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Skill Assist Efficiency Control for Periodical Tasks based on Phase Difference Limitation

Method of Assist Force under use of Semi-active Assist Mechanisms

Takashi Kusaka*!, Takayuki Tanaka*! and Hidekazu Kajiwara*?

This paper describes a method of skill assist efficiency control by using semi-active assist mechanisms based on

phase difference limitation method. The skill assist in this study means the motion correction effect in periodical

motions. The semi-active assist mechanisms can make the assist force with the phase difference, because the mecha-

nism uses elastic materials as the source of the assist force. This force is controlled by adjusting the fixed point of the

elastic materials by using the connected actuator as a series-elastic actuator. We confirmed the motion correction

effect of our skill assist based on the phase difference control in previous study. Our proposed method in this study

can control the skill assist efficiency to arbitrary value by limitation of the phase difference. Moreover, we confirmed

that the proposed method can control its effect through experiments with several value of the efficiency. As a result

of this study, we confirmed the fundamental ability of our developed method to control the motion correction ratio

depending on types of task or personal differences in periodical motions.
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Fig.1 Semi-active assist mechanism equipment
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Fig. 6 Effect of phase difference limitation method for skill as-
sist efficiency control
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e* (as) = €0 — /BlEsg)limas (29)
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FUT VA MIREEFHIBTRETH L 2 L T D, EREMAE
Table 1 12F &%, FEEEEI Fig. 1 #HwT, X (19) 12&
O EERREEIIS U727 7 F ot — ¥ OMARRIE 2479 .tk
5 4 TEBREITV, TNENHERE A, B, C, D% 20 Rfg&wH
Pk, BeERE E 3 20 fUEHLIETH D, T72, oo (ZEGLIMIC
as = 0.0 DEBREITV, HBREWIC I AL L7 Pba
A, B, C, D, EO5ZIILT, ZNEN 09 =0.714 [rad],
0.684 [rad], 0.640 [rad], 0.737[rad], 0.863[rad] T& 5.
FBRIE Fig. 7 10T &) HEBREFER Y To72. NV P
BEERY Y a vy EDERIS L, #HEEIX PC Rig
IRENDNY FIVALE 21 % BHEHEME g ICERS X1
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Table 1 Setup and experimental conditions

Setup conditions

Actuator max speed 600 mm/s
Max transportable mass 30 kg
Weight(Handle mass) 5.0 kg
Spring constant 72.5 N/m
T1q 75 mm
T2 100 mm
We 2r (1) rad/s (Hz)
Aw 7w (0.5) rad/s (Hz)
Experimental conditions
Subjects 5 subjects
Trials 5 times for each pattern
Patterns 5 pstterns

as =0.0,0.3,0.5,0.7,1.0
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from tracking error

Fig. 7 Visual tracking experiment system

Table 2 Experimental results: Evaluation of averages of each

trial and ANOVA for all data (u[mm]: Average,
o[mm]: Standard deviation)
as[%) p-value of
Subj. 0 30 50 70 100 ANOVA
A | p[8958 8821 8.790 8.666 8.638| 5.63 x 10~ 3
0 ]0.398 0.373 0.315 0.260 0.241 | (n=25,000)
B |x|8349 8011 7.573 7.348 7.123|1.70 x 10—20
o | 1.077 0.757 0.572 0.506 0.414 | (n=25,000)
C | p|8.078 7.982 7.644 7.470 6.737 | 4.41 x 10~31
0| 1.725 1.275 1.212 0.877 0.851 | (n=25,000)
D |p]9361 9.055 8499 8.047 8.010 | 2.65 x 1034
0| 1.077 1.350 1.349 0.984 0.521 | (n=25,000)
E |p|12.82 11.67 10.99 10.48 9.347 | 1.87 x 10~56
0| 1.368 2.346 2.892 1.354 1.289 | (n=25,000)
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14 = T1do + T14sin (wct + sinwst) (30)
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Table 3 Parameters and R? of eq.(29) by linear regression

Subj. e B'Es¢um RZ
A 8.939 —0.329 0.946
B 8.324 —1.286 0.969
C 8.248 —1.332 0.907
D 9.351 —1.513 0.915
E 12.76 —3.402 0.996
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Each left figure shows tracking error €, and each right
shows required phase difference ¢,
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