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Abstract: During the prolonged operation of weather radar systems, equipment malfunctions and
external interferences often cause abnormal radar echoes. These anomalies impair the radar’s
effectiveness in the monitoring, warning and forecasting of severe weather events. To address this
problem, in this study, we manually labeled radial and circular types of abnormal echoes based on
historical data, and used data augmentation techniques to construct a radar mosaic dataset of
abnormal echoes consisting of 20,000 images. For the advanced semantic segmentation model
DeepLabV3+, we introduced several optimizations, which include, firstly, a streamlined ResNet50
backbone with reduced parameters was adopted; secondly, the SImAM attention mechanism to
enhance feature extraction and emphasize critical features was incorporated; and thirdly,
intermediate layers were added into the decoder path to integrate additional details and contextual
information through layer fusion. Consequently, the DeeplLab-ARER model for recognizing
abnormal radar echoes in radar mosaic data was developed. Experimental evaluations have
demonstrated that DeepLab-ARER achieved superior performance in identifying both types of
abnormal echoes, with a mean pixel accuracy (mPA) of 96.75% and a mean
intersection-over-union (mloU) of 93.95%, showing significant improvements over the original
DeepLabV3+ model. These research achievements can provide robust technical solutions to the
automatic recognition of abnormal echoes in radar mosaic data, laying a solid foundation for
enhancing the quality of radar mosaic data in operational applications.

Key words: radar mosaic, abnormal radar echo, deep learning, semantic segmentation
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Fig.2 Workflow of custom dataset construction
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Fig.4 (a) Annotated abnormal radar echo images and (b) their mask annotation images
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IEBIME R F0R CIERA TN S € A MG R, T = A BIHE R R IR AR 2 KRl B =
3.3 AT

S G 4% GeForce GTX1080Ti i1 PyTorch V4 2% STHE SR 115015 d b AT VR4 o ZEASE
RIVNZM B, SR G R R /NN 11005800 15 3, i Fbife Adam Ak 25 F143 2558 A5
%K, HFBEEGENHSE (2 RPMEN 0,007, HtE /A 100 25) o RA GPU Jnid il
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291 %k, SRETHEECE, T MACE ARSI R AR RCR, KA S R R R
292 H&.
293 3.4 THHLER
294  3.4.1 DeepLab-ARER PEAEZMHT
295 Bk a4k ResNets0 (LI 6) FT-1) DeepLabV3+4l AEHERA (Baseling) , it
296 TEHEUERLRY (AN [F) 07 B A2 B I A A I ] B R L] (SimAMD RIS (M-Layer) Sk
297 V¥4l DeepLab-ARER MEB[fI M fE. & 2 JE/R T RMERE Y K AN R eSOt SEms R PP A A o
298 HIER 2 AT, BEMEASAY R BRI RS, VR R IR A] E AR R — D oA . (HUAH
299  KUME, FRZMGIAG SR R AR, e AR AR R RS L N SUE B
300  fRAksrEISE R, H mloU F1 mPA 73 AT T 4.71%H1 1.61%. tb4h, vESHLHIFRIMA BT
301 B AR A L 0 A5 AR I, B R WL AT R 8] JE I RCR B AR e mloU g 93.95%,
302 BUMECNIAN (BEET 9.49%) ; mPA tH1F R AR (P25 T 5.88%) , IAF| T 96.75%.
303 MZRARBIMEERAE, (ERAEARTY IRy = LA a2 (i B R R IR AR, X2
304 R RIS IS S ) POD MM FAR, Bias M8 n$il 1. EAEEHE, 1E
305  FTARERAR AR, BRI R R R AR LR T AR A R I, R E m RS
306 EARMIRME, X R HIE AL 5 TN S5 A .
307 F 2 T WRAED H¥i 47 Rl 526 45
308 Table 2 Results of ablation experiments based on WRAED dataset
T R (B3 IR K [l
TR mloU/%  mPA/%
POD FAR Bias POD FAR Bias
Baseline 84.46 90.87 0.85 0.11 0.955 0.87 0.10 0.967
Baseline+SimAM 86.13 92.37 0.88 0.09 0.967 0.90 0.08 0.978
Baseline+M-Layer 89.17 92.48 0.89 0.07 0.957 0.90 0.05 0.947
Baseline+M-Layer+SimAM 93.95 96.75 0.93 0.06 0.989 0.95 0.03 0.979
309 T AR A SCIR HU Y Deeplab-ARER #EEIMERESRAR, T .
310  3.4.2 AFEMERIINLHI
311 ARVFAL LI, JET DeepLab-ARER #ERNAR T ANFE = AHLE], W M EmE
312 SimAM (Yangetal, 2021) . HEFEJh SE (Huetal, 2018) . HRHLER 71 CBAM (Woo
313  etal, 2018) . IV E S BAM (Parketal, 2018) . m=REIEE:A /7 ECA (Wang et al,
314  2020) . =H{ER /) TripletAtt (Misra et al, 2021) AlHEER /7 CoordAtt (Hou et al, 2021)
315 MIMERERI. X 3 g T ARER NS PR EEE TGS R . NBIAR S RIREERE
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316  SImAM 5 SE #th® Bl g, H mloU 43 5)A 93.95%F1 93.08%, 7T HeAdi s ELALH]
317 AR, ESHETTIH, SIimAM EILHMERILS, HIESBHEH SN T 77 2 S 230
318  i#EHF. MHLZ R, SE Bitkm MR, HII AN THE — INESN S5 ERARAEET) L,
319  SimAM [RIFERINFS M, R4 )5 PR R B 0 3 S8l 7 % (POD 437324 0.93
320  A10.95) HKiRZE (FAR 4r514 0.06 A1 0.03) ; H: Bias {H T 1, WM 25/ .
321  JR ECA. CoordAtt ML R R 1 00 a1 22 8% = (POD=0.96) , {HHiR#k%
322 (FAR=0.06) tAHNHG AN, FF 5ot — € B A i [7] (Bias>1) o £5 & % Wi #r A] &1, SIimAM
323 EMEHLSH=4ERE R T, fEORRER 2 FRE BRI, SCHL T 2R S ae i fe 1
324 M, wATUEW] T HEARES R S TR E .
325 # 3 FT WRAED R4 A = L seie g 1
326 Table 3 Performance comparison of attention mechanisms based on WRAED dataset
SHE/ R A R BB
bey-walilk mloU/%  mPA/%
™ POD FAR Bias POD FAR Bias
Baseline+M-Layer+SimAM 93.95 96.75 10,406,762 093 0.06 0989 095 0.03 0.979
ECA 91.35 96.07 +2,100 091 007 0978 09 006 1.021
CoordAtt 91.16 96.11 +900 092 009 1011 09 007 1.032
TripletAtt 90.95 96.16 +11,800 092 010 1.022 09 0.08 1.043
SE 93.08 96.55 +11,200 093 006 0989 095 004 0.990
BAM 92.53 96.31 +33,200 093 009 1.022 094 007 1.011
CBAM 89.54 95.39 +11,500 092 011 1.034 094 009 1.033
327 i SEESIN+RE SR, 3.4.3 5 HABBIY 1%}
328 H#— DX DeepLab-ARER #2745 HAth = i S 4» #IHEAY, 4i: DeepLabV3+ (Chen et
329 al, 2018) . FCN (Longetal, 2015) . ResUnet (Zhangetal, 2018) 4 U-Net (Ronneberger
330 et al, 2015) £ WRAED 4 FiytEaeRIl. Hr, DeepLabV3+GlddE 7 AN 3T M4
331 (Xception. ResNet101 1 ResNet50) , H B4 LL output_stride=16 #4772 . Kl 7 45 th
332 T ERIVELFI U BB R S5 SRR b . BRI BALE WA . DeepLab-ARER 71
333 GIEFACEREMW, VOIS EE, SO S R R, HAER R AR
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Fig. 7 Comparison of recognition results of various abnormal echoes by different models

L 4 AAFBREIVERE R EPALEE R . WERYERERE , DeepLab-ARER 7£ mloU
(93.95%) 1 mPA (96.75%) PIIZ-L7r FI4EFS LR T xT LAY, [y, HZ¥oE
(10.41 M) HEZELT KEZEAA, [UNFRUE DeeplabV3+ (ResNet50 £ A =52
—, {H mloU #&7} T 6.32%. R HAMERIZHRE (FLOPS)  (1465.92 M) W& T
A, B TEEVE R, R REFETH SRR /220 IRE ) L, DeepLab-ARER
TEAR ) 55 TRl R 3 7 T 6 0 R 4F (POD=0.93. FAR=0.06. Bias=0.98) , FEMIR 7% [al
WO M SE R 5+ (POD=0.95. FAR=0.03. Bias=0.979) , H.# 354 i A B8 i S itk
Bl AR KT AL 2, ARSI Y B AR B G IR AR b R 3 v Rl (H 35 R R AE A4 R X
BRI RIR AR E Ve B SELA TR 2« 911, FCN-8 (ResNet50) iR Al R 5 & [21 5% 1) POD
W& 5 (0.96) , {HIH S ik 451.51 M, HEFJTFHSE K 1) ResUnet (1) 240 B SR /) (8.23

M), BB TR TR AR AR 2 A

FK 4 FHT WRAED HHREM AR PEREXS Ll 45 3
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349

Table 4 Results of performance comparison of different models based on WRAED dataset

350

Model Backbone  mloU/% mPA/%  Params/M  FLOPS/M RS RHH Y
POD FAR Bias POD FAR

DeepLabV3+  ResNet50 87.63 95.01 27.91 1397.47 091 0.07 0978 094 0.04

DeepLabV3+  ResNet101 80.32 92.76 46.98 1785.36 086 012 0977 093 011

DeepLabV3+  Xception 86.90 94.55 4219 755.45 0.88 0.09 0967 095 0.04
Unet VGG16 78.49 94.14 25.86 4372.14 089 0.14 1.035 0.93 0.08
FCN-8 ResNet50 90.63 95.95 45151 2756.86 091 011 1023 096 0.07
FCN-8 VGG16 77.93 91.29 134.35 790.44 083 012 0943 091 0.08
ResUnet - 72.54 91.51 8.23 3621.53 0.84 013 0966 0.89 0.09

Dee::;;b_A ResNet50 93.95 96.75 1041 1465.92 093 006 0989 0.95 0.03

351

352 3.4.4METIIGIVERE B

353 NIRNHFE DeeplLab-ARER AR5 W S 50 [l I PR REZE 7, 3K HLAS & % R PRAG

354 ARbREE 0 0. AR 5 R I, AR RRUIIACIR 7 H (1Y) 1oU 55 PA 73533 95.27%5 0.97,

355 B TARI) SR R 88.13% 5 0.93. HiHT, loU (¥ R ZE R I et FOIR 57 o [l LA

356 IR PAE I S A TR S A (] L RORS RS, T PA A5G U 5 B L AR AR S — 3

357  MEREE, MIMEBRERH S FAES P AL EAIS . ERNPERETT T, BARAO FR 7% (6]

358 PCEAATHEEH AR (POD=0.95) , H kil (FAR=0.03) th{ 142 7 5% % [0l (POD=0.93,

359  FAR=0.06) . EMATIF, MR PIERH Bl RIL I REFITRBIRE T, (EXS IR 5% [l

360  BHIRRMIRCR A XA REZE R BRI Rl AR T A A5 B RIAR5 X . FOIR

361 HIEE 2BV ARG A, SiHFa5E . RAEEET, AR TR AT A

362 ol MLLZR, RFERE RBIEEREIRZA, HEBUPIRAN, HARQEMERSREL T

363 HIE/KIRIM I SCRHEAHIT, S EORALAE R A 5 A A I S By AR TR, WU ToU

364 MWK, RIREEISG . HAh, AR B S MR R H B Bias {67350y 0.989 Al

365  0.979, ARHHL 1, Xyl BRI 2 H AR N A7 A 2 10 R Gt 2%

366 %5 J:T WRAED ¥4 #:1¥) DeepLab-ARER ARSI g 4l 45 51

367 Table 5 Evaluation results of the recognition performance of DeepLab-ARER model based on WRAED dataset
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XFRSZRGRI M PN, AL d IR N I 2 AR R R i 22, BRIV ER IO T AR P R AR
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THME 2], S R e R AR R A R

K8 20204 8 J18 H 04:54 (a) FiAHIEIFIEES (b) Deeplab-ARER ML S5 Al iR 45 51
Fig.8 (a) The original radar mosaic image and (b) the abnormal echo recognition result of DeepLab-ARER model
at 04:54 UTC 8 August 2020

K190y 2020 4 7 A 7 H 18:42 MRIEHHEIR L (K 9a) 554 [Ipinai R (&
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B IES: (BT S AR AR B AR AL, [ R A TR e 20~40 dBz. I [m] 7 fil 7 ik
PEEIEAEAE MR 5 17 L DU AR, W0 1 A B B 7R 2 At Xl 35 M
MIE] 9b ] DeepLab-ARER 7L 575 [AR R 45 R v AW S Y, 2N i Iml e
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Fig.9 (a) The original radar mosaic image and (b) the abnormal echo recognition result of DeepLab-ARER
model at 18:42 UTC 7 July 2020

K 10 79 2021 4 7 H 15 H 06:18 A K 45 K& (& 10a) 5 5 5 [R15 R 1 45 R (]
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SERTTDIIEA H, FORANAR ) 5 0 [E] i Rk 5 e i) ok

10 202147 H 15 H 06:18 () FHIEHIEIRIEEES (b) Deeplab-ARER AL 54 [8] 35 I 1 45
Fig.10 (a) The original radar mosaic image and (b) the abnormal echo recognition results of DeepLab-ARER
model at 06:18 UTC 15 July 2021
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Fig.11 (a) The original radar mosaic image and (b) the abnormal echo recognition result of DeepLab-ARER
model at 11:00 UTC 1 June 2021
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