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ABSTRACT

Sometimes we hear of people injuring
themselves by falling down, especially on
slippery sidewalks and on ice—covered
streets. The danger of serious falls in
these meteorological street conditions
sometimes seems almost inevitable for the
everyday pedestrian. In many cases it is
the elderly who are most vulnerable to the
most serious of injuries due to
falls. Prompt treatment for these types
of injuries must be applied in order to
minimize the trauma, especially when the
accident involves the elderly. Therefore,
prompt notification of accidental falls to
the authority, family or any other who are
able to take proper action, is important,
especially to the more vulnerable senior
citizens. This prompt notification will be
able to minimize the trauma, even when the
victim is unconscious. Thus many previous
researchers endeavored to detect falls by
using accelerometers or gyroscopes, but
there are some limits to attach sensors on
body and its accuracy. To overcome this
problems, we have devised a total system
to detect accidental falls using
accelerometers, gyroscopes and tilt
sensors in this paper.

This system receives useful information
acquired by various sensors through
wireless module(Blue Tooth), can perform
real—time monitoring and relieves us from
uncomfortableness given by two or more

attached equipment just one attached
place (chest), and the accuracy was 97.5%.

Introduction
G xS 4N P 2 Aliely
259 A3} F3I AP H2 A[1]. 75 A
o] xJEd HIY ZREAA 32%9) %%}-“—

x50 o) PR E WYL, 2 F
4%< ARY AHE U2 ") siga olf—Hzl
A, A2 2159 SHEY g AP
A% $21F AL 5 de A o4 A3
F 754 013 =23 AR Fe 2PN A,

G232 oFNN F33F FA F 3o} =
330)2}[3],[4]. (2050 Yol = AHH A3 16.4%,
Y39 27.6% >} 654 o]Ate] & 3oy, £
9 N3FS I 14 NAJFNH FU3Y 103>}
80 Ae°)d xo] & 3o|g[5].) I I
AP Y¥kg ez AFzAz HolEed, o«
FJHoln d)J JEI JHF3. E3I}
YA oM Y FIFHe], YA
34, IAE 2832 XYY AN E FHE F
At 28, A g WPAH) WY E [{FL3}A
& F24, FA2 2L 3 253 23} o
Fasidn & F ged, dojAHd JF|7
X3 245 o) F ¥HoY 2kF 5 FE FA )
Aoz A1 A5} HAYE =5 F A

5 3AELZ AN A2 Y =, 9y
PN = 5 s 2} 35} a2 1A
geH6]l.28 o] AA o] FFd A3} IFA3Y
A8 WA A} AF gy, A2 x4}
w22 AYPAoly force-platform I -2

Avlel A AL A ARl W[7]. HFHH
kg A3y AN} A AN 23
¥2Aold. 283, o)Ay AN 2y



AR A A2 A4S A 39F 53
Vol ANE PANLD, FA} AW ¥
4 ogddh = 4939 AT 44T 3
#5345 Bx G A 43T A
24581, [9].

294, 2 EFAAE 1EY 2 ck34e)
Rr x5 A3NH FAY) =AY 9

H < A 3}ES el a3z, JEBHS o))
g sle] >tEEH, AEEHN 283, 2)F>) IHE
o33 MEF daFYFE AJINL, = A4
Jag 2} *—J*l’& 2J=38 <% 93 Bluetooth
2ES A3l A3 A EFHozE A F
RAE Az2AY 2d3 3304
Materials and Methods
1.4 ¥

2 =594 = 24539 (Gyroscope, Murata
Manufacturing), 3 £ >}&X%3¥(Tri-axial
Accelerometer, Measurement specialities),
3]%>] WM (Tilt Sensor, Sharp)E 223l
3Ake) 222k AX 2} FAS S Initium 419
Bluetooth 2E% L3} e. 238 1 >} AH
N2 FgEeln, Y)¥ ALY 23Jd. 9A,
AEEA Y SIEEAY A3 AFehe] o) 239
gy AE FEHek °L‘1i 3] 180cm,
<2 T9Kg o AP} okl ¥y AE0)E
3253 43 H2 9)HH 3990 g 33,
Aoamsh 5 3% IR g 3§ 2
10 84, 3 40 8% dojAIH 2L Aoz 2
gojde A3 42 AHE 3YII D,

vhA ez A} ARHY YFT AS5E FHH

Nz

25599,

231 °h) AR A=Y
R. Y5

Yo d) 2Pz olEEAY A F (xv.2)

ko) A3 433 2EE99 3P (Roll) A& E,

283 >]'e'>] AH A3 o)) AskA
A3238 3E34. Flow Chart ~ 238 2 ¢
2o 4% 22 WAooz JojR g A EIH.

h 4
Fall_flag2 = ON
&

Timer ON(10sec)

A 4
Fall_flag 3= ON
&

Fall detection

232 9d 3% ¥
(o)™ Th 1,23 32 8 F3} o)

1) 9#, 3)12>) 44>} ON °] s+ A .
ol# = 25]3} 50 1 YEFE °)33}] 2 Y
A= FEY HF3}el T} oldo)d
Fall_flagl(®]¥> A4 #H*2=) = ON ©°
4.

2) 2]¥>] AAH>} ON °] Hglewd 2 ZF w3k
&5 WH3lEg AA ¥ PI)HE &=
B¥-g 93F F 2331 100 AV FESF
s o] 3rEF F FA}E A3 F A3}
Threshold Xt¥ 29 Fall_flag2(>}% %)

xR 2) = ON o g 2831 o3
o) wi>} 25 3he.

3) Felwsl 10 23} HY FA 28 (e)n)
ZE3)9 oI35 JYES ARIHAE

033 FAIH(2E FRez JogAg)E
2252 A g2 W g clEEY Wb}
glek) ol® A 3}o) Threshold x= zhod
Fall_falg3 = ON °] ®+¢}.

4) 9 Fall flag 1~3 X535} ON 9+
goj ol g 3}x) 3},



Results

2 AYAAE 1) &3 A2 9ARA $AYol
S R e L LS K
293 A9 ABAY Y3AE 45 3 9

b 4R sse 1) YL AAe 10 94
el 3 40 N9 UYS Y 2 BF, 2

1 3¢9

33 25t 9de ¥ 25 A9=
2
'\-

doid g AAAG 2N 54 =ES 5 2
F2E o) g3 A AE3hT 2HY A=
Fo2 Yo @9 2H2EF 23 39 Jeligld.

{1000

4r
& smt

'KI}Z

‘_A:

EIEI
iy 100
4ar

= sof M
L e b ’

L L L L L L
0 100 200 300 400 500 600 700 500 900 1000
H 1000 T T T T T T T

500+ nL
0 " o L
0

L L L L L L
‘WDDDD 100 20 300 400 500 600 700 500 900 1000

"
100 200 300 400 500 GO0 700 800 900 1000

i
Q
=]

=]

L I I L I I L
WEIEIEID 100 200 300 400 500 600 70O BOD 900 1000
100 200 300 400 500 600 FDO BOD 900 1000

ol ag----b-’i

.
400 500 600 700 800 900 1000
sarmples

o
=1
=]

=]

‘\EIEIEID

iy

m
Q
=]

o

Fall detection Roll ZXZ = Tilt Sensor 25 2t

=)
=
=}
[
=1
=}
w
=}
=}

23 3. & Jx+ 35

(Wolhe] 28 Z(Fall detection): ¢ A
e 2823} 23 2 9 d3HERE I
10 23 9¥oA=2 WAz 23705 1~5
23 29 Hg3te] Udod #H g wix]et 2 =9
A 2 shy ] 2FAe] 10 %))

deld WAL 40 B 4Y F o.5%9 YBEF
2ge 233, ¥y ¥ AYAH A3
70 EYEZE 4NE 015 35 21$3) 443} ON
VA= iRz FAeA @k o 29
QA5 ON AAYE G1EE AHY 33l
2938 9A 93 A5 dInez A W)
AFold. £, 9)P AIHE 10 2 o
AHE AN 5135 AL OFF Ao} ek
gelgez 3 shd @ 23 4 = R

ARANY $H01% A5 DY PP 2304,
A= 9iR A AZF 0 o 3HOFF)S
a1 glow, o] FSE dAges A
ase.
2 2

2 T30 ADY PYLS BI523F 088 01
32y N2 3Ygozd B 99 399
A0F 2S5 YQ A EA N2Pud Iy 33
A479 3WYE 394 9PR, = M=
FaHE 985 FAA I BF N 4B4S

¥ 5 Qs Ak AHY Bk
N223e BIY IS A 339 A5
egor 2559 23493 JIagd 943
49 AFANE 250) WA g3 ¢ A5
70 = 952 )59 A5 291 94 499
LEY 35 el el ASE B 3R
%5} slgteh,

|){ 2000

4r
& 1000t l

RS

. WEIEIEID o2 0.4 06 0.3 1 12 1.4 18 18 2
k

= 500F J

LI I PV |

WDDDD T T T T T T r T T
500 - | B
Ll ol 1t el

Tilt Sensor

o
=1
=]

&=
m
=1
=]
L

Rall 2+

Fall detection

L . L . L . L . L
o 0z 04 06 03 1 12 1.4 18 18 2
samples w10t

234 LY A5

2 935} x99 3 AEA 4859 x93
PAED A PNE TS5 00 A3 w2
A% e 2 AAE AP 5 9F Aele
283, o0 FA4 EA4% 9299 x99
PP, SN 43e: ¥ AF S
QAR D Age) AT A5 w8
29 3]

GRS

[1] J. Askham, E. Glucksman, P. Owens, C.
Swift, A. Tinker, and G. Yu, “Home and
leisure accident research: A review of
research on falls among elderly people,"
Age Concern Institute of Gerontology,
King's College, London, U.K., 1990.

[2] M. E. Tinetti, M. Speechley, and S. F.
Ginter, "Risk factors for falls among
elderly persons living in the community,"”
N. Eng. J. Med., vol. 319, pp. 1701-1707, 1988.

[31 M. V. Georges and J. Perreault,
"Projections démographiques pour le
Canada, les province et les Territoires
1984-2006," Ministere des

Approvisionnements et Services, Ottawa,
ON, Canada, 1985.

[4] D. Oliver, M. Britton, P. Seed, F. C.
Martin, and A. H. Hopper, "Development and

evaluation of evidence based risk



assessment tool (STRATIFY) to predict
which elderly inpatients will fall: Case-—
control and cohort studies," BMJ, vol. 315,
pp. 1049-1053, 1997.

[6] E. Diczfalusy, "The demographic
revolution and our common future,"
Maturitas, vol. 38, pp. 5—15, 2001.

[6] L. Nyberg and Y. Gustafson, “Patient
falls in stroke rehabilitation. A challenge
to rehabilitation strategies,” Stroke, vol.
26, pp. 838-842, 1995.

[7]1 P. T. Cheng, M. Y. Liaw, M. K. Wong, and F.
T. Tang et al., “The sit—tostand movement
in stroke patients and its correlation with
falling,” Arch. Phys. Med. Rehab., vol. 79,
pp. 1043-1046, Sept. 1998.

[8] B. Najafi, K. Aminian, C. Bula, G.
Ruggieri, and Ph. Robert, “Falling risk
evaluation in elderly using miniature
gyroscope: Relation between gait and risk
of falling,” in Proc. Int. Soc. Postural and
Gait Research (ISPG), 2001, pp. 135-139.

[9] J. M. Hausdorff, H. K. Edelberg, S. L.
Mitchell, A. L. Goldberger, and J. Y. Wei,
“Increased gait unsteadiness in
community— dwelling elderly fallers,”
Arch—-Phys—Med—Rehab. ,vol. 78, no. 3, pp.
278-283, Mar. 1997.



