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Abstract— The Total-sky Lightning Channel Imager (TLCI)
is a professional lightning optical monitoring instument. Based
on the total-sky digital imaging technique and fasdigital image
analysis algorithm, TLCI can detect lightning evens in real-time
and record the lightning channel images in total-sk range. It is
simple in structure and easy for installation. TLCI can provide
the lightning monitoring and warning service. The dservation
data of TLCI can also be applied in the investigatin of lightning
disaster, evaluation of lightning detection efficiacy and location
accuracy of the lightning locating systems, analysi on the
characteristics of lightning discharge, and so onln China,
several TLCls have been installed in Beijing, Guanghou,
Chongging, and Lhasa. A lot of total-sky lightning channel
images have been captured.
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I.  INTRODUCTION

Lightning is a spectacular weather phenomenon oocur
in the atmosphere, which is accompanied by tratslarge
current, high voltage and strong electromagnetiiateon.
Lightning often leads to significant disaster aeait$, resulting
in not only loss of life and personal injury, busa severe
economic loss in the industries of aeronauticsastnautics,
national defense, power, communication,
petrochemistry, transportation, forestry, etc. Arldwide of
24,000 deaths and 240,000 injuries from lightniegyear was
estimated by Holle and Lopez [2003] and more th@0d
lightning-related deaths and injuries per year mn@& were
reported [Zhang et al., 2011]. With the rapid depehent of
social economy and the wide application of infoiorat
technology in our life, it will be much greater the damage
extent, economic loss, and social influence cabgdihtning.

Real-time lightning location data is an importaasis for
lightning forecasting and warning. The warning bé tareas
where lightning is going to take place can help take
precaution measures and reduce the damages thatbenay
caused by lightning. In addition, lightning locatidata is also

an important basis for disaster investigation. Diite
efficiency and location accuracy of the lightningcating
system play a key role in effect of lightning wangpi
evaluation of lightning warning result and inveatign of
lightning disaster.

At present, many countries and regions in the whdgde
set up cloud-to-ground (CG) lightning locating netks and
some total lightning locating systems are alsoalted for
monitoring lightning in real-time [e.g., Nag et a15]. Some
systems can even detect the development of ligitcirannel
[e.g., Rison et al, 1999; Zhang et al., 2010].

Optical observation of lightning has always been
important means to study lightning. Winn et al. 12p
obtained good recordings of daytime lightning fleshon
standard inexpensive video tape recorders. A plertdPC-
based system has been developed by Parker and KQ2S]
to provide a mobile data-collection platform for kimey precise
time-synchronized optical and electromagnetic measants
of lightning with correlated video imagery. In Mazat al.
[1995], Chen et al. [1999], and Mazur [2002], tiideo camera
was pointed down at an upward looking parabolicranito
obtain “all-sky” pictures (although some small past the field
of view were obscured by the camera and its ca)iaf the

an

electronicslightning channels.

However, so far there are no apparatuses that can
automatically and simultaneously obtain digital ges of
lightning channel in total-sky all-azimuth range dan
information on the time of lightning occurrenceghtining type
(intra-cloud, IC, or CG lightning), and polarity afoud-to-
ground lightning in the image. Nor are there suéab
apparatuses capable of observing and accumulatingdant
data to thoroughly evaluate the detection efficjerand
location accuracy of the prior art lightning locatisystems.

With the rapid development of optoelectronic tedbgy,
total-sky range digital real-time imaging becomesgible, and
has already been applied in the ground-based atitoma
observation of cloud [e.g., Yang et al, 2012; Liaét 2016].



Based on the development of the ground-based gkyatioud
imager (TCI), we proposed a technical solution tfatal-sky
lightning channel optical observation and desigties Total-
sky Lightning Channel Imager (TLCI, Lu et al. [2Q1L4

II. TLCI HARDWARE

The processing unit sends “open” or “close” commtmnd
the light shielding device through the control mieduThe
control module controls the motor to rotate basede “close”
command so as to close the light shielding valvé for
covering the photographing device (as seen in Eé&j, and
controls the motor to rotate reversely based on“tpen”

TLCI is an automatic lightning channel observationcommand so as to open the light shielding valve iami not

covering the photographing device. When the lighelding

device opens completely, the FOV of the photograglievice
is not affected at all (as seen in Fig. 2b), andnthihe
photographing device can capture total-sky digitedges and
transmit the images directly to the processing. unit

instrument using digital optical imaging techniqaed fast
digital image analysis algorithm, with observatamea radius
of about 10 km. As shown in Fig. 1, TLCI hardwaraimnty

consists of a photographing device, a housinggé¢eature
control device, a light shielding device, a contnabdule, a
power supply module, a thunderstorm activity senaodata
acquisition device, a GPS antenna, a GPS timinguteaehd a
processing unit.
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Figure 1. Hardware schematics of TLCI

(b
Figure 2. The shielding device of TLCI

(a) closed and (b) opened status

The representative parameters of the thunderstotivita
were picked by the thunderstorm activity sensay.{e&orona
current sensor, electric field mill). The procegsimit receives
the data through data acquisition device and judgesther
there exists thunderstorm activity within the rangserved by
the TLCI. In actual use, the thunderstorm actigignsor may
be any sensor known in the art capable of sensimg t
representative parameter, for instance, a fast/sleatric field
change antenna, a magnetic antenna and a photpdibié is
consider that many thunderstorm activity monitoring

The photographing device of TLCI comprises a digitainstruments have been used, take full advantagehede

industrial camera and a fisheye lens. The industaimera was
adopted because of its stability and controllabilithe view

angle of the fisheye lens is at least 180°. Thagingplane of

the photographing device is horizontally dispodadorder to

realize the field of view (FOV) with the elevatiangle from 0°
to 90° and the azimuth angle from 0° to 360°,fibleeye lens
is disposed above an upper surface of the housidghas a
light axis pointing towards the zenith direction.

The housing is double layer heat insulation andirsgga
structure, which is good to reducing the impactaaibient
temperature on the device. The top of the housiag &n
opening, where a transparent protective cover isnteal. The
housing has a separate power supply module, tetopera
control module and control module.

The light shielding device is located between traqzetive
cover and the photographing device, which only @uatiically
opens for image acquisition according to the condnéor the
sake of effectively improving utilization efficiepc and
extending service life. The light shielding devioamprises a
motor, a light shielding valve unit and two limivisches. The
light shielding valve unit consists of a set of spbal valves.
The limit switches are used to limit the rotatiopaisition of
the light shielding valve unit.

instruments can effectively improve use efficiencgduce
duplication of investment.

The equipment also comprises a GPS antenna andSa GP
timing module. The GPS timing module is used toetithe
processing unit periodically and obtain accuraiggér time
information in response to external trigger sigraald send the
time stamp to the processing unit.

It should be mentioned that the filter is oftenuieed in
lightning optical observation to reduce the effetthe bright
background in daylight condition. For example, oneeveral
neutral density filters were often used for captgricolor
lightning images, and the narrowband interfererilter fwas
often used in monochrome lightning optical obseéovatFor
TLCI, a 656 nm filter with a bandwidth of 10 nm wadopted.
The maximum exposure duration is often adopted dor
available framing rate, e.g., 25 ms for 40 framasgecond.

Sometimes we also used TCI (capturing color image f
total-sky cloud observation, not special for lightn
observation, without narrowband interference fjleguipment
to capture lightning images. In this situation, rshexposure
duration that much less than the maximum duratiaghtrbe
adopted to avoid saturation during the daytime.



lll.  TLCI SOFTWAREAND OPERATIONALMODE » two operational modes: automatic and manual;

A. Software functions e in automatic mode, can receive remote control
The software interface of TLCI is shown in Fig.v@hich command via network to start or stop consecutive
has the following main functions: observation.

B. Operation modes and working states

As stated above, TLCI has two modes of operation:
automatic mode and manual mode. In automatic maitlef
manual operations are prohibited, such as parasnetdting
and manual control of the light shielding devidee tsystem
automatically detects the thunderstorm activity uachb or
receives remote control command and adjusts worktates
all-day. In manual mode, user can manually contiodsstatus
of the camera, sets the operational parametersetadhe ROI
area for lightning channel detection, etc.

Furthermore, in automatic mode, TLCI has two wagkin
states: ordinary monitoring state and lightningesieation state.
In ordinary monitoring state, the data acquisiti@vice is in a
] ] low-speed real-time data acquiring mode, while bservation
Figure 3. Software interface of TLCI state, the device is in a high-speed real-time datuiring

« consecutively obtain and display total-sky digital mode.
images, detect lightning channel(s) and store image ror convenience, the corona current is selectedhas
using the specified parameters in real-time; representative parameter of the thunderstorm actitd

of TLCI observation is show in Fig. 4.

¢ monitor and control the movement of the light gtiied

device: When the corona current indicates there is no targidrm

activity within the range observed by the TLCI, fhvecessing
+ set the information of the observation site (londé,  unit will set the system in the ordinary monitoriatate, the
latitude, height, etc.); control module in the housing will shut down the
photographing device, close the light shieldingickvand set
the data acquisition device in low-speed mode ffistance,
100 S/s). In this state, the processing unit aeguand analyzes

« set the ROI area for lightning channel detection; the corona current waveform in real-time for judpiwhether
there exists thunderstorm activity.
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Figure 4. The flowchart of TLCI observation



If thunderstorm activity exists around the TLCl,eth to determine the grounding point of the CG lightnithat

processing unit will convert the system into thghtning

observation state and set the data acquisitioncdéani high-
speed (for instance, 1MS/s), the control modulé @pken the
light shielding device and turn on the photogragtdevice. In
the lightning observation state, the processintj acquires the
total-sky digital images consecutively and detestsether

there is lightning channel(s) in the image by salbcidesigned
lightning event detection algorithm in real-time.

When a digital image that contains lightning chel(s) is
detected, the processing unit will store and dispiee image,
record the corona current waveform (showing rapid &rge
magnitude change within the exposure period ofithage),
and store the GPS trigger time from the GPS tinmmagule.
When the sensed data and image analysis indicéites
thunderstorm has dissipated or moved away fronolbiserved
range, the processing unit will shut down the pbaphing
device, close the light shielding device, and dw tlata
acquisition device into low-speed mode, i.e., tlogking state
of the TLCI will be converted into the ordinary nitmming
state.

IV. APPLICATIONOFTLCI

Several TLCIs have been installed in Beijing, Guzdnugy,
Chongging, and Lhasa, in China. Fig. 5a and Figstsw the
in-situ installed TLCI in Guangzhou and Lhasa, extpely.
Fig. 6 shows six examples of total-sky lightningachel
images captured by TLCI.
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Figure 5. In-situ devices. (a) in Guangzhou andr{lthasa

From Fig. 6, it can be seen that TLCI can not algture
the images of CG lightning flashes (Fig. 6a-d), bls#o can
capture the images of IC lightning (Fig. 6e, 6fpEcially for
those CG lightning flashes with multiple groundpgjnts (Fig.
3, Fig. 6¢c, 6d), the advantage of TLCI, real tcia)- FOV
without any shading, ensures the successful phapbgrg for
all grounding points.

A single TLCI can only provide the azimuth and eléon
information of lightning channel in two-dimensidBooperated
with thunder observation or the geographical distion of tall
buildings (for instance, in Guangzhou urban area,et al.,
[2012, 2013]), a single TLCI observation data clso &e used

terminates on tall buildings. The data can be useelvaluate
the performance of lightning locating system.

(b)

(d)
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Figure 6. Six examples captured by TLCI. (a) and @65 lightning
flash with single grounding point; (c) and (d), Gghtning flash with
multiple grounding points; (e) and (f), IC lightgin

By installing two or more TLCls with a certain t#ieace
(e.g., 1 km, 2 km) and using the three-dimensiqi3aD)
reconstruction method based on dual-station
observation data (e.g., Gao et al., [2014]; Lul.ef{2015]), the
3-D features of the lightning channel can be ola@jnwhich
can be used to evaluate the result of 3-D lightdoaating
system.

The total-sky FOV of TLCI makes it easier to acclae

abundant lightning data than the lightning opticbservation

system with small FOV. TLCI records intuitive liging

channel images, which can be used to not only aealy

lightning characteristics and evaluate the lighgniocating
system, but also provide lightning warning serviter
lightning-sensitive area and useful information figyhtning
disaster investigation. Therefore, the TLCI
application prospect.
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