model and a tire temperature model
which is a function of velocity, tire pressure and vertical
load. The relation between rolling resistance and tire
temperature is considered as a linear equation. In case of
typical performance (without a sudden accident), tire
inflation pressure seems proportional to tire temperature
by ideal gas law. Effective radius, which is influenced by
vehicle velocity and inflation pressure, will affects the
adhesion coefficient and then, the traction force. All these
relations will be integrated in the completed vehicle model.

A. Quarter-Car Model

A typical quarter-car model involves two main parts:
longitudinal and vertical part. Vertical part, which presents
for suspension system, is normally used to describe the
oscillation of vehicle under external excitation. The link
between longitudinal and vertical parts is the normal force
which is oscillated by the influence of road profile or load
transfer. In this paper, this oscillation is considered as an
external noise and therefore, the vertical part is eliminated.

Longitudinal part of quarter-car model consists of two
motions: translation of vehicle and rotation motion of the
wheel. The translational motion is influenced by traction
force E,, rolling resistance force F,.. and aero dynamic
force F;. Wheel torque, which is derived from vehicle
engine, overcomes resistance torques from traction force
and viscosity of wheel shaft to create the rotation of the
wheels. These forces are described as follows:

1) Traction force F,

This force comes from the tire-road interaction and
mainly depends on the slip ratio and friction coefficient.
The slip ratio of a rolling wheel is defined by:

%
A=1-—

2o @)

The relation between adhesion coefficient and slip ratio

is generally complicated. There are three main models

widely used in research on vehicle dynamics: empirical,

theoretical and, semi-empirical models. In this paper, to

simulate a real vehicle performance as well as to design the
observer, we adopted an analytical model in [8]

_ 2pgdod
D

MODEL OF SYSTEM

O]

where 4, is the optimal value of slip ratio which creates
the maximum value of adhesion coefficient u,. The
traction force is the product of adhesion coefficient and
normal force E,

Fe = Fu(d)

2) Rolling resistance force F,.,.

Similar to traction force, rolling resistance force is also
the product of normal force F, and rolling resistance
coefficient C,.

®)
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E, = FCp 4

Generally, C,., is consider as a second order function of
vehicle velocity. In this paper, the effect of tire temperature
on C,, is exploited. An increase of tire temperature will
decrease the viscosity of tire material and as the results,
rolling resistance coefficient will be decreased. Parameter
identification from [3], [20], [5] shows that this relation
can be approximated by a linear function in the vehicle’s
velocity operation range. In brief, the proposed model of
rolling resistance is described as follows:

a
C,p = (ﬁ) (Crrepori + by (T = 25) + c,.v7) (5)
where T is the tire temperature and P,y mina 1S the
nominal value of inflation pressure defined by the
manufactures. by and c, are the empirical coefficients.
Crroraue 1S the static part of rolling resistance and is
considered as constant during the performance of vehicle.
This value depends on the vertical load, road type, wheel
alignment and tire material at 25°C. The dynamics part
includes a first order function of tire temperature and a
second order function of vehicle velocity. Tire inflation
pressure P has general effect on both part of C,, and is
assumed to be driven by T through ideal gas law:

T +273

P=Pym——
"™ Tinitiar + 273 ©)

where Ti,iziq; 19 the initial value of tire temperature.

3) Aerodynamics force

This resistance comes from the interaction with air flow
around vehicle. In general, it is proportional to square of
vehicle velocity as follows:

1
Fq = EPAdCdVZ (7

4) Dynamics of quarter-car model
The translational and rotational motions of wheel are
covered by two equations

. 1
v = M(Fx

1
o= Y(F—FXR—wa)

_Fd_Frr)

®)

B. Tire Temperature Dynamics
In [5], tire temperature dynamics of a vehicle can be

expressed by a first order equation

F =2 (T 4T ©

With time constant t is a function of vehicle velocity as
in (10). According to [4], T can vary from 30 to 90 minutes
depending on type of vehicle.

1
T=1Tp — (Tp — Tw)e o (10)

With g, 7, and 7., are empirical constants and Ty, is the
tire temperature at stationary conditions depending on the
vehicle velocity and vertical load as follows (adapted from

[6]):
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Tsc = avz + (ble + bz)V + Tambient (11)
With Ty npiens i the ambient temperature.

C. Effective Radius as Function of Pressure and
Velocity

Effective radius is proportional to the vehicle speed and
the tire inflation pressure. Although this relation is
generally nonlinear, an acceptable linear approximation
can be done within a range of #25% around the nominal
value of tire pressure [7]. In this paper, we proposed a
model of this relation as follows:

AR = aR.AP + bR'U (12)

where AR (%), AP(%) representing for the relative

change of effective radius and of tire pressure, respectively,

are defined as follows:

R-R
Ry

x 100; AP = ZZlnominal o 10 (13)

Pnominal

AR =

It is obviously that AR also depends on variation of
vertical normal force. However, for simplification reasons,
it can be supposed that the vehicle works under nominal
load and so the influence of normal force is neglected.

I1l.  OBSERVER DESIGN

In this section, the sliding mode observer for vehicle and
tire states will be developed. Firstly, a complete model of
vehicle will be finalized. Observability of system will be
analyzed thanks to numerical evaluation technique. At the
end, a first order sliding mode observer will be proposed.

A. Completed Model of System

To monitor the changes of tire inflation pressure, it is
necessary to consider this grandeur as a state variable
which is driven by an unknown input through an integrator.
Combining with (7) and (8), the final model is as follows:

. 1
= 32 (Rl = Falr) = B ()

. 1
X, = j(u — E,(x)R — Csx3) (14)
X3 = %(_xs + Tsc(xl))
X4 = 1
Withx=[x1 % X X%)T=[v o T PlLu=
I and 7 is a bounded unknown input.

B. Analysis of Observability of System

In this system, only the longitudinal velocity of the
vehicle and the rotation velocity of the wheels (the states
x; and x,) are measured directly by standard sensors on
vehicle. The two remain variables should be estimated by
an appropriated observer if the observability of system is
confirmed. To verify this condition, local observability
rank condition test based on Lie derivatives of the outputs
of systems will be used.

Local observability rank condition test:

Give a nonlinear system had the form:
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x € R, u€eR™

e xerue -

y = h(x)
For each input u* € R™, define a matrix Q € R(P*™x1
of output y and its derivatives at state x,:
h(x)
Lh(x)

Qxo,u") = (16)

L2 1h(x)

The system (15) satisfies local observability rank

condition at x,, if:
l B n
X=Xq
Sliding-Mode Observer

From (14), a first order sliding-mode observer is
proposed by reusing the model of system and adding some
robust terms as in (18)

aQ(XO' u*)

R
ank F

a7

C.

With e; =x; —X;,e, =x, —X, and the observer
gains Lq,L,, L5, L, can be chosen appropriately to make
the estimated states converge to the real values. The first
two states x;, x, are estimated by the classical Luenberger
observer while the last two states are estimated by the first
order sliding mode observer.

TABLE |. QUARTER-CAR MODEL’S AND TIRE’S PARAMETERS USED IN

SIMULATION
Parameters Symbol Unit Value
Wheel Inertia J kg -m? 15
Loaded radius R, m 0.48
Quarter-car mass M kg 5200
Max adhesion coefficient Uy 0.9
Optimal slip ratio Ao 0.25
Frontal area Ay m? 0.425
Drag coefficient Cy 0.25
Air weight density p kg.m™3 1.205
. . - kg -m?
Viscosity coefficient Cr o1 0.085
Gravitational acceleration g m-s2 9.81

© 2022 Int. J. Mech. Eng. Rob. Res

. 1
55\1 = M(Fx(f) - Fd(fl) - Frr(f)) + Llel
. 1
%, =—(u—FE(®R — %) + Lye,
I (18)
X3 = ;(_fs + Toc(R)) + Lysign(e,)
X, = Lysign(e,)
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TABLE Il. TIRE MODEL’S PARAMETERS USED IN SIMULATION

Symbol Value
ag 0.3
by 0.04
Ty 3818
Too 864
o 245
CTTstatic 5.66
by -0.01327
cy, 3.519-107°
a -0.0045
by 1.025-107°
b, 0.6013

IV. SIMULATION RESULTS

To validate the proposed observer, the numerical
simulation is conducted in Matlab/Simulink environment
with quarter-car parameters are given as in Table | where
selected values of u, and 4, are adapted from [8]. Step
time of simulation environment is 2.107* s. The
coefficients relating to model of rolling resistance, tire
temperature and effective radius is summarized in Table Il
The values of a, and b,. are obtained from assumptions:
20% variation in pressure around nominal value creates
6% change in effective radius; 1 km/h variation in
longitudinal velocity creates 0.04% change in effective
radius. The parameters of tire temperature dynamics are
adapted from [6] while C,,_,., by and ¢, are extracted
from data in [5] by using curve fitting toolbox in Matlab.

In this first work, parameters of quarter-car model are
chosen based on a truck vehicle where rolling resistance
plays an important role in total resistance force. However,
this model is obviously applicable to wide range type of
vehicle, with appropriated modifications of parameters.

A. Simulation Scenario
05 T T

Estimated
Simuation | |

(
o
=
&
&

Effective radius (m)

100 120 140 180 180 200
time(s)

@

40 60 80

o 20

P estimated |
P simulation |

o

Tire pressure (bar)
~
o

6.5

0 20 40 60 80 100 120 140 160 180 200

time(s)
(b)
Figure 1. Simulation results. (a) Estimation of tire effective radius (m)
versus time(s). (b) Estimation results of tire inflation pressure (bar)
versus time(s)
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During the simulation with the completed quarter-car
model (14), the longitudinal velocity is maintained
constant thanks to a simple PID controller. A white noise
with a variance 0.5% of measured values is inserted to the
measurements of rotational speed and longitudinal
velocity. To simulate a sudden variation of inflation
pressure, a 20% drop in tire pressure is created from t; =
90stot, = 100s.

B. Simulation Results

Simulation data is collected to verify the observability
of system. The matrix rank test in Section I11-B is done
showing that this matrix is always full rank (rank = 4)
along the working trajectory. Therefore, the observability
of system is assured. The observer gains are chosen: L, =
0.1; L, = 200; Ly = 10%; L, = 100. The initial values of
vehicle system and of sliding mode observer are

[v(0) w(0) T(0) P(0)]=[14 28 25 82]
and [5(0) @(0) T(0) P(0)]=
[15 30 27 7.4], respectively.

6.4

Estimated
Simulation

o
=]

=]

o
™
T

Rolling resistance coefficient
o
(=2}

5.4

o 20 40 60 80 100 120 140 160 180 200
time(s)
(@

70

T estimated
60 T simulation |

50

40

AN
20 —_ .
10 1
| _

]

-20

0 20 40 60 80 100 120 140 160 180 200
time(s)

(b)

Figure 2. Simulation results with L, = 0.1; L; = 105. (a) Estimation of
rolling resistance coefficient versus time(s). (b) Estimation results of tire
temperature (°C) versus time(s)

Tire temperature (°C)

Fig. 1 shows that the proposed observer well estimate
the tire pressure and effective radius. The convergence
time is only about 0.5s. The oscillation of observed
pressure and effective radius are acceptable because they
are enough small in comparison to real values with mean
errors are only 0.17% and 0.04% for tire pressure and

© 2022 Int. J. Mech. Eng. Rob. Res

effective radius, respectively (formulas for calculation of
mean errors are presented in section IV-C). However, this
is not the case of rolling resistance and tire temperature.

As can be seen in Fig. 2, convergence time of
estimations of rolling resistance and tire temperature is
about 8s. Estimated values are strongly noisy with mean
errors are about 9.9% and 0.68% for tire temperature and
RRC, respectively. The reason for large error of estimated
tire temperature is that RRC is not sensitive to the change
of tire temperature. As the results, a small estimation error
of RRC leads to a large error of estimated temperature.

To reduce this error, a change of observer gains will be
made with a reducing the gain of tire temperature
dynamics equation (L; = 10*). Fig. 3 demonstrates the
results of this modification. The estimation errors are
improved significantly with only 3.4% for tire temperature
and 0.24% for RRC. However, time of convergence is also
increased to about 18s. Therefore, in practice where the
measurement noises always exist, it is necessary to make a
tradeoff between the convergence time and estimation
errors.

-3
x 10
6.4 T

6.2 |
\
|

Estimaled
Simulation

58

Rolling resistance coefficient

5.4

o 20 40 ) 80 100 120 140 160 180 200
time(s)

70 (a)

— T estimated
60 T simulation

50

40

30

20

10

Tire temperature (°C)

-10 ‘

-20
0 20 40 60 80 100 120 140 160 180 200
time(s)

()
Figure 3. Simulation results with L, = 0.1; L; = 10*. (a) Estimation of

rolling resistance coefficient versus time(s). (b) Estimation results of tire
temperature (°C) versus time(s)

It should be noted that the proposed observer also works
well in case of a sudden drop of tire pressure although it
has no information about tire pressure dynamics. This
advantage allows to monitor tire pressure without physical
sensors in real applications. The estimated values of RRC,
tire pressure and effective radius are always kept track of
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the real ones while the tire temperature maintains its trends.

This result reflects an actual situation where three first
grandeurs will response rapidly to unexpected change of
inflation pressure. In contrast, tire temperature’s response
time is much larger due to the nature of its dynamics.

C. Influence of Uncertain Parameters

In this section, one assumes that there are some
differences in model of observer and model of system.
This assumption is reasonable because the parameters
uncertain always exists in a real system. Suppose that the
parameters used in section IV-A are the standard ones,
some typical cases of parametric variation can be proposed
as follows:

Case 0: Standard case

Case 1: Noise variance = 5% measured value

Case 2: Vehicle mass = 80% standard value

Case 3: ap = 0.24; by = 0.048

Case 4: 7, = 2000; 7, = 1000;

Case 5: 1, = 0.2; 4, = 0.8;

In each case, the estimation errors will be evaluated by
calculating the relative mean estimation errors ér, ép, &,
and éx as follows:

N ~
1 T() —T()
er = ﬁ; ()
s 1 & |P() — P(t)
P TNz P(t)
) 19
— 1 Crr(ti) - Crr(ti) ( )
e = N; Crr(ti) ‘
1O |RE) - R@®)
RN R(&)

With ¢t; is counted from instant when estimated values
start converging to real ones to 200s and N is the number
of samples in this period. Observer gains are fixed to L, =
0.1;L, = 200; L; = 10*; L, = 100.

TABLE Ill. SIMULATION ERRORS OF ESTIMATED GRANDEURS

Case er(%) ép(%) & (%) er(%)
0 34 0.13 0.25 0.035
1 5.06 0.22 0.37 0.06
2 12 0.12 0.86 0.03
3 4.9 1.08 0.29 0.03
4 3.53 0.12 0.25 0.03
5 4.15 0.14 0.29 0.04

Estimation errors in six cases are summarized in Table
[11. In most of cases, the robustness of this observer is
assured with the estimation errors are smaller than 5%,
except for case 2 (12%) where the vehicle mass is varied.
This can be explained by the proportional properties
between the vehicle mass and the rolling resistance. An
error in vehicle mass value corresponds to a variation in
RRC which leads to large error in estimation of tire
temperature. This result suggests that it is necessary to well
estimate the vehicle mass before carrying out any
estimation of RRC and tire temperature.

© 2022 Int. J. Mech. Eng. Rob. Res

V. CONCLUSIONS

A first order sliding-mode observer is proposed to
estimate the tire temperature, pressure, effective radius and
rolling resistance of a heavy-duty vehicle. This observer
provide good estimation results through simulation results
can be used to detect the unexpected change of inflation
pressure. This observer uses only standard signal from
CAN-bus of vehicle and therefore, it is a promising
solution to monitor a set of tire parameters without
expensive real sensors. In the future, the experiments with
various kind of vehicles are necessary to validate the
quality of this method. In addition, looking for a solution
to improve the precision of estimated tire temperature and
rolling resistance in case present of noise is also an open
problem. It is also clear that this observer should be tested
online when vehicle is operating in real-life driving
conditions.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

All authors contributed to the design and
implementation of the research, to the analysis of the
results. V.T. NGUYEN and V.D. NGUYEN wrote the
manuscript in consultation with M. BOUTELDJA.

REFERENCES

[1] U. Sandberg, “Rolling resistance — Basic information and state-of
the-art on measurement methods," Swedish National Road and
Transport Research Institute, 2011.

[2] R. N. Jazar, Vehicle Dynamics: Theory and Application,
Melbourne: Springer, 2009.

[3] J.Y.Wong, Theory of Ground Vehicle, John Wiley & Son, 2001.

[4] The Tyre Rolling Resistance and Fuel Savings, Sociéé de
Technologie Michelin, 2003.

[5] T. Sandberg, "Heavy truck modeling for fuel consumption
simulations and measurements,” Linkoping  University,
Linkoping, 2001.

[6] T. Sanberg and al., "Tire temperature measurements for
validation of a new rolling resistance model," Advances in
Automotive Control, Salerno, Italy, Elsevier IFAC Publication,
2004, pp. 589-594.

[71 C. El Tannoury, "Detection de perte de pression dans les
pneumatiques d'un vehicule par comparaison des rayons
dynamiques des roues," MSTII Doctoral School, Nantes, France.

[8] C. El Tannoury and al., "Synthesis and application of nonlinear
observers for the estimation of tire effective radius and rolling
resistance of an automotive vehicle,” IEEE Transactions on
Control Systems Technology, 2013.

[91 A. K. Sharma, M. Bouteldja, and V. Cerezo, "Multi-physical
model for tyre-road contact — the effect of surface texture,"
International Journal of Pavement Engineering, 2020.

[10] J. Davila, L. Fridman, and A. Levant, "Second-order sliding-
mode observer for mechanical systems," IEEE Transactions on
automatic control, vol. 50, pp. 1785-1789, 2005.

[11] N. M’Sirdi, A. Rabhi, L. Fridman, J. Davila, and Y. Delanne,
"Second order sliding-mode observer for estimation of vehicle
dynamic parameters,” International Journal of Vehicle Design,
vol. 48, pp. 190-207, 2008.

[12] J. Davila, L. Fridman, and A. Poznyak, "Observation and
identification of mechanical systems via second order sliding



International Journal of Mechanical Engineering and Robotics Research Vol. 11, No. 4, April 2022

modes," in Proc. International Workshop on Variable Structure
Systems, Alghero, Italy, 2006.

R. Tafner, M. Reichhartinger, and M. Horn, "Estimation of tire
parameters via second-order sliding mode observers with
unknown inputs,” in Proc. 13th IEEE Workshop on Variable
Structure Systems, Nantes, France., 2014.

A. Albinsson, F. Bruzelius, M. Jonasson, and B. Jacobson, "Tire
force estimation utilizing wheel torque measurements and
validation in simulations and experiments," in Proc. 12th
International Symposium on Advanced Vehicle Control, Tokyo,
2014.

H. Imine and T. Madani, "Heavy vehicle suspension parameters
identification and estimation of vertical forces," International
Journal of Control, 2014.

S. Seyedtabaii and A. Velayati, “Adaptive optimal slip ratio
estimator for effective braking on a non-uniform condition road,”
Automatika, vol. 60, no. 4, pp. 413-421, 2019.

M. Nemati and S. Seyedtabaii, “Fault severity estimation in a
vehicle cooling system,” Asian J Control, vol. 22, pp. 2543—
2548, 2020.

M. Doumiatia, A. Victorinoa, A. Chararaa, and D. Lechnerb,
"Lateral load transfer and normal forces estimation for vehicle
safety: experimental test," Vehicle System Dynamics, vol. 47, no.
12, pp. 1511-1533, 2009.

B. Wang, "State observer for diagnosis of dynamic behavior of
vehicle in its environment,” Universite de Technologie de
Compiegne, Compiegne, 2013.

G. Baffet, A. Charara, and D. Lechner, "Estimation of vehicle

sideslip, tire force and wheel cornering stiffness,” Control
Engineering Practice, vol. 17, no. 11, pp. 1255-1264, 2009.

H. B. Pacejka, Tyre and Vehicle Dynamics, Elsevier, 2006.

J. A. Moreno, "Lyapunov approach for analysis and design of
second order sliding mode algorithms," Lecture Notes in Control
and Information Sciences, Springer-Verlag, 2011, pp. 113-150.

C. E. Tannoury, "Développement d’outils de surveillance de la
pression dans les pneumatiques d’un véhicule a I’aides des
méthodes basées sur I’analyse spectrale et sur la synthése
d’observateurs," Centrale Nantes, Nantes, 2012.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[18]
[19]

[20]

Copyright © 2022 by the authors. This is an open access article
distributed under the Creative Commons Attribution License (CC BY-
NC-ND 4.0), which permits use, distribution and reproduction in any
medium, provided that the article is properly cited, the use is non-
commercial and no modifications or adaptations are made.

© 2022 Int. J. Mech. Eng. Rob. Res

261

Viet Thuan NGUYEN received his Ph.D. in
Automatic Control at the Polytechnic
University of Hauts-de-France, Valenciennes,
France, in 2021. He currently holds the
assistant research and teaching position at the
Polytechnic University of Hauts-de-France,
Valenciennes, France. His research interests
are automatic control applied to rehabilitation
and transportation means, haptic feedback,
and shared control applied to the human-
wheelchair interaction.

Nguyen Van Dong received the B.S degree
in mechanical engineering from University
of Science and Technology, the University of
Danang, Danang, Vietnam, in 1999, and the
M.S. degree in mechanical engineering from
University of Transport and
Communications, Hanoi, Vietnam, in 2004,
and the Ph.D degree in mechanical
engineering from University of Science and
Technology, the University of Danang,
Danang in 2013. Since 2005 he has been a
Lecturer with the Faculty of Transportation Mechanical Engineering,
University of Science and Technology, the University of Danang. Since
2014, he has been the Director of Department of Student Affairs,
University of Science and Technology, the University of Danang. His
study interests include modeling, simulation, control of vehicles, vehicle
dynamics, vibration control, and intelligent transportation systems.

Mohamed Bouteldja is currently Director
of Research at laboratory of Lyon, in
CEREMA (French Ministry of Transport),
France since 2008. He graduated with a
Mechanical Engineering degree from the
University of Blida in Algeria back in 2000,
then he obtained a Master’s degree in
Robotics in 2002. He received his Ph.D.
degree in  Automatics/Robotics  from
Versailles ~ Saint  Quentin-en-Yvelines
i University (France) in 2005. He has interests
in non-linear systems, sliding mode control and observers, identification
and fault detection. These fields of application are a tire/road interaction
(skid resistance, rolling resistance), heavy vehicles safety and energy
efficiency. Lastly, he was involved in several French and European
research projects dealing these areas (Transformers, Rosanne,...)..






