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Hierarchical Fuzzy Path Tracking and
Velocity Control of Autonomous Vehicles

0. SANCHEZ, A. OLLERO, G. HEREDIA

Departamento de Ingenierfa de Sistemas y Automdtica, Universidad de Sevilla, Camino de los Descubrimientos, 41092
Sewilla, Spain

E-mail: {omar,aollero,guiller} @cartuja.us.es

ABSTRACT: This paper deals with steering and velocity control of outdoor au-
tonomous vehicles. A fuzzy control system with two levels is used to track a path pre-
viously recorded or computed by means of a path planning program. In the first level a
fuzzy logic system selects a goal point in the path to track taking into account the relative
position and orientation of the vehicle, the curvature of the path ahead, and the vehicle’s
velocity. The second level generates the steering and velocity commands using the goal
point provided by the first level and the current values of the vehicle’s variables obtained
by the sensors. The controller is computed by fuzzy identification using input and output
data collected when a human is driving the vehicle. The determination of the number
of fuzzy rules and the constant step-size is optimized to improve the convergence. The
paper presents the application of the proposed method to the Romeo 3R outdoor mobile

robot.

INTRODUCTION

This paper deals with steering control and veloc-
ity control of autonomous wheeled vehicles. Par-
ticularly, the paper addresses the tracking of pre-
viously recorded or computed paths in outdoor en-
vironments. Path-tracking methods are based on
steering control strategies using the errors between
the estimated current vehicle posture (position and
orientation) and the variables associated to the
path to follow.

Outdoor environments are typically charac-
terized by terrain irregularities, different terrain
types, terrain slopes, deformation of wheels, non-
neglectable effects of aerodynamic resistance, and
others. Furthermore, these effects depend to a
large extent on the structure of the mobile robot.

Thus, the computation of the full differential
equation dynamical model of an outdoor wheeled
robotic vehicle is a very complex task. It should
also be noted that outdoor vehicles typically in-
volve non-holonomic motion constraints.
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Controllers based on simple kinematic or dy-
namical models of the wheeled mobile robots
have been proposed by assuming particular nav-
igation conditions (Oelen and Amerongen, 1994;
Hamel and Meizel, 1996; Hendzel and Zylsky,
1998). Thus, for example, the Generalized Pre-
dictive Path Tracking (GPPT) method (Ollero
and Amidi, 1991) has been applied obtaining
good results when the vehicle is close to the path.
However, due to the linearization required by the
Generalized Predictive Control method and to the
measuring errors and perturbations, the tracking
deteriorates when the vehicle separates from the
path.

On the other hand, fuzzy logic has demonstrated
interest for direct control of mobile robots and
autonomous vehicles in general, since the eight-
ies (Sugeno and Nishida, 1985; Harris and Moore,
1989). More recently, behavior based control ar-
chitectures using fuzzy logic have been presented
(Saffiotti, 1997; Gooridge et al., 1997). Neural Net-
works have been also proposed by many researchers
(see for example Zalzala and Morris, 1996) for nav-
igation of mobile robot and autonomous vehicles.

Many applications of fuzzy logic to autonomous
navigation of mobile robots are related to the inter-

289







