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Abstract: An indoor positioning method using Wi-Fi and Geomagnetic FP (FingerPrinting), which is uti-
lizing built-in sensors in a smartphone with no pre-deployed infrastracture, has been deployed by some
researchers. Li et al. deployed a method which conducts Geomagnetic FP with in a result of Wi-Fi FP.
This method has a problem that an accuracy gets down if the accuracy of either FP is low. To solve this
problem, we propose an stable indoor positioning method, which calculates a position with the weighted
average of Wi-Fi FP and Geomagnetic FP whose search space limited by AP (Wi-Fi Access Point)’s BSSID.
As a result, mean error, median error and rate of positioning failure are 6.95m, 3.48 m and 0% respectively.
Probabilities that positioning errors are equal to or less than 5m of proposed method and Li’s method are
48% and 28% respectively when AP’s BSSID in the experiment environment was reduced 75% at random.
Thus, the proposed method achieved near accuracy of Wi-Fi FP and a perfect coverage.
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FP ORI OF4ME 6.88 m, Hufili 2.87m, JHI7ZH
FWIA LT, METFHOUNFEAEDFIIE 6.92m, H
JLfif 3.48m, FALHEE 0% & % 1), Wi-Fi FP O & Wi
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Ly NTE L, MM LEE 2 5.

385



BERIEF =R EE Vol.58 No.2 384-395 (Feb. 2017)

2.3 Wi-Fi FP
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LA, ERORFFES TN AP 2 HE L
FBORETHY, AP BEN SR 7 OMMAEREIZH
LCRAHTH L. BENEEICL > TIE, AP BEIEW
I THAEL, O L9 BT TIE Wi-Fi FP 12 X %
WAL D, WNEEDOL I NREET L EEZD
ns.

2.4 S FP
FEAEDAT— N7+ 212IF 3 #EARE ¥, 3HEn
WEL RSN TBY, WMAKOFMNEHETE 5.
L2L, BANTEELWHAZREZWI ERHE., Ih
(&, B OREEIZHV S NS85 - SeE, BNICHFET
LERBOEBIZLDLDTHA. LEN->T, BHNTIHE
WAEF MR T — 7 2 A2 L TE, WMEERICE
% FP S U[EETH A. Vandermeulen 5 [3] 1%, HES FP
FEERFEL, Ix12m ORENERTEIZB W TR HIA A
25m ER L2, £ 25D, 14x16m DEFNERE T,
PPN 3 1m £ > TB Y, FHNEE LR T 213
EREDEL o T, IR L CRERER L 25 uT 205
60 uT THAY 5%, FHUEEHDIL 25 &, BT 5%
BT DT — ¥ DN AETHHNL L )12k b,
WA KELC B EZEZONS.

© 2017 Information Processing Society of Japan

* : Wi-Fi FP OJRIfZ#ER

o FHAIR

FF  EDRER x3 m @
*zhheéEdBH

fmmmeoy FENO 1 EO AR

S——
‘ ’ R EAED
DTW 28 FERSIT—%

DEE

BELTOAMLR jEED

DR RT + FHARD
T—=5 WHERT—4

J<0; jejtlj<n
v

EENT, &5 DTW BB/ W
FHARZAERETS .

1 WaMM D%
Fig. 1 Summary of WaMM.
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Fig. 2 Architecture of the proposed method.

AT LM EZRT. LFICARFEORNE R .
(1) FHll 7 = =X
Wi-Fi - #1f#5 FP IV 548807 — & 2 F 3 5 729
2, BIAE= ) 7 PICERINT 2 BCiE L, RSSI - BSSID,
WS, EINEEDT— 5 25HT 5.
(2) #fff 7 = — X
7 2 — X TR =y BN IS 5. F72,
A2 Wi-Fi - #ifg3 FP O &4 R 2 IEFY T 5
BDINT A =5 THDH, Wi-Fi FP OEHEE OPE R
¥ (BHEERE) O/NT A5 2 PET 5.
Whr 7 = — X
MEZEEI2TS: 5172 BSSID 725, ZNENTHfF w72
1) 7N THURES T — % % kNN i (k-Nearest Neighbor
algorithm) T~ v F 7L, Zh6 OFFBEREINEF
BWL72b 0% HiES FP ORI RET 5. F0ik,
Wi-Fi FP %17\, 560 UEFR L TBW/EHEE
VT, MFEOMETH L L o72b O REFiL
DWPLAER LT 5.

(3

~—

3.2 WS FP

WaMM (2xf L, Wi FP 27 L TR T 2% F
FCE, MR FP BRIV R 2 T 5 2 &8
HECTHADH. ZIC, AFETEBMAETELER L%
J[FP 2% ¥ 5. DBEREFETHV LB FP &,
HIZHfA FP E A,

R FP 2 DTW FD W~ v F > 7 & v 5 Tk
&, Yy F YIRS BB B0, HEHEE
FEORE®135FTIC—EDKMEZEST S, LdoT
PDR % O #) H HEAE R il 1F 7 O JEE A & SR &0 2 B2 1338 F 2%
LW, KT, ERORMEISHET 5720, 1[0
FHCR 7= MM T 2 FEERET 5.

3R T L o TR O N A MHBEIEL, kDR

ZRTONT MUVETHZ6NAE, L7z25>T, U4
F—=F # WML CHMHT S &, AUSEHTH, wmROML

© 2017 Information Processing Society of Japan

M =[W\,, Wy,M/]

ckbu—) -
Ey FAofih

g-lg.g,8]

7 m TR D Z 1R 4 /y
%Y’ XY P LW :
X

m EEORE 4

* THH DI

SR DR

3 INLHES ST * — & OB

Fig. 3 Coordination transformation of geomagnetism.
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A= N7 5 OO N MBEROMEIE, 55K O
RTOME R D, TNEIARDHIANARLE L 7 il S
RICEWT 272012, § FHOFHIN _ ETOEIEEN
7 Mgl ={gl,g),gi} EHVTHARDOT =V 0], €
T 0] 2RO L) IRHET 5.

. gj
0) = arctan | — == (2)
92
, j
07 = arctan % (3)
9z + ¢’
387



BERIEF =R EE Vol.58 No.2 384-395 (Feb. 2017)
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J J J
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j j2 j2 j2
mZH:\/mi +my” + ml (5)
J J2 J2
my, = \/ml; —mj, (6)

72720, mi, mi, ml &, jEHOFHHETESNZ0R
DEEFEATOHBL AN MVD z 55, y s, 2 55T
H5.
3.2.2 ENIOWMET[NT MLERWSFE

RoNT A —F P FEETIE, FHED - AR IO R & KSE
RS, - BN OBERENIZ AT - 8 H O A O HIfER
N7 MVERDZ LT, EINTOMBERNZ PVvE~< Y T
YWD, ZOPETER, GERO R T O
N7 MNVEFOTFET Y F Y ZIEHT A0, BHEE
BT A ML AN MV T — 8 B KR~ v F » 7120
MTHIEeNTEL, L2L, 1 20RHILICD X, AL
L7227 — % #5201 % 5w rzo, FHll
X NP LERL, FLAMLAWEINRE L RAITE,
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RUF Y TORENELDLLEZLND.

fafe 7 — % Lo j FHOFHI RO MR P VIEKRD
LHICEBITE .

ml = U m (7)

72720, D, FHlS § BT 2 A HIMOEET, mit
&, BRI 5 LT ARa v E 20, RO EIERT
DHEZNZ NV TH D,

3.2.3 MK FP~yFLJ7Id) XL

RFHETHE, 24 HiTRLZ ALY 724003 L, #
R FP OREIRE 2 5] L) BFEROE S © 3R,
WA FP 225, W) 725720, WAECS
5772 n o BSSID 12 1 2122w, %0 BSSID |Z#t
Mwghllb s s 724K L, =) 7N~ v
F UL AN REEL TS, i FHOL) 7 TOH
R~ v F v 7T ORRDOIER%E GPos;(m) £ $5. AP %
FEADSBR 2 a5 T, JATREIC BSSID 25 T & 722 Wil RE
PEASH 5. BSSID AT E e h o A1, BT —
% 1o BSSID 2SRl CE e o7z ) T Ty F U 7Y
A, I TS S v F v T, RIS S s
RN Mvm &, 3BT — % Lo j FEHOFHI S OfE
mj B O3—271) v FEEEED R b/ S kA OFHA R O
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3.3 Wi-Fi FP
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i=1
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RFHETIE, WSS N Wi-Fi 77— w &, $8
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IR MO TIMEFY LR EMIMERET 5. AF
FECld k=3 %D 5. Wi-Fi FP OHIfI#E R % Wpos(w)
L9 4. A M, HIALEFICERE S 7z BSSID k2,
/i T — & EoRHISE TEI S LT ilid 2 0 RSST D7
DT HFx, BHIEN T RITUENF VT A liZINZ 52
ETRDL. LA T, TAMIERT— 5 LD
Wi-Fi 7= B OHDEZET O DTH L., NPT 1
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ELTARF VT A HZRERATIC 500 LB 7. T A Mk
DK TERT 5.
N
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=1
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(rssi; —rssil)?  (bssid; € bssid’)
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HosH A TH 5N/ BSSID - RSSID Y A N Th 5.
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cessed geomagenetism every BSSID reduction rate.
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Fig. 10 Relation between max observed RSSI and positioning
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