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Abstract The C-band Frequency Modulation Continuous Wave (C-FMCW) vertically pointing radar was developed with a new-
ly signal processing technology. The C-FMCW radar uses the two-dimensional FFT signal processing technology, with the
lowest detectable echo power of —170 dBm, and the quantitative calibration is difficult for weak signal. For a standard signal
source analog echo point frequency, its frequency signal is able to be broadened to the signal with the same scanning range as
the radar system, to get the calibration curve with the minimum input power up to — 169. 77 dBm, in which the calibration
curve inflection point is able to confirm that the radar noise power is about — 168 dBm. The spectral density of reflectivity can
be computed from the spectrum of quantitative calibration. The data observed from the C-FMCW radar are compared with the
SA scanning radar on Dingyuan, Anhui Province from June of 2013. The comparison analysis uses the data from the 48 km and
83 km CINRAD/SA Bengbu and Hefei radar, respectively, for the August 24 precipitation event. This event includes the two
stages with convective cloud and stratiform cloud respectively. The reflectivity vertical distributions in the stratiform cloud for
the C-FMCW radar and CINRAD/SA weather radar are basically in agreement, showing that the calculation of the C-FMCW
radar system is reasonable. The average difference between the C-FMCW radar and SA radar in Bengbu in terms of the root
mean square difference is 1. 75 dB, and that between it and the Hefei SA radar is 2. 02 dB. A preliminary analysis using the
products and the spectral density of reflectivity, shows that the C-FMCW radar has a good prospect in the identification for the
different particle phase thickness in precipitation cloud body, the study of echoes in the boundary layer of the clear atmosphere.
And, it can also help to recognize the strong variations of vertical motion in the severe rain clouds.

Key words C band frequency modulation continuous wave (FMCW) radar, Radar quantitative calibration, Reflectivity compar-

ison analysis, Precipitation cloud detection capability
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Table 1 The main technical parameters of the C-FMCW radar system

7 ZH tibr
1 TAESR 5530 MHz+ 3 MHz/+3.5 MHz
2 M gy = [#] 2 T 4R AR
3 PRI 4 0.015—24 km
4 A A 600.700 ps
5 EEE T 6 MHz+ 3 MHz/ +3.5 MHz
6 e [8] 43 B % 3s
7 PE B R RS PEK 215 m/30 m, FE%L:800/500
8 BRI AE 77 15 km 3 2 40 R0 8 J) I8 T — 20 dB2
9 KL Wk 4y
10 R 5 =35 dB
11 W B <2.6°
12 B =150 W
13 2 W T8 2y 2 7 [ =82 dB
14 55 4b ¥ R AR L AR
15 R i IS N TN

Kl la 2 BoE L 2013 4£ 7 4 4 H 21 B 25—
45 4y CHEFLiE L TR D 000 1 B K 2 08 B | TR %
i 5 1l B[] 20 B R Ok 3 s i B 4 BER N 30 m,
Kl 1b Sy 21 BF 45 43 35 FPHRIN A4 [ 35 5 B 35 4% 3 43
filEl .

B+ CEMCW $zIfLi 56y 2 kHz, 5 ik ih £
i H 5 2 MHz W45 i AH b, R4 & 1730 dB,
T3 Ah s AR B 3 A3 A (fF 5 A T AR D 15
FAbFRAT 35 29k 25—30 dB, B gt BB i 55—60
dB. Hifge/NAT i R A K — 170 dBm., R AT H
Fe B AR (DDS) i A2 8 BE (1 @R B 38 MR 4

PRk F] 10" (1 ms) KA b ARIE 1 55 35 i R UL R B
JE WS 2 81T,

3 CFMCW k{5 5 &R

C-FMCW 7 3542 W {5 5 19 2 b 4 7 3K i s ]
e Ty Z i % B o A b i 2R ) D) R AT bR, C
FMCW ik b A5 905 5, i 2k L= )
RAIEW B /R A 30 m Bl — 166 dBm . i &
Sy BER 15 m BRI — 169 dBm, B ik fie /N ol A5
S5 IERINH N - 166, — 169 dBm,C-FMCW &
T8 110 2 A M s S X B 55 1 5 T b o



580 Acta Meteorologica Sinica S 2015,73(3)

15+ 1 i 1 i dBz

El
=
-~
=
o0
[}
jand
El
=
-~
=
20
[}
jand
m/s
5 2
<
-
=
=
= 1
21:45 21:40 21:35 21:30 21:25 UTC
15 ) T T T
50
40
30
H E
-
g
"Eﬁ 20
& 8
= S
10
0

Velocity (m/s)

Bl 1 20134E 7 1 4 H LaSW's C-FMCW 5 35 [8] 5 58 5 Can ) A2 10 38 5 Cay ) L E 35 5E Ca)
(b 2013 45 7 1 4 H 21 BF 45 4 35 £ A0 51 58 5 142 B 23 A
Fig.1 LaSW's C-Band FMCW radar products (reflectivity (a;) . vertical velocity (ay) and speed width (as))
on 4 July 2013 and (b) the spectral density of reflectivity at 21:45:35 UTC 4 July 2013
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Fig. 2 Calibration curve of the C-FMCW radar system




582

JIARIRZE N 0.19, RER S ST 98 dB, R4l
BUPR S AR Z LU ERERR. PIa%k
b g 45 A R UL B KA WD L R s /MG S X
BN P LA RS T 403 20 i F LA M T R
AR/ S Y055 U5 A A D) 3R B K W8 75 1)) 38 X6 iy A5
S IR ] 20T CRAE 5 XKD 5 415 5 )
i A T 23R AN 28 2 30 M s TR 6 2 o B4 AL 5K
MEHRE S WA HL MR 2SS T 3 dB B A
R E TSR, K 2b 2K 2a h/MES
DX IR ) Al b HEAT TR AR T IE OKR 7S & R 450
7 B 2b MR T IE IS 14 5 b Bl £k 26 PR AR R 1S 3]
TG,

& 2 v plg M O 115 TR R MR T R 2
— 168 dBm, K] C-FMCW 851k HA X 85 < % [l
WA 5 BRI BE 1t 28 B B a2 bR 7 S8 T AT Lo b il
LA,
3.3 E&SHITE

FE bR G ) FRRR B 2R Y B YR D R P S bR
M1 ol A % B4R S (v) (BA{i7: dBm/(m -
s )52 HE BRI Av(CRAL  m/s) RN

P, =S (v) + Av 3)

HEBRG R GEL W B TR P,a] LIFEfk
RS ) B R B Z (B . dB2)
P.R?

C

A C o T WA 55
B BEES R GE LA 1 U e e B AR e
K P RGN .G R REME 15,0 K- 9 T
BE ¢ M EPORTERE h N EE B B, (kP T gt
FREA MK Ly A& AE

KAME T 0B P50 B Z i WA B SF Py (I g
JeiR Bl {5 5 BE B PR A 8 ) 2 RO M5 5 0l B A
GCo) CINE 1) B F B AT H 3545 21 s Neer 0 38528 460 15
4

Z;, = €Y

Ngpr/2

Z= > (Z—Pw (5

i=—Ngpp/2

B A% ) B (m/ ) S AR 15 558 B % 40 A 1Y
— B "R N

Ngpr/

2
Z G(v;) ¢ v; » Av
N /2

I — (6)

Acta Meteorologica Sinica S %24k 2015,73(3)

LU o (m/s) Sk 1 7 35 URE 23 [8] KL
18 B AN S O A S BE RS A A 1 B O

2

N 7
Npgr

D1 (o= e Gluy) - Av
_|i=Ngpr/2
o= N 72 D)

E G(v;) » Av

N
i=—Ngpr/2

4 I

2013 4 6 H & C-FMCW ik 76 & & ig
(32°32'N,117°40'E, 69.6 m) JF & T Wik 56, 5
PR 2 47. 7 km 9 BB SA R ik (32°51° N,
117°27'E, 149. 6 m) il 83.5 km [ & I8 SA & ik
(31°52'N,117°15'E, 165. 6 m ) W%k 48 347 o 55
8 H 24 HEm BT — YB3 i B 7K L 72 JiT 3
SR XTI R K S S5 G O 2R S B K SR BT B SA
A VAL SA B IE BRI A T b as 0 ] B S A
[F] if 2] C-FMCW 8 3k 80l 647 Fo X 407
4.1 HHZE

3 R IS AL A I b A IR I 5 R ) BURE 25 (] 4 AN
AR SA TE 35 B A0 A P R T8 BE Sy 17, BR B R K
1 km; C-FMCW 3 4500 75 35 10 5 5 9 ok 2. 67, 1
BIEK 30 m, [ 3 i A E SA Fiks CFMCW
FIRBAE MR BIE & 3a S B HURE A3 1] L 8] 3b
K- B EUREZS (], fE CFMCW ik 128, i i
SA T35 5 A NE T 3K 0 BCHE HURE 2 8] 9 g 823 1] 4391
29 0.63.1. 45 km, 73 | & 7 21 1 48 > CFMCW
FIRBAEE R . CFMCW ik 7 1.5 A1 10 km = &
E Y K S BURE T BB 43 1 oR 0. 022 km X 0. 022 km,
0.11 km X 0. 11 km F10. 218 km X 0. 218 km, 7£ C-
FMCW ik 45 5 km, BEH: SA 5 1k BORE i LU C-
FMCW ik 40 £%5 .G SA FikWIh 85 1.

4.2 BAKZEEEEEEESEN

R A8 b 1T AR /K SR B R R UK 2 TR L 45 R R AE
2013 4% 8 1 24 H BE/K R R 43 S P A B B L B L 1
o 06 ff 30 4308 I [ X i 25 B 7K B B, P B 2 2R
09—11 B 2R = BE KB Br. &1 4 43 3 45 w5 A~
A B I | 25 B K o MR T B RR 26 R % (VPR il
IF | ) A5 4k B 4ab ) C-FMCW E 3578 06 i 30
43—08 B FLPEFT T 1800 YR L 09—11 fsf I % i
T 2343 W HE L R R SA TR IR B T 4R
Bogic bas 7 AR AEE RS B 1 3R 15
UCERI i B 2 B4 20 YR .



br R4 . C i Beya A i 2 iR U 2 BRI 28 48 SO ik 46

583

(a) SA  Bengbu
S~48 km h;=0.63 km SA
SA Hefei

S~83 km h;~1.45 km
Beam width 1°

S

The distance

—— between the

radar station:S

Height

B3 i

AR SA Fik S EE CEMCW 2 356 0 BURE 23 8] 7R &
(a. @ REZSIAIARENE . b,

TR 2 [ AR D

Fig.3 Schematical map for the position and data spacial representation for the

Dingyuan C-FMCW and, Bengbu, and Hefei SA radar (a. vertical, b. horizontal)
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