A lightning occurrence position specifying device and A lightning occurrence area estimation method
Background Art of the Invention Thchnical Field 100 O ii 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 2] When a chBrge 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. 10 o o 3) The lightning discharge occurs in various directions between
positive charges and neg t'%%&har es in thunderelouds. betw Qethu g&{clouds and the other
thunderclouds, between t% Tdercl o%as and the gch):l]Jﬂr?_, or the e.%t is, the lightning discharge
occurs not only in a downévdighbNagReHuEBTeR 855 SFTEREAPY and an upward direction. In

particular, the lightning discharge directing from thunderclouds to the ground is called as a lightning

strike. It i% r%ortedit %%Jﬂnﬁ%@g@htning discharges in the thunderclouds and between
thundercl Is‘more than a number of lightning strikes, and the ratio thereof is about 10 to 1. There
are a neg

strike disrhurging the negative charge of the thunderclouds to the ground and
a positive] ightning strike discharging the positive charge of the thunderclouds to the ground in the

lightning %tﬂcle( %régegtom%énﬁon relates to an art specifying a lightning occurrence position and -
estimating a lightning occurrence aresa.

Description of the Related Invention

[coo02]l

When s charge separation it a thundercloud proceeds and an electric field intensity
makes grow, an electric breakdown occurs in the atmosphere as being an insulator and
a Eghtning discharge ocours.

[ooo08l |

The lightning discharge occurs in various directions between positive charges -and
negative charges in thunderclouds, between thunderclouds and the other thunderclouds,
between thunderclouds and the ground, or the like. That is, the lightning discharge
oceurs not only in a downward direction, but also in a laters] 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
diseharges in the thunderclonds and between thunderclonds i¢ more than & number of
lightning strikes, and the ratio thereof is about 10 to 1. There are a negaiive lightning
atrike discharging the negative charge of the thundercioude to the ground and a positive
Hghtning strike discharging the positive charge of the thunderclouds fo the ground in
the Tightning strike,

(000 4] _

In Jepanese summer, it is said that a pumber of the negative lightning strikes are mors
than & number of the positive lightring strikes, and a layer of the negative charge is
considered to be around 7 to 10 km above the ground.

[o005]

According to & non-patent literature 1 (An intraduction of Atmospheric electricity,
edited by Society of atmospheric electricity of Japan, (Corona Publishing Co., 2008), &
Jeader of the lightning strikes {(progression of the above electric charge) pmgregses ina
step from the thundercloud to the ground, and the onpe step is 10 fo 200 m in length,
shout 105 m/s in speed, and 30 to 125 psecin time interval. It is empirically koown



in Japanese summer, it is said, that a number of the negative lightning strikes are more than a number
of the positive lightning strikes, and a layer of the negative charge is considered to be around 7 to 10
km above the ground. [0 0 0 5) According to a non-patent literature 1 (An introduction of Atmospheric
electricity, edited by Society of atmospheric electricity of Japan, (Corona Publikhing 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 Ss in speed, and 30

to 125 4 eﬁ& iﬁ é] interyak dt d3 ameifaalysknousnitedighpragredgbimitamedbadeits $vs a flashing

light and alighthing peal. |t is, sajd that, these JSsebiaingdyanphsesvakebyasearch of the
lightning Stk EbBsP X ARSHECER R q%{a%ér%\éggu%%%r%gggsqﬁbed in the non-patent literature 1. [0 0 61 It
is known igi-sppedgnesmionessurenieak s rd iohs RERPEFBE EHER RS g2 in the atmospheric sir and

the progre si8 gakes an electromagnetic wave radiate. A non-patent literature 2 (an operational VHF

Broadband Digital Int rferometeg fogki@q&g%\g@gtgim"d%{m@s.eﬁwﬁ@bﬂ%é,m&az, 2004, (pp.

1232 to 1538)%RAATE F BRI Morimoto, Akimasa Hira a. zen Kawas Lvd Q9Q¢k/shig, Aldnori

Matsumotayamsghiesis Jondgiib thm PEPREEit ST eﬁ\]gpaiﬁg?ea_ atent Unexamined Laid-open

Publication,No 20011 kpay ddienteratintivd MBdtrEirnadhant Na@@%i&ﬂ’ﬁ?ﬁ%ﬂﬁﬁ?&& particular, in

VHF (Ver%lqér lﬁtg%g%brqgﬂgamgg'eiqqgrmag@a;imam, raoietetfrotd 3B etighidfhg leader.
closé’an

ditecing b NEIeEMS NSaE Ko O o o et diference
among elegipnasretiadaxedrer Hvethfrormatriitenpbis b ed s ﬁi?ﬁ‘it@ %?%(%ﬁ%ns. However,
2 diﬁanceﬂé?@at@%}ﬁ{ﬁé’&%ﬁ@_ﬁ!{i%d@-ﬂﬁﬂ)gﬁﬁ@ia&mﬁiﬂcm,%mBlggzmm_ pEDgieseRts Fostion of the
leader cannot bg obtained by this m '] eenﬁlrgﬁtf\ é?;u'éﬁﬁh Q;Jﬁ%éﬁmme%ﬂﬁlﬁ_md_ﬁhe elevat_|on
angle Obtﬁﬁé@%ﬁ?%kﬁ%ﬁ%’%ﬁaﬁgypomt& t%at s, an intetsection of the dirgetion vector is
the occurrease redisted from the lightning leader. Then, they disclose an art dete

direction vector {an azimuth angle and an elevation angle) directing to a position of the

Jeader seen from the received position, based on the phase difference among

electromagnetic waves received from an antenns arranged at a plurality of pssitic-;ns.

Fowever, & distance from the received position to the lightning position, that is, the

progressing position of the leader cannot be obtained by this measurement me"thod.

Tach of the azimuth angle and the clevation angle obtained from & plurality of

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

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

fooo7l

In cace of optically observing a lightning strike phenomenon by an image measurement

from the ground, it is good for a Lightning strike between the thunderclonds and the

grouxid. However, in principle, a lightning progressing between thunderclouds and

upwards from the thunderclouds has been overshadowed by the thunderclouds, anditis

difficult to get an image or a picture. On the other hand, according to the ?netht.:ds

described in the non-patent literature 1 and patent literature 1, a leader of the .hgh-tnmg

progressing between thunderclouds and upwards from the thunderclouds falhng into a

shadow of the thunderclouds can be chserved from the ground because a noticeable

electromagnetic wave in the frequency band becomes transparent between

thunderclouda.



position. (This method is called as an intersection method.) [0 0 0 71 In case of optically observing a
lightning strike phenomenon by an image measurement from the ground, it is good for a lightning
strike between the thunderclouds and the ground. However, in principle, a lightning progressing
between thunderclouds and 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
methods described in the non-patent literature land patent literature 1, a leader of the lightning

progress%‘lg be%ﬁ YRdssaiards and upwards from the thunderclouds falling into a shadow of the
thunderclouds can be observed féﬁ)g}_ﬁhe oynd because a noticeable electromagnetic wave in the
frequenc%ﬁ%‘ﬁ%&‘bh?e?iﬁ%\é]e% PEAT bet

etween thunderclouds. Summary of the Inventit (Problems to
be solved byothedhvention) fo 1 ol In any of the above prior art, it is, however, difficult to observe a

distance betyyeen the lighiningoeeetirrensa pesitionizfiduih scotservatohipasrobr TS &t separating
therebetween.’In case of optical ogser

. | o af li R Sirikesitiis ardimsdyollifipatttingiatch a
flashing IEHEEEDE FEEAREE T Bie o oge\[%igr@ pcl;%]Bi,étgilr{;l:’}‘e¥t(i:nl%l owin&ﬁ(&g thupdessirmignd hard, to
get a directiorhastemto the fiestih FIEEHNEEEBESRIH e%gac%:ﬁ'iﬁn electromagnetjc wave, the
attenuatiop shere el ipdhe 2MAospRATibBishabieraees arthe REBIEVHIORP REHIRTEFBREBTEE a
high-frequency, A reachable di t ARRERalioMEVghim e drtiE-broaHbritienis
considere@t’b%‘é’%‘ieﬁ%%ﬁs n?l %rggg%gggr%%%% the intensity ¢f hejghibingisrser «ih either rose
of an obsemmtizn oHINFESTASRALS B EetioRagne iC wave measur men(%i%é §.VHF broadband, it
is require%é@&ﬁ@mmpﬂbmmemﬁ@%@éﬁﬁlﬁﬁ@@‘ﬁ%ﬁio in°& “area ranging tens of
kilometers moﬁgefLQ Ja%éeé@&%@iﬂg%etwmmmﬁwmmqudm/m@mm AEEE g and.
estimating” FFéec |veytﬁe Ightning activifies; in riigé"f&[débe LT ENEL:D QS kiR RHBBvatie range of
area. (Meﬁs&@?%&%ﬂﬁ@‘iﬁ%ﬁjﬁﬁ?@%f{ %1611‘;;%? solve the above problem, a dightping, occurrence
position mgﬁmﬁngm@ﬂﬁb@ﬂmagﬂetE wWave measurement m (411 * s

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

ranging tens of kilometers or more.

foo1i1] o

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

effectively the Hghtning activities, in particular, the oseurrence position in & wide rangs
of area.

(Means for solving the Problems)

[oo1e2l |

To solve the above problem, a lightning occurrence position meagurement system of the
present invention estirating an cceurrence position of signals (including, for a-:;am?le, 2
lightning peal or the like) following an occurrence of lightning .ﬂasb.m‘g Pght’
electromagnetic waves, or the other lightning is configured by a pluralllty of hgh'a;m.ng
discharge observation devices (a measurement device receiving a phylsmal_ guantity of
signals following the sbove lightning occuyrence and outputting the direction vectu:in: )
the lightning occurrence position) and st least one lightning occurrence posiion
f;:fj;ii d:::: lightning discharge observation devices are ar:t"anged in t}le lightim::n_.g
observation area to receive signals radiated from the lightning thxtﬁmgh mcew.mg
elements end send an azimuth angle and an elevation angle show% an . arrival
direction of signale, received time of the signal, position date of the received pomt,_a‘nd
en identification data identifying a sender to the lightning occurrence posItion

specify‘i}]_g device.



present invention estimating an occurrence position of signals (including, for example, a lightning peal
or the like) following an occurrence of lightning flashing light, electromagnetic waves, or the other
lightning isteondiguiredobyua kit alityiof lightnifigdisehargeHhsenvatiomdeavices{annedspiement device
receiving @. physical guantity of signals following, the aboye lightning.occurrence and outputting the
direction %r%:gt)ggrtlgstﬁ{aql% r?t}ﬁ?%tgiogc%f%é’ntéqg Szoigllgglnﬁna%al}ﬁcd At Ig%lsefrglﬁgel %é%%éﬁﬁtéogcdgl{% r’r(?}’quﬁ%cizi1 |€oosition
specifyingeiitsedate pllbantyhefliterishwieyraise oo penizine fidsvicedsarevaatbergetog the
lightning ehsemralion: asadqiteceive gignals kndiated fromdhe fighisingihraughiegeivingclements
and send an azimuth angle and an Ievéation an I(T showiﬂgﬁn arrival direction of sir%nals received

t B, il

time of thB°iGREISH ST dRES HHHS FAEAVRY PsIRt, Hid I T ReE R e ﬁ’iﬂﬁbea sender to
the lightnifghooaurience gsosttiervapecifigine: daviceutddie litjfftneng odturensedgpositidizispegifying
device regelyes,ap Qhsalyationdataineliding e finesenes oLine.cleyaion.analer. thegzimuth

angle, the time, the identification data, and the position data. Then, the lightning occurrence position
specifying FEVRBR dgfa dsnsateiusitad iHsratiorthbsiaraethisssr i disaimiangesand a value
of the eleviatiaplangis of ensidibairioniatiamongdhe tisamsarias ohthalelgvateon angles that the
identificaty M Sata received from the lightning discharge observation device are mutually different.
Furthermore, the lightning occurrence position specifying device specifies the lightning occurrence
position Wity IEeSY tHe bsBrtior tdt Wettivayifiie and tmesagedofigienigmegnantles and the
elevation gnaleskthatapluralitvietihe.igentifisation dataivdgesd to be similar are mutually different.
[0013] Tr;@é)r?a ent invention can provide an art specifying and estimating the lightning occurrence
position é Ively in a wide range of lightning observation area. [0013a] Therefore, in one aspect,
there is pidwidédea lightnimgestdberencenpusitibn Bpbailyingcdevios« positotesptsifning atyice
communicgiably. {0 A-plraly.oflghtbing dischasaeabsariation gdevass hraugh.aneiweark sending an

elevation angle and an azimuth angle showing an arrival direction of signals radiated from a lightning
as seen fHEINER bREERFATERIISIAR GTEre IRy ARSIRGP Feervi et thevdnsm aaipeistirsrigata of the
observatiof @izt andtah identfichtionedatactaebity iigoasspnder, pampfigin giehnenp) mugiedtion section
receiving.an o vati Jncludin ime serjes of the elevation angles, the .azimuth angle, the
time, the %ne%ﬁ icgaétis(? ndPa?agggﬁlc?%t#g %gfs%%%égsf%{flfo%rﬁ%ﬁ% ﬁgg ?ﬁi%n %8%50%330 1?31%\} ﬁ%‘%adevice; a
similarity jGeihg SBetiSHIUdRAYNREREmastrretinEsAian sfth O Rimsaser ckief i dieg/atiBMangles and
a value oféheseleyatinnanglenare sivianihalanepaihedimeseresiol the elevationangles that the

|dent|f|catéotr;1 atxg&l% eived frgm the Ilggstgrl‘p% (gnl%char e obﬁer.vatlcgp_dewce are utuaggtgllfferent; and

a Iightningaposn Ion sp1 tc{fflﬁ‘ﬁg 135"’8%%{5% Specitying al ﬁ:} ?nslhné BeeUrene Sﬁ%%?t‘ildru‘n with Ude 5t the
observatienitatathatleop lhediinye obtise idehtifibaatendatdcucyba adubainthsishilatity thgsmilarity
judging segtion aresnualytifferent-10013k1 INAntheh aspach dheigds Rravided:a lightaing

occurrence area estimation method used with a lightning occurrence position specifying device
connected iR 5 358H I OPSTRY O TigRtHR G aISE G Db SERvARs dEAREEtRYDTIGh a network
sending apweiéviag oecdmgiecaifgiram dzjmmity anglecsbopasigoarwairival ditiectionrohfitigrials tadiated from
a lightnin : vation paint.af the lightning, recel time. of the signal, a, position
data of thge%%ggﬁ\?gggr{? lggﬁ%ﬁﬁiﬁ%ﬁrﬁ%ﬁﬁo&&“atéﬁ%ﬁ?ﬁﬁ%\{a% ggﬁ{‘ ﬁgwlﬁgrseeinl% éa ﬁ?ghtning
occurrendB BBSigiiTeEaEIfying device configured to comprise the steps of: a step receiving the
observatigm tlfp having a time series of the elevation angles, the azimuth angle, the time, the
identificati'gn d ta, asnedctr}g egglssitilgor{rﬁ%a&; a l?itrlg}illlarit%/cjxt{‘dglggaslje%pew]lggggnwhe her a témeﬂilnterval of the
time serie$ of the ealé)valﬁon angles and a Value ot fhe elevation angdle are ST o‘%sﬁofvém%ng the time
series of thialayatishrenetesotiizanredeiéritificétior darraedivedionsatabliightaimdudiBthafge
observatigprgiayice; e nutwally differant.a lghining peaitien shedilyind.sten:spesiiingadightning
occurrence position with use of the_okfrservation ata that a pIurinty of the identification data as being
similar byafﬁ%%ﬁﬁﬂ‘a‘}'ﬁﬁ DO g stEp Ar & FHOMARY HifEreri Akt SR AR Breaicifil K88 Predicting a
movementbséttag dightinng tedigience positigitispadifiediay-dhe fightointpesitionispeeiiying step and
estimating a lightning occurrence area based on a weather data including a movement of clouds.

4



Brief Description of Drawings [0014] Figure 1 is a view showing an example of a configuration of a
lightning occurrence position measurement system. Figure 2 is a view showing an example of
functions gfia, Iightra‘mgiaﬁmtrer@dsmeaaoaﬂémnﬁpgai&mﬂmin&wr@;@nﬁ@d&@w&h@wm;@n example

of received dafta F| ure 4 is 9 weyiv tshowm gpQle ud% a smﬂan%of time sen%s of an
g|n

g %: BV}CE COTY QO COmp 1V observatio
elevation ang igure 4 WS in case o eing” m ar, and Figure 6WS in case of

judging a@ab@riﬁgl ﬁm@mtamfﬁ@ﬁb@tiglaavéw %@anl&naeghmmaoﬁpf@@wmféi@pem@ﬂhg a lightning

occurren%@@@ﬁa@azigﬂ%@ ] &mmw&iwye R ExRmpleRiRracrssIRg flow At hedighining
evice. ure 7 IS a view showing an example dlsplaylng the lightning

occurrence, position specifying

occurrenéd g]ﬁsq]t? ﬁt“ff’léffﬁ s&fﬂgé ‘\??é‘\lﬁ 86\/%%"%?’?%%%@65 %ﬂb@?ﬁ@ﬁ?‘?ﬁ ifsHiRih §CEfScharge
obse atmdetlicedeFgureadasa e wish aling aun exalnplecofived efued d&taﬁghampdﬂsc%gm Figure 10
' an exagiieafideice Roslian.daiR nemRzed wgmg%%%%g%k%mgﬁﬁ gt gagféy%%”ence

position specifying device in the modification. Figure 11 is a view showin an Fprocessmg
flow of th& SRR GECOFFMEE PO B HE PESS %@é#ﬁ%ﬁ%&?ﬁdﬂw@w&ﬁtﬁaﬁm?ﬁm for
carrying alitdhs Imieptionilar 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.

Brief Description of Drawings

[0014}

Figure 1 is a view showing an example of a configuration of a lightning occurrence position
measurement system.

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

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

Figure 4 is a view showing an example judging a 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 sinlar.

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 fiow 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 modification.

Figure 10 is an example of device position 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.

da



[ 00 15 An embodiment for carrying out the present invention(called as "thiA embodiment") will be
described with reference to the drawings. [0 0 1_ 61 (A configuration of the lightning occurrence
position measurement 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 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, 1108 cpiaeiathaoRyRHRE R RN B dhgightning occurrence position specifying device 10
through a rbeBNfr 11.[a 01 71 A plurality of the lightning discharge observation devices 110 are
arranged !n a Ilght}ling observation area. The lightning discharge observation device 110 can obtain a
direction vt esakedimanhiomeioraisnoué idvatiereah divdritioo dadldid hafitgsecchndénestfosition observed
from an obs@rstbaIPRItE BarRidingIRNARsRIpMAtion means of images and pictures of lightning
flashing Ii%tcyv;ltl‘é? 360-degree directional camera, a detection means of lightning peal with an
omnidirecrﬂgna microphone, a receiving means of electromagnetic wave radiated from the lightning
with an a WEERERGR RAsdErp mensgesmant s0temlesigned to memorize in
connectioAmittrtingdiofe carfizneftinn a2ihelirbRgiescdcand i plavaio manales-dSathestisae of the time
series, ang, g Raniian-daialithe ausshalanRaalien.dnaddlian the iohtning discharge

ase

observation. device 110 memarizes the position data in case where a mounting position is already
known_ THS YRR FLERE ge SRR dIRRITOREIRARE Y RSSHRE REFIETART GRS IbERI Positioning
System) recehgarsdshmos Sheiviming getthenpogitisihicatepctifeiighdeine: dischadge aderiagion device

110 obtaing g dmera:e-ai0cksyRehT enizadavithdhentie Lighiping discharasahspivation device
110, or th%é#ne synchronized with the GRS re%elv,er.j'qq 0 1. 811 The network 11 may be configured
Ezfé%% i

. 8
by wire or RPHHEFETE BEMYhTREH TS S6HAHR i EE e e Rts8o it ightning occurrence

position sé@dﬁfﬁn’@]device 10 specifies the lightning occurrence position with use of data as to a
direction of thRJIRENIBY AECUIEBAGE PSIRR-ERCEDREIam aJRlrality 1 the lightning discharge
observati ng%\{ié:e %O thggunggntehe nﬁ%v rlﬁ)ill. T ecetail 0 taggvli htn%{w%?é:q &renc%ﬁosition
specifying device Will e ater described !ffﬁgugﬁ a ﬁ%%_cber of the. i ning d?%féharg_&!én observation
device 116 stariier iFestgtréainuidnartlnited orthrelevriiveesagld nfal be the dishtdsgor four
devices opmered GdsHidn Higuwre:d, whendheoighintig GisaRATgerebaeatian savieatdd) setin a
center of the circular 13.sho ! ken lipe. | ranged.in a lightRing observation area, the
circular argaeaﬂ%s i?d?e% ormég\;g?igr%llget gar a, ge{:jc'%’tali%ﬂﬁ #1% g}%%%ar%?e%e%%vﬁ:ﬁcﬁé?é}( described.
camera, a detection means of lightning peal with an omnidirectional microphone, a

receiving means of electromagnetic wave radieted from the lightning with an antenna

-or the liks, The lightning discharge observation device 110 is designed {o memorize in
ronnection with the time series of an azimuth angles oo and an elevation augieé B,
the time of the time series, and the position data of the observation position. In
addition, the lightning discharge observation device 110 memorizes the position data in
eage where 3 mounting position is already known. The lightning discharge observation
device 110 masr be provided with GPS ((lobal Positioning System) receiver (as not
ghown) to get the position data. The lightning discharge observation device 110
obtaine the time by a clock synchronized with the other lightning discharge observation
device 110, or the time synchronized with the GPS receiver.

[0018]

The network 11 may be conSgured by wire or wirelessly without being limited to a
communicstion method. The Lghtning occuwrrence position specifying device 10
specifies the lightning ocourrence position with use of date as to a direction of the
lichtning oceurrence position received from s plurality of the lightning discharge
observation deviece 110 through the network 11. The detail of the lightwing occurrence
position specifying device 10 will be later described. Although a number of the



[0 0 2 0] (Thunder occurrence posit specifying device) An example of functions of the lightning
occurrence position specifyhag device 10 will be described with referen PP to Figure 2. As shown in
Figure 2, the lightning occurrence position specifying device 10 is provided with a processing section
21, a communication section 22, and a memory section 23. [0 0 2 1 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 gata30 AtHigHe dhahivdgeeiveddaiadhas atleash weatificatpndaipidentivigy the
lightning disc eobs vatlo deV| 110 oto% sender, position data (for example, longitude,

latitude, % ?er‘ﬁ% ﬁ YW@ ?%%re%ﬁbn device 110, the time series of the

elevatlon[éh@IéSQﬂ and the azimuth angles a, and the time of the time series. The processing section

21 memoyizegsigeelVetdataShduinthe (Remep sBleR Zsh E@h@@m%m &a@@mmrelme network
1lisonlE(l rnet P{gtqr(l:%hetw k the1 |dent|f|cat|onddata ﬁhﬁg\/n |n lgure 3 m}é an IP address
of the sefder- M case Where pos Ion of the I?Iﬁ g sch r ervnﬁl)n Aévica 110 is obtained
from the Fradlaresssolis sedder %%Wa ‘E}Fé anelfgiaregufeditit the contrary,
when thelpasgitdes:gaéd.can be substituted for the identification data, the identified data is not required-
0022] IfgtHrQnaq to Figure 2, the processing section 21 is configured by a CPU (Central Processing
Unit) as npt shown and a main memory tg develop an application program memorized in the memory
section 2 5TEadEr SAYSERPEE S 24 as later described, a lightning position
specifyincAsentimmRboHnd ditightditle Hgkdidtiggeactamne Saitrainpefidying G3viteelfimilhbty judging
section 24 iudges wheiher.a.limednigryal £f the time series of the elevation angles 8 and a value of the
elevation gﬁagle 13 are similar 9 nﬂ?’%} mon the time series that th |de tlflcati%n data are) mutually
different, tHatiS AR E: é%ﬁ:ﬁl%ﬁ'ﬁ? ERERTIR ORI &L PO chema calﬁlr?vhown by square
mark 1:3)wiitk elpvettesiznetes B aﬂxh@mwﬁemwm@?aw@wmmm sasties. 3derein, Figure 4A
shows a q358 of judging that the time series of the elevation angles 5 is similar. That is, when the time

shifts a litfle in the predetermine n%rancg%%hatlme serlesC% %dféa%%%o‘}?o.@% gﬂ%%éhe lightning

discharge SEIVATon device 103 sfiown in igure E AR a IS approximately

with the tinseuzeehss epsiiion| Eatiche dinTedndisaharyy AbsmTyatienisger i Cerrdimindthee 110c
shown in FigeiRdtAdaL)ckhsthesfagragadansepty ddkhdimecisesesved dalaclNofofhEiplevaiion angles 5

(for example, 3 shape o Ings, ipkig.yalies:al e &' aualiot-a0a/eR i tRadhGfims-aerRs) is also

consideredto 8e simi I
ohservation devwa 110 of the sender, position data (for example, longitude, latitude, or

the like) mounting on the lightning discharge obsexvation device 110, the time series of
the elevation angles § and the azimuth angles o, and the time of the time series.
The processing section 21 memorizes received data 301 in the memory section 23. For
example, in case where the petwork 11 is on IP (nternet Protocol) network, fhe
identification data shown in Figure 3 may be an IP address of the sender. In case
where the position of the lightning discharge cbservation device 110 is qbtained 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.

[0022)

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



[00 2 4] It may be capable of using various statistical procedure in judging the similarity, and it may
be, in particular, not limited For example, by seeking for a correlation coefficient concerning the time
series of two elevation angles 5, it may be judged as being sirnilnr when the correlation coefficient
concerning the time series of two elevation angles 5 is the predetermined value or more. That the
correlation coefficients are similar each other means that signals radiated from the same lightning
have been measured in plots (square mark 0 in Figure 4) shown in Figure 4A(al) and Figure 4A(a.2).
That is, tﬁljsd'rf% s that the lightning occurrence positions are mutually same. The measured point
din

corresponding to a plot around the time ts of Figure 4A(a2) does not exist in Figure 4A(al). This shows
a case a%ﬁ%@%&%éﬁ@%%ﬁ’d%@ﬁﬁ%‘g}b%%%ﬂﬁ b?]t%fg\#coef%f 2 oen%%%?&%ed that the

lightning seesienssshasifoandxistalce wiihatleshtivmsadls tfe yhsmilearichel gaetsti9ation device
110c andfar. away. trom she; §oliring:disehal de.oRs et anrdesepthdOn, dg«lelmiayibe treated as

an outlier value In a process of statistical procedure and may be excluded from a judgment of

similarity.ﬁfGTG@S] Figure 4B shows a case judged that the time series of the elevation angles 8 is not
similar. THet mdﬁimyf(férléﬁénﬁpﬁ’é,ﬂw@hﬂ%é %Pﬁﬁ@s%ﬁ%’&%ﬁé%koﬁhé I H&ngles 13
along th%@gggi@g}ggmmm&a{&mlayﬁibﬁmw'&e atteiligHigimg dfsekrwyge observation
device 110a shown in Figure 4B(bl) is not simiay. 1o the {img.seiiesphdbeselevation
angles 1§§Fﬁ?e°\gﬁgﬁlgﬁgs%ra\};a |(§n%pq?n?es %\%ﬁ%ﬁﬁ%ﬁ?ﬁ %%b E|fF"| ESe ie of shifting the fime. Even if a
tendencywhomesarties shifinsibiastin@ryoaTRlet o B A3 HRE fEE Bhg the ijme series)
of the timg safifsn Ghyalies ek the BiitaliondahlesBobeimeidpnitriad] tsbprrdad B3 dged as the

other lohiingncaseWReLe Iba s s euands & RICRicHRINRe- N R aRgRIIMREIA6] Returning
to Figure 2, Ilghct i Ity [

Nning position specifying section 25 specifies the lightning.occur position with
use of theangessériés %ﬁéﬂ@é&%&l@?&%ﬁ%@?&%ﬁ&%@%ﬁ IC%}%%‘IG%% Ji%r%gj as being
 similar bypthecsinilarsy dudgitmgeofiche2timreseniss aflyvelites ot in celnvriisB ARRELFE §9fmuth angles

a obtained jegeljer il 0o/ s ariashl Vinslealian angiasohduatesint poaigocimainen the
lightning occurrence position is s leled,.ft ethacts a pair of direction vectors among a plurality of
direction\ﬁ@&%ﬁf?ﬁfﬂﬁ‘éﬁ?ﬁ%‘% iFAT, Chiculates their distances (length of dotted line) to be
minimal, drilseek$ for their middle point (provisional occurrence position of lightning). (See Figure 5)

Furthermage, it calculaiss belkdigtanssdengibmbUpesdine g intging fheliaslegithernthiér pair of
dlrectlo_n vectors, and determines %ltreg]ldi‘lj‘%e mt.}aﬂr)g %H%ﬁiﬂ@%!ﬂ%c@fﬂélﬁtiﬂﬁ@&;ﬂi@ﬂs |
determineB&5 tfie i gATH ceOHERte position by calcu?atlr_ltg the Mmean value. of their defermined
middle poistndermxg kg traHrrts @Wﬂﬂa@ﬁf){l@@?sﬂﬁ . ifmay be judged as beiug &t -
when the correlation coefficient concerning the time series of two elevation angles B 18
the predetermined value or more. That the correlation coefficients are similar each
other mesns that signals radiated from the same lightning have been measured in plots
(square mark O in Figure 4) shown in Figure 4A(31) and Figure 4A(a2). That is, this
means that the lightning occurrence positions are mutually same. The measured point
corresponding to a plot around the time te of Figure 4A(a2) does not exist in Figure
4A(s1). This shows a case as not observed by the lighining discharge observation
device 110a on the ground that the lightning occurrence position exists comparatively
cloge to the lightning discharge ohservation deviee 110¢ and far away from the ]ighﬁ::?ing
discharge observation devics 110a. The plot may be treated as an outl%er' val.ue ina
process of statistical procedure and may be excluded from a judgment of similarity.
fooz2s] .
Figure 4B shows & cas¢ judged that the time series of the elevation angles B 18 not
similar. That is, a tendency (for example, a shape of lines linking values of the
elevation angles B along the time series) of the {ime series of the e}evatijﬁn ang]..es' 8
at the lightning discharge observation device 110a shown in Figure 4B(b1) is nofs m@w
t0 & tendency of the time seriss of the clevation angles 8 atthe other observation point



The feature of this method is not to seek for the lightning occurrence position from a plurality of the
direction vectors in a lump, 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 direction
vectors, as described above, as a judging method of direction vectors being such an outlier value. The
minimal value obtained based on the pair of direction vectors including the direction vector being an

outier Vgl pepomEs. nes) Sl aldR By ROMAR cB Wil B miakmsliiiassp biained based

on the pairo ction, vectors bein t an outlier value. Then, t irecy) r.being an outlier
value caﬂ‘ﬁ%eégéﬂﬁ%&ﬁgﬁg[g ???%?’?E%ﬂ%ﬁ?ﬁ%ﬁ%%%@%in% §%% r%%g%%%f;%%%?eo\%)v@e%her data (wind

2
velocity, tivirdseinettidrslanspel sherelexnissnpaglehrd swireidsy FEhiesrelemd £Mobement of

clouds fromyan AURIdeEe Yeh(asBGhshewaherdhadikeasidfpsduipiad troperentoitbe lightning
occurrence Eosition specified by the lightning position specifying section 25. Then, a calculation
estimatirffthé

ﬂﬁ&ﬁtning occurrence area is performed. [0 0 2 9] The memory section 23 memorizes the
above-miéhfiodd application program, data (for

Returning to Figure 2, the lightning position specifying section 25 specifies the
lichtning vecurrence position with use of the time series of at least two eglevation angles
B that the identification data judged as being similar by the gimilarity judging section
94 gre mutuslly different, the time series of the azimuth angles o obtained together
with the time series of the elevation angles §, and the position data. When the
lightning oceurrence position is gpecified, it extracts a pair of direction vectors among &
plurality of direction vectors judged as being similar, calculates their distances (length
of dotted line) to be minimal, and seeks for their middle point (provisional ocourrence
position of lighining). (See Figure 5 Furthermore, it calculates their distance (length
of dotted line) to be minimal as to the other pair of direction veetors, and determines
their middle point. Then, the position of the meaxn value is determined as the lightning
occurrence position by calculating the mean value of their determined middle point (for
example, latitude & longitude).

foo27]

The feature of this method is not to seek for the lightning oceurrence position from a
plurality of the direction vectors in a Twmp, but the feature thereof is to exclude the
direction vector obtaining the result extremely differed from the estimation pogition 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 direction vectors, as described above, as & judging method of direction vectors being
such an outlier value. The minimal value obtained based on the pair of direction
vectors including the direction vector being an outlier velue becomes an extremely lal:ge
value compared with the minimal distance obtained based on the pair of .directmn
vectors being not an outlier value. Then, the direction vector being an outlier value
can be easily judged. '

[0028] o
The lightning predieting section 96 cbtains the weather data (wind velocity, wind
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 m?vement- of thue
lightning occurrence position specified by the lightning position specifying section 25.



example, received data 801) received from the lightning discharge observation device 110, the result
processed by the processing section 21, and the like. The memory section 28 may be built in the
lightning occurrence position specifying device 10 and attached outside. to 0 301 (An example of
processing flow of the lightning occurrence position specifying device) 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 similarity judging section 24 of the processing

section %gﬁ}%@%mﬁﬁm&m@mgu@ﬁﬁﬁmmﬂw mawriinzadgles a,the time of the time

series, ﬂf ider%tg' ation data, and the position data, received from the lightning discharge observation
device 118 th Ugch

the communication section 22 as observatior]ida%a. %) 0 3 1l In.S1eR3602, the
similarity The giegror sertion 37 RRTHIGES SR G BIF SRR BRI R PHRE ime Tnferval of the time

series angkanallergicteaiclavationargibesd SimildholightrinmAgdrren b seNas st flf¥i&fevation
angles 8 fhat %ﬂ% idenif i?g&k‘%@s@é‘tﬁyaﬁﬂm%ﬁéﬁ%&mn[(ﬁﬁ 32 mSteReS6DRe thedighgning position
specifying section 25 of the processing.section 21 gprecifies th (ngggélgg gﬁﬁag@gg;qcpgﬁgion with use
of the tim@@é@k@%%ylé‘&s}?%‘é‘lé%\%iﬁﬁ% 55 juazgmeedpa?sm%elng similar by the similarity judging
section 24+mpHethentishiz.series of the azimuth angles a obtained together with the time series of the

elevation P@@Ieﬁﬁ, and the position data. [ 0 3 3 When an example of the time series of the lightning
Occurrenc&gmé%%%wm%%w of the lightning occurrence position specifying device)

An example of processing flow of the lightning occurrence position gpecifying device 10

will be described with reference to Figure & (Appropriately referred to Figure 2). |

In Step $601, the similarity judging section 24 of the processing section 21 gets the tume

series of the elevation angles f and the azimufch angles o,the time of the time series,

¢he identification data, and the position data, received from the lightning discharge

observation device 110 through the compaunication section 22 as cheervation data.

(00311 '

In Step 9602, the similarity judging section 24 of the processing section 21 judges

whether the time interval of the time series and 8 value of the elevation angle B are

gimilar or not among the time series of the elevation angles 8 that the identification

data are mutually different.

fo032]

In Step 56083, the lightning position gpecifying section 25 of the processing section 21

specifies the lightning occurrence position with use of the time series of at least two
elevation angles B jndged as being similar by the similarity judging gection 24, and
the Hime series of the azimuth angles o obtained together with the time series of the
elevation angles B, and the position data. '

[0 3 3]

When an example of the time series of the lightning vceurrence posititf)n (equare maxiks
[7) specified by the Btep $803 is schematically shown in a 3-Dimera‘tmn mget}fmer w-lth
the lightning cbservation area 60, it is shown in Figure 7. A plurality of thc‘a lightning
occurrence positions plotted in Figure 7 show plots in Figure 4A(al). In F1gut:e 7, 'a.n
axis of width directionina horizontal plane shows a latitude, an axis of depth direciion
shows 2 longitude, and an axis of the height direction shows an altitude.



CD specified by the Step 5603 is schematically shown in a 3-Dimention together with the lightning
observation area 60, it is shown in Figure 7. A plurality of the lightning occurrence positions plotted in
Figure 7 show plots in Figure 4A(al). In Figure 7, an aids of width direction in a horizontal plane shows
a latitude, an axis of depth direction shows a longitude, and an axis of the height direction shows an
altitude. 0 0 3 4] (Arrangement of the lightning discharge observation device) An arrangement of the
lightning discharge observation device 110 will be described with reference to Figure 8. As shown in
Figure 8,[whes thé observation area 60 of the lightning is set, the circular area 13 shown by dotted

lines is a@}%&i}gﬁg& thhe; CH[ole] e %;i Iq @&ﬁ jption, covering the area does not
mean covering all the \é?aces Including exceptlgna places like s‘h?adows‘such as constructions,
mountainSPSFasee RS eidhe dirhials divdvern gharrirsamdenico L Fillsniaresbed Hdidition, the
lightning cifoteargexBigemedtion device 110 is set as a center of the circular area 13. [0 0 3 5] Figure 8

shows a gasg.wheis Fisde¥ningdischaiaswhsslalorseries diisselale xediphsgsvation point
on the groundé.([énclgudm%ﬁgJ roof% or of building). As the Ilghtnln Ischarge observation_device 110 is
designeddSHErHTEPOSRHATRS HPshiP (TS IFehER vsTothaiRBREEA 8 Aseaifir 11% Hifhay be
equippeddeseripiovingcbodyosucheagrea edicke, mht anptansovringhid] | theagdandse fiadhdiightning
discharga.qbsenialof ey d 20.imd donedd o iieuienisis Dadiniae I0binyngsisiare observation
evice corrects the azimuth angle a according to a traveling gire of t oVi ody,
calibrate]s%?ﬁ"é}ee{m%%%iocﬁv ShgIe %nasma%%uans”le%ﬁ:a?%\fa ue %%nthagegafoug% %%;?ﬁg%%ﬁgﬁ% \(gl%n [titude, and

thus sendiadhasgaiehrenviioadsvisndéhssrbrespernpmef das iecar azeatdve mentioned, a great

number ofdightéY discharges occur in the thunderclouds and between the thunderclouds. In

particular ' i ' I [o'e I I [ i - Al so as to
measure ﬁ%&e%%%%r&h@a%?% dv‘\l’/%%%%rggﬁg%%%fro _%E%g%%%#%,gﬁasag#e%%%t%@gr%%g ?r?e precision in
case of sﬁé@#yﬁkﬁ%ﬁ@ﬂ@ﬁtﬁﬁ%ﬁto%m%@%i%ﬂ#ﬁﬁ%ﬁ Brbdiaey if Seldinen the HRtning
dischargdighasirvatitnideycebbdbrasies dipped T0b eehsigted thezeldtigueaignetintuoakeamdiated from
the lightnipg, it s Sffeciye Jo:dmeroxe e ireivsianabthe Aimewf exlipaling, heReuenge area of the
lightning as a movement of thunderclouds approaching land can be precjsely measured. [0 0 3 61
(MnrlifiratfiFRAth GugHERE aBOVERIERS o odiggeﬁﬁ?a? n'% sﬁ% i %dﬁﬁaéisggﬁﬁere the
lightning observetice plsitenldfetifyingipkadcdn] Ohyemetinp dettion tetdligbimine dgehares discharge
observatigpdeviemd d0vilamay he:wiihens teeiving:she-pasiion:daia whendbaighiniegidischarge

observation device 110 is mounied at a fixed gtrvatio oint on the ground. Iny the follewing, as a
modificatig?q wﬁe%?h%glilg%%]ﬁinca}lg’cr%%??e%%e %g‘gﬁoor? s%ﬂé%%iémggge%ig%%sr?ggeives aDch,eived data 901

such as icsmufdagere enmmdineteproadiinde crmddtue candnta fbrdE kiR 3R RRSEHles a , and
the time ofhadime &sresias shown in Figure 9, it will be described focusing on point, which is

diferent rgm e above menions RARUIME (AR RURISKISREf F GHiRiL:ABLR) In addiion

occurrence position. measurement system and a_lightning Qccurren sition specifying

3Zvailcltlagmr;;ﬁmiéﬁiﬁéaﬁo%ré%dﬁéﬂfé“é%nﬁg{ﬂaﬂmlﬁ?e %-ﬁ%nﬁﬁh@ﬂqéﬁgﬁgﬁ%ﬂﬁﬁurrence
position mgasweiiend sysiciisanpijghthingrocinpienesposiionsspenifiheeliciemameneir figures
will be omigted by using thesame ieferenseiPyngialeivl £ 3ufprove the precision in case of
specifying the lightning occurrence position. In case of being by sea, when the
lightning discharge observation device 110 is equipped for mesasuring the
electromagnetic wave radisted from the lichtming, it is effective to improve the precizion
at the time of estimsting the occurremce area of the lightning as a movement of

thunderclonds approaching land can be precisely measured.
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In case where the lightning discluerge 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) associating
the identification data with the position data. [ 0 3 81 A processing flow at the lightning occurrence
position specifying device 10 will be shown in Figure 11. In Step S1101, the similarity judging section
24 of the[ Brgcg%sjng section 21 gets the time series of the elevation angles fi and the azimuth angles

a, the tirRe of the t_imﬁ series, and the identification data, received from the lightning discharge
observa 0 through the communication section 22, as observation data. [0 0 3 91 In Step

51102, thdtbimigarithuehineg Bectionsd4ndiprstcbam fear srcrbsdae SHhetRerth®time interval
of the tinj%ﬁﬁgﬁg Apeh:A-yalki6naf it chpuaitivin g gt k3 1A eepu tilal paiitisar dataoframotlg the time
series of the elevation angles 13 that the identificat] t gt alyeifferent Q401 In Step
S1.103, Ilﬁ%ﬁﬁﬁ’rﬁ%iF&lgs%‘gg%oﬁ%g%g&%}ﬁgggggé]o%i%z%qg%%g gﬁ%&ﬁe sin se?:tiort] 1 %gekéj;g{ the position
data assdekatigientttincliekimine P aETY &ﬁm@sgﬁ&%i)ﬁé Igaagfl% gfeation angles )3 judged
as being gigilexthyn thRisimikarilye udgingi sedionti24 follverlightama positiassisaciRhgestion 25 also
specifies the lightnin r ositi ﬂj%@mﬁwﬁmasg@g@eﬁf atdeasbbyawiB\wation angles 8
judged a%lﬁgefl‘ﬁ%l%i?m ar, %%f?r%%%%r%&%ﬁe azi utfzrian les a o[lé)taingg#gg% &Q g time series
of the el sptine Seth 4 APE SREAS 31’55%%8% ﬁ?g%vl\:’/ﬁiﬁhe identification %%\;_. 041

o, and the time of the time series as shown in Figure 9, it will be described focusing on

point, which is different from the above-mentioned embodiment. (sppropriately referred

to Figure 1 and 2} In addition, as a lightning occurrence position measurement system
and a lghtning oceurrence posifion specifying device in the modification are the same
configuration as the above-mentioned lightning occurrence position measurement
gystern 1 and lightning oceurrence position specifying device 10, their figures will be
omitted by using the same reference mumerals.

[0037)

In case where the lightning dischsrge observation device 110 i 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 oceurrence position specifying device 10 memorizes the received data 901 and
the device position data 1001 (Refer to Figure 10) sseociating the identification data
with the position data.

[0038]

A processing flow at the Lightning oceurrence position specifying device 10 will be shown
in Figure 11.

In Step $1101, the similarity judging section 24 of the processing gection 21 gete fzhe
time series of the elevaiion angles A and the azimuth angles «, the time of the time
series, and the identification dats, received from the lightaing discharge observation
device 110 through the communication section 22, as observation data.

[o03 9] ‘ '

In Step 51102, the similarity judging section 24 of the processing section 21 judges
whether the time interval of the iime seriss and a velue of the ¢levation angle 8 are
routually similar or not among +he time series of the elevation angles # that the
identification data are mutually different.

11



As above mentioned, the lightning occurrence position measurement system 1 in this embodiment and
the above modification can judge the similarity among the time series of the elevation angles
measured at each observation point (set point of the lightning discharge observation device no) and
specify effectively DIP lightning occurrence position by using the time series of the elevation angles 3
and the azimuth angles a and the information data judged as being similar. The lightning discharge
observation device 110 is set at a center of the circular area 13 having a predetermined radius, and
the circurlﬁé ariao 3 is arranged to cover the observation area 60. This arrangement is effective for an
n

improve of precision at the time of specifying the lightning occurrence position concerning the
lightning Histtsar§éipaths WW@WP@% IEEACHABr S0 Ot RBeRESEIBR S e RN of the
lightning aqiytenge pesition and BeveRtan piddittod oftifivnderdetidsfiththémbserieatddn area 60. [0

0421 The/ighiing ocsisience agsilon Spaehing device i marbe eniigiasio;eagagpond o both

a case receiving position data from an observation point of the moving body and Se not receiving
position dEEAIMbHa ek Mtwmﬁmmfaﬁ&%ﬁ é%g%gﬁgﬁl%%%%ﬂ rence
position speaifying desiced Oridserberd ithehisremisoiisnehabiehatftwetivavergre #asiEfng occurrence
position spacifying davcekddesaibachin hg.akavimesificaiion1ed AIMBatRAatdgetiaimed is: 1A
lightning occurrence positjon specifying device connecte mutuall mmuni ly tg,a plurality of
lightning m&&%&%&&ﬁ%ﬁ@tﬁ% AP Ih A e’t\fvué)% sgﬁgﬁr&:tgmgn&é%gv%?gn ang éénd an azimuth
angle shahirigentificetiah disdstion of signals radiated from a lightning as seen from an observation
point of thg lightring, received time of the signal, a position data of the observation point, and an
identification data identifyin’,g a sender, comprising; upication sectign.recaivingian observation
data inrlufih§ %%%eéf%saéf%ee%g\%{ﬁ n'ang 32%%3@8§§6rr?qth_an le, the Itél}%e, the identification data,
and the pesitiotizars #&ﬁhﬁ@h@fﬁﬂﬁ%@&@&r@%’%@ﬁﬁ&ﬁcﬁ%@ﬁ%@;%ﬁﬁi #RfERG section
judging whether aisvagdptenvakef therisaeusedies ofdble eleeatiivanpist alsdtappitticobithe elevation

angle are Siplar o gk ameng e imesciisn s 116 clavelgnnolamkipordenisation data
recel_ve_d r e’lightning discharge observation d]gwcc_a re mutléllgll edn;ﬁeren&;tggd %ulllg ning position
SpecifyingPeBEHeRE BOBHIRRGE THREHG BRETERRE ﬁggl?%ﬁaﬂﬁﬁ’ﬁ usEYoSf e*observation data that a
plurality ofthgeidantifiehitibn dteriatige d s Gedggdsan hartsysimilsmiBheigkiging ihsmgare mutually
different 2The lightning accyieicapesiiomanagitrioeilaviceancopdingity €ipisdetermined

radius, and the circular area 13 is arranged fo cover the cbservation area 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 befween

thunderciouds. It can improve the precision of estimation of the lightning ocourrence

position and movement prediction of thunderclouds in the observation area 60.

[0042]

The .]ig‘htn.ing oceurrence position specifying device 10 may be configured to correspond

to both & case receiving position data from an observation point of the moving body and

s case not receiving position data from a fixed observation point by integrating a

fanction of the lightning occurrence position gpecifying device 10 described in this

embodiment and & fanction of the lightning occurrence position specifying device 10

deseribed in the above modification,
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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 minimal in a distance 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 data that a plurality
of the identification data judged as being similar by the similarity judging section are mutually different,
3The lightning occurrence position specilipngademier according to Claim 1 or 2, wherein the
lightning occurrence position specifying device is provided with a. lightning predicting section
predicting a movement of the lightning occurrence position specified by the lightning position
specifying section based on weather data including a movement of clouds, and estimating tlin lightning

OCCUITeNGRaIea a Alheslightning occurreni position specifying device according to one of Clsims 1 to
8, wherein the lightning discharge observation device is provided in a center of circulRr area

having a predetermined radius, the circular area bemg arranged to include a ?bserva ion area of the
lightning dccurrenéelizbéiios, STRETRERINRRFOCEU gﬂm)é’eﬁ??{fg evice confi {lred by

sending ag,glevation.Anglesan e Rnsiimaf ightgins ioving gn chrtrak die corrot %ﬁﬁghaﬁlated from
the lightnin aE eerll% E%%n ! lightning ohservaQR Reink. R GeI¥RALRE dne: siBaakizepasiiion data at
point obtaine

the obser

D Sateh o e e S S ST oo gfcaton data
CommUn'CﬁJ@EMdot@ﬂl@hifllmgedlsxahallmobsstM|oiﬂUEW§equUFﬁ]@éﬂfﬂﬁlanwWﬁg B3dy #rough a
network, C(g’ﬂ&g ﬁan date identifying a sender,
comprising:
a communication section receiving an observation data including & time series of the
elevation angles, the azimuth ahgle, the time, the identification date, and the position
dats from the lightning discharge observation device;
a similarity judging section judging whether & 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 different; and
8 lightning pusltwn apemﬁrmg section specifying a lightning occurrence position with
use of the chservation data that & plurality of the identification data judged as being
similar by the similarity judging section are muinally different.

2 The lightning cccurrence pogition specifying device according to Claim 1,

wherein _

the lightning position epecifying seotion is configured by selecting a pair of
direction vectors among the direction vectors configured by the elevation angle and the
srimuth angle judged to be similar, seeking for & middle point at the time of Deing
minimal in & distance between the pair of direction vectors, caleulating & mean value of
positions of 2 caleulated middle poict, and specifying a position of the mean value as the
lightning occurrence position, in the observation data thst a plurality of the
identification date judged as being similar by the similaxity judging section are
mutually different.
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a communication section receiving an observation 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
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 dn‘ferent and a Ilghtnlng position speC|fy|ng section specifying the lightning
occurrenge positigR.wi o =¥a gedlaithabapkialitvphithe ddemificatigrpdata judged as
being shill's,- by the S|m|Iar|ty judglng sectlon are mutuaIIy dlfferent 6A lightning occurrence area
estimation methoﬁht?%wnh a lightning occurrence position specifying device connected
communicatably theliglhumaility astligtemin guissmorercdnserdarion dormeadet it 48Rk sending an
elevation @i&ﬁ@%%ﬁzﬁw&@ﬂgl@ sewinaT ardaiidinact onohsigeaissitdiapdd@an a lightning

as seen from eryation paint of th lightning, re ime | ata of the
ObSGI’V&tIBY] %?ntﬁﬁ@“ﬁﬁ |3e£ﬁpcat58n Aeiden %mcgg%é%%n ervgv% tgzlr%ef?ngt%e lig tnlﬁr%%;cgcurrence
position spevsiyiers @d@m@%@@%@%@ﬁhﬁr@ﬁ?gt@%ﬁ@m 8%85tep receiving the observation
data having a time series of the eIevatlon angles, the azimuth angle, the time, the identification data,
and the pgsiion datay. v, S RIAUNIUIAR S SR NPUARIGH e NR/G ol e series of
the eIevatlon anglés and a value of the elevation angle are similar or not among the time series of the
elevation ®rgles that the identification data received from the lightning discharge observation device
are mutually diffekgldrein  a lightning position specifying step specifying a lightning occurrence
position with use of the.hsaH m@gé%%éﬁﬁw ity @f I@%f@ﬁ&ga gatiop aatadgsheingsireil sr by

the similarity judging step are mutu ally different; and ning pred |c step 1. ting a
movementhli‘é‘ﬂ‘ﬂﬁtﬁlﬁ@eg’EB’ffﬁ’éﬁ it gcﬁ%%rby t,‘?’f& ning p S| |%°n séieui?r% step and

estimatingbshighitingeec uf edizbremnbasudrenca prsdiner data including a movement of clouds.

5 The Lightming occurrence position specifying device configured by sending en
elevation angle and an szimuth angle showing an arrival direction of signal radiated
from the lightaing as seen from a lightning observation point, received time of the
signal, & position data at the observation point obtained by a GPS (Global Positioning
Systemn) roceiver, and identification deta identifying & sender to the lightning
peeuYrence pcsltmn specifying device, to conmecting communicatably to a lighiming
discharge observation device eguipped in a moving body through a network,

comprising- '

a communication section receiving an observation data including a time seriet
of the elevation angles, the azimuth angle, the time, the identification dats, and the
position date from the lightning discharge observafion device:

g similarity jodging section judging whether & 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 cimchs.rge observation device are mutually different; and

a lightning position specifying section epecifying the lightning occcurrence
position with nse of the observation date that & plurality of the identification data
judged as being similar by the similarity judging section are mutually different.
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6 A lighining occcurrence area eghimation method used with a lightning
peeurrence positioﬁ specifying device connected commupicatably to 2 plurslity of
Hghtning 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 seer from an observation point of the lightning, received tmm of the signsl, s position
data of the ohservation point, and an identification data identifying a sender,

wherein

the ]ightning occurrence position specifying device configured to comprise the
gteps of:

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;

2 similarity judging step 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
tirne meries of the elevation angles that the identification data received from the
lightning discharge chaervation device are mutually different;

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

a lightning predicting step predicting a movement of the lightning oecurrence
position apecified by the lightning position specifying step and estimating a lightning
sconrrence area based on & weather data including a movement of clouds.
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