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The controller for the power assist robot that is in constant contact with the user requires to be sensitively controlled as per
the user's intention and maintain control stability to ensure the user's safety. Admittance control is generally used for human
intention-based force control. By setting the parameters of the admittance control at a low level it is possible to sensitively
control according to the user's intention. However, too sensitive settings make the system unstable. Therefore, it is difficult
to set a fixed admittance parameter in a power assist robot in which dynamics change with an increase in load mass.
Consequently, we propose a variable admittance control strategy according to the load mass. The proposed method
responds sensitively to the user's intention by setting the admittance parameters at low during no-load action and ensures
stability by setting the admittance parameter high when transmitting high loads. In simulation with a carrying load of 30 kg,
the proposed method requires half the interaction force compared with a fixed admittance control when decelerating and
has twice faster settling time when stopped. In addition, through experimental verifications, the variable admittance control
was proven to reduce the user's load by 70% compared to load mass.
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1. M2
NOMENCLATURE

my = Desired Mass of Admittance Control
d,; = Desired Damper of Admittance Control
ks = Desired Stiffness of Admittance Control

f» = Human Interaction Force dysl7] O3t 2eE 3] Z7F o] ThoFst AR &
x = Current End-Effector Position of Robot
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Fig. 2 Stability analysis of the admittance controller
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Fig. 6 Block diagram of the proposed admittance controller for the power assist robot
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(a) Assist robot with no load

(b) Assist robot with 10 kg load

(c) Assist robot with 20 kg load

(d) Assist robot with 30 kg load

Fig. 11 The experiment setup for performance verification of the proposed controller according to variable load masses
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Fig. 12 The experiment results of the proposed variable admittance controller according to the variable load masses

slo] A AEsiel o] 2 ¢l AMEAE Fig. 113} Zro] FHs)
ollA] 30 kg7bA] chret 3t el dlstel @ e el

A 8ol A8 kA of=rEls Alof7] ul Y $1%] Aol
71 ARLES Aol 3t 55l g2, aeln ol
de shenle g 2Ushs B8k FAL HaRE Sole:
ok 3ol AR 2, ol Aol 13t 3t
Aol 248 e fAS FEES Welss A4 Baol
A eb 0kgo R Z7]8teet.

Fig. 12 2F 499 54 92 W 4% 24 3 thehwic,
Fig. 13& Fig. 129] 52 agolq 25} Srlo] whe ALg27}
L7l B A 9 dgow EAT Aolth A 54
YA AR F7NE A ARSIl A3 o)
S710lck AR} qke] AREE AAMES] SOl AR
Flofelse o iz 442 1 8510 415000 Sl A
A ool 4] Hth, H4:ake ofmlict. 2 Ao AR
7= Zako] Zokzt wl HTHZES. Table 14 7}1—,}

A AT AMSANE S5} Aol o FEAo] e Al

— e
- I
2 et ! 1
-
= T
[=)
.6 4+ l m
2r T 4
- 1 [ :
$| |
| |
0 1 L L —+
0 10 30

20
Load Mass ( kg )

Fig. 13 Box whisker plot for the perceived load weight of the user
in each experiment

ot

Tdoll= Etotal of 1kefo] FATE 7w WAl 28]
E2EE Al = A3k Fob 2A4 o Il = #

250 A5 ofB] Huf suljof] Gk 8l AT A"
oo 2 & A SHAAE Akt Fop FA Sl wh

8]

=
°

=
<]

18 o)

(i



184 / March 2021

Table 1 Load weight perceived by the user in each experiment

Task [kg] Median [kgf] Maximum [kgf]
0 1.0 1.6
10 22 2.8
20 2.6 49
30 3.8 7.3

Table 2 Reduction ratio of required force to load weight

Task [kg] Median [%)] Minimum [%)]
10 78.0 72.0
20 87.0 75.5
30 87.3 75.7
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