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Developing an error compensation model for motion measurement
and analysis using wearable sensors

Kiyoshi HIROSE*', Akiko KONDO™', Hajime SHIRAISHI*' and Sekiya KOIKE**

Abstract

This study aims to reduce errors in joint torque estimation using a wearable sensor system. The wearable sensor
system comprises a wearable motion sensor with inertial and magnetic field sensors. The wearable motion sensor
outputs the 3-axis angular velocity, 3-axis acceleration, and 3-axis magnetic field. By attaching an inertial sensor system,
we conducted error modeling and model identification. Measurement information of inertial sensor systems attached to
the wrist and forearm segments was used. This method considered the error elements effect using the spring and
damping elements, and an additional model was developed. The transfer functions defined as the error compensation
model were identified using the measurement information, and the degree of the numerator and denominator in the
transfer functions were modified. The 3-axis angular velocity and 3-axis acceleration were compensated, and the results

showed the model's effectiveness.

Key Words : Inertial sensor, Transfer function, Angular velocity, Acceleration, System Identification

1. #&

ILAE D MEMS Al oA & B1EME v > 025 e /ML - RffiE LA E L w2 s, B % R ER
VZHCD AT CHEB R - ﬁ#’l‘ﬁ’i’ﬁ’) e T s, Bt 05645 %ﬂ%n’l’(EU]H$& IR - bﬂﬁfﬁkfd@é#,
ﬁw7y74w&%ﬁﬁ74w&%mwt%y%-7;~ya/7w:UXA%ﬁ%¢5 X ) REIER D
ENTE, WK DR ZIHT L LI X A FHRTIC L VS V2 285 2 ERWRETHL VDD Ll
Bt g, EEFHE - FTIOA SN TV A RERE—T a v 3y 7 F Y ICTHA SN A S ~— 5 — L 135
20, BELRPLL-EOHETATLHIL, BRPEFIZHEL T LY F1F5 2 &1 X 2 EHIF %#W
BMERD, CNETICEELE, RIS EZROFT G608 E v FTORICE L 28R %, HHEIHMT Lo
REF NSO EICEE (o) PEHENTWEEFTVESEL, YATARE - ST E2475) 281250, BT
12X o THELZEEDRBEIT, KRENH D Z L 2 MERL72Y. & HICIEMEC S AES) 2 50l - T3 572912
EY) TNV EHCIFE - TP LETH D,

Z ZCARIZE T, ERIEE, BIBEEBICEERSE LB v v AT MR L p g RET R E L, MEBO/NY -V %
BELETNVEHWHEE - T 21T, LERETVORELRIT).

il

2. FHRIZ AT L

AHEFgeTlE, BEELC T Z2HBL VLI ATLAELTHIIERTDSP YA YL AE—Tarbr (AR—vk
YUy 3SEMHTA. HH LAY AT AOFHIL v DIXAEED1500deg/sec, HIEEEATL6G TH Y, #%A1000
Hz O% > 7)) ¥ FEEHB TR TH 5.

O AR T SER AT S A 7 2 TR, = iR
SHN34E1LH 4 H R



— 62— T xT7 77Nt A F7EBERL - BT IS B0 B RRERIE T 7OV ORI S IR

Fig.1 DSP Wireless motion sensor
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Fig.2 Two segment model including spring and damping elements
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Fig. 3 Block diagram for transfer function of impedance and direct transfer factor

as+b _ esstfstg

s tes+d S+ hs+kd 4

Gs)=K+

KW T, IRE)DA CIZ WML TH 5 FEO AR, IEEE 2 SIREIA A U35 WRIBEERO /A 8%, e % 4
ETLHIEIZLY, EFVORIERIT). £2C, HoNIHIERICEBEOEERBEEH L, —HEZILKT5.
AR AT AREICIE, MATLAB @ System Identification Toolbox % 1 L 7.

4. IR

K EOEIIEE TS 2012, il ¥ 43 27 4 % FE LMY (1, EE0EH % 7o 2258 b h 55
WA T Y AT AR T 7. B > O IR ER 410RE. FEICR) M 72 > 32555 R
B EHNE A & BIBERRIC I Y (113 728 > ORHIE I A 5 720 OISR (BFL 1) &35 L7 B2 R(5)~
RO0I2, HEMOKEA S, K6I1TRL, FHREFELITRT. 2T, Q) AQAEE NHEEDT 75 2
BHRTHY, Y WA BT 5.

Inertial sensor L. Inertial sensor
attached to upper arm attached to wrist

A 4

Inertial sensor
attached to forearm

Fig. 4 Setting position of inertial sensor and definition of coordinate system

_7.279:10"'5-9.814-107
Q=1 088 1055 + 10710 20 el
23754249610
=750 40515 + 2. 72310 20 )
o= 86 L6100 .

T&+7.262-10 -5 +1.196-10°



v 2T 77Nt A G 7EBERL - BT I B SRR T TV ORI $ B I8

Anguler velocity [rad/s]
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Table 1 Mean deviation for indicating effectiveness of the compensation model 1

With compensation model 1 Without compensation model 1
(Mean deviation) (Mean deviation)
X-axis Angular velocity 0.0536 rad/sec 0.0449 rad/sec
Y-axis Angular velocity 0.1354 rad/sec 0.1652 rad/sec
Z-axis Angular velocity 0.0437 rad/sec 0.0494 rad/sec
X-axis Acceleration 0.1607 m/s* 0.3478 m/s*
Y-axis Acceleration 0.1160 m/s* 0.0871 m/s*
Z-axis Acceleration 0.0601 m/s* 0.0665 m/s"
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(c) Z-axis component
Fig. 5 Result for error compensation of angular velocity using model 1
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(c) Z-axis component

Fig. 6 Result for error compensation of acceleration using model 1
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Anguler velocity [rad/s]

With compensation Model 2 Improvement rate of
(Mean deviation) Model 2 based on Model 1
X-axis Angular velocity 0.0391 rad/sec 27.05%
Y-axis Angular velocity 0.1238 rad/sec 857%
Z-axis Angular velocity 0.0401 rad/sec 8.24%
X-axis Acceleration 0.1581 m/s* 1.62%
Y-axis Acceleration 0.0834 m/s* 28.10%
Z-axis Acceleration 0.0554 m/s* 7.82%
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Table 2 Mean deviation for indicating effectiveness of the compensation model 2
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(c) Z-axis component
Fig. 7 Result for error compensation of angular velocity using model 2
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(c) Z-axis component
Fig.8 Result for error compensation of acceleration using model 2
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