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ABSTRACT

In this paper, the localization algorithm for improving the accuracy of the positioning using the Wi-Fi
fingerprint using the normal distribution probability and the built-in typed accelerometer sensor, the gyroscope
sensor of smartphone in the indoor environment is proposed. The experiments for analyzing the performance of
the proposed algorithm were carried out at the region of the horizontal and vertical 20m * 10m in the
engineering school building of our university, and the performance of the proposed algorithm is compared with
the fingerprint and the DR (dead reckoning) while user is moving according to the assigned region. As a result,
the maximum error distance in the proposed algorithm was decreased to 2cm and 36cm compared with two
algorithms, respectively. In addition to this, the maximum error distance was also less than compared with two
algorithms as 16.64cm and 36.25cm, respectively. It can be seen that the fingerprint map searching time of the

proposed algorithm was also reduced to 0.15 seconds compared with two algorithms.
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Table 1. Specification of mobile device and AP
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2GB 300 Mbps
802.11 a/b/g/n type + WI-FI 5 EA
HT40 Mbps)

1861



The Journal of Korean Institute of Communications and Information Sciences ’15-09 Vol.40 No.09

2

42 &9 21 % 24
B ol ARk ATHEE 253 087
AAZHE vy} AntE Eof WAE A4
2| 22T A E o8] 21A] F S
t=Rol= AelA sl Aes s
A

I8 125 AAZEe R ~utE E A8} AAE)
3 AYellx o]F & ] 4% A8l X E EA

& Algelolele] Aje] speolc),
Akt $1415 krelze] A 28] Sla)
of AHBARE LI, L2, L3 40 W o5 .
zlo= /\4;(43],031;]_ (:j_a] 11 ;d—Z) A5} /\]L}—ﬂ_?_
=

_4

d
o4 Aekshs ekmelze] 97 Aohe e 2
olla] A ATFEE HES ]85 WicFi
2E e} 2ntE Eo) A (1E 2 Aol mam
Z AA)E 0] 83} =3 T A2 u|wsleic)h vl
R AL Wik /RIS T sl

E 1m ZFACe R wixsln AFEE FE-S ALsle]
D}.

:D“J 13, 14, 155 2+ o W2 A 2827} o]

3 7e)s) AAZAE Sy, AlQele kel

> %”Ur«] 23} e vl Aelek 13 139]
L1774 4 22k Ags 22t 58.33cm,
32.33cm, 62.17cme]H™, ZHo| 23 A=zle= ZZ
120cm, 75cm. 151cm o]t} A|gkglF Lare|=e] Hit
22 Aels FAZHE 73 35 el s 2+
Z} 26cm, 29.84cm A% ©] A Eshe, ) gi} b
= 747} 45em, 76cm A= ©] AERE S B S 9k

29 1) L2 HE 27 A 23
41.67cm, 34cm, 89cm ©|=], | 23} Agl= 2
100cm, 75cm, 154cm 2, Aok dz|Ee] 3
2k Al o e 7 WAl vl 2 7.67cm, 55cm
Ax o A, Hd A A= 27t 25em,
79em A% v AEsidc

_.
o
R

T Q00: Ml 2F 10:35

11-2

111-3 110-1 110 *
I3 HBA7H3 HIAF Lre BuItaY ks

@ 211

Go
103 104 o

J2 12, $1A 34 AlEelEe] ARt $1A &4 3hd
Fig. 12. Display of user estimated location in localization
simulator

1862

200
= L1
E 150
<
]
g A\
£ 100 —_~
& 7N
T 50 C— — -
g .S/
G 0 T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12
Number of step
= Fingerprint = - Hybrid DR

a2 13. L1 FgelMe] 2aF Az vl
Fig. 13. Comparison of error distance in L1 region

L2

Error distance(cm)
=)
o o

N .
TS e
0 = T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12
Number of step
——— Fingerprint = - Hybrid DR

T2 14, L2 Felxe 24 7] wla

Fig. 14. Comparison of error distance in L2 region

200
_ L3
£ 150 ——
=
1]
2 100 /\
A\
T 50 N/ \
L NN
E 0+ T T T T T T T T T T 1
12 3 4 5 6 7 8 9 10 11 12
Number of step
= Fingerprint = - Hybrid DR

T2 15, L3 Fellxe] 24k 7] wla

Fig. 15. Comparison of error distance in L3 region

a8 159 L3 el He o3 ARl A
43.33cm, 29.58cm, Slem o)W, | 93} Az 7t
7z} 120cm, 118cm, 151cm® SA =it} wleba] #|etk
3= daeRe] Hd LA Arle F WAl vl
ufl, Z+zF 13.75cm, 21.42cm AE o A&she, &]
L2 ARE 2cm, 33ecmAE U] Aoty &

o

= A e Al A de)ze] Aol o ﬂa
s} AF oA} AelE ehl Hole.

Argr ] Fe] Aes At HE ﬁ»‘f—-_rg °]-§-
g GAZHE A 35 3P val els
FHo) 2} A2 22 2em, 36cm A% Y 2432]-6]—03

[ 22} A7= 247t 16.64cm, 36.25cmE T
e o= vech

;';

K



X/ Wi-R 30 A AlA g AFEE FES A4 AW HAFH daElE

A Ans 843 2l 3= o] 2] o4
Al Alkske darelg 2] 0ol 77k Ak
FR|o]ARE, A 7t SIS 2ab ARyt
%‘_7]_—3],__ 7L B S 1:]— 1 o)== AnLE Eof Y
o] Aol wlsl 7] el
A7} A]—%—x}&] 2E AL40)E 100% <14
R X W oz}, LA} AR E o] F A
F7HAQl HA7|He] glen R A7te] A dE b
7} A E o] AA| AREAL] o Ao} w2t}
WA wtolel YAZHE S HA ea A
2] 00]x]1h, ) 22} Ae]7} 120cmE 1 WE Z
o] 3] =n, olelgt o] uHEAH o7 Wbl
2 ol AW 34 whsle ofe] 71A] 3EA
Ql 8452 Qld] AntE EFo g FAlEE A5 A

7ol o]zr} WhAste], & ARG} f1A18F Ax
HH7F obd o]l A1 Fx AR A F] o
o]k

vpr ko g ARgAle] o] wEkS dletsle] s
TS RHEkE G5l s AR A
oheat Ak ol Fl AHAE Lol Lot 132
ks Al o Bs S A8EE Al

Zhe- 103] WhE s A3, A/l daese] A
=2 9 ASE BshE W] s ¥ 163 2
o] Zkz} 0.07%, 022%% ¥ 0.15% ] AE T=5g)
t} o] Az AAF RS gite g AL ]

F°

o

o

B 2 Ao o 2 AE oA s
Table 2. Comparison of maximum & average error
Max of error Average of
(cm) error(cm)
HAZHE 120 47.78
F=3h 154 67.39
At daeF 118 31.14
03
2 02
o
g
.E 0.1
=
0
12 3 4 5_6.7 8 9 10
Count
H proposed map search B fingerprint maps search

J2 16, W 24 daelEe] A7 vl
Fig. 16. Comparison of searching time of map search
algorithm

A AAE ez $AE
o] =7] wiel ool w3l

7) el AR viEie dﬁ B 5 QA
A a
AE W ool ﬂXLi Alrake %lﬂ%ﬂ W

B =i A 3 AGFEE FES o]
231 Wi-Fi IAZHE vbAlal AnlE Eo
7, XMME AAE o] g3le] $1x] 4
A s kel uhAlS- Algkslay, AA AlgS £}
o] A5-& FAskih Algle 2 st Fajdist 7
E WollA] 712 AR 20m * 10m®] FF} el A=
low, ARgA=s ZF TS o] F3H, o] we] $1A|
4 *é:g AEE ES o83 FZHE 7]
‘%3 2 FEehd A2 vlaslelch
48 A7 Ak daE]Ee] Adeel 7 uell v
3 FHol o4} A=jel FHH 24 A== 4 2em,
36cm ?ﬂE o Agsisla, it 2 ARx 7

“_4

i

noTN

7_']—
16.64cm, 36.25cm = ©] A3t 7l o2 vepyie)
3wl A ekyE|=e] ANE 0.15% A% thEEs
R7HE gieh. T} o] Alske AMgA} svhe E
= AAlshes W] AlRMelzhs Ao AW ks
o] %=3} u A3l o]Zwt shel= 9] dkx)=lql 3}
73, a@la el el 847t gl LoSellA Rt AF
g Asphs S 7R olek web 3
NLOS #HellA] $1x] A2t sadel] tigh oA, 2w}

E E9| vekgt A whell Wit A, a3 ARS-
X}°] H]/qf';:]z-]o] o}ioﬂt ;d.Q_sz 2= ¢}\% oal-:]lalz
ATE o A8 & Baade] gk Aw
k.

gl

References

[1] S. W. Lee and S. W. Kim, “Indoor location
positioning technology trend and outlook,” Inf.
Commun. Mag., vol. 32, no. 2, pp. 81-88, Jan.
2015.

[2] G. Kim, I. Park, Y. Im, A. Hong, J. Kim, and
Y. Shin, “Recent trends in location-based
services,” Inf. Commun. Mag., vol. 28, no. 7,
pp- 3-14, Jun. 2011.

[31 M. 1 IJ,Y.S. Cho,S.]J. Park, and D. S. Im,

“Wi-Fi based indoor localization technology

1863



The Journal of Korean Institute of Communications and Information Sciences ’15-09 Vol.40 No.09

[4]

[5]

[6]

[7]

[8]

[

[10]

[11]

[12]

1864

development trend,” Inf. Commun. Mag., vol.
28, no. 7, pp. 52-58, Jun. 2011.

H. Liu, H. Darabi, P. Banerjee, and J. Liu,
“Survey of wireless indoor positioning
IEEE  Trans.
Systems, Man, Cybernetics, Part C: Appl. Rev.,
vol. 37, no. 6, pp. 1067-1080, Nov. 2007.

P. Bahl and V. N. Padmanabhan, “RADAR:
an in-building RF-based user location and
tracking system,” in Proc. INFOCOM, vol. 2,
pp. 775-784, TelAviv, Israel, Mar. 2000.

Skyhook Wireless, Wi-Fi Fingerprint: How to

techniques and systems,”

use Fingerprint method in indoor environment,
July 1, 2015, from http://www.skyhookwirel
ess.com

Ekahau, Wi-Fi module
used in warehouse, hospital, July 1, 2015,

Wi-Fi Fingerprint:

from http://www.ekahau.com.
E. Foxlin,
shoe-mounted inertial sensors,” IEEE Comput.

“Pedestrian  tracking  with
Graphics Appl., vol. 25, no. 6, pp. 38-46,
Nov.-Dec. 2005.

S.-W. Lee and K. Mase,

location recognition using wearable sensors,”

“Activity and

IEEE Pervasive Comput., vol. 1, no. 3, pp.
24-32, 2002.

H. Wang, et al, “No need to war-drive:
unsupervised indoor localization,” in Proc.
MobiSys ’12, pp. 197-210, Jun. 2012.

B. Ferris, D. Hahnel, and D. Fox, “Gaussian
processes for signal strength-based location
estimation,” in Proc. Robotics Sci. Syst., 2006.
F. Duvallet and A. D. Tews, “WiFi position
estimation in industrial environments using
Gaussian processes,” in Proc. IEEE/RSJ IROS,
pp. 2216-2221, Nice, Sep. 2008.

0] & & (Jeong-Yong Lee)

20001 29 : ANt A
st (s

2014 34 ~3A): T e
AFeIvITIel st (4ah

<o AIESZ, 9

A FA Al

0l & ¥ (Dong Myung Lee)

1982 29 At #iz}
Akt (3hah

19901 84 SAltfEtaL Ak
&7 (M2h

e ST 1997 8 st AR}
\ g M ArkEtt (2h2h

= — 198213 39~20001 29 : &
AAFEAIAT4] el ]

20001 33U~ FH st ASrEl g w

<FHlRol o5 FAIA A, AMUES =, x5
A A 2Hl]




