;_e3e|L|I1L4VeT2: # 21 AUGUST 2002 SYSTEM AND MERHCGEVGEER 2002
DI RECTI NG AN ADAPTI VE ANTENNA ARRAYWMM%NCE TO RELATED APPLI CATI ONS
This invention clains priority from Si onal application Nos 60/076, 666

filed 3/ 3MUBIN4ENY 60/ 076, 610 fil ed 3/ 3/ 98%Bot h of which aPET/HEAINTE9

I ncorporated by reference. BACKGROUND OF THE | NVENTI ON The present

I nvention relates to antennas for radio frequency 5 telenetry applications,

and nore particu a ' ti n adaptive
antenna array mg‘?éiﬁﬁfmmsgﬂgﬁh;ﬁ&ﬁﬁhméhA der to
establish a radio frequency (RF) communication |ink between the aircraft in
flight and a receiver. A signi fANTENNAARRA¥Yncountered in the art of
in-flight 10'telenmetry relates to the frequency and, nore inportantly, the
power at which telenetry devices can transmt RF signals. Until the

enact ment [ ' LSah@n (FCC) of Part 15.247 of

the FCC mﬁ?ﬁgmﬁmﬂéﬁ@ﬁﬁm§ systens were primarily

limted to the VHF band (174-216 MHz), and could only operate at very |ow

transni ssi on povers Ths fHveh@8a cldifi rﬁidf\krey frbhi/\ﬁfdviisi_()fm?aé] (&atidANostS- 241) .
power

This restriction on the transm ssio has significantly limted the

t r ansni ssi6O07&66fe filed B8/3/08.e and 6007618t filede3 3L W othhef whighsaret t er and
the receiver), of airbornge telenmetry devices. Directional antennas, such as

t hose useé‘qr %B}W@?ﬂfﬁ%@?ymfeffné&commm cations receivers have forward

| obes or beans that represent areas of maxi numreceiver gain. The receiver

gain i s gERCKAROUNIDEH TMRIRNVINQTROREans are positioned in the direction
of the signal source. Such antennas al so SUBSTI TUTE SHEET ( RULE 26) 21

AUGUST 2002
The present invention relates to antennas for radio frequency

5 telemetry applications, and more particularly to a system and method for
directing an adaptive antenna array in the direction of an aircraft in flight in
order to establish a radio frequency (RF) communication link between the

aircraft in flight and a receiver.

A significant problem encountered in the art of in-flight

10 telemetry relates to the frequency and, more importantly, the power at which
telemetry devices can transmit RF signals. Until the enactment by the Federal
Communications Commission (FCC) of Part 15.247 of the FCC Rules and
Regulations, aircraft telemetry systems were primarily limited to the VHF

band (174-216 MHz), and could only operate at very low transmission powers

15 of less than 0.1 milliwatts (mW) (FCC Part 15.241). This restriction on the
transmission power has significantly limited the transmission range (i.e., the
maximum distance between the transmitter and the receiver) of airborne

telemetry devices.

Directional antennas, such as those used in conventional RF
20 communications receivers have forward lobes or beams that represent areas
of maximum receiver gain. The receiver gain is generally highest when these

beams are positioned in the direction of the signal source. Such antennas also
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VWO 991 45609 PGINS99104769 typically have nulls, or areas of Ioz\%eé?wggi 121(,)02
e.g., at-their sides. Nulls can be positioned to desensitize reaction to
unwant ed gj I based on their direction of arrival. The b of

| obes andﬁ*ﬁp?’gsp% such antennas is commonly fixed upon ingg’gﬂsé*&gﬁ and
remains fixed over tine. 5 However, the position of an aircraft in flight
I's constantly changing with respect to a given ground based receive

ant enna. ' r [ i%iﬁ t N ar | spect
to establi |§légh};r1§ ?l%gﬁgg’t(gﬁbée%gbm%%%%ti n’@%’kgt e wgelélﬁgamwr%alrﬁ aft in
f1ight andpgsitibfeddtdad@dnsiciee! veiktiofR SRe Girdbantednsighaly, rsdsedt snceteid n whi ch
the output power of the 10 transmt antenna on board the aircraft in flight
i s |inteddireetior cfunvivRY. CFha Hositive | lolesTaadpnuliein susheantennasiser cones

this problemb rqoviding a. s m and, net hod.for el ectronically steering
the main |€§IHQH§1}IH¥?P@ H ‘éﬁ@fﬁ‘g‘gniﬂn%aﬂ?%ﬁ &F#Pﬁeﬁm‘em rection of an
aircraft in flight while sinultaneously mnim zing the receiver sensitivity
to signals from ot heyolperh;’ §RbI tioh NG Yl RBciat 6h f BIcBRCi8 &dreaithy from
ot her directions and%ac?(grrbf}ng ?ﬁ%rur)ral noi se ?rom ot hg;ﬁ directions. In an

exenpl ary ehdrggihgevith oéspettd @ gbven ground taged eeceiveantenna Aicestdimgliyod f or

directing a maln receiving | obe of an adaptive antenna array towarii an
e

aircraft i® Froblam edprinste telempiryrarts o respast \f@_cﬁsfﬂbﬁé reltabte and an
eceivos. aiontEiiiadtn ARREAEen BCoRial AL RS O P baldl O &1 01

tracki ng neBfresH efpatsalBn udides lcidchindsta{ces 18 WRIch #R. odipait Poweéradf thosi tion
vector cal cul ator cal cul'ates an ai rcraftﬁ_{?oleon vector g, for selected
i

ai rct@ft iwansmifrantenna opward dke piseriaftinflightisdimidedht an out put. The
antenna wei ght vector generator receives aircraft position 25 vector g from
the aircra t')t}ifRﬂa hf@wmmg nd generates an antenna wei ght
vector w, %gg@ggon posilé?iq%ﬁ vector 0, Ig wei ght vector generator provides
antenna wei ght vector wto the a n antenna elenents of the adaptive 2

SUBSTI TUTE SHEET ( RUTheZfiksent’ihvAhkbis bv20eindOE8 poblRén by proRidingSp9/ 04769
antenna array such that a receiving | obe of the_ adaptive antenna array is

directed texgiem end mvethodiffor ielectranienlly sirpringDheomapilohe of arpecebreny NGS

FIG 1 sho bl ock di agram of sysitem for directi %gall . ant enna
array acco tleﬁaat %rwep b0 iﬁ%nﬁ‘eofdslﬁef'nc of‘n\?én_rl‘o%{m%q‘izla% 2°7's aﬁlrl?ow
chart of t&endltaRowly anifRidigikg’ te ¢osaNdr Egmaﬁifrigr afot sippalst fin vetbepr g
according to one enbodi nent of "the invention. .Fl 3 shows exenpl ar

speclfi cat disactions, dncludingi daterferencei reigrals oftimg athen ndireptinns of the

I nventi on. TAl LE SCRI PTI ON THE J,NVENTI A bl ock diagr an
adaptive a'ﬁ%g?ﬂguﬂar 253 rRJOlﬁ?s erén%)%rf y.}e%\f?‘é%_t i g%‘ F% %&i“gﬂ"g;e

ant enna ar édbodikal bEthd RvBRKBhNAE)REmAn PRisRRARedl ireekdd fet dixadtRip 800)
according to one enbodi nent of the present invention is illustrated in FIG

1. As usedmadneeceivirgeloberof draaidaptivecamtenpaasrayr toavard an aircraft in flight

comprises an aircraft position vector calculator and an antenna weight vector
p: P

20 generator. The aircraft position vector calculator receives aircraft position
information for an aircraft from an aircraft tracking means such as an aircraft
tracking service. The aircraft position vector calculator calculates an aircraft
position vector g, for selected aircraft in flight, and provides position vector g
at an output. The antenna weight vector generator receives aircraft position

25 vector g from the aircraff position vector calculator and generates an antenna
weight vector w, based on position vector g. The weight vector generator

provides antenna weight vector w to the antenna elements of the adaptive

2
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refers to an antenna array capable of electronically steering a bedmAUSHEF 2002
a desired signal thereby maxim zing the signal to noise ratio of the

desired 15 _signal . For a general discyssion of commobn adaptive arre},ys, see
Ant ennas. YEhH4569%; auss, Second Edition, Section 11-13, "RERNSIVMTE \ ays
and Smart Antennas." The antenna directing system 300 of the present

i nvention conprises an aircraft position vector calculator 315 coupled to a

wei ght vect I ) : i i d wei ght
vector gendiied® sEHELAICINACR relbifBE Idfle B e Jrplide SR abely 0",
from wei ghtdiv&géd towar it ifcrafGn figetithdi vi dual el ements of array 50. For
purposes of this specification boldface type is used to indicate vector

guantities. The vector quantity w conprises n conplex elenents (n being the

nunber of GRIEFPESCRIB SF DBAWINGSULE 26) 21 AUGUST aooz WD
99145609 ' ' PCT/ US991 04969 , array 50~, that is, n magnitude and phase

pairs, wherein each i orresponds .t o,.an_indivi dy el enment of array 50.
For exanple, wt cont P@kg gﬁi‘ﬁm ainlgjl8'f:k (,ﬂl?%&;r%d)_f ?nsyt%*ﬁn‘sl %ﬁn‘ﬁ‘éf&“@n?’énna
directing %??We?ﬂ@@eﬁi@ﬂrﬁ%a@é&rﬂ t PO MBOdintert STthé BVen@iony change, or
adapt, its radiation pattern over time to optim ze signal reception in

the direction of an aircraft 350. Aircraft position vector cal culator 315

is a programabl e calld@.& tra flow phageefsthe, stppo @f anmethad fomromputing a

posi tion vector for aircraft selected by cpontrol unif 330. A position

vector g isa”a%?ﬁtg’(? 1908} %‘?crcﬁo’f g apeords @t%ey‘?ﬂ‘g‘é ’L"éﬂ‘taﬂr}é‘é\ﬁuhvﬁnﬁ'ﬂ‘s from

antenna array 50 to selected aircraft 10 350. Position vector g is

cal cul ated from posi tgre SlahawsnldrRplaby s?:@@iﬁ?.@ﬁbﬁi %r af coihfffiefdiops craft
: .

350. As used herein, the term"aircraft™ includes all airborne craft such
as hel i coptlénlsaccardinigaoame eghbodinsentaf tineinveatidnbal | oons. I n one enbodi nent
of the present invention, position data includes, but is not limted to,

| ati tude, | [ i i ' associated with the
posi tion ofﬁg?Wtﬁgggﬂﬁ@W%mmoﬁso i ncl ude range and
bearing data for aircraft 350 such as that obtained by aircraft 350 from on

board VHF Omi Rangi ng myéﬁhi%aﬁpma{ ad@ptivé BRfentialRfdy SO afll LGftdrhon
finding instruments. In one embodi nent of the present i'nvention “position

dat a ¥®r aifoe ditactipgothesadapipie antenna ayeayefrefaoed yo hereinafterans anteapki ng 2 0
servi ce 310,. One exanpl a caommercial provj.der,of jaircraft.trackin
Soivere. s ireting S0 St atE kinfe RiiXlisht oF oM-pifsant inyeRoho?

Bost on MasSaqilisipited. i her a8 Rein AieClein “idftieNSnteRAY lafRYB10 1S

Airtrak, an aircraft tracking programreadily comrercially availablfe from
METSYS Sof trefere t& aBeantenns ar@yompable ¢fi aeeiromigallNsteetinyar beamtewaidas 8HL,

2 5 England, The Airtrak pyogram al] o a user .to generate ps, for ,any

area of t hedﬁﬁlﬁeﬁd?‘gﬂﬂlfrsﬁl‘eéﬁgl' HBAREYEING é‘gi“é{ ite lﬂ‘fgsq r3tig, gif F‘%&eﬂeﬁfrFG

reporig N9 RQEHUIS: FECWBer@Pl @sbbdsidif'St cGmhdie Ruipive Sy, 68 dntafihs,
John D. Krauss, Second Edition, Section 11-13, “Adaptive Arrays and Smart
Antennas.”

The antenna directing system 300 of the present invention

comprises an aircraft position vector calculator 315 coupled to a weight vector

20 generator 320. A control unit 330 is coupled to weight vector generator 320
such that the control unit distributes the output w from weight vector
generator 320 to individual elements of array 50. For purposes of this
specification boldface type is used to indicate vector quantities. The vector

quantity w comprises n complex elements (n being the number of elements in

3
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21 AUGUST 2002 WO 991 45609 ~ ' PCTI US99/ 04769 The Airtrak program (rof%4Hfe2002
route of the requested flight as the flight progresses. It wll be

recogni zed, however, that Airtrak is but one of nmany available aircraft

posi ti onMA WMy neans suitable for use in'the present iPCHHEPPTOO her

sui tabl e means include G obal Positioning System (GPS) 5 tracking neans,
satellite tracki ng neans Position vector cal cul ator 315 enpl oys

cal cul ati appl i ' e V| ' artsato cal at.e:. t he

cal oul atlughy, SOYTOARY JAPRL ! lphihuhoaa BAR P! RaePe At RS,

| atitude cohaBebhd¥ito aRdnalvidasll dement OF WRidyo50. Foe e%ﬂ%é,%?f:oﬁtrﬁﬁ' cul ation
performed by position vector 10 cal cul ator 315 in an ernbodi mnent of the

i nvent i oelément i ofsaray &. i in fhiSmanner; astennpclirecting systeam 0iamabks3, i.e.,

el evation (E), Iatigﬁﬁde Li) and | Qngitude é%l)),of jrcraft 350 is obtained
from ai r @P&ETINA xR PRIC opcally esPHRALPY HS IR NRAEIZPVETN bl ock

ol ovat | onringd Bpikfed FRRAsPAG G AR kotiBn droh BRI AT 1781 ance b

fromantenna array 50 to aircraft 350 is conputed according to the

rel ationship: D = GQr&af- HosititerSicetor+akllatos L315054 y2- progran@mablewn in
bl ock 420, wherein L1 refers to the latitude of aircraft 350, Ls refers to
the | ati cakfulaer,aet pyo@Bso i progtammed te ralqudalgi ¢ (pisitien avackorast {50 and yz

f 20 | ' f 0. . D.is.obtat. he .b [ H
of i ror AReratere Rl n P 250Y  PosiBiR e R RERR g OB Whe
€1 201 OBl Pycctly Wbl st xBIFR ol ey 31658l BRbggos L

as shown in block 430." 5 5UBSTI TUTE SHEET (RULE 26 21 AUGUST 2002 WO
991145609 350~ PesiTidB8oGdcberof & Gdanlateyl fropuposiiongate indicatihg the pasitiondes and

castern |SnaLydpe s T % Showl i bl gk 440, LRI Y ghvay on anol e
as shown iibobhoGlerA R AIRMEHHNNL YirIRls, bRReSBicHesati@BRIbSRS o evati on

angl e an Ing as calcu

In one embodiment of the present invention, position data

includes, but is not limited to, latitude, longitude and elevation information

15 associated with the position of aircraft 350. Position data could also include
range and bearing data for aircraft 350 such as that obtained by aircraft 350

from on board VHF Omni Ranging (VOR) equipment, or other direction or
position finding instruments. In one embodiment of the present invention
position data for aircraft 350 is supplied to system 300 by an aircraft tracking

20 service 310. One example of a commercial provider of aircraft tracking
software suitable for use in the present invention is RLM Software, of Boston
Massachusetts. Another example of aircraft tracking service 310 is Airtrak, an

aircraft tracking program readily commercially available from METSYS
Software & Services, Cropton, Pickering, North Yorkshire, YO18 8HL,

25 England. The Airtrak program allows a user to generate maps for any area of
the world, overlay the maps with a latitude/longitude grid, reporting points,

towns and airfields.

4
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As an airplane noves, its position vector g changes and the opti nmal2laRP&ST 2002
wei ghts are reconputed to track these changes. 'This adaptive nature of

ant enna di‘&& )gﬁ(a system 300 allows it to performwell in a 10

nonst ati on %é ?ronnent. In oné enbodi ment of the presenPCTUSAHMTEN

antenna directing system300 is ' inplenented in real-time using a

programmabl e Digital Signal Processor {DSP) chip. One enbodi nent of the

present invention e V. N@%&Q i i val rom

Texas |nstruments. m%égfnﬁéﬁggr ng ﬁ%u@gﬁgﬁ%’,&a 53??@???%‘1 g?é}'ﬁagéyi ces
for directihedlight Eftjgi-émsbmlplﬁe fatopfiixietl Newaérs B Arfralt is PuFortasti r ed
direction by weighting individual elenents of the antenna array are

conmonl y emahyyavailalbleairasaty positianetitacking mans suitabler for lusé in Skeopresént Second
Edition, partigcular Chap., ,7, "Phased, Arr r JAnt enngs.” ed

et ei et HEvshORe, Qe s giatls grears Tspidd ot Roufibhing Sritemn(@hilonna
arraygs refghgqhe ntddR! ¥it8G; I I hdid udi ng a phase shift angle and

anpl i tude su@% ghat th%dtg%éﬁﬁ%ﬁ?%em%%enna array is electronically steered
in a desired direction. The system 300 of the present invention operates by
wei ghting antenna arPasjtidf. veatarocalculgtaro315hemphoysntalounlations icommofly

determ nes these, 25 wei ghts based on g, i.e, dafa ‘about the |atitude,
| ongi t ude %Higleé‘e%élﬂ? SAVIERLN, S 9 CB%G.‘“?HQ? relativgepopitiony ©f tasy objeeter at or

2002 V0 ogTLeP et MG oc bR IR lohiitate ld o o g ve

desired r agf@irhatiorthaDAG teXangsleCSf & Tal@aEo perfdriedBy podiién vector _
characteristics include directivity and nmain | obe posifion in the direction

g of 1@i r cresteulary 315 dn anembedimeandnt thejovention is dwgtratadein HG:. @cti ons. In
one enbodi nent of the invention, weight vector w5 conprises the individual

i ght . that is,wlndivi | . . it val t i
Vel oae” Tor i mai vi guEirSt poelRl iR BARZIAN D8 e, MR HA® tathad (E |
recei vi ng arabbongdtudee@i of Hircrakr 350 Y@oﬁgggéd £6md ﬁr&iafﬁ%&&'m%t@éw%eeﬁ@ed in

direction g, that is, toward aircraft . I n one enbodi nent of the present
i nvent i on, ankbigned i memoneasshown isbbdk#llo\Alsa stivrgdtinimeingrahrel the

processor P ogr.a o perform steering conputations, which
generat e vaéggﬁie Uég Eﬁglw@g}&é%ﬁe@?hﬁ%%ﬁ of §B?f‘é"\9$r% as showm iBnent
posiison vsekr4162hHl [ iaﬁ%fhtf & j ntion
conprise ot %Ié!re‘%grrphﬁ‘? iﬁéﬁ%ﬁﬁ&g ?& tdg%%%zﬁ\f?ar?gg@mg?g t vgg??)fs équgt‘gﬁéaas a
conput er aaccordingto thesalationstipi n operation, when it is desired to receive
comuni cations froma particular aircraft in flight, such as aircraft 350,
control unit 330 sends nmessa 332 to aircraft tracking service 310
requesting positi on%rﬁ%ﬁ%ﬁﬁ%ﬂﬁﬁé‘l‘éﬁ*‘éﬂs{ﬂﬁo 'ZF‘&?(W&BSO. | n one enbodi nent
of the present invention, standardized airline identification codes, as
commonl y_ EHGWRSh bibckN20?wheRinlTh efek b Hld MiinRiCo ARG 1 HibR Tessage
332 to identify a particular aircraft for which position information is

r equest ed. toAhepatituide s layrayeS0; i fefeks tothe loregiridet ofdirareft 360 and 32 refadsr cr af t

tracking seryi ce 310 begins to suppl osition informati on 333, includin
50 %% the ongitude of array 50. PRIV P ’

Once D is obtained, the bearing H of aircraft 350 from antenna
array 50 is calculated according to the relationship:

He cos_l[sin L,—sin L, cos(D/60)]

sin(D/60)cos L,

as shown in block 430.

5
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_ _ _ _ 21 AUGUST 2002
| ati*tude, | ongitude and elevation data for aircraft 350 to position vector

2 5 calgulator 315. Aircraft position vector calculator 315 receives
posi.tion mwdes4sasg on 333 and calcul ates-an aircraft positipor/e®iarey based
on position information 333 and known position information, that is
latitude, longitude and elevation, of array 50. Weight vector generator 320
receives aircraft position vector and generat es wei ght vector w._ Wi ght

vector w iBeaningl adjystmenigdor WH@QBHW@F&JEE mﬁtemzi@ngm@d&r ammadeo

991 45609 PGINS99104 n a a 50 t ugh contr 330

resul ti ng ¥ Nfs) Z’ﬁ%‘ﬂ‘tg‘l@f %H}@Xnﬁiﬁvéﬁ? ;ﬁ"@gegﬁgé‘&f%mie 8" ingdPaft 350.
The constng}éIQﬁoﬁ%‘m?ontrol unit 330 is known in the radar signal

processing arts e it is conmmon to electronically steer individual

el ements of an array using phase and 5 anplitude signal pairs obtained from
an array of vectors. Wth1 h& enpadt ment of Part 15.247 in 1985, the FCC

aut hori zed t he use c?F"faﬁle g@’gzg MHz, 2400-2483.5M4z and 5725- 5850MHz

I ndustrial, Scientific, dical (1SM band. One enbodi ment of the

i nvention takes advant age of the | SM band, an RF spectrum for which no

license i sag siptvhae Bleck—GOWNA &dordin Tgl}ﬁ"[ﬁsw&i Yebite '@ \WRibriesl eRvatiphed to

remain so for a reasonable period of tine. In one enbodinent of the present
i nvention aatgieam@baamragasoahcglawhm% 20 establish an | SM band

comuni cations link with aircraft 350. I\/bdel comuni cations |ink

specifications for nbodi f sy 00 including a receiver adapted

to establish an | SMBaRY FHP gﬁﬁ@vﬁﬁr Of'l Oé‘r Xﬁ?ﬁ*&f&r‘rﬂﬁﬁg‘?ﬁaﬂ‘fﬁ 'g‘el i nk.

Wi th aircloptimaray @véigN@rhere@rﬁ%xéd fonerhdld axé%e‘faﬁdhgw Rls tvavention,
node

no reverse |ink Eground to-air-1i is nodel ed and t esunes a
di gi tal quatucet of canghnsa diredting system @D@skgwaoﬂutcatpenfom heelia iof aa type

general ly kno in the art. Mydel trans owef rrler frequenc

S ng) momtaonRry Siinmaetia; fr g SrpoaRnes! of Ghe Coreeenh EERPR: ed
power (El r t t:he e T | gnent
di anet er c?fm %x%r% rggg?&?a#ﬁa S(DPn&?Cé?Eléé?ﬂéﬁt%HG%z égpé%& ‘?’2‘(‘: i \%e
ant enna gprogeamimableDigitafSipnalePryessoe (BEED chipomﬁ)nel embodimentiufctheent  of

the invention, a nodel for adap d 16 2 el enents. As
i ndi cat ed PTesept dnvenier Lrnploys the ylﬁ@gé%%oala f’%ﬁp\é’ ibavailahle frRMabi t per
second i s TRLEI AR HnesSUBST! TUTE SKEET (RULE 26)

15 Beam steering compJutations, algorithms and devices for
directing an antenna beam of an adaptive antenna array in a desired direction
by weighting individual elements of the antenna array are commonly
employed. See, e.g., Radar Handbook, Merrill I. Skolnik, Second Edition,
particularly Chap. 7, “Phased Array Radar Antennas.” As used herein, the

20 term “weighting” as applied to an element of an antenna array, refers to
supplying a signal including a phase shift angle and amplitude such that the

beam of the antenna array is electronically steered in a desired direction.

The system 300 of the present invention operates by weighting

antenna array 50. According to the invention, system 300 determines these

25 weights based on g, i.e. data about the latitude, longitude and elevation of
aircraft 350. That is, weight vector generator 320 provides an output w based

SUBSTITUTE SHEET (RULE 26)



21 AUGUST 200; WO 99145609 ~ ' PCT/ US991049 Anot her enbodi nent ofi At®isT 2002
i nvention includes a ground-to-air |ink having nom nal and FCC permtted

par anet er This link establishes a reverse link in bk 0 an
ai r-to-graﬁﬁw‘ﬁ%{lﬂ(. The ground to air data link is used toB&g@Eées’%?ggerretry
commands to aircraft 350. In one 5 enbodi nent of the present invention, a

typical control protocol is inplenented utilizing narrowband

gr ound- t O\idif hitttaff PHMIONC FeetBP S td Pive Idediredr Rddd i Eartdetdtftics a5d
anot her enbodi nent of the present” i nvention uses an antenna and nodem t hat

i s al readniterstaabtray G0 dllgse uddradterstiosrinatude dinecfividpsandl @nain wbeer nati ve
enbodi nent of the present .invention ?n | sions, 5. 7G4z, band_transcei vers.

Both the POSHAN Bhike divgction gol aleraf 3l togetherowilthy love sidglebes2lAn8 because

there is L Vi in th . d t, .esenf.. Li ddi tion,
the nost p%gic’)‘%ﬁngﬁ&ﬁa@és'ouﬁgn&érf‘ﬁ?@‘r“?%ﬂeﬁ{:gﬁe\ﬁl ﬁfﬁﬁﬁewfl él“ %Ctggﬁg S

m croyave @yesissesithe E&Mi&ﬁhllwéighfsewfvﬁ MR& sSinkfivitR@l phakd nd ldmptitude be
apparent to those skilled in the art that, while the invention has been

i | | ust r at sthleesd od stearingevales, don individusd rellementsvift adaptivepanray tS0sughut es,

nodi ficati ggﬁ]and.cr}ggégs rrfah bgﬁngde igft apﬁié(%%lxrgg}? e?ﬁbagl{?g& tsqrwithout

departing agn ¢ » P4 Bp e . S,

ther of or e)sd ol uRHRHEh Qi oW PRRRARSIOC! 1l & @kBoliTheRGibo Cover
| S a C a

all such no I catlon anges as Wthin the true spirit of the

i nvent i on.présélyBMentidh, StEEht (Vddtdr Zeneraldr ARELSHPRHBG2a \Vigital Sighall VED | S:
, "1. Asystemfor directing a receiving |obe, of an adaptive antenna array
t owa¥® an REoeessar t (PP Pregrammeg t& i Periomm psieeringn compiations awhighor f or

car oul ot | A b SRiEL REAR! Tl BRERag bethEsiork DS LA I Ab B oL

ant enna Wedasi¥iory etRr ERAEARIrO31Rdatiti@Rative r@fibbdienéas bfPlfd invtivact or g
from said position vector calculator and to generate, based upon said

posi tion aempriseypthen computing oreams for \gengratingeweightvyeckor vasucdapai ve

antenna array_conprising a plurality of antenna el enents adapted to receive
sai d anterﬁ?ﬁ%?tgﬁgﬁpuw%éﬂ?é%%tor w and to adjust the respective weights .

of said elements in accordance with said weight vector w such that a
recejying | obe of sgnbhpRaén,Mehenitas dasiped &Y récivh éqtfhfthibaigisdremi d =
aircraft in flight. 2. "The systemof claim 1l wherein said aircraft position
i nf or mat i ¢h pectipias eircradt in diﬁght Isuchyiasuaiecraftd3®), cpatnodmrdt 33@isends acr af t .

3. The system of im.1 erein said.ai af t sition.inf.opmation is
o ovi ded” BYSemEE iRe neAiF A dircking sarid il R BBRE po TR, om o
claiml WhRLRkd &AIdrREk M 2l Bdhd enbsdihesht! Bf rBeepy&enddindehfigfuency
comuni cations in the | SM band. .
standardized airline identification codes, as commonly employed in the
20 airline industry, are contained within message 332 to identify a particular

aircraft for which position information is requested.

As previously described, upon receipt of message 332, aircraft
tracking service 310 begins to supply position information 333, including
latitude, longitude and elevation data for aircraft 350 to position vector

25 calculator 315. Aircraft position vector calculator 315 receives position
information 333 and calculates an aircratt position vector g based on position
information 333 and known position intormation, that is latitude, longitude
and elevation, of array 50. Weight vector generator 320 receives aircraft

position vector g and generates weight 1 ector w. Weight vector w is applied
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5. The systemof claim 1l wherein. said position vector calculator gndas@igt 2002
vvel ght vector generator are inplemented on a digital signal processor(DSP).
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the ant en ay  conprises Marray el ements for receivi ng ra requency
energy in the | SM band, wherein the gain of the Mth array elenent is
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of : providing an aircraft tracking service and obtaining aircraft p03|t|on

i nf or mat i cmtehea atraynﬁo clitetécttowgrd aimsaft i350. VB consgruciinedofipontrehi d
position |nformat| sajd_ airc aftg&imtlon vector g representing the

di I‘eﬁtl on Wit 330 4§ BP&‘F‘cmf theng ]ﬁrPG'@S’a‘rgt%ﬁtﬁné{Vl?ﬁrFa Is %Pglﬂnatq ng a
wel ght vectigprhigfyreBP By fBF Uk S5 U SR P R

receiging Arﬂpﬁnﬁieaghm H%q?@éwmemraﬁﬂausﬁaydfse&bfsect ed toward sai d
aircraft. 11" AVENDE

. A3. AY. Al E. A9f 2. AuY. Al . ALYl . AKFI . A(E. A . An_KY+G
\]x{{vakf a[ UU] cal] caf\itl} tha pradtoreat of Faat é@]zé%\pté?%]tba]l’g] @utherized ca) cal c
2 oal cal cal galcal CRloal £aLO RS D ERH Gk B 252d850MH: Industial,

al Fnezuni d

V] c"a] ca] oxdiaal i ledl Mekhal (MR baalc abrebalahed] seificalveatbaahrad caU cal

ca] ca] cal ca] cal ITDKO] R>m o

Li z?#m\mgegbg th?ISM]ha]nch]a]nal]tEapeTt]m] ﬁ‘)a]*«du]:hmp]dmdhsa}s:mqmnqd:a] caUl c
aJcalcalcalc al,ca] cal'cal cal] ca] ¢al) ca] ca c calc

%30 P IS&*% L)( W 3 eng‘!XF% af&’}' adeasaneble caj cal ¢
\/] c”a] ca] cp‘] cac] ca]um] ca caﬁ ca 8% thJeCpﬁese mv ntxﬁ ?tglal]‘%/@zﬂﬁagaﬁoca] ca] ca

] ca] ca] ca is adapted to establish an ISM band communications lmk with aircraft 350.
-...C...B//0011117?2! 333- 4w44 5A606"6a6p6| 6677+88X9zt ni d_ZU] ca] ca] ca] ca] cal]

Cophen ool ol Sabe A wakerbonbaahetor) ik splsalaake el abedlmahead o ol ©

=<D<<<| ===mmE==3 ‘ cajcal ca
] ca] caj] cal lj ca?caSi I %i %i ca] ca?ca‘f ?Gc lfl?%ﬁ ca@k]ﬁ“{igg]lfggi\fﬁ%ca] ca]l DD
DEEt IBVEEERoFgriendEdrhdmunications link with aircraft 350 are given in FIG. 3. In this

RN m]JJJ/ 1K} KKK{Qkaea[ U e [VU ca] ca] cgéﬂ(ca] cal ca] caj ca]ca] ca\/] ca] cal c

a] ca] ca] c Aehdiment|efdhedtyention) ratgvesse Huk O@a\d} AiE-oke 3
KKKKkLnL|

SRR WJ%?E{%{{&ESF@% 3 dipitah quadeatyre,p ]cla])clﬁﬁc(a%a% ta] caU] ¢
ﬂ)oc/ 3]}; a]( ;:ah?g%};a:gﬁ?;a@ﬁﬁaukw}ﬁad g@h&&ﬂ]’cwwﬁahcmhcalCMI ERINYHIP 3@

10% u& () -ROWs garsier Jrequengy (Yavelngilnokammit(jntenry grin rovd gffegtive 3 S

v o8 bR %ﬁlg%a/p%?e?fm‘l@%lﬁ% Sbocimio e SRR A () 47

shown.

The element diameter of the receive antenna (indicated in FIG. 2
at 50), receive antenna gain and antenna efficiency are also shown. In this
embodiment of the invention, a model for adaptive array 50 comprised 16

25 elements. As indicated in FIG. 3 data rate in the general range of about one

megabit per second is predicted.
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establishes a reverse link in addition to an air-to-ground link. The ground to
air data link is used to issue telemetry commands to aircraft 350. In one
5 embodiment of the present invention, a typical control protocol is
implemented utilizing narrowband ground-to-aircraft communications links
that are already in use; and another embodiment of the present invention uses

an antenna and modem that is already installed on a ground site for other

purposes.

10 Ax‘1 alternative embodiment of the present invention envisions
5.7GHz band transceivers. Both the 2.4Ghz band and the 5.7 GHz band are
desirable embodiments because there is not much activity in these bands at
the present time. In addition, the most problematic source of interference
within the 2.4 GHz band is microwave ovens, from which interference is

15 negligible.

It will be apparent to those skilled in the art that, while the
invention has been illustrated and described herein in accordance with the
patent statutes, modifications and changes may be made in the disclosed
embodiments without departing from the true spirit and scope of the

20 invention. It is, therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall within the true

spirit of the invention.
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an antenna weight vector generator adapted to receive said
position vector g from said position vector calculator and to generate, based
upon said posntlon vector g, an antenna element weight vector w; and

"an adaptive antenria array comprising a plurality of antenna
elements adapted to receive said antenna element weight vector-w and to adjust
the respective welights of said elements in accordance with said weight vector w
such that a receiving lobe of said adaptive antenna array is directed toward said
aircraft in flight. '

2. The system of claim 1 wherein said aircraft position information
comprises latitude, longitude and elevation of said aircratft.

3. The system of claim 1 whereln said aircraft position information is
provided by an Internet based aircraft tracking service.

4. The system of claim 1 wherein said antenna array is adapted to receive
radio frequency communications in the ISM band.

5. The system of claim 1' wherein said position vector calculator and said
weight vector generator are implemented on-a digital signal processor(DSP).
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providing an aircraft tracking service and obtalning aircraft position
information therefrom;

calculating a position vector g based upon said position information,
said aircraft position vector g representing the direction of an aircraft from said
adaptive antenna array;

calculating a weight vector w based upon said position vector g; and

-

providing said weight vector w to the elements of sald adaptive
antenna array such that a receiving lobe of said adaptive antenna array is
directed toward said alrcraft.
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