METHOD FOR DETERMINING AND/oR MONITORING AT LEAST ONE PHYSICAL, PROCESS
VARIABLE OF A MEDIUM The present invention relates to a method for determining and/or
monitoring at least one physical, process variable of a medium with an oscillatable unit, wherein the
oscillatable unit is excited by means of a frequency search sweep within a predetermined frequency
band in the working range of the oscillatable unit in the form of transmitted signals successively to
oscillate with discrete exciter frequencies following one after the other, wherein the corresponding
oscillations of the oscillatable unit are received in the form of received signals, wherein, via the
frequenc se%rgh sc\)/ve%lp_a'_gielxcji:tgé frﬁggfgcy isoagzg:r%réa}é?qed, ig the ca%e&nghich ghecgicillatable
unit oscifREaARith AR OScHtA |on1$requency, Which has a pre&et%rmlneasphase shift betweeh the
transmitted signal and the receivrOGHalVaRd AT iDFa KaMEMIUMg/receiving unit excites the
oscillata -e unit to oscillate with the ascertained oscillation frequency or wherein the following
frequency search sweep is started. The process variable is, for example, a predetermined fill level of
the me@ium pthesphdse bowidarynthesderisity orcthe viscositg of thve Ardium: Wity vibreniemeasuring
devices, g,large w%%% of plysical yariables can be,detected or monitpred, such.as, farexample, the
fill level, the phase boundary, the density or the viscosity of a medium in a container or in a pipeline.
The assightefrovRies siehiReasiing devicessn & lafge vafety thdePitfe marks,L9quiphant and
Soliphagpt.. Milronic, measuring deyices-have ay aseillatable yaitwhichs most often, includes a
membrane and a thereon secured oscillatory rod or an oscillatory fork having two tines. There are,

howevet: &i$d VibFori€ theasting deVice kndwn “Who&E bciltdtabié Bfit 5 offythe membrane.
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oscillatzble unit in the form of transmitted signals

successively to oscillate with discrete exciter Ifrequencies
following one after the other, whereln the corresponding
oscillations of the oscillatable unit are received in the-form

of received signals, wherein, via the freguency search sweep,

that exciter freguency is ascertained, in the case of which the

oscillatable unit oscillates with an oscillation fre

Q

uency,
which has a predetermined phase shift betwsen the transmitted
signal and the received signzl, and wherein a
transmitting/receiving unit excites the cscillatable unit to
oscillate with the ascertained osclllation freguency or wherein
the fcllowing fregquency search sweep is started.

The process variable is, for example, a predetermined £iil level

h

F

of the medium, the phase boundary, the density or the viscosity

The medium.

O
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With vibronic measuring devices, a large number of physical
variables can be detected or monitored, such as, for exampls,

the £ill ievel, the phase boundary, the density or the viscosit
of a medium in a ceontainer or In a pipelide. The assignee
pnrovides such measuring devices in a large variety under ths

marks, Liguiphant and Scliphant.



The exciting of the oscillatable unit to oscillate with the resonance frequency occurs usually via a
piezoelectric stack- or bimorph drive or via electrodynamic drive elements, wherein the drive unit, most
often, is embodied as a combined transmitting/receiving unit. The transmitted signal and the received
signal have a phase shift, which usually lies in a defined range around 90. For fill level measurement,
the effect is utilized that the oscillation frequency and oscillation amplitude change, when the degree of
covering of the oscillatable unit changes. In air, undamped oscillation occurs, while oscillat on is
damped in thg, case, of gscillatable. ynit coveredwith mediumm This,change in therasgillation amplitude
or oscillation frequency is utilized to detect the reachino of a predetermined fill level, usually a
maxim&ra it I@@%I‘?Tbr OVEHIGW Profe CHOROrE: Pififturd fiff févet f8r Frotédtioh against running empty..
The osecillation amplijude-af an osgillatory fok-eref amescillatonnrod-depends:furthermere on how
much mass ishbeging( dgagggad. If the density or the phase of a medium changes, then this influences
the oscilfation bt tfi€ B5cillatable Unit; €6 tafa fransition betwéen different phases as well as also
density ehanges can'ke detected withitheoibronicnmeasering device. In similar manner, the oscillation
is damped when the viscosity of the medium.increases. In grder to-so. set the.exciter frequency that
the oscillatabié %’hftléls%il%fes”{;ﬁthof b%édégt%]?r'ﬁ%é(?%%%se L’s%i%%etw?éﬁ trﬁiﬁﬁteg gignal and
received signeinthe dssignee:has developetba method uliliZing Beffequéendyrseéarehswee P A
correspgnding patept application. (Application No,,DE. 102009026685)-has begn filed-buthas not yet
been published. The method will be describedybri*elfly here. In the frequency search sweep, the
oscillatabié Tmitis ekcitéd stcCdssively 16 ceEMatel with discieteS®oseR neighboring frequencies and
the frequency. gorespanding49-the predetermined-phase-shiftis ascertained. The aseertaining of the
frequency -occurs, in such case, via phase selective re(_:t'ficgtionﬁ andwfpllovlvingg low-pass filtering. A
rectanglifar Sighl detdet by e pfedtériifiindd phase Shift el 4VE to feckived Signal is multiplied
with thegeeeived signaleIfihe phaseshift between the transmitted signal and the received signal
corresponds to the predetermined phase shift, then this product contains only positive portions, while
in the opposite case, it also negative has portions. The described evaluation methods can be
implemented @nalogly-ox digitadlyu FThrembodintent Withcanaleg comporehts has, inisuch case, two
disadvantages, On the one hand,.the.circuit complexity.is high-and, on the.other hand. th.determining
of the oscillation frequency at the predetermined phase shift is relatively inaccurate. The advantages in
the caselebtirecdighal-practiea of fHe Alethod Mclide fat thethigh EiFdiiE&Smplekity is-absent and,
additionally; the oscillation frequency can-he dgterminedswith high agcuracyafbedisadvantage of the
digital method is, however that it is very calculation intensive, which makes a h_igh computing power
necessary-S Aceordifi§ to ahtdspett BF the FRAEERT vention theré s provided & idthod for
determining apd/anmenitering ah least @aeqhysical, preeass.variakle of @a/medium witheaq oscillatable
unit, wherein the oscillatable unit is excited by means of a fre ,‘ueﬁnc‘%/., search sweep within a
predeternfined frequency bandifthe working range of the oscillatable Unit in the fori of transmitted
signals () successively ta oseillatef withadiscrélerexciter frequensies:(fiFfolidwing-ong aftér the other,
Wherein lh% gorrgagog@ggeostcglg%iog\% é){%@e& o%m%tﬁp %H{EBQK/% received in the_ form of repeive_d
signals (Rej, WILﬁerem, via theqfrequenc search sweep, the exciter frequency (fk) is ascertained, in the
case of which the oscillatable unit oscillates with an oscillation frequency, which has a predetermined
phase shift (AT) between the transmitted signal (T).and the.regeived signal-(R)rand wherein a
transmitting/receiving unit excites the oscillatable unit to oscillate with the ascertained oscillation
frequencySerwhere the fsllot\ing Fretuehey searthrsivedp s taited” charatterizedfin'that the
oscillation.freguency atthepredeteemined phase shift:(kd) israscertained byrsampling theseceived
signal (R) discretely at selected points in time, wherein the selected gintg in timg%depend on the
predeteriinéd phase ShfE AT Bethgen' trdnsiitted signal (TF and récéived sighal (R, and the
voltage values b, of thestecebredsignak(R)ssampledrat the diseretesexciter fregueneies (f),) are
evahkﬂegggggggeggggéggh%ggqgghgg%écted with the vibronic measuring
device. In similar manney, the oscillation is damped when the

viscosity of the medium increases.



Embodiments of the invention provide a method for the simple evaluation of frequency search sweep.
In embodiments of the present invention, the oscillation frequency at the predetermined phase shift is
ascertained by sampling the received signal discretely at selected points in time, wherein the selected
time points depend on the predetermined phase shift between transmitted signal and received signal,
and that the voltage values U, of the received signal sampled at the discrete exciter frequencies are
evaluated with reference to amplitude. Since the received signal is sampled discretely only at selected
points intime sthe number of measurement peints; avhieh ate stored and furthen peoceissed, is reduced
compared to methads, in the case of which the entire received signal is further processed. In this way,
the comptifing power féGiirdd i< retuded & Tarthar advantage is that the evaldation occurs essentially
digitally, vhieh saves tigierand nanufactiusingecosts camparedwithssnadog: practice. The used
components.can have high tolerances, since, for. example, noise.is filtefed out, so,that exact results
are achi&ved nBVErtReldss, ih a first embodiment of the invention, for evaluating sampled voltage
values &), of thesreceived signal inegative portions dfthiereceivedrsigrial aré converted, by rectification
or by adling &g offsetvoltage. inla pasitive.vqliage yalues, Thereceived signalis analternating
voltage. Before digitizing for evaluating the received signal the therein contained, negative portions are
preferaBlyscars/ented irto positive PoFicis: th BEdér Te alke the received signal useful for an
analog-digital converter, which can only process positive input voltages.If an analog-digital converter
is used, which can process both negative as well as also pasitive input voltages, then the changing
into podifive- &ignaRSi§ ot F8qifed “The ER&Rging Mito Positive Valtage Valdes fssaggb?ﬁblgf&ed either
by rectification; i evthrough inverting the negative veltage valuescerhy adding-avdirectvoltage to the
alternating voltage, so thgt,th#ehentj:requltgrgg curve § shifted _b]yca g%rtglnmvarl)ng &%ﬁsege%ip%% éhe positive
region. ThebHfeet isSeldbted” it AR THEE S order, O the ‘one hand, that alf negative voltage values
are shiffeckinto the: pasitive segion;andean thelother haadthevalue of the:makimdmearising voltage

does nof exceed the allowable maximym input yoltage.of.the analog-digital conyertef
following low-pass filtering. A rectangular signal delayed Dby

the predetermined phase shift relative to received signal is
multiplied with the received signal. f the phase shift between
the transmitted signal and the received signal corresponds to

the predetermined phase shift, then this product contains on.Ly

o)

positive portions, while in the oppesite cass, it also negative
has portions. The described evaluation methods can be
implemented analogly or digitally. The embodiment with analog
components has, 1in such case, two disadvantages. On the one
hand, the circuit complexity 1s high and, on the. other hand, the
determining of the cscillation freguency at the predetermined
phase shift is relatively inaccurate. The advantages in the
case of the digital practice of the method include that the high
circult complexity 1s absent and, additionalily, the oscillation
freguency can be determined with high accuracy. The
disadvantage ¢f the digital method is, howsver that it 1s very
caiculation intensive, which makes a high computing power

necessary.



In a further embodiment of the method of the invention, the received signal is always sampled at points
in time, when it, in the case of presence of the predetermined phase shift between transmitted signal
and received signal, passes through an extreme. Thus, per oscillation period, always two voltage
valueg of the regeived signalsuesampledeinthesase etaaaddiional embodiment ©f thednwention,

for the case, in which %%e éoredetermined C_{oiﬁase %Qgti mounts tthO : éggtrecg%ed S}%pgi (i:sé lways
samplsth 8P BointSin tATe SWAGR S tr3ASiited Sighal”in tive caSe of presence of the predetérmined
phaseshift passes thidirghZere. Addther ermbbditmentof thé ahethod oftthe invertisi provides that
the sayppled yeltage values Uj of thesraceived signal ate evaluated-by.datermining-the fragugncy, at
which the magnitude IUil of the voltage value is maximum. If the received signal at a frefqug gy fk
corredFomdS o BESRAFOR Wit the “SiEHRtS miR&d hhade stift, then thBoftage Vallie detécted at
the saaplindpoibissintime corespendsto the mavdmem oseilativaramplititle. Hithesreseived signal at
a frequgngcy fl degs naf carresnond ta. the oscillatienauith the predeternined phase shift then the
maximum amplitude is not detected at the sampling points in time, but, instead a Ie,SSfr%/oI?ge value.
%ﬁi’i%ﬁ%ﬁ i

If one PIBtsHeSVoltaee vaities Btaiffererit T eSHeterminedrat the saifpIRE pdints T time, then
there wesultssa eurvecwitheal maxinie atdhe frefuency fkeherastirel gan$hittedrsigaahand the

received signal haye the nredetermined phase shift. A further embodiment of the method.of the

invention provides that the sampled voltage values Ui of the received signal are evaluated by adding
the maBnithHes SFaRe vélfagePakies IUiFsamprdd bYerR funiifet fof GSSidticH Beriotis Gt eddal
frequencyi ta ansdue Ifralpand the freduencyis determired tatwhichitheasseciatedfvralug:bbluil is
maximum, A further embodiment of the inventiop proyides that.the Jeceived signal is sampled always
at points in time, at WhIC%, in the presence of the predetermined phase shift between transmitted signal
and redeived sighdl FRpEsSeS tRTd G Y68 Andrdktr&ial Bt dRAIAtRN peRca tfere e thils four -
voltagesvaluestsampled. laibe saseefa fiythes embodiment of theumeathodof theninventionhtor the

case, jn which the predetermined phase_shift amoupnts 0, the tecaived signalis glways;sampled at
points%%rﬁglvx\}ﬁer%ﬁg%regﬁgmﬁt%ap glgngrl%%%hrg%ags%%% grgé'sence of the predetermined phase shift,
passesshiddgh Fero afrearpoifls irimezg wiithIneFaHSttePSRYFRI, iAthecase df

ascertained by sampling the received signal (R) discretely at selected
" points in time, wherein the selected peointg in time depend on the
predetermined phase shift (Ao) between transmitted signal (T) and
received signal (R}, and the voltage values U; of the received signal
(R) sampled at the discrete exciter frequencies (f;) are evaluated with

reference to their amplitude.

Embodiments of the invention provide a method for the simple

evaluation of frequency search sweep.



presence of the predetermined phase shift, passes through an extreme. In a further embodiment of the
method of the invention, the sampled voltage values U,, U," of the received signal are evaluated by
subtracting from one another the magnitudes, in each case, of two sequential voltage values 1U,I, Ufl,

which-corgespond..at-the aredstermined phasse.shiff; to, the veltage valuscaba zere fravierse and the
magnitude of the voltage value at an extreme of the recejved.signal, and the fr uency !Esigfgtgermined

to be thét RYTHCHINE AR rENEE E UL 117, 15 1 IaFAS tamu naghtuds IFthe measured voltage
values Rinadf thésmazireim voitage Vatues] whichoecuirat theneespettive freqasacysdieg rdgnitude
dU, apd. the measyred vgliage valugs U4, diffey. from zerg hy.a magnitde dids; then the diffarence LU
differs by dU, + dti from the maximum voltage value at the respective fre uency. If one considers only
the vOIFEGE AT wHigHth PRTcdS 6 Bretietefiied PRasE 8hit, CoireSponitto &xtraina, then these
differ by asmatlecaaluel namel dekonfiom the niévdmiinacitagesvalies whicle @ecenrs as the eespective
freqU%Q%i.dggg%pmq%te%gg@ggrp&asgosg s present, then there results in the case of the difference
forming between the value, in the case of the maximum and the value, in the case of the zero traverse,
the same (maximum) voltage value, which results only through consideration of the maximum.
Therefarg;ds thadnaximanvasounddheifreqaeneynearegspanding:taethe desired phasesshifttindhe case
of consideration of the differences, AU mere marked fhap in dhe.case,fithe methad Jndhe.case of

whichpgﬁzﬁﬁel\“/%ltage values are sampled and evaluated, which, at predetermined phase relationship,
corredpoitd e theuRakmfiarm,. fifa ﬁﬁfﬁ&eémb‘amﬁ?éi%f B5e iRGEREAR, théVolfdife \Effii&s Oh, U of the
receivggh signaksanpted-ever=adiirabersafosdillationtpetibds opequakirequencinarehse evajuated that
the magnitudes of the sampled voltage values !llink which wer d ints jp time,. which, at the
prede ermine pﬁh%snegsﬁﬁ?%%rr@%%%%ﬂet%atﬁ% pro%%:%r? %(:1* an%grae%n%?%gre%ap%%t% Qa %uéwl%ﬁ", that
the maghitudeslofthtcsanfiied ItRFE vakies LY, | Fdi Weré saifibied at§5oiRfs irFtiftfe, ®Rifch, at the
predetermingdphase; shiflo serespongdedhe pasition ofrauzetp traverse, afe addedite a valea U ,ro,
that the values Umax and Uzerc, are subtracted from one. another.and tha requency is;

" determiTRr K Which the diffsrence AU ébc ma. 15" hasslrrﬁ%%mufr%rma%(n%%gﬁeg. 'Fo?%g%% frequency,
thus, ifidaety edsevbnlysenevitagjenvaluessuakendtto echsileratisR feF déterififing the frequency at
the predetermined phase shift. A further embodiment of the method of the invention provides that a
phase shift between trgngimitted Si atl and.recei\{:ed signal is g@a\gﬂia@ide e%%s on dth_\%%%“tg of the
oscillatBbR it fir af S rtiBRAF efibodiment 6F the Mvention, & phase shift Batween transmitted signal
and recelved signabis setewhiehdicsprefaraibil in thedanijesherreerPe afd 12be THe pRétetermined
phaseshift.amoupts, most-often, 19,90 ordiesiiaferablyin the statedgangechtis=howeyesgequally
possible that it assumes a value outside of the% ated range, g) the extent that ;tlhe %gli'g){a%fithe
oscillat3hie FifpEmits s ARDthEr&RBodimeht of THe nvention provides that fhie phySical measured
variable isagpredeteiaiined fitllguglicfithe for evaluating the received signal the

therein contained, negative portions are preferably converted into
positive portions, in order to make the recelved signal useful for an

analog-digital converter, which can only process positive

4z



medium, the density, the viscosity, or the phase boundary of the medium. If a predetermined fill level
of the medium in a container is to be detected, then the oscillatable unit is placed at the height of the
predetermined fill level. The invention will now be explained in greater detail based on the appended

drawing, fhe figures of which:show,as.follows: Fig la.an example of thespasitioning,sf the sampling
points the case of a received signal with the frequency fk corresponding to the Predetermined phase

shift; BT & XamMpl@otheé Posttionitiy of AE sanTiling Points n thefcase ot & Féceived Sighal with
the frequencyafhdying outsidecthel predeterminesphaseshifgdbeirecgivedrsignahef:Figidaiafter
rec“ﬁ%§g¥Eive voltage values ig accomplished either by rectification, i.e.
through inverting the negative voltage values, or by adding a direct
voltage to the alternating voltage, sc that the entire voltage curve
is shifted by a certain value (offset) intc the positive region. The
offget iz selected, in such case, in order, on the one hand, that all
negative voltage values are ghifted into the positive region, and, on
the other hand, the wvalue of the maximum arising voltage does not
exceed the allowable maximum input wvoltage of the analog-digital

converter.

In a further embodiment of the method of the invention, the received
signal is always sampled at points in time, when it, in the case of
presence of the predetermined phase shift between transmitted signal
and received signal, passes through an extreme. Thus, per oscillation

period, always two voltage values of the received signal are sampled.

In the case of an additional embodiment of the invention, Z£or the
case, in which the predetermined phase shift amounts to 90°, the
received signal ig always sampled at points in time, when the
transmitted signal, in the case of presence of the predetermined phase

shift, passes through zero.

A further embediment of the method of the invention provides that the
sampled voltage values U; of the received signal are evaluated by
determining the frequency, at which the magnitude |U;| of the voltage
value is maximum. If the received signal at a frequency fy corresponds

to an oscillation with the



Id the received signal of voltage; . la after adding a direct Fig. 2a flow diagram of the method
ofinvention; c2,the histogram, recorded for determining the frequency at the predetermined phase
shift. Fig la shows the received signal R at an exciter frequency fk over one and one half periods. For

comparisan. the,transmitied.signal T is likewdse pigtted, dn Figelasthe,exciige feguency-Lihe
correSponds to the predetermined phase shift lie between transmitted ;Ls}ignal T and reffive.d signal R.

At theS83mbliRg pdiftdtite, tR 0"edVed SIghaFRIBIScated in'Zéro ma¥mam osciliation

amplitude. If * the received signal at a freguency £; dces mnot
correspond tc the oscillation with the predetermined phase shift, then
the maximum amplitude is not detected at the sampling points in time,
buz, instead a lesser voltage value. If one plots the voltage values
at different freguencies determined at the sampling points in time,
then ﬁhere results a curve with a maximum at the freguency £, where
the transmitted signal and the received signal have the predetermined

phasge shift.

A further embodiment of the wethod of the invention provides that the
sampled voitage values U; of the received signal are evaluated by
adding the magnitudes of the voltage values |U;} sampled over a number
of oscillation periods of egual freguency to a value I |U;|, and the
frequency is determined, at which the associated value 3 |U;] is

maximum.

A further embodiment of the invention provides that the received
signal is sampled always at points in time, at which, in the presence
of the predetermined phase shift between transmitted signal and
received signal, it passes through zeros and extrema. Per oscillation

period, there are thus four voltage values sampled.

Tn the case of a further emboediment of the method of the invention,
for the case, in which the predetermined phase shift amounts to 90°,
the received signal is .always sampled at points in time when the
transmitted signal, in the case of presence of the predetermined phase
shift, passes through zero and at points in time, at which the

transmitted gignal, in the case of



traverses or extrema. The sampled voltage values 'Oki correspond, consequently, to the maximum
arising voltage value Akt thus the amplitude, at this exciter frequency fk and the sampled voltage
values Qij are zero. In this example, only the sampling points in time lying within a period are
presepted. Qf coyese, samples.atan exciterfrequency:tk oversadwiraherofResinds.ean.necur, in order
to to achieve better statistics. For the case shown here, in which the predetermined phase shift Ap
between transmitted. signal T and received signal R amounts to 90', the zero traverses of the
transmitted signaliEcokcidelwitnthewktrema okttiereceivedtsigrial\R=nidbthe éttrensaaf the
transmifted, signal - with the zerofraveyses gfthe receivedisignalR.Relative to;the rapsmigied signal
T, the received signal R is thus always sampled at points in time, when the transmitted signal T passes
through B Z&re 67 an EXEBmME Rig 2Beh6Hs S78celFelSigIaR with af EXeitéPFEquehty Which is
locateskautside she predeterminediphase shift 4 for|thg itransrhitteid signatFsddredsametingtpeints in
time, conseduenty,do nﬁé&@%ﬁqw'thﬁ%ﬂgln&%m&e gL Yvhich the received signakR pagses
throuéiw a zero or an extreme. The sampled voltage values TM differ from the maximum voltage value
Al by BhfaluergOE aRd thf sdmpled YolAgR VERBEUALdiIffér /EhT 2816 by & valte dURfSHEPeceived
signalsiR-illustratediin figs. le-anddb arealiernatingrdltages and the voltage walues Ecik, Uikie at the
sampling points in time are partiall ative, In a preferre iment o t received
signaldg%g 50 mod if%ejole beféir%g‘t e %s/a%%gﬂwg that % ﬁp ff/%%éﬁ ti%‘eg\glqcﬁltog%lg%/él ue%%&n%%n?%%gl}g@&
accormlisifsi for-bRampl&; by bekify, BRIEBERING,! tHE hehative Solidyt Hotiors Fig: iE%hows the
receivegsigpat Re0f Figqla-after regiificatian Ariathes opportuaity: fot khangingthedegative yoltage
portions js to add a direct voltage to the received signal.R. In this.way, the entire vol rye forming
the regg;%/%%ssigﬁ'&l s %eﬁcl#éedf byg%oger%ﬁﬁova%e,aih(g% s%mgllllé{(]? ofl%i' / in%l%[ e 1|?)t}é)(:f=,itiﬁ\gl)%:tﬁilékgﬁ()é#1{.C The
receiveld sigiel & modified i this walPis sEe®A intERy. it Sheethiscoffsstss thelssmesfor &ff@xciter
frequengies fk contained-inthe frequency sgarch sueen all sampled-veltage vedues Wdihjats shifted
by the same value. If an offset is adged to the recei\ﬁee si%)r}?A,S@en g[&!% é/alue Cr)q:ursetsb% tadkerg:ionto
considatatioh in‘the éviiuafidhof the sampled voitage valfies - UJJ;'sinte, for éxample. the voltage
value ijcirethve. casesof & rersadd pfeserice of thapredetermined phaseshiffd:is né28rot b,
insteag, corresponds t9dhe yalue ofthe-affsetvoltage: Fich2 discloses;a fow.diggeam,of anrexample

of an embodiment of: the method of the invention. In the followriln it Ee%%sume%iq%t the re: eejved

signal RToRtEAE OHiy bositive Fitions betadse SFattifying oF addition of a direct voltage. Application
of a signswas thereforéiomittechdestould; oweversba nolted thtis thé taséeinaglichafo sthieh

maximom and the value, in the case of the zerc traverse, the sanme

(maximum) voltage wvalue, which results only through consideration of
the maximum. Therefore, iz the maximum arcund the freguency
corresponding to the desired phase shift in the case of consideration
of the differences AU more marked than in the case of the method, in
the case of which only the voltage values are sampled and evaluated,
which, at predetermined phage relationship, corregpond to the

maximum, .



modification of the received signal R has taken place, the magnitudes, or absolute values, of negative
voltage values are formed. During the frequency search sweep, the oscillatable unit is excited with
discrete exciter frequencies fk (k=0...N) within the total working range. The goal is to filter out that

excitef freguenanflvinthe-ease gf which the iransmitted signal hand the received signakR have a
predetermined phase shjft Lcp, for example, 900. For this, a trgnsmisiﬂn si%nal T with firs% exciter
1 aLion s O

frequendy ISTrbaticed TR reiveaSigRATR i@ sAbled af Seldlfed paims’n e The paints in
time arenirl suoteqasecthearselested:sadhahat] irttle caseofpradittadnined phake shiftAcpdithe

extrema-and the,ze(p.traverses ofthexeceived signalR age dgtected. Inthe case qfia predetermined
phase shift AT = 900, these are the points in time, at which the transmitted signal T traverses zero and

extreas THEF GG TA§EVHIGESs PR a8fplal dt expSETFEREMa &Rd Voltagd Parties B Sampfdd at
expected zere trausrsesidee stared. Théwsanipled aubd storkd voitagetvalaes i, Cld aseproeéssed, by

subtragting, in each case & vpltatige valye Wji, whith corresponds fa an.expegted gxtreme, from a

thereon following voltage value Uii, which corresponds to an expected zero-point,. After an established

numb&P8f BEGREHGH petitits Pl Rextexditer feRHRARTIR isSet “Rh&BREterReqiferty T T that the
case afrwhictsthe phaseshdtiGbccairespbnelsig the predetetrinedphaseUshift=@h, then thewoltage

values Wit sampled at gypected extiama coneserod g fhe MAxKILIM YOUA0RYBLIE, Jyaish acurs for

the particular exciter frequency fk, thus the amplitude Ak of the oscillation, The voltage values U4
samplEdiatexpectéd 7676 Haver<ds arezero.” Hxhowkker e EXEIeFIBYUSIHS Tk différs SR the
excitef freguensy, fkrinuthe case«farhieh dhe predetesninedqinase: shifihpeispresent:themthe voltage
values, ... sgetected alhe sampling points,n tine are.smaller than e ansadipted amplitude Ak or
greater than zero. The voﬁage value Ut., Which is detected; is thus not'the maximum voltage value Ak,
which=d&¢kits in the case of the respective exciter frequency fh. If one forms the difference, in each
case, of the

2 further embodiment cof the method of the invention provides that a
phase shift between transmitted signal and received signal is set,

which depends on the gquality of the oscillatable unit

Iﬁ an additional embodiment of the invention, a phase shift between
transmitted sighai and received signal is set, which lies preferably
in the range between 70° and 120°. The predetermined phase shift
amounts, most often, to 90° or lies preferably in the stated range.
It is, however, equally possible that it assumes a value outside of
thestated range, to the extent that the quality of the oscillatable

unit permitg this.

Ancther embodiment of the i1nvention provides that the physical

measured variable is a predetermined £ill level of the



two voltage values Uil and U;j, which were sampled in the case of the expected zero traverse and in
the case of the expected extreme, then this difference AU is smaller than the difference AU at the
predetermined phase shift A. At the predetermined phase shift Acp, the difference AU equals the
amplitude AR of the received signal and, thus, is maximum. If to the received signal an offset is added,
in order to obtain purely positive voltage values, ,,,en this value must be appropriately taken into
consideration in the case of evaluating the sampled voltage values U, U An alternative embodiment of
processingithe voltagevalues: v, sampled at-ars exciterdrequenacyiksmrovidesdhatralb voltdge values
Du sampled in the case of an expected extreme.are added to a yalue U, that.all voltage values UHi
sample,\léjﬁiﬁjtﬁré1 caseofan” expected 2ero >f(ira\"/ér?s“é a”révaed%e%%to“g%a@% O’%Eﬁ)%mé that then the
differencerAbirlbimths - t"i is:fotmiees: e this Way) ohlesobtains larcaveragetvoltagé value for each
exciter frequency In anaddiianal method step.Jhe founed ualtage diffesgaces AU are plotted versus
the respective exciter frequencies 3: The resulting histogram has a maximum at the exciter frequency
fk corresponding to the predetermined phase shift Ap. In this example of an embodiment, both

expected, zera traverses as:well as.also.expeatedexirema are-samplegeand thensthecdifference AU
between the voltage values U", i,LH is formed. In an alternative embodiment of the method, the

received! §ighaP RIS EAMPIaH oify al pEints FPHRE of expedted eXtéind it the retdived signal R in the
case of the exciter frequency fk corresponds to an oscillation with the predetermined phase shift 4,
then the oscillgtion amplitude Ak is getecged. If the received si_ignglpR ;rl I%tg)q case 8& l%hv?t%xqi er
frequency 3k dos ritt correlBonb 16 thé dstillation With tHe predetermined phase shift Ap, then not the
amplitude Ak is deteeteds but; instead -a tesses vakue; ifzdne Plots the vbltage sahiesiWii determined at
different exciter frequencies fk, then there resu Iﬁ% gurve, with a maximum at that.exciter frequency fk,
in the case of which tfe transmlttéldgsigjnal“T and the received signal R have the predetermined phase
shift 4. Analogously to the case described for the difference forming, the sampled voltage valuesover a

Fig. 1b an example of the positioning of the sampling points in
. the case of a received signal with the frequency I

lying cutside the predetermined phase shift;

Pig. ic the received signal of Fig. la after rectification;
Fig. 1d the received signal of Fig. la after adding a direct
ig. 1
voltage:
Fig. 2 & flow diagram of the method of the invention;

=i

' -
te

(93

the histogram rzcorded for determining the frequency at

the predestermined phase shift.

‘Fig. la shows the resceived signal R at an exciter frequency Ty

over one and one half periods. For comparison, the transmitted
signal T is likewise plotted. In Fig. la, the excliter Ifreguency
f, corresponds to the predetermined phase shift Ap Dbetween
transmitted signal T and received signal R. At the sampling

points in time, the received signal R 1s located in zero

9



number of oscillation periods can be added up, so that in the histogram per exciter frequency fk only a
voltage value F Oil is stated. Alternatively, an option is to list all sampled voltage values On separately.
It is provided that as soon as a frequency search sweep is ended, a 'renewed frequency search sweep
is started, the freauency search sweeps thus areperformed continuously. In this way, changed process
condi ons can be rapidly reacted to and the oscillation frequency of the oscillatable unit can be

immediately adjusted. Alternatively, for this, the oscillatable unit is excited with the exciter frequency fk

determiped-in the frequency search sweep..Repewed frequeney search-sweeps.Qecuk then, for
example, instead, at determined intervals or are started on request. Fig. 3 shows a histogram for

determiniiigShat BXEiter fréGueisy fRR nthe ease of Which the tfdfsiiftedsignal Tiahd theseceived
signal R:hpve theipredetermined:phase-shiftyApxBesides the eaceivad:signakR sampled aggording to
the method described in Fig 2, also shown is the recejved signal R before the sampling. The maximum
at the eXcitetfrequénty Tk Corfesponding to the Bretiefermined phase SRFFLCH & cldary évident in
both cutvest The sampledweceived:sigral R is, howeyver, snare=sharplyrdefinecsand basal bigher ratio

of maximum to baseline, The received %ignaj Rhshown%rlbthis hi§t0p9eram is for a membrane oscillator.
atl dll €XClier Irequency ¥ over & numnber oI rirods can occur, I

order to to achileve better statistics.

For the case shown here, in which the predetermined phase shift

Ao between transmitted signal T and received signal R amounts to

-

90°, the zero traverses of the transmitted signal T ceincide
with the extrema of the received signal R and the extrsma of the
transmitted signal T with the zerc traverses of the received
signal R. Relative to the transmitted signal T, the received
signal R 1s thus alwavs sampled at points in time, when the

transmitted signal T passes tThrough a zero or an extreme.

Fig. 1b shows a received signal R with an exciter ZIrequency £
which is located cutside the predetermined phase shift Ae for
the ftrensmitted signal T. The sampling points in tTime,

conseguently, do not coincide with the points in time, at which

10
o)
"

the recelv ignal R passes through a zero or an extreme. The

-

sampled voltage values Uy differ from the maximum veltage value

A; by a vaiue dU;; and the sampled voltage values Ui: differ from

zero by a value Al

'h

(D

received signals R i1ilustrated in Figs. la and 1b are

H

3

e}

)

ernating voliages and the voltage vaiuss Ui, Uss a2t the
sampling polints in time are partially negative. In a prefsrred
embodiment of the method, the received signal R is so modified
tefore the sampling that only positive voltage values remain.

This 1s accomplished, for example, by inverting, or rectifving,

10



List of Reference Characters received signal transmitted signal phase shift between transmitted signal
and received signal exciter frequency contained in the frequency search sweep Akamplitude of the

received signal with frequency fk / maximum voltage value 011lvoltage values of the received signal
Sampled at points

the negative voltage perticons, Fig. lc shows the received
signal R of Fig. la after rectification. Another opportunity
for changing the negative voltage porticons is to add a direct
voltage to the recelved signal R.  In this way, the entire

e

+

v

O

age curve forming the received signal is shifted by a

T

C

b]

+
S

ain

"5

value, the so-called offset, into the positive region.
The received signal E modified in this way 1s shown in Fig. 1d.
Since this offset 1s the same for all exciter

reguencies Iy

?"'h

0

.

contained in the fregquency search swsep, all sampled voltags
values Uy, Uyy are shifted by the same value. If an offset is
added to the received signal, then this value must bes taken into
consideration in the evaluation ¢i the sampled voltage values
Uiy, Uiy, since, for example, the voltage value Uy in_the case ol
a zero and presence of the predetermined phase shift Ap 1s not
vero, but, 1lnstead, corresponds To the valus of the ofiset

voltage.

Fig. 2 discloses a flow diagram of an example of an embodiment

of the method of the invention. In the following, it is assumed
that the recsgived signal R contains only positive portions

because of rectifying or addition of a direct voltage.
Zpplication of a sign was therefore omitted. It should,
however, be noted that in the case, in which no such

modification of the received signal R has taken place, the

magnitudes, r zbsolute values, o©of negative veltage values are
formed.
During the fregquency search sweep, the oscillatable unit Is

excited with discrete exciter freguencies £y (k=0.N) within the

total working range. The goal Ls to filter out that exciter
frequency fy, in the case of which the transmitted signal T and

the received signal R have a predetermined phase shift g, for

11



in time, at which an extreme of the received signal is expected voltage values of the received signal
sampled at points in time, at which a zero of the received signal is expected, Auildifference between O
and Al difference between Uij and zero Patent Claims 1. Method for determining and/or monitoring at
least one physical, process variable of a medium with an oscillatable unit, wherein the oscillatable unit
is excited by means of a frequency search sweep within a predetermined frequency band in the
working range of the oscillatable unit in the form of transmitted signals (T) successively to oscillate with
discrete;exeitet fregoénciesdfC following one=afterihe others wierdinthe torrespbdading oscillations of
the oscillataple unit are received in the form of receivged sig a#§ (R),wherein,,via the frequency search
sweep, ce*giclftelr frequency (Qfg)islésgeﬁ?%ggﬁh thf%%sé% ijh?c%h thge c%%lllat%brlle unit oscillates with
an osciflatipn drecureney L whickchas apredeteriifed phasesshift (14 Fbéfivéerittheitf&nsmitted signal
(T) and.the received signal (R); and wherein,a tran.smitting/teceiving unit Excites tbe.0scilatable unit
to oscillate with the ascertained oscillation frequency or wherein the following frequency search sweep
Ssﬁaﬁéﬁ?@ﬁm@hﬁﬁ&e@%ntﬁéﬁ extrema and the zero traverses ¢i The

received signal R are detected. In the case of a predetermined
phase shift Ag = 90°, these are the points in time, at which the

transmitted signal T traverses zero and extrema.

The voltage values Ui: sampled at expected extrema and volitage
values Uys sampled at expected zero traverses are stored. The
sampled and stored voltage values Ujs:, Uiy are processed, by
subtracting, in sach case, a voitage value Ui, which corresponds
to an expected extreme, from a thereon following voltage value
Uiy, which corresponds toc an expected zero=-point, . After an
established number of oscillation periods, the next exciter

freguency Iy is set.

If the exciter freguency fy is that, in the case of which the
pnase shift Ap corresponds to the predetermined phase shift A4g,
then the voltage values U;; sampled at expected extrema
correspond to the maximum voltage value, which occurs for the
particular exciter freguency Iy, thus the amplitude Ay of the
oscillation. The voltage values U:s sampled at expected zero

-

Are zZero. 1f, howsver, the exciter frequency I

a 3
differs from the exciter frequency fy, in the case of which the

sociated amplitude Ay or greater than zero. The voltage

o
]
m
it
93]

value Uy, which is detected, is thus not the maximum voltage
ue Ay, which ocgurs in the case of the respective exclter

freguency fp. If one forms the difference, 1n each case, of the

12



the oscillation frequency at the predetermined phase shift (4) is ascertained by sampling the received
signal (R) discretely at selected points in time, wherein the selected points in time depend on the
predetermined phase shift (1p) between transmitted signal (T) and received signal (R), and the voltage
values Ui of the received signal (R) sampled at the discrete exciter frequencies (fi are evaluated with
reference to their amplitude. 2. Method as claimed in claim 1, characterized in that, for evaluating
sampled voltage values Ui of the received signal (R), negative portions of the received signal (R) are
convertagh, byJectificationiorhy adding anoffsetvoltageydnte positivesvoliagecvalues 8 3:Method as

claimed in claim | or 2, characterized in that . .
the expected zerc traverse and in the case of the expected
extreme, then this difference AU is smaller than the difference
AU at the predetermined phase shift Ap. At the predetermined
phase shift Ap, the difference AU eqguals the amplitude Ry of the
received signal and, thus, is maximum. If to the recelved signal
an offset is added, in order to obtaln purely positive voltage
values, then this value must be appropriately taken into
consideration in the case of evaluating the sampled voltage

values Uiil Uij .

An alternative embodiment of processing the voltag

i

values Uiy,
Uy sampled at an exciter freguency Iy provides that all voltage
values Uy sampled in the case of an expected extreme are added
o a value Upsw, That all veltage values Uiy sampled in the case
of an expected zero traverse are added to a valus Ugep, and that

then the difference AU = |[Upax = Userel 18 formed. In this way,

In an additicnal method step, the formed voltage differences AU
are piotted versus the respective exciter frequencies fy. The
resulting histogram has a maximuam at the exciter Irequency Ix

corresponding to the predetermined phase shift Ae.

In this example of an smbodiment, both expected zero traverses
as well as also expected extrema are sampled and then the
ifference AU between the voltage values Us., U:ss is formed.
an altérnative embodiment of the method, the resceived signal R

is sampled only at points in time of expected extrema.

If the received signal R in the case of the exciter frequency ik

corresponds to an cscillation with the predetermined phase shi

.’:
L L
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the received signal (R) is always sampled at points in time, when it, in the case of presence of the
predetermined phase shift (4) between transmitted signal (T) and received signal (R), passes through
an extreme. 4. Method as claimed in at least one of claims 1-3, characterized in that, for the case, in
which the predetermined phase shift (j\cp) amounts to 900, the received signal (R) is always sampled
at points in time, when the transmitted signal. (T), in the case of presence of the predetermined phase
shift (GC, passes through zero. 5. Method as claimed in claim 3 or 4, characterized in that the sampled
voltage\values 4n. 3t bk thesreckivedi signafrevdltatéd By déterpiniagtthe excitér fidguency (fC at the

magnitude of the; valtage yalueis, maximum. 5. Metoqd as,claimed in,claim 3.or 4; chasecterized in that
not correspond to the oscillation with the predetermined phase
shift Ag, then not the ampiitude A; is detected, but, instead, a
lesser value. 1If one plots the voltage values Uy determined at
different exciter frequencies £y, then there results a curve with

a maximun at ¢

a3

+ eyxciter freguency fy, in the case of which the

transmitted signal T and the received signal R have the
predetermined phase shift Ag. Analogously to the case described
Tor the difference forming, the sampled voltage values Uy Oover a
number of oscillation periods can be added up, so that in the
histogram per exciter frequency £y only a voltage value I Uiy is

stated. Alternatively, an option is to list all sampled voltags

It is provided that as soon as z frequency search sweep 1s
ended, a renewed freguency search sweep 18 started, the
freguency search sweeps thus are performed continuously. In
this way, changed process conditions can be rapidly reacted to
and the oscillation freguency of the oscillatable unit can be
immediately adjusted. Alternatively, for this, the cscillatable
unit is excited with the exciter freguency fy determined in the
frequency search sweep. Renswed frequency search sweeps occur

then, for example, instead, at determined intervals or are

fy, in the case of which the transmitted signal T and the

received signal R have the predetermined phase shift Lo
Besides the received signal R sampled according to the method

described in Fig 2, also shown 1s the received signal R before

the sampling. The maximum at the exciter frequency I

14



the sampled voltage values Ui of the received signal (R) are evaluated by adding the magnitudes of
the voltage values | Ul sampled over a number of oscillation periods of edual frequency (fit) to a value
31711, and the exciter frequency (fk.) is determined, at which the associated value | lull is maximum.
7. Method as claimed in claim 1 or 2, characterized in that, the received signal (R) is sampled always
at points in time, at which, in'presence of the predetermined phase shift lip) between transmitted signal
(T) and received signal (R) passes through zeros and extrema. Method as claimed in claim 1,2 or 7,
corresponding te the predetesrmined phase shift 4 1s clearly

‘evident in both curves. The sampled recelived signal R is,
howaver, more sharply defined and has a higher ratio of maximum
to baseline. The received signal R shown in this histogram is

for a membrane oscillator.
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characterized in that, for the case, in which the predetermined phase shift lip) amounts to 900, the
received signal (R) is always sampled at points in timé when the transmitted signal (T), in the case of
presence of the predetermined phase shift (4), passes through zero and at points in time, at which the
transmitted signal (T) passes through an extreme. 9. Method as claimed in claim 7 or 8, characterized
in that the sampled voltage values Um, UHj of the received signal are evaluated by subtracting from
one another the magnitudes, in each case, of two sequential voltage values [lUmHwhich correspond, at
the predetermined phase shift lig)), to the magnitude of the voltage value at a zero traverse and the
magnitude of the voltage valuet%rgzs n %grirgg of the re%%lved signg!s(R), and the exciter frequency is

determined to be that at which TffSrence AU = TU1. i1 UL T has maximum magnitude. 10. Method
as claimed in claim 7 or 8,

R received signal

™

T transmitted signal

A phase shift between transmitted signal and received
signal

iy exciter freguency contained in the freguency search
sweep

Ay amplitude of the received signal with freguency fy /

maximum veoltage value
Uss voltage values of the recsived signal sampled at points

in time, at which an extTreme ©of the received signal is

Ui voltage values of the recelved signal sampled at points

in time, at which a zerc of the received signal is

expected,
adlsg difference bhetween Ui; and Ry
dU:-4 difference between Uy and zero
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characterized in that voltage values U;i, U of the received signal (.IR) sampled over a number of
oscillation periods of equal frequency (fk) are so evaluated that the magnitudes of the sampled voltage
values !Cid, which were sampled at points in time, which, at the predetermined phase shift (4p),
correspond to the position of an extreme, are added to a value [Jim, the magnitudes of the sampled
voltage values iU1l, which were sampled at points in time, which, at the predetermined phase shift (),
correspond to the position of a zero traverse, are added to a value 13",,, the values 12,,,," and 0"," are
subtracted from one another and the excité?#reepienty-#stdstermined, at which the difference AU =
Ult= -Uzero has maximum magnitude. Method as claimed in at least one of preceding claims,
characterized in that a phase shift (AC between transmitted signal (T) and received signal (R) is set,
which depéndéeonithie gaalitg ot tha oséillatable Uik, TRIMEhot as elaiméd it aPleast one of

preceding claims, characterized in that-a-phase shift (49), between,transmitted:signal(T):and received
signal (R) is set, which lies preferably in the range between 70 and 1200
unit, wherein the oscillatable unit is excited by means of

a freguency search sweep within a predetermined freguency
band in the working range of the csciilatable unit in the
form of ifransmitted signals (T) successively to cscilliliate
wWith discrete exciter_frequencies (£y; following one after
the other, wherein the corresponding cscillations of the
oscillatable unit are received in the form cof received
signals {R), wherein, via the freguency search sweep, the
exciter frequency (fyx) is ascertained, in the case of which
the oscillatable unit oscillates with an coscillation
freguency, which has a predetermined phase shift (AQ)
bhetwesn the transmitted gsignal (T) and the received signal
(Ry, and wherein a transmitting/receiving unit excites the
oscillatable unit to oscillate with the ascertained

or wherein the following fregusncy
sesarch sweep 1s started,
characterized in that
the oscillation fraguency at the predetermined phase shift

(Ap) 1s ascerteined by sampling the r

W

ceived signal (R}

ot

discretely a elected points in tims, wherein the selected

points in time depend on the predetermined phase shift (4¢)
between transmitted signal (T) and received signal (R), and
the wvoltage values U; of the received signal (R} sampled at
the discrete exciter frequencies (£
reference to their amplitude.

2. Method as clalimed in claim 1,

characterized in that,
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. 13. Method as claimed in at least one of preceding claims, characterized in that the physical
measured variable is a predetermined filb level of the medium in a container, density, viscosity, or a
phase boundary of the medium. Abstract The invention relates to a method for determining and/or
monitoring at least one physical, process variable of a medium with an oscillatable unit, wherein the
oscillatable unit is excited by means of a frequency search sweep within a predetermined frequency
band in the working range of the oscillatable unit in the form of transmitted signals (T) successively to
oscillate with discreteexcitet frequengies(fO-following ore after the ofher; whesein the ¢orresponding
oscillations of the osgillz,a._&%ble unit are received.in the Epgmt%grecgiryed signals (E),,wherein, via the

sipgna negatlve DOrLisns oL Lhe recel 1Ry dre.
frequency search sweep, the exciter frequency &IE) Is ascertained, in the case"of which thé oscillatable

unit oscillatesowitty an ostillatipn:feaguency 2 which las apredetermined phidsesshift {ACletween the

transmitted si%%lo(T% gg&tﬂgé@g&@gﬂﬂg@ {R), an‘duw]h_erein a transmitting/receiving unit excites the
oscillatable unit to oscillate with the ascertained oscillation frequency or wherein the following

frequency search sweep is started. The invention is distinguished by features including that the

oscillation frequency. at.the predetesmined-phase shift-(.14) is ascertained by sampling the received
signal (R) discretely at selected points in time, wherein the selected points in time depend on the
predetermineFpRA&E SAFL EEF HetweRf transmitted

the received signal (R) is alwavs sampled at points in time,
whnen ift, in the case oI presence 0f the predetermined phase
shift (Ag) between Transmitted signal (T) and received

signal (R), passes through an extreme.

4. Method as claimed in at least one of clalms 1-3,
characterized in that,
for the case, in which the predetermined phase shift (L)
amounts to 90°, the received signal (R) is always sampled at
points in time, when The Transmitted signal {(T), in the case
of presence of the predetermined phase shift (Ae), passes

through zero.

5. Method as claimed in claim 2 or 4,
characterized in that
the sampled voltage valuss U; of the receivad signal (R} are
evaluated by determining the exciter frequency (fy) at which

the magnitude of the voltage valuve [U;| iz maximum.

6. Method as claimed in claim

()
Q

H
o

characterized in that

the sampled voltage wvalues U; of the received signal (R} are
avaluated by adding the magnitudes of the voltage valuss
sampled over a number of cscillation pericds of equal

frequency (Ix) to a value © (Ui, and the exciter freguency
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signal (R) are evaluated with reference to their amplitude. (Fig. |a)

(£ at which the associated value T [U;f 18

) is determined,

maximurn.

7. Maethod as claimed in claim 1 or 2,

characterized in thét,
the receiﬁed signal (R} is sampled always at points in time,
at which, in presence of the predeterminsd phase snift (L0)
'between transmitted signal (T) and received signal (R}, it

passes through zeros and sextrema.

Method as claimed in claim 1,2 or 7,

8.
characterized in that,
for the case, in which the predetermined phase shift {(4g)
amounts to 90°, the received signal (R) 1s always sampled
at points in time when the transmitted signal (T}, in the
case of presence of the predetermined phase shift (A,
passes through zero and at points in time, at which the
rransmitted signal (T) passes through an extreme.

o, Method &s claimed in claim 7 or &,

characterized in that
the sampled voltage values Uy, Uyy of the received signal

are evaluated by subtracting from one another the
magnitudes, in each case, ol two sequential voltage values
|Uisl, 1Uss1, which correspond, at the predsetermined vhase
shift (Ao), to the magnitude of the voltage value at a zero

traverse and the magnitude of the voltage value on an

extreme of the received signal (R), and the exciter
frequency 1s determined to be that at whnich the difference

nas maximum magnitude.,



[

[

(o

characterized in that

voltage values Uy, Uiy of the received signal (R) sampled
over z number of oscillaticn periods of egual freguency (I
ars so evaluated that the magnitudes of the sampled voltage
values (Ui, which weare sampled at poin+s in time, which,
at the predetermined phase shift (Agp), correspond to the
position of an extreme, are added to a value Upay, the
magnitudes of the sampled voltage values [Uisl, which were

sampled at points in time, which, at the predetermined phase

“H

{n
s

ift {Ae), correspond to the position of a zero traverse,

Qi

re added to a value Userer The values Ups and Uzers are
subtracted from one another and the exciter freguency 1is
determined, at which the difference AU = Upax —Uier, has

maximum magnitude.

i. Method ag claimed in at least one of preceding claims,

.

characterized in that
a phase shift (4¢) between Transmitted signal (T) and

received signal (R) 1s set, which depends on the guality of

. Method as claimed in at least one of preceding claims,
characterized in that

a phase shift (Ag) between transmitted signal (T) and
received signal (R) is set, which lies preferably in the

range between 70° and 120°.

. Method as claimed in at least one of preceading claims,

characterized in that

he physical measured varialle 1s =z

¢t

9]
b

=
the medium in & container, density, viscesity, or a phase

boundary cof the medium.
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Abstract

The invention relates to a method for determining and/or
monitoring at least one physical, process variable of a medium
with an oscillatable unit, wherein the oscillatable unit 1is
excited by means of a freguency search sweep within a
predetermined frequency band in the working range of the

oseillataple unit in the form of transmitted signals ()

-

successively to oscillate with discrete exciter frequencies (fy)

following one after

ot

ne other, wherein the corresponding
oscillations of the oscillatable unit are received in the form
of received signals (E), wherein, via the freguency search
sweep, the exciter freguency (fx} 1s ascertained, in the case of
which the oscillatable unit oscillates with an oscillation
freguency, which has a predetermined phase shift (Ap} between
the transmitted signal (T) and the received signal (R}, and
wherein a transmitting/receiving unit excites the cscillatable
unit to oscillate with the ascertained oscillation fregquency or
wherein the following frequency search sweep 1s started.

The invention is distinguished by features including that the
cscillation freguency at the predetermined phase shift (A©) 1is
ascertained by sampling the received signal (R) discretely at

red points in time, wherein the selected points in time

¢t

sele

2

depend on the predetermined phase shift (ap) between transmitted
signal (T) and recelved signal (R) and that the voltage values U
sampled at the discrete exciter Irequen ies (fy) of the recelved

signal (R) are evaluated with reference 1o their amplitude.
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