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OF THE INVENTION This invention relates to surveillance systems,
and more specifically to methods for defermining parameters of a source
of electromagnetic radiation. BACKGROUND OF THE INVENTION
5Surveillance systems are used for continuous detection and tracking of
signals emitted by a signal source in a region of space under surveillance.
The signals are received by an antenna array directed towards the space

undeg ?%ﬁﬁ@‘&%rectloﬁiﬁj%‘t@fﬁé“ﬂﬁé%ﬂ@iﬁﬁ?%@wwi

frequency and azim e signal source may be an active
stationary or moving transrStiBMBELL:ANGTSBEAMCE) radiation, such as
radio transmitter, wireless telephone and so on. It may also be a passive
source corresponding 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 15 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
WHED IGFAIHE dNCBR RN mposing severe restrictions on the maximum
distance from the ante gﬁ?a arral}é for which s nal detection |s
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disposed in different directions. WO 2008/059476PCT/1L20071001329 -

2 - SUMMARY OF THE INVENTION The present invention provides a

' BACKGROBYEX &MY fﬁlﬂelémﬂ]ﬁiﬂ@@lﬁctromagnetic properties of a signal

source such as frequency and azi h an le det edinas
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emitted by a signal source in a region of space under surveillance. The signals are
received by an antenna array directed towards the space under surveillance and
processed to determine signal parameters such as frequency and azimuth direction. The
signal source may be an active stationary or moving transmitter that transmits EM
radiation, such as radio transmitter, wireless telephone and so on. It may also be a
passive source corresponding 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.




5 used when neither the number of signal sources, nor the frequency and

wolirestie40b the signal sources are known a priori to the systepa:inL2007/001329
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accordance with a first aspect of the invention there is provided a method
for determining a respective electromagnetic parameter and spatial
disposition of one or more signal sources in a surveillance space.

SEMNRORS- )Y 19TIOREAEN LB tiPle to signals, the method comprising:

recelving said multiple signals at each of a plurality of widebeam,
widebdnd mmaa\thﬁﬁi@f@&padeﬁ aapmthbdaaﬂde@rsmraﬁob)demnahﬁngwitctroﬁ
simultaneously sampli ¢.resp ective signal A|m .
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&ampdaﬂadaimvdn%c’él]}hwﬁﬁhb@ andhsgsterplecobtthia signthleAyyention may be
rec d at enna. i; cal Iatln a two-dimensional Fourier tran
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sgﬂﬂfymgcemerelkrrme predetentieey geiteria, a peak satisfying the
predeﬁanr %Qgr z(i:r{gg Qza el kne{jellg:leattlv%ﬁf 3 ng e 1'&” trr(])%lded a method for
surveillance space, w hefeb ocation of the pea In'sa
Memmegsmrmbéﬁxﬁe)wlmtmmgﬁmw manmmmsdmm@mim tifeone or

a2|muth of the respective signal source and the amplityd &4
Thdicat&sthe am itlidé oflfﬁgg I’;}lgnal Surce. i acc:glIJ d%ncge)gvrv Bhga‘l)& multiple

:sgndsdmpedn@:f thenjmsamgion there is provided a system for determining
a reSpeeCctéV\?u%'es%&’m%ﬁ“C eﬁ"ﬁﬁ@&t a&(“%ﬁﬁaégne T['Ngﬂe‘%{) Wﬁieband

more signal sBurces In a surveéillance space sim arded
anteitiple (25t sigrapaseth epzysie mlvsmprisingy equal amehh‘a)mw;havmg a

plurality o Q&%%qg%%ﬁﬁ i gﬁiﬁ{ﬁﬁg&‘gﬁ@ s ggﬁtgnng? dhat gﬁh%oﬁﬁggnas at a

apart in a linear ar equa s and are configured to
sooplieggald mugtipteation bie-dimeeasprodesssay edspiepled wauanrnyhere S, is

AUARLELRIG GRONES [ A0SRMISIfAsRaCtive signals Sy.

received by each of e anténnas at a sampling rafe to generate a

two-dinréngsing aﬂw@ﬁmp@ﬂﬁ@t}%@@sﬂvﬁér&& the tread-thrsaifple
of the §dgﬂﬁhf§x%eﬁ\éggsE}BEt‘hnggﬁI@r lranStorm 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 Fj; indicates the frequency and the azimuth of the respective signal
source and the amplitude of the peak indicates the amplitude of the signal source.

In accordance with a second aspect of the invention there is provided a system
for deterrﬁining 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 i;




calculate a two-dimensional Fourier transform Fjk of the array So; and

walentifyspeaks in the Fourier transform satisfying one or morepct/11.2007/001329
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predetermined criteria, a peak satisfying the predetermined criteria being
indicative of a signal source in the survaillance space, whereby the
location of the peak in said two-dimensional 5 Fourier transform Fjk

indicateg, the, [ENGNEY, 0 116 37N QLIRS AeRESFHYE SianAL Sourge

and the amplitude of the peak indicates the amplitude of the signal source. ﬁ
The syidentibf tieakimverihioFeormrisenstonmrsajséfinatenn e mersnpsedetermined
. < - ) . ) etic (EM) ol
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the signals and to this end must be tuned to a frequency band in which the

siyted soditbe smpditadasddhsneakirdisatesdipranbivdeaifthe gl sevEea
wide angle %s@?l’(v(;b%&qmm%ﬁllc%j%@!aﬁ%ﬁ?sof-r DR R Snents. Signal

traveled by the EM radiation from the object to the antenna array is in

gevrers| Wiffdresureri Bargs raRasyine Bicapiestieanenst adByDTrHeslnigyards the
HEMNG L SRRR0LDS taGelviaaNeneas IR dNtsnait ahRNBSA.IRY £aEhe EM

other, the phase différence being a function of the incremental distance

fagiabasrmay Rareees brekorvpdmiesysiced Thaasryma aras Basobqaerse, be
gkﬁé&b@éﬂﬂ%@?@fﬁ%‘%@%ﬁgﬁ@% ahaapplrdeyaluaathat isdaPw 1 £8agiRHEAnd in

etermination processing stage. The azimuth determination processing

s dbecHmaImEcasive Boainhandimual Mordrnteddedrneivertpignappiver a wide

aHAY- IHEEPUHE tanaiarm hBS OBEINGAY. "Pife HEBRE NrihRLdS By the EM
function of the frequency f of the EM radiation, and varigus parameters of

fadiajerciorriaeqthisebin hsraplenet MBS HeptrsrrdiffeRntstor earditsigelving
ahihefraoupnsaydy thaagsuth A9l Bandpasame e R e s ald@us out

Fourier transform is scanned for peaks satisfying predetermined criteria in

ok Bhads foorertty sidaidha phessuriEirsnee Bpagelafitl R dre(ifteneremental

tnesasignalsdeas gluttesFionensb renrivecsionathé tienkmareranprlits yield
EM radiation is unknown to the %%stem, the frequency f is determined from

thEBIrHEFRBINRLRTRY 9 SRRRH AR HRah JPelBPSF HRe e cRITT S i grdnation

thebegatprmsines frae ibpnhin riemphenktafiihsaeskmndaifesggndifingda two
- BRIEF DESCRIPTION.OF T DRAWINGEIBE r*?% order to Li,nderj;tand
|

RGNS AeFTdraR Bt s By &k Yol RS g has one index
esnbpdimentel dawibe festohed thy ey afcpgiofithitiBylexainie,enky various
with reference to the accompanying diawings, in which: 5Fig. 1 shows a .
Qﬁf&ﬂ’ﬁ‘i%r&%%? asgf}ﬁ%'illiw eo\é%g[egw &?‘%Eﬂreo\é}lt%’%eﬁ%}#? et%\%m’ kis a
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embodiment of the invention;  Fig. 2 shows a method for determining

the azirhbfrFaHERS HABSRSBLESIYICY SRIrRARKS RIS IH R S5PASITER With GHeria in
RrabPeiNME Y thig ARMERLOR; Mg 13 &hopusAiwoslisegRei@Bahese signals from
time-distance plot obtained by gne embodiment of the methaqd of the

cltaRdipr sagh received signal; if the frequency fof its EM radiation is unknown to the
system, the frequency f is determined from the bin number j of the peak. The azimuth
angle @ of the received signal is then determined from the bin number £ of the peak and

the frequency f.




Fig. 4 is a flow diagram showing the principal operations carried out by a
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signal source in accordance with an embodiment of the invention. 15
DETAILED DESCRIPTION OF EMBORQJMENTS The present
invention provides a system and method for determining the azimuth

ARGIe DG SORFPTEOREORY P HIDRVBRWSE that emits a signal, which is

detected in a space under surveillance. Fig. 1 is a block diagram '

schem aticatlyrstoowvidey ttaach drelviriarentiom pothéntscaritbsighah gy doessimgd out in

stages of a detection system.20 in 20 accordance with one-e ' t Qf
A R R T iy B SRR B W% RERAINEY oot

anpyiraithyreferdniehartt caatanmpasiéngathtsvingsour whitednna elements Ao to

A3 argﬁhp\i\/g IQV&I’:SI% ﬁllbglp @Asr%vg)?% %EFV%%QHJ:% SIYC“II?‘ Qgr?flitgl%gt?otﬁgtennine

mvenﬂorFmay e carried ou l%smg any Aumber of r celving antennas

treareéntianig]thrdfedeenbe ollabenabfsmeehingaotdancs witthanagralyodiment

2f1 the gre fger is the accuracy and 25 sensitivity of the detection and

of the mverntion ) o . .

consequently of the azimuth determination. Signal sources in the

surveilBige@ shawes, sunttiasitfansetittera2g theszisnsvanglFignd fretieney of a
lectromagneti Ises. t nﬁh eiying angenna array 21

e S B s e

arrang&igetshbicagmierniimcnsiang 1Timenhitin o rlojadénineddeivong embodiment

gﬁ{ﬁ?[}%?h%rae&l{gggq,%{ggg. an@xis 30 and separated by a fixed distance
. e t P

Istance from the arfay 21 to a signal source detected in the
surveillBigeet W@ 2808/0Bg1Ts RETWIN20DT/PONGPEl - Berghane, cardpdagut by a

Lﬂ&%@ﬁ@é@ﬁé&%&) S HifiS Bl 119G, Aﬂgqemaﬂ'ée&mf& lengihidource

the array 21that the respective rays R from each antenna in the array to
thaaeardnmirevsinsa esbedimiptsdiitdnwaéiadus determine the same
azimuth angle Owith the axis 30. 5The signal that is collected in the i-th

BT TR LS RPN OB RO SR, ) wherer = tme.
10A = WIM&t invention provides a system and method for determining the
azimuth angle and signal frequency of a signal source that emits a signal, which is
detected in a space under surveillance. Fig. 1 is a block diagram schematically showing
the hardware components and signal processing stages of a detection system 20 in
accordance with one embodiment of the invention. The system 20 comprises an antenna
array 21 consisting of a plurality of wideband antenna elements A. Four antenna
elements Ag to A; 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 surveiilance




f = frequency of the EM radiation, dt = time delay of the signal between
woanmples4At = time delay of signals from adjacent antennas ipd¢hadsaye01329
and 11/4/1,"= noise in i-th antenna during the n-th sample. 15The signals
S,," have respective time delays /zit owing to the fact that the distance that
each signal S," travels along the respective ray 32 from the transmitter to

the antenna At is different fay,each.sign ig-(2 LS. :

e T S T g 2 AN LR O o he tength
tfavidedriay tRé sipnahSoaipragitheraay Roflynareanincumemiagive thpyar2@Ato the
= -d cos(0)(2) where. ¢.is the yelocity of the propagation of the signal (o
B s bRl L SRR O e B S 00Y wi
grclxl¥®nna A receives its respective signal S that is provided to its
respective receiver channel . The signals S,." qre sampled.by the 25

> receivﬁ}éeﬁ@%at é%?ﬁcl)%/vcr?qs%crn%gilﬁlg rgtlé%}cgeﬁeélv a \W%%g}jr%%%%ﬁgﬁ gnrrgg?ngfarray
shahpied ttelueh sSrapke eas2bé[(idideledt)s: col+ N(3) where n is the
sample number obtained usingthe sampling rate. Forsa fixed value of n,
the sequence 5,35 2 ”s“arﬂﬂ?@fgﬂfﬁ rhli ke Y sespective (1)
signal source 22 30 to 25 at a sampling rate equal to 1/dt. WO
heB7059476PCT/IL20071001329 - 6 - For in simultaneous signals, this
gives: kcos[gfLf ", (nclt + In one embodiment, the values of S,," are
binarized by set’t_ing Si,, =1 when S,," >0 and Sifi =when S,,"Binarizing the

10 signalg’simsiARKNES: hardware and software

f = frequency of the EM radiation,
dt = time delay of the signal between samples,
At = time delay of signals from adjacent antennas in the array, and

N;»= noise in i-th antenna during the n-th sample.

15 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 S; along the ray

Ry by an amount 4¢ given by:

20 At = -C—Ci-cos(é) 2)

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

25 receivers RC at a known sampling rate, to yield a two dimensional array of sampled

values:
S = Acosng‘[(ndt+iAt)+ q)]+ N, 3)

where # 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

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



5 since a particular benefit of the invention over hitherto proposed

weppsgashes is that the invention is able to detect weak signals¢ywhigho/001329
individually are indistinguishable from noise. Any benefit in attempting to
assign a multibit value to a signal that_i% of such small magnitude that it is
indistinguishable from noise is insignificant and generally offset by the
greater_simplicity,in the hardware, and processing that can be achieved by
to bina?i%z)fnng? néxé%rhealsls O the ?)l}ﬁégrl]/ﬁeghd, when the dynamic range of
simultaneous @ulti.:_sgz&g ISRy Wﬂpilt@fo?qs | (\anmw'b
preferable usingfewer té’nntgi{s?;é(to reduce’p oc??%' g cdth Iexity.(d')
The two dimensional array Si,, is input to an azimuth determination

procesbirmme etdgditknt HeeazimeriofiBicara biatdoacsrbresting Mvalieden S;» >0

G0 TRl L SRS D8 o
5  siveedinparigiolaalbarrefjt Biktheisravditianuombehisheishymgppsetbappirog@ieaGstbat the
A B R R R IR e o
noistekof Eehefit) if8)ttetnplitig to assign a multibit value to a signal that is of such
small magnitude that it is indistinguishable from noise is insignificant and generally
offset by the greater simplicity in the hardware and processing that can be achieved by
10 binarizing the signals. On the other hand, when the dynamic range of simultaneous
multi-signals is required, multibit processing may be preferable using fewer antennas so
as to reduce processing complexity.
The two dimensional array S;, is input to an azimuth determination processing
stage 11. The azimuth determination processing involves calculating a two dimensional
15 Fourier transform of the array S;, The Fourier transform, referred to herein as a
“frequency-azimuth plot”, is a two-dimensional array Fjx. 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:
20

k-(1/df)
NQ

f= (©)

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

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

k-c

= 7
N'dcos@ M

25 f

or equivalently,

9=Arccos[ k-c ) (8)
Nd-f




where N' is the number of bins of this dimension. Substituting Equation (2)

wntookgsmation (6) yields: k ¢ - fIsPd or equivalently, = Arc ceg-£982067901329
\N'd f WO 2008/059476PCT/IL2007/001329
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The array Fj is scanned in the azimuth determination processing stage 11 for -
peaks satisfying one or more predetermined criteria in order to identify signals emitted
by the signal sources 22 to 25 in the surveillance space and to segregate these signals
from clutter. The predetermined criteria may include, for example, peak amplitude

5 above a predetermined threshold. The frequency f of each identified signal source is
determined from the bin number j of the peak using Equation (5). This produces a value
of f whose accuracy is determined by the number of bins N. The accuracy of the
frequency determination can often be improved by using phase data, as is known in the
art of Fourier analysis. In order to deal with the problem of frequency ambiguity, the

10 method of the invention may be performed at least twice using different values of
“clock” and/or by using an RF filter. Once the frequency is known, the azimuth angle 8
of the signal source is then determined from the bin number k of the peak using
Equation (7). The output 26 of the processing stage 11 includes the azimuth angle for
each detected signal and optionally the frequency of each detected signél.

15 Fig. 3 shows a two-dimensional frequency-azimuth plot 35 obtained on real data
by the method of the invention. The data were collected using a linear array of 128
receivers. The plot was obtained using 512 signal samples. The plot 35 has two peaks
36 and 37 corresponding to two different signal sources in the surveillance area. The
peak 36 reveals a signal having a frequency of f; and an azimuth angle of 30°. This

20 signal was detected with a signal to noise ration of -18 db. The peak 37 reveals a signal
having a frequency of f; and an azimuth angle of 50°. This signal was detected with a
signal to noise ratio of -20db. Increasing the number of detectors in the array enhances
sensitivity.

Fig 4 is a flow diagram summarizing the principal operations carried out in

25 accordance with an embodiment of the invention for determinihg 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

30 additional Fourier transform of the two-dimensional Fourier transform Fi then
generates, for each identified emitter, two independent angles (azimuth and elevation)

that together define a position vector of the signal source.




-7- The array FA is scanned in the azimuth determination processing

wotape /&4y peaks satisfying one or more predetermined crit@gain, e 1329
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to identify signals emitted by the signal sources 22 to 25 in the
surveillance space and to segregate these signals from clutter, The
predetermined criteria may include, for example, peak amplitude 5 above

a pred“t‘f?ﬁﬁigﬁg g ﬁé}%&%ﬁg IH&%B% f QleacRAenligd SIA0Al e transmitter

source Is determined from t n munber | of the peak using Equation (5).
Tﬁiﬁiswlddfmwmmé?@ﬁﬁvﬂmwamacy is determined by the number
of bins f T8 Y ap¥:CLIMeL A GREY SRISIPINAIRRERA AR Betector armay
improved by using phase data, as is known in the art of Fouriér analysis.
hreasmdéngd el dlad Wwitentioprblepatisiliveserarigdhinbiyetginieasionah epasg. ofignals

{nventi a f t twi ing di : :
e e oo Shae il be
diserittyadetgetedof the si_gnal source is then determined from the bin _

A rectio mined

numben k8 e Rk NG EAUR AN ERoRNeT AL ARAL R PrcsPaliG:

stage 11 Includes the azimuth angle for each detected signal an

vpiendRT thPegtee dgpute adanidesatciaighal coappyed stiowack the detected
wasdimensional g IHESNRNs impth plot 35 obtained on real data by the

method of the invention. The data were collected using a linear array of

128 redeEiAIThBepradarsto o (e @ STl BaeeosHasanitcsvepdop sray be a
SEdBE R &P Ao aRARdING Lo b iferesntisiapRISOU G@snputer

in the surveillance area. The peak 36 reveals a signal having a frequency

Brpesws heingreadtblnbieaotoputrhignereryiar s metaederf Whthiavention. The
SigRA LR NRiseFationQhpl A, TS RERK SIS N HRAGPNBhBAINEAbodying a

frequency of f2 and an azimuth angle of 500 This signal was detected wit
reRyAE ©f B GHARS XSO i BYe RS ngapincu fRb s ef e dlis e thed of the
aryighances sensitivity. Fig 4 is a flow diagram summarizing the
principal operations carried out in 25 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 30 additional Fourier transform of the
two-dimensional Fourier transform Flk then generates, for each identified
emitter, two independent angles (azimuth and elevation) that together
define a position vector of the signal source. WO
2008/059476PCT/IL2007/001329 - 8 - It will also be appreciated that
the signal source need not be an active transmitter but could, for example,
be a reflected signal. It will also be appreciated that since the signals
detected by the detector array according to the invention are spatially
separated in two-dimensional space, signals 5 having identical
frequencies but spaced apart in two-dimensional space will be discretely
detected. Also, once the frequency and direction of a transmitter have
been determined using FFT, Discrete Fourier Transform may be
employed to track the detected transmitter thus saving processing time.




101t will also be understood that the system according to the invention

may be a suitably programmed computer. Likewise, the invention

contemplates a computer program being readable by a computer for MCSLLP
executing the method of the invention. The invention further contemplates

a machine-readable memory tangibly erflbodying a program of instructions
executable by the machine for executing the method of the 15 invention.
MESINTY - 9 - CLAIMS: 1. A method for determining a respective
electromagnetic parameter and spatial disposition of one or more signal

sources in a surveillance space simultaneously bombarded by multiple )
slgnals, Aheethash darcastisminige @ TsPeriny SarITATIREIRIS GREE SR Ay spatial
ofiglrRlity.ef yideheam avidehanshanieniasathal-ael shacegaapagiiuancously
linear arq:%i/ by equal mutual spacings; simultaneously sampling the

rbepeerded dy Ml sieakh bedms BAt R S sampling rate to

generatg g WRdinensionpl iy at sareplebyalugsBiwiterd dbdsihevideband
n-th sample of the signal received at an antenna i; calculsigé

ing a
RIS AR b1 PO (b READ 8, TN ORI B P S AL PR gty ing

peaks inithg1Aassialyransiamy saistyingtoresnalos predekdr mirae antennas at a
criteria, a peak satistying the pr determ@ed criter{ia bein§ indi'catige of S s
SRR LtSLRSE 1 BROSEHG AIRYCE Bk N HnaTaDy 8 TSR O B ta pelic™™ in

intaidiwendirensienag o uees teansfainmiginniicates the frequency and

the azimuth of the respective signal source and.the itude of the pea
indicategallﬁl%?aatfﬁgIﬁﬁﬁ@'&%@%%ﬁiﬁ%ﬂ%é@%f%we%gl(f AC&Srdiig 10

claim 1,iinghifling ¢RldaiingetRerequensionh teishdiationcamittec: pyadeermined

e R N

volving the sampling rate. 3.
Thetmethedalcaordipgds claisreRy ifdaludingiaalofilatingdile fresie ey afimensional
T ot Hai0SSl9RE! RIS St X U BER e signa

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

2. The method according to claim 1, including calculating the frequency of the
radiation emitted by the signal source indicated by an identified peak satisfying the one

or more predetermined criteria, using an algebraic involving the sampling rate.

3. The method according to claim 2, including calculating the frequency of the
radiation emitted by the signal source indicated by the identified peak using the

j-clock
N

algebraic expression f= , where fis the frequency of the radiation, j is a bin

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

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

criteria.



algebraic expression f - N, where f is the frequency of the radiation, j is a

bin number of the peak and N is a number of bins. 4. The method

according to claim 1, including calculating an azimuth angle of the signal(CSLL#P
source indicated by an identified peak satisfying the one or more "
predetermined criteria. MCSLLP - 10 = ¥) The method according to claim

4, wherein the azimuth angle of the signal source is_calculated using an

digebraidesprides GRCPRARARE TN AqUBAIPFBP R Pahatsehftg aiggp! source
the signatePUGS: Gn ThSBIsbRd RECEEdING KNGIRINS, fMdRERY RS the radiation

azimuth angle 0 of the signal

souved iy daesimiahipBskiscalculatedusingthealgebraic k expression U
--- A ry, where c is the velocity of the radiation, k is a bin number of the
peak and N'is a number of bins. 7. The method accordin

) : to claim. 1, .

VinereintifeVsihed arasrdingdaslain WwrERSHaHg /A7 (—f*‘f:ié’i‘?r1)})<?)f the signal
Themetheghageardingyio clagien 1 padierein thecancitiptel signgisgare the  algebraic
received by a two-dimensienal grray of antennas suich tha[l;1 long each of . .
P TRRHAA BErHErEREToc e rodpERTe oS 61 EAR) S B RAL R * is a bin
Shaaset apatt eakl nrRENaisayiiyneatef Biwual spacings; the method
further including:

7. The method according to claim 1, wherein the values of S are set to 1 when S,

>0 and to -1 when S;, <0.

8. The method according to claim 1, wherein the multiple signals are received by a
two-dimensional array of antennas such that along each of two mutually perpendicular
axes respective ones of said antennas are spaced apart in a linear array by equal mutual
spacings;

the method further including:

computing an additional Fourier transform of said two-dimensional Fourier
transform Fj, so as to compute a three-dimensional Fourier transform that also provides

elevation of each respective signal source.

9. A system 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 i;

calculate a two-dimensional Fourier transform Fj of the array Si,; and




computing an additional Fourier transform of said two-dimensional Fourier
transform Fik so as to compute a three-dimensional Fourier transform that

also provides elevation of each respective signal source. 9. A system folCSLLP
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 anteMRBY RFHavIRG e JTOMIRY BRAYIER ARSI AmMRRAdBERfermined
antennas Hak amisRacechanast eandinearceaitea hyiaguatifatvalosRasings source
and are configured to receive said multiple signals; andag processor . onal
DR 3D B RO S B g GOl clapenk TLapenetimensions
respestivieignalsEs. iirteivadhy Regicatihe antennasathaosamplisgaaiee signal

to generate a two-dimensjonal arrgy of sampled values S,, where S, ., is

MR A BT IS R R RGPS e QBRBl e o ghar souce
two-dimensional Fourier transform Pik of the array S,,,,; and MCSLLP

identify peaks in the Foutier trar%sfor@s tisfying one or MOTe ¢ ther configured to
prRdetelMirnddemEns e PEAR SalilyinG THE Protetersshed eritera beng s
ingiedtive Gfreagighaltfiatgedk thdSuveillenceespacerovperdiiyrthimed criteria, the
lqcation of the peak in said two-dimensional Fourier transform Fik .
RRARBS L 758 Ry e Tt oL SRR E B peai wsing an
afgethei aimptituite didkenpdalgirdéicates the amplitude of the signal source.
10.The system according to claim 9, wherein the processor is further

configured to calculate, for an identified peak satisfying the one or more
prédeteiiingdtenieadegritiedreqleiny Of wherdditkomemitedrbythaged in a linear
antennas.indicated by the peak,using. an IG | Vi [
T L R e g e R BT Bl frocessor
airanggiired inealcalaty theirgweanifofrths padiatioh letitedrbadjzeeipmal source
detectors,.and wherein the prac L ' to calcukdtetthe :
frlélqlljcgr?cyb(}]f 8 Fa ?aﬁtsjlrr]l [r%nﬁtgei(?%@lr%ﬁe%gg%%%@)%rce(}jé.lmcloé‘:’k ind’lcg}’}el?jrefls the
bireieepeakfubingdivsiaiy ¢ iy aibioxquobsiorfthewhatafidsNhe Fmunesicsf bins.

the radiation,] is a bin number of the peak and N is a number of bins.

12.  The system according to claim 9, 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 f of the radiation emitted by the signal source.

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

calculate the azimuth angle 8 of the signal source indicated by the peak using the

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

algebraic expression &= Awmsgwﬁ«ﬁwj , wherein ¢ is the velocity of the radiation, k

15. The system according to claim 9, wherein the values of S;, are set to 1 when Si,

>0 and to -1 when S;, <0.



12. The system according to claim 9, 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 byAC SLLP
the peak. 13. The system according to claim 12, wherein the processor is
configured to calculate the azimuth angi@ of the signal source using an
algebraic expression involving the frequency f of the radiation emitted by

the signal source. 14. The system according to claim 13, wherein the
AIOCESWIcIsEANEOPFEEHith (RIspatatheoazitiethapgienteolithaRignalr performing
source indicated by the peak using the algebraic expression 6= Arccris ---
_thymesibied ofclaien, Bdish st REc e s kAR 4 S RiRiber of the peak

and N'is a number of bins. 15. The system according to claim 9, wherein

the values of S,,,, are setto 1 when $,." >O,ani o0-1whensS,"<O. MC

S0 p - AOmB K SEAGHTEFDFFAR b FIBIING CHBURE B Soheipisigeadsbe
medansfor performing the method of claim lwhen said program is run on a
computer. 17. A computer program as claimed in claim 16 embodied on a
computer readable medium. 18. The method according to claim 1,
wigereinmsaichetiodlatiog @ity eeditagnsionaidrauriaidrasstdanmgaamprisdanensional
calculating a first Fourier transform.of the.array S1, and calculating a

R FOUTISPR RT3 S I G oy 5 B L) Aot ey Sia and
aedontitigeta edebnd¥ ovhiereinrséidnprdths semif@andipamey. to calculate a

first Fourier transform of the array So and to calculate a second Fourier

transform of the transformed array.
19.  The system according to claim 9, wherein said processor is configured to

calculate a first Fourier transform of the array Si, and to calculate a second Fourier

transform of the transformed array.




