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schemiatic illustration of a prior art signal analyzer. Signal analyzer 10 can
receive signals to be analyzed and can characterize the frequency or
frequencies of the received signal or signals. Signal analyzer 10 includes
an antenna 12, an amplifier 14 and a fiiter 16. Amplifier 14 is coupled with
20 antenna 12 and filter 16. Incoming signals 18, shown by a set of arrows
20, impinge on antenna 12 which receives incoming signals 18. Incoming
signals 18 may be EM signals. Antenna 12 converts the received
incoming signals to electrical signals and provides the electrical signals to
amplifier 14. Amplifier 14 amplifies the electrical signals and provides the
25 amplified electrical signals to filter 16. Filter 16 may include a plurality of
filters (not shown), such as low pass filters, high pass filters and bandpass
filters.  Filter 16 substantially filters the electrical signals, thereby
determining the frequency, or frequency band of the electrical signals and
thus the frequency, or frequency band of incoming signals 18. For

30 example, if filter 16 includes a plurality of bandpass filters, then the
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the signals and provides the electrical signals to analog processor 54. Analog
15 processor 54 analyzes and processes the electrical sighals as analog
signals. Analog processor 54 may include an amplifier (not shown) and a
filter (not shown), as shown above in Figure 1A. Analog processor 54 may
also include an analog-to-digital converter (herein abbreviated ADC),
which converts the analog electrical signals into representative digital
20  signals. Analog processor 54 then provides the representative digital
signals to digital processor 56. Digital processor 56 analyzes the
representative digital signals and characterizes various components of
incoming signals 58.
In general, signal analyzers which include a digital processor for
25 characterizing the various components of a received signal are required to
sample the received signal at a sampling rate in accordance with the
Nyquist-Shannon sampling theorem in order to perfectly reconstruct the
received signal and thereby determine characteristics of the received
signal. The received signal is substantially an analog signal having a
30 continuous set of values representing the received signal. In order to

convert the analog signal into a digital signal for digital processing by the
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nmode| afiga (hq&ir&a@@p@vig&d GHz), signal samplers which can sample the
analog signal at the Nyquist frequency may not be available or may not
exist. In such cases, devices known as down-converters can be used in
the signal analyzers which convert the analog signal to an analog signal
having a lower frequency band, i.e., to a lower highest frequency in the
20 analog signal. At the lower frequency band, known signal samplers can
be used to sample the lower frequency analog signal at or above its
Nyquist frequency. It is noted that in signal analyzers including
down-converters, a plurality of signal analyzers may be required in order to
simultaneously cover a wide frequency band.
25 Signal analyzers which include down-converters for analyzing
very high frequency signals and very wide frequency bands are known in
the art. U.S. Patent Application Publication No. 2007/0086544 A1 issued
to Fudge et al., entitled "Nyquist folded bandpass sampling receivers and
related methods," is directed to a Nyquist folded bandpass sampling
30 receiver that uses wideband filters and modulated sampling clocks to

identify received signals. The Nyquist folded bandpass sampling receiver
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Identify received signals. The Nyquist fol ded bandpass sanpling receiver
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Nyquist zone. The signals that are folded together from different Nyquist
zones can then be identified and distinguished. When the Nyquist zones
fold on top of each other, the different signals from different Nyquist zones

20 can be separated and identified based on the fact that the added
modulation is different for each Nyquist zone. By using one or more clock
modulations to induce frequency modulations that are Nyquist zone
dependent, multiple Nyquist zones can be aliased together while still
allowing for signals from different Nyquist zones to be separated and

25 identified. A similar Nyquist folded bandpass sampling receiver is
disclosed in U.S. Patent Application Publication No. 2007/0081578 A1
issued to Fudge et al. and entitled "Nyquist folded bandpass sampling
receivers with narrow band filters for UWB pulses and related methods."

U.S. Patent Application Publication No. 2008/0013653 A1 issued
30 to Fudge et al., entitled "Direct bandpass sampling receivers with analog

interpolation filters and related methods," is directed to a reconfigurable
-4-



direct radio frequency (RF) bandpass sanpling receiver that uses anal og
interpolation filters to inprove performnce. The bandpass Eanpl |0ng .
recei ver WA B8 receive path circuitry having decouBCEdLyiHMB%at i on.
The receive path circuitry includes a bandpass filter circuitry having a 5

conter direstueniy dRToAREFBsfpass20RPpihg BN AR dRbng iy .

bandwi dth | ess than the frequency range o terest.

i vénterpotatiorcifiltes to improvenperformasren! | THeC bafdbbsY WAhin .
(r:gﬁfez \éur ed.pto I efe' ve a fim?ed Ei gnal fromthe bandpgss f??’t.rg{' gsr cuitry
and t o "FEEBISfJNg Pakecaiwenpathgciccwity Bagingl dasoaplednquantiZakord.0

: : . Ui e er 7t he
bandpast§ | PEeIVe HECELCHBY inclites qar indeass g coraldiry ahevingne ¢ ot a
ol udos e apeidenar SR 4 (Reagenee re iR st a4 hathl Sor «ne
inclu \ _ (
non- qudranidswidth slesp! than chec fidquendyerangdeonAtedgst. nt TheCkahist! | ter has
15 a center frequency within a Nyquist zone of operati on for t S
non- quaRMRling, reeeiver @ise ingudesya nanatoantizindi sampling wincesitrg wHieRC)
circui try s g ti ncl uded Iﬂtthe sa Illfng recei vezj to receive a
quant i zat1 Qi'gg’ %@I P @ tltered St t@'ﬁuﬁ}ﬁ $@@ Qﬁslagdl&iﬁgfilﬁtggi;{;t o
[ I ' p I er . e_ana
i ter ond "Berecivers, BanHPLgt PEARIG, Slid sional pRoAnn g ol Bent er

f r equebeyndpass saniplingb ok ergmalamlésewiNyq@i@ﬂ;'saqu@ggf&&éﬂa {)Prthéhe

; ; . . be a
non-quanti zing sanpling circuitry. The bandpas €r circuitry can
t unagl gaﬂgﬁ’é‘ﬁésglt&ﬁ buérdags oot tmeehNyoujsh sammpling oritstigroff tresiuery

tunabl SeERRY Parede &, EREGY anibEobantbarsssampingsraaaiver durthene
Tone. of aas S rAGar | ElpQARR ST Toh 15 abs. TaF i Eq?fpﬁn%y ?3'2“
b ot ISR KTy SRSy BRI e M O, .
pei§ or Aredc@fiten Aigsenaywewithin eat hilpquist izuing abf 30pBratigmplbngthel | owi ng
the fi 0g bandwidth to be much narrower than the bandw dth of the
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circuitry is also included in the sampling receiver to receive a guantization
sampling clock signal and to quantize an analog signal received from the
analog interpolation filter. The analog interpolation filter may be a tunable
20  analog interpolation filter having a center frequency that is tunable within a
Nyquist zone of operation for the non-quantizing sampling circuitry. The
bandpass filter circuitry can be a tunable bandpass filter circuitry having a
tunable center frequency dependent upon a filter control signal where the
center frequency is tunable across the frequency range of interest. In
25 addition, the quantization sampling clock signal can be tunable to
determine a Nyquist zone of operation for the ADC. The addition of an
analog interpolation filter to the bandpass sampling receiver allows the
quantization clock to be de-coupled from the RF sampling clock. As such,
the quantization can be performed at a much slower rate than the initial
30 RF sampling, allowing the final analog bandwidth to be much narrower

than the bandwidth of the first stage filter located before the high-speed
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second modulator. The detector produces an electrical intermediate
frequency (IF) signal for further processing. The receiver does not use a

20 frequency translation device in the RF signal path and thereby eliminates
RF loss, noise and limited dynamic range. The two modulators can be
biased for optimum linearity and for optimum rejection of in-band spurious
signal products.

An article entited "Photonic subsampling analog-to-digital

25 conversion of microwave signals at 40-GHz with higher than 7-ENOB
resolution," written by Kim et al., published in Optics Express, Vol. 16, No.
21 (October 2008) is directed to a photonic subsampling analog-to-digital
converter (ADC) that down-converts and digitizes narrowband high
frequency microwave signals. The ADC includes a passively mode-locked

30 erbium fiber laser which generates an ultralow-jitter optical pulse train.

The optical pulse train is used to subsample down-convert a narrowband
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THES pREBENptator sanbisrEmtifECHeIQUEDUt  aliased copies of the narrowband
microwave signal while the baseband signal is retained and quantized by a
1-bit resolution ADC, included in the ADC, operating at a high sampling
rate. The oversampled 1-bit serial stream is provided to a digital filter in
the ADC. The digital filter includes a decimator which digitally re-samples
20 the oversampled 1-bit serial stream and generates a 1-bit digitized output
code.
An article entitled "Multi-rate asynchronous sampling of sparse
multi-band signals," written by Rosenthal et al., published online at

arXiv:0807.1222v1 [physics.optics] is directed to a scheme for

25  reconstructing multi-band signals. The scheme entails gathering samples
of a multi-band signal at several different rates whose sum is substantially
lower than the Nyquist sampling rate. The scheme enables the spectrum
amplitude and the spectrum phase to be reconstructed. An article entitled
"Optical under-sampling and reconstruction of several bandwidth-limited

30 signals," written by Feldster et al, is directed to a system for

under-sampling a bandwidth-limited signal with a carrier frequency not
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di sadvant ages of the prior art. In accordance with the disclosed technique,

t her e ilkhavms Avrided S f of j i I
si mul t:ar]eousl iplpn?lhpdi Igealﬁ?gﬁognggﬁ%%@ﬁé%?a%naérﬁgﬁ%g&egqﬂ glﬂ%far equency
anal yzdliffe(amAspmpling: nates easdr uséﬂaea%eﬁéﬁg#ﬁ@vi”sﬁﬁﬂ%ﬁiﬂfﬂéyiﬂﬁoup' ed

W th tig ﬁmal og npl er and the processor is coupled 15 with 'each“one of
t he DFASCNAHTMIEAN ANy SYalaIN enalles dher erpsinstrugtiome of ith@amplituate beast one

anal og j C i |,,and for folding the analog el ectrical signal using
at | easttﬁéméé(% ?ﬂ‘%}%eﬁgﬁgbnb frequenci es simultaneously into at |east one

sangl ed anal og el ectrical signal. The anal og sanpler is also for
dermul tipl exi ng the sanpl ed anal og electrical signal into at |east tw 20

respective i IBUMMARY OF THE@RESENT mmabss%ggéﬂimgwaccor ding to
he 'S

the different conb frequencies. Each one of t or digitally

sanpling a resfeis iare abjectodftthe disudesed echhidticong! provide @tnowast one
.and for spectrally analyzing the respective

g a respellian ane
it g ¢ amefigrand Fystefldbe atiantanaciismarst aontmaousipianalyzing miwitienear

bi natd 5 af tive IE signals wit t to the different
cont 1 Tedihcl® Bk GHET L N, ghelldi % *plilyl SH0SknaIss Whigh for
detier nbuErepmbs | RS UiSAAATitage sy 19 gt aronah Q%ﬁ@@%h@& iR g to

plurality of |inear conbinations of e respective

anot heflisgipged teghniquedtharedsdtiusquiovidpe at $ysteni fordolldttingPaPNaded a
systemfor .col]ecti %@ at | east one signal sinultaneously, Wwth a frequency

of t hePBFGANabRMYIFReaHSlY aneludingani analpgesampler; at leasd two digital

2012/ 0 ! L 0 | F) band,. th t i | ud

anal og' SauRNEY ahaRFLrSPAIRASH S SR  Bridrnsely " amhey REAR DG caeha 1
e ! | g pa | _ .

ol ot o Ne AR IRE iy sainBRR ol SRR it BuBIgT e oo o

| ettst With earh ogeatfettier DEAIs. SThegrmlograhrhplerfiolie ratditingahd) ﬂgpgl ectrical

si gnal u%itr@g%t | east one conb frequency into at | east one sanpl ed anal og

el ect r? e afAlog eledgcahsignal angd for Jolding themnalog miectiieakanpl ed

| ; i | i | t ti | F si | di
ot ne>DaahUprRat el td B CBb GTehRicr SmiianRpusid hiespbct | ve |
si gnal least onatsdrApkid 8AAIC} él@ﬁl}lééﬂ?slggfzﬁ“ $hbaénaﬁb§;?;alorp8|?ei i%%]s(gieﬁ rally

anal yzing the respective digital sig € proc Pler ni ni ng a
pl ur al deRpultiplexingathe osaimpied oanalrlg télectrizabesignge ihfo Shonahstithfy ' espect

to the conb,.frequency used in the anal og sanpler. The processor is also for
der mERPRG1ILE INRIERCRE ireqiuenay () signals gesbebtivelybhoeoiding toe
pl Ura'thbydﬁferlehf‘%mﬁoﬁghug%%r%? Eali%ne of the DFAs is for digitally
sampling a respective one of the respective IF signals into at least one
respective digital signal and for spectrally analyzing the respective digital
signal. The processor is for determining a plurality of linear combinations
25 of the respective IF signals with respect to the different comb frequencies
used in the analog sampler. The processor is also for determining at least
one frequency of the signal by evaluating the plurality of linear
combinations of the respective IF signals.
According to another aspect of the disclosed technique there is
30 thus provided a system for collecting at least one signal simultaneously,

with a frequency of the signal being within a defined intermediate
-8-



: : : : i thin
15 respective |IF signal. The respective |IF signal has a frequency w

t he Iprand. ° According to a further aspect of the qisclo%gd

t echni queVPREP@HPS0t hus provided a nmethod for col | ecti nCAILIEEL08Gne
signal simultaneously including the procedures of collecting at | east one

si gnal feeguéndyd(If) Bared, 2Becsystent RrEISdiIAAAN %Banlla@@f,t af Pt@%[s‘f”ofnfeer ent

conb frequencies sinultaneously, thereby generat eas WO respective

- fr 06 lyegr {Divgl and Theproetbedr. al Fite iDEALdesotipRd
:on)géd oe i each oﬁlpe of the respective IF El gnal s,

. f digitally sanpli ,
t her eby/@i rtnlg‘? aﬁﬂaﬁag a?ta%@%{g)qwa PEpeessUeisseonpled withdhgriaFA. afftie
i . ) | | E als. The net hod
FOrtherHoR SnfBlehds E?ﬁa%%:&@ﬁﬁﬁ%%@@i%”sﬁafﬂm %i?ggﬁﬁfﬁ%eli%g‘?@gt e
sanpl esigralsagidbs foltiliry ey a@'\%‘kgg rélé‘étﬁ%a%{dnrf'aﬁ}sng@gtq%?éf‘ﬁégaé%rp

col | ected signal. According to another as osed

i diRguenayeinte atleashooei sampledrairztog falectiebl efgrdld The ! fiasibgone
2?822: éffg I taﬁe usl SOFncI udi ngmet he procedures of fgg:ol lecti ng atgl east one
si gnal Séﬁ'%%ﬂ%ﬂiip tf%%ceave"étﬂgem% sgmpledsanagjogt eleetrital tsignali interatnt conb

| 4 /1L2011/ 000805 si t aneously, thereby
g;ﬁgrzﬂ%}ﬁs%qé/%‘i@%&é\&bﬂfgwﬁqur % SP@rEJh@GHSﬁ@y- (TTZ] @T}%ng# Sf hl’he
X " L a
o oot ey Semping Beeshesiel At acReR, PR BRBRE o
| F18i gAigital signali and 4ot spectoakys analy g the respestve’ 8givmiqsall FTss gnal s.
The method further includes the procedure of processi'ng edch one of the
r especPIRRESSAp IS dor Fategminiag ehalerjitylcofedimear ngombinations afe the

char acteeii, sl A AR 8 comtl RSN S SEERFCTh A L20r1] 000805
sampler. The processor is also for determining at least one frequency of
the signal by evaluating the plurality of linear combinations of the

15 respective IF signal. The respective IF signal has a frequency within the
IF band.

According to a further aspect of the disclosed technique there is
thus provided a method for collecting at least one signal simultaneously
including the procedures of collecting at least one signal and folding the

20 collected signal using at least two different comb frequencies
simultaneously, thereby generating at least two respective intermediate
frequency (IF) signals. The method also includes the procedures of
digitally sampling each one of the respective IF signals, thereby generating
at least two respective sampled IF signals and spectrally analyzing the

25 respective sampled IF signals. The method further includes the procedure
of processing each one of the respective sampled IF signals, thereby
determining at least one characteristic of the collected signal.

According to another aspect of the disclosed technique there is
thus provided a method for collecting at least one signal simultaneously

30 including the procedures of collecting at least one signal and folding the

collected signal using at least two different comb frequencies
-9-



The di scl osed technique will be understood and appreciated nore fully from
the followi ng detail ed description taken in conjunction with the draw ngs

in which:WORPRIM®SYA is a schematic illustration of thePpT{IBITHPRS80S gure
1B is another schematic illustration of the prior art; Figure 2 is

a schergitriuttandously, atHerapf ' rative in
accordance with any embodi ?re%?n?)#él?@e agpgg&gg{gg fgﬁé]#t(%%fg@%ﬁ?@ A is a
schematfrequencst(iR) isignals. t HEhanaletigod aatioelingllidEEgthe proeedpfeedoms an

anal ogdo hlﬂ al sarrpl er, constructed and operative in accordance wth
anot her '5 'Iiﬂ?ﬁﬁ]ﬂ'ntgfe@%OGBsQﬂtb@er@spéé?tmedﬁéslgnals, thereby dénenatingB i s a

h [+Cid ' f ical I 5 f Fi
3a ookt st AL SsBRuRle RonPled I BnARC anl Hicitaly, Prase s dniont of

t hesdi sekpé j i i i : jc.illustration of
t hesdi gi tgl %igﬁ%gﬁﬁﬁ'??@% Epglfﬁgﬂﬁ)e@g’fﬁ@%ﬁ?@%@@%ﬂ@@@ti ve in
accor dafcprodessimnadlr amadi thentrespetiige Cﬁaﬁﬁ?%ﬁqut SiepRlgUtherédli gure 3D

is a schematjc illustration of the Eéocessor of Figure™2, constructed and
oper at [AFAETMINARE &t degetcons charagteristie of énd odileeted signahe di scl osed
t echni que; Figure 3E is another schematic illustration of the

anal og sanpler of Figure 2 enbodied as an anal og RF sanpl er, constructed
and operative 25 in accordance with another enbodi mnent of the disclosed

t echni que; Figure 3F is a schematic illustration of one of the RF
conb generators of Figure 3E, constructed and operative in accordance with
a further enbodi nent of the disclosed technique; Figure 4 is a schematic
illustration showing a plurality of

-10-



30 frequency diagrams of the signals generated by either one of the anal og
opti cal sanpler of Figure 3A or the analog RF sanpler of Figure 3E -11-

WO 2012/ 0¥9680AEI8) L2011/ 000805 constructed and oper at i VET{Th2WdEeWB¥ance
wi t h anot her enbodi ment of the disclosed technique; and Figure 5

is a schematic il BRIEE DESCRIPTIONGE TH WAWW]@S&‘ plurality of

signal s sinultaneously, operative in accordance W a further 5 enbodi nent

of the discl osdhe aliscloged. tedinigaa 201 B AN Terstadt 14 P 0RA5 ek LL ED
DESCRI PTI ON THE EMBODI MENTS The disclosed techni que overcones
the di $B@UAMHINgEeMthe faligwingr detailepydeseriptiimtakem v ebniinptiain withl yzer

i ,nst ant aneously and conti nuously anal yzing a

system - hod. for .. .
pl>/ural |tﬁ§ca5 i H]E’hb%r a 5 wide frequency spectrum The signal may have

a fgequency ramnpg ' ' reviated KHz) range to
thegtgrahe)r/tz %% ﬁ\Agﬁ]l?trgé?égPégE%%rérﬁmgm%ghgggﬁgl e between 5 KHz and
50 THz, i ncl udFigureheBdstbnothersehematic(ingseationbpt 'pﬁb?fabr{\,/lﬂ) and ,
gi gahertz (herein abbreviated GHz) ranges. The signal nmay be electrical, io

el ect romagnet i Eiquer & nisabdr sechamaticEN)lustration alof and sigyali ranialgeget he entire

Th ' l | so include a plurality of signals
Igggf\?g§%sﬁﬂg&t({jg§?‘q oorg?'%\lt' tnegmerr% ‘E&d@{/‘(’?hé‘"m fal crabadiment sefmihe aneousl y.

I n addigtd i | may al so be a noise signal. According to the
di scl og‘dd&dtslse% m@&,&u?he si gnal anal yzer includes an 15 anal og sanpl er

whirgh fol ds thEigureeBaels o soRbmistichBluBtritiohabf ttMeOén&'lbpf ghfibles P! | N9
frequencies, either optically or using radio frequency (Cherern abbreviated

RF) si Gigire. 2rhembioglied asalayw eanalbgo dpticalideanplen, ucehstryctdd nave! di gi t al

frequen nal yzers whi,ch determ ne |inear conbinations of the sanpling
f reéueﬂ@%@“{%g@ t%%ﬂﬁn%e"‘f'&be@%@%i ghaodimentr Afnghe o disclosed

technique;

Figure 3B is a schematic illustration of one of the optical pulse

15 generators of Figure 3A, constructed and operative in accordance with a
further embodiment of the disclosed technique;

Figure 3C is a schematic illustration of the digital frequency
analyzers of Figure 2, constructed and operative in accordance with
another embodiment of the disclosed technique;

20 Figure 3D is a schematic illustration of the processor of Figure 2,
constructed and operative in accordance with a further embodiment of the
disclosed technique;

Figure 3E is another schematic illustration of the analog sampler
of Figure 2 embodied as an analog RF sampler, constructed and operative

25  in accordance with another embodiment of the disclosed technique;

Figure 3F is a schematic illustration of one of the RF comb
generators of Figure 3E, constructed and operative in accordance with a
further embodiment of the disclosed technique;

Figure 4 is a schematic illustration showing a plurality of

30 frequency diagrams of the signals generated by either one of the analog

optical sampler of Figure 3A or the analog RF sampler of Figure 3E,
-11-



20 the disclosed technique, the frequency of the received signal, or the
frequencies of a plurality of signals received sinultaneously, can be

det er mi neYOBAREWISA t he determi ned |inear comnbinations SETHROIYENBIS ng
frequenci es used and the correspondi ng neasured internedi ate frequenci es.

I n addiddriytr ' : i.5cl ni gue 25 includes a
novel pdrdor(f:égrsuscggéva?? Cgﬁwggﬁﬁ\%{@gﬁcﬁgdéﬁﬁ%ﬁlﬁﬁgﬁiﬁg%ﬁ gé{hoccg"lﬂ“%tq{jethreecei ved
si gnal ,disdosedfteshhitfuearsmdpased on the determ ned |inear conbinations of

t he sanpling frequencies used. For exanple, the novel processor can

det erni ne the driguie &dis afscharnatiedllsstgation af avehéthes! farsahalgaitrney spread,
bot h of mh% h can be used gg det%rnine the time of 30 arrival of the

recei vélu'd '3¥1z9 Sighals; simultaneqislys opgeative: i1 Regordaee withoaefurtharel

par ame @ﬁ§ﬁ' O i ignal and anplitude level -13- WO
201 /0%%%@8@ |1f%ﬂﬁ38%ggﬁgﬁﬁgéﬁﬁhiﬁs relating to the received signal

Al so, anplitude and frequency variations within the received signal can be
used to determ ne frequency, phase and anplitude nodul ations related to the
received signals, within a pulse of the received signal and between pul ses
of the received signal. 5 The signal analyzer of the disclosed technique
can be used in a plurality of applications where any spectrum (in
particul ar a wi deband spectrun) of frequencies is to be nonitored

si mul taneously for incomng signals, providing a high signal-to-noise ratio
(herein abbreviated SNR), when the frequency, or frequencies, of the
incom ng signals are not known a priori. io Exanples of such applications
i ncl ude spectrum anal ysis, determning the location of a |ost cellular

t el ephone, detecting a plurality of beacons sinmultaneously for navigation
pur poses, such as for airplane pilots, mapping the anplitude and RF
spectrumused by transmt antennas of cellular tel ephone conpanies for the
safety of citizens living near such 15 transmt antennas, detecting pirate
radio stations, detecting pirate TV stations, electronmagnetic interference
testing, radio frequency interference testing and the |Iike. The signal

anal yzer of the disclosed technique can al so be used in applications where
t he frequency, or frequencies, of the incomng signals are known a priori.
20l n general, prior art signal analyzers as described above in Figures 1A
and 1B are designed while taking into account a signal-noise tradeoff. If
such systens are designed to anal yze signals having a narrow bandw dt h,
then a high SNR can be achieved in the analyzed signals. At

-12-



the sane tinme, such systens can only anal yze a narrow bandw dth of 25

f uenci es i nstantaneously, which nmay be appropriate in certain .
a[)Sﬁi cat i WASV12KYP688| gnal s which fall within the narrow B&RAWAYMSE hi gh

| evel of analysis and accurate characterization of the conponents of the

signal can be aDEBAKED BESSRIFTIONDE THRIEMBOBIMENTS nar row ba“d"v"hdth
are substantially disregarded by such systens. Alternatively, if 30 such .

systens are deslRmetisclosadatectmiguenavercomes whdedisaadahtides tdfethesi gnal s
in a wi de band of freguencies can be analyzed using a single -14- WO
2012/ 04YEHoP MVLfé@!'%Um)@m%t%l@ﬂaAtanaiﬁzgrarwstemeandhm@thgdaifcsr anal yzed

I ol L, SNR,, subst anti al.| uffering from high
ﬁgi zgclhg\%ei Sgﬁg@&e%%?@tﬁlﬂ{ﬁ% aaW%W'QQnQi E’ﬁ\ry?h})lpgrs'gia'écﬂi"h;g:?i iggaL:.ed
o . a h .
AL e, | isekogULAEy SpCELANAITIRTSIONA TR PR SR G N S, 15,58
bandwi dbe. kilsheriz (erein dattbreliated KH2Y nahgscanthed téidHertz i(hetaipr eased, a

ter_portion, o he wi de bandw dth can be viewed at the sanme tine yet
?Lganoi @Z@%MZH&%%JO&@W@H neebvsers askKHe aatdB0dMHof the

w de bardB8HY $RY, ehien s Pete aharsdateh ikl %“i{égé'ﬁaﬁ? i t”ibgln 3
i anal oz ) g o Ter HOME Rl BT s8R ow band.
Whep easlectodmagsietios (mengirb calstrievidteda&any, abptiualaaﬁb%’]ﬁg%yt?:iegm&jee'tﬁga w de
band OfenftiFe(aa rgaﬁér?csy sspueccrt]rusr%/.S t%'rﬂse rg?gnanlohabye a(lzgoS tinglude a plurality of
signals received, provided to or intercepted by the signal analyzer
simultaneously. In addition, the signal may also be a noise signal.
According to the disclosed technique, the signal analyzer includes an
15 analog sampler which folds the received signal using a plurality of different
sampling frequencies, either optically or using radio frequency (herein
abbreviated RF) signals. The signal analyzer also includes a plurality of
novel digital frequency analyzers which determine linear combinations of
the sampling frequencies used to vfold the received signal. According to
20 the disclosed technique, the frequency of the received signal, or the
frequencies of a plurality of signals received simultaneously, can be
determined based on the determined linear combinations of the sampling
frequencies used and the corresponding measured intermediate
frequencies. In addition, the signal analyzer of the disclosed technique
25 includes a novel processor which can determine other characteristics of
the received signal, some of which are based on the determined linear
combinations of the sampling frequencies used. For example, the novel
processor can determine the amplitude of received signal as well as its
frequency spread, both of which can be used to determine the time of
30 arrival of the received signal, the time of end of the received signal, power

level parameters relating to the received signal and amplitude level
-13-



15 the nunber of multiple narrow band signal analyzers required to cover

the desired wi de frequency band to be anal yzed. Miltiple signal anal yzers
in a singVe28uY¥can al so i ncrease the vol une, power EERILIHPIIYROSand
wei ght of such systens. In addition, such systens, since they involve

mul t | plparatetors belating!torthle RSP SIGHENS YRS BNIItUBE IR fibRBRIner 20
S a

mai nt enance costs and increased conplexity in setting up. so noted
that pMasiRtigns withinathearecsivedssignal sabdieansid foydetexine feeguaiedyer m ne t he

cort oq PHAsH 98 AhnBidle gl Stans related Jodheyiechivad gigmaimnaltainea wi t i n
th i i i dditi | i | i ved  si.nul |
b’ Ysd dTrRCtaditved Ml BnACBaM SRR nibes e I reaiigs vailnahng o
on. 5.) Tareesigoial analyree of the diee18sal tebhnidli G B GsSd gf%g:ﬁpgé@yro?ce‘ ved by

such prior art signal analyzers sinultaneous then n € the
char ac@@plisatiens ovheiee anydspeécinam $ingpafticulat adeidsiane GpeRtRim} i presence
of suclflr addi t i onal i(iéggal s arriving sinultaneously with a first’ signal at

r

t he 30"SUYFRCIERH APy Raynepiteiedresimbtaneoushovier incamitig isignalsany pri or

t : PC £ 00 5 i | l t |
SLI segggﬁgﬁﬁggéﬁggh é\%‘(‘g@ﬁi}hso% ?gﬁ%I(Qélr%ﬁgqqﬁrréglfééagéNgﬁg?p\?f@@?ﬁ%ygSect rum
r epr esfregueacyt or freoﬂuenci%écépfﬁﬁ KEdrindSighats P8 i t})lgrﬁ(gﬂmbg#ﬁmp@éi gnal

anal yzer is provided which enables signals™n aw be

an&) yz b¥amples Dftsugh spRlicatiens inpate apdctasn 2falydis, detshanal eehni que is
cost e[ﬁ)fe tive as ﬁ}s? ggl e systemis used to anal yze w deband 'signhals as
S

oppose 0By i0fraa WAt (nlerone e deteeting ea npluralitybah cheagows
| : i bandwi dt h of si o dditjon, s f th
ot ylehectsly Ford ERAGAIN" BlMadoes YiRbiass ot athlAnscpdss, ol so cost
ffecty i i i | i i t] f th
operat | coig e, SRINGNE AR RESSfecthin Lbeft B Hridthi @i 8t opposed

to t hecelidar teleiphatemaompaniegefoer te, sapstycel ctaprNaving head derhave a
Iogsger oger atti onal life than el ectronic conponents, thereby resulting in
gr Bat elfaR3NT artennas.eqetecting pitrfe: radio stations, detectimentiratendM o save

' mor S20ghe. KR tlinddn e Befieents Feriat adi fathan istejferanas ans or r ad

i n thetestinyeamd Ahegjkacc ' ] : [We! - presence of a
plurality gf si gnal Is ar ?Tr% ﬁ?i@%@gﬁ%@g’iﬁ@%'g?@g@?. %%anﬁéﬁ%l%r of the
di scl calea bedisadyire applicatiods teheten dte drstiditcysi GMRboGBALRE! &fi i ¢S of 20
each aof the of received signals can be determ ned, even if the

luralit
pl ur aI'PF?”B'f‘BéﬁlQ:ﬂ\%{%grﬁr'ﬁﬂ% 3Rri@Mme signal anal yzer simultaneously.
R i t i 2 ich,i h ti.c illustrati f
S Bnal anal vzl 95BEER, a4 slondliaba 7acd g6 deseibencbawe dni ve i n
- : ! : P il
el y g iana P e, Jestarfs Whletakild RRE A Sior R o o

sanpl dradedf. ffhsweh disfenas afe elpsigryd a0 anatess sitfidis hi0BR) ahrlOR0 and a
proce sorI l%igfb (Antenna 102 is an optional conponent in signal analyzer 100.

Ant en nthed 3 Hghi S NReganihe aghievsidginathe acelyzed, sigingisl Atol | ect or
st gnalt, del SHOtnRY 8lth '{Rferds EQR"‘Qn@i grqglyze a narrow bandwidth of
25 frequencies instantaneously, which may be appropriate in certain
applications. For signals which fall within the narrow bandwidth, a high
level of analysis and accurate characterization of the components of the
signal can be achieved. Yet signals which fall outside the narrow
bandwidth are substantially disregarded by such systems. Alternatively, if
30 such systems are designed to analyze signals in a wide bandwidth, then

signals in a wide band of frequencies can be analyzed using a single
-14-



30 acquiring device, such as a transducer or a probing device. Anal og front
end 104 may al so be an optional conponent in signal analyzer 100, for -16-
WO 2012/ O¥O@8PHE5/8P L2011/ 000805 exanpl e if incom ng si gR&ITALA] POKBES
provided to signal analyzer 100 instead of being received by signal

anal yzesystom. ot thes sainhedirhe!l oMe g i | i th
ant enna y102 and with anal o:g sanpl esﬁ@?%% aég%t%gfﬁgi %‘?@alﬁffﬂﬁgeﬁ%

anal yzeXhibivsa, lovosBNE dsubstandiatly Ssuffepngt froe yhighupbgse Mevsisban anal og
sanpl ert 106, an rocessor 110, Anal og sanpler 106 can be enbodi ed as an
anal og BFIFIOE NaYing & low,sensitivity der detegtingsignalet Alsolelispmemriirgur es 3A
and 3B. 6. | so _be e di ed as an anal RF sanpl er, as
descri baergrgﬁﬁ)%régagrzgésega f'ﬁggﬁ‘%ﬁ??ﬂfﬁr‘glﬁ@@ HEUSRY &:s'wggﬂﬁpuﬂyequency
analsyzajfiswl§ighaiAi r | Ji ripdet ak g bel ow in
Fi gjre CL:C. P_?oceslsnor%g%?{)&i‘tgblﬁggﬁr@bgaﬁﬁ%Pgadg)r'&%giagﬁﬁgﬁbw&% nthgi gure 3D.
Arrow thsaiwidih ofidheiinternabsplinning hiter ererreasedoh §iatal purabNsT 100

show tq direction in which signals nove through signal analyzer 100. It is
not ed tﬁ%tW'Qﬁg%mQWrﬂibecajbb@e\éﬁW@dgat the sampéimg yehithe neise I08A-GF08C 15and

55l e WAL o e R B Wi L2
antenng T2 DT aveded t o anPRICERORS RIS abely dpRy vifeL RREAISS

| nooni firgagiencies n2editbbenaatygrahavingva gl ISNIRE AIIEEIeWASBW Bhhdi N a
wi deband of frequency ranges. For exanple, incomng signals 112 may have
frequeSt9 analyzaisaday heicoppled togetheawisoe eazh mvarhowhmnd sigralas 50

THz. T | pti t he .t "W d d si ' i dt
deseri OO Bkt A Bupblscs “WnboRuan i gitarenb argom banat yzer 100
whi ch e 5 fred 14 | ] f ,
0t o0 Sbaeee seom vis SE Ry 1 S Bt Aalas TR 47 b cea-

i gnal widg timnlibb é uieguids, sBoh Bosteras shay ndllbe ot dfBetilé due ot ed that
the frequencies of incomng signals 112 are not known a priori. In

addf t | §¥ nymbkeial muitipleynarsewi hand signalanalyzefs réqlbtethtb sbyertise
Fr eque e TeR e et RREY Ml AP andaeds Aiitloie i skanabeersimnal s

provi dgdsihglesisyBfm-ddn also increase the volume, power consumption and

weight of such systems. In addition, such systems, since they involve

multiple narrow band signal analyzer subsystems may suffer from higher

20 maintenance costs and increased complexity in setting up. ltis also noted

that prior art signal analyzers can substantially analyze and determine the

characteristics of a single received or provided signal for a given time

period. If two or more signals are received by the signal analyzer within

the given time period, then the additional signals received simultaneously

25 (i.e., the second signal received, the third signal received, and so on...)

are not analyzed. In general, if two or more signals are received by such

prior art signal analyzers simultaneously, then not only are the

characteristics of the additional signals not determined, even the presence

of such additional signals arriving simultaneously with a first signal at the

30  signal analyzer may sometimes not be known. In addition, many prior art
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WO 2012/ 049680PCT/ 1 L2011/ 000805 anal yzer 100. In ghis refpec}, !nconing
signals 112 are not received signals but collected signals. It is note

thgt ant efR2VPY2%¥y be enmbodi ed, as mentioned above, a¥CATEIgHEISet ect or,
such that antenna 102 is substantially always attenpting to detect, or

i nt er cegignal analyizeds %ﬁir@ﬂ%@l}ﬂ@-p@é@@%@%gﬁﬁmvﬁé% 3 Qﬁohegﬁi wed
signals, which nay be el ectronagnetic signals or. exanpl e, to analog

el ect riwigith sheeause ahthewidé dpectriuen aeptesentingaitri cal signals to anal og
front end 104. front end 104 may include at |east one of: at |east

one anplifier ¢ n%rgﬂlﬂrw{ﬂ ther digaieseqi teghmiake siansigsal aamaI?ﬁZEﬁriS( )notf
[ ;) ' [ . t shown), for
ot e RroRlgeld Wit Bricbigs 'aiaR 83 dide aBBvBatnlty Be aathizedlaban: 1 east
S . LV | S e
ot Smuaren ISR, | Phe Rl Ahalzefof i Hedbted EAROUBNE Mot RRRAVET, o, <

(not steswa) single isyisteml Isy ubktt r analyzec oitebast osighalsl 48. oppesed tbr ont end
104 may further jnclude an 15 external input Cgnot shown) for executing a

bui | t - iRFIr Yt syptanss MrhiaR Ussceptiina rArrewdrand sigial analyao's tareivey f ront
oot og 2 BBY LERR BLBLDREL 5 A Bn ot 908 Sk SPERera Fnaseach
2o S A9k S IOl e S8 M LERPIEIE A 0L
sanpl esigrtdls aavdl ogednites sobsemtiahqurtion &f #he! Spdrbionsi 8ge@ltedepst two
opti calth pul se t(r)g_i ns, ¢ when anail og ZarrPI er 1060| sogenggg![ ed gﬁamaidialhogf
opt i calth@ggnsirebodimestsr e ihe ssighabanalyzesi ag opp het el
R TR e ] AR T AN ET R
life than electronic components, thereby resulting in greater cost
effectiveness. In addition, optical components tend to save power and
15 volume as opposed to electronic components, thereby resulting in more
reliable handling of and higher accuracy in the signals transferred in the
system. Also according to the disclosed technique, the presence of a
plurality of signals arriving simultaneously at the signal analyzer of the
disclosed technique can be determined and the signal characteristics of
20 each of the plurality of received signals can be determined, even if the
plurality of signals arrives at the signal analyzer simultaneously.

Reference is now made to Figure 2, which is a schematic
illustration of a signal analyzer, generally referenced 100, constructed and
operative in ac'cord.ance with an embodiment of the disclosed technique.

25 Signal analyzer includes an antenna 102, an analog front end 104, an
analog sampler 106, three digital frequency analyzers 108A, 108B and
108C and a processor 110. Antenna 102 is an optional component in
signal analyzer 100. Antenna 102 can be substituted with any signal
receiver, signal cbllector, signal detector or any type of known signal

30 acquiring device, such as a transducer or a probing device. Analog front

end 104 may also be an optional component in signal analyzer 100, for
-16-



fold the received analog electrical signal. It is noted that the received

anal og el ectrical signal may include a plurality of signals received
si mul ?ane‘EQSZPWO“?WOsi gnal analyzer 100, three conb freql€AEFEYIINEES shown
in Figure 2) are used nmerely as an exanple, where it is clear to the 30

wor ker exerhpRd if inédiRirR] tsighals ati2l eRst pFIASAM (diGHHEARR &2 obe used.
P g si al' s ave

It is also noted that in the case that Tncomn . . .
f requerostead o-being aasivod IHBARGIAI bRAKLP00B05 athideBcAbedi Bepwief i ned

internedi gte frequency band, for exanple if incomng signals 112 are
narr omﬂﬁéogifmr]%ﬂd t%éri&ﬁﬂ%@lgd syithyasterure 102andwith asalogegamptert o f ol d

ved I I | cal signal. The lin ate of the conb
DL RO B8 el AR LS b
di i ‘?@% n
Ere ggﬂegg?ggaggé]n?a SO lggag’?tgnnghc?rﬁﬁ@é f%m’ﬁﬁ%higglg@zﬁofﬁggaf%'ent conb
f r equeruiadegasampiart 96 eocrtl beogfrilitsdietioad AirManategRIgtRa| %'a@ﬁﬁlbrr], ke
mul ti pl exed sanpling signal is used to simultaneously sanple the anal og

el ect r idescribegnial gegaten sedail helewtinchbigures 3A emek88. ednalogisamplesd, as

o 9 BB HoEL 3 a8 Sn Sl Aot S SamEl g o L
Coner SLOARY 888, bBG) T FURHSS oF S 3 S AR A o, o
puhses 108A)sHIBB @arghnDBE ahe desstibedahesretitetetdiobalot in Fi 3e, sanmpling
can be referred to as anal og sanpling. As the frequency, or”frequencies, of
Rk sperglipifpbniogiigs choal el Sl MUY
o gnal NERAS YRR TessSQGRTY Rae FBreboRrete oheiuAanayFarequRrRovef the
e og!s it o uh A% SRR, BP0 4ERel h7Le SRR IEN! B e
al i asi ngtext ¢hiats sigwtag ﬁ?b(VvéiLtfaéglﬂ/S@fhﬁ g%g%ﬁdgaﬁg éetcr)gelscgarr)%:@g;qggct rical
el t AACGSasaar Joif B £th nbrasiiopised Thimio @xplined inabresitanaletaiiccor di ng
to thepdiff &1 BHure™e and 3D.
Antenna 102 received incoming signals 112, shown by a set of
arrows 114. Incoming signals 112 may be received by antenna 102,
provided to antenna 102 or intercepted by antenna 102. Incoming signals
20 112 are signals having frequencies which fall in a wideband of frequency
ranges. For example, incoming signals 112 may have frequencies as low
as 5 KHz or as high as 500 GHz or higher, such as 50 THz. Throughout
the description, the term 'wideband signal' is used to describe a received,
interceptéd or provided signal to signal analyzer 100 which may have a
25 frequency falling in a wideband of frequency ranges, as noted above.
Incoming signals 112 may be continuous wave signals or pulsed signals.
The pulsed signals may have a short pulse width. It is noted that the
frequencies of incoming signals 112 are not known a priori. In addition,
antenna 102 may receive a plurality of wideband signals simultaneously.
30 Incoming signals 112 can vary in a wide continuous frequency spectrum.

The incoming signals 112 can also be noise signals provided to signal
-17-



25 frequencies, into at least two internediate frequency (herein
abbreviated IF) signals. It is noted that the highest frequency of the IF
signal s MY 2BB/048%8r t han the highest frequency of incoRCAELENMYHYBE 112,
Usi ng the exanpl e above, if the conb frequencies used to anal og sanple the

r ecei veahalygeal K0Gar elrbahiseessgedt, Ghigondif ”sﬁ?hélsl R Hidl RolB¥ch a 30
hi ghest freguency of between 0 to 2.5 . The I F signals are analog

y ;
el ect ri¥anaky dnii sollectedgsignalaal yiteis toted athathantertid fH0Zninagome - 19- WO
2012/ 04e9r%§g’ECT L2011/ 000805 frequencies are used as an exanpl e, anal og
sanpl er ¥ inppateaed abh\a$ & sianal sdetsctar, sushothatl anteninaal

i |, i h i nb i j th
anal og W8 s ahfialy AWl R RERI R sp cFiBck T JRERTSED s TrWig: od as a
r espectsigral@ndii g Ahesina cay2 %bméhsfStH@YéélaiggdL%]pga%lg/gﬁgchgﬁféﬁgbgwc

frequency. Anal og sanpler 106 outputs |Fi

wher e &deetromagrietici Gignals2farl eéxaamplel, R Hirtflog eplerfoals sigiASPaRHI Ve

el ectrical. sigpal having a unique IF, As nentioned above, 1f the frequency
of i ncAHPHYES BF%I%’ 99 “¢lecliiqal; signalsete ranalpgt Bont @inat d 0¥ edArealog band,

then o o] c IS, | required anal og sampl e the received
anal ogqtqhgctaﬁgcg@s%?g@ﬁ%jﬁ %tnilga%tagg,e 2 aﬁf)geé%ﬁﬂgr aﬂﬁ'f\ﬁrl {ndbut put a
si ngl e shiogirpg fel ii } | <11 a8 i M UL, A+N i fr. ency (not
o) e e o B e et ST B AU o

detifi | sbOngw sigh@sganes 2B attehBior 1GiatcBhow)offol FattdAGAting FardA§B and | F3

116C is@p@vi (%(\ad to_.a respective one of digital frequency anal yzers 108A,
108B anENABcARIeS firnd ennd d0dimay alseduelueg atlengt ene afGaAcasDBBeand 108C

of 1) Aryaifer, b RAdnie BHBs Shekal 1680 Onet affegiatnAnalnd Tosenand
: 16 _ . o Elaute 2) i
Feapoct Ly oheanonae, Lirigf SHarS fitels MhECsABRATO B, M 2 L
| east tnesimingesignalsy & 1Ry quisaloy: prenends 104N ngaal fosthefNMPicRiqd 0%, the

received, si gpal s Zre agal og sanpl ed.. I n di ?i_t al frequency anal yzers 108A,

1088 af¥teIB3CNRUdNPLERPWEY fer gxarutingta builtinetestiopdo théenk receptivn og

sanpl e gaelectrical si |s, are digitally sanpled. Using
the abgySonzh ael ATl 2pReRE HoRE oril 894 pip udeSahe brsles HiGO OB ey

di gi tabﬂ@m@bﬁatgséhﬁé,gmggs at a sanpling rate of 5 GHz if the highest
frequency of the IF signals is between 0-2.5 GHz (i.e. at a sanpling rate

at |east equal AnalagheampliegnuiGd réceigesnibieeahaldg elduticaeSRAfH!s %rﬂ? I'F
si gnal é)lgre noly] 30 down-converted and the IF signals do not suffer any |oss

of dat R10%s€3¢h jARAlog 18jectingl i signahaising sayreast temc Wifererf cdivg t al
frsauefequdnaied? Simurtafeously.  For example, a modulator (as shown in

Figure 3A) in analog sampler 106 analog undersamples incoming signals

- 112 using at least two optical pulse trains, when analog sampler 106 is
embodied as an analog optical sampler. This results in a narrowing of the
output bandwidth of incoming signals 112 after modulation. As described

25 in Figure 3A, two, three, four or more comb frequencies can be used to
fold the received analog electrical signal. It is noted that the received
analog electrical signal may include a plurality of signals received
simultaneously. In signal analyzer 100, three comb frequencies (not
shown in Figure 2) are used merely as an example, where it is clear to the

30 worker skilled in the art that at least two comb frequencies can be used. It

is also noted that in the case that incoming signals 112 have frequencies
-18-



WO 2012/ 049680PCT/ 1 L2011/ 000805 108A, 108B and 108C t hen spectrally

anal yzes a respective one of the digitally sanpled signals corresponding to
| Fi 116AWPRIA0ME®Oand | F3 116C. The anal ysi s can i nvol VETAPAHEWEOS
processi ng techni ques such as using a fast Fourier transform (herein

abbr eviwhioh FFE) in Eackefinedofinferficgiiael ffd S YGeT, :108B and
108C can be enbodi ed as an | F i nstantaneous sp c%br um’az(gfye}g}ﬂﬁﬁi'#lmA S

pr ovi ddBCORIAY gsigARIS ldGuane ynamawpaed sigpwals,| therl Ly i siriglel 86 ©
digital_ freqguency analyze iOBB and 1F3 116C is provided to digital

fr equerdE§IYH (I:X/i%rre%'ﬂéd th oluthre regeivedganalog edectsical sigraly zdihe i n

si gnal I ' r to the punber of different conp

i requen%}géuﬁgerggél)gf gﬁ%&%@@i%%%!s %B?g?ng?fralt%){oﬂiq)ﬁeéFBﬁ conb
fr egquerataeely €8s 2N a r 6 sl gnal . I 0O wll
[ nclgude only two diqgf_ltzal ;@eﬁeﬁggpgﬁaltége?gbmﬁﬁtléhegga@talhéé%geb?ngI e
conb frtegheissie, vite comb ifrecureriaigs seemplatso 1S sighiebanipnalveiare ar 100
Wil O%é [ n(fbudﬁ. fone 15 digital frequency analyzer. IT the anal og

el ect ried? sil hRaMiffsrant geml Fesnansies anpiroultiptéxech dogetier danforeda t hen
al i asi Lot he og elgctrical. signals wll| occur. According to the

di scl osl%éh@éﬁnis?]@@%l' '?he ﬁeeqlﬁéﬁyﬁed% r SIS s Signalndgni weedi dral s 112
can be gimsithy \dle Uipde e.dj I onb
frequen(I:i egbuggé’?’%giaggl%g [ nétﬁ%?ﬁZ%@%ﬁnglg%&ﬁeégtartﬂﬁaé %ﬁ%ﬁﬁsc%‘gh t hus be

unabi adeafiusnaiss.ndt isheotdif BerdescribEtbélov ire Figwes 3N 8B, BEpérga%ﬂi
di fferent %@I asi ng. frequencies. This is explained in greater detai'l bel ow
in Fi gdpat B¢ sampling, of the analgasiegtrical sigrmjuananaleg samipherotD6gssi gnal s

112 : | i nmbi nat i f the diff t mb

i1 equenet R LR §o 6. EPaV e hithaC AR femhinus. siighars Wiboati ng to
t he di f ' | d_t.hei
oepect] T e TERUPRenr pesiowR BRRD ST o AP G vz

108A, pos@sodanakg RFpolsessensktDicdisamipe mahardqwredtﬁ@%@ RYEDI nat i ons
of the rrecgzured | F signal frequencies with respect 1o the di gerent conb

f réﬁyeﬁ’:ﬁl a A&%‘BPHFQQICQB I Hefenred| e edst aohtogyusamplipgur ahbt yhef linear
combi niECRRnSY” eI T ETE, oL GG, SIlas! Fa s Ot KGNS énOBeTE or a1 y
5 peraGhamg G losnra) o pel Sl ileiprng 65
and ACrefess o theperocess| whergiyyeaananalog $igpalaNedmpled at a sampling
rate below the Nyquist frequency of the analog signal (i.e., less than two
20  times the highest frequency in the analog signal). If an analog electrical
signal is analog undersampled, then aliasing occurs, whereby different
representations of the analog electrical signal become indistinguishable
from one another. Analog sampler 106 demultiplexes and converts the
sampled analog electrical signal, according to the different comb
25 frequencies, into at least two intermediate frequency (herein abbreviated
IF) signals. It is noted that the highest frequency of the IF signals may be
lower than the highest frequency of incoming signals 112. Using the
example above, if the comb frequencies used to analog sample the
received signals are between 1-5 GHz, then the IF signals may have a
30 highest frequency of between 0 to 2.5 GHz. The IF signals are analog

electrical signals. In signal analyzer 100, as three different comb
-19- '



of the digitally sanpled IF signals received fromanal og sanpler 106, a

val ue proportional to the input frequency as a result of t/r}e ci)/nb o5
frequencyVORYI¥MB8sent s the frequency of incoming signZCITBAIVENEY , m and
n represent integer coefficients. Equation (1) can be generalized as 10/.

Gl ACHrequelities #€€Tused1&d (@ eixam@e, WiRlSg Sarfbler ﬁédﬁﬂgl}iﬂeg%ep‘q !

yield a plurality of determned |inear conbflnations. be | ow,
when 1.20d gonverts easantpded anklog electrigzrsigna, tdé@c]lcasrdiﬁlg,sfo e threed slbggl e
determ ned |inear combination can 15 be determ ned for I'Sf. _

i nconi rfBﬁEFG‘d?mtaPé’”ltiszgﬁlﬂ%n%ﬁdéatq theata anpleanplestriqalesigsialg diffaady ent conb

| : O . ; d ACT, respectivel epresents an of fset
or o r i1 a0g FEEHA sfdlal s olunflass ey wna%%)a@iﬁi‘?gmt e ot

y g o _
Eggﬁsgﬁa?m%??ngh%még% idlg%\lt eﬁ?avgﬁ%ynZ%ﬂérlépe%%ﬂé!grp%%?t | VB {Snﬁi;‘ger)
nurber .1 108 el h168 amd ilby TaC\eaherodziohabf s 196AL hE, diTfeBe et |Fconb
frequen1c{6eq§ substantially represents determ ning various values for /, m

166

and n. Sepseeantsn at rﬁﬁ%ﬁth@ne{%tri%hswnaiehavingbadu?i?ﬁufei dalfi aéﬁgr di ngly
[ » i ) 2 rent co
t requothehfiofled SBle °f M Srddidticy. o8 iheBiingraibpals o2 1% widhin J

[ ifi j1Esf i e ] after
Sonlyi el itehiRdiat! fEANEne) Band iR iR I SBChELTRRELR) 160,

Fousi erequisedftor analygpbantble dheamtaiied Bhald§Asletfidal Kighagd I #his160
result in the eterﬁggat?g)n of ACH, , My; ang ACT,. It 7s noted that WO

2012/ 058680 FRNGIPE26aMAIB0SES Wil eHluteR Bimglev analogoeladiiical signalr i gi nal
Hggﬂgﬁ?@a@ iéngﬁ@%g@fegrrhaeldslatlel%recqaunenbcey r(%%?l é’hegwm).r Rs "enfionad

above, analog sampler 106 is described in greater detail below in Figures

3A and 3E.

15 Each one of IF; 116A, IF, 116B and IF; 116C is provided to a
respective one of digital frequency analyzers 108A, 108B and 108C. Each
one of digital frequency analyzers 108A, 108B and 108C substantially
digitally samples IF; 116A, IF, 116B and IF; 116C. Each one of IF, 116A,
IF; 116B and IF; 116C is an analog signal in a baseband frequency low

20  enough to be sampled by ADCs (not shown in Figure 2) in respective ones
of digital frequency analyzers 108A, 108B and 108C at at least their
respective Nyquist frequencies. In analog sampler 106, the received
signals are analog sampled. In digital frequency analyzers 108A, 108B
and 108C, the received signals, which are outputted from analog sampler

25 106 as analog electrical signals, are digitally sampled. Using the above
example, digital frequency analyzers 108A, 108B and 108C may digitally
sample the IF signals at a sampling rate of 5 GHz if the highest frequency
of the IF signals is between 0-2.5 GHz (i.,e. at a sampling rate at least
equal to their Nyquist frequencies). In this respect, the IF signals are not

30 down-converted and the IF signals do not suffer any loss of data. After

digitally sampling the IF signals, each one of digital frequency analyzers
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c, C2 (4) 2GCD(CH,CF2) where GCD is the greatest conmon divisor.
Equation (4) may need to be 5 nodified in the case of three or m)réa conb
frequenci¥e20R049P@0known to the worker skilled in the aPCTIEMdHOWOX he
various | inear conbinations determned in Equation (1) represents a

possi bI¥08/.2408BCnd! 108CoMeT speaily drdlyzBSC!rbshBelivélodd JFuat i on (1)

i's not known a priori. The various linear Conbinations are determned in
oo L 0 oo S e ESeTey, ot 1ot oot g
10t erm nes e frequ , ) [ ,
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' . ' . of , | ) lgna correspon o]
par (1 ol 4, A25ET it rahERRY IhEleing pobRERRleRt A B0 VRaeh iR et cul ar
15 val ungitallfréiondy ehalyaeds A GBA 31 08B EHR108E Ean HPBNhodEaGRSSAr 110

na to sanplé

thus u | ases the different co requenci es use I ncom ng

si gnal 4F 1 istantandeus: speetrunheahalygeencyiFof 1164018 nerovidew! e Higitall t s
not ed tfhat for a given signal in incomng signals 112, a plurality of
|i near TEHHENRY: a8y #8ly ‘B&/&etlgrz mlA68. ist previdedo taodigital hfrequieacypect r al

- . . _which i d usi
Four | o P EzelT SOBE AnciTey (16 rqREnesednt yHaitd ieameheysanabreronc  my
yi el d MOSE.t e PNl Be di i%ﬂpﬁf?uéﬁ&zé |¥£é’rs in S5l %’P\%rlg{ésﬂqgf more

t han one signal was sinultanheous presen n inconrng Sig

gener acorneispomatsi touthermuinebendf differemt faomBofrequeréied weut Asfahalsg er ni ned
by digital 25 frequency analyzers 108A, 108B and 108C i ndi cates the nunber

of si gRaMPIeedG edlReinirtaniEdwe differentecempl feqtienciesgaverussdiin al |

can bo IS 3ath3en 3 Il Sigfal Realy 2R AT MR ol dRonl dWascide, the-

ot SR A28, IS 86 AL B oy ARG AR S8,

recei vied asiatog t saveplerl 0By thegnsigranaanaigred 0D0 MaRessiyNhdidé henhgonb

il BB HiPaHRBGLSRaIVECG U tie gemalod eluttaay Samdly peovidest 3111 onl y

receiv ,

producgngng VfaerSlefroﬁO%n)(/vé)sneur?&eé%lrﬁpl’ed,Aqhzenanﬂiasing in the analog
electrical signals will occur. According to the disclosed technique, the
frequency or frequencies of incoming signals 112 can be resolved, even if
undersampled, due to the different comb frequencies used. Aliasing in the

20  analog electrical signals can thus be unaliased by usihg the different comb
frequencies, which represent different‘ aliasing frequencies. This is
explained in greater detail below in Figure 3A. As such, the frequency, or
frequencies, of incoming signals 112 may be represented as linear
combinations of the different comb frequencies used to sample the analog
25  electrical signal. According to the different comb frequencies used in

analog sampler 106 and their respective measured IF signal frequencies
(in digital frequency analyzers 108A, 108B and 108C), processor 110
determines various linear combinations of the measured IF signal
frequencies with respect to the different comb frequencies. According to

30 the disclosed technique, a plurality of linear combinations is determined.
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5ACA if the conmb frequencies fold the different signals received

si mul taneously over the sane frequency spectrum In general, this situation
can be aW¥PI8B/14P680he conmb frequencies are properly choBeWILEIINY N own t 0

the worker skilled in the art. When the conb frequencies of anal og sanpler

106 ar eEabhs¢inear opefibinatidn aop! tHeal Hifteroht SEdpbt Fréguiny 139 ﬁhg”%é s
present in incomng signals 112, then signal anal yze Cd can determ ne
t hat su&prasenigdafarmallyfassi nul t aneous signals was recei ved by antenna 102.

In addition, processor 110 can then sinultaneously determ ne the frequency
as wel | as the char@etdYi/stim<lot Mich L/ ihaCEigi#l s received (1)

si mul at neously, Processor 110 may use other data 15 relating to incom ng
si gnal sVH§% éﬁchcés ands Gfsr PAEN fesRECtiviely Jeppesenid a Miffergmil somib anal og
sanpl er, 106 as wel| as the frequency of the baseband signal used to anal og
sampl e TEAEANY 4C4nAG. ANY iNTaeachgrespastively teresentithe fraquerayher

char act efr' stics (?f i ncom na signals 112, besides its frequency, such as its
pul se a8 dighally: sampled dfwsigngls vaeelvedofromiiartalog 2amplerr #66j wed si gnal

d i I ; h f. dul at i / f
AT I S R A B TR G S
h i i : i 110
phase mlsiapnsyidisscatente Ry oy ABRIngTdGhlR, HsSndlogeseer

si gnal ,arrceaoepeskaitih er?&éifficféh?s.dngCJa@iUnyg?%Hﬂ o q%g?%?%@é# §s/ N digital

frequency anal yzers 108A, 108B and 10 to determ ne

chdPacteristics of incoMUigtaiCfnaksCL12ACThe gyhar acteristics of (ppcom ng
signals 112 |isted above can al so be 'used to elim nate undesired 'signals.
In addition, filtering mechani snmsiggn also be used by processor (3§j10 for

| oad bal ancing and for the elimnation of 30undesired signals w thout

i nt er f ¥YH&{§ W ehteKe @stersifig 4F/,t Vield e pluradityof determined linear

2012/ 049680PCT/ 1 L2011/ 000805 signals. For exanple, processor 110 may

i npl eméRMkiIngtianal | As deseripetlabelmmd whegredt ¢f il A€r sisi Bvahghedf adigi t al
frequency anal yzers 108A, 108B and 108C. These reject filters may be set to
di f f er 6RMParequvithi es Gfot A€Hchaosindigidedermimegliinesr aorhbination1684. 108B
and 108C. In this respect, each 5 one of digital frequency analyzers 108A,
1088 ahe deteondned fer iSfhed to ignore, or reject, specific undesired signals
it receives. The ignoring or rejection of specific undesired signals in

each of di gitafsf inapueingy sigrilgzei2 wess, foldsB iandnalkRBCseamplee 1@@POrary or
per manent . | fthe ca%%)gf a F‘l urality of incomng signals arriving at

si gnal UFB‘%H@W‘E@FC% PAUEDGIFSo 8ACY, OfpAG e NG armh Adk: cespertivalye
characteri sti fs of ﬁacr of the incom ng signals based on the particular

i nt egefCRIGEEPITAENPTTHE! QES besiduamemanating figm thesfacidhatlinesming ACT

Fopr oo SR, 12 R dor nBRESly dFidhn SRR SR feranbie. s 1<
a pat ucambnéreoriencidy. e Ba¢h ’F £ A and n in Equation (1) is a natural (i.e.
positive integer) number. Determining various linear combinations of the
different comb frequencies substantially represents determining various
values for /, m and n. It is noted that Equation (1) would need to be
modified accordingly if fewer (e.g., two) or more (e.g., four or more)
25 different comb frequencies were used in analog sampler 106. The various
linear combinations of the different comb frequencies may be determined
after applying Fourier transforms to each of IF; 116A, IF, 116B and IF,
116C. Fourier transforms applied to each of IF; 116A, IF, 116B and IF,
116C result in the determination of ACY,, ACf, and ACf,. Itis noted that
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15 maxi mum nunber of signals received sinultaneously by signal analyzer
100. The first reference nunber for each variable ACf represents the

di gi tal fWeFALAEY684nal yzer which determ ned the val ue f8ETHR¥H1/YWBISabI e,
whereas the second reference nunber represents the different val ues of AC

det er nithed nhgximali bamduiiditt #fbr f waigrerthe angjivalefredueridye oF MR 20
shown in Figu 2, three digital frequency analyzers are shown, thus the
first rségfé?@n{:& ranike reselyed for bintwoteorab freaquentiesrisgivdoby, if the conb
frequenci es of anal og sanpler 10 chosen properly, then x will equal

t he nunber of signals arrivi At ously at signal anal yzve@ 100.
Processor 110 outputs a digi tQaGaid@f]r,CJQt)i on 118 of incomng sig egl 112 25
whi ch includes a listing of the determ ned characteristics of incom ng

si gnal vhare G&Jiis dhe areatesitcammirs diviver aEgualion (49pnay erded to Bet ecti on

112" B b PetBIRe Gent el Fioes coppaIastiPnGS (ifois ReowBiiarthEncd

h ket i gRi i t i ] ' | s 112 i
00t ml'{oneh, SR80 Pl Tt Y, BachcBfrHeE AR Dines (cBabiialionsp i on 118
IS - 25-detMNRBLRIDAARARGT (1 - 263H RSP p%é%%lé“ﬁéﬁb{eﬁg)@ diahpofhpget whi ch

can be processed by a conputer. It is noted that ana sanpler

di gi t asignalguthey Reealibat /508, EgoaBoand )ligstoiknomin aasrignocErsor 110
all continuously operate in real-tinme, with no gaps or data | oss. Real-tine
oper at V8HoUS lnear serabingtionsiare, detegininedin precessaryl Hhal yzers 108A, 108B

and_ 108C and ssor ,110, can be achi.eved by using VHDL (very-hi gh-speed
i nﬂ%grat ed ci PB%CSEC’E%'? &(}\%P@?ﬁ@%ﬁ YRlau$ gﬂ&éé&@}“%ﬂ@ﬂ%%é@@%ﬁs@gﬁ raﬁsfer

pr ot ocqh®, tHa iy | | 0 I r el oped by Xilinx or
the PClI Express %?BT@?& I.tﬁ%gte lgénnc ’iéspﬁ%\%l@réggéﬁa}ogﬁrb‘iﬂ?ﬁ'r@Agmlﬁh is a
schematlil2 by ieMalisatireg i thie afarioe dinabPIcemBmMAtions Fb@vhfnddembpgied as an
anal og optical sanpler, generally referenced 140, constructed and operative

in accHPiRIMYBedi frequerehar tagoencies: obinadning signassd 1Rectméspiend Anal og
o e S SR B R o) o ey
fofsier T AR MM AGR SR8 ACRInCERNEN (b db\E, | PEGKERES A Dt 0"
Sampl | aadliases te @lftérent D equiticis TRel RLEMBIL kot AR Ygnai? ca

sanpl el 124d deterdeines the Yredudncyodf prRbhsiah $igh e 150B 20
and 150C (detailed bel ow i nai:i guryg 3B), a Prul?i %’F’eﬁg‘? Iiltg% @ﬁagﬁ I um doped

ey i JEEEr el b e guilgnats b s Pasultpotinetmssrbidions
emul t exer . a rality o ot odi odes , OB an , a
pl ur al %$ qeiWrB&esdpf HI'?@H%XI'@%? ﬂi%tz%eaﬁaeqfa@lcaraalesrses of lrial 184, of
ang i fjper 4 164B n.. bstituted wth. any 25
k@wn '}F.%b?é? égrrépidf ﬁ:isr 12?33’i]‘g’ﬁgcrho%ﬁ@@f‘%ﬁﬁ3“%%5%&883351}[%0&9@%!'1 ty of
opt i cadligital $equeTRyabnakzep9A08K0B08RIaAS e ' | i pl exer
152. Multiplexer 152 i sﬁlcoupl ed with EDIa:A cl)&%i\/brﬁ%?%@rg Wéal fsﬂgcnf)upl ed
wi th EQRR VEdue, tesneativelefer AGB adh, andnalfpgiff mone thad d66.signal og front
end 166 substantially represents analog front end 104

was simultaneously present in incoming signals 112. In general, the

maximum number of values for ACf;, ACf, and ACY, determined by digital

25 frequency analyzers 108A, 108B and 108C indicates the number of
signals received simultaneously. For example, for a given digital
frequency analyzer, such as digital frequency analyzer 108A, these values
can be labeled as ACf,,, ACf,,, AC/;, and so on. As mentioned above, the

result of more than one value for any of ACY,, ACY, and ACY, indicates that
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30(Figure 2). Denmultiplexer 158 is coupled with each one of plurality of
phot odi odes 160A, 160B and 160C. Low pass filter 162A is coupled with -26-
WO 2012/ 0498881980 L.2011/ 000805 phot odi ode 160A and wi t RCAABIGLEPYBOS 64A,
Low pass filter 162B is coupled with photodi ode 160B and with anplifier

164B. Lmoredhanfirie signthid Fecuivel asmuittheBbehos) %I’@uéi%lgﬂér Yobh
anplifier 164C. Arrow heads on the |lines coupli'ng the conponents of anal og
opt i cal DgRAPANG endheneambHiseguenciest used by avmalog sarmpks 06!, iSingoed s nove
th I tical I 40. Each f pl lit f
opt 1 calhah 0888l wes "Ebekied shinutancosely. deraivancdigital fequenciopt | cal

I j - ' ' t f [ bst iall
Fepr cscnett SR st Y NEERe P18 BUkoR Pt oREsGh AF afrod hmp ¢ an
[ ' ; [ | t: f t jcal { 150 150B
and 1500 Ar o deag: FREHo dIAiICiEs IoBP S aRterBRLSRAAGS "BrtRat ner

nmbodi f [ iaue, ' f tical | se.

gener aty SEDSRURNE R bEe e feditid, Rhi e, B
f r equersityatiomecan de a(oiteds WQW@)eoWﬂeéﬁeﬁ&@wﬁfEb{%q j #hPsefcRRr ating a

different, unigue frequency. The different, unique ency may e€ither be
a const"érth‘WlégQetheyW@fkeInSIalledrlnathiengrtf r'éhemdlye comb freqaendigs adf

frequeng I(generat rs En be enbodied as a plurality of oscillators. In this
enbodi %éilﬂ ,gt%mpfﬁc'oﬂﬁ g2 Anasen grarerly, #nal Bblraﬁhyppé@lwltanpbmsal ity of
di f.fer kq f; 2] : r rating an internedi ate

f rggue%g%m%lgr‘g %%r%&tﬂﬁﬁggg\%ﬁﬂagﬁs.'ghg%ni%i gﬁ%ﬁ slgfsdleanalyzsF didthcen t he

di scl ogisletmirtetiatesath | 2Hraine of! SiffiieHe ARTRIGHAY UEHE BB eRl Byed 1O
sanpl e an incom ng anal og signal. As such, in Figure one ofe plrdrality of
opt i cal@ntensa déder atlor adufidw, phosessnr 150D canophémnsimukenesusiyanpl e,

Fi gure ,%\ is. 25 ﬁhof\[pn and described using three optical pul se geneéerators,
al t houéf? ARReithy TeaveRcyias welkPs dbenchakactedisties ofoeacbpof dhe pul se

anal g “H S e BRI T PURReRR0t PR Bl iSk: R llfnea at e
R S B i A LR CRET e
embodi &ONAS f analggesay toatas svelhascthe Beqoehcyaf thel basgsasgat or s,
- 27- signal used to analog sample incoming signals 112 in analog sampler 106,
to determine other characteristics of incoming signals 112, besides its
frequency, such as its pulse width, amplitude, bandwidth, variations within
20 the received signal and intrapulse data, such as frequency modulations
and/or frequency modulation data, amplitude modulations and/or
amplitude modulation data and phase modulations and/or phase
modulation data, and the like. Processor 110 may use additional data,
such as time stamps of the multiplexed sampling signal, recorded copies
25 of the digitally sampled IF signals in digital frequency analyzers 108A,
108B and 108C to determine the other characteristics of incoming signals
112. The characteristics of incoming signals 112 listed above can also be
used to eliminate undesired signals. In addition, filtering mechanisms can
also be used by processor 110 for load balancing and for the elimination of

30 undesired signals without interfering with the processing of the received
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WO 2012/ 049680PCT/ 1 L2011/ 000805 then if the incom ng anal og signal is
narrow, a single conb generator, fed froma single frequency generator, can
be used tWOLARAH®She i ncom ng anal og signal. Further roPET/TRATHAUYEYS ped

bel ow, the nunber of photodi odes, |ow pass filters and anplifiers in anal og

opt i calsigaatsl. eFotdxampley, repessoit 9 10h@aLifmsEnféntoRtiIGAlitp W ligRgner at or s
used. Therefore, since at |east two optical pulse generators arg used in
anal og R4 cgject fikters in leach of digifal frequepbytartilpziers, 108A| 4088 el | ow pass
filters | east. tywg. anplifiers, each respectively coupled to one

anot her!@eiﬁ‘%%e &E@&\oﬁwegg@%ﬁ%ﬁ%g@ differené frequendies 40s eagheofopt i cal
pul se | I I ti ler, 140, then a single
Phot ol e relLERCY qriiFEels 1 3R, Cfodh ArP 10BETE I 1piS Fesnetiosaeh

[ espectonesby digitdll fesqenanananidis 108K 1688t 0dC" cARBbAduABY 7!

sanpl er 140. so, in such an enbodi nent, since only a single co

f requengfoies orenejeat espedifictumdesiced Kignalsdit decriviesp! &fry igiidrimg ernot

requi red. and EDEA 154 woul d be 15 coupled with each one of plurality of
opt i calJGHloR fRfnsPedHic un@esiradosigfals 18noeasl @bddigitedr fressiensyl d be

gener aPAErETAIBR Fofs ld 185 daf bePeRBAY B rtitenstd of "ol ural ity of

optical pulse 4eMABAERES K58 lutsiRfp dﬁ;‘ﬂc%aﬁgﬁgrgi nald GliipeNe: | 'sibarllié]e | ow Gz

range, for exanple, 20 between 1-5 uency he" t n of
opttd calanalyzass1 Gbsnataneduslyr ppoesssurs! Ghdeterhined ithaubaesiciiisasch t he

train of optic ulses.is emtted fromeach one of plurality of optical
pul se é’é% beﬁeﬁymmmsigmdﬁ bssed andherparticutardpteger ceeffisientgener at ed

2%t mi P, SL I RED e vt i BLRS 88 oo oy idexed e
The midtpt e40t opt B pul At T AGH AP ParBBAUSgNEBTHRG
mul ti pl exe anpling signal, as nmentioned above in Figure 2. Miltiplexer
152 pr lE s 10 B IR RECREn SRANE, 105 AR BUID IR ESanig dhe hrp! 11 s
o TSR POBH 005 e e O L0, BAA0ED 65,608 b
100. The first reference number for each variable ACf represents the
digital frequency analyzer which determined the value for that variable,
whereas the second reference number represents the different values of
ACf determined by a given digital frequency analyzer. In the embodiment
20  shown in Figure 2, three digital frequency analyzers are shown, thus the
first reference number ranges from 1 to 3. As mentioned above, if the
comb frequencies of analog sampler 106 are chosen properly, then x will
equal the number of signals arriving simultaneously at signal analyzer 100.
Processor 110 outputs a digital description 118 of incoming signal 112
25 which includes a listing of the determined characteristics of incoming
signals 112. Digital description 118 substantially represents a detection of
incoming signal 112, i.e., processor 110 can detect incoming signals 112.
Digital description 118 of the signal may include the determined
characteristics of a plurality of incoming signals 112 received

30  simultaneously, either all at once or separately. Digital description 118 is
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WO 2012/ 049680PCT/ 1 L2011/ 000805 whi ch al so receives an incom ng anal og

signal from analog front end 166. The anplified nmultiplexed sanpling signal
is an optWOR12MY¥4I . The i nconi ng anal og signal may beP&TAEYAHPOBYOM
incomng signals 112 (Figure 2). Mdul ator 156 may be any known

opt oel estubstantialipdudata otjecthwaicta chnMbg oréeBaged BPautaiputen e

enbodi nent of the anal og sanpler of the disclosed technique as an anal og

opt i cal Nelgshthat analathsampler of06 ndigitab dietprenayt anhbyzensl HBAAMIBE of the

di scl os tﬁ@i ue as an anal og RF saﬁ | er, as described below in Figures

3E and 3F AmMEIRS roppasPiad 4P qggo@ﬁﬁ“@élsblx@@@faié Ipyregstirme, ni xer ,

any sa i it t nd hold,circuit | at or 156

subst aWI@IW%&I’% gélés)%{[%pIO%g' t I@é%%@é?vé@gﬁ@&np @nﬂ%g O?IEPI%ZII)SI’JV\M ch is

an & eddigitahlreaLienal.arfdly foish ¢08APHDBEP AL G8C| P Brocedidingr glgppal . whi ch
anpled el ectric

is an optical signal, thereby generating an anal og al

si gnal .barteshiensd byedsimgl VHIDleXeeryshigh-spegediiotegrated sitesitanaidwan
i anal og signal which is electrical.

nodul at ed by .t he receiv cl_',15 i ncom n? (
Modul alt‘%?s_cf logy lgeakaae] 'ghﬁd?ﬁﬁéiﬂgawﬁn&ﬁ%m’tgca@lslwgsa@rthe linkt 0 an |
ool se 112EERBRactRALRSA et RbBHIN, MK &bl Tmuraiptong) °° °P'' ©

substantial ly Referescs g hBﬁP%Q@eaﬁIﬁguﬁ a@Rl wHich h%egt gblﬁéﬂa%%t ng

sanpl i ng frequenci es 20 si nul t aneous n the ‘case t hat € 1'nco
ul

analoog iBugfrafiomanf the ermlogesgmipleh dfr Egueacy, embdied asf4gcmesey above
2.5 GHz, rro%gul at 0@156 Wi || undersanpl e the incom ng anal og signal.
Modul atSRtICEE saliBler o ganarally referencre 1400 ongtracied@nd gperative anbaseband

2t 't o Lo e S e T dRel BB ied eiidiie  aalotny be 2. 5
GHz. Y@ptﬁﬁaﬂ%@arﬁ?%ri ﬂ'@,@”?s@st%’f‘ﬁibﬂ? flgél;ﬂ@één&‘ Ia]InI %gnt?'g@?ﬁesﬁ’tWBI eéIIeIIégt he

mul ti pl exed sanpling signal at di ent sanp es which™are¥bel ow t he

Nyqui stsaimplgoed 6, (Bigurei ). wi IAnalogumpitical heamwier et4Gi sopstardrallgi f f er ent
sangl ing rates are used to undersanple the incom ng anal og 30 sighal,
al i'asi hgP § asS19pAE feldarhdok axarapler r aniaglio flsequensyuniiF ngigrales of t he

55T P, AR R IAIE LM ASIR 8 o i
anal oo scieiore e g, Mecay, BRSBTS

bel ow, sampling the eiqcentngasigngt ewith aopticalppakses s@ingr eA teptigaal i as the
frequenci es of ther'fj incom ng anal og signal, and thereby determ ne the
f requeREPIRIET {10 inudes @ ahaadily sif prtical Tilse .generadorsy 168Apots0BI e, as

h I } i i . h I f the in i I i |
Sy Bk 56 Bkifid, BHI, IS AIRLSIRT " SolBRER, 08 o o
2125, fbiomcons inaruAgITe el S8Rk EDRIORLbASL ARG Aol "o

anal yz466, andembiipiexerc$58r a ipfurdsitye bhiphotedibias ars o MBoREHRN$60E  t he
di fferent con frequenci es used to generate the different optical pul se
trains2 BIWAIYhET Iowe Pesslilkersy 168A, f 18Beante$626f anbeai phualityg ofinal og

:ng?;ﬁmifﬁs g@[ﬁq 688 and 1633 EDFR! s A3 be' AGeaToey \I;I/It?lrarI)? 6 1s
25 known fiber amplifier and is brought merely as an example. Plurality of
optical pulse generators 150A, 150B and 150C are coupled with
multiplexer 152. Multiplexer 152 is coupled with EDFA 154. Modulator
156 is coupled with EDFA 154, demultiplexer 158 and an analog front end
166. Analog front end 166 substantially represents analog front end 104
30 (Figure 2). Demultiplexer 158 is coupled with each one of plurality of

photodiodes 160A, 160B and 160C. Low pass filter 162A is coupled with
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15 optoel ectroni c nodul ator and nodul ates optical signal sI usi ng Fl ectrical
signals, nodul ator 156 can operate with various electrical signals at

vari ous sVR812/40688ngt hs si nul t aneously. For exanpl e, nBEETEIBH08E can
operate with weak electrical signals as well as strong electrical signals

si mul t apleoiosligds i1GOA ahd itis arm plificr e Ha. icﬂ@@'ass&'ﬂté?'ﬂZB igebuplepal , is
20 used to nodulate the multipl exed optical signa Anmpl i t ude dul ation

can be WitBcphelgdipde h@QﬁulaﬂCbMﬂtl‘eammtﬂar? ?g?gph%\xévp?:ﬁtflﬂﬁrgagﬁge; ZI 82?|ng
weak arwiPgnyRa R toRfade 3ogRupodnith ameloar v %stﬁmwﬂeadﬁﬁt on
a e
gglspgngh%pr ovl g&gpﬁ@g rﬂqgl&% namégtgféfoaﬁglgﬁdoé@@ %e(ﬂﬂﬁetrl 4@%8 WiHE | ecei ves
t he ssangirectiorpin adicts)| glh@s and &igiears| rhbRe anEsudH anafsPb HcQPééﬁﬁn'lers' gnal
P IO AnaRi 0B

according to the wavel engt hs, which are kno ner ated opti cal
pul se tt4d.ns of pl urality of optical pulse generators 150A 150B and 150C.

As three different o | se 30 trains are generated in anal og opti cal
sanpl er 140, deé%ﬁh PB e&fg‘PIU%Wd}irﬁﬂt \cabpeiass generatanp 168 o ptaBansi gnal

into tmﬁﬁ%s ér%qegpé t?ﬁh 013% '&?ﬁpiﬂ&%é Lﬁ{ligai%t)PCT IL2011/ OOOBO?EISI gnal s,

each o respecti ve WaPe %8

gener atdjﬁérérﬁoﬁteqlléﬂ&e%n@ub‘é%tldﬂ?”%ﬁ#&e‘?ﬁeﬂlff%?énprc%\‘ﬁlﬁ’eﬁeﬁﬁéﬁur f§| the

demul ti pl exed sanpl ed optical signals to a respective one 0
phdpodlwimeb ae0Bsed doRRalog1$aGpIEarhincoeniog ah?roglhs@wa@f lﬁqg@ém |(5de5 5
160A, 16 nd 160C converts a respective one of the sanpled optica

si gnal R W@i %’I§%s%%$r%%l o8ty i t20Bsapdal 5Q@dage (ﬂﬁS@ébedabBIGVéslpect ive

ilagg:“fég re;'n '16 EQS AnbRPIRAE iR SRSHREr Rb8dindnlor BY RASSIosLy! &S
technique, plurality of optical pulse generators 150A, 150B and 150C
pulse be replaced by a plurality of frequency generators (not shown), each

15 frequency generator generating a different, unique frequency. The
different, unique frequency may either be a constant frequency or an
alternating frequency. The plurality of frequency generators can be
embodied as a plurality of oscillators. In this embodiment, the incoming
analog signal is analog sampled by a plurality of different, unique

20 frequencies, thereby generating an intermediate frequency of a certain
bandwidth. As mentioned above, according to the disclosed technique at
least two different comb frequencies are used to sample an incoming
analog signal. As such, in Figure 3A one of plurality of optical pulse
generators 150A, 150B and 150C is optional. As an example, Figure 3A is

25 shown and described using three optical pulse generators, although
according to the disclosed technique, two or more optical pulse generators
can be used. In addition, as mentioned above, if an incoming analog
signal is narrow and has a frequency within a defined intermediate
frequency band, then a single optical pulse generator can be used to

30 sample the incoming analog signal. Likewise, if the disclosed technique is

embodied using frequency generators instead of optical pulse generators,
27-



Each one of plurality of low pass filters 162A, 162B and 162C is 10 an
electrical filter and attenuates high frequencies in the respective

el ectri caVOPBAHPESY t hereby generating respective filtePedTEIAEPIB,]
signals in an internedi ate frequency band. The internedi ate frequency band

i s in dheh ihtheuimeomg ahbiog sigreat tis varfow grsiiglel esinb gaheritonaeg can be
respectively sanpled in digital frequency analyzers (not shown) at not 15

more t HEQIM: ReSINglecFreaeency greniator, feary lenuised. torsampleartheeinconeing

i nter ' fr ency-band may be up,to 2.5 Gdz. Pluralit f | ow pass

fil te?‘éaqﬁéi, SIG and WE3eQMR L A | Q?W%é@q‘ mPEIRW, alhe i ﬂé@‘&erof()ft he

el ectri ' |, ' i : {0l . L,ased i mage
of "t he P aofiqHed lodss MRérs 3RD AnpRRers 1L Shaldy BRugal ¥ahitef aBirar i 1y
of B0 lomwespond it tthesndhibr 3B3Btisad plfstCorherhlrs @sdEsSPRséiefsid.i | tered
el ectrical signal to respective ones of plurality of anplifiers 164A, 164B
and 1640CeEathleast wro pntical i pylsef ganpratbrerarel6dad ro4badog dBH@li s an

| ical Lifier, h f.plurality of i fi 164A, 164B and
Toa0 A TPRLS 4D, Adgact e AiRSUoReRe 2t Ipdatud Buass lhers: ghdias and 25

t put | A jcal_si I | Fi 168A,
2" Lot e nbHi Y Rth e Sheay Filsled hrb i8R A ekt oa

t put sisked? | $n 1 i d
Co [ Fi TTEA (P gure B e dor ranan s SRIERP Pyl BeRe A s s
168C césedsiporrrlogoptral sae0plerFilgd, dhen.a Engle photodicdie, FsingiSow! F2 168B
and | F3 1639 has fr.e01uenc %/\/m ch is significantly | ower than the
frequeR@ys Hetfr?é'qaﬂém ﬁga@\éﬁ 18ly eachhrasnachiveleeowuylegdral ere agothemp
2012/ 04968 /| 11/0 f Lo t dul 156 t all th
| F si g%ﬁ sgrf)segtra%l%lgghé{ Oglﬁélg) aléﬁagnacl\?vi %{Tﬂﬁ%{ 3ﬁ§DI ﬁé@%ﬁg;\g'”ar%i%ﬁ %ri?gnal 'ee
provi deml@ydimmitpgirfdeoﬁhl_ye@@iﬁgﬁé-cdrﬁbqﬁé‘tﬁ?éﬁcy isngéﬁélléwd,oﬁ’fdlﬁﬁi'exgﬁ”p' er

140, each respective optical pulse train froma Tespective one of plurality
of opt 162l apdl demydtiplexeor 58 5ar8, nob EERreshantb EDFA ¢ %dntvaalld Ybe

denul tipl exed, .converted ipto an electrical signal, filtered and then

ot i £ PBUBIEEF wiG BE5H oisubb bfuralivaet Gibat Buie oaperatpt d6ALy A0S <i gnal
Ther ef , ghrw'dﬁﬁ: ' S filters and_ anplifiers used
in ana?(@g 1o%dglecal saér%@éF&JIﬁ%gSAé(? s%%r?g)i\jp?‘ggs'ﬂh{ ﬁaﬁbe‘?”%f’f&gﬁﬁa&;&l{ pul se
gener abbrphatogiddes 468K09180BPaNGA 60@MPIIATgdMYal, the train bf déﬁifc’é‘Pt ed that
In the case that the i ncom ng anal og signal™ provided by analo ront end

166 t oPHis@S geperatssl tys eachebaei ol plurality caf aptical rgjsenggneratols as | ess
ed anplified sanmpling signal, when nodul at ed

Ega%é&%r1t5§%?aaﬁ|%y@%£¥mmy infhedow e zarangs fonexasiplg, i n t he
o1 hal DeuReRR 1B GRECy . TR RISRALE Of P T RdisE ot dihtiH aldes n T
Equat i substantiglly Irepeesstital tHeo paRiePfrequency at which the train of optical
pulses is emitted from each one of plurality of optical pulse generators
150A, 150B and 150C. The train of optical pulses generated by each one
of plurality of optical pulse generators 150A, 150B and 150C is
25 simultaneously provided to multiplexer 152 which multiplexes the plurality
of optical pulse trains into a multiplexed optical pulse train. The
multiplexed optical pulse train can also be referred to as a multiplexed
sampling signal, as mentioned above in Figure 2.
Multiplexer 152 provides the multiplexed sampling signal to
30 EDFA 154 which amplifies the multiplexed sampling signal. EDFA 154

provides the amplified multiplexed sampling signal to modulator 156,
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Ref erence is now made to Figure 3B, which is a schematic illustration of
one of the optical pulse generators of Figure 3A, generally 20 referenced

200, consWPR2EWIBAd operative in accordance with a fur PREALIAENYSHent of
t he disclosed technique. Optical pulse generator 200 is substantially

si m | arwhichesls© regeivals aptincomimny lasalog siyeal ffemlaRaiogHreHt endA66.150B
(Figure 3A) and 1500 (Figure 3A). Optical pul se generator 200 includes a
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gener atMachx-ZAghariderohoaipilatonlin RHe SHboSRAERNBP Hse WMo 33RhpIRP otQRegener at es
continuous wave | aser |light and provides the continuous wave |laser light to

el ect r slisglesedt lephninuril as an Zmalogheplicalesalripdét. - BR2the Viase of an
2012/ 0496 OPCT/Inglé{anOO%SS gener at ed b¥/ conti nuous wave | aser 202 may be
in t he SIBAGIMeRE, ANogasampigh wfothe sHsclpgrInte@miquenasi Adous wave

goner atieISE RE? Safble S etk hbal ity B INBRES 2B410 arcalR BBRRER ner ~The
conb 5 of regderRtyr 986ad B8 S¥ecitBl I9LBAYRP MRS, aWidnpre éHH%{%B;iSm ly a

pul se train, should consist of optical pulses belng as narrow an
acdor ac#cHl ogsiyblrack latehiNojd erduitopMaediilaper 466s$ubstdntiallprariaiog! se,

al t hough practjcally, a very narrow optical pulse is sufficient. In Figure
3A, eagﬁ"ﬁ}?'eé65PJ&PéW%@C@ﬁHBQmﬁ%ngmbwvfyghésmeleptt;wl(sxggahe 3A) and

conb o T Ui anoitled RUNBES T LERMIRM “Bref MRS Ab Spucllabi "' Ve
f r equetisarepyngepkest aﬂﬁ%hdl@@p%rhwelﬁd f@@@tr%m%%ﬁlﬁ N SRphtigd 2!

anal yzer 10 Figure 2) to subStantially unalias e incom ng anal og si gnal
in thenudtplexest samplingursignalaipisedbstynteaiyl ogodaatedrbyldhe( Féasived2) . The
15 conb_ frequency generated by conb generator 206 is in the |ower GHz

r afge, MM ARalOG sigRalh Which dseleeliaal ge Madulator2 586 neybsiastinlig t he
genera e )t tL:.0-absarption dul at or 204 .0r .to an

anal ogcareRS s kBYa" BrBles SnBETRS i aliFel Sitasa saBstife al 1y
modul ahmsitipleseeo danipl igval | ineridds fostedll v ser 202
with the _c%nb fr.equeﬁg;@ggeygeratled byéécgﬁ%e%e%eratlopﬂ%% tf%nggng?%@e atrain
of opt hasingrd shferenti frgqaehcyquradylatobstittsudstantally \saneplest thé he conb

frequency of conb g@ener ator 206. FEl ectro-absorption nodul ator 204 provides
the trH1GPM8N%GHpfNRY pideal t dtminree hifferents saMmingul figsiugnsies he train

of ,opt LGal W t e i nulse trains fromother optical
qués)_e 5@%’?%‘?@%0;'RsE@gngc?gém@féébﬁa@ﬁoﬁﬂpﬂcéﬂaﬁﬂ s%g[]?ffairh? chis
mul ti pretstideljanigh HeGAEARCY SGEIR Y a fASqUBRLY ap8deaP8VEHA hbdulfiosA the
optical pulsé generators
156 will undersample the incoming analog signal. Modulator 156
substantially folds the incoming analog signal to a baseband frequency
whereby the folded incoming analog signal can be sampled at least at its
25 Nyquist frequency. For example, the baseband frequency may be 2.5
GHz. Yet since the incoming analog signal will be undersampled by the
multiplexed sampling signal at different sampling rates which are below
the Nyquist frequency, aliasing will occur in the sampled signal. As
different sampling rates are used to undersample the incoming analog
30 signal, aliasing occurs as some of the samples from different sampling

rates of the incoming analog signal may overlap, thereby generating, for
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di scl osed techni que can be replaced by frequency generators.

In 30

case, optical pulse generator 200 (Figure 3B) is nodified to be a
frequencyWgeABYHP@SP by repl aci ng conb generator 206 wi t RCATRIMFEI08YSy, of

a trai rexdmpld,se® Onmor@smple&@fﬁInheﬂﬁc@rhrﬁ@%n@"ég %ig{ﬁa{ etcH hagi,

oscillators generates a frequency which is anp

0 saturati on

frequency oscillators for gener ating

thereby

resul t iy identigal @@ﬂ@pl@mg dimer stempobu& belegueacmrdedaat vieid orTm;orgaener at ed
enci es ther m a set of frequenci es

whi ch @*ﬁ?%n& har Bge@ eng e}qala ? VErANR |%Wofj'92m reﬂ#@ﬁqyequency

freque

mbi ni ng

const ard TAISZERY a8 pReCetlortale ST GBFPaL 3he, fRBBCHIRS: Sf O of "Phe
di sel osadotdngnansRg ssi%ﬁaIaSaﬁattwabbpubre@emﬁer%erfr%ageﬁe tt‘h%a' pU' se

I 0 generators 150A, 150

and 150C (Figure 3A), can also be aced by

pul sed INeg@YRg amlegemgaal s iy wmaléading AsgpossiBIg, adistlowrs b@l@whrermat i c
gi tal freguency anal yzers of Figure 2i1 general ly

illust
refere
enbodi

:FatQ'HP%né‘g S'%%égmqrealea%e SR IREPIUNG rarhai@@rsa@mleaw f

caut vala: rERE accs BRECHRGE MHE it Ry b T3 TS0 e
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Unaliasing is executed by the digital frequency analyzers and
the processor by determining linear combinations of the different comb
frequencies used to generate the different optical pulse trains, such that
the frequency, or frequencies, of the incoming analog signal can be
determined. It is also noted that since modulator 156 is substantially an
optoelectronic modulator and modulates optical signals using electrical
signals, modulator 156 can operate with various electrical signals at
various signal strengths simultaneously. For example, modulator 156 can
operate with weak electrical signals as well as strong electrical signals
simultaneously since the incoming analog signal, an electrical signal, is
used to modulate the multiplexed optical signal. Amplitude modulation
can be executed on the multiplexed optical signal with the carrier signal
being the multiplexed optical signal. Modulator 156 can thus operate
usi.ng weak and strong electrical signals with the only substantial limitation
being the ability of modulator 156 to sense the weak or strong electrical
signal provided to it by analog front end 166.

Demultiplexer 158 receives the sampled optical signal, and
demultiplexes the sampled optical signal according to the wavelengths,
which are known, of the generated optical pulse trains of plurality of optical
pulse generators 150A, 150B and 150C. As three different optical pulse
trains are generated in analog optical sampler 140, demultiplexer 158

demultiplexes the sampled optical signal into three sampled optical
-30-
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anal og sanpler 221 and a processor 223. Anal og sanpler 221 is equivalent to
anal og sanpler 106 (Figure 2) and processor 223 is 20 equivalent to
processorWOR2OI2(HEPlre 2). Digital frequency anal yzer 228CTABINMHRYSY di git al
sanpler 222, a logic |layer 224 and a Fourier transformer 226. It is noted

that disjgnals, feaarr.lu@m@yaaaarasqmctwéOWa&elenythL@Epmrahllyr of bblricaf bR i er
transforners (not_shown) ?ltal sanpl er 222 may i ncl ude at Ieast one ADC

(not shHaRmgratoesyd ﬁoAaﬂéﬂB éﬁ@@oﬁ}arﬁultmﬂw‘tﬂ&pro@desmmmtlfm enbodi ed
erein abbreviated FPGA) 228. |n the

et AT ol R Al S Tl o
oo o Yo R S S O R 25 o
an BPGA6OAN 180BSBndDi socatoﬁ@émé%r ré%e@e&ﬂ/ec@rnebef ﬁﬁ@%@rﬁﬁle@ﬁopnééﬂp' er
having a sanpling rate of 1 Gsps (giga sanple per second gher
Di gi t alSigaglsl érto2azraspestivel ekﬁo!mai sigaabcand provides each respective
electrical signal to a respective one of plurality of low pass filters 162A,
162B and 162C. .
Each one of plurality of low pass filters 162A, 162B and 162C is
10 an electrical filter and attenuates high frequencies in the respective
electrical signals, thereby generating respective filtered electrical signals in
an intermediate frequency band. The intermediate frequency band is in
such a range that the respective filtered electrical signals can be
respectively sampled in digital frequency analyzers (not shown) at not
15 more than their respective Nyquist frequencies. For example, the
intermediate frequency band may be up to 2.5 GHz. Plurality of low pass
filters 162A, 162B and 162C substantially eliminate all images of the
electrical signal, which has been aliased, retaining only the aliased image
of the electrical signal in the baseband frequency. Each one of plurality of
20 low pass filters 162A, 162B and 162C provides a respective filtered
electrical signal to respective ones of plurality of amplifiers 164A, 164B
and 164C. Each one of plurality of amplifiers 164A, 164B and 164C is an
electrical amplifier. Each one of plurality of amplifiers 164A, 164B and
164C amplifies a respective one of the filtered electrical signals and
25 outputs a respective one of the amplified electrical signals as IF, 168A, IF,
168B and IF; 168C. Amplifier 164A outputs IF; 168A, amplifier 164B
outputs IF, 168B and amplifier 164C outputs IF; 168C. IF, 168A
corresponds to IF; 116A (Figure 2), IF, 168B correspond to IF; 116B
(Figure 2) and IF; 168C corresponds to IF; 116C (Figure 2). Each one of
30 IFy 168A, IF, 168B and IF; 168C has a frequency which is significantly

lower than the frequency of the incoming analog signal provided by analog
-31-



-34- WD 2012/ 049680PCT/1L2011/ 000805 sanpler 221 and wth |ogic |ayer 224
In FPGA 228. Logic layer 224 is also coupled with Fourier transforner 226
and wit h WPABLEY80223. In the case of a plurality of FEGIIBII/PUBEY or ners,
| ogic layer 224 is coupled with each of the plurality of Fourier '

t ransf dromt endl f6@litgimetiufatenuéec yetrAl three [F28ighato estai®ithe srigidgl FPGA
sanpler 222 is either coupled with logic |ayer 224 or

228, t en'%éii gj.tal _
with | 1}@@ Wikljof 2ba ageming mnedeg signal miavidechiy apaibog fronit endo164. t hat
Fr equeny OSnEfY), Uf Staiod Sl plstol 460 Satboshactieppaiaal pyler 1F

i anal Sk ; . ' , the IF
<1 onal Sancirofitel spkbiiverBh TGy AR ARTECE opichl s NS AR TRl gt e
222 sdi 91568 1anc AFOG9s tdverithally asrhaltilersd | e@ﬁ\ver&@eiihtd\'xsmubi%ctﬁégﬂfenci es

and outputs the digitally sanpled signals as nultiplexed fast seria
commni%ﬁ'ﬂabnﬂét'ﬁ‘g@gl andanthemnpneplifieds ubefasegrizgingi soutputted! tagean

di ff ial si I h in 15 abb ' d LVDS). Th I tipl d fast
seri ol BRI M6AuENGHAIS Sneh dneratase: e pLighel ecpeiododes.pr ovi ded
to | ogi 24, ] : I Liplexed LVDS digitall
sgrrploglcis\g: ?r%ss%zﬁafrééé?ﬁgﬁegrrﬁéﬁﬁd%ﬂéo'[ugg&ggﬁc%lh%ﬁlg %h&élg sﬁ%ﬂ!eﬁzgiod)glri er g
L ransf GoMRESRARIY ¢o cthechunitverdoni dtidal @SB! gensiAtdn uddPm | Adieg! aver 224
and executes an 20 FFT on the digitally sanpled signals to deter mgne their

di sler etapticalispgipler 446f orns (herein abbreviated DFT). It is noted that

Fourier transforner 226 continuously executes an FFT on the digitally
sanpl ed si gnal it 1% '?é@gi &é%t. ! a@'ﬁ casec gtk thtieaimied aralegesigialed wi t h

t he fol ] T5G Kk r m ast a predeterm ned
amount d r%dég’zgﬁ p?@%é@eﬁr‘%ﬂ%%gmgﬁgﬁn[g Eﬁgd'g%’@éﬂlsgxﬁﬁﬁl 2 rg%&ve%h QW

over | awairfigr freguehey] Sush siEIeisk thah PIGIRETMAIPHERANtbRRINSTRIAER] | Y
sanpl ed signals. This overlapping can al so be executed by using a plurality
of Fousaeplingsigral rewhen wiostiudatedehy médulater 166ansll aotbe fotdsdt ¢ an FFT
on a portion of the digitally sanpled signals. Fourier transforner 226

pr d9i dEYC80 2 CASRpI 135188 HheesagIPINOrSigaal avilll pattoecyioanidothet t he

SO SRR of Sheel g Pebnif, SELE) LAHE R SesMEREL N AR, Lo
oo 3 e FESochsperiered hgsotdn L eSeRle gl a5 e
bel ow a predet Keferantearpl nowdmadéhdonkigyrel 38, owhiaty igl $ sdhurhatle, for
illustration of one of the optical pulse generators of Figure 3A, generally
20 referenced 200, constructed and operative in accordance with a further
embodiment of the disclosed technique. Optical pulse generator 200 is
substantially similar to each one of optical pulse generators 150A (Figure
3A), 150B (Figure 3A) and 150C (Figure 3A). Optical pulse generator 200
includes a continuous wave laser 202, an electro-absorption modulator
25 204 and a comb generator 206. Electro-absorption modulator 204 is
coupled with both continuous wave laser 202 and comb generator 206.
Electro-absorption 204 is also coupled with a multiplexer 208. Multiplexer
208 is substantially similar to multiplexer 152 (Figure 3A). Optical pulse
generator 200 generates a train of optical pulses. Continuous wave laser
30 202 generates continuous wave laser light and provides the continuous

wave laser light to electro-absorption modulator 204. The laser light
-32-



5 exanpl e, executing a process of peak picking which is used to dilute
data, such as a set of DFTs or a portion of the set of DFTs, provided by
| ogi c | ay¥p 20@A4P@0pr ocessor 223. The process of peak pPERITEYIEHEBIes a
| ower band width to be used by logic |ayer 224. As shown in Figure 3C,

i nst r ugereTrated bymantimelisowapedasss202ag bk trPtHeogLbahdy SlicR &é: aiThese
i nstructions may relate to the noving and ordering of data in logic |ayer

224 as wvavelengihe of Mifisdeangmeterss Qogtinudbusamave dpset mzﬁ@z thna}sbien fli gi Ita|
| . 220 ri hed above, in Figure 2 ich in particular
Lo PR BB, 198, RS A58, D, Do 0, Shrauricnod
' | zat | Lgnal . (not own),to
i gi t ol oG SRy RNy oSt A o LR &glp -heTﬁéécqrépedh
[ [ doteb dg S r e ; ugh as
LgﬁfPgggﬁngggeggﬁ?ﬁﬁggﬁiagﬁbodine%?gég#oiﬁgngiggrgzgg %ggﬁﬁygug? g single
di gi t alPUlsediidine yshewldy zensistyok ufifticad. pulsesr beiny tas trizarclivsahdsag
the DFTs d ital 20 frequency anal yzer may be

' ' b h di u
L e Lt TSl e P g ey sl yzer, ey,
s mul t apRuSHYDlRiEARY | QYety [ fdw HotRaF Buflldls lrtleRUuGARiganalpzer 1N
order to sy chFr)onlze ¥he A OR lshlé r ect, lQH{)%l?’ﬁ‘DFT sets

. X . r i

b et e N A e U A L R
i | st 190G Figure BA pinctudasa refspeictue ecnb gereratdry Eathrrespedtidgo,
constructed and operative accordance with a further enbodi nent of the

di scl oS80} SERRTANS %Qﬁf@lgé]%ﬁ YRIGUESCRID; Végggﬂ_cl/o BZ%M@%% c]pmb( Fi gure
d [ C [ I ncl udes requency
T L e e RO W R
et or mnator 254 Sgone S0 LSRN, Uhhlad 0 MRS BRalaT Pranel ) of
the si gnthe gaseyhat itas undersaspled by araibgi spraplerto (Bigurs 21 rve 231.

Cl ock 236 ,i |l ed with each digital frequency analyzer (not shown) of
thg‘g siﬁﬂﬁ]bl zrr??.ﬂou GPH?F@E& EW&{BB geaarm qne?,al iR the werr vz 233. | n

range, for example between 1-5 GHz. Comb generator 206 may provide

the generated comb frequency to electro-absorption modulator 204 or to

an analog mixer (not shown). Electro-absorption modulator 204

substantially modulates the continuous wave laser light of continuous

20 wave laser 202 with the comb frequency generated by comb generator

206 to generate a train of optical pulses having a frequency substantially

equivalent to the comb frequency of comb generator 206,

Electro-absorption modulator 204 provides the train of optical pulses to

multiplexer 208 which multiplexes the train of optical pulses with other

25 optical pulse trains from other optical pulse generators (not shown),

whereby each optical pulse train which is multiplexed has a unique
frequency.

As mentioned above in Figure 3A, the optical pulse generators

of the disclosed technique can be replaced by frequency generators. In

30 such a case, optical pulse generator 200 (Figure 3B) is modified to be a

frequency generator by replacing comb generator 206 with a plurality of
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5 particular, clock 236 is coupled with the |logic |ayer of each digital
frequency analyzer. Also in particular, frequency determ nator 232 is
coupl ed WPRMIHHI88gi c | ayer of each digital frequency ZRAMZAH0G08S
receiving the snmooth DFT sets described above in Figure 3C. It is noted

that arfrequéragoscillatogufe generstires entraihof gaises! (nbt @own)si garlks in
processor 230. |o Cock 236 may provide a synchronization signal (not

shown) are Phéhe pliralibagéfraquessyrostilatoss genegatascy feetalgnoyr whichsignchr oni ze
Ts, Frequency determ nator 232

ﬁgﬁefﬁﬁ%ﬁlnﬁﬁégﬂsg rgﬁfe’@g‘%g}% BZ??EH i]lc'i‘ngi%:"githﬁl genem}mpfamwrg@ewc
. c .
235" unaltaaidies S IR T SRBRY ToaRtncY s AaRHRERE aReRiE,) "ana.

det er mitogethidre foranuancyeof of herdguepEiey wHeR! Ss (b ﬁw' ntioned
above in reference to Equation (f), if nore than owg \\;a ue |ios %"'@Fm ned

for ACEleetieraksqsptionl modwéatosi 204t arfdveisredgevadys asoillaiossenayi alsohe
ignals, In such a case, frequency 20 determ nator 232 determ nes

the fr Eﬁe.@h%. & [eapRBCY; wormbinebutapakieeiofe gombkibinthgcenstaat s apdot

hown) . nj nat - Doy he deter i ped f.
Fr cquelbRat e RERs T e GificH MR oRPEAEHS FME dECREA" o
char acttechmigues @atRr misnabsticals buibs cefierstor 28D ohiter pplBaRchEEES! ! cs of

the received incomng signals, as 25 antl oned above. Tﬁgse ot
chapacganesatars ta0A| HG0BIa@nchd 5pQ $Eigurdt$1A),fcmLm90yb6WéFmted bye of
arrival, |§r(§f£6nce of another incom ng signal received sinultaneously,
vari ati &f8dul ations in anplitude, phase or frequency within and

bet ween i ndi vi t ' ] si,gnal , .t.ine of end ower | evel
paraneters rel g@%&%éﬁ%e%\gcgf%%%gghﬁg m3gg yhéth'saﬂdsé?ﬁip?ﬁﬁde | evel
par anefijistratRIrat oM aheo didigal’ FFRjuert ' g g ract eristjes are

out putted by characteri s@i CS Gegiermynaatshoérw%rf a‘?ef%?g?at% %éellée(?rra:“gti on 235.

These cetarancedi 220csomstrudtecranchespdrativeairh dovopdamee sivighaandiairch may be
ve) i ndependent|y, sinultaneously and

202?&%&%@%”&9&“ nﬁl%gaﬁ%ﬁﬁﬂ/t@chlmque- Digntaf fne@ml@@cu/selmamzmaaotie ]Ic:i gure
o whichoi OV ) 2

> enbos i AeftR A% GE Bl edtlSL ety gers AGpan 08B 30 PEHC r uet oa
and opeaitfrord Fiyurec2y dapegitai ﬂéqa@ﬁ&?%nﬁg?gﬂimﬁﬁs CHOL{HSP@d ﬂgﬁﬁ' gred

techni que. Anal og RF sanpler 340 substanti y represen a er

enbodi ReAlo®f sampiaralddd senl @r phdifessbirg2es. 2) Analddiosapiaral2eg Re sanpl er
340 does not use optical si %nal s but rather RF signal s. Anal o% RF sanpl er
340 sufStidlent (tp QG chBBIRiek; R (FiguERr 2} cand opERgRssan 22301 ng

e aPAeNsen TR, oraBster’ B0 (RiBlhe, 50 e tltal fedhainan a2 pul e 15

t r ai nsjnchngé i i Rt rators
3427, 3428 e d ét%a(grgm?lﬁggzbgﬂg%ﬁfﬁay%rgiu%abpﬁF?”ﬁ@&é%?ﬂﬁtggr 344, a

pl ur al 226. oit iRRAotec dhat Gigital frieegenaydardigger 22p! MGthbwd@fagﬂwa?iWS filters
350A, 3? and 350C and a plurality of anplifiers 352A, 352B and 352C.
Plural P %B%F'%ﬁfﬂm%r@egaémpt showrind Digibst samplercR2Benay isshustt atl as an

| i xer,. i tter 34 | dj vi d luralit
of "R I SR HEt shBWr; hegis 1a¥8h 2245 fnd E il Ehmttonin 22 upl o0
. . ors” peett upl

Corpl beinte, EINISLIEH 4% e eldibyafftigo R 0afd 3irey BRI BEbEGTREHT W51 h an
anal ogFPGA) 286d B éhe Anskogf ArgintalitpdfF6uRsr rabsf@niers! logitanyepent s

anal og Eront end 104 (I_Fi gure 2) and receives an incomng electrical signal.
RE mi xé£43284 the @lurlidy ofi Fruriew tharsformerercasore emplodiedrassm i s

coupl e i £ h filter 350A and with a DFA (not, shown). RF m xer 348B
i's &UEF’%‘&W F RO 728N Alsd besshbodisg) F1 2 rigtaasianal dupeasar th 1 ow
pass T{Hdrein apbPedatedMBOPT dPFan (FPGA with a DSP. Digital sampler 222

30 can be embodied as a sampler having a sampling rate of 1 Gsps (giga

sample per second) or higher. Digital sampler 222 is coupled with analog
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30 shown). RF m xer 3480 is coupled with | ow pass filter 3500. Anplifier
3520 is coupled with | ow pass filter 350C and with a DFA (not shown). -38-
Arrow heali@ 28R/MHB80| i nes coupling the conponents of anaP&dTREHMIBEY 340
show the direction in which pulses and signals nove through anal og RF

sanpl ersaplert2Zh aodewith |pgigriayet 224fin FPGATR28eN&IfE Payer3d2f\is afseP and 5
342C generates a train of RF pulses at unique different” frequencies as
nent i oreQHRIBdwWeth Fieurigritransfarmer &aGeand enitls phecessora22y. dedhe sase

differe conb fre nci es, which are used to analog sanple an i ncom ng
anal og @fit%rpipr_al%ggqur@re“gn% %fﬁeﬁaﬂéﬁda)é%r 48 Igcunledwithy eagd recei ved

genor atanr ¢ Bl BT FRLEler Y aRSERTRE 5 lolaP TABRERED Tt G20k r at o <

3428, e aotlinthdde FRGA 208 fBepndigitiNEaN®I&F EEE%%ﬁhG%Oﬁmélf?vitlﬁe a
f I plurality of

constant frequency or an alternating frequency. An exanple
RF contoginieyer @24 auwith IBgiBlayed 24 Gnidswille Fourierdraesfonmier Elguite 3F. As
15 at | east two

ment i oned oV accordin o the, disclaosed technique

differ éﬁtn‘g}%ﬁjﬂ?ﬁ‘?te@ﬁmi Q&a& dnukighreo 3arppeesant; ﬂ)ﬁ)rﬁ&ﬂﬁ@haﬂ% &fi gnal . As
such, i | ; I | RF conb generators 342A, 342B and
342C isﬁ%ﬁ%@gﬁglaﬁ?W%%@%?%%bgygmqoned above, if an incom ng anal og
signal is narr @®ygaadsiamliér Do bty i fi hat '

frequency band, lghensams?)i ngl egggeg%%gg@él%gﬁ%%élge(ﬁ&ggﬁb?%ﬁsarrpl e

t hetoi ndtomn@nateg ospmiptaral22 1Fur Asementiones dlesee ted el signhatshearaunber  of

RF m xers,, 1o ass filters, anplifiers and ADCs in anal og RF sanpler 340
corresﬁﬁﬁqrpéwﬁ%@%%m?h&erﬁFaW% srneled. oPigitel samples i ddigitalynce at

| oot S PENFOSHESIY 813 AR RSP NV S0 SR T i b | o
B e A e e L e
splittémn B@amplenaff sedui sigdaknds aoat aplfagentdiffedkrtiad sigubis BRerbinect |y
coupled with that single RF mxer. In general, the train of pul ses
geréra rﬁy'ai%ill‘,—\nggof Theumyltiplexed festc saraboogamenigation sigels342B and
T2, S AEMEEY e S04 S B 8 1GHEE 8 ABTER G e
871 ST Py Wi fod v INESHAES tagRlyL LY, oL O
pl ur al ithen giroRikechb id |ggicelayeor22848 A PG B28d Rtierr eanskenicr 226anpl i ng
si gnal ré'ge?ig/ets?he digitally sampled signals from logic layer 224 and executes an
20 FFT on the digitally sampled signals to determine their discrete Fourier
transforms (herein abbreviated DFT). It is noted that Fourier transformer
226 continuously executes an FFT on the digitally sampled signals it
receives. Each DFT chunk determined is overlapped with the following
DFT chunk to be determined by at least a predetermined amount. This
25 predetermined amount may be for example 20%. This overlapping results
in a smooth set of DFTs representing the digitally sampled signals. This
overlapping can also be executed by using a plurality of Fourier
transformers, wherein each Fourier transformer executes an FFT on a
portion of the digitally sampled signals. Fourier transformer 226 provides
30 a complete smooth set of DFTs, or at least a portion of the complete

smooth set of DFTs back to logic layer 224 which provides them to
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5anal og sanpl e the received incomng electrical signal. Anal og
front end 346 provides the received incomng electrical signal to power
splitter BO20124H4PEA splits the received inconing el ectrﬂ’@iﬂLgilyW&’ﬁOﬁ nto a
plurality of electrical signals having the sanme characteristics as the
recei vguocassori 833ellets noted thatdogicslayer 22=cmayemiamipalatotes speveth | o

| evel . Powey splitter 344 provides each one of the plurality of electrical
si gnal §e<§f0{ feckplsg Prevding ikitecproceasosi gaadl thor exaspelet ithe one of

Phe. edBROB I bR el e la BR T shGs FNSing R b o) whighiBbns of
pover a6l a tp?egéfé’?nﬁﬁ@? lod;mplit‘dlro%'.i ?bgﬁa%ﬁﬁ?ﬁﬁnég%o AGBqanfp348C. 15

Each RF m xer substanti a epresen ranal og Sanpling the

recei vexkamgleniexgcetingta pradess ofpkakpickingswhi$pigcisedtediilitd Haed, RF
m xers 348A, 348B and 348C are simlar to nodulator 156 (Figure 3A). Unlike
nodul atSeich18% a seligh Dedsroroacpetiopl of the set of BETsi peowidedssy 16gigB and

348C full band ical si I ignals i full 20 band
Fol ded Y gn2e43p HPGRSFS! 23hc. LBRIPSES dlPHHs BIPNINGRTERSY BJBAIT ve cond
frequeryé)héf\;vidthqolﬂ:e ﬁggg tgﬁf&%riéiﬁgrrﬁ@ec“ vely coupled with the RF m xer

I ng an analtog

and provi It wt sanpling signal. In addition, unlike

nodul ator 156 #Awdshoainoih GigieaBCsanetractiddd drki providedby prodssddry RF
sanpl er 340, the sanpling signals generated fromthe 25 RF conb generators

canfot 223 tailagipllayed 224d {Thesedimsiinuctiphsxmaybrealater to kleptmasingepadat e
i fferen nnel her ei anal o ed el ectrical

Si gna r3pAR e Boli o Fnal 724 251 well 91 i MplRen Gl ShAIGHAIC as ful |

band f j Bl yr al i f i A, .3 .
S?PYLH tg)lr?g]%rs %/agﬁlg?rgglﬁsg'%lkyqéhqg‘ep egeﬁ%gzérnggﬁi F?S (ﬁ%sgr @c%qu %@gﬁeépgnal at
three dighier ent whietignpatticilar prr anpfémented in |ci%i/§ |a§1§e§ opyput pAgd full

band folded signals fromplurality of RF mxers 3 B and 348C are
r espectieseripedr obelgyd tio pfiguaei t3Dof processsrs 226t enmy35providBOBaand 350C

i xR Ttigateh Sighall ol v Prdlgil hstisnegeanalyzal 2280cEne ! £ and
356C i . i ifli 5 .. 352B d
S05C | Siotlal JfslyZEr MO isciBsbAC R TR (RET Y- Baitgl- 2P, "
provi déeéduendycinallzérse altitigheagni@stiond @ abovabii svhid efhdddifent88A 358B

and 358C for conversion into digital signals as described above in Figure
3C. DFef thsglisclases taskinigseCaasiagle digitad feaglienidyyasalyzeamay sdffiiet. al
freque zers frequency.  anal yzer 220

(Fi gurz‘C a&%ﬁt@ %‘reo‘i-'gg Srl?(ojpécq"rl @égtﬁél) Qag—geﬁgét%iﬁ%@@%ﬁd egtdigitalnal og RF

sanpl e j pall i : the.p S8| f ot r ective
ol by fedftoricy adERF hdy e SYRbhRinield:  Bs SqER, Bl dslos 524

pl ur al pryvide @hyherrotiesatidfMgAOSNGitAddaLI¢ té/he lbRiCRIRIrb: ed8R! 00 RF
sanpl er 340 operates in a manner simlar to analog opticdl sanpler 140
except digital fregutindyearalyzer ooetirdboynchRenizectieeDFT sndstemmiteed o ifri gure 3F,
ghbﬁr e'tl%g?rwsmengtfshcpét” BI&-L[r asteltg nar%f p?g\?idgzi ttoheproRcFesCsoonrng%ng)r/aégcr:ﬁ of

digital frequency analyzer simultaneously.

25 - Reference is now made to Figure 3D, which is a schematic
illustration of the processor of Figure 2, .generally referenced 230,
constructed and operative in accordance with a further embodiment of the
disclosed technique. Processor 230 is equivalent to processor 110
(Figure 2) and processor 223 (Figure 3C). Processor 230 includes a

30 frequency determinator 232, a characteristics determinator 234 and a

-clock 236. Frequency determinator 232 is coupled with characteristics
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20 referenced 380, constructed and operative in accordance with a further
enbodi nent of the disclosed technique. It is noted that the RF conb
gener at orWORBWP4PEOFi gure 3F is nerely an exanple of a B6ISLHIEIRRISoND
generator for use in anal og RF sanpler 340 (Figure 3E) and that other

enbodi rietesmofatBF 28dnandenith aavts dwital frespidiey andlyzepynot shblag)25f wor ker
skilled, in the art. RF conmb generator 380 is substantially simlar to each

one of 'RE BigRG! gaiRbyzaroet thedis¢lppgdriechRjqua4siBowni Byran FEOWRE B42C
(51 901 BBk 288 1€ LRl S Bk B S BRSSP ST SO ar o 306
o0, ) PEBAEr ot dasteamintbtt, SOUTOIAPSRIRN D, L
conb geuartiatiar, 3B6ckn@38i i coudedmivit tBe0.Iofilc Tay& of4kach digital
frequency analyzer. Also in particular, frequency determinator 232 is
coupled with the logic layer of each digital frequency analyzer for receiving
the smooth DFT sets described above in Figure 3C. It is noted that arrow
heads in Figure 3D represent the general flow of signals in processor 230.
10 Clock 236 may provide a synchronization signal (not shown) to
the logic layer in each digital frequency analyzer to synchronize the
determination of the smooth sets of DFTs. Frequency determinator 232
receives a smooth set of DFTs from each digital frequency analyzer
simultaneously. Based on the smooth set of DFTs, frequency
15 determinator 232 unaliases the smooth set of DFTs, using for example
Equation (1), and determines the frequency of the incoming signals (not
shown). As mentioned above in reference to Equation (1), if more than

one value is determined for AC/, then a plurality of simultaneous signals

are present in the incoming signals. In such a case, frequency
20 determinator 232 determines the frequencies of the simultaneously
received incoming signals (not shown). Frequency determinator 232
provides the determined frequency or frequencies, as well as timing data,
synchronization data, or both, to characteristics determinator 234 which
determines other characteristics of the received incoming signals, as
25 mentioned above. These other characteristics can include the pulse
width, frequency spread, time of arrival, presence of another incoming
signal received simultaneously, variations and modulations in amplitude,
phase or frequency within and between individual pulses of the incoming
signal, time of end, power level parameters relating to the received

30 incoming signal and amplitude level parameters relating to the received
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390 is substantially simlar to one of plurality of RF m xers 348A-348C
(Figure 3E). RF conb generator 380 generates a train of RF pul ses, which
spect ral IYO28/H8@Ats a conb of frequencies, each frequ&RE{JLHBINYSE

harmoni ¢ of the original frequency generat ed by PL oscillator 382. In 5

part i cufiginal. PLhese ichlasacteriséies mempattedrby?éharagnahsﬂr@/degermmatcﬂue
freque IS noted that other devices can be used

the | ow GHz .
in RF %ﬁ%bgmfgtaﬁvﬁmp&%&m dihese gharactatisticsare detegsvinachforng an RF

h
2 Comb GEXLIdeEmIY, YBpal I g bR 2 el et RGO widlile o™
osci | | 3h@epeRUEASSIHlIRMRIGUSP and Bty ggqﬁaﬁﬂamegggdw provi ded to

first anplifier 4 for arrpll | cation I er anplifies the RF

si gpal such th&efetemce pisoviowd rhadeortd dagerext 8E, 30Mhias & sahotrired RF
si gnal . Conb generator 386 receives the saturated RF si %nal and generates
har monis€hematis dlustration of the analogesamaltesdobyiqureo2 ceinbadied as an

analog RF sampler, generally referenced 340, constructed and operative
in accordance with another embodiment of the disclosed technique.
Analog RF sampler 340 substantially represents another embodiment of
10 analog sampler 106 (Figure 2), although analog RF sampler 340 does not
use optical signals but rather RF signals. Analog RF sampler 340
substantially represents a signal folder for folding an incoming signal,
which may have a very high frequency, to a lower frequency, while
maintaining its bandwidth by sampling the incoming signal with RF pulse
15 trains. Analog RF sampler 340 includes a plurality of RF comb generators
342A, 342B and 342C (detailed below in Figure 3F), a power splitter 344,
a plurality of RF mixers 348A, 348B and 348C, a plurality of low pass
filters 350A, 350B and 350C and a plurality of amplifiers 352A, 352B and
352C. Plurality of RF mixers 348A, 348B and 348C can each be
20 embodied as an analog RF mixer. Power splitter 344 can also be a power
divider. Plurality of RF comb generators 342A, 342B and 342C are each
respectively coupled with plurality of RF mixers 348A, 348B and 348C.
Power splitter 344 is coupled with each of plurality of RF mixers 348A,
348B and 348C and with an analog front end 346. Analog front end 346
25  substantially represents analog front end 104 (Figure 2) and receives an
incoming electrical signal. RF mixer 348A is coupled with low pass filter
350A. Amplifier 352A is coupled with low pass filter 350A and with a DFA
(not shown). RF mixer 348B is coupled with low pass filter 350B.
Amplifier 352B is coupled with low pass filter 350B and with a DFA (not
30 shown). RF mixer 348C is coupled with low pass filter 350C. Amplifier

352C is coupled with low pass filter 350C and with a DFA (not shown).
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15 382. Using these harnonic signals, conb generator 386 in turn also
generates a plurality of signals, each of which have frequencies which are
i nt eger MYP2PIHML88f t he frequency of the RF signal gen@FATEYIHYOOR}S
oscillator 382. Conmb generator 386 may include a plurality of oscillators
(not shmov. h€add aretres tines GRfplmgptiteasoimgionertsrof afsoguRpusambleme 20
plurality of oscillators thereby formng a conb in the frequency donmain
havi ng %Z%é S ﬂ&]@é’l@@#%ﬁﬂCWW@ BulsasaAndgigpalsquang Briougb amalogr equency

of the sign erated by PL oscillator 382. The base frequency of conb
generat'gfs\%a P% "’gﬁ;vi ded to second anplifier 388, which anplifies the conb

signals in the Eéﬁﬂ%’é%f I*Pytdi‘ quebfrﬁpg\% é?%l%r?f%& capgbp?angener at or

380. The anplifi conb signal s’ are then F mxer 390. The
confs siIARC sgermgratesd tidie @faRtFl plsexat aimquehulcf@reﬁt frequedieisd also RF

m xer 390 as an I F input. The incomng electrical signal (not shown) which

i s proungationedrebeveer J9E i different Srequencisy tsubstantlally represent
different comb frequencies which are used to analog sample an incoming
analog signal. The different comb frequencies are used to fold the
received incoming electrical signal over each of the frequencies in a comb

10 generator (not shown in Figure 3E) included in each of RF comb
generators 342A, 342B and 342C. Each different, unique frequency may
either be a constant frequency or an alternating frequency. An example of
plurality of RF comb generators 342A, 342B and 342C is described below

in Figure 3F. As mentioned above, according to the disclosed technique'

15  at least two different comb frequencies are used to sample an incoming
analog signal. As such, in Figure 3E one of plurality of RF comb
generators 342A, 342B and 342C is optional. In addition, as mentioned
above, if an incoming analog signal is narrow and has a frequency within a
defined intermediate frequency band, then a single RF comb generator

20 can be used to sample the incoming analog signal. Furthermore, as
described below, the number of RF mixers, low pass filters, amplifiers and
ADCs in analog RF sampler 340 correspond to the number of RF comb
generators used. Therefore, since at least two RF comb generators are
used in analog RF sampler 340, at least two RF mixers, at least two low

25  pass filters and at least two amplifiers, each respectively coupled to one
another, are also used in analog RF sampler 340. In the case that a
single RF mixer is used, power splitter 344 is not required and analog front

end 346 would be directly coupled with that single RF mixer. In general,

the train of RF pulses generated by each one of plurality of RF comb

30 generators 342A, 342B and 342C has a frequency in the low GHz range,

for example, between 1-5 GHz. The train of RF pulses generated by each
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signal generated in RF conb generator 380 which is provided to RF m xer 30
390. Conb generator 386 substantially nodul ates the uni que conb frequency

as an RF‘ESPQB“HW§Pn. The conmb frequency generated by cERB/ILYIV0008Eer at or
386, which is substantially a pulse train in the time domain, should

consi stoné¢ 6C glutalidty beiRF aonmiar gencratdrsis342A1r34 28 aandoSi2@ eard deal | y
each RF pul se shoul d be an inpul se, although practically, a ver%‘ narr ow RF

pul se iespgctivelyeprovided ko gluraliteof chmimrSW%nﬁ4§Bn?m@t3ér8£.5 A

[ £ 3 Fi 3E d,342C (Fi E) i respective
Con ool KFE s PE S fenetaiBac bl cashe it ol Swalfe S R 65 ont
f ' . co
gener atneHIBSLBUENG SOMD GG MRS 1B BnBREg JEIANESRIAE™
subst aramalbgssamplémﬁté&iwmmmﬂi@éle@ﬂiéélgﬂghali.n the case lo that it is

under sanpl ed by the anal og RF sanpler of the disclosed technique. The RF
si gnal gener at nalpgriront end 346r pryides the reseivasivincaening eteptricabr

| e .bet 1-5 reas .t he ¢ frequency.generated by conb |
Gencr atUANaEE Povier SpHeiesdfatiuon rsite \Breee el HEG Ik SlsileGe o
THz ra ' ; ency to
sccond 2t P18, & FRFARHpbf Shecionl Sttty MBS st At o
provi degs the recéiVedi ineoning eldbricae BRITRIIS Y et @HeH RGNS Yower powdrant i al |y
atrain of RF pulses. RF mxer 390 mXxes the train of "RF pulses with the
i nconi dgvahalRawer gplitteasS4de provided edctv @nien ofither plusdlity Tofeetaatpoal of RC

' 390 wi Il _include.20 many aliases .in the frequency domain according to
the corfiond qaE ks fﬁehﬁ%m&g@%@i@%ﬂc@hé!gnﬁ{éq 8| BERRCtYE ARe @ i as wil |

SARGLH ! ot
bt or meJEHIRY of REIAGerD S480, PRI DABES PO es SR S REBEERILCT | D or
val ues.thghgeddived cinkbaiing él@cﬂﬁ?alaéign@h%hl%;bri%'évén%ymt ferpRabe 25

mul tiples of the conb frequencies generated onb generator 386 not to
col | i dpawehlexed, neahbrone of pduralityof Ry rdixens 134 82 f 8488 cand 84868y nade to

Fr Gucriedoi o miNEr GUHAHENGR i pRrenens @ Sedyiatar fosraBEsosaTNEnal og
opti calihgamlsile@finEbMNG &echicdiMGgnal. In this respect, plurality of RF
mixers 348A, 348B and 348C are similar to modulator 156 (Figure 3A).
Unlike modulator 156 though, each one of plurality of RF mixers 348A,
348B and 348C converts a full band electrical signal or signals into a full
20 band folded signal or signals. The conversion is based upon the
respective comb frequency of the RF comb generator respectively coupled
with the RF mixer and providing it with an analog RF sampling signal. In
addition, unlike modulator 156 and analog optical sampler 140 (Figure
3A), in analog RF sampler 340, the sampling signals generated from the
25 RF comb generators cannot be multiplexed and then demultiplexed but
are kept as separate signals along different channels therein. The analog
sampled electrical signals are outputted by plurality of RF mixers 348A,
348B and 348C as full band folded signals. Plurality of RF mixers 348A,
348B and 348C simultaneously analog sample the received incoming

30 electrical signal at three different frequencies in parallel.
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30 anal og RF sanpler of Figure 3E, generally referenced 250, constructed
and operative in accordance with another enbodi nent of the disclosed -43-

t echni queWORPRIM&8] | ncl udes frequency di agrams 252, 25RCTAEH11/9H805 260,
262, 264, 266 and 268. Each of frequency diagrans 252-268 shows signals,

ei ther recei ved he oggndted &dl band doldeldasignals frequehmaliscef RF fiesrsency

di agram 252 shows a signal 270. Signal 270 is the received 5 i ncom ng

si gnal ,34&cB48Bgandnd4 8Cpare; sespectivalyitrrevsies faviuraldy aflownpassi at ed cw

o el 0, 50 2B A PR 7o R il B

denot od. . . 5 AR ) =
Gonn. coultBulti@ Bfiatbg IR, slhAle, Siowdh Figlfe BE (8bcetbliPas 3P Sigialt T,
si gsal 366A (IFg) k3BBB (IF,)crtkB856C (IFgpeThe Ifosignaisrs théprovidediteg si gnal

into a selected processing band. Signal 270 is an exanple of incom ng

si gnal gmphfiensi M4, 28528c @nck BGRC sfagnamplifivajioer 10be( Bmplified)IF Si gnall
270 i s an_anal og,signal. |.n general, .an ideal .optical pulse train, or ideal
RE pul SIORTIE; HE IerBresRectivaly ERdrRdH, IGlR) TESHENCY AIRINESTOIaIbe can be
- represejyif h%pfis ' e ' h r c

dolr[:ai n, su% i%z%ai ?eal o%t5i8§al 3?§P§?ﬂ°f3?%g§rfﬁ%‘?ﬁﬁ"’?@?baf’h&’c?ygﬂ Y

repr esaigealsass dasered abeve infhiguse 3U.aDFA§868%€%BijﬁGr%B@%4’eS hows an

impul se train in the frequency donain which is substantially equivalent to
t hgooptsubstamptiallye siroilar to wigitalRFreguesey tanalyizens 168A:108Cddrigure @ner at ed

P A TR R T RIS S e LT
FounSidtRls #5015t ShaSSE bR 45RRe A0 I ShoLRIg! L o,
256 shaimilaheol thalmeckssing iofl thee résectane eldotman ighale irs drdiegantial ly
equi valent to the optical. pulse train or RF pulse train in the tinme domain
gener atopdica) sampleoidt b ftiguse 3A) sleyphartityof photbdiasiespt 6@AH1GACSse
gqurat(P{gulrgogAS.Fi ﬁl\u[q%ngé'legl, Oarnal?gg aRF sampler 340 operates in a manner
similar to analog optical sampler 140 except for the differences noted
above.
Reference is now made to Figure 3F, which is a schematic
iustration of one of the RF comb generators of Figure 3E, generally
20 referenced 380, constructed and operative in accordance with a further
embodiment of the disclosed technique. It is noted that the RF comb
generator shown in Figure 3F is merely an example of a possible RF comb
generator for use in analog RF sampler 340 (Figure 3E) and that other
embodiments of RF comb generators are possible and known to the
25  worker skilled in the art. RF comb generator 380 is substantially similar to
each one of RF comb generators 342A (Figure 3E), 342B (Figure 3E) and
342C (Figure 3E). RF comb generator 380 includes a phase-locked
(herein abbreviated PL) oscillator 382, a first amplifier 384, a comb
generator 386 and a second amplifier 388. First amplifier 384 is coupled
30 with PL oscillator 382 and comb generator 386. Second amplifier 388 is

coupled with comb generator 386 and with an RF mixer 390. RF mixer
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second RF conb generator, such as RF conb generator 342B (Figure 30 3E). As
shown, frequency di agram 256 shows a second train of inpulses 272B

gener at ed"gtzoh?/‘l‘,‘?ﬁﬁ frequency f2c. As can be seen, fic ERR&THEEVB8N n - 44-
t he sane general band range but represent different conb frequencies. As

nment i or@30 abosighstantibpsimilep tdi bher ehplweity fof RPenfixes 34eAu38dC o sanpl e
the incom ng signal. In some enbodi nents of the disclosed technique a

si ngl e (Eigwe BEjuetly eembbgenetator 38Qrgenerates ian drain nof f{%ip}maes, As such,
only the frequency, di agramrepresentations for two tical pulse trains or
two RE ‘%G'Pi‘egw&r%'év KT eSRBl 3 ﬁombgef feguencies, HesuesayhReinsy ker
skilledyi Aar at, i n t] I | re than two
RF pul gae r{érr%slécéafn&%ebﬂgg{@q tfg@%%rﬁ% @%ﬁ@q ﬁ’g ?gcé%‘(g‘é%@g%%})sl i ch may
enhancepatiduiaiprrRly eoédifatenaBeg ?éﬁéfateg_ ah F&Ftﬁgpéﬁww@ & gmue and any

further processing executed on tThe received sign Frequency di'agram 258
shows tfmuermubn&e lowp iz napge ot isfnated thpt otiwr gevises tcaai Ins ugeder at ed by

i t1 pliE3A COGE aBRCRE0R 340 NissFedad b ossifaar 3 ko geheralmgiancor
Pu oser Ligfhrhabite 4 MG Dbl AAREh HoMt B Bl el o
mul ti pheigera cbaib geasrarml EhvBtaxer ahhZther implementation of a stable
10 oscillator, such as an amplifier. The unique frequency is then provided to
first amplifier 384 for amplification. First amplifier 384 amplifies the RF
signal such that it is provided to comb generator 386 as a saturated RF
signal. Comb generator 386 receives the saturated RF signal and
generates harmonic signals of the RF signal generated by PL oscillator
15 382. Using these harmonic signals, comb generator 386 in turn also
generates a plurality of signals, each of which have frequencies which are
integer multiples of the frequency of the RF signal generated by PL
oscillator 382. Comb generator 386 may include a plurality of oscillators
(not shown). Comb generator 386 substantially sums the output of the
20 plurality of oscillators thereby forming a comb in the frequency domain
having a base frequency which is substantially equivalent to the frequency
of the RF signal generated by PL oscillator 382. The base frequency of
comb generator 386 is provided to second amplifier 388, which amplifies
the comb signals in the frequency domain to required levels of RF comb
25 generator 380. The amplified comb signals are then provided it to RF
mixer 390. The comb signals represent the sampling operator which is
introduced to RF mixer 390 as an IF input. The incoming electrical signal
(not shown) which is provided to RF mixer 390 is thus sampled by the RF
signal generated in RF comb generator 380 which is provided to RF mixer
30 390. Comb generator 386 substantially modulates the unique comb

frequency as an RF pulse train. The comb frequency generated by comb
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(Figure 3A). As shown, fic and fc have a common baseband frequency, shown
as a section 280 in Figure 4, such that they overlap at the 20 baseband

f requencyWORPBYH&BLy di agr am 260 shows nul ti pl exed i npulPSE/TE2041/pP0864

modul ated by signal 270, which represents the incom ng signal, thereby

pr oduci g@nerator tigh, ewbiths isyubsgasiiaihala pibse Asaineint tedimebdemaithe

I ncom ng signal is uFﬁ to nmodul ate the nmultiplexed optical pulse train.

Fr equer@lpldaafé?"hsrﬁtz%o ghBW§e§ 1@t NaFOVh aRERS @@6H!’at253%@@ﬁ5fi§enodul at or
156 (Fi in ' | . ver..nul tiplexed, inpulse train
274, (si 'gh%ﬁy%q ?ﬁ[ﬁ@#ﬁ%ﬁoﬁﬁ’ fﬂefqgﬁd'@ﬁg@'\?gr agh&ug&]aB@t;ilC@‘Hyf effonci es Fmd
IS not p vigr a @l@ﬁg r si gna
anal yzen;asﬁéngg%??ieoﬁ, élgﬂgteeq]rtrbd’ﬁ?g ed, d%%eéﬁﬁggﬁgs%qrgﬁgésﬁ%?%nﬁ tiplexed
i npul se342Ai (Figure S, rAMRB s@igere BE ) add Ba2QueRiurbasdE ) Haelutesa ghandw dt h
equal to the bandw dth of signal 270 and not as a unique singul ar

f requerd&pPEAEVR £OMR genafatar. vearhuespackye comb generator generates a

unique comb frequency. The unique comb frequency generated by each
respéctive comb generator enables the signal analyzer of the disclosed
technique to substantially unalias the incoming analog signal in the case
10 that it is undersampled by the analog RF sampler of the disclosed
technique. The RF signal generated by PL oscillator 382 is in the lower
GHz range, for example between 1-5 GHz, whereas the comb frequency
generated by comb generator 386 is in a wider range, for example,
between the lower GHz to THz range. Comb generator 386 provides the
15 generated comb frequency to second amplifier 388, which amplifies the
generated comb frequency and provides it to RF mixer 390. The
generated comb frequency is substantially a train of RF pulses. RF mixer
390 mixes the train of RF pulses with the incoming analog signal as
described above in Figure 3E. The output of RF mixer 390 will include
20 many aliases in the frequency domain according to the comb frequency of
RF comb generator 380. The relevant signal alias will be the signal
aliased to the baseband frequency, which can be defined in an
intermediate frequency band as being from zero to half of the PL oscillator
values. The PL oscillator values are chosen in such a way to enable
25 multiples of the comb frequencies generated by comb generator 386 not to
collide with one another in the frequency domain.

Reference is now made to Figure 4, which is a schematic
illustration showing a plurality of frequency diagrams of the signals
generated by either one of the analog optical sampler of Figure 3A or the

30 analog RF sampler of Figure 3E, generally referenced 250, constructed

and operative in accordance with another embodiment of the disclosed
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-45- multiples of flc and f2c, the nodul ated optical pulse trains which
formmultipl exed sanpling signal 276 overlap. Due to the sanpling rate of
conb fredl@RI2dY¥EPc and f2c, if the bandwi dth of pul sePgFAL041/00080S
substantially larger than fic and f2c, then when it is used to nodul ate
mul ti pltegbdidue.i higureet inclide Trequeneysdiggeamsd2ser264K0256 | 258260 ased.

This is 0 more clearly in_frequency diagrams 262 and 264. In general,
f requer@’:dggﬁr RS Ay é’rﬁ%-ZGEaﬁhl of &iauency dirgrems 202680shPwa  pul se

Lr i e Qifaseding? SOHENEN ULR0LAm 262 shove, MR e catpling. ool
I , } i | t&pl i hown,
pul s qReelRRey, bkPaePICL UG d WilaltZry] (SRUBIOAG IOBL 2B 0o show

of the ideoming digrall whiphaimiget e pr psted art aceshtinndegavave! (hepéig of conb
frequency flc. Frequency diagram 264 shows nultipl exed sanpling signal 15
276 derdlhreyiaied Yk sigmahg dmavanayqabsignal 24 is hekeewamandpisi cal

| her eby f of i oy ul ti d, sj,gnal 278B. As
Chiown, BB AGEOI I 100G, dRalosshiedh e o uti sdeht i THRALEROYM th t vo
i fsi el i i 1 It pl
of comS 1S AL AT e R Pl P DI Mt i, BB out put o

a denuldase iexiemownwdwasoteeers piexer thbfieqhiefiby @r3fequdridy ByagRfe, the
out put of the demultiplexer represented in frequency di agram 262 may be

pr o9i déh incaning signsthanuat beeknewo hinagrdsiidoopiaptslyl down-convert ths)

wh t he.out put of. the denultipl djnf di

264 oy SOV DA BIS & cRURAISH GIGGPSAEIS DRID s SHENBha Bl ISURN1608

Fi F [ : i [ [ | 278A
rier e Rl MEIRNG SRR 12 (FRNR, p) rBbeVRR bY HoRF BodlV) 2 T2n
(Fi gur e (®NFighse 2n0Bignlez?0 ﬁg;aﬁig@m?eyi@ﬁéﬂ_ pl exed signal 278A through a

| ow pass filter substantially elimnates the folded i mages of first
dermul ti pl exed $n @eieralzem fdeghomidad pubsentiain, aoides\RRguwse traihdnbaseband

frequency .i mage, shown .as a folded first signal 282A. Frequency diagram 268
shda/s %@%GW@F gﬁ’ﬁﬂ?'ﬂ HaWRg A SPE regyl§gcy4§_fgc GRR i}e qurﬁﬁgﬁ%?s‘gdh?h?ough a

| ow pa idfts ; i I i 3 ,

pass! ng e e halHpiic: THEERTS, In Ygiedtienchudidin, Sie h R

subst aniptiehl putdd MahairsRFhsulke! tdgid camars r@preserted stean! dqulansed si gnal
278B from-Nr2c to Nf2c, leaving only the 5 baseband frequency i nmage, shown

as a f onpelsasdeind dirgasEn2y2@iagrams 254oishowss iagn anmpedsen teaid edbed f ol ded

(not - SHOHETIHaCRTEABCUES 1t rbSROUA, SHvaenbdn (APl doruf ded

Si qu;'i'n 1130 Iogﬁg e fdglgg ;@?@iﬁ@ﬁgﬁﬂnﬁé fotnamGih &Rt 8%y & 4SSN ea Puitde
generator, such as optical pulse generator 150A (Figure 3A) or by a first
RF comb generator, such as RF comb generator 342A (Figure 3E). As
shown, frequency diagram 254 shows a first train of impulses 272A
generated at a comb frequency fi..

25 Frequency diagram 256 shows the impulse train in the frequency
domain which is substantially equivalent to the optical pulse train or RF
pulse train in the time domain generated by a second optical pulse
generator, such as optical pulse generator 150B (Figure 3A) or by a
second RF comb generator, such as RF comb generator 342B (Figure

30 3E). As shown, frequency diagram 256 shows a second train of impulses

272B generated at a comb frequency f,.. As can be seen, f;; and f,; are in
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10 270). In that multiplexed inpulse train 274 is aliased to two different
pl aces at each integer nmultiple of fic and f2c, shown as nmulti pl exed

sanpl i ng WPGARY042688  unal i asing of first fol ded signal ZSPALENHOYE¥ONd

fol ded signal 282B is possible via sinple linear determ nations. According
t o anotthersamigogeneral band randies bubsepréssritndiffeeentl BoRiky firegyuermies.al so be
under st ood as. showing a plurality of frequency diagrans of the signals

gener at® MgNtioped aboyg, @t leashiwe differenjeembHrequenciescareduagddm 254

hows f.j train. of j.opul 272A t t f fig b
Frrer comPIsL e airbenilB: sEitiny 18n80MH RIBRe0BRaE b 8% drdRseSecond
trai ' - - d conb
bener ator RN ELsIRdE BRI RAIOrRY CalT b Useto SambIE InBYinBoRinals ot to
pul se tsignais iAstdach, onlygdhei freqtietiey! diatans raprésohtietsWiém twenb

frequency flc, thereby generating a first folded signal as shown in
f r eque@Blical Rysentons & gmal RE7puise traing @rexshbwintin Eigusef4eqlidacy f 2c,

e eDIRIRL T OB TSR A S PR T R o Sk
h It J : f th
S U SRS AR ZA 81 o e R L BRIAT B e, L

into atreteiet signakaudicts ngmalemhiapicedand IOVROVE Rhetdridlogeimplingor. Each
split signal is then respectively 30 nultiplexed by one of conb frequencies

f i doandhe degsivegosignals andoary fyrtieangrecassing exetutsd onlieedaivedass
filters.(ngt shown), first folded -47- WD 2012/ 049680PCT/ L2011/ 000805
si gnal S -and second fol ded signal 282B are generated, as shown in

frequency di ag , i i es of
conb frequenci Ezggvéﬁéﬁ??éi%%@ﬁa%gg%ﬁ?&%#ésgﬁ%% 88%%?&?%%& now
made t ¢théicptical pulyditeding Yeneratswdbli the firdt! dptidd] U198 dEineratit Aed f or
analyzing a plurality of signals sinmultaneously, operative in accordance
wi t h athersasondeapticainpuliseogenaratdr seultiptexac tdgethee.as a muftipleredr e 300,

t | t.. ' | .i Lved |lected, T [ . b i ved,
pr 891 dORIICELPUSE &6t 2{ 4t oF eC pUEROS I< gl WegUPReY HBOERI 2581 ity of

si gnal ej S |y AR : j 10 i sg.signal. The

31 nal SHESRELHE 2Bl bERRE\RLdor Al rebAlaln R OFbeoderld) Sadifiel e,
ref erens8 tepreisgnts the Gutpenrsf 3QAultiplexee 1or eXrApEMUIfipRERERI1 52 gnals 112
(Figure 2). Incomng signals 112 may be recei ved by antenna 102, collected

by ant énigaire B3A). pAsvslewn; di.aand faahave acommenceaseany freguenty, 102.
| MCom DAoBPE) % N 2 ShalBhie X seBTS, Bl e, bading
0%, | BasSbahRbalSop! S1UEES daGar AUPEAR B o Agled ' 1t o0
filtergaiV27a nefdtigeeby Bighalu B0 2whidh 8preskiis (thaHESNTNg &hgNSrts the
received EMsignals to

thereby producing a mulitiplexed sampling signal 276. As mentioned

above, the incoming signal is used to modulate the multiplexed optical

pulse train. Frequency diagram 260 shows the output of a modulator,

25 such as modulator 156 (Figure 3A). By modulating signal 270 over
multiplexed impulse train 274, signal 270 is substantially folded over a
plurality of frequencies and is not just down-converted to a baseband
frequency as in prior art signal analyzers. In addition, once modulated, the
discrete signals of multiplexed impulse train 274 are represented as a

30 frequency band having a bandwidth equal to the bandwidth of signal 270

and not as a unique singular frequency. As can be seen at various integer
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20 anal og el ectrical signals and provides the analog electrical signals to
anal og front end 104 (Figure 2). Analog front end 104 may al so i ncl ude

vari ous aMQI28B/%P8Pers (not shown) for initially procesEChELINEHNBHY
signals 112 (Figure 2). In a procedure 304, the at |east one signal

r ecei veuitiplasadbdipandesedhe Amaichiatedo opdisahpuisy frainisudéniel foeast one of

25 anplifyi ak signals, |limting strong signals and attenuating strong
si gnal smngé\gf%ar@ﬁ Bt HIPRY D LQV%W-ogDHEO?ﬂ the ssaplingi @ajeeog) may

oi gnal ot FofBsdie Bialas 1 bistbrhRiefyOLBlsm 2t dRantaaiall ™
at t enuabeger MRAnSHOWNA 10! HdrPWAEA"A. R 18BA § HARbiar il fpRbREPduT @

;
306, the Teceived at |east one signal i d using at

di f fser anmpulsettrdinediénthessighaisl yenermtedywilt ber aliased.8- Thigeieshbwrg at
| east two internedi ate frequency signals. Folding the received at | east one
si gnal Berediledrinin|feeguency dingreens R62 ent 264qukngeperali figquenayus! y

represe nal sanpl, the receiv at | east one signal. The. conb

fr equen‘ﬂ%éggmﬁﬁ%% %ﬁ)izlgggoﬂ& QQPfyr ;‘? ﬁg.e %S%V@W?a??ﬁ??qa%‘ék?@ {Fﬁ'r\ﬁ gures 2,
3A and a’"@,uééfft? received at | east one signal is folded by nultiplexing at

| east two different conb frequencies sinultaneously into a nmultiplexed

si gnal and nodFEraguencyhdiagrdrni 262 stbves enaltiplkéxddl sampliegesigpdl 276 east one
signal . The nodul ated nmultiplexed signal is then denmultiplexed according to
t heloat desasttinlexedigqcarding torgomb frequesnyifes of the - fitst! epticalt polsieol ded

S gnal Serierateh el tofies sefY Hem s e oy s FER. s Shawd first Z:ﬁééi fo
Ther ooy GoaLP XS 27 FRTE afiatd Bt dftElads Wi 30K WERGRR . o

| east tthe @teeltipleredssignal beiﬁ?g'f"téséﬁt aersddhy irtegarmhufktipesl.of Wébr ef er ence
to Figure 2, anal og__;anpl er 106 (Figure 2) receives the analog electrical

si gnal STeaeneY tis. ddenuansy stiagramt264 showisgnulitipieked sampkagtsignal
ar i BRI PEEh 8 S, COBRBPHENGY drp! Mo desond, pplsald

n ! ; ! . ‘i cal
St anal oSt REprpRy <G ot T b EORE S REIB S8R ol s
and corshowrs, $éecorsdutdredltiphedent sjirett278R s Hligral, afaeer ithages owithe

different conb frequencies, into at |east two internedi at eég?equency
(her ei AWgblinagest efl the) demyntiplexethsigral sheingl presentebéradhcdntegeagnal s.

navi ng ORISR SoITB, Wetiatey frreqhéabency distame 62 Askbabraiosach of
d [ ' t d
S007" ¢ RO utRa B & R ifeRel, A oBiASRANIEI e PaBdPa el M E ot e

that afdxempleo ties oiepd03f thehgemriltisidxerrepreeenest i freguencyiagrandure 306
and that after procedure 304, the 30 nethod may proceed difectlTy to
proceddt2 308y tme gereigest te0a fired gbatodiode, such as photodiode 160A
(Figure 3A), whereas the output of the demuitiplexer represented in
frequency diagram 264 may be provided to a second photodiode, such as
25 photodiode 160B (Figure 3A). Frequency diagram 266 shows first
demultiplexed signal 278A after it has passed through a low pass filter,
such as low pass filter 162A (Figure 3A). As shown, passing first
demultiplexed signal 278A through a low pass filter substantially eliminates
the folded images of first demultiplexed signal 278A from —Nf,, to Nfy,
30 leaving only the baseband frequency image, shown as a folded first signal

282A. Frequency diagram 268 shows second demultiplexed signal 278B
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may al so both be executed, in any order, before procedure 306 is executed.
In a procedure 308, each of the at |east two internediate frequency signals
are di gi t¥PI2)128dPg¥ed. Wth reference to Figure 2, eachPSTORYIENEIY t al
frequency analyzers 108A (Figure 2), 108B (Figure 2) and 108C (Figure 2)
subst an@fter ityhas gasaedythseugh esloaw mﬂqseitltewesummeasﬂowm%ﬁﬁﬂg(lg&%e 2),

| F2 116R.( Fi gu 2) and IF3 116C (Figure 2). In a_procedure . the

sanpl ed&ééu'ieeaé'g)-tv\xﬁsl RROWRJiRASSIRG c§BEPRY degndlilexed @i'Q:ﬂQ'alzﬁgB ’
roces yth r ce ' . each. one of IEL 116A i0  gure :
LF2 112@q?%u$e'°§‘§ AT ?III%PI %%*%ﬁt'éﬂx eea}g?'”i%e?)r |@Qegio"8398 p i |1 ve one
of di gi 8 Syt | QUL RI£.2) B zgwq

(Fi gu?eé‘%qﬁdEach gﬁtgl of di%?l'?ill Q?F%?qg@nrgy §rf12§I §/°zg\?'§°’1gd , %yaﬁ?jlosc

t hers prhasazard freespeytimagenshoin!dy alfofifed sE2ohdagrad28PB. 1EFS usi ng

advanced digital processing techniques. A 15 portion of the advanced
processfphgec?é&ﬂﬁlq%%%p\nﬁvd uEReand f&'ﬂ@ﬂi, sigrzl are thepn preddeditor to

et B oo A P T SO S e d T Dot oo
12 L IARR) ol 9954 Lol SR Scfasnsghen) e iggineect [
two | F chayaateristicserselch dst #entreiquenay, lofasie brigiregtsighal RS signapach set
of DFTs,_each DET chunk may overlap a neighboring DFT chunk by at |east a
pr edet &4 )nednathatnmultiplexegr sapulsemtiain 2hbat akaseddof bro ediffeperat 20% | t
t b eshan 80P or AbgGTE JL GRS SURHPRhaR! PR anBefact SHoWEaBR GMITBEXERTS bel ow
one By RO "Iohihor8h U it Dabl SR SP BN 2 oo
1080 ( Holjedesighal 282B is possible via simple linear determinations.
According to another embodiment of the disclosed technique,

15 Figure 4 can also be understood as showing a plurality of frequency
diagrams of the signals generated by the analog RF sampler of Figure 3E.
Frequency diagram 254 shows first train of impulses 272A generated at
comb frequency fi. by a first comb generator (not shown) and frequency
diagram 256 shows second train of impulses 272B generated at comb

20 frequency f,. by a second comb generator (not shown). These impulse
trains are substantially equivalent to pulse trains in the time domain.

Signal 270 is multiplexed with comb frequency f,., thereby generating a
first folded signal as shown in frequency diagram 262. Signal 270 is
multiplexed with comb frequency f,., thereby generating a second folded

25 signal as shown in frequency diagram 264. The folded signals are filtered
by low pass filters (not shown), as shown in frequency diagrams 266 and
268. In the analog RF sampler of the disclosed technique, signal 270 is
first amplified and split, or divided into at least two equal signals using a
power splitter (not shown). Each split signal is then respectively

30  multiplexed by one of comb frequencies fi; and f,, as shown in frequency

diagrams 262 and 264. Using low pass filters (not shown), first folded
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substantially sanpl es and then spectrally anal yzes a respective one of 116A
(Figure 2), I1F2 116B (Figure 2) and IF3 116C (Figure 2). A portion of 30

t he advant@d'P/H8@8si ng techni ques may use the af or enenPCHABYWIYENSIed | F
si gnal s. It is noted that procedures 310 and 312 can be

execut esignah2BRANepdss¥comd f8ldRicPSRH4] ez@éﬁ,ar@agenérgtéaﬁ%%i gh&wh! gpuency
signal is processed, thereby determning at |easSt one characteristic of the

r ecei vefeaenaadiagraens 2¢tadind 268, diaiarding te dnp e ebahdofreqaeseibs
internedi ate freq#ency sirgq?gles fromprocedure 310, the digitally sanpled
and sp tqodppir%q%’ 588 fod dAasBowEuSeelors 2§Ral s from procedure 312,

bot h, b i 14 T i i ncl ud
det e ni ng | RO e00e: fat PReERE TG Folpgriar BT ror BapeRemati e at
| east tikgste bi fgl ecal | east
o anal e & TR RIS Y Yy o g SRR B e et il

nunber afferabine i eagcordaeseusdth msfurlitesr ebesbdibmrg. of hheprdisesedy my
al so irS}cI de eval{gati ng the determ ned |inear conbinations. Based on the
pr oces<PRGNIGUSar Bradirpseduee P0; ptleasi inscaignal isreteived asiapligctedin be

;:ﬁ ot TR ST MAY e ReshiR DoVl Sietted Prifiebeentzdy Tedsna 1
rodul ot IRGIR A PR o Sioh R A e gL RN EBUERL STHETRMAMIRY 2t or
phase rheda@l apisen sigrial, dihe shymdlirkay haverd lwide freguendy agdal Fhaer e

recei ved sinmultaneously with the received at |[east one signal, if nore 20
t han ofdgRAlgaanahaledcsigaal.si With dederenog tevEiguref 2r antenna ROBure 2,

di i. f t conb f d | I I 106
(7 gur a2 cve S Lo bl T2 Fidures 2 clntoiiacrianaly 152ocessor
110 (Fi i ' | & [ j di £ f t nmb
Freauone boe Thever e AT, GORRe a0y ehfen el (o RIS 55

f r equerrnitesnael0d ordeterodpted By taeteapal Y0219 Fovmieg i of1s dre each of
|Fi 116A (Figure 2), IF2 116B (Figure 2) and IF3 116C (Figure 2). Processor

1105 deSt@nalaeJof nexampigierbl  signals; ehaving degquendies owhich sfagnah sal112
Fi : ing th i | i i nat | det er pi ned.

br ooas R R HLIA Y, aliaest P8 rorRgRTe A0% Mo IRPSIONGSEINGL 1 i ved at
roce < oy e . 0

char act aou¥ach AREIGd 198764 0\ ABRRE RSN i Tadte Aastind the.at; e

appr ecieastdobg gignabiisraaigH kaemuramyhef@malbgamtérb.e WRE! RFefbricRchgi que s

not Iir'“gi_ted to what has been particularly shown and descri bed herei nabove.
Rat her Figides 2o NteNnend 0gi fopuse R ) convetiaethies raeeivedd EdAI sighals he cl ai ns,

whigh faf’lﬁioogy\"electrical signals and provides the analog electrical signals to
analog front end 104 (Figure 2). Analog front end 104 may also include
various analog filters (not shown) for initially processing incoming signals
112 (Figure 2). In a procedure 304, the at least one signal received is
analog processed. Analog processing may include at least one of
25 amplifying weak signals, limiting strong signals and attenuating strong
signals. With reference to Figure 2, analog front end 104 (Figure 2) may
include at Ieést one of an amplifier (not shown), for amplifying weak
signals, a limiter (not shown), for limiting strong signals and an attenuator

(not shown) for attenuating strong signals.
30 In a procedure 306, the received at least one signal is folded

using at least two different comb frequencies simultaneously, thereby
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WD 2012/ 049680PCT/ 1 L2011/ 000805 CLAIMS 1. System for collecting at |east

one signal simultaneously conprising: an anal og sanpler, for receiving
sai d at |WASPIZIHE88| gnal as at | east one anal og el ectri E&MT/ISGHENS0Y or
folding said at | east one analog 5 electrical signal using at |east two

di f f er egénemriing rRAKSIY 8FoSintEhaprREs 'fﬁéddétrsztafslider%&t Oﬂﬂsm@g}){e@d anal og

el ectrical signal and for demultiplexing said ast one sa anal og
el ect riremieiwddynal leasb anel sigpialt by nsimgcht viedsht evoediffsrent r eanancy (1 F)
signal s resgec,tive_ly according to said at |east two different conb

f r equen®e@4encies simyltangously @rgesants ﬁé‘@i%c%afaﬁﬁmngéﬁs]{e@%mgd at I
respect 0 Lt h said . anal og.sanpl er, ea ne of sai t | east
tvvopdi glfbxfl'gt %P%eﬁigb%gyv%%lcgg& draqiieniies ?ersgﬁﬁp?ﬁauk§ergéﬁb$ct'_ one of
sai ¢ at | Fagi | s i : e

G gt al O aled H00UEIATIIUIE, 27 30! N8 B e el 885 BRERAGABLY, e
15di gi tial feldguhl by amdultiplexiag patcéssstr  twepugiffdent t Borie hfrefaenticsai d at

|l east two digital frequency analyzers, for deternmning a plurality of

| i near YBWHANGOUSHS IR0 gamiiltiplexedssignab ansk peedulating Rthel gmitlplemletm resplect
t ai d.; t,tw different conb frequencies used i ai d..apal og sanpl er
agdsf l)(rjs'&éall Weﬂ}ﬁ ﬁ?‘ﬁ%{"ﬁﬁ el’tetﬁﬁs(?d?ﬂee £ en@@%m%&%{]ﬁ mlﬂﬂﬁgx&@e si gnal
by eval ' | Light ' O nat i ' t st two
respect gaan Bl Rrigblegec accbRfng oM affiedStindo diffedoqfh™
compr i frequeridias sntonad least hwotfolded Qawmhgesigha@.s?hé f@Fdé_di‘ééﬁmPiﬂ@ si gnal
and converting said at |east one collected signal into said at |east one
anal og $gRlsr ataicosivgrtad, indadelectricalnsignalsog Therat leadt teoupleatricalt h sai d

st gnal S éjﬁélgcér%rthaerr'\dlovv\'} E)Qsés %iltgrgc? % %ﬂmsirawla eI ﬁlrg'h frequency images of the
at least two electrical signals, thereby generating the at least two
intermediate frequency signals. The at least two electrical signals may
15 optionally be amplified. With reference to Figure 2, analog sampler 106
(Figure 2) receives the analog electrical signals and folds each analog
electrical signal using at least two different comb frequencies
simultaneously. The different comb frequencies are multiplexed together
to form a sampling signal. The multiplexed sampling signal is used to
20 simultaneously sample the analog electrical signal at the different comb
frequencies. Analog sampler 106 demultiplexes and converts the sampled
analog electrical signal, according to the different comb frequencies, into
at least two intermediate frequency (herein abbreviated IF) signals. The IF
signals are electrical signals. Each electrical signal is outputted as a

25 respective electrical signal having a unique intermediate frequency.

It is noted that each of procedures 302 and 304 are optional
procedures and that after procedure 300, the method can proceed directly
to procedure 306. It is also noted that after procedure 302, the method
may proceed directly to procedure 306 and that after procedure 304, the

30 method may proceed directly to procedure 306. Procedures 302 and 304
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30 WO 2012/ 049680PCT/1L2011/000805 3. The system according to claim1,
wherein a sanpling rate of said at least two different conb frequencies is
in the | XOFHAHSPz range. 4. The system accor di ngCTELEMHPIBR,
wherein said processor determnes 5said plurality of |inear conbinations

accor dimayt aido Both" becfexeAffel, T %fny""‘?ﬁngéf ”b@fforea_rﬁjro@é\dNHF‘ép?GBi Kely

represent “said at |east two different "co f'requenci’es, erern Act, and
AC4A respaautedl y represent a frequency of iosaid at | east one respective
digital signal, wherein / and mrepresent integer coefficients, wherein i
does not equal I, dakiocedureindd@; eacks afethesahtleasthitwodéntermeastiateat | east

one {1 SPURRENGP SR 41 608l BBRL S Reredts (LRI R 1 S,
8; 3 gbrgéf dlfgggpagﬂgqg:eggz: gﬁ@f@%@rs‘)ﬂo‘sﬂ UriRiE 3, "RIBBYFIGAR 2P %R F equency
108C (Figure 2) substantially digitally samples a respective one of IF,
116A (Figure 2), IF, 116B (Figure 2) and IF; 116C (Figure 2). In a
procedure 310, the sampled at least two intermediate frequency signals
are digitally processed. With reference to Figure 2, each one of IF; 116A
10 (Figure 2), IF, 116B (Figure 2) and IF; 116C (Figure 2) is provided to a
respective one of digital frequency analyzers 108A (Figure 2), 108B
(Figure 2) and 108C (Figure 2); Each one of digital frequency analyzers
108A, 108B and 108C then processes a respective one of IF; 116A, IF,
116B and IF; 116C using advanced digital processing techniques. A
15 portion of the advanced processing techniques may use IF; 116A, IF,
116B and IF3 116C prior to their sampling by digital frequency analyzers
108A, 108B and 108C, provided that IF; 116A, IF, 116B and IF; 116C are
in digital format. In a procedure 312, the sampled at least two IF signals
are spectrally analyzed. Spectral analysis can include executing FFTs on
20 the digitally sampled at least two IF signals, thereby determining at least
two sets of DFTs. In each set of DFTs, each DFT chunk may overlap a
neighboring DFT chunk by at least a predetermined amount. This
predetermined amount may be for example 20%. It is noted that the
spectral analysis may also define a predetermined threshold for amplitude
25 such that DFT results in each set of DFTs below the predetermined
threshold are discarded. With reference to Figure 2, each one of digital
frequency analyzers 108A (Figure 2), 108B (Figure 2) and 108C (Figure 2)
substantially samples and then spectrally analyzes a respective one of IF,
116A (Figure 2), IF, 116B (Figure 2) and IF; 116C (Figure 2). A portion of
30 the advanced processing techniques may use the aforementioned

sampled IF signals.
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20 6. The systemaccording to claimb5, wherein said processor outputs a
digital description of said at | east one signal, said di %i tal description
conpri si NYOSAI2P4M8Aral ity of characteristics. 7. The sy®tEH-HIEMMN8INg to
claim1, wherein said analog sanpler, said 25at |east two digital frequency
analyzers and seiig PoeESHRIt PROCEAURESIN PRATALP12 Ncasabet BXBcufed The
system according to claim2, said analog sanpler conprising: a plurality of
opt i cal sipwlitaneptrsly afoesprdoeduge Bddataath bdernetidte fequatioyosigngl &3 ent conb
frequenci es; -54- a nultiplexer, coupled with each one of said

pl ur al i PRPCEESEH: thelebyteterginiggaableast sie pharagiedsiio@f §Bed|e§ﬁl\43§hst t wo
differe e i | nt.0. |.tiplexed sanplin L.gnal : .
e T

mul tsi pl | ' ¢ : er

i {1 oSy BIdids Figif Tpsedyire B10T Mb Sdally SuoRh hHsBStall) 281 cast
one si garlysed finteamediale irptesady Sgnals fomigoeedutdsriebyr dikr aidyng at

| east one sanpl ed anal og optical signal; |oa demultiplexer, coupled with
sai d mRRIPAESRSSadbN PEpeRdyne 3%4 ngl keipdoeessisgInayriackidepiieteratiainggy opt i cal

si gnal JBe réﬁéﬁ&iﬁ&tiéﬁ&p&ciﬁé’ APRISISRIMR eS8t AL (¥all R C

pul se

C

different comb frequencies used to fold the received at least one signal,
10 using a modified version of Equation (1) according to the actual number of
comb frequencies used, as described above. The prbcessing may also
include evaluating the determined linear combinations. Based on the
processing, characteristics of the received at least one signal can be
determined, such as its frequency, pulse width, amplitude, bandwidth,
15 variations within the received signal and intrapulse data, such as
frequency modulations and/or frequency modulation data, amplitude
modulations and/or amplitude modulation data and phase modulations
and/or phase modulation data, and the like, as well as how many signals
were received simultaneously with the received at least one signal, if more
20 than one signal was received simultaneously. With reference to Figure 2,
according to the different comb frequencies used in analog sampler 106
(Figure 2) and their respective measured IF signal frequencies, processor
110 (Figure 2) determines various linear combinations of the different
comb frequencies. The various linear combinations of the different comb
25 frequencies may be determined after applying Fourier transforms to each
of IFy 116A (Figure 2), IF, 116B (Figure 2) and IF; 116C (Figure 2).
Processor 110 determines the frequency, or frequencies, of incoming
signals 112 (Figure 2) by evaluating the various linear combinations
determined. Processor 110 also determines if more than one incoming
30  signal arrived at signal analyzer 100 (Figure 2) simultaneously as well as

its characteristics.
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a respective plurality of photodi odes, each one of said respective
plurality of photodi odes respectively coupled with said denultipl exer,
15f or corO2P12Y*S8i d at | east one sanpl ed anal og opti cECTIEYAEPOOBYt 0 sai d
at | east one sanpl ed anal og el ectrical signal; a respective plurality
of low pass fi!itewhl beAGporeciatéd SBY dpbRUMCSKHRP!IHT fHd taft Fhal OfffePass
filters coupled with a respective one of said respective p urgll y of

phot odi digelosedotechnicuel & hotlinitghl ROVhet herschesn ip@rﬁ@hldrl?tchﬁ/@ﬁfarﬁne

sanpl ed,anal og, el ectrical signal and generating said at [east two

r espectqi%%crlhf%ie&%ﬁlrﬁb%/@d Ratherathessopei 06 theudisclasedotecmpiuei isr s, each
one of i ti l.ural it. f,anplifiers coupled with a respective
one of @%ﬂrﬁecﬂ §§B§§¥?Q//%CB?'U}SNVYQ@“E‘P”‘PWW pass filters and with a respective
one of said at |east 25two digital frequency analyzers, for anplifying said
at | east two respective |IF signals, wherein each of said at |east two
different conb frequencies is an optical pulse train. 30 9. The system
according to claim8, each one of said plurality of optical pulse
generators conprising: WO 2012/ 049680PCT/1L2011/000805 a conti nuous wave
| aser, for generating |aser |ight;
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an el ectro-absorption nodul ator, coupled with said continuous wave | aser
and with said nultiplexer; and a conb generator, coupled with
sai d el ecVPVEWYRSPt i on Snodul ator, for generating a unPGEELEBHY®B¥equency,
wherein said el ectro-absorption nodul ator substantially nodul ates said
laser light with said unique combchigppsncy thereby generating said optical
pul se train. 1010. The system according to claim?2, said anal og sanpler

conpr i si.ng:System formalieatingyatdéast ene sigyalagnriiginecusly eongriehgt i ng sai d
at least two different frequencies;, . a multiplexer, coupled with
each one of saidh pnaieg isaynplerf f@qmﬁtwngemdaiabfeﬁstfmge rsjgma:alpaemt_ng sFu d

I tt I ff t 15frequencies  ipto a. nmultiplexed sanpling signal;
2 52" anffedh b bl HEHAT S, Bl BB o

| £i pl i n Lgnaks | at p Wi I ber
gurrplté: 1I‘O [ g)r(e%rlsla\%e tla L gglﬁggagg ngg ?tr c!%?gggfg‘_,’&f ggff;eééﬁroé&g]grrpfﬁﬂggé‘gﬁa at | east
one signal sinultad@easly imtd tatpeasedne ahpRY &hé eletdt‘r‘i‘éeﬂbéigﬁéf‘éhét' ng at

| east one sanpl ed anal og optical signal; a derul tipl ex coupled with

sai d nodul d@bAemutiplexing sajl etilagssand samipled anahey slertried! aighalg opti cal
signal accordin ﬁo respective frequencies of said plurality of frequency

Into, st least, IWO; TesBective | njersnediate ogﬁGHGQPYeéﬁ:ﬁ SIS said

generat ors; ] ' _ \
Gemal 1 pl oxSreRelY 28eoffiRgd6 A BH1ERRTRS Yool PR ihh8atER  ca

sigoal into saatl Wasteawd eigitalafiRbm)R Mhaipred M eagh $e8pétiively

coupled with said analog sampler, each one of said at least two

digital frequency analyzers for digitally sampling a respective one of

said at least two respective IF signals into at least one respective

digital signal and for spectrally analyzing said at least one respective

15 digital signal; and

a processor, coupled with each one of said at least two digital

frequency analyzers, for determining a plurality of linear combinations

of said at least two respective IF signals with respect to said at least

two different comb frequencies used in said analog sampler and for

20 determining at least one frequency of said at least one signal by

evaluating said plurality of linear combinations of said at least two

respective IF signals.

2. The system according to claim 1, further comprising:

25 a signal collector, for collecting said at least one signal and
converting said at least one collected signal into said at least one
analog electrical signal; and

an analog front end, coupled with said signal collector and with
said analog sampler.

30
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a respective plurality of low pass filters, each one of said 30respective
plurality of |ow pass filters coupled with a respective one of said
respect i WEOBP1HMP48Py of phot odi odes, for attenuating hi §RTAEBI1/0GABYS

2012/ 049680PCT/ 1 L2011/ 000805 frequencies in said at |east one sanpled

anal og Bl ectrié aykterhoacioranty 46 Redir !1n9vr§§+ie§1 m?ﬂ[ Is%ﬁ@:?i?gt e SSo5G avve | F

signals; and a respective plurality each one of said

respecti ve lpast o differendcphill fregsienciey sdnvthelow gigabeetz namgene of said
respective 5 plurality of low pass filters and with a respective one of
said at |least two digital frequency analyzers, for anplifying said at |east

j ' | S, Wh i I h.of said at |east t di fferent
fr equent oo N sSisTn AT ding 8, Blal™T Wb Resl saicRroseasng JELENmeR 10, cach
one 50f - sai daiph ity oPfinéaCENP Rt ABE N ding 99PT | S1 ng: a continuous wave
| aser, for genﬂ ati r% T)aser %ht; v
I-Cf, £ ACf, =m-Cf, £ ACY, = ISf
wherein Cf, and Cf, respectively represent said at least two

different comb frequencies,

wherein ACf and ACf, respectively represent a frequency of

10 said at least one respective digital signal,
wherein / and m represent integer coefficients,

wherein i does not equal ;, and
wherein IS/ represents said determined at least one frequency

of said at least one signal.
15
5. The system according to claim 1, wherein said processor determines
a plurality of characteristics of said at least one signal based on said

determined at least one frequency of said at least one signal.

20 6. The system according to claim 5, wherein said processor outputs a
digital description of said at least one signal, said digital description

comprising said plurality of characteristics.

7. The system according to claim 1, wherein said a'nalog sampler, said
25 at least two digital frequency analyzers and said processor

continuously operate in real-time.

8.  The system according to claim 2, said analog sampler comprising:
a plurality of optical pulse generators, for generating said at least
30 two different comb frequencies;
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an el ectro-absorption nodul ator, coupled with said continuous 15wave | aser
and with said nultiplexer; a frequency conbiner, coupled with said

el ect r o- PP WH¥nodul at or; and a plurality of fr@§EdRWYVHYEY | at or s,
coupled with said frequency conbiner, for generating a plurality of

frequenci es, 2\/\4?&[ | I dah Y, gﬁr‘qj r CS%I‘@ [ [ lity of
frequenci es, 3 I@élgfﬁﬁsgﬁ)lgplgﬁg@pﬁo{?é sorrBin(gn r'mﬂﬁ%@?.diu%t&%t lally
nodul ates paisk |®f§rat0r§h_tfowmblt?’é>dnﬁ| vaidl at Megbt ftweddifereAs ddmbeby
generating said pulse train. 25 12. The system according to claim1, each

one of sai frequengiss inta@ diuliplaketirseyopling sigralyzers conpri si ng: _ a
sai'd respocti vé SRS’ AL | Saeeous e SAEbTyEex, JRE AT RIS cspect | ve
gch):J%: ggexegﬁfﬁgiuéﬁ@%ggbaﬁgm %fd aﬁg \?v: tgﬂals:u d pr ocesgolr ?g;?\dl e at
Gerr ot s BT TSATBAT o UE S s O (g
analog front end, for analog sampling said at least one signal with
said multiplexed sampling signal, thereby generating at least one
sampled analog optical signal;
10 a demultiplexer, coupled with said modulator, for demultiplexing
said at least one sampled analog optical signal according to
respective wavelengths of said plurality of optical pulse generators;
a respective plurality of photodiodes, each one of said respective
plurality of photodiodes respectively coupled with said demuitiplexer,
15 for converting said at least one sampled analog optical signal into
said at least one sampled analog electrical signal,
a respective plurality of low pass filters, each one of said
respective plurality of low pass filters coupled with a respective one of
said respective plurality of photodiodes, for attenuating high
20 frequencies in said at least one sampled analog electrical signal and
generating said at least two respective IF signals; and
a respective plurality of amplifiers, each one of said respective
plurality of amplifiers coupled with a respective one of said respective
plurality of low pass filters and with a respective one of said at least
25 two digital frequency analyzers, for amplifying said at least two
respective IF signals,
wherein each of said at least two different comb frequencies is

an optical pulse train.

30 9. The system according to claim 8, each one of said plurality of optical

pulse generators comprising:
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5said fast serial conmmunication signals, wherein said plurality of DFTs
is conprised of a plurality of discrete Fourier transform (DFT) chunks,
wherei n aVRiNEA4Y8 of said DFT chunks overlaps a subsefGEAE2BHENBYS sai d
DFT chunks by at |east a predeterm ned anount, and 10wherein said |ogic

layer filters sptnthuoas wavenfas@Fde%ggté;Hggnﬁg I?érélﬁn gt em according to

claim12, wherein said |ogic layer an east” ohe Fouri er

transformer ar @ eléctro-gsogptonanbeustbe, soupled WRBAsaid Tohtinubig syst em
according to cl iau m 12, wherein said plurality of DFTs determ ned in each

one of sai JVAYE [aseyrandwyiti spidanuitidexemendanal yzers is det er ni ned |

di I ei n_ sai
o7 ocessor | moi EhefPEt RRIAIEY SEUHGHT W areiilc) SECUPIABSIPON each of
sai g at |e%ﬁbdhléﬂoﬂ'f8f Whefét‘?r?g;‘ég.ﬁ?’gaaadc%fgsrf%%q %yéla The system

according to claim 12, ere grc yer s said 25plurality of

DFTs by a procesiserain peabldOI céletgro-absorption Theiodygatem a@ﬁbétﬂﬂﬁallﬂ/o claim
12,  said processor conprisin a frequency determ nator, coupled Wth said

| ogi ¢ | ayerMogglates said |aS¢Teg§ht/Mﬂ@'l sai uniquensiomp Fesalianidyt therebyl ural i ty

of DFT chu nd_far.30d te said at | east one frequency of said at
| east one g%}?i?fjn said optic pufge”ﬁa

10 10. The system according to claim 2, said analog sampler comprising:

a plurality of frequency generators, for generating said at least
two different frequencies;

a multiplexer, coupled with each one of said plurality of
frequency generators, for multiplexing said at least two different

15 frequencies into a multiplexed sampling signal;

a fiber amplifier, coupled with said multiplexer, for amplifying
said multiplexed sampling signal;

a modulator, coupled with said fiber amplifier and with said
analog front end, for analog sampling said at least one signal with

20 said multiplexed sampling signal, thereby generating at least one
sampled analog optical signal;

a demultiplexer, coupled with said modulator, for demultiplexing
said at least one sampled analog optical signal according to
respective frequencies of said plurality of frequency generators;

25 a respective plurality of photodiodes, each one of said respective
plurality of photodiodes respectively coupled with said demultiplexer,
for converting said at least one sampled analog optical signal into
said at least one sampled analog electrical signal;

a respective plurality of low pass filters, each one of said

30 respective plurality of low pass filters coupled with a respective one of

said respective plurality of photodiodes, for attenuating high
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WO 2012/ 049680PCT/ 1 L2011/ 000805 - a characteristics det ern} nat lo_ri f
coupled with said frequency determ nator, for determning a plurality o
char act erWOPBY4YB0sai d at | east one signal; and _ %THL%fllyEQ@?O%QupI ed
with said logic layer, for providing a 53ynchr on| zation si gnal to said

| ogi ¢ | ayerfrdquiersoles in agiid idtdeast Bnatsdrhpidd aneal dPeld |célr §‘|@ PRy - 18
P re

System for collecting at |east one signal sinu eous quency of
sai d at | eganeyatingispidlat beastdwe tespectivedr $lgda|§'l'faﬂdTEdl ate i of requency
(I'F) band, conpr n anal og sanpler, for receiving said at |east
one si gnal as & r?%%%‘?tw@n@"ﬁﬁﬁtyo@f ar@@l!fre@alea@hgaae off saidf edspieciiveai d at

| east one ast one_co frequency into
at | east one saﬁbﬁi%ﬁé’ﬁ%b L&’E?q M‘fﬁ? agﬁeéﬁgp UG PPT sBICl kgsRetdiveai dt at

| eagt one ,erg}. g\wab [ [ pective

| F gl gnal accordi ?3 It o sg}gsd?'gié% gg@gﬁeﬁggﬁgé?ﬁ% %tné SP%'OOQ? Iég east one
di gital fréyoembyitain#egprmcyc amalezbrs] tfor saiplifyia oga&arml fastSaye at | east
one digital frequence( anal yzer for digitally sanpling said at |east one
respect i ve FegPactirilF signRlSt | east one 20respecti ve digital signal and for

spectrally anaWérgﬂw 24 oaflsalligaasttleagfatvcgsdof?grteln\f?r L8t 5 ”&'nsea”d
train.
10
11. The system according to claim 10, each one of said plurality of
frequency generators comprising:
a continuous wave laser, for generating laser light;
an electro-absorption modulator, coupled with said continuous
15 wave laser and with said multiplexer;
a frequency combiner, coupled with said electro-absorption
modulator; and
a plurality of frequency oscillators, coupled with said frequency
combiner, for generating a plurality of frequencies,
20 wherein said frequency combiner combines said plurality of
frequencies,
wherein  said electro-absorption  modulator substantially
modulates said laser light with said plurality of frequencies thereby
generating said puise train.
25
12. The system according to claim 1, each one of said at least two digital
frequency analyzers comprising:
a digital sampler, coupled with said analog sampler, for digitally
sampling said respective one said at least two respective IF signals

30 as respective multiplexed fast serial communication signals;
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a processor, coupled with said at |east one digital frequency analyzer, for
determ ni ng a plurality of linear conbinations of said at | east one

respect i WEORREI2ZAMBG88| with respect to said at | east one EEREL2E0¢8Equency
used in said anal og sanpler and for determ ning at | east one frequency of

said at least @npgt Q@?br,%oﬁﬁ@&%itﬁ“%a’?’@!&gﬂ%Prs%hﬁJSIé[Cﬁnd e said .
conbi nations of said at |east one respectiv F sidnal, wherein said
at | east opeocesgmchnde | F signal has a frequency within said | F band. 30
19. The system according to claim18, said anal og sanpler further
conprising: at lgastoppechoupar s@ngéormat,oeoupled withesaid logicdayent | east

. ' If Q. | id aptical I
o oot RNy H PR UEhee GoLBLER: R BaRe, TS o =
modgl at or, séﬁiJfﬁs‘?%eW:aﬁ Eoﬁﬁhgafda?ﬂn g}gﬁblg ier and with said anal og front

end, for analog sanpling sard at [eaSt one signal with said at |east one

comb frequencywhetne'rnelsmicgqmiar@m}/ncf DFTsart conprigesarofl adpanaligg oppti cal
si gnal ; . a phot odi ode, coupled with said nodul ator, for converting said
at | east ofiscsawepFedriantieogiap (OAT)shymks, i nto said at | east one sanpl ed
anal og el ectri c?{ﬁrsj gnal.; ss filter, coupled wth said

phot odi ode, fo ?%ﬂaﬁi\,’?\@ %P@ﬁa%r bgﬁaﬁsp@gsiwezf R$ Asubsggueste sanpl ed
anal'og el eghbi &ai§ M Rlchunks by at least a predetermined amount, and

10 wherein said logic layer filters said plurality of DFT chunks.

13. The system according to claim 12, wherein said logic layer and said
at least one Fourier transformer are a field-programmable gate array
(FPGA). |
15
14. The system according to claim 12, wherein said plurality of DFTs
determined in each one of said at least two digital frequency

analyzers is determined synchronously.

20 15. The system according to claim 12, wherein said processor
implements a plurality of digital band reject filters in each of said at

least two digital frequency analyzers.

16. The system according to claim 12, where said logic layer dilutes said

25 plurality of DFTs by a process of peak picking.

17. The system according to claim 12, said processor comprising:
a frequency determinator, coupled with said logic layer, for
receiving and unaliasing said filtered plurality of DFT chunks and for

30 determining said at least one frequency of said at least one signal;
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and generating said at | east one respective |IF signal; and an

anplifier,

coupled with said low pass filter and with said at |east

one

digital fWeqlEAdY8anal yzer, for anplifying said at | easPCEARZMEYWEE ive | F
signal, 20wherein said at |east one conb frequency is an optical pul se

train. 20.
conpri si ng

Vet hwdcharactelisees | ABternihSRTL AOGIRHINGh Skl tfﬁéﬁéﬁéw

t he procedures of: 25collecting at |east one sig

fol di ng saidetesmiratoedfart detersinie asplymalityusf ohasacteeistits tofosaidf Aer ent
ﬂnci es sinul taneously, thereby generating at |east two respective
tleagt agaerigyal pry signal s; digitally sanpling each one

' , ' s, th b t. t | t
i ve RaRiioks UGG el "SI0 Bodie, 1AVES Akl IPHGIES: @ ar | east

conb frequ
i nt er nedi a
of said at
two respec
t wo g espec
at |l east t
one charac
accordi ng

18.

10

15

20

25

30

o ARLEGARAREN' SIeP g PaickMulc, laver for B RERPLRG I3
tleassone Fadurgsiteansforineet ed at | east one signal. 21. The
to claim 20, further conprising the procedures of:
System for collecting at least one signal simultaneously, a frequency
of said af least one signal being within a defined intermediate
frequency (IF) band, comprising:

an analog sampler, for receiving said at least one signal as at
least one analog electrical signal, for folding said at least one analog
electrical signal using at least one comb frequency into at least one
sampled analog electrical signal and for converting said at least one
sampled analog electrical signal into at least one respective IF signal
according to said at least one comb frequency;

at least one digital frequency analyzer, coupled with said analog
sampler, said at least one digital frequency analyzer for digitally
sampling said at least one respective IF signal into at least one
respective digital signal and for spectrally analyzing said at least one
respective digital signal; and

a processor, coupled with said at least one digital frequency
analyzer, for determining a plurality of linear combinations of said at
least one respective IF signal with respect to said at least one comb
frequency used in said analog sampler and for determining at least
one frequency of said at least one signal by evaluating said plurality
of linear combinations of said at least one respective IF signal,

wherein said at least one respective IF signal has a frequency
within said IF band.
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analog filtering said collected at | east one signal; and 10anal og _
processing said collected at | east one signal. 22. The nethod according to
cl ai m 20, WRR8R2E14H88ai d procedure of fol ding conprises tRETALHWIFPYWEEHur es

of : multiplexing said at |east two different conb frequencies

15si multganemis| ydtafP sedBrbiirig!texethifi o said an%ﬁ”!s%'rﬁflﬂ%r SRirther

mul tiplexed signal with said™collected at | east one“signal; .

demul ti pl exdomgpssing: nodul at ed nmul ti pl exed signal according to said at |east

two different conb frequencies into at |east two fol ded 20sanpling signals;

converting sai @a@pPlicalfuisq@ensrater, éangenattiigaaidsat least aneleemwb t wo

el ectrical flsi als; and low pass filtering said at |east two

el ectrical sch'%é]cé': thereby elimnating high frequency inmages of said at

| eagt two el ecty § '-?}al rafi ' I spective

| F gi gnal s. 23Tar fllﬁg'L rfﬁﬁﬁ’cl) éccz)o ?9\3}9% %Ig%tg%ld%@eﬁegﬁﬁégtgﬂpfogcedu_re of

spectral | y ammplifyirigngaicicapeastenelrmblireyuesasiyr e of executing a plurality

of fast Fourier transforns on said at |east two respective 30sanpled IF

si gnal s, thereBy niedulateni egupled avth said Glees amplifiercaede Witursaid

transfor msa%[a%'I:ngs)ffont end, for analog sampling said at least one signal with
said at least one comb frequency, thereby generating at least one

10 sampled analog optical signal;

a photodiode, coupled with said modulator, for converting said at
least one sampléd analog optical signal into said at least one
sampled analog electrical signal;

a low pass filter, coupled with said photodiode, for attenuating

15 high frequencies in said at least one sampled analog electrical signal
and generating said at least one respective IF signal; and

an amplifier, coupled with said low pass filter and with said at
least one digital frequency analyzer, for amplifying said at least one
respective IF signal,

20 wherein said at least one comb frequency is an optical pulse

train.

20. Method for collecting at least one signal simultaneously comprising
the procedures of:
25 collecting at least one signal;
folding said collected at least one signal using at least two
different comb frequencies simuitaneously, thereby generating at
least two respective intermediate frequency (IF) signals;
digitally sampling each one of said at least two respective IF
30 signals, thereby generating at least two respective sampled IF

signals;
-60-



wherein each one of said two sets of DFTs conprises a plurality of discrete
Fourier transform (DFT) chunks, and wherein a given one of said
pl ural i t YWOR20B#SAunks overl aps a subsequent one of saP8TERMMHEPIBYS of DFT
chunks by at | east a 5predeterm ned anount. 24. The nethod according to

claim 20, wher gppckaily BRARRSHY S BE I6SSEItND FESPELIRS ddifoRyp1pr ocedur es

of: determining a plurality of” |1 near conbi nations

i odi fferenSlgxmfs andquenci es used in said procedure of folding; and
evaluating said plurality of Iinear conbinations, thereby determ ning at
| east one f req@éﬂ@@ssdﬂgs%ﬁ@ obE et said at leasidworespagjivel sampled IFThe

nmet hod acc |m2 f.urt her, conprising the rocedur of digitally
processi ng%@}%gattﬁﬁé‘a gﬁgérpﬂ%'&t‘?t\/g gg g FRAGRHRPUC a‘f) etaida; d

pr ogedur e hH I ach one of sai d at |east two respective IF
Si g(r‘%\al S. Zgbgg{:wl\c/{EtLLe&S?gﬁ%c%pﬁegtl ng at |east one signal simultaneously
conprising the procedures of: collecting at | east one signal;

folding said collected at | east one signal using at |east two different
conb fRdqudihng eetbochaacandingsioyclaime2@biurenarampriging thesprocedures

respective |fnterrred| ate frequency (IF) signals; digitally sanpling
each one of'said at |east two respective |IF si gnal s, thereby generating at

least two respgpbiy$hikeRg $id Eofib8idYy &t least one signal: and

10 analog processing said collected at least one signal.

22. The method according to claim 20, wherein said procedure of folding
comprises the sub-procedures of:
multiplexing said at least two different comb frequencies
15 simultaneously into a multiplexed signal;
modulating said multiplexed signal with said collected at least
one signal; .
demultiplexing said modulated multiplexed signal according to
said at least two different comb frequencies into at least two folded
20 sampling signals;
converting said at least two folded sampling signals into at least
two electrical signals; and.
low pass filtering said at least two electrical signals, thereby
eliminating high frequency images of said at least two electrical

25 signals and generating said at least two respective IF signals.

23. The method according to claim 20, wherein said procedure of
spectrally analyzing comprises the sub-procedure of executing a
plurality of fast Fourier transforms on said at least two respective

30 sampled IF signals, thereby determining at least two sets of discrete

Fourier transforms (DFTs),
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digitally processing said at |east two respective sanpled IF 30signals; and
WO 2012/ 049680PCT/ | L2011/ 000805 processi ng each one of said at | east
two respe¥Pi{R/&BPl ed | F signals, thereby determn ni ng ECTIEHI/OWEE
characteristic of said collected at | east one signal. 5 27. System for

collecting at | I L.t an S nal og
sanpl er, 19 or re\/g@;é'tnlﬁgrgé% scy %Hé Ofi%g;é‘tt&@n%&g (ngFqgg&é@bﬂgg&a BMQQHQI og

el ectri cal @‘Icﬂﬁoﬂetefﬁl)'urféﬂtﬁbrﬁ\goﬁml(‘flbfa'r ) ER@gks o4¢d anal og el ectrical signal
using at least two different comb frequencies sinultaneously into at |east
two respective Wine ke e gisten bnequfasayd pOraky ef @ﬁfs:hmkpe@\teﬂmbs/ aaccor di ng

to said at ast t different, co frequenci at least two digital
frequency asrﬁ‘g% W? 88@h°ﬂ‘e§§@ctﬁ @'Wc@ﬁp‘pga whunksaiy @taleast s&npl er,

each one of digital frequency analyzers for digitally
sarrgl I ng aprr%g%gec 'néagaﬁéOQMIS said at |east two respective IF signals

into at | east one respective digital signal and for spectrally anal yzi ng
said at | east one respective digital signal; and a processor, coupled
with edtth olte ofmethod at:cd)ﬂﬁlsg tovocldiigi 24, Wwheresncsaidnpryeedgre for
determining a pluralit | i near combinations 20 of said at |east two
respect i ve%rﬁcgﬁfﬁgl@%t"ﬁ%é@%éﬂb -Pcggdugestof] east two different conb
frequenci es us ' a S | er. and, for,.deternnin | east one
frequency of S%‘%&éﬁpﬁﬁrﬁ& B@ﬁ%@i%e%ycwgf@{q%o ey %ﬂﬁaélt WO of
lingar contjifiéidrRtonih fdjuer’ied B38H ih\Waid PEESAINEOf foldihg ke 25
evaluating said plurality of linear combinations, thereby
determining at least one frequency of said collected at least one

signal.

15 25. The method accordin‘g to claim 20, further comprising the procedure
of digitally processing said at least two respective sampled IF signals
after said procedure of digitally sampling each one of said at least two

respective IF signals.

20 26. Method for collecting at least one signal simultaneously comprising
the procedures of:
collecting at least one signal;
folding said collected at least one signal using at least two
different comb frequencies simultaneously, thereby generating at
25 least two respective intermediate frequency (IF) signals;
digitally sampling each one of said at least two respective IF
signals, thereby generating at least two respective sampled IF
signals;
digitally processing said at least two respective sampled IF

30 signals; and
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28. The systemaccording to claim27, said analog sanpler conprisi gg:t

a plurality of radio frequency (RE) generators, for generating said at

| east t woVEi2PT2EHY¥Y conb frequenci es; a r BSPAEIRIV B ural ity
of RF m xers, each one being respectively 30coupled with one of said

plurality of Ripreesssiago&ach one of saiPaMisastPivid ?ﬁépe&wksﬁm%&gﬂf@ach one

of said respective plurality of RF mxers and wth an analogtr end, for
splitting signalst thessbyodetemmainoyy eakedeastabnei ghaladtetistiat of egaid t wo

anal og electrical signals, wherein each one of said plurality of RF mxers
m xes a 59@9?5&‘& aleastonsrsigaall at | east two different conb f requenci es
with a respective one of said at |east two analog el ectrical signals,

t hereby generating at |east two respective full band fol ded signals; a
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plurality of low pass filters coup . _ _ f : ald
respective pluaal ahgloy sBmplekefos, rdoeiviagt saidaat Reasti dhe sigemleasifs in

at least two respective full band folded signals thereby generating said at
il ansceutemrtesontibes kWit ironsien drigig:

a ifiers, ne said respectiyv .col

\M_rth a resﬁgﬁﬁ\gapoﬂgﬂa* USing (s Jeass .0153'?}@(%{\{“9?0'6‘@ Ifbﬁﬂ'-ﬂ)%&%'reg: Int :;(s:,h
for anplif g ' Skt e | ; _

of said at S oangAbdusly, [t8Cht neast BABCRcptIVE TR TkDiate fipali8fedi 1. °%0
29.10The sygifgrsignalsr dispectively atcobng 2¢6Eai@ e 10AsBaVE differicptidome’ RF

generators conprising: an RF signal generator, for generating an RF signal;
frequencies;
at least two digital frequency analyzers, each respectively
coupled with said analog sampler, each one of said at least two
digital frequency analyzers for digitally sampling a respective one of
15 said at least two respective IF signals into at least one respective
digital signal and for spectrally analyzing said at least one respective
digital signal; and
a processor, coupled with each one of said at least two digital
frequency analyzers, for determining a plurality of linear combinations
20 of said at least two respective IF signals with respect to said at least
two different comb frequencies used in said analog sampler and for
determining at least one frequency of said at least one signal by
evaluating said plurality of linear combinations of said at least two
respective IF signals.
25
28. The system according to claim 27, said analog sampler comprising:
a plurality of radio frequency (RF) generators, for generating
said at least two different comb frequencies;
a respective plurality of RF mixers, each one being respectively
30 coupled with one of said plurality of RF generators:
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a first anplifier, coupled with said RF signal generator, for anplifying
said RE signal; 25a conb generator, coupled with said first anplifier, for
gener at i NYOVBIHBO3r equency at the frequency of said RFPSITGRHIINYEINY conb
frequency having a baseband frequency; and a second anplifier,

coupled with sa howep gslitrsrat@suEied Wil éadiesheet bV sdiderddpadiyve
respective plurality of RF mxers, for anplifying 30said baseband frequency

of said corlufalidyywdidf, mixers andw\eﬂ”eran analdgcroht gaderfar splittindusaides sai d
said RF pulse train. Agent for the

RFp|s: ggﬁlt aéggragﬁé{) e}@ﬂile%ilgtal aldeliicabsignaldpikat keRechia aRakeg elctricalor ney
signals, wherein each one of said plurality of RF mixers mixes a
5 respective one of said at least two different comb frequencies with a
respective one of said at least two analog electrical signals, thereby
generating at least two respective full band folded signals;
a respective plurality of low pass filters, each one of said
respective plurality of low pass filters coupled with a respective one of
10 said respective plurality of RF mixers, for attenuating high
frequencies in said at least two respective full band folded signals
thereby generating said at least two respective IF signals; and
a respective plurality of amplifiers, each one of said respective
plurality of amplifiers coupled with a respective one of said respective
15 plurality of low pass filters, for amplifying said at least two respective
IF signals,
wherein each of said at least two different comb frequencies is

an RF pulse train.

20 29. The system according to claim 28, each one of said plurality of RF

generators comprising:

an RF signal generator, for generating an RF signal;

a first amplifier, coupled with said RF signal generator, for
amplifying said RF signal;

25 a comb generator, coupled with said first amplifier, for
generating a comb frequency at the frequency of said RF signal, said
comb frequency having a baseband frequency; and |

a second amplifier, coupled with said comb generator and with a
respective one of said respective plurality of RF mixers, for amplifying

30 said baseband frequency of said comb frequency,

-64-



WO 2012/049680 PCT/IL2011/000805

wherein said comb generator modulates said RF signal, thereby
generating said RF pulse train.

| Agent for the Applicant, |
Sorochov Korakh & Co. I
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