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In many areas, autonomous robots have the potential for improving task efficiency, safety and releasing 
humans of mundane repetitive tasks, for instance transportation (self-driving cars), mining (autonomous 
trucks, robotized excavation), agriculture, inspection, surveillance and even home use (autonomous vacuum 
cleaners and lawn mowers). The more uncertain and unstructured the environment is, higher capabilities are 
required for the system to be autonomous and not require a constant human supervision and frequent 
interventions. Achieving autonomy in complex environments is a challenge at many levels: perception, 
cognition, controls, etc. The proposed projects are part of a research program aiming at making robots more 
autonomous, agile and versatile, by investigating ways to include learning in the low-level motion controllers 
so that their “motor skills” can improve over time and adapt to new situations. Two sub-projects are available, 
for either MS or PhD thesis. Both will use small-scale autonomous vehicle to conduct outdoor experiments to 
test novel control schemes.

1) The first sub-project will explore using reflexes-based control architectures to integrate machine learning
and feedback laws. The base concept consists in a baseline model-based controller, and a learning controller
overriding the torque command or the reference trajectories in specific situations (i.e. reflexes).  Tasks consist
in 1) reviewing existing architectures, 2) exploring novel reflexes-based designs and 3) evaluating them using
scale autonomous vehicles.

2) The second sub-project will aim at investigating if a physics-based features layer can lead to faster learning
when data is limited. Instead of using general purpose feature approximations for parameterizing the state-
space and control-inputs spaces, we will work on designing features based on dimensionless physically-
relevant quantities. For instance, simple intuitive dimensionless number that are relevant for maneuver
selection are the friction coefficient for a vehicle, the Froude number for a walking robot or the Mach/Reynolds
number for an airplane. Higher-order relevant quantities are not trivial however. The tasks consist in 1)
proposing feature designs for ground vehicles and then 2) using small-scale autonomous vehicles to compare
experimentally the physics-based filter to alternative approaches.

More details at https://alexandregirard.ca/research/

Small scale custom autonomous car platform
Parallel motion control architecture
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