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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 typically more expensive to construct and install due to
the accuracy that is required during manufacture in order to provide a reliable

antenna array. Accurate data in relation to the real physical locations of the
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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.



different, R15. R10 is selected from hydrogen, C _6al kyl, hal ogen, nitro,

cyano, hydroxy, am no, nercapto, fornyl, carboxy, carbanoyl, C _6al koxy,

C _6al kylwbi2o10/007446al kyl am no, (G _6al kyl ) 2am no, C _6alPkyIGB269205088D

aryl sul farmyl car bocycl yl, aryl, and4het er ocycl yl, wherein R10 is

optionall stit V\nthoeor re me_or diff

"B sl oct LBSrH Bl ogUn S 9 yitey GE lekPeoTEE EanRERGYIIF) STanaré

G _6al kyl psprédenydtive Gf a Bataleyhol dranyy be Bagdband kignyls, C _6al koxycar bonyl ,

carbocyclyl, aryl, and heterocyclyl, wherein RI 1 is optionally substituted

with one or nore, the sane or different, R12 ; R12 is selected from

]nal ogfan mh% baase:y@nm sigyidlrmayreptréée‘nlt thy el bOé}ContpfahéérUbétW@eTl hydata ﬁm' no,
or car box ca e OXYy,

bt hoxy? SEUTOR TerReReg T e | Gt St PR (g and 'a St syrf0r "

divrret h%' Flfﬂp’igséi'itetlheybstﬁm@atal é{mﬂ@ilﬁbkal Na}bﬁ‘llfwbﬂmenﬁsclo&@%gyh@ml Botput

i V- net car eth net car ba .

VLV o eSRDRBar Bdhis,ays G gt BVt PR lsbaREAN BBt i PRatebt e ny ¢ hi o,

met hyl sul torypkdaneé kyth sha Mtpu‘tl sigraesithe nefjdiity sithé @ngdnd di@héaxycar bonyl ,

et hoxycar bonyl, i V-nethyl sul fanoyl, iV-ethylsul fanoyl,

iV, iV-dinethyl sul fanoyl, iV,iV-diethyl sul fanoyl,

i V- netdqyl Thy/-festhghs uddcan®dydnterrar beeyenty Imayamygl cosfidrdieterecsied Yhpsxher ein

R12 is opti onaII subst i ute wi th one or nor the sane or dif erent R16

; RI5 is %@P@Hf"& fignssianes. gaf Ky phase CB%W‘PJ&I%?F’T‘%PE’E%W'W E‘%ﬁ’ref%eﬁlﬂ'

G _6al kyl sud tiegnek of ard,sls&ufrélenyd beta@dn G- gl@éﬁe@id}fﬁﬁﬁmmk}h‘fb@b@rhpom i's

eren

O Lo et Buftd Sinalh 60 4Rt WheORs SEc Rl Shidmiru B marte: s Bhaih pGee

trifluor oarﬁrbmbnstﬁmmca Cthsmslgnar;arrtmyyothenabb@gmylhuft kaging apgrel, cdanl bamoyl ,

nmet hyl hox et hox cet th m et.hyl am no,
i et WY1 aprieehRheR el Mo T Ry ot BSgefe miate Shig: gita oidhe

am nonet hybntroiiable oetiltbr, sf@ﬂldrtmomd}wéd am nobutyl, i V-net hyI car banoyl ,

i V-et hyl carbamoyl, iV, i V-di nethyl carbanoyl, iV,i V- di et hyl car banoyl ,

i V-nmet hyl -i V-et hyl carbanoyl, nmethylthio, ethylthio, nethylsulfinyl,

et hyl sul f Thy bhaﬁ?&)ﬁtrol eighyl ragy bemyﬁresméh@@f@mé@rey bf catdatiorativeary!| |

: & RE/E g?llné%“ f a}gqﬁ/ef e et S | f mpgmlgmmhegﬁﬁ antenna element and a

i V- mepdyl qué&remke/bsaéef aasmp«bnent rof 0tpat elgpari drethe Spluvatitp cﬁmbm bﬁtdean;r of t he
ro

conmpound fornul a provided herei nd R7 are

o embotibANE I PEqRsetsna] Signatned B apbumari e 2 P Ra

her ei n, Rborrd®atioraletwBén arcﬁuaﬂcﬁture phase component of a QPSK output signal of the

5-((5-nitgo:2- er| In hen met hyl ene) -2, 4- thj azol i di nedj one or

3 (o (o Ti3F R matt AR S AERYI SRR StEdansniof pIPRE Sends iddhene - 1 n

sone enbogdiuraityt of setbrel amyr&natelernemel ates to a conpound of forrmula IB,or

salts ghereof, wherein, nis selected fromO0, 1, or 2; Xis selected from
) 0 and NRL 1 ; R5, R6, and R7 are each individually and i ndependently

from hydrngembdda:hm@gemwrteyenbe phaeoayntror sighad i © nep feexytativeé bf botlonet hyl |

am no, for y rca noyl , et hy et hyl

ot hoxy. BSOS oo oB8 ey e s Biftind Sty RnPRoTet) TP ar no,

di et hyl arTBCUDJratBI\/ rRalfuy | thevf@éﬂm,el PMase, oﬁotﬁé ytatidlablei dscidtbiy | ssaribagoyl ,

i V-et hyl car bano | carb yl, iV,iV-diethyl carbanoyl,

V- ot gl PO B MR SR O ORI RIHIUR et hyl t hi o, et byl eul f1 1

et hyl sul fi nyI rresyl et hyl sul fonyI met hoxycar bonyl , et hoxycarbonyl ,

i V- et hyl V-eth sul fa

V.1V o b ynaa camsgl S0 DB P asavalig Pf theiference between the

i V- et hyl det\drrﬁhbyIdegdeegmbybr;el%randd RQayaeereeeﬁm timei awieeh.oddl waluanef the

i ndependen sel ted from 6al kyl am no,

wher o1 - RATEIRI R THICCHL IR Ep A o " B0 PN e E AT aRE e e R | he

sanme or dbi)n‘hethenh-phﬁéésand Eﬁﬂlé)dnaajrseiheee edmbooaenthyghadgemimeCavdrabinglthe hal ogen,

nitr 035 Cygl%gfencg S|gna¥6an reducé and/or 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 oscillator.



mercapto, fornyl, carboxy, carbanoyl, G _6al koxy, C _6al kylt hi o,
C _6al kyl am no, (G _6al kyl)2am no, G _6al kyl sul fanoyl, aryl sul fanoyl,
car bocyclwb,20awopi442and het er ocycl yl, wherein R10 is optipomaiB2g9o9sihesoi t ut ed
with one or nore, the sane or differeft, RL2 ; RlL1 is selected from
hydrogen, C _6al kyl, G _6al kanoyl, G _6al kyl sul finyl, G _6al kyl sul fonyl,
aryl sul fonyl, G 6a| koxycar bonyl , carbocyclyl, aryl, and heterocyclyl,
\é\hfe][el n RIhéngmﬁalﬂtsbﬁlb@hhe!ersuhﬁgﬂs]E etembhnm:dulmmmm dmartte dulty@tw%fmlgr

i fferent ecte rom ha nitro, ano r oxy,
r1 1 & uor ofieRdtae Bvhe PRSIy bt ipn Bring Sty My stis o omateay
mer capt o, o&ddbélemﬂeddeﬂ&ihhye outlitgignaret hmyodeetdnﬂ)ewde@nﬁhyloutp@ceg@aw
met hyllﬂm no | ami no, di met rﬁl am no, di et hyl am

IV et ) Ty R R Torh S G BB e e |ees¥%<§ﬁ8@ma data source at
i V- et hyl carchsigmghts, ad tah dlldvebbmhmrdaaawkugnalyfnom didesired ¢#a Baomylto

i V- et hyl - i V- b ] | 1 hi t hy | sulfinyl
bt T sul { PRYISTRE I e st B Ui R A b Ao FOR RS TR
i V- net hyl sodrf:@smyhsmlttMg&ithfyé smhéareqyéncyl W $dﬁa@|embbbwdemé &adroyhere the

|V|V—d|ethlsulf no i V-neth |Vet f ano car.bocyclyl, aryl, and
het er ocycFTMUISaETRS S PolBl TEimINe, Les SORERS A4 T BETE e & he
sane oy ds@ﬁarre(mnvedRﬂcﬁn thele&we@datelseotded The@atdSoubed myl be@s_afeallt&anoyl

G -6al kyl sul finyl, G _6al kyl sul fonyl, arylsulfonyl, and G _6al koxycar bonyl
wherein R15 is optionally substituted with one or nore, the same or

di f ]1: Fr ent Th&ﬁ.?st anma;ieleseheﬁfa@duffthmdm{brﬁ}me@ phlaz'r,é b@mgébeadi‘rocorﬁ%(d‘re(hxy
tri uor onet_hox tri uo or car ar pano
o cant o COUOP b Comral e PTask ot e SRls St Sl e M oy

met hyl am petpuesigybigrof nies plﬂﬂrmy byh@dﬁnﬂcantdrhrei blyéhwﬁiltsnm generate the phase

iV-me yl -1 no, . a am no, iV-nethyl carbanoyl, .

V-t g capniialsal | SURpIE R bhare BrBRMBIAT componananar fgideavshiion 2

i V- met hyl coMaeldopl car bamoyl, nethylthio, ethylthio, methylsulfinyl,

et hyl sul finyl, nesyl, ethylsulfonyl, met hoxycar bonyl , et hoxycarbonyl ,

i V-et hyl sul fanmoyl, iV-ethylsul fanmoyl, iV,iV-dinethyl sul fanoyl, ,

- di et hyl swhé phayd cortrud slg‘vf—aﬁmbbyeprle‘delettdiwl (ﬂlﬂél‘b&ﬁ@/lbetwleﬁn Sloarrsesleadntent s,
with regar d herein corrpound

s ot - sopipsl sBNHET NS 2 BE ey e HE AT R Ry 45 TR phae

t hi azm | dbdﬁ’tﬁﬁbl@‘@laﬁl’may provide an indication of the degree to which the controllable

5-1[2-[(2 nmet hy|, phen o] phen nmet hy el-2,4-

Cht hool | abRAGe SuP pEPEE LS EABURRT L TR st 4t ahe fif afeene o o
conpound efkenfeat.mula IC forrmula IC, or salts thereof, wherein, nis selected
from0O, 1, 2, 3, 4, 5, 6, 7 or 8, Xis selected fromO, S, CHR10 and NR11 ;
Yis selected fromQ, S, and NR13 ; R5, R6, and R7 are each individually

and i ndepe?elehééeﬁ érraymrﬁnr@ahhytf)furthbab@gmse anﬂélaybpompmt abs'abrarwwutnm no,
ner ca or C car bano i 6al

O GaPioi it Aot SRRRTS or SRS g BRYE . wilerei e anS B b Ebelay |
wher ei n RBQmEﬁner&@dr&&o:ﬁr@re@wﬁteﬁmdremaélign mehﬁpdt@g@ly\btmeoﬂiret and nor e,
the sane or dlffrﬁren

1 )
bl ooan: FEsT ARG StemeRt JemanE SigErg it AAPHEYRIR Rt and!
car banoyl se(@nd@{?érk@')ts! carfCtalfsal tKG’bUf@UﬂSIgI@llS &ﬁb&ﬁlllgiiedm@the(tﬁi\e 6@hhws)12nm no,

C 6al kyl f f , h t [yl
Charat v gt @R Riale S GRERY biandR aREHS ihe sfhdms M hE RS Y

di }‘fe?@St sourde r?*t C?Rllbstal?&é in tuaneg tRak ab?tue:awely ndnnblndua/lnthyc@rﬁpbnaia@endent |y
sel ecte rom ro ano I N

S el ey iRy oS i Habls.oelpes T A cue sopat Drl Yrd ansmiied 1 o

opti onal | ¥t thekstettihed” V\]’hlhcanﬂercﬁ/l‘dem)b@mbhbesﬁgamm aldirflpﬁrerlw*slgnzﬂlé ; or Rl
1 and R14 takgnto ech]I] V\nththe achedforma

five, sixNOEP8lg %*berh%‘{aé%c? 8?("&‘3‘? ?ﬂm@gﬁt’?%ﬁélﬁ&’ F‘Erﬁfed with

one or nDpbability.
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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



the sane or different, R12 ; R12 is selected from hal ogen, nitro, cyano,
hydr oxy, trifluoronethoxy, trifluoronethyl, am no, fornyl, carboxy,

car banoylwormroompt4e, sul fanmoyl, nethyl, ethyl, nethoxy, PeThaBeyq9/@essoyl
acet oxy, nethylanlno et hyl am no, dlnethylanlno dlethylanlno

I V-net hyl - ethlamno cetyl am no, 1V-

V-t hy! iRy In FRgSnte i ReAiAT Lardh SaB P SiB e P aPeT g iR e

i V- met hyl ciitéried malymrémfn@sﬁold &t dnahigé the @tdvidnt by be Fatigiddstinbipaowler

et hyl sul fj | f on oxycagr bonyl , ethoxycarbonyl,
V- et hy! EProRBsora Sty Lan BeRn e GRSUSE! et by sul amoyt

iV, iV-diethyl suI fanmoyl, iV-nethyl-iV-ethylsul fanoyl, carbocyclyl, aryl, and
of the co ndforrmla

het er ocyc dlnensvvlthre rd to an
oy ovi o s BpHer BV OEE%S'QH BPGPOR STTAON ootk D [GPTEATY
enbodi rreana Bbrparisgaedwéen myoméuttskge]aa:ompeum:ohoramrtdrmawmerdesdmdhae ein, RS

is a halo en rreenbo d to any of the
bomaound PERRLF S 5 Medhaetdbond TRierie S manse aibiind S806" ahlslifant s 't he
i nvent i Onwe@halﬁg?SssIdala@edSWWfﬁ)ﬂw’detﬂlﬁt digiramubfeorieXor meresilthessddoat @dmember ein R5

| ted f b d hal te
o el kvt Einghalt B LERE bonTgia AUt 8 b o B i SRR RS dhe

2O (I6 Imkperelaiwb)mtab@wtheR%niralaw (%btlletbrfaé@fﬁﬁrb}@ér@@@fhasb@b@@@@ ,of advtrol
al KOX

R17 het er ocar.b | c |n R17 i s opt.i onal
SuBor o B e dhase oPe VR S Generalt O Fer Brample. Biebuoigord e ect ed
f rort;1 hal Flﬁgﬂfauﬂtsblrdndﬁscﬁéﬁj @ﬂtelnﬁla_d’ﬁ@rhéwk caﬁilb_eﬁ@lcltbdbdmdh@ﬂ]el( &m@flsbyloﬂa? no, ]
car bocyc L aryl, terocyc erein 8 is optionally substituted wt
one or rmglétf’“tt%é]aésa epge r?tf’értgﬁ%aﬁ@”fr%@“qﬁs sel ected from ani no,
G _6al kyl , hydroxy, carbocyclyl and heterocyclyl wherein R19 is optionally
substi t ut wi.th on or different
Sel ot 1 Pomrandarad g may i G FOgRiee PrmeliDhar MBS SE . R17 i s
sel ect ed Edﬁ@dhéfé@)asgomdlmrdaoh iotlthe-firstydnd de8Bhd elements. The coordinates

3-di net hyl S 3- | am lidin-1-yl,
(39) "5 ( SR HEehE B a;ﬂﬂ B PREISHS B J1° Pose) SABUATBIF- pi per i dyl
(3S)-3- am nopyrroli d| n-1-yl, (3S)-3-dinethylam nopyrrolidin-I-yl,

3S, 5R) - 3,.5- di et hyl pi azin-1-vyl 4- di - -yl

SrEhM peiﬁﬁﬁéﬁm&fﬁfs@%&%\%%@ﬂ%?hﬁ%mﬁ'ﬁa,zn%%?e?fpﬂ%%‘;?v%@m@mﬁnﬁht hy! -

am no20 2- by thitllyadeh tixyccoedanet phitl pHysrbhperopertids (02 the phased array antenna,

S mOpIENe T T R T pr T et e
3-(3-am npm@pﬁmwbmdnablpy)smwétbdiom ddsingl ,vallre thereby more quickly focussing

(3-am nopr.opyl am no rroli
5 (5" ot henasSs ARHEATES e 6ai0 5 debieds poja spuipp sugh as a satelite,
(am nonet hyl ) - 1- pi peridyl, 3-(am nonet hyl )pyrrol idin- 1-yl,
3-acetam rrglidin- 1-yl o
ook SRRl BRI Bl L sy <afng loments can
3- di met hybaatjosteyin edspange-to-thyd phadselypdtrobggmar.r ol i di n-1-yl, 3-pyridyl,
4- (1 met hyl - 4-pi peridyl ) pi perazin- 1-yl, 4-(1-piperidyl )- 1- pi peri dyI ,
4- (2- am noet hyl ) pi perazin- 1-yl, 4-(2-hydroxyethyl)- 1,4-diazepan-1-yl,
4- E 2- hydLmT(elﬁhdi‘eéd)ahrral/-armrp%r mdyful,rthér Campiyadr a)moe‘eéedlrbolhﬁgﬂﬂaﬂorballmﬂéte y
4-(2-met m noet .) Pl per azi n i.noet erazin-
4- ( 3- ami néﬁ? é%fgtgﬂsil-bt)% Bh%PSQréiEQFF}/SI ;pe (piua%% coﬁtrcﬂ S|gna 3’ %gmgrse a
ﬁm;jnom opaigoeyl that ipebaiiguied toyset ime( gﬁmﬁfr‘?@F°“3“"‘ﬂ'h'°'e“§rcm'°f”d5b”?9) it ?hté 3-
ydr oxypr erazi met hyl - oxadi azol - 5-yl ) -
- pi peri dyFrPé/‘ﬂPn{)h‘p é?ﬂen(gﬂiﬁsmoyl )- 1, 4-di azepan-1-yl,
4-(4-am nobut anoyl ) pi perazin-I-yl, 4-(4-chloro-2- fluoro-phenyl)pi perazin-
1-yl, or opheny i peraz . 4-(4-
pyri dyl n”eﬁlﬂ E?ﬁ%’ee}f %aﬁ'}%) ’Vlm%c?'%présr‘ﬁ%&poéﬁé%{ﬁWP'ﬁqd AT, YSVERAAS: 1 |
4 (5- am mb@enhaylbgb)qwqwrazemelelf-oybxarﬁpl(aaaztezﬁmdwiepr&mgambcpmbwbpeyazi n-

enzo[ |, 3] di oxol - 5-yl net hyl ) pi perazin-I-yl,
4- (cy%$op% W60 et hyl ) pi perazin-1-yl, A



(hydroxynet hyl )- 1-piperidyl, 4-(piperidine-3-carbonyl)- 1,4-diazepan-1-yl,
4- (pi peridi ne- 3-carbonyl)piperazin-I|-yl,

4- (pi per ivipnetdocarbonyl ) pi perazin-1-yl, 4-[(2- PCT/GB2009/050880

chl or ophenyl ) net hyl ] pi perazin- 1-yl, 2-[3-(am nonethyl)benzoyl ] pi perazi n-
1-yl neth benzo | peraz -yl

4- acetylp#B%&g@?Mbeﬂnyymeﬂ‘hﬁ?WB F”BQFéﬂLEVP”SEQHU?Q“PXfF&pHFQQQban-|-y|,
4-cycl Opel‘ﬁa)dbblep@bgiamelefNénts %mmeghwhgm r.limarsleldl eﬂ&dy ghylennd -t geneme |

i peridyl, .4-isobut erazj 4- |so i zin-l-vyl, .
avethyl py Bl shinae. G PrlSRefinton mtshed 2piRR ) ph Rorghr g ivedton.
4- pyrrol i dhdvet toydonfigurp bipdabely hrraylaritetiia dfuihaspeard aiyihperpienazi n- 1 -yl ,
4-tert-butyl pi perazin-1-yl, norpholino, piperazin-1- yl, and
pyrroltdin-1-yl. In further enbodinents, the invention relates to a
conpound Aaiaeﬂéuemeﬁnmﬁnca&y(n{gZa E63Plted- ;ﬁﬁgmpmw béipReVidgl] -TIreCtdroice- 5-

gt El{fzr F?g%@ﬁt %H%%E{h‘b‘i é@ mﬁtﬂﬁy ollgyv]r}fqé 88|f-ﬂ gﬁ{gh'@%rzn%ln} Ao efie e ep.
tr fIuorRnﬂmhyhgmhenyhéﬂﬁhhykKUVUB)HtlBVtha&ﬂhmdanE}ZBﬂldyquek an

|
o AR Beta eipdrenveney, C5RENEYS Aeanie g weve.
g azol i di ne-2, 4-di one;

2-
g
2 SRR MRS S ek S b SR Y e
Y
if
3-

ne
5- (bﬁleﬁhﬂ@lé}ﬁéhﬂsybélﬂhﬂmwh]y’@ﬁé‘rytbhﬁl@@%n}lerﬂts%onidﬂis&@é icdhinetabld- di one;

| or Ohal St e eded, RireEsiB peld confrahatda ordiliaier s confipwid such

—_—r— =~ A

t
{
f th h thylid 1,3-th lid 2, 4-d
l 1¥2r§$%§a%8%§ ené?ﬂ% Oﬁrnétﬁgfgplpera2|hafoy:]lgechlorolgne
|quoronethyI)phenyI }met hyl i dene)- 1, 3-thiazolidine-2,4-dione;
3-chl d | - 5- d |1-5-
oo Bk r?eﬂy"ﬁ*emﬁ%?ﬂqfﬁ%%ﬁ)ave'n?é% PRI Plcha al@”%ie@%alﬁgé a
[
i

3-chl ph@se?d Gérapyantenn slicompriging aéﬂodamdoylv)hérem the Costas loop is

chl a0t bl4a5(640f theoeaploiiany e )d%blﬂ@tbﬁZé Betl inylebp&nse to a control signal
t

t
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-y
, 3-
-y
-1
t

-1

‘
‘
trifluoronet hen
(5 onl ongiosted B LRI e aphS samednart S Ay g "Sibut SBBRLRE RS 1 ) pheny!
met hyd i dge®ratuile @héé‘ﬂ &ompboléritesf2ar -akternd; output S|gnal to generate a phase

{3-chl or (ﬁ b4 (2- met hyl propyl ) pi perazin-1-yl]-
|quor8 595 Bhenyl Ymet hylidene)- 1, 3- thlazolldlne-2,4-d|one;
{3-chloro-2-[4-(2- hydroxyethyl)plperldln | -yl]-5-
rifluor azol i di
fi
‘
‘

- (
r
- (
- ({2
r
- (
r
- (
- (
r
- (
- ({3-chl P%Org%?(‘gé) éh?%”ﬁé?ﬁ%taﬂﬁ%%w'm h&r%'s|prwfe%aﬁ SioMet S a
ri
(13
- (
r
- (
- (
r
- (
- (
r
- (

t
t

t f | uor phesdy b)yrahemiéngared mpristtene)GostasSiddp, anitdrieth the- @pétadilODp;is

h| h
e L L R e M
{3 chI phaseZphiade(chnipainkyl of a2 e4tem<a1djuammls+g$1aytd pemeaieda phhse kdnthol

t

—+

|quoronethI)phenyI }met hyl i dene)- 1, 3-thiazolidine-2, 4-dione;
{3-chl 8982122 [ 4- (pyri di n- 4-yl et hyl ) pi perazin-1-yl]-5-

i fluoronet hyl) phenyl } met hyl i dene) -1, 3- thlazolldlne 2, 4- di one;

i

—+

3-chl 2- hi b
T oot DeRora Fukai RLe RpTal AR R 5'%%.@%&4 %R dlo-pravige dmeroved
33 hl phaseZednérol datael hyduineesifedtsnef4rojde) thafraaybe fedeiveld]at 5he element

{
{
|{;| gﬁ{ EHEP X'fg g%]fgn%lgﬂ Lm%l}ﬁlcgs%e@ekmaf%gﬁg O(l\zailrgfls{;'ﬁ?/tpi tosmore qU|ckIy
{

t

t

trifl uor endbhiynbledueodiglyret Ayjusida e prder B btk the@dsthsnes®, 4- di one;
3-chl oro-2-[4-(cycl opropyl net hyl ) pi perazin-|-yl]-5-
trifluoronethyl)phenyl }nethylidene)- 1,3-thiazolidine-2,4-dione;
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.



-~

[ 3-chl oro- 2- (4- nor phol i n-4-yl pi peridin-1-yl)-5-
i fluoronet hyl) phenyl ] nmet hylidene}-1, 3-thiazolidine-2, 4-di one;

~—

3- chiwoaoB/(oA+4f 3- hydroxypropyl)plpera2|n | -yl ]-5-  PCT/GB2009/050880
i fl uoronet hyl)phenyl }nethylidene)8 1,3-thiazolidine-2,4-dione;

—
-~
ot

5-

(

5-

(

5-({3-chl oro-2-[4- (dlnethylanlno)plperldln | -yl']-5- (trifluoronethyl)phenyl
}et hylidene)- 1, 3-thiazolidine-2,4-dione; 5-{ [3-chloro-2-{

E3 (]9: met mMéMQQbﬁr@QWa]k(lﬁEh@yﬂo)sm Inedp 5ssh00|atec|j Wclith an Slement where a
trifluoronet en e fhiazolidi ne

5- ({3- chl 8?'6592¥ng ﬁ/ Lt Wg%algr og o?psyiaisc@a%eg Wit bther
(trifluor ermﬁémh)@h%k}’ho }jﬁﬁt/@yhe gansg admsﬁnddﬂlfaﬂmd WMcak osikhtel fonehe
S-{[2-(4-but 4-di azepan-1-yl)-3-chl or o- 5-

(trif S'ﬁE{eHM ) phenyl ] net hyl i dene} -1, 3-t hi azol i di ne- 2, 4-di one;

5- ({3 chloro 2-[4-(2- hydroxyethyl)plpera2|n | -yl]-5-

(trifluor met h i azol.i.dine-

5113 ohi SPEeRE BB RGeS Ty Roso e wlh e Bror S HHRKETT SEAT MPhR ) - 1, 3-
t hi azol i duescriBed,-tyi vaanest exafpR-drly, inéth treferinyk b therdrawings,-ity WhicB:=-chl or o- 5-
(tr|fIuoronethyl)phenyl]nethyl|dene} |, 3-thiazolidine-2, 4-di one;

5-{[2- (I, 4" -bipiperidin-1"'-yl)-3- chloro 5- (trlfluoronethyl)phenyl]nethylide
ne}- 10 3- Flyurzal sibwiea2 cdmehiuniaetidns{ bysterhl @fc@rcﬂnd 4o rept ByrbpHipRING DS Ithe

1-yl)- -(trlfluoronethyl)phenyl]nethyl|dene }- 1,3-thiazolidine-2, 4-di one;
5- ({ 3- br ol 35) - 3- (di met hyl ami no) pyrrol i di n-1-yl ] phenyl } met hyl i dene) -1,
3- thiazolidine-2,4-dione; and

S5-({2-[(3R 35S dlnet erazin- | ]-5- ,

Ctritl vor E@&%Mfmmﬁ RAaE Rt Sicoiftan b rrgther omaedimgpieot the

(52) - 5- ({ @wbktdR) - 3- ami nopyrrolidin-1-yl]-3-chloro-5-

(tri gyoronethyl)phenyl}nethyl|dene)-l,3-thiazo|idine-2,4-dione,

(52) ({3-[3-(4-nethyl pi perazin-1-yl)propoxy] phenyl } net hyl i dene) -1,
tzhl{ gZE)l( i dFigare23 éthQQ&:,ognpoRent dlelqgrgm of a prllasgd arr)ay paﬂella]cccr)]rdlng to}another g

- Z) t hi azol 1 di n-5-yl i dene) net hyl ] phenoxy} acet am de;
(52) - 5- {[g&ﬁémﬁﬁagéwa? IVEDUAM opoxy) phenyl | net hyl i dene} -1, 3-t hi azol i di ne- 2,
4- di one;
gﬁ?;zgl ffdﬁﬁh 924 |rJ(3:U| gé'gPanL a¥sc?cm’? (Jq%ltlln gh n&}é g?rgyglemdeen? azzcolrdiﬁg

N[ 2- é@ln&iﬁyﬂ&ﬁbﬂ&bﬁhﬁyﬂbfﬁeﬂmkﬁhed2 4-di oxo-1, 3-thiazolidin-5-ylidene)net
hyl ]- N-met hyl bi phenyl - 4- sul f onam de;

5-({2-[(3S)-3-(dinmethylam no)pyrrolidin-I-yl]-5-nmethoxyphenyl } et hyl i dene) -
1, ?it hl[ ?ZEIgUdJ ﬂeh&wélaCherulltEdlagram asslocgeqted \lNIth Ia]phased array element according

5-({2 3 idin-I-y 5-

(trlfluorgQﬂng Qﬂé?rWQFﬁﬁlﬂﬁ@ , 3-t hi azol i di ne- 2, 4- di one;

5- ({5-chl oro- 2- [(38) (dlnethylanlno)pyrrolidin-I-yI]phenyI}nethyIidene)-l
, 3- tE az J|d| 'Oﬁf" ot it h ; :

5- ({2 % €8P%§ AYISHE ABPRYR ABTACRGH M BIRRSRL ARDY SR PREYHDY i dene) -
1, 3-thi azni ardjtm-eﬂab@dﬁlmemef the invention:

5-({2-[(39)-3- (d|nethylanlno)pyrrolldln | -yl']-5-fluorophenyl } net hyl i dene) -1
, 3- thiazolidine-2, 4-di one;

5- ({2-[ (3Bguie 1 dhmes b)duram dra)gmym aeddoiHited Wity b] phase® by plevent hosirdiiy i dene) -
1, 3- thIaZﬁbldkne Ztﬁ n

5. ({5- br offi2H4r £8j0d! ”Eecﬂ %?‘ﬁ;}”"&ﬁ%‘%) pyrrolidin-1-yl]phenyl } et hylidene)-I,
3- ths@zolidine-2, 4-di one;

5 ({ 2-[( 3lg?gure hg\ﬁg réyéo‘%n”?nﬂr%é’% lylstglrnnatlzco¥<J rlg ?o anol{ﬁérogrnggymlmt ofrmézl dene) - |

invention;

Figure 9 shows a circuit diagram associated with a phased array element according

35 to another embodiment of the invention;



t hi azol i di ne-2, 4-di one;
5-({2-chloro-6-[(3S)-3-(di nethyl am no)pyrrolidin-I|-yl]phenyl}nethylidene)-I
, 3- t hi azwbi2dio®7424- di one; PCT/GB2009/050880
(52)-5-({2-[(3R) - 3- (anlnonethyl)pyrropldln | -yl]-3-chl orophenyl } net hyl i dene
) - 1,3-th'azollglne one;

(52) - 5- ({ 2'9433 %‘%’@nﬁ%‘&ﬁﬁ 1791y By Pt Peftiene! view of 2 pharedRERYIRIRS hy! i dene
) - 1, 3-t hheatwdihg toenothet-efib@ainent of the invention;
(52)-5-({2-[(3R)-3-aninopiperidin-I-yI]-3-chIorophenyl}nethylidene)-l,3-

t hi azol i di ne- 2, 4-di one;

(52)-5-({ Ergh(eBR) s’ﬁoa/m doppmaeddiidi 1dp Vielv- S+ sRihaesy pivanydaneebtsdrdidgne) - | |
thlazégldln% 2 éhﬁ ; ;

(52) ({Q”Tb%ﬁsmgp HAMEIPYAURN - yi ] - 3- br omopheny! } et hyl i dene) -1 , 3-

t hi azol i di ne- 2, 4-di one;

,E ﬁiz?azgl fgﬁwaé’asrbq@%&%y trJla(q)glrar% assoma/telj WIthCahpl)f?arsgg %?rg }errrr%nh)a!:éoq ||r’1]§ )=

(52) - 5- ({ & dr(o¥Br-edbadinted v thelinvdintien;ayl] - 3- br omophenyl } et hyl i dene) -1, 3-

t hi azol i di ne- 2, 4-di one;

(52)-5-({2-[(3R) -3-am nopi peridin-1-yl]-3-ethoxyphenyl } net hyli dene)-1, 3-

t hi azed i dFigered, 48 dhone; ill(Sidte Frdphically AR réuasionams Befdlation- of- & IrdooBrel 2-

Erth?ylspE?g C[O%%E@ F%’thﬁ%]ﬁe%i%a (%3 E>res§nt |n\galn cz)r(]).l i di ne-2, 4-di one ;

(cyclohexylnethoxy)phenyl}nethyl|dene) |, 3-thiazolidine-2, 4-di one;
( _52)1 g gﬁﬁa%%{s%rﬁgm 8& gﬁé‘ltﬁé Br_esérYt |nvent|gr(1:¥e(fatgqg)a%lh(a)ég(} a)rraeyna/ntérvr%t hyl i dene
( 5Z) - 5- ({ Bar[tl(;BIBrl{QrB)pr%sémaﬂtaylarhs'rd’fa)swerﬁﬂfalndl hrak cih be 3rsed to provide an

chlor n net h I|d ol idine-2,4-dione;, .(57)-5- .
([2°cRFor BYesbYSH il Sia-oTioR® BRRMFT B fyS PSRBT SePRmEaeSiE ne-
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en et | den azol |
(pSZ) y5 ({51 ¢ BiEgs %Fﬁyrﬂfg?/}ﬂao?ﬁ”&fsnt ?}lti’m?,{"@q%@?‘?‘rﬁ?lt%‘?'hB‘?&W of maximum
phenyl } megalpl ltd deraagmitteBoit leteized df dlottoMadneticard®imunications signals such as a
(52)-5-({2 E S)-3-aninopyrro|idin-I-yI]-3-ethoxypheny|}nethy|idene)-l,3-
t hi azol i dF%t - 4- di one;
(52)-20 ({2- [(3R)-3-{[4-(am nonet hyl ) benzyl ] am no} pi peridin-1-yl]-3-

oo 2P PR e TilNe I ed anad abR0AA Rks P rTRafi s Mo PRRIO ol behasad  vi 1

phenyl } mebhyy adened aktifg bbiaazobivei. "BR& ndisditstethe receiver is subjected to is

57)-5-({2- 384 h rrolidin-|
Chi br opheRAPPRELTR 1 Hedeyiehy deatithS SYRAehs 33 Rpaikld. iPihe bandwidth i
(52) - 5- ({ Bdubbdbpa Zadter-oraDlyd signdlinehbigk agtione)mproesd by m6 UB) |
pheny| } met hyl i dene) -1, 3-t hi azol i di ne- 2, 4-di one;
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trifluor o@'i%"(\ﬁ'm ﬁ%ﬁ@ﬁ?ﬂ&)}aﬁ:‘% @V ‘dene) - 1, g Fhi azol i di ne- 2, 4- di one;

30
The beam is focussed by generating phase feedback signals that are used to set
relative phase shifts that are applied to local 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



(52)-5-({2-[(3S)-3-am nopyrrolidin-1-yl]-3-(2, 2, 2-
trifluoroethoxy)phenyl}nethylidene)-1, 3-thiazolidine-2, 4-di one;
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) - 1,3-t hbﬂm@pllsihan@ o, o4héile%‘rﬁents When the individual element provides the same
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hi azol i di ne- 2, 4-di one;
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passenger on the train may be able to use their laptop computer to connect to the



N2-acetyl -N-[(3S)-1-{2-chloro-6-[(2)-(2, 4-di oxo-1, 3-thiazolidin-5-

yl i dene) net hyl ] phenyl }pyrrolidin-3-yl] glycinam de;
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wherein E is a halogen, and R5,Rr ,6 , and A are defined herein, vvith a
compound R}cﬁ e&(a)rrn?)yel f)aha)éleld ’array an?elzr;[natsy%{e?notl 00 may comprlse 10 to 20 panels 102,

each having dimensions 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 control signal 206.



-, RB, RO, n, m Y and X are defined herein, if Yis N then R2 1 is
hydrogen, if Yis C then R 21 is selected fromboronic acid and a boronic
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30 itis the same as the output signal of other elements. As described above in relation
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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 outputs the same output signal as the other elements 214.
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The signals on the output buses 304, 306 comprise a superposition of current signals

output by the elements 302.
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35  of processing performed by the element 302 to compare the values of the in-phase

and quadrature phase output signals on the data buses 304, 306 with the elemental
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al kylamno is nethylamno, (i.e., -NHCH3) . "Al kanoyl" refers to an al kyl
as defi nesoabovw7st h t he i ndi cated nunber of carbon at ecs/GR20@ai3e’80t hr ough
a car bonyl bride (i. ., -(C=0O al kyl).16" Al kyl sul fonyl" refers to an al kyl as
defi ned abocﬁ t he indicated n nber of (gar bon_ at ons ttache Erough a
sul fonyl BP9 ret'? aée a”déf('p LYY )S'9§‘G‘l§ha gﬁ%eé?ﬁ'”ga?{bari RIUEi fﬁ% %

"Aryl sul f sigydl' rem@é@ftgtnxeq)fmmbmbamdnached t hrough a sulfonyl bridge (i.e

- S(=0 2aryl). "A kylsulfanmoyl" refers to an al kyl as defined above with

t he indi cated nunber of carbon atons attached through a sul fanoyl bridge
(i.e., Nwﬁ(%@ba@id@nhéanalbgu@feed%w Sgrdl ansatlthie refvét%$>hb@e et ethdwdl battached

throu asJ - NHS(=0) 2a Isuflnyl
ot or 1 oodnles TR Hemat eDBacteisnh b 04 15 conbloping a5 gt witAR SHFethr bon

at ons at t acdedct bf tegdlements Elelﬁ’ydntlzr:?;(lm;&o(EElemenf R(30nadreydonsidEhed ber m
"substituted" refers tIO a FD %{ﬂ I e wherein @t Ieas(r} one hy(flrogetn atomis

r epl aced HP TN dLTUEHA FIEMERES Bﬂssfﬁf)"s'i’?‘ﬂ At Bg SeGRRI PR S Y RE Gr oups
ar e "subsusddremdrsdéterftiningteeshdse shiythids apiplicdad yhesirbisdniténnaastemént. t he case
of an oxo substituent ("=0'), two hydrogen atons are replaced. Exanple
substituents within this context may include hal ogen, hydroxy, alkyl,

al koxyg nswuerlycwa@oap@wag tm@abmcgué wedbmrtboaymbmai lsgtb .hetaémearbocycl yl,

?ﬁggngcar Rﬁ?é%%l al sz.aN %%al k,Yna N&%&?{%a fth hﬁgg«%@éﬁa %f =O Ra,

-C(=0 O?aconsﬁ(ef@) bR&@seooﬁE(an@dHBad%ment%nd s&ba, It- vﬁma appre%(a‘%&) #aa,

-0S( =0 2Ra S( t hi
AT ot ol HE ey SR B bR doBs R SaS ST P RIA Coity
al kyl , anwnen dalekiyiinaig the phakéeasHify thamsinsuld baéb@@ﬁQbyﬂat anhhaelehana BBy | ,

e o g BNl ShEICRRE RSP O o0 Lee AL gL RO

that substitution is optional and therefore it is possi ble for the

desi t 1 1 b bstjtuted. As h the t " t"
e e Bl sh s sTrAIE diedtoRetrrsmroli? 90 B¥eileq WS ah Sleihen €Y “onset

It is not |nld1blﬁﬁ§é6(érﬁab®htdnha smtemem:ondmgetbtainomebembodmfeadofttbemvpht&ine

Phe.af seadte o Rag0dn CORLSTRUor am AT ST Hes Dt pse Ehissy sl G | h"

are ngé | bsgiltaest 402 Bdsed Gassgnalierceeilybe as oy ecinofecoter platmeatatin tlhés@rhéed and
the disease is eradicated. Rather, enbodi nents, of the present invention
al so cont BM5e taera%a@getnﬁéﬁVStFWat nerely reduces synptoms, and/or del ays

di sease progression. As used herein, "salts" refer to derivatives of the

di | d t i Ki d
Dnos oot Ig AR oot emaRe S0 FEBREaEN Bed il G Thow el o, "
m neral owillseg@spreciated thas alrtrer efentmnss lcavrr&ﬁé;udmemrs:uménamlmmcted to

al kyl n [ nes; [ c sal of ,acidi c residues

cuch 28 CEpinuine gt AR five Pttt pblinet SR vl PR lerdn ARaS vRE sl 1 <

are conveas thengcuino00 slowrcinphiguredceuti cal |y acceptable salts including the

guat ernary anmoni um salts of the parent conpound forned, and non-toxic

inorganic or organic acids. Preferred salts include those derived from

i nor gani cTheiciisuis 4@ casphyel ®etikarrd0d, ahydtmivaaiplider 808, fan input suplif@m c,

phosphori n|tr|c e like salt ared fro rgani ¢ acids

Do a. adifitbhasecBrahedcaediont 894 g n aebiCpEER Bal calleor 4l o

tart asgo c, The tircuit 4(HB|leobf|gurepacﬁrmoe;vermi iBpGt, s@yaimozyarazl Biconngdtedyd acet i c,

gl utam c, ben oi C sul f an etox benzoic, fumaric,

t ol uenesuf¥ BHf %Mathgéﬁ PHEHT I'f'eéflh%ﬂ'ed Eﬁeérl'fl’ 8H1'°J! AQQI ic, isethionic,

and the Iike. The phar maceut i cal I y accept able salts of the present

IOII:lv::’:lit Idlog ﬁ%lrg)[uy @ tjo}ﬁlérﬂ elther dlr%%{lngm%lrg&R/ c()jmtarrlmager% grtlt%InRas a basic
associated with the element 416 and is provided to the mixer 404 as is the output of

35 the variable phase local oscillator 406. The frequency of the local oscillator 406 is

set in accordance with the known frequency of the signal being received/transmitted



chem cal nmethods. Generally, such salts can be prepared by reacting the
free acid or base fornms of these conpounds wth a stoichionetric anmount of
t he appr ompoi2atenobeige or acid in water or in an organi c POGHEI(9/0530880N a

m xture of the two; generally, nonaqugous nedia |ike ether, ethyl acetate,
et hanol , |sqpropanqgl, or acetonitril re eferred. Ljsts of itable

ol oo ar b7 SRRt e it B 5 BRSO GENE fae BN P 1o Ac k

Publ i shi ngsdiRigraing.is hatlpset dSaan, arbi@8h, vaue. 1418, the discl osure of which is
hereby incorporated by reference. "Subject” neans any aninmal, preferably a
human patient, |ivestock, or donestic pet."Cancer" refers any of various
cel : ”:c ar Iﬂhé@&ﬁ?ﬁofl\ﬂhrehnibrléﬂ 4@nigrtoupledpd asmsgmrﬁdsraroadﬁatdu_mds hy% Ibpe)lultput
proliferatiop. o ells. It | ot Inten t hat e di seased cel |l s nust
P ual by riolise 20firAsdaniied B B8 nadiibrdta il bE QPR el Strmontitas
Can(r:]e[) gamiimy@by@iaey withsshier @émbhi ibatlysand phayved amay afichh@sesterf. orns in
eac ody

ﬁrea. W t hi tPe ont ét QF certain eqbo jnent%, whet her "cancer
o e iR s 0a8 bR B R T e TSt B G g e SRS Khovn ¢ o
one skill phzﬁlsd bed aUﬁdﬂam{eL{ﬂidﬁg,bd%@baﬂ@bubémoe,diiﬂmdeQﬁﬁ%ﬁNﬁﬁ‘él@ﬂoh he

reduction_in size or nunber .of tunor ses or if an increase of optosi s

of cancer TIArT ¢ TBLBHMAIAD Zcsignal rEpTesgRIA MR apt Slonsls SPRRAIGC Y A SBRt osi < of
canceng ceklemens. observed for a sanpl e conpound conpared to a control

wi t hout the conpound. It nmay al so be identified by a change in rel evant

bi omar ker or gene expression profile, such as PSA for prostate cancer, her2
for br easTheangeil ondhednehitn |ddd optpRs ok 4ilRaisLeUdd batk COMOPhhsONs can

take the for f solutions, suspension. | sjon,. tablets i| pel l ets,

aneul oo, lBaRadl oSRnda L A TR Ao A Eh Rt S PBbS e it dhe

for nul at i paRjduaLERESt sighal €53 ofehall spledins elea®in04 18, SThSPItYISigralisZEeRthens,  or
ni stration

any other formsuitable for use. Adm . be ical, i e.

Subst incePheetsittiach campenery e e fa S skere oD siaar A oaRniselinS o or al
i g. , subfsl_h@s’eCﬁ_ th@lagbvmgmi@ mbﬂodhmﬁﬁé presd défdﬁé,loqaabﬁﬂta%rai% rela@ive b
substance_i.s given ot her routes than the .digestive tract such as by
et onto Riesbgiter Pk BBk iR e i 4058 b0 st op P nal 1 y
anot her t peiszgentayan@nnpisogtbyl. acti ¢ agent are fornul ated in accordance with
routi ne procedures as pharmaceutical conpositions adapted for intravenous
adm ni stration to human beings. Typically, the active conpound for

i nt r az@noldshadighali @t thatougiut due 490lisitifferst torthetiadivideall iR BighahdLE @usS

buffer. Where necessar t he conpositions can also.include a solubilizing
agent . CoFERI TP VS8 BTRoniN ICYErSEn diieaAn SR GHatasy & ncl ude a
| ocal anesgielietdl ossilbtbr 48! ikinghcaredcnand thaederepdivé phdsd dfehsiocel akillbtoe

i njection, eral | the edi.ents are s ied, either separately or

i xed  ogihEPSiIR bR adil e nd LR ARt e HIBRED (54 P eie SRBRPIES 2

powder or indbidzial Hutpet gt ens rartrepreseras thersaeid wald/yataeamed, tonpravides such as

an a ul e. . \Wher.e the active ound i.s .to he adm ni stered by infusion, it
can” bES di Spindaton I rERSE of POt antifaterichn SRR S PBUEBRT PYRSRY e er 1 e
phar maceubé adjusigdade water or saline. \Were the active conpound is

adm ni stered byinjection, an anpoul e of sterile water for injection or
saline can be provided so that the ingredients can be m xed prior to

adm ni st r At thywayCan@psadd eislotalrosehiatordgbirgatiye tasthbelocal dsalators HOOf

tabl ets, | ozenges ueous or, oily suspensjons,. .qranul es owder s,

ol o1 onscart B oksted 8 TRuReS s prasetBBert Tasp iR et SR e st er e

conposo t i thiesotb@reledaihigiimthers2aings phased vl iadtainaayetehsio improvexasplerall

sweet eni ng._agent s. such fructgse, asparta or saccharin; flavoring

agents su ﬁn3203855é?%1ﬂﬁb68??“3ﬁ”ﬁWﬁW QP EEHMor cherry; col oring agents;

and preserving agents, to provide a pharmaceutically pal atabl e preparation.
mat eri.a

Ati d | h | ol t | | t t
Can o so  ERY acBeh hiauelicy Bt Brlssliien o b & Grrak A ERS Svel i o
m&l:’]lnl tol, adﬂaﬁfaﬁsaly Shif&l’thg,relﬁﬁ‘@!t Iﬂﬁlsgn?[fﬁh@ﬁ(ﬂﬂﬁogmbﬂmﬁ@aﬁﬂh%dm,thef o
ce u se magne m onat,e n e .. OUC venl cl es . .are .pr era

of phii naReliaies G paddneloaiibes ftomams srtalsionh e @8, nigrmadialeridndle
present i repeddeincitive aih the shoe nutgitethnal) to account for the different path lengths

between the data source (such as a satellite) and the individual elements 416, and



i n conventional manner using one or nore physiologically acceptable
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ca: ci u;n hirdrgraesad phegsph@tnaé ,syétuiw | At phase ghift off@arssdillaters ﬁwiajmecljt al ;: or
silica egr ato starc or, sodi um starc col ate or
wettiny aBuRiRh i ety Hiesadiie Ouiofies e Prriveo By e B e Ebat ofl by
met hods \A&ichsé@w@mthersohh% @:fdtheldvqtallcbaln‘r eftae phhsstbairy ateaha mdreadest rat i on
can take th sol utions, syrups or suspensions, or

form Ié’d
t hey can B% ”%@?5?89@ @V@ﬁuct for constitution with water or other

suitald e vehicle before use. Such liquid preparatlons can be prepared by
conventiopal., nmeans wi.th ceu caII ept abl e additjve uch as
cuependi nhagL e StpeadiR ARG Bintet BV FERGEE GalPCufielad st

hydr ogenabtedy adichhe pbaéls)mawmwbﬁntfovthegseag@phase(deargay amteahd bysted[ aAgaci a) ;
non- aqueoys vehicle hyl al cohol or

oo Gaygennts aoisticp thdRane Rhanopiedq/Sab ity 4To vy o) Cof

propyl - p- hydroxybenzoates or sorbic acid). The preparations can al so

cont ai ffer | t Vor i colo sweet eni n ents as

Sobr ofti ol taradRa e o | Gy Kbl ARrRedr e B ot ROERAMBI es on
met hods operfi@kieddocilg ob Sinppiiceiod iISpeoifis Inégrated Girtvu NASION as$dcidted ik
intended to limt t4} scope. Exanple 1:

r, 2)-5- ( 259% YAPRY S%ridin-I-yI)-3-chIoro-5-(trifIuoronethyl)benzylidene)t
hi azol i di ne- 2, 4- dlone trifluoroacetate: A 40 nL vial was charged with a

(0754 Pt B3 S5 RLRaf { bHUCaSiret d oerBi Y el ey oe
pi per pai ne@nwhtaré)@hﬁéda 4rtby2abtetha dysidin ﬁﬁ@ir&lmg&@dn&ﬁ@@mb@dlﬁéﬁt ¢f,thd. 66

mol ). The vi heat ed with stirrin 2 he vessel was
Cool b 1 onYENiHRg " T e BoAn daTp G SO Grrope e Placr e

filtrate RassecHHif Kefed (aRSK) @nahiiticatiohbeigadibst i t ut ed al dehyde which was
dissolved in EtCH (2.76 m ). Thiazolidine-2,4-dione (0.155 g, 1.32 nmol)
and piperidine (9.40 ng, 0.1 1 mmol) were then added. The m xture was

heat ed t oThetircuit 300rcofnphisbe o ireptigiengixel $@vaEd 4 quadralurd phade rairer 3062 m xt ure

t d 2 : = 1 nL
o CPT aaudE osqrp e R Gt SRR R B e PR s T B hdas
di ssol vedai quaavgOrd ph&dfbés_eimlddpMBr Bne,ﬂelxrvinaprr&‘eafﬁeuuodi‘rﬁﬁlﬁidﬁm 4l @af ford
SZ--2 r -1 -V5)-5z or O- . ‘e
8 01t bR Pl idn 528 i nehass. igphamelifier 63 0et at e
g0H)21471 ggq@e?drétu% .phlsk Nibut( QﬁhﬁllfMﬂZSZGDl\ﬁﬂj-zg)fﬁ)}]adeﬁaﬁvﬂgcligrréage&(ehl o|7i_|)95 (m
. S . - \
1.79-1. 70° é’ﬁ??’l%”k%%%qﬂ‘_t%éeﬁhowf‘%ﬁ‘f -Sifé?ﬂbﬁ‘a% gpia'i%e{“‘%’?ﬁggt‘fé)gsﬁe
f ol | 098 ngoexadpkas Iver en@roawne@leﬁyo tcbﬂpgﬁ@ﬁed\we& 6fi4 EZx 81 egﬂiradg?h ng é he
a ropri ate star mat er 0 oW N re C ounas o al ne
aFber " ohr STRRUTTLENG R AT, 2 B RaN OIS Leb B Rt ng. hydr ochl of i de
salts using the procedure in Exanple 6, or a simlar procedure. A PHASED
ARRAY ANTENNA. AND TING A P  ARRAYANTENNA T t
mvent | on PEPIPES o8 2 200 AP PLY ST St 5 ABEHONTR CORBNAET ng o
phased ar logedilobp mh@rein thepaiake shiftadontrbludignad 638 saipushyvidke \coholphaskitr ar r ay
ant eng@ S'ssl}s% a/s aagoentrsol ls"%ﬁgl f'opthteevo gg%nggn Iroﬁlagjllc())c% ogtxl?e'ftce)rng% to bring the

baseband output signals I,, Q, of the element 500 into conformity with the composite



Ref | ect or antennas such as satellite dishes are used in tel ecomrunications
systens and are sinple and well understood. Reflector antennas nmake up the
maj ority woO 2hiogl7gai n ant enna systens. I n order to steePCI/GB2HIKSIESN

antenna, mechani cal novenent of the eMtire reflector is usually necessary,

al t hough alternatives such gs chani ca r_.electrical disp]acement of the
feed are GVeS! Rt frie: G e To eh 2k BeaHoa s 6 ChLEHORYS a

refl ect or |, gnbgroravitls ah eRietredl rdiyrehteesigrgl g paaaf tHe fabdirick @am. of accel erati ng
the mass of the reflector or other novable parts of the antenna. The
mechani cal precision of the novenent nechanismalso limts the pointing

%CUL acK Afre$efmda¢unaﬁlmacéni©a§“sigﬁhlssn2 i@gsovidéﬁl’ha%cirﬁ)hﬂm?iﬁh Lsf'tﬁ'oﬂ?dléw@i'thdarre on

ic e reflector i unt ed .can .reduce the gain o refl ector antenna
b thed oSy ety T AL AEF S MR it Troory assosateb tah e 'EREAL can be
conpr om S;Edgl@%/rchh&:o_ﬁrtdrwétswrein%haﬂéi &l hed randrengtaasieSoutpunbesl 535us8her nor e,
structura er.or

tion (such as stress anpd thermal. ansi o of the
ot | ect or TR BRI arhoRe BlpEtorbs SRt os Vet Tt SIRR @uBBE: ant enna,
especially for large reflector antennas. Reflector antennas are bul ky and
may be unsguitable for u hi gh- speed vehicles such as trains as_.they are
suscept | bitevil B aRnisgiete fel beiiied Bipk anFiacuS s RGeS AW Riches of
t rfeles1(li haéleﬁﬁy&tsbrag%howi’i\rh Fifurd Beot emmfplﬁeecﬁlirmln@c&camyp@hdidghm@@wc?a
refl ector antenpa. alternative to reflector antenpas, are phased array
Lt ennas. CURIEnCadnal &P it thoter et Suninile GluehieaharrZRgRaaNS o gri d
pattga(r]I n tqUédgém@ﬁhﬁerayputlBhfmls@&&mayn &f@tm\ﬁaﬁﬁ@t%&ebéi&é}af_ |rcamd_0(gI heybI
provi de an advantage over, re tor antennas as they require considerably
Peos. phyoFRSHn GpoH o orandos ACRLPRBHCCRRRSYEHT RACEANANE 4y FlieRiGs ar e
typi cal | yaimigitexpensi ve to construct and install due to the accuracy that
i's reﬂyired during manufacture in order to provide a reliable antenna

array.” Accurate data in relation to the real physical |ocations of
t hei ndi vi Bhainppbaigad 302 igyravidentocbath eieintphas e hikdr\sd4tandane lquadaeie i s

required in order adequately contrpl the direction d focus of the

Dhased ar PASHRER L0 a b VDT EUY L e ey s ohaSahare Blierd ESHa Aso g

2002/ 0135paNidePernarAinpot fdasadnemixet 5e4,)508i is clnosputasighas of tHaugediratdapt | ve

conbiningaﬁ sten1for”%E#$dSple aperture antennas including phased arrays,
t

wherei n eRRFPedPEAILRT h the antenna apparatus has an associ at ed
phasegdi nme adjuster circuit. Qher phased array antenna systens are known

in which e antenna el ements a S orted b nov.abl e panel  and novement
of the: pali opatERnTpE TR bsB il R bRt s B 04ES bt PBRSS sAlio panc! <
are confi gherend Deduiericy lahadingplitudeobat et whithus €0° dsipfphasa@mithandotherent s of
the invention re.devised with t f oregoi ng in, m According to a first
horeet of Sene- | RSPt el Sana) it L85 hncd e i S TR ARA% kb 1 51 ng
a first aphasenaixet 80vead s duaditure phadeyoutputsigranttomribhe wital adchiarNBe8
configured to .receive conmuni cati.on ignals, The first antenna, el enent
conpr £31 nf§ ROHESH (0 BLERW e ROARF i 20Ro NP GHIPYLCEIBREASK M 21 00wt i gnal
for frequbadle 0epvadd ¢argp@nent oetheeid paosighili 302t badshe bgipal of guddrataré fi r st
el emrent ouf put Si W T hase of ,the, out put si L, of the c ol |l abl e
coei 1 at JPhe mipCRR sl B REa et e P Gt Rl T une tophf g 802
representative of a conparison between the first el enment output signal and
frequency nverted output signgls of t plurality. of secon t enna
] oY RE VTGS o B g i el oaln Sb sidtisBhy 2BERET WARIEE M 1 ¢ he
out puBo si ghades obfhet leeeedanputedign®ErBo® thees aildba@nt dlemeneodtid iagpecé of the
invention there is. pravided . a nethod of setting th hase of a controll able
osor 11 at ofPomponeny pioBe oAU AL He egpted DiiAC iR dpLE PoaseaTiRE Siher i n -t ho
out put si gndliicelveishe Iciornhraihloftli€emdoditenat of the Snwesech toocdntretihentyse

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

in-phase and quadrature phase components thereby improving the efficiency of the

35 associated phased array antenna system.



covert a received communi cations signal to forma first el enment output
signal, the nethod conprising conparing the first el enent output signal

wi th fregwerew/mofeerted output signals of a plurality eCTaB2edse830enna
el enents; generating a phase control 2 gnal representative of the
conpari sop; adjusting the phase of the output sjgnal generated by the
contr ol | abpeh g5the inatiase caBBEReHt@ncIRT ACTHELLFs PRESSFAERIEnoPOHERETT n
r_eSpolrIS_e bﬂ)vﬁd?j m?_srﬁ]alcserﬁrfdwqajrgmuaé pﬁuﬁdﬂgdghﬁés% he?étia_rnatfiliﬁlrﬁlﬁfw{ 502t put |
signal is constructiv onpj. pa e ou signals o e secon
ol St s ESRERED g o RARE RS 101512 a5 el b B oy Boebda ar a
pl ural i t yfreduepeg odttinine A Ntrémc g Figdals,g stitre aef 'fsaﬁfj frgﬁudﬂﬂiys&og’@bderﬂhl ow a
nor e curate se, contro ignal t ner at.e ecause the nqi se
s oc St obolareRI Dy dng Aers S0 g e B SR PSSPV ERBSET AR S can be
| ess t hanatdhmutsige te rsebaricfiegientyt.h a signal representative of signals
received at a single antenna el enent. Enbodi nents of the invention may

provi de i nproved comruni cati on systens, particularly those that can be used
whi | e a u3ké oofpuBsigeanet mi-srist GaselsteMifiter 4 1) isMhd Magiiist baBetandadgnal &y f or
exanple tg provide |nternet access to a user on a train. The. of the
output s Gerenett e kgHpRbef a8ite bevetiniaby Ryt Dlfthelbirdetifove o

t he ph@s ethefdiffdrenti ifrpivdseadutputsousi FP8adertigiegiaged. ah thisenibodgheranfiema

el enent. The ou t sign .may be constructively conbinable if they are
the same B?asrfr%tt‘ggﬁwgg‘?{taggﬁi@ﬁcwe@t 'Vgﬁmﬁ’ﬁ' lue. In sone enbodinents the

first and second antenna el enents may be configured to generate baseband
signals. The phase control signal repr esent resul t of onpari son
between t RETETY RS shBRLrEna Breleh ah sz oabund (B 672 e quedef & e of *a
conposi t ephasenbaebaad eigahl foheheulepidht, ingnialigernified e @J. uQglis tyupdd sgcond
antenna elenegnts. Using,a, co Si of signals received at th lurality of
Secondt el BiATUTERARPAL S SRERE ob8 o5 herh feronti fE el Fep Siseniip Biblant st o
i nf | uencesshrieptifagieascQL rialthis iegibabimenit thd quasieatereginagd oot smplificego2l | y

i nfluence, the ghase cantrol signal. The phase control signal may represent
the resul 5 3%° CUGH YL 8RP S ween a data synbol represented by the first
el enent output signal and a data synbol represented by the second el enent
out put sigpals. Thi.s can.ena y ti.me _an hase djfferences between the
Communi catleRUTIdrlr STPUERS oef S rriden SRt SErepbo bR dareg Pal
statisdi caf legistovsi gnid theanitp@sb ey 548t 680 eMCidEs émbbddienght operddsedband t he
carrier freguency of the received co ni,cations,signal ,may be reduced
and o r DG RTCPIETRS FrARIEaTT Hhe 2B ghat ang e Sl M S Ve i nt o
the data sayplfdrs 6201E8522.sbheeaditharanpostineiaitnegbiftadsremtiyntbehd olitputreeat e
frequency§% Q%h signals representative of a data synbol or may be baseband
si gnal s. & ase control signal may represent the result of a conparison
bet ween a data synbol represented by the first el enment output signal and a
dat a nbal representative of the data synbols of a majority of the second
e emery " oheetoTBE IhBeReniinipt Raf 3 oS Gk i afe bohodpieRds of anont
can be br thegbitpuhbosenbZ®r BENBE cvireBpddin @ wimjlifiess @) 530 stidrethmjtios i ty of

t he second el.enments. The.first and secqnd antenn l epent s

cont 1 gur Pt paRLade Teberbial na ane Sgd Ba8 el FRldent o

si gnal mayurean®prakied dept eapat fbnohe dfididid ol Blatera nwligsisd Ggrdlledfahe on

bet ween i n-phase and quadrature phase conponent output signals of the first
and secon8m§WP%Hﬁ§“%F3H@ﬂ?@#'The in-built phase characteristics of a QPSK
signaBy or any other phase shift-keying signal, can be beneficial when

det erm ni ng whether or not the relative phase of the output of the
controllam¢@)_ (&&Q} R/shoul d be adjusted. The phase control signal may be
representativgsz;’l de e 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 output signals of the plurality of second antenna

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 output bus.
35



el enents; and/or the phase control signal may be representative of a degree
of correlation between a quadrature phase conponent of a QPSK out put signal
of the fiwetoswmmwenna el enent and an i n-phase phase conp@®@QEmB206§9/05088put
signals of the plurality of second amlenna el ements. I n enbodi nents where

t he phase_control sjgn iS.re esentatlv h, conpari sons d ri bed
bbove, ¢ hARBEAseo RPN R s 7 50PioYEa0 B Ak CABRAISaT TR St t he
rel ati ve QI:c@aQmefthé h@m@@ﬂtervﬁlu?bi ﬂheQﬁﬁdet@’éQﬂhla@é_bta‘Set:aEhdr@g?fanglmt a,i,ve of
two sets of ¢ arison data. e ntrol, sign e representative
of the di ProuERGD ssRtsReial rind e pBRARRRA dypuell & est Phrdara oG ray

r epr esent that id dreordpesirgsfdhy alipat of all dfehéieféhtsres methe Phiasec amay ediedra t he

ef fect_of any unwanted signals that are present in both the in-phase and
quadraﬁur fﬁ%ase conponent signals. Tine averaging the difference signa

can reduce and/or mnimse any coincidental correlations between the

s Wi Uitk SepaPRE B P BT Bowied R asePras Fape s sl ef e

conpari ngebatpheeéllahblauédrraalr?@hesm@%mptbﬁdmé sh?(bl]ﬂmaé camfletdip indepprdensi gnal s
ener at e ur 1t secon tenna, el e ma
R T S N IV e A T S

t he oud gu?oﬁé gml énmyn@maieth@rm}]m@d?fam@berauganumgéat;ompsnmsgrmés
ecei ve roma t the el enent n comuni cati ons
G omal o 1 FoRPeRutof edthiafer dbu prantis TRUbRan e SEReESRBERAAIGon of
communi carhamns, thiegnsheuld aoewedyfcbﬂmaﬂbh%twtadrathsomme& bh@geadraturag at the
sanme freq nents even where th Héggﬁbons |gnals

recei ved PE%#P%’BDBP% S'%ﬁ’é"@}?@r &4 aé?é?oé‘lpr%%&’r‘ fi°d ecei ved
fromthe degist@cbodat @osfyure@wit e catett snage:augm&wnbelfa@aﬁseé begree ofhe first

ant enn elenepb further. c ri se a $ z cqnpar at or conp ggen

conf | dr eE0YBIUBR PR e Rdtsss A QU L e daRe HOBRR IS RIS wi ¢ h ¢ he
phase of pttivﬁlilsts S g‘ﬂﬁd;aldhfthtahmepéw alrebbebs@htaaﬁoorfdﬂanrﬁ-@n@@ ebrapeiyrs t o
generate t ontr uita t e ase conparator conponent
may be deP?’ﬁ%’g F’Eﬁrﬁ‘ 8@5@6 8?)6 Cem%or}?ﬂgé’%d \fﬂrs%l gnal may represent
any differences between the fi rst el enent out put Si gnal and t he average of
t he secon enent _.out pu phase ntr rOV|de an
| ndi cat | ot B FTRE GG B e R-RnAEe cBA LG e TasE bar ARt 9Ty of
phase2oi tborapm:smncmasK@ghborss(cmpg)n@vmrge(trephesd @iadréteref) IvélS:bs anhgitienal ej ement .

The phase n rise a del a npon oci at ed
u thone bk ofL 3 (e Hherefiredie s anenvar SRl af EE RERRs AT he. one
or nore delajratoephasntemporertobin galettdet ©ot enpOhekliy aaltatiticaleequal put
signals of, the first an second ntenna el enments. Tenporally aligning the
out put S|§mﬁ]§(%h“ﬁqu PO 19d - zecond el enents can cause the out put
signals to be aligned in the tinme domain such that frequency converted

out put_signals rel ati t signal trans ata source at an
Chsbarie M Prnass anddusdafiad pEsT eangoedlnahenrdren ot radbhg A

fr equencypﬁﬂﬂ@tedsfttad twutcpuiposergsl@leSerraeddalby figt t:Ombblﬁscﬁlam'ﬂes 6@41@k/ert haé was
transmtted at th r ovi |neq? nal with

an i npr ov&l &% 6?1%% % %%%u"@g%?a%”i ‘BQ%&‘P eéoﬁ"a'HE? 0& al% y o Te (Q9)
sijch as aaVem/grngtuflt?egpn’dalmtsrajbﬁé)tvlr/]m bgfmﬁah@tghwcﬁbwlémmj‘y tﬂecc@ntiolalnbﬁnpa
el ement s configure uc t e..indivi du ut. signal s of one
or “ore. of e 8t drectieghelpe. 2hatls. v inbiavepaitthp MR e oo, °Fn
resposse ploase podvguadraived phosd compshahtalwils Bé izefoy ifrtge aWGrdohﬁ:foh&its arbe
criterion n%z li)(-f*(g threshold, for exanple the criterion may be satisfied if
t he power ’&12'%ntrol signal is greater or less than the threshold. The
power |evel control signal for a second antenna el enent may be
;ﬁf;ﬁz:ngﬁéﬁﬁ\fﬁpoéﬁgag%% %ﬁt!p?ca%o tf\mae in- p Qge 8n<§8 drgtlugen&asgfcan%%ltﬁerﬁecOnd

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.



out put signals of the other second antenna el enents. |nhibiting and/or

adj usting a weighting associated with the output signals of one or nore of
t he secommloebevm®m4e can enabl e the phase control signal PCo/dB2o@onsbssgured to
nore accurately adjust the relative pf2ase of the controllable oscillator as
there is an increased degree of control over how the phase control signal
is generated. For exanple, the output signal of any faulty or obscured

ant enna etreeraqycswedmmeneo;rclnmdedﬂmm d¢dntigareapiar assimilaf wayt puthesifigstal s when

eneratin hase C r.ol e arra ant nna further
oot o o omassR T BLL R i 5 Ou R emb PN e H i A e B e st e of
the fir st canporsme sigaaled esvethe Sompbsiteciaphdsé adrporamy sigaging, . fAgdine nunysi cal

| ocation of the el ementds |&)u} he]; hased rrﬁ% ant enna. €1re'$ecoorq%i§nat es
associat ef®Wi 1H° eI CHPUY | ¥ siCaft 88 c BHBPHRCBNTECE R{Y'%Pgy 2Be
initiall ym&iatriﬁn tm:tctaeudaareQﬁow-édmtanﬂmsircﬁabetweenehemeeh@sfe éditﬁq@étﬁeeme array
antenna, a this can ena t he nna ul C

20 oot nehes GimoSns 80 uferbhte BBRGn o et B SRR sy DeBel oo val ve
t her eby nosreediyipbsesalfgpedssi ng t he phased array antenna onto a desired data

source such as a satellite. The coordi nates associated with each of the
first and second antenna el enents can be adjusted in response to the phase
con]E rod singséhe eﬁlﬂﬁ)dﬂﬁ@rﬂedufﬁ oRy s};@ﬂgrﬁﬁd"llﬁarfnﬁa%fofnuﬂhtxlﬁeﬁs aorrwd qui€d asﬂhﬁceSﬁor
configure te ape-of -best-fit fo e coordi na e phase
contr o shesibechaOuded N MRS hmbartan Tacrobi v daoves ST phase. of
t he cont r atdugditk énfodedtiohai @atiod tdtHedkgrde ditdobrelatio® bviwieln tifein-phase and
pl ane- of - bes {5‘ The ased arra enna ri se one or nore phased
B ray ant BYALIEIERBNESE BN oG IBE pb U IEHDHO T heSoTas CERAEEN 8 {1 af n
conpri si ngitdrsophasased & p@yrderaremnaﬁrmmaeare bethpragygteted ahieo nipsiiner
progr risin hi ne or conput erreadabl program el enents for
conf i %]rr H%g) éﬂ@gaaggreﬁ)a%ggﬁp‘ e[nEs %f@ﬁ@l;r‘él?ge control signals for
inplenentrng a nmet hod according to an aspect of the invention, and/or to
configure sed arra antenna of an. aspect of .the jnvention. carrier
o um caT B9 CHPS iAo BeoRR S SR Ehs 628. SThETC A Rl um rmy
be one of smtheaciroh bormoagentssoBr wheiteathe diffzn@ice; beTRgEe tHeCsigieai® IsygenckAReM
Blu-ray Disk, an

di gital til i d- t X ,

eI glct ?On:/gr Sé’lﬁggd a'?i*?ﬁ é‘RPIR)e(EJ&%@ 89?%6@%%@6%1 "optical carrier wave.

Ther e2gray be provi ded a phased array antenna panel conprising a plurality
f t I t i d I t I t i Si

ohe o 2B EoEE e B 4B b TS BETR o4 08

osci | | at otontsl e@nﬁli@ﬂﬁcénwahmhieatsrgm thhase ppésdnind smntheoihtgake ansgci | | at or

is set.in re nsetoacontr? sq %gnergted béthe stas | oo

Accor di ng% guI%PF%SeerCOé‘%%‘&?P P enr@ Fﬁ f UnpRRied SNy 697 Gadrein

?:lo enment | oéaeh @ﬂhaselﬁi_\Bhidraigetawbeiﬂrltttar_tGltgﬂip{slh(ﬁltmcaﬁﬁaﬁcﬁﬁmlx@@M4A/r5]§6%|r(iﬁ,l t hle

sta 00 s, confi gur i . in of a loca
ot oS o Shtiects” o i BuPtios Aylieafion fafendy B8 BRE. ot put

si gnal to generate a phase control si gnal Accordl ng to a further still
aspect of the i nyent i

th t d
it anna. CERpPTTRG 5 Glee b Tp hred bt o b SR PR ur ot 1o
mﬁl tiply tdmel Iq;p@darrmy un@volwgmrempoeie arrdaamlb amuttperrtefaetgamelcab%elleh&ut nltOhaIse
ase Co ne (0] e er na u S| gha ase ontro
ot O URRAE Mey g Ao SE R, nf Ml i 07 il PR THE sy BSER BV
Er ovi g® i auurtmcwdi maeeubmrb@bordeb@rbwe egueh O@se@%fgﬁﬁléﬁmalybeUSéd bhat nmay
e recelv

i th {. ph h f
21 ocal ol mysbareurthRes ol eRI T S hbis SatRlimdrRt AbeSabude a
order to teshetpetiCorirgsrddaepd if the comparison mixers 514, 516 are identical

components and they are physically located close to each other.

35 The signal at the output of the subtraction unit 418 is provided to an amplifier 432,
the output of which is provided to a low-pass control loop filter 434. The low-pass

control loop filter 434 effectively time-averages/integrates the signal that is generated



The external output signal may be a consensus/conposite of output signals
generated by one or nore further elenents of the phased array antenna.

Usi ng a cwo=erngwz4of out put signals can reduce the over aCiyG2h@atsessof noi se
received at the individual elenents. ere nay be a break in the Costas Loop
associ ate ith an el ene where a cgonsensus/ G 05|t of ou t signals
o7 Cost as oy Hist bl 3eBit T Eea P it ey e o5 [IR0S 6017 i B e “phase
adj ust mentermofiow freql@egd)) treagi IShattaernh ©§C|tlé'tﬁ)n%|lﬁ!mml‘3|gn§miefrat©d &yhpei ment s

i n accordanc present inv on, W e desc way of
exanl o oAgTalPh Ak 87 BRI ta Bl basialaica ) ek nefiod OHlige betiie nos a
communi casigeaseSsdoedneacte of ik Rpriahtarelstedrcd dfetendfiath Bgmbolvent i on; Figure 2
shows comuni cati ons system accordi ng to anot her enbodi nent of t he

i nventYon; Figure 3 shows a conponent diagram of a phased array panel

3_(:cor di ngAtrnateed befpuéﬁbmilgwrﬁagQthm Iédp/faturmn,pr(ﬁh@w@n Aada:hﬂmgmtci rcuit

i agram associated. with a sed arr nent ac t 0.anot her

crbod, menegiaeigAgiat SoMe Regy e Blaris oL PPEGRT Saha it St at ed
w th a phastgmmatiaybeivesriie inghassangqlisiratnnd frerse eobpdhemtgignafs. t he
invention; Figure 6 shows a circuit diagram associated with a phased array
el enent according to another enbodi nent of the invention; Figure 7 shows a
ci rcuid dira@e@ﬁammlamdﬁwiet|bwapa|@ba5rﬁeblafdpamee&mntse@gcerpdiag@smm anot her

mbodi t of th t i t
oo o torol kAl BYE I otk A6 1R e in oB e EP b CRBIRLE™, cui
a2 aphas 10 ﬁﬁ'diwv'"é‘?r?‘oqﬁ?mad?fé'i%wa'eé emﬁﬂf&@m Onitat sl 899t onal
oo o s el R S b Sl 6 el e 6 0 el
i nventi onredﬁbgmea\r/]émesfr:ngpr&@benﬁt¢cﬁﬁiol ¥ighalt535 mp&wmé Etnéwalsada ghitay panel
accor n t not odl nent t he i nventi.on: aws circuit
o oor B el ?\ﬁ3gh'saz$ﬂ’ag1§’d et Pl B e lacg| BEfTa SO

enbodi mentdjotethe i nvention; and Figures 13 and 14 illustrate graphically
the results of the sinulation of a receiver according to an enbodi nent of
the present invention. One or nore enbodi nents of the present invention

rel ate tOTB.mpﬂShi@Sﬂifeﬂdro@y&kmtaa’fymerﬂaﬁﬁé Budediven aophasmls_tas 1&yp antesnna

= gnal - LoSTHIUEY aF BPARE P GBSl st BT S ke, e pree! i

comupo catoridersd goalveholel iee phasededvdoh\sysiirecamabes yeistdarédys aq@mpeiitge one or
nore phased_.array ant enﬂﬁq lBanel l?zl that automatically focus their beam of

maxi mum g3 A8 EOHSARE &P'YE! r ecei ver of el ectromagnetic cormmunications
signals such as a satelli te Focussi ng the phased array antenna system

reduces the.. banIdV\fE.dth o (é @ 3 a‘lp ta,¥ antenna cti n as a I’eCﬁl ver. The
noi se tha YeCBiNNEP Pré"" 6B c8dP Uy Pees lupdit wh@? P8 APE95HAW dt h of
t he syst emgnélSofc’msmmf the @dtpﬂﬂﬁglbaﬁ@mdbhthéeléﬁﬁuﬁem g pﬂha‘se@bﬂéyof 10
the sjgnal -to- nOB{fE t|0|@irg%rlove Xlo F g e bandw dt h of t

ant enfia s§YFBAT & e’BeOES%‘%P B HEae'gTepiRd" ARRGETGP ?Sregcﬁﬂre'“\é{él” %’W@P& the

ant enna cbeas egji@r ofHd presed atrapantenbepandldt h, i nput i npedance, pattern,

pol ari sation, side |obe level, gain, beamdirection, radiation efficiency
for exanple) are within an acceptable value. The beamis focussed by

gener at i nfh gthasembedinheatk airgalosv-pdeatcontrel losp ditéosBletay be provided 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
provided as inputs 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.



rel ati ve phase shifts that are applied to | ocal controllable oscillators
associated with each of the elenents that are used as part of

nodul at i omOder@ed4at i on operati ons on commruni cati ons si @OAUIGB206&HF088N

t el econmuni cati ons. The phase feedbacd signals can be generated by
conparing, a ut pu i gnal n i ndiyi dyal el enment w a "consensus

ot hat oL At Biotuni sfl 4R et Yestier SreraeTmliet: Y GeTBERG:

el enent s. cdmpbrases tadighrakiosiqipdre ach Ysdigndl hethriak ag i vegrzihaag/opthd g | ocal
oscillator.assog{@te with the individual el enent %ntil an.ouﬁgut si gnal of
the indi vFigiaIW ur signahie id A YRR RIWePhNCSIgRAIR EF B8R as an
out put si griadatidh dfheops-usmbidiyattin bétaesencthenephsase \Ahen gtiddraiunsli phadeal

el ement provides, the sane ignal as the other el enent t he | oca
osci 1%t oF Ol obedaRia SuBPLE ok 1S dhs ey pRELESHA NP e ¢ 5
recei ved aonnsiseadrnonnh t6,itg@abmpbsies ofitpliheige4 s anstithecdléMuhtssthgnahe can
enable a gnre agﬁurate Ehase f eedhack si Tal t.0 get%ﬁgeﬁated as tge over al
noi se assBEMQAHEIGN Y PREOTYRYBIFEHSNS 'PeelVesé PIEREMhBIRELDf t he

i ndi vi duabeteirginad ss seisepwad. at the individual elenents. Figure 1 shows a
phased array antenna system 100 according to an enbodi nent of the

i nvention. The phased array antenna system 100 conpri ses six phased array
antenn@ pones seatf2e6lemdhis alghte, it B3¢, mdifRe tHD2équikedcphazbastdionstipy

antenna panel 1 as, a rality of phased array antenna el enen two of
o oo DBRegh e 28 Sl Boltenethe PR SRl ot HbE BaE B 502l 0 vi a
t he cenL r tlat Csorli‘édgééér?ﬁo 30gh ﬁ@lo&al&i@iﬂiﬁtyﬂaﬁ@uwmetr(eﬂflinsshﬁwﬁori\s/fwlatiém\?\% syst ﬁm
100 is bejng used to t it _dat or a conmmon | oa not . shown en the
Syot om Tobe BB e AANBI 8 Biasa for SR RS e e B B o <
102 may besistionfto gie etbditp ofight/diatsyhibel sericdnt ati on rel ati ve to each ot her,
and in_this enbodi nent the six phased array antenna panels 102 are
illusf?ated in an arrangenent that is suitable to be fitted to the roof of
a trﬁi n canmwil lB@epprEaié:tbld)ﬂ'hat ha)trpéwaﬁ@bb f dgﬂhéﬂt}é tﬁ@tre@mﬁcpamﬂiélo&ﬂ%sbmamnlnect ed
to the centr contro r 104 1 bre optic cable, 106.. T centra

cont rol | ome s Eonprrdadont srarapfeaat SitbbedhbErbrragiein e dEnes send
aﬂd recei ¥ignali gmalch érﬁlide‘umamtghlee ﬁbz@@%ﬁéfﬂbu@fﬁdmth@mm \E\)}i@&hwmﬁ USﬁ, .
the contr er 104 is |ocated inside e trai arriage.to i t he phase
oy ot SahEre Iter8ais BeGlen et siehal@rshStdatis Pha Yt SxBoLy Eobm S00° | o
conf L\hgmr edxdrpls e 1 anﬁ -1 dai symbel achdsebagheby GeSepoadied as brmﬁh@ﬁsat ellite
116 en in use. In this,enbodinent, .t comruni cat.ion with the

Sacel T er 1 Ee A wsberi Y ctamedhe dkls BRbuBRm ThErdiedt i@y coss.

t hat is aeg@ssédileendogdinrern @tayickcopBideleel dsrasine waos withk asil fisquan@assenger on
the train may be able to use their | aptop conputer to connect to thenetwork

associated with the train in order to access the Internet using the phased
array ant engrabsdisicetn viidiRingsit pasrmenfiaté freqoeoyuthecaicuionissirateld in Byuvey of

illusgration, .t conponent signals 112 4 are sh t corr ond to
he o2 Pt B veY Phadustigife afe orte 5o P 50Gh v hAGHE o
recei ved hyerelezitatieql&cy didhalafenphase dy anraemantirepredesisthesum@tatat wil |
be appreciat t hat .sim | ar, conponent. signals qf ,the el ectrpmagnetic
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el enent s piovidee ophiasedtparbieys 528638l | of these signals are not shown in
Figure 1 in order to aid clarity. As illustrated in Figure 1, there is a
phase difference between the conponent signals 112, 114 received at

di f f es@nt Teé esvanbdscillb@sd, 5081dF dfiret Elemichemdl fobdoekat tpahdidcangddimitdrs 608t he
satellite 116.to,the. i ndjvidual ,e] enents 108 10, The pha di fference
ot wwen ¢ ABa Y e SiEnd BRI, Fo St el R oS08 e pat h
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" adi at | onE89% Clamer iy YRy e et gt prnidemad Byoa it EHAR s ibm 100
may consi asoofateayittitimdee obthephtegeteddircaliis may danaapaysell 9sdilior aidhén some
errbodgé‘re n%%e%Yeg?e?th ICi?(EUitS may be slaved to that crystal oscillator.



of a single phased array antenna panel 102. Each of the phased array

el ements 108, 110 are configured to receive a phase shift control signa
such t hatwoOhelogloagie of a | ocal controll able oscill ator &€3MB200%30880t h each
el enent 108, 110 can be autonaticallywadjusted such that an overall beam
generated_Db hased arr enna ne 02 is f ssed 0.t he

Jatel i+ erBYEs © RO S AT SR OARN Ahe S e DI0 JosR BOMER e 10
to 20 pangh slehieht oeaqimahe&eﬂgyolnmalsyeﬁenoécahomg t6 arentodiméhtaf tlkhech panel
102 may rise about 2000 el enents 108, 110. Figure 2 shows a schematic
|IlustratV&E”5P a phased array antenna panel 200 according to another
enbodrnent of the invention for phase alrgnrng signals received at a

plural ant 2 eIe nts 2l4a-n. . Each antenna el egent 214 ri ses an
Dert 219 ankoia SoBe0Ent el EoHeraTt BuMarsea, P itsol B enoRe e B

confi gur e@bc@umhg tshytald h@tmamla}tsddhm_droxajrreosiohj had ﬁrva&éérmrsdzrefcﬁh: fted
in response to a ata control signa e phase data,cgntro

o gnat 208 R oRSTR Dbt a9 e Bt 8BS Goni PPRERE KLl A5 X1 erent
214, or naiyedtiengenerated at a central |ocation, for exanple by the central
controller 104 shown in Figure 1. The aerials 202 and the variabl e |ocal
oscillators 204 are configured such that the output signal of a variable

| ocal 1@scEhtabthe 28¢kiveds BOX Bh4whdhbéd Bienilattote rédedrales@bed ekidtionttbe

correspongdj n 2 in or erate a baseband si ichis
rmde up_ o ob? BhFGus Brand P nern leSaBik P e afpat: s n oe Pl
nodulatroamuﬁnmﬁed although it will be appreciated that in other

enbodi ments internmedi ate frequency signals may be generated as part of the
denodul ati on process, and the phase data control signal 206 may be applied

to contr oPraagssihg a‘goals i b péraencartﬁaraoﬁfdogumtedimowsttﬁmmm&dd gleb®err ecei ved
connun cati Si to |nter uen nal s. The paseband
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COﬁponentd@&&m@hmcmoﬁﬁoaam5dawconnnn | oad. The sunnation conponent 208 is
arranged to add the baseband signals, and the resultant output signal
provi des a stronger data signal than the individual conponent signals as

t he eff ectn thfs enthEMEO FEDhetise ihpatandrytgig ppitesendifférantidiporss.gnal s recei ved
by the individual elenments 214 is reduced. The noi se conponent of the

signal received at each elenment may not be the same and therefore will not
be repmf oFigack b%hbdﬂ@sdwmbialwna esuEpenzoo onQr8entbodmrerhebf the ipvednibelehataxi mum

overal | arn,n t he SCi tor 204 of c nt %%4 shoul d be phase
al i gned weNigEed 8ﬁ'é!ﬁ15'9§r‘635?t W%B%'?U% Bihg &de r&%%%‘cu FUPREPT'E? 202, or
at | east ritklvieetraintd yorfligacsl talregeies siguald thitadire Porarisbe irethe 2 dikedtiodvs des t he

correct out t Si out put signal .of a | enent .deened

oor rect - Npfetant 8 Higre danireicReher g v tun GfhRe SPo A O GRRE S As
descri bedaadboummdn doehmineats thet ra\gualeally bebe deetritidavie rplbase toFiguke4 r ecei ved
conpo ﬂ gls can Be different for different antenna el enents 214 due
to d| dgﬁ EHePeRgr A99Bd¥El%en the data source (satellite) and the
phased array ant enna elenents 214. In order for each antenna elenent 214 to

out put th rect i gnal relative has of, ea al

oscl 11 at ofsT0hone 4% Plethiaiuar A Rt Al R BT R PS8 unei
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 hdependoAt Jooprat e 8 thst CTrsearngad Ve esndorind Baspul ot et ¢ ne
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214 al so causes a tine delay to be introduced between the signals received
at each ofn thizeerabefimpiis thd dutrent drr\téﬁiamplﬁmm)&rﬂl‘lb théﬂl&)ubienﬁede-bﬁalsedlqes not
significan

fect the performnce of tg sed.arr enn anel 200
o5 escr t Battiralfe ahtRalornds GrRoaisd dranpe sidal 8Y 3 TieheR 8
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 output signals on the output differential buses.



time delay conponents may be used to tenporally align the received signals.
The baseband signals represent a digital sequence of + 1's and - 1's. In

t hi s exampbDepiodoessehi p/ data synbol rate of the recei vedPSIrgB2boNES088E. 5 Mcps
(megachi ps per second). Using an appr®xi mation of the speed of

el ectromagnetic radiation of 3 x 108 ns 1 , this nmeans that each chip wll
have a signal length of about 11m (3 x 108 27.5 x 106) . This is at | east

an order afcur@ndtivugangligat 208, tMarfot be etim@itshanbe aihibitel pated caidl whi ch
may be O.

6m by 0.4m for exa .lherefore, for the jority of the tine
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chi ps/ dat ”§£?ﬁg8m§9”e§Pﬁf9”§WWt\ﬁn%%r‘fer%rfgﬁ? ")y a signal to a given target
(for exanple, a satellite) the phase shifts applied to each variable |ocal
asthose B0l RUFY Ve Bt iers JoRaT D Peabiparont g BY U Rogb b of
ing_roy(gd Igielieﬂniaéditri%itfg'mkigiﬁﬂ recdiER étaﬂ@at;)elem&nt}/u:t|tﬂcwiathﬁ>laﬁlﬂ)f)()eci ‘&tcﬁépt}icfmt by f
i ndi vi dua control ling_the phase shi applie a |l oca] .oscj tor o
LA e Mol o e
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B¢ MR SFIPRENTAR-

radi at i onPParFasHA be reinforced in a desired direction and
suppressed in an undesired direction.In this enbodi nent the received

signals are coded individually b | i ion. Specifi¢ |Integrated

& feuts s e Gt diast st fe agind it A B M et ey HaPB R ovi e
to the suFigatd Bra i BventeditiBk arangerabnteroodpomints 73 grtdo dgrowddedri ssi on
across the phased array panel is at baseband frequency. In other

enbodi nents, the received signal is converted down to an internedi ate

f requeng_yTby s?ﬁa}“@b@ fas@@dkéﬁr%gwiﬂeht E&%borﬁﬁﬂﬁ@rﬂirsﬂsiéﬁala@@bldﬁﬁ@dl;cﬂg OL t he
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conpop@nt catigurddtouchide alestibaektignalytpieaentatiansiths signal siengdslelvdef phased
array pangl is ?t nicrOﬁﬁée frequency, subject to attenuation and
inaccurac@*’%ﬂ%ﬁﬂ%?egegﬁ ee¥¢Mdr at ure Phase Shift Keying (QPSK) phased
array antenna system 300 conprising a plurality of elenents 302, each of

whi ch recei ve.a nuni catj.ons signal, 301 angd are cqupled to a differenti al
' phase. Bla iseb BLPHEe AR Coft Bkt e e R st SaBp T bue. 306,
gi)gnal S OGfthb%leﬁﬁefrfteumnt@;ig:halimmaﬁepaﬂd%ﬂmaﬂItr&idqualra;hl@qﬂ]aeelhﬁmbomes 304,
represent the.co Si t t he in- se an uadr at ur e ase.out put
o onars oRf Bh el SRR Sae o e EMsIn fieny B ey GiStne SU5eToCgbner at e
L he Eha;eTH@B'@Palemnra;ig GJutgémaUIdEI%Gp%e\mngri;]du (or guisrgy ;ihag@faﬁ%rhema p\hﬁﬁ]ﬂNiPUgUt
aseband sign Ut .gn uadrat ure ase output baseba i gna ut
510 or eat OB taativiennu e s 2o o RAESHebHRBL R G Bt piEe Atk band
buses S / thatfortie HIuRAE sighaperovideehly irdlitalion bithe siypalsst@ngth @@t he
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the conposite of all of the in-phase baseband signals 308, and the signal
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representative o{ %hﬁ co ostte of, allqu thgqquadrat¥refq%ase aseband
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provi ded astanlinput signal Im 312 to each el enent 302, and the signal
represent T VB '¥f the sumval ue of the quadrature phase

35 The output of the two signal level mixers 712, 714 are provided as inputs to the
summation component 716, the output of which is provided to the control

communications component 820 via amplifier 818 as a power level control signal.



conponent on the differential quadrature phase baseband bus 306 is provided
as an input signal Q 1n 314 to each elenent 302. Each el enent 302 then

i nt er nal Iwogerewatses its own phase control signal usingPCH&EB0MIBEI80 e
baseband signals Imand Q 1n and its 27espective output signals Ut and Qou
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of the S}i_@ab!%,_ﬁrgbmlﬁrt}?)apalypé Weddhiting t@fsigd&@laee?iivaé)%t “Wt@ﬁﬁé”t-ﬂmﬁ]i ng the
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associ at e i th each, el enent. 302 are generated as consequence .o
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second antenna elﬁnent eeﬁGift that is

appl i ed t 8"t RERPIEEIY fﬁﬁﬁ%8@5&“&%ﬁﬁmggbﬁ$g}$%£%ﬂ%£ﬁ”%g%@g\ t he anal ogue
feedback to El ement 2 302b, it is Element 2 302b that is considered as the
L OB SRk C0 e St ooyl e FhS BB i pigen st e
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.



each of the antenna el enments 302 can be considered as a first antenna

el enent when determ ning the phase shift that should be applied to that

ant enna ewereerwoo3Q2 as a function of signals received arcCeaHr@fosvdse ot her,
second, antenna elenments. Figure 4 si8ws a schematic diagramof a circuit
400 associated with an elenent 416 in a phased array antenna system
accordi ng to anot her enbodi nent of the invention. The circuit 400 is

confi gur etthé @omutumr@ttubaglsys/temdjdmﬁnsteb% pHiRee ﬁﬁﬁyfdnt@fnaapémﬁozlﬁfd 4l ator

404 based o na eived at.ope or, nore qther e enment s ane
hasod oSt cORREr B0E M e mnbicalon fit TES gl Vs e criR caPe Lhona
]Ic:i guLe 4 Wﬁe@é?@élhdoﬁtra"& wmslanso cdmwe';e@rtolatgmnl)dallpdsﬁuoapmgﬁt?hee?ﬁeblatt t

urt he nts avl.n sSiIm ClIrcul.ts e al s e (0] e ou u
bus. 415 b0 FaimRiaR cog e A et v s EHE AL GPOT S °Tn' Fhe sane. way
as the circuit 400 shown in Flgure 4. The circuit 400 conprises a m xer
404, an o lifier 408, an ifier 41 a phase feedback
component (8 MaRE0ArGaF pafiiaRase PR aP Ml acaRTabBo PGP EER ¢ 400 i s
gonf iﬁgr gdomporreaceomwmh i$ B(P’Ulguﬁddgﬂ@ppl@%ﬂtralrmbﬁds E)Ctﬁéle]?élﬁtd dj?o@at_elz_ﬂut put

us 0 ut, a 1Tl er na,the | n 11 er e i nput
oL i aobith R el Whbe (Rl B0Z, 110 ks Srahpittenl T plsteessr G diatary ant pana
assoch(at eﬁbq\Mrédﬂtd teneehte e torftddd sigRdlsiis prfamtied ey the cehteal kbxeslledBd6 as is the
out put of  the vgglable phase | ocal oscillator 406. The frequency of the

| ocal oscPP3eEPEY PA8% i s set in accordance with the known frequency of the
signal being received/transmttedby the phased array antenna system

il A IR YR
: Oag; out pulten{gldss (Zf%lge Piadadt vy @Itéﬂria]l:paenél #8Bis gége@tmrpi $toreldan mory g )
Ooa t 1S t t, o respondi.n m xers.assocj.ate w t
ot nor T8I otikz . dhe i, Sasile of e daltn e, G hie AR T Pt BERHERS | ont
out put bume44b2ammf o6DsaEh bmesa@faeﬁnsn@tatme ta% fefierenodpoimt | fopease prngl
des ribed in.relatiqn fo Figure 3

dr at h band b
R L o S e R S A LA R S T
el enent s. thEh@nei &Dmdare(smorbbﬁh m@ﬁ‘niwl812)fbdérmbtepﬂh"e |duasiod 2Rd bRemiatigd eéfdhdack to

th h fe k t 414 by i fi 4 10
e e el RIS R AT cEe e e SiBinS] alte e Eisco g ot
416. Ihe paigd802 gl stéh2d imimetroey Plasethisaambaow the mpatendf ahi4ldnsernised as a

h t t f.th I illat 406
o ahi 10 PheRELa Ok ferbd iaubh SeB AT iGs’ PTERPIE (o | te roapect | ve

i nput communi cati ons S|gnal 402, |n order to inprove the gain of the phased
array ant stem na h is different to
e Y nai v B G2 6% et iemorsan s bIL e ke ting oL Sl G tiar o
synbol , t bétsaquoodinges naethlandﬂacaielaeuretrﬂimttstﬂm Pbasede0df ﬂhbepdn@d:aOZ oiscn | | at or
404 igpnot correct andI ge Qe atwvefghas§%of t he i ocalfq50|ll tor 404
shoul & be é%]“&l%ﬂjéﬁgﬁwe{r%"té'f‘ 7 1C o AN YRR AT ARSI PP AT NOf (i P as the
i ndi vi duaBO:outlpmrt thsd geaon4 118 irdtial repsies edfitthe tiap saae bealafetanta asyabol |
this provpdq% hﬁdlcatlon that the phase of the local oscillator 404 is
correct ald®U58E?HBPP need to be adjusted. In this way, the phase of a |ocal
oscillator 406 relative to other local oscillators 406 can be adjusted to

i nprove the phase alignnent of indiyvidu el enent rel ation t he ot her
el bt s. (AL boffABg otk aaris By SRR T P cEmieaguer ol |

si gnabe t Om@Od:LB’&CIéQtlﬂ meoéctuhlemptmm@oag rrﬂe,chanbelnnmpsmsecm theopargel girgen
frequency .ﬁt gga% 1 gsed a{.raﬁ] gnt enn {p automatical ly
shifts thQ'F 9 R85E'“8 m?ﬂ% G OIPRALDT é&%@f APE I BREWT6F the

el errents 81%. U'Ihbldctttldﬂeye@falﬁlw@rbb@‘tlsarm tioelbpnél &rgméng(eomeamm@tfer medi at e

si gnal res ntatlv he 0 t |gnal) to account for the
di fferent g ﬁ ﬁgrmal expanS|on an(JJc&lflractl

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.



bet ween the data source (such as a satellite) and the individual elenents
416, andt hereby autonatically focuses the phased array antenna onto the
sour ce t O 2bB00t43@ strongest signal at the given frequeaTyGB2bey/ashiss way,

t he phased array antenna system autor®tically | ocks on to the source that
has the strongest signal at the given frequency, as the phase shift of each
el ement is adjusted to provide a beam which focuses on the signal fromthe
sour ce t hahe pé@Néldﬁﬁtr:blhﬁ‘ ﬁ@ﬁﬁ@ﬁﬁﬁ?urﬁ @lrusle tlheﬁlﬁbr\hﬁiloatabbhethehwidn?fr ayh
antenna system As the ase_shi of |oc Ci tor ted wit

ndi vi dualhecteiRaton whAsTua iy Glatel aBout e osRleear e Ry sSh arka
becores f actdAsedans aé)bea§@etémn@m&omhmgavm ompgaént 8T8 éﬁuetlhehmﬂésgr ray
antenna i es an 0-Noi se ratio, jnpro AR e

oppr ocs at BiP FR3ERaTBubt DudiabalGiiona: ks QP RSHErAgElR SohdRed arr ay
ant enna pa;melvsd mayheb@ff@@ht eleinehize mﬁ@’@aéeam @fdsé)ba&rﬂeect‘mwléw@h@iﬁg and

t herefore na coupled to,.the s o$9 bu 412. In this
enbodi men?'m BW CE dHiYdng t%? meysasg@%grlaquéE bg}"‘f) bcessi ng
performed locally on an Appllcatlon SpeC|f|c Integrated Circuit (ASIC

associ ated with_ each, el e 416. Figure tically a circuit
ooy o o i e R et AL e snit A Snouf bE Sld TR elS T befleGr oy
ant enn@ Sy&t&lﬁt@dﬁﬁmlﬁ dhttgelemmennot ﬂnerpheamdirmeameaﬁa bb@eu&mxze@bisc Btorddne

STt Koy Bt tebi 12 heh e DB iGohs fye SREthis B BwaG il Bstl o

i n- phase ﬂ‘ieX(%ntl‘éﬂéorﬂmile&Sq&@ﬁb\ﬂdw@s@héﬁ&) ¢omv@unisBfionsacomporasmt 804 to
guadr at ure hase baseband filter 510 and

cil or 508,
o Guadr at 6P irdoeoBiBite s o3t s PR B nace out pat anpl i {1 er 520
and a quadrature phase output anplifier 522, an in-phase input anplifier
24 208 SCMAPELALS PUSRR Lol Bl LULEL 220 R0, 8. phgss. csiback
arr angenmepand» 362 ﬁ@thb&%ﬁdal%n&ol@ﬁoasthb@ﬁgméhﬂe@lﬁﬂﬂfaﬂ &%@ dof ;mma)ardfson
m xers 514, 51 a subtracti ne 5 18, an m r 532 an
o pass. ClERENG: Pt ety 3335 RS loBares sastipudh ek Rsdedio”
conponentme&ﬁﬁnemsaﬁdemaﬁmbefmh1memha§£c@ﬂ@*§dnwgop wherei n the phase shift
control signal 535 output by the control loop filter is used as a control

signal for the voltage controlled |ocal oscillator 508 to bring the
baseband EUIt pxdmplegiiat $s Héterrﬁ)ﬂnedfthéhmeehlgﬁmngerféﬂﬂedi rliyOthGOIbi:a?IrdsﬁctII)ath th the

compost t cSTbRe e slarint Sheul o b At dienefEemeaeibel BRsRcR S gnal as
part of t betefrﬁlad(ﬂ)&ﬁh thaiechénicieedpy etls mwnmnazatha@n& sitgn dcabdofi the pr ovi ded
as "I nput i ded e| her dj of indirectly fro

Sor i a1 aneEMEA ErastuR oo RS TSIE & (i ed eSliee Ak e eabeplcRmaR

conpri sesisaupddted phtase camabteru@dbﬂtnawefcphasmleuteput Tbe|$>h536 ,shEB&bntrol
respeé%lvel to mhlcgﬁthe t of the ele reqﬁb PE% cuit 500 is

coupl PIENQi's fnep delgimingd;oas “?%h?efﬁgeﬁﬁ% éﬁ“%}? a system
conprises a plurality of elenments, as shown in Figure 3 for exanple each
havi ng a correspanpdi ng..recei.ver cirgcui.t. Eagh f t he. pl ura recei ver
crreut o BHETERRANGP I e e MdkBoi rar B bEiRact smebin malices. 53s,
530 in thbe sefgretay agyehbatingeeai’ ul@btrmarmuptof‘&a@ |sJativns bfelbimgutsewldich and t he
addi tional .receiver ci its a not i.n Figure.5 to aid clarity. The
Mput o1 giRPCEaRaT s BabheE s B e M B el BT B and | he

guadrag ure phase m xer 506. In this enbodiment, the m xers 504, 506 are

G lbert cglls, Al so rOV|ded a i_nput ch m. i,S_an

out put 51 DR Bie PReRgH i RBish del Hoton SR ppRinsiaadgn opaples e

quadr at ur equéras(euhmabu@w |Idbamf9ran5(ilﬂskicm tOQﬂiels@‘Bd edtellive.pT iy iglisedawee Si gnal s
having th uenc anplitu t of phase
Wit the DerBrohenisatine padiPh Bese SHf aePt Breathof B Beal opaliipSeati 1 at or
508 is prbowiicigd!y eet sphase focxetheoPhasadlairhe aaptethatystemphagethadtipeit si gnal
from &Qe lst(r)c?n%lespsslgrlmelqlltr?gt?s re50g§/ed at that frequency is from the desired satellite to the

exclusion of other satellites transmitting at the same frequency.



is provided to quadrature phase m xer 506. The output of in-phase m xer 504
shoul d be the in-phase conponent of the input signal 502, and the output of
guadr at ureophege74d2xer 506 shoul d be the quadrat ure phageTaBIp@SMs0oof t he
i nput signal 502. If the relative pha®e of the | ocal oscillator 508 is not
sufficiengly aligned with the phase of the received input signal 502 there
W11 be: aSHUESBiERnESs o Hi SR BAL B PCHHER fRME Sr i oY S bhASe BACBACK =i gnal
gener at edabyngenterggach & sl0dspRAGH 48 dsribiibab@@dEnablee thvegsiaant kignal-an ai m
of this epbodi ment of the invgntion to qpntroh}%hed%ﬂﬁsg o% @he | oca
osci | | at ol BYE {1018 fGIRPEHEAIP" FAMTHYISBINSVIHT BE JIUEd SRR IS B8R 2BY t he
[ P pﬂase mdh@:ru@aiﬁrﬁgdtﬂr@gi@b&smemﬁﬁpﬂemr&tibh@rnethy rﬂhe%p?mm%]lrwoﬁdnﬁehsed\z‘eirci ency
of the_associ ate sed.array antenpa tem Each of the in-phase
compornt URRGT ARORRHEAIN NP HEL LA BRsIRQHE Elnal s are provi ded to
i n-phase and quadrature phase | ow pass baseband filters 510, 512
respectively.. The baseb filte 510, 512 are configured to renpve any
et ed Tt Kl SRR REE1BAG2R Phg HEaUPGA STeRatls A B8 arrph A bncy-
conponent gisplaped &t £dsdnontthe VIDkers Bitid cadbOfatiand 1Bbs0 ilentifeatcpotapticie by
removi ng ajgnals.that are ou%Fiqefthe baseband frquenﬁé. Tge ou#gut si gha
of i n- phaS&CIFRERHEHE PFIPEH VeMEBP R SOt RETRE Jiils2eBEeEHSAAVE ALARCSTBY t he
el elrrpgrp ,  adig Geér@ﬁhb&aﬁdi?@htaﬁitﬁ mle ;jdsitioﬁ o A biter b}erﬁdﬁﬁﬂ)g?_ﬁgwm@?ﬁ_ted |
anplifier 520 to the, di rent i n-phase out put hus identified as |ou
S it G Sarirnes v SR ohane GIEBRE B AbrH et anaRs SIS RATRRE drive
anplifi eL reo‘éiv@sghiyl’thy,satdrﬂl&e.olﬁWﬁﬁe@bgdﬂi&ien@,fa qsfe&dfaaausé%l Mwaseeasehnd filter
512 is the_gquadraturge phas si gha r.the ele t,.and is
Cdent i 11 o gt b fierda0 R Ao el kNt At BURBR ML ABr PePR: 522 (o
t he di ff erdentifical ag)padidiigle@ofdvas euispidtth® bane3Way derddstiited @sre@iont - I n
0,a current

t hi i th adr at h t put [ fi 522 i |
i v e Tamoiatey. g iRe, B el R aN e Pt E0Rsyer b6 "o aRetuli {ohed
current sosteeindCtheissn algmeérnt i9foroddingt @rSnevust@stihe ifabbputeibesefyra?8, 530.

In this enbodinent, the baseband qut put si |, represents a series of + 1's
and - 1 SSPlh (hioPdpds v Bline o pithiESRg el PR 8a8 Aiae el ce

ei ther a poittthe elemennegpbdnsine toutidte.ter@miabon.he out put buses 528, 530. Each
of the N elenents that formpart of the phased array antenna are connected
to the output buses 528, 530 by corresponding anplifiers 520, 532 such that
t Pe lrle(;;u:c tni d?]tgewerhbagmehisaé miap qgnm'ralad/eqomaa@ s]?tft‘splhﬁthdﬁel_%pﬁl_}bﬁﬂj_, tg%’%?:hidlii t he sum
of all of  t currents provided as an qutput. fromthe individual elenments
i 11 pi | clhergeBpRsSPaE hE SR mE At b reith 36 daRatpS bt e 1 b
nunber of thel @ortitaesoupé exdatienstdielemedntdit bus, and R is the resistance of
the pair of resistors that couple the elenents to the output bus. The

i n-phase baseband signal In is also provided to a first conparison m xer
514 al ongirnvgdniie éBodin@pts bigRaly addetyaalf frdnh dijiducl slietifedtspinag be pagieblarg si gnal

Qout -_Qout praovides a representation of t larity of th adrature
s e2baeBindRnile i Bper HPORBTES Rinidihelthe SBECHaRing fuf Conr L ofEIeF

el ement s 806 ishenfijasedo ajehasate ntptameofest-iinthrodkanhé beordatds &fi eggichlof 502 i s
converted,down to t baseband ¢ onent si gnal the | n-phase a

oty it o e REatchetah o R 56 FBRE Sl Rt Gl el B dien of her
as they V\Jdchtimhdsfahd?mmerdbl;]afsefm@y.welke%(gaméd beamé prmewHbestfitwon lsublas gone
into ensuring that the in-phase . an uadr at ur e .phase ¢ onents, are

| hdepenaohiigdBBord Bkl ANeRTERS (RaR AN e B e fREY A SaPE ron
codi ngo Thatomatically heag nshbelkcdngdiddred evhaneaerating &iel mandeteefit ddthes@- phase
and quadratur%%@Q?se conponent signals when they are conpared with each

other if MRS ©158¢iS [ ator 508 is configured with the correct phase
alignment. If there is a degree of

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.



correl ati on between the in-phase and quadrature phase conponents then this
provides an indication that there is a representation of the in-phase
conponentwoantodnr4at i ng t he quadrature phase conponent &ow/GB2009/058880€r Sa.
In the present embodi ment, the in-pha¥e and quadrature phase baseband

signals c ri chi V|n h rature) val ues
of eit hengB S*io SSC“FX? 'Ca'EY'as“ ‘Fd)ime” PRt @&S'(“'t% %8§a§3q> a?*FfEWE*f 8%e t he
i nst ant anel@ufénpbmlpnésemfartda&ntm@@&eerﬁnd vﬂmadraabterc%thseammn@nt S can
be either i Sti chance of the output

fl ﬁ} fe statisticall ?q

bei ng. 1 opfan §mbpfimenfofthE mzsfonian vttt arunea TR e EaaoHaR (oS

unr el at edcitietbtthetstidirectidreofBigicieveiset hen thiwerabopeBanths teeseltried by
first gongarh&@g m xer ,514 over tine be an equal

wll b ) W |
nunber® of CHEATTEE Gf use fhe samg components thtbe { ?eﬁ’?i"%gg'é‘?@gfi‘oﬁg’rf gfgwf%z' products of

the two conponents is calculated by the control loop filter 534 as
descri bed_pel.ow. That is av ed nultjiplication of the inphase
and. quadr 0GI SRR SoBRAsh b A1 S TE Rhatp (Cher) ERBIRCB AR ar o
uncor r el apedidelfto tdvaiss Iﬁ‘&er@\QE)Qag@drdﬁpbtttlvlélyl foatatampuik shbpingn-MpBasguand

I t his provides an indication

guadr at ur e, phase conponent.s not zer.o,, the

That ther & P8 IvnsS TRERTY abf ahel Aliga itk el qhtiiniRe 8 i B Araser o phase

gggppm@nt pcalnskcliber of 0aemixees 908, 308 vespebines. shphdseashift Asplieatatheasedl | | at or
1S not cgorre

tl ned for t recei ved. | nput nal 502. The second
compar | SoRSTHBS 1 spLi ﬁ?rd@quﬁﬁ 2Sh g S [asSNRE TR e aon
m xer 5l4comuiudisatteony tompedehoomal tTHY yhéé@velmmvumtadyaharo@npmse

conponent Si naJ t he co se co onent si, Ut- Again, a
nonver ot FBTL0ERTCEORRBENT BIE BriPleaURtHITatY b oEUT SRS NP B des. an
i ndi cati ogamaaélembﬁtr of ithe cpsrmssd cmwmhmhaosyskmv\mrdmrga tb naphas ehand
quadr%%ure 5 % onent ﬂsr fore an indication that the |ocal
osci | I"at of™M58 ”PE ‘%@V? SPIPE8e A " gned. 1 n some enbodi nents, use of
a second conparlson nlxer i's not required as the feedback provided by the
first co ri.s m xer 51 ovide suffjciently accura infqQrnmation in
ol ot onHBE i ORat AEL aifdialp aRE semereaL R oRA 47 HERIEE B AR i ore
Eggse Con’agmﬁf‘érsSMQngMSbeidﬁe gbln@ tegnzadite®nThe bPWesmgn@hd:p@maryl mﬁoni m ﬁer

is use ovi de it asure e deqgree to i.ch the
o onmse. s AR Eo T <38 b e 1S e e ORI R gral <
from ehe tignalcecghedd Bem cohixélicomdithicdbiodd canporn® il Blefdr &xanepls thatdigredl i on
conponent 518 e the signals is generated and

o en evet gt des b F R B Fl e ommanent 616 Usa ot ¢ he

subtraction conponent 518 enables the effect on the resultant phase shift

t | 535.. of ted, si | t hat 1 th th
oo hase R bR e AteaBat S Reteser bud iR eeRER! ooreliiEnt o
si gnal s can acgdtelite mbeOtgheﬁ it a(imelﬁlt tvhen tgmemmhguhesbg\{ved Evgf ahtie

n m. are su I 0. re
G P abs Do RO Ry ™ ATy Bras Sk resbanding ToeatF Fripdt eI
t he recei gedlYi ornreph@nwb;anhé oquadrcaumm@usat@nalcsmﬁayerttmd 016. pA|t@ﬁlaiﬁ\beI)6.nd

vol t age i tions and therefore C when t he

bre mxedNeggRORIPT o) e asY ealennp sieriens SH0 o8 BE SrlrSinbd uyuat "
subt r act edsdyf pd@tmtﬂﬁt@r&ﬂrﬁat@n reeunzaBeact aSa&onmpach ana GRS as Id@ﬂ@é&drmy be
caused by the &hysic%t ounggngs of the circuit 500, and in this

embodi menffhEeEY BRI BhEPYeEin "be particularly reduced if the conparison
m xerso5 14 , 5 16 are i dentical conponents and they are physically |ocated
close to ot her. nal at e out ction unit 418
s ot ov b SRS PO een St ik S deliirae b araRa b &

| ow- pass obhesnalsaepeiféd frem tHS4atelliteeark dvthaas dingemidtanobnd Wﬁpt propéréon 434

effectively, tinme- vera i nte t t he enerateaﬁ
Subt et | BhE s BTEaEs Byt A i pe b Bmerrat: al e SRR tre
| ongt er m phased array antenna element may be exactly aligned with the recelved 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.



(low frequency) trend. Short termoscillations in the signal generated by
the subtraction unit 518 may be caused by the statistically short period of
ti me thatwohelmgiogtsal recei ved at each of the el enents r @CaUGE2009056880
different data synbol. A non-zero outjiut of the |ow pass control |oop
filter 434 provides an indication that the phase alignnent of the |ocal
oscillator 508 is not optimal as there is a crosscontam nation between the
i n- phase gndisqléashndihed ehthaDs, congreanitthsh gnabsetefmmhesli tgradhod) dfhike out put

of the | ow pass control I filter 434 j s used as, a ase shj .control

o it 5B BRED sRRBLE T s Betdugheber tik ¥ e E RaBind ATRE 69 lyhibitSS

quadr at ur eplrastearsatsdior) 26t vlcatversadfl Brdeh th savezginer\eslitasofttind@ sighaise shi ft
contrq% s&&n?l.%$5 causes, the rel ati ve phase of the |ocal oscillator 508 to
be adjust Aretige MY P& dReMRs UVEERRSE™ he val ue of the phase shift control
signal 535 if possible. If the phase shlft control signal 535 is zero, the
rel ati ve phase .of ,the | ocal ator 508 is not adjusted. Thi ase
fecaback Biin D atavesa g ot efbnatiBhahar it PO BHEaRE L3RR oor ed as
a pha\i{e ?bt@jﬁcﬂl‘ﬁ@to drther aMisstlirh biet qmltwéuaderarohayrherpmeema@@nedmtehﬁa paiesi dered
as a o]

he phase fee system ca on5|d d as a plurality of
Costas. LogH HEpMREY & HITRLY 4T PrSE Ggoy GHENT SRORE S TWHal “pr ovi ded on 1 he
out puto buses Ut and Qout nmay be a conposite signal of a subset of the
out put sigpals of th Jn t he ed, a nt e system
For Pexanp BS preslapBirenpust F w7a S s e priedtu s S5p AhoBmESpEhinos, o
Ireg| on of Eacrpblélﬁfé?ﬂt a001aig peeMisNeh hanep bord 1@t)gehdeﬁb§§hsrmatcﬁossafolﬁe@g: e
OW pass rol 1 oo row e e el enent,
for Branpiigol Qe oy B eaERBr NS PaBl 94 pbnedanbREs w0Bhedd faca T or
alhl of thﬁp@lltﬁﬂ@rﬁl'sﬁe@ﬂc ?t@ia&emuwunwsm)megamqnﬂm onhfﬁlé]calndlel%,ldefdifﬁhéignal
t hat 0] ifiers ssociated wth each o e e nts 500
are pivi eor HABT e BSER . FRIE e e Pucg Pr Tl Shga) OTF suc
embodi nrenusoaaheooetb SThé Aslmeogzl&t@mmeetede@iueeahtﬁmaemmaagmmdmeﬂ%si g\rln\zl S
experienc eac Y s have a reduced effect en
processed():'zéj@({%ﬁ”il H@pesdi'léﬁﬁ'lgs hPE?éé” b@go%po 5”2’55e| enents. In further
enbodi ments still the | ow pass control loop filter 534 may be a stand-al one
filter fo ach of 't e nts 00.1n further enbodinents stil t he phase
f eedback ERaREHE Ieh g troPRPas” B HORPE CORP PG Edes 10Mbar e t he
I n sigmal 1004thfdrhectiluny ¢itgremd avdcommohecddrosi gn@hnae t1bOBdi1e1mquo$i gnal to
identify ncorelatlon et we nal s,as ap indicatio
o oss- contaae SR EHRRUAAIEh TR as Ind Mot i APoolA SR PORS s o
t he i nput pahgoadheRRel 1000 Thesreldtive tahplikidesrand ablaﬂllytdetﬁct@j gyt X sndiot t he
same as, or_ close nposi te output signal of all of the

h to, .the.
el enent s, retcﬁe(ﬁrst'ﬂ%'g% lrégaﬂlogtqfé’ﬂggfaqioﬂe comuni cations signal received at

that elenent may be determined as sub-opti rral Once each elenment is aligned

it m uire hase relatlon e en t

osc Py of M bitd 1A Eah Bftolei S8 etmatsas Pdok By UG e rarB et 1
necessar yloadedPITE mdtsridl ot ahe oowes tsilel dltal ggourd pland, md@wtﬁtensluyzercmnst) el l ation
on the outpuyt _buses 5 rray antenna is assuned to be
smal | in F”%HSFFO el?%? @{QFW@%BW[@%SIFIE’%’F/ data synbol period. It will be
appreci ated that in other enbodinents the frequency of the local oscillator
may be se SO, as W conve t th ut SI 5 n_internediate
frequency B¢ gl e”t‘ﬁ ?1‘9@ i Sé’ﬁB% PHén é“”P 8%‘?‘6‘ 9%0' "&‘éﬁh AP e?o‘iﬂﬁ'i‘é‘gﬁ onto the
out puso busesofe2&ingdSBéveidrgth apat iredidet @ fddeqelermyﬁeotgmabmmsm‘@@meati ve of
a data sy

ol . For ex Ie,a+1a?Ng- data s aseﬁ% maybe
epr eqent BAhiark Senel 1B ang olating ket TBEeReRURT ey A A HedPY
fr equenCyadﬂmgﬁoueetnb@dmemfor(rd@)mrﬁﬂﬂub\gaétﬁhlgtef%ﬁbddIaltdﬁmbn neayg gbemetwm dered
as a sine e wth zero f di nrents work i nternedi ate
fr equencyoy\aﬁ%xqgiopallﬁr[ayl qqaé@%& é%w'ltx olf:ﬁt?uéf%mgnts on a panel ?cgbe 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 to associate waveguides

with the elements. However, embodiments of the invention using a hexagonal array



works in the sane way by adjusting the phase of the |ocal oscillator 508
such that the internedi ate frequency signal generated by an el enent

repr esentwotzhw/®aqe data synbol as the internedi ate fre@UeGBRO®IFoRSDS
generated by the other elenents as pr®Bvided on the output buses 528, 530.
The | ocal cillator 508 a first element na cked 1o the | ocal

osci ||t oPEIGOENEEEBEFANIRe (P YErIaTEe o RroocUEs HavEr i MBS Dl e, ¢ he

| ocal oschs lilasteated dOSgure 11h&/hd§1\lmlrtlﬁmﬁwgfdvﬁhr93h@§ben’£wt demitgee théphagee si gnal
j r.nedi at e

enerat or and si gnal litter, Each el epen a n
P F oquoncyPaakBdaRIL Pale! Fbrsbyi oblees Peain £ B8BHTLoen (abs Rotdh S of ¢ he
integrated circuits may have a crystal oscillator and the other integrated
ci rcui be ved to that crystal oscillator ure

et o 1y° SRRt RAOTSE OoY G GRbIBhe A0S0s SBATAT (e an

el enent Ofeq@w@dﬂ&ﬁ@dcf&bﬁayIc&:@t&vﬂlatcﬁsfﬁiMfﬁaémfyCﬂdﬂ@niltﬁecﬁafhoeaMdd.ﬁent of the
invention. In this enbodinent, the el enment conprises two receivers: an
X-receiver 602 for receiving signals that are polarised in an X direction;
and a Y-rasehywet indbdureart, t‘r@cmilmisng)oaiag@alestrbﬂneélly@bﬁnmé@robsmér inroas Y

di rection IS endi cyl ar t e X ction. Each of the receivers
602, 604 Hﬁ&h% L@?%4f§{81 eﬂﬁ@G?&@ b%%ggbé ed inrelation to Figure 4
or Figure 5, and the phase feedback elenents are not shown in Figure 6 to
aid clari eSS| in two cul ar. conponent s/ di mensi ons
can pr ovi (e griediess & bfh oo I TP R e PLHRG SEPAG: data. of ¢ he
phased array antenna system as dlscussed in nore detail below. In this
enbodi nent, eagh, of th i nput and out put ports are differential ports.
Figure 7 Shows EERAIELTCOUPTIS®S: recei ver 700 of an enbodi nent of the

i nvention. thatsumnﬁﬂn%cQV§¢mbm(]amaqglve signals that are polarised in the X
directjon d|n ceiver that is configured to receive signals
that ate polarﬁégﬁ FWégqéﬁiﬁﬂEﬁﬁon is not shown in Figure 7. The
receiver v00 |Ses¢|rcbhmanuojatdwmsr aaei ver 400 of Figure 4, and comon
conponent s thaE have a ready been described in relation to Figure 4 will

not be describ 8W3dﬁﬂwyhere As in Figure 4, the two output signals of the
guadr at ur e- phase IocaI osci |l | at or 702 are provided to mxers 704, 706 in
the X-rec bver 700. . In addltlonI y@ %EPUt signal s, are aIsPtBrOV|ded
to the co %é%%rﬁBF%HeWJ‘%“&?&S\Pé‘P %re CRB o\ %YPB Y7 aPHR O

C(ﬁnf i g mr) eg)céloogcﬂlemry@yﬁtmab&()j tdnat- 2areﬂ|tmtran$rﬁ|ﬁdd |andtrh@e|%éddirmreauea. h| n

t hi s enbodi nment rre rive anplifjers 708, 710 t couple the

i phase. THNBA isdapathn e abater B ath g BRGHE Y ES Bt RIS o1 gna

of the el EhBrfteciedcpravwjediecth vbrhproatisé bbividdn firnaré@siah iany. trabsenisgibin bi t

f ti ity i t t 20 and
Lo be el R S0t 2 e R B B o SRR o e
X and Y diréﬂ@his@ﬂ@nmaeein\/tﬁéPT&HEESLLIS&dtdlﬁklittcglel”&ybaﬂH(ng).tllnethlscﬁﬁﬁlﬁmjlmenput put

Si na on the ou t differen nt ive | if 708, 7
L0 of an e BlreRiCeEA B Ao B4 B9 Tenet O lgT Pt ArBaimsh e nponent
720 if theef@‘ehmltre@jegnialssnegemlba& aold B8t brears] ehersuitasle valeber m ned as
spurious as determ ned froma power |evel control signal as described

bel ow. Spurious output signals nmay be generated if the aerial associated

Wi Ejh t he Themmimeéd ud@hw@ndo@mmmd; @ha?H h@crem'e@edauaemgn%ledlfarrmm ﬂ:ei vi) ng
an rocessing an, e ctrona netic rom ou e ite
NS0t neCTRPRR SIS HRY FoBRS B GauSt IRt S AL o it bi 1 ed
if it30s nestestsd mekigirb® t he si gnal recelved at that element at that
polarity (X or Y direction) is below a threshold. This nay be the case if
the el ement 700 happens to be aligned with the satellite such that the

maj ority Ohe tdaa 2o gveltranemiicdesigadls,t handl Qrentrediihd & pod &ni pbesk and! i ne

}[Mh;{] It ge sﬂﬁ? tﬂtre[ %hoa%ﬁgkgwgggﬂ%:?ﬁﬁlph&a%ng QD Qaasslgenaﬁselﬁusl%%?ekd in |gurg 8rrent 730

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



Figure 5, a signal |evel feedback arrangenent of conponents 732 is al so
provi ded. The signal |evel feedback arrangenent 732 conprises first signal

| evel m xwo0 280A078econd signal |evel mxer 714, sunmmti @OTGHIPOVSNLS0716,
and anplifier 718, and is configured #o provide a feedback signal
representative of the signal strength/level of the signal received at the
element. First signal level mxer 712 is configured to nultiply the

quadr at ur Ehe haserciosaranen efriédeigabepmibssibg Mot 8sponed re@nlabbontﬁQOCOWDOSi te

f th d t f t t put | f | 1 f
ol et RO RIS TR SIF MR DB Rl oS BBt eeafil cout

shoul d beapdyas eeceiviegthe dafbn daar tbu/sa@hlalsa ald poved)rhehefeerdel frequeabies hat when
i nterf are wi t h, each .ot her, .and

mul tiplied together t nstructiv
Uher efor cSoRaY AL gneialee by SRaversv ourieds sRETER T Pisoriarcenuba S
stlrenglth gén@te(ﬂ!t)]ymlo@htrylpl%é@ﬂd%@hﬁmapllh%\aeh agitkecerttdl ¢cﬁ‘1|t|Q)(lle nbgmr ed to
multiply t in ase Cconpo nt of .the e ut put . si gna n by t
Compost & ebRtERed hF SHiBe, o UhABHAHM BN NECHUNS N Es thar ey AN I Ia 6 ( ne
el errelntis bdsnrtehedpbatseederarm aynt%l[eﬁéﬂoavﬁeyé'flﬁﬂ?éd;ﬂmtsysféhﬂ@ﬁlEQUﬁJsﬁéteUhle t wo
signal le 712, 714 are prov i ts to e su tjon
conponent AU e R0, ESReTnEErT 105 By 48R Tog oloRs MEBHETG o the
commm catubrertmtuceyﬂen\eaﬁd/&%bnw‘eacc&nr@illeﬁ 1® a8 Befarerze peher gdnevatingapat r ol
si gnal . The contrﬁ communj cati ons conponent 720 is configured to receive
the feedbHReAFYEEIUENCHS SI9NESi on to phase from the subtraction conponent
726 of the phase feedback arrangenment 730, and in relation to the

pomer/sig | evel n1the outp of the summ nt f the

P onal -1 o38p updsiaiae b enan petebiosdnd Me ST g &S FEROR P b1 6l
communi catna9nnaveamoneaherﬂaamduﬁtemnéne@uraad nbcthrmugﬁm&sorreusoénawsah@f t he
recel s in rder to eragte a sj resentatiyv a phase
Chittf5o BhSe i naeneb B b sea il S pstiore et Jamhae e
cogt roI coasmud mmﬁhar@m r@ﬂ{mgaem phaébd srrhyppahed 000, Ebeh rpbaelﬁﬂb(mr may panel
and provi Wt eri at put a ort 728 that is
cont | gur et TSR i Begenn PORReEr N oGt brBRoSith or ocher - phased
array antenna panels and/or a user interface. In sone enbodinents, the
control ¢ c nt, 720 nfi qured anal yse, t he

ot rengt - oF8 goagignbf o EENBEATGite S tathn ol S o P S AanBed Briné n°or
signabe r emeoarménashmmmm@iremeﬂewéxr@én byleptroesm‘ret wWhchpaaebe beg@lal cont r ol
signals, |n grde a i tg si n | s receive t, .t el ement .
The ver ghlehal A atsehaBiball PEHEdkirPlet hip el reTey ok e te v
anmpl i fi er pard8000.10he éarpélwoogusasupehmwnngowaywb& arsefibreqaiBnaor showmat t he
signals re ved at all of the e]enen are ro tded t differenti al
outpat budBEhe aBp pEmgt A T ELBPEh iRl emerefolBehave. equa
effect. In other enbodinents, the gain of the current drive anplifiers 708,
7 10 n pe, set the, c ntral ati.o anp ent 0in rder to

el 1 bes at B %6 PEOPHEE, BPrban GEIEHT |G antol bhEeaRgheT < OEraP st Bty ¢ he
el enent s Seahaiitat (SIGgNASICrec dhie pravidesoam e&'ivenegé SO\IeaVIemoamgGeame\t

i nfluence A the ¢ si.gnal on.the out put us al s eceived
ot ot nor - BrBnid CEATR AR S Radna st He S B8R of BIRS ATER P e | cal
osci | | at oprigi02rt Iréqmmaﬁdbdraib alldcﬁntmstelalaéhlp§thper@d¢ﬁfthbhaglcbh@ro@esﬁng ation of
the el ement can,si |f|c?ﬁ ﬁ E eﬁ{elatl ve to thﬁ(ﬁﬁtellite wi th which
17 contimiead iPomshtlon e Phised S aniensaganeh Gk “associ at ed phased
arrays@ntenna panel is attached turning, jolting, etc. The phase shift
signal that i | i to the | cal oscillator 702 be dat ed about

7. 800, 000057 fbe HEr AU ArPorTRATS POSgREM B TRRTon BralFe s Hious o
comuni cahBi o by abedtd @ caatandntitpeicbyamptdwing teheftitisraf obthetghased

i nvention,The qgnm%gﬁfatlons system conprises a phased array antenna panel

802 and at&n#" ¥%l1er 806 in communication with each other via a
fibre optic cable 816. The central controller 806 is also connected to a

gl 0ba£5 poisnl %he?le]rﬁb dYr%Eznemt(NGDEEICs 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



808, a conpass 810, nenory 812 and a visual display unit (CPU) 814. The
phased array antenna panel 802 conprises a control comruni cations conponent
804 whi chwD=0manf44qured to apply control signals to thePcirrGRGSe8880CI at ed
with the el ements of the panel 802 133 this enbodi ment the processing that

is require e the cont s is perforned entral
Cont rol | ebrasteeagaEERe e TE tleacwranore 2l Bk PauaoneTE st Be g or
initiall ybesrafiog8red, a map of the position of the el enments of the phased
array antenna panel 802 is generated and stored in nmenory 812. The nap
consi sts of a database of three-dinensional coordinates identifying the

| ocati on Bigueach shbws Benahatamy Sndstaénaérinb@dumenaofr efredeire e 2p0iasbocidtod exanpl e
a corner of, the has(% arra pane | n, addi ti t hr ee- di nen |gnal

coor di hat &8 & fi' dAEYa ‘?r@& ?yﬁt%ﬁﬁ?%?g'gﬁéo 8 SErResIneet
| ocati on @ednwdritiont %b@@f@ﬁur&@&\aﬁaﬁelhe%é es lrosdalstraicaad Figiee 7enianpl e,

the coordingtes of three corners of the panel 802 nmay be stored in nmenory
812 as thpgatie %’Sﬁf'ﬁ’%ﬂ'/]tdﬁg” t&tion of any el ement on the panel 802 to be

determ ned through use of linear interpolation. The initial values that are

vechani cal" BERPEAYS N ARS8 G RaR o PORE JSREl B9SCa SRR & usi ng

rul er 10 pr sighalabpresehtative anelhsthed 6ra1dt thelle s @03§@@ﬁhfﬁ1ir@&bm estwalenttheinpanel
802 For this regson the i | tial versi o[}yof t he %/erqbe referred to as

a "mechanP3ie AAY- Uty %%ee&O%BO‘E“tS ﬁamQBT'réq Je?ﬁé flogafs with

measur enepiegetziminge cpaes! can | ead to inaccuracies if the actual

i nst ant aneous nechani cal properties of the panel are different to the

t heoretical /nmeasured properties that are initially stored in nmenory 812.
The act uaBarmnéEa\nitlﬁ:wlhlclhrtb@ﬁhééei‘ﬁarﬁéy éhenmﬂeineaamerh@mgﬁ)memucéﬂerme for
exanpl e due .o thernal xpansi on and.contyacti on controller
506 hAS stenatrecS Remy BealieRbraPaauid G o didsetiien by S8RbET | | fe
with whi Cbodd cdnsprizeBfah gu-pRake andcH quadthied ehmcbotﬂtenémequenmyql@fcddbe
electroma iC Si ls that are sent to, and . received from

Satel | |t otamee st HhE sEReH e goRen oS ko REnghE 150k 60 %Bhe 4eRked mat i on
about theszhtemaél nﬂth@‘wtatnehesahaldd érea}ahﬂﬂ@gn&i\ﬁsyhteﬁﬂsartfdﬂ:ﬂalonltﬁé@reﬂ'&éd on about

t he Iocatlon t he sed rra n ane 00 as determ ned fromthe
@S comonth g OBREn AR el Es RaPEmiine of The Taieh edicas

di ff ez@ncevemufrslr@&es edceliver Kebmcarryoasfagaeé bthesisgrallites raee gtroageathah ge

di fferent el rrent phase can be cal cul ated using sinple
at horat | SGNSF Ao ARG b 0e ST Glfet 1y s 11 ustratod i Figure 1 A
val ue for the theoret| cal phase shift that should be applied to the |ocal
oscillato as |ate th.each t he phased a ant enna panel
505 i 5 af CHTROTRAME M tere s GRERckfle M malAnE Enedia Uy AR Aro 0 o
first sw tt@ha@dmcﬂrme r@cesm_\etq u§d1@mhﬁmlaél reambr o blectridtmpp viodesnao si gnal
to co cation onent 8 thetheo etical fts to
cach or 1 e b FRITBARE Bnpih Yo8RR e BirdabechRiereRt ot b
returned bhasmtdn@yrmlnmd spstemyloekst@npanpdesied8alite t he central controller
806, the original mechanical map of the position of elenments stored in

menory 812 is updated to nore accurately reflect the |ocation of the

el ement s ke deite! I’(]Sbmﬁdmfdaﬂﬁm§ bmnmem@memhf@irgmd Retridverfraexamepey if it
is deternjned .that the si ener at ed b ‘E%d O(i ? illator sgoci at ed
0130 34

with an elEn¥HHYS KBRS gllye, Bhs 60 248 5R0g4iS

det er g0 nedntlﬁ o édied r@@ehlael,l aml ampthetsélosdemyzomdlzoatt@ tHehptiaskfeedizickal

| ocation of the 15@ is actually 333 nmaway fromthe theoretical val ue,
and t he n‘é%'Ha‘?ﬂe<9§| pis updated with a corrected coordinate for that

el enent. The phase shift control signal is then determ ned based upon the

corrected ocatiop of the el enent ut omat i a the iniLtjal
oechant cinS RS hedbati FortneTaig 208 " Bheh ftisls SHeket Brogtrer 3
gener at i nghawn inefigarer, @ateptaldt tiod phdse feedidddkavenpohesl EI02NdfFigdrieci2 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



reflects what is really there as determned fromthe in situ operating
results. Use of the mechanical map which can be popul ated upon installation
enabl es two 28yt o unanbi guously identify and | ock oRCraRR@aS)Ssed
satellite. This is because the nmechamécal map enabl es the phase shift
applied t C t he | ocal osci tors to be|n|t|aII set,.so.as to focus
the. phasebE ALY BRMERRATS JspAResAnd o et o B ane SRBRRICNSS BhUP HHnA | s
recei ved Fnpuhekeiveggtpelementfipomn t he desired satellite to the excl usion
of other satellites transmtting at the same frequency. Subsequent use of
the electrical map which is maintained by a phase feedback arrangenent such
as a Cost @Be hropmas@ajrﬁtﬁmceddeemmt@\aepmmtol 8 cohosgitd in-phade To@pdhérm-of Noi se

t t tjified t.e t
any. ot haliec e RS AR eetH A e BERbIEo 2 Ul Forlo; FRFD Flbhani cal

pr opertl eqU@d/reruré pma&me@ﬁmt trmatebyuve@e@mpboatyeeltrlant.\mrtmelted =t i cal
t he s of eI ement s

In t map of
o aphi cal 1hS ARy IECT M Gadies g svislia14 T wotkRe Bamdidiedeer 1o
identify easmpcmdnemmaa\tvhehesmt/epaele'ti@susmﬂertnhed bea ebwedraaitput sigial esaepl e i f
an el enent ||s shown at ﬂiﬁi tgn that is cl Earl ||ncons| sten&ré%t t he
position B‘Ptt%'éréjf’ﬂ‘@P”SPte ﬁisénheai’)’at’r?& gRUIIRIG qagePaned % s faulty
or that thguel®nment is obscured fromthe signals being received by the
satellite. In this enbodi nent, a user can use a user interface (not shown)
associated wth the VDU 814 to manually inhibit an el enent that has been
i dentifi egingirlpr che' dhélgaﬁlrré phaseluniguktdde 1208 he spied vtaytheswimrté bed in
rel ation Fi%ﬁé n addition qr aIternatlvelg tCEe Ce(ﬂth controller
806 may afiY f‘-’caﬁﬁaﬁed%‘t'@ﬁ"?ﬂeﬁb Fhile drcaiyednsianalss Gor odidi G BrifRRous
resul ts i torhpéneneorthe @sbediedrsignasl, bgmi@hdvdrsal fikers 101, 1Ru6hespchivlly.i ng bel ow a
threshol d value, and can autonmatically inhibit the el enent responsive to
t hat termnation. In other enbodinents a map of the relative phase shifts
tggt are aptplsieeﬁbddmneﬁghe ]giﬁiqtléleo@dsea“fepES ﬁﬁ@}onbﬁ%@i@mmé ?ppneomh Futr&i_z in f
addition to ns , the 0 e coordinates of the locations o
el enent s. 99F s(g eéhﬁﬁ‘tﬁ]ﬂﬁ)ér%[é %?%S‘E%F%e ecei ved from i ndivi dual el enents
may be particularly susceptible to noise. In order to mnimse the effect

of noise, _t he ce tr t r 806 . s canfigyred t enerate a

o1 ane- of - Glalfes T8 arir tERsIle Hsoertnarstifed s T fEng GoamBHeT of ¢ he
el enepd s airtlilgienaf sixsy fphraeememstrecﬁuvasgoabs ntuesetddurpsngutdm Resatsizpas of the
el ement s as ih thﬁ}/r‘?\é\lﬁe‘c oca efd on the pla ne F Qe% t-fit. In such

embodi menPSY ZHYVRIE g ﬁétx QUEOGBUASI MRS {09 CBher manual Iy or
automatically, may not be considered when generati ng the pI ane- of - best fit
as these W th [esy Gener has tro i

rocor danc B Y felsiifa o steRn i GEER Mhastanb SeBRaTre PO oS BRAIY 1 1y o
el ement s amdtheatbsted sihraldd plemsieshiffedhyi 158 raxtmsarettle av elbmeh’e effects of noi se
when ?ﬂSi dering each elenent in isolation.Figure 9 shows schematically an

enbod nt of atransmtter 900 associated with an el enent of a phased
array ant Eryuee 9gshems d graphldf the vaipyeeof iegrhasbaionarot sighsisidftties etafhtan

enmbodi nent, of the inyentio a nents of rrespondi receiver
cirouit . BIOMeRIS FOATRS UEer A% VIBHCET Ve YONATS Siieryeraasd Ot QYRR APSARP ent ¢ he
trans ][n tt phass asc:rmno:] fe%@ﬁa@tastgusle ard1 e asteaok tcmmmtmelrttsmlla&)rst besacetel w&h ci( r cui) t
700 of Figure,7. T Q rat e @]
Component Hefatiad SemBr B e TR 1A% boild) Sbodl ol Sulb &bty | o
dat a pul smrslwm/@gadlé’mehlﬁtttqmeerothet hgnél@mem&edfatl thercgerB@its. F¥car bet hen
mxed with th osci || at 0. at mxers
005, 908 Fepied aNy. T i TR phosdaiey sB5ts nEvPsen G ot b o101 s
set in aceppdance with a phase control signal received from control

communi cati ons conponent 9 16. The phase val ue provided by the control

conmuni cati ons conponent 916 is determned froma receiver associated with
the sane FEigarent shbws tevpltas eshstsliatioh ahigrensta «f ¢ elesieat @REKNgatefoany of the

errbodggre nevol\(/)efs t[)vheer tllmnevepnltlaﬂy trﬁjee %ggllre%eanﬁrv%v%Torm is obscured by noise and

interference, and over time evolves into a clean pattern as the elements are aligned



The in-phase and quadrature phase conponent signals are provided to
variable anplifiers 912, 914 before being transmtted. The power |evel and
pol arity WO 20te0vaei abl e anplifiers 912, 914 can al so b@CI&tB206v/@es80r dance
with a signal |evel control signal reYei ved from control comunications
conponent , 9 for exa 5| nal .l evel control si described in
ol ot T on. Pb IR RlEE SRRl TORTAHAHESS FICTPRHERET B SVETITES Bhased
array ant gieasuretl ®pemy si2dor thelkahdtsmtibepaingatel | i te can be taken into account
when generating the "power level and polarity” signal, in particular by
anal ysis of corresponding received signals in the X and Y directions by the
c](c)nt L ol ﬁmnﬁrgm'amt ofans emmmmn?mﬁtelmen t®3kgn tht)rt eﬁmby@uss cohﬁt%llzﬂrdneslt ati ?n
of the_phased array, ant enna. el enent 900 can, be det throu se o
post {1 on BEbR (AR PRI BRI 42 QeRBbRcy BHIFEpaheaTReR e -
nor e det aitle Ibgalroskitthiopphase Fsi tgeraeti, th@@ﬁﬁrél@hoﬁ:Oﬂmnb@atdlemuméﬂ)mnent 916
is configured to, det erm ne mhathQOﬁErtloq H e signals receiyed fromthe
A e nastelRtigpd re

satel | it ePP% 3 QYRITSiULs RRGRS § SHEE% eNEIPYASE

recei ved fdedbadkwrangbrichi devivad &roma Cbﬁaé/Ldomm@mpleAﬁs theeesittt reme, the
phased array antenna el ement nay be exactly aligned with the received
signal such that 100% of the signal is received in the X direction and 0%

of theosi gngdmé smbedifievies aimaééwaﬂaﬁbmteﬁmd Ssteriactdraingtitian emtioﬂmt 0% of
the signal jis.received in the X (J{eCtlon}%Qﬂ 100% of th

nal
recei ved PhineHRveplign may e ROT9Urgd jostransm @fetvﬁaﬁ'gri%gé\('fig té"A‘?er t han
ahpre?ﬁt e1;;mqnedc§dsr esilﬂe#(dbnpmééizgfipeom%ebmeﬁbfid?nﬁﬂeanes hecesbe Xndiguesti on, .
t hen e u I.T1€er I NNl e uril n nsmSS| n, an
Vice vor sEmPROBIEGs TRSiant Sty SRmAns ot 1 hesE AroweATeA fae
di‘ recti onaging dxea deringg, mm&T@wa%ga&rgmeg b ﬁHiBZQ&E aracyra:rﬂénrssgﬁénentnal fvnt ﬁw
(0] a ase arra ant e ane aCcor odl nen (0] e
et oo s SRragT B D bl as B lphath g8 SR tadetat APaPTey of

phased ar fﬂp@@ﬂl@@@n@dmmtmd}mdg a time bo&‘Q%e@OﬂStbSthé ofculitep boar ds:
a top board 10 ovi ded on

ttom 0. Each el ene
FheDon phssh e ade el oY trae 0ok cORG v T e e BB 04 1606
printed osighaes ippemose teardbné leéerhopt Heasdddd Oyethed fanefpppiccihéfoos
Specific Int e%&at ed G rcrz@j&?sl C% 1002 nmounted on the underside of the top
board 1008YMFRECTEFYBRAES Ndi ~ant enna has four antennae 1004a, 1004b,
1006a20 1006b. The ASI C 1002 is connected to the antennae 1004a 1004b,
1006a, 1006b via ted-t oles in the to ch el enent
1005 has Potme SrBadinetist o SBa Pel Y aft i R e e RS For
recei vi ngphadeal @ngly émm@mﬂ ghentd s ds antnemma@oshﬂﬂ@aThmeﬁbrofcessung
transmtti rt hogonal

th d
an ST HASd B Dol S R Bytstviate anor BT arbwie e KhaaloRh gl ari ty
det ect ed biord b@wxn@ndto\éhraeg@awpalgomthdisaﬂét%r@lsroew cemiratdf apoppusedad bon. The

top b 8 is i r and conprises a top layer 1008a nade from
hi gh é‘ég Sﬁ%%&‘@f ?Choeﬂe'fnﬁ%t upper side of a ground plane, and a

bottom I ayer 1008b made from gl ass-fibre reinforced PTFE di el ectri c. The

el emrents 1001 are.s ed o Onm _he ona ss _than half
The oper ab MRS ST HvaRieR oo PRaPaIFs et BeptBobradiass 2iatr  ous

si de | obesantshinalpzarets gﬁneruabedhbyotf@lea@re@mmg qebfigcdf. pewamiaaxagQ@aé array
is a particul ar p adva ﬁnbodl ngqnt for IreduE9 L% t he gratl ng effect.

I n additi8F" ¢ ’B%% SF o‘r aée EY3Y GRK"Ng PREgIs SRR MesBepiRs e fdiante of t he
el emesd s oporathaamabaltom niwsumrdwa&@smmneaﬂemerﬁth |si<nedwseqoam%|ssd aWeyI st

mai nt ai ni n% acce bl e V\@ ton%PB uch as a suLO i Je|r|1t é

grating effERP PRAOWACTNES %{i}mﬁﬁ é%ﬁ 'Bé‘?{EPE “qaé&d aAR us 8"

rect angul aéarelcﬁmwmmurragamtont@a esized dnieesi Lot/ tdrgebisarativaly bavey agon des with
the elenents e invention using a hexagonal

ar r ayof ep%rﬁmﬁtesrsggﬂgrp%lf éqcﬁ'v?ﬁg’p&]grﬁl%ﬁ? fice of associating wavegui des with

the elements as illustrated in Figure 11, whilst further inproving the
el erregé dEnm%loEjﬁlne%fts %P%eplt}l%gr?tgon may provide a consensus of alignment of multiple
elements 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



array antenna panel thereby enabling a beam of maxi mumgain to be better
defined. In this enbodi nent, the hexagonal array can enabl e the phase
shifts t a0 2aroraqui red for each of the | ocal oscill at ®C3/GRR20E950830
efficiently determ ned and applied. A8 shown in Figure 11, the ASIC s 1002

are el ect on cal | nected together in ro b a ses 1114 on the
hders: Gebedeftia i) 'ﬁacﬁ?.mm%gteoﬁtaap'b[@6&%&%@9@%@%@?@l§r agd g
glomruniI cablgrafnneoffgambls@mm@bugmé mayBefohigaed td adusnics @Base&ﬂ@ﬁ&iﬂ:d éﬂLﬁceLved
at a, an| ta t e transmt conman at a us
and Pomers'gﬂgb?VPCﬁ*h%SCﬁ@?%ﬁse%éé?c'@F %Wﬁhé %?'%T‘%q?ﬁtéiésﬁaé’ cohiPGarad"t o gi ve
phase conbétleehangsigniaetéieed aciabt ogmicht atdthe dotypiishesf erdgmddulatéd 2p at

the transnm tted an cei frequencgi es within i.near portion, of the
ey ncs or Plobols Sy L Blets slobf ) SR sledih etk bofiob o Rty Sl ey
rﬁnge is aa@O(ﬁtﬁélgmfﬁS?mbﬂrWBE'B dh'ﬁﬁeﬁltynﬁfgj;ctﬁé@0tp@ﬂﬁghdl§ﬂﬁﬂﬁbﬁa}?ﬁsdﬂ@$@§ls ar ound
t he antenn oard 1008 at,.the. hi regue on the di erentia

e o co M e R o eoramir Rt i e i s Mesah, |t hi o

enbodi nent, the reference frequenC|es are ftc/64 and fRc/ 64, although in
other enbpdipents the ref e uenC| e nd fRe/,8, or any
other o Rl SptSabiufed hen oo At ey Ja R eek, e BA & M2k Ve
data 0 gna.lnmdufneafsdonheqwerrﬁsmad tie0u§d@iewm06ﬂfé$lrﬁ(ﬁju$altlgﬁ%lnﬁ mlultiplaxieig Qout  on
different&ﬁ} data buses 528 33%P|IIustrated in Fi 5. The, dgta to be

transmit t RENSIHES S PR &R BRI PGVt ifeus iﬁ’ht SEHRE"EadarAt ure
pﬂasg corrpm@mb ksthaft Ltsleeortcrh@gbaagriﬂb@m]dﬁdusus@nal mulmblbuagra(owmc%n Ej/gure 9.
The data buses 1114 o oar 08 are in_ turn connected to

bot t om bodf! ti@%%‘SBWQa%’é'PQif?prfa%.ﬂdfﬁre’b‘iﬂ REtWB R Kot P21 r‘%ﬁ‘?&’tedre\ﬁn dovvn a
si de wal | egéh élbmeptanel 1000. The bottom board 10 10 carries signa

proceiii ng 10 18, power regulation 1020, frequency synthesis 1026 and

interflace 1024 circuits that are configured to send and/or receive the data
on data buse&r 34 babichehsler. thd heenttinedesotised dieye eneingseraegable satas st

generated. b qg uency . nthes*s QLrCU|t 1%%? in accor ance With a signal
generat ed ”béa & UIRY PaTOT BT eI AP LIRS I BPRPICRIQRESNY %V'E%ﬁfjp 135cBdntrol | er
104 il | usyemdredburpods processor ok lp@cfrb)lqﬂjrmeprm!wr tdtgetapéigﬁadar@crdsayr ant enna
is connected to the c n1106 as

1
o BT Oet o & P SRR hA e <Jite histeSing pacral S SNl et ho
cl ockad r egusegray itofwilt hiss famfreeueledl thasyat emn@mé/r Oprogexi I folr cmrtgmuhgh es 104 as

a reference when n ratln refer c? guen th Si naI e upper
e of ot RRolE M BE P Kb aatats d o T rABERr e ToHBhY SseBe4056  ray
hﬁve go cmﬁmmenémoamuabad syﬁtemeigangwbewasi%was@mt bDﬂhe$)res'Eifnt B]fvemtabi eskt he
phased ar ant e ane 1010 to seal e ri phe ramewor k 1016
e eont el Pe-smartal B3R mias hpRTeR gt e Hacl oo S ENER panel
100]9 maK baree lﬁB@e’]S)bfeﬁ:It cf)degldogwd(ijlb@Cpcgeﬂehteﬂpﬁ&@d%delr@ley:uta@leacddeasﬂaticarL i age
roof . e nel 1100 has i i V] at.a connections ot ,.shown) to the
CPU, icﬁg dy RAMIG 9981 A ﬁ‘eéh‘&/\ﬂ] hPﬁ”ﬁ*\’“@ﬁP%s Day Pg '%‘PERW%‘&%J]W”%PYcal

fi breﬁ V\hsm]patﬂmwghelimél Rﬂ\blek/ell eﬁ@tchoa@rldear\esmramhpmeai aiyd/semtegrdtad olughdt he
peripheral framework 10 16 of t anel 1 00 i s,supplie
Rt Denap B gasPes e 106  Far vBnarsig et diah Basubrvisedt ool £y
seal ed t hBasgh JAWA, pﬁeﬁm@h%abmbryala&gwgle t3tBine l0cddé handesd estihreAtskilbown i n

Fi gures 10 and 11, , the ASI 100 e Silicon-,CGermani ASI C s.
Th|gs pr ovPgE&an é’Y-,OU;JﬂjV qﬂll 8(?&%”% er@alqumdmter in its mos gegnere?egen

30 encompasses programmable devices such as referred to 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),



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 performthe

| ogi cal pwoceswiong2required for inplenentation of the plraFTaB200vEY88aNt enna
panel 1000. Use of a SiGe ASIC accordi9ng to enbodi nents of the invention
enables a single ASIC to be used for each el enment thereb rovin the

o 1161 encgoURTHk: BAACEE BFdEy MaATERpl6gTENP. [T QBRI MEMSBHF LA

ASIC s magnshg variovs §pds boDigaalsVerghtie BiskNBVD) saBscridenide gy esbdute, e, or m

[ d t d the oth f f
o1 ocessi nePAGR SPIFEREIR TRTAG. dAPAOTL i PG SaAPLr wookes Bolf gl

provi depr agirt€ ambadiéa i &@Qﬁ)mrﬁurﬁleétrMS(bfﬁedmﬁ lkagh Bg ah Resctrayiogignaf, rameponent s
on the toF board 1008. Fl ure éZ shows schenat%c Igé anoth& enboplnent of
a recel velISHEY S&GE| E@(?)é icaln CRIMBheYRVe T “%h B dPPE9 dht 8AfRa system
accordingeh@gﬁmdeﬂbgdeagﬂtme&wéﬁﬁtmmm&mbion. Those features that are the
sane as those illustrated in Figure 7 will not be described in detail here.
In this enbodi ment, the phase feedback conponent 1202 is configured to
provi de a signal representative of whether or not there is
cross-contam nati on between the inphase and quadrature phase conponents by
conparing received signals with predeterm ned codes. Satellites with which
t he phased array antenna el enent 1200 can comruni cate are configured to
transmt a regularly repeating code unique to that satellite. The uni que
code conprises an in-phase and a quadrature phase conponent. The uni que
codes can be used by the phased array antenna to identify, and |ock on to,
a desired satellite. In this way the phased array antenna system can focus
on the desired satellite to the exclusion of all other satellites
transmtting on the sane frequency, even if signals received fromany of
those other satellites are stronger than the signals received fromthe
desired satellite. In enbodinments that receive signals that include the
regularly repeating unique code, it may not be necessary to use a
mechani cal map or an electrical map to | ock-on to the desired frequency,

al t hough doi ng so can increase the speed with which the phased array
antenna system | ocks-on to the desired satellite. The control

comuni cati ons conponent 1204 is configured to retrieve fromnenory the
uni que i n-phase and quadrature phase codes 1206, 1208 that are associ ated
with the desired satellite, and apply these codes 1206, 1208 to the phase
f eedback conponent 1202. The phase feedback conponent 1202 is simlar to

t he feedback arrangenent 730 shown in Figure 7, except that the phase

f eedback conponent 1202 of Figure 12 is configured to apply the unique
codes 1206, 1208 to correlators associated with each branch of the phase

f eedback conponent 1202 to determine if there is any crosscorrel ation

bet ween the in-phase and quadrature phase conponents of the signal X nput
received at the elenent 1200. The in-phase uni que code 1206 is applied to
t he conposite in-phase conponent of the received signals |lout by a
transversal filter 1210, and is also applied to the quadrature phase
conponent of the received signal Q by a transversal filter 1212. The
outputs of these two transversal filters 1210, 1212 are provided to a

mul tiplier conponent 1218 where any correlation is identified by a non-zero
out put signal of the nultiplier conponent 121 8 in the sanme way as the

mul tiplier conponent 5 16 of Figure 5. Simlarly, the quadrature phase

uni que code 1208 is applied to the conposite quadrature phase conponent of
the received signals Qout and the in-phase conponent of the received signal
In by transversal filters 1214, 1216 respectively. In this enbodi ment the
uni que codes are 128 bits long, and it will be appreciated that



codes of other bit lengths could also be used. Figures 13 and 14 illustrate
the results obtai ned when perform ng a conputer sinulation of sixty four

el enent s/weceinmwr4&2500 as illustrated in Figure 5. ResulPC3/GB2009%0013D880Shown
for eight of the sixty four receivers#in order to aid clarity. Initially
the sinulation starts with zero phaaﬁ ﬁ@%ft bet ween the el enent

oscillators, and the desired signal ANBase shifted by p/5 radi ans between
el enents. Figure 13 shows a graph of the voltage of the phase contro

signals of the e| I nst tine. As the received signals are
aver aged out 06@ W§($3ﬁﬁ éﬁﬁ 2FP6¥Q?@Q&85@Q&§96ﬁ59§gare fed back
to the Iocratkrr@s@rdrltabl@frgar@ﬁt@oﬁmlmlysdwevmxphaééra)mpswem cfunlocallcripntignalt he
indivi% bé hase c ntrg nal s g arate or ﬁ acco unt for thE /5 radi an
shift qURdralyrg PRpse FUBRIRAEHOAN Prigal ARy F@”ap@ 9eRRMR3 LBRY f r om

Fi gure 13conrthesighdi vi dual phase control signals have separated out after
170nms. Figure 14 shows how the constellation alignnment of the desired QPSK
wavef orm evol ves over tine. Initially the desired QPSK waveformis obscured
by noi se and ir\h@Iérﬂér&ma,pham AvBrarttériag, teaismenticomprising lgaspat t ern as

th I I t h trol I Th | -t
i o | PR £ 060N U UMW e G ByPeRE e 200 o

const &b | asigpal byahdinsphakbeompbadrit@nadbxthtl eltporsignat @ngdrerdtatippasé 0 al i gn
with the cons Ensus constellation is brought about by phase adjustnent of
the el enef?"fo5&9Maloscilator. The adjustment of the |ocal oscillator phase
is the action, the correlation of the |ocal denodul ated inphase and

quadratur pha n he constellatio measur ed hase
oatback i f anBBAETETET7 Db B 2 Re A asBne PRRSeSaTrDl SO i he
result. | gers@a@da@bmlmﬁen@me bétweba sedptaise aynidltskjhabgenesdtedbpaphask ng to an

enbodi the inventio be c nflgur tran d receive

T onals nhatng Hek BB s Lartainte e, PidhpirBatt CREL Faor vadband

i nternet gewested blyra shaeh traohegcirRittascédmgsd gaah 2. recei ved by el ements of a
phased array antenna panel acting as a receiver, and the signals
transmtted by a phased array antenna panel acting as a transmtter, may be
both phase. al i ghedienast daamrh@&dariybr@edfa:idimabwe, whgrgintteerppssdl |y al i gned by
i ntroduci a ti.ne. del ¥ < onent into the circuitry associated with each
el ement . %NQQﬂ%“&éﬁ%? 58 Rent may be introduced before signals from
nore phan one el ement are added together, for exanple before summati on
conmponent 208 Fi I n.some enbod t he ention, the

T outt 'y Sassothepletitnf pficonii Braeh pao ) S8 Mmhleh WiErd) R pane

shoul d beoatpuiiigral &sa parsehflseof olitpat sigsals geeeatsibybnshwudte hetheer f or med

centrally soft e and/or firmvare where possible as it is nore
convenien?Bﬁﬁngﬂgw%%p%ﬁV QF@XFP%ﬁH@ that are stored centrally as opposed to

on ASIC s associated with each el enent. Enbodi nents of the invention can
enabl e_| ess acc teI manuf act ur ed phase ten Is t o.be used
Chat 571 6P accotriare A Mg cpuyBE R e B R U RN ot ur e
phased ar swonarahfsmnaemm@c@rﬁngumtqum&o’tﬂmﬁ@trbaB@aBptﬁB firdteoreti cal or
measur ed dlﬁtanch bet wee eneqtﬁ S reﬂ# ﬁéf array anbgﬁna panel s
accor di ng?P' 6" ehBEE" ?ﬂ”%prI?I”%‘éorIr e PE %InCOQII%‘&I qRRVIAG PSRy beam of
maxi num gagn?Imtfceqaled@swrﬁdrtrdgba:oaﬂmrrﬁ@’trbas sighalitd ej’rm'éa firel eredaa?ted upon
araneters of signa eceiyed at t nts. odi of .t he
Paventi onoHayt St Aot whEEEEE e ate brParukakta s MRcr i e Prsiteht s i n
phasego ar rsaadj@mmmmapswxmemamasg cantpdl rgdbl geneedted bpae etehadk bog@rding cui t s
such as st as RS g g | ocked | oops or nth power |oops. A signal naybe
generated‘%?ﬁﬁoqe()aagﬁgﬁ 2Pte of a plurality of denpdul ated signals, and
t he pIuraIrty of phase tracking circuits nay be configured to adjust the
phase of u gut Si naI of Ioca# osci | $ % zsgc iated with e elenents
based on mII} t?é'ie\X/@é‘IF”Pﬁé’ aigHECedIRg SRl dudher cREPIENA A Yand t he
conposi t ec@ﬁpdir’fwt dmd&éd&ﬁnﬁdone or more of the first or second antenna elements,

35 wherein the one or more delay components are configured to temporally align the

output signals of the first and second antenna elements.



signals such that the output signal (s) of the elenents are brought into
conformty with each other. This may invol ve phase aligning the output

si gnal s ovothw/doosal oscillators with the phase of commeoirca20@sossgnal s
received at those elenents. It will b#g appreciated that the invention is
not limt d to C§b€%¥ystens nd t at enbo %rnents t.he |nventrqp can be
used V\,ith ot hef " SaArsH aatn ?%PF&Q? B9 FRERNFIRE ONRYT AR e Ranpl e, t he

i nvent i onthmyurbmy@seebomtahtemamumm arerfertisar sbeigurédadchibst the t hogonal

frequency: on multi si nul t aneousl y. nmeasuring the
bhase. dr ? FoMBLo faaesaR i Shebeh Anis sl epenash B TEERSH® | noof ar
as enbodi apoiver R ecltdaatroirimat.i on descri bed above are inplenentable, at |east
in par%, using a software-controll ed programmabl e processi ng devi ce such as
a genetral purpose processor or special-purposes processor, digital signal
processor 9. m CThpRaR|IOfay dlerdhlve tlapfh ep\ﬁﬁérbmghéiﬁwéérﬂevél@bﬂtrcms@@tessi ng
apparatus_or conputer systemit w . appreciate onput er program
FoF Cont | [ ASREON BT BT AREE HS tiypeestatyh BLp Someagontiivesh B8 S eront  t he
f or egoi ngsigesiar tHae dedoridrmtshnadiradratans tencutpytsighians & tengtheagmdnas an aspect
of the present |nven ion. The conputer program nmay be enbodi ed as any

suitabl e EUFBBPCMEAE: such as source code, object code, conpiled code,
i nterpgeted code, execut abl e code, static code, dynanic code, and the IiKke.

The instr t|o e |npl nment d us tabI h- | ev
Cowe | vel Tob) e Daselariay nATeaay cotopgt FB SreRn fie BHEPEI @ Mbgr anmi ng
| anguage, o8aI6hmas: & thd¥econd ahﬁa,nnBéﬁinCéntd:’@febonﬁ@Iré@b) béasibaed Vi sual BASI C,

JAVA, Act X hj d f th. A skilled
e oo SR P e BTl ol TR e RGBT Dt & oat bener al

sense enconpasses programmabl e devi ces such as referred to above, and data
procegsi ng, appa s and conputer systens.. Sujtahl t he caonputer program
et 88 eabn a b phseed Hed AT oAy pREediad et s P TPGEPE Zarp! & ¢ he
carrier rrerérrwny OEfigQ AN isee BBITOINYtes 28HBVIABY @itheatio b taetiksabhe seasida,
erasabl e or nop-erasable nedia, witeable or re-witeable nedia, digital or
anal og nef8egen ﬁard di sk, floppy disk, Conpact Di sk Read Only Menory
(CD-ROM, Conpany Di sk Recordable (CD-R), Conpact Disk Rewriteable

(CD-RW, optica k, fmagnetic ngg a t cal ned a vabl e
ooy cartts ofnapaied By eE T g a e ASEtnFES stttV

subscep bewith dectt offtye mduh@sectoaﬁante‘nas eintentsS alel iditiallyajeeinnazdrdancd With conmput er
program may be su oma renote source enbodied in the conmunications

1 ed
medi um subtys&@! g §m889F®ﬁﬂ@a§r HGY aNGN% frequency carrier wave or
opti cal carrrer maves Such carrier media are al so envi saged as aspects of
t he presen CLAINS 1. Al eIe nt of phased arra tenna t he
cl oot - cdfpr | SR BN oGy ki RGBT T Bt eon it MY ran I ERERy | he
i n- phase em@mtntméam dfaafirstariddcosd gnehndgletizatspraddabieddn phase
conpo t er nal OUFBPt signal to generate a phase control signal

2. Anggleﬁﬁﬁ9n%?m§h$ﬂﬁ§§dmﬁ Wit enna, the el ement conprising a phase

tracking circuit configured to nultlply t he quadrature conmponent of a | ocal

out put sr e in-phas onent o er ut si naI to
qonbrat o Monadte bieGiTay Afeans B onie e TS 1 el B dEn: enna,
V\ﬂer eint be)cletsm eom@utemb calcgrgad a p&ngﬁiﬂbéﬁtfmbrﬁﬁe I:ditﬁdldatbfs Qir&inﬁl]?erblat V\ﬁen t he
ase contro ener at e a e .tracki circuit con ure
P eor di nottegresa ol Seast Rebnaya SeBAt oy EPaurey@ el teaniny obihace
tracksmg contellable dscitutdi todribg itdhtailing Rith 4he dibec-ei-eesefit. according to any one
of clains 1 to 3, wherein the phase tracking circuit is a Costas |oop. 5.
The el ement of according to any one of clains 1 to 4, wherein the external
15. The phased array antenna of any preceding claim, comprising one or more

phased array antenna panels.

35 16. A vehicle comprising a phased array antenna according to any one of claims
1 to 15.



out put signal is a consensus of output signals generated by one or nore
further elenents of the phased array antenna. 6. A phased array antenna
conpri si nyoaofo/azt42ant enna el enent and a plurality of secomBamEnssa

el ements configured to receive commum2cati on signals, the first antenna

el ement c rising, a, control|able oscillator confjgured._t ovi de an
Sutut s oo | Rl e SO RS oi font bR Al P S it Rl S ar'm a
first el egeniendditdpiaset @ral aardnieesimthehritgii aRRalaff tid¢ondislignié si gnal  of
the controllable oscjllator is ad%ﬁstable responsi ye to a phase control

si gnal  geRRFIRIUAS BSPCLR MEHRRM CORLLR 7 15 S SOTRIN Y 'OB?S'QT‘%{R "M&o 5. 7.

The phasefirsaglemgneaiteutsignafl, tieiogeemiphging! ai m further conprising a del ay
conponent associated wt

h one or, nore of the fiyst or second antenna
Sl omon o, ahor GPTFTEINS BRI conBr e b mubninadhs e comPenietat o
t Ierrpor al | ycall dﬁ@mtﬁ@aamytmubusdjrgmé ﬁha:s‘efddnﬁ)ofnbmsdf ag@it@@@ﬂtbu&ﬁ@ﬁ&lna
el enents. 8. , The ased array antenna o n recedin, ai.m . wherei n one or
oo or -t A opBRRS Taf St Gbenar SR 2ol B98P ndlReS gur od
such t hat cémporientbivarderaémaldyypiit sijnghal s of the second el enents are given a
wei ghting in response to, a r level control, signal. 9. The phased array
ant enna of c|aﬁﬁﬁgmgﬁhﬁPa?%ﬁﬁﬁﬁaB%wwﬁ&$%£8?n%%ﬁ@#@Fh%Fﬁﬁ%FaQ%r a second
ant enn@ ebsdiiRdr dsSodigtpd &R Metirsvanteinatel6BMan reponsetone phadecanttbput  si gnal
of that sec&ad antenna el enment and the output signals of the other second

antenna ef'@8@&nts. 10. The phased array antenna of claim8 or claim9,
wherein the output signals of one or nore of the second antenna el enents

are configyred_to be inhibit esponsi ve. to, t he power |evel .control signal
Snti syt nata: TP gl Ol ppim il BRI EAD B BH 9508 86t ng
claim f uriobesf the it besdgna anRADs ¢leamntd ig Wit td ensdovsly Ligotd aabes

second el enents. 12. The phased array

associated wth_ each of the first an

ant enh OFQEW§PHEE%F§ﬁH8ngﬂuiﬂﬁe%ﬁﬁgﬂpﬂg§es associated with each of the
first and second antenna el enents are initially set in accordance with
physi cal operties of the. sed array. antenna.. 13. The phased array

P onna of oot arhe et dteBi 737 clth B AR R B8 ot BSi8d 8 30Ma e i t h
each of t heelfdohgbl sigitl epeaseataing enadegroe BRodriclation adyewst fdoutputrsigiadbnse to

t he phase control, signal 14.t The @hgsedlar{$¥ ntennadoftan one of clains
11 to 13, °F¥P$900F 2RBHPR el AnpPYRHEE gL 8HE glIFE 5o B AN Fat e a

pl anez®f - blegienfd.t for the coordi nates, and wherein the phase control signal
conprises a signal that is configured to set the phase of the controll able
oscillator to bring it into line with the plane-of-best-fit. 15. The phased
array anteona The aryhoareCithng, taemong@idmigi seittihng coneigittingrobe appkised arr ay

antenna p |s.. 16.. A vehicle c rising a ased array antenna according
fo' any. o B Suief sighy F feiesBon? Bonds b Rar oL Rerorparie Shhade of
cont r ol | aldspomsciolthapowerdéver contrd kigaat enna el ement of a phased array

anten&% wherein the output signal of the controllable oscillator is used to
frequéncy convert a received communi cations signal to forma first el enent
out put si gnal , Théeetretahad @&laira rtprar siairg 20 gartegradongisiag pitalsitngcbptseobndsi gnal by
mul tiplying the ﬂn- ase conanﬁnt of % “ocaklouhgyt shggﬁl q¥.the
quadr at ur 8"ERS ECREHHBABHRONSY ‘G CRNEF [vYP! GOBRIE FHEY EhAFEP I ti pl yi ng
t he quadrature conponent of a |ocal output signal by the in-phase conponent
of an external outpyt signal; adjusti the, phase of . the output signal
Gener at edzby - t RE® Bor Rk obe BELFIs e Lo BBRE P s I T | ¢ ot ant enna
el emegd i bodreivpes $esdcated @itplaseotibatirsd bn® sgdvald.elements in memory.

23. The method of claim 22, further comprising initially setting the coordinates
associated with each of the first and second antenna elements in accordance with
physical properties of the phased array antenna.
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18. The method of claim 17, further conprising del ayi ng output signals of

one or nore of the first or second antenna elenents in order to tenporally
al i gn thevouopuw7eizgnal s of the first and second ant enn&CElGBTeIS08809. The
met hod of claim 17 or claim 18, furth®r conprising generating a power |evel

control sjignal _representative_of a, deqr of correlation between an out put
signal of 22 selhnmemid aBR2 M SR o HOPHROTHSRARSUSING 108 of her second

ant enna etedreintes a2ocidibe witkebetlofahe Gifstbnd 3&contiwntdmae etdigits B Ng setting a
wei ghting to be aqglied to the.output signal of the second antenna el enent

for the cBisRANIH g BRASEFoPLg to the power |evel control signal. 2 1.

The nmethod of claim 19 or claim20, further conprising inhibiting the
second_antenna_gl enent, i.n respopse. to . the p r level control signal

sati 1y ngoa cTe BPRTEH of3sy SHRET Samscat Br ARy MBHeS NSl s 17 to 2 1.
further conpri salogatiigd plage-obbsslifinfir @ @vsdicatasemdw t h each of the first
and second elenentg in nenory. 23. The. hod of claim 22, further

Compri 51 ng i nt ER09 I Rept cET AErEUB Al AL e se ale fieRe &l T P L aERebr ¢ he
first andgeesated banieosiarotbigaestitatbmto dEiAE itaeo tfe With thedbiyss-oRbbespripperti es of
t he phased arrﬁé ant further

nna. 24. The nethod aof claim or cl.aim 23,
conpri sing adj ?ﬁeﬁbtﬁter‘?ga%eo%?’gﬁoﬁ%f@%@ CREvERTHT 8'8”%\'5%?{ '%8‘2{}{'98‘?3"5%6% rst and
secongb antherphase betiertbatrolableassemane td bridgneinfhreavithané pRinesif-gesatlfit. 25. The
met hod of any one of clainms 22 to 24, further conprising: calculating a
pl ane-of -best-fit for the coordi nates; and using the phase control signal
t o adj ust 26.he Acbaiputet ppdtsa comptiliag edcpink o8 comnplitegB@BBE§Hodrymt he
controllabﬂe o%ﬁilla.or.to bring it in}o Ikne Wt h thﬁlplanF-of-best-fit;
wher ei n t REMFRESE" CYNEI Y9 %PB‘?%?% WG e0a8 1 ILYREG CoPRAS'I@SBht i gured to
set the phasementinglemetiot metdraibheo asgond aitddimisa 7o 2Bgand/oritdtonfigure Wi th the
pl ane-of -best-fjt. 26. A conputer . programc ri.si machi ne or
conput r-?é’ga%ﬁd %rrﬁyr%?%a@@wﬁggp?r&go ?ffﬁ?%ﬁﬁﬁﬁaqg- phased array antenna
to generate control signals for inplenenting a method according to any one
of clainms, 17 to 25, and/or to configure a phased artray antenna as cl ai ned
" any ondTof & Gitie TBeHIgN oSG 2 oMb RO oGP 1A 28 comput ot
program according to claim26. 28. A carrier nmediumaccording to claim 27,
wherein sgjd carrier mediumis a one of . .the follow ng: solid-state nmenory;
et i ¢ Abmor o CoES KA P EdR FTa 71 ATaraR STBIB e FSOIBR 4 LR wr 1 &
CD; Bhw- r afthBXfckowirgin selldestateandrmoryi gaghsticrasthoryf CEREMC ighar veredtiisvave or
opti cal CgirsLI(IS\r/D%\fﬁDVD; read-write CD; Blu-ray Disk, an electronic signal; radio

frequency carrier wave or optical carrier wave.



