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*159159* COMVUNI CATI ON SYSTEM W TH BROADBAND ANTENNA
CKGROUND 5 Flg“ﬂﬁ(ﬁ the I nvention The present

[ nventl “‘ﬁmm“ﬂ\ Wi rel ess commruni cati on systens,
in part

ant enna and conmuni cati ons
subsyst em t hatisstay be used on passenger vehicl es.
Di scussion of Related Art 101-Many conmuni cati on
systens involve reception of an information signal
froma &ahliuNiCATIONSNTIMAVISY B BAND ASPENRRANY
types ofTantennas to recel &
satellite, such as Rotman | enses, Luneberg | enses,
di sh ant ennas or phased arrays. However, each of
these systens may suffer fromlinmted fleld of view or
low efficiency that |imBACRERPUMR ity to receive
FRiEthd Bvadtghal s. In particular, these conventional
systens nay 15 | ack the performance required to
r ecei Vke pyesent inyenEomsielpiralte Witlesseommunisption ystengimparticular, to an
%ﬁt@ﬁrﬁ%@ cbrﬁmln%‘étmﬁ{ suBSfsffh it ﬁ%’usédq{n p%&‘s% ¥ehicles.
signals fromlow elevation satellites asure of
performance of a conmunication or antenna subsyst em
ulnidrReQfAt VEr SUS noi se tenperature, or G T.
nms tend to have a G T of

appr oManyecammunigation systems\ipyatve reeeptiarn ¢f@n infermation signal from a

[ [ :
SRl CEhraNold of SRRING, JRUNBLPY Bl R AnBAlEtd ik fiva thesignal from
ieerpatetibe: weahtais Bnmansiwﬁse kpnabergrenses, dish emfennangr phvased arrays.

[
HeNlek L 00 or BB b Bl R kR B0l o DRk Br RiPmtency s
dierdi th@datsliltg ateceipr iedite siggpls. Ha pwswl@mhﬁmwmn@pmi lsystems may
rlfcﬁgﬁ Vﬂeﬁgnﬁéﬁﬁc §§i¥erd39 re%EgQ @'zltelllt-gtg%ﬁﬁs {Nﬁerg Qﬁ}{eﬂﬁgr E%lgl strength is low

f'or "an conmuni cati 6n system 1n
&nnoipanip hmhefar mmimag@%ﬁr@mlow ﬂatatlplssamillfes to r ecei ve

weak g gpahRireds pgﬁmmeccﬁ{d'cgfﬂrrﬁhﬁﬁ : 8\:«1 enr&%gl?sﬁﬁg’t%gfay be its gain

envi ronnent s. OF THE | ccor .
dﬁ@ummmmnatureapr&fﬁn@nnmtwr@h Sysf@ms et énhaye asi/ I o€ spraoximately

i@lnc# rl@' \}vﬁlyh r?nfiy oﬁerﬁt g’lc%F r@&ﬁ@l&g el 9atiroF %%%% es?g%a]s or other

or’mat | on S|gna a plurality o
tweak/soisicggma]s. éaecldlmrt menpmventiand dystens doowpinglide enyeor sufficient

g;g{aﬁgeﬁﬁg @gﬂr&goﬁ tﬂére%) rQJs lfaroﬁb!zédysgéﬂtal no%%%qﬁérferg% the
rthono trans ucer havi ng Irst port and a seco
posited signalhproventingribd systeny ﬁnmdm@erl)s relgeiivimg thedlegiredcignel.

fr
ant entgere BRI B o Rl oAb OB G YR PP
GopurEITtensa g}n:t—:dm H’avlsngleao faceive wpakl Segnalz at commenichtiah signals in

tagserEe environments.

SUMMARY OF THE INVENTION
According to one embodiment, a communication subsystem comprises a plurality of
antennas each adapted to receive an information signal and a plurality of orthomode
transducers, each orthomode transducer coupled to a corresponding one of the plurality of
antennas, each orthomode transducer having a first port and a seo;ond port, each orthomode
transducers being adapted to receive the information signal from the corresponding antenna

and to provide at the first port a first component signal having a first polarization and at the

IR
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*@00002* -2- second port a second conponent signal

havi ng a second pol ari zati on. The conmuni cati on

subsystem al so conprises a feed network, coupled to

the plurality of antennas via the plurality of

ort honode transducers, the feed network bei ng adapted

to receive the first conponent signal and the second
conmponent signal from each orthonode transducer and to
provide a first 5 sunmed conpgnent signal at a first

feed port and a second summed conponent signal at a
§R6$br! £R6brRQbMpoRRFsichal axe v icati
coulg{kg)d to the flcr)st Sfl%g i’ll;ﬁ/?)rrﬁgt &gﬁ? hiaﬂ&tlggngﬁee?ommdu nication
POFYsteahysaepapTises atféech@é\é(?r{ié‘«OPhléd foi thesplusalityrof entemnap via dimet plurality
§f HhMmoaddars MR e RGO RAa ALIIRRD, s

t he fegd naetvvo? wher el n thglr%odﬂag%??%igtg F}%nlr%cggkonem signal
and thﬂ%@@@won@h sigeal framcsach orghofrods transdwpeeanddo provide atfirst
Sinthéd coYHpBKbnE B%a‘?%‘@a@'@tt@ nﬁgqpchEElImrﬁé ?’l ne]an&Hal ata
one exanpl e, e phase correction device Inc Gdes

srepst feechpario Andaophase qomtectinni deviceichupted o the firse Gred gort amithe second
tbe 61@5&1@3‘9&&9{6 redeflid Qllle firdd sh%rféﬁ?orﬂéc{n%h{ s rFHll‘l%{nd %Cgecond summed

Ilnear po arization, from
erepearnt sisaaliiinn e fsd deterradiersorthopast cosicgival dev1|cms adapted to

?ﬂl@é B&lch &6 aR sEmmb @(ﬁﬁ’ﬁ&]@ﬁ}@%ﬁ?lu v ?qhtﬂé’ Ec@orﬂﬁs‘ix%%ﬁ%or%ngnent signal.

he conmuni cati on subsystem
pI ur dniopg exgimplles &lerpmselcemp@gn dmhmdms @poramwpm cmmbmetr)umt

I

Sl A R I G Ry g popnon, o

thh &irsh synemae! goiponeny figndl end th@lswesqumdnedgsohmbmnamgmhna

The edance, nat c

o RSP SRR G RS Tl g o
ribéncgmpeisesiamirdits tiejscirio temsesatackomsofehe flealityrof dielectric lenses

%Jo‘fibl@@t aP oh?‘l'h%gmrm{ na { Ffo%lﬂq%@pgniagtoct R f ﬁ}ﬁ Iﬂ(gigt of the

1ce I nc
WPQ@ﬂmB Ihemfae@dnm e’EhmdrdkectrMensﬁsemw Ioave imp’adai&:e matching grooves
SRSy T e S P 0 R

i de ntAq;atdmgdo emﬂn:r ekanfiie ti the pliaise gormf:txcmrdehmémﬂﬁldes a feed

T eI N A L W
pthrd partdnd eberth pert, tthnefescbmtirmdm@u mamdue obghed wibétantiailg Rizhtical to
9&@9 of tlﬂg Pfugalfll{}; cr;f cﬁt‘ﬁ&%\o hc?uc q}e?gngﬁ'ng %’?dg%?tétlrcg gkedfgqﬁieonhomode
tﬁam@xcexsxu nmpmbdcto ﬂwcsmti f&d gnn Iand ﬁeuﬁ%stﬁbzsbc@d cofRkd aémphhent
t uc

oo B PR Bl B RRTR SR b B8 ot and
fecaives atreyﬁrmammed nhagcﬁremesngmt, yeshnhdt B te%ﬁ;bmatrgg@gme%{mnﬁ of

e ccor apot her _enbodi nen a
GOROAF BonsPisHe 8 Pt e ot gh BTy BRPGHET Smpensates for
P PhERFabEarme Bpivesthe fifst it REGHA cdfbbnent Gl Ng
pI ur hat receive an information

}Ir P{y of ant ennag %

si gndteeREine g apther pupodimpRted cqmraglicaHen, sysiem tohe lasaied gn a vehicle

fot pz&ﬁen@é}ﬁ}a@ﬁ s §d egi?e’inha ghlt montng purhlity oF axﬁéﬂnﬁ:{ ihEEEde¥? an
a,.secon ent signal having a second

1B%rraﬁloz1eﬂgn6 avwgé gst center frequency and including a first component signal

having a first polarization and a second component signal having a second polarization, means

for compensating for any phase imbalance between the first component signal and the second

component signal, and for providing a first signal and a second signal, and a first down-
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for conmpensating for any phase inbal ance between the
first conponent signal and the second conponent
signal, and for providing a first signal and a second
signal, and a first down 1 | -3- converter unit,
coupled to the nmeans for conpensating, that receives
the first signal and the second signal, and that
converts the first signal and the second signal to a
third signal and a fourth signal, respectively, the
third signal and the fourth signal having a second

ERNErRK unit,[BEIENE ¥he rh@atns Fo? chRP&Rkatin ARatlrElRivkd the tﬁr %@ﬁeﬁ bind the
frequenc the first down-converter unit pr ovi

TR Ygneb and idatconyarts thei fj¥i alegaland fHersagond ignaj e o ird sxgnal and a

fOMER Sizfal, TEHRERIlY, thB hiRi AN a WY ﬁ)uﬂpﬂgﬂahﬁ‘avmg a second center
Bolarlzatlon unit are nounted to a gi nbal assenbly

sraengydhad dlgmethanthprfiistcantre ftsgieasin the fistdowavenveger upigeoviding
1hB tHldva ik sBiREls 8ZfirSiint secBRE QUtHlitE SR PO hiEna unit and the

enbodiment, an internal-step Fresnel dielectric |ens
a%%@tl%gma?re mpyed toa,girabal ayserably that is adapiecig mave thezpatenna unit

?a?e?ﬁ?@frﬂé?évaﬂ&rpﬁ\ﬁ%zfnﬁﬁt{md therein, a second, opposing
10 surtace having at |east one groove forned therein,

and &SPRgledo SPRpPr EmEeHBENY @HFWF@"F‘E? Risgnelielgptric ipas comprises a

fifdt, @)Etbl%r sanfaJerl‘ﬁwgg &l 184t «5rle“cx!eﬁ rowé%r?deﬁ gﬂe?en? ta%@cond opposing
Fresne feature aVIng first oundar acen h

geRemipvingrf lkeg oa%roavesfeewaher@pwé |ar$glgéétﬁ? zgspel feature formed
Wﬁﬁﬁ %h 'ihtérhﬁ oB e GM&C@Q Yo ahy sm§19§te;§‘F reErﬁ@&Etu%vﬁ%QWﬁ boundary
formed therein. In one exanple, the internal

hizcsdhe gpendsutfageand asacopdy ﬁpmsg)ésbom@ry@ gféerlemﬁmcorms)oundary

RRaY R oRObYSIMORNA thadigr i al . I n another exanple, the

material iS Rexolite(r). In another exanple, the first

s ur f B enesxampie, diednteraelrsiep Hresng! ql@e%remlm@omnsqsapeosahaked
r?g@ﬁ@@%n@ wWakeRiae Iﬁfanatm# ekible, ik RAGTALs R&Bme@ ngle

ste resnel feature may be trapezoidal in shape with

t he fIP rEQthes GxeARIE: )ﬁh%@sﬁ'ﬁg‘ffé‘ﬁ’dﬁ@rﬁl‘?l%ﬂtﬂwle’ﬂﬁdﬁ gorivex inshanetpad the

&@&ﬁ’iﬂ‘drtﬁéégf %%r%fls f)lgﬁarl ?ﬁbssm%-f Sep FresiePRMuINE t%rtﬂx?é’z%ldal in

may formed on any irst surface of "t
thaee \y%élﬁd"lr% Gpynslery h?fngzeb%qnéallya@sallahf@ therpgcapd sigpe of the lens. The

| R0848ARE Yrddlve 1S b8 ERAELOSIEROT ﬁ{e%ﬂ%{lrfic% e Gerls WP Eec SifBsurface of

a lurality of  grooves formed as concentric rings.
the P adige besoydbountasy pEthe sippls diehErpsnel Hatusneammiges a plurality of

Ao6RE Birhed ATRInk&Rde Andsi rst horn antenna adapted to
receive a signal froma source, a second horn antenna,

substAfFeTdiE 1) yet agather emhodimsnt, Ae arftpmlgtassambbrrvﬁalpnm @ first horn
AfaRh Sehpte t6 ?&aws s@m ﬁ%insmbm ) sfewnathom A, t&tahﬁﬂﬁ'

coupl ed to 25 frrst horn antenna to focus
ieafical to ths fastfa@@anqs andadapied tarecaiverthe signa. i faﬁtde;qmrw letrsecoupled to

{hla i horq lafle Rt tb 'f&:ug %%glﬂa\ﬂ) Q%eﬁﬁaoi‘n@@lﬁﬂ 2| eﬁx 20 20 %‘ﬁﬁa’ the first

formed 1n a surface thereof a secon
dislagirie lens bavingeat deseiond erey hicanedinaautferetnsest, ameo@dgqmmc lens

{RpRd tEHE s&gh@ﬁorﬁfant%llﬁﬁ t§ fRR0Ge Eﬁgﬁ.{l éoa 2&%@ E&ﬁv oftisecond homn

second dielectric | ens aV|n? roove
dadhg secenddielecidelephivingfat leagh gneggroove formed in a surface thereof, and a

waveguide feed network coupled to the feed points of the first and second horn antennas and
including a first feed port and a second feed port, the waveguide feed network being
constructed to receive the signal from the horn antennas and to provide a first component

signal having a first polarization at the first feed port and a second component signal having a
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wavegui de feed network coupled to the feed points of

the first and second horn antennas and 30 including a
first feed port and a second feed port, the waveguide
feed network being constructed to receive the signa
fromthe horn antennas and to provide a first

conponent signal having a first polarization at the
first feed port and a second conponent signal having a

-4- second pol arization at the-second feed port. The
antenna assenbly further conprises a polarization

[ &h

gegé%ﬁ{éﬁaf? %tgml dt tht%%‘c% Eﬁeeﬂ ?rpr ghe; a{n'Ee%Ba &@&Qﬂf RlrfheAhptid&
B@m@yehsra@qnmgtdr onit gowpled (t>¢ the i queé p01$ hslth secomsefned prat and
S Bl en] P corBMLEfie 1 b o Ao B PO Beoe B e signal and the
#weesr di ng to yet anot her enbodlnent an ant enna

assenflofe CORRIL SlekiaRiAB L0 mtaqaﬁzg{eg Grdsfel &) Ve an

i nf ormat i on I gnal” an orthonode transducer coupled to

a f eeficoouding to m‘:t anpther eartiodinteat, ah dntprngiassgmblyfdomprisipgan antenna

t r i .
e S RETE ARGl S R obe AMBUE S0 B g oo
E!mtaehqmai aad Hating & fist port dnd aj spéand patti thmortt@msidg frarisduasr being
I

Dirgithct o el thfoRhotBRSignat ol % b GRRAT RO Rbrmation

sibeal erovide, ebtip dinse nort sil fgﬁasbmbeniengmgnat amslgesribe seyond port, a second
0

Bk R0 e ¥k Ebpcp R URRRRIn ARk ANIBHARE the
ponpapentfsignhleind phask gwmmsattnoamdrw@uplﬁ@ theifigst awd seqynd ports of the
5!&&0%0\{1% tntdns%uéér 5 Btgd e tﬁ@ HRPQ\%QECO%& g o%enttsté%als, the phase
phase conpensa | DR eans constructe 0
conpressian exchuy beqngycopitrasted tqﬂ@aipam‘@ forenymbase ithealdnge between the

| fi 15 Bhas? HARALR A Pto!thesecond
Tk B ARG Bk AR 1R BB Bl scoon
sompraent SBRAEF DESCRI PTI ON OF THE DRAW NGS The
foregoi ng, and other objects, features and advant ages

of the systemw |l be ZoRgﬁparent fromthe foll ow ng
non-linmting deBRIEPDESEH onr%m%wmw

e nbOd’hFEElEIeﬁom? ndqd ofhE éclfbe et RIRE raﬁtg%égro? em Wﬂl be

whi ch e reference characters re enent s
eppacany fromitke falloWiag epn-limitingrdeseripioncy, vamwsamnplman@odlments, and

@r%ﬁa%ﬂ?&écbﬁ‘xg?n‘ﬁz J'% avm]%sabsy it AR erereﬂc&&Mﬂg}sqg%f ke elsments

system ng a stem nounted on a vehicle;
Firgughzhg differeffifiggirdsonal bl ock di agram of one enbodi ment

of a ﬁmnlaﬁ@ﬁb% p%H;BééfﬁE G1flvs BEL PSrHbISE A c%mm&%& Sftem

t he |nvent|on 'S agers ectlve vl ew of one
éwb@mgrmqubsyeﬁemanweﬁdthBIVéhl§ bsyst em i ncl udi ng an

ant enpiy ani{ AHinBEsal Wb AideParh BEore¥fBBERR: of a communication subsystem

according to aspects of the invention;

FIG. 3 is a perspective view of one embodiment of a mountable subsystem including an
antenna array according to the invention;

FIG. 4 is a top view of one embodiment of an antenna array and feed network
according to the invention;

FIG. 5 is a schematic diagram of one embodiment of a horn antenna forming part of the

antenna array of FIG. 4;
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FIG 4 is a top view of one enbodi nent of an antenna
array and feed network 30 according to the invention;
FIG 5 is a schematic diagram of one enbodi nent of a
horn antenna form ng part of the antenna array of
FIG 4, -5- FIG 6Ais an isonetric view of one

enbodi nent of a dielectric lens according to the
invention; FIG 6B is a top view of the dielectric
lens of FIG 6A; FIG 6Cis &.side view of the
dielectric lens of FIG 6B; 5 FIG 6D is a

Crossg I@e@A' Abonye ViR of‘&ﬁ: e‘fﬁb%h?rfehtr 6@ dlle?&ﬁlcqgns':alc%rdﬁgto the
taken along line DD in

Bveionsect i onal di agram of one enbodl msnt of a

di el Sz 5§ 14 ﬁt@ﬁvfe%f%'@éle@nc lgﬁsﬁ‘(ﬁﬁk‘fd} é ke feature,

accordin e i nvention; is a di agr am of

anot HdE- idperigw @fthadtglee@oé@s QfEIIQeéBr ic lens
i ncl ugiNgD s Jrﬁ sisBERLNRiew bERe & é%ﬁ:&ﬂ@ kenk Sﬂilw 6C taken along line D-D

according to the invention; schemat
i Elgr &% of a conventi onal Fresnel Iens FI G 10 is a

sche rﬁ@ ¢ 1s?ioc§ﬁ-§%tﬁﬁal%ldg%@5%k eﬁﬁ%@&mgﬂt%f Q gielelcﬁﬁslens including a

accor i nventl on
Fresnebdikexfeptore, adcomingttnthe invepber ment of a d| el ectric

| ens FGC QLY cﬁggr‘ruﬁ of il-émb&i\ﬁﬁéﬁt P rr?ae@dlégcn‘icsle@s including a

i
front view of one e (?I ment tenna arra
el gicp dirasee] fidpture, japspeding torthe mvmtloll,s is a side view of

anot hgg, 9??%05%&1‘?&& e raﬂpo%ﬁmﬁoﬁaﬁ Eﬁ)énc? Rgwn W thin a

circle tation, according to the invention; 20

FI G H. 1@ ismschematistdiagran ot vintegnabsiep Frgpneblens #rsording to the
diveligairic lens according to the invention; FIG 15

I's a back view of one enbodi nent of an antenna array

i 11 ushilFat } wgnainstsatinmsif enotedr cabodiver) f d diclestsis lenstapgsrding to the
Eeflodi ng to the invention, FIG 16 is a depiction of

one enbodi ment of an orthom)gle transducer according to
the ¥y &hisiadront viswof ane eppbqdinent plansigteanq areay,ceqiding to the
ARentpodi ment of a dielectric insert that may be used
with the feed network, according to the invention;

FI G liléi 13 is# sifleaisanimaether eehodimacahelaniaatsnest aregpshown within a circle

6riRdbaBRlor@hg & théfdemtiohuct ure

FIG. 14 is an illustration of a portion of the dielectric lens according to the invention;

FIG. 15 is a back view of one embodiment of an antenna array illustrating an example
of a waveguide feed network according to the invention;

FIG. 16 is a depiction of one embodiment of an orthomode transducer according to the
invention;

FIG. 17 is a perspective view of one embodiment of a dielectric insert that may be used
with the feed network, according to the invention;

FIG. 18 is a diagrammatic representation of one embodiment of a feed structure
incorporating two OMT’s according to the invention;

FIG. 19 is a depiction of a feed network illustrating one example of positions for
drainage holes, according to the invention;

FIG. 20 is a functional block diagram of a one embodiment of a gimbal assembly

according to the invention;
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i ncorporating two OMI''s according to the invention;

FIG 19 is a depiction of a feed network illustrating

one exanpl e of positions for 30 drai nage hol es,
according to the invention; FIG 20 is a functiona

bl ock di agram of a one enbodi nent of a gi nbal assenbly
according to the invention; -6- FIG 21 is a

functional bl ock diagram of one enbodi nent of a

pol ari zati on converter wunit ascording to the

invention; FIG 22 is a functional block diagram of

one expogli [FAthn@bna b%ewaragﬁ&vc%hgémwahﬁem 6@&&{)?&3 ort Qnverter
the i nvention; and FIG 23 is a functional
HW&@FQﬁﬂﬁﬁO@ﬁé“@WHWdlnent of a second down-converter

uni t, Frac eP s fgktibRal btk ARYAR drRe elbobfthddERr PEbRERTE AN unit

A communi cation system descri bed herein includes a
§‘E§’B§sdy§tt%|tﬁef‘6\‘e“f‘?fhﬁ§q’n tting and 10 receiving an

i nf orpet PR aFiskfiohal bRk degRME oftd &REIRh&R ofh tddof down-converter
vehi cle, such that a plurality of so-configured

Yaih peqopding lodhg igveptionnf or mat i on network, e.g., between
an information source and a destination. Each
subsystem may be, but_need not be cou&led to a

vehicle, and each vehPETAILERDESERETGN: he signal of

I Nt er g8émmbific /ARy KA TBcABed Hehn M@lhﬂ&.|a%u1'5@¥teﬂ%xatransmlttmg and
?assenger vehicle and na&F@resent t he recei ved signa

e5eiying ap Hywpmation sighal hebepniie prsosipted wishp velcle) Sﬁclsthﬁ@ plurality of

bdl&iniﬁ@@rééi velid1&SReadH iGfoRfatibRheRRrk Q%a%@@e&?axpﬁ\fd?%ﬂ& source and
predet erm ned, existing and constrai ned wa

ari%ﬁtfgatwm EfchWREBINFESE: Pytaged not by coupledp |aéehlf-=lsa@§ each vehicle
frlal eebivé 13 GleRal R irtdib R PIH G me eﬁ'ﬂﬁ;ﬁés, R HBY n{%@ bts Eﬂ(ﬁgﬂg@gvehlcle
in simlar or different directions. The vehicles

B mpypresppihe feceivetvignrbie regprasressriapdvithghorehicn dn spme
in3@ncdk,thesk RelfiflaciBaydle 106kt onl pathiR} £ ., PRIReRLl é)héim and
exanples of such yvehicles include, but are not F

gpstryiped way's ajogg which vehiclgsmay trave, rf@qeggrpple,ggads ﬂlght tracks or shipping

aHEs) BRDInh o trdRLKY i ¥ iR or difftiekSiret H RS Phe Jeﬁf%lels ?ﬁa? be any type of
buses, pollce vehi cl es, _energency vehicl es,

VehHfilesi carableQfmaving.an [ {nhe if.é% sPagtnss or A Soms specifi
Bk of Qlch vellitled i%clh@e lBﬁt ﬁ"@ﬁ’(‘t@i‘ﬁht@@l &)dtrﬁlhé‘traﬂ @c@s boﬁs aircraft,

invention is not limted in it sapplcatlon
agemphiles,gpotorgyries; wirks, tipstorirailars éusgp,mghg@rpbw{es,(ﬁmergency vehicles,

ﬁmﬁmatc%ns%ﬁt:ncwcmes rbhtaaesuf)ﬂamwa&eg%&c“ ption or
illustrated in th draw ngs. The I nvention is capabl e

of otlkisito gmoppéqﬁtgat élpmmwltlg@}smgt Imitqgiin éts peRdidatinn te the details of
Q&isﬁ‘&tl@ﬁ‘ hid @6 ax%ngh&t\()@ E(’)%eﬂ@éfé fort?t' in the tﬁl'ﬂﬁwfmg deSﬁrl tion or

phraseol ogy and term nol o used herein s
Bluptiriaddn gfc ‘H@%@Eﬁ pihe Weaw is ppablg ohethersmbodigentsed afbeing
bﬂa@ﬁ&ﬂ Bof bERG cHr?i%d it in vhddus %P/Q Riso, tlfe?ﬂg{séo%@gand té}anology used
[ cont ai ni ng I nvol vi ng var

beﬁgpévo%r the purpose of descrlptlon and should not be regarded as limiting. The use of

"including," "comprising," or "having," “containing”, “involving”, and variations thereof
herein, is meant to encompass the items listed thereafter and equivalents thereof as well as
additional items. In addition, for the purposes of this specification, the term “antenna” refers to
a single antenna element, for example, a single horn antenna, patch antenna, dipole antenna,

dish antenna, or other type of antenna, and the term “antenna array” refers to one or more
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herein, is neant to enconpass the itens |isted
thereafter and equi val ents thereof as well as
additional itens. In addition, for the purposes of
this specification, the term"antenna" refers to 30 a
singl e antenna el enent, for exanple, a single horn
antenna, patch antenna, dipole antenna, dish antenna,
or other type of antenna, and the term "antenna array"
refers to one or nore -7- antehnas coupl ed together
and including a feed network designed to provide

@htitifak TREARSdether &diRGhdEngd Pfebd ﬁetﬁ&‘l&i@ﬁ%&d% rolfde electromagnetic
recei ve electrona netic S|gnals fromt ennas.

R8P} fojthianteangy aes o regeixg pleciismagnel sigaalsirpm thesantoanase

exenpreexinp @ FIGRI$AGhd #B, tQBMNIIEBA® BxepHre Pbmons ofa
according to two respectlve enbodi nents, inc

RRmHBIEAton SYsiem agrerding 18 &We Fareciivgenhodimsnt waluding a Tountable
VeI HR 5@ that hby bSmbht@ForaPRIRE Bt ds t ! ﬁﬂe&g@ﬂ Qﬁt Elhﬁugh the

vehicle 52 is illustrated as_an aut onpob ffe in

Aptcle A2 isiikustrated as ¢ qufamobilgin FlGe 14y and &1 aircrafiip FE@ H?n)t'he vehlcle

tm\é B ity tggehd)fcdeﬁlclca% Fica5US RN ah@d’iﬁonaﬁ(}l qhé {/é?iﬂﬂ’é gi/mayt $Eetravellng
icle be traveling along a pathway 5

ﬁ@a&ﬁ aﬁh\@%iﬁo s%twn@bleﬁavyrstwaﬁe dRy dncludgan mfannaass dlscussed in

tHopc b3 asdidw) tham?lra? bélgdaleh t(pl%kéw\é atiPRIm AN sfé?xalatﬁL Mred 54 from an
to receive an i nformati on S|g of interes from

AHorrptiphiyFeati dhe g@w@ems@urcvﬁé mapibe pRathar gphigle i wiellss a fixed,
B@doRS ;ﬂﬂﬁirBEEucH 8bh 648 staﬁor§ vk l)x‘ Br6adcastihl ¥ fon, or any other type of
st ationary platform such as a base statfon, towe
Borawdassqurg dhainfermation sigip) Shmaepe Qrw;gm@fumcatlon 51gnal 1nclud1ng
biNiot TR0, PO UIEhAs, sThfls eRloBLd Tl Ogugn, 6 AARA s P aiRRnance,
any communi cati on Si gna I nclu but not

pesitiongl asjogiea indormatiegh ypise em@wgwnermsgmsmm y T mountable subsystem
8d hﬁ&\% ?@S)tld%& Eh)lml'efétc%ﬂ@erﬂ%ﬁt on RAR §2013} e)&hg%t Ber ountable

i nformati on, voi'ce or audio transm ssions
SERsHten P e may be opesad asths eoafafanyatgmnbile (as ﬁbwramﬂﬁew orona
CRMKEBE &ircRR, YRR 'a§ bifthe dpper 8F lo%nasmpﬂage of{tllikefugg?éﬂgt(?stélhgwn in FIG.
subsystem 50 may be nDunF on the roof
aB orasishe eose a"swslﬁathmatwm the mouggpble wbayst@m W meE bppositioned
W‘thﬁ’l‘ 5aftall w'itlﬂﬁp tl@s*/eﬁ’i@letSE efo{"%ﬁl;?bo&nthlﬂ‘ffertr o & Suthobile or on,
useag hown I'n F or on e nose or
thhg\s or party D’ﬁ‘ﬂ'ﬂ\if\/‘éP yﬂll of h@pmamfaablaecrgﬁbsyst em 50 may
be p :
veh! C léet ﬁ512 (l)er Wleng ﬂ1 50Ptha Vfﬂﬁl}lé‘@% IIRXUI’I\HD% B{(a@k%ttsg‘?o facilitate mounting
afithe molntakle ppit 5fito tzovmlqlhﬁh ,Agsprdingrte pag ¢nybogirndnit,ithe meuntable unit
I
%gsl?fl g{otgﬁm%ﬂ %g§01?1{%1f5‘f cf%vgﬁ&n%{ﬂ*njtalzlﬁgﬁlbt e%El t?t@ gm{numcatlon with the
finforimatipmsauraecd@ritanng pluelityt ¢fdoastionstand brentations. 50 thipembaaliment, the
. I e t
Uty AR S, 5 S TSR L R 0 e
amtaarahan ptegratdd asseatbly, &madlatfuewcnw (BF)1 froaver and control signals to
r I n
'trg{'jpcl’ oﬁ%&g&g&%ﬁ#}%ﬁ ?fleﬁﬁ?\faf)grpl&l ﬁéllé sf%s%té(r{\ %B gcgg E}Bﬁo%taxsy host platform
loF the elticl 82.nBlye otacy jodhd and gip raganpbisatiar S7poratherjdoviee known to
?k%gee gfr sglﬂe ﬂgclsés},lg ﬁr;%? ’enaﬁ;? gx\&jtvhﬁ% gf%? e?neg({l toe}%ta%?&&t)muously in
powath iagither diveatioh 6@ pgfnla(sse FlIg. 1A) witke te,spact @ thealdsewshicle 52, thereby
gﬁ%\tﬁlﬁg Eﬁg%b%ﬂ%ggé%gl}sgft%?ﬁf)@pfdg cgnlfi%\%é/uss%grrxplsgl%r%gg oragreater, coverage
when used in combination with an azimuth motor. Without the rotary joint, or similar device,
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of the vehicle 52. The rotary joint and slip ring
conbi nation 57, or other device known to those of
skill in the art, nmay enabl e the nountabl e subsystem
50 to rotate continuously in 30 azinmuth in either
direction 60 or 62 (see FIG 1A) with respect to the
host vehicle 52, thereby enabling the nountable
subsystemto provide continuous hem spherical, or
greater, coverage when used i-8% conbination with an
azimuth nmotor. Wthout the rotary joint, or simlar
dﬁa/ms@naue%subm&mw&@@h@e SOHRSM BRIt PEhcMEIH s@oﬂkﬁy@trével back again
ﬁvel until 1t reached a stop then travel back again
ttB LRSpP el v ranpHHE ApuRp ﬁ?“ﬁ‘d’ﬂﬁf ound each other. The

nount TAYmbLA ao'fa& Way%'llb\o\fbrfeﬁfe cﬁ%ﬁ‘all%od éﬁatré}hévar bR
and renoval o] nmount abl e subsystem 5 e al so

pRore Etsrlhsgstsmé@rwfaleélsepe&eﬁétl%érﬁu @qféhemehlelﬁt@alaﬂ%@ables to

ttRvél befwr¥e the RRTWREY stehiQndihe BReHbr B fh 9BAiABAThi signals, such as the
i.nterior of the vehicle. Thus, signals, such as t hé

iRoBRANRN S9RtrolanA PPYET signalsyIRAlEhe P& Edeate andiigm Bie mountable subsystem
B0Yd d&6ket Guamss 4 Jl%ytd?‘ﬁpéﬁ@ém tigle8 1&‘&3]%3%%[&6 8P by
devi ces, such as a di'spl ay or speakers, |ocated inside
{PASCRASRY cl e for access by passengers. Referring to

FI'G  R&Brriddat PIGDIEE v REme biesdyskn SPMafPbe &%ﬁh ¢8la blqraﬂty of
plurality of 10 Eassen ger interfaces,” such as seat

cﬂ%‘?ﬁm—’éyﬂmﬁfasgss sueh apseathackAisipywitsprh abregiaigd eagphones and a selectlon
$3hét 6 hrovide BIRARLI sEl@ct%QXﬁa@ﬁntﬁ@Qmass%ﬁé&‘Ch'lt%atlve video may also
capability to each passenger. Alternatf vel ?/ ey
dedistrityiedde 3l paspengerd fershapd vipwing dieeshe e tyh»éscwns placed
\ﬂeﬁéf&%ytuhfh‘é ﬂgﬂeﬂ’gﬁp&r% 8¢ thd YircPift. FRFRENS e ﬁgls?&ﬁeglw al}go include a

peri odi cal Int %é senger area of 't alrc
FM%‘M é@ntTOd/ﬁéplgx/ gtation Opdbatanay be loseted,der examplst iarthe cabin area for use by,
W&Exﬁbl’edd ﬁ@h%e%aﬂ’é blpepcc@lﬁnéraéltalm Eot!:%n rQGRd &Qrallfs%tcm and such
exan‘p , Inthe cabin area for use
dhai Ap Hisect Rumpan igteractien with fetmayptable @@lmﬁ@rn |SQlls rmedddu epeept for
GO anll RGaRV ¢ %@Eémlﬁﬁflﬁéa%% ?ﬁgemerE}halsJ i Ed@ﬁte‘ijﬁté feLivers (not
human interaction with the rounta esussem I's
feee dhad g be lgcated, fgré?xameienlg agALEC reag Al the afrhreﬁ Thus, the mountable
GBS 58 Qe SNSE ﬁ@ffmyerﬁlo? Q sétﬂﬁle%o?@éegﬂldn sgg‘tem on a moving

recéivers (not shown may be | ocate

eshifsisuch aspheavgemable & EI@ éA aphiheairpreR of FIG. 1By Jhe sagllite video
TRLBh Ny SemTHR BY 348 Pyt 41§ nbiRbd o8 Ba mg\E/n? Wlthgﬂqe Odhicle with

a satellite video reception systemon a

VivRpraseany sk seed asHer exampleoriwsewesther| sgpnﬂmtarndc Rrpgramming, movies
Al Hedfck, of FIG 113. The satellite video reception

system can be used to provide to any nunber of
passengeqrdingjte pierembiedimeat illusteated asta fundtipeal hlogl dizgraimig FIG. 2, the
%&%uﬂ&au(fnosrystg?ﬁ lﬁclucfég%ﬁe\y}f?otléq&q) S&H”lo%]t C%‘upl@g Eovﬁ)sregondary unit

progranmm ng, ccor
é%bbmmampiel ﬂhg gtoruattabzlel supsystent fhoey bmmburmdmdtemhl acg’tha nehicle and
R S, 0, OIS0 VSR TN B8y o
%vnrdmneonépt@mmzﬂ @r the eouniebla tsd.blyﬂcns GBspdboemap @erwatyo rézince drag

%ﬁ@g&fgra%&t tgftﬂglnoﬁrﬁaﬁlpﬁlbg}esmmcg()eas%]edvehicle moves. The radome may be
transmissive to radio frequency (RF) signals transmitted and/or received by the mountable
subsystem 50. According to one example, the radome may be made of materials known to

those of skill in the art including, but not limited to, laminated plies of fibers such as quartz or
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may be covered, or partially covered, by a radone (not
shown). The radone nmay provide environnental
protection for the nmountabl e subsystem 50, and/or may
serve to reduce drag force generated by the nountable
subsystem 50 as the vehicle noves. The radone may be
30 transm ssive to radio frequency (RF) signals
transmtted and/or received by the nountable
subsystem 50. According to one.exanple, the radone may
be made of materials known to those of skill in the
@gs%) dnﬁ ‘Pésﬁﬁq st as Qgéxlyng&lyésicmcglﬁﬁ eleQter $ éﬁlﬁéaﬁgdep l”['h@& o?fother
ers such as t ass resins such
aenials mpvbs/essd ercorr@yaﬁm witke h@r@vcmb cmfgmtoefam 8 élghlmt@gemsswc,
i ht—%%ﬁ{rad %; ds@lcdioff®Y be used in combination with
oney oamto forma highly transm ssive,
| i ghtAsAb) rgfwlrrgafd GHe 2 rnoe embedimant, the aionntakle etrhsy&tﬁfgn f@may
ﬂn?ng@%noa{r%nlﬂg gssgﬂﬁgﬁpgﬁggna nggl rﬁéﬁ"a&ngegh?ﬁ?#%! $hEMARization
¢onwdrigd enibPCANT128AN I aancecine Mo@lR of iy campmhanmmmm, the antenna array
r [
RO Sl b (B bRk rad i (56 B YoMRAGy Ml g Tros. 14 e
Haptdavat onyatibe veeewwbmdémt eleeittinzagneliv radigtinntinfe two orthogonal
B BBpIcHR oS ELRntrt Frbi Sieo Sfb gl cBoriBetc wave
soagpongnts thcl Reilbmaweptndpérdtposmitted aiferonatiomiagm dhei sourga whether the
t
%MQ he %entlg De?ﬁﬁlétl'l%%aq I} : g}%?lg 85%:“2% X a@qgfﬂldn circular
Gmrdrmtambmplﬁrn@mrt fhem §0i0r36€°, wmanrhede RReigngiodmlines 406.oM part of, or

@F F$C et§ ' ﬁgﬁ%?o fn?y ¥§£ cﬁgclrgtll q{i lnﬁgn&q’h}ﬁ; 'agtggheg Fmad?:ed network
cpfdheamtezm pmay . fhe MY 209 lwoecemdhmwlsm /RS m6gm§1| 80\ide a set of
dithBeihe %@ﬁ(veﬁc@?ﬁnﬁ hglflzon%'f) poiapﬁecp&rmbﬁsﬁy (rﬁﬁ%a%g Q%&g&-dg&d)

part o i ncl ude, be attac

mézrrweqi Kignads or hines 404 e Hvs, tbﬁ Wgnna ey ¥02und 66 Hed)200auenidean RF
T(gl&?%l ﬁ‘k §ut§%?stl:rt1 Mfnd nilagg ov?d% t EQ X&rﬂ@oﬂﬁ £lin ?r(d phase dmatchmg for

|near verti orlzonta ari ze
e sxﬁtdna rinyn¢ einpedimprirtte Bad rmaa/fedmmwm)le n@dlf@mhwdnatchmg for the

PRI DR 158, TSSO, B s
BQISS\? gediGU 200 withpe disangsed én mprel d@‘alétlnfsnorre of the gain
an %@ﬁgg% fﬂ@ E%% glokuht]cilhg S ?e%{‘ko rlll;lngy 08 ?HEQQ g Hﬁgf dssembly

t he m ha or ~ phase-nma
$M0ecoupledhtorth§RPCH| 2606 t Thﬁmméal@rssembb' %)Qsmaymrodefcecoamlesmmals e.g. on

e% %%%%%U ﬁ(fbctl) ggl‘lf(ggl s%%zlszég%%gg/er é’%{vgx? o, %ﬁ%gl?@gl assembly

mo rsdyoalso providé @Gntrd] sigrials tormome thb bratemnalasyy f €how0a raage of angles in

Ziin AREbASIGR LT L BSR SRS 17U EOUBLES 112 o Bty 300
wilwesqnbedgxmmdeﬂallme@ 322, to the PCU 200 to perform
Dot 2 AZ8LANo AR SERILE BB RS 5By ARHERbNde a down-

300 e Ccoh
eomiyexten anm(lDGV) 4@R whick max rccarvg @owér feomgthe glmlml %eralzly 30@ biver

ﬁx?egsc) ?:4161 g‘ﬁé }.P?r‘gl %dp g{' Iegélgé lb & %lg,eerg mearly or%lrcularly polarized

signals on lines 106, from the antenna assembly 100 and may provide output signals, e.g.

linearly or circularly polarized signals, on lines 76, at a lower frequency than the frequency of

the input signals received on lines 106. The DCU 400 will be described in more detail infra.
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will be described in nore detail infra. According to

an enbodi nent, the nountabl e subsystem 50 may furt her

i nclude a down- converter unit (DCU) 400, which may
recei ve power fromthe ginbal assenbly 300 over

line(s) 74. The DCU 400, may receive input signals,

e.g. the linearly or circularly polarized 30 signals

on lines 106, fromthe antenna assenbly 100 and may
provi de out put signals, e.g. -lbinearly or circularly

pol ari zed signals, on lines 76, at a lower frequency

t han Aberdinepume @Mlb@dlmeﬁthﬁﬂe hBDAtAbIS b ¢ B@Eﬁif B@Ejougﬁd for
Ilnee 106., The 400 be desc ed in

GRS Viateples extansinghioyy ﬁ@wt‘f&mg Reckih FHGR{IA &1B) to the

ﬂ@uﬂdaﬁ;bhrﬁt S8bBiYE kR LS cirey, fhexammp)iftde thovenfrasm g one example
a cahl es e §endg?g throu&ﬂﬂthe mount i ng br acket

eé%“’“ %Y gnif dapted I AYIdE Sienals recedeed hpitherantpaya gséembly 100
tomrateagers dsabci@udWih the veRicle AR dnb@mYEdlineAtSthe SecohdhrPifit 68 may

e secondar may he adapted to
TR 8 Soond AR STRBaR i thob b S0 el a 5 et signals
mmpﬂsbéUgmns)na&wm @H&h&y\&oﬁ/fﬁ-cbrﬁ\%n\ﬂ&ﬁé Sibffals toPr& M output signals of

nbodi t 68 | %
BERGR BBt b frva P TR tobresynabis 2 ool S50 sl be
descbeden trm)rrudetzﬁl 164 SThef se @Midr @niDE AP Birer lhélﬁ&sadaﬁlonal control

vert t hese S|%nals to _provi de out put
gwﬁm% clgstronies BY st mpy BRQYdA EgA ORI ER SOT PRAMMA@VEXE.RE-422 or RS-
BEI0IiEEs?, iorihd gitdakassearily 900l 428 ) 3iso Brovie!
desc B é gl ?e Sdet a)rl bel ow. 9 %ﬁg ;eggh%lgﬁgpﬁmertoéléeglmbal
O PHE

|“08(é> 8¢a Piepqndanyjunit 65 may lsa nclide apongsessary display

e& ut QEVi€es (S RIBALD) idreRhOMUE B@p&A¥hk | 1968125500
(ﬁﬁﬁ 10V ér an RS-)42%lreor 5 rg]hl lglgroﬁll’g@@fsoo t@Ppassengers

G ROEF T W ety ioie0 Boramplsy e e oS bR Gl Bysestiheion gircraf and the

peevRTaryt wnit d3an4gy ifbladc oﬁﬁe&@ﬁﬁh& to%@&bacﬁ d&pla?é’ @1’1 es{a:éeﬂﬁig?ﬁ) to provide
ss

NG CONTINRG AT NI B

]bah;@en@éﬁs it n&lygtlkahrﬁ:hfde(hgé@@&egaoﬁggr Jtﬁerﬁaéié % frs %o rov1de audio
e vehicle. For exanp e ve%

ed wth t
%‘éna? e PRisETeqhy T Hssecandary pai 6§, ﬂn%alh‘éilﬁogewrmaxewnbed in
umhﬁmﬁalﬂay |nclude or be coupled to seatback displays
provi de signals, such as, for

e xa n‘SFF‘ge"‘H%foaHa ?d@ﬁe isdEpstrgiegyin PeFRISHdewong ambpdiingas of the
mYuh O MLSy st 56 icluﬂﬁ\% SEOG&MPle RDH afBha 3P 10 Glb WlS1tustrated

headgpone %acks or other audio outputs to provi
the apiganaaray lp%éowegwqéw of pHeciratan hetamytenras 110 coupled

£, fedd st 192 DGy eR 005 to¥e abpx@&at‘é@ ﬁfé{ éxﬁ&qa hob mg}) InBlude any

detail infra. 20 Referring t
mymbes of apicoga elpppe;g,té eachoé phigh nw J?Wan)btbfée @ﬁﬂw@hlmttnn@f For example,

A BtermdBV YA S aﬁ%?ﬂn@lﬁﬂe’s& gHt gﬁlglgno?ﬁ] &t&?ﬁ@?ﬂ' aeb(g ©OF 1x8

an _antenna arra trated
sanfigwationa Mithy sm@@lfc%%musw aedthaughay sgrhe ﬁpnlnpatmns amaa be

EH?/ExﬁaéEBEsefapﬁr% aﬁf’:gneg eéi@én%o bt Gntéh énfafﬁg%r&eatmg IBan]d%(gh <§}1 as, for

However , a pr ecl ate ant enna
paEpledkora ﬁytenm,ﬁbequﬁloam@hhlantel tememt &tmammhnw\tultalbie antenna

ﬂ?}y béjlfse@nﬂ id ﬁﬁﬂﬁer% bééﬂp&e@ﬁ e tﬁa@%ﬁlﬂ) gh the usgateggxample is a linear,
1x4 array of circular horn antennas 110, the invention is not so limited, and the antenna array
102 may instead include a two-dimensional array of antenna elements, such as, for example,

two rows of eight antennas to form a 2x8 array. Although the following discussion will refer
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25 an alternative antenna array may include eight
rectangul ar horn antennas in a 2x4 or 1x8
configuration, with a suitable feed structure.

Al t hough in sone applications it may be advantageous
for the antenna elenents to be antennas having a w de
bandwi dth, such as, for exanple, horn antennas, the
invention is not limted to horn antennas and any
suitable antenna nmay be usedll-It is further to be
appreci ated that although the illustrated exanple is a

prini¥@idy to tROillutthtereikam l@f)f&l)fmﬂat’;lbfh%ﬁr Béth @neAsas 116) it is to be
p
is not so li and the antenna array

the 1 nventio

%@?Swa_@/thah@f iseHsPinR pRAYES Sfvp tO&F%ng%|Slzafr? Zyragy with
ﬁmlﬁm@nsethamyt&,apwa{ﬁtoatﬁosefo@rsmxfamphle, two rows of
ei ght antennas to Al t hough t he

f ol | RFGrEgioddtst |ﬂ%ﬁﬁe Wlﬁst@t&# leﬁld%ﬂew the Pﬁlfarmwax L2 9f£1G. 3,

intlLdifig Fout Eicuar AT BtcBhiasa 00,e4chBdonplyd &f th€ fee € Hét@brkIARNOne

antennas 110, it is to.b under st ood t hat the

aivantage St giiculgs hormeaateanasds hot 4 ireplaphom prfppna haying a samssapgyture area

@rarc@bf%pomdlﬁQrccﬁﬂgjlafrthﬂltah&ﬂﬁa ﬁs@ﬁfesd@b{ceb@an&ﬁ@@Eﬁﬁéul& Born antenna.
those of skill in the art rring to FIG t here

li’c way therpdere be advapiaeequgle use éw“ffﬁ LR AnEAPRS 1%?%*9&%%%@6 the space

fel$iremnt is oritidd¢ | IadhdudtQted efibbditheRt] the Bdel naioBTIASs 4 Yveguide
each coupled to the feed network 112. One advant age

fopd %thllﬂ A auaniaes of WAYEguide is tha{ ifis gengrafly [pssylosgydhan other

RaHsBRGISn BR¥IaRBcPasTABIB oRRFsHPE [BhA&ather8ford®e advantageous to use
correspondi ng rectanqular horn antenna uses | ess space

vavgauide for thedeed sty ak Thoiepeliretensavhers it maple dosiabls @rr%duce or

RRiARDY {3k AdGahSd ffn Hl%%nt@hr[acalﬁla?ﬁoi" Off2 fedAlREWHRR 117 will be described
applications where ﬁace requirenent is critica

inpnqredetqil et Mﬂ@l@n@%@d riflpgirated Wéam@wa%&m@ﬁk 1 0yis cpupled to a

&)ﬁé@(ﬁgﬁig drietBichiend 1metmlaectmea§éy aﬁy a&ee @ffo&i@\hﬁ:@hhhr%%r
is that 1t is generally |ess |ossy than

trangmited §@4145wnﬁ%mdafr%3ﬁ aafgﬂr@aéi(bal@rto ﬁaﬂ@fleﬁstb? &‘fﬁﬂ of the ggfgnnas 110,
amil%éerseuéa@d m\/@aaaae&ﬁa to use waveguide for the
eed net wor k in applications where it may be

deS| g BF@”tloeaP'é mre antgpna 3P mayirecsive §§§ma‘§§8‘€ﬁ%é@°ﬂﬁ fepliation
&Bsghagﬁtaﬁaﬁﬁe ¢ @efné@@y the Bi8ed KL MEINPY 10, dslchoWh il Fﬂaae 5. The
descri b in nore detail infra. Addltlonally, In
prit¢nas i%nmeﬂ fasuntrp reseivediafiation terrfeedppit 120 wherp M@dmteenaal 10 is
gén A4S &8 RAATeRBr] B! §CL Ed & 4 gfzélat%& that Whtte #lk e.ln@,garahsy will be

RSGS may serve to fOCUS I n m ng or transmt
fosttieradiscossed beraindrimatin in krsma pf repriviag incoming gadiasion nﬁﬁm@e
nfe&mq%msoefce, alﬂa{n@ @ngsm;lql&l 0 o;%?até’\fnlal trahgnﬂkr%%%ﬁ%e}eﬁh the feed

nore det ail ener al, ‘each horn ant €nna
netyorkdd @ pmndeﬁ é @xmigo edck é’btﬁmﬂfdé%é’tlﬁ ibe eergispending feadmoing 420, and
by the sides of the antenna

?@6@g§%$gﬁgﬁﬁ%?ﬁqﬁ{%?ﬁg The 20 antenna 110 may focus

t he raceidiegioroad embedimentghearftennd agsoinbly 190 maytbe mountadon a vehicle
0 d. 13K . ' -

R R T

pithe arécnrauammbiyewoﬁ@m@nmlzs dragas ey chiplemeavagangfthus to use low-profile

LRGHRY éf&%o’ﬁ]oﬂg eXd ﬁ?ﬂlcame%gmfarn AN 10 rbg@Bﬁsﬂ'ﬁcted to have a

source he aht enna array ma a 0 operate in

terlmvslmvndﬁ intgrmad deglevhirte pmvtdqs lﬁrg@@perture area while kccpmg the height 124

of the horn antenna 110 relatively small. For example, according to one embodiment the

antenna array may comprise an array of four horn antennas 110 (as shown in FIG. 5), each
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network 112 provides a signal to each antenna 110, via
the correspondi ng feed point 120, and 25 the antennas
110 transnmit the signal. According to one enbodi nent,
the antenna assenbly 100 may be nounted on a vehicle
52 (as shown in FIGS. 1A & 1B). In this application,

it may be desirable to reduce the height of the
antenna assenbly 100 to mnim ze drag as the vehicle
noves and thus to use | ow profl2te antennas.

Therefore, in one exanple, the horn antennas 110 may

IBernGRRehd HitRdink @n BRI 18 dehfh' ddhd(&@l1¥6 M&@rdxﬁ}hﬁélpal inches and a
angl e 122 to provide a |ar erture area whi

lbélgbﬁ g of h@r%m@%{y Spinchegs %t WeRLFR™Al bR ﬁr&erm@'ssembly 100 may be

muel B} dkafiFR] bn thE @il SE%ABRES. ﬁQﬁi@E%b NPmhPbOpsible for the
enbodi ment the antenna array may nprise an arra

PBGRAY fhhays ea Hﬁé“ésefi’elg("ag‘”%WC: R tmnaroxyyateléal& inchgsp In ths

Reentha Righ Bﬁte&ﬁ%i}%\z@ﬁgrﬁﬂcaﬁﬂ? Bifgldér%aﬂa]aﬁd Wetdord it may be possible to
di amet er 126 of ap rOX|nateIﬁ@ inches and a heig
g a

PEuaTGNteRRH AIERY] fmﬂné [fgpves elgmenfs n Prﬁayaféhqfépﬂ@%amnéemas

the apkapRALASHEM) bicad@df BYhRR/oFBHEY Rstraims orsﬁsamk&m array, it
on the tail of an ajrcraft. In this case, it nmay

Py dn peree Frplicatins bedepisAbiedp 83e & @thﬂéﬂ Aidg %Waé*e@ antenna 110,

hfdv&b&r; scRh h@?ﬁadfﬁb'nﬁa mEPhdve adBRr @b rmmé Yesikabld weblesé aslshown in
case, arger ant enna may have si gni |cantly

WJ@hSaﬁhegeamﬁy %@Slsmﬁ?f@f prtielength diffpresee broweania fistsignal 198 vertically
3hbident SRe h@xﬁfaﬁéhd?@lll N end a?é’é%nd%'ig%ﬂﬁ%b %Jn&éﬁﬂal@r{g tBE EdB¥ of the

of the shorter horn antennas. As descri bed above,
Betearps Thi patelergth difiseenen mapreewdt in sigaificant mhase differenge between the

Eﬂ?ét%ﬂ@ gec@x'id @¥nals 128, T5BY Th&eﬁ%cc@ﬂiﬂlg‘ t6 3hd E}Hﬁodﬁﬁ‘em it may be

desirable to use a | ow hei ght, w de aperture horn

dasivshledo ¢aquple a them@ fens Eldcth the Heor anteane dHhas sheynimlls. 4, to match
|tﬁ’éc’\§ifase9a?a'd Datnlég, %hc?E%?' 1E@r@isﬁ1 Qﬁ&g"&k’rﬁ@f th@éqtéﬁ&’%ay 19210
there may be a si i cant path |-ength
di f f ePeprrdingén greembadiniepts eéiiledmgrc larsd 16 &ray jbe aplapo-convex lens that
rﬂ‘éé/' #86unkE aB@v% Q6P a@@eﬁfyt\#lfh@n tllé ﬁ@rn%ﬂt‘ém@a BERB s §h&6}ﬁh FIG. 4.
130 i ncident al ong % he ‘antenna. This pat
|Eon the pugposes of &wewﬁsﬁt%mlftmrqqn\sqx@iwws defined gstidlens havmg one
@hﬁsfté?ﬁx@l‘?}cﬁat LEEAe GRd &h@ppo;lhé &av8NGrR&L atd dRilng! l§ns]12§ may be
. Therefore, according to one enbodi nent, it
éapeé etsatqcansp@emthd@ewn eptic Rfingipals inciudingefos cxample, élffrpfélon in
hREBdARE GRR %né‘lﬂ&av@%o FROME 1en S mb ﬁcuﬁnc&rﬁingﬂd%onjr% thé ?eed point

phase and path |ength, thereby 1ncreasing the I n of
{138 of e ameantenpal 00 ReferipioF G hdt ang Solk earchselt Hakihe convex shape

td?%leddlaé beehsclll4§9§1 J}%Aa Mer%ﬁi@almeﬁtﬂgfﬁﬁ{l}f rﬂa?e?ﬁl being present

e nount ed above and/ or arti al w thin
rﬂbpw m@n akthe pernapertire eosmparedwirithi the wges of4he haryr Tlnusea vertlcally

QH‘?@éﬁ na‘?fsuE AsSn x%@éxéda?ﬁis' @tG. 52 gg ;!?P@ﬂ%rlaa@&%n{oﬁnt of

I ned”as’ a | ens aVI ng one

siy¢l¢mmamdaléhﬁnd99bt§¢ mgo@cbsamlmmm@éalom@e @flgel 8of the horn
| EPnd 11b, rﬁ%xad%g eégr&pgg&fé sidd @9&941 %@ﬁo‘vxg&@?@%em than

optic principals Inc I ng, or exanpl e racti o
|throu@1wo tiekeshere ofitherdisieasti¢ less 1ldvmaysbusttisarsed thequadine theglectrical path

d
5o HEBEL B SOHSHAG 40l ! (g AR Hihh v
rignglsaéncidenbion thhormenigane Kdiwm different angles, the dielectric lens 114 may

serve to increase the gain of the horn antenna 110.
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of the dielectric Iens 114 results in a greater
vertical depth of dielectric nmaterial being present
above a center of the horn aperture conpared with the
edges of the horn. Thus, a vertically 25 incident
signal, such as the first signal 128 (FIG 5) may pass
through a greater anmount of dielectric material than
does the second signal 130 incident along the edge 118
of the horn antenna 110. Becagse el ectromagnetic
signals travel nore slowy through dielectric than

thr OUngeﬁing 1o B, &Q &ndid is lnﬁtr?ﬂg@ |n?&1‘ff"efeﬁt ‘}19\’0? ofx%ﬁml%@}{nent ofa

thus be uséd to eq u ‘ize the electrical

@ielecis lersrid s a@ﬁdinwet@ dhednyentiprl dntthesiflysiated e}izmale,I Tielggyric lens

r

12@' HGI g I ogﬁgie% r%égis STRE %Eg%ectg}’l‘fef?gnl%ﬁtsﬁ i g@{ehg 1drf3 %asiq)%wmocus

avhélp eb@ pioyidingrfar a dompaetylensspatopea Q@hlﬁ@@%a@@wwe l@arqbe@mpreclated

lEx tﬂggf&cﬁrltIQQQQ4 iln]ag have]a’i)’ly SB% &¢ Hésl?gi by i Inglshmﬁe% tpa plano-convex
ere Is Illustrate In different views, one

dmodi ment of a dielectric lens 114 accordlng to the

' nvenhh&ﬂdmé{a B Smbbditieht Ak T&{s ﬁrzmpmsu&é@@d ﬂFBn‘?h%Feie'Z:irfé material

lens 114 pi ano- convex | ens:.

@ohmex h@deamee@h@geat@fma PRECENATISErARNES Fﬂrmfi @erefro ayghown in FIGS. 6A-
r;L d?élé&ld%wlaq 'omefn&e nfly SO SRR Ha§aSar A6 Part, on a known

I nat1 on. However, reC|ated 51
tdirpéecmce:loeﬁw ppd Iowgngﬁmuva#&\pf ﬁe‘e\r@at%rwi K spampde, iy @gny %m)hcatlons it

3 He%eﬁn‘%le td) ngﬁt%dormnlﬂui@ 1843Gn %Wo%ﬁtabl@ @ﬁb%ystéﬁ QQJ LS may be

t o one enbodi nent l'ens may be constructed from a
diesitablstte pedechmaterial for @ﬁ denprhgvinea/lowilpgs daraerte Sivanatpight
ggsﬁgc%gﬂ#%ncthg ?lg%\fxg??r:; A gg(;.é I;e?sg ﬁrﬁ!’a?r dﬁé %‘;\Qn &ogﬁlgﬁielectrlc
sehsant efthb meteria! betause s general, pherlowerghe @elkmmorm@nt of the material,

Qh@%ﬁﬁ}%bﬁmggﬁ§ggnt and | oss tangent val ue of the
mat eri a For exanple, in many applications it

may
desi r dh¢ eutgide w@m@f thit leps mnbesedteskhy, fon oxamy mﬂman@Id block of
SiHEW:ﬁér F%rﬁﬂﬁer%%rduh ﬂﬁ%o%x-p@ﬁ%'l&@ bls§ aisQusS&l B6¥e, Bccording to

materi a l'ens having a | ow | oss tangent: Size
amd examinyhthe extesnat pusfarepisthe leng may aludhmpluedlifygf grepyes B)2, forming a

§ﬁ oﬁcd?\@éﬁtmc G 8b8t AR Rnk ARG IR ledsarhe 'gﬁJoe&tcrohﬁlbute to

on he material because, in general
| lmmvmgﬁbse '@Ipéﬂaélé‘t miich e5hs fean to the surieundieg &niaad therefess tq jgduce the

lr@ﬁ&?erd cBBEerﬁpéf 15@}’%9 @rgna-llig1 Gurbdt ﬁl'cfigsﬁguﬁg %ﬁ@mﬁfleﬁs@?ﬂcwncy The

| ens may e creat , for exa sol
mooqdntr@fgroqveﬁmnaf\ehlplathe@n@aythwr ymﬁmnmrn tnn@bcr in total may be,

09 gX@é&aﬁ%ﬁQ&ekﬁ%ﬁa&g@Zapﬁ 'g'ﬁ? ;ﬂ)g ?%ﬂ% gl?ﬁech gt%ﬁgér;lghma&‘?al using

| atmlldud eniling taghsities pnd pragices visong e@mple; theigngpves may J be machines so
t t f

AhAifly e %ubgtgﬁﬁlﬂgtlc{eh&caﬁ WA cRRM o iniGp! er axis o

roo contri nmprovi ng the
| npeddhe eom:amoh gobvesHa? may facilgate frapegance matabingghadielectric lens 114
nd ther f
B OB SRy BRI ROl o
eduffacm o rtiwlcnsTﬂPeﬂeqwm:nmy typalyy moniefsonl 82impeflangh imd$match between the

:Tgre m%dlum %n&) fie ?ents Hebiuf] Ift ‘é%&u" he%ﬂﬂacﬂé’i‘gﬁg {mﬂe'aallicgto?hea space (or dry

alr) is known to be approximately 377 Ohms. For the lens material, the characteristic
impedance is inversely proportional to the square root of the dielectric constant of the lens

material. Thus, the higher the dielectric constant of the lens material, the greater, in general,
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i n one exanple, evenly spaced, and nmay be easily
machi ned into the |l ens material using standard
mlling techniques and practices. In one exanple, the
grooves may be machines so 25 that they have a
substantially identical width, for ease of machining.
The concentric grooves 132 may facilitate inpedance
mat ching the dielectric lens 114 to surrounding air.
This may reduce unwanted refl dations of incident
radiation fromthe surface of the Iens. Reflections

ieeyimpydanesathisihatcB Setwieed the lénd Bnd AP &€l alﬁ%@mmaﬁﬁmﬁﬁ(ths it may be desirable
etme n thﬁﬁﬂalr medi um nd t he | ens nmedi um dry

§ PATRFIE g oo SPLETE r’fﬁéla&ﬁe%ataflyﬁvgéléi@ffé%cwnt in order to

ddsqucéﬁe 8iz¢ dnd \Selglﬂ@\ﬁlfhetl&sb BloABYr,Q¥fld¥BOR rYsulti g M e i®¥dance
the characteristic inpedance is

|nh'%?t nl?eytw??PélbeolF?ﬁ B e *l“dni% wdesiipler oot of t he
di el eThe dieleainssmmht ¢ffthd IBes haasal isherat@listic Gatdity éihaeglven

dielectric constant, of the |lens nmateria
R it S hestcafiST B Bt perimi sty I8 @CTAaf Wilectic
leefistanen atch@plee ﬂﬁmhﬁdcdnkwmﬂg & reall fart SR BepARBHts 88 la@REI'd teflective
be desira ure t he Igns froma

t
Tifae? Propeit ARG Feferh B Bisre! IEHIOn FetTRET v bmgtagiipry part that

Irépr&éndeme tnfiteriaoitddio abﬁtﬁptﬁinéﬁop%ﬁlés VEteMseOthe pétitti®fPof the lens
reflections resultin m t he i npedance

AR eS8 VS8 TIPS PRI Agh Bl BfebeH Fopgrumeaton sgnal tat i
wefkesdr abl e. 5 The dlelectrlc constant of the |ens
mat er j [ iven

I ristic quantity_of a
i e e LB me AR EN e iehae bt E reduredy o prsence of
mﬁpdﬂbﬁdelmﬂtdhﬁg featu@e RRhak thelchbehlkiB kifgd hichined YRS HRMns nSiterial.

| ex nu ntaining a real part that
%% @E&W&estlﬁ%» th redied Signa) Whestifasseot dis Jemsdpaerial may be deorcased
s @m&ﬁdm,nn,ahéﬁﬁﬁ&f@nﬁcﬁ&sh@bmb&ﬁl@aﬁ? edccér%g €ddueiion 1 below:
coefficients, and an imaginary part represents
the material's radi o abs¢rptihon propertles The closas
the permttivity of the Igns;30 material is relative
to air, the lower the percentage of a received
Aofiberiredyptiomin shegrtisctadignal may heetbragnsd byl optinizingsttmiaptivie the
%foo%kesuél?&ixtecﬁxte@tdana '1&5\@51 lmﬁecti’éa Qlﬁ bhd &)?x@ttrdc}(wél duced
resence of I npédance natching features such

as t hBC Bine dnFYG. 6D fashof thaehriosetdc ngbeStlﬁé njaghgve a concave surface
mﬁhﬁébéﬁ redf deprrt e LB sf

he éﬁ?#acégo g é‘engﬁﬁéﬁﬁ? %@ﬁg@gg@g&ﬂ%h34onﬂw
lﬁldﬁ@fﬁleﬂ@ﬁ glrycdure oThfr ¢qmcer1trtrfegrp@4fes m@y bg forinedlingbsleng using common

%ﬂfhlﬂ% @Plldgﬂg ?f}%&tlcﬂﬁ% % &% (’Jr gé{:ﬂt l' g) %elgg)e}r%ﬁetl hoetze Center axis of

thesflersdoreedsesdfgwaghinimgy Itbethc:bmrds; ea;bhkgyoowptﬁambz iforged bﬁallel to each

g@{%} {»)Je é)tnnﬁe fa &qgee %nsc' uﬁp wn'?ﬁe bath e g{{]d I Ft erg[] of tl¥e concentrlc

constructivel
EtoGvesGmyy reaalh cOlﬂstatrlltLeh&:dnpﬁHn twhiioh egM\ll&Scoilae&tﬁwgtomvﬁ nﬁilled may

(r‘nc%%g% tg?/\ﬁiyt{ler cﬁ)ncen?rl ct)vl'ér1§10{; %CPI?@? aetgg%% Pfd e%gqh,rfg tlfé:&nvex lens,
anshobve in FIG. 6D. In one example, the grooves may typically have a width 138 of
approximately one tenth of a wavelength (at the center of the operating frequency range) or
less. The depth of the grooves may be approximately one quarter wavelength for the dielectric
constant of the grooved material. The percentage of grooved material is determined from the

equation 2 below:
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inside of the lens structure. The concentric grooves
may be fornmed in the I ens using conmmon mlling or
| at he operations, for exanple, with each groove being
parallel to the center axis of the lens for ease of
machi ning. In other words, each groove may be forned
parallel to each other groove on the face of the
| ens. Thus, while both the width and the angle of the
concentric 25 grooves may remdbn constant, the depth
to which each of the concentric grooves is mlled may
i ncrease the farther a concentric groove is |ocated
fromthe apex, or center(7-of’Xhe convex lens, as )
shown in FIG 6D. In one @xayple, the grooves nay @)
%pl cally have a width 138 of approxi mately one tenth
erg W\!é@‘@lf@ﬁ’?gﬂlhe dex efifee lersdiddpctis methdaloper at i ng
fr equeRGYze'R %q}nsqﬁ'hd of &8 %rooa_é'%%ﬁjd%ﬁtuhth ients gﬁfagé 9\%¥ ﬁec‘ dependent on

may be approxi hately one-quarter vvave
thealesived operathes ﬁsmgmmf thﬁfdlqiwz“lcgj?r@d\lédlmepchlc exdple, a dielectric

2@315 gﬁﬂ%eg@ge ggeqemgmﬁqgt;@'ba@g 66;&?@&%&%&@% height

i136 @ﬂﬂ@pmémaéair RV @5 ingbksxandfdianteter |1 dhef approixiagately @.020 inches. In this

PRI, e g s P2l UM BBl POBP SR
dershyitd 36 fesmatliahige bassplieash pf tblﬁsetgn@VdSi leh)elume iacadiessf approximately
g %5}7 mlcﬁ]e o?% 1%9‘9&:8 CF Iﬁ:@%h ?ns &agl &1% %xa)ly ggsses:sL %f’otal of

eS|gne or use FequUenc
nineEen @Hzﬁ)ntlmagwbmelrmm @kaghytle, Ilﬁ@rovaea}npy pe(detmb d'lcysurface by

%%pﬁ%)émhtgﬁﬂ) ﬁuﬁ'ﬂﬁj wa/agfg%lﬁntd%étﬁ nerIor g@eg %Bt%é!ygsat r%agvbg rfégularly
#padedio bEdntain tlwpqohmmtrsammlqg 5 tl&gﬂrectmh @seraally rbﬂk&ted signals,
BORE sﬁlgccg‘gnelxlggeggrdas g—se tr@o%}p? a{)Igroac thﬁg%rgqh%ty %Jt]l%zgns According to

grooves nm prox
precdpesific ¢§Qmp|1d thetceatt e ost gorkebi@ric f0pve may ltavs fexampipﬁ:,, a depth of

bE@O ln@l{['e%i a]rlqil%hmergl%i %foc‘o%e ?hag %‘?e Fo?];xe%lﬁ)ég Ly tg gg 0. %%,mches The

concen
g@n&sn@yebeteheﬂys spaﬁ:ab@abyt ga@ppﬁ'apptoﬂmtaﬁdlyo 06189 inches from the center of

BJEe DL R B BB R chrind G- e above are

stusmmmgle(gﬂveh Her tHe pl&pdiseamﬁ:illhstrhﬁcFmH leyplaretibe addettlat the invention is not

g T TR AT TN

speold includesaineteen gtdoeescthn diiectiioddns ¢ Dhman be fcﬁmgcl @ON thore or fewer
ave f or, ,.ex | e adethofl 0. 200, i s,.. and

R 1 BioBrsnsth of BEBa St el e apo By misBraona] i dismer of the

G:n248d inag bebased” blethe@perwrdaja%cp of v dieleytrgpased apart

at g r ox rrate mthe center

o PR AR EPETES Gathine Talirds 3h e tegisle st i eaiss the
iBatispetd Ihige ndinb@nghoRsregulatyisacdd, fbexsenpld, everp Bﬁe halfwavelength

B Rl Sl o1 g 6 soce Y Fbloehosafong gaias 0,34 inches

wpaktls BES ﬂﬁ&W ih€h dibm&eileg, wufr‘s@ra godoved dieRB®IGlen®hccording to the
grooves. tldo %the il ed
vention may include only 19 grooves. he mventmn may thus eliminate the need to form

hundreds of holes, and may reduce the complexity of design and manufacture of the lens.
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| fﬂ‘?SéP‘E’&ttc}fuﬂ%? R

20 exanpl e includes nineteen grooves, the dielectric
lens 114 nmay be fornmed with nore or fewer than 19
grooves and the depths of the grooves nay al so be
proportional to the dianeter of the |ens, and may be
based on the operating frequency of the dielectric

| ens. Conventional inpedance matching features on
dielectric lenses nay require the insertion of a

| ar ge nunber of hol es regul arlé spaced, for exanple,
every one half wavel ength. 25 For exanple, the

q uanti it urther foe @Eprasibte@that \hlﬂlthég}@&leB 93 Pﬁav@ b jI10GARE as
%@_ aylals 0.34 inche % QVE s 337, for a 7 inch
GrSiitice By B alSonlisrotes by PBBbed s taim piraraliehions of grooves, o
BQEONtLHUDEs grooveNgich afly ggifal.oON may i ncl ude only 19
grooves. .The |nvent|g t hus eI|n1nate the need to
%cgmeré

f or m*RYTATEdyanather fy rRCORES-RlanpUens acersdiag HpAsasets of the

mfendasmgjn c@ﬂ;d-lsﬂﬁtﬁ}bacdaﬁdeliﬁzﬁchﬂfg drbtved B2 140 fbfined dn Both the convex
further t be ap |ateq@that whi | e the grooves 132

Ipassurtissand epirin Surfaee, asshow aLRIG PR. Refreringta G 6§ according to

dib eRdnid, ia\peinyr i€ BITHRG) Rdorttd bpgositomaaiveRaiiabt 8L 1hOYR width
cont i nuous, groove, such as a

P S PR RO GRS BrboeNeTAi o of e fons by, for
examyple xmidlirgd) O hke edR c AU ABNAQIRIAL alicwsObr thB fens B be fartxally

I hve B’Hy co rise i rrpedance mat chi n rooves
'i%‘f&e‘? 'cS‘FOn‘Eﬁl Ot 3BGRRR- HSOHIg R Qe SPegilie @@mge%edw@ctrmens 114 may
Havéu audiuS oF ﬁpﬁﬁtﬁom&%lys}rmmwh@s %ﬁxd&ﬂade@B pbfd%ﬂnétél%g'l&) inches

6C, accordi ng one ex a planar sid

dhg %ﬂ“ﬁ@&v%‘ﬁb@ﬁff@ letsestr E%SHF\‘? éB@mleScféméb therplanpeside 142, is formed to
rédudt the oR€rall REAtR bRMRETenS byl §pp]=<§|)gm5@l¥l Obl%Oro grrﬁ'x@lg ak Qlo%ﬁ if F1G. 6C.

to the overall dianeter of the | éns exa
Afcpidinglys 2 paigiop efithe auterinst edze o the alansr syie@éthrzi@smqamg

afppﬂ’oxmeslj' €60 In@hé@@n Rakthiadd b. YOOllgclieE‘ sewiatts l‘erx‘ﬁd?/c@ herohQhdcenter-
enna. According to-one S&GCI i ¢ exanpl e

@ﬁgsq_q_t&) aﬂ;gg}us Halpeexamples 34190 ehes, concentrlc grooves 140

A UeiilléRing tie BlaRRQuiriteNas of tﬁlﬂeﬁé diniBr foAH BeoRs 132 which are
ﬂ§£Wb mately 3.100.inches on the non-convex side of

€ CUPVEROF QPROSHF: §ifke i0f the deapptatcture. he pl anar side

142 lrﬁorfe%ﬁiﬁﬁletlﬂust{a&ﬂlﬂ&ﬂ(j 8B, @E@(’Sr@l‘:ﬁmw’ir@&f&r gioom%b £33 be
u@{k:orm &r oxi mat el y an’inch, as shown”in

R & Fefistgh vldﬂal‘}&ofw F%ﬂmpéff off0+194 dupbes: aersa ct@a@et ctgpth 146, for
e&fﬂﬁpl@ bBM200 mEKES. EwvBE itl i8R De 'ﬁﬁ@e’?&f&ddﬂﬁat%& Q@We?ﬁ%eﬁ%%%eyumform

0.400 inches in Iength and 0.100 inches in w
and frgy Bave Vendng videhs @it denths deprpding on desitstl charesteistieseaf the lens.

lUe the @xRribAgtbsies 932, tfeQhteft € 1476 !
concent “E lgérioovés 140 ﬁa V S 1%8‘110 Oﬁ’? ede hthe farther

eaglygrogys 19 from e qepter plthglengj Imonwxatrmles haif the b@g@t@fﬂ@meak of the
11\&%}41&@6%)"\/@5 140 duteis Y ohd e EREYEY: 40@ linc: el flanar Bﬂg ofthe lens,

'ens structure. "I n one exanp ust rat ed
vhileshalf the veliey, eoirueht aficach milled gr@Pvegqude@rtnwOnm@e lbl@ 2Pond the

ouf3}-FrREID . AotiRciRs Sﬂﬂ§ b vided hlejre‘h% it ggu ﬂ;é %Qgiemrlted that the

0.094 inches, and a constant depth
iggfentipmrip got iveitrd 4o theapamsigalar dimensians pbthl exmrd@rcbstcwdd bdreit, which

abd¥6r G5 BAYESs B?ﬁﬂst%%n by %laﬁ%@gn@ﬂ& %@Q/%eg X6 I\I’rﬁlt%l ng

w dt hs and dept hs depend esire aract eri oei cs
of t Referringgigain to FIG. 6D, when the concentric grooves 132 are formed on the

convex side of the lens 114, the otherwise smooth lens surface is rendered into concentric

volumetric rings of varying height. These rings possess peaks and valleys. The peaks may be
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Unli ke the exterior grooves 132, the interior grooves
140 may not vary in depth the farther each groove is
fromthe center of the lens. In one exanple, half the
hei ght of the peak of the 25 interior grooves 140

extends beyond the exterior 0.400 inches of the planar

"base of the lens, while half the valley, or trough,

of each mlled groove extends farther into the |ens
beyond the outer-nost 0.400 tliehes of the planar base
of the lens. It is further to be appreciated that the

[ JztggedJ fgiven theSava:@II cluvBof ﬁﬂnvéx)shta;libewﬂﬂd’ th Gblle% mé{ ARSI rehtRled bottom

es di scussed her are for the
38 SAEV B TR o110 sHre A EAE O H1Gh G coch concentric
lcrrt:lﬂdtr@mbvh mdvﬁlglalmylfﬂoﬂghe Chhtelref 1€ lehffosadiadsi ride trlafmular peak than
t he @centrl oves 132 are formed on the

DB HiAS lort Syt S e TR et S e EviGri i sueqe s the lens.

srme imar goovandena the plimar sosstand [EhsE howddet) FRY hb¥e b @ular peaks
v glng hei ght. These rings possess peaks and
? %@ The peaks may be -17- jagged, given the

over aAkcoedihy & thé llm@mw@n&ﬁam&m WhichcehfiR gydive£152 oile convex
se 134 where they

ounded o) or b
tsgIF rchf ﬁ\g cas may naﬁgf E{n cégf aéng)a) Qvith{he eangentri ngﬂe@M%gx the planar side
e;athla 1609 rtmern&lrchd?may? b¢ 6ffdetds sPEWOMEFIGDSD . NBorak@plk,f¥Biytpask on the
t.er of th 0 a nore trian gul ar peak

ERHST ssieet Diite BRSPS BEHRErbU R Ghgtvas B o mdfon planar side
g:ﬁ)ﬁed’rﬁtly, evdry ﬁedkfonttli@lnﬁgﬁcﬁﬂ tﬁh{ lﬁﬁdiﬁzlfyﬂﬁﬁ)fﬁét thﬁrdu@ﬁ‘ ghat R milled into

e inte e on e anar side of

ittt ity Thubacy Sfoe pBHisk Speiie n tamnarand conver
\sﬁlbi it lefOfiay @idng th@reﬂé‘t@ed mr mtgyaiyagp@ﬁfﬂﬁeblm ng dthBEghly half of
%n(%ﬁ gl CfoveSF‘)l/‘g‘iﬁ( convex side ?ﬁn the | ens
T dee R D By P A e o - DAY 5
gr oovAascotdifig manbiher @i}t&nﬂﬁenﬁ,ladﬁno@f)rgf&h@ldl@ﬁ&,lerﬁliﬁay include a single
et .as wn in
AR R el O e PIOBE akisfipofece bR Ve e dn
|lcemBinary »ﬂfh #bovge el tHe@x@ribi A0 Gierfi sitlcbLIF R plhddeconvex lens (as
bnterlor $ @ gr Slg? Cbnversel% every peak on the
REWPTAGPOYD, iR Erespsidike fgtupramet qoaiibutgyo greeﬁlwgwet%wlw of the

Il&ris h@t‘érlhn ttﬁreby eveRinl Eel WeralfwetdhCofl tBBns. TAEditdubsdd bb Ak Eshe

q f @V grooves on the planar and convex si des

GPEhien far B¢ :lﬁ&g 1B QB INHRS WilkoP GEPBRR TATEHEP 8 pagaEer vehicl, for
BRI IafBirghye, b réceithroddosk Edt%ht@ @Jgfnc@s{ In Em a9 afflicBn, the total

sized and materi al

reflected b simlarl

mr&h@?%ﬁalga%%@en&@%%fowm@rt% degies oRByideassins gy itk A lighter
3trignad Bclﬁ@ﬁx‘é@ﬁredl TheGerdlCrdigh %fﬂHBYen's Rl vel Eedacealsrggifﬁamly by the
zone Fresnel -1i ke surfgce feature forned al ong

inromeratiPn pgsingle Fresnel-dige zone I'Pt%%mqehpla%ﬁwf%spf wlawwnvex lens.

gr OOVRé&feRMgtdBIEXE @f)ﬂa%—cmgx ieBd ﬁﬁ}’ Wdé@ﬁé@s@ﬁﬁné)\fvltﬁ BSmall (close
pi ang- convex | ens di scussed ‘above),

i @‘é?}éklwlmek%atfﬂ&qda? &t Hhalpne itk Fheﬁufl@eisdveg\g@a@grvswelw beiag increased
diard Sk lﬁﬁ@ c&fteﬁaﬁ% as r@cﬂﬁreﬁ% ﬁfe'pﬁbse cBrtherﬁcﬁPYe | QUR4tlall glgk!ﬂgyassmg

over al | | ens’ di scussed above

dpprahdhe leprn 1r= %fdeffermﬁ éngl%?rﬂf mcsdenw vl tyiveat the rﬁqu,.ppmt gfithe antenna
aﬁgrsmatew phed. (PorBeMeSARRARL Hé@é“éo%hfeé]o? fid patm&ﬁgg'd?fference

an al rp ane, to receive br oadcast sat Ite serv
|bﬁm§%mpqgneéq§é¢q5@gppl@ﬁd ap Hgeriopleas signal may be equal to a one wavelength,

at the operating frequency. At this point the dielectric material thickness can be reduced to a

minimum structural length, or nearly zero, without altering the wavefronts traveling through
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wei ght of the |l ens and antenna may be an inportant
design consideration, with a lighter structure being
preferred. The overall weight of the |l ens nay be
reduced significantly by the incorporation of a
single Fresnel-like zone into the inner planar surface
of a piano-convex lens. 25 Referring to FIG 7, a

pi ano- convex | ens may be designed starting with a
small (close to zero) thickegss at the edge of the
lens with the thickness being progressively being

thdﬂ!éﬁﬁ d‘ﬁﬁ Goint MeR Ry ‘fJ}ﬁl th@&ﬁer%ﬁﬁcﬁfy BRIc? andlifer 'bf%l?l!rl‘ | &fdnhMlel to

se condi ti on, hat all sign aSS|n?
t <h? éﬁk‘lﬂi Plapy spisrs 14¢s thP%\V‘@ﬁ*t thsﬁ@qlcékpaéh 1ens¢b$ @re ArEwaefength less
tRdnthdse tidbudhiBe H1REhdB0IoRE, a®EhokwiAGn &It 8NAGe uén%ﬁ?fﬁm@h%kﬁél like
in phase. |In _order to satlsf t he phase conditi on,

Zﬁﬁ‘fsﬁm}yéﬁ@'f fie ieflpegrs prgwisth @éf"\ﬂéfé’rﬁ’" & Belsimissiog of sigpads, for example

if tignal7 tamzj 7amHeraﬁa 20 the@Ftve St1YBAd 1afFR Yrddfel Sty %&netn%yaoe
erating frequency. At th

t th
%%F‘ﬁf\iﬁa ed eltéscfp Pepmgﬁwg?q thpt i mp&w@ggwaaﬁ Iasge tra@ew@&uxs not

ltnpowam 11 IS 1 6840 184 d¢6driing ko the RFEktion Aay MR Frinéd 48thQuore than one

ﬁy qlgt altering the wavefronts traveling_ through -18-
¢raellgg zonegnddheyigyention kRt limijedtg psns ﬁ@nmr&o@o@m@a@ Jjresnel-

1ikd8or®f anot her planar zone parallel to the origina

pl anar suyrface 142, througﬁ which the optical path
| engt}ieording t,ene ‘RRH’\?@W“?H@%‘ straiedsin FlGah tfterféﬁséeltlﬂﬁeé@ﬁyﬁe 150 may

Hehec@Ltuer ifwisd leﬂfSQﬁ‘ﬁena@sapﬁlla%%tél}ntrfﬂeﬁlda? in s-ﬁgﬁe 4RA€xRhding from the
multiple Fresnel -1i ke zones may the frequency

RAREAY feen] .t tfreée'éﬁ?wﬁ thsroute a‘?@’ﬁ?i @gfaeenl Brof shederst Jhe Fresnel-
1fke Feaf¥@ M3 BayPproidt Q@lgﬁ@ic%t Q@lgﬂltzrengtlgﬁzF@%ann%l@ rc‘:Gmpared to a lens

therefore only one | arge Fresnel-like zone
9f sigrlar diggnsioes fasmsd, ofp mso idpolystyrrme agariek ihetlens luwaptedeIG 7

réRBiehi§ @Mﬂ%ﬁl%‘h @mnés%% thEmeiAEnbvRd Whe ermé?fmc@%ne The
a,dielectric Tens according to the invention may

PR RS ST BT b EAbSOTES Bdincieapiicy oneseio alin dnay neéult in the

lérﬁ\hﬁﬂhg & Righsr dﬂﬁ’&eﬂcz gbézag%elés@ ]r_%liu%a\ %gho%reﬁc‘ﬂ'r&iéﬂtgg hﬁg b Bhsbrid as signals

S|n e Fresnel - [
g’aw@ﬂ%’e leps.| Fpgexarprle) theplons depictpd in w&g ﬁmméqsorb prveoximately
(f BB e}néx%?r Rih¥n c&ﬁpa?ed tG ‘dfcmg}ék Rlah@ leh?ﬁla cﬁ;@§n(g@1 ?\@L’ﬂr}%le

appr OXI mat trapezm in s ape and exten
Krgsael-like zpug: Thgeftenvatiquel ﬂaﬁrsxsquthxoela%tmm.mytbn@ommted according

tgg&%g%nQH@ﬂ@gg,lsz of the Iens. The Fresnel - like
feature 150 may prOV|de a significant weight

reduction. For Eé%nphe (loonpaseeVio a lens of simlar
di mensi ons for - SolTd;polystyrene mat er i@, the

lens illustrated in FIG 7 15 represents a 44% wei ght
mm, ag%at@u@attoo llt dﬂé/mhx“éwté lis the: lpss/tguigentiofithematerial, € is the dielectric

I|k reducti o |l ectric
TR SE e ifaBORS s e sl SHRE Wa0Betdh SR TR S o so
may Re&trirtg tb iﬁI(B f&;‘thei‘eaﬁl Hluhwamd’ujnoﬂnemxgiﬂ@re oﬁflﬂldl‘dc&ﬁqyns that includes

a3oee PR LRE it Y cERE A s i fescepy e inetion
plagBssuelee KSlﬁexﬂtherlerEI @s discimsad 2boge eHe Pa@lﬂélQXdeI%Bﬁcﬁth great@aeduce

dB | ess ed.to,a convex 0
thvglu %fgﬁ%{ﬁgg/ Y ‘ﬁﬂ%&ﬁ%ﬂ%e pyezalliens Frige: Eaﬁétructure
iMizeatad IrEFIGAB lerﬂS} a!%f) bt Feferfddgh ad ant ifedDSier MesteEREs 16Y 1P 6ne
uted accord
em%ng)lment the internal- stgp Fresnel lens 160 may have impedance matching grooves formed

therein, as illustrated. In one example, an external convex surface 162 of the lens 160 may
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to the equation 3 below a(dB / inch) _ (losst)8.686ir
(3) A where, ais attenuation in dB/inch, "losst" is
the |l oss tangent of the material, s is the dielectric
constant of the material, and k is the free space
wavel ength of the signal. 25 Referring to FIG 8,
there is illustrated another exanple of a dielectric

| ens that includes a single zone Fresnel-like feature
154 fornmed extending inward -t%m adj acent the interior
pl anar surface 156 of the lens. As discussed above,

Kave ol @SARE irhpeldthcd ARG MR YrdveRt daYornRd s Soncbitfe M&% sUEdiscussed
%f the l.ens material, thereby |owering the overa

308¥% %.‘@tﬁ&m Plaveksustace S0 may s*mqlqrw@veaqn@@r mrergrepves 1 pfpfprmed

B8R ab GorlcBMtBE FiBgk, hHdiRBssed abdVe € AB&rdifit &RonE Eﬁﬁ%x‘neﬁteﬂlsupper
I n one 30 enbodi nent, the internal-step Fr esnel

l?]‘%‘ﬁ‘g SUFERGC hafy [ONENRS an R RAIaryeRt & Frepnglr s feature 45 rmeny also have

drld@F BioFe gradveb l a1pthed 1Belein) 43 iDNGaLY HMIGES. aI‘ﬂe E%Beésnﬁiy contribute
convex %urface 162 of the Iens 160 may - ave one

'8 MRS B pRRsarReaeinaAl Ry lgpsd6l ead tpeqd%rqﬂe@eca@sses at the convex

SUEMEENR] dt ¢hd Fro@sl-lil@Sudhce 198 8RThgaRROME renldifing Plafdrisface 156, to
ﬁggnar surface 156 nm simlarly have one or nore

SURFEeasEhe pRERedens iy as concentric rings, as

di scusssfedaNEFresheIaesdi70 G iISuaRe ifrTe0d! K?Eﬂo*anH Fi@l%ﬁfhe
(glanarmﬁurface 158, form ng an upper boundary o

pyHanal Fragael {eas plapes S?Mortmyl 2 cgldhﬁh%% surfass éaw fnem @ coupled

KON EMma)l&rthd RAITRMHich MES Bhétent RfetfididndRb. ﬁ‘ltpﬁglchﬁr 'ﬂoqﬁtloﬁ incident on
The grooves may contribute to inprove the inpedance

‘i’fﬂ?‘& tRPWQ"%Ph‘t‘beM sl 7 60f thsepnyentioas) firasnel dans 424 isaot dx;cctcd toa
?Sﬁt Bils iR 16BN eontSddf, ftlﬁ‘-‘xﬁte&@lzste;ﬁfre%gﬁefsr R8O e idefition

sur ace 158 and again at the remalnin anar surtace

fogyises diatign} i8Hagideng en wwgartof éwe@meém@w @fr’ibe leh todheefioeat point of

ﬁe RA%) weMubtedied in F@SINETh I | k-

(e BN A oI, iy o B T

qogwglaﬁ%xyé% a gpr¢l o enispg, may thyp be mmors Affigiens gaplasement for a

dofV@Yiodd] ffledtive ARl 8- nnd8EM s &NV ERRAA] F?an‘fl he.%sésr 2§ dlée’msgci]above

has i nherent inefficiencies. In particu
théwfcarasiep resead fanamay peavide sprsidesthinweigy sarines cmrnnare@fo an

Jr«lﬁﬁaﬁr} %ﬁ%@@%h&ﬁ%ns Fﬁﬁﬁﬁ%ork &he m&:?ngil 'st% ?f%tsne‘ij leﬁ? 888 Yot iBerBase the

foca oint 176 of the ' ens. By cont e

‘SHer vakmes P%?phCFP'é@ﬁ &pmbiagtion cempaed torﬂestﬂndvd Arésoed lens, for rotating

%@5H§ﬁ$h&ggh@tlon 178 incident on any part of the

outer surface of the lens to the focal point of 15 the

| ens Refesring tofd@r i thgreiipiliuptatediapothqtgmtiodineanhef a dielegiric lens 161

& E@rﬁiﬂg ko thE Metont ﬁ‘r‘?thﬁ&%ﬁfn%t e 8 EGns 181 uses a pl no-convex
ombi Ration wth a conical horn antenna, may thud be

S\hﬁﬁeefOEe# parignesgitlens spifase ¢ pdand A rcomvex dens vlape iﬁmaa Imterlor lens surface

r6§f b?cqlt delge %&ﬁ-ﬂ:te@%r?@ g%%/iéhﬂ%ealﬂfépgy %pf% gll%gln%ag/rh% one or more

enses scu§se ern resne
greqyss iﬁnyWthelr1CMScd®p®mwe Wi ag titiors, dive dxgsctnowpat@dnay have

419 @8- lll{%rfgétmﬁé? ?Arﬁl@? thlg%ghv gg(dILC%QS%d aEcWetnL1 %dlq(% tﬁéhveygigﬁt of the lens

|nterna step Fresne ens does not
161. An optimum refractive plano- or bi-convex structure may be achleved by using a

deterministic surface for one side of the lens 161 (e.g., a planar, spherical, parabolic or
hyperbolic surface) and solving for the locus of points for the opposite surface. In the
illustrated embodiment, the bi-convex portion 165 is designed with a spherical surface on one

side of the lens and an optimized locus on the other side.



10

15

20

25

30

20 "swept volume" of a horn-Iens conbination conpared
to a standard Fresnel lens, for rotating antenna
applications. Referring to FIG 11, there is

il lustrated another enbodi nent of a dielectric |ens
161 according to the invention. In this enbodi nment,
the dielectric |l ens 161 uses a piano-convex shape for
a perinmeter |lens surface 163 and a bi-convex | ens
shape for an interior |lens stiface 25 165. Each of the
perineter surface 163 and the interior surface 165 may

have AQRIgcsed@ofe, ti MBS 1865¢s ey BRELsigh&! Bihave @Soptimal
di scussed above. In addition, the dielectric |ens 161

cREpingEQReot weight.sligiestriq Gopgtlantdgss fpngentaandradpliastive msthal is stable

ffossh REEISBELANE Yangh OTt hRFHAKS bk DB EHﬁ th@fenk bllﬂl h&&form or warp
161. An optlnunmregractlve pi ano- or bi-conv

asareult of expretye darge W@e@aﬂwfie@wﬁ gurglgof%‘ir@ﬁ%% P'%,dc yill absorb only

Ve fnatieanhits L, 184s@Rinaf 96} d8ndifNe ol Rdted Rhedr expShed tcﬁmﬁhd
spheri cal parabollc or ., 30 h{ perbolic surface)
&

and
conflifipnegsuch that #ny abersbed reqistprsivill sotagyerselpatifshibe P@r@bmatlon of
BEHACQnsthift, lofGangehd h&ﬁr@ﬁi&’de ﬁﬁb@@hﬂ@e@ag HultBerRiorS @RV eX

portion 165 i s desi pheri cal surface on
aéf@edabil@e itgnaytheslesivah t%aﬁ &‘ed?ﬂs&ﬁte?%*h‘/ Fabwicaterd 18 agditipm dt may be

RLikele BA1d% lens%@ould\%e %1@ ﬁi&ﬁﬁﬁﬁlnﬁﬁ‘aﬁ%ctﬂcrb%nﬁérﬁ | l@é&ttidg@nt and a
| enses may esl have an Ogtlna |nat|0n

refracfje gﬁ?x ang CéP’ét?Pl?X Y@SI@@H@P&MCW%@ Phatig bxfiwcartma argl mineral
degfkractive index that is stable across a large
tenperature range. It may al so be desirable that the

| ens ARFPIHing §¢ oRfeMPOAimSRt, dlicecirigdens maydgcensgpcied poirg # eertain
fbfn bBS ARty Sﬂmﬁ‘eﬁ "f’stéi’fo?daﬁﬁ"fg ﬁﬁk@ Fesfthnt t@%hifﬁ&‘i kkﬁ)@f{ 28 car%lﬂrate in

W | absorb onl v%%¥ anount ? l'ess

the therogl conglitipne ﬁl@h 88 dp om@ﬁmi@p@mt@r@ maybea rlgld form of
g’}fyrédeq}ﬁéwn §§J&5‘sséchﬁﬁkea$¥l 991%96 Wysﬂpérétfb'r'}lfed%l{hlhé}péross linking,

ver sel fect he nbi nati on dielectric

fenerampie XO% 05 @Otwéﬁmlﬂnan@awfﬁra@dmﬁ@ a méilwrlaﬁ stryggire whose
Jh%ﬂrsm ay it bO SRSy sf)l%nts ﬁfdf\ﬂ{lgﬁhéd rhﬁyyhavé h ldwalel{@&nc constant, low

desirable that thée lens be easily fabricated
lagsdangentnand lew dgdpx perefraedion, Hppne ee(mle,tar@swn%edsnmuw phkystyrene

A favk %er}@l'lcmlﬁ‘é Ehakatc&ngﬁc@] & Qleldefic COMSIaRNE app!’oglﬁﬁately 2.5, a loss

tangent, and refractive index and chem cal |
tprgenaf lgss Kigh |0s0005|aemmvr§ absgprption &f Jess thw@ b¥apb r11f§N Blagtic

ABeSHRtafAbn prdfd rSS Poﬁgﬁgﬁb}{"& gofysBtGie %mmtwn}ﬁlow dielectric loss
di e ectrlc | éns constructed using a certain
andmpAydrevprAngEAIaroe ﬁ@s&ahtmllymgnﬂplﬁmoaétmeéﬁs@ andthpaoplastic elastomers
\'/'vﬁtg{hé asﬁ@axﬂ@l’eﬁ{oﬁ@hc E&?ﬁlgmc @Jﬁg)oﬁﬁﬂs 9Refeith end olcjxrh ﬁ:fers to

conditi ons suc as - In one examnpl e
menameriglunitpihatiaee feerfragn dipplgs o ifwhich tmxp@ew@ﬂ@smm vectorially

lﬂal? gﬂ%é&? I %sgl[ #;Jigxﬁéjndﬁ}%t%/ otlsy El%rb?echPﬂJ ﬁé%?e)‘tfe@ Q(:%Jr%{ﬁ?@y Meblle of

Cross r exa
eJearoiclpplakizatign effaqts ior £xammde] 2j 1r%> or 2Voldivigyilgenpgngiapd styrene mixture

ﬁ%bﬁﬁéﬁrﬁer%@ ﬁ]‘??rgﬁ pﬁf?&l @é’t oﬂ% 1?2 @Ifogs%ﬁ‘ilﬁged lﬁr‘fgr %Phﬁ

ave a ectric const’ant
progide & fovglont dlelaﬁdc atgriplie éomdhe thefmopiastiopplymericmomponent.

ﬁ@iﬁmgrﬁa’ m?y &rc%ﬁﬁ)}igéd%efgr %L%[E?{he @cﬂloﬁ&gyﬂo%l%r non-polar monomeric

units: styrene, alpha-methylstyrene, olefins, halogenated olefins, sulfones, urethanes, esters,

amides, carbonates, imides, acrylonitrile, and co-polymers and mixtures thereof. Non-polar

monomeric units such as, for example, styrene and alpha-methylstyrene, and olefins such as
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may have the follow ng characteristics: a dielectric
constant of approximately 2.5, a loss 20 tangent of

| ess than 0.0007, a noisture absorption of |ess than
0.1 % and low plastic deformation property. Polyners
such as pol ystyrene can be forned with |ow dielectric
| oss and may have non-pol ar or substantially

non- pol ar constituents, and thernoplastic el astomners
with thernoplastic and el astebric pol yneric
conmponents. The term "non-polar"” refers to nononeric

phﬁpylénetdﬂafethareﬁe fah@8opblyaier<tind @liRsred Ehefeaf \th@h;olbe Qsed. The
s.are substantlally vectori all ($ al anced In

&‘ﬁ@é"@f dg in’-:‘?“'?f!? REpensnbmay be seeected djogin Xsﬁ’fﬁﬁdﬁ&‘ piphas
ﬁhé@y@[ykdﬁ@) Rl Igoyyc;peffngsul t of electronic polarization
effects. For exa al %oaor 2% divinyl benzene and

st yr eh&naponstipcied nf?msya BOsHBRKPBPly PETPAlYsHEERshsuch a3 thay described

ametnh@rbete@s@fyx@lea uSihg e&mntkdnam&hmMaraumaéndw be grinded to
vide a Iom#loss dielectric material to formth

f‘ﬁ PhRsEYrasies of less frRapRrexipgielioh e, mch%ﬂ;bﬁcgﬂs%gkwlys@r
ﬁ&mrbrﬁﬂﬂaﬁﬁalnfa&rltsmcﬁeon&m wWittd 20U50n RAEBperires exceeding the

non- pol ar nononeri c S:

alPh é“%'\‘é%%}f’%‘WF éﬁ‘éﬁm‘ﬁ?r”é(frﬁ‘%é“t m%sgléﬁ%aeeta tht ismresifdant to alkalis,

slaérfo@nag)haw@tdhﬁmm 8 nah&al acﬂm Mhehe efaRiphd iRt d8ectric lens so
nd c nmers and _m xtures

kGt ilshe B e B ard s i B eussed sbov.

exanmh@ne Stap®) ﬂle@i’dﬂec&icﬂ&%‘rﬂ@t HeytbSried o€ B BomBiRationl 0B b 1d¥1oss lens
such as -21- yl ene and et hyl ene, and copol yners

BAEriah whigh awy Bﬁ g,o%solfnkeﬁaglygyrgg)e, Bd tll}grg@settpp%rcsms for example, cast

trb.ﬁ MEABesiheéts &qb&m[ietex%me SNQRA 2 FRriBEs ﬁﬁév&a%s%x&ﬁte@
styrene, poly(al pha- nethylstyrene? and
B 0%‘%5 ipASIuRCTOENinked AQlY FHFERTRICTVSYE Blagticarasie|by Skbep Plastics, Inc.

R@;komw mm{aﬁﬁtaxam@mc e%HQtEht@{Sz 5DairoE8S00 GPR il RREMEly low
conventlonal machi ni_n

§ﬁ5|ly fohﬁ % g
g‘%%?"é‘?? tors. ffego n§ exRIOHT MoRfEanest defrpptieorplastis Hey gader normal
lbfadd Sibcdstid maHY s@r&ésf@deeitdd r@aﬂ@@?eqhn?&d’ﬂr@% reild¥eng prior to, during or

oss- ] i nked pol yner ﬁ) gﬁﬂn&y maintain its

eél“té‘& iping. Dyriag nfiteshiftenp e@%aa d frbeerhyess thap rQ86 of moisture
it 8¢lh $Bech Bmersed ffboil MB hvaltR Yord 06@Phduey @ncﬁwﬁltb%mlgﬁhba)ﬁt change in
resistant material property that is réesistant to

dielestrie sonstagt. chrded ‘°°f§i§“£?ﬁ18t‘§ yseghipgpeshing Bewalite® majbp iplar to those
fdel @8 AchylicO! R@xcﬂ%é@‘ Pllaﬁ thub BE metBheRGknk Stah@RSteSitholdgy. Due to high
formed may i nclude t rooved surfaces and

resis@peedtp cold digwmand inherent igeedom drog stvesps Rexplitafomay be ¢asilymachined or

fa’éé'}rﬁgzllxﬁ cutlth @er? b%h@@te&dn@eJ ﬁfr‘%xﬁﬂﬂe Q@cuﬁé@fe%?‘aﬁioﬁmately 0.0001 can
nbi nat i on | ow loss lens materi al be

ber Pajned Wwdb‘él {FEazingaray, beanpidechiar yrngshar feply wuaﬁ@l’ydmg excessive
&k aexPRlishind q&&ollé@qmmn? Fesfstaﬁ%%uéql{ qﬁahol%lal phatic

exanpl e of such a nateri al known as Rexol

Pedeenarboag and migerg! agifsq LFéa@tGS@SRWOHT@@:FS Bbﬂ“fl §Y°;llgbt¢ethan Acrylic and
s CthAYRM P W hi &F 'I'ﬁd(‘?e@dﬁ)% L&tmE astics, Inc. 15

Rexolite(r) maintains a ectric constant of 2.53
t hr ouRefer508 agaiy todiIER. Tsitdr4e el djel¢chie lemsies Ei4unay kermounted to the hom

&f’x\% ?10 %e ét}ate(a( %c@rﬁﬂ? % %r& eﬁ%g%@{eﬂﬁpﬁ%atgf&%@tdﬁ& 6B, the

om1under no
lm; él#ms}smﬁluéieqneam chonmattaplynent 8epges E8Gswhicismay pﬂotrech fn«gn the sides
Bf hQ [eng P14 ﬂxldrllllar}]'%ecﬁléed to attach the lens onto another surface, such as, for example,

the horn antenna 110 (see FIG. 3). In one example, the lens may include three flanges 180
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after machining. During one test, Rexolite(r) was
found to absorb I ess than .08% of noisture after
havi ng been inmersed in boiling water for 1000 hours,
and wi thout significant change in 20 dielectric
constant. The tool configurations used to machi ne
Rexolite(r) may be simlar to those wused on Acrylic.
Rexolite(r) may thus be nachi ned using standard
technol ogy. Due to high resi®2ance to cold flow and
i nherent freedomfrom stress, Rexolite(r) may be

e/aah may RRehd fi6d t edgé aﬁtﬂé leh@ﬁm()fiiégreé EnotRMBontdrdeSRother such that
anc f.or exa gﬁh ccuraci es of approximtely
BRUTHEE Bdetidh R Goh et b UG G Yigyecsiom  top
am pleshebiyvel i shgwis harIo. 6B, omoadaﬂlg @wae %eﬁmc%x&ﬁ@s I tM@ﬂ&ées 180
i s chemni cal

t t
Db PG DTsI b L 150 ey e it
hgpﬂammaelycmm ifighdls. NAN1Q#t3d atdie,dBe lehdN 13GeHythHa@da diameter of
bout 50 lic and |ess

Rexol.ite(r S ter than Acr
??Pé?fmﬂatriéf 0 %@Fw adpdi "H:‘%J;PW@W@FF}Y byl QipeheseHowever, with the
Bafges 1800 thedglhiadiut of tht (3bs 1 B4 @lbedap ﬁi(ﬂﬁﬂéﬂél?b@@ﬁf in€hes, when

e nmount orn antennas 110,

| th
SRt SR SPRRS o A FGEDGS G cEBOAUMENS Hom the cener of the

lehs. UBHus dh efle ¢xambple(She fleApes: 1 6Bmay B8end3tbnk £8 %dée](ﬁ" tﬁm)fns at their
nore attachnment flanges 180 which may

0
5%?588‘& F%%%%Sﬁ'éc@? des of the lens 114 and may be
US ed A@:oﬁﬁrtg&ﬁ Andthe eh®BSinRAY, the FAMIH @80 fky E@ﬁﬁre@%ﬁly%§ that at the

o xg ﬂe ho antenna 110 (see
Pugt ggﬂ’%fwe?‘h angghH s nﬁ@mmﬁewgém@?ﬁt@équ the) wcxm@te 7.020-inch
diddeterdti tﬁé‘ﬂeﬁ@?}is BniteRd ih FEoNEBNen 660&aR let (g}fé or &o%e ¥les 184 may be
%%éd gree angles from one another suc one
ng thesflanges 80y The helpy B reaytbegised ﬁa&a@e@pg thadens A 44 ento an

wh@naltstvdace £5a6h asﬁa ;Mate\l\@(ﬂ ak EHWnan FRP-12 dﬁi"&he@%rﬁﬂ@ Ghd Ndles may each
@%gshomn in_FIG According to. one specifi

Agiameter ﬂéanpr%lfa@e,lyfs?@ Inchay adismali St holesmery e paced so tht
fhe i eijiigh@at dnfdiRrishR o@%fbeﬂér dflRgenl fRge. 114 and may
have wi dth of 5 approximtely 0.60 Inches. As stated
abov eACcPRing 18 Aee epimplaipe Higlsiris lensclikbmer by fesigned to fit over, and at

RENP bﬂiﬁhll'ﬁhﬁhé’ tl?e- Hd&DartdHah € 50, a0 chodniRficd! I3 C’fl‘he lens } ]I4 may be
prOX|nateI 510 i nches. However, with the anges

GB0aned P gt Moeh P forn arignne 110, thsycombination of the horn
AR X0 BIdehy1eds PA3@ay RO HR Svithh&dnstFRRE YIRS, s%@l?gk a c1{§le of

flange at its greatest |ength as each extends outwar

PrbRD £ B 18 oRe example, p diamefes akthe ipns 514 may kerapproximgsély equal to a
dibgeit! MBSO 8Red¥BY 16%0€ 7 ﬂelﬁl‘g%mlfeh%ig(fw ﬁxag be Lﬂb‘f‘o{lﬁ%ly half of

at their 10 greatest pol nt
the dispgien of the hern gaterna léﬁbéaméxng to anitherf ¢xamlgbsth1 8@s frbd/may be self-
%ﬂteﬁﬁf%tﬁ?&: Eé’ R t){e ﬁ&rntan‘t@ﬁnaaitoot P exg%?lr é £hta elglzleras 114 may

t weeén no nateri e on
BE5IOFD *herﬁakf@ervtemgd‘umqﬁ@h, sugt asrthe lens b1f4 mdyéaalvesimtedaaige portions 115

11{3)4 I"e{? ??\Lﬁgh ée?%e':tl) g?ng%r?he%lleﬁsnﬂ?ﬁ&éﬁﬁ?ggg&go th%gugmo#ﬁe%%? 0, dn one
%HJPWHShC I@l@nteé edgefportions 1 Hodfitiglensaay I'emtsh dﬂldnt@ngle ofithe 115m antenna
\ t
iéG%ﬁl.%J n?ynﬂar ];f?:lgeeséc;?g HP{Be ﬂ§maan{%hx?z1 1810]a§e elt aglgc Peﬂglt}éregpect to
hirtinab then thef slanpydredgd }mitl@isyl 10 oPBe iems: lm;s alsd\Hcdattal 45hargdle/with respect
Hhegl es may be spaced so that
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they are equidistant on either side of the center of
each flange. According to one exanple, the dielectric

| ens 114 nmay be designed to fit over, and at | east
partially inside, the horn antenna 110, as shown in

FIG 13. The lens 114 may be 20 desi gned such that,

when nounted to the horn antenna 110, the conbination

of the horn antenna 100 and the lens 114 may stil

fit within a constrained vol ub®, such as a circle of
rotation 188. In one exanple, a dianmeter of the |lens

ﬁ14 H&Yei:;rbﬁg @gaﬂtg HGBlgefh)é r\:&%%gﬁ{idetf?:dalﬁwﬂilrlam 1?£1y4:ﬂ§0 Eeh.%mgned to fit
or.n ante a i g 0 e lens

WP & %{gé’? {Ptﬁkﬂnfl%gf Ingng °‘o‘?"5‘ﬁ%’?e‘§‘“i§?ﬂte{ir\‘é FiG Pnthe hountable

bk RRABS Ol\iltchh A\ap Qls6lino@dé the @iieiah &serR 8P tEwhit e h6MSntennas 110

AR 10U Bearacied At & oo tHHaE EHERE CBY SIopRbime i fyEned o

paKih arcmsh’aiae@edlﬁme @ng ahé cigsld éﬂ}&’atl&iﬂHIGSl@C 8 distireed BBFe. In one

el e R B B BB S B BBt o

mrrfna ang, @9 shdwh10.mihinigd@e s;ﬁlﬁﬁfmhlﬁad fhite feleéﬂét&'drkedge
portions 115 of the Ie slant

Phe. A ire Areaher Bresplmehe sty ey B e Hiod SYaes gpenter of mass

bihBe I’RAY N 4201 QH A doubidbMiRe &f a @nttboBigk 6f thk thrdspsfEhofrPantenna
30 vertlcal then the slanted edge portions 115 of the

g wllm:g; tl%ﬂ lg%s ip gloa{xte WIWOEPWIFWCWES?{MS otitbe lens and horn
MSS’eE toedenter @GotalRed 6fthé Bgir@gaichird, i driidato &Bilitdtd@®tation of the structure
wavegui de feed network 112 may al so be designed to fit

By tppimbabessemtl¥ P& of rotation 188. In another exanpl e,
i1 | ustaratiggto MGE! $and3L3, S&Srdwayéﬁh&he&%h{ﬁcﬁmé&m of the horn

whi ch may al so include the ginbal assenbly 60 to which
@rﬁ@nmlﬁ fon AP th mSPdocaéFﬁldﬂ Fr@ﬁ sbthe antanngepjralp d0% may dnsdie a ring
Woﬂnéa(b\ﬁ%rs'uﬂgcercﬁm o £nnd mm)fadm{te %uq@ﬁg mo‘i'@antenna 110

fit 5 within a constrai ned vol une % circle of

fodheagimenl asterbly300. vigpshown dLiis &4 ﬂspormgel Omﬁydﬁ@dapted to mate with a
FosIR tBat id &ﬁ{)fe@ el B iVvon khal@)&erm@)"roﬁﬁhéjﬁﬁibg%Qlﬁb@y fOOt(sce FIG. 3)

adj acent to the curvature of the horn "antenna

torpamat the anterniaey 402 ledhesgimbal asserbin 309 apdo ttnﬁbleﬂ@@ambal assembly

ﬂﬁﬁmrﬂl& an%ﬁ@&t?dynl@zt Qhé‘ﬂﬁ’é Wme?}x&rfgxln?ed ohh8 o'uﬁ‘:P&rﬁléélof the horn

desi gned "such that a center of nass

Prémrpa 1@91 ngastihe apsrtyre @Stbﬁﬂlem@aream e-Ngarp CEBiSt @frm@florhﬁsrbe antenna

9,fra>1 RE&n6RA P D4li 1AChnB kLA HRIMR 108 thal HO u{t&f mrarﬂa 6t ddNGith the
'ens I's nounted, noving a conposite center o ss of

hore antepns 1d4Ad horn closer to a center of rotation of

the end kifdissh 'ébk?\;eut'h@ antér{hagfr [02tiRcth @S a lféeh@l*e&vdﬂ@i Iajth{ﬁn%ccordmg

of the structure " by the ginbal assenbly 60. Referrin
toonEpmbodimentnmay be a g{@‘&gp@p frgd nepwpek | lan@nH@q{rated in FIG. 15. The feed

FRGRI 1B 2y ggﬁ-ﬁtre ALk ﬁe ﬁd?ﬁmg erréc}'f 127 HN0@H e e, th %celve signals

exanpl e t ocate at en the antenna arr
from eaghenf therhoiruaidermas | Wepnd %o progidé oremsdnasn o‘aptsturgfnale et fo¢d ports

AT 4G hird |
b7 SO2 A RO0 Sntehtnd St k! B0 lRE ) Bl ol e oo
netwpik(.12 by ghide sighwlg pro9diedratyfedsiepostsl 6P, 662 toceaphmofgheirténnas 110.
Thus it is to be appreciated that although the following discussion will refer primarily to
operation in the receiving mode, the antenna array (antennas and feed network) may also

operate in transmit mode. It is also to be appreciated that although the feed network is
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post 192 that is coupled to an arm 194 that extends
fromthe gi nbal assenbly 300 (see FIG 3) to nount

the antenna array 102 to the gi nbal assenbly 300 and

to enabl e the ginbal assenbly to nove the antenna
array 102. The ring 190 may be forned on an outer
surface of the horn 20 antenna 100, near the aperture
of the horn antenna, i.e. near a center of rotation of
the antenna array, as shown2en FIG 13. In one
exanple, the ring 190 may be integrally fornmed with
1l‘ld§§ateché%ranwa'¢1'@étﬁ@@ﬁeé-ﬁ&woxﬁsthg R H&%pk Iﬁaoweqm pldtRnRALERD sy

array 102 includes a network 112t accordi ng
spigpbls g hBARBH Swrbrie P“Wﬁ9 C‘Bé‘“acqw%bied%c f e e d net wor k
112, Agordihg t6dnk %In%gdlin@ntFéa@h afiéhna 10€nfa§ 66 cou%féd NG VRIS point

112 may operate, t he ant enna array IS in

(F&eeh ¥ )ﬁ?)ﬂ'éorﬂtoalqdééf@ilss‘éceé (@MA) 0% Pscﬁhp‘éfa@hﬂéis t ped Horlhe OMT

6@11&,%;1 PR%idd &Qomﬂénr@cﬂc%é@@em&h&ﬁ ahtRhif 1qyfaﬂdiﬁw $dodRadwark 112,
feed ports Alternatively, when the

Rfrrinia F rigythegs dﬁyétraéédeg mjope d@iaalr@membﬁdment of POV 04
aa%vaw%ds tﬂé%vémxn gmed@wﬁ* @IS r&%mé Ias! ﬂﬂ!)u?ﬁgrraﬁﬁ'gm watn&ma

02 to each of the antennas us It is
elseenisibn Sest B A06 natmay] mm@@woméomml comPARENY i gralsad mws 608 and
| g o _
8 DS SHEOLPY Ryl 088813100 ) 08 RGN Al i
rm;be atoyisled, dpeexamele; af ptortéﬁ&mnd a gesded, orthogogalgiomponent $ignal which
I t

oA 28 o Do, LSHORo' o5 IRy Sphon s,
traesmvitseckinprd yighel mmﬂeemstwted ) 4 Mgctqmymbsungttbebtvw component Slgnals
uglﬁg mxgrg%{lgl lﬁy §EU%OSIS Ilg’]rr%’e gs &lllrlﬁ‘l'ﬁlstcms ﬁl)ﬂ\&L: d&gl? &%OW

Acco g to on | nent eac ant enna
be chuh¢ dldstraed dxempledeBl(hdbithe pC(r(SFépﬁi 618 of the OMT 604are located on

s% &(anfj}e(ﬁ‘ttﬁea@mgratQWa)ngﬁpﬂb th@ﬁnpt?trb%W%OF nTglL GFangément may

rovi de a cou
r¢dwp@ﬂ1f: heightiod the M T4 cmwame mc@mqatlo_r.mbohﬂ“ds which ey typically have

| :
PRI et SRR 5y U0 g oo e
height Qf(ﬂ@d?MTl@"r oy thikp t redacet thoeverdliieigBhATf tB@4nteray array 102 which
r#a?%@ dgs‘?raglg %gng%t aﬁgh&ﬁeﬁs f,e[cQB‘P ngc‘o ARLE e sh%kv%rm BfG&}%, GMT 604
two orthogonal

Frst port [ OVI
mﬁ@tﬂp@hmﬁnd@l tgmmrsoraﬂmrthas ﬂ@(ﬁM’ﬁﬁﬂ‘% m@y 6t adjdvgst, to sides afivie horn

agtgﬁlnar@éfne ?Wkﬁ;% gﬁatfnﬁ 9&%8& n%th%'hgi%m of'tlﬂet (t:f n{ ltr?a%'t In one example,

conponent ’si gna rovi
tieexQMd1 664 may bp rtegraySformaddvith tzbehcom dntemat HOg&risfurther to be

R 00 N o5 L S SRS
radigjioa] i, thaWTﬁﬁfﬁrcsmwtaednpun from tl agtenha ateppri®@6 and provides two

t i,y L
FGRARLAUEL A L54L 00, SRTBLTNID bk 8 GAREISHE gy
TM*, ftheleM i 684 umy ecteiva twp prhagena ilpubegmiy. at portst 698, 610 and provide a
PR ARt firos e P50 Ty Bl
sighfll. 605, at right angl es to the input port 606. Th| s

arra

enment ht of the O\@ gro
conp frgee%() SS0RIE ﬁ onaF%%f‘EIE C%ﬁ?saﬁ‘i\’&’ SRALTEY Fﬁ’ﬁse'mamhed
ahdthas the first component signal provided at port 608 may be slightly out of phase with
respect to the second component signal provided at port 610. In one embodiment, the PCU

may be adapted to correct for this phase imbalance, as will be discussed in more detail below.
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one output port |ocated on an underside of the OM,
in-line with the input port. The reduced height of
the OMI 604 nmay help to reduce the overall height of
the antenna array 102 which may be desirable in sone
applications. According to the exanple shown in FIG
16, OMI 604 20 includes a rounded top portion 616 so
that the OMI 604 nay fit adjacent to sides of the horn
antenna el enent, further facilsktating reducing the

hei ght of the antenna array. In one exanple, the OMI

604 nﬁh’feﬁ%g'a@ﬁlﬁ% Bid. Y 5. ftRY @BFnethd R 11D Schtdn ;ﬁﬁ‘ttaﬁ@rb@ ath elements
110. It is further to be appreci ated that a ﬁ

ORECiSHfo €15h o6 P tela O ISR s 604, BS e weiUOSHIL A inchude

4 65 018 (sHoAR HRLhQD) colpl&-to H@%OMOSQQ’%J GRB* Y603 aBhg which the
i nput fromthe antenna at port andfprOV|des two 25
r

fysttcRmgoneat m&ftﬁéﬁd@pmsqa@h%nt@n@tm%fqvgl tg ¢t firgt fepd nopSOB\Fhe feed

r@%rﬁw ma} 3R MRRId8h Gecolld pAIE 630EBPIBE to the | pms 61 BEHEOIMT’s 604
may receive two orthogonal input signals at ports

mwfeem afrgonst epmngacny sigealnfioneeich antpnnge) maytnavel teithgsseqnd feed
&g%owm ERY obﬁle%ﬁ oﬁgwalgrﬁ@d éiﬁﬁp%ﬂ&ﬁ‘s@ﬂﬁ! mwﬁavelasefarate

radiate the sig ports

mﬁyﬁ%th%é@ee@g%ﬁ mngﬁs QMTp@f?Sé% |6}0 &htag éorrﬁapqzﬁw feegpogtp 600, 602

JfMeéd}%t\{rérksltlz CRERANSIHo oRé &H@ddnﬁér@"th@'ﬁﬁt a?Hd sQ&)‘hB p§’t9§61 8, 620
may be slightly out of phase with Trespect to

BycksrrImEsHissh mudgiggwame prmber @€ bengds ansol-jungtigns, Sluﬁh thalthe feed
LT Bies nghﬁlpg’r@%y pHaYe 1%a@9&% ﬁlq firQ af @St cobdPonent signals.

this phase inbalance, as wl di scussed in nore
det aifs shevpip FIGp &S, ﬂRefF@rlreergk éb?ainhy inglupy @plumatity effeplane T-

GG WAl Kerkds 424 NGnbHES af’?tenﬁﬂaléﬁ@ lstoéet‘afm%'ﬁﬂtr&e% ‘?xﬂﬁ@ life E-

connected to each of the ports 6

Bow T-rations ayy Aperele wadﬁmnh*ﬁyecpwed {iere cach anfepna tom\wﬁe a single
t gxémmﬂk&%%n&é? 1@61)ePa‘ﬁn% Beraaehi $n080 Qhé’é-pfaH@T-Junctlons

s 604 al ong firs nponent S|ggg
nay S@ﬁde@aeﬁwarﬁlélﬁ?ra)to P@ly apigpydrom %51’031% ford pajnt tp decd cpeyantenna in

tﬁQQPra The thfef?ﬁlijstt%te@ Sk thbdvdvBYuidd ’ﬁ-ﬁmbt‘i’&{s %Q‘?m@lu@@ﬁ&r‘b‘dved sections
620 coupl ed to the ports 610 of th
6ow@h wepeshtotthewiddeefribe emapingsertioss @fﬁ‘aﬂ’ét qerﬁow éia@non of
ﬂ%@:@iﬁ@@%at@ﬁm t Tﬁé’ﬂrro%d Eé&ﬁoncs%@@ HS’ve Afigher AfeliaR@ ?han the wider
each o the orthogonally polariZzed conponent
@Ptgmaﬁ%i% Mynwtameﬂﬂl%be@@p@#ma@ly petdvastergyavelpesth in length. In one
C 1
RSy T RO T PO 72 Wy R oo 630 tht ray srve
mﬂzcreaae olasd dn@rmcm oSittee sgbbadiitrasses thrdwgh ther Bunetimh 628c Brediding
ndgﬁ b '6% g ﬁ%é%%@&%&%z tthQEJ, &iﬂ'e&% e RS right-
er S and Bed

junctions, such t
mted/cbpmdsm ergdsng @tso map aerve @rdycrpzrsavbasc distertiomcaf thesigniakas it

sy BESA0AERRNERL (5L AR Sopd 0 B0 Lt o
H2phayrtevethe saro¢ nonlser eﬁ@_nénm_ eb@mi@cﬁmlso th éhe firsfend second
SRR DAY S e pef SRR BB g
flzom each ant enna to provi de a S|ngle 15 out put

flr gﬂ?*ﬁc?r\ﬁh}{%glgtoxq?e ﬂ% ‘iengi? g afid) ac¥r| 6?10 rgar?'s c p%gitilcn?ed within the feed
ports 600, 602 of the feed network 112. FIG 17 1llustrates one example of a dielectric insert
632 that may be inserted into the E-plane T-junctions. The size of the dielectric insert 632 and

the dielectric constant of the material used to form the dielectric insert 632 may be selected to
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may serve as power-dividers, to split a signal froma
single feed point to feed each antenna in the array.
In the illustrated exanple, the waveguide T -junctions
622 include narrowed sections 626, with respect to
the width of the remaining sections 628, that perform
a function of inpedance matching. The narrowed
sections 626 have a hi gher inpedance than the w der 20
sections 628 and may typical k36-be approxi mately
one-quarter wavelength in length. In one exanple, as

ik EHeaiIeﬁ’npeHJh%e WRNE ghld Gsrhissiol BdrdRRR ti @AWY the ports of the
include a notch 630 that may serve to decrease phase

wvegda T-osmetipn foraing |ﬂgenfa?d RSt 550, §8% sBHNE P aFIRh thetséeleptric insert

63]2 tm@tve QBnstracied RoAAAbIED. TRURASH cDERISYiR%368Bthe lafewemc insert
|l ows the feed network 112 to take up | ess space t

§3? may b seleciphgodhatps et iasari<Bd itpsmyslymabinthg fesd p%s 600, 602.
Th@nél@GhpRS ﬂleﬂﬂi@&:@r CGh§ekt Q3 in2h) hibe Jﬂlﬁraﬂﬂty%@%le@@ 8 me?e% therein. The

passes throu h the bend 624. Each of the first and

holss éﬁ%l“ﬁééﬁ%e eiewergbaetfentiverflieleciiisicanataniof the dicleptripgiysert 632 such

tha i gobd Bnea iR e R4MARaye dBREER. i N each direction so
that the first and second conponent signals receives

an ed§rringresid &Gyl 5t noRe BRI Hcifend nehraski g2 mpecomgsige one or

m&t BRickets d6b2or A@&ﬁﬁl@él@&bﬂn@y OrHe beAERQS68EMAyY beconnected, for example,
dielectric insert nay positioned withi'n the fe ed

betvesn P@Jéceeb@M%@@%fo nrﬁ@dq @éaloﬁ@tsmtkrahsygporﬁoqhe f_qed network
11b! &8¢ patiess m%o%ﬁéﬁﬁ&@hﬁlecﬁoQ eﬁ@ Elﬁx‘la% ITRSRE Exam?ﬁzthe brackets
that may be inserted into | ane T -junctions.

6P gnaybg dntegralihorrasdow it the iff@d mﬁg/@rkt 11¢3nd gmay comprése a same material as
il REEALbK 192N H mthepéxamre m@ﬁo%kaé amﬁ% BeQydI @B biRErwise

dielectric insert 632 be sel ect ed -26- 1 nprove

itpgherto sepfeng &f the f?Pétn@WOalﬁUW ransm ssi on

char @&E&'ﬁlr%ttd) %nkeetm%@mmmemp%&egufaé fdeld ﬁewe/ﬂe/ﬁ%é}qnaude a feed
orm ng feed ports 6

t
cg{bgggﬁeleggrxsﬁ@euﬁna s@ewm ouplad torqach @fshe ﬁaq/pq;@ @@{@Qr Befeming to
IfIf}om BRedd drélombde Jﬂ%dﬁc@ﬂ@mﬁ@@ 1ﬁé‘yqllé’fﬁdétarhr§§)?n?&2etaﬁ@a second

di el ectrlc i nsert may be sel eCted so
RETtEIHE £Q TerRive the Srst ar@fbszcmdtogth@mgll spmpprant signaisefrdne thg feed ports 600,

409! fesHebAR 2' Gﬂl% fee'ﬁ dMTQSﬁ? r&é%ﬁ@o?ﬂo%@x}a‘g h%é%‘git s{eézo‘id component

|nsert 63 have a P uralit
sigvels et pprtSﬁH% an¢1644e®d ®B¥iden g cerabiped signal ajike putphteport 646. The feed

@It/[fl“%gfb rrﬁd? bg S@As?a‘r‘lhﬁlgf:tg&ﬁ’l@acltt@mg d%fIT B@@%n%' n?%yer%tféd (S:rf1 o@&%@& to the

632 suc I npedance matc
Q¥ &sr 00 Ngumgdaﬁorﬁhq @t@n@ Fogexampleothe figst apmppanentt signal regyobe provided

ng&)f\gﬁ(o TR, @85&5'@2 l%@ﬁ%% ef{r%étg g}f 8 af Jﬁgtfcsed g@tworkofIZ to

chani cal” “st abi
fc@imetcﬁOQdyhlcﬂnna)ebmmppled to th@seb@tdearﬂédf @bﬁhMO@ATs'hewn in FIG. 18.

el vi.d By 04 St WG LUr ort f.or..t
el Bl RO 0T R0 il i, TR ony B anc e
L0 4121) Dﬁﬁ@@@‘ﬂ@trﬁetwcslk @miﬂosthe first porte©42 wBOM TG40t Mae firsacdogioment signal
660 may. be, int the feed network 1
S TayrLansr oee & EONRERE, Hahh abla o 8% o SR deTy b2
fich? OM 640 Bifrlye ¥REpdodd cérigonditdtdael i8cehRd a v phfe de!ay ¢ from
wel ded or otherwi se attached to sections of the f
QM \p8f 4 petlpdelay ¢, and a second phase delay ¢, from OMT 640. Thus, the
combination of the two OMT’s 604, 640, orthogonally fed, may cause each of the first and
second component signals to receive a substantially equal total phase delay, as shown below in

equation 4,
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15 According to anot her enbodi nent, the wavegui de feed
network 112 may include a feed orthonode transducer
(not shown) coupled to each of the feed ports 600,

602. Referring to FIG 18, the feed orthonode
transducer (OMI) 640 may include a first port 642 and
a second port 644 to receive the first and second

ort hogonal conponent signals fromthe feed ports 600,
602, respectively. The feed GF 640 receives the
orthogonal first and second conponent 20 signal s at
ports 642 L+ and opbhiyned signal at
its outpu;ﬂ8§:?ﬂ§4%’ %ﬁe feed ¢2m% H?d may be @
\Shﬁb@;(oaﬁt(hmddy(mlt d@pitarcib polarized dirSOMId £0éhdadthpbRht 8EnalSMd which

coupled to the
ﬁé %ﬁna %Lﬁ%¥t¥¥ﬁﬁﬁ @gmgﬁgﬁﬁpf§P(@§W§69ent si gnal may
be prl’rmmdﬁré to afotho Eﬂhbnﬁﬁ:ﬁelﬁf théR4Ed H6HE, GOBWZWMleth@\":ﬁ{work 112 may

I h of t network 112 to
B PRecibl b PEH WiliPon 8 e OBrbiand et aropsd o provid
@sz&ion%p@:ﬂs@tlorﬁeﬁld %h&%a&dﬂm’é't@carﬂ&nsa%sfoshﬂy dlﬁéljclyce befieen o,
ggond portd610 of OMI 604 nmay be coupl ed, "via
a0d 9y 38 Wk bhdigiesed frympregigtail belew. 602 of t he feed netmork
112 4@sdmteapplitatibnd Melanffhta a‘?xfayg\c{g b@éygqr?sércﬂg 1ﬁes}aﬂge of om

conponent si gnal recelves a ase
teRpergus and Yraving benidipy.4This mantgsult ineewsiare pmasasmg;wmyn ﬂié feed

|
r{egﬁﬂé‘llt ?gd;_ang&ng?sr gﬂg U}degtg) gﬂggggfsﬁg ﬁ}%ﬂﬂlrg Q theggcgil petwork, a
igebgrofsmall hplgs may E@@ﬁ&dmmbord@lf&y fept netvamk @/Eho@vh(by arrows 650,

65 4sFId he, ﬁpso?&g%aﬁeﬂ ﬂlrdlcgtfed ng‘ﬂlt é@@mﬂ:e/lTarqus%go asm?é holes may be

or t hogonal cause e
@@é@h@lwm@m Ofsfogmhwlq; aboue@ 860viactes s Inasthier idcatiddsyindicated for

eggrﬂﬁle b§’ Qltr@\lvs @ﬁasc"e?s) Qg’vgéﬁh?e% h?'gm%mgﬁeéf !p%vbigﬁ x%ﬁ’f v\ﬁgffj inches,
%%’dle d.pllgi )lga@h doledmsuch a@e)of holes minealpoliaae h Aiachefer bBaboat 060
ifREONEisq '
R G e LR
1P @reaﬁ%f@h@%e@nlbwmﬁém the siaes and ephcings glserﬁ:ﬁ@ me&m)zemfnpteb @lso. The
r t
ufw%ﬁf’%*oﬂgh ﬁltﬁteglltf tlg%)ﬁag@arbﬁzeg Qxltljcﬁ;!o%% ?ﬁ@ esd@lgitfetgg hgrgin and
apy owmigks of haesamayztet ised) positiped sadifferntdowtinizds Eheﬁ’ﬁdcﬂatvﬂﬁk 112.
to c e bet 4
R R et Y T —
oafa pinttehassamigy 30t eA sdiscessed aboveAlie pi maMsWMnﬁpfoﬂn part of the
ture nd va un1d|t Thi s
R S A TN AL E N
angaﬂuoftks tarbd appre@atadithat \i.'hnleahfdbllomng ﬂlsb@;\ﬁoﬁﬁ&ll S primarily to a
e t wor r of
AR PHEE SRRSO A LEBu DRI 4BTRES lacnn
FH@t M the, ineestisthiswnt doylineited amd th %anal sl 360 fray 89locAbd mtemally
tions. indicated b le, arrows 650

of AEpIBR]nf W BESSRRANePle: TS oL S gy prop e an
ingoréaep beweabtbu antanﬁﬁﬁkembm®9 (sek FI@heRd 4 RE&VrFd%t-end. According

tﬂg lﬁj@t a%ed example the gimbal assembly 300 may include a power supply 302 that may
supply the gimbal assembly itself and may provide power on line 304 to other components,
such as, the PCU and DCU. The gimbal assembly 300 may also include a central processing
unit (CPU) 306. The CPU 306 may receive input signals on lines 308, 310, 312 that may
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exanpl e by arrows 652, sets of two or three holes
spaced apart by, for exanple, 0.335 inches, 15 may be
drilled. Each hole in such a set of holes nay al so
have a di anmeter of about 0.060 inches. It is to be
appreci ated that the | ocations and the nunber of the
holes illustrated in FIG 19 are nerely exenplary and
that the sizes and spacings given are nerely exanpl es
al so. The invention is not l2&ited to the particul ar
sizes and positions of the holes illustrated herein

iBA10de duiYre PARE the @ st bRBOrRY inRRmbsRCignRIOBLiick %aaﬂasastystem
different |ocations in the feed network 112.

RerdiRatss Yy sier aftitese, W%@H@rgé“ﬁks sqUrge polarigtion skevy afrsiciomﬁ gignal
ﬁlleﬁgds i AQleRMmME, (R uitLePAGhFBR s 0ured may & ﬂé@@bed@sxeamismzz

As di scussed above, the gi nbal assenbly 30
m@rfmep Bewever, thetsusterdi pot sphlimited and pay eikklp c?rﬁrapnlﬁwn B@k may be
HRH MR ABalAsRABHEING &ay \pedVide Rntrfl UfpRald o the PCUNE r(@ak €IG. 2) to
an aircraft. It is to be appreciated that while the
59 theP R 280 tespssetdpr Ralarizatioprskew B?Mﬁ%prtil? ipforgation sogece @pd the
M&lhsagsaﬁugr% REABL BisSudRRNS tRPY RAilibeloaxt er nal | y | ocat ed

on an aircraft 52, as shown in 25 FIG_ 1B, th
i nvenfhe gimial assembly §09 Wﬁgawwav‘fimpe&t%apwgég dhediGH 200. In

é’&aﬁxoﬂwoh@mg AeoRGol1AEEG MR BOU amD@wtvﬁrtHagmams@wy 300 may
type. of assen%er vehi cl e. The ginbal assenbly 300

P ize theanmber i dinpsiha nsed (Rewass tb%ghéh% @ﬁ%‘“&?&éhﬁ@ afwll as the
iR b aresdn a @Mk au{dﬁec‘tﬁat z Yi#dly bk 'h%tto lmeéaleonﬁm @r[eda'nféﬁna éseembly 100

the 1llustrated exanple, assenbl y

andcdeviges sHCthawWESr CxaHe, ¢s eé@pl@h@tser, thatimay he bﬁ@ccbmﬁﬂ‘athe
ﬁ:%lr chlests%g ﬁgss@{%rsm}}ﬁ a‘a%})\fégd;%f f%gﬁ\ﬁclﬁ% Qe nlu'ngﬁ- 0P Qﬂcxjélg wires in the

er conpon such

zjnprﬂmlls ingo dnetaye @menfrﬁyysmns tf«hhlvmﬁm dédlétoeaém soe advantagcs of

REAGESHE H&nbéﬂ _E twré&%e R8le addRabdn ﬁ@@vem)/blrnereedlafﬁeter for

I nput” signals on |ines 308, 310, 312 that may -28-

wmplmavltg smallor fepshradingye thebthe gableirstaliation is qapier and a possible

kﬁ&&fofm R8st BEReerSQBIeS Sarryitihe SohtdVAidRihtion.
coor di nat es, syst emattitu source | ongl t ude source

pol arReferringte HRep, dieczinbal raé?émély@?&a may gppieh gn pzimph agd glevation
%\{;@Wtﬁe ankddfa sté‘&ﬁ‘bl? egakitlis itk tlmua% QH ERGatiBYndiS dr€ gwﬁgt drives

er an RS-422 erface, omever the systemis not
sroelevagipn @atoamﬁ tarmovs ther aatsinga ey Aicwation.cnd lap aximwymefer drive 318
r
B o5 STl 90 B ARG L SHLAR B Sy o
a0enng erreompbe mfbweqotglﬂmg@a@ha@mmélyéw tbertllmem @rrdepost arrangement
hHAT R0 BR, IRk LB ES SR iy ooy
gdewmtiongnglewith easpgst tntheleostsd thetgimbal peserblyt3§0 ph@ ap@lyvatlon angle

é%%a ot‘d&prsgﬁ]‘?altélgol[bgteo"doeg%q Hﬂﬂgg ﬁqo(?ﬁﬁ‘ggé’lln nﬂéhﬂﬁ% 6ﬁeqnf)&l%ata
received ondlineh 30%h dhhEi2 @fcomtrnlébe @lh\a«tmm@@oﬁzmtb sotor drivesig hoint the
m&n'é[%%éc‘t@% 13&%%% ?l@vatﬁﬁ td"ﬁ!:éweta)asdetsip@d Cfn;%ﬂlpf%m e information
wres 1n a’cable bund

sowreer dhn gimatial asaenldmﬁéfhmay &s'&lenbﬂydel@@/atlmddeml@lemechanical
f,0

3%819%1?&1 302&1a 2 | ns&%&o 4 a%yqle ﬁém? g?rﬁgagggl?crturgtf&%e elevation

pmlsammghnmxorm ramcahﬁ&lmnmﬁrra}edum ng the nunber of

disc rchor ngr t%sanotﬂer emebodlment the CPU 306 of the gimbal assembly 300 may

include a tracking loop feature. In this embodiment, the CPU 304 may receive a tracking loop
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slipringis in an increase in overall system
reliability. Additionally, sonme advantages of 15
reduci ng the nunber of wires in the bundl e and
reduci ng the overall bundle dianmeter, for exanple,
with smaller bend radii are that the cable
installation is easier and a possible reduction in
crosstal k between cables carrying the contro
information. Referring to FI @9-20, the gi nbal assenbly
300 may control an azinmuth and el evation angle of the

Wh &M AR IR U0 (s %@@ﬁd BYsh IBRY 25 n@ﬁé{%mg 1&Jpev\6ﬁ£ge 3 b used by

motor drive 314 that drives 20 an elevalion
the;CRH\?86 tiaciiistechpiantenna giyay ¢prispibiieackiog a paai@fardeazqdmﬁ from

tHPtn%erﬁénvs%u%l 8s 1B LhibE MESSs. Athe BEINTAY ]Boﬂ'@ﬁﬂfe @glgetd%c%ssed in

control and position the antenna array in azi mt
Bere dpfalk inefergpesrithBClount ed to the gi mbal assenbly by

the IReRGringoE@nd, ﬂﬁﬁetls ﬁfuﬁmmtlonﬂmk 'dbd%%n’%ftdﬁe embodiment
respect to FIG 14, he el evation notor 316 nay

Hf\p8laripation GpiSHer lamr(BQUD %00 dihe P&U 298 maydeamiof the antenna assembly
fO@%&% HGly, atsr&l@scﬁg&gd shoRt. Tl fiAlonAs 8 SRRS n§%xcﬁ¥( Waves (the

an el evation angle 25 range of apprOX|nate g
wthogsral PisrAndjsyeond rempmentigsakiayesentsd 4t fed pprs QQpéﬁz Qfaheafeed

HeBfdtk Wedrind ajbb%? $ntd Qﬁear@ %)QLarlgbh%vérﬁca@Qfﬁ}{oWzoﬁth or circularly
el evati on and azi nut notor drives to pol nt

pofarigethdeft band o fighy hiaﬁd)éi&“ﬁlﬁ that reprgseat %V%ﬁsm('ﬁPdtWVF@éfé ifipm the

ﬁgnﬁ?ﬁufc@dAﬁéﬁﬁﬁﬂb td‘ érﬁfék&d?ﬁe ithd BETTBH0 RRAdapsHb S6mpekife for any
gl nbal assenbly Ey further include elevatlon and
arlg

m&qrﬁﬂtnqﬂ SHew ﬁzbmw:eam the wpAsion seurce3pd theap@nnawrrayndipr example, the
n
BB G RGP TREAR DAL B OGSl sompnsa

far pcr.iwzaw@cskmllﬁmguied bamlmmlanveardsmdn nfthe infdrimetiGPiduBRG6@hd the

1Rk AR AR Bl A0 w orfiE\ U835 TREBENZ0h 30 ve

CtOHB{cllﬂdrbg tlilecg)pbalzgsembm ﬂmgtmdfmayrredeh& cbgtdl 4@6&16 e BndEB@ via a

é%tr&r]ﬁtle}f%% 7%%36&)1 Tﬁl@ A C@al‘f 5 : (Pe% n?thyg thgio eﬁl%g tar (¥rgecﬁy compensate for

tb@pcvlematlyn theac Kiha @Chl e alay abb r@edesowecfrcm gxnglmlfaﬂ axm:mbly 300
JilRa gg@rnatlon source as the vehicle noves. The

tracki'ng |l oop feature will be discussed in nore

det aiSateilite (oe bthersvoanunicating sipBhls nay Refrmsmmtb{gi dnchEIo@wgonal wave

i LA TSP LR A P A e
tﬂé)ﬁhmtﬂﬂ'&quﬁﬁids afDretyagn ﬂméar;zaiﬂdn difertityao berbelrsgmisnbinerfering. If

BEMIEIE £ (dg et 0 N rod SEF R F it anenna on

the s#dllitanst osiee tifstnadopauedry, it evdleanRhesanlad aid thegthsmit source

rts 00, ..602 o rk descri bed bov L
Pt polnearony s s uste” Elrare Dot e SR G ey B Yisymeridian or
16hgifudt ai ich Ghip@l alibh Rtke(ib REited)@andiafEativh Gkdw B mﬂ&oduced between
éanals t hat represent a transnitted waveform fromt he

psmitasd receive aptediad iThis ske eatesempenseted fos by physicady or

dictRflioallyadtatify heAReRRA Ry 102, BiYicalBabRfinZME hMBnidle@My 12 may
between the informati on source and the antenna arra¥

e pe gr)agﬁsﬁ] %ncetlthrgay increase the height of the antenna array. Therefore, it may be
preferable to electronically “rotate” the antenna array to compensate for any polarization skew.

This “rotation” may be done by the PCU.
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vehicle 52 (see FIG 1B) nmay be an aircraft and the
PCU 200 may be adapted to conpensate for polarization
skew 0 caused by the relative position of the

i nformati on source 56 and the 15 vehicle 52, including
any pitch, roll, and yaw of the vehicle 52. The PCU
200 may be <controlled by the ginbal assenbly 300, and
may receive control signals on lines 322 via a

control interface 202, from tfe gi nbal 300 assenbly
that enable it to correctly conpensate for the

pol ar g &&kihgh a‘-’nlf%VFIGT@? the@étZ ngy FRRYivelhs Birdt 86EictEndNBEonal
fromthe g n% assenb via |line(s

savmnpmtsgnelé,rfr%% H‘@rfefi‘j‘d}?ﬁﬁ ﬁ(?oe 497 diriye @P‘b‘i‘?é‘f"%‘irf%‘yl“l?é 208,210,

Hs Uél% t Bihn@Rxdnifle, Akd MOGRD @écoﬂ@&cﬁnpoﬁér@ Rigfals MY Be in a frequency
ows the satellite (or other information source)

f%ﬁgmpplqafﬂwéelvﬁ%’%T b EZ ¢ Bl Wsand F?Cé?a%?ﬂ%mgméwaals may

8 h¥Mp P d 1 héidd érﬁ;?llﬁ&é@ﬂ&l‘latt Yhal 6e K&@l&d&@ﬁxe%bﬂ@@d(ﬁ 602 of the feed
frominterfering. the antenna array 102

AEORE A vianesvide fed comegiong The low noise el eragretcmépled to directional

chtﬂﬁé@% BAESNRAMPR, selriBigfidfabled. i THR C6Qﬂedjédﬂﬁff the directional couplers
i nformati on source), the rec

e PSR EE 55 Grr BR Lol IegPe iose T may be

abhteymed thrb@é’lﬁﬁ@ Eontrlof mHFﬁcé@ﬁl 5y Be BignbAPASEM 1Y GRit@mmunicates
meri di an or qztu e on ch infornatjon source is

IMithdhegentral lpfsrfaqq Qatolvarlmgﬁbm ¥ previded buyjlir-isst 58 Re dhone

teREn 16, ANSIBEA 0@ MEtErS2L MA§ havel £92ARr opEitifis HEQWnERSE dpBroximately

conpensated for by physically or ‘electronically

rld¥atdg the antenna array 102. Physically rotating

the anteim ﬁrF‘i@)’leQ@ tlfFE %h gegtof BR dite@hhiGRhiplels 226 are coupled to
may i ncrease the t he antenna array

Powpedividers 234 thmvvxs@t @esa?wé pomogent sigapls iy *rabﬁ{bis sipergy); thereby

p‘i’&ﬁl(ﬁﬁffoui p@U@%@lQ nPoxa:Jlefrﬁ\)y tﬂe@(ﬁpﬂ?@l‘ssﬁi‘ll%efr@férr@d‘% as follows: the
pol arization skew. This ™rotat may

by the
Hire compenentignal ¢7ivigh indan %amalemoazorm"y Roll?éle@Lﬁ ?Pél;?ldered to have
rb%&?ég)‘fl?t 1<.f1é zf ﬁrtst g s@ﬁaﬂ%ﬂ q’in@ﬁf%ﬁ‘ﬂ@@don@ ?@W‘Qﬁ[ on line 234; the
sign he feed ports 600, 2 of the f
reqond rckmpqmnq Sil&ﬁ’éb(“’é’@)@ is iqrcrxamplés\ﬁé@@klwmlvlzems ewéldered to have
eaé@m ifto &idd d P@@%x%ﬁp&ﬂ%%%ﬂm@f&ﬁ P@U%éﬂg}aﬂ&ﬂnrﬁ@%

uency range appr oxi mat el
Iﬂluy,glatgqf eactm@mpcpr\egt signab(veries) @pd b@ﬁaﬁ@tﬁa it segf tg ﬁgpxgarrpﬁymzatxon

el&?rr)rﬂgﬂndftﬁ cghépﬁaff %emb ?iﬁ‘eafla H&!illl{ahgﬂ Sedrftickhat may b e

couple e ports 600, feed network
a wav @gmldﬁemgélmpa@nf@n eiequilas nolarméom éwem%éd 3ahpioyide ﬂ@ second and

%Srthcfé@ s%galg & ad¢d° 29 ﬁ{?ﬁhler URhEHE | égﬁd Xé@ier&@@ thus receives a

m-rigl e coupl port of
dverte:atly poladzed ellgpzil dths fourth@Glssigrahriad & &oxjzopially aolgqutStgéal (the

ZzgdndtP%LgSéé @on r orﬁné%ffﬁ% ghzahph-g%edlkf&‘e\ﬁéc o?§6d H @%a% right and left

203d cbgu!arlymogirmtlbﬂGSlHQSHWaSS (thrldﬂ amglc;ghlrm?cltal‘cgtb&; polarized
prlﬁg\}ﬁa%tgseggglg Hit'elrc;%lug)leél {o:srg\{lt% & 2%9%1&1\(1?; 242 aﬂ& 52@ g&ﬁgc)tlvglg The PCU
| theraforeosnaipdvideaighR@il/ardeft lxmnd elrallarb'rnoanzcrpsglwﬂs firgn the vertically and
flgo?gorﬁgi?}y po?grizg(‘l) Plgna?fsl rré?é\?cdyfrom l:he gaelﬁ_barray
From the dividers 230, the first and third PCU signals are provided on lines 232 and
236 to second dividers 246 which divide each of the first and third PCU signals in half again,

thus creating four signal paths. The four signal paths are identical and will thus be described
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As shown in FIG 21, the through port of the

di rectional couplers 226 are coupled to power

di viders 230 that divide the respective conponent
signals in half (by energy), thereby 15 providing
four PCU signals. For clarity, the PCU signals will be
referred to as follows: the first conponent signa
(which is, for exanple, horizontally polarized) is
consi dered to have been spli-3l-to provide a first PCU
signal on line 232 and a second PCU signal on l|ine

aneé. Tlifhﬁwdécﬁﬁg}ﬁdns%gm%ﬂﬁﬂﬂé s&eb@@lidénab Cha lise 248Q6 an attenuator 204
exa&y vertlcally pol ari ze % i s considered to have
“§bﬁ

tPiese BrevraeER MR o BeeEingiaration. e aelanzagon slant, or

ea aﬂglﬁ Gyt B B thé Gdint 6atlehRBor $8t is 29 id bR ’patlﬂahfero‘%tld 180
@@H? onponent signal (vertical and horizontal)

()
75 SFHHREH Y bﬁd%ss%%ga'eqr@ﬁt e S SiETBR; ity Skantifightgr slant left

D wiouhigd ffattérfuati®is ubdd th dE@Aind18¢ ahbERbf Gho8bRE pSIMaGn that is
Considering the path for circular polarization, |ines

PresEnLi dheoy %F‘é%ngh? NI FAYCRY b?%@Pl‘ﬂleﬁw Bmefion of
blara@th M\brﬂa@c&@lﬂgkcﬁt‘hegﬁ.&loﬂme 90 hybrid coupler 240
thus receives a vertically polarized signal (the

fourth PCU signal) drd*dogiGin(88dtal |y pol ari zed SI gr(a)

t he 25 _seco d PCU al ) .and conbj nes them
t Al of fhegp Héaé‘OBPF @'83 ags bg proxdad Vie it cogfiel 'anS\‘f't‘CC 2H%n50f
Slahplé] EEHe)infRbalaiZRidnd zﬁ‘é Wdrticn ancﬁio@@@{tﬁ (frdM&hd drnha ARH) and a
| eft hand circularly polarized resultant signals are

%ﬁfﬁ! QP goleiiFalion 450 the KU it Sesiscd. 5a pttenietiongmey be applied to the
VREREFAtH %8 YmaxiRemRFhuatibg e g, @o aBCARY B éb\{)hQ@torthQ}mnzontal path.
and/or left hand circularly polarized signals fromthe
Vherartheganmpl ouipid Por g1ay Aayn the inyersoatisniasions appYerhloggenerate a horizontal

5@&& sig4. b BAL-dI€a @aast%raﬂzﬁroh %Y45 A’»é?gréég qma%t@ﬁ,aﬁbﬁ/mgﬂéappned to
the first and t PCU signal's are provi ded

wthﬁb@thzw 293 degrsg pltaée @*@% GLH b%l pRAligétoone g6 thgtinputs te pwte ghe
&afoBorl 45 8l Juﬁiut aVQyRQ'sfaﬁit ;P grlz§ticﬂ§‘ Fh'a? bt Berdepddd lﬂrgﬂ{ugtmg the

thus creating four signal pat four S|gr
gffeaugtign MRlpesAPPbsldo diel twomhﬁhsarbiecoa@mg thesignats, l@rﬁféfl 206 may be

Js}a@ tdjéfiébtda‘w pRAIRAANgESIn IR %Ifafserth 3§ o§<§19 Qé"éjrcgﬁly 6f4ﬁ‘5 attenuatlon

via line 248 to an attenuator” 20 and t hen

HQWQ@ HERG weble chamrheathase orfefthqgomé aigngls p@ﬂliatztb@ wmals add in
%ﬁé@e pﬂJe%ﬁﬂnHﬁFs'Z@@ afe |REd 1o r@ombRHEsHY s@ﬁﬁls%at WiYe cﬁﬁdécﬁh' Yond
amount of attenuation that 1s Set I n eac

@énders at@torrgovideevgrlnsahbhppdasized resilagbsignals thas amdpltsdato the switches
gﬁ £ g@etllt direction, i.e., slant right or

ant ? The anmpunt of attenuation is used to
det erfhe ﬁ@ltcm aegrroninelledf vio Hudidldobiathe parituet inteafapo P02 th aelect between
f\;xg Illﬁ%il?ﬁ)g gﬁ‘%x'la@lg ﬁﬁ%‘? ]%%5 ogrlseg»gébtusri]g-é?ﬁb ?L%s? H}é%ﬁ may provide at its
popws, ion dingsolf 6skeair ¢fitherdioeatlyr(wyith eny desiredyslant iangie)svr cideutarly

B, (T8 LR B5

ace
¢ampled o, emﬂrpebrezm leterequallzpﬂtZZQ)mh)amrm |comsermate for variations in cable
ertl and or L.zont @ he ant arra and a
\?ésr% i ca ctlon ffr]?que ar?eza | on asgocwtt w ny % es may vary with

ftepienedind mls dtddqn@lm:r oy bﬁagsedb‘@ regpk sxe:ﬂ vboattdne resulting in a more

uniform signal strength over the operating frequency range of the system.
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vertical path and a maxi num attenuation, e.g., 30 dB,
may be applied to the horizontal path. The orthogona
out put port may have the inverse attenuations applied
to generate a horizontal output signal. To generate a
sl ant pol arization of 45 degrees, no attenuation may
be applied to 15 either path and a 180 degree phase
shift may be applied to one of the inputs to create
the orthogonal 45 degree ouddut. Varying sl ant

pol ari zati ons may be generated by adjusting the

att enua?bwmwaxhay@%o@pmde@ﬂaseenatmm betwezatthrsvestivdlly and

h%ygggt y ﬁ 3&%8 éH%&Qﬂ% cFigrc Mlm%g F E;%%éd l%?rﬁ%(#x%ﬁtds yénglé - 'Epe

putosd of 88 lphzise @fatdhing iatotoptimize ltl(mccelv'Ekl eigBRIMTRE fhase matcking

used to ch ase of orth
mf;:ﬁ@seg}h@ ﬁmpﬁtuga 8} Eeﬁel% Stﬁﬁ‘ﬁ‘ since the SP@OIQ aéceﬁz%%@%h}g@%&iseg@gs are
sunfinddaf ‘pﬁ&bn%é ﬁasemgmhuhg albetiuaee the effestiof euiviyedsegsenolarized
di viders

4 t | |
nirsgifed e Op BT aiEval o SRt o SREr Bbleifap siecton. Thus,
thé PEUvica rhdy&ﬁ&v i@bautpul BempotietitGipasls an Enesaiob (wk FEG 2) vtha are phase-
l'ine 214, the control  inter

matshete dhhe ppﬁsg rpqtﬂg%grmgy Qﬁ,do&t p\gmgé\ﬁag}grﬁtg?nagx?ceés by settl ing ph?se sits

wﬁtﬁ§%a§t%‘i% 1t$dagﬂﬁfl (I?z,rS]eBTBf,I $or ekdigplC1E° n‘ﬁljtuspﬂle\PC(ﬂIenat act asa phase

25 QUt§%¥ air . of Rg ear | ot
cqrigietion qeiee dr EsdpgsPr &fi 'amateélﬁﬁl"gf)s B‘?S"E"F °FN’E P8‘F DAy
sibhath, Out put signal s. Accordlng to one exanple, the PCU

may i nclude, or be coup ual iz
equaheopetiag e gmbodimpriethe gcbgﬁ% €%¥ Y ‘gc@ o%ﬁ}clgginl agd phase
n{alf:&h&%%cﬁureii 5t $heystdm] tiCdlinetiaf tHerm@elfdn expensive #ad indetieate phase

0SS associated wth nn cab
and elBns PATEIaT g R nari R s Sike Mt grithgne
opétstibnAkatailited M maBSteibhd f thewarldythes: Btsniatiety of satejlitas operating

trength aqver, the ng freguency r.
29@@%; restgjgng rpﬁ)éoa'd%@p%d% Ifrﬁa.gy % cg)g a[SIP%S\/ [g e%teBroadcaQ%atellltes for
NAHE i redeivedi tswﬁéqu&ms\oeam@ahwlyan@ Gidz-14.6 Gt While the

polarlzed or left and ri and circul arl ar.
seloMifsonamend flgmsignalsting raf% BE%%‘%CFG% ffoin Wé‘ﬁ‘é‘%&‘?éh? ﬁ‘%{z [12.75
drfz. RbRALBeEW ﬂlu&tl‘h@esrs%e bF@el vaiagRralin aa'dma)rnb meuem;t um agst for

I ncreases the anplitude of received

regepfina of drfé‘éé’FQPé%PSF HEiHsphish afﬁtﬂ&‘i?ﬂﬁ‘%"‘@eg %% “&&&‘F&‘&a ?Sﬁemb‘y and

ngﬁgfﬂg'ﬁmangﬁgnm@uchlng al so reduces the effect of
nwant ed cross-polarized transmtted signals on the

desired S|gnal by causing greater cross-polarization

%[IOH Thus, the PCU 200 ma éproylde UPpisiary Digital
&

entSesvlgmal anrisnesSaelbte o FOIarZafion) .y ngonar|Broadcast
ﬁggge- niaroyfeed . Tﬁe phasselﬁﬁglﬂﬁeﬁg may be gdongcddsy i Ng Format

Flgna‘aP . gh{ ¥§Vu‘” gﬁ‘lt (L‘ ?5%?039 Phagéularl >Na§4a§/ﬁloﬁ DVB

| cant flor exanpl g,

a5 FiTgeRe 10 o | cle
?gmpgd ggRgFﬁéllyDﬁgagmgryzp Z?e n1gﬁg¥%h bé@ﬁ%@ﬁ*? e DSS

anpnt -

e tERaF STORHAER | DVB

o &
o

a) M

PP 20 Sray | gt

e 1 o) the gain and phase
Digitale
Stream .
Europe | Sky Digital | Astra2A 28.2°E Linear Mediaguard DVB

Europe | Canal Plus | Astra 1E- 19.2°E Linear Viaccess& DVB




10

15

20

mat ching required for the system thus elimnating the
need for expensive and inaccurate phase and anplitude
calibration during systeminstallation. As known to
those famliar with the 15 operation of satellites in
many regions of the world, there exists a variety of
satellites operating frequencies resulting in broad
bands of frequency operations. Direct Broadcast
satellites, for exanple, medd-receive signals at
frequencies of approximately 14.0 GHz-14.5 GHz, while

the |satellite|myligend{down signals in a| Neigguat

JapamquenciSky fromcappraxi mided°g 10. 1iddaw - IPMitti-ade®.| DVB
Tabl € 1PdaebDW i|l | ustrat ¢sizg0ve qf the var| abl es, |

lagtid! 1)l ®IRECTM €0UARE)Ys-i { Naés. @Kl 9T EREul4V | 8G8ReLAR 0T DSS
Adledict bmadcast signal §, which|are acconprodat €éd by

the gntenna asgsenbly and system of the pfesent

MAIERNT T ORstrSET V1 NIGask 1/2TRT %1 BPE)1 Al ineaf VI [E; s T DVB
P%I)éagl zati (r)n ngl orﬁ Pr? i der Satlel | ilt es Lpnaat u és

MG TT ORgD BT QatQAsh: 1CEERPEr QT Ty CaAUa [ REhr eSS Vipyg
gulsm q 268. 8E Ciir ggkap; Nagravi si gn DVB ~ CONUS ECTV

g/ 2/ 3 259.9E Circul ar Videoguard DSS | Europe THS
= COEtmear—Viaccess DvB—Tetre+—4-

Digitale Stream Europe Sky Digital Astra 2A 28.2E

Li nBapravidinggjliefithe gaBark phossenaBzhieg with ths PASk and adtEana array, a

o A SR B B0 AP IR
ph‘cl@&lamiﬁutmld ramthﬁiE@égumcbrdgythonhQMJ @ikd ﬁt&mal,lthﬂ system of the
o AGEAEC PR L 50 T A Bl e B e
m@68ndiratkiet) and bdtwekmttbe Wﬁltinghsabkel @id the 2atifys perienatinld Mgurface of
thea‘»lekucpe totpl%% cg: racﬂo %Egyassléqa ed é](%ré }Me anw?%aneCl‘éll%g@&md the
intevior lofl vhed/ehnpbr Pbasﬁwubcéledrmblaswam tf acByatelp pbdse matthergddrhg system
installation, may change over time, and temperature shifts may degrade system performance
causing poor reception or reduced data transmission rates. Similarly, the rotary joint can be
phase matched when new but over time, being a mechanical device, may wear resulting in the
phase matching degrading. Thus, it may be particularly advantageous to eliminate the need for
these.components to be phase-matched, but accomplishing substantially all of the phase-
matching of the signals at the PCU.

According to one embodiment, the PCU 200 may operate for signals in the frequency
range of approximately 10.7 GHz to approximately 12.75 GHz. In one example, the PCU 200
may provide a noise figure of 0.7 dB to 0.8 dB over this frequency range, which may be
significantly lower than many commercial receivers. The noise figure is achieved through
careful selection of components, and by impedance matching all or most of the components,
over the operating frequency band.

Referring to FIG. 22, there is illustrated a functional block diagram of one embodiment
of a down-converter unit (DCU) 400. It is to be appreciated that this figure is only intended to
represent the functional implementation of the DCU 400, and not necessarily the physical

implementation. The DCU is constructed to take an RF signal, f example, in a frequency range
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phase matching and anplitude regulation (gain) to the
PCU and antenna, the systemof the 5 invention may
elimnate the need to have phase-nmat ched cabl es

bet ween the PCU and the nounting bracket, and between
t he nmounting bracket and the cabl es penetrating a
surface of the vehicle to provide radio frequency
signals to and fromthe antenna assenbly 100 and the
interior of the vehicle. Phas®matched cables, even if
accurately phase matched during system installation,

J1a9. 7312089 208 &Lt dnH‘%iowﬁJEQnJeﬁme R R e Stk fle§udkBY (IF) signal, for
degrade system performance 10 causi ng poor reception

t‘éﬁmk"éd‘u TPOHRICH rqngeﬁfs}ﬁ%@Héﬁp T-afs. Ingingtheneyainple, the IF signals on
iRt a@evﬂngy 15114 m%&mq@&my Phgser dﬁﬁﬁo‘iﬂﬁﬁely\bm\% batio MMEr

time, a nechani cal devi ce, wear resulting in

t he D&l&é@lg HAY PRV idg 2w BE inerfasy bet‘l"ﬁ‘ﬂst e PeURHY apgba second down-
RAVdrier Hllu@fdoy(sé%q:\fénﬁ)@% 2 Q4§ b RocBled Witﬂﬁttﬁ‘e YR 11 8. thahP hpplications it
these conponents to ase- mat ched, but

BaCksAdvaniagea ta w&ralrfb@ éﬂwrw@wrsefi opgretiopHim o sienscikving the first

cRwanthﬁvé{egE@lo%at@& with ehe Rildhnalae2s MO T 0 9 %hak EheQ{Femgnals only travel a
enbodi nent, the PCU 200 may operate for signals in the

thréql§@n@fyfrorp gwga@tegpa %Eﬂﬁ’i’lﬁx othe ﬁqsg,D@U 4p0,(hgpausgymost transmission
rﬁ&f?& Q. BRI&) Yre %%m?réar@ijzlcss h&sﬁﬁ@ov@éﬁalm&uen%ﬁgthpgajt REBequencies.

provi de” a nol se figure of O. 8 dB over
wascmwequge m:ylowvah@eauewy rewcwye b@d f@‘ sg?ﬁlmnedw lgps high frequency
deBWEhi éﬂ@ggmﬁyves?mygmlﬁfceﬁ%Na%ae The noi se figure

'S ac I ev rough Tcareful selection of conponents,
and Byccomdpgde arecemhpdinming ghealPCUEPO moy receive power from the gimbal

a&%@é&f%& via hg%} 1%\./ %Emﬂﬁ%ﬂ 1% bRAHIRE g}’ g&%ﬂ%al assembly 300

I Ng to ere I's I ustrate .
Yiaithetcbatrad fintgrfage k1 Ui Aggoulingdd oohembndiyoehit, RCEK 40@may receive two RF

g@m o?xqgl¥§¥d6eﬁon¥ et and Wy 8]‘031de%u{p9t RS ARRA 1h@sl R

hi's ure I's on % I nten represent t
Pisertionad nauplfrrﬁﬂv?ernehbeaﬁi: to igiectiarilBiotest signal &iee laeal oscillator 404.

R%&lﬁ&?ﬁfd th% rﬁag%e QE%%]IQ@ ind 559 8@@&9&'4@6 qyﬂﬂ@%&% dss%mbly

construct an F SI g exa
histuromnGdes capid sigdls onlinef) 372 (G eaptrobinHdei41 Ohisdised to control

\%’é’?ﬂﬁ{@tﬂ# - {esﬂ sfl(géxtapﬁs ?r{}edt&it 9[ r @lviief ﬁwgnw%s@%@fgllt@ngle

requency range o
$1gna5fr5m@rtlocal nS%\liﬂmrH@ﬁ a@d@ﬁwldelt tq brgh p#thssi gnal s on

oob " RARE 0. 2 B A AL AR ool
forbardpfasscidtehret dkat mali de PR to G erdrarecei vedsignals thommo®e any unwanted
SRR B RRTR RO bR DO, AL 422
miktho siggdoeih & beplanséibaton tohereckivad-anding 424 from osgiliateit4081to down-

e PR . B e ERCOTBNsog yve wc
ﬁiﬁe 81 fgmadsy diviny7 GHave$ Gilz, &lhmltowﬂngsa wirde eange ofwrelating and IF

?Q@%chgs %\Sngp?l %rsyﬁb %nzi Qt?enﬁét&% t4??%ly ﬁg QSed Poe ?B#n%g th'g‘f{5 Elgnals Filters

sign
#Hsmay pswyd wtminowies undeﬁreﬂnmquemﬂueis tttahmay b¢ prig¥ent in thc IF signals

@eré'grgglie s%alﬁlod)%m@ed on oYle,ruﬂmes 7{30 a | over . frequency

or “specrryirng 'ow | oss high
f r equéndiycussed above, the gimbal assembly 300 may include a tracking feature wherein

the gimbal CPU 304 uses a signal received from the DCU 400 on line 322 to provide control

signals to the antenna array to facilitate the antenna array tracking the information source.
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t ppéclbﬁem)r&a ?r )}norf

cable which is typically very bulky and difficult to
handl e. According to one enbodi nent, the DCU 400 may
recei ve power fromthe ginbal assenbly 300 via line
413. The DCU 400 may al so be controlled by the ginba
assenbly 300 via the control interface 410. According
to one enbodi nent, DCU 400 may receive two RF 15
signals on lines 106 from the PCU 200 and may provi de
output IF signals on |lines 765-Directional couplers
402 may be used to inject a built-in-test signal from

.%%c(é{acln%ﬁqs %hé «I-:r%o%lméméh% [r)g‘lUS‘?iNg @Pflﬁcﬁl&ie%h@ﬁ&&ﬁﬁer%tﬁ 410 that

anammlates vithhecgimpal GALLEY Yobne BE. & h@mrgp\\éwrt?%‘@(!ggy sample the
W{ép{ucf H)tfn% 1F ?{%gl%h eitﬁgr‘foﬁtﬁm%l‘ﬁ 4dlerd Hr2use (R_Ftdéteet@ﬂ#MOto provide

I n-test

1S 1IN
ﬂhwlltuﬂarmfbﬁsatmayhab may e gse@gy §I~F§:| GRU éOJSqfﬁlbq %mged tg fré%épe satellite

th ahRk afdliaPE@VEEe nialy bt Qsddab Higitize the
%agffgﬂ re%e¥egr ?4“%83%‘% i|’n‘tx?on F(I%?-:t\o 2 the thr Y

R4 PREL 1o%fc gimbal
tifiemdiicretatforeitas seoviothegimbaj@sseaply. é%‘@ﬁ) PLY is{qcatsd Beatg g
ék’gt tixrs da a]tézlxyttré%ceméf aOEnibE Rk, b @ de'PIzeﬁnd hey Ee&ﬁﬁbﬁlﬁﬂed

enove any unwanted  sign har,no t IF
frhd:remeeﬂerﬁargm afirtedp WinttERV B0, écw%efhﬁhi Eeelv S*%ﬂ sto

glgg :fr ?:5)? eYntenWa ﬁxa% EH? r%{feg&i&a?l sYaté perfdrR@ade.

one rece ved on line 424 from osﬁ bat OF itd

408 t’ﬁhdblm 30%ofsbngiowel mpinglpdmefiyareghqt mayugiizg the applitude

frdcR! eﬁhf %Qﬁatm:ly& lr€e aldhesa
tugfe m%aulﬂn o%i’d]pé E}Et&lgﬁ:éylh ?bf}gnlrlrr]ltgfs‘éf rac mGHZ 11 : phess .
3htbitivd. e aontiod| mtar fepgymay proyige pl@pql.ﬁ@ tléengjmpﬁ assem y to allow the gimba

§L&F ! ttﬁayaaa@r &d 4 ll."fam thesource.

6‘§S§g‘%f§' S BOTSSHE S tl {thﬁtse?lg‘(r)ldé&gﬁ) }a{f)l ters 4 g g er to track
us ek etxampiemhﬁriDﬂU waylzsluded sYoheA30 Jrapmar PEUeALR S %&WB% er to trac
Bﬁ%{sﬁ%gctéa CtJl]% xllﬁ)nﬁl'llgp@l naﬁ%faﬁ’srnﬁtt&hﬁonh m ﬁllfcg'ﬂlah@ soliee, such as a

on Ouf put Tines 0 As discussed ae? b
tsae!lige. ﬂbgbnm@s&hﬂnltb%@%nﬁ%we Tfﬁ%ﬂ“%f‘é‘ frpny hg same,satellu, i may be

\/\4}6%% e.gtg t@{]ﬁhg atgg%%ler %Dgl 3P the URBas Are Haidtted PG hV@@htclhtes that are

ne 322 to provide contL
sdlgse Aus novtahd sameain ey haprgfarahle todr aF‘%ﬂé‘P wegkst &4l ant enna

array hlas ggﬂga&tgﬁqa HOBOLSRbL A RN base B 51 G0 A AEMGs well as

to on may i nclude a COI’]t!‘éEB It all
| dlfopdff coolinkld shmmtﬁesttxemmtce%qumepﬁ dpriee yetsBapstestion. Tatlows

302 a lnahdee <R 5 hb 4Ry ofrdvgtee without it
an %Ilat{o g%‘ lz?fu}qgﬂ ét:hglr)]fad &tgﬁe%fg?lt%her g)at hOfiazfll@ witho

C'oh}epﬂyetﬁm dyZlsmnde Reoralenaotayigatiguangd sigpgl Siyerngn tr ap?ragch in

t t ha aBffo n
g?’vmﬁ "89‘2?%9&3[ sl%tqlé tl%?:%tg%lsh BeinfiR dgkg%cg fv;e ﬂdﬁS tracking

Shighms trmengmhmzmhmmg of locldnggmtt@thewmgeﬁategﬂe Pegusgshe
used.to di ' t ' t he ]dég %@%‘ﬁ& R&fHokh th& meﬁlaﬁﬁﬁﬁgah@n data and

| 'Ocat ed cl ose
t AR Rhl0dahe siGRUfouhhivhilciatckingale dotellite danayes peesible ;g r@}pulate the

5 i 0 o TR B EPEN 49 o o

receiv Aeco%ng; togmale&bbd)mbﬁ a sietpndi byl system der podnting dhe antenna array uses

argﬁcelgt%?m%% slolrgp e P Vge aos\e{tee It e) lonthﬁé de’?/gﬁlglgrsmé: €an aircraft) coordinates
(latitude and longitude), vehicle attitude (roll, pitch and yaw) and installation errors (delta roll,
delta pitch, and delta yaw) to compute where the antenna should be pointing. As known to

those experienced in the art, geometric calculations can be easily used to determine look angles
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10 The CPU 304 of the ginbal may include software that
may utilize the anplitude information provided by the
DCU to point at, or track, an information source such
as a satellite. The control interface may provide
signals to the ginbal assenbly to allow the ginbal
assenbly to correctly control the antenna assenbly to
track a desired signal fromthe source. In one
exanpl e, the DCU may incl ude -g¢-swi tch 430 that may be
used to select whether to track 15 the vertical/RHC
gfe@s@d’tioﬁ&? Lakhitebeoni l&B@h %o&rﬂﬁﬁ‘@m&dtﬁ%gﬂﬁ&mﬁ%ﬂl aircraft. Signal
ormati on source, such as a satellite. gener al ,
wﬁ\gtnwéa@ based wAMSNG S Tecelsd patellits élgmlémgﬂbmsoahﬁlze the antenna
&%@Jﬂbh Eﬁarﬂﬁall?’aﬁuhﬁﬁ AR g MR AL THU AgKuse MR AP RRRBYE the

%qg S aretransmttedfrom t wo
seawq signgk(detreminet xom gegawlitude informationigeed yrdefrom the RG) to

B8Rt 8¢ SRinfunt £ithhBGKd bR@atioR @Klﬂﬁngsﬁlfgﬁlbbﬂd‘is@retdﬁl tQWdifiching the
the antenna to be pointed at the satellite based an

atea frosy lFSéﬁlﬁ;tlht%@O%‘Pq to gkight gffseé PPstions enddstiraining i the signal

- Rdpdd drkefisin tsfb%uﬁlme@ ru?ia M nok RY iR thSardéhnh Bleridtih@Mhe optimized

installation. It al for an installation error of
digection and e foeht Hds '@fbeapmé@?téféthefé}%@g 8138 be asrurptegndzprecise, so if,

ﬁﬁgm?plé/wtﬂefh@ﬂéiafﬂlﬁemalmﬂ a%mts matal &Qngéa ech@aﬁ%méhtr&@veen the
navi gatlon and re% track |n I oacC

QKeTEA atrwecq@éwiwgeatam@ Fhedmraal lg%orxfsyé@mtreayelwaﬁﬂ begpcajpulated.
lim tIn%Ené?QWﬁEY)a%QJUOB Q?stérﬁ AGKIRNGd PRt othPichicle, it is
mnim he chances of " | ocking onto the wong

aepurataly placel e withia atfene tepths 94 degrea ta shepldingttial NayggatiopSystem.
RlowBR: 8nA &G RES:s Qpﬁﬁégree@in bl d@ie RQtARd %te’rrpt%rﬁot ﬁ’émt at the satellite
navi gat 1 on data and he peak of the signal found

agsirately engugh fvgthemb@a@ wreiverato Ipgk opghe ﬁénabe%gg ol a peinting

cAL M AL SdHNR ma It SNTR s @fﬁﬁ&&r@ f&@l‘rbﬁ%@seﬂg’é} mm%m&ﬁmawganon
|nstallat|on and correct for themin the software.

Ason iirerjaced, tbﬁén@mwsmﬁhoula b?rf-?@hgﬂ?d At inpg OB Y G tenths of a
H &tvklm utsilﬂg aPoing %‘anl?%t@ﬁ{naﬁﬁén Hl:%nbéﬁﬁ@ﬁﬂ@s‘té?ﬁk this precision

rce ngq a sa ite) longitude and vehicle 52
(eehgwmenam ieracvieryf time m@mma a@%@dlomrme&% and ileps meaycpe ignored,

I .
AR RO b Eartnh W TR chespish i BREbUAYR o to poin
d@ trapkyand)thus shecrdigpuens ahmete Batioh enag e elmaﬁgdmm noteptially eliminated
QBE%% ﬂgckix@s iﬁpeosgﬂcﬁl Qan Pngﬁ’eslgaef%é&a}?ira{l igﬂﬁ&g 8} éblﬁt&gte?rro}s’ for example,

geonetric 1 cul At tons can use erm ne
hfcibfkreahgdlmt Ingsial Nayigptios syatanvisansyallshwhiniltSedegfecoyrith respect to the
g those fromaircraft.

g% gcﬂ?}hgf IGﬁj’n%%m l:(QJDJHH gsged on using the received

sat el Tlnet systemgmey| besxcrvedvgtvhthtan apiotiatic aligntmient faaturetiey may

ori t ' |
PR, 2 G AR B P B B e imacc

@H@imz:mms naptedted) thctsmeramly iiitially viserfhe nmestial oavigation ldwte tb pointat a

fromthe. to 5 deter nethe £

BTN Bt e PR bR s PR ol e
isiidh as aRbrputer, fhaomny ¢osnmmhmtd wittedie pingiat CPU. Whea Ithegdntenna array has
of fset positjons an

if t i [ . .
pgtcbgf%l ngg lﬂécnsdftﬁm sgarta Eﬁa«nmng g'gggegh% loloP ?cﬁ?tp%% received signal. When
lithds the ipeak ¢TQhd dignabin trap Mol themtimtithpalevatior, hal, pjith, yaw daktitude and
S‘ﬂﬂgﬁ'[“isen glrglﬁagarl](ggayqb&c@ eéqlgleéwaergﬁh%g){sge m t? rcet%d e 1ghe|élt signal

strength. The vehicle may then be moved and a new set of aznmuth elevation, roll, pitch, yaw,
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for exanple, the aircraft inertial navigation system
is later changed, the alignnent between the 10 antenna
array coordinates and the Inertial Navigation System
may have to be recalculated. In general when a

navi gation systemis replaced in an aircraft or other
vehicle, it is accurately placed to within a few
tenths of a degree to the old Inertial Navigation
System However, this few teémhs of a degree can
cause the Antenna Systemto not point at the satellite

IAQGAY Al ain\glt@dmg{befs%e th&BueN D Wath ¢hi§ RLSIVRI & duthbeRGlke s%lem may
t he signal using on a_pointing 15 cal cul ation, and

SOmpute rynialiagipy errey q%%&?“oﬁde“ﬁ .P&'f*mné df‘&y%@dﬁ%m@té and

dldvatiBiEpidiBE letral asDdvdt it PRese AUMbAEN Tifis E@Q&s@%y be tn';li)@ated until the
Ant enna System shoul d be reali %ned Wi thin one or two

VAt onang pziuthpainting eRERIAEIREYE poi nti ng- onl y ant enna

syst gRe cdive@VANIGNEh QSR |pro%¥§t1§t9"§1célﬁ'| onlyPpeolidOdhiring initial antenna
reali nrrent can be a very tinme consum ng and tedrous

Séf%‘&é@? latign and dsdamg py B@n?*’d Reeesges: Copyratiprah granual processes usually
dogiof RIVERRGSI1RY toliffut ABEABNARY HitcBThd dO1Q ﬁmﬁm@rs%&h@ﬁhnual
has both the ability to 0|nt 20 and track nd t

RPRESHIF YRS 5t SITSY ANF8EREH eisapol hesfsmb e afedor cxample
ARG iRivh isiids Yth & ahﬂbd%ﬁfoﬂéh bebwdda el MMGcHTeAEIIsO 8 AE attBifha and the
syst em can make for any alignnment or pointing

3ér|°’f33r for exagpplea %’aﬁ*?fﬂeéhe Antenniaifysteia spediatento qgrr@mnthafhe Navigation

NanadbidRAtesY BbREYek,Shd ﬁh%to@lsﬂlﬁgre%ﬁ‘ﬁ'tﬁb xgmévéj SO SRIoWe! e
respect to the preceding Inertial Navigation

Rsment 9hshigs ankthe yeinsgiiatien ofithe rpdama. dddp iR very gime consuming and
&Héé?&ﬁtab& o&thl %‘fsﬁmltéoeﬁbb'lﬁz Gre atﬂﬁlbnfgﬂo aférlé dml)ﬁ‘ HP‘&HE gqcraﬁ and it
for exanple, in’software running on
rogHies asigwfieant amouft Phseging. Qnge ﬁl@wé@v@m is qonmlesgdgtx@mﬂmayhas to
Hcrlléattt'aéieh ¥nd B8 rddBfe isO blirk @ KFor RN I RGO Ak Japal%}n% ﬁcess can
chosen satellite. Mi ntenance per sonne can requ
tﬁlﬁ’l all dawtwhsreas thesrigmatis eléanment repeesrdesaribed heseipisambe marformed in
1EQMRM18ur. t hat may conmmuni cate with the gimbal CPU.
When the antenna array has not been aligned, the
syst &repraparly aligagth peintingrempriations@ldne ete sengrally syéfadient to keep the
ARG yRflePAAA ISR ek 1nsbid fmtap@es ﬁﬁ%t%ﬂfcpﬁt to point the
signal i1t may record the azi nut evation ,
aptenadarray ahthe satellitending gnty the bn@lam@eganwéatpe&bmmyrtibbNavigation
' d
FRERL D AFProlle byl B o AR RARICH ANy sych o, for
axempls daxim odan mrerdf]. (éloemtloram anttmmh systqmistacddesigavd to-sBﬁ'port a
xlgtgvtggte q)? 7?!@%19;!:5 ﬁ%etcgrqtﬁ? VQ)EE ?nd%%c&?e?&% %97 d¥¥ %cg per second per
seersial Oa¢ wantosyverwpmd dlis may bet fo,aughe¢nt ﬁlemotrmhg azmhuﬂhsintl alevation
i .and Ql nt | n 0
SRR g PR MR B B LB R Bl BaGh B gpiing for e
strepgzstt setd!litmdigal, e if the Enestial Diavigatidn dzua mﬂldsw phn mdkmg algorithm
e n
rgél[j tglge ov@nr t% R ?heooapﬁ?xu% O;}ﬂl‘:i’ntm glgr “rr@ gla :fx?eﬁt gaqll\ﬁgigia on data IS
mcurﬂnmd u;styslawmhe Bljsteal’l inay us:wrthcamdhalsjatﬂtam eoxbyuttrﬂmmhuth and
esse ual roce
FRGTER: REPER g 5o PR Plen e PRI Fe Be3t teis bpuse the
Iﬁ(ﬂ'dald@vtgatlgtasolsﬂamn‘nerb‘rdmatsomhﬁ]a:cnfafeL}qiomt w1thout measurable error, the
antenna at the intended satellite, that is predicted look angles and optimum look angles will be

identical. When the Inertial Navigation data is not accurate the tracking software may be used
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process requires the use of shins. These shins are
smal |l sheets of filler material, for exanple alum num
shins, that are positioned between the attachnent base
of the antenna and the 10 aircraft, for exanple. to
force the Antenna System coordi nates to agree with the
Navi gati on System coordi nates. However, the use of
shins requires the renoval of the radone, the

pl acenent of shins and the regmstallation of the
radone. ThIS is a very tinme consum ng and dangerous

goﬁg%mtgmmf\e ant a's Wxﬁk%ﬂmﬁﬁgzm Qo BHEBYES 5&9«e$1ﬂh¥"9§l&lated look

i'fcra requires a significant
aqmmmmdommmmmgmhgnganuéo@ﬁebamrﬁnnent is conpleted the

rado gx?clg?d% agrg{fxgeen{b%@lme?lkﬁ BEQOﬂqumt:ﬁﬁ)n s?sqg}ﬂ%f the ?rlv ention may

cure vera hour's I's manual I gnnent rocess
tahude & sdcenddldwrdennyerd @nie @CU%S%tFéﬁaﬁ idlugrategargnptional block

ﬁ{%gr%renso%ﬁg gfa%ﬂéﬁ%é@ 1808 ftqyfo € aBﬁEJn&’cEmgt 1. 23 RStended to

our operly aligned, pointing
eprgsertt atfmrmnsnaairmﬂsnanelog@ﬁtbp &GYr2 §08 aridotos neceysarilydegphysical

Q'Bﬁ%m?nﬁétﬁ)gﬂ Fhe Bblg} f%(ﬂt‘\%& Q’g}( ?9& QJCHP& ét%@ of Q& g%nvlﬂrélon of the RF

ces it Icient t p0|nt
aigh@siree ieadrigythatntérne agat elprdvids [Hsignys that pay breprpyided tpgfor

SR B s ST U AL ARYIGIA 590 mag YL S0, o

e ent e rates for sone
dyamapie, ﬁomemsassemldh 3%QVef bue(s) SRANBheDCY 2 Qon’@ayoﬁCIUde a

BB R O RO A TR 06 o e i
asembly 300. any axi s ang an accel eration of 7 degrees

Do oRGUGHERD T E AT et e AT s 50 B HEfe bl eyl Btines 76
bk BORM0O0L tPowar dividersiSOmay owsed bnaplifthe retcmacdmgrgls $0 as to be
gg@g% %:rte{}n})gﬁéﬁnﬂ (\ﬁﬁﬁftﬁ Ip?lg#a?{)(#r%?arré@ h % F ehé a{élggééfc} 150 MHz to

i29 56 M) andlewtband kitpig [ kigoals (elgrin aﬁgqupra:keam of 9inMHfzm@1950

o HERCUP 0L B M50 05 OGEIY g o e 7,

sytel fedtuerry range of ii}@mxinaatbiyz%o tVE{zeto LS (Cdihipu Semg sagellites may be

i.out.h and, e tion I
S B e U090 7 S8 S5 e w7
thg @Az bairatd @dwrN&Mivg&tlitm)@S Siztte 95 €5t hid izt 7 GH;: band to 12.75

Z@ﬁ%@%@’@%ﬁ@%ﬁ@?ﬁ&%ﬁ?‘gg@? ?Ilf @ﬂzfgg deQ sghf:l)l% E@V be g a:sented foa

| rehven(igt owal) (fomaﬂnmena diopdy angdie sutpir, for laecess by passengers

TR TR oo T e 100 ghiaP Foridwide TV

nekdptiat oh idy&hmemxmngarﬂswm tHerviidep amt-ivyr m@nnetd four eepatate IF inputs
di fferenc

et ween he c n ,
otﬁtr?cﬁ’l)’ﬁle @Qggﬁa}oggo e&c odsggﬁlé nlé%\(:@%rgl&x%%n gfﬂcse four IF
aﬁ@hﬂ%ulambgdﬂfmﬁ ,onit}tbemtbﬂmmmndﬁﬁ |b(ma wdirﬂmygcbmt \h@xld then be
I nventi on may

(Beliizy tgouneing Braskeify P FFar S AT (ot 1Nt OhiD il A quad
diofBy RNt afay BB ifipracivhPandfex paokive. Eﬁ)ﬁrovﬂdtngl the first shuge of down conversion

appreC|ated t ha qgi%g IS intende 0

f emike gbals tf}erpblp'é?ﬁ{??ﬁ cables BTSSllnﬁg'l ?j@% tltze r@%&P H'g?ont&)l{a fhterior of the

NEAHRISAAY bd/miniiRizBd) Wisis@ihplifying installation. Also, by providing the first stage of
down conversion on the mountable subsystem, a lower frequency may be passed from the

antenna array to the video receivers thus allowing for a more common RF cable to be used that
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i npl enentation. The DCU-2 500 may provi de a second
st age of down-conversion of the RF signals received
by the antenna array to provide |IF signals that nay be
provided to, for exanple, passenger interfaces within
a vehicle. The DCU-2 500 may receive power, for 10
exanpl e, fromthe ginbal assenbly 300 over |ine(s)
504. The DCU-2 500 may include a control interface
(CPU) 502 that may receive cgotrol signals on |ine 506
fromthe ginbal assenbly 300: According to one
i H, TRECIHay e AW an Bl cRiR ks iR
ﬂﬁggﬂ %Bh}ete& B [géﬁérﬁgbm%v\eﬁl?se [ V|yder S agog
cumemntcancmpslystcmtolﬁ therimeaiiandd pivisisahestwostages afdopa coxm@rsmn using the
' ULT 560 883 HolBhveniently located
@@éﬁ%‘f & i %‘%ggtfﬂ%g‘u%egcy ?‘%5%9 3 ko, e hentiently Locate
vathih thewelielad out put | F signals (e.g. in a frequency :
rangg, Qérdxgg% s at&?%@ MH&) pcthyseo ﬁx%m%’é gal{i‘iaﬁéss filters 510
provi r exanp o} output I'F signals, on |ines
ti8 maiy the asedtto filier @t—efqb?eld@yodm@m Gemdhe signlso Tiherarcaived Ggmls are
| £8sdi Ibsn g \Séc@i(%% 551140 Each
e RGP g BRTE ) e ag b i 1 o
|Gt oscifagpr 504 haghl tuned RG: p_amlcma@@d @éﬁaqlan@esa eﬁmfunctlon of the
erds iThii A0telNE dek ngi'ée%nd.w h
SRS 2y B e S, s e odigly e e
18cal bscbidmr isThixsé irsm el 532 ateapy lseveptivs @,mqyé)g c(mjroéled usmg sw1tches
cel ver (hot I PitedtdSH 2. Th
BB SR AR frolslhe MG, ¢ R0 BoPicRs 2. The
om.;iut sigealEday beanifi@sby baplifidd) 518Th improvgsignadisirengd. Further band-
L des 0 DAY cRARAGH le, the DCU-
BRSBTS £ ch BERRAAR AR ARIELE IRl examplc, the
%mﬂanat ieclhde 4 mpiistegSeatorensiog v BY HetettopBRand senplesni24de sample
2 tﬁ%ﬂ ' éh $208&Sdhtrolled
ﬁ &?mﬁ;aEE%ahﬁﬁgﬁg%ﬁf l%ﬁn Porne gﬁﬁiﬁgggﬁtennq olted via
ths s@ntiol ylterfacltt 5Q6) qust de nepdde §equbwhltch wbhhe &ur petputy és sampled for the
Q‘ % on the nounting bracket to pass the four
%g & to the interior of the vehicle. A gquad rotary
j oi ntHaving the denqmbaatsqvcral exgn | apxgrelrodiments aghepystomdand@spects
&lu%{ ViR St %ﬁ? ns QQMteFa(t’l@}{ster&g}; %pﬁﬁntttgﬁxogé SRRIL in ttﬂ%em Such

assin rotary | oint
tnodlﬁh&nonmarelralharatlorﬁs arhmtea@edvte he mcbidmay thie distlaguns, aéirh is for
hus s n y
piipoe el Ml S iRt Bt B oy R TRY M) hiAfion
sivbRlyetdergrmined ﬁrmmrprdpeeopmemEyoma@thb@ppmwumm @nd thiie equivalents.
antenna array to the video receivers thus allow ng for
a nore conmon RF cable to be used that -39- is thinner
in diameter making it easier to install. Thus, it may
be advantageous for the communication system of the
invention to provide the two stages of down conversion
using the DCU 400 on the nountabl e subsystem and the
DCU-2 500 that may be conveniently |ocated wthin the
vehicle. 5 According to the illustrated exanple, the
DCU-2 500 may i nclude band-pass filters 510
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that may be used to filter out-of-band products from

the signals. The received signals are m xed, using

m xers 512, with a tone fromone of a selection of

| ocal oscillators 514. Each |ocal oscillator 514 may

be tuned to a particular band of frequencies, as a

function of the satellites (or other information

signal sources) that the systemis designed to

receive. Wiich 10 | ocal oscil4oator is mxed in mxers

512 at any given tinme may be controlled, using

sw tches 516, by control shofts received fromthe

gi mbal assenbly by the control interface 502. The

out put signals may be anplified by anplifiers 518 to

ﬂﬁpﬁgm@m&h@gﬁ{aﬂ%h$ﬁgh Further band- pass filters
may be used to filfer out unwanted m xer products.

| n ofA®aggEgsdented Raccpiresan nfoypgtiosignaticl ude a

bui | 5 bARdESEe trfaﬁﬁﬁé’e{r%o&b?éd'tg a 3dB6infl6t € LPnn@ 8d Bf¥thg a first port

couplers 524 to sample the signals, as describ 5

24P 8 vecond per | the oréempge r%dwﬁwomms&%mwh‘s E'éomatlon
mankdR ltr{eea@lte\sh@andttb epn@ Q{etrr@}manaa SighASpra i), ¥ fbse port @ first
used to sel ect which of four out u?s is sanple
gworgResistl pnd, 21 the pesgpd p%@ Fergnd ?ﬂa@oa@% eientidhe ?@9@%%mp°nem
&%@%nﬁdﬁh%g&ﬁﬂy PEIRSd @ the Rest SdEHRBAt sBAM); agpect s

ereof, various nodifications and alterations may be
appaPB#fe COPPeIIEns resansgaupled o the fest afidksecagd parts ofghe orthomode
R CAL h@4}Feda tecBive alrezﬁm ARPsBER domp@ﬁ@@@lgﬁa@s BR phase
Included in'this disclosure, whi pur poses of
qonpgraatief mems bping constivrteide CP'HP@ﬁ'ﬁé fprta@r/ w@sq infalapgggpetween the

ig
R e ST P e RO R SDEEAEGH iR Recond
eqpovent sigeal. - 40- CLAIMS 1. An antenna assenbly
conprising: an antenna adapted to receive an
information signal; 5 an orthonode transducer coupl ed
2.0 The fnsesua psﬁmgly@s cleiieeddn elaivh b veiserimtio iantgnng is ¢ herp apignna.
and a second port, the orthonode transducer being
constructed to receive the information nal from
3-h&hasntenna gssambilytas clopnadtin glgin 2.vhereime h@ahtéﬁgéﬁélpmt%tenna is less
ﬁﬁrpydpsﬂ&lmﬂhytﬁrmfhk{ st port, a first conponent signal
e second port, a second conponent signal,
t he second conponent signal being orthogonally
RO hiifha helBR dslolafthediRUARNE Uncriginal : and 10 phase
compensati on ne ns coupled to the first and second
por t shodnt¢rie irshudaonpldealitytaf antsehas eachadabtedda peceiye pwinformation
rec?lve the first and second conponent signals, the
%age conpensati on neans being constructed to

co n’péﬁsamhomode taamydlphasﬁudeﬁb alaaliteolmthamede trdneduckisyeach
%r%h_p c())gigtgr sduce elatt? %e K eé gl(é OBQ gtstﬁe ia‘frg' 5fl?iﬁ etnlu{,fséach
orthomode transducer havmg afirstportand a second port each orthomode transducer being

adapted to receive the information signal from the corresponding antenna and to provide at the
first port the first component signal having a first polarization and at the second port the second
component signal having a second polarization; and

wherein the antenna assembly further comprises a feed network, coupled to the
plurality of antennas via the plurality of orthomode transducers, the feed network being

adapted to receive the first component signal and the second component signal from each
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2. The antenna assenbly as clainmed in claim1, wherein

the antenna is a horn antenna. 3. The antenna assenbly

as clainmed in claim2, wherein a height of the horn
antenna is less than approximately 12 inches. 20 4.

The antenna assenbly as clained in claim1, wherein:

the antenna includes a plurality of antennas each

adapted to receive an information signal; The

ort honode transducer includestla plurality of orthonode
transducers, each 25 orthonode transducer coupled to
cﬁthﬁxﬂweet?ef?@m%%d‘?@ﬁro@ﬁe b st Rinkthéd dompofdnt HBAL BN BErst @bt and 2
orthonode transducer having a_first port and a second

spennd surmpet companensigaalat a preERtpd BRIF ng adapted to

receive the information signal fromthe correspondi ng
antenna and to provide at the first port the first

S ofiornsenna assemblly apelgimeq inclpim Gewheesinihe phase epmpgrsptiqh means
ih€16de’ S PBRAZARA odVARARR UM is GG CORRICtE ©BIRaMpeRME f pdlarization
second "pol ari zation; and 30 wherein the antenna

skew batwegn the enteena asd apeurecaf the infoagatipgsigirland coupl ed to

' ' | i fhb ¥irsfind d
T T

compopgrgsigeals.he first conponent signal and the second
conponent signal fromeach -41- orthonode transducer
and to provide a first sunmed conponent signal at a .
6.i The arftermd agsomblyzpa dlaimedge elgine S swherRinithe prlsEzAbiaR cvgrigrunit

ﬁ%lu@essagﬁlﬁgﬁtzfo?%@emﬁﬁ&{s/\ﬁn@is _cgﬂf‘%l?c@ttg PRide 8 Y8IPbYatRAuation in a path
clarmed 1n tlarm4, erein the phase conpensation
ofizachsof3he first suthweedzompprent signal and tgﬁmendtsemmﬁ icempongat signal to
furt t onpensate for polarization
%%ﬁn%gett&/g%ﬁ;pioﬁag&%%{lesgﬁg and a source of the

information signal and to reconstruct the information

3! %@gntematalé‘se%%/ a@%ia?rﬁédlziﬂklaﬂﬁ‘ 5, WhPdTh 1R 1rhlity bf didmode
Second conponent signals. 10 6. The antenna_ assenbl
asnsducarsmegiintegradly formed withithe fegsdnetwisk pes with the pjusality of antennas.
converter unit includes a plurality of attenuators

and is configured to provide a value of attenuation in

8 (Tht hntemfa aggeathlyods claireed iniclaim §yivhasein therfprsimetvork pomprises

and the second. Sul j \
ey SRR R o BAPARE DY (i Bmpb s SO HRALED
ashothcale transdircer ¢d the firss feedvhent anda patreofisheseadridtopmppnent signal from

h d ' d ' I | h
Pisk ARG e et P s Ba® el AR A BRI bl 1

The antenna assenbly as clained in claim5, wherein

he, f d i \ b iLal — )
B SE D b g e ShAGE U et TR | leguide feed

hetedrkeach

10. The antenna assembly as claimed in claim 9, further comprising at least one support
bracket integrally formed with the feed network to provide structural rigidity to the feed

network.

11. The antenna assembly as claimed in claim 9, wherein the feed network comprises a

plurality of fluid drainage holes formed therein.
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20 orthonode transducer to the first feed port and a
path of the second conponent signal from each

ort honode transducer to the second feed port are
substantially symmetrical. 9. The antenna assenbly as
claimed in claim5, wherein the feed network is a
wavegui de feed network. 25 10. The antenna assenbly
as clainmed in claim9, further conprising at |east one
support bracket integrally Z4rmed with the feed
network to provide structural rigidity to the feed

lg e%e ﬁ{lénna\?é%sel}ne l%asuﬁalr?t? ?tggj bnPisifig &uiERGtricRnsert

nprises a
ppiticret idsideaf lefst unmbfdhfaﬁlﬁh@ed mtl ang tlfe@pw@é feed @B n. - 42-
12. The antenna assenbly as clainmed in claim?9,
further conprising a dielectric insert _positjoned
18 Hiethateana dseasily avwdaintd irhadaimi I2swhareia dheliglecttigigsqrtias a plurality
of, ST 8 | ai med

oFROE e Sfid ottt ¢ A8RoPE BN SSRAIROuc,
plurality 5 of holes forned therein to control a

ectric can . | gl ] homn
(3 b ieind eGPl b iaed HEH & BRI e BRERLY of dbmndie
dotedfiadl i ty, of antennas are horn antennas. 10 15. The
antenna assenbly as clainmed in claim 14, further
conprising a ginmbal assenmbly coupled to the Iuralltg
1 Theunemna sssembly aslelpitred it daimblde further gomprising g girgfpal assembly

ante " imuth
SRR e P o ERRL Al Al iR e

&id elehgtionor n antennas 15 includes a ring for nounting

the horn antenna to the ginbal assenbly, and wherein

the ring is formed on an outer surface of the horn
I:mtm@ﬁlﬁennl Zsseﬂibl@ agolaiweden apie b whemin & leabtroad of the spmijagiennas

wher ei_n t
guatsgriredpr g P rafy LRl B AlbATEnif, B8 whoren the ing i
REHENE 3h dser Shrficaefithe homlaatennal 7, wherein the ring
i ncl udes a groove adapted to nmate with a post of the
gi mhal assenbly. 19. The antenna assenbly as cl ai ned
un mb amtennussemmae ichirbéviin clairg 16,svhiergintye aing is formagdgyoximate to an
ﬁéﬁq}t e h rn_antenna. 20. The antenna assenbly as
El?eéﬁ“ theJiogy & ef‘ﬁi4 further conprising a radone at

| east partially enclosing the plurality of horn

?Sn tT eggt%nr%na%se%b?y as c‘f‘almecf3 mW? ai ‘17, wherein the ring includes a groove adapted

to mate with a post of the gimbal assembly.

19. The antenna assembly as claimed in claim 17, wherein the ring is integrally formed with

the horn antenna.

. 20. The antenna assembly as claimed in claim 14, further comprising a radome at least partially

enclosing the plurality of horn antennas and the feed network.

21. The antenna assembly as claimed in claim 14, further comprising a plurality dielectric
lenses, each one of the plurality of dielectric lenses being coupled to a corresponding horn

antenna, that focus the signal to the a feed point of the corresponding horn antenna.
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30 21. The antenna assenbly as clainmed in claim 14,
further conprising a plurality dielectric |enses,
each one of the plurality of dielectric | enses being
coupled to a corresponding horn antenna, that focus
the signal to the a feed point of the corresponding
horn antenna. -43- 22. The antenna assenbly as cl ai ned
in claim?2l, wherein each dielectric lens is
constructed and arranged tosfit at |east partially

i nside an aperture of the correspondi ng horn antenna,
such that the dielectric lens is a self centering
lens. 5 23. The antenna assenbly as clained in claim
22 X he \Whtefirei adsefribtnasthilsiined inrcdlaim2¢ shecenpach slipdectric lensdm eangtructed

edge portion' havi an.angl e .

o e R 8 Rl By SRS BAGR ntcnna, suh
tianthe ARiecicQdnstihatelf deatesh@lehed edge portion fits inside

the horn antenna. 10 24. The antenna assenbly as

claimed in claim23, wherein each of the plurality of
28] Bleatchnaassdnthty sscliimedin dlaime2nwhersin epchiclentrid lehsqemprises a

5. ,The antenna assendl S i ' ' :
i 9% PR PBT o L AT 1 TR el gl of ides of
tidiforaréna Suchalmt ¢he siantedreige posticadls ingi€e e hofffanteant.enna
assenbly as clainmed in claim25, wherein each of the
pl.urality of dielectric |enses conprises a single

23! Bt dnteabd@berittabsilaimed i clgime23s whetiamt¢hadflthe plurality of dielectric
trapezoj dal shae d wherein a first boundary of

e, an
lenses is pmy Feznalsiep Ers%e?ﬁeé‘ﬁ- feature is formed adj acent and

substantially parallel to a planar surface of the

di el ic lens. 2Q 27. .The. . , L
?LSI} 'Eﬁleﬁagxtgrrllp.%as&tfe@%aﬁg?l% & Q?lﬁ‘aigag’ a'gp%?ﬁg | é/e ?lgrz&%niyi oct:' dielectric

keSS afplinblesfivex erterion sheye. at | east one groove fornmed
on at |east one of the planar surface of the lens, a
convex surface of the lens and at |east one boundary
76 Thénteink gdsemblyap clemesiie shinf 2% wherein 28h ofghe fipeality of dielectric

ant enna assenbly as.cl ai [ i . '

BT RS BEeb i S B g Sl g,

WRrER d figs bewrdes il thesinglessp. Fréfel fFdtere dfonmedadiacent ad substantially
ein each of the plurality '

as clainmed in ¢claim?2 e

praligl 10/ aRiqna] %’rt%f’ee?&% 1‘518%? Feél%'s at | east one groove

formed on each of the planar surface of the lens, a

convex 30 surface pf the | ens,and at | .

£ The e essereas oG R als 6 e eogf Bpthe 8Rfgric gpses further
JhorREd £ WAg ons BRoDY Sormed e ailewsichnt of e planartrfaostoé theilens, a convex

oo o By bl Bl B o555 AR 25

28. The antenna assembly as claimed in claim 27, wherein the at least one groove comprises a

plurality of grooves formed as concentric rings.

29. The antenna assembly as claimed in claim 26, wherein each of the plurality of dielectric
lenses comprises at least one groove formed on each of the planar surface of the lens, a convex

surface of the lens and at least one boundary of the single step Fresnel feature.
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31. The antenna assenbly as clained in claim?21,
wherein each of the dielectric lenses 5 conprises
Rexolite(r). 32. The antenna assenbly as clainmed in
‘claim 21, wherein each of the plurality of dielectric
| enses conprises at | east one groove forned in a
surface of the dielectric lens. 10 33. The antenna
assenbly as clained in claim32, wherein the at |east
one groove conprises a plurghity of grooves forned as
concentric rings. 34. The antenna assenbly as cl ai ned

in.claim?21 rein.each of the di reehel ielectric
30 oTsARcRR aésq\gifxlg% @ecq%‘pg }nucgélIllﬁlgﬁ ; vrvgérrnﬁg %E’Jguc{f gt}e pHERS of dielectr
1&sésCodfbAses A Geosedinkdiepothisyrape taterial. ens and adapted 15

for nounting the dielectric lens to the horn antenna.

35. The antenna assenbly as clained in claimd4,
MhEiRinfenhh&ssqhislg es dainpe irseltima, wherpis eachoafiiirg dielectec epies

orthonggelt%gnsducer, form ng part of the feed
REPUS REXHE"f eed orthomode transducer having a third

port and a fourth port, the feed orthonode transducer
ejng 20 substantially i danti salnke; fie Bilfality of dielectric

B thrigs Breuy o faimedif QLR bnbinaglothe iy of

feddes €bnfpoisés avicatthoae Erode rmérbinpderface gfithg diskactricdensoupl ed

to the second feed port and receives the second

sumed conponent signal and the fourth port of the )
$2THe aridrink asyoiblytas alasuhdde clains 32 wdigteincthe af ledskorye; gregve comprises a

feed paort and receives the .first summed conponent
glvr@h%UO?g@e&ﬁdfPWﬁ a3 CUIERTREM%on of the plurality of

ort honode transducers, the feed network and 25 the

feed orthonode fransducer co nsates._ f.0

4 BT00 BEEMBBIS R BT AG VP QeD e S e RIS Rrses
SRt fladBe profediag fremna oawes eintimferarsce of thietizdiciriv ledsandpdapted
4, wherei M e fi iFSt stﬁnged comonent signal and the

fos BHEIng fhHEBledrig FaP 'HY AOTE 2Pt center frequency;

and further conprising: 30 a first down-converter

uni t, coupled t he .phase co sat i |
TR L e e G R
SGHRPEs SHBABEh HUYP Grarsilices) fomehg panef thdiiaed napworlsy the feed oghomode
first sunmed conponen i gnal  and. t he .secaon :
sV o PO oGk § P Scieed GruBRERE fo R bbe

hERMially iE&SREA L ¥RhYf the pRurdlity sftbrtontodconmmbducsisgavd| s
avi ng a second cent

r frequenc that is |0 t
t he fwheseinghathisd pert ggtgg Fﬁgggrtleq{réc}/dp tra ucbeé\%c_og%Yﬁc\ql teOrtFé;%cond feed
g&g EncP{egéﬂaégitlF%?seE(?ﬁ sbglh%g cm% eﬁt@éﬁnﬁl’hnﬂ itl&rﬁhlﬂ; pdrt éfithesfeed
nd second out puts. . nt enna asse as
AR R S e R ympmgd component

t &dn | 1M1RY 6f dHhbledd irdrsducarnpiths &ednetwork and
g%k‘icglug.\gh that a ﬁoeﬁ{lfﬁﬂdtfbll@f HRGIIMIRY u

irst down-convertey unit are fe

d
tther foerytrthemode frasducst cQrpRengaies;fen 3By Bhse imbalance, Btftgaenttge first and
a c‘jJnBichH;?clneﬁtos’@?ﬁﬁ?nts | ocated within the vehicle.

36. The antenna assembly as claimed in claim 4, wherein the first summed component signal
and the second summed signal have a first center frequency; and further comprising:

a first down-converter-unit, coupled to the phase compensation means, that receives the
first summed component signal and the second summed component signal; and that converts

the first summed component signal and the second summed component signal to a third signal
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10 38. The antenna assenbly as clainmed in claim 34,
wherein the additional conponents include a second
down-converter unit that receives the third and fourth
signals, and that converts the third and fourth
signals to a fifth signal and a sixth signal,
respectively, the fifth and sixth signals having a
third center frequency that is |lower than the second
center frequency. 15 39. The_gptenna assenbly as
claimed in claim1, wherein the phase conpensation

a rovi des. subst i . f
{Bﬁ gqgunr%hgsx naai, gggegﬁ%’%?,. tﬂg{gxkra Lahcy foftith snB&ﬁsskfavfﬁ%ta%Qédﬁg cbiftdr frequency
that is lower than the first center frequency, the first down-converter unit providing the third

and fourth signals at first and second outputs.

37. The antenna assembly as claimed in claim 33, wherein the antenna assembly is mounted on
a vehicle and wherein the first and second outputs of the first down-converter unit are fed
through a surface of the vehicle and are coupled to additional components located within the

vehicle.

38. The antenna assembly as claimed in claim 34, wherein the additional components include a
second down-converter unit that receives the third and fourth signals, and that converts the
third and fourth signals to a fifth signal and a sixth signal, respectively, the fifth and sixth

signals having a third center frequency that is lower than the second center frequency.

39. The antenna assembly as claimed in claim 1, wherein the phase compensation means

provides substantially all phase matching for the antenna assembly.



