Electronic circuitry and method for determination of amplitudes of received signals 5 FIELD OF THE
INVENTION  This invention relates to DSP-based systems, and in particular, to a method and an
electronic circuitry for determination of amplitudes of received signals. 10 BACKGROUND OF THE
INVENTION In Digital Signal Processing (DSP) based systems, a dynamic range of a system is
defined as a ratio of the largest amplitude of processing signal to the smallest amplitude of processing
signal, and can be estimated by utilizing the following equation Dynamic Range (dB) = 20logio(2N) ;.--;
6.02N, where N 15 represents the data word length of the analog-to-digital (AD) convener or the digital
signal processor. One of the problems associated with DSP-based systems is "overload," or
saturation that can occur when amplitude of the processing signal exceeds a border of the dynamic
range of the system. Such a border is usually referred to as 20a saturation level. For example,

monopulse antenna sysiems maySMAIRY YAHAMS DR b8 SerRATRILBEDATH{aagIrgetion finding

(see, for example, U.S. Pat. No. 4,926,184 to G-alati, etc.). Such systems are adapted to
simultaneously emit radar pulses toward a targeeiybibsigrals two antennas of different directionality
and to 25 find the direction of the target object from comparison of radiation patterns obtained. When
one or both antennas are close to the targets, the amplitudes of received signals can exceed the
saturation level of the dynamic range of the - 2 - receiver. As a result of the exceeding of the
receiver's satuggfierpeye! TaTy, yNacismedformation can be lost. SUMMARY OF THE INVENTION

This invention relates to DSP-based systems, and in particular, to a
method and an electronic circuitry for determination of amplitudes of received

signals.

10 BACKGROUND OF THE INVENTION

In Digital Sigﬁal Processing (DSP) based systems, a dynamic raﬁge of a
system is defined as a ratio of the Iargeét amplitude of processing -signal to the
smallest amplitude of processing signal, and can be estimated by utilizing the
following equation Dynamic Range (dB) = 20log1o(2N) = 6.02N,' where N

15 represents the data word length of the analog-to-digital (AD) converter or the
digital signal processor. | |

One of the problems associated with DSP-based systems is “overload,” or
saturation that can occur when amplitude of the processing signal ¢xceeds a
border of the dynamic range of the system. Such a border is usually referred to as

20  asaturation level. - | ,

For example, moriopulsg antenna sys{ems may employ various amplitude
comparison methods for direction ﬁndihg (see, for example, U.S. Pat. No.
4,926,184 to Galati, etc.). Such systems are adapted to simultaneously emit radar
pulses toward a target object from two antennas of different directionality and to

25 find the direction of the target object from .comparison of radiation patterns
obtained. When one or bofh antennas are close to the targets, the amplitudes of

received signals can exceed the saturation level of the dynamic range of the



There is a need in the art and, and it would be useful to have a method and 5 an electronic circuitry for
determination of an amplitude of a received signal having amplitude above the saturation level.

The present invention satisfies the aforementioned need by providing a method for generating an
output signal representing an actual amplitude of a received digitized signal having a magnitude A, of
the actual amplitude equal or to greater than a value of a saturation level L of a dynamic range of a
receiver. The method includes calculating a total numher Nun of samples of the received digitized
signal within a predetermined time interval, and calculating a number Ars of samples of the received

digitized signatayitfythe AMpliudeiearalio thesatiyation tevetvithiarthisAieseiarmingd tme interval.
The method further 15 includes calculating a ratio R, between the number N, of the samples with the
amplitude valutitsgtiansd mouratRGANSFCshd the total number N10, of the samples. Then, a
predetermined relationship between the magnitude of the amplitude and the ratio R, can be used for

determining th i ﬁ?\@m& Finally, the output signal representing said actual
amplitude 20 gﬁmgfaﬁhﬁ@ pr ention satisfies the aforementioned need by
providing a calculatingeke it £RBEYHHIAARNEADS LAWY SI3AA {GREGSENMHBA aRtHal
amplitude of a received digitized signal having a magnitude A, of the actual amplitude equal or geater

than a valfie ot slacitamin fevahirofiarddaemdmsieangé ahareplifide Pha dktiathgiemelit includes
a sample calcv@%ggg[%ﬁgiﬁm‘éﬁ%gg&% Igﬁgge%gtal number N,G, of samples of the received
n t

digitized signal an ber N, of samples of the received digitized signal with the amplitude equal to
the saturation level withinragseadcreveninenl satiefigse thal afoBementitmedaleedatipgpeireidifgriner

includes a divider.circuit configured for. calculating a ratio R, hetween the number f the samples
with the ampli ugteh\(}é%b%ére%ﬁ%%t%l %%talrlcetlﬂ%n 7gdglne?1a|r%)¥ﬁseefbfgignﬁnmg%t}l f:;a'm t 68 %aor?paies. Finally,

the calculatingredaivitdudipeiziet lkides] draainyg kit udecoiedéathr afrthet fetmah tiguyrioh dor cappalybrg a
predetermined relationship between the magnitude gf the.amplitude and the ratio R" ther,

Gotermnily e L RAG GPUHE St SFORAANE Qe St S L8 BURBLCS3F TEiToething the
actual amplitugesthod Aeetidizg dalaratzmbe diseenhahiberinVgntish s heplwe ddtatminestrelationship is

represented by the following.e ion: 10As = 20logjo, tom'" * «.
P %izcgltizecl ggn%l \gflilt%}n a predeterm?ne% timemmterval, and calculating a number

N; of samples of the received digitized signal with the amplitude equal to the
 saturation level within this predetermined time interval. The method further
15 includes calculating a ratio R; between the number N, of the sainpl¢s with the
amplitude value equal to the saturation level ahd the total numberN Nyor of the
- samples. Then, a predetermined relaﬁonship between the magnitude of the
| amplitude and the ratio Ry can be used for determining the magnitude ‘Gf the
actual amplitude. Finally, the output signal representing said actual amplitude

20 can be provided. |
The present invention satisfies the aforementioned need. by providing a
calculating circuit configured for generating an output signal representing an
actual amplitude of a received digitized signal having a magnitude Aq of the
- actual amplitude equal or greatef than a value of a saturation level L of a dynamic
25 range of a receiver. The calculéting circuit inéiudes a sample calculator circuit
configured for calculating a total number N, of sample‘s of the received digitized
signal and a number N, of samples of the received digitized sigﬁal with the

amplitude equal to the saturation level within a predetermined time interval.
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The calculating circuit further includes a divider circuit configured for

calculating a ratio R, between the number N, of the samples with the amplitude

value equal to the saturation level and the total number N, of the samples.
Finally, the calculating circuit further includes an amplitude calculator circuit
configured for applying a predetermined relationship between the magnitude of
the amplitude and the ratio R, thereby determining the magnitude of the actual
amplitude and providing the output signal representing the actual amplitude.

According to one embodiment of the invention, the predétermined
relationship is repfesehted by the following equation: °

Li20
4, =20logy| —————|,

s.in(-’£ (1-R))

where the magnitude of the actual amphtude is measured in declbels (dB).

‘According to another embodiment of the mventlon, the predetermmed
relationship is presented as a.reference curve provided for a required saturation
level L. Such a reference curve defines a dependence of the actual amplitude on
the ratio R, for this saturation level L. It should be understood that the reference
curve can be presented as a look-up iable stored in a memory circuit and
provided for a required number of saturation levels L. |

The present invention further’ satisfies the aforementioned need by
providing a program storage device readable by machine, tangibly embodying a
program of ‘instructions executable by the machine to perform method steps for
generating an dutput signal represénting an actual afnpiitude of a received ‘
digiti'zed éignal having a magnitude 4, of the actual amplitude equal or greater
than a value of a saturation level L of a dynamié_ range of a receiver, the method
steps comprising: | .

selecting a predetermined time interval;’ A

calculating a total number N, of sémpleé of the received digitized signal

within said predetermined time interval;



where the magnitude of the actual amplitude is measured in decibels (dB).  According to another
embodiment of the invention, the predetermined relationship is presented as a reference curve
provided for a required saturation level L. Such a reference curve defines a dependence of the actual
amplitude on 15 the ratio R, for this saturation level L. It should be understood that the reference curve
can be presented as a look-up table stored in a memory circuit and provided for a required number of
saturation levels L.  The present invention further4satisfies the aforementioned need by providing a
program storage device readable by machine, tangibly embodying a 20 program of instructions .
executable by the madhinetitgperfonmbeneihod ﬁmp&boﬁﬁreer%&igﬂ&gﬁpzﬁds@g@lramhhenting an
actual amplitude, of a recelvedéj itized sli’g | havin tude e actuaJ am litude equal or
greater than SYSHESFSTENRG ?%Hefé%‘ﬁ%a Wﬁ’i@? €5y t@e PR St e ps
comprising: 25selecgligaapiigdetenaioer, tibeevstartal nudletating aiotshmpebes Al thef samples
of the received digitized signal within said predetermined time interval; - 4 - calculating a number

N, of sampleSBPH¥dec¥alas eRji#L 4R %é@%ﬁﬁﬁ%é‘?&%r@ﬁ&éﬁ‘ﬁ%@ tﬁﬁ@hﬁéIN al Mtihe
amplitudg eqyakig)thesaturation level; calculating a ratio Rs between the number N, of the
samples with the amplitude value equal to the saturation level and the total number N,a, of the 5

samples; and  agilplipa provedsienminad elHenP e hriBsenigtifaginandeds A élh?plltude and
said ratio Rs fgp detemining said magnirdergl g aaluahamplivde.prading saideoupyksignal
representing said actual amplitude. 10 The present invention further Satisfies the aforementioned
need by proviglitiRjisidemputer program product comprising a computer useable medium having

oo e MSIEERAS RBREISa IS er rerninaan el representro an

actual amplitude of a receiv Ing a magnitude A of the actual amplitude equal or
greater titan a valuelfea present invention further satisfies the aforementioned need by

providing a computer program product comprising a computer useable medium
having ‘computer readable program code embodied therein for generating an
eutput signal representing an actual amplitude of a received digitized signal
having a magnitude A4 of the actual amplitude equal or gfeater than a value of a
15 seturation level L of a dynamic rangel of a receiver, the computer program
product comprising:
computer readable program code for causing the computer to select a
predetermined time 1nterval
computer readable program code fer causing the computer to.calculate a
20 total number N, of samples of the received digitized signal within said
predetermined time interval; .
computer readable program codevfor causing the computer to calculate a
number N; of samples of the received d1g1t1zed s1gnal w1th1n said predetermmed
time interval with the amphtude equal to the saturatlon level;
25 ‘ ee'nphter readable program code for causing the computer to calculate a
- ratio R between the number N; of the samples with the amplitude value equal to
the saturation level and the total number N, of the samples; and ‘ |
computer readable program code for caus‘mg the computer to apply a
predetermined relatienship between said magnitude of the amplitude and said

30 ratio R, for determining said magnitude of the actual amplitude;



15 saturation level L of a dynamic range of a receiver, the computer program product comprising:
computer readable program code for causing the computer to select a predetermined time interval;
computer readable program code for causing the computer to calculate a 20 total number N,,, of
samples of the received digitized signal within said predetermined time interval; computer
readable program code for causing the computer to calculate a number Ns of samples of the received
digitized signal within said predetermined time interval with the amplitude equal to the saturation level,
25computer readable program code for causing the computer to calculate a ratio Rs between the

number N, of the samplgmpiitertheRAntitysvale-saualdo asaiuRlianiaNeland thestatel number

Nun of the samples; and computer readable pr%?ram code for causing the computer to apply a

predetermined SfhaBiSHip St Epres e iRt dgRI8F aepligRtude and said 30 ratio Rs for

determining said magpjude gt e 6uAl ARG Seher SRTBNCHERRREISAIBAIAT ERRLO causing

the computer to provide said output signal representing said actual amplitude. There has thus

been outlined, patlibe kimﬂﬂgipthéﬁn@réqmﬁmﬁaﬁﬁe@@wiéédomﬂmﬁmidhﬁrfgfd%afqtlﬁévdetaiIed
descrlptlonstheh%péi%q{é‘g %Xﬁlﬁgh@éﬁ%zuﬁﬁﬁ%ﬁoae R%ﬁ?g#éhqedgﬁ?sd A F AHORRL Sﬁa&!§ apd

advantages of the invention e set e detaile scription, and In part Will be appreciated
from the descriptiention nveillbbdesghddily pmathicedstatiedndestiort BR | Erd DIt SERIPTIONMOF THE
DRAWINGS . In.order g undetstand the ipvenion and e ses ow I may s carriod autin practice
a preferred emBIairEent will oW be esc?nbed, By vv%y of Hon-iim irtl)g example onlln, WIth Teference to
the accompanying drawings, in which: Figs. la-id show exemplary simulated data selected after AD

conversion of tigierk e Y& e PSR RaRgene pigdsignnned frequency and sampling rate, but

different maximal amplitude values, respectively; 15Figs. 2a-2d show exemplary simulated data
selected after AD coniwecstinr to understand the invention and to see how it may be carried out

10 in practice, a preferred embodiment will now be described;, by way of non-
limiting example only, with referenée to the accompanying drawings, in which:
Figs. 1a-1d show exemplary simulated data selected after AD conversion
- of time-varying signals all having one predétermined frequency and sampling
rate, but different maximal amplitude values, respectively; |
15 Figs. 2a-2d show exemplary simulated data selected after AD conversion
of time-varying signals different from signals shown in Figs. la-1d in the fact
that they having another predetermihed frequency than the signals shown in Figs.
la-1d; | E
Fig. 3 shows an example of the dependence of the ratio between the
20  number of the samples With the amplitudé value equal to the satufation level and
the tofal number of the samples on the frequency;
~ Fig. 4 shows an exempiary relétionship between an actual amplitude 4 of
the received signal and the ratio between the number of the samples with the
amp}.itﬁde' value equal to the saturation level and the total number of the samples
25 represented as a reference curve; and ,
: Flg 5 shows an exemplary schematic block diagram of a calculating
circuit éonﬁgured for determining an actual amplitude of a received ciigitized_
~signal having a magnitude equal or greater than a value of a saturation level of a

" dynamic range of a receiver.



of time-varying signals different from signals shown in Figs. la-ld in the fact that they having another
predetermined frequency than the signals shown in Figs. laid,; Fig. 3 shows an example of the
dependence of the ratio between the number of the samples with the amplitude value equal to the
saturation level and the total number of the samples on the frequency; Fig. 4 shows an exemplary
relationship between an actual amplitude As of the received signal and the ratio between the number
of the samples with the amplitude value equal to thegsaturation level and the total number of the
samples 25 represented as a reference curve; and Fig. 5 shows an exemplary schematic block

diagram of a @ICHIATNEDDESCRIPIIEING Hash MPY. ARACERM BODBIMIENTS received digitized
signal having a magnitude equal or greater than a value of a saturation level of a dynamic range of a

receiver. - 6 - DETATLEDPDEGURIRIONTHIGX BA meARanCEMB}@mmmwcordmﬁetprm@iples and
operation of tﬁge%%l&%@%lﬁi85‘%&5%8%%%@%%@%86%5&%' E’Xﬁa’é&?& %%g%%@g@%&&?ﬁ [gpod with

reference to the drawings and the' accompanying description, it being u at these drawings

and examplesiwémpengimecdigstoptan divemfoniliiesttatddipd ibese dramingn drak exanplesant to be

limiting. Same %ortlons of the detaiIFd ?S%{Q%Iions which follow h%reinbelt%w are p[re%ented in
SI e d SCI’%PUOD aI‘f]i Cglven Or 1 I%S IV?&) 0SES onr?/ arc no e%nt O bC .

terms of algorithms and symbolicrepresentations of operations on data represented as physical

quantities withimigigisters and memories of a computer io system. An algorithm is here conceived to

be a sequence of steps requiring physjcal manipulations of physjc ntities and leading to a desired
result. Usually, altho Bﬂlﬁg{%%%égggrfkf ﬂ?é%‘zeau‘f?ﬁﬁﬁg’él é%e Wi@%?ﬁﬁ%‘%l%ﬁ??ﬂé%%?}”m& netic
signals capabjg@theingnsiaras o alstatied, £orebinbolic esppesatatangs aepetiatomastnddaied. In the

present description, these signals will be referred to, as values, 15 magnitydes, elements, symbols,

numbers, or tAEPTRESTI LS BREintLLARPRILIEY BRI ST SUEM IRERPHES STpfcTPREYAg terms

such as Jgrocessig’ Ah' aQDRIHING RircCRISHNIED tPbedris ARG REcHIPRRARAG 1y tcalike, refer,
to the action and processes of an electronic calculating circuit or a computer system or similar

electronic conipaiRg atonse ohRbsissh Aerettissd %éﬂ%d&ia@ﬁﬁé@eﬁ‘?ﬁ@% Eryalw-id, a
digitized repreﬁﬁ(ﬁﬁ%ﬁ%%f SXEARIANY, sV giuingRignale EOeHRiRbPYRIRHATI9R Indlusliated. The
signals include a certain normal noiSe component and have frequency of 27 Mi-li and sampling rate of
1 GHz for 8-bitisapipleapable ebhaiagoriqeyk nariiareedywambinedgeootmaiebepnd: Ahesrsisrd to be
31.6 dB. Spe‘?ﬁ' 15!&1.'&%%‘@5?%‘%%}5#5%%3}?{{6%? Eﬂ@s@%igﬂé‘i’é'%ﬂi Hnplifidesqhtge datayvords in the
signal is equal to the saturation lével of the dynamic range of the receiver. In turn, Figs. Ib-T c illustrate
a digitizet reprezgmitaden clsignéds Hivihglshefirwhasmcyrsihsildkin Haless theesifaallshwsaiadn Fig. la
(i.e. 27 MHz), having %‘ ngt d(%oft 2 %at J ter than the. ration devel of the
dynamic rang((el%glfgltﬁvelSrf:éct(;ﬁl%/(t)el[jl ?‘%L?O § Sﬁ‘ﬁpaﬁ i %%ﬁ?zigi e : Sh&p & %%%e%g&% o

“computing" or "calculating" or "determining" or "generating" or the like, refer to

the action and processes of an electronic calculating circuit or a computer system or

similar electronic computing device, that manipulates and transforms data.

20 Referring to Figs. la-1d, a digitized represeritationvof exemplary time-

varying signals generated by simulation is illustrated. The signals include a

certain normal noise component and have frequéncy of 27 MHz and sampling

rate of 1 GHz for 8-bit samples. The saturation level L of the dynamic range of a

receiver is selected to be 31.6 dB. Specifically, Fig. 1a shows the signal when thé_

25 maximal amplitude of the data words in the signal is equal to the saturation level |

of the dynamic range of the receiver. In turn, Figs. 1b-1c illustrate a digitized

representation of signals hiving the fi‘equehcy similar to that of the signal shown

in Fig. 1a (i.e. 27 MHz), but having actual amplitude of the data words greater

than the saturation level of the dynamic range of the receiver by 10 dB, 20dB and



-7- 30 db, respectively. The receiver is saturated during saturation time periods, i.e., when the actual
amplitude of the signal is greater than the saturation level. For a predetermined time interval T, a
number Ns of the data samples located within the saturation periods and having amplitudes equal to
the 5 saturation level L has a certain value. In particular, for the example shown in Fig. La, for the time
interval T of 800 ns, the number N, of the data samples with the amplitude equal to the saturation level
I" is equal to 57. Accordingly, a ratio R, between the humber N, of the samples with the amplitude
value equal to the saturation level and the total number N,", of the samples within the time interval T
10is equal to GO ab (respRtiwdiyNidre fB¢HB06r 15, @QTdpd dutinthsatasemshona parkids, is-ic, the
samples with thg amﬁ)litude reatﬁr tgan El maggflni}tude of satglrati%rll level Ltwill 1tgeelf)cated within the
saturation level KBADFAREHS, 1ORRG S8 A BretiEai SLer iR IRl F RSN N, of the
samples located withiito:theegateratioad engleviitoevgrenter thantsircVa diSthundber sarthidesase shown
in Fig. la. In particular, for the example shown in Fig. b, t%ﬂ number N, is e%ual to §35. Accordingly,
the ratio R, bel0f@tsthE HEI8F I\E%‘i“iﬁféoéhrﬂﬁlfé%‘%viﬂ{’ jﬁﬁ’lﬁﬁtua@%ﬁﬂg 8qlares d%e Ef%ﬁuration

level and the toialaumbry M, Phthe: samplies Wibinihedipainigoaht GxamBle-sAWA iatFigequal to
0.794. Likewise, for the examples shown in Fig. Ic and Fig. 20id, the values of R, = NE/Ariof are equal

to 0.938 and Ol9sfoTdpEaIkaNerval Repbriy) 16 thgsnwa es Yook e €ef2 BrRRIEA (REBNBE signals
which are diff%%@ii%a@gm% fiemsthe-signpiRwhowndrfigs «p9d inlsiaed, Spaebcally, the

frequency of 47 YfFlz has been selected, whereas the same sampling rate of 1 GHz has been

maintained fobaiMrerehasemgy Ya ahthes2enpiessiiibl e cimplitids Yekva fvak tof the data
words In the SERRLISEANILIAAS REIAIRNIRE o, B dynamiaenan il ihe frrelvitmngreas Figs.

2b-2c illustrate a digitized representation of the signals having the actual amplitude of the signal
greater than the aatalaiorDEvEl.of RedihanicTanfdorthdidoeiver by 10 dB, 20dB and 30 db,
respectively. - 8- _The number N, of the data, samples with the amplifude value equal to the
saturation level L forIﬁlué Sa%aégsc%'iFPe‘ch}ﬂ 'ﬁ%stila?gféi 5 -S%l]?seesq‘dé c%hl 27211%%% a%aée?84,
respectively. AgeardiRofiagheniaticoR shatmeen thedluber Noeol sbatsdnitainwith datuamiplitude value
located within the saturation level and the total number Ns, of the. samples, within the ti interval T is
equal to 0.0SQ%‘W?%Q‘?‘,%%%@%W@! Bo ,98%3@9?‘“”“‘%@% ?ﬂ%tﬁzr‘ﬁ%%‘ggggr%ﬁe#the actual
amplitudes of the samples RkGEaemiRan thigesattirlinm vl thelvalvegeftthediatiosRidapend

insignificantly on the frequency of the signal. For example, the dependence of - )
15 ~ number m the case shown in Fig. la. In particular, for the example shown in

Fig. 1b, this number N; is equal to 635. Accordingly, the ratio R, between the
number N; of the samples with the amplitude value equal to the saturation level
and the total number N, of thé» samples within the time "intervaly T (i.e., R, =
N¢/N,,) is equal to 0.794. Likewise, for the examples shown in Fig. 1c and Fig.
20 ld, the values of R, = Ny/N,,, are equal to 0.938 and 0.980, respectively.
Referring to Figs. 2a - 2d, a digitized representation of signals which are
“different in frequency from the signals shown in Figs. la-1d is illustrated. -
Specifically, the frequency of 47 MHz hés been selected, whereas the same
sampling rate of 1 GHz has been maintainedlfor all these cases. Fig. 2a shows
25 the signal Whgri the actual amplitude of the data words in the signal is equal to
the saturation l‘évell of the dynamic range of the receiver, whereas Figs. 2b-2¢
illustrate a ciigitized representation of the sighals having the actual amplitude of
the signal greater fhan the saturation level of the dynamic range of the receiver

by 10 dB, 20dB and 30 db, respectively. -



10 the ratio R, on the frequency for the case when the actual amplitude of the data words exceeds the
saturation level of the dynamic range of the receiver by 30 db is shown in Fig. 3. As can be seen, the
value of the ratio R, is centered around the value of 0.98 for all the frequencies in a rather broad set of
frequencies located in the region of 5 MHz to 495 ME-Iz with the increment of 5 MHz. 15According to
the present invention, the knowledge of the ratio R, provides a possibility to determine actual
amplitude of the signal when the magnitude of this agnplitude is greater than the saturation level.
Thus, the present invention provides a method for determination of an actual amplitude of a received
digitized signal havirhe magsitune 4f ofctida2Qa618 amplitideepliales giategiana talue of a
saturation level L of a dégamic range of a receiver. The method includes calculating a total number

Nw, of samplédtbratien sl ddfargie sasshrarsnnanding Ly dtismitea e sl ikSafse, the
method includeg) calauiainga peenberN Ak sammies, ehtheirreivedidisiizad siapajenitn the amplitude

equal to the saturation level within 25 this predetermined time interval. In other words, the number N,

is calculated dbgisgrepics atitadba ameliude yswndoraiedavtithimthpreiasatipmicsdd ids@ual or
greater than the 5aturatiep }@’,elﬁ‘-tﬁ@%éﬁﬁﬂé@d\x‘;ﬁﬁﬁ?rtfféc'ﬂﬁ%%siﬁ?é%@“ﬁQs”b%[&%fi(?oR@.'@%@Yee” the
number N, of the samples with the amplitude equal to the saturation level and the total 30 number Nr,"
of the sample8: 7PfieR, %@ prauktePthinesprstatidiiship between the - 9 - magnitude of the actual
amplitude and the rajo, &, paTRSiRef (9 detRmng e meanituds atdhes ag'val amplitude. Finally,

the output signal representing the actual amplitude A, can be provi According to one embodiment
of the inventicarg therqatedetbemirtbd Ssetlatinoshisvsle pheserakethyothealiolloating Boudtizend?

insignificantly on the frequency of the signal. For example, the dependence of

10  the ratio R, on the frequeﬁcy for the case when the actual amplitude of the data
words exceeds the saturation level of the dynamic range of the receiver by 30 db
is shown in Fig. 3. As can be seen, the value of the ratio R, is centered around the
value of 0.98 for all the frequencies 1n a rather broad set of frequencies located in
the region of 5 MHz to 495 MHz with the iﬁcrement of 5 MHZ. |

15 According to the present inventibn, the knowledge of the ratio R, provides
a possibility to determine actual amplitude of the signal when the magnitude of
this amplitude is greater than the saturation level. -

- Thus, the presenf invention provides a method for determinatibn, of an
actuai amplitude of a received digitized ‘signal having a magnitude 4 of the

20  actual amplitude equal or greater than a value of a saturation level L of a dynamic
range: of a receiver. The method includes calculating a total number N, of
samples of the feceived digitized signal withiﬁ a predetermined time interval.
Likewise, the method includes calculating a number N, of ’s.amplesv of the
received digitized signal with the amplitude equal to the saturation level within

25 this predetermined time interval. In Othér_ words, the number NS- is calculated
during the saturation time periods‘w’hen the actual amplimde of the signal is
equal or greater than the saturation level L. » | | ‘ |

‘T-he method further includes calculating the ratio R, between the number
N, of the samples with the amplitude equal to the saturation level and the total

30 number N,, of the samples. Then, a predetermined relationship between the



A, =20 loglo | ow sin(--ir (1- R) 2 where the magnitude of the actual amplitude is measured in
decibels (dB). Thus, the actual amplitude A, can be obtained by substituting a required value for L and
a calculated value for R, into Eg. (1).  According to another embodiment of the invention, the
predetermined relationship can be presented as a reference curve provided for a required saturation
level L. Fig. 4 shows such a relationship represented as a reference curve that defines a dependence
of the actual amplitude A, on the ratio R5. The actualamplitude A, is provided on the ordinate-axis as
A, =L- AA, where the

magnitude of the actual amplitude and the ratio R, can be used for determining
the magnitude of the actual amplitude. Finally., the output signal representing the
actual amplitude A, can be provided.
| According to one embodiment of the invention, the predetermined

5 relationship is represented by the following equation:

_ 0L/
A, =20log,, m , ' o D
5 s

where the magnitude of the actual amplitude is measured in decibels (dB). Thus,
the actual amplitude 4 can be obtained by substituting a required.value for L and
a calculated value for R, into Eq. (1). |

10 .According to another embodiment of the invention, the predetermined
relationship can bé presented as‘ a reference curve provided for a required
saturation‘level L. Fig. 4 shows such a relatioﬁship feprééented as a reférence.
curve that defines a dependence of the acfual amplitude A on the ratio RS.. The
actual amplitude ASA is provided on the ordinate-axis as A, = L+A4, where the

15 increme*}f A4 équals 10 dB. As can be seen in Fig. 4, the method can be used for
determvination of actual amplitudes up to the magnitude of L+50 dB. When the
"oversaturation" exceeds 50dB, almost all the samples are located 'within the
saturation time perio.ds and the ratio R, ~1. - |

; Aftér determination, the magnitudé of the actual amplitude can be

20 prdvided to the correqunding device for a required application. Whén desiréd,

| the calculated amplitude can be ‘stored in a memory unit of the device for
utﬂization in future applications. For example, the algorithmA of the present‘
.invenﬁon for calculétion of actual amplinl.ldes' can be used in various .am'plitude
comparison methods for direction finding. |

25 Referring to Fig. 5, a non-limiting exemplary schematic block diagram of
a calculating circuit 50 conﬁgured for generating an output signal representing an
actual amplitude of a received digitized signal having a magnitude ZS bf the

actual amplitude equal or greater than a value of a saturation level L of a dynamic



ts increment AA equals 10 dB. As can be seen in Fig. 4, the method can be used for determination of
actual amplitudes up to the magnitude of L+50 dB. When the "oversaturation" exceeds 50dB, almost
all the samples are located within the saturation time periods and the ratio After determination, the
magnitude of the actual amplitude can be 20 provided to the corresponding device for a required
application. When desired, the calculated amplitude can be stored in a memory unit of the device for
utilization in future applications. For example, the alg®rithm of the present invention for calculation of
actual amplitudes can be used in various amplitude comparison methods for direction finding.
25Referring tednige bf a2 naseiliritfngtakemp)dsyi Sabemediclbhalutidgraotal thaaihe blivicircuit 50

configured for, generating an outpyt signal representing .an actual amplitude o\g a received digitized
signal having gnaéni?ﬁ elﬂt,%‘fsﬁge 4 '[L@P& i PEYEY SPEPFeaSt‘éiﬁih A4 gﬁJ:f%?catlgg?dration level
L of a dynamigela@iBrshapgefradeseiner (splisbowaeis dlusiigtedatieshatitchbenpteshinagdhe blocks in
Fig. 5 are intended as functignal entities only, such that the functional relationships between the

entities are sHAWRCFHO IRAOLRYSHARIFESRAM R ons and/or physical relationships. 5The

calculating circuit 501Rgluggsa-sHpPIgcaleuRGOr s RIES lcopnfispreddaereasiving-tha dritized signal
and calculating a total number N,,, of samples of the received digitized si%%al within a predetermined
I

time interval. verfigurisdenrecriane it sitiseth Benakerd ealeipiiecaioirmmmbes Narfber Ar, of
samples of theepelvegedigliized Signalinaated dbHe sAuigigRgNARiMe iheughdhese samples

may have actual amplitudes greater than the saturation level within the predetermined time interval,

the apparent \?319éaim_ﬂéﬁb@lﬁ@é@ﬁﬂﬁéédﬁ%ﬁ@ﬁ]ﬁmém&mﬁwm o m@@mtion level
L, owing to th%[sgpgg%%nlgs'r Be ga'culating %{gﬁtz%?t% Saf1575%1’cé‘?1eﬁxa¢£@v§9&"r&f8&'hﬁgr%@.f'gufed IS

for calculating d ratio etween the number N, mples located with the saturation time
periods and theltbtalghuthbssr damplet thiesdaysies:tE typiife ded cgreamy Eaouthéustieranetudes an

ot S T T e
: in the saturation time periods will be equal to the saturation level L, owing to the
saturation. | |
The calculating circuit 50 further includes a‘divider circuit 52 configured
15 for calculating a ratio R between the number N; of the samples located with the
saturation time periods and the total number N, of the samples. Finally, the
calculating circuit further includes an amplitude calcu_lator’ circuit 53 conﬁgured
for applying a predetefmined relationship between the magnitude of the .
amplitude and the ratio R, thereby. determining the magnitude of the actual
20 amplitude and providing the output signal representing the actual amplitude.
According to one embodiment of the invention, the amplitude calculator
circuit 53 can utilize a predcfermined relationship in the form of Eq. (1).
According to another em_b(')dimenf(.)f the invention, the predetermined
relationship is presented as a reference curve provided for a requiréd saturation
25 level L. Such a reference curve defines a dependence of the actual amplitude on
the ratio R; for this saturation level L. For example, the reference curve can be
represented as a look-up table stored in a memory circuit 54 of the calculating
circuit 50 and provided for a requirec'i. number of saturation levels L. |
As such, those skilled in the art to which the present invention pertains,

30  can appreciate that while the present invention has been described in terms of



20amplitude arid providing the output signal representing the actual amplitude. According to one
embodiment of the invention, the amplitude calculator circuit 53 can utilize a predetermined
relationship in the form of Eq. (1). According to another embodiment of the invention, the
predetermined relationship is presented as a reference curve provided for a required saturation 25
level L. Such a reference curve defines a dependence of the actual amplitude on the ratio Rs for this
saturation level L. For example, -the reference curvejgan be represented as a look-up table stored in a
memory circuit 54 of the calculating circuit 50 and provided for a required number of saturation levels

L. As syslféhese skilediinetis, atidcwiiethp aerainatidindestanss Hiean appreciate that
while the present invention has been described in terms of preferred embodiments, the concept upon

which this dis&RgilE Repsdizehas rebrfily Her s dasiEn g £ OB FTHEHsBIsFin gy sFtR e ructures,
systems and piRgesses oF GRIINEAHLIR SPURIRl RS alhreReqsaiidagnton. It wil also be

understood that the system according to the invention may be 5 a suitably programmed computer.

Likewise, the inventidheBhtdsopatelarsenhthal hosresmhesaerfear i ey Esem ey R executing
the methad Ofé@%i@\ﬁ%%g%%r&%@’%ﬂgﬁt@mﬂ%e%%?EHQ'ﬁ%@&ﬁéﬂ%&%}b@%@?@@dﬁﬁﬁi@w tangibly

embodying a program’of inStructions exéecutable by the machine for executing the method of the

invention. N@mmmm&bﬁ@th@ﬁlm@@mﬁs@m%@gﬁéﬁmﬁhmbgﬁfémmmherein are
orthe purbosesel gD SRoU AOKRR /BSOS IRy c DA DEARIRd hat e

word "comprising™" as use out the appended claims is to-be Interpret including but
not limited to" etrbddisrigmp ertegtithefafmten ¢hiahshexscatpblo b thinveatlond Soroteonttig débeas being
limited by the irlzlllé%raffivf tgsmbodirpents set forth herein. Other variations are possible within the scope
of the present vention a8 deffedh the appended claims and their equivalents. MCSLLID 12

10 Also, it is to be understood that the phraseology and terminology

employed herein are for the purpose of description and should not be regarded as
limiting. | |
It should be noted that the word “comprising” as used throughout the
appended claims is to be interpre’te_d to mean “including but not limited to”.
15 o Itis important, therefore, that the scopé of the in\}entioﬁ is not construed
as being limited by the illustrative embodiments’set forth heréin. Other variations
are possible within the scope of the present invention as defined in the appended

claims and their equivalents.

—



CLAIMS: 1.A method for use with a signal receiver having a dynamic range characterized by a certain
saturation level and comprising a calculating circuit (50) that comprises a sample calculatofgikgui

(51), a divider circuit (52) coupled to said sample calculator circuit (51), an amplitude calculator circuit
(53) coupled to said divider circuit (52), and a memory unit (54) associated with said calculating circuit
(50); the method for operating said calculating circui(50) to provide to said signal receiver an
actual amplitude of a digitized signal received by said signal receiver, the signal having a magnitude 4,
of the actual am‘ﬁ% %qual to or greater than a value of the certain saturation level of the dynamic
range of said signal receiver, the method comprising: selecting a predetermined dine interval, by
using said sample calculator circuit (51), calculating a total number N101 ofsamples of the received
digitized signal within said predetermined time interval;. ét%/using said sample calculator circuit (51)

calculating a nufber N> G148 USF L HECERED 'gitss G??a?\ﬂ?/tﬁ?ﬂ’é%fﬂrﬁ%m%%iﬁme
interval yvith the amplitude equal to the saturation level; P sin said.d'. ider circuit (52),
calculating a ratfd ﬁgeﬁ@f\ﬂlégﬁﬁéoﬂ ?ﬁfﬁg? sCSWﬂ?{éS&%ﬁ&%éy ‘én%?.}ﬂb%égé%%fﬁg i4 fo the
cauraion vl e ) TR\ B R SRRSO o OEVRSRRESRETING e
o e e PR SRS P O TR
following equatigrr]r:lemory unit (54) associated with said calculating circuit (50);
the method for operating said calculating circuit (50) to provide to said signal
receiver an actual amplitude of a digitized signal received by said signal receiver, the
signal having a magnitude A, of the actual amplitude equal to or greater than a value of
the certain saturation level of the dynamic range of said signal receiver, the method
comprising:
selecting a predetermined time interval;
by using said sample calculator circuit (51), calculating a total number Ny, of
samples of the received digitized signal within said predetermined time interval;
by using said sample calculator circuit (51) calculating a number N of samples
of the received digitized signal within said predetermined time interval with the
amplitude equal to the saturation level;
by using said divider circuit (52), calculating a ratio R, between the number N
of the samples with the amplitude value equal to the saturation level and the total
number N, of the samples; and

applying a predetermined relationship between said magnitude of the amplitude

and said ratio R, for determining said magnitude of the actual amplitude;



where L is a required saturation level, and said magnitude of the actual amplitude is measured in
decibels (dB).  The method of claim 1, wherein said predetermined relationship is a referéfes lebifve
provided for a required saturation level L, defining a dependence of the actual amplitude on the ratio
Rs for the required saturation level L 4. The method of claim 3, wherein said reference curve is a
look-up table stored in said memory unit (54) and proviél%d for the required saturation level L, said
look-up table defining a dependence of the actual amplitude on the ratio Rs, for the required saturation
level L. 5. A calculatinff iR srigenipatinigan) ‘E?Bfﬁﬁﬁr%}ﬁﬁéﬂé6?@%%%@5%8&&%%%%%% ofa
received digitized signal having a magnitude As of the actual amplitude MCSLLP 14 equal to or
greater than a Valte¥6t-a certain saturation level of a dynamic range of a receiver, comprising: a
sample calculator circuit configured for eceiving the digitized signal, and calculating a total number NM
of samples of the received digitized signal and a number Ns of samples of said received digitized

signal with the plitul(filr equal t %Ee certain saturation leve] within a.pr %eter ined.time, interval;
a divider circuit tonfig Eﬁgbera&%%c & i?]lgl a ’re\’lﬁglﬁfnbséf\?vgé% t%rrﬁhnr% & lsog?%q}{)elss.%hr%n%%fs()‘\}/vvllﬂ% the

amplitude value equal to the certain saturation level and the total number N10, of the samples; an
amplitude caIch@t%ar Greuit configured for applying a predetermined relationship between said
magnitude of the amplitude and said ratio R, for determining said magnitude of the actual amplitude
and providing said output signal representing said actual amplitude to the signal receiver. 6.The
calculating circuit of claim 5, wherein said predetermined relationship is the

L1720
A4, =20log,, ——
sin(a (1-R)

where L is a required saturation level, and said magnitude of the actual amplitude is

measured in decibels (dB).

3. The method of claim 1, wherein said predetermined relationship is a reference
curve provided for a required saturation level L, defining a dependence of the actual

amplitude on the ratio R, for the required saturation level L.

4. The method of claim 3, wherein said reference curve is a look-up table stored in
said memory unit (54) and provided for the required saturation level L, said look-up
table defining a dependence of the actual amplitude on the ratio R; for the required

saturation level L.

5. A calculating circuit for generating an output signal representing an actual

amplitude of a received digitized signal having a magnitude A5 of the actual amplitude



following equation: 20logie t0'120 where L is a required saturation level, and said magnitude of
the actual amplitude is measured in decibels (dB). MC SLIP MCSLLP

14
equal to or greater than a value of a certain saturation level of a dynamic range of a
receiver, comprising:

a sample calculator circuit configured for receiving the digitized signal, and
calculating a total number Ny, of samples of the received digitized signal and a number
N of samples of said received digitized signal with the amplitude equal to the certain
saturation level within a predetermined time interval;

a divider circuit configured for calculating a ratio R, between the number Ns of
the samples with the amplitude value equal to the certain saturation level and the total
number N, of the samples;

an amplitude calculator circuit configured for applying a predetermined
relationship between said magnitude of the amplitude and said ratio R; for determining
said magnitude of the actual amplitude and providing said output signal representing

said actual amplitude to the signal receiver.

6. The calculating circuit of claim 5, wherein said predetermined relationship is the

following equation:

L1720
A, =20log,, S ,

. T
sin(~—(1- R.
(2( .

where L is a required saturation level, and said magnitude of the actual amplitude is

measured in decibels (dB).



15 7. The calculating circuit of claim 5, wherein said predetermined relationship is presented as a
look-up table provided for a required saturation level L, said look-up table defining a depenﬁ%q_’qwfgf
the actual amplitude on the ratio R. for the required saturation level L. 8. The calculating circuit o
claim 7, comprising a memory unit associated with said calculating circuit and configured for storing
said look-up table. 9. A non-transitory program storage tevice readable by machine, tangibly
embodying a program of instructions executable by the machine to perform method steps for
generating an odtput sifhatapresseatiitsdh dalsmampihtginsrid resdreanansdizedtivgitiriaving a
magnitude A,, orthe actual amplitude equal or greater than a value of a certain saturation level of a
dynamic range oteseiiphhiadeiverntiabieduuiist s acraBHSH I LEIEEHEE HrethiteAnER time
interval; calculating a total number N,", of samples of the received digitized signal within said

predetermined tigtdenfioEe 2 depsrinasn g ahnanmel NoPSFmopde SrIReeOiths gL d signal

within said predetermined time interval with the amplitude equal to the saturation level; calculating
a ratio 12,, betw&SH O hIFHEr N; of the samples with the amplitude value equal to the saturation
level and the total number Ark, of the samples; and applying a predetermined relationship between
said magnitude of the amplitude and said ratio R, for determining said magnitude of the actual

amplitude; MCSLLP 16 10.A computer program product comprising a non-transitory co ter
useable mediunPhaving BoRTHTHEREHEBIE BFS§Lm c8%p&ﬁ%1§oqé%efﬁ8%i'ﬁn%%s&¥a% Wi

grating an output

signal representing an actual amplitude of a received digitized signal having a magnitude As of the
actual amplitude®GLRF BH B THEA &%@&%@8&%%%@&6%%%’8 lfé%lt%]?%' dynamic range of a

signal receiver, the computer program product comprising: computer readable program code for
causing the computer to select a predetermined time interval;

9. A non-transitory program storage device readable by machine, tangibly
embodying a program of instructions executable by the machine to perform method
steps for generating an output signal representing an actual amplitude of a received
digitized signal having a magnitude 4 of the actual amplitude equal or greater than a
value of a certain saturation level of a dynamic range of a signal receiver, the method
steps comprising:

selecting a predetermined time interval;

calculating a total number N, of samples of the received digitized signal within
said predetermined time interval;

calculating a number N; of samples of the received digitized signal within said
predetermined time interval with the amplitude equal to the saturation level;

calculating a ratio R, between the number N; of the samples with the amplitude
value equal to the saturation level and the total number N, of the samples; and

applying a predetermined relationship between said magnitude of the amplitude

and said ratio R, for determining said magnitude of the actual amplitude;



computer readable program code for causing the computer to calculate a total number Ark), of
samples of the received digitized signal within said predetermined time interval, computgrreadable
program code for causing the computer to calculate a number N, of samples of the received digitized
signal within said predetermined time interval with the amplitude equal to the saturation level,
computer readable program code for causing the comd@ter to calculate a ratio R, between the number
N, of the samples with the amplitude value equal to the saturation level and the total number Nen, of
the samples; and computer readable program code for causing the computer to apply a
predetermined relationship between said ma%nitude of the amplitude and said ratio R, for determining

said magnitude OF the ActiAIPSHRIGGE™ PradishERstvad AR B BrIGHAHOLS SO PRHUL ISR the computer

to provide said output sjgnal representin j | ampli id si iver. ..
P meglum v?ng cr())mputer rgaagﬁea&tg gara% cg(iteugr%l:ggdslgclld tﬁfl:%}gl o(ercgeg%l/gr%tlng an

output signal representing an actual amplitude of a received digitized signal having a
magnitude 4; of the actual amplitude equal or greater than a value of a certain saturation
level of a dynamic range of a signal receiver, the computer program product comprising:

computer readable program code for causing the computer to select a
predetermined time interval;

computer readable program code for causing the computer to calculate a total
number N,,; of samples of the received digitized signal within said predetermined time
interval;

computer readable program code for causing the computer to calculate a number
N; of samples of the received digitized signal within said predetermined time interval
with the amplitude equal to the saturation level;

computer readable program code for causing the computer to calculate a ratio R,
between the number N; of the samples with the amplitude value equal to the saturation
level and the total number N, of the samples; and

computer readable program code for causing the computer to apply a
predetermined relationship between said magnitude of the amplitude and said ratio R;
for determining said magnitude of the actual amplitude;

computer readable program code for causing the computer to provide said output

signal representing said actual amplitude to said signal receiver.



