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Abstract: Due to its highly destructive nature and significant disaster risk, accurate lightning monitoring is a crucial
component of disaster prevention and mitigation. Geostationary meteorological satellites, such as Himawari-8, provide an
ideal platform for lightning monitoring with the advantages of broad coverage and continuous observation. However, the
physical correlation mechanism between satellite cloud images and lightning activity remains unclear, which restricts
practical application. This study proposes the AE-UNet model, which utilizes Himawari satellite data and VLF long-range
lightning detection network data, identifying high-density lightning areas from satellite cloud images. The AE-UNet
model incorporates a channel attention mechanism and residual connections to adaptively and deeply fuse the multi-
channel satellite features. During the concatenation of multi-scale features, a channel-space dual attention mechanism is
embedded to fully explore spatial correlations. The experimental results show that the AE-UNet model achieves a
lightning identification accuracy of 97.91%, a probability of detection (POD) of 67.47%, and a false alarm rate (FAR) of
26.92%, demonstrating significant performance improvement over the benchmark model. The proposed model can
provide reliable lightning activity information based on satellite cloud images, thereby strongly supporting disaster

prevention and mitigation efforts.
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B e RIS RNk 2 froR. BIRKE, AE-
UNet fEZRaMEfe BRI BT, H CSTTE3] 0.5403,
A HAB 7 V4T 1.20%2.11%. #E 6 H & (POD) J5
ifil, AE-UNet [I%UE N 0.674 7, B ILAT B 52 TH g FE
7 0.91%—3.45%, & W FLXF A HE Rk A= X 8L A B i T
BRIEE F7. BRI R (FAR) W T 3B /0 B {H B
JK P42, H Bias /679 0.9239, H U FEARAE 1, ¥

R LE TR DX IR | 5 L S4B B & FE A, e
133 7 A B A EUE T 5 & J5 T, AE-UNet 1)
PSNR 1% 21.0049 dB, SSIM 3% 0.999 1, &R HAE XI5,
SR AT AN T E 3 RE ORI RS FE S S R AR AU
R EE R W], AE-UNet 7EARFFEAR LR Z % 1 [, A
BHRTE 7 A BN VERE, BE 05 B A A 1 R AE I 2 (]
IIATRHIE.

R 2 A FRBROCHE VA 45 bR K 2 B4 LE

TR AL FR POD FAR CsI Bias Accuracy SSIM PSNR (dB)
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DeepLabV3 0.6656 0.2821 0.5283 0.9230 0.9783 0.9991 20.9909
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R 45 B 5 B 52 1E (ground truth) & U-Net.
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% 2 % EiF A — B DeepLabV3 I FUM A 47 75 ¢
W S ) R X 5k, SegNet (1) T3 A 6] £ 55, 5 808

Ground truth

DeepLabV3

SegNet

U-Net

Att-UNet

AE-UNet
(ARTCHSAL)

0 02 04 06 08 10
(a) INHUE SR 5

3 5 AL X IR BE A ORI U-Net £ 58 X i X
SRR AR 0 T T R A 5 RE 70, (H T B R A A R
5 m# BL G ; Att-UNet £ 51 ATEE I HLH G, 6 W
FRAS B — E AR, BN TE M, B R AR TR AR
T L.

Ground truth

DeepLabV3

SegNet

U-Net

Att-UNet

AE-UNet
(RSO

0 02 04 06 08 10
(b) IN L7 5t

5 AL I R4 R


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

HILLZ R, A SCH H ) AE-UNet 76 Jr f5 FEA )
JEE UL BB A ) I . TE A8 S AE N R (WA 5
(a)), R E (W1 5(b)) 35T, AE-UNet %
R 7 B0 0 4R v R R DX PR TR L Y Bl % 40 A R,
FLTRI e BR 5 S B R, R R R,
TN G TR e 8. ET. R MR IR T S
25T AE-UNet # 5| A\ [f] WeaFeatureEnhancer #5355
T - R A AR, K A T TR X I

MR 23 X 5 A A A SRR, A R T 1 RN RUEE
L5155 XAk sE

AN TRV R BT R 30 F) X355 3 SR TA) R s ) 2
&l 6 froR, LIS SEBR I 2 A FLA B, X
SRS R R TN S b T DU, AR AR I £ A A
P&y NE YT AL e | e AR
I ELBE A8 R RO B b X IR M 7 75 1IN R AR
AL

o ; ” .. ?
(a) Ground truth ,$-""‘_“ S : " £ a T .,' . .. w
. 2 . ° ’.\ 4 : . hl
& o .
; » . o7 .
(b) DeepLabV3 . :‘/ §‘ (N f. . ° ﬁb ) o
e . & '.' ¢ * o®
- ,‘ ' ] l” )
(c) SegNet y ?. ® o, . - q o 4
¢ . ’ ,.. .. o'.
& " .
(d) U-Net ;."' L 6. o’ ﬁ-. o> ®
| ° r Py i
f 3 & '.’ X o
d .
(¢) Att-UNet y/ - L BA .’ *‘ o T
: " | % o
(f) AE-UNet / .'? .'; .-: ‘e ( ° < 3 C ol ¥ o
s | 4 RPN Wl e
i e % :
Bl 6 ARSI i iR i 1 DX 3805 T S0 oA B R F 2
4 sk 1. AE-UNet REWFE AN [R] 20 A1 T 25 F AEB I 2 TN L v

AR A B, M 0 %) 7 1) 7 2 A i S 5 SR H 2
PR r) 3, B2t 7 — Bl T bR R LD AR )
TR 22 3] 5 15i——AE-UNet, F-T 53 o R A A B A
B3 FH v 2% DX P vk B2 R A A E 22 8L U-Net
HEZE LA Bl N T 2 Bt #id WeaFeatureEn-
hancer B HLsRAL T 22 038 S IR R 1R 2 HURE 775 769
T 2% 5 AL 25 vh 5] NBR 22 2540 DU THR B R AR AR 1
RlG RO, IFAEBRERIE iR N CBAM A, S HiE
T8 5 20 [A) U0 B 0 1) O LR AR, DT 4 588 %o i 6
it 2= B R TN HR v R X3P R ) e ). SR 2 SRR,
AE-UNet £ 2 WIPFA 48 br L35 5 2500 T BLA X LR

8

MR DI, TR 5 R DA e P — B, R = kD
LA (] o)A AR B

ARG FCRT LR T I — P . B o, A
SOR ELH TN SE IR B R I A B A S 06 2% F, T
FEMHIR 2 2] F 3l 2 2] 2 5 TN L 2 TR R AR 2 1k o)
B R T AT 5 FEAE TR E 2 STHE S P RN 2 IR R E
FRGRARRAR, SRR A G, G sRR
R D) B RPN X SOE . BEAb, I W] HE— B IR R
ZUE BRI (nwy Wt TS KoKIREIE) B E
AR, DAZHR B = WAL JREA R E E X
SR AR AR ) At 39 T L PR T R R X 2R


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

ik AR R 2 S+ ) http://www.c-s-a.org.cn

i H AR G N A

J1| by, 10 R A AR SO TR R A R AR T R B %0 1 BE AT, AT 2024, 152(12):2753-2769.[doi: 10.1175/MWR-D-24-0060.1]
SR SIS RS AN A W - TR B A B Sy A T B H 11 Yamamoto Y, Ichii K, Higuchi A, et al. Geolocation

ARIHE.

SE 30k

1R, 5KOCUR, Wk, A5, TR AR DN RIS SRFE BT T BE R Pt
KGR, 2021, 37(3): 289-297. [doi: 10.16032/j.issn.1004-
4965.2021.027]

Holle RL. A summary of recent national-scale lightning
fatality studies. Weather, Climate, and Society, 2016, 8(1):
35-42. [doi: 10.1175/WCAS-D-15-0032.1]

Cummins KL, Murphy MJ. An overview of lightning

[\S)

w

locating systems: History, techniques, and data uses, with an
in-depth look at the U.S.NLDN. IEEE Transactions on
Electromagnetic Compatibility, 2009, 51(3): 499-518. [doi:
10.1109/TEMC.2009.2023450]
4 FF, 28, EATT, A ALRIN LSRN (BLNET):
W26 1 5 0 8 A5 . KRARE, 2015, 39(3): 571-
582. [doi: 10.3878/j.issn.1006-9895.1407.14138]
HHEE, B, IR, S5 BT A BRI B A7 I VI
PR R AL X R R 28 - DA £ UM 3 S BB i <
R 4Rk, 2023, 39(1): 129-138. [doi: 10.16032/.issn.1004-
4965.2023.012]
Rudlosky SD. Evaluating ground-based lightning detection

W

N

networks using TRMM/LIS observations. Proceedings of the
23rd International Lightning Detection Conference & 5th
International Lightning Meteorology Conference. Tucson,
2014.
7 Bessho K, Date K, Hayashi M, et al. An introduction to
Himawari-8/9—1Japan’s ~ new-generation  geostationary
meteorological satellites. Journal of the Meteorological
Society of Japan. Ser. II, 2016, 94(2): 151-183. [doi: 10.
2151/jmsj.2016-009]
Goodman SJ, Gurka J, DeMaria M, et al. The GOES-R

proving ground: Accelerating user readiness for the next-

o]

generation geostationary environmental satellite system.
Bulletin of the American Meteorological Society, 2012,
93(7): 1029-1040. [doi: 10.1175/BAMS-D-11-00175.1]

9 Yang J, Zhang ZQ, Wei CY, et al. Introducing the new
generation of Chinese geostationary weather satellites,

Fengyun-4. Bulletin of the American Meteorological Society,

12

13

19

20

accuracy assessment of Himawari-8/AHI imagery for
application to terrestrial monitoring. Remote Sensing, 2020,
12(9): 1372. [doi: 10.3390/rs12091372]

TEF, BRPA, MAE, & T FY-4 LRSI RWN
7 ZAFE. B R LS BT T, 2020, 40(1): 36-40. [doi: 10.
3969/j.issn.1674-2184-2020.01.006]

Zhang X, Yin Y, Kukulies J, et al. Revisiting lightning
activity and parameterization using geostationary satellite
observations. Remote Sensing, 2021, 13(19): 3866. [doi: 10.
3390/rs13193866]

Kim M, Im J, Park H, ef al. Detection of tropical
overshooting cloud tops using Himawari-8 imagery. Remote
Sensing, 2017, 9(7): 685. [doi: 10.3390/rs9070685]

Zhuge XY, Zou XL. Summertime convective initiation
nowcasting over southeastern China based on Advanced
Himawari Imager observations. Journal of the
Meteorological Society of Japan. Ser. II, 2018, 96(4):
337-353. [doi: 10.2151/jmsj.2018-041]

Brodehl S, Miiller R, Schomer E, et al. End-to-end prediction
of lightning events from geostationary satellite images.
Remote Sensing, 2022, 14(15): 3760. [doi: 10.3390/
rs14153760]

Lee YJ, Suh MS, Eom HS, et al. Characteristics of brightness
temperature of geostationary satellite on lightning events
during summer over South Korea. Journal of the Korean
Earth Science Society, 2009, 30(6): 744-758. [doi: 10.5467/
JKESS.2009.30.6.744]

Rafi MH, Holzworth RH, Mostafa MG. Evaluation of
detection efficiency of world wide lightning location network
in southeast Asian region. Journal of Geophysical Research:
Atmospheres, 2024, 129(15): €2024JD041160. [doi: 10.1029/
2024JD041160]

LiJ, Dai BZ, Zhou JH, et al. Preliminary application of long-
range lightning location network with equivalent propagation
velocity in China. Remote Sensing, 2022, 14(3): 560. [doi:
10.3390/rs14030560]

LiJ, Song L, Zhang QL, et al. Optimizing lightning location
accuracy: A study of propagation velocity and time of arrival

in long-range lightning location algorithms. Measurement,

2017, 98(8): 1637-1658. [doi: 10.1175/BAMS-D-16-0065.1] 2024, 234: 114754. [doi: 10.1016/j.measurement.2024.
10 Bruning EC, Brunner KN, van Lier-Walqui M, et al. 114754]
Lightning and radar measures of mixed-phase updraft 21 Li J, Zhang QL, Zhang MX, et al. Correction for remote

variability in tracked storms during the TRACER field

campaign in Houston, Texas. Monthly Weather Review,

estimation of return-stroke peak current using semi-

supervised learning. Atmospheric Research, 2025, 317:

9


https://doi.org/10.16032/j.issn.1004-4965.2021.027
https://doi.org/10.16032/j.issn.1004-4965.2021.027
https://doi.org/10.16032/j.issn.1004-4965.2021.027
https://doi.org/10.1175/WCAS-D-15-0032.1
https://doi.org/10.1175/WCAS-D-15-0032.1
https://doi.org/10.1175/WCAS-D-15-0032.1
https://doi.org/10.1175/WCAS-D-15-0032.1
https://doi.org/10.1175/WCAS-D-15-0032.1
https://doi.org/10.1175/WCAS-D-15-0032.1
https://doi.org/10.1175/WCAS-D-15-0032.1
https://doi.org/10.1109/TEMC.2009.2023450
https://doi.org/10.3878/j.issn.1006-9895.1407.14138
https://doi.org/10.3878/j.issn.1006-9895.1407.14138
https://doi.org/10.3878/j.issn.1006-9895.1407.14138
https://doi.org/10.16032/j.issn.1004-4965.2023.012
https://doi.org/10.16032/j.issn.1004-4965.2023.012
https://doi.org/10.16032/j.issn.1004-4965.2023.012
https://doi.org/10.2151/jmsj.2016-009
https://doi.org/10.2151/jmsj.2016-009
https://doi.org/10.2151/jmsj.2016-009
https://doi.org/10.2151/jmsj.2016-009
https://doi.org/10.1175/BAMS-D-11-00175.1
https://doi.org/10.1175/BAMS-D-11-00175.1
https://doi.org/10.1175/BAMS-D-11-00175.1
https://doi.org/10.1175/BAMS-D-11-00175.1
https://doi.org/10.1175/BAMS-D-11-00175.1
https://doi.org/10.1175/BAMS-D-11-00175.1
https://doi.org/10.1175/BAMS-D-11-00175.1
https://doi.org/10.1175/BAMS-D-16-0065.1
https://doi.org/10.1175/BAMS-D-16-0065.1
https://doi.org/10.1175/BAMS-D-16-0065.1
https://doi.org/10.1175/BAMS-D-16-0065.1
https://doi.org/10.1175/BAMS-D-16-0065.1
https://doi.org/10.1175/BAMS-D-16-0065.1
https://doi.org/10.1175/BAMS-D-16-0065.1
https://doi.org/10.1175/MWR-D-24-0060.1
https://doi.org/10.1175/MWR-D-24-0060.1
https://doi.org/10.1175/MWR-D-24-0060.1
https://doi.org/10.1175/MWR-D-24-0060.1
https://doi.org/10.1175/MWR-D-24-0060.1
https://doi.org/10.1175/MWR-D-24-0060.1
https://doi.org/10.1175/MWR-D-24-0060.1
https://doi.org/10.3390/rs12091372
https://doi.org/10.3969/j.issn.1674-2184&#183;2020.01.006
https://doi.org/10.3969/j.issn.1674-2184&#183;2020.01.006
https://doi.org/10.3969/j.issn.1674-2184&#183;2020.01.006
https://doi.org/10.3969/j.issn.1674-2184&#183;2020.01.006
https://doi.org/10.3390/rs13193866
https://doi.org/10.3390/rs13193866
https://doi.org/10.3390/rs9070685
https://doi.org/10.2151/jmsj.2018-041
https://doi.org/10.2151/jmsj.2018-041
https://doi.org/10.2151/jmsj.2018-041
https://doi.org/10.3390/rs14153760
https://doi.org/10.3390/rs14153760
https://doi.org/10.5467/JKESS.2009.30.6.744
https://doi.org/10.5467/JKESS.2009.30.6.744
https://doi.org/10.1029/2024JD041160
https://doi.org/10.1029/2024JD041160
https://doi.org/10.3390/rs14030560
https://doi.org/10.1016/j.measurement.2024.114754
https://doi.org/10.1016/j.measurement.2024.114754
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

EN R 5N A http://www.c-s-a.org.cn sk £E O w5 o+ 1Y)

107968. [doi: 10.1016/j.atmosres.2025.107968] networks for biomedical image segmentation. Proceedings of
22 Liu Y, Wang JL, Song Y, et al. Lightning nowcasting based the 18th International Conference on Medical Image

on high-density area and extrapolation utilizing long-range Computing and Computer-assisted Intervention. Munich:

lightning location data. Atmospheric Research, 2025, 321: Springer, 2015. 234-241.

108070. [doi: 10.1016/j.atmosres.2025.108070] 25 Woo S, Park J, Lee JY, et al. CBAM: Convolutional block
23 WEF, R, K E, A R BRI B R R ) B attention module. Proceedings of the 15th European

Conference on Computer Vision. Munich: Springer, 2018.
3-19.

FHUFAE. B R R 2R, 2017, 28(4): 414-426. [doi: 10.
11898/1001-7313.20170403]
24 Ronneberger O, Fischer P, Brox T. U-Net: Convolutional X Tidm: ZEEi5E)

10


https://doi.org/10.1016/j.atmosres.2025.107968
https://doi.org/10.1016/j.atmosres.2025.108070
https://doi.org/10.11898/1001-7313.20170403
https://doi.org/10.11898/1001-7313.20170403
https://doi.org/10.11898/1001-7313.20170403
https://doi.org/10.11898/1001-7313.20170403
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 数据来源与预处理
	1.1 卫星数据
	1.2 闪电数据

	2 研究方法
	2.1 模型构建
	2.2 损失函数

	3 实验过程及结果
	3.1 实验细节
	3.2 评估指标
	3.3 结果分析

	4 总结
	参考文献

