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Research topic

• Design and validation of control algorithms for Advanced 
Driving Assistance Systems (ADAS) 

• The aim is to define planning and control laws in order to 
enhance safety of the self-driving cars
– Moreover, purposely integrated co-simulation platforms are needed to 

verify the control architectures
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Summary of study activities 

• Ad hoc course: Strategic Orientation for STEM Research & 
Writing

• M.Sc. Course: Control Systems for Autonomous Ground 
Vehicles

• Seminars: Patent searching best practices with IEEE Xplore, 
GDPR basics for computer scientists, At the Nexus of Big Data, 
Machine Intelligence, and Human Cognition, Exploiting Deep 
Learning and Probabilistic Modeling for Behavior Analytics, 
Approaches to Graph Machine Learning, Big Data and 
Computational Linguistics, Risk assessment in real life: 
experiences from the railway domain
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Tactical behavior planning

• State of the art: Classical models use manual enumeration of 
scenarios, as well as listing of off-line evaluated trajectories

• But there are way too many parameters…

• Every-day driving is too unpredictable, thus making manual 
behaviors enumeration infeasible

• Open challenge: What about learning the parameters?
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Deep Reinforcement Learning
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• DRL framework has been proven 
useful in various field, e.g., playing 
games, solving continuous control 
problems etc. 

• The planning policy (action) can be 
directly learnt through interaction 
between the vehicle (agent) and 
the road scenario (environment)

• State of the art DRL cannot ensure 
safety 

• The search space (state and action) 
is way to wide and non-convex 
(positions, velocities, accelerations, 
etc.)



• The DRL agent (DQN) make only semantically meaningful choices 
(overtake that vehicle, slow down, give right of way etc…)

• The search space is discrete (and smaller) making the training faster

• A Nonlinear Model Predictive Controller translates the desires in 
optimal steering and acceleration command. This search space is 
continuous, one of the state-of-the art algorithm can be used to 
solve it in real-time, e.g., SQP or IP

Hierarchical Planning on Highways
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Year three: next challenges

• The final PhD year will comprise the analysis of different 
solutions for the hierarchical planner. The key challenges are:
– Reduce variance during training

– Increase safety

– Investigation of complex urban traffic scenarios

• Ideas:
– Replace the value-based agent (DQN) with a policy-based agent. A 

policy-based agent does not need the markovian assumption on the 
environment

– Define high level of abstraction options graphs tailored to the road 
scenario. The action is a path on the graph which translates to a 
behaviour. This approach should increase safety and explainability. 
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Thank you for your attention!


