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WO 2006/ 071454 PCT/ US2005/ 043710 H GH SPEED FREQUENCY
AND PHASE ESTI MATI ON FOR FLOW METERS Background of
woOheostomusmt i on 5 1. Field of the Invention TherPorasems/043710
invention relates to nmeter el ectronics and nethods for
processing one or nore sensor signals in a flow

neter. HIGHNEEDIFREQUENCYRANDPHASE KOPIMAPIONE

Coriolis nmass flow neters to neasure nmass fl ow,

density, and 10 vol uF®@R FROBWMETERS i nf or mati on of
materials flow ng through a pipeline as disclosed in
U S. Patent No. 4,491,025 issued to J.E. Smith, et al.

B}Q_%kg,lm@roﬁl%%ge%% nd Re. 31,450 to J.E. Smith of

ruary hese flow neters have one or nore
1.f Field oftthbdsveaftioni f f erent configurations. Each conduit
configuration may be viewed as having a set_of

nat Ul Proset an Yeakionselates thIeRfi shepironiss aedangibeds Qrpppeessing
oqgsog%%rg,sg%%r%?%qﬁ n arﬁlﬂv%eté‘rs and coupl ed nodes. In a

rolys nmass OW neasurenent application, a

2.CorafMent of GRfP/@BIay i On is excited in one or nore
vi bration nodes as a material flows through the

condtiist knoyyiitomasei Goriadis mass fom dugters e measiygmagps glow, density, and

b RRE SRR 3P TGy bRk R TRk RS Bisclosca
inttg. p&eADH B?{J,wﬁ%és Wsutds f EovLLibas: a8t ahheyRtI©8s ahd Re.

within the fl'ow tubes. Material flows 20 info the
3 .4 dwtonfelE e$ mithafFaboamn &Lt K8 2pi Pelse¢ Aewanetetrehdvel @te aindare flow

A RIE G g T RSN ——
o B SRRSO B PUTE oo ra

aris8predtrhedds. aw attlyjﬁi%alt Oorid$Cimabaflew nWistireiiait application, a conduit
material flow ng through the flow neter, all points

caaffigheptign i sx¢ifeshintams or saue Vikipdommodesas # awterial flows through the

cPlRE andiRpBot Bt Bl Brab R e’ s el PUER 10y g Bnauie
the TROVIbEaRMal R10ABY 6F Be Shdréiiiamlled SPHBER A UBHAGSRASL by the

to other points along the flow tube. The phase on the
canie¢d siageobthetfloov tiflepand theembtegisl whbindhe Wl tubies Blaterial flows

o e R e S BB St B e
RSy 150 P B RSB 88 cB o e

a pipaliee crfrfeetcdnuethbeuneesidd.he two sensor signals is
proportional to the mass flow rate of the materi al

f | owhigivenppRIdds a fore tolthetlowaber The Buce aaesss theflgydube to
os%{ﬂa?é FilenIRBL IS ﬁg meaitérllnﬁ rﬂo%vi% Woﬁé}?th%%& ?ﬁetér, 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 inlet side of the
flow tube lags the driver, while the phase on the outlet side leads the driver. Sensors 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
two sensor signals is proportional to the mass flow rate of the material flowing through

the flow tube or flow tubes. In one prior art approach either a Discrete Fourier
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WO 2006/ 071454 PCT/ US2005/ 043710 Transform (DFT) or a
Fast Fourier Transform (FFT) is used to determ ne the

wohes®7143if f erence bet ween the sensor signal s. PTNAIS2005/043710
phase di fference, and a vibrational frequency response

“of the flow tube assenbly, are used to obtain the mass

Trhh@¥¢rh ADET) bP 2 PR HYUrRE TRidsTERP (IPDs uddll ioiiRaenaeite phase
reference Signal is used to determine a 5 pickoff

differgned bétmequ drecsenseuignads ble paseglififerenée, egd endiragenal
to the vibrational driver system |n another, prior

Freq iSRS, O RO BT PRI GEpBHOAO PPE Ao flow rate.
9engp 3hetrBY aft a ?fc%%ﬁ,f dn BRPSldchPRIQEn AL SEATiNREARY determine a
centering to thg requency I1n a notch fiTter,

pioMeef sipnalttheruencygrsuelt bs by ovmpttke fraqiencptenttto theeibratiomal driver
notch of the notch filter at the, 6 pickoff sensor

systeqUarmeptherprier pit ppprogek, the vHHAdRR! fesprEse Bpqyepeygpperated by a
.ynder i . Lt i

O SR APRETA) g AR Sl QTR

wiiréikahé psbgaalflohmeseentsmpts t6 e the @bychsdfaht @otch filter at the
However, the phase nmeasurenent of the prior art )

pickeif sansomfrequanie. Thippuienast teghnigye W@rkijgal’ﬂbml usdehquigscent
i n.two-phase fl.ows where the flow materdal c ri Sgs .

coglifofs SRR GEE TR GHIBF oriare PR anp ARSRIehE Rt esutiing
. . I o S ;

pIFT A S il e MRS A0Syt Sement o e

pricapitciugferDwhem thedbovd intatenia ishoff wsforam dudharga tioephasa Epws
transitions, it is possihle, for the, pickoff, signal.s .

whege fhy/ BOWUPAPHY ORPTISE R a‘fqrﬂ by vRrd there are air bubbles in

r . .

R

flddneute FRfidlN. IDuripeaidaitng difestand darbe fieltenoyatramsiiioaspit ¥s possible
and ful'l conditions. Also, if_the frequency of the

fos thequiekafbvignals ap nmw,owld@ﬂwdﬁlﬁ%thaa@ww@a@@é% incoret phase and

be able to 20 keep.up with the.actual or .
RSy T ERGSEng e & PSR it SR pIPERE Becching, where
thE FABAMBRRY is tdpefBAY FhePRedHIftARRE Gy dnll fhillRonditions. Also, if

determned frequency is incorrect or inaccurate, then
the filegeencymifltie sasovedventapidlyod demadilation prsicessewil] waiy be able to

rate, etc., will also i ncorrect .and i naccurate. .
kegB R oviEh therargual of Wa&%ﬁg E’%eqeswo GRS 3%9@@%%%%1 mcorrect

c | 1RE B9BSni LR RidRkrect
fri ey 1355 R SR TR GPEnER SHLS RiAKrect o
inddcirdta) thyn sabNepudnalyedbrived vahude of densitypelvendt floweatapttch will also
filter. The notch filter accepts only a narrow hand of
befinejuiesi @nd dnacriisie f Mloseovghahe eRer cak reomnpayisieddy sybsequent flow
changi ng,, the.notch filter nmay not be able to track
c%?%ﬁlg&e{e agllon?'or a period of tine. Typically, the
di githahe PAbE Brtfthb F@koﬂf JphAsen bé tigititeaked dgalsenom@salated in
to track'to the fluctuating target signal. Due to the
ordér toi implersentithedotoly filtee. Fhe ootchrfiltar acekpiepnlyrenartpav band of

RIS, Rl | ok SOl ARl L oL SRR, oy o
e 1 ERESALSTBAN oRIPTBESPARe IR0 40 och e
imipMementation 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
frequency and phase determinations contain errors, but also that the error measurement

encompasses a time span that exceeds the time span during which the error and/or two-
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2 WD 2006/ 071454 PCT/ US2005/ 043710 phase fl ow

actually occur. This is due to the rel ative sl owness
wohooeaspemse of a notch filter inplenentati onPCTHS2005/043710

result is that the prior art flowreter cannot

accurately, quickly, or satisfactorily track or

. A _
phg%{) %5%}&3&%}/@5&%‘? ThiS GNER 1ol thE IRINEYs184HERD 1r¥RoRERS £a notch

ow naterial in the fl oweter.
filtep mmptpmenttation. t he phase determi nation is |ikew se slow

and error prone, as the prior art derives the phase
di f fEceisedt ishaighe RECR Bt dlanmesr Capik B?W?treg’q ﬂ@’ﬁ@f}’ or
o y l . . i
s PR a0y LOROHBR O YR, R B o o e
flovn ed@ 58 dn &g dwindtelr h € ohs&fieatiyythe phasendetartingtionain dikewise slow

t he phase determ nation, |eading to increased error in
andereor proia gs theorinasst dervigs tioe phase differencripsingthe determined

.he se the deter.m ned freque ' e
PRI RIREs: dOnroy cos FhE HORRE IS Attty compounded
in §981Bhask cRAMIMYIOh. TTHRGIYANEY iAcHdaNE @tvor 8 tIRY fr&fuchfly E&t@rmination
freguency determ nation is repeated or conpounded in

antltie theplsisedettemnrationateadimg tTlnaeasied eglos in detgemihing the mass flow

determ nati pn of yolune flow.rate, where the vo] unme. .

ratr R Beiahe deirrmind! P GhenPaD BS Pk gy ine a densit
ity i 1 , Vé&llerr®r in th

vefiRleplin, faoRROLAELEE ™ Bhe GhRarRRNESph A gttt in the
frérple@ty deiesbinages isrepedtbé ot composfdedrir thdermsitg determination. This
trigonometric function calculator 31 that r?cei ﬁe .
is alsotirusalor g caBIISIORCAMOPIBR BPT 18ien ¥dersigalyne Haw gle is equal

bot h ~ Si gnal.s .| [ .10 calculate a phase difference
toﬁlé?s\ié]eoﬁN ?#%dgfil%eﬁal?%]s&eeﬂlsh "Hilbert transforner 21 phase

shi f AprioRtaht étekeIbétrsEBSRIgiseOimallS. PyteBONDe /508564 Yokoi et

both phase 20 shifted si gnal s are used in the phase )
aldiThe&f ek patcat distlasdsonHilbert vigheiormend! pivhirigonometric function

i ffer e thus obtained is,used to cal culate a nmass
cofuiior &1 STt SRR SRR G ORISRy Thecsr g dnd use both
si%i‘efl?irfj&d@f fAE N Ae a??ﬁs@ﬂif&rrerﬁ‘fetbeﬁflee_\ﬁ%@ isidriA Rl eftRrigilbert

oes not quickly and accurately derive the frequency
trasigore 2 phasddrifts bothapickifisensar sigghls py Hedagreess andboth phase-

SRS EPo rsatie] A dIcA B RO TR AR by L Yo, the prias
. . 1 1 S .
TN SRR B 88 ol Uik foe Rl S o

inHi&serdehtly easitbe\risidé equety! Mheprivriasi ey olfoi migdrefore does not
el’'ectronics and net hods for processing sensor signals

quigkly anfllagoumeistederiauthritesiertseempmicat ngesied 5o selealsiephighly
o RRGH%BR i TP, R PRy BRSRE Mo e o
YELSGhh QR £ ik MPfERRcH Metermination.
Summary of the Solution

The above and other problems are solved and an advance in the art is achieved
through the provision of meter electronics and methods for processing sensor signals in
a flow meter.

Meter electronics for processing sensor signals in a flow meter is provided
according to an embodiment of the invention. The meter electronics comprises an

interface for receiving a first sensor signal and a second sensor signal and a processing
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interface for receiving a first sensor signal and a

second sensor signal and a processing 3 WO 2006/ 071454
WwWOCTIeWSRB05/ 043710 system i n conmuni cati on w POTHISE005/043710

interface and configured to generate a ninety degree

" phase shift fromthe first sensor signal and conpute a

syRBASE @nih@lientsh WithABe & fite RAH Y onflGFaq0 RBRGSteHhihbty degree
Meter el ectronics for processing sensor si gfnal sin a

phiseoshifreten thesfigst sarisdesignsl aadsomfivitgya pbaserdiBatsodé reing the ninety
of tel?q“r%éi gﬁ/.?[nti on. The neter el ectronics conprises an
degipe t&lf'or receiving a first sensor signal and a

sec isd i ARGINSY S5 Metd) i ided
oS EReRitl Bthpasen B2 SR S pprovide

acg@déigtoeancenfibadment ofthy inviegor el phaster sikciionics comiphises an
. first sensor, sigpnal and conpute a freguency . using.the .
inferfage forieeraYipg AdiisbeensAdand RNe @ seqen sq;ag@xi;%gqu d a processing
[ QCess] ' j | roi Vi .
QeI A AR e B P3R4 sy
deBRIcMhs€ SHIRITI SR $he B8R isvhg0 signdll At coBgnEok Rggaady usimglthe first
a second sensor signal, generating a ninety degree
niptizslegrisiphase shaka t he first sensor signal, -and

conmput i hase difference i.n he ni.nety dedree .
ohack mifed o ARsRing Shr srpRBe Prilp e ateg s B EReqrding to

anaenx}txbl!)&ﬁkﬂgﬁf Stht $nRhE¥h Ik ACERUERrises rdeeivifly a first sensor signal
enbodi ment of the invention. The method conpri ses

andeceicundeenaof $igsdl, geresatingsa ginaty degmet phase sbifiofremrtbe first sensor
.signal, generating a _ni.nety degree phase shiff fror
Sigry %qdr%%ﬂrgleﬂg&rprhaé? s{f r?ﬂ%ﬁ&lftggoﬁﬁm%%ﬁglﬁfﬁa %%r?g‘;%
usi ng rﬁaﬁod"fdilﬁ)tré’cegﬁgg%g?ﬂﬂ §%ﬁal§ Pfatﬂovénﬁéﬂg’gr&@(ﬁed acgording to
S nals iima de

processi ng sensor Ssi ow neter 1S provi

ancsaiBsdlinRat éfthe dveaibadThenmettoll doheprisey esueivimg a Tingt sensor signal
nmet hod conprises receiving a first sensor sjgnal

20
andracsegoré sanser sishdlogengrgiing a nigetvedegrehpbase shilelrgmdag fisg sensor

.phase shift fromthe first sensor. si ing a
sty Bk adr oAy ke TR s T o RO TR P,
and £QpRHd fg r@cefsﬁiﬁglééﬂébh‘ si$hRAn W inlRénis BR8A@R1 according to
phase shift. met hod for processing sensor Si %ir;al s in

ancerhbadimest efthe snysmoiendEle arcthoddiomprises rensivénga dirshsansor signal
of the inventi.on.. The nmet hod. conpri ses recei.vin

an o 556 SR RREBPT YBHaEnosE g AN TEesRGe B SITG gRge first sensor

SRR e GRS SR PR i compuing

a ﬁé@&tn}tyﬁ@'@ggl@a nima?ed@‘rréé pl:rllase @h%_t |f ng a df requency

using the ninety degree phase shift, and caonputing one

or nbmeetsed for paeeessinEsansoasignals 1a@rflqw yueteis arqpifigthgecording to
fl ow r.at 0 S . S [ .

ST E

arf@fa $38nd BMROE §ighal, %élﬁarélﬁﬁg@ﬁin@@%éré@ﬁhiﬁ@ﬁiﬁvfrﬁﬁl the first sensor

first sensor signa
signal, computing a phase difference using the ninety degree phase shift, computing a
frequency using the ninety degree phase shift, and computing one or more of a mass
flow rate, a density, or a volume flow rate.
A method for processing sensor signals in a flow meter is provided according to
an embodiment of the invention. The method comprises receiving a first sensor signal
and a second sensor signal, generating a first ninety degree phase shift from the first

sensor signal and generating a second ninety degree phase shift from the second sensor
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and a second sensor signal, generating a first ninety

degree phase shift fromthe first sensor signal and
wgeonmroai4smg a second ni nety degree phase shift pET@SRE08043710

second sensor 4 WD 2006/ 071454 PCT/ US2005/ 043710

signal, and conputing a frequency using one of the

si%ia[,%drébﬁlg)hﬁng eFF&RIANREENS ghé bf e fileninSSRBeedHIME ¥hift or the

egree phase shift. Anethod for processing sensor
sesorghihstyidegeeefgimse sEfter i s provi ded according to an

enbodi nent. of the i.nvention. The hod conpri se .

60 oh HEHPL Y PFetesYBHS IO GRAR In § Lt TS dLBiY ek ssprdine to

an r ale iﬁe&%ﬁ@ﬁﬂ%&ti@n.ﬁfﬁéﬁle iog(r:cg}héﬂﬁgg ReeRASE fisdlisbhsor signal

e first sensor signa enerating a second
anfiangtyndienseesighdsgerehatitg f fimireey degroaphasenhift from the first
signal, conputing a frequenc¥ usi ng one of the first
senjof signabienst eneptiingea ssvond ngiety Aeeres phawedhHl Heomy theesgeand sensor

. phase shi.ft, an ' f
s  PORE R e SRR Pl g s o
seb@Hd RhOGREIRDIREH SHITt, BhdB@hputinl 8nd bOMOrRS RS miaSs flow rate, a

provi ded according to an enbodi ment of the invention.

dembigy, e tahvotbme flomi k86 receiving a first sensor signal
d . Si l,. td fi.rst ninet .
degr b SR SR reh 2 Al etierdr Brataghipeording t
an¥isd Akt f&he ‘ﬁ?\%@lﬁorﬂ T %eﬁl%ﬂrc%%gﬁﬁé§ Becellidg a FHr@Behd® signal

second sensor signal, conputing a frequency using one
andfa geloend semsor signat yerbegfireen fitshameshiégreo phaseeshifs from the first

e 12 TR I COBU L0 2 SSE n crer
) t ' ' ) : )
S BB L0 1000 S ot i or e

se@(ﬁncﬁniﬁ@ﬂ?lﬂ@grefd Shiise ghig, cORPatihdh phnseadiffelcOusing s fifhi@inety
same reference nunber represents the sane el enent_ on

degtde piraaskhifand the seuogd ningty degree @hase shitonidgtompytingpne or more
ter in ar% exﬁ:i\%@te of trﬁﬁ ir}xent,iton; FIG 2 shows

oL gass LI EPFhii e S ¥ot YP T HE BA M Enbodi ment of t he

Dé&i‘ﬁﬁfoinq{f-the lﬂrg»wiﬁ?gs a flowchart of a nethod of

processing a sensor signal in a flow nmeter according

t 0 dhfheesunediefarancendurhber represants the. safleGlementomwall drasvings.

met er_ el e,ftroni cS ac,c?rgli ng to an enbodi ment, of the

i nvelhG: drillustzatess gorglis Slow Melghahan PXERPlS ofdhigy epyon;

Pr OGRS '2@%0%}3 rrﬁét{era&gcﬁ&ﬁﬁ_gf%c&ed?ﬁé’ 'Ec% 2 E&@b&irﬂéﬁt of e id¥ention.
nmet er according to an enbodi nent~of the i1nvention.

FI G Fi§s.i3sisa Abeekadiofgrasthod off ppoddsking @fenkdresignal in a flow meter
processi ng system according to an enbodi nent of the
accongdng oo erEbalinent RS iaeandion. of the Hil bert

tr ar‘ﬁf(g ﬁ%g{v‘g %ﬁe g e%re‘ijeic?l%n}cg a%(r:]or%{rrpgot%i AN bodiment of the invention.

FIG. 5 is a flowchart of a method of processing first and second sensor signals in
a flow meter according to an embodiment of the invention.

FIG. 6 is a block diagram of a portion of the processing system according to an
embodiment of the invention.

FIG. 7 shows detail of the Hilbert transform block according to an embodiment
of the invention.

FIGS. 8 and 9 are block diagrams of two independent branches of the analysis

block according to an embodiment of the invention.
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30 of the invention. FIGS. 8 and 9 are bl ock diagrans

of two i ndependent branches of the analysis bl ock
weacewrodi43g t o an enbodi nent of the invention. BCWDS2005/043710

2006/ 071454 PCT/ US2005/ 043710 FIG 10 is a power

spectrumdensity plot of a pick-off sensor signal of a

f 1 owrGmepes au?é’@ér Bedcia aemehyt hlensf afliék-offlseplomsigaal of a flow
Hi | bert transform bl ock according to the single phase

methi fitder enboali ermditiors. FI G 12 shows the anal ysis bl ock

for | e ph i ft . enbodinment. EIG, 13 sho .
t e 19Bnddr T5rEt Bo G rRERT R P dLE LoD Badp phase shif
enﬁ#b%nﬁé {or art, wherein a tine difference (At) value
each is conpared Det ai | ed Description of the
| nvefiG 02 skd@Sthelarblysinblotk forfthe snglahade sleifi grnbodiment.

deplct seC|f|c exanples to teach those 10 skill .
t he Ht TAGHP VS hrak@SHifOerseing 19 tﬂf‘egtve%aleas qomppzed % 12 prior ar,

wﬁéilé/lﬁ gtt n‘?ﬁ[‘dlﬂ}: Perncg 95,‘1[119 8§§achqg cdifi Ji ng inventive

nventlona aspects have been

D@tlail@dl Dfe!s@dpﬁbn o@ﬂmé Iecbntibhose skilled in the art vvl |l
appreci ate variations fromthese exa | es, t hat f
wi t HTESE ﬁel%@mbﬂleoﬁollpw&g dReeriPtiom demRbsscidle ey PSntO teach those

skblg t%%\{ﬁ\frtlbtléovg gﬁﬁ%lg%tn iS¢ zlﬁ ¢ égsg H\l/\é/a& 6%8 ?n\qe%‘?ﬁ)ﬁ' %q the purpose

ofVREtBhd Qﬂ%rﬁﬁleoft:rlﬁ&lﬁleh nysné |c@ﬁvelﬂﬁ)rﬁ1 ra%i%tst hatd @een 51mp11ﬁed or
invention is not limted to the speci fic exanpl es

omlgedr Theskt Siellodv,‘m et arbmily apgrem@e euigtions o these ﬁxamples that fall

Weqw %g Isﬁ%gtgg P Gem%fglifi]cg]mg| 5@ skﬂLedﬁg{ Jg)rewalgﬁtgﬁ PBPﬁeS@te that the
%t%res:\éf‘e"s &fﬁ&%’&l YariBe E@rﬁeﬁﬁg%nt\%r%§§v {yls QW bgh Fi‘n@iﬁ le variations

ens a process nmterial. Meter electronics
off ﬁ‘leclﬁﬂﬁﬁﬁined A anebel, mssen&ht;onlﬂs nbalimadstol0e $m:cﬁh: examples

provide density, mass flow rate, and, t erature
despileadrel OBnbWERY patthe dgimsand, e eqyiva WE%

i nf n not j I QR

o Y SRR GO, ot CoBERSEDE ASKPRILARL 0 and mter
elbdtrdnfcsAOP VIR abenitll996 rédpohtieth mass flew aate ahﬁ&lenﬁﬂfbeof a process

present invention could be practiced as a vibratin

muighiel. ddetsi elstroaicswOtih oennected tadeagter @ﬁa@mblﬂfela@smaéﬁ%dﬁgl 00 to

bili.t Co t
roERE eyl sy oDy [o1e DR ASTRETAT HIPT AT SR g ot dnarell &
otﬂlérgmlior%{aﬁeﬂ &t fdSvAR D the %eseﬂf"iﬁv@ﬁtl&ﬂl an I EkTovk 1=193ter structure
an , a pair of parallel flow tubes 130 and 130,
isdiefortbed mthbagh &iis 48redteopersatkilledse toart timt)themrdsem invention

pair of velocity, sensor 70l and 170R. Flo
cord baagcists anaVibraiRe §éﬁ¥%ﬂémf’;rerswg<?%@e # IEPH eléa%asufement

ca%%%ﬂ@}pgro%dled @PQ CQWHliS tnass flow meter.

Meter assembly 10 includes a pair of manifolds 150 and 150", flanges 103 and
103" having flange necks 110 and 110", a pair of parallel flow tubes 130 and 130", drive
mechanism 180, temperature sensor 190, and a pair of velocity sensors 170L and 170R.
Flow tubes 130 and 130" have two essentially straight inlet legs 131 and 131" and outlet
legs 134 and 134" which converge towards each other at flow tube mounting blocks 120
and 120'. Flow tubes 130 and 130" bend at two symmetrical locations along their length
and are essentially parallel throughout their length. Brace bars 140 and 140" serve to
define the axis W and W' about which each flow tube oscillates.
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| egs 134 and 134' which converge towards each other at

fl ow tube nmounting bl ocks 120 30 and 120'. Fl ow tubes
wWa2Weanths130° bend at two symmetrical | ocati onBCalusz@®s/043710

their length and are essentially parallel throughout

- their length. Brace bars 140 and 140" serve to define

t he g dd¥ead3 YV 1 Fibasd 194 10’ 6AfA6withissy 13018d 130" are fixedly
oscillates. 6 WO 2006/ 071454 PCT/ US2005/ 043710 The

aticliel todiysv ik, mosatingbldciaR0 agii2®and thege blasks. indorn, are fixedly

and 130' are . fixedl ttached to flow.tube unt i .
acipidce oo 106nd 45E henout Goiegdindelf oM at pach
t11fdugﬁ_<ﬂd¢ﬁcmstrﬁ&@ﬁgss&ﬁb!5am.f ol ds 150 and 150°. This

provi des a continuous closed material path through

Cor i Whes flargeyr 1 (8saehiil3y, HE®ingthdMe h0F drah X ated@ramedied, via inlet

PR o TR LT T -
RO B 150 LGRS0 o 512t an i

10'EhETankB 108 @hcaitivetddith@mgh Idnifold flbngodQabé mounting block 120
conducted thr ou\g{h mani fold 150 to fl ow tube nountin

hayfingeksurfwe 1RdviWehim wanifeldd SPzhe materidl is diifledaing rg5gd through
ﬂ{)\g E%‘tg:%tfgélaglh 01'3?‘30 g&@%gﬂgg %otrv?) ﬁ%)%? Il %@\ﬁl?cﬁ gg()s' }%&Jrg#&s material is

ret@Bbinell € a RIS SFe iR Weihinah&old BAP M ReHedeBfter ®ub@l © exit end
streamwithin manifold 150' and is thereafter routed

10;0 cendiettedriy fldr(et’ 1036hamdng balt bplds| 1430e the Brodgss/fimg) (s shown).

oles 102' to the cess_lin ot sho . Flow,tu

130 g tees P 85 B QG eniti b e e ARG ST Jlow tube
. ] | ' . . .

T R

moBRBRIT indrtinAad tY cungldnddulngalsourbdnding ardoW-- Weardi WE-W',

axes W-Wand W--W, respectively, These hendi

n
regestively. tThese hpnding esesen drauah braee bare140 prdd e Hfggmuch as the
t he,

Y0 ' dyl f th i
Youfesaifhs ot B S e’ SR RO dinge affects the
cAéulii Vb sy daaTehdity, FasdtRlitvapberire dafettos (REFDYA0rs mounted to

(RTD) 190 is nmounted to flow tube 130", to
ﬂcﬁs]: ebenl fflisbycontingously measure teetertpgrasurgfof theeflpwdwube.ubbe
e 20 t t f.the f b d.h h
(R TAgE L HePIY 0% e her b Rl DRI GRS e AR for 2
SREEELERLOREAL MU OACORg: Do oL poe ok mui

pdssinpeh@ugh ehelfipandeat Thotenapeatappéepehdent acttegs apeariREBeross the
is used In a well known nethod by nmeter electronics ZfO

Ri[D is yagsbinsarellfaowniaethed By qeetenelertanes2 (risdenrarenspte for the
f 1 ow. t ! i .

ot T AR 0 R e AP0 300G I o

teﬁ%ﬁ@éﬁﬁl‘én g RODAY cheadtebtd. met slettranicd 2008 166301 98nd
130" are driven by driver 180 in opposite directions |
abouBothhiéow tulsspédtandd 3Bbaraidm@yea>ber§£wa S0 iy opppsitadirections

s terned [ : Qf,- .
Kb H&ngglagcgst gl’tld 9&' and at what is termed the first out-of-

a‘t%?l?%helir respective be
phase bending mode of the flow meter. This drive mechanism 180 may comprise any
one of many well known arrangements, such as a magnet mounted to flow tube 130" and
an opposing coil mounted to flow tube 130 and through which an alternating current is
passed for vibrating both flow tubes. A suitable drive signal is applied by meter

electronics 20, via lead 185, to drive mechanism 180.
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phase bendi ng node of the flow neter. This drive

mechani sm 180 may conprise any one of many well known
wanro@ngesent s, such as a nagnet nounted to fl oRCTAISE005/043710

130" and 30 an opposing coil nounted to flow tube 130

and through which an alternating current is passed

f or Néder BlekREnibO D rddeditvs HORTD Rntpetdradel gt iondesd Pfaland the
is applied by neter electronics 20, via lead 185, to

1efdamd/eighbv:¢19ﬂiit>s$igma@appeamgzmdsﬁm@md 165R,.respectively. Meter
elqgﬁct;gx{'cj:g?’rg%?r/g ﬁ(?éé Jfgq %N\gqt Srgﬂgl: a%%taertr%%gc’?f geﬁg 1{8? 2‘8:‘%%? eﬁaentﬁgﬁnt 180 and

vitrh@b¥el AP hAY 150 IRBLS ABREM EN) BB ctR8s thelibRlandmbht velocity
165R, respectively. Meter electronics 20 produces the

sigthalsvemdstihg RATD ajgmektoi cognporte theadas&®w tatel and hedenséiyiof the material

180 and vibrate tuykes 130.and. 130. . t el ect ' ..
R SR SR
apéﬁeed Eiy%%#’lg%’lgétrgn%s%%a H%6 f@tﬁﬁhﬁaﬁ@ﬁ" &8 29nd the

ens e material “passing through meter
assary. ¢ shows hhdtsr dledtaumiad 20accoading o s embotiimeent of the invention.

information, is applied by neter electronics 20 over
Thsanetep electonics PP £an nshndeeathigtertice 2bang agiggessinpgrsyptem 203. The

| ectroni.cs~20 accordi.ng ;t I
iR AR RO 24 e a7 oreRe Ot EURSGHERE: fily bifineggr assembly
10, M@ {858k S Rty BeroP SBBAISN T 1R YBdteNe126BonitHE0 cddoperate as a
meter el ectronics 20 receives first and second sensor

masis dlad snefteromm dehe@pemateets adensitbmeterinckigéng egerating as a Coriolis flow
pi C flvel %i t se|} or sisgna\lkls. Thedmet er. el ect r.onilcs der t

meigr- chie B Alerteeics 20RIgeesroRe fEttend o Qh o spinlh order to

ob?%? glr?)%{l %ﬂﬁ&t@fi stidsHF AN B9 RREEAE iGin@ShAb e the He‘@er{als@ﬂlbly 10.

e neter electronics 20 processes the firs )
Farsastgi: sets elecabnitals dan detetiminetane abhareroffd phase difference,

characteristics of the flow paterial flown Gﬁhroy%}

a frequensy 3 timeshprepce (AD, 1B5dSHY X BAR HOWHAE: %«% apolume flow rate
el ectronics 20 c r.m :

g FreraneeSiehds Pl gREEL R S MG p A G Rafhgf A can be

deBeRShd accdrdBg %o Hedwwéicn. Eeddelertthationsidrodiscassed below.
fromthe sensor signals, for exanple. In addition,

ot heFhd planse clifferanceaddtemivetionandibe fipgueney Aetgrmination are much
according to the invention. Th ter.m npatio ar.

g PRI LR BERBHE 1 PR Do P HELTRO bt R s Prighart Tn one

en%lgiiltnléﬁt R EPMRB YA eh & MiARhAforPAR] theFequécy astk@hination are
and noré accurate and reliable than such

dieketlgrderivadl ifioms a iphadetshifp of onlyaorte. sehsor signal enitloait tiannged for any
t he phase di fference deternmination and the frgguenc

freeaeyoiatangn signal i agvanjagserily seucrs PR iespe required
in?o&d@&%%o%%t?ﬁn@si?orw éﬁﬁgﬁg ist { iuhohBEeMBEEint @, tBBYhase

equency T ef erence sl hi's "advant ageously

diffefhee ss 8drevddrfosa phhstgsHifisref betiuensed signalsomdéle thefrequency is
conpute the flow characteristics. |n another
degivied diare only enrephseslifixbgenls Thisineisases the ppquacy plobath flow

ORI 2L AR08 e e a ir

Si gNphe prAbE St RGHERS R AN ARRURBYIPlypRAU thkOW2 seconds to
perform. In contrast, the frequency determination according to the invention can be
performed in as little as 50 milliseconds (ms). Even faster frequency determination is
contemplated, depending on the type and configuration of the processing system, the

sampling rate of the vibrational response, the filter sizes, the decimation rates, etc. At
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characteristics, and both can be determ ned nuch
faster than in the prior art. The prior art frequency
wdebwmromi4sat i on nmet hods typically take 1-2 secoRds/uS2005/043710
perform In contrast, the frequency determ nation
according to the invention can be 30 performed in as
thel 3¢ #lsSFrafeh® fatéinhiBeGoOn etae (tHB netdr\eidttfonsdsed0 docerlienythe
determ nation is contenpl ated, depending on the type
invention eam bgabeitiddriinaes fasterjhancihe oring agyst em t he

' t f the vibrati | [ J:
<1 o8 b Bahar A 10} Sl IR RE R Gcloss fgeors
176CThNS20R5/ Q4R 188ds 101eoSPIATE . FriRAueR e 2ol %ﬁ?@ﬁbfr@ Any
rate, the neter electronics 20 according to t )
ne¢asvaytdralesicedhsipeal aooditioning, iswahsast syt manndyan folmating,or

art. The interface 1l receives the se r signal .from
AR O FEB oy AERRTHED. 59BE %540 LIBFSEe pRditicRie can be
! {Jhednterface 201 can perform any
pe]gﬁﬁgg%ég%regjfr%%%%re%i%?lsédﬁl?log%nal condi tioning, such as
any Inaddeionpthefimerfatd 200 can empld ¢ormauinaratiohubétercemtie meter
etc. Alternatively, some or all of_ the sjgnal

elesnniosi20randgxtsanalisievicesr fTbe iertase 2Mecqst b eapaplept any manner of
system 203, I n additi Jnterface 201 can enabl e
eleggr%npggﬁlb?{swggl% %Asééeogﬂ?w‘gﬁ%%{)%r el ectronics 20 and
ext erahtdR¥t 065 in dR€embbeitaat R ciplearithe diginak B 2fvherein the

any manner of 10 electronic, optical, or wreless .
semsomsigniat ediiprises Bhanplugerehaeresigzol The digitiezddisamplesiand digitizes
coupled with a digitizer-2 02, .wherein the, sensor
thes? | %\$ S%%ﬁlgg%lsangrprgé%ﬁeg& (g%l}?é S?HSSOF é}%ah jfh%glgltlzer 202 can also
pefﬁo&ht*&‘:ﬂe dd#d 165 ettt HipHas sersBesi2All i9 e &8RSN in order
si gha ang produces a digital sensor signal. The
to sddyict itieama0Rt of aipnal pmocepend neaded and ne ecthte decpnoaedsimg, time.
wherein the djgital sensor si g[gﬁll is deci mated in
Therdsstmation wilt beidiseusshe MR EC8Y bsioghal processi ng
nee r e [ fha O
deci T eee S B 03 R ERetRtbak o e il clectronics 20 and

prédeRSRSHdw theaysreahR0Boand fiotvamepe kaehdis 10f Thhersmetsng system
el ectronics 20 and processes flow neasurenents from

208 lexefiitonone pemorsRIOGRIsing Gutimpreanst hewebyinrgcasyesttBenfloyn 3
execut es one or, nor rocessin Qutj nes. and t hereby
m?ﬁsﬂ’@é%es“z% I} 74 OREP gﬁgms?ﬁrg?% rﬂ%w Ichargcl;t&gls t(%‘l‘fs_c') produce
oneé e }%%E@ssfﬂr%% SRR G LR Ethprise- a JhRrAlRLSSRIBthputer, a
system 203 can Conprise a general purpose conputér, a
mikt@iropessingsystem, aysgiemjrcait) agomeitheugeneral pugmse oo thsspmized
general . purpose or custom ze pr ogessi n% Vi ce. Thﬁ. )
PrigessiEgienises e aRP PRI A SIHR h3s5ar R EEY ong multiple
inle oo . . ) . _
P B T8 B0 LRy 288 € AR Wt o
inddtaemddaitronleablagsinteditior agh agehl sworageuwybteas2de

storage system 204. ) ) )
The processing system 203 processes the sensor signal 210 in order to determine
one or more flow characteristics from the sensor signal 210. The one or more flow
characteristics can include a phase difference, a frequency, a time difference (At), a
mass flow rate, and/or a density for the flow material, for example.
In the embodiment shown, the processing system 203 determines the flow
characteristics from the two sensor signals 210 and 211 and the single sensor signal

phase shift 213. The processing system 203 can determine at least the phase difference
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The processing system 203 processes the sensor signal
210 in order to determ ne one or nore flow
wohereaai4sui stics fromthe sensor signal 210. TRETMIS2006/043710
nore flow characteristics can include a phase
difference, a frequency, a tinme difference (At), a
andBSSrédiRicy &l tHRNWoensordantild ¥10 aid 2 heardd wiw single phase shift
material, for exanple. 30 In the enbodi ment shown, the
21pr doesshully cither 2 firt@s serond piipsroshifthé sensepsignal (such as one of the

characteristics fr he sensor . si
upSiRepa Rt CowasttsEi pleR Bt kGals R B DS 8] e B gysem 203
acﬁfr??%stéitﬁ@irﬁ!ﬁﬂi&ﬂr@%eﬁt@rﬂe@&hﬁﬁ@h asd difRdkce ehﬁe%ib’itfé?, a time

[ rence 9 WO 2006/ 071454 PCT/ US2005/ 043710 and the

differeneceeiay, ahdtmatthasstfiow sénforthe iflpmamste?d and 211 and

the singl e phase ift 213, As a result, either, a

{11 dhegorseb BB RIS EaFOTs BaNSBReh PSR edae. sivare
ro@ifes Lorlsiit vHRSE ragamaﬂﬁblg QURRE! €2 Bhe bfkBlim MBlsfrage system

can be processed by the processing system 203
20aGa6lndésngutined thet dre\egadutahby thegrrdeessing systear 2Ohelmone

phase difference, a frequency, a time 5 differenc .
enfbadjmeninticstorageaesiem Bdsioaeca pBRse et Fusine Al2er pagse difference

Th t 2 . , . .
ol 2 S RS R B B A o
ch¥akicaliss vatides 18l n one enbodi ment, the storage system
204 i

4 includes routines that are executed by the
pr odessi embsdinent; e3torage Histem AP sHirpeyariablasaised & gprrate a

204 a.. hi [ 21 h
I FreeteEd 200 bRPHE IaVGnSRr ¢y JGAHEgEs Sl meVB 1500
enjci%&ﬁm { &Ge8V5GatIAL JudhQ gl'ié;ﬁrs.% $dnsoRBiEnal 3 100Md the second sensor

aracteristics routi ne . I'n one enbodi nent, the
sigatad 0 dyevisiys aegme2Bided tionethewatdcity/mskeff sehsors biddr andel ZR. In
fl ow meter, such as the Coriolis. flow._ net

r..5...The .
additinnathe syrgge RYSon 204 @ns&tore AHYflesEi R PLass hig zvlértgﬁtblﬁ generated
.. such.as the.fi r.stagnal 210 and the second
ms%@?&? %E@ngfnée nt égﬁfﬁaﬁ\%ﬁt%#%g?e received fromthe

vel qgidné/eRitodahénts gestdragel Siteran04 @& onaglor mdel flown,

the storage system 204 can store a 90 degree phase .
chetrictaristiggobthinedifzory sheeflew seeasireneanie r ThosStawge shstaa 3Hein one

B TPk RO RO R kB, 2401 ey 221,

i $416 B NS FensTiy@28t MA@ olume flow rat
a@@%?@% %élé@g)%%% Jﬂggygeﬂn@%di ment ~ st gr;seﬂsy flow otume How Tate

22shall deteemirsedi feam shie berasr agpi@46. di f f erence 220, a
frequency 221, a tine differenc {) 222, .pass f.low .
|t esaess shib-optipe S5 perinas 98 aRteeaay Sullon apgapil signal,
. al t ' i gnal
iy BESEHEY HEhgl S0, TEPRRE SN R HA8 212 1 ond biRHB ARG
infilerh Bty b FltgRedansform @liscusseditedownsor signal 210. The

phase shift routine 212 in aone epbodi nent . .
The phase difference routine 215 determines a phase difference using the single

90 degree phase shift 213. Additional information can also be used in order to compute
the phase difference. The phase difference in one embodiment is computed from the
first sensor signal 210, the second sensor signal 211, and the 90 degree phase shift 213.
The determined phase difference can be stored in the phase difference 220 of the storage
system 204. The phase difference, when determined from the 90 phase shift 213, can be

calculated and obtained much faster than in the prior art. This can provide a critical
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25 inplenments a Hilbert transform (di scussed bel ow).

The phase difference routine 215 determ nes a phase
wdizbdemrersee usi ng the single 90 degree phase BOTMS2005/043710

213. Additional information can also be used in order

to conpute the phase difference. The phase difference

diffBrebEireAbRGh SR hppl R at OiEdvea hipg@idvh eated bif WhergansloiFphase flows
signal 210, the second sensor signal 211, and the 90

oatey rleedditiae thehpliase differenee canebeddaterminebindgherdent of the frequency
i ff . inth h di f.f

o LRS00 AT S AR B R,

degtgtﬁﬁ‘ﬁ ] ﬁ‘ﬁgpéﬂ'd%'ﬁﬂg Re 1R0rRNRS8Y SN driorZbhpofidi iBehe phase difference

culated and obtained much faster than in the prior
da@s hot ifkhislecarerporeoinpenentorfithe faljud®y\ieX20deit®nl 484 there is no

Rl SN ORI r——
digé#e Le RBBSR Jehﬁ%% oaféfﬁ:bﬁase' %\ﬂ@ cE 'O?E]g n{%ﬁkﬁ afase

erence can erm ned I ndepen of the

f r eqenyquedky ebiither2 sedsamistgn fleqeh@y gsuchlds. that exhibited by
Mor eover, because the phase difference is__deternined

eithetthseigesansgr genal Rd Oror dbgiagepd sensor pigpal Zidmimmm e Fydegree

t he Lfference S not i . r
Pl Aene: o REH s D ERATSE Rap RS T e SdReppr?y of the
sthiag® Qyst&RMRRUNCHe Be RIERSY, Witkn! dierpliaéer8hd thesBG€90 phase shift
measur enent. Consequent’ly, the phase difference error )
21% caretle caldulnvest arsl @ittzised divchdagectbanin theerigriask Hiig can provide a
The_ frequenc outine 216 determ nes. requenc such ...
Cri, PR b I BHmS{ET oBP Lo e Pereen DRRGUR G iR hute-
t econd sensor signal 211) fromthe 90
p%ég?]ggvs CJ%gmfcc';hase shift 213. The determ ned frequency

can Diee sinerdiffeiencd (1) toeinechdyde2@ininds 4 imestiffempee (At) between
system 204, The frequency, when determ ne

fromt
theifingi senow signad 816 and the speand sepsopuzpalidddi gli@[}?fgﬁ G‘E‘feefence (A1)

oht ai.ned .nmuch..f i rd i :
R e T L
diERRInlce ?Ab%ﬁlﬂ?@ég SbstingiRl 1 iendstaireine @ phadeatieided byithe determined

phase flows occur. 15 The tine differ encewéé-\t ) routine
froquendpteadris thegyefore iged tdidetesminmcide sy losk Wd&n  t he

first, sensor. signal. 210 an he second sensor_si gnal

on1 T BOR heast R AL AP Sho SRR G SR RV

j i e 3 ;

AL TSR Ak T O ALY QUPIR SR e
diffetetico206 dnghis detainvindé drebyendye2 Xe farexample, if oedénegcomplish

3ty BB SRAGHTTSR] SOU P THORL e i ghformation
m%ﬂ Be %qﬂperdefto[ ltt?e‘ﬁ’e d%ﬁflﬁﬁl&i?@éﬁhbﬁ 8 thERiads lég)‘% rate or gensity, for

aracteristics routine can use the term ne

e e THé ffosr enesct@2Ricancutinee Idedr detsradnd a agse floy rate from the
221, for exanple, in order to acconplish these
timddlifferenes (4t) 3a2 omdrtheretare dtane she phase AifiRrengse220 and the frequency

251! dﬁges %o?‘r%%la{ o%tde%%%ﬁrgilng rr]naa{ss Iﬂ%fwo{a@ltsl g?\pen in U.S. Patent No. 5,027,662

to Titlow et al., and is incorporated herein by reference. The mass flow rate is related to
the mass flow of flow material in the meter assembly 10. Likewise, the flow
characteristics routine 218 can also determine the density 224 and/or the volume flow
rate 225. The determined mass flow rate, density, and volume flow rate can be stored in

the mass flow rate 223, the density 224, and the volume 225 of the storage system 204,
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may be required for these determ nations, such as the
mass flow rate or density, for 25 exanple. The fl ow
wohereaai4sui stics routi ne 218 can deternm ne a nBRES/USR@#043710
rate fromthe time difference (At) 222, and therefore
fromthe phase difference 220 and the frequency 221.
re ij&tifvellymlh adfipiond eeefldtl RhargcieESisesf dapvbertadnemiitseddioveerinal devices
S. Patent No. 5,027,662 to Titlowet al., and is
byﬂl@dﬂ@@ﬁd@@mmwé@n by reference. The mass flow rate

imit ;ﬁ@? t he W%@é Ilélg%lﬁo f eff pg?cesgigg%éﬁs% g%afsqﬁ a flow

mEfé@ra@&tr&Elg% 'aﬁ%n[%di‘im&@t A1 GRRNALS OTHQELB 01 NBe FiR® and second
density 224 and/or the volune flow rate 225. The

setedresignatearerasdvéd. ohhe fitse serensigngl, caarmdmpsisaeethét gwspstream or
rate can .be tsftored in _ the mass flow rate 223, the

doywmdreai piskot! SERPOF HigNgh| une 225 of the storage system
204, H&eﬁ’vg%%fé&gﬁ ot énﬁgérpﬁgggﬁdﬂéﬁgdlom one embqdiment, the

respecti Ion ow characteristics
carditidrgng canswiudecfltdringestrenned ndisw ané snwhytet lsgmﬂst dn one

electronics _20. FIG 3 is a flowh rt 300 of % &)%
emgboimsab $ag Al seh CANBRY Randrpags filigying gertgred around the expected

fug@%&%ﬁﬁ%gggﬁ&@%}cg Eﬁ)oﬂb rgétgro aﬂﬁhﬂ&y %‘fﬁe{r %Qndlltlgnﬁltgeé})eratlons can

secon sensor Ssi gna

bd B&EbMRM, sudheasfdni tﬁ@@@ﬁ%uﬁérg@abtccammmm&eg@m b@nprise
an upstream or ownst r eam pi ckof f sensog ?m%nal I n
%ﬁ

arsfl epsignds, thhetepensdirtbérgeainsise any meargshe g, digitization, and
one enbqdi nent, .t he ,.con i on
afey it 5 Besfsed e REr ko 8t ile il SstitRena, one

embog t | £erB@AC-TRRSM degree ph
fil ter@%%nﬁ? Iy dgs%égﬁ thge gggﬂégfgéderlo fundarrentgreep ase

sﬁlftemuqmmys 290 tdbgra‘elpd!mserrﬁnﬁ rof thensemdolf $iguel, ToeMW6rdegree phase shift
condi tioni ng operations Cﬁ l% ey%or ned, such, as

cainis Perfrrerdy, A ppRRST o phaseshif machanism (i OPeEtipha g one

Iglg n@%elc’ne th@gélldg e rp%Q?é sttnfttl{'f r% gl ) I%é‘fﬁl%@ft tran éform operating

I'SE ‘any nanne sanp at’ion

oﬁﬁfglﬁﬂﬁdn@ﬁr§1gﬂélsare per f or med |n order to produce
digital sensor signals. In step 303, a single 90

degr besteha®d asphase differgaeds somputerh asiop thretingle Yrdesgace phase

a 90 .degree has shift o
S dut A oS EO DGR B SLBe B POt g Phase difference.
P64 QRBRAmRY:, 3RY pRRR HffeBhed Qféﬁérﬁf'ﬁéd fromah@ ﬁhﬁ@hﬁ’s{or signal, the
operation. In one enbodinment, the 90 degree phase

sezbhfl seriser pignélo ang thausnglg 98 ddgtdstqrhas¢ slaifis fldrerphase difference

operatin gital sensor si S. l.n st 04, a .
e s Dl e st v P T R tha s seen
d eeg{t%gg%%ﬁ@ eﬁ@cts IhE vi ghﬁf@la ée%‘tﬂ%'f?.t ion can al so

e used 1 n or 0 conput ase ference. I n

one ghbedultkiy phakb diffdresd is déﬂ‘eﬁhﬁredewiﬂmud eieemagvdnfetlany frequency
fromthe first sensor signal, the second sensor
valug frathe calvatlativa. SHhrgicaultng phesecdifprrase camps pbtaingd much faster

t arr}aas %ase d1fFerence calculated using a frequency. The resulting phase difference has

a greater accuracy than a phase difference calculated using a frequency.

In step 305, a frequency is computed. The frequency according to the invention
is advantageously computed from the 90 degree phase shift. The frequency in one
embodiment uses the 90 degree phase shift and the corresponding sensor signal from

which the 90 degree phase shift is derived. The frequency is a vibrational response
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conprises a phase difference in the response signal,

i.e., in a pickoff sensor, that is seen due to the
waQaniealigs4ef fect in the vibrating neter assenbPgT182002643710

The resulting phase difference is determ ned w thout

the need for any frequency value in the calcul ation.
frefienéEsEibhd MTthe fiaggeidriseiRnas] GRkebendfmonggnaliti frequencies

faster than a phase difference calcul ated using a
of thetyve senpor Jigeals aradubsiagtiphnlentglfia opaeasiony s Thafrequency
coﬁé?ﬁtase ra v]ﬁ?c_:réﬁ{)}gaﬁ hﬁ?rhncygrteggg%g gg {}%fﬁé\gﬁﬁgﬁgyoﬁﬁ!l@etﬁg a vibration

ceROMRY Bfthe IBfef 180lUENCY according to the invention 30
I's advant ageously conputed fromthe 90 degree phase

shi fThe flaguehce thsnieyived inolgainedrivodiont e needdor 4ny igdependent
SR Ry R4 ORI BBl e e
sh&ﬁf%ggg%g?gﬁglﬂ E%?EH BIAA: tﬁa%siﬁqge; Eriéf a%f\ﬁ'[%g Q&84BT APEquency has

requency o e first
a @enrdacairgnathaandrdgnensecaindatsé ivs tire wigreat. (t he

requencies of the two sensor signals are X
subsInze 306, ¢ mass dlave sate phIlepepaerahys compaiisd: chiranasp flow rate is

conprises vibrational & en f .
cof R B P TE Q0R S EHEDGH 500008 Bhalfy coppuca n
stési 30Rr ankB{)s. Gn Bhgitfoneteansss fidviatd ebinyathtion cabcampett a time
wi t hout the need for any independent "frequency

diffefemce (48 finy thel phash differeneeeandythe sreqperdyn adthf the pimerdfference
single 90 degree phase shift in_.an operation that is
(A ging Hi"tr@?teg’ﬁé?ﬁd i%ﬁ C?W@“ﬁr*‘% mag; flOWEate:  esul ti ng
fre b opaSEyAsYddiBainddf Tae b
cal %%g%%@ﬁﬁh%ﬁeéggy?or Ogrt. II“n step 386, a mass Icg\l;lv ©
detahsined ad benoftht €lomathdrsctedstizs;t adl. cafife dasmihtdvomathe
is 10 conputed fromthe resulting phase difference
fregygnendor exameleng frequency conputed in steps 304 and
305.;.1n addi ti 0 f g y
condit BB PR e Ayt Ep (AR RED Rl volume
el iercan®e densmiid dsfopgusmiy flowichbrdcheisticseandichh 8¢ @oemined
(At) bei ngl ultimately used to conpute the nmass flow
fromtthe mass Sowpragomd thh dedwihs faryexemplopt i onal |y be

S B A il SRR S LS
i“%‘ﬁumﬁ% h?lre EIEIME RS Yomhin RHBIRGE2 shitetheBadd tgefeﬂ_cliigge numbers.

ow rate can optionally be determ ned.
vol uTike nfeteowlacabrics 20 ih¢hid embodimed insludessthoffirstisengdrsignal 210
characteristics, and can be determ ned fromthe '%Ré’%rst and

and, 1@ seeand sgReprsHBaidhki L PISESSEG R 208 DEPESSSA

SRR 5SSy D031 P D184 AR e o
chifrddleristics fdnsharstordie Aapevicishr discwssadirthense or more flow
characteristics can include a phase difference, a frequency, a time difference (At), a
mass flow rate, a density, and/or a volume flow rate for the flow material.

In the embodiment shown, the processing system 203 determines the flow
characteristics from only the two sensor signals 210 and 211, without the need for any
external frequency measurement and without the need for an external frequency
reference signal. The processing system 203 can determine at least the phase difference

and the frequency from the two sensor signals 210 and 211.
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The meter electronics 20 in this enbodi ment includes
the first sensor signal 210 and the second sensor
weigsa714841. The processi ng system 203 pr ocesseeTis2005/043710
first and second (digital) sensor signals 210 and 211
in order to determ ne one or nore flow 25
characiak ipsdviiesly distndsbe, the groahs syARnpL @Y stotsl a/phase shift routine
di scussed, the one or_nore flow characteristics_ can
2li2na phaze difisrense reptinec}1on adteatereyeiputine y 1 6.8 timgedifference (At)

dj.f f nce (At),.a fl , [t
ro SR Y s oe BRSBR L RIBE A e SRS Xy hPlcnes
i8N RedbinBBhal N OMAd th§cRhAGESHr RTEnSY ST 1€ MRS ol el HEMER4 also
the flow characteristics fromonly the two sensor

steriegadirst W1 degxeciplzabe shifi 2 Hoand 8 kecond &8 degreeaphase glyft that are
external frequency. mneasure t and wi thout the need..
PP gl SESRIE L TERSUTERE AN LY DS As was
; i; I t S
OIS S-S, ot e snin i oo
frequgney 32 R ltBe sintk Afférentd (M) 2200610454 5w rate 223, the density 224, and

PCT/ US2Q05/ 043710 As was previously discussed, the
thg vl fleyspted2904 stores a phase shift routine 212, a

pha dj I . [ r i he 2 :
P b P SPIE Bt BRGSO ARt ignl

inehai@CoetheSfinsCsenb@Uligidg 2208nd Da&hs baoad8esyBsiMalOU . The phase
stores the first sensor signal 210 and the second

shifé nesgsines] Ignial oz embotitigert ioigaenty gtbithezogansfesn gdiscussed below).

50° LRy Brshieb et FRURR S 2 Ber s sk Aoy TEM e first 00
de?ﬁgé?}g{asé seired 53 AdM @F qg&oﬂ@(ﬂ@ég%é;}oﬁ‘@e tshet $1OWA dditional

cteristics. As was previously discussed, the
infdroratige cay siserbe2B4d s1 ordes to bemphiashe phiseealifercac® 20he phase

the frequenc 21, the tinme. difference (At) .222, .th
difiGEHICE [ ANS & oglﬁgznt {RoriRiEd ?@?nﬁw,fﬂﬁm Sl e second
_ _ . ) ¢
<0191 1%, TSR I o g, &4yt s
stef 21 Be Thierdeterftimsiathasé diftdredeeanrtt sooredl fie tiregsimise difference 220 of

sensor signal 211. The phase shift routine 212 in_one
the sisseassisten APt cvmnewonsldissapsedt rlhwphesndiftrenceswaep

| Th h diff i. d : .
gt aprPEABL BT R bR St B bgedd Gl Botained
mBPh Hste? kBarPRht oS 80 Nthidhnda8vRR RhARAl 8iffdréncéid flow meter

Additional 15 information can also be used in order to
appdicptiomes havinghizbdlod fater emabere Theltighmase flodisfocevi Noadiition, the

one enbodi ment. is conputed fromthe first sens .
plsg ALty ke CuGBIACS BRaTIcS §hibe T el al e segsor signals
e .
At SR Whhloc A2 AR oSt A e ety of
theedregjuoniad ah rrioh eompesent dn tHeeptese difi2enaf does met sufterdopem an error
system 204, as previously discussed. The phase . )
cempanentat e fipmenaoddemingiiond cadherg i Ae compaungipg error in the

pl?a%g A2 P BS Gk ! %Jon%g('ﬂle%ﬁy?fhle%%la?et 8RR iR uced over
a phase difference of the prior art.

The frequency routine 216 determines a frequency (such as that exhibited by
either the first sensor signal 210 or the second sensor signal 211) from the first 90
degree phase shift 213 and the second 90 degree phase shift 214. The determined
frequency can be stored in the frequency 221 of the storage system 204, as previously
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much faster than in the prior art. This can provide a
critical difference in flow neter applications having
waigls/0f7i4w rates or where nulti-phase fl ows ocedr/uskms/043710
addition, the phase difference can be determn ned
i ndependent of the frequency of the sensor signals
diseh&seaNThe FoquMit:e Weh, dehemansefrbiehp fiag andist @iy phdss shifts,
determ ned independently of 25 the frequency, an error
car bapanelatedi and: dteaiphd seicdiffster bas én theayionett. Sk ean prayiide a

.an error conponent of the.fr ency. er m.nat | :
erificy difpicar e BONARE RPN A By oR }gﬂ‘%f%wemt%?é%‘%ﬂm multi-
phggefﬁlg\{,gg&%rneasurenent. Consequent |y, the phase

|

fference error is reduced over a phase difference
of tIihe tiné difference (IMerduting A&7 dyterminas ndindd difthrerenifipbetween
a _frequency (such as_that exhibited 30. ei.t her. .t he
thy fipss ensergigpalsd hhand the o S ST bbb UEeigerce (40
2L irhd 058 |yt 8080d prbous!
caf BE it EB! HEgrAL Uiferdie (PIRGANRSRO Lol 208 tri¥iousty
difousspde Mty thad difeersher (@d) donprises fsubsastiadly tBS detefmired phase
_storage system 204, as previously 14 WO 2006/ 071454
dividgd bzsﬁ@oé/tmm@ fregnenss grdiis trprsfore sgerbiaedeterppg the mass flow
determned fromthe first and second 90 phase shifts,
rat@an be cal cul ated and obtained nuch faster than in the
Pri ofpeddw ciiiiastetRAcPHRUNE L] & cak Hitetitk oflk ol @i @BQE themass flow
flow meter applications having high flow rates or
ratehérealensity, iandfirabe voluowsflor cate, assprEniously Wiscabseder ence

(At) routine 217 determ nes. a.ti.ne dif.ference, (At

A ks AR o e S a5 g sensor
.se r - . .

RSy 9L E Mo e B AR B dyan it 01
firSY Scn€dn s2@hl igfecpivedi dushyembbdioussetie fiftieendomsignal comprises

difference (At) conprises substantjal]y the determ ned
eifbisngrupdiopmedRynsieamgueke s erser 1284uency, and is

t herefore d to determ n h

11 ownonar 4tk o SLoBE S PRt 0 BRI apd P rlRbimerfhe sccond
selBrRigHal Q@ pAB&Seite®Wdovab®earh BE ugeiaint pickeffdengortsigal (i.e., the

volune flow rate, as previously discussed. FIG 5 is a

offplosite bitthe fEeCsensorssighod of processing first and
second sensor. signal.s in a flow peter, accordi to _an
embdiHEREU b e HEPEUERRY Bt OF FOPBp G gh Premipgiie the
ccﬁgi@[ﬁ)ﬁ%%oihcﬁidg'}ﬁ{erfn ltB eGhRbVERbist Bn@RSwRTB@dighBRL .In one

t sensor sign conprises either an upstream
erfbodiments thiefilemne kaf forsmirxedrandigsa filteting, sis gpeBoasly dissussed. In
second sensor, signal is received. In ope %rrbodi mf'Pt i
addiféon; ethsh gonditiensig cgqe@q{&ns @élh—é? ipeeermasq, sieh as ampli 1cation,

S RIRLEET e AR SRRl AP s e v

comprise any manner of sampling, digitization, and decimation that are performed in

order to produce digital sensor signals.

In step 504, a first 90 degree phase shift is generated. The first 90 degree phase
shift comprises a 90 degree phase; shift of the first sensor signal. The 90 degree phase
shift can be performed by any manner of mechanism or operation. In one embodiment,
the 90 degree phase shift is performed using a Hilbert transform, operating on digital

sensor signals.
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20 In step 503, the sensor signals can be conditioned.
I n one enbodi nent, the conditioning can include
woOi2bdemr7i43g t o renpve noi se and unwant ed si gnal BCTIUS208043710
enbodi nent, the filtering can conprise band-pass
filtering, as previously discussed. In addition,
ot hah s&PWli4 hQBEAHH PGS PRSse GRITE Q%eﬁ@faﬁé@[ MEEh seebfd 90 degree
as anplification, buffering, etc. IT the sensor )
phebgstaftsoogmises 8 @0ategreophesgsiuftf thheecone pensan siignet. hs in the first

o B S OO AR M M o
mg'}ghfsﬁ{ %ﬁsﬁb?%()éi gnals. In step 504, a first 90 degree

ase s I's generated. The first 90 degree phase
shi fIh scpnf0e, aghage Silfetmge éec@hpsteddeivWdendhe fing sknsesignal and
sensor. signal. The, 90 degree phase . shift can, be
thp 8ecoae FEEFS PLENH, UrHIsTR? Tigtt Ofeaier Ripspen e §Rcondp0 degree
phoagg #ﬁﬁb %gddﬂ?gﬁal igi%’r_#gﬁoﬁ ?a.r?ﬁ% B? WROPE S tfo.tco'rrﬁ)ute the phase
perforimed using a Hilber ranstorm operating on

diffe@nt@l In S@NEMbodin®Na e pldse\JITRRA6¢ B Hkddthined from the first sensor
PCT/ US2005/ 043710 1In step 50 a second 90 degree

5
sigitehghe s¢iond sessaysignehtibellirstR8 dearesrthaspshifigrrdihstigsend 90 degree

shift..c ri.ses 90 degr ee. phase _shi. f _the seco .
Pk 5 SRS e LB 058 bl B R sienal
.48 RO BIRBIARAKR s St sé@ndReronaE TorHERY ef¥c@RYhe vibrating

manner of ~ nechanismor operation. 5 In step 506, a

mpteassenhbly édence i s conmputed between the first sensor

signal and . the sec¢ond sensqr signal,.  usi th i rst

o0 D BauI SRS e | R SRUGR A T fpGetrequency
vl fntth? égﬂhfa'ti%pgl"fthﬁgg%ﬂtg%bﬁ%fe ; ee@h@@céﬁ%é@@ﬁin‘eﬁ much faster

order "to compu rence. In one

thefra @Hhyedifferdrite cplkabredlisifies érgaencsy. ditearsaltiag phasendifference has
the first sensor signal, the second sensaor signal,
a giatef pectra@Othas grdespdisseensgicpiculapdiusing a JkgypRCO0

degree_ 10 a hift, Th h I ' . .

. praust P ar Gsbneh il BREC TuE ren i S8l i ivention
istalfartide ol RSN EBfSthe R0 GegeephdY ghifoartd e second 90

Coriolis effect in the vibrating neter assenbly 10

deBnee plesesbifn gllEhfisquediy freoenembpdingst usesithe 80\degtesuthase shift
t need for_.any freque valye.in the cal.cul at.i.aon., .
anfige CREGTRIPHif Epteaser WA SoBhBdigtie BErkirae Mg derived.
THERLGIAL? S G RIBNETS L SEqRaRy LA B SRl an
the seaindrseassr i@y (thbdieqacyicse! the ftive semoe sigahbdrasmttantially

~using a frequency. In step 507, a frequency_is
ideplgsl ireaperFhen) rﬁwéwn@x cQRBTiRGS & vbrahenah{eqiensy regpgnse of the

P EEER s SRR B e Bl LE gDy § 072 Prase
; L Ie ?P@‘ﬁ%q&@c?ﬂﬁuﬁd@i%ﬂ neobtalimdsvitiivt 9 sedrfoeaf aslependent
frequency reference-signal. The frequency is obtained from the 90 degree phase shifts
in an operation that is much faster than in the prior art. The resulting frequency has a
greater accuracy than a frequency calculated in the prior art.
In step 508, a mass flow rate of flow material is computed. The mass flow rate is

computed from the resulting phase difference and the resulting frequency computed in

steps 506 and 507. In addition, the mass flow rate computation can compute a time
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20 and the correspondi ng sensor signal from which the

90 degree phase shift is derived. The frequency is a
woieariasmal response frequency of one of the PCTAIS2005/043710

sensor signal and the second sensor signal (the

- frequencies of the two sensor signals are

diff&BsdeAMNt) Bbhythelphasy diRkerch aAREhAtE@ithcy, Wah fthefuenetference
conprises a vibrational frequency response of the

(Af)Ibewmtgdenotelf lueed troesnpwe thevinbssaidwnatgener at ed by t he
dri 180. 25 The f . ' bt ai ned
W ¢ M SEPONE: FEPor oy SRR ML R A b 4t Broy Bl Ecussed.
r ef %g%'l%' g{c’éz\}osl%%??lgw ﬁ%@ﬁ?%ptio%aﬁ?%@'&éﬁéﬁnﬁﬁ&inﬁ BRviously

90 degree ph In an operation that is nuch
discasgedr than in the prior art. The resulting frequency

has a gneater accuracy than a ,fregthency cal cul at ed 3[1
t he Fpis Bris ablocki Hagpar e 2 BOTHan ! oo SP ey Siba)

s BB B IRt P s R L B TP 8 1R regont ither

pré®8s4ihg cRguitfyesyebessig MRtbedrduines t Biksblodk deapitarn®00 ih¢ludes a
additron, the nass flow rate coggut ation can conpute a

stagp tefilted Wilo006 acstagesu fivaThlose 605 /204 Bhar tragsformrbderked03, and an

an%@téi)st‘t{ltgfg(n%éég ?E}Eegﬂgg) acri)i(d%]?{) glg‘ﬁc):lﬁa %&gﬁi?ﬁg&{lg &gcg\g)\f]; s&i\é\élgl IFi]nput and
th%ﬁ i€l b ‘§1%‘i‘i§§%1é)ﬁja o hRiBe PO SHBORPOPcart bANPBESA fidst sensor

a ptiona eterm ned, as previously discussed.
signal.st ep 510, the volunme flow rate can optionally be

SFL g{g rgarp] gg} Srg%gy,eéie%gas%lg)ér flﬁg%lg&y (ﬁgg{b@ E%S%@G% R1tér block 602
PR AR IR Bonls TR e ein e,

implepeaBed H0the ipt6edstiny ssternridse sHiesgfiftetsi prosideantoptiesal method for
he bl ock diagram 600 includes a stage 1 filter block |
filgoing aadslegiyeating eneasrboith srneoneignaly, with Hag filteiingarddspimating

bl ock.603, d an 10 anal ysis..bl oc . e LP d
bepba ey o it e RA ER e e BEY OO el de i rare
AlidBativVeBNth P bekef ik Bk 401P4#d. thEstaBeD filke bIRR 602 éheomprise
RPO can conprise a first sensor signal. In one

InBniboHhpelst Respanss (BB filtefs drtashersuieide gligital ddterher Bkerguwocesses.
2 filter, block 6Q2 c rise digital Finite | .
Hwayseri 1t iy uggﬁvm?ggga Romlrise HfPFfESé?%?anEruﬁﬁeeﬂng
i i i . t T . .
o TR SRRl AP R £ 2B S8t s i

deciRTet 7rshooreleti] dfahd Hibesaransfogmadlsck 603 hcddrding to an
filtering and decimating being perforned at the s

: 4 : nme
enghtpdinentorfi tha invenien ahythsrenbadigaptshawe; tskldhert fegstorm block
ternati e ' c :
oSSR PR 850 R b LGy B0 e
LBOVBBIas SRS PONSSydrAllRiwift 4 LROSHiREr 164702 UL fl@klige, the RPO branch
digital filters or filter processes.
includes an RPO delay block 711 in parallel with an RPO filter block 712. The LPO
delay block 701 and the RPO delay block 711 introduce sampling delays. The LPO
delay block 701 and the RPO delay block 711 therefore select LPO and RPO digital
signal samples that are chronologically later in time that the LPO and RPO digital signal
samples that are filtered by the LPO filter block 702 and the RPO filter block 712. The
LPO filter block 702 and the RPO filter block 712 perform a 90 degree phase shift on

the inputted digital signal samples.
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20 However, it should be understood that other

filtering processes and/or filtering enbodinents are
woanmicmpisat ed and are within the scope of the PCT/US2005/043710

description and clains. FIG 7 shows detail of the

Hi | bert transform bl ock 603 accordi ng to an enbodi nment

of iR Hﬂy@rﬂﬁbﬂﬂomﬁ B1d e (3R Qdir Sy 1d11%%ﬁle|'ﬂlh|a§he”

transform bl ock 603 includes a LP branch 0 and
mda@mdmeamuc Ahe I0lbefteansREnbblank 0¥ 6@ eives thel 85 cwd, dgimped LPO

k 701 aral | el ..l ter block
ana%é’a@‘ s\0al ol per gngzéé?@b%tfﬁn%&w ujggnga\ eﬁ%@ﬂ&ﬁﬂwmdum 20
fol I
e s PR B AT Rty B 5 Pty quadrature
(Q)) rbpPAUEtts Sﬁtfm originglelraylsase TheignaDcomdpbagnthl dh& oﬂt@ﬂlt of the
and the RPO delay bl ock 711 therﬁfore sel ect LP
Hifymg wangsiforsm blagk 9R3 thergfase @sovifiesithe ewWdrgrsrsd &Pwonents LPO

Q o R & RIPE AP PR LI [ RapSipiet PO pma RPO I

and THEn Fﬁ’@té it el FETIb &M %hsf?ﬁﬂ;ﬁ bldde603LdAR He rlepﬂseﬂixb@ ELS
702 and the RPO filter block 712 performa 90 degree

phas hift on he inputted digital signal sanples.

7 W 300drd P PCT US2005/ 043710 The Hi | ber ¢ @)
tran&P@rmglmk(ot&O@) is afirst step to providing the (3)
phase measurenent. The Hilbert transform block 603

t d, d ted LPO d RPO I
OLSE TR I SRS, 0, e 0 i onal

t ransf orm produces 90 degree phase-shifted versions

of thBOLPO=adg sRR@)si gnals, i.e., it produces 4)
quadrature 5 (Q conponents of the original, in-phase
(1) signal The out put of the Hilbert

tra |fv¥’|ertb‘r‘gclzﬂks1 t"‘marefore provi des the new )

quadrature (Q) conmponents LPO Q and RPO Q along with

CdriSin@ig Gietgind] ferpfdasih (He oﬁF@ﬂﬁ'th@ HlipertarinsfdrGitldand
RPO I.  The inputs to the Hilbert transform bl ock 603

can be represented as: 10 LPO = A10 cos(wt) (2) RPO =
Ar poLBOS vif,, [mwr)ékfi);m(&ds)]ﬁgqlgd’l@” Hi | bert transformthe (6)
out put becones: 15 LPQ,, ;| ber t Al po sin(w) (4)

RPChi | bert = 5 conb] )
or! g}{m ﬂ@‘[ﬁgs(@“m%génwﬁﬁ)] rp(aff%f’é” ||b|eplt )

transformyields: 20 LPO = Alpo [cos(wt) + i si n(vvt)]

a 53"\;%&;0@? ae 'B'F(%k % a%és[ c%?é‘?ﬁ%e‘bgﬁgerﬁ Hé‘?IZd M"tkh‘é analysis
bletkagiaascopding Wo an Bﬂﬁpéﬁdﬁntof lﬂ[ealnvétﬁmmehmmﬁym Wetls 604 is the
final stage of the frequency, differential phase, and delta T (At) measurement. FIG. 8 is
phase portion 604a comprising a first branch that determines a phase difference from the
in-phase (I) and quadrature (Q) components. FIG. 9 is a frequency portion 604b that
determines a frequency from the in-phase (I) and quadrature (Q) components of a single
sensor signal. The single sensor signal can comprise the LPO signal, as shown, or can
alternatively comprise the RPO signal.

In the embodiment of FIG. 8, the phase portion 604a of the analysis block 604

includes join blocks 801a and 801b, a conjugate block 802, a complex multiplication

block 803, a filter block 804, and a phase angle block 805.

18



10

15

20

25

30

35

bl ock 604 according to an enbodi nent of the invention.

The anal ysis block 604 is the final stage of the
wonrewwensy, differential phase, and delta T (APLT/US2005/043710

measurenent. FIG 8 is phase portion 604a conpri sing

a first branch that determ nes a phase difference from

t he THNoRIASE:s(301 a2id 94 BIERE W Both @)- gﬁageo@psm Guadrdt@e (Q)

9 is a‘frequency portion 604b that 30 determ nes a
coﬁlpeqmam of afsemnor sigeal zmcmh%ss ¢hofn pnafie @gamgatelhl@cl( 892 performs a

SIS 2 e Snge oL sigel e BB e o
1m§%g%§lp %gﬁgdt qf @%toéfﬁ&y n‘ﬁi}’%@lfdaﬁ@n bhrkRI0e Iﬁhﬁig)gk:s tHerRFd3 Qignal and

nt o phase portion 60
thah20ysigsal bingriémEfting eqetiod €8) hedow. HThedkiser SOk ?Eﬁlicimplements a

gl iiseseugbss the TR e dFBkeckpve i pkBk g e comprise a
R e PR A ST OSAEIE e s

(I)aeﬁﬁil qlisagitade Q8 cofdhobertp @ eRtsensr stgrBdEsorels a:gﬂ’(’baiecﬁﬂate the
pass them on. The conjugate bl ock 802 perforns a

s1gnahp1rb¢< fittonjeefleienisean b@@hgsm teingpeide dreipeatione! tregnputted

sug}agnal 1)1 a%agg@%ﬁ_ﬁ@%aarﬁfz lY@ ggl[t S%A}’SPISC ﬁ%&?%gé/ angle block 805
def@ﬁrﬁhe%l the ?h&ﬁ%n@?eq}éﬂngﬁélm gﬂ%e FthR chﬁ@ra%&r(@%) ,components of the

ement i ng equation elow. The filter

LR(D]Si@HEmdstha RRO gighal. ’flnd please asgleblack $Gﬁe1nmlanﬁnﬂstequatlon (11)
dlscussed above. The filter block 804 can conprise a

shgyn ¥e decimation filter that is used to renove
nar MR S SOBbAI doAThb RS ih B8 aE 1e£ﬂe)ntsaﬂ%]@ fBH R ffion:
(Q conpone e ‘sensor si gna as we
decimate the signal. The filter coefficients can be
chosen-to provi de deci rratlg of the mputte% 10
si gnAPOxREh=ak,, dE8 w01 BYy=al,f zetpe’ of “10, for (8)
exanpl e. The phase angl e bl ock 805 determ nes the

WS8R @ i the 0bmplex cohj?igase ohAPOandsdunengA@tsi gnal . The
phase angl e bl ock 805 inpl ements equation (11) shown
bel oW The phase portion 604a shown in FIG 8 (9)
i npl efrent’s”t hé f ol | owi ng equatl on: 15 LPOx RPO =
Ai Poe->(wt) X ARPoe j (0)1+0) Argo x ARpoe>(-wt +wt +0O)

thé®) where LPOis the conpl ex conj ugat e of LPO
Assurri ng that: 20 ARPo = ALpo = A (9) then: LPOx RPO

= A2ei O = A [cos(Ol + 1 si n((g{ﬂ)ﬂ (10) 25
n

LPOX RPO = A%e’? = A*[cos(d) +isi (10)

The resulting differential phase angle is:
_ 1] 508 "
$ = tan Los(gé) b

FIG. 9 is a block diagram of a frequency portion 604b of the analysis block 604
according to the invention. The frequency portion 604b can operate on either the left or
right pickoff signal (LPO or RPO). The frequency portion 604b in the embodiment
shown includes a join block 901, a complex conjugate block 902, a sampling block 903,
a complex multiplication block 904, a filter block 905, a phase angle block 906, a

constant block 907, and a division block 908.
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The resulting differential phase angle is: 0 = tan-

sin(O (11) cos(O 30 FIG 9 is a block diagramof a
wonrewwensy portion 604b of the anal ysis bl ock 80%/US2005/043710

according to the invention. The frequency portion 604b

can operate on either the left or right pickoff

si gnak phvifasBr dibRidked, Hhejoid BIIERMON rBedilésBut®aftBhage (I vend

enbodi ment  shown includes a join block 901, a conpl ex
quadratug( chinpokeds 2f agerwnpignabarsl paskethem ona Bemgdngigate block
oMb S 3556 o e sl 955 o9 JARR8 orms
ne%'é}i#é bpﬂ‘le%ﬁ%ﬁlaggggnal.l IMQBR06EK I Mtroduces a sampling delay into

US2005/ 043710 “As previously discussed, the join
thblfiegkerd3Ipartce H04ts dndtthereforpbelsets @ldigital dignahshmaplatieat is

(Q .components,. of a sensar, si.gnal .and passes them.on. .
chveioleaiimalder i BER. 19820 Her ¢ BHAS 8Nl SRBPIELS %ﬂ}lﬁ%&}f with the

i. . [

crffboR (REF Blndt R colffleR IR AEHGRLOR, 90 £ Fd S5PISE
mulipliestiseslogk Saamphilfigliekthay POnsignaltaridtie LiPOucwingyate signal,
_portion 604b, and therefore selects a digital signal
impiepertingreguatign ¢ hH)diedowgilbafiligr blagkr90Simnlerpentypjdigital filter, such

AR e e M —
dRiRsorPBtter tﬁﬁteis GREPLEem o hktAbhicaonRmt Blogtthe $4phase (1) and

multiplies the LPO signal and the LPO conjugate _
queidgatate, (Q)icoplpements iof ghespnsdri signal 1) wlk boto. deThpatiithe signal. The

bl ock 905 inplements a digital filter, .such 10 as the
TR i RIS FAEDS BREY o picd KFIRAEOR P e nRiEGe g such as
0 C .
EMAFATRE LI QOISRSEm ST IE AR ! bl U chppines
plané anglo dbhathe ia-{Hke ¢ apd qexdrstuoé (Qheomposmrs of thadlPO signal.
as well as to decinate the signal. The  filter

Thepltgse apglgthiodaP hienplpmerin aorhen of seuatior(hix hedpwoflhe constant
t he hhput ted signal h Cl i on. ct.o .
bbb RS £ ThgPEompie ASamHRGHEPEy Sic g8 W Pidks shown in

ti6h QN The divisinasieciaom serfdraid thbeivision s tioh bf agdation (14).
eqqégaldrgltﬂre (Q gonpon%nts lgefr t he LPOlsli gngﬁ 1_The feation (14)
phasEhafrgduenby poktic@0@04bripipderents the fmdlowingegiatioguat i on
(13) below. The constant bl ock 907 supplies a factor
conprising a sanple rate FS divided by two pi, as

“““ £ApALI 00y (14) The i 3i,0 daboek 908 (12

sho
per:‘l\glrvgg”"lfh i Si"8n operaffon of “equation (14). The

frequency portion 604b inplenents the foll ow ng
Tlegaagle betwe20 tvPCOnsac)kive ROipiks s themdorie( 0) 1_,) X
ALpoe' (ki 1) ="421poel(W-(D1_J) (12) The angle

bet ween two congecutj v nples is therefore:
wr-or, tan[?_%f%@j (13)
cos(wt —at ;)
which is the radian frequency of the left pick-off. Converting to Hz:
ot —at_ )x Fs
fy =2 25) (14)

2

where “Fs” is the rate of the Hilbert transform block 603. In the example previously

discussed, “Fs” is about 2 kHz.
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25w - wt_, =tan-1 sin(w-w-,) (13) cos(w -

cot-,) which is the radian frequency of the |eft
woizale/0af454 Converting to Hz: fp _ (wm -wt_,) XPES/USI00F/043710

2i 30 where "Fs" is the rate of the Hilbert transform

bl ock 603. In the exanple previously discussed, "Fs"

IS ahouio & KpBwershPuARBLRY prbrdf RGILISERERIAI4FA00f a flow
FIG 10 is a power spectrumidensity plot of aﬁﬁ]l ck- of f

metengaler sogma|cooflitionks| dhe fatdemeantadrequeneind! the Ahivirneas is the

The fundanpental fr ency. of .th er-.is the
taljesi ﬂég? 0 tﬁ]ielgéa@} an gqa@g%:hataﬁp&uf %% m fﬁurgggaltshggg several
otlff%'l%%g %]f)iﬁ(bgiﬁ' ﬁlegﬂ‘eiqgleﬁap cBEMEHR firPhBRITUARIESARE®S]s the twist

requency ectrum (the tirst non-fundanent al
madecke al fiequbacyt of stious otileeathedréqueque of thediinddioerttalimbde). These
times the frequency of the fungament al ra{)aie). These
spikss RAEPHEHBIIREIH Fieapscresof deg Hawmeterand: 3l ¢qragiiss: tper,
un?ggra%lleséjen?gﬂm%)hése O NG ist n%l%?%'sé%mdebdéﬁﬁgﬁe, S
Ime., a tw st node,” a second’béend node, etc.). FIG

11 gtiows] ahowt hebRainatee Hilbbe tiantfoamshloclns s’ ackorGBy to a single
accor di n%ot o a single phase shift enbodinent. The .
pheid Huft enbodiraewsr rhtis Bidhersoansionm binck 6dh suibisembodiment includes

o TG ER AR SRR 1390 AT Fo TR BB o a cte
bidA A1l Bl paviildd vaad & ¥ biBLIOgs2.7 ¥8e RIS bRRAEh hn 20 @mt%slé&bodimem

In this enbodi ment includes only a delay block 701. .
indsdésednly e detdyebldelt Z01.bAe bk&rd,ahe datayddocks 794 ripirodiege sampling

iy 9% t5hatsomerlie: Ak B ST GP Gregrd Bhae g the mputted
gL el 8 Shol ARl el Bl RO MRV form

blbdle6(RPQosidystalkse sHilfi jmistthe ®@EBsingalenbodi ment uses the
Hi | bert transform phase shift of only one sensor

si gnkliis precessireg embodiareny Bsasdh HilbertrtFangipsmeghage shiftef only one

hase djfference.(se | GS.. 2- Thi i £ I
sefif ! oSO Eool S rosedhe kLB b FEu SeF AT e TiGs.
2-Bh1apgis sIRARMNEFRBAuRE theStudberl sTRBI plitdt R 888dddn8 perform a phase

nunber Of conputations needed to obtain the 20 nass

médsovement end bignifidestly rbdesthetnunberr ofieopputasions heeded to obtain the
Hi | pbert transform block 603" will provide the
m3Fativafdif-e (Q conponent of either the left or right

Sens iy S lefHAld;mBt iIbER 8- B RAR o A6 @Mavill provid
*he T e RkmPht uRth R e b oA il provide
the quadrature (Q) component of either the left or right sensor signal, but not both. In

the example below, the LPO signal is phase shifted.

LPO = 4, cos(wt) (26)

Ipo
RPO = 4,,, cos(art + ¢) (27)
Using the Hilbert transform, the output becomes:

LP Ohilbert =4 Sln(a)t) (28)

Ipo

RPO = 4,,, cos(at + ¢) (29)

21



10

15

20

25

30

25 LPO = Al po cos(cot) (26) RPO = Arpo cos(c)t + 0)

(27) Using the Hilbert transform the output becones:
wGQodsPD)454ree, ., = A po sin(cot) (28) RPO = APOD/US2005/043710

cos(avt + 0) (29) 21 WD 2006/071454 PCT/ US2005/ 043710

Combi ning the LPO original termw th the output of the
CorhtiRBEkhd L@ﬁﬁf)ﬁ%iﬁhl(tbﬂﬁ withMHelbdfe of 2 HhB&E t@hkfoth (i.e., with the
90%’@8%95@&%/_\#@ G- Atpt, [cos(wt) +7 sin(w)] = A, ,oe" ")

iTe the RPO stays the sane: e j(Wm+~) +

e-j(m+~) RPO = Arpt, cos(mt + 0) = Arpo (31) FIG 12

sho he,s a NS 6Q4agf or the single phase 30

ShOFPO nea IRk # idhoml OA28 ysis block 604a in this )

enbodi nent includes one join block 801, the conpl ex
whilelthe BPQ steyvthesamek 803, a | ow pass filter block

1201, and a phase angl e [Rl/eck 4808+ The anal ysi s bl ock

604RPQ A,pj%)s@?fbtx@i?rém{ﬁ—rrm—grm}he fol | owi ng (1)

equation: e j(wm+0O + e-L(wm+0 Al po'e -J(Ot) x Arpo

2 =APOX Rp [e.1(-mt+Wm+) + e ] (W+wm+O LPOx RPO =

15 F3@) 1TkBowe wemab sfd blbek 6040 dkr th2@ingte phaseshst embodiment.

Iow—g,ass filter that renmoves a_high- frequency

Theawplynisritlogh oo el this embedisrsn irstudasione peindptlof0 b thcgomplex

3. The .l.o s  filter. bl p Lol t y
R B RS o 1 BB ABF Y bR SHE g0
T}ﬁfantai(y%isfmb&k 804:£ 3% 18 APOHRL R ImPIeAtiieLhe oW BIgEuation:

The (-cot + cot + 0) termconbines and sinplifies to
a phase-only O term(a DC result), since the (-cot)
and the (cot) terms [cameel, gael)at her oMt r The (
RO ROY s idgpd T'F'l ed,p;[?—a—(%o’(—%)) =t et et cé
frequency. Since thelresult“is the sumof 2 terns, the
hi gh frequency (2cot +0) termcan be renoved. The (32)
only signal of interest here is the DC term The high
fre : ) AR 1dvi-ph & SferQht RinotEEa high-
res(jll&f{%qéé’i Irgﬁ%sggﬁeg\?}-oggs}gb?iclt r.e#ﬁe c%t-off Iof theO e
frdq@ehcypesipdndnt roduasd by thoeasldx anyiplératioh dtl oaked3z €Fle low-pass
and 2c). After filtering, the result is; LPOx RPQ =
filpep dlqol) 120 1 xapdewplenyent apy $anngy ])f ](ogxgpass filtering operation. The result

of the multiplication operation produces two terms. The (—wt + ot + @) term combines

'80!} ;(-la-;t+mr+¢) ]

and simplifies to a phase-only @ term (a DC result), since the (—ot) and the (wt) terms
cancel each other out. The (ot + ot + @) simplifies to a (2wt +O) term, at twice the
frequency. Since the result is the sum of 2 terms, the high frequency (20t +0) term can
be removed. The only signal of interest here is the DC term. The high frequency (2ot
+@) term can be filtered out of the result using a low-pass filter. The cut-off of the low-
pass filter can be located anywhere between zero and 20.

After filtering, the result is:

LPOx RPO = 4%’ = A72[cos(¢) +isin(g)] (33)

Therefore, the differential phase angle is:

- sin(¢)
¢ = tan [—_cos(gzﬁ)} (34)
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30 Therefore, the differential phase angle is: 0 =
tan-1 co 0)) (34) 22 WD 2006/ 071454 PCT/ US2005/ 043710
weyodsari43g the Hil bert transform of one pi ck- oPETARISZMAH43710
i nstead of two, the conputational |oad needed to
" perform phase and frequency estimation in Coriolis

s By fk W MeLRILRrt tParREANbAGROMSK B S8hAadsted6f AT
and frequency can therefore be determned using two

cosprusasions! kpadinegdddud pesfomy whaby anhEe@Engs grb@agpageCoriolis mass
shift. 5 FIG 13 shows, th nspr pr ssing of the
RIS B RROH 55 0h PRGY ABCTe T GG gy g efore be
SR L8 RIS Rkt gk g i o0 BaISuflmin
(i . €IG. gashdubthe esmsof processarypifede invleten asitompared to the prior art,

conditjon, the flow noise is. substantially reduced in .
whergin gdimnadligiSraneninthselie otetsh i Rempaiee Dpe ﬂf%ﬁwﬁa%w material
: >yl atd t . ..
n{REUEISY RV B RBll 1P BRaRRcE Ao IR Rl Ao e
sublitaladly redieed ar he npealtgorithioh heatuse pSthehate cdipbasesit] dictieehcy

in prior art (At)_ neasure ts,. The invention differs
kDo G e TR ST s S YA O ol SR does ner
e R T

si griete is@eitidrodisfeth firv@rths ysioe ati iiret, der piar aetypicallpeletermines a
the vibrational response frequency. In contrast, the
PiglipfE frenesncaaistizra PieKof senab Aeq abindspeidenh fregprnaysguiee. such as a

of one 15 the t or Sl an . 4.0r. art
e eiat Rabied vy FrE U RERsP) BN Sl D bbb RioBH respopse
frdquefit® Rh@sifrashtHel inOénteorb @816@Minsd ﬂB@encﬁ@?@Mﬁingﬂid phase of one
prior art flowreters determ ne aw&hase di rference

ofsee¢ tvee perioc kightls. Themaios attsloss nehdetgmine the vibfatiogalagsgonse
deterninati OH' Aﬁrf‘ onse ue.ncel,r any error included
ﬁ?WePﬁé Pt HPOEFENE gﬁﬁé " d&t'@r mination is included
In tél%oga'l’ﬂ[)st rior B 3t fiét@fn%ﬁrﬁ]% fhateataatdeMiween pickoff

conpounding tHe overall error in the'prior art nass

sigadswusiag ehe piédreanfre@icnon detenmamatibn agis,a ¢dnsequerentanyrerror
_determ nes the phase difference directly. frogm one or
inglyged Hude-PS I RitdEpPaeReh Acterrgmaian s inelyded mdieRyioqqyf phase

. term i 4 . 2
aAMRENR LT A B A Bk S500K: KK Towre

dIBRSHARITE Mn htrhdiethieNasentbn detsranites tHe bR didfetepoe dabetly from
is not affected by any 25 frequency determ nation

orgrardwo priase-ahifteti eerpor signalst wilbpetysingant fiequansy deteppination. As
rate using the independent| det.er m ned tsid

o el R oy BRF ST oy BT TRE Pl R b

m?és&?é’rﬁ@rﬁ‘iﬁ thd'lase AAFerBRENIQBISNAGSh, WBH MndthEfected by any

ndependent |y det erm ned outsi de frequency.
frequency determination error.

Third, the prior art determines the mass flow rate using the independently
determined outside frequency. Typically, the prior art also uses a phase difference that
has been obtained using the independently determined outside frequency.
Consequently, in the prior art, the mass flow rate can be twice affected by any etror in
the frequency determination, and therefore is not satisfactorily accurate and reliable. In
contrast, in the invention the frequency determination and the phase difference

determination are independently derived. The frequency determination and the phase
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Consequently, in the prior art, the mass flow rate can
be twice affected by any error in 30 the frequency
wdebwromi4sat i on, and therefore is not sati sfact 8cTiug2005/043710
accurate and reliable. In contrast, in the invention
the frequency determ nati on and the phase difference
diffgtaediABtnhianie B thederenidanhdryfodeiiciedt a Hueh malleeaeyr
determ nation and the phase 23 WO 2006/ 071454 . )
coPODNIS2 0854 B4Rl IGing thefragtenelecidenies ancthieimethpd of the invention, the
i nvention therefore inclu a.much small.er _error
O e inAGE SRt B Sl e S REEBR B rsffochf,  Gnseauently.
defYE %ﬁ%ﬁv&ﬁﬁx@%v@fat&@@cc’ofﬁ&ﬁ@% 83, inVdiRionaAP URb iRbr®fedah accuracy
In"the mass flow rate determnation is greatly
and eelisbélity. Consequently, density and volune flow rates
accqrding to the ingention.are | so. i nproved

in.. .
acc dioagdp. ths tggiengy defpiming(jon phihedrior eRdakysed Lty long time.
iAo o] PGB Rl bSO s
a lagui dMndblidise edtfaihbd selidhasiéorfdnoained yabesasuctaad difbilebles), the prior
i ncl udi n% entrai ned solids and/or entrai ned gases
art( fseaviengy daliermingtipn sy takeris mishars 1-gsecands dey Ewyfe a stable and

determ nation can tak -
relafi o s ele B BRes B MRalBif [ ytad, ARCPQMBR L and phase
difTBRaHE 88RAhinati Sh CARDFAARS to thRanTdrRidMeas beahthiRdtBsRch faster, such
di fference determ nations according to the invention

aseartherdepodimidesnncls of avndreds sfiahlliseepndn. Hkflow ¢baragteristics
mllisecqgn or hundreds . of miJliseconds. Al f.|ow
degiygg! mﬁ}egq%gn%%ﬂ @)&dﬂhﬁﬁ%ﬂrﬁf{eﬁf‘w 84 &@Sﬂ&gﬁ ohfginghin much fess

tir’?gase di fference can also be obtained in nmuch |ess
Ime. 15 The neter electronics and nethod for

pr oCHgSiBEr skecisotics agdaleshalioo prhidessing eensonsignals apcarding the
. be inplenented according to any of the enpodiments. in )
invendien qep bsimaiamenied ascardinga At gbthe snbogdaiepis 4n ondfg to obtain

I nvent.i n Tput . i.ff g
septACRhRMeESdr SR, TR AU n ey oBRFRETn LhAT i rence from two
phREQVhidted demdasienslisf Mekaneatiodehs pivviaé b phasd difermter

accuracy and reliability. The invention can provide a
depiraseatRi ofi gréateansuragytaadreiahilion Fhesingentignganisavide a phase
prior art and.whi.l nsym ng | ess processing. tine. .
diffprenin JeRRICR At R Moty A RISy Sosithine siuprocessing
tifRbase-shifted sensor signal. The invention can

provide a frequency determ nation of greater accuracy

and Theeinivaditidni day. cofipaite avequemy ftam jpstoneddase-shifted sensor
frequency determ nation faster than the prior art 25
sigied AP LeveatiaR GaR HEPVF%S% fispuensy efrgmination of ggeater accuracy and

i. NV i t . . . i .
O S e
andushil®eshsemidgRsSpiveessind gmel s. The invention can

provi de, . i
The invention can compute a mass flow rate, a density, and/or a volume flow

rate, among other things, from just one or two sensor signals. The invention can provide
a mass flow rate determination of greater accuracy and reliability. The invention can
provide a mass flow rate determination faster than the prior art and while consuming
less processing time. The invention therefore provides substantially better performance
for entrained air conditions, empty-full-empty conditions, gas applications, and steady

state conditions.
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a mass flow rate determ nation of greater accuracy and

reliability. The invention can provide a nass flow
woavw/odetser m nati on faster than the prior art BQ@USk05E43710

consunm ng 30 | ess processing tinme. The invention

- therefore provides substantially better performance

wéenigntrained air conditions, enpty-full-enpty

conditions, gas applications, and steady state .
1. ddagi eieomenic? LOMoP pUGLS USRS MGTENE? 005 flow3ngler, opmprising an
. clai Meter. el ectronics (.20), faor processing.sensor
intGyiGenl 20T FPTaera s EerSt SO T iag St cOR P P gl 2d 2

ihof Vi hi sliatale (200), ¥/iGEBORskt
pridtlhe s Riehi 363 iy hninbhiciorsRRATRe AR (300). i o

eleooniosi(2@tbhedme vharhctetieed y:er f ace (201), with the neter

5 electroni¢cs (20) Ze' ng characterized bg: t he. h

or odBR BOREFSSYLDEHT. 6045) TSI PBHT Lo SOl HEehafegrge phase
shilt ﬂ%h‘?’thg eS8 AN Shal § ﬂt:&méﬁt?@ eﬁﬂ%ﬁe HifFSEnR QIR the ninety degree

signal "and conput e a phase difference using t ni nety
phgﬁgﬂﬁﬁ_ phase shift. 10 2. The neter electronics (20)

of claiml1l, with the interface (201) including a
digitizer (202) configured to digitize the sensor

nal , 3. The. r ekectraoni.cs (.20 I Wt .
2. S Retec Pest BTGP S5 LB R el B RSk T irdintly Neizer
2HE &Qﬁg 1308 &isgizk kkSensenNg&al Ssi gnal and the second
(gg)nsor gfégﬁ% %ﬁelfzore 165131 gen%aati ng the ninety degree
phase shift fromthe first sensor signal. 4. The neter
el ectroni cs (20) claiml, wth the ter . .
3. el etk Ffegtréw e quc?%lm fivfh thegPcG SIEGoRiGs (ping further
[ . fi I i '
copEuRNESafl LA RLER LA OBl SE0R0 SRl b
gepb@iak the2@inbty delpgeapliaae skifefémahe €isst(s2jor oignal. ai m 1,
with the processing system (203) being further
configured to conpute a frequency using the ninety

ree phase shif The, ne e r.Qnd

4. o R P R RTINSl P e TBRh P Te0 (0 tRing further
coh¥ibhiR@Ito céMpafthe phbeddifRrénesBitne tie fifsesunencyighal O trlgety

first sensor signal and the ninety degree phase
deghdef phas@ shifthandrtitessecendsmsertigral( 20) of claim 1, with

the processing system (203) being further configured

to conmpute a frequency using the ninety degree phase

. c8sird $¥B®H (J08Wbeing further

5 SRS B Y 8o RRIRI ot HRPTSPS e e Coahoing
configured to compute a frequency using the ninety degree phase shift.

6. The meter electronics (20) of claim 1, with the processing system (203) being further
configured to compute a frequency from the first sensor signal and the ninety degree

phase shift.
7. The meter electronics (20) of claim 1, with the processing system (203) being further

configured to compute a frequency using the ninety degree phase shift and to compute

one or more of a mass flow rate, a density, or a volume flow rate.
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WO 2006/ 071454 PCT/ US2005/ 043710 8. The neter

el ectronics (20) of claiml1, with the processing
woeysicdm45203) being further configured to conpdraS2005/043710

frequency fromthe first sensor signal and the ninety

" "degree phase shift, to conpute the phase difference

g.f”gmn%tb? eldchhic §DG0SF il with b bbb SRR BN BERE further
shift, and the second sensor signhal, and t0 conpute a
comfigsretiltowonatuee 4 frequéncy Heonp tieesBrstisériser sigod amddhé niety degree

ST B e T S gnies (ol el Pl
de%ﬁe%t}%}ﬁgé & il %n@ B8R EnSECARI NARELY o €8 nRAS®w rate from

romthe second sensor sighal and conpute fhe
thpbasse difftfeacense fionoietfreubnest sensor signal, the

ni nety degree phase 10 shift, the second sensor
signal, and the second ninety degree phase shift. 10.

o M LSRR ST AL RSN B SERD513] B7R) e e

configBieditb Geedatd £ becoa pRietys HEHaE pBAR sifb 60athe$@B&A sensor signal
signal and a processing system (203) in contmunication

angi compuite therphasé diféer¢meyom e first Kenspesignall the ninety degree phase
troni 20) . bei h terized. by: t .
SHER G SSiH] Se)ST SITEb % Berghe ratrase PRSghiate a

first ninety degree phase shift fromthe first sensor
signal and conpute a frequency using the first ninety
16 egere cphrasaics {20 ) for pbckdsing bansoesignale ires flownineter( @AY prising an
~of claim10, with the interface fZOdtl) i ncl.udi ng a
inggrfjce (2 foy rmyeivirgmiry sersgr pignal §id 4 reond sensoh signal and a

o 0 P R S el Rl o

cle@Rni GUROY béiaghRticterioad bire first sensor signal and
t he second sensor si gnal efore 25 (generati ng the

ni nethy preegssing pysem (S0 rheitg eonfighsed for ganesp gdirst ninety degree

signal... 13..  The meter electronics (20) of clai.m 10, .
R R e e i S e S
dé;g%gslg}glggggifﬁo conpute the frequency fromthe first

ensor signal and the ninety degree phase shift. 30

14. The nmeter electronics (20) of claim10, with the
rocessi ng, system (203) hei further confjigured to .
1k ohhsmgtes © e i%hfh?énmﬁe?é@ﬁg?ga&ng a digitizer
' 20: 4 PCT/ US2005/ 043710 15.
(2@EZ&%gigégéFg%%ggﬁﬁ%é&%gggﬁ%@ﬁbIain110, with the neter
el ectronics (20) being further configured to conpute
hase difference fromthe first sensor signa

a . , the
1%hi 'Heq mpeths glaseronsr 42@) offrlaim 1Qwith His mefepplgeianiss(20) being further
coshlfx%ﬂ?eld to condition the first sensor signal and the second sensor signal before

generating the ninety degree phase shift from the first sensor signal.

13. The meter electronics (20) of claim 10, with the processing system (203) being
further configured to compute the frequency from the first sensor signal and the ninety

degree phase shift.

14. The meter electronics (20) of claim 10, with the processing system (203) being
further configured to compute a phase difference using the ninety degree phase shift.
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5 16. The neter electronics (20) of claim 10, with the

processi ng system (203) being further configured to
woanpureisa phase difference using the ninety degras2005/043710

phase shift and to conpute one or nore of a mass flow

" rate, a density, or a volune flowrate. 10 17. The

nmeter electronics (20) of claim 10, with the

processi ng system (203) being further configured to
15 ditputeter letectroaiga €2®yoffalam thevith thstmefeneleetrenigh&d0) haig further
t he ninet degre h shi f.t 0 conpute a phase .
el BB AR CEmBn Do R IEE AOB e e B pinety degree
pifiSOUER. PARER SOLAd scndfidiLhg, second sensor signal, and
to conpute a mass ow rate from the phase difference
and fromthe frequency. 15 18. The neter el ectronics
(20) of claim10, with the processing system (203 )
18p e} hirgmeter elqsionies i {fidem 0»@*@%&5@@%8@@8&_&(&% @éybemg
AR SR RRSE S Unys B BIRIRFREARP RRE RO hingh) 83ke AR shift and

toTofipRite ofid16r MoRESHa Sagy 86w rplRas demityf br a WbRinseflowdate.
sensor signal, and the second ninety degree phase

shift. 20 19. A nmethod for processing sensor signals

' fl t hod nr j i vi .
TRENER IRt L e I WA
futiier ORINRe PR AP ROUAEERIhEE &oRY the FRBEJALNGgl and the ninety’

ni nety degree phase shift fromthe first sensor

degrggrptiase ahidt, t@Bomputput phage diffdrame foith flee &t senwr signalhthe ninety
ni nety degree ase shift. 20. The thod of claim 19,
deggige pigse é%% p %ee%?qqsemlﬁaalt sl 16 GBRPWe 4GRS Tlow tate from

' | 1 signal before the step
th%?gg%n%gj{é?eﬁﬁg?ﬁ%%ﬁﬁﬁg%yﬁ%@é?ée' phase shift. 30 21. The

met hod of claim 19, with the conputing further

conprising conmputing the phase difference fromthe )
1% Tleg metaqstactronipr420) efirdaim hotwitidgmsecespingesystgny ¢203) being

dth second sensor_siagnal .. 27 6 4
o aSias RO Bt 5 5 sl i e RS IR 5T g pgpnd semsor
sigiRhd SbRutdePRAsediMeeAcSB6A e firQENHRURE tROABGLy degree
Shift fromthe second sensor signal; and conputing
phtabe slpifia e sticofidsensorsignalnandidefseeand ripetyalegeiegpubs shifie
ni nety degree phase 5 shift, the second sensor
signal, and the second ninety degree phase shift. 23.

T B st Rsor sirfalleh LR bt G COBPIOHI Behphisi
191" rééﬂ%&ggg%ﬂrﬁgéﬁlg Snll%hoéts egraee phase’ gﬁi froon COMPHSIIE
receiving a first sensor signal and a second sensor signal, with the method being
characterized by:

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

computing a phase difference using the ninety degree phase shift.

20. The method of claim 19, further comprising conditioning the first sensor signal and

the second sensor signal before the step of computing the ninety degree phase shift.

21. The method of claim 19, with the computing further comprising computing the
phase difference from the first sensor signal, the ninety degree phase shift, and the

second sensor signal.
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10 24. The nethod of claim19, further conprising

conputing a frequency fromthe first sensor signa
wanaetonessmi nety degree phase shift. 25. The nerboasefos/043710

claim19, further conprising: conputing a frequency

usi ng the ninety degree phase shift; and 15 conputi ng

one or nore of a mass flow rate, a density, or a

volume flow rate. 26. The nmethod of claim 19, further
22cdiermetiing of olaputlOnfirthee cainpeisipgdegr ee phase shift

using a Hilbert transform ,20 27 t hod for .

pstgalnig SIS ral <6 RHASe R Jipiraierecopf aenset piggel and

c %Hﬂfﬁgﬁhg %he ﬁél@a@@ 'd}@f‘ffgn@e_ frbfnSthe S8RSOksot sl (BOHindty degree phase

second sénsor signal, wth the nethod being

char ahifgrthe sstohy sergensigati, and thersened/niegr degrghplsse shift.

shift fromthe first sensor signal; and conputing a

frequency using the ninety degree phase shift. 25 28.

T f [ Ri [ ; ;
23 QT o BT s LA BPSp SRR Phpeny e o ety
de l%esmras@g}gﬁal before the step of conputing the ninety

egree phase shift. 29. The nethod of claim27, with
the conputing the frequency further conprising 30

24 e Bl B o Bu o ol LB cort i3k 5 BliyPb e Mo frst
setidol slgaP AR B4Ry d38ree Ph8sd@iifiod of claim 27, further

conprising conmputing a phase difference using the
ni nety degree phase shift. 31. The nethod of claim 27,

further conprising conputing a. phase difference from
25¢ plhe rgetfhioglgchaérﬁSl%p Tl SOMPIISKEN; nety degree phase

shi . : | I b thod of

R e R R
nigdeiputiteheer plvas of amdss flovornd, helepsitprt ssevisme flow rate.

signal; and conputing a phase difference fromthe
first sensor signal, the ninety degree phase 10

ift he secon nsor ana._, |

263l e RSB SR (ARl AR A AR, BAES Yase
shifthdingh 190H8R irfishéim.comput i ng a phase difference using

the ninety degree phase shift; and conputing one or

nore of a mass flowrate, a density, or a volune flow

rate. =15 .34. The nethod of cl.aim 27, further ..
27 e%ﬁmqté@cﬁ Er SBRgSIHPAGERIE TS adlegy E&tﬁhﬁgeeme@ﬂ? ppmprising
relbilG st LREL sikhARREY Rond sensor signal, with the method being

characterized by:

()=

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

computing a frequency using the ninety degree phase shift.

28. The method of claim 27, further comprising conditioning the first sensor signal and

the second sensor signal before the step of computing the ninety degree phase shift.

29. The method of claim 27, with the computing the frequency further comprising

computing the frequency from the first sensor signal and the ninety degree phase shift.
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35. A nethod for processing sensor signals in a flow

nmeter, the nmethod conprising 20 receiving a first
weemsm7145i gnal and a second sensor signal, w t RCTHS2005/043710

nmet hod being characterized by: generating a ninety

degree phase shift fromthe first sensor signal
30CaRULEREd Bf BRaR S 7d Rirtier @BfPritiglcN@nidigingiasHaye dEBr&&ce using the

phase shift; and conputing a frequency using the
nimdty degredphaseshphase shift. 25 36. The nethod of claim

35, further conprising conditioning the first sensor

signal and the second sensor signal before the step

of j M : ot i the
3R S 2 A SR phiad diffhce from
first feheoresiorenl fthe hivety 3€zree phase shify andripsécegd sérmsopbigsel.

difference fromthe first sensor signal, the ninety

degree phase shift, and the second sensor signal. 29
32312008 05150, BG IR0V MATIG. 38, The et hod of

clarm 35, further ¢onprising:. g€herating a second

nigaaémtide arsecondhsinerysdbghde fhaseniiftefr e chnstecdpad sasor signal; and
signal; and conputing the phase difference fromthe

f ioogpusiog eqhass grbarencerfeomithrefisst sensoe sigphla e nigefy fdegree phase
et N R S

computing the frequency further conprising conputing
the frequency fromthe first sensor signal and the
33ni Tiet methed o elapinaXe figtihdricompdiingThe et hod of cl aim

35, further conprlsing conputing one or re.of a nass
f 15O 2hese lf&éﬁ%qw}ngotﬁe RIY Greror POaer i, AL

T | f ' i Si te
8o LA B e 5 i SR 19, AR e
transform 15 42. A nethod for processing sensor

signals in a flow nmeter, the nethod conprising
34y clcha micthgdof £lainet2 7 dpdlasr comprisingaranpItiie s gnsbhdegree phase

i gnal , . th the -nethod being characterized by:
Shﬁéﬂgpgﬁiwbeﬁtﬁ?w&?n'degr ee phase shift fromthe first
sensor signal; conmputing a phase difference using the

ninety degree phase shift; 20 conputing a frequency
35ush mepthdvk faripnedepsidg gersor pigasle is hiffaw metet, thermethpé gompeising

or, nore.of a mass flow rate,, a density, vol.u .
refgipieeiiet se0 el Bl oRooid Spsmat yih feielioTbeing
chSRIR2l Bg: condi tioning the first sensor signal and

generating a ninety degree phase shift from the first sensor signal;
computing a phase difference using the ninety degree phase shift; and

computing a frequency using the ninety degree phase shift.

36. The method of claim 35, further comprising conditioning the first sensor signal and

the second sensor signal before the step of computing the ninety degree phase shift.
37. The method of claim 35, with the computing the phase difference further

comprising computing the phase difference from the first sensor signal, the ninety

degree phase shift, and the second sensor signal.
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t he second sensor signal before the step of conputing

the ninety degree phase shift. 25 44. The nethod of
wobheiero7d®4 Wi th the conmputing the phase differ eataS2005/043710

further conprising conputing the phase difference

fromthe first sensor signal, the ninety degree phase

38S Mt metBBE oF PRI 830 R RE RSB hrisingnal . 30 WO 2006/ 071454
R B b s AR Rt t Sl aim 42, fur it her

C @epenating g segeariattiyniggme pheonshifti fnah yheltegoeed sgtsas signal; and
shift fromthe second sensor, signal; and ut i

¢ IRETISHABE Uaf P98F GHAEERGREHAS £ oehscE nisgpl Srpmgey daggee phase
ni net y: Nl fit : i lets

and cHiEh S8 SRREA8Rr Shhar and UR SEGRTHES B SHERE N

met hod of claim42, wth the conmputing the frequency

further conprisin conputing the frequency fromthe . .
3% i Fhermethad oF claig b “aﬁth% RemApHEg (hefasusac REter samprising

47. .Th t hod of. cl ai fur g Sl :
cop g gt ey Rty TidyP GiensHE DR O pRefegres phase shif
Hi | bert transform 48. A nethod for processing sensor
signals in a flow neter, the nethod conprising
40r. &t miethgd af tlainst3 5s firder ceinghiginggamputingos @r $297¢ ®f a mass flow
siggalh W th tre nﬁthqd being characterized by: 15
rage AFBRYY NG & VP VRV IRy degree phase shift fromthe
first sensor signal and generating a second ninety
degree phase shift fromthe second sensor signal; and
41¢ Chpumkthgd af trabeBs) Cyrthes icompoismgofonaingithes hinetynéegree phase
degree phase shift or the second ninety degree phase
shefhnsing agtilbegt transdomddt hod of claim 48, further
conprising conditioning the first sensor signal and
t he second sensor signal before the step of conputing
42 g hdthsd foRippedessidg Gemer plgask it hifldw nand, theenstod odmprising
ni nety degree phase shift. 50. The nethod of claim 48,
reoivingtaHarsceamport 4igalfand piseeonchypmspiyigeplc wih the mgthoddeing
25 frequency fromthe first sensor signal and the
d??%@?“%aﬁgty degree phase shift or conputing the.
fre @%Ym% LOThdtD /B RE PRESSERE Frord HsNBEst 8ot digngecond
ninety degree phasé shift. 51. The nmethod of claim
48, domputieg aqrinpe difergnceansing thegiretp dagree ghifesshftic e
using the 30 first ninety degre phaﬁ$ shﬁf{ agd t he
s ec oTHNIIAGE T BHER UHRG S WRFpt deggqe phase shift; an

computing one or more of a mass flow rate, a density, or a volume flow rate.

43, The method of claim 42, further comprising conditioning the first sensor signal and

the second sensor signal before the step of computing the ninety degree phase shit.
44, The method of claim 42, with the computing the phase difference further

comprising computing the phase difference from the first sensor signal, the ninety

degree phase shift, and the second sensor signal.
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WD 2006/ 071454 PCT/ US2005/ 043710 52. The nethod of
claim48, further conprising conputing a phase
wdizbdemrersee fromthe first sensor signal, thePETAUSR2005/043710
ni nety degree phase shift, the second sensor signal,
and the second ninety degree phase shift. 5 53. The
45 MeLB Qe d&fﬁhiﬁlﬁ@;fu&ﬁéﬁ&ﬁﬁ;f)ﬁﬁ rising: conputing a
phase difference using the Tirst ninety degree phase
s perferatanyla sévend oy degrien physeaidfit Sonpigsecen sansongignal; and
comput i.ng_one or re of.a mass flow rate densi t
o FORPYAREIFRE ThAgAH irehce fi1a A1e st STRSPh o i iy gigeree phase
furt AR bt s GOIPMLT £l thR8eddddinghREYecdREEE Sift.
phasgﬁﬁg |ft5g%% t he 'sécond ninefy degrgg phase shift
using a Hlbert transform 55. A nethod for processing

sensor signals. in_a f]Jow neter, the nethod ﬁg@grisiqg.
467 dbernathed & §lpi d2cuiE dhe STBRRInGHHE EPAUEROHTUER CypPrising
si_gnal it h t [ - ‘] e ph hift.
cofafie trethtdbep iy SPR AR e BRI pES R phase shi
first sensor signal and generating a second ninety
degree phase shift fromthe second sensor, signal;

47c dipudthod af ¢lasydeniythes Pergpopag sPMPHENE ,’chxesmnﬁqyn%qgg;ee phase
degr ee se shift or the second ninety degree phase
Shgﬁw‘%ﬁ%agﬂg’e%r%hﬁﬁ]ti ng one or nore of a mass flow
rate, a density, or a volunme flow rate. 56. The nethod

of claim55, further conprising conditioning the first
48s ensrthai fpn grosdng sdrsossigoald is e v meiegrthe nirthod eompresing

step of _conputing the first ninety.degree phase,shift

resaiting RSB WAy pegrad BRECSIGRE AT B Bgdghghe
claim55, with the conmputing further

Ch%%%%ﬁ?%‘?%ﬁ' computing the frequency fromthe first

sengeheratigpalfirandnéthdeficeghare staftyfrahe greefirspbamser sighdltand

or conputing the frequency fromthe second sensor -
genérghing aspepndrinewdeawemhass shifidgrmashe spsaa¢ sgmpy pignalpand

58. The meth of clai.m 55 rt . Y :

conpQEPHEE ﬁgg‘?ﬂ’ﬁgc@’ Fies Qe ﬂ%gleuéglg{r]r&ﬁ S he gf e%er SR F%gtof; the

I EBethNR Iakd stapd the second ninety degree phase

S e B o By US3000/ 045710 56, The

met hod of claimb55, further conprising conmputing the

phase differepnce from the first sensor.sign the .
4f [ PrermeibRd o] cBogde RS Eompr e THOT ORI SEhor signal and
the bR sedRY signal before the step of computing the first ninety degree phase shift
and the second ninety degree phase shift.

50. The method of claim 48, with the computing further comprising computing the
frequency from the first sensor signal and the first ninety degree phase shift or
computing the frequency from the second sensor signal and the second ninety degree
phase shift.

51. The method of claim 48, further comprising computing a phase difference using the

first ninety degree phase shift and the second ninety degree phase shift.
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the second ninety degree phase shift. 5 60. The nethod
of claim55, further conprising: conputing the phase
wdizbdemrersee using the first ninety degree phasecshistds/043710
and the second ninety degree phase shift; and
conmputing one or nore of the mass flow rate, the
52 A¢RS nfefho®bf Lihien ¥Q)! @ et LOWPFighe compltifd a phas diEfetpde from the
of claim55, further conprising conputing the first
firshseresby sipmgh, dlee fitstasimetysegree phasetshidt, seesnsand iserspy signal, and the
degree §gase shift using a Hlbert transform 62. A
secRBY RYLY SFEISE BERE sensor signals in a flow neter
the nethod conprising 15 receiving a first sensor
signal and a second sensor signal, with the nmethod
53 b&haancthbdbichier 48 chhiriyer cgapesiagi ng a first ninety

degree phase shift fromthe first,K sensor signal d
geprepHting g PhaseitiRtense Heing thedrd 8111&%3%8’?&?1 Pg?sefSP%ﬂ?%@e
sec?g%x)gqﬁﬁ&%?ﬁgggkgamggﬁﬁ A9 a frequency using one

u
of I'rs egree phase shift or the 20

s e6aPdtinG BAE ¥r BoL 6€a plags Boshrafd, a densipyior agolurphAsw rate.
di fference using the first ninety degree phase shift
and the second ninety degree phase shift; and

c ut i 0 or e.of a mass flow f. '

s4 ot T i BT Pty AFal 12 63RO filh s R BliRbedeeree phase
i E sEQIRIiSd P YeERRYHaEOM Gtz Hilbslt uS@EBAN.

Sh%?%na g%d tﬁetgeg%ndqgenso# sfé%bl before the step
of conputing the first ninety degree phase shift and

the second ni nety degree phase shift. 64..The hod . .
55 oA BICHI9A 12 Prasetng paiseh ﬁlﬁa?lis ﬁ@aﬁ‘?& Wbeautéﬁ&@etﬂﬁ THeprsme
| C
<SRGt GARIRE PRk ey LremHent
ch&acegapdbing the frequency fromthe second sensor

signal and the second ninety degree phaée shift. 3
VO 2008R0TS 45UstPOTRySeetes/masy Yot fesn theBrsheeignsigal and

clam62 wih the conputi . ] : ‘
EeRAReA SRR PLY RSERateT AU et e @sOh ! bALPE AR

fr O'Ebhliﬁtiﬁ? SteqBBRAGPhsifE BRabT tHel st hihsty ddghed phaselsidfies the

phase shift, the sécond sensor signal, and the second
sequndetigetyelpeee phhssshifhand. 5 66. The nethod of claim

Ség pfgg{p:glﬁgtgé)%ggpgo% r01 a%r(l)argg lfltolwn tet, re]ledefnlsi%ys,torr%tI Vrz)%r}{e flow rate.

56. The method of claim 55, further comprising conditioning the first sensor signal and
the second sensor signal before the step of computing the first ninety degree phase shift

and the second ninety degree phase shift.

57. The method of claim 55, with the computing further comprising computing the
frequency from the first sensor signal and the first ninety degree phase shift or
computing the frequency from the second sensor signal and the second ninety degree

phase shift.

58. The method of claim 55, further comprising computing the phase difference using
the first ninety degree phase shift and the second ninety degree phase shift.
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shift and the second ninety degree phase shift using a
Hi | bert transform 34 WO 2006/ 071454 PCT/ US2005/ 043710
waL20@/07ky U u Z ujoW I' W L ~ cc 'w LE&CQuUS2005/043710

CcDtolLL J M Jzc~0 2QJ ~-j LLI O v)w - us w >

~- _/ , G99~ _j ~ix\\/ /oOO~rrc4AaQcvi> r
rO rrr Nr CO-p (r) r 0O Mr/

59. The method of claim 55, further comprising computing the phase difference from
the first sensor signal, the first ninety degree phase shift, the second sensor signal, and

the second ninety degree phase shift.

60. The method of claim 55, further comprising:
computing the phase difference using the first ninety degree phase shift and the
second ninety degree phase shift; and

computing one or more of the mass flow rate, the density, or the volume flow rate.

61. The method of claim 55, further comprising computing the first ninety degree phase
shift and the second ninety degree phase shift using a Hilbert transform.

62. A method for processing sensor signals in a flow meter, the method comprising
receiving a first sensor signal and a second sensor signal, with the method being
characterized by:

generating a first ninety degree phase shift from the first sensor signal and
generating a second ninety degree phase shift from the second sensor signal;

computing a frequency using one of the first ninety degree phase shift or the
second ninety degree phase shift;

computing a phase difference using the first ninety degree phase shift and the
second ninety degree phase shift; and

computing one or more of a mass flow rate, a density, or a volume flow rate.

63. The method of claim 62, further comprising conditioning the first sensor signal and
the second sensor signal before the step of computing the first ninety degree phase shift

and the second ninety degree phase shift.

64. The method of claim 62, with the computing the frequency further comprising
computing the frequency from the first sensor signal and the first ninety degree phase
shift or computing the frequency from the second sensor signal and the second ninety

degree phase shift.
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65. The method of claim 62, with the computing the phase difference further
comprising computing the phase difference from the first sensor signal, the first ninety

degree phase shift, the second sensor signal, and the second ninety degree phase shift.

66. The method of claim 62, further comprising computing the first ninety degree phase

shift and the second ninety degree phase shift using a Hilbert transform.
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