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B Abstract ®

Focusing on the drastic increase of smart devices, machine generated data expansion is a general phenomenon
in network services and loT (Internet of Things). Especially, built-in multi sensors in a smart device are used for
collection of user status and moving data. Combining the internal sensor data and environmental information, we
can determine landmarks that decide a pedestrian’s locations. We use an ANOVA method to analyze data acauired
from multi sensors and propose a landmark classification algorithm. We expect that the proposed algorithm can
achieve higher accuracy of indoor-outdoor positioning system for pedestrians.
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1 let ThresholdAcc(X), X € S

2 let ThresholdGyro(Y), Y € T

3 let ThresholdComp(Z), Z € U

4 let N = 0, N € StateEnum, the number of =/2

turn
5 let StateEnum = {*Walk”, “Right/Left Turm”,
“Stair”, “Esca”, “Elevator”}
6 While True condition
7 let State = 7
8 let (m, m,) are total and average moving

time t
9  let repeatCount = 0 is the number of same
‘Stop’ status pattern in ‘Escalator’
10 if ThresholdAcc(X) = “Stop”
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12 report State is “Elevator”
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15 if (Avg(fl) . f102) =7/2) &&
(repeatCount > 2)
16 report State is “Escalator”
17 for Avg(f,., fit?) = “Walk”
N = N+1
18 calculate the floor,
F = abs(N/2)+1
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29 else report State is “Walk”

AHZE] N2 7t Aol A YeRe ek Agk
(D% FeFdghe] 355 ofnlahy 2] (DA A
ok No| g sttt 7% AlA ghe] el o
Al “4 2] (Stop) "9} “ R (Walk)” 2.2 UH Al #rh
(Line #10, 19). “8A1"e] Aelell A A1 jollAj+17b
Al A7V AN Z5k0] Bt gkt j+1ol A j+274A]
Ao 2 ZAFke] Ht Fh& vl wste] Elevator
o} ‘Escalator’ JE1Z EF 4 ATHLine #11~18).
AR e 5 BE A Al S-S ARk ARl
5}2 A SH
3}04 011’\74?1]

\

H
RS
o

2
o,
=
N
m{o
32 oto rE

B (Run)’ 2 Wa}= 7349} X}Oli/\ E*ﬂ/ﬂsﬂ 2



o] W= AIAG+Del date] el “Alek(Stair)” AUE ndste Bt 54 IS AEshe 44
2 ERE T o A (Ds &8st Adew e A9 s
o] 53 T 5 AL 4 thLine #19~21). H2~E ofFg Aol /i 372 Android 4.4.2
vpxuto 2“3 A(Turn)” & AHo] ZAFZANE (KitKat) API Level 20& 2483}, Samsung
ggsto] AA gho] Mg winjc} W] S Galaxy S4 Bds tinpo] ~2 Afelsioit), <17
ZALsle] “@ 22 3] H(Right Turn)"91#] “91% 3 8> oyl AFel A AAs A F7ke] HHES}
A(Left Turn)"1# & 4 UtHLine #24~28). AR Bgs YERaL gtk 54 FhdE Y
B =FolA] Algkels darelEe] ARk 7 S 7 7 Fsllon, Y HEE F 33Y
A 7HEE AR AEHE 7IEo® AA 27HA wesin HEHE 379 345 S5

(At Rz v, 3 AES 918 Aol
2FAIZAA e EA T Ho] 54tk o
o dolAo et Qe <" > gy
UERA Pseudo codeE EZ]1x9 FHZ F
of olalfslr] = FAT Lotk

(5]

e 'ri'l'lllrvl

Mo L Yes
— "‘-‘?/
! i Escalutor
L 1Mhl|mkr\| J \ I)
- -

Sl

(32l 7> Eg| £x2 L}EHH Pseudo Code

=]
%
=]
B
[m
o]

50

4. Evaluation

WA AR daelEE A el Hea 1
FA7E woli A% Aol HE % 54 1l
e B a4 4 Gttt s <

2EE AT APE ARl A & uE sk
o AuE SAeR Fdsg AntE E AN
dlolele] | Q14E HTet] s A A

Pz} A 2 A EA Z7HAY o o
B gE 2 Ao 54 S0, Aol (& 2 Aslo| EaiEl = Z7le] &
B, oladdwold, M, Hi)E 5 8% & (01 5l(20)
sl Bas Agetdn. 24 AN 54 Ay — T
TE BAROR A837] s At dm GO | B | A | Aejuely o 2dol
E5e AE9 ofF Aol S Atete] maAst a5+ | 10 | 32 26) 3(4)




57

HA xé AA 7] Lt

=9l

A
A A

bl map el 7t

=A
fa 13y

S

3z

2%

Ho
wir
Wy

!

w
ozt
<
o|J

22
\Y

31
=

WgE ZrhE 7172 &4

A7

3

2 e wgol) Aojwaw

Rid

an =14
T=

SR

Aow Yepton] 714w AAe A

L
T

o] & 5

ol
Xl

aLe]

o}
=

s

A Al AE

Xz

=3

A5 A 2] 13 g5 A 152 ©f

E_}\
= T

Al &3kl A PDRe] @A}

(Seed) BA

"
o]

e

of
)

Hw

O
N

o

N
TR
)
ZO
O

il

W
=

of

5

2, w7t 9

7b 2w A

o

ﬂmamomw go
Fogp oo X E X
T d oW
gy o T o mooor
T B o o
oo w P
Mo o — __ ﬂ_ulwl
Wl o) AT _
oo e o4 Al
E_ﬁﬂﬁaoqﬂpr. ww
= o T
& o oo — & o N
CR T
ﬂuﬂomﬂerAﬂe
P e T
T ooR g - ® R
Mo ¥ o T
(O
Homp ™ORN Ko R

ojth. 7k&:=A e e A

B

dzjulolE 7} o]

|

A
A7}
g

Z
S|

SAE 5
o o
2

=
=]

b A, b AN 2ae)

= = ]
Ed & Els
=
s

ki3

171 el A

==
5]

S
e

3L

= Az A maAF 59

PN
e

3}
=

7 e A

-
=

3

=
s 2

EZE IMUS WPS

=]
<
gssl
>
. X
.,OL o
AR W
—=
~X
Moo
W S
jaiy
N
LN AR
&S| &
<] Q)
3
H —
o |~ l©
= © | —
= = | —
O R X
w e
=
Sk
T || S
N
=)
wo|=| S
~
R/ ||
L= | M
P =n |
b

A4, A38CH, A8Z.(2013), pp.663-673

5. Conclusion and Discussion

=
=

L AR, 290, olmA AN 3

oA wagate] 914

AE U AR5 =5, A1, Al1E(2010),

pp.129-141.

o] FHAQL ARl W 92 QARgS AvtE V)

Ho

R

=7, “Seamless H.3J A}

MEMS A4 7]

z:j‘l.

0g 9

1o

Telecommuni-

cations Review,, #A119¢, #113(2009), pp.

’

= » o
Ri:

A% % ag

&l

¢

Eis

ek

o R |

RERRGEIRY

A

=
.

Aol

ks



58

oY,
g
il

148-164.

5] Gezici, S., Z. Tian, and G. B. Giannakis, et
al., "Localization via Ultra-Wideband Radios,”
IEEE Signal Processing Magazine, (2005),
pp.70-83.

[6] Gu, Y. and A. Lo, "A Survey of Indoor Po-
sitioning Systems for Wireless Personal
Networks,” IEEE Communications Surveys
and Tutorials, Vol.11, No.1(2009), pp.13-32.

[7] Jimenez, AR. et al, "A Comparison of

Pedestrian Dead-Reckoning Algorithms us-

ing a Low-Cost MEMS IMU,"” IEEE Inter-

national Symposium on, (2009), pp.37-42.

King, T., S. Kopf, T. Haenselmann, C. Lub-

berger, and W. Effelsberg, "COMPASS : A

Probabilistic Indoor Positioning System Ba-

sed on 802.11 and Digital Compasses,” Proc.

First ACM Intl Workshop on Wireless

Network Test-beds, Experimental evalua-

tion and Characterization(WINTECH), Los

Angeles, CA, USA, 2006.

8]

X

o
2
o

[9] Ladetto, Q. et al., "Digital Magnetic Compass
and Gyroscope for Dismounted Soldier Po-
sition and Navigation,” Proc. NATO RTO
Symposium on Emerging Military Capabi—
lities Enabled by Advances in Navigation
Sensors, Istanbul, Turkey, 2002

Raul, F.A. et al., "Pedestrian tracking using

inertial sensors,” Journal of Physical Ag-

ents, Vol.3, No.1(2009), pp.35-43.

Sen, S., L. Jeongkeun, K. Kyu-Han, and P.

Congdon, "Avoiding Multipath to Revive

Inbuilding Wi-Fi Localization,” MobiSys pro-

ceeding on, (2013), pp.249-262.

[12] Wong, C., R. Klukas, and G. Messier, "Using
WLAN infrastructure for Angle-of-Arrival
indoor User Location,” IEEE Conference on,
2008.

[13] Xiong, J. and K. Jamieson, "SecureAngle :
Improving Wireless Security Using Angle—-
of-Arrival Information,” ACM SIGCOMM
Proceeding on, Vol.11(2010), pp.1-6.

[10]

(11]



