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1 Introduction
Airbus, the European aircraft manufacturer has started a program for devel-
oping the biggest aircraft ever built: the Airbus A380 which will be able to
carry 550 passengers on two decks in the three classes version (Figure 1). The
six components of the airplane (two wings, rear, central and front fuselages,
and horizontal tail plane) are to be produced in different European cities (Fig-
ure 2). They need to be transported from these cities to Toulouse in France for
assembly. Several means of transportation have been investigated. The solu-
tion chosen by Airbus in coordination with the French government is to carry
the components by boat from each production site to Langon, a harbour near
Bordeaux and from there to Toulouse by road on truck convoys. The very first
convoy is scheduled in fall 2003.

Driving the six A380 components on trucks between two cities 200 km far
from each other is a real challenge. Indeed, the sizes of the trucks together with
their freights can reach 12.5 meter height, 8 meter width and 50 meter length.

Figure 1: The Airbus A380

1



Figure 2: The six main components of the A380 are built in four European sites:
Broughton (UK) for the wings, Hamburg (Germany) for the rear part of the fuselage,
Saint Nazaire (France) for the central and front parts of the fuselage, Cadiz (Spain)
for the horizontal tail plane. The wings are carried from Broughton to the harbour
of Mostin by river. Then a boat gathers the six components and transports them
to Pauillac (near Bordeaux). Barges transfer the components to Langon along the
Garonne river. Finally the components are carried by road across the countryside
from Langon to Toulouse where they are assembled.

Each A380 component is carried by a trailer-truck, giving rise to a convoy
of six huge vehicles. Two types of trailer-truck have been devised (Figure 3).

The sizes of the freights do not allow the convoys to take the highway going
under more than 100 bridges. Instead, Airbus and the French government came
to an agreement according to which the government would make up an itinerary
dedicated to oversized convoys across the countryside. The itinerary includes
minor roads crossing small villages. The transport will be carried out by night
while the traffic is cut off along segments of the itinerary. Two critical narrow
passages have been identified in Lévignac and Gimont.

The sizes of the freights, the length of the itinerary, together with the narrow-
ness of the critical passages constitute a challenge that classical transportation
techniques in the domain of oversized convoys cannot face. Therefore, Airbus
and the French national agency DRE (Direction Régionale de l’Equipement)
in charge of road management launched a research and development project
divided in two parts. The goal of the first part is

1. to validate the itinerary for the convoys with their freights, to determine

2



Figure 3: Two types of vehicles are considered. Wings are carried on trailers attached
to the truck via a towbar. The fuselage and horizontal tail plane components are
carried by goose-neck trailers.

which parts of this itinerary need adaptations to comply with the vehicle
sizes,

2. to optimize the trajectories of the convoys in order to maximize the dis-
tance between the freights and the obstacles of the road surroundings.

In the second part of the project, the trajectories computed in the first part will
be used as input to a computer-aided driving system that will help the driver
to follow the trajectories.

LAAS-CNRS was selected to join the project on the basis of its expertise in
the domain of mobile robot motion planning and control. Kineo CAM was asked
to integrate the technology developed by LAAS-CNRS into their own software
platform. Kineo CAM is a spin-off company of LAAS-CNRS developing and
marketing software dedicated to motion planning.

This paper describes only the first part of the project. The second part is
still in progress. Section 2 presents the objectives and gives a brief state of
the art in trajectory planning for mobile robots and vehicles. The kinematic
complexity of one of the vehicles (Figure 3 top) and the need for optimization
of distance to obstacles required the development of original solutions. These
solutions are presented in Section 3. Finally Section 4 overviews the results
obtained. Section 5 concludes and tackles the continuation of the project.
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Figure 4: Picture of Lévignac (top left), same view in the 3D model (top right), aerial
view of the 600 meter long 3D model of the itinerary across Lévignac (middle), and
truck carrying a wing from above.

4



2 Problem statement and challenges
Once the choice of a dedicated itinerary across the countryside had been done1,
the problem for DRE was to take at most advantage of the existing infrastructure
under the constraint of optimizing cost and time. The existing roads along the
itinerary already avoid most towns and villages. Dedicated roads have been
locally designed to go around other villages. Due to topographical constraints,
only two villages Gimont and Lévignac are to be crossed by the convoys. At
full production, one convoy a week is expected. The itinerary between Langon
and Toulouse has to be covered within three days. Moreover, Airbus wants to
minimize noise pollution in Gimont and Lévignac as much as possible. This
imposes some additional constraints that cannot be handled through classical
oversized convoy transportation solutions. Indeed even in the more constrained
locations, drivers should not stop their trucks for maneuvering. They have to
cross the villages at constant speed.

The goal of the first part of the project was to develop a software plat-
form dedicated to automatic trajectory validation and optimization. The paper
focuses on the traversal of Gimont and Lévignac.

2.1 Software specifications
The input data the software has to process are:

1. a three-dimensional model of a road environment including sidewalks,
buildings, road signs, street lights, trees, ... (Figure 4),

2. the geometric and kinematic model of a trailer-truck with the freight (Fig-
ure 3).

The output is a collision-free smooth trajectory optimizing the distance of
the freights to the obstacles. The software platform should allow the user to
move or remove selected obstacles cluttering the road surroundings in order
either to validate the existing infrastructures or to propose alternative solutions
of infrastructure adaptation. Should this fence be removed ? Where to move the
existing bus shelter ? How to reorganize the street light distribution ? Those
are the typical questions to be answered.

2.2 State of the art and challenges
Nonholonomic trajectory planning The problem raised in this project
looks like a typical trajectory planning problem. This problem has been exten-
sively studied for more than 20 years and can be summarized by the following
question: how to compute a collision free trajectory between two configurations
for a given mechanical system? Solutions exist for large classes of mechanical
systems [8].

1Options like blimps, river navigation, highway have been envisaged and rejected.
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The first critical issue is raised by the rolling without slipping constraints [2]
the trailer-trucks are subjected to. These systems are commonly said to be
nonholonomic [10]. Nonholonomic systems have raised much attention in control
theory since the late 80’s. Control theoricists first dealt with controllability of
these systems and then tried to solve the trajectory planning problem without
obstacles [6].

Considering obstacles increases the complexity of the problem [10] and calls
for computational solutions. Today, solutions producing exact trajectories for
the system described in Figure 3 bottom exist, while only approximations are
available for Figure 3 top (see [9] for an overview in nonholonomic trajectory
planning). The existing solutions produce trajectories going forward as well as
backward. Little work has been done to study trailer-truck like vehicles going
only forward and only approximations have been proposed [4]. As shown by the
results in Section 4, the extremely constrained geometry of our systems forbids
us any approximation.

The second critical issue is raised by the need for trajectory optimization.
More than trajectory planning, the project specifications require us to optimize
the trajectories in terms of distance to obstacles. No results are available today
to address this issue for systems as complex as those represented in Figure 3.

Road design Methods and industrial products exist to help people design a
road complying with the geometry and the kinematics of a given vehicle. The
French department of transportation uses a software called Giration [5]. This
software can model a large variety of vehicles, from cars to multiple trailer ve-
hicles. Once a vehicle has been modeled, the user can interactively produce
a trajectory based on a sequence of basic motions: straight line, arc of circles,
clothoids,... Giration instantaneously computes the volume swept by the vehicle
along the trajectory. This tool is based on trajectory simulation: trajectories
are produced by the user and only simulated by the software. This software has
been used in preliminary studies led by DRE. Using aerial pictures of the road, a
trajectory has been interactively constructed by an operator to fit at best the ex-
isting road. The results of this study did not help DRE a lot since Giration only
considers two-dimensional models. Our problem is three-dimensional because
of the narrowness of the road; we need to take into account three-dimensional
obstacles like roofs, balconies, trees,...

Technical choices For the reasons expressed above, no existing solution could
be adapted to our problem. The solution implemented in the context of the
project derives from a recent method implemented on-board LAAS mobile robot
Hilare 2 towing a trailer [7]. This method is based on an optimization function
that takes as input a current trajectory and iteratively optimizes this trajectory
in order to remove collisions and then to maximize distance to obstacles, as
described in the following section.
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Figure 5: Trajectory deformation method implemented on mobile robot Hilare 2
towing a trailer (left). Obstacles detected by on-board sensors generate a potential
field in the configuration space. From this potential field, the deformation method
computes a direction of deformation compatible with the kinematic constraints of
the robot. At each iteration, the current trajectory is deformed in the direction of
deformation.

3 Nonholonomic trajectory optimization
The nonholonomic trajectory optimization method used in the framework of
this project has been developed first for mobile robot navigation before being
adapted to trailer-truck kinematics.

3.1 Mobile robot navigation
Planning collision-free trajectories for nonholonomic mobile robots in cluttered
environments is rather time-consuming. Moreover, the environment usually is
not static and obstacles may appear, making the planned trajectory in collision.
To avoid recomputing another trajectory taking into account each new obstacle,
we devised a trajectory deformation method. This method takes into account
obstacles detected by the sensors of the robot and deforms the current trajectory
in order to maximize the distance between the trajectory and the obstacles
(Figure 5). Most importantly, the deformation process keeps the kinematic
constraints of the robot satisfied. In the following paragraph, we give a brief
description of the algorithm.

The trajectory deformation algorithm A nonholonomic system is charac-
terised by the kinematic constraints it is subjected to. These constraints reduce
the space of admissible velocities of the system at each configuration q. Thus if
the configuration space of the system is of dimension n, the velocity is a linear
combination of k < n vector fields:

q̇ =
k∑
i=1

uiXi(q)
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Any admissible trajectory q(s) is therefore given by k input functions u1(s), ..., uk(s)
defined over an interval [0, S]. The velocity of the system along the trajectory is
a linear combination of the vector fields, the coefficients of which are the input
functions:

q̇(s) =
k∑
i=1

ui(s)Xi(q(s))

For example, mobile robot Hilare 2 towing a trailer is of dimension n = 4:
q = (x, y, θ, ϕ) where (x, y) is the position of the center of the robot, θ and ϕ
the orientations of the robot and of the trailer. The space of admissible velocities
is spanned by k = 2 vector fields:

X1 =


cos θ
sin θ

0
− 1
lt

sinϕ

X2 =


0
0
1

−1− lr
lt

cosϕ


and the input functions u1(s) and u2(s) are the linear and angular velocities
of Hilare 2 along the trajectory. Deforming an admissible trajectory in any
direction would result in a non-admissible trajectory. The original idea of the
trajectory deformation algorithm resides in the perturbation of the input func-
tions. The idea is to iteratively perturb input functions u1(s), ..., uk(s), replacing
them by u1(s) + τv1(s), ..., uk(s) + τvk(s) where τ is a small positive number
and v1(s), ..., vk(s) are input perturbations.

Obstacles detected by the robot generate a potential field in the configuration
space, that increases when the robot gets closer to obstacles. Input perturba-
tions v1(s), ..., vk(s) are computed in such a way that they make the potential
field decrease along the trajectory. This method is particularly efficient in con-
strained environments since the potential field computations are performed in
the configuration space. The algorithm is explained in [7].

The above trajectory deformation method is the core of the software devel-
oped to meet the objectives of the project. Next section describes the adaptation
of this method to trailer-truck kinematics and the integration within a software
platform commercialized by Kineo CAM.

3.2 Integration in a software platform
For a few years, Kineo CAM in collaboration with LAAS-CNRS has devel-
oped a sofware platform to solve a variety of trajectory planning problems.
This platform is composed of several modules: collision checking and distance
computation, steering methods, path planning algorithms... The trajectory op-
timization algorithm described above has been integrated within this platform
for the purpose of the project (Figure 6). In this section, we describe the pre-
existing modules used in the project and how they have been adapted to this
application. Although two types of vehicle kinematics have been addressed dur-
ing the project, we will illustrate this section with only the more kinematically
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Figure 6: Software architecture. The platform developed by Kineo CAM is composed
of several modules, some of which have been used for our application. The kinematic
modeling module can deal with open or closed kinematic chains. The distance com-
putation module computes the distance between the bodies of the kinematic chain
and the environment. A driving simulator has been developed for the project in order
to create input trajectories for the trajectory optimization function integrated in the
architecture.

complex of both: the vehicle carrying the wing on a trailer hitched via a towbar
(Figure 7).

Kinematic and geometric modeling module This module can handle
various kinematic systems. A system is a kinematic chain composed of rigid
bodies connected to each other by joints. Obstacles are static bodies whereas
the position of each component of a kinematic chain is determined by the value of
each joint. The road environment has been modeled as a collection of obstacles
from measures carried out by land surveyors. The vehicles have been modeled as
complex kinematic chains. Once a kinematic chain has been defined, relations
between joints can be defined. This capability enabled us to define the pose of
a complex vehicle over a non-flat road. Each wheel of the vehicle is connected
to the vehicle via a vertical translation joint modeling the suspension. The
contact of each wheel with the road defines relations between the suspension
joint values, the heights, roll and pitch angles of the truck and trailer. For each
configuration, the pose of the vehicle is computed by minimizing the total elastic
energy of the suspensions.

Driving simulator module As explained in Section 3.1, the trajectory de-
formation function takes as input a rough trajectory possibly in collision with
the obstacles of the environment. To produce this first guess, we developed a
driving simulator. The user drives the vehicle at constant speed on the road,
using a driving wheel, trying as much as possible to stay on the road. Then the
trajectory is optimized.
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Figure 7: Kinematic model of the truck carrying the wing: the trailer is hitched to
the truck via a towbar. This system is kinematically equivalent to a tractor towing
two trailers with hitch kingpin. The configuration space is of dimension 6: q =
(x, y, θ, ϕ0, ϕ1, ϕ2) where (x, y) denotes the projection of the center of the truck rear
wheel axis on an horizontal plane, θ the orientation of the truck, ϕ0 the steering angle,
ϕ1 the orientation of the towbar with respect to the truck and ϕ2 the orientation of
the trailer with respect to the towbar. Notice that the 24 trailer wheels are articulated
in order to avoid sliding.
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Figure 8: Along each trajectory, the distance computation module computes distances
between the vehicle and obstacles of the environment. On the left, the closest obstacle
is the sidewalk. The interface of the software enables the user to activate or deactivate
obstacles. In this example, the sidewalk is the closest obstacle, the house is the second
closest one. Figure on the right displays the minimal distance in meter along the most
constrained portion of the trajectory in Lévignac.

Trajectory optimization module This modules is the core of our applica-
tion. It contains the trajectory optimization function adapted to the kinematics
of the vehicles. Figure 7 describes the kinematics of the vehicle carrying the
wing. The configuration of this system is denoted q = (x, y, θ, ϕ0, ϕ1, ϕ2). The
vector fields are given by:

X1 =



cos(θ)
sin(θ)
sinϕ0
l1 cosϕ0

0
− l2 sinϕ0+sinϕ1l1 cosϕ0+m1 cosϕ1 sinϕ0

cosϕ0l1l2
sinϕ1l3−l2 cosϕ1 sinϕ2

l2l3
+ m1 sinϕ0(cosϕ1l3−sinϕ1 sinϕ2l2)

l2l3l1 cosϕ0


X2 =


0
0
0
1
0
0


where l1, m1, l2, l3 are lengths displayed on Figure 7.

Distance computation module Given a set of static obstacles, a kinematic
chain and a configuration of this chain, this module computes the distance
between the obstacles and the bodies of the kinematic chain. This module
enables us to compute the potential field mentionned in Section 3.1, without
any modification. Several filtering strategies are implemented in order to make
distance computations fast even in scenes containing thousands of geometric
primitives as the modelings of Gimont and Lévignac do.

4 Results
In this section, we present a few results from the project. For each vehicle, and
each village, we have produced several trajectories to test different hypotheses
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Figure 9: Aerial view of 3D model of Gimont (2 km) and details of two trajec-
tories computed for the vehicle carrying the wing. The volume swept by the
vehicle and the freight is displayed in red. The trajectory on the left hits a
transformer station (black box), while the trajectory on the right avoids it by
rolling on the sidewalk. DRE could then evaluate the consequences of keeping
or removing this object.

and try to avoid objects along the road (see Figure 9 for an example). These
trajectories crossing each village (2 km for Gimont and 600 m for Lévignac)
enabled DRE to validate the itinerary. The most constrained passage is in
Lévignac for the vehicle carrying the fuselage central part where the minimal
clearance is less than 1 meter.

DRE then chose one trajectory for each vehicle and each village and designed
from these trajectories the necessary road adaptations. Two types of data were
used in this step: the volume swept by each vehicle to determine which objects
had to be moved and the wheel prints to redesign the sidewalks (Figure 10). For
each trajectory, the minimal distance between the vehicle and the environment
has been computed. This information is helpful for preparing the convoys since it
helps determining the most constrained parts of the itinerary. Figure 8 displays
the distance for one of the vehicles in a part of Lévignac.

5 Conclusion and project continuation
The previous sections have described the first of two parts of a research and
development project between Airbus, DRE, Kineo CAM and LAAS-CNRS. The
objectives of the first part have been met by
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Figure 10: For each trajectory, the wheel prints (in red) are extracted in order
to enlarge the road and redesign sidewalks if necessary.

1. adapting functions first developed for mobile robots to the complex kine-
matics of trailer-truck systems and

2. integrating these functions into a software platform.

The second part of the project is still under definition. It aims at defining
and developing a computer-aided driving system on-board the vehicles in order
to help the driver carrying out his task.

Computer aided driving system The sizes of the airplane components are
such that the drivers’ field of view will be very limited. In such situations,
transporters usually require the help of people looking around the vehicles to
assist the drivers and warn them of possible collisions. This technique, although
very efficient in practice requires the convoy to go very slowly and to stop before
each critical passage. Airbus wishes the convoys to drive at constant speed and
not to stop while crossing Gimont and Lévignac. For this reason, they want
the vehicles of the convoy to be equipped with a computer-aided driving system
that will assist drivers in their task.

This main components of this system are the following:

• a reference trajectory for each vehicle through each critical passage (these
trajectories have been computed in the first part of the project),

• an accurate localization system to determine the position of the vehicle
with respect to the reference trajectory,

• an interface that informs the driver of the above position and provides
him information to correct the trajectory of the vehicle.

The different components of this system require technologies close to those de-
veloped for mobile robots. In the next paragraph, we report a few works in this
area.
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Mobile robots and computer-aided driving For a few decades, work in
mobile robots has aimed at designing algorithms that enable a machine to
achieve a given tasks by itself. The task that has raised the most interest
up to now is the navigation task. To achieve a navigation task, a mobile robot
has to be able to localize itself, to plan collision free trajectories and to follow
these trajectories. In a computer-aided system, the motion of the vehicle is
controlled by a human driver, but the other components of a navigation system
are necessary.

Several systems around the world have been designed to navigate autonomously.
[1] and [12] describe mobile robots able to plan trajectories in indoor environ-
ments, to localize themselves in 2D-maps and to move autonomously toward
a goal specified by a user. These experiments integrate all the components of
a navigation system for kinematically and geometrically simple systems. Both
robots are circular and can move in any direction.

Other projects aim at designing autonomous vehicles moving on real roads.
The Navlab project [11] has built a vehicle capable of autonomous driving that
crossed the United States, driving 98 percent of 4500 kilometers autonomously.
The ARGO project [3] designed an autonomous vehicle that drove 2000 kilome-
ters across Italy.

The computer-aided driving interface will have to integrate most of the tech-
nologies developed in the above projects.
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