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

frequencysamieh IsepEbekesinideavs/el inoReadRNRE AiherRse ndigh i esgillatable
unit oscillates with an oscillation fre&ﬁenc , Which has afredetermined phase shift between the

transmitted signal and the receivBl , SAFHOREEIPT (ARG receiving unit excites the

oscillatable unit to oscillate with the ascertained oscillation frequency or wherein the following

frequen séeargg se\a/\rlletepigv%taggg. TQe Pg(%%%sstvaréati)rlle B} f%r %xam le, a rﬁredetermined fill level of
the medium, the pshase boundary, the §en5|ty or the Vigcosi 9 of 15 nisdit mwwgib?&%?ﬁeasuring

devicesmrtarge numbertoflphysicab variablesican. be detected or monitoted such as;fonexample, the
fil level, the phase hounary. Mhe depsity or the yiscosily, of 8. medivy g container;of in a pipeline.
The assignee provides such measuring devices in a large variety under the marﬁs, Liquiphant and
Solipharft= $4bfshi® maxsiitingde\ices Rave BA 1bseREable tinftewhichs mestaften, includes a

membrageand-a thereon secied 9scillaton rod ofap gssitatory fork having twg ines. There are,

however, also vibronic measuring devices known, whose oscillatable unit is only the membrane. The
exciting 8f fHe- d&CiftatabIe it to-Bsdiftatel\With tird rédoiiamied ferflemty it tars usually via a
piezoelestriecatackven bimerphdrivel e da.eleciredynaraie drive elements; svhergir the drive unit, most
often, is ?gﬂ%d‘%% as a com 1i:ned gcrgnsmggn%/rec Iving.unit. The transmitted sj%nal and the received
signal have a phasé shift, which ustally 16851 a detred fangs arGihd 92 Cn e 1g

oscillations of the oscillatable unit are received in the form
of received signals, wherein, via the frequency search sweep,
that exciter frequency is ascertained, in the case of which the
oscillatable unit oscillates with an oscillation frequency,
which has a predetermined phase shift between the transmitted
signal and the received signal, and wherein 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 process variable is, for example, a predetermined £ill level
cf the medium, the phase boundary, the density or the viscosity

of the mediumnm.

With vibronic measuring devices, a large number of physical
variables can be detected or monitored, such as, for example,
the fill level, the phase boundary, the density or the viscosity
of a medium in a container or in a pipeline. The assignee
provides such measuring devices in a large variety under the

marks, Liguiphant and Soliphant.



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 oscillation is damped in the case of oscillatable unit covered with medium. This change
in the oscillation amplitude or oscillation frequency is utilized to detect the reaching of a predetermined
fill level, usually a maximum fill level, for overflow protection or a minimum fill level for protection
against running empty,. The oscillation amplitude of an oscillatory fork or of an oscillatory rod depends
furthermbr@ BPREGWTTREEH Fidss S Delfi dragjed. Mthesdehsity brtie prasé of Wrhedium changes,
then thiginiluepees ihe oseillation of the-asaillatableunit, sobatka fransitionbetween different phases
as well as also density changes can be detected with the vibronic measuring device. In similar

manner CthelosciEtbh iE Wanipedhehthé \Aidcsity bithe REHE inkiRa5e82 I ord&Stb%o0 set the
exciter fegeuieneysibatthe asciltatablerunit eseilates withya peedelesnines phase shifl between
transmitted sigﬁ;g!ca%q receiV%d signal,lthe_a}?siqpe has developed a method utilizing a frequency
search sovx?ecelp. c%rre%pblﬁl&inglpaté)ﬁlt é’pp ication ﬁ%ﬁga’[ion No. DE 102009026685) has been filed
but has fibkyettyeen. pgbkisheth  hesmithedowillllze described brieflyl heres Invihéfreqaency search
sweep, the asellatable,unih s, expited syccessivelyg ascllate with disqrets. closely nejahhring
frequencies and the frequency corresponding to the pre%ﬂetermlneofphase shift is ascertained. The
ascertaififgcofthe dregireney otkars in shichdasemdia shabesadaivervestficatioreand féllowing
low-pasg filteting,-A rectangulas signal delayedythe;predetermined phase shift relative to received
signal is multiplied with the received signal. If the phase shift between the transmitted signal and the

received-SigRAMESTFeSodC R ithefredBisrmined Bhase RAf fidiFtnis BRoduci @Bnidifs only positive
portionsywhie i thes0ppasite: gase,dt alse Negatiye hasportens:sthe descriked evalbation methods
can be ig%e,me%ted analogg or (ggg%lly. The embodiment with analog components has, in such case,
two disadv ﬁt%l% sTOthe diiéthand, the circuit complexity is high and, on the other hand, the
determining of the oscillation frequency at the predetermined phase shift is relatively inaccurate. The

advantag% inf%”ﬁcals%ggghrge%igi@l e@{gfgtﬁice QLtehee%?é% d ipgluggit ap t%ﬁ @ thiq:crlljét complexity is
absent and, ad |t|onaﬁy,t e oscillation reduency can be determine with igh accuracy. The
disadvamage of atié eigital paethod ¥s dTowever thagit isveryraalculation imensive, whieh rhbRes a high

computing power HECessary; 3 gbjeck of te-inventian, consequently, g dq provige a;method for the

simple evaluation of frequencg search sweep. The object is achieved by the features including that the
oscillatidt frégisity athe e deterfited pha¥é shitt isHstefanter vy SampliRg thé Peddifed signal

discretelyat selected points . time, whereindtheseleciediime points depend oprhgpredatermined
phase shift between transmitted sigrnal G.?nd received si%nal, and that the voltage values U, of the

received SignaSamprea a th8 Wacrel Exdter fetuentles Ate Bvalltiad With rétérenca®d amplitude.

to detect the reaching of a predetermined f£ill level, usualliy a
maximum fill level, for overflow protection or a minimum f£fill

level for protection agalnst running empiLy, .

The oscillation amplitude of an cscillatory fork or of an
oscillatory rod depends furthermore on how much mass is being
dragged. If the density or the phase of a medium changes, then
this influences the oscillation of the oscillatable unit, so
that & transition between different phases as well as also
density changes can be detected with the vibronic measuring
device. 1In similar manner, the oscillation is damped when the

viscosity of the medium increases.



Since the received signal is sampled discretely only at selected points in time, the number of
measurement points, which are stored and further processed, is reduced compared to methods, in the
case of which the entire received signal is further processed. In this way, the computing power
required is reduced. A further advantage is that the evaluation occurs essentially digitally, which saves
time and manufacturing costs compared with analog practice. The used components can have high
tolerances, since, for example, noise is filtered out, so that exact results are achieved nevertheless. In

a first efboflifERt Gfth& SoRftiorr BftheXRvéRtort T6ABFAGHING 8ampiéd F6Itge  ¢aBRE U, of the
received signab hegative portions ok the-eceivedisigaal apLoavered: by eectifieation or by adding an
offset voltage, into positive voltage values. The recejved signal is an alternating voltage. Before
digitizing for eviibatity tHeRteivBl sigRafthESRersif Lontaindd, rsyativeportiors are preferably
convertedinta posiive partians, inwrdertomake fhe geeeived signatusefud gr.an analog-digital
converter, which a1 pply process positive. Innutyoliages. Jf.an analqgsdigjial converter is used, which
can process both negative as well as also positive inp 1pvojftages, then the changing into positive
signals isGif ¥eqairéd SThérehahgiay iftolsositve vokage vdlugs is Becomplishedsgitiver by

rectification, i.g. throsgh:invering{he negative,ypltage values. or by adding a direct voltage to the

alternating voltage, so that the entire voltage curve is shifted by a certain value (offset) into the positive
region. The offset is selected, in such case, in order, on the one hand, that all negative voltage values

are shifted intodhe pogitie-regien,and, andbe othgehard, the valug of theimaxinumarisiag voltage
does not exceed the allowable maximum input voltage of the anilog-q;}gital converter. In a further

developfiEnt oF i’ fethdd of e invahfiol the rdcaived signal 1€ afvays Saf pRAE ints in time,
when it, it heease ekpresence«of the predetermimedephasedshiff betweer transdutted signat and
received signal, passes through an extreme. Thus, per oscillation period, always two voltage values of
the receﬁle%ssﬁgrgéﬁla%%e s:‘a?n&%%? F?}C%lence?s'e 0 gjr? a%éﬁr%ﬁ‘éf"ﬁﬁtﬁg? d%gel?)%)?nﬁlieo%ﬁgl ?ﬁv\?ention, for
the caseyfirwhich the predeterasined phasplshife affolats 10790 rhetreéeivet signatisialways sampled

at pointsdp fime,;when the fransmitied signal, in the case of presence pf the predefermined phase

shift, passes through zero. A further development of the method of the invention provides that the

sampledsitagesdiiiies Ui bt thé Fectived Sighal drerévalBated BiEEEtEYRithifg B fregiiency, at which

the magpitude Ml of the;veltage valuedis padmingnl the receivedsignakat a freguepey fleen

CONeSpQHggtg;ghgggwﬂgg1éqgggﬁ 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 analogly or digitally. The embodiment with analog
components has, in such case, twe disadvantages. On the one
hand, the circuit complexity is high and, on the cother hand, the
determining of the oscillation frequency at the predetermined
phase shift is relatively inaccurate. The advantages in the
case of the digital practice of the method include that the high
circuit complexity is absent and, additionally, the oscillation
frequency can be determined with high accuracy. The
disadvantage of the digital method is, however that it is very
calculation intensive, which makes a high computing power

necessary.



predetermined phase shift, then the voltage value detected at the sampling points in time corresponds
to the maximum oscillation amplitude. If the received signal at a frequency fl does not correspond to
the oscillation with the predetermined phase shift, then the maximum amplitude is not detected at the
sampling points in time, but, instead a lesser voltage value. If one plots the voltage values at different
frequencies determined at the sampling points in time, then there results a curve with a maximum at
the frequency fk, where the transmitted signal and the received signal have the predetermined phase
shift. A farthebdevalopmeritof ther emsthod of thensention provides thatie sampled moltagel values Ui

of the reggyegk%g@nﬁg%gvg%aitggtt%qldq;@g the, W%deg% %}ﬁkgn Jg,lt%%%e values Uil sampled over

a number of oscillation periods of equal frequency to a va e frequency is determined, at
which the associated value SRH is maximum. A further development of the solution of the invention is

providesrthat the; eaceived signakisssprpled:always at points in-time; atwhich, inthe presence of the
predetermineti)gﬁha,se shift between transmitted signal and received signal, it passes through zeros

and extréfita Pet ostillalibh FEod! thdretdr® tRus felraroihge Y ahies samblett I the case of a further
development of thenmethd of el ivention, foe the case,dn which thespredeternined phase shift
amounts t?l%%(?; etge received signal is alwaysxsamplﬁg at pojnts in time when the transmitted signal, in

S5t presence of the prétetamined prase shift “passes thfotigh 2o &epdifkSidime, at

the case 0
which thertrarsmittedstgrainiinthe casesef presenceddfitbhe predeterminedsphasegshift, passes
through ap exireme Jn 4, further development.of fhe method of the inyention, the sampled yoltage
values lin, Uji of the received signal are evaluated by subtracting fron one another the magnitudes, in
each ca$e BFawoSEtRietiabVoltdge FAIBEEHUMH, RIFE WihicH corasporic: aatahie preddtersrhiéd phase

shift, to theryoltageavalde at azerpdraverse and the magnitude of the voltage value at an extreme of
the received signal, and the frequency is determined to be that at which the difference AU = 1U1il -

lUij has maximum magnitude. If the measured voltage values IUili of the maximum voltage values,
which octiu @ the eespestivedtequeney1by & rpagpitude dWi angtbemeasyredvoliage values

points in time, the number of measurement points, which are
stored and further processed, is reduced compared to methods, in
the case of which the entire received signal is further
processed. In this way, the computing power reguired is
reduced. A further advantage is that the evaluation occurs
essentially digitally, which saves time and manufacturing costs
compared with analog practice. The used components can have
high tolerances, since, for example, ncise is filtered out, so

that exact results are achieved nevertheless.

In a first embodiment of the soclution of the invention, for
evaluating sampled voltage values U; of the received signal,
negative portions of the received signal are converted, by
rectification or by adding an offset voltage, into positive
voltage values. The received signal is an alternating voltage.
Before digitizing for evaluating the received signal the therein
contained, negative portions are preferably converted into
positive portions, in order to make the received signal useful

for an analog-digital converter, which can only process positive

4



lU12,1 differ from zero by a magnitude dUji, then the difference AU differs by dUji + dUij from the
maximum voltage value at the respective frequency. If one considers only the voltage values, which, in
the case of predetermined phase shift, correspond to extrema, then these differ by a smaller value,
namely dUii, from the maximum voltage value, which occurs at the respective frequency. If the
predetermined phase shift is 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
(maximumpvoltatyel values which resultsronly through tohsideratior-efthesmagiasumyTherefore, is the

maximug}jgr%ﬁpgctgggr%@pq&%@pgnggﬁg@lt{lea@sg@Cp%giw@én gl;ﬁj%se of consideration

of the differences AU more marked than in the case of the method, in the case of which only the
voltage VAllib3EPE saRipfied and svataateB whithe af predetdfninedphaselreldtihship, correspond to

the maximum;.-bxa further develgpment of the,selution of therinyeation,theoltage values U,, U13 of
the received signal sampled over a number of oscillation periods of equal frequency are so evaluated
that the MEGHTRIUES BT thé SERTpTe§VoltEGe VAILBR TP which-were §a9Dled d530inte%n e, which,
at the predetermiaed phase shify cosrespondito theiposiion of aneexireme targeadded teea value Um”
that the m; nlg‘tflnggg of th%f%m led \S/8|t%%% values |%JI)§%,.WhICh were sangelggeatipsomég .|r%;|énde, which,

, o
at the prede ermined %hgse sh fz, correspona tG the posfﬁgﬁ of 4 zer%etraverse, are added 1o a value

Uzero, .thazt memwn@daﬁd UZeto ate s@btract@defrm@%.imthegfanq thatlthe frequency is
determingds at which the difference LUz Umax JJzerp has maximum mpagnitude. Fof each frequency,

thus, in each case, only one voltage value is taken into consideration for determining the frequency at

the predeferiifed phasé shift A furiisideiRiophiedt st thé Méthod dt tRe MRertiohiprovitles that a
phase shift petween-transmitted signal @nd.received:signal is set; whigh depengsenthe fuality of the
oscillatable_unit In an additional further development of the solution of the invention, a phase shift
between faéHfted G GnAHnF e e dSignalis YR AbRicR s BrEerBR fin The Fafge Bétween 70
and 120z % be predeterminedcphase-shiftrareeunts, 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 permits this. Another further development of the invention
providesithat thiexpliysicaldneasuredarariable isha@ predétenninédtfildevelafithéon, the

received signal is alwavs sampled at points in time, when it, in
the case of presence ¢f 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 further development 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 ftransmitted signal, in the case of presence of

the predetermined phase shift, passes through zero.

A further development of the method of the invention provides
that the sampled voltage values U; of the received signal are
evaluated by determining the fregquency, at which the magnitude
Uil of the wvoltage value is maximum. If the received signal at

a frequency fy corresponds to an oscillation with the

5



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, the figures of which show as follows: Fig. la an example of the positioning of the sampling
points in the case of a received signal with the frequency fk corresponding to the predetermined phase
shift; Fig. Ib an example of the positioning of the sampling points in the case of a received signal with
the freqiEREE $yiRg butsiga ke prdddterminerphidse SNRIRige Icvtheyrecér/edsignalor Fig. la after

rectificatign; ignich therecsived-signal-afig.laafteradding adirgct valiage,ur,
oscillation amplitude. If the received signal at a freguency £,
does not correspond to the oscillation with the predetermined
phase shift, then the maximum amplitude i1s not detected at the
sampling points in time, but, instead a lesser voltage wvalue.
If one plots the voltage values at different freguencies
determined at the sampling points in time, then there results a
curve with a maximum at the fregquency fi, where the transmitted
signal and the received signal have the predetermined phase

shift.

A further development of the method of the invention provides
that the sampled wvoltage values U; of the received signal are
evaluated by adding the magnitudes of the voltage values [U;
sampled over a number of cscillation periods of equal frequency
to a value ¥ |U;l, and the frequency is determined, at which the

associated value T {U;! is maximum.

& further development of the solution of the invention is
provides that the received signal 1is sampled always at points in
Time, at which, in the presence of the predetermined phase shift
betwesen transmitted signal and received signal, it passes
through zeros and extrema. Per oscillation period, there are

thus four voltage values sampled.

In the case 0of a further development 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 signal, in the case of
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Fig. 2a flow diagram of the method of the invention; Fig. 3the 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 comparison, the transmitted signal T is likewise plotted. In Fig.
la, the exciter frequency fk corresponds to the predetermined phase shift n(f) between transmitted
signal T and received signal R. At the sampling points in time, the received signal R is located in zero
traverses or extrema. The sampled voltage values U,, correspond, consequently, to the maximum
arising PolEEFNGEILE AR RRUS HREGRIMUAS AtRRR B cBrfFéquéis Rk Sand i Sdmpled voltage
values W,jargzero. In this example, only the sampling points in time lying within a period are
presented. Of course, samples at an exciter frequency fk over a number of periods can occur, in order
to to achieve better statistics. For the case shown here, in which the predetermined phase shift 4
between transmitted signat Fanereceived sighnal Rearmoudnts 10 90: ther zero:traversesaof the

transmitted signal T coincide with the extrema of the received signa he extrema of the
transmitt&d" %i%ﬁgl Fwith the ‘zfgfioutergv%ésr‘%ﬂhggeggg\a/eé %Fg%lgﬁec.l{ %e%gg\i/% togfhe transmitted signal
T, the received: signabR isthas atwaysisdmpledcatepaintstin gimd; vehar e trafsmitted signal T passes

through 2,260.0r.an extrome, Fia. b shows:a ecalued sigpal Bavit an exciet freauensy fl, which i

located outside the predetermined phase shift 4 for the transmitted signal T. The sampling points in

time, conseqasRido AGt CONTCIBE SHEBIEPGIRE RIS, AtWHIEN the réc&ivad SigHAT R passes

through a.2e19 qrianexttemer Thesanapledvoltagenvaluesihdiffer from the maxjsura vakage value

Al by a value dU" and the samgled voltage values ti,c differ from zero_by a value dU2c.
at an extreme of the received signal, and the frequency 1is

determined to be that at which the difference AU = {Uyl - [Ug4l
has maximum magnitude. If the measured voltage values [Ujil of
the maximum voltage values, which occur at the respective
freguency, by a magnitude dU;; and the measured voltage values
[Ujs| differ from zero by a magnitude dU;y, then the difference AU
differs by dU;; + dUjs; from the maximum voltage value at the
respective frequency. If one considers only the voltage values,
which, in the case of predetermined phase shift, correspond to
extrema, then these differ by a smaller value, namely dU;;, from
the maximum voltage value, which occurs at the respective
frequency. If the predetermined phase shift 1s 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. Therefore,

is the maximum around the frequency 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 phase relationship, correspond to the maximum, .



The received signals R illustrated in Figs. la and Ib are alternating voltages and the voltage values
Ul1,at the sampling points in time are partially negative. In a preferred embodiment of the method, the
received signal R is so modified before the sampling that only positive voltage values remain. This is
accomplished, for example, by inverting, or rectifying, the negative voltage portions. Fig. Ic shows the
received signal R of Fig. la after rectification. Another opportunity for changing the negative voltage
portions is to add a direct voltage to the received signal R. In this way, the entire voltage curve forming
the recelived sighat isshifled biceeerainifalte sthecsoibalied 6fscthmtd Hepositive régidvn. The

received signal R mogified in, thisyvayis shwe inEig,dd. Sing this offset isthe.same for all exciter
frequencies fk contained in the frequency search sweep, all sampled voltage values Uri, Ur: are shifted
by the SAMEFAIURT ICHToff<éthid FdRBTOTRE reteiv8H Signal SRBRTAY \HiGe Hust be taken into
considegation: i the evalyationsofthgrsampled itageovalues 1 edJrj;sincaydor-exaraple, the voltage
value Urj In the case of a zero andég esence of the predetermined QQ?E% shiftc4[%1rilsenot zero, but,

instead,'éjdl"rle’sp‘%fjgkfo e Valtid™ ﬁg otfset %RJaESe.lﬁg.t 2'8ieclosesa flow diagram of an example
of an embedimentrofthe npethod of the inventione kpthedfollowirys itds assurredathat the received

signal R gontains only posive parions hecause of eaifipg ar aciign,al adireetvalage. Appiication
of a sign was thefefore omitted. It should: owever, be noted that in the case, in which no such
modificationrdftheretéived sigriald hal takerplace, HrRagamides! or BlbRBiité Valies, of negative

voltage valyes ae;formed. Dufag 85*1% freguency seapsihsweep,ithe oscillatable Ainit is exeited with
discrete exciter frequencies fk (k=0...N) within the total working range. The goal is to filter out that

exciter SRS TKCih thed&ise FFRfieh IRe tAFnAtEa Sigral T aifd e feceived 8fjhal Bhave a
predeterppingdphase shift 4p, for are subtracted from one another and that the

frequency is determined, at which the difference AU = Unpax ~Uzero
has maximum magnitude. For each frequency, thus, in each case,
only one voltage value is taken into consideration for

determining the fregquency at the predetermined phase shift.

A further development of the method of the invention provides
that a phase shift between transmitted signal and received
signal is set, which depends on the quality of the oscillatable

unit

In an additional further development of the sclution of the
invention, a phase shift between transmitted signal and received
signal is set, which lies preferably in the range between 70°
and 120°. The predetermined phase shift amounts, most often, to
80° 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

permits this.

Another further development of the invention provides that the

physical measured variable is a predetermined fill level of the
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example, 900. For this, a transmission signal T with a first exciter frequency fo is produced. The
received signal R is sampled at selected points in time. The points in time are, in such case, then
selected such that, in the case of predetermined phase shift LT, the extrema and the zero traverses of
the received signal R are detected. In the case of a predetermined phase shift Aco = 90, these are the
points in time, at which the transmitted signal T traverses zero and extrema. The voltage values U
sampled at expected extrema and voltage values Uji sampled at expected zero traverses are stored.
The sampfediEnd shitedSRRAGY valiss UtiCO[1ie pRicesSsd ASThtRRIRGE ivedch chse, a
voltage yalua,H11, which gerespends: lo-an expectegwexireste, frammetheseon following voltage value
Ujj, which corresponds to an_expected zer -pQCiQt,. Afﬁtgr an esta][biis@e%r{;um%eir ofiosscillation periods,
the nexCERditer HEquehcy Tk 7§ s&F fthaBkeiter fréqueicy fkis That, i the case of which the phase
shift 4 cplrespands ta the predeterminediphasesshifid A therttheivaltagenlues U" sampled at
expected extrema correspond to the maximum voltage value, which occurs for the particular exciter
frequency fk, thus the amplitude Ak of the oscillation. The voltage valuessampled at expected zero
traverseBrareizerentfihowever theexbiterfreduams ik diff rsdeoh thelekeier PeGESh&F1k, in the

case of which, fhe predetarmined phase.shift Lp.is preseninthen the upltage paluesy?, U™ detected at
the sampling points in time are smaller than the associated amplitude Ak or greater than zero. The
voltage value U", which is detected, is thus not the maximum voltage value Ak, which occurs in the

case of the;respective exgiierfrequancynk. i onedounsthe difference; impachgase; akthei fiwo
voltage values Ufi and Un, which were sampled in the cage of tr;le %ﬁpecged zero tra\Erse and in the

case of the expectel xiiehié, thén it differerice AT T8 smalrthan the differenceé AU at the
predetermined phasecshift A rAtthe predefesminediphasenshiftdApithe différente AU equals the
amplitude Ak 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, then this value must be appropriately taken into
consideftion intthe zase:ufravhtuatiigthe sappledvolage valuaseUR a0RL Mdalksrhative €fhbodiment

of processing the valtage values Ufi;  samplediat.an exsites frequency fk pravddes that all voltage

values Ufi sampled in the case of an expected extreme are added to a value Umw" that all voltage
values Uij sampled instheTaRe oF ifexpected $efd falersecarsitfedo'd Value Uzero and that then
the difference AU = IlUmaxUzero 1 is formed. In this way,

Fig. lc the received signal of Fig. la after rectification;

Fig. 1d the received signal of Fig. la after adding a direct

voltage;
Fig. 2 a flow diagram of the method of the invention;

Fig. 3 the histogram recorded for determining the frequency at

the predetermined phase shift.

Fig. la shows the received signal R at an exciter freguency £y
over one and cne half periods. For comparison, the transmitted
signal T is likewise plotted. In Fig. la, the exciter frequency
f, corresponds to the predetermined phase shift A¢ Dbetween
transmitted signal T and received signal R. At the sampling

points in time, the recelved signal R is located in zero

9



one obtains an averaged voltage value for each exciter frequency f k In an additional method step, the
formed voltage differences AU are plotted versus the respective exciter frequencies fk. The resulting
histogram has a maximum at the exciter frequency fk corresponding to the predetermined phase shift
4p. In this example of an embodiment, both expected zero traverses as well as also expected extrema
are sampled and then the difference AU between the voltage values Ufi, U15 is formed. In an
alternative embodiment of the method, the received signal R is sampled only at points in time of
expected Bxwene f te recehaitEsignalnR irs #e ase vf fHeaaxciter Tregtielcy fkocoresspontls to an

oscillation,with dhe predetepmined.phase shift LB; mzﬁt%%%'?ém@ﬂﬂe"tﬂdﬁ Akis dﬁ&?ected- If the

received signal R in the case of the exciter frequency fk does no correspond]io the oscillation with the
predetefiiRéd PHiRe ift 141 heTRtHE dhpudacak isideteeted: Mut SABREES avedsadvalue. If

one plotgdhe veltage walues 4t determinedsat differgnt exciteriftequancies tk; thep thergsesults a
curve with a maximum at that exciter frequency fk, in the case of which the transmitted signal T and
the receiVed sifiarR Hale the bred8tdrnime phase gﬁﬁﬁ@%’%og&fslf%ﬁﬁecaﬁﬁgg&%ed for
the differencerfoeming; ¢he Sampled voltageataduies: llhoveea number of esecillation perieds can be
added u hat in the histogram per exciter frequency fk only a voltage value S U,, is stated.
Alternatiigljé?%j%naﬁooptf%% iasct%Jli%Fgll kggr%%%d \Sigl?ggés%él%lseé U separately. It is provided that as soon as
a frequency search sweep is ended, a renewed frequency search sweep is started, the frequency

search swseps-husAre netiprmed.cantinupusly: { hiswiay, chanded, pracess conditions

s-can be
35

rapidly reacted to and the oscillation frequency of the oscillatable unit can be immediately adjusted.
AlternativBly> ForiRfs! tie dRéMatabie unit & 8xcitedRivithtRE ititel fidgieneyHkaletemiinetidn the

frequencysearehswean, Renewed fequeney.search-aweensaccrdhen, for examplednstead, at
determined intervals or are started on request. ,
with the extrema of the received signal R and the extrema of the
transmitted signal T with the zerc traverses of the received
signal R. Relative to the transmitted signal T, the received
signal R is thus always sampled at points in time, when the

transmitted signal T passes through a zero or an extirenme.

Fig. 1lb shows a received signal R with an exciter frequency fi,
which 1s located outside the predetermined phase shift Ag for
the transmitted signal T. The sampling points in time,
consequently, do not coincide with the points in time, at which
the received signal R passes through a zero or an extreme. The
sampled voltage values Uj; differ from the maximum voltage value
A; by a value dU;; and the sampled voltage values Uiy differ from

zero by a value dU;s.

The received signals R illustrated in Figs. la and 1b are
alternating voltages and the voltage values U;:, Uss at the
sampling points in time are partially negative. 1In a preferred
erbodiment of the method, the received signal R is so modified
before the sampling that only positive voltage values remain.

This is accomplished, for example, by inverting, or rectifying,

10



Fig. 3 shows a histogram for determining that exciter frequency fk, in the case of which the transmitted
signal T and the received signal R have the predetermined phase shift Lcp. Besides the received
signal R sampled according to the method described in Fig 2, also shown is the received signal R
before the sampling. The maximum at the exciter frequency fk corresponding to the predetermined
phase shift 4(f) is clearly evident in both curves. The sampled received signal R is, however, more
sharply defined and has a higher ratio of maximum to baseline. The received signal R shown in this
histografis fof SernEWibrane ostillaier: tiisnef-Refék@nce Chakavterstieeelreksigaal transmitted

signal Agcpphase shift=betyeem ttansmitted signal-and rgeeived rnother opportunity
for changing the negative voltage portions is te add a direct
voltage to the received signal R. In this way, the entire
voltage curve forming the received signal is shifted by a
certain value, the so-called offset, intc the positive region.
The received signal R modified in this way is shown in Fig. 1d.
Since this offset is the same for all exciter freguencies fy
contained in the freguency search sweep, all sampled voltage
values Uiy, Uiy are shifted by the same value. If an coffset is
added to the received signal, then this value must be taken into
consideration in the evaluation of the sampled voltage valuses
Uiz, U:iy, since, for example, the veltage value Uiy in the case of
a zerc and presence of the predetermined phase shift Ap is not
zero, but, instead, corresponds to the value of the offset

voltage.

Flg. 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 received signal R contains only positive portions
because of rectifying or additicn of a direct voltage.
Application 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, or absclute wvalues, of negative veltage values are

formed.

During the frequency search sweep, the oscillatable unit is
excited with discrete exciter frequencies £ (k=0.N) within the
total working range. The goal is to filter out that exciter
frequency fx, in the case of which the transmitted signal T and

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

11



signal fkexciter frequency contained in the frequency search sweep Akamplitude of the received signal
with frequency fk / maximum voltage value voltage values of the received signal sampled at points 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, dUndifference between

On and Ak
example, 90°. For this, a transmission signal T with a first
exciter freguency f; is produced. The received signal R is
sampled at selected points in time. The peints in time are, in
such case, then selected such that, in the case of predetermined
phase shift Ag, the extrema and the zero traverses of the
received signal R are detected. In the case of a predetermined
phase shift Ap = 90°, these are the points in time, at which the

transmitted signal T traverses zero and extrema.

The voltage values U;; sampled at expected extrema and voltage
values Uy sampled at expected zero traverses are stored. The
sampled and stored veltage values Uj:, Uiy are processed, by
subtracting, in each case, a voltage value Ui;, which corresponds
to an expected extreme, from a thereon following veoltage value
Uiy, which corresponds to an expected zero-point,. After an
established number of oscillation periods, the next exciter

frequency fy is set.

If the exciter freguency £y 1s that, in the case of which the
phase shift Agp corresponds to the predetermined phase shift Ag,
then the voltage values U;; sampled at expected extrema
correspond to the maximum veoltage value, which occurs for the
particular exciter freguency fy, thus the amplitude A, of the
oscillation. The voltage values Ujy sampled at expected zero
traverses are zerc. If, however, the exclter frequency fi
differs from the exciter frequency fx, in the case of which the
predetermined phase shift Ao is present, then the voltage wvalues
Us;, Uiy detected at the sampling points in time are smaller than
the associated amplilitude Ay or greater than zero. The voltage
value Ui;, which 1s detected, 1s thus not the maximum voltage
value Ay, which occurs in the case of the respective exciter

fregquency fi. If cone forms the difference, in each case, of the

12



difference betweenand 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 exciter
frequencies (fO following one after the other, wherein the corresponding oscillations of the oscillatable
unit are received in the form of received signals (R), wherein, via the frequency search sweep, the
exciter frequetGyLE0$s HsdartainBd; iAMRe Base BPWRRRNREOSEAMERAINE uRit ddeflatés Rithfan

oscillatiop frequency.which:has a predatermined: phasasshiff {L W between the-trargmitted signal (T)
and the received signal (R%aand wherein a transmitting/receiving unit excites the oscillatable unit to
oscillaté A e astBfain

1sE8F LSsGitationregiferty oriwiBRin-fie folldtind Fedudi&F §85%h sweep is
started, chagacterized inthat dhe Oseillation Fequeney ahihe predeteraiped phasemshift (@p) is
ascertained by sampling the received signal (R) discretely at s 1#ected oints in time, rein the
selected Poiffs fii'time g%’bent(?‘ n(i%éf %?%oeerfér"ar)n%édep%uagsgssﬁ ?45)@&%%%%%5&5%2 égi]gnal (T)
and received signal {RYyrand thedvoltagesvaluestli of the recefved signal (R)csaviplédsdtgnal

an offset is added, in order to obtain purely positive voltage

values, then this value must be appropriately taken into

consideration in the case of evaluating the sampled voltage

values Ui, Uiy,

An alternative embodiment of processing the voltage values Ui,
U;; sampled at an exciter frequency Iy provides that all voltage
values U;; sampled in the case of an expected extreme are added
to a value Up,, that all voltage values Uiy sampled in the case
of an expected zero traverse are added to a value Uzere, and that
then the difference AU = |Upax — Usere! is formed. In this way,
one obtains an averaged voltage value for each exciter fregquency

fk.

In an additional method step, the formed voltage differences AU
are plotted versus the respective exciter frequencies fix. The
resulting histogram has a maximum at the exciter frequency fx

corresponding to the predetermined phase shift Ae.

In this example of an embodiment, both expected zero traverses
as well as also expected extrema are sampled and then the
difference AU between the voltage values Uiy, Uiy 15 formed. In
an alternative embodiment of the method, the received signal R
is sampled only at points in time of expected extrema.

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

corresponds to an oscillation with the predetermined phase shift

13



the discrete exciter frequencies (fk) 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 converted, by rectification or by adding an
offset voltage, into positive voltage values tJF 3. Method as claimed in claim 1 or 2, characterized in
that the received signal (R) is always sampled at points in time, when it, in the case of presence of the
predetermined phase shift (4p) between transmitted signal (T) and received signal (R), passes through
an extrehte. L£h¥ethotcas laimeéd in ot |eagt bhe sfeldims 3-Fchara&erized in Tk,

received signal R in the case of the exciter freguency fy does
not correspond to the oscillation with the predetermined phase
shift Ae, then not the amplitude Ay is detected, but, instead, a
lesser wvalue. If one plots the voltage values Uj: determined at
different exciter frequencies fy, then there results a curve with
a maximum at that exciter frequency 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
for the difference forming, the sampled voltage valiues Uj: over a
number of oscillation periods can be added up, so that in the
histogram per exciter frequency £y only a voltage value T Ui is
stated. Alternatively, an option is to list all sampied voltage

values U;; separately.

It is provided that as soon as a frequency search sweep 1s
ended, a renewed freguency search sweep is 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 oscillatable
unit is excited with the exciter fregquency f; determined in the
frequency search sweep. Renewed frequency search sweeps occur
then, for example, instead, at determined intervals cr are

started on request.

Fig. 3 shows a histogram for determining that exciter frequency
fr, in the case of which the transmitted signal T and the
received signal R have the predetermined phase shift Ag.
Besides the received signal R sampled according to the method
described in Fig 2, alsoc shown is the received signal R before

the sampling. The maximum at the exciter frequency Iy

14



for the case, in which the predetermined phase shift (4) 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 (4p), passes through zero. 5. Method as claimed in claim 3 or 4,
characterized in that the sampled voltage values Ui of the received signal (R) are evaluated by
determining the exciter frequency (fd at which the magnitude of the voltage value [Oil is maximum. 6.
Method as claimed in claim 3 or 4, characterized in that the sampled voltage values U; of the received
signal (Rparecevalndtetoby- adding theaviageitudesof theaottage Valugsp is clearly

evident in both curves. The sampled received signal R is,
however, mcre 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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UH sampled over a number of oscillation periods of equal frequency (fk) to a value E |Uil, and the
exciter frequency (fk) is determined, at which the associated value E IUll 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 (4p) between transmitted signal (T) and
received signal (R), it passes through zeros and extrema. 8. Method as claimed in claim 1,2 or 7,

Ap

fy

List of Reference Characters

recelved signal

transmitted signal

phase shift between transmitted signal and received
signal

exciter freqguency contained in the frequency search
sweep

amplitude of the received signal with freguency fy /
maximum voltage value

voltage values of the received signal sampled at points
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,

difference between U:; and Ay

difference between U;; and zero

16



characterized in that, for the case, in which the predetermined phase shift (4) 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 (4p), 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 U, U of the received signal are evaluated by
subtracting from one another the magnitudes, in each case, of two sequential voltage values IUni,1,
which correspond, at the predetermined pha&&etsintt (¢ppimshe 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 is determined to be that at which the difference ati = 1U,ii - IUiji has maximum
magnitude. 10M¥IEteed S8 Tlsifferiiniclding 70y or monitoring at least one

physical, process variable ¢f a medium with an coscillatable
unit, wherein the oscillatable unit is excited by means of
a frequency search sweep within a predsetermined frequency
band in the working range of the oscillatable unit in the
form of transmitted signals (T) successively tc oscillate
with discrete exciter frequencies (fy) following one after
the other, wherein the corresponding oscillations of the
oscillatable unit are received in the form of received
signals (R), wherein, via the frequency search sweep, the
exciter freguency (fy} is ascertained, in tThe case of which
the oscillatable unit oscillates with an oscillation
frequency, which has a predetermined phase shift (Ag)
between the transmitted signal (T) and the received signal
(R}, and wherein a transmitting/receiving unit excites the
oscillatable unit to coscillate with the ascertained
oscillation frequency or wherein the following freguency
search sweep is started,

characterized in that

the oscillation frequency at the predetermined phase shift
{Ap) is ascertained by sampling the received signal (R)
discretely at selected points in tTime, wherein the selected
points in time depend on the predetermined phase shift {Aeg)
between transmitted signal (T} and received signal (R), and
the veoltage values U; of the received signal (R} sampled at
the discrete exciter freguencies (£} are evaluated with

reference to their amplitude.

2. Method as claimed in claim 1,

characterized in that,
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characterized in that voltage values Uil, Eiji of the received signal (R) sampled over a number of
oscillation periods of equal frequency (fic) are so evaluated that the magnitudes of the sampled
voltage values IUill, which were sampled at points in time, which, at the predetermined phase shift (4),
correspond to the position of an extreme, are added to a value Une,, the magnitudes of the sampled
voltage values IUjjt, which were sampled at points in time, which, at the predetermined phase shift
(AC, correspond to the position of a zero traverse, are added to a value UZerOf the values lima. and
Uzero are subtfacteefeomanienanathepand the exeiter frequencyls deternineds at which the
difference AU =Y g&-L{"FQ)has gwag('{r%g mgg&tude. 11. I\éthhordeas gl@irged in at least one of
preceding claims,’c aracterized in that a pﬁase shift (E?p betweén transmittsd %Fganal f]é)) aind feceived
signal (R) is setwhichtdeperits oretHel quality bfthe ostitatabitbl urit.2k2. Méthod aodlaiged in at least

one of precedi@gﬂgganir}‘fpgS icgp&@ct@ggﬁgf&tqg pu@gaq%ishi_ft (LC between transmitted signal (T) and
er

received signal (R) is set, which lies preferably in the range between 70 and 120. 13. Method as
claimed in at least one of preceding claims, characterized in that

3. Method as claimed in claim 1 or 2,
characterized in that
the received signal (R) is always sampled at peoints in time,
when it, in the case of presence of the predetermined phase
shift {A¢p) 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 (Agp)
amounts to 80°, the received signal (R) is always sampled at
peints in time, when the transmitted signal (T), in the case
of presence of the predetermined phase shift (Ag), passes

through zero.

5. Method as c¢laimed in claim 3 or 4,
characterized in that
the sampled voltage values U; of the received signal (R) are
evaluated by determining the exciter frequency (fy) at which

the magnitude of the voltage value Uil is maximum.

6. Method as claimed in claim 3 or 4,
characterized in that
the sampled voltage values U; of the received signal (R) are
evaluated by adding the magnitudes of the voltage values
Uil sampled over a number of cscillation periods of equal

frequency (fy) to a value % |U;l, and the exciter frequency
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the physical measured variable is a predetermined fill level of the medium in a container, density,
viscosity, or a phase boundary of the medium.

10,

(fy) is determined, at which the associated value Z |[Uij is

maximum,

. Method as c¢laimed 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 {4}
between transmitted signal (T) and received signal (R}, it

passes through zeros and extrema.

. Method as claimed in claim 1,2 cor 7,

characterized in that,

for the case, in which the predetermined phase shift (Ae)
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 (Ag},
passes through zero and at points in time, at which the

transmitted signal (T) passes through an extreme.

. Method as claimed in claim 7 cr 8,

characterized in that

the sampled voltage values Uiy, Uiy of the received signal
are evaluated by subtracting from one another the
magnitudes, in each case, of two seguential voltage values
{Usil, {Uisl, which correspond, at the predetermined phase
shift (Agp), to the magnitude of the voltage value at a zero
rraverse and the magnitude of the voltage value on an
extreme of the received signal (R), and the exciter
freguency is determined to be that at which the difference

AU = |Uiil = |Ui3] has maximum magnitude.

Method as claimed in c¢laim 7 or 8,
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11.

12.

13.

characterized in that

voltage values Uiy, Ujqy of the received signal (R) sampled
over a number of oscillation pericds of equal fregquency (fy)
are so evaluated that the magnitudes of the sampled voltage
values 1U;;!, which were sampled at points in time, which,
at the predetermined phase shift (Ag), correspond to the
position of an extreme, are added to a value Upay, the
magnitudes cof the sampled voltage values {Ujy|, which were
sampled at points in time, which, at the predetermined phase
shift {Ag), correspond to the pesgition of a2 zero traverse,
are added to a value U,ers, the values Upax and Uger, are
subtracted from one another and the exciter frequency is
determined, at which the difference AU = Upax —Uzere has

maximum magnitude.

Methed as claimed in at least cone of preceding claims,
characterized in that
a phase shift (Ap) between transmitted signal (T) and

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

the oscillatable unit.

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 preceding claims,

characterized in that

the physical measured variable is a predetermined fill level
of the medium in & container, density, viscosity, cor a phase

boundary of the medium.
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