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Impedance Control: An Approach
to Manipulation:
Part |—Theory

The most important consequence of dynamic interaction
between two physical systems is that one must physically
complement the other: Along any degree of freedom, if one IS
an impedance, the other must be an admittance and vice
versa. Now, for almost all manipulatory tasks the en-
vironment at least contains inertias and/or kinematic con-
straints, physical systems which accept force inputs and which
determine their own motion in response. However, as
described above, while a constrained inertial object can
always be pushed on, it cannot always be moved; These
systems are properly described as admittances. Seen from the

manipulator, the world is an admittance.

" &
@ 0 (= SEM5950/0586 — Prof. Dr. Thiago Boaventura

< Causalidade

[Hogan, 1985]

2


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

controlar
nao e

... nem controlar

controlar

mas sim a
entre eles.



http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

ny O

D a
! /l | / 7z / l /

Inercia Amortecimento

Rigidez

AQC Lab ‘@ @@@\ SEM5950/0586 — Prof. Dr. Thiago Boaventura


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

€O e juntdas vs. Espoco de tarefas

////1@
ESPC

)

ZA\
\
A 35
%
M

(]
\\

6 — Profg#r. Thiago entura

@ > 21O EM5950/


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

2 @
/ /”l\/// / //Il\/// / //0\/%

(espaco de tarefas)

@

% / /”1\///
e

NN

2 Q @
/ //Il\,// % / ,///I\,// / //”\,% % / //I[\,//

SEM5950/0586 — Prof. Dr. Thiago Boaventura


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

%
e, | é 277! 27
9S8 @ S@ CORTro |0r ¢
e sle

controle configuracao oontos de
das juntas cinematica contato

AQC Lab ‘@ @@@\ SEM5950/0586 — Prof. Dr. Thiago Boaventura



http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Conteudo

1

Controle de admitancia
Controle de impedancia

I

Controle de impedancia

= Realimentacao intrinseca da
velocidade e sua compensacao
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1(6)) '"(OM "K[X,— L(6)] + S(0) (position terms)
() "(OM 'B[V,—-J(0)w] + V(w) (velocity terms)

1(6)) "(OM 'Fint — J(O)Fint (force terms)
1(60)) ()G (0,w)+ C(0,w) (inertial coupling terms)

Hogan, N. (1985). Impedance control: An approach to manipulation: Part || —
Implementatigge e al of dynamigsysteins pineaskdemsi.-and control, 107(1), 8-16.
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Pros @ conmras

Admittance Impedance
Explicit Implicit Explicit

Good for rendering high rendering low rendering low
impedance [46] 1n a impedance [46] 1n a impedances 1n a high
low impedance high impedance impedance
environment [47] environment [47] environment

Adv. robustness [48] accuracy (48], accuracy

full-body compliance

Disadv. low accuracy it needs high torque stability 1ssues of
because inner motors and accurate force control [31],
position loop robot model [36], fast actuator
dynamics needed [52]

Mechanics it works good also on  the lighter the better. softness and
nonbackdrivable Backdrivability 1s lightweilghtness can
motors necessary improve robustness.

Backdrivability 1s not
necessary but helps
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Realimentacao intrinseca da velocidade
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Compensacao de velocidade baseada em modelo
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Compensacao de velocidade baseada em modelo
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Compensacao de velocidade baseada em modelo
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Talk on "Interaction Control for Contact Robotics” by Neville Hogan

https://www.youtube.com/watch?v=G|Ky3EFs3g8
https://www.youtube.com/watch?v=Dkc1LkTDXXk&t=2693s
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