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Recently, the estimation of joint kinetics such as joint force and moment using wearable inertial sensors has received great
attention in biomechanics. Generally, the joint force and moment are calculated though inverse dynamics using segment
kinematic data, ground reaction force, and moment. However, this approach has problems such as estimation error of
kinematic data and soft tissue artifacts, which can lead to inaccuracy of joint forces and moments in inverse dynamics. This
study aimed to apply a recurrent neural network (RNN) instead of inverse dynamics to joint force and moment estimation.
The proposed RNN could receive signals from inertial sensors and force plate as input vector and output lower extremity
joints forces and moments. As the proposed method does not depend on inverse dynamics, it is independent of the
inaccuracy problem of the conventional method. Experimental results showed that the estimation performance of hip joint
moment of the proposed RNN was improved by 66.4% compared to that of the inverse dynamics-based method.

A A2 e At 22 A ok
ZJAL A (Inertial Sensor)& &3+ A7F 5254 7%
T QTHIS]. BRAAL 3% AASEA, 35 4
21 3% XA7AAE o]20]R A7 L Azko
A BEZR AFA ]/\1 Hoju of9] oA 217ke] Z2FS
4 e b3 9lek. Aol wEzt 1
24 9] ]—H](Orlentatlon)g} 7o AA9) %384 (Kinematics)
A o}, Ao 2H8-8k= 93H(Kinetics) JHE 7
Bh= ATF ARWET k6111, 55, ARere] Tl ke
L Fa B AR 7% Bk Fad AERA Agdt
wehd PN A15E E6 B T 9 RUES 2gek 7]
2 clapg ool malHom A 4 9ok,

2
=

Copyright © The Korean Society for Precision Engineering

Manuscript received: April 14, 2023 / Revised: May 31, 2023 / Accepted: June 2, 2023

744 de] gheEs 9 33 mulE o]
< 2](Newton-Euler) %74 5
Dynamics)& <=8§3}0] AAlsk= HJESOIEHIZ-BIO
& mEolA Hel fIAg ¢9IF(Distal)
55 245 77k 295 (Proximal)
sz -2 gy WEAS 285 v‘i—@% a4
A9] i RHES ALlsh=
F2 24 9 $do] 53 HolE
o= 9", aela 24

=53} HlojE= =4
EahE] ol AvHom BEH WHRH AAHS F
Tk 7P 945 Bol] 4851 9122 A ¥kl Ground
Reaction Force, GRF) ¥ %W E(Ground Reaction Moment,
GRM), 18|11 o A4S 2dst Uy o g 3ak(Force

r‘lE HE

:12:{9 HU —1E

2L 3
ol —|‘I‘
P2
N

2 o
-
i

1o oo o o2 ju

R o

e

N
s )
ot wx J

)
1o
e
o
=
=
rE -
4
o
i)
Az 4z

19
N
>
5o
L)
N
1B
j-ﬂ
o
o
>k
J\i
s
H1
©

ol
Ay

o \-E

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.023.042&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

656 / August 2023

(2)

==

Proximal
Segment (i+1

Distal
Segment (i-1)

Fig. 1 Free-body diagrams of (a) foot segment and (b) arbitrary segment i
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Fig. 2 Architecture of the recurrent neural network for joint kinetics
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Table 1 Averaged RMSE of the (a) joint force and (b) moment estimation
(a) Joint force [N]

Ankle Knee Hip
Ml M2 M3 Ml M2 M3 Ml M2 M3
Subject] 0.13 0.19 221 1.14 1.23 2.18 4.00 5.20 2.50
Testl Subject2 0.11 0.12 2.12 1.19 1.41 2.29 435 4.62 3.11
Test Subject3 0.17 0.23 2.30 1.23 1.51 222 3.90 4.92 3.00
Subject4 0.17 0.18 1.97 1.26 1.53 2.02 4.51 4.58 2.51
Subject5 0.23 0.40 2.45 1.23 1.96 2.58 3.06 6.30 3.07
Test3 Subject6 0.20 0.27 4.37 1.54 1.57 3.02 449 4.60 3.78
Average 0.17 0.23 2.57 1.26 1.53 2.39 4.05 5.04 3.00
(b) Joint moment [Nm]
Ankle Knee Hip
Ml M2 M3 Ml M2 M3 Ml M2 M3
Test] Subject] 0.98 1.53 1.15 2.72 3.65 1.21 8.06 8.72 1.79
Subject2 1.80 1.97 4.63 4.09 4.56 4.49 7.14 4.80 2.94
Test Subject3 1.37 2.41 1.54 6.21 7.47 1.67 10.94 12.03 2.08
Subject4 1.13 1.30 3.97 3.62 3.15 3.14 10.50 12.25 2.44
Test3 Subject5 2.19 2.67 1.85 2.48 6.42 3.48 4.28 8.64 4.77
Subject6 1.74 5.09 2.61 3.01 5.40 3.08 6.60 9.84 4.89
Average 1.54 2.50 2.63 3.69 5.11 2.84 7.92 9.38 3.15
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(a) Joint force
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(a) Joint moment
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Fig. 6 Estimation results of (a) joint force and (b) moment of Test 2 from Subject 3
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(a) Joint force

Ankle Knee
100
——Ref —M1 —--M2 —M3
100
= 80
< g0
o
< 60
60
40 40 40
200
-300
400 -300
g -400
@ 500 400
500
600
35 35
Z3 30
-
=
25 25
20 20 N
20 21 22 23 24 25 20 21 23 24 25 20 21 22 23 24 25

(a) Joint moment
Ankle

Time (s)

——Ref —M1 —--M2 —M3

AP (Nm)

Sl (Nm)

ML (Nm)

20 21 22 23 24 25 20 21

23 24 25 20 21 22 23 24 25

Time (s)

Fig. 7 Estimation results of (a) joint force and (b) moment of Test 3 from Subject 6
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