W DE- OPEN RECEl VER W TH CONTI NUOUS- WAVE- PROTECTED CHANNEL TECHNI CAL FI ELD
OF THE | NVENTI ON The presentinventionrel ates,in general,to 5 El ectronic
Support Measure (ESM systems and radar war ning systens, and, nore
particularly, to Wde-Cpen (WO recei Vvers exploited by said systens.
BACKGROUND ART As is known, a Wde-Cpen (WO receiver is designed to 10
operate in a operating frequency band so that, at a considered tine
instant, it operates in an instantaneous frequency band equal to the
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receivers exploited by said systems.

BACKGROUND ART

As is known, a Wide-Open ({W0O) receiver is designed to
10  operate 1in a operating freguency band so that, at a
considered time instant, it operates in an instantaneous
frequency band equal to the overall operating freguency
band, unlike, for example, a superheterodyne receiver
which, at a «c¢onsidered time instant, operates in an
15 instantaneous freguency band smaller than an overall
operating frequency band in which it 1s designed *to
cperate.
Traditional WO receivers used in Electronic Support
Measure (ESM) systems and radar warning systems exploit a
20  specific antenna pattern configuration, generally known as
goniometric channel configuration, to discover threats in
surrounding electromagnetic environment and to estimate
corresponding Directions Of Arrival (DOA).
In this connection, figure 1 shows a block diagram
25 schematically representing a typical architecture of a
traditional WO receiver 1 designed to cooperate with four

directional antennas 2.



In detail, the WD receiver 1 shown in figure 1 conprises: f our
gonionetric channels 11 each of which is coupled with a correspondi ng
directional antenna 2 to 5 receive therefromradi ofrequency (RF) signals
recei ved by said corresponding antenna 2, and is operable to apply a
pre-processing to the received RF signals so as to obtain correspondi ng
video signals; and a processing unit 12 coupled with the four 10
gonionetric channels 11 to receive therefromthe video signals, and
operabl e to pmocersdille reacei vew viddesisignal s sthésn t oiglet ecduany threat
and, in case, to determ ne correspondi ng DOA.

Fi gur e2showsaneper:at i onal bl ockdi agram 15 representing in greater detail a
typical architecture of a traditional gonionetric channel, in particular of
each of the doni ésetri goohanssirdclichannelpn deét akkchascéhownich figure 2,
each of the gonjonetric channels 11 conprises: 20a respective RF chain 111
(represeﬁ%%%ﬁLﬁ@ figlire 2 byCRr88BABHI BEOoCKR) rOFE ERNPACI @BBSNRAr edpelkti ve RF

signaé anplifier %%1a or a Ilféin% the RF signals received fromthe
cor r espordiatg V& retts ?maggﬁhﬁ rSUPRBEYshghn | At FRglfe "BCeidfd rkgpecti ve

RE filtering neans 111b for RF _25 filtering the RF signals anplified by the
RF si gnal®afpl T11 2P HYIE "4 FBEBERE Ve sYUAr 651 & Het et of 01 PPHYep? esent ed

pre~processing to the received RF signals so as to obtain
correspoending video signals; and
. a processing unit 12 coupled with the four

10  goniometric channels 11 to receive therefrom the video
signals, and operable to process the received video signals
s0 as to detect any threat and, in case, to determine
corresponding DOA.

Figure 2 shows an operational block diagram

15 representing in greater detail a typical architecture of a
traditional goniometric channel, in particular of each of
the goniometric channels 11.

In detail, as shown in figure 2, each of the
goniometric channels 11 comprises:

20 . a respective RF chain 111 (represented in figure 2
by a dashed block) which includes a respective RF signal
amplifier 1lla for amplifying the RF signals received from
the corresponding directional antenna 2 {(not shown in
figure 2), and respective RF filtering means 11lb for RF

25 filtering the RF signals amplified by the RF signal
amplifier 1ila:

. a respective sguare-law detector 112 (represented



- 3-infigure 2 by a dotted block) which includes a respective diode 112a
coupled with the RF chain 111 to acquire therefromthe RE-filtered signal s
and operable to provide output signals proportional to the square of the
acquired 5 signals, i.e., proportidﬁa? To power levels of the acquired
signals, and respective video filtering means 112b for video filtering t he
out put signals provided by the diode 112a; and a respective video signa
anplifier 113 for 10 anplifying the signals video-filtered by the vi deo
filteringnneans:rEl2b Isp asdbotebt hilncamphinficed ivicddeniesi gnatssphiehvar e
provided to the processing unit 12 (not shown in figure 2). In
nmoder n ESMoskest ddg sandonadar warkhhngtsyst Biis, cidiGontihuous Vweu{ W
protection capability is one of the npst inportant requirements for t he
recei ver tRYGEden tidie deteét  hpdedarage 20w thréapserahdeddteecranddemnage
pul se threats superinposed on CWthreats. 20As is known, a CWis an
el ect r omB@GhEtitc WS 6T RbWRP ARt ORfpl FPuddanti¥d Byuehcyhawh ¢@ ared
I nter 'tt§n%bror I.nt er rupt ed, _Conti.nyous Wave (ICW is a CWnodulated wth
an on? of £1REVed car fi'er PIPPRA iRl Y& ve&r'e et € parts afar}yed
sensitive. th resence of CW].CWsignals _i.n the surro ging
electrongé gg%%’en%??on%%%gécﬁ%v?aé?}E??a ﬁ?ﬁgﬁépgmcp?§8§iv£? b wHeh are
i 11 um nated.by one o IPr enW EWut signals provided by the diode
112a; and
. a respective video signal amplifier 113 for
10 amplifying the signals video-filtered by the video
filtering means 112b so as to obtain amplified video
signals which are provided to the processing unit 12 {not
shown in figure 2).
In modern ESM systems and radar warning systems,
15 Continuous Wave (CW) protection capability is one of the
most important requirements for the receiver in order to:

. detect and manage CW threats; and

. detect and manage pulse threats superimposed on CW
threats.
20 As is known, a CW 1s an electromagnetic wave of

constant amplitude and frequency, while an Intermittent, or
Interrupted, Continuous Wave (ICW) is a CW modulated with

an on-off keyed carrier.
Traditional WO receivers are particularly sensitive to
25 the presence of CW/ICW signals in the surrounding
electromagnetic envirenment. In fact, traditional WO

recelvers, when are illuminated by one or more CW/ICW



- 4 - signal(s),could be totally blinded by said CWTCWsignal (s) thereby

not detecting other pulsed signals of interest, i.e., pulsed-threat-related
si gnal s, superinposed on said OVNION signal (s). 5In particular, traditional
NO receivers typically protect theiT Uet ection capability by | ooking beyond
ONION | evel, namely by increasing a detection threshold up to ONION power
| evel , thereby reducing their operative dynamic range so as to detect only

pul sed-threat-related 10 signals having a power |evel higher than the

CW | CW pewgnalldwel,. couldn baistooridet i on, ifdeur epd(a)sshowsCcianrexenpl ary
RE signal provided as output by the RE chain 111 when the corresponding

di recti oRabnant(ennat2ereleri ves adeWesicgnal dBheuperilinposedignathbr eef pul sed

signal s. Mreover, figure 3(b) shows an output video signal provided by the
squar e- | AWCAEEEEY OF - £12 WNe cShitd reGirare-iad e U eticntaols 1 I peceiveseds | nput
the RE signal ;,shown_in fi,gurei 3(a). On the basis of what has been

previ oung gader FHEd 80 548846t {@W-protection capability of traditional NO

receivers, it_may be .easily understood that the processing unit 1 when
receives the&{}i dégrzil @1a%hovﬁ‘r&f%ﬂﬁ%ﬂu‘?£ 3?"{3), r%&&%é’etrﬁegofeﬁf%ﬁ?

R RN N R BN (e SR RS
ObjeCtiV@e@EIPrQ§§ﬂ§L§nﬁﬁntiﬁgkégsiﬁgneJOdgfggkggnathreshold up to
CW/ICW power level, thereby reducing their operative
dynamic range so as to detect only pulsed-threat-related
10 signals having a power level higher than the CW/ICW power
level.

In this connection, figure 3(a} shows an exemplary RF
signal provided as output by the RF chain 111 when the
corresponding directional antenna 2 receives a CW signal

15 superimposed on three pulsed signals. Moreover, figure 3(b)
shows an output video signal provided by the sguare-law
detector 112 when said square-law detector 112 receives as
input the RF signal shown in figure 3(a).

On the basis o©of what has been previously described

20 about CW protection capability of traditional WO receilvers,
it may be easily understood that the processing unit 12,
when receives the video signal shown in figure 3 (b}, locks
the detection threshold to the received CW video level
thereby not detecting the three superimposed pulsed

25 signals.

OBJECT AND SUMMARY OF THE INVENTION

The objective of present invention is then to provide a



- 5 - WO receiver which can alleviate at least in part the above cited

dr awbacks of the known WO receivers. This objective is achieved by the
present invention in that it relates to a wide-open receiver, an Electronic
5 Support Measure system and a radar fning system as defined in the
appended cl ai ns. The present invention achieves the aforenentioned
obj ective by a wide-open receiver conprising: a plurality of gonionetric
channel s _each intended 10 to be coupled with a respective antenna to

recei ve &G dsisEdtiare inikdi oy r adi evi efjaenty isiaghalin amd toperabkieote
obtain, on the basis of the respective inconm ng radiofrequency signal, a
respect i Ve 6% St AYREEs Ssiqgnadlg dictdt iNfe 16Tcl ower of said respective

i ncom ng 15 r%diofregygpc sjgnal,,and a respective second video signal
based on sai d réspective Fi rst V7lueoY s ghdl FP&n@T5r6¢Es siThg edts oper abl e
to detect, .Qn e Si.S of the second video signals, one or nore pul sed
signal(s%hggeséﬁt %%?%§$§;0}%n0?e‘%ﬁé%T%P§QKXﬁ%q%jV%§di0??6d%%$ﬁ5£onlc

203i@9a|@%bpoer?Q¥§Eur&hes$%9§ﬁogﬁﬂir%ge&%%grjsg%%@ﬁ%%@fé%%gggb|ea?o

by further conprising a continuous-wave-protecte an

recei ve aceambiuned radi abLequency1siigpal based on the incom ng
radi of requency signals 25 received by all the goniometric channel s, and to

obtai n, on thecbagireehtt heicombinad radhobyeguensy signdlendtioned
cont i nuous-wave-free radi of requency signal which is free of
obhjective by a wide-open receiver comprising:

. a plurality of goniometric channels each intended

10 to be coupled with a respective antenna to receive a
respective incoming radiocfrequency signai, and operable to
obtain, on the basis of the respective incoming
radiofrequency signal, a respective first video signal
indicative of a power of said respective incoming

15 radiofrequency signal, and a respective second video signal
based on said respective first video signal; and

. processing means operable to detect, on the basis
of the second video signals, one or more pulsed signal (s)
present in one or more of the incoming radicfrequency

20 signalis).

Moreover, the wide-open receiver is characterized:

o by further comprising a continuous-wave-protected
channel operable to receive a combined radiofrequency
signal based on the incoming radiofrequency signals

25 received by all the goniometric channels, and to obtain, on
the basis of the combined radiofrequency signal, a

continucus-wave-free radiofrequency signal which is free of



6 a continuous wave signal present in one or nore of the incom ng
radi of requency signal (s), and a validation video signal on the basis of
sai d conti nuous-wave-free radi ofrequency signal; 5in that the processing
means are operable to estimate a cont% nuous wave power on the basis of the
second video signals and of the validation video signal; and in that
each gonionetric channel is operable to renove, on the basis of the
estimated conti nuous wave 10 power, a continuous wave vi deo signal
contri buts opcht onmuthe mespectigeali matesdrdeoi si gnad bhemebye obtrai niag a
respective internediate video signal, and to obtain the respective second
vi deo si gmalonasiedrahl &hf ebiuaspectivyeailiser nedidt @ wiedeoagiigmal vidéo BRI EF
DESCRI PTI ON OF THE DRAW NGS . For a better understanding of the present
i nvent i of:9pef er PEd efBBdi MeAtsS whPEh at@eld nt eried ipuret yw dye waye of
exanple and .are not to be construed as limting, will now be described with
r ef er encé&20d L FEHENSEhEd 98Fdvi ngs (all 20not to scale), wherein:

Figuri 1 schqnaticalkx %ho%% a typical .architecture of a traditional
wi de-bpen recei véF; "4 € FPGUFESS LERond S5 Syr &dter Yt a to

cort STEL LS IFIRITS) Bk Ren L aseLyeT o S s Bt g er 22
chain and;i@eco signals and of the validation video signal; and

. in that each goniometric channel is operable to
remove, on the basis of the estimated continuous wave
10 power, a continuous wave video signal contribution from the
respective first video signal thereby obtaining a
respective intermediate video signal, and to obtain the
respective second video signal based on said respective

intermediate video signal.

15 BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention,
preferred embodiments, which are intended purely by way of
example and are not to be construed as limiting, will now
be described with reference to the attached drawings (all

20 not to scale), wherein:

. Figure 1 schematically shows a typical architecture
of a traditional wide-open receiver;

. Figure 2 shows in greater detail a goniometric
channel of the wide-open receiver of Figure 1;

25 . Figures 3(a)} and 3(b) show exemplary signals
provided as output by, respectively, an RF chain and a

square-law detector of the goniometric channel of Figure 2



squar e-| aw det ector of the gonionetric channel of Figure 2 in presence of
a CWsignal superinposed on three pul sed signals; Figure 4 schematically
shows a wi de-open receiver according §o a preferred enbodi nent of the
present 5 invention; Figure 5 shows in greater detail a
cont i nuous-wavepr ot ect ed channel of the w de-open receiver of Figure 4;
Figure 6 shows a typical anplification function of a logarithmc anplifier
preferably conprised by the 10 continuous-wave- protected channel of Figure
5. and in prgeRes7 odhows Céxenplary viugeo isicgralds out puitrteed pylabd the
channel s of the wide-open receiver of Figure 4 in presence of a ONthreat.
DETAI LEDSBESERISPTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTI ON 15 The
fol | owi ng di scussjon is presented to_enable a person skilled in the art to
make and use 't he 'FAVERt i on>CVERFbUS2ABYi fATCAtS ofis WE6lSr e Senbedls prEves wi | |
be readily apparent to those skilled in the art, without departing fromthe
scope ofa¥ﬁgr€ﬁ§§énﬂi?nv%ntfgﬁ SEIECR) P OTHIY!E 209t he PresenteFrvent i on
i's not intended t.Q be limted to the enbodi ments shown, but is to be
accorded the w dest scope consistent with the principles and features
di scl osed herei ng def:i ned,. i-n;th ended..cl.ai nms. . The, present invention
stens fron1App|igg§g}g fdggggf:1%5%rggﬁ%%pﬁﬁﬁLg r%ﬁég%égoﬁft%d%?channe
prot ect egrbremcoW LENnard eraklhieng ; QW EN pauere Iruel, ¢ o- e, accpratel y
estimated; and - 8 -- carrying out a ONconpensation in each
goni omletrilc chanpebuet henMRs eceiygicon hhpibasistabnt hapstidmted OV IOV
power |evel.

a logarithmic amplifier preferably comprised by the

10  continucus-wave-protected channel of Figure 5; and
. Figure 7 shows exemplary video signals outputted by
all the channels of the wide-open receiver ol Figure 4 in
presence of a CW threat.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

15 The following discussion 1is presented to enable a
perscon skilled in the art to make and use the invention.
Various modifications to the embodiments will be readily
apparent to those skilled in the art, without dcparting
from the scope of the presenlt invention as c¢laimed. Thus,

20  the present invention is nci intended to be limited to the
embodiments shown, but is to be accorded the widest scope
consistent with the principles and features disclosed
herein and defined in the appended claims.

The present invention stems from Applicant’s idea of:

25 * eqguipping a WO receiver with a channel protected
from CW/ICW and enabling CW/ICW power level to be

accurately estimated; and



In this way, detection capabilities of the WO receiver 5 are noticeably

i nproved, especially in presence of pul sed signals under ON I ON power

| evel . In particular, the OWconpensation function ensures a reduction
of the OWIOWpower |evel so as to Tncrease operative dynamic range in the
gonionetric channels. 10 Briefly, in the gonionetric channels an estimated
OWN | OV power |evel is subtracted fromvideo signals outputted by square-|aw
detectors before their anplification, so that all neasurenents of pul sed
traffic can be perfrgrimed dutr aal CHearondymadici drange. <Ehe: npse @gsurate i s
the estimated 15 |l evel of the OWIOWN the deeper is its cancellation. Due
to the fatkennledt oglecehveldOsimgmatisvam eachhgormaonet r o€ channet can: o
conposed of OW I OW and pul sed conponents, it is mandatory to correctly

est i mat e CaVeFdgec@ Oavsdwer | evel . The higher is the duty of the pul se
traffic, the _nore 20 conplicate is this estimation. As previously said, a
WO recei ver adcéfdiSng’@®o tHe- gtles@nt Civeht i bhetofpr itdes W OW G bteet ed
channel whi ch works synchronously with goniometric channels. In said OV

pr ot ett e@“EndifHel AR O TIR? S JnaFSPaFe 2ddncel’t eBr By eHeanS 250 wFS¢dnabl e

filtering.means. Therefor the OWprotected channel enables a separation
of pul se%lﬁpgflfsi e FMMFW&&’%O@&P{F . On the basis of a conparison

between the r; Q.- QUIUELr{g. 2pH CAMRILEGE Y, CPNREL oHetaeti Qus. 1t s
reduction of the CW/ICW power level so as to increase
operative dynamic range in the goniometric channels.

10 Briefly, in the goniometric channels an estimated CW/ICW
power level is subtracted from video signals outputted by
square—-law detectors before their amplification, so that
all measurements of pulsed traffic can be performed in a
iinear dynamic range. The more accurate i1s the estimated

15 level of the CW/ICW, the deeper is its cancellation. Due to
the fact that received signals in each goniometric channel
can be composed of CW/ICW and pulsed components, it is
mandatory to correctly estimate average CW/ICW power level.
The higher is the duty of the pulse traffic, the more

20 complicate 1is this estimation.

As previously said, a WO recelver according to the
present invention comprises a CW-protected channel which
works synchronously with goniometric channels. In said CW-
protected channel the CW/ICW signals are cancelled by means

25 of tunable filtering means. Therefore, the ClW-protected
channel enables a separation of pulsed traffic from CW/ICW

conmponents. On the basis of &a comparison between the



possi ble to determ ne real values of CWpower |evel whose estinmation and
cancel lation allows the WO receiver to increase its sensitivity. In other
words, the estimation of 5 CWIevel on the gonionetric channels is _
val i dated by the absence of det ection’on the CWprotected channel. In this
way, the WD receiver is able to detect and nmeasure pul sed signals under OW
(Sub OWNvisibility). In order to enter into details of the present 10
invention, figure 4 shows an operational block diagram schematically

r epr esengiong cacWdireceainker dWaccoraingdt ochapref er red cerdiadigrentiofst he

present invention. In particular, the WO receiver 4 shown in figure
4 is desPgredble coopériatenime hreolr vdiltest iohalWaptermas & endviisse
conpri ses: four gonionetric channels 41 each coupled with a

cor r espofidi-ngadiiPEct PBRal Canfehratson allows aph®RFE EOnbietagveni ttd2
coupled with the gonionmetric channels 41; 20a CWprotected channel 43
coupl ed WtRERE %Itﬁ SERSHANG tni Ly 2thgig words, the gilobeaiony whit 44
couplfd metric channels 41 and.the OWprotected channel 43.

In figur @“’Zq%t"ge?l ?ﬁgl ggl?e G s gt cFARTPS T Som 15%;“%@“@ niomet!ts
channel dbskhckudy depteosnied, Wil PRSI SANES BROLRETL IS, ohappel s 41
way, the WO receiver is able to detect and measure pulsed
signals under CW ({(Sub CW visibility).
In order to enter into details of the present
10 invention, figure 4 shows an operational block diagram
schematically representing a WO receiver 4 according to a
preferred embodiment of the present invention.
In particular, the WO receiver 4 shown in figure 4 is
designed to ceooperate with four directional antennas 5 and
15 comprises:
. four goniometric channels 41 each coupled with a
corresponding directional antenna 5;
. an RE  combining unit 42 coupled with the
goniometric channels 41;
20 . a CW-protected channel 43 coupled with the R¥F
combining unit 42; and
. a processing unit 44 coupled with the goniometric
channels 41 and the CW-protected channel 43.
In figure 4, for the sake of drawing clarity, only one
25 goniometric channel 41 is fully represented, while other
three goniometric channels 41 are represented in a stylized

manner. In this connection, it is assumed that the stylized



manner. |In this connection, it is assumed that the stylized - 10 -

goni onetric channels 41 are structured as the fully represented gonionetric
channel 41, conprise the sane elenents as the fully represented gonionetric
channel 41, and are designed to inﬁIéH%nt t he same functionalities as 5 the
fully represented gonionetric channel 41. Therefore, it remains inplicit
that everything described in the follow ng regarding the fully represented
goni onetric channel 41 applies also to the stylized gonionetric channels
41. | n devailbjpegack gemicomets ¢ £hanmet 4iteconpnirsds asl0 nespectlyve RE
chain 411 coupled with the corresponding directional antenna 5 to receive

t her ef r oFEPAS S&R tEAC oMoRg OFiedmdlc, amaRElelsi ghial rewegivist bytlsai dsame
correspondi ng antenna 5, and operable to apply an RE pre-processing to the
i ncom ng®sFPHRALSsGsasthe dbtaivn r@ww"st@:ﬁd@ﬁ@wmémgr ehargiegr otkssed RE
signal. Preferably, each RE chain 411 is designed to carry out a

conventi BREI RE Fre-Protessi AgPFRER Y oriexanpre FUNRdiGdEd idd eRE @S
lifi i d filterl f the i i i . M h
o et PR Mol SR TSP aALRGr SO ads 20 R Tiopdct i Vi SR al
det ect - Wt h, i ' chain, 411 t ive th f
o O R e S N S amsis e 40 gt T £ IS0 deo

signal onchhedbasi sepl the T sieprespiocess S e Stpoal g gelyed, fTom the

respective RE chain 411. Preferably, eac squar e-l aw or 412 is

desi gn?dabPlQQEVMlQBt 8 epaventionalsquarerlawdet egldgnand, sheref ore,
conveni ently includes a respecfive diode4l2a and respective video

filtering means dd2bil, eadtur eermaee rithe cREneeNDI B Ng-ah; 4251 S coupl ed
with the RE chains 411 of all the gonionetric channels 41 to receive
t herléf r oneshectivst pre-ghacessed REospgral Swith the corresponding
directional antenna 5 to receive therefrom, as an 1lncoming
signal, an RF signal received by said corresponding antenna
5, and operable to apply an RF pre-processing to the
incoming signal so as to obtain a corresponding first pre-
15 processed RF signal. Preferably, each REF chain 411 1is
designed to carry out a conventioconal RF pre-processing
that, for example, includes an RF amplification and

filtering of the incoming signal.

Moreover, each goniometric channel 41 further comprises
20 a respective square-~law detector 412 coupled with the
respective R¥ chain 411 to receive therefrom the first pre-
processed RF signal, and cperable to obtain a first video
signal on the basis of the first pre-processed RF signal
received from the respective RF chain 411. Preferably, each
25 square-law detector 412 1s designed to carry out a
conventional sgquare-law detection and, therefore,

conveniently includes a respective diode 412a and



5 provided by said RE chains 411, and is operable to conbine t he received
first pre-processed RF signals into a conbined RF signal C that is provided
as input to the CWprotected channel 43. Preferably, the RF conbi ni ng unit
42 is designed to add up the recei ved i Tst pre-processed RE 10si gnal s.
Figure 5 shows in greater detail the CWprotected channel 43. In
particular, as shown in figure 5 the CWprotected channel 43 conprises
tunable filtering nmeans 431 for filtering out CWICWfromthe conbined RF
si gnal CrEFRmchiivded isiea e IR ombimdarg uhlidb 42. I n particular, the
tunabl e filtering means 431 provide as output an RF signal which is the

i nconi ng conﬁpﬁégeﬁﬂo§ﬁgnéﬂﬁc RF sar@irdanagbluwnift | {2r iimg areansd3diane not
activated, or_a CWfiltered RF signal if said tunable filtering nmeans 431
are activated! 26"Pr8ferabl yOIt et uhlaBl ¢ FiiFErtitg nebagndds donprdse a

pIuraIitX‘of.seleg;ivehy-smﬁtgpablf,notch filters 431a. Conveniently, said
sel ect i vEFYEaWitt cHalT & Hstth ¥7% t ef $*331aPaFaPECESTIVel Riswi T thabl &

Yttriam Lron.Garn (Yl Llters. 2 reover, always.as shown in figure 5,
t he pbgggéﬁgg %ﬁ%ﬁﬁ%§§4éﬁf%$?h%? %g?prﬁggs%s & STt it EheouBP Frequency
measur engpt WAL 433 G0 A e.tunable filtering neans 431
to receive there romtﬁé:JS E%ﬁ%%ﬁpﬁéégﬁ%éghﬁﬁ4§§%ﬁul%5p§%f&) 1abt e

filteri ngrmeans A3l angd: oper ablk LR deler mog: an ol nylAnaNsoys, frequency f
d the

of a CWICWsignal present inthe 5 RF signal received fro unabl e

filteringhaeans 433, prefeadbRE, chaind 433 coupled.wd h the: éuﬁg@blfs
e

filtering means 431 to receive therefromthe RE signal provi by said

t unabl e fiektgniedg neansid3bp anig opesahlwed o rappky @he RErprespEQCESSi Ng tO
the RF signal received fromthe 10 tunable filtering neans 431 so as to

obt aith assevend.preprocessed RF signal; a square-|law detector 434
coupled with the RE chain 433 to receive therefromthe second pre-processed
RF signal, ah#igeper abl eshowobtain @rsecond adtdedl sitgnal Ghrdihecected

channel 43, In particular, as shown in figure 5, the CW-
protected channel 43 comprises tunable filtering means 431
for filtering out CW/ICW from the combined RF signal C

15 provided by the RF combining unit 42. In particular, the
tunakle filtering means 431 provide as output an RE signal
which is the incoming combined RF signal C if said tunable
filtering means 431 are not activated, or a CW-filtered RF
signal if said tunable filtering means 431 are activated.

20 Preferably, the tunable filtering means 431 comprise a
plurality of selectively-switchable notch filters 43la.
Conveniently, sald selectively-switchable notch filters
431la are selectively~-switchable Yttrium Iron Garnet (YIG)
filters.

25 Moreover, always as shown in figure 5, the CW-protected
channel 43 further comprises:

* an instantaneous freguency measurement unit 432



15 basis of the second pre-processed RF signal received fromthe RF chain
433; and an anplifier 435 coupled with the square-law detector
434 to receive therefromthe second video signal, and operable to anplify
t he second vi deo signal received 20" f¥om t he square-|aw detector 434 so as
to obtain a validation signal S which is provided to the processing unit 44
to enabl e CW 1CW power | evel estimation. Preferably, the RE chain 433
of the OMprotected channel 43 is designed to carry out a conventional RE
pre- 25 proe@ssi ng. tihathef oruexahpl & i litrolinvdesmaanRE @31pl ichi caddoivand
filtering of the RE signal received fromthe tunable filtering means 431.
- 13 - theragapn phef éifablygnal sprohedsquasechapudetactarid3durodbide
OW prot ect ed channel 43 can be designed to carry out a conventional
squar e- | aw!§eréssi ofiehits t Aéref ordid cafPesAveRi entdy r¢kudena respective
di ode 434a and respective 5 video filtering means 434b. Al ways
pr ef er abi-) S TEREARAPIFT FEFUSH YT 1t RE ONPY I tBPEHamisHs- i a-he
| ogar,i thpic _anplifier. .In this connection, figure 6 shows a typical
anpl iﬁfi c iSﬁHBﬁ cf?SﬁlgfadaIElrE?ﬁ‘a% hliriu@agrjrﬁl iigﬁéﬁ.mf@AﬁﬁWsas‘qy fown i n
figure 5, the processing unit-.44 is coupled ,wth the instantaneous
f requency rreasu?”grn%\?;tS L’g%fjt“ 432° of“uf‘h’ebé/valr 6t ect®d L@Hﬁﬂﬁr&l j‘it‘gﬂte& &t ei ve
therefromLiie QM QUi astaglanaans Ieagieny ke vidnife Liflen, 435 of
'F
t he OW protected channel %ﬁ to receive theréfrom\l\% f PR el oy
said tunable filtering means 431, and operable to apply an
RF pre-processing to the RE signal received from the
10  tunable filtering means 431 so as to obtain a second pre-
processed RF signal;
* a square-law detector 434 coupled with the R} chain
433 to receive therefrom the second pre-processed RF
signal, and operable to obtain a second video signal on the
15 basis of the second pre-processed RF signal received from
the RF chain 433; and
. an amplifier 435 coupled with the sguare-law
detector 434 to receive therefrom the second video signal,
and operable to amplify the second video signal received
20 from the square-law detector 434 3o as to obtain a
validation signal $ which is provided to the processing
unit 44 to enable CW/I1CW power level eslimalion,
FPreferably, the Ry <chain 433 ot the CW-protected
channel 43 is designed to carry out a conventiocnal RF pre-
25 processing that, for example, includes an RF amplification

and filtering of the RF signal received from the tunable

filtering means 431.



15 validation signal S, and with the tunable filtering nmeans 431 of the

OW protected channel 43 to control their operation on the basis of the

OW | OV i nst ant aneous frequency f recejyved fromthe instantaneous frequency
measurenent unit 432. In particulary t e processing unit 44 20 is
configured to operate the tunable filtering means 431 of the OW pr ot ect ed
channel 43 so that said tunable filtering neans 431 filter out ONIOW
signal (s) fromthe conbined RF signal C. In detail, the processing unit 44
i s confi gureddad rcamte ¢ ropey at Rdrcoft Hehes qumadbdt tahi Heericng rmeasws 431 of 25
the OWMprotected channel 43 so that said tunable filtering means 431 filter
out, fromEehEYraquertiespdtaium of 3t hencbrbideed gRRdsitgnata Gy actit equency

band conprising said 14 . '
rrFc):onven ional sguare-law detection and, therefore, can

conveniently include a respective diode 434a and respective
5 vwvideo filtering means 434Db.

Always preferably, the amplifier 435 of the CW-
protected channel 43 is a logarithmic amplifier. In this
connecticn, figure ¢ shows a typical amplification function
of a logarithmic amplifier.

10 Againn as shown in figure 5, the processing unit 44 is
coupled with the instantaneous frequency measurement unit
432 of the CW-protected channel 43 to receive therefrom the
CW/ICW instantanecus frequency f, with the amplifier 435 of
the CW-protected <channel 43 to receive therefrom the
15  wvalidation signal 5, and with the tunable filtering means
431 of the CW-protected channel 43 to c¢ontrel their
operation on the basis o©f the CW/ICW instantaneous
frequency f received from the instantanecus frequency
measurement unit 432. In particular, the processing unit 44
20 is configured to operate the tunable filtering means 431 of
the CW-protected channel 43 so that said tunable filtering
means 431 filter out CW/ICW signal{s) from the combined RF
signal C. In detail, the processing unit 44 is configured
to control operation of the tunable filtering means 431 of
25 the CW-protected channel 43 so that said tunable filtering
means 431 filter out, from the frequency spectrum of the

combined RF signal (¢, a freguency band comprising said



CW | CW nst ant aneousfrequencyf. Preferably, the processing unit 44 is
configured to select and operate the

sel ecti vel y-swi t chabl enot chfil t er431awhi chis configured to filter out the
frequency band conprising the 5 CW | G i nst ant aneous frequency f.
Preferably, the instantaneous frequency nmeasurement unit 432 is an

i nterferoneter. Conveniently, in a first alternative enbodi ment, the
i nst ant aneous frequency measurement unit 432 is not 10 conprised by the
CW pr ot ectigd Cehannels t43,t abutoist | Seenpriced, fn genessdralyyt he ¥k
receiver 4, is coupled with the CWprotected channel 43 to receive

t her ef r orclve sRENS gmalt provi dedoasigutredt tby seflecturahl eofd 46t i nge means
431 of said CWprotected channel 43, is operable to 15 deternine an

i nst ant akE86§ tEVEquerey tiehglole CwWhictwhsi griall {sresemt3ian t heh REL si gwmal
received fromsaid tunable filtering neans 431, and is coupled with the
processi AGEACHTEE (56 pridvicdde e PRt EFCEFERCYhOAEL Simmdd iow | QW

i nstanta frequen f. 20Agai n conveniently, in d second alternative

enbog?neﬁﬁ?%?Wele%EEP%%Q@PEE §ﬂH@nq§3igonprises a control unit (not shown
in figure 5) .,coupled,w th _the insLanl aneous freguency nmeasurenent unit 432
(whi ch can bé’%grgr%gg%éfd b)?%fchel&ﬁka&tgf‘é%&ué;d CHANHETTGS oie= s garter al . by

t he WO rggskvq@24382gntqn%%%%%%%mgq%&efron1the CW I CWi nst ant aneous
frequency f, ’

Conveniently, in a first alternative embodiment, the
instantaneous freguency measurement unit 432 is not

10  comprised by the CW-protected channel 43, but it is
comprised, in general, by the WO receiver 4, 1is coupled
with the CW-protected channel 43 to receive therefrom the
RF signal provided as output by the tunable filtering means
431 of said CW-protected channel 43, 1is operable to

15 determine an instantaneous frequency £ of a CW/ICW signal
present in the RF signal received from said tunable
filtering means 431, and 1s coupied with the processing
unit 44 to provide the latter with the determined CW/ICW
instantanecus frequency f.

20 Again conveniently, 1iun a second alternative embodiment,
the CW-protected channel 43 comprises a contrel unit (not
shown in figure 5) coupled with the inslanlaneous freqguency
measurement unit 432 {(which can be comprised by the CW-
protected channel 43 or, in general, by the WO receiver 4)

25 to receive therefrom the CW/ICW instantaneocus frequency f,
and with the tunabkle filtering means 431 to control their

operation on the Dbasis o©f the CW/ICW instantaneous



and with the tunable filtering means 431 to control their operation on the
basis of the CWICWinstantaneous - 15 - frequency if received fromthe

i nst ant aneous frequency neasurement unit 432. Mbreover, again with
reference to figure 4, each gonionETrl% thannel 41 further conprises: 5a
respective offset unit 413 which is coupled with the respective square-|aw
detector 412 to receive therefromthe first video signal and with the
processing unit 44 to receive therefroma CWICWoffset video signal 0, and
whi ch i s fopemabloy t & conpensate thew eceievedi fdrsttandnos si gnadudcpn the
basis of the received CWICWoffset video signal 0 so as to remove CWICW
vi deo si gealsugerenitbuniign 4éB2em t he received first video signal; and a
respective anplifier 414 coupled with the respective offset unit 413 to
recei ve t her ¥PESRVERe 15%@dipeisatied MEfesendeded &i digurand opetablie to
anmplify the,congensated first video signal received fromthe respective
of f set  uAPP18TS L asheg st ditn farithierd QA e S§i%nal Y which is provided to

th i it 44, Pref . the offset unit 413 of each gonionetri
0 chiner 4171 SPoBELBFE TS CIBTAct “ho  blet VO GRS FSbr vitieo
ignal 0 ived first vi ignal., . Agai ferably, th
o 1 o H eGP CE N o SR BRSIE CRRASIoAL 1% 4 ISGar! Chitl Rt T er

operabl erha anRlyr theidpbifheat AR LURG! QR SHPYPLD: fhOURE 6 40 {he
conpensat ed
receive therefrom a CW/ICW offset video signal ¢, and which
is operable to compensate the received first video signal
10 on the basis of the received CW/ICW offset video signail O
so as to remove CW/ICW videco signal contribution from the
received first wvidec signal; and
. a respective amplifier 414 coupled with the
respective offset unit 413 to receive therefrom the
15 compensated first video signal, and operable to amplify the
compensated first video signal received from the respective
offset unit 413 sc as to obtain a third videc signal Y
which is provided to the processing unit 44.
Preferably, the offset unit 413 cof each goniometric
20 channel 41 is operable to subtract the received CW/ICW
offset video signal © from the received first video signal.
Again preferably, the amplifier 414 of each goniometric
channel 41 1s a logarithmic amplifier operable to apply the
amplification function shown in figure 6 to the compensated
25 first video signal received from the respective coffset unit
413.

Furthermore, the processing unit 44 is configured to:



25 first video signal received fromthe respective offset unit 413.
Furthernore, the processing unit 44 is configured to: - 16 - estimte a
CWICWpower |evel on the basis of the validation signal S received from
the CWprotected channel 43, in partit@lar fromthe anplifier 435 of the
CWprotected channel 43, and of the third video signals Y 5 received from
all the gonionetric channels 41, in particular fromthe anplifiers 414 of
t he goni onetric channels 41, generate, on the basis of the estinmated
OW | OW powver ¢l evelst itthe eCW | QW Dk spbweirdaevsilgnal Onhtorhe ifsedhA0:back to
each gonionetric channel 41 for first video signal conpensation; and

det ect avpulised isirgrsalgren therbasiseof frhe rtoeeiGred tdiiaat ad deloasighal s Y
In particular, during normal operation of the WO 15 receiver 4 and in
absence 4FranynCWPpCRicular  fhemt uphbl eakbliéibng ABANso431toé tHig-
CWprotected channel 43 are not activated and the instantaneous frequency
measur emBAP LERTE 39D FRERT vES it hBPEf roim the cBbrAed 20 spdaaple; &nd

20t he. processi n un%% 44 dgﬁs naot estimate the CNVICNVgomer | evel , does not
provide CRECAWFoWbFPet Svitded &5 gndPT TG TERE of Fs®t T t s 4413 o't he

gonionetric,channel s 41 thereby receiving fromth nionetrjc channels 41
third vi 88%%@25‘&3 EQM chigr ed@PirbHeF%e P9 sto%i dabt 2SI ATt sE Wl i f i ed
by the agglhggggs4gl4, and detects pul sed signals on the basis of said

anplifie FFSt “vitdéo signals. Wen one or nore of the directional antennas

5 begin(s) . generate, on the basis of the estimated CW/ICW

power level, the CW/ICW offset video signal © to be fed

10 back to each goniometric channel 41 for first video signal
compensation; and

. detect a pulsed signal on the basis of the received
third videc signals Y.

In particular, during normal operation of the WO

15 receiver 4 and in absence of any CW/ICW,

. the tunable filtering means 431 of the CW-protected
channel 43 are not activated and the instantaneous
frequency measurement unit 432 receives therefrom the
combined RI signal C; and

20 . the processing unit 44 does not estimate the CW/ICW
power level, does not provide the CW/ICW offset video
signal O to the offset units 413 of the goniometric
channels 41 thereby receiving from the goniometric channels
41 third video signals Y which are simply the first video

25 signals amplified by the amplifiers 414, and detects pulsed
signals on the basis of said amplified first video signals.

When one or more of the directional antennas 5 begin(s)



- 17 - to be illumnated by a CWICWsignal, the instantaneous frequency
measur ement unit 432 estimates the instantaneous frequency f of said CWICW
signal and provides it to the processing unit 44 which, thence,
correspondi ngly operates 5 the tunabl E'filtering means 431. After
activation and tuning of the tunable filtering neans 431, the processing
unit 44: estimates the CWICWpower |evel on the basis of the validation
signal S received fromthe CWprotected channel 10 43 and of the third
vi deo si gmalse Y indeeiived «d onyt ke gwiiametsignachannels #dstantanegeserates,
on the basis of the estimted CWICWpower |evel, the CWICWoffset video
si gnal Oframgency nmeasfmadsthbackisaild? CakltChadifssethevi dest shgmatolsto 15
each goni onetric channel 41 for first video signal conpensation.
Conveni edtEgueiy GV TEWsefifs WA deossbghal a0d soanvakad og tvitdeot sé gnal
having a constant amplitude related to the estimated CW TCW power |evel.
20Pr ef er BBPYE SEREprotids st hg"inFh - 48hgerér ates 197 CWTTANDO $RREakEGNnal 0
by appl yi to the. esti.r %ed.GNICVV ower | eve] _an attenuation function
whi cﬁaoi st?]%e %HV@E%@ offg? ET &Pl i’fﬂ?@g?i o3t unct oR* appft 8 byoRheand
amplifie #gﬁé of - t he_ goni tri hannel s 41. | ﬁlhi _way, Since the
CW TCW ZEES ot” i §&% g}langﬁeo fi%sl%’lerﬁlél@t dE T'ht ogl?’ & 35?% OMETT s ing

unit 44:

+ estimates the CW/ICW power level on the basis of the

validation signal S received from the CW-protected channel

10 43 and of the third videco signals Y received from the
goniometric channels 41;

. generates, on the basis of the estimated CW/ICW
power level, the CW/ICW offset video signal O; and
. feeds back said CW/ICW offset video signal O to

15 each goniometric channel 41 for first video signal
compensation.

Conveniently, the CW/ICW offset video signal O is an
analog video signal having a constant amplitude related to
the estimated CW/ICW power level.

20 Preferably, the processing unit 44 generates the CW/ICW
offset signal O by applying to the estimated CW/ICW power
level an attenuation function which is the inverse of the
amplification function applied by the amplifiers 414 of the
goniometric channels 41. In this way, since the CW/ICW

25 offset video signal O 1is injected into the goniometric

channels 41 before the amplifiers 414, CW wvideo level

cancellaticon is performed with the appropriate value. In



channel s 41 before the anplifiers 414, CWvideo |evel cancellation is
performed with the appropriate value. In - 18 - fact, a bad estimation of
the actual CWpower |evel could generate negative values to be injected
into the anplifiers 414 of the gonibn%%rTc channel s 41. Conveniently, the
processing unit 44: 5conprises anal og-to-digital conversion neans (not
shown in figures 4 and 5) operable to convert the analog validation signa
S received fromthe CWprotected channel 43 into a corresponding digital
val i dat i Acsi-grial b8! apdtinetanal of ttiia dawideb SHgmalerY recei vedufdom al
the 10 yohionetric channels 41 into corresponding digital third video

si gnal s~ generate ngogdafieguiddaro tes thameite atie OWHEW gonerpp eveleon the
basi s of tﬂe %i%ital validation signal. S and of the digital third video
signal s Y:%15its "&6nPiogdr8E d émerared.s di the basis of the estimated

CW | CW power | evel , a digital CWICWaoffset video signal O;
conpri ses diSPFXFPESPEﬂXV05%80ﬁ€€F§ﬁ&&“ﬁb§N§t(ﬁéﬁ shown in figures 4 and 5)

operable Lo, SonvELkel e e Ll 20 TN 2Ll Sel . 090.8 AIELS LELR, 3, o
(9, 2oP Yok e el g £ LM 9L KA B PO L A ETnd et o7
anplifieps14d4tion signal S received from the CW-protected channel
43 into a corresponding digital validation signal S and the
analog third wvideo signals Y received from all the
10  goniometric channels 41 into corresponding digital thirg
video signals Y;
. is configured to estimate the CW/ICW power level on
the basis of the digital validation signal S and of the
digital third videoc signals Y;
15 . is configured to generate, on the basis of the
estimated CW/ICW power level, a digital CW/ICW offset video
signal 0O;
. comprises digital-te-analog conversion means (not
shown in figures 4 and 5) operable to convert the digital
20 CW/TCW offset video signal O intc a corresponding analog
CW/ICW offset video signal O;
. is configured to apply to the analog CW/ICW offset
video signal O an attenuation function which is Lhe inverse
of the amplification function applied by the amplifiers 414
25 of the goniometric channels 41; and
. is configured to detect a pulsed signal on the

basis of the digital third video signals Y.



25 of the gonionetric channels 41; and is configured to detect a pul sed
signal on the basis of the digital third video signals Y. - 19 - In
particular, for a considered tine instant, if the processing unit 44 does
not detect any pul sed signal on the bh%is of a digital validation signal S
sanmpl e corresponding to said considered tinme instant, it estimates t he
CWICW5 power |evel on the basis of sanples corresponding to said
considered time instant of the digital third video signals Y, while, if the
processi ng ufint pRideterds, afpul sedeshghdbren tthendashstehtt he dightal
val i dation signal S sanple corresponding to said considered tinme instant,
it does BECCEGSisE the tvdldueeconds pmidiaiy droy gailsebdnsi gex edot i teei nst ant
of the digital third video signals Y for, CWICW power |evel estimation. In
ot her woP@s§ist Ré pr ddesdiadg viadiitiad4 Ases iy talsarad ialatdorespygnal ns
sanpl es to deci de whether the corresponding sanples of the digital third 15
vi deo si §Ral BN aFevafFdeer Mdte f of S e F owigowe? t1BYers edtiendEW 6RCH
Therefore, the C\y r ot ec{_jﬁd %hannel 43 su gorts a correct estimtion of the
vi ded® OWPBEREr 158Vl At sb™Fndpféseritle mfg PEeHOLFGRRPEINA fattSath
presence l. t he vi.deo O% ower .l evel_.i.s not, present in the CW
pr ot ect eggggﬁgg%gfi%{\%}%sé{ nlpnes_ He tc_fj%ab % \fgigfgtlcgfa"nﬁhﬁg‘%syl have beén t uned
and acti yat g ;5@ as el opel PHNAke ity Jhence e QU By glecied shannel 43
sees" only the pulse
on the basis of the digital validation signal S sample
corresponding to sald considered time instant, it does not
10  use the values corresponding to said considered time
instant of the digital third video signals Y for CW/ICW
power level estimation. In other words, the processing unit
44 uses digital wvalidation signal S samples to decide
whether the corresponding samples of the digital third
15 wvideo signals Y are valid or not for CW/ICW power level
estimation.

Therefore, the CW-protected channel 43 supports a
correct estimation of the video CW power level also in
presence of pulsed signals. In fact, in presence of a

20 CW/ICW, the video CW power level is not present in the CW-
protected channel 43, since the tunable filtering means 431
have been tuned and activated so as to eliminate it.
Thence, the CW-protected channel 43 “sees” only the pulsed
signals. In this way, by comparing sample by sample the

25 digital validation signal S with the digital third video

signals Y, the processing unit 44 1is able to distinguish

which sample is relevant to the CW signal, and which is



signals. In this way, by comparing sanple by sanple the 25 digital
validation signal Swth the digital third video signals Y, the processing
unit 44 is able to distinguish which sanple is relevant to the CWsignal,
and which is - 20 - relevant to the $Ulsed signals. In order to
cancel CWvideo level in the gonionetric channels 41, the WO receiver 4
expl oits a step-by-step approach so as to mininize residual video signal at
the 5 output of the anplifiers 414. Typically, after few steps, the process
conver geselevantFitmalthy, philgwcde sAstows vi deo signals outputted by each of
t he goniometric channels 41, in figure 7 denoted as Direction Finding (DF)
Channel s 0, In 2wt 3toamdnipyelt Hed 101i0@eprictwect ednchamnefoniondiglece 7
denoted as Omi_ Channel (since it receives as input RF signals received
from al | CBEPEELSonsY, iienh FR thecel éetr dhagaetiod tenvir onment>susrabindi ng
the antennas 5 is present a CWthreat. As shown in figure 7§ initially

(i.e., aSPBRGRAT e h&S15-7 eFLNARAA i TS Biudhe VERRE gf ez} 6 edeh
channel, i.e.,. on DF Channels.and i annel ,. a continuous signal |evel

i s p?ﬁseﬁ??pﬂFté}{ﬁﬁftﬁﬁpﬁé§éﬁﬁst%ggacsﬁﬁﬁ??%ﬁ%f ?Eﬁefuﬁﬂﬂe§??9%ering
nmeans 43 oql ls r tected on the Omi Channel since the CWis
cancelIeéhgyg{%gegﬁnggpeeggg i'l tering means 431. The detection that will be

performed byrtheipuocesslng ynihodd o1 s shanal MJd,Jebf aapnl, e

invalidity of the felevant sanples collecte |'s7as far as

concernsogvaﬁﬁgeg%%gb%gkgg@ oghgy%gigeQ”Levgh: fhe,accur agy,,of .GW Vi deo
| evel estimation performed 25 using this architecture allows tﬁe systemto

mai nt ai npk kscpibse insiibid | tyF)i nevenyedense el ect ronmgnet b sganani when
several CWthreats are present.

10 CW-protected channel, in figure 7 denoted as Omni Channel
(since it receives as input RF signals received from all
directions), when in the electromagnetic environment
surrcounding the antennas 5 is present a CW threat.

As shown in figure 7, initialiy (i.e., as shown in the

15 ieft hand side of the time graphs) on each channel, i.e.,
on DF Channels and Omni Channel, a continuous signal level
is present. After the tuning and the activation of the
tunable filtering means 431, only pulses are detected on
the Omni Channel since the CW is cancelled by the tunable

20 filtering means 431. The detection that will be performed
by the processing unit 44 on this signal will represent the
invalidity of the relevant samples collected from the DF
channels as far as concerns average estimation of CW video
level. The accuracy of CW video level estimation performed

25 using this architecture allows the system to maintain its
pulse wvisibility in very dense electromagnetic scenarioc

when several CW threats are present.



- 21 - The Applicant has deeply tested and eval uated the WO receiver
according to the present invention in different operative scenarios
brightly overcoming each maturity gate. In particular, the CW prot ect ed
channel guarantees 100% 5 of probabilZiy-to correctly estimate the CWI evel
in few m croseconds. Therefore, by using the CWprotected channel approach,
the WO recei ver dynamically manages CWand TCWenitters and maintains ful
capability on detection and tracking of the other emtters. 10The

advant ages ofrhhenpresenit i Aventd«yplar ecekean farem &hel for egoitnig ko
particular, it is worth highlighting the fact that the WO receiver

accor di ngeteitiee presendingvent i e aplkewsnESM systeisn ant radafe waini ng
systems to increase their CWprotection capability. In fact, the W 15
recei ver opetrhttiive Gneprectiect éd iohdinelovies cabliend caldt ecttumirtey tdwine one CW
in whol e dynanic range and to keep the performance of sensitivity under the
CW power | evép. particrilaal| yhe CH-preftemt achathaiufer cus rodidécat(ohs and
variants can be made to the present invention, all falling 20 within the

scope’ of Eh@ iAo &S dérinsed ivn ThelBppendsd i mevel. 122 Lo Al MG

ot omes B G Reh R T S 0Bkt 8. BBcc SRR ETFh R ve

ant enna S%ergch, the WO receiver dynamically manages CW and ICW
emitters and maintains full capability on detection and
tracking of the other emitters.

10 The advantages of the present invention are clear from
the foregoing. In particular, it is worth highlighting the
fact that the WO receilver according to the present
invention allows ESM systems and radar warning systems to
increase their CW protection capability. In fact, the WO

15 receiver with the CW-protected channel is able to detect
more than one CW in whole dynamic range and to keep the
performance of sensitivity under the CW power level.

Finally, it is clear that numerous modifications and
variants can be made to the present invention, all falling

20 within the scope of the invention, as defined in the

appended claims.
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CLAIMS:
1. Wide-open receiver (4) comprising:

a plurality of goniometric channels (41) each intended to be coupled with a respective
antenna (5) to receive a respective incoming radiofrequency signal, and operable to obtain,
on the basis of the respective incoming radiofrequency signal, a respective first video signal
indicative of a power of said respective incoming radiofrequency signal, and a respective
second video signal (Y) based on said respective first video signal; and

processing means (44) operable to detect, on the basis of the second video signals
(Y), one or more pulsed signals present in one or more of the incoming radiofrequency
signals;

the wide-open receiver (4) being characterized:
by further comprising a continuous-wave-protected channel (43), which

- is operable to receive a combined radiofrequency signal (C) based on the
incoming radiofrequency signals received by all the goniometric channels (41),

- comprises filtering means (431) operable to filter out, from the combined
radiofrequency signal (C), a continuous wave signal present in one or more of the
incoming radiofrequency signals thereby obtaining a continuous-wave-free
radiofrequency signal which is free of said continuous wave signal, and

- is operable to obtain a validation video signal (S) on the basis of said
continuous-wave-free radiofrequency signal;

in that the processing means (44) are operable to estimate a continuous wave
power on the basis of the second video signals (Y) and of the validation video signal
(S); and

in that each goniometric channel (41) is operable to remove, on the basis of
the estimated continuous wave power, a continuous wave video signal contribution
from the respective first video signal thereby obtaining a respective intermediate
video signal, and to obtain the respective second video signal (Y) based on said
respective intermediate video signal.

2. The wide-open receiver of claim 1, wherein the processing means (44) are operable
to identify, on the basis of the validation video signal (S), values of the second video signals
(Y) valid for continuous wave power estimation, and to estimate the continuous wave power
only on the basis of the values of the second video signals (Y) identified as valid.

Bl The wide-open receiver of claim 2, wherein, for each time instant, the corresponding
values of the second video signals (Y) are identified by the processing means (44) as valid
for continuous wave power estimation if no pulsed signal is detected by the processing
means (44) on the basis of a corresponding value of the validation video signal (S).

4, The wide-open receiver according to any preceding claim, wherein the filtering
means (431) are tunable so as to filter out the continuous wave signal from the combined
radiofrequency signal (C) thereby obtaining the continuous-wave-free radiofrequency signal.



-23-

5. The wide-open receiver of claim 4, wherein the filtering means (431) comprise a
plurality of selectively-switchable notch filters (431a) each configured to filter out a respective
radiofrequency band.

6. The wide-open receiver according to any preceding claim, further comprising an
instantaneous frequency measurement unit (432) operable to determine a frequency (f) of
the continuous wave signal, and wherein the filtering means (431) are operable to filter out,
from the combined radiofrequency signal (C), a radiofrequency band including the frequency
(f) determined by the instantaneous frequency measurement unit (432).

7. The wide-open receiver of claim 6, wherein the instantaneous frequency
measurement unit (432) is an interferometer.

8. The wide-open receiver according to any preceding claim, further comprising a
combining unit (42) coupled with the goniometric channels (41) and with the continuous-
wave-protected channel (43), and operable to obtain the combined radiofrequency signal (C)
based on the incoming radiofrequency signals received by all the goniometric channels (41)
and to provide the continuous-wave-protected channel with said combined radiofrequency
signal (C).

9. The wide-open receiver according to any preceding claim, wherein each goniometric
channel (41) comprises a respective offset unit (413) operable to compensate the respective
first video signal on the basis of the estimated continuous wave power thereby obtaining the
respective intermediate video signal.

10. The wide-open receiver of claim 9, wherein the processing means (44) are operable
to generate an offset video signal (O) based on the estimated continuous wave power; and
wherein each offset unit (413) is coupled with the processing means (44) to receive the
offset video signal (O), and is operable to compensate the respective first video signal on the
basis of the offset video signal (O).

11. The wide-open receiver of claim 10, wherein each offset unit (413) is operable to
subtract the offset video signal (O) from the respective first video signal thereby obtaining
the respective intermediate video signal.

12. The wide-open receiver according to claim 10 or 11, wherein each goniometric
channel (41) further comprises:

a respective first square-law detector (412) operable to obtain the respective first
video signal based on the respective incoming radiofrequency signal, and coupled with the
respective offset unit (413) to provide it with the respective first video signal; and

a respective first amplifier (414) coupled with the respective offset unit (413) to
receive the respective intermediate video signal, and operable to amplify said respective
intermediate video signal according to a given amplification function thereby obtaining the
respective second video signal (Y);

wherein the continuous-wave-protected channel (43) comprises:
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a second square-law detector (434) operable to obtain a third video signal
based on the continuous-wave-free radiofrequency signal, which third video signal is
indicative of a power of the continuous-wave-free radiofrequency signal; and

a second amplifier (435) coupled with the second square-law detector (434)
to receive the third video signal, and operable to amplify said third video signal
according to said given amplification function thereby obtaining the validation video
signal (S),

and wherein the processing means (44) are operable to generate the offset
video signal (O) by applying to the estimated continuous wave power an attenuation
function inverse of the given ampilification function.

13. The wide-open receiver of claim 12, wherein the first amplifiers (414) and the second
amplifier (435) are logarithmic amplifiers.

14. An electronic Support Measure (ESM) system comprising the wide-open receiver (4)
claimed in any preceding claim.

15. A radar warning system comprising the wide-open receiver (4) claimed in any claim
1-13.



