Learning for Adaptive and Reactive Robot Control
Solutions for exercises of lecture 10

Professor: Aude Billard
Assistants: Harshit Khurana,

Lukas Huber and Yang Liu
Contacts:
aude.billard@epfl.ch, harshit.khurana@epfl.ch,
lukas.huber@epfl.ch, yang.liuu@epfl.ch

Spring Semester 2023

Introduction

INTRO

This part of the course follows exercises 11.1 and 11.2 and programming exercise 11.1 of the
book ” Learning for Adaptive and Reactive Robot Control: A Dynamical Systems Approach.
MIT Press, 2022".

1 Theoretical exercises [1h]

1.1

Book correspondence: Fx10.10
Let the nominal task model f(z) be composed of conservative and non-conservative parts:

f(@) = fe(@) + fr(2)
Let the system M (z)& + C(x,4)& + g(x) = 7. + 7 be controlled by the following:
Te = g(x) — Dz + Alfc(x) + ﬁR(Z’ S)Alfr(x)

where z = &7 f,(z)
The storage variable s has the following dynamics

$=a(s)zT D(x)i — Bs(s,2) M 2

and the following properties are satisfied,

0<a(s) <1 s< 3§

a(s) =0 5>5
Bs(z,5) =0 s<0and 2z>0
0 s>5and z<0

1 elsewhere
ﬁszs :Bs 275) z2>0
) z2<0



Consider the storage function W (z,i,s) = 327 Mi + M Ve(z) + 8, where Vi (z) is the potential
function associated with f.(x)

Prove that if 0 < s(0) < s, the resulting closed loop system is passive with respect to the
input-output pair 7, Z.

Solution:

First, note that 0 < s(0) < 5 = 0 < s(t) < 5,Vt > to. Consider the storage function
W(z,i,s) = $3TMi + AMVe(z) + 8, where V() is the potential function associated with f.(z).
The rate of change of W is:

1 .
Wz, %) = 2TMi + §¢TMx +MVVEE+ 5 (1)
Substituting M# and 7, using the skew-symmetry of M — 2C yields:

Wz, &) = — i Di + 277, + Br(z, s) A2+

2
+ Malf(z) + MVVEE + 5 @)

The second-to-last two terms cancel because f.(z) = —VV.(z). Substituting $ then yields:
Wz, 2) = — (1 — a(s)) & Di + (2, s) Mz + & 7, (3)
>0

where ((z,s) = Br(z,s)—fs(z, s) has been introduced to ease the notation. We have 1—a(s) > 0
and ((z,s) =0 for all z> 0 and ((z,s) > 0 for z < 0. Hence, we have:

Wiz, &) < ilr, (4)

which concludes the proof.
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