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Low cost Wi-Fi Indoor Positioning Model for change of scan data

ONO HIROSHI MAEKAWA TAKUYA

Abstract: This paper proposes a new method for constructing a low cost Wi-Fi indoor positioning model.
Generally, a Wi-Fi indoor positioning model is built by using scan data observed at each reference point in a
short period. However, we cannot deal well with unstable signal strength from Wi-Fi APs when we use such
scan data as training data. In addition, we cannot distinguish stable Wi-Fi APs from unstable APs (e.g.,
mobile APs), which are inappropriate for using as beacon, with such scan data. When an indoor positioning
model is built by using scan data at each reference point in a long period, we need not to care about the
problems. However, the approach requires a large cost as regards collecting training scan data. In this work,
we collect scan data in a long period at only few reference points and complement signal strength models of
the other reference points with short-term scan data by utilizing the long-term scan data. That is, a signal
strength model of a reference point with long-term scan data is adapted to a model of a reference point
with short-term scan data. In addition, we try to distinguish stable Wi-Fi APs with unstable APs from the
long-term scan data.

Keywords: Wi-Fi fingerprinting, indoor positioning, MLLR adaptation

oo wi-Fidoooooooobooooboooboo

1. 0000
0000000000000 000o0 gpSsOOOOOO
O000OWi-FiOoOOOO LANOOOOOOODoooa gooooooooooooooooooooooooa
Ogo000ooOobo0o0o0ob0o0oooo0ooobooooooa gooboooooooooooooooooouoooon
Wi-Fi0OOoOOoOooOooooooooooooooooo
1 QgoooOooOoOoOoooooo goobooodoooouoooooooooooooon
Graduate School of Information Science and Technology, Os- O0000000000O0O0O0O0O0O0OOOOOoooon

aka University, Suita, Osaka, Japan

2013 Information Processing Society of Japan 1



gogoooooood
IPSJ SIG Technical Report

coboobooooooooboooooooooooooo
wi-FidO0ooOoOoOoOoooooooooooooooo
000000000 (o0)0oooooooooooooo
Oooooo (boo0)o wi-Fiooooooooooo
OOWi-FiDOOOOOOoOoOooooooooooooo
OWi-FioOOoOOooOoOoo (Ap)0oooooooooo
cobobooooooocooboooooooooboooo
ooo0o0oooo0o(ooo0oooo0)oooooo
oooooooo(o)bob0oo0o0oooooooOooo
oooO0O wi-FiDoOOOoOoooooOoooooooooo
cobobooooooocoooooooooOooooooo
cobobooooooocoooooooooooooooo
coobooooooooobooooooooooooo
coboooooooocooboooooooOoobooooo
coooodooooooooooooooOooooooo
cooooooooooon
(1)ODO Wi-Fi APOOOOOOO Wi-FiOOOOOO
coobobooooooooooOoooooOooooo
coboobooooooocoooooooooooooboo
cooobooobooocoooboooboooooooo
coobooooooooooboocooooono
(2)0000000DO0O0O0OO0 APOOOOOOOO
0000000000000 0000O00O0O0O0 AP
coboobobooobooooooOoooobooooooboo
0000000000000 00000 APOOOO
0000000000000 00000 ApOOOO
cooooooboooobooooboooooa
coooooooooooboocooooOoocOoobooooo
cooboooooooooboocoooooooboOooo
coooocooo
uoboooooooooooOooOobooOobocoooooono
cooooooooocooobooooooOooboooobooooo
cooooooooocooobooooooOoboOooobooooo
coooooooooooboooooobocooobooooo
coooooooboooooooboooobobo 200000
cooooooooocOooooooooOoocoobooooo
ooooao
(1)OOooOoUOOOoOOoUOOUOOOoDOoUOOoOOoUOoOO
000 APOOOOODOOOOOOOO APOOOO
000000000000 0oo0 ApoOOOOOO
cooooooo
(2)00000000O0O0UO0OOODOOUDOOOOUOOO
cooobooooooocooobocoooooooooo
cooooooooocoooOoocoobooOooooooo
coooocoobooooooOooooooOooOooooboo
cooooooooooobooooo
2000000000000030000000000
coboobooooo40000000O0O0C0O00000

2013 Information Processing Society of Japan

Vol.2013-HCI-155 No.6
Vol.2013-UBI-40 No.6
2013/11/5

goboooosbooooobobooooooobooo
2. 0ogo

2.1 0000000000000000000
0000000000000000000000000
0000 WirFiDOO0OO0O0O0O000000000000
00000000000000000000000000
000000000 1)000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000APOOO
WiFi00O0OO0O0O0O0O000000000000000
00000000000000000000000000
0000D000000000000 Naive Bayesd SVMO
k00O (kNN)OOODODODOOO0000000 (200
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000
Wi-Fi00OOOOOOOO0O0000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000 APOOOOOOOOOOO0
O0000000NishioD (3000000 APOOOOD
0000000000 APOOOOOOOOOOOO AP
00000000000000000000000000
00000000000000000000000000
00000000000 APOODOOOOOOOO

22 JO000O0OODOOODODOOODOOODOOO

gooO0oOoOoOoOoOoOoOOoOOOOOObObOObODbOOO
oooo

Jiang O 400000000000 WiFiOODOOOO
Oo0d0o0o0oU0oOooOo0ooOoUOoooOooooOooo
0000000000000 000000Pulkkinen O [5]
gooooOoOoQoOoOoQoOoOoOoOoDOUODOUObDOUOLo
ooDOoOO wiFiDooooooooooooooooo
000 WiFioOOOO0OOODOO0OO0OO0OO0O0OChaiO [6]
gooooOoOoOoOoOoOoOoOoOoOOOObDbOUObDOODO
goooo0ooOoOoOoOoopooOooUOoUopbDUOUODOooLoo
oobDoOoOoOwiFiooooooooooooooooo
goooo0ooOoOoOoOoOooOoOooUoUooUoUopooooo
o00o0oDo0o0o0o0ooUoooooOooUoUooOooooo
000000000000 000O0oUO0OOWangO [7]00
000000000000 0ODOO000 PDRO Pedestrian
Dead-ReckoningD 00000000000 OODOOOOO
go00oo0o0oOoOoOoOoOoOoUoOoOoUOUOboUOUOoOoooo



gogoooooood
IPSJ SIG Technical Report

cobobooooooooobooooooboooooooo
coboobooooooooobooooooboooooooo
oooooooooooooooooowi-Fiooooo
ooooooooooobooooboooooo
ooooooDoooooOOOOO0OO0O00 Wi-FiooOo
oooooooooooboooobood

23 0O0O0OO0OOOOOOOOOOCOOOOODODO
ooooooooo wi-FiDoOoOooooDooooo
goo0oCoO0O0oO00o0ooooooooooooooogog
S.ChenO [0 0000000 O0OOOOOOOOOO
gooooOoQoOoOoOoOoOoOoOoOoOoOUODOUOOooooo
O0000000000Y.C.ChenD 90000000
goooOoOoQoOoOoOoOoOoOoOoOoOoOoOoOoOooooooo
00000000000 0000000O0O0OdYindO [10]
oooO0O0 wi-riDoOooOooOooooooooooo
OO0000000O0O00Oo0O0oOoOoOoooOoOoOn0 Wi-Fi
ooo0OO0ooOo0ooOOoooOoDOoboO0OOoD wi-FiOOoOo
goooooOoOoOoOoOoOoOoOoOoOOoOoObOOoODOOoO
OO0PanO (1100000000 Wi-FiODOOOOOO
gooooOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOooOboooo
Ooooooo0o0oooooobOOoUooooooooooo
Manifold co-Regularization 0 00 0000000000
goooooOoOoOoOoOoOoOoOoOOOOObOOODOOO
oooooo
gooooOooOooOoOoOoOoOoOoOoUOUOUooOoOoooo
Ooooooooogoooooo

24 000OOO0OO0OOCOODOO
uobooooobooooooooooOobocoooooono
cooooooooocooobooooooOoboOoobooooo
coooocoooooooboooooooooobooooo
OOO00O00O00000000000000000hmuraO
0 Omaximum-likelihood linearregression (MLLR) O max-
imum a posteriori (MAP) OO [12], [13]0 0000000
cooooooooocoobooooooOoboooobooooo
O0o0O00ooooooooo (140

3. 0O00O0O

3.1 0000000
gobooooool1ooooooboooooooooo
coboobobooooooooboooooooooobooooo
coobooooooooobooooooboboOooobooooo
cboobooooooooobOooboobobOoooooao
coboooooooocoooboooooobobooobooooo
cob0l1ooooo0oobooooooocoooobooooo
coboobooooooooobooooooboOooobooooo
cobooOooooooooboooooooOooboOooo

2013 Information Processing Society of Japan

Vol.2013-HCI-155 No.6
Vol.2013-UBI-40 No.6
2013/11/5

HEEL-APOKRE

AP1ODER I

% A R RTTRR AR
A TR REATKTRI]
gnmn W OxELiae B

AP2 (DER B

B e mp I FREmar B

ESHRRDRE

RLAEEMORYHSBRZAESEEAETD
AP1 ﬁ _RP2, RP3IBIY HiE BB

\TF !_h*
RPLIZBIT ZAHBRA o ﬁ‘ L-
EE* ey —ra L

ARlS | iz

» EHEZER v REAMSER

~_*

ETILEG —
FESEEOETIVLE
AP2 EHMSBEOETIVICERSES

>

ﬁﬁﬂfﬂ%ﬂﬁ '5:ET)l/ P ]}
AP2
/\/\{\ /\/\/\

} AP1 AP1
S\ ETIVERED
AP1 EEARETIL

FESEARETIL

01 ooooooo
Fig. 1 Outline of proposed method
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Fig. 3 Floor plan of experimental environment

00000300000000000000000000
900000000000000000000000 30
0000000000Nexus One 00000000000
0000000000 Wi-FioOOOOOOO0O000 10
0000000 (100000000000000000
0WiFiDO0ODOOODOOO0O0O0O0mMmOooooooo
00000003000000030000000000
00000000000000000000000000
300000000000100000000000100
0000000000000 6000000000000
00000000000000000300000000
000000003000000000000 Nexus One
0000002000000000000 (100000
0000000000000 WiFiooOoooooooo
00)0

0000000000000000000000000
000000000000000000 APOOOOOO
000000000000000000000000 AP
000000000000000000000000 AP
00000000000000000000000000
0000000000000000000000000
oooo

4.2 0000:0000 ApPOOO
04000000000APOOODOOOOOOOOO
00000 400000000000000000 APO
O000ooo00oo00 ApOOOOOOOOODOO
ooboooooboocooooocoOooooooboooo
Oo0os500700900000000 APOOOOODOOO
O000o0O000 ApOO0O0ODOOODOOOOOODOO
ooboooooboocooooocoooooooboooo



goooboooooo
IPSJ SIG Technical Report

40 -
35 A
30 A
25 4
20
15 A
10 -

o>

P O 2 P L D A xel

o
BAISERE

04 APO0O0O0O0OOO0OOCOOOOO

Fig. 4 Histogram of observation frequency

0000000 APODOOOOOOOODODOOOOODOO
0000o0o000ooo0o00oo000 ApOOO0 1000
coooooosb0000so0ooobocooboooo
00000 ApO0O0DOOO0OOOOOOOO APOOO
obooboooo 1sem0b0O0O0OoOoOoOoOoOoOoOoOooon
0000000000000 0000000000 ApO
coobooooooocooboooooooOoooboooo
Ap0000000000O0DOOO0COOO0ODODOOODOO0
0000 APDOO 8OO00D0OOOOOOODOOOOO AP
coboobobooooooooboooooooooobooooo
0000 ApPOO0O0D0OOO0O0ODOOODODOOOOODOO
coboobobooooooooboooooooooobooooo
000000 APODOOOODODOOODODOOOOODOO
APO0O0O0OO0O0O0OCOOOOOOO APODODOOOOO
ocobooooooooobocoooocooboooo

4.3 0O00O0:00000C

O000boo0o0oo0o APODOOOOODOOOO
tobooooobooooooobOoOoocooobOooboooa
cobbooboooobooOooobocoooOooennOOOOe
cooooooooocOoOoooooooOobocOoobooooo
O loemOO000COO0O0OO0OOOOOOCOODOOOO
coooooooooooboooooobocOooobooooo
cooooooooocoobooooooOobooobooooo
coboooobooooboocoobOoOo0on0 20em000O0O
coooboooooooobooooooOobocOoobooooo
ooo

01 00000oooooog Apod
Table 1 Number of APs used in each method

oo goos | 0007 | 00OO09 | 0000
AP DO 74 11 10 7 8

2013 Information Processing Society of Japan

Vol.2013-HCI-155 No.6
Vol.2013-UBI-40 No.6

2013/11/5
EHHETERZE (cm)
185
180
175 A
170
165 A
160
155 A
150 A
145 A
£T Eﬁﬂ‘sos Eﬁﬂ‘sw RifBo.9 7D7rk1
05 00DD:0000 APOOO
Fig. 5 Result of detection of stable APs
FIHETEIRE (cm)
170
165
160
155
150
° O

145
140 A
135
130
125 A

mREFX

BE{EO.5 FRfE0.7 Ff{E0.9

06 ODO0OOO:0000O0
Fig. 6 Result of model adaptation

5. 0000

goboooooooobooooooooobooooo
gobooboooooocooboooooooooboooo
gobooooobooooooboocoooooooboooo
ooooDoOOoOO0OO000O00O0O0OOooOOD0ODO Wi-FiooOo
goboooooboooooboooooooOooboooo
0000000000000 00 ApO0DOOOO APOO
bdoooooooooooooboOooooooooooon
gobooooobooooooboooooooooboooo
ooooOoOoOooO0OO0OO0OO0OD0 APOOOOOOOOOO
uobooOooooooooboocoooooooboOooo
oboooooooooocoobooOooonn

00000oooO00oo APODODOOOOODOOOOO
uobooooobooocooboooooooooboOooo
ooboooooooocooboooooooooboooo
ooooboooooocooboooooooooboooo
oobooboO0stembOOOOODOOOOCODOOCOOO
ooboooooooooo



gogoooooood
IPSJ SIG Technical Report

g

000000000 000000000000A-STEPO
cboooooobooobooobooboboooboooooao
00AS251Z02124H0 00000000000 0O0OOOO
ooooao

oooo

(1]
(2]

B3l

(4]

(8]

(9]

(10]

(1]

(12]

Kaemarungsi, K.: Modeling of indoor positioning sys-
tems based on location fingerprinting (2013).
Chaudhuri, K., Sanghi, D. and Bhagwat, P.: Location
determination of a mobile device using IEEE 802.11b
access point signals, IEEE Wireless Communications
& Networking Conference (WCNC), pp. 1987-1992
(2003).

Nishio, N., Fukuzaki, Y. and Azumi, T.: Detecting wi-
fi base station behavior inappropriate for positioning
method in participatory sensing logs, UbiComp(Adjunct
Publication) 2013, pp. 665—672 (2013).

Jiang, Y., Pan, X., Li, K., Lv, Q., Dick, R. P., Hannigan,
M. and Shang, L.: ARIEL: Automatic wi-fi based room
fingerprinting for indoor localization, Proc. of the 2012
ACM Conference on Ubiquitous Computing (UbiComp
’12), pp. 441-450 (2012).

Pulkkinen, T., Roos, T. and Myllyméaki, P.: Semi-
supervised Learning for WLAN Positioning, Proc. of the
21st International Conference on Artificial Neural Net-
works and Machine Learning (ICANN 2011), Vol. 6791,
pp. 355-362 (2011).

Chai, X. and Yang, Q.: Reducing the calibration effort
for location estimation using unlabeled samples, Proc.
of Third IEEE International Conference on Pervasive
Computing and Communications (PerCom 2005), pp.
95-104 (2005).

Wang, H., Sen, S., Elgohary, A., Farid, M., Youssef, M.
and Choudhury, R. R.: Unsupervised indoor localization,
Proc. of the 10th International Conference on Mobile
Systems, Applications and Services (MobiSys ’12), pp.
197-210 (2012).

Chen, S., Chen, Y. and Trappe, W.: Exploiting envi-
ronmental properties for wireless localization and loca-
tion aware applications, Proc. of Sizth Annual IEEE
International Conference on Pervasive Computing and
Communications (PerCom 2008), pp. 90-99 (2008).
Chen, Y.-C., Chiang, J.-R., Chu, H.-h., Huang, P. and
Tsui, A. W.: Sensor-assisted wi-fi indoor location sys-
tem for adapting to environmental dynamics, Proc. of
the 8th ACM International Symposium on Modeling,
Analysis and Simulation of Wireless and Mobile Sys-
tems (MSWiM ’05), pp. 118-125 (2005).

Yin, J., Yang, Q. and Ni, L.: Adaptive temporal ra-
dio maps for indoor location estimation, Proc. of Third
IEEE International Conference on Pervasive Comput-
ing and Communications (PerCom 2005), pp. 85-94
(2005).

Pan, S. J., Kwok, J. T., Yang, Q. and Pan, J. J.: Adap-
tive localization in a dynamic WiFi environment through
multi-view learning, Proc. of the 22nd National Confer-
ence on Artificial Intelligence (AAAI ’07), Vol. 2, pp.
1108-1113 (2007).

Gauvain, J. and Lee, C.: Maximum a posteriori esti-
mation for multivariate gaussian mixture observations

2013 Information Processing Society of Japan

Vol.2013-HCI-155 No.6
Vol.2013-UBI-40 No.6
2013/11/5

of markov chains, IEEE Trans. on Speech and Audio
Processing, Vol. 2(2), pp. 291-298 (2002).

Leggetter, C. and Woodland, P.: Maximum likelihood
linear regression for speaker adaptation of continuous
density hidden Markov models, Computer Speech €&
Language, Vol. 9(2), pp. 171-185 (1995).

Ohmura, R., Hashida, N. and Imai, M.: Prelimi-
nary evaluation of personal adaptation techniques in ac-
celerometerbased activity recognition, In Int’l Symo. on
Wearable Computers: Late Breaking Results (2009).



