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Fast Limit Cycle Walking for Biped Robots using Active Up-and-Down Motion of Wobbling Mass
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In this paper, we propose a novel method for fast limit cycle walking using active control of a wobbling mass. Limit
cycle walkers achieving energy-efficient walking have been developed in the last decade. Many researchers have recently been
studied methods for improving walking speed of limit cycle walkers. In human walking, humans swing their arms according to
walking phases. We consider that this motion is an up-and-down motion for a mass and improves biped walking speed. We show
that a biped robot with an upper body achieving fast limit cycle walking by the proposed method.
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Fig.1 Model of biped robot
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Table 1 Mechanical parameters

Symbol ‘ Unit ‘ Value
lo m 0.25
l1 m 1.0
Iy m 1.0
a1 =b =1,/2 m 0.5
as =by =13/2 m 0.5
R m 0.1
my kg 5.0
mo kg 5.0
mpy kg 5.0
my kg 2.5
I kg-m? | 4.17 x 1071
I kg-m? | 417 x 107!
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Table 2 Control parameters

Symbol ‘ Value ‘ Symbol ‘ Value

Kp, 100 05, 0.00
Kp, 25 Kp, | 100
Kp, | 300 | Kp, 25
Kp, 50 k 6
ba 0.60 po | 85/6
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Fig.2 Stance leg angle, height of mass of upper body and up-and

down motion of wobbling mass with respect to time

Table 3 Simulation results

Walking speed [m/s]

gooood 0.609
goooogd 0.528
gboo@ooooo) 0.746
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—~ Wobbling mass

~J
T~ Wobbling mass m,

Fig.3 61 < 0 (when wob-
bling mass is dropped)

Fig4 6, > 0 (when wob-
bling mass is raised)
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as cos(f3) = az X 1 = as 27
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