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FI ELD OF THE | NVENTI ON The present invention relates to the field of

t he spat iwb 28t2atapioszat i on of airborne pl atforns, especi @CirgLihvs@1whi ch are
hel d airborne by the use of ball oon buoyancy. BACKGROUND OF THE | NVENTI ON
-In the International Patent Application for "Aerial Observation Systent,
publ i shed as WO 2010/ 032251, there is described a new lighter-than-air

platform which cBAIJaOONBORNBRLATHORM STABIhIZATHONS aeri al
surveillance, target designation, target pointing, |aser range finding,
wireless relaying, and the like. The systemdiffers in its flight

characteristic properties f ri.0r [ -than-air systens in that
it conprises a novel conbi ngw(%é)%?éM%@&upport bal | oon and a kite,
with the payload on the kite, and the ball oon supplying buoyancy to the

kite by means of a line attached between the balloon and the kite belowit.
‘The use of séiermtenkitventon réates oo nharfididl efsthprspetial estatdlizagior | of Hirbamehani cal

i sol.ation of the pay] oad on .t he ki drom.t effects of, buffeting of the
bal | oon Hlﬁ?‘tfﬁlé» W?Fd@l{ﬁﬁ?%e whish %%ﬁ%@gﬁbyggﬁuﬁeoefﬁ’ﬁ@?%@ga WY use of

| onger connecting cords, or by use of one or nore flexible sections in the
connecting cord or cords, such as a spring, or an el astoneric section.
However even with such AGKGRMENPa@FodHE BNYENTIONuUbj ect to the effect of

“wi nds and needs to be stabilized either passively or actively. Passive
stabilization has usually been supplied either: (i) by use of the well

known Pi Cavetm.%h@f}&&ﬁétﬁﬁafvaaﬁ%ﬂrca@dh A 2RHANObRVE6H SySEmepublisher  known
passi ve mechani cal stabilization system or (ii) by use of a suspension

‘system @sSWOEHHOI13825 1, tharhés ddsonleedrahew dpbtetithamapigfiasn »uch ¢a<BHYEN t he

mounting o he | oad .on the kite by nmeapns of a gi. . erably
usi ng tMYB’@hé‘F%fﬁ%r Srehies AsAe M?‘??n‘iehﬁggegflﬁa i, hgg’ﬁlﬁ“ g%%oﬁﬁtglfg’ ?{%?‘{ and
pi t ch motjanfafing RErdaX reading Sdndtthy Bké. OTHeh@stéint differstin iits flightleharae@gstit ood
that the terns roll and pitch are used in their normal nautjcal_ or

aer onautpropdrtiscfiem prior ot lightirriban-ait aysiams bt it apmasises agervel egmiinatipn; he
b s Bl TR yBb b ShOREP U LG 08I 7,
l'engt h of ,ERERiohLy RS BleliQe™y means of a line attached between the balloon and the kite
below it. The usc of separate kite and balloon modules provides a level of mechanical
isolation of the payload on the kite from the effects of buffeting of the balloon in the wind.
This isolation effect can be increased by use of longer connecting cords, or by use of one or
more flexible sections in the connecting cord or cords, such as a spring, or an elastomeric
section. However even with such méans, the payload is still subject to the effect of winds
and needs to be stabilized either passively or actively.
Passive stabilization has usually been supplied either:
" (i) by use of the well known Picavet suspension system, or an adaption thereof, or any
other known passive mechanical stabilization system, or
(ii) by use of a suspension system, as described in the above referenced W0/2010/032251,
based on the mounting of the payload on the kite by means of a gimbal system, preferably
using two generaliy orthogonal gimbals, thus allowing freedom of roll and pitch motion of
the payload relative to the kite. It is to be understood that the terms roll and pitch are used
in their normal nautical or acronautical sense — roll being rotation about an axis generally
in the direction of the length of the motion platform, and pitch being rotation about an axis

generally horizontally perpendicular to the direction of the length of the motion platform.



WD 2012/ 120504PCT/ | L2012/ 000114 2 However, such atterrpf s at stabilization
using a plurality of connecting cords or supporting ginbals have had only a
limted Iwoebi2of204ccess. I n particular, support of thePpaylLzaziol®yida nunber
of cords may even conplicate the rmt'bon of the platformas the various
suspensi on points conplete with each™other in providing reaction to the
effect of wind buffeting, or in particular, to the actuation of notors on
t he pay|Huwwekviet,sedlf atteBipes pastdbillcaation using pebeklty of spunegting eerds of supppdEgmay
react in,ope direction tq activation of notor . whi |l e anet.her pone.nmay try
to act i%@gﬂ%ﬂﬁﬁpWiqng' %I?%t@%lil%‘fﬁ? Ofﬁﬁﬁ?sﬁ' _ p@“_fci‘il?tr’a%'ipp?ﬁ???g}e RERE P EF o m
Ther ef or g bEIBRESmbP A oRTBEAY eheSthatod bk pRfTolh b ieaREbexXsuepsRRAS at i Ng
harnesses do not generally provide adequate stabilization in wind
condi t i guints completeAwith veshsitlxiriin praidiog reaatiordesbe effed of windhbuffstingr ot | can
be achi eved by any of the 0 nmet hods_.actin (rectly,on the.ki
ol at  or MAGGHTECOAHE BULHEHPTHEOB By Bh EoMBa 1155h Onsrat oS Bl SheRS: 11 ne.
such as Qt??g)afrhﬁ cHRR ity RR9Yh Bhe 8R&RIRS BRIk 0R bAR Nkd18AWhidh anoBier Ryie iaiyng GPS
referencing to stabilize the platform ~ However, such active nethods
may be ampénsityén ahwd oppositk edirection, iehdingrto | instabilitvhef ples pladermt dbereforat i on
met hods nenti oned her ei.nabove,.may not, provi.de suffi ci.enthsta?ésl idﬁah&on for
[ ial

a pay! odHeIRISC P rUsgupIsIEe a%‘?mlrl%ﬁnéns | PIORIEX SPTRGPTANGE p RS

buf f et i SW?ﬁVFdéraﬁptgh@sr@oiliiaﬁ%nE’@%ﬁrﬁ?&nﬂﬁ%n@e suspended directly from

t he ball out the stabilization advantages provided by the kite. In

such i nst ancesctiva stabilézation,east ddsoribadoin the gisior iartacamhe jaghipveguby aay phthsr der to

take the place of .the.stabilijzati,on eff ot herwi rovid Kite.
There i KPR @F&P@S AELUY aﬁ ctly o i) ]é‘(fedaﬁl%&%? é’O%?erciegt %?%‘ggsnygl%egn&/ (%llri&

provi di ng a6t i@ #Heabiduhd adrchBr liRe sl OBy iy ge adT hiduldd| adckRrometer

The di sclosures of each of the publications mentioned in this section and

i n ot herstahélizationsor by using GRferstdrensing tostabilize thaeplagrm.ncor por at ed by
reference, each in its entirety. . SUVARY . it t] seeks
to provide a ROVFEEITED %%‘55‘38%8%% P’%%SF&P?“&%‘?% an\%:cl%gﬁﬁ ‘?’?\@%n éés}ﬁgﬁ’nu er of

novel fegt URsve QlabBiAMbAl MEthsd2RidhtigRid aerelhbéie nplyahdtoprvidedeuffivienyi ng.
wi nd conditions. The system conprises a payl oad platform suspended.from a

bal | oon shilizatipn duri aipayldadovhietsequisescicauratetabiiization furing priemieHy PRESHE of an

hor 1ine. di ng,.t first | i tat | t

21t achi rsidhel BRSO e der R Eraoprac il TR A bton PRGRAE,

pay! oad &Aq}ﬁia?bﬁ‘ ddQartiBgeshabliaen b? rRe RABNBCHRY fnStahdes, & GRorantirebofdronmsi des
payl oa

of the platform "as single lines attached to_single points on
stabilization is required in order fo take the place of the stabilization effect otherwise

provided by the kite. There is therefore need for a simpler and more effective system for
providing active stabilization to a balloon borne aerial platform. |
The disclosures of each of the publications mentioned in this section and in other

sections of the specification, are hereby incorporated by reference, each in its entirety.
SUMMARY

The present. invention seeks to provide a new balloon-based aerial platform, which R
includes a number of novel features for providing stabilization of the platform under
varying wind conditions. The system comprises a payload platform suspended from a
balloon which provides buoyancy, and attached to the ground by means of an anchor line.
According to a first exemplary implementation, the cable attaching the payload platform to
the ground and the cable attaching the payload platform to the balloon are connected to the

top and bottom sides of the payload platform, as single lines attached to single points on



3 the payload. The attachnment points are preferably in positions

~approxi mately opposite each other such that when the cables are tensioned,
t he payl osO 2atb020394i t nornmal operating orientation, whi @oeTaid2/e®usd |y be
horizontal if the anchor wire is in ? vertical orientation. As the angle of
t he anchor |ine changes fromits vertical configuration as the w nd bl ows
the balloon laterally, the anchor Iine and the ball oon support line also
tilt, buhe pmileddailhe bithpieat pontaienprafefdblyringioaiiioes peroxinatelpyppaisite eachof t he
tensional_ forces, arising fr the equilibriumof the payl oad /mass and the
t ensi ondthergigh thai whens thegablqgarg Gﬁl%la‘??&d’bg’let %@t%@ﬂﬁ‘e‘%tﬁoﬁlﬂiﬂni’%‘?mﬁ%e

pl at f or (=t Q]gﬁ%ﬁ, ' LDF t i the
‘anchor ?ﬁ%ﬁtﬁﬁgﬁ’bﬁlk%gﬁ,ﬁ an s}%rrlhcderﬁ ?ﬁﬂgﬂ?g@eh%?ﬂhgggrfrg 1?? %ﬁ?lr@r%lgf fe‘lslyt"if\ﬂggrlle part
of the sAssthermiglzrofalisaador ihe kharghe froal itowarticd) eoniGguration asxthe yend btows nd

buffet, |s. t t t abl t of th [ t h I
't ogr biPORTRRIRE N b BRHRELaS spE e o0 SHRGGE HA THEG-BE B
assi st agﬁﬁgdr{}hg& %2{1{“*5 ZddMle pRSiiBh Ay il SUIHNRAGBAR, fordi8arlshie BaMl @Rd i s

attache on by a singl'e line, lateral notion of the balloon as
a resul teqoflibriumdobh thef mtylcad usass and ghe tayisionalf foates aapphechat d topand dotiomo t he

| at f to change, whi lts.i tur.bat | t he, pl at f th
Phe. o1 t SRR PO 1 e sty heaned g AR PRD o b AP e
the ef f gfl Afnds NAA%HE baliBEn, Bdrdd tiHele HRNEH B0 tatidIgs Rhebdod! Blalet fare¥ethe Change

in balloon position. As a result, the effect of wind buffeting on the
payl oad suspeteionesysient, viléleathe dablbort, Heinge mostoenioséb ta ednd ppifeteds the mest -

latformfr opposjte sides. This_.is.in.contrast.to th rior._art..nultiple
oint SRS TER © thsBermsy sypreo s cloef ySpeation of e plalBris Aipnd ol P
vi brati apgho RO Eha%gi?é EQ i fighBUinf &hBiNGing the platih®. FARAGSIJrONWHE Hes t O

t he payl oad can eit e at upper and |ower attachment goi nts on the
payl oad iyl és atachekiof the ballamrbybesiagledinehlatera maptish of thobaltposias gtredilt endi ng

ds and, ds f h d to. ied igid g ti
sbot] on v PURCusrobe gt RECRER o Byt ROBHER Rote iR e oo
bei ng a%&ﬂﬁ%ﬂ &k pBArbatiin tohike glhﬁ*&fneﬂml Y siflisn FERNRIpld BRd eAMMERkt @

points are distanced sonewhat fromthe platform increasing the )
or i ent attheballocst sbidhi thgy havsthel effeds pf changingsthp edituderanglenefrthe plagforre avitte| i ance

i d t ' | i . th i tl il f
e SupporD Spedbim balaon B Ao ARG SRRSO R Sl of 8% R BIR R ©
stabi | | zgd SLeNBaluQ oftthe R BRATbrosY Siptel 1 eipldtRmdl frorh 8Ppdsitt ¥ideBThe

provi ded by distancing the payload platformfromthe balloon, such that it
i s furt hisrin toxtrast tveths puioc ert afultiple paint dugpension beiemspswhith genardlly fgaylt ad

pl at f or m may, agdvant ageousl y. be connect.e t a substantial distance fromthe
bal | oon, © e ][eI‘S}nerg?Q?hj%’X)é’Bgu?%wTﬁb&%egﬂ%ended length of the support .
line, or evenrybr&mectthn points td AR Fayfa@ dakRitHérSRAMappagaR ivet Bitchiege oOf
suspensi on using single point att'achment to the anchor line and to the.
bal | oon pdints.on the payload trkefdinr gselfplbacen bt rae eshéreend of a wplidi siret exgending t he
platformfromits horizontal positi.on, Therefore ,sone form of. horizont al
stabi | i _z‘&lWaég; ?%dg Aeyprres 1?%11 3he BYIPRL GOt RPTBY AR foF iR N ACHR; ool any
activiti \%ﬁmgl HhfdnBPiAe RQIF, aRRtRld ddnBbdioalseMidRVKlsFHPARIYedraTaf B MRt | ONS
of such stabilization nmechanisns are now shown, using a connecting strut
pi vot al | platfora Byethist oednsethplcatfcotion aoidtscate distanned somearhat &pmi ha alatiprm,

- trol.l | t ., I j Vi i i t fron .tch. ,
o bont rBEReRRES Do nREEl G P RO ReLod) PhEoetsh GO Bl i7"
el enent . . 24CH, AR (jﬁém{rﬁra)é thd RbRIROkAlhAP slabil2Bd EXiRASICARe Sippbiayaemnect i ng

strut system and incorporates an active stabilization systemfor ensuring
t hat t heinpdomtrhsirtmtheballmnrismeawhiely éd therlpssratabikized, elenseyd rodItes supppritshigterax t ent

that the w.nd causes the. anchog abl.e ta tilt 0.t when sur.yei l | ance
devi ce sﬂﬂﬁtloé’@fétﬁg RoBay (}?C(?é‘?f%ﬁi‘%‘{l Y disgRepe e ?%ZO*‘FHPE%"%%‘PZ‘WE 'hs
level, agpdythg it BroRPR solilde oFﬂﬁ'vﬁn&E)eﬁﬂ%atfldlﬁ! T thy peplodioplhdast al | y.
According to such 1 nplenmentations, the cable attaching the payload platform
to the gmeyadvaatrgeousty babdmected athsuhytantial distehasafompthet badloant wpicslty Hae | oon
are connected at opposite ends of the nnecting strut, to which the

payl oad @%PEW&P@EWS‘EW@M%&%’H o%ﬁn% BV M uch that the strut can
rotate relative to the platform and vice versa. As the wind blows the

ball oon laterally, and the angle of the anchor |ine changes froma verti cal
configuration to an orientation at an angle to the vertical, the anchor
line, the strut and the balloon support line in tension generally tilt to
that angle. However, since the platformcan rotate about its pivot relative
to the strut, if a suitable stabilization systemis used, the platformcan

I . o, N T - . e




bl own by the rotor exerts a lateral thrust which can rotate the platform
about its axis of rotation. Control of the level and direction of this

t hrust i swexerutewsby varying the pitch of the rotor bl 2de4L20A2/6@ms0r

determ nes the angul ar orientation op angul ar velocity of the platformin
the horizontal plane, and provides a'feedback signal to a control system
whi ch changes the attack angle of the pitch bl ades should the orientation
of the pl atf @hereclasngwo f dismivhuditagesobf ahipr mdée exf nsuspehsmi esih@tsingle @yntt hi s

nmeans, the yaw of the platformcan stabilized and controll ed.
Anot her @ﬁ@ﬁﬁné%th?ﬁ%‘?hé’ﬁgﬂ? 5‘%429&%9@@08 P&ndabl e el astic cords to attach

the payl oad bhah! 9ne piged ROTRkcr LRI WPRPEIORE Mirorhe bRV o adriziia cor ds

bei ng generally attac l'ongi tudinal and lateral extremties of the
pl at f or mosisiod. Phereforh syma forev ef hofizaited skabdirsteh inmguired irs ofdet ¢o vbethel at f or m

fromthe effects of wipd buffetjng shocks. Wil e i st i nmpl enentation
00t T CURE 5 A oRRe] 1 o rASOUET aRtng e hastponay el af RisstEREUMEs t ho

o inmial nBhioch€5Ssuch MlaBilizA FREHaREsh R ArERAP SRS h@h?%c%ﬁﬁéwﬁ@%‘ut
vibrations of up to 10 Hz to be danpened, depending on the elastic

char act givaaliycataohed toahs plafens aod additionadly shd oktiesdlyr feevo-controlled Angidarel
parachute system.s al so described, in ich t arachute cano s draped
over t h&CBAIorgSReiviag dtspemt; i pipdih S?nsf”\ﬁll\go ﬁﬁ?‘ﬁ%ﬁh‘?@n@f ﬂ’éespaﬁgoa@ é’%@@f‘ed to
the sup ! ' ORGP AtinBg. 5héh Rpleadtarp idblealemation {9 Hatdsearof by
means o%%&gwghc%fg%aé cord, such that shoalidaét_ﬁe_ blallll oon uno?ergo sudden
def | at i ahe colmectisgy btostcsypten, faod nndoemsaton an abidvesstalylizdtipnsiysiel HoredswWg hangs

e hur oo Sihaig foy ot Qeptaion retoge ot e B E R e iy Gees
i mpl ementabi @dr @fibidho 8R! brthaP AR AusitHlR02 GOVTHY bith @ an dbbard @ekoad

platform (1i) a lighter-than-air inflated balloon supﬁorti gg t he payl oad
pl at f or motatedpitehfelé obywiave ssaing lexclhand denscan lshe covandhe phple)ofdhe figkdhelr i ng

o1 at  or rCTHTEPTT EXERRIBS Ao BU SBisther RO Rn dito iy ad il HCod iy T
the payl D] B e R B P R Poror S b tch
st abi | i zdongesgds tenppasite rengdhatf théeopegetiogdtyt, atof whishhhe payloagdiplatforsy &bi | i zed
even Vmear‘gtaz:k?e% b%rnrggaln% rof g E)gv%?,ts%}:}ix at ‘81];: s{%t éa%%gt%teorre]l%tive to the platform, and vice
versa. As the wind blows the balloon laterally, and the angle of the anchor line changes
from a vertical configuration to an orientation at an angle to the vertical, the anchor line,
the strut and the balloon support line in tension generally tilt to that angle. However, since
the platform can rotate about its pivot relative to the strut, if a suitable stabilization system
is used, the platform can be made to maintain a predetermined orientatidn, such as a
horizontal orientation, independent of the angle of the anchor and balloon lines. The
stabilization should be active, and can be driven by a gyroscope.

Secondly, the single-line support system provides no resistance to rotation of the
platform around the line, unlike prior art methods which use several cords and thus provide |
resistance to rotation around the support line. Therefore some form of stabilization against
rotation is reciuired in order to use a platform with acceptable pointing stability. One
exemplary implementation of such a stabilization mechanism is described hereinbelow,
using a servo-controlled orientation actuator, receiving its input from an orientation sensor,
to control the orientation of the payload platform. A particularly convenient and efficient

orientation actuator can be in the form of a variable pitch rotor mounted remotely from the

axis of rotation of the platform, and with its rotation axis horizontally, such that the air



WD 2012/ 120504PCT/1L2012/ 000114 6 of the anchoring and the ball oon cébl es
undergoes a change. The pitch stabilizing systemmay sinply conprise a
passive wOght2/gopended beneath the payl oad platform PCT/IL20An0t0MBY

i npl enentation may further involve acpitch stabilizing system conprising:
(i) an angul ar actuator adapted to cgntrol the angle the payload platform
makes with the pivoted cotnection elenent, (ii) a pitch sensor nounted on
t Ee paylhﬁnad? by ﬁhé m‘tm eerisut taiang) thryst michs‘iagn*atatajﬁeipﬁltf@n shwutl dp axisurie of
the pitch of the rmifro determ itch, . an i) a
servo syspHg- r@@’@? gleﬂﬁ\éel ﬁPé 8ﬁe‘§ﬁ"6 g] fhis, %6%?3‘[68‘&6?83& th%p’g‘fkb#
drive th, ?&gybﬁaesg% g\@ﬁsef b LR RRNH08H oPlaAkhI Relb&int B the

predeterm ned pit ese pitch stabilizing systens nmay be adapted
t o mai ntlﬂatﬁ)rtnhﬁ thnammdtaﬂ) lpben comwh provides eﬁsébmkaignyl mq:cmmt asrstqm wihtch

Or 1 ent arhaREes SRk gl &) GRS lede s hait hepe Rl he plesP A Raetse, o
orient atg, cglg ke 1 e%:g&éieﬁﬁﬁéa WG RatioRe BRauisaachng] Ak fyatnaf e wﬁfo@ﬁt cahhe

external forces t I'ng to change its orientation. Such an orientation
stabili zytangzs;lahdamnraﬂledorrprl se: (i) an orientation actuator adapted to

Censor . mount AR ST JET RGP BB PRy S, RBH I PO ey
el VBB SRARERUEE ik i R 6 v cnend gomnom o

attached to longitudinal and lateral extremities of the platform, and providing a level of
shock absorbance to isolate the platform from the effects of wind buffeting shocks. While
the first implementation is effective in reducing wind buffeting motion having a frequency
of the order of 1 Hz or less, this implementation enables higher frequency vibrations of up
to 10 Hz to be dampened, depending on the elastic characteristics of the suspension of the
shock absorber. | | |

A novel parachute systerﬁ is also descfibed, in which the parachute canopy is
draped over the balloon, and the junction of the parachute lines is connected to the support
junction connecting the payload platform to the balloon, by means of a slightly slack cord,
such that should the balloon undergo sudden deflation, the payload platform tensions the
slightly slack cord and hangs therefrom, and descends to ground level using the already -
deployed parachute canopy.

There is thus provided, a first exemplary implementation of an aerial balloon
system comprising:
(i) a payload platform,
(ii) a lighter-than-air inflated balloon supporting the payload platform from above by
means of a balloon cable, and
(iii) an anchoring cable attaching the payload platform to an anchor point beneath the
payload platform, |
wherein the balloon cable and the anchoring cable are attached to the payload platform by
meéns of a connecting element pivotally attached to the payload platform.

Such a system may further comprise a pitch stabilizing system, such that the

payload platform has its pitch stabilized even when the angular orientation of at least one



(i1ii) a servo systemreceiving the orientation signal and adapted to out put
a signal to drive the orientation actuator to naintain the payload platform
in the predepeyndssed orientation. In such an orientati oRCIIRI1L/HOIL Y
system the orientation actuator may  conprise a variable pitch rotor
rotating in a generally vertical plane, attached in the region of one
extremty of ' the payload platform and the pitch of the rotor blades nmay
bee cont sfotht edclmeingradd g balloohecables endeagoesrn eiaggealThe pitch stabilizingnsysiene| vy,

the orientation actuator may caonprise ir of rotor ttached in

gener al |va>g§mm3&%qmlﬁ}%ﬁé>§sﬁl% ‘f"ﬁgﬁt_rséﬁi’ﬁzgi@(?ﬁ@ %?P?yi?ﬁ%tfgsa 1Zedpayl oasl t
platform dir [ a i 0BS p; otate
i n. opposite dﬁrﬁé%qlroﬁnsﬂeﬁ}%gtrag?ﬁ t EiL}}‘Iopergtiﬂ(}ﬁ&f’;}!ﬁdlasBletgg g?:ﬁ%?t esfy%%?{the

rotors ignesitideel | ed according to the orientation signal. Accordi ng

to yet another inplenentation, the orientation actuator may conprjse a
rotor pi&bempngularepiagar adapted dpicantrql the apgle thg pavioagapiatfom Wag%grﬂthé#’e pl ane,
attached .in the regio one extremty of the payload platformon a pivot
axi s, soPpist emiseprdlelint 0“8 WG 2012/ 120804PCT] 1 12012/ 000114 7 ai r
fl ow canifye pitchi sesor Whkineidror the peliload plasiorr wuwiitady 4 piectasigndl ldefiniog thére
rotor is directed nmay be controlled according to the, ori ent‘fti on signal .

In any oflepartarest ha pitekiof theasylond plptloan fom 3 aredglsrmised PR a4 he bal | oon

cabl e may.. [ ri -di $po ; ; he

bal | oon, é{%ﬁ%g%ﬁgssﬁsaté?oﬁg%ﬂgﬁl% oﬁlfn&nggxﬁ%gﬁ @gﬁﬂg%c?%b@g&tﬁg@r@ﬁg%e%%ns of

el ast i cahdoni@xsten@atl @amein thet puyad ethtfoharie tie mradternated maht Aopef dfes¢ he

cords being attached to points |ongitudinal I% separated on the %%ﬁlfﬂiyad

pl at f or rrpltcglnﬂabalﬂm%a@tena%%@? adpptediie manige %Pﬁgf’aé‘tli!‘a HEHRLAD S5

laterally %B%ﬁgﬁaf on the payload platform Alternatively, the system may
e

further conpri's astically extendable cords, at |east one pair of the
cords bei ng aFtrdehadrebetnwesh then dbveactesaitedpeystamd owpt darthee agoneprisexam eni ty

oyl 0ad PRAITHSRAHNG B SASHCAHBE s oy FAPRobas e aeeDia My SR U e oo

bet ween gfly2lhatNAE ey B0) iR 12 9uGKT Lkl thies GARNAC agleertent. and

poi nts | ater y se ated on the pa platform each of the cords
havi ng aocdangtiongSedhene otientativmextdbilizing systenmainke otpriset | Generally, in
any of the abgve described systens, the ballopn | e an anchori ng
cabl e ma{l) HroRRLEAsHatos ada @tcén@%ktﬁ%ﬂ??qt@?“d%%ﬁwy%ﬁﬁigﬁpﬁg el enent,
or they ARY, D&:ieBtafl bt dﬁ%l'ﬁf(ﬁﬂﬂ Bl\%tﬁ}t{' atbB&RAton signal 1N
any of tﬂ@%r@f?%ﬁgﬁgéﬁggggpﬁggoagiraiﬁgiﬂ%al oon Ssys erlrlgg t he connec%i ng

el ement g@fning Mg égdrtofe af der orientaioherfriht ipagloyd Iptatforhr fore dpredetgrmined si de
el ements between which the payload platformis pivotally hung. In such a
case, therigyaianprdhy further conprise a pair of upper attachnent cabl es
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upper at are” | -other” and to the Dballoon cable
at a si nglecorientitibh @buatbe e miaieh lthe payhedgilatforal iarten pedetbrmined drientationay be
attached to the anchaori ngbcabl e by a | oop attachnent cabl e r.unni glq round a

pul I ey, Hneichifa qiifarEPn AbHEMeSYNETR tretTiBEAtoR SRV A FOPRESaR varge { he

pul T'ey. pitch rotor rotating in a generally vertical plane, attached in the region of one extremity of
the payload platform, and the pitch of the rotor blades may bee controlled according to the
orientation signal. | |
Alternatively, the orientation actuator may comprise a pair of rotors attached in
generally vertical planes in the region of one extremity of the payload platform, directed in
opposite azimuthal directions, and adapted to rotate in opposite directions, wherein the
operation and speed of either of the rotors is controlled according to the orientation signal.
According to yet another implementation, the orientation actuator may comprise
a rotor pivotally adapted to enable it to turn in a generally vertical plane, attached in the

region of one extremity of the payload platform on a pivot axis, so that the direction of its



Al ternative inplenentations performa nethod of supporting a payl oad
platformfroman aerial balloon, conprising: (i) providing the payl oad

pl at f or maiodor/1203ht er -t han-air inflated balloon, (ii) ®oppDINR/MY1tdhe

payl oad platformfromthe ball oon by_means of a balloon cable, and (iii)
attaching the payload platformto an’anchor poi nt beneath the payl oad

pl atf orm by nenas of an anchoring cable, wherein the balloon cable and the
anchor i ngr ﬂ@falcen e wahal, atheadh dst dicectibe ipahichatble pir dtofoofithb yotoe sndirasfeda
connecting elenent pivotally attached to the payload platform 8

Such a rdhsEoREylls Wﬁ@ﬂngc@ﬁlb??%eél@tWQSﬁ“@Q of fitti ng a pitch stabilizing

system on thg, %gy'mﬂe @k&ﬂ@ﬁnes onal batlﬁn&%ytbﬂx@,dthehﬁlim emasnay]g S

) LI ited 4
pitch stabilized even en the angular orientation of at |east one 0 he
anchor i ngngpride thinghdibposed betmloke sheupaydrad gdstfamcisinte balleors wod tenpayload

ct Uat orPIELHTEY BRY PRGOPHEAgIEE FHE aAYTUat SR FrFRaRe spith BREI vor od
connect itﬂé}e&kcﬁféﬁpﬁt’ least one of the cords being attached to points longitudinally separated on
the payload platform, and at least another of the cords being attached at points laterally
separated on the payload platform. Alternatively, the system may further comprise
elastically extendable cords, at least one pair of the cords being attached between an |
attachment point located near an extremity of the comnecting element and points
longitudinally separated on the payload platform, and at least another pair of the cords
being attached between an attachment point near an extremity of the connecting element
and points laterally separated on the payload platform, each of the cords having a damping
element connected in parallel to it. |

Generally, in any of the above described systems, the balloon cable and the
anchoring cable may be connected to opposite extremitiés of the connecting element, or
they may be a single cable clamped to the connecting element.

In any of the previously described aerial balloon systems, the connecting element
may, instead of a strut, alternatively be a frame having two side elements between which -
the payload platform is pivotally hung. In such a case, the system may further comprise a
pair of upper attachment cables each attached to one of the side elements of the frame, and
wherein the upper attachment cables are joined to each other and to the balloon cable at a
single | junction. A.dditionally, the side elements of the frame may be attached to the
anchoring cable by a loop attachment cable running round a pulley, and the anchoring cable
may then be connected to the éxis of the pulley.

Alternative implementations perform a method of supporting a payload
platform froin an aerial balloon, comprising:

(i) providing .the payload platform and a lighter-than-air inflated balloon,

(ii) supporting the payload platform from the balloon by means of a balloon cable, and _
(iii) attaching the payload platform to an anchor point beneath the payload platform by
menas of an anchoring cable,

Whereiﬁ the balloon cable and the anchoring cable may be attached to the payload platform
by means of a connecting element pivotally attached to the payload platform.



(ii) a pitch sensor nounted on the payload platformoutputting a pitch
signal defining the departure of the pitch of the payload platformfrom a
_ predet er oed12i2030h, and (iii) a servo system receivi n@Crhe20p2/o®@hi4ssi gnal
and outputting a signal to drive thegangul ar actuator to maintain the.
payl oad platformin the predeterm ne§ pitch. The pitch stabilizing system
may mai ntain the payload platformat an essentially horizontal pitch.

Any of these Sueh hostshadamayf firtheecomminp thesgen biEfitsing p pitth tabifizing spstem on

orientation stabilizin temon th | oad platform,. sych that the
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zing systemnmay conprisé: (1) an:orientation actuator
adapt ed changgontrol the orientation of the payload platform (ii) an
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receivi eorientation signal and adapted to output a signal to drive
t he ori ewhaddtion ekatengt or to nmai ntain the payload platformin the
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platform Itch of "the rotor blades may be controlled according to
the ori giit)at sepvo system rdecivigd the pitoh aigpalodnd: dwspwiinga vipne! tordrvectbp pagilang

el ement may be a frane having t side, el ements., and .t o) oad..platform
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i mpl emre ) ! i bRlfoRa bl A0RGYiall e RdeRmR bRtg: (i) a payload
pl at f or mrgy%le???%mrl%ﬂhtﬁlg?{a{lﬁ%?ai (r) I nfl at (Sac_l bafl oon supp_orti ng .t he payl oad
pl at f or m f r orAmb ot ehdsy methnds ofayafupdet Qmpn%ﬂ@, stgiypf fitting an orientation

sfabilizing system on the payload platform, such that the orientation of the payload is

stabilized even when the payload platform is subject to external forces tending to change
its orientation. Such an orientation stabilizing system may comprise:

(i) an orientation actuator adapted to control the orientation of the payload platform,

(ii) an orientation sensor mounted on the payload platform outputting an orientation signal
defining the departure of the orientation of the payload platform from a predetermined
orientation, and

(iif) a servo system receiving the orientation signal and adapted to output a signal to drive
the orientation actuator to maintain the payload platform in the predetermined orientation.
In such a configuration, the orientation actuator may comprise a variable pitch rotor |
rotating in a generally vertical plane, attached in the region of one extremity of the payload
platform, and the pitch of the rotor blades may be controlled according to the orientation
signal.

Finally, in any of these methods, the connecting element may be a frame having two
side elements,.and the payload platform may then be pivotally hung between the side
elements.

Further example implementations involve an aerial balloon system comprising:.
(i) a payload platform, _

(ii)' a lighter-than-air inflated balloon supporting the payload platform from above by

means of a balloon cable, and



WO 2012/ 120504PCT/1L2012/ 000114 9 (iii) an anchoring cable attaching the
payload platformto an anchor point beneath the payload platform wherein

t he bal | ow0 20ei2650and t he anchoring cable are attached POTHDP1ZM@IbIOtt OM
regions of the payload platformin pgsi tions approximtely opposite each

ot her such that the tensional forces”’running through the platform between
the two connection points reduce the response of the payload platformto

wi nd buf(figtdnngnchbeig cabip atteching tize phydeddoplaifemp poranemicher peiht bedeethcdrnect i on
points. In such a system the top and bottomregions of the payl oad

pl atforrﬂ%@?dﬁlé 8i"%posed on the opposite ends of protrusions rigidly
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and tie junction beneath the bal F'oon but "above the
first juoppored,at mdtlplelcnm)ecann adihits. Towadh g systen,otha¢ep el bettone esgienseoff i r st

and the second junctions, e ad itional cord of .such | engt h t hat
i ndbe St BT Rakke A sPAEE R PO SRR caf of BaruyiREr Ry FA, | oag
becomes s ﬁ%gl&gisfﬂlagmr%%g GhA LR GRRAP YoldYs 4RRUiREHEE 'ﬂUﬂ@'theCﬁHy%a@nd t he

plurali ty o oon under goes defl ati on. Such a system
t her ef orptatédrs0 provi des a method of saf eguardl ng a payl oad suspended from a
[ ghter than air ballaoagn, .in the event t theaf)gl f oon underrﬂoes

defl ati on, co‘ﬁ‘p? ‘pﬁ@al implementation can inc u e an aerial balloon system comprising:

(i) a balloon with a number of support cords extending from its body to a first junction, to
which a payload is attached, _

(ii) a parachute canopy draped over the balloon, the parachute canopy having a plurality of
cords extending from its lower edge and tied together at a second junction beneath the
balloon but above the first junction, and

(iif) an additional cord connected between the first and the second junctions, the additional
cord being of such é length that it is not under tension when the balloon is inflated,

wherein the payload becomes suspended from the parachute canopy by the additional cord
and the plurality of cords if the balloon undergoes deflation.

Such a system therefore also provides a method of safeguarding a payload
suspended from a lighter than air balioon, in the event that the balloon undergoés deflation,
comprising:

@ providing the balloon with a number of support cords extending from its body to a first

junction, to which the payload is attached,

(ii) draping a parachute canopy over the balloon, the parachute canopy having a plurality of

cords extending from its lower edge and tied together at a second junction beneath the.
balloon but above the first junction, and

(ii1) connecﬁng an additional cord between the ﬁ;st and the second junctions, the additional

cord being of such a length that it is not under tension when the balloon is inflated,

such that the payload becomes suspended from the parachute canopy by the additional cord

and the plurality of cords in the event that the balloon undergoes deflation.



(i) providing the balloon with a nunber of support cords extending fromits
body to a first junction, to which the payload is attached, (ii) draping a
par achut evoanposer t he bal | oon, the parachute canopyPRaxiLzg2/eoopidural ity
~of cords extending fromits |ower edg€ and tied together at a second
junction beneath the ball oon but above the first junction, and (iii)
connecting an additional cord between the first and the second junctions,
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en the balloon is inflated, such that the payl Qad becones syspended from
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point may be literally on the ground, on a building, on ship or on a

vehicle, the termis thus to be understood throu this application and
may be thuswi se al so dPRIEFHAESGRITHIONESERIBF B%P%Eﬁ%lﬁ DRAW NGS The

present invention will be understood and appreciated nore fully fromthe
followi ng detail ed description, taken in conjunction with the drawings in
whi ch: Aitgspredeft idRndon T bd hnddrstadd and eppetiatall ngre fibllyobmmbthene

payl oad platforns tethered according.to .a first novel nethod described in
this di §gll@‘§mgé19wiled descriptipn. taken ghepTpEICHPR Bd ﬁ%@mﬁwﬁ% ly the ball oon

o e, P e PA MU Y S st o i
strut swsthemt according to a first novel method described in this disclosure;

Figs. 2A and 2B illustrate schematically the balloon borne payload platform of
Figs. 1A and 1B but connected to the ground anchor point and to the balloon by means of a
novel pivoted connecting strut system;

Fig. 2C illustrates schematically the use of the arrangement shown in Figs. 2A and
2B for actively stabilizing the payload platform, using a servo system to maintain
horizontal orientation of the platform independently of the angle which the anchor cable
adopts as a result of the wind;

Fig. 3 illustrates schematically a wind buffet shock absorbing structure applied to
the payload platform described in Figs. 2A and 2B;

Fig. 4 illustrates schematically an active system for stabilizihg the platform from
yaw motion, in the form of a variable pitch vertical rotor mounted at either end of a boom |
of the platform; |

Figs. 5A and 5B illustrate a further implementation of systems for actively
stabilizing balloon-borne payload platforms, incorporating aspects of the previous
implementations and methods of integrating them together; and

Fig. 6 illustrates schematically a novel parachufe based apparatus for ensuring the

safety of the payload in the event of a catastrophic failure of the balloon.
DETAILED DESCRIPTION
Reference is now made to Figs. 1A to 1C, which illustrate schematically a balloon

borne payload platform 10 connected according to the novel methods described in this

disclosure. The payload platform is attached to the balloon 12 by means of a cord 13



Fig. 2Cillustrates schematically the use of the arrangenent shown in Figs.
2A and 2B for actively stabilizing the payload platform using a servo
system t owgeoryabiv4hori zontal orientation of the platforgirithzepecdsant |y of
the angl e which the anchor cable adoq s as a result of the w nd;

Fig. 3 illustrates schematically a wnd buffet shock absorbing structure
applied to the payload platformdescribed in Figs. 2A and 2B; Fig. 4
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t he noveio thebdilmda. descri bed in this disclosure. The payload platformis

attached to the balloon 12 b

payload platform 10, at either end of a solid strut 18 extending upwards and downwards
from the payload, so as to provide a rigid connection section within the anchor line 13, 14
itself. That rigid connection section thus effectively becomes an integral part of the
platform. By this means, the connection points 16, 17 are distanced from the platform,
increasing the orientational stability provided by this method. In general, since reliance is
made on the anchor line as the more prominently stabilized element of the support system,
in contrast to the balloon line which is the less stabilized element of the support system,
additional stability may be provided by distancing the payload platform from the balloon,
such that it is further from the source of the wind perturbations. Thus the payload platform
may advéntageously be connected at a distance from the balloon.

Fig.1C shows a situation for the exemplary case of Fig. 1A, in which there is a wind
19 which has caused the balloon to drift to the right of the drawing. In order to maintain the
tension of the balloon attachment cable 13 and the ground anchoring cable 14, the platform
10 rotates by an angle of tilt similar to that of the anchor cable. Because of the effect of the
weight of the platform, the attachment points 16 and 17 will be not generally be aligned co-
linearly with the anchor cable 14 and balloon cable 13, though since the lack of co-linearity
depends on the weight of the platform, and may be small, it may not be evident in all of the
drawings. The platform essentially becomes an integral part of the cable between the
anchor and the balloon. According to this arrangement, although every change in wind
direction causes the payload platform to tilt accordingly, the tensional forces running
through the platform between the two connection points reduce the response of the
platform to every wind buffet, and a damping effect to wind buffeting motion is achieved.

Figs. 1A to 1C illustrate how this method of connection controls low-frequency
variations in the pitch of the payload platform, but it is to be understood that vibrations in

the roll direction of the payload platform can also be controlled by such a connection



attached to a connection point 16 located at the top end of the platform
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di sposed opposite each other, such tha; when the platformis horizontal, a
| i ne drawn between the connection points is vertical. In Fig. 1A the
ball oon is shown in _ a situation where there is no wind, and the cable rises
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13 Reference is now nmade to Fig. 2C, which illustrates schematically an
exanpl e of a servo system which operates in conjunction with the connecting
strut strwotor2eisewn i n Figs. 2A and 2B, to nmintai n a®Cirae20nwni0zoint al
orientation of the platformi ndepend?gnly of the angle which the anchor
cabl e adopts as a result of the wwnd:"In the cut-away view of Fig. 2C there
is shown an orientation sensor 25, which could be gyroscopically based, or
conpass Hudsence i¥ hewsmadoto Figt 2Ct whichellysttath soliermatically an £xample Of asadoi f any
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Reference is now made to Figs. 5A and 5B, which illustrate schematically an
alternative structure for the pivoted strut obstruction shown in Figs. 2A
to 2C, whwolrormenoise nore practical in use. Figs. 5A andPEBIEHaN0GONE:
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prior ar &mugh it passes through the payload itself, simply for the purpose of explaining the
0perat1on of this aspect of the invention. However it would be more practical to have a
pivoted strut that supports the payload without imposing any external constraints on the
payload itself. In Fig. 5B, there is shown such a pivoted strut in the form of a frame 51,
which extends on both sides of the payload 50, and which supports the payload by means
of bearings 53 in which short pivot axes 52 attached to the payload sit. The payload can
thus be optimally manufactured without any constraints or consideration of its ultimate use
in the balloon system of the present disclosure, in which it is implemented simply by the
addition of the extefnal pivot axes 52. This beaﬁng pivot construction allows the strut
frame 51 to vary its angle relative to the payload 50, as shown in Fig. 5A, which is an



20 CLAIMS W claim 1. An aerial balloon system conprising: a payl oad

pl at f or m a lighter-than-air inflated ball oon supporting said

~ payl oad pvetbwympiodom above by neans of a bal l oon cabl epCant2eazo@nchori ng
cabl e attaching said payload platformto an anchor point beneath said

payl oad pl atform wher ei n sai d!bal | oon cable and said anchoring cable
are attached to said payload platformby means of a connecting el ement

pi vot al | ghamib@claate bperafidrlo Py phadedbinitfodRigs. 2A. toAT. dthei fedmdasel oam teyst em

according to claiml1, further conprising a pitch ..
manufactured of any suitable lightweight materlaf,) with a composition carbon fiber
construction being of particular usefulness in reducing weight. The payload can be fitted
with a pitch stabilization system, such as that described in the implementation shown in
Fig. 2C, and additionally with a yaw stabilization system, such as the variable pitch rotor
system shown in Fig. 4. Such a rotor 59 is shown in Fig. 5A on the end of a boom
projecting from the payload 30.

The frameless strut 51 may be hung from the balloon 58 most conveniently and
most stably by means of a pair of cables 56 attached to the sides of the frame 51, and joined
to a single cable 57 from their junction to the balloon 58. The frame can be connected to
the anchor point in a similar manner, by means of a pair of cables 60, each one attached to
one side element of the frame, and from a junction of this pair of cables 60 to the anchor
point by means of a single cable 54.

However, if the pair of support cables 60 were attached at a fixed junction to the
anchor cable 54, there would arise a problem with the yaw stabilization system when the
wiqd blows the system such that an angle exists between the combination of the anchor
cabie 54 and the support cables 60, and the fraine strut 51 itself, as shown in Fig. SA.
Because of the pair of cables 56 supporting the frame 51 from above, the frame rotates
about the line dividing the angle between the two cables 56 of the pair. So long as there is
no Wind and all of the cables have a vertical orientation, which is the situation shown in
Fig. 5B, there is 1o impediment to rotation of the frame and payload around this vertical
axis. However, when a real life situation, such as that shown in Fig. S5A exists, the wind
shift causes the various cables to be mutually angled, as shown in Fig. 5A. In such a
éituation, if an attempt is made to rotate the payload about its axis of rotation at the
intersection angle between the upper pair of support cables 56, as would indeed occur
during yaw correction, a severe restraint would be put on the yaw correcting system, since
one of the support cables 60 would have to shorten and the other one would have to
lengthen in order to provide free rotation. This would cause undue load on the rotor
cor}ecting system, since any attempted change in the length of the support cables 60 would
cause the entire system to skew, and the correction would therefore not be operable. In
order to overcome this pfoblem, the support cables 60 are connected to each other by
means of_a pulley 55, such that as one of the support cables 60 shortens, the other one can
lengthen freely by the same amount, thus enabling the payload o rotate freely and without



stabilizing system such that said payload platformhas its pitch
.stabilized even when the angular orientation of at |east one of said
~anchor i ngwerdizabx4bal | oon cabl es undergoes a change. = BCTAN20a2000al4 bal | oon
system according to claim2, wherei nlgai d pitch stabilizing system

conpri ses a passive weight suspended eneath said payload platform 4. An
aerial balloon systemaccording to claim2, wherein said pitch stabilizing
syst em ¢eudixig hesyaw stabilization system. dngifeet; ttactupponrcatdeyit@dare efisomtalph t he

angl e sai d payl oad platform mak i th d te t I
a pi t ch sBelslePP RbeAMepRsERE S tggymfadeE?é’f’F gkﬁ%ﬂﬁﬁﬁg&n : Og?’ferteﬁte i gnal
def i ni ng, ttllfée%&%&a[: BiL %40£v1ﬁbega¥dtt6nh9 g&' ShiPa 5 8p6rt Rlablcl B6TbEALR fhe

predeterm ne ervo sy stem receiving said pitch
si gnal mdleadmseabouoﬂmuhm@wdn@ tgﬂahgle dnedveuenehesanfcdcednhe}m&a@f thetpet e to

mai ntal r%ra?nal deh%%c}:/sl gsa gf Rllgts]:lglgorpteldneqs gly bgrtﬁg rc%fysa%é)ia%l& q)'ecause of this
‘ symmetry, there is no similar effect at the top joint tending to impede rotation, and the
upper joint can therefore be fixed with both cables 56 of the same length.

This implementation thus enables the payload 50 to be conveniently carried and to
be conveniently stabilized in all directions, such as by the various mechanisms shown in
the previously described drawings.

Reference is now made to Fig. 6 which illustrates schematically a novel apparatus
for ensuring the safety of the payload in the event of a catastrophic failure of the balloon,
such as an inflicted puncture or a tear or leak. In prior art balloon-borne systems, in such an
event, it is necessary to deploy an on-board parachute in order to bring the payload safely
down to the ground, and since deployment of a parachute takes time, in cases where the
sysfem is operating close to the ground, there is danger that the payload will be damaged or
lost. Additionally the parachute may not deploy as required.

Referring now to Fig. 6,‘there is shown a balloon 61 with a number of support cords
62 extending from the balloon body, most conveniently from its central region down to a
first junction 63 to which the payload platform 64 is attached. Generally three support
cords 62 are used to ensure that they all remain under tension. This is the conventional
method of attaching e payload platform to its buoyancy balloon. According to the present
novel implementation of such balloon borne systems, on the upper section of the balloon, o
there is draped a canopy 65 having a parachute-like structure, with a plurality of cords 66
extending from its lower edge and tied together at a second junction 67 beneath the
balloon. From this second junction an additional cord 68 extends to the first junction 63,
this additional cord being of such a length that it is not under tension when the balloon is
inflated. The canopy is draped conformally on the balloon, by selection of the correct
length of the wrapping cords 66, so that the aerodynamic properties of the balloon are not
affected by the ﬁresence of the parachute canopy.

In the event that the batloon deflates, the weight of the payload platform is taken up
by the wrapping cords 66 and the additional cord 68, which now become tensioned, and the
fall of the payload platform is slowed down by the parachute-like canopy, which fills with



21 6. An aerial balloon systemaccording to any of the previous clains,
further conprising an orientation stabilizing system such that said

payl oad pvethorimwivas its orientation stabilized even wheaTantod2/pwyisoad
platformis subject to external forc tending to change its orientation.

7. An aerial balloon systemaccording to claim®6, wherein said orientation
stabilizing systemconprises: an orientation actuator adapted to control

t he ori aitatthoballionselungpdigdppears ficam fvithin it. Because the canogp 6611 draped bvar sensor

~nount ed on_sai d payl pad. pl atform qutputti an orientation signal defining
the depaht ballooss itrinalrgadvein BlRGeots G Ualipon Jagatenans bat Fi5r viFshycployed
predet eryp] o b d is thus instantly 3eRft% QoW BleSHN LEER! pdyRagsai d
.orient atsﬁ&odr%qgiog’ﬁaaféq%%b%ﬁ%%@%gnt és Oll}ts Sfft aysfg al to dri veosai gri entation
act uat orpldtforimiThisdi sigadicantbaydvaatgaluatover priomars syistboprehieh eequingedsensor

_ ientation. 8. A ial, ball t i 1z | aim 7 i
a0 d or it APaet Hherdbe BaNeS 18 PRG0S S OIRTAE F AFRGHR SO P n
gener al | pé}o;ﬁgr%a%&%gggépﬁé ngﬁaaﬁsﬁlf%m&etimkéﬁgb By aGb1ded Paduhite Hido% ipfs sai d

payl oad orm tch of said rotor blades is controlled
accor di nigapied osed the ballont at i on signal. 9. An aerial balloon system

' di t | ai 7, i I, I tati t uat. i . i f
otor s att acid SPReGRIREPSIFTOUR ein B St s BHEST BTEn S G I Bt e ¢y
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adapted to rotate I n opposite directions, wherein the operation and
speed ofpreehh@ventions aricthides thotts corsbinatitnsodridesibaembindtiony b va@ous Hafuedst at i on

si gnal . . . ) ;
St described hereinabove as well as variations and modifications thereto which would occur

to a person of skill in the art upon reading the above description and which are not in the

prior art.



10. An aerial balloon systemaccording to claim7, wherein said orientation
- actuator conprises a rotor pivotally adapted to enable it to turn in a
gener al | ywoent@eedo4pl ane, attached in the regi on of onePeXtLzR/H00106# said

payl oad platformon a pivot axis, ihat the direction of its air flow can
be varied, 22 wherein the dlr%tlonin whi ch said air flow of said
rotor is directed is controlled according to said orientation signal. 11.

An aerial balloon system accordi ng GloARMY of the previous clainms, wherein
sai d bal | oon cable conprises a ring disposed between said payl oad platform
and said balloon, and said payload platformis connected to said ri ng by
means ofWetlait:| cal | y extendabl e cords threaded therethrough, at |east one
of said cords being attached to points |longitudinally separated on said

payl oad pI atform ast anot.her of said cords being attached at
poi nts ater aﬁﬁ%P“é@i?ilPa’Pé# OhCYBP eyl oad platform 12. An aerial balloon

system accor di ng Ta(?,aﬂBXdﬁlfatfgﬁﬁl me 1 to 10 further conprising elastically
ext endabl e cords, at” | east one pair of said cords being attached between an
attachment point kdigitedhareair inflatek brldean supppriingi shid paieed ipkgforneiiemt and

points | itudi nal Iy, separated on said payload platform and at |east
anot her ag‘é yd?’e"g’élogg(%ﬁ%g"ﬁéf ({;ttached bet ween an attachment point near
an extrenity of sahdarféﬁm%ﬁbmg a@th@m@tsa@nﬁa yigidnplatfbih abadd ¥ndepaoaited on
sai d payl oad platform each of said cords having a danpi ng el enent

connect éudneaﬂhmdaayi@dnl@tfqrtm 13. An aerial balloon systemaccording to any

of the previoys cla wher id co ect i n i avi ng
two side el erfBRTER B@H@@gﬂ(’%’iﬁ%% S%ldpag R %Io%g??dé?\%{daﬁ}? aﬁ

14. AN 3fdifcin R3hAS BféM&hﬁBﬁr@gCél&ﬁéhtwdtﬂlyCdtﬁtﬁathB saifl payibad pladomi.i Si ng a
pair of upper attachnent cabl es each attached to one of said side elenents

of said frarre and wherein said upper attachnent cables are joined to each

ot her a to said on ca I ct

~ bal | oon yst ’8&5} ntgygefrgl T%ln%/\lggr(g?ﬁrﬁjgél E |er c%ﬁlpnéﬁ%ts o?:h ai d
frame arseabﬂizti@g:ﬁ@@élﬁ csuaauﬁt 8416 haylond ﬁﬁ&bhﬂ hay ita pitoip ptabilizad breanwheantilce
running round a pull'ey, and said anchoring cable is connected to the axis

of said qngilllaeynentauon of at least one of said anchonng and said balloon cables undergoes a

change.

3. An aerial balloon system according to claim 2, wherein said pitch stabilizing

system comprises a passive weight suspended beneath said payload platform.

4. An aerial balloon system according to claim 2, wherein said pitch stabilizing system
comprises: _

an angular actuator adapted to control the angle said payload platform
makes with said pivoted connection element;

a pitch sensor mounted on said payload platform outputtmg a pitch signal
defining the departure of the pitch of said payload platform from a predetermined pitch;
and

a servo system receiving said pitch signal and adapted to output a signal to

drive said angular actuator to maintain said payload platform in said predetermined pitch.

5. An aerial balloon system according to claim 2, wherein said pitch stabilizing system _

is adapted to maintain said payload platform at an essentlally horizontal pitch.



23 16. An aerial balloon systemaccording to any of clains 1 to 12,
wherein said balloon cable and said anchoring cable are connected to
opposi t e wWR2PEM20308s of said connecting elenent. 17. ARCaagricap/odald oon
system according to any of clains 1 éf 12, wherein said balloon cable and
said anchoring cable are a single cabte clanped to said connecting el enent.
18. A nethod of supporting a payload platformfroman aerial balloon,
conprising: providing said payload platformand a lighter-than-air inflated
bal | oon; supporting said payl oad platformfromsaid balloon by neans of a
bal | oon &abl eAn zgeal balloon systemgpgegeding dosany 9falieoBEVIVaL $'8Ph (T9tA% anchor

poi nt beagathgald RaVLAGH bR B TERASHA A0 ARFRAT HRGoRR MRS its

orientation stabilized even when said payload platform is subject to external forces tending

to change its orientation.

7. An aerial balloon system according to claim 6, wherein said orientation stabilizing
system comprises:

an orientation actuator adapted to control the orientation of said payload
platform; |

an orientation sensor mounted on said payload platform outputting an
orientation signal defining the departure of the orientation of said payload platform from a
predetermined orientation; and |

a servo system receiving said orientation signal and adapted to output a
signal to drive said orientation actuator to maintain said payload platform in said

predetermined orientation.

8. An aerial balloon system according to claim 7, wherein said orientation actuator
comprises a variable pitch rotor rotating in a generally vertical plane, attached in the region
of one extremity of said payload platform, and the pitch of said rotor blades is controlled

according to said orientation signal.

9. An aerial balloon system according to claim 7, wherein said orientation actuator
comprises'a pair of rotors attached in generally vertical planes in the region of one
extremity of said payload platform, directed in opposite azimuthal directions, and adapted
to rotate in opposite directions,

wherein the operation and speed of either of said rotors is controlled according to |

said orientation signal.

10.  An aerial balloon system according to claim 7, wherein said orientation actuator
comprises a rotor pivotally adapted to enable it to turn in a generally vertical plane,
attached in the region of one extremity of said payload platform on a pivot axis, so that the

direction of its air flow can be varied,



wherein said balloon cable and said anchoring cable are attached to said
payl oad pl atform by neans of a connecting el ement pivotally attached to
sai d paylwadop/ofoerm 19. A nmethod according to clai mPC/ILI0N2/OlveT4
conprising the step of fitting a pi tg? stabilizing systemon said payl oad
platform such that said payload platformhas its pitch stabilized even
when the angular orientation of at | east one of said anchoring and said
bal | oon cabl eshetsisl eiegdigtian ¢inahiph. saDair Aoweohseikl agonisdliregtetias coutratied9,
wherein said pitch stabilizing system conprises: an angul ar actuator

cont r ol lareRsdinggo sy prendation sigi#l-oad pl atf orm makes with said pi vot ed
connection el enent; a pitch sensor nounted on said payl oad
platformoutputting a pitch signal defining the departure of the pitch of
sai d paylipad Anl asrfabrbailbero systenp rechediap rto remgt qfi the lprevaguy claims, wherein gaider vo

systemreceiving said, pitch signal ,and outpytti ' | .to . dri I d
an?uLar b&@?%?z © EYNPRSCH A gﬁ"lﬁe‘ﬁgwgﬂg S%Hﬁ#@gqr%}aﬁogﬁ%&d S%gg’é‘p\ég?ﬁs ﬁlad
pi tch. 3 ' AV | i .
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‘payl oad cptdt toeaded sthetetlirhbagh, t ite laasi emeadf caidofcostai Heipayttrabed do speibisl i zed
tending to

even when sai d payl oad pl atf, ' | ect t | f
O o oua ok o S S e S e S50 SRS, L
ori ent at.0n,3%ABbihisA4BANS ¥&1aPRd on said payload platform.

12. An aerial balloon system according to any of claims 1 to 10 further comprising
elastically extendable cords, at lcast one pair of said cords being attached between an
attachment point located near an extremity of said connecting element and points
longitudinally separated on said payload platform, and at least another pair of said cords
being attached between an attachment point near an extremity of said connecting element
and points laterally separated on said payload platform, each of said cords having a

damping element connected in parallel to it.

13.  An aerial balloon system according to any of the previous claims, wherein said
connecting element is a frame having two side elements between which said payload ‘

platform is pivotally hung.

14.  An aerial balloon system according to claim 13, further comprising a pair of upper
attachment cables each attached to one of said side elements of said frame, and wherein
said upper attachment cables are joined to each other and to said balloon cable at a single

junction.

15.  An aerial balloon system according to claim 13, wherein said side elements of said
frame are attached to said anchoring cable by a loop attachment cable running round a

pulley, and said anchoring cable is connected to the axis of said pulley.



conprises: an orientation actuator adapted to control the orientation of
sai d payl oad pl atform an orientation sensor nounted on said
payl oad pvetfovioisdt putting an orientation signal definiPog/Itive2/o@perture of
the orientation of said payl oad plagigrn1fron1a predeterm ned orientation;
and a servo systemrec ing said orientation signal and
adapted to output a signal to drive said orientation actuator to maintain
sai d payboad Apl @tiabbatidon systerd apcadiigdo mnped chime httal 2 owhereasaidibatiophod
according to claim 23, wherein said orjentati n act uat or canp ri se

vari abl €a)¢ af spigh Bchoring, eable arecogn FaPPRPS %Pi“?%’l“efﬂogﬁ@ Cé’fl?%filﬁﬁd in

t he I’eglfé ff one extremty of said payload platform and the pitch of said
rotor blfadés is controlled accordi ng to said orientation signal. 25. A

met hod according to any of clains 18 to 24, wherein said connecting el enent

s a frane havi ng, si de el enent,s, and e n,sai | oad. rmis
pi vot al Iy hunAg1 %?é‘@{/\ﬁ@}?ogép’ﬂe@l Borg%ﬁgﬁ‘flgm@ c%%m ?1 g’r %ﬁ?e Al dz%%f°8§st em
conpri si:nge afd RAY LRAdriRk @éﬂl@ﬁr@a single cable clampd foisgidtc@hndciag eRbrent. nf | at ed
bal | oon supportlng sai d” payl oad platforn1fron1above by neans of a ball oon
cabl e; and
18. A method of supporting a payload platform from an aerial balloon, comprising:
providing said payload platform and a lighter-than-air inflated balloon;
supporting said payload platform from said balloon by means of a balloon
cable; and
attaching said payload platform to an anchor point beneath said payload
platform by menas of an anchoring cable;

wherein said balloon cable and said anchoring cable are attached to said payload

platform by means of a connecting element pivotally attached to said payload platform.

19. A method according to claim 18, further comprising the step of fitting a pitch
stabilizing system on said payload platform, such that said payload platform bas its pitch
stabilized even when the angulai orientation of at least one of said anchoring and said

balloon cables undergoes a change.

20. A method according to claim 19, wherein said pitch stabilizing system comprises:

an angular actuator controlling the angle said payload platform makes with
said pivoted connection element;

a pitch sensor mounted on said payload platform outputting a pitch signal |
defining the departure of the pitch of said payload platform from a predetermined pitch;
and

a servo system receiving said pitch si'gnal and outpuiting a signal to drive

said angular actuator to maintain said payload platform in said predetermined pitch.

2. A method'according to claim 19, wherein said pitch stabilizing system maintains

said payload platform at an essentially horizontal pitch.



an anchoring cable attaching said payload platformto an anchor point
beneath sai d payl oad platform wherein said balloon cable and said
anchori ngvoabi22esoé attached to top and bottom regi ons ®CTantod2/pEyl4soad
platformin positions approxinatel yeé) posite each other such that 25 the
tensi onal forces running through th ‘gl atform between said two connection
poi nts reduce the response of said payload platformto w nd buffeting when
corrpalr e%z.lt ?) A Pethbi aconrding poutyest chtimsiBito Bl ducherrveutprising pld stesof Ri¥ing An
aeria al I oon system.according to claim26. wherej i'd top.and_.baottom
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protr uﬁ'ggr#lgac{ is%ka%ﬁl}'ze&te]i/&?%gng d?ﬁ&lgacpﬂ%fé’&gis Bleb Ol Bxtcthtd Todchoiending
attach poInt's are di stance romthe payload platform 28. An aerial
bal | oon s yigingerits ofigtatiinng: a balloon with a nunber of support

cords extending fromits body to a first junction, to which a payload is
at t ached; a parachute canopy draped over said balloon, said

par achubg Ca')f‘?ﬁ(etﬁ@cy 1,88rdin ltgréilcﬂlﬁ Y220 wik@Eifl Ssafdk loRiBAHafiEh fsEMMAiS syaumr edge
and tied together at a second junction beneath said balloon but above said

;ast jumgmpﬁseé;: and g an addi tional cord connected between said
i rst and said second. junctions, %ﬁzild gdditi
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platform;
an orientation sensor mounted on said payload platform outputting an
orientation signal defining the departure of the orientation of said payload platform from a
predetermined orientation; and
a servo system receiving said orientation signal and adapted to output a

signal to drive said orientation actuator to maintain said payload platform in said

predetermined orientation.

24. A method according to claim 23, wherein said orientation actuator comprises a
variable pitch rotor rotating in a generally vertical plane, attached in the region of one
extremity of said payload platform, and the pitch of said rotor blades is controlled

according to said orientation signal.

25. A method according to any of claims 18 to 24, wherein said connecting element is a
frame having two side elements, and wherein said payload platform is pivotally hung

between said side elements.

26.  An aerial balloon system comprising:
a payload platform;
. a lighter-than-air inflated balloon supporting said payload platform from
above by means of a balloon cable; and
an anchoring cable attaching said payload platform to an anchor point
beneath said payload platform,
wherein said balloon cable and said anchoring cable are attached to top and bottom

regions of said payload platform in positions approximately opposite each other such that



wherein said payl oad becomes suspended from sai d parachute canopy by said
additional cord and said plurality of cords if said balloon undergoes

defl ati orwo 28@/12¢50eet hod of safeguarding a payl oad suspecdatoiz/omwss | i ght er
than air balloon, in the event that azlﬁsal d bal | oon undergoes defl ation,
conprising: provi di ng sard balloon with a nunber of support
cords extending fromits body to a first junction, to which said payload is
at t achegke tensional forces rdn@ipg rthroagip dha phasfoemclantiagyn saidtwe adodngrtiohgpnnts sai d

parachut e canopy having a.plurality aof cords tending.fromits |ower edge

and ti ea@%@éb%&spa%%a% é’f’ég dﬁyﬁﬂﬂ_c&?tgﬁmo@n@ﬁ?cﬁ)f’ygf??f‘%g‘fhieﬁo%’nﬂ’ﬁfeda ofe saigd

first J%g@%hﬁgﬁ d tnuﬁﬁlecmﬂwaﬂﬁﬂﬁﬁﬁgng an additional cord between said
SaTd Zecond ) und

first a Id Il ons, said additional cord being of such a
|l ength that it is not under tension when said balloon is inflated,

such that said payl gad becones suspended fro ai,d parachut e cano by said
2di ] oRd1  cdriae TBHPER SYFE FCPORE o m 10 SUFEIDAROSH R GURe”
deflati sions of said payload platform are disposed on the opposite ends of protrusions rigidly

attached to said payload platform, such that the attachment points are distanced from the

payload platform.

28.  An aerial balloon system comprising:

a balloon with a number of support cords extending from its body to a first
junction, to which a payload is attached;

a parachute canopy draped over said balloon, said parachute canopy having
a plurality of cords extending from its lower edge and tied together at a second junction
beneath said balloon but above said first junction; and

an additional cord connected between said first and said second junctions,
said additional cord being of such a length thét it is not under tension when said balloon 1s
inflated,

wherein said payload becomes suspended from said parachute canopy by said

additional cord and said plurality of cords if said balloon undergoes deflation.

29. A method of safeguarding a payload suspended from a lighter than air .balloon, in
the event that said balloon undergoes deflation, comprising:

providing said balloon with a number of support cords extending from its
body to a first junction, to which said payload is attached;

draping a parachute canopy over said balloon, said parachute canopy having
a plurality of cords extending from its lower edgé and tied together at a second junction
beneath said balloon but above said first junction; and

connecting an additional cord between said first and said second junctions,
said additional cord being of such a length that it is not under tension when said balloon is
inflated,

such that said payload becomes suspended from said.parachute canopy by said

additional cord and said plurality of cords if said balloon undergoes deflation.



