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Abstract: We propose a gate passing detection method based on WiF1i signal strength and accelerometer
of the user’s smartphone. Gate such as door and elevater devides physical areas such as room and hallway.
Thus, the WiFi environments of them tend to vary on a large scale. Conversely, it can be said that a gate
should exist when the point that the WiFi environment varies on a large scale. We define such point “WiFi
Significant Point.” We propose the detection method based on WiF1i distance function and estimated moving
distance according to accelerometer. We evaluated the proposal method and found out that more than half
part of gate passing can be detected. We also found that the existence of gates that can be estimated same
gate passing with a high degree of accuracy.
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Fig. 1 Variance of WiFi environment with door passing.
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Fig. 10 Physical relationship between APs and gates (top:

gate passing detection is impossible, bottom: gate

identification is impossible).
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Fig. 11 Experimental environment (top: 1F, bottom: 4F).
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Fig. 12 Door types.
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Table 1 Abstract of observation.
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Table 2 Parameters for step length estimation.

height 180 cm
peakavg 1.11g

£ 3 FEETHVEIINT A—%

Table 3 Parameters for evaluation.

BREEDIED X ro 2.5dBm
FPSRILBIME 7 hreshold —60dBm
JCEEBHE ponreshota 0.1%
HANEERRE ¢ihreshold 0.4
2SS w 10 sec

77— MIEEEBIE genreshota 0.15G
7= MIREE winreshola 2.0sec

x4 - MlBREAEE
Table 4 Accuracy of gate passing detection.
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Fig. 13 Accuracy of gate passing detection for each door.
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Table 5 Accuracy of gate identification.
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Fig. 14 Accuracy of gate identification for each door.
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Table 6 Accuracy of gate passing direction estimation.
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Fig. 15 Difference between estimated time of WiFi significant

point and actual door passing time (It was evaluated
by using 92 points that gate passing detection is suc-
ceeded).
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Table 7 Parameters taking count of precision.

BERREDIES X r, 2.6dBm
TR TREERRE 7ehreshora | —45dBm
TEERAE penreshotd 0.01%
B BIE tenreshota 0.8
ZE w 10sec

RS WARFEMLINT A=FI2L D57 — MEdRIBE
Table 8 Accuracy of gate passing detection using parameters

taking count of precision.

WEFE | 91%
HHE | 26%
FfE | 40%

RO EEREFREMLIENT A—=FICL L7 — M lBiEERE
Table 9 Accuracy of gate identification using parameters tak-

ing count of precision.

WEE | 89%
FHE | 30%
FfE | 45%
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Fig. 16 Accuracy of gate identification for each subject.
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Fig. 17 Cumlative error correction of dead-reckoning based on

gate identification.

T 572D NERERET 55 ORTHEEZFIALTBY, K
FORETEEEUT 5 [16]. 72721, Zhb0THETIR
NLOS &l S N7z kMR OB IEREZFH L 2w, $£72
SEHEL2 TP EfEEREOBMEzIH L Tnwb. 2
MR LIREE T, LOS #°5 NLOS 12, F7213 NLOS
MO LOSICY ) Bb szt &bz, ZOEMANBI S
KN LT — Ml & v ) IR Z 7285 &) s
i s,

5. IGH

REFHIZ, A= M7+ VIS N2 ImERE &~ W
RHHEEL TRV T Y FLa= 7 [19], [20] D H#
MBI EOFERE LCRATREEZEZ NS, Ty FL
T2V TRy EREOEREIC L) e B R
BREL 720, FEHIICHAIAEHEE 12 X 285511
WLETHL., INFTIC, BRREOMIEFEE LT,
GPS ® RF ¥ 7 \ZHO C FEMRFE S TS 20 L
L, GPS ZENTOMHAPNETH Y, RF ¥ 7 I3EHM
SR ARET 2 IAMLETHL. T/, EH LAN
DHERFTEIIERIC 2D XA EIEE [14], [15] 2 W TH
s 2 BIET 5 T [21], [22] 2HRFE SN TV A7, i
SRR LAN BERREZ S8 L CBAREXSH L7290, A
B AMDENEVZ L, FRUIR LA CIRE L 72[F—
r— bt O T WAL, DO Lo &
BfEOMTEZBIETCE2 (K 17).

ZOEPOIBHEUTICH TS, BEFHEREWOAY
OO R7ICHbEHATES, BNOMEERY - A%
V=L VAR A 72012, BINYLOEA - BHEMH %
FEHRS LB THLEEZ D, $72, Hotta 5D
F LR LNV O EREE R (18] Lo 2z IS
bHEHEETH S .

6. £&O

AT, WHEIICZEMZ oW 57— MK 5 he
ZZHOFIRIZBVTRE CEMEBIRDPR L DY EHE 0

© 2014 Information Processing Society of Japan

ICEHL, B LAN OBEREZLICES W7 — M
HWTEERRE L 72, IRRTHIIE 2 B E oA B A % T
NOIRDEE L ELET, ZLDAY =T+ VTR
T RE 2 L LAN EIEEOE#MEZ G 5. FEEIC
B BEHMFERZ 1TV, EFEICL YR o7 —
MWl E BRI TTRECH B Z L R L7z, E 72, [W—4— b
BB X SR IERV b 00, JEF ICEREEIZF—
— MBI RE R N7 OFFE & MR L 72,
SHOMEE LTUTO 2582505, 7, RETFH:
DFEEZ SHIZAESEEL0ODOT NI AL EIST A —
Y OWME AT TETH A, 72, F—r— ME@mokit
IZHEOWT, Ty FLazy ZORBEEBIEL T Fik
AMETHTH 5.

SENH

[1]  Jauregi, E., Lazkano, E. and Sierra, B.: Approaches to
Door Identification for Robot Navigation, Mobile Robots
Navigation, Barrera, A. (Ed.), ISBN: 978-953-307-076-6,
InTech, pp.241-262 (2010).

[2]  Schindler, G., Metzger, C. and Starner, T.. A
Wearable Interface for Topological Mapping and Lo-
calization in Indoor Environments, Proc. Location-
and Context-Awareness 2nd International Workshop,
pp-64-73 (2006).

[3]  Seidel, S. and Papport, T.: 914Mhz Path Loss Predic-
tion Model for Indoor Wireless Communications in Mul-
tifloored Buildings, IEEE Trans. Antennas and Propa-
gation, pp.207-217 (1992).

[4] LaMarca, A., Hightower, J., Smith, I. and Consolvo, S.:
Self-Mapping in 802.11 Location Systems, Proc. 7th In-
ternational Conference on Ubiquitous Computing ( Ubi-
comp2005), pp.87-104 (2005).

B B, MBEE, HH % Av— b 74y 2HL
TEPNEOHEE L BT F T — Y a v, HRLEES
~NNVF AT AT, Gk, il & €34 0 (DICOMO2011)
T YR Y Y AU, pp.921-927 (2011).

6] # 3EZ, WIMEER [ mABEICHE D F LAN ORISR
BeZALIZAE H L 7okt T4, 46 74 TS HLs 7
SEKZ, 4E-4 (2012).

7] # TeZ, WIMER  GMM (230 < M LAN 78 g
FEIE & FE IR LN T # 0 B AT A, LB R~ LT
AFAT, S, WAL EN AL (DICOMO2011) ¥~
RY Y LGS, pp.449-455 (2011).

[8]  Ferris, B., Fox, D. and Lawrence, N.: WiFi-SLAM Us-
ing Gaussian Process Latent Variable Models, Proc. 20th
International Joint Conference on Artifical Intelligence
(IJCAI'07), pp.2480-2485 (2007).

[9]  Goswami, A., Ortiz, L.E. and Das, S.R.: WiGEM: A
Learning-based Approach for Indoor Localization, Proc.
7th Conference on Emerging Networking EXperiments
and Technologies (CoNEXT’11) (2011).

[10] Segaran, T., &I M, WEHEK  EEHWTHST IV
7, A T4) =T w82 (2008).

[11] Patel, S.N., Reynolds, M.S. and Abowd, G.D.: Detecting
Human Movement by Differential Air Pressure Sensing,
Pervasive Proc. 6th International Conference on Per-
vasive Computing, pp.1-18 (2008).

(12] FBFEPLF, WL %, DA, HEER @ GPS ZEIK
Bz HwREANIED, LA RRTJE RS 2011-

376



1BERIEF=EwEE Vol.b5 No.1 366-377 (Jan. 2014)

MBL-60(18), pp.1-8 (2011).

[13] Hotta, S., Hada, Y. and Yaginuma, Y.: A Robust Room-
level Localization Method Based on Transition Probabil-
ity for Indoor Environments, Proc. International Con-
ference on Indoor Positioning and Indoor Navigation,
2012 (2012).

[14] DHEEFRTE, FOER 7 7 ARAL ¥ b ORINE EE
L7z A AT & 58 LAN NA 7)) v AL
ETHEE 2B, BRFEHICGEE C, Vol.126, No.10,
pp.1212-1220 (2006).

[15] # s, WIS indoor.Locky : UGC % FIH L 7- %
M LAN EAMEEHRIEE, HHLIRF AW CEE, Vol.b2,
No.12, pp.3263-3273 (2011).

[16] Li, M., Imai, N. and Yoshihara, K.: An Integration
Method for Wireless Location Using Mobile Phone Built-
in Sensors and TDOA Landmarks, Proc. Workshop on
Internet of Things and Service Platforms (IoTSP ’11),
pp.5:1-5:8 (2011).

[17] So, H.C. and Ma, W.-K.. Maximum A Posteri-
ori Approach to Time-of-Arrival-Based Localization in
Non-Line-of-Sight Environment, IEEE Trans. Vehicular
Technology, Vol.59, No.3, pp.1517-1523 (2010).

[18] Fand, L., Antaklis, P.J., Montestruque, L.A., et
al.: Design of a Wireless Assisted Pedestrian Dead
Reckoning System — The NavMote Experience, IEEE
Trans. Instrumentation and Measurement, Vol.5b4,
No.6, pp.2342-2358 (2005).

(19]  ESORHE, FrRcsets, S, Mg @ TSRS e
LU EROIETENG Ty FLa=y 7 FEORE,
THLE &5 3CRE, Vol.52, No.2, pp.558-570 (2011).

[20] BUARIE S, EEMEBL, ORBREESLR, EHEE BRI TE
FEOHDOTy FLa=r 7 /GPS/RFID Z#t& L7z
HMAAARRIN =Y FVRY Y a = v IV AT L, B35
#, Vol.106, No.234, pp.109-114 (2006).

[21] Seitz, J., Vaupel, T., Meyer, S., et al.: A Hidden Markov
Model for Pedestrian Navigation, Proc. Workshop on
Positioning Navigation and Communication (WPNC'),
pp.120-127 (2010).

[22] Evennou, F. and Marx, F.: Advanced Integration of
WIFT and Inertial Navigation Systems for Indoor Mobile
Positioning, Journal of EURASIP Journal on Applied
Signal Processing, Vol.2006, pp.1-11 (2006).

HEX
RWFFEIE, Hf LAN OZ LIk & 7/ — P24 %
EV)FEERRELTEBY, 2074 74 TIIEFIHH
PeAsEn, T, FEOETF ML TEICT LD LR TW
L. £oT, TTICHMRAHERCE LTHET 5.
(ENXAfVvarva—F1 7L ®y 2BENE
FE BT ﬂ)

© 2014 Information Processing Society of Japan

®’RZ (ExA)
2002 SE4H B RF L EE S L

FREE. 2007 AE KRR A BERE
FHERF R LA T, L (15
FE) . AENTT 3 32=7—v =
YRR TR ) =T Y v A
kT, 2010 £ & D HEHERFEKR
Fhe TEMZeRBIE. AARY 7 by 2 TREAKE. B
frEHEE, w3 2= — 3 Y IAROMIEICHESR.

A0 5%

1990 SEL TR AF THFMELAET L
FRAEZE. 1995 4R [F R F R BE L
PR ZERHE i Lo B s A 1. 17
EFRRFLFEB T, FRSHEM, #
Bz & A%TC, 2009 4E & ) RSN
TRl #d%. NPO L& 1 # —

(IE&R)

d:

Y ARFFeRkME Lista [CRHFE, TN VI Ia=Fr—T 3

v, AVF¥yRAars¥a—54 7, fTt s v v SO
ZeIChEsE. 1t (T%). ACM, IEEE, ATARE¥4, H
K7 by 7RSS, BTEREEYS, BRTEES
%I\‘E.

377



