Met hod and Apparatus for Form ng a Beam FI ELD OF THE | NVENTI ON The present
invention relates generally to positioning systens and in particular to
subsyst erwof2ori/memei vi ng positioning signals. The i nventcomutan/doessn

devel oped primarily for form ng a beamfor receiving positioning signals in
a multipath environment and will be described hereinafter with reference to
this application. However, it will be appreciated that the invention is not
limted to this particular field of use. BACKGROUND OF THE | NVENTI ON Any

di scussion of the prior art throughout tHe specification should in no way
be considered as an adm ssion that such prior art is widely known or forns

posi 1 oning technol S Tegand FPEAtde sy Fotmiti s HEAM "' STonal”

takes to traverse froma signal source to the receiving device. |In nost
prior art applications, this neasurenent is taken by conparing the tinme at
whi ch a si gnalFIEEDS@NTHE INVENIEHQN ne at whi ch the sanme signal is received.
Common positioning systens such as GPS -use three or nore such signals and,
using trilateration, calculate an object's position. Since the neasurenent
cal cul ati ons ame gréseir- meéisioh irvletes Geiieddllyt o Sdsiiioaing | systemsmand lity pasicuiar ed t 0
ensure that t@ SCH8%§ gkdtﬁe gﬂﬁ;cesg%%sthe recei ver are properly
synchroni sed. ~ V?lpa Feter8oto the enomenon wher eby positioning
signals are reflected off other_ ohjects, sych as, walls and furniture. This
i s especial 'y THF PXEAR a5 %Fﬁne‘f'F(YFIIBEegdp’é‘H%‘?LiYoﬁ?ﬁefﬁf"?m%LPc e PPhd86HEE but is
al so a signi f ipoditiénify siphabini ymidltiphth edfirarmeasandswitihbeades¢ribed ihbreimgfter with
Sinmplisticall eaki refl ect si gnal s,take | o t. se froma
source to a ré@%@?@f?qgﬁégé 8??’3%?539?ﬁdmyﬁgaﬁ%@ﬂggggmggwfﬁgxﬁ%bgﬁfgnents.
Al so t he receiliweted gebis patiaflhs fidld efgissi gnal s origi nating fromthe sane
source, having different tim nginformation. Sone nobdern receivers use
selection algorithns to try to determ ne the nost appropriate signal to use
in position dBACKGRAUND OF-EMEINVENTEON| vers typically

10  Any discussion of the prior art throughbutv the specification should in no way be
considered as an admission that such prior art is widely known or forms part of the

common general knowledge in the field.

As is known in the art, positioning technologies generally operate by measuring the time
‘a signal takes to traverse from a signal source to the receiving device. In most prior art,
15 - applications, this measurement is 4taken by comparing the time at which a signal is sent
with the time at which the same signal is received. Common positioning systems such
as GPS .use three or more such signais and, using trilateration, caﬂculate an object’s
position. Since the measurement calculations are time-scnsiﬁve,_ a fourth signal is
commonly required to ensure that the clocks of the source and the receiver are properly -

20 synchronised.

Multipath refers to the phenomenon whereby positioning signals are reflected off other
objects, such _as- walls and furniture. This is especially prevalent in an enclosed
environment, such as iﬁdoors, but is also a significant probleni in built up areas, such as

_ in cities. Simplistically speaking, reflected signals take longer to traverse from a source

25 to %1 receiver, therefore affecting the accuracy of the measurements. Also the receiver

sees conflicting signals originating from the same source, having different timing



cannot differentiate nmultipath signals fromthe genuine positioning signals
to any high degree of accuracy. Also known in the art are phased arrays,
consi sti nyoab1zoogpber of antenna el ements that can be iPogiAt20102000839
controlled to direct a beam In a typical phased array, signals received at
each el enent are individually phase and gai n nmani pul at ed, the exact

mani pul ati on required depending on the direction of the beamrequired. The
resul ting phase and gain mani pul ated signals fromeach el ement are then
summed to obtain the desired direction of the beam There are three main
forms of phasgg,artay aBheMASH et 1s09a¥ron AlgofiltkRdo BB deREHROGe D)
sequential beam formng; and c) sinultaneous beamform ng. Fixed beam

form ng ant enmestanPEpsat sigaldo fpsiaPopiian dotPainatiPy n ERIVpvhIeHber BRSS! enent s
and can only difm8fdiffeReidte RARPAthRighals iHOG Be bduRjodioniE Figkald foeanghhighCt i on
of the beamis fixed, this type of antenna cannot be used individually to
track a nmovi ngeBrfare & ce in.a positioning system such a satellite in.a
GPS application. A fixed beamform ng antenna nust be used in conjunction
Wi th sonme neckdseilmarn iretinsrt arg Phtsed Fravheopuaite pba ifeber pharns dPBenis Bal ce.

Asi de from relifBl iidiNdia05Rsrdih ab AttedtQ bORY NERNPIER phhsedRERAN GRS

equi pnent, this nmechani cal novenent nust be coordi nat ed vmulgthodt hhe di rtecti on
in which the BE&HPT &t 58 elsmentrife sindiyigually, Phrseidpf i) "RBEFaLof"psteht i al
error. Sequentiagipubéantchairad degendivasadhadirayionnf tabesn umeirel. sTheeteaultigase and
gain circuitry,al Laehed .0 a6 Sheral, Lo RLMOLEHR: SEHHEN Al b

mul tiple direcCtions. Scréte circuit ry 1s required because each el enent
must be i ndt videhirgl diyectiompith¢ besg Theref ore, each el ement nust have access
to its own suite of electronics, such as phase shifters, variable gain
amplifiers, amteraasahieaimih formstof phassd graglastenndpardse fodeynt t he addi ti onal costs
arising for all the required discrete circuitry, and the problens
introduced in copt EQldde0d sdiy; Circuitry with the precision required, this
met hod i s severely constrai ned when. usedLn positioning systens because only

a single beam cay pe%ugniﬁgleb%grgqorgltmggaﬁ& me. As noted

c) simultaneous beam forming.

15 Fixed beam forming antenna arrays have a fixed phase relationship between the
elements and can only direct their beam in a single direction. Since the direction of the
beam is fixed, this type of antenﬁa cannot be used individually to track a moving signal . -
source in a positioning system, such a satellite in a GPS application. A fixed beam
forming antenna must be used in conjunction with some mechanical means to steer the

20 -beam to the transmission source. Aside from reliability issues related to long term use of

' mechanical equipment, this mechanical ‘fnovement must be coordinated with the

direction in which the beam is pointed. This adds an additional source of potential error.

Sequential beam forming phased arr:;y antennas use discrete phase and gain circuitry
attached to each element to form beams sequentially in multiple directions. Discrete
25 circuitry is required because each element must be individually controlled. Therefore,
each element must have access to its own suite of electronics, such as phase shifters,
variable gain amplifiers, and associated éontrol signals. Apart from the additional costs’
arising for all the required discrete circuiﬁy, and the problems introduced in controlling

this circuitry with the precision required, this method is severely constrained when used



above, positioning systenms such as GPS require the tracking of at |east
three signals, and to get the nbst accurate results these signals should be
tracked swoubtizmemusly. Sequential beam form ng phased acrayRosvoeogsber ef ore
not suitable for use in positioning systens because they cannot track nore
t han one signal sinultaneously. Sinultaneous beam form ng phased array
antennas are also widely in use. Traditional sinultaneous beam form ng
antennas use |arge arrays of elenents w_t;h conplex circuitry to

simul taneously formbeans in nmultiple directions. These arrays require RP

front ends ang, lg%r;tanﬁwh&salo zqrm&@w&raﬁl a‘aarbeaasdaedeaham Aameca very
conpl ex array of digit ic i e basebgﬁd tfﬁ)‘B me&g az rrent
si gnal s toget HEY® Pl‘ﬁ\éw%‘i“ﬁéys % SHSURBITe SiF, ragiige b deagtthosy dpmaly py ,

limt their use deo th/cembsﬂ adicgfhté mestund itbd GigBalt yshbuldl Bey trwaeahgsummdqscwsns of

el enents, for gx in.mlit applicati the,

conpl exi ty, pﬁ%"rﬁné’éﬁ’%ﬁﬁﬁﬂ“&% pg"’;a/edc?%g e g°§%ngs E%ael’rl]%forma m?’ ﬁ"%gomng
unsui t abl e § orsyuses bepaupothey camnotngclsylsteelm.onAdM thmeywsor posi tioni ng
systens using interferonic techniques, any line biases or group del ays

i ntroduced by Sihi@tahesug et Briifpaphaied @irap bnEGEs imaglyafthlélﬂﬁﬁ tide0 Mahditional

si mul t aneous bea form n t enna rays cannot_be tol.erate

errors nust b&TEEPT é’ﬁgﬁapmélg?l %n d"But St “The sfofél em %thé%lnnt]é %(gt re
posi tioni ng a@uunemmmul@nb@lshrdhmb@ms if mubnpiesdlwcmm fl"hwmaafhyswweéicﬁ as

these biases \M'olnl engp %&eﬂo—%é‘lﬁwohvéﬁw AEEIBment! Odnli aQ€ry c@ﬂglefé eappnent

tol erances. Agaln, es.traditional simultaneous beam form ng antenna
arrays unsuft z%ld@“ﬂdPgl%’éﬂFﬁ’afﬁbg‘H’ tgrcerbiar 3 throdsed siehys ipet e sl beStMVARY OF
THE | NVENTI O\Ipbtveﬂ Sondfingdp.eald @ft dfAc eHENimii heiehiké aNvdrp Logehncalimiony .

aneliorate at t ane, of, the_di sadvan prlor art

provide a usef ai‘]"f‘%f‘%gﬁd\’}egs fglelineén a%fr Slcm%”h}}a:g FPRlatiqRs: S%%%%n

i nvention to cizeatompirity,i gower b@awsptmrmﬂtcaﬂ@é@@wsyswmﬂ@katﬁqmmeﬁa%j ect
of the present; M;gﬁ%ﬁgg,ﬁ&ﬂ@gma single RF front end for sinultaneously
formng the mul tiple beans.I't is a further object of the present invention

Lo Torm rel,at Lyel IR EOUDecs, USLAg. el ahlHeltc! 258G, IVIRAER hsofleTents

‘group delays introduced by the large scale parallel processing of traditional simultaneous

beam forming antenna arrays cannot be tolerated. All these errors must be estimated and
calibrated out of the system for centimetre positioning accuracies to be achieved. This is
a non-trivial problem as these biases will change with circuit 'temperature, voltage, and
20 component tolerances. Again, this. makes traditional simultaneous beam forming

antenna arrays unsuitable for use in high precision positioning systems.

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome or ameliorate at least cne of ‘the
disadvantages of the prior art, or to provide a useful alternative.

- 25 Itis a further object of the present invention to create multiple beams simultaneously.

It is a further object of the present invention to use a single RF front end for

simultaneously forming the multiple beams.



m nimzing electronic conplexity. It is a further object of the present
invention to re-use standard positioning receiver conponents/| ogic bl ocks

t o reducewpaesrooc@asunpti on, cost and conplexity. It ispraTiAmnbivenossbj ect of
the present invention to provide a nethod of sinultaneously formng

mul tiple beans in different directions using relatively |arge nunbers of

el ements (generally nore than 32 el enents) for positioning systens, whist
obviating the need for conplicated circuigry and calibration. According to
an aspect of the invention, there is provided a device for form ng a beam

0}‘ anI anten ][la Iafsr@mirm&hgo_;&e\ét gﬁ ;&r@&h:}Jﬁbaﬁbna@ fH ﬁﬁﬂﬂelﬂh&ﬂ&yf iba.m:l Ngsindg |
plurality of spati y distributed el enents; a process or sel ect.jvely
swi t chi ng sai d°l&e & Bé’i“&%é (Pt gF%‘_‘["n%rﬂée{%’@B}S n'§°r§ t %f‘é?zmﬁlé?‘g?‘%: ‘?C’lﬂis%ai' d
first state, sahichishgeelemmosicasmplexinfi gured to receive an inconing signal
and a receiver operatively associated with said antenna array and said

processor for (ggnekahbNEh;ét e iR GRSE: SivaRh to R-deNGariRddlodsitoRiRl HeteflegNal
with a nodified referencé signal to generate a nlxed(gﬁgg@% and summ ng t he

m xed si gnal &oBPoRsMleRfhleskiiqTedicp BP VI FOrY Mg BT PO &1 {Mul at ed signal ,

wherein said reference signal is nodified prior to being mxed with said
recei ved si gnal issufinthethetiiecs af theamewmuipaintidn 3¢ gresdde jasmpthell eheimpltanspushhe

direction and (RGN tGEIOheldie il QAREGH dildBiRA0t BRRALBLAY  lafge CheRRP ¥ the
recei ver includes at |east one receive channel -having a cqrre] ator, wherein
the operat i ve clgepiiampally HPterhan? chiredim T RPHISPRESYHFYY iR oByatngdhe
correl ator. The.dBetalplivRebGiGiyahd edlibhéibyveen the antenna array and the
correlator is preferably provided by selectively nmanipul ating the phase

and/ or gal R Ofackiflink & & £BEPothOAMNntbl] HHPREANcRL SHICHE RRhaEkI0M BF L N an
el ement being swtched to the first state. The mani pul ati on or the phase

and/ or gai n | ST pRETEAHBY. phefeticeipedBg: r especti vel'y applying a phase and/ or

gain offset to the reference signal, wherei hgh . val ue of the phase and/or

gain offset is det %’Hﬁt‘ﬂ’éﬁa’i’aﬁ’}ﬁ@géﬁ%‘ﬁ%‘éy ?f%B?\’ %glsgﬁu‘tegglcﬁl Btent s bei ng

switched to the a processor for selectively switching said elements between first and second -
states wherein, in said first state, said elements are con.ﬁgured'to receive an incoming

15 signal; and

a receiver operatively associated with said antenna array and said processor for
generating a reference signal, mixing said incotnixig signal with a modified reference
.signal to generate a mixed signal and summing the mixed signal over a predetermined
period to generate an accumulated signal, wherein said reference si gnal is modified prior

20 to being mixed with said received signal such that said accumulated' signal is indicative

of the direction and magnitude of the beam of the antenna array.

Preferably, the receiver includes at least one receive channel having i correlator,
wherein the operative association with the antenna array is provided by the correlator.
The operative association between the antenna array and the correlator is preferably
25 provided by selectively manipulating the phase and/or gain of the reference signal in
substantial synchronisation with an element being switched to the first state. The
manipulation of the phase and/or gain is preferably achieved by respectively applying a
phase and/or gain offset toAthc reference signal, wherein the value of the phase and/or
gain offset is determined in depeﬁdence upon one of the elements being switched to the

30 . first state.



first state. Preferably, the correlator includes a carrier nunerical control
oscillator (NCO and the reference signal is synthesised in the carrier
NCO. The weal2am/mbosphe phase and/or gain offset is, in oreTAthomVoVEs3D,
determ ned by the processor in real tinme. Alternatively, the value of the
phase and/or gain offset is determned by retrieving a predeterm ned val ue
stored in a database that is accessible by the processor. Preferably, in
the first state, the elenent is active and in the second state, the el enent
is inactive. The elenents are preferably sw tched between the first and.
second st at.es pf e P RS RIMNEDuRE UL AR AINAREQI SETAUBCACTHHG KL
preferably selectively excludes one or nore elenents frombeing switched to
the first stardferemesizatlipppibetistd BBarrHeR¥tPon of the antenna array is
dynam call'y adjustable by swi tching one or nore elements to the second
state for the Teatvklne ofl tireapliagnamslor smindofifsat B imatneormpdiniagd . defPirained byght s ar e
preferably sw 0 ir r S '%ggr } eLd ;
wherein the \Q%E)c-%?sﬁge&r Betrailq_g'rr?g'pe‘ﬂt%%atﬁ@%@’l Iggsva%ﬁa%_)%lﬁe pr e%g{og %ﬁa?l nlé%‘ééﬂ *

i ntegrations péﬁtp@anedgmerﬁ@ﬁéas ¥ predofermined yalug pioreddria Aafekagt Bey iparcpsitleoRy
includes a pl WeahrbddedsoRf beam formng slots (B-slots). An elenment is .
preferably switched to the first state for the entire duration of the.
Bsiot. In ong QaBa0llRlnr AL o hdufih fSfiR1Mhh GHLE ochfl AGEARScIdmbRIPECT | Ve
accunul ator for stofing the incomng signal an erein each respective
accunul at or i $nanfivee dThgjclementsarqpyefietablycsviteliedrhshiresn dedfifst|and seogah st @ 2 he

m xed signal . Rustetiad qusdsh 1Bs ple@dtertideli sBqdfcd FERABBL JeRBERBS Exelhdes
dynami cal | ﬁ/ agj ust abl e such_t hat, one, q{p nore.el enents are sel ectively

excl uded f rOmPBEPTEC"S flepene fombeopg avitipd fo té?g‘isé‘?mﬁ'he el enents are
preferably spatially distributed in a three di nensional configuration such
that the devi @ecferably.fthy ennfearaton of therrateana amsy és dnppisaioafinstapledy SHEIRE  each
recei ver incl ygdes: méd bRhRnt 88 fleVc&hRainglss: @b Enivaeh@itidn @AGHdl e elalén
channel is adaptable to form-at |east one beam El enents swi'tched to the
second state &% %referably configured to be non-resonant such

The elements are preferably switched to the first state for a sub-integration period,

15 wherein the sub-integration period is less than the predetermined integration period.

Preferably, the predetermined integration period includes a plurality of beam forming
slots (B-slots). An element is preferably switched to the first state for the entire dmﬁon

of the B-slot.

In one embodiment, each B-slot is configured to access a respective accumulator for
20 storing the incoming signal and wherein each respective accumulator is mixed with the

modified reference signal to generate the mixed signal.

Preferably, each B-slot within an integration period is dynamically adjustable such that

one or more elements are selectively excluded from being switched to the first state.

The elements are preferably spatially distributed in a three dimensional configuration

25  such that the device can form beams in one or more dimensions.

Preferably, each receiver includes multiple receive channels and wherein each receive

channel is adaptable to form at least one beam.



that the effects of nutual -coupling are aneliorated. A propagation delay is
i ncurred between receiving the incomng signal and m xing the incom ng

si gnal , twe 2priapegati on del ay preferably bei ng account esdciravu2by/oded3ayi ng
the nodification of reference signal. According to an aspect of the
invention, there is provided a nmethod for formng a beam of an antenna
array, the nethod including the steps of: a) selectively switching
spatially distributed el enents of said ant enna array froma second state to
a first state, wherein, in said first state, said el enents are configured

L S & 20, GRS QB OB le lonl SRR kBl Sl BE RSeS| 0

said first state, an i ncom ng si ?.na .generating, in a correlator, a

ref erence si gribdt tiesffegpefimeytaalicoypling als amgliefatthconi ng signal ; d) applying, in
substantial synchronisation with said el enents being switched to said first
state, a predef piopidaeeh adlfysietindufred Bétdtednat@iviiChe Sicomivlg signaadahising theodi fi ed

reference signal; .e) .mxi sai d.i ncom i an: ] i oL

ref erence si grﬁclch?’%g %%né’iafit'ﬂgeg%fc’?ﬁg}%té? %l?aé' *g%?ﬁigg%%%%gﬁtgﬁkgt%%hgﬁ ghem' xed-
si gnal over s armedificatienedfireferepeersignal- t 0 create an accunul ated signal, wherein
said accumul ated signal is indicative of the direction and nmagnitude of

sai d beam of sgjcerdRtte B @&padtlofyhe BilekfonDISERE Hrobidbd OmethbiE faDESMIiNGEbsAm
preferred enbo imeqt of th'(gh i neé}legtixilc?]&n't{lgstgowf_be descri bed, by way of
exanpl e only, W't APBF 8FENEE 10 The acConpanyi fig draw ngs in which: FIG 1
Is a schematic viey of é&@ﬁsﬁ&mhﬁyﬂmﬁyw&i%m%mmﬁs BOSid h@GinRanELcei ver

according to one aspect o e Invention; FIG 2 is atim n(ﬂ di agram
showi ng t he r dfom jaoteetfdpstafe e firsBs@leo "delsiy if 152l fHEtetat $34h ClsBERS °F G 3
is a flow dpagdafigwedd tb Banse 8bacdonu@biyea for form ng beans according to one

b)  receiving, at said elements switched to said first state, an incoming signal;

c) generating, in a'corrclatqr, a reference signal for correlation with said
incoming signal;
d) appl);ing; in substantial synchronisation with said clcmeﬁts being
15 switched to said first state, a predetermined offset to said reference signal to create a
modified reference signal; ' .
e) mixing said incoming signal with said modified reference signal to cfeate
* a mixed signal; and ' '
fy | accumulating said mixed signal over an integration period to create an

20 acbumula_tcd signal, wherein said accumulated signal is indicative of the. direction and

magnitude of said beam of said antenna array
BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will now be described, by way of example
only, with reference to the accompénying drawings in which: _
25 FIG. 1 is a schematic view of an antenna array coupled with a positioning receiver o
according to one aspect of the invention; o _
FIG. 2 is a timing diagram showing the relationship between B-slots and the

integration period.



aspect of the invention; FIG 4, is a schematic view of a nodified

correl ator according to one aspect of the invention; and FI Gs. 5a and 5b
are schermi2o1vioaws of a two-antenna array accordi ng torpomaspa@oossef t he

i nvention. PREFERRED EMBODI MENT OF THE | NVENTI ON Syst em Overvi ew Accordi ng
to the invention, there is provided a device and nethod for formng a beam
of an antenna array in the direction of an incom ng positioning signal.
Since the direction of the source of the_positioning signal is

predeterm ned, the beam of the antenna array is forned in the direction of
the incoming PO$iGi 8Nl Deiow! EHRRIm of B bilhsSinllvdd Br BRalheGbarhRloldbGQ8 bRy
positioning signal while attenuating signals fromother directions, thereby
mtigating anyseeRvRfiedavedtitlcts of nultipath. Referring to Figure 1, a
device 102 for fras.MuNg asclmiit vizwadt atdbRfidtBconielalty atdoedinil@Sont epeandfahaa
array 104, which has a plurality of spatially distributed elenents 106. A
processor 108 F¥2EIuptEd to the antenna array 104 for sel ectively

swi tching, via 64 chesdbbare sthumadt eiewnbba dBarvemnaesy dcrerding snchesepwhnd
states in a pr@ﬁl%tigvrcn'icpned pattern wherein, in the first state, the elenents
are confi gurec? 0 recelve an incomng positioning signal and in the second
state elenents are configured to not receive incomng positioning signals.

A posi tioning ol i TSR ith the antenna array and
t he processor ﬂ%%%?a@?ﬁgﬁgﬁ#g@ﬁnce %F‘é%gfﬁ)%mnd is provided by

sel ectively mani pulating the phase and/or gain of the reference signal in
subst anti al sysg)ctg;l%irsv%gvi on with each elenent being switched to its
respective fir T¥State. "This creates a nmodi fied reference signal which is
then mxed with the received positioning signal tpo cre {qe a m xed signal-.
This mixed si gH5rding ‘?Wéhﬂ"éﬁ%‘l&n‘&?fﬁt‘%ﬂ°‘6€“é‘ra VisP %‘F‘%‘F LETREESPEP DN
period, suah tahahtehidearmagdnlthdldat@idn of gnmkorhiag ipadiieitg simabf Sitdeathddirddbn on and
magni t ude of tolg%ebeam of .t he

source of the positioning signal is predetermined, the beam of the antenna array is

formed in the direction of the incoming positioning signal, maximising the gain of that
7 incoming positioning signal while attenuating signals from other directions, thereby

mitigating any unwanted effects of multipath.

15 Rz'fen'ing to Figure 1, a device 102 for forming a beam in an antenna array includes the
_antenma array 104, which has a plurality of spatially distributed elements 106. A
proceésor 108 is coupled to the antenna array 104 for selectively switching, via S\Vitéhes
116, the elements 106 between first and second states in a predetermincd pattern

‘ wherein, in the first state, the elements are configured to receive an incoming positioning _
20 signal and in the second state elements are configured to not receive incoming

positioning signals.

A positioning receiver is operatively associated with the antenna array and thc processor
for generéting a reference signal, and is provided by selecﬁvely manipulating the phase
and/or gain of the reference signal in substantial synchronisation with each element
25 being switched to its respective first state. This creates a modified reference signal
which is then mixed with the received positioning signal to create a mixed signal. This
mixed sigﬂal is then accurnulated over a predetermined integration period, such that the
accumulated signal is indicative of the direction and magnitude of the beam of the

antenna array.



antenna array.|ln one enbodi nent, discrete conponents/|ogic bl ocks are used
inacircuit utilizing mxers, oscillators and accunul ators to produce the
requi si t ewvacoumob@ved si gnal s before passing onto a posiPCiranizng/oessei ver
for subsequent processing. However, the preferred enbodinent is to

i ncorporate the beam form ng nethod of the present invention into a
standard positioning receiver, as shown in Figure 4. This is because nuch
of the required circuitry for form ng begns according to the present
invention is already part of standard positioning receiver architecture,
and only requiy 6. BBRimBRAkire@tdoRBodeRtsAbdiOBlotinCart Al RRireiir Siiliigt aneous
beans. This required circultry i.s enbodied in the correl ator . wh %h as
those ski | | ed ¥y Resiliatars afs AcErpHpfer 42 BAdrce ICPIRS ff ed S&%‘é#ﬂ P&t%r s and

accunul at or s. pAd3iag ent QpRan&HhGretdivdr e satRequehtairaessiv@n be utilised in lieu of
di screte conponents. This provides benefits such as cost and power savi ngs,

as el | added Jognel! b plferthUblile3al iPBcorhth@hAbdaN AR g RRIAR M ¥ _Of
the receiver device. REferring again to Figure 1, a positioning receiver
114 used i’ aPpest ijveRigRgneya F‘éﬁ*ﬁlgf%l"&éﬁf"(’}g SEFCEL 3F AR 1o iEWE %or THELY ed
enbodi !TEI’]t ThgeaRs ﬁlil&ﬂi)ﬂﬂle!’ﬁ@ﬁi-'euaﬁmﬂ-i&'ﬁ f&ﬁkﬁgﬁin_g%aﬂﬁ a€odrdihg mgd&omas_aﬁent S .
115 that i o ofSPRIPIRyEL ot PHIBam PR TR T BAg RS Py KR
processor 108 mikackodificatio ad oillod]18@e | fmptipooftssulaneas teams.n T Faaiedy
controlled os %lﬁlhat QL oLGHg fﬁ?&g&%@ﬁém} QG R8T HEL NG BN @e. arl Richld

ref erence sign can have its ase and/or gain nodified by the processor
108 in subt amndeaitangy fehdenmiersniosgillaest Rk FEHBRIAtOFe | hBPSS FPERIRSHS 19 B s
first state, {husia6r &albkRBliRd MWL drekkcretf @RPBEALS IThNAroviddi deiiafitesuie as

positioning signal .is subsequently mxed w th this.nodified reference |
signal to creé‘tgsé agd BOFEY SE{RETalRS ‘%gHi %ﬁﬁd%ﬁ%& gna %@lﬁa&% nﬁ‘tlre?é‘gonwm? a
code NCO r ef epemdditg bfjhakeceiger deeire.st andard correl ator processi'ng, and
subsequent |y accumnul ated over a predetermned integration period to create

an accunmul at egegnAp2gain B&FiHLS U 4 pRdicats wodhat HA StdRAd positicnligrsgitan és |
Il ve ot e P CSch on p1d JSan Lute, o o eallAsE Lo W Akl (he
‘ " use of existing components including at least one receive channel 116 having at least one .
correlator 118 that is operativcly associated with the antenna array 104 and the
processor 108. Each oon‘clatér 118 incorporates a carrier numerically controlled
- oscillator (NCO) for generating a reference signal. Thi§ reference signal can have its
20 phase and/or gain ﬁo&ﬁcd by the processor 108 in substantial synéhrom'sm with ‘each
t::lement being switched to its first state, thus creating a modified reference signal. The
- received positioning signal is subsequently mixed with this modified reference signal to
: create- a mixed signal.. This mixed signal -is then mixed with a code NCO reference
signal, as per standard correlator processing, and subsequently accumulated over a
25 predetermined integration period to create an accumulated signal. The resulting
accumulated signal is therefore indicative of the direction and magnitude of a beam 122
formed within the correlator 118 from the antenna array 104. At the end of each
predetermined integration pe'riod‘ the correlator lock loops operate, as per normal

correlator operation, unperturbed by the phase and/or gain manipulations.



predeterm ned integration period the correlator |ock | oops operate, as per
normal correl ator operation, unperturbed by the phase and/or gain

mani pul atwonsiikModi4bi cati on of the Reference Signal Aftercrhanomimossace
signal is synthesised by the carrier NCO it is nodified by selectively
mani pul ati ng the phase and/or gain of the reference signal i substantial
synchronismwi th el enents being switched to the first state. Specifically,
the mani pul ation of the phase and/or gain is achieved by applying a phase
and/or gain offset to the reference signal, wherein the value of the phase
and/ or gai n off5ed .\:5, HeiLrdBnRd sl dependence upon the respective el enents
that are switched to the first state and the desired direction the beamis

to be-formed. The_ antenna array 104 .is ,opgrativ ssoci.ated with the
correl ator 118MRESS ﬁrc{l‘?’?§ég?‘fli%f‘?'ng‘ﬁs‘f%ebyr‘§°s%°f Slgé)’%ﬁ%?gélgﬁd ogr/éﬁeég‘fclri‘?' of f set
Wi thin the comisipatating dierphaset and/bn gaio pd it fefrmenoé sighad it oubsahedl oyndrdisthe
I nsertion of é‘{]ﬁl 0358 64 %kcﬂeéjfofélstfést%[aﬁ%g Q{ﬂcthsﬂ Smidibiih Akl |

below, with reference to Figure 4. In an e iment,” the value of the phase
and/ or gai nS ofphasetanil/er gaip éy #ehicued By apriving awhefg 28d/pr saie oEfatin & %0 st or ed
in a database ;L3200 (abin tBe 3QGLESMB pBash Yind/BLgddl eﬁ%w%aﬁﬁ&e@ﬁﬁ 8Qlendeabd €,

e belo

such as the table _shown in the illustrative exappl is stored in the
dat abase 120 ARG $&rEREvVRrfmAtL tsﬁ“bf"é“%f’ﬁ"ﬁ%e @bsé%%%wiﬁﬁfreiﬁs’ﬁgﬁngh a

st ored dat abaske hm(is edetfetmeilned of fset values is the preferred nethod, it
wi || be understood by those skilled in the art that in alternative .

enbodi ment's, thg RBASGNANIIOE ofRitve R ool d M tkeddorrbh@dt 88 thibupledkertibd’® by
t he processor 108. Antenna El epents Ifg t h, ,e&bodi nt .sho in fi.gurg 1,
pat ch el emdht O fredePepivep F B3P F%‘g‘%m. °|Em£<-}8‘r°,“°}"f- § yPefpgen ©
under st ood by thdaslasd¢idnll @hik insertidicofatht phizatand gaiotdiBets erebdederibed tis further

nonopol es, di pQ Qr. othe I ntenna el enents are utilised. It wll
be further un ee!rmgf%glg\a"}%{e%%r%gégf?@%%gure herein applties equally to antenna

el enents deployed in antenna arr gﬁ% ‘havi ng nultiple gitmsn'si ns. .In fact, in
many practi calt®ZhFrbedipiabrike valisiof Hisphate Rt sanetsetdn S3 ARy By TLTF it ed i n
a t hree-di nengiralagimiskhpslue stored in a database 120 that is accessible by the processor. An.
15 offset table, such as the table shown in the illustrative ex‘ample below, is stored n the
database 120 and selectively accessible by the processor 108. Although a sfor_cd
database of predetermined offset values is the preferred method, it will be understood by

those skilled in the art that in alternative embodiments, the phase and/or gain offsets are

calculated in real time by the processor 108.

20 Antenra Elements

In the embodiment shown in figure 1, patch elements are depicted in a 3x3 array. .
However, it will be understood by those skilled in the art that in other embodiments,
monopoles, dipoles or other suitable antenna elements are utilised. It will be further
understood that the disclosure hcrciﬁ applies equally to antenna elements deployed in
25 anterma arrays having multiple dimensions. In fact, in many practical applications,

antenna elements are spatially distributed in a three-dimensional shape.

Throughout this specification and in the claims, the “first” state refers to when an
element is active and the “second” state refers to when an element is inactive. The
actual impiementaﬁon of the inactive state varies depending on the type of element used,

30 with the focus placcd on making elements non-resonant to mitigate the effects of



Thr oughout this specification and in the clains, the "first" state refers
to when an elenment is active and the "second" state refers to when an

el ement iwoi2nmodose. The actual inplenmentation of the i maTtAvzelosmedse vari es
depending on the type of elenent used, with the focus placed on meking

el ements non-resonant to mtigate the effects ofparasitics or

mut ual - coupling. For exanple, a |'/4 | nmonopole elenent is switched to open
in the second state while a patch el emani is switched to ground in the
second state. In sone enbodi nents, the switches al so provide a connection
to a resistan C ,@ag]&ngs ted b
t hose skill ed%lgrr?s tﬁ % Qa]r%?mtﬁ%at hgl\%n h;%hé olt/%% Glgxrl&ﬂc?(l)e\r,]\%l{e%?ggssgﬂg E%ﬁkda Y
reactive | oadopemindheiesendsiptesyhilec najche °§'el€:6‘ﬁ’(§°h§4%9t¥°“5élaﬂ’leliﬁﬁ°ﬁ’i‘ figfesl ot s

I n thedpr ef er qﬁqoxﬁa’glggécﬁlﬁa{m t%mivbitcm&lsallﬂaﬁwal&%catonaotalrealeslmnie Ls.ucﬁhsle first
state during the predetern ned integration, perio al | other .el enents
are in the sec8fidn&eapernd piate It will be c?Pp’é‘&E‘ﬁd l#g Ayl SE NG o n ¢
106 is abl est o stheRioNdtibiesuc) &O0Bickige 10ads| @aallsoﬁdsmal’e)mthﬂsécamdswt hin the
integration period. Each elenment 106 is switched to the first state for a
so-cal | ed sub-g.pheQFalk8R:Peri od, which is less than the predetermned
integrati on peri od. In one enbodl ment, these sub-integration periods are

knoun as " boas 0r 1 A0 5188 e LnIN06 Sl 24kgRe Ry RS MBS O s

and the integt N perio own 1 n ure eexarrpeof
Figure 2, B- slﬂ@ct srcmmawé uetayhrlcmrwnmh Wlelnglﬂlrpthmélmtslam wthastcord ffalei od i s

NTs |ong. I n eg3eRCR: esﬁebelaﬁntg}ukbdognl Rge bﬁﬁl@ﬂrlég ORI &S fe@@lvé the Sh&mlﬂ@
di vided into a nunber of equal [ength B-slo % %B—slot S the ef o re si mply

a period ofi®tisiEal Hary H@“WW‘@W‘E]“‘H q%%%ﬁaeupa’e flement 104 s svate Hed to
the first st atfBstrs@efor @Ssoadalléd&ubithtagatimSpeiriod,wiiich &i lgs3athan melpmdeuannmed

enbodi nent, el.enents 106 ar q:}én rgo&al Ity ass“gonmclgltagog B sy Ot 54“%81 grtain

appl i cations, NFERCEPHPy e scan hode opera §i'scusse ow, only
a subset of eI“écmfosmr@aslem”mlenha array are required to forma beam This
can be achieved by setting the unwanted el enents to remain switched to the
second state frak rdiitRonsii béteedln- abmﬁumé mltdgﬁmbﬁlbﬁg:l’dai bearshpet ioflgurs 0. & gnal s

are not T eq? I thedegaxrngfnotf I}?gsuree f IB WEOSZ are each 1us in length and the integration period is
Nups long. In essence, the length of the integration period is simply divided into a
number of équal length B-slots. A B-slot is therefore simply a period of time, during
which the associated element that is switched to the first state receives an incoming

positioning signal.

20 In one embodiment, elements 106 are dynamically assigned to a B-slot. In certain -
applications, such as bright-side scan mode operation discussed below, only a subset Qlf
elements on an antenna array are required to form a beam. This can be achieved by
setting the unwanted elements to remain switched to the second state for the entire
duration of the integration period, so signals ére not received from those elements and

25  are therefore not accumﬂated Alternatively, the length of the B-slots can be extended

| _ so that only a subset of elements are allocated a B-slot, and therefore only signals

received from that subset of elements is accumulated.

Howcvcr, in another embodiment, the minimum number of required B-slots corresponds
to the number of elements 106 that are spatially distributed on the zintenha array 104.

30 For example, in an implementation where the antenna array only includes two elements,



5 are therefore not accunulated. Alternatively, the length of the B-slots
can be extended so that only a subset of elenents are allocated a B-slot,
and t her evonet1icmbosssi gnal s recei ved fromthat subset of pelramEN0200839
accurnul ated. However, in another enbodinment, the m ni mrum nunber of required
B-slots corresponds to the nunber of elenments 106 that are spatially
distributed on the antenna array 104. 0 For exanple, in an inplenentation
where the antenna array only includes two el enents,- | i the m ni num nunber
of required B-slots is two. Each el enent EOG is switched to the first state
for the entire dptahhg u_QlLer @L:le@%as&cﬁbdwml Fhach $1Bméntl106 tNGHircRIDRGRTENT
ten el enents are spatia buted 1n an antenna array and ten B-slots
are provided, fﬁﬁétafecff’r@aﬂ?‘%@%@f“{ﬂ%ﬁeda%ﬂ%t egration period of | Q0O ,
which is a typical integration period of a standard GPS receiver, elenments
are switched tio atfinghef embddimémay 1en tlomemts perspaiilly tistrbard i ax hptenna azray and

pr edet er m ned n i : : M{g t he
first el ement 7 Qs%&t%%%b‘tdgé ﬁg%?l%g%téé{l%% g{ISlR%gly%?e E:%gggégaa@cgol det erm nes
t he phase ah d/\@uchgauanym# intagratinn peripdeaf @ standyd GRSpeebntedements Fefvatdste

tSIh gngl c?r r es&gﬁﬁmgm the Béﬁoﬁéofﬁi@ﬂ?%&clﬁ up;asg,rtademmmca mﬁn&m@ua{j ay fmd
e direction o e beam require oSi tioni.n iver,..and applies
the of fsets t(?e‘!"l"’l’é“atuéf’éPﬁ’H?:‘é%ikﬁﬂé '(tiﬁ T RlempR 'ﬁlg\""écﬁ’le(gh" %f’ 848 st
al l ocated B- slthﬁprodeaso‘rrhleo Sdlhﬁﬁiqudﬁtphhmo&asi affset thiteeadzao belappliedr®rthe | S
switched to the [S a

Wi f} fe{ I &jgﬁ%} %ﬁes%@d&n o X Iills{ é&m&ltfig.%ﬁhm?@ h.i@iI dle B.\ll]a%r Q\hhﬁg

el ements are sSW stat es e processor
det er ni nes 18 helinttienef thedramn regaired byt e pesitarmedeqsietii2pd 2prbicy the offanivdhe

el enent’ s positiRRAcMifd fbrttﬁlzeenﬁfé’&}fatﬁﬂd)fttﬁ},eﬁﬂﬂ AR6AtDB- sﬂft tnhaleneaaweaqw red

by the p05|t|on| ng receive d ap hase ai.n offset for
the entire dur@PFofsigh tl{eﬁ8°°§éagf?ﬂnt8£)§"?"ff§“{ ?‘l}‘ct‘ﬁﬁtsstaé‘?(‘g ﬁ&hf'lﬁrﬁmﬁg"é
sequenti al svmauchbnghesodneimxs mhemhhhdsdjtcelﬂelremzondsstsw t c»hwhttbe teecessor st
state In the Qlehenft &l Bhastiidi LAtk ELETRM S8t bAA] J Qe 1
second states,  an so oh tor th sequen at fintegration
period. At 1§ heméwnﬁpemsowddhe fhlfp@nwmmgb?am @glrlmilbanhﬂpeqsrt@amga?qew’éﬁn OOns

B-slots will. he,acouibhAl St/dMebi Je& Eodbmind QuRlase tendlian Mabn wifisets to

roduce the desired beamrequired by the
P example, Wthh uses 29 sequential s)\/mtchmg scheme, the third element is switched to the

_first state in the third B-slot while the other elements are switched to their second states,
and so on forit.he subsequent B-slots within tﬁat integration period. At the completion of

20 the 1000us integration period, all ten . 100us B-slots will be accumulated with the
requisite phase and/or gain' offséts to produce the desired beam rf:quired by the

positioning receiver.

Individual elements 106 in the antenna array 104 can only access the receiver when
switched to the first state. Since the direction of the beam to be formed is known

25 a priori, it follows that the elements must be switched to the first state in substantial
synchronisation with the appropriate manipulation of the phase _and/or gain of the
reference signal in order for the beam to be formed in the desired direction. Also, in
order to ‘obta.in the full benefit of the allocated B-slot, it followé that the phase and/or
gain manipulation must be applied to the reference signal throughout the entirety of the

30 allocated B-slot.



positioning receiver. Individual elenents 106 in the antenna array 104 can
only access the receiver when switched to the first state. Since the

di recti orwofotineodaeam t o be fornmed is known a priori, i®rcaluzeowoodsat the
el ements nust be switched to the first state in substantial synchronisation
wi th the appropriate manipul ati on of the phase and/or gain of the reference
signal in order for the beamto be forned in the desired direction. Also,
in order to obtain the full benefit of the allocated B-slot, it follows
that the phase and/or gain mani pul ati on nust be applied to the reference
signal thr oug%%ﬁ%ng%t%ggly f the allocated B-slot.Beam Form ng

Met hodol ogy The steps to form beans using the device disclosed
herein are graphical Ly re ent d in the flowdla a of Fl ure; 3. A
description of gp%lf‘élp?éveg 2 Soingdte BEwls a?sc‘gtlth 9 hicall%
the spati al | y refirstutedinttiediay elmmtnsf Figutetfe Zadiscrptinn af thaytepsstﬂseellemée@nd
switched to the first state for the first B-slot. b) At step 302, the
el ement switched to the first state at step 301 recei ves an i ncom ng

signal. c) At step 304, t e inc sign the RF front end
of the antehna arr&yAt 65P A &8% %ﬂ%@%’ “élg' %ﬁ?’é’t‘tﬁiaﬁggf ef en%é’“%. gnari
generated in the cmldceldahdnmtohedmthﬂﬁrgswtetﬁorthlaérstﬁesbm ng signal. e) At step
310, a predetermned offset is applied to the reference signal, in
substantial synchrgpjsatp 8o, Whd BestRRwRORd th AL iRk &t BRFI301 edbeived @f ence.
signal . f) At step, 312, the nodi fied reference signal is mxed with the
recei ved si gnal t olicPBiRE&iERA N xed si gnal . g) At step 314, the mixed signal

is accumul ated in the accunmul ators to create an accunul ated signal. h) At
step 306, the sel eexAtstapl ¥fxthe mnc«smewm%efdsamleéﬁethséémt end.pf dhe anfrang oy ¢ -

10 array.

of

d) At step 308 an internal reference signal is generated in the correlator for

mixing with the incoming 51gnal

e) At step 31(), a pfedetermined offset is applied to the reference signal, in

substantial synchronisation with step 302, to create a modified reference signal.

15 f) At step 312, the modified reference signal is mixed with the received signal to

create a rmxed 51gnal

g) At step 314, the mixed signal is accumulated in the accumulators to create an

. accumulated signal.

h) At step 306, the selected element is switched to the second state, the next
20 - element is switched to the first state in the next B-slot and the process starts

again from step 301.

i) At step 316, after accumulating all the B-slots together at the end of the
integration period, a beam is formed in the accumulators based on the value of all

the B—stot signals.

25 j) At step 318, the carrier and code lock loops are updated using the accumulated .
B-slot signals. '



elenment is switched to the first state in the next B-slot and the process
starts again fromstep 30 1. i) At step 316, after accunulating all the

B-slots t the end of the integration period, i med in
t he accu&&ggbgﬁ@m%gsed on the value of all the B-slot s?&ﬂéﬁgbhﬁm&ggt step
318, the carrier and code | ock | oops are updated using the accumul at ed
B-sl ot signals.Correlator Operation A GPS position receiver typically uses
a logic block called a correlator to corrglate an incom ng positioning
signal with internally generated referencé signals. Referring to Figure 4,

in the correl akgrrrd;‘%ﬁop udrcom ng positioning signal is mxed with two
internally generated reterence signals. The first reference signal is a

carrier referenc ignal that is.generated, b he..carrier NCO 408. M xi ng
the carrier r ef‘e‘?@@‘?“‘é’f‘dﬁivemﬁ heees AW %&cab%élf‘f‘i’ SHFHYC SR Far“§éher at es
an error s; gnaincéreipg @ssitibrinigsignap hasein@rmelly ggqca@eilduyfecﬁnté eigmaae Rb@_tvgreetn t he
carrier referepce sjgnal a e i ngnish FR@kioni gond.Jehanerse
signhal is a coglgmfe#’g?%%ecag?%ﬁrafli%h%ﬂ I n %%IBS oenrlT%&hoslgﬁnagnt, rs gener at ed by
the code NCO 4ingrnaflygenartted fefarenst nighposiThe S5t rferencg signaltiag G3EishTHETsAE wit h

the carrier refigl£066is $ha3nAdd byldhecalmits NUOUDEP Afiking @i daficbic@idice bignalivkd Wi th
the code reference signal,  whi chpgaﬁnerat es an error . signal.re rgsentidng t he
time del ay bet WeSRCHHRE EBtilonng Hpl EEnTYral™ SAYT PR iRESHHE pOLEFiBhi ng
signal . For si fpduetidytdifferbricgbetevedn thalcyrrisimefisenee s hel the debmagchamandheof a
positioning.r ege%éu}/de rlzaf"er l?ligéNsEi‘Vr?aF S atcrcl)gg fef%glcle lségalIﬂ%i,tiggﬁ@ér}lbo\ﬁﬁlhént,@&’ngﬁleat e
that nodern recelvers typlca i Phelide o e than a single recelrve channel,
wi th each chanbwethetcpgs BWEO|416; rﬁ%‘lﬂﬁudierigcqumnméﬁ’@“@@ﬁ keeatgired Vith egur e
4, the incom ngRQSifti-AitisMalS ihd ftbming poSESiiNEReral is bliged wiplthe 402 refétence
stripped of-the carrjer conponent by, m'xigr}?, I, N ‘gix.ers 404b6%9d 4096b t he

i ncom ng si gnafeiAbt FRigk ERPBISSFRETOL PIEPY ORI RS 18 UHeotflRYe KBHas&¥T) and
guadr a- phase ( fdferamapied atththa incdhing pefisondrecéznglar ri er signal is synt hesi sed
in the carrier NCO 408 and the discrete sine and '

For simplicity, Figure 4 only shows a single receive channel of a positioning receiver.
15 However, those skilled in the art will appreciate that modern receivers typically include
more than a single receive channel, with each channel typically including more than one

correlator.

In Figure 4, the incoming positioning signal is .received at the input 402 and stripped of
the carrier component by mixing, in mixers 404 and 406,. the incoming signal with a
20 reference carrier signal to produce.in-pha.se (D) and quadra-phase (Q) sampled data. The
reference carrier signal is'synthesised in the carrier NCO 408 and the discrete sine and
cosine mapping functions 410 and 412 respectively. This stripping process produces 7
and Q signals as shown. In operation, the carrier NCO is controlled by the carrier lock
loop 414. The objective of the carrier lock loop is to keep the phase error between the
25 reference signal and incoming positional signal at, or as close as possible to, zero. When
the phase error is zero, the signals are said to Bc “phase—lockcd” and the 7 signals are ata
maximum while the Q signals are nearly zero. This operation is also called “phase lock

loop” (PLL) operation.

The 7 and Q signals are then correlated with a reference code signal that, in this
30 embodiment, is synthesised in the code NCO 416. For the sake of simplicity, only one

reference code signal is synthesised in this émbodiment. However, those skilled in the



cosi ne mappi ng functions 410 and 412 respectively. This stripping process
produces | and Q signals as shown. In operation, the carrier NCOis
control | esohyiitdoaosearri er | ock | oop 414. The objective eCTiARImA00S3er | ock
|l oop is to keep the phase error between the reference signal and i ncom ng
positional signal at, or as close as possible to, zero. Wen the phase
error is zero, the signals are said to be "phase-| ocked" and the / signals
are at a maxi mumwhile the Q signals arepearly zero. This operation is

al so cal led "phase | ock | oop"” (PLL) operation. The / and Q signals are then
correlated w tyhy Vﬁllrr&;ogﬂl%]tﬁﬁ i€ 948 polifdiidg rebiers, drel thinSons BRRAL iRt s sxgxﬁl

synt hesised in the code NCO 416. For the, sake of sinmplicity, opnly o
reference codds Syigiaed sFERIRRRIS) e PRPLicRHE: ébfﬁfo‘iﬂdﬁé?# cﬁo’?’%\?@ ¥ OSe
skilled in thgasptvint|late eagni-see thatiesisel Mmds<epparsly tdooslard wikcide \Iané 2 nore
t han one code reference gnal is synthesised. For exanple, in one -

appl i cati on, tfﬁ"élércéﬁ%féw?ﬁ%f erence signals -early, pronpt and late signals
-are synt he5|sed and separately correlated with the /_and Q sig
respectivel . THRecsitalat grixer1s mistedlvafylittign yreleranes, glend Wadédh"e
reference si gnadomihd mw@mgﬂmmmgmkeranm £dsi2QNal spetatiod, e @HXECE A68s and

420. In operation cod controll op
426. The obj eSFPYE lagytﬂhemg%f\ga Equ oe ogjsec?ve ogeeﬁx?%lug]ff%ﬁg%etlr)?%ﬁ ‘%%t ween
t he i nt er nal | ytingreereardteerken deteinteafally gnmatsi ovia|refarydes ngwhprd)incoime code

posi tioning signgl.a mgﬂzﬁ aB9r &l 458 @%o&ﬁ:féfobkéot Wheﬁ ﬁ{echmé/g}%‘l‘ id Bo,tthere
error is zero, the signals are said to be "code- Io ked" IS atLon (IS
4 et

al so cal | ed®" crigraly aFeoEakd F°opr“°°(1ﬂ_°E}jed6pél}h5‘t?Pﬁ’ﬁ“°“fﬁ 9 @l BN of
t he code | ock (boopogkhions simlar to.the carrier |ock |oop 414. \Wen the
reference signal code phase is conpletely aligned with the inconing

posi ti oni ng SI%QHS, ﬁgéserakmﬁ thd B4 mm&?uzehégdnm tb?h%ah?érﬁ'&ﬂloc?‘gl nd 424

resul tant m x are then inte he accunul ators

over an int egr%?%%‘epéﬁf?ré‘tfe PEBYicatn @ ?Sﬁ ignepmplptely ghigred, Withi 1Bf igpogning
subsequent |y geeiassegsipal tdie pPiseGRESmiIm t@feldtion (kittaiged. 0Op oper ation. The
integration period. refers to the length of tine over which the received

signal is 15 * The resultant mixed signals are then integrated in the accumulators 422 and 424 over an

integration period, providing 7, and (, signals, which are subsequently accessed by the

processor for tracking loop operation.

The i:ntégl'ation' period refers to the length of time over which the received signal is
accumulated, and is traditionally determined based on a satellite’s pseudorandom code
20 noise length or multiples thereof. In GPS, this code period is lr_ns, and thus the

integration period in the receiver is also often set to' 1ms or more.
Phase and/or Gain off5ets

Ina prefgerréd embodiment, phase and/or gain offsets for manipulating the phase and/or
gain of the incoming positioning sigﬁal, is inserted at point 428, alfter the carrier
25 reference signal is synthesised by the carrier NCO 408 and before the synthesised carrier
‘ referéncc signal is mixed with the carrier component of the incoming positioning signal,
completing the carrier lock loop 414. vI.n this preferred embodiment the phase offsets are
" summed with the reference signal, and thg gain offsets are multiplied with the reference
signal. Manipulation of the incoming positioning signal is achieved by modifying the

30 synthesised carrier reference signal within the integration period of the correlator,



accunmul ated, and is traditionally determ ned based on a satellite's
pseudor andom code noise length or nultiples thereof. In GPS, this code
period i swbrmsi/mndot hus the integration period in the r@ecEiARn10/80s3b S0
often set to Ins or nore. Phase and/or Gain offsets In a preferred

enbodi ment, phase and/or gain offsets for mani pul ating the phase and/ or
gain of the incomng positioning signal, is inserted at point 428, after
the carrier reference signal is synthesisgd by the carrier NCO 408 and
before the synthesised carrier reference 'signal is mixed with the carrier
conponent of t j ' YRR cTall ' ' t rrier |ock
To0p 414 In {hraoRsarRARZd 4R adihet bAaon of BT HFEL 0.8 of B chibr T
the ref er ence 15kgleap 414 ndThehmogifipt Tefereaest sizpal ds ivn mixddewith thé ingeming.
reference si gpatitiodakightdl &hi @A 1@hal trABIMEN GOM Ay n?RA if i) GntSrakBdlin 118

achi eved by nodi fying the synthesised carrier reference signal within the
i ntegration péf?“ﬂ%"ll"écg o dhciBieprafion rriof et At ortEulate 899k i ng with t he
normal operation of the carrier NCO'408 or the carrier |ock |oop 414. The
nmodi fi ed ref een@@vwai Ryntiosq skilledein theantd thei infsemalien pfia ovdvefprpds isimminthey
signal in the sushalon SR Rbles 8f that WevelIrkeieSt g phrivdl SRl &t 6 dabe, tdhe
accunul ator over the integration perjod to create an accunul ated signal. As
known by t hosd&&RT1PdE" Fﬁ%‘eéﬁ’ the; igerafioh gt BeiTeniEht mxgh e (5s4enss npl v
t he summati on feh Bxigy the iGdmingatgnuloand fthy Rfepanes signal) ¥ Siinde tHeQtlmedatiéd 88, i N

this case, th@ -Lﬂésegf gignﬁe&jep q e;rigg ro?fn%ee’— thgh Enntogpgro? tﬂieogmlgg 'Iltlerllls

resul tant m xed 'si gna %r sulting Tromm XI ng lﬁe I'ncomng signal and the
ref erence 3$§ gdaicsibddabayeripthe integsationpamied Sdmef sanpl es of that signal over a
period of time -which in one of the enbodi nents descri bed above is the

integrati on péx bwCentfodintemt, thenin iting pddbiNg Bignaltih ©amplaiOdTiangte PO S5NIHRRiaNg
signal is sa g r of ¢5MHz.via.an RE-fro nd.and t.he s | es are
t hen i xed V\nntg‘{luﬁg f%l&)“ ?flmg%ﬁl?é?m ﬁ%sn%%mg? ﬁlﬁxéaP,Wl R%halné c{Hliésa@'l lgfe?gc%?%faﬁewsq’fn%ed at
75MHz. Conseqifefiid spntheesedznt (Vo Bizhebonseduentiys fasrn hypothticah systren imwhigh alitd on.
period is | s feuHoh pefbdls 142 Bmplifliof 1935006 SkPB-d& 196 1§80, hilaglitr at i on

and therefore cdgnt ains 7,500 sanples of. the incom ng positioning signal.
Each one of’ t AESBerpiosperntaing a0 s2mples of B5 P RoQPiRe pRstisgingsighala ErpliPrs &

reference sigrdebe 7,600 guipled is sequentially mixed with a modified reference signal to form a
mixed signal. The modified reference signal is based on a phase and/or gain offset
applied to a reference signal, the reference signal being gencratéd by the carrier NCO of
the correlator. Specifically, for each block of 7,500 samples of the Incoming positioning

‘ 20 signal, which are synchronized with antenna elements being in the' first state, the

l reference sigml is modified by épplyiné a phaée and/or gain offset to the output of the
carrier NCO. This modified output is then multiplied (mixed) with the incoming -

_positionin_g signal samples. These mixed signals are then passed through the code NCO

mixers, as per normal correlator operation, and then summed in the Aécui’nulators to

25 form an accumulated signal. Therefore over the entire iﬁtegration period of 1ms, 75,000 ‘

samples, incorporating 10 .B_-slot blocks of 7,500 modified samples each, are summed

and stored in the accumulators. In other wordé, these tén B-slots contain 7,500 mod_.iiied

samples each of which are summed together in the accumulation process, and the 75,000

‘accumulated samples at the end of thé integration period are therefore representative of

30 the desired beam.



m xed signal. The nodified reference signal is based on a phase and/or gain
of fset applied to a reference signal, the reference signal being generated
by the cawoizeri/i@@of the correlator. Specifically, forpreactubiomobssef 7,500
sanpl es of the incom ng positioning signal, which are synchronized with
antenna elenents being in the' first state, the reference signal is

nodi fi ed by applying a phase and/or gain offset to the output of the
carrier NCO This nodified output is theg_multiplied (mxed) wth the

i ncom ng positioning signal sanples. These m xed signals are then passed .
t hrough the cogfe MOPh4 XeU&, gaRSmpsuldtiohiBt c6oéctapiliad e refbiens, signald t hen
summed in the accunul ators .to form accunul ated signal, Th . e over
the entire in b”h'}lﬁéer f‘%f&lsorfcel’w@f}r%, pg%{]r‘r’f)ler;élsn,% R 5’%&324 ?{ll%dlo '

B- sl ot bl ockssigdal A5 5béh nmobifiddeth stenpdcesuiame Htheaswenmingrmeekesm dosereatedi n t he
accunul ators. 1 n other. words,. : - S| ai ihijed
sanpl es each %?umvxﬁia %ﬁsxﬁlrlm%’ f(sg]u%rr?ﬁégs'? g‘f’é’%‘?ﬁ%&‘?‘ ?lntﬁ)% ‘gg g%?:u?ﬁf gﬁcﬁg%égrggigggs, and
the 75, 000 saciuhmmiragceted brtht exsrelptorahperaarnad PLEipRoR ARy diseyseid 398YS- othear e

t heref ore. ! epe&&&r}&@kh&e?gal ;Jaﬁllegfeglb{yqﬂ? E&ﬁéf\r?:@ 208 &ss pbta&leng%mﬂugag dgain
mani pul ations _are correctl[y applie e referepce signals and.m xed wi
th the si gnal Resder pedpds P CR _‘P&%‘b‘gh’f p\?é*‘@?eéifﬁgﬁ%c’,p 4111%(3;" Phgseﬂfltozfstﬁ%c)ﬁm xed
signal .is theftdgedtibh N@fiol.n Therefaes umbdifitationy td ehs uafiateng: pizodewithint thecr eat e
an accurul ated_ si gnal , .form t Jdesi am i relya hi s
accumil at ed si"G#a °?§’b?%eﬁm%?ocee§§eecge%l'!r)?[tﬁ%eﬁg“oﬁe a]tgglFe' glglgp%L %%{%II PLL
operation ®Ws dpestusgednael anawkreofdhrmindpulatiereiplspglagt gnal synt hesi sed by
the carrier NCO 408 does not change during the integration period, but is
only updat ed byrotifiethe ambédimertoddscribedpheldsd ofit coriventizmel cofrelaris adamtabdy @t i on
period. Therefore, .nodificati.qps h ' Vi, b

i ntegration p%orﬁughthganrr?‘étfonbaéldgg? &%épgy&ﬁ% bg%{%gfé%g‘lmﬂL. ‘?Hefﬂ %%IY and
DLL operate asliqyéne mohipte simultaneqys deasts e famredp fharrgh of Rramigehl tod.
Through the eghpdi fEals FE86 nided oft Gl cRinndls GOAMBIB! i Thtals Woduseliat or s
adaptable to control the directiqn_and the ¥\/| dth of a uni qtﬂ%ebageagngpr
corr el at or 1t hSOTFRATOT ARRPIPETr 08 £ THPEipt S I CResus bedfs 1o be
formed. The nudped fafa Jseahs kbl @rtlatihe forned is equal to 'the nunber of
correl ator channels avail-able. This is because the

Although the embodiments described above apply offsets to both the gain and the phase

at point 428 in the corrclafor circuit, in other embodiments, additional multiplicrs for
applying gain offsets are provided in other parts of the circuit. . For example, multipliers.

26 ca.r-l be added in the In-phase and Quadra-phase paths between the carrier NCO mixers
. and the code NCO mixers to i)rovide gain manipulation. Similarly, phase offsets can
also be applied at other parts in the correlator circuit. For cxa;nplc, phase offsets caﬁ b;

added to the output of the code NCO.

In the brcfened éfnbod.irhent, the phase aﬁd/or gain offsets.for forming the beam in ahy

25 given direction are predetermined, and stored in the database 120 and is accessible by
'~ the processor 108. The format of the offset data can take many forms, such as an offset
table. The processor 108 determines the direction of fhe. required beam, accesses the
database 120 to obtain the correct phase and/or gain offsets for each element in each B-

slot over the integration period to form the beam in the desired direction, and inserts the

30 necessary. offsets at point 428 such that the beam (122 in Figure 1) is formed in the

direction of the appropriate incoming p_ositiom'ng signal. As also noted, obtaining and



correlator already contains logic for mxing and integrating signals -these
are sinply adapted for a use other than correlating. Al though the
enbodi mrenwve 2dagwnidbed above apply offsets to both the gacmaandioideessphase at
point 428 in the correlator circuit, in other enbodinents, additional
multipliers for applying gain offsets are provided in other parts of the
circuit. . For exanple, nmultipliers can be added in the In-phase and
Quadr a- phase paths between the carrier NGO m xers and the code NCO m xers
to provide gain mani pulation. Simlarly, phase offsets can al so be applied

at other part %sbﬁn%hﬁe ERAsE BndloP lgaial Skl tmusk®E QKAMBLRy sphafRolf dhketdee Can be
added to the outpu

of 'the cqde NCO referred enhodi the phase
and/ or gain oFFuehas eidhe pespesfiyryel ?’H"é‘%ﬁ’ﬁ?‘?ﬁ’%‘?‘ﬁ?%%%% T 3R
pr edet er m ned cordttly Staipaldied Bvérhle idagratmgerid®0 and i s -accessi bl e by the
processor 108. The format of the offset data can take many forns, such as’

an of fset tablg, Jélﬁb&&?&@saﬁ%te&% tiak msﬂaém&dw s 5] 04t Qfreddb® nELTUI T ed
beam accesses the database 120 to obtain the correct phase an /g?j“?al n

of fsets for? edéﬁp@ls%ﬁ‘@n]tzg gﬁmé’&Eﬁs Bohoe 56\/‘@\’1"'1 Hefor rtaamplaitiorepety 69 W form
the beamin tl&eanﬁiasp&ﬁchodh,r 06 bidsssord ks iup IRy fable tehey Re el and/stefsflmeugh at
poi nt 428 such that. t i.n_Fi IS gnorvrgp ol n tion
of the appropreflgtg m@g Ag pgillg%g%lﬁf?{rglg;g’rmaﬁ)dmﬁs al SO A r{]eg(tﬁn% !telgcl?ér:u ng
andi nserting theteqtths beaamudrar Jathis cofbbdnest, MSPO%@les@tﬁsqeaﬂlel'ﬁM‘yn 2048
synchronous WighhdoRE it daLhiaRe3h nhdife I BSPREL hyE 18] SR BLSed. NOP chli@, 1 T St

state so that the phase and/or gain_is correctly manjpul ated over the

i nt egrati ok petieh GmbPHMERE e¢B JAPRetitections azh frapiFmentsd: af°ﬁé}§‘5 198°%ibient s.
Therefore, ea@)hafahme@& |n€iﬂleﬂéx& the Phizb asé/on Bain Io2Berg@ilies ditar iabslar forhing toof f set
table. If, for nF A gcessary for the beamto point north, the
processor Iool?gc ° PRE Sf’ﬁ%f’ver ry for north and steps through each of the
128 phase and 128 gain entries for that direction over the_ integratijon
period to stedheembolimghs prsrd . the pbavp Paragiaplsds pEiTTed; fecquse FoRiaingis B% st eer

the beamin ZQﬁacﬁm@eﬁawcensqmmt hH@as/kr, dhdseckilied ihaké g *MBrephipse thard 128
gal n entries. ﬁ}l{Jrse in enbodl ment s d| rectl

.are
i npl ement ed’ ﬁﬂ?cc‘f SR ISR a(E'tm FEhrerer a sorfi %C%fwlo%yénenfmfﬁsor Eislsg
and/ or gai n ofchsfegurapl @e&lquhtqaﬂmaﬂdmeamd?cmm offie@ as and when the oﬂscts are

required.

In' a physical implementation of the present invention, each element is connected by a
'-n'ansmission line 124 to a respective switch, which in turn feeds into a single RF
20 frontend 126 to be downconverted and sent to at least one correlator. It should be noted
that, in a preferred embodiment, the transmission line Interconnecting the elements and
_the switches are of equal length, to ensure received signals are phase coherent through
the antenna array feed sj}stem. However, in other embodiments, differences in the
lengths of the transmission line are taken into account and corrected at the time of

- 25 applying the phase and/or gain offsets.

The interconnection between the antenna array 104 and the Areceive chanpel 116, as well

as the RF frontend 126, the éleénonics_ involved in the correlator 118 and the actual
‘swi'tches 110 themselves, will inevitably cause delays. In one embodiment, this delay is

" measured to be around 950ns, but of course, those skilled in the art will appreciate that

30 the length of the delay will vary depgndiﬁg on the selected hardware. Therefore,

operation of the phase and/or gain manipulation in the correlator cannot occur



al l evi ate processing overhead. The enbodi nent noted in the above paragraphs
is preferred because it mnimses the processing power required. However,

t hose skiwbediivoodshe art will recogni se that, especial | ycgiaenioveees3nt
advances in m croprocessor technol ogy, the processor 108 is configurable to
cal cul ate the phase and/or gain offsets as and when the offsets are
required. In a physical inplenentation of the present invention, each

el ement is connected by a transm ssion |{gie 124 to a respective swtch,
which in turn feeds i'nto a single RF frontend 126 to be downconverted and

sent to at | € 32ult2BuFPHAR lﬂﬁts%tchﬂlé ofShOMbdedi®o MotHesd statepds, thisdeRy lﬂi’u@f r r ed
enbodi nent, the transm ssion |line, terc&gnectl g‘%ét he. el rrent S t he

switches are @fcouyfedior| &hajih theg PR of B} BRATR LT SR '8 éarcémﬁa%’sénuﬁtoherent
t hrough the abtadmngdayupyw F50ednshiséshndictdanever, in ot her enbodi nents,
differences in the lengths of the transm ssion line are taken into account

and correct edyabagtNeHbhifRa Q] cadlP Btk Gridy @naha $0er0 AUcleng adith Afihteghson The

i nt er connecti on between the antenna array 104 an ei ve1 chan eI 116,
as wel | as theeed prbniegiog of 18015 g Wb epbuhie a’r‘?\f?ﬂafl\‘i‘i(? PR 8 %l at or
118 and the aegdgiil ofgwtugmszpumrbﬁfseumspfmom nmyllmablxy51graﬁmtddl ays.
I n one enbodi nent umegfl ay is neasured to be around 950ns, but of

cour se, thosen%’ﬁlbfelacc He art will appreciate that the length of the

delay will depend on the selected hardware.- Therefore eration of
the phase andﬂg? ?fsﬁ?ﬁ‘?ﬁﬂsa@f“oﬁc PPCERATEY CPRREE & OReafiHgion for sz
occursi mul t anm ybeammt hothke eguillly Glaps@noérittheindhénesilution dfitke bifses tablt at e,

as this del ay ﬁnn%lﬁ'g 3%})%3%}%?%%6 ﬂIeogl%mengelFor e%fhtq{lrect{ggnéagg g%&ﬂegtnm@t h;\hee phase

and/ or gai ayed by u ns in this
enbodi nent . | nssotibted offvtio domElass andéercrimntfon nwml%ay estrdiments lnviee @0

el ements wth %ﬂ:eh@tt%lé i o R alrQfioh B WHiEh § BHRPH 1Obe FRBB mudt hadd o

enbodi nment s, eperlo of a B-slot is in the region of just | nms or 2ns.
Therefore, a ($é1F1 a‘@f?@ri’éa59°#éeé‘rlleﬁj°r1iedrrs - is significant and nust be
accounted for. The nunber of elenents that the antenna array contains is
one criterion Therphf/gcalispppration of the elements is~alsoAimportant. so as to create a phase

15 difference between the elements. Effectively, the physical sef)araﬁon of the elements
allows a positioning signal to be received with inhcrcﬁtly different phascS. Onc.ha].f
wavelength separation between elements provides-maximum phasing with minimum
grating lobes. Manipulation of those phases, for example by @xing with a modified

reference signal as noted above, allows for a beam to be formed in a desired direction.

20 In a particularly preferred emblodiment‘, the elements 106 are spatially distributed in a
configuration that is moreihan t\;fd dimensions such that the device can form beams in
more than two dimensions. To a largé extent, the directions in which a beam can
possibly be formed are dependent on the elements used. For example, a planar array
consisting of patch elements will be able to form beams hemispherically and a planar

25  array consisting of monopoles will be able to form beams in a plane.

Bright-side scan mode v full-scan mode

It follows from the above discussion that at least two planar arrays consisting of patch
elements can be arranged so that the hemispherical beams are joined to form beams

spherically. In this arrangement, therefore, beams can be formed in any direction.



narrow beans. Ot her, equally inportant criteria include resolution of the
offset table 0 and the physical spacing of the elenents. For each

di rect i onwoeatimoaddenent nust have associ ated of f sets forCpagelozow3or gain.
For exanple, in enbodi ments having 60 elenents, table entries for each
direction in which a beamis to be forned nust have 60 gain offsets and 60
phase of fsets recorded. The physical separation of the elenents is also
inportant so as to create a phase 5 diffg@yence between the el enents.

Ef fectively, the physical separation of the elenents allows a positioning

signal to be peaAINeAmYAL D1 LiBh&ent Lyitdled bswantfirfhas esondItteslak 14 véeengt h
separati on between el enents pr.oyi des .nma |tg1§(|g1 hasi.ng wi th mninum grating

| obes. Mani pulFatizothe dregpiraepnds dbat it BB S R G AR IEi f i ed
ref erence’ si grphala st Natieshcalrihin eshlimegrad@r paiodeainll scat enddepreite riotal

desired directjop,. 0.1 articularly . preferreg iaent. ment s
106 are spati zgllef'gﬂl&i & E‘P%@’d ﬁa?l%gafrg%gn?inéﬁy a‘ﬁﬁ%ﬁlﬁ?ﬁ%’f H’l%g S%lpggﬁoﬁgg’ t wo

di mensi ons sudkpentiait ot hev teny cerelzgn clapnels geavnilable nore than two di nensi ons.
To a large extent, the directioons in which a beam can possibly be forned
are dependent pveldiewBiredBAlsSonlis Bilmiat! one sHFif @, thige |dirasmaionad ant@ynacongi st i ng
of patch elenents wll be able.to form beans S i anar 5
array consi st it‘ﬂﬁ'e%\#ﬁem?ﬁ'é%éﬁl o BF MOBE IhIE Y %yﬁg;!rnnt? g%ﬁ’é%@n?‘%@%%ﬁg@

Bri ght - si de seeny, moded viafdarksidell, willdeetdntialiyobd eflittle vene-t Rbis Sisepien @PLEUssi on

that at |east ﬁte%’eﬁﬁi' aRANe ALY Sob 8BS tsh BemOT WwhRAE CRaRkfAfRNSe Camnktaly

arranged so that the hem spherical beans_are : oi ned tq for

. bea .
spherical | y° (dstityted onthehmgiaam Ar this 43s5 dprside ageblanked £83 i 489 8% ny
direction. I n foal thessCapmemslare adtl toelepsyemids ofly ebriphi-tidh ebmbets wee uséd. rBtis and
second states ] east -once Wi thi.n the integrati Ehol, : i all the
el enents in tH °‘§1’VF]§J3‘}“§%S€$?/ rf“’%’(t:1 ShAg X %ﬂg gmé?yn?}gg%{_’c’%?\ag-e@% i hi&f] ®each
integration pehd@relafod baisotthe mudaa prawis gasted.of gl HOFIERMBE IS Pt beans
can be formed raQtiJEgJ%alil'aie‘ll?&ﬁ%ssgwo%@tahm S ird lileAR RAMSaY be tRAAG Rbe ON how

many correl ator channels are avail abl e. However, -when, signals onl
i |1 um nat e 'dnéhesiignal Bawes of e danepifiehiealidt re&ﬁt’@ﬁﬁ%aﬂ‘%f re, fll-s¢an thode

. is preferred as in small area systems it is acceptable to trade-off maximum correlation

gain for optimum flexibility.

However, for larger geographical areas, where signals are transmitted over greater
distances, correlation gain. may become increasingly important. In such instanbes, one

20 way to increase the correlation gain of the antenna is to operate in bright;sidc scan mode.
" In this mode, elements on the bright-side are dyha.mically grouped together and their
respective B-slot durations increased, such that omly the bright side elements are
accumulated within the integration period. This results in an increase in correlation duty

cyélc and therefore an overall increase in correlation gain.
25  An Ilustrative Embodiment

For illustrative purposes, the invention will now be described using the simplest antenna
array — an array having only two elements as shown in Figures 5a and 5b. However,
those skilled in the art would be able to adapt the teachjngs herein to antenna arrays
having many more elements spatially distributed in multi-dimensional shapeslwithout

30 . additional inventive faculty.



termed the "bright-side", the informati on received fromthe other side of
the antenna array, ternmed the "dark-side", wll potentially be of little
val ue. Thwe 28itiwedsbon occurs frequently in terrestrial [POTIAU201/000838YSt eNns,
where transmtters are commonly distributed on the horizon. In this case,
dark-side elenents are blanked (that is, the gain on these elenents are set
to zero) and only bright-side elenents are used. This effectively reduces
the correlation duty cycle of the array_fy. 50% neaning that half of the
correlation gain of the antenna array is wasted. For a positioning system
spanni ng a repatkiy fhyiratilRlembadi@snt, biBinénté 665 af SGDHeailﬁthﬂa\g&hgﬂlfrﬁ@m t he

ant enna can be tol erat ed, since t e SI nsmtte signal s
i s relativel yPAfghTEeTi@ LemamE ary glapedy gaﬂfa%‘(%gmﬁé § auahér a%l R 2 strqilirl | "area
systens it i Saﬁmgmsa:bd Ecdmbdtalt azthe&hfenmhm oy dlaghats E(WISIQIHTNNI tbgatheppt i num
o) oY eio O ARLAGT RPRLARA . Ble ALEAR: oMl Suci] @ARkSm A ©

transnitted oYSroBreast SFHiLrinee orrelation galn nay becone
i ncreasi ngly Mmd;memnal fon viscHf thndemente ¢, figprecd boalp Ragemrit fasmed 2¢ phown

correlation ggj Rzt shhen ¢ &RARBurkSon! &n AR g%ohﬂorbﬁg Qgtaiiﬂodﬁh&!sﬁadmde I n
this node, elenents on the brlg%ht side are nam cal l%%ﬁﬁ? peﬂ her and
their respect Ripestpe of B clsment iSBhand 19428 HJEP YA 8 ght si de
el ements are aeslihddndtfaedindctibi of thdderhdiitscne attloﬁﬂhaperandahhncél' tanselledsul ts in an

increase in correlation duty cycle and therefore an overall increase in
correl ation gk Midddidst rative Enbodi ment For illustrative purposes, the
invention will now be described using the si rrpl est antenna array -an array

havi ng onl ment s_as shown a@ﬁ umidlRse
skilled i n¥°t hiﬂw%?fmsem A BE™a 1580?51b°t r&% t%e |§§§°Eﬂe¥\§|¥ﬁ£’t 0 %nt enna
arrays havi ngistasigtedon ethe|cadrfiret direqtign.i @§| shewai it Fiepigt &0 THs dulehiesd Rdnsi onal

shapes wi t houﬁnaﬂ:%d!ahﬁ%@@ phﬁy%woyegaiuasplete)hehxn stAiafid i didrbkik 0| WRhin an
enbodi ment, elenents 502 and 504 are quarter vvavg)l en%t rle)no oI es. The t wo

el ements are PEEERRPHIL of iaDeftigler Ehat TSP 2 B 2B CA% and
signal s ar e r e&ﬂcM&ﬂtoai svifth hscethenghdr. cléfr@ncadnlte swmhedl tetvert Sirsiped swenved

toget her, ts{]?s Ql? ﬁ?m'n'p%'h bESI oAk al koAbl 6F BS RhalREnelaprNt s

conbi ne suc
into two B- slots

Since .t.he phase separation _between elements 502 and 504 is known, the phase of one of
the elements can be manipulated so that incoming waves. from the end-fire direction are
summed constructively instead of destructively. In this case, because the elements are
" 20 half wavclength apart, the phasc manipulation required at clcment 504 15 180°. The
phase manipulations required for each direction is 51mllarly calculated to construct an
offset table. For the sake of 51mphclty, the' gain offset is set at 1 and the direction thatv
,fhe beam can be steered is limited to either the broadside direction or the end-fire

direction. An example offset table incorporating these limitations is provided below.

Direction Broadside End-fire

Element ‘E502 | ES04 | E502 | E504

Phase | 0° 0° | 0° 180°

Gain 1 1 1 1




two dinensional top view of the elenents, a figure-8 beam pattern is
formed, as shown in Figure 5a. In this configuration, an incom ng

posi ti oniwg 28iigned49f rom t he broadsi de direction of the ecemanir/B39and 504
are in-phase, and hence magnified, while signals fromthe end-fire
direction of the elenments are out of .phase, and hence cancel |l ed. Phase

Mani pul ation In the present invention, it is possible to rotate the
figure-8 by 90 so that maximumgain is ppinhted in the end-fire direction,
as shown in Figure 5b. This is achieved by manipul ati ng t he phase and/ or
gai n of el enent r&lda B¥agh ﬁlﬂfbreaaiﬁréﬁxfecmbﬂ, lBlemefit SON4rAI0d tareciwitoldi to thedfirsta

osition re El t. 55: t 5
p cei Ver.. e n %-i se uencr:]éevra' ecf éa aﬁ%%&oﬂn&%é 951!.’(091 a

swi tch, so thé‘?eéf‘talﬂ? & St ween first an second
states and t heckintre s at ifion Bpdoj ecbsine@vﬁﬁ xm@hed eahesimtatate 2 desfrbesreotBpignal

occurs is split,i ntg % %élgésaﬁ u%e% W&cpﬂ%&,ﬁuﬁ{s&aw%ﬁﬁbmw@%

el ements 502 an nomn ase one of the el enents can be
mani pul at ed soedelraty benwwwlm%ss af‘?ee#ﬁ %‘We & dherspeomd @-1etc the BR2s5 %8 heummed

constructivel &cbaﬁl%%ﬁgqam d&iﬁé& folkGinl o\éﬁédxcude[y dtBiemesa®e, Shecdumenttshehal enent s
ngt

are half wavel e apart has ITB.I’II | ati on el t 504
is 180. The pRAXEVRERSHAf L} ’ﬁ%ﬁ’Fé‘d pé‘?f&?ﬁr r%gtllz q%on |h§e asdf&%? arly
cal cul ated t oeﬁﬁeﬂtmptvhwbﬁig mhmtﬂataﬂén tﬂémcmnméatgrake tlaf thei gsiviedisigpal t he
gai n of fset I selal, Loand bhe SLLoGHLAR WIRL:RR BRAMEARDE. Sieared s

limted to ei CRE R 5 00 ection or the end-fire direction.
exanpl e of 16 etherciph eupmeblopshat thg arckeulation progeat 19ke 36 BHIEEH Wer Héltco w To

forma beam i g4 heneRlafatibpdiol @Cthdridre :BhrORBRES T2 eaddirdtdmar € swi tched to
the first state in a predeterm ned B-sl ot sequence within the integration

period of the 4% O?Qll t |28, L& Cdebyvtﬁg s ﬁecf ﬁ%é dd &L’( Lﬁﬂl%lpgéscnt%\@mt the $iguie
I% | I’Sufl %

swtched to t e an ase of i's kept at O while bei ng .
accunul ated i he@heand@(fmrimWd“ﬁ@1°ﬁsﬁ?P?§1§In§t°Pé}Ff§°§ﬁpE‘xWéefé§:§8‘rt§P because this
element is already at 0. In the second B-slot, the phase of the incon ng

signal is desiFoeboth @lefidhits GDHBY sibiplei sxahyle ot gah effenbf bQunityGaim és mhliwbed 504
has a recelye phise, ol 400 Sk Nl LR o 0amd iRRuaLSRY Of 180

nmust be added to € bei ng accunul ated in the accurml at or,

so that the received signal
As noted a.bovc,g the phase manipulation must be applied substantially sy'nchmnously to

the swnchmg of the elements to the first state; otherwise the gain pattern of the beam

will not be formed correctly.

. According to embodiments of the present invention, a positioning signal from, for
20 example PRN1, commences transmission. After acquisition of PRN 1 at the positioning
receiver, a carrier NCO within the positioning receiver correlator synthesises a reference

signal that is substantially similar to the positioning signal.

The positioning receiver determined that PRN1 is in the end fire direction, and therefore

a decision is made to form a beam in that direction. The processor looks up the offset

25 table, and detemiines'that no offset is required for the first B-slot during the integration
~ period, which corresponds to element 502. Similarly, the processbr determines that a
180°, or 1/2), offset is required during the second B-slot, which corresponds to
element 504. After applying each offset to the carrier NCO to create a modified
_reference signal, the incoming positioning signal and the modified reference signal are

30 mixed in a mixer and accumulated in the accurnulator, as per the normal operation of a



from el enent 504 becones phase coherent with el enment 502. The two B-slots
are therefore .sumed together in the accunul ati on process and the

accurul atwo 20alaeaodat the end of the integration period PETIARIBI00S39
representative of the end-fire beam It will be understood by those skilled
in the art that in the present invention, the figure-8 beam can be forned
in any direction, depending on the conplexity of offset table. For both
elements in this sinple exanple, a gaingffset of 1 (unity gain) is
multiplied with the incom ng positioning signal and therefore does not

nodi fy the beaef,arMefa 1&1@%@1@n@b@?@me§ hes ﬂfda_ﬁ &eﬁﬁﬂh@i& ;aakinamngn;igial be
applied substantlally synch

he sw Ch.l to the
first state; WeHEW §°§ i p o ‘érff"fI g¢ i“ﬂté eam i IIﬁFthl delrf?(r}}lgmd
correctly. A@@@n&ﬂﬂ@gﬂd&xm @lﬁb@dd ned tssmpléd ithen prabepmatto idipiteln¢onyerter.g The '

positioning si nal for oS QINERCES transm ssion. After
acqui si tion of Signgitms Iépaﬁé%l n}gtc}ﬁz}sgcénercecel ver, a carrier NCO within the

posi tioning receiver correl ator  synthesi seqs ref,erence S|gnal thg}s is :
subst ant i al’l yThy Fraeiyed Rpsitipming Gig] d%hiSPPET ghal 1= THEP 38 179 AR PFESei ver
det er mi ned t hadmf3eMss, ib§ rhifinlghie fBevdd ﬁcemdnmgeigndnylﬂandmhhem&mesmdem si on

is made to forma beamin. that dir e of f set
table, and detdf i esfsﬁ%ltby%ec ?glgé?gasr é‘pwﬁ?3 e fﬂge?%?%aﬁéj%gt q;%p{;ilﬂg

during the i nfungticus #tthamget12o Befonhihe modified exdpentd sispd iemiied b gwreceyofl | ar | v,
the processor g{l o%_[nlgl Q&Ej tlt@‘tevé} %ﬁopro%ss&/&teﬁlngj bsetprRNG fseﬂuﬂhé egldfikdr i ng .

the second B- whi ¢h ’corresponds, to ele 504. ng _each
offset to tohed’(lf%PPli eFonepfirs Bc:?l‘é‘at“eW]&°}irﬁla’i“?‘?te5(r(}5 r‘se?‘@f%A% é‘f §E§I3¥le ﬁle

i ncom ng posi bio@&kd}@hédkgml 1aBle6b ddieminedf i effser ef e ender NCQriafequiral niexed i n
a m xer and agcunul ated.in the accegrrul at ,mogﬁ-wptgmgggmgg{egg&c g&g{ gli on of

acarrel ator. f”?’s‘m STHS PRYSTERCE T 6° FY gur es ., the incom ng
posi tioni ng shegrshryr cBheiagadnudition|ie therefage Blipvedrig PBWEed 28 ek BOPIER S IH AT hes

into the RP fron n%Pd b @n%éupaeaﬁamf&e&emggmyaﬁkaﬂ“amdmsaremlﬁa in an
anal ogue to dr gita converter. The received si

n Q at
| east one tor peiitangie sigpgl inppixers 4abprdst) ﬁ%§feftf8?1?‘ﬁ§d ¥ gﬁ’ lxe Wﬂ}btf)hed into

its' in-phase caidefiady simpl) afBubLaRane icimulayd iv te m@umhletorse@éwcéﬂm
positioning signal: with:.a carrier reference signal

For the second B-slot, the processor checks the table to determine whether an offset to
the carrier NCO is required. In this case, a phase offset of 180° is required. The offsetis
applied to t~he current carrier reference signal phase value to create a modified reference
20 signal as the second B-slot begins and element 504 is switched to the first state. The
phase offs.evt is applied continually to the carrier NCO value throughout the duration of
the B-slot. The modified reference signal is mixed with the receiyed positioning signal
1o create a mixed signal, then mixed with the code reference signal, and subsequently
accumulated with the value of the first B-slot in the accumulators 422 and 424 to create
25 an accuﬁ]ulated signal. The two B-slots are therefore summed together in the
accuniulation process and the accurnulated value at the end of the integration period is

therefore representative of the end-fire beam.

Note that the carrier reference sigxlal synthesised by the carrier NCO 408 does not
change during the integration period, but is only updated by the carrier lock loop 414 at

30 the end of the integration period.

In embodiments discussed herein, the accumulated signal is created in the accumulator



that is synthesised by the carrier NCO 408 and the discrete sine and cosine
mappi ng functions 410 and 412. Before the nodified reference signal is

m xed w twotzher/mwewei ved positioning signal, however, thecpraReRs00839
determines that PRNI is in the endfire direction. For the first B-slot, in
which el ement 502 is switched to the first state, the processor checks the
table to determine if an offset to the carrier NCOis required. In this
case, an offset is not required and so mg_nodifications to the reference
signal are necessary. The accunulation is therefore allowed to proceed as
per normal copi Rt DfireResish bOfe inldggdtioh periddh @lauwrnedinfottetemisddinens eachdi gnal .
is mxed wiwth_the received positioning.signal_ in mX . 6.0
create a m xe&'sé?tg‘ﬁéf‘f““f“ﬁaé‘?‘li B e f'%wf%e syl {el’1 ’e@é%@é‘%&&%&ﬁé}aﬁd
subsequent | y acammatont ectraspontliing tacbel mikizor sumip of fitslas geayivse. t ethesecond
B-slot, the processor._ che t .t ] ; ifart to
the carrier 'Nfﬂ?slm?nésqur% gcgﬁmpf%%%l ﬁ?gghﬁgs%fﬁ%h%%%g&g%teg?ﬁ f)fs%niaSlg IS

requi red. Theingfvidiel accemypiptsi ed to the current carrier reference signal
phase value to create a nodified reference signal as the second B-sl ot A
begi ns and el @irtlterbOdimcsts Sistuiseddednly on¢ bleméritcgi be inathe firsT bletesit ameingtftset | s
appl i ed conti Qual ltXe gn%g#aggn Mol herGR VAlUerhd2t SHOEOWRHED & HaifAL Lap, of the
B-slot. The noditied ré&ference signal Ts mxed with the received :
posi ti oni ng sietymaht 503 issimdtapecysliswisehed fathatecorditie- ni xed with the code

ref erence signal, and subsequently accunul ated with the value of the first
B-sl ot in the Adefunkbsihgrte 432 andt g 426, ahe ativedamigead clamintegtated & $eal . The
two B-slots are_ therefo.e : i1 c Woel &S and

t he accurru?%lt &¢Va ﬁ°é5a2?§ggg’ﬁcgeatggg %E&{ nt e(f:]eIrdIz;lgt(?gll.1 %qul %_gﬁ%ﬁhﬁglp%gﬁgf—ore
represent at i veheosighdie oeqwas fériallyh tgnintegpstien tof gbe thiged: sieptlels: erErend¥ signal
synt hgsi Eed bgum:;i&lagg iagr,-ndfhjgb;g) ﬁla%eh pgesmcamidcagﬁlgeoﬁurthélgmeﬁaidnniwe’rgda]Ei OR
period, but is only update y. the carrier |ock |oop 414 at. ¢t n t he
i ntegration pemrEtere the asrItRtsrkTaRel i rRRuELLY e RER 8T, at“hfec’r%%dclﬁr% ated signal
is created indib&oaccunul atorover the entire duration of the integration
period. However, in other enbodinents, each B-slot is accunulated in its’

own i ndi vi qyalAsagéHméhaaBWQ t}tehﬁltéﬂnﬂiamdm(ﬁwmeﬁw@dchiﬁpﬁﬁmﬂ(&bms 110) are
corresponding cggplédh% EI;I‘I pggigynmgnlggg\?cl; 1?1, 5]1131' 8<Er?cml;1§ u&_:l &%%iodl M hsgﬁlgon to

determine the position of the receiver. Since the direction of incoming positioning

- signals are known for any given time, the beams formed in each correlator channel can
" be directed towards those known directions to maximise the gain of the incoming signal
20 while attenuating signals from other directions, therefore mitigating the ‘effects of

multipath.

Although the invention has been described with reference to specific examples, it will be
appreciated by those skilled in the art that the invention may be embodied in many other

forms.

25 In the claims below and the description heréin, any one of the terms “comprising”,
“comprised of”, or “which comprises” is an open term that means including at least the
elements/features that follow, but not excluding others. Thus, the_: ‘term “comprising”,
when used in the claims, should not be interpreted as being limitative to the means or
elements or steps listed thereafter. For example, the scope of the expression a d’evice

30 comprising A and B should not be limited to devices consisting only of elements A and



enbodi nents, the accunul ated signal is obtained from conbining the signals
in the individual accunulators. In the enbodi nents di scussed, only one

el enent oa0 2ba/Gow4bhe first state at any instant w t hi nPCmAU20t0690830 1 On
period. Therefore, when elenent 504 is switched to the first state, el enent
502 is simultaneously switched to the second state. After traversing the
code |l ock | oop 426, the m xed signal is integrated in the accunul ators 422
and 424, creating an accunul ated signal_.y4Since the mani pulation to the
signals occurs serially, the integration of the mxed signal is, in effect,
the summati ongof,aBnd HrhdVele® “HeNIAGH" Clvhivh didiidedt, &i ‘gnainsludest us dshherein
integration period. Therefqre, the acc | ated sjgnal is.repr ive of
a new beam foisifsg ap ePeETR &t lagymgns 4%%%31§§ﬂ ég%?P%%%kgﬁgggéggﬁg&antenna
array 104 andms‘WriaChitRet extlndibg bthéswitwshésclidify insysommept with aed meapadict i oni ng
recei ver 114, which performs the required PVT solution to determ ne -the
posi tion of t#&%%c RRSPEES nce the direction of i ncom ng positioning
signals are known for any given tine, the beans forned in each correl ator
channel can be directed towards those known directions to maxim se the gain
of the incom ng signal while attenuating signals fromother directions,
therefore mtigating the effects of nmultipath. Although the invention has
been described with reference to specific exanples, it will be appreciated
by those skilled in the art that the invention may be enbodied in many
other forms. In the clainms below and the description herein, any one of the
ternms "conprising", "conprised of, or "which conprises” is an open term
that means including at |east the el enents/features that follow, but not
excluding others. Thus, the term "conprising”, when used in the clains,
shoul d not be interpreted as being limtative to the neans or elements or
steps listed thereafter. For exanple, the scope of the expression a device
conprising A and B should not be limted to devices consisting only of

el ements A andB. Any one of the ternms "including”, "which includes", or
"that includes"” as used herein



is also an open termthat also neans including at |east the

el ements/features that follow the term but not excluding others. Thus,

"i ncl udi /go 2061/9039NYyMOUS Wi th and means the same as " ce@QpraARITGILSBHE

CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOANS: 1 A device for form ng a beam
of an antenna array, the device including: an antenna array having a
plurality of spatially distributed elenents; a processor for selectively

swi tching said el enents between first angk second states wherein, in said
first state, said elenents are configured to receive an incom ng signal;

and a recei verfPef RIS HRFIRISCCHRE edvNTIONaiKk ABFOIIOWSE ay and sai d
processor for generating a reference signal, m'xing said. incomng signal

with a nodified reé%eengp{ls(}ﬁcglglaa 0 g@ﬁg&%&&gé@&v%g’[&m,%nd summi ng the
3 T

m xed signal over r erm perl od to generate an accunul.ated signal,
wherein said ref er&%ﬁ‘enﬁiﬂﬁ@'hahﬁg Ppeliaityest spiialy ditBivied agneriosed with said
recei ved signal such that said accunul ated signal is indicative of the
direction and magnj bwd@ss&f fok helehi@ay Niiching saidtaemmatsabearagen Rsthardessoos
according to claim1 wherei id recelyer . d I t ceive
channel havi n§®%* Efvcy?l}eﬁ‘r ﬁt%a?dqfu\ﬁlﬁ“?tgi 0 dgéa{l gct)sngrgatl e egsfglggc?%tg %%ﬁzv?nﬁ]tg%esai d
antenna array sigsalpmdvi ded by said correlator. 3 A device according to CI aim
2 wherein the operative assocjiati on between said anten ar.r and .sa
correlator is proveawer pReraivplycasseriasd ‘ﬁ‘é‘h?aﬁﬁla&‘?’i“ﬁg”{aﬁemgﬁé’élep %eﬁoérfogal n of
sai d ref erenc@eserfingla lbﬁrﬁubsn@ﬂltmhngsmhb@m@aignﬂmm ] Imoarﬁeelreﬁmme bei ng
switched to the first state. qtea\gdcse acco m’ge é’deﬂ & the
mani pul ati on SEREdP §EBTAG A TR PR | &l respe t| veI Ly appl yi ng
a phase andé opexjai n padefsein dcousaatdd meriaérvémﬁel @ldgﬁ@{fenc ispnadHiedPEPUe of
sai d phase anQA Q&n?&h{g%%él%%h Iéc%l\g@ts ?gmsﬁﬁ%t@mdﬁm&M%lwﬂ maned said

el enents being sw said first state devi ce according to claim
2 wherei n sai @f gdireqtigr apd magnindeef e heam Oof B aMEMRA'8% control oscil | ator

(NCO and said reference signal is synthesised in said
2 - A device according to claim 1 wherein said receiver includes at least one receive

channel having a correlator, wherein said operative association with said antenna array is

15 provided by said correlator.

3 A device according to claim 2 wherein the operative association between said
- antenna array and said correlator is provided by selectively manipulating the phase
and/or gam of said reference signal in substantial synchronisation with an element being

switched to the first state.

200 4 A device according to claim'3 wherein the manipulation of ‘said phase and/or
gain is achieved by respectively applying a phase and/or gain offset to said reference
signal, wherein the value of said phase and/or gain offset is determined in dependence

upon one of said elements being switched to said first state.

5 A device according to claim 2 wherein said correlator includes a carrier
25 numerical control oscillator (NCO) and said reference signal is synthesised in said

cartier NCO.

6 A deQice according to claim 3 wherein the vatue of said phase and/or gain offset

-

is determined by said processor in real time.



carrier NCO 6 A device according to claim3 wherein the value of said
phase and/or gain offset is determned by said processor inreal tine.7 A
devi ce acwondiwmgodde cl ai m 3 wherein the val ue of said plrasaEnd/0083gai n
offset is determned by retrieving a predeterm ned value stored in a

dat abase that is accessible by said processor. 8 A device according to
claim1l wherein in said first state, said elenment is active and in said
second state, said element is inactive._£& A device according to claim1l
wherein said elements are switched between said first and second states in
a predeterm ned SegUBR&EiccdBinf dlaNinCEwaG6iae VAlielod s4d pliate thadighipioffsaai d

pr edet erm ned,  sequence, sel ectivel y excl udes one or re el nt fr.om being
swi tched to t idlerrpapd by mimeving ¢ pAgd(??W’BgP‘éai‘teoﬁ’?if‘ﬁ'é‘ atr%mgf’saeitﬁnﬁmis W eesf?lgllen t he
confi gur at i onbpaidpiotksant enna array i s dynam cal |y -adj ust abl e by swi tching
one or nore elenents to the second state for the entire duration of said
integration pgriod, gl2:AdENingGo 366RT dilkid B &ldaen slay)REA Ricmeapis Actole sai d
el enents are switched to -said first state for a sub-integration period,
wherei n saitl 3thnisefeyrad s1eR Spd LIRS IPPEEE: t han sai d predet er mi ned
integration period. 13 A device according to claim12 wherein said . '

pr edet er mi ned9i nt e4rdaticorcpdngael claine | whewinsajs) demadnistage sritbehbstyemiridg sl ot s
(B-slots). 14.A Q,ﬁivge%gdggﬁggﬂ&gdéé;mglg@y@gﬁe_Mherei n an el ement is swtched
to said first state for the entire duration of said B-slot. 15 A device -
according to aim 13 wherei.n each, Bsl,ot .is.confi quk .
respective acghrml‘ﬁtd(?‘r’mf BRSPS 8 AP B ﬁrﬁéest;%}gﬁrl% S‘La‘ﬁ‘é& \%/r%gl?g}.\ﬁlyeach
sai d respect i eeclates L dratons elesentirvmdeing switdhad th thofisf 4tetel r ef erence signal to
generate said m xed signal. 16 A device according to claim 13 wherein the
duration ofy eagh BaSle@te Wichiding t@Elainil SYE@ini thelcqabipiratbni f saly Astaimay is

adj ust abl e such that one o re.elenents are i vel om

bei ng swi t che®1ETHE -J“thﬁleg?é?"et.c F AdeVi ce egéglgg'(rg\ J|’\rtli% %%&é%gﬁ%li t}Iv{%erei n
the el ements antire dpatioradflsyid diteratiopweread- i n a ' :

12 © A device according to claim 1 wherein each of said elements are switched to said
_ first state for a sub-integration period, wherein said sub-integration period is less than

15 said predetermined integration period.

13 - A device according to claim 12 wherein said predetermined integration period

includes a plurality of beam forming slots (B-slots).

14 A device According to claim 13 wherein an element is switched to said first state

for the entire duration of said B-slot.

20 15 A device according to claim 13 wherein each B-slot is configured to access a
respective accumnulator for storing said incoming signal and wherein each sa.id respective

accumulator is mixed with said modified reference signal to generate said mixed signal.

16 A device according to claim 13 wherein the duration of each B-slot within an
integration period is dynamically adjustable such that one or more elements are

25 selectiveiy excluded from being switched to the first state.



t hree di nensi onal configuration such that the device can form beans in one
or nore dinensions. 18 A device according to claim1 wherein each receiver

i ncl udes wol2biploeospecei ve channel s and wherei n each rececrawhavmed3oi s
adaptable to format |east one beam 19 A device according to claim1l
wherein el enents switched to the second state are configured to be
non-resonant such that the effects of nutual -coupling are aneliorated. 20 A
device according to claim1 wherein a prgpagation delay is incurred between
receiving said incomng signal and m xing said incomng signal, said

propagation dejay }2%@& ee&eugk&&immrwi@efelﬂ@ieeyénﬂbgstahesvamyfdi%drmaf sai d
reference signal. 2 nmet ho

for form n antenna array, the
met hod i ncl udf¥Ry @Wén%‘%né]p?ngﬁm%ﬁ“ B%é%ay‘%\ﬁﬂ g"ﬁ?’ gEp &t Pl Ty
di stributed ehmeabs. of said antenna array froma second state to a first
state, wherein, in said first state, said.elements are configured to sanple

an incomng signal ; 4b)icd ?&S‘Jldgﬂgr}g clafth lsv@ﬁegf;u? Efcﬂ%@@eﬁvc§ 'ﬁlctuﬁgbeﬂufhﬁle&aded/cf I rst

state, an incom n& sl gna gener at | nﬂ correl a reference |
signal for Scofhahels mdrvhgreimeashredeivedame 5“@? t°f‘ﬂ3“élfﬁ'f ab

substantial synchronisation with said elenents being sw tched to said first
state, a predes er nhdedcedcteding toclain dwheéin clemerts syigehafl ta Ge secerd vatg ai¢pdi f i ed

reference signalg., @k (dBetlolTesids gmm@gffma&um bduphiad fh mRAid-lia)

reference si gnonl 0 create a mxed signal; and f) accunulating said m xed

signal over an integration,. erl to create an accumul ated sion erein
sai d accumul a?%dAsdrefjﬁ&Ia""P gﬁﬂ 8é”3’8f°“t ﬁé’ma’a% |d8{ﬁly hRES niég‘ttﬁdee of

sai d beam of sai ﬁcaﬂhg Biid ua:bmiqg signal and mixing said incoming mgnal said propaganon
10 . delay being accounted for by delaying the modification of said reference signal.

21 A iﬁethod for forming a beam of an antenna array, the method including the steps'
of: '

a) selectively swifch.ing spatially distributed elements of said antenna array
from a second state to a first s;(atc, wherein, in said first state, said elements are

15 configured to sample an incoming signal;
b) receiving, at said elements switched to said first state, an incoming signal;.

c) generating, in a correlator, ; reference signal for correlation with said
incoming sigﬁal;
d) applying, in substantial synchronisation with said elements being.
20 switched to said first state, a predetermined offset to said reference signal to create a
modified reference signal; A
e) mixing said incoming signal with said modified reference signal to create
a mixed signal; and
f) aécumulating said mixed signal over an integration period to create an
25. accumulated signal, wherein said accumulated signal is indicative of the direction and

magnitude of said beam of said antenna array.



