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Abstract: In the aspiring field of autonomous driving the interaction of cars plays an im-
portant role. In particular finding optimal paths for each car whilst avoiding collision raises
many problems whose resolutions are significant to ensure the safety of the passengers. This
common problem can be couched as the collision free optimal driving of N autonomous cars
through a known road network and can be tackled by the formulation of an optimal control
problem which considers a collision criterion as a constraint. Such an optimal control prob-
lem is formulated with respect to minimize the time or fuel consumption of each car through
the road network. To this end, we apply a nonlinear model predictive control (MPC) scheme
in combination with a driving hierarchy. Herein, for every car an optimal control problem
with state constraints, needs to be solved. During each MPC-step the hierarchy among
the cars is redefined and adapted depending on the current state with respect to set rules
which were derived from common traffic guidelines. To this end at each time and state the
position of each car needs to be known.

The car with the highest priority can freely roam the road network without taking into ac-
count collisions with other participants, whilst every other car has to take into account the
behaviour of every superordinate car. Thus, the computational cost increases with descend-
ing priority, which needs to be handled in view of real time applications. Furthermore, in
order to keep the dimensions of the optimal control problem small, we prescribe the geomet-
ric path, which is given by a shortest path algorithm, and use the acceleration as a control.
This leads to a comperatively small optimal control problem, but with complicated state
constraints. These problems can be handled well by the dynamic programming approach
even with respect to real time applications.

We present numerical studies for selected road networks and car pool constellations, specif-
ically concering varying number of cars and the real time implementability.
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