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ABSTRACT

Falling can happen to anyone, anywhere at anytime and especially it is one of the risk factor that can lead causes of
death of persons aged 65 and over. Recently, the study of fall detection mechanisms as a smart healthcare service based
on the JoT(Internet of Things) are being actively investigated. In this paper, we implement a fall detection system using
arduino as a smart sensor communicates with a smart device. When transmitting the information of the acceleration on
a sensor smart sensor with a BLE(Bluetooth Low Energy), the smart device processing and analyzing this information.
and determines a fall situation. A fall detection system based on the Internet of Things which using smart sensor and
smart device, has the advantage of being able to overcome the mobility and portability constraints.

FIHE © G, oFFolie, ARSI, 7RG EA, AlA
Key word : Fall Detection, Arduino, Internet of Things, Accelerometer, Sensor

Received 07 September 2015, Revised 05 October 2015, Accepted 19 October 2015
* Corresponding Author Yang-Hyun Cho(E-mail:yhcho@syu.ac.kr, Tel:+82-2-3399-1787)
Division of Computer Science, Sahmyook University, Seoul 139-742, Korea

http://dx.doi.org/10.6109/jkiice.2015.19.11.2546 print ISSN: 2234-4772 online ISSN: 2288-4165

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



.M E

AEFA7&o UdgE FAFA Qlzets g8}
of 2] YA FH 85, As A 2 S5 BE7F 7L
55 GH]F E] A& A A o] (Ubiquitous Healthcare)of] T
o A7 gEs] s ik olRl fR[HE A
Aol 5 A Helr| 917t lzetz 28517 flsf A
=EYo gk Haol S ek AREQIEY
(Internet of Things)> ‘At @t 4l 8% 58 5 A&
o] Q= HHlo]A7te] YIEYAE el & A
3k ol AAste] shte] T oz Fof ARgAL|A
2|2 o] F-83t 7HAE A AH|IAE AlFstr] 917 7]
<’ olekaL g oye 4= QU]

Hgolgt sAbaiut A4, A™, upe] 59 o7 74|
Helof| ofsff ofw=stA] A HiHo|u off&o] EHO
2 A7} o] Foh= 2 Witk Yo 2 QI3 Al
7t E7F Aol o Ao 2 1%t Al YA

o
AR o] AdEglo] AU TS - glen, o

A 910l M AEe] WA F7Kate] wheh GAl)
A 7|8 gulHE L Aarle] Nl&eld Fa Ve

2].
P o)A gk AR A APl o] o
ol S 5 Aol et SF2A7t BHel 49k
o w3k o] wbstE Abgel mheby ARgA:
5|5 e ASE W] W) 4 F RE
ol % gick. ujeh
o] ol 1 AN
Heksto] AAOA FE AL A A F ALE
Ao g 5elS BAstel A o W] §)
3 AT} B ASI3]

o

> of
o
C R T ooX
T
il

NS

1 oo (o Ok px

ol
-

,4
oz (I

flo

H oy of fr
>

E
30 ox x 1l & rE ok

H ooz
o
)

iz
L
_?L
rr
ok
rE
rlo
-
-
N
N
N
il
do
_?L
2
i3
=
>,

S

o
ik
<
-z
Y
re
[>
FEE,_&J
i
O—r‘
Wr‘ﬂ’ﬁ
b~ N
o2 g
_&m}oﬂg
L2
z_\%z
N N
njrlrgg
L2 o
toob 2 o
o
i)

f

o
= QAT o] M T QAR iU ol WAL she

TtH4-9].

B ERAAE BEAT FYe) AL T8
817] SIaiAl 43 okFolwst AT Selt
GBI AUPEE 9 AukEQASE 2L AutE
AE AFH Y 4A ALHL FESAE FAol
MRS 1) WA, A, o220
2 gelt 3 A3
A N 2ES AT Gl A%
£ W9l el H B 7F5F 47 ofFolw
o 91 FEsHAA ool g B
uhE Aol M A ALgAE] T
oh 2nkE A vle] S5 ALg Aol
sk Aol fEt SR AN AE 4
To Mt 7129 A0hEES o] g A
FE3l7] sto] |mAUAE AT >
shaic

# =8e] THL Tt ek gl ARl
S 71 A A Al2E TS 913 B o) &l
dhal Qrobum, el B TAS 1T duelE
& O Auls 83 ERF T oA Lot
Rk hurO 2 4ol At AR R FF AT AR

A ES WAk gk

rir oo
C o
ox

filo
N 4
N

a7

S

ot
oldk
R
(o
o
R

S

[rt
2
of

ofr
ol
o3

-—=

il
N
2

54
Gl
ox Mo i v roh [ T §2 S o

ox M2

o rlo
r Mo ox
ant
B

NN
o

i
(i o r.hl

S U

32

I
H 1o

SRS A e A RS Bastel YA
2 sk W A4 PRE ol WA UK
Aol £29e BEstel S AESHE Yo
2 ERE 5 o 94 PRE BHSE Wue 79X
o] AT FolA e mopE HAlstol A off
£ whashA et

mleteiy Qe Ak ArolA A7 25 Fe
AR Bl L 93%2)
% u]8-g 7HHITH3]. ShAEE Fuleto] <)
| sl A7} 7hsste djake]
A% ofel tle] A4 AR &5 A7t 0a

Eo > o
o
rr
4z
s
=2
=
)

oX, i rlo X
rr
e &

el

2547



sh=aA B EAISHS| =2 X|(J. Korea Inst, Inf, Commun, Eng.) Vol, 19, No, 11 :

O
l'ﬂJ
n:
r_ﬁl ‘j\l

FAl th ol ohgt Ay
ol itk 3 HESY
171 ol HIEH=
A Y EYAS] AlF
7HA A Flet.

QHFZ 0 2 714 Al
A ARl &

Bl 2220l mAHo] )
& olgstol 9 A
o] Zhth Abgatdloje] A
Lo oJ&EsH HEP% kA
Al /\1 ;{45 5—

I r{r

r_>¢
Ol'

-

[

= ofy Ml
o o mlo mim

flo
m

)
o

o

Aol Aol st
PR quo}oq w

= =iy bl

|, op
ol
=
2
JST-

= 0
=
ALO

i)
of
ol
)
to it o
_L‘

gl

=
o)
1o A
N
T
o
HE
> m
o
2
.
o
oy
B
o

o
2
o
B
of
ox
o
9 fa
M
>
oX mf & |
e
ok
o

S~
ad
Of

ofs
L
)
5
N,

=
>~
s

ok

[}

O:

EEO?:
&

e 2o
>
do

>
3
T
2 2 Mo
)

f
ol pf o
ol o ol
o &
4|
i)
-

__)dz“
ik
off
©
N
N
ofr

£ o H O Hofo ® oR
rE
©
30,
> 8oy =

Mow e K
N
i
i
=
X
il
e
op
—Orh‘

o oR
Ar 0
o
o M
g £ 2

N
<%
[o H
N X
b5
o
i e
o L

ol

ok

2

e
K
o
|\

2
%
4;
H
rSL
e?:
Y
l‘l
=
N
1B
mz i
<z
>
il
rg o
i)
ol
ok

KFD(Kernel Flsher Dlscrlmmant)
& A Rl ZﬂoPO}““‘EP L
= 7|20 g Hstof 7 “‘/\17P
shv] Foff xste] | EAdof whet e
2ho] B7H5E A9 Ut AL Bobs stk
7} t}. U. Lindermann 2] 492 7[& % AAE
FABhs JHIZ Aol Zhgel Fatehs At
B0 YRS SFAW PP AT U ARt 7
S zfo] ofelSm o] Wgto] 44 4 GIrhs WS
7171TH6].

A. K. Bourke ] 12 Z}o|2AFLE o] 85}
S0] Wa} gk o] §3te] UAS ZAISHE
Srslelrt. HAES AEAY 4 ¢
AT AUIE Tl Ratele] 2ol Wl

7

E

- alx

€ b
n 2
o

r[‘—_“._l
r:l—hjﬂ
j:lnN—fi

]

Srobl ¥ QAT uleto] ke A
0.2 100%2] & BehES 7HITH7). SR 7hs 9]
A)of| F-2k2 joF s17] wizef o/ ] - &gl Al
28 71 % ik AR S 71 2ok

79 A AA RO 9T o HA YES BA
shol ke Tk W, AnkEEoe] YghEo] ol
7t Al AR E SVM(Signal Vector Magnitude) %!
SMA(Signal Magnitude Area)®] A7k} v]wslto] o

‘& et 5ol TSI

ﬂl

2546~2553 Nov, 2015

22 XMEH ST FA(Bluetooth Low Energy)
EFE A (Bluetooth) 7142 1994 Ericsson2] §-

Mk ALE 7|90 2 19989 Ericsson, Nokia, T051ba,
IBM, Intel 5] &od3]] 2213t Special Interest Group
o o) =G 2010 6 30 Wy ERE
240 1% 87179l WHo] olgoiHich. A B
E2gl3l E2]+= BLE(Bluetooth Low Energy) BLE+=
Aol aws Yr)How 2o 51 ¢ WA e
o degorr 1 7o) ARRE 4 U= X A3t
o}, 29 B4(Low Pulsing)ol2h= 714 E8e] 7]7] 1t

217 Ao Bas WS 24 29 5 Aok
BLEL FURE, A2UE 5 & /M2 A% 4
o 4 Sir AFREE A4Y Zeg 2680
ARl B A0S
AEED | St 7]
TR0} op7|EH A S

11‘4- BLE &jo:= -‘;« —Er./: 4.0
GATT(Generlc Attribute Profile), AES ¢
o= SM(Secunty Manager) AH| A 52 X] ?:5_1:]‘. 3
A EREA FAL A WA 4101 2013 12¢ 4
A SR, BLES] 71 7142 A4
of whebA TS Zhe A, AlEel it A

o[-_] ﬂlI

14
Be A G AR = Algsf] T SA] AA|I7E
_/’\_o];]_ JJJOHﬁ ST ALA—]E:’-EHJ%
A So] BLES] 7]4kat 7|42 thoFat 2ubE ghaky]o]
ASHAA AREIE YA T8 8 & Hlew
7] 10].

ru°1' -lm fL

7

R

N R 2 N o do oo
—o%L’

=]
T
0z
oN

X AlAR EA H S

B} 2T ol 2

S A LRAEE A
fEe YR 47, AR
A

t
- O).l
£€L s
ox
iﬁ i
= b
o
2]
>

2
/i
L
X
o fu oy >
o >l
E

off
)

\. —\._L o

¥ N o g
(e oft St offt ¢
Broox

H
i

e

ofll S

Sv

_4.,[1‘11

X
v
.

2548



2 FojA 20kE tut
AN BELS AR e SFsE

54, kg /)52 ke upo] A
o v} A O 2 B3] tEe] AukE Huto]
25 o] g3} o]F MeIh AntE tupol st Al

>t
A
J
m

HERE A58 AR A8Y % A3 S 9
shz 4m Pele Wekeh Wake gRg netow
A §5to] LALO.R hEE 4

A 9 oz o)A S A
E5F AulE dutel s A F O
WA 2| S o] 3ke] Z9le] Gl Al el A
Q.

31 A|AR] el

2 =R A ARt WA AR AlAE mE2 Y
13} 2ok A4 B2 7hE I AlA REa) Z3et ol
o]l 7|9te] EFollke AlA mER o]Fo|Zct A7k
AlA| BEE FR]ske] AntE tlulo] AR HE5l7] ¢
gk BATRE 7R aL 9 gtk 2 =R
2utE tjalo] A A ET BLERZ 5418 4= Q=
e fupo|AE ST thaZ Q] AulE tufo] A
£ AUFEEN} AULEQIX| 7L Qltk. AutE tjupo| A
2ntE e} o] A4 ET} glo|E ek 71sa)
Ak HAIZ] AE 7)s E dE 7so] F53 tnto]
2 AlQjgich AUtE tapo] A V& AlA] HEE
B4t Ajkel YAt 7 A garE|gel wheba] YAk
il

P

Sensor Module

Blueinno

-

Collect
Accelerometer
Data

|:> Transmit
Data
Bluetooth Low Energy M

Smart Device /

Process :
Accelerometer <:| Receive
Data

Data

Classify
Proccessed
Data

e

Smart Device

Determine Trigger
User |:> Alarm AT
Status Event / Code 'S I 'm

Fig. 1 System Model
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Fig. 2 Blueinno Sensor Module
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Table. 1 Blueinno Sensor Module Specification

Item Specification
Bluetooth 4.0 + 2.4Ghz RF
RF TX Power +4dBm(10.5mA)
RX Sensitivity = -93dBm(13mA)
Chip Ant
CPU 16MHz ARM Cortex-M0
Flash 128kb
RAM 8Kb
Digital I/O
1/0(7) Analog PWM Out
Analog ADC In(10bit)
UART Iszeéi’alsf; ;3,400bps
Low Power | 50uA under
Current @Power Save Control Mode
Operating Voltage 2.1 - 3V
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Table. 2 Accelerometer Module Specification

Item Specification
Operating Voltage 33V
current consumption 15mA
G-Sensor +/-2g, +/-4g, +/-8g
1/0 Voltage 3.0V
Size 25%23x18mm
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Initilaization;
While(app status start)
{
get ABS{D:‘[FF—S\«'MJ: SVMurer;
// 1°" fall detection
if (IABSpiss-swys ISVMpree over threshold)
// 2™ fall detection
if (ISVMprse over threshold)
// final fall detection
Trigger Alarm Event/Code;
Send Emergency Message;
}
}
}

Fig. 4 Pseudo Code for Fall Detection Algorithm
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Fig. 5 ISVM Algorithm Graph
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