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Numerical Simulation of Filling Doppler Velocity Field in Non-Echo Areas

DENG Yong' YIN Liyun®* XU Yingjie?* ZHANG Tengfei? LIU Xuetao> TANG Dazhang’
1 China Meteorological Administration, Beijng 100081
2 Yunnan Meteorological Observatory, Kunming 650034
3 Nanjing University of Information Science & Technology, Nanjing 210044

Abstract: When wind field is detected with Dopper weather radar, there are some different size non-echo areas in
large-scale radar echoes, which lead to great errors when average divergence and average deformation information
are extracted. With the technique suggested by Sirmans to simulate the precipitation-echo signal, we obtain a plane
linear velocity field which includes 0, 1, 2 step overtones and carry on adds-chirp processing, and then a near-real
Doppler velocity field is generated. Supposing that the special non-echo area exists in the plane linear velocity field
and by the use of VAD technology and the repetitive processing, the continuous gap and the non-continuous gap in
the plane linear velocity field would be filled with repetitive processing. The simulation results indicate that for the
simulation of non-noise plane linear velocity field, the non-echo area of continuity accumulation gap from 10° to
180° can be filled inerrably with the repetitive processing in the velocity field. For continuous accumulation gap,
under the conditions of ,=2 m * s ', SNR=5 dB and SNR=20 dB, ¢,<4 m * s ', and the continuous accumu-
lation gap less than 120°, the non-echo area with the repetitive processing in the velocity field can be filled inerra-
bly. After filling, the absolute errors of 0, 1, 2 step overtones may be controlled to be less than 15% , and the ab-
solute errors of speed controlled less than 30% which is 80 km away from the circle around the gap place iteration.

For the plane linear velocity field of non-continuous accumulation gap from 0° to 180°, under the condition of addi-
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tional different noise, not only the accumulation gap less than 180° in the plane velocity field can be filled, but also

the speed errors can be controlled to be less than 15% which is 80 km away from the circle around the gap place it-

eration. This shows that the effect and precision are very good when non-echo areas in Doppler wind field are filled

with the repetitive processing, and will have a great help for improving the precision of average divergence and av-

erage deformation information extracted from the Doppler wind field.
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Fig.1 The discrete power spectral density chart of non-noise and white noise of 20 signal-to-noise ratios
(SNR=20 dB) when the radial velocity V,=5 m « s~ ' (corresponding to Doppler frequency of 100 Hz)
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linear wind field containing 0, 1, 2 step overtones
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Table 2 The result of filling non-echo area of plane non-noise velocity field with repetitive processing

SR EKE RMSFHE e /% c /% e, /% co /% euyro, /% 80 km GROESE ¢/ ¥
10° 21 1. 22E-16 2.62E-16 2.63E-16 1. 6E-15 9. 98E-16 9. 69E-16 0
20° 30 2.76E-16 2.85E-16 2.65E-16 2.01E-15 1E-15 1. 03E-15 0
30° 41 5.91E-16 3.22E-16 2. 74E-16 2.31E-15 8. 88E-16 1. 09E-15 0
40° 55 1. 17E-15 3.76E-16 2.91E-16 2. 82E-15 9.21E-16 1. 37E-15 0
50° 73 1. 95E-15 4.72E-16 3.43E-16 3.56E-15 9. 54E-16 1. 86E-15 0
60° 97 2.63E-15 6.69E-16 4.91E-16 4. 7E-15 9.98E-16 3. 17E-15 0
70° 130 3.39E-15 1. 12E-15 9.22E-16 6.83E-15 1. 73E-15 5.62E-15 0
80° 176 4. 03E-15 2.21E-15 2.17E-15 1. 18E-14 5. 22E-15 1. 16E-14 0
90° 242 4.91E-15 4. 76E-15 5. 58E-15 2. 34E-14 1. 73E-14 2. T4E-14 0
100° 335 6.27E-15 1. 07E-14 1. 5E-14 4. 37E-14 5. 14E-14 6. 04E-14 0
110° 471 8.35E-15 2. 44E-14 4. 1E-14 9. 8E-14 1. 76 E-13 1. 57E-13 0
120° 681 1. 18E-14 5. 81E-14 1. 18E-13 2E-13 5.12E-13 3.53E-13 0
130° 1003 1. 73E-14 1. 41E-13 3.54E-13 4. 34E-13 1.51E-12 8E-13 0
140° 1500 2.68E-14 3.5E-13 1. 12E-12 1. 24E-12 5.44E-12 2.15E-12 0
150° 2277 4. 45E-14 8. 94E-13 3.87E-12 3.71E-12 1. 85E-11 5.18E-12 0
160° 3510 7.63E-14 2.17E-12 1. 4E-11 1. 39E-11 7.03E-11 1. 26E-11
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Fig.2 The comparison images of the simulated and non-noise velocity field that filled

continuously gap 180° iteration non-echo areas with repetitive processing

(a) simulation image, (b) the 180° gap image, (c¢) filled image
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Fig. 3 Under different SNR conditions, the error analysis of filling velocity

field non-echo area with repetitive processing
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Table 3 Under different SNR conditions, the average RMS analysis result of filling continuously gap

from 10° to 180° iteration radial velocity field non-echo area with repetitive processing

= SNR=140 SNR=30 SNR=20 SNR=15 SNR=5 SNR=0

BeO k% RMS  #AUkE  RMS  BUk%EH RMS  #fUk#t RMS  BAUk¥ RMS  #%fUki  RMS
10° 21 5.6E-16 21 1. 36E-16 21 1. 6E-16 21 1.36E-16 21 1. 35E-16 21 1.5E-16
20° 31 2. 89E-16 31 3.32E-16 31 3. 02E-16 31 3. 74E-16 31 3. 75E-16 31 3. 14E-16
30° 42 5.62E-16 42 6.06E-16 42 6.81E-16 42 6.97E-16 42 6.71E-16 42 7.36E-16
40° 55 1. 25E-15 55 1. 08E-15 55 1. 2E-15 55 1. 22E-15 55 1. 16E-15 55 1. 3E-15
50° 73 1. 84E-15 73 1.91E-15 73 1. 89E-15 73 1.92E-15 73 1. 89E-15 73 1.99E-15
60° 97 2. 64E-15 97 2.69E-15 97 2. 68E-15 97 2.69E-15 97 2. 65E-15 97 2. 76E-15
70° 130 3.37E-15 130 3.39E-15 130 3.42E-15 130 3.35E-15 130 3.36E-15 130 3. 46E-15
80° 177 3.99E-15 177 4. 06E-15 177 4. 04E-15 177 3.97E-15 177 4. 03E-15 177 4. 08E-15
90° 242 4. 96E-15 242 4. 89E-15 242 4. 86E-15 242 4. 98E-15 243 4. 78E-15 242 5.02E-15
100° 336 6. 3E-15 336 6. 28E-15 336 6. 27E-15 336 6.29E-15 336 6. 16E-15 335 6.49E-15
110° 472 8. 19E-15 472 8.31E-15 472 8.36E-15 472 8. 36E-15 472 8. 22E-15 473 8. 46E-15
120° 682 1. 15E-14 681 1. 17E-14 681 1. 16E-14 681 1. 18E-14 681 1. 17E-14 681 1. 2E-14
130° 997 1. 74E-14 999 1. 71E-14 999 1. 68E-14 998 1.71E-14 998 1. 71E-14 1001 1. 76E-14
140° 1496 2. 66E-14 1495 2.64E-14 1495 2. 68E-14 1495 2.69E-14 1496 2.66E-14 1497 2. 78E-14
150° 2274 4. 41E-14 2272 4. 44E-14 2274 4. 43E-14 2272 4. 42E-14 2273 4. 39E-14 2274 4. 62E-14
160° 3505 7.63E-14 3504 7.61E-14 3505 7.67E-14 3503 7.53E-14 3502 7.68E-14 3510 8. 07E-14
170° 5496 1.38E-13 5496 1. 38E-13 5495 1.37E-13 5493 1.37E-13 5482 1.39E-13 5505 1.43E-13
180° 8756 2.55E-13 8753 2.55E-13 8754 2.55E-13 8761 2.53E-13 8755 2.56E-13 8808 2.63E-13
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Fig.4 When SNR=15 dB, ¢,=2 m * s ', the comparison images of the simulated

velocity field that filled continuously gap non-echo areas with repetitive processing

(a) simulation image, (b) the 120° gap image, (c) filled image
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Table 4 Under different ¢, conditions, the average RMS analysis result of filling continuously gap

from 10° to 180°iteration radial velocity field non-echo area with repetitive processing

2 o, =1 6o =2 v =3 oo =4 0v =29 0,=6
BRI 2Rk RMS bW RMS  #%{Cwksk  RMS  #EfRwE  RMS  #{Cwkk  RMS R RMS
10° 21 1.18E-16 21 1. 6E-16 21 1.30E-16 21  1.18E-16 21  1.18E-16 21  1.31E-16
20° 31 3.85E-16 31  3.02E-16 31  3.74E-16 31 3.7E-16 31 3.6E-16 31 3.49E-16
30° 42 7.3E-16 42 6.81E-16 42  6.75E-16 42  6.53E-16 42 5.71E-16 42 6.8E-16
40° 55  1.26E-15 55 1.2E-15 55  1.17E-15 55  1.21E-15 55  1.21E-15 55  1.21E-15
50° 73 1.95E-15 73 1.89E-15 73  1.84E-15 73  1.86E-15 73  1.82E-15 73  1.94E-15
60° 97  2.64E-15 97  2.63E-15 97  2.68E-15 97  2.72E-15 97  2.68E-15 97 2.6E-15
70° 130 3.34E-15 130  3.42E-15 130  3.32E-15 130  3.37E-15 130  3.42E-15 130  3.37E-15
80° 177  4.06E-15 177  4.04E-15 176  4.11E-15 177  3.98E-15 176  4.06E-15 176  4.04E-15
90° 242 4.89E-15 242  4.86E-15 242  4.98E-15 242  4.87E-15 242  4.94E-15 241  4.97E-15
100° 336 6.25E-15 336  6.27E-15 335  6.23E-15 335  6.29E-15 334  6.13E-15 331  6.22E-15
110° 472 8.34E-15 472 8.36E-15 471  8.24E-15 467  8.35E-15 467  8.29E-15 468  8.16E-15
120° 682  1.17E-14 681  1.16E-14 675  1.18E-14 677  1.18E-14 680  1.15E-14 682  1.16E-14
130° 1001  1.73E-14 999  1.68E-14 999  1.71E-14 1001 1.75E-14 1006 1.74E-14 1010 1.74E-14
140° 1498  2.69E-14 1495 2.67E-14 1496  2.69E-14 1503 2.69E-14 1510 2.74E-14 1514  2.85E-14
150° 2276 4.43F-14 2274  4.43E-14 2277  4.43E-14 2287  4.5E-14 2299  4.73E-14 2309 4.91E-14
160° 3509  7.56E-14 3505 7.67E-14 3514  7.8E-14 3533 8. 14E-14 3557 8.38E-14 3572  8.87E-14
170° 5499  1.35E-13 5495 1.37E-13 5510 1.43E-13 5560 1.47E-13 5596 1.55E-13 5637 1.59E-13
180° 8772  2.46E-13 8754  2.55E-13 8819  2.62E-13 8914  2.67E-13 9003  2.67E-13 9074  2.76E-13
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Fig. 5

Under different ¢, conditions, the error analysis chart of filling

radial velocity field non-echo area with repetitive processing



55 5 ] % ZEEE

T B 7 i ) XS SRR A FR) B (A A1 9

) AR AT 152 25 e 3 Rl B S, 0 L AR e X
12070, 0. 1.2 B ik Il A X 158 25 JE AR AR A 15 %
PLE e {55 2 T 100% A 3% A0 BRSO I R
R Yo, <<3m-es ' HBRIIXIH<<120°H),0.1.2
B 38 D AR X iR 22 ¥4 10 %6 L A8 4k, 80 km [ g P
AR I AR ) DX SR (AR X 1 25 e 7E 1203 2026
Z 16 7% 2y i B AE S S ) DX R 22 4 7 SE R RS B A
SRR 50, >4 m o s I BRI X 3 > 120° LU
AR A SO R AR, 01,2 [ i D A X
WK T 10% .80 km #5518 A9 5 i e (¥ KT
302 RFAE 6, =6 m + s L T00TBRINIX (Y e, -
HE & # 19%.80 km i 55 B 1 3 ¥ « € ik 5
30.5%0 IHAMSCR AR . dy BE AT UL o R 5 B R/

0
~10
- -20
; : -30
i —40

Xof 2k AR I 3EL R T T 3 B A G [l e XA AR R T, AR
SCEEUL 7E FH AT BRI R S ) X 3 R AR
SR F I I AR 1207 AP BB 3 98 o, B AP AE 4 mo-
s DA SRRSO RIORS BE A R 3k B R

LI SNR=20 dB.o, =3 m « s ' Fifi WL I 3% 22 1
SR Ry 1207 R ] (&L 6) , €] 6a B4 SNR
=20.0, =3 m + s ' MEFE AP AR ) B 3 A
Bl 6boJy N i i 1207 7 Ze vl 1, [ 6¢ S 3% 4K
AN U B 0] DL BN CR B . A
SO ERIETEFMEL 0, <3 m « s7 EL R
BT <1207 16 B0 T o AR 4K = RS JE b 3R AR OF 1 48 )
3 T X,

6 SNR=20dB. s, =3 m-+s '3 ZFU O 120° 0 3% A KM AT 5 - ok 2 J
OBHIE; (DB E; (oM
Fig. 6 When SNR=20 dB, g,=3 m * s '

, the comparison images of the simulated radar

velocity field that filled continuously gap 120° iteration non-echo areas with repetitive processing

(a) simulated image, (b) the 120°gap image, (c) filled image
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Fig. 7 Under different SNR conditions, the error analysis chart of the random

gap velocity field non-echo area filled with repetitive processing

=
N
m
H
0.0 L L L L L L L L L L L L L L L L L
€, (n) 10 30 50 70 90 110 130 150 170
(38|
14 —SNR=0 - SNR=5
12 —SNR=15 SNR=
S lg =30 =~ SNR=40
m
&6
oA T
2 — =
. (n)olo 30 50 70 90 110 130 150 170
« e
3 ———SNR=0 —— SNR=5
~_SNR=15 SNR=20
< 6 —— SNR=30_——— SNR=
o
mogq
0 R —_ \
pﬁ 2 —_— = = .
70 30 50 70 90 110 130 150 170
Euyivy (n) Gl
& 7
4 —o0=1 —o0=2
3 It o=4
= 3 ——— 0= ——0,=06
o 2
i J\/\/M
ﬁ 2
o1
e — R —
0 T T T T ) — I I I I I I I I L L
g, (n 10 30 50 70 90 110 130 150 170
il
12
10
< 8
Z 6
§§ 4
2
e (n)olo 30 50 70 90 110 130 150 170
. e
14
12
= 10
o 8
6
w4
2 —
(0)10 30 50 70 90 110 130 150 170
Eyyov, (11 B

& 8

e 1 1R/ %

90 110 130 150 170

p 1030 50 70
i 11

14 — o~=1 —0=2

" W

10 0=6 -
A S
6
a4l ——
2 = N @@
0 10 30 50 70 90 110 130 150 170

ik

R o, F0F T 2 AR SERR B AL Bl 1 4% 10 3 13 37 G [ 9 X352 22 43 BT IR
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velocity field non-echo area filled with repetitive processing
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Fig. 9 The comparison images of the actual observed radar velocity field that filled continuously

gap 110° iteration non-echo areas with repetitive processing in Pu’er radar station

(a) original image, (b) the 110° gap image, (c) filled image
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Fig. 10 The comparison images of the actual observed Doppler velocity field that filled

non-echo areas with repetitive processing in Kunming and Lijiang radar stations

(a) Original velocity image in Kunming, (b) filled velocity image in Kunming,

(¢) Original velocity image in Lijiang, (d) filled velocity image in Lijiang
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