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A Study of Stable Walking Analysis for Humanoid Robot
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Abstract @ In this paper, we have designed the humanoid robot's leg parts with 12 D.O.F. This robot uses
ankle’s joints to confirm stability of walking performance. It is less movable to use ankle’s joints than to do
upper body’s balancing joints like IWR-II, which needs three parts of via points, support leg, swing leg and
balancing joints. Instead, the proposed humanoid robot needs support leg and swing leg via points. ZMP(Zero
Moment Point) is utilized to guarantee the stability of robot’'s walking. The humanoid robot uses the ankle’s
joints to compensate for IWR-III's balancing joints movement. Actually we concern about a motor performance
when making a real humanoid robot. So a simulator is employed to know each joint torque of humanoid robot.
This simulator needs D-H(Denavit-Hartenberg) parameters, robot’'s mass property and two parts of via points.
The simulation results are robot’s walking trajectories and each motor torque. Using the walking trajectories,
we can see the robot’'s walking scene with 3D simulator. Before we develop the humanoid robot, simulation of
the humanoid robot’s walking performance is very helpful. And the torque data will be used to make

humanoid’s joint module.
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Fig. 1. Configuration of humanoid robot’s legs
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Table 3 Mass properties of humanoid robot’s legs
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9ty g s xm) | ym) | zm)
1 0412223 0 0 0.04425
2 03 0 0 0
1 2 A4
Tab] E}IE}ST .l.% ons of leg modul 3 06597 | 0075 0 0
able pecifications of leg module 3 06597 0075 0 0
6 D.O.F/Leg (Hip:3 Knee:1 Ankle:2) 5 03 0 0 0
Upper leg length : 150 [mm] 6 03 0 0 0
Legs Lower leg length : 150 [mm] 7 4436686 -0.0285 0 0
Ankle length : 88.5 8 0.0 0 0 0
nkle length : .5 [mm] 5 0.0 0 0 0
Length between hip joints : 57 [mm] 10 03 0 0 0
Legs : 3[kg/leg] x 2[legs] = 6 [kg] 11 03 0 0 0
Weight |  Dummy Weights(Body) : 4 [kg] 12 0.6597 0.075 0 0
Total : 10 [kg] 13 0.6597 0.075 0 0
14 03 0 0 0
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Table 2 Walking angle of robot leg

Yaw -45 deg. to 45 deg.
Hip Roll -135 deg. to -70 deg.
Pitch -30 deg. to 120 deg.
Knee Pitch 0 deg. to -80 deg.
Ankle Pitch -45 deg. to 60 deg.
Roll -60 deg. to -120 deg.
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Fig 2. Comparison of walking algorithm
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Fig 3. Main screen of a simulator
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Fig 5. ZMP trajectory of humanoid robot

1¥6.2 3D B9 Agris 8 §F9

B oo,

286, Froimo]

= 23 2y

Fig6. Walking performance of humanoid robot

- 407 -

w. z@s
2 =& R RAFEE 7AE Frikol=
gee 2xe AR FM 2o Aol g )
EA ug A3 YA 28 AF 23 A % By
of e EAE AU A Fexols =y
& 7129 IWR-IIS ZHuE i 92 FHE o %
3t ZMPE RA sl ARl T A 93
ZMPRA}o] o207 IWR-MMET fd8 Bae A3
g 2 gtk AP ABHolEdN PP 2y AF
& 3D 24 e AYIE ol g A T 4 3l
o 7t #49 EZ dolge AA Frikos BAR
o XY MY A #4F Asg A" 5 Ak
oz wdAY Frixol=g AA AFsm B
#4d o3 ZMPE AE % A= Ao F4g &
=3le) s B AFe AHY Aolth

27
E o A7e dsasAw 5472 A7(R01-2003-000-
10364-0) Agoz FHHAS.

Augs
[1]Sakagami, Y., Watanbe, R., Aoyarna, C.,Matsunga,
S.. Higaki, N. and Fujimura, K., "The intelligent
ASIMO : System Overview and Integration”,
IEEE/RS]  International  Conference, Vol 3,
pp.2478-2483, 2002.
[2] Nuriyuky, K. "Design and Experiments of
Advanced Leg Module for Humanoid Robot
Development”, IEEE/RS] International Conference
pp.3040-3045, 2002.
[3] Furusho, et al, "Sensor-Based Control of a
Nine-link Biped”, Int.J. of Robotics Research, Vol. 9,
No.2, pp.83-98, 1990.
[4] Shih, C.L., et al, "Trajectory Synthesis and
Physical Admissibility for a Biped Robot During the
Single Support Phase”, IEEE Robotics and
Automation, pp.1646-1652, 1990.
[5} Vukobratovic, M. and Stepanenko, "Mathematical
Models of General Anthropomorphic Systems”,
Mathematical Bioscience Vol. 17, pp.191-242, 1973.
[6] Kenneth J. Waldron, "Realization of Dynamic
Biped Waling Stabilized with Trunk Notion Under
Known External Force”, Advanced Robotics,
pp.299-310, 1989.
[7]1 Noh Kyung-Gon, Kong Jung-Shik, Kim Jin-Geol
and Kim Kisik, "Gait Implementation of a Biped
Robot with Smooth Walking Pattern”, J. of the
KSPE Vol. 19, No.7, pp.43-50, 2002



