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Article history: This paper describes a whole-body (human body's) motion generation scheme
Received 1 April 2013 for an android robot that uses motion capture device and a nonlinear
Revised 9 May 2013 constrained optimization method. Because the captured motion data are based

Accepted 14 May 2013 on global coordinates and the actors have different heights and different

upper-lower body ratios, the captured motion data cannot be used directly
for a humanoid robot. In this paper, we suggest a method for obtaining robot
joint angles, which allow the resultant robot motion to be as close as possible
to the captured human motion data, by applying a nonlinear constrained
optimization method. In addition, the results are animated to demonstrate the
similarity of the motions.
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Fig. 1 Optitrack Camera

Fig. 2 Animation motion capture
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Fig. 3 Coordinate transformation of the right ankle joint from
global frame to local frame
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Fig. 4 3D model robot and joint structure and dimensions

Table 1 Height Ratio and A Ratio

Height[mm] Arm length[mm]
HUMAN 1,800 740
SARA 1,602 499
Height Ratio 1,602/1,300 = 0.89
. 499
Arm Ratio m = 0.757668
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<—— Left Shoulder Joint position

Right Shoulder Joint position Unit Normal Vector

Elbow Joint position

Wrist Joint position

Fig. 5 Definitions of the vectors in the upper body
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Table 2 Name of the Joint Angle
Fig2.6 part Name Joint

RHR Right Hip Roll
RHP Right Hip Pitch
RHY Right Hip Yaw

@ RKN Right Knee Pitch
RAP Right Ankle Pitch

leg RAR Right Ankle Roll

LHR Left Hip Roll
LHP Left Hip Pitch
LHY Left Hip Yaw

®) LKN Left Knee Pitch
LAP Left Ankle Pitch
LAR Left Ankle Roll
TR Torso Roll

(o) Torso TP Torso Pitch
TY Torso Yaw
RSR Right Shoulder Roll
RSP Right Shoulder Pitch

@ RSY Right Shoulder Yaw
REB Right Elbow Pitch
RWY Right Wrist Yaw

Amm RWR Right Wrist Roll

LSR Left Shoulder Roll
LSP Left Shoulder Pitch
LSY Left Shoulder Yaw

© LEB Left Elbow Pitch
LWY Left Wrist Yaw
LWR Left Wirst Roll
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(e) Right arm joint angle
Fig. 6 Optimized joint angle trajectories
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(b) Right ankle joint Rotation error of human and robot

Fig. 7 Right ankle joint error of human and robot
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Fig. 8 Right and left wrist joint position error
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