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Abstract

At present time, commercial vehicles, especialpctior semi-trailers, are widely used in
freight transportation. They have become unavo&labld one of the most important actor of
the economy. Involved in accidents (rollover, jaaiké or collision), the tractor semi-trailers

are risky vehicles, both for themselves and foeotbad users.

In addition, many stability enhancement systemw/@ming devices have been developed to
detect and predict the occurrence of accidentss@lsgstems require a reliable and robust
knowledge of dynamic state variables. Indeed, mwolk has been done on estimation of
vehicle dynamics, but seldom on estimation of slije-angle and articulation angle of a

tractor semi-trailer in a variety of driving condits including dry, wet, snow and icy roads.

Among the existing techniques on side-slip angleasueement and largely experienced for
passenger car, one finds the two antenna globatigoag system (GPS) and the sensor of
side-slip angle based on optical methods. Howahesse direct measurement techniques in
particular conditions may be unreliable and prdhibly expensive. It is therefore
inconceivable to integrate new sensors on vehmleduction and as its price is already high.
At the same time, other research based on sofose(sbservers) are proposed to solve this
problem. These observers can be divided into twoumg: kinematics-based methods and
model-based methods. These methods may providea @ucuracy, if considering that all
parameters are known, the models being quasi-laedmithout noise. Thus, most models in
literature usually use low degrees of freedom (DMFwever, their implementation in real
time is very difficult.

In this paper, a closed loop estimation strateggehbased method is presented. This method
is based on the approach of the high order slidiogles, with the application of the super-
twisting algorithm for estimation of side-slip aagind articulation angle of tractor and semi-
trailer. The use of this algorithm seems to beasagaable choice due to the main advantages
of sliding modes approaches: robustness with résjpethe modelling errors, parameters
uncertainties and finite time convergence. SoJliws to use the proprieties of equivalent
control to estimate the state variables and théugmation (articulation angle and side-slip
angle), and to use the linear regression algoritfionsidentification of the parameters
(parameters uncertainties). This identification imgroduced through a closed loop to
compensate the nonlinearities of parameters ananizie the estimation errors.

For the development of this observer, a 10-DOF ineal vehicle model was developed and
the measured inputs are from values of standasbseaccelerometer, gyroscope, ABS, etc.)
already integrated into vehicles.



To evaluate the performance of the proposed estimatethodology, results are compared
with:

e simulations results obtained from Prosper (artimglavehicle dynamic software
developed by Oktal company) in place of the reaiale under limit driving situations
and different road friction conditions,

» experimental results from an instrumental heavydgoeehicle of Cerema. The heavy
vehicle was equipped with several sensors to redsrdlynamical behaviour, in
particular the side-slip angle sensor at GPS deeeldy Racelogic company.

Simulation and experimental results showed thaatyerithm generate accurate estimation of
side-slip angle and articulation angle under mostimstances.

This paper is divided into five sections includitig introduction, followed by a description

of the tractor semi-trailer model. Section 3 présehe developed super-twisting observer to
estimate the side-slip angle and articulation antile parameters identification was also
described. Sections 4 presents the simulation apdrienental results and analysis. Finally,
conclusions are given in section 5.
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