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A Pedestrian Passage Detection Method
by Using Spinning Magnets on Corridors

CHIHIRO TAKESHIMAL®)  KaTsuniko Kaji? Ker HirRo? NoBuUOo KAWAGUCHI?

TakesHI KAMiyAMA®? KEN OHTA* HIROSHI INAMURAS®

Received: March 30, 2016, Accepted: October 4, 2016

Abstract: The passage event on the specific spot is one of the useful information for position estimate. If we
can detect the passage of the specific spot, we could contribute to the field of the position estimate because it
is available for movement course identification, and the correction of the position estimate error. We suggest
pedestrian passage detection methods by using magnets. We make the characteristic magnetic field as a
marker. We detect the pedestrian passage by reading a marker by a smartphone device. We generate a
magnetic field marker by spinning magnets. We can acquire a passage direction by rotating two magnets at
dierent frequencies. We can detect a passage with an accuracy rate of 100% and a passage direction with an
accuracy rate of 90% when the distance between magnets and a smartphone is 100 cm or less.
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Table 1 Each amount of current derived using Eq. (1).
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Table 2 Shape of magnet and intensity of magnetic field at 1

meter distance.
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Fig. 2 The magnetic field marker built using an existing motor.
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Fig. 4 Mechanism to let a magnet float.
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Fig. 5 The magnetic field marker built using 3D printer.

RHITRE e R — Ve R Wz b U oRHIE % F
ALTaAVICEREZRIT YA I Y725 ELTaaAn
ICEREZR L CRAZ RIS S5, I 4 VO IZEE
HHREHDR2 VY b w4703 A —FThb Zero
Gecko [17] Z W72, 2D Zero Gecko Tty H DA %
SATELY T AV & S LR & EfiL S e,

BEATE MR & HERE L3 T 5 720 1T B A i 5 3 Lk
Aro 7. TFEEEEICIER — VAT ) ¥ 7 E v Tl
EDOBEEER D Lz, RICHEDSL & B b [l % [HE
T 2RKE % 2 72O HELDAL & Bl L e Wil A E 2 7.
B 4 ICRT &) SRS 2 & EEICFEeT O
A TEFESIETWL, ZHICEY, BADOKE SR
ERICISTHEEZHFRELL T (ho T 5,

5. @@EH

Wil ~ — 1 %l o THATE O 38 B A 1 <0 858 7 1) % M
5. 1 DOORREE ST OB T I 5 O B3 8 L
V. D720, WK TIE 2 DDRE & R A KT
AT, I6DLH2200) 7aERT 4. 20
DA % B W% (a[Hz] & b[Hz]) CTHEESH, 200T1)
7 (AL B) REKT . AIZEEOREE a[Hz] OB
BEL BT T, BiEb[Hz DS EL DT T &
EFTAH. 2O TOMMBIEEFICL ) BTEREL S0
LRTCELLIIBH L2 RHT 5. @~ —Fidak
b DEZFHITL LT, ZOMETE T 5. il fim % B
545728 ab & ba (Z[F UsEArE 2R,

WEBHO 7V T) A LAOLKRER 7T IR, ik
HIZLLT D 3 2OFIFTIT .

47



BRIEF 2w 5 Vol.58 No.1 43-56 (Jan. 2017)

Wa
aHz bHz

10~K¥0cm

HEME1.5m

B

>
w

fEME3m
6 Ial— MTLEEOME (M)

Fig. 6 Environmental summary to simulate (Bird’s-eye view).
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Fig. 7 The algorithmic flow chart of the passage detection.
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Fig. 8 Values of the magnetism sensor when passed the front

of the rotating magnets.
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Fig. 9 Values of the magnetism sensor when passed the front

of the rotating magnets When the problem happened.
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Fig. 11 The result of having performed the bandpass filter and

the principal component analysis in Fig. 8.
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Fig. 12 The result of having performed the principal compo-
nent analysis after we performed the bandpass filter in
Fig. 9.
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Fig. 13 Graph after the threshold filter.
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Fig. 14 The graph of the time change of the spectrum of each

frequency component.
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Fig. 15 The result of having performed smoothing processing

by the moving average in Fig. 14.

W, AXRZ MUVAEEEBEZ LN DB oEN &
k., BTN T XL % iR & A OFEEIC TN A M2
FHLDIREFETRIBRED Y 4 I > 72w b Tk
2.

W OB Tl 2 DO~ — 7 ORRBIT- 2w L
TWh., 2078, Z Ol RO LI i~ — 7
DR E WO TR KRE B Y 52 5. 4hl2o
DR~ — 1 O % 5.5Hz & 7.5Hz 2 FIH L 7-.
O 2 DONERFEREEDEITE N E 2 DO~ — I % X
WTERWD, 2 00~ — 7 ORELEFRKICIEED
O VDB BAENLELZDOPNEETH L. BB
%479 FFT O R BB EGEOMHHEIZ %2 5. FFT ©
BIEAY 32 W TN T AL VOV T v TSN
60Hz TH 570, FHkE21348 2Hz D EOEPLET
H5.

54 V321l —&ICLDUAEEROMRIT

WAL LOWEESET EAHE AL BOMIEY 43I
TDEDNELRY, EBFHOMIEPEL > TLE
I, oL, EBRICHEA LD LoOWEEY 22 THRA LD
WGEEHT 20332 M2 $ECLEY. 207
O, TR B Gl f A 2 R T & B e R
% SR D 72O BT VN Qm [19] & F W TRAGE O
AR A MR 2 £ 2 Ty I ab—va v iirorz. W
BHRHT Y VN Qm TR 16 O & ) (2HA & RS o~
7 MV EHRBEEDERMPFREINDG. FHABEON
7 MUVOBEIXHHICERETE, xyz D& T L OREHRE
FEORESEZRHETE S, WAICEL IR, F6, &)
EERHMICHRETE 5.

WA DILIRDTHF = 72 O TRITHEAT O FLE R [0 #5517 2
F2 B, WAONELLIMIENERETH L E— 5 ICBME
PRI IIAY Ty OREEED & 9 I@ADIR - H#
EZxF L CACEIC 2 A X H I L CHES &4, A DRE
WZOWTIREAB OO A EE 2 4. Ao EEEEs 2z
LLEREINE L) T ZHERAT 5.

© 2017 Information Processing Society of Japan

WMEBEEDOAIML
WREBEOEER

16 WG VN Qm DY I 2L — 3 Y
Fig. 16 Simulation screen by magnetic field analysis Solver

Qm.
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Fig. 17 The result of area division when the distance between

the magnet is 10 cm.
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Fig. 18 The result of area division when the distance between

the magnet is 20 cm.
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Fig. 19 The result of area division when the distance between

the magnet is 30 cm.
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Fig. 20 The result of area division when the distance between

the magnet is 40 cm.
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6.1 FERIBICSH WG~ — HEDEBEDIEEE

5.4 Wi CHABRE COMA MR o) 7T i
FEL, AR CTH IO MESEL 30cm ML ETH UL
Twesgroi, LaL, ERBETIIRABSESHITES
DFEZLY 30em THITHDLPETEHRV. FD7
DERETOMIEZ4T) OICER 2T 72, ZOFEERT
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EBROMZEN % E 21 IR d . EBROBREELKIIHERKE
£, @@, SATHE, WAKORFE, 2 2HARO
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MR 21 DX HICHML EHM2D2DTH5H. HATH
FEIZRD I 1.2m CTEBEOME X TH Wz, MR ORELE 1
UTD32Th5.

(1) BAIEWIE) DRy v MZANS.
(2) ADPSHNI)DORT v MIZANS.
(3) BORNIZFTHD.

PRFFLEASR T v b OYEE 2 DI Lz DIRA &k
DA TH BB E R TE 20207120 TH 5.
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Fig. 21 Figure of summary of the evaluation experiment

(bird’s-eye view).

B 22 FEERIHH L 7oA
Fig. 22 The magnets used for this experiment.
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%3 BB 30cm 0k 0L RO

Table 3 Detection rate when the distance between the magnet

is 30 cm.
Yook BB [om) | M (%] | B R (%)
50 100 67
75 100 39
100 67 39

x4 BAREEE 45cm O & X2 DOERORKHHE

Table 4 Detection rate when the distance between the magnet

is 45 cm.
KRR [om] | BRI (%] | BB RREE (%)
50 100 83
75 100 78
100 56 44

x5 WAMEHED 60cm & & DEROMIHE

Table 5 Detection rate when the distance between the magnet

is 60 cm.
Sk WBRE [cm] | SESBREE (%) | B AR (%)
50 100 100
75 100 94
100 56 44
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Fig. 23 Figure of summary of the evaluation experiment

(bird’s-eye view).
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Fig. 24 Method of holding the smartphone in the bag.

® 6 iK-HAMEEEE S L OOk
Table 6 Summary of passage detection rate between the

smartphone and the magnet.

Ui R AT R ERRE [om] | alEARINES (%] | a7 AR A (%)
50 100 91.0
75 100 97.2
100 100 90.3
125 100 39.2
150 100 3.4

1) JEOHCHliTE % 75 & 9 ICFTHD.
2) LEOET v MAND.
3) AR DRy v MIAND.
4) ANV AND.

RIEEAIE (1) & (4) BEHITT-> T 5\, fREFE
(2) & (3) BELLPLEFRITFTVENZTNI AT DL L
TWb., PRIFALE (4) O%EIEE 24 O L) IZH NV ITE
HIHOLDEFHL, A~v— N7+ v E2LB2EELT
AN T E > TwA, TRTOMIFIEICBVTEH
) 1R L WAL E (2 2 1), 1A 2 13 AT L iR
B E b, T2 0KE1 AH7-0 120THAH. #
1l DOFEEEAY 50cm, 75cm, 100cm, 125cm, 150cm @
5T, RFFTEDS3 O Tl ﬁﬁ#20%©%$%l
Z4AMF—F EFHIL TS, F72, oI
61%@%%Tﬁ%mﬁﬁfk&ot&mﬂ%ﬁwt.
6.2.2 EEFER

BRA 7 5 OFEE (50 cm, 75 cm, 100 cm, 125 cm, 150 cm)
DFEBEOWEREZTR 6 |IRT. EBRT — & 1Lk MR
1ol oX 144ETHL. T T, &8, F*I, I+ 10,
T 11 ICKHRIFALE O & ol &l T iR
RY. RIERE (1) & (4) 37— 72 48 T, FFhiE
(2) & (3)IET—o D24 TH 5.

6 D EWMEEBAOMES 100 cm T TIEimEk
HE#RIE 100% T, a7 iR L 90% L TR T & T

o~ o~ o~ —
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Ui R~ A B BEAEE 50 cm @ & & O Ui R ORFFALE

T Lol

R

Table 7 Passage detection rate when the distance between the

smartphone and the magnet is 50 cm.

PREFALE

SR (%)

38 5 [ERR R (%)

PREFRZE 1
PRIFALIE 2
PRIFALIE 3
PREFALE 4

100
100
100
100

100
95.8
83.3
83.3

%= 8
EES

Uit KA P BEAE 75 cm D & & DR RIFALE O & iR i

Table 8 Passage detection rate when the distance between the

smartphone and the magnet is 75 cm.

PREFALE

SRR (%]

e

PREFALE 1
PREFALE 2
PRIFALE 3
PRIFALIE 4

100
100
100
100

100
100
95.8
93.8

#z9 W
=R

—FEAT B EE 100 cm @ & X O A AR

T Lol

R

Table 9 Passage detection rate when the distance between the

smartphone and the magnet is 100 cm.

PREFALE

SR R (%)

3t 7 [ TR (%)

PRIFALE 1
PRIFALIE 2
PRIFALIE 3
PRIFALIE 4

100
100
100
97.9

100
100
54.2
93.8

% 10
[EiES

KRR B EE 125 cm O & Z DR IARLE 2L 0

5

Table 10 Passage detection rate when the distance between

the smartphone and the magnet is 125 cm.

PREFALE

BRI (%)

SRR (%]

PREFALE 1
PRIFALE 2
PRIFALTE 3
PRIFALTE 4

100
100
100
100

54.2
39.3
29.2
29.2

= 11
[P

Uit A A B BELAE 150 cm @ & & O R ARIENE T & ol

Table 11 Passage detection rate when the distance between

the smartphone and the magnet is 150 cm.

PREFALIE

BRI [%]

S8 7 R TR (%)

PRIFALE 1
PREFALIE 2
PRIFALIE 3
PRIFALIE 4

100
100
100
100

0

0

0
10.4

W5,

T, W OE < HEEC
14300 G Z 72728, 6.1 &i

- B 81

ICHE LG RODMAEEE

OEERE B, EN A

nrze#zons, L, 125cm Tldi@#E R
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