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Historico (resumido) de robos com pernas

e dL.eg Laboraton

First computer-controller

robot (Raiber, 70s — 80s
ZMP concept ( ) (Honda, 1996)

(Vukobratovic, 1972)

@ 1970

@ 1930 @ 1990 @ 2000
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First Humanoid Robot
(1973 - Waseda
University, Japan)

Purely passive dynamics

The pre-robotic period (McGeer, 1990)

First walking machines were
tele-operated by humans: GE
Walking Truck (~1960s)
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Historico (resumido) de robos com pernas

Walkman
(11T, 2015)

iCub Toro
(11T, 2009) (DLR, 2013)

HRP-2
(Kawada, 2002)
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BigDog, Boston Dynamics (2008)

el Boston Dynamics

Atlas, Boston Dynamics (2019)

ANYmal, ETH
(2016)

ASIMO,

Honda (2000)
HyQ, IIT (2010)
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HyQReal, IIT (2019)
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Base de suporte (BoS)
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Base de suporte (BoS)
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Estabilidade estatica
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Centro de Pressao (CoP)

Pon1o por once
POSSC G
resvitante ¢os
forcas de interac
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Centro de Pressao (CoP)
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Torques no CoP
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Torques no CoP
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A?C Lab

ZMP: Zero moment point

(oraticamente) E(]“ivalente d0 COP

Nomenclatura ndo é

/MP
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ZMP: Zero moment point

(oraticamente) E(]IIi\Ialellte d0 COP
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Computed ZMP
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Computed ZMP
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O
Caso o ZMP saia da area de suporte, ele
é chamado ‘Fictitious ZMP’ (FZMP) ou P .
‘Foot Rotation Indicator' (FRI) - -
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Conteudo

Introducao e sistemas de coordenadas
Cinematica e Jacobiano

= Segunda lei de Newton
= Newton-Euler
= Corpos articulados

Dinamica

= Bibliografia

=
€S
n
=
©
=
=
O

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

ca

1GITIC

18


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/

A?C Lab

Classes de rohos

ROBOTS
- /

Y
MOBILE ROBOTS
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0 que e um robo?

ca

1lc

In

sao corpos rigidos*
conectados por juntas

*A menos gque se diga o contrario
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Anatomia mecanica

AQC Lab

Orgdo terminal

@080
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A?C Lab

Tipos de juntas
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Tipos de juntas
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Tipos de juntas

inematica
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Prismatica ou linear L Torcional T Rotacional R Revolvente V
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Cinematica
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Graus de liberdade
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Graus de liberdade

n = (ny X 6) — c;

Cinematica

/III/

a7

(A

Cada junta prismatica ou rotacional adiciona:

Cj:5

n; = (ny — 1)
n = ((ny+1) X 6) — (5% n;) = nj +6
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Graus de liberdade

AQC Lab

@080

Um sistema de corpos rigidos articulados
pode ser totalmente descrito com

Descrever um sistema de

coordenadas minimas pro
“roho” de 2 elos ao lado
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Sistemas de coordenada

Inereidl: representa o
ambiente, nao se move.

Cinematica

20S@: geralmente fixo no
malor ou mais pesado link

JUNTAS: fixo no link anterior
— da cadela cinematica
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Sistemas de coordenada

Posicao do rob0o utilizando somente
sistema de coordenada inercial:

Cinematica

Th, 2. Op, 1, 21, T2, 29

Usando o sistema de coordenadas
das juntas para os elos:

Lbhs b Qba 919 92

Coordenacic
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Cinematica

A?C Lab

@il

Sistemas de coordenada

Floating
Base DOF

Robot base

,, > 5
N

Inertial
frame
Robot joint ()
coordinates
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Cinematica

A?C Lab

q=|

Xb

@il

qQ;]” Ondes

Sistemas de coordenada

Floating
Base DOF

Robot base

Inertial
frame
Robot joint
coordinates

Xb — [‘/L‘7y7z7&7/87/y]T7

q; — [91,...,9nj]T
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Dinamica

[GAARC b

Conteudo

Cinematica e Jacobiano
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Espacos de representacao

Antebrago

Cinematica

Espaco das juntas

4
Y
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Cinematica direta

Dada a posicao das juntas:

q; — [91,...,(9nj]T

i

Determinar a posicao
do efetuador:

Cinematica

X — [ai,y,z]T
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Cinematica Inversa

Dada a posicao do efetuador:
T

Cinematica

X = |z,y, 2]

i

Determinar a posicao
das juntas:

q; — [(91,...,9nj]T
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Cinematica

AQC Lab

@il

Jacobiano

]

lociond velociaades @ forcas tos
espocos ce juntas e tarefas

Relacao geométrica:

x = T(q)

dx dI'(q) 9T(q), ,
dt —  dt  Oq 1 Ux

X =
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Exemplo Jacobiano
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Cinematica
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Jacobiano

r=J'f
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Conteudo

[GAARC b

= Introducao e sistemas de coordenadas

= Cinematica e Jacobiano
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Cinematica

O

AQC Lab

Posicao relativa

X’
Referéncia

de translacao

I'p =TA T1IB/A

Referéncia fixa

@il
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Velocidade relativa

ca

VB =VA1TVRB/A

e —

Cinemé

Trajetoria do
ponto A4

-
O
°;<
\
S
I

Trajetoria do

ponto B Rotacdo em torno
| Translacao do ponto base 4
Movimento no plano geral — —
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sIneme

AQC Lab

Velocidade relativa

VB =VATVR/A

e —

V=W XTIp
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Aceleracao

inematica

C

| VB :VA_I_VB/A
d
dt

' aB:aA+aB/A

X’

Referéncia
de translacao

Referéncia fixa
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AQC Lab

Trajetoria
do ponto A4
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/
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)
B

Movimento plano geral

@050

Aceleracao

ap —aA T+ ap/A

: a2,
4
/
B

Translacao

Trajetoria
do ponto B

Rotacdo em torno
do ponto base 4

B
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Aceleracao

ca

ap —ajA +ap/A
aiaxr—_wzr

- ap = ay +axX I'B/A—W I'B/A \'

’*[
Lsi—’i —  —— — — — — — — —_ = — —— — —
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Leis de Newton

a inércia
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Lei da Dinamica

"Mutationem motis proportionalem esse vi
motrici Impressae, et fieri secundum lineam
rectam qua vis illa imprimitur”

A mudanca de movimento e proporcional a forca
motora imprimida, e e produzida na direcao da linha
reta na qual aquela forca e imprimida
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A equacao do movimento de uma particula
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Corpo rigido

CONJUNTO de particulas

corpo rigido

se cancelam!
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A equacao do movimento de um corpo rigido

Z F; = Z mia; /o
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Centro de massa

J da distancia

& como eSO
'Gc/0 = Z zrsvie
S S— d2
dt?

1
AG /0 = Vi E m;ai/o
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A equacao do movimento de um corpo rigido

CONJUNTO de particulas

1
AG/O0 = 77 Zmiai/O
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@ Momento linear

Também chamado de o _’G«
L =mv -
L=mvg &
V
L

—_—

m M
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Momento angular:
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Momento angular

L =mv

H=r x L

Hi:rixmivi
V—=-WXT

H;, =r; X (wXr;) my

oy 2
H; =w r;ym;

360


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/

A?C Lab

@050

Momento angular

SEM5950/0586 — Prof. Dr. Thiago Boaventura

1/

87


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/

AQC Lab

@050

Momento de inercia

SEM5950/0586 — Prof. Dr. Thiago Boaventura

83


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/

A?C Lab

@050

Momento de inercia

SEM5950/0586 — Prof. Dr. Thiago Boaventura

89


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/

AQC Lab

Cinetica do movimento plano

Momento angular:

H=/w

(em torno de um eio fixo)

_dH) dlw)
ZM o dt dt
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Cinetica do movimento tridimensional

Momentos de inercia:

I.\ L/;" }\ d’” — J:n ZZ) d}n
]yy — / \2 n — »I;n (.X" T Z-) dm
2 dm = |, (o2 +)?) dm

Produtos de inercia:

=/, xy dm
=1, = /,,, vz dm

I.=1.=/, xzdm
AQC Lab @‘@’%@a SEMB950/0586 — Prof. Dr. Thiago Boaventura
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A?C Lab

Cinetica do movimento tridimensional

@il

Tensor de inercia:

Ixx Ixy Ixz
I)’X Iyy IyZ
[ 1. I

X Y L
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Cinetica do movimento tridimensional

Momento angular:
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Cinetica do movimento tridimensional

Equacao de movimento rotacional

M. =1low, —1Q o, + [Q o,
M =1ow,— Qo +1Q o,
M. =lo. —I[Q o +1Q o,

Sistema de coordenadas inercial
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Dinamica de corpos rigidos articulados

M(q)q +c¢(q,q) +g(q) +1(q,q,7) =0

M(q) € RN Matrix de inércia do robo

c(q, (I) c R" Vetor de forcas de Coriolis

g(q) - Rn Vetor de forcas gravitacionais

f(q,q,7) € R” Vetor de forcas generalizadas
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Dinamica de corpos rigidos articulados

M(q)q +c¢(q,q) +g(q) +1(q,q,7) =0
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Dinamica de corpos rigidos articulados

M(q)q +c¢(q,q) +g(q) +1(q,q,7) =0

e ——— N ———— =

M(q){ + c(q, ) + g(q) + Je(q) e + fm +f(q, ¢, 7) =0

Je (q) e RNern Matrix Jacobiano dos pontos de contato

fc e R Vetor de forcgas de contato

fm c R Vetor de forcas dos motores (atuadores)

f(q, (], t) e R" Vetor de forcas externas generalizadas
A?C Lab ‘@ @@@\ SEM5950/0586 — Prof. Dr. Thiago Boaventura
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Dinamica de corpos rigidos articulados

M(q)d + h(q,q) =7 =0
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