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Abstract: In this paper, a pedestrian positioning method based on a pattern matching technology is pro-
posed for an environment without satellite positioning infrastructures such as GPS. The proposed method
presumes a pedestrian’s position by searching the trajectory shape estimated by the inertial navigation tech-
nology with pedometer and gyroscope built in the mobile phone, from the existing road topology data base
for pedestrian. Experimental result shows that the proposed method has robustness about the influence of
the difference in a pedestrian or the difference in walking behavior. In addition, the possibility of providing
the present position information of the pedestrian in an actual under mall environment with no positioning

infrastructure is shown.

Keywords: pedestrian positioning, road topology data, trajectory shape, dead reckoning

1. FADE

AR, X7 AEREEOZ2 L FREIZE D v, K
FTHII MBS — CAOFEHEIL T 5 (1], [2.

R - v 1/ A
Fujitsu Laboratories Limited, Kawasaki, Kanagawa 211—
8588, Japan

2 HERTRA R
Graduate School of Niigata University, Niigata 9502181,
Japan

2)  sawaken@jp.fujitsu.com

© 2013 Information Processing Society of Japan

BIPCTOAR— T v EONEERG R A L7
SNS (Social Networking Service) OFIHHIZ X 2 HFED
Hhnass L [3].

ek, BATE ONENTHRE U5 5 TBZ1d GPS (Global
Positioning System) [4] IZf03E & L 5 b ERfL 5 2 o
A7 & (LLF, GNSS ; Global Navigation Satellite Sys-
tems) [5] BEHENTE72, LaL, BHNRHTER
EORNTIEIMAL AR D2 O O AT 5 7 vl B T H)E
L7z, GNSS DA » 77 %FHT 5 2 &AW -

237



1BERIEF=EHEE Vol.54 No.1 237-248 (Jan. 2013)

7z [4], [5], [6], [7]. 7z, (EERY —EAZFHT 5720
WHHICA Y 752 BT A2 13T A NOMEXRD Y
FEWTE RV, 20720, BARETIIHHEOBMN A > 7
FNMAT L 2 AT OALE R % BUS T % Hlf O E B3
ML 7o T D, BNTH RS AT E O ETE
WMARMETE S X124 5 2 LIV EHBHRY — € XA H
TELRVWIYTERFEOLT LD, X ¥ AEH
HAXSOLIIRRSEL ) ZTHRETHLEEZOND.
ZZ T, R TIE GNSS % EO KRB R A > 7 5
AME T & e WHFT CHATE O E TG E RS 285
& LT, BATHEDOBITHIIIR & AHBE AT IR & FoaE
P b RO Y OMERNY — 2 R OSTERER P RO
VIR THEHATEL Y NPT = W[ DT — 5 RN— A
DHPHIFRT 5 2 L THRITHEDOME LT T 5 Tl
35, ZLC, REFREEHT L) 2 CEELRBFITH
PRIZAR D HEERRFEDS, BERE OE VLRI THE DB S
ZULWBREEERICLDFEL, SOCEBICHTHZ
BT T HERICE Y, REFXOEBTME2 MR L 7.
KL 2 BT, KBUELRMHOA > 7 7128640
WATHE D 7280 OALEHEE HA OGE R & OFEEIZ D
TilkR%. 3ETIE, REFAOKFEI 2L, BARRZ%
RERL & B, RFEFADEF ICEET 2720054120
TilkR%. 4 T T, HEBEEOENRLBITSRA DRV DR
EHRICHGZLEBIIOWTHAET S, 5 ETI, EHE
R L CEBOM TETENM L 723 FE RO LB REN %
AL RERT. 6 ETIZ4EB IO 5 HZORFHEIZD
WTERTL, ZLTTHETRRLERET .
2. TERFAM
KHBE LB D A > 7 FIHAE L e WHBRATE D200 D
MEHEERAMT, & DHFEOHED S P A — MV
DR EERE RS 284 (DL, ARy Mg &,
2= HFDREY L 7R 2 o Tl AL B R 2 e
BEAG (LU, Sl EA) (ICRB S, EnenllT
DL R A>TV 5,
o ARy MMALHA
TIHDGHR [9], ARV [10], #8¥E¥ [11], Bluetooth [12],
[13], Zigbee [14], UWB [15], [16], RF-ID [17], Wifg~ —
71 [18], BN GPS (LLF, IMES ; Indoor MEssaging
System) [19] % LBk 4 2 AR ENTVWD. W
NOFR D EELN VBN THLUHDOA 7 T Hh
SRR A — PIVAREE O BRI I S 7 R
MBI L TEN R L2, A X T TRiEY
BRI CH LG E B L7720 552 & T RO
T EHEET 5.
LorL, ARy MIMHEMEZZEOREEE, S8 %E
GRET 2R OMEFRE SN ICHIRT5 2 L1
L TWZav, ARy MIRZEA & Ll

© 2013 Information Processing Society of Japan

M EHRZBUST 57201213 % B0 XKy MU HO
12755 BETLHLENDY, HEIIIHETH 5.
o JETHIALHAT
(1) EMH LAN 2§55, (2) ARy MllAL
el & QAN 7 A A b 7 R HEF s v T
W5,
(1) DM LAN 2FH$ 2 5 Cld, #EH LAN O
TIRARA VI RUWNHOA 77 LTS
B, B LAN OT 7 2 AEA ¥ FHFET 5 B IX
ARy MUMHACHEHAEINL A > 7 IR 58
i R0 e & M U CIAHEPRIC F3E § 5 72 0 sdie il 7
i EZBRT 27-00FFkE LTEERFA ST
5. T LTZOUNHRIIER DR 2 RICHE S
NI=T 72 ARL v MO REESNIZEEOZEBR
B % #1135 %5 RSS (Received Signal Strength) 5
®, FEHMEHET S AOA (Angle Of Arrival) 5
3, FEEE A M $ 5 TDOA (Time Difference
Of Arrival) /72 [20] (IZKBI S5 [21]. ME# LAN %
M-S 2 HRUL, EIOZAEEFmE R RNk
WESEDLULENH L0, PNICHERTLZ L2 E
HMLTA V7 I BT ALEN DL EDEETH
% [22].
(2) DAR Y MUREHA & BHEHERA %2 o d b
THRT AT, SFEOARY MU TR T L
TR IS A FEE L C, BYEERA & IS L7z
HAMHC & o T S N -HRALE R FIH L <
Aol 2 e 3 5 TR DHE ST b (23], [24], [25].
ARy NUISL & BARLEEAN 2 A G bE AT B
FERLERAN 2 W S 5 720 MR S 0 FEHE & 72 i
S EER & SHEER A LT 5 2 L AET, Th
5O E B3 5 TR Z MRS 2 LB H - 72 [26)].
Thbb, ERREENTVIEMTIE, 175 %40
BT, BEMROMS O E GRS ERE it 5 F
BhETH Y, 3k, FOX) R EhTns
noiz.

3. BEAR

Z ZTARGIL T, ERAXTIEIATREZZ - 72, WD
7ODA YT T ERLELET, 0, MEERE HEER
T 5 2 LA RE e BT R M B AR IR T
B, 22T, D704 v 75 1%, ki
B E 7272 BB, Y7 9% bo e L,
BHEEA—- MV EOZ) 7T REETATRIIETE 2.

3.1 [RIE

REFROFEHZE 1 1RT. #EHFATE, K112
R LIS, WRBEREIck o TiE SN2 —F D
AT & MBS WIRIR & FE ol b R 1 DIEHRO

238



1BERIEF=EHEE Vol.54 No.1 237-248 (Jan. 2013)

N

1 BATEEROFIR Z B bR DIEHRO R HiEE T 5 JHH
Fig. 1 Principle of searching trajectory shape from the pedes-

trian network data.
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Fig. 2 Block diagram of the proposed method.
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Table 1 An example of the pedestrian network data format.
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Fig. 3 Operation diagram of the 1st trajectory shape search
method.
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Fig. 4 Operation diagram of the 2nd trajectory shape search
method.
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Table 2 Profiles of the test subject.
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Fig. 5 Maximum error rate of the estimated link length.

4.1 V2V RETERERICETIHRE

WERE R BT RME DR D) ¥ 7 ROWEEERITH 2 5
WERRET 20, B0 G, MHIPRLS 9 A0
WERE DSR2 5 30 OMETHRIT LD v 7 EOfE
FEMAREFI L7z, 9 NOWBRED T T 1 —VEEK 2
RS, BERE ORI AN HE L7,

ZOLE, HEBESBIC, £F40m OBEMEE LY, it
TETNE T OMEE, BVEEE, #HVEEE, 3@ ok
ITHETHIT T2 L9RESZ, 40m 25795 DICHE
L7z e BEEoFmE» ) v 7 EEREE L, FOi
DD v EOEMER S L, SR ICHE
WS nBHENCRHIIL, U v 7 BidsX (2) 2 LTt
E L7 COEBITSMEREIC 2 EEML 7.

BHERE DY) ¥ 7 BHEERRAESR ORI & PEE, B 5
&, K6 ICENFIURT.

X 5 &K 6 OIS ID T, X 5 Ofiity) 7
FEOERAE (RAME) Thb. X6 ofitiid) » 7 &
DeEFRER CFE) TH 5. BEROMFFIE, X
DLELHESNILGEDN T I AT, EEL D E HEE
ENTGED~Y A F ATHS. NORMAL, SLOW, FAST
&, FNENEERE IR L7287 (NORMAL = 5@
#, SLOW = JE\», FAST = #\) #EH§ 5

M5 L6 25, Vs REOWERAFIIHERE DR
WEBRITHREDO B 25 A, LT, 0

© 2013 Information Processing Society of Japan

0 & ]
£ 3 —.—.—i i
% 20 o

[ ]

2 10 <
@ 0 & 7 y—
i A A 1
@ 20
o A
N -30 © NORMAL -
= mSLowW

-40 A FAST

-50 !

1 2 3 4 5 6 7 8 9

#HERED

6 Uy RiEESAR (P
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Fig. 10 Candidates of route estimated by the 1st trajectory

shape search method.
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Fig. 11 Route estimated by the 2nd trajectory shape search
method.
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Fig. 14 Result of the route of Fig.13 by the 1st trajectory

shape search method.
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