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Development of Radars with Virtual Array Antennas
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Abstract
The antenna for general shipborne 9-GHz band radars requires roughly 100 elements for the composition in the form of
a phased-array antenna; thereby the cost problem arises. As a solution to the problem, JRC has adopted the virtual array
technique to reduce the number of necessary elements down to 16 for the transmitting antenna and the receiving antenna,
respectively; nevertheless supporting the radar performance equivalent to systems with a 100-element antenna. We have
evaluated the effect of the virtual array technique, throughout computer simulations and field experiments of the prototype
radar with a virtual array antenna. Our evaluation shows that our novel technique is capable of sufficient performance for
shipborne radars despite its reduced composition.

FHIEZET Y FFCHET 2L L TRETL—T ¥ 7

FERIEET bo TIUILD, JERLEL LTV E5 01035
WEE OZEIE [ BEEFEILRKOZOOWERSE] O—  FETHLEDT v 7 HiRmkEEEHTE 5, KEET V7T
BELT, THHERREZMAZMHL -5 —Ho7 7+ EHEWICEREZ L 2ES (BEXES) 2%ET5, —F,
ZWIZERSE L TV 5o MRH9IGHZ L — 4 — B TTHN  ZEEF MR TEFLIIZL > TL — & —B§ 12 &k
EWBER A 727 v T TR ETEET VT THERT LI ahsd, BEAMICEZELEREES Y ETEZTOLO
SEOFTHPULELRY), TAMEKDPMEE 2L, TOR  ~vF P74 VI THEEL, HETL—T v 7+ 0ES*E
IR L, 2ERTFLZBERTIIVE416ZTUNOETEE 2, 2L C, BUELZETZ 2B FILES 2 2 & THIL
ToyTFEHCTRETL—=T 72K T A2 LIl Eos FMIcERT L, CORBIZFA IV —L T+ =307
T, SMWIC1I0HZTREOT 72 L2546 LM% (DBF) LIMHIh, BEKOFER, BLU7—) 8B Lo
DL —F—MEDFEHZBEL L, EE2iTo7. AT TEHTEXL, EE2048L yIJIZOWCDBRULE Y322k
X, OGHzH# L — ¥ —%MEL, #EEY Il —Yark 12X), Ly VMO RIEL — ¥ —EgEI o s, B,
PRSI X 2 FEREERE R I L - C, RET V=77 AWIRTIZINO SOV AEERIAL —F, 1A —TTHLR
FEPVL = —OREEBNT S, B RTCH G % A A — TG EITFA TV,

2. L—2—2 X7 LOBE

KW THHATHL =5 —EDA A=V 2 XUIRT,
WiEr LTRRBEET YT HEZET Y72 EFICEREL
R b BB IS L DB S NS,

L= —THWARET L —7 v 7 HIZHTRT L9 IH
WEMBCEHEINZET T &, FRERBTIERS
n, EE7yTFOMEERUENEZHFOZET V7 F T
W ENb, BEET VT T NODEBETE2{ZET VT
FTZEL, ESUEE2HTI LT, BERNLEVWEET VT

EHREE

K1 L—S-—REDA*-=
Fig.1 System structure of the radar.
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Fig.2 Principle of virtual array antennas.
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Fig.3 Data flow of the signal processing
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Fig.4 Evaluation of range resolution.
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Fig.5 Directivity pattern of the virtual array antenna.
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Table 1 Signal-to-noise ratio at each signal processing
step.
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Fig.6 Signal-to-noise ratio at each signal processing
step

35 HFEBRENFE

RE7L =77 FIZBVWTEEME ZEMOETMO
E52& 2 ZE LB FHORBMEICB TS24 F
O — 7RO EEEZRIET 5o A4 FO—7 LN L
BDH T EIBGSERRES LA L, HEOMESILER L
“oTLE)e ZTHOELDEZDFEKRE L CET VT
BHHEoEXs- xR, %KEHR =B 77— 7VoiEk &
EDIEZLDX R ENHY, HLEEEIF Y TL—2a v
WL THIETEX 2030 bTMERELTLE ). M7
¥ v ) 7 L= a VEEICE DA FmOfRmEIC B
LA PO —T7HEEDOY I 2L —Ya VEERERT, %E
FTOXx)7TL—varpk SBETOXFY) 7TL—
TavEE FyYTL—TarEEZLOEAEIZOVT
ENENFE L7z SCOHEIPOED2DL LI, EERT
DFx)TVL—va VREIZEETFTCE—LT7r -3V
TERLEGEDONY — VR L > TBY, BF5 AR
VB THRLREWS A Fao—-7HMz R, $/2 ZEH
TOF v ) T —3a VEEZECHBCEINIZEET
CTFFOT VLT 4 S u—=TORETE -7 % D, DL
FOREIS, BT L =T T FOEFERICERT L
1 CHE (BT 7B LTREL, X2E7Y7F
ZILWHETHEE) Lohe, #EZETFOoXFv) 7L —Ta
VIREIWER RN T, ZERTFOFY YT L —vay
HMEIME SR RLE LEREREFO L —T 1 VT
U—7OfETERT AEAND 5,

— No Error
_ | — Tx Error
10 — Rx Error

Gain [dB]

Angle [degree]
X7 FTEEREDRERMEANDRE
Azimuth sidelobes due to element-to-element
divergence.

Fig.7

BAERFL IR No.64 2013 - 29

15
£



(FHMFLRE— N REB7L—T7 T FEBVEL— 4 —DRRRS

W7 L —7 v 7 FofRmaEs L L — ¥ — O PEREEHb
22T, MRESERIC L D FE/RL, RET7L -7 > 7F
WL =8 —ORRIZOWTHGEET %

41 32— a>THEETSL—4—11#
DU RS R O AR 2 7R T,

(1 77+ Bk FA RN
T8 KA

(2) sk 9450MHz

(3) Fx ¥ 1CH

@ TYFIETR OEE KT
2R TET

(6) Ty TFHETHE  BE 3.92WE
212 0.567%E

(6) HIEEN 0.1W/ ¥
(7) AA — TS H 255
(8) ¥— AR +455

42 RE7L—7 > T F A

WART L—7 ¥ 7 F ORI R EH % K8IZ/R LT
Bo MEREREEZ RS EMIIRT X ICERAREORER D S
MEEND Y — AMRESE CGEAMEE 0f) ZEHTETH
D, BETOBREZLILZTIA FO—THENY I 2L —
Ta vOMfEmE AL T b,

|—fe§ﬁ1§:—45" J— t§ﬁ§:45"|

RYSEEN
NS I

}
Dot YA
X %M

20 0
Angle [degree]

X8 1RE7 L —7 > 7 FigrhAlERER
Measured directivity pattern of the virtual array
antenna.

Gain [dB]

Fig.8

AAREIFHEIR No.64 2013 - 30

4.3 L —4—Ef&EHl

PR ER 2 W CZERERFT N2 5 L — ¥ — W% % #]
WL 720 BERESWERR OB IRM Z KR LT b, FREER
VERSIZ A2 CHIE L2 7 v 7 2 L, %E, ZE
W, AEEEsE - T IEEES, 2 LT/ — ~ovy a v T
L TWwW5h,

sAvay R
MIMO{E SAME+ i G F=T uEll

P

X9 HEEERERE EHERR
Fig.9 Prototype system in the experiment.
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Fig.10 Radar image around Mitaka plant.
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DBF: Digital Beam Forming (7Y% )VE—A7 3 —327)
RCS: Radar Cross Section (L — % — i)
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