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Abstract

This paper proposed a smart-phone based user movement state identification algorithm. The
movement state of the user is identified by calculating the location and moving speed using the
GPS sensor, and detailed movement methods are identified by analyzing the data from the
Orientation sensor. In this study, two sensors of the smart-phone were used to implement the user
movement status identification algorithm and to perform tests.  The reference values of the speed
and orentation required for the identification of the movement type were defined based on the
experimental data. The results of this study showed that the movement type of a smart-phone user
can be identified using the user movement state identification algorithm.

» Keyword : Smartphone, GPS(global positioning system),Orientation sensor
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Fig. 1. Acceleration sensor detect principle

MM ZE 22

2.3 Orientation AlA{
L}E‘rLHfﬂ Amizuth,

m
i
Lo,
N
b
et
)
o,
29
)
o,
ofl,
e
b
2,
=
_‘1
fm
r H~1
o,
o
™
2]
o

ebdtt 3
o} o]2)3 A= Orientation A4
3} 3)A zZes =4 & 2 goi11],

fr do
s
o |
o
je)
i
=5
el
e

\
z 9 \\ z
S by \
6C~ -« —\N
N < X \
o
= >

Amizuth

T2l 2 Orientation MIM2| =& Z4
Fig. 2 Orientation sensor detect value

% 2= Orientation A4 478 Yepd 1]ttt
Amizuth 3 752 FAHoE AT 752 FHo=
R wako] AR-S T A4 08 ek &0 Y
785 1805 Uehdoh S7g5ke] el 00K 359rte]e 3k
< YeRdth Pitch 3k X5 402 3H3la AnlEX
o] shdo] 915 HigtHAL $HOR o AdEi7) 0, Fuks
ARA & AF -0F vehdoh 2439 Hele -18000
A 180 Atel9] ZEE JERATE Roll 3t Y& 402
A XFo| 7% Weko 7 b 022 FHE ek
SA WA -900l4] 0ol Fhs ERRA Eth

E =RoAE 71&9 S8AHT B 7I&ET 41xe) dlo]
E1E ARSHA] 933l AAITE Aol £& AFAE RFn
%= Orientation AXE E-gate] ALgAbe] o] 5AE1E ol
Stk TR AlXe] 7S gAe) TlsiAE BEYS =4
S2A  AFHolw Hg o] AT Ordentation Alx
o] A AREAR kS A4S SlaL AR Y] 4w JigE
SATOIA 7KRAlX e AR AUg S4o| 7Fssit

n. = £

—

31 AlAE X

B =ollA A ARSAL o)F e B arejEe]
G Al2Ele AulEZY Wi-F, 3G FATAES &85
Mg} AntEE o] WESAE ISl E AnpEE



170 B FEMRE® 3HoCaE(2011. 3)

S e GPS 44 Ax 2UE T Orientation A4
wUE Y 27]-2] ‘?_j% ]Jl‘é‘]-@] A2 olF FEIE
Stk GPS 4241 Ax]e] RUEZS AREALe] &R 913] AR
9} o]F AZlE RUHH sl A8l A5 EFA o=

AMujell AF3laL o) s £ ARtste] A8ALe o FHE
W HFHoR Wi ARALe] o] F 79)119% &
A Aue A UEYA TS Foto v Aue] AdH
3 w1 Al = A Eﬂ°lEie o]--3kq *F&X}Oﬂﬁl &
A E G olF deloll thak e ¢ 7k} A|2] gH A]
281S 883t AMul2 aHA "rk AH|2 o]l
3 ', 2vlE Z PDA ©@27] T o71F ZE A%k ¢l
o] AHIAE AT we F Tk

Activity

View Contol Service Control

Remote Interface
Layout

Image View ¢

Service Process

v
Service Process
Sensor Location Network
Manager Manager Manager
Geo Point
Orientation Wifi
Sensor 3G
Power
Manager

T2 3 AR =Rl 23
Fig.3 System framework

AR} o) B dEl T garelEd ER0lE 21 94
Al 7ol TS 2y A2 Fx= aY 39 2
o] AMul2 mEA|AS} MHIA ZRANAE FEE = 84
ZIAARE FA 7= 95 0] itk B4 ZEAAE A
H|Zz 2 A 20 AR et Al Fao] ARt AlolaiA
Ha Gug]Ee AulA T2 A2 APstA "ok M|
2 A9 FAL Power Manager, Sensor Manager,
Location Manager, Network Managerse] 47}4 32
A2 FA Pk Sensor Managers Orientation A<}
2% AN 5 2PEE YR BE AXME AEE & uf A}
£ =t} Locations Managere= GPSE 83 9% 3
IQES #HE BE S —’FSE%PE} Network
Managere FA 3G8F Wi-fiz 745o] a1 HESA =

nJ ;(]O o

ES Ao k= 9Fe 433} Power Managere= %94
Ao Z2A2E v FHE TEAY A ZUEHS
SRR A& WAEla ZEAZ] WEFS Fo]7] Y3t
AYHo = FE 23] S8t AS- Atk

El Lsow A 20tE EL o}§3 AHEAL ol
i duE)Fe A GPSE o183 347 Orientation
2 o188 2402 ol 4 £ itk GPSE o83
o Akgate] Al 99X AR} olF A2 71&}9& o]
=5 Al dHoE AL EHE o
A o)% SRk, QEHlo] B2 olgdl] 01%%%
A$AAE BEITE GPS AT Bl gk Aole
ARl @A A7 Aol A Ao Akl
}_
A

R

s

oL

I
1y

e

Orientation ANE A}ga}e] ALgA}e] o)% *JEH =4

E 3tk 3% VI Alxe] RUEE o &l
747] 97, 7|gde] e wshs Eﬂoﬂ 01%—91’% AHE
Ae] Aol wet WAEE Orentation A1X9] & 571
Hog RUHY sl B4 AT HluE Falo] FFHo
2 AR ol AElE WA Bk ¥ 4 o9} 2

g1

Orientation
Sensor
A83Ixl e

J2 4 Ol &el & 2meiE
Fig. 4. Movement State Identification Algorithm

1| GPSE 08¢ 0|5 &= &8

GPSE o83t 54 ¢x

#AsiA "ok ols -’FL "LL% 251qn/h—§— 71%0
B3to] olFgtal A
Eii=g é?-_‘T—J} Z&Im/h OI*JCQ Be olEd A e
1 Orientation 4142} 2



ZWEE 7] AREA} o) F4Y i dueE: 17

UEES AddstA] geth Al&o] 0Clkmh ¥ Afole
LZHo|F AHd &= VItkE dulE }E}. GPS A%
o] Al Aufate] A7t WA &S Ae AA| A
A A7E AR Adsial EHolE ’BWM] 23 AA
Orientation AlX¢] BEUERS A3t o5 AelE A
sl ok 2 =EelMe s, BEE ]%3}04 TA A ]
A AR B2 0183l olsAE A
SIth B =il Aeksl= °Lj€]1«] 543 -’l”}E%Q]
AE] £28 uHFs W Y S50 AN B A&
A A7t FaFeE FAAAY Ay ARE FAQ
Haversine 34} 288l 78 sl{tH12].

Alon = lon2 — lonl
Alat = lat2 — lat]

a = sin’ (Alat/Z)z + cos(latl) x cos(lat2) x sin’ (Alon/Z)
Ja
c=2xtan’’( )
VI -a

d=Rxc (07| RE X 72| ¥X|E)

{lon2,lat2)

T2l 5 GPSE o|Sst Ei
Fig. 5. Using GPS to Identification

322 Orientation MIME 0|28t =
vk AXE o] 83 4L }
P ARERLe) 2o mE) 2
3}, 2vfEZS] 3% Wik Al

71895

JL.‘

1 THE o83} o|F

o] BEYS 0]§3Y]
17} WA= o] o] 2wt
A G F SUvkh AREARe] ZRfEES] V)%
AEE F71Ho2 HUHY sl TRAA S 7] H7,
FeIE s "ok 2 dAFeAe B3 AXE
M 4& & 9= F Amizuth, Pitch, Roll ¢ dlo]g
& T Al dgel e S At JFgES v
Pitch gt& ol&sle] AREAte] o5 AJelE WEdch

—r’]jE

_% N (m JIN' m°f'
r

o AZ

39

Pitch
180
-

21 6. Orientation sensorE 0123+ =&
Fig. 6. Measure using acceleration sensors

a9 67} 2ol Alge] B 52 @A FE7HA¢]
I 55 AR 7t BEnitt 3H 59 2P0 o

Fol Zt} & =Relxe 1@EF FEAIY] 3 S5&
=74 skt

200 |-
o
150 |- I 0
7| Az
100 |- ! '\
L 27] QA%

w0 EERELE
5
= OF
]
| =]
S 50+
o

100 | .

Pitch
150 | !
o
200 | o
1 1 L 1 1 1 1
0 10 20 30 40 50 60 70

AT P
Fig. 7. Measure using acceleration sensors
g ez e Aelth ALeA}
o o)g4e] mfElzo] AltER Orientation 414] Pitch
HolEl2 250ms 9] 7FAo® =A3la o]A9] Pitch Zhee}
#A9] Pitch Z1%e] WelE-S Attt 03] 343 Bk
= ARkl A7), §7] 71" ZEE sk |k

a8 78 18 69 AR

L Angle[] = Pitch @ — Pitch 8" ....

/ Angle []
50

A:

2UEY =e B¢ 22 3 2] Pitch © ZH%9} Pitch
0' Zk=zte] W3l & =74 slu A H WE ZL o] 831y
237} o] Wit 7= WglEl A FgE 7 ¢ Utk



172 SRAFESREE HGE201L 3)

Min T, < Walk (4)< MaxT
MinT , < Run(A4)< MoxT ,

7] dele] AR T, el WAl BF 2w wskE
A @& vimste] @A) AHgAe] o kg WEshl
4. M8l 2 olole 24

Rl AH8Ae)

o598 W Qe Zol A6
PAGE ARI87] flste] F 79 PSS ik A
& A7) AeolXe] 3% 714= 33 Orientation
AE AR T A AF dAME FH7] el
7% 23 OrentationlA 3t A8 itk & 71#) 4
B A0S 53 QA Ko 43 R AT )

>4

£5 @k ARM7 550Mhz 98] ZXd] ek=gol=
2.1 934 ]7} A TS ARSI A8 Ue2 21
3} o] A3 3Tk

E1 2 US
table. 1. Experiment Contents

7| AlzE B BT 2R
= 500m 0% 10 X 5
71 500m 102 10 IE g

A7) Zd8ollX 7= Al g3 Ordentation1A]  271A]
tloJele] Ws} & I STk VMG gl A @l B
AR WskEo] 6 1 AL & AUk Orientation A4
©] Pitch Ho|Ele] BawshE-S 3722 Yepdth

20

230 |

-40 1 1 L

J2l8 27| aelel 7= 2t
Fig. 8. Walking status acoeleration values

300 -

Amizuth
200 -

100

Orientation gt

Roll

Pitch
-100 |-

1 ! !

-200

o
N
S
IS
S
)
S
3
S
=)
S)

=83 2+
219, 47| AEH9| Orientation Zk
Fig. 9. Walking state Orientation values

7] el 7EE A3 4= wgk gk 2 7] dlofHE

v 35ick H7] e olXE Odentation AlX gre] #zk
7b A e e RS 11 & 4 Qi 5171 A elA
7T 3] et st %% 15 & YePgo™ Orientation
AA Pitch gkl Bt ¥t -2 182 VeIt

20 |-

|
tis

0 20 40 60 80 100

= 5 3 2
=33 =+

T2l 10, 5P| Aol Tk 2k
Fig. 10. Running state acceleration values

300

Amizuth
200

100 -

Orientation gt

Roll

Pitch|
-200 L L L L 1 1
0 20 40 60 80 100
z33 +
T2 1. 57| Aele| Orentation 24

Fig. 11. Running state Orientation values



ZPHEE Tk ALgAL ol g # duElEs 17

AFA Yehd o] 2 7149 7S 7IEoR A7]9) §7]
AeS wdshs 71E eE 250ms 144 1003 SA47E
o2 WgFe] 257469 s 7] HH=E Ay sl
071209 FHE HYl FHE B S8k ol o
107258k} 1200)40) e 18] & 4= gle dogz #Ad
a1 dmElM A7 7|2 Gk

350

L ]l
o}
B 150 |

Pitch

| s71E2 was

271
27182 wax

1 L L L L L j-l;él 12
=0 0 20 40 60 80 100 120
2|2t H7| Alefol BisE
Fig. 12. Amplitude of walking and running state
o OfSAE B YTRIE iRk
Table. 2. Identification Algorithm threshold values
wl | w | e O
= T = FCtolg
E=(kmih) 025 025 0™ %6
o=t > ~
Fﬁtch;i._ 5 Q 010
Hi5|Z 45 120

Y 145 A8 ol Y Yare)
ZolA] 2], 9], 7
49 A3t GPSe) A7t 7
8 Fahe 3 97h B sk
TEZh s A% 58 Zede] 34 s BAY] B
ASET F 7 BA BT 2GAANA Z2A] 34
&S0l wek T2AE Belah) dRe] BskE @gelch

A E % iE 3CTIlED 2% 8:12

B 2K OFMA| B Y-S
Pl : 36735002 & T : 127074927

Google

2113 Zz} s
Fig. 13. Application results interface

v. 2 B

ol Me] 522 2HEE 7ol XY 2A W H
o 9}% AME &8sl AR ol FHEE i & 5 3
= °13’~E12§ AQralar 78 s5ick AjtE darElEe A
T g R ARk wE] gojd AR Hlal
olFTES gt T olEgHdo] EH
Onentatlon AME F71HE HUER 31
e 2% Wz} £S5 s} ofa Farske ak JARE
% a3t A7)} 471 SHE tﬁ gt} 3dE olEle
BES ol&al] A HEaial e JRE &
}01 AREANA o) 5 e S-&
TS5 JAZANE Orlentatlon ‘*]/‘14 R W
TAXS AR ABAS At ARk B4 2wt
«] A wet A4S 7HAE daeEe] g 2t
LA QAHQ] AHIA ZREA|20] F3o] Fasit &
, /‘E"a 73#% 71oH del el ERF Q14 el gk Bt
2 $-8 2] AR FAE Hksl Bt QPEAQI A
E\ﬂE‘ T8 & Fojtk. ZrfEZX ] Hgstar 0}76”40

1m JP%

Eﬂ'lm

[>

AN ZL BT A7} o)F AE|e} HEEe AlWsl] ¢
o BE B ERAS oF3he QT BT & ﬁg;qg% 7H
W& Aotk



174 R eI AE G RE(2011. 3)

mk
ot

S

[1] D. Work, O.-P. Tossavainen, Q. Jacobson, A.
Bayen “Lagrangian Sensing: Distributed Traffic
Estimation with Mobile Devices”, Proceedings of
the 2009 American Control Conference pp. 1536-1543,
June 2009

[2] Mobile Millennium Project
hitpy//traflic berkeley.edu/

[3]  Prashanth Mohan, Venkata  N.Padmanabhan,
and Ramachandran Ramjee “TrafficSense: Rich
Monitoring of Road and Traffic Conditions using
Mobile Smartphones” Microsoft Technical Report April
2008

[4] Chris Thompson, Jules White, Brian Dougherty,
Adam Albright, and Douglas C. Schmidt "Using
Smartphones and Mobile
Networks to Detect Car Accidents and Provide
Situational Awareness to Emergency Responders”
Third International ICST Conference on MOBILe
Wireless MiddleWARE, Operating Systems, and
Applications (Mobilware 2010), June 2010

[6] Nikolay Dokovsky, Aart van Halteren, Ing Widya
"BANip: enabling remote healthcare monitoring
with Body Area Networks” FIDJI 2003 International
Workshop on Scientific Engineering of Distributed Java
Applications, pp. 62-72, Nov 2003

[6] Bonhyun Koo, Hyohyun Choi, Taeshik Shon, "Design
and Implementation of Multi-Sensor based Smart
Sensor Network using Mobile Devices” Journal of The
Institute of Electronics Engineers of Korea, Vol 4, No.5,
pp. 1-11, May. 2008

[7] Gye-Hwan Jin, Sang-Bock Lee, Hun Choi, Jac-Won Suh,
Hyeon-Deok Bae, Tae-Soo Lee, “Ambulatory System
for Context Awareness Using a Accelerometer Sensor”
Journal of The Korea Contents Association Vol.5, No.5,
pp. 287-29%, Oct. 2006

[8] Yunyoung Nam, Yoo-Joo Choi, We-Duke Cho “Human
Activity Recognition using an Image Sensor and a
3-axis Accelerometer Sensor” Journal of Korea Society
for Internet Information Vol. 11, No. 1, pp. 129-141, Feb.

Wireless Sensor

2010

[91 Hyang-Mi Yoo, Jae-Won Suh, Eun-Jong Cha,
Hyeon-Deok Bae, “Walking Number Detection
Algorithm using a 3-Axial Accelerometer Sensor and
Activity Monitoring” Journal of The Korea Contents
Association Vol. 8 No. 8 pp. 253-200, Aug 2008

[10] Jeong-Yeon Choi, Sung-Boo Jung, Hyun-Kwan Lee,
Ki-Hwam Eom, “Motion Activity Detection using
Wireless 3-Axis Accelerometer Sensor” Journal of The
Korea Institute of Maritime Information, Vol. 13, No. 11,
pp. 2427-2432, Nov 2009

[11] Gooogle Code, Attp://codegoogle.conr’

[12] Http://en wikipedia.org/ wiki/ Haversine_orouila’

[13] Ji-Min Yoon, Chae-Young Lim, Kyung-Ho Kim, "A
Study of Baby Sleeping Positions Sensing and Safety
Band Using an Accelerometer” Journal of The Korea
Society of Computer and Information, Vol. 15, No. 6, pp.
11-18, June 2010

[14] Yaohuan Cui, Seong-Yoon Shin, Chang Woo Lee,

“Recognition of Events by Human Motion for
Context-aware Computing” Journal of The Korea
Society of Computer and Information, Vol. 14, No. 4,
pp. 47-57, Aprill 2009

|
st s
2010 : AL 8}
010 - A : sAhk A
FiEor A, Sensor  Network,
HCI, Mobile Network
E-mail : 17thwire@gmail.com

ad

2006 - A -

A AYEet 2w

TilEok: AY, 7HIEA, HCL
Computer Vision

E-mail : sjpark@hoseo.edu




