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[Invited Talk] Application of Radio over Fiber for Aircraft Surveillance System
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Abstract Although radar is one of main equipment as aircraft surveillance system for air traffic control, sometimes its
performances such as data refresh rate depending on antenna rotation period or position estimate accuracy do not satisfy the
requirements for high density operation in recent years. Multilateration utilizing hyperbolic positioning method is a newly
proposed surveillance system and is said to have higher performances than conventional radar system. We applied Radio over
Fiber to multilateration system for much higher performances and confirmed them in our evaluations in actual airport

environment.
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Development of Optical Fiber Connected Passive Primary Surveillance Radar
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Abstract Electronic Navigation Research Institute (ENRI) investigates a multi-static primary surveillance radar
(MSPSR) which is expected to be used as the next generation primary surveillance radar (PSR). ENRI developed
an optical fiber connected passive primary surveillance radar (OFC-PPSR) for the effective use of frequency band

and the radar system enhancement. In this paper, we present the introduction of OFC-PPSR and the preliminary

results of the evaluation test.
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Using 90GHz-band Linear Cell Radar System
— Advanced Wireless System with Radio over fiber and millimeter-wave Technology —
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Abstract Detection of small foreign object debris (FOD) on airport runways is important to prevent accidents and improve
economical value of the airport. In this study, an FOD detection system that utilizes optically-connected 92-100 GHz
millimeter-wave radar has been developed. This detection system uses Radio-over-Fiber signal transmission between a
signal source and several radar antenna units. Field evaluations of the developed radar system are carried out at the Tokyo
Narita International Airport. Radar Cross Section of reference objects are calculated using EM simulator (HFSS) at 100GHz.
The RCS characteristics obtained by HFSS simulation have good insights for understanding the measurement results on the
airport runway.
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THE INSTITUTE OF ELECTRONICS, IEICE Technical Report
INFORMATION AND COMMUNICATION ENGINEERS PEM2017-8
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HALKRY: WALT T gE R & — T980-8576  filiA i E HEXIIIA 41
E-mail: motoyuki.sato.b3@tohoku.ac.jp

HHEL AWMETIILV—FEZF L7228 1T 258K 72 ETE RO FE L RET 5. ETEMA
L — X (RARNZ F LB % Jifi L —fGE K O R MmO e IRE 25 C&x 5 Z L 29, L—XI3@ITd
% HLE & AR ORI & FIRFICEHT 528, T R Z#a2 R L7215 B0 X0 Bl b o R %
R LS ARE ORI ZHMTE 2 2 Rxbhotz. bV TL—Y « Ry 7 I3HE2HNTH
AEFEBR AT -7, WICHIFERRRERL A B O L — & (GB-SAR)HIH L 7= THLEE DB 2 v3. PIHZEHkIC R
WTAT S T23HNC BN T, #— I FLELOEROER A2 0.18mm OKE TEHHI TS 2 L 2R LI-.
ZOFEEEEERmFHINICHAE L, BEETORMN TE S aEEE R L.

% —U—F SIP, GPR, GB-SAR, Z¢ukffidt{k

Monitoring of Pavement at Airports by Means of Electromagnetic Wave

Motoyuki SATO Lilong ZOU and Kazutaka KIKUTA

T Center for Northeast Asian Studies, Tohoku University 41 Kawauchi, Aoba-ku, Sendai 980-8576 Japan
E-mail: T motoyuki.sato.b3@tohoku.ac.jp

Abstract In this report, we propose a novel methodology to evaluate the quality of pavement such as taxiway at airports by
using radar technologies. At first, we demonstrate that Real Aperture Radar (RAR) can measure small
displacement of the pavement surface by Interferometric processing. Radar measures both the moving vehicle
and displacement of the pavement, but applying Radon transform and remove the radar signal from vehicle, we
could observe the pavement displacement. We validated the result by a laser Doppler measurement. Then we
show some results of the use of Ground Based Synthetic Aperture Radar (GB-SAR) Interferometry. We could
demonstrate that 0.18mm displacement of a wall of a building at Haneda airport. Now we are applying this
method for the surface measurement of pavement

Keyword SIP, GPR, GB-SAR, Airport pavement
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The interferometric phase Ag,; is given
Furst scquisiton: Ty by:
4z-(R,-R)
™ *])) - : Apy=g=p=———
Then the displacement d of this point target
! can be obtained by:

Phase 1: Ty

A
Second acquation Ty B d=R,-R, =EA¢Z,
™ *])) A -h i The total displacement of whole monitoring
Ll "9 period an be obtained by:

N-1
Displacement,,,, = >"d,
=

. "“""
5 )
L af

-19-

FiHSARDFEEARALE

%
saemant [mem]

The distance to the radar was about 460m.  Estimated displacement of the trihedral reflector.

Mean errors was estimated at 0.18mm.
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System parameters:
Pulse Repetition Frequency(prf): 1250
Acquisition interval: 5 minutes
Maximum range: 200 m
Range resolution: 0.5 m

Frequency: 17 GHz — 17.3 GHz
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GB-SAR system

GB-SAR &t FE FE
Date Date

5t August Fine N 19 September Heavy rain NA

23" August Fine v 21 September  Heavy rain NA

24 August Fine v 231 September  Heavy rain NA

25 August Fine v 26" September Fine v

26 August Fine v 27 September Fine v

29 August Light rain NA 28 September Fine v

30 August Light rain NA 29 September Fine v

31%August Fine v 30" September  Light rain NA
01% September Fine v 4% October Fine v
02 September Fine v 5% October Light rain NA
05* September Fine v 7" October Fine v
06 September  Light rain NA 11 October Fine v
07 September  Light rain NA 12" October Fine v
09 September Fine v 13" October Fine v
10% September  Light rain NA 14" October Fine v
11 September  Light rain NA 18" October Fine v
14 September  Light rain NA 19 October Fine v
15% September Fine N 20" October Fine v
16 September Fine N
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Coherent scatteres

Projection of selection coherent
scatterers on map
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Displacement of Point 1

Displacement of Point 2
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Selected points in damaged area

Selected points in un-damaged area
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The time series of selected damaged points

The time series of selected undamaged points

Comparison of the deformation in damaged and
undamaged areas

24 hours time series of selected damaged and
undamaged points
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24 hours time series of selected damaged and
undamaged points (15" September)
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Antenna-Coupled-Electrode Electro-Optic Modulators Operating
in 80 GHz Band Using Low-Dielectric-Constant and Low-Loss
Fluorine-Based-Resin Substrate and LiNbO3 Thin Film

Atsushi SANADA! Satoshi KIYA?
and Hiroshi MURATA'

Hidehisa SHIOMI!
Kazuo MURATA*?

Shin YAMASAKI' Toshiyuki INOUE!
Makoto NAKABAYASHI?

!Graduate School of Engineering Science, Osaka University 1-3 Machikaneyama, Toyonaka, Osaka 560-8531 Japan
2Sumitomo Electric Printed Circuits 30 Hinokiga-oka, Minakuchi-cho, Koga, Shiga 528-0068 Japan

1-950 Asashironishi, Kumaori-cho, Sennan, Osaka 590-0458 Japan

4-5-33 Kitahama, Chuo-ku, Osaka 541-0041 Japan

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

3Sumitomo Electric Fine Polymer

4Sumitomo Electric Industries

Abstract We have proposed and developed new antenna-coupled-electrode (ACE) electro-optic modulators (EOM), which
enable us to convert microwave/millimeter-wave (MMW) wireless signals to optical signals directly without external power
supply. The basic operations of the proto-type ACE EO modulators have been demonstrated successfully in the frequency
range of 10-60 GHz. Their applications to future 5G wireless communication systems and millimeter-wave radar systems are
In this report, a newly-designed ACE EOM operating in the 80 GHz band is reported. By use of the
fluorine-based resign with low dielectric constant and low loss in MMW bands from Sumitomo Electric Industries, 80 GHz

now underway.

wireless signals of ~10 mW were directly converted to optical signals successfully. The conversion of 80 GHz band signals
to IF (~1 GHz) band signals by use of photonic techniques is also presented.

Keyword Array Antenna, Millimeter-Wave, Optical Modulator, Fluorine-Based Resin, Radio-over-Fiber, 5G
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1. 13FC®HIC

TUE, KRR - kxR (5G/6G) BENKEE
RENGREL—F VAT LAOARMEBFEINLTND

[1]. #iZ, 80 GHz WWITEBHEMEELZL2H L — X — &
LCORMAREA TSN, KRERBEHRT — X @E~
OERAbBmH I TWD.

—J, TV, BEHRZEMEH - — T Bk
NIZBNWTYH, 47 2 mic X TEMBELD KX
WEWSIEERD L. BIBEASKE N 2, &
NT—EREEICENT, thoKHROFEELEZ I
SWVWEWHIEFERDD, BEMLBE - LHEOBA»D
X, Vol TCLES. 2T, I VEE
HEBFICEBRL TEBRAAAE Y 74 REH W TE
%79 % Radio over Fiber (RoF) £ffr, 3 L UL MEIKIZ B
WTIVEEFELUBETIHERNBAEREEL LN
21, [3]. &%, SV EHVWESESERT A R -
VAT AT TV r—varnpliEanstEZILN
L7, JIVEERESEREETICEBRST LT AR
NEYVEFTICRIEEZOND. £, HISHABHMRA
FrlEmoB b L, IV EENGESICERE - PR
THHRWIITEETH S.

Fexlx, P77 EBEBREEEFBREBME S
27 T EBEE T O E D T B [4]-[8].
BRI IERICEm T > T ) & SRR TS R A
WEXEET T FEEBEERSTE, SERZ A
WHZ R, TUyT P CRELEERESEEZZTDOE
FHEFICLEBRSIT D ENTEDL, T, TUvT T %

HEREICH > TT VARICEET 2EREZH VD &,

I EITHRIC LA HEZE & B R OB ERIC K B A
RGBT A DT, R - e R B A o fE ik
EFHEICRETAZ L TES. ZRETIT 10~60
GHz # CEIMET 27 > T T BB L ORME -« FEiE
EERICKTI L TW 5. #IZ, 60GHz # TlE Gb/s BT —
G ERICBLE LTS, A, I VREICE
WTIRFEBENSRBER 27 v ERBEREWRD] %
T, 80GHz w TEIET 57 N1 A0 - AE%
TV, TOERFIEERICRI LD THRET S.

2.7 VT TEBEMBOEE

Ty T T EMNE R OFEARNIE L Fig. 1IZRT.
Ty Tl EmE, B—F— FREERIZH->TT LA
RICH R ZHNTWDE., T FEmRITLHED
A 7R MY v TRy FT TS e B LR E
IS S oMk Td 5 [4]-[6], [8].

ERICIBHFEREBRLY v ERZ#HBEEZHNT, %
@ _EIT z-cut LiNbOs #idh (JE &~50pm) Z2EfF L T
5. REBERESLOT 7 FEMIT, LiNbO: D EEIZ
TER 4 5. LINDO:; FiMOFBERII N2 0D K& W
(£=(43,43,28)) O T, FEENKSELRBIEF T/
SWVWERKE LR T v HE R BB LK (62228,
tan5=0.0008 (@10 GHz)) [8],[9] WA Z &Iz kv,
BWMEERE L TCOEDFEEL N2V TH L
NTEL., 2010, ToTFTToROmBEL KEL L
STOZEBEBNEZHEMNEEL L EHICERIZEBIT IR
FIIRZMAHI S S LN TES.

TrUT T EMERER I > TT LA RICE &
THZEICEY, KT VvAT T TCREEINEGFES
ZRERMERICEIVAKRLT, —HOT VAT T T
ELTOEMESHE D Z LN TE H[4]-[8]. £ 7=, LiINDO;
BB EHETHY, BREHOARSHBO S
Mz, POMNEOEBICKIEBEIELI I ENTE D
[4]-[6]. ZhiZ kY, REFOBMMELTEICKEE S E
HZENTELHDOT, BHRESF - HEFEBRIIBT S
fEREErAEICRETH I L TE 5.

(a) 2 .
v MMW Signal
Patch Antenna

Resonant  x b LiN
Electrode z-cut LiNbO3
Light Inp N
ulated
Light
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£
| Low-k Substrate

GND

Optical waveguide
Patch antennh
(b) 50 me Z—cutLiNb0, % o m m N

Resonant electrode
Low dielectric constant substrate
CND

100 pml

Fig.1. Basic structure of the antenna-coupled- electrode
(ACE) EO modulator.

(a) Whole view. (b) Cross sectional view.

Table 1. Dielectric characteristics of the fluorine-based
resin and fused silica glass
&r tano
Florine-based resin 2.28 0.0008
Fused silica glass 4.0 0.0007
(@10GHz)

3. T - BRE
3RILEHA I 2L —FX—FHNWTT V7 T EMm
DFEM IR 21T 72\, B2 L. SERK
BIX7T9GHz, 77 T EMBZETFHITSFET L Lz, &
EXFEIX 1.55um THB. 7 o7 FEMIT, #HE
DL 2 DO FT T F L EERLIRBKE
i) #EESEIEEETHD. 200, FTNThO
KiRBEEEEEDED LB, 1 E—F L REL
EWRHBIEBRRA I THD. Tz, 7, Ny
FT T F L B LB & o TR - B EE R AT
S, INLEBASECEALGELZHEL CRY
RIEREEENS DB S E KD 4], [5]

Fig. 2 1%, &t L7277 v 7 T EMO L#E 5 80GHzZ
WO HEE A2 BN L7z L & 0E R4 03Bk 5 o fF)
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EHENTWEZERDLMDE. ZoREBIIBVNT, %
W &2 ERIS 5 LiNDbOs #5 M  IC B 1 5 8B R E &
fix7ey hLibD% Fig.3 1274, BELZIY
WEROEED 150 F L ELOBRINF LI TS Z
EMbND., ZOMITERIY, 207 10mW FE
DI VEORME T, PR KEFTY A NN R AR
b CEfrHHEFEE ~10mrad) & AREbLOLND.

BEMIZ AT A M YR LT v 7 BB O

FTHEEDT. ZORER%EZ Table 2 IZ/RT.
y
X
E,
Wireless
Signal
&« — D

Fig. 2. Pattern of the ACE and calculated surface electric
field distribution when a 79 GHz plane-wave MMW
signal is irradiated from above by use of HFSS ver. 16.

150}
75

=75
-150]

Field enhancement E,/E,

250 500

Position (pm)

750

Fig. 3. Electric field distribution along the optical
waveguide (modulation electric field).

Table 2. The parameters of the designed ACE EOM.

Antenna-coupled electrode (ACE)

Operational frequency fn 79 GHz
Electrode material and thickness t. Al, 1 pm
Square patch antenna length L 536 um
Width of connection MSL ) 40 pm
Groove length for antenna coupling AGx 182 um
Groove width for antenna coupling 4Gy 40 pm
MSL length along y-direction i 900 pm
MSL connection point to the electrode 182 um
from the center Ax H
Resonant electrode length L2 921 pm
Resonant electrode width Wa 30 um
Resonant electrode separation S 30 pm

Stacked substrate and optical waveguide

Operational light wavelength A ~1.55 pm

Fluorine-based
resign
100 pm
z-cut LiNbO3
50 um
Annealed
proton-exchange

Base substrate material and thickness ¢5

EO crystal material and thickness ¢.
Optical waveguide fabrication method
wXxd

Optical waveguide core size 3pumx2pum

-27 -

4. A - BEER

TN ANCBT DGR, 7T o7 T EmREOER
HEARTmERL, WKOT NA A[6]-[8]EHHETH S.
Congruent z-cut LiNbO3 #dh & IKFFEERIKE LT v F
SR A (250um JE) & X UV B LA R % A
WTHEY 7. BE Y & E 112 LiNbOs 7% &b & 6 A
BELTS50um DJEX L L. fER L= 80GHz 7 > 7
FTEMEREDOEE % Fig. 4 127 .

20 mm
Photograph of the fabricated ACE EOM.
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Signal generator z Polarization d = 100 mm
0 dBm
Laser y d
A~L5um || x I BB EEE Sy ®
| % __tA; | Optical
Lens Device "Lens spectrum analyzer
Fig. 5. Experimental set-up.
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Fig. 6. Example of measured optical spectrum.
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Fig. 7. Frequency dependence of signal conversion.
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Fig. 8. Measured directivity.
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