a7 Ale =5 Ad, #3478 A63, pp. 683~693, 2010 683

<grta=8- DOI:10.3795/KSME-A.2010.34.6.683

°]F WEY o F=xF 7M1 2FEHPR X9 RPA|

2 M B .u 3 s
* Qi ekl 7] A5 Sk

Locomotion Control of Biped Robots with Serially-Linked Parallel Legs

Jung Han Yoon" and Jong Hyeon Park*"
* School of Mechanical Engineering, Hanyang Univ.

(Received April 22, 2009 ; Revised March 30, 2010 ; Accepted March 30, 2010)

Key Words: Asymmetric Platform(H] T <"3%), Biped Robot(2=; H.) =ZX), Gravity-Compensated Inverted
Pendulum Mode(%g—jq B 9ZA RE), Parallel Mechanism(®d3& %), Serial
Mechanism(2 43 %)

28 P RS 2% RAYRES AT AR HAMAIES Adeta Ak 4 Bl 3RS 2t
MY EF9FE Uik AULR adsle] gEd, HUA% 3ol 4ue @k o AdH 2R AP
By AHe BAPAPNAE FAUAGAARCE Agetel THYa, FPFort 4RSS
Agstel Tanh AWoRRE] wHAL AEdelAss] e Wupd Wol eAFEY A=g

AR AgtE wWiZb S HegA|o]e] 842> SimMechanicsE ©]-&3 12AFE HEH 251
2o AEUHE o YFaaAL

Abstract: In this paper, we propose a new parallel mechanism for the legs of biped robots and the control of the robot’s
locomotion. A leg consists of two 3-DOF parallel platforms linked serially: one is an orientation platform for a thigh
and the other is the 3-DOF asymmetric parallel platform for the shank. The desired locomotion trajectory is generated
on the basis of the Gravity-Compensated Inverted Pendulum Mode (GCIPM) in the sagittal direction and the Linear
Inverted Pendulum Mode (LIPM) in the lateral direction, respectively. In order to simulate the ground reaction force, a
6-DOF elastic pad model is used underneath each of the soles. The performance and effectiveness of the proposed
parallel mechanism and locomotion control are shown by the results of computer simulations of a 12-DOF parallel

biped robot using SimMechanics®
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Fig. 1 Leg configurations: (a) a typical serial-link leg and

(b) the proposed serially linked parallel leg that
has its own knee as a human leg
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and (b) an asymmetric triangle
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Fig. 5 A 3-D motion of the asymmetric platform in the
sagittal plane
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Fig. 6 A model of a biped robot for CGIPM (Gravity-
Compensated Inverted Pendulum Mode) consists
of two masses: one for the pelvic link and the
other for a swing leg and foot. The origin of the
XYZ-coordinate frame is the ZMP (zero-moment
point)
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Table 1 Parameters of the biped robot

Parameters Length (m) Mass (kg)
Hip 0.100 20.0
Thigh 0.350 3.5
Shank 0.300 3.2
Foot 0.150 0.8
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Fig. 7 Simulations with SimMechanics”: (a) a scene of
biped robot simulation and (b) a model of a linear
actuator
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Table 2 Parameters of the pad underneath the soles

Parameters Symbols Values
Initial spring constant k, 9.0x10*
Pad coefficient a 0.5

Thickness of pads
t
(with no load) » 0.010 (m)

Table 3 Parameters of locomotion of the biped robot

Parameters Symbols Values

Step time T 0.80 (s)
Stride S 0.130 (m)
Maximum. elevation A 0.050 (m)

of swing foot
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Fig. 13 Torque/force generated at the joint actuators
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Fig. 14 Snapshots of walking simulations of the biped
robot
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