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Measurement of Postural Responses in Horizontal Perturbation
Using Angular Velocity

Ken-ichi IijiMa,™ Jun-ichi Yanacipa,* Masaki SEKINE,” Toshiyo TAMURA®

Abstract The decline of the balance function induces the elderly people to fall and it causes the decrease of
daily activity to become bedridden or fear of falling. The fall occurs when sudden external forces such as trips or
slips take place. Therefore, it is important to consider a simple evaluation of the posture balance in human to
perturbation. In this study, we proposed the measurement system using gyro sensor, and measured the body
sway of the pitch direction by the perturbation. The subjects are ten healthy adults and kept upright position on
the table. They attached the sensor to an ankle joint, a knee joint and a back near the center of gravity. Then hori-
zontal translation of table to the backward was given as the perturbation. The experiments were performed with
20 patterns of different acceleration from 0.6 m/s® to 44 m/s* by 0.2 m/s? randomly. As the result, the feature of
three postural control strategies such as ankle strategy, hip strategy and stepping strategy can be confirmed by
the angular velocity in the pitch direction. Additionally, the variation of the angular velocity of back for perturba-
tion was larger than those of ankle and knee. Thus, we concluded that the sway in the back greatly influenced to

the postural control for horizontal translation to the backward.
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Fig. 1 Exterior appearance of horizontal perturbation device.
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Table 1 Spec of device.

Size width 0.6 m Xlength 1.5 m X height 0.1 m

Maxi

ax1m'um 05 m/s

velocity
MaximuTn 5 m/s?
acceleration
Drive range =04m

€€ (0.8 m when the table is the edge of device)
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Fig. 2 Experimental setup.



RT3 L 2 o 72 KA ELRI SR O L8582 DRI (287)

Hia (A MOEE) oRfEEEEHI L. 72, R
HOEE %3 5 72D #E X ~ % (Gyrocube,
O-NAVIL USA) %K LICE#E L. 512, A7y 7O
BARIE [ 2 GH9 2 7280, R & RIEOMIZY 7 ¥ 4 vt
v EHCZZRIESAIE S AT A (FSCAN, =v ¥ #
Kath) ZHUHT 72, MAEEL ¥, gL o RO
74NV OTFT=FiZENENY T YRR
kHz, 1kHz, 100 Hz T A/D Z#fxf7Vidgk L7z, AKEHE
GLAI S A 8 O BREY B, Y — R AT 2 OHl# % i
LTiTo 7.

2:2:3 RRFIR HHFIETI275 /vt H0
BIED 72, £ ¥ L THEMN S % ZNEN 10 BEHI L
7z RISIRT LAV RZ S A2 RFE L, GE 10 ORIZK
SEAVELRIE E L CRR IR 2 BB 272, MO E
HIZ02m/s*2°5 44 m/s* T TO02m/s> T DD 2287 —
YEREL, 7YY A oK, NERER,
JEBRER], WOk, 2721 100 ms, 1000 ms, 1.0 m/s?
L Lz, b, MALEBIE, WoR i, BIiRO
IREEE U7z, F72, #BRE IR & LTl ISR
fifi (FEMl 44 m/s?) ZRER L CH 5 o 7ok, EEREIT- 72,

2:2:4 BEWAE  FHIC X o TE S 2R HE O
g, BEMOMEERRY 7 74V FhbELN R
JCIEHURR IS D W CIRIT 24T o 72 MEREE & MBI >
b 7 P E 30 Hz, RIKTEMIHANL S v b+ 7 W% 20
Hz /Ny =7 =AM 2 k0T =38R T7 4V & THIEZ Py
b L7z, BB MEE D S5 5N 5 KO B % B2
L, %I E OBFRIZOWTHRE L7z, S 5 HEE D
5, KoY —7l, REMEORMGRREZ gL L7
FEAL OBTERGARR & O FAEEZHILL, ZhZh
W L7z, $72, RIKEHMERKIEIA T v ¥ ¥ JRIE~OR
TERT 72D

3. & R

3.1 KEHAERIBFEERSE OMRERTE

ACPAVELIOSS A S o I d il o VERERFAR & LT, ff
S & BAE & 3 &2 R~ R I & 4
(Gyrocube, O-NAVI, USA) % ftiE L CIRIE & o 2l
fifi & B g2 LI L7z, RIS A (0 kg), BEAIOSE
(20 kg, 40 kg, 60 kg, 80kg) Z W T 02m/s*>H 5 5.0
m/s’FT02m/s> 3225 787 — v OEEZ EHIZS- 2 5
ZlE1byMEL, INE 4ty Miol, ZORE,
02 m/s% 04 m/s* Z kR &, FERMHEIZREMICH LT 10%LL
FOREND 572 T OREONHEME DL EFREE R 3 1R
. BRI ER A, MEEIEREM & OEEMRMEEL T
5. TORDPSLGD5 L9112, 02m/s?, 04 m/s? % K& [H
U COEEREA 4% FTH 5720, [ UHLE
HESELHHAUDPEVEETHL I LRI NT. £
7z, B ORI, AN 2 @A S e

10 ‘ ‘

: & Okg
S o 20kg|
- ~ 0 40kg
3= - * 60kg
'% 6+ * * 80kg -

O
s
G
5
5 %905 1
= o
G
2 of HExOxp o, . ]
&) A g:é%ggﬁA%iiiégé% 0@,

L x0en Foeghiiact,"2g¥sd
0 05 1 15 2 25 3 35 4 45 5

Acceleration value of table(setting value) [m/sz]

3 IRTEINHAE O % Al & UM DO E TR T
Fig. 3 Coefficient of variation in setting and measurement of
table acceleration value.
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Fig. 4 Angular velocity of each part and sole area to accelera-
tion of table
(a)1.23 m/s% non step (b)3.35 m/s% non step
(¢ )355 m/s? step
Sole area is shown by a relative value in which the
area when subjects keep upright posture is assumed
to be the standard area.
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table.
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Table 2 Exterior characteristic and measurement result of subject
The items of each parts show (mean=SD) of the start time of sway.
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No Sex Age Height Weight Ankle Knee Hip Minimum stepping
[years] [em] [kg] [ms] [ms] [ms] Acceleration [m/s?]

1 M 22 174 55 294+ 74 539+ 89 1726 £17.0 241

2 M 24 172 60 253+ 78 448+ 6.2 1159+18.6 3.70

3 M 21 177 67 287+ 6.1 488+ 7.6 107.7+£14.6 3.55

4 M 23 163 56 260+ 55 56.2+ 6.9 157.0+14.0 3.13

5 M 21 163 58 295+10.0 59.1+14.6 161.1+£16.7 345

6 M 21 180 62 270+ 6.6 566+ 8.7 126.3+184 3.24

7 F 19 162 56 269+ 85 59.7+11.3 154.6 £33.8 272

8 F 19 162 50 220+ 6.5 576 8.0 125.2+23.3 1.83

9 F 21 165 67 245+ 55 549+ 99 1274+25.2 2.33

10 M 22 174 67 250+ 6.1 511+ 53 110.7+11.6 279
ol e maak || MR SRR RN L ORI &
5 Knee LBV SRR, WEELL, BERL 2R OIS
giﬁ: ! 5 Ankle] | WTRERTV[5-12]. BAEEH 2500, SHOH
= . . BT b B - EBIEG O FiE & R 0 #7153 0
z 1200 g 58 aw fAZERT 2 2Lk, 27y TMHEEE ) bAS
5 100/ e ; o " DA 0D B3 2 S BTG - B B AN C R B % 47 > C
g% . ’ VB LUNSHTHE. Ll BN S B
g o V00 00 o e e | BEENOBITHLE TN EET 5 2 &R
A A0p U0 Ras gen0 a0 S0 o te. F7e, MIEMEAVN S VBT b RN Lib
237 . S ] DX HRBEEHEREOBMAR SN, AT LR

0 05 1 1.5 2 25 3 35 4 45
Acceleration value of table [rn/sz]
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Fig. 6 Start time of sway to acceleration value of table.
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