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Sistemas lineares e matrizes

o Y1 = Q111+ Q122 + *** + Q1T
y = Ax
Yn = QAm1T1 + Am2T2 + **°* T+ AmnTn

AecR™X" yc Rm™ex € R™
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Posto e nulidade de uma matriz
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Inversa de uma matriz

Mo MoTriz s6 @ inversivel
anco elo @ quadrada e possui
posto completo

Tiriz SO @ inversivel
0 @ quadrada é suc
nulidade & zero
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Pseudo-inversa (Moore-Penrose)

Revisac

A E RmX’n

At — ( AT A) —1L AL pseudo-inversa esquerda
m>n

At = At ( A AT) —1 pseudo-inversa direita
m < n
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Solucao de sistemas lineares com espaco nulo

A € Rmxn m < n
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Controle rigido vs. Controle complacente

o
=
=
(O
=
(=

@ 00, SEM5950/0586 — Prof. Dr. Thiago Boaventura
EY NC ND


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/

Controle de impedancia com dinamica inversa

0,0
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ref . PD position| .t Tref . Torque | u | Hydraulic | 7 | Robot 0
;_ controller | 7y Q} controller dynamics dynamics
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Controle de impedancia com dinamica inversa
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Dinamica de corpo rigido de sistemas de base flutuante
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Dinamica de corpo rigido de sistemas de base flutuante

a=[qaf xI']" qr €R"

6

M(q)d + h(q,q) =S" 7+ J&(q)

6 Virtual DOFs
M(q) € R"T0%7+6: the floating base inertia matrix Robot L
h(q,q) € R”*°: the floating base centripetal, Coriolis, — F'?:fnee ‘_0%
and gravity forces. (;
S = [ L.« O,«6 }: the actuated joint selection DL
matrix |
T € R"™: the vector of actuated joint torques
Jo € RFXn+6: the Jacobian of k linearly independent
constraints Inertial Frame
A € R¥: the vector of k linearly independent constraint ' I
forces
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Dinamica inversa de sistemas de base flutuante

M(q)d + h(q,q) = S" 7+ J&(q)A

qa
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Restricoes cinematicas
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Total constraints

Internal constraints

Uncontrollable DoFs

Restricoes cinematicas

A?C Lab

3 6
0 1
3 1
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Restricoes cinematicas

22 5F S

Total constraints 0 3 6 9 12
Internal constraints 0 0 1 3 6
Uncontrollable DoFs 6 3 1 0 0

k — 6 robéecom
k < 0 robésub-a

3 > 0O robé SUper-c
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Restricoes cinematicas

)

PonTes em ConTare NGO S Movems
Xxc =Jcq =0
XC :ch+jcq20
Jcq =b(q,q)
q :? Jo € REXn+6

| —
P

X _|_ .
q = Jc b(q7 QD T (I — JgJCﬁiO
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Restricoes cinematicas

q = Jé~ b(q,q) + (I - JéJC)flo

B>
A //,/
Vi Vi z e
rOn0 Cleve se mMoYimentor no
//l//’ . i :Z
I\/ v%
espaco nulo das restricées!

Jo € R¥X"H0  dim(N(Jeo)) =n+6 —k

———

dimensionalidade total do sistema reduzida de k equacoes
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Dinamica projetada no espaco nulo das restri¢coes

q = '_EL;_ b(q,q) + (I—-J5J¢)do

M(q)d + h(q,q) = S" 7+ J&(q)A
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Classe de controladores

r = (PST)TP(Miq+ h) + (I - (PST) " PST)r,

NGo cepende cas forcds e conraro!
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Projetor utilizando decomposicao QR
T R
i-aly

M(q)d + h(q,q) = S* 7+ J&(q)A

% / % @ % Wil T
N Y P e

Z lé/f ?1 % % é; /

| ¢ /1 zZ é; é Zi é’»’/%

Q' (M(q)d+h(q,q)) =Q"S" 7+ []g] A
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Projetor utilizando decomposicao QR

.. : I
Q" (M(a)i + h(a. @) = Q"S™r + | |
S.QT (Mg + h) = S,QTSTr + RA
$,Q7 (Mg +h) = S,QTSTr

S = L x & ka(n+6—k)
S, =

: O(n F6—k) X k I(n—l—6—k)><(n—|—6—k)
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Projetor utilizando decomposicao QR

S.Q" (Mg +h)=8,Q"S"7

r = (S.Q7S") " S,Q” [Mdq + h]

T = (PSY)TP(M¢qg+ h) + (I — (PST)TPS")r

_ 1
P QR — S U Q
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Conteudo
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