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Optical measurement of AC magnetic field by using alkali metal atoms
—Noise floor reduction by applying random patterns to mirror array devices —

Takumi TANAKA™  Shuji TAUE" and Yoshitaka TOYOTA

T School of system engineering, Kochi University of Technology
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Abstract To visualize electromagnetic fields is useful to evaluate spatial distribution. We have demonstrated AC magnetic
field imaging using an optical magnetometer with scanning mirrors of a digital micromirror device. However, a large noise
floor is encountered in obtained images. In this study, a ghost imaging technique was adopted by applying binary random
patterns to mirrors. And biaxial-field detection with the magnetometer was also demonstrated by using phase sensitive
detections with a lock-in amplifier. The images obtained through ghost imaging are compared with those through scanning,
and almost the same distribution images are obtained and the noise floor is clearly reduced by using ghost imaging. And
experimentally obtained biaxial-field images from a coil matched well with calculated field images by offsetting the phase
delay of the coil.

Keywords
Atomic Magnetometer, Ghost Imaging, Scanning, Digital micromirror device, Noise floor
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A Study on a Calibration Method for an Optical Electric-Field Probe in a
Liquid Phantom Using a Sheathed Dipole Antenna at 85 kHz-Band

Eishi Oho™*  Yuto Shimizu* Jerdvisanop Chakarothai*
Kanako Wake*  Takuji Arima’  Toru Uno'*
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Abstract In a previous study, for exposure assessment in MHz band, a calibration method using a sheathed dipole antenna
was proposed for electric-field probe immersed inside a liquid phantom simulating a biological tissue. The method showed the
distance characteristics of average electric-field strength created by the sheathed dipole antenna in the liquid phantom was
estimated by using transmitting antenna factor of the sheathed dipole antenna on two-antenna method via the power transmission
formula. In this paper, we prepare two optical-electric probes whose antenna direction is parallel and perpendicular to the probe
extension direction, construct a calibration system for the probes immersed inside the liquid phantom with a concentration of
0.074 mol/l, and calculate the conversion factor for the probes at 85 kHz.

Keywords Wireless power transfer, optical electric-field probe, dipole antenna
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Abstract Signal transmission paths in human body communication (HBC) systems are formed by capacitive coupling
among human bodies, transceivers, and earth. When another person approaches the HBC system, the person is inevitably
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eavesdropping and accidental data transmission can occur. To avoid these security problems, techniques for distinguishing two
different HBC-channel modes must be developed. To address this problem, an attempt was made to predict the channel modes
from received signal information by using an optical voltage sensor and machine learning. The validity of the approach is reported.

Keywords Human body communication, Capacitive coupling, Optical voltage sensor, Machine learning, Earth

1LIZU®I WERRBATH 7T, EEREENDRF v — %
ANEBIZOT AT 4 71X, IBM @ Zimmerman (T X FC, BEOMGENANEEEOHFIFRITERD AT,
S TI1996F IR S NI[1]. KEED 2 &7 M, AREER ORI T, A2 LTE 528G

= PREFZELEEHOY =T T TR OERE % DDEIZAIT=XLARNHHICEHBE SN T en o2,
AT 5 20ic, Az r—7 1 LTRALED 2000 AERICAD L AKRBREOEREA D =X AT
LWIHI LD TH -T2, Zimmerman DT A T 4 T ILFIC HWZEE BTN, £ O R ANREE R % %R g T
=P F T 2= AEEZOMTERSN, BNT TUTRTILENAREIL R D, BEA D =X 5 OHfF

1T 1990 4EA722 5 NTT Fa®, Y=—, W FELRL B Sy 78 2 72 [9]-10].
THIEN TN TWE[2]-[5]. L LYKz <y o AEBIEDOGHEA D = X LT EMTH 52,

REEBFEN LI ER LBDTZENPY THhY, ERCOEEL 2D 2O0BERZDOKI LN -
ABREBO T =7 7 T NVEKREZIAT D LD iR T&72. B 1OHEIX, T SNR OZENRERTH
TR DT, ANMEBEOENT — 2325 2 L. SNRIE T ZH<EHEIL, BREICHFETIHESTER
Lix o, L, B AKRORLFIKEFETLIZREERE L ILOK
21 HEACIZ A D &, NTT 25 AMKEAE O A K 72 F 7212 TTho. xok, MEEZBEELZAKBEREETT VL
HEFLT[6]-[8]. mE UNTT R EL LCRELET 7 MEEREERIREIS N, RIEICOWVWTITREZ 2K %
VAr—vadv =7 77K O@EETIERL, fToZ M TED LD [11]-[12]. BHEICDOWV
WA L EEREBRECRBESAEZBR) OB THBEAMRMEERNE LN TE LT, 2 —F Ok

13



FTHEREELRET D L Wolz v 2T NEHE T O XFH
BHETHD., LrLERNLT—% L —M2%ELEEX
SNR 2 ETEx5720, —EOHFHTTHNIZTE 1D
MEICHAT D LI AETH D.

B2 OREIL, BEST —XBEEFEORBETH D.
AEBREIZBTA2T—XOHWFIIERTHDI N, =
OBRIIAKRONEB TR ARICHRET DD, &
SENAKBERICESW TS —Z 2% T52L %
W THDL. ETLAKBEEZEFY R — VAT LG
AL7ZSGAEICE, AMBEROLEHZZELEEY 2
MDolZE ZHIHLEENTLEI Y A7 LFEETD.
L2 LARLARBEICONTIE, SEEZLE LR
MOBBEMEBERR L -7 icERSnbd e, H
WTOANBBRELET — LB EST.

—FTCEHMNMCBEZM T DL, 7—AICRDIEETIE
RV NEEE O RITMBRR T TS K5 T
b, FEEFETIEITOBZZFTRU =7 7 7 VK
NEEICBBELOSOH Y, Zimmerman 28 Y Gl 7= =
VBT RRBEREHOTLL D ELE DS, DL
IRRBERL TWB DN, EHA T AKERE OB
TENEAFEFERILL22H D X HICb /KA D[13]-[17].
LU b EMA EEAZE 2 0 EICH>NTIE, &
FEOMBBY R ICHRIFTEN T2,

ORI BRRNEE S, TAILE 2 OREO BRI
RO AR EZITo T D, F2FBAKERER
WZiIE3< &, Dhn b TREREEIENT DD,

ZEFEFEBICOGMONOZENIAND ETREND.

Lo CTZEESREOEME» S E =% 0H 5% i
ETCXLAEMELHD. ZEEFOBERILLE="HD
AFEAZ#ITENIE, PATLALRXRALTE2OMES
fERTEDRIAHITIRKRE V.
FITEFLINERE LU EAVTAKERES
DEER OB IR Z A 2 EETTCREL, £
bR EZ50FBOHE] 2R A, HELE
BREEENIPOEZFOFEEME CE L, FHEDY
WIEZEESRENSRBRICH ET A Z L NTRETH
2. B =F0FBOHET ) ITHREINA 2 ELHEBBET
Y, TR ERELVEREE AEA L.
FlEERHEEZELIFHMT220I3tERE
BREHTHY, ZNITHONT b AR T+ %[18].

2. ABBEEORBRLET L

RETIIANEBEE OLERN2E 2 &S AlE K E
T ONWTHHT S, fIECMIZE =ZFNHE L
T(EELLIRW)RWE, REE—REWEEZ LT
H.EREZENBEGS LAVEE LR E, EFE
— FEMES. DT 2.1 8& 228 Tk, TNENRER
FE-—RLAFE-PFOLEAICOVWTHHAT L.

14

\\
R
EHIHR

(REH)
VER
B sk
(£1=%) F+
1 F- v
= . N e
H1 AABEEOBER(EEE—FK)
{2 ) O
E [} |
: ] M+
E Cm:| TVOut
S VT
I‘\___._.____-._, ::Cgm
Coo T
F+
VinT :,Cf
F—

2 AMABEROEMEBRETVL(EEE—F)

21. ABBIEETNV(EEE—NR)

AKBEEOHEKEZX 1I1IZ/RT. KO EICHRE I
Jo B (F+& F-)I2IX, BEEMAKEEER)THRELE
BIE(T —XEE)DBEIMENS. AT, KE - AR -
Wiz P oMBgEIcEbORZERERRESLDT, 22—
W1 BNEMmREIZRED & AN A E (s E B )
BN D, AEBERAOERSRKOBAITEM T, K
BT I BT (M+, Mo)D A THERR SN 5. HEE IR
TT— 4 EZETHEICIE Mt M—OBIZEA LT
BIEEZRHL, 7 — % 2 %ET 5 BIZIE M+& M- H
WICEBEZHMTIE V. @E M-I R o BB
GND IZ#fe S 4L 5 .

— M E G R 1 AC IR THRE) L, #EERORIE A
v 7 U TEREN T S 7o, [ E MR & B R K o [\ %
GND FHETHWVWZ LICHEE T RETH L. EXE MW
KM D GND NIEE TRV E W) FEL, @ OER
BREICHLEZXDZIETHDN, EBHRERFBICBVTIE
LCHIETIEZY., LALAKEFICBW T, #
THEIICGND OFHENRAEHTHD.

S
ok



[) / []
(] i (]
_BR v =
) M-+
a—42
R
(BIES)
Y
R (7—R)

AEBEOBESE(BREET—F)

N T
: [
| - om
I 0 — le‘t
i §R1 M+ o
| = O
Cfl _ :|_—'|j32§ Rzi
F+ i ]
W = ==
in |_—_||:7 f ng

4 AMBEROZEMEBRETVLEEE—F)

ANERDOEBEME M+E T2 &, MIZIRRBE(T — R &
BREDL)VEHERBAL TS, 2F0, avrForihzxs
R LTWB. LN > T M+E M-DBIZZEEEN
FAETDE, M1 OMEBRORKE CERENMER)DH
AT L. RICBEELEZBROKEL DB OEAE LR
EEMITEGEHRICRY, BRERESL—T 22T,

PLER <7 X oI AMEBRE OBERKIL, A - %%
BMWiK - T—ALWI 3OO BEENHFER/ET DL
WCEoTHEREND A, ZHIEK 2 0% ME KT T L
TRTZENTED., AMRBECEE AR EZH S E
Rix, 27 orHANoBEBRMELTRESNL TS, B
BOBETOHEMOTDIC, EEWTHIMLAZELEEV,,
ZEHRTHRELEEEZV,wE L, AMKERFET ¥V
DEEFGOREEFEECHERATERT H.

Vout (f)
Vin(f)

RBAHTHEEREEEHR R EKE TN ZENERE
meZEMERRL, T Y (downlink)®DEE R IZDOWN
THB L7z, BEMmKLEEHImARDEE 2 ANz i

G(f) = M

15

12, E Y (uplink) D BIERICHOWT b REEEDE 2 J7 %
HAT& 5. LI TIIAE & REIC, downlink 2 4] & L
THmzED D, F-M2 & 4 TITMIEAL L 7= %4 =
BET VAT TS, EMEEET LOFEMIZDON
T, XR[9-[12]12 BB Eni- .

22. ANBBRETTIVEEET—F)

HBEET—NIBTI2AKEBEOBMER AKX 31277 .
ZIZTE, MAREFRELTCVW ARV =Y I AEEEE
F+ EICYi s, WM ARZERE Lo — 5 2 23R EE W
TEFIZSL > TV DRV EBEL TN D.

K 3ORMIZBNT, b L= 1 BEFEEL TV
X, F+& M-OBOFREEEN /NI W2, M-IT
M) BERITIEEAERET TV, =00 FTETHD.
L2l F+ RN o TWd 2 —F10EHF%, #HHumE
AR L =208 oA, 2 —T1E M-
OHOBBERENRELL BRI DI —F 11 DHM-~
DEMNIBR(LVERIIIBEBROBE YN RKRELS RS2
O, blERVoue = 08 22 b T H A I RITE E IR0 6 D
EEEZELTLEY. Z0HLIE, T—F OB
MEFEORR 72D,

BI3IC K IE T 5 EMEET V&2 KA RT. 2—F
2REIENICEBMERa T U HOENI>E272H0
O, HEELTIEIM2ERETHLI ENDNS.

3. mEFISREEZFIAE L 2E— Fi%A
M2BLOK 4R LEZLIIC, AMEBIERIZCER
DHRDEMBIE CERETIZENTED. LEN-
TZOEEANEGCHLCLERCETFTIIEITTHD. IE
HE—RCHEEZR-TYH, =2 —VFORBIMKITFE
ENEDLD LCHREHT L2, GHOLEHTSH. L
L, E#E— FOBEFGG(HE REFE— FNOLEEF]
BC (DL &L EL L —HICHEA ORMNH
i, EREMBE2ETS2 2 TRYE— FERHET
THRTEEMEND D, ZOZ L, TEEE»LBEE
— FERHTEDLAREER DD EEZBEKRL TN S.

DL RBZOT, BrdEx hEFETTCHE
ML, EXE/EET— FO#RA 2R D70,

3. BRI EFIALIZEERNB ORI E
BRERHFORMEFEZXK S EX 6 IZ7-T. BIZILET
HFllgoHEzHNZHENTHY, BEFTLERE
Y &R LIZRER THDH. Uplink O fx & F 45 %2 Ml E
T 555G, #HHERROEMRB M+, MOIZRET D
BIHEVouZFWMET DL ERH L. 72720 2.1 B TR L
7O, M-ZEWHmHAKOE K GND LB TIEH 5
N, EEMmMAD GND(7 — AL @ TRV i
ETHALENDD. MS5DLIICETFHAGEM > T
VomZ EHEHEL L H>E32L, EFitHlamoER=



S
EFEtAI%
o
B iHER . |
(E1598) : =
F_
[

K (7—X)

5 BFHARBCLISEENGTORE

S
PD [T, |mretwm
o il
(X1E3%) F+ FEiREa—K
F_
= B (7—2)

6 AREREUHICLHIEEFNBORE

— RFEZNMLT M-B7 —A2AZIND7=DWHER O
MRELLENML, BEMEGEEZELLHMET LI LNT
TV, HEOEBEEMBEHLIICIE, M2 71 —7 1
TREICHER LI EE V2 ETOIRLENDH L. &
Wa— FICHEERD D758y 7 U BRE) 88 % Fl
THEWVWIRLEBZOLND. Ny T U BKE) & O F
AE—EOHENIEOND N, M-BB LY b K& 5
WEEHERT DL 2 CBTFDCmMATLEI
O, PEREOMK T IX#E T S,
TOXEINRGE, M6 ITHER BV EFH
THONHRTHD., hER BV EEEE VL L
THHAT T, MEMICV,ZHMET D &8
IS, MelZRT Lo1T, 77 A4 Okl
X o T M- floating IREEICHEFRF SN D DT, EDfrik
FGEHMETDHENTED.
APMEICHBALELRERE V2T AOHRK
27 2R T18]. AVER IR A b S & A 7o e
(CWYEBRREERWEEREEZ 7 4 SPMF) TR ¥~

16

BFHAS
G

K7 XBEREUVHELIVCRTLOER

-
——————

_——_———

18 dB

{Z3% 518 [B]
S

J0—T7425

25 30 35

40

0 5 10 15 20

R # MHZ]

8 ABEREtUYTAELLEGENBFEEE— F)ORAR
BT -5

FIZBiT=#%, B—at L CEMIcHEATs. S5
FEOVERMFF L LTI ZnTe AV, — A 21RO
MG R &2 L-[18]-[19]. EO ZE 3 (21X MR ¢
BDAFEN, BFHNTRERIEER I N HITROER TR
EERICICEBR INTZE, H—F— N7 7 A /3(SMF)
TEIFSICERINZ 7+ XA 4 — FEPD)IZE
TonDs. B FICHIN S N7z B Vappld BO Z 358 +
CHIME N D72, Vappl Hofil L7 BT 2 b DR E
EHREEREOSNS. Lz ->T PD OHIESE%R2 AR
I NI ATFIAFRA Y Ra—F 7 E0E T
BmTWESTNIE, EEMIC 2 WG T2 2 &R AHE
Thbd. Z0L XV, BAMS B TIE, 77 AR
WKLo CETFHUB»OERICHBESIA TN S.

X6 DRERTERELEZGH)D—Fl %X 8 DERT
AT EWE— FICBIT 5 E%EFSIL-30dB RETH
HZENDNE ERECYOAHMEEZRTZOIC,
M-%7 — A L7218 b iz G (f) % | X # <
R LT AR RS2 18dBI1F C il KA & h D & 3k,
FEIZ 30MHz DL E TN RKRESE/LL, KRXD T
=T 4V TREBEIIRESARIBERENEONTLE
ST EMDbMNS.



-20
-25
B —
30 EEE—F
g -35
i
= -40
) HEE—F
1 45
-50
-55
-60
0 5 10 15 20 25 30 35 40
FERE [MHZ]

9 EEE—FLEEE—FIIBLWTHELAEEERNE
0 — i

-20
-25

-30

35

=& )15 [dB]
A
S

A
o

0 5 10 15 20 25 30 35
JAiR% MHZ]

10 BBFTOIRERAEICHALE-GEERGRENS

7—4%

HBERE I L DG ()L G(f)D M E FE B > — 45l
X 9 WA T. EEkA RGBT THELREGH)E
Ge(HDT —Z HH 10T . BEE— FIZBWTIL,
fREFIENE T 5 & 412, 20MHz LA o> J8 3 545 i
BWTHIGOFHEERBR DL OB RO D .

32. R EAALLERE/BRHE—ROE
LWL RLR 10 2725 &, G(f)E G(NHITIT—E
OEBARLND b DD, WESRMEITE > TIHG(H)E
GeHAPEL L TWBHEALD Y, B on-mEMEN
SIEH/REE— FEMEICHNT 2 0¥ TIdk
WX IR 2 5.
BEFBOT =200 EH/RET— RE#NT 5
BB 2 ENEMETH DN, LETIEIO
LM EICHBEE R RE R N ERELTWS
[20]-[22]. = 2 CTH 1L, EF/AFE— FOHIITHE
WEHOM AR PEEHEA L, HERKEZ2RIELE.

17

1 BAOBWEEFECHON-HERE
B o F ik H#HE E RS
Logistic regression 94%
Neural network 89%
Support vector machine 89%
Decision tree 86%
Nearest neighbors 84%

H1onbbnd X510, 5 EEBRICEES LG
LG (DY U TAEITENEN 1ISHE 14 HTH B
TnNENLHEEEY IME TEEIHT—F L LT
FIAHL, YOS ERIEHAT—% & LTHALRE.
SEIEBROICEE L 32 MoF—2 T4 2%
S 2V, cross validation (2 K - CTHll#ET — & &
RAFA T — 2 OB % EHIC 64 B F TP L.

e OMMEE TR CHLOREHERE 2
KIVWCAT. HEERBEOKREHEIX 94% TH v, Logistic
regression D FIETH LN E Lo FETHEA
UNBEDHERENF LN TEY, SEOINH LK
AEWCHWE T — 2R LT L+ ThWnWI & &2EE
T35, FEMOEBLIIMTEHN., LrLanbER 1
WA LT S DOBEMTE FEIXT VT ILD 90%FRE & o H#
ERBEZRLTEBY, GEODOBERNLHE =H (L —V 2)
DEEEHETELIAERERD DL ZENRBL TS,

4. F L0
AEBEBREICBVW X2V T 0 LOMELERDH
“HEOREERMT B FIEICO VTR L., F=F
D ANEIEE RICIE S EBEREG) D B W B2
FAb$THZLICHERBL, BERFEEHEHL TGHDHE
WMOOE=FOREALMETET L FIELRELL.
FRERICGHDIEHIT, #HHWHAM S L < I3 EHE
KEOWFNIZEB T HE MG TH 20, #FHiHFHmER
MTERETIEICEZTe—T 0 7IREEZRD NS
HFRTE2ZENEETHY, ZNICIXERE TR
FHThsd. ARFTESHEHEBEOMMEE FEEHW
THEERALTZLEZ A, WTHOFEICBNTDH 90%
BEOCHERBESN SO, CGHORERIOOLE-HFORH
MrzmWEECcHmy cE s RERLDL Z LER L.
Sk, BRAxREFEMETTELLOT—F2WE L, HiK
FEICBT LI ERAEOE2M LS5 LN LE
ThbH. F-4E1E downlink TOFMAIT - 7=, &
AW B8R 51X uplink TREMIZITO RETHAD.
INFETIREBREIN TV D AKEE O %M 0] % €
FERE CHBRLD M, AR EBRITHE BTG (f)
EGC(HDFEMEDE VI ZOET LV THHATER Y. A
VEI R ADHREEZBREST DL EiEKET L
DHRLEHEDOHRFARETH 5.



X W

T. G. Zimmerman, “Personal area networks: Near-
field intrabody communication,” IBM Syst. J., vol.35,
nos.3/4, pp.609-617, 1996.

M. Fukumoto and Y. Tonomura, Proc. ACM
SIGCHI’97, pp.147-154, Atlanta, GA, Mar. 1997.

N. Matsushita, S. Tajima, Y. Ayatsuka, and J.
Rekimoto, “Wearable key: Device for personalizing
nearby environment,” Proc. 4th Int. Symp. Wearable
Comput., pp.119-126, Atlanta, GA, Oct. 2000.

K. Partridge, B. Dahlquist, A. Veiseh, A. Cain, A.
Foreman, J. Goldberg, and G. Borricllo, “Empirical
measurements of intrabody communication perfor-
mance under varied physical configuration,” Proc.
14th ACM User Interface Softw. Technol. Symp.,
pp-183-190, Orlando, FL, Nov. 2001.

TRk, “EBRAKBEETY 22—V ORE,” <
A4 7 v AJ kv =27 X, vol.46, no.l, pp.45-48,
2002.

(6] WRETH, &R %, a|mik, ME—, &)k,
JI B EEAT, ARIEOSCNE, o KR —B8, A 5T,

TCER LT R, M 5K, M AR 54, NTT £ 2 v —
7+ /v, vol.22, no.1, Jan. 2010.
http://www.ntt.co.jp/journal/1001/

Y. Kado, M. Shinagawa, R. Kawano, F. Morisawa, A.
Sasaki, T. Ishihara, H. Goromaru, M. Ikeda, and Y.
Hosoda, “Trends and business prospects for human-
area networking technology—Connecting people,
objects, and networks,” NTT Tech. Rev., vol.8, no.3,
Mar. 2010.

https://www.ntt-review.jp/archive/2010/201003.html

M. Shinagawa, M. Fukumoto, K. Ochiai, and H.

Kyuragi, “A near-field-sensing transceiver for intra-

body communication based on the electrooptic effect,”
IEEE Trans. Instrum. Meas., vol.53, no.6, pp.1533—

1538, Dec. 2004.

A. Sasaki, M. Shinagawa, and K. Ochiai, “Principles
and demonstration of intrabody communication with
a sensitive electrooptic sensor,” IEEE Trans. Instrum.
Meas., vol.58, no.2, pp.457-466, Feb. 2009.

[10]N. Haga, K. Saito, M. Takahashi, and K. Ito, “Proper
derivation of equivalent-circuit expressions of intra-
body communication channels using quasi-static
field,” IEICE Trans. Commun., vol.E95-B, no.l,
pp.51-59, Jan. 2012.

[T1]A. Sasaki, T. Ishihara, N. Shibata, R. Kawano, H.
Morimura, and M. Shinagawa, “Signal-to-noise ratio
analysis of a noisy-channel model for a capacitively
coupled personal area network,” IEEE Trans. Anten-
nas Propag., vol.61, no.1, pp.390-402, Jan. 2013.

[12]A. Sasaki, T. Mizota, H. Morimura, S. Yabe, R.
Kikuchi, S. Suzuki, and R. Matsumoto, “Extended
noisy-channel models for capacitively coupled
personal area network under influence of a wall,”
IEEE Trans. Antennas Propag., vol.62, no.5, pp.2802—
2812, May 2014.

[13]J. Mao, H. Yang, Y. Lian, and B. Zhao, “A self-
adaptive capacitive compensation technique for body
channel communication,” IEEE Trans. Biomed.
Circuits Syst., vol.11, no.5, pp.1001-1012, Oct. 2017.

[14]V. Varga, G. Vakulya, A. Sample, and T. R. Gross,
“Enabling interactive infrastructure with body
channel communication,” Proc. ACM Interactive
Mobile Wearable Ubiquit. Technol., vol.1, no.4, Art.
no.169, Dec. 2017.

18

[15]V. Varga, M. Wyss, G. Vakulya, A. Sample, and T. R.
Gross, “Designing groundless body channel com-
munication systems: Performance and implications,”
Proc. 31st ACM User Interface Softw. Technol. Symp.,
pp-683-695, Berlin, Germany, Oct. 2018.

[16]T. Hachisu, B. Bourreau, and K. Suzuki,
“EnhancedTouchX: Smart bracelets for augmenting
interpersonal touch interactions,” Proc. ACM CHI
2019, Art no.321, Glasgow, Scotland, UK, May 2019.

[17]H.-Y. Shih, Y.-C. Chang, C.-W. Yang, and C.-C. Chen,
“A low-power and small chip-area multi-rate human
body communication DPFSK transceiver for wearable
devices,” IEEE Trans. Circuits. Syst., II, Exp. Briefs,
vol.67, no.7, pp.1234-1238, Jul. 2020.

[18]A. Sasaki and M. Shinagawa, “Principle and applica-
tion of a sensitive handy electrooptic probe for sub-
100-MHz frequency range signal measurements,”
IEEE Trans. Instrum. Meas., vol.57, no.5, pp.1005—
1013, May 2008.

[19]A. Sasaki, A. Furuya, A. Hirata, and H. Morimura,
“Method for systematically designing polarization
optics to maximize sensitivity of electrooptic sensors,”
Jpn. J. Appl. Phys., vol.56, n0.9s, 09NBO1, Sep. 2017.

[20]C. M. Bishop, Pattern Recognition and Machine
Learning, Springer-Verlag, New York, NY, 2006.

[21]E. Alpaydin, Introduction to Machine Learning, MIT
Press, Cambridge, MA, 2010.

[22]M. Mohri, A. Rostamizadeh, and Talwalkar, Founda-

tions of Machine Learning, 2nd ed., MIT Press,
Cambridge, MA, 2018.



SRR RS CEee
THE INSTITUTE OF ELECTRONICS, IEICE Technical Report
INFORMATION AND COMMUNICATION ENGINEERS PEM2020-08 (2020-10)

~ A 7 v EN T — NORFHE - ZERdIE A2 R H L7z
FRPM “& D FEMHEE A A
A v T Em SRt | s e Bt BN BT MW et
T ESIFZEBRRIE N PEESINRAMICAT  T305-8563 &R IXTiMERE 1-1-1
TERIRFEN ZEHRY T514-8507 =R SEE T @] 1577
* RS FEARE AT T527-0108 e W AUT VL /N AARHET 1

E-mail: T sayaka-matsukawa@aist.go.jp

HoEL  HiFHEER Fiberglass-Reinforced Plastic Mortar (FRPM) & % FEMRIEE CRORMICRRAE - W9 25 kL L T,
FRPM ‘FREIZIR © TR 2 ~ A 7 v 8% T — NORFHE - 222 R U728 LW IEER AL 2 1R E T 5.
Fex DTFIEIE, FRPM BEEZ SRS 5~ A 7 m il L 215 SHEEAN &, FRPM BEEIZISIT D~ A 7 mid B — L
TA—I U TIC LD EMEENR AR T S, AT, BREEZILND 2N oAl L CRIGICERET S~ 7 1
WlE 5%, EIEREH] BRI DR A EBOEFOEL Y & LTRT OO AEH L. ZohfRk
EHWSZ LT, BREEAMIO B ONEZFRFET S & L HIC, BYORE SOMBEEZFHMIT2 Z LN AHEETH 5.

I 512, FRPM E D X 5 2MEEFHEREEN ~ A 7 0 ©— 2O,/ HN 5 2 558 OV T 2170,
FRPM FZih» TRk T o~ A 7 0O FEEZFIHT 5 2 & T, K 0RO RREENSG LN D AREMEEZ R LT,

F—U—F <A 7 v, BEFE—F, HERERK, FREEEGE, ©—2 73— 7, FRPM, FEMEKRE

New Non-destructive Inspection Method of FRPM Pipeline Utilizing Temporal
and Spatial Synthesis of Microwave Guided-modes

Sayaka MATSUKAWA " *  Kosuke YOSHIDA * Tadahiro OKUDA"  Masaya HAZAMA"
Satoru KUROKAWA"™ and Hiroshi MURATA *

T National Institute of Advanced Industrial Science and Technology, 1-1 Umezono, Tsukuba-shi, Ibaraki 305-8563 Japan
I Mie University, 1577 Kurimamachiya-cho, Tsu-shi, Mie 514-8507 Japan
* Kurimoto Ltd., 1 Koyagi-cho, Higashioumi-shi, Shiga 527-0108 Japan

E-mail: T sayaka-matsukawa@aist.go.jp

Abstract We propose a new non-destructive inspection method for underground fiberglass-reinforced plastic mortar (FRPM) pipelines.
Our method utilizes temporal and spatial synthesis of microwave guided-modes propagating along a FRPM pipe-wall. In this study, we
derived a microwave propagation equation that enables us to calculate a time-domain response of the spread microwave guided-mode signals
propagating along the pipe-wall. Using this propagation equation, we can evaluate the effects of a foreign object of various sizes and types on
microwave propagation. Additionally, we analysed the effects of dielectric materials with a cylindrical structure on microwave beamforming.
By utilizing the periodicity in the microwave propagation characteristics along the FRPM pipe-wall, the pipeline can be inspected more

efficiently.
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Abstract We have developed an orthogonally polarized dual type antenna-coupled-electrode electro-optic (EO)
modulator for 28 GHz-band 5th generation mobile communication as a receiving antenna. Our developed EO modulator
can measure the orthogonally polarized microwave signal simultaneously. Cross-polarization discrimination ratio for the
EO modulator is more than 18 dB, and Front to back ratio is more than 34 dB for the frequency range from 27 to 29.5
GHz, respectively. Further, we show a near field radiation patter measurement result for a WR-28 standard gain horn
antenna using our developed EO modulator.

Keyword EO modulator, 5G mobile communication, 28 GHz band, antenna measurement, optical fiber link, photonics
applied electromagnetic measurement.
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