1 Method for inducing precipitation by cloud seeding with

met eor ol ogi cal data sensing and an UAV therefor 5 TECHNI CAL FI ELD
[001] This invention relates to a nmethod for inducing precipitation
by cl oud seedi ng. The nethod includes gathering meteorol ogi cal data,
anal yzing the data for suitability or po?sibility of 1 nducing
precipitation by cloud seeding and, 10actuating cloud seedi ng neans
by di schargi ng condensati on nuclei (also known as gl aci ogenic
seeding) or agents thereof into cloud formati on. BACKGROUND ART

15[ 002] Since the first successful cloud seeding in 1946, the

practice of Method for inducing precipitation by cloud seeding

with meteorological data sensing and an UAV therefor

5 TECHNICAL FIELD

[001] This invention relates to a method for inducing precipitation by cloud
seeding. The method includes gathering meteorological data, analyzing the
data for suitability or possibility of inducing precipitation by cloud seeding and,
10  actuating cloud seeding means by discharging condensation nuclei (also

known as glaciogenic seeding) or agents thereof into cloud formation.

BACKGROUND ART

15 [002] Since the first successful cloud seeding in 1946, the practice of
inducing water precipitation (whether in the form of rain, hail, snow or sleet) has
been carried out with manned aircraft. The aircraft may include meteorological
data gathering déevices such as sensors for detecting or measuring atmospheric
temperature, moisture or humidity and wind directions such as updrafts or

20 downdrafts. Cloud seeding agents are typically to induce freezing nucleation,
i.e. inducing the formation of ice crystals as nuclei for water particles to
condensate round each nuclei to form a larger water particle (whether in liquid
droplet or solid snow flake) heavy enough to precipitate from the cloud

formation. It is also known as glacicgenic seeding. Such agents include dry



i nduci ng water precipitation (whether in the formof rain, hail, snow
or sleet) has been carried out wth manned aircraft. The aircraft may
i ncl ude neteorol ogi cal data gathering devices such as sensors for
detecting or measuring atnospheric tenperature, noisture or humdity
and wi nd directions such as updrafts or 20 downdrafts. C oud seeding
agents are typically to induce freezi ngznucl eation, i.e. inducing the
formation of ice crystals as nuclei for water particles to condensate

round each glg‘? f?{.’)zetnoCb %PK%HSEE‘&% m‘/ﬁét’?f HRA Edrfehdnt (VAR fé‘?fto 'idr%], t%hcgt%g

dropl et or snow eav enoug to precipitate

cl oud format], I own as gl aci ogenic seedl ng. Such agents
i ncl ude dry é"g&i 1%&1{34%@3@%&%% or substances which lattice constant

is simlar to ice, such as silver iodide (Agl) crystals. [3] These
crystals are dispersed into cloud formati on whi ch has been 5

identified ui tabl e for i nduci n eC| tio i gh
moi Sture cor® SR rfing @'9 e 9&3@%@801“ gqrma&fpas%'sgw been
freezing point or sub-zero degrees Cel sius). The upward or downward
wi nd dr aLight‘d%ﬁtiféétﬁs(ﬁﬁ@ab\l&f?rd'”éé‘t"é@ RreRpitaan 'eﬁ%/éﬂf'“‘dwg'aiﬂ%%@i ‘?@’@fﬁé’f
agent relative to the cloud formation. Typically, the silver iodide
crystal s ar dWysridify ceid siperco@lef otamparatures dbelow tireezingh@olrgspr \astb-zero
i odi de particles may be di spersed with the conbustion of the

pyr ot echni clegréet] Csisits)mel e uphend cul dawrstard neindsdfaugbiedirgdtmnesvaule - -
natural ly expensive and with trained crew on board, the cost of

depl oynment ryenmime ithd devml exf didpersitD3the080enierelativectoatite aloulldormatist.
to gather information on the suitability of cloud conditions for

i nduci ng raiTypicAllgaparsiie iaditieonjdtal vaué grdvives! ibahd éphoyetbrEosotthg the
pur pose of cloud seeding. This second aircraft is usually nodified to

carry cofbusdiii-él godiiar eartitiisCmipubd dispeeicsie wite ®ikl \Bmbugtbifieef Ghe
to disperse dried ice, at the right altitude in the cloud fornation.

In the absengg,gEnfgyerse

[004] Such meteorological instruments-fitted planes are naturally expensive
and with trained crew on board, the cost of deployment may run into over
15 USD30,000 per aircraft an hour just to gather information on the suitability of
cloud conditions for inducing rain. A separate aircraft would then be deployed
for the purpose of cloud seeding. This second aircraft is usually modified to
carry combustible flares which would disperse the silver iodide, or to disperse
dried ice, at the right altitude in the cloud formation. In the absence of adverse
20 updraft, they are usually dispersed over the top of the clouds so that these
condensation nuclei agents may fall through the clouds to induce the water
particles in the clouds to condensate and/or coalesce and precipitate. The total
cost of gathering data and cloud seeding operation would therefore run in over

a hundred thousand U.S. dollars.



20 updraft, they are usually dispersed over the top of the clouds so
that these condensation nuclei agents may fall through the clouds to
i nduce the water particles in the clouds to condensate and/ or

coal esce and precipitate. The total cost of gathering data and cl oud
seedi ng operation would therefore run in,over a hundred thousand U.S.
dollars. 3 [5] As weather conditions are dynam ¢ and may change by
the mnute, the conditions found suitable for inducing precipitation
by the neteorological aircraft in the earlier sortie m ght have
changed by the tinme the second aircraft 5carrying the cloud seeding
flares is de ed " 05, 1 I :
condensat i onmnu I eﬁég}ég%ﬁf&t}ﬁﬁg%ﬁggﬁ @dﬁgggﬁé? eﬂé%?‘g%@%aéwﬁgtnémme’ the
gat hering costs,..radi.osonde.is sent.into the atnosphere by hot ajr.
bal 1 oons, 1 ofReTEOT SOWH <oy’ &1 ilisea Prechietal Buctbengryelogie
as parachute through cloud formati dropsonde), Wile these K

ot hode. may - PUUGERTJa PROCE 5SS MiGh Bars REAR. Bebevisig Tt Sedae aircrat
radi osondes n%y.still contribute significantly to the cost of .

met eor ol ofji cSRTHRY ANGat!AEd iSe§dinen{iaresuis AaplaverhAmedressheal the eppsilian to
(UAV) that is radi osonde - equi pped has been practised to allow for
great er cont Aispemedhe cppdensaionnueigbag®tat nosphere to be neasured, as
wel |l as for better manoeuvring to find a suitable cloud fornmation for
cloud seeding. [7] Still, the time |ag between finding such a

sui tabl e cloud and sending a cloud-seeding aircraft to the |ocation
remai ns. As {006] cohpleducel meteardogitdietata gathetring sk, radicsordiet it @ast into
t he induci ble patch of cloud formation could have noved in the

meant i me t hatheaatthespthesedgi gt air reilabis,t @kketst @odletaihdeMor ayped &dna
single typical UAV sortie mght cost in the region of USD6, 000 to

10, 000, thi sFéésgm@ eirerif es eardenihé afraRiganciblid tbenst P ddseRdnas). While
aircraft deployed is also a UAV.
these methods may reduce sortie costs, often the non-recovery of the
radiosondes may still contribute significantly to the cost of meteorological data
gathering. Thus, using unmanned aerial vehicle (UAV) that is radiosonde -
equipped has been practised to allow for greater control over the area of the

15 aimosphere to be measured, as well as for better manoeuvring to find a

suitable cloud formation for cloud seeding.

[007] Still, the time lag between finding such a suitable cloud and sending a
cloud-seeding aircraft to the Iog:ation remains. As the complex wind and other
20  atmospheric conditions, the inducible patch of cloud formation could have
moved in the meantime that a cloud seeding aircraft takes to reach. Moreover,
as a single typical UAV sortie might cost in the region of USD6,000 to 10,000,
this figure would be doubled even if the cloud-seeding aircraft deployed is also

aUAV.



4 STATEMENT OF DISCLOSURE [8] It is thus our endeavour to provide
for a nethod of inducing precipitation by cloud seeding which is nore
time and cost effective. This may be achi eved by providing a single
or integral platformfor both neteorol ogi cal data gathering and cl oud
seedi ng operation. Wth both the data gathering and cl oud seedi ng
capabilities, a decision to perforn1c|oﬁd seedi ng coul d be made ri ght
after the data gathered indicates suitable conditions for inducing
10precipitation. [9] To this end, we propose a UAV which is equi pped
with both neteorol ogical data gathering and cloud seedi ng neans which
is capable .r' I # L according to our invention. Wth
no lag tine seeding after a suitable patch of
cloud formation has been identified, the accuracy and chances of
successful inducing precipitation would al so be considerably higher
t han conventlonal met hods in addition to resources saV|ﬁgs. ZQLOIQA
In a gener all0%boli Merhusf oYU e IRERMTT &, pmﬁfﬁr@ﬁb§b'ae fh88 ingpcing
i nducing precipitation by cloud seeding conprising the steps of (a)
gat heri nd nevedpitog at o sasdingwhigh iBgneernsnsgnd spsheffestivie.e This may
tenperature, and wind conditions at about cloud formations; (b)
anal yzi ng sdiedagrievast by pgividing dasinglecer iptegsalplaifary i hqﬁimmtﬁqologfcal
precipitation by cloud seeding; and, upon reaching within 5

data gathering and cloud seedmg operation. With both the data gathering and

cloud seeding capabilities, a decision to perform cloud seeding could be made
right after the data gathered indicates suitable conditions for inducing

10  precipitation.

[009] To this end, we propose a UAV which is equipped with both
meteorological data gathering and cloud seeding means which is capable of
implementing a method according to our invention. With no lag time in
15 performing cloud seeding after a suitable patch of cloud formation has been
identified, the accuracy and chances of successful inducing precipitation would
also be considerably higher than conventional methods in addition to resources

savings.

20 [010] In a general embodiment of our invention, we propose a method for
inducing precipitation by cloud seeding comprising the steps of (a) gathering
meteorological data, including sensing for moisture, temperature, and wind
conditions at about cloud formations; (b) analyzing said meteorological data for

possibility of inducing precipitation by cloud seeding; and, upon reaching within



such possibility, (c) perform ng cloud seedi ng neans; wherein at

| east said gathering for neteorol ogical data and perform ng cl oud
seedi ng neans are provided on at |east an unmanned aerial vehicle
(UAV). 5[011] In one aspect of our invention, the neteorol ogical data
may be transmitted renotely to a ground gcontrol base which anal yzes
said data and which is also in renote control of said UAV flight.
Alternatively, the analyzing of the neteorol ogical data nay be

performed at samﬁé&%imgpw)dd%rmg%%at sORTTThEA; [Werdtl YRl e
performance of the cloud Seeding means. For 10 w der coverage,

mul i pl e uni LsyfibAY: DR DRIlRRY ARt athBE R AL GRS SeBibeatbag YAY

has net eorol 0gl ca ta sensing neans and

cl oud seedin [JTRANS, ;’hga&eéne rﬁr% .ocgériaﬁI%ﬁi O.LJ %t ed froma cl oud
ered' I'e f Fa é\n

formati on consi as possSi preci pi to be induced by
cl oud seedi ng i ncludes any one or conbination of (i) tenperature in
the range of -5 15 to -25 C (H high level of water, noisture or
hum dity exceeding 60% and (H ) updraft exceeding 1 netre per
second. [612f01|1bl t e 088 cBFREAsHe O dRVENtion; Hhentegproleaicalusata rrpay ey
to be used with our nethod is desirable to have nmeteorol ogical data
gat heri ng nefagsmiied reqtelydp & gpiadscediol thagasmhich ianglzas gaid data and
nmet eorol ogi cal data to be anal ysed for possibility of successful

cl oud seedi nyhichrig algodn demetsdtangrotebsaid UAETlighi. ndjtareatiely, dhe acalyzing nf
said cloud seeding neans. Preferably, the neteorol ogical data

gat heri ng nedrs matedrobgicabmaéniiaynak patiroednde theapdb ecodrdimgn®i presat
| east tenperature, humidity and wind conditions. Preferably still,
the 6 neteopetaoggted fod atctuagatihibeegerf@manaa ofi the edbud seedingunehns. For
control base. A transceiver may be included for transmtting the

net eor ol agi caidatadovetayed rgulopladuMRNST DIALARE 8o dch@yel copkMiIMGt least a

signals to actuate cloud seeding neans. As a preferred enbodi ment,

the cloud serdidig DRINSadMEtédt6loaRal BBRNSerdsHg means and at least a led UAV
has cloud seeding means. The meteorological data collected from a cloud
formation considered as possible for precipitation to be induced by cloud
seeding includes any one or combination of (i) temperature in the range of -5°

15 to -25° G; (i) high level of water, moisture or humidity exceeding 60%; and (iii)

updraft exceeding 1 metre per second.

[012] In the second aspect of our invention, the UAV proposed to be used
with our method is desirable to have metecrological data gathering means; at
20 least a means for transmitting said meteorological data to be analysed for
possibility of successful cloud seeding; and cloud seeding means, including
means for actuating said cloud seeding means. Preferably, the meteorological
data gathering means include conventional radiosonde capable of sensing at

least temperature, humidity and wind conditions. Preferably still, the



5di spersi ng condensation nuclei into the clouds, including
supercool ed noi sture in cloud formations in the atnosphere. [13] In
the third aspect of our invention, a systemfor inducing
precipitation by cloud seeding nay be provided conprising a UAV

af oredescri bed, a ground to control basg i n conmuni cati on and/ or
control of said UAV; and a data |ink between said UAV and ground
control base for at |east receiving and anal yzi ng net eor ol ogi cal
data, and f ! o) dj 4 a

avont on arie oAt dida MhgRa IS RaRRAtRg, o S breRiEbaf b A
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pr esent invé%@?gﬁaagﬁkﬁ E% ﬁ?%@F§Z§rﬂ%%ﬁkgﬁn§é§$tnﬁ%%%§@§ﬂ€g?%@¥t%a?a

gat hering nmeans and .cl oud seedi ng neans .in .order, 20 to inplenment our
Tot hod Tor TG RN BEFs EREPDRCRRTEhS oS i ot t0ulBar AE pee.
woul d conprise the steps of gathering neteorol ogi cal data, .includi
sensing for Aof ﬁ?fﬁﬁ?gtwrg%tr de ghyd\iesdingonarts a1y 'aeludssugans ]Jg?gd
formations; anal yzing said neteorological data for possibility of
i nduci ng Spr S4SPsTIIRG CendHEalieBbaHCIEEEE Hig clands. NGeding sHBACABISRi T piptyre
such possibility, 7

in cloud formations in the atmosphere.

[013] In the third aspect of our invention, a system for inducing precipitation
by cloud seeding may be provided comprising a UAV aforedescribed, a ground
10 control base in communication and/or control of said UAV; and a data link
between said UAV and ground control base for at least receiving and analyzing

meteorological data, and for actuating cloud seeding means.

[014] Details on our invention are further described in the following:
15

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[015] The UAV proposed in our present invention would be provided with at
least meteorological data gathering means and cloud seeding means in order
20 to implement our method for inducing precipitation which, in the basic
embodiment, would comprise the steps of gathering meteorological data,
including sensing for moisture, temperature, and wind conditions at about cloud
formations; analyzing said meteorological data for possibility of inducing

precipitation by cloud seeding; and, upon reaching within such possibility,



perform ng cloud seeding neans. [016] The neteorol ogical data
gathered may be transmtted wirelessly to a renote ground contr ol
base which also controls the UAV at launch, in flight and 5 return or
recovery. The ground control base may anal yse the data and decide if
the particular cloud formation's conditi gns are ripe for inducing
precipitation by cloud seeding. The nete6rol ogi cal data gathering
means nmay be provided in the formof a radi osonde comercially

avail able th LS I ﬁ?%. teorol ogi cal hot air balloon,
rocket sonde g%ﬁg'?%'%@on e é/aefezt)!lr neh??%ﬁed in the to Background Art.
Wil e these radi osonde are equi pped with sensors to neasure (i)
tenperature in sub-zero range (in line with the supercool ed water
particles in_cloud_formtion), (ij) noisture coptent or  hym. djt

U Cwind aied | The BRI drte, Farired FuBadtanamiiat Wil tya
pressure, the first 3 paraneters are nore inportant in the |logic flow
deci si on- rrakf%oﬁerﬂraéff"gFﬁﬁ‘tfﬁ‘r‘i’g“sﬁ"h"fh gine @Bﬁ'ﬁtth%h’s‘wa?@a%‘?ﬁaa%ﬂ@hF gid
i nduci ng precipitation. Generally, however, if the tenperature _
detected Fs T§fUEe" regAYRYof Thesgrognd 2anitol Basei ey pnalyee e Aatactw deride
an updraft exceeding 1 ns-1, conditions are deened ripe for a
successful clifdbe paseatilargclogd ferometipnisncandiione rare rrissaiorrémducing pregivitatioy
be made nore sophisticated by having m croprocessors or progranmabl e
| ogi ¢ cont r oby efcud( $e@ing. hdihe hestecioéryicad detpgatheangeteanstrhay bgiprovided
routines to actuate cloud seeding by igniting the silver iodide
flares to be@i thediosipesisa ngdibbendigbomestiallys availabld bt ¢s eudenardpnised in
readi ng the neteorol ogical data to neet preset paraneters. For

exanpl e, themedledro@gieal hevaipballdvd, FickERDNAS 88 BRpsBhdbfordMEntihed in the
pre-programred to ignite the flares and actuate cl oud seedi ng

oper at i onp upeackdreuiiVadet eghidanhédte rhalokoMidIBrd EQMPbEd Rith -sdhkdrs to
hum dity exceeding 60% in which the water particles in the cloud

formation hag,daggr §Ejt {e)mﬁél‘?ﬁﬁg EW—ZE@) AirgRneeid wih thé sUéércGOEe@rWateg

that (iii) an updra I's also detected at "at |least 1 tre per secon

(i.e. at leaﬁgﬂ@fesaﬁp%lo&oofo%étmnﬂ) (ii) moisture content or humidity, (iii) wind
direction, particularly updrafts and downdrafts, and (iv) pressure, the first 3
parameters are more important in the logic flow decision-making in determining

15 if the conditions are suitable for inducing precipitation. Generally, however, if
the temperature detected is in the range of -5° to -25° C, humidity exceeding
B0% and an updraft exceeding 1 ms”, conditions are deemed ripe for a

successful cloud seeding.

20 [017] In another embodiment, the UAV may.be made more sophisticated by
having microprocessors or programmable logic controllers (PLC) that have
been pre-programmed with logic routines to actuate cloud seeding by igniting
the silver iodide flares to begin dispersing the Agl crystals into the clouds upon

reading the meteorological data to meet preset parameters. For example, the



[ 18] We might explain the reason for the need to have an updraft
above as the UAV envisaged to be used are nostly of small to nmedium
sized platforns, 10 in which the nmaxi mum altitude reachable by the
UAV will be a limtation. It is known in the art that cloud seeding
by di spersing condensation nuclei are carried out at either the top
or bottomor base of the cloud formatiof, bearing in nind the
altitude difference between the top and the base of a cloud formation

coul d be subst; i ale. : E eedi '
it tude | s WUGAPKE R dreimiteseRy 8 PhE MR ARIES st e, Bt
to spray the Agl crystals to fall through the cloud fr the to

way bt o e EPE aE Bl CRshsvanno; HeRralivh, St ot Ry <Haebiiy He
assisted with the presence a downdraft since crystal particles
re 20t oo Qi BSpanehe HORMYLR Sried TGPt RaT Gt i AT es
alone. For a relatively small aircraft such as a UAV, the advantage
it has in tliathg elowdinraaben hashere difsuericeolas! tatd kaepg of ndll to -ebehr ande
such as fromthe roof top of a tall building, rather than requiring
an airfi el dthatdiiidiam upidsdie & alsoreetertechyt atheaglr bpwtiel parateeohd fies. g beeest
of drive or engine that its small chassis is capable of carrying. 9
Accor di ngl y,at hbouteR00AVawviai | abl e in the market presently, the highest
altitude that it can practically reach is the cloud base and hence

part of our nmethod would rely on the presence of an updraft,
preferably exceeding 1 ns-1, to assist 5 in the dispersal of the Agl

crystal s upygdd]l yWed kgt RRpeiPH Je@é@f@?‘(iﬂtﬂe nekd 38 tade '

_ _ ?866ve as
that, in the future, en nore powerful UAV becones avail able, our

cloud seedi pg RANGViSYECioie REQSLISRDsRP of SRafk@HERFRUAY: platiorms,

10  in which the maximum altitude reachable by the UAV will be a limitation. It is
known in the art that cloud seeding by dispersing condensation nuclei are
carried out at either the top or bottom or base of the cloud formation, bearing in
mind the altitude difference between the top and the base of a cloud formation
could be substantial.

15
[019] For cloud top seeding, a much higher altitude is required whereupon
the silver iodide flares are ignited to spray the Agl crystals to fall through the
cloud from the top by way of gravity. Preferably, however, the spray of Agl
crystals is assisted with the presence a downdraft since the crystal particles are

20 too small fo fall effectively through the cloud by gravity alone. For a relatively
small aircraft such as a UAV, the advantage it has in that it could be launched
from a relatively small clearance such as from the roof top of a tall building,
rather than requiring an airfield, is diminished somewhat by the proportionate

lower power of drive or engine that its small chassis is capable of carrying.



[ 20] Each UAV is expected to be able to carry about two 40 g silver
iodide 10 flares to be ignited and di spersed into the clouds.

However, should nore areas of the cloud formation is to be seeded,
addi ti onal UAVs nmay be | aunched into the sane area to tail the first
UAV. These subsequent UAVs need not carré any radi osonde and may rely
on the findings of the first UAV for a décision whether to perform
cloud seeding. 15 [21] A key conponent of our gl aciogenic seeding
nmet hod is the transm ssion of the nmeteorol ogi cal data gathered to be
anal ysed for suitability or possibility of successful induction of

prect pi ¢ at | Ocodlahiaby 8! SATRN ELBSRAL TRl oiaahty ! e HYebiftude

M cr opr ocessor or ogranmabl e | oglc contro cel vi
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upon a decision bein de to perfaormcloud seeding, a signal ma

sent by the 8t Bmdseder @ the Al rudal givaralviing e Tastipden 1 Msesd
[22] For nore advanced nodels of UAV, the PLC or m croprocessor on
board may bePprasyisagadtat o e HHdie vdienymeimhBewere YoXahessnnssavaighe,
in 5 the cloud formati on where the gradient of tenperature is

| oweri ng; huRbueleyd speding nerthed eewd be pyactigedrasftop dgpeirsesaingr i ng an
area in the cloud formation having such conditions, the logic
processing may then automatically fires the silver iodide flares.
Alternatively, a person renotely controlling the flight of the UAV
from t he gro{0ad] coBactol Ahaisexpeytatanus byleduicderytdbeut/ivo o grainee Ustdigde
10 towards such favourable conditions in the cloud formati on based on

real -ti maonmefigeisab ogiigateddaiddispeeil @tto thetioans! Peiveabt, @hoa@tiniérel srehd
pre-programred the UAV to fly al ong waypoi nts predesi gnated by ground

A O seL Pasie et 018 ket iaana L) oGl
control of thi ShiVeVdrbd tb el 8RS frst UNV SYBESESUESMuent UAVS need not carry
any radiosonde and may rely on the findings of the first UAV for a decision
whether to perform cloud seeding.
15
[021] A key component of our glaciogenic seeding method is the
transmission of the meteorological data gathered to be analysed for suitability
or possibility of successful induction of precipitation. The analysis may be
performed on board the UAV by a microprocessor or programmable logic
20  controller receiving the data transmitted short range from the radiosonde
component, or transmitted wirelessly to a ground control base. In the latter
configuration, a data link system comprising a transceiver may enable the data

gathered by the UAV to be so transmitted and analysed, and upon a decision

being made to perform cloud seeding, a signal may sent by the ground control



15 the ground base station nmay be extended fromthe typical 50 km
radi us for conventional VHF radio range to 150 km [23] A skilled
person in the art of cloud seeding would al so be able to nmake
adaptations to our invention to perform hydroscopic seeding (e.g.
using salt to 20 induce coal escence of water drops), nucleation with
bi ol ogi cal agents (such as using nucl ei 1&f 1ichens and fungi) and

ot her cl oud seedi ng nethods apart from gl aci ogeni ¢ seeding. Even with

gl aci ogeni ¢ 5864} Ak th%@@&siwiﬁgg@g%éng nmet hod such as the use of

i quid propane generator, may pted to be installed in a UAV to
be used in our nmethod. Such nodifications, adaptations, alternative
11 parts and conponents and other precipitation induction neans which

b dapt to_be i npl t [ b kil.l ed
T To be eofelaran AR S RES uhodsth of NAV o PLE B cupperBRssiron
invention as defined in the followng clains. 12 CLAIMS Wat we .
claimare: PPAHBIORE fREPITEAYTRY Q) %y?%@tmaﬂ'&tm%we&yrec FYYRIAE dagitings in

conprising the steps of: ) . . o
57 the cloud formation where the gradient of temperature is lowering, humidity

rising or presence of updraft. Upon entering an area in the cloud formation
having such conditions, the logic processing may then. automatically fires the
silver iodide flares. Alternatively, a person remotely controlling the flight of the
UAV from the ground control base may manually guide the UAV to manoeuvre
10 towards such favourable conditions in the cloud formation based on real-time
meteorclogical data received. Yet another alternative is to pre-programmed the
UAV to fly along waypoints predesignated by ground control base in search of
a suitable location in a cloud formation. With the use of powerful antennas, the
range of communications and control of the UAV with the data link system from
15 the ground base station may be extended from the typical 50 km radius for

conventional VHF radio range to 150 km.

[023] A skilled person in the art of cloud seeding would also be able to make
adaptations to our invention to perform hydroscopic seeding (e.g. using salt to
20  induce coalescence of water drops), nucleation with biological agents (such as
using nuclei of lichens and fungi) and other cloud seeding methods apart from
glaciogenic seeding. Even with glaciogenic seeding, expansive cooling method
such as the use of liquid propane generator, may be adapted to be installed in

a UAV to be used in our method. Such modifications, adaptations, alternative



(a) gathering neteorol ogical data, including sensing for noisture,
tenperature, and wi nd conditions at about cloud formations; (b)

anal ysi ng said neteorol ogical data for possibility of inducing

preci pitation by cloud seeding; and, upon reaching w thin such
possibility, (c) perform ng cloud seedi ng neans wherein the steps of
gat hering for neteorol ogi cal data, analﬂging sai d neteorol ogi cal data
and perform ng cloud seedi ng neans are provided on at |east an
unmanned aerlal icle od, for .indycin recipitatiqn
aCcor dt ng- ¢ oPAl Hﬂfompeﬁﬂsﬁ?%% ol duroniPbandiebn MeBts ki fe (>
remotely to a ground contr bas whi ch anal yses said data and whi

s alsoin raﬁ%a 8 086% QBT [T Mo B ox SHIEHoRETRRR. rde
precipitation according to C|a|n11 wherein the anaIyS|n of the

net eor ol ogi cePnradias TBliRg oyithi th lettaeanhvcers of avrn@\f%ﬁcm ag gefined in
paranmeters for actuating the performance of the cloud seeding neans.
4. A met hod f the fohevisg wtpipeeci pitati on according to Claim 1 wherein

mul tiple units of UAV are depl oyed.
5



13 5. A nethod for inducing precipi taH’ on according to Claim4
conprising a plurality of UAV including at |east a | ead UAV havi ng
nmet eor ol ogi cal data sensing neans and at |east a |l ed UAV havi ng cl oud
seedi ng s 6. A nethod for inducing precipitation according to
Claim 1%-& n the meteorol ogical data collected from about a cl oud
formati on consi dered as possible for precipitation to be stimulated
by cl oud seedi ng includes any one or conbination of tenperature in
the range of -5 to -25 C high level of water, noisture or humdity
exceedi NYhBOYe Claid arpdr aft exceeding 1 metre per second. 7. An
unmanned aerial vehicle (UAV) capable of flight to at |east the

hei ght of the base of cloud formation, conprising: neteorological
data gat heri ng nmeans; neans for anal ysing said neteorol ogical data

for posgi bi | A Meflodie GRARINY pfécﬂﬂfétiéﬁfﬁi dSud %@diﬁb%ﬁ]ﬁ%‘ﬁﬁ%ﬂ%p\é\’f/@ﬁ@éf:

i ncl udi ng neans for actuating said clo seedi ng neans.

et ude Zon Al AR A SRR R, FRACIRD SREIRERE, ARICIER. NemEERtre

tenmperature, aPIH n\?vi%tc\éngﬂi%n\é“a?%bggp g\'o}.:éi %‘r%ﬁations;

(b)  analysing said meteorological data for possibility of inducing precipitation by
cloud seeding; and, upon reaching within such possibility,

(c) performing cloud seeding means

wherein the steps of gathering for meteorological data, analysing said meteorological

data and performing cloud seeding means are provided on at least an unmanned

aerial vehicle (UAV).

2. A method for inducing precipitation according to Claim 1 wherein the
meteorological data is transmitted remotely to a ground control base which analyses

said data and which is also in remote control of said UAV flight.

3. A method for inducing precipitation according to Claim 1 wherein the
analysing of the meteorological data is performed at the UAV according to preset

parameters for actuating the performance of the cloud seeding means.

4, A method for inducing precipitation according to Claim 1 wherein multiple

units of UAV are deployed.



14 9. A UAV according to Claim?7 wherein the neteorol ogi cal data
gathered is transmtted to a ground cbhtrol base. 10. A UAV
according to Caim7 including a transceiver for transmtting the

nmet eorol ogi cal data to a ground control base and for receiving
signals to actuate cloud seeding neans. 11. A UAV according to Caim
7 wherein the cloud seeding neans include nmeans for dispersing _
condendat i orft Metheq faripducing pegciritasion;aeepiding do Silgyer ¢ semudisig & pliality
in cloud formations in the atnosphere. 12. A system for inducing

pr eci pidf &tAdimdiydiog ab tbasé adead) U2drpavisg myetaoddvgiaslcdatdi segsing raagineaad
of Claims 7- 11; a ground control base in comuni cation and/or

cont r olat Mast al 1dd UAW hatitg cogttsdeding mafsween said UAV and ground
control base for at |east receiving and anal yzi ng nmeteor ol ogi cal

data, and for actuating cloud seedi ng neans.

8. A method for inducing precipitation according to Claim 1 wherein the
meteorological data collected from about a cloud formation considered as possible
for precipitation to be stimulated by cloud seeding includes any one or combination
of

- temperature in the range of -5° to -25° C;

- high level of water, moisture or humidity exceeding 60%; and

- updraft exceeding 1 metre per second.

7. An unmanned aerial vehicle (UAV) capable of flight to at least the height of

the base of cloud formation, comprising:

- meteorological data gathering means;

- means for analysing said meteorological data for possibility of successful
cloud seeding; and

- cloud seeding means, including means for actuating said cloud seeding

means.

8. A UAV according to Claim 7 wherein the meteorological data gathering means
include conventional radiosonde capable of sensing at least temperature, humidity

and wind conditions.
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9. A UAV according to Claim 7 wherein the meteorological data gathered is

transmitted to a ground control base.

10. A UAV according to Claim 7 including a transceiver for transmitting the
meteorclogical data to a ground control base and for receiving signals to actuate

cloud seeding means.

11. A UAV according to Claim 7 wherein the cloud seeding means include means
for dispersing condensation nuclei into the clouds, including supercooled moisture in

cloud formations in the atmosphere.

12. A system for inducing precipitation by cloud seeding comprising

- a UAV according to any one of Claims 7 — 11;

- a ground conirol base in communication and/or control of said UAV; and

- a data link between said UAV and ground control base for at least receiving

and analyzing meteorological data, and for actuating cloud seeding means.





