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F1 EHbr L EAREERN VLF/LEF 3 B3 N 3R & 40
Table 1 Internationally representative ground lightning detection systems in VLF/LF band
VLF/LF
lightning o ) Detection . . Positioning
. Probability of detection /% Type of the detect lightning
detection range error /m
system
WWLLN 10 Global Strong intracloud lightning, cloud-to-ground lightning =>10000
30-60 (intracloud lightning) ; . ) . .
NLDN . . Area Intracloud lightning, cloud-to-ground lightning 150-200
95 (cloud-to-ground lightning)
N 80 (the Northern Hemisphere) ; . . . . .
GLD 360 . Global Intracloud lightning, cloud-to-ground lightning 1500-2500
10-80 (the Southern Hemisphere)
ADTD 95 Area Cloud-to-ground lightning 300
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Table 2 Internationally representative ground lightning detection systems in VHF band
VHF
lightnin Detection Type of the detect
& ) g Probability of detection /% P . . Positioning error /m
detection range lightning
system
R . ) Intracloud lightning, Horizontal: 1000 (in the
LDAR = 90 (in the detection network) Area . . .
cloud-to-ground lightning detection network)
LMA Multiple applications for research on refined lightning A Intracloud lightning, Horizontal: 6-12;
. rea
channels without considering probability of detection cloud-to-ground lightning vertical: 20-30
50 (intracloud lightning) .95 (cloud-to-ground Intracloud lightning, .
ENTLN Area Horizontal: 10-500

lightning)

cloud-to-ground lightning
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Pl 3 S B A AR LI AR A TRMM-LIS
Fig. 3 Polar orbital lightning imager TRMM-LIS of the United States'"”

GLM Characteristics
® Staring CCD imager (1372x1300 pixels)
- Single band 777.4 nm
- 2 ms frame rate
- 7.7 Mbps downlink data rate
- Mass: 114 kg- SU (66 kg), EU (48 kg)
- Avg. Operational Power: 290 W
- Volume w/ baffle (cm?3): 81x66x150

* Near uniform spatial resolution/ coverage
up to 52 deg lat

- 8 km nadir to 14 km at edge
-70-90% flash detection

* L1 and L2+ products produced at Wallops
for GOES-R Re-Broadcast (GRB)
* < 20 sec product total latency

K4 2%EGOESRMGOES-S L&A iy GLM™
Fig. 4 GLM on the GOES-R and GOES-S satellite of the United States™"*"
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K5 2EEGOES-R A i GLM 484 CCD ™
Fig. 5 CCD sensor of the GLM on the GOES-R satellite of the United States'*”

INING IMAGER TECHNICAL DATA

* High sensitvity (detection of lightning pulses
P 4 ul/(m2en) energy

* Low false alamms probabilty

* Radiometric accuracy better than 10%

Europe, 40% minimum on the other EUMETSAT
member States

* Day and Night Full Operation:

* Lifetime 8.5 years in GEO

u- Budgets

* Spatial Accuracy better than 1,6 Km (at sub-satelite
poiny)

* Detection efficiency: 70% average, 50% on Central

The Ui instrument is made by an Optical Head (LI OH) and a
separated electronic control unit (LI Main Blectronics)

Overall Dimensions: 715 x 1100 x 1200 mm

Total Mass: 90Kg

Power C: 100W

LI Main Elect udgets

Overall Dimension: 300x 240 x 160 mm

Total Mass: 12 Kg (+4 Kg Hamess)

Power C: 9w

CALCON 2016, 23 August 2016

Lightning Imager (LI): Instrument

« 4 optical cameras to cope with the relatively large geographical
coverage area, each one equipped with:
—CMOS detector, operated around 293 K, 1170x1000 pixels.
—Solar rejection filter.
—Spectral band pass filter (1.9 nm).
—Optical system with F# 1.73, 110 mm entrance pupil diameter and
191 mm effective focal length, Field Of View 5.1 degrees.

CCALCON 2014, 13 August 2014

L6 B 1 8 L 038 D AR X TG LT

Fig. 6 Geostationary lightning imager MTG-LI of Europe
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Fig. 7 ISUAL on the Formosat-2 satellite”™. (a) SP; (b) imager; (c) AP
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Table 3 Comparison of the performance of FY-4A lightning mapping imager
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(FY-4, '
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2016-12)
2025)
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. ) 14 km@edge field of - . ) 4 km@nadir
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1300 4800 Earth disk
Detection spectral
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Frame time /ms 2 2 2 1 2 2
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states (goal) (night)
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Positioning accuracy — One pixel One pixel One pixel One pixel  One pixel
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Difference between ground observation and space observation of lightning. (a) Lightning observed on ground; (b) lightning

observed on space
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Fig. 10 Response range of the sensor used for the lightning detector
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Fig. 11 Spatial resolution selection of FY-4A lightning mapping imager. (a) Lightning and background observed on space; (b) lightning

detection resolution of lightning mapping imager
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Abstract

Significance Severe convective disasters are the most frequent and widely affected meteorological disasters, causing
huge economic losses and posing a serious threat to people and social security. They are also a major threat to new
technological fields such as aerospace and information communication. Lightning, as a typical element of global severe
convective weather, plays an important role in indicating and warning strong convection. Therefore, lightning detection
and warning of severe convective disasters have become one of the important tasks of space remote sensing.

Lightning detection systems mainly include ground-based and space-based detection systems. The ground-based
lightning detection system mainly detects and locates broadband electromagnetic radiation signals emitted by lightning
strikes, with detection spectral bands mainly including very low frequency (VLF), low frequency (LF), and very high
frequency (VHF) bands. The ground-based lightning detection system has developed early and matured in technology,
forming a relatively complete business system that plays an important role in lightning warning and forecasting. However,
due to the discontinuous station layout of the ground-based lightning detection system and the barrier in mountainous areas,
it 1s unable to effectively carry out uninterrupted lightning detection globally, especially in marine and mountainous areas.
In order to overcome the limitations of ground-based lightning detection, space-based lightning detection technology has
rapidly developed. The space-based lightning detection system has advantages such as large coverage range and is not
limited by ground conditions. Among them, geostationary orbit lightning detection has unique advantages such as 24-hour
uninterrupted and high real-time performance, and has become the main direction of international research on space-based
lightning detection. It is a priority for the development of space-based lightning detection methods. The ground-based
lightning detection system, low orbit and high orbit space-based lightning detection systems, and other lightning detection
methods complement each other, achieving 24-hour uninterrupted, high-precision, and real-time detection of lightning,

jointly serving strong convective disaster warning and prediction and climate research.

Progress In the research of space-based lightning optical detection, the United States was the earliest to conduct
research, with a leading position in depth and breadth. Through the development of low orbit space-based lightning
detection cameras optical transient detecter (OTD) and lightning imaging sensor (LLIS), the United States ultimately
achieved the development of a geostationary orbit lightning detection camera GOES-16 GLM (geostationary lightning
mapper), which was launched in November 2016. At the same time, Europe and China directly conducted research and
development on geostationary orbit lightning detection cameras. China launched FY-4A LMI (lightning mapping imager)
in December 2016, and Europe launched MTG LI (lightning imager) in December 2022. Currently, all three geostationary
orbit lightning detection cameras are in orbit.

Due to the fact that lightning usually occurs in strong convective cloud systems, the background formed by reflected
sunlight on land, oceans, and clouds has complex, gradual changes, and high-intensity characteristics. Lightning often
occurs in areas with clouds, and its intensity and location are random, with short duration and significant differences in
intensity. These characteristics make space-based lightning detection cameras significantly different from traditional
imaging cameras and point target warning cameras. It has extremely development difficulty (Fig. 9 and 10).

FY-4A LMI is a geostationary orbit FY-4A LMI with independent intellectual property rights, developed by
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combining the spectral characteristics of background, lightning and its noise (Fig. 13), spatiotemporal characteristics

(Fig. 11 and 12), and their variation patterns. It adopts multiple core technologies such as time filtering, spatial filtering,
ultra narrowband spectral filtering (Fig. 15), and multi-dimensional fusion point target detection in spacetime and space
(Fig. 16). It was launched in December 2016 and applied in orbit meteorological applications. Domestic meteorological
departments, numerous research institutes, and universities have utilized the lightning detection results of FY-4A LMI to
conduct research and applications on lightning generation and development mechanisms, typhoon monitoring and
forecasting, severe convective disaster forecasting, and lightning data assimilation. Accurate prediction and early warning
of lightning, severe convective disasters, and their secondary disasters have been achieved (Fig. 18), resulting in huge

social and economic benefits and broad application prospects.

Conclusions and Prospect China has already achieved the detection and meteorological application of lightning below the
troposphere in geostationary orbit, but there is still a significant gap in high-precision positioning, refined detection,
intelligent detection, and real-time application of lightning below the troposphere. At the same time, China has not yet
established an effective atmospheric lightning in the stratosphere, mesosphere and thermosphere (TLEs, transient
luminous events) detection system, especially a space-based detection system that has not been planned. Therefore, in the
field of lightning below the troposphere detection, we should gradually develop towards three-dimensional high-precision
detection, intelligent detection, on-demand independent planning and application closed-loop. In the detection of lightning
in the stratosphere, mesosphere and thermosphere (TLEs), research on detection methods and cameras should be carried
out in the future to achieve real-time detection and early warning, serving the safety guarantee of China's entry and exiting

into the atmosphere and space-based spacecraft.

Key words severe convective disasters; space-based lightning optical detection; multi-dimensional fusion in spatio-

temporal domains; early warning and forecasting; review of lightning detection
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