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Optical Electric Field Sensors Applied to Imaging Radar
Motoyuki SATO

Center for Northeast Asina Studeis, Tohoku University 41 Kawauchi, Sendai 980-8576 Japan
E-mail: Sato@cneas.tohoku.ac.jp

Abstract We have investigated to use the optical electric field sensor for radar imaging. In this report, we introduce the
examples for 3-dimensinal environment survey by borehole radar and subsurface sensing by bistatic radar. Mutual
coupling between array antenna elements and effect of metallic objects near the antenna can be avoided by using the
optical electric field sensors. It also has an advantage in the no need for power supply for the use in a borehole. We
demonstrate that our radar system can image the 3-dimensional distribution of ground water around the borehole up
to 50m. Then we demonstrate that by using the optical electric field sensor, we can make small bistatic radar
systems for detection of buried objects. We show examples of imaging of buried 10cm object in sand by this system.

Keyword Optical electric field sensor, Imaging radar, Borehole radar, Bistatic radar, Ground Penetrating Radar
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A Standard E-field Generation Method and Uncertainty
Takehiro MORIOKA"  Jun ICHIJO* and  Yoshikazu TOBA®

tNational Institute of Advanced Industrial Science and Technology 1-1-1 Umezono, Tsukuba, Ibaraki, 305-8563 Japan
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Abstract The E-field strength is measured by using a field probe whose correction factor is already calibrated against the
standard E-field. The standard E-field is ordinary generated in an anechoic chamber or a TEM (transverse electromagnetic) cell.
Since the higher-order modes of the TEM cell and the imperfect absorbing material of the anechoic chamber limit the usable
frequency of the system, these methods are usually used for the primary standard field generation. In contrast to these methods,
a gigahertz-TEM (G-TEM) cell can realize a compact and wide frequency band E-field generation system. However, a field
transfer probe is necessary for the E-field strength calibration of the G-TEM cell. In the present paper, the probe calibration
using the G-TEM cell and uncertainty analysis are performed.

Keyword Electromagnetic field measurement, E-field probe, Standard E-fileld, G-TEM cell, Uncertainty
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Uncertainty budget of the £-field transfer probe (HI6005) calibration against 30 V/m in anechoic chamber

Source of uncertainty Value (%) Distribution  Divider Sens. Coeff. Contribution 2:52?:: of Notes
1 AF cal 2.3293 Normal 1.0000 1.0000 2.3293 27 1
2 Power meas. 1.9500 Normal 1.0000 0.5000 0.9750 999 2
3 Reproduction of £, 0.4616 Rectangular 1.7321 0.5000 0.1332 999 3
4 Dipole coupling effect 2.3293 Rectangular 1.7321 0.5000 0.6724 999 4
5 Alignment 1.1905 Rectangular 1.7321 1.0000 0.6873 999 5
6 Probe readout stability 0.3410 Normal 1.0000 1.0000 0.3410 99 6
7 Data variation 0.9260 Normal 1.0000 1.0000 0.9260 4 7

Combined uncertainty (k = 1) 2.8796 53.91
0.2466 dB

Uncertainty budget of the £—field transfer probe (FL7018) calibration against 100 V/m in a G-TEM cell

Source of uncertainty Value (%) Distribution  Divider Sens. Coeff. Contribution 322‘::: of Notes
1 Transfer probe cal 2.8796 Normal 1.0000 1.0000 2.8796 53.91 8
2 Linearity of the field transfer probe 3.9920 Rectangular 1.7321 1.0000 2.3048 999 14
3 Transfer probe readout stability 0.4810 Normal 1.0000 1.0000 0.4810 99 9
4 Input Power reproduction 0.4616 Rectangular 1.7321 0.5000 0.1332 999 10
5 Probe under cal. Readout stability 0.0335 Normal 1.0000 1.0000 0.0335 9 11
6 Probe alignment 0.8305 Rectangular 1.7321 1.0000 0.4795 999 12
7 Data variation 1.8022 Normal 1.0000 1.0000 1.8022 9 13

Combined uncertainty (k = 1) 41632 121.30
0.3694 dB
Notes

1. Dipole AF calibration uncertainty: AF = 40.289 1m™' (dB) with uncertainty of 0.2 dB (k=1) @ 1 GHz

2. Uncertainty calculator provided by Agilent Technology: Dipole antenna port reflection coefficient; -16.2811 dB (VSWR: 1.363) @

1 GHz and the target power; -7.229 dBm for 10 Vm™', 2.314 dBm for 30 Vm™'.

Input power of the transmitting antenna is adjusted to be within 0.02 dB from that when Ey is obtained.

4. Reflected power from the transmitting antenna in the absence of the dipole element deviates by 0.1 dB (maximum) from that when
Eiqt is obtained.

5. The dipole antenna and probes are located at 1.7 m from the DRGH aperture. The misalignment is assumed to be within + 0.02 m.

6. Stanldard deviation of the probe response with 100 repeated readout. 0.275 % for 10 Vm™', 0.341 % for 30 Vm™' and 0.481 % for 100
Vm™ .

7. Standard deviation of the C measurement for E-field transfer probe.

8. This is identical to the E-field transfer probe calibration uncertainty.

9. E-field at a location of the G-TEM cell is calibrated by using a field transfer probe (ETS-Lindgren HI6005).

10. Forward power to the G-TEM cell is adjusted to be within 0.02 dB from that when Ej,q is obtained.

11. Estimated by the standard deviation of the probe response

12. The probe center is at 0.15 m above the cell floor and the septum height is 0.30 m. The misalignment is assumed to be within £0.01
m.

13. Standard deviation of the C measurement data

14. Linearity of the field transfer probe from 30 Vm™' to 100 Vm™' is estimated by + 0.17 dB.

w

K1 BRT7o—TOMEBREKEICHES RN SIHBERERMRE : 100 V/im, A% : 1 GHz)
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Interlaboratory Comparisons of Radiated Emission Test
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Abstract EMI Test Results for a same EUT should be same regardless of test sites. In practice, the EMI test results are
different for each site due to the difference of site performance and difference of the measurement equipment. To evaluate the
difference of EMI test results quantitatively, interlaboratory comparisons for EMI test using a reference EUT are widely
conducted. We developed the optical biconical antenna as a reference EUT. The interlaboratory comparisons for EMI test
above 1 GHz have been conducted among 11 Public Testing and Research laboratories in Kanto-Area in Japan. In this paper,

the protocols and method of the interlaboratory comparisons are explained and the interim report is presented.
Keyword Optical Feeding Biconical Antenna, Radiated Emission Test above 1GHz, SVSWR, Interlaboratory Comparison
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Remote Sensing of Electric Field in Air Using Plasma Produced by
Ultrashort Laser Pulses

Takashi FUJII

Electric Power Engineering Research Laboratory, Central Research Institute of Electric Power Industry
2-6-1 Nagasaka, Yokosuka-shi, Kanagawa 240-0196 Japan
E-mail: fujii@criepi.denken.or.jp

Abstract The filament plasma, produced by intense ultra-short laser pulses, has attracted interest in various applications of
atmospheric monitoring such as the electric field measurement. The electric field measurements with the laser filament plasma
may become an important instrument for geophysical researches and for the diagnostics of electrical facilities. Since an
excitation of molecules, caused by electron collisions, in an external electric field depends on the field strength, a
corresponding radiation of molecules in the ultraviolet range is expected to be sensitive to the field strength. Therefore, the
ultraviolet fluorescence of molecules in the filament plasma can be useful for the remote measurement of electric field. We
have demonstrated the exponential dependence of the fluorescence of nitrogen molecules (N,) on external electric field in air.
Since the filament can be generated for a long distance over several hundred meters, this method is promising for the remote

electric field measurement.

Keyword Electric field, Remote sensing, Ultrashort pulse laser, Filament plasma, Nitrogen molecule, Spectroscopy



N [ 75557
fMrENOBEREEN

RRHPIZHITEHEE DMz =R ZH UV TIRMIR THE 2 fZat
Al HiEnTENE, BRFFHIXYEDOIAE . EXEKHD
XET. . RERMI—BREITHEZ AN,

NEBEBZHICEVTRRTFIXAIDFHKNAITEIZARE TIKEFET S,
B/ VAL —Y—ITRYERT 571540 TS5 X7IE, RiERE
[SESTEMKY 510, BEDEREETHANDERINFEND,

(BFZD BHY)
T45A N TSARZE AL KRHIZE T HE S DR A
_ AR T S
© CRIEPI

. R S rhoemisern
BENIWVAVL—Y—=ICE&BD7 17X MNOER
C—micrpmams (TSR ERI-EEN )

—ERDBEFEMNL—Y —54 —EROBRFERNATSZAID
BENTxt LTHE AN EFZEplcHL TR
= r,t
n=ny+n,l n:no_/?( )
2p.

\ ML XDEE /

ML X DxhE _/

o

TSXTFvRIL
L—F—3 —

TA4Tr0k
H—3hR (KB BCINFEETTXTERIZ& D HEH T
—>E BB (3100mLL ) ITEA TS AIFrRILDERK

© CRIEPI




- WREWLEIIE

RIVFT7 147X MOER

© CRIEPI

- WREWLEIIE

NEBBBERICEITIAR T 7XAvOME

dc];t[e aion (E/NX)NeNX ﬂPmningN;* + GNXNX}, -

IBDissrecombNX+Ne _VAtachmentNXNe

EVEBFERICEIART HFOBBEAF L — BB 7T
E2EEREREICHTIRES FROBRICES=0 T 141t
EIE A4

FAE:E B4 VICL P BMERHEE

E5B BREAVOERICHSTIEFHE

NEERPICTASAVNTSAINBEET HE. DFDAA LB RIEHIRE
HEEIND, —H. . TSAVOBEREIENENS, EFEHEICLYTSXTIE
mEEh, TS AIHhoDENESLDBRELFGITIEMNT S,

© CRIEPI




BHPRUATI R

KR

fs laser (A,=800nm, t=50fs, E=84mJ)

High-voltage
electrode (-)
sphere: ¢ 250 mm

<07
5 mm/28 mm ,T m» Concave mirror (f=10m) ‘
V.~ e -
\A - ’T ~ve” i ‘4‘ ~
~.- = P PSR
UV film ' ="
@ H1.0m
uvicCD ) O
a
Cu plate ;
F
(2.5m x 1.25m) el
Spectrometer Telescope
+ICCD camera P
© CRIEPI Sugiyama, Fuijii et al., Phys. Plasmas 17, 043108 (2010)
BHDhRAT R

ERDTFOREANT M

10,000 [ oo
[ —-100 kV
= i —-200 kV
2 8,000 : A |—-300 kV
2 i 337.1nm.~ ——400 kV
~
S [
E 6000 |
= i 316.9nm
3 [ 313.6nm
o 4000 | Signal
3 height
g
£ 2000 | k
i PN AN
0 I T T R ST RS N T I TR

310 315 320 325 330 335 340 345
Wavelength [nm]

© CRIEPI Sugiyama, Fujii et al., Phys. Plasmas 17, 043108 (2010)




- WREWLEIIE

ER 7 FREDOHNBBIBKEFE

Electric field strength at laser filament position [kV/cm]

o 0 10 18kV/em 22kV/cm 30

o]

% 10,000 — l' : !’ —

S i

2

2 : . 337.1 nm

< | 5mm  filame

< i lasn

> 5,000 P 315.9 nm
<

8

> 313.6nm
2]

c

(]

8’ 0 —— v vy

z 0 100 200 300 400 500

Absolute applied voltage [kV]

© CRIEPI Sugiyama, Fujii et al., Phys. Plasmas 17, 043108 (2010)

- WREWLEIIE

g

1. EEOERHARNOMFEEZBMEL, BRE/NNILAL—H—
[CRYBRIND TTAV N TS AT ES EEIG I AERL.
T2XIDELARIN LD MEZERIE LT,

2. BFNTF N, DFEINIERE (337.10m) (IS ERES 6t L THEEK
BAERIZIB L=,

3. BRE/NILAL—HY—IZLYFEINDT,TANTZXTIE,
RIBBEISESTAE T 471, BIEDZEMREHAA~D A A ES
BTy (W

© CRIEPI



- WREWLEIIE

S Bk

1. K. Sugiyama, T. Fujii, M. Miki, M. Yamaguchi, A. Zhidkov, E. Hotta and K.
Nemoto, “Laser-filament-induced corona discharges and remote
measurements of electric fields,” Opt. Lett. 34, 2964-2966 (2009).

2. K. Sugiyama, T. Fujii, M. Miki, A. Zhidkov, M. Yamaguchi, E. Hotta and K.
Nemoto, “Submicrosecond laser-filament-assisted corona bursts near a
high-voltage electrode,” Phys. Plasmas 17, 043108 (2010).

3. BHE, ML KBE =K E Cra7T7Lotq, R XE, BX £+, ‘BE
INIVAL—Y =R TS AN TSXTIC&D BB EI VI, TSR - #E
BF =5, 86, 669-677 (2010).

4. BHF B, Dz LML —Y—ZAVESO RRER T, KFE, 41, 2127
(2012).

© CRIEPI



FEFEN B HEE TR (CE=iE:
THE INSTITUTE OF ELECTRONICS, IEICE Technical Report
INFORMATION AND COMMUNICATION ENGINEERS PEM2012-10 (2013-01)

LD FIEE/R T o —7 % H\ 7= TDS 2+

ey K’

T P T THRASH FHllaH FHUZ L — 7" S&P F— 4
T 140-0001  HLAR a0 IIXALARI 2 TH 3 2% 3 %5
E-mail: T someno.kaoru@pttco.co.jp

bHEL #EFHIE, Schmid & Partner Engineering AG fH( A A Z2)D H ARKEE T, AR TIE, Schmid & Partner
Engineering AG 184, TDS 7' — 7 (LD EEOE R IR 2 A4 L KA AL 7 a—7)OREBE | EilfNE %2 2
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TDS measurement that uses LD mounting electric field probe

Kaoru Someno "

T PTT Company Limited, Speag Team, Measuring Group
2-32-3, Kitashinagawa, Shinagawaku, Tokyo 140-0001 Japan

E-mail: T someno.kaoru@pttco.co.jp

Abstract Our company is a Japanese sole agency of the Schmid & Partner Engineering AG Co. (Switzerland). In this text, I
will introduce made by the Schmid & Partner Engineering AG company, the outline of the TDS probe(electric field or
magnetic field Time Domain Probe of LD mounting), and the technology. The TDS probe is a system from which the safeties
of those who examine it by the handling of the laser diode attempting the balance of the miniaturization and the efficiency of
an up-to-date antenna were considered. I will also match the analysis that uses the noise scanner system equipped with the TDS
probe together with electromagnetic field simulation software SEMCAD X and introduce it. Moreover, I will guide the product
of the release schedule for the next term. (TDS probe for SAR measurement etc.)

Keywords Speag, TDS, SEMCAD, Probe, Laser Diode (LD), LD Technology, SAR
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