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LON HEI GHT. LOW COST, HI m“mmﬂmwﬂﬂm AND SYSTEM FOR MOBI (& NARATGgPRVE
Field of The Invention The inygpilon relates to a conmunication /Xﬁétem and
met hod for paesgnges vehicles and, 5 nore particularly, to REHERHNGNt ,

| ow=cost, high-gain, |eaky wave antennajisystem di sposed in a | owdrag
radome and a system for providing information directly to passengers on
mobi | e pl at{ ers ueh %%)wfc%sremenL@AnaANmEmAr\tmsvs'rem:@mmpm es. 2.
Background NtS Of ant ennas for reception
of satellite broadcasted si gnal S desrgﬂe‘d"‘IO‘for nmounting on vehicl es have
been studi ed and proposed. Since such an antenna is to be nounted, for
exanpl e, 1on a gi89bs Phe inkentldnke of an autormotive vehicle running on a road
where the height of the cars are legal|y restri for exa n an

ai rcraft wher éfhedingghtion §1aé¢s§®aﬁ?lmi“§§lﬁ@1%si' Fﬁerrlég‘% g‘ 88‘” PREBFRER Y ‘flgg aAShy

drag asgoc(l)r%t %Qmmahp tﬁléqg\?r%grgﬁmo‘%ﬁ%t %ﬁ%tgaﬁ'ﬂi}'eak?%{ré aritéhndl Spste@R aRpost AR a
efficie cnﬁ tant feature of such an antenna is to mninize a height
of the 1 lewahhgamdamaanﬁ asystam fonpeVvidingin Oﬁgatwnechrectmoea%frrseﬁwn R t he
antenna i ) re I SutbhBpsat el lite broadcasted

si gnal ngL% e ’éﬂa&? gﬁﬁlgh%t%a%laqgr 1f‘nes nmust be pointed in a

di recti omp.of tmekgramed bﬁthelnﬂamtmln will vary with time as the vehicle noves,
it is inportant to have,a trackin chani D15 %2 h and
el evati on angl ¢S F‘F?EO‘QﬂlFetﬁﬂg nt \%Sen@éfe%g tﬁ)mog%elﬁg%ga%isha%rlggjn%sgaér%éﬂgd
const i tigt By oGMiE dterehteled havd been btudiad andyobpos2d) &nceemqlaamma tsrrheng costs,

conpl exity and hei ght or noun of t he ant ¢

i mpor t antme¥ted, ﬁ‘?rrﬁ‘%léplteh%“ %f%lt%’ tg?:@‘ﬁ'p‘? SRROmRLEE Ve CI]CE? ruemrrle %ha%’ dt‘ﬁhere the
tracki ng ¥, %ﬂ%mh% ThdRek fehalyaBieaador, Brﬁﬁdnqﬁ@dm ah@i‘rcr&ft&ﬂipried),elghmsldlSB anPat ent
No. 5, 579,019 (herei nafter the " 019 (? % % %ott A re¥ultm

wavegui deissiervath rasneetaafor BramRlG apY 186 2% °‘§t PSP B EH i

el ectr Orra&@?eta% ﬁﬁ%‘é@ﬁmg&yt DBimpaRYnt BT B¥uekl a® Anténna @Dl nﬁifunaﬂe ahérghmblﬁtﬂee I n
particul ar 19 patént discloses a slotted, | eak%ba gur de array

ant ennabtmnneraadaale%ntm@@ém‘in@ﬁﬁ gfa. dnafdigen, st auf éﬁté?lr 4 & PYnal even

wi th noversn 1l ¥igRAIQUE HHuS /hefe tRd ¥tk el D@AE Masibl Of
about +/ pqsc'mi)leq{ %\%@?@% H?arsgctlrgon |(‘:1h is disclosed to be w de enough

so that ngoibtedikd dlg=:0991$ nerrhf: neelbtebdn@s‘edl By Wish Emeise the yelile anqviss.diie

el evation, directi Thus 5@9%( ﬂ%é&ﬂxﬁﬂﬂaﬁd‘él@%@ Qholt Bethso 019
pat ent haldBeR2 ttBﬁﬁYﬁ/a%? m@a ecElr Eat t he ant enna need onl ynbegrot at ed

t hr OughOU£nt&6ﬁ olowehe, tizitravitihg mngiasismTar comtittrmcaosidetable pert of Favdnle
includes a plurali wayegui des. di WAL 1888 ;
waveguide®H aéﬂﬁﬂf@%ﬂf‘?%ﬁ"%? %IPB FEA" ?%%%ggorla %dr%‘%gh%‘g\ll)vfat\?egure o axi g and
havi ng Vvaiydanabhsigimizé @eghdee, camglexiy emdsxeqmlrmn&mgltl@ tregking sneghangsonnded by
a met hodol ogy. In 0 9 MAR Z004 WD 01/1S275 _7_ PCTI US99I 25008 addi ti on,
the ref er B§@BIBI%C| 0ses that t he wavegui de antenna array includes a feed
wavegui de for gissfotdd)firieRgmple 86 U.DPAgAEND.C, 529,85 (mereemﬁer tbé “ {08 ppreufr”hiswty
of wavegui des which is disposed in_a sang

nel ntioq. sloled BHOCERERUHe SXDOHITHY SRFOREL P AT ERER ST RENGLY SPTEy of

wavegui %eﬁ}a?ﬂ%y Be HO6RBY o8 §¢drOPaeKh QARG I ﬁzﬁﬂhﬂa@ﬁml‘@l@ pafent discloset esiotted 0 a
center ?r rst section which is perpen%{é gé_ to the Bl rst Fectron

to t her ebleakpmaveguifiejamay atgrnaitha gnaiissaefspien of Bedras syehitr 8l BRR t he

antenna tQ & I byZ204iding @h @%htf&htﬁéa@'vﬂﬂlﬁoahbcaltprﬁtsaﬁlytheent er
of the ant etﬁﬁrégv\%&lt%ﬁtoogttﬁ&%&g%??n )Zlg clorlrl\gerteer that is coupled to

of the antlenatntdirectinn wlmt«latﬂ d@ﬂWIOSMO e ydde @@u%%thﬁtd@émﬁlﬁmg Resteny %’%3’&“&

that the comverter,can Rend e brpdx?ﬁct%ﬁt’ngﬁ@ﬁé’trﬁﬁ Ftnhééﬂarﬁﬁﬁlebméredumhng
the stres® BRV¢Re2EEAVer tar and prol ongi n fe of the converter

Anot her 34 $319epavint hastahecaramyoefscat mthedhwma ners opht eeoteted; thepuekpyy 464k

proposed Hhe azimuth angle. The antenna of the ‘019 patent includes a plurality of waveguides disposed in

parallel, wherein each waveguide has a plurality of slots disposed along the waveguide axis and

having varying offset, length, and intersection angle values determined by a methodology. In

R

*G00002*




the costs, the ease of manufacture, and the weight of the vihg&l@a\/\avegui de
antennas. For exanple, a conventional slotted wavegui de ant gﬂobe
manuf actured combi ning nmetal plates with a proper precisionpgyhisadisgosf or a
desired freqli@ft{*¥ange to forma plurality of 15 wavegui des, and then
securing the wavegui des to each other ima transverse direction in an
arrayl i ke manner. Subsequently, or in ca}g{éuncti on, depfe di Bge upon t.He

posi ti on adflitianfteetfurneglinctises thidhe werkewisle ARy HsH 2HEPIAYGRUES 95 t he
wavegui de,.ar.ray. ver, .. i I dTBVhieWwk dReosMiid abl e
for mass db?‘ﬂ%%‘lgiegcﬁ&glﬁﬁg?eﬂgyép %Sratgggd&:iﬁgé%{%? ?eog“\%g\g{%g%i de ant e%ﬁa array
may not hamppbik detheiarex petasiaat yndisien g fisu etvtian ertetrbeg alweg abensrof epeh &filbh an

enmbodi nent, of the slotted vequi, de,. [ j 0
Vo MoV Rt B gat gt SR LEPRE{ B BeBhef & RELREBRAG Rl 0

an enbodi gaRd fiRf sedriNEWRRHidereayichiar tothé fiesk teptioraehosty Dima Prwation fred

material with a high specific avi ich is, for.e . ] num
appr oxi na‘ﬁ’é\{eﬁmﬂ?«ﬂlg“n e@WéY@E‘%%@E@%?%%@ bﬁé%‘%%&i‘%%é‘%gﬁbg%“ﬁ%{%é? %le'{lyl FH Thus,
convent i g@%e & Ia%ttag,cte%yggmg g@eRlvitHoat ibjealise cervenfritialid goupledky an betputy
and not suitabl e for efficient and cost efff ect i ée mas.s Q%réa%ucti 3{1. U, S.
Pat ent Noof the @&na s@anyi rtatign.cAnasscEpdhelyangat ofdre D14 Parpy Rt ESIrdE st enna

that is i etl?e%?&da iogﬁaygﬁ%@m%ﬁ‘%wbsQeﬁeﬁioltue sticReOHBBSbniehY: adthrilbaging tel udes
a plurality radi at| wavegui dés each having at |east one radiating

sl ot. Thelignférranerso i ncl udes a feed wavegui de di sposed at one end of
cach of the pl ka0l Waeaibdesolarwlegainmdhes Bhiativtss Gbpsadal | ng
30 wavegui des ‘and a pflura ity of apertures between the feed wavegui de and

t he radi attiegstsyalvegse cfmamifiviurp) and e weightfof fgwatjomsowayegride apeFag e §or

wavegui de are forned j.n .hgl | el I : tmd
sand\g/]\,i cheﬁxaﬁﬁ’ﬁééﬂm@%ﬁ?ﬁfﬁt}%@wgvg?@g? %tgg%aﬁ%gybb%org va%ﬁrga gélﬁ?lhg@pﬁl éﬁ?al ity
of wavegupgRs withe préer breiionaviahlé fie a desireddabytdnoy range tchiormps pherelity of

t hrough- hol es havi ng a gap between each of th l =hal: g,.pﬂx_ IS
smal | er 13 Wéﬁgﬁl%ﬁég Qﬁﬁgﬁg‘é‘lngg“es‘?’ad’ﬁﬁﬁuges tge Wé‘%g‘gm%g%ggggcé{g i“ﬁ%“. h°t he
wavegui degye Qhnrfef NSutEEdueatIPioRs dvatinegory dspemtling upgathe phsitiedhef aveed vameguideat
~are nmetalized an both sides) are i%'serted beh:;~een t.he condugtive | ayers

and used ths fessravemadeumay shenbe serurad tf the VRrEYPe Y JITHAS  aAd T he wal I's of
the feed }Q@Kﬁg&hgﬁg rbPes8 ety thbObb sulithifle Tt Ifasp plogiitiotliand lpsafsretshelt a sluttat
peripheral walls o ?he plurali t% of 5 wavegui def and tu%a feg_ld V\%gui de can
be provi dedvéspidsonEnnhgTHBARSbE PEPIAe SRAPENSHEWEHSIH SUGf £ P °8‘o_ AR
materi al, t@ahfa%re%btoﬁﬁneﬂ%ﬁﬁe DS PHAehiadBhtetna rdyaeqhifd feREbragMad L SRidnt enna
of the %45 patent I's asserteotl to be easy and inexpensive to n@nuf acfure
and pr odueeverde:3.of RetveavegiNdes VBilsn e paaegiinvarreg 3 Fyapenturh an sapadaeniot a
cel lular radi ot el ephone t [ [ : akdptvangcrand a
gr ound baé’“@aegs”l“ge‘[rf’%n,ettyﬁlé;a&é?&egwhgﬁﬁxg%@&aﬁﬁﬁﬁ?é&g;aﬁg%g%s?ﬁiggfst ein and an
di rbone bas et exahplysfoeanTien appecipatert.7 didytlds e beavh slotiet s/aypmidfrnaged
subsystemis c ri sed  of e : 1.0 i t ot €
Sui t ehi ng ek TP e e B e RS e e R ALY,
(PSTN) , 2anditithafor fieichosel cttadfeotiveonasspridustians ~Zit h t he radi ot el ephones
and swtches the t 5 sjgn (0] he radi.ot.el eph aphj

R e O R

tching center. Urprdaten ~ i scloses e "al rborne based
subsyst em;i edndEle® 1R riastERteddenbity) tnexp@iblely ap dat arcludeny plugplinofmdating,
that is |located on an aircraft. The, repeater, receives signal s fr :

i ndi vi dualwavaghidrsereryingsatlfestiang rdigsing;sfoty Spe TSRS ARP é’ifg"feﬁ%rfﬁefig’v%vﬁ%‘“de
antenna £28nd B8 LS HenOfluiahie Fivwae@fides W febdindibn phebliry of taléingo a
base sta%%%% thre1 ground. 2o éT)FEeI e ﬁone calls from.the ‘ﬁTN tag. t he base

st at i on sorwavkguigescud @ phurality oApreriFes gat“tesn thedesraraydamERRRYHEE rel ays
themto t h‘s%v(ﬁgﬂge}g@ﬂhe ip[hr%;h? oRivhidoafdes anfiNBe FRR QBTG dNROfEOBIIN Sagleplanbe

signals to per “radi ot el epfione on the aircraft. I.n addifion, e 7b3
pat ent st aiyesditlhettic plats médewéqum%fb%ye?%‘iﬂné%%e Kyegsio QW&JP?‘F&WB@%@H& ation
shat has the abild AT, t L ofel atbdEir@ightHcddsthavihae
ai rbor ne btggrgﬁt?togtv%%?l’&?ﬁg%gggjte?{gee&»gaﬁlgélggétb'ﬁ%eard gigiblg’traétlﬁee%anes with the grgund
based subsygdpartweShANRY (BRI HroNgENDlSithadcomaientpan 8 WNelergth 867 H8RY of

the invention, a | eaky wavegui de antenna array that receives and/or
transmts el ectromagnetic signals, includes a plurality of radiation 30
wavegi de di sposed in parallel to each other to formthe antenna array. A

f eed wavegui de provides an el ectromagnetic signal to the plurality of

radi ati on wavegui des andl or receives a plurality of electromagnetic signals
fromthe plurality of radiation wavegui des and provides a conposite

el ectroma~etic signal at en output of the feed 0 9 MAR 200



-4 wavegui de, Each of the plurality of radiation wavegui des has a wavegui de
| 6ngi tudi nal axis and includes a plurality of apertures arranged in a
direction of the waveguide |ongitudinal axis, The feed mavegﬁig i@ﬁludes a
first section of waveguide having a first end connected to |ﬁ%& out put
port. The first section of wavegui de has a height s substantially the sane
as the height of each of the plurality of radiation wavegui des and the
first section of wavegui de has a secone3-end coupled to a first junction
point. The first junction point transitions $omthe fast section of

wavegui de t propageeispindheseniepiddespdr comdvedie i BRthed sirild: GaSBcleb@Relnyavegui de
t hat each hg]_\f/?? s _h gegt é@&tsﬂ?s sgbst%{]tla_lly ﬁalf of the height of the
first secti %ﬁ“’%&b (FRERMT si58% azedpssried Retwesrighe eqndygiive dayrrand Bsed foansi t i ons
with an upwdor thewsllstobtie ipburalitp of waveguddds ind elefwalie bothe fe@fl wabulder #f sect i on
of wavegui dey .. The, thjsd seclion waveguj de transitions with a dowward

sl opi ng r anBodEe% e gﬁ@é@ﬁ‘rf{ichqsf%ﬂﬁl“f“ HgFéﬁPgFfPl %ﬁlspﬁg’efpﬂq@t‘y gkction of
wavegui de. s Waeegulies shdtipofeedRavefuideeeade beteided b9 UORHAR ineddisberft gid " O | MRge
of the second sgct,ion of V\,avl%%;}i 56 The feed waveguide al so i'ncl udes a

sept um connd&é{sigl Yith 3 /opdyctive form thecoutsripariphessd wigliel Theslottedi r d 15

sections of vl iaftennaldl ¢ ‘4980atehils hdigrdd s Be kdsy QRd nl e height of the
first section EJF t he vggui descb'?o t he hei ght of 5,t ﬁ‘ie{nlée}EcgﬁYjéésaecti on and the
third secti GHIGLIHGPRURIPEHES Each of the second section of waveguide and the

thidrd section offmvegmb?es,ﬁrge';&qubﬁd pmmgdﬁﬁéﬁ&%ﬁ&g\ﬁhﬁm@@gﬁoﬁi gna: port
and secong, . port. o eed .wavegquj de C the first signal port
and t he sg%ﬁh%gg?lﬁﬁgf’s L fold ?’tbéﬁve“%%ﬂ%" g%d %g{?a?‘f%b‘gﬂﬁl%gthbﬁ@‘eﬁ’f the 20
plurality ofinclules agrowmn bagedeybaysters and/irt dirbbinie basedsaegaemn The 983 patenna of

et or m oucHeiofdthal G0 Blolnd e ERARE tiiiised AR s Ragn Gell el FPVBIEy st em
to transmit tamsbbite switchihy esntenthatik coripled ty ihdgubliv Sgtchedtelfhonk RRUSK)

interactive i C - way. ..conmuni ¢cati on nd ,pt’her data, si,ghals. In
addi tion, t ﬁ‘z%a??@%% ¥hﬁ6’€g%ﬁ“8‘é“é"ﬁ .%“ﬁ?%&“é?ﬁ‘a‘& ‘Jﬂiﬁ‘“?’é’@a“'\m%ﬂ‘aggﬁé Hean be
const r ued 1rsignulb fier tHerradivtalephmupste iteanahile enitetling sbhteh The ‘96Ppdtentgemnt , t he
ant enna and j A ; asi.l reduced in

Sei gnt s o AsEks HAYBUUL Sind AR RAH BRI S RSB RSN B ot
such as al umkYingin asteane shat lséoqeied o sreaircaatt. aTHegepmatec stivesAigrals fiomg t o anot her
ebodi ment aidi) NENhels Wil teaRMR IR S AENDRR0 nB0fd d1° T eed
wavegui de can be nounted on an antenna positioni Ny apparatus and di sposed
wi thin a | owkemisigerodthomiscrafi whichntivenmejaysdlentioss bage statidnunshegmamigenent , t he
ant enna cap afaE el fadk BSAR kot BBl VAL Igébgfliﬁa:tr?gsn{pigeé&g the

ant enna pol nt el at, or exanple, a ransm ttl qg rovi al ng
broadcast vio&kle sntgana thed selays theinetn theirepepter imdhs aiterafiyiThs repegtesthtR 2001r -5

enbodi ment  C3AnhRAePRe REAY 100t pierradiorel B8SHe BNGe Rfrdn, b 134ifGH, (B9 arrays

al so nounte n the antenna positionjing apparatus, and di sposed wthin the
| aw-drag r agaghenaf%hﬁifﬁéhﬂéb?daﬁa%ﬁey A replaesd hy\asirbere base station th dagghe

provi ding a &bilgyalrediferahsrRGORRpNAL & 8e Aifdra 0PN difbbml BEseliatian @SSenger t hat
i s associ %t ed .v¥|t tgﬂﬁ S ond “ﬁ@ cle, the %‘l‘gecond vehi cl e being | ocated
on a seco a'ﬁ%tmi/gvr QelFRPoasF WMIae giRwdPassdWaRYSEEBY er age is not sufficient.
The method includes receiving the signal, with a first transmtter/receiver
| ocated on a first vehicle t MEWy in an area where
signet coverage is avail abl e~ ignal, received by the
first transm tte/Acesréing & gnelembodiment@fithe i \@AEHH, & lcaky wevguide enttdhatrays | ocat ed
on the second vehj clﬁﬂ%hat is on the second pat in the area

y apd f o, i
where the si'gftdpee|ves °’§El‘fff'1‘téfl_§f‘ff9m*ﬁi’é‘°ﬁb"f‘ﬁléd“$]\é\$°ﬁﬁé‘P“’?lH%P{fagémPhe st eps
of ref:ei vingwaqeguiadsgmbsmdﬁ;ﬂhaosmm;tortaﬂﬁmahtcﬁmllxrg@ew&m Tﬂ_e Inret hod
may al so conprise,the .ste transmtting t sj,gn et ween vehicl es
traversing t Veé‘f“é“apf\mé’rs g?ﬁé"%’&?&?‘ﬁd@“fﬂs‘gHlﬁp‘?‘é"ﬁ}l“gi°§‘\§fﬁ‘°%8a‘ﬁ$ ®each of
t he vehi cl esaxﬂﬁmrdteioaiha\qﬂt;rhlﬂtﬁ oﬁélgﬂr?ahafmdc sifmls ﬁﬁmﬂﬁhﬂ pluralitye$ eadiatibd to f
passengers within,each of. the vehi.cles, 15 Wth this arran t, any o
Ve video pPOUERAT ST HIELA SoOtmyE CervmRmett ifal Aniie PAET RSt ) -t vo- way
communi cati ons such as tel ephone conmuni cati on and other data signals can
be provided to passengers within vehicles even though the vehicles are not
within an area where the signal can be received due to, for exanple, a |ack
of satellite coverage, or non-continuous satellite coverage, or a |lack of
ground communi cations 20 facilities, or a poor signal quality. This is
particul arly advantageous for aircraft flight paths such as, for exanple)
transoceanic flights where a plurality of airplanes are lined up in a path
traversing an ocean and where satellite coverage is not yet avail abl e above
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unit and receiving the information signal with a receiver at the
déstination. Anot her enbodi nent of a system of the inventi on provi des

information to and t s froma first vehicle to create an i rﬁgé@
network between the first vehicle and an i nformati on sour A bi nati on,
where the first vehicle cannot conmmunicate directl ~~ with the i nformati on

source or destination. The systemconprises a transmtterlrecei ~~er unit

di sposed on the first vehicle and an aftenna coupled to the
transmtter/receiver unit. The sgnt em al so includes a second

transni t t ewayassisey Bechiofithe pluselity e %U@B@Gmmhvhhwwﬂb_l@mmdm | ocated in
an area wh 1?aﬂéxn&§&s§gm@!@)‘6ﬁp d; %@ﬁgmmﬁoﬁ{m&%ﬂﬂ%@%l on, that

receives the Information si‘gnal mts on S|gnal The

system f ur iwdlmmae&eafemmandnm a diost pictiah Qfmvdgmdsbmngch first
transmtt eEAdd Gafibeito B I:uuo% : 'ﬁﬁ%{mg{bﬁ xf‘&‘ivai Jhg“btiﬂ‘ tter/recei ver
e a

unit | ocated on at Ieast at rec ves an ransmts the
i nf or mat i o substagtialy thvameembdéengmflem@f &&ml\mﬁlt)sofgmadnoﬂnwawgmdcstdné second ZS

hi cl t ti
w1 becont i spffbe VEIp hos BB S 5084 et SREMOBIE TR aicon 1 n
connect i onjuwnction polirg tranﬂxtimﬁngz the Hinst nqton of waveguidotonaeaondisecdronid t hat t he
d t ended
i 195 s W NERRTE BEwhlepad N I0L K0 Bl S0 25
-6 BRI EF DEsOR] therhelpht ofthy first BRAVY ofvPmildeUdbe 425008 tithof wavegwids ng and ot her
obj ect s mﬁﬂv@ewaﬁwhmmeesutmimﬁmh%gﬁﬁﬂ fiksh Qg f Ol | owi ng

drawing in erspective vi ew ant enna subsyst em of
the invent WGMGManbﬂﬂUﬁ section oF yesmxdmarmpmmcbmwg sloping gamp tper spect i ve

vi ew part'%{éﬁbm.ma?fqﬁw&ftﬁaf@m %quavégaﬂe ame%meafanaystem of Fig.

1; Fig. 3 is a side elevational view t he antenna 2; Fig. 4is a
top plan vmwfdeﬂmbamf@ﬂhanbmmmse @melse@ﬂ#ij’m@fl"é"%“@#oghif%’ct i onal

bot t om pl aRyavk ﬁ!e@so%lﬂ@@%méonﬁéctﬁ tHQUA AR Jfﬁﬁ@irs@,fseéoﬂ@uﬁl"tﬁ'?d‘”a taken
along line IS a cross-sectional side view of the

ant enna, % &%‘é‘ﬁ“h‘?fdﬁdewdﬁé"*ﬁc%‘“ﬁ? in ghejransitionfrom the height of 'BF ﬁﬁ‘ $FR%f one hal f

of a waveg lﬂ&eckeavtg\ﬁa!e tef:hetﬁa;gha@mammse&m andthe Eaaxa sectlord &'vﬁv&&u&ﬁ view of a

second top _hal f_of the wayve |defeeﬂﬁo‘g%h§g ; 15 FI%H‘E ?

cross- sect k@ ftb%i‘f’%sﬁmﬂ Mavssyide ¢ thirf sectien of waueatide ate “B\‘P ed Ravegui de
a corresponding first signal port and second signal port of the feed waveguide. Each of the

first signal port and the second signal port are coupled to a corresponding one of the
20 plurality of radiation waveguides.
With this arrangement, an antenne of reduced height and length can be constructed
and mounted on a moving platform such as, for example, an automobile and that is part of
a system to transmit and/or receive any of live video programming, images, interactive
services, two-way communications and other data signals. In addition, the leaky
25 waveguide antenna array and feed waveguide can be construed or molded from &
composite material. With this arrangement, the antenna and feed waveguide can be
manufactured more easily, reduced in weight as compared to, for example, an antenna
assembled out of a metal such as aluminum, and can be provided at a lower cost.
According to another embodiment of the invention, the leaky waveguide entenna
30 and the feed waveguide can be mounted on an antenna positioning apparatus and disposed
within a low-drag radome on 2 moving vehicle. With this arrangement, the antenna can be
moved in both azimuth and elevation angles to keep the antenna pointed at, for example, a
transmitting satellite providing broadcast video signal as the vehicle is moving, This



feed assenbly for the antenna of the invention; Fig. 10 is a
cross-sectional end view of an extruded enbodi ment of the antenna of the
invention; Figs. 11 A and 11 B are plots illustrating a beam(9 hkﬁ[?la[gof t he
ant enna of the invention 20 incl ud| ng a mai n antenna beam an lity
of steering array antenna beans; and Fig. 12 is a perspective view of the
ant enna subsystem of the inventi on nounted to the fuselage of an aircraft.
DETAI LED DESCRI PTION 25 The antenna, the system and the method of the

i nvention provide, for exanple, any of |live broadcast television

progr am n§m QWW alsorhe provided Wﬂsﬂtéﬁlﬁﬁ%ﬁﬁlf of sieegngmarayy elssmowitedorsi gnal s
such as In |nformat|on

signal s di trﬁgezz n?ﬁ&s‘fﬂo eﬁ%&ﬁ%ﬁ%ﬁ@%ﬁtﬂmgg&a&r@g ai rpl anes, boats
and aut onobi | esAnbmmoF}mmfﬁbdnmﬂmds mﬁbod of hmvdmgearsmaland sspsdemis to
be used w B i,al [ | ites and

t echnol ogytvhm%lfa |°dgb1?h& btﬂ a gﬁcg% 4thhtt]e eV gggﬁﬁ{h Q&Ogc%ﬁ%%ﬁe’%ho passengers
on t he nobist@npvetidlobsing légatedaomccmd pithvayread mm‘mamdmeesmokhomage isf the
antenna, the, s e n ; in a

vehi cl e cafs% Eé‘ﬁ ?nmamg %ﬁ%ﬁf@épﬁg@%ﬁbﬁ%a‘ \»/vﬁmhrsP ﬁ%?’%ﬁt?%? or ?%‘é%l on,
sporting e\leamted onadirsiyelicle thatjis anwifiesty pathway iirean aamdvhanysmnal'mverpgngr anm ng

i ough cadvablerind SRkRRG AR, gy of B bR BethandABRRA c cop
servi ces. Gnasmitteramceives that isdosated prothe sacend vehitle thavie pa the tecordpathwayend, t he
system agg ; M}&é;@amiﬂe:ﬁésx isirBY RN ThS mlefh ﬁxhﬂﬁuﬁ[&gsrtﬁmr}ﬂ%f' s live with

no need for video-ta Ication and distribution, and sirice no tapes are
required, a#t?enemgﬁhpmml“e Ahesecqng iransaxifter/seceivest Hhedrpsiod may alsp ComBrissassenger
vehicle th mﬁm&m@éﬂgﬁ rlBeoid YR ra iy hesSiiftrs theciRfagPNa ON a
novi ng pl at or su rter%%nereatl on of araly 0 tehe si gnal Scdl sgussed

above for ai&otpu%%@ng@r at|=¢pht°ﬁ81ervslwlwgcmptemweahwm€mé.r Pre¥aMPls: Fig. 1, one
embodi ment éseéth W?Eis@ﬁﬂ%?sﬁ%@ﬂ’aiﬁ@fﬂx@@hﬂcﬁsa | ow- hei ght, | ow cost,
v

:l

hi gh- gai n, e array antenna 28 that may be di s&osed in a | ow dr ag
radome (bt il Jéﬁhﬁuwmnw SIdESPEsTamERing, joterantixe services syhas top of
an autom)b'zh n?&%et tc%mnﬁmﬁfcﬁmaepaohmhmﬁca%wahmmﬂ oning i o
appar at us uc

for exanple a motor_‘driven stem so that the
ant enna rraW&i’élSnWé’dP%GﬁeflﬁP%Fﬂ‘ﬁﬁﬂ"hw’@’bﬂm‘é’ﬁﬂ“e?swu@r}g *SHrdPta range of

appr oxi Mat i Gn hida Rherd #lel siiinalcin be fEE@vcHQWtdrf&@xiﬁﬂQWEacﬂroeﬁﬁﬂmH y will
taper to the vehicle and all ow egrovemant of the an%ﬁp OSI i oni ng

appar at us Z94eTARR SFPRR-FARURRAR SR STVATeRS, OF alpk PLgro °é'r?bod| nment of
the ant ertlaafa&uhﬁyswﬁeoehgﬁinqmmemw 1ﬁ)pm1ea1aﬁyeadvh:peg:b\arfﬁr ahkrafifiiglt 5 ant enna

canned | P 91 Hah ek Sy Flaaf SRGE KRS of bl R SRRER Y 0o,

360 in azi ﬁhtah:atﬁtravaddigtanocnanwnbwhmasnehmaoemgcm‘nmmamlaﬁnabpvm have a

beamwi dth in the_.el evation fray be
scanned in ?%&“’éf&fﬂqugh ane Bfns :9%E§gﬁ%ﬁlﬁog§é%¥%vér¢9¥ﬁot an enna array
over approxi mat e&mthanﬁxbedmvmtofﬁmngﬁFwdoﬁthmmttawamﬁwéﬂ%mwléns over an 20
el evation_an ange & Rad LR mekont NE 1 Nvention
|IIustrat7€d"’? {' g %}s‘aﬁrag ggr‘%‘?ﬂ““‘kﬁs&& eet antenna su system 20 of the
i nvention t netesrk, bvheﬂedmnfomatmh swwmmomwgatsdwﬂyMtbﬂ'@M‘tﬁhlc}eespect to
the positio and at A e tmd he antenna
beam t owar di.h?ﬁ‘é g’%eﬁt%’?%gﬁ I gaﬂ%ﬂﬂ%&l‘ sggngrbqg rspective, partially
broken away inforenatiod fromeheemfmdammureﬁ. rectieing:the infommativg S%ﬂ&ﬂhtarﬁ#l nventi on;
Fig. 3is asidg S B Ak W] siflefcovéragéeddd. 4 IS a
top plan vi gwsgfm%hgceg(;ﬁ %ﬁﬁacaoéfdeoga%t &?errl ng t%ﬁlagglﬁ.b and 4, the

ant enna 28 dfe mﬁmatmemnmmmmm&m@pna gnabwitpthe Srst antial | y

rect angul ar. wavegui, des 31 e Lidd: E@ﬂg%l{h@r wavegui de
may i ncl udetr&ﬁén ?’/re m‘éﬂgmé%rg{]ﬁ%eg‘jsﬂ"gﬁgg gﬂébr oa ﬂn sex)‘é 32 of the
subst ant i al Imfoﬂmibalxguﬂauﬂnmmgdrﬂd@mmdrepqummb@th%)ﬁ?cé@ﬂ%Fbé" -That any
aperture can be used that 30 will transmt and/or receive el ectromgnetic
energy in a desired polarization such as, for exanple, a circular
polarization. In a preferred enbodi nent, the apertures are asterisk-shaped
aperture elenents in the broad wall of the wavegui de that can be forned,
for exanple, by forming a first crossed slot elenment and then formng a
second crossed slot elenent rotated by 4~ fromthe first cross elenment in
the broad wall of the waveguide. The |l egs 36 of the asterisk 0 9 MAR 2004
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WO 01/'15275 PCT/ US99/ 25008 _g_ shaped el ement slightly reduce the el enents’
sensitivity to anplitude of a transmitted and/or receive el ectromagnetic
signal. In addition, it is easier to enpirically determne a desired
configuration of the antenna el ements to provide a desired)anphr tyyge and
axial ratio of the antenna using the asterisk-shaped antenna el enents. The
substantially rectangul ar wavegui des 31 are oriented so that narrow wal |l s
of the wavegui des are disposed in para_ls) el to each other and the broad
(H-plane) walls 32 including the apertures 30 formthe array of antenna

el ements. hal f of a

wavel engt h Oﬁeﬁ?fﬁl&ﬁngtﬁ 9%&&?591& E\%}F}}oa a'illgftilg;lgﬁiﬁl@'l%lt ech he axis of the
substanti al | ymmmw:@mwammmvh@hlrdj@ha}admbmwﬂnaﬁlb yafdnnammnaawﬁher receive
el ect r omagnej |l e referenced to either the
pl ane of the{hégttrgﬁ%gg%{rr%gw?r ﬁloc&leae fﬂ?{@,{ﬁ%&ﬁﬂ%r mal to the antenna array -
(vertical). Each &l ztnhthemmbbdmgubéme metiabpfi thtesvmﬁoxf«edmﬁhes(pl’@zuﬂﬂgi 33 by a

wavegui de fee 34.. an d ég a,non- reflecting
mat ch | oad ( FBYRETR s?"r’at ecfgvmua{;'1 er‘%elina@b Qﬁ‘ﬁj‘ %ﬁl #é"P% is_illustrated
a cross- sect cammhnitate dirsailipivisirthe destipatidn. ﬂhemﬂmvdagalluds thesstegs Bfitrammindtringl ong

line 5-5 of ‘ i ssed above,

t he antenna %g’fmaveg[}?%gﬁfo hﬁlhﬂgthe?rg&g'ﬁ{é@ hg“f‘?%ﬁ@?rﬁlg&a}%&f’ 3& Fé‘rc%m ve

el ectromag nevel'ncle.mmggng therinfarpatien Bgnabithemfirodtienemitter/redeiycrnntitlocrtedaorca

o onal's for - PP B el AE BT erR Yl dl Atk e ARREE o be
descri bed #®The methed sleo Wﬁ‘égf-sfﬂﬁe‘"ahtheWFF&‘“F@ﬂtstﬂn!lr“aﬁsﬁrﬁF@ﬂéI ectromagneti c
energy. The S GedlORRINGIcaBE Lécond véh?&ie 1§19 iSARn S&Hﬁﬁﬁﬁmdoﬁlrin%e of
rectangul ar wavequi de 31 (See Fig HQ 20 wavegui de f In
particul ar, &F%Pt%il?%mﬁ‘émﬂdh%m@ ‘1°P§:‘g'b"§ Bk the @ecord ‘E’WVV&(/&’@@P’% feed at

an Input/out Rt aiPiebeividy BB hidrRioRisighi with & redsvédlet the Béshaigd. both in phase and
in anplitude by the wave%w de fg@d to Plhow de an egua,l anpl i tude and phase
signal at each of ABPHsEmbpRimens okgsysterp ol theinvention prgvidegdnfonmatiogdoand  As wi | |
be di scussed fioh Qfﬁweﬁrcled@&ﬁaté aniffoANiion Mwdtk BaVEITROME! Vehiichi @AahS at each

of ports 38-52 .are refer roidd h of the substantially
rect angul ar \}\%@%‘&L‘J‘PB T“%‘;} wHFﬁég H’g'ﬁﬁ %F%fﬂ‘@“'ﬂ'é’ﬁﬂg‘ U¥s

illustrated lvﬁth"_thgmfc?mat'fdmeot&l:mﬂésdmgméIheGysSdngtEba‘iprisa aitradistiiter/feceitdye

wavegui de feed, or t es hrou veao f.eed and is fed
to egch of tﬁ’@‘tgﬁB&‘g\ﬁ?a‘ﬁlﬁﬁgveﬁagg 8@5{}9?&% d '?tgc Yeéf"%gabl y in a
TE10 dom nantThesgeemmhlsd helu@sestcnxcdrnagnéttcrkecswmtlocaﬁnéoﬂ'Ei@omﬂ)mmant node of
the el ect! QRBENG s if ARk RRAOA Sontl-ARk Jind SORL Br Mo, iy each
subst anti al Ty Téct an ul'ar wavegul each aperfure 3 0

broad (H pl arredeixgathe ufgrrm:oxeaml @esy’ssmﬁhamrfcgrmﬁmsmglum&symmégﬁme so as

to radiate t hficlsaefs GuLe%m Yrudd @erupxzaata zmmﬂ@amﬁahkﬂfeema& uhifl@ndl @Slbdse6he
el evation angle di scussed

, f) Oper at &g' of @éantenna 8 and the
wavegui de feexdd Q@n%@ﬂﬁf‘il TSRV YA, F%‘dt%‘”éﬁséf dé{ﬂ“@F tReCHYERES i ¢ signal
such as a di GrdndhitéMt &lfbrirefonMRadspovdSthOiRMmition SizRA Setded Mebétdhd di scussed
above for transmtting an el ectronmagnetic signal. In particular, each of
the apert urdsvebisla andihedirst vehide. AR 200 WO 01/ 15275 -9 PCT/ US99I 25008 br oad

val | |32 f)f eafh Sngér%:ﬂfebttilhﬂchfem&to@ﬂﬂEHV&Eth}‘!MB?ébﬂEa eﬁﬁE&hT }t%sda t
circularly polarized electro i c,si.gnal and | a org nan
node of the ef@&ﬂ"@rﬁﬁﬁﬂ@tqeé‘“ﬁ‘%ﬁ‘;‘“ W't“ﬁigﬁ’“é?ﬁ‘ﬂ“ gﬁgg‘fgﬁ% D ;?ﬁb‘ul ar
\Aﬁve?w deh The Béqmldfr]gtaédtlmdedﬁwxﬁésereedrmtpummfﬁltusmtmng:ﬂglanqgmmagah es ahogg
the Il ength or, axis, o e.su nt.ja rect angul ar wavegui de to the en

of 5 the subsi”éﬁ‘é?da‘?‘slﬁﬁta ?%317%‘5‘?‘ \R}é%b%w"g% ‘and is coupled to a
correspondi g si gnal port 38 52 of the waveguide feed 34 by a respective
E- pl ane bend 39. The el ectromagnetic signal at each of signal ports 38-52
is then conbined or sunmed via the wavegui de feed to provide a conbi ned or
sumed signal at the input/output port 37 of the waveguide feed. Fig. 6
illustrates a cross-sectional side view of the wavegui de feed 34 taken
along line 6-6 t o of the feed as illustrated in Fig. 5. The plurality of
E- pl ane bends 39 allow the wavegqui de feed 34 to be | ocated under the
antenna array, thus reducing a total length of the antenna 28. The E-pl ane

bends coupl e each substantially rectangul ar waveguide 31 to a correspondi ng
port 38-52 of the wavegui de feed and include a curved section 39 of an

acceptabl e bend radii as known to those of skill in the art. For exanple, a
ref erence by Theodore Mreno, Mcrowave Transition Design 15 Data,
McGawHi ||, 1948 provides specific recomendations for the use of E-plane

bends W|th wavegw des Each of the E—pI ane bends can be secur ed to a spacer
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25 been described for a single polarized signal, that other enbodi nents are
contenpl ated to be within the scope of the invention. For eganmhR,208%ach
wavegui de of the plurality of radiation wavegui des may have two parall el
rows of a. plVWPANIRY of apertures disposed along the axis of PERESHWARS®§uUi de
wherein one row of apertures may be at -4 eft side of a center axis of the
broad wall and is used to transmt and/or receive a |left hand circularly

pol ari zed signal and a seBRIEF DBSCRIPTIONAPETHEBBAFANGX at a right of the
center axis of _the broad waJl e used to transnit and/or receive a

nd ma ] /
right hand ci rdGIiFegngandetis e egﬁsgﬁiﬁdbvaﬁﬁge&\mllsbeéw@&alhbamecmﬁrm thene
I eft handogbkigldidiyg Rokaen.zed signal and the right hand circularly
pol ari zed signal may be fed and/or may provide the signal at one end of.the
wavegui de and Higdriet peepastve viavsi agretengasebaysidm dfdkadnmetion mountsddntagoof
transmg d/, r ive the left hand and right hand circularly polarized
si gnal s’ ‘ﬁ\qg.agt;?mﬁ/ﬁ E 0o~ WO 01/ 15275 - 10 PCI/ US99125008 I n particul ar, a
swi t chi ng deviki® 29818 herapectifoyiewpariialle prodePawhydo foenientraya bithe astenriacsubsyistenh
bet ween tfig.l qft hand circularly polarized signal and the right hand
circularly polarized signal to provide and/or receive the signal at the end
of the waveguilie3iTheidsvievaionalyideuf the ameynalef Filg. 9posed, for exanple, at the
end of each radiat.io vequi de.where it.is coupled to the 5 wavegui de
feed. Referri %Sg'?ds %P°€%§%?%8F%€B%W%gﬂ%& includes a first section of
waveguiigle 54 tH@ats ih@asrogs-EddlidnalBot@iM plafWiety oM ReHbodEheaPE ARGk f&d of the
particul ar wavel ength or fr%?uency and in the TEL1O node. In other words,
the hei giiPtegra.daken plopgiing &5t §18-8F wavegui de is substantially the sane as
the hei ght of HheiyRVReEdEsaBHdOYiebT 1RUSAAA 128 dinklel§brpigngti on
poi nt 56, the f.él]l’ st section of ~ 0 wavegui de 54 iga i\%i élleg (?_nt c;génﬁpai r of
hal f hei ght wavdus dplas dist pge bl ofpwayesyide Serd of shedntamna gf Biz. davegui de i s
transitioned tg, 8 iheh@RtidNGta seonAYBSEARG B Wi - ei ght of the
first secti ontF(g% \}\@vtégui 1o‘I:e. ) Assept ugn?GZ s pr o‘\,/%égledg fée)lé;d O{fﬁgg' frst. junction
poi nt 5% to afes Pnistarpsossrsastionglibetfomrpdan vew of kn dedrmgte embadigignthd asenegddde t 0
the pair I gt [ Lons. The septumis preferably
subst ant ifgﬁfdlag?é(ﬁb]?%#lg%iatn%§?ﬁ?lgﬁ’svg%Otnés, for exanple, on the order of 15
. 006" thick, iFsg.d0disdurbsiswectamel andrviewcoBant dxeudat enobudinaddt 91 dfe ahfeanaeMmbgui de
sections.SV% i58- and 60 to aid in alignnent of the full height to half .
hei ght tll%ngf?rf’on. In a simlar manner, each of the half hei ght wavegui de
sections 58 aBifs6NA sddi B deplotsitiostatihg & SéanPpatterBdf thé Entamicth oF tREROBFioRal I
68, 70_of correspondi ng hal f hei ght wavegui de sections. It is to be
appr ec?‘%t“écgu‘{‘?ﬁ’a? E\ﬂﬂxﬁgﬁgpﬂgeagbfﬁi agtn‘éraigg,ﬁg@?m&a}m’é’@n%a Bermsyendir e ni nor
i mages of eaclFig 02 ptdeispettiveivievobitae ameidSubseeh GHthdBVaAIndEo e8RS 58,
64, 68 h%\iﬁﬂ? decline or dowmmwardly and laterally disposed ranp to forma

hal f hei RaOEYLAFERTEl ement and each of wavegui de sections 60, 66, 70 has
an incline or upwardly and laterally disposed ranp to forma half height

wavegui de el enment of substantially equal |ength to wavegui de el enent 58,
64, 68. In addition, correspon-@ﬁi@k&&%g@ﬂ%b 73 are provided at a
second,4 uncti i - _ A ide, the

24 UNCt | 9Re BRLSHRSI AL Id BE nRLARE HeSnrdbh g%,vgi& mg\ég&g@g, apy '

third section of wavegui de and wavegui de sections to aid
in the tliapbraadesst televisios peogmmmingetivghwaneneguiideionk sigeals, inwractive seavite hei ght
wavegui deg;SheRBRL.S 1 oL Pt and 70 .are m._nor
i mges o lgglz_;lch ot gg%?‘ts\éﬁg&t%{ ge eggpr ecrzbltf ?f‘ tgénfl@g%m‘i’ aggré Fl#nnflgg H?fghﬁ%r,
each of wenbilgplatfernssesuth en fore4ample, aB@asasdboad adautorbiied. i laned pfafareda si ngl e

hal f hei gh V. i de, section to.a pair_of.correspandin al{ height 30
wavegui dgm;bgc |e§i91§1 e%ﬁfen%?nd%?tel?é? wg??,usgg‘,’mgﬁﬁls%‘lg?&}g l\ﬁ/%'eﬁﬁe grr"é&cag%rﬂﬂ ed to
each 0]‘508 tgktel_ligasrap@&pmwd@h' g’ygo$'to_gri*®|Iivla;blrcﬁﬁca%&e_le%&liorﬁﬁolgxféﬂnﬁiﬂ@ﬁo ﬁaﬁsen@@rs;%gdhéﬁ- A
sept um Lds,in e transition froma si e ei ght. wavegui de
section TEPHGSIHATE. FRiIHEP ReipSHn PHETEE ErOAEIeTESE e BRionie thiysigth s the

el ement s nfethodef thehfiventi8a, pRSendbes indNEhfb cal BeldE@niividuolivd HREEHaRel € Mehther
other. It js the conbination of the full height and the pairs of half

hei ght W&VJ GUATER: SPanE Gt AEVORE Rrogfargipg, meyies apdrny ofber posrmming) 75

‘available, similar to programming that is available in most homes either through cable or satellite




PCT/ LJS99/ 25008 i maged with inclining and declining ranps as well as the

septuns that nake up a 1-to-8 el emrent wavegui de feed iIIustrated in Fig. 5.
Referring to Figs..7-8 which are plan views of an enbodi nent.
wavegui de feed 34, it is to be appreciated that the wavegui de ed %ﬂﬂ can

be forned as WQ\@)"HP'& es 91, 93 that are minor 5 inmages of ea‘%ﬁ?’%ﬁﬂ’é Such
as illustrated in Figs. 7-8. In addition/-it is to be appreciated that
since each path fromthe input/output port 37 of the wavegui de feed to the
si gnal pontrsic88-(i ddyantaigendfi ooapre&mntdbmbadﬁsenea”clhﬁ grderinatths system arol the methed
orientation, the wave e feed ope add .t e netic .signals
recei ved 59? thﬁd?"’tegu%%mg}?at ShYEHB™ Lwew no S REe s v1r§%)ovf%é£ 8@%&&“ a0y

signal at dishititibnHhpYincdas tapas7ar@feqtueed;lameqiepra¢nt ehrebﬁ Jocatedjined dteragd zg‘Ei'aMthe
provided at 10 |nput/ FF% ort 37 to grow de a equal ly divided signal
both in alﬁ’ﬁﬁst%?H?éehéﬂﬁﬁﬁ ¥é‘° OnFERIpE amBRAFSCNEET SPACC 5 be appreci at ed t hat

al t houghs t he dlAS&Mﬁémamafaﬁ\éenM& ReesmGhEeabesh g@emoaafmtm §igoals
i ncl udi ng elg ht vvavegQg ues and an 1-to-8 wavegui de feed 34 as |IIustrated
¢

in Figs. SGUSSGCh@O\Xﬁ ipgEsengeedin gbe raﬁﬂnwa%’@m dée%ﬁrfr&fﬁé: ind, pe qrppediment
i nvention g agﬁnMS}é&npiO ﬁ@io@fhel%ht 4ow Bost, IpghlBain, anky%ve 228y afchdahe |1 ke

vvavegw des ormng the antenna array and a correspondi ng 1-to-2, 1-to-4,
i -to0-8, 1-thapnkg be Hisposedin a low- @casnadom:t(@otul:k@traqq@) 3ng anay| h@én%mv@gfer RHAIDSR P

For exanpl e i
enbodi rrenta%?nggeAflaa\?/]eduudlnléb%hF Z%d%%arg%g%ggﬁ 3?45“"%‘6’% Hgélilﬁé\jaémﬁétnlﬂ-%%@é %e wavegui de
f eed 90 10 sippardtug 24 Mh 13 émmxamM\ﬁethoddﬂ\fee@dnbahastStQﬁp@p shag thejanteanaymay be

simlar {9 §RE1dndif B ek b For' RS AR okt 2 ?a%é?gfj?gp&\frgatefy%oe'xﬁ Oelaidfif)2°

signal s r &Ry wo Corresponal an anten
array at poetey-8eg r%,me%ﬁefe%ly \i\/l(ll()apelﬁ)?the vetdcle éxﬂﬁalloi?l)ﬁpvelﬂeﬁb,t ofith2 antefiwh, 116,

118, 120, 122, .124, 126, é 4 ]I | 38, 140, 142, |44, 146,
148, 150, PPEHoning apnARIUSAn %%%1830 35'15??#&8 4§1¥RHP At i nput | out put port 156
or toddl vi de amrll &le&@r}iHo@ﬁgMﬂSﬁﬂge aﬁhm&hb@@teml‘diwdxﬁvﬁnm)? ol ph&&nwfmetg (2)
provi de an equal anplitude an ase sig ea i ts 92-154.
e viavap ariset sampinss bey DS SIBR I S ePEg BRCLss oris Ve RS S

164, 166, ;188 azikdih pikdevy ﬂh%caljxﬁ@wemjezgof the §Qenn3:§r¥ay d4 3607dn h&igndle R d in

the correspondi ng tranS|t|ons froma full height vvave%tlu de to two half
hei ght wadégjtipaidke baapagempf therantenameiay baye ﬁch?ﬁ‘ﬁt"é‘ dthgn theideyatipn plgng ehinsi t i on

froma si %gfn%xfg@téch{ hej gty Vrﬂg}”ﬂ)eds%aﬁxfédtu‘{‘ﬂleQf%lvitldﬁ%ilﬁ{%tby%yﬁgél'nﬁiﬁén@ﬁt of

septuns | I's to e dpprecl ated that each the wavegui d
secti ons wid dntdnea arrap weoapnrwagletc awwﬁa@m@towbgaufq@@mq, YFr@fl a pair

30 of W@% geghtgo% a%?f%trhr?\%soc% cntoI 400 Oﬂ?ﬁh}é‘@%g%x’ngﬁ é)z ?feltlh%txgﬁl I@Gatk@ﬁ Fige in

hei ght & erren ne i1 n fg
provide t Helthsaqbréfei'red titat thwawtelym stbsystemn 30softthe ipvendipp treck tht batatiormet a he ant enna

28 accordi ‘%ﬁﬂngﬁg}gﬁhﬁvfg Eesé%@ tobt%e ;J)gseil{j on xﬁd%ﬁxntgtfxor?‘oﬂggpx%(/ 8 demlg a.l'lg"

pl at forns ave Cross

pol ari zat i;mihtItt&jaﬂtehna)lb’eafrﬂbwﬁltdlsﬁ&&&fnsﬂnmmﬂﬁﬂlltan of digital satellite
broadcasting vid nal s WD. 01/ 15275 UsS99125Q08
Addi tional l'y, Fté 2é g rﬁoéc%‘ﬁpP@E‘?l&fl\@Rk?’haavfayfvberw Wreé{?bto‘i‘%e&?%he f’rhne?%
novi ng pk %fﬁlibﬁﬁ&.nhbrh&’l@ﬂtl@ﬁl@lﬂc slaoatioflalbgéew 0fthe thagiﬂFlgachnd@@@eda tap glangt h

of the ToRIPEOMPAEREFRC HE- Lo RENGHRE RS AP £ HEPe 4b Ab 8ARUSTRF Lnng.
and r adongn@iideanEdl 19 oyﬁbbtﬁhﬁal@lﬂ@&ﬂar@%h@@a@d gufdead 1, vateekid esch sostdntigligr ound
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aperture elements in the broad wall of the waveguide that can be formed, for example, by
forming a first crossed slot element and then forming a second crossed slot element rotated by

45° from the first cross element in the broad wall of the waveguide. The legs 36 of the asterisk-
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the length of the antenna and 8 equals. the el evation angle, Thus, f.or .the
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el evation angle. This can be acconplished, for exanple, by providing the
wavegui de feed of the invention with a plurality of phase shléwsgﬁgsposed
wi thin the wavegui de feed at, for exanple, 25 each junction [b
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An advantage of this process is that it has reduced toollng costs and is
feasible to nold. It is to be appreciated however that other nolding
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Once the base material has been nolded into either unitary or piece parts
of antenna array and wavegui de feed, the antenna array and \ayggRi feed
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30 steering arrays can be processed in, for exanple, pairs such as the

| eft-right pair and the up-down pair to aid in azinuth and el eavgitmﬁnm‘
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of the ai kedyahtiudingeighewavehidesysitamn-twes/wavegoide il 3des dlusyratedm Figs. 4-8, the

control /display, station 186 that m cated. for.e j cabi n
area for W§ié°,gufd6rfeegx°’érﬁ5‘pé‘{avﬁ%}“% *Tnlt?"éf‘l?gg{\%&Hraﬁﬂ?onocﬁnge)é%%g glf%r{} %fihf;’la'i’ g’e to
control st he 1Ver abs asy/at GRe davkgalieb fdrnads theatttimairahambmcimspordolg on wi t h
the equi pnment i s needed except for seryvi ing %nn?} éeﬁg\‘{/r. As. di sgusl_sed
above, thé-tet btk 1298, dre-16¢ b’é‘?’?%d'tﬁ'r6r4a§'§°' Aianarae ek watselide f&dy P94 can be
20 used t £ PP oliltGtadt g kbHehfiit VRGKIMSE aRBheRRRnbdBRS 6fa Wivdphidt fedn be
used as the frdnt~ énd of a satellite reception systemon a rmvu&gé%%g cle

such as t Beaeordingtottheinveritign. The witeguidgtiedd 90 is 2 A de-dpelementyyategh tused
to provide to any : 3 b R85 @bdveliotditnki age

pr ogr amm ﬂ%ergtﬁglﬁl agﬁ%ﬁ?ﬁ%m@%ﬁ%ﬁi?&ﬁg% Yé%\x}e%tfﬁ?e%#edsl%or ts, nveet vc\)/orl Kk

progr anmi signalsesctiesd fom thirte tive kerrespendies wiveghides ofieh anigpranFay ahpetts 2 &bk t he
noti on of i [ zj Rel 4 i t ¢ heo anbemnnaa
beam pat t 8%’% X@@ég%elgﬁ’mtoﬁéi(Egt;ltérqqs’ﬁilf’tlllﬁ’glzlgé?ieif??{??’elgg’ézqwkﬁI?% eceive the

| i ve broadg@sit3ssidgnadss 144, 46,148, 130ahshind i Hoardaredide & sumraersigddl #t pr esent

the live broadcast signals to..a r iver : [ I {56dingts | but e
the desir &P HPHGHAOL ]gg oég’c V‘SS%’% g%gtéorn?g"gg%:%g@:%ggp%h@g%\g r{p!'isssélng;;er . One
pr obl em wipkdvidy @Wqdilngnplingle gndiphaseisignai at eucl obsigaal porved 21 e dTherveyeaurdd fegd
signal, a 30 communicatjons signagl,suych as j ) ragtive
servi ceds S0emayaeve apluralibt o PW%’éggg’ 1@ b@né&“égﬁggﬁgﬁaﬁ&g ? 24’6565’222’9128& in
a vehi cl e 13bCIp4a8d 885 R di®Mmahd corteSpdrdaiy tansiciongiirs a fitl Ditei gle twaveguidatoiwas
satellites or ground communi cation stations are ggt al vvagl.s IE)’gsi ti grgg?éiléﬁfy as
to provi déatfthsighhweregaidpofielcghraat eps i PRV T Mg |0 1eImanHges Jp™ A _
portion of eir%t’n%wwe'ggide AL GRIHMN AR IR Wal&ruidoY 8Ndeb@ihs 182-18%.hRek RYE afyrstieted et St s,
for prowcﬂ g an rnformation signal to a_m)wnfg ) . . .
each of the waveguide sections will be a mirror image of"an adjacent waveguide section of a pair
30 of waveguide sections wherein if one waveguide section has an incline. in height an adjacent
waveguide element will have a decline in height to provide the half-height waveguide.
It is to be appreciated that the antenna 28 according to the invention can be used on any

of a number of mobile platforms and should have a high-gain, a small size. and a good cross-

polarization rejection for successful reception of digital satellite broadcasting video signals.



WO 01/15275 -18 0 9 MAR 2~~ PCT/ US99I1 25008 vehicle in an area that is not
wi'thin the coverage area of an existing communication networig R

where continuous coverage is not available, an area where a signal quallty
IS poor, or @axffl/ikisan area where a conmuni cation channel dogs/esed/s3008 It is
to be appreciated that according to thisp,specification, an area where there
is not continuous coverage is defined as any area where a signal cannot be

Carel 11t et BleRe BouPe Y B olfprhd A ol BB OMREREbm S | o)

of f in st#eaghlhdudd bpmt indrizhoind rbéicAd iralatgtic tocGpidmize ahy pmg\pr@edﬂrbyahlequat e

signal for other portions of t i.ment t he.
i nvent i onaWﬂé‘Pén‘EE’ HBEHLYge ?ﬁl&cq‘é;?/%%ﬁfr@w? %%?%eﬁx}elﬂ?wé‘aﬁat%y tréts Ballds?aﬁf or a
t ransoceapt ige fdtkfatand fadbideh atrh@nsdWdhiddé dickachy sircrafyndfastimediggroomd a to

communi cations tower positigned on the ground to coommupi cate w th an
ai rcraf o vevigles mchdmgrautonabags, eaiasssdle ]%ﬁkiwﬁ@ BPFTEHE f'?‘? BRYE YEhiClEs pBYE on

of the fljght o thg@éffué?@tﬂegﬁ 1E&HerA) £34) cBits k@fidted WHR kHe drAPdf thSradbink andvnehi n
the coverage area a satellite or within coverage area of a

comuni catitoms careque o exseddithe ¢qstef thyantenna sygem. A levzheight rademe agth aprRRPGWN
to those ayi f £4L at
appr oxi mat E15 G iR Teffoep| csh By RAe R afﬁ% B3 PRk Ey L nOM RECHE
acr oss t hedémk.afhis ¢s vineemtdmpozary ettompbibesraa oy ingraatfesms kredvaquensly desigadds " |
formng ro f,aircraft ac . nutes apart, one in
front of gﬁfﬁgm\y&n%g dgto reguce%%%e[rgx %%tﬁ% ﬁ%ﬁA@ﬁé\?entl on of providing
the signal to Ths, ﬂhepaxﬁgupﬁagﬁmﬂprnmry omportancerts iah anteinen systemi to del usddgmad by

the first tr,ansrri,tter/re eiver to,a second t tter/receiver that ,i

| ocat ed. - POREXaHHIEeACOHATEY &I PERIER: (i e Ean bt BUSTR VoD, Tpad
anot her apf Liaa{ch, R0 exprlibd\¢f thd@détha BeRa8s forexirhpld/dn trﬁ@nﬁdﬂ'ityh‘ajﬁ&lemsﬁtep in
the method may be to receive the retrans%tted si gnal a\gpith t.he, second

transni t t &ichedrediagtion, aprarntionyandralirchen 1o, FRE exaRRIP AT d]agly Rolarizessigntb %S econd
transm Lt rai’nEa‘?&ﬁl'e\ﬁ%ht;' 91g§alta|ﬂ&lﬂfé doh@tedht HaRbial QF Bie\tlonhe) GaivENl aOie AdIAI her
aircraft t I's, for exanple, located in front of the aircraft housing the
second t raﬂm of the radomeimaserialsT Thiis o lopy-keight précinanag radpms absogeduses beack of
aircraft gghas &{ﬂneﬁ%lﬁ'c&?a saafadwthnﬁ%a&ﬁe &mhw{here gpaftaémab&eain to
any of the arrcraft e-n OI’ITB.tIOI’l may be, for exanple of live video
pr ogr ami adgliticryes isdgowentorthoseod skitlris th@laglnaﬂ @tennnmﬁladpng/bormnml digwnsion hag her

comruni cati ons data signals t e ach
passenger 2{THY ﬁealnh\gl Wraﬁquftg%%‘f PR 18{'@5 %ﬁ@sﬁaﬁﬁp‘@ﬁg g@ggﬁgﬂkﬁ ough
this exanptalitads (ke dig. 1) sivicekhe amem mm bentovttd)toaaeep:ﬂmfshteilnm mthmahmw:ami c
flight 3o, pattern, is to be a edthat t hi appl.i ed
to any ai P%%WJ%WW&BWWM?’H% ‘%{%f"l eafrtea PRETHT éﬁ?fetb%??ﬁalf’gg t?/ﬂ%?ﬁi n a
cover age aét@mindd ¥ d Jubfeaed dréa¢f thaiednatagray plofceddn eheriret fionpdfithe satellite and
comruni cat i s Si gLs are, n .avai | abl e, where continuous satellite or
communi caf? sdegqu’ﬁ Y EGuaioR4:i s not avail able, where signal reception
quality is poog) orGevepAwer e an exi sting communi cations channel exists.

It is also to be appreciated that although th| s exanpl e has been 0 9 MAR

200 WO 01/ 15275, - 19 PCTI US99/ 25008 i C |rc
recei vifig and Wé?fFﬁféFhet&% {‘ HEPEG Ils “%é%‘“ﬁf&a‘*gﬁ’ﬁ )Wﬁgre only

sone of t Raveaddged &ffdn o@é@txﬁgﬁe@éh@oﬁn@lamaﬁaamsaypk&u pﬁ)lxgﬁtﬂély 34EB s
further to be_ appreciated that although th| s pet ho scrl %&d with
respect- t 8eedpd & é?GFP“qI‘tOf@é"ﬁCtb@"OEl‘?ééf saiFllimy! ?fef?ir&l}eémg-ﬁ’é%‘ th ta?ia

plurality 5% rdsARGinua REE LR area%fmnma erbadi. matofm‘e &p@ﬁtxh?ﬁ@(ﬁﬁeh@}nrank@e

met hod stem can be used to create a %I’OUI’] comuni cati ons net wor k

bet ween aWéjJ Aslypiogliol 2- Ay | W CPhindheYniseschiatasangl i aybbmesss ortld veRd 2-2/8HS,
buses and: Y
i nfor ma%h o%ﬂg?%éng ap(? an ;&%&pﬂ@&g%@agﬂ&%@ﬂ%g%ﬁ% %%lglt J}g%}\ifgeﬁﬂ%@?%dékgﬁtaﬁff orns
to creat etheinsntion isnghicortmaniaveguidngementwork having:d wedth af appsgwjmaely taeRtY of
signal co r
R R T R s e et S e R
Accor di nglinchesa hsdg}amf ag® mffthet ireayrwbmﬁhemubﬂspkmfenn tirfachés gstabbsited bp ﬂnes t hat
it my alleviate, for exanple, dropouts in existing comruni cati on networks
such as dropouts in coverage that one nmay experience in cellular coverage
for existing cellular and personal comrunications service networks. In
addition, the nethod and system of the invention nmay al so provi de an
alternative 15 comruni cati ons network even where an exi sting comrunications
network already exists. Wth the nethod and systemof the invention, each
ITDVI ng veh| cI e can rece| ve the | nf or ITB.tI on Ssi gnal and retransmt the

L T . S b . s



transmtter/receiver unit |ocated, for exanple, on another noving vehicle
within the local radius of the first transmtter/receiver unit. The method
and system of the invention can be set up so zo that.it is i0f/MARDIOB to the
operator orupassgpgers within the noving vehicle. For exampkguseagbosnovi ng
vehicle may be equipped with a transm tter/receiver unit even if the
operat or or passengers choose not to u's1 “the service or to have a system

within the vehicle, that can interpret the.informatian,signal,. Accordingly,
each and2&ydrREthaRd Bige @’é"ﬁ?tﬁ@aﬂ%fha“lg&cée?tvg“% e?@f?’éﬁ%‘ﬂibﬁe p?WEEdiSH‘f}b?Srrg’f i on
signal tQ.GhRabee. ardrQRAHEY Githia®Bari BAtvWRH that 18 Erpehditul@xd $e faelod i@ aa@yt here |
a zs sufficient nunber of noving vehicles wthin an area. It should al so be
appr eci athedeighis deganiggd beRausian Bt hod of the invention is not limted to
transm"tter/r@ ei V}?EEJEEsgéﬁ | ocated on a noving vehicle. For exanple, the

overall network created by the system and nethod of the invention may
i nclude both transmtter/receiver units | ocated novi a%g\ée i¢cle as well
I

| 3 n a
as fixed tranghsre Heiﬁﬂfee}t?éﬁh\tf@fth%?tf@aéu’éﬁheégngé&PE‘gF AerRRE an gHtepPCs 3o
base stati,om ks REALGE-dSEABIMEnnL¥kS tHDepAPls @pABLisaRAE 11,3,
exi sti nggllggajt?lépla?%% tcr)lrlﬁ%fcgl t al gr oadcast i nananta?é{trl_nas?%gxiss??ngl_Uw\/HF
ant ennas Hownertasalischssed amye asoerding geoa prefested kmbodigtenbef thhentenpatdaflesired e

i nventi ongl ngl udi i r it herl: i '

tr anom ¢ Pt el Bk bkt i ARATM O PRSI pfld R the . 1o
conbi nat blar oamineinvhasne affentinerreatfitonataroe, W kngthef thesnigphaarfdysingieases
transm tier/receiver unit r.siaml. : -

pCT) s PS80 Er e RaRLT b P e Rty bR LR Aot dosfmopdihor i 1
not provEgeatian (dlequat e communi cati ons network. Accordingly, another

exanpl e of an _enbadi nent  of system method of the invention is to
provi de a tramdni fﬁéﬁ?@&egﬁoﬁ?taﬁaf)?coaﬁ’?’getﬁnﬁlf lity of moving vehicles. The

novi ng vehicles 5 can be any of autonobiles, trucks, buses, vans and the
l i ke. | n addi Thwpfor theeprpfasskergirdiment obthe tizttptwo wavdguidetchmmenetritenineof theed not

necessarily be connected to the service or h network, t ol rovided by the
i nf or mat FERERgREINE 243y 8HE éﬁlgg% @fggwgrgﬁ}%{ Ftéo%%lebogagr’éﬁei %géf %%g?khoig

t ransms {Br4illaaseseo U Wwhildthé height of Cemutenaatvill bd rebuced fiioar approximately
transmtter/receiver units |located on other bi,l e pl.atfor or fixed
transmi t § BA7 osPBIoRERatEi 1% THUS a?ctor‘ﬁgg {O&H%@e%ﬁpgﬁbg‘hlgﬁq e‘f‘ﬁ@“%?ﬁod and
syst em ofedkhe tlie AR bR isCFReDRork SR PetRnMit @l¥i tdehd dfagntomdinitizetiight 6DME Ng
platformfroman information source and froma qDVI ngﬁfgl Sttormto a

dest i nat P& Whasrtbeanternagaray {5 engratedisb loveelpttion Are eyt i Bor 98- (9€d in an
ar ea Wherg, s £i%itRit N0 21O FAAUAEs G rkQlired S sidehnd WAy 4@BlIGe RfaiGREstewsed in
an area where a communi cation network is available. Also, it is to be

appr ecptathedntehes angtradamast one of the transnitter/receiver units may be ~ 5
| ocated on a §i LK 3 QBficRh cbiRBleki DSk $85E1 Ver
units may be %égguesgé%%ogg’rlrmolﬁ%}ilzédﬁlfg%?éotromg&lcn ;g prseef é’?r ed emf;ggdi ment, the
st eps of tmedmd mechgniamebfithecansamng by, dier dxpmpkec meducina s neeé tq soar tieaatenumint wi | |
be perfor W th adtranspiter/y [ it 5 il orm
andwi ¢ hatio 0T M ERAE PLISHPLREE Hrhabls by ROLGR A0 AV EIRIC e

anot her rmkentie witlad pmralitpdfphgseshiftersedisrfostd withih theovaveguitie fead e hamendroplei on
network, It .is further to.be appreciated .20 that the. i

o1 ther S5 et RIPE RAT WRTEARE FRAPEL T h oA FE o HE TIPSy SRSl At Pltfs
certai n @Fpieet siiflers Cartlit0isb&to diécabsivaliyt @¢dr tiedehmeuntterniin theelevation angle over,

omi -dir ?‘grtelxgglglle, { Q%Sﬁgg‘va%gg‘%mge from approximately 20° to 70°. The phase shifters may be,

for example, waveguide mounted phase shifters that are any of electrical, electromechanical or
even mechanical as are known to those of skill in the art. An alternative embodiment that may

30 also be used to scan the antenna in elevation angle may be to form the narrow waveguide walls
(E-plane walls) of the plurality of radiation waveguides so that they are dynamically variable and
so that a spacing between the narrow walls-can be varied to change the elevation angle of the

antenna beam pattern. For example, when it is desired to scan the antenna in elevation angle, a



transmts equally in all directions to conmunicate with ot her
transmtter/receiver units within a certain distance. Mreover, it is to be
appreciated that the information signal may al so be provi ded) ByMAR @8dkel | ite
or a network,of, sMsel lites. It is still further to be app_relgé%gggn%&gt t he
25 information itself can include any og a video progranm ng signal,

mai nt enance i nformati on about the novih 4b| atformitsel f, positional

i nformati on about the noving platform vital information of a passenger
Wit hin t FECRRNAIHCH Rt fPTAMPlent BIoHRItDaYdcHsed lRat s, the Snarvisaky YaBaRle ons dat a,

and the ljak&uiddaviiRgo bhHeredSaTr iPGEasS @ Uetha et tdirtdof o STHRAMH RS bggrﬁt he

invention, various 30 alterations, nodifications, and inprovenments w
readi | y aedelevation engleeSere ehagplesrpoitvravegiide walichatanaydealynamisallywatiablecatas ons,

and i npr Qyans t%_e@]?]a%irigtrgﬁﬁ%@ﬁ%é@a@%giﬁ@%llgé%#ﬁy.t @égkés&ﬁﬁua&, c

r.e
I ntended to be wthin e spirit and scop I nvention. Ac grgi ngly,
t he f orseguratef, defoldedytallo puchasipr ewaynpid, désnaandtsbaped|waveguidd walls thattpeavidnl y  as

defined ,0.: i ' ' t i .S thereto, ..0 MAR 2001
v 01/ 16555t HEE BE L BE AV G, T ERFBLARLS MGG el Bk 22
A met hodnoived intand dunef campregsiah td varp tiesparing batveal the fiarovoaskd hlseammehbyl a
assenger _that. i ssociated with the, sec vehi cle,. the second vehigle
e ng L orPt B xR LOGRR e Ha R G oy B TRETateat YR ovEEaYES s
not suf f ixalleadd thé Beicigbbedes CHEpIdvepiige SaBPSe e be VaIaEEMhE Barkfi wallgpmkt dill an
area where signal cqverage is available wth a first transmitter/receiver

| ocat elf 8P fqricpripctheyeen themare W albapdihe proad walls piihg waraenife mibeserrgniepis

signal, KRGk Webniishdador dxambld ByhgBrtivels/ &yl ¥Sdther tRtASESARE tHaPmay be
transnmitter/receiver that is located on thé second vehicle that is on the

second pataviapligmeneisactionef thesspvraide witheogeypaading buaigh geles in srothes a¢dtiosi ent ;
51, Ot S R o LR g R 4 g O 9
maintaining the desired electrical contact.

15 Another embodiment of the antenna subsystem of the invention may include 2 arrays
such as, for example, two 32-waveguide element arrays each having a respective offset angle of,
for example, 35° and 65°. An advantage of this embodiment is that each respective waveguide
array need only be physically or electrically steered over, for example, a 30° elevation angle
range, in particular the array having an offset angle of 35° will be scanned or moved in elevation

20 angle from 20° to 50°, while the array having the offset angle of 65° will be scanned or moved in
elevation angle from 50° to 80°. An advantage of this embodiment is that since each array need
only be steered over a 30° range in elevation angle, the overall height of the antenna and tracking
system can be reduced.

In addition to having a low-height and short length it is also desirable that the antenna of

25 the invention have low manufacturing costs, a low-weight, be simple to manufacture and be able
to operate in an environment of extreme temperatures, density, altitude, shock, vibration and
humidity that is common to many mobile vehicles. Each of these objects can be obtained
according to the invention by an antenna structure that is made of advanced composites. For
example, one embodiment 101 of the invention as illustrated in cross-section in Fig. 10, includes

30 a cast structure 103 of 2 base composite material that is plated with a metal plating 105 to
provide an antenna array 109 of waveguides 107 and a waveguide feed 111. In a preferred
embodiment of the antenna, the antenna is molded without ends of the waveguide and so that

-each aperture (not illustrated) within each broad wall of each substantially rectangular waveguide

of the waveguide array is formed as part of an injection molding process to form the waveguide



with the second vehicle. 15 2. The nethod as clainmed in claim1, further
conprising the step of transmitting the signal between vehi glgegasg nger si ng
pat hways in the area where the signal coverage is not sufficient to create
a conmuni catwoon/rsetswor k, so that each of the vehicles can rrREI&EISIE25008
signal. 3. The nethod as clainmed in claism2, wherein the step of
-transmitting the sign 20 between vehicles need not be perfornmed by each
vehicle br@ayteﬂﬁ @Q@@i&@ﬁ@@sﬁ&%ré' ARakvRRYEeLPER précefiqt 1HaVahhaRhGed ﬁ)‘?&lihgat at
| east one of the vehicles wil| not receive the signal and w |l not

r et r ansnfastsdsg issfeamible to moldTHels iebherdresinted howerer tha oteninglding mpesssss sudhhe
signal c Q ' | ) | |nt.eractive
ervi ce oy saa e Jofsdsefin ot fpl bR AR LRG3, A0 BRSS! el 1 1
cl ai m 1, inshpaneively phelus¢ eparsénnrauey i ang of merespagn.aEaahi af thetrheldimg ¢anigland

transrnitter/receiver_ jncludes.receivj livecvideo programm ng signal

ut ot RePloBEshS ot P R AhFOTRI 00 B il G e SRR Y T %0

ar ea whewavdpnniadesdsd tizaicetidsire@ dieevsbage i s not available. 6. The nmethod as
claimed in claimb, wherein the area where the hroadcast satellite 30
coverage is ngtced %Pffsﬁﬁ’?aéeriagﬁ%f’%eﬁ’? proldsd into gifiisy BRIRRY Ydicss PaTS %%é‘te&ﬂ%laﬁﬁerei n
the firsindnilesa8ORAdMBEbRkESH adfaf afiDWhviguide feef @hd themké plated ubihy @dwiRCTr 0SS
t he ocean or fsea,al ong a track to make up a copmunjcations network: 0 9
MAR 200 of plating ER ab Ao FaRPigi HIEF oS PTRATISHYF PBHIGROFSEeY AR eidiensdur ce

to a thi{do YRRl PhaPRSSRE YRl ces WBBH@LSNSY AnbheH BRI badR BALK AL ta§ BRRGY
communi cate directly with the third vehicle for passengers, the fret hod

conpri si wgmprevgedigmsiontaf apasigliie Fopging te thabese matarish 1§ shopnld alsodheranpreciatsdithas

I nf or mat | ] o ' (=S M j | .Signal
W h B T Lo e o B B AR IR R T 005
passengensdthiormiazonfudiive skelldngmal, andifaesitgd, extasnal of the mavéguidsramdtlicon sour ce;
transm t%g%u;dg@eeidnf ormation signal with the first transmtter/receiver
unit to a second vehicle for passengers; receiving the information

si gnal 15w t h alneec embtodingnsafithd rté¢rmed 81 veording to thedowdnéidn, grefomeedseaarstbts

vehi cl e {01, DASSENOE! S L1 ANILE LLOGLIW0 Rohi LR ot Bk ifhid HignSecond

broad wall of each waveguide 107 to reduce complexity and precision requirements of the

molding tool and of the plating process. In addition, it is to be appreciated that when using such
inserts, it may not be necessary to plate the through-holes in th‘e base material that ﬁrovide the
20 slots where the inserts are inserted. One method of inserting the inserts may be to use ultrasonic
insertion which provides fast and economical anchoring of metal inserts and also provides a high
degree of mechanical reliability with excellent pull-out and torque retention. Another advantage
of ultrasonic insertion is that it results in lower residual stresses compared to other methods of
insertion, because it insures a uniform melt and minimal thermal shrinkage. Another advantage
25 of inserting preformed metal slots into the molded base material is that it results in reduced
handling costs, especially if the cycle time of the molded part allows for secondary operations to
be performed by the injection molding machine operator.
It is to be appreciated that selection of a base material is important to the design and
construction of the antenna array and waveguide feed, to the plating of the base material and to
30 providing inserts, if any, since each of the base material, the plating and the inserts may have
different coefficients of thermal expansion thereby inducing stresses within the antenna and
waveguide feed structure. Similar stresses may also include those due to the environment in
which the antenna is to be operated such as shock, vibration, as well as humidity. All these

factors influence the determination of the base material and the conductive coating. For



the third vehicle for passengers; 15 receiving the information signal with
athird transmitter/receiver unit located on the third vehicle for

passengers; providing at |east sonme of the information for
passenger associated with the third vehicle for passengers. g@%{“@bd of
provi ding i W8 dn froma third vehicle for passengers t BCL

destination where the third vehicle canh®t conmunicate directly with the

destination, the method conprising steps of: transnmtting an infornation
si gnal coxaraplai angentairerafin foeyimstricbnowr density, highrstagth.elimensicae Byt sehlethaeriahi r d
vehicl e ot Y I rst
transm t%g{hllg‘g?za?%grggo i nqggéséjtegdm ;ﬂf«}efe%ﬁ’ rﬁ?&sdtl%\gnﬁ?]{hg Pﬁte?ﬂr&gggénger S;
provi di ngras¢guidzafsed aremmldﬂd ftdneULﬁEMtho}msfaqml)@dmemdetayxdas qnaagsmg:br

associ at rst ve hi ¢l 8 for nsm tt

of or mat P ek PR AR R U bRl PR AR CanGAF el Pl O ¢ e
i nf or (rjmbt b@rlﬂp?shl@ ][makemﬂotdad aesﬁlew@rwblltals arymmetstreleneémeﬁactvm aypdcifid gavityeid ad@ngen a
second vehi ¢l e_for., passengers. t hat conmu on range .of . the
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addi tion trsnsmtter/raceiver unit to provide the | ormat 1 on
bet weetd tha@assnmb}yméummnosmctaé pageds tormeakeniprtbie and¢ringland waveguideferd qaptohod as

cl ai med s)lﬁ%]ﬂﬁ f’anrPéyit% NAhesARTBRARE rk%leeﬁﬂ?% nggm‘bﬂi@d ﬁ&e%ﬁ? 1ﬁ‘se?tﬁﬁg?{é’s:o{é‘1?t t he

mformatlon ransmttingt tion signa on_
addi t i onhbndingarshitherer Mosoeérydue tathe superiqrmbysickd ptdpemesnéﬁihnathammaﬁegmla,l a
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unit is hmeﬁrtamidcvavagdxde(mu pd1adfftie imveritidn that ndemetohded fde s:ichbmdnatmau ﬁl ms 9

and 10 erein the at tional t-ansmtterlrecci
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wher ei n mgnédurrodeaeﬁhusdt@nm&;y ieBtaSul @ v eplies Cante éﬂébﬁ&elm &Qﬁ&iﬂﬁérﬁﬂlyl on
channel exists hod as clained in clains 7 , wherein the

third veﬁ?a&deaﬂidéﬂhe&?&t/é‘éaﬂt? faﬁmérpé%tm &f gaseseRii g iphgt r&sﬁ% .ﬁ?r&femah t®hannel
does exi pleveht moisturtenéRAiBRd as clainmed in claim7, wherein the infor mat i on

signal includes a. videq progranm ng signal,.
The antenna of the invention can also be provided with a plurality of steering arrays that

20 can be co-located under the radome with the antenna array to aid in positioning the beam pattern
of the antenna array. The steering arrays will be moved in azimuth and in elevation in
conjunction with the antenna array so that the physical relationship between the steering arrays
and the antenna array remain constant. Figs. 11A and 11B illustrate a plot in azimuth and
elevation of an antenna beam pattern of the antenna array and the steering arrays. Each of the

25 steering arrays has a corresponding antenna beam pattern 173, 175, 177, 179 that is offset from
the beam pattern 171 of the antenna array such as is illustrated in Fig. 11. In particular, the
steering array’s beam pattern may be located for example, to the left in azimuth 173 and to the
right 175 in azimuth of the beam pattern 171 of the antenna array, above 177 in elevation and
below 179 in elevation the beam pattern of the antenna array. The signals received by the

30 steering érrays can be processed in, for example, pairs such as the left-right pair and the up-down
pair to aid in azimuth and elevation tracking of the antenna array. For example, the steering
array patterns 173, 175, 177, 179 can be made to cross at the center of the beam pattern 171 of
the antenna array so that equal amplitude signals are received from each steering array at the

center of the beam pattern of the antenna array. Thus, if a large amplitude signal is received



16 . The. nethod as clained in clains 7 and _8, wherein the information
signal includes maintenance information :For the third vehicl § hﬁ 7 The
nmethod as clainmed in clainms 7 and 8, wherein the information Si'g R 2004

i ncl udes posiyid ARaddssi nformation of the third vehicle) 18 . Fheussdligsk as
clained in clainms 7 and 8, wherein the_information signal includes vital

information for a passsenger on the th| rd vehicle. 0:9 MAR 200. 25 19 .
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transmt qaﬁbﬁi&rdapmm@ 16 esRQaistmRr.t ARAEAIVelyS IHf6RGELY By URb be dishibuteiNs alret hod
as clainmed in clains and, 8) vvhrelnhhe steps transmtting. informtion

signal arRESHREFD Wlfwﬁélﬁwe& aRjuehly of sergensdiacethpariaginally imthg Rassepger
di r ect ijonada dIMd Bfckaft. Futh®r, ARy 280 nR§ a8 inclitR 4BERAdoaSolkdildyRthtion 185ai M5 9

and 10, wherein the at | east one additional trapnsmtter/receirver unit is
| ocat ed dhatanaydedoqatedefor oxpmple, én/the sahin Arge fogus%iferaxamplep by flight attendantpnfa om

a first vehinghes mm@@s&ﬁﬂmﬁémte&msrya@mna@udh%wn%%ﬁﬂeamu hm&éac@&%wﬁﬁ“ the

first vehicle for passengers and an’information source or destination,
wher e t héhe ¢quinmenelsingededfeseeppfos sesvigingsind sepaist conmmuni cate di rectly with the

| nf or mat{ on SOU%uQLa HASE!MELLAD, 281G SUSLEBONR B Qdhedhdi Lot canbe

transmtter/recerver unit di spose ssengérs; a
passengernsehtoendkaap thc ssp&istedamingt dngenha sxédsystem 26 ket éamrbepaedsmge frontzemd of a

2 por b ort ik BFichpTstim bhE PRI vERPlearLa s e B st by n
passenge newsmyaﬁeﬂrhambt Iusédhe pfonvrdstto wehiumhter bOpaspragare nghirsthe airéraft Séithdleenna

coupled to the first. transmtter/recei uni t econd . .
Cransm t EEETRREEER thiQ ST ORRIE A oo Sh BRI PERH ROFFming SR8 hat

15 is | oaaé Kiek. iIn paﬂcaﬁ@&le\aﬂa&n@ Wwill teRR tIEQRBAbH cfaievehicldintaBRm SR i LR Or
desti natl tha; el ves the infor rtre(lztuée%nonsher;al and re-transmts the
i nfor m&ti agc?r;dﬂ Fept e antenna beam pattern fo the transmitting satellite 26, will receive
the live broadcast signals from the transmitting satellite, and will present the live broadcast
signals to a receiver system 183 which will distribute the desired programs to each passenger, as
selected by each passenger.
One problem with providing a signal such as any of a live video programming signal, a
30 communications signal such as a telephone signal, interactive services such as internet services,
or other data signals to passengers in a vehicle such as an aircraft, is that a communication
network such as satellites or ground communication stations are not always positioned so as to

provide the information signal to the moving vehicle for at least a portion of its trip. According

to the invention, a method and system exists for providing an information signal to a moving
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on. 40 ., . The systema | aimed in claim3 wher ei
vehi cl e tlpaﬁ%wsgahaﬁaclga a% S Bights e PPRRERaY hgamt alfizde e@le@fna
t r ansm st QhlaliBCs aeFaft t%bﬁa%rds@ﬁﬁ%&%hé@éeénr iARSH 6f}>a§a|ﬂﬁ pats OB Brradignal
bet ween each of the vehicles along the pathway The system as cl ai ‘med

in claim fagnmme%m?%&fhsp@fedt%efox/@wml%§wq> alraﬁe%ap%roar- in frp%txpé Bnother- & ong a
track and,thge) ﬂxf tHE H‘EEHOQ 1f fh%tﬂ%'hﬁox? BFﬁBﬁ%ngsth@sdéﬂ td Rk WRL 5 f@tfolfAgs to

i nformation si system-as cl In claim 39, whrein each
vehicl e |1§transgnbt¢mdecvahd s:lgeal bmtma firisetrangmisteneceiyar 19t saeand tenssaitierreceiver

gr ound “gthxc“q%é h)cfatg& fﬁp%aln{yleo t gg'}e a%ra%f 3ha lcgmn&ngaw tﬁo&dbn f/}xe?' 1rcre-ari¥'e

system a ai ne wherein t secon ennas hove.
f ocusedotmakisgite transmtearec Bight. odn pdditierahstep in the method may be to recewe the

retransmitted signal with the second transmitter/receiver and to retransmit the received signal
from the second transmitter/receiver to a third transmitter/receiver located on another aircraft that
is, for example, located in front of the aircraft housing the second transmitter/receiver. This step
can be repeated along the track of aircraft across the entire ocean to provide the information
25 signal to any of the 'airc-raft. The information may be, for example, any of live video
programming, two-way communications signals, interactive services, or other communications
data signals that may, for example, be provided to each passenger within the pl-urality. of aircraft
crossing the ocean.
Although this example has been provided with respect to aircraft in a transoceanic flight
30 pattern, it is to be appreciated that this method can be applied to any aircraft anywhere in the
world where the flight path is not within a coverage area of a transmitting satellite, where ground
to air communications signals are not available, where continuous satellite or communications
signal coverage is not available, where signal reception quality is poor, or even where an existing

communications channel exists. It is also to be appreciated that although this example has been
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25 sufficient number of moving vehicles within an area.

It should also be appreciated that the system and method of the invention is not limited to
transmitter/receiver units located on a moving vehicle. For example, the overall network created
by the system and method of the invention may include both transmitter/receiver units located on
a moving vehicle as well as fixed transmitter/receiver units such as existing cellular and PCS

30 base stations, existing repeater stations, existing cable antennas, existing satellite or digital
broadcasting antennas, existing UHF/VHF antennas, and the like. An advantage of such a
method and system of the invention including both fixed transmitter/receiver units and
transmitter/receiver units located on mobile platforms is that the combination can provide a

communications network where simply fixed transmitter/receiver units or simply
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transmitter/receiver unit that can communicate with either transmitter/receiver units located on
other mobile platforms or fixed transmitter/receiver units.

10 It is to be appreciated that the method and system of the invention can be used to provide
information to a moving platform from an information source and from a moving platform to a
destination source. In addition, the method and system can be used in an area where no existing
communication network is available or can be used in an area where a communication network is
available. Also, it is to be appreciated that at least one of the transmitter/receiver units may be

15 located on a fixed platform or at least one of the transmitter/receiver units may be located on a
mobile platform. In a preferred embodiment, the steps of receiving and transmitting by each
transmitter/receiver unit will be performed with a transmitter/receiver unit located on a mobile
platform and with each mobile platform transmitting the information signal to another mobile
platform along a line of travel to create a communication network. It is further to be appreciated

20 that the system may include either a directional antenna that transmits the information signal in a
certain direction to another transmitter/receiver unit, or an omni-directional antenna that
transmits equally in all directions to communicate with other transmitter/receiver units within a
certain distance. Moreover, it is to be appreciated that the information signal may also be
provided by a satellite or a network of satellites. It is still further to be appreciated that the

25 information itself can include any of a video programming signal, maintenance information
about the moving platform itself, positional information about the moving platform, vital
information of a passenger within the moving platform, Internet-related data,
telecommunications data, and the like.

Having thus described several particular embodiments of the invention, various

30 alterations, fnodiﬁcations, and improvements will readily occur to those skilled in the art. Such
alterations, modifications, and improvements are intended to be part of this disclosure, and are
intended to be within the spirit and scope of the invention. Accordingly, the foregoing
description is by way of example only and is limited only as defined in the following claims and

the equivalents thereto.
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10 transmltter/recelver that is located on the second vehicle that is on the second pathway

and in the area where the signal coverage is not sufficient;

receiving the signal with the second transmitter/receiver; and

providing at least some of the information for access by a passenger associated
with the second vehicle.

15 2. The method as claimed in claim 1, further comprising the step of transmitting
the signal between vehicles traversing pathways in the area where the signal coverage is
not sufficient to create a communication network, so that each of the vehicles can
receive the signal.

3. The method as claimed in claim 2, wherein the step of transmitting the sign

20  between vehicles need not be performed by each vehicle in the area where the signal
coverage is not available, so that at least one of the vehicles will not receive the signal
and will not retransmit the signal.

4. The method as claimed in claim 1, wherein the signal can be any one of a live
video programming signal, an interactive service signal; and a communications signal.

25 5. The method as claimed in claim 1, wherein the step of receiving the signal with
the second transmitter/receiver includes receiving a live video programming signal with
the second transmitter/receiver being located on an aircraft in an area where broadcast
satellite coverage is not available.

6. The method as claimed in claim 5, wherein the area where the broadcast satellite

30  coverage is not available is an air space above an ocean or sea and wherein the first and
second vehicles are moving aircraft making a flight across the ocean or sea along a track

to make up a communications network.
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‘ transmitting the information signal with the first transmitter/receiver unit to a
10  second vehicle for passengers; |
receiving the information signal with a second transmitter/receiver unit located
on the second vehicle for passengers;
transmitting the information signal with the second transmitter/receiver unit to
the third vehicle for passengers;
15 receiving the information signal with a third transmitter/receiver unit located on
the third vehicle for passengers;
providing at least some of the information for access by a passenger associated
with the third vehicle for passengers.
8. A method of providing information from a third vehicle for passengers to a
20  destination where the third vehicle cannot communicate directly with the destination,
the method comprising steps of:
transmitting an information signal containing the information with a transmitter
located on the third vehicle for passengers;
receiving the information signal with a first transmitter/receiver unit located on a
25  first vehicle for passengers;
providing at least some of the information for access by a passenger associated
with the first vehicle for passengers; -
transmitting the information signal with the first transmitter/receiver unit;
receiving the information signal with a second transmitter/receiver unit located
30  onasecond vehicle for passengers that is within communication range of the
destination;
transmitting the information signal with the second transmitter/receiver unit; and

receiving the information signal with a receiver at the destination.
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10. The method s cleimed in claim 8, further comprising repeating the steps of
recéiving thé inférmation signal and transmitting the information sional with at least ane
sdditional transmitter/receiver unit to provxdc the information signal between the third

vehicle and the dsstination.

11. Themethod asclaimedinclaims9 and 10wherein the &t least one edditional

transmitter/receiver unit is located on a fixed platform.

12. Themethod gs claimed in claims 9 and10, wherein the at least one additional

transmitter/receiver unit is located on a fourth vehisle,

13. Themethod asclaimedinclaims 7 and 8, wherein the third vehicle Is in an srea

where no existing commuaication channe] exists.

14, The method as claimed in clalms 7 &nd 8, wherein the third vehicle is located in

an area where an existing communication channel does exist.

15. Themethod a3 claimsdinclaim 7, wherein the information signal includes a

video programming signal.

16. Themethod 25 claimed in claims 7 and 8, wherein the information signal

includes maintenence information forthe third vehicle.

17.  Themethod as claimed in claims 7 and 8, whercin the information signal

includes positional information of the third vehicle.

18. Themethod es clalmed in claims 7 and 8,whereln the informarion signal

includes vital information for & pessenger on the third vehicle,
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21.  Themethod as claimed in claims 9 and 10, wherein cach of the at least one
additional transmitter/recetver units is Jocated on 2 fixed platform.

22, The method 23 claimed in claims 9 and 1Q,whersin'each of the at least one
additional transmitter/receiver units is located on a respective vehicle,

23,  The method as claimed in claim 22, wherein the steps of recelving and trensmitting
ere performed elong & signal path that is along = line of travel between vshicles traveling

along the line of travel.

24, The method as cleimed In claims 7 end 8, wherein the vehicles are respective
sdroraft flying along & track, and wherain the signal path is between the r-spechw aircraft
along the track to create a sky network for the information slgnal.

.25, The method s claimcd inclaims 7 and 8, wherein the vehicles are

ground vehicles traveliing along & pathway, and wherein the signal path is between ths.
ground vehicles along the pathway to create & netwotk for the information signal.

26. The method as claimed in claims 7 end 8, wherein the steps of transmitting the
{nformation signal are performed by transmitting the information signal with a focused
transmit patiern to & respective transmitter/receiver unit.

27, The method ss claimed in'claims 7 and 8, whercin the steps of trensmitting the
information signal are performed by transmitting the information signal in 2n omai-

directiona! pattern.
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5  information source or destination, where the first vehicle for passengers cannot
communicate directly with the information source or destination, the system
comprising:
a first transmitter/receiver unit disposed on the first vehicle for passengers;
a passenger interface disposed on the first vehicle for passengers and coupled to
10 the first transmitter/receiver unit, that provides at least a portion of information in the
information signal for possible use by a passenger associated with the first vehicle for
passengers;
a first antenna coupled to the first transmitter/receiver unit;
a second transmitter/receiver unit located on a second vehicle for passengers that
15 is located in an area where it can communicate with the source or destination, that
receives the information signal and re-transmits the information signal;
a second antenna coupled to the second transmitter/receiver unit; and
at least one additional transmitter/receiver unit that can be located on at least a
third vehicle for passengers that receives and transmits the information signal to provide
20 the information signal between the second vehicle and the first vehicle.
30.  The system as claimed in claim 29, wherein the first vehicle is in an area where
no existing communication channel exists.
31. The system as claimed in claim 29, wherein the first vehicle is in an area where
an existing communication channel does exist.
25 32, The system as claimed in claim 29, wherein the information signal includes a
video programming signal.
33. The system as claimed in claim 29, wherein the information includes

maintenance information for the first vehicle.
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information o first vehicle.

35.  The system as olaimed in claim 29, wherein the information includes vital
infotmation for & passenger on the first vehicle,

36.  The system as claimed in ¢laim 29, wherein the information includes Internet-
related data.

37.  The system es claimed in claim 29, wherein the information inciudes
telecothmunications data,

38.  The system as claimed in claim 29, further comprising & plurality of
transmitter/receiver units, each Jocated on £ fixed platform, that receive the information
signal and transmit the information signal 1o provide the information signal between the
first vehicle and the information sounrce or destination.

39.  Thesystem es claimed in claim 29, further comprising & plurality of
transmitter/recsiver units, each located on a vehicle, that recoive the information signal
and transmit the information signal to provide the information signal betwean the first
vehicle and the information source or destination.

40,  The system as claimed in claim 39, whepein each vehicle travals along a pathway,
and whsrein each of the plurality of trangmitter/recaivar units receives and transmits the
informeation sighal betweon esch of the vehicles along the pathway,

41.  Thesystem es claimed in claim 3% whercin each of the vehicles is an aircraRt
travelling along a track and the information network created is a sky network for the

information signal,

42,  Thesystem a3 claimed in claim 39, wherein each vehicle is a ground vehicle and

the information network created is a ground network for the information signal,
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emni-directional transmit and reception patterns.

45. The method as claimed in claim 7, whereln the second vehicle: 1s not within the

rignal coverago urcu oF the Information source.

46. The method as claimed in clalm 8, wherein the Lirst vehiclo Is not within
communlcation range of the destination.



