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Development of High-Resolution Meteorological Radar System —— by Katsuyuki Imai, Yasuhiko Ura, Takao
Nakagawa, Tomoo Ushio and Zen-ichiro Kawasaki —— Rainfall observation using weather radars has a major
advantage that it is possible to observe precipitation over a wide area in a short time. However, the precipitation data
observed by weather radars often do not correspond to those obtained by ground-based rain gauges. One of the
causes of this disagreement is the non-uniformity of rainfall distribution in a radar scattering volume. Another cause
is that most types of radar cannot receive radar echo at low altitude, because the earth’s curvature causes radar
beam to overshoot several kilometers above the ground surface, or because the receiver in a vertical pointing mode
is turned off during pulse transmission. For the purpose of identifying how the reflectivity profile changes near the
ground and estimating precisely the causes of reflectivity measurement errors, the authors developed a high-
resolution meteorological radar that is capable of observing radar echo near the ground with a high temporal and
spatial resolution and a high accuracy
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Specifications

Remarks

Operational Frequency

15.75GHz

Operational Mode

Spiral , Conical , Fix

Band Width

80MHz (max)

15.71GHz - 15.79GHz

Modulation

FM charp

System

Coverage

Az :360° /El: 90°

Resolution (Az/El)

3"(min)

Resolution (Range)

Sm (min)

variable

Resolution (Time)

1min./scan

Antenna Gain

36dBi

Beam Width

3

Antenna

Polarization

Linear

Cross Polarization

25dB (min)

Antenna Noise Temp.

75K (typ.)

Transmitted Power

10W (max)

Transmitter|
Receiver

Duty Ratio

0%~ 100%

Noise Figure

2dB (max)

D/A

170MHz - 14bit

IQ 2ch

Signal

A/D

170MHz - 14bit

IQ 2ch

Processing

Range Gate

32k (max)

IPP

variable

Data
Processing

[N

Windows XP

*1

* 1 Windows,
I} % R,

o

Y

High Power

Amplifier
13.75GHz
mix.

-~ fnaro]

R

o

Low Noise
Amplifier

mix.

Windows XP (&, K[E Microsft Corp. D K[E & O Z DL I B
F I BT,

Data Processing Unit

"""" {Sequencer]

PC
[ (Windows XP) ]

Control _| RS-232C

T LAN

¥ !
Digital Signal Processing

2ch Rotary-J
Ampliﬁre@ \ /| Amplifire

AZEL |
Controller
Status
Monitor

14 bit
|01 00|
| Q

(oA b
| Q

iStatus|
’7 Demodulator

Modulator

2GHz ‘

Antenna / Transmitter / Receiver Unit

2-1

E1

REREL

VAT LB

Signal Processing Unit

R R A DAY — M2 WS % 720

. FEATSERE (LT LY VSRE) & LCom
ORI S L END o —HeH TV AT T

—(106) — BoRERRL—5—DRH

EET AL, LRV VU REE LT R R 8
SOMHz UL &%), L= =8 ) B THNRTWAFRE
Wy Ho R IR 2B LR T W Ku/N Y R, vl
EKa Ny FHER L — 8 — DL EERIERE 25, 72
FRALESOME, L — ¥ —HOMEFEH, HIchy b7 —
74t (ZEEAR) 52 L 2RIk A MEEEET S
&L Ly YN Ly V20km (@20dBZ) FEEOHEEL —
F—THHFERL — ¥V —Ma e T s I EEE L, B
L PEHNT — TN A AABHRIMELTIEWE LD
D, KaNy FTRELZENARTH L7280, KRFEIZBW
TIEKu/N> F (15.75GHz) % "G EHSE UTHRMA L7,

2-2 7PTF. RUOAFvVARK KBV -5 -
THRHENTWAE NG KT 7 v F FHRERICAE SN D X
IS, FA A (DT, Az/El) BRI —RBTH
505, Az LD AREEWERE) TITV, EIAF ¥ V1237 = —
ART7ULAZRAVSLHFROREEINT VD, L2LAEDDS
Hak Surface gap % i ) 7290121k, 4 DL — ¥ —HKIEH
MEFTAFELLZINVE) 2— L AF Y UHPLETH), £
ASERENERNL 7 2 — X F7 LA HRTEEA 128
LA, F72a A MHTRERBEL 205, F 2IF M5 fFHE
WBLTRINVE) 2= AF vy V10U TILEFL L,
B> T Az J7 O [Alfin 3 BE 13 20rpm ~ 40rpm ASILFETH 5,
FEAT B 12 TR 3 2 [0l 45 BE CUd 2o 28, 24 IERE 365 H O L
YERLICTN Z D) BORE 2 #7220 H Y, AN - BED
TUTFFPLETHE, INSOBERHEEE L., BiHMl
DEREBHHL —F— (V1 v F7a7745—L—%—)
ICBWTEHEDOH LR L~ X (Luneberg Lens) %7 7
FELTHRAL, M O—RIixG 2% &S®E TR 32 R
¥y R EERLL,

LT, Luneberg Lens (DWW CfiHLIZF % 3§ %, Luneberg
Lens DJFHEK # B 2 IZ7R 5 1944 4F1C Luneberg [N E %
L72iFBARL v XA TH Y . IRIKFEAKD H.L2 5 O
B CHFERZZLEELI LT, FHETANLALE
WA, FRAEO P LT ERT EOERICET S,
FREOTEIRNEKTH L Eh S, HO5WILTHHEDFH

BEBHEAN 5D
BED. EElc. HD
F— e GRS

HeEEER

0 02040608 1

LY Z DR R 1 LYA$R

B2 Luneberg Lens QOEREE



REWIT, MeDESZHEOZEIIRY, EoTL Y XE
HIEOEBEORPERICZVET, BOoMICEE %%
BTE) 5, MIERLORETSNIZERIZ, LY X% &
W5 ETRFHEEE 2> T, MEHENE, ZhsDFHY
. KLy XEdEE - mEAF Yy YT o7, E
MEEEZTCINT L2 BERTIEZET 7L
THERET A2 L E2RIBLTWA, KT, B, @
Axx HT YT FELTHHLTY S, BFERKIZEWT
&, & ¢450mm. 7 ¥ 7 FFIE L K 36dBi D2 D
Luneberg Lens % 4 \2&fEH - EHE L THAL TV,
B 3. Luneberg Lens 7 7+ D7 ¥ 7 Figmatts kL
TWwh,

40 —
_ [ =]
% 25
5 % i
% 10 I \‘

0 M'\M Wi \n’," \' M‘Im "*\\w{WL AMM’_MJLWW”

-90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

Angle [deg]

B3 ¢ 450mm Luneberg Lens 7 V5 FDfEAE

2—3 ULEFR—LA — B R NT KT T T S EREH R
DOEE . fidk FEFCOEMAPTRETH L5, V7L
¥ — FICHN A TRHOEETT ¥ 7 FAEIRE ST
Bz, ZEBEOHMENEETHILIRRL —F—I2B
WTIR L F=ADWHETH Lo, Fli SRV & 722k
BEDO L F— 23 KA 2 D12z, 25dB Ll EDOXER
WU PEATESR S N5 Dual fR@ i TR 2 Bk fE LR &
T B REED TV, & 2 CTARBFSICB W TIERE, LS
- R OEIEESBENR TV AINZ I LYV P A v T
ORI F— 2 %M L7z,

2—-4 EEFRE HBHFRELV—YV—%. 774AFL
O EDHERBEZEE W5 JED H 5 A, Lifetime %
BHRES OBE D, SEERTHEHEDOL — ¥ — OUHEE
ez onb, LYY ANL Y Y 20km (@20dBZ) % %
FHEL LTWa 720, KRFICBWTIEIHEWRD GaAs /¥
T —=TNA A& IR T, M 1I0W 2 EB L TWwb, 2
NFTHNT—=TNAZDOEREEHDTE7/2GaAs b, KuN
YFUEIZZ2 EBWHPRATH Y. GaAs/GaN D771k i
IAE L Tw5b, ffFEFEH 2R T 5 GaN &, BEICHEY
BEOEMBETERLLEINTEY . XNy FTIRBEICEHK
FWHDOTFINA ADPETFEINTWLIEHH D, GaN %2
BADETIVF = v IVDREHBOBETH 5,

2008% 7RH -

B > 2 (BUARLENRE) ZHEMRT 2720, REMKTE
N7 7+ FTORBRIEEL, FRAKICZEROWR
HREBREMZ DLEND L, £ TR TIREZER
24r#E L. 2nd RS MELE (13.75GHz) #H0— % 1) —
JaA v b EBICHEELZ, SICE), u—F Y-
4 METIE2GHz TRk L, 7 ¥ 7 FHE FTI15.75GHz ™~
JRBZSR L TNA ST — T ¥ S THIEY % 72 O 8RR IH
B 05dBAREEICHIZ A 2 LS HREE T o720

F 7z, ERREIESER LT 2 2 L RETIRIC, RERE.
HAEREIL D). DCEREE., NIRERESFD, FEED
REE=F—BF%, AV vy 7Y 724 LT, BRER
ANORUAA, FOPCHELETT T — A FRH T HE 7 WK
Lo TWwWh,

2 -5 (ESUERE L v V5 fREE 2m T 20km O]
WL T EAN—FB720120%, 75V A0 & L JEH PP
(1/PRF) 122 & 10K KA ¥ b2 7)) Y I EE R D,
7%V A LA C matched filter 5% FFT %47 9 41213, PPN
T 16K 72 \» LIE 32K @ FFT % F47C & A 1 E OMBLEET) A%
VEETH Y, DSP 328 % H Wl FIMLEE %47 > T b, I
F DSP % % Bel2 ¥ L 7-HEK U3 flexibility ICE &, Hoa
ANA) vy bbHDIoH, FPGA & A THERE L., AN
PEWY AT LAZEHL TV, FIHBIIIIBYTIE, £
FHRE LT, BIEREET ¥ — TES 2 HV L5, 4,
Lyod g va—7, RUSINHLER#fb§x<, 1E
BrezhilT&sMlizZEL. F5%4EL L T2ch
(IQ). 170MHz., 14bit D D/A XA L TEBY ., ADD T 72
FALEE TR L T b,

ko Ly V5 RRE. BHMORREEEET AL, T
HElZ15HTH360MB OB L 25720, 77— % DmE
B, ISR 2L D BER 2K, 3RINLT—
FD)TNEY A LER - RIFDPEGHROBETH 5,

3. {HIERAIER

() FHA 22 FE B JE bR (JAXA) S aER R L —
F— B A M2B ORISR IS X 2 OB R % D
TIRT s T2 I3V INbENREOBEKERTH S, E
413 % H1D Doppler AXZ7 IV F—% Ty, Hilfid
B R E £ L, AORHEIEIL —F =2 om S5 )
M, EQRGEIZL —F— 100 fx &R, LY,
JFUEASEEZAL L TV D25 % L EEEC, FER I
ML Y VRRBRETBEITE TWA Z bR s,

B5. 63, MAEZIFEICHEEL, FMAF Y L2k
g0, LV—¥F—xa—i@E, KO Doppler M %
FLTWD, MEHIRTEOHiHE, HeiIrElboEEETd b |
BRIHETEOmRLHbETTOy b LA, MH.OICY
HHEL -V —DHRBEINRTWD, Mhoh T -5 57—
Yvarvidl—F—Ta—5RE, KO0 Doppler 3%
FRLTBY, EOEFEIIL—F =128 JH, ADHE

SElI 7ZA)bbEa— - £173% —(107) —



IV =Y —omEhb M ERL TS, DF D,
BML-E &, BFEHIBIFERTH o722 EHPEB A5
THND, WTFhoT—5 b, fERITEH L v Db
THHTETBY ., BWMEDO R M5l < &

20 Velocity[m/s] Operation_200802222330
T T T

S5RBZENTETVDLDONDLNL,

Velocity and Doppler Spectrum

8000

6000 =

E
E 4000 f
2
2000
0 -- ——
0 10 20
Power [dB]
— velocity [m/s]
-15 -2 10 24
B4 ZARIRLF—%
20 Reflectivity[dB] Operation_200802222330
r T T ¥ A T
10 |

meridional [km]
o
1

20 L FEME I AT [T AT e A Ar i il B \ .
-20 -10 0 10 20

zonal [km]

®|5 L—4—I1—8E

—(108) — BoMRERRL—5 -0

meridional [km]
o

10 |
-20 ..‘..‘.Mu7.‘.‘.(”".M.‘..\..‘.‘.H.
-20 -10 0 10 20
zonal [km]
E6 #R#RAM[ Doppleri®E
4. & B

LA, BORRERRL - — R L. OB
BEns, Rl —F—OFHMEIFEH SN2, #HSTHIR
N7z, BEORSL — ¥ — D% XL % B
L. KL =¥ -2 @m%ERET L2 EPAROHINTH 5,
M7 — 7 OMEAIE, KETWORBER Lok ST,
BELETEMNFORBNYRERLORMFEL - TN
DTHEMTH L, BEBERICEIFTLLLVE I N—T 5
L= =12 X A2LHEEH., 50 VEBEICE B
W7V T) XL DRFEDSEHOHRETH S,

o oE &
SH T¥ I SEIN\ATUYRH s

b BRE  SEI\A/TJUw I ik

Il R CEFEREIVATAVUI-VAVH) VAT LKEREELS
B M [ KBRAFAFER TFHRE £ (TZ2ED
JIBE—B | KBRAKFAZERE TFEHRE % (TFED)

* EPEE



