
Robotics MVA 2025–26 Final exam topics
Learning pendulum swing ups from demonstrations
Context: In their 1997 work Robot Learning fromDemonstration [1], Atkeson and Schaal learned bothreward andmodel from human demonstrations. Theyshowed pendulum swing ups performed by a realrobotic arm. Jump forward 25 years, and some of ourbest manipulation systems [2] are based on behaviorcloning [3].
(Figure adapted from [1].)
Goals: In this topic, we will reproduce [1] withconcepts seen in class and modern robotics software.We would like to compare it to behavior cloning [3].
Project plan:

1. Read reference [1].2. Adapt section 5, Learning to balance, using the Cart Pole environment of Gymnasium.What are the main steps to take?a. Note that the cart-pole environment will implement its own dynamics,replacing equation (3).b. You can find a ready-to-use Python implementation of dlqr in control.dlqr ofthe Python Control Systems library.c. Alternatively, you can teach yourself on the Linear-Quadratic regulator andimplement your own `lqr` function using for instance SciPy’ssolve_continuous_are.3. Pick a robot arm description and load it in PyBullet.4. Apply pybullet.TORQUE_CONTROL with PD gains to make the robot go to a desiredconfiguration.a. Note that in PyBullet one needs to disable velocity control`setJointMotorControl2(..., controlMode=p.VELOCITY_CONTROL, force=0)`before sending torque-control commandsb. That is, we have a configuration vector q (of size model.nq) and a tangentvelocity vector v (of size model.nv, for your tests you can start with v=0), andwe want each joint i to reach an angle q[i] and angular velocity v[i]. To achievethis, PD control sends a joint torque computed as:i. tau = Kp * (q[i] – q_measured[i]) + Kd * (v[i] – v_measured[i]).c. You will have to find values of the two parameters Kp and Kd that work wellfor the robot arm model you have selected.

https://gymnasium.farama.org/environments/classic_control/cart_pole/
https://python-control.readthedocs.io/en/latest/generated/control.dlqr.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.linalg.solve_continuous_are.html
https://github.com/robot-descriptions/robot_descriptions.py#arms


5. Use closed-loop inverse kinematics to command the robot’s end effector positionalong a horizontal line of your choosing. You can implement your own, as in the inversekinematics assignment, or use Pink.6. Modify the URDF file of the robot description to add a pendulum at the end effectorof the arm. The pendulum will consist in:a. A revolute joint that will be passive (i.e. always command it with zero torque).b. A mass at the end of the child link of the revolute joint.7. Can you adapt your solution from step 2 to this more realistic simulation?8. Propose a way to adapt section 6, Learning the swing up task, using this simulationand any input device connected to your computer.a. You can pick either a parametric or nonparametric model; no need toimplement both.b. Your solution should be feasible on a real robot as well, using some of thesystems you have seen in class or in the lab.c. Explain how you would perform the experiment on a real robot.9. Implement and test it, report how many samples you need to realize a successfulswing up. You can use CasADi for nonlinear trajectory optimization of pendulumtrajectories.10. Explain similarities and differences between this approach and behavior cloning [3].11. Bonus (optional) step: Implement behavior cloning in your simulation. How manysamples do you need to realize a successful swing up?
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https://github.com/tasts-robots/pink
https://web.casadi.org/
https://towardsdatascience.com/shifting-winds-in-robot-learning-research-2ead21671a65
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