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Formulation of human tasks based on time-varying joint impedance
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We have established the force sensorless method for human joint impedance
estimation utilizing a wearable snap-through buckling mechanism. The proposed method opens the
possibility of the time-varying wrist impedance estimation in a practical task-dependent scenario.
As representative cases, the time-varying wrist impedance in the peg-in-hole task and devil stick
jJuggling task has successfully been estimated.

In addition to the wrist joint, a boots-type perturbation device for the ankle joint is developed.
Using this device, we have estimated the ankle joint impedance at the heel contact phase in the
treadmill and overground walking conditions.






1(a)

1(b)

(@

Inertia Viscosity

tkgn?] [Nms/rad]

%107 9 x10%
3 4
2 2
: 1
0oe @ *-00
]
4 §
RD
E><T<$> FLX
uD
FE

20Hz
2
(b)
Stiﬂnesig, [Nm/rad]

Stiffness
[Nmvrad]
e

6

¢

1

FE

. EXT, RD
o 20
: FLX, UD 8
o 0
® % -20
= 0
Task phase 4
) . . N
je Picking g,
Reaching 5
ey 0
fl!‘ " (Transition) 3o
H H g 0.02
® t j 3 Aiming 2 N
E Releasing E
A A . S0
(Transition) g9
. £
Returning ~: .
(Transition) £

o

10 20 30 40 50 60 70 80 90 100
Task cycle [%]



Standby phase  Receive phase Standy R [Flpl FT Rin « FLX RD
60 — : '
F.C. Radialis N
- E.C. Ulnaris = 1EXT, UD
= Biceps brachii 2
2 40 Triceps brachii B 'y
= =
S : _»>
= 520
w =
H
7
J
- 3
=10
2,
£ Actual trajectory
2 0
- -30 -20 -10 0 10
_ 0 2 Flexion - Extention [deg]
003
S
E002
2" B 1o
2 > B @ag}f\@ H /
.§o.o1 QW:@—Q\\\%’% € P %
8 ]
£ o K
. 5
£ 2 -
T =
z Fo J
% 2
£ Generated trajectory
% 0 10 20 30 40 50 60 70 80 90 100 e ) ; o 2
Task phase [%] Flexion - Extention [deg]

-3 i 2 iscosity [N Stiffness [Nm/rad]
g TA 0 GAS g 10 Inertia [kgm”] ~, Viscosity [Nms/rad] ./
Z ® 80 ;
3 60 60
E
3 4 “
£
o
Z o 0
0 20 40 60 8 100 0 20 40 60 8 100
5w soL 100 PL
Z w0 80 Ovagroun
2 60 60
E
3 4 “
£
S 2 %V
o
Z o 0
0 20 40 60 80 100 O 20 40 60 80 100 S T G S T G S T G
Gait cycle [%] Gait cycle [%] Condition Condition Condition



Yagi K. Mori Y. Mochiyama H. 35

Force-sensorless human joint impedance estimation utilizing impulsive force 2020

Advanced Robotics 349 358
DOI

10.1080/01691864.2020.1861976

Mochiyama Hiromi Modar Hassan Yagi Keisuke Suzuki Kenji 38

Smart Mechanics: Fusion of Softness and Rigidity in Robot Joints 2020

Journal of the Robotics Society of Japan 926 933

DOl
10.7210/jrsj.38.926

10 0 4

Keisuke Yagi, Shohei Ito, Yoshikazu Mori

Development of a Boots-type Perturbation Device for Ankle Joint Impedance Estimation

2022 1EEE/SICE International Symposium on System Integration

2022

Peg-in-Hole

2021

2021




Keisuke Yagi, Yoshikazu Mori, Hiromi Mochiyama

Estimation of Human Wrist Impedance in Juggling of Sticks

2021 1EEE/RSJ International Conference on Intelligent Robots and Systems

2021

K Yagi Y Mori and H Mochiyama

Evaluation of the Impulsive Force Induced by the Snap-Through Buckling of Closed-Elastica

21st IFAC World Congress

2020

25

2020

2020

2020




38

2020

21

2020

Keisuke Yagi and Hiromi Mochiyama

Human Wrist Impedance Estimation Based on Impulse Response Induced by Snap-Through Buckling of Closed-Elastica

Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC"19)

2019

62

2019







