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Development of adaptive and dynamic 3-D bipedal walking using oscillation
property of body
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The aim of this study is to develop a three-dimensional dynamic biped
walking using frequency characteristics of the biped body. Knee joints generates a sinusoidal
oscillation, which excites bipedal walking gait. The oscillation is a kind of central pattern
generator without any sensory feedback signals. An input torque from the hip joints are given with
respect to the sensory feedback obtained bz the ground contact. The sensory feedback of the ground
contact synchronizes the hip torque with the knee oscillation. An ankle joint comprised a spherical
joint and coil springs; thus the ankle was passive. Therefore, the bipedal gait was achieved by not
only the knee oscillation and the hip torque, but also the frequency property of the biped body.
From some experimental tests, the bipedal gait had a adaptive tendency toward a slight undulation of

the ground surface. The biped could turn when we control the magnitude of the hip torque for the
left and right hip joints.
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Fig. 1 8’ shape pattern of CoP trajectories
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Fig. 2RWO06 frontal view (left), rear view (center), left

side view (right)

Table 1 Specification of RW06
Specification

Total mass

Height

CoG Position from the ground

Natural freq. of swing leg

Natural freq. (roll axis)

DD

MDH-4012
DD

6.4 [kg]

900 [mm)]
450 [mm]

4.3 [rad/s]
5.1 [rad/s]

Fig. 3
DD

0.6 [Nm]

“) (%)
Fig. 3
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Fig. 3 Direct Drive Motor (left) and pressure sensor
(right)
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1.47 [s] 0.68 [Hz]
1.25[s]
0.81[Hz]
0.74[s]
0.63

Fig. 4 1.2 [Hz]
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Fig. 4 Walking gait of RW06
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Fig. 5 Hip joint angle (input voltage for Left and right
DD motors: 0V)
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Fig. 6 Hip joint angle (input voltage for Left and right
DD motors: 2V and 3.5V, respectively)
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Fig. 7 Step angle (input voltage for Left DD motor: 0V,
and for Right DD motor: 5V)
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Fig. 8 Step angle (input voltage for Left DD motor: 5V,
and for Right DD motor: 0V)

[1] T. McGeer, “Passive dynamic walking,” Intl.
J of Robotics Research, Vol.9, No.2, 62-82,



1990

[2] G. Taga, et al., “Self-organized control of bi-
pedal locomotion by neural oscillators in un-
predictable environment,” Biological Cyber-
netics, Vol.65, 147-159, 1991

2
1. T. Kinugasa, K. Ando, S. Fujimoto, K. Yoshida
and M. [Iribe, Development of a
three-dimensional dynamic biped walking via
the oscillation of telescopic knee joint and its
gait analysis, Journal of Mechanical
Engineering and Sciences, ISSN (Print):

2289-4659; e-ISSN: 2231-8380; Volume 9, pp.

1529-1537, December 2015

2. T. Kinugasa, T. Ito, H. Kitamura, K. Ando, S.
Fujimoto, K. Yoshida, M. Iribe, 3D Dynamic
Biped Walker with Flat Feet and Ankle
Springs: Passive Gait Analysis and Extension
to Active Walking, Journal of Robotics and
Mechatronics, Vol.27 No.4, pp. 444 - 452,
2015

10

2016

2. T. Kinugasa, K. Ando, Y. Onishi, K. Yoshida, S.

Fujimoto, M. Okugawa, M. Kurisu, Y.
Katayama, M. Iribe, Development of 3D
Dynamic Walker RWO05 based on Passive
Dynamic Walking, Proceedings of Intl.
Symposium on Artificial Life and Robotics
2016.

3.
2016.
4.
2016.
5.
24
2016.

6. T. Kinugasa, K. Ando, S. Fujimoto, K. Yoshida
and M. TIribe, Development of a
three-dimensional dynamic biped walking via
the oscillation of telescopic knee joint and its
gait analysis, Proc. of Intl. Conf. on
Mechanical engineering research (ICMER),
2015

2014.

23
2015.

9. T. Kinugasa, Frequency Response of Three
Dimensional Dynamic Biped Walking:
Walking Excitation, Dynamic Walking 2015.

10. T. Kinugasa, T. Ito, S. Fujimoto, K. Yoshida,
M. Iribe, 3D Dynamic Biped Walker ‘RW04’
with Telescopic Knees, Flat Feet, and Ankle
Springs, 2014 Intl. Symposium on Flexible
Automation, 2014

2016/10/20

http://www.mech.ous.ac.jp/robotics

M
KINUGASA, Tetsuya
20321474

(2)
YOSHIDA, Koji

00254433
KURISU, Masamitsu

30287429
OKUGASA, Masayuki

502970747

3)
IRIBE, Masatsugu

60469228

C)
FUJIMOTO, Shinsaku



