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Development of the single-axis magneto-optical probe incorporating optical
elements for environmental magnetic field measurement

Yoshihito KATO"  Kanako WAKE® and Yukihisa SUZUKI*

T Maglev Systems Technology Division, Railway Technical Research Institute 2-8-38 Hkari-cho, Kokubunji-shi,
Tokyo 185-8540 Japan
I Applied Electromagnetic Research Institute, The National Institute of Information and Communications Technology
4-2-1 Nukuikitamachi, Koganei-shi, Tokyo 184-8795 Japan

§ Graduate School of Systems Design, Tokyo Metropolitan University 1-1 Minamiohsawa, Hachioji-shi, Tokyo
192-0397 Japan

E-mail: T kato.yoshihito.23@rtri.orjp, I kana@nict.go.jp, $§y suzuki@tmu.ac.jp

Abstract A prototype of the magneto-optical probe applying the Faraday effect has been developed to measure and
evaluate environmental magnetic fields from the low frequency to the intermediate frequency. This probe is fabricated with
single Faraday rotator by incorporating optical elements, i.e. a polarizer and an analyzer to avoid the fluctuation of
measurement value caused by movement of optical fibers. Consequently, stable output signal from the developed probe is
observed whenever the probe head and optical fibers are moved under applying the sinusoidal magnetic fields with the
frequency of 50, 300, or S00Hz.

Keyword Faraday Effect, Magneto-optical probe, Low frequency magnetic fields, Intermediate frequency band magnetic
fields


Shintaro Hisatake
PEM2018-8 (2018-11)


BIEH R EE B e R T — AR — 8
BS S T0—T DR

Development of the single-axis magneto-optical probe incorporating
optical elements for environmental magnetic field measurement

ik EC (EERa Btz
MAEMEF (FHRAETAEKSE)
AR MA(BHKRKFRR)

RROAR

1. EOE=-BW
2. MEOTO—TIZBITHRE
3. AFFRF— ARSI AFIO—TDOHE

4. SEDFE.FEDFHF




B

OEE K #F (DC~100kHz) . % fE Bl % (300Hz~ 10MHz) M
BMARZFAL-HER B DR CHEMEES)

O oD ERHFEDHFICH I HRH|, HEDRE

— EFEEEDFEITFOERNZED

ERDOBERIRMFICNT S
Bl RIZEOEFDEIE

R REHE (WHO) ITE 5 A X R
(779h—FN0.322, 20074) |\

<

BEEES
HBEHWIE (20114F)

MEXE (R T oH i EEE ]

L

ELANILDOBHANDELHNIEGE
[Z2DLWTIK, BEANDEENTIFMIC
HIIShTEY. BRREEL. HBE
RUO—RAZCNODEENSIHET
B=OITRESN-EEMRIEELA
FSAERATRE]

EtXxxEd

BREEIC OV THLRBRDESHIE (20124F)

— FKEDH EEFENHRBOARIC




EXE LT NERAR IS T SRR

[3th £ 35%4% - B A BUR RS X 9 23R4l ]

20124F8HA1H EtREES F£695
[S43EICET AHM EDEEETHIESEND—LHERET 244D
E51EMD2 (%EEEE%:’;E;VEFH(:J:é)\@@li(:&l&?’%%d)ﬂﬁi)

—RARMNILE ADZEWNKS TR L-MEFEN D
IKFEARIZ0.2 MmO =T, 200 pT (7 A ERED)

3 ( 50/60H2 T 1%
SN | SBRROERA RS THD
£ ICNIRPH A RS A1z =R $I1E
gO.l:
N
o 10 mEbRHy 1000 10000
ICNIRP (EIfRIE B STHIRHEZ ER)
HARSAODSELARN)L

BRSO RIEICEET 2 EGERREF

AMAIE<EISBE T BERRHMRRUEROME
Ece178s  DKERM)  — arRoSAEREERVAEOT5E  1998F

FERABIHGERVCELESRENOD

IEC 62233 NEIEEIET 2BHRDHEA % s
TRENVATLNGRET IHARVERDARS

JACIEPLY [EEEKR] — DROARIEEZEZELBIEFIE 2009%

IEC/TS 62597 SRIE TR DR O BIE (2B it ak 20114F

FEIZRL TH20 1M FEITHR TN FT

6




Eks ICET O/R8F

BREFZBEHEAAHBIDIER—RAA—DFREEE]
1ISO 14708

MmT LT OERBRICHLREEDIRENI L]

=1MTU LD EREER (L TITEREED AT RETE

AHED HY

RIBHRAEZRAREL, LFETORIEH ATEE

hBDEZBZLNDT7IT —NRZEMAT DHRILF
JO0—J%ZEEL. EREANCHBKHAZEEFTTO
BFRHOFMEZEILET 5,




IREH SR E (EICEREIRER) [T BT R

ORlIRH :
BEIRIE DRI BIERIKIEC/TS 62597, JIS E4018D X R E K # %1

N—L(EF~20kHz) . SHIZSRDIFI-GHBEDORRE (WPTH) | i
REFERBEA T, Ef~HBI00kHZIZEEZHRET D,

OBfE BERMAIZ 1 MTAVEO DR

— COEEEIY—HBELVOMTREETTAETEAIENEFRLL

275 T—%hE

RARIAL | IR

B #Rim
I75T—%F
=775 T —HFICKYBIGE P TRRIEEH EEET BB % FIH

6r =VBYf
OF [rad]: 775 T —[ElixH
Virad/(T-m)MBRBEEDOEHR (T TER) . B[T] - HREFEE.
[m] : 77T —FRFDES

— [REHIC (R -5F17F

YOLTELIT) TOFERADAIRENE

— 'J? ) Railway Technical Research Institute =




275 T BEFRALEESEFIO0—T

FRETY IR

— BREKTEEDOHSHTO—TIZDUT

M9 HmBEl DR TERNTREZ1T o/

—® Railway Technical Research Institute -

OB E BRI/ A AN ES

B RS S S 45 H BT D BRI EEHT
W;im A = . - 200 inquenc‘{( HSSO 800 1000
ERE TREGESIVNTLYS $J100HZLL F T/A A H XK

—® Railway Technical Research Institute ™




SRREQRAAEBT DA T 7/ \—ERDHIFICRHH NEE
LIO—TERRBFERENSRT D/ A XDAEEIER
—AENRE (BFEBE) EBHSE TUTETS
SERURAEERARET DECOBLOEATENBE

AlE R iR

Tk
TATIR

CDERRZE—AIELT=
JO—J%&E

Railway Technical Research Institute

13

=

BSHRANTERRETD S
FRF~BEFEE—RIELEHSETO—TORE

I: 'EEK ________ )
EBRE | MErEE— I

RAEZE—IRMET D ETRIPRMED M L

Railway Technical Research Institute

14




BERMRAER —ARBSLETO—D

TO—TJ OBEILDENDEEFLL

—@ Railway Technical Research Institute =

BEAETO—T O— LIS
RABORI7AN—DEE

mHER
T4k _7:_*
TATHH AA—

RHAFNSTO—TADKI7A/IN——T L%
G IWE—RID7AN—DSREREI7A/IN—IZER

—® Railway Technical Research Institute =




"/d? Railway Technical Research Institute =

— ARBES N TO—T LB BIFEHER
BIERDELES

L—H—3iR Alnair Labs TLG-200
THbT4T93 Thorlabs DET01CFC
7T Alnair Labs LNA-220C-40-SM-S

F—RAH—(AEY/\(3—%4) HIOKI 8847

FEFEDEGHLR

L—H—tH 20~25mW

L—H—KE 1550nm

TUoHiER  HEEAFER EXATRAEBRBHELA—RVMES)
fERYA4X  0.3x0.3x0.3mm

—id? Railway Technical Research Institute

— KRB SR TO—T 2L AR FSER
300Hz D IF 3% i it 52 0D 38 72 451

i N EE D Frfa R A 51 i N EIE D B K E R AT

4.00E-02

< 3.00€-02
.H

i
R

2.00E-02
H

1.00E-02 J

0.00E+00
0.02 0.04 0.06 0.08 0.1 0 200 400 600 800 1000

B Rl (sec) FEIR#(Hz)

BEED/AXHEELLGEN LETER




— KRBV S T O0—T (2 &L A8 EHER

ENANHE R % E (300Hz) &L hEE DR

0.014
.012
0 [

S o001
[H °
0.008
Tt
R 0.006 ®
H
0.004

0.002

0 0.5 1 15 2
ENINHE R 25 BE (mT)

—® Railway Technical Research Institute

—RBTO—TJIZLHAIE
H 1 BB FE 0D B LB o 41

50Hz M 1E 5% RIS 500Hz M IE 3% KR

0.07 0.08

__ 006 007
= P

:ﬁi’ - /\/V\/\/\/\/\[\/\/\/\[W\/VW\/W\/V\/W Ilg_;lli’ .

R R 0.05
3 0.04 A

8 Q 0.04
¥ 0.03 ®

& & 003

Eé 0.02 1@;}( 002

R oo R 0.01

0 0

0 0.1 0.2 03 0.4 0.5 0 0.02 0.04 0.06 0.08 0.1
B (D) B RE (7))

CNETHETERA ST 100HZLL T OB TEFHAESHT
B AT RE LT T

—® Railway Technical Research Institute




SEDTE

O1kHzLL LD Rl TO R EIEE

O =s{b DIRET

= D
FE—5

Ml =

jlé
iz

BRAF

waces § |/ FT
MAOAE . = st

REarko—5

J

¥

i

|

I

L

BRAMTES

WARDTR

A

BEHMRAIETRELTCAVNNINEH A A THOEREZEHET

7 g—
— )
\ o

~ S —~

Railway Technical Research Institute

FED

EEE. PREEESEDOEREMEITEEEMELT,
7275 T —REFRAL-EERAFTO—TIZDONT. R
HFILEAEFETE—IRELE=TO—J%HELT=,

TO—TDBE(HT7A/N\—DOHIFH) [Cko>THAN

ZHLGENIExER L=,

RAEFINSTO—TETONRIT7AN—FRADOEREK
BA7O0—JTEHERALTW VU ILVE—RI74/8 =05
RERFI7AN—ICESHRA =LA, BRKRATO—
JTCRONEBIEERBIZE TS /4 XD NHLNEL
HY . BREAETORIENTREE LT,

/ N
— )
\ /

N\, h

Railway Technical Research Institute

22




O

APRD—EIIRFEOHMREEZ T TERELEL =,

- — ) : : .
d? Railway Technical Research Institute

23




—AtEEN - EREE R
THE INSTITUTE OF ELECTRONICS,
INFORMATION AND COMMUNICATION ENGINEERS

EFERH
IEICE Technical Report
PEM2018-9 (2018-11)

FfiEE ) K7 27 B S T S 5 L
KEE D — 4 F
Fyhusdf Y RUL2/7 B BE RR RT3 28 A B

ENZWFFEBITIE N TEHOBE W ZeHEAE T 184-8795 HURUHS /NS i B H-ALHRT 4-2-1
E-mail: {jerd, katsumi, kana, ifong, wata}@nict.go.jp
HHFEL A B AT (300Hz~ 10MHz) & W 5 B EE /) R16 & 27 L6 LT, ARG PERERE D720
WPT & A7 DNEENZHET 2MENH L. AE TIE, ERRERERONER T —T7 %, ﬂ%%/f—w

mR T a—7

TUTFIMNBELATHEEREF > TKRETSHVATLAZRFEL, HTIROMER 0 —T2KIE L. F-EEEIC
TEM BANTHER T 0 —T7 2R IE LTMRER LR EIT, REROKRIESV AT LD é@%rbt FOFER,

TEM B/ TIIE L7 fE S & DFEHIT 10 kHz~3 MHzZ IZB W T2 dB UL R & 2B Z ERR AN, BB, BYEL KRSy
K OEEERS—HEER 70— 7 ORIEZITY, FEEOHLE DY TCOREREZ KD T-
F—U—F FTJ)R—NAT T , EBEERE, LER S n—7, uo—T8IE

Calibration of Opto-Electrical Probes by Standard Electric Field Method Using Shortened
Monopole Antenna

Jerdvisanop CHAKAROTHAI = Katsumi Fujii ~ Kanako Wake  Ifong Wu  and Soichi Watanabe

National Institute of Information and Communications Technology
4-2-1, Nukui-Kitamachi, Koganei, Tokyo, 184-8795 Japan
E-mail: {jerd, katsumi, kana, ifong, wata} @nict.go.jp

Abstract It is necessary to measure electric field near wireless power transfer (WPT) systems in order to check their
compliance against international standards to assure electromagnetic (EM) emission and human exposure levels. In this study,
we develop a calibration system for electric-field probes using a shortened monopole antenna as a standard field source. We
calibrate commercially available three-axis opto-electrical probes using the developed system and compare their results with
those obtained by using the TEM-cell method. Differences in the antenna factor derived by two different method of the standard
field method and TEM-cell method was less than 2 dB for a frequency range from 10 kHz to 3 MHz. Finally, we have calibrated
2 types of fabricated opto-electrical probe for measuring horizontal and vertical electric-field component and determined
calibration factor for each combination of optical controllers and opto-electrical probes.

Keyword Monopole antenna, standard electric field method, opto-electrical probe, probe calibration
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(Radio on Fiber) Hfix W2 Z R FTH D, FRIOLEERAZRFA LI v —T~y FiX, /M
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Development of resin cased optical probe head and measurement of
Electrically Small Antennas

Makoto SHIGIHARA  Masaru SHIKATA
EMC Test Lab., Engineering Headquarters, ALPS ELECTRIC CO., LTD,
6-3-36 Furukawanakazato, Osaki-shi, Miyagi, 989-6181, Japan

E-mail: makoto.shigihara@jp.alps.com

In general, coaxial cables are used to measure radiation characteristics such as radiation patterns and gains of
antennas, but in measurement of electrically small antennas, it is effective to use RoF (Radio on Fiber) technology
instead of coaxial cable . In particular, the optical probe head using the optical waveguide has advantages of being
compact and operating with no power supply and is useful.

However, since the antenna built in IoT equipment is extremely compact, the influence of metal case and SMA
connector of the optical probe head can not be ignored.

Therefore, we developed the "resin cased optical probe head". This new optical probe head also has the feature that
RF connection with the AUT (Antenna Under Test) is possible with a micro coaxial connector.

In this presentation, we introduce the development outline of the resin cased optical probe head and the superiority of
this optical probe head from the electrically small antenna measurement result.  In addition, we will also introduce
measurement results of electrically small antenna installed in human body phantom and real human body.

Keyword Electrically small antennas, Resin cased optical probe head, Micro coaxial connector, Human body phantom
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