A lightning occurrence position specifying device and A lightning occurrence area estimation method
Background Art of the Invention Technical Field 100 0 1] The present invention relates to an art
specifying a lightning occurrence position and estimating a lightning occurrence area Description of the
Related Invention [ 0 0 0 21 When a charge separation in a thundercloud proceeds and an electric
field intensity makes grow, an electric breakdown occurs in the atmosphere as being an insulator and
a lightning discharge occurs. [ 0 0 0 31 The lightning discharge occurs in various directions between
positive charges and negatiygiahamgesciirtbhvosssikiog spadfyisgdemisndadiouds and the other
thunderclouds, between tl}tj{l:%ﬁéclouds angﬁpﬁe&gm&aﬁ likanddat is, the lightning discharge
occurs not only in a downWwardl direction, but also In a lateral direction and an upward direction. In
particular. the lightning discharge directing from thunderclouds to the ground is called as a lightning
strike. It inseReriaddAat afibeBrentidightning discharges in the thunderclouds and between

thunderclqg&sh%‘szgﬁrgéhan a number of lightning strikes, and the ratio thereof is about 10 to 1. There
are a negaftive lightning strike discharging the negative charge of the thunderclouds to the ground and

a positiveh?bﬁtﬁiﬁd strike discharging the positive charge of the thunderclouds to the round in the
lightning sttikeyrkkftGrddrticlapelnscte mmarspeiniging e htAIE 9P ETIRee RAFHRR $htning strikes

are more ghgg%&%ﬂq%h Reskive.ightaing strikes, and a layer of the negative charge is
considered 10 be afound 7 to 10 km above the ground.[00051

Description of the Related Invention
[c0o02]
When 2 charge separation in a thundercloud proceeds and an electric field intensity
makes grow, an electric breakdown occurs in the atmosphere as being an insulator and
a lightning discharge occurs.
[0003]
The lightning discharge occurs in various directions between positive charges and
negative charges in thunderclouds, between thunderciouds and the other thunderclouds,
between thunderclouds and the ground, or the like. That is, the lightning discharge
oceurs not only in & downward direction, but also in a lateral direction and an upward
direction. In particular, the lightning discharge directing from thunderclouds to the
ground is called as a lightning strike. It is reported that a number of lightning
discharges in the thunderclonds and between thunderclouds is more than a nu"mbe:i of
lightning strikes, and the ratio thereof is about 10 to 1. There are a negative hghtx-n:ng
strike discharging the negative charge of the fhunderciouds to the ground and a posltw.'e
lightning strike discharging the positive charge of the thunderclouds to the ground in
the lightning strike.
[0004] ‘ |
in Japanese sumimer, it is said that a number of the negative lightning strﬂ‘sea are mo::e
than a number of the positive lightning sirikes, and a layer of the negative charge is
considered to be around 7 to 10 km above the ground.
fccirzli; to & non-patent literature 1 (An introduction of Atmosp?mric electricity,
edited by Society of afmospheric eleciricity of Japan, (Corona Publishing Co., 2003'), a
leader of the lightning strikes (progression of the above electric charge) pmgrtasses ina
step from the thundercloud to the ground, and the one step is 10‘ to 20(? m in length,
shout 105 m/s in speed, and 30 to 125 ¢ sec in time interval, It is empirically known



According to a non-patent literature 1 (An introduction of Atmospheric electricity, edited by Society of
atmospheric electricity of Japan, (Corona Publishing Co., 2003), a leader of the lightning strikes
(progression of the above electric charge) progresses in a step from the thundercloud to the ground,
and the one step is 10 to 200 m in length, about 105 m/s in speed, and 30 to 125 p sec in time intervalL
It is empirically known that a progression of the leader follows a flashing light and a lightning peal. It is

said that these knowledge is obtained by an observation research of the, lightning lf{rié( a
high-speaglinagearesdonainetlcetarfoBern m&@&%&%@tﬁg?f 6 Itis known that a

progression ot {lie.| @igﬁ!ié&?@ﬁ pheyeRaes of cipeireibangeearthokimdigifens SR
rom

progression makes an elec agnetic yav r_@ﬂ'g ShbaRatanidierakere, 2 (an operational VHF
Broadbanbiglsesphieaes ahs x(:)“ref"lzg eﬁgﬁlg%bMonl'[tglﬁng", IIIEEJ Trans. FM, Vol. 124, No. 12, 2004, (pp.

1232 to 1288) wrifen by Takeshi Morimoto, Akimasa Hints, Zen Kawasaki, Tomo Ushio, Akinori

Matsumotg, anghLee JRR0HahaResd Rt lesdturs 1he apevease Paf sHcieSBIFR Y E]%ﬁd-open
Publication No. 20014730 pay aftention to fhe glegltanaadeeiieramangnetin savepatiietsn particular, in
VHF (Verﬁﬂ?ﬁﬁﬁgmgﬁc;% roa?jbpangrof electy tic way rﬁ@?pﬁm%pmg leader.
Then, themdtspmfaﬁfarﬁﬁﬁﬁe&iﬁﬂj‘a%ﬁ%’&ﬂﬂ?’v%rgﬁogmr% h afigle and an %Ievaéig angle)
directing tq gRasiiMRliheE dBESeRrafmri Me Yebehidd Piositén ?B‘gﬁeg’g‘n &4k e%’[ﬁ‘erence

er(;%?gnil:g’té%ﬁ] r&e,?.gkvga\éeﬁ %y&q&mmna{rﬁaWMIme. However,

&
e“received positign {o the lightning. position . thal.is, 08 Py eareesieepasEdon of the

leader canmmm’é@w&ﬂmfﬂ{%%gﬁ eﬁ]te%h%r(%%gch b’;&#% azimuth %é‘.;glea%g%ﬁ? elevation
angle obtaingd-teen BytiratiyndNobRHATSH RemEtRRIY KR EIRETRBATIHRE Uirection vector is
the occurr%rlr[(l:c%ﬁ%q‘l§ist'ieog;a é@p{&m@mw@@ a5 gt Trtanseatyd hrvmstbant] )of electryagigsE of optically
observing aTighthing ‘strike phenomenan.by an imag S anl.freen dhesgtodsidetidg good for a
lightning stﬁi?é’%é&?%%‘ﬁdth%%ﬁlﬁfe%%%ﬁgé%ﬂ t%? reg‘l?r% I—%gg]v r,é& ripocti%%gﬁiugmﬂg
progressingihettiessditan tay oidous aeeiwns 48 ﬁ%r’f?ﬂ?é‘tf‘?ﬁ#ﬂe%%udgghas een overshadowed by
the thunderglouds. and itislifficult-becpriarnettign, obaspictore. the phasth&iFraRICABifg to the
methods described in the non-patent liter, RaleR-digatdte blaritngef péditimtightning
progressingeli?éﬁﬁ?é‘é‘ﬁﬁ?ﬁﬁ%af‘c’%ﬁg%agﬁ %%%gég%%m the t%%nggeﬁ Ioﬁds falling intp.ahaglow of the
thunderclouBswevrehe: cisemeedirrsn theretivet BUEHERSS HStid a%]_‘englgctromagnetic ’ ave in the
frequency bgpehecamesdinns pantit leetereartiminberciteinsd Sﬂ%@e&ﬁ‘fﬁ%”i‘ﬁ%ﬁﬁ‘é% :

Fach of the azimuth angle and the elevation angle obtained from a pluralify of

obgervation points, that is, an intersection of the direction vector is the occurrence

position. (This method is called as an intersection method.)

fooo7]

In case of optically observing a lightning strike phenomenon by an image ineasurement
feom the ground, it is good for 2 lightning strike between the thunderclouds and the
ground. However, in principle, a lightning progressing between thunderclouds ?.n‘d
upwards from the thunderclouds has been overshadowed by the thunderclouds, and it is
difficult to get an image or a picture. On the other hand, according to the fnetht?ds
described in the non-patent literature 1 and patent literature 1, 2 leader of the Pgix_tnmg
progressing between thunderclouds and upwards from the thunderclouds fa]]mg into a
shadow of the thunderciouds can be cbserved from the ground because a noticeable
electromagnetic wave in the frequency band becomes transparent between

thunderclouds.



(Problems to be solved by the Invention) [ 0 1 O In any of the above prior art, it is, however, difficult to
observe a distance between the lightning occurrence position and the observation position in ease of
separating therebetween. In case of optical observation of lightning strike, it is, ordinarily, difficult to
watch a flashing light as a distance to the observation position extends owing to a thunderstorm and
hard to get a direction vector to the lightning occurrence position exactly. In electromagnetic wave, the

attenuation thereof in the atmospheric air becomes remarkable, as its frequency becomes a
high-frqurMMnce of the electromagnetic wave in the VHF broadband is

considered to Ee atmg&%r%%gqnqming on the intensity of the lightning leader. In either case
of an obs

mages, pictures, or electromagnetic wave measurement in the VHF broadband, it
is requiredGd? d0fde means to observe the lightning occurrence positio

( .in a wide, ar ging tens of
kiIometerwwﬂ&ﬁ&dﬂ:ﬁcmﬁdmwhﬂ@ﬁéMéﬁ%?&%?ﬁ%ﬁaﬁeﬁ%%egﬁs%ring and
estimating,eﬁgctive%&%@&t%&gﬁvﬁﬁ,ﬂﬁbpabﬂaﬁ}aﬁeﬂnep@sﬁiq#eme%%iﬁ@;rﬁﬁ?mg range of
area. Me or s%lvmgt eP

Dlems). 0% Toder RipiNEt ddjghidingric
position nﬂ’asebé‘fﬁé?ﬂsyg‘t‘eﬁarr%f ﬁfg‘%n"& qgs]eﬂgﬁ%"%f'l‘?gﬂ?ﬁ%@ t 8|0 urrence

resen

invention estimating an occure itigaef signals
(including gigr@Recopiesch MMW%*M%%@%W& U °r?:‘:% %?%ﬁﬁg,ﬂashing light,
electromagnetic waves. ar i AR figkiningisctonfigarecith jhe BEhEHRECRYTERAG RATHS

arge

observatioh devices (a measurement device feceiving.adky SRatagantithofsignaibfoitoning the
above Iighﬂﬁ@lﬁccﬁﬁé’ﬁ%%’&%}lﬁ%ﬁt n?'g the direction etﬁ%o T}Q(; cijghﬁrggwwosition) and
at least onbdighieingmoedulbbnes $oSmERESEARTITBCaSVIcE: " 1 smases

of the electromagnetic wave in the VHF broadband is considered to be at mos ‘

so, depending on the intensity of the lightning leader. Im either case of an observat:.m'n

of images, pictures, or electromagnetic wave measurement in the VHF broadha:nd, it is

required for some means to observe the lightning occurrence position in a wide area

ranging tens of kilometers or more.

[o011] ' o

Accordingly, the present invention is to provide an art measuring and estimating

effectively the lightning activities, in particular, the occurrence position in a wide yange

of area.
(Means for solving the Problems)
oozl

To solve the above problem, a lightning oceurrence position measurement system of the
present invention estimating an cccurrence position of signals (inclu.ding, for e.xamp.le},la
lightning peal or the like) following an occurrence of lightning fﬂashm.g hhg_ £,
electromagnetic waves, or the other lightning is configured l?y a pluralllty of lig tnmgf
discharge observation devices (a measurement device receiv:ing a phylstca.'% quanct;ty :0
signals following the ahove lightning occurrence and nutputt;m.g the direction ve 0;
the lightning occurrence position) and at least one lighining gccurrence position
f;:ﬁ:i::z; lightning discharge observation devices a.x'ce arr'anged in th: lighifxn.n_g
observation area to receive signals radiated from the lightning thrt?ug reeew.mgl
clements and send an azimuth angle and an elevation angle show1:11g an a.:n:d
direction of signals, received time of the signal, position data u'f the received poin ,_tion
an identification data identifying 2 sender to the lightning occcurrence Pos

specifying device.



A plurality of the lightning discharge observation devices are arranged in the lightning observation area
to receive signals radiated from the lightning through receiving elements and send an azimuth angle
and an elevation angle showing an arrival direction of signals, received time of the signal, position data
of the received point, and an identification data identifying a sender to the lightning occurrence position
specifying device. The lightning occurrence position specifying device receives an observation data
including the time series of the elevation angles, the azimuth an

or %g, the tim@ the,‘i_flent"kf‘i1 tion data,
and the pUBiidighiaimg ThenrTbRcgROSIHGT CBSFHOREE SSTEENERECRTiIRT (ORI AR

ce Ju é‘es whether a time

interval of the fime aRrigmefdhgesleyationcinglamanngieyathe ozimaicengisn thegldmge enilar or not,
among the_time, series of the elevation t U@, qtﬂg:m Briiadacdaeivach fmwitior lightning
discharge“?fdggﬁ'%‘ﬁ%'h ‘g%t\'?:rcgna(%% ua ylgi%é?gnt. Furt %%Z%or%heg gn‘i)qgtﬂg%%@%g position
specifyingpeifres sevite stAeRgRBRIE O EcHT e EET 58!t BN With Use Of the observation gata (received
time and tiRgsofifsaGilhe sl dlraniiesagle abeshisilegtionnahgrexns shatime arnes PifB8 dentification
data judget %%gﬁ%sam”f‘e% %@mﬁu%&% R rdkithe presetidnlightidngdisgretgde an art
specifying estimating the occurrence position. effectively in a wige, r Eg&,g{gligmwservation
area. Brieﬂ@émﬁﬂ)ﬁ%‘ﬁﬁré\iﬁnﬁ?wgylwgﬁ?e ?‘%g\éag %/%v?/%h fi 8

0 ] owing.an ex&m le o %gonfiguration
of a lightnipgsiceauspeafgippsitrenspecifiesntion bEpiTiRg AIGHIERD R BOFERPSHEWIAG%R eX8mple of

functions %L(?A‘-%%BH‘@MGH&&%& PesiiQR SRaciking cRtlisaziigutiedhiden vigtishaaratam example
of received data, Figure 4 is g vie zgow'n example judging a.siailasina Hewserienpl an
elevation M@@ ﬂ?@braeﬂﬂrgf&vé\%i ga*séee%%caglng &;As?%é%d%gimilar, and Figure 43 shows in
different.
[oo1 3] . o
The present invention can provide an art specifying and estimating the lightning
occurrence position effectively in & wide range of lightning observation area.
Brief Description of Drawings
[0014] ' ‘
Pigure 1 is a view showing an example of a configuration of a lightning occurrence
pogition measurement system.

Figure 2 is a view showing an example of functions of a lightning occurrence position
specifying device.

Figure 3 is a view showing an exaraple of received data.

Figare 4 is a view showing an example judging & similarity of time series of an elevation
angles. Figure 4A shows in case of judging as being similar, and Figure 4B shows in
case of judging as being not similar.

Figure 5 is a view showing an example of procedure specifying a lightning oceurrence
position. ' ‘

Figure 6 is a view showing an example of processing flow of the lightning occurrence
position specifying device. N
Figure 7 is a view showing an example displaying the lightning occurrence position.
Figure 8 is a view showing an example of arrangement of lightning discharge
observation devices. ‘ |

Figure 9 j¢ a view showing an example of received data ina modification.

Figure 10 is an example of device poeition data memorized in a memory section of the
lightning occurrence position specifying device in the modification.

Figure 11 is a view showing an example of processing flow of the lightning occurrence
position specifying device in the modification.



case of judging as being not similar. Figure 5 is a view showing an example of procedure specifying a
lightning occurrence position. Figure 6 is a view showing an example of processing flow of the
lightning occurrence position specifying device. Figure 7 is a view showing an example displaying the
lightning occurrence position. Figure 8 is a view showing an example of arrangement of lightning
discharge observation devices. Figure 9 is a view showing an example of received data in a Figure 10
is an example of device position data memorized lightning occurrence position specifying device in the
modifi FigURmkiddisvent iforvcalnmdngmpanthx dnavetttioh processing flow position specifying device in the
modificatiqy g=npdiment fir carrying out the Invention [0 0 1 5 An embodiment for carrying out the

present invention ((called as embodiment”) will be described with reference to the drawings. [0 1 61 (A
configuratiBft Wﬁ?@f@%ﬁ?@%@aﬂ%ﬁw DRATSAENE AR A denthis embodiment”) wil

be described with reference to the drawings.

[bo16]

(A configuration of the lightning occurrence position messurement system)

An example of a configuration of the lightning occurrence position measurement system
in this embodiment will be described with reference to Figure 1.

As ghown in Figure 1, the lightning oecurrence position measurement system 1 is
configured by a lightning occurrence position specifying deviee 10 and a lighining
discharge observation device 110 (110a, 110b, 110c) connected coramunieatably to the
lightning occurrence position specifying dévice 10 through a network 11.

[0017]

A plurality of the lightning discharge obeervation devices 110 are arranged in a
lightning cbeervation area. The lightning discharge observation device 110 can obtain
a direction vector (azimuth sngle o and elevation angle B ) to the lightning
pecurrence position observed from an observation point by providing an observation
means of images and pictures of lightning flashing light with a 360-degree directional
camera, a detection means of lightning peal with aa omnidirectional microphone, a
receiving means of electromagnetic wave radiated from the lightning with an anienna
.or the like. The lightning discharge observation device 110 is designed fo memorize in
connection with the time series of an azimuth angles « and an elevation angles 8,
the time of the time series, and the position data of the observation position. In
addition, the lightning discharge ohservation device 110 memorizes the position data in
case where a mounting position is already known. 'The lightning discharge observation
device 110 may be provided with GPS (Global Positioning System) receiver (as not
shown) to get the position data. The Lightning discharge observation device 110
obtains the time by a clock synchronized with the other lightning discharge observation
device 110, or the time synchronized with the GPS receiver.

[oo18]

The network 11 may be configured by wire or wirelessly without being limited to a
communication method. The Hghtning ocewrrence position specifying device 10
specifies the lightning occurrence position with use of data as to a direction of the
lightning occurrence position received from a plurality of the lightning discharge
observation device 110 through the network 11. The detail of the lightning oecurrence
position specifying device 10 will be later described. Although a number of the



An example of a configuration of the lightning occurrence position measurement system in this
embodiment will be described with reference to Figure 1. As shown in Figure 1, the lightning
occurrence position measurement system 1 is configured by a lightning occurrence position specifying
device 10 and a lightning discharge observation device 110 (110a, 110b, 110c) connected
communicatably to the lightning occurrence position specifying device 10 through a network 11.[00 1
7 A plurality of the lightning discharge observation devices 110 are arranged in a lightning observation
area. Theliighhiig disbhangg oinksestatiodedieriaetl Af: dhpeabini Figuicttinrns actdifdridtdh angle a
and elevayign apglel 19,18 JOBLRG ecAuLeRceRPSINAN.oBREIRM from an observation point by

providing an observation means of images and pictures of lightning flashing light with a 360-degree
directiona Qaﬁn’e%], a detection means of lightning peal with an omnidirectional microphone, a

receiving fnebigamef Bledicortizghighioning\dsdointe disermation igénixn d1disatan amsntanobilhe like. The
lightning dischaiog-0b38 R HeY eRilADIRARSIoNEEIR HAMMAHES IS cRRRLton itk 1R time series

of an azimyth angles a and an elevation, angles , the time of the time series, and t ition data of
the obserFHFIRHEEHOH 1head; ﬁfmﬁl%‘ﬁﬁﬁeﬂlsc a‘?g‘%e tgﬁg%ggé iglﬁcaelesa\ﬁ@éefl r%%irl]%rizes the

position d3sbeindeasabathere a mounting position is already known. The lightning discharge observation
device 11Qgngyeleg] provided with GPS (Global Positioning System) receiver (as not shown) to get the

position datg. The li htning dischz%rﬁe obgﬁrvati D ggyice 110 obtains the time by a clock synchronized
with the other Tightn ISC a*ge observaton gwce 110, or the time $ér_1chroni_zed with the GPS

receiver. [60 exgnpiheffanvarraal bha skt aBigRRGHEEeBrRRPEILP \WRRSE DS Mnited to a

communicagigniteg had reRedightty Rigage@rence position specifying device 10 specifies the lightning

occurrence posllon it e £18 %0 2 lieslAR Y dindolieg AecsRAT Ropiemgceived from
of the'lig ge

a plurality of ning dischar bservation devicé 110 through the network 11. The detail of the
lightning oPatk R RERPRISECT SO G HBHEL RARRIBEATr 2 A5G4 B KRR SEHPR Atimber of the
lightning diszlagg® Jobservation device 110 are three in Figure 1, it is not limited to three devices and
may be el Uk Briaus aden Akl Gk Sl bip 4 aesinof b arge.
observation device set in_a center.of the cirgular are shown_ by.a hroke nged in a
lightning oBSER7EREH %?%‘&Dﬂnmct&%i‘ﬁﬂi‘é%ﬁ%“}?ﬁ%’ﬁﬁb E':%l\'/?éar?r?a ﬂ?glg?gﬁfr ﬁ%&é}e%%ﬁ”s?){# the circular
area 13 wiltdveitatt dalestritied0@RiheHearoe 2bccds shewn i rrsalspb a4 84 EE E Fxample of
functions ofjjpe JighiEing.c B4 eRCRPASHient SReaiiidetdedestEping the ignniie disdiangference to
Figure 2. As shown in Figure. 2, the Jightning occurren iti IfYIRGAGMICE: dthigPEavided with
a processi ?&ﬁﬁ?ﬁ?%&%oﬁhﬁ%ga%%&%&?ﬁ;{ i) ,ﬁgﬁ%qgogn%qrﬁggg%gé%%ln 23.100 2'(%2

the like) mounting on the lightning discharge observation device 110, the series of

the elevation angles B and the azimuth angles ¢, and the time of the time series.
The processing section 21 memorizes received data 301 in the memory seetion 23. For

example, in case where the network 11 is on IP (Internet ProtocoD) network, the
identification data shown in Figure 3 may be an IP address of the sender. In case
where the position of the lightning discharge observation device 110 is q"bta‘med from
the IP address of the sender, the position data shown in Figure 3 is not required. On
the contrary, when the position data can be substituted for the identification data, the
identified data is not required.

[oo022]

Returning to Figure 2, the processing section 21 is configured by a CPU (Central
Processing Unit) as not shown and 2 main memory to develop an application program
memorized in the memory section 23 and fo embody 2 similarity judging section 24 as
later described, a lightning position specifying section 25, and a lightning predicting
section 26 therein.



The communication section 22 receives data concerning a direction of the lightning occurrence
position from the lightning discharge observation device 110, and sends the received data to the
processing section 21. As shown in received data 301 of Figure 3, the received data has, at least,
identifiretion data identifying the lightning discharge observation device 110 of the sender, position
data (for example, longitude, latitude, or the like) mounting on the lightning discharge observation
device 110, the time series of the elevation angles 0 and the azimuth angles a, and the time of the
time seriqsg)_drheggrocessing section 21 memorizes received data 301 in the memory section 23. For

example. . SeiEr s e nalio: 34 b Aise L bipiReah o adkiestenialion data

shown i |n

e sender. In case where the position of the lightning
dlschargeebbséwa ﬁcé@l%ﬁ%lhbféﬁ%%ﬁmﬁﬁgd;rewﬁﬁfgig at’hle Sition data

shown in Eigyie:Rds that tae aterynutihelstieisveitothatia m‘iﬁ% fted for the
identificatj on da%a the identified data is not requwed [0 0 2 2) Returning to Figure 2, the processing

section 2 |s conflgured by a CPU (Ce tral as not sho ory to
develop aREpHAER Sl‘gliﬁ%ﬁi & BF emory 3’ ﬁuﬂﬁén an t@e(}nﬁg:)g iael%'%Hrl]larlty
judging seniigles?8 asf Fied itk oriegte Iagmnqlhgﬁéz*)hﬁaﬁ@ﬁémﬁwg ﬁé%ﬁﬂtﬁmg

predicting section @&1&9%&; ;&qﬁlmlﬁgﬁm a&glam 241wdgshwh§ﬂmr & time interval
of the time series of the ele atl le B and. a value of the elevatio Imglageor not
among th&" it G& BT, g'Hﬂf?&i df‘ate 8 elona i Bife

RAla are mutua dlﬁere at is, judge S|m|Iar|ty
thereof. F@lmampm;ﬂhguﬂeﬂﬁ ﬁl@th%ﬁ’ﬁ@ﬁ Lﬁlﬁ ﬁ,ﬁ%gfﬁgﬂ %é fon angles $ of
the directiQn YaGtar aGrRIeied 10 tiamiide @memmeymﬁgm m@ma ahathe lavatiTy that the

time series of the ele les milar sa dearaderermined
t:me ranlgemiﬁéa?mg Vaﬁl gﬁ%mg%lgcﬂaré@ obEE‘%‘ﬁoi("H%é@ﬁﬁ@%}?&%ﬁ m&" i

levation angles it at the li fech%rgne igg tlﬂgrdewce 110a
.shown in Figuthetruan. is maﬁféﬁ tH SRS PO ?ﬁ&?% % Ao fime seres T% the elevation
angles /3 alsihadighiserpésehiigs Wumka&ilﬂé@mrﬁﬂﬁﬁ@ﬁeﬂ%ﬁq:m?ermore a

tendency of the |me serlenﬁ%}/gdgg%é%Mevatlon angles 0 (for example, a shape of lines linking
values of tﬁsreﬁgvatlon angles B along the time series) is also considered to be similar 1002.4) It

may be caﬁﬁb%%f"l}smg various statistical procedure in judging the S|m|Iar|ty anditm ébe in
particular, mpmﬁymwlemﬁum vayisue intiseeal rwefrs ALBEERE HRe SHELARHR, T8 ime series

of two eIevatl%nb ng| (quﬂgg&d FpeiathslEN iR sedlang fer amnﬁdb@amo@lﬁ'@i@nt concerning
the time serie o elevation gn [ he re ipe B gedErelation
coeﬁments"&?é%ﬁﬁl%ﬂ&%ﬂ%fﬁ’é’?%?%%w %e‘{as%nagg o H)@?%Q{ﬂ‘é&?al akig

sradiated fro the r(ghtnl r}? been
measured mhaé&tﬁ(scprath#ﬂ&rﬁ@@ﬁﬁﬂ’éﬁ@%ﬁhﬁ@@ﬁ?@ Ar{ga Y—agure é%aZ That is this

means thatdfe (ﬁ' Gﬁﬂs%zpﬁﬁi@ns'ma rhetativebine. @#@Wm c®fBsponding
to a plot arcl the t|m Flaute, ig HA{soh) rddaisusbdispivase as not
&?ﬁ 406500 é
observed b)‘7 ge o servatlon evi ceaéi?I ont g uﬂ% &?t T’f‘ﬁ gRgEtE!ﬁQ
occurrence fpas tQC H'SCh rge observation device 110e and
far away fra b ge::o eviees mmaﬂﬁé% mEBeReREEHRR 1 outlier
Rethe KA h:ma@mm
valueina corresponding to a plot around the time te of Figure 4A(a2) does not exist in Figure
4A{a1). This shows a case as not observed by the lighining discharge obgervation
device 110a on the ground that the lightning cecurrence position exiagte comparatively
cloge to the lightning discharge shservation device 110¢ and far away from the lightning
discharge observation device 110a. The plot may be treated as an outlier value in a
process of statistical procedure and may be excluded from a judgment of similarity.
[0 025] _ |
Figure 4B shows a case judged that the time series of the elevation angles £ 1s not
similar. That is, & tendency (for example, a shape of lines linking values of the
elevation angles B along the time series) of the time series of the elevation angles 8
at the lightning discharge cbservation device 110a shown in Figure 4B{b1) is not similar
to 8 tendency of the time series of the elevation angles § atthe other observation point




process of statistical procedure and may be excluded from a judgment of similarity. 10 0 2 51 Figure
4B shows a case judged that the time series of the elevation angles /3 is not similar. That is, a
tendency (for example, a shape of lines linlriug values of the elevation angles B along the time series)
of the time series of the elevation angles i3 at the lightning discharge observation device 110a shown
in Figure 4B(b1) is not similar to a tendency of the time series of the elevation angles $ at the other
observation point shown in Figure 413(b2) in case of shifting the time. Even if a tendency (for
example sRosheRarofdinetBibning wsabetsbiftins shevtiten dhykesificieydaociter sapesiofthe time

seris of yclues o 06 GIRIAIVEIAR: 5 B.EUHFHSH 1aRas P iRy Sandiadsiged a8 the other
ightning

ase where the time shiftg beyond the pregdetermined time r turning to
Figure 2,5irme IR ﬁ&k?ﬁ%r?ib‘é%i%&ﬁ%%t g ié%?ﬁé‘s‘?&ﬂa?ﬁ?#g%%é‘gr%%% §§sition with
use of theutlgwd aeribs oftat kglsiring Haratorbaryths Bmeshiftsiberant she FEdeiStRIRSY as being
similar by.the mgrity judging section 24 are mutually different, the time series of the azimuth angles
a obtained together with the time series of the elevation angles 0 , and the position data. When the

lightning dirhte position is specified, it extracts a pair of direction vectors among a plurality of
direction Rettorsngdgedigutsefhgtbimlightaing Ressinte FeSine SHL R H0r B‘Eﬁtfé%éhn% to be

minimal, aalsesksdaribele prdeienneit tRenfisierianecerive nf etjositicwotbyhtiingngBee Figure 5)

Furthermoye,.it calcul tef?épq}lro gia%%g Gdle b Arliathipe) o0 e minieg! Aasmihaaiear pair of

direction c%?g, ?15%% eurr?”nnest eiiﬁmlgdle,poi t. Then, th pos%gon of tt%grg ) gris

determin&immqwﬁﬂmﬁgﬁ@mr@ﬁ:@'ﬁﬁﬁﬁﬁﬁsb{}ngcﬁfm FEFEan VaIlLie 0 the\ér etermined

middle poipkifanemmpierisiittichs Kevitinte pigled B7 puhheaporision:datie (MO Mt to seek for

the lightnipg, e iense Rosiondiarisaplusally o bibmetiacpion eaiosctionvdemes bubtigafalure
SXchTde the I i

thereof is Idde the direction vectar optaining the result extr el¥h(1'g gig&@d timation
position aBiambiff AEALROR TRHTE Bf%agg a?%%?ﬁ% ogealr{rgf‘eéf‘h%rgsi a meg_:‘%o for u%%r%gﬁa minimal
distance ajFtaiest ek o, fonexanpiel deelsdyrohdircaddtis #6iBk Pé%"b%%’&#b‘@*’ﬂ“!%?ﬂ%?, as a
judging method of difesiion veriarsiging syChaesiliseyaluaicisen ishadismeclitagtbd based on
the pair offdirection yeitors mcl_udina the di{ggtgqﬂ vector A AnpUlianelussbeaemaadan extremely
large valu@ﬁ:@?ﬁﬁﬁ T‘Ehbﬂ"] &% Stance ogt ned based Oé}éhe pair. of %erﬁtt%glnmyectors being
not an outkRsivatiddl® peintthd bt dhe m ot Hahrymeid THEF I e&’ﬁﬂ”f:?&@% Y 1 G&4®0 0281
The ”ght”ia&&fﬁﬁmiﬁ%ﬁﬁqwea@mmemmwummw widdlgipsitioffor
temperaturi;:(ax,aeilﬁép Oﬁgmgg R gxslgrm%ﬂgithe like) including a movement of

[0027] N

The feature of this metbod is not to seek for the lightning occurrence position from a

plurslity of the direction vectors in & Tump, but the feature thereof is to exclude the

direction vector obtaining the result extremely differed from the estimation position as

an outlier value with use of a statistical procedure. ‘

There is a method for using a minimal distance obtained based on, for example, the pair

of djrection vectors, as described above, a8 a judging method of direction vectors being

such an outlier value. The minimsl value cbtained based on the pair of direction

vectors including the direction vector being an outhier value becomes an extremely large

value compared with the minimal distance obtained based on the pair of direction

vectors being not an outlier value. Then, the direction vector being an outlier value

can be easily judged.

o028} ‘ ‘ »
The lightning predicting section 26 obtains the weather data {wind velocity, W

direction, temperature, atmospheric pressure, or the like) including a movement of
clouds from an outside server (as not shown) or the like, and predicts a movement of the
lightning occurrence position specified by the lightning position gpecifying section 25.



clouds from an outside server (as not shown) or the like, and predicts a movement of the lightning
occurrence position specified by the lightning position specifying section 25. Then, a calculation
estimating the lightning occurrence area is performed. 10 0 2 91 The memory section 23 memorizes
the above-mentioned application program, data (for example, received data 301) received from the
lightning discharge observation device 1101 the result processed by the processing section 21, and

the like. The memory section 23 may be built in the lightning occurrence position specifying device 10

and attactiger)tsilenlinion Gin{Ating thenbhiofne ooSIrRRe W eT K9 occurrence position
specifyinq(?*lqj/'gqg]An example of processing flow of the lightning occurrence position specifring device
10 will be

escribed with refefence to Fiqure 6 {Appropriately,r, . '%132. 8601, the
similarity [T RERIRHTER SOTREB s{lﬁeg&égg‘%%%%%%%g %g%%gsﬁe?es of hg £eltllf\tgtiion angles 0
and the azimotigngheived hamidlbreprivedhdramrithe H@%&éﬁiﬁ&méfgﬁeﬁﬁﬁ%{ﬂ% bosition data,
received fgqf_g the lighiningslisaaares obsenvatianmgestetidn @thandyhbmdisemfbnigaepiection 22 as
observation data. [00311, In.Step.8602, LoqVE=TA) AV TR TaToTTy ianEekisfitie qaracessingéection 21
judges wHESFA S FRE éar‘\%{)ﬁ%% ﬁ%ﬁﬁg&#&%d ava u‘eﬁg‘gt%e elevation angle $ are similar or
not amongtirehrdewisifles of the elevation angles /3 that the identification data are mutually different-
[00321 [go3o0]

(An example ufpmceasingﬂuwoftheﬁg}:tningowmemposﬁmmdfyingdevice)
An example of processing flow of the lightning occurrence position specifying device 10
will be described with reference to Figure 6 (Appropriately referred to Figure 2).

In Step 5601, the sirilarity judging section 24 of the processing section 21 gets the hme
series of the elevation angles B and the azimuth angles o, the time of the time series,
the identification data, and the position data, received from the lightning discharge
observation device 110 through the compmunication section 22 as observation data.
[0031] '

In Step 5602, the similarity judging section 24 of the processing section 21 judges
whether the time interval of the time series and a value of the elevation angle B are
similar or not among the time series of the elevation angles 8 that the identification
data are mutually different.

foos2] ‘ | |

In Step 5603, the lightning position specifying section 25 of the processing section 21
specifies the lightning occurrence position with use of the time series of s:t lsast two
elevation angles B judged as being similar by the similarity judging sectam? 24, and
the time series of the azimuth angles o obtained together with the fime series of the
elevation angles B, and the position data.

[o038] §

When an example of the time series of the lightning occurrence posm?n (square mm:ks
() specified by the Step 5603 is schematically shown in a 3-Dimen.t10n tcget}fter w_:th
the lightning cheervation area 60, it is shown in Figure 7. A plurality of thcla Lightning
occurrence positions plotted in Figure 7 show plots in Figure 4A(al). In F1gux:e 1, 'an
axis of width direction in & horizontal plane shows a 1atitude, an axis of depth direction
shows 2 longitude, and an axis of the height direction shows an aliitude.



In Step S603, the lightning position specifying section 25 of the processing section 21 specifies the
lightning occurrence position with use of the time series of at least two elevation angles $ judged as
being similar by the similarity judging section 24, and the time series of the azimuth angles a obtained
together with the time series of the elevation angles $ , and the position data. 10 0 3 31 When an
example of the time series of the lightning occurrence position (square marks 0) specified. by the Step
S603 is schematically shown in a 3-Dimention together with the lightning observation area 60, it is
shown in %Qra 21 plurality of the lightning occurrence positions plotted in Figure 7 show plots in

Figure 4A(asad@dmettfihe tighdaing distiha-dire chiaartatanaizanial plane shows a latitude, an axis of
depth diregtion ?h%gﬁ [tu nd an.axis of the height directi h a alt'qu%e. L0034]
(Arrangen%lnto the |%%%ﬁ§l%?§ﬁ%rg %o%%%ér t%ﬂngecrg\?%g %@ﬁﬁgﬂ%‘% ot the igh ﬁkllﬁg discharge
observatid'ﬁfﬁ'@m%tﬂ%m'fﬁ e described with reference to Figure B. As shown in Figure 8, when the
observatiom am@@:oﬂ@aﬁ@atﬂm.iﬁxeebsﬁ?@m mgam didishbphitdivigintiad, Ehsaiia-.ﬁr;ﬁnged to
cover the phaeivalion:a'e7 G5kt hisCeseriRioRa cOvEsag 1he ArsaringsnBkyean Gavarpo al the

places including exceptional places like shadows such as constructigns, mountains, Qr places inside a

tunnel, buR BB XSRS iR GBER QR0 NG e A0S FATTAEEN &k gHhRiRia%RS: HBF ervation
device 11exieptipas! plaatelikd thedivoukachrea dh{fon@:B3dms, MypwetSwshoryhosnnie® the
Iightnfir]:lg c@%ggfg}gbggxyﬂ%gnagﬁggg ]%L_Ogjﬁ sgﬁg}?{%gdmgrv&;iq%?g@,%yg%gmg (irrl]cluding
a roof floor, of building). As the tni ischarge observation device is designed to get the
position dédfgcgf“a%e “ﬁrﬁé"’.%“c?gseg”& %?c?e;i%ﬁﬁﬁqtﬁga(ﬁsg régqellglg‘eercf[rfg? & %rg)s/. Z‘g equipped in a moving

body suchl8sPad/&Hicle, an airplane, or a ship. In case where the lightning discharge observation
dhevice_ 11@1&&@;8%@%&5&@@%&@@ﬂ&@?&ﬁkﬁﬂg_ﬁ@%@&%%ﬁ&ﬁbﬁ@%nz@iwﬂ&corrects
the azimuth angle a according to a traveling dige the.m NGk st vation
angle 13 atl%( gdngﬁgnagfﬁ%%/%lﬂg%%%e%?o#r%%%r%%&ﬁ%_ g't'1 tgggﬁ%’tgigj e,b %% thus sgﬁd%gto the
lightning obehtringdisehmen dreevrriog deviee 119 indspighedta st the RotHon: drlhBEBBY lightning
dischnrgesigecus indbetpuodaisiotisGPS healwenlie: i mxjcbel eydipped iarticmaringtedyhe
lghtning digghaide PRiRlon devismd | B/seappedn.an ainisaciae ﬁeﬂmga&m@&

electromagnetic wave radiated_from the lightping, It is effective_to imp e precisjon in case of
specifying ?héeﬁm%gdsaaearméspsgmaﬁ%% ’edége’%f'ﬂ%mgbwaa, E%M‘]%ﬁ%%harge

observationbdemnetidi defececllip pexteiss e cezimindgb saslie otr oroemydinit ty e vRanelingtiteetitnhe

lightning, ity ifegiihig-e H%Hﬁ,oéﬁﬁiﬁiﬁtﬂeﬁiéi%%mtmgwf pstpalingieeQccHHIRaamatea of the
ightning s & Mo Oy 1dercleudn anpie st lina A% an ReRiREiPel meRsK fRdbe 0 3 61
specifying device 10,
As above mentioned, a great number of lightning discharges ocour in the thunderclouds
and between the thunderclouds. In particulax, when the lightning discharge
cbservation device 110 is equipped in an airplane so as to measure the electromagnetic

wave radiated from the lightning, it is effective to improve the precision in case of

gpecifying the lightning oceurrence position. In case of being by sea, when the
lightning discharge observation device 110 is equipped for measuring the
electromagnetic wave radiated from the lightning, it is effective to improve the precision
at the time of estimating the occurrence area of the lightning as a movement of

thunderclouds approaching land can be precisely measured.
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(51odification) Although the above-mentioned embodimAnt has been described in case where the
lightning occurrence position specifying device 10 gets the position data from the lightning discharge
observation device 110, it may be without receiving the position data when the lightning discharge
observation device 110 is mounted at a fixed observation point on the ground_ In the following, as a

modification where the lightning occurrence position specifying device 10 receives a received data 901
such as identification data, the time series of the elevation angles 13 and the azimuth angles a and the
time of thigptiong g@ries as shown in Figure 9, it will be described focusing on point, which is different

from the W&%ned embodiment- (appropriately referred to Figure 1 and 2) In addition, as a

lightning occurrence position measuremenj system and g lightning gccurrence iti ecifying
device in4AthengbifibsahesratAe %‘E}# ﬁ?ﬁ%ﬂ"ﬁé%’é&%%%ﬁt%n%%%%ﬁg@ ald

LT ightning occurrence
position righsuiemenusyatenmpbsiiahlighteifyingcdgmion o prritiches Reei g HE9iEPTD Hieir figures
will be omiied by using fhe, SHIG FAIBECREEAMEl S g B9 Irithoasedieetiiselightition discharge
observation device 11§ is mounted at a fixed ghservationgpoint o dhe gLeiRd.dhgipgsKign data of the
lightning G&EhaFieBRRr nhm&%é%ffsehggésﬁéﬁﬁgﬂeqd%nown. That is,.the n;lemo%esection 23 of
the lightnickssecativenpeiposmiohe EemMphg davitke 1 HRERIEI A% thPPERREEATA 901 8hd the
device pogitianHiata-LRRélRefentRi igiewriiia) Arsteiding thivedentéeinidndaiaBilgiessosition data.
003 81 4 progessing, fov AL e IoNAING. peRy RS ap Sl b helaaadl asflbe shown in
Figure 11° ﬁ%‘é%gﬂéi%gngimﬁﬁ?ﬁudg?ng secxion.24%€ﬁe BiPEesang.sesiion, i fiis the time
series of the el tiioHmA gl SimePRReSBHADET Y BIERTS R HiMe of the time Series, and the
identificatigpsiataniacsvelkiomfton igbabngedisaibine d bsehedivumtidernrorrtRRO ERfATTRE
Comm“”ic%?“ S%%‘%g&f% a5, QASERAIIOD LRI R:AB QBraige: Hbiibdn e siriasiytjapging section 24
of the proc g section 21 judges | . . o SiEeation ave the same
and a lightning occurrence position specifying device in the mo n
configuration as the above-mentioned lghtning occurrence position meagurement
gystemn 1 and lightning occurrence position specifying device 10, their figures will be
omitted by using the same reference numerals.
[0037]
In case where the lightning discharge observation device 110 is mounted at a fixed
observation point on the ground, the position data of the lightning discharge
observation device 110 has been already known. That is, the memory section 23 of the
lightning occurrence position specifying device 10 memorizes the received data 901 and
the device position data 1001 (Refer to Figure 10) mssociating the identification data
with the position data.
[0 03 8] | | .
A processing flow at the lightning occurrence position specifying device 10 will be shown
in Figure 11. _ ‘ "
In Step $1101, the similarity judging section 24 of the processing section 21 gets
time series of the glevation angles 8 and the azimuth angles =, the time of the time
series, and the identification data, received from the lightning discharge observation
device 110 through the communication section 22, as observation data.
[oo39] _ _ "
In Step 51102, the similarity judging section 24 of the processing gection 21 judges
whether the time interval of the time sories and a value of the elevation angle # are
mutually similar or not among the time series of the elevation angles 8 that the

identification data are mutually different.

11



whether the time interval of the time series and a value of the elevation angle 8 are mutually similar or
not among the time series of the elevation angles B that the identification data are mutually different-
10 04 0 In Step 51103, the lightning position specifying section 25 of the processing section 21 seeks
for the position data associating with the identification data of the time series of at least two elevation
angles 13 judged as being similnv by the similarity judging section 24. The lightning position specifying
section 25 also specifies the lightning occurrence position with use of the time series of at least two
elevation p@@qsdj]judged as being similar, the time series of the azimuth angles a obtained together

datas. 100IPISRE STAOE e ROt IOV A el b Lo (it P "

occurrence EOSIUOH measurement system 1in this

embodlmmhﬁnhheMWmmmme@et idg viomfnte ehtbaHIessEEDEhe elevation
angles measiad akeatvahserdapva g@l@ﬁ&g&[ wmaﬁghaﬂgﬁw@g thschm@mhiysm&ahmn device no)

and specify effectiyel 3I1%g!tn|n occ gemo%sw mtw& a6 0 ation
angles t3 an i etiémmu E ges e mformatlon dat??él}&ged as b'§ gﬁurrlflnt The Jightning
discharge SBEERRSERPEEGR it meﬁé@a EspfcPetah et %5801 ﬁe ermined
radius, anglfeciseaingreaniidis the ange diécieout thecasiysuthasmgiesran ebtamﬂé speshefment is

effective o5:AD HINRNCLIALL oF e R Ah Rgtinern seeilipestiied ahta BaasatiigRagposiltion
t

concerning ghtning discharge in and between thunderclouds. It can improve the precision of
estlmatlon*BFt‘H%’%@H‘?‘ﬁWﬁ Bturrence position and movement prediction of thunderclouds in the
observatiofabea BD. [0 04 2] The lightning occurrence position specifying device 10 may be

configured §8 MG@%%%@%H@&%@W&Mﬁm&&@Bmemwa poithisf the

moving bo

y.and aca eivin tion data.from g fixed o 10N RRINLRY tggrating a
function of @“%f{l t% g position specaﬁlilng e%?cen% (%?s%rr ed{én m

entand a

this,.em
function of@éﬂghﬂnmglmmé?ﬁ:eapﬁﬁ yﬁ‘?@lblQ‘é’ﬁ"é’%‘ﬂ’ésﬁ?fﬂ@o(’fﬁttﬁglﬁbovp%hod|Aest|on
CLAIMS V\ﬁg{dﬁﬁéa %Mmrﬂ@uoaewenrmmmaommwﬁmahanhehmzo mutually

communicatably to a Iural of |i C t #wsending an
e Do 0 aldb i85 8E baVanASMERs
elevation a‘ﬁc i a2|mu anglie owmg an arrlval dlrectlo of sgg 1}% dlat%df m_ a lightning
as seen from@?ﬁobseﬂﬁa’i i infrpd-ae dricg S ogeta of the
g

Observatlorbmm@ad&wqummnmmm@ammmmma@m.on section
receiving agag?usserg/g I%ﬂedmm fst!glﬁﬁﬁﬁfeﬂ%t@@ver the observation areg 60. This

arrangement is effective for an improvement of precision at the time of specifying the

lightning occurrence position concerning the lightning discharge in and between

thunderclonds. It can improve the precision of estimation of the Lightning occurrence

position and movement prediction of thunderclouds in the observation area 80.

[004 2]

The lightning oceurrence position specifying device 10 may be configured to correspond

o both 2 case receiving position data from an observation point of the moving body and

& case mot receiving position data from a fixed cbservation point by integrating a

funetion of the lightning occurrence poeition gpecifying device 10 described in this

embodiment and a function of the lightning ocourrence position specifying deviee 10

described in the above modification.
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elevation angles, the azimuth angle, the time, the identification data, and the position data from the
lightning discharge observation device; a similarity judging section judging whether a time interval of
the time series of the elevation angles and a value of the elevation angle are similar or not among the
time series of the elevation angles that the identification data received from the lightning discharge
observation device are mutually different; and a lightning position specifying section specifying a
lightning occurrence position with use of the observation data that a plurality of the identification data
judged as being similar by the similarity j§t%ihd MeBtion are mutually different- 2The lightning
occurrence position specifying device according to Claim 1, wherein the lightning position specifying
section is configured by selecting a pair of direction vectors among the direction vectors configured by
the elevation angle and the azimuth angle judged to be similar, seeking for a middle point at the time
of being nvinistas nairskdtance between the pair of direction vectors, calculating a mean value of

positions of a calculated middle point, and specifying a position of the mean value as the lightning
occurrence position, in the observation dat aaﬂléml é)f&@ﬁdg' epiificatian gdatenjiidgig as being
similar by the simiﬁr%g%r@ mutually different. Ii-?fg Iigggnin&occurt@% pasition
specifyingueniomizetthtirtg ® Tty G JERHERSFSCIERE | RANHRG GCclirence position specifying
device is pavided gym_@l}ghawwﬁmdﬁgiammmm&cﬂnglmhmﬁéﬁt% occurrence
position sp%ci_fied by&g lig n%ﬁ?&}%&@ﬁ@ﬁo’iﬁ@M@MW weeatbetinaighmioging a
movemenCbFERR , SREes imating the lightnin oge rreqc%ﬁregbs%m%gghgyﬁg ogRHIrgRce position
specifying xheeivedatizordifg teo REREC i8S a SiRe Bin ’

jdentification data identifying a sender,

comprising:

a communieation section receiving an observation data including & time series of the
elevation angles, the azimuth angle, the time, the identification data, and the position
date from the lightning discharge observation device:

a similarity judging section judging whether a time interval of the time series of the
elevation angles and a value of the elevation angle are similar or not among the time
serjes of the elevation angles that the identification data received from the lightning
discharge observation device are mutually different; and .

a lightning position epecifying section specifying a lightning occurrence position with
use of the cbservation data that a plurality of the identification data judged as being
similar by the similarity judging gection are muiually different.

2 Thelighmﬁngmmmeposiﬁonspeciiyingdevioeamor&ingtomaiml,

wherein .

the lightning position specifying section is configured by selecting a pair of
direction vectors among the direction vectors configured by the elevation angle and 1:.}33
azimuth angle judged to be similar, seeking for a middle point at the time of being
minimal in a distance between the pair of direction vectors, calculating a mean value of
positions of & calenlated middle point, and specifying a position of the mean vialue as the
lightning occurrence position, in the observation data that a p?urahty 'of the
identification data judged as being gimilar by the similarity judging section are
mutually different.
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the lightning discharge observation device is provided in a center of circular area having a
predetermined radius, the circulsr area being arranged to include an observation area of the lightning
occurrence position. 5The lightning occurrence position specifying device configured by sending an
elevation angle and an azimuth angle showing an arrival direction of signal radiated from the lightning
as seen from a lightning observation point, received time of the signal, a position data at the

observation point obtained by a GPS (Global Positioning System) receiver, and identification data
identifying a sendBhe dightnilng nevgroaes) gﬂ’l’ﬂh ,%%ﬂﬁe‘c%gy

communicatably w}@,}@ﬂtmng discharge observation device equipped in a moving body through a
network, compris a_ communicatio i @gvm ggqv%tg gg;gg atime
series of the elevé%%kganqng %%%?&eﬁﬁ%gr? % %e ?I ¥e the identification data an ‘3‘%\‘7 position data
from the Immmmﬁ ?ﬁﬂ’ﬁ REEYRY S Bl Tﬁhﬂiﬁ flether a time

interval ofbwq;ﬁgngmoﬁﬂammf\@haﬁy&mlemmd éw@dea:t tivesdleratiatea megtudingsimilar or not
among the time. seri cgz,m}eﬁﬁ\g@{mgggl%m% ddgntificatien data received from the lightning

dlscharge observation device are mutually different; and a lightning position specifying section

specifying the lightning occurrence position with use of the observation data that a IuralltK/of the
identification dataThediiaddgziemsientapbsitice spedifingdegmg soedg a?@#»ﬁ&ﬁéwﬁr rent. 6A

lightning qgcslrrence area estimation method used with a lightning occurrence position specifying
device connected clolé munieatably to a plurality of lightning cliscbarge observation devices through a
network sending al &levation angle and an azimuth angle showmgF an arrival dlre jon of S|gnals

radiated from a ligthmiligtasisgahstemea hassErtionoeish ih PRIE g iy ST RERE SHRTASF the signal,
a position g@tgg;‘;p@gque&gaﬁ&&mm&@m&kaﬁhﬁietmah&tlamdatmn@mmehfsembrﬁwherein the

lightning occurrence positi to comprise the steps at a step
receiving PRESTELRA AT 8&&%%%&%%&%9@%&%

Ing a‘time series of the elevation angles, the azimuth single, the
time, the identification data, and the position data; a similarity judging step judging whether a time

interval of ghe tlrnsmlggmfﬂhg WWB&@MWW Mgﬂé”é@%ﬁﬁnar or hot
among the% g seng& fg]ﬁealg\@iﬁﬂﬁn% thRthe dentifisativgisatiorc et kgt eadidtedightning
discharge groirggligh&%eaasrge?nu a LHehgm.ﬁg observation point, received time of the
signal, a position data at the observation point obtained by a GPS (Global Positioning
System) receiver, and identification data identifying 2 sender to the lightning
oceurrence position specifying device, to connecting communicatably to a lightning
discharge observation device equipped in a moving body through a network,
comprising: |
a communication section receiving an obeervation data including a time series
of the elevation angles, the azimuth angle, the time, the identification data, and the
position data from the lightning discharge chservation device:
a similarity judging section judging whether a time interval of the time series
of the elevation angles and & value of the elevation angle are similar or not among the
time series of the elevation angles that the identification data received from the
lightning discharge observation device are mutually diffevent; and
a lightning position specifying section specifying the lightning occurrence
position with use of the observation data that a plurality of the identification data
judged as being similar by the similarity judging section are mutuslly different.
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a lightning position specifying step specifying a lightning occurrence position with use of the
observation data that a plurality of the identi6eq tion data as being similar by the similarity judging step
are mutually different; and a lightning predicting step predicting a movement of the lightning

occurrence position specified by the lightning position specifying step and estimating a lightning
occurrence area based on a weather data including a movement of clouds.

6 A lightning occurrence area estimation method used with a lightning
occurrence posi:tioh specifying device connected communicatably to a plurality of
lightning discharge observation devices through a network sending an elevation angle
and an azimuth angle showing an arrival direction of signals radiated from a lightning
as seen from an observation point of the lightning, received time of the signal, a position
data of the observation point, and an identification data identifying a sender,

wherein

the lightning occurrence position specifying device configured to comprise the
steps oft

a step receiving the observation data having a time series of the elevation
angles, the azimuth angle, the time, the identification data, and the position data;

a similarity judging step judging whether a time interval of the time series of
fhe elevation angles and a value of the elevation angle are similar or not among the
time series of the elevation sngles that the identification data received from the
lightning discharge observation device are mutusally different:

a lightning position specifying step specifying a lightning occurrence position
with use of the observation data that a plurality of the identification data as being
similar by the similarity judging step are mutually different: and

s lightning predicting step predicting a movement of the lightning occurrence
position specified by the lightning position specifying step and estimating a lightning
ceourrence area based on a weather data including a movement of clouds.
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