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Abstract: The development of wireless LAN-based positioning technologies has been proceeding to realize
indoor location-dependent services that require high positioning accuracy. In this paper, we propose an
interpolation method of the training data for the location fingerprinting to reduce the human effort required
for building the training data. More concretely, a critical problem with the location fingerprinting is the ef-
fort for beforehand measuring the received signal strengths at all locations where the positioning is possible.
In the existing method, a part of the training data is interpolated form data actually measured at several
locations using a path loss model. However, the positioning accuracy degrades in an indoor environment
structured by walls. In the proposed method, therefore, a part of the training data is interpolated using
a path loss model considering wall attenuation. Furthermore, to confirm the effectiveness of the proposed
method, we examine the performance of location estimation and verify the interpolated data. As compared
with the existing method, the proposed method can improve the positioning accuracy by 25%.

Keywords: location estimation, location fingerprinting, training data, accurate interpolation method, wall
penetration loss
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734 A C : Apple iPod Touch
AL, IR Lo, REFHICL AME
e DGR LY REOM R %, BT TH 5 30HK (3]
DFFEOKER L L. 72, w5 % 24 [I12[H
EL, Bl EOERFFEEZ =06, ZOEEIIONT
ET A, 261, RSSIOMMEAZAL S LB E %
g3 52 &T, RSSI DRMEDEVIZ X BHEEEDZEALIC
DOWVWTHRETA.

5.2 FHEifER & EE
5.2.1 IE&EREFHEREDE
WAL EREF LD EER L PHRREOM R E, T 3
RS, BB, TXTOHEERG T T RSST & &l L 72
LEOMERE, Wl L E LTEPMCRRBLTYS,
MEMS, MEFETIE, TRTOTNAAIBNT,
PIGRAEB X OIEARE S ICHFATEE RN TY#ETE S
WG h B BRI, TN A C TR T 25% e L,
18 M OHMIZBNWT, 3I%LETE TS, ThiL, 7
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& 4 RSSI OBfE % 2 2 7238 OIRETF O V787 [m)
Table 4 Average error for proposed method when varying
threshold of RSSI.

i T 0¥
RSSI DR 9ni | 18 M | 22 0 | 24 4%
L 4.2 3.6 3.7 3.7

—60[dBm] BLE | 3.7 | 34 | 33 | 37
—65[dBm] BLE | 35 | 31 | 32 | 34
—70[dBm] B\l | 38 | 35 | 33 | 3.7

FFREIBECLDZBEELZER L2 LX), BEodh b
5 TO RSSI OFFBFEEAS M L L7270 728 2 65,
F7-, wifE otz 58, &6 50T FIRRE
BLOEEEMET T 2705, IREFHEBAFELIRT,
ZOVREDEALZINZ 5 2 LEDTE .

FNA A CTIE, ‘WAL OfFEED, MWLk
ROFRBVEEDH L. T, T34 A C O “4iiF%
L" OFERDS, MO TN, ADFEFR L WRTEL, 87—
FOHIZET VI DL WRE BT — Y B T D72
DIZEEZLNDL, INOLDORE LT — 7B L ) E
TNV 72T = ICE &b L7012, “FilEZs L Off
RIVELS oz EBZONE, —F, FHAAZAABLY
B T, BEFFELERTHREIEAESI LTV H00D
FTARTORENGHET, A% L7 OfFRLIERT, [E
BEEHE L QI L T AL FRIZ, TN A AL
B CHIH M T AT NS 5 & B IR N T L
B, INOOREE UL OMBIZLYEDITAS S
LW, REFHEOLBZBOBETH L.

5.2.2 RSSI DBMEDFE D LEER

RSSI OBMED B Z T 5720, T35 A C &
T RSSI OBl # Z2 L SR 42055, (EHEE DKL %2l
L7z, ZOfRREER 4 18T, K426, BHEERIT:
BEDTD, F T olBa L) QAEHEE ORE &L
ECTEDLILWGH D, BE%E —60[dBm] DL EIZ#EE L
73 E T 8%, —65 [dBm] ML EOBE I T 14%
—70 [dBm] L O E 13V T 6%, MLEHEE DR 2L
HBCTED, RERICBWTIE, —65[dBm] DL EOYED K
b EWVEERAYE S 725, T Oy el IEEREREIC L S
tEZzo6NA, RSSIOBMEIZL ) THRAGIRLT X5 &,
R HEZ XN T 57200 AP 2SHIEENTL T\,
WZTREHRL 2vE, 44 BiTHl~z X912, HEo
HeERT G HE TEI SN D AP A% 2 b, WY 4 B %
BHEHEEIEE o TBHT, SHROBEL LTHITONL.
5.2.3 EEMADEEDOLLE

iSO EEE L CHllbEEE 6 LR 5 DL
BIRL, 751 A C & HCHIR - MBS AT 728
EORRER 6 ITRT. 2B 61E, M1 &HULHEE
LTV ERIIEBLTHY, M6 NOMEFTEHRS
HNOHEF SIS L TWAD, £ 6 I3K/F — 2 TOIES
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Fig. 6 Observation locations.

x®5 BHMESOEY -

Table 5 Six sets for observation locations.

S o+ v b i
Setl 2,3,8, 12, 13, 17, 20, 21, 25, 30, 31, 35
Set2 1,4, 7,11, 14, 17, 19, 22, 25, 29, 32, 35
Set3 1,3, 7,12, 14, 17, 19, 22, 25, 30, 32, 35
Set4 1,2, 7,13, 14, 17, 20, 20, 25, 31, 32, 35
Set5 1,4, 8, 11, 14, 17, 20, 22, 26, 29, 32, 35
Set6 1,5, 8, 12, 14, 17, 20, 23, 26, 30, 32, 35

R 6 BUIHTZZLZ 2B EORETEDOILESE L FHRE
Table 6 Successful ratio and average error for proposed

method when varying a set of observation locations.

o b | A (%) | FYEGE (]
Setl 23.2 3.86
Set2 34.4 3.38
Set3 28.5 3.36
Set4 19.4 4.81
Setb 28.2 4.23
Set6 30.7 4.07

RESEHRELR R L TWAD, Setd, Seth 3t v Ml
NG L 7 BRI T AT F N R ISR > TB Y,
BEHEORENEL hoTWh. F77, Set2 (3@ 7 { #
WA SRS TBY, oxy MZIEAEHEE O
DR o TWA, 2O ERS, BllHEOEIIE
DAHLGEINEMRCORBENELL 2L LEZONL.
#ty NCHENED LR E LT, BlllbaoEy
FIZEy, BIEND AP OF— S HIEbL L EHEZ
LA, T T, BT -7 RX—=2AOHT, BIZEEN
WO AP OF - HERLT0D, RETHETIR
F = BH A0 LIREEC X A RER O SRS E D TE L 2
%. 3 8 13 RSSI O L HEMEDAEDFEFEL TH
D, AP2 2k LT Setd T T —ZEAT2 7275, FDOED
RSSI Dt ERE 3D+ v MR 50%LL FEL o T
W5, F72, AP10 1233 L T Set2 X Sets TldfEEo £ v +
IR TFT— 7 5h7% £, RSSI DIHEEREE D 10%13 & R <
HoT\Wh, 0D, BllENDE AP OT — ¥ b
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KT & AP HBINTE bk

Table 7 The number of observable locations for each AP.

BT & 7ot pi B
AP Setl | Set2 | Set3 | Setd | Setb | Set6
AP1 2 3 3 3 2 2
AP2 4 3 3 2 4 4
AP3 4 4 4 4 4 4
AP4 4 4 4 3 4 4
AP5 3 3 3 3 3 3
AP6 5 5 5 5 5 5
APT7 3 3 3 2 2 2
AP8 5 5 5 5 5 5
AP9 4 3 4 4 4 5
AP10 3 4 3 3 4 3

£ 8 K AP kT2 RSSI D%
Table 8 Difference of RSSIs for each AP and each set.

% AP T® RSSI ®7 [dBm]

AP Setl | Set2 | Set3 | Setd | Seth | Set6
AP1 8.8 3.1 3.4 2.8 3.4 3.1
AP2 4.8 4.0 4.5 7.6 3.8 4.0
AP3 7.6 4.4 5.0 4.9 4.7 4.1
AP4 4.2 3.5 3.8 6.8 4.1 4.0
AP5 5.1 3.0 3.6 4.3 3.3 2.7
AP6 3.5 2.7 3.2 3.1 2.2 2.8
AP7 7.6 5.5 7.2 7.9 9.0 7.0
APS 2.0 2.2 1.9 2.0 2.0 2.0
AP9 2.4 2.8 2.8 3.0 1.8 2.1
AP10 3.4 2.3 2.5 2.8 2.1 3.4

7 BB OEOTT I3 RES B TN D 5.

5.3 FEIOXMNIFEATEIEE

FEF— e HETLZODOI A C L, ne ZHEELT
RUTIL, new FHEHEHE L2 &, LTOR (6) D
IHicEZHNS.

C= tpos (null - nest) + T * Nall (6)

22T, tpos 1& 1 DOBLAH S 72 ) O RSST BLMIFRER,
tw 13 1 DOHEEX G B 72 V) BEOBERD R E D> B Wy
Mzzd. X (6) »oHiMFELHNEZ LT, #iHL7
i ri5 7207 RSSI OFLMIZ 222 A T A M ZHIRTE 5.,

KFETE, MEOTFEICH_RBEDOFELEET L7290
WEHEEEZ N ESEL I LN TE LD, BOKME®
ETHULENHY, ZOGLETREOTEICHRTIA N
PLBEE RS, LrL, SENTO AP ORELEHEEDRE
DHEADZED B WER T, RETEIREOME % Fk
ETLLENRLL, TOITAMEHIFTE 5,

—7J7, RSSTIZEVAEE 2155 721213 Ui THEE
S 2 LESH Y, S50, ¥— VEIETIE, R
OB O 2L U T, RSSI ZE LiE 4%
WhHb, TOLI, FEF—-IHEE I PLIA N EE
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272k &, RSSI OB 025 3 A DD BEDFRE &
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T A L.
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