El ectronic circuitry and nethod for determ nation of anplitudes of received
signals 5 FI ELD OF THE | NVENTI ON This invention relates to DSP-based
systens, and in particular, to a method and an electronic circuitry for
determ nation of anplitudes of received signals. to BACKGROUND OF THE

| NVENTI ON In Digital Signal Processing (DSP) based systens, a dynamc
range of a systemis defined as a ratio of the |argest anplitude of
processing signal to the smallest anpkiitude of processing signal, and can

be estimated by utilizing the foll ow ng equati on Dynam c Range (dB) =
2010910(2N) 7-- 6.02N, where N 15 represents the data word | ength of the
anal og-to-digital (AD) converter or the digital signal processor. One
of the probl ens associated with DSP-based systens is "overload," or '

saturation that n_occur, when anplitude _ of the processing Signal exceeds a
border of the dyRERTTERGHEENGD THbmeyRo fr derermlingiipm ol applisddsy of)
referred to as 20a saturation 'eW%Lﬁvg@Eﬁgé | e, nmonopul se antenna systens
may enpl oy various anplitude conparison thods for direction finding (see,
for exanmple, U S. Pat. No. 4,926,184 to Galati, etc.). Such systens are

adapted to sinultaneously emt radar pulses toward a target object fromtwo
antennas of different directionality and to 25 find the direction of the

t ar get  obj ERLD GMIFOPINVENTION radi ation patterns obtai ned. Wen one or
both antennas are close to the targets, the anplitudes of
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 faﬁge of a
system is defined as a ratio of the 1arge§t amplitude of processing Vsign_al to the
smallest amplitude of processing signal, and can be estimated by utilizing the
following equation Dynamic Range (dB) = 20l0g16(2Y) = 6.02N,‘ where N
s 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 précéssing signal exceeds a
border of the dynamic range of the system. Such a border is usually referred to as
20  a saturation level. - | u
For example, monopulse antenna sysﬁems may employ various amplitude

comparison methods for direction fmdiﬁg (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 both antennas are close to the targets, the amplitudes of

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



recei ved signals can exceed the saturation |evel of the dynam c range of

the - 2 - receiver. As a result of the exceeding of the receiver's
saturation level, any directional information can be |ost. SUWARY OF THE
| NVENTI ON There is a need in the art and, and it would be useful to

have a nethod and 5 an electronic circuitry for determnation of an
anplitude of a received signal having anplitude above the saturation |evel.
The present invention satisfies the afgr.enentioned need by providing a

met hod for generating an output signal representing an actual anplitude of

a recei vedrglegidi A8ds SEANAs hRY AL AISPYH bUdRci Pt LiRaAGH Yo aapy | tude

equal or to greater than a value of a Jaturation |evel C range
of a recei derectiohlabinfetrhatbni caclbedes. cal cul ating a total nunmber N10, of
sanmpl es of the received digitized signal within a predeterm ned tine
interval, and cal culating a nunber Ns of sanples of the received digitized

si gnal wi t RUMIBLARY OFUDHEFeONMENTgONe saturation level within this
predetermned tine interval. The nethod further is includes calculating a

rati o R, bet weehhdrhés muedabm thlsaﬂfandl@ds'anmtﬂd bwi ushfutl hehavrgd infetidel aral ue
equal to the saturation Ievel and the tot N et of the sanples.

nunber
Then, & prBY&EEHAMSEIrTHIrEt Pbﬁéﬁﬂﬁﬂ@él%@ﬁa{lh@nﬁh Ptk reseIedesighsl i t ude
and the rg %%Fgmdﬁgbw@ﬁes%g eLpini ng the magni tude of the actual

anpl i t ude. e output signal representing said actual anplitude 20

can be provi dedhe present Tiheemicgseiisfits o afmensationtd ased be @boidemeat i oned
need by providing a calculating circuit configured for generating an output

si gnal reﬁﬂ%[ﬁ@%tfpﬁ@eaﬁfaﬁéglﬁal OYHP Pighiak reTresETEEeRY AgMal ginpliieig of gnal

havi ng a el ct ual u er t an a val ue
of a sat u?g(%l édJ& Q %aﬁm% arﬁnc&g%u eaﬁggfgl?e gcurl% ﬁ‘?é

cal cul @t i R@efer bth ta \'aMé uﬂ@tjataraﬁaﬂméxeelqabwl ?hai&n@mgwof aQ@cEHH/@UTI“ﬁQ for
calculating a total nunber N,,, of sanples of the received digitized signal

and a numisegthog sndud@mwplcg@tmg 4 Hetal guenberd N gift wmies iogrthe neceived he
TP gl L GG SE BR it ol PRRF SRS ST o
circuit cgnfdfgéa&gﬂesf @f ﬂ@%&eiveald@t@ea a0 Reithehyespiikhie ayabes (. of the
sanpl es with the anplitude val ue equal t0 the saturation |evel and the
total nunbgnrabiow kefvel gthmrtisepred@lieraliieyd tiniwe intehall dbé ngetbod clurthef ur t her
i ncl udes hensdes lca}cu aetm%aflz %gtlma O%egv!/f—:re%u%he number N, of the sa.mpies with the
amplitude value equal to the saturation level and the total number Ny of the
-, samples. Then, a predetermined relaﬁonship between the magnitude of the
| amplitude and the ratio R, can be used for determining the magnimde o*" 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 rcprescnting an
actual amplitude of a recejved digitized signal having a magnimde A, of the
-actual amplitude equal or greater than a value of a saturation level L of a dynamic
25 rra-n'gc of a receiver. The calculating circuit includes a sample calculator circuit
configured for calculating a total number N, of sample.s of the received digitized
signal and a number N, of safnples of the received digitized signal with the

amplitude equal to the saturation level within a predeterminéd time interval.



5 configured for applying a predeterm ned rel ationship between the
magni t ude of the anplitude and the ratio Rs, thereby determning the

magni tude of the actual anplitude and providing the output signal
representing the actual anplitude. Accordi ng to one enbodi nent of the
invention, the predetermned relationship is represented by the foll ow ng
equation. /0L/20 = 201oglo 7r sin(-7 (1-Rs) where the magni tude of the
actual anplitude is nmeasured in decibel3s (dB). . According to anot her
enbodi mrent of the invention, the predetermned relationship is presented as
a reference curvge RaRUISIRG igdui gkt heridsabuiRideercit@vietolfigused Hoa

ref erence curve defines a dependence of the actual anplitude on 15 the

rati o Rs fotlculaiisg saviie & ibshveanydle tumbar Xholuthd dsmplerdeitttbe dmpideda he

reference curve can.b resent ed. as, a |,ook-up.tabl.e sf.ored.n a nor
Ciroutt antiBF GAIRRE fur SHOFRIE: YA ABHOST BRSPS Vonol SYeranPIC The
present i nF%BH&,thef &Hlé&l@ﬁngs%‘iﬂcﬁiftii%?th&i"%gcﬁﬁd%fseﬂ?@}ﬂp@i@z% @ﬁ@fﬂ_aﬁ% ciRiu@vi ding a

program st orage devi ce readabl e by machi ne, tangi bly enbodyi ng a program of

i nstruct i orsfueslfebpehbyg theredetetminedtrolapenslop etme¢drothesnegsifderof
of a received

enerating,an oytput signal representi an. actual amplitud
i giti zedgféfﬂ@ﬁaﬁitﬁ%%%%& TREg sealaf’é%%%fremﬁgn&é%a}a@%ﬂ% phie aduah or
greater t : j o j of a

Jecal ver | EfpulEuiEoRiidng MEORLONELA Eretaina IO ORM EnpBILE. L % | e
interval ; Agetditig ato ngiea ehnblodimentmoér thie évendbns ahpl gedekrhinedr ecei ved

digitized sij %mal Wthin said predetermned tine interval; - 4 -
relafionship is represented by the following equation:

LIz
10 A, =20log,, 19

sinZa-R) 1|
where the magnitude of the actual amplitude is measured in decibels (dB).
-According to another embodiment of the 'invention, the predeter:minedl
relationship 1s 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
énrve can be presented as a look-up table stored in a memory circuit and '
provided for a required number of saturation ievels L.
The present invention further satisfies the aforementioned need by
providing a program storage device readable by machine, tangibly embodying a
20 program of instructions executable by the machine to perform method steps for
generating an output signal represénting an actual ainplitude of a received
digiti'zed é,ignal having a magnitude 4 of the actual amplitude equal or greater
than a value of a saturation level Lofa dynamié_ range of a receiver, the method
steps comprising: | ‘
25 ~ selecting a predetermined time interval; _
caiculating a total number N, of sémpies of the received digitized signal

within said predetermined time interval;



cal culating a nunber N, of sanples of the received digitized signal wthin
said predetermned tine interval with the anplitude equal to the saturation
| evel ; calculating a ratio R, between the nunber N, of the sanples with the
anplitude value equal to the saturation level and the total number N, 0, of
the 5:sanples; and applying a predeterm ned rel ati onshi p between said
magni t ude of the anplitude and said ratio R for determ ning said nagnitude
of the actual anplitude; providing saié-output signal representing said
actual anplitude. to The present invention further satisfies the ‘

af orement i oned fakedhth PFOMbET NYofsHANRY bE thePfea g adndiQLdCd cied RPIERiISI Ng a
conput er useabl e medi um havi ng conputer readabl e program code enbodi ed

t herei n f ceidjensdetarningd simouxguel with i amphiuds equalig tahsaagatian levepl i t ude of

(e, SIS R T Ll el L
of a recel¥ilitndd@akRNPIHLE o RhOGHARRINORNEL a6Q@MRE t§taNdumber N, of GREPUL €r

readabl e program code for causing the conputer to select a predeterm ned
time iAterswaipjes; and conp,iter readabl e program code for causing the

conputer to calcul ate a 2Qtotal nunber ,, . 0f sanpl.es of .the received
digitized si gndPPMERNPIEIFEHE ef@?tf"ﬁq';il@d’ PF%@”%%&V‘&F‘%“M%G of Srput er
readabl e | € i@ -aGRUP t &?mét% it Rtk ey gupher N, of
sanpl es of hg@e%glgvseaé@dﬁagi t?eigg,rs({lbg%a vvlthlEun sasfég predeterm ned tine

i nterval wairphicidee anplitude equal to the saturation |evel; ntconputer

readabl e program code faor causing the conputer to calculate a ratio R,
bet ween t he nuREPAIRG sEifl QUERBILSHEAS] EPTCRRDE FRIATBIa EMBENES] ue equal to the

saturafion 'e"ﬁm a;gk‘ésén*ﬂeirh%hgbn NAITBSF Mﬁ@ﬁeffm&hsﬁ t%%édaﬂ%d b&'
conmputer readabl e program code for ‘causing the conputer to apply ‘
pr edet er npReddinglaaddromabi rdgeémgﬁadmidéngamguqujutérhsewmlmédid@ and said
30 ratio Rs ,forgdeterm' nig sai d magni tude of_ the actual anplitude;

having computer readable program code embodied therein for generating an

output signal representing an actual amplitude of a received digitized signal
having a magnitude 4; of the actual amﬁlitude equal or gfeai:er than a value of a
15 sﬁtura’tion ievel 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 o 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 N; of samples of the received digitized signal within said predetermined

time interval with the amplitude equal to the saturation level;

b2
T

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 magnifude of the amplitude and said

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



- 5 - conput er readabl e program code for causing the conputer to
provi de said output signal representing said actual anplitude. There
has t hus been outlined, rather broadly, the nore inportant features of the
invention in order that the detailed description thereof that follows 5
herei nafter may be better understood. Additional details and advantages of
the invention will be set forth in the detailed description, and in part
will be appreciated fromthe description, or nmay be | earned by practice of
the invention. - BRI EF DESCRI PTION OF THE DRAW NGS In order to understand

the invention an Lt i [ ] ;
preferred enbodi (r%gn uv%? ﬁegg%g\}vé B)ég%eérsr}é??%gg(?zj E%JS\%%/ ﬂgef h%ggﬁéritt%ﬁaﬁ)‘r?geexanpl e
only, with ga&f entpicgeiad réfresaciogypancnng adipdishdgs, i n which: Fi gs.

| a-1d show exenpl ary sinul ated data sel ected after AD conversign of
time-varying si ghgrishag thup dppmgudimedpratirat spadiye thef meruisrrayaah &a8¥8P| i ng
rate, but dj r i .mal i e -11aS es t) ; j 2a- 2d
show.exenplddaf]; &%S%P@dggg{%@%%?%e#ggﬂégr di & %ﬁge{rh\séfégﬁ tg%é'lt%{?%%y%aryi ng
si gnal s «di fepsigatterfhambsi Rt inabewadi M dditisnal | ®tailsthddnadshatdoas bftthat t hey
havi ng anot her predeterm ned frequency than the signals shown in Figs.

| a- 1 d; mvenfiog. w3l divowet dertlexanipeedehileth aledeppiaense of pare willt bo
Do, {0 RIS Ol HSBHIRL S50 b BRSPS LS SRR ©
Fig. 4 shows an exenplary. rel ationshi 'p bet ween an actual anplitude As_’ of
the ampl |t UEISPESRETIEY FRoEHRENERG Vel and  he total number o
the samples 25 fepleseNhg:88nd dihOLRASE aSd td Sie A0S it may be carried out
10 i 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 sirnulated data selected after AD conversion
- of time-varying signals all having one predeﬁermined 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 predetermined ﬁ'equezlcy than the signals shown in Figs.
la-1d;
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 saturﬁ_tion level and
the tofal number of the samples on the frequency; '
Fig. 4 shows an exemplary relzitionship between an actual amplitude A, of
the recerved signal and the ratio between the number of the samples with the
ampilitﬁde‘ 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 d'igitized‘

signal having a magnitude equal or greater than a value of a saturation level of a

* dynamic range of a receiver.



Fig. 5 shows an exenpl ary schematic bl ock diagramof a calculating circuit
configured for determ ning an actual anplitude of a received digitized
si gnal having a nmagnitude equal or greater than a value of a saturation
| evel of a dynamic range of a receiver. - 6 - DETAILED DESCRI PTI ON OF

EXEMPLARY EMBODI MENTS The principles and operation of the cal cul ating
circuit according to the present invention nmay be better understood with

reference to the drawi ngs and the accedpanyi ng description, it being
understood that these drawi ngs and exanples in 5 the description are given

for i1l ust piTNELPHPLSERIPTIONOY BXEVPLARSTEMBOPIMENTS ng.  Sone
portions of the detail ed descriptions, which foll ow hereinbel ow, are

presented in terh® peicilgosid bFéi'at@(ﬂﬂ oS b adalcu lat@iy ebeiit akt@ameofo aper ations
on data represented as physical quantities within registers and nenories of

a conput er DIEeeTs yBYaaRn Apnyahegeitict Hpdarsopé methcpiershee® e deeviags aefilisce of
d | eadi ng

steps requirin hysi,cal . mani.pul.ati ons of .physi cal, quantities a

Lo & desir 86OPBatHE dEmRfiPg ¥ i bdioos TRE DS 402 e SBrBlainy i oo
take the f@emMQrel@Cikl Goén @r MBGRRHCrEhERS! Snlf aR@bire 0k @inhGo Hor ed,
transferred, conbined, conpared, and otherw se nmani pulated. In the present
descri pti olpitinigese signals will be referred to as val ues, 15 magnitudes,

o eTents, SYIDl ok UIREL 8y 8 it el es SR BB o g
TNt R B AR TR 01 L1
circuit orrepresomgilibe phyyisdl eqnantitissi withar regigetsr and cenonputoling cdmpiee, t hat
mani pull eat es?fstgr?ithnra?goertgrEnTss hgraetcgﬁceived to be a sequence of steps requiring physical
manipulations of physical quantities éﬁd jeading to a desired result. Usually,
although not necessarily, these quantities take the form of electrical or magnetic
" signals capable of being stored, transferred, combined, compared, and otherwise
manipuléted. In the present'deséﬁption‘, these signals will be referred to as values,

15 magnitudes, elements, symbols, numbers, or the like. Unless specifically stated
otherwise, throughout the description, utilizing ferms such as "processing” or
’"computiﬁg" or “calculating" or ”deterfnining" or "generating” or the like, refer to
the action and processes of an electronic calculating circuit or a computer system or
similar éiectronic computing device, that manipuiates and transforms dﬁta.

20 Referring to Figs. la-1d, a digitized represeﬁtation of exemplary time-
varying signals generated by simulation is illustrated. The-signals include a
certain normal noise component and have freqliency of 27 MHz and sampling
rate of 1 GHz for 8-bit samples. The saturation level L of the dynami'c range of a
receivef is selected to be 31.6 dB. Specifically, Fig. 1a shows the slignal when the

25 maximal amplitude of the data words in the signal is equal io th.cl: saturation level )
of the dynamic range of the receiver. In turn, Figs. _lb-nl‘c illustrate a digitized
representation of signals hiving the ffequehcy 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



20 Referring to Figs. la-id, a digitized representati on of exenplary
time-varying signals generated by sinmulation is illustrated. The signals
include a certain normal noi se conponent and have frequency of 27 MHz and
sanpling rate of | GHz for 8-bit sanples. The saturation level L of the
dynami'c range of a receiver is selected to be 31.6 dB. Specifically, Fig.

| a shows the signal when the 75 maxi nal anplitude of the data words in the
signal is equal to the saturation |level’-of the dynam c range of the
receiver. In turn, Figs. Ib-lIc illustrate a digitized representation of

si gnal s hi Bintp, réspeftredu chivyreskiviet & satwatelalurofy daheasbyrimbe sdrovie, i, Fig. | a
(i.e. 27 ’ﬁtEUt havi n anpl itude of the data words greater than

.actual
Lhe. sat ur afViisH thegeral HEuRli %§§%S&gr}aéﬁg%emr thae theediadionggvelo dB, 20dB

and -7- 30 dbfgz_r ?%ﬁﬁ%%t&ifﬁiheq)éd e iﬁt%?nﬁl Ver, b ?%%F%éjﬁﬁa%n?p%é” ation

time periods, i. actual anplitude of the signal 1s greater than

t he sat ur aldcated exigtin the satufagionappriedietaad nhadtgt amplitudeer salal o ehenunber
N, of the data sanples located within the saturation periods and _having
anpl i t utlesSUBTRIPn fgyel hdas 5 cealiy walipdn paviniar, fydhe cxeppis sovaIngis n

particularyg,f X i I h i j.n val. T of
800 ns, th%a’n@%%%rﬁrﬁ,g ]%ER{aﬁgs %gggb {sléz;lrrtg(ll' g%m\k?m%i‘ﬁig Eutaﬁ ea%pa@t isgﬁaieestéﬁéha “to the
sat ur at i onamhgliRle lequalSolél 8htutQidn/levACL 0k Bigngl ¥ SR Adddr8indly, kethveen) t he

nunber N, of the sanples with the anplitude value equal to the saturation
| evel and b#iweemiha namibe Vs NiOtheofammles watlpthesamplinids Yalee eigwad tortherval T

iois equal to 0.071 (i.e = N Nt gt =.57/800 .0.071).. ,In.the cas shown
o i go. ) hftalor fekiniding %) FipRPunstia taeeigs 24t RO THEVRE nt t nde
of sat yr at;i alo7h Wel I bead gcat hty he saturation | evel.

Accord%bnallg’/faa?édlr%?ﬁz}sggérfé%reﬁ%{rmgﬂggh%wg?%)hterval T, the nunber N, of

the sanpl es | odatiescasts bliawh dn Fligs. 9ot Ly, did @mnpley elitiwibk | anfiditgdegtegter t han
such a 15nunber in the case shown in Fi tparti,cul ar, for the

exanpl e sHB#h they maggitude, of sAfusat el FQ;quil.é %éqklsga edowgBm thacwdiaiionl y, the
ratio R, qg&e\f{eﬁ@cotrg‘iﬁgly, for the same predetermined time interval 7, the number N, of
the safnples located within‘ to the saturation Jevel will be greater than such a
15 number in the case shown in Fig. 1a. In particular, for the example shown in
Fig. 1b, this number XN, is equal to 635. Accordingly, the ratio R, between the
number N, of the samples with the amplitude value equal to the s;,aturation level

and the total number N; of the samples within the time interval T (i.e‘, R, =
NN, is equal to 0.794. Likewise, for the examples shown in Fig. 1c and Fig.

20 1d, the values of R, = N/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-id is illustrated.
Specifically, the frequency of 47 MHz has been selected, whereas the same
sampling rate of 1 GHz has been maintained-for all these cases. Fig. 2a shows

the signal when the actual amplitude of the data words in the signal is equal to

ta
Lh

the saturation level of the dynamic range of the receiver, whereas Figs. 2b-2¢
illustrate a digitized representation of the signals having the actual amplitude of
the signal greater than the saturation level of the dynamic range of the receiver

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



nunber N, of the sanples with the anplitude value equal to the saturation

| evel and the total nunber N, of the sanples within the tine interval T
(i.e., R, = NNNto,) is equal to 0.794. Likew se, for the exanples shown in
Fig. Ic and Fig. 90 Id, the values of R = N Ntor are equal to 0.938 and
0. 980, respectively. Referring to Figs. 2a - 2d, a digitized
representation of signals which are different in frequency fromthe signals
shown in Figs. la-id is illustrated. Specifically, the frequency of 47 Miz
has been sel ected, whereas the sane sanpling rate of 1 Giz has been

mai ntai ned for ’Eﬂd niBSENCESER. ddnl §ampRs WitWehe?Bnpheds ivaneleqilBro thee act ual
anplitude of the data words in the signal is_equal to the saturation |evel
of the dyrﬁ@mr@tlwra}egeﬁ bffon the Cﬁ@etseiovmpomm@% ta¥igs g8 - 2dhs pguglitp dst pake a -

digit d t ft t I t de. of th
Si gnal  or o4CG Tah EHE-USF AR Ve tne: AR OB Al e
recei ver Bie };Qnﬁﬁs v%@g@leaé}%%dggfaidee%%ﬁ'ﬁ/i%m the salration level aHyehaunber N,

of the data sanples with the anplitude value equal to the saturation |evel
L for tshe to@abasmber d‘éosprrtdﬁrsgnmstg:hmzlm tingdintervelglals ¢qual 7o (638, 749 and

784, respectiyVv .. Accordingly, the ratio R, between the nunber N, of the
sanpl es vm%t#{}%ﬁe%grﬁﬁ*%'eréfgée%’&m%e]b’ocat ed within the saturation |evel and
the total nunber,, equal to
0.059, 0.797, "y, B athl%ﬁl?%g%%g%éé‘h%g aclal birfieddss 8F ¥R sthnpies efual L9
cases whemrg @ca&ext Lthhn ahip| batutitiwnofieddie tsanydless arfetlgr eafier Xy hdependie

saturation |l evel, the values of the ratio R_ depend insignificantly on the
f r equency Isignifigantivgpraithe sAuencanl the sigmaly&ge feiampls: dre Pepaiensaei o R on
the fr qu C I FICN rds
exceeclig l?sétal%g%ﬁaﬁ]gﬁcl?%@e%g?{ﬁ% %%%ﬂegafﬂgnécmﬁigmﬁe rec%i%%er y 30 db
i's shown mm)rcla €keedds he sammatiig &eemmi&eiyﬂahmermgetdmhi adceiveRbyi3® dent er ed
around the value of 0.98 for all the frequenC| es in a rather broad set of
frequenm @§hpbf@aﬂéﬁg-|3n Ay gysesn. bF wlwgpf télém% Ryiscowierss anoand fey ement  of

5 MHz. r sent_i.nven K he. ratio R
provi des a p ggp%%l yﬁlgh %e%%epﬂeﬁéng fmh] ?Br S%% gg L?%?ﬁéqé(f%%(gp when t he
nmagni t udethefredibh of 3MAHI Y A0S N WAt Sic ﬁuhwmédﬂ@fgmat ion |evel.

Thus, the pr esent invention provides a nethod for deternination of an

act uals anpl i t vikecoding te &@pﬁé@ﬂtdﬂg&ﬂﬁ%@@k@ﬁh@dmﬁ !ﬁng ratiofgptavides A, of
the 20 act ual ual f a sa ation | evel
Lot “a ayhamsi g S8 FratY deom) afoiHE nbiRouthir i B E e R ot el
nunmber N, this ShpIFaaPls eﬁtf:rifﬁﬁtﬁ@%x\é%ﬂm%@élt' zed signal within a
predetermned tine interval. Likew se, the nmethod includes calculating a
nunber N, of Samp) &s prfestrktemrvelﬁmm@doﬁdg& i methodi @madetmmmﬂttdm%ﬁm!pl i tude

equal to the satyration |evel 25 this predeternined tine interval.
0 ot her ABEHEMATIG GhtierecHt %ﬁ”sfthégr SEeY Bufirag MRENEHUAAAOR®t i me

peri offs when; &Bﬁlzﬁﬁc‘éﬁha%’f@rbét?ﬁ&xgﬂfa 1418e 8F 9@§thraﬂti%n‘?5%?1: fHa @Baligr than

the saturation teve he  ne further 1 ncludes calculati'ng the ratio
R bet weemgchef murdeeiver. The method includes calculating a total number N, of

samples of the received digitized signal within a predetermined time interval.

Likewise, the method includes calculating a number N; of samples of the

receivéd digttized signal with the amplitude equal to the saturation level within

25  this prede‘iei‘mined timé interval. In otheL - words, the number Ns.is calculated

during the saturation time periods when the actual amplitude of the signal is
equal or greater than the saturation ievel L. |

The method further mncludes calculatmg the ratio R, between the number

N, of the samples w1th the amphtude equal to the saturation level and the total

30  number Nw, of the samplcs Then, a predetermmed relatlonshxp betw en the



Ns of the sanples with the anplitude equal to the saturation |evel and the
total 30 nunber Nu), of the sanples. Then, a predeterm ned relationship
between the -9-. nagnitude of the actual anplitude and the ratio R can be
used for determ ning the magnitude of the actual anplitude. Finally, the
out put signal representing the actual anplitude A can be provided.
According to one enbodi nent of the invention, the predeterm ned
S5relationship is represented by the feld-owi ng equation: 01,120 sin(ir (1-
Rs) \2 where the magnitude of the actual anplitude is nmeasured in decibels

(dB). Thuspdhe,aChdle Al ddeude a8@MMOaADIALBehK s YBS HEfehidgz a
required value for L and a calculated value for R into Eq. (1). OAccording

t o anot her ttenmaghineiatofahe atteai auplitidentineHe, heedéhwsigmétepredeatingriBhi p can
be presented as a [eference curve provided for a required saturation |evel
L. Fig. 4 é%%@%ﬂgﬁd%AF%?‘?B‘ﬁé’lﬁeB" represented as a reference curve that
defines a depen 8irdf & hgn@ it d; i Judss AnvoiddheeabiQieRrmidée act ual
anpl i tude A, isgg%\%n eééoﬁm’tahe ord I %{t e- a%%s ag A,1 = LeAk, v?héfﬂé the 15

i ncrenment AdattmehipSs threBntelishycin fokkowesnequatibng. 4, the net hod can be used
for determ nation of actual anplitudes up to the magnitude of L+50 dB. Wen
the "oversaturation” exceeds 50dB,: al nost all the sanples are |ocated

within the saturati 8Q)timalﬁéfrzci odg and the ratio R |../After determ nation,
t he magni t ude ofifﬂ%e 564 ual z npl i ttude can be zo provided to the
correspondi ng device fo S’ﬁ(‘f o] ved application. Wen desired, the

cal cul ated anplitude can be stored in a nenory unit of the device for
utilizati owhéne theimaveitadpbi thatdcand ampditudx mpeasuredia ddegmtd (diin. dhus.he

present | mientl on 1oL saloulatl on oL Act el ampl udes sambsusedin

Fig. 5, a nofshibatihpg ﬁ%ﬂ?ﬁltgﬁﬁ. (slti.hemati c bl ock di agram of
10 -According to another embodiment of the invention, the predetermined
relationship can bé presented as a reference curve provided for a required
samrationrievel L. Fig. 4 shows such a re}atioﬁship represented as a reférence
curve that defines a dependence of the actual amplitude A, on the ratio R,. The
actual amplitude A4 is provided on the ordinate-axis as A, = L+A44, where the
15 increment A4 équals 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 pei*iods and the ratio g =1. |
_ Afier determination, the magnitudé of the actual amplitude can be
26  provided to the corresponding device for a required application. When desired,
| the caiculated amplitude can be stored in a memory ﬁnit of the device for
uﬁlization in future applications. For example, the algorithm of the present
| invention for calculation of actual amplitltides. can be used in various lamplitude

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 ampli_tude of a received digitized signal having a magnitude ﬁs of the

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



a calculating circuit 50 configured for generating an output signal
representing an actual anplitude of a received digitized signal having a
magni tude A, of the actual anplitude equal or greater than a value of a
saturation level L of a dynamic - 10 - range of a receiver (not shown) is
illustrated. It should be noted that the blocks in Fig. 5 are intended as
functional entities only, such that the functional relationships between
the entities are shown, rather than anmy -physical connections and/ or

physi cal rel ationships. 5The calculating circuit 50 includes a sanple

cal cul at or ramige ofiz tre@lverdaof itgume dk fliostrated et whogldt beenaed ittai dedblecignial and
calculating a total nunber N ", of sanpl.es of the received di iLiZﬁd si gna
within a pFiled efi¥ HEENEGdRs| fnshoag! cnies Y e sush ctirhti8? QEWBBP% 51 can
be al so ad . atd on. of. ‘ l.es r.acei ved
digitized %lﬁ%%gfﬁlﬁ%cg%lébntt%ﬁ?emg%%egr atl oﬁ{oi‘%’e?%tgﬁgm\?ﬁ Ala%?%oggﬁm%ﬁese

sanpl es negpopadtoRCindar phpichltivdesngngat er than the saturation level wthin
the predetermned time interval, the apparent val ue of these sanples in the
sat ur atii on ti nelisecrlsaipting cirgat el ainctusles he sappleachlghlatery SIrclit §hing to

the saturati@n. The cal culating circuit 50 fur L. 1n irvi_der
cirout srougmepeiEeTng b el Sebabind o flnd Pt inber
of the samgah@es OFcerbodived difigized@tsibral vaithih i AMproRtdrAfSedatithet hgertal al
nunber N, O, oOf the sanples. Finally, the calculating circuit further

i ncl udes drheasapiple naleulatdroutcaitdl winrbsublso Bapiedfpyealeiation ohppyhsy a

det er ni | ati onshi p bet . the., itude.of th i tud dth
Pt B OaeBietst & e AP dhDemAgH LS TR e A 230 PN alTde and
provi glong AlfougHtRble %@@4 2§ =68 Rh N Ant1BudG! Skt MR #H0Qturation

According to one enbo nt of the invention, the anplitude cal cul ator
circuit 53chwitin tHezpredetprratied cimm imectvak itat appestatpalue ehbefeosammes Eq. - (1) .
Accordi ng .tq anot her enbodi mnt of the jnvention, .th r edet er m ned

rel ati onshi P16 SBREQR Hfr@op%goda“ﬂﬁjbsregﬁejemc@wéﬂﬁsﬂw et Jﬁ&wr&gﬁgﬁaﬁ red
saturatiop L%%;{f gvel L. Such a reference curve defines a dependence of the
act ual arrp?l Ude on the ratio Rs for this saturation Ievel L. For exanpl e,
t he reference The ¢alcorminbeircepri@sfenher imdudes| 0dik-idep dirmbltS2stambedrédn a

menory circuit 54 of the calculating circuit EO and pr.ovi deg for a required
nunber:s of fefapalpuatingna FabieRsbgtween the number Xg of fhepsamiss Ocatlerd | Wigythen the art

(0,00 o, KDEABHESSL SO PSSR I ONElr SPLER L crkln, W © (e
calculating circuit further includes an amplitude calculator circuit 53 configured
for applying a predetermined relationship between the magnitude of the
amplitude and the ratic A, fhereby 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 predetermined relationship in the form of Eg. (1).

According to another embddiment‘c_:'f the invention, the predetermined

relationship 1s presented as a reference curve provided fpr a required samratiog

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 fcferenbe curve can be
represented as a look-up table stored in a memory circuit 54 of the calculating
circuit 50 and provided for a require& 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



preferred enbodi nents, the concept upon which this disclosure is based may
readily be utilized as a basis for the designing of other structures,
systens and processes for carrying out the several purposes of the present
invention. It will also be understood that the system according to the
invention may be 5 a suitably programred conputer. Likew se, the invention
contenpl ates a conputer program being readable by a conputer for executing
t he met hod of the invention. The invenflon further contenplates a

machi ne-readabl e menory tangi bly enbodyi ng a program of instructions
execut abl e phafefrbe enmidimentsothees@idbi Dot hehiBRYRQAdOEIobite ik hesed gy OAl SO,
it is to be understood that the phraseol ogy and term nol ogy enpl oyéd herein
are for t héﬁaﬁdbfrﬁﬁs‘étﬂeﬁeddﬁs@: rbifi?pﬁl @mﬂm@nsm af wdherprucyas. destems dudni ti ng.

It should bIeOCnoSteeilothat th tﬁﬁ %rao Si nﬁf as use thrﬁulghout t he
appended PRI LT RIS Aty PiEd AU RreaRT BRI HE“BU™ not 1 mi ted
to” 15 1t is jtREgrdRe uﬂd@%”t&fcpdhﬁt thEG?&teﬁa%c&‘aﬁfbeto%etirh%nhéh’ﬁﬁ&x'b@n i's not
construed as bei ng limted by the il rati ve enbodi ments set forth

her ei n.5 Ot hewitahdy prgramscdcempass ilbkevi,tthi mvehigors copemplates keoppesent

i nvention as defi ned appended cl ains and their alents. MCSLLP
15" GUA W SR PG AR 56 R ROTET G BevRra R SR ¢ r ange

char act er | e iin@orC AN SRHUEFLIAN ol SHENRLERTE! gy 2 iRiAY! a1 N0

circuit (50) that conprises sanple cal culator.- circuit i der

circuit (52pbaiyup egimgnamalfdns:almbes exdcauzbket oy thei machite (@lgkecuimgaipl i t ude
cal cul at or filggu't (53) coupled to said divider circuit (52), and a nenory

unit (54) 8% Pgﬁb@dﬁ‘ﬁnpﬁnsal d calculating circuit (50); the rret hod

f t t t
rg::elo\e@; aalnngc?%a :Jfk)ﬁgé n@ﬁg&ﬁtﬁ#&@ |z(e% sllﬂ-lI q%Y(S%’EEI ve y sa d 5| gnal

recei ver, e&ﬁ}:ﬂoﬁ&cﬁhﬁhm@ylfmha pEBge of desdiptioh atnﬂ%haaldwdt hempgdrtiedies equal to
or greater than a value of the certain saturation |evel of the dynamc
range of JERgng| gnal receiver, the method conprising: selecting a

predet er m ned tIt] nﬁoukﬁ] b Vc‘?ted that the word “comprising” as used throughout the
appended claims is to be mterpreted to mean “including but not limited to”.

15 : It is important, therefore, that the scopé of the in\}cntioﬁ is not construed

as being limited by the illustrative embodiments'set forth herein. Other variations

are possible within the scope of the present invention as defined in the appended

claims and their equivalents,



by using said sanple calculator circuit (51), calculating a total nunber

N, ,,of sanples of the received digitized signal within said predeterm ned
time interval; by using said sanple calculator circuit (51) MCSLLP
cal culating a nunber N, of sanples of the received digitized signal within
said predetermned time interval with the,anplitude equal to the saturation
| evel ; by using said divider circuit (52), calculating a ratio R,

bet ween t he ‘Qﬁﬁ' N, of the sanples with the anplitude value equal to the
saturation |evel "and the total nunmber N, 0, of the sanples; and
applying a predeterm ned rel ati onship between said nmagni tude of the
anplitude and said ratio R, for determ ning said magni tude of the actua
anplitude; MCSLLP 13 provi ding said output signal representing said
actual anpl it ude 4 Bt dosysgrdth ¢ geed! veselvephavias prety RSBiCRNgE HRIRCEErZSher ei n
said predeterm ned relationship is the follow ng equation: A, = 20logio
by a certain saturation level and comprising a calculating circuit (50) that comprises a
sample calculator circuit (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 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 A4, 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 &, 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;



01, / 20 .sin(- (1- R) \ where L is a required saturation |evel
and sai d magni tude of the actual anplitude is neasured in decibels (@W&:.Lp
3. The method of claiml, wherein said predeternmined relationship is a
reference curve provided for a required saturation level L, defining a
dependence of the actual anplitude on thesratio R for the required
saturation |evel L.

providing said output signal representing said actual amplitude to said signal

receiver.
2. The method of claim 1, wherein said predetermined relationship is the following
equation:
1 Of,/ZG
A.e = 20 logi(}

sin(% (1-R) J

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

measured 1n decibels (dB).

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

amplitude on the ratic 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 45 of the actual amplitude



4. The nmethod of claim3, wherein said reference curve is a | ook-up table
stored in said nenory unit (54) and provided for the required satur@&ion
| evel L, said |ook-up table defining a dependence of the actual anp PhYB
on the ratio R for the required saturation level L. 5. A calculating
circuit for generating an output signal rgpresenting an actual anplitude of
a received digitized signal having a nagﬁltude As of the actual anplitude
MCSUP 14 equal to or greater than a value of a certain saturation | evel of
a dynani c r &95¢ PT arepse Biaparvaluegipraegpingaturation level o gdvaarag rangeat or
circuit configured for receiving the digitized signal, and calculating a
total nunbereddf @Gt wipsiamgl es of the received digitized signal and a nunber
Ns of sanples of said received digitized signal with the anplitude equal to
t he cértai n saturnatinpl datvédtonditchit roalipiretfel esdwi g tHel digiticad €pva] snd a
divider circuit configured for calculating a ratio R, between the nunber Ns

of the sanplgsuMiitda e ramder M6 sualpli@ of téabcdited d1Bitized tidhfl Hatuiateon

| evel and the total nunber Ni 01 of the sanples: an anplitude
cal cul ator @ et~ confd ed ; i 1.1 r.elat | hi p
bet ween saidsﬁagﬁﬁ%%ﬁgf%gH%hevéﬁggﬁgﬁgég%%éaggﬁgqgg?®gk%%q§3§ é%g?%ining

sai d magni tude of the act.ual anplitude.and. providing said output signa
representin&gggﬁﬂl%gﬁdg@ngﬁﬁV? dﬁ%”?%ﬁ”ﬂ%”%$§%a| receiver. 6.The

Colcul Al ng o1 oL B LT S ST oL SaLd Predsf SLNLISE, Llasionghip 1
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 §, wherein said predetermined relationship is the

following equation:

L7230
4 = 2010&0( = ,
(sﬁn(;(l ~R,)

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

measured in decibels (dB).



sin(- (1- /?,) 2 where L is a required saturation level, and said
magni t ude of the actual anplitude is neasured in decibels (dB). MCSLLP 15
7. The calculating circuit of claim5, wherein said predetermned MCSLLP
relationship is presented as a |ook-up table provided for a required
saturation level L, said | ook-up table defining a dependence of the actual
anplitude on the ratio R, for the requiréé saturation level L. 8. The
calculating circuit of claim?7, conprising a nmenory unit assocjated with
sai d cal cul al.i ng Biaelduatasditsinpf gaired. ng?l’@@tsé’rdi mgddeminebikatigpstiah e, 9.
A non-transitory program storage device readable by machine, tangibly
enbodyi ng a pregrdns aflodlagt rabit pronsieéXecutabie sofprathve lrad Hi. sedtenkpar f or m
nmet hod steps for generating an output signal representing an actual

anpl i tude ofia@e YeG@hY 8dcpli@ichiczedhs hgndlantpividegnaheregioi R fdetha repfiretthe
actual anplitude equal or greater than a value of a certain saturation
level of a dypam. &apge of a signal receiver, the method steps conprising:
selecting a predeterm ned tineinterval; calculating a total nunber
N,", of sanples of the received digitized signal within said predetermn ned
time interval; cal cul ating a nunber Ns of sanples of the received

digitized si - , : . . . .
qu al t g t ﬁl@g 2 Z![ Jﬁmlgic? ﬂlaﬁﬂ%gilr&l’i’? (()jlg gl%rmn},r}:%dmpgilsﬁ a 1%%%51%%!@%55&1&@(? withP litude

said calculating circuit and configured for storing said look-up table.

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 Nm, of samples of the received digitized signal within
said predetermined time interval;

calculating a number V; 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 Ny, 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;



calculating a ratio R between the nunber A, of the sanples wth the

anplitude value equal to the saturation |evel and the total nunber N,,, of
t he sanpl es; and applying a predeterm ned rel ati onshi p bet weenyisai d=
magni tude of the anplitude and said ratio R for determ ning said nagnitude
of the actual anplitude; MCSLLP 16 ieoroviding sai d out put signa

representing said actual anplitude to the signal receiver. 10.A conputer
program product conprising, a non-transitory conputer useable medium having
conput er readabl eprgvglﬁféqgafr??%%‘&BmeS%gfeéWS?ﬁé’rgeﬁ 151 GRMERKEIA e Bht put
signal representing an actual anplitude of a received digitized signal
havi ng a magitFttitle As of the actual anplitude equal or greater than a val ue
of a certain saturation |level of a dynam c range of a signal receiver, the
conput er program product conpri sing; conput er readabl e program code
for causing the conputer to select a predetermned tine interval

conput er readabl eA pomguamogte: hoducawsipgirzienconpisitery domtddratate a
total nunber AcO, of sanples of the received digitized signal within said

pr edet er mi negediifBal itk @bMBlicr readable pERARHE 6 &8GR RN OHr2RNEQGE: ST
causi ng the conputer to calculate a number Ars of sanples of the received

digitized si i, L1hi b i i i: - I t.he: i tude
caual Lot noudat oEnpieiteRRly B RARLSHRIRAR i [Re OLFIR I AT o
ol o w ¢ REARIE, 4R PRt Rt O B T B o TR s "

total number %Lg%b f the sanples; an conput er readabl e program code

d .
for causing'® U TA08C QPIFIENa! IFEtE: HeROREHIE SreR B IEPH YS! BRPIEERE sai d

magni tude of the anplitude and said ratio R for determ ning said nagnitude
of the actual anpbmpiigereadable progemperder for eaditsl the prroputantoseldet £ or causi ng
the conputer to provide said output signal representing said actua
anpl i tude t predatethmedriale ineoai;ver

computer readable program code for causing the computer to calculate a total
number N, of sampies 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,



