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Por que nao rodas?
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Perna vs. Rodas
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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

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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Introducao

A?C Lab

Historico (resumido) de robos com pernas

Walkman
(11T, 2015)

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

HRP-2
(Kawada, 2002)

' : <. - ; ;: ; ”1.‘ /; ﬁ'"’v‘ ' ‘ , . : N
- T el T XRB oS ton DA .
o, Boston Dynamics

BigDog, Boston Dynamics (2008) ]
Atlas, Boston Dynamics (2019)

ANYmal, ETH
(2016)

ASIMO,

Honda (2000)

HyQ, IIT (2010) HyQReal, IIT (2019)

SEMb5875 — Prof. Dr. Thiago Boaventura

9/ 55



1957 — Walking Machines by Joseph Shigley

Introducao
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Introducao
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1969 — Walking truck by General Electric
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Introducao

A?C Lab

1984 — The 0SU Adaptive Suspension Vehicle
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Theo Jansen’s walking mechanism

BIBICHO (S
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Meet Atlas, the latest humanoid robot from Q]
Alphabet Inc.'s Boston Dynamics. W 5&
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I Massachusetts Institute of Technology

Autonomous Running Jumps Over
Obstacles in the MIT Cheetah 2

Hae-Won Park, Patrick Wensing, and Sangbae Kim
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Envoltoria convexa (Complex hull)
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Menor poligono convexo
que contem uma colecao
de objetos (pontos)
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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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Estabilidade estatica
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Estabilidade estatica
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Centro de Pressao (CoP)
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Centro de Pressao (CoP)

N Poniocs ce contaio:s
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Centro de Pressao (CoP)
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Centro de Pressao (CoP)
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Centro de Pressao (CoP)
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CoP: Center of Pressure
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Torques no GoP
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Torques no CoP
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equivalente ao CoP, mas nem sempre
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ZMP: Zero moment point

(oraticamente) E(]Uivalente d0 COP

)
Nomenclatura n&

Ty =Ty =0

7, = 0
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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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Computed ZMP
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Computed ZMP
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Caso o ZMP saia da area de suporte, ele
é chamado ‘Fictitious ZMP’ (FZMP) ou P .
‘Foot Rotation Indicator' (FRI) - -
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ZNMP em 3D

Momento linear:
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Capture point

PonTo NO €hoo oncle ©
robo ceve posicionar
© LMP para parar ©
enro ce sey COM

Também chamado de Extrapolated Center of Mass (XCoM)

[ Hof, A. L. (2008). The ‘extrapolated center of mass’ concept suggests a simple
control of balance in walking. Human movement science, 27(1), 112-125. |

SEM5875 — Prof. Dr. Thiago Boaventura 57/ 55



Capture point

lo cdlo péndulo invertido linear

[ Pratt, J., et al. (2006). Capture point: A step toward humanoid push recovery ]
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