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Abstract: With the spread of smartphone and tablet, more people use location information services. Our
purpose is to develop new services based on the location information of smartphone with accuracy within few
centimeters. A method using dynamic magnetism can estimate a position of a magnetic sensor within a few
centimeters. However, it is difficult for smartphone to use the method using convention dynamic magnetism,
because the smartphone’s magnetic sensor is low performance. In this paper, we propose a method to es-
timate a two-dimensional moving path of a smartphone with high accuracy using spinning magnet marker
(SMM). The SMM is a device that generates a dynamic magnetism by spinning a powerful magnet. In
the proposed method, it is possible to estiamte the moving path of smartphone by using magnetism pat-
tern. First, we derived approximated magnetism equation generated by the SMM. Next, we considered the
method of estimating the two-dimensional moving smartphone path by performing curve fitting with the
approximated equation for the measured magnetism. Finally, In order to evaluate the proposed method, we
conducted experiments using a belt conveyor to move a smartphone. As a result of the experiments, in case
of the straight path 1m away from the SMM, we estimated the moving path with the average error 9 cm.
In addition, according to the result of experiments to compare the accuracies by smartphones, we confirmed
that almost there is no difference due to the difference in the smartphones. Furthermore, the result of ex-
periments to investigate a relationship between spinning frequency of the magnet and the accuracies showed
that when magnetis frequency is 2 Hz, the accuracy is the best.
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Fig. 1 Spinning magnet marker.

Haite T s FELHML, 4 BCREFEICL SHER
FEDFHMFERRZ RS, RFEICSBETARLDT LD L5
DREZEIRT .

2. FBEME

2.1 EEERAVI-ABHEE

BNV EREFED 1212, WiFi7 72 AR, v M %
FHST2FESH L. COFETIE, Wi-Fi 727 AKRA
¥ NS BRI OMRE O fingerpint & VR L THEE IZF)
M55, 728213, Zhuang 513757 KV =2 v 7% F)
A L T fingerprint RS 5 Fik (4] 2T L, FHaE
6m AN TOMEREEICHED L TWwb, 72, Alam 51
BIEEREE D fingerprint & AV 723K D 3 KT B % WF
72 5] L, PR 4.62m O 3 RIChEHEE ZEm L7z &
LTS, INSDOFEFI WEFI 727 B AR~ baS
FRIE STV B it % TLEB IR 2 8 A T 2 LA v 2
Vo B 5.
ZOEDOMEHETHE L LT, BLE (Bluetooth Low
Energy) # W72 FESHH. TOFEETIE, BLE ¥ —
IYDHETHEEOMELFIH L CHKOMELZHEET S
FREREPHRINTVS., 2, Pak i3 420
BLE ¥ — 2 ¥ Z [ —¥kifi LICE®E L, #hEN0EEMR
FE HEREN O 7 NA AD 3 RICI & % g T 5 T (7]
#We% LCwb,. F72, Rida 513K ICERFE T BLE
V—ar&BELTAY— N7+ >0 2 RTHHEZHE
TA5FU[6) ZMETL, 38722 0.5m~1m OREETA~Y— b
T rvD2RILMEBEHE L. T, EHEKE LT
Quupa*>72H 5. Z O TILEEIZFEE L7z BLE %18
Wy FORTBETEZEL, 0.5mBEOEETY 7
DONEZHETS. CNHOFETIE, BLEE—2 V98
T TERBEEEITHALAZ DD, REIANRT V=V
73 A MWK A1) v 2B A, BLE 2FH L 72
INLDOFFEIEIAY— b7+ Y COMHTEETH 575,
W L > CTRET DN FSADEE LT 571:0, A

*5 https://quuppa.com/

© 2020 Information Processing Society of Japan

W72 SAVLERETIIEERENSK TS 4. $7-, BE
10cm L TFOMEHEDHE LWz, s OHAIZIZE L
TWhneFEzohsb.

11212 UWB (Ultra Wide Band) Hl 2 v 7o h B8
TFEIAAET A, ZOTFETIE, 500 MHz DL E o IIED
BEEZHVWIZXVAESEFH L, 155 DFEHE D%
PO EDNEEZHEET HFE B BRI TS, F
72, UWB Hiffi & 7@ 85 0 1 212 Ubisense RTLS
(Real Time Location System)*62%% 5. ZOHLGTIE, ¥
TS AR E 30m~40m M CTHRE L2t Y
FL, ¥703RTME% 15cm BIEDKETHET 5.
UWB i1 & 2 72 FHEIIRE 10cm~1m TH 1)
RO T & B L CEBETH 0%, HEHRKASLET
HhHZER, UNBRERORER EIWZIX NP0 57T
O, FAOHWIZIZFIHTE 2.

2.2 BERODE—S 3t U EHAVEUBHTE

AR =74 D2 RITBEREKEHEETHTHE LT
PDR %% %. PDR AR IZHE S LTV 5 I & &3
VYA T AV THETEEOBEER 2 HEET
5F5ETH%S. PDR IBHHEHEDSE 252 EHAEDPE
L CHEEREPERT T 47-0, Liko Wi-Fi % BLE %
MW BFELREEMAEDELREHL . Qlan Hid 71
TTT v EN=T 4 7T 4V &7z PDR (9] % 5%
L, FHREES0ecm FETOY TV Y A Lk i %%
L7z, Ho 513 PDR 2 & 2 BE)FEEE O Tk [10] %
F7E L, 10m A7z & & OBE R % P57 50 cm DT
THE L7z, Kuang SIEAY— b7+ VETEEDRAF v 7
RV T EOREFTNCHEA R ET 5T L v
E L7z PDR[11] ZAf%E L, @B L £ 80m (b2 55
P PR Im BETHE L2, ShO0FHIEEAY—
N7 4 v OBEFEHEHEE ISHE LTV 555, 384 10em DT
TORETHET 2D HLL, ZFAOHWETLHED
HEEIZITHE LT,

2.3 WRERAVAELBHEE

ZOEPOMEREETFLE LT, #ER T V5 F 08
H5H. Pl LT, EWNICHET 5 RERMS O fingerprint
TR L CIE & e 3 5 ik (18] %, A% 2 Koc i
FICHCE L, 0BG EFIH L TR > Y O 2 e
T5FE9) DB, F72, IndoorAtlas *TIZEWN
TAY— N7 4 YHEHIN L 72850 & fingerprint & fERK
L, Im~3m OFETNELHEET A2 — AR LT
Wh, INSDOFEIFAY— T+ THFIHTEE? DS,
HEAET Im DTICHIZ 20058 L7z, #%EH em
DAY — b7+ LEHEITITEL TV RV,

*6 https://ubisense.net/en/
*T https://www.indooratlas.com/

364



BEIEF =R EE Vol.61 No.2 362-374 (Feb. 2020)

TA OB ET ARE M TERETHE LTHR
R EHW-F:03 4. Paperno 5 I3EIRE D 3 KT
ZERNCFE S BAN Y MV E 3 RICIE & ORI 72
BRAZBHS 2L/ [12]. Hu bRRELREE/Z3 2034
Wb Blp BB BOBINES Z BE S, Aty To
3RICHIE & LB E w5 Fik 18] 2MEF L7z, ol
Z O, # 500mm, #400mm, & S 400mm D 3K
TLZERINT, P 10 cm LT CTRELE ~ F ONLE & it
L7z, Pirkl H51Ea A Vva&EE D772 138 16cm DO h
e AL, £OVHENPS 4m DN OHFIPH CFHER
7 dem TR Y P OMERE 2 EHL Twb [14]. &
512, Pirkl 5133 4 VISR ER it L TEY IR & 58
&, A= b7+ EAT— MYy FOELERMO
fFez LTwb [15]. ZORFFET, 513 90% L LR
TR DEETBANIHII L TWwb, $72 POLHEMUS *81%
BEE e EEE M E R L Tnwb, b0
P CIIEHENEF I CHAGELEE LT, VTV A
LA MERERE—VaryFy I Ty — 2 REICL,
el DS AEFEE D S 3m DN OHIF TR 1em @ 3 RIG
PrEfEEZEHL TV,

R & W72 T EoF Sk, Wi-Fi ® BLE, UWB 7% &
DBEWE TS 2 FHEERLRY, EFRIOEEEZZITIZL
WHTH D, Fio, BB EHVEEEFEE,
LROFEEED S B m DNOFHETH UL, WED 3 KT
fE 2B mm~% cm ORFETHEETRETH Y, FrDH
HET2E10em DAY — N7+ ¥ ORHEEIHE LT
Wh, LALEDYS, INSOFFEEA~Y— N7+ 2 TFl
AT 208 L. 2E%5, HEEICLELRRS OB
RERESED 0, A IVICE kHz~% MHz DER %
WTLENH LN, Av—F7 5 YOSty oy 7
VY 7RI R K 100Hz REETH 5720, 7)) >
TR B R kHz OBIEEE Z IR L CFHIIT & vz T
H5.

B EHCTAY— 7+ YONEEZHET S 7
O, FTAZREGA~Y — A2 L. WA~ —7 &
X, M AA%E— % TRz S, 1Hz~10Hz OHY
WRERESELEETH L., A4 V2 HLYE, BE
FTOMRDBESNE A VT BRO BRI AT T 5.
ZFD70, SCHK 3], [14] & ETHW SR TW AR O
Bae A~ — 7+ 2 CHUAITTREZ BB T 5 &, RO
BES1/I0 LLTFICAR Y, A~ — M7+ DM B 7 i
[OWEHEAIE L KT T 5. LR e RE S
BHIIZERERLTHHEDNH DD, Hlem DRESD
ANT 1Im BENZZBTIC A~ — b 7 % » TR RE 2 A,
BRAE LD, 1A D EOBEREH LT A 0%
BHY, EREOEHICEAMETHE. — i THADH

*8  https://www.ddd.co.jp/polhemus/

© 2020 Information Processing Society of Japan

EICAEZ AW TWARFLETIE, MADRE Y 1 Hz~
10Hz ICLTOHRETHWADORKESIEDLL VD
BB ORI IE e RIS R 5. £72, i
AN ST 5720 HT 2B, IAVEHCY
EDENLY RN D, LELENOwZIIZSNLF
HAH 5.,

RESIE, MiGma~— 2l A<Y— b7+ Virh
HomBBRL [20] # HEFLTWwB . 2 O T R
B~ —Hh 05 OEEE 75 cm T 100% D HEFE O i %
L7z, RESIEEZ, Mg~ — 7 HAwieA~— |
7 4 ¥ D 2 RICIEHEETE [16] ZHET L Tw5b. O
7T, MHERHA~ — 755 OFEEE 2m TFIHFE 13em
OPEEHEE, BREE 50 cm TR 24° O N AHERE & %
L7z, Fi, A GLDENCEEROY -2 vz
Y= 87+ D 3RICEHME T (17 ZHGET L7z, S
FEROFER, Wil 2m, S0 0°, M 0° DALE THALA
T PYIRRAE 3°, AR & PR 30, BHME T FHYRAZE 2cm
TAY— N7 4 O 3RICAEZHETE L7,

KR TIE, MOERA~— A EHVTAY— b7 42D
2RIEOBEER L HET 52 FLEELRET L. U0 3Kk
TALEHEE DR TIEA~Y—F 7 4 YL L T b &K
&L, fAOREREY S EIZEH L 2@ ORED? S 3 R
TEEHE L. UL, EHEEAOREK%E 10Hz
PLETERBEOHE S SHIT 50138 L <, ADOBBEE%
Im/s~3m/s LIET 5 &, BAaOREE 10Hz 2B\ T
b, BAZFHIL TWARIZ 10 cm~30 cm F2EE OFAEHT
HEU D720, TADOHBTH D77 10cm LT O EHEE
RBATEHE I L TERT A L. 22 THAIE, B
RO F T Tld i, SHTHOAY— T+ 2D
B EHET 5720, —EREEEH L 72REA 0 5 B EhfER
AWETHTFETREL, BUHERICLIAY— 71 ¥
DB EFERHEE 2 W REIC L 7.

3. AV—hT74>ORBHETEFE

3.1 BA&GBEA~Y—DICLIBENDERL

AR = M7+ VOBERKENET S 7-0, BERHEA
T HICL DR OEET T, BLTVWALAAY— T 7
YEHNT AR OEMRE ER TS, 40, Av— |
7 x VIF 2 RICTFHNZBE) T2 &g L, Minfa~—
HIZEDHERER 2 DL HI2ET. 22T, tIIEFY], w
WA ORI, r, 013 F 2N 2 KICHEE O Pk,
HhifgamL, H, \$ROEEFRR, Hy \TEIE )R &
BARBEESZRLTWA, DL E, WAHICEAHEAD
B SRR S Hy, Hy (2 RICHEERE (r,0) 2 VT
DEHIZEITS.

H, = H,cos — Hysin6 (1)
Hy, = H,sinf + Hg cos 0 (2)
365



BEIEF =R EE Vol.61 No.2 362-374 (Feb. 2020)

-

v
x

2 2 JOUPIIN T O REERAT~ — 712 & 2R
Fig. 2 Magnetism generated by the SMM in a 2D plane.

H.,=0 (3)

T 7oA OLHI OIS & AR, #h Z @MU & LT
TR 5 e, (1), (2) D H,., Hy \IHfEr ©3FIIKIE
Bl A Rads, 512 H I3/ V2AOBODOE
SHMNDEE, Hy 3 ZNIZERT LI ENDOEE LD
T, WAL TET AT A, BEHWA L, #HAaADRE
B wt |5 H,., Hy 3T O L) I12kE 5,

A

H, = 3 cos(0 — wt) (4)
B .

Hy = 3 sin(f — wt) (5)

InsERX (1), (2) KRATEE, BRAOSHBSIZILT
DEHICEIT S,
H, = ré?’ cos(f — wt) cos O — gsin(ﬁ —wt)sinf  (6)

H, = 7% cos(f — wt)sin b + %sin(@ —wt)cosh (7)

ERX(6), (7) oA VAR ERTEEDTORIIR S,

B2 A2 _ g2
H= \/7‘6 + 3 cos? (0 — wt) (8)

EX@®)Dr, 012AT— 175 v OBEREEKEFTAEN
ATIUE, ZORKETA~Y— N7 5 2%HIT A5/
Vi, &L IR x B, y#ilszRkoons.,

3.2 BEOEXt

COFITIE, A=+ 7+ yOBEREKEERALTS.
FADOLHTO 3 KouhBEHEEF 17) TR AR —F 7+~
DEIEL TV &L, BADOHEEY & OGS DR
EroMEEZHEZE L. L2ALARDYSL, Av—F7 4 )8
BEILTWD L&, BADMEIZICIE L TELT 5720,
BB 1IE U oA s #5132 B H B, £ 2T,
AR = N7+ v OBBHFEFE AT EAR 2 21 L rp T Ll

© 2020 Information Processing Society of Japan

X
E#tEa~—7

3 HMBEIT A AY— T4 YO
Fig. 3 Straight path of a moving smartphone.

MHREETEE D LIEL, ZNENOREEERLT 5.

9, A= M7 UDPEBWIIRE L TWAGEEE
25, M3IEFEAY—F 74 v ORKERLTWVES, ZD&
EDAY— N7 ¥ ORERE % INE Totare, Ystars, IAE
P Tend, Yena LTS, ZOEE, N (8) ICBITAHH
B r &AL O IZRD L IZEHIT .

r=+/a2+ 32 (9)
6 = arctan (ﬂ) (10)
x
z o,

Tstart S xr S Tend Ystart S Yy S Yend (11)

L5,

R, P THNM LR IOV T4, A~ —
N7 4 Y HDRINE Totare, Ystare 2> D B ~ — 71 123
DX, Wt = to Thed HEEEA ~ — P VME Telosest s
Yelosest (ZEIE L, ZOHRAMITHIA %L 2 TR AL E
Tend, Yend (CENET B L &, S/ VLA T v TREO(t)
EHWTROATEIT 5.

B2 A2 _ B2
H_\/1“6+ r6

cos? (6 — wt)d(—t + to)

B2 A2 _ B2
76 r6

+ cos? (6 —wt)d(t —tg) (12)

ZCT, t<tyDE X,

Tstart S X S Tclosest Ystart S Y S Yclosest (13)
Tty <tDEE,
Lclosest S X S Tend Yclosest S Yy S Yend (14)

AT TEES(t — to) DEFRIT,

(S(t — to) =1 (t > to) (15)
S(t—t) =0 (t<to) (16)
Thhb.

33 H—TT74vTaTIlLRRBBHET
A< — N7+ 3D DR EBEPICEHT 5 RA I,
FORMEEEOTANT A =72k oTET A, 2L 2

366



BEIEF =R EE Vol.61 No.2 362-374 (Feb. 2020)

W, WS A BB A A~ — b7 4 UARHA AR OV
203K (9), (10), (1) ART L 912, ZOFHINE vepart,
Ystart & TRINLE Tond, Yona (HETH. ZDEE, Th
5DINT A= Zgtart, Ystarts Tends Yend € 7 A VT4 X7
NI A=F LT, FHllLfR/ VLax (8) TH—7
TAVTAYTTIE, ZORBHEPOAY—NT 1D
A HEETHZENTEL., BllT—5 X () DI —
TTA4 T4 Y TSR RN M EE T 5 LD
HoH1D, FEHERNFEMEFIHET LT LT AL L L
T 7% Levenberg-Marquardt &AL, 74 v 74
YUNRG A= O $RTL & L7

3.4 RIBRSERFE

31ETIE, BEILTCWAAY— M7+ A ARG~ —
BT BHEAOEMNXEEN L., L Lads, %
RIS CIREYRE TS EDVRT AR EL 2T 5
7o, BENZE D - T 10 pT~100 uT DR D LT ANE
&L, INLOERIERERA~Y — L AR LD DI
BIMNIKREL DI ENDY, REHECIIKELEEER
129, 22T, A TEHIL R0 b REHRA O 2
B 2 M A MR L7z, £9, Rl S N-mEA%E AR 3
I TN OBMBEITE & WV CRE LT 5. kiZ, §Hl
ENTREAMAAE D L < AIBUIME I 2 5 HE5) %2 BUS L,
FNH DR ORI TOREOMEE HIEICHET 5. ZL
T, TOMTHE LA EZBRERRE LT, b Lo
KTF— D551, D EOMIIZ X 5T, FHll S 74
IZH ENL RS DEE 2 B L 7.

4. FHEEER
4.1 EHEEAE~Y—P

ARWFFECTIZK 1 IR Lz~ — 7 L H U b 0% ff
M L7z, BEfEA~ — 7 OBADRERRICIEA T v v 7
E— % %ffifl L, Raspberry Pi*% W CHlfHI L7-. Fex
DLLHI OIS [16] TIX, DIEREA~ — I I 2840 &
LT, HATHED 15cm PINIZIED Wiz & SR — NI
AN R WIRE OGO L L, REEHEEL6,400G, K
EEDEE25cm, B 3em OO A F Y LA %
R L7z, ARWZET S Bl A~ — 7 2 M 9 2 KL H
LTHhod, ZOMRLEFEALHMAZME) bDL L7,

4.2 Y32l —>3>EDHE

P4 I TFHIEROFNIZ, 3.1 EHTEH L-EPXET I 2
L—F L DHBIZE > TEHMIEIL72. ¥ I 2 b —%I1CIdE 3K
TCRESRAT Y VN Qm* 0% v/, Ty I ab—4i
WRE—A Y MEERWTHES 25TH L, B EOMES
HEENZIE LT3 RILZEMICHEESE LMY Ia b —
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Fig. 11 Estimation result on straight path.
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K1 K£AY— 7+ TCORSEH

Table 1 Magnetic constant of each smartphone.

AQUOS R2| moto | OPPO |ZenFone 5Z|Huawei nova 3
SH-MO09 |z3 play|CPH1877| Z01RD (PAR-LX9)
A[pT] 7.45 7.27 5.71 6.40 5.96
BuT] 2.91 2.99 2.76 2.78 2.79

£2 Av— b7+ TE0HEREE (50cm)

Table 2 Estimation accuracy for each smartphone (50 cm).

AQUOS R2| moto | OPPO |ZenFone 5Z|Huawei nova 3
SH-MO09 |23 play|CPH1877| Z01RD (PAR-LX9)
A [m])| 0.09 0.10 0.09 0.07 0.07
THER 75 [m) 0.03 0.02 0.01 0.03 0.01

F£3 Av— b7+ OHEEREE (100cm)

Table 3 Estimation accuracy for each smartphone (100 cm).

AQUOS R2| moto | OPPO |ZenFone 5Z|Huawei nova 3
SH-MO09 |23 play|CPH1877| ZOIRD | (PAR-LX9)
SPHIFRGE [m] 0.10 0.11 0.15 0.11 0.16
TEHER 7 [m)] 0.01 0.04 0.03 0.04 0.06
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Fig. 13 Magnet spinning speed and estimation accuracy.
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