WO 2005/ 045459 PCT/ US2004/ 029998 DI RECTI ON FI NDI NG
METHOD AND SYSTEM USI NG DI G TAL DI RECTI ONAL

WEORRBIATORS Field of the Invention [001] The PCEBES2U4/029998
invention relates generally to direction finding
systenms, and in particular, to a digital direction
finding nethod and systemutilizing a revol ving
antenna array. Background of the Invention [002] The
direction finding of electromagnetic transm ssion
signal s has been practiced for many years and has
been achi eved using a wi de variety of antenna

configurations and si gnal rocessin technll%ues
s RREATEHON RINDINGTE 1RO AND SYSeFEME USYNG DIGITAL

recei ving antenp 1.V] a has its
own recelgver ci: m&&g&h@w&aﬂbﬁ&r ed to
simul taneously receive the transm ssion signal. At
| ong di stances, the radiating source appears as a
Field gbthet Inyenioe, .and the transrri ssion signal fromthe

poi nt source appears_as. pl anar wave-front to the
[001] | | neBle present aver@ttonarelaéds aenemll}ytosimpmou @rrdgmgwsystmsgmd in particular,

to 2 a1 AtAHoh BAGOH ol 58 Y BiARE R riya P Rithnp ey

rence of t he recelved signal s between a
Ba"kg'fﬂ“r"d %tf'ﬁ@“{e@ '9Pving antennas (baseline). The

nmeas i,val of the transm ssi
0021 5 2 e foin Toingrie i SowRentic SpupRBRA SRS dds Fotrigpectisd for
many?JaRNBRE hisbddieachrs&d hﬁﬁg atvi@e fv&ﬁ&&'%%teﬁ_ﬁa th&figurations and signal
transm ssion signal, and the neasured phase
procegiiifg tachnigecs. TS suthantdmga dmsﬁ@lrﬁtl@nbeamgﬁ artagy of receiving antennas.
Each F?ec%gvhl\é% n@teﬁrﬂ%ﬁ{‘sﬁﬁss%\wggetecgl ]$ ?@cﬁi’c'h ngd {h§¥ kneg%@gilgﬁreg tg 31mu1taneously
receitd the H@hsrieAsH 5ighE N 1AS Jorghidlanctd) ehoradibgndousderappédrs Qy‘ a pomt source,
the transm ssion si naI relative to the array can

and the frapsigden signak fiem e RGNt prYEFe APRAF (S i2rdanar ézvavgﬁ@@é to the linear

angul ar position of the emtter can
'array()%agéeltgeg%l %metngﬁany coordi nate system [004] A

[003]SySt %gb % m 1{]«m§o&s¥}p f c&%e(f @ilg{iﬁg figo e 'e&thelreceg\rn%gea‘;n?enna are processed to

di'reC i nterferone

deterdmﬂeem%Iphﬁsef diffdense afr‘«he @m@aﬂaﬂ e1g@ﬁ1s egteep hgairsifahe aaa@lvmg antennas
arrival neasur emfnt S,. but the_ angl e neasurenen

(baseﬁa@ rieensasured apglg of pirval ofileEmspyssionsignal s aaine,ctwaplﬁ the distances
betw%?e_ﬁ’n%%ezoggﬁ%%@gg tf e %Qsehf'xe,\ﬁ% ﬁgﬁéﬁ&“’gﬁﬁg transmission 51gnal, and the

measured phase difference. Thus, if the distance between the receiving antennas of the baseline I

is known, and the frequency and the phase differences are obtained through measurements, then
the angle of arrival of the transmission signal relative to the array can be determined. If the array

position in inertial space is known, then the angular position of the emitter can be determined in

any coordinate system.

[004] A system of this type is called an interferometer direction finder. In general,
interferometer direction finders are capable of high precision angle of arrival measurements, but

the angle measurement has multiple ambiguities caused by the periodic nature of the phase

difference.



[005] Conventionally, nmultiple interferoneter
basel i nes nust be used to resolve the anbiguities,
woe@d4as9 mul ti pl e baseline interferometry. | nPemiusiopd/e29998
baseline interferonetry, different observations of
the angle of arrival by several baselines are
correlated to renove the anbiguities of the angle of
. arrival. Disadvantages of this approach are that |t '
[005F equiCopeentibmalkyp avueltipteo interferamptemiassliee mptebhawed to resolve the

preferably in a c anar 0 r a (R [ .

ot Rt e PO bR AERTEL Yo M bl B AL joenromets,

diffeRnP G6SvatiBss ki kR dTaRavilng svaabbselindir£ovatelatt® to remove the
obtal n precision angle neasurenents for VHF (ver

ambighitied ofihd ahlels of airiveh Risgé anfageugfethiﬁi appropgip amHpatiibrequiog the space
o oS o Bl SR R By SRR s
clenfRAR 288 irddeRer BleBirdrids’ 18 PH6RHs th-Ehﬁulﬁ_gl%&ia@élinE@%nﬁlsn’Qﬂéfeﬁffer, to obtain

anbiguities, the greater the nunber of internediate
precisivnenglasnessireients dor \HAF v BighrdsUHE fnliig digh frgqpeneigs (50 MHz to

e ¢0s and js _undesi I ral LY. i .
200 §fH o R R erp 8O b et el T RS e g i hlhna spacings
the fn@ﬁﬁ&mﬂi?;ﬁtigé hRCintroMudell NATHROgrpAteOThe Muinthelo$ anbiduitisitie greater the
in practical apPI i cation because_ the frequency of the
numbgrcofiniegmediga Antenpas which ynysk by gddedn s peresertsia large hardware cost
recept i . j ' i gl . .
o GBSy B G S8R a0 iAERAT i Shace
. .qperate aver. ayery broad. frequepcy, band and an. .. . }
lﬂ“ﬁncoﬁ}}fg&éﬁcg‘ﬂ%lﬁnﬁﬁ BT eﬁ%?vﬁ‘\sé’r g“@f(‘%‘rﬁ npr?%tgcagg%}ca%n because the
freqBOR, GFANe ilddmIHE Bigﬁalctﬁﬁﬁalﬂyﬁ ist fotl ifioh@nETbret ikeredépidatdtahie direction
finding systemas a channelized device and enpl oy
findgfiggsystgm. c afhablthe direction findmeieystep 1Y dedrevisgluiontnprate over a very

d . : . .
o PO RS IRALLAL A 8 . an s

eac

in shetesuaB tytoliapimdnd thealiprteefistiog systtinv aduahinnelizdlhievice and employ

cmain problemwith this roach.is, that, a rel atj vel ‘
diga bR Srida s et BRARAGY Ptk & ity S plodgndmber of plural

fredfu_e  chOiRld @hcteRERvwab R MR bl{)Q(p?r]e%u-Eh@y Bida§ & b@Processed individually.
I ndi ng system can be conbined with a paraneter

Theemaio geabley stitbrihiswhprohchms dkal paslatjealy buge pumberef digdal channelizers are
i.ncl udi n ff reguenc pul se width, etc. of the
reqyiredn kg LEfgnea t’fl‘aﬁtﬁé‘?a Al ternatively, the signals :
ecei yed at the_.receiving antennas, .capn he converted
(007K r oubhe Areptisty Fing YHER et BambIie MUkl BBYApier encoder system

whitf38&:88IVANRE ARRI&S %ncﬂ&&ix?ﬁﬁdjd@n@ﬁ Full® F1deH) d. STt transmission
signal frequency. Again, additional 'external devices

sigal. pdiouet wilnghe sigoals recekyed ahthe aewitiyg aftonBy cibbe owwerted through a
Fol BB b A P S Re R 1980 e 0 canmision

sighdl BkiheRby. VA gid) dddifkial &u&halafevi@yssor@f&eﬁﬁg@ﬁeui_tscar@@é@srsmy.
fully 360. %0(59] Thus, there is a need for direction

[002513.1| ndi 'ﬂ?ﬁr@@eﬂgg tl‘?en%r%%ﬁ&% ;ﬁgﬂi‘ﬁg Rk Ure SR%EMHILD RY anélﬂﬁ coverage of

gl e arriva ccuracy using as few
theaftagdd 3picdly 1903 Gpbtigly) aahfdur egliiatrayrgarefeeded to cover fully 360°,

[009] Thus, there is a need for direction finding method and system capable of determining
the angle of arrival with high accuracy using as few antennas as possible , and requiring no

dedicated circuit for the signal frequency determination.



dedi cated circuit for the signal frequency
determ nation. 2 WO 2005/ 045459 PCT/ US2004/ 029998
wemasdssof the Invention [010] It is an obj eceCDiIS100€029998
present invention to provide direction finding nethod
and system which are capable of determning the angle
of arrival of a wave-front with high accuracy using a
few antenna el enents, and requiring no dedi cated
Summiary of theflovertttom si gnal frequency determ nation. The
nmet hod and system of the present invention are
[010keSpeliiabh ybjSﬁti dfald I?eient imfemt'mgttd) prpvidiestiractton firmdliganethgd and system
_sources in_the RF frequenc angs 0111 It is. a ) '
which gre; geepble Bf detprrgning iae f %éfrﬂmvfﬂ yéﬁhaaﬁl‘f%t Bilphieheccuracy using a
. L AN _ i . ST
fow {0 elcbnls, N A TG MR SHELCIY M fial BRI Btermination.
The tdethodr amlssystar 0Eltat presenprivomtion nrg ¢spehalygaetable0fb?]detecting distant
. These and ot her objects of the present invention are
radiaipg syess BicRRfedsachpandget ecting a wave-front,

conpri sing the st e?s of measuring a first relational
[011phasét iset fwsher ahjephaf the nrefguiciaventign fheroyide dirp¢tiont finding method and
first .and, secan t I ; e .
systegy " Ghitf e RRERR b FRNRT T BB, En BN BESViREE B the oross-
corrdltR preveesing Rchnig@sond spatial position and a second
' rel ational phase is neasured again. This process is
[012! epeafiRek WA idthad! bbjatPicguht ippGeMam@edRANare IRERVYE Gyai Gnethod of
he angle of arrival and frequency of the wave-front )
detegting dwavteftentnjomprisifgihastemed regspvmgarftistoelabenad phase bstween signals
. . of. th resept jnventio re.furthe j d
indupd by el o Rt Lo o e SLRE A avray at a firs
spatRNpHedifién. aMhalantehila afra il eira anovet] o taheecorielt dpatlal positidt and a second
of antenna array_spatial ,positions and rel atjonal . ’
relatitpak BRaspdb WrespUIed gaains THe BEQESSi 1 resated Jmtk Al pughiguitjes have been
i [ - ' vl A€ t -one
resoly 2 BASHERHER of U TG BChERy Rl o BRI
rrayml s ed ¢ . A& p i 0 [ .
01330 YT SRl PRL BBl g 8 bbby Bk, By oy achieved by
direajvatfiralingxastht d asiag hhonsasiviad aitengenay.aircacaodehceokith the method, a

neasured spatial positions nd rel ati onal phases, . i
set of Auipnga ke SHERE Resifort and 5%&%59@%?%6@5@%% ipdaced in the

! . . . .
antegﬁnzg gltrﬁ}t gsd?%ﬁfcﬁed for egémﬂot@ntﬁ?%glru%?%h geﬁg[dgxrie%%ka%_-ﬁ&gr gtgﬁ wave-front.

e anbiguities are resolved. e above
Thenlj wigitet the anfehmalimay ivendved tabugthe pluraligsnof spatial aresitiens, actual relational

phage R G o i Ap RO e et iR eensfile 2t anddp g spatal positions
and SM8H&MA Phased. NBinay,oRt nRAsEEITY: iS&mATedaRkIEBHR ATthéYiedRted sets to

steering nechani smfor noving the antenna array; a
find a best-matching predicted set and thus the ambiguities are resolved.

[014] The above direction finding method of the invention can be implemented by
hardware, software or both. In a hardware implementation, a directional correlation system of
the invention comprises an antenna array; a steering mechanism for moving the antenna array; a
receiver for measuring a relational phase therebetween antenna elements of the antenna array;

and a correlator for determining a parameter of a wave-front incident to the antenna array.

[015] The correlator includes a memory for storing predicted relational phases, that are

expected to be found in the antehna array, in a plurality of memory cells each being associated



receiver for nmeasuring a relational phase therebetween
antenna el enents of the antenna array; and a

weoroseksasor for determining a paraneter of a WeWwEBEUS2004029998
incident to the antenna array. [015] The correl ator
i ncludes a nenory for storing predicted rel ational
phases, that are expected to be found in the antenna
array, in a.plurality of nenory cells each being

withos ?%hﬁéle\ﬁﬁl& ¥OiROBARAEARILPET SR04/ D2 WO brcﬁhded to shlﬂ

ential value of the paraneter to be determ ned.
contem: ofiéhre mmpr)owllge@np@ogwng tio theomosementsil the enivamp myay A set of

cells corr n e
comiibe ERLAEIRER Rt GrhEp L PR Sl kB P mory ot or
mat@EeP tHeSmedsutcderelafit il Whhseaftd BCHRSBcRdrenitedhdTesMEM of the selected
cells for matching the nmeasured rel ati onal phase fed

mentsyy cplls. r cel vleeounfersare ipeovidsdtie wpumsfa pyrabeseif deatehes for each memory

o J5FR e S5 B olS BB HI PHBH O5 b RgEElChupus ot e
countery goeddterfifinih P eheaméRoya cB iicagbntot bﬁWﬁﬁthh&iclﬁ&étt%ﬁtt With k% measured
couPI ed to outputs of the counters for determ ning

relational phasprijerelsy determaning the patameter ghthe Avayatiombs best with
the neasured relational phase, thereby determ ning
[01Glhe plaranwtarceotith deaspect of theanventips, 1B antenzecavaydmay eomprise more
with an. aspect of the invention, the antenna array nay
than e APl o e than one baseline. [017] In accordance
wi th another aspect of the inyentjion,. the steering
[01ec halt asepidgncg: with aﬂ%ﬁ@fﬁ?%ﬁ ﬂ&rmp foR, et qﬁe‘anngua?@ensm rotates

the%tefuﬁréh%ll erf ﬁﬁorkﬁé&hsﬁrﬁc&g‘e former case, the

systemc ete m ne t frequency and direction of
reiv | f )
018} ¢ ?Ltﬁg?%ffffer EasB) Syt Cor A RIS FeliRh P hnd GfRbA of arvival of

the pmmavec&mh e/hesoyserfabiits msthe mmnb rod dotauom bé thd amamafarrays If the
r of at en the

S e rnln

nortygh ¢ Ware-iRE: lar“aﬁhe%‘f o gfine E tefii e ﬁ)ést%? St determine the

ang®f o8 Al bPihe p@) Qcti%ﬂ Rf Qfe n%ﬂﬁalfoh%’é*ﬁﬁﬁé’of Btatibl€nd one of the frequency
wave-front and the angle of inclination, provided that

of théreraet-fient and thewﬁh of frgligtionrprovided thabthe ottweis known.
frequency, azinmuth and el evation angles can all be

[019ni qué&l yhe detrecasenfdquendR Odzithwhaacoeanoa wglés aan all be uniquely

d furt f&er aspect of the invention, the correlator is a

IS¢ di nensi onal correlator. In one instance, the
nultl-dlnen i onal  correl ator conprises a,colum

020bw) & aa?ﬂr?? Fretid) gniirtheropspettaglofhs, mIVﬁnt&)ﬁ‘otth‘ePOTTdatOY is a multi-

dmieﬁﬁ&ﬁan E@rrel%,tjale Iﬁ"ﬁéﬁ: linstinPE AR AR dlﬁ?ﬁsﬁﬁagéﬂelat{;%%ﬂrﬁ@sqa column (or

trix of uni mensi onal corre
row) of uni-dimensional correlators. In another instance, the multi-dimensional correlator

comprises a matrix of uni-dimensional correlators.

[021] Still other objects and advantages of the present invention will become readily
apparent to those skilled in the art from the following detailed description, wherein the preferred
embodiments of the invention are shown and described, simply by way of illustration of the best
mode contemplated of carrying out the invention. As will be realized, the invention is capable of

other and different embodiments, and its several details are capable of modifications in various



[021] Still other objects and advantages of the

present invention will becone readily apparent to
wWobwse4akd | led in the art fromthe foll ow ng, PeEt/Eb1004€029998

description, wherein the preferred enbodinents of the

i nvention are shown and described, sinply by way of

illustration of the best node contenpl ated of

carrying out the invention. As will be realized, the
.invention_ js.ca | e of hgr - i ff . .
oot HERRE el 18 85 AU b SEERbngly, g drovings and

r@g% lRRELRNG bleRedsadddan SlvtrMB <20 ABMES Brftbibt as restrictive.
des E%S%OM 029998ééobvi ous respects, all wthout
departing fromthe invention. Accordingly, the

- drawings and description thereof are to be regarded
. Ll ustrati ve | ture, and not as restrictive.
B"efgqugf'pﬁﬁg8?ffbet||§@nmrc‘)¢?t he Drawi ngs [022] The present
inveption is.illustra f 10T o \V SN
022} ; Eg? p{szﬁc’:nsfilﬂv?xﬁgn i§ ﬁlgﬁrrag%’d %@Xrgg é)f Sl n%giﬁg?lﬁg by ‘i’ltmlmlon, in the

figuréy SIMIRORcoMpalyRid) dRWeRE ivieleAy tlo@eith hagiagehe edme ecfernce numeral
nuneral designations represent |like elenents

designhtiang gerwesentliles elpraenss firouyghowjangwhgicd 1 i s basic
' geonetry showing the orientation of an electromagnetic
[023haveFiguont is basiagiomettychewingibeprentisoifjan eleciromagnetic wave-front

. Figure 2 is. a schematic diagramof an exenplary
relativg Qi FHHMBPFE  Phase neasurenent circuit which can

be used in the systemof th resent i.nventiop. [,025
[04F; guiae P4 hgeRmaig CHEFE) oh Bb R AT ERis PHASS hoasurement
. ' ' : i e-front of
e B L B e When the
nt enpa _basel | : | r : :
025 G261 g 5 gk Ay Ean by AbyiBEA Sferldlof{ by clectromagneti
wavt-fensysrigme df refdtiee pr dsenteninbewelinowhen (h02#fenkd jasekndrotates for an
is an inpplenentation of the conceptual processor shown
angylg ipfegigke 4; [028] Figure 6. is a schematic di agram of
an enbodi nent of the systemof the present_ _invention .
[026)si ncFigure 4ilip PetrEpiakAIBNsSOF FQrdEs Bt the SySHurpiflie gresent mvention;
[029] Figures 7-10 are_ graphs show ng the oo
[02Hut o-Bigwre Sliaen brplemerebiadoitis copgetenl Brosemipiethe warin Figure 4;
quanti zation bits; [030] Figure 11 is a schematic
[028]i agrBigwef6 anetschemaithdidigmmnel af enfhedisiest efmtlyr systm of the present

inve%gigrsl,’ Ssrﬂ:’lg {h%\{r%rﬁ}érr%ﬂtarﬁgﬁ/ Lllﬂlgtrgt%nﬁgu% ?,’;' ng baselines;
[029] Figures 7-10 are graphs showing the auto-correlation function for various numbers of
quantization bits;

[030] Figure 11 is a schematic diagram of another embodiment of the system of the present

invention having two revolving baselines;

[031] Figure 12 is a schematic diagram of a digital cross-correlator for use with the

embodiment shown in Figure 11;

[032] Figure 13 is a schematic diagram of still another embodiment of the system of the

present invention using a two-dimensional cross-correlator;



[031] Figure 12 is a schematic diagramof a digital
cross-correlator for use with the enbodinent shown in
wWoe@anes43d; [032] Figure 13 is a schematic di apCHDSHD4/029998
still another enbodi nent of the system of the present
i nvention using a two-di mensional cross-correlator; 5
WD 2005/ 045459 PCT/ US2004/ 029998 [033] Figure 14 is
three-dinensionally rotating array geonetry show ng
[033]t o P@%ﬁé L ?sstlﬁ’ée-dﬁféﬁs@ﬂaig/%aﬂﬁg taftgy g@&ﬁsﬁy gRowiflg b @fselines of
di mensi onal novenent Figure 15 is a schematic
the sytitay ofithe aiveption mmehéﬂn@rmdhm@\mnenf, the system of the
~ present invention using a three-dinensional
[034}t:)|r osg;ggm nehaaofﬂlnerﬁa‘mb JidBeh i wteecth& émbalilnbghof thualstem of the
oc iagramillustrating an exeppl ary, conputer
PTCS%%/W@‘?’HOI\MS%% m@rﬁlﬁf‘ﬁ@lwg%@?ﬁ ani?l;g(ﬁ" ?Ién can be
i mpl emrent ed. Best Mbde for Carrying Qut the Invention
[035] 036 Fignire é?t1$ @rhlglt lwrslnlg}or%@thn@“@mawgstéa}@gd | e&@l ?@n?i]mlr fgmpBter system
esen nvent i on .ar Li be n e foll ow ng
Wlthavg‘ﬂcah%%areagg &9 {f?rb%a’n q%%plﬁﬁlr%%%g es of explanation,
nunerous specific details are set forth in order to
provi de a thorough understanding of the present
invention. It wl arent, however, that the
BestjMadefar Garpang P&ﬁt'rr‘a&»\'@z&gr acticed without these
specific details. In other instances, well-known
10361;t r udditaetian Afipgvnethad A0d ¥R acrerdingc ko dhaghasent drygution are
r de3GirfioA Yo Gurpd Yo
desclflec e PBBRuAN AGALANP frrplocs WL RIS Shumerous specfic
detailhsre ceti forth at owdar ofpravidel dotaughmgdattacdingothe rpmsbnt idehtion. It will
havi ng a nor 100. tenna arr ses two . .
be ap}gagg}tslpqmevghgﬁaﬁ ﬁré&priﬁﬁr mﬁ)‘émgﬂ%%y prg%gregqxg HB&@ﬁse specific details.
In oﬁ‘r'erZﬁlr@ﬂéﬁrgets Id\\x//gl@—(leclﬁgsgitinrst?%@@%al @Jﬁ{dr&vi?:fes %tsgaﬂﬁ 1136?)?}( di@m form in order
phase, or phase difference,
to sipplifiothe dtpviv®| t ages i nduced in receiving antennas 104,
106 by the wave-front 101 is given by the follow ng

eC]lfatI OR it i sh £ 950,81 NO (1) where yris the
relati e—e?%e&‘r‘rt%—‘g%ﬁsem radi ans, d|sthe
[037‘ind tbolg&r%dl %%gilc %gomeettr%%r\}vlﬁge&lglo\ﬁleﬂ]tgtl 5 ‘g’ctrlo%dgnetlo wave-front

101 having a normal 100. Antenna array 102 comprises two receiving antennas 104, 106 spaced

~ apart a known distance d to form a baseline of antenna array 102. The relative electrical phase, |

or phase difference, v, of the voltages induced in receiving antennas 104, 106 by the wave-front

101 is given by the following equation:

r//=2'§?cos¢sin6’ - ()

where /1is the relative electrical phase in radians,
d is the end-to-end spacing between receiving antennas 104, 106,
A is the wavelength of wave-front 101,
¢ is the elevation angle, and @ is the azimuth angle of normal 100 with respect to the

azimuth plane which is also the horizontal plane in this particular example.



A is the wavel ength of wave-front 101, O is the
el evation angle, and O is the azinuth angle of nornmal
WA @5l respect to the azinuth plane which PET/EER04/029998
the horizontal plane in this particular exanple. 6 WD
2005/ 045459 PCT/ US2004/ 029998 [ 038] For sake of
si nmplicity, the antenna array 102 is shown in Figure.
to have a boresight direction 108 which is

[038;;?t gﬁﬁgggﬁﬁrogymlgl%iltyﬁ@e'aaé {}Pdrgﬁl ??El}o%ﬁﬁ%ﬁsgu?& % hdk a boresight
diredtrAl 1@R ivdficH 1B coliRideal with Raik treMhe bé&m@&lpdlﬁbbﬁﬁh bfar-ii@énA array is. the

1, azinmuth angle O is neasured between the boresight
dlrefctlomelftstromgem@daihdnmh therpodiir peiten. disrdepiciedrin @pﬁu@q boazitowth angle 6 is
n th hor i tal n.. .
meagiie) hegrop T asiot 8 istitinB o Eh s ifs TR fpriBtion 100) i the
. n I Okl
horiPRUSBRAQT LI dBRHAPSHAEY Al mbliaRd b3 LEMREOR0D md its
projectioatliod fin the horiyertdl plfrib+k) cosOsi ne (2) where d = sio,
and + k) or f = (1 + k) fo, f is the frequency of
[039)aV e- Egafibn €0 %an bl rdvddbh i Busrniasized BPHES Stk dghstion (2).
end-to-end spaci ng of receiving antennas 104, 106 in
wavel engt hs of a referen velength Ao, and (1 + k)
represents the frequends %df“a@H@%Q onagneti c @)
wave-front 101 in units of the reference frequency fo
“h&@lghsgog&gsponds to'wave length 20. [041] If phase
ferehce yr. is digitized (quantized) to obtain an
|nt§g satisfyin O< N !- 2" -1, where n_is an
i nt gre@+NeBT e5dr nf(ﬁg‘)fhélsrfb%@iueWQiWﬁ%HQ}n bits,
t hefi equatT™n (2) can be rewitten to obtain equatlon
(3) N=1Int[(2"s(1 + k)cos O sin 9)Mdul 02" (3) wh
[040] i s Eh@s "t eguaeseplar theondtthend esparing dr EeriEmS. al[tmi 104 106 in

W&Vg:]ﬁﬁlgﬁ} i 9 aaefrpﬂeé%%\g/gwg\% Q &H}o Sj(?t |a¥1|8 n ggepsg?t Cpres nt\{a{hlée%requency of
eledtRMRIZHEIRS ﬁaﬂeﬂﬁ&ﬂlqomw&@ oF e refetddBe ﬂ‘bk?ie nbes lvsflﬁé'lﬁcﬁ)'irﬁdponds to wave
by the addition of 2" -1. Equations (4.1) and (4.2)

lengibsleri be the value of N for O ranging fromzero to 360 '
spatial degrees,

[041] If phase difference y is digitized (quantized) to obtain an integer N satisfying

0< N <2" —1, where n is an integer representing the number of quantization bits, then equation

(2) can be rewritten to obtain equation (3)
N = Int|(2" (1 + k)cos ¢ sin @ Modulo2" | 3)

where N is the integer part of the term in brackets.

[042] Since siné can have both positive and negative values, and /N is defined as a positive
integer, negative remainders in the modulo operation must be increased by the addition of 2" —1.

Equations (4.1) and (4.2) describe the value of N for & ranging from zero to 360 spatial degrees,
and ¢ ranging from -90 degrees to +90 degrees.

N = Int|[2" s(1 + k)cos gsin 8 Modulo2" |, for sind > 0 (4.1)



and 0 ranging from-90 degrees to +90 degrees.

N=lnt[ (2"s(Il +k) cosGsi nd) Modul 02"J, for sine ?0 (4.1) 7
WODRO0EEFDA5459 PCT/ US2004/ 029998 N = 2" -1- |PEL/PED04/029998

s(1 + k)cos glsin Ol)Mdulo2" ], for sinO< 0 [043]

The foregoing discussion is true with the conventi onal

stationary interferoneter. The present invention, in

contrast, involves revol vi ng antenna arrays to resolve

e LRV Gl N T L

Figure 3.is rotating array geonetry showi ng the
orientation of electromagnetic wave-front 101 relatjve

[0431 0 dhe dorageing fisgussign laAtﬁtiecwth theponygntigna] giatpngry ddpsfggometer. The
ooy M S0 BF B, SIRIEE T el L5 0 replfPfe ambiuics

encoiffetedde detepminttionsf. thefrequiehgnanidirecti@noferival iof hewavierfront. Figure 3
functional formto,. obtain e%q[uat i on

is roggting #RY Y SRty (howige the gl)lent B)A}zﬂ e@*@&g{n@g}?ﬁg g\javp-gront 101 relative to
antegxeajiselhrlragrsfqal neafr??é § 4% nél?lt%pﬁﬁer(zﬁi rg%uﬂfre@ @ﬂ?r’c}lg‘i&%rﬁﬂﬁ h direction.

nove or conbi nat I near an
Thef, Oatzﬁﬁﬁtﬂ Qn%‘[@ \ﬁﬁ%ﬁh&mnb t(1)sthehileH (8 S0sthR rapledssyo (@— kpatEquation (4)
t’he azi muth plane is not necessarily a horizontal
can B¢ Rfiged mauadtioahl foon gy chinl equatiba¢®) . [ 045] Equation (5)
states that the nunmber N (or phase difference yr) is
related to the val ues uency f),
el evation angle O, Nzl @ﬁﬁ{c)‘?oé% nd angul ar- )

interval a (or the spati al p03|t| on of antenna array
02)

at | in the.sgnse th
0o PaHRD S s iy Bl 8 et S PERR g Wihepy sugh as tinear
mo%ﬂieﬁhorc&'iﬂtﬁﬁdﬁ@ﬁ dfligefanh rM@i'mgem@flerﬁbntQ It Bﬁ&tﬂﬂ lalg Hehéderstood that
Interferoneter to Determ ne the Wave-front Paraneters
the pahaysth plapieds prtingeassardbp besizoptal plags farliehie arowdsugface).
systemis to deduce the wave-front paraneters (0, O,
[04%) f r Banatea ) semshes tiemuntber Ay et mhase differenge=y)(id refated to the values of
cos 0 then equation (5 becones Usin(0 -
k (qeyeqpey ) THE AP RS i fo AZRYE %@er%é%cg %wéa i eéL (or the spatial
I te
posiBhi bR SEL) A1), Boflrh 13) 8 SROIERRS 1P HichSlits b g s more than
onei st evaReoofk, @ Oaind athdraraspoay tdé)a%h villne of Ni scussi on

will then be extended to a multiplicity of radiating

sour ces.
2. Ro%atmg the Interferometer to Determine the Wave-front Parameters

[046] The primary object of a direction finding system is to deduce the wa‘}e-front
parameters (0, ¢, k) from measurements on the system. Let U =(1+k)cosg then equation (5)

becomes
N= g[Usin(Q -a)| (6)

[047] The discussion will be restricted in the following section to a single distant pulsed
radiating source which produces wave-front 101 at the interferometer or antenna afray 102. The

discussion will then be extended to a multiplicity of radiating sources.



WD 2005/ 045459 PCT/ US2004/ 029998 [ 0481 As ant enna
array 102 rotates, angular interval a and digitized
webase4dsd f erence N are neasured. |If there wePE&I/N82004/029998
anbiguities, two nmeasurenments woul d be enough to
determine azinuth angle 9 and internedi ate variable U
(i.e. two equations and two unknowns). However,
because each pair of values (N, a) nay correspond to
y pairs of val ues of (9 ... a great n ai rs..of
[043]\/al 2 a8 Spfamageri b0 Testes Preeibiefs® haRd iR MR diffronce i are
t ua ( f
measg e, Sf t}fx%l Ufgre r?o Fﬁpﬁ d69 ('I’{Vécg ﬁ%égérdrégger&@ivouﬂqﬁe %ﬁ&ué?l to determine
azimbiRSmSleVd hid Bﬁarﬁhedlﬂw stariabile dF (1$:etwd\ltquat10nsl‘d21dd®0 Nnﬂdmwmd) However,
an j x,y corresponding to each (9x,Uy), where r =1
becadse. cach pair oEareheh(Nini?) may garespPRd i Ty pairs of Yalugmef (6, U), a great

manory Grisliss OF 81 Gurbogpleded Gademinoay D EhRATER (& 0. From
oo BEDCEE ! bt PLETSEaF st SheeiBl Gl (Ut vt o e

antenna array 102 rotates, the direction
ng systenlneasures the el ectrical phase
difference y' and outputs a quantized value N
correspondi ng to each antenna spatial position, a, for
which a signal fromthe radiating source has been
recei ved. The neasure Aﬁet gf values [N alnegs is
conpar ed agai nst each|of' tHe stored set of values [N
al,tored . The partic Nar %dt of stored val ues
[N,a]x,y for which the hest. |match is obtained wll
correspond to the wave-front] paranmeters (ex, Uy) . A
. best match is defined{4s thdt set [N, als!ored which
has the nost nenbers i.cha. |match the set of neasured
values [N, a],,,eas . ?vVI%2005/045459
PCT/ US2004/ 029998 [050] "Sidee*U = (1 + k) cos 0, k or
frequency f nmust be known to determ ne el evation angle
O and vice-versa. Thus, the described processor 400
can determ ne azimuth. -angle 0 and frequency 0, or
azimuth angle 0 and el evation angle 0. The

interferoneter nmay, be tuned to a . .
corresponding to each («9 U ) where r = 1, 2,..., n. Each N; will range from 0 to 2" - 1, and

partigiff B

each a; will range from 0° to 360°.

[049] A processor 400 (shown in Figure 4) can be conceived for which each (Gx,Uy)
(wherex=1,2..,5;andy=1,2..,, /) aset [N ,a]m is predicted from equation (6) and stored. As

antenna array 102 rotates, the direction finding system measures the electrical phase difference v
and outputs a qﬁantized value N corresponding to each antenna spatial position, ¢, for which a

signal from the radiating source has been received. The measured set of values [N, is
compared against each of the stored set of values [N ,a]s,md . The particular set of stored values
[N ,a]w for which the best match is obtained will correspond to the wave-front parameters
(Qx,Uy). A best match is defined as that set [N,c],,,, which has the most members which

match the set of measured values [N, o]

meas *



speci fic frequency band such that the systemwl|

respond only to that frequency band. Then el evation
wa@egbme435and azi nuth angl e Omay be det er mi ned. PCT/US2004/029998

Al ternatively, antenna array 102 may be so designed

and so oriented such that the systemw || respond to

signals arriving at a particular elevation angle 0.

In this case, frequency 0 and azimuth angle 0 can be

1050f o SRS i OREEE R TRl e st B R oletergyine levation angle
¢ aflbEAERA! STREs, TS UELibE pﬁ%@ssbt) 485t daitt @édeﬁ?egggmml Sngle @ and

_ er the cas ere amultiplicity of
freq@AtY (e6S afmBttPhdgled anll Ripvatiirargly ¢.n el iftet BTNy be tuned to a
el evation angl e and the same (or nearly the sane)
spectfroefiequansy, bandaguchitbat theeystom wilbresppnd phlydo dhattfregubagy band. Then
exanpl |1, have.the sane (or nearly t.he sa val ue
clevgfon el il B B T B AR PSR pffind fay 102 may
be ol ARENE® hnkt NoOBEEhEd SudhSMaO the! BRtehPHAlll BEhond to signals arriving at a
interteroneter. [052] Equation (6) shows that theé set ‘
partichlar elpvatian ahgleph ddithis exde,fimquency ghantl taeimieh azgly zai beidétermined.
angle 0 since "U is established. Register structure
50Q. of Bi@enh®dsigghows how this information nay be
stored in processor 400. In Figure 5, each cell of
[0511€9! Sbid waPor ﬁtﬁﬂéﬁ&ﬁﬁ%%r&e@of AD0AZ I the W &F o SER register structure
interferometer boresight direction at 0 as shown, the
500valusteatert inNFigare SanCersidet die case where agpiltinlidityarfgiudsedmitters are all at
stored in register,.500 within,the limts of resol utdon
e istsprporE B b T ane e S ot ety SR Hellency. That
is, thé @ffletsi iRMhik pAc@ALe R pleal Diavh! tReDsalitqonfeakly\id siend)fvalle of U. It is
can be represented to within 0.25 for register 500 .
desigrd tpidglgrmeins theipmanuthal dirgetiqnihopsle theise ef the setatiegsinterfeeometer.
code will be shifted fromcell to cell in concert with
[052]he rBation(6) e yhat iheset 16 o} cre b grediaded foc bh emittdr at any azimuth
antenna array 102 changes by 0.5, each value stored i
angJend sinese| " Wnichtpblibed hRegiater sivere Y ofdfigwerd shews|boprfhis information
g B e GibioR St T B L & FER S Bl 7 m vttt

Pt )

rti

with! B RerRroth&8Nb B IR lire@fonVARl0B QS shd¥W D dbe @dud¥f M¥8r an emitter at any
shifting action described previously, coupled with the

azimnthengla ibsiorediig kagisteydO0 twidun theulinits 9é sesplubien defermsised by the quantum
N,.a].of the particular reqgister cell that, is

szt Dsice ok BRGSOt P GrY By 05 T Yol G be epreserted

tovgmhﬁo%e ﬁ?%%?ﬁ&@oo%f Bliteispl i city of sets [N a] can

e generated,” each corresponding to a different
[05§f Iogﬂfg ﬁﬁ%%!tezfegdrgﬁ%@vgge%gtggégcgels\gﬁgq%ggﬁe#éﬁqqg gélpgoﬁcg:ﬂsm concert with
theS¥ @GN Wer Bfie REESRE ghit B Moh 8P attSiA%rray 102 changes by 0.5°, each value
stored in a cell will be shifted into the adjacent cell in the direction of the boresight change. If
the value contained in a particular cell is accessed as shown in Figure 5, then the set of values
produced by the shifting action described previously, coupled with the antenna boresight
position, will describe the set [N , a'] for the particular register cell (6p) that is accessed.

Therefore, if a multiplicity of register cells are accessed, a multiplicity of sets [N ,a] can be

generated, each corresponding to a different azimuth angle 6,

10



regi ster structure 500 shown in Figure 5. [0551 Phase
difference yr of the rotating interferoneter 600 is
wore@sisa® by recei ver 602. Receiver 602 can beCEHN2004/029998
device available in the art which is capabl e of
nmeasuri ng the phase difference between signals
i nduced in receiving antennas 104, 106. An exenpl ary
principle schema of receiver 602 is illustrated in
: ﬁggﬁ b REbodnidhe b §terhfahdlp@bdnt Z®/ention usin
UE4F gﬁﬁﬁbyﬁﬁgﬁgproduces a d.%??gp code NRPor g( BR) ng
1egxm$Uh@umﬁﬁ@uh@mnpN&§¥Qﬁfference wherein OR
represents the azinuth angular position of the
[055Mi t tRekse {i@Bhee Andfethnaotatingiintd@2ométer 600atsi mepsured by receiver 602.
interferoneter 600 is rotated by a_ steering, nechani sm

Recmzr ARi R headnybdevinsy 2 \@aable an Meadrt athich is gapahle of measuring the phase
|
R E R LA PR AR 1951 A8 yemay prinit

scheﬁ&Q)f aeebied 60Wistitustrated ioFiat 2.0Recefven6t2map urther @ynp]:ﬁa a digitizer (not

Preferably, encoder 610 is coupled with steeri n% .
showmcmlaﬁh gradaees.a igkaticodn Nkor gé@f of the mapeiph Bhask s, gvherein Gk

reerse t{? 173@{5@ aig@gle kil of)tfﬂ{ or ;380 of azimuth. Shift

ccesse varlous cells 502

[05@0r re @5}?4 ‘%}g‘} @@ (ge 16 tcllngl 1‘?1‘8% dlls aé}tgf%g%lytal $8%ing mechanism

604%&&?6&%119%60@6 val(Bh) initbe &ONRAMEA: BldfcRsheterl 608 may also include
stored codesg% for all accessed cells 502. For
an cagedeplo&) forrshifing Sregoptappplshif 8@@%& 8 pegopding to thﬁésatétlon of antenna

el R%‘fef*tﬁg o TR Bt ] o B T

ul d ar, neo t he d .
053 %?St oae e e BorarE Rt i B f B RoPh af Bitun. shin
regic@RF 800/ RthebR6R1 4(eRdupells 502 c&?é@fa&%@d%ﬁe(ﬁﬁ@immhﬂﬁangular positions

correspondi ng counter 608 is increnented éaone count .
of thp gart@nﬁ g, 6ht fe,- cb \Fheeregeivid, phsee difforandequicede (@h) isvwempared against

the Gafth €% gD LR e omscd SRR Yos Sk inIE T b B oRa iR Moessed every
2°, MRL w3BR bel TRl %oﬁﬂi@"fr@rﬁ r@élstﬁﬂqﬁ)Oofééd?hlé 194 ANT}a gﬁ§p606 The code

gate correspondl ng to the emtter's azinuth angu ar
for poi re¢edvedvpoildedvdvdd ke eompsred simpliancowsdly Wit thelqede hi each AND gate 606.

particul ar exa ND, gat es 6 .fu
WG dprs S PORSRT DO aPTis0 ALY GOl PR atorshcads (@), the
corPBRpGIAIRC E&lﬁﬁeraé%alspﬁ‘lﬁltehﬁﬁﬂeérbm 6ahe 0Hardhlfl theANnters may be
gate must be |ocked until thé antenna array position
rxﬂgarageas reeanst epanigrs. nif ohichst qnegwuubp e\rer@melvgy Bomomagmgitier for each of

‘~ thebﬁé %%éﬁoﬁn g © elﬁ‘%?r %(E eé]&)% hr‘?g%‘ﬁtenpag tﬁ.‘ant b%C%Uﬁ\g AND gate
corgésﬂ@rﬁhﬁg ﬂoecﬁé hitRRs @imﬁaﬂ?m%ﬂia@ﬁ&%cﬁf w&Md hﬁ\rbea foff %bﬁ’lﬁ‘ @f 720. In this

code ched the stored (reference) code. Repeated
parpiolgesxafptenAiNiL gaded §GCeiunetivans p¢repaaiatpr§nna array
. position has .not changed nerely affirmthis '
[058pndi tli sironldtlumieratend thatf axceratmadeh @edrsrmiatpabieulao ARED gate 606, that
: AN%J tgate Ercl)ust be locked until the antenna array position changes, and data in shift register 500

also changes by at least one cell shift. This is important because counters 608 is simply
recording the fact that for a given orientation of the antenna array, the received code matched the
stored (reference) code. Repeated pulses from the emitter when the antenna array position has

‘not changed merely affirm this condition, add no new information and must be locked out. For

11



11 WO 2005/ 045459 PCT/ US2004/ 029998 thi s purpose, a

bl ocking circuits 612, which can be any device and
w@eonseeusd to each AND gates 606 in any mannePCT/US2004/029998

avai lable in the art, is provided. For exanple,

bl ocking circuit 612 may feed output signals to an

AND gate 606 to optionally enabl e/ di sable the AND gate

606 as desired. [059] Once one (or nore) of counters

this ﬁﬁﬁo%e@mbaan@c@m i61 2 ,echittevanl be(aaly device amheonnbmed to each AND gates
maxi mum count, i

., about 7 athr .det.ecto
606 Buapyimanaek a¥ailakle ah@eéﬁ ’émr?‘tlgfi@ i Eor guam IQF L}goc it 5&? may feed
: outpétgs?ﬁﬁ t%MQ%& gg? Ifbgoﬁhlbiééel@ b IERRROR M 41606 as desired.

ause the phase difference

[059& gs: X ﬁg(?r%hg% eg norfocioﬁmtteﬁa Bod&a gﬁ‘QDags%%ﬁﬁch Qe ! (Lclt or near the

e receil ve
maxBich lc6Ht Ale. Qb B%0)p b g eshalidictdator S ietimedend ailifeuﬁtter is declared
. sone counters 608 w |l have counted to sone val u

prespris thenagimetheangdanpositipn: goaresnandng rio dlas oaiiss RBS iy %‘”étlon Because
the I?hr;%geo(ﬁ rte c coﬁ% is, 4D bn%f ’?ﬁgg ltlﬂﬁl oBQZ\fI]\h? g{ﬂte 6[)@ Gal hé\}e d r?latch between

term regi sters
the reéé\lﬁb@(aﬁe $onus patticulat dieittefl pulegmidribe steedrcoddsi dihuaseme wounters 608
eneral neant to be_ generic terns,, and are accur
will dae5quptediia Seypp Yl IS tHR thegount hdheecapnict ior(E'fpwfl g to the emitter's
azinkith at qéa@esqgo,ymere n>1, both terms, "shift

regls and "AND gates" mean mul tibit devices,

[06(?22'r gglt Qf 8&{%{@% H)end)t@ W fhe ?enﬁp%%l‘ﬁt feggt%rs‘a rhnﬁwANIQ éates“ used in the

€ process descr ove

foregbing Sewpiptial akiingerved] weant tbibe gerairi tewmd, am:tlﬂe amhrﬁtb éescriptors only

for (fcapeBUBE 7 nek (<MY (PR By SEFEr B0 % | DO (R shif rgisers” and

" ANTR GBI B TR B TR B A ds ORhioh pRHERMEAS RIdicARE opagiiGlsrmultibit words.
arrangenents of processor 400 are alsp avail able. For

[06@232{341"@6 pxggéés ﬁgicﬁh&f IboVEH §$r§§s~c%91@lat16&@et9@&?ﬁ1e r@&a@ved code and the

ers ocking circuit 2 and threshol
codelesterstian sﬁﬂmrecgwherbfé)ol rﬁblshmmbedmdsrswomtmmhd’f r@&ttrvﬁ}()els just one

har vzlqu(?rgl{élg ﬁo%ﬁgggqoﬁ%ﬁ% 48(2”1%@ 8@%5?19%%% Q%‘groc%ssor 400 are also
avallimeé. eF&erﬁﬂplenatfyOJﬂﬁhﬂf regist®H 560, AN Bast 606 coliraik 608’ I'blocking circuit
dat abase which stores for each potential value of

6123 gidnihrpshakig leedora 6 kb eart e dpplespedipdriie 2 iepsuriotp fgare gkecuted in a
con} aﬂf"gor{lg%t@g anmoFung{SﬂS[ %?'E]pﬁ’ﬁr@dsogat&gé PE&B Jﬁﬁ%ﬁ %frogegk%r 400 may be

tore
implahehedinofoad cfet mullihdinteatidrel table dadaiimse whavh dheres for each potential

iSO LRI L L AL AED i com
e
datI%lbnafsg ;?gxgtb:go%bo a{ﬁgdﬁecp r“g&le; %ﬁ Q)gdlﬁgyyt co}ig)dflte? I%dsu\%t fg an exemplary

T OCESS]
computer system 160 shown in Flgure 16.
[062] Computer system 160 includes a bus 162 or other coﬁnmunication mechanism for
communicating information, and a processing unit 164 coupled with ‘bus 162 for processing
information. Computer system 160 also includes a main memory 166, such as a random access
memory (RAM) or other dynamic storage device, coupled to bus 162 for storing information and

instructions to be executed by processing unit 164. Main memory 166 may also be used for

12



i nformati on. Conputer system 160 al so includes a main

menory 166, such as a random access nenory (RAM or
w@ehensdynan ¢ storage device, coupled to bus EGRUSN4/029998

storing information and instructions to be executed

by processing unit 164. Main nenory 166 may al so be

used for 12 WO 2005/ 045459 PCT/ US2004/ 029998 stori ng

. _tenporary variables or ot i nternediate |nforrrat|on
storing P VEUaHIE Y GRor SHEISUEAT TN 0 1 et el dystructions to

ve oGRS 0Py SORHESRATI AR LA o ony momory

(ROMY! I@BaGDIEER siatie soorbgyl @dtick@obpled 16Busf 1h2 Bt siviing swtiatnformation and
i nformati on and tructions, for sin un|t 21

instruploge dpaBEoHE PRI G A S EIeA Sl gPetiE 28 PaRgIEtc sk or optcal

disk, ﬁlt%%\ﬁ@éd anﬂ'cahgma fo IsQ¥h A AARE ioBHRARA ah@ nﬁHﬁctﬂ&g for

oring 1nf tiron and i1 nstractions. [0631 Conputer
t e
[063]1¥§ S%IBB% LS %(ﬁ%%pll) a)u 1e Eﬂﬁlﬁé&%t& Qdi@gﬂ#fﬁ% as)écéh aja cathode
ray tu%b %GR&’)’ or k @t plan%p Hﬁyllaﬁgfor dlﬁpiaymg inforniation t€ @wpmpeter user. An input

i nput. device 41 é‘ﬁh ncl udi ng Iphanu r| c and
devm@tlﬁérnw@gmg algha@a@ﬁn@an ihbrikeYees qogpled dinbini fphgpmmunicating
1nf0rﬁfgt§f>%re{'§ﬁ aﬁ@geﬁ&gﬂfﬁg %rrﬁ&%s 5 p% %11%‘ 64, oAﬂt@&Qggﬁér&gls%ﬁut device is

type device 1s sor
cursof @oitrad| 1767 §1ch.sw:!n nassg anpackbsll, ortanesek dakdtiondreys dors communicating

B A T Y S ——
movéﬁ%t B0 Hispf 72 0Mhis Qhgul BEViCUESIOAlLy HHB VREBEre @ f HeSMm¥h two axes, a

hi's input device typically has two degrees of
first mmemdtam alloasdng the devieasto spgaily pepitions isedde. axi s

al l owi ng the device to specify positions in a plane.
[064] 064Ac¢>cnrdmlgdo nge embodimerindfdl meentioof a virety ol/isfiurination and services
i for and services. .are
sre pEst b ooyl ar TRy 1o o BN 5% Bt Bkl ) b soguences of
mstr@ﬁ@ﬁyédrﬁﬁn&ﬁﬂl%@ﬁaﬁe@&y 1i68S tSutle s iEioad fitagtibeadad MidTBiath memory

nmenory 166. Such instructions nmay be read into main
166 fsro mﬂthif%orfl?‘&ﬁﬁ‘réﬁ‘éﬁbkefmé’é‘%lﬁﬂlé% 28 cHian Sevigelilify However, the

oom@l‘ﬂ&l}egcﬁabﬁt 195(39@] 19e%t fitdd B dc'df&‘é@&fcrh’ as stb‘?age device 170. For example,
uter-rea e mediumis not limted devi ces
the cﬁuqnhte&seaslalnie axg@udnvmwendlﬂdh a Foppestiap ﬁ¢x1blb hiesk, hard disk, magnetic

ute reada di um-4y [ | op i sk, .a .
B e e AL O
pundiRIREL ?a%eﬂﬁﬂé Whan@ offek Wcal@(&ﬁg\ﬂﬂﬂﬂhﬁ@m oPhbRE, a RAM a PROM,
optic medi um_ punch cards, paper tape, or any oth er

an EBR@M caaHLAsr%I&EPﬁQMt @r q@atoth@r memOry ¢ @rscartadmm oaﬁlepmws embodied
FLAS
in af %?&F‘F% élegcg n&a§}1g rarvdé %¥e n’gt %{ﬂ gggeﬁr o%ﬂroot %cﬁ%rgl from which a

comphtexcédh%&g NBkédutioh l@f tlﬁfseqhen@efs dfﬁﬁdtl@taﬂlorslogﬁained afi nmymemory 166
ot her nmedium fromwhich a onputer can re

cansgs FEAReF e anitt H %@E@?@ééheopchﬁ%t PeRst ﬂ@ﬁ%b%ﬁﬁlawedﬂ alternative
emb H‘in{gﬁi Ph%%&é’d 31?&11&}! may be used in place of or in combination with computer

software instructions to implement the invention. Thus, embodiments of the inven

[065] Computer system 160 also includes a communication interface 178 coupled to bus
162. Communication interface 178 provides a two-way data communication as is known. For

example, communication interface 178 may be an integrated services digital network (ISDN)
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causes processing unit 164 to performthe process
steps described below In alternative enbodinents,
whaoodioysisased circuitry may be used in place of PECT/US2004/029998
conmbi nation with conputer software instructions to
I mpl ement- the invention. Thus, enbodi nents of the
i nven [ 0651 Conputer system 160 al so includes a
comuni cation interface 178 coupled to bus 162.
[ t 1 S t Skl i
card, ST AR 108 PV Cla (Gt MOCRS ofts 1A 1T 10 provide 2
data éomirpiidiestion 1c68nemtipn e acorfespagingt tyge o€ rcoincemiaiign tiab. As another

network (I SDN), 13 WD %005/ 04 45 PCT/ US O&Algf %?
examplgr @mrauravaéwtlamte@%ﬂﬁslg TRDC ?@ issFtRe qprovide a data
comxﬁ[ﬂlgc%gbn Rt g2l (RRNRE ﬁoﬂﬁﬁ’ﬁé@i‘ th ny Eﬁé\éifﬂ:ecoﬁibn%%ﬁ of hardware circuitry

ommuni caton connection to a correspondi ng type of
and soﬁwmm it atdoompatible L AMs Wu@bmhnksanmlse becigopleméntet | nany such

f 178 b
e A W15 L DSBS fmanicsion
conné¥pibn 11807 Bl@&n&él giYirsiRpbiid 6r 6/Hal Bighdl9wiadh barydwaitel data streams

Cl rcwtry and software. to a conpatible LAN. Wreless
reprebéntig vargusalypos bEinfemiasinnntQice paculay netec fhe communications through

ntati o conmuni_ ¢ interface 178 sends and
1nterfag€t&\r}g§y p‘?ﬂ‘rlt E@ﬁmgsﬁgtoé%g%l 4 ni cati on connect i on
180, _el ect ctro i £ or
[066[yni cip @aw@ ‘g"&?tt%w QBN RS ﬁ%iagfe%"éﬂi?%“?f 08 160ds coupled
to re&é{wpegsméltswle@ H%@@tt “]\P &Hdﬁd’ih Rs@él%%%d RRE&ng ﬁi@ﬁlamsm 604. Then, a
ommuni cat | ons interface may permt
ded16a'fe%%fﬂv§§d el b@rexé@@éﬁ t@tmatélﬂﬁiﬁlreclehfed rcodaen‘tmﬂ Ithmmedﬁ)oddse Thus, the
invention, interface 178 of coy aputer ¥Pé§ 169
fieldg o e Exdle ar¢lajabessi fhratioman s %Iatl%{n%ré(tce'ﬁ PEEEr 20G r om
recei ver 602 and steering mechani 4. Then, a
[067Hed| dmmh@mmmerﬁameweéx@éweéa%@ tO@pprmbby receiver 602 and
recei ved, code with the stongP g Thus t@e d h
steergE. WRIAPIHEN 0% FIoy o iSHERRF e B o PR Al e media, such as a

ﬂopﬁéﬁ%[ﬁ{jé/f EBRO%, Ahd L8l St &F 1aePQ. coﬁ%ﬁt& sysfen@ 060 fo@ brocessing,’

I ment, rreasured data set a] meas observed by

[068{] eceiyfl; %gl%arﬁ%jct cfih %‘.%FdsQQoﬂ@&hﬁﬂir&@s@Q%é‘ﬁ&nﬁ@be—to mde—lobe ratio.

orar Yy store renovabl € storage nedia, such

fl
o, b A P 9 R L

npor t ant factor in a cross- c rrela pces
complaon igphert Bt &t bite ol 748k Fise 1@%%@? o G LRE e hEte HE;n of the
auto-correlation function for n = 2, and Figure 9

maiss fshedlevdhe Stk dhe cateriglnat b parféaiiyatidom firction,=and sbéms o repeat itself
In each case the side | obe |evel is on the_ order 5f a .
everyf36Pseectrpal degrees (repetition is not exact because of the factor sm — o) 1n equation

5), the near-in side lobes exceed the average value by a goodly margin, as can be seen in e.g.

Figure 7.

[070] Figure 10 shows the behavior of the main lobe and the first few side lobes as a

function of . The main lobe becomes narrower as » increases.

[071] If more than one emitter were present, then the counter corresponding to each
emitter's azimuth angular location would register a maximum (or near maximum) count. The

average count in other counters 608 (those not corresponding to each emitter spatial angle)
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mai n | obe level. Since the code is not a perfectly
random function, and seens to repeat itself every 360
we@b@shiissnl degrees (repetition is not exact bRCHUSH046029998

the factor sin(B-a) in equation 5), the near-in side
| obes exceed the average value by a goodly margin, as
can be seen in e.g. Figure 7. [070] Figure 10 shows
t he behavior of the main | obe and the first few side
Iobqﬁ-as'a function of n. The main | obe becones

would 86 -evwehefsMis itrcmadisesf efnlikt] Infordarte diffraentiotrethe main lobes from
emt4er were present, then the counter correspondi ng

the tctd a@@l%ge siBMdbk $eved ﬂ?ezllngﬂﬁtlg‘beadﬁ%'lh% oh WA bIUOMNES the average side
regi st 0

r a maxi mum (or near maximum count: The
lobe Rvelr derefment i n ot her counters 608 (those not
corresponding to each emtter spatial angle) 14 WO
2005/ 045459 PCT/ US20Q4/ 029998 woul d be M where Mis
the nunber of enmitters.<4mrdfddf’to differentiate the
mai n | obes from the“total average side | obe |evel,
the main | obe shoul d be on the order of 4 tines the
Thenpsypigaevidh 05 5 Wewld begg e finding ganssiby of apoutB eaaltigis. Ne2 n- 2

Then a systemwith n = 5 would have a finding capacity
of about gog%ﬂ%%g{e%utg_cmggmlrgimoﬁgge Aut o-correl ation
si de [ obe upper bound on n for the '
. hi,erfe I t i [ Si 1. | S8 onal-to-noise
PEIR) " PARTEDE beliha S50 Bl Bl I & LMLl P Nl to-noise
(BOhatio,ofndawtditescdsiuamentasirde  Wha dinaber dfefotiers tthe can be handled
system saturates is, i.n fect.limted t he ratiQ
e b BTt SaRRigsel L}Bé‘g}%‘s’éﬁ_‘}g?‘{ By e S gy Bl s reduced
JoPUEYit NG Rl B fR¥r BBk RBorid AR |sRIR8Shes B R8GRINShtenna baseline and a
antenrfia baseline and a second receiver (RF processor)
sacandadebickr 4RF phooassoi)rardadglad es shown[ioFgpra H. Fi gure 11, a
rotating interferoneter systemor antenna array 110 is ,
0@3med Wi Figuretlipa beselg inegerbingteanybtepd 6r frdaxinagrray 110 is formed with-

end-t o- en pac,i 1.and , respectively., Al'tho ‘
AR08, I, S LB SRRIFL Ay s VDRI, Atmongs
haRelinek duabn@ Nt £ARAS bel FEFRAL Fom dur i1l e thid] iaflieBiH eledbntbiSi€is sufficient

only three antenna elenments 111, 112 and 113. Signals
tor esm ahie teaeaignamelsmeats diledbhend 113 ar8gualpfpmethet dhared antenna

%%Ing tﬁ%l%o{sﬁ)ﬁﬁ&[ g) e ‘ﬁ’l@‘[b%c]eg’s% scﬂr6ra%ﬁﬂgez%H& b8ding to baselines 114
8281 nes™ and 1715, especfl vely. pr 0Lessor s
k61 B deshtdivatye ®&F probegspes dilfiadndrl 17 ere of @i type sBfibr to receiver 602

shown in Fig. 6, and need not be described in detail.

[074] In one embodiment, both baselines 114 and 115 are driven by a single steering
mechanism 604 (not shown) and a single encoder 610 is needed to feed the angular positions
of antenna array 110 to the subsequent correlator circuit. In another embodiment (not
shown), baselines 114 and 115 are driven separately by two steering mechanisms similar to
steering mechanism 604, and two encoders similar to encoder 610 are needed to feed the

angular positions of antenna array 110 to the subsequent correlator circuit.

[075] The subsequent correlator circuit or digital cross-correlator 120 is schematically
depicted in Figure 12. Digital cross-correlator 120 includes two channels 121 and 122. Each

channel is almost identical to the correlator circuit shown in Figure 6. That is, each channel
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shown in Fig. 6, and need not be described in detail.

[074] In one enbodi nent, both baselines 114 and 115
wW@e@sdei4ssen by a single steering nechani sm 60BCT/I81004/029998

shown) and a single encoder 610 is needed to feed the

angul ar positions of antenna array 110 to the

subsequent correlator circuit. In another enbodi nent

(not shown), baselines 114 and.115 are driven

t el by .t : h . .o

caraar B PR o B B RBRE SR e deB (195, 126). Channets
13?,0%%&%%%%?0&%@&%1) ale8 898 thenterd 608 LAY thpahbldideRstor 614.

(0]

antenna array 110 to the subsequent correl ator
| L.CUI T @ 075 e ) weln! i dg00r, imut
(G o P P 5 SAEEELRR B 41 360°Tor it for
HaSdtined €04, i1n5 Flogpectvel R . EAIhgiftshift rgivees 108, Y2 iatacressed(at various cells
i ncl udes two channels 121 and 122. E ch .channel.  is .
carmepondingdespasiic azinth @nggar Rasiiops okthe chitter gy sRRttgTs The received

Ei . That.. i |
e st ot IS pRaasas 18 MELRORes 08
24 hgaind the plotedatddey ob thecampapamtingsshifl 2gjstar21@B, 124 for all accessed

EP6, A NGRSO P SO BT EErE ARt B fegyigted in a given
@g&rrl{eg 6ie giﬁggreis&@@% gu%ﬁy%ﬁg)ﬂh;s cbhifarfith irélsglés:@p@cm at éd¥hhrators 125

i mut h basel i nes” 114, )

arelsipe chimerpart 1 Eath o oS AN gatesyi 28. eiThg 2gunta@§ eorresponding to the

ccessed at.various |I's correspondin peci.fi
mn&ﬁ‘tﬁ glil Qlcreg)gggeg iebé'ngneofmfnlt]eo gymw?nte %% %n%tczlmgﬁ%#l Iesris%. each of the
QB drReL1YLshd N @ubtetiafil ©6e Miresheldalcwetbr for dmufghits the actual azimuth
processors 116, 117 are conpared, by conparators 1256
angylar ggsitips of theemite e thegpamsr discrlbrd widh fasRsd Fubighre 6. In essence,
shi f1..regi ; naccessed cells. A
e eé%tmr%gin@rgog&gé atfwr?e éIg)ﬁr(?(l)s:el{a{?’hllachannel bef ore a count
[ egistered in [ COMNE LI | Sarl
@)@7 uppl S‘ﬁlamtgheg(;}ggn'pn}e{l%nléz cl)h r esaglt{jggag?e %‘ggﬁerooﬁ qﬁ%waﬁgn .. Then,
gRpal alfb& ol Bhs awilable bscond A ang dretnuiider o Deroittersdhat ADbe handled

jates 128. The counter_ 608 correspondi ng.to.the AND
g@ts@d QIPPreyiouUs Wé?‘%‘ﬁ’é&ig%f&]r%ge @ﬁ%"‘b@ﬁﬁi‘te%ﬁl VRPIn a mat ch
occurs in each of the conparator 125 and its

counterpart 126. Threshaql d def g:@,p,r)z 614 outputs the 0
actual azinmuth angular%c“)gitiﬁ f/f the emitter in the
manner described with respect to Figure 6. In essence,

rrelati ' rfar ' C i I li e <t
0L, B B 1P P sty
NhereREd Of orcpamplezasisem with Thenwoultd newthatai findinp eapaoity of about 256

. i1 abl 2n an he n r of ' rs.
{Jq{q%{c’terg.\é?d“l@g ?ﬁh géglchgtrtrgg cém be sgnéltageoulélf}bgetec?ed g}m r(gttat?ngs interferometer

comparators 125,

system 110 with adequate accuracy.

[078] It has also been determined through computer modeling that the two baselines
114, 115 should not be equal in length, nor should they be co-linear to obtain the lowest side-
lobe-to-main-lobe ratios. The ratio di/d; is preferably in the range between 1 and 2, and the
angle P is preferably in the range between 40 and 70 degrees. The concept can be exicended
to more than two baselines by adding more antennas and more receivers, and performing

correlation in parallel as described for the two baseline case.
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(based on previous reasoning) before the system

saturates is given by N=22n 2 = (2"-' )2 (7) By
w@oasngs4s t hi rd antenna or a second basel i ne, PE¢EUS2004/029998

capacity of the systemis significantly increased.

For exanple, a systemwth ii =5 would now have a

finding capacity of about 256 emtters. That is, 256

emtters can be sinultaneously detected by rotating

integfer . S Lt h adequate accuracy.

[078§ It he iR Bn le9'ned t hrough conputer

model ing that the two baselines, 114, 1 houl.d not .. .
81 equifh Ion e REie o geSrgh s oray Tisuictal b e 16F direction of

| L QR SredileS ! iR 1Ialalk OP §the dabRSvanddI@f U). T

el?lg{el?gogtd&;i%ﬁﬁ @gﬁpfrr% g?é;,b{' ;ﬁ?ﬁelétvﬁfé&?gﬂ e gEgtween 1V%nd 9 ©
d@ern@iné bbthel and léea (8o idingsiohslraabiklatibn ntusebe perfiembétargdn a system
40 and 70 degrees. The concept can be extended

to, . . .
139 shoviniadiguwe 1basarh Hdle spsuepieiiodie S@Wﬁy’ﬁd@ﬂaﬁa is identical to
tt%g?%vfn:ﬁqgéﬁgslz Q—Iﬂgweeg%r ok rs ??{j ek al LR dr&bs—coargla% 120 have

escr for the two baseli ne case.
d200&H 34845901 CTH S0 Ockt SRGMAR 1. thBetlae wif dafdrdhe pértibahcorrelator

Uand 9 [079] Up.to this point the,discussion,h been
WI@SWHCEttL%I Shift FABRTREE Rebapoibet gﬁhﬂ%ffeg@ﬁﬁst‘[}ér 3340t each cross-
cgﬂ%lﬁfo? T?@%Sefcfoﬁﬂé@gf% theipREp iy REI RBcRRY e1d) 14 Re 586esponding

val ue o . To etermne both Uand 9, a two
inuirebus i 18Mall 32 or'Thel entpws ofiibreshiodd deteétorsneld, o cxpss-rerredator 120 are

Syst. 130 sho | n Figure,13. Fach. of e e
SHSNETe 79, 90k BT e el A58 ghEe gt dp the cross-
doftelato @brrShOMMIng th thi GthA dlénd UOWRNE redpbitfvely! 8HIhS eMitter will have a
123, 124 in each cross-correlator 120 have different
madesmsponted i n t hem corresponding to the value of U

for the particular correlator wth which the shift .
[08Q]i st eAggnj it sheulddsomilasteod tiBhinfore Hagited daselib@g canl beused in the

f each cross- co%%élat r 120 ?Jecéonnected to their d shift
S¥H G ApLenpieny) 1gepswgeler FYEem Py AAGINE O SPCHLRs, feretygrs and sht
tePiRldts RUSach3ds thdSFosslddeeRtdPU Skefisd, (e she | dimeRiaa! ditsrferometer

614 of cross-correlator 120. are consolidated into an .
viteputhioagn Famre b dowanoh neseriefb have AV of Fore beistiess: | Ppe base line
t.he, .CrL0Ss- ry t r ' t

RCHOER 05O EL AL AR SRR LA APy Bt cpe o e
SBXtefsU MA € Aitissed @80Ye, Addihg mdré baswdinbd atik corpsdeiont dmdnels, however,
that nore than two baselines can be used in the above

helps taicHanse Bwdystpmassirayond d8ding ¢apadithy addi ng nore

ant ennas, receivers and shift )

[081] Again, the two dimensional interferometer system can be realized in a software

implementation in the manner described above.

6. Determination of Elevation ¢ and Frequency [

[082] It has been shown in Sections 1 and 2 that if the interferometer is rotated such that

the baseline is always in a plane (i.e. azimuth plane), the phase difference is given by

equation (8):

w = 275(1+ k)cos @, sin(@, — ) (8)
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registers to each of the cross-correlators. Likew se,

the two dinensional interferoneter system shown in
WOe@anes438 does not necessarily have two or nOPET/US2004/029998

basel i nes. One base line should also be sufficient to

simul taneously determ ne both 9 and U val ues of one or

nmore emtters. As discussed above, adding nore

basel i nes and correl ati on channels, however, helps to

R Ra e e R SR SRR §a%evtﬂ?@%efesﬁ%cﬁmiftwlso noted
11? 881106 3 (}Eﬁ'eﬁtﬁ&‘hé ﬁe@y%frtemmon dnBR rﬁsﬁ%%taﬂted' 1f‘thte|?>ﬁter is known,

manner scri bed abové. 6. Determ nation of El evat
bt bothl chmetbesistyinéd HIORE Jvithtenittes abieeith Sipdend biy RotRegt ’dh@ ﬁl&erferometer
.1 and 2 that if the interferoneter is rotated such
ppglanet he paseline is always in a plane (i.e. azi mut h

' | ane), the phase difference is given by equatl on
[5@] : /Ifﬂtegn(eqfemm@%r%atﬁ?ﬁt 9eh thay itg Byseline (Abaselines) lies on a conical
e M R R N LT
twesnighselenémslof the bSetihé Brridnbhatuaionlygy frequency f
or elevation angle O can be obtained if the other is
known, but both t be obtained along v I1 emtter
azi mut h angl‘l?§=(53é‘§?(i 5@@3%@0%@05@1—& +£¥ip in a ©)]
plane. [083] If the interferoneter is rotated such
that its baeell ne (qor baselines) lies on a conic

vdirg deds fhre %‘@P%eeey oéthestﬁévtmv. #drh o the mutbrf@ﬁlet ofethe baseline
JFi ferenc e nna

J[e ﬁ{eraretgpé’og tcg qu}x)tit gﬁ | ne‘s ppa gl Qeégg‘%emq%cé u@"ﬂ er@teclwtsms 604 in
this 2ax(el musk p§ a:htls aaditeshe enterom(aBTy 1ﬁhjeb3inﬁ&%1cﬁiaﬁn6@e}mé1ﬁ)

where ga, is the elevation angle of the baseline and

[p8d]i s tTee adisenpth 1angl e inFidune 1Daged loNBe tib tiltefB®RREs which are
to the azimuth plane. par ent | y, st eeri ng mechani sm

55 Al B EORaRTST o HiosyHERTRH® bk Hpeect Ui ipaing between
thdl %V@@Bt%ﬂﬁh%l%@ﬁé’ o'f %a&hfn@é?fegdrﬁ@&sls Qflﬁ‘ére{{t’(:ég [ﬂ??‘{%m{ ?%] The phase

The subscripts 1, In Figure
differendeespdmior erch 1mrfctq>nmt@ is giseoby @PrA) bnd (160.20 he sane

manner as the systemof Figure 11. In general the

Rt or 1 B DR 10 Pe Paresh Slb 1o FP G apocr” ), (10

phase

If Int{ }, <0, then N, =2" -1+ Int{ },
N, = Imf{Z" (1+k)s,[cosg,, cosg, cos(d, -8,,)+sin 8., Sing, Modulo2" }2 (10.2)

If Int{ }, <0, then N, =2" —1+ nt{ },

[085] Azimuth and elevation angles and frequency would be determined by cross-
correlators similar to that shown in Figure 12. The system could be organized as shown in
Figure 15. In Figure 13, the correlator circuit includes a column 134 of a plurality of cross-
correlator of the type shown in Figure 12. In Figure 15, the correlator circuit includes a
plurality of columns 134 each corresponding to a specific value of one of the parameters of

the emitters, i.e. elevation angle ¢. Each cross-correlator 120 in a column 134 corresponds to

18



di fference code for each interferoneter is given by
(10.1) and (10.2) N, =1Int {2" ( 1 + k)s, [cos O,,,

W@ o®s0&460s(9¢ 0 . , ) + sin 0, ] Mdul 02" }, (ROT/1$2004/629998
bit{ it <0, then N,. =2" -1+Int{ }, N2
=Int{2" (1 +k) s2[ cosCa2cos 0, cos(9eBat) +sin Ga2
sin9e] Mbdul 02"}2 (10.2) If Int{ }2 < 0, then N2 = 2"

-1 +Int{ }2 [085] Azinmuth and el evati on angl es and

frequenc ul d determ ned by, cross- correl.atqrs
o gpriiieais 1B cLipnArrrpE guritest S BPLGE I Sifteney 7 or 0.
TREs, RhIARb st RArr8Ritcr 19Mad dicodbipBiteie stbed ih its iiGWe@stdd cobrBonding to
correlator circuit includes a co‘( um 134 of a
thd padicilay fofquenays snd cbaveédnatangle ofk; ,t¢h)s fory péichh gven cioss-correlator is
Figure 12. In Figure 15, the correlator circuit
niatcedd eBheacodsl isr althingd difont equatioes (1841)eandn(10.2) for each shift register
correspondi ng, t o specific | ue of . one,.of. .t he
rERPeiEDer i res gt rpLgolrelaon s ngrfaisd il e o
Each cross-correlator 120 in a colunmm 134 corresponds.
P80l18 \ib eegBecy 5&%@0 e 8y 00l g 08 SH@%@W‘P‘? e recetvers), then
1 Ni ~ t S . N
U Y BEo HS ShETOHLDR- RRCRRTE BXR o Shfioa single row 139 is
requiced: Ebelevetion aigld 2@ hasmde.godensprt directivimt artethaietendnds responsive
shift reqgisters corresponding to the, particular
qué&maﬁlta?maﬁac@?né\iatt% ARLEgI ﬂgrayka,t a @yﬂ@@v elYAIR fple), then only a
O - I .l ] T . i .
R SR 15 RSl I TR s IR i SRRFR RAfhve the form of
gystginst3®r respectively. Thus, three dinensional
correlation is perfornmed' in this case. [086] If
087 uen@yaif, insork rtharn e bgselings vin belasal inugliengpove three dimensional

super - het erodyne receivers), then each colu 134
Pl omre RE D adERe SOrE birRS dere e Gityer to each of the

&b oBrel00s. 1 3 wiise, bREYASaRe shbul@beaticRAt ANGMAltthebisly determine
known (e.g. by using directional antenna el enents

slbtpmsianesters ¥, W and fphoheatrinome miietlent to t he ant enna
array at a particular elevation angle), then only a
p88pl e e@hinntheliBrkei dmemsipnal mttrfetomeacystemstaaeepalized in a software

system 150 is sinplified to have the formof system
E@@?mfﬁﬁﬂnlﬁgﬁrﬁ?gﬁﬁﬁ?mﬁ’@@@% basel i nes can be used

in the above three dinensignal interferagneter syste

WP9hddi Agshrpiddeamdenioad that Beaysien snamatheniof therigyingipn ignot limited
fo.ode‘i3 hath %Bgﬁzim‘ﬁpg.%ﬁif%ﬁfnra%h?}eﬁﬁ&]c bt &%%Tciﬁon OnGsBRS the system of
i ne shoul e sufficient to sirnultaneously determ ne
el inténtier ipasmbiet &f det@mitingady paremewnef aradmiing source which can be
itters. [088], Again, the t.hree di nensi onal
ecsid BY misiis e poRs o aaf bt BSier A o 4ok p i perameter oan be
expressed as a function of spat%al position of the antenna array and phase difference induced

" in the antenna elements.

[090] Moreover, azimuth, elevation and frequency play interchangeable roles,
especially in the software implementation of the invention. For example, the multi-
dimensional taBle or database which stores a vast number of [N ,a] sets each corresponding
to a particular set of (6, ¢, f) values may be indexed in any desired order, e.g. first by
elevation angle ¢, then by azimuth angle 6, and finally by frequency f. Alternatively, the

multi-dimensional table or database may be indexed to present a vast number of {8, 4, /] sets,
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i npl enmentation in the manner descri bed above. [089] It
shoul d be understood that the system and nethod of the
WO poossi4em is not limted to determ nation of PE@RUSNEY29998
el evati on and frequency of a wave-front. Instead, the
systemof the invention is capable of determ ning any
paraneter of a radiating source which can be detected

by antenna el enents of a revol ving antenna array as

| ong as the paraneter can xpressed as a func
crsh. pavmoBfingag) 4 PUHOUR D SLVera ArimpPiisg piRces Hodule then

cc%'aéaféer gcnlh setoreﬁgq/tf eva{ﬂ%@ﬁ&tﬁ?@ 1\%deﬁ[§19t the sgggrg s receivers and

aZzl Ion an requency

eﬁc%@ﬂé ahapgasht e pé: % f] 8&pestradpording tb hee mttcthr@ar(w @) pair. The
I mpl ement ation of the invention. For exanpl e, the

partibalar [ @i M%bwhichtmhh@t dreqienthbhigblighted Wll%th@r @@p\atted as actual
vast nunber N, a] sets each corresp

pEameicE fthe save. nfe gApigrently, @élﬁﬁléaé“%ﬁ%gg»? 8 depigd cqually in

d order, e.g. first by elevation angle O,
t Q&nggéhéglnuth angle 0, and finally by frequency f.

[@&3 Zbas é‘le\rigm{%d ELIQiesc‘!'g‘:xed‘gijt%g {gg&ﬁl Bliod ﬁ?}eem%@, adva?tages over the

resen a vas

kh&wn %ré&tlcﬁleﬁﬁdmgl CcHiiqR) 0560 éXatinfe, mm%m&%ﬁ?&nstead of four
each corresponding to a Fartl cul ar pair of

agraysp i Jusariens de cowsr é69m iglyt WdRreoy efjidp éuf@al@ﬂt @tréléaéfathe system s
e blagth b 0 T B 0 PRSP BEL o compton

of @hé rdt@ione FiRQitiy and dirtdtidnnaft atied f&lavaitablepai bll efifigers within the

part| cul ar set whig npst frequently
REYR TG cahanpimoB Pt AR CqB AUy A g ey Totates.

'Ithtées We &l J%néagaé\ﬁp ak.aht hymodhs e?iﬂfté’rg%reﬁ/i[sncﬁ ’thé)a_‘,lysﬁeﬂg cdn measure

aretreate in this enbodi nent
fregtbrogt aldddlsqpsmemf cﬂfm‘tdh,ecq@r b@@mdetennmduhaﬂedhanéhmmmsmn of the

ﬁ%@?ﬁ* %ﬁéﬁ dlgéelrlcée&g?eg&lrgme dd té? gltng . o& ﬁlgtelg}ag%ements utilized.
(0B 21 T2 BRe B aretafs g Mﬁ?ge@f ienas TR s antenna and

1S @ HhRwaR thaNh8 fifbd @Yntothen fntaferdMetel Hstche CTIquFH Nthe system of
the order of 60 to 90 degrees. Upon conpletion

the inyeitinm cafine faisraije disertign oé erivehorod siagleipplsp, aticea smgle rotation of
t%% %htle | f?rrng] i ﬁe(@nﬁ tyt a‘?xdsdn‘%tﬁJHD i ﬁ@lgéﬁdaelrlevsaﬁﬁ)oin all emitters

tion i SO aval COﬂ I Nuous

‘&mﬁlﬁ nhas@tefy opepdtimp dand aﬂihﬁensﬁdsitﬁ mﬂﬂ ba dvntabre:apﬂm doynplexity of the
e. the nunber of emtters _for (Q%the Sy

t
SHEEErIB F TBHUEHE PIRATITOer oh tBY G HPUITERIEE erforms the
PRI ELeL 85 U REHRASER: ARedifdf oP A BRI Quedd)Rietermination. The greater

the system resolution in frequency and direction of arrival, the greater the digital complexity
(in terms of number of digital circuits). In contrast, the conventional interferometer must add

antenna and receiver channels to achieve better angular resolution.

[093] While there have been described and illustrated specific embodiments of the
invention, it will be clear that variations in the details of the embodiments specifically
illustrated and described may be made without departing from the true spirit and scope of the

invention as defined in the appended claims.
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el ectrical phase difference neasurenent, and the
nunber of antenna elenents utilized. [0921 In
w@ewsviany the techni que of the present i nventPOIUS2004/029998
invol ves far |l ess antenna and receiver hardware than
the fixed (non-rotating) interferoneter system
Though, the systemof the invention cannot determ ne
direction of arrival on a single pulse, after a single
rotation of the antenna array, the frequency and
mg\{ﬁg,gi%d(igoth azimuth and elevation) on all emtters
wthin the system s operating band and sensitivity
will be available. The conplexity of the system in
t he hardware enbodi nents, lies in the digital
CiyCUhtr ' r : : :
1 A S BkitaREal Redot Biun0RERREALIING soucs, based on a plurality.
of sphii8Qusiens steinesmirmatairan and heatmebpleses hdwegysgmiy generated by the

resolution_in frequency and directi.gn of arrival, t.he .
A T T b R
spati?:};)géi{igrgs ﬁﬂerrﬁéﬂﬁécﬁamnﬂrﬁirfg‘mé &gnlof: the conventi onal

terfefoneter nust ad antenna and recei ver channel s

t o, achieve het r j VLY :
t af SR Bl R BN BJeLE5R, Hrhfen, pEaRin pPor comesponding
spatifiposidbRemidselafionabphastsvention, it will be clear that
variations in the details of the enbodi nents
S Dﬁ%&%ﬂ% @l andenna hiraisthtcuigh daid piralieg of spatial posiyiohe made
wi t hout departing fromthe true spirit and scope of
t NEpild ' erfif drfSd nidasirhg apnendadoed gihages R0each of said
V%Q%Ié%g}bgrg{&g% %%ﬁargﬁi s cf ai rreéﬂlfgs, PCT/ USZ_0,0?/ 029998
plurdlity ¢f spetidi pdsitiénsde enarptaasef cdmepanued sngHd nositighetndielgfionpl phases;
radi ati ng source, based on a plurality of spatial X
posinipaning thé namasand ennwithreagy ofirtbe pesditadoprds tgliiades best-matching
bet ween signals generated by the radiating source in
prediciqdset; a0y second antenna el enents of the antenna array

at said plurality of pati al positiaons,, the nethod .

cofprrsnig sl aive oF B o 1eBE PR PR h PG L RG post matching
predi@ddkeft | east one parameter, predicting a set of

corresponding spatial positions and rel ational

phases; noving the antenna array through said

plurality of spatial positions; while noving the

an rar - TRAFIE| I i ; id radiati
2. Cad i BRuBY Y A oriioed e Rl BRRn EPBEARe 8Fald radining
sourge ngiratetecting e predfciviet satielyirgpetesainatphisg cowhigorand

rel ati onal phases; conparing the neasured set with

each of the predicted sets to find a best-nmatching

J)

3. The method of claim 2, further comprising the step of reporting presence of multiple

radiating sources upon detecting multiple predicted sets satisfying the best-match condition.

4, The method of claim 1, wherein the antenna array rotates through said plurality of spatial
positions with a boresight direction of the antenna array remaining coplanar and sweeping out an

angular arc during said rotating.
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predi cted set; and determ ning an actual value of said
at | east one paraneter based on the best-matching
wee@dioe4ed set. 2. The nethod of claim1, furtPE&r/US2004/029998
conprising the step of reporting presence of said
radi ati ng source upon detecting a predicted set
satisfying a best-matching condition. 3. The nethod of
claim?2, further conprising the step of reporting
resenc fomulti | sour on dete
5. s prog pg Bl oo Beplo S Feh Y reidn LB Raaaifiiral§ of spatial
posﬁ?&ftg Qi £ Boreé ht! Bifedih rb@@h@int&ln@'a@a} sw@é}ﬁﬁ?btﬁ d &ﬁucal surface during
enna arra rotates through said plurality of
said fatinigal positions with a boresight direction of the
antenna array remaining coplanar and sweepi ng out an
angul ar arc during said rotating. 21 WO 2005/ 045459
PCT/ US2004/ 029998 5. The method of claim 1, wherein

6. 1ha ABHLEARE defer@Midg0d ?Iuﬁﬁleﬁef" bOwORag dne ritliatingl dobyteQfsing an antenna
spatial positions Wih a boresight direction of the

arrayphdving@rsandespeendesinnng clsments, womrisg thastenso& during

said rotating. 6. A nethod of determ ning a paraneter
of apt | whsh thenmtenadiaaty kgesdur Eaetiodarrggear posttemn predicting, for each

array having, first and y6con ant enna
PoteGHpIAS, gt h EeESS. BFSAEPAUEH® THE TR £ plgg bpivoen signals
indue&d Rf"ﬁn Rt dt FaAkBIneFNAMER soRQS it 1h0 Wirst RhESHcbhd Adtendalements;

eac otential value of said paraneter, a relationa

ny g@ ngﬂi’igé grt Eﬁtea%ﬁﬁéﬂa@?ng%& Y}?@ghﬁﬂay%k%mm&g g@ﬁéjeach being

east one radiating soufce int
assofclatesitwﬂm:lpstentmidalanbémkhpahraﬁent s; b) storing the
predicted rel ational phases in a plurality of nmenory

celdys eamhtiheirom aadsgoming agulrtpostiopotanidgathevaliemaofiray for an

sai d paraneter; .c) starting froma begi nni ng angul ar
angblggm{qr@;,j rot at | ng the antenna array for an angul ar

i nterval g Shlftln contents ?f the nepory ce

cord es p SARHCIENERS dh%wslapla/rce IhegFerRending t ﬁ@&&&g\ﬂﬁrgmterval

an actual relational 1phase bet ween signal s induced |

t hee)f i r Smeagwidng s coival elationtlaphase bevesn signalg)induced in'the first and

second antenna elements;
f) matching the actual relational phase with the content of each of the memory cells;

g) repeating steps (c), (d), (e), and (f) while accumulating a number of matches for

each of the memory cells, until the antenna array has reached an ending angular positions;

h)  evaluating the number of matches of each of the memory cells against a criterion;

and

1) outputting the potential value or values associated with those of the memory cells
that satisfies the criterion as actual value or values of said parameter of said at least one radiating

source.
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mat chi ng the actual relational phase with the content
of each of the nenory cells; repeating steps (c),
w@ ajos/ofay9 and (f) while accumul ati ng a nunberP@f/US2004/029998
mat ches for each of the menory cells, until the
antenna array has reached an endi ng angul ar positions;
h) evaluating the nunber of matches of each of the
menory cells against a criterion; and i) outputting
the potential value or values associated with those of
7.t h&hemwsthoy of elairs 6, whertinssatdi efinegertdompeisdstagazimmith sngle of a direction

actual val ue or val ue said paraneter of said at
of pftgheifion 8 ridieii st e 54 SRR 000 08 698 456106 (Oward the antenna
arraf;GRSARE% QR 999uti{ plaRbBf B bREShafraG! 2 M 6, wher ei

said paraneter conprises an azinmuth’angle of a

direction of propagation of radiation, transmtted by

said at | east one radiating source toward the antenna

ar i t:h spect | mut | ane of the antenn
S o TRy mfh ol ARBET bR R I gRea Rt Sl R dpoated and
rotateé drothe aginfiginplane! ements are | ocated and rotated in
the azimuth plane. 9. The nethod of claim?7, further
conprising the step of determning either of a
radi ation frequency of said at |east one radiating
. SOUHE enRH ' . of ' i. 3 .
S T anE B SIS Tl ARGl Mo Y SR AR g Miper of a radiation
frequencie i ssaid piayeastl One Tadatingt hoceofind: bai alevatiomheaglei of tHeedirection of

eqi nni.ng and, endi ng a | ar positions spaced from
propgg%h)tn e@’@ﬁb@[}ge 6’3%@’3‘?1%‘&9&1 E?nttef‘ﬂé ‘hod of claim
5, wherein said at | east one radiating source is swept
over by the antenna array during the novenent thereof
fromthe begi nning angul ar position to the ending
10. an%ﬁP é“reﬂwésqgftcﬂaéﬁ. X yohereph e heginping ond endingrumzulantpesitipns spaced from
abo 040 REW beYL@Akesangul ar position is a zero degree
position. 13." A directional correlation system
conprising: an antenna array having at | east one
baseline provided with first and second ant enna

11 er ?;'ﬁg%e‘cfﬁofofsélgi%{ B,n\ghquﬁ:lhs?n I &'I‘eafsP Enenr%\cﬂaﬂgg tsg]uercf‘;:j1 ?st sevsperf)? over by the

antenna array during the movement thereof from the beginning angular position to the ending

angular position.
12. The method of claim 5, wherein said particular angular position is a zero degree position.

13, A directional correlation system, compfising:

an antenna array having at least one baseline provided with first and second antenna

elements;
- 1] . !
a steering mechanism for moving the antenna array,

a receiver coupled to the baseline for receiving signals induced in the first and second

antenna elements, and measuring a relational phase therebetween;
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a receiver coupled to the baseline for receiving

signals induced in the first and second antenna
web@ses4sy and nmeasuring a relational phase  PCT/US2004/029998

t her ebet ween; 23 WD 2005/ 045459 PCT/ US2004/ 029998 a

menory for storing predicted relational phases that

are expected to be found in the baseline when the

antenna array is set at a particular angul ar position

an o hred|chRl ReMbnal tfhaddd @hAMNH:E RRFecBId BYbefound in t
‘ yan"gg%ﬂrfxzyﬁélgﬁg & #/)\nfetd%wﬁelggdect tpgl an a?i mut Eﬁjlol ane of ) he
baseliftewheit the natemraraanay is sehat qprasiitiudar eogwei psitionand pvagefont is incident

being stored in a urality of ry cells.eac ein
to thg GaiSER R SRR drainetith onee b B gty B RR E ona array,
; i F[?H% et Ged 1iPa pRkitp beREIDS, dBHE Badh it associated
. the Ig%gétggfegﬁlﬁ.glﬁo Y, Sf o?ﬁgghi fti ngﬁcont%nt S ofﬂl t he nmenor yg
witheglotentiabvalwesifenidiangnttivangles novenent of the antenna
array; a set of conparators each being coupled to an
outPehicodér ®abld teswd vesrirmndecherion sind gaid meseirgdbeshififng contents of

the nenpry cells for matching the neasured rel ational
the perRQRY ceByCasesRondine ta the fv%\wmfa{ ?fﬂﬂﬁ? PSR ATE%  of the

selected nenory cell; a set of counters each being )
' coaprkdl sempaiatais ok beingsAupled o an quipBhphsad gesiveppnd accessing a

ceu aLi . ' . .
G YT RS AAESHERRCAS ot rsive
witleghe centédifof $haklctdé heatooy catlpupl ed t o out puts of  said

counters for determning the nenory cell or cells the

cont gRtofofountre Badkabeing solisied twvidnhotthst o asslo€daid comparators for
rel ati onal phase during the novement of tlge .ant.enna
accypylaing e ReEmBer,ofgeatehesiton the repetive saguamy 6Ll dpiing, he raevement of the

] front. 14. The system of claim 13, further
antezlgérpg}r%?éﬁ% a digitizer for digitizing the neasured

rel ati ongl f ' N TR A i

QAL RS AR ESR G LoBULLTEEG LR 0 mmory o
or ¢diictthercoarapof sitich aabhdhes bestgwith nbaimeafiwed délstadylal phase during the

t he out%uts of those of said co arator§ where. . 6
moyRRReEHesthe ARfeRRs ATRY eeby dgtpgupigs f HF%thGfO taﬁgal:‘%ﬁhs&}c&wav& ront.

cells has been shifted corresponding to the novenent

of the antenna array. 16. The system of claim 13,

wherein said menory conprises a shift register. 17.
14. TheThey systom off data 43,1 Buihgh spmpmsingiagdighizsy Joragigitizing the measured

relﬁ%%%‘il%eoa{nﬁ fge%wthé Eig{{}i%& fe1dRiohal p@l@é@ t6§ald comparators.

15.  The system of claim 13, further comprising a blocking circuit for disabling the outputs of
those of said comparators where matches are found, until the contents of the memory cells has

been shifted correspm}ding to the movement of the antenna array.
16.  The system of claim 13, wherein said memory comprises a shift register.

17.  The system of claim 13, wherein said memory and comparators comprise multi-bit

devices.
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24 WD 2005/ 045459 PCT/ US2004/ 029998 18. The system of
claim 13, wherein when the antenna array rotates for
wa@poodgidbar interval, said encoder shifts theP€CDOSINL/629998
of the nmenory cells for a nunber of cells
corresponding to said angular interval. 19. The
systemof claim 13, wherein the antenna array
conprises nore than one baseline and the system
further conprises, for each additional baseline, an
addi ti onal receiver coupled to the additional baseline
18. | Yo EASH dhifh 1€ !\A;Hefe?{‘@helpﬁ@%ﬁtenhi‘ atrAEroAded for @A@hgular interval,
bas€l’'neé;- an additional menory for storing additiona
said @lcedirchidd thetaitémmnad thp hesesy téltfona sumhkpedicels coreespending to said
found in the additional baseline when the antenna
an@%ﬁﬁ%¥vﬂs set at an additional particular angular
position and said wave-front is incident to the
antenna array, the predicted relational phases being
stored in a plurality of additional nenmory cells of .
19. saTl syskdint ofobaim IPe mbengin the anenrgdaioy COmMBTisaaRRTE haBame baseline and

bei iated with | i I f id
the SRR AP it Sk UV EORAEREC of Compar at or s

. each being coupl ed t n_output of said_.additional .

- egradplionaiosirercupled 14 e rREpu] barTips Stafes it aFelational phase
. i ¥naf Badefind;:Or mat ching the neasured additional
1nﬂ$§ a{¥%ha%ep%ase fed by said additional receiver with

the, %Rﬂltl(ﬁﬁi 2ok BorSRhfg LedtioRd %&&ﬁ&é@eldﬁ%ﬂﬁrﬁxé%'that are expected
20." The systemof claim’1l9, wherein each of said i
to be foumtien she sdditiortahbasclinowpbe thet apteana eurepis sebfat an additional particular

respective addjtional conpatator for .increpenting kh .
oS e ey SRR O, LS b0 retwons
phadc@BAE atREd A4 plfftity SFREGbNE nd@ebry iceilabf edVpadititil memory, each

return matched signals at their .outfuts.,21” The
addigyml oremetry e¢lbbeing sssosired with appisntal yalup ok gaigh agiguth angle; and

different |l engths and are not co- linear. 25 WO i .

2006/ oHEiGel PETUSZOoMtoR 99ds being couigd teyant @ppwf of said additional

claim 13, whereij e e r | .

o) R A SRR B ST 387 B, e s

addBbondlnelea4l pHes fed bpedike edditlorahdec2ivennvdttatheanglitent of the selected
bet ween t he
additional memory cell.

20.  The system of claim 19, wherein each of said counters is further coupled to an output of a
respective additional comparator for incrementing the number of matches only when both the
respective comparator and the respective additional comparator return matched signals at their

outputs.

21, The system of claim 19, wherein the baselines have different lengths and are not co-

linear.
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baselines is fromabout 40 to about 70 degrees. 23.

The system of claim 13, further conprising a circuit
w0 o0050&46ul at i ng one of frequency of the wavePET/081004/029998

and an el evation angle thereof with respect to the

azimuth plane of the antenna array. 24. The system of

‘claim 13, wherein said steering nmechanismis

-configured to rotate the baseline in a conical

su ctd Qn: : : t [ . L .
22. 71 SHERGBRCS At 33, BRI SR o8 ey Y Shdbines ina v-
shaped lacrahgeielt, tad ki ghly ratiotod taciaseintes dzbatmedn bundl Blagd ah iaffle between the

ngl es of the baselin ith respect to the azinuth

baseg‘Pgﬁféﬁ@Fn%q?é‘t‘é%Pea%ﬁﬁtﬁ)r €&F%uring the rotation in the

coni cal, surface section. 26. The system of claim 24,

further conprising a circuit for calculating both

freguency of the wave-front and an el evati on angle
23. t hdihesystantdd cladmplee furthsr coreprstigrachicpt fonealshlatihg one of frequency of

antenna array.. 27. A nmulti-directional gorrelatiqgn
the FFLEBRR Bl & e lion QoK hérit LR <D i dhynlfhe,of the antenna
arragnd second paranmeters of a wave front, said

mul ti-directional correlation system conprising: an

antenna array having at |east one baseline provided

wth first and second antenna elenents; a steering

nec [ f iHAQ - apt . .- an.en o
24, CounPo TR Ol 130 vh O ARG Ehan Bl L BSREIGtg rotate the
bast¢imetile ctraes surfeefsertionecei vi ng si gnal s i nduced by the

wave-front in the first and second antenna el enents,

and nmeasuring a rel ational phase therebetween; and 26

WD 2005/ 045459 PCT/ US2004/ 029998 at | east one col umm

25.0f RN kRt ArSclaR@Chl, CORdEhather plogicRE ASARGhRDHAS W b analytically
a potential value of the second par aneter and

calcudntsk faking gato caquimb pyinfudh ard elevatignpnelgs of du baseline witlarespect to the
: . .0 - basel.i ne

oo g e Bl PAPBAL A U Db e bt B RS Gl
position, the predicted relational phases being
stored in a plurality of nenory cells each being

ass@ciated w th potential value.of. the first
26, Do Direverm etim 24e BB sslmni el e fectnlifieyotfuency of the
waveefigit ¥ind @ el8dtiohiaRgle BMMETWifh redpectith ehRIARAMN pliklof the antenna array.
corresponding to the novenent of the antenna array; a
set of conparators each being coupled to an output of
sai d receiver and accessing a

27. A multi-directional correlation system for simultaneously determining at least first and

second parameters of a wave front, said multi-directional correlation system comprising:

an antenna array having at least one baseline provided with first and second antenna

elements;
a steering mechanism for moving the antenna array;
an encoder coupled to said steering mechanism;

a receiver coupled to the baseline for receiving signals induced by the wave-front in the

first and second antenna elements, and measuring a relational phase therebetween; and
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sel ected of the nmenory cells for matching the neasured
rel ati onal phase fed by said receiver wth the
weonwsem4snf the sel ected nenory cell; and a sePCD1S2004/029998
counters each being coupled to an output of one of
said conparators for counting a nunber of nmatches for
the respective menory cell during the noverment of the
antenna array; said nulti-directional correlation
syaiﬂm éner ¢ofliemn of nqrrdlaprsgeash chirelgioo beingl essecitted wiliapaehtial value

fﬂ1 4§uts Pf s id counters of each of said
© EB‘?C TrBET g %Oé%%}sm%m ng the nmenory cell and the

respective correl ator thereof ch has the nunper_ of
med EKE0TY fo5 slPring PéFdﬂfrt%CEEt lat{oppl ﬁ&fsescm @P.%ﬁect%@ be found in the

baseid PHET b2 é}ﬁapa%g Q% Féll at \éﬂ;a&’t‘?&ﬁlleﬁ‘s&ﬁg&l & 1 oélja(ﬁcted relational

eterm ne msrmry and respectrve orre

phasechdigd stv@ll wes phfraltth ef fuiensty cotld eschdwig; g3suciuet \eitls a potential value of
The dlrec i onal correlatio

the ér? H !E?\F!Fg%gl Ghcader ‘W&%{t ertqqu ,t%fial faempsy &r shiftigg, contents of
the ﬁéﬁ&%@n@é&ée orfting ¥ G b Nen By BhE LRBinal afra Xﬂm dent to

the antenna array, with respect to an azihuth plane

r . L
cor rg‘i ati o s@slt@e%%@%g) el%? n}? %'&F% g’:“ﬁgfé%dé‘ﬁ?%wggﬁ%d accessing a
seleatat ofthatmemoryf ealls Hor rrratmmgl the sneasuybd edlativgalcphragelifdd bpsaid receiver

sablin he o uts of hos of said conparators
withghofen i b St meBioRtio s | °t he contante of t he
menory cells has been shifted corresponding to the
no#® éﬁémcowfteqs [vachhbrieh prupladrta gn optpul/gh ong @6 s0d semparators for counting

a nuinbl! HIRAMH: G5IR Bes nflgu}nvg—Frfen{WyZééll' %ﬁg G rﬁgﬁlmen %f the antenna array;

correlation syste ern

an r I er

en%:agg %?11@ rc}lfr?%’tlsontaﬁée&%ez:% og%pstgrﬂ fferlelgelﬂ 8 hﬂﬁ l'lla}‘fasholc’cf1 clieqector coupled
to oetpaly offsaids@idtersosfreaablabdesdd fcﬁ)rlrelﬁoﬂ;uﬁdb détemﬁlnmg|th§memory cell and the

correspondi n 0 sa gular interval. 31. The .
resPRH Ve CHrHA: %Eﬁﬁ%qf ‘é”i%llr"]?‘allT Bt fgnngsr eﬂﬁaB?ath‘P%\isﬁﬁlsi}PS a predetermined
critdrigh ih%ir oRPRAE %éqﬂot@ntpall Yk Eééoélﬁted %ﬁ’chdthe UetéRfiedm memory cell and

correlators to forman array correlators, eac
respsetivd contlaiongs eftuad yrlues eff the frst md wgomlasimmmredewectw«aw
potential value of a third paranmeter of the
wave-front, whereby actual values of the first,
second and third paraneters can be si rrultaneously
28. detThe muladlicotidmat cbﬂmﬂatmmwstmﬂbf citint D®, whdreinrthe ikt Perameter is an
32, The mul directiopal correlation system of cl.aim
azimfh e, af ﬁqbeﬂlﬁ%‘te- %eaﬁ@@% te e afiteriar aFAY: SFid Eepect to an

azirﬁlﬁﬁ Wﬁygffhggﬁ{mﬁe{}&%ﬂes azinmuth and el evation angl es
of gn I nci dent direction of

29.  The multi-directional correlation system of claim 27, wherein each of said correlators
further comprises a blocking circuit for disabling the outputs of those of said comparators where
matches are found, until the contents of the memory cells has been shifted corresponding to the

movement of the antenna array.
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the wave-front with respect to an azinuth plane of the
antenna array, and a wavel ength of the wave-front,

wo e@poeusvel y. 33. The nulti-directional corr ePEL/Us1004/029998
system of claim 31, wherein the novenent of the
antenna array is three di nensional novenent. 28

30.  The multi-directional correlation system of claim 27, wherein when the antenna array
rotates for .an angular interval, said encoder shifts the contents of the memory cells of each of

said correlators for a number of cells corresponding to said angular interval.

31"  The multi-directional correlation system of claim 27, further comprising a plurality of
said columns of correlators to form an array of correlators, each of said columns of correlators
being associated with a potential value of a third parameter of the wave-front, whereby actual
values of the first, second and third parameters can be simultaneously determined during the

movement of the antenna array.

32.  The multi-directional correlation system of claim 31, wherein the first, second and third
parameters of the wave-front includes azimuth and elevation angles of an incident direction of
the wave-front with respect to an azimuth plane of the antenna array, and a wavelength of the

\

wave-front, respectively.
)

33.  The multi-directional correlation system of claim 31, wherein the movement of the

antenna array is three dimensional movement.

28



