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Arealgorithmstheideal solution to make our highways safer by deter mining the best pathsfor vehicles?
An end-of-studies project conducted at | FP School by a group of studentsfrom the “Powertrain
engineering” program in partnership with Stellantis suggests as much. Highly promising results pave the
way for afuture deployment of the methodology implemented to support motorists and encour age them to
join an existing or forming platoon in a smooth and automated manner.

For motorists, recourse to automation makes it possible to optimize highway traffic, enabling it to flow more
freely and minimizing fuel consumption.

In this context of AHS, path planning enables a vehicle to automatically join an existing platoon with an
optimized and “robust” path with respect to uncertain traffic obstacles on these busy lanes (Fig 1).
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Figure 1. Illustration of platoon formation.

This traffic merging problem was the focus of research conducted at |FP School®, within the framework of a
“Powertrain engineering ” program end-of-studies project, co-supervised by arepresentative from Stellantis, an
industrial partner.

An original approach combining predictive control and algorithms...
To conduct the research, two tools were used in combination:

o MPC2 for the optimization of the planned path,
e avariant of the RRT3 agorithm for platoon formation.

This original combination made it possible to efficiently explore the space of possible paths and thus develop
smooth paths incorporating the constraints of “vehicle dynamics’ and a real-time implementation capacity. The
| atter takes into account location and mapping via appropriate sensors and a V2V4 communication system.

The complete algorithm (Fig.2) wastested for avariety of scenariosin order to validate the benefits of the
proposed methodology. It should be noted that while the validation was conducted in avirtual vehicle
environment, itsimplementation is independent of any specific environment.
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Figure 2. Implementation algorithm for the path planner.

...todevelop ideal paths.



The resultsindicate that from agiven initial scenario (any initial positions of vehiclesin the platoon and its
"leader", as well as traffic obstacles®), the method deployed makes it possible to generate the optimal paths to be
followed to enable new vehicles to join a platoon or merge together to form one.(Fig. 3).
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Figure 3. Start (a) and end (b) configurations of vehicles forming the platoon.

This success stems firstly from the fact that the RTT agorithm is not associated with long cal culation times and

secondly from the fact that the path is repeatedly updated viathe use of a*“bicycle-type’” model for MPC
prediction (Fig. 4).

These initial results are very encouraging in terms of the capacity to implement a path planner in real conditions.

They pave the way for future studies taking into account highway driving practices, as described in the highway
code, such as changing lanes, for example.
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Figure 4. Comparaison des résultats du solveur d'optimisation utilisant des modéles Figure 4.
Comparison of results of the optimization solver using kinematic and dynamic bicycle models.

Towards calculation optimization

Thereafter, the improved use of informed-RRT® should lead to afaster convergence of optimization
calculations.


https://drive.google.com/file/d/1weKhGTTy9nHOSGgDcRcBPgzpw-OH8l9X/view?usp=sharing

This research offers new opportunities for IFP School’ s students, industrial partners and lecturers-researchers. It
also contributes to the development of the teaching and research priorities of the ECAV Chair’

1. Automated Highway Systems

2. Model-based predictive control: advanced control technique for complex systems, using a dynamic model of
the process inside the controller in real time, in order to anticipate the future behavior of the system

3 Rapidly-exploring Random Tree: an algorithm designed to efficiently search for non-convex, high-
dimensional spaces

4. Vehicle-to-vehicle

5 Vehicles not part of the platoon

6. Method making it possible to directly sample the subset of a planning problem containing all possible
improvements of a given solution

7 ECAV: Electric Connected and Autonomous Vehicles for Smart Mobility

Scientific contact: Ouafaé El Ganaoui-Mourlan
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