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WP5 Related Activities

A rough list

v

From balancing towards walking WP3
co-supervision of the intern Talha Arslan

JTC for better tracking of desired link torques WP5
supervision of the intern Raffaello Bonghi

v

v

Calibration of force-torque sensors WP4
working with Silvio Traversaro

v

Adaptive control of underactuated systems WP4
working with Francesco Romano

v

Physical consistent inertial parameters on Lie groups WP4 ‘3
working with Silvio Traversaro

Cenrco



» JTC for better tracking of desired link torques WP5
supervision of the intern Raffaello Bonghi



» Calibration of force-torque sensors WP4
working with Silvio Traversaro
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» Adaptive control of underactuated systems WP4
working with Francesco Romano

Caunve
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» Physical consistent inertial parameters on Lie groups WP4 g~
working with Silvio Traversaro
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» From balancing towards walking WP3

co-supervision of the intern Talha Arslan



ntroidal momentum

Centroidal Momentum

M@)o+ Cla)v+e(a) = || + 417

Je(q)g+ ch =0




dal momentum

» a Centroidal Momentum
n
Inertial frame @ » A= Z%Iiyi
> 1=

» v; twist of the ith body

» [; . spatial inertia of the ith body




er of mass with inertial orientation

Vi

Inertial frame

Veom

Centroidal Momentum

» Mot total mass of the robot, g: joints’ positions

» Vicom : velocity of the center of mass




n two feet

—

HCOM = graV+A(q)Fext
. 0
M(q)v + C(q,v)v+g(q)— JTF,: = (:)




g on two feet

Hcom = grav+A(q)Fex




on two feet

=

Hcom = grav+A(q)Fex

— I3 03
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Inertial frame /( FL)




alancing on two feet

Flcom = grav-+ A(q) Fex

M(q)v + C(q,v)v+g(q) — J T For = <O6>

Constraints on feet

(1) Heom = HE py, FE, € FC
J(Q)V—l—](q)v: 0

(2) q = qq s.t. X(qd) = X4




Constraints on feet

- () — no- (40 b))




two feet

«

mV, . »
Hecom = ( HC°M> = Hcom = ( /CoM
w

e ) = grav+ A(g)Fea

e
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alancing on two feet

mV, . mV,
HCoM = < HCOM> = HCoM = < 'COM
w

) =grav+ A(q) Fext

H.,
We choose ngt such that

We choose HZ ,, such that
Heom = HE 5y = grav+A(q)FS

d
XCoM — XCoM Hw —0




gy when balancing on two feet

1% : 1%
Hcom = (m HCOM) = Hcom = <m HC°M> =grav+ A(q) Fext
w w

We choose Fg,, such that § We choose HZ ,, such that
A choice for ngt is Pseudo-inverse suggests that there
. might be some null space to
Foe = AT(HEon —grav) exploit (internal torques).
(3
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on two feet

mV
HCOM = ( CoM

Hw ) :>HCOM: ( COM

Hw

) = grav+ A(g)Fea

A choice for FZ,, is

Fod = AT(Hg'oM —grav)
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lancing on two feet

mV,
HCoM - < coM

: V.
Ho ) = Heom = (m "

H.

) =grav+ A(q) Fext

A better choice for FZ, is

Then, the torques are
d _ at(pyd
Fext =A (HCoM - grav) + NAFO

T = 1¢(Fo) + N7o(Fo)




n two feet

V, : V,
HCOM = <m HCOM) = HCoM = <m I'_ICOM) = graV+A(q)Fext
w w

Then, the torques are

A better choice for FZ, is

Fy = AT(HE,0 —grav) + NaFo 7= 7¢(Fo) + N7o(Fo)
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» Walking

» Implementation on the robot

re work

» Smooth switching from double to single support



» "iCub Whole-body Control through Force Regulation on
Rigid Noncoplanar Contacts" in Frontiers in Robotics

» "Collocated Adaptive Control of Underactuated
Mechanical Systems" in Transaction on Robotics

» "In Situ Calibration of Six-Axes Force Torque Sensors
using Accelerometer Measurements" in ICRA
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ing on two feet

HCOM = grav + A(q)Fext

M(q)v + C(q,v)v+g(q) I Fext = (O6>

Constraints on feet

J(q)v+J(q)v =0




ing on two feet

HCOM = grav + A(q)Fext

M(q)v + C(q,v)v+g(q) I Fext = (O6>

Constraints on feet

J(q)v+J(q)v =0




ing on two feet

HCOM = grav + A(q)Fext

M(q)v + C(q,v)v+g(q) I Fext = (O6>

Constraints on feet

J(q)v+J(q)v =0




alancing on two feet

HCOM = grav+ A(q) Fext

M(q)v + C(g,v)v+g(q) I Foe = <06>

Constraints on feet

(1) HCOM = HgoM:ngt € FC
J(Q)V—I—](q)v:O

(2) q = qq S.t. X(qd) = X4




