;"ae3eM \ x06f T<@ 1 Antenna system for |inks between nobile vehicles and

ai rborne devi ces BACKGROUND OF THE I NVENTI'ON 1. Field of the Invention The
iknvention relates to the field of antennas used, especially, to set up

| i nks between a nobile craft and an airborne device, these two objects s
havi ng | ow speed shifts and novenents. h the context of satellite

t el ecommuni cati ons systens, or nore generally for comunications with

ai rborne or ,cel esti al . obj,ectss, these syst are increasjingly installed in
Tobi e or af ATLERA SYSIETRIPE lipks DATBEERIAPPUR VPbiGIERAnd AlsPoEte HEviSter

tel evi sion recepti oBAOKGROWND Of FHERINVENTHONO conmuni cations, etc.).
These systens gener?l Iaelglggmgﬁ\)g1 gg-gai n antennas whi ch nust be carefully
ai mred at the object i e acceptable reception quality. Two
probl ems t hen ari seThginventionhielatas dgrthe ifietd of ahieginagaisedaraspro@dlywloi ch
equire a rebald Heky bbidh 2 e @kt BRAGH ailBorfiB\elibe! B fio bBRERI | | N

probl ens of discretion and _aerodynam cs), -t aimng varies as a

f unct i on Sof hAYWagilBV=SPesdshifty andMavesa/isi cl e on which the antenna is

installed and in whirckhd Rentximt elite’ eldCdrmiupicitions systérme, aruahofey of
the link, or_even a,breaki n@n.of .the | Descrleﬁtﬁ'lﬁ? %b the Prior Art
i n

Lnk.. 2. .
The prior aggn%r }Sogqgs CQEBE '8?%‘?}‘% H’Y'ﬁb ?'W%Qeoprs l?ﬁltsdi Shere
bel ow. The Systemsi aret ingreasingtgdhstalledilin dedbilectrafinswdhoag direvaffoeamofoini s s
25 the nost | hg . I ' h f Lxed- beam
di recti onal dgﬁ%ﬁd%%g%r:%gﬂq@% ?rtt%})e&géjﬁs‘r%ggﬁﬁeqr{al 'ﬁ?”‘g‘ﬁ‘é@é‘? ?SOJA#IE{Z%I mut h)
posi ti orér . coOmeunicationss etisled are general |y parabol as or radiating sl ot

arrays with wavegui ¢ﬁe§é% ?iﬁh&% ge@ﬁr?mggeaﬁifeﬂgig?ﬁphﬁm hﬁnenvrﬁugt hi gh

performance in terns of ¢ : vant a eI I'S apsroac are that
it offers cBRstAftulkraing &tﬁﬁﬁc%blﬁﬁtairb@é‘#e’tﬂ?e%‘éﬂf%&cpéﬁ raceRlRFost
total coverggalitpf space. Its drawbacks are related especially to the use of
a two-axi s position substanti al purchase and nai nt enance

el nagFIn¥: 2

costs with noderate' MIR'QBIE iﬁ@%’sﬁf@@i‘al ly in aircraft, difficulty of

i nt egr atiison] -babauistegratomrdf enigh-gairs anterirasundichundguired a relatigelydargeent s so
that it can r y.ai | .8 : 0dy, 1 CS
for aircraf ?R@H@?ﬁfs‘sﬁae Igﬁrﬁ%ﬁné é%ﬁ%%ﬂ%“é@ﬂ?ﬁ@@ rﬁ%&%ﬁ'?&\%?@ 0

vi brations aawpdynpaies), (entailing severe constraints on the mechani cal

syst em whi cb Letﬁg_éii?hiﬁl? GheRSIaties d8% 1HHARA BPPOSIRR NRVAToRS dMthe
electronic two-axi s nethod of 1 o def _ecthon. In.this c:lge, the antenna is
general |y fVaRiclon@ncWRIGhsthe @intenpnay s dpstatied afice it AvYRich 8L imay d%fent s.
Each el egentiefapratiorinsheicpiatty f the linknbrcevierdal beedking\bi 1@ lirk.i s possible to
obtain varlat|0n5|g & 0d ¢ f|g essary, in anplitude, so as to
generate a beamin Do of the antenna with a certain

si de-1 obe | evel. SeVhe griovari propssexiespedially thiéa types of solution explained

here below.
The first is that of mechanical deflection along two axes. This is
25 the most commonly used approach. It consists of the use of a fixed-beam
directional antenna, coupled with a two-axis (generally elevation/azimuth)
positioner. The antennas used are generally parabolas or radiating slot
arrays with waveguide distribution systems. These antennas have very high
performance in terms of gain.
30 The advantages of this approach are that it offers constant RF
performance whatever the deflection and an almost total coverage of space.
Its drawbacks are related especially to the use of a two-axis positioner,
namely:
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15 type of antenna: these are, for exanple, active nodul e antennas,

refl ectarray antennas, transmt-array antennas, etc. This approach has very
hi gh precision and great aim ng speed. However, it has certain drawbacks:
t he radi oel ectrical performance deteriorates rapidly with the angle of

defl ection of the beam (drop in gain, ri<se in |obe |evel, etc), 20 the
solutions are costly because there are as many el ectronic nodul es as there
are elenmentary radiating elements with commands and conpl ex associ at ed
processi ng oper asubstantiat perchnse rana maintenange oostg withl efdderdtep taliabdity of
space (a maximu : ane) unless it is conbined with a one-axis
posi ti oner (formfgb_ggg e I:}%rat_the case of radars). The costs then

accunul at e and® bé&ifiewty el iptagration, hesadse the apkansia hageta he uneneadeqtd

pproach 1S an | R B o e R e ol on
e 175 @ ectri CRIOHIEMS.Et PETItRSHICH It Bubraload JISETSRORdeT it bRse

conbi ned wi th anvehietds)j cal one-axis deflection. In this way, a nechanical
approach which i Lapker and_l. S he f] a > i

cglrorbi ned with 'anggﬁé@? 'W(@%ﬁ’@ﬁb&@i?ﬁ&( Wﬁ?@gz‘gf“f?ﬂﬁ‘ga#‘%fen%?@@? oé{fc
nodul es) that i st mechanidahaystam whiehdead ta bigh dosts)he second appr oach.
This third approach 16l Leondl 48rach ThidPbh 4 oREFIMREMABXRERBRRF B 35

constraints are reduced. ntalls reasonabl e cost because t ystem

3 i s mechanidefieeton. elisthisopasenthe paternais ganerally ital antkeonsists o ab\aram and
ngdi oel ;EC,t [ io‘t?aélg)‘nérﬂgﬁ/ caaRtaY bi@ﬁ?ms.ZD Ekekt éi&ﬁéntd?}‘alse@ri Qsﬁ?éﬁi%‘tét!n
wever) i eads.a décrease I.n perfor ce as, a function o e .
def | ect | on. SISFIORIS MSEUIe bR aviigh s pOsSPIE foxeRtan VANGHANS Wepntortddh ¢ ne
ge][ }‘ or mance néceés_;atr?,einaanhf o plitade] gote\?rtafge@nfer@tefd Beairgn tg:th%fmi@frmmm $hof
efl ection i icie [ f o e). . \ e
fdea of 1 nel NNt Wb baRED SHFING layets GaIA & RTE R SBIRAC! B Lot ng
1 D el ectyi type oéfandennainthesd drep forekamptesl activel moduten an@rmasnvefiedton
relates to n | i &N i f jrect
Sendi ng out oY aEiAasy RafeRUARY Akenas U THIE BpRIacH a8 RFy MECL (1
a dual - pol alPreGisicnans@reahaiming speed; pwaverdhbas saaaediapmdacksdet er ni ne
the posi tion of -tk raGiobRglital peRofinahes etdrisrarsoRipa AT 1 agheahl y for
ositionin e antenna. e system canprises i. s at |least: one
Bol ari zati gn corr@lehg?t'qqaefeﬁh\?i "PﬁﬂfOQi'gprQéf% r'ﬁedﬁio':{? l%ﬁﬁﬁ%c)f romthe
dual - po:cz{r i za’:] ¢+ oth@sbletions atdeostlygredauistl thed afer @s manyrgedtranic niedsegnal .
com ng fromthe ajr e_obj e c r pt e
to reconbi ni ng t%& gfégrﬁapgéjﬁqgrbeQF?tdp\/qQﬁétﬁ{%é?é@gH@bgvm%§n¥ﬁ§h§$ %%
optim zi ng the | icarpiex asseciaietecessing apetatigneody and t he airborne
obj ect. The pogi §}onBi qgﬂp i f Ot £y
mechani cal posi t?%‘%gp%ﬁe vvlé\%@fﬁr t _eéaﬁ@ﬁﬁﬁmsémbgf?ﬁiw to éﬁ)gfr ol
t

the phase- shi f t elP§€ohalt REaNgkEHesS Krid %ﬁnfaﬁﬁéﬂwg‘ Qe PNRENSHROBENRE(fOD5 The
antenna ggs, for exaalpk dn theCtasalloir ragarg)ectegbsts fHerpacammulate nanit ed on

R o Pt L RRBhe O MO 8o ARV ETE o e BE LR ec R I 2
novi ng body and ametiitiés)foeexsmpletfostabelisign secemtioni.gnal E wit h any
polarization. It CORRE §fiRy BbpriachCRShn! AtdriditeShfPdach combining 1D
mechanical deflection and 1D electrical deflection. A mechanical one-axis
30 defiection is combined with an electrical one-axis deflection. In this way, a
mechanical approach which is simpler and less costly than the first approach,
is combined with an electrical approach (using n instead of n2 electronic
modules) that is simpler than the one described in the second approach.
This third approach offers greater reliability because the mechanical
35 constraints are reduced. It also entails reasonable cost because the system



determ ning the positions of the nobile body and of the airborne object,
fromthe value of said positions, positioning the antenna nmechanically and
el ectronically, 4 transmitting the two signals H and V comng fromthe
antenna towards a conbi nation step adapted to the production of a signal E
corresponding to an optimum link bal ancé® between the noving body and the
airborne object, 5 diverting a part of this signal and conparing it with a
threshold. It may al so conprises a step in which the value of the anplitude
of the diveig ewechagivally iless copgiedthirt b 2D trheeisdical d@flemﬂoamysaemtam : n
which the a PASILL | f ey e el ow a
gi ven val ue%@aggﬁ{rﬁzg \?I (@% Cgp@ﬂ;/s% etnh1taaccorc1[bl chtﬁ%n‘? agﬂé%tn s?]%rg t he
fol | owi ng adioavaveseit leadSpardepc&aS@rm pertmmmceaas adanctian Ohthehdefleoéloﬂeam bl e

and robust , Fﬁhhéﬁﬁéfé‘@ﬁé%o@ié’u%tgeacgdsdﬁcb s iy WBpbABEAT & the ?Qrfﬁﬁﬁf\ﬁ@ih

enabl i ng di screet | ntﬁg m zation o
bal ances SeOhdBf AMENABLIN toryis ok deflgqtion h@h%lm%m%n odpget of defigction

calibrati onegguﬁﬂi@eﬁmt@nrp@ﬁoﬁmgngé) unnecessary, t hus rrakl ng the cost of the
syst em af f or dabl e, tly E ! iguration of the output

channels, wth the e types of conbiners. BRI EF
DESCRI PTI ON OF THE DRAWJE&S ofXther irfveatiom eis basbdcaspeciEiigsonf at judigiowent i on

Shal || 2PDeRGofilifarl g 15 QELRE) SIdANRACAS HiBERY dBiuEipY ey of

an |IIustrat|on he “scope nve I'on and
made wi t¥ referenceThe tﬂV@nﬂenafﬁi%tﬁaetD fargmrﬁenn@fsyﬂﬁemh enablipgira link s a

schemat c. db8ajadn oh diftrA ChRgt eRaMYS A SEAAI Wiicar PobiBRzhMEPEhk o,

Figure 2 is a tlow chart  of ent st ure 3 is a

schemat i ¢ dMRYRGPEEY awipped wite @ Fiuelawolamt&ﬂ aawnggalspempr@mg @‘1 gast 4 is
a draw ng embacuémm td fd@t@ﬁﬁﬁ@ltﬁélpb%utwn &f Bhareediang Galdy O@id &6d iabomd h 1 D

2! ectrical % c?%tn'doanri asser%{yefor pos%’rsnn%nth"%l atrﬁcrarqr?é' Vﬁwe sys?em cc%pﬁéesf lgure
15 atleast:

e one polarization combiner receiving two signals H and V coming from
the dual-polarization antenna, the signals H and V resulting from the
signal coming from the airborne object,

¢ the polarization combiner being adapted to recombining the signals H

20 and V in order to obtain a signal E optimizing the link balance between
the moving body and the airborne object.

The positioning assembly comprises, for example, at least one
mechanical positioner linked with the antenna, a control unit to control the
phase-shifters of the antenna and an antenna deflection device.

25 The antenna has, for example, a circular or rectangular shape and
is mounted on a one-axis positioner.

The invention also relates to a method to optimize the link balance
between a dual-polarization antenna associated with a moving body and an
airborne object sending out a signal E with any polarization. It comprises at

30 least following steps:

e determining the positions of the mobile body and of the airborne
object,

o from the value of said positions, positioning the antenna mechanically
and electronically,




Firgures 6 and 7 are two illustrations showng the utility of the

dual pol ari zation systemused, 35 Figure 8 shows a first exenplary anal og
pol ari zati on comnbi ner, 5 Figure 9 shows a second exenplary digital

pol ari zati on conbiner, Figures 10 and 11 show two exanpl es of the
installation of the system according to4the invention on nobile vehicles.
MORE DETAI LED DESCRI PTI ON s The system according to the invention is shown,
for exanple, by means of the schematic diagram of Figure 1 where the
antenna i s nount rdnsiitting Xeerwe sigoalsaH raviol V eowdihg droen the actermaitowardsn wi t h
a satellite which o iahaiP"0ohObdafRRPTS_ e ChRidiclion F 82isfhddit & sends
out a signal with any poflarization. € system conprises a )

dual - pol ari zat i opodasgeNding teuanhoriimum lifkkalases between hexmaming: Hodys

linked with a 1 Qpﬁqﬁgaﬁbsﬁ{eﬂ_gébtti oner 2 whose role is to position the
ant enna nechani cal [y, The nechani ¢al positioner is, for rﬁé&gﬁlge, a shaft

associ at & wi th Vesing a RertpfihigesignahandAanaparne fmitha ¢ enna can be
rot ?t efl a][ld El aCﬁd itrmﬁ,_/ EF@idd?gblﬂéésF?éiteTﬁ iﬁrwkt;iéh mmt/?lgb ofnhé afglimidd bfet
control o e se shifters m,of .t he, antenna (fiqure is used to
vary the phiEcaBBRBReShTr & <mParRHaih ol BRI Vaie, 8 Slad By BRI ner 4
has the funtha anterseis edpogitmnedoifithaivalua loé thevamnsplgudé s Hedowl a/ gkerai ned
at the two faut channel s of the antenna 1 (corresponding to a division of
the signal reéeceived_by the dual -polarizatjon 20 antenna into tw orthogonal
or subst@ntial |y or Thegehartiensystemraecardingi tadhe inyentipnaasethe wllewing ni ng
an optim zegq éﬁlhg@é"irfﬂ&ﬁict}%try"een the nobile vehicle and the satellite by
reconbi ning the sifgnals H and V. An i,nrqéti_all ui dance unit 5 is used to
obtai n GPS pod t M§IENAGIGahasfigelianihat g ieasiblesand rebys, ghdeasanabie€oabbi | e
vehicl e for examphgwithhiirreliability, z coordinates 2s are therefore placed in a
3D system of coordinates., A b&améj i onﬁfr beam ai m ng device 6

SRS !

. efle
receives at | e'as?n(ﬁ?@r%%ﬁ‘q e |§?r8ﬁg\nt%§)r ?l'a)’ fromthe polarization
conbi nertsas wed | read-tinne optimiization dfrthedimikthadangesopetwesmpthe mhbile yehiglenat es

of the satellite ; enaa vehicle in a 3D system of coordi nates,
t he val ue of theagﬁgﬁ‘%fagwﬁle %ét:’ati oner, the value of the phase 30

shifters). The fthe€alration ohitke gatenna isomadewnnecespaiyi Hysymakingthenabl e
the ainmng of thechesthés9sicmafioriapi)a to the satellite in real tine. It
enabl es especially auto i.,c conpensation for the nmotion of the satellite
or of the m)vi‘ngﬂéb'ﬁbj&)f n&o the nrenfiguation ?Letkgt QPP Bt Cﬁﬁan%'ﬁt hyih the

i npl emendoed ar e, ﬁbgsibmwm&/erélhepé’éof@dn‘n_DWefs]S 6 1 - Collecting

i nformati on on the i ”g.h R mobi | e vehicle

equi pped with the a - he inertial guidance
unit, 2 - Transmi tt Oten featurePandradvantagesnoft tbetineentismshdlhappearandrse whi ch
acts 5 on't b dd nan f Ifar Qg alm
he beam fr 6o o M TalRiing REs SRR BveR by Ay BF 8R MhayioR fiat i no
control theWakRstrigis fther scqpe of therinvention apdi Bape with reference to’ the

25 appended figures, of which:
e Figure 1 is a schematic diagram of the deflection system according to
the invention,
e Figure 2 is a flow chart of the different steps implemented,
o Figure 3 is a schematic diagram of the 1D electrical deflection system,
30 e Figure 4 is a drawing explaining the association of 1D mechanical
deflection with 1D electrical deflection,
e Figure 5 shows an alternative embodiment of figure 4,
e Figures 6 and 7 are two illustrations showing the utility of the dual-
polarization system used,
35 o Figure 8 shows a first exemplary analog polarization combiner,




so that the antenna is ained at the satellite, 3- since the polarization of
the signal sent by the satellite is any polarization, 1 o the antenna
rreceives this signal and breaks it down into two signals H and V having

ort hogonal or substantially orthogonal polarizations, 4 - transmtting
these two signals Hand V to the polari®ation conbi ner 4 which conbines
themin such a way that the |Iink bal ance between the antenna and the
satellite is optimzed. The conbination is achieved, for ~ 5 exanple, by
optim zi ng the | Figurb® shoves a@eeond ekemplary digitall pblarizhtior abmbirdr, t he

si gnal -t o-noi sg zed
signal to the -begfgdré’s 19 anéH ?Qﬁghﬁtw&kg(g%\}aleg%?{hearng?aﬂltatl?rr otr‘PrHé ngsﬁbh{“

anpl i tude of theaQC@fﬁmg Wlthﬁ lavamwmmbrlewehlcie&ed beforehand in order to
verify the state of M@ﬁE'DE’Mﬁ.‘EE@E’%IF‘ﬂ@NV‘D obj ects. Any ot her
parameter_ represent] g UB can be used as a threshol d

val ue. T& pick up alp&raystam@csorling i@ t@?é{h‘éﬁm‘ﬁ’ﬂdﬁ]wrbcf%ﬁﬁ@mPQr@’

i nvention umnsf@rrthewmehetucadrdgrambr Fiire ClOWRBRS tﬁe)aﬁtermal i nﬁamtb@
defl ection st em @nd ab aimcor.rect,

The. ant ennallcP MG @na3 EbiBoretikle by SoramiinEatpg it Zusa @lite SR Kunc anna
t hat can benet showndal Irgastefsd etcCladtyal dhe satelite seihgs ok acsigmahdithadnyt he
phase- shi ftBP %% oy Figure 3 shows the principle of the 1 D electrical

defl ection n I'S_exanple, the antenna is deflected along the plane Oyz
in the diorection of ThAesystemi erppuses Redudlrpglarzatiopeantenpgak, witheadP.  The

maxi mum angbﬁasésﬁmf' Mafis t?a&htén Al EUThiged il aa1 boﬁfechﬁﬁl%hl %shi%néf‘sz” ed.
The ant enna’ 10 tak s the f pl ane arra |attﬁg Hgnts 10, m
hMes

di st ri but edMNYSEHEC ?olsmt%f P?ﬁ't"?‘he el ANBNa g sl s
congect ed, bosmanarmé efort me =] ?:tsr‘r]mrtl agmgtba Q\mhaaemlrf ingth) a3§e%rl m ,
use to var e o a 0 the radiatin S S
el o, o fastepBi B, Bhisks @*eaﬁatengadc% Bt telhef £ Mot aiPaifed
conpar ed15w| phsitism eAecenttal dror 3afor tbe codnsrobrof 20e e heaster sbraerq)Ha&eesmq t.

Thi s “consi dghahlg gﬁmbi ékﬁé ) %egéré/o hd@eg‘é'r 2h 'fté‘?énta QIR |

vi ew of the assocCi tween anl cal on system and a
1 D el ectri elmenrts| depolanzatjen epmbines Ma&mnn@tm‘eesmralbhofammhwwglz

e tenter helyes ﬂé%{‘““'!aﬁr? Y%E%.“ﬁé‘? oA Gitpanchla@fis Stk Afhhaaner 13-
curront s antETRSPOBRMG 1,8 Sivisian & gie tsr@airr@%enr%g B AbenpeRizatiher al 1y
hogoﬁenmllsanfrermaantceiwm?ﬁthogmmTlcdrrs«:rbbwntlan y srthegomdlisdelsy. Theadnasinen shape
an as n | ,nes . rs nction
of the posi t| a@%ﬂ}e e'q i°ﬁ@ﬁmk5ﬁ élﬁﬁ&sgolhlﬁ §ﬁ@m§3%§%" t@%dﬁ%@]‘é

axi s enabl eyehicte andetheasatellite Ibunieo;amrrangdhe dignalist H amd ahgl An dnertial Thus a
2D scan is ﬁﬁfa%éeﬂmtjénérb %Wai t aps trcﬁ‘hﬁ %f%?m%h@npﬁér'nti er are

far less stfin e case o an a nna WO- axi S mec anl cal
def | ecti on, S@@gﬁ@@ld VO'&‘s”leh'é‘OBl'%trYéh&%lﬂ éan%?‘amHege'ﬁE?'éIX Yi 2 ¢aardingias

l'i ght ang har@m@éremré M’a&é’d%%ui?@t ol oroe@crrumwrfﬁa@eaﬁndén@tmsarl oner.
Thi s makes jt ﬁ]osslbl ction ﬁyﬂft m at a 20.at}ract|ve

L2 fl
Thst moCei bRaRraRRa deihe BrrgcovAe 4l dnast i pa cSigpahadming ekt ar e
l'i ght and t lfee pblacization combinearagswelf as tfed positioh yinfermabtion nfomexbmple Ehegur e 5

shovs a var gl yhabl el U Leflihe SAYSHNE MRBIOTVIAE Y189 ged that

t he antenna not to npose naj or CO raln S On
the positi oﬁ@ordlrzaesmhelvameloe&me angke Qfethemsnmeantrenv@uesvfutbe @hase-

rect anngoar sﬁfft'é?ér? Oﬁ'héa\‘ﬁhé‘ﬁérﬂ%f Qﬁr@r@éﬂe%tréﬁ ﬁﬁd@*ﬁébé&r&@r i5 'td ré%%b@’fhdn
col ums. e

ncenna 1rorns a ane of

t he positi oﬁgr"ngwfet ?IDQ?rW gé)tm e @Br?ém@btpal?‘ﬁeﬁft%@tet Wer%tt'ﬁlq heﬁn Sonis
referenced &gpecially automatic compensation for the motion of the satellite or of the

moving object to aim the beam.
The steps of the method implemented are, for example, the
35 following:



Figure 6 gives a schematic view of the two orthogonal so polarizations Ev
and Eh (com ng fromthe dual -pol ari zati on antenna which gives the signals H
and V) obtained at the two outputs of the antenna. Linearly conbining the
two polarizations in the polarization conbiner, according to a given
algorithm then makes it possible to de®cribe the entire polarization plane
or at least the major part of it. 35 This linear conbination is given by
the followi ng relationship: 8 E=akEh + ~iEv (a, ~i conplex values) The
idea is to fec@udiieoting hefoematibnesn Hve gusitidn b thbt satellitehengothe inzetiileon of

t he signal b lite hi i Ll .S . .opbi | e
vehi cl gs t hgaqglreegﬂpﬁﬁgga@mﬁﬂe ht'h%raéggpé-, ![f% %g&ﬁrﬂ%g& tﬁn%tahssgﬂt Ealﬁdi"ﬁée}gggr

sl oW noVvi n_ggaiidabeemlé_ltdevi ces yvhi ch can tran_sm' t, w thout d! stinction, in
vertical |1 peatiaiifilttRihi drgffemdiidito foltsdtrlaim|y doibs GiHie agfs even

el liptical polarizatiofi. Fi gijre / gives a schematic view of the nethod of
conmpensafi ngN ke Peationsane e eemprands! tap phaseehifterat®n which the antenna

i s positioned «r ajiln thé beamrtedrnniaé batfervia tblthe Ratalite7aidchaniandefiadtionhe
satellite or oj thet(gltéborne Q fﬁeﬁt L0 t he (éa e of \linear polarization
links. If there PYTQ 108 RHERE S (fIFElrQic JeLeciQ. of deterioration of the
| i nk or eveso tiattthe abterala isqimkedtatéhe satellitén this exanpl e, the pol arization
| ane Ea of pap: : j Lo Qushown for
Phe. sakce of %2rinep 5 BRjetafion o ind Bichal Schff e Calind o boEERIH,

ver ti callOanthehgnignnarigeeives this signahentfsaeks it domn mgwaueﬁeqnadepa@my Es of
the satelli hs\gﬁgwﬂmo]gbﬁa! Mdﬂ%t%ﬁtp@@%ﬁl\/\n folhfzdiRpsyer tical . The Lo

pol ari zati on nes . for r’%an angl e each other. This gives
rise to depfl-alFRPsMiting theeq dwa Rig adl Votosthe pélasization ¢aselingf 43 | i nk,
i f mta he sumhwhidrheo_mmﬁ@ therr in sueh is veg ahatt ;héB(anZl@aIEEOe F}b’ét%ibﬁaﬂ'ieog v
conbi ner then, carr yt 0cessi. operation_on_ each. chapne an in
order to achnsne s sqtehile’ fe Splittizedt e Srmtiaiitly is28Chiveds fFndi ng
to the pél aekamplepbyveptinizingetite link balancheosatositériarecodidebé itk vakieaofc e

bet ween thetHg)Q' h&l-t‘é- d the satellite is thus optimzed. 25 In

addition to ensgrl ngg_l |I$1%<?%tg{’1ances that are stable or substantially stable
when the vehi-clransmsiliing at heastah parhehthis @pdiatizad isignal ée the rhramnainibidect ) i s

two. or t hogonay oo o L BEfice CUparbs, R e MBI, AIRD STt A gnal
b ocassi ng. Brbreaol T8velcinach Pelarban dRSTHBI J6 VRS Hbeps Biee 9kt 1B t ho
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comprising anAMRlthht 8n B diSttricdf abedted isHy AN axishy e 28mands of
the phase-shifters 11y,.

Figure 3 shows the principle of the 1D electrical deflection. In this
example, the antenna is deflected along the plane Oyz in the direction of the

30 lines of the array between [-Bmax, +Omax]. The maximum angle is defined
by a minimum gain or a lobe level to be ensured.

The antenna 10 takes the form of a plane array of radiating
elements 10, distributed in the form of n lines In and m columns Cm. Each
column is connected, for example, to an electronic module (phase-shifter)

35 11y, used to vary the phase of each of the radiating elements 10,y,. In this



5 an adder 22. The two channels produce a signal E equal to V+ae[err]H and
a conplenentary signal E* equal to Htb ¢ T V. The signal E is then sent on
t.o the processing unit 23. This unit has the function especially of
verifying that the conbined signal E is_optimal, for exanple by conparing
the value of the signal-to-rise ratio w/fth a threshold val ue. Any ot her
paraneter representing io the |Iink balance nmay be used to seek the optinmm
system The signal Eis sent to the processing device until an optinmm

val ue, cor rexamptﬁ Ny elecionicpiroduled ank usabatoe phass-shifutioe elérinents; aasedur e

ai nst ak: nocanireted Wiy i BlihiS ROAThaRER G, or A0 cfEER drbBe fk, i ©
ant enna, theonﬁdera@n)ssmmﬂas\th@alwtrpn@s;)ol ari zation corrbl ner, |t provides
the capability to s %ﬁ'@%‘ %@%)/sd?@rﬁéﬂczﬁ%hpﬁf aéié%&%éﬁon weepnsagrent| y)

there is theoretica eterioration_o en t vehicle or the

pol ar i zath oMaohaRICabHeteRion SystamanstA é@teli?%t”%' Q’Qﬂﬁqt'ﬁ@&)’Stﬁms sol uti on

ESI ggbt he ana{ ﬁg pOﬂ'Pfél éiﬁdtrt@ﬁloCQiéﬂbﬁﬁén i ént@ﬁﬁéCﬂEVQsthrﬁ w;flwé y vel Manlnc'sllr3 r O\C/iv
and because t he, caeffi n are. val i ntire si.gnal ban

D DS P 05 HesBIFEIAEh o8 Bod il 15 oL Feh i Dand

easi |y be apbsitiorer cointigesprids émd phase eeofertdfethprmmrenﬁs angdSthencerdeémoi vel y

narrow bandg,, r@% Pfﬁ%ehﬂaaﬂbﬁter‘(ﬁé |saépénn&%ftffnﬁ%¢wgggh88%§chhe atntérﬁ‘ba

possible to & r oac annel
digitizitg tsheireulgnar suhsteattailys@ts:tdafalnrﬁﬂamamd Ihesrn Hges and r@y@zlwmnﬁrakes it

possi bl e tOTHE%UrHSsF]rzof'bo‘ﬁhrﬁﬁéhﬁfe%%'atﬁﬂe th%ﬁléﬁ 8o 1! og-di gi t al

conver si on per 3 annel 1s sufficient Is di V to two n

sub- channel s 24i byMaking the Resilionay Wl'ioé@t@ I3f5 ke tits éﬁ'SASGaP@iSeF ced

25i . The AD@atdrﬁrifaefcﬁnmﬁﬂna@ aa¢she aaN@ith esh adigld @nsbQ MHusdBogBSSddg iglevi ce
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a8

into n ADCs'¥€F ed 27i. The different sub-signals are then transmtted
to the sisgnal - pr ocehsthugWihmc&rﬁtraiﬂﬂseomthdaposiﬁonen greafar pessc skivigant
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Figure 10 Sh@Wﬁ) n%MﬁéWﬁ‘h%SQBQhHﬁ!altHéatnh% duité@BIdrothel g tﬁide‘?d 0” an

aut onobi |l e vehi ¢ | nked sat el or, exa ure 11
shows a variant in &/HISCH‘%K% dyReSIRE A0 HAYE Ry éé &I’fkqﬂﬁoe %’ﬁ' éF

potSI H otrzad aftraptive edoss il wfthemglalrénamn"ty The constramisd onsthel M%damifctah a .
al e |Ite or

he moverePendte bt 8hd fid blecthnftinAnie wfs Midtyely sfHiiin piifae, ' "9 2"
description has beeRigyireen shpwsag ‘edriant noatterxsiitest to ecaveringtthat g@zing t he

case of a | bRl BARATnAIHEHiRR hhl QAR A cheI4SaY Ht 8 et o

satellite. cah ed i e case ween ant ennas and an
ai rbor ne obf"@i@f @ﬁn%ragﬁéwhamﬂgon@a estial object or, again, a

sl ow- novisng obj ect. The 1D electronic deflection antenna 15 is a rectangular array of
radiating elements 15,, comprising n lines and m columns. The plane of the
antenna forms a given angle y with the plane of the positioner. The
illumination cone obtained by the rotational motion is referenced 17.
Figure 6 gives a schematic view of the two orthogonal
30 polarizations Ev and Eh (coming from the dual-polarization antenna which
gives the signals H and V) obtained at the two outputs of the antenna.
Linearly combining the two polarizations in the polarization combiner,
according to a given algorithm, then makes it possible to describe the entire
polarization plane or at least the major part of it.
35 This linear combination is given by the following relationship:



20 11 WHAT IS CLAIMED I'S: 1. An antenna systemenabling a |ink between an
ai rborne object sending out a signal with any polarization and a noving
body equi pped with a dual 5 polarization antenna, conprising at |east one
device to determne the position of the noving body and of the airborne

obj ect, and an assenbly for positioni ngﬂthe antenna, wherein the system
conprises at least: one polarization conbiner receiving two signals H and
V com ng fromthe dual -pol arization antenna, the signals H and V resulting
fromthe signal cort sguEh @rﬁE\héoca{B cboplex edipes) , the pol arization conbi ner

bei ng adaptff, {3y rnE‘i@E@écﬂhH@e se Q0 ls%\)'éﬁd‘ﬁﬁ\foidbt&mﬁ% g&i’a@%@%b%fa

signal E optim Zing ance et ween the noving
ai rbor ne obipesignat sept @X/H’t%mtgﬂltﬁ)ﬂ& ng to claim1 wherein the positioning

assenbly ~ 5 conpr 'ﬁﬁ§ s%tehﬁ%ﬁhelpgﬁté@ﬁiﬁ'&bﬁ@‘veﬁléﬁéstt'h‘éf‘ﬁfe ||hl€é%ﬁﬂ|ﬂﬂ‘|‘"drh t he
antenna, a control ase-shifters ntenna and an

o o o raTeao, B ot ot SSWEL18s Gresio RURBY B &R ane) vises WHBTLERN: e
ant enna hastrarigmit,exitinquitedistinationg in eartioal liresdrahgrzentaklvegzs, &ight ciscutaynt ed on

a one-axis Y . 3 cording to one of the clainms 1 to 3
wherein thégﬁg:'ri{%eljﬁgg P¥g§ﬁﬂ'gﬂg}fﬂ§¥g°§%%%®0nbi ner. 5. A systemaccording to
one of the clains TFigere37\gieesansahematienieweof the ofethodiiofiicompansatingnd

wherein eagh, FHGGE'%L ?t?orfjbf’@%erﬂobm Qe@EIé]eéﬁWrﬁéfPfﬁé‘ér%ﬁbé-ls ﬁ)osiﬁoﬁ@& Rpd to

optim ze the ari zatl nna associ at ed
with a #®vithg doelinalies einthe p@l@metl@m]pé@le stibe reptellite ar of ghal aitbatnen any
Sglt 2; 'mzﬂlt 'nQFbt %ééﬂgrtﬁlbtncl:éééeofrﬁﬁ@&d pSIAARAGTE finkd. ||ﬁﬂ1§re{u@'rio°&dr>m eﬁ%@t(i)lﬁ] ect. a0
from the vanges ist sk a° Petefierasion o dBeiink Ok ke Oh s eeaking HaBRIRkeal 1y and
el ectronically, triankigsigdanigetthe golarizdtiogngllandiEanct ah antanng 18 plactde e
antenna to e C na
correspondvﬁg%t v@t&é@"@?lﬂ%nﬁ& ﬁ%@ ance(?'g},\:f%eeﬂrﬁlé Rgd& 'h@ﬂ[)g%“ﬁ‘idbgnd t he
ai r bor né5 oldpelined by apn angiley ¢rtoithe vartisat andbytan angleq:hw tr@riaprmmmlr The it
with a thrﬁgﬂ& ?am p@n@ﬁéé‘%‘?' tﬁé’%ﬁf lﬁtégs@ﬁ’al%a}hgﬂr%d ﬁ{ﬂ%{nehﬁgibh& yahge of

the anplit verted sig shol d val ue and
a step in Wardeals H'éeamcéﬁﬁ!?rl@t'@'épﬂi%n% Eﬁf@@j anf apgle ¢l Vit epgl Qfhel-i t ude

is below a 'Hﬁl!!@'\/ééah!‘,@to @eEolaHiQtléﬁ Ids3es Ry Mayaeadndidttabserieyolosshe

clains 1 to .5 oro cordln to e r of the claims 6 or 7 for
an aut om)blcPféa 'fctr'g SI“i”F\Q @e\,@r@e%qw ols equall tOhb% :

20 The polarization combiner then carries out a processing operation
on each channel H and V in order to achieve the real-time re-creation of the
vector Es corresponding to the polarization vector sent out by the satellite.
The link balance between the mobile vehicle and the satellite is thus
optimized.

25 In addition to ensuring link balances that are stable or substantially
stable when the vehicle is inclined and when the satellite (or airborne object)
is in the illumination cone, this system enables the simultaneous reception of
two orthogonal (or substantially orthogonal) polarizations for each signal
processing operation on different sub-channels.

30 The processing of the channels H and V is obtained, for example,
by means of a polarization combiner, two exemplary embodiments of which
are given in figures 8 and 9.

The combiner is a processing device adapted to the real-time
optimizing of the link balance between the mobile vehicle and the satellite. It

35 adjusts the amplitude and phase coefficients of a classic combiner.
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the processing unit 23. This unit has the function especially of verifying that
the combined signal E is optimal, for example by comparing the value of the
signal-to-rise ratio with a threshold value. Any other parameter representing

10 the link balance may be used to seek the optimum system. The signal E is
sent to the processing device until an optimum value, corresponding to an
optimum link balance, is found.

This procedure offers especially the following advantages:

e |t removes the need for a painstaking and costly calibration of the

15 assembly formed by the antenna, the channels H and V plus the
polarization combiner,

o [t provides the capability to synthesize any polarization whatsoever
and, consequently, there is theoretically no deterioration of the link
when the vehicle or the polarization plane of the airborne object is

20 inclined.

This solution using the analog polarization combiner is effective on
a relatively narrow band because the coefficients applied are valid for the
entire signal band and necessitate an analog-digital and digital-analog
conversion that cannot easily be achieved in the present state of the prior art

25 on relatively narrow bands.

According to another variant given in Figure 9, it is possible to
extend this approach to a given number of sub-channels by digitizing the
signal on each sub-channel by filtering. The system makes it possible to
provide 2*n signals simultaneously and a single analog-digital conversion per

30 channel is sufficient.

The signal H is divided into two n sub-channels 24i by means of
adapted filters linked to an ADC referenced 25i. The ADCs referenced 25i
are connected to the signal-processing device TSi.
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an automobile vehicle which is linked with a satellite for example.

10 Figure 11 shows a variant in which two systems according to the
invention are positioned on either side of an aircraft. The aircraft is linked
with a satellite or another aircraft or again a celestial object, the shifting and
the movements of each of these bodies being sufficiently slow.

The description has been given by way of a non-exhaustive

15 illustration in the case of a link between an antenna positioned on a mobile
vehicle and a satellite.

It can be applied in the case of links between antennas and an
airborne object or a geostationary celestial object or, again, a slow-moving
object.

20
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" 10%HH& () -6f! Yhe "moving&bodly f avd 6f1 888/ \&idorné ! object, and an assembly for

10rkt 5 RORREY Fﬁpe@ﬁ%%ﬁﬂéﬁfﬁeiﬁﬁw%ﬁ" el phdgles) 7 Lo 1o
"109%5& ()-!va& one polarization combiner receiving two signals H and V comlng from
105 105 105" i%e%ua@%%@?ﬁ ﬁawﬁ%éﬁéiné%ﬁé?gﬂ?ﬂ%é%@%& @
G'10%\ &0() - -1 signabganging)from thexairboneseljgct, 1 w G 10%\ & () - -!
e the polarization combiner being adapted to recombining the signals H

and V in order to obtain a signal E optimizing the link balance between
the moving body and the airborne object.
2. A system according to claim 1 wherein the positioning assembly
15 comprises at least one mechanical positioner linked with the antenna, a
control unit to control the phase-shifters of the antenna and an antenna
deflection device.
3. A system according to claim 1 wherein the antenna has, for example, a
circular or rectangular shape and is mounted on a one-axis positioner.
20 4. A system according to one of the claims 1 to 3 wherein the combiner is an
analog type combiner.
5. A system according to one of the claims 1 to 3 wherein the combiner is of
a digital type and wherein each signal is divided into several sub-channels.
6. A method to optimize the link balance between a dual-polarization
25 antenna associated with a moving body and an airborne object sending out a
signal E with any polarization, wherein the method comprises at least
following steps:
o determining the positions of the mobile body and of the airborne
object,
30 ¢ from the value of said positions, positioning the antenna mechanically
and electronically,
e transmitting the two signals H and V coming from the antenna towards
a combination step adapted to the production of a signal E
corresponding to an optimum link balance between the moving body
35 and the airborne object,
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5 8. Use of the device according to any of the claims 1 to 5 or of the method
according to either of the claims 6 or 7 for an automobile vehicle linked with a
satellite or an aircraft linked with another aircraft or a satellite.



