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DETERM NI NG A PHASE DI FFERENCE BETWEEN A FI RST SENSOR SI GNAL AND A

SECOND S%g@ /a_/ L OF A FLOW METER 5 Background of the Invention
1. Field o &1 Ment i on The present invention rel at eBCTGSHRYUp232

el ectronics and nethods for determning a phase difference between a
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20 The viRegtional nodes of the material filled systens are defined
in part by the conbined nass of the flow tubes and the materi al

wi t hi 0t he flatamarub&se PMtieri al flows into the flow meter froma

connected pipeline on the hnl.elt side of the flow meter. The material
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applies a force to the flow tube. orce uses
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mat eri al Dbégins 'to

accel & attubssofchffsenteaahigRolidts. Ha008ohdi dohBBHLHBE niay HAMEWA as having
different phase with respect to other points along the flow tube.
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20 The vibrational modes of the material filled systems are defined in part by the
combined mass of the flow tubes and the material within the flow tubes. Material flows
into the flow meter from a connected pipeline on the inlet side of the flow meter. The
material is then directed through the flow tube or flow tubes and exits the flow meter to
a pipeline connected on the outlet side.

25 A driver applies a force to the flow fube. The force causes the flow tube to
oscillate. When there is no material flowing through the flow meter, all points along a
flow tube oscillate with an identical phase, As a material begins to flow through the
flow tube, Coriolis accelerations cause each point along the flow tube to have a different
phase with respect to other points along the flow tube. The phase on the iniet side of the

30 flow tube lags the driver, while the phase on the outlet side leads the driver, Sens‘ors are

placed at different points on the flow tube to produce sinusoidal signals representative of

the motion.of the flow tube at the different points. The phase difference between the
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1 WD 2007/ 047524 PCT/ US2006/ 040232 two sensor signals is
proportional to the mass flow rate of the material flow ng through
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incorrect phase and frequency neasurenents. This also is a problem
i n enpt y-Hiekd Semnl regaerchiingglatinblyrsbal20 Howovdrohe pbesmeasurcepshvbiicy

operated in alternatin ty and.full .conditions. Also, ,if _.the
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frequency. It should be understood that if the determined frequency is incorrect or
maceurate, then subsequently derived values of density, volume flow rate, etc., will also

25  beincorrect and inaccurate. Moreover, the error can be compounded in subsequent flow
characteristic determinations.

In the prior art, the pickoff signals can be digitized and digitally manipulated in
order to implement the notch filter. The notch filter accepts only a narrow band of
frequencies. Therefore, when the target frequency is changing, the notch filter may not

30 Dbe able to track the target signal for a period of time. Typically, the digital notch filter
implementation takes 1-2 seconds to track to the fluctuating target signal. Due to the

time required by the prior art to determine the frequency, the result is not only that the
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i npl enentation takes 1-2 seconds to track to the fluctuating target
signal. Due to the time required by the prior art to determ ne the
frequency, the result is not only that the 2 WO 2007/047524
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probl ens are solved and an advance in the Faﬂ[)t |hs achi eved .th.rouqll].
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signal” of "a PI'ow et er ter electronics tor determning a phase

di f f er ence rhet Weenar dividsd bgéasdy. signal 25 and a second sensor
signal of a flow neter is provided accordi to an .enbodi nent of e
i nvention. Th@%‘ﬂ%_rth"e]’@@? EBC ?%Dec%’ﬁ%? g%ré@ggﬁ“ ﬁgﬁ%ggl?g%eﬂ%%lgﬁ%gg
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processi ng'systemin comrunication with the interface. The

processi ndpteystaioni s configured to receive the first sensor signal

and t%e Summary of the Solution

The above and other probiems are solved and an advance in the art is achieved

through the provision of meter electronics and methods for determining a phase
difference between a first sensor signal and a second sensor signal of a flow meter.
Meter electronics for determining a phase difference between a first sensor signal
25  and asecond sensor signal of a flow meter is provided according to an embodiment of
the invention. The meter electronics comprises an interface for receiving the first sensor
signal and the sscond sensor signal and a processing system in conmmmication with the
interface. The processing system is configured to receive the first sensor signal and the
second sensor signal, generate a ninety degree phase shift from the first sensor signal,
30  and compute a frequency from the first sensor signal and the ninety degree phase shift.

The processing system is further configured to generate sine and cosine signals using the



second sensor signal, generate a ninety degree phase shift fromthe
first sensor signal, 30 and conpute a frequency fromthe first sensor

signal an .nety degree phase shift. The processj S

further cg‘ﬁ#lgbguwggﬁto generate sine and cosine signal sﬂ(ﬂ@?%é&%(ﬁ@n:%
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si gnal 5 aHyeeboR dhe Aythod corptigereysiving thet frst fehsstsigehsut theisgerald sansbr

t he ni nety. dag .shift. The nmet.had urt her conprises :
gener at i nélggiﬁhé&gﬁag Hg %glmr? g" é?%%eag’l%asggfflﬂgropﬁﬁlefft}rﬁtqﬁﬁ%??é n?gﬂ?ﬁ T e
further cefpyises figuaie fitdisensdespdull.al ntihdi dbides bhsRNam. Shanathcand
t he seconggﬁensor 10 signal] using the sine and cosine signals in

order to HEIEF FRTRREISEHEETSHABE stiefandcarBe siemalpising dhef fipquantier Fhainaigod
phase dif ferePeSREL [ ' second sensor
signal of a ff]own?ret er | Eﬁéﬂ;eo‘f\??{ ggﬁggg g}eﬁ?rg%%%%&g%ng%%dgtﬁﬁé%w AT

i nveni® onsigit exsime ot cconiprosine sighek éh widegid degerhritisihe phasodifBicanal and
t he second sen [ enerating. a ninety degree phase shift

or . sjignal, s
fromthe fir stgwﬁé@rfgggﬁﬁfﬁﬁ%ﬁdﬂ@ TERGE BEWACH P SGRIERRSPT FIEBA 4156
first 5en%@ﬁnébﬁ@nﬁlsiﬁﬁaﬁoftz{'ﬁoﬁ'rﬁ@érﬁsﬂ [£8 BhASH %E‘F}L%mbjgaﬁn&ﬁ%?ﬁ%
further conprises generating sine a cosi ne si gna S using the
f r equencyitv@tennEhhodthof genhesesaorgiving é® fiagnatr signatanbide lsatdndgehdre

first sensor ,signal. and. t he, second sensar i ghal using the sine and
cosi ne si sdﬁ%ﬁl’s%e%% HE ¢ RRCh 8 eﬁ]{]}aée ﬁ%ﬁ%&m %f’l%ﬂﬁ SGeYE rs%lfiﬂ §nd copppidne
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u

further 20 conprises filtering the first denbd ed signal and the
second defipden epnanisey ganatating singrage cosite ¥igrayesing gis Feuquenclhe method
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di f f er encdgnal Asipg dessirefantiResihavigntis onith theepedratpe démodulbites f@icedting a
el ectroni¢cs, the processing systemis further 25 configured to
ot dAmos

conput e ¢ edovengl Aed & seqond pmpeslalgd gignal (The wethad fethare f1 ow
rate pgusi d&moﬁ?ﬁ@ BherliRtfe ﬁfst H&%o&ﬁl%&'@%&ifl AAdLd &%oﬁ@ééﬁo&lg{aﬁrsf@ﬁ? In
f t% e C emi1s Tur {Dher

one aspect e neter electronics, processi ng Sys
order to remove high frequency components and cross-correlating the first demodulated

signal and the second demodulated signal in order to determine the phase difference.
Aspects of the Invention
In one aspect of the meter electronics, the processing system is further
25  configured to éompute one or more of 2 mass flow rate, a density, or a volume flow rate
using one or more of the frequency and the phase difference,
In one aspect of the meter electronics, the processing system is further
configured to compute the ninety degree phase shift using a Hilbert transform.
In yet another aspect of the meter elecironics, the quadrature demodulation
30 generates a first dernodulated signal and a second demodulated signal and the
processing system is further configured to filter the first demodulated signal and the

second demodulated signal in order to remove high frequency components and cross-
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configured to conpute the ninety degree phase shift using a Hil bert
transform In yet another aspect of the nmeter electronics, the

quadr at ur ul.ation 30 generates a first denodul | |l and
a second kﬁg@gﬁyf%d signal and the processing systeﬁ#ﬁ?’gb{?ﬂ&{)@gﬁ”
configured to filter the first denodul ated signal and the second

denodul at i j : j d
ross 4 Ve DRg e, DR SRS U1 A0orld SO o QIR M Bl

denodul at ddieshigadhe phce diffieraseeond denodul ated signal in order to
determ ne the phase differenc one, aspegt of the nethod, the
met hod fur t her ogirapricsef B HTRehgreongnes Bt Somprsrs raueutinams st e,
a densi tymd ofla ¥REUMIBy FiQW deakigy, WS b RIUBREI QY rABL8nLont BEmoR: of the
frequency and the phase difference. In another aspect of the nethod,

t he nefhodefutrchand EsmpesesEfersoaputi ng the ninety degree phase shift

using a Hil ber for not her. aspect of the nethad he
quadr ature de n%nd%r{oglﬁ ) eé@eonflgfr?% %ghog’ t%F f‘?‘%‘%"%@ﬁ@&h‘f"é’ﬁpé &% F‘Bﬂ%ﬁ%l%%‘e a
second denngty ddpest hagndkit aside b HEI@Haghaothe 10 denodul ation further
conprises filtering the first _denodul ated signal and the second

denodul at ed si Gnt aneihesegeset phihespsiad, Hegiafiasgiadampdelsiipo aenrraiennd
Cross-cor i - far i nd
denodul at " erioBSte kA Genlyah o eI Rloa Ry 200 B 3REA0C
Descrilpt i demodultther Dribwicogsrités Theingahefirse lemeddetcd uighelr andape esents

t he sane qu;at gn.aIL dr awi ngs. E!?. lillustrates a gbriolis fl.ow
meter in SFPRKEAHT $EBY Tt REISE IRASHIYE ALENFTGUeBC Y HETROTBISéRd & ase CPBRIatEs
accor di ngifeFidt-aiHaedidmiina0ind e sty '&Eﬁl@ﬂulatelf_ils%&a?iﬂ Sdér BlReKmine the

di agram of a portion of a processing system according to an

enbodi nenphast diffegediagvent i on, 20 FIG 4 shows detail of a Hilbert

t ransf or mybl ock. ac di.ng to an enbodi mrent of the invention. FIG 5
is a bl ocK i H }Oélrﬁ%ggeglgvg}%ency portion of an anal ysis bl ock

accorging to Bk fRRadferRIE n@nbEepletdtRNthe @Ame el dmen® oh 811 ﬂz‘ﬁ{/iﬁgéﬂ
di agram of a phase difference portion of the analysis block 5

accordi ng to alGerdtBemsiese efrialisdlownmelst inga example of the invention.

FIG. 2 shows meter electronics according to an embodiment of the invention.
FIG. 3 is a block diagram of a portion of a processing system: according to an
embodiment of the invention, |
20 FIG. 4 shows detail of a Hilbert transform block according to an embodiment of
the invention,
FIG. 5 is a block diagram of a frequency portion of an analysis b]ocklaccording
1o an embodiment of the invention.
FIG. 6 is a block diagram of a phase difference portion of the analysis block
25  according to an embodiment of the invention.
FIG. 7 is a fiowchart of a phase difference quadrature demodulation method
according to an embodiment of the invention.
Detailed Description of the Invention
FIGS. 1-7 and the following description depict specific examples to teach those
30 skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or

omitted. Those skilled in the art will appreciate variations from these examples that fall
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FIG 7 is a flowhart of a phase difference quadrature denodul ation
met hod according to an enbodi ment of the invention. Detailed
Descriptiqn of the Invention FIGS. 1-7 and the foll ow ng description

depi ct spet? %R %npl es to teach those 30 skilled i nfP¢HESZAPYOAGR t o
make and use the best node of the invention. For the purpose of

i 18, N o RO ETRA e AL SRS, P00 e

vari at i on&afured destiiiesichebocanpl &8s cohbinefl ah lvariSus\Wee 20K 71004 thdldiple variations
PCT/ US2006/ Q40232 within the scope of the invention. Those, skilled
in the . ar T W% PVEPiec et "Ehk: engvertionr §mos lqeded ind seckiln esmmples

conmbi ned {&y MBI M&N’Y‘?M 5;[11%%3/&96 Bl dddRh&: Y@ Akhgns of the

invention. As a resu e’invention is not limied to the specific

exanpl &s descFihédhbet eWoriblit flowlnyetlys ¢drepridig arsieimdssehbily 10 and meter

equi val ent.s.. 5.Fl shows riolis flow neter 5 coppri si a

ot er - aeoERBTS IR e eS8 LGP ORI TS TREL e HEGE O agprocess

responds #@tefaE MbleP¥lebiad sl s denihiod t@fne@elr I@l&é%gfﬁﬁﬁﬁ 10 Fﬁt@édsaﬂoo t!ts/ét er
0

el ectronics 20 is connected to neter assenbly 10 via | eads 100
provi de dEe¥ideyiensitys sasq Do raie.and derdparanran rmetion ayerett 2oms axedlras

path 26, I ot.her info tjon.not .rel evant. £ o the present .
Phvent tonona EprBie S GRS ER Pt b AL hbal el b re
it i si@ppRriesirite® althasd isisiabpeehtito thodesianéd inhak atktheat pliesefdnt ifWegAbh ON
could be practiced as a vibrating tube densitonmeter w.thout the

addi t i onaforehe praghendas avafating mgy dprsifoingien valort s piditipeal marasufersit
nmeter. M ; i i f mani fol ds 150 and 150,
fl anges 1%@%%%#%8\%%@0? g%égﬂﬁgc egé}llo and 110', a pair of
paral | el fl ow MefeessstB0lyartindldaes a phit vfemarifoldetItanidsihol nges 103 and

tenperature, sensor 190, and a pair of vel.oci ensqrs 170L (OR.
Fl g\?v tubegoe%gﬁ)“% A ec%sa&é) ¥ 1@3@@6’61"5?1%?{%1@?%‘?’ Silrjﬁ{gélﬂd ?Q@sf}rm
and 184" @pghaih] edo, ténﬁ&?at&l%ieﬁ’é&g 1884md a%%%fb‘éﬁ&?&m%%“ﬁf@sarﬁaﬁ@&

ot her at flow tube mounting bl ocks 120 n _ ow t ubes 130 and
130" bendFlatv tuhes 1SPramdtldD'daie oo atseutivdlyaiveight nhasilegs @igmd 134 randaruglet

essenti al al ,throughout their |ength. ace.bars _140.an '
serve to e ok ik i bl et ke e Nt Ol et QLB e 140
osci | | at egnd [BIe Elodaub®ds0k3d 130'Fknd @ﬂ;@o]&gﬂmelﬁéél_l&fatibh@ﬂohglHﬁsr &30
and 130' are fixedly attached to flow tube nounti ngabl ocks 120 and

120" and Mo sispriidatly parallel rongharkthel Jengihy Brace hamd Al ead Adhhispioreds
150 aﬂg 1(?5%11'6 tﬂ_ch é}ﬁs R Qﬁ/d ﬁﬁgbo%t %?élf 3R lﬂ%wccllﬁ)é S’Qiﬁ'ﬁés.er ial path
The side legs 131, 131" and 134, 134' of flow tubes 130 and 130" are fixedly
attached to flow tube mounting blocks 120 and 120" and these blocks, in turn, are fixedly
attached to manifolds 150 and 150", This provides a continuous closed material path
through Coriolis meter assembly 10.

25 When flanges 103 and 103", having holes 102 and 102' are connected, via inlet
end 104 and outlet end 104' into a process line (not shown) which carries the process
material that is being measured, material enters end 104 of the meter through an orifice
101 in flange 103 is conducted through manifold 150 to flow tube mounting block 120
having a surface 121. Within manifold 150 the material is divided and routed through

30 flow tubes 130 and 130", Upon exiting flow tubes 130 and 130', the process material is
recombined in agsingle stream within manifold 150" and is thereafter routed to exit end

104 connected by flange 103' having bolt holes 102" to the process line (not shown).
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through Coriolis neter assenbly 10. 25 Wen flanges 103 and 103",
havi ng hol es 102 and 102' are connected, via inlet end 104 and
outlet end 104' into a process |ine (not shown) which carries the

process N &7 ¥hat is being neasured, material enterKURAREH/HBH20f
the meter through an orifice 101 in flange 103 is conducted through

mani fol d 150 tBlofd @West Bbenamaptd-Hekilock éﬁng@%&%@%@ﬁ% ﬁ%@%%%ibe

Wthin mani fold 150 the material 1s divi roug
fl ow t ube§OYBER&HNacks3G0 andPaf sexk td raye fshioniarttialip shel@heansks H3d butidie

process M elcha!orlSsrt: %0%1'! ed in.a single streamwthin manifold

150' and | sﬁ%hgroggl trté% 5r ou en% St%ogu}ﬁlsta Qﬁgbenf&@ DEH Mt B8 By -Mange

103’ havi regpdsdlelyhGhess bkO3ing taRed MEhRARR BS42e!baRel 40NRH 13HOsm h‘%@ﬁae
ecte

2007/ 047524 PCT/ Ug‘ﬁgogé 840232 Fl ow tubes 130 and 130" are se
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the Meter electronics 20 receives the RTD temperature signal on lead 195, and the
left and right velocity signals appearing on leads 165L and 165R, respectively. Meter
electronics 20 produces the drive signal appearing on lead 185 to drive element 180 and
vibrate tubes 130 and 130'. Meter electronics 20 processes the left and right velocity

25 signals and the RTD signal to compute the mass flow rate and the density of the material
passing through meter assembly 10. This information, along with other information, is
applied by meter electronics 20 over path 26 to utilization means 29,

FIG. 2 shows meter electronics 20 according to an embodiment of the invention.

The meter electronics 20 can include an interface 201 and a processing system 203. The

30 meter electronics 20 receives first and second sensor signals 210 and 211 from the meter
assernbly 10, such as pickoff/velocity sensor signals. The meter electronics 20 can

operate as a mass flow meter or can operate as a densitometer, including operating as a
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|l eft and right velocity signals appearing on | eads 165L and 165R,
respectively. Meter electronics 20 produces the drive signal

appearing._on lead 185 to drive elenment 180 and vibra %%3; and
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determ nation are nuch faster and nore accurate ang rel1able than
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the processing,tine reguired i,n order to conpute the. fl.o

char acter i ot a2 BHGF b EFeisgey SR hRiandef OBt D aBelt fik 2 seeonds to
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determ nation rate, e nmeter electronics 20 according to the

The interface 201 receives the sensor signal from one of the velocity sensors
170L and 170R via the leads 100 of FIG. 1. The interface 201 can perform any
necessary or desired signal conditioning, such as any manner of formatting,
amplification, buffering, etc. Alternatively, some or all of the signal conditioning can be

25  performed in the processing system 203.

In addition, the interface 201 can enable communications between the meter
slectronics 20 and external devices. The interface 201 can be capable of any manner of
electronic, optical, or wireless conumunication.

The interface 201 in one embodiment is coupled with a digitizer 202, wherein the

30 sensor signal comprises an analog sensor signal, The digitizer 202 samples and digitizes
the analog sensor signal and produces a digital sensor signal, The digitizer 202 can also

perform any needed decimation, wherein the digital sensor signal is decimated in order
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20 invention can be about 40 tines faster than the prior art. The
interface 201 receives the sensor signal fromone of the velocity
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characte rlﬁg ?@i@%@gﬁw%g&a& Fﬂ;edg'y‘gtségﬁ 5p5e ég’ﬁa%ﬁcp’s@% gener al
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204. TThe (phocemsi figw sats,tandio? @ Feiyiwces e Fidmhafdias tfos@ageile.si gnal 210
and the secon?rf sensor,. Si gnal 211 in order to determ ne one or nore
f1 ow char act et LEisDOdimRET shiwmp the prepessing sypteh 04 cletarmanss dke Bay
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20 shift 213, In addition, the processing system 203 can further determine a phase
difference, a time difference (At), and/or a mass flow rate for the flow material, among
other things.
The storage system 204 can store flow meter parameters and data, software
routines, constant values, and variable values. In one embodiment, the storage system
25 204 includes routines that are executed by the processing system 203. In one
embodiment, the storage system 204 stores a phase shift routine 212, a phase difference
routine 215, a frequency routine 216, a time difference (Af) routine 217, and a flow
characteristics routine 218,
In one embodiment, the storage system 204 stores variables used to opsrate a
30 flow meter, such as the Coriolis flow meter 5. The storage system 204 in one

embodiment stores variables such as the first sensor signal 210 and the second sensor

signal 211, which are received from the velocity/pickoff sensors 170L and 170R. In
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shift 213. The processing system 203 can determ ne at | east the phase
difference and the frequency fromthe two sensor signals 210 and 211

and the single 90 degree phase 20 shift 213. In additig e,
pr ocessi né‘;@@&’%‘ﬁﬁos can further determ ne a phase (ﬁ#ﬁ@g%@é?né
time difference (At), and/or a mass flowrate for the flow material,
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fl ow measure ts. The_.storage.s 204 in aqne 5. .enbodi nent stores
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20 | The frequency routine 216 determines a frequency (such as that exhibited by
gither fhe first sensor signal 210 or the second sensor signal 211) from the 90 degree
phase shift 213. The determined frequency can be stored in the frequency 221 of the
storage system 204. The frequency, when determined from the single 90 degree phase
shift 213 and the sensor signal 210 or 211, can be calculated and obtain§d much faster

25  than in the prior art, This can provide a critical difference in flow meter applications
having high flow rates or where multi-phase flows ocour.

The time difference (At) routine 217 determines a time difference (At) between
the first sensor signal 210 and the second sensor signal 211, The time difference (At)
can be stored in the time difference (Af) 222 of the storage system 204. The time

30 difference (At) comprises substantially the determined phase divided by the determined

frequency, and is therefore used to determine the mass flow rate.
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phase difference, when detennined using the determ ned frequency 221,
can be calculated and obtained nuch faster than in the prior art.
Thi s can OVI de a critical difference in flow rretercltf%pllcatlo

havi ng hi 098%™t es or where mul ti - phase fl ows
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by either therfd gﬁﬁ] r a%g e ), Signal
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can be st drae@tam’cz‘cméﬂferfkqueimgct%hcm‘ouhh@m$tmmehés&aémﬁh&0ﬁhas§he
frequency en fro he single 90 degree phase shift 213
and the s@%@erm%?& d%‘igg%?m?% SEUHCD ]eé?rc"(}laﬁ’cpé% h Aefieb bt acAB@lishich
faster 25thehadldittbnbiEw El'lﬁﬁcté\.’iéttcs hi ISﬁO]ﬁﬁBG Bﬁ&\{ﬁ ﬁ}atlf 5&1&1{181?21!1 111f01'mat1011
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5 may be required f ese determ nmationd, such as the nass
rate or déagiasyflow oate ZEcah@ﬁ@sﬁ‘yrﬁééi fahd¥hechdmae L25 Dﬁthecsmragnﬂystmm 2048

can deternine.a flow from he i fference 22 and
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formuisa f]@rﬂlgﬁt@%meﬁh&gcms flowrate is given in U S PatentNo
5,027,662 to Titlowet al., and is incorporated herein by reference.

The mass f| owFlGt disiablpelt dirgant 300 ofe nonéomedshe prasassifs $istam 2 er i al

218 can ares AR ares s b s IR pERRAT R B O R

225. The pﬂecteemg ale@lumga&smfobéminlgakﬁons&eﬂmefsyThancbcmha,gﬁ!@mfjoomaa&@ an
be stored in mass flow r the density 224, and the vol une

225 of t ﬁ@%tﬁ?@@@@bé@&ﬁ 82@&9 Y ﬁ}t@@é@&i%@ Flilbew tgasformdhocly 308, b
char agf erdystkic $16cRR0RETHE RS ©8h LpufrtoBiRal tl%qgﬁ%?ﬁmff signal input and

the right pickoff signal input. Either the LPO or the RPO can comprise & first sensor

signal.
In one embodiment, the stage 1 filter block 301 and the stage 2 filter block 302
comprise digital Finite Irnpulse Response (FIR) polyphase decimation filters,

25  implemented in the proceséing system 203. These filters provide an optimal method for
gltering and decimating one or both sensor signals, with the filtering and decimating
being performed at the same chronological time and at the same decimation rate.
Alternatively, the stage 1 filter block 301 and the stage 2 filter block 302 can comprise
Infinite Impulse Response (IIR) filters or other suitable digital filters or filter processes.

30 However, it should be understood that other filtering processes and/of filtering

smbodiments are contemplated and are within the scope of the description and claims.
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15 by the nmeter electronics 20. FIG 3 is a block diagram 300 of a
portion of the processing system 203 according to an enbodi nent of
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et | ordeBTes i Dot O et Theoro o ey s Pensgorn 03

i ncl.udes icht
105 o PR Lot fOL i aanall el BT el g

del ay bl ceigined) intphesedlcimabeaepaens UPOD.di gi t al  si gnal sarrpl es that
are chronol ogi¢al | ime. th s gnal |
sanpl.es that ;[fl I%Itk atﬁlgcrﬁh%ﬁrtttﬁgs% %tocf E@? c%rﬂa%%apg ﬁé LPO filter

bl ock® 402 performs a 90 degree phase shift on the |nputted di gi tal
si gnal sanpl ed?Oriel 96 t transform bl ock 303 is a first stég)to
providing the phase neasurement. The Hilbert transform block 303

recei ves (g the Hﬁ,gﬁ(@r&]}%ﬁhw@@pﬁ%@mg@ and RPO signal s and perfornmns
a Hilbert transform The Hilbert transform produces 90 degree

phasenshi fted si ons e LPO signal. The output of the Hi/lbert
trangporm bl o\gﬁ“’@% #h"eres‘%)gre provi des the new quadrature (Q)(%)

conponent LPO Q along with the original, in-phase (1) signal
conponentGonitR@ng the original terms with the output of the Hilbert transform yields:

LPO = 4, [cos(wt) +isin(at)] = A&/ (3)

Ipp

25
FIG. 5 is a block diagram of a frequency portion 500 of the analysis block 304

according to an embodiment of the invention. The analysis biock 304 in the
embodiment shown is the final stage of the frequency and delta T (Af) measurements.
In the embodiment shown, the-frequency portion 500 determines a frequency from the
30 in-phase (I) and quadrature (Q) components of a single sensor signal. The frequency
portion 500 can operate on either the left or right pickoff signal (LPO or RPQ). In the
embodiment shown, the ﬁeqﬁency portion 500 operates on the LPO signal. The
frequency portion 500 in the embodiment shown includes a join block 501, a complex
conjugate block 502, a sampling block 503, a complex multiplication bloclk 504, a filter
35  block 505, a phase angle block 506, a constant block 507, and a division block 508,
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The input to the Hilbert transform block 303 can be represented as:

15 LPO = A,,,, cos(wt) (1) Using the Hilbert transformthe out put
becones: 20 LPON TC,,, = A 1,0 sin(w) (2) Conbining the origi nal
terns wit WWQRY7B{%Hut of the Hilbert transform yiel ds: PEEEF2067040232

A NJcos(wm)+isin(wmt)] = Aope' (""") (3) 25 FIG 5 is a block

di agram of a f TRIMENEYIPSIT jefflvay - 2Rl 9ck) 304
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port on SO0UARTETHE RAES el et 0 Lo ene. ao3rIAY plesk d0p Fyratiass 2
quadr at ur eanfifingcisiipane thesefofe salebisAAi it §ﬂ§91rsa§ipgé1ﬂ{at islhﬁaélﬂopg%ﬁgg)?fder

portion 500. can operate on either the Ieft or rig pi c S g
(LPO ot RPA™E | hilif Aer Fiidlcrignehsangioisrmuliinkied wish denoyrqnodigitahsi G60 in

Operat o5 90 IR AR HHIE o SALEUBYPRLIAN B0 AP i
bl ock 502the & P&asipial mupl the AFO &6Fugate SHMD) idNlaMitingldqeatdnam) BLOsK 1924,
a filter ﬁ g}ho kSSOS’ a Rhas angl e bl ogﬁ) 506, a constant bl ock 507,
and a di vist' o458 KIBlgEIents £ _19@1%@91%@9117@2146 PEY fllsppogicodyzieusstie

L omponent S of o RERINE S S ik A Bad de B LR e remayepci
502 plié} f ﬁrawoailc@omg?téxom ﬁgﬂggt@atﬁlmndmuaéﬂa&ﬂe (Q% :gcﬁlﬁb%nelhgrcﬂ' tﬁﬂ@ng{ao
bt of or & 2 P11 35 B GBS b o S e T e S FHCFoR L Argvide
ol der 5 idecimdtdn of MeSn@ltearsighhD b asHeSindkios & !ﬁfﬂ(}? of Hd tfbxﬁ%ﬂgcgwlgozh

the current digital S|%nal in ‘the conplex muftiplicatidn
The conpl 6% Riase 4nsle Wegl ¥ dtwnlinessphesndngiqfromghe thphdsP@) ahgnal  and

t he LPO ! | I i, t] 4 | Th
e bipep 8 R Bhent BPIETEN L2t PIELEG obite e Wosmmiamente
pr evilbusIpprigtirsafiegsaibn (Shgoki The bol¥Be block 857 6apblRRARRItS Lo AR BinPhase

deci mati on f{lter t i.s used to renove 10 harnonic content fromthe

ha : . AL
i n- phase SEPPiedA Fy daetediurteopninle snshorann sqertionHe).s Ehsdivisiai fnct 50%s
wel | as terraeed MBHEdiNEoS I -filkter coefficients can be chosen
to provi tc11I3e deci mat ilon %@%ﬁ% ‘i’fr?ggiﬁ%"fé‘é%jsi gnal, such as decimation by
a factor of 10hefiequesxpppicessing implements the following equation:

20 LPOuwyx LPO,,, = 4

=j{ri_s) it 3 f{ai—ar_,
o€ N X gy = 42 o) @

The angle between two consecutive samples is therefore:

of ~ mf..| = tan_l EIM (5)
: cos{wt —ax_)
25
which is the radian frequency of the left pick-off. Converting to Hz;
Wf — @t £
o =LA ©)
%

30 Here “Fs” is the rate of the Hilbest transform block 303. In the example previously
discussed, “Fs” is about 2 kHz.

FIG. 6 is a block diagram of a phase difference portion 600 of the analysis block

304 according to an embodiment of the invention, The phase difference portion 600

13



The phase angle bloclc 506 determ nes a phase angle fromthe in-phase
(1) and quadrature (Q conponents of the LPO signal. The phase angle

bl ock 506B)P25§+720q§%57s a 15 portion of equatl on (5) beII,%\QJ,,US'{&%Jf0&g

const ant supplies a factor conprising a sanple _
divided by two pi (7c), as shown in equation (6). The division bloclc

508 per fautpss 4 pigasdidiffesénen bepeea POt s&@ﬁamd (t@e) RPaihﬁpﬁtr %klagf e
lL.ements the follow ng equation: 20

processin
AJPpe- ANL%)'i E;EP 1EpreRes petion SO0 Rsdngluded in the analysis bﬂn@k é%allen@mtlwethﬂ
two cons ]m her gf )
5 cos( Vw%\;d\#bﬂ %ﬁ) dvﬁl%h§l gl t?lh i%gél?hgrl\) FEL L}}f nt %1 wf %EOCF%SF’%E
pi ck- of f czmm\yemprmvgsmr(g ddtions/foRtingsc dil'he—phﬁse]dﬁ?&&n&? pmﬁ@h 603@11&1@16@ a Fs”

is th t the H b f In th
o evi Suerbsuiitioh aEadhior Sloti 50 & BHBHbGK 4l renkiesormhing bipokt 60k e &6f.am
of a phas@adlahiCiSNER 1AL HIRRs 6OF a0f 6@9'188&%{18 bﬁacpé 8l %uif %ﬁ e

according to an enbodi ment of the invention. e phase
portion @lelggemcﬁ@(bw@dﬁ%ﬂepﬁwbﬁSZE@M040232 out puts a phase

diff b LPO | t h O t Th

Chace a7t or on HEEDAbARar beatsk Rt odl e Rt Sl et kR e T

304 al ongadiéit frediacy ﬁm@qﬁgw iPSIthhiy tho Qa@fﬁena/ Gortlon 400, 1R rhé AHLEn
er

t he bl ocks represent eit processing circuitiry or processing

acti dfls/ ﬁ%@ﬂlﬁtﬁéélochﬁ%l s Byopfuse éfﬁr@éummre@rﬁn@@@onn@blfneggmacysaomon

nmodul at i I I

bl ocke. 601 andeas e CaraGey Bthion ool bR el iRt SO s oy
deci mat i dmnbh teksids b, cﬁ!mder:fﬁléﬂily ﬁle pﬁi@sﬁ:} differfefedd Aeinein &iod, cadnd adeo
correl atlgn bl.ock_614. The rmd tion generator bl ock 601 generates

sin and @bBend niL@Fr?%St?fraBﬁﬁqli‘“’ere 1|a i e mitbgDEscart v Bhe et @R coving terms
out put  byythesef Ifl-gﬁlé nﬁﬁ@ﬁﬁlﬁﬁr? @queﬁﬁmgﬂg kﬁ}e' i?é}lu]pljr% Fﬁ%gﬂo%t Ofhe

bl ocl ¢ 601 there eceives a cy reference

f r eqbencyinpodcosne BO0s gBeraestEy thhendduédioe geyerpior bicek 660 Arempubded into
obt ai ned rruch fa and nore reliably than in the prior art,
consequem I 91“‘[1:111 cp(ﬁ)rgse difference determ nation can be al so

The join block 602 receives the in-phase (I) and quadrature (Q) components from
the modulation generator block 601. The join block 602 joins the in-phase (I) and
quadrature (Q) components and passes them on to the quadrature demodulation blocks

20 608 and 609,

The real-to-complex blocks 604 and 605 generate imaginary (i.e., qguadrature)
components of the LPO and RPO input signals. The resulting in-phase (real) and
quadrature (imaginary) components comprise sinusoids that includes both sine and
cosine components. The real-to-complex blocks 604 and 605 pass the resulting in-phase

25 (real) and quadrature (imaginary) components of both signals to the corresponding
quadrature demodulation blocks 608 and 609.

The quadrature demodulation blocks 608 and 609 demodulate the LPO signal
and the RPO signal using the sinusoids. The demodulation generates a first
demodulated signal and a second demodulated signal, In addition, this demodulation

30 produces a zero frequency compenent and a high frequency component for each of the

LPO and the RPO. The high frequency component is later removed (see below). The

14



obt ai ned nuch faster and nore reliably than in the prior art. The sin
and cosine terns conprise in-phase (1) and quadrature (Q conponents

of the fl’%gﬂlﬁ /-L.ef erence. The 15 sin and cosine ter THRDSRL by
t he nodul at oﬁﬁ&gﬁgﬁgrator bl ock 601 are inputted into r%-:he ] oi n [% oclc

602. The join bloclc 602 receives the in-phase (1) and quadrature (Q
conponent @pwtofithetquedmt tahoditatgengsak 608 kh@6bS aRQGhasedS tHeQleBil Rk

602 j oi ns_.t he i p- | dr at t d
them on tB0tR@ 0 BBAREE stwbeBRbiul at i on bl ocks 20 508 and 609, The
real -t o- conpl ephelakoials oS0k RO cﬁ% %ggg@%@nfa gg ﬂ%@/aulﬁjghg]ﬁﬁg

quadrature) conponents of the L I'nput "SI gna
resul ti ngltpAraphaden¢dubaion sigrdls. Fuadranple,ehé Hemginat Ybcleofuomantls can

i i ids that includes b i d i ts.
Ther o - RRIEORES b e N B0 Ok s ACot ey s nase 25
(real) anidcipuaidhatddkes () ARO Naky eﬁ&@@@ﬁﬁﬁ&ﬁsﬁc@ﬁlt@ﬂﬁ%gﬁ%%g@ﬁﬁzﬁﬁél‘%ﬁ&zl{'e

correspondi ng quadr at ure denodul ation bl ocks 608 a
quadr at urETaEnSal PR, ik PRR KEbGHBeaite dogmdbomUisckd & 0t 4re 41PQasi gnal

o v ECpe a0l SIS SRy AR s TR S SRR L%

first denodul a I gna

addi t i on higthfreuderpdutehbas) B86mpho@utes @) ey Quadr Qe DY Eoﬁﬁ&%&e@tﬁe
and 3 hi gh fre uagncy onponent for each of the LPO and the RPO. The
hi gh i - Eﬂf@h%@“ oﬁ?ﬂ%ﬁ‘ﬁ]e%ﬁwid§°ml&f€‘ethe Figndlv dde (Biee corifioiahts cThbe clidse\d
2007/ 047 %24 &, : : t he. r.at ure de ul ation
bl ocks 6%8 and g%ﬂg%%gg! fgh;%géé%tetd%q%%gtsagi?sﬁla%t%ll%%%qlo yo%fggtc%fg? Q’r#&r 611,
respect i w&ppleThse dedinatdr binclsl @ Oks.d 610 passdh&ddmoeanaide RPTRE endl he tHePO

and the RPQ. _quadr e denodul ation, signals. For exanple, the

deci mat i S%HJE}?%%E@C@@ séi%eégﬁmdéia&é%rﬁ{%ﬁl@n@lﬁ@@éﬁ i aflogrhip gk GAf- a

factor of aboUhe dfyud@HIEX - Lt ' '

610 and 611 cane peﬁgoar m an@g?e%rfdégls fg :élgt gire?rr?gn%%g%eﬁ%q&gan%ﬂéﬁ@? éeg(ri]ﬁ%

si gnafs. sigptl. dkaspiiugats hloshé12piwsds e nonitpaed demndtlhed RPCsiksalGd heand

611 can c&?éfﬁ’tﬂuslﬁocﬁ @@I yphase decimation filter that is used to
renmove harnonic content (i.e., the high frequency conponents) from

the in-phase Tl cothtigatickial? @ofrEdates MR S0 12O RITTHSALIS,
si gnal , ﬁg‘gv\el | as to decimate the signal. The filter coefficCients

can be chB$esivtapiopprayrden tlerrabydhe eardaiionicaprrisee siognadielstich as
deci mat i gie-byor@ 'ljh%%toﬁl'ialegcfco}l%laﬁt)ﬂ ban comprise a multiplication that produces a result

20 shown in equations (17) and (18). As aresult, the correlation block 614 produces the
phase difference (or phase angle) value. The determined phase difference can be used to
determine various flow characteristics. Because of the two separate quadrature

-demodulation processes shown in FIG. 6, the phase difference portion 600 can also be
referred to as a quadrature demodulation chain.

25 FIG. 7 is a flowchart 700 of a phase difference quadrature demodulation method
according to an embodiment of the invention. In step 701, the first and second sensor
signals are received,

In step 702, a 90 degree phase shift is generated for one of the first or second
sensor signals.

30 In step 703, a frequency (f) is determined from the 90 degree phase shift and the

corresponding sensor signal. The frequency (f) can be represented as a radian

frequency:

15



exanpl e. The decimation bl ocks 610 and 611 pass the denodul ated RPO
signal to the conjugate block 612 and pass the denodul ated LPO
signal to_the correlation block 614. The conjugate bl [ rms
a conpl exwgo%qPT{Pégﬁzé on the denodul ated RPO 15 si gnal %&h@l@gﬁ%{%te
bl ock 612 passes the conjugated denodul ated RPO signal to the
correlation blgek#14. The correlation block 614 correl ates tk@
denodul ated LPO and RPO signals. The conjugation operation followed
by the corr el diicaltccningd fsessray ¢f) oss be osadab dtieanine dpey afaraeristibe The

conpl ex cprrel at,ion can .conpri se a l[tiplicatian t roduces a
ool ¢ 20 R PG AR ek B Mo ey Shbet e Hlep REen The
correl at i fa dldeskor@bdnRF SYHAE Subgs bphasendidh ersn %feélﬁéa(fj dRBasR Mgk e)

val ue. The determ ned phase di fference can be used eterm ne
various flow éhaeadferairstorase sigaeldiée infroethd o rdfepaccatigna (Bt at ur e

denmodul at - C hown. i G 6, the ifference _portion
500 can aPEBrBEIITER SRR Tl Thietentd FaRilifa frks FoRAER SRRt
FIG 7 i sisthd LRORh@RPOMEal Ehephdise fidhddney enie epauadraty £modulation

denodul ati on nmet hod according to an enbodi nent of the invention. In

step 701,SSRF&0F i1y Aleifp ded e iy seraals the sipusais) demadslation sefpesice pignalsep
702, a 9Qydsar e, Rhase shift is generated for one of the first or
second sensor signals. 30 In step 703, a frequency (f) is determi ned
fromithe 90 défreexpphasie shift and the corresponding sensor sggnal .
The frequenc @%:f) can be represented as a radian frequency: 15 WO
2007/ 0475‘22111%1 POSzO09 @ Agesggngycemprigiiig:( 7) The determi ned frequency
(f) can be used po)_d tew ng fl ow characteristics, The deterggned
frequency (f) “ealal €6°44 tided to determine a phase differencé”

between the firsi, a d sensor signals, such as by usin he QD
chai n net hod &@’gi’brb’gg“z‘g’g% ’?”Dg In step 704, a reference si gng}(})(v\K)

is created. These encen & L1 £ W &)a ' ' ; ire
S gnal. The el o e T B B R o

and RPO dihgdameduldtie somtirises fixiog enuyltiplying thepensir egnelxpy with the

nodul at i orf genera i.n ord rec erat? t he si nusoid
GIETS .

dermodul atT o1 Fetel aﬁ% &R0 ﬁép}o Wer %%%%ﬁ%q ﬂga signa
In step 706, the sensor signal xppp is dernodulated with the reference signals Wy.
The demodulation comprises mixing or multiplying the sensor signal xzpg with the
reference signals Wy in order to produce a demodulated RPO signal,
20 As a result, the demodulated signals at the output of the quadrature demodulation

blocks 608 and 609 comprise:
Z1po (k) = Wi 1 () (a1
Zppo () = WX oo (1) (12)

whiclh can be re-written as:

25 2100 ) = 2 6000 + SXD(= 20T + 60 )} (13)

Zppp (K) = é{SXP(j Grpo ) +exp(=jRak + @ppg ))} (14)

In step 707, the demodulated signals are filtered in order {o remove high
frequency terms. These high frequency terms from the quadrature demodulation
comprise the [exp(-j(2ak+®; porro))] terms in equations (13) and (14) above. A low-

30 pass filter operation can be used to remove the high frequency terms. In one
16



10 % = exp(-jwc) (8) wth the LPO and RPO i nput signals conprising:
XLPO (1C) = A cos(wc + OLPo) (9) XRPO (1C) = ACOS(CA C+Y )PO (10)
In step 7 nsor signal xLro is denodul ated wt 1%13? f nce
signal s %T@%ﬁ% denodul ati on conprises m xing or mﬁbtl p glal%ﬁa‘ﬁtgﬁe
sensor signal XLPOwith the reference signals WK in order to produce
a denodul anedlinRO, tiediltating bam streyisg @6 (1, () desiansion 35igaad] ARER b

denodul at ed. wi.t h e r.ef erence _si, s W-. The denodul ati on

conpr i sesg%lngzimﬁ)& ftglt}’r 19 %’%ﬁﬂ% Haailﬁgﬁ@é‘rgsléﬁpé?s@ﬂﬁfi BXRPO wi th t he
reference signals Wg¢ in order to produce a denodul ated RPO signal .
20 As a resul tZra(fi= digtat ed signals at the output of the (15)
quadr at ure denodul ati'on bl ocks 608 and 609 conprise: ZLPO (/C) =
T'4 --"LPO (k)@g}é_%fi ZRP! (K) = WX RPO (k) (12) which can be
re-witten as:“28°ZLRI%PWPra)2 {exp(j( 0) + exp(-j(2wk + 01. PA)§}
(13) ZRPQ(k)= 2 {exp(]jfEPO +exp(-j(2wlc+ORPO))} (14) In step 707,

t he dehodul at éusisp GAdlome arf thefdeteeinited steratsdenct £ the taMea M RPO signal
frequencyl.nﬁén@..These h%gl} frequency terns fromthe quadrature.
denodul at'f'on TolfFFidEa e F%%ﬁguwlﬁ QRIPERNPEAF G)egatt wrafdhs fnaginary
equat i onsignkB) and (14) above. A low 30 pass filter operation can be
used to renove the high frequency terns. In one 16 WO 2007/ 047524
PCT/ U52006/ 04@2sor 7Tedeaiiifiesmputhere toireleted by acandonpmidaioarst{de, The
deci mat i - | cascade of ecimation filters. The output of
this fil Ebgqufﬁ %9?1124{1?&6&8@@% tﬁpso%tgezﬁ‘ﬁg?%?’l%fo@égl@m%%ﬁt@djw 15) zRPO
(lc) m 2 eXP(\}]@BP_ ( n step 708, one of the denodul ate

signal s (such ‘as ‘9%0%?%0 ]lﬂ ated RPOsignal in FIG 6), is W)

conj ugat ed. Théefaht s@ahd @ frPPRRpALIANNE bR RBRRLLNEROM dde708. F
imagi nary, _signal. In steg)egog, the filter outputs are corrél ated by

a conpl exXolers Emaenvationt(dgethatihe corgaijandatltipticaiing. @wopwiebatpiiers: st eps
of the conplex correglation operation yield:

q(k) = T exp(j (&0 = Prea ) (18)

Consequently, the phase angle comprises:
15 (k) = arg(q(k)) = fppo ~ Breo (19)
The phase difference is therefore output.
The meter electronics and method for determining a phase difference between a
first sensor signal and a second sensor signal of a flow meter according the invention
can be implemented according to any of the embodiments in order to obtain several
20 advantages, if desired. The invention can compute a phase difference from a determined
frequency and the first and second sensor signals. The invention can provide a phase
difference determination of greater accuracy and reliability, The invention can provide
a phasé difference determination faster than the prior art and while consuming less

processing time,
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10 g(k) = ZLPO (k) ZRPO (k) (17) where the second z termrepresents
the conpl ex conjugation fromstep 708. It follows fromequation (16)

that the Lon/nultiplication output conprises: glis,mehio232
exp(>( G_P%R{%ﬁjg%%;ﬂ( 18) ' Consequently, the phase angle conpri ses:

15 (k) = arg(q(k)) = LPO -ORPO (19) The phase difference is
t her ef or eWautlpgut . The neter el ectronics and nethod for determining a

: ) . q
Canal “of | aMABRIEPHE BE 6 delrymindi 5 vsh i Bren et appeiremiod.
accor di ngsikal 3R a 9dcohMSerRBLIMATBRL 0k Qe %51%}%881'9@.1 ain several 20

advantages, if desired. The Tnvention can’ conpute”a phase difference
from a det er nianduterfheed@Aenfoy remmiringhefifst sesitoranghad endan econt sarsostignhal S.
The inyention can provide a phase difference determnation of
greater accuracy and reliability. The invention can provide a phase

di fference detgfatdahs ybidrasioR it BaAmbieats Wi 8 inRRd Mioh $and
consum ng | ess  proceser ne P if Bmlrigai it S inBBde I and 1 023

We cl ai m configwse ép respize thedfiscesns@eignibanddbe evooind sengonsipha sgenerate a

of a1 o ney cEeEeRs LM AR AR o S Pl el Go vRG PeLErel AGTa P ArS:
sensor signair sgnel @d&@@@iﬂéﬁ&l@ﬁ@@ IphedeBAR, gencra@ith Lol BE8S $ioNQs SUREM
(203)..in ogmni cation with the interface (201) and configured to
recei Ve tﬁ% FIFEY. P8R Supdrsivgmesmedite e fysivenebr sigrebandshg seiopd sensor
domput e & e b AR BURF Rl Wb k¢ BhaR e R
degree phase shift, generate sine and cosine signals using 10 the

frequency:. BRImetdReleatdti® o BUAial & chidcbhilel inIRAY protasak sfadyt he

second sensor  signal using the sine and cosine signals in order to
det er m ne20hebeirsiether sondigaisddo compathengret woretfecnassilovsrat @ )dendity, or

. e 4 : . eyl
Furt e ConTPEG P AR 3 plol® sPERIRIRLRS G et ke 2°

density, or 15 a volune flow rate using one or nore of the frequency

nd the phase difference.
a p3. a’Fhe meter electronics (20) of claim 1, characterized in that the processing system

(203) being further configured to compute the ninety degree phase shift using a Hilbert

transform.

20
4. The meter electronics (20) of claim 1, characterized in that the quadrature
demodulation generates a first demodulated signal and a second demodulated signal and
with the processing system (203) being further configured to filter the first demodulated
signal and the second demodulated signal in order to remove high frequency

95  components and cross-correlate the first demodulated signal and the second

demodulated signal in order to determine the phase difference.

5. A method for determining a phase difference between a first sensor signal and a
second sensor signal of a flow meter, the method comprising:
receiving the first sensor signal and the second sensor signal;
30 generating a ninety degree phase shift from the first sensor signal;

computing a frequency from the first sensor signal and the ninety degree phase
shift;

18



3. The meter electronics (20) of claiml1, characterized in that the
processi ng system (203) being further configured to conpute the

ni nety degre hase shift using a Hlbert transform : € ter
el ectroni g’? 2??8’)"73@ claiml1, characterized in that thg%%{éa?og{dgorzg?
denodul ati on generates a first denodul ated signal and a second

denodul ated siggnahtigndne Md ddsinB@iPERGESS MR SHEHEM 4d03) bei ng
further configured to filter the first denodulated signal and the

second denodulde&atues dprculaing toefirst enseraime] midthese@pdentsyor 2pnal
conponent,giande 6O i ALE first denpdul ated.signal and the
second delr%ld}u'l3 ate ﬁ%ﬁ%ﬁkﬁhﬁc}b g gdrer ¢ %g‘ﬁ%lfr@??n%r? é’%f‘fleedlgflﬁ%élée'
difference. 5. A method for determ ning a phase difference between a

first <Sens Si aé d. a. second sensor signal of a flow nmeter, the
et hod c_or'rpoh?esl?]%gp Pg@é‘ﬁn@iisn afar‘fE?“fZF‘fg’tth%TefH’ét BT CoMpaaIngetritieg second
sensor  sigt@lof a38asg BRI ratd AdeRit)] él%txyohﬁ’xﬁghﬁ &Q%%ﬁlgsc{},:e‘;oté forggﬁg%l?e

first sensor signal; conputing a frequency fromt

si gnal arffeedurecyranddby phisgddérpirase  shift; 18 WD 2007/ 047524

PCT/ US2006/ 040232 generating sine and cosine signals using the
frequency; and quadrature denodul ating the first sensor signal and

t he secord Bensethodbfflaim 5Ushangtetibel §it InBEinS! | B QEder
to deternmjne the phase difference. 5 6?&%2%%&??35‘@% Cg@}lﬁ?%?mnme%
char a8t e“tE&8 PrasershHt using  Bilbe sivpsfoeing conputing one or nore of a
mass flow rate, a density, or a volume flow rate using one or nore of
the frequency and the phase difference. 7. The nethod of claimb5,

char act erSi Zldg methodaf cléint § beracRiipdd ithg tEONRIIRG dehR dRiARY g ne}aﬁi
degr ee ph%sggti%hi ft usj ngna?ﬁHi | bert transform 8. The nethod ? C éligm

5, charaét Gipduketediugnal ped secapd demedyetad dighalt anvgvile ter qilngire a

first demﬂghgﬁ%ﬁ&@p&mﬁlﬂ%i .second denodul ated signal, and wth
t he quadrature enodul at1'ng rther conprising: 15 filtering the

firstSdemodul dtteting thgrferst demtbdnhieedssgrah enditenetsnatdeshodigral sigral A @&
to renove %In,%q, friehqgenc% conponents; and cross-correlating the first

dermodul ated” s Srlilag AR P ReC TS dul at ed si gnal

cross-correlating the first demodulated signal and the second demodulated signal

in order to determine the phase difference.

20 9. A method for determining a phase difference between a first sensor signal and a
second sensor signal of a flow meter, the method comprising:
receiving the first sensor signal and the second sensor signal;
generating a ninety degree phase shift from the first sensor signal;
computing a frequency from the first sensor signal and the ninety degree phase
25  shift;
generating sine and cosine signals using the {fequency;
quadrature demodulating the first sensor signal and the second sensor signal
using the sine and cosine signals, with the quadrature demodulating generatin g a first
demodulated signal and a second demodulated signal;
30 filtering the first demodulated signal and the second demodulated signal in order

to remove high frequency components; and
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in order to determ ne the phase difference. 20 9. A nethod for
determ ning a phase difference between a first sensor signal and a
second sensQr_signal of a flow meter, the nethod conprising: .
receivingQ?ﬁémﬁ$%§ﬁ'sensor signal and the second senso%égﬁ%ﬁ%HFmﬁz
generating a ninety degree phase shift fromthe first sensor signal;
computing a frequettoieldingmd he: ik STk 5h0ARlsoBRH ddidl RG] Heual
degree phase . 25 shift; generating sine and cosine signals using Fhe
f r equency '™ Ydsie setsraing dirophapadifistenche first sensor signal and the
second sensor signal wusing the sine and cosine signals, with the
guadr ature denodul ati ng generating a first denodul ated signal and a
second deb®dThamethodiofniaim 936harididremil ngtahRirthes SdmHe nfudidg ohopal
and the second. denmodul ated sjgnal in order_ to renove high freﬁyency
€

conportant BOTH R mass “25’6‘3?/&(5151%@’40%‘1‘?’1@@26@6’7 Bu$sRpE one or more of

Cross- cor figq@htyand e phidestifreiepndul ated signal and the second
denodul ated signal in order to determ ne the phase difference. 10.

The nethod of claim9, characterized in that further conprising

conput i ng,png, or .5 re.o mass. flow rate, a density, or a volune
flow rat elﬁs?]ﬁegmgtﬁgdgf clagp tg’ gﬁratcﬁélze Fb@fﬁ@%\‘ IR g Aeaywting the

di f f er encginetlHegrtb @hamRtshiFtufhg £ HalbE: Gangb@pact eri zed in that further
conprising conputing the ninety degree phase shift using a Hil bert

transfbrm 10 20
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