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Development of X-band Solid State Radar for Ships
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Abstract

The X-band solid-state radar for ships features lower maintenance costs and high target detection performance compared
with conventional magnetron radars. JRC has developed an X-band solid-state radar in a two-unit configuration that uses
MFD! as a display unit, which has a proven track record as an existing product. This radar complies with the IMO?
performance standard with a transmitting peak power of 600 W and can detect reflected signals from targets buried in
clutter (reflected signals from sea surfaces, rain, and snow) with high probability by taking advantage of the features of
solid-state radar. Based on these results, JRC has achieved superior detection performance for small targets such as fishing
boats and buoys compared to conventional magnetron radars. The improvement of radar performance, which is a key
sensor, is essential to realizing autonomous navigation of ships, which is increasingly required by society, and this

development is expected to contribute greatly to society in the future.
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2 IMO (International Maritime Organization) : &I 4%R

3 GaN (Gallium Nitride) : 21L& 4

+ HEMT (High Electron Mobility Transistor) : & FRENE N5 v VA%
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Fig.1 Appearance of scanner unit
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Table 1 Scanner unit specification of X-band
solid-state radar
HH Ak
it kY PON / QON
RIFHREET] | 600 W
Jli % PON: 9410 MHz, QON: 9435/9440 MHz
20V A G PON: 1.2 usecll T, QON: 9.2 usecll
#eak LR | 660~1700 Hz

KUIRTEBY, XniBERILL — DB 21E5 (B
DK IZPONDS L QONT, MjH &L HIHEZET LI LI
L WE AT B JTEREEC B 2 WIE ORI IZPONE
DESE v, EREHEC D 2 WIEO B IZQONE X 0
B5 % W CLEHI#E %479 o PONB L QN HIX 0 F
FOEZEIAI Y TOFEK2Z, L — W Eo%
HIFEFHA A — Y 2 3I2R T,

BHAESFIR No.75 2024- 41

KSR



(BfisRs) AefnA X wEAEL — 4 DRS

PONEADES

RIRES || J_/

QONEHXDES

/)J.] : 1/

. PONEIRO(ES L QINERDES A h ¢ ML IABE T3 |

— fp—>

PONE/ZOIESD
SEES |

QONERDESD |
SEES

Y

15 : 1l

A

:Embtv:

Ry S £+ PONEI DS 2 T IR (F5RD)
£, QUNEIZ (= = T ORI E ()

X2 /NI ZES (PONEXE LUQONEKXDES) OEZFELX1ILT
Fig.2 Transmit and receive timing of pulse signals (type of emission: PON and QON)
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Fig.3 Image of detection range displayed on radar
screen

8 IF (Intermediate Frequency) : H & %
9 RF (Radio Frequency) : 45 &k
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Internal configuration of scanner unit

JAREESLNVETIFLLENS L, & 2T, KAHE
FLARVANS PRI L % 2 H R & AT 5 7
B, QONEIX DE 7512 & 2 BRI B AE M F TOHEED#IEAL
MU D,

RER TR, BEABEZHWESLBEIZEY) ¥4 294
Fa—7OWELRVEEDZ. ¥4 554 Fa—7HE
WLEE S AT 4 D % 2 DIRBEIZ BT 5 78V A JEMRALEL 1% D5
%@ﬁ%%ﬂ5’ L — FHi L ICFR SN BIGEOET %

RS B, BRIlENlELLE, NV AEMMIIBI
éﬁ@%ﬁ@#% A LA N0 —TR¥INd 5720
A EFHC BN TRETOELZ /NS TILUEND 5,

rFfR7
24 L4 Fa—7WENEL L

rFf7
24 L4 FR—7WENESHY

X5 %4 LY4 KO- THEMEEREEDE 2 DIREEIZE I3/ AEMNIEBEZDES
Fig.5 Signal after pulse compression processing in each state with and without time sidelobe suppression
processing applied
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Fig.6 Display example of false echoes displayed on the radar screen in each state with and without time sidelobe
suppression processing applied
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Fig.7 Appearance of signal processor circuit
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10 ADC (Analog to Digital Converter) : A/DZEHi¢%
11 DAC (Digital to Analog Converter) : D/AZEig:
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Fig.8 Appearance of TRX circuit

2 FPGA (Field Programmable Gate Array) : i¥at & 2SR % %7€ C & 2 4Rt i%

138 STC (Sensitivity Time Control) : JB¢E [ i #%
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Fig.9 Appearance of power amplifier circuit

9. ¥ i 51F

ErHMBRIIHEOX YA by L — oo RH
LTWwa oLl fb L CTEBEE#HKT L L& 512, B
AR & DR A% ZE L T\ 5,

(a) ¥ 7 hOY L —4DORRER

10 R

(Fufizws) MefrA X HEMMEL — 4 ORFE

Er ) ROMERFICBV T, MAKRR RSN
T IRVERE D A7 & FTIBFHEIC OV TH T EE L Tw
Ho WBT 4 v —HKILLIZHFEDY v 2L, 1
HOBEIZ L 2 5887% & &) BANTRICEESE L HE L
T5IETHBREED, S x ) FRNORE LA ZIZ
T,

10. L — Z4REFHEEER

7S L-Xni B b L — 7%, BT R &9 X
<74 bay L= (EEFEREE2S kW) LIRTIEY
iy (AEA180 m) (ZFRE L, HATWEOHESIZ B W THAl
HEJJ DRHIFEER % 1T > 72,

SRS BRAS H 2 R L — & O T I & 1012 7R o T
1E, AISHY v RV, WRERER, B X 0RO ML) E
BFRRIN TN D,

M2 B W TREOMTH A ZEEROBIEIL, Wil
DL —=FIZBVWTHIHBIZFERENTWD, T/, AISY »

R (fREOA~Y—7) TRSNDAISERM CORELARA)
DFEIROYPFEIZONT Y, WL —FHTELHIEDOLN
&\

HEHTREE, AISY Y RUDPEEFIR SN TV WAIS
RO/ OB BWT, B LY — i~
AbOYL=FI) L ENTW/HTH L, AFFHMFEERT
i, AP LT, v A her L= L) ER
LV =Y OB EE KM N, EMBFERLNARTH
5T L ERMER L. ML —Fid~vrxburb—5L
HARBEEREEDINS D, NSRRI T 58N
PRANERE & 260§ 2 2 L AWMl FEERIZ B TR SN2,

(b) Bl —Z DFRREHE

FHERERDORER (?7 % bOCL—H EDHE)

Fig.10 Results of detection capability evaluation experiment (comparison with magnetron radar)
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