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A New Arm Swing Walking Pattern-based Walking Safety System

o &m0l & 5

* A APoistE AFE S v
s WAAA AP oistE AHE S 24
Kyung-Min Lee* - Chi-Ho Lin**

* School of Computer Science. Univ of Semyung.
** School of Computer Science. Univ of Semyung.
+ Corresponding author : Chi-Ho Lin, ich410@semyung.ac.kr

Vol.19 No.6(2020)
December, 2020

20]
2

B =RodAe 1% B hdd Hfg 93 M2 Z 29 B gE 7§k 13
Pp.88~95 Qb A|2El S Akt AQhet AAEe AnlE WS, ~nlE 99X 5 gE suke] tulo]
25 8¢ 1% Bxg B ki AlxEo= V|Ee A &5 B sjHeg iﬁ@
kel G S AAF] oH e BAES sAs] 8 2 29 7ve 1Y dEs
£3it} & 29 76k B3 g8 tuto]x9] VHEE AAME o] &3 B ~9Ye T3 %i%
T 2 Bazte] W A3 A YA 3ol B A E HlOlEiHﬂOl *ﬂokﬂ i
B B A G LA o X ZHE BT A A WAXE dAD3te] A
PISSN' 1738-0774 12 A& A3 o] AxES Fa vz e R He & 3 71%@ &
eISSN 2384-1729 9l Aoz stk
https://doi.org/10.12815/kits.
2020.19.6.88 aMAo] : [oT, LHA, 20E X GIS, B3 F7)

ABSTRACT

In this paper, we propose a new arm swing walking pattern-based walking safety system for safe
walking of elderly pedestrians. The proposed system is a walking safety system for elderly
pedestrians using haptic-based devices such as smart bands and smart watches, and arm swing-based
walking patterns to solve the problem that it is difficult to recognize the fall situation of pedestrians
with the existing walking patterns of lower limb movements. Use. The arm swing-based walking
pattern recognizes the number of steps and the fall situation of pedestrians through the swing of the
arm using the acceleration sensor of the device, and creates a database of the location of the fall
situation to warn elderly pedestrians when walking near the expected fall location. It delivers a
message to provide pedestrian safety to the elderly. This system is expected to improve the safe
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1. IR

Felvets 2000 1 E S ARE]o] ZIARE ol AR QL A& SUbstTE dRbA R 654 o]
o] FHlgo] HA AT 7%E Hold AR 3 AEEAL sk 14% S HolAH A g
Sh}. B 7 % (Statistical Geographic Information Service System DB, 2020)° w2 2008'd 654 ] =& Q1+
© 49887t WA A& A F7tal] AAlE <F 800%t ol =2ste] MA| 1T 154% =2 A H AR ol 219435t
o 2038'doll= 2008' 9] 3310 1,683 o] @ Ao Hgeta 9lon, olfd S7MIE 20400
oz Aok £3E AoE 4T 4 ok, FAAOE AAT & gtk AW wFAT} FAeke] 2
LHAE T Bt AT LR} AGES 2EAe) ol E 3 A4S Belo] tig 471 WA o AN
3 3R] ASBE G5 WAE SR Ao, To) BE 98 A A8F BAV BT Aol

53 22l BAATBall and Owsley, 2000 Aol HEo] Aol giglo] Aol 428 A=
o] =9 3lth T AHRoh et al, 2015)= 28 A3}, MPA A SukdA T 2o o Asto 7 Fopx
Aok, =217 ¥ S5, Wo] UE A3 5 AAY)s A 184 wxololA ny #4L ALz ¥
Q % 9tk ol AR AAAE Astol BE E2 A4 AN BRo Bt THAE A% BY 41
S, THAE HE BE AA, A% SE AL A% oRER viet AL A ¥F] ¢ AT 2
ou), IHANA AYE BT & A9} o], ARF Fol U A4 AN % =2 0y B I
7ol Bog Holert Rasy,

Ministry of Land, Transport and Maritime Affairs(2011)ol4 B3 &7 Hrl= ® o2 48 R g
¢ 4 Ao BY BEEE RYRW, A2W o A TR 5 AT, 4 0e T4
& % BaAe] BEE YBe VW 5 dE AaRE B F- 44 A%, 0T TY A, 1R, A2
o wEste] B 5 OAE WAl AS w054 B el hile] AT 2 @

A R WEE 5, 08 $7 7hE @ 5 Aok 28k 29 87 H7HKim and Lee, 2016)F F

s HAFS Belste] B3] Ul hakd 29 WL b RS B B 3
o1 QITHIm and Kim, 2020). HahAte] wah o€l e 2o, &5 <8hd, 4% B4 5¢ o) nay el
. gebd Baa A BY 84S BAE 0 2t nade) ny HEe vk ny B4 Wk
7 Basit RaA 54 Be 87 Wk RAEw, A2 9452 FHOR Wi, 53 1Y
33 GOl BolEE AT BAte] YA d A HE Faf ‘Eﬁﬂi‘?i & dart o Bzt

A B3 87 HItE &) fsiAe AAE 283 & 2 B B4 53 g B BAHS A
F°l #asith

Arcolin et al.(2019)¢] &% 8t# 3
AAE ol FAIE A9 & ]
= 999 718 T2 “F7(cycle) ] TN

tOP
b i

O{N

A °o]& K3 F7](gait cycle)2} gt
719 A#F & Uit o] B ANA, oA BojAl= AA, §3E 7HEAEL
Rom, dnkA o g & A oA T WE A 7F ARl Be 25 Av 2L &L
o] 2= FA7AE B3 F7|2kal St} Ryu U. T et al (2013)2} Dong ho Ka et al(2019)°14 1A &
| 7)9e] By F7] 4 e S5 29X (foot switch)U 3] F(force plate)= ©]-&-3ke] o] ol

e B 2 AA 7Nk B8 F7] FAR 7SR AA e} Aol A MAE &3 94 °ﬂL‘17~]9} &
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T oyA 4 7N 1y F7]
F4< 5% 2y ¥4 Hrke - olghs A% EAS °|Xl &t7] 013%4 éA w*‘%l e
SAste] B3 A £4& T ET%‘XH EB}J A E AAT 22Tt Aok
B eEodAe 1y BEzte] ¢ BPS AP M2 Z 29 B3 e 7k By b A 2"E A

bRt AR A 2E] 2 AntE WiE, AvtE 93] 5 3E 7k yunlo)l g F83 1y By HY
A ANzHoR 7] ohx] 5o By feoz 3y ﬁr 2L ol ARE dASA R

7] S8 2 29 7ol By sjde 83t 2 29 7k 23 ' gupo]xe| THEE, Aolg
23 AAE o] &3 B 29Ye Tl A5 2 By G S AAs G o] Bt

£ dlolgulo] 288t 1y Bz Al G B o oA ZAE BYPT Al A1 vAAE AL
of AFAANA B3 kS AFITE =7 FEL AAE I 1Y ?71 AR R = I gE RS I
]

M. A2E 2 29 53 g 7k 23 oA A28

B EROAE RaAe £F 48 B | 24 Jlwe] 29 okl ARE AT A8 2o &
A A e Slwe] na $HT O AR ATHHE B 2Y@m swing 71N 5 g BAe B
STk QuEEel By BAL BYAL A4 D bveksh 2 ANE B85 1Y HolEE S

2 uaAe] A4 % oA 2Hg F 0y WA BAY 5 Itk E e PPE AvtE E2 Bl
Aol8 FYSHE LT PA D4 71 09 2

Bk e, ASkE AZEE P EE 2
°f

Y 3 2o A4S TG oIl HEE 24 ANSS Do HRaje] na WL BABY. Bo| NS R
Hstol na ABE WASE B WE AA el n AB LAk Iz 24 oll® AT
4 glom, 249 HolBg Ba w3 vd EAo) Wad R4SS 2AY 5 YoH, A BE % 2
YA B A BYAE YNHoE BS Fo AANE wEod T Su b Bl 2Y A B
o) $19) WakE B3 AP wE ol 29 4Re 1Y 5

AjkshE Alz"le] BE F7] 34 WHES I 298 T By F7] SHOE Fo] IHk HolA AFat
o e Ay o] ~fJo] Ek A zero swingZhA| 2] 2 29 &F AUy A 3 =

sl 3% 7HEE AAME 288, 35 THEE AAE S50 W 34T A T34 UkE
SoolAY 1 AL A5 BH 7HEEERS UERiTh o83 TSR 3he o] &dte 2
T AUAE SAHAY F Atk 35 7SR AA Y kel ARl EFHER o] F HsA| il
shuel diZgte =z AEshr] 98 4 (1) ZH2o] SVM(Signal Vector Magnitude) S 2-&-3ke] dhuhe] =] gk
(B)o.2 HEsAh A7IA x, y, z #2 35 7SR A 29 JHEE AdAgtelth

iy

E= a:2+y2+22 ............................................................................................................................... (1)
E: oUAgk
Xy, z 35 75 AlA S8
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35 7SR AA Y x, y, z &Y HER AdUA(E)= <Fg 1>9 2ol EHE% B 2AHT 4 glon,
<Fig. 1>9] (@& Akl B2 JHAUSE 35 755 AM 9 3o b= 4 (1) § A8t 35 745
=AM x, y, z &9 HIER UAE)E WBkste] doj HlolEe g LolTh
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<Fig. 1> The acceleration sensor's X, y, z values and energy (E) values.

o] Mg Fro] EAT YAAE AwE Wl zero swing AHOE At AF FE 5 Al
e 243 ]HX](E) aezel) YA WS LA zero swinge ZHY 5 ATk Te| 29  A4e 5
G ASE HAE T F o, A A2 2F757 AT Atk & F DA A2 AEES B JH=
ALA, i% % T Ot 29 Aol Jom Ag AE gEo] We F Jon, dF% &5 ~ulE 9
AE T A FHoE g HIthA Aol AlolH, o]F EAE s14d3st7] 2l Ryu et al.(2013)0
M= 2 Peak %‘ﬂl%k—% 283ty 14 Peak YAIZEOIZH OﬂLW%k(E) gy Ao 1G] AT FH
2 Peak o|UA] #hOo2 1A Peak PAIFKO] 2t UF Be Aeg7t AEHA, Mg & Aede 25
o] AA AEHEth webA A A5TE HAE] A= 7;5_‘-3 el w2 375 Peak I7AIZko]l B 83F
o}t I3, IA Peak QA mol=7F BAE AEH AFY WEF Fe ANt AEHE Eoln, A
gEuit 18 ggle] g AA q41E 18ty EFE HEH R Wlshs /P WE YAGES H 83
o A5 54 B8-S Utk

ﬂllﬂl

2. mO| Agl Jldo] BH MES S8 LA T W A 55

ok 3631}7} B A Fojuye HEL . 5
BYAE 38 Ba AAE vl oy stng B £ mE b we o A0S 74T 5 Qi
s FAYL <Fig 2>9 o] 72T 5 A
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<Fig. 2> Examples of 8 types of walking
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<Fig. 3> Acceleration graph for each walking type
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<Fig. 4> System block diagram
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<Fig. 5> Map showing the area where the fall occurred
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