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A New Estimation Approach of Road Friction Coefficient and Optimum Wheel Slip
Ratio for Longitudinal and Lateral Vehicle Dynamics Control using Active Steering
and Braking Systems

A. Soltani"", Sh. Azadi’

! Assist. Prof., Department of Industrial and Mechanical Eng, Buein Zahra Technical University, Buein Zahra, Qazvin.

% Assoc. Prof., Department of Mechanical Eng., K.N. Toosi University, Tehran, Iran.

Abstract

In this paper, an integrated control system of longitudinal, lateral and yaw vehicle dynamics is presented using
active braking and active front steering (AFS) systems. The proposed active braking system based on sliding
mode controller, includes two kinds of working modes of anti-locked brake and (ABS) and an electronic stability
control (ESC) and a fuzzy controller has been used in the AFS system. Also, a nonlinear estimator utilising
unscented Kalman filter is applied to estimate the vehicle dynamics variables. According to the estimated values
and Dugoft tire model, the tire-road friction coefficient is calculated. An adaptive neuro-fuzzy inference system
(ANFIS) is proposed to obtain optimum wheel slip ratio. In the simulation part, first, the hard braking action in
straight line on the roads with various friction coefficients is investigated, which results in high precision of the
estimator for the friction coefficient and optimum wheel slip ratio, and greatly reduced the distance and stopping
time in comparison to the vehicle without estimator. Then, simulation of split-p roads has been carried out which
demonstrates the integrated control of ABS, ESC and AFS systems can, in addition to improving the lateral and
yaw stability, also decrease the stopping distance.

Keywords: Integrated Vehicle Dynamics Control; Active Braking; Active Front Steering; Adaptive Neuro-fuzzy

System; Estimation of Optimum Wheel Slip Ratio
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! Active Safety Systems

* Anti-Lock Brake System (ABS)

? Electronic Stability Control (ESC)

* Direct Yaw-Moment Control (DYC)
* Active Front Steering (AFS)

® Dugoff Tire Model
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® Unscented Kalman Filter
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' Commercial Vehicles

* Adaptive Neuro-Fuzzy Inference System (ANFIS)
* Extended Kalman Filter

* Burckhart Tire Model

* Pacejka Tire Model
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