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OF THE I NVENTION The presentinventionrelates,in general,to 5 Electronic
Support Measure (ESM systens and rqpar_marning_systens, and, nore
particularly, to Wde-Open (WO receivers exploited by said systems.
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receivers exploited by said systems.

BACKGROUND ART

As is known, a Wide-Open {(WO) receiver is designed to
10 operate in a operating freguency band so that, at a
considered time instant, it operates in an instantaneous
frequency band equal to the overall operating frequency
band, unlike, for example, a superheterodyne receiver
which, at a considered time instant, operates in an
15 instantaneous freguency band smaller than an overall
operating frequency band in which it is designed to
operate.
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
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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-in figure 2 by a dotted bl ock) which includes a respective diode 112a
coupled with the RF chain 111 to acquire therefromthe RE-filtered signals
and operable to provide output signals proportional to the square of the
acquired 5 signals, i.e., proportional To power |evels of the acquired
signals, and respective video filtering means 112b for video filtering the
out put signals provided by the diode 112a; and a respective video signal
anplifier 113 for 10 anplifying the signals video-filtered by the video
filteringongansirklZb lsp asdbotebt bilncanphibfiiced ivicdeelssi gnatsswhiehvar e
provided to the processing unit 12 (not shown in figure 2). In
nmoder n ESMoskest g aangoradar waihhngtbyst Bis, ciisiCont i huous Vdweu {(6W
protection capability is one of the nost inportant requirements for the
recei ver SR rGEder tigie dBt et 1 hade franage adw tdndapperahdeddtcectrandderanage
pul se threats superinposed on CWthreats. 20As is known, a CWis an

el ect r om@ghétite ot RbMR? Rt CBRpI FPuddantid B uehcy havi ¢ @ hred
Inter§1 tent, .or Lnterrupted, Continuous Wave is a CWnodul ated with
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11T um natedc.by one. or; fipr e, EWS EW, signals provided by the diode
112a; and
. a respective videc 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 fo:

. detect and manage CW threats; and

. detect and manage pulse threats superimposed on CW
threats.
20 As is known, a CW 1is 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 environment. In  fact, traditional WO

receivers, 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
signals, superinposed on said ONION signal (s). 5In particular, traditional
NO receivers typically protect theit ‘detection capability by |ooking beyond
OVNION | evel, nanely by increasing a detection threshold up to ON I ON power
| evel , thereby reducing their operative dynam c range so as to detect only
pul sed-threat-rel ated 10 signals having a power |evel higher than the
CW | CW pewgnalideel,. couldn baisteoariéct i dnl iddegir ebd( a)sshbwsCianiexenpl ary
RE signal provided as output by the RE chain 111 when the correspondi ng
di recti ofabnantiennat2ereleri ves adewesicgnagl dBhsupenilnposedignatlbr eef pul sed
signals. Mreover, figure 3(b) shows an output video signal provided by the
squar e- | aWC8ECEEY of- - £12 WReF SSaitd rsGiare-lad d eticgtars 1 I peicEiiveseds | nput
the RE signal ,shown_in fi ure 3(a). On the basis of what has been
previ oung dader FHéd %o 54Bat: (@W-prot ection capability of traditional NO
receiyvers, it_may be .easily understood that @he processing unit 12, when
| eceibes i helDi ab r‘r‘i@%hovﬁ%éf%‘r%%ﬂﬁ 3(B), "EEERY e detRttd
t hr eshol e TRVAS N.vi d |_evel. thﬁre&y ot detecti g%: hr ee
superinp gége%gl §é§g§5\sé“l gﬁa! é.ongﬁ%@(ﬁliﬁﬁys . qﬁ'—ngl'%ﬁ}f%\fgglﬂ:ly%/ K‘ﬁ'he
ObleCt'V@eQElPrQ§§ﬂ$l§n%Sntiﬁ%%é§s£ﬁ§n5§Od@£8¥£98nathreshold 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 square-law
detector 112 when said square-law detector 112 receives as
input the RF signal shown in figure 3(a).
On the basis of what has been previously described
20 about CW protection capability of traditional WO receivers,
it may be easily understocd 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 - WDreceiver 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 ég_a wi de-open receiver, an Electronic
5 Support Measure system and a radar rning system as defined in the
appended cl ai ns. The present invention achieves the aforenentioned

obj ective by a wi de-open receiver conprising: a plurality of gonionetric
channel s _each intended 10 to be coupled with a respective antenna to
recei ve &Y% asisecitiare inedhi m radilov i egaenty Lsiagnalin amkopenabbieote
obtain, on the§§?5|s of the respectlve i ncom ng radiof requency signal, a
respectlﬁéqqq' afqﬁ&§%#ﬁhéiQIﬁﬂQﬁﬁ|WRaﬁﬁc%%YﬁW®f of said respective

i ncom ng 15 r%dlofre uenc and a res ective second video signal

based on sai d résfective ﬁiﬁg @?%b%vg?gﬁél §n@ﬁﬁﬁiﬂ£nﬁqﬁfﬁﬁ%ﬁﬁ dper abl e
(o deveoyiion e hesl . ot cecond i den Signal s one o o ¢ sed

signal (s) present in one or nore o
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by further Conprising a continuous-wave- rotec

recei ve acgambungd radi ebLequency:isignal baSEd on the incom ng
radi of requency signals 25 received by all the gonionetric channels, and to

obtain, on theebagirsehtt hei combi ned ré@h@éﬁﬁgue&%bfﬂéH5¥eméhtloned
conti nuous-wave-free radi ofrequency signal which is free of
objective 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 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

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 videc signals, one or more pulsed signal(s)
present in one or more of the incoming radiofrequency

20  signal{s).

Moreover, the wide-open receiver is characterized:

. by further comprising a continuocus-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



square-| aw detector of the gonionetric channel of Figure 2 in presence of
a CWsignal superinposed on three pulsed 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
conti nuous-wavepr ot ected 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 PRergaree7oghons Cixenplary vivgeo isipgmalcs ot putrteed bylakd t he
channel s of the w de-open receiver of Figure 4 in presence of a OVNthreat.
DETAI LED®BESERISPTI ON OF PREFERRED EMBODI MENTS OF THE | NVENTI ON 15 The
follow ng discussjon is presented to_enable a person skilled in the art to
make and use -t he TAVERt IS CURFF S hDHi FATCatT ohs Y6 L RPCEDERFRETIES Wi | |
be readilly apparent to those skilled in the art, w thout departing fromthe
scope of at‘ylﬁé)r rESentt 9 nvént PET &S & i MRPOFHIRI 200t he PesenteFFvent i on
is noif intended tq be limted to the enbodi ments shown, but is to be
accorded the widest scope consistent with the principles and features
di scl osed herei npapd deki ned, in i%h%l%%g%qd%thi i ms.. Jhe, present |nvention
stens from Applicant's idea of: 257 equipping a receiver w th a channel
prot ect egrbremk OV LENnaRd @Fakineng i QW1 PouRr. |gyMel, 4 o-he accyratel y
estimated; and - 8 -- carrying out a ONconpensation in each
goni orrFt ri ?: chanprebuet theWRd eceiygicon hhe1basics tabnt he estidmted OV I OW
power | evel.

a logarithmic amplifier preferably comprised by the

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

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

15 The following discussion is presented to enable a
person 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 departing
from the scope of the present invention as claimed. Thus,

20  the present invention 1is not 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 *  equipping 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 assuned that the stylized - 10 -
gonionetric 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 i npf ehent the same functionalities as 5 the
fully represented gonionetric channel 41. Therefore, it remains inplicit
that everything described in the following regarding the fully represented
gonionetric channel 41 applies also to the stylized gonionetric channels
41. | n devaiibpetcack gomzgmetirs ¢ £hanaet 4itconprirsds aslO irespettiyve RE
chain 411 coupled with the corresponding directional antenna 5 to receive

t her ef r oNEPAS S&A tEAC OWIONG OFiegradlc, amaREelsi ghilal raepeivietk bytisai dsame
correspondi ng antenna 5, and operable to apply an RE' pre-processing to the
i nconi ng®sEREFSsGastied ébtain f@&@%@ﬁiﬁ?ﬁd@ﬁ@l@m%?iﬁr gharmegr otkssed RE
signal. Preferably, each RE' chain 411 is designed to carry out a

conventi 8RSl RE FretProtessi ngPrRen Y orexarpfe FUNsdiGded idn o as
lifi i dfilterli f the i i i . M h
Gont Giret P P& CHAMer “REEPOTERG: EEITACa o TRkl o e ot
det ect ; WMt h I ' chain, 411 t ive th f
the ri oo heanBotuBIfine AR LEPRSENIYE Beadiatid it At T TR W o |

signal opckheshasi sy ok tP@%;%rsfe%ﬁ§é@£9§ s;ggnf§%e§£?gahag§§§%yeqq romthe

respective RE' chain 411. fera eac square-Taw or 412 is

desi gn_edabgwegr Y194t +8 €ABVeRtionakisguanenlawdet egtiQpand sheref ore,
conveniently includes a respective diode4l2a and respective video

filtering means dd2bil, eadtur therimaee,ritthe cREngeNbi B Ng-4bts 4251 s, coupl ed
with the RE chains 411 of all the gonionetric channels 41 to receive
t heriéf r omethectivst Ppre-pracessaed REospgral swith the corresponding
directiconal antenna 5 to receive therefrom, as an incoming
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 RF chain 411 is
designed to carry out a conventional 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 sqguare-law detector 412 coupled with the
respective RF chain 411 to receive therefrom the first pre-
processed RF signal, and operable 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 1is designed to carry out a
conventional square-law detection and, therefore,

conveniently includes a respective diode 412a and



5 provided by said RE chains 411, and is operable to conbi ne the 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 conbining unit
42 is designed to add up the recei ved fiTst 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 conpri ses
tunable filtering means 431 for filtering out CWICWfromthe conbi ned RF
si gnal CIEBRSceEVded isiea He IRR wiorbirmargs ullidb 42, I n particul ar, the
tunable filtering nmeans 431 provide as output an RF signal which is the

i ncom ng conbiAéderrosiegnailec RF saim@indmablien ¥ | 2r iisg aveaniss#3digne not
activated, or_a CWfiltered RF signal if said tunable filtering nmeans 431
are activafedtt 26PPiEPerkbl yOTt e 4 uRRBI §MiastiHg nebparals ddnptdse a
pIuraIitx‘o%.s%Ie%;iveHy-smﬁt%Qabl .nhotch filters 431a. Conveniently, said
sel ect i vaIyEdWict chalfi e Motth $iF t ef $T831aPaFaPLOCESESFel VRS wi $£hab] &
Yttriam Lron.Garn (LYl. iLlters. 2 reover,. always.as shown in figure 5,
t he p%&?&éﬁ%& %ﬁ%ﬁ%%§?4%&f%??h%? %g?prﬁggs}s &ﬁ’Iﬁ%ﬁ&hﬂéﬁe%ﬁ%b¥?%quency
measur e It 4 ~ -..C0 s e.tunable filtering neans 431
to receinsggt Egrc tgfl;%%% tfﬁ"é% éEpsI?3 g aIO%%rS\(I)g\ﬁA;eﬁcfh asslqil)hua[aipsutlrb%/o SAj %Dr??frfé%ﬁie

filter naemeansA3l; ende 0pgr ablos e el er hoer anol nytAniangous, 1 equency f

of a CWICWsignal present in'the 5 RF signal receive o] unabl e

filteringnaeans 43%. PrefeaRpRE,Chaine 433 coupled, Mid h the t Ud}ﬁb'fs
filtering means 431 to receive therefromthe RE signal provided by said

tunabl e fiebtenieng teansid3bp atige opeyablwe:d o rappky ah-RE-rprespEQCESSi ng to
the RF signal received fromthe 10 tunable filtering nmeans 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, aRdgsper abl eshowsbtiin arezvond detdedl sitgmal Ghrgheected
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 ¢

15  provided by the RF combining unit 42. In particular, the
tunable filtering means 431 provide as output an RF signal
which is the incoming combined RF signal € if said tunable
filtering means 431 are not activated, or a CW-filtered RF
signal 1f said tunable filtering means 431 are activated.

20 Preferably, the tunable filtering means 431 comprise a
plurality of selectively-switchable notch filters 431a.
Conveniently, said selectively-switchable notch filters
43la 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-| aw detector
434 to receive therefromthe second video signal, and operable to anplify
the second video signal received 20 f¥om the 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 estimtion. Preferably, the RE chain 433
of the OMprotected channel 43 is designed to carry out a conventional RE
pre- 25 propéssi ngitihat hef otuexiabpl &1 litreliudesmannRE &o1pl ichi catdonvand
filtering of the RE signal received fromthe tunable filtering neans 431.
- 13 - theragaion pihef éitabiygnal serehedsduarechawudetectaridt3dunibtde
OV prot ected channel 43 can be designed to carry out a conventional
squar e- | Awldetéeti ofets t Aékef ordld capresabéni entdy datkudera respective
di ode 434a and respective 5 video filtering neans 434b. Al ways
r ef er abF S RREARRFINET TEF WSH Tt 1t R (e tepretaniésas i s athe
P it hp L Lfi | n thi ti fi 6 sh t ypi cal
ogar c.a ier. .In this connection, figure 6 shows a i ca
anpl i%i carti Sﬁggﬁhcf:FSﬁlgfgdaqlrﬁ’Ba% hi @3k ifgi T EAGE S S st Shown i n
figure 5, the processing uni %,,44 1s coupl e vviéh t he i nstantaneous
frequency measu‘r“lce%mia&\r%]‘t'S ”3%5%]’4 ‘éoof’utull‘fé“‘ WpJ“(r:Lo}{e ¥&d LHH&E@&I ét’gﬁt% T&tei ve
therefrom.the Wil QUi Batanlanaais J4aqiensy far Wi e 3MRL Ik er, 335 of
the OW protected channel %§ to receive ther efromm% PP ided oy
gsaid tunable filtering means 431, and operable to apply an
RF pre-processing to the RF 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 RF chain
433 to receive therefrom the second pre-processed RF
signal, and operable to cbtain 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 sqguare-law
detector 434 to receive therefrom the second video signal,
and operable tc amplify the second video signal received
20 from the square-law detector 434 so as to obtain a
validation signal S which is provided to the processing
unit 44 to enable CW/ICW power level eslimalliorn.
Preferably, the Ry chain 433 of the CW-protected
channel 43 is designed to carry out a conventional 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 neans 431 of the
OMprotected channel 43 to control their operation on the basis of the

OW I OWi nst ant aneous frequency f received fromthe instantaneous frequency
measurenent unit 432. In particulary %ﬁe‘processing unit 44 20 is
configured to operate the tunable filtering nmeans 431 of the OWprotected
channel 43 so that said tunable filtering neans 431 filter out OWNI|OW
signal (s) fromthe conbined RF signal C. In detail, the processing unit 44
i's configureddedrcamte bt ropky at orooft itches qumadt Batii Heeriong meshs 431 of 25
the OWMprotected channel 43 so that said tunable filtering neans 431 filter
out, fromEeh&Wraguertdied pdediium of 3t Aancorbideed gREGsitgnata Gy actt equency

band conprising said 14 _ _
rr%onven ional square-law detection and, therefore, can

conveniently include a respective diode 434a and respective
5 wvideo filtering means 434b.

Always preferably, the amplifier 435 of the CW-
protected channel 43 is a logarithmic amplifier. In this
connection, figure 6 shows a typical amplification function
of a logarithmic amplifier.

10 Again as shown in figure 5, the processing unit 44 is
coupled with the instantaneous fregquency measurement unit
432 of the CW-protected channel 43 to receive therefrom the
CW/ICW instantaneous frequency f, with the amplifier 435 of
the CW-protected channel 43 to receive therefrom the
15 wvalidation signal S, and with the tunable filtering means
431 of the CW-protected channel 43 to control their
operation on the basis of the CW/ICW instantaneous
frequency f received from the instantaneous 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 freguency spectrum of the

combined RE signal C, a frequency band comprising said



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

sel ectivel y-swi tchabl enotchfilter43lawhichis configured to filter out the
frequency band conprising the 5 CW1CWNinstantaneous frequency f.
Preferably, the instantaneous frequency neasurenent unit 432 is an
interferoneter. Conveniently, in a first alternative enbodi nent, the
i nst ant aneous frequency nmeasurenent unit 432 is not 10 conprised by the
CW pr ot e€ligd Cehanniels t43,t abuatoust | S reonpricsed, fn gemes®dralbyyt he MW
receiver 4, is coupled with the CW¥protected channel 43 to receive

t her ef r orche sRENGI gmalt prdvi tedonsioutpdt thy selecturakl eofd e i nige means
431 of said CWprotected channel 43, is operable to 15 determ ne an

i nst ant af€d6s tivedueney Hehefolg ownatWwhsi grial L presemt3da t heh REY  si gmal
received fromsaid tunable filtering means 431, and is coupled with the
processi AGNEAPLIEE (6 pricvidde e TRt EFCREERCYhO2a6t €iaRTTEd iOW | Ow

i nstanta frequency f. 20Again conveniently, in d second alternative

enbog?neﬁﬁ?%§Welé%%ﬁP%?@@P@& §ﬁﬁ&“9¥3120nprises a control unit (not shown
in figure 5) .coupled.wth_ the i.nsLanl aneous frequency nmeasurenment unit 432
(whi ch can bggggﬁﬁgg%é’d bf/chfche l&n%a&tﬁ{‘é‘&”é?d gtk e T gRHET al , by

t he WD rggg%v§@24£52§ntgn%%%%%%%m%q%&efron1the CW I CWi nst ant aneous
frequency f, )

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

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

15 determine an instantaneous frequency f of a CW/ICW signal
present in the RF signal received from said +unable
filtering means 431, and 1is coupled with the processing
unit 44 to provide the latter with the determined CW/ICW
instantaneous frequency f.

20 Again conveniently, in a second allernative embodiment,
the CW-protected channel 43 comprises a control unit (not
shown in figure 5) coupled with the inslanlaneous frequency
measurement unit 432 {which can be comprised by the CW-
protected channel 43 cr, in general, by the WO receiver 4)

25 to receive therefrom the CW/ICW instantaneous freguency f,
and with the tunable filtering means 431 to control their

operation on the basis of 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 neasurenent unit 432. Mor eover, again with
reference to figure 4, each gonionétr1% 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 foperabloy t & compensatce thewr eddieved fdratt iaeos si gnabuddcen t he
basis of the received CWICWoffset video signal 0 so as to renove CWICW
vi deo si ggadlsugemenitbymiidn 432om t he received first video signal; and a
respective anplifier 414 coupled with the respective offset unit 413 to
recei ve ther ¥PE6RIVERe 15%@dmMpefsated Tafesienfdaded &i gridiurand opetabte to
anplify the,con%ensat$p first video signal received fromthe respective
of f set  ufPP 2145 <3 CasPE NGt ditn TR RISTd AAMEG S§iSgnal Y which is provided to

th i it 44. Pref .. the, of t unit 413 of h goni t
e B oceesing, unit at Diterably, e ol faeL ML) 413 o cach gonforetic
i | O i first vi i l.r o Agal f bly, th
o gnal, Otgemtiectscel el LLust vidsa Slanah oo MR, BELSLENY, (he

operabl eche anRly thePLifhcat Lo LuRG! AN sHPYP. LD FLIUne 6 4P the
conpensat ed
receive therefrom a CW/ICW offset video signal O, and which
is operable to compensate the received first video signal
10 on the basis of the received CW/ICW offset video signal ©
so as to remove CW/ICW video signal contribution from the
received first video 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 so as to obtain a third wvideo signal Y
which is provided to the processing unit 44.
Preferably, the offset unit 413 of each goniometric
20 channel 41 is operable to subtract the received CW/ICW
offset video signal O from the received first video signal.
Again preferably, the amplifier 414 of each goniometric
channel 41 is a logarithmic amplifier operable to apply the
amplification function shown in figure 6 to the compensated
25  first video signal received from the respective offset 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
nmeasurenment unit 432 estimtes the instantaneous frequency f of said CWICW
signal and provides it to the processing unit 44 which, thence,
correspondi ngly operates 5 the tunabl®/filtering neans 431. After
activation and tuning of the tunable filtering neans 431, the processing
unit 44: estimtes the CWICWpower |evel on the basis of the validation
signal S received fromthe CWprotected channel 10 43 and of the third
vi deo si gmallseY irdceeiived dd oyt e goiirowetgignLhanmels 4lstantancggger ates,
on the basis of the estimated CWICWpower |evel, the CWICWoffset video
si gnal Ofrasagrency neasfradsitbacklsaidz CastCWasffssathari deot shgmadolsto 15
each goni onetric channel 41 for first video signal conpensation.
Conveni edtegiuefivy GV TEWeGfils #7 A4 Geossbgnadl a0d spanv agas og tvitdeot s gnal
having a constant anplitude related to the estimted CW TCW power |evel.
20Pr ef er RBPYESEREIrBtids st hgWinfh - 45D§8REr ated 19 CWITOAOf PREE2 88 gnal 0
by appl yi to the. estir %ed.C,WIC,W ower .l eve] _an attenuati on function
whi i & Ve THUBPAE of thEARBI | FPEAEi oh3F unchToR" apbFt biR by heanc
anplifie ﬁl‘é of- the_ goni tri hannel s 41, | ﬁlhi way, Since, the
CW TCW ZEES et” i Hed gPSngreLeo fﬁ“slqierﬁlélcgt erﬂe?lﬁ?ogé é 351% ot rresing

unit 44:

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

validation signal S5 received from the CW-protected channel

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

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

15 each goniometric channel 41 for first video signal
compensation.

Conveniently, the CW/ICW offset video signal © 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 is injected into the goniometric

channeis 41 before the amplifiers 414, CW video level

cancellation 1is 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 estimtion 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 anal og validation signal
S received fromthe CWprotected channel 43 into a corresponding digital
val i dati d&<¢i-gral b8l apdtihetanal o tiiia davided SWgpalerY recel vedufdom al |
the 10 yohionmetric channels 41 into corresponding digital third video

si gnal s ¢enerate negeddfiegiirdd aco testhansitrel adiee CWHEW powerrypeiveleon t he
basi s of EQe %i%i{al_validatLon signal S and of the digital third video
signal s Y¥1%18is “G6nPioGdrE¢ td &herdrd,s drk the basis of the estimated
CNVICNVpomer geve%, % ﬂigi%%l CNVICNVfoset.yjdeq signaI_O;
conprises di gPf&F &4 dro .@oﬁﬁ9%§%ﬁ+qﬁe§ﬁ§t(ﬁ§t shown in figures 4 and 5)
O s meEbhgt e L 0 I s el 0 ko 2
oy S0P et LMot eRy a0l c0, LSt
amplifiegs814d4tion signal S received from the CW-protected channel

43 into a corresponding digital validation signal S and the

analog third video signals Y received from all the

10 yoniometric channels 41 into corresponding digital third
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 video signals Y;

15 . is configured to generate, on the basis of the
estimated CW/ICW power level, a digital CW/ICW offset video
signal ©¢;

. comprises digital-to-analog conversion means (not
shown in figures 4 and 5) operable to convert the digital

20 CW/TCW offset video signal O into 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 the 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 1is configured to detect a pul sed
signal on the basis of the digital third video signals Y. - 19 - I n
particular, for a considered tine instant, if the processing unit 44 does
not detect any pul sed signal on the ba3is of a digital validation signal S
sanpl e corresponding to said considered tinme instant, it estimtes the
CWICWS5 power |evel on the basis of sanples corresponding to said
considered tinme instant of the digital third video signals Y, while, if the
processi ng udnt pktidietecds, afpul sedcshgndkren tihendasihstehtt he di gital

val i dation signal S sanple corresponding to said considered tine instant,

it does WOECEGsugE e tv#ldueeconmdgs prtdiaiy droy sailsebnsigexbdot i teei nst ant
of the digital third video signals Y for CWICWpower |evel estimation. In
ot her woPdsist ké pr ddédsiang vigniitded4 usesi digh talsanidatd oresponalng

sanpl es to decide whether the corresponding sanples of the digital third 15
vi deo si gRal® afenfafFgdesr hidte 1 bPSEW F ewigoves t 18vess edtiemet i ORCW
Therefore, the . CWprot ec%ﬁd %hannel 43 su gorts a correct estimation of the
vi deo’ CUPBEREr JERFA @t sbhPn Ppreserfte DRTBHF SedOSFERRPEILPA (bt 52 1%

P of et o CCRARRF 45 181 LN 1Chabl TP Shng  aans 43F NV Bhen tuned
?ggegftL%?t%gﬁﬁg,a?ftgh%l&@dﬁ@ggfﬂﬁ uH&NGE, &é%%é%@F¥‘§£¥éé%’§P€££f' 43
y the pulse
on the basis of the digital validation signal S sample
corresponding to said 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 is able to distinguish

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



signals. In this way, by conparing sanple by sanple the 25 digital
validation signal Swith 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 Pulsed signals. In order to
cancel CWvideo level in the gonionetric channels 41, the WO receiver 4
exploits a step-by-step approach so as to m nim ze residual video signal at
the 5 output of the anplifiers 414. Typically, after few steps, the process
conver gegelevantFitmalthyg, pfuilgwce si gsleows vi deo signal s outputted by each of
t he gonionetric channels 41, in figure 7 denoted as Direction Finding (DF)
Channel s 0, Ip Zumwk 3toamdnipelt HeW 101C@bpristect edncliimneionimndiglce 7
denoted as Omi_ Channel (since it receives as input RF signals received
from al | CdpP&€tiSondy; Wienh PR t hecel eetr chmgretiod tenvir onmantdsuwsterndi ng
the antennas 5 is present a CWthreat. As shown in figure 7, initially

(i.e., aSPERORN P h8515°9 eFENABAd si TRS 61T he VELRS gt BpMs) 6/ eded
channel, i.e., on DFE Channels.and i annel ., a continuaus signal |evel
i's p&gseﬁytpﬂFtégjEﬁ%etaﬁPﬁé§éﬁast%@Q%cfﬁﬁ%&?%%ﬁ%f ?Eéefuﬁ§ﬂ1es??@%ering
neans 43 oql l.s r tected on the Omi Channel since the CWis
cancelIeghgygfﬁgggﬁngépeeggg i'l tering neans 431. The detection that will be

performed bycLheprocesslg Ynishofd oy S sianal . sehs esent, Lhe

invalidity of the rélevant sanples collecte rom -t |'sTas far as

concer nspavefiage oestiiomaki-gr ofn Gy degd evel,. fhe,accur agy,,gf .GWyd deo
| evel estimation performed 25 using this architecture allows the systemto

nai nt ai Nl kecpubse Mingiibid | tyF)i nCverye dense el ect ronmgnet LegsgrNariO 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
surrounding the antennas 5 is present a CW threat.

As shown in figure 7, initially {i.e., as shown in the

15 left hand side of the time graphs) on each channel, i.e.,
on DF Channels and Omni Channel, a continuocus 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 scenario

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 overcom ng each maturity gate. In particular, the CWprotected
channel guarantees 100% 5 of probabil4ty-to correctly estimate the CWI evel
in few m croseconds. Therefore, by using the CWprotected channel approach,
the WO recei ver dynam cally manages CWand TCWem tters and maintains full
capability on detection and tracking of the other emtters. 10The

advant ages ofrheheapseseiit i Auentdcpar erekean farem the: foregoicng o
particular, it is worth highlighting the fact that the WD receiver

accor di ngeteitvhe presendingvent itone ablkewsnESM systiehsn ane rédafe natini ng
systens to increase their CWprotection capability. In fact, the WD 15
recei ver omicttlh ttive Gwepeotiest éd lofddnelovies abliend eadt esit umirtey tdarmne one CW
in whole dynam c range and to keep the performance of sensitivity under the
CW power | evép. Particpilgal | yhe CWi-reltest achathajurmelr s modidecat§®hs and
variants can be made to the present invention, all falling 20 within the

scope’ of Ot RNt o] &8 derinted ivn ThelBppendds i hgvel- iz feCLAIMB

gon ormet P CCHARRERS (41X "EHa i ShdBaLEs bhec Ul R TEspet i ve

ant enna ggkr%gch, the WO receiver dynamically manages CW and ICW
emitters and maintains full capability on detecticon 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 receiver 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 1s clear that numerous mnmodifications and
variants can be made to the present invention, all falling

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

appended claims.



5 receive a respective incom ng radi ofrequency signal, and operable to
obtain, on the basis of the respective incom ng radi of requency signal, a
respective first video signal indicative of a power of said respective

i ncom ng radi of requency signal, and a respective second video signal 10(Y)
based on said respective first video #%ignal; and processi ng neans
(44) operable to detect, on the basis of the second video signals (Y), one
or nore pul sed signal (s) present in one or nore of the incom ng
radi of requency signal (s) 15the w derapen receiver (4) being characterized:
by further conprising a continuous-wave-protected channel (43) operable to
recei ve a cobbi nédvwrddrobrequeney veirgndl) CCrplrasedigon the i ncom ng

radi of requency signals received by all the gonionetric channels (41), and
to 20 obtain’ onathelbasidtef thHe combioned radi ofrrequency sgnaled@), a
conti nuoys-wave-free radiof requency signal which is free of a continuous
wave si gnafFeprggento i RtorfeWrlefbr 816 the PABERTAYCr atitofieyudhey to

signal (s), and a validation video signal (S), on the basis of said

cont i*huo §9ﬁéV@-F?e§e§§eFé&W8frbﬂﬂ%WEQQsﬂéﬁiﬂqfrequency SEADERat 1HE

Pho. basi SC6FCPRE SecbRac rr o8 WEake Srgrl ¢ (V) SE 01 e VT U fon
id [ : ; . int i i.C. | (41) i
oper abl ¢ Ca  PERBVASTON RATBALr s Br TReP okt Vot oh Foht | WISTe WEVE'S' pover

a conti nugUs-WaYg.Vi dgo sggngiomﬁrb?ut is%rlcfromag{ascgﬁéee.ctﬂnv ol fgt Vvideo

signal thereby obtaining a respective internediate video signal, and to

obtain thgqiespeghiueysesend Vi dea si gRaleY)i Rased Ony SAidhd espaetive
i ntermedi ate video signal. 102. The wi de- open receiver of claimdl, wherein

t he igr ocessi ngsarans 644) acepeperabl eitetl denlif vi@mit;hehasis of the
val i dation video signal (S), values of the second video signals (Y) valid
for continuous wavecpsmengestdarat i 0n4) angbdrmiast | mat eldihwe-iconbhnuous wave
power only
basis of the second video signals {Y), one or more pulsed
signal (s) present in one or more of the incoming
radiofrequency signal (s);
15 the wide-open receiver (4) being characterized:

. by further comprising & continuous-wave-protected
channel (43) operable to receive a combined radiofrequency
signal (C) based on the incoming radiofrequency signals
received by all the goniometric channels (41), and to

20 obtain, on the basis of the combined radiofrequency signal
(C), & continuocus-wave-free radiofrequency signal which is
free of a continuous wave signal present in one or more of
the incoming radiofrequency signal(s), and a validation
video signal (S} on the basis of said continuocus-wave-free

25 radiofrequency signal;

. in that the processing means (44) are operable to

estimate a continuous wave power on the basis of the second



15 on the basis of the values of the second video signals (Y) identified as
val i d. 3. The wi de-open receiver of claim?2, wherein, for each tine
instant, the correspondi ng val ues of the second video signals (Y) are
identified by the processing neans 20__(44) as valid for continuous wave
power estimation if no pul sed signal ¥$ detected by the processi ng neans
(44) on the basis of a correspondi ng value of the validation video signal
(S). 4. The wi de-open receiver according to any preceding 25 claim
wher ei n the&ont i Gtobs - WiV e aprcot@tt Bde civannek t(48) watmpr i sesnill t(ening
means (431) operable to filter out the continuous wave signal fromthe
conmbi ned & 4ti of requency - 29 - signal (C) thereby obtaining the
conti nuous-wave- f,ree radi of requency signal . 5. The w de-open receiver
of claima4, whereih te" ©2ChfiayEGne) reansheana) drd)t unabbeesabas to
filter out. th continuqus wave si | fromthe conbined radi of requency
N ﬁgmé%e’ogpa%%Fﬁgb?ﬁésc6%?ﬁﬁﬁ%u?gﬁéWQFFPeéxF§@ﬂB¥FéﬁuEﬁE?

signal ( théreby i
[ : ool i .de- [ ' t laim 4 5, wh [
the 111t 63 mane Taa 0 Bonst o K% Drarie) or o el ot $6e3: sliftonal e

notch T s detdla) eacheeonyiguped 10,(41 ter yt.,q, r egpective .

r adi of requency band. 7. The wi de-open receiver of clrarm'6'? whdrei n

the sel eqldsyelotisw t chablepat 6hbi 1§ 8484 4313)ANe  and to obtain the
respective second video signal (Y) based on said respective
intermediate video signal.

10 2. The wide-open receiver of claim 1, wherein the
processing means {44) are operable to identify, on the
basis of the wvalidation video signal (S}, wvalues of the
second video signals (Y) valid for continuocus wave power
estimation, and to estimate the continuous wave power only

15 on the basis of the values of the second video signals (Y)
identified as valid.

3. 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

20 {44} as wvalid for continucus wave power estimation if no
pulsed signal 1is detected by the processing means (44) on
the basis of a corresponding value of the validation video
signal (9).

4. The wide-open receiver according to any preceding

25 claim, wherein the continuous-wave-protected channel {43)
comprises filtering means (431) operable to filter ocut the

continuous wave signal from the combined radiofreqguency



selectively-switchable Yttriumlron Garnet (YIG filters. 158. The

w de- open receiver according to any preceding claimfurther conprising an

i nst ant aneous frequency nmeasurenent unit (432) operable to determne a
frequency (1 of the continuous wave si gnal, and wherein the

cont i nuous-wave- prot ect ed channel (213? iS operable to 20 obtain the

conti nuous-wave-free radi ofrequency signal also on the basis of the
frequency (f) determ ned by the instantaneous frequency neasurenent unit
(432). 9.57HE W déCbpehlpEEBYvVerbdfaigligion 8 lwhencdepénding-eavanyrekai m
4-7, wherei ,tgtgqfiltering means (431) are 25 operable to filter out from
t he conbi]?iae‘glor BIF¥gUendPSignal (C) a radi of requency band incl uding the

frequency (f)5 determ ne Q% t he i nstantaneous frequency neasurenent - 25 -
unit (432). ¢ . FRECMBE opERCFelBl ve? L accidtdt nd -t oWEFaRANS BRe9,

“herei”t@%%%EEJH&“HE%EQGTEE?Ee%%%d%m%E%Tézgg as to filter out the

5 continuous wave signal from the combined radiofrequency

signal (C) thereby obtaining the continuocus-wave-free
radicofreguency signal.

6. The wide-open receiver according to claim 4 or 5,
wherein the filtering means (431) comprise a plurality of

10 selectively-switchable notch filters (431a) each configured
to filter out a respective radiofreguency band.

7. The wide-open receiver of claim 6, wherein the
selectively-switchable notch filters (431a) are
selectively-switchable Yttrium Iron Garnet (YIG) filters.

15 8. The wide-open receiver according to any preceding
claim, further comprising an instantaneous freguency
measurement unit (432) operable to determine a frequency
{f} of the continuous wave signal, and wherein the
continuous-wave-protected channel (43) is operable to

20 obtain the continuocus-wave-free radiofrequency signal also
on the basis of the frequency {f) determined by the
instantaneous frequency measurement unit (432).

9. The wide-open receiver of claim 8 when depending on
any claim 4-7, wherein the filtering means {431) are

25 operable to filter out from the combined radiofrequency
signal (C) a radiofreguency band including the frequency

{f) determined by the instantaneous frequency measurement



conprises the instantaneous frequency neasurenent unit 5 (432). 11.
The w de-open receiver according to any claim8-10, wherein the

i nst ant aneous frequency neasurenent unit (432) is an interferoneter.

12. The w de-open receiver according to any preceding 10 claim further
conprising a conbining unit (42) coupfed-w th the gonionetric channels (41)
and with the conti nuouswave-protected channel (43), and operable to obtain
t he conbi ned radi of requency signal (C) based on the incom ng radi of requency
si gnal s recdi iddBy all the gonionetric 15 channels (41) and to provide the
cont i nuous-wave- protected channel wi th said conbined radi of requency si gnal
(0. 130 . TR&ewivelcopare T etetv ey e aceocdingg oo amycpaévedi ngr cbai m
wherein each gonionetric channel (41) conprises a respective offset unit
(413) op&f&bice™ o ddifpensabet i RBORO-Fa¥pepEpPiectedst \itdeo s gnal4dh t he
basis of the estimated cantinuous wave power thereby obtaining the

respect i VETPAtEFTeditatfe VTG TSGRAYS FTEAUERC YL dNGH Het PPt r eeliver of

claim113,4@93rein t he processing neans (44) are operable to generate an
of f set 2§ vi‘déo signal (0) based on the estinmated conti nuous wave power;

and wherein ggthﬁEf%gpgugbgn(%%%%i%%%C%Hﬂkgﬁ%ﬂé g¥§Q§H@r§S§ﬁ%i g% eans

(44) to receive the o et "video - Si ope to

conpensat,gethe r _ecmecmé/%ﬁagﬁéoyé df%gt@ﬂe %atsfa&eggg{ts&{- éf‘?ﬁ% { set

vi deo signal (0) The w de-open receiver o aim ein
each 5 ofitset Rtk r(413healcsrQperable to subtract the of fset video signal
(0) fromthe respective first video signal thereby obtaining the respective

i nternedi at elvi.deesi@idd-open relBivihe e -Open teCeNerpAcLoidiang to
claim 14 or 15, wherein each gonionetric channel (41) further conprises:
10 claim, further comprising a combining unit (42) coupled

with the goniometric channels (41) and with the centinuous-
wave-protected channel (43), and operable to obtain the
combined radiofrequency signal {C) based on the incoming
radiofrequency signals received by all the goniometric
15 channels (41) and to provide the continuous-wave-protected
channel with said combined radiofreqguency signal {(C).
13. The wide-open receiver according to any preceding
claim, wherein each goniometric channel (41) comprises a
respective offset unit (413) operable to compensate the
20  respective first video signal on the basis of the estimated
continuous wave power thereby obtaining the respective
intermediate video signal.
14. The wide~open receiver of claim 13, wherein the
processing means (44) are operable to generate an offset
25 wideo signal (0) based on the estimated continucus wave
power; and wherein each offset unit (413) is coupled with

the processing means (44) to receive the offset video



10 a respective first square-law detector (412) operable to obtain the
respective first video signal based on the respective incom ng

radi of requency signal, and coupled with the respective offset unit (413) to
provide it with the respective first éideo signal; and 15a respective first
anplifier (414) coupled with the resp étive of fset unit (413) to receive
the respective internedi ate video signal, and operable to anplify said
respective, i nternedi ate video signal according to a given anplification
function Thé&reby (&bt aifihglthenesepd@ i Ve 2osecond by deue sirgsakcf e
wherein the continuous-wave-protected channel (43) conprises: a

second squate: | G 8t BEPBRT (284 PEpdraite tlo Ot aP Af 8t hividevi déansilgnal
based on F@F conti nuous-wave- 25 free radi of requency signal, which third
video signhal is indicative of a power of the continuous-wave-free

radi of requencys Si | .,;apd - 27 - a second anplifier (435) coupled with

t he second s&&grggﬁgmyéggeg or (435 % r gefﬁ%”@he?gmlﬁ¥%ﬁ§ﬁﬁ)§?6Hal, and

oper abl e dor APl i f yr sak g3t hiied Vi 51 gnal ing to said given

anplification funct?oﬁgthér%%yoébgggéﬁngﬁbE?ﬂggggﬂida ?o%fg?%bovégﬁﬁal (S);

and wher &iiyidie pppcessing HEEANSskA4): @ eroperablie lo geperat g, the, of f set
an

video signal (0) by applying to the estimated conti nuous” wave pPOWer
at t enuat icort sfiumiatd arhd nwessectofve hiengd Mesy s i §1&ad i ongfypction
16. The wide-open receiver according to claim 14 or 15,
wherein each goniometric channel (41) further comprises:

10 . 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

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

20 second video signal (Y);

wherein the continuous-wave-protected channel {43)
comprises;:

. a second square-law detector (434) operable to
obtain & third video signal based on the continuous-wave-

25 free radiofreguency signal, which third video signal is
indicative of a power of the continuous~wave-free

radiofrequency signal; and



1017. The wi de-open receiver of claim 16, wherein the first anplifiers
(414) and the second anplifier (435) are logarithmc anplifiers.

18. Anel ectroni cSupport Measur e( ESM system conpri sing the w de-open receiver
(4) as clainmed in any 15 preceding claim 19. A radar warning system
conprising the wi de-open receiver (4)2as-clainmed in any claim 1-17.

. a second amplifier (435) coupled with the second
sguare-iaw detector (434) to vreceive the third video
signal, and operable to amplify said third video signal
according to said given amplification function thereby

5 obtaining the validation video signal (S):

and wherein the processing means (44) are operable to
generate the offset video signal (0) by applying to the
estimated continuous wave power an attenuation functiocn
inverse of the given amplification function.

10 17. The wide-open receiver of claim 16, wherein the
first amplifiers {(414) and the second amplifier (435) are
logarithmic amplifiers.

18. An electronic Support Measure (ESM) system
comprising the wide-open receiver (4) as claimed in any

15 preceding claim.

19. A radar warning system comprising the wide-open

receiver (4) as claimed in any claim 1-17.



