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Abstract With the recent diffusion of IoT technology, the demand for indoor positioning technology is expected to
increase. Our group has been studying magnetic field-based positioning system, and has proposed the world's first magnetic
field-based positioning system using machine learning. Although we were able to confirm a certain level of effectiveness
of the actual system in our previous study, there are still issues to be addressed in terms of position estimation accuracy. In
this study, we proposed a method to reduce the influence of unwanted signal contamination in the measurement system,
which is one of the causes of inaccurate estimation, and confirmed the effectiveness of the proposed method through
verification.

Keywords Magnetic Field, Positioning System, Machine Learning, Neural Network

1. EFX

AriEHEE B OFTFEIL, EFO loT Hifo & k%%
2DEFETETHMA TN EBLOND. WANMEH
EEELTCHEBEZRA VD FRAMERICHFEIL T
5[11-[3]. UL LEEEFIHL T2 HE L, MikT
DORFRCHWERE, MEWOREELBT 5 OIXHET
HY, MWERBELZEATLIOERS TRV, £
TH—F >y LY ZHm N OEESICRIE, B
EMOEBEZ TS WEEEZ L OB AW TR
BN, MEEDOBEICBWIRLALETHL EEZD
D . FEEICHES TR &2 R U 7 i i e 53 T
FATHFFE S LT 5 [4]-[8].

RN EHTIE, WMERT)DETIMAES B %
WO R)THRIEBL, ZOFEH % IR E
DHEEITH)> ENIHIBDOTHDH. Tax DT N—T T
IHE T, HBCEE & RO R U R AL E R

T AR CTHEE L T & 7 [9]-[11]. AR FE 12,
BHO Rx BDHRHT2MAES B L ARKOME r TH
BENTIEET — 2 (Bor} S SEEICR D, — RICHEW
FHICL-THoND THIEEOMRE M EIE 57
DI, ZEOINET —ZNBETHDHNEED T R
TAPLEDLICIEFERSL A SR D7D, JIET
— X OWMBITHE L VIHELE o T WD, L L, BR
KN EHEE CIXAET — 2 23 E CTERT I ENT
L7, WWTFHE L OBMMERERD TEv., HKRZ
DO FIETIHE, Rx PEBEICHRH T 2185 O E Byeas & 7t
BTHEES DM Bgea? I WIF EHEE R E 1T < 72
HEEZLNDEN, EVATAIZBWTCIEBEENAL
TWH 7, HEREm LK T 2#ELE > TN D.
AFRTIE, ZOBREDIRKRTH DL REEFRADE
BERWBT 5 FEEZREL, AOEERHLZOTH
HT 5.

This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.



LEMFEE LA L EHEDRE L RE
WHREROTEMEHEEIE, K1 I T &5 I2HR
(T)BHREREIE, HHEOEBVVR)DBZET D
WRIEZBE2bHLEIITo TS, MEDRx T 4O
BEINTWENR, LTLb 42RO,

1 ERICERALEHMEHREESCRAT A

ITC, AMFETHEALTWIBANMEBHE Y A
FTLADERER2ICRT. 7y vard Rl —
2 (FGQ) D Tx ICRFEIEZ N LA 5N ET
5 5 T IXRERIA O 4 BICEE I izt v ¥ (Rxl~4)
TZEL, AA v F(SWI~)ZHlEEK T2 5 Z
EILEVE Rx OMABEEFEARI T AT FT7 4%
SATHBELTWD. AL v FOYEIL FGI1,FG2 N4
BT AEREBEEEY T A VENERELRT LT 48
DOBEEEZFEE L TWS. SA TEHHI L% Rx DR
EEDOF—ZIZPCIlCEXEND.

ARFONEHE TIX, SWmAOZEME AR E 25 E
TOLEND DD, REBRCTIIEME Tx OAEZ B E
L Tx ORE— A PBRFIZ z Fmzkm<< X5 Ik
BLE. £/t oY Rx id—dh=s v Z2F L, %
ROz OHEBRHLE.

2 ERICEALENEEE S ATLA

TIT, B 2RI U 7w S S R AL HEE
JRER 2. B E A2 AW CE R EHEE 21T O I

I, K2 2R RERP N O EE R Tx Ok & 7L
BIZXHLT, 4 20 Rx WXETLIMAES BEZTO
AL, UToRBRKXOINHET — 22 LR T I2LER G
5.

{B(l),B(z),B(3),B(4)} Sr® €))

ZZTBWI kFEBR O R BEZETHRA, rOF Tx ©
EMMEYRT. ZOXIREHOINHET — X % LI
MW EE T2 T, RABZHELEBAT — 2 05 i
KofMEx#HET 5 THBEHPESS.

r® = p(BM, @, p® p®) )

R Lr®E Tx O ENME TH Y, EMALErOo Ll
i & Bt b OT, THIBEEPOHE E GG EZE &
LTKRROHEEREdE ERT D.

d:= ||r(t) - l-(p)”z 3)

MARMEBHTICBO TR, Rx NZRETIHARE =
AR THEWHETHE N2, HRTE I
MWD AT — 2 LA TERTI LN TE S, Rx
NEZETIHMAEEIRRICL--THELIZENTE S,
Bk

ideal —
%Iz@m_ﬂqz_@m_xmf_@m_ymf
4 {(x® — x©)2 4 (y®0) —y©)2 4 () = z(0)2}5/2

4)

22 TEO,y0,z0)% Tx DAL, (x®,y®,20) %k A
D Rx OMETH 2. LoT, @REHMLLUT O
T — S AT DI LN TS,

(B2..B2, B BY

ideal ’ “ideal * “ideal ’ ~ideal

} -»r® (5)

H3ICATFROLERETH D, FNEEFIRAOH
BRERT. RVATATE, REUBEOLZDD AL
vFERATAZLET, & Rx BEELEMME %
FHEIL TV A, L LEBICHE, A4 v FERLO Rx
DA Rx DHEDEBERDLTNARNGIRATDZ LN
MR TS, 20X D RAEEZRADEE
X, RIS Tx 23 Ry IBBFICHEET DA Ic KREL, #HiE
FEERKTOEERER->TND.

1 [m]

I
FEES
M3 mBEESRATAICETATERESREAOHS




J.IREFE

ZITHEKE, AERSRALEELENET 5 . o .
EHETOIFEEBREL, RVATLACBTDHER : 1 'm
BEOHFEICRYMA TS, FEEFRAOEE, ' I w0
OXTEFANTHEONRYEEZLND. 22T, Ty b o
B RFEREZFRAZ BB L TV ARVELR O HE, ; 0
BRI HRAL BB L RO R &R T 2 i b :
By TV TR CHIEFRAOEBEEZRLTEY, \\ (AN . A
HERTH. -0z W O 03 02 Wy 02 )

50 ) (a) REF % (b) 4 3 i
o | /G Gz G G [0S B5 #EBREID-RENHE
Breal _ C21 C22 C23 C24 Bideal (6) 100
3(3)1 T\ Gy G Gz Cay B_f)l %
rea C C C I ldea REFE
B RV - Y5 80 e
. 70
O X»o, UTORERFEZEZZBELLIMT — &% DA% = 60
WD LNTED, e
D L@ G p® ® a0 - i
{Breal ’ Breal ’ Breal ’ Breal } ->r® (7) 30 245
- 18.4 18.4 18.4
4. BRREFRE R fg — 102 122 10.2

RETFEOGHEDREFMT 572010, FERF SR . J. l. ll
ANEBELEZINET -2 (NERBRFRFRAEZZSEL d<5 5~10 10~15 15~20 20~
TWVWRWIIT —Z )&~ IC#EE L, A—0m fEHERZE [cm]

AE T — 4 A MR L C L I R JEE O R A AT o 7 R6 EEEREDLATSLLR

Ak — AL — BAEER 4 1R ]

) (J|’%7‘ 74 ki‘ﬁ LT — % ORSEAE % X é‘t { Tﬁ“ 51 AEEONTRETY
EJ”f%i’“&bi, 4@)(-)/ q:ﬁéx-z q:ﬁ‘f%ﬁkéﬂ ?E¥¥5£ ﬁ%iﬁ
51m@/Ihﬁmgjbb\f’O'Imﬁaﬁﬁm&;ﬁaﬁén?“é% HERETFEY 10.8 cm 19.6 cm

T (@) 7 648 SR THELEE L. BRIET — ¥ 1%,

%éz=3cmﬂ:i§ﬁ€> x-yqzﬁj:@ Ol3mﬁaﬁﬁﬁ%ilﬁﬂl§ SJ:D, %E%E@%U‘EUTﬁ‘?E%{fictb’\M

SATRDHFRC) 349 RERYATLTHML o civp o mbns. 206 TH, d<Samk 7

ZH. .
CHA LT BEIGIN 82%INE 18.4%ICHIZ, d >20cm & 72 % E

Yim] z[m]

‘_‘;"_";'_‘";Qé A 1 A 388 % D 102 % IKHA LTVA D & AR
= n . ’ L TxD. EAbIERIEFRT LI, BREFEELEMT
L 5 L DL THEERESK 9em W TS L MR L.
o T DT DEORREY, REFREO - EOAMEL EET S

T T A I o R

oL ez 5 EED

oM E v I S S ¥ VN T TS SRS SN RS
¥ E e EHRAOKHEZEM L, HEHE & LSe35 720

B4 IET—FERET —2OMEFMHE o, FEEBOHN T Y v 7 % EE LT — 4 3

o B ERE LRIEET - 7. BIEE, BEFEOLHE

M sGas, SERFREEM LEART =X EERE gty 5w, REFEEEM LI T —

HEWTHEME RN > BAOREREOBHRE s o pao s e |
R RRRSONC, WREONT =5 RBER T e
SUMEHEEAT o L HEOWEREODMMERT .y o g Lo, REFREBMT 5 - & T
B, RETFELUKEOHERATNT DL 2 b o D s
77AERGIEAL, RERBIOTIMER 1R womewmowpns, REFREZEMTHZ LT

7 e REHE A0 O om L LT - b AR L. BlEO



FERND, WERENLCRETFEINFOTHDIZ L
ERIETDH LN TE .

[1]

[9]

X B

P. Davidson and R. Piché, “A survey of selected
indoor positioning methods for smartphones,” IEEE
Commun. Surveys Tuts., vol.19, no.2, pp.1347-1370,
2nd Quart., 2017.

X. Guo, N. Ansari, F. Hu, Y. Shao, N. R. Elikplim, and
L. Li, “A survey on fusion-based indoor positioning,”

IEEE Commun. Surveys Tuts., vol.22, no.1, pp.566—
594, 1st Quart., 2020.

A. Nessa, B. Adhikari, F. Hussain, and X. N. Fernando,
“A survey of machine learning for indoor positioning,”
IEEE Access, vol.8, pp.214945-214965, Dec. 2020.

V. Pasku et al., “Magnetic field-based positioning
system,” IEEE Commun. Surveys Tuts., vol.19, no.3,
pp.2003-2017, 3rd Quart., 2017

A. Sheinker, B. Ginzburg, N. Salomonski, L. Frumkis,
and B.-Z. Kaplan, “Localization in 3-D using beacons
of low frequency magnetic field,” IEEE Trans.
Instrum. Meas., vol.62, no.12, pp.3194-3201, Dec.
2013.

A. Sheinker, B. Ginzburg, N. Salomonski, and A.
Engel, “Localization of a mobile platform equipped
with a rotating magnetic dipole source,” IEEE Trans.
Instrum. Meas., vol.68, no.1, pp.116-128, Jan. 2019.

V. Pasku, A. D. Angelis, M. Dionigi, G. D. Angelis,
A. Moschitta, and P. Carbone, “A positioning system
based on low-frequency magnetic fields,” IEEE Trans.
Ind. Electron., vol.63, no.4, pp.2457-2468, Apr. 2016

T. E. Abrudan, Z. Xiao, A. Markham, and N. Trigoni,
“Underground incrementally deployed magneto-
inductive 3-D positioning network,” IEEE Trans.
Geosci. Remote Sens., vol.54, no.8, pp.4376—4391,
Aug. 2016.

A. Sasaki and E. Ohta, “Magnetic-field-base position
sensing using machine learning,” IEEE Sensors J. vol.
20, no. 13, pp. 7292-7302, Jul. 2020.

[10] A. Sasaki, “Effectiveness of artificial neural networks

for solving inverse problems in magnetic field-based
localization,” Sensors, vol. 22, no. 6, 2022, Art. no.
2240.

[117A. Sasaki and K. Fukushima, “Machine-learning

approach for solving inverse problems in magnetic-
field based positioning,” IEICE Trans. Fundamentals,
vol. E105-A, no. 6, pp. 994-1005, Jun. 2022.





