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Fig.1 The diagram of the software module of meteor optical monitoring system
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Parameter setting section
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i i Interval distance of Hough transform line
segment

_____________________________________________________________________________________________

Camera real-time screen display part
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Fig.2 The diagram of control interface
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Fig.3 One frame of images before and after being processed.

As shown in this figure, the images of meteors become more

clear after being processed with our method.
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Table 1 Parameter table of the inverted

residuals structure

Serial Expansion . Number of
No multiple Stride output channels
1 1 1 16
2 1 2 24
3 1 1 24
4 1 2 24
5 1 1 32
6 1 2 32
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Fig.4 The diagram of the classification neural network. This
diagram shows the structure of the meteor classification
network, in which a depthwise separable convolution module
is added to reduce the number of parameters, ensuring the

real-time performance of classification.
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shapes, includes all types of meteors from the Aishan
Observatory in 2020.
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Fig.9 Images of several negative samples with particular shapes, includes all non-meteors that are mistakenly detected by the

Aishan Observatory.
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Table 2 The confusion matrix of the proposed }E(ﬂoat32)i£|ﬁﬁ

classification network in the test set and the

validation set F 4 K5 EMLE S5 Mobilenetv2BIHEBEXTLE

Meteor Other Targets Table 4 The performance of the proposed
prediction prediction classification network and the Mobilenetv2
True Meteor 3492 (100%) 0 (0.00%) Network type A(%) R(%) F(%) Paras T/s
Other Targets 10 (0.27%) 3639 (99.73%) Text Network 99.85 100  0.28 40034 114.25

Mobilenetv2 99.90 100 0.20 2226434 928.33

%< 3 Mobilenetv27EMIX SEFNIEIEEEAYIR B AERE

Table 3 The confusion matrix of the Mobilenetv2 Eﬂi%élé;d:f%ﬂ%ﬂﬁfﬁﬁﬁzﬁﬁ, A3 4%
in the test set and the validation set ttMobilenetv2 M £4450.05%, 1EHLIEE] 1 99.85% K
Meteor Other Targets T z’ 76 7 [ %y T, A0 45 W 2% 5 Mobi-

prediction __prediction lenetv2 ¥, I H100% 1 5 %; {EiR M I, 4

True Meteor 3492 (100%) 0 (0.00%) 3 % HMobilenetv2i50.08%, i £ 1 0.28% 1
Other Targets 7 (0.19%) 3642 (99.81%) AL ZHCE T, AT 2% HMobilenetv2 [ £%

/12186400244, Hds AbHRIH B 5 TH, A SC 2% L
AR AL 5 2 W 45 FlMobilenetv2 1) 14 E Xt Mobilenetv2 X 4% /8 £ [ if (], Ab 333 5 A Ik RE AP

e, GI5A. R. F. 73 KM S K& (Paras). 7 6211
IS (T). Aoy 20T (8] 40 I ZE AR RN N SEAE UL BRI IR, KRS R SR &
T AE B & Nvidia jetson nanoXd il i 5 F1 46 IE 5 FOHERF 2 5 TH 5 Mobilenetv2AH . 754 [51 2 )7 [H],
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Table 5 Parameter setting in the control
interface
H-d  Outline size

Hp Hl

15 15 5 30

1R L R B e 3 0 A R AR ) A RN
ARSCHRYE H A7 S8 (1 B R RAE 48 ] Sky Maker
Az BB, U HE, E10 (a) R 7 1 42 38 BT 1) L 4%
TREBERAS. MEMELRREES. LK
MBS KM KRETS. FLRRBRIEKRE
TS, RSB E 1 KA S 400 AR B
PUEMG B AT R AL, 10 (b) 3504 R,
P T 2R % 288 AR ASE AU B ) e 2 AR . PR
SEbRiit A R — T At R BT Sk A S, BT UEMR
HA—EmAR. Ayt B BB 17—/
WA, JF G AT RN AT H bR, 45
R AR, B (a) B &S E e M E
LRRETEA . ME I ERRRETRA . JRERA K
META . BB KIMETA . RRBRIE SRR T
A, B (b) g AR f 140, PG Bt 10 0 31 45 R A,
W AR (18RS A0 PE G KIS R R A% A T BT 0 )

10 (a)BEUER, (b) Bl BRI L5

Fig.10 (a) Simulated images, (b) Linear discrimination of simulated images
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(2) BHU AT AZ FMR, () BRI P15 B 2 T 50 31

(a) Simulated distortion images, (b) Linear discrimination of simulated distortion images
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Table 6 Confusion matrix of the meteor
monitoring module in processing of real

observation data

Meteor Other Targets
prediction prediction
True Meteor 7 (100%) 0 (0.00%)
Other Targets 3 (0.01%) 13499990 (99.99%)

xR 7 BERTHRELIRVUN B IE SRR BB
Table 7 Confusion matrix of the Hough

transform in processing of real observation data

Meteor Other Targets
prediction prediction
True Meteor 7 (100%) 0 (0.00%)

Other Targets 1689 (0.01%) 13498304 (99.99%)
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Fig.12 Results of actual observation data
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Table 8 Performance comparison between the
Hough transform and the meteor monitoring

module in processing of real observation data

Method R(%) F(%)
Meteor monitoring module 100 30
Hough transform 100 99.59
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RAZHRAFTN100%. AE 1A 375 T It 2 M 00 A ke
PLEE RARHAIR69.59%. BT IEIEIRIS R T H L
MEHE, LA M AR E N E R A
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ER MG R LA, LR MR AR 7T LA 3 5
o 2 FH 75 3K . 45 I o ML 0 50 4 )98 9 R A 1
XFEHEAR6-8, BEW A LI A e IR R A iR A AR T
T RAHTTi%, AESEFRE A A R TN T &
(OXESE. It 22 WS A H R SR AR 3 H b il 5 L2k
Bl i oy AR B R R (EE M RCR B,
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HeBR 7 KEMARRE AR, J9JE SR 7 KM 2 1R 4t
Jo A v ELASE B A 3L 2 A 32k H A

N T B 2 MR R g VR R, AR SO
FI 7 CMMO$ A (0 Kt R AT . Hodle B ad117
SR SR R AR A 7255 AR B AR . 229,
RI0FT 7 73 ) i 2 M AR e 5 2 I 38 e AE C M-
MO 5 BRI AR .t R 9] R A2 T
Bkt JSiUE 2 RO AR B N0, HSEHRE K
AL, R ORY 1A B AR A B2,

&9 RERWERECMMOBURRIR M

Table 9 Confusion matrix of the meteor

monitoring module in processing data from the

CMMO
Meteor Other Targets
prediction prediction
True Meteor 117 (100%) 0 (0.00%)
Other Targets 2 (2.78%) 70 (97.22%)

#* 10 EXRTHRACMMOBIBIVR B
Table 10 Confusion matrix of the Hough

transform in processing data from the CMMO

Meteor Other Targets
prediction prediction
True Meteor 117 (100%) 0 (0.00%)

Other Targets 47 (65.28%) 25 (34.72%)

R4 FE CMMOBUHE L (1) 78 98 46 B mT LA S
FAR Y 5 300 R W AR [ PR RE XS LE R 11 FTR,
¥R, F.

* 11 CMMOBIRHERT RS RE MR R MERERTEL
Table 11 Performance comparison between

Hough transform and meteor monitoring module
in CMMO data

Method R(%) F(%)
Meteor monitoring module 100 1.68
Hough transform 100 28.66

HT R AT R A2 M 00 A e 5 2 R AR i # T LA
X FN100% ) 43 1] 3. A RAG Ty T, It 22 M A B
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Optical Meteor Monitoring System Based on Embedded
Artificial Intelligence Equipment

HE Tian' JIA Peng! LI Guang-wei? WANG Ai-yuan?

(1 College of Electronic Information and Optical Engineering, Taiyuan University of Technology, Taiyuan 030012)
(2 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101)
(8 Zhangbi Castle, Jiexiu 032000)

AsstracT Optical meteor monitoring networks are composed by several optical meteor monitoring
systems placed in different locations, which mainly contain a detector and a data processing modular.
The optical meteor monitoring system could locate meteorites, obtain number of meteors, detect and
send alerts of fire meteors. Real-time detection of meteors with high efficiency is important both for
scientific research and civil affairs. This paper proposes a novel optical meteor monitoring system based
on artificial intelligence device. The optical meteor monitoring system includes a hardware part and a
software part. The hardware part is composed by a commercial camera and an artificial intelligence device.
The software part is running in the artificial intelligence device, which includes the control module, the
meteor monitoring module, and the data management module. The camera would capture videos in real
time and send observation data to the meteor monitoring module. The meteor monitoring module could
process observation data in real time to obtain candidates of meteors and store data of these candidates.
At last, the data management module would send all detection data to the data center for further process.
This paper uses real observation data to test the performance of the meteor monitoring module and results
show that this algorithm can achieve a false positive rate of 0.28% and a recall rate of 100% and the speed
of the data processing part is 8 times faster than the Mobilenetv2. This system has been further deployed
in Taiyuan University of Technology and the remote observatory of Zhangbi Castle. Results show that the
optical meteor monitoring system could achieve a recall rate of 100% and a relatively low false detection
rate.

Key words meteors, astronomical instrumentation, techniques: image processing, methods: data analysis
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