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Examination of the fall detection method for a fall air bag

SHHE (E£B), IWASLEGESR)*, BIRIES (E2R)*, Afd#(ESH)*
Takumi YOSHIMURA, Hiroki YAMAMOTO*, Masaki SEKINE**, and Toshiyo TAMURA**

Abstract

In order to prevent from an external injury in case of the fall for the aged people, a hip protector is
commonly used. However, it is difficult to attach it to the body for a long time, because of difficulty to wear.
In order to solve these problems, we are developing the system which prevents externally caused injury by
expanding an air bag at the time of a fall. It is necessary to operate an air bag by detecting a fall before the
impulse of a fall occurs, in order to develop this system. In this study, we reviewed the algorithm of the fall
process, and determined the inflating trigger signals from the algorithm. To determine the triggering signal
for the air bag, the mimicking fall, walking and jogging has been performed. The accelerometer was attached
to the 16 younger healthy subjects, and the 48 mimicking falls were carried out. This experiment was
approved by the ethic committee of Faculty of Engineering, Chiba University and written informed consent
was obtained by each subject. The free fall acceleration could be observed around 100 to 300 [ms] before
falling down completely. However, misdetection occurred while using the detection algorithm in jogging,

which used the accelerometer.

Key Words
fall, airbag, accelerometer, elderly
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Fig.9 Results of fall detection time
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Development of the fall air bag

B EE' MR EH’ B #S# KB Kkt @Ae B
Takumi YOSHIMURA', Masaki SEKINE?, Toshiyo TAMURA?,

Mithuya UCHIDA®, Osamu TANAKA®,
VHUREISLIE SR R, TR,
‘AT 0y 7, RERFREY AEY F—varbra—
"Tokyo Metropolitan College of Industrial Technology, 2 Chiba University,
*Prop Inc., *Yokohama Rehabilitation Center

Abstract  The aim of this study is to develop the airbag for the prevention of injuries by the falls. We developed
a wearable protection system using air bag for elderly people. The system consists of sensor, inflator and air bag.
The sensor is 50%5618mm in size and 50 g in weight. The sensor is determined the fall from the acceleration and
angular velocity sensors. The volumes of the air bag are 10 liters. The air bag is inflated from the supplied gas to
open the upper part of the gas cylinder in the explosion of gunpowder. The air bag system is 1.1 kg in weight and
wearable for an elderly people. We confirmed that the air bag worked properly as a result of the verification by a
video recording.
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Postural responses in horizontal perturbation with subjects mimicking elderly
*K. lijima, M. Sekine and T. Tamura (Graduate School, Chiba University)
Abstract— In this study we measured the postural sway to horizontal perturbation for young subjects mi-
micking elderly with the special tool for kyphosis. The pitch angular velocity was measured. As a result, thigh
angular velocity is same phase as back angular velocity unlike young subjects, Hip strategy is confirmed at low
speed perturbation for subjects mimicking elderly. Therefore we assumed to perform lower perturbation envi-

ronment test for the elderly.

Index terms— Balance. Elderly, Horizontal perturbation, Angular velocity
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Fig. 1: Experimental setup

Table |  The changes in the structure in the elderly
Vision Change in color vision due to cataract
Auditory Presbycusis such as the loss for hearing
high frequency
Kyphosis Drooping posture and kyphosis due to
0sleoporosis
Knee flexion Posture of knee flexion and genu valgum
contracture due to kyphosis
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Fig. 2: Angular velocity of each part to acceleration of table
Upper stand and lower stand represent young subject and subject mimicking elderly, respectively. Left side,
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Postural Responses under the Gradually Increasing Horizontal Perturbation

Ken-ichi IymMa,” Masaki SexiNe,” Toshiyo Tamura”®

Abstract It is important to consider a measurement and an evaluation of the postural responses in human to
perturbation such as trips or slips. In this study we gave healthy young subjects backward translation of table as
horizontal perturbation, and measured the body sway by the perturbation. The sixteen subjects attached the
sensor to an ankle joint, a thigh and a back near the center of gravity. They are kept upright position on the table
and then given the perturbation. The experiments were performed with 20 trials of different acceleration from 0.6
m/s® to 44 m/s* by 02 m/s® in gradually increase. As a result, it was classified in three patterns about a process
they shifted from an ankle strategy to a stepping strategy by the peak value of the angular velocity, when they are
given the perturbation sequentially. It is no correspondence relationship between classified shift process, static
balance inspection and perturbation that begin to support by a stepping strategy. The experiment performed
with perturbation in gradually increase identified that postural sway increased with magnitude of perturbation
and postural strategy shifted gradually. Therefore it suggested that the experiment performed with perturbation
in ascending order was useful to see the gradual shift process unlike with the experiment performed randomly.

Keywords : Horizontal perturbation, Fall, Angular velocity, Balance.
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Fig.4 Angular velocity of each part to acceleration of table

(Subject No. 8).

(a) Ankle strategy (1.71m/s*). (b) Hip strategy
(333 m/s"), (c) Stepping strategy (375 m/s")

The value in parenthesis indicates acceleration value.
The arrow in figure indicates peak value of angular
velocity of each part.
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Table 1 Exterior characteristic and measurement result of subject.

Sex is the number of men and women. Other items show mean * SD.

Pattern Sex

Age H;ight Weight Length/Time Length/Area Area Romberg Stc_p-hcc -

B [vears] [cm]  [kgl [em/s) [em/em®]  [em?] [m/s?]
Ankle M:9 231 1702 586 093 218 1.16 1.58 313
group F:0 + 25 +49 + 48 + 041 + 91 =089 =03M % (.39
Middle M:3 228 1713 67.8 1.00 239 1.34 1.28 319

_ group F: 1 * 1.0 * 75 75 + 049 + 113 + 100 =050 + 022
Back M:0 223 157.3 48.7 0.88 184 112 177 281

__ group F:3 + 21 + 50 +23 + 010 + 38 =045 = 053 + (.36

%2 Step-Acc b S {RASFEI UFEOEDHE R O MDD R 5
Table 2 Correlation coefficient between Step-Acc and exterior characteristic and parameters of

stabilometer test.

Age

Height  Weight Length/Time ¥ L-enstthx-c; !.&re_a_Romberg

0.057 0.413
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Fig. 6 Angular velocity of each part to acceleration of table
when a subject responds to backward perturbation
with mixed strategy of ankle strategy and hip strategy
(261 m/s%).

The circles of solid line and dash line indicate ankle
strategy and hip strategy respectively.
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