Advancements in TO and MPC for TALOS
at the Gepetto group
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Particularities of Talos

Some Features :

32 actuated joints
38 degrees of freedom

Strong actuators with force sensors
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Particularities of Talos

Mass distribution

Some Features :

32 actuated joints

More than 38 degrees of freedom

Mechanical

Strong actuators with force sensors
weakness

Main Difficulties:

Mechanical weakness on hips
Heavy robot Total mass: ~100kg !

Big limb mass proportion Most of the mass on limbs !
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Centroidal Approach
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Centroidal Approach

Centroidal Dynamics
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Centroidal Approach
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Centroidal Approach

Cenujo.idal Feedback law
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Centroidal Approach
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Bending Estimator and
Posture Correction

Flexible Robot Our Rigid Model Mechanical )
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Videos

[> Walking around

[> Dynamic walking
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https://peertube.laas.fr/videos/embed/4131eba4-eaf7-4ad7-b9c5-029f57b980a2?start=2m3s&stop=2m38s&autoplay=1&title=0&warningTitle=0&controlBar=0&peertubeLink=0&p2p=0
https://peertube.laas.fr/videos/embed/4131eba4-eaf7-4ad7-b9c5-029f57b980a2?start=2m40s&stop=4m12s&autoplay=1&title=0&warningTitle=0&controlBar=0&peertubeLink=0&p2p=0

Closed—Loop MPC
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Closed-Loop MPC

Optimal Control Problem
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[From Nahuel Villa et al. 2017]



Videos

D Frontal Collision Simulations
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https://peertube.laas.fr/videos/embed/9a3c5258-e5b7-49a5-a153-02e804a06f65?start=2m4s&stop=2m27s&autoplay=1&title=0&warningTitle=0&controlBar=0&peertubeLink=0&p2p=0

FleXible Whole-Body Model
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Videos

[> Comparison to standard control scheme
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https://peertube.laas.fr/videos/embed/8551e047-b26f-4e15-b4d6-17d45e07f679?start=1m49s&stop=2m5s&autoplay=1&title=0&warningTitle=0&controlBar=0&peertubeLink=0&p2p=0

Whole-Body Approach

Sre
Whole-Body Dynamics
M T q ]_ S't —b
Jo 0)l=Al | —J.q
State : g, q

Control : T,

Differential Dynamic Programming

#crocoddyl

' Contact Robot Optimal Control
by Differential Dynamic Library

State I 1T >
MPpC q,, 4, | Feedback
A K,
7:ref
N
T
o
~
1
q’ q 1 a \\~ \
. .Y
Rigid I Flexible —

Whole-Body Model
( reduced model with 20 DoF )

Whole-Body Robot

17 /24
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Whole-Body Cost Functions
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Cost function expressions

cost = weight*activation(residual(z, zref)

State cost Control cost Joint limits (soft constraint)
q, q 2 qref’ Qref T Tref q min < q < qmax
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s = Sref p - Sref w = Wref
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Whole-Body State Feedback
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Videos

> Dynamic walking (30 cm steps)

[> Stair-step crossing (10 cm high)
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https://peertube.laas.fr/videos/embed/44688f7f-8d5a-479c-a6f3-91b541f438f5?start=25s&stop=44s&autoplay=1&title=0&warningTitle=0&controlBar=0&peertubeLink=0&p2p=0
https://peertube.laas.fr/videos/embed/caf150bf-878b-40d9-88db-710b71730f9f?start=1m14s&stop=1m45s&autoplay=1&title=0&warningTitle=0&controlBar=0&peertubeLink=0&p2p=0

Whole-Body Walk without Thinking
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Whole-Body Walk without Thinking

> Solo-12, walking and push recovery

S = Th
C ¢

Robot Solo-12 22 /24
[From Alessandro Assirelli, Fanny Risbourg et al.]


https://peertube.laas.fr/videos/embed/f8780cf3-0a9a-4b76-adac-400f822c1b26?start=45s&stop=1m1s&autoplay=1&title=0&warningTitle=0&controlBar=0&peertubeLink=0&p2p=0

Whole-Body Walk without Thinking

[> Talos, walking and push recovery
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[From Ewen Dantec]


https://peertube.laas.fr/videos/embed/44688f7f-8d5a-479c-a6f3-91b541f438f5?start=48s&stop=1m24s&autoplay=1&title=0&warningTitle=0&controlBar=0&peertubeLink=0&p2p=0

Summary

* Talos finally walks dynamically !
We achieved it with two control approaches.

* Centroidal approach:
- Computed on-board.
- close to the state of the art.

* Whole-Body approach:
- Simpler control scheme.
- General controller for different tasks.

~ Work in progress ~
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