11311121712112112212121121121121121 * 59159* - 1 - Electronic circuitry and
met hod for determ nation of anplitudes of - received signals 5 FIELD-CF THE
J NVENTI ON This invention relates to DSP-based systens

particular, to a nmethod and an electronic circuitry for dﬁmwwmmul‘ww,of
n
*

anplitudes of received signals. 10 BACKGROUND OF THE | NVE

Digital Signal Processing (DSP) based systens, a dynam c- Y3 _system
is defined as a ratio of the |argest amplitude of processing signal to the
smal | est anplitude of processing signal, and can be estinmated by utilizing
the follow ng equation Dynam ¢ Range (dB) = 20l ogi o(2N) r4-,' 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 problens

associ ated wth DSP-based systens_is "overload," or, saturatjon that can
occur when anpl i Elgsérapic F%ﬁ“'ﬁ%é@@ﬁ%ﬂog'ﬁ%{n ftepmnation *HBPE@‘?"’BP t he
dynam ¢ range of the system Sumre%e&?&@%miss usually referred to as 20a
saturation |l evel. For exanple, nonopul’'se®antenna systens may enpl oy vari ous
anpl i tuge conparison nmethods for direction finding (see, for exanple, U S
Pat. No. 4,926,184 to Galati, etc.). Such systens are adapted to

simul taneously emt radar pulses toward a target object fromtwo antennas

of differemElD O THEINVENTIONO 25 find the direction of the target
obj ect from conparison of radiation patterns obtai ned. Wien one or both

antennas are cl 088 inwehtien trelagst & DS$IBbased! systetes add 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 rahge of a
system is defined as a ratio of the 1arge§t amplitude of pfocessing -signal to the
smallest amplitude of processing signal, and can be estimated by utilizing the
following equation Dynamic Range (dB) = 20log;o(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 associafed 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 reférred to as

20  a saturation level. - | _

For example, moriopulse_ antenna sysiems may employ various amplitude
comparison methods for direction ﬁndihg- _(seé, for example, U.S. Pat. No.
4,926,184 to Galati, etc.). Such systems are adapted to simultane(_niély emit radar
pulses toward a target object from two antennas .of different directionality and to

25 find the direction of the target object from .éomparison 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

e
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recei ved signals can exceed the saturation |evel of the dynam c range of
the 111111111E0112112111121211112121111111 *@00002* - 2 - receiver. As a
yesult of the exceeding of the receiver's saturation |evel, any directional
information can be | ost. SUVWWARY OF THE | NVENTI ON There is a need in
the art and, and it would be useful to have a nethod and 5 an el ectronic
circuitry for determ nation of an anplitude of a received signal having
anpl i tude above the saturation level.-2- The present invention satisfies
the aforenentioned need by providing a nmethod for generating an out put
signal represpiri A6 areqft 6l themRédditle offthd re€&eérvedatdifion ], Sirgnal

havi ng a nmagnitude A, of the actual anplitude equal or to greater than a
val ue of a dsmttiorsl inforthatiad cdn Weflost. dynani ¢ range of a receiver. The net hod
i ncludes calculating a total nunber N, 0 of sanples of the received
digitized signal within a predetermned tinme interval, and cal culating a
nunber Ns GEUMMARY OF THEINVENTHONdI gitized signal with the anplitude
equal to the saturation level within this predetermned tine interval. The
met hod further Therenislausted ircthecut aitd, agd it wanld beRsefudbtobave ¢ ethodrdndr Ns of

th | i,th th li tude, val to the satyration level and th
Lotal namoar egrame b ircastemation Bt bcupafinifal < sreRveshEm bet woen

t he mgni-t%g@mgfarﬁé}ﬁu@é'r%dvte‘{ﬂ@s tigﬁ'?e\f gtio R can be used for determning
t he magni tude Of t'he actual anplitude. EI nal Iy, the output signal
representing salltiegetsemt imvantioh wddsf2E thanafbremmentivneddeed by provingresent
invention satjsfies the aforenentioned need by providing a (i,al ulating’
circuit corméthed dor generalins 8 {GUBNaHERA) TSTESER g AD raémagmxfwge 2h 2ct ual
anmpl i tude L} i Qb thZ ' i it : he
actual amprrene SRR o) huofP ofpndid AnPalREDh YRS ol A7) o
dynani ¢1025 gheui@ethah advahecst ¥ Siturafibe 162l Euwfad dyigndt tangetofl aveceies Thesanpl e
calculator circuit configured for calculating a total nunber N101 of

sanpl es of metho¢ daeludesy calcylating et tetahmumbgadVa afise@aples ofothes segsived of .t he

recei ved digi.t.ized signal.w th anmpd J.t ud a .saturation | evel
wthin a pr‘@%b?%‘f%gﬁglgww iP ﬁ?&eepf%gﬁlﬁ Elltn% IStE%’ !m&rg%l&glgflﬁg Iaaé‘?lﬁnté&ci rcuit
further inglusfesandpled BF did rédefveldi digiebd sttt dviftotheCahplitudt iddbakbtd eel 0 Rs

bet ween the nunber N, of the sanples with the anplitude val ue equal to the

sat ur at i on shewationaheyel hwithiot this pradetermined et inderyalyplkes meathed|fugthert he
cal cul atin ircuit further j.n des an.,anplitude cal.cul atar ci.rcyit 5
confi guPedq‘F‘gPdeépﬁtlwlﬁﬁn%aﬁﬁgﬁg{s ﬁeé’d&’reg?%ﬁ?fnghf)gﬁlfeﬁ%@ﬁs ' gni t ude

al

of the anplirdifigdeRaiut@uaPid ﬂ]é:\’ﬁatultaﬁﬁﬁel@%ldﬁfdeﬂi@ fokd) hudnfler RGNGf de of the

actual anplitude and providing the. output signal representing the actual
anpl i t ude, samples. Then, a predetermined relationship between the magnitude of the

amplitude and the ratio R, can be used for determining the magnitude of the -
actual amplitude. Finally, the output signal representing said -actual amplitude

20  can be provided. | | |
The present invention satisfies the aforementioned néed 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
actua) amplitude equal 'or greater than a value of a saturation level L of a dynamic

25 raﬁge of a receiver. The cal.cul.ating circuit inciudes a sample calculator circuit
configured for calculating a total number N,,, of sample.s of the received digitized
signal and a number N; of sainples of the received digitized signal with the

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



Acecirdi ng to one enbodi rent of the invention, the predeterm ned
reldationship is represented by the foll owi ng equation: ( 10= 20l ogl0
Z sin(- :
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15

20

25

(1- Rs) 2
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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 predetermined

relationship is represehte_d by the following equation:

4, =20log, 17?%,20 ,

| sin( A= R,)

where the magmtude of the actual amplitude is measured in dembels (dB).
-According to another embodiment of the mventlon the predetermmed

relationship is presented as a reference curve prov1ded for a required saturation

level L. Such a reference curve defines a dependence of the actual amplitude on

the ratio R; for this saturation leyel. 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 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 perfbrm method steps for
generating an 6utput signal represénting an actual afnplitude of a received _
digitiied signal 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; _

| calculating a total number'N,.,,. of saimples of the received digitized signal

within said predetermined time interval;

| e



where the magni tude of the actual anplitude is nmeasured in decibels (dB)
According to anot her enbodi nent of the invention, the predeterm ned
relationship is presented as a reference curve provided for a required
saturation | evel L. Such a reference curve defines a dependence of the
actual anplitude on 15 the ratio Rs for this saturation level L. It should
be understood that the reference curve can be presented as a | ook-up table
stored in a nenory circuit and provide#l-for a required nunber of saturation
| evel s L. The present invention further satisfies the aforenentioned

need by provi di gcidatiigog haibei N a0 Sarhlfivs 6L tHeaREEbEE dipytirsaoddag wittamgi bl y
enbodyi ng a 20 program of instructions executable by the nmachine to perform

met hod st egaid predetgeminedtime inderveliwith thesargplitude sgualde the saguratiombavekil
anplitude of a received digitjz Si | . hawi ng,,a ni t ude As. of,the
actual anpl i tuac@?cégﬂgig BrregP Eg“’ieﬁg&g%l I\ngvtlfé %ogﬁlg%ts ,@Fo‘ﬁlt‘n?éb& L of a
dynam ¢ r apgpliRile &ahRC YA o thBSafRhid16VeR BAd GRENGTaP hﬁﬁibeizi%ﬁl'o‘f%e ng a
predeterm ned tine interval; calculating a total number N101 of

sanpl ess of sanfyes;@ndi ved digitized signal within said predetermned tine
interval; - 4 - . calculati.ng, a nunber Ns of sanples of fhe_.received
digitized si gnaAPRNIPR| % PE eéefBP%‘gflatr%‘Pi’rP theﬁﬁe‘?fhisg@va!agwt‘{ci? Pﬁég?mpl i tude
equal to t rati Qg;d ; “H{éﬁéi - the
nunber Ns %ﬁpﬁﬁgys?gpﬁglg \?\nyt I%Shgorar(ipei%iﬂtnu e vgaa ugnée uﬂglaeﬁ)ft e\%gﬁir ation

| evel and amplitudeal nunber N101 of the 5 sanples; and applying a

predeterm ned rel atjonship between said nagnitude of the anplitude and said
ratio Rs for deRT@ViGing said eutpyt sgpal reprgeersme said actval amplids: t ude; provi di ng

sai d oyt put sigﬂﬁ! S i Lfl. J a i - Th resent

i nvent iwé)n further s%r?i;% i@gaﬂpﬁ% g?%ﬁ%ﬁé%#%?e@n@e@q@fn%?%ﬁ S‘F’ﬁg g?corrput er
progr am pr pebviding Qngumsitepdgtanprddict YoRpbkdge dorputen viseuble ardliingr

readabl e program code enbodi ed therein for generating an output signal

repr esent | haying compwigr eeagable pregesn sode canbaddediithgreinz & gngrdinghali ng a
magni tude A,, of the actual .anplitude equ r greater than. alue.of a 15
saturati ono?tgi} Fig{ia{)fepéewﬂggd@ P‘gtﬁﬁlea%‘f’ﬁh"q?eeg iavgele,glve ﬁeﬂg%%%%tsgn aE)rogram

pr Od_UCt COR®Vih$ hMfagnitude 4, of the actual amplitude equal or greater than a value of a

CD

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; ' | | o
‘computer readable program code for causirig the computer to-cal.culate a
20 total number N,, of samples of the received digitized signal within said |
predetermined time interval; _ |
computer readable program code'fqr causing the compilter to célculate a
.number N, of samples of the-i'e'eeive.d digitized signal with_in said predetermined
time interval with the amplitude equal to the saturation level; '.
25 - computer readabie program code for cailsing 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 relatiehship between said magnitude of the 'a.mplitlide and said

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



conput er readabl e program code for causing the conputer to select a
predeterm ned tine interval; conput er readabl e program code for
causing the conputer to calculate a 20 total nunber A101 of sanples of the
received digitized signal within said predetermned tinme interval;

conput er readabl e program code for causing the conputer to calculate a
nunber N of sanples of the received digitized signal within said
predetermned tine interval with the ampditude equal to the saturation

| evel ; 25conputer readabl e program code for causing the conputer to

calcul ate a rati gofpufRetraffibld b@og%mb@ddeNﬁoroéaufsihg tha ngIngsutd fohpidiede
anplitude value equal to the saturation |evel and the total nunber 1?1101
of the sanplagboutputcsignal representingpaideactuad anipbiusepr ogr am code for causing the

conputer to apply a predeternined. relationship between .sai d magnjtude of
Che anpl i t ude: arfelalits 855 DEFH Goinelo RS P TG TSP dTRRAN, GRRTSN ¢ he
actual anpl4f kfeinvention “in_order KA HerdiR3IANAPROP BT AR FAllorfauSi NG

the conputer to provi sal d output signal repreSenting said actua
anpl i t ude. hereinafiékh@ae bedsetteh umdbserodo Wtddithm] demileeandbadvadiages dfi¢chenor e

inportant features Qf the invention in order that the detailed cription
t her eof t haftvemionoyall Sb%éFtei?‘PﬁhtIBr Hwaaetggecgé{eﬁgpptqu@ngt Hbd’?ﬁAWg]ft %nal
details an - L.nvent i Qn Wi . %1, etai'l ed
deser i pt | ortPPLiRed B6 i deltindBrogt il bty flackCl bbunichBofi™ ™ 2
be | earned by practice of the invention. BRI EF DESCRI PTI ON OF THE -DRAW NGS
In order t S i ) e how it may be carried out
10 in pract wﬁﬁ%ﬁm&@“@%ﬂ nenﬁwlﬁ('ﬁsﬁw be described, by way of
non-limting ex I ' fer m& 'g&rﬂ 1,NgsS, 1IN
whi ch: Fi gg%lr %f{?d%gﬁ%&wéngx%rgm a@&ggi&&gltg?g%ﬂggﬁa S ?/t%acte &g%{;r AD
conver si®n if plactids, @ pysfaged iegitldsmant wild\iong bendespribet tier Wagedf hosquency
and sanpling rate, but different maximal- anplitude val ues, respectively;
15Fi gs. 2a- Paitingsyaspinenlyy yithireference do theraccompanying degwiags. Abvwdwiler si on of
time-varying si | s, dj | ¢ 0 I i -id.tn the
fact that they %3@??116 -%Jréﬁ]‘ggkgré@gir%&%% .(%?aequ%dﬁ%&%/gﬁ%:ﬂﬁoéfvgf%%al S
shown in Fi gStimearat¥ing signals affi Khvirk SO Weeddlerindd freq@énclyhendd ggnce of
the ratio between the 20 nunber of the sanples with the anplitude val ue
equal to t heates buidiffieramt maximal amplitude valvesirespgatiesly,of t he sanples on the
f requ’ency;-
I

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 théy having another predetermihed frequency than the signals shown in Figs.
l.a-ld; :

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 saturation level and

the total number of the samples on the frequency; - '
~ Fig. 4 shows an exemplary relétionship between an actual amplitude A of
the received signal and the ratio between the number of the samples with the
amplitlzlde. value equal to the saturation level and the total number of the samples
25 = represented as a_.referencg curve; and _ |
- Fig. 5 shows an exemplary schematic block diagram of a calculating
circuit éonﬁgﬁred for determining an actual amplitude of a received ciigitized

_ signai having a magnitude equal or greater than a value of a saturation level of a

* dynamic range of a receiver.



Fig. 4 shows an exenplary relationship between an actual anplitude As of
the received signal and the ratio between the nunber of the sanples with
the anplitude value equal to the saturation |evel and the total nunber of
the sanples 25 represented as a reference curve; and Fig. 5 shows an
exenpl ary schematic bl ock diagram of a calculating circuit configured for
determ ning an actual anplitude of a received digitized signal having a
magni t ude equal or greater than a valug-of a saturation |level of a dynamc
range of a receiver. - 6 - DETAILED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS
The princi BEPARTEDIWRSERIPIION DICEXEMPL AR PEMBABIMENPS ding Lo the

present invention nay etter understood wth reference to the draw ngs
and the accompanyd agindBRE adf bitationd of the Caltiting ARG E&Tor&iﬁgst@ e awi ngs
and exanples in 5 e description are given for rllustrative purposes only
. and ar e nopresaditvdantiohendyi be bétreg understoo@ovith Ederencerts thd dtaméngbedra thed
descriptions, which foll ow hereinbel ow, are presented in terns of .

al gor i t hs 2EE0MPENKE|deecTinligRes Eﬁ{lw@%toefl tig dheae H@N@ngﬁ@n&axamp Bsent ed
as physj Cahxeq&fé&%ft; '6:?%:&"%&@1‘1 Tor ﬁﬂx&é&tﬁfgsP&BgségE&IW 268 42 n%¥ GRARUISHe 10
system " An algorithmis Rere conceived to be a sequence of steps requiring
physi cal niimitng.ati ons of physical quantities and | eading to a desired
result. Usually, although not necessarily, these quantities take the form

of electrical oPOHAEEIMS ofithe detailed dassrivtigns, yeliply felley dgreinbelovsrase r e,

conbi ned, 1EF W L. QU: N, e i ption,
Chese. oi onbraniiry i sEHF oPhpSiti3 3 TS B CBFeren Bidihr R ERR0Y; GFREE 7
synbol's, nigpeekfitedds piiRidal lgBantitleb eithis Regisferahd Wnehicries ofod Remputee,

t hroughout the description, utili zi ngtterms such as "processin or

" conputl ngSyséam."Am hlgaritm isherpeonceived imbek segueoee ofstensrequinng poysicahe | i ke,

refer to the action a rocesses.of an.electronic cal culating. citcuit or a
comput er sJePERNS T PRI SRBRfRe- AR At 1 o oRl rRul " sl ¢ e
and transf gigugHatdl neébssglyethiesd GuirRities @skce he-fofin of dléctiédl 2R Gnagnetic
representation of exenplary tinme-varying signals generated by sinulation is
i |l ustr at esigndlheapibjealf deingcitomtd, tramsferred, rcombxinesl, comparedcampotherwisand have

frequency of 27 and sanpling rate of ‘1. for 8-bit sanples. The
satur at | onMaaiulaled Jf the BEH dRkcrRaRyBer siedis ol pereteed B B vaies o be
31.6 dBs Speshiniddl b¥mehlsd syhBolSNAMRPELE of sk Bke VDRRs iRl

anpl i tﬁ(sje ot the&g’at ammrgssylgngotg’he Si gr?fa'lO i's 'glcﬁ\gp t0 ?ﬁ%"@’é‘t )r(éati on | evel
of the dynathecwisantgrounghouhehe desiripéion, bitilizing nterrhs gach lab- Iprodeksing't oat e a

digitized representation aof .signgls hiving the frequency sinlar to that of
the signal IR oF geleylating s dsiprmining” o5 Eeheroing orchalike-dRIT I ude of

the data : j Y f ] ge of

t he recei ‘O@{ed%ygligﬁ%gfoc%%g%ogﬁgelé@f?ﬂ %1&{;%4&}@%3%@8{ %\t‘/lg{n@ﬁ?ggé&?{e@gi ver is
saturat ed gintilanglesbnicabinputitg daviqee thaoamnipulates, andheansfohas dathual anpl i t ude
of the signal is greater than the saturation |evel, For a

predet ém ned tReferiing &o \Eigs. la-}d.ny dhgitized represantation: of exemplagy fiBkat ed
within the ratj ' . ' j e t

sat ur at i on T el BEeET W CunlIBI s Mot PEreSiBuns Bl 2
shown in Fegraih dorin@l nbiRe dohip@nértt idvidvelfrofueddd oT27 Mgz andisampling of the
data sanples with the agg[itude equal to the saturation level Ls is equal
to 57. AcctatelohdlGHz dor &bitsamplasel hesaturationdereddr ofithe dynamis reagpPEa with

the anplitude. val ue, equal .to,.t saturation.level .and the taqtal nber No,
ot he! sanfREN R THFTe e Hed e SeFificat! e 15 snBRS uhe Sighal \hen e

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 ffequency 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



10i.s equal to 0.071 (i.e., R = Ns/Nog= 57/800 0.071). In the cases
shown in Figs. Ib-lc, the sanples with the anplitude greater than the
Jmagni t ude of saturation level L will be located within the saturation

| evel . Accordingly, for the same predeternmined time interval T, the nunber
N, of the sanples located within to the saturation level wll be greater
than such a 15 nunber in the case shown in Fig. la. In particular, for the
exanpl e shown in Fig. Ib, this nunber -ls is equal to 635. Accordingly, the
ratio R, between the nunmber N, of the sanples with the. anplitude value
equal to thgy @@trwpe&ﬂlmylweefecawr tsfsen&atemduﬁﬂg‘@ﬁmrﬂmrpﬁm%hﬂnaamlees W thin
the time interval T (i NIN",) is equal to 0.794. Likew se, for the
exanpl es shwoven the a¢tingl. arimhtaddOﬁthg SIQralagrcater thah tlessatraferclanel.V, , " are
equal to 0.938 and 0.9 res ective Referrin 2d, a
digitized repre QﬁtaaPlieg?\te gtH‘a‘Psm\%‘fa&ﬂ.a"r Buppbes éYse‘%i 'Ehe d‘?tgegaﬁ‘é’ieéy from

t he signal gi/vq,, Fir@gs r h
frequency g?éij M-}zmﬂaggbg%ﬂ#%sﬂeoﬂ ?té ribds \‘ﬁgr%\gﬂ% héﬂgg!r?fgbés:gér%lﬁ r% glgte of 1
GHz has sbesaturationt lavelddhdsar cartdin vhlas dnc;astamlarl:fcg the axahpleshbva isiFggal when

t he act ual arrplltude of the data words in the S|gnal is equal tqg the

sat uration llae\f@t g time iateayalahof pQH&ethEP“{n{'?ér Me® m¢ammP@§¥1ﬁ% 2b- 2¢

illustrate r f I ual
anplitude o e sfgﬁg (;g{r%ea er ?I}'H Eel s%ﬁ"ﬁr ?Znﬁ eve*n%gf ath%tlgcﬁfnam C
range of t hﬁt\ﬁ@iﬁth\éeﬂurﬂb’erlﬁ 6B,th8@ﬂﬁpl%§ldv1&0tldebaml‘pﬁ&ﬂECValueky{ual to the-

The nunber N, of the data sarrpl es with the anplitude vaI ue equal to t he
sat ur at i on slwation leye)rand e M@WW&@ phthgisagples withjs tho@me intgryad Tequal to

47, 638, 749 an esp ctl i the ratio R between the
nunber 1, dF 4 t%ﬁwﬁzi °’an§$§(ﬁ{1 Qqﬁaﬁ{ue |l ocated within the

saturation | evely, arspsesw@in PIDES MG Shpldioy SRR Ehphhbigfeddie 11
interval T is equal to 0.059, 0 036 an 0.98, resp ctlv

was found tthai tHeomaghitudeasf Sambationt leeelabt\uﬁll barpdated ddthiwfthd Isetummpl es ar e
greater than the saturation |evel, the val ues of the tio R end
i nsi gni fi cdAtglyAesprdingly f%@éﬁé@eﬂeqmﬂ ghiame Wﬁaéfﬁltﬂ ’é“m??{ﬁsdefpendence

of 10 the il Is ?lesqgcatg HU[S%X staRﬁ'atE({heve Wﬁﬁé‘oﬁ!& ratﬁgx'f%{xcl?qpl i tude

of the data words exce saturatl on nam c range of the

recei vers byhudfbetllin ithe sdmevwholvsm i Big. 3a. An lwmcdﬂe: sfoe the bkt&nlylalshewnfmt he
ratio R is_centered around the val ue _of 98 for all the frequencies in a

rat her br odﬂgséb bis pumbefee i 89yad da684. Aﬁc‘?rﬁglglﬁég'ihérfab‘f’ R betweanotheos vz
W th the i n rrerN, cffthc,5 éé'ﬂ%lesjvel5 c&%r p;ﬂﬂuctleg lh? eapglstgnt%le | e dnBvelt N€

know edge o e rati rovi des a possi erm ne actual

anpl i tude aindtdne tstagﬁia}nbwhwg dfhie fﬁaﬁi@ldsuxdﬁhmfthbhﬁrﬁedﬁﬁwzﬂ udeid.s Ry eater
than the saturation |evel. - Thus, the present invention prOV| des a’

met hod for Mé¥e) 18 msal m10694ahﬂ<amt1mrforathp|qxam91@8@hoamrlecﬁngaeldé‘ug| zed
signal ha f the tude e or greater
tlhgn a %Pa?“u]gp eét tl@r{?\{?ég&eqp 3?@%%‘33%‘? é%ﬁé’&%‘?éf% recelgver The

net hod i ncl udes Reféifinb a6 IFigs. 2at O3 dla digithed riprederRiticiopPLigsal® WHidlareecei ved
digitized signal within a predeterminéd time i nterval. Likew se, the method

“includes calitfcteat umgfreqmucnbefroml thef sigratpIsbewnf int Elr“egsr coel d aid ldlugratcied
signal with, th li,tu uaI t tu atlo wthin 25 this .
pr gdet erm Fﬁ i ﬂ’tee 9‘&‘? cVn %gﬁmﬁoﬁﬁs{’e%é‘: ’e?"hﬁfea?st[}?:élaﬁl‘fl ated
d h I
uring the s%ﬁ-frp ?trh@ ﬁ&é Bk %ﬁl&l{‘leveﬁ'célpa{FS@‘Mést F%efz‘% W’s S'_gna

i s equal er t e saturation he metho

i ncl udes. caheuig@'a] whei Iﬂl& ae‘:ttmlo::rﬁﬁhthéé vedie ddte wordbén the, mgﬁaltlbeqaainml es with
the anplitude equal] to the_ saturation Iev(é% and the total 30 nupber Ar,,,
of the sanphesaturaion lexelpolther eymamie danes ok Moneheiychethess Figs 2b-2c

illustrate a digitized representation of the signals having the actual amplitude of

"r'!

the signal greater than the saturation level of the dynamic range of the receiver

by 10 dB, 20dB and 30 db, reSpectively_. o



9 - nagnitude of the actual

anpl i tude and the ratio Rs can be used for

determ ni ng the nmagni tude of the actual anplitude. Finally, the output

.Si gnal

representing the actual anplitude As can be provided.

According to one enbodi nent of the invention, the predeterm ned 5
relationship is represented by the follow ng equation: ( = 20loglo

20

(1)

10

15

20

25

30

sin(Lr (1- R 7?2s
_ -8-

The number N; of the data samples with the amplitude value equal to the
saturation level L for the cases corresponding to Figs. 2a - 2d is equal to 47, 638,
749 and 784, respectively. Accordingly, the ratio R; between the number N; of

the samples with the amplitude value located within the saturation level and the |

total number N, of the samples within the time interval T is equal to 0.059,
0.797, 0.936 and 0.98, respectively.

It was found that for the cases when the actual amplitudes of the samples
are greater than the saturation level, the values of the ratio R; depend
insignificantly on the frequency of the signal. For example, the dependence of
the ratio R, on the ﬁ-er;uency 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 MHz with the increment of 5 MHz.

According to the present inventibn, the kno_wledge 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 present invention provides a method for deterrnmatlon of an

actual amplitude of a received digitized signal having a magnitude A4 of the .

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 received digitized signal within a predetermin_ed't-ime interval.
Likewise, the method includes calculating a number N; of samples of the
received digitized signal with t_he amplitude equal to the saturation level within
this predetermined time interval. In other words, the number N -is calculated
during the saturation time penods when the actual amphtude of the signal is

equal or greater than the saturation level L.

The method. further includes calculating the ratio R, between the number

N; of the samples w1th the arnphtude equal to the saturation level and the total

number N,o, of the samples Then, a predetermlned relatlonshlp between the

10G /



where the magni tude of the actual anplitude is neasured in decibels (dB).
Thus, the actual anplitude As can be obtai ned by substituting a required
value for L and a calculated value for Rs into Eq. (1). 10According to
anot her enbodi ment of the invention, the predeterm ned rel ationship can be
presented as a reference curve provided for a required saturation |evel L.
‘Fig. 4 shows such a relationship represented as a reference curve that
defines a -dependence of the actual anplbi-tude As on the ratio R The actual
anplitude As is provided on the ordinate-axis as As = L+ AA, where the 15
increment qihoRgad of Hk 8Bual ABmFiRndOand T8O ratid Ri Ban Be ub&iP forRddiéiehifmg be used
for determnation of actual anplitudes up to t he magni t ude of L+50 dB. Wen
t he "over séhamagniorde afitbe edwmabauplitudenbisnllnl the tontput aigpklespeasenting thieed

wi thin the satflrat'.o time period nd the ratio R r=11. After

det er ni nat 36W2 ?IHBf‘VFB‘QA:SFE‘HECBTOVt‘ -actual anplitude can be 20 provided to
the correspondi %c%%Yxth%f Bhe SerhBOHMRE GPRhe GRVLRdn, WhEN x%?éﬂeh%ﬂle t he

cal cul ated anplitude can be stored 1n a nmenory unit of thg evice tor
utili zatsi omelationshipuiseepreptrtedby diesfollbaingeqrpba; t he al gorithm of the
present invention for ca)culation of actual anplitudes can be used in
various anplitude conparfi son nethods for direction finding. 25Referring to
Fig. 5 a non-I ',xf”:tid(]Q% xenpdary sghematic block di agrm of a cal cul ating
circuit 50 confi'gur'ed Tr .generatifig an out put signal representing an
actual anplitude of ar csé‘ﬁggg‘%i»b tized signal having a magni tude As of
the actual anplitude equal or greater than a value of a saturation |level L
of a dynamivchere theOmagnitrgefahe acmelanplind¢ momesduredhin decibdls (BB ) dhesl. |t
shoul d be noted that th | ocks i.n Fi 5 are i.ntended gs fungcti onal
entities o g,gctg%l@mnlﬂgfe ‘?h%anflﬁlﬁ‘élft?"élﬁ Ibyrsélgg’tt}“é'ﬂ%ﬁfeﬁ%“rﬁgt‘ﬂ%?nf%f ilré‘-“gnt ities
are shown, _r Y kcahyconnections and/ or 'physi cal

rel ati onshiap%?éag#%&eb@g %%@P%%Egﬁrl%w t 50 includes a sanple cal cul ator
circui t1051 conf iAguoriing o6 ahether \eniigbditentdofithe imvcbnsiogndle predeeaminddat i ng a
total nunber N101 of sanples of the received digitized sifgnal within a

pr edet er ni Aelgtionship icap bs, presemied 3w A refereare Y Preyided)ifor sy reqiirede al so
adapted for

I'at j0 . a r ml.es. - ¥ igitized
o anal 1 0P BrCE, Mie2s RS lh el RB e erdrty RETCIGEAE D 0
have act ualcuprgihat defsesH Bepedidendtodf theeachadl Whdlingde Moy lthertdtid R,. the
predetermned tine interval, the apparent value of these sanples in the

sat ur at i on actuak amplitusigsA4s| prowieiedoemthet ordinpte-gxisiasaty onl+d4dewhere thei ng to

t he saturat.ion. : _
15  increment A4 equals 10 dB. As can be seen in Fig. 4, the method can be used for

determination of actual amplitudes up to the niagn-itude of L+50 dB. When the
"oversaturation” exceeds 50dB, almost all the samples are located"within the
saturation time peridds and the ratio R, ~1. -
Aftér determination, the magnitude of the actual amplifude can be
20 provided to the correSpqnding device .for a required application. Whén desiréd,
| the calculated amplitude can be ‘stored in a memory Liriit of the device for
utilization in future applications. For example, the algorithm. of the prcsent'
invention for calculétion of actual amplit_udes. caﬁ 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 ampli_tude of a received digitized signal having a magnitude AS of the

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



The calculating circuit 50 further includes a divider circuit 52 configured
15 for calculating a ratio Rs between the nunber N, of the sanples |ocated
W th the saturation tinme periods and the total number Nu), of the sanpl es.
Finally, the calculating circuit further includes an anplitude cal cul ator
circuit 53 configured for applying a predeterm ned relationship between the
‘magni t ude of the anplitude and the ratio Rs, thereby determ ning the
magni t ude of the actual 20 anplitude -a0d provi ding the output signal

representing the actual anplitude. Accordi ng to one enbodi ment of the
i nvention, rdnbe O@Hﬁkéeﬁquéﬁér@wn@ti@ﬂlu%ﬂteuI It sRuld R nékdd thaethe biskdeh er ni ned
relationship’in the form of (D). -Accordi ng to anot her enbodi nent

of the invEig i Bnaret rmaepd@heiseﬁmcnedalr ehtitieso gy ,p sich thats ding efiinetsorsal
reference cyryve ovided for, a required saturation 25 level L., Such a
reference Wé‘sﬁ'@ﬁ h@‘%"egndé‘ﬁ%nﬁfg & 8f° t ?aﬂé’warbt ﬁ%fﬁcrantbﬁ?tﬁ% BWSRE ratio
Rs for thi t ;1 rrple the reference curve can be
represent ego@gEg&rFs d@/%rﬁ&gi)fitregtf%rs ?n a menory circuit 54 of the

cal cul aing ci rThe tcabfhlating pireuitdsd freludesr equampkt ralchiatorofcirsat uSht i on

| evel s L. such, those skijll the art to which the _present
i nvention B@Pﬁ%’iﬂﬁ%fmgéc%‘é‘ﬁgélﬁﬁpﬁhéglz&fiélgnﬁgﬁn‘i/\m Ipwlating.a totalbaymbst Nia f i on has

been descr Leslel AFHRE Toectlcd IR AHT ShADRMTE Wose LRGP RERD et Wh1 ch

this discl© ase a basi's for t

desi gni ng Phe @&rhp‘re @wullabﬂesant 51/&51655 aRacthdapRaerds eslchlatios af b\iuftbeput t he
several purposes of the present invention. It will also be understood t hat

t he syst endVaet sarapleg of she rrecived aligitised sﬂﬂpalbl@cgeé in the smrytlpn SRfeEvaife
t th L
it bAIESUR sk MEpplteanbl Ry b AERRBNNR6 sfeAR b o SRR, e

invention fuyef aﬁmxpmetp%ﬂ&é}hﬁﬁe@uﬁ%qmepmrﬁe%pal@nﬂeﬂué bft&@gg&&hweenbodyl ng
a program of instructions executable by the machi ne for executing the

met hod of tm@elsnmeatmmﬁnme@mgdﬁ will bc squal th¢hasateration devel haowittgstoghe aseol ogy
and term no %¥ enpl oyed herein are for the purpose. of description and
shoul d not$ 18%arded as |imting. " It should be noted that the word
“conprising” as e&lcm*aﬁﬁggt}em& SDM&DEE%QS 6! ey eﬁcﬂlpsi)%omglﬁwret ed to
mean ™incl udi ng but not mted to" Is inportant, therefore, that

t he scape 6dr dalomlatmgemtatonRj between dmrmlmbmd\/m:f theisamples tbeaset] Wythtthe

illustrative enbodinents, set fo her ei her arlatlon possi bl e
wi t hin thesaste@f}enotrmw@nﬁaééeﬂttme@ﬁ o5, Mielct [HEcamPlehd BgeriiBd cl ai ms

and their 8&1%1%%& RfrSuit fortHer 1nc1§&é°§ Msamphtude calculator circuit 53 conﬁgured
for applying a predetermmed relationship between the magnitude o_f the

_a.mplitude and the ratio R, _i:hereby, de_terrninir_lg the magnitude of the actual
20 amplitude and providing the output _sigrial representing the actual amplitude.
According to one embodiment of the invention, the amplitude calculator
circuit 53 can utilize a pr_ede_ferm-ined relationship in the form of Eq. (1).
Accorc_i_ing to anbth_er embodiment of the invention, the predeterrhined
relationship is presented as a reference curve provided for a requiréd saturation
25 level L. Such a reference curve defines a dependence of fhe actual amplitude oﬁ 3
| the ratio R.S for this saturation level L. For example, the reference curve can be
represented as a look-up table stored in a membry circuit 54 of the calculating
circuit 50 and provided for a required' number of saturation levels L. |
As such, those skilled in the art to which thé.present invention pertains,

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



1. A method for generating an output signal representing an actual
anpl'itude of a received digitized signal having a nagnitude As of the
actual anplitude equal or greater than a value of a saturation level L of a
dynami c range 5 of a receiver, conprising: selecting a predeterm ned tine

i nterval; calculating a total nunmber Nwt of sanples of the received
digitized signal wthin said predetermned time interval; calculating a
nunber N, of sanples of the received dilgitized signal within 10 said
predetermned tine interval with the anplitude equal to the saturation

level ; préfeedleditodements 2theOc dRE e PEEYRE WHidHE tHIY Hi&lodire 9 bhi@ #AYP! es

wth the arrplltude val ue equal to the saturation |level and the total nunber
N10, of t heeasllypbeestilizeddas a basis fapHeydesigning o etee rstriuntates; sy stememnsti p-

bet ween said ma nltude of the 15 a litude afci_{esaid ratio. 120 for
det er mi ni nGTEEHTFS TRLTATDIE OYrthe Aeves tHH'éFPOSS?rﬁ thepIesenpIyY¢RPthg sai d out put

205 5 SEer S I SRSl R, e B IAE n ol b 2
1 ol d" 5 asuitably programmed computer Likewise, the invention contemplates a computer
program being readable by a computer for exccutihg the method of the invention.
The invention further contemplates a machine-readable memory tangibly
embodying a program of instructions executable by the machine for executing the
method of the invention.

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 interpreted to mean “including but net limited to”.

15 o Ttis important, therefore, that the scope of the invention is not construed
as. being limited by the illustrative embodiments'set forth herein. Other variations
are possible within the scope of the present inventiorr as defined in the appended

claims and their equivalents.



Ssin(7-r: (1 - Rs) 2 where said nmagni tude of the actual anplitude is.
nmeasured- i n decibels (dB). 3. The nethod of claim1, wherein said
predetermned relationship is a 25 reference curve provided for a required
saturation level L, defining a dependence of the actual anplitude on the
ratio Rs for this saturation |level L. :

-12-

CLAIMS:

1. A method 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 saturation level L of a dynamic range
5 of a receiver, 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
10  said predetermined time interval with the amplitude equal to the saturation levél;
:célculating a ratio R, between the number N; of the Sa.mples with the
amplitude value eq.ual to the saturation level and the total number N, of the
~ samples; and _ _
applying a predetermined relationship bef\veen said magnitude of the
15 amplitude and said ratio R, for det'er-minin'g said magnitude of the actual
amplitude; |

providing said butput signal representing said actual ainplitude.

2. The method of claim 1, wherein said predetermined relationship is the
20 following equation: '

’ L720 .
A4, =20log,, o >

ad V4 :
in(—(1-R
_sm(Z( :)
where said magnitude of the actual amplitude is measured in decibels (dB). -
3. The method of claim 1, wherein said predetermined relationship is a-
25  reference curve provided for a required saturation level L, defining a dependence

of the actual amplitude on the ratio R; for this saturation level L.



- 13 - 4.The nmethod of claim2, wherein said predeterm ned relationship is
a reference curve provided for a required saturation level L, defining a
dependence of the actual anplitude on the ratio Rs for this saturation
level L. 5 5.A calculating circuit for generating an output signal
representing an actual anplitude of a received digitized signal having a
imagni tude As of the actual anplitude equal or greater than a value of a
saturation level L of a dynam c range- - a receiver, conprising: a sanple
calculator circuit configured for receiving the digitized signal, to and

cal cul ating a tofg: HUASE Nlaim 2f WiREBhesi®@prédierhfif€d Yaskistsdig iiszﬁﬂ si gnal

and a nunber N, of sanples of said received digitized signal with the

anpl i t ude eeferdnce outviegprevitied fitr oreqhed satwrationrevel dr, ddBnimgra depéndénve

i nterval; a divider circuit copfigured for calculating a ratio Rs
bet ween thé’fmallﬁlfnpé‘f“‘{e@élﬁﬁﬂi%gs €W Stsf’i‘é‘ra&i%‘llFY‘iig‘e val ue equal to the
saturation | evel and the 15 total nunber N,,, of the sanples; an
anplitude calculator circuit configured for applying a predeterm ned

rel ati onshisp bet weedlcslating ragaitt fodegaferdting amutputdegmaldrepedsentireg iao Rs f or
determ ning said magnj tude of the actual anplitude and proyidin ai d

out put si grafuat egwélgm ohg reasiyed digitired, signak hawng 2 mpeniude s Qf) W€ ng

Fol 1 ovi ng. 250l Mo e Baflbr SBLe b £ YEREOPG ot BUST B Svidile o e
actual anplradgdedst d Rcé®asvb@prisingdeci bel s (dB). - :
é sample calculator circuit configured for receiving the 'digitized signal,
10 and calcuiating a total number N, of samples of the received digitized signal and
a ilurxiber N; of samples of said received digitized signal with the émplitude equal
to the saturation level within a predetermined time iriterval;
a divider circuit configured for calculating a ratio R, between the iiumber
N, of the samples with i:he amplitude value equal to the saturation level and the
15 total number N, of the samples;
an amplitude ceilculator_circuit configured for applying a predetermined
relationship _betweén said magnitude of the ampiitude and said ratio R, for
detei‘mini_ng .s,ajd'magnit_ude of thé ‘actual amplitﬁde and ﬁrbvidirig said output

signal representing said actual amplitude.

20 _ _ |
6. The _calculating circuit of claim 4, wherein said predetermined
relationship is the following equation:
L/20
A, =20log,, 077 |-
' in(—-(1-R
sin( 5 ( -R)) “
_wheré said magnitude of the actual a_rhplitude is measured in decibels (dB).
25 ' '

7.  The calculating circuit of claim 5, wherein said predetermined -

. relationship is presented as a look-up table stored in a memory circuit and



25. - 14 - provided for a required saturation level L, said |ook-up table
defi'ni ng a dependence of the actual anplitude on the ratio Rs for this
saturation |evel L. 8. The calculating circuit of claim®6, wherein said
predetermined 5 relationship is presented as a | ook-up table stored in a
menory circuit and provided for a required saturation level L, said | ook-up
tabl e defining a dependence of the actual anplitude on the ratio Rs for
this saturation level L. 9. A programigt-orage devi ce readabl e by machi ne,
tangi bly enbodying a 10 program of instructions executable by the machine

to perfor mRifad fot aPseduifedISaBFAONN VAN MUEAIET Id0kaiR! tablRPEEGEAE I A9 an
actual anplitude of a received digitized signal having a magni tude As of

t he act ual depeptenaedd theacthalamplitedt en thetratio &, Yerl thés saturatiemtevelt.i on | evel L
of a dynam c range of a receiver, the nethod steps conprising: 15selecting
a predetermned-tinme interval; calculating a total number N,", of

sanpl es ofgthe r i Byt i W & hi id ] tinme

i nterval ;- 8. ca cuéf/agfl}l%ﬁa %ﬁ‘ﬁgtefdng%%?] s%np‘fléegéigf Sgﬁ(gdﬁggg?\@gg%i gitized
signal wit hilationshigh B petsemtedi a3ed lookaapi tabkr steredMin ha miemenyptirduidenéqual to
the saturation level; 20 calculating a ratio Rs g)%i(\;een t he nunber N, of

t he sanpl eBroxided dre aqFpAURedq gatyrAtioR kygh Lt 8rifh ¥RirtaPleo AHpE| 2 and t he

t ot al mb , : j : i ned
ol ati onshopbaredlf hERoR TR0 e rato £ AN SRR RVEIE T 08 for

determ ning said magni tude of the actual 25 anplitude; providing said
out put signal representing said actual anplitude, 10. A conputer program

product cofpri sifprageonsiorage desdenreadable; ihimaahingg tangtitarbadyinga| e
P00 T R AR I RSP EAR g B PEHRs o
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 va_lue of a saturation level L of a dynamic range of a .receiifer, fhe meth_od _
steps comprising: I |
15 selecting a predetermined time ir_lterval;'
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 d.igiti_zed signal within
said predetermined time interval with &e a.tnplitude equal to the saturation level;

20 . calculating a ratio R; between the'nu_mber N; of the sample_s with the
amplitude value equal to the saturation lével and the total number N,, of ihe .
samples; .and __ | | |

applying a predetermined relationship between said magnitude of the
amplitude and said ratio R, for detémﬁniﬁg said magnitilde‘ of the actual

25 amplitude; |

providing said output_signal-representil_ig said actual amplitudé.

10. A computer program product comprising a computer useable medium
having computer readable program code embodied therein for generating an

30 output signal representing an actual amplitude of a received digitized signal



havi ng @ magni tude As of the actual anplitude equal or greater than a val ue
of a saturation level L of a dynam c range of a receiver, the conputer
program product conpri sing: conput er readabl e program code for
causing the conputer to select a 5 predeterm ned tinme interval

conput er readabl e program code for causing the conputer to calculate a
total nunber N101 of sanples of the received digitized signal within said
predeterm ned tine interval; -t®Hrput er readabl e program code for
causing the conputer to calculate a 10 nunber Ns. of sanples of the received

digitized {903 a WabhitidSal 6f the@Rflafaifphasic! éiI b kRaRthaM 4 Rafug&fap! i tude
equal to the saturation |evel; conput er” readabl e program code for

causi ng t heatwatport ésvet d ofl « dlynsmicaramei of Rsrdveivegethet tmmputab @rogdamf t he
sanples with the anplitude value equal to the saturation level and the
total nunbd¥ORUH EOBPIIERE: sanpl es; and 15conputer readabl e program code for

causi ng he COMpubbuten raRAble BrairAfiRk Stk 3ht SBRBURG! WRER S

magni t ude of the a ratio etermning sald nagnitude
of the act yrbdaaemitihéditi®ie interval; conput er readabl e program code for causing
the conputer to provide said output sidgn_tal r e%est'}?enéci)rggutgl?l{odca?gﬁlgt%la
anpl i tude. 20 25computer readable program code for causing p
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
10 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
15 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 'céusing the .computcr to provide'
said output si.gnal representing said actual amplitude.

20.

25

30



