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OF OPERATI NG A PHASED ARRAY ANTENNA  The present invention rel ates
to a phased array antenna and a nethod of operating a 5S5phased array
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25 Reflector antennas are bulky and rhay be unsuitable for use on high-speed vehicles
such as trains as they are susceptible to damage. For example, wind damage or
damage from branches of frees that may brush against the train may displace and/or
damage a reflector antenna,

30  An alternative to reflector antennas are phased array anfennas, which consist of a
number of antenna elements arranged in a grid pattem to form an array.

Phased array antennas can be planar and they provide an advantage over reflector
antennas as they require considerably less physical depth for installation. However,
35 phased array antennas are iypically more expensive to construct and install due to
the accuracy that is required during manufaciure In order to provide a reliable
antenna array. Accurate data in relation to the real physical locations of the



2 individual phased array antenna elenents relative to each other is
required in order to adequately control the direction and focus of

t he phased array antenna and thereby adequately send and receive
data. 5 US 280810038513 (Dean Al an Paschen et al) di sclPE3&B2099/0560830
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According to a second aspect of the invention there is provided a method of setting
the phase of a controllable oscillator of a first anfenna element of a phased array
30 anienna wherein the output signal of the controllable oscillator is used to frequency
covert a received communications signal to form a first element output signal, the
method comprising comparing the first element output signal with frequency
converted output signals of a plurality of second antenna elements; generating a
phase control signal representative of the comparison; adjusting the phase of the
35  output signal generated by the controllable oscillator associated with the first antenna
element in response to the phase control signal such that the first element output
signal is constructively combinable with the output signals of the second elements.
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n some embodiments the first and second antenna elements may be configured to

generate baseband signals.
20
The phase control signal may represent the result of a comparison between the first
element output signal and a value or characteristic of a composite/mean/average of
the output signals of the plurality of second antenna elements. Using a composite of
signals received at the plurality of second elements enables signals received at each
25 of the second elements to influence the phase control signal, and in some
embodiments to equally influence the phase control signal.

The phase control signal may represent the result of a comparison between a data

symbol represented by the first element output signal and a data symbol represented
30 by the second element output signals. This can enable any time and phase

differences between the communications signals received at the elements to be

considered as statistically insignificant as any differences in the properties at the

carrier frequency of the received communications signal may be reduced and/or

removed when the communications signal is frequency converted into the data
35  symbol domain.
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In embodiments where the phase control signal is representative of both

comparisons described above, the phase control signal can be used io more
accuralely adjust the relative phase of the controllable oscillalor as it is
representative of two sets of comparison data.
30
The phase control signal may be representative of the difference between the
determined degrees of correlation, and may represent a time averaged value of the
difference. This can reduce the effect of any unwanted signals that are present in
both the in-phase and quadrature phase component signals. Time averaging the
35 difference signal can reduce andfor minimise any coincidental correlations between
the in-phase and quadrature phase component signals that may lead to an incorrect
phase shift being applied to the controllable asciliator.,
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35
The plurality of second antenna elements may be configured such that the individual
output signals of one or more of the second elements are given a weighting, and/or
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i npl enent i n§URUKAIRSIVISR e8remting hePhase cOHeSIIN8k t he i nvention, and/or
to configure a phased array antenna of an aspect of the invention. 5
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25 The coordinates associated with each of the first and second antenna elements can
be adjusted in response to the phase control signal.

The phased array antenna may further comprise a processor configured to calculate
a plane-of-bestit for the coordinates. The phase control signal may comprise a

30  signal that is configured to set the phase of the controllable oscillator to bring it into
line with the 'plane—of-best-fit.

The phased array antenna may comprise ong or more phased array antenna panels.
There may be provided a vehicle, for example a train, comprising the phased array
35 anienna.



configured to nultiply the in-phase conponent of a |ocal output
signal by the 20 quadrature phase conponent of an external output

signal to phase control signal. According t Lher
. OGRS tfufrds Phase . . Befabid o

still aspec I nvention, there i,s provided an el
phased array antenna conprising a Costas |oop, wherein the Costas
| oop i s 25 dbefe pay bel prayidedl & ¢@hguteheogaadeat priséngooagiome ot capfipaert ocal

out put si gnaladet dP@grér%e‘i’é}ﬁeﬁﬁ Rha ﬁn@?ﬂeafma&e&sn@wmﬂéﬁﬂﬁ ene}étré)ut

signal to generate a phase contro ternal outp
signal can ERHEY 89pgieTacierleamentygs m@h?ﬁﬁﬁoaﬂ@wﬁﬁﬂwwtsﬂhgwwon
control dat andryr to echfiginag phbiedray afteft stan bhsict 6T ibenfi@cei ved at the
el enment. .The phase control signal nmay cause the phase of a | ocal
oscillator to nore quickly and/or nore accurately be adjusted in
order to | oékartier nGoHtmsalrgiog.a dinepudectograin way patpreiidetal Tiayarder a

consensus/ capp gy 9& SRYIoPHe ﬁn&md %o%@taswn%rﬁ%é@xewme% Tebe.

further elenents of phased array antenna. gp consensus of
S

out put si gngpéw’cﬁﬂ'tﬁ'b%ﬁféét”ﬁ H’éSko%’r'%)F HDGI?Y%CF’@"‘&T"% Sly-eyePsbdant

the indi vi delattraicasigralk fadio MAGUEHEY Qafy déARCDHNBPERR 080380 8 There may
be a break in the Costas Loop associated wth an el enent, where a
consensus/ conposite of output signals of Costas Loops associated with
ot her el enembereimayureprovided arphzeed huaypAstepnapines tompitisiiga plutality ot al

oscil | ator g%nﬁé"@]eﬁ‘%h%”@é]ﬁ pIuPREE of éﬁeﬁ@&@h@ﬁl@%dpﬂs@ﬁ%CHOQQ‘PI%IQM th

the present i vent Iﬁ now be descri bed exanpl e onl
with refereffdla{esapha %P'é’ﬁﬁ'c??ﬁswm?rﬁ‘”\ﬁﬁidcq‘?““ ollfglp,%gpq;orls E‘I’ﬂf*ﬂﬁreﬂ such
conmuni cat i thas theyshiaeemot deotanitrolzblecosaiiatonizostt Merkp@ise tiha ¢onvyeindigran;

Figure 2¢ shgéf%{%mc nvenkﬁgéﬂo&ys system accordi ng to anot her

enbodi nent I on

According to a further aspect of the invention, there is provided an element of a
phased array antenna comprising a Costas loop, wherein the Costas loop s
configured to multiply the in-phase component of a local output signal by the

20 quadrature phase component of an external output signal to generate a phase
control signal.

According to a further sfill aspect of the invention, thers is provided an element of a
phased array antenna comprising a Costas loop, wherein the Costas loop is

25  configured to multiply the quadrature component of a local output signal by the in-
phase phase component of an external output signal to generate a phase control
signal.

Using an external output signal can enable the Costas loop to provide improved

30 phase conirol data by reducing effects of noise that may be received at the element.
The phase conftrol signal may cause the phase of a local oscillator to more quickly
and/or more accurately be adjusted in order to lock the Costas loop.

The external output signal may be a consensus/composite of output signals

35  generated by one or more further elements of the phased array antenna. Using a
consensus of output signals can reduce the overall effects of noise received at the
individual elements.



15 Figure 3 shows a conponent di agram of a phased array panel
according to anot her enbodi nent of the invention; Figure 4

shows a cirgui I am associ ated with a phased arrayp
according 2 toﬁ’gﬂ%@%{er enbodi nent of ghe invention; Fi ggﬂlr‘eggl%?ﬁa“ss"

circuit diagram associated with a phased array el enment according to
anot her enbodi nent of the invention; 25Figure 6 shows a circuit

di agram assg?,bl%t sy b E*Bré’akﬁﬂ@f?eeéoééé Eé{opﬁé‘?s%med%ﬁpérﬂél thehf wiiard Ber

enmbodi nent the 1 nvention; gure oWs a circult ?afgram
associ at ed Wﬂﬁ%“ﬂﬁ%%‘&ﬁ‘t&rqfé’ytpéﬁ gigeale 0563@6'@&]-%9% Bssosistebwith other

enbodi nent  eferidrs isveRattb daiivatheFplaise &disBitarir ahe WAL ddliator GrSthe
system a corf to anot her enbodi nent of the invention; Fi gure
9 shows di agram associ ated with a phased array el enent
according 35to anot her enbodi nent of the invention; WO

20101007442%%(:@@%990%?59&@% %cé:dreh'ﬁ@e whh $ﬁ@w@s§mﬁ0@ﬁti&%ill>’ncﬁv be

cross-sectional view o hased array panel accordi ng to anot

embodi ment  desariked; |th’éY19ﬁe(§ﬂmP|e °“'YP?"E)"J?@%EB orbrErewiegd imphichr | y a top
view of a phased array panel accordi ng to 5 anot her enbodi nent of the
|nvent|0

ar oy ol Brehi o ARG AT RHORTIEN exibh rembrs fo droorhehen . Bang

10Fi gures 1®wanignld illustrate graphi caI ly the results of the
sinmul ation of a receiver according to an enbodi nent of the present

invention. One or nore enbodinments of the present jnvention relate to
a phased ar F8YreAERGS2 CURPYRICIPRS $Ypiel pIrRLing o ApQilerAipRodiment of the

syst enl panelnvehifth; can be used to provide an
15
Figure 3 shows a component diagram of a phased array pang! according to ancther
embodiment of the invention;

Figure 4 shows a circuit diagram associated with a phased array element according
20 to another embodiment of the invention;

Figure 5 shows a circuit diagram associated with a phased array element according
to another embodiment cf the invention;

25  Figure 6 shows a circuit diagram associated with a phased array element according
to another embodiment of the invention;

Figure 7 shows a circuit diagram associated with a phased array element according
to another embodiment cf the invention;

30
Figure 8 shows a communications system according to another embodiment of the
invention;

Figure 9 shows a circuit diagram associated with a phased array element according
35 toanother embodiment of the invention;



15 inproved gain and signal-to-noise ratio when sendi ng and recei Vving
el ectromagneti c conmuni cati ons signals. The phased array antenna
system may 55 Pne or nore phased array antenna p
autonaticalﬁ@qp@@ﬁgtfhelr beam of maximumgain to a trggéég?bgﬂ&%?
recei ver of electromagnetic comunications signals such as a

satel lite. Z@uFedlsbowyscheaabalvericrass-agotianzlefrvaoby shasndracycesiet he
bandwi dt h ohcddifindBanefledniiRYinRAL & HANRREINAY as a receiver. The noise
that the receiver Is subjected to is proportlonal to the bandw dt h of
the system As an exanple, if the bandwidth is reduced by a factor of

10 the sign&lguteoiNehees schbinetidally brps oleadofly pidded Biray pand) 2aebritiag o of

the ante na_ e red as the range of frequencies
wher e thg an éﬁ%%@@ﬁ%&g&oé%%@ es (such as beamwi dth, input

i npedance, pattern, polarisation, side |obe level, gain, beam

direction, rggicafd éaawgfafcar&m%@m so8¥aIMie) pﬁ’és%d‘é’rr& L1Bma BEE@RS abl e
val ue. The beamis focus %ﬁ%{@%lngeneratl ng phase f ack signa s t hat

are used toRPHeEsmgpqdiee HiPHEEhat are appl ied to | ocal
controll able oscillators associated with each of the el enents that
are used,as f i.on t o)

cormin a3t SRas; Bl My b BIREY uR 1SS la PR SHE SRl 8t @ receiver
2010/ oo7442mrcﬁm2tg@9ﬁm508mﬂ9tﬁhaprﬂsamtw\fientgﬂnof other elenents. A
phase feedback signal adjusts the relative phase of the | ocal
oscillator associated w th the individual_ el enent u til an output
si gnal of tHE®PY 'HPR?FH]P&F'”‘&P*@HEW? Pleseqtpyeqtiggelale o g p ?SEBFE%?W "Phe
sane val ue patiarahud phasesiagapbniehnd Syestqyh/oared) tiay caf botselto @remzmrs .
When theggzin he
ot her eﬁerreﬂr%p%\%%%medjne%Hglégﬁﬁga{%ﬁ %Qﬁsﬁﬁm?c?ﬁw er eg% e%l%l" g%t'é
suf fi ci ent | oAU Eatians glaeals-wi henPhased ﬁ@%@ﬂﬁ@wa@dﬁ%@nﬂmqmﬁ@e angpral .

Use of the ﬁ]@fb&ﬂ‘ﬁs&ﬁarmﬁémgnﬁbgﬁb?d thsmt@ﬁhaf@élgf&ugmea LREME HaRinhase
f eedback si soci ated WI th

nal to be. a
e consenstir & EFaGHELET ofblecoRasitl it Rt sl
signal s recedtelidd. at the individual elenments. Figure 1 shows a phased
array apgenna system 100 according to an enbodi nent of the invention.
The phased array antenna system 100 conprises six phased array
ant enna panEPysqipg e pigsss rfﬁ!?@te”%EbSte'ﬂO%délce?LWEPamE‘é{‘étH Of)ﬁ‘&s“@as%grray
ant enna 15 W}edntérﬁlﬂ datusg &s Platenbr. tT]heDfﬁonﬁWSﬂﬁe@éd’eﬂAér BrHuBRORd to is

el enents, 8Jt|o¥\£]é8 me%aﬁﬁhld ngfttrng}s%b%s % aln e aTBE'?]'& theT@a%gmrg?snt S

108, 110 are tral”control
source (not regmmby aprder of heths pignarie-n0iee fado Isémprgvasdyd 0td8- t r ansmi t
data, opsa common | oad (not shown) when the system 100 is bei ng used

Cont | gur ed 117 SRl 4 TSI Er SIGR FoPa SaRrBLot boeon DEHPIosnd | n
thi s enbodi wese trhehamtsnroe thaasesdsfajsr(aqchaastteaannlanmmuﬂ;&ﬁa@cree pattern,
11 ust rat edydfhidfofls Sl NgRER, allbeds {jﬁé&&ﬁ%cﬁ I Aftidnct fofdfobfne

roof of a train carr ase array ahtenna p
102 is conn@’@ﬁ’@ﬁ'ﬂtaﬁatﬁ‘??@‘a@bn@luw controller 104 by a fibre optic cable
106. Thgpcentral controller 104 conprises fibre optic transceivers

105 configured to send and receive s na to/fromthe phased array
ant enna pandi%P %'S%Wsﬁ% by QEH'@”H'SH %pdwﬁslggalpg@élag%uqeﬂstpa%t t he

trai n carri@tpvé phase shifts that are applied to Ioca[ controllable oscillators associated with
each of the elements that are used as part of modulation/demodulation operations on
communications signals used in telecommunications.
35
The phase feedback signals can be generated by comparing an output signal of an
individual element with a “consensus output signal” that represents output signals of



30whi ch the phased array antenna panels 102 are fitted. The phased
array antenna system 100 is configured to send and receive

el ect romgn&lﬁ)mglﬂﬁ]bg%al s to/froma satellite 116 when |E?ga§mu%g&&pl S

enbodi nment way" communi cation wifgh the satellite praovi
t el econmuni cation link, such as 35Internet access, that is accessible
by a networ fa phumalishef cttheaielemeﬁtsr ﬁep&aa@feedbaa;kp'@ssladgets tomreldige phasewf nay

be able to
20101007442PC??“% 'a iop BisBHae] TRl ¥ indila PO b aﬁ’%tpuyﬁna‘t' e in

order to ac e@wugwéemmt isrthe Bari ph @ fapeespiia fedagievalie 2§ PR PHRUE e m

100 as part oﬂifhetp\'tﬁa[ﬁ@mﬁlér%mm w\maﬂﬁheﬁiwxmw 8bmichi proditier th@Bamé WO
conpone t hat, corr.es

n l's 2, 114 ar e on
el ect ronégn@?tpﬁt %#5% ﬂ??nd‘ﬁr Ee KRrek R8sy &'FY ?’F Coﬁlger?l%% B&™
recei ved by smT@erﬂlmbbasb%gneﬁmthats rqﬁaae@cbnanurwtlmtswmala system 100. It
wi Il be appreciated that simlar conponent signals of the
el ectromagnetic radiation 113 emtted by satellite 116 are recei ved
by each of t§e obthserneanshiAbipubTionalsapprahinie moragscusia Papse lBrdaarkse

_S: ?nal s ar gs@ﬁél é@ b@@éhelrétedl_'bgtﬂfee)vérall Roieé dﬁogk&d&ﬂlﬂ tied edr‘ls'éiysusk%nﬁﬁs
| ustr e I N | ase e e 1
Lomeonodp® aidshen HESist ot bR B b BE T L P REFBHEARER, "] 10

due to the d| fferent path-lengths fromthe satellite 116 to the
i ndi vi dual ﬂgﬁ@mr%mé%%haééooarra;%teghéﬁté#ﬁ ﬁé@é&&@%gb@%%ﬁﬂo&ﬂ@nt of

recei ved conponent si I S dependent upon the path |ength
15 from t he tgdpantios.e '191@"at56d ?H%V %’?t%ﬁ*FérFty?e‘_’['()@O CPTPTiBES $ihEN aégav
array ant enﬁﬁteﬁﬁ@ba&fﬂslﬁﬂé o, ad)ZB:QWZI:E 1webm@abh @ﬁaéeh@rray antenna

el ectr Oﬁ?g ﬁ%ne(f 10?q'm§ %era:HLB hase a?r teﬁrr{g)%%m%ﬁ E)P% Bnaaﬁ'gd

array a a SYysS g{)ase array
ant enna panélus'f@@QaS PR andg 1§6nﬁh9r$t&ﬁtﬁﬂﬁ%iﬁfs T8 ypre opigiled vigdod 0%1’“@' ngI e
phased arrayg,apiieniaa t@a@%maﬁ)aom&@%t mowmhma@ 6%16% r1amsq;l
108, 110 ar ;gconf Ltiur ed to recel v$ g ﬁ % 52 rﬁb 81 (ﬁuch
that the phibEomtdalotd cuBitr BAY 46t ERBELITPLYA/SEL]
each el enento &68ye i) can be automatically adjusted such that an
overal | Jgeam
The phased array aﬁtenna panels 102 may be configured in any suitable orientation
relative to each other, and in this embediment the six phased array antenna panels
102 are illustrated in an arrangement that is suitable to be fitted to the roof of a train
carriage.
25
Each of the phased array antenna panels 102 is connected to the central controller
104 by a fibre optic cable 106. The central controller 104 comprises fibre optic
transceivers 105 configured to send and receive signals to/from the phased array
antenna panels 102. In use, the controller 104 is [ocated inside the frain carriage to
30  which the phased array antenna panels 102 are fitled.

The phased array antenna system 100 is configured to send and receive
electromagnetic signals toffrom a satellite 116 when in use. In this embodiment, two-
way communication with the satellite 116 provides a telecommunication link, such as
35 Internet access, that is accessible by a network on the train, For example, a
passenger on the frain may be able to use their lapiop computer to connect fo the



25generated by the phased array antenna panels 102 is focussed onto
the satellite 116. An exanpl e phased array antenna system 100 may
conprise 10 el s 102, each having di nensions o by
0.45m Each“%%ne?’ﬂgg may conprise abgut 2000 elenentsﬁqgggﬁ%Tgyggb
Figure 2 shows a schematic illustration of a phased array antenna
panel 200 a®ewiosk peporigtedvdthike traindroeemtatacedssitlimel nteanned wsing thef hasghase

al i gning si Qﬂﬁ#%t@rﬁ‘ﬁ%?é&@rﬁ 180 afpd SR domPlcaftpE BN el ements 214a-n.
35Each ant enna el enen conprises an aerial/antenna 202 and a
controll able variable |ocal oscillator 204 configured such that the
phase of th@ymga:humsmhdad aftmtfon%ﬂerﬁaigndﬂewhhﬂdeﬁshmmﬁﬁmﬁepchﬁtca
phase dat.a 74 0880, 12
o phace. oSthcans efinondltbaggfR i Bt b e elag i IRk e/
sof t war e | oggments WdcH! Oeqf@h%&ﬁ?ti amﬂanfemarm&%tebw Gfe ﬁ\*eml&b%dpmeciaett that r al

| ocation, f @Tmilﬁxé’dﬁﬁcﬂeﬁ)rys@rﬁ% &W&@troﬁﬁ@ﬁéﬂé'récﬁéno%qlh%hﬂt@a X%aFeili@é” e

1. 5 The aerl varia oscillators are

confi gured d{ ﬂ’etrﬁ%?t"egﬁé eﬁg'l?futte %tt“’d'r?%m%"? s o thephasgsd aéraWo%‘zQIa"(S’%‘PF? at or
204 i s m xedigmals Aretoeshouh pufigee ¢ radrderde eid claetyat t he correspondi ng
aeri al 2 in order to generate a baseband signal which is made up of
the data signal plus noise. In this enbodi nent, one step nodul ation

i s 10 used, AaliupiealeghniFiguid 1. therreis appperctitierenretbetireeh thegomeenentbiptsisrent s

:j gtrg(rj msglt ?2 14, r1agg§igmedsat giffateht élamghe 1!9%@%@% a cn@érémgfatrt-trarggths
applied to %Sﬁttﬁ%ﬁa%@tﬁ ﬁ%atf)grl’es' ga%”?]kf‘j‘fm%ﬁ%%é) PgltTg Lﬁ? ‘SEW’IXC

convert thebetoee hedeceynimommatntsigsals il ih dli4 istdepemibetruped thatpethflgretiuency
si gnal s.45 15fra-rthé)Qz§(9R@r"qj6 & tﬂ@@ieﬁueﬂtﬁgﬁé aﬁ%‘i‘% g% ;}Vr\,ﬁseedaéﬁag WEnkd §E,Fe

214 are prow ts as
| oad. The su?ﬁrﬁf“i‘ Blﬁo E‘Sﬁﬁ‘&?f@ﬂﬂth A glectigmpgrrie cpdiadomits- t he baseband

signals, and the 20 resultant out put Si gnal provi des a stronger data

si gnal t han, t Vi du conbonent si ect of _noise
conponent o Irafensibaslitee e FRRRE Blral aing o/ tferh A B Baster B
i ndi vi dual ellllelmnf glaz&dlalray ané:‘culueeai"-elmﬂ@ mnseome)mpmnt@may tansist gnal

recei vedo at oRAGHYIEHIRRBNErdIBNtdARS phfRl {032 same and therefore will not
be reinforced by the summation conponent 208. 25 In order to provide

maxi mum overall gain, the local oscillator 204 of each elenent 214
shoul d be pBaseofalid ;g‘meeld aﬁdﬁ‘elédmts:mspmﬂem"e cOhfiadd to sxeeivy @hhade sjhtfs

assoct ated aliePligfluciianhe bFARor SHLE il BlaR, aligned gyt

that the el enen correc
si gnal of afRe elerent 1&ﬁy1ﬁbcaﬂ=é@muom%fmameé@1ust$ct s@b that ansoverdl wrf'e as

the outpst gér@RAbd Bfth@bRREd gtr%tbtnﬁa ﬁaﬁ@mﬁm& fobRde B e lshteliRl 1atsl on

to Figure 1, the relative phase of e recei ved conponent signals can
be different for different antenna eI enents 214 due to differing path
| engt hs bet Arexertfie phlkesed agroy antenr(zaysei 1t0ehayacuhpribe 10 leigshnalsr1ag,

antenna el eggdﬁt}%v%y&imensions of about 0.6m by 0.45m. Each panel 102 may comprise
about 2000 elements 108, 110.
30
Figure 2 shows a schematic illustration of a phased array antenna panel 200
according to another embodiment of the invention for phase aligning signals received
at a plurality of antenna elements 214a-—n.

35 Each antenna element 214 comprises an aerial/antenna 202 and a controllable
variable local oscillator 204 configured such that the phase of the local oscillator 204
can be shifted in response to a phase data conirol signal 206.



351 n order for each antenna el ement 214 to output the correct output
signal, the relative phase of each local oscillator 204 is shifted in

accordance Wot Gltﬁuﬁﬁ é:ont rol signal 206 until the anten?ﬁr{&b&@tﬂﬁsso

out puts the sane output signal as thep,other elenents 214,
2010/ 007442PCT/ GB2009/ 050880 13 The phase of each of the | ocal
oscillators 204 can be adjusted independently of the other |ocal

osci | I ators TRO4nhida ﬁ%&fnﬂ@%am%hﬁm G Blatdd by e 0 whic W | be

appr eci at ed tha% the different path- ths bet' ween Hhe data soqurce 5
(satel | ite) RFRFEARNGRALL A" TRY 999%%% t frakpeationfonpxegirleydas a
time del ay tentlecdnbblicpditedwbet Mig@a 1t he signals received at each of
the elemgnts 214. In this enbodinent, the tine delay does not
significantly affect the performance of the phased array antenna
panel 200 adhdesiws Betiarsthewariable lhealghciiators 2R¢ preegrinfatiraearch thattee

del ay conpo Bﬁiﬁhtssld?ﬁb’oflé@faﬁa‘lﬁ@!oéé? ol ARRP 64 'lemﬂd'vQﬂ ﬂtlebﬁltﬁlﬁ §@ha\4 eskeived
signals. 10 The baseb nal s rep({fgsent a ita uenc&ggf +1's

and -1's. | Rt RiOrER lr@a 'ﬁbzc{zdl‘ﬁf E%Q%WI e a'?ﬂ‘ éf ved
signal is 2?naﬁeI\{brmsth(am@mt@applu@amseelmhﬂd)ambusmag anieﬁtppnmuulam:tnumn of

th i

that bach clrBt vl PORRHAT bE bR ed el o fnky SBofichrs b eSS ¢
15 x 108). Tmfigency signals mytbe@nn@‘mé@S@Eﬁ@é@ﬁdemdulghmréiawm there
di mensi ons ?ﬁaéd"@atﬁ)%ﬂlﬁl‘oi %Qﬁnal 2@6" rﬁg!/ hBYpiiad Qo BERLRY ofeifdtbisT04QNAERS: €.

Ther ef or e, he tine the signals received af .each
ot he_ el eSS B Al Fiay i SR e U ot

chi p/ dat a symipaincy f¢Hats.t hi s enbodi nent, any di screpanci es between the
chi p/ datg synbol that is represented by the signals received at the
different elenents is considered as insignificant when sunm ng and
decodi ng t héhg bagrbeRh sinals wenaseled b dhes pejaRnaselpments 814 ifee Bivkded o a

proportion gimibgontdofoidheL0g WcHddi R Sconidnesent di fferent
chi ps/data synbols. 25 Simlarly, when transmtting a signal to a

given target (for exanple, a satellite) the phase shifts applied to
each vari ablTee lsupaktiarsesinidonens 208 (ot aremged taad thei kekehand sighelaeandsthe 14

are set gt fré‘s%naﬁﬁBﬁcpmaé@ﬁsﬁpra@désfgos%%ng&fdsfar&ga@ﬁh&mhe%m{u%wﬂédﬁ9

receiver to pr ovi d a beam O I nprove ain and si {0 nol se
ratio. 30 |90 ES F}@ eﬁ%PE’é‘?'S&tC@H‘PPWS tB% mayReAreRgaY! Pj“e&%‘ﬁ"rsd‘?qei"ﬁﬁ t he
phase shift bapid ingdidual demecial210scidduedddr Tag neseltoafpohdra gbther dgrialy of

el ement s Zlffec%ﬁr%% ﬁcﬁ%lé’r‘ﬁ%n?mtagﬁo%%ﬁ@garﬁ‘é éﬁc}’th@%trcfrg% rPo?BS'ren?fQReda

beam of maxi hmum to-norse rati
can be focu@é@elmnﬁ"ad@smnwn@ﬂtﬁ@%tl on. The effectl ve radiation
pattern gf 35 the array can be reinforced in a desired direction and

suppressed in an undesired direct
PP In or%er to provsz(se maximum overaﬂ gain, the local oscillator 204 of each element

214 should be phase aligned with the component signal received at its associated
aerial 202, or at least sufficiently phase aligned such that the element 214 provides
the correct output signal. The output signal of an element may be deemed “correct” if

30 itis the same as the output signal of other elements. As described above in relation
to Figure 1, the relative phase of the received component signals can be different for
different antenna elements 214 due to differing path lengths between the data source
(satellite) and the phased array antenna elements 214.

35 In order for each antenna element 214 to output the correct output signal, the relative
phase of each local oscillator 204 is shifted in accordance with the control signal 206
until the antenna element outpuis the same output signal as the other elements 214.



WO 2010/ 007442PCT/ GB2009/ 050880 14 In this enbodi ment the received
signals are decoded individually by Application Specific Integrated

Crcuits (AgoGlmanspci ated with each el ement 214 befope. L XM@H&%

provi ded to the summati on conponent 28. In such enbodi nents Si
transm ssion across the phased array panel is at baseband frequency

In other 5 Ehbatrsssheach ¢fee Ipesd esciliatprs 2ehedn hewdiisieddndeeendgotinofitee an

i nt er medi at @thkr 1BEI BEGAIINY 20N ARboldaASSABI 1A Sshdl sidhafeh el ement 214
and decoding of the internediate frequency signals down to baseband

frequency is perforned centrally at a receiver conponent (not shown)
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| n enbodi nefim™P ere the signals on the output buses represent

basebandssi gnal s, the superposition of the baseband signals may

provide an élrr]nqllaﬁ a;tWh%I[i] tr%Lsr%llﬂmg aVS|gnapto a given target (for example, a satellite) the

phase shifts applied to each variable local oscillator 204 associated with the
elements 214 are set at the same values as those determined for a corresponding
receiver {o provide a beam of improved gain and signal to noise ratio.
30
it will be appreciated that by individually controlling the phase shift applied to a local
oscillator of each of the plurality of elements 214 associated with the phased array
antenna panel 200, a beam of maximum gain (and therefore maximum signal-to-
noise ratio) can be focused in a desired direction. The effective radiation pattern of
35 the array can be reinforced in a desired direction and suppressed in an undesired
direction.
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output of that element should be. The signal on the output bus may be
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time for the phas arra 25 aptenna_a
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t he out put of Into conc

the ot her ePkafgmnd quadratyee phse adPrulusss 3d é@ﬁraprqswttﬂrﬁ @nmraﬁtﬁwfmt
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the values of the in-phase and quadrature phase output signals on the
data busgs 3Rin-pp88e Mhth? bhdBard SIRNLAL08 and quadrature phase output baseband

signal Qo 310 of each element 302 are coupled to the differential output baseband
buses Z I 304 and ZQ 306 respectively such that the signal on the differential in-

phase baseband bus 304 provides a signal representative of the composite of all of
the in-phase baseband signals 308, and the signal on the differential quadrature

25 phase baseband bus 306 provides a signal representative of the composite of all of
the quadrature phase baseband signals 310.

The signal representative of the composite value of the in-phase component on the
differential in-phase baseband bus 304 is provided as an input signal l;, 312 to each
30 element 302, and the signal representative of the sum value of the quadrature phase
component on the differential quadrature phase baseband bus 306 is provided as an
input signal Q;, 314 to each element 302. Each element 302 then internally
generates its own phase control signal using the composite baseband signals 1, and
Qu, and its respective cutput signals fow 2nd Qou.
35
The signals on the output buses 304, 306 comprise a superposition of current signals
output by the elemenis 302.
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Figure 4. The circuit 400 conprises a m xer 404, an output anplifier
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(o S 2 KRFhRELIA 358 oo b gl AR
remaining twenty elements provide a baseband output signal with a negative current,

20 the superposition of the one hundred baseband current signals on the output bus will
provide a composite signal representative of a positive current. This composite
signal can be used by each of the elements as an indicator of what the baseband
output of that element should be. The signal on the output bus may be considered
as an indication of the most common output signal at that time for the phased array

25 antenna as a whole.

The signals on the differential in-phase and quadrature phase output buses 304, 306
may be considered as “consensus signals” as they provide an indication of the
signals output by a plurality of elements 302 in order to bring the output of individual

30 elements into concordance/harmony with the other elements in the phased array
antenna.

In this embodiment, the phase data control signals that are provided to respective
local oscillators associated with each element 302 are generated as a consequence
35  of processing performed by the element 302 to compare the values of the in-phase
and quadrature phase ocutput signals on the data buses 304, 306 with the elemental
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phased array antenna system In this enbodiment, the phase of each
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phased array antenna system.

The circuit of only one element is shown in Figure 4 in order to aid clarity, however it
will be appreciated that further elements having similar circuits are also connected to

25  the output bus 412 by their own output amplifier and input amplifier in the same way
as the circuit 400 shown in Figure 4. '

The circuit 400 comprises a mixer 404, an output amplifier 408, an input amplifier
410, a phase feedback component 414 and a variable phase local oscillator 406.

30 The circuit 400 is configured to receive an input signal 402, and Is connected 1o an
output bus 412 by the output amplifier 408 and the input amplifier 410.

The input signal 402 is obtained either directly or indirectly from an aerial/fantenna
associated with the element 416 and is provided to the mixer 404 as is the output of
35 the variable phase local oscillator 408, The frequency of the local oscillator 4086 is
set in accordance with the known frequency of the signal being received/transmitted



In this way, the phase of a local oscillator 406 relative to other

| ocal oscillators 406 can be adjusted to inprove the phase alignnent
of individugl glopgRM S in relation to 30 the other el ef@f)&ﬁzoﬁdfhsﬁsg@
sane phased array antenna systemto i{prove the overal

signal -to-noise ratio of the phased array antenna system For a given
frequency, Phite Rhwberiamarantenasygiems duthigranbpdisrens Mreaphage pbeach local

aut omat i cal bycilgbr bbistidifaiy stat by arasael the oscillators associated
wi th each of the 35 elenments 416 until they produce the same out put
signal (or an internediate signal representative of the sane output
signal) to abeouttt dfthre miver 4li4fi§ esupied tp atchmhen gtabsutpat wesett 2tlyeuthat a

source (guc | LOak Vi I WO
2010/ oo7§42%@%§3@%§%§8@%‘1 @@%t'h%’?%t b 414 }hgé’ﬁ@p‘%%c?ﬁéss ol
phased ar r af'@ht essegiaisAtvdthioher slements in e samestheprd aTayemignse systgmal  at
the given f TREUEAGYRA (A dulius bieX12 iR riRd B20d malfiRNioA RS Y GONEYS BM

aut onmati cal I% | ocks og tto trl)le sgureg)e égat hag)s 1&\5% st rongest glgnal at
the given fPAHFHAAVILEYTRLNARE RASEOANT PUSHS DA AVLT eirERRT indelafipn i e
to provi de Aigoeadvatprotiding afsignas eprexentatiee sf gjgadls femarateddystiwf de t hat
provi deggt hgesti@ngest signal received at the phased array antenna

p

system As the phase shift of local oscillators associated with
i ndi vi dual elenents are adjusted over tine, the phased array antenna

becomes f ocusse@dnanon e ot GeioadGbutdi® ey 21 ald cdpldy Bckithenhdprsed
array ant en

a i ncreases the signal.-to-noise ratio inproves, 10 It
will be app%gg?aggec(?npﬂ%‘?”?gﬂérPén'P%Ut?%%oéﬁ'%rd‘ngnW?'ﬁr@ 'gﬁr@"%%g?‘gwﬁh the
di fferent pidisigdal anipalsignat €18 thabsrekifc elapeidd 1harte mitput signad d2feofreas ed
array ankenpgssYsdibik Aloddheh ff RNEedRYa Pﬁas@C&Umo‘?gi 5t 450'% RANE tRPTTON
| oad/ out put bus 412. 15In_this enbodi nent, the phage control signal
420 is genePRseqT iy lonebessiigion 8 leshithephase ohihe Jocalrssiatanfls relativeon
Speci fi ¢ | ntodgredpediveiinpuititdmriuilalidnsasGardozt acrasr tdimpavb tiel @ifedTthed 16.
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associ at ed an nt ‘of a phased array antenna system
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In this way, the phase of a local oscillator 406 relative to other local oscillators 406

can be adjusted to improve the phase alignment of individual elements in relation to

30 the other elements in the same phased array antenna system to improve the overall

signal-to-noise ratio of the phased array antenna system.

For a given frequency, this embodiment of a phased array antenna system
automatically shifts the relative phase of the oscillators associated with each of the
35 elements 416 until they produce the same output signal (or an intermediate signal
representative of the same output signal) to account for the different path lengths
between the data source (such as a satellite) and the individual elements 416, and
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ef ficiency @pagreéure phase output amplifier 522 an in-phase input amplmer 524 and a
quadrature phase input amplifier 526, and a phase feedback arrangement of

components 536. In this embodiment the phase feedback arrangement 536 is based

30 on a Costas loop and comprises two comparison mixers 514, 516, a subtraction

component 518, an amplifier 532 and a low-pass control loop filter 534.

The phase feedback arrangement of components 536 is an example of a phase
locked loop wherein the phase shift control signal 535 output by the control loop filter
35 is used as a contro! signal for the voltage controlled local oscillator 508 to bring the
baseband output signals I,, Q, of the element 500 into conformity with the composite
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is the quadrature phase baseband signal for the elenent, and is

identified as Q On is coupled by 15 quadrature phase out put
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t he baseband out.put si serie and
her ororont oM R Fate SrityahSRItRrspeches groufS oo st shatindl Fsue Slo

posi tive oraidebdtyi ve current onto the output buses 528, 530. 25Each
of the DNselements that formpart of the phased array antenna are
connected to the output buses 528, 530 by corresponding anplifiers

520, 532 suthf 'ﬂ’ﬁ%ftS’Q"ﬁbﬂ}?é% arovidagtoksth tigdn-phase mixer 504 ondiibg dpdratire
out put bus pRfe rbiké 506. IMMisoaBodiment, |thé)fmxb|’sesoauﬁﬂiﬁ%‘rb%rlBér@‘éél@eles%S an

out put from o@lgerda% Igr\ml llnpggto e%cheg}?xréég(){ngph)éa an O&plﬁ S|gnal of?he quadra%)rg—pl I ng

resistors if
phase local oscillator 508.

20
The quadrature-phase local oscillator 508 is cenfigured to provide two signals having
the same frequency and amplitude: one of which is 90° out of phase with the other
signal. The in-phase output signal from the local oscillator 508 is provided to in-
phase mixer 804 and the quadrature phase output signal from the local oscillator 508

25 is provided to quadrature phase mixer 506. The output of in-phase mixer 504 should
be the in-phase component of the input signal 502, and the output of quadrature
phase mixer 506 should be the quadrature phase component of the input signal 502,

If the relative phase of the local oscillator 508 is not sufficiently aligned with the
30 phase of the received input signal 502 there will be an element of the in-phase

component signal in the output signal generated by the quadrature phase mixer 508,

and vice versa. [t is an aim of this embodiment of the invention to control the phase

of the local oscillator 508 to reduce and/or minimise the cress-contamination of the

in-phase and quadrature phase components thereby improving the efficiency of the
35 associated phased array antenna system.



Where N is the nunber of elenents coupled to the output bus, and Ris
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equal chanc@3Bfdepifigd 6§.Ppm’ﬂﬁfé$ ﬁ'@b‘id"ﬁ?“f Ihe quadigiurg phase QUipHATRPITeY (5&
quadr at ur e p@ses aorpodivatspiiee unrel ated then the sum of the product
of the two conponents generated by first conparison m xer 514 over
time will be zero as there will be an equal nunber of values of '1l
and '-1'. TH&ecuraat diveraampitags 840, EA2ppyidriaevitrhed curfest saceEsMsBA®ATS | S
cal c;llhatz?d eretsmoregnttds metd bfut‘séé 838, %sé Hﬁ$h;9%§1%buxlﬂ?éﬂlt higé %eblih@t
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guadr at ure %E Sy conmponent s is not zero, then this provides an

i ndi cation that there is cross-contam nation between 35 the in-phase
and quadrature phase conponents and therefore the rel ative phase
shift ofast h&akipeithe Bstddntd 05t FO@Bpdrof e pHasdd & eyl aytenha gRanhddteditbe

received | n%!ljet oust Qﬂjuses %%8 530 by corresponding amplifiers 520, 532 such that the
resuiting voltage that is provided on an output bus 528, 530 is the sum of all of the
currents provided as an ouiput from the individual elements multiplied by all of the
coupling resistors in parallel:

30

W)=36,0) ()

n=1

Where N is the number of elements coupled to the output bus, and R is the
resistance of the pair of resistors that couple the elements to the ouiput bus.
35
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subtracted by the subtraction conponent 518. Such offset signals may

be caused by the physical surroundings of the circuit 500, and in
t hi s enbodi hethe ptdseniofrlzalimaitghainsphaas atkqpairtiephasd tyasebﬂtﬂcxﬁghakf t he
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t he subtractioh (Jm1)t°r4118'1? sTﬁﬂf‘%fﬂedéﬁllﬁsé?“éﬁﬂeﬁh'ﬁpiqdpetro“ﬂ@zﬂ Pf'ﬁ%e et put
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t he signal I's gen%mb?m%l1

25  If the in-phase and quadrature phase components are unrelated then the sum of the
product of the two components generated by first comparison mixer 514 over time
will be zero as there will be an equal number of values of ‘1" and '-1°. The time
averaging of the products of the two components is calculated by the control loop
filter 534 as described below. That is, the time-averaged multiplication of the in-

30 phase and quadrature phase components will be zero if the two components are
uncorrelated.

If the time-averaged multiplication of the in-phase and quadraiure phase components
is not zero, then this provides an indication that there is cross-contamination between

35 the in-phase and quadrature phase components and therefore the relative phase
shift of the local oscillator 508 is not correctly aligned for the received Input signal
502.
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535 is zero, the relative phase of the Iocal oscillator 508 is not
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V. n
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amplifiers SBQDIQSIS@twameduwttdhtfeaobtracﬂortdmmpemmms 500 are provided
as inputg to the | ow pass control loop filter 534. In such
enbodi nents the noise in the systemis reduced as noi se conponent

si gnal s expdise ehibe guliiprcioggemppignt 814 engPles fetee orbsiestiizatRbage siluced
ef fect when cpitat sigse @35t dnytuRvafedisighals that are present in both the in-phase and

quadrature phase components to be reduced, as the unwanted signals can cancel
each other out when the two output signals of the comparison mixers 514, 516 are
25  subtracted. This can help fo reduce any distortion caused by the circuit 500.

For example, any offset signals in the received in-phase and quadrature signals may
tend in polarity and voltage in opposite directions and therefore are cancelled out
when they are mixed together by the comparison mixers 514, 516 and subsequenily

30  subtracted by the subtraction component 518. Such offset signals may be caused by
the physical surroundings of the circuit 500, and in this embodiment the ofiset signals
can be particularly reduced if the comparison mixers 514, 516 are identical
components and they are physically located close to gach other.

35 The signal at the output of the subtraction unit 418 is provided to an amplifier 432,
the ouiput of which is provided to a low-pass control loop filier 434. The low-pass
control loop filter 434 effectively time-averages/integrates the signal that is generaled
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or a region of a phase array antenna panel.

In other embodiments, a single low-pass control loop filter 534 may be pravided for
more than one element, for example a single low-pass control loop filter 534 may be

30  provided for all of the elements on a phased array antenna panel. That is, the signal
that is output by amplifiers 532 associated with each of the elements 500 are
pravided as inpuis to the low-pass control loop filter 534. In such embodiments the
noise in the system is reduced as noise component signals experienced by each of
the individual elements have a reduced effect when processed with the signals

35 received at other elements. In further embodiments still the low-pass control loop
filter 534 may be a stand-alone filter for each of the elements 500.
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pol ari sed i AEEHEN @Pl' A corresponding receiver that is
configured to recei ve si gnal s that are polarised in the Y direction
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oscil I at or ZOZ‘H’& rov%_)%ﬁ% éo H] rs 704, 706 in th %ﬁelv r, 700.
I n addition S8t 38; JRaP a%ﬁ%rraaﬂ%ewdwa%m o tbggmall in
correspondi reatidn tethe velecityaslightidhta sirend| fiyiodr rows 707 that is
30configyred to receive signals that are polarised in the Y
dinmension. In this enbodinent, the current drive anplifiers 708, 710

that coupl elttiebs praseriaied that in siher grherimes defreayencpel hrdesal essiaionent s
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output differential buses

- sine wave respectlvely at intermediate frequency. The direct current (dc¢)

equivalent embodiment may be considered as a sine wave with zero frequency.

In embodiments working at intermediate frequency, the circuit illustrated in Figure 5

25 works in the same way by adjusting the phase of the local oscillator 508 such thaf the
intermediaie frequency signal generated by an element represents the same data
symbol as the intermediate frequency signals generated by the other elements as
provided on the output buses 528, 530.

30 The local csciliator 508 of a first element may be locked to the local oscillators 508
associated with the other second elements. For example, the local oscillators 508 in
the down converters may bg replaced by one signal generator and a signal splitter.
Each element may have an intermediate frequency/demodulation integrated circuit
associated with it. One of the integrated circuits may have a crystal oscillator and the

35 otherintegrated circuits may be slaved to that crystal oscillafor.
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arrangenent 730 hat Is sim e one shown I
signal | evefi§&@tback arrangement of conponents 732 is al so provi ded.
The signal level feedback arrangement 732 conprises first signal

| evel er 2 econd s | evel m.x 714 0 onent
726. anddangrT e Rt s R B0e 5By Br AR A s grre e GO

si gnal repr E!gémf’awn Rieure b, ankddhs plipsa feesbacimipntshisere hotahowmia Eugt.gmalo
recei ved at 5ihpyigl ement. First signal level mxer 712 is configured

to multiply the quadrature phase conponent of the el enment output
signal Q by the conposite of the quadrature phase conponent 25 of the

out put si gnategessingadignaifin tvdma)eqdeaﬁ'emlﬁr&ohﬂortéﬂ&mh@r&@ds Q& Pryvid§restBa

naar iy hastoref sRda e varSPinGand o8 il aBY AR BB T or
t hey const rﬁ'é@qsm iy morg dgtailhedowni t h each ot her, and therefore the

resul tant signal provides an indication of the si gnhal strength of O
30Simlarly ecogd Si m xer 714 is configured to multiply

the in-phas® tﬁ'ﬁﬁﬁ’ ﬂ‘grﬂ?'%n%!cp lﬁﬁ%é}rgw OH‘RF‘p‘l?f‘SEFedjr'féﬂre“i'@' R3St he
conposite of the in-phase conponent of the output signals of all of
the el eggnt fFighi 7 HRwBREREDBLI, Dhe el PORSKSBTHRAL of the invention that
is configured to receive signals that are polarised in the X direction. A corresponding
receiver that is configured to receive signals that are polarised in the Y direction is
not shown in Figure 7. The receiver 700 is similar to the receiver 400 of Figure 4,
and common components that have already been described in relation to Figure 4
25  will not be described again here.

As in Figure 4, the two output signals of the quadrature-phase local oscillator 702 are

provided to mixers 704, 706 in the X-receiver 700. In addition, the two output signals

are also provided to the corresponding Y-receiver as indicated by arrows 707 that is
30 configured to receive signals that are polarised in the Y dimension.

In this embodiment, the current drive amplifiers 708, 710 that couple the In-phase |,
and quadrature phase Q, phase components of the output signal of the element are
provided with an inhibit functionality. The inhibit functionality is controlled by a
35 control communications component 720 and can be used to control which of the
individual elements and/or which of the X and Y direction receivers are used for

generating the composite oulput signals on the output differential buses.
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ori ent at i onthsfsignabreegivadeahihe@lmest gni fi cantly change rel ative to the
satellite with which it is comunicating, for exanple by a train to

1ol ting, et SrrielinabBREnfeK il At RLRE sutdulerlitrerpbbd "

osci | | at or ®0te eteynebeouymd sioead Qabythe compelic 0D0e ylarkaiugehasreomrdngit hat

I's, 0NCes5eVef the bulpi signa® of all of the elements in the phased array antenna system Qqu.
The signals Q, and Qo should be phase aligned (or nearly phase aligned) which will
mean that when multiplied together they constructively inferfere with each other, and
therefore the resultant signal provides an indication of the signal strength of Q..

30 Similarly, second signal level mixer 714 is configured to multiply the in-phase
component of the element cutput signal I, by the composite of the in-phase
component of the output signals of all of the elements in the phased array antenna
system loy.

35 The output of the iwo signal level mixers 712, 714 are provided as inputs to the
summation component 716, the ocutput of which is provided to the control
communications component 820 via amplifier 818 as a power level control signal.
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t hr ee- di nensi onal coordi nates of the panel 802 are stored in nenory
812 to abl eqth rientation of the panel 802 to be
ot er m roa. e St i, Btlod b RluitaS Sarone TP R odeled obies 20
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i near int er’|lool atio @e init ues that are store
812 for thedlBURABHE2 °rt5h‘égeé'm§ff§??ts are set according to rrechanl cal
measurenents that are nade of the panel 802, for 25 exanple using a

I t / ecifi ca of the
panel 805 " Posb, Ehtamdfi’ Bk LG BaRRphiliosh Grborial 28 Ray e
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Applying a weighting may be used to ensure that the signals received at all of the

elements are provided to the differential output buses low, Qou With the same current,
and therefore have equal effect. In other embodiments, the gain of the current drive
amplifiers 708, 710 can be set by the control communications component 720 in

25 order to déliberately provide an offset weighting to the signals generated by the
elements such that signals received at some elements have a greater influence on
the composite signal on the output bus than signals received at other elements.

In this embodiment, the phase shift applied to the local oscillator 702 is updated at a
30  rate that is quicker than the orientation of the element can significantly change
relative to the satellite with which it is communicating, for example by a train to which
the associated phased array antenna panel is attached turning, jolting, etc. The
phase shift signal that is applied to the local oscillator 702 may be updated about
1,000,000 times per second (that is, once every 1 ps).
35
Figure 8 shows a communications system 800 according to another embodiment of
the invention.
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For this reason, the initiai version of the map may be referre to as a

“mechanical map”.

As discussed above, using solely mechanical measurements of the panel can lead to
30 inaccuracies if the actual instantaneous mechanical properties of the panel are
different to the theoretical/measured properties that are initially stored in memory
812. The actual mechanical properties of the panel can change over time, for

example due to thermal expansion and contraction.

35  The central controller 806 has stored in memory 812 the location of the geostationary
satellite with which it is configured to communicate and the frequency of the
electromagnetic signals that are sent to, and received from, the satellite.
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Automatically updating the initial “mechanical map” of the locations of elements may
be referred to as generating an “electrical map” of the locations of elements which
reflects what is really there as determined from the in situ operating results.
30
Use of the mechanical map which can be populated upon installation enables the
system to unambiguously identify and lock on to a desired satellite, This is because
the mechanical map enables the phase shiit applied fo each of the local oscillators to
be initially set so as to focus the phased array antenna system such that the
35 strongest signal that is received at that frequency is from the desired satellite to the
exclusion of other satellites transmitting at the same frequency.
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806 is configured to generate a plane-of-best-it through the coordinates of each of

the locations of the elements and generate phase control signals based upon the

locations of the elements as if they were located on the plane-of-best-fit. In such

embodiments any elements that have been inhibited, either manually or

30 automatically, may not be considered when generating the plane-of-best-fit as these

may skew the results.

Generating the phase control signals in accordance with a pattern generated from
the coordinates of a plurality of elements can reduce the effects of noise compared

35  with the effects of noise when considering each element in isolation.
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greater than a predetermi ned threshold) of the received signal is in

the X directj.a the Y output anplifier 914 may be inhibite
during trangﬁzg%ufogﬂ%and vice versa ip order to save p %?BQE””"“””

transmtting a signal in 5 the Y direction nay be deemed unnecessary.
Fi gure 10 slfipguse Sstome sshepetitdllp aakembodimentfof a tradsasied 06l ssayciatad @Iﬁn@n

panel 1000 %ﬁ%ﬂbﬁgprkee@%}%gnﬁggg érHEH'iovnPJel a@?ﬁﬁda?evd%n%t Qs

phased array antenna rises a ase array
ant enna el efEFt %mllmentfbthw@erpi@n@an @%@n@@n@nfspfsa @ﬁresmdtmgmquer a

top board 10@itamd with lﬂf&dl@@ﬂdﬁ%&@nél@ﬂe@ersgﬁclh tfﬂé @ﬁ?&ﬁtméﬁ% transhfeyi ded

on the tgp boa consists of a .cross-f Ql e antenna
1004, 1006 &fﬁ“HgB@%USPH%e BSOS thhECE S 98 e 4nd an
Application Specific Integrat ed Crcuit (ASI C) 1002 mounted on the

nas T our ant Shaee oo 88b e Houkeifhdhse Rty Lo e

connect ed t BroVi§ed ippwpass diters §92 904 oesppctively 6B ata ToBeIshaming. The output
pl at ed-t hr oughe Rlpass filfers 402, $0aarh @R hil0Rih thash Lﬁloegﬁﬂédrétmlphbﬁ

four ant centr ant e 1004b f

recei vi Hg d 3 og“@at?r%g%ﬁ ggg’rﬂ%%?s&egﬁgl %ggawg%ppp&quggweﬁgﬁal

transmtti ngscciiatcaQ\Mtshsep'mlacmrdatqemntmarphekmcdmrarﬂﬂgn‘él reXeiegttfrom egrerol

or t hogonal e I

anpl i tgudes an %uwkgtrnp?s %'% gr(]:étlﬂetdl9t1ré ﬁﬂen&i? Q%QV gecealre?ebs}st‘hlga% ngglt

di rection oFO"B‘BWH‘FEIt'g%ﬁ PQS?'PO”?‘S Sfhds tj%iﬁml#@érf@"l@@@el‘@f ARseeipted ydih t]?s@nd

tCﬁnpn ses asimg diayat omﬁéaphaaaje afrépfﬁhféh???stérﬁﬁﬁ&ﬂrdﬁ%jg{g8gﬁ} %1& |tﬁ9éf on
e u Si a.bottom | ayer made from

ppq%r e%ﬁocﬁ) erﬁs JR%?EI'EP 86"1 %Ffsg quwg

gl ass-fibre“reinfore “rhe el enents 1001 are spaced
on a 10mm hexagonal grid, which are less than half 30 the operating

vyl engtih 81t pisdo A dEAEBNER ioRérShall NI, Bl obes
particul arl §"B @%g%éa%gefe%wqwfg smyiffgd. rTé‘(?lP@i”ﬁb'et"%é‘“SrpaiaﬂWg’fgﬁ ect .

| n addi t i onyarishle agetifices 812, 014 earhalsmigodealn eiﬁ:btﬁra%oembla%ﬁgnbhevdﬂafmb[ y of
the el egpnt re%ei@a@ﬁ&mtce Bufif il AEREH CAIBALE Y14l kNG, AN S

whi |l st main |n|n acce ?mé)ara ers suc
sufficientl 53"5?'@9«?“@' ﬁﬂﬁ%@esé’f@@d@ relfiapin-ighaded array ant enna panel s
use

In this embodiment, the orientation of the phased array antenna element 900 relative
to a satellite can be taken into account when generating the “power level and

25 polarity” signal, in particutar by analysis of corresponding received signals in the X
and Y directions by the control communications component 720, 916. Alternatively,
the orientation of the phased array antenna element 900 can be determined through
use of position determination means (such as a compass and GPS as discussed in
more detail in relation to Figure 8).

30
Control communications component 916 is configured to determine what proportion
of the signals received from the satellite are in the X dimension, and what proportion
of the signals received from the satellite are in the Y dimension. At one extreme, the
phased array antenna element may be exactly aligned with the received signal such

35 that 100% of the signal is received in the X direction and 0% of the signal is received
in the Y direction. At the other extreme, 0% of the signal is received in the X
direction and 100% of the signal is received in the Y direction.



square and rectangular elenents, as it is nore convenient to
associ ate waveguides with the el enments. However, enbodi nents of the
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of elenents n the conveni encg of associating gurdes with
the elenents as illustrated in Figure 11, whilst further inproving
the el enment density of the phased array antenna panel thereby

enabling a %ﬂgcﬁgerwdqﬁ&‘ %%n(oigré%?erqgﬁ g?ﬁé&% e'ﬁfn%d tﬁrle?htslg the

enbodi nment , € exagona array n ena ase S at are
required foreceiyesnsigra ﬂshlemet?éélrecmthené*ﬂ%‘fguw%'I@#W&N@Mtbﬁwh'bﬂed

determ ned @Uﬁhg’i\%bh%@lon Amd Sri&@%\'sé [ drid s Savé bowbmR tARsRIttRg hQdalan €
el ectroni_cal I%/Y)g ect ed er in rows by data buses 1114 on the

under si d@ of! %ﬂ'aa& mf URESFAYa buses 1114 are configured to
comuni cate the foll ow ng SI ghal s: Reference frequencies; Sunmed

received da uré 16%qa%a@oss%kﬁ?ﬁa?v§ﬁr dr's rsrb& Bﬁg¥ anteﬁﬂgggnelﬁﬁbﬂ) al

command dat a rence requenci es signal s
are confi guﬁé‘épr@'@g tsi ﬂ‘ﬂéthﬁh%{‘é@déﬂﬁﬁ'ﬁ Pfdhe H‘&ﬁ'@'@@ i phasedaravRiignna pane

oscillators 1()§0/63n’6b?|§és$£55lﬁr)allt§r@f phas@ drraglantehfa é6maasiédied and recei ved
frequenmes within the linear portion of the characteristic of the

mul tipli B type phase discrimnator. This frequency range is a
conproni se Béewessh 100henpiseof Mod:maajsda topdoogm K68 end b bstéms beard 4. t he

antenna top E%Fna@mém%gﬂs P&r@@ ?ﬁ{%ﬁﬂb‘%ﬂ%@%o‘é&ﬂsx%wEE:%Q& fo@ed

transm ssi on ottom.| ayer I'S

embodi ment , diP9leranéennarl@p4eifes Prﬂféeﬂj%rh@?é'gp%(ﬁéief?f ﬂ?ea‘ap Beryd 11848 and a“
al t hough i n ppbhetioresiyedic Majrated becwmxercgnoez betee o ihesino@yidber the x/ 8

and f Rx/ ) I I n

uadr a dPe Jie88% 20080 Tug BT RIGs tekCenss na¢ BIF S i RR% 00,
conposi te silgbgd, 460 @BW@IOGZI@SWG@H telthe anisorzss1d948, 10931 10062,
30i | [ ust r at g@pdyVidhigteb-enrSugh holes in the top board 1008.

Each element 1001 has four antennae: two common centroid antennae 1004a,

20 1004b for receiving data and two common centroid antennae 1006a, 1006b for
transmitting data with polarisation in the Xand Y. X and Y are orthogonal axes in the
plane of the pane! 1000. The relative amplitudes and polarity detected by the Xand Y
receivers indicate direction of polarisation.

25 The top board 1008 is multilayer and comprises a top layer 1008a made from high-K
loaded PTFE material on the upper side of a ground plane, and a bottom layer 1008b
made from glass-fibre reinforced PTFE dielectric.

The elements 1001 are spaced ot a 10mm hexagonal grid, which are less than half
30 the operating wavelength apart in order to reduce the effect of spurious side lobes
which are generated by the grating effect. The hexagonal array is a particularly
advantageous embodiment for reducing the grating effect. In addition, the geometry
of a hexagonal array enables the density of the elements on a panel to be increased
compared with known panels, whilst maintaining acceptable working parameters
35 such as a sufficiently low grating effect, Known phased array antenna panels use
square and rectangular elements, as it is more convenient fo associate waveguides
with the elements. However, embodiments of the invention using a hexagonal array



The data to be transmtted signals, I and Q correspond to the

i n-phase and quadrature phase conponents of the |ama and grata

signal s illgé)trahjed in Figure 9. 35 The data buses 1114 on the top
board 1008 are 1" n connected to the bottom board 1BGHCRPOUSEEY | es
of multi-pole connectors 1012 that rui down a side wall of the panel
1000. WO 26t8c0end 42PETEIGR2 0086580 assbeibivgy Wpieh Adashamrite d18Hhbnts

carries signal i r. requl ation 1020, .frequenc

synt hesi s 1%%&”%?1%@%% eg[& ?e a‘gz—gw&ﬁﬁ %??'@B{O?@gﬁ?aé?eﬂ?ngaﬁrﬁﬁw 2 sg%
send and/ or grax@itewatngecl dherepyenakliag a beem efmadmumgeid td B etteMddined.
reference frequencies 5 signals are generated by frequency synthesis
circuit 1026 i,n accordanc ith a signal generated by a central
processi %g i s € Eﬂlnfﬁtcﬁh%mge’fal%”aié\%ﬁai’eﬂa"c%ﬁ‘PlFo#‘?é’rhaieoéh‘f“f thed taréat ed
in Figure 1reduiredfiohexth et ocahmtitatinb ¢ hefashtipdstayniridtapa Bpples.
connected to the central controller 104 via a fibre optic system 106
as illustrated in Figure 1, the frequency synthesis circuit 1026 may
use the cl ofRshpeuéiaeie U theS!Q'e 1902nre slepitdnisaliyyesheariedriotether eows al
control | er BPdatasustsielLoeneanyhiad Sesbdatd wst he reference
frequenqbes signals. The upper side of the top board 1008 and the

| ower side of the bottom board 1010 nay have no conponents nounted

t her eon and Theddth baaegH4 hodre sonfifihies tecabhetcatdtre bllovihpsgeisar r ay
antenna panel 1010 to be seal ed by a peripheral framework 1016 and
confer mechanical rigidity to the phased array panel 1000. Each panel
1000 may have mefiepesirauigides: t he panel 1000 securely to a train
carriage roef. Thenpéaneteisiidhasndadi vi dual data connections (not
shown) the CR ich in. the 20 enbodi ment shown in Figure 1 are
provi dehgby optié:éatﬁwflieﬁaggm%ﬁ?’iﬁ” be of equal length and are
hernetical | y sedbasidl commangldatatbes@adi pheral franmework 1016 of the
panel 1000.. The maRekupbH00 is supplied with power wires and fibre
tails (not shown) which are also hernetically seal ed through the
peri pheral framework 1016. 25In the enbodi mrent shown in Figures 10
and 11, theThSleferanct B@guenties Sihdi€ae-coffRiuRENG Yive HRiseRbntAPlRgSs to T S

id . i Al ' GaAs S| C s that
B e used | B SRIARE (s 191G 7y VRSB ReN S G0 oppp s "7
requires sefiinthe limarpeion fdkecharsigystia o theendlipien tygeephaegdisaiminator.

processi ng TRgeeqRhch Pande®h FMisOBeteeh NRHRARS - a
panel 1000., 30 ; c? % I 8?1di ﬁgptg enbo%}%{ec{@%s{nsof] st e

Use(c)i a%iGeASCgcﬁ , _ |
i nvent i on eRa¥E&LOURdLhe, aTEnnRipRopayd 303, 8RS high fregeency pe terifferendiak by
i mprovi ng thansefigsionilieron tid PTFE sydisarsiethotivmagyeant G0 an SSEREBdinddnt) N
ot her epbodj : -0, d : i e .el nt:
con??guPEE&%%”%%”??@?E%SF%%Z%@@Hf K ol n s S aRee
ot her conf i §lErewe{r8aysaciesMay pe b aad fgd.dieny ethersyiiabia vaivg. dat a.
Provi ding separate ASIC s may provide

The summed In-phase and quadrature phase received data signals, | and Q,

comrespond fo the composite signals |, and Q. on differential data buses 528, 530
30  illustrated in Figure 5.

The data to be transmitted signals, | and Q, correspond to the in-phase and
quadrature phase components of the lga. and Qga, signals illustrated in Figure 9.

35 The data buses 1114 on the top board 1008 are in turn connected to the botiom
board 1010 by a series of multi-pole connectors 1012 that run down a side wall of the
panel 1000.



WO 2010/ 007442PCT/ GB2009/ 050880 35 practical advantages in terns of
packagi ng the | ayout of conponents on the top board 1008. Figure 12

shows schennti cal | anot her enbodi mrent of a receiver (o] ed
5 with an eVl 'ydf a phased array ajtenna system ac%?%ﬁ% 683@1
enbodi nent of the invention. Those features that are the sane as
those illustrated in Figure 7 will not be described in detail here.

I hi nb d
0= SR8 Ry 09 PS8 LESTIESPOMARDD. 208 5y B
Cr 0ss- cont afrequericp ﬁyrbbearee@%tamé ntacfaneali24 sitauitpibalrase aprigpredde send

conponent s Qbfd/ﬁ%@ém e cfa%?&‘n 8&9 b3s3nAla aWd t1b123r1‘ﬁ6@éf§féﬁb@ﬁéq@eﬂ6@§
Satellites whi ch the phased arr

tenn
conmuni cét e Sigpdds 315 9@6‘1”1’??6 QY Beaueac g ﬁéﬂ? givoyit fl@(ﬁﬂ ar9° aP%ﬁ)‘@'&k? ﬂ%“aé ode
uni que to tjatersrtialyld dedtraMirecassingueit¢ORY) swsipad the sedtnal iconipdiles ¢04nd a

quadrature 5{&3%?59??05&0@&31 Tuhemt%'cﬁ‘d s Cﬂl‘?'eer% tﬁ?@h??e&&ﬁ%( Qﬁte‘hﬂs is

phased arra |den
satellite. konnehled tahy ceniel pmi@é@f @ﬁr\fﬂﬁ ‘éﬁf@@ﬁﬁasﬁiﬂm 108 aedbustrateddn on

the desired Fﬁﬁléeei 'thé ﬁe&t%nw‘@ynﬂ%%ls%bﬁlf‘mﬁﬁ rﬁég} uéétth@bloﬁlafr@ddehéye& the
transmttin e sane recei ved

any of t1ﬁosgbr8tqf?3? S%Séﬁ”éﬁnq"?r ”té? ég@faﬁﬁr%a""t%f&% %ﬁ@ @F@ﬁﬁ??atﬂ'@ct l?ved
from t he desdf¢refceTaigeéncicsaignals. enbodi ments that receive signals that

i nclude the regularly repeating unique code, it may not be necessary
to use a nechanical map or an electrical map to | ock-on to 25the
desired fredbeneser sidetohdeger beard doetandifie javer sida 6f thadotigre dgargi{0A0

whi ch the plﬂ%%@v@ﬁd@&npﬁ:ﬂ&r&@ﬁm@uﬁ%@fh@@oh@ﬁkﬁoﬂﬁodgﬁ Holz@. URi§ich&tsles the
satellite. Thé control, conmmuni @q nent é?odf i S Cﬂ(nL d1gyn, d to
et i evedt r SFSEIRY SHRRARATUTP (P Bh sl il A eS8
1206, 1208 twhaer meehaasslagidiy dal tieOphiatéd atnar pwi deqd. Eacle bénel éPOQamay
apply these cades, 1206xind 42:ha 1biPsdlaRA0 hasRRARKSRBRONENt 1202

The panel 1100 has individual data connections (not shown) to the CPU, which in the

20 embodiment shown in Figure 1 are provided by optical fibres which may be of equal
length and are hermetically sealed through the peripheral framework 1016 of the
panel 1000. The panel 1000 is supplied with power wires and fibre tails (not shown)
which are also hermetically sealed through the peripheraf framework 1016.

25 In the embodiment shown in Figures 10 and 11, the ASIC's 1002 are Silicon-
Germanium (SiGe) ASIC's. This provides an advantage over known Gallium-
Arsenide (GaAs) ASIC's that are used in the prior art. Use of GaAs ASIC’s in the
prior art requires separate Silicon based chips to perform the logical processing
required for implementation of the phased array antenna panel 1000,

30
Use of a SiGe ASIC according to embodiments of the invention enables a single
ASIC to be used for each element thereby Improving the efficiency of the phased

array antenna system.

35 In other embodiments two ASIC's may be provided for a single element: one
configured to perform processing when receiving data and the other configured to
perform processing when transmitting data. Providing separate ASIC’s may provide



The phase feedback conponent 1202 is simlar to the feedback
arrangenment 730 shown in Figure 7, except that the phase feedback

conponent Q)?zoﬂmuﬁ gure 12 is 35conf| gured to apply t%&f@ﬂ@%ﬁﬁ codes

1206, 1208 toO ¢OrP8lators associ at ed W th each branch

f eedback component 1202 to determine 1f there is any cross

2010/ 007442 PGCHtiGE20097t105638 0=r86 Otf:Dawkab'ugithmlalyeutwéeompdﬁreanisnrpﬂhagm and
quadrature phagqogpmponents of the signal X nput received at the

el enent 1200. The I n-phase uni que code 1206 is applied to the
conposite in-phase conponent of 5 the received signals lent by a

transver sal ngutet 1521 sm%cgmlcm anoter anpddirBsht top atr@@n@m@bora?etswﬁed)hase
Sl

CorPoren b B8 iR Yof abisP B iR VB ENTRS an bt (o a
mul tiplier denpentornt TR fesheescthalrare tersagieatsi thosei iusiratediin Figued 7will a

non-zero outpe REGHRBY inYetdiREreul ti plier conponent 1218 in the sane
way as the multiplier conponent 516 of 10Figure 5. Simlarly, the

guadr ature phase uni que code 1208 is applied to the conposite
quadr at ur e phasentetipentiic hbsd feediaer ebeshesi ‘gﬂ@ﬁhésco@gur@&ﬁ drcb\ﬁde a

i n- phase,.co ent _of the rec nal In tran Iters
T e e e A R T e D E U
128 bits | onbgseasn nuadmtuﬂe prasa preenertse dyt ¢vatpadug escetybd csugmeis Witht

| engt hs coupdqjabmanddecosed. Figures 13 and 14 illustrate the
results obtained when performng a conputer 20sinulation of sixty
four elenents/receivers 500 as illustrated in Figure 5. Results are

only shown Betellieisghth woilchtthepisdsit yirrfarterinatiinvsit $200rcadicd@imuhitata iatk

clarity. gIn I
bet ween ?heh(}dr rr'JS% Ott%@é’?' %%ﬁ Qp%ofle%ﬂ{gh‘:%d%swee t@ﬁtg?\%ﬁ% %Hélgue
shifted by 9% AR SNIEDIRSE BN P GHedratyre pZQSﬂ@lnoeerISTbmWeaiogwmph
of the vol t@&?b@ﬁséd"@y m@%%séf@ﬁ'rtrépéntﬁh%h&erﬂffy tn8 18K toe b RREIRLS
agai nst tine ﬁ?rtlggece ve nas gre avera ed out over tine, and
the phase coHeMBr 1P DUGHAYIEGRT 8o eilpans HAIART 49 RS Pybg desired

osci | | at or ssaigliiedd &teaskciusiph of éieOthmchatelldemirarshanmg\brsthetslamelﬂreduencglual

h t
phase gggm;g%erf ge@%@ ré‘%%rﬁgf'cog? gw o#tﬂoéﬁg&ﬂymatéﬁkeé e étrb%ggé gxa!;% an

from Fi gur eSigngls ’Fﬁ@"qdﬁm‘iﬁﬂﬂ%ﬁ‘feﬁ;ﬁ%'@econt rol signals have separat ed
out after 170s.

In embodiments that receive signals that include the regularly repeating unique code,
it may not be necessary o use a mechanical map or an elecfrical map to lock-on to

25 the desired frequency, although doing so can increase the speed with which the
phased array antenna system locks-on to the desired sateliite.

The control communications component 1204 is configured to retrieve from memory
the unique in-phase and quadrature phase codes 1206, 1208 that are associated

30 with the desired satellite, and apply these codes 1206, 1208 to the phase feedback
component 1202.

The phase feedback component 1202 is similar to the feedback arrangement 730
shown in Figure 7, except that the phase feedback component 1202 of Figure 12 is
35 configured to apply the unique codes 1206, 1208 to correlators associated with each
branch of the phase feedback component 1202 to determine if there is any cross



Figure 14 shows how the constellation alignment of the desired QPSK
wavef orm 35evol ves over tine. Initially the desired QPSK waveformis
obscured by_nai d interference, and over tine evol i -

cl ean patte Zg@%{’ﬁgz el ements are aligned WO ¥éfiohfostbso
2010/ 007442PCT/ GB2009/ 050880 37 by the phase control signals. The

si gnal -t o- nobsaaticathetwéampheineshas@addquadpatere thase casponeatsuaf gtk dignal he
si ze of thexcﬁr&(] : i |At BooThe rotation of the el enent
constell ation tﬁﬁeg%;\}eg;a‘l\%@te%ﬂ![eﬂe gg'nsensus constellation is 5 brought
about by phase adjustnent of the elenent |ocal oscillator. The

adj Uslt ment Cfﬁ? lirhﬁ'lals@ﬁﬁihllj@&ﬁe"ig@? & aﬂgh@ﬂ@ tip}écérﬁ&sz@hi-phgse bd?ﬁ)oner;]t of
correl ation of the |ocal denpdul ated in- and, guadr at ur se
signal's @t hd"%HEY F'ﬁf’?%?f’)“@saﬁ'@%‘{ﬁrs@gﬁ&ﬁ&ﬁg' 5’?1%&%%@85'5@%8 e

ar rangement qdadratuesptfase voap@est efshe wopived signa Xbbyph &andversahiiter ¢212.t .
1011 SO agbagioRMY: thesd 1S R0 R4 RY AR D2 WS BIALHA gl 0 an

enbodi nent I'nvention nmay be con ured to transmt receive
si gnal s havicagPrengnt 123 wherieauy epreglation isfdgntidsdhvs omzg Uit slena PbBeband
i nternet acGRSFliet SorSpnRnENbEth tNEsmé hay 35 anahaitipRgeorpdnént sabeirent s
of a phased array antenna panel acting as a receiver, and the signals
transni t'Ped W% phased array antenna panel 15 acting as a

transmtter, may be both phase aligned, as described in detail above,

and_t enpor alsinigf.! ABeHMd hABUEHGE Sodd REIR! RIEPTALERbmpaYE ! he
circuitry associated wth each el enent. The tinme delay conponent may
be i ntroduc8HadaitE ehasegRaMROneptoRt e deqeivafl Honelse QRenetitd H1%e NoRASE

t oget her, f @pmporRATdfehdretsied shuanply tenswamplieent2120R16 respegivusle 2. 20
In sonme enbodi ments of the invention, the circuitry associated with
the el engnts of a phased array antenna Eanel shoul d be as dunb as
possi bl e. Tirathisiembogdimsokths Lniguestedes arelj@s piis Ipeg. wadi it wdiherapprepiaiey that

sof tware angh@s dr bihbVENIEhdiReLAdBREBERE&.as it i1s nore convenient to
change any algorithns that are stored centrally as opposed to on

25AS| C s associated with each el ement. Enbodi nents of the invention
can enabl e IFassesait® anatl ¢lijustrateuthacéauisdbiasidahen payoratin@acampaiee! s

to be usgd tpak.of B#Jixtgfoﬁﬁa&ag%@reqy@é&%uo of meﬁ.raﬁe%rm@fh%-s. LE&35its are
Facture phased a I's

accurately manu > ased array antenna panels Can be used as
t he rel i ancenlysbowrpleneighiobihesidydoursrceiyamdnprder lapdicales bet ween
el enments is reduced. Phased array antenna panels according to

enbodi nents qof .the i.nveptiqn. c aut opat i |y focus f

mexi mum gai rl]m%eﬂly Elheas"ag'?ﬁ?neﬁa'asa@ %86?1PE%’Ftsiﬁég%‘%(w?‘?ngtﬁ?a?%@gﬁgg%glgtgﬁs ‘upon
par anet er s @hd $ieglesitest sSignald$ pleege ahiftedhy b cadians SetwgsEpboditeent s of t he
inventiog may provide a consensus of alignment of nultiple elements

in a phased arr a)l/ antenna system usi ng a pl lﬁr alit ff' g{lasg tracki ng
circuits suctBuR1E58ws2 pEehof timaliacs gtibe® F‘%%ffs“?{@ sigh#is Sbere9ops.
A signal maylements against time. As the received signals are averaged out over time, and the
phase control feedback signals are fed back to the local oscillators associated with
the individual elements, the individual phase control signals separate out to account
30 for the n/5 radian shift between the signals received at the elements. As can be
seen from Figure 13, the individual phase control signals have separated out after
170ps.

Figure 14 shows how the constellation alignment of the desired QPSK waveform
35 evolves over time. Initially the desired QPSK waveform is obscured by noise and
interference, and over time evolves into a clean pattern as the elements are aligned
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of a plurality of denodul ated signals, and the plurality of phase
tracking circuits may be configured to adjust the phase of an output
signal of |WORP8E#] | ators associated with the el enenPGI/BBREHSHIL o
conpari son between the signal recei vel at that elenent and the

conposi te obytHegphdenasiubiaigds. 5‘h6blgﬁ@-1tc$m§$éqﬁt|6 iRRFoveD ® 1O ddF time as
signal (s) of the(ﬁbyetgenls ﬁé F% into conformty with each

ot her. Thi s"F&"'P v&“BR Péc%ﬂs E I°PAG°fe output signals of the

| ocal oscillators with the phase of comrunications signals received

at those el gpe &t@tron lof thWekémﬁ?%&Q@ﬁﬁfgh & n@%amﬁtthet éb%}géﬂ%ﬁ§ Qorlsfér]atzoﬁ if1ot

limted to stens an I nvent1 on can

be used ﬁnthroaefﬁ oyEby phags asiistnRTt Ahibe elpmentilorg! assbalal doradiusigenyef
exanpl eh thmellﬂo&%dll%rlmﬁseh@ th@ﬁﬁoh\ﬂth@c&wﬁﬂél : ﬁlo‘itg]:IeIIWdéﬁéduﬁf&d fahat
use ort ogon uenc ivision ti i .

ot ancoudrspesa HiFRaNS S s e pBrlalhy e aehuren by the phase
sub- car ri er ¥edeavkiavenpeatentdeciedsiame Fostad Bodbnsoé@mples isdirebestilirent s of
the invention descri bed above are inplenmentable, at least in part,
usi ng a software- controlled ranmabl e processing device such as a
gener al "Bur PosEgRRogEsIs: 6|P g@TraYafﬁﬁ'Frﬁ&g@gmpﬂC% igg foran efphpdimant

si gnal procesisefnveRfich oy maﬁﬁ@mred Q:l’1rzﬂishﬁlran§rr@£‘eﬁiésdlg’iﬂlsd‘%\ﬁn§%ultﬁﬁé a

processi ng arat.us or co t i at ed
Phat o conlbapeiie BheFamBIEL Y o oahbd JPlemrtoradBey o Suek
appar at us oembgdiments tﬂ‘@ $Imﬂlaareswveci hye efeoeaty aif rgplthssd rirhye dntemtsh pate|
appar at us  apgling)s8 tGBtdiver ANY tﬁ@gﬁﬁaléﬁaﬁﬁnlﬁéool?fé pfdsehBfap Eﬁ%lt?ﬁ‘ebfanel

i nvent i on. The conput er ‘£c)’ g; as any’ sul e type
of code, suﬁﬁ'“ﬁgsétyﬁw‘é‘“ b%‘b‘ft'éetﬂas@@ﬁﬁ?ed&?ndﬁ??@éd@d@@ abpitee Pt et ed
code, executemipcealtyditgnesit tat inooa&logdet;mélxdeamobmdent mm:ltﬂehﬁrduitl@e

The 'nstrucsissa Steln B %@%Wﬁ yaéﬁ% RRbasH 5 Be n@aa&%d bS8

| ow | evel Sori ent Vi sua erprete

progr ammi ngS'Baﬂ@Gﬁ@‘ém%ﬁﬁ‘r@n&@w@'e@*m argaadged ppasiticer, If!é’reixamlnm befbre
Pascal , Vi syahmBinlcbmpdRHraosAeFigi@. assenbly | anguage, machine code,
and so fé)rth A skilled person would readily understand that term
conpute inits nost general sense 30 enconpasses programrabl e

devi ces such samergiedimedistodinaliryeationathel cidaitia apswatsbiithdhagpaeds o and

conput er SysftLHE arrwh{]‘t@m}ypaﬁehgﬁ LEGu QQE&EHI&? ﬁﬁ?ﬁs gro%st@ng

carrier nmediumi ine readable form for arrier

nedi um may SRV hesRerioERed %ntrﬁw%eﬂ“@rwn%ﬁmws@ Wherid passite avdiis,
erasabl e or mamhoavmbioe;ham a%y albiith @8 Hatae stor@t wntrbipakloppssed itdon

di gi taI fl oppy di sk, Conpact Di sk Read
Only I\/E ﬂ?@i%&%ﬂé@ %f"seflf Recordabl e (CD-R), Conpact Di sk
Rewr i teabl e (CDDRW, WO 2010/ 007442PCT/ GB2009/ 050880 39 opti cal

di sk, rragnetansod?ﬂﬁgm@onn@mm.en Qamér%ﬁib |é§§%b&ra¢é[]§%x@fgét@r)easﬁa%w E%{a

or dISkS vari ous pes of d[glta Ver sa subscri
i dentify notfiFena P%eb%s tabgusrd Bhad sffprrcseriebleipiivyof PrARMagaput-e¥s
pr ogr am mayadearatalpmbhdctiineo mshaserdemy anienny ﬁ@e%l‘ﬂéﬁ@bfaéed & thBeeliance

conmuni gat i h tronic 5| 5 frequency
Cor T or T R SR o Hiedoihoy laRLE B 0REh RoRbl RupaicBl Ehatet SRS
envi saged a@ﬂtm@@ﬂ@s o¢comm tpnee@ewtnentn@éme:roﬂnhon can automatically focus a

beam of maximum gain onto a desired data sourceftarget iteratively based upon
parameters of signals received at the elements,

35 Embodiments of the invention may provide a consensus of alignment of multiple
glements in a phased array antenna system using a plurality of phase tracking
circuits such as Costas loops, phase locked loops or n" power loops. A signal may



40 CLAIMS 1. A phased array antenna conprising a first antenna
element and a plurality of second antenna el ements configured to
recei ve comuni cations signals, the first 5 antenna el ene

conpri si ng ¥08MYHE abl e osci |1 at or gonfigured to progFﬁgB%{'ﬂ)’%’faﬂut

signal for frequency converting a confruni cations signal to forma

first el ememk g@ubmﬁd aag@al conﬁumdaw\/cﬁai plumlmhef qﬂmﬁma@éd $igealondlhe
signal of t

h t
phase cont r&f“ raﬁ g%gﬁasre%ﬁf eg%?%%“’gis i Obefconf'%ur%éra Jggtqh%@?sapog?érilﬁmmﬁl rst
el enent out ptmalsq;fgml oatitetbrsensaecialpd aditiniee eletheots Iased ongnedmpasison he
plurality Ofbe%ﬁ%rﬁaﬂ%&% ﬁ'tﬁﬁ%lb‘h%nt Me%&%osﬁt@%f fhb aeho@lisagnt

output signal IS ruct onbi nable wth the output signals of
the secold &l98@EAYR, that the outpub Slgfﬁ#@) Ylasdements &y bé%’SEHWa Ceﬁ'fomlfmw 1,
wher ei n t he epkadRerc Ohk ey iBoys phaseaMiraahé SutputeAPIB B 186 chielswiAtrst he

out put °si grats iRt B PenS pUR Bred RRCTBRBIRT O 20° s

out put signal's secon
The phased array antenna of claim1 or claim2, wherein the phase

control si gmakis rb%%p??é%ﬁﬁe% RaCRENVhRANs RRL Wekdy & dasiR @M%Q'and that
represent ed % I rst el enent outﬁut si.gnal and a data nbol

repr esented © ofipignts of Hisginantion: AN B8R iﬁ?tw‘& oihgf @o ulajion pRE Mitiplexing
array ant ensechafquebaiamad, exsheigitne ifveniidrameay cbemt;é@hvutmc@nﬂ]hurf@mroasent S

a conpari SO”ysQ&%Wﬁat ﬁl?g%yﬁlng)éﬂ‘gp%re EQ;‘; r|£ grg Itukﬁﬁnél Eél;mﬁhbo s of

out put signa a da ese Ve O

a mjority @i‘mudfmeoy@tm@és%lmﬁﬁﬁhaéﬁmﬁﬂen@ kgiveges the %*f@meﬂsn@%miisﬁéd
array ant enRgcleréht. one of clains 1 to 4, wherein the first and
second antenna el enments are configured to recei ve QPSK comuni cati ons
si gnal s,’%and. wherein the phase control signal is representative of a
degree of cilmstereoemigddirhéndmof the invention ddsefibwd@hoverare mademeantabley abldasit ur e

phase COMPORERlc AR s SRS RIch Biock e BBbA0SRPANA AL AR

el enent s array ante rece g
wherein the QBFﬁé@W?PEﬂce%ﬁO@ﬁé?qu@l P@B?S§§@mcﬁﬁﬁ%éilgﬁtﬁ‘ gr@é@rp@@ssglf

correl ati onn@bpeedas&Nof dlhdifp&&@sﬁriymmsrﬁaté)ﬁroaessmg apparatus ofBhipueit put
i enna_e adrat ure phase.conpopent

ot 3soutut “Gghals B DEnaRerTal 15 8 cQuliR PR & eREnaRre

programmable device, apparatus or system to implement the foregoing described
methods, apparatus and system is envisaged as an aspect of the present invention.
The computer program may be embodied as any suitable type of code, such as
source code, object code, compiled code, interpreted code, executable code, static

25  ¢ode, dynamic code, and the like. The instructions may be implemented using any
suitable high-level, low-level, object-oriented, visuzl, compiled and/or interpreted
programming language, such as C, C++, Java, BASIC, Perl, Matlab, Pascal, Visual
BASIC, JAVA, AcliveX, assembly language, machine code, and so forth. A skilled
person would readlly understand that term “computer” in its most general sense

30 encompasses programmable devices such as referred 1o above, and data processing
apparatus and computer systems.

Suitably, the computer program is stored on a carrier medium in machine readable
form, for example the carrier medium may comprise memory, removable or non-
35 removable media, erasable or non-erasable media, writeable or re-writeable media,
digital or analog media, hard disk, floppy disk, Compact Disk Read Only Memory
(CD-ROM), Company Disk Recordable (CD-R), Compact Disk Rewriteable (CD-RW),



7. The phased array antenna of any preceding claim wherein the phase
control 41 signal is representative of a degree of correlation
between a aqygds@hiae Phase conponent of a QPSK out put %ﬁ@ﬂuu%&ns&@e
first antenna ]lenent and an i n-phaseygphase conponent of out put
signals of the plurality of second antenna el enents. 58. The phased
array ant enfRiicafdighhynagpelicanedia) eagapieropiipal madip. feneovghls seenedsy cards o
signal is r@i@ﬁsesﬁiuua&yp\égom. it vedbfié SiRNBED PRbYEBE: [d@ntﬂﬁaém @a‘pe
correl ation_bet n- ent of a SK o ut  si of
correl at fon heleeq  an, n-gh e AR Ao S RLEP SRR SFTBRR put
signal s of sdwcq)éruhicaiiadtuytmfcomemomdtmammNam ick e b steciamit ddal, deiipr ee
of corr el}s at LQ&FP&I VERD Gafl B ToBliddl %amgﬂmvéo”%ﬂﬁ?%r@? nfsdfa §f‘é &Ii}:ﬁ put
signal o rst antenna el ement and an ase conponent

out put  Si gnaﬂ\’iﬁa@?d 29vesPpeie Pihe PrpsE in¥@iBRd ant enna el enent s.

The phased array antenna of claim@8, wherein the phase control S|gnal
is 1lbrepresentative of a tinme averaged value of a signal
representative of the difference between the degrees of correlation.
10. The phased array antenna of any preceding claim wherein the
conpari son between the first el enent output signal and the output
signals of the plurality of second 20antenna el enents conprises a
conpari son of codes enbedded in the output signals. 11. The phased
array antenna of any preceding claim wherein the first antenna

el ement further conprises a phase conparator conponent configured to
conpare the phase of the first elenent output signal with the phase
of output signals of the plurality of 26second antenna el enents to
generate the phase control signal. 12. The phased array antenna of
claim11l, wherein the phase conparator conponent is derived froma
Cost ae | oop. 3013. The phased array antenna of any preceding claim
further conprising a del ay



conponent associated with one or nore of the first or second antenna
el ements, wherein the one or nore delay conponents are configured to
tenporally align the output signals of the first and second antenna
el enents. 3514. The phased array antenna of any preceding claim
wherein one or nore of the plurality % second antenna el enents are
further configured such that the individual output signals of the
second el enents are given a weighting in response to a power |evel
42 control signal. 15. The phased array antenna of claim 14, wherein
t he power Iew%Nﬁgntrol signal for a second antenna el enent is
representative of a conparison between the output signal of 5that
second antenna el enent and the output signals of the other second

antenna_el eneht s. A phased aly antéia BORSEF 8RFsPandb SRABNGha S LAl 3¢ O
oL i, e b, S e i oLl 0N
power Fevel cORtPOF SREY AATPrEiag R snpiclrplepsoilidierapifigred to dvideEmeuphias ed
array ant enn&i9® fgfipaysneceoiertyg e kahmynidationk BiRFal &OBR 4 LB RNBRER Y

confi gur ed tQm&hpéﬂjﬁﬁ&éﬂhﬂ@ﬁ@éeéﬁﬁg%hﬁﬁﬁﬂgﬁﬁﬁﬁgﬁgﬁﬂggﬁ?%Qﬁm i%f;iﬁ”d

second el enmenf . The phased array an )
the coor di na';é gjgs%bieg%%og{&ee é‘g) WPTA° LHEMN gl teprgsaniafi@rof a pempstison heweant enna
el enent s ar e Mol PlaPenj odeyt siorel asdisnetancenwit oty siizalof BE PR bfes  of
the pRBsed aseayd amemmrementsOsucl et BOASEdeRdk SMp R RgRN 0L u&li\%iym 17
or clain118,amﬁﬁh&k%miﬂ@o&&@ﬂ%ﬁ@@ﬁﬁﬁmégﬁzﬁociated Wi th each of °t he

n J

first and second antenna el e ts are a TP in response to the

phase control Signal. 20. The phased array antenna of any one of

clains 17 to219, Figrthesed eonpritsinagf alapr 00@sHAR HROFHasE W6RE| Eignat

calculate a phamnisod chadisd fetdolh st AR ORLP Jond Ufls WELEIP o1 N
a I gu

tho phase of 1o o o e S Pl oot Breng skreRhio | ne wi ¢ h
the plane-of-best-fit.
The phased array antenna of claim 1t or claim 2, wherein the phase control signal
represents a comparisan between a data symbol represented by the first element output
” signal and a data symbo! represented by the second element output signals,
4. The phased array antenna of claim 3, wherein the phase control signal
represents a comparison between a data symbol represented by the first element output
signal and a data symbol representative of the data symbols of a majority of the second
element output signals,
25
5. The phased array ajmtenna of any one of claims 1 to 4, wherein the first and
second antenna elements are configured fo recaive QPSK communications signals, and,
wherein the phase control signal is representative of a degree of cross-correlation

between in-phase and quadrature phase component output sighals of the first and
30 second antenna efements.

8. The phased array antenna of any preceding claim, wherein the phase control

signal is representative of a degree of correlation between an in-phase component of a

QP3SK ouiput signal of the first antenna element and a quadrature phase component of
35 output signals of the plurality of second antenna elements.

7. The phased array antenna of any preceding claim, wherein the phase control



21. The phased array antenna of any preceding claim conprising one
or nore phased array antenna panels. 30 22. . A vehicle conprising a
phased array antenna according to any one of clains 1 to 21. 23. A
met hod of setting the phase of a controllable oscillator of a first
antenna 35 el enent of a phased array #&htenna wherein the output
signal of the controllable oscillator is used to frequency convert a
recei ved communi cations signal to forma first el enent output signal,
t he net hod conprising: 43 conparing the first el enent output
signal with frequency converted output signals of a plurality of
second ant ennsigmléermnteggntgm@ atdepige af phadatioo datweeh asjugdrature phase

r fep'[ ﬁs ent ?t [ ;/ébn@f)nénh&‘ aQHTRI &%@nal of the first antenna elementaéilh H9 ﬂpﬂiﬂzerphé%e phase
o] e out pu na osci | I'at or

5associ at ed V\not%ﬁg?eﬂ!mcgﬁ?uz?lg ﬁsto‘eiﬁ%ﬁu%ﬁ rcfréer?t’"doﬁﬁ' "’“‘é“g%"r‘tgté to the phase
control signal such that the first elenent output signal is
constructivel § cori phdee aidytdntehheofany utedmp gl Shabintiehaaconib

elementi. g4 naggmprg;égta{mtomgd?gen%% 43, Wherein the corrparl ng
|

step conprises,conparin rst el ement out put _signal wth

val ue of a confE&et gmtfﬂegt'cl’i‘é’e%‘ﬁ?rbﬂt‘"‘Bhaj?lacl”’é’%ef“t?fﬁé)P;ﬁKLﬂ“%P‘istgya‘Gf th%econd
ant enna el enefigigntenna elemeRBnd Agvadraticpbabe ofmmphent phoRiguteignadd elihepRE|ity
wherein the ceegdid 4hgnsd fncBRBMEI Ses conparing a data synbol

repr es1e,nt ed bé’ de%%g of dorrélgt oﬁ L&g&'& gy#rﬁtﬁ% gt?as? e?hﬁoneint gf ?QP%Q %ﬁ%é‘é*{qu

represented b

el enent s. 26° thefest ?‘Pé&l"ﬁ@)ﬁle'ﬁ?“ EW%W phsise WP@PW"PW@“E‘W i gluestitg p
conpri ses congfagcpmbpnéencadlanesisnbol represented by the first el enent
out put signal with a data syrrbol represent ative of the data synbol s

of a majority, of t.rlp.g put ‘5| ural i Y. 0 Osecond
ant enna el enegnt s ase array a enna of ca(ai I'Perem %e pﬁt se con rol S|gnalns
15 representative of a time averaged value of 3 3tgnal representative of the difference

between the degrees of correlation.

10. The phased array antenna of any preceding claim, wherein the compatison
between the first element output signal and the output signals of the plurality of second
20 antenna elements comprises a comparison of codes emhedded in the output signals.

1. The phased array antenna of any preceding claim, wherein the first antenna

element further comprises a phase comparator component configured to compare the

phase of the first element oulput signal with the phase of output signals of the plurality of
25 second antenna elements to generate the phase control signal.

12. The phased array anlenna of claim 11, wherein the phase comparaior

componentis derived from a Costas loop.

30 13, The phased array antenna of any preceding claim, further comprising a delay
component associated with one or more of the first or second antenna elements, wherein
the one or more delay components are configured to temporally align the output signals
of the first and second antenna elements.

35 14. The phased array antenna of any preceding claim, wherein.one or more of the
plurality of second antenna elements are further configured such that the individual
output signals of the second elements are given a weighting in response to a power level



27. The nmethod of any one.of clains 23 to 26, wherein the first and
second el enents are configured to receive QPSK signals, and the
conmparing step conprises determning a degree of cross-correlation
bet ween i n-phase and quadrature phase conponents of 25QPSK out put
signals of the first and second antenAa el enents. 28. The net hod of
claim 27, wherein the conparing step conprises determning a degree
of correlation between an in-phase conponent of a QPSK out put signal
of the first antenna el enent and a quadrature phase conponent of QPSK
out put si gnaleniedfisigrae 30plurality of second antenna el enents. 29.
The nethod of claim 27 or claim28, wherein the conparing step

conpri ses determ nk a degree of correl ation between a quadrature
phase corrpone &\ "6%?’15‘?.5‘!"3 icliat4. wherqiriBe pawes leveh panbielsignabioe ment
and an in- phmcmﬁﬁ@rﬂentemerﬁt:ﬂtﬁéﬁeﬂaﬂvpeﬂac&ﬁmnm&»b&a@fméM@upéxgmalaf| ty
of secend antigRRBcHIRARAESeleméft S5 duBfiBsignals of thedGh&" @de%Qteﬁnéﬂegr ee
of correlati onen{%%ween an i n-phase. conponent of a QPSK out put si gnal
of the first antenna el enent and a quadrature phase conponent of QPSK
output signals of the plurality of secohd antenna el enents;

5det er nmi ni ng 18. deghehasd Ra¥ sridndd bIRRITDEL NG 13, veHeRSH tBd btrt;ﬁ:t Q@ﬂﬁ%f
conponent Of e Q:)n%fe %g%gnéé%lﬁmk e@%erﬁpﬁgzconﬁg%{eﬁ?brg elji}naet aeresergnaﬁ?\;[e gnd an

i n- phﬁie onen : second
antenna el e ?ﬁpgwefa{wa T°3:‘°Iﬁ”3'tsia§‘?6""9ﬁé“tﬁ?°f‘f erence bet vveen the two
determ ned degrees of correlation. 1031. The nethod of claim 30,

further conprizsi Nghd praBedavey S@nAg ttalﬂ ek J:%&dnr{éh@cf & Qﬁ‘&gy\e
the two detecg;g o p ?p e ﬁhﬁ.&:&m f

any one of cl alﬁﬁ%%@@%Fe%gimlﬂvtﬁ aggoc'a ?Wéh %‘8‘?&55‘1’3 |ﬁrr5|ba”s P%"B”‘fﬂ%ﬁnps es 0

conparing codes enbedded in the out put signals of the first and
second515ant dAna ehenhesedsiray @&ennd biclaheth aberaf tha nyordingesebsock@l Weh 23 t o

32, wherein the &mmgan@gecsﬁmténhaé[é}@emts%rmrahy%@ﬁn s&gma{cb%mﬁcaphase
of the first th t hase out put” Signals

|
of the plur alp%tp thg ha%d}%{rﬁf’gﬂ?{'gael errents 20

19. The phased array antenna of claim 17 or claim 18, wherein the coordinates
20 assoclated with each of the first and second antenna elements are adjusted In response
to the phase control signal.

20. The phased array antenna of any one of claims 17 to 19, further comprising a
processor configured to calculate a plane-of-best-fit for the coordinates, and wherein the

25 phase control signal comprises a signal that is configured to set the phase of the
controllable oscillator to bring it info line with the plane-of-best-fit.

21. The phased array antenna of any preceding claim, comprising one or more
phased array anfenna panels.
30 .
22. . A vehicle comprising a phased array antenna according to any one of claims 1 to
21,
23. A method of setting the phase of a controliable oscillator of a first antenna
35 element of a phased array antenna wherein the output signal of the controllable oscillator

is used fo frequency convert a received communications signal to form a first element
output signal, the method comprising:



34. The nethod of any one of clains 23 to 33, further conprising

del ayi ng out put signals of one or nore of the first or second antenna
el enments in order to tenporally align the output signals of the first
and second antenna el enents. 2536. The net hod of any one of clains 23
to 34, further conprising generating a3power |evel control signal
representative of a degree of correlation between an output signal of
a second antenna el enent and out put signals of the other second
antenna el enments. 36. The nethod of claim 35, further conprising
setting a weighting to be applied to 30the output signal of the
second antenna el ewepbrin die fitsherontigueput SifhalHitR Pequincy E5PERE Suth® sk
power |evel cgif ,Lpgmy%lfgég@,{dante%g e!emﬂs met hod of claim 35 or claim 36,

further conpr|5|nﬁ E? he second antenna el ement in response
to the power P&VE "gcao%'??ed’f’ Yl rertegeptalive pIde AMeaer i on, 35 45 39,

The net hod of cl ai aﬁll@@gtmmww@n@uhsmmgenmtetdtaltﬂe;noeteﬂlablwgscnme
coor di I”f;f[it es as&e&atgi ©ith b ik BRERE HmdnhR rdshbrb t&ﬁ%}%@&wﬂ%ﬁ@hﬁ SiR
elenients in rray
antenna. 5 a0t o e dERellobt BN AN IPERhEEE b edieb B3R P
adj usti ng t het"&&5Pef $RiM%E% associated with each of the first and
second antenna el ements in response to the phase control signal.

1041. The net thﬂ OfTh@%t%Hch@m 63 Whgﬁin"%ﬁe &195 gfgl sJe%’E&n%Ees&gﬁﬁérln 'th@g
cal cul 1aotl ng a

phase cont rol ™ |e%ﬁ'a?t°f’t8” égﬁﬁg’i‘hq‘ﬁa@ Péﬁ' %Fﬂp?/sgeﬂgﬁ‘he étPBth'gPﬂﬁ"fd'Eﬁ“&['ﬁg{y
si gnal genera?féwwaﬁt%aémnﬁsol | abl e oscillator to bring it into line
with the plane-of-best-fit; wherein the phase control

si gnal conpri ﬁs al‘h%'n%mﬁd o% E@J'n é4%r%8m ﬁ@%grg nttipﬁ c%ﬁ‘nfganllrtb Q)h%%%n%f

15t he control | abl e os

pl ane- of - best SYIPETING oAt ﬁ?%h‘ﬁﬁ'teé‘?“ ?ﬁ@dF%ﬁ'ﬁ%ﬁ?ﬁ“F%tW@s‘mmthé dgfp
conmput ®r - r eadibe T%W%‘gmaﬂmv@te@lmmssnélwtf@@hrfalﬂggfrépwgd anighhasiedends. r ay
antenna to generate control signals for inplenenting a nmethod

according to &y oRe Rtngh 4 [ nf i aur
20phased arr ay ant enna hgg F‘#Iﬁ?ﬁ 2gﬁﬂl1te%m the ‘0 "94 St%ﬂ C&%ﬁsﬁsg:gm%i%g 8
ata symbol represented by the first element outpui signal with a data symbol

representative of the data symbols of a majority of the output signals of the piurality of
20 second antenna elements. '

27, The method of any one of claims 23 to 26, wherein the first and second elements

are configured to receive QPSK signals, and the comparing step c;omprises defermining

a degree of cross-correlation between in-phase and quadrature phase components of
25 QPSK output' signals of the first and second antenna elements.

28, The method of claim 27, wherein the comparing step comprises determining a

degree of correlation between an in-phase component of a2 QPSK oufput signal of the first

antenna element and a quadrature phase component of QPSK output signals of the
30 plurzlity of second anfenna elements.

28, The method of claim 27 or claim 28, wherein the comparing step comprises

determining a degree of correlation between a quadralture phase component of a QPSK

output signal of the first antenna element and an in-phase component of QPSK output
35 signals of the plurality of second antenna elements.

30. The method of any one of claims 27 fo 29, wherein the comparing step



: rrier mediumcarrying a conputer programaccording to claim
jg A44C1Tfjl A carrier nedi umyacgordi ng to claim43, wherein said carrier
mediumis a one of 25 the follow ng: solid-state menory; nmagnetic _
menory; CD-ROM digital versatile diskq(DVD); HD-DVD; read-wite CD;
Blu-ray Disk, an electronic signal; radio frequency carrier wave or
optical carrier wave.

eomprises:

determining a degree of correlation between an in-phase.component of a QPSK
output signal of the first antenna element and a quadrature phase component of QPSK
output signals of the plurality of second antenna elements; '

5 determining a degree of correlation between a quadrature phase component of a
QPSK output signal of the first antenna element and an in-phase component of QPSK
output sighals of the plurality of second antenna elements} and

calculating the difference between the two determined degrees of correlation.

10 31, The method of claim 30, further comprising time averaging the calculated
difference between the two determined degrees of cosrelation.

32, The method of any one of claims 23 to 31, wherein the comparing step
comprises comparing codes embedded in the output signals of the first and second
15 antenna elements.

33 The method of any ohe of c':laims 23 to 32, wherein the comparing step further
comprises comparing the phase of the first element output signal with the phase of output
signals of the plurality of second antenna elements. '

20,
34. The method of any one of claims 23 to 33, further comprising delaying output
signals of one or more of the first or second antenna elements in order to temporally align
the output signals of the first and second antenna elements.

25 35. The methed of any one of claims 23 to 34, further comprising generating a power
level control signal representative of a degree of correlation between an output signal of &
second antenna element and output signals of the othersecond antenna elements,

36. The method of claim 35, further comprising setting a weighting to be applied to
30 the output signal of the second antenna element for the comparing step in response to
the power level control sighal.

37. The method of claim 35 or claim 36, further comprising inhibiting the second
antenna element in response to the power level control signal saiisfying a criterion,

35
38, The method of any one of claims 23 to 37, further comprising stering coordinates
associated with each of the first and second elements in memory.
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39, The method of claim 38, further comprising initially setting the coordinates
associated with each of the first and second antenna elemenis In accordance with

- physical properties of the phased array antenna.

40, The method of claim 38 or claim 39, further compiising adjusting the coordinates
associated with each of the first and second antenna elements in response to the phase
conirol signal.

41. The method of any one of claims 38 to 40, further comptising:

calculating a plane-of-bestit for the coordinates; and

using the phase confrol signal to adjust the relative phase of the output signal generated
by the controllable oscillator to bring it inta line with the plane-of-best-it;

wherein the phase control signal comprises a signial that is configured o set the phase of
the controllable osciltator to bring it into line with the plane-of-bestit.

42, A computer pragram comprising machine or computerreadable program
elemments for configuring a phased array antenna lo generate control signals for
implementing a method according to any one of claims 23 to 41, and/for to configure 2
phased array anfenna as claimed in any one of claims 110 22.

43. A carrier medium carrying a computer program according to claim 42.

44, A carrier medium according to ¢laim 43, wherein said carrier medium is a one of
the following: solid-state memory; magnetic memory; CD-ROM; digital versatile disk
(DVD); HD-DVD; read-write CD; Blu-ray Disk, an efectronic signal; radlo frequency
carrier wave or optical carrier wave.



