METHCD AND SYSTEM FOR DETECTI NG SI GNAL SOURCES IN A
SURVEI LLANCE SPACE FI ELD OF THE | NVENTI ON Thi s

WO pws/0534060 rel ates to surveill ance systens, aneCTII2007/001329

10

5

20

specifically to methods for determning paraneters of
a source of electromagnetic radiation. BACKGROUND OF
THE | NVENTI ON Surveill ance systens are used for

conti nuous detection and tracking of signals emtted
by a signal source in a region of space under
surveillance. The signals are received by an antenna
array directed towards the space under surveill ance
and METEEGB aXND & XEFEVITTOR BETRAITING SHeNALSSQURCES IN A
frequency and azinutgp ' iﬁ%@@ Eﬁg i gnal source ma
be an active station gRéﬁ: |ﬁ§ Hﬁﬁ@nitter t hat d
transmts EMradiation, such as radio transmtter,

wi rel ess tel ephone and so on. It may al so be a passive
source corresponding to a reflected signal, such as a
signal that originates froman active transmtter and
is picked up and subsequently reflected by a radar
antenna or any other radiation source. So far as the
present invention is concerned, it is immteria
whether the signal source is active or passive. The
signals received by the receiving antenna array are

roces [ Stinguish genuine signals from
ﬁ%éﬁ @ﬁ&*ﬁglﬁifm the frequency, anplitude and
di rectjon of .eac ect ' j:
hi t hotbg IBYBHY HeEEl S r?%lr@s?g 8ftem®, BOIE Tllifidhly 0 methods
&r derakishOptahsetes diafsbines ot cletthoiBagneriosiditgionever e

restrictions on the nmaxi num di stance from the ant enna
array for which signal detection is possible.

 BAIEREROUKDOOR THYE IRVENTRONNabl e to di stinguish

bet ween signals of identical frequency originating _
f r om sugelansosyseas drbatsedif@ @pdhuals dttespos @dd itracking of signals

di fferent directions. SUMWARY THE |, NVENTI.ON Th .
Elfnét?én}:t’y PrvER ISBWCPrBA wnao%zﬁgdmgﬁrdsw@ﬂg%ef Sl'lhe signals are
ARLREd 15;9 Q.E Slt&ftar QriPARREE RWARRS tHeCSpaRt @hdet Hudleillance and
source such as frequency and azinuth angle detected in
arospssed taidetenmise sigeil| fasamessers Fheh asefi¢ryignayinindsazémuptly direction. The
accgrdin to the invent be used mhenT@§Hﬁ

PigBaln3 RS M3y 1 @Ihﬁft%eolﬁlt%%%?y Q5P RS HARFRISE | %ﬁ%ansmits EM
HidiRhl QRtiOhs H¥ Siaf§ates OMIES RIcPhddrowil 8PONOTT mag also be a
E)Qsiiv?aysifu%rencorresponding to a reflected signal, such as a‘signal that originates from
an active transmitter and is picked up and subsequently reflected by a radar antenna or
any other radiation source. So far as the present invention is concerned, it is immaterial
whether the signal source is active or passive. The signals received by the receiving
antenna array are processed so as to distinguish genuine signals from noise and to
determine the frequency, amplitude and direction of each detected signal.

A problem with hitherto proposed detection systems is that detection of weak
signals is difficult, thus imposing severe restrictions on the maximum distance from the
antenna array for which signal detection is possible. Moreover, known systems are

unable to distinguish between signals of identical frequency originating from signal

sources that are spatial disposed in different directions.



In accordance with a first aspect of the invention
there is provided a nethod for determning a
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di sposition of one or nore signal sources in a
surveill ance space sinultanegy§ly bonbar ded by
mul tiple signals, the method Conprising: receiving

said nmultiple signals at _each of a plurality of
WWéMQEE@M&%%NRQHaS that are spaced apart in a

line array by equal rnutual spacings; sinmyltaneousl

sanp! HgPieAint HRER Ui gh BIRoR oty s forofetgruning electro-
RRRAP PPoRbticd oF AN daNsburdd ich @s GRESIRY And azimuth angle detected in
two-di nensi onal array of sanpled values Sl n, where ,"

4 spachandertshrsiiace Bt method prgh aystemn gogasdiap e theainvergion may be
antenna 1. cal cul atin - di [ E [ g

BRSPS e BhbIR o LTERs B0 B BOUL 8 geiop of
dif\el fQutedseire kiidnsh privrisattiesiyytemg one or nore

predetermned criteria, a peak satisfying the

pr eddnecperdareecyith & firy ag@gcﬁgta thg anyeripyy thegg lsé)rgYIS?fjaP method for
SOUL G . . .

SRR, 0L R ARG N BLE A Bt O o
thofensipeAt @ardebdn fa equeitiayceasmice senalzincorsty dbmbhrled by multiple

respective s% nal .source and the anplitude of the peak

ft %gtee@etpﬂ_ AP t&ide of the signal source. In

accordanee Wald nRItHRS Hald R RaEN Of al PlBraliRyY 81 ii@behME Wedeband
is provided a systemfor determ ning a respective

aitennns thatamepaced pparhinst kreapamayspymedual mytuabspacingsn of

one or. re si.gnal soupces in.a surveill e

s rmul YSHGSTORSHY GARBIRE TRpeHiy figtale dj-lielh Of i antennas at a
SUFABE &R TP e Bir@ a Fd-difieRsioRal aifagyoftampled \alyss §; lvilieye S, is
of sgaced apart w debeam  w deband antennas that are
bpadedamplgrof thesignal finageeiadraignBpieseamal nut ual

spacl {L%iuﬁﬂl AR ALK %Quﬁcﬁ t@ﬁ%bﬁ%&ﬁ%ﬂe MX&,E{' &d
signal's: and ‘a processor coupled to thé& antenna array

and bidemifyimgfenkpinate Fourieaarpkferh etisfeimpent iov es¢ gredbtsrmined
S.n.received by each of the aptennas at .a.s ling.
R RR?%‘F%‘H%‘F GHiaTia Be g DAL Gjenal source
Y2t &SirvRillddce WS whereBy | tRe 16t1in (OF tBAPRAE irPEaill R o-dimensional
signal received at a det ect or i;calculate a o
Fowvied itramsfoim il indioates e frequendyoamd Hie aximutheofathe agspective signal
n; and ., dentif eaks in the Foyrier . transform

e o nebristaP SEE aed dEe s Ierip LiqRT R Thopl sourpe

sati sfyidagrdhh@ RItBdakesdd 23kt GfitheinvantiRi therel i8 Gr@adddve system

of a signal source _ o
for determining a respective electromagnetic parameter and spatial disposition of one or

-]

more signal sources in a surveillance space simultaneously bombarded by multiple
signals, the system comprising:

an antenna array having a plurality of spaced apart widebeam, wideband
antennas that are spaced apart in a linear array by equal mutual spacings and are
configured to receive said multiple signals; and

- a processor coupled to the antenna array and being configured to:

sample the respective signals S;, received by each of the antennas at a sampling

rate to generate a two-dimensional array of sampled values S;,, where S;, is the n-th

sample of the signal received at a detector 1;



in the surveillance space, whereby the | ocation of the
peak in said two-dinensional Fourier transform Fjk

wo pasos4es t he frequency and the azinuth of thBCT/IL2007/001329
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respective signal source and the anplitude of the peak
i ndi cates the anplitude of tb?_signal source. The
syst em of the invention conprises an array of antenna
el enent s. %nal sour.ces_in_ the survelll nce space

radi atdcdpte atperigsational Fewjer siagtarms Fufdhcarayhsn and
rece ?’deﬂ@frﬁé@a%gnﬁ tie F@Xr}ém& focr‘ﬁll\ﬁ §1§§1agi B bAMGRE §kdetermined

signals. requency Ion may or nay
adterifnea temkwatmfguighhe p;eslttermmw eritenin deimg ladicatyvem%a sigodl source

couyr se, apabl e ecei vin th i gnal s an
Fote G e B a5 55 ot o 5% Bk 38 Bmensiona
F%l&'t%@fonﬁqﬂkr ﬁ:ﬁﬁaﬁﬁ &hd Pr@@le%gy §H&j tRUSAimbh aCltetBshekve signal

receive a sig over a wi de angle of viewthat
smmd;eaandsthahmphﬁude of tpealsivdicatss thepmapliuds efitbe signalsenisg

by th EM radi gtion fr n1the obj ect 1 n

arr ay pg sysieg (%Ieﬁhgl m?ﬁ ’Pg rERPTY ST 4% %y roggaéx%nln%géfé}nents Signal

Ur@RNA ihe :Hi*ﬂalﬁlé’.rfc@)@paa_& €adsdte Wc&oﬁfagmeﬁchEM) semaly ’@fwards the
the receiving antennas are thus out of phase frome

tchieng g feass vdlielr eslisrische éﬂ%e%Slgu%tThﬁnﬁ%ﬁueflw §fthe EM
al?ﬁ: tl%mblg(l rgé(fﬁc%%g TtnBQR'i &l%% Stél‘hgf'ﬁ% argérﬁl\é%g kﬁ?s? ?course be

elng recel ve e Sa to Vi
gapaBlRSfaBediving Ity s@ﬁals aﬂqb It(e thls/ ahdiamist batunied to Iapi’miqubmcy band in

an_azjinmuth determ natio roces sta The az
HBichthe HER SAVISFOIESY ﬁ‘a B I %aﬂgﬁQF@Jg A¢5ehtS aaSIEWE%VCf a wide
Eﬁo%@ 1081 28R thde %‘h‘ca‘?ﬁs | %&S&gﬁa{r‘ Blirdel eTl'lcn Qi’ﬂan@é 'h%yelea_ e the EM

rier transform has one index (or "bin nunmb
daleiatlonsfr(an fthmohjeajrtq tlie artennaraeray as oy gerferal fdaffermnt for each receiving

e B HE R PATEL S et P e s o
bERRAdeORoAS cabh & thdre théepiesé difficedoe FRiAE adfi@ibort] oﬁ mﬁ’e incremental
par aneters of the systen1 The Fourier transformis

distanoethaf eachysigakbtravely l@,erfgliertglrmré@me& hhp éwn@k@qunaﬂ%to yield
gﬁgotcgrtnglél dent f¥ toﬁ" I3l Jalluek rlﬁat SyY }éﬁ} tt{) Hﬁc&t%nnmatmn

ese " sighal s or eac

pRzedsURdstagd ﬁﬂia arifnutih eleferRipdenc pradkssits uﬁMlvadd:mulmmg a two
I s unknown to the system .the freq%en y [is d ned
firegnsional Fousien trapderm obtherippnt 3ggk. The, lgﬁr ﬁf&P glvaé oge index

ggr blifn LLH?&?"’) tﬁﬁiatglé Qgﬁlctlb fﬁ&@ gﬁérﬁwﬁof’ﬁﬁz EN1Q9RAG, Bha various

unber he pea quenhty/ BRI E
DESﬁRteE’sTbﬂ\hmyéféiE [Dﬂ?A\NthﬁSblhnnmnbmroﬁ meuﬁmermttaamdfm k, is a
i nvention and to se hOM/Itﬂ?%¥ be carried

pingtien ebthe disuencnoff Apptuh ﬁ%@wg@nafég%?&@%ayst%
vay OthQ ¥utibr T dds REmEX AFRNRd for peaks satisfying predetermined criteria in

order to identify signals in the surveillance space and to segregate these signals from
clutter. For each received signal, if the frequency f of its EM radiation is unknown to the
system, the frequency f is determined from the bin number j of the peak. The azimuth

angle 6 of the received signal is then determined from the bin number £ of the peak and

the frequency f.



only, with reference to the acconpanying draw ngs, in
which: Fig. 1 shows a bl ock diagram of a surveill ance
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frequency of a signal source in accordance with an
enbodi ment of the invention;_Jig. 2 shows a nethod for
determ ning the azinuth angle and frequency of a

signal _source j e n enbodi ment of the
BRYER BT REF gl O A B BN T onan |
time-di staance ot._optai.ned by one e [ t he. .
met ho iy ﬁoe%[i)‘#ﬁsém#)%ﬁ;m%ﬂﬁmﬁiaéﬁ t Slgg%gv)f‘[ﬁ%va}g%gﬁ rglghe]d out In
SraaeN dorhd @nibolitsdnpalvilD Bewad QRSribal;, biyewlay of nby-limiting example
survel |l ance system for determning the azinmuth angle

ey witleepferanse tetheacspmpanyingpdiavingsningdigh:dance with an
enbodj t ' [Wele determi
EI\/BQDF %Eﬂlfgg‘%[ﬁé%g?dggaé%}%n({/feanﬁgérﬁl%gg\? i des aﬁgggté%rgng clermine
e dzitmith adglt and deyeertly vif agsigdad santerin dvcarighes with an embodiment
signal frequency of a signal source that emts a
ﬁtg?léﬂ"?n\)\?ﬂach is detected in a space under

sur VeFigl ANGBws ' Bethdd ifor BetBnfifihgttha QL RMR GRERBdNdCA¢Jukncy of a

showi ng the hardware conponents and signal processing

sigz) ssuroé incacderdende with slyembedi@@nt of thevwerizonce with one
enmbodj nept . of the invention. The system 20.c ri ses .

an an#’@nﬁ Shays g iw %’fl%?fﬁ&ngﬁuﬁﬁ'la&m%e B Fol'j P ﬁ%ﬂeg rgé/fone embodiment
3¢ e hrpbdatiendeRloamat s A Four antenna el enents Ao

to A3 are shown in Fig. 1. This is by way of exanple

onl y, Fignd il 2 Howgdiagran showing the PrinFipsd opsratipay cagied out by a

SR B4R 1SS DB ICR B GREAL, eBisur

Ardcadyrdadce wikteargémbddimentsoftteinaetiohacy and sensitivity
of the detection and consequently of the azinuth
determi nation. Signal sources in the surveillance

PRAVILED DESCRIPHONUF EMB@BIMENAES (shown in Fig. 2)
radi ate el ectromagnetic (EM pul ses towards the

r ecei Yha)gpresshte ima@ndon groddesnhi syistenoland cisthot efor edstérwvging the

S il 3y ST SRR LR, 8 BROSERDL, AP i
81,8 0o 0 35S, 5, AR g o o
the thardwaret @riredents anH esignal \papdebung stage of asdri¢rtigs fyEm 20 in
%C(rgan n%;e;}tgﬁfl f’o([_}e2 %]ﬁl 8?%}5?8{ é’f the fiIIvieﬁgi(?nn trIIhX slyﬁcr:rg%ﬂ ciopnprises an antenna
array 21 consisting of a plurality of wideband antenna elements A. Four antenna
elements Ag to Az are shown in Fig.1. This is by way of example only, and although the
invention may be carried out using any number of receiving antennas greater than 1, the
greater the number of receiving antennas in the array 21, the greater is the accuracy and
sensitivity of the detection and consequently of the azimuth determination. Signal
sources in the surveillance space, such as transmitters 22 to 25 (shown in Fig. 2) radiate
electromagnetic (EM) pulses towards the receiving antenna array 21 which collects the
received data.

Fig. 2 shows schematically an arrangement of the antenna array 21 in which

adjacent receiving antennas are aligned along an axis 30 and separated by a fixed

distance d. The distance from the array 21 to a signal source detected in the surveillance



of the array 21 that the respective rays R from each
antenna in the array to the transmtters are

weswensd4ad | y parallel, and thus determ ne the BEIBE.2007/001329
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azimuth angle g with the axis 30. The signal that is

collected in the z-th recei veg Al of the receiving

antenna array 21 during the "-ih sanple may be nodel ed

as: Si n = Acos[2tf \ndt + iDt ) +f1+Ni . (1) where: t

spagg.such ax the gapsmittarse2 to 25 i palfigiendy lasge, im gotpparison to the length
a =t A [

Sl gy thaC e, RO B RERE LRI G BT e armay to the

RAHsBINES atdesbéitially pasallcRadd taissRtdrmine- thh samt epinauth angle 6 with

during the "-th sanple. The signals 1 have respective

thEr&éls lays iDt owng to the fact that the distance

t hat c ' .. S r: gt f 44

321 iy TR R s e TR Butlitter A LIRS RREM i aray

1 bdurgache aithsahple nmayfiegno®lédast s seen that the

di stance traveled by the signal 5, along;the ray R

exceeds the dfs em(‘AeCt)SE?/@f by #v9 sig@alNoral ong (1)

the ray Ro by an ampunt Dt given by: Dt = -cos(#) (2)

whidgere c is the velocity of the propagation of the

signals and d is the fixed distance between antennas.

Referfinmfimgain to Fig. 1, each antenna A receives its

respegt ig&ﬁﬁig | Sthat is provided to its respective

recei ver chrannel’ RC. The signals Si n are sanpled by

t he rgecel frquenBofahe BMkradiaiosanpl ing rate, to yield a

two di nensi onal array. of sanpl ed v?l ues: S =Acos

271 [ (Hd€ timadslay Pﬁme(slﬁ)na\_/@?&"%enr?a@ %he sanpl e nunber
gbt ai ned HSL AQab BPsiS ATPbRAGARER anfeRhadinthe Sthy! @hye of

N, »= noise in i-th antenna during the n-th sample.
The signals S; , have respective time delays iAf owing to the fact that the distance

that each signal S;, travels along the respective ray 32 from the transmitter to the

- antenna A, is different for each signal. In Fig. 2 it is seen that the distance traveled by

the signal S; along the ray R; exceeds the distance traveled by the signal Sy along the ray

Ry by an amount Af given by:
At = icos(@) 2)
c

where ¢ is the velocity of the propagation of the signals and d is the fixed distance
between antennas.

Referring again to Fig. 1, each antenna A receives its respective signal S that is
provided to its respective receiver channel RC. The signals S;, are sampled by the
receivers RC at a known sampling rate, to yield a two dimensional array of sampled

values: '
S = Acos2af|(ndt +iAt)+ @]+ N, 3)

where 7 is the sample number obtained using the sampling rate. For a fixed value of n,
the sequence S;, is a sampling of the signal emitted by the respective signal source 22

to 25 at a sampling rate equal to 1/dt.



the sequence 5," is a sanpling of the signal emtted
by the respective signal source 22 to 25 at a sanpling

WO 2008/08g0@l to 1/dt.For m sinultaneous signal SPCT/ii2807/001329
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gives: ,. k [ m+siAAM+fn+N n] (4) min one
enbodi nent, the values of S,,p are binarized by
setting Sn - | when S1 n >0 and Sin = - 1 when S1 <O.

Bi nari zing the signals sinplifies the hardware and
sof t wepten Simidianepysstgnplsuthis gikeshef i t of the invention

over hitherto pn ed roaches i.s that fhe
i nvention i%,naﬁlg |tA§,, @@%ﬁ@é R+§iéém§ﬁ‘s€ﬂma\ﬁi]yhn] 4)
i ndi vi dual Iy aremi ndi stingui shable from noi se. Any

benefjt in attenpti to assign a.multibit value t.o

si gnaln esAmYoding nt’stgg KaluEHe s nﬁrﬁﬁﬁl?%l&gé ARG S4ng | when 5, >0
. nplSti Ngui ol e F0mm no 1 soft
LIFSLS POVl 5, A B8 40l Gl v
siacoaparicaladbarefic of tierigvantiah ovemhiiertaqhomsed apgroaches is that the
g{yg&;énélls gg}%tgeq;?elcg%%l?isigﬁ ngﬁ |t1|{1] 1§ig]ggliygﬁl§v$1§£tirtl£u?shable from
ifflﬁgé!i&%dbedmk b RitdmMIRCRSSLRE IRMIhe e & aklgalldiahes of such

ewer dntennas so as to reduce processing conplexity.
gihall twagnitideethet gnialindistingnidablesfrompmoiset is 1agigrificanitand generally

SELTHTL A2 B EER Mo bt RS RO et

BiniBARE ARAkigh@ur Oarthé lodies fiana) Ghed fiige dyfamyic Jhnge of Fidgultaneous
Fourier transform referred to herein as _a

miuktesigaale is-ragwirads Ayltihit propessiag mygy- ke nrelsrablmusing fewsy antennas so

Fik. j 1S I ..satisfying: clocl N where /is

?%té” %‘ggipﬁ‘facf?§ﬁ%<%géﬁgglpiéquency of the EMradiation and

N i s The tweldigensivhalbarrs §f, i$ hipat o aeadimoth #etesniaatiimprocessing

nunber satisfying: i.) N' where N ist elnurrber of. onal

sirges T biTherfrinigh delesmishtionsarSeTsINg: iKYV AT AME Vg fimsnsiona

Foual i @ihstin ¥f ?llledﬁfraf S?,,KHQ EuridY hlEs@sith, referred to herein as a

“frequency-azimuth plot”, is a two-dimensional array Fix. j is a bin number satisfying:

j-clock
N

where fis the possibly unknown frequency of the EM radiation and N is the number of

©)

f=

bins of this dimension. & is a bin number satisfying:

k-(1/df)

6
v (6)

f=

where N’ is the number of bins of this dimension.

Substituting Equation (2) into Equation (6) yields:

k-c

- ~* 7
N'dcos@ D

f

or equivalently,

@ = Arc cos( N{Cdcf) )]



or equivalently, =rccos[ k' C) (8)The array Fj k is
scanned in the azinmuth determ nati on processi ng stage
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criteria in order to identify signals emtted by the
signal sources 22 to 25 in th; survei |l | ance space and
to segregate these signals fromclutter. The

predetermned criteria may include, for exanple, peak
anpl i Thejarran dids scanned én 8}%‘%‘@ uthy drtergnpatipn prRgessing stage 11 for -

%ﬁ Sk'a‘?{}‘rf}){%é ]p&]; of ?‘ﬁ)pe %1%8&5 r?tlfzﬂﬁ] aﬁeoﬁlgf' ft‘ieh g signals emitted

ernl rom In nu pea usi n
Eotuetsigial 6&yrcesi2t © P§ ﬁdﬂreaar\&lllaabel spaet ahd wheegegate these signals

accuracy| det rmnedb t.he nunber , of. bi
Fom ¢l HESF- J;et preds tgxg&w% &%}/tegétrg?)fl::.llelth orfoE Igggra? eﬁe%e amplitude

AHEI% %Vﬁx@d@c&nﬁﬁécp ShrPlRRE THR! t?equ@f@c;J d}Z ok @Mldeﬁtlﬁéhe sighdl source is

analysis. In order to al with the problem
drfterfmquiﬁomyh@hml rguritiey j of the peakt ks Biuatibe (15)n\1F én:mr@duces a value

erfor rred | ea ce
3 sk e i b SR Y anE ReHeT Ly ey SRLHES of the
frE RRESNEMteinSinkitian JfRE bRZMPIvVEd BpakigPhate aam asugmdwn in the
source is then determned fromthe bin nunber k of the

ptak Fggmerrgargb(gm FiTy) grd(ev}o_ deeh émguthﬁtﬁrolzlsmoqf freguiency ambiguity, the
glr {?‘ﬁg N st {Rd iRy, dqu%n]]% gloﬁé fméch% AN Wlla? fﬂgﬂ{ edlffféfen values of

ecte ona ency

e@t@ék d@mﬁtb@dxsﬁig@mm fiftérg On8e ﬁi&d\iﬁluandy\lﬁ kdmnﬁ e anﬁiuth angle 0
frequency-azi muth plot 35 obtained on real data b

ofotheosigadl somece; isvihenidstermingd demath@ehia muphes i 6f tﬂ% ipﬁ@( using
RalaiR a0, At ufl 2628 EEBRELEIR: sTDELPl Rl OB AL Bt le for

nples as two
édetl dgtécfédfsfgﬁa&p&ﬁdipﬁ@nﬁl@ thevfreguehnt ¢ b€ edchsiegioteid sgmlaf ces

in the surveilla The k 36
havi nfiga3 Fheyue Hg@(}?ie%ngi%néf%oaﬁg%zwy{fé%iola?mggOn real data
tgflﬂ?elg{ g@ﬁ' heé g\%&ﬁgﬁ e’ﬁhé’\ﬂétg vekré 'cgﬂéétecf 951HQ 'asl?neraf"tafrgﬁ of 128

7 reveals a signal having a
feceigersnThe pfot /wa2 ohteinedrsamg Tt figrah ghwplss. BE: plphB§ has two peaks

Wt e o DA D e
?eifeacfl@'}lsilghéf'ﬂaymga feduchSy df ] QM &b GhAMR angle of 30° This

gurmarl zing the principal operations carried out in
signa vaanieecteidtwitlaa signddad |nnsmratm{n afhé8 dbyEiet paak Hgeveals a signal

det h h d.f
Sighinh Sae G4 L8 FHRMTLBTE RS TR (35 e g detected with a
gélgﬁe?rtg %SE trﬁuJ: 589041, Thressin tl)lestﬁ%ﬂeg oP8etBAbRAn th@krrdyéhhances

stemo I'nvention nma e |np enent ed usi ng
sensitivity.

Fig 4 is a flow diagram summarizing the principal operations carried out in
accordance with an embodiment of the invention for determining the azimuth angle and
frequency of a signal source as described above with particular reference to Figs. 1 to 3.

It should be noted that the system of the invention may be implemented using
more than one array of receiving antennas. For example, the invention may be
implemented using two mutually perpendicular arrays of receiving antennas. An
additional Fourier transform of the two-dimensional Fourier transform Fj then
generates, for each identified emitter, two independent angles (azimuth and elevation)

that together define a position vector of the signal source.



nore than one array of receiving antennas. For
exanpl e, the invention may be inplenented using two
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An additional Fourier transformof the two-dinmensional
Fourier transformF then genegates, for each
identified emtter, two i ndependent angles (azinuth

and el evati on) t hat t oget her define a posi t| on vector

of thk vgll g}ﬁalbe@smeé@tthth% the signal §owee AgRdmat bg AR At Yrdfansmitter
gRal LG an active transmtter
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dls psition of one or nore signal sources in a

FV&% | ance space simul taneously bonbarded by
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sanpling the respective signals S, n of each of the
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signal source in the surveillance space, whereby the
| ocati on of the peak in said {wo-di nensi onal Fourier
transform Fjk indicates the Trequency and the azinuth
of the respective signal source and the anplitude of
@hélbghk i ndi cates the anplitude of the signal source.
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al gebrai c expression q = Arc cosl - where ¢ is the

searescindyhoamplifads efthe prakrindicates thei amnm%érf thy sigd spRIS%
and N is a nunber of bins. - 7. The method according to

ny o a er;

; nar?f;fee gIeByOdsée ggt %hglal_xﬁml élﬂdl%@ eca}éﬂlaﬂﬁg Jﬁé fl%g][ué}fc? of the
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claims 1. to 7, wherein the nultl
SBeRe RS BriSE Al e O TR b ing o
that al ong each of two nmutual ly perpendi cul ar axes

? |eﬁ g Z‘Fﬁé Y tResec8idifA S cRith €NNASudhE BRAREHg AR ffeqéhcd of the

radiation emitted by the signal source indicated by the identified peak using the

J-clock , where f'is the frequency of the radiation, j is a bin

algebraic expression f =

number of the peak and N is a number of bins.

4. The method according to any one of claims 1 to 3, including calculating an
azimuth angle of the signal source indicated by an identified peak satisfying the one or

more predetermined criteria.

S. The method according to claim 4, wherein the azimuth angle of the signal source
is calculated using an algebraic expression involving the frequency f of the radiation

emitted by the signal source.



array by equal nutual spacings; the nethod further
i ncl udi ng: conputing an additional Fourier transform
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conmput e a three-di nensi onal Fourier transformthat

al so provides el evation of eggh respective signal

source. 9. A systemfor determning a respective

el ectromagneti c parameter and spatial disposition of

®ne ofhewmethod jageratlingda claim 3, wherein ané Wheegie ehesgramuth angle 6 of

i mul t aneousl.y..b rded by mul i ' , . .
5 ekl SORET e B U5 et B B S GHR atb Ml ppression
of spaced gpart w debeam wi deband antennas that are
épaw«togw whdre nésithearelogity bf theqadiatiomtiiigla bin number of the
spaci ng i e configured to receive said nultiple
Esf{q_gnaéﬁ;.and al? rggessor coupled to the antenna array

aBPeny TYHE %lﬁ) 5t 0: sanple the respective signals
SI f, received by each of the antennas at a sanpling

f.ate 11 QeMmed at&rdink W0kl SRS LAk 1@ WHefeis e#plads of S, are
values SI n, where S1 is the "-th sanple of the

Isihanvat by setting g, Bt whendSit, &0taod Si»,= chwben §t-0a
t wo- di mensi onal Fourier transform F k of the array

,,N;and identify peaks in t Fourjer transform ... .
gat | s?]% WﬁthBﬁé‘C%oerWgﬁ%aw 8’&ee?€$1?ffr}§:]trj{°c?’i }éef?lg,tﬁ%mﬁletﬂe signals
Satre&divddn gy thewsdadaliseingl BREy ©f idn@ininds ReEH that ndérgatacheof two
of a si gna?, source in the survejl]ance space, whereby
mhially perperdicwlar axes respestive Anesafaidapteanae§isparg apart in a linear
Fourier transform.Fjik.indi t ency and the
sk AR A B A H G0 Rl BARERRCY, 2
anmpl i doagfrutiaf dhadgidakali Palireattemsfona afivpdidt twaediefensibeal Fourier
signal source.10. The system according to claim?9, 4
grsfamaic hast o) sommyde p Hseedimspsipral ioupipeiransiorm Wat gp provides

. g ' .fied peak satisfying the
‘%)l%‘éaﬁg#l%ﬁ%%ergsr%gge:{i%&aggﬂhg‘{'i teria, the frequency of
the radiation emtted by the antennas indicated by the )
$eak Asiysgnaforadeeinising & respiotive glactremegngsici pajametee ang spatial

1. The system according, to claim 10 erein the.
‘i‘ﬁﬁ?%ﬁﬁl‘?&so P8¢ o't HiGed's 1 8% e dt aa?%%/mﬁ%%ﬁ Ay a simultaneously
BHhBR840 SPRGIHME dokd, wRey sl Refsinget ect ors, and
wherein tthe processor is configured to calculate the |
f r equamegtesha tameayr havieg i2oflusahity t @fd spaped napagl ypdgbeam, wideband

TN T
configured to receive said multiple signals; and

a processor coupled to the antenna array and being configured to:

sample the respective signals S;, received by each of the antennas at a sampling
rate to generate a two-dimensional array of sampled values S;,, where S;, is the n-th
sample of the signal received at a detector i;

calculate a two-dimensional Fourier transform Fjx of the array S; »; and

identify peaks in the Fourier transform satisfying one or more predetermined
criteria, a peak satisfying the predetermined criteria being indicative of a signal source
in the surveillance space, whereby the location of the peak in said two-dimensional
Fourier transform Fjx indicates the frequency and the azimuth of the respective signal

source and the amplitude of the peak indicates the amplitude of the signal source.



N frequency of the radiation, j is a bin nunber of the
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processor is further configured to calculate, for an
identified peak satisfying [;q_one or nore
predeterm ned criteria, an azinuth angle of the signa

source indicated by the peak. 13. The_system accordi ng
1® c| Bhersyseem ageqrding tonelajm Gk oxhigssing wheisHy thyy pragessgr 1S further

cal-cul at h zj ' I j :
SGHSR5 ShARE P AGRTI sl LESGRERE oSSR yFpmine
érherid, abé ateyasmnce roftthe dadigtionhemisted vyl the antearas ibdicafeldeby the peak
systenlaccqrdigg_to clai m.13, wherein the processor is

wRg dhaleduaie dnvolying thesamMPHBS B¥9-nut h angl e q of the

signal source indicated by the peak using the

%gebﬂﬁ’é sEEPAESRIIAN to%lzint §6,3%hdreill e antdMh8S 8learfank&d in a linear
the velocity of the radiation, k is a bin nunber of

drtny hpwidg aanifoln spaciag debesenafljabém sletep@rs] 8nd Wheregy theaxecessor

ccordi ng .to any o ' '
S5eabEnY S h DR (ashd) ol bt elRS oGt source
Sl n>and Sn- - 1wen, " <0. 16. A Goapuker )
pdisgted by s pEaN meing othp ualeebrie oyPEssieB de= § gyhere f is the
perform ng the nethod of any one of clains to 8 when

fudnby S MdiatiohUfis ArbiRnGABRWY @e pehll and NG autrder of bins.
programas clainmed in claim16 enbodi ed on a conputer

readabl e 25 nedi um X . .
12.  The system according to any one of claims 9 to 11, wherein the processor is
further configured to calculate, for an identified peak satisfying the one or more

predetermined criteria, an azimuth angle of the signal source indicated by the peak.

13.  The system according to claim 12, wherein the processor is configured to
calculate the azimuth angle of the signal source using an algebraic expression involving

the frequency fof the radiation emitted by the signal source.

14.  The system according to claim 13, wherein the processor is configured to

calculate the azimuth angle 6 of the signal source indicated by the peak using the

k-c

Nd f

algebraic expression & = Arc cos( j, wherein c is the velocity of the radiation, k

is a bin number of the peak and N’ is a number of bins.

15.  The system according to any one of claims 9 to 14, wherein the values of S; , are

binarized by setting S;, =1 when S;, >0 and S;, = -1 when §;, <0.

16. A computer program comprising computer program code means for performing

the method of any one of claims 1 to 8 when said program is run on a computer.

17. A computer program as claimed in claim 16 embodied on a computer readable

medium.



