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Syllabus
e Introduction
o General introduction about field and service robotics [N]
o Configuration space [N][S]
o Underactuated Systems [N][S]

e Motion planning
o Canonical problem [N][L1, sec 12.1]
o Configuration space [N][L1, sec 12.2]
o Probabilistic planning [N][L1, sec. 12.5]
=  Graph search algorithms (breadth-first, depth-first, A*) [N][L1, sec. E2-E3]
o Planning via artificial potentials [N][L1, sec. 12.6]

e Wheeled robots
o Introduction [N][L1, sec. 1.2.2]
Recap about differential geometry [N][L1, Appendix D]
Nonholonomic constraints [N][L1, sec. 11.1]
Kinematic model [N][L1, sec. 11.2]
Dynamic model [N][L1, sec. 11.4.]
Planning [N][L1, sec. 11.5]
Motion control [N][L1, sec. 11.6]
Odometric localization [N][L1, sec. 11.7]
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e Aerial robotics
o Introduction [S]
Coordinate frames [N]
UAV kinematics [N][L2, pp. 16-17 until equation (2)]
Allocation matrix [N][L3, sec. 8.2.2]
Quadrotor dynamics
= Coordinate-free quadrotor dynamic model [N][P1, sec.2]
= RPY quadrotor dynamic model [N][L3, sec. 8.2.1]
Quadrotor flat outputs [N]
Hierarchical controller [N][L3, sec. 8.3.1]
Geometric tracking controller [N][P1, sec. 3A and 3B]
Estimator of external disturbances based on the system momentum [N][L2, pp.
159-174][P2, sec. llI]
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Passivity-based control with estimator of external wrench and unmodeled dynamics
[N][P3, sec. 5]
Multirotor aerodynamic effects
=  Ground effect [N][L2, pp. 68-75]
= Ceiling effect [N][L2, pp. 75-79]
=  Wall effect [N][L2, pp. 79]
=  Pipe effect [N][L2, pp. 80]
= Tilt effect [N][L2, pp. 80]
Aerial manipulator modelling [N][L2, pp. 27-20][P5, sec. 2]
Px4 autopilot [S]

Underwater robotics
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Introduction [T1][L3, chap. 1]

Kinematics [N][L3, sec. 2.2 until 2.2.4]

Dynamics [N][L3, sec. 2.3]

Hydrodynamic effects
= Added mass and inertia [N][L3, sec. 2.4.1]
=  Damping effects [N][L3, sec. 2.4.2]
= Current effects [N][L3, sec. 2.4.3]

Gravity and buoyancy [N][L3, sec. 2.5]

Thrusters’ dynamics [N][L3, sec. 2.6]

Legged robotics

O
O
O

Introduction [T2][S]
Floating base kinematics [S]
Dynamics
= Floating base dynamics [S]
= Centroidal dynamics [S][P7]

Stability
= Stability analysis and ZMP criterion [S][P6, sec. 48.2.1, 48.2.2, 48.3, 48.3.1,
48.3.2]

= Capture points [S][P6, sec. 48.3.4]
Whole-body controller

= Qverview [S]

= Motion planner [S]

=  Momentum-based observer [S][P7]

= Optimization problem [S][P7]
Deep reinforcement learning for legged robots [S]



