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Angular momentum condition for stand-up motion using the leg swing movement

Satoshi Ito*!*2, Yoshihisa Saka*! and Haruhisa Kawasaki*!

In this paper, we consider a stand-up motion from a face-up lying posture by means of swing-down movement of

a leg. Because whether the motion is feasible or not depends on the angular velocity of the leg swing, we propose a

method to calculate it approximately. This calculation is based on the phase plane analysis and on conservation of

angular momentum. The main problem there is how to evaluate the motion during the rotation around hip, where

angular momentum has an effect of the gravity. Here, we calculate it using the initial and final position of COG in

the hip rotation phase. This method enables us to estimate a necessary angular velocity without solving dynamic

equation. Finally, we examine the effectiveness of the method by simulation and experiments with our constructed

robot.

Key Words: stand-up motion, leg swing velocity, conservation of angular momentum, phase plane analysis, knee

joint
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(b) stand-up motion using leg swing motion.

Fig.1 Stand-up motion strategies.
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Fig.2 A stand-up motion model for analysis.
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Table 1 Simulation parameters and calculation results.

parameters calculation results
variable value variable value variable value variable value
M 171 kg ta | 0157 m| 65 [ 0254 rad| L§) 0210 Nm/s
M 130 ke ey | 0089 m| 0% | 0756 rad | LY |0.234 Nm/s
Ia  |0.0455 kgm? || Ig 0.115 m | 6Y) -0.047 rad | ALpin | 0.069 Nm/s
I |0.0158 kgm? || Xomau | 0.0205 m 8 1.12 L 10165 Nm/s
Ia 0.0133 kgm? || Xjgpge | 0.0223 m| AT 02 s Wmnin 2.84 rad/s
Ieg | 0.0311 kgm?
Angular momentum (Nm/s) Horizontal distance (m)
0.250 0.06
0.25 - 0.05
0178 " e 0204
0.2 . " 0.04
leg swing 1p ankle
0.15 ; : 0.03
rotation Yotatlon 0.0223
0.1 0.02
0.0205
0.05 0.01 ¢
0 0k
0 02 04 06 08 1 05 055 06 065 07 075
Time (s) Time(s)

(a) Angular Momentum

(b) Horizontal movement of COG.

Fig.4 Simulation result.
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Fig.5 Designed robot for stand-up motion.
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Fig.6 Robot experiment.

Table 2 Mass and length of each link.

body thigh shank foot | total
Mass | 0.76 0.16 0.38 041 | 1.71
Length | 0.31 0.15 0.15 0.11| —

angle (deg)

80
. desired
9% hip joint
actual
o knee joint time (s
0.5 1 1.5 2 2.5
-90
desired |, actual

-180

Fig.7 Trajectories of hip and knee joint angle in robot experi-
ment.
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Fig.8 Behavior on phase plane.
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0. O,

Fig.9 Anguler momentum changing with rotation center.
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