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Computing Interaction-aware Reachable Sets
of Automated Vehicles using Monte Carlo
Tree Search

Background

Highly-automated vehicles (AVs) promise an increase of road safety, time and cost efficiency
compared to human drivers. Major challenges arise in dense, dynamic situations where the
AVs should interact with human-driven vehicles. Game-theoretic approaches offer an elegant
way tackle the interactions and dependencies between multiple agents. Based on certain
assumptions, the ego agent can incorporate future interactions with other vehicles into its
planning scheme. A decision process, such as using Monte Carlo tree search (MCTS), often
realizes the game theoretic setting by sampling primitive actions. Surveys to MCTS can be
seen here [1, 2].

Major steps in Monte Carlo tree search.

Description

The aim of this thesis is to compute interaction-aware reachable sets of automated vehicles
using Monte Carlo tree search. The over-approximative reachable set [3] of a vehicle is the set
of states that can be reached by the vehicle over time, and encloses all its drivable trajectories.
The computed reachable sets can then be used as planning constraints for subsequent motion
planning of the vehicle. The benefit of computing the reachable sets instead of the direct
trajectory is that it allows for adopting arbitrary motion planner in the subsequent stage, as
well as offer the possibility to negotiate reachable sets for a group of explicitly cooperating
vehicles. An example of existing work of integrating MCTS into multi-agent cooperative
motion planning can be seen here [4].

Reachable sets of a vehicle over time.

mailto:
http://www.in.tum.de/en/i06/people/edmond-irani-liu-msc//
http://www.in.tum.de/en/i06/people/edmond-irani-liu-msc//


Fakultät für Informatik

Lehrstuhl für Robotik, Künstliche
Intelligenz und Echtzeitsysteme

Technische Universität München

The results should be demonstrated with CommonRoad [5] scenarios, an exemplary of which
is shown below.
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An exemplary scenario from Stachus in CommonRoad

Tasks

• Literature review on recent works on incorporating MCTS into motion planning.

• Familiarizing with CommonRoad and related software (reachable set computation,
MCTS framework, etc.).

• Implementation of MCTS-based reachable set computation.

• Demonstration of computation results with various CommonRoad scenarios.

• Documentation of codes and other related materials.

• Thesis writing.
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