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Analysis of Weightlifting Motion Based on Robotic Manipulability

o4 HE, o X =F
(Kyoung-Tae Won, and Ji-Hong Lee)

Abstract

: An athlete motion during weightlifting is analyzed based on robotic manipulability, which shows

dexterities by changing the position and orientation of the end-effector of robot manipulators arbitrarily or along a
specified direction. The athlete body is modeled as a highly redundant robot manipulator. The motion of
weightlifting is analyzed based on the selected model with a power manipulability. Power manipulability and its
geometric characteristics are derived by combining kinematic manipulability and dynamic manipulability. Also,
manipulability-based optimal trajectory of weightlifter for given body structure of weightlifter is derived through

genetic algorithms.
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Table 1. Parameters of body segments.

- length mass Moment of inertia(kg/cm?)
(em) (kg) longitudinal transversal
1 8 149 10.1 337
2 41 6.582 49.1 686.4
3 3 12.9%4 194.4 456.1
4 7 4 200 2500
5 49 37.111 18276 23281.1
6 26 3.498 454 126.2
7 26 292 838 63.7
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Table 2. Constraints of each joint.

A a3z 3.1% H 9 432 Ao
(radian) E3 ¥ (Nm)
1 0 < g,< 80 10 <5<
2 40 = g2= 100 150 = = 150
3 170 <3< 0 170 € 3= 170
4 0 <¢4< 170 200 < 1, < 200
5 -10 € g5< 150 -200 £ ;< 200
6 0 < gg< 170 60 < 75< 60
7 170 < ¢;< 0 -40 < ;< 40

® 2. frAgaeEol AHS-E HE
Table 2. Parameters of genetic algorithm.

Number of variable per one stage 8
Number of trial 300,000
Number of generation 1500
Number of constraint per one stage 8
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Fig. 8 Posture of weightlifter at the first stage.
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a9 9 A A gAe A
Fig. 9. Posture of weightlifter at the third stage.

2% 10. A HA DA ZA.
Fig. 10. Posture of weightlifter at the sixth stage.

a9 11, okF #A gAY AA.
Fig. 11. Posture of weightlifter at the ninth stage.
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