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Abstract

Weather radar is a typical meteorological radar, which is also called rain radar. It, as the detection
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tool, generally provides service for warning and forecasting on the small and medium scale rain-
fall weather system. From the first weather radar, it has witnessed the continuous progress of
weather radar technology, due to the continuous development of social economy and the progress
of science and technology. Historically, the weather radar has developed from common simula-
tion, digitalization, Doppler to Doppler dual polarization. The transmitter system, the core com-
ponent of weather radar, has developed from magnetron and klystron to all-solid and phased ar-
ray technology. This paper reviews both domestic and international advances in weather radar
technology research. The meteorological microwave band, weather radar type, weather radar sys-
tem, dual linear polarization Doppler weather radar and phased array weather radar are com-
prehensively introduced. Finally, a conclusion and outlook are provided.
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Table 1. The rough division of meteorological microwave bands
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Figure 1. Classification of weather radar types (A)
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Figure 2. Classification of weather radar types (B)
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Figure 3. Development process of weather radar system
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Figure 4. The schematic diagram of single polarization, dual polarization radar detection signal
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Table 2. Scattering polarization characteristics of typical precipitation particles
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Table 3. Dual polarization Doppler observation parameters
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Figure 5. CSU-CHILL dual polarization radar (From [4] [19])
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Table 4. The technical specifications of China CIRAD-98DP radar
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Table 5. Typical dual polarization radar and its characteristics
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Table 6. Development of phased array weather radars in the United States and Japan
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Table 7. Major foreigndual polarization, phased array weather radar manufacturers
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h B R m AT
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Enterprise Electronics EJeF/RAH GAMIC A 7]
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&S e T T EEag vy S ey i
LMT 2 ] £ 45/ ) (22 ) 1995 FURUNO (FA) = 1951
52. BRMEEERSEIANEZR

HHE PAR BORWF SR HIARXSVE J5 T 260 . HASERE . 2007 48, £E2 AT LA L D25 10 H 5
IR, JFRET PAR ZEIEAR MR GURFAL IR T, BT PAR RAHIEREFENL. 2016 4, HES
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[32]. 2023 4, HEHERHYL. WEIHE 7. #TEIEEEEZ R AR LN S, C X EBOmIRAHIZEME RS
Wik, oA 2023 o EA G I E BRI W2 (RII284T). HAT, AHERE SR IE KB N A 2 ROy
[ R IS GUR ) R R #5[26] [33]. 4 8 A T E N XURHR . AR RAFEE L .

Table 8. Major domestic dual polarization, phased array weather radar manufacturers
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EARHHE  BEBTRBERA o RFRCCONE  SHEEAREGE 200

e 15 14 TR HARA R A MRS
EREMETEL  BEERTRRHE o BURIURRREE  REGRRTER o
)G A PR BARIL A AR B 23 ik

A 3 =2 WV B IR 4 y

L G, L P e S0 s il p014
BRI, AR R PR AR "
A 14 i R 1L 6 2000 A R 2017

6. MARIEEEXSEIENE
6.1. S MBI F EMMABERE T A THERRTRTHN)

7 NOAA FIZE EE ARG HFFLE 10 EMTIT, RN T — R T B L W AR 7 A 4
RN S5 IR S 1, 2018 4, 36 [E Rk B T B Ak i 5558 2 (MIT Lincoln Laboratory)ff & 1 S ¥ Bt
B WAL AR % B 77 15 (DPPAR) ——SE #E HU R BURFENL(ATD), ZEEFX AR HFERR-FEHRAMH.
DPPAR-ATD it MK HEM RS, JiE 7 HRAFEAS RS Bk R 4a B BE 8, Beig i 2
NOAA R KR ER X PRI A AR 446 A1 B & ot R BE I 755K . 2021 4, DPPAR-ATD SEIL [ W46k
i AHE /1[27]. &1 6 /2 DPPAR-ATD SMIHE fr, 20 4 K. SIAFLARHH 76 N XGA BT 8 x 8 Byt fbii
WA, AN TR S 4 RE FLARAEC i B He PCB B, T A2 o R i 5 e Th 3 O B8 A 2:1
ST AR .

6.2. SKYLER MRt 2 IhaE X KEEIEMAEEIA

5 #H ARA =] (Raytheon Technologies) & 1 —F 3 145 5 L 7345 R Z B 51 R RRAS . XURR A (SR
PR)ZIheE . X BBARIEMEEILS, @4 N SKYLER [29]. SKYLER e tm B oI I . B BaE LAk
73, BEMEAE R B B IR BRI — 2 AT, W DAIRIIN R AR 1 A 19 1 23 1% 23 RS EAR A A 2 o B AR DI e
5 [ A 29 N 37K 54 1% 43 1% (Stony Brook University)-55 8 #14% AR 24 7] (Raytheon Technologies) &1, 4K
—HAER R ARG (H FH SKYLER XUk X % Bt PAR BT S A VORI RFE SIS . K 7() 1 7(b)
I3l 2019 4E, 2021 AR KR SKYLER. WO E 14 (0~15 km)Fl MRR-PRO il b4 R 75 15 5 il 1) SBU
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WRE, TAREALE KIS RSO (ATAR), A SCIWSUR #5458 K o 2 Lk R ket T 44 Sk 4 v
REPE, FHrT LR AA gmig k] 2 AT B . AR EE A B 25 (WDP) R FH 2 T AR J7 v AT e 75 ik
THRIZ RS, FHAREELUI IS R F. 20 RE REE . EERS . 20 R SR
PEHARRE, DRI FREEHZH. SKYLER-I 1 SKYLER-I ik AR M5 T % 9.

il

Figure 6. Advanced technology demonstrator (ATD) at the National Weather Radar Test bed in Norman, Oklahoma, USA
(From [27])
6. LT XEHRRGTDMESTERSKEERRE FEREREI(ATD) (518 3C#K[27])

(a) SKYLER-I (b) SKYLER-IT

Figure 7. SBU weather observation mobile platform based on SKYLER dual polarization x-band phased array weather radar
(From [29])
7. BT SKYLER MRtk X KEBIZMER SEIER SBU RSN ENT A (51 B 3CHK[29])

Table 9. The technical specifications of SKYLER-I and SKYLER-II radar
% 9. SKYLER-I 1 SKYLER-II FiABIFARMAE

TAESZR 9.0~9.6 GHz ik 5& nlig, A 1~55ps
Tx D% <250 W Wkt il CW, LFM, NLFM
RERF Imx1im Tx/RX AR A hh, hv, w, vh
TR AT P 2°x2° T8 i +45°J7 LA x +15 (M Ay
R KA 55 A 1 25% A e 40 km
ik 5 AR i, $: 1.2~4.0 kHz - -
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LR gl ik wE 8 fin. ZEUR: TR (OctoBlade) 7ME K], HHIEIIEZR: 8 x 8 “ff &
Wy AR EZRTHN, A ER: B8 “mEdr” , R&SEM NREHN 2518 x 8 “fir& " XUkikim
B (1600 K4 Jift). FPGA PCB (FPGA Effil FEE£HR), RF front-end PCB (S Al i v EIY Fill L #% 4K ), Support
frame (GZ##HESL)FN Liquid-cooling channel (7 # #1i@iE), OctoBlade (V] #K), Analog backplane (f&4L\
FLER S H), 8 x 8 Dual-Pol antenna array (UM AL K2R [ 51)

FPGA PCB

RF Front-End PCB Support Frame &
2 Liquid-Cooling Channel

8x8 Dual-Pol

Antenna Array | ]
50 _|
m e

OctoBlade
Analog Backplane

OctoBlade 8x8 Panel

Figure 8. HORUS fully digital polarized phased array weather radar (From [34])
8. “frEaH” £WFMUEEEXRSEIR(SIBIHEK[34])
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R FLWA ML (MVDR) H & R R SRR, A E SRR AR oK E 1 . MVDR J733006 T2 T3
i T A AT B A% SR A B IR A R A (B L 9(b) R iR). “r B 177 AR BOARBIAS 51 3% 10,
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S I B IR A: FEE AR A AF 48 B4 B 15 (Cylindrrical polarimetric phased array radar, CPPAR)J#E R~ FENL, FEIEAT T ¢
HEAN T RIRIN SR E6[35] o 48 EA AON UK 6 R0 62 ) SR FL 4988, W] DACE &N D7 1) b B 7 A A A AR 41 4
A RREE, AT AT DABEAT B B R AR . 14 10 25 H8 T CPPAR /R FEALIR F S (R T B 51 R 2k
JEE NS R . CPPAR BB AR5 T3 11,

Figure 9. Schematic diagram of the working principle of HORUS fully digital polarized phased array weather radar (From [34])
9. ‘e £RFMUEIEEXRSEETEREREESIB3CH34])

Table 10. The technical specifications of HORUS radar
2 10. “EH TS

BARZH bR BARZH bR
ER(ZTES 2.7~3.1GHz NI GILIE 25 (1600 WAL TTIF)
Rt ATSR/STSR/RHCP/LHCP RS +45 J5f, +45°0ff
Tx B AWG/LFM/NLFM BURE A7 25 360° T AL A, —1~92°
e {1 D (FRAN TTAT) 10 Witk AL AR 2.03 x 2.03 m?
B T ko 58 B 100 ps @10% 15 %5 Lk Tx/RX 3R % & 2.58° (LLHEE)
K T 5 100 MHz AE R LR TX/RX 6.01/9.81 dB
T 8] B 0.51@2.951 GHz REEQ Ak 4.3 dBZ @50 km
i
i
i
i
i
i
B
(a) CPPARJH R FEHL (b) CPPARME & K5

Figure 10. CPPAR technology demonstrator and schematic diagram of the principle concept of cylindrical array antennas
(From [35])
10. CPPAR Fi AR IR B [BIAE T P4 5 R 2 R ER MM 2 B 7R (5 | B TR [35])
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Table 11. The technical specifications of CPPAR radar
% 11. CPPAR T AR MK

HARZH i HARZH i

BER(Z7ES 2.7~3.0 GHz Ak XAk (h, v)
B LFM/NLFM W fEL T = 180 W/

Jik it 6 £ 1~100 ps EIREn 74 dB

Jik b L ST IS A] 1~100 ms e 75 2R3 2.8dB

REH T I P G 1~5 MHz

PR G Jififh 6.20°, f1f 5.35° PR B4 P 30~150 m
S5 <-28dB

6.5. C EERIBIEEXRSEIE(GLC-18C &)

Fp ] LT RHRAE A [ 5 R A WK 1) GLC-18C AL ER ik R F — 4T VB MR B A ], R T
ARGV S - R 2O BRI AR R R LR BT et = AR SRR 1K)
RINPOETT BFE 2 PR G BU(DBF) S R B IEAME . KB R 2R M TR B ) SRR . B8 S il
450 km Y FE BRI R SRS, 6 250 km YE I RE R BN KA. IKE. B
KX 5 FE A R A REHEAT A R WA 5% . GLC-18C Y PAR KA EH A A 3T 4 12 [36].

Table 12. The technical specifications of GLC-18C radar
& 12. GLC-18C A A%

HARZH FieNGe| HARSH Fience|
TAESZ 5.3~5.7 GHz BHLIEE <15 kW
Jok i Ty >23 kW H s ST (1] <90's (15 2)
PN ANE 8.6m SRR >400 km

F L L 0~360° SR R R >200 km
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A0 A FE —1°~+92° A WRIE . HIE. W
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