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Abstract 2nd International Workshop on Photonics Applied to Electromagnetic Measurements (PEM2017) was held in
Zurich, Switzerland on October 5-6, 2017. PEM2017 was an international workshop devoted to the research, development, and
application of photonics in electromagnetic measurements and closely related fields, such as fiber-optic signal transmission,
photonic signal processing, display integrated antennas, and photonic device technology. I report summary of the workshop.

Keyword Photonics, Electromagnetics, Measurement Technique, Workshop
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Non-invasive temperature elevation measurement under millimeter wave
exposure with transparency phantom including micro-encapsulated

thermo-chromic liquid crystals
— A report on the PEM 2017 Best Visuals Award —

Yukihisa SUZUKI'

T Graduate School of Science and Engineering, Tokyo Metropolitan University ~1-1 Minamiosawa, Hachioji, Tokyo
192-0397 Japan
E-mail: Ty suzuki@tmu.ac.jp

Abstract This presentation shows a report on the PEM 2017 Best Visuals Award. A new non-invasive method to measure
the changes of temperature distribution due to high frequency electromagnetic field power absorption is introduced at PEM
2017 prezentation. A micro-encapsulated thermo-chromic liquid crystal (MTLC) is employed as the temperature probe
because of its nature of high resolution and high sensitivity. In this paper, we show the temperature visualization with
transparency gel phantom including MTLC for the dosimetry under millimeter-wave exposure. As the preliminary
investigation, a feedforward neural network method is examined to quantify the temperature distribution from the

visualization image.

Keywords millimeter-wave, dosimetry, micro-encapsulated thermo-chromic liquid crystal, visualization of temperature
distribution, feedforward neural network



abso@-ln Inside the phantom

Quantification of temperature using a
feed forward neural network

Conclusion

S(MMW) hlgh __iequency band.
Vehﬁ&olhsnon prevention systems
Millimeterwave scanner for airport security screening
High-speed wireless communication

Exposure to MMW: in daily life is expected to
Increase




ﬂr PENEtra |on‘Gepth of Millimeter-waves
MJM\J\ isismaller'than a few mm into the
”» hlghly atergeontent biological tissues.

f'ﬂr OWET, level MMWs exposure causes highly
localizes [temperature elevation within shallow area
from the surface of the biological bodies.

Ecample; Penetration depth of water

~350 ~250 ~180

fﬁBsorptlon power
| " -
c "-afe.ﬁabsorption power for MMW
& € e_lly, ItIS required high spatial
resolution’measurement method.
We areldeVeloping the temperature
visualization method using micro-
encapsulated thermo-chromic liquid
crystals as temperature probes.




> I’\%&h spatial resolution
» non-destructive Low temperature
» non-invasive 'High temperature

Transparent gel phantom Slit light
containing MTLC source

W frequency band exposures.

To examine quantification of temperature
using a feed forward neural network from
captured image toned by MTLC.




Thermo-chromic liquid crystal
= Liquid crystal of cholesteric phase is used for temperature

SEensor.

The cholesteric liquid crystal structure

Pitch length P=
360° rotation
of director 7

D. Dabiri and M. Gharib, Experiments in Fluids 11, 77-86(1991)

/ Inmde*ﬁl reflected Ilgh
: %

p:l- pltch\f
\ liquid crystal

The incident light is reflected in

a manner similar to Bragg X-ray

reflection. /

)L=2npcos%{sm (“ ¢)+'~,m]( p ]}

n
A:wave length of reflected light
p:pitch

-

As the temperature of the liquid crystal changes.

» The pitch p of liquid crystal changes.

Micro-encapsulated Thermo-chromic Liquid
Crystal *MTLC)

Micro-encapsulated liquid crystal are used in this study.
*MTLC is produced by Japan Capsular Products.

|
20-30pm

———

Incident visibl Cholesteric

light liquid crystal

Reflected Iighlﬂ

Detector

The diameter of MTLC is about
20 to 30 micrometers.

Liquid Crystal is capsulated into
urea resin.

MTLC is used by suspending in
the water or transparent gel.

Reflected light is measured
suitable detector

(CCD, spectroscope)

Advantage of MTLC :

visualize temperature
without affecting the
dielectric properties
surrounding matrices.




Scattering light from MTLC

$=
o
=

normalized intensity [counts]
I

500
wavelength [nm]

Coloring width:25-30°C

= Spectrum of scattering light is depend on
temperature

Visualization of millimeter-wave
power absorption inside the phantom




Transparent Gel Phantom Containing MTLC

Desirable properties for phantom
- High viscosity to prevent convection.

- High transparency to observe scattered light.

-Adjustable its dielectric properties to
those of biological tissue.

-We examined “carrageenan” as a substitute, which is extracted from

seaweeds.
- It forms gel by mixing counter-ions.

Gel phantom*®

»Phantom mimics high water content tissue

»“carrageenan’” is used as a substitute
* Higher transparency
» Sufficiently strength for self standing

« MTLC toned from 25°C to 30°C
are dispersed uniformly

Composition of phantom

Carrageenan | Sucrose Pure water
0.06 wt% 2.0 wt% 30.0 wt% | 0.5 wt% 67.5 wt%

[*]1 Y. Suzuki et al., IEEE Transactions on Dielectrics and Electric Insulation, Vol. 13, pp.744-750
12




Setup for MTLC
visualization

3CCD
camera

Open-ended ¢
waveguide Phantom

50 mm _

Slit light Phantom

, i | View Area
source : —

Open-ended
Open-ended waveguide
waveguide

13 mm:

Z 180 mm

é)—‘x 3CCD E’I

y camera

viewed from above viewed from the side

Exposure system

Exposure condition

Frequency 40 GHz
Input power for open-
ended waveguide
Distance between
phantom and waveguide
Exposure time 420 s

28 dBm(0.416W)

5 mm

20dB pAON |2

CW/Signal : Directional || Directional
isolator -
Generator Coupler Coupler

\ [

40 GHz = =
Pout = 0 dBm a=33dB Shuf s ower Open-ended

sensor sensor Waveguide
| |

Power Power

meter meter




Exposure Experiment for 40GHz

Temperature distributions at a lateral surface and inside of the
phantom was measured.

Slit light
source

-
=

Inside

Exposure condition

Input power 27.9 dBm (616 mW)

Distance between the phantom
and the open-ended waveguide Smm

Exposure duration 420 s

Surface Results of visualization
Inside

slit light
source

Open-ended
waveguide




Results of visualization :
Surface Inside

ry

Before exposure The coloring region
. within the phantom

expands as time goes on.

The center of the
coloring region is blue,
and the edge of the
coloring region is red.

Results of visualization
Surface Inside

5 mm depth from the surface
of the phantom was toned.




Results of visualization
Surface Inside

We have visualized the highly localized temperature
elevation by 40 GHz MMWs exposure with MTLC-
method. We confirmed the usability of MTLC method
for the MMWSs exposure.




- Temperature value (T) is as a function of R, G, and B.
- Relationship between T and R, G, B is nonlinear mapping.
- This relationship is expressed by multi-layer neural network (percegtlron).

Hidden layer : 1

Unit number of hidden layer : 1000

Activation function for hidden layer :
->sigmoid function

Activation function for output layer :
-> |dentity function

X

sigmoid function
Feed forward neural network




T, : Measured temperature for n-th number

Xn RGB vector for n-th number

w © Weighting parameter for NN

Ya(XW) : Predicred temperature for n-th number

Obtainig weighting parameters of w to
minimize the evaluation function E(w)

=\

o thermometer
sg_utnon

 Fluoroptic
. temperature probe

Temperature
measurement point

Start of training

- Initialize parameters

Data input — y,(x,, w)

v

Calculating error

v

Propagation of error
(Back propagation method)

A

Update parameters of w
(gradient descent method)

.

End of training

Fluoroptic
_ﬂfzrmo—probe

MTLC
bd ©  solution

Slit light
source

Fluoroptic
temperature probe

3CCD

The view from eameara

above o




Fluoroptic
‘% thermo-probe

BUSRERSERC " 28.0 € 26.0 C 25.8C

i lioopx20: )
g

pixel ESIoT@25d C 25.2 C 25.0 C 249 C

—. Analysis
area

24.8 °C 24.6 C 24.5°C 24.4°C 24.2C
1374 sets of Learning data are obtained from 30.9 to 24.2 C

ire used for training the neural network.
ata are used for testing NN.

w
(=]

hJ
[f=]

Maximum error :
0.3C@31C

hJ
[=4]

Predict Temperature [°C]
B N

26 27 28 29
Measured Temperature [ °

Correlation between measured and predicted temperature

In this investigation, predicted temperature values almost
agree with measured temperature value.




We can obtain quantified 2D temperature distribution within phantom with
this method.

27

1ding image of MTLC

on and NN quantification
| —

|11




REXposUre experimentiare performed for the
transparentphantom with MTLC @40GHz MMW.

PoOWEer absi'a‘}ption pattern of small'area is visualized clearly.
Quantifitation of 2D temperature distribution are

examined with'teed forward NN.

Predicted temperature values show good correlation with
measured temperature in NN training.

Consequently, 2D time depending temperature distribution is
obtained with this method.

- 18-
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HoFEL Frxld, HiHZHIEE S 7 Fiberglass-Reinforced Plastic Mortar (FRPM)& %, FEMREE CRIRMICHRA - 2
Wid 2 51E LT, FRPM FEEIZIh - TRl 2~ A 7 w E OHGEL - KN BRRZFIH T 58 LW GHINEZ L L T
WA, 2L, HEREREE TI2H D FRPM &S, HEE T FRPM & /X675 3 EiEED~ A 7 o gk E R E
BRI Z L 2R LT, FRPM EREZIR > Tsilk T 2~ A 7 m I OIR D BV Z REE ICFHAI L C, BRESE O
WL SMAIDO R 2 - 2T 50D Th D, ZHETOMRICLY, FRPME (JEE~20mm) OJEFIZHE D
R0 258120F, AW 2~6 GHz O~ A 7 m i N HAEIAL (Rifd%k~ dB/m) T FRPM #EEICI -
TEMlT 52 &, FROBPICAHEDORGLEN D H D5EI121E, ~A 7 2R RIELCEMI L0 HEL - )OS
T, ~A 7 aEOEHARRCEELE N EINT 5 2 L 2R LT\ D, R, Kb - Z0vE OIMAIREICZH 55
BTH-TH, EONMANT S~ A 7 2 lABEL - B S 2720z, SMUD K - B O Z PN & IRk T
B CELZLAFEFELTVD., ARETIE, ~A 7 ailORFEZFMH Lic2liFiEa ok~ 5.

F—U—F EpE— RN, HEREREE, FRPM, tERE YV, JERERA, TDR

Scattering and Reflection of Microwaves Propagating along Fiber-Reinforced
Plastic Mortal Pipe Walls and Applications to Nondestructive Measurement

Yoshiyuki AZUMA'  Hironori SASAKIT  Hiroshi MURATA"  Tadahiro OKUDA "
and Masaya HAZAMA *

T Graduate School of Engineering Science, Osaka University 1-3 Machikaneyama, Toyonaka, Osaka 560-8531 Japan
I Kurimoto Ltd. 1 Koyagi, Higashi-ohmi, Shiga 527-0108 Japan

E-mail: T murata@ee.es.osaka-u.ac.jp

Abstract We have proposed a new nondestructive inspection method for fiberglass-reinforced plastic mortar (FRPM)
pipelines by utilizing microwave guided-modes propagating along a FRPM pipe wall. This method is based on the precise
measurement of the transmission and scattering of microwave guided-modes along a cylindrical dielectric waveguide
composed of a FRPM pipe wall (core region), outer sand, and inner air region. In the preliminary experiments, we have
verified the microwave guided-mode propagation with a relatively low-loss (~ dB/m) from 2 to 6 GHz along the buried FRPM
pipeline with a wall thickness of ~20 mm surrounded by standardized grade sand. In addition, we have also verified
microwave scattering and radiation into the inner region of a pipe (air) caused by a crack or foreign object although a crack or
object is located at the outer surface of the FRPM. Therefore, by adopting the precise microwave measurement techniques
with an electro-optic (EO) sensor, we can detect and identify the position and size of the crack or object nondestructively. In
this paper, the experimental results using microwave reflection are mainly discussed.

Keyword Guided Mode, Dielectric Waveguide, FRPM, Electro-Optic Sensor, Nondestructive Inspection, TDR
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Abstract In the IEC TC103/WG6 Japan National Committee, the draft version of the technical report of electric-field
measurement system using optical electric-field sensing is now discussing and will be proposed to IEC T103/WG6 International
Standardization meeting held in October 2018. In this paper, we provide an overview of the standardization activity of IEC
TC103/WG6 and the brief summary of the technical report of electric-field measurement system using optical electric-field
sensing.
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IEC62803 s 547 2016 4 Frequency response of optical-to-electric conversion device in high-
73
ed. 1.0[1] 7 H frequency radio over fibre systems - Measurement method
Measurement method of a half-wavelength voltage and a chirp
IEC62802 P 2017 . oo
4.1.0[2] IS AT 7 parameter for Mach-Zehnder optical modulator in high-frequency
ed.l.
radio on fibre (RoF) systems
IEC TR 63098 TR 547 2017 Radio-over-fibre technologies and their performance standard - Part 1:
T3
ed. 1.0[3] 9 A System applications of radio over fibre technology
IEC TR 63099 TR Py 2017 4 Radio-over fibre technologies for electromagnetic-field measurement -
T3
ed. 1.0[4] 8 H Part 1: Radio-over-fibre technologies for antenna measurement
IEC TR 63100 TR Prpees 2017 4 Radio-over-fibre technologies for spectrum measurement - 100-GHz
73
Ed. 1.0[5] 7R spectrum measurement equipment
IEC PNW . . . .
103-164 s PNW 2019 4 Radio-over-fibre technologies and their performance standard - Part 2:
, el et 12 A Radio over fibre fronthaul network for train communication network
(HLH% % 5 R E)
IEC PNW . . . .
103-166 s PNW 2020 4 Radio-over-fibre technologies and their performance standard - Part 3:
) T 7 H Foreign object and debris (FOD) detection radar system
ORH 3 5 RE) e gn obj (FOD) y
Frequency Response of Optical-to-Electric Conversion Device in
IEC62803-2 PNW . . .
1S . 2021 4 High-Frequency Radio over Fibre Systems - Part 2 Measurement
ed. 1.0 S o . . .
method of common-mode rejection ratio of optical coherent receiver
Frequency response of optical-to-electric conversion device in high-
IEC 62803-3 PWI . .
1S . 2022 4 frequency radio over fibre systems - Part 3 Measurement method of
Ed. 1.0 e R , . ,
nonlinear response of optical-to-electric converter
IEC TR . . . o
PWI Radio-over fibre technologies for electromagnetic-field measurement -
63099-2 TR s 2019 £ . . . o .
d 1.0 R Part 2: Radio-over-fibre technologies for electric-field sensing
ed. 1.
) " PWI Radio over Fibre Technology for 300-GHz Spectrum Measurement
HikESRE | TR . 2019 4¢ _
R — Partl Spectrum analysis

*IS: International Standard, TR: Technical Report, PNW: New Work Item Proposal, PWI: Preliminary Work Item

2HAERE LT ERAVEERFBMY AT L0
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2.1. XEHE R
IEC TR 63099 Part2 ® XL EREKIZILL T O@EY TH 5.

. Scope
. Normative references
. Terms and definitions

. Configuration example of optical electric-field sensor

[ T N O S

. Calibration method of optical electric-field sensor

% 1 % Scope~ 3 % Terms and definitions ¥ TI¥,
FTTIHITSN TWA R FEME AW T 7 5
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IZB9 % TR 63099 Part 1[4]|DNAE ZIEEE L=, 4 =
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sensor” LA L C, AT CIZ®- b TWDIE
R YOREBRRERG ZLKT D, BAEMICIT
LiNbOs il fit & /N 2 W 72 BBl & ZnTe D 231
JREmERWEREMCOWTERTETHD. B 5
F Cld”Calibration method of optical electric-field sensor”
LELT, EBRE U VOKREFTEIZOWTREMEIT
ITETHD.
2.2. LiNbO; #& & &P/ EBEZH WIOLE R £
B (34l) D R B

LiNbOs i § & /N B 2 Fl W 7 e & > 4 (3 )

DRERL 2 X 1 ISkl 2 % 2 12Rd . K4 A Mach-
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DEREC T EZEBL TS,
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# 2 LiNbO3 fEdh &t/ hEmEH W ERE W

(3dh) ofterpl (B SH-03EX ¥ X O SH-10EX)
Specification
Item Remarks
Min. Max. Unit
SH-03EX 0.1 3,000
Frequency range MHz
SH-10EX 0.1 10,000
SH-03EX | <300 MHz 0.06 100 S/N when minimum input:
=6 dB@301 MHz
=300 MH 0.002
Measurable ‘ V/m | (RBW:10 Hz, VBW:1 Ha)
ield streng SH-10EX | <300 MHz 0.3 500 When maximum input:
=300 MHz 0.01 Design certification
SH-03EX Impressed E-field strength:
Isotoropy +1 dB 6V/m@301 MHz
SH-10EX
Number of Optical fiber 3
Optical I/0 connector SC/APC
Optical fiber length 1.0£0.1m ®2mm
. ROHACELL 71HF High close PMI
Case material R
Foam material

2.3.ZnTe #E@mEA WA IE B R 29 (1
i) D1 ARl
InTe fidaZ AW "L 7 BB R o (1 8h)
M 2 IR 2R 3ICRT. FHICENFRZ
a—F 47 L7z ZnTe NV 7 fEfIZ SG TEM L 7=
YAE B & AN L, ZnTe NV 27§ ICERBEIME 1L 5
L ZnTe i O F CTIREAMSRAE L, SG A E &
BREWE O EZRW LS PR ENICHEET D Ot~
THREA). FOEBEN IMHz & 785 X 512 SG A
WHERETDH LT, ThE 74 R A A4 — RITA
S1L, Z@iE4 & BPF 2@ 3 2 & T, HINE R RE
WHHI L7 IMHz DE 552/ 52 R TE 50D, &
RerH+ L LTEIMESEDZZENTREERD. LI —
SNIX IMHz D 5 0HEZZETENLIXTIVDOT, ZE
BANI LM 2R AT TH D, 2L, ZEEEME
DT oo — T NVEELERD SG EENEEHFT
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DT NA ANRNIEL 5.

Photodiode

Spectrum analyzer

Photodiode

Signal Optical

generator Source
2  ZnTe fiidl &z 7o 30 7
JeERE o (1) ORI
# 3  ZnTe ftidh iz S 7 A
JLESRE Y (1 W) LRk

Items Specifications

Electric Field Detection Optical Heterodyne Detection (IF = 1MHz)

Frequency Range 60MHz ~ 7GHz

Transverse Type (Vertical to the probe axis)

Direction of Electric Field
Longitudinal Type (Parallel to the probe axis)

Optical source Laser diode

Optical wavelength 1310nm or 1550nm

Standard Type 10mm
Diameter of Probe

Slim Type 1.6mm
Optical Fiber Length 2.0m

3.HEBERE VY OREFE

ER Y Y ORIEJ 1T IEEE O EBEEHE[6]8 L O
T =B LR—= MIICFE LSRR ESh TS, &
ReELHiZonThH, WHROBEBRE LU ORIEHELE
KELSERDZLOTE R WD, ZZTRERIFICE
WTCYAT AEBELEZERE VT ORIEFIEIZON
T, AW E MHz # & GHz #1200 TR+ 5.
WEZH & L TIE, BRMEMEMRE, BEERE,
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D0, AW CTIHERMEMEMREE T OREEIEER
FOEFHEOREHEICOVW BT 5. ERMEME
TR ¥ CITF 7] &S E gy (Vim) & 3275 85 58 Ejpg(V/m) O
oI h, RATEZRIND.

_Eapp(f)
= e h M

MO ER B VOHE, AT NF AT FT74H
LEOZEHEMAGDETHATLIZA T BL N0,
LPFLLEBRBERTSBENFD> TRV, Z0H
BIE, EqaPRRDO VAR NF AT F I D%
BIEIRE 2 AW 5.

31. MHz # B R L PR EV AT A

MHz HOBER LV ORIEICHEHR I b EAEE R
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ERAT L ENZ 0N, ERMFTIE, TEM-CELL &
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5. TEM-CELL % —RIZE# L LTHIAL, KERE
Y& T ATy —Fn—7 & LT TEM-CELL T
EL,ZOoREINTZIESRE - E2H T G-TEM %
KMET A2 LTHB ML —F YT 1 2HET 5.
TEM-CELL £ X ' G-TEM ® — k12 &2 X 3 B &
O 4 ([27"¥. TEM-CELL N D ER BT R L0
HETDIENARETHD.

_ 14 _ \/PnetZO
E=3="%

7272 L, Pt TEM-CELL ~® A JJ%E ), Zyix TEM-
CELL O ¥t oA v v — & v 2D FEHE, bix TEM-CELL @
Kfmevw 7 s o (=F0EK) OFEME, Vii TEM-
CELL D A1 EEE KT .

(2)

outer conductor
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4 [ 2v -
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[ 2a -
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DEEFRETH S.
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Zy=

(3)
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nNoRn, EHSNMHEY LTS 4GHz UL Lo &4k
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FTHE G OT T L EH dm)DONEIZET D E
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L, Pld 7T F~DANEBEHW)TH 5.
PEMMAFIZ R 1T %, 4 GHz~6 GHz DER & v H K IE
Dk %X 5 12T .
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For generating e-field Blleldjeon=el

position

X 5

MBI 2 EERBAR—0T 7T %
AW ER T Y IE D
3.3. PERAUE T B O R FF Ml 5 R
4 GHz~6 GHz O A #ickiT 5, ER Y 0E
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Abstract Electromagnetic interference (EMI) is a serious problem in integrated circuits. To overcome this problem, it
requires the low-invasive measuring system for the near-field estimation. We proposed a magneto-optical measurement system
that uses short laser pulses and a stroboscopic method and measurement of magnetic-field waveforms. In this report, I discuss
about the new system using modulated LASER to improve the sensitivity..
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