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Magnetic Field Gradient and Vector Sensors Based on Atomic Resonances

Shigeyoshi GOKA Yuma NAMATAME Ryo MAEDA and Takahito CHIBA
Electrical & Electronic Engineering, Tokyo Metropolitan University

1-1 Minamiosawa, Hachioji-shi, Tokyo 192-0397 Japan
E-mail: goka@tmu.ac.jp

Abstract Novel magnetic field gradient sensors based on atomic resonances are reported. The conventional magnetic field
gradient sensors are consisted of the several magnetic sensors and can measure as discrete data. Since our
method is based on the superposition of resonances in the alkali gas-cell, the monotonous magnetic field gradient
can be estimated as continuous data. We also report the basics of a novel magnetic field vector sensor based on
the coherent population trapping (CPT) resonances. Experimental results show that the observation of
distributions of the Zeeman splitting sublevels excited by linear and circular polarization light fields can estimate
By, [By| and |B,|. In addition, it is mentioned that a low divergence laser beam is required to estimate By, By and
B..

Keyword Atomic resonance, CPT resonance, Magnetic Field Gradient, Magnetic Field Vector
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A Freehand Scanning system for visualizing EM Field Distributions
Ken SATO" Takumi SAITO* Tomoya TSUKAHARA® and Yoshitsugu KAMIMURA

T National Institute of Technology, Hachinohe College 16-1 Uwanotai, Tamonoki, Hachinohe-shi, 039-1192 Japan
I Utsunomiya University  7-1-2 Yoto Utsunomiya-shi Tochigi 321-8585 Japan
E-mail: T satok-e@hachinohe-ct.ac.jp

Abstract Recently, a visualizing method for confirming safety of a leakage field from home appliances is needed. A safety
threshold of magnetic distributions for human health are defined in some guidelines, so we can know that there are some
effects by comparing measured value with guidelines. For measuring magnetic distributions, it’s important to identify the
location of measuring points. Conventionally, it is general that the measuring points are decided in advance coordinated lattice
points by using large-scale robot arms or spending many times and operations. In this study, the location of field sensor is
decided automatically by using location tracking methods considering with human interfaces. In this report we introduce a
method which can visualize field distributions easily by using some small scale equipment. Some kinds of tracking method
such as magnetic tracking, optical tracking and IR tracking are used to detect measuring location of a field sensor, then
visualize electromagnetic field distributions. And we also describe our recent study.

Keyword low frequency field, EMF distributions, field sensor, magnetic tracker, IRcamera



KIS AERRHH PEM BRHREFEAS FIEHFRS oS
20165 7A10 BERFRA MERFro/ R ZIK BHD m =)
cHROER-BH - ISR
. o BEERFE — BRHEE ~ DG
_ BHESINSLD BHROTALFE | _TIEITORE
BHASMAIRIES AT LA - BEEBELHEE
-AERBRORT
-HRANELL YA
O £k 2 BRE, FRE th, AR RSB LY AR
NFIXSEEMER FHERZIZEH _FoMeR B YA
—E—2avF VT FrTINAR
HROER EX i P ES
. EEAORE

ERHHOES

~ RAHR, MR, WA, MRS
- BEE, AMKETILSIaL—say
- EFRBE~ORE

NICT AMAIBEETIL

TS MRI —ESD(FESKE), |IR-ToTF, BAREF  twovsemenicaoip/oio/iata/
AIY—hTHY > BAAR
TR BHADERZE T RS - BRA~OTROMK
T4 — - E/h1) REOAR/ARENTHE
A B 2 - EPUR, BT
PIEEL SN TL BRSNS AR LUEL R BERALL L N
< HEHESE 15GH, BFLUIU245GH SBHARORIRIEDONEN
« BBEFE K (ELF) 50~ 60 Hz TIZREF A RIRE
S == ==
BHFA S M OAIRE B FREDRE

* FMOAREICBEGHD
(1) EHEFRTRE D BIE B
R BHR YA TIRES

(2) BITE L E D ERR
FHTHMRI LD
‘BETRETSH0D

RE(L? 7

« ZLOMEREAFI FATIEE

Freq. 5 Hz-32 kHz 30Hz — 1 kHz (Low) 1 MHz - 40 GHz
Range 1kHz — 100 kHz (High)

O B

— 10 —




PEEDBIELLE DRE T E

- BBMICERGY 55E
- ARV — LB EIZE BT AT L
- B
- KRV AT LDRLE

- FHTHETIHE :
- FHOROON-ALENFETHE

BHA 2 ORE
- B ORROER

—BFRICEHEERNT LSBT EELAEL
- SRBEICHLTTERIC Y EEER

X

N /". /‘P »
— FREHENIND J‘/g 7
: h¢ .:. %; &* 'Y - ..
) Freehand!
—_ N =
%ZT... BHREERBTEEDFE
. BEMICERRSHEREL o Flm
- CERETHEBHGRET —AIE X EHEAE TITIZENTRE
- TELLEITFEIC SHEEHEHONCHROONI L ETORE
— TEAFEFIEREIZ!

— PR ISR FEIC!

BHREERICLZBHRA S MAIE

BHICEBA LV IZAEIV7TEETSHLT
BHASMeRRILTIRES EDOHEL

=> BHEFBREEMY-VMERICAERYFEERAIC

MELTRETES
- BHRADMET LA LITER
- EEA ChETICED, ERNENESEOER

-EDRHEE

>

BHREEXAEEZDRFH

o AR RIE S RISHEFIA DR
- PR AERRE AT AT LICHRE
c MESRTLIZEE
« MERRERDAL TRIE

- AF K AENREDEBBIHE AT >
- BIELRT LRAHESY A

- HEDHR (BRE, £ERE), Bsoa 7
<\

o
Freehand!

BHREEXBHA D M BIEE

O EHEFAEDRE:
MROEMRE Y

QBIEMEDERE: B YEEA
1. BRAEEtUYZRAVZAR
2. EXEEBEEVHEAVEZARK
3. FMEREBEUOHERVEAR
4. Kinect (GEiEMEANEE) ZALV-AR




5/ VAT Ny O W ¥

PVE rarsed ove floce

Effictive renge of posdon scnsor
K. Sato, N. Miyata, Y. Kamimura and Y. Yamada, "A Freehand Scanning Method for Measuring
EMF Distributions Using Magnetic Tracker", IEICE Trans E93.B(7), pp1865-1868, July 2010.

A 7E 51

HEFERMEL AR

o USBIEREHASEPCDH

500 mm

Eﬁk‘tsnﬁ:mﬁﬂ@mﬁﬁ?ﬁ

%ﬂ?‘ts;‘cﬂﬂﬂwiﬁﬁ*ﬁ

ORI EE AR

FERHEM FSURIvE Web 5145 FRHMRLED
BRLY—N OpencV 31473 TR ERH AT (Wii)
FR EFEE DUTNGHBRER  ERE

PR AERAREDF B
EROFHE

BHE—FE TITATI—NHBE

RO LEE Y

o BERR U YIZLEDERRY £+
o FROME LED ZFRIMENAS TSV FL o
o BIEMBEEREG

B

— 12—




3) TR E LY (BEK)

Fluorescen |l mp

IR Marker
Web Camera
Wii Remote

Field strength
- —

Control PC

AEMRR (SRR BERXE L)

. e e B1]

A 2}

BHADIRTH MAEE

* 2RTDEHF S MAIE > 3RTTITHER
- ATARRD2RTAEFE RN LR

—B3RTAEFRDERG 1

Web Camera
IR Marker IR Camera #0

A\

&
Dosimeter & " ;
‘ USB Serial
Field strength
E—— Control PC

Usi
Video Monitoring
-

AERSR

— 13—




(4) Kinect 151

* Kinectl&. Microsoftf(t MBFFTFEIN TS, JEEME D
ANEETHD

s BAMEINRM CEBRBRMAERICEZLILE
Mo, HRRESBFTHE, FIAShTWS

-II

OpenNIIZKBRT LR TF DT

« OpenNITISEE, B, &, &, i, & F #55% R &
B BE, ED20ESOEEDEZEENSYFLY

EHFRIE R
ZHEEL.
T ONE ERRTR

/O E

SRTEMBHARIRILS AT L

3D

FEMC/fINNEE

FHETYIHEXEH WMI500

http://www.morita-tech.co.jp/pdf/WM9500-01_web.pdf

BHEEERXAEEDGA

* SRTEMADMOBRE - KT

- 2B DFIMEAASEEALIEIE

s KEZEHTOEMADRE - R~
- REIAYHILEERD
— IHEAB AL

o VAT LDEEE

— AT, LA DT=H DERIL

— Raspberry PIN—ZXD/NEVRITE S R T Ls
o KIFBRIETYT DG

- ERNZEM, BNTYT7TORIEX

K ZE 29 5B

- REWS
— IHFRERSR/IHIR BR 2R
o kHFE
— BRI BAT
¢ RSAHEVIIZEYBEEELSEIBE L.
TS TVELMEEZERIE
c BELE-BHA LY TORIEE
ERAVTHIE

— 14—




VAT LERCBEESEHIRE R K BN % 145 BRCKIR O BIE 77 3%

Web Camera
'Wii Remote

A718vH BEELVY

E, BEUCAELLERRE
E, (EEUVCAIELEERRE

- BELAEROERMEE AV CUEEEHE
E 1

[EO ]
E0 max
E, BEUCHELZERRE

B, EELCHELEBREE
E BRELCHELEERBEORATE

0 max

BEAHAKTRDDERS M

K Z B HY
FHIETR

FEH()

. _%EFEK(:&%%Wﬁﬁ?ﬁiﬂ'IEEOJﬁ'ﬁ%&ﬁ@]‘ﬁéﬁﬁ
anl /2
-BRAHEE AR
- REHXHEE AR
- ROMRRMEB oY AR

o BHRIMERMBIIRADFIELLT
FEIAHTHD

— 15—




FEH(2)

. BERAMBEEV Y
- ERYLHIRETILEY
- BIERELED TS, Ak, B2
o KM BEUY
- ERIZOUTIVERER (hASDH)
- BIEREBEDHELISDEE
o TR AIB Y
— AR EICEN, BHREHELN DL
s E—avF N TFTINAR
—FOTATR—NTE, BELHLFALE

IADHEN D

. BHESASWMAES AT LOAKHHRE
- Hl#APC, EE YDA
o AT1YIPC
» JUR—RarEa—4 (Raspberry Pi)
« Xtion Pro Live (KinectH )

i T or Seacw T

AR BRI MAE D AT LIERK

e o B
R 5 B S

g
Bluetooth "
B

-~

.,

’6 P
~,’W|F|

BHASHERH |

N

AT LB

Al
WiFi & Bluetooth

= 3

.

- - -5
: dﬂnﬂﬂrﬁJﬁﬂﬂIIEEin!!ﬂqu'

AR D

s RETNAADHER
- BTLYMERADER
* BTLYNRBNAS DA

— 16 —




AR B EHBE R i
THE INSTITUTE OF ELECTRONICS, IEICE Technical Report
INFORMATION AND COMMUNICATION ENGINEERS PEM2016-03 (2016-07)

FeRES - W & F T A i JE R B A B gs U5 o0 'R S E
FxhndA TzRU4R/7T FE AT FH O OFED D

T IEHREHFICEERS T 184-8795 B RUEN/ NG i B HALRT 4-2-1
T HAEET RS T184-8588 HiAi#R/ N H i th AT 2-24-16

E-mail: kana@nict.go.jp

E 74?V2$ﬁh%MPD/XTA£@$WH&ﬁW%ﬂ%?6%“#%2(%60%@kb\
Lo TWD, ABFFE T, TREE R EEF]

I BT, VAT LITEHEOERS

N

T

(>

AR AT

HoEL
T D ORI K 2 EBX BOAKRZ ML MR T D 2 LN

FR S T%éVWT/ZTA%%ﬁL\%@ﬁ% R D BRI EPE Lz,
ISAOBRERER L EAE Y I 2 L —3 3 10 LB i & i L7,

F—U—F A, VA YL RENRE, L @G, BRG], tERE Y

Measurement of Electric Fields using an Optical Electric Field Sensor in
Intermediate Frequency Band
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Abstract Recently there are growing concern about possible health effect of electromagnetic fields in intermediate
frequency (IF) band due to the widespread use of the equipment operating in these frequencies such as wireless power transfer
(WPT) systems. In this study, we fabricated two types of WPT system and measured electromagnetic field in the vicinity of the
system. Measured electromagnetic fields were compared to that evaluated with numerical simulation.

Keyword Intermediate frequency, Wireless power transfer, dosimetry, Measurement, Optical Electric Field Sensor
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HHEL PSRBT (B00 Hz- 10 MHz) OEREEZHAET 572012, vV A~OBFRIEL BERITHOI
TVD, ERICHV SN D BEUE < BERBITRALMC b r— L 0 Y HOMERRICERT 2B 5 kAR L TR,
BRI BUAOBREIER & U CERRE R E L RIET RN 5 5 @ W OMB L S T-0Ilc, EENMSAED
HRBEWOFHENBETH D, B, FWROMEITIZAF I v~ rakeRarFrb—<ag 7 akr B
WHRD A, RERUE BB CIIRRIC XA FEERMN A 7 0 A N ORKICE L D70, SEOEEOHE
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A Preliminary Study on the Measurement of Ultrasound Waves with Optical
Microphone for the In Vivo Exposure Experiments under the Intermediate
Frequency Time Varying Magnetic Field
Hajime YOSHINO™  Yukihisa SUZUKI*

Graduate School of Science and Engineering, Tokyo Metropolitan University 1-1 minamiosawa, Hachiouji-shi, Tokyo
192-0397 Japan
E-mail: T yoshino-hajime@ed.tmu.ac.jp, Iy _suzuki@tmu.ac.jp

Abstract To investigate health effects due to the intermediate frequency (300Hz — 10MHz) magnetic field exposure, we
are conducting the in vivo exposure experiment with mouse. Since the exposure apparatus emits ultrasound waves due to the
vibration of the magnetic generation coil caused by Lorentz force or a magnetostriction, it is required to evaluate the level of
ultrasound waves heard by experimental animals to prevent the unexpected environmental factors except for the incident
magnetic field. In the environment with time varying magnetic field, induced current is generated within the circuit of the
dynamic microphone or condenser microphone and that influences measurement results, therefore these conventional methods
are not suitable under the time varying magnetic field environment. In this study, optical measurement method based on laser
Doppler effect is proposed to avoid the induction to the measurement system. It is found that there is the correlation between
the signal obtained by the laser Doppler measurement and the sound pressure. In the preliminary measurement, small signals
emitted by the 20kHz magnetic field generation coils are detected.

Keyword Magnetic Field Exposure, Ultrasound, Laser Doppler Effect
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Antenna Measurement for EMI broadband antenna Using Bi-directional Optical Fiber Link Modules

"satoru KUROKAWA, Yoshikazu TOBA, "aun ICHIYO, "Masanobu HIROSE, "Yuanfeng SHE

tNational Metrology Institute of Japan, National Institute of Advanced Industrial Science and Technology, 1-1-1
Umezono, Tsukuba, Ibaraki, 305-8563 Japan
"SEIKOH GIKEN Co.,Ltd., 296-1,Matsuhidai,Maysudo,Chiba, 270-2214, Japan.

E-mail: T { satoru-kurokawa, masa-hirose, yuanfeng.she}@aist.go.jp, 1 yoshikazu.toba@seikoh-giken.co.jp

Abstract We have already proposed an antenna measurement system using bi-directional type optical fiber link
module with microwave bi-directional coupler and vector network analyzer. In this paper, we demonstrate the antenna
measurement for broadband antenna for electromagnetic interference measurement. Our optical fiber link antenna
measurement system can eliminate the refection wave from metal coaxial cables below 50 MHz.

Keyword Radio over fiber, vector network analyzer, antenna measurement, Broadband antenna, Antenna gain, Antenna
factor
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Measurement of Microwave Propagation and Scattering Characteristics along
Fiberglass-Reinforced Plastic Mortar Pipe Using Electro-Optic Sensor

Yoshiyuki AZUMA"  Fumiaki UENO"  Hiroshi MURATA Tadahiro OKUDA

Masaya HAZAMA® and Yasuyuki OKAMURA'
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Abstract A new nondestructive inspection method for Fiberglass-Reinforced Plastic Mortar (FRPM) pipes using microwave
guided-mode propagation and photonic techniques has been proposed. This method is based on the precise measurement of a
microwave guided-mode propagated along an FRPM pipe-wall by use of an Electro-Optic (EO) sensor. By measuring the
microwave propagation and scattering characteristics with scanning an EO sensor on the surface of the FRPM pipe, a crack in
the FRPM pipe was identified successfully. Identification of a crack in the FRPM pipe buried underground was also succeeded

using the proposed inspection method.
Keywords Electro-Optic Sensor, Microwave, FRPM pipe, Nondestructive Inspection
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Fig.1 Schematic of the proposed inspection method.

(a)whole view, (b)cross section of FRPM pipeline.
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Fig.2 Structure of hollow cylindrical dielectric waveguide.
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Fig.3 Dispersion curve.
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Fig.6 Outer surface of the FRPM pipe around a crack.
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Fig.7 Two-dimensional electric field distribution on the outer surface
of the damaged FRPM pipe. (a)Single frequency (3, 4, 5 GHz),

(b)Average frequency (3~5 GHz)
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Fig.8 Electric field distribution at y=20 mm of Fig.7.
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Fig.10 Electric field distribution at y=20 mm of Fig.9.
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