
Legged Robots: Practice Sessions

Week 3



Updates

• Today last ungraded assignment

• Next week: start of Mini-Project 1

• Graded!

• Project introduction next week

• Teams of 3 students

• Please register teams on Moodle by next week



Team registration



W1-3 Fundamentals

• Part 1: double pendulum kinematics and dynamics

• Part 2: Jacobian (Cartesian PD + Force Control)

• Part 3: Inverse Kinematics (compare with force control)

• Part 4: Single-leg hopping



Single-Leg Hopping



Joint angles → Cartesian space

𝑝 = 𝑓(𝑞) Forward kinematics

𝑞 = 𝑓−1(𝑝) Inverse kinematics

ሶ𝑝 = 𝑣 = 𝐽(𝑞) ሶ𝑞 Foot linear velocity

𝑝

𝑞1

𝑞2

𝜏 = 𝐽𝑇 𝑞 𝐹 Map desired end effector 

force to torques

How should we design a jumping motion?

1. Joint space?

2. Task space?

3. Force? 



Force Profile: 
Single Jump

𝜏1

𝜏2

𝐹𝑧



𝜏1

𝜏2

𝐹𝑧

𝐹𝑥

Force Profile: 
Continuous Jumping



How should we design the profile?

• Design decisions
• Peak force?

• Frequency?

• Initial/nominal position?

• Joint/Cartesian gains?
• (In swing/stance)?

𝜏𝑗𝑜𝑖𝑛𝑡 = 𝐾𝑝,𝑗𝑜𝑖𝑛𝑡 𝑞𝑑 − 𝑞 + 𝐾𝑑,𝑗𝑜𝑖𝑛𝑡 ሶ𝑞𝑑 − ሶ𝑞

𝜏𝐶𝑎𝑟𝑡𝑒𝑠𝑖𝑎𝑛 = 𝐽𝑇 𝑞 𝐾𝑝,𝐶𝑎𝑟𝑡𝑒𝑠𝑖𝑎𝑛 𝑝𝑑 − 𝑝 + 𝐾𝑑,𝐶𝑎𝑟𝑡𝑒𝑠𝑖𝑎𝑛 𝑣𝑑 − 𝑣

𝜏𝑓𝑖𝑛𝑎𝑙 = 𝜏𝑗𝑜𝑖𝑛𝑡 + 𝜏𝐶𝑎𝑟𝑡𝑒𝑠𝑖𝑎𝑛 + 𝐽𝑇 𝑞 𝐹

Joint PD

Cartesian PD

Total applied torque

𝐹𝑧

𝐹𝑥



Optimization

• Choose parameters you would like to optimize
𝒙 = [𝑓, 𝐹𝑧peak

, … ]

• Formulate an unconstrained optimization with objective ( − 𝑚𝑎𝑥_ℎ𝑒𝑖𝑔ℎ𝑡 ?) 

• Set upper/lower bounds on variables, and give an initial condition

• We provide an interface to pymoo and CMA-ES

minimize
𝒙

𝒇(𝒙)

https://pymoo.org/index.html
https://pymoo.org/algorithms/soo/cmaes.html

https://pymoo.org/index.html
https://pymoo.org/algorithms/soo/cmaes.html


Assignment

• Start from https://gitlab.epfl.ch/lgevers/lr-practicals

• Instructions are on Moodle

• This week: finish remaining practicals (including part 4)

• The assignment for weeks 1-3 are not graded

https://gitlab.epfl.ch/lgevers/lr-practicals
https://gitlab.epfl.ch/lgevers/lr-practicals
https://gitlab.epfl.ch/lgevers/lr-practicals
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