METHOD FOR DETERMINING OR MONITORING A PREDETERMINED FILL LEVEL, A PHASE
BOUNDARY OR A DENSITY OF A MEDIUM The invention relates to a method and to an apparatus
for determining or monitoring a predetermined fill level, a phase boundary or a density of a medium in
a container using an oscillatable unit, wherein the oscillatable unit is placed at the height of the
predetermined fill level or at the height of the phase boundary. If it is assured that the oscillatable unit
immerses in the medium, the method of the invention and the apparatus of the invention can also be

used for gaggyEngdRe Sipeilk Pk TSN NI VIRRIRR OF aIe REHIMENCksH iohasyfar detecting

or monitoring fill level, phase boundary or density of a medium in a container are already known. They
are available from the adsi§Hé&Th REARAARBoA N EnRENBEF hERamMEDTBIPHANT and
SOLIPHANT. Vibration detectors usually have an oscillatory rod or an oscillatory fork as oscillatory
element; the agscillatory element is secured to a membrane or diaphragm. Moreover, so called
membraﬁgeosjcﬂl‘é?&%?‘ﬂ?mﬁ?&ﬁﬁ%sadbqtiﬁngled?&ﬂ%téf}deléﬂeﬁPisa@ﬂﬂféﬁ?%?e 5/ known. The
membradetis clamped iva sensor hotsingantk-iscexcied 1@ @scitlationg by an, elecirameghanical or a
piezoeleggic rive. A stack, or bimorph, drive is, uLsnyﬂaII%used as trapsmitting/receiving unit. The

excitation of the ro%cﬁllétaablg %Iﬁﬁlotééu?sf af the resonance ?reaﬁgﬁéy}“ 2 tHus'hére’a $0 called
fundamemtalivave @xéitationi twhereinghe phasecshift bétween! theundrsnissipresigdakand the

received:signalyyallyJiesdina defingd rangs, Usually, thisange ies hetween 46 gpd 14p-
the phase boundary. If it is assured that the oscillatable unit
immerses in the medium, the method of the invention and the
apparatus of the invention can also be used for measuring the

density of the medium.

Vibration detectors, or limit level switches, for detecting or
monitoring £1ill level, phase boundary or density of a medium in
a container are already known. They are available from the
assignee in many embodiments under the names LIQUIPHANT and

SOLIPHANT.

Vibration detectors usually have an oscillatory rod or an
oscillatory fork as oscillatory element; the oscillatory element
is secured to a membrane or diaphragm. Moreover, so called
membrane oscillators, in which the additional oscillatory
element is omitted, are also known. The membrane is clamped in
a sensor housing and is excited to oscillations by an
electromechanical or a piezoelectric drive. A stack, or
bimorph, drive is usually used as transmitting/receiving unit.
The excitation of the oscillatable unit occurs at the resonance
freguency - tThus here a so called fundamental wave excitation -
wherein the phase shift between the transmission signal and the
received signal usually lies in a defined range. Usually, this

range lies between 46° and 140°.



Vibration detectors embodied as fill level measuring devices utilize the effect that the oscillation
frequency and the oscillation amplitude depend on the respective degree of covering of the oscillatory
element: While the oscillatory element can execute its oscillations freely and undamped in air, as soon
as it becomes immersed partially or completely in the medium, the oscillatory element experiences a
frequency and amplitude change. On the basis of a predetermined frequency change, the reaching of
the predetermined fill level or a predetermined phase boundary level of the medium in the container
can thus be unequivocally deduced. Fill level measuring devices are, moreover, used principally as
overfill protection or for the purpose of protection against a pump running empty. Moreover, the

oscillatiof-6Fhe GEiRRGR SRR MTL akbSAMGENddd by HRY RespBeRvE HERGitY BT frfeemedium, since

the mass mavetkchargeswish density. therefere: witha senstantdegree oficovering, a functional
relationsgé%wit the density of the medium exists, so that vibration detectors are well suited both for fill

level det@rination’as: W%ﬂé%%%?%%ngﬁ?agﬁrﬁﬂngﬁﬁnﬁﬁ Practice! the'686iRAtSHS of the membrane
are recordeckforrthe plirpbse obmohitering andldetesting thei filklevekorthei densityraf the medium in
the contaiper g e conyerted to electrical, received signals hy means of at least one piezoelectric
element. The e ec%rca re>é§i(\:/1é esig}'"ril:a s are %gr?eé\l/glﬁate%rgf%)% eva uéﬁh(gag\%%tcr{oﬁi%sé M the case of
fill level détet@iiation, e kvalvating slestiorics peonitord the ostikatiunifreguencynandyer the

oscillationeamplitude o the osqilaion elerue and signale the state ‘sehspigpupredpr sensor

uncovered' as soon as the measured values drop under or exceed a predetermined reference value. A
correspdithig répbit t5:8pefatingPersbndrcansotduryi® BRptiearandor ARTTEREY path.

Alternativelyrefesuppiemestally i a switching-operationds-triggered;; sa, forinstange, an inlet valve or a
drain valve on the container is opened or closed. The devices for measuring fill level, phase boundary
level or &SI ReRtERED RBBTE ars ABPREd in MEhy Branchés BEMHTRtry or ¥xample, in the
chemicatsimdastryrindthe foads industrysoninweatet processinged he rapge of ditlsubstances monitored
extends oM WAIRI[0.XQAUIL palnts ang lacguets, 10,010 YisGolnedia sichyas heney, and to
strongly foaming média, suchas Beer.

protection or for the purpcse of protection against a pump

running empty.

Moreover, the oscillation of the oscillatory element is also
influenced by the respective density of the medium, since the
mass moved changes with density. Therefore, with a constant
degree of covering, a functional relationship with the density
of the medium exists, sc that vibration detectors are well
suited both for fill level determination as well as for density

determination.

In practice, the oscillations of the membrane are reccrded for
the purpose of monitoring and detecting the fill level or the
density of the medium in the container and are converted to
electrical, received signals by means of at least one
piezoelectric element. The electrical received signals are then
evaluated by an evaluating electronics. In the case of fill
level determination, the evaluating electronics monitors the

cscillation freguency and/or the oscillation amplitude of the

2



Known vibration detectors are distinguished by a closed oscillatory circuit constructed of analog
components. In order to be able to operate the different types of vibration detectors, the analog
components must be matched to the respective embodiments of the vibration detectors as optimally as
possible. Among other things, the particular geometry of the oscillatable unit plays a large role.
Furthermore, a microcontroller is provided, which performs the evaluation of the ascertained frequency
and controls communication with a central computer. In addition to high development time and

monetary:costs, 4hedividiiat selutinns previguslyrnentionadlack the desired-highyflexjbility and a
compact form of construction. Thus, known vibration sensors often only permit a statement about

whether tA&U5RTlatABIE EidHignt RTRRTEd BF nbRARBASHEGA BRtHoRICESHpbRERT SHen come
into use darctheccantiallevatiationndnit, vdieh is disadyantageons sinee Hheseicempongantsthave
reIativeI;E gtrg:t é:ggwtpionnent éorlgg%ncef. !:tahs1 acljsco disadvanta eou%thatfhere di no rgrotection against
reverse englrﬁ)-:-ering in 1h& ta88 6t knoWn detectors %%?nparisin?elié%ﬁon%nc rﬁﬁo &hts: A competitor
can replicate! avibratiohideteétbr svithakriowl édge of shecdrmpeneaislwitheutspossassing detailed
knowledgg of the fungtiona) P&gg@é%ﬁ?f Q!:?,_d%tgggjgpé;*ga‘%?é%‘it 0£§C%£ﬁ"§@“991‘%£° provide a method

and an apparatus, which permit the equipping o erent types o ration detectors with a largely
identical’éontfol/&valifation Uiie Reygsrdingctheifetior ¢tk objeet issachieved by features including
that: The oscillatable unit is excited to oscillations with successive discrete exciter frequencies,

following one another in time, by means of a frequency scanning operation within a predeterminable
frequen?:@)“ﬁaﬁ@}’r?ﬁf’eswgﬂﬁnﬁ‘?éﬁé‘e‘ ofthe" osdillataBiet unit tRE Rofe4paading cstifativhs of the
oscillatabilenunit areneaceivedkin thedoem:nfseaeivedsignals;nand,thet exeitersfrequency is ascertained
in the fr%qluc?nscgrscan%nrg 9 erati?g, in.whitc}Qethe oscijllatable unit oscillates with an gscillation

frequency, Which hasa predetermined phase shift Detwaer tHe fransrission sighal 474 te received
signal. Eithér the fransmittingAeeeivimgogmis excites tHehescillatatkle umititoldscillationswitis the
ascertaiged peciiation fiegugney (il Jevel megsyiement orn phase houndagy level mapitoring), or
the following frequency scanning operation is start 8 so that permanent requer?cy scans take place
Gndens%}@@g§ﬁ§ﬁ§%gy media such as honey, and fo strongly foaming

media, such as beer.

Known vibraticn detectors are distinguished by a closed
oscillatory circuit constructed of analog components. In order
to be able to operate the different types of vibration
detectors, the analog components must be matched tco the
respective embodiments of the vibration detectors as optimally
as possible. Among other things, the particular geometry of the
oscillatable unit plays a large role. Furthermcre, a
microcontroller is provided, which performs the evaluation of
the ascertained frequency and controls communication with a

central computer.

In addition to high development time and monetary costs, the
individual solutions previously mentioned lack the desired high
flexibility and a compact form of construction. Thus, known
vibration sensors often only permit a statement about whether

the oscillatable element is covered or not. Also, special
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Especially, the oscillation frequency of the oscillatable unit with a predetermined phase shift is the
oscillation frequency of the fundamental mode - fundamental wave excitation - at the predetermined
phase shift, or it is the oscillation frequency of a higher mode - harmonic excitation - at the
predetermined phase shift. An advantageous embodiment of the method of the invention provides that,
when the oscillatable unit is oscillating outside the oscillation frequency for the predetermined phase
shift between transmission signal and received signal, frequency scanning is started anew, until the

right oscillation-sequencrisfaund sinsontrast teknewnanaleg yibration, detectors, the solution of the
invention is implel21ented largely digitally. The oscillatable unit is operated with its oscillation frequency

at the prediBtermingd phade St Betweer THe R arSmiSsTRTEAG FEGSGET sighalS Snd&ssiidently of the
current damping: feachteureent-aseiltation frequency of she eseiflatable upine.gsthe curreat resonance
frequen%y Si%aggert%iged For this, t@ga\“/%or%neqr%ange of frequencies, of the oscillatable unit is

7o & current fésdhance fregueney b e obtiiakife unit, it is

F 5 ou
complete scanned. In ordet 1o determine
necessaty. ahoeEsverdtol freé ke oseiflatidchscobtire osdikatablesunitofnaise andadisttrhance-signals.

Known vibiationdistectols bayg. asalieady,menlioned - 2 dosgibosgllaforygirgut comprising an
oscillatable unit and a control/evaluation unit. Here, the resonance frequency in the working range of
the osciltdtablesittunestaftoffiticallyito-a fixedphasershifs betdasn te ransmission and received

signals. knowledge of the functional principle of the detector.

An object of the invention is to provide a method and an
apparatus, which permit the eguipping of different types of
vibration detectors with a largely identical control/evaluation

unit.

Regarding the method, the object is achieved by features
including that: The oscillatable unit is excited to oscillations
with successive discrete exciter frequencies, following one
another in time, by means of a fregquency scanning operation
within a predeterminable frequency band in the working range of
the oscillatable unit; the corresponding oscillations of the
oscillatable unit are received in the form of received signals;
and that exciter freguency is ascertained in the frequency
scanning operation, in which the oscillatable unit oscillates
with an oscillation freguency, which has a predetermined phase
shift between the transmission signal and the received signal.
Either the transmitting/receiving unit excites the oscillatable
unit to oscillations with the ascertained oscillation freguency
(in £ill level measurement or in phase boundary level
monitoring), or the following frequency scanning operation is
started, so that permanent frequency scans take place (in

density measurement).



In contrast, an oscillation of a determined frequency and a determined phase relationship coupled
therewith are predetermined by the digital apparatus of the invention. A forced excitation of the
oscillatable unit is effected. Then, the oscillatable unit sweeps through its entire working range of
frequencies, i.e. the current resonance frequency of the oscillatable unit is ascertained, in time, by an
excitation of successive discrete frequencies, which are closely spaced to one another. This method is
also referred to as a frequency sweep. Preferably, the oscillation frequency of the oscillatable unit at

the predetgraaingd phasershift between the trapsmission signalaad the received, signahiscascertained
by evaluating the amplitudes of the received signals received by the_transmitting/receiving unit.

AlternatiVefy’ itls Préiaca thar e sieiftion reduericy ' otehe Bstitiatibte Tinft &t e predétérmined
phase shiftshetueeathetirdnsmission signal=anchthelreceivedsignalis asgeraineddneevaluating the

phase shift l:c)iet%/een.the Jra smissi n.s%'gnal and. tthe,rece%ved Si ”%' T]gus a Phase shift of 15800
. . csdgtermine &f afﬁe. Sl or, 1 18 the o= la on re encey O
arises irf the receiver signal both in"the cdse of resonance as well'as in the case of no resonance. An

embodiraehtiofthe method-ohtherinvéntirkprovidesothat the: solutionisilaplemented conysetely on a
digitized hasis. In this case, the received signal is digitized by an analog/digital converter and further
processed purely digitally. Alternatively, the opportunity exists to implement the solution of the
invention by means of switchable circuit variants. For this, analog circuit technology can largely be

retaineds gagh veauiErsk signakRatiuiscontrolied y.a micrpsgnielier.and sq afranged by means of
analog switches that each required circuit part can be brought into the signal Eath. 6

provides that, when the oscillatable unit is oscillating outside

the oscillation freguency for the predetermined phase shift

between transmission signal and received signal, frequency

scanning is started anew, until the right oscillation frequency

is found.

In contrast to known analog vibration detectors, the solution of
the invention 1s implemented largely digitally. The
oscillatable unit is operated with its oscillation freguency at
the predetermined phase shift between the transmission and
received signals, independently of the current damping. Each
current oscillation frequency of the oscillatable unit, e.g. the
current resonance freguency, 1s ascertained. For this, the
working range of frequencies of the oscillatable unit is
completely scanned. In order to determine the current resonance
frequency of the oscillatable unit, it 1s necessary, moreocver,
to free the osciliations of the oscillatable unit of noise and

disturbance signals.

Known vibration detectors have - as already menticned - a closed
cscillatory circuit comprising an oscillatable unit and a
control/evaluation unit. Here, the resonance freguency in the
working range of the oscillatable unit tunes automatically to a

fixed phase shift between the transmission and received signals.
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Preferably however, the control/evaluation unit of the solution of the invention is embodied as a digital
circuit, especially as a digital signal processor DSP, as an FPGA, FPAA or as a PSoC - programmable
system on chip. Configurable analog and digital resources are arranged in a PSoC together with a
microcontroller in one integrated circuit. Since only few external components are necessary, the PSoC
option saves much space and, moreover, is cost effective. In an advantageous embodiment of the
method of the invention, it is provided that the evaluation of the phase shift between the transmission
signal and the received signal iz done by pbase salective reciticatienwhieh preduees a direct

voltage proportional to the phase and amplitude. In s$%$ cage, the,rtelgeived signals of the phase
selectiveé FEGTRHATE fEMEF bYTha FaeEivadRigraiiot tire friR&Attndré&Sving unit and a signal

derived froauthe=transmiiting unite Thegdera/ed=signalds prefefablza pgericeic square @r sinusoidal
signal. Moweover. is;provided that the frequency,range In{hewarking fange.of the gsgjliatable unitis
swept during a frequency scannlng.tln a first form of embodiment of the method of the invention, is
provided tat tlve bhEilatbh frequichcyvof the osbiflatalile URit atTHe predetarmingd pHage shift between

the trangrisgion, signal and the received signal is.ascertained based opgwodreguencies, which lie
essentially symmetrically to the oscillation frequency of the oscillatable unit at the predetermined

phase sRftBemeenthe tharsmissicheSigRaPdnE the feteiVEtsighdl &t fithi Gk s Which

predetersnipedssive discrete frequencies, which are closely spaced to one

another. This method is also referred to as a fregquency sweep.

Preferably, the oscillaticn frequency of the oscillatable unit
at the predetermined phase shift between the transmission signal
and the received signal is ascertained by evaluating the
amplitudes of the received signals received by the
transmitting/receiving unit. Alternatively, it 1is provided that
the oscillation freguency of the oscillatable unit at the
predetermined phase shift between the transmission signal and
the received signal is ascertained by evaluating the phase shift
between the transmission signal and the received signal. Thus,
a phase shift of 180° arises in the receiver signal both in the

case of resonance as well as in the case of no rescnance.

An embodiment of the method of the inventicn preovides that the
solution is implemented completely on a digitized basis. In
this case, the received signal is digitized by an analog/digital
converter and further processed purely digitally.

Alternatively, the opportunity exists to implement the sclution
of the invention by means of switchable circuit variants. For
this, analog circuit technology can largely be retained; each
required signal path is contrelled by a microcontroller and so
arranged by means of analog switches that each required circuit

part can be brought into the signal path.
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threshold values of the amplitude of the received signals or the phase proportional direct voltage are
reached or exceeded. An alternative embodiment of the method of the invention provides that the
phase selective signal produced by a phase selective rectifier is divided into a positive signal portion
and a negative signal portion, that the envelope curve of the positive signal fraction and the envelope
curve of the negative signal fraction are formed, that the two envelope curves are added, and that the
current resonance frequency of the oscillatable unit at the predetermined phase shift between the
transmission signal and the received signal is ascertained based on the addition signal. The method is
performed here with an envelope curve detector. The addition signal always has the maximum

amplitude”&t 8 FrafhEn &y S iich the phasé Shif BEfvebhithettralishtissbn<ignaant- tetreceived
signal cerfespondsriodhe pradetermined; dasired phasegshift1The ineplementing.ofthe ppvelope curve
detector can.be viala diode %nd an RC-unit connected thereatfter. DeEpending on the direction in which

the diod8 i§ bparated “thasa can Stisvély Alow Sithét'thé pasitiveidrin@ nedatide partofthe applied
signal thirougtt. &ftteaodrrnected RC-wmitasoertainsstheienvelape: carvelftemthe resuyting butput signal.
Two env;é%qlgé%/g %e}gct{gg, are é%qt%ed inP%rdEr 1Eooag%er(tearin tq%ge ativecggg é?ﬁ Pojs_give parts of
the phase selective signal. In order to avoid the diodes tu ting off & par of the phase sélective signal,
in given tAs€9.5 dir6eVoitar isbddedtto thé PheseselattiVersigrdle iIRegardimypthesapparatus, the
object is:achiexad-by. feafures,including that: franspitling/receiving.unit is,prayided. the.
transmitting/receiving unit excites the oscillatable unit to oscillations with successive discrete exciter
frequenciés foIRWiRg bReantiher in a frequency scanning operation within a predeterminable
frequency band in the working range of the oscillatable unit and receives the corresponding
oscillatioPs of the gscillatable unit; a control/evaluation unit is ﬁrovided, which ascertains the exciter

frequency atWwhith th oaeiiatible Rt bstiiates At &A DSCRLRGH frRGUERGY WtASE prédeterrhined
phase shift etweedd4he ttansniissionsignal ahocrthe fecaivedisignal sand theskanpsmitting/zeceiving unit

excites t@gaqlsgﬂlﬁg%qlgry%tggnoa%lI@Iglgn%%thryge%%:grtaérée?dngimI%)tlo&g%q%eyncay % t&rgsee
predetermined phase shift bétween transmission signal and receivéd signar.
selective rectification, which produces a direct voltage
proporticnal to the phase and amplitude. In such case, the
received signals of the phase selective rectifier are formed by
the received signal of the transmitting/receiving unit and a

signal derived from the transmitting unit. The derived signal

is preferably a periodic square or sinuscidal signal.

Moreover, it is provided that the frequency range in the working
range of the oscillatable unit is swept during a frequency

scanning.

In a first form of embodiment of the method of the invention, it
is provided that the oscillation frequency of the oscillatable
unit at the predetermined phase shift between the transmission
signal and the received signal is ascertained based on two
freguencies, which lie essentially symmetrically to the
oscillatien fregquency of the oscillatable unit at the
predetermined phase shift between the transmission signal and

the received signal and in the case of which predetermined
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Furthermore, the control/evaluation unit is so embodied that it ascertains the oscillation frequency of
the oscillatable unit at the predetermined phase shift between the transmission signal and the received
signal via evaluation of the phase between the transmission signal and the received signal or the .
amplitude of the received signal during the frequency scanning operation. Advantages of the solution
of the invention are summarized as follows: - The control/evaluation unit comprises identical
components for all embodiments of oscillatable units and for all areas of application of the vibration

detectors:;Lag a0 of e Inventipn s, ihiis. platfoun capable, . Afigh Iexiblity as reggids the
functionality of the vibration detector is achieved through the digitizing of the contro /evalyatlon unit; a
free scaldbifyiParhRble, e braseatift Ean hedfedysekeiad athda cigitaténteriace is present. -
Copy protection is present, since the control/evaluation unit can only be reverse engineered with

onsiderable effort. , _ . .
¢ gh aiternatlve embodiment of the method of the invention

provides that the phase selective signal produced by a phase
selective rectifier is divided intoc a positive signal portion
and a negative signal portion, that the envelope curve of the
positive signal fraction and the envelope curve of the negative
signal fraction are formed, that the two envelope curves are
added, and that the current resonance freguency of the
oscillatable unit at the predetermined phase shift between the
transmission signal and the received signal is ascertained based
on the addition signal. The method is performed here with an
envelope curve detector. The addition signal always has the
maximum amplitude at a frequency, at which the phase shift
between the transmission signal and the received signal

corresponds to the predetermined, desired phase shift.

The implementing of the envelope curve detector can be via a
diode and an RC-unit connected thereafter. Depending on the
direction in which the diode is operated, these can exclusively
allow either the positive or the negative part of the applied
signal through. The connected RC-unit ascertains the envelope

curve from the resulting output signal.

Two envelope curve detectors are required in order to ascertain
the negative and the positive parts of the phase selective
signal. 1In order to avoid the diodes cutting off a part of the
phase selective signal, in given cases, a direct veltage is

added to the phase selective signal.



- The control/evaluation unit, which, as a rule, is arranged on a circuit board, is compact. - Expensive
special components with relatively high component tolerances can be omitted. In an advantageous
embodiment of the apparatus of the invention, a control/evaluation unit with a phase selective rectifier
is provided, wherein the rectifier produces a phase selective direct voltage. A low-pass filter and a
comparator are connected to the phase selective rectifier. Furthermore, a microcontroller is provided,
which ascertains the oscillation frequency of the oscillatable unit at the predetermined phase shift

betweengzansmission.signakand-teceived gignalbased ou two ftequencies, which lig symmetrically to
the resonance frqu)ency and at which predeterm%ed threshold values oﬁtﬁhe amg]ltu e of the received

signals ortfé Hhake propbrtiohal dreeivdliaecdfpeerifet ate Feadlfed bPEXEE6ded:-Moreover, it is

provided: thatdhe phase selective:defector comprisessa multipliessa preducer ynitifor ageference
signal, whoseﬂock fre%t\Jlenc IS adé'ustabl,e via the microcontroller, a phase shifter controllable by the

th Ha58, WHERSH IHE tndtiSferThEitpiies ATErerEREY &l Swhich has, in each

microconitroller ahd-a 16 ! _ .
case, the clotk#iequenty predetesmiried by the guerocpnyolien with thewegeived signal; wherein the

phase shitter.adjusts hase relationship of the, reference signal and the received signal; anq _
wherein r?eg g%ggg%%c%%%b%gn5“&%}0?%%%%3?&56@%5 at" ﬁﬁ?%&t%uf of the fﬁgt Fo}W-pass, which is
Connecu&fﬁﬁéﬁﬁﬁﬁﬁ&ﬂ”ﬂ@ﬁt and receives the corresponding oscillations of

the oscillatable unit; a control/evaluation unit is provided,
which ascertains the exciter frequency at which the oscillatable
unit oscillates at an oscillation frequency with a predetermined
phase shift between the transmission signal and the received
signal; and the transmitting/receiving unit excites the
cscillatable unit to oscillations with the ascertained
oscillation frequency at the predetermined phase shift between

transmission signal and received signal.

Furthermore, the control/evaluation unit is so embodied that it
ascertains the oscillation freguency of the oscillatable unit at
the predetermined phase shift between the transmission signal

and the received signal via evaluation of the phase between the
transmission signal and the received signal or the amplitude of

the received signal during the freguency scanning operation.

Advantages of the soclution of the invention are summarized as

follows:

- The control/evaluation unit comprises identical components
for all embodiments of cscillatable units and for all areas
of application of the vibration detectors. The solution of

the invention is, thus, platform capable.



Furthermore, it is seen as advantageous when a comparator, which serves as a threshold detector
and whose output signals are forwarded to the microprocessor, is connected after the low-pass,
wherein the microcontroller ascertains the current oscillation frequency of the oscillatable unit at the
predetermined phase shift between the transmission signal and the received signal based on an
average of a first threshold value and a second threshold value ascertained during the frequency
scanning operation. An advantageous further development of the solution described above provides

that a second lgwspags i cannectad aftet the.phase shifter a,sinupgidal signalis pisent at the outpu

of the second low-pass; the transmitting/receiving unit excites the oscillatable unit to oscillations at the

current oscillatiorPféguércylsithe ostillataBlelimt acthepredeteriived pEase shitbétiveen
transmission signal apd reeceiyed signal usingthe:sindseidalsignah Awsalterpative embodiment of the
apparatus of the invention provides a control/evaluation unit, which produces a phase selective
rectified signal3TAén HheSshade séiBéife SiynaFisdilidea inthes p8sititié Ligifd poffich dnd a negative
signal portion; stibseguenitty; #ierenveloperatrve 0f the positive signal fraction and the envelope curve
of the negative signal fraction are determined and added. On the basis of ;[ﬁe addition signal, the

e

control/evaiatior dnk a8c&rtainS the BsEMiatiGR freqtiehty of tife G8&ITERAbIE YAt Affhe redetermined
phase shift between thertranshyission:sigraland:thei recetved signal. Thednvention will now be
explained in grg%tregrdtetail based on the appended drawing, the figures of which show as follows:
« The control/evaluation unit, which, as a rule, is arrangsd
on a circult board, is compact.
- Expensive special components with relatively high component

tolerances can be omitted.

In an advantageous embodiment of the apparatus of the invention,
a control/evaluation unit with a phase selective rectifier is
provided, wherein the rectifier produces a phase selective
direct voltage. A low-pass filter and a comparator are
connected to the phase selective rectifier. Furthermore, a
microceontroller is provided, which ascertains the oscillation
fregquency of the oscillatable unit at the predetermined phase
shift between transmission signal and received signal based on
two freguencies, which lie symmetrically to the resonance
frequency and at which predetermined threshold values of the
amplitude of the received signals or the phase proportional

direct veltage of the rectifier are reached or exceeded.

Moreover, it is provided, that the phase selective detector
comprises a multiplier, a producer unit for a reference signal,
whose clock frequency is adjustable via the microcontroller, a
phase shifter controllable by the micrccontroller and a low-

prass, wherein the multiplier multiplies a reference signal
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Fig. 1 a block diagram of a first embodiment of the apparatus of the invention; Fig. 2 a schematic
representation of the curve of the phase proportional direct voltage of a phase selective rectifier as a
function of frequency; Fig. 3 a flow diagram for visualizing the method of the invention relative to the
forms of embodiment shown in Fig. 1 and Fig. 2; Fig. 4 a block diagram for the purpose of
implementing a phase selective rectification; Fig. 4a a diagram, which shows the dependence of the
amplitudes of the input signal and a rectangular signal as a function of time,

(which has, in each case, the clock frequency predetermined by
the microcontrcoller) with the received signal; wherein the phase
shifter adjusts the phase relationship ¢f the reference signal
and the received signal; and wherein the phase proportional
direct voltage is tappable at the cutput of the first low-pass,

which is connected after the multiplier.

Furthermore, it is seen as advantageous when a comparator, which
serves as a threshold detector and whose output signals are
forwarded to the microprocessor, 1s connected after the low-
pass, wherein the microcontroller ascertains the current
oscillation frequency of the oscillatable unit at the
predetermined phase shift between the transmission signal and
the received signal based on an average of a first thresholid
value and a second threshold value ascertained during the

frequency scanning operation.

An advantageous further development of the solution described
above provides that a second low-pass 1s connected after the
phase shifter; a sinuscidal signal is present at the output of
the second low-pass; the transmitting/receiving unit excites the
escillatable unit to oscillations at the current oscillation
frequency ©of the oscillatable unit at the predetermined phase
shift between transmission signal and received signal using the

sinusoidal signal.

An alternative embodiment of the apparatus of the invention
provides a control/evaluation unit, which produces a phase
selective rectified signal. Then, the phase selective signal is
divided into a peositive signal portion and a negative signal
portion; subseguently, the envelope curve of the positive signal

fracticon and the envelope curve 0f the negative signal fraction
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Fig. 4b a diagram, which shows the dependence of the amplitudes of the output signal of the phase
selective switch/rectifier as a function of time, and for the case when the oscillatable unit oscillates
undamped in air. Fig. 5a a representation of the amplitudes of the output signal of the phase selective
rectifier for the case when the 12 oscillatable unit oscillates undamped in air, where the sweep time is
1 sec and the phase selective rectifier is set to a 900 detection; Fig. 5b a representation of the
amplitudes of the output signal of the phase selective rectifier for the case when the oscillatable unit

oscillateg tndasnadinals where.thesweeptimelis @1 sec and thephase;selective; rectifier is set to a

90 detection;
the control/evaluation unit ascertains the oscillation frequency
of the ecscillatable unit at the predetermined phase shift

between the transmission signal and the received signal.

The invention will now be explained in greater detail based on

the appended drawing, the figures of which show as follows:

Fig. 1 a block diagram of a first embodiment of the apparatus

of the invention:

Fig. 2 a schematic representation of the curve of the phase
proportional direct voltage of a phase selective

rectifier as a function of freguency;

Fig. 3 a flow diagram for visualizing the method of the
invention relative to the forms of embodiment shown in

Fig. 1 and Fig. 2:

Fig. 4 a block diagram for the purpose of implementing a phase

selective rectifilication;

Fig. 4a a diagram, which shows the dependence of the amplitudes
of the input signal and a rectangular signal as a
function of time,

Fig. 4b a diagram, which shows the dependence of the amplitudes
of the output signal of the phase selective
switch/rectifier as a function of time, and for the case

when the oscillatable unit oscillates undamped in air.

Fig. 5a a representation of the amplitudes of the ocutput signal

of the phase selective rectifier for the case when the

12



Fig. 6 a schematic diagram of the method of the invention according to a second embodiment. Fig. 1
shows a block diagram of a first embodiment of the apparatus of the invention. The received signal E
of the oscillatable unit (not shown) is fed to the input of the amplifier 1. Amplifier 1 serves to match the
impedance and amplitude between the receiving unit E, usually at least one piezoelectric element, of
the oscillatable unit and the control/evaluation unit 10. A multiplier 2, which multiplies the signal of the
receiving unit E with the periodic signal, here a rectangular signal, of the digital frequency generator 3,

s connected after becampliiaiit<The eutnu sianel of te. muliplier 2 shons e phase difference or
the phase shift between the output sui al of the amplifier 1 and the output signal of the frequency
generator 3 as a dird&@SRItagBSraction. TR difstt Voftagb #aetion i< filkéred R Byithedowipass 7.
Multiplier 2 and lowspass 7, togetherwith the phase shifter 4, form the phase selective rectlflc_ar 11. The
digital frequency generator 3 produces the reference rectangular signal for the forced excitation of the
oscillatable 13 unit. The variable phase shifter 4 sets the phase difference between the signal of the
receiving tigit ESand thesigrad of thel transiittihg uaitS Sﬁmhitlrrat@fcem@fn_cb@\@mes@gs;wgm the
g‘”'?ip'cifam‘)f the,wa glangls for te fireet valtage [raction, The phase difference can be set to any
esired value.
oscillatable unit oscillates undamped in air, where the
sweep time 1s 0.1 sec and the phase selective rectifier

is set to a 90° detection;

Fig. & a schematic diagram of the method of the invention

according to a second embodiment.

Fig. 1 shows a block diagram of a first embodiment of the
apparatus of the invention. The received signal E of the
oscillatable unit (not shown) is fed to the input of the
amplifier 1. Amplifier 1 serves to match the impedance and
amplitude between the receiving unit E, usually at least one
piezoelectric element, of the oscillatable unit and the
control/evaluation unit 10. A multiplier 2, which multiplies
the signal of the receiving unit E with the pericdic signal,
here a rectangular signal, of the digital freguency generator 3,
is connected after the amplifier 1. The output signal of the
multiplier 2 shows the phase difference or the phase shift
between the output signal of the amplifier 1 and the output
signal of the freguency generator 3 as a direct voltage
fraction. This direct voltage fraction is filtered out by the
low-pass 7. Multiplier 2 and low-pass 7, together with the

phase shifter 4, form the phase selective rectifier 11.

The digital frequency generater 3 produces the reference

rectangular signal for the forced excitation of the oscillatable

13



The low-pass 5 converts the rectangular signal of the frequency generator 3 into a sine like signal. A
so called harmonic suppression is performed here. The amplifier 6 serves, in turn, to match the
impedance and amplitude of the signal of the transmitting unit S. The microcontroller 9 serves to
control the sweep method for ascertaining the current resonance frequency. Furthermore,
communicates with a superordinated control unit, which is not illustrated in Fig. 1. According to the
invention, a frequency scanning operation, a so called sweep, occurs in order to find the current

resonange frequengy of e gsallaighie uninihe beayency of te.signalpurogeed by fhe digita

frequency generator 3 is tuned via software of the microcontroller 9. Thus, there results the curve of
the phasefddiBER e e ct\bltageChowiTin Eigs 2V FA8 comiparktdBicsmpardgirelplidseelective or

phase propartierial ciregt valtage withia predetermined:threshold,values. Whenthefirstthreshold
value Si is Eetach d, the swee 'sé[iaused, and the frequency fl is stored in a memory element

ThicroR 0. THer8afidrthd déep-seontintiel Uit #&Second threshold

. In I’i:
associated with the micracoftrol cond tt
value SXisaeached. Thafregueney €2 békanging:tacthe secondithteshold vakiei$2 s likewise stored.

Then the arithmetic average is calculated from 14
The low-pass 5 converts the rectangular signal of the freguency
generator 3 into a sine like signal. A sco called harmonic
suppression is performed here. The amplifier 6 serves, in turn,
to match the impedance and amplitude of the signal of the

transmitting unit S.

The microcontroller 9 serves to control the sweep method for
ascertaining the current resonance frequency. Furthermore, it
communicates with a superordinated control unit, which is not

illustrated in Fig. 1.

According to the invention, a frequency scanning coperation, a so
called sweep, occurs in order to find the current resonance
frequency of the oscillatable unit. The freguency of the signal
produced by the digital freguency generator 3 is tuned via
software of the microcontroller 9. Thus, there results the

curve of the phase selective direct voltage shown in Fig. 2.

The comparator 8 compares the phase selective or phase
proportional direct voltage with a predetermined threshold value
5. When the first threshold value S1 is reached, the sweep is
paused, and the frequency fl is stored in a memory element
assoclated with the microcontroller 9. Thereafter the sweep 1s
continued until the second threshold value $2 is reached. The
frequency f2 belonging to the second threshold value S2 is

likewise stored. Then the arithmetic average is calculated from

14



the two frequency values Si, S2. Preferably, the sweep is carried out from higher to lower frequencies.
The ascertained frequency, which corresponds to the current resonance frequency A? of the
oscillatable unit, is tuned in; the oscillatable unit is excited to oscillations with the ascertained current
resonance frequency fn. As soon as the resonance frequency of the oscillatable unit changes, the next
sweep is performed. The osci latable unit can be embodied in a number of very different ways, as
already mentioned in the introduction of the description. The solution of the invention is especially

distinguighed mmaﬁtg@gwl%fm@e fist time, topquin different qsgillatguy.systems with an, at
least almost, uniform, identical electronics. The apparatus of the invention or the method of the
inventiofr Yefivéa BhivefSATIAHGRHS For'the RBEy drictAbrasciifiory systems, as used in the fields of
fill level measurement, phase boundary level measurement or density measurement. A flow diagram,

which sets forth the indjvidual steps of the method of the invention, is shown in Fig. 3. Since the flow
il RS ke %Ifec h&fE Fig PP BRSWS A B0k GHgram of the phase

diagram’is seﬁ%&%ﬁinaajtory, arep tifion s offii

selectivereagiifieation in-theueass,of 4 mechanicallyundamped escillatory system dhe; exciter signal,
with which the oscillatable unit is excited to oscillate, is transmitted by the transmitting/receiving unit

SIE to tHe'menfrane aritPthe dtitathBlethfit $66Ured 18 5C bistafbaits sighdlst8bch as

ascertained current resonance freqguency f,. As soon as the

resonance freqguency of the oscillatable unit changes, the next

sweep 1s performed.

The oscillatable unit can be embodied in a number of very
different ways, as already mentioned in the introduction of the
description. The solution of the invention is especially
distinguished in that it is possible, for the first time, to
equip different cscillatory systems with an, at least almost,
uniform, identical electronics. The apparatus of the invention
or the method of the invention deliver a universal platform for
the most varied of oscillatory systems, as used in the fields of
fill level measurement, phase boundary level measurement or

density measurement.

A flow diagram, which sets forth the individual steps of the
method of the invention, is shown in Fig. 3. Since the flow

diagram is self explanatory, a repetition is omitted here.

Fig. 4 shows a block diagram of the phase selective
rectification in the case of a mechanically undamped oscillatory
system. The exciter signzl, with which the oscillatable unit is
excited to oscillate, is transmitted by the
transmitting/receiving unit S/E to the membrane and the

oscillatable unit secured to it. Disturbance signals, such as

15



noise and grid humming, are superimposed on the output signal of the transmitting/receiving unit S/E
at 50 Hz. This output signal superimposed with disturbance signals, together with the 900 phase
shifted exciter signal, is fed to the phase selective switch. Since the phase shift of the eigenfrequency
in the undamped case is 90, it is to be expected that the phase selective rectified signal in the case of
resonance, thus comprises positive half waves only and also has the maximum amplitude at this point
in time. The corresponding diagrams are presented in Fig. 4a and Fig. 4b. As a function of the sweep

time, thugthedtime pegioddnwhigh a;swaew oyenthe; workdng range atthg escillatable, unit from the
lowest to the highest frequency is performed, the resonance frequency, at which the’maximum

amplitude’Scdure PSS RPE Vi S tHE-Bigenfréuenéy aRifts hst resUitéfthe deraied 'storage time'

of the mechanicaleseillatpposystem:. Tiheresonanee fequeney: issdefineghas the freguengy.of the
output sig%ml ahtheep%igt i{nttime of maximum amplitude; the ei%enfrequency is defined as the
i

frequency at & phase Totatioh of 9O befweet e transriittitf and e Feddivei siyhak Thefs is a shift of
the resonante frequéncyandreigehfrequencyfeaused-by thei fpresd-excitatiop af-therascillatable unit.

As a resulfelibase sifts, e Rositive partofdhe phase, seiectiye slanalas Its, maximum at another
point in time than when the negative part of the &gna%gs its Zero Crossing. This aspect is shown in
Fig. 5a &L P 5he whicH didwdhe baaviorof the phase selective signatin thewcase of two different

sweep velagitiessefl sec apdhaf G sec,Determining the fesonange, frequency. with the assistance of
the comparator is thereby supplementally made difficult in that the amplitude of
amplitude at 'this point in time. The corresponding diagrams are

presented in Fig. 4a and Fig. 4b.

As a function of the sweep time, thus the time period in which a
sweep over the working range of the cscillatable unit from the
lowest to the highest frequency is performed, the resonance
frequency, at which the maximum amplitude occurs, shifts.
Moreover, the eigenfreguency shifts as a result of the delaved
"storage time’ of the mechanical oscillatory system. The
resonance frequency is defined as the frequency of the output
signal at the point in time of maximum amplitude; the
eigenfrequency is defined as the frequency at a phase rotation
of 90° between the transmitting and the received signai. There
is a shift of the resonance frequency and eigenfrequency caused

by the forced excitation of the oscillatable unit.

As a result of these shifts, the positive part of the phase
selective signal has its maximum at another point in time than
when the negative part of the signal has its zeroc crossing.

This aspect is shown in Fig. 5a and Fig. 5b, which show the
behavior of the phase selective signal in the case of two
different sweep velocities of 1 sec and of 0.1 sec. Determining
the resonance frequency with the assistance of the comparator is

thereby supplementally made difficult in that the amplitude of
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the phase selective direct voltage, in addition to the dependence on the sweep time, also has a strong
dependence on the damping of the medium, with which the oscillatable unit comes in contact. As a
result of the phase shift and the amplitude variation, an exact evaluation by means of a low-pass and
comparator is made difficult. Consequently the solution shown in Fig. 1 - Fig. 3 has its limits, especially
in the case of high sweep velocities. In order to also be able to apply the method of the invention in the
case of high sweep times, an alternative solution is shown in Fig. 6. The phase selective rectified

signal is-geparated inte itspositivejand its negetive signal camponests. ckheik dhe two signal
components are added. Since the maxima of the positive signal fraction and the negative signal

fraction &8 EhiFEt fel Ave foRd SRBtHe ™ fhe EMvisloBd Surved g tRe tio GgRa tomSBhents are first

determinad anghibensummende:i.ecinieffect.a differance isealculatad. Analag or digital envelope curve
detectors determine the envelope curves. The resulting addition/difference signal has its maximum at
the respce%rﬁ\e/gIy@et?ﬁ%%%r'mined phase shift between the transmitting and the received signals.
Preferably, the phase shift is 90. List of Reference Characters lamplifier

As a result of the phase shift and the amplitude variation, an
exact evaluation by means of a low=-pass and comparator is made
difficult. Consequently the scolution shown in Fig. 1 - Fig. 3

has its limits, especially in the case of high sweep velocities.

Iin order to also be able to apply the method of the invention in
the case of high sweep times, an alternative solution is shown
in Fig. 6. The phase selective rectified signal is separated
into its positive and its negative signal components. Then, the
twe signal components are added. Since the maxima of the
positive signal fraction and the negative signal fraction are
shifted relative to cne another, the envelope curves of the two
signal components are first determined and then summed, i.e. in
effect, a difference is calculated. Analcog or digital envelope
curve detectors determine the envelope curves. The resulting
addition/difference signal has its maximum at the respectively
set, predetermined phase shift between the transmitting and the

received signals. Preferably, the phase shift is 90°.
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2multiplier 3digital frequency generator 4phase shifter 5first low-pass 6amplifier 7second low-pass

List of Reference Characters

amplifier

multiplier

digital freguency generator
phase shifter

first low-pass

ampiifier

second low-pass

comparator

microcontroller

control/evaluation unit

et O

phase selective rectifier

receiving unit
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transmitting unit
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8comparator 9microcontroller 10control/evaluation unit 11phase selective rectifier receiving unit
transmitting unit

Patent Claims

1. Method for determining or monitoring a predetermined fill
level, a phase boundary or a density of a medium in a container
with an oscillatable unit, wherein the oscillatable unit is
placed at the height of the predetermined fill level: wherein
the oscillatable unit is excited to oscillate by means of a
frequency scanning operation (sweep) within a predeterminable
frequency band in the working range of the oscillatable unit
successively with discrete exciter frequencies following one
another; wherein the corresponding oscillations of the
oscillatable unit are received in the form of received signals;
wherein that exciter frequency is ascertained in the freguency
scanning operation, at which the oscillatable unit oscillates
with an oscillation freguency, which has a predetermined phase
shift between the transmission signal and the received signal;
and wherein the transmitting/receiving unit (S/E) excites the
oscillatable unit to oscillate with the oscillation freguency
ascertained or wherein the following freguency scanning

operation is started.

2. Method as claimed in claim 1, wherein a new frequency
scanning operation is started when the oscillatable unit
cscillates outside the oscillation freguency at the
predetermined phase shift between the transmission signal and

the received signal.

3. Method as claimed in claim 1 or 2, wherein the oscillation
frequency at the predetermined phase shift between the

transmission signal and the received signal is ascertained by
evaluating amplitudes of the received signals received by the

transmitting/receiving unit (S/E).
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Patent Claims 1. Method for determining or monitoring a predetermined fill level, a phase boundary or
a density of a medium in a container with an oscillatable unit, wherein the oscillatable unit is placed at
the height of the predetermined fill level; wherein the oscillatable unit is excited to oscillate by means
of a frequency scanning operation (sweep) within a predeterminable frequency band in the working
range of the oscillatable unit successively with discrete exciter frequencies following one another;
wherein the corresponding oscillations of the oscillatable unit are received in the form of received
signals; wherein that exciter frequency is ascertained in the frequency scanning operation, at which
the oscillatable unit oscillates with an oscillation frequency, which has a predetermined phase shift
between‘he tFiismiSsidh SigRamal the rekeivedisighal andlviierén thestramsmhitting/teceiving unit
(SIE) exeitestherescillatable-unit-to:asclliateith the gscillation frequencyascertained or wherein the

following fre uerjl,r%s,canning operation is started. 2. Method as claimed in claim 1, wherein a new

frequency SEATTRNTG OpBration e Starey Wientheostiftabietmt dstilftes bhtsidethe vscillation
frequencyvatithe predetetmined phase shifthetweansthertsansmission:signal-and thevecgived signal.
3. Method as claé egiinlgl;}:l im 1 or 2, wherein the oscillation frequency at the predetermined phase
shift between the fransmission signal and the received signal is ascertained by evaluating amplitudes
of the received signals received by the transmitting/receiving unit (S/E).

5. Method as claimed in claim 4, wherein the evaluation of the
phase shift between the transmission signal and the received
signal is performed by a phase selective rectifier, which
produces a direct voltage proportional to the phase and
amplitude; and wherein the received signals of phase selective
rectifier (11) are formed using the received signal of the
transmitting/receiving unit (S/E} and a signal derived from the

transmitting unit.

©. Method as claimed in c¢laim 3, 4 or 5, wherein the frequency
range in the working range of the oscillatable unit is passed

through during a frequency scanning operation.

7. Method as claimed in c¢laim 5 or 6, wherein the oscillation
frequency of the oscillatable unit at the predetermined phase
shift between the transmission signal and the received signal 1is
ascertained based on two frequencies, at which a predetermined
threshold value of the amplitude of the received signals or the
phase proportional direct voltage is reached or exceeded, lving
essentially symmetrically to the oscillation frequency at the
predetermined phase shift between the transmission signal and

the received signal,

8. Method as claimed in one or more of claims 1~4,
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4. Method as claimed in claim 1 or 2, wherein the oscillation frequency at the predetermined phase
shift between the transmission signal and the received signal is ascertained by evaluating phase shift
between the transmission signal and the received signal. 5. Method as claimed in claim 4, wherein the
evaluation of the phase shift between the transmission signal and the received signal is performed by
a phase selective rectifier, which produces a direct voltage proportional to the phase and amplitude;
and wherein the received signals of phase selective rectifier (11) are formed using the received signal

of the trapsenitting/receiving upitdS/E).and 8 signal derjyed from she yrapsmitting unit. 6. Method as

claimed in claim 3, 4 or 5, wherein the frequency range in the working range of the oscillatable unit is

passed thfolghddfing &tddudiicy (Scahniry Bp&raim. 17 Methoedsiélaifsed iveiaim 5 or 6, wherein

the oscillation freguensy:of:tbg pscillatablgrinit atdhe predeterpined-phage shiftbetween the
transmission sign%l and the recejved signal is ascertained based on two frequencies, at which a

s

predetermined tireshofd Até of e AriBlitdde 6F et FiteRfed digRalsoFtHEPRast Hrsp6itional direct
voltage islreaclkzer ol exceeded; lyifigessentialiy-symaietecallyiodhe ascillationftequency at the

i ' iSsI i e recejved,signal. 8. Method as
[Ngdeuﬂgﬂwgigggsggpg%beg%%gggg%g§n%ygﬁggég ?gl%@%ﬂ%sciliatlog frequency
claimed in one or more of claims 1-4,

of the oscillatable unit at the predetermined phase shift
between the transmission signal and the received signal is

ascertained based on the addition signal.

9. Apparatus for determining or monitoring a predetermined fill
level or a phase boundary of a medium in a container with an
oscillatable unit, wherein the oscillatable unit is piaced at
the height of the predetermined fill level; wherein a
transmitting/receiving unit (S/E) is provided, which excites the
oscillatable unit to oscillate successively with discrete
exciter frequencies following cne another in a frequency
scanning operation within a predeterminable frequency band in
the working range of the oscillatable unit and which receives
the corresponding oscillations of the oscillatable unit, is
provided; wherein a control/evaluation unit (10) is provided,
which ascertains the exciter frequency at which the oscillatable
unit oscillates at an cscillation frequency with a predetermined
phase shift between the transmission signal and the received
signal; and wherein the transmitting/receiving unit (S/E)
excites the oscillatable unit to oscillate at the predetermined
phase shift between the transmission signal and the received

signal with the ascertained oscillation freguency.

10. Apparatus as claimed in claim 9, wherein control/evaluation
unit (10} is so embodied that it ascertains the oscillation

frequency of the oscillatable unit at the predetermined phase
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wherein the phase selective signal produced by the phase selective rectifier (11) is divided into a
positive signal portion and a negative signal portion; wherein the envelope curve of the positive signal
fraction and the envelope curve of the negative signal fraction are formed; wherein the two envelope
curves are added; and wherein the oscillation frequency of the oscillatable unit at the predetermined
phase shift between the transmission signal and the received signal is ascertained based on the
addition signal. 9. Apparatus for determining or monitoring a predetermined fill level or a phase
boundar medium in a,gontai it . oscillat unit, wherein the oscillatable unit js placed at
the heigf%t%gtﬁe%grgg%gmined?il?%eﬁv%hbv%ﬁér%%n %%((r?zﬁ%m%#%\;r%%%ivﬁgcﬁ%i\{?ﬁéﬁgrﬁargvi!a%, which
excites tREdLelatatle UMb Bscilte Stecassively WithdisereterREitdrifrequantiesfollowing one

another & fregriengy Scapnikg:ereration y\gglm aggdg@émy@gggyggugggyl band.in the working
range of the oscillatable unit and which receives the corresponding oscillations of the oscillatable unit,
is providdBPwhePElR & orttP6l/vitattiFusfit e76) s provided, which ascertains the exciter frequency
at which the oscillatable unit oscillates at an oscillation frequency with a predetermined phase shift
between t?e tr%nsmission siggal ?nd the received Si&n l; and wherein the transmitting/receiving unit

(S/E) exdite's the 5Sitatable init 16 08Gate at thE Predetdfmined phEsdRitthetween the

transmissiortsighdkand the feceived sighal withtheagcertained ascilationdregueney. 10. Apparatus
as claimed in clain. 9, (vyrllefr’elgﬁggggo %%%ﬂ%téoﬁn ynit é%%)els Ss&erg@ggrlgd (ﬁhat |é Qs%%rfﬁl]gs ettle
d ph iTt Betw e

oscillation frequency of the oscillatable unit at the prg etermine ase s eent
transmiséih§igRaPand the feceived sighall By evaliatingodwming ther fré§uercyescanming bperation,

phase betwesan thedransmission signakand the recgived signal or-amplitude,qf the received signal.
11. Apparatus as claimed in claim 9 or 10, wherein a control/evaluation unit is provided with a phase

selectiveé rectifieP P “which producdsREPIASE Seletivé BirédSriltagen Whehéin a low-pass filter (7)

and a comparater{B)are cognested afterihe phase selectivedegtifier (14);:and wherein a
microcontg&l!;r@)&&pro ide}ﬁd which a%certains the oscillation frequency of the oscillatable unit at the

predetermined b%ase%%%t Bétiveer the tranSmissih Sighal-&id i rcERieP<igRarbaSEH on two
frequenciés; which liessynsmetricallye ¢hie sesananceédfeeguencyand atwhichihe predetermined

threshold yalyes.(51.32) ot the.aupliude of fhe recelyed sianals.or the piasg pigportional direct
voltage of phase selective rectifier (11) are reached or exceeded,.
predetermined threshold values (S1, $2) of the amplitude of the
received signals or the phase proportional direct voltage of

phase selective rectifier (11) are reached or exceeded, .

12. Apparatus as claimed in claim 9 or 10, wherein a
control/evaluation unit, which produces a phase selective
rectified signal, is provided; the control/evaluation unit
divides the phase selective signal into a positive signal
portion and a negative signal portion; the control/evaluation
unit determines and adds the envelope curve of the positive
signal fraction and the envelope curve of the negative signal
fraction; and the control/evaluation unit ascertains the
oscillation frequency of the oscillatable unit at the
predetermined phase shift between the transmission signal and

the received signal based on the addition signal.
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12. Apparatus as claimed in claim 9 or 10, wherein a control/evaluation unit, which produces a phase
selective rectified signal, is provided; the control/evaluation unit divides the phase selective signal into
a positive signal portion and a negative signal portion; the control/evaluation unit determines and adds
the envelope curve of the positive signal fraction and the envelope curve of the negative signal
fraction; and the control/evaluation unit ascertains the oscillation frequency of the oscillatable unit at
the predetermined phase shift between the transmission signal and the received signal based on the

addition signal.ap3aAppartus asicaimed inong.ar more of claims 9r11,whetejn phase.sensitive
rectifier 1% comprises a multiplier (2), a producer unit (3) to produce a reference signal, whose clock

frequency 18 HajistabIe oy midotontrofidr (63,14 pRakeshite? @)EontrbRabehby microdontroller (9)
and a low:passds), wherein gultipliey {23 oudtipliesdberefarenea gigna), winighhas; kr@ach case, the

clock frequency predetermined icrocantroller (9), with the received signal; wherein phase

shifter (4%%%%%%5 tHe f)ﬁagg ?éllsabﬁl%%hsfﬁ%&f the ?&%?8&% é\)ll\éj?\SFaH(? tHe F’ee%}igeﬁfsiﬁﬁéif,%%ﬂ wherein

the phasé‘proportional diredevditage istappatilecdtthe oufputafdirst low-passsE),(Which is connected

after the muitipher (2),14-Anparatus ag claimed.in ong or mate of claims 13, wherein.a comparator (8)
r{tlgr (18% reshold dg{le d it

is connected after the low-pass (7); compara serves as at Ctér and its output
signals ar@ forwdrded b mrtfeoritistief {9 Whisreirmmttocantesiiet €9 dseettdins tHeecurrent

oscillationsfrequency:efthe oseillpfahle upit-afdhe predetesmined phase, shift between the transmission
signal and the received signal based on an average of a first threshold value (51) and a second

threshold Value (52) Ascaftaimdttddrity RAféqdend/ SN opératioh (sRheeppnce

signal and the received signal; and wherein the phase
proportional direct voltage is tappable at the output of first

low-pass (7), which is connected after the multiplier (2).

14. Apparatus as claimed in one or more of claims 13, wherein

a comparator (8) is connected after the low-pass {(7); comparator
{B} serves as a threshold detector and its output signals are
forwarded tc microcontroller (9); wherein microcontroller {(9)
ascertains the current oscillation frequency of the oscillatable
unit at the predetermined phase shift between the transmission
signal and the received signal based on an average of a first
threshold value (S1) and a second threshold value (82)

ascertained during the freguency scanning operation (sweep).

15. Apparatus as claimed in claim 13, wherein a second low-pass
(5) 1s connected to phase shifter (4), a sinusoidal signal is
present at its output; the transmitting/receiving unit (S/E)
excites the oscillatable unit to oscillate at the current
oscillation freqguency of the oscillatable unit at the
predetermined phase shift between the transmission signal and

the received signal with the sinusoidal signal.
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15. Apparatus as claimed in claim 13, wherein a second low-pass (5) is connected to phase shifter
(4), a sinusoidal signal is present at its output; the transmitting/receiving unit (S/E) excites the
oscillatable unit to oscillate at the current oscillation frequency of the oscillatable unit at the
predetermined phase shift between the transmission signal and the received signal with the sinusoidal
signal. 16. Apparatus as claimed in one or more of the preceding claims 9-15, wherein the
control/evaluation unit is embodied as a digital circuit, especially as a digital signal processor DSP, an

FPGA ong PSaGy, 17 ARRataius as;claimned, in.one ot mare of the %%C%@%g@mﬁ, wherejn the

oscillation frequency of the oscillatable unit with predetermined phase is the oscillafion frequency of

the funddmental'fGde& oF tié BsEifalicr régtihey bl ahigheriméde s bretietérmined phase shift,

digital circuit, especially as a digital signal processor DSP,

an FPGA or a PSoC.

17. Apparatus as claimed in one or more of the preceding

claims, wherein the oscillation freguency ©f the oscillatable
unit with predetermined phase is the oscillation freguency of
the fundamental mode or the oscillation freguency of a higher

mode at the predetermined phase shift.
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