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Abstract— This paper presents the control system of an
autonomous vehicle capable of perceiving and describing the
environment using different inputs, such as GPS waypoints,
roadways borders and lines, leader vehicles, and obstacles to
be avoided. The controller has been implemented and tested
for the VisLab Intercontinental Autonomous Challenge, a long
intercontinental trip that aims to demonstrate capabilities of
modern autonomous vehicles. To fulfill this mission a generalpurpose real-time motion planning system was designed and
implemented. This pathplanner, based on the estimation of
feasible trajectories on a cost map, is described and analyzed.
System perfomance has been evaluated during tests: experimental results have demonstrated the capability of the system
in vehicle following.

I. I NTRODUCTION
Since the theme of the World Expo 2010, held in Shanghai,
China, is ‘better cities, better life’, VisLab prepared an expedition focused on sustainable mobility. The challenge, named
‘VisLab Intercontinental Autonomous Challenge (VIAC)’,
has a unique final goal: to design vehicles able to drive
autonomously along a 13,000 km trip, with no human
intervention. Although this goal is definitely very complex,
VisLab approached this exciting endeavor together with
additional innovative ideas. The vehicles are electric and
power is partially delivered by solar panels. These additional
requirements, if the challenge will be won, will help to
demonstrate that it is possible - although in a prototype
version - to move goods between two continents with nonpolluting vehicles powered by green energy and with virtually no human intervention.
This paper address these challenges by presenting the
vehicle control system.
In recent years, several milestones have been set of autonomous driving, and several of these showed the VisLab
research group at the forefront, like in the ARGO project [1]
(a passenger car that in 1998 drove for 2000+ km on Italian
highways 94% in automatic mode), or the TerraMax vehicle,
an Oshkosh MTVR truck that VisLab equipped with sensing
systems (primarily artificial vision) and that was able to reach
the end of the DARPA Grand Challenge in 2005 (220 miles
of off-road driving with no human intervention) and was
qualified for the DARPA Urban Challenge in 2007 (6 hours
of urban driving).
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Team Caltech’s Alice, Stanford’s Stanley [2], Carnegie
Mellon’s Boss and MIT’s Talos are other examples of stateof-the-art of autonomous driving in real environment (OffRoad and Urban). They have been fielded and demonstrated
in challenges defined by clear rules and unfriendly environments. In our experiments, on the other a hand, it is not
possible to exploit a priori knowledge of the world.
Representing, building, storing, and evaluating the possible
trajectories have been a major thrust of research in robots
motion planning. The TerraMax [3] in the Urban Challenge
implemented different state-of-art trajectory generators according to a high level behavior supervisor: depending on the
tasks that must be executed, and environmental conditions,
one of four trajectory planners are selected.
Alice [4] implements generation of optimal trajectories
using a nonlinear optimization technique of cost function:
the initial rough trajectories are optimized at a later stage.
After a trajectory is generated, it is followed by a lateral
control error tracking.
With a similar approach Stanley [5] presented a new
manner of tracking the generated trajectory based on an
estimation of the lateral error and considering the front
wheels orientation.
Boss [6] uses a model-predictive trajectory generator, same
as one proposed by Howard and Kelly [7], to produce
dynamically feasible actions between initial and desidered
vehicle states using numerical linearization and inversion of
the forward vehicle dynamic model.
Talos [8] implemented a variant of RTT, a widespread
approach to select the most promising trajectories. The feasibility of the proposed trajectory are evaluated on a drivability
grid, where each cell stores a drivable/non-drivable flag and
the cost to drive over it.
All these robots show a clear division between the path
planner and the low level steering control, having to perform
global tasks which require a medium-term planning. In fact
they demonstrated that the use of a global planner allows to
execute complex maneuvers as Parking and U-Turns.
To accomplish the VIAC mission, the vehicle will be able
to run using a local planning, but it must be also capable
extended in the future to a global planner version. Methods
based on potential field to evaluate trajectory are common
in the literature, allowing a modular development of sensors.
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Fig. 11. Plot of lateral crosstrack error (a) and relative histogram (b)
during the experiment of 22 minutes of autonomous operations on campus
with autonomous GPS Waypoint following.

Fig. 12. Plot of lateral crosstrack error (a) and relative histogram (b) during
the experiment of 21 minutes of autonomous operations in urban and rural
environments with vehicle in autonomous Leader Vehicle following.

are presented: the mean crosstrack error is 13 cm, and its
standard deviation is 15 cm. The average speed on this test
was 26 km/h (maximum 46 km/h).
Autonomous driving performance of leader follower capability in urban and extraurban areas are shown in figures 12a
and 12b: the mean crosstrack error is 17 cm, and its standard
deviation is 18 cm. The average speed on this test was
28 km/h (maximum 50 km/h).
A significant increase in the lateral crosstrack error is
caused by the presence of obstacles along the road: the
potential generated by obstacles influences the trajectory
performed by the vehicle, moving it away from the WayPoint
trajectory.
The controller has been validated experimentally on the
vehicles taking part in the VIAC experiment and demonstrated good capabilities to support our cross-Asia trip.
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