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Abstract
address this issue, the study proposes an improved YOLOvV5 detection algorithm called YOLOv5-Up-

This project proposes an improved YOLOv5 detection algorithm YOLOv5 Upgraded. To

graded.The model takes into account the vector angle between the predicted edge and the real edge, The
model replaces the loss function CloU (Complete IoU) with SIoU (Scylla IoU); at the same time, in or-
der to avoid phenomena such as gradient disappearance, gradient explosion, and neuron necrosis during
network training, the activation function SiLU (Sigmoid-weighted Linear Unit) is replaced with Mish
with better gradient flow; The CA attention mechanism is inserted into the backbone network to help
the model identify the Lightning whistler waves more accurately and greatly reduce the missed detec-
tion rate. The study is based on the VLF-band data of CSES Satellite SCM with 2.4 seconds time win-
dow to intercept data, and 1126 time-frequency map data sets are obtained by band-pass filtering and
short-time Fourier transform, and then expanded to 7882 images by image enhancement operations, of
which 7091 are used as training set and 791 are used as test set. Experimentally, the average mean accu-
racy (mAP) of the improved YOLOv5-based model is 99.09% and the Recall is 96.20%, which are im-
proved by 2.75% and 5.07% compared with the plain YOLOv5s, and 5.89% and 9.62% compared with
the time-frequency map-based YOLOv3 model. The size of LSTM based on the speech processing tech-
nology lightning whistler waves recognition model is 82.89MB, while the YOLOv5-Upgraded model is on-
ly 13.78 MB, saving about 83.38% of memory resources. It is shown that the model greatly reduces the
leakage problem of Lightning whistler waves, achieves better results in test set, and its lightweight fea-

tures are easy to deploy to satellite devices, which greatly improves the possibility of satellite recogni-
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Table 2 Hyperparameter setting of model training

24 ZHUH
Weight decay (F{HE ) 0.0001
Momentum (Bf#) 0.900

Batch size (HLEA/N) 16

Training epoch (VIZRFEIK) 150
Learning rate (%] %) 0.001

x3 HSEX
Table 3 Symbol defination
fibIIE S ik
TP AERTN, AR T R IE S IEREA
FN FERTIIN, RIRR R TSI Ay £ S A A AR
FP FEURTIIN, RIORE R TN Ay TE S A SR AR
TN TEBATTEN, BRI THI A S SAEA
z
= . 14
f=— (1)

SEEAEREH{E (mean Average Precision, mAP):
mAP J& H bR KN A5k 5 UL A bR, 8RR B A RS
IRIORS BE bR, A

1 N
o= ; P(k)AR(E). (15)

K, N R SRR, PR, kMR
ENFEAR, AR(K)FARBIEERNE k- 1 DFEARTE
EAFEAR R AR &
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x4 ATHERENMEMERE LR

Table 4 Performance comparison of five object detection networks
Ay ARG HIml2/ (%) Size/(MB) FPS
YOLOv3YOLOv5s 93.2096.34 86.5891.07 117.7713.77 80105
YOLOv5m 96.69 93.21 40.08 103
YOLOv5 IYOLOv5-Upgraded 95.3899.09 89.1596.20 88.3613.78 7112
IR R O F UM, R T IR .
M T R . BRI R/ NE, YOLOVS-Upgraded 0,075
FR/INA 13.78 MB, it/ YOLOv3 Al YOLOv5m A
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SHRG A R AT KR AR T A FPS R £ 9]
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SCPUST AR R A  [RIIR, S0 17 DN R I P A ARG I R 0.8251
JE VLR RRAR T IR, SR PERERAL. 0.800 H e
3.5 REIEEAHUH EHEAERT I 5 Epoch
TSRS CA TR S HL T LAY B A B B 15 R LS mAD X H S
{ii%ﬁxiu g{iuﬁﬁ;iﬂ;tﬁ?ﬁ’ ﬁi%i*ﬁ;@ﬁﬁ Fig. 15 mAP comparison experiment of different
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250 K 15 P, B 15 th4 2l i 7 g Ab 2. Table 5 Ablation experimental results
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Fig. 16  Results of different improved models
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Fig. 19 Comparison of three models on orbit

Jai {5 B AE TR R M. e 82 S e Bl B AR H
TR I Transformer #5233 5 A5 R 4l 4R 141
BaJm{E B Ee .

(2) AR SCHEE HE AR A ARSI R RUE DA FEL I e 8 s
PEREF AR, P2 B0 46 rh /N RUBE TR ri i 7 ) B 4
D RBEEARBEIE SR G KB AR DL K I A/ B R
B B SR M, DA TN RO A FL I P 30 )G T 28
T, T A A e

S 30k

(1]

SANTOLIK O, PARROT M, INAN U S, et al. Propaga-
tion of unducted whistlers from their source lightning: A
case study[J]. Journal of Geophysical Research: Space
Physics, 2009, 114(A3): A03212

YUAN Jing, WANG Qiao, ZHANG Xuemin, et al. Ad-
vances in the automatic detection algorithms for lightning
whistlers recorded by electromagnetic satellite data[J].
Chinese Journal of Geophysics, 2021, 64(5): 1471-1495 (&
H, BN, kAR, AL BT G TR 0 IR R R e AR



3

4

5

(6]

[7

8

9]

[10]

(1]

[12]

[13]

[14]

[15]

A 5 Bt YOLOvVS #9I ¥ v # ik 22340 g shhml A2 A

BILRIBFFTIERE (7). HhERYIE AR, 2021, 64(5): 1471-1495)

BAYUPATI I P A, KASAHARA Y, GOTO Y. Study of
dispersion of lightning whistlers observed by akebono satel-
lite in the Earth’s plasmasphere[J]. IEICE Transactions on
Communications, 2012, E95.B(11): 3472-3479

PARROT M, BENOIST D, BERTHELIER J J, et al. The
magnetic field experiment IMSC and its data processing
onboard DEMETER: Scientific objectives, description and
first results[J]. Planetary and Space Science, 2006, 54(5):
441-455

ZEREN Zhima, LIU Dapeng, SUN Xiaoying, et al. Cur-
rent status and scientific progress of the Zhangheng-1
satellite mission[J]. Reviews of Geophysics and Planetary
Physics, 2023, 54(4): 455-465 (A5, XKW, AMGEIE,
S SR — S R DR R UF O TR AR E R [T]. K
517 RYELETE (FRYE50), 2023, 54(4): 455-465)

CAO J B, ZENG L, ZHAN F, et al. The electromagnetic
wave experiment for CSES mission: Search coil magneto-
meter[J]. Science China Technological Sciences, 2018, 61(5):
653-658

HUANG J P, LEI J G, LI S X, et al. The Electric Field
Detector (EFD) onboard the ZH-1 satellite and first obser-
vational results[J]. Earth and Planetary Physics, 2018,
2(6): 469-478

ZEREN Z M, HUANG J P, SHEN X H, et al. Simultan-
eous observations of ELF/VLF rising- tone quasiperiodic
waves and energetic electron precipitations in the high-lat-
itude upper ionospherel[J]. Journal of Geophysical Re-
search: Space Physics, 2020, 125(5): €2019JA027574

HU Y P, ZEREN Z M, FU H S, et al. A large-scale mag-
netospheric line radiation event in the upper ionosphere re-
corded by the China- Seismo- Electromagnetic satellite[J].
Journal of Geophysical Research: Space Physics, 2023,128(2):
€2022JA030743

WANG Y L, ZEREN Z M, WANG X, et al. Statistical
characteristics of the local proton cyclotron band emissions
observed by the CSES[J]. Journal of Geophysical Research:
Space Physics, 2022, 127(11): €2022JA030860

FISER J, CHUM J, DIENDORFER G, et al. Whistler in-
tensities above thunderstorms[J]. Annales Geophysicae,
2010, 28(1): 37-46

Oike Y, Kasahara Y, Goto Y. Spatial distribution and tem-
poral variations of occurrence frequency of lightning whist-
lers observed by VLF/WBA onboard Akebono[J]. Radio
Science: 12

ALI AHMAD U, KASAHARA Y, MATSUDA S, et al.
Automatic detection of lightning whistlers observed by the
plasma wave experiment onboard the arase satellite using
the OpenCV library[J]. Remote Sensing, 2019, 11(15): 1785
KONAN O J E Y, MISHRA A K, LOTZ S. Machine learn-
ing techniques to detect and characterise whistler radio
waves[OL]. arXiv preprint arXiv: 2002.01244, 2020

YUAN Jing, WANG Qiao, YANG Dehe, et al. Automatic
recognition algorithm of lightning whistlers observed by the
Search Coil Magnetometer onboard the Zhangheng-1 Satel-
lite[J]. Chinese Journal of Geophysics, 2021, 64(11): 3905-
3924 (Hr, THr, BB, 55, SRAG— 5 BN RE T AEE A B

(16]

(17]

(18]

(19]

(20]

21]

[22]

(23]

473

M E IR [J]. ek aEA, 2021, 64(11): 3905-3924)
YUAN Jing, WANG Zijie, ZEREN Zhima, et al. Automat-
ic recognition algorithm of the lightning whistler waves by
using speech processing technology[J]. Chinese Journal of
Geophysics, 2022, 65(3): 882-897 (&, T T4, H{ &,
S RET R BETE S BOR Y N B IS P F 3 [J]. sk B
2F4f, 2022, 65(3): 882-897)

ZEREN Zhima, SHEN Xuhui, CAO Jinbin, et al. Statistic-
al analysis of ELF/VLF magnetic field disturbances before
major earthquakes[J]. Chinese Journal of Geophysics, 2012,
55(11): 3699-3708 (PRI, HIJBME, B UL, 5. MR
ELF/VLF 43 09 P sh $: 1L 48 31 0 55 [J]. shER 4 B 2 7
2012, 55(11): 3699-3708)

HU Yunpeng, ZEREN Zhima, HUANG Jianping, et al. Al-
gorithms and implementation of wave vector analysis tool
for the electromagnetic waves recorded by the CSES satel-
lite[J]. Chinese Journal of Geophysics, 2020, 63(5): 1751-
1765 (S MG, VK3, FEF, 4. sk —5 TRl ks
157 PR B A R ARRAE 20 A D 12 B B S B (0], M BRI PR,
2020, 63(5): 1751-1765)

REDMON J, DIVVALA S, GIRSHICK R, et al. You only
look once: unified, real-time object detection[C]//2016
IEEE Conference on Computer Vision and Pattern Recog-
nition (CVPR). Las Vegas: IEEE, 2016

MISRA D. Mish: A Self Regularized Non-Monotonic Activ-
ation Function[M/OL]. arXiv, 2020

GEVORGYAN Z. SIoU loss: More powerful learning for
bounding box regression[OL]. arXiv preprint arXiv: 2205.
12740, 2022

HU J, SHEN L, SUN G. Squeeze-and-excitation networks
[C]//2018 IEEE/CVF Conference on Computer Vision and
Pattern Recognition. Salt Lake City: IEEE, 2018

HOU Q B, ZHOU D Q, FENG J S. Coordinate attention
for efficient mobile network design[C]//2021 IEEE/CVF
Conference on Computer Vision and Pattern Recognition
(CVPR). Nashville, TN, USA: IEEE, 2021: 13708-13717

EE RN

B OE 5, 20004 2 A, BAE
rh IR B R BORA 207, Ll i
HLAA.
E-mail: 1104193785@Qqq.com

BLOED GEREESE) L, 1976 4F
HAE, BHA N S A B ] R I I B F A O
5 T T L TR N Ak B R Rk 7 PR A
ST AE.

E-mail: zerenzhima@qq.com


https://doi.org/10.1587/transcom.E95.B.3472
https://doi.org/10.1587/transcom.E95.B.3472
https://doi.org/10.1016/j.pss.2005.10.015
https://doi.org/10.1007/s11431-018-9241-7
https://doi.org/10.26464/epp2018045
https://doi.org/10.1029/2019JA027574
https://doi.org/10.1029/2019JA027574
https://doi.org/10.1029/2019JA027574
https://doi.org/10.1029/2022JA030743
https://doi.org/10.1029/2022JA030860
https://doi.org/10.1029/2022JA030860
https://doi.org/10.5194/angeo-28-37-2010
https://doi.org/10.3390/rs11151785
https://doi.org/10.6038/cjg2021O0164
https://doi.org/10.6038/cjg2021O0164
https://doi.org/10.6038/cjg2022P0365
https://doi.org/10.6038/cjg2022P0365
https://doi.org/10.6038/cjg2022P0365
https://doi.org/10.6038/cjg2022P0365
https://doi.org/10.6038/j.issn.0001-5733.2012.11.017
https://doi.org/10.6038/j.issn.0001-5733.2012.11.017
https://doi.org/10.6038/cjg2020N0405
https://doi.org/10.6038/cjg2020N0405
mailto:1104193785@qq.com
mailto:zerenzhima@qq.com

	0 引言
	1 数据预处理
	1.1 原始数据集制作
	1.2 数据增强

	2 YOLOv5-Upgraded轻量化自动检测模型构建
	2.1 YOLOv5算法
	2.2 激活函数改进
	2.3 损失函数改进
	2.4 引入注意力机制

	3 实验结果与分析
	3.1 实验环境
	3.2 评价指标
	3.3 训练结果
	3.4 改进模型与基础网络性能对比实验
	3.5 不同注意力机制的性能对比实验
	3.6 消融实验
	3.7 测试集对比实验
	3.8 轨道对比实验

	4 结语
	参考文献

