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METHOD FOR DI RECTI NG AN ADAPTNE MM‘W CROSS REFERENCE TO RELATED
APPLI CATI ONS Thi s invention clai \ rom provi si onal application
Nos. 60/ O BBE60i | ed 3/ 3/ 98, and 60/.pe610 fil ed 3/ 3/ 98,PATAI8998476mhi ch
are hereby incorporated by reference. BACKGROUND OF THE | NVENTI ON The
present invention relates to antennas for radio frequency 5 telenetry

applications, an e ticularl t a thod for directing an
adapti ve antenn%*ﬁh%ﬁ@dfé&ﬁﬁéﬁ%&gﬁnﬁﬁpmyﬁ ght in order
to establish a radio frequency (RF) communication |ink between the aircraft
in flight and a receiver. A si QINTEDBNA ARBAYem encountered in the art of

in-flight 10telenmetry relates to the frequency and, nore inportantly, the
power at which telenetry devices can transmt RF signals. Until the

enact ment i ' FSsion (FCC) of Part 15. 247 of
the FCC mﬁ%@ﬁ&%@?ﬁ@%ﬁéﬁﬁﬁ@mﬂ@ systens were primarily

limted to the VHF band (174-216 MHz), and could only operate at very | ow
transm ssion powver sThi ialeh®6® claiv@B piokitififtdrisrol fsidiBNappiichtifiaNos15. 241) .

This restriction on the transm ssion power has significantly limted the
t ransmi ssi68r0%&onge filed 8/3/9%h cand60ne,616 tfled 63 /398 both ef whighsara t er and
t he recei er%} of airbor tel.enmetry devices. Directional antennas, such as
t hose used*®f yc‘BﬁQré’r?tr?tSH%y'ﬁf—erﬁnﬁﬁ'commni cations receivers have forward
| obes or beans that represent areas of maxi numreceiver gain. The receiver

gai n i s g8MCRGROUNIOF TR SN VENFROREeans are positioned in the direction
o f the signal source. Such antennas al so ., a. 21 AUGUST 2002 , WO

997 45609 PCTNS99/ 04769 typically have nulls, or areas of |owest gain, e.g.,
at their sides. Nul Theqenesend 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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positioned to desensitize reaction to unwanted signals, based &h AYEPF 2002
direction of arrival. The position of |lobes and nulls in such antennas is
~conmmonly fixed upon installation and renmains fixed over tine. 5 However,
the posit MWW aircraft in flight is constantly changi PE/U§%04168spect
to a given ground based receive antenna. Accordingly, a problemexists in
the telenetry arts with respect to establishing reliable tel ecomrunication

| i nks bet i J.C i_n i n ..graun sed.recgl wer special ly
under cir \ék‘gﬁgc[agl&clgds‘fq lrr@\f}\%iog t?r%#egglf?t‘%ﬁg gg%ﬁéréio% 'tl%%g sigeﬁ' rclgﬁéfencfm gﬁt enna on
board the pusiiérdd ton debértiifizd Srehétibri 68 unwRRkéd SEMABRYatd Tk thRlYENTI ON
The present invention overcones this problem by provi di ng a system and

met hod f ordie¢ckionr ofiiasrivhly SFhee poaifionhef haties andenudls in sedeianteraaseisna arr ay
pattern in the di rgct' on of an aircraft i n,flfigge%‘t' whi ] e simul taneously

M ni i 21 nefOrRRORb. Bred iPoBastallatioy 2ne remaing X YT AT T 15 di rect i ons,

including interference signals fromother directions and background thernal

noi sec from other dir i ) cexenpl gry.. dj ] 3 i ntion, a
syst gsm and associ at eﬁ%rr?? E@dt}#%ﬁé}tﬁé‘cﬁp n%{ aa 1%3?% frnrergpéglc}?frllsgtcpggtlgﬂo? an
adapti ve ahlangireg ithesespemadd givenigicurad based feceiybtantaral i Seordinghy,r cr af t
position vector cal cul ator and an antenna wei ght vector 20 generator. The
aircraft popreblem existoin ¢he delemairy pesewitbsraspeetr ko estpblishing reliabler mat i on

for an air f inheraft trackin aps h as_an aincraft

tracki ng SeiegPuhRaAln Ml Besyucer (RS Gl SR e 3 s Mol et an
aircraft peeéivenlespeeially enddrotirfhsahesds M Wwhiel the idhthhl PBwier ofNflePr ovi des
position vector g at an output. The antenna wei ght vector  generator
recelWes dransmitantgiaorobo@sl theairsraftirf flight ihliméfeder aft posi tion vect or
cal cul ator and generates an antenna wei ght vector w, based on position
vector forgwrerk i r & provi des antenna wei ght vector w
t a'the a]?@gt]i:néﬁm QWMW@E 2 SUBSTI TUTE SHEET (RULE 26)

21 AUGUST 2U02 WD 99/4s609 ' ' PCTNS99/ 04769 antenna array such that a
recei ving | obe of theha hY SnveHRINSvércbRés | thi frﬂlérﬁcbg ?F@Jiﬂid@ﬁ
aircraft in flight. BRI EF DESCRI PTI ON OF THE DRAW NGS FI 1 shows a bl ock
di agr am ofsyatesy sarginnhethodi forcelecgonicaliyl sspeering dne enain lobeayf acregeisteng to
one enbodinent of the invention.,5 EIG .2 is a flowchart of,the steps of a
mot hod { oA BERRR 7B aPREFHY (4t ABRCYAL S 2 AT 1y PEhbrehdRbodi ment
of the | n‘éﬁ&\ﬁ.ﬂtﬁﬂ,eoﬂlg‘ nﬁnﬁﬁﬁm% QK& NRRb&iv¥r Ss!éﬁéi'tifvitgaid %'i?né‘lé) frén other

comuni cations |ink according To one enbodi nent 0f the invention. DETAILED
DESCH PTI GhiredfioisE irdEdifigONngertidrenée dsiggalsm fobmanothénptdireetions eand arr ay

50 and a sysfem 10.fqr directing . the adaptiye antenna_array (referred to
her ei naft%cggr%%n ."H]a_ﬁeBP}Sﬁg fEQ}'Et_ %063/“%’(96\5& n&‘t%“oﬁée‘@ 8i nent of
the presendmpOYigiirt Ul the iﬁé#&h%ﬂ, qlGdrehnh aﬁb Rssokiated niSRAd *}ﬁf SirPcﬁﬁé‘S term
adaptive antenna array” refers’to“an antenna array capable o

el ect r oni eahinyrevbiReng Ibeobaradapuae dntereh@sdri S tew&ban blrerafbin fiphtm zi ng
the signal to noise ratio of the desired 15 signal. For a general /
di scussi orfoBrprisasAShaiscrafh pasition vagter calsulatpn and an andenna weight ygstor Second

di tjon, ' 13, ' d ant ennas " _Th
ai 1 491 no EerRrof s ostin, VPAVE bl e et SR poiBpf™
posi tion ViAfdrekatic foi A MrcrakOfr6RN 8 cla® RadlGhg theatREuRR a8 Al dfASAAL O

320. A control unit 330 is coupled to weight veCtor generator 320 such that
t he cont r dracking seivice.i Bhe @éroraft position vevtér calewlatarhtaladates angarerafit or 320

to individual,.elements of array,50. For purposes of .this specification
bol df ace (RSN VEGOH 8 (P selacied arcralt s, Mghb A povideosiiRn BROGE&n 1 1y w

conpri ses 4 £PERIE. i Bitefinh WaEh0ed:BE zBNERES: Reivks TRBEaTt pBsifion

25 vector g from the aircraft position vector calculator and generates an antenna

weight vector w, based on position 1 cctor g. The weight vector generator

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

2
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* SUBSTI TUTE SHEET (RULE 26) 21 AUGUST 200, 2 WD 99145609 ' ' PCT/ US98VGIST62002
array 50), that is, n magnitude and phase pairs, wherein each pair
corresponds to an individual elenment of array 50. For exanple, w, controls
element i WO%RMPMY 50. In this nmanner, antenna directing sPETASIMBMIenabl es
antenna array 50 to electronically change, or adapt, its radiation pattern
over S5 tine to optimze signal reception in the direction of an aircraft

350. Aircr si.tion vector calcul.atqr, 315 ks a rammabl e _cal cul at or,
or pr ocess anteriic sl RO £ SoeltiBl Jops o g, AR ANIERSR it Bt

sel ect ed byjifeRfdd @wdtdi the dderaffirPAhtl on vector g is defined herein to be a
vector directed along an axis fromantenna array 50 to selected aircraft 10
+ 350. Position vector]égJ is calculated from position data indicating the

posi ti on r BRIEESESCRIPEON OF THEIORAMEINGSd herein, the term aircraft”
i ncludes all airborne craft such as helicopters, airplanes, gliders,

drones, and ball oons n .o enbodi nent,. of t he,present i.nvention osition
data includes, but i_§1¢'}0tl E_ﬁ%\’?&j {kg& _F‘éﬁ&’?’i‘ﬁ‘d8f a| 8X§F%&g gﬁ&“@?% ation

i nformati Oﬁdééti%%ﬁ-ﬂr&ta%r é&oh!{iﬁﬁFlQ%hb'e&{bdéfin@hf 6f Melin?atkiod0si ti on data
could al so include range and bearing data for aircraft 350 such as that

obt ai ned by aircraft 350 fromon board VHF Omi Rangi ng (VOR) equi pnent, or
ot her 5direction or pd¥Gt 2da o flowi chart 0f theistapssof 2 methodelobadmpattingof t he
present invention position data for aircraf 50 i pplied, to system 300
by an ai r cPHcTaff PQQEPHQIEEKG %WQF‘%@%QQ.“‘*@T@’O@%‘EB?@F@‘F IQVeRKRter ci al
provider of aircraft tracking software suitable for use in the present
imyention is RLM Sof (@I & sidwSAXeRpIAS SHESEohS - fof Wl i of
aircraft tracking service %10w|§s Alﬂi}tér\?i, an aircraft trgc |ﬁfg%%%r§ram
readi |l y cotimkraccatding 4o ank abibodiment MER8YSv&didrware & Services, Cropton,

Pi ckering, North Yorkshire, Y018 8HL, 2 5 England. The Airtrak program
allows a u r the worl d, overlay the naps
W th o @ at A EES R aRON R mBE AN, owns and ai rilel ds. 4
SUBSTI TUTE SKEET (RULE 26) 21 AUGUST 2002 h WO 99/ 45609 PCTNS99/ 04769 The
Airtrak program pl ot % bRk dHEfarR fof bh S dapye Hintéhrid éu@hl? 50%nel 4 sfdtenne
flight progqr)esses. It will be“recogni zed, however, that Airtrak’ is but one
of mdly avéor directing the atlaptiveiantenmat arzsyi(referredrto hareinafter aé antersma i n t he

resent inventjon. O her suitabl.e neans incl ude bal Positioning System
Pere) "t ¢ hol R sytens A00) JcOBANG 16 e BRI amEcl Hhs ProRt SRVRHOEy ot or

315 enpl Oy%}ﬂﬁl héd iiR’ﬁG?ﬁUTTRQ'déF&F}{&éi dtli\@térﬁ?”gaé(.tg@éhﬂfénﬁﬁtaﬁif .
calculate the relative position of an object wth respect to anotHer object
based on | atfetsittean lantayirtauateay napale vf leotrohithlly sidering, a Baametoanpli@ of a

cal cul ation perfornmed by position vector cal culator 315 i n enbodi nent of
the invent G8RrE Smrraist{n@@&hydmaﬁum@g ghe Fﬁ‘%%aﬁ,topB%‘F’? iraﬂomnf‘f &Wrrg?ﬁl 333,

i.e.zel evaty )., Latl i AR 'EHSQ =Y lebaaf t 350
IS ol%'tsai nec“j%n 9%@%%53’%‘%‘1“? ?g%c&%éﬁén;ozr Vi ceogg%i n s{%&é% SIQ% i as
shown in bleluk DI Wrauss,sSecoharEdition, S&tionyl B3 ‘Adaptitd Avess(dnd) Staftgi t ude
(yz )and elevation (A) of antenna array 50 as shown in block 410. The

di stance DArHemMasaf enna array 50 to aircraft 350 is conmputed according to
t he rel ationshi p:

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
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D = 60 cos~l[sinL~sinLz+cosLi cosL2cos(yz-'yi)], 20 s shown in bl ocktl42@EUST 2002
wherein L1 refers to the latitude of aircraft 350, L2 refers to the

| atitude of array 50, ylrefers to the longitude of aircraft 350 and y2

" refers t VQAY46Ohgi t ude of array 50. Once D'is obtained, PEEHUSYAMI69g H of '
aircraft 350 fromantenna array 50 is cal cul ated according to the
relationship: sin L~ - sinlL, cos( D/ 60) H= cos sin( DI 60) cos L, as

501 45600 48 (Rylsa it db maghimiks ahe) B Pdirs Pl 3kn, BAf Loes and

eastern | QpfispBflas t6/a8 imdkadasal SleavehtioF RH50440r dxafigdleyw; @bgials on angl e
a is conputed according to the relationship: a= tan -i 'E - A [6076*D, 5 as
shown i n diémeht #60arraycil dimtiiy mauwrs antenna alicectingcsyspern 309 erlablest i on
angl e and bearing as calculated jn FIG 2. As an airplane npves, its

posi ti on AHERRA agax@ﬁgéieweﬂtv ShangeaPr aHARY IRFRGRAIOTHPRIEIECRYRIUL ed t o
tra th i g | g4 e di recting system
SOOC%I I O%ﬁfﬁ&?@&%@ﬁ g&ﬁb\%@ﬂ‘éﬂgﬂ w%lg%t a ?fggrll\aa?g&gwrobnnent . I'n one
enbodi ment of the present invention antenna directing system 300 is '

i npl emented in realAirtrzgt yisttipra vectgy aalmibdtor CB1H tial a Spgogdamthablessor
(DSP) chip. One enbodi nent of the present invention enploys the TMS320C50,
a DSP whi%aculatosy ar IRIBresser, opsogaREdnech 40 rqah@Hate. a Ippsitdan, Cackerr gnfpr

cdapt | ve SfiEafidReiad B RaRAS S6BE° A Bosklohtoasi0e 1 R R e ™"
el enent s W a tagrod HifstR& Alordyard BRisCRERDAMENRAREANES tS8BlecRdCaircrRRAAr

Handbook, Merrill 1. SkolniK, Second Edition, particularly Chap. 7, "Phased
Arrdy Rad3h0. Ausgioravectong isisaldulated fom phsitionlate imdicadngithé pgsition appl i ed )
to an elenent of ;an anfenna array, ,refers to suppl,ying.s signal including a
phase sh!‘??se&ﬁﬁf"é %Fﬁaén%'tu%%.‘éﬁ‘éhhirﬁ% %"ﬁeteﬁ rrg’d' ,he“é\‘g‘c‘a%é‘ﬂarray is
el ectroni fald ye $tEELRsA Aéhé;ggﬁiséré, rﬂhﬁ&?hlia&s, EF&egy&tt%B‘aﬁggnsqf the

present invention operates by  welghting aHtenna array 50. According to the
nvention, system 300 determ nes these 2 5 weights based on g, i.e. data

about the | atitude,Inl ongiembedianehtebf \thei preseit amventidn, poditiomhdatai s,
wei ght vecto enera for 320 proyvide ased 6,SUBSTT.TUTE SHEET

r ) n out gut
(RUCE 26yclised, R B motdimited aoliiade longiule aadrignaeen 508 af 1
pos{#ion : I i : | 2dd : LhSid t; enna
ar rjé%/ 50.%%%2%(1%%94% éﬁs&ﬁﬂcéﬁgﬁgﬁ%ﬁdgﬁd??%%%l%?ﬁ?gﬁ dngll%ﬁ lﬁo e position
in the diraageiaod igearingadatarfot taidbilt 360 subleras whahobtained $¢l aibeaft850ng ot her
‘directions. In one enbodi nent of the invention, weight vector w5 conprises
t he i ndi viremmaen Reprth V3G Omnph Ranging (VAR ieduipmenta o5 qther gigectond® val ues,

o i e r AR, S Rng e BlEX B o RN ity B! MesBh! Ryeplon 0" 11
steered | posiiéie@hiafor Girc-IRB50 § supPIRIdcAysErAT0 B9Qn hitcalfenagkiogi ment of

t he present invention, weight vector generator 320 enpl oys a digital signal
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.
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" 10 processor (DSP) ~ progranmed to perform steering conputations wii dYGUST 2002
generate wei ght vector w The DSP nay be the sane DSP used to inpl enent
position g‘{acgy‘{ cal cul ator 315. Alterpative enmbodi nents of the inyvention
conpri se G sE‘B’rrputi ng neans for generating wei ght vect SCTVNHEs 4
conputer or mcroprocessor. 15 In operation, when it is desired to receive
comuni cations froma particular aircraft in flight, such as aircraft 350,
control unit 330 sergg Aim%_sgﬂg;g& fofs the %&Etoftﬂ'té%gﬁgsté&rﬂ{ Ki€as310
requesting position information-Tel a?ed to aircraft 350. In one enbodi nent
of the prekeflightrpregtdsees. I il derdcogrdzend, homesyer,dbat Airtraktis but onele, as
comonly enpl oyed,in the ,~ 2 0 ai rIL_ne i ndust r'é;b é,i\fﬂe contajned within
message 33panpayailable ayrcraftpesifion tracking means syitablefarysein dhe pegsent

i nformati 1.S: [ eq - pLevi [ . ' nmessage
332, air c?‘g‘f‘ltrﬁﬁnac l@%?g‘e‘%@?l&ﬁﬁbgg‘é‘g.&ﬁge‘?‘%’%ﬁgﬁ?ﬁ%‘g‘% F ?gt(r%h?:ﬁ;g?)rmti on

- 333, g ncl yglicReh &Iehhﬂ@ﬁtellﬁt@&%c‘l&@@n@ﬁﬂs el evation data to for aircraft 350
to position vector 2 5 cal culator” 315. Aircraft position vector cal cul ator
315 receives position information 333 and cal cul ates an aircraft position
vector g based on p&esiticanveetpncalsulator 333 emploxsh saleulsdions comunankyt nat i on
that is |atit.ude ongi t.ude and el evati,on, .of array 50. Weight .vector
gener at or SBRYEP dbeBat AR on Arts ot AIRR, i s peetior R obifE o

vect or W yWibh Gkpae® HoOhndthied ivded UBSHUEL Forgikide aRW.Eevflon 21
AUGUST 2002’ V\D%9I45609 ~ ~ PCINS991 04769 , to antenna array 50 through
cont rol umnforg@tiones e ryample bé aekamelationoperfonmedh bya posiyiobOvetitorect ed
toward aircraft 350.. The constructiop of control. unit 330_js known in the
¢ 0§ gisaleotater 2 inay srpadimietof the TRt oIt L Fi 2l 1y St eer

i ndi vi dual el enents of an array using phase and 5 anplitude signal pairs
obtained froman ar mt,gﬁoéiﬁsmﬁﬁmﬁa&m 83w i.%naa&mmng@ RaditudbSa 27 in
1985, the FCC authorized the use of the 902-928 Mz, 2400-2483.5 and
5725- 5850MHd lbngitate () of Sircrafit 330 is obtaided/tfxtine aircfdfSivhckiagdervire3Hrbodi nent
of the invention takes advantage of the |ISM band, an RF spectrumfor which
no |icens@ BEMOYY 26 Shanincm black d40G; storpeinonemeryage Bect ed t o

P
remai n so,f,or sonabl.e riqd,of .ti enhodigxent ,of the present
| nvent i on iR (LO3PRR0EE (bl piPlarar P P e S s
conmsni Catyl§uks410. MEheVdidlardel D'fAdrh atéhndRERY 50QBTRIFER B50 7S cormPlated
specifications for an enbodi nent of system 300 including a receiver adapted
t 0o est abl iagtording 8Mhemnethtiomship:ght air 15 to-ground conmuni cations |ink
with aircraft 350 are given in FIG 3. In this enbodi nent of the invention,
no reverse link (ground-to-air-lin i S; hodel apnd, t he nodel presunes a
digital quadrature 8#:5%8 Cgﬁ?ﬂ‘s{mﬂéﬁ%bm(sbﬁgg%cgggﬁgﬁhti on schene of a type
generally known in the art. Mdel transmt power, carrier frequency
wavel engt 3, shbvaisbibclaa2® Wikergi 1; Adléksab fke tatitede oPaireft 350) L, refdtat ed
poper (EIRP) for one enbodi ment of the invention are r shown. The el ement
di anet er &6 thelatitedepfarrapSemaeferatt tetlengitadeofzirarait3506nd . aefets e
antenna gai n and antenr}a efficiency are also shown. In this enbodi nent of
t he 4 venttPglh‘? onghurde otagraynfhnt i ve array 50 conmprised 16 2 5 el enents. As
indicated in FIG 3 data rate in the general range of about one

Once D is obtained, the bearing H of aircraft 350 from antenna

array 50 is calculated according to the relationship:

H = cos [sin L,-sinL, cos(D/60)]

sin(D/60)cos L,

as shown in block 430.
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megabit per second is predicted. 8 SUBSTI TUTE SHEET (RULE 26) 231°%080sPO?
2002 r WD 991 45609 PGINS99104' f 69 Anot her enbodi ment of the invention

i ncludes a ground-to-air |ink having nom nal and FCC per {;} ggparamater
val ues. PI94560% establishes a reversé link in additi onnl’ ’§ 904769
air-to-ground link. The ground to air data link is used to issue telenetry
commands to aircraft 350. In one 5 enbodi nent of the present invention, a
typical coafifl a@fuStRERs fof shiltbleAtitBidesahll ddshnBhEAYAEs dre made
ground-to-aircraft communications |inks that are already i1 n use; and

anot her eqgghbivi i bdbcK B40.p Fasdly, elevatiohiangleises @mpntednawoadidgrtodem t hat
is already installed on a ground site for other purposes. 10 An alternative
enmbodi nenthegelationshipssent i nventi on envisions 5. 7GHz band transcei vers.
Both the 2.4Ghz band and the 5.7 GHz band are desirable enbodi mrents because
there is not nmuch activit i£ hh se bands at the present tine. In addition,
t he nost probl emati@@_-_s&uﬂi6 'aterference within the 2.4 GHz band is

m crowave ovens, from whi ¢/6076tBuf erence 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,
o F1 cat POSBORRI AAs DO cisBainEAE PHERE el & shafiRs SaRPE i ¢ hout
departin : k) e of the ~ 2 0 invention. It is,

t her ef or g?ﬁ%lgthrb%ﬁgggétsggghﬁg?ﬂ?ﬁ??gpended clainms are intended to cover
all such nodifications and changes as fall within the true spirit of the
invention. 9 SUBSTIAWHR Shiplahe( ROVES, 28y position ¥ectou@)Shafge and the,
~~'"1.~GV ..NJ ::~ar.~~ Ww ~?~1 " v'yv |, é ril 11~~Jnlu,v o1
1 1 optirmal agray weights are recgmputed, to; track thesechanges,. s adaptiye
WHAT I S RSN . idne st I Yl f an.
adapti ve an ?a%—r%af gtritreg%'lat é‘l\/\r/gg%*én@ygﬁ%?jgtgpg%l ?g?]('?c}géglr%‘%?s‘%vﬁlg?magposi tion
Veclor cahenbtafiGiarkyoénviesiginentlg Inasid embodihentraifi the presemiainvaintionaf t
tracking service, and for calcul ati ng, based upon said position

i nf or mat | ¥tenna pditecting vpstesy 0 isn 1m‘§ﬁﬁat%i’@htfe€bgf®r WHRGT 3t or

adapted to receive,sald. it vect or r Sa i 5 Y} r

cal cul at Opro&amae‘tagﬂ%xgg?g?n &EEEPC%B% (sal Cﬁ%i ﬁr%ngr\g@%@lorﬁ%t, &;ttrll‘%ant enna
el ement WeidgBht HREhBbnVemPRFsathe TIASER0ESH Y DIBPAWHiERYs GOHR4BIE | fA6mA
plurality of antenna el enent’'s adapted to receive said antenna el enent

wei ght veTtéexas Instzauohents. adj ust t he respecti vewei ghts of "said el enents in
accordance with said weight vector w such that a receiving | obe of said

adapiive antenna array is directed t rd said aircraft.in flight. 2. The
sysEém of claim1 V\ﬁ%%{'@l RIEENS aciom‘g?mﬁéﬁ%siak%rﬁ oMt QSWCS%n%% ses
atitude, diredifd s iniifaYeRibd Aaddpthl shidhi& biay-in.a desirbdSisetion of
claiml1 whereim said aircraft position information is provided by an

| nt er net bpswdighiting andividealk elegnends vofc ¢he 4antghna sgmraynarg cotmgnomnly wher ei n
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20 term “weighting” as applied to an element of an antenna array, refers to

11
11 )

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 lattude, longitude and elevation of

aircraft 350. That is, weight vector generator 320 provides an output w based
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15 In operation, when it is desired to receive communications from

a particular aircraft in flight, such as aircraft 350, control unit 330 sends a
message 332 to aircraft tracking service 310 requesting position information
related to aircraft 350. In one embodiment of the present invention,
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 1s 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 \ector generator 320 receives aircraft

position vector g and generates weight s ector w. Weight vector w is applied
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With the enactment of Part 15.247 in 1985, the FCC authorized
the use of the 902-928 MHz, 2400-2483.5MHz and 5725-5850MHz Industrial,
Scientific, and Medical (ISM) band. One embodiment of the invention takes
advantage of the ISM band, an RF spectrum for which no license is required

10 and which is relatively uncrowded and expected to remain so for a reasonable C)
period of time. In one embodiment of the present invention antenna array 50

is adapted to establish an ISM band communications link with aircraft 350.

Model communications link specifications for an embodiment of

system 300 including a receiver adapted to establish an ISM band in-flight air-

15 to-ground communications link with aircraft 350 are given in FIG. 3. In this
embodiment of the invention, no reverse link (ground-to-air-link) is modeled

and the model presumes a digital quadrature phase shift keying (DQPSK)
modulation scheme of a type generally known in the art. Model transmit

power, carrier frequency wavelength, transmit antenna gain and effective

——

20 isotropic radiated power (EIRP) for one embodiment of the invention are

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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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 An 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

bo20 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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a position vector calculator for receiving position information from
an aircraft tracking service, and for calculating, based upon said position
information, a position vector g;

an antenna weight vector generator adapted to receive said
position vector g from said position vector calculator and to generate, based
upon said posmon vector g, an antenna element weight vector w; and

"an adaptive antenna array comprising a plurality of antenna
elements adapted to receive said antenna element weight vector w and to adjust
the respective weights 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 aircraft.

3. The system of claim 1 whereln said alrcraft position information is
provided by an Internet based aurcraft 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 obtaining 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 said adaptive
antenna array such that a receiving lobe of said adaptive antenna array is
directed toward said aircraft.
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