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Abstract: In view of the characteristics of X-band phased array radar, which offers high spatio-temporal
resolution but limited observation coverage and various errors that affect the reliability of data, this study
proposes a method of high-quality data fusion between X-band phased array radar and S-band operational
radar. First, the optical flow method is applied to extrapolate the motion trends of S-band radar data, en-
hancing its temporal resolution from 6 min to 1. 5 min, synchronized with X-band radar. Subsequently, the
optimal interpolation algorithm and pyramid transform algorithm are employed for the spatial fusion of
dual-band radar data, and the corresponding products SXnet-O and SXnet-K are obtained. Statistical anal-
ysis based on nearly 5000 radar volume scans from the Guangdong-Hong Kong-Macao Greater Bay Area ra-

dar network from May to June 2022 demonstrates that the time-matching results extrapolated by the optical
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flow method outperform traditional persistence forecasting in terms of forecasting scores and correlation

coefficients in the temporal dimension. In the spatial dimension, the fused data effectively compensate for

the detection blind zones of a single radar, increasing the low-altitude (500 m) echo coverage by approxi-

mately 2.5 times compared to the S-band radar. Comparative results indicate that SXnet-O significantly

outperforms SXnet-K in system bias control (92% of deviations within +£2 dB), parameter consistency,

and boundary stability. Compared with the single-band network data, SXnet-O greatly reduces the mean

deviation from the S-band reference. Moreover, the structural precision of X-band and the observational

stability of S-band get effectively integrated.

Key words: S-band dual polarization radar, X-band phased array radar, data fusion, networking mosaic
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Fig. 1 Distribution of SPOL and XPAR
stations in Guangdong-Hong

Kong-Macao Greater Bay Area
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Fig. 2 Comparison of (a) frequency and (b) probability density curves of reflectivity factor between

SPOLnet and XPARnet at 3000 m altitude, and (c, d) vertical cross-section of reflectivity factor
from (c) SPOLnet and (d) XPARnet along 23°N at 16:30 BT 12 May 2022
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Table 2  Statistical metrics for reflectivity factor

of SPOLnet relative to XPARnet

ENR Bl
R 0.76
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Fig. 3 CAPPI images of reflectivity factor at 3000 m altitude on 12 May 2022
(a) SPOLnet observation, (b) results of (b;) 6 min, (b;) 12 min, (by;) 18 min
extrapolated from SPOLnet data by the optical flow method at 16:30 BT

F3 202245 A 120 16:30 WK R HREFRIRITSH
Table 3 Forecasting scores of reflectivity factor initiated at 16 .30 BT 12 May 2022

4R Iy 2 U4 %/ min POD FAR CSI
6 0. 881 0.134 0.775
RR L 12 0. 794 0.234 0. 639
18 0. 745 0.291 0.570
6 0. 889 0. 104 0.938
itk 12 0.923 0. 100 0. 837
18 0. 879 0.164 0. 750

F4 22255A8HEGCR T BAREMRE A EHNRHEEFRRGE TSR L

Table 4 Comparison of statistical metrics for reflectivity factor between forecasts by

the optical flow method and Eulerian method from 8 May to 7 June 2022

BRI/ min J'L{;ﬁ{zt _ IZ’;(&)?& _
R RMSE/dBz SSIM R RMSE SSIM
6 0. 825 3.378 0.816 0.811 4. 000 0. 811
12 0.782 4. 387 0.778 0.761 5.178 0.765
18 0. 745 5. 089 0.763 0.725 5.875 0.751
24 0.713 5.623 0. 736 0. 695 6.363 0.719
30 0. 685 6.047 0. 706 0. 667 6.752 0. 689
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Fig. 4 Comparison between nowcasts by optical flow method and observations based on
SPOLnet reflectivity factor at 3000 m altitude at 16:42 BT 7 June 2022
(a) results of (a;) 1.5 min, (a,) 3.0 min, (a;) 4.5 min extrapolated by the optical flow method,
(b) XPARnet observation, (¢) difference between optical flow extrapolation and XPARnet observation,
(d) difference of the observation between SPOLnet at 16:42 BT and XPARnet at different times
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Fig. 5 Comparison between extrapolation results by optical flow method and observations based on
SPOLnet dual-polarization parameters at 3000 m altitude on 7 June 2022

(a, b) observation, (¢) 6 min optical flow extrapolation results based on the observation at 1630 BT
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PEo o AT DL O i A Y XD 4k 2 B CAPPT ]
B AE DR B8 00 R 0 OO 245 ) R A 114 ) s S BT 5 el
Wt —Bm s B . REFTER T &2
CUN ppr I SR AL o (HHE 28 0L 23 A JE 25 5 00 00 45
W25 I A E— 2P SR T3k T RO R
W 7128 g R A WK B 2 2 i b R AN HE A R . i
TETE 6 min BT 4 WU RS B 1) BUHRECR 1

FERAE 7 % Zor ~ Koo 1 v B9 R 43 5135 21 0. 818,
0.787 Fl 0. 693, # BRI J7 ik 43 Bl #& F+ 1 0. 005,
0.023 F10. 002, J& 4 TE & A G 1 8T 48 7 26 %
H#E/NH R WP EFHS RMSE [R5 T B ik
ST R B2 23R R 712 Bl 2k i B S i Bk S 1T A AL
M 4 S i 45 (8] 5 5 X2 Bl % PR R S
PETE T 2 KA 1 B ()RS B

®5 202256 A7 H 16:30 &-F SPOLnet WRIRS EH TR ARG ITIERIT L
Table 5 Comparison of statistical metrics for forecasts based on

SPOLnet dual-polarization parameters at 16:30 BT 7 June 2022

- BIRTRzS Y ENAIRIS
Eifan
Zpr Kpp oHv ZpR Kpp onv
R 0.818 0. 787 0.693 0. 813 0.764 0.691
RMSE 0.189 dB 0.062 °« km™! 0. 104 0.192 dB 0.063 °« km ™! 0.105
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BB e AR A 1) LA s 79 o 4 ) O R R AT T

HEAT2H | IS A 22 5 L. FIHT 2022 4R 5 A 12 H

16:30 MK 247 Fh & - IR K 15 21 09 19 5 25 21

55 G LI R AT HAE S DA TE I Rl 5 5 U RO ROCR
K6 8 n 1 RO R 7 i il A RO X HE L e
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fd)s00m €~

113.0

. T T T
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113.0 112.0

Bl 6 202245 H 12 H 16:30(a)SPOLnet, (b) XPARnet, (¢) SXnet-O, (d) SXnet-K 7£ A [/ 5 & 1 ) 55 K ] 7 CAPPI X kb
Fig. 6 Comparison of CAPPI for reflectivity factor of (a) SPOLnet, (b) XPARnet, (¢) SXnet-O,
and (d) SXnet-K at different altitudes at 16:30 BT 12 May 2022
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Fig.7 Vertical cross-section of different variables from (a) SPOLnet, (b) XPARnet, (¢) SXnet-O,
and (d) SXnet-K along 23°N at 16:30 BT 12 May 2022
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Fig. 8 Variation curves of (a) Z, (b) Zprs (¢) Kpp, and (d) pnv from
different datasets along 23°N at 3000 m altitude at 16:30 BT 12 May 2022

£6 202245810 HE 6 A 10 H SPOLnet, XPARnet, SXnet-O 1 SXnet-K AR S E W EE T
Table 6 Average differences of different parameters for SPOLnet, XPARnet,
SXnet-O and SXnet-K from 10 May to 10 June 2022

ZEME SPOLnet— XPARnet SXnet-O—SPOLnet  SXnet-O—XPARnet SXnet-K—SPOLnet SXnet-K—XPARnet
Z/dB —1. 2839 —0.0284 —1.2790 —0. 0380 —1.0500
Zpr/dB 0.0150 —0.0011 0. 0080 —0. 0050 0. 0030
Kpp/("+ km™ 1) —0.1971 —0. 0007 —0. 2040 —0.0025 —0.1500
PHV —0.0138 —0. 0002 —0.0140 —0.1270 —0.1130
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L BN 8000 m AL RN 30. 9%, BE R
F XPARnet [ 2. 2%, fill & 4 ™5 . SXnet-O 7£
500 m ¥4 i R SPOLnet A B AL TF, LB 1T W
BB RS A, [EREENE. M E k2N
BE2S SXnet-O 5 SPOLnet [ 78 3% % L BF 5

JC

4 1 SXnet-K 55 ] i 5 55 5 5 6 4G &, AR UR A
T4 TR A A 1 g A 5 B R s o BE R X ik B
Mg, S w2k, Bk, B KFE,
SXnet-O [ FR AR B ZE LT SXnet-K,

F7 202245810 HE 6 A 10 H SPOLnet, XPARnet, SXnet-O 1
SXnet-K AE S EHERBE=R (B %)
Table 7 Echo coverage rate (unit: %) of SPOLnet, XPARnet, SXnet-O and
SXnet-K at different altitudes from 10 May to 10 June 2022

Hods A RT3 H -/ dBz 500 m 3000 m 8000 m
43 1.6 30.0 30. 9
0~15 17.1 36.1 59.6
SPOLnet
16~30 69. 8 50. 4 39.8
31~50 12.4 13.0 0.2
423 4.9 15.2 2.2
0~15 20. 6 11.4 11.3
XPARnet
16~30 63.0 75.4 86.2
31~50 15.8 13.1 2.3
43 5.7 31.5 30. 9
0~15 20. 5 35.7 59.6
SXnet-O
16~30 63.0 50. 9 39.7
31~50 15.8 39.7 0.2
43 5.9 31.9 29.8
0~15 23.6 39.1 63.5
SXnet-K
16~30 61.2 47.7 34. 6
31~50 14.4 36. 7 0.2
SwiEsE.
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KB B AR 35 1 ) B A 25 (500 mo) i [ 9 78 25 4
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