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METER ELECTRONI CS AND METHODS FOR DETERM NI NG A PHASE

DI FFERENCE BETWEEN A FI RST SENSOR SI GNAL AND A SECOND
WEEBNSORSSE GNAL OF A FLOW METER Background of t P€T/US2006/040232

Invention 1. Field of the Invention The present

i nvention relates to neter el ectronics and nethods for
NEEEER BELES ERONIES AND METEHODSIR@RDETHRMININGArPHASE

SPIPE RIS BRARRIY AR RS rSidetin Suinall &3hFG sEconn
mass flow met %“ENS%M?&'A% W&ﬂ@%ﬁﬁﬁ y, and
volunme flow and other 1 nformation of materials flow ng
through a pipeline as disclosed in U S. Patent No.

4. 491,025 issued to IE. Smth, et al. of January 1,
Bagkgrouncyofibe Inyenfion t o J. E. Snith of February 11,

1. g;?%?gf'é’&eﬁ?%%@w meters have one or nore flow tubes of

nt conflgurations. Each conduit configuration

may The pvéseneitveastidnaeldigs 1@ mekr electighivs ahd MietHodk iféNdetermining a
modes i ncluding, for exanple, sinple bending,
phassrdiffereare betawene fipicensursig! andesecand snsgrsigrl of a flow
metd iolis mass flow neasurement application, a conduit
configuration is excited in one or nore vibration

2. sedlemeorahsBi&ylbml flows through the conduit, and
notion of the conduit is neasured at points spaced

al ohgs khewsdndse Corivhiempisbflawimetars toodessucf masseflow, density, and
voll et amhetast SRR el it Ainarafiighariinpiine as disclosed
in Wig. Maberk e, t4l W ed VB & isdhit] 1PYS of .
M eter froma’ coh%?tgszlﬁdg?gg isﬁlgﬂ{dr?@t»ﬁgf% él%}hg’l 1;ldeg(g\cl)gfnd Re
31466 té I.&wSmetheof Febmearprdtl et 980, Thesefrw dicters hevk iy ougbre flow
s and exits the flow neter

he .f be or fl . .
mbtﬁégééﬁ?%v@%trwgﬂgéﬁﬁlﬂegiw b e e BRPE ey e as having
. use . T
o R RTRE HERER MAR Y, KU PR s

and tawiledmodequlha typécal Dovioliethekss flak mB&éuBérﬁerwaR;pﬁcﬁion, a conduit
flow tube oscillate with an identical phase. a
CORfEEUERTIQY} IsisEgiters iy Qefgrgypterivibiagian ardes|agw matpdal flows through the

coB, B LS SR EE AR B gk B bt
poi The verefichdl Rtvdet enviHeulgteri ANl AN seeRNarkhR finBd @ Eart by the
side of the flow tube lags the driver, while the phase
corghinef enase oif dhe o eubesand thhrmathrial evithistesow telres. Material flows
into the flow meter from a connected pipeline on the inlet side of the flow meter. The
material is then directed through the flow tube or flow tubes and exits the flow meter to
a pipeline connected on the outlet side.

A driver applies a force to the flow tube. The force causes the flow tube to
oscillate. When there is no material flowing through the flow meter, all points along a
flow tube oscillate with an identical phase. As a material begins to flow through the
flow tube, Coriolis accelerations cause each point along the flow tube to have a different
phase with respect to other points along the flow tube. The phase on the 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
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pl aced at different points on the flow tube to produce
sinusoi dal signals representative of the notion of the

wo b@wos1ske at the different points. The phase PCT/US2006/040232
di fference between thetwo sensor signals is
proportional to the mass flow rate of the material

two [setrsion glgnhlsoa groponiorfal dmtheubassdiow rasevof theematetinl Bowing through

o) o ABRRESE0 U o BroRadeaprsre petgon & Disstic Fourer
Trﬁ’t%?@r&ﬂﬁ?%ﬁlea Fgﬁ%uﬁ'ef TRIRRER J‘yggﬁséd% Rf e the phase

signal s e phase difference, vi brati1ona
dlﬂfevremeebﬂrwecreﬁmssaorcsﬁgtahe Theophdse déffasserahd a vahfratim&&d
to obtain the wrate, In one prior ar
Ereg ik EPEOTER of REFoljeH darh P e bise REscHSer g apiaie ggesiow rate
det i+ G [
fhe r@gg ggrcgltséﬁlf aclg, a%ﬁi;}h \}I % Fr(@)ﬁe\g?ncg qla"fl% l%g Y§ 488rmine a
pidkofuigid drequendy;, sactt asAppugag the fréifievtP E@Itlt@ ﬂﬁi vibrational driver
response frequencg generated by a pickoff sensor can
sysiemg dn @RpiheEBrieR At apRrepsin ghe wibrational respersediequaney generated by a

[l or | ownet er _at
picRgTt e ARG e Sl et e e & p ol
whedis e Hri@CirefleWmeldt ateBiptOlo 1@deh theAHIRh DFELANRSKES filter at the
fairly well under quiescent conditions, where the flow

pidketiessensgr frequeney.f Tbmtog ertj tectumdfeownrks rfallrlyh\eclé utdher qulescent

B L R AN LT

pioko¥f Stid] ?feﬁu%h%ﬂstré‘lﬁtlf/élﬂ?\é’ca% eﬂb@lsvérstlﬁ ha¥0deQ§Fbment of the

such as in two-phase flows where t he’flow materi a
prlormtw siffers vahdni thaifldvamd teaiab ol iad Lmrfovmemehtals én éwadphasd flows

he liquid flow material. In suc
Whg}fi ﬁ]ﬁeffoa’h La ?fhaé Cﬁﬁw&ﬁesa% faide 8@5& S0Ld o ﬂ@gﬂ aigrpir bubbles in
I rh n
E A 1y DI M
ﬂusﬁugreaiaplcﬁxa Poviag@wohditidas bhéast aﬂd Rrgdfragindy ranyitiehgiitg possible
corr e%‘iﬂ phase and frequency neasurenments. This also
f°r| © RIGkPEiiEAls fo wRpe guisidel th%ﬁﬁfﬁybmveﬁﬂh gieldingdrcartest phase and

freéh%}%ﬂ:ﬁ & er{t? PPALS %oyls 91%?@91[5 1nfer ég&efﬁﬁ e%iﬁxt?%ﬁ%ﬂpr}gy where

con I ons. e

thesfhs @fict 8N @8pdataeil @ byera@ddﬁ ﬁﬁgltﬂllaﬂﬁ% Shply BeEHA] Wrditidat Also, if
be able to keep up with the actual or ‘neasured

thefﬁf@weﬁ]éy t}@aaﬁmqrgn@i@mdmﬂbt pslemadulationmroeassatill not be able to

db d dith
keg GBIt et bal GOeur® HRIERRL X 05hE Hentadyl i at pp dpporrect

fre§udrReduesiduyd g@ uha&gtozosalﬂamf ok d@?é?ﬁiﬁﬂéﬂ FrYRIHBR i he¥frect or
rate, etec. W | al so be incorrect and 1 naccurate.

inarpuretsy dren smheeqsuenﬁy deavedeleengiaiendiey violurselfloegquentetc., will also
cterlstlgvldeter natlons In the i

b fl ow Ear I or a%t,
C QTS LAt AT RLa) MUEAVHe 1K T ica e SAETPORRTchim sibséquent flow
chdfgabﬁgﬁ@&&%ﬁa%&er to inplenent the notch filter.

The notch filter accepts only a narrow band of
In the prior art, the pickoff signals can be digitized and digitally manipulated in

order to implement the notch filter. The notch filter accepts only a narrow band of
frequencies. Therefore, when the target frequency is changing, the notch filter may not
be able to track the target signal for a period of time. Typically, the digital notch filter
implementation takes 1-2 seconds to track to the fluctuating target signal. Due to the

time required by the prior art to determine the frequency, the result is not only that the
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frequencies. Therefore, when the target frequency is
changing, the notch filter may not be able to track
wo b@70arsget signal for a period of tinme. Typi ceCT/YS20061€40232
digital notch filter inplenmentation takes 1-2 seconds
totrack to the fluctuating target signal. Due to the
frequeney aad phaeddgrmiihaiqusicontadn érrde, bietdsaihaethieleeror measurement
frequency, the result is not only H;‘g,t t hef r equency
CCIMIPABTRE S1HR ERAMINAREY (SRS b8 g FPa8 g, wiigh Uah raon amgor two-
erent: '
ol S A PO TR i B0 BRI RS el B BERSARE of e noteh
filtevehasenthtiony actual Iy occur. This is due to the
rel ative sl owness of response of a notch filter
i mplberegstiitis Biat thpHaiqr ewmster garnatpecyatedy, qiekly, or

satsl ok 3P Yoter i LR Bl sr ok B enBichpinedpagpese low of the
flofvBAEAHICH tHY FloRendt¥0 - OhaegudntgIRl pHabe déteinaabe id ldtewise slow

in the flowreter. Conse_quentlz/u,1 the phase .
andletrer pronatasdhe pyot ik deiives the phaserdifference upingles defermained
. prior art derives the phase difference.using t.he.
viclidistnes” ol BRERFS R0k & o ek Enoy deionghalpy i oqrppounded
in %1@?)115&?(?&&%%21@&% et RN AinkfeaSQNRPMNeHe fr@ql_txéh%tyﬂfé?e?ﬁlination
etermnation. The result Is increased error in fhe
and trethe @hase diséremintat, ilemliznod increbdeel grhase determining the mass flow

determjnation, |leading to increased error i . .
ratglefredditio pepanseibs detFrpiped g&eauéw o Fi%ﬁaf i, detgimige a density
r : 4.
R s R e R L
freq¥@icyfdeaathti jonsiq ueFeattd, oravnounded i thhdefisinodeerayination. This

_ determ nation is repeated or conpounded in the density,

is aleq Brerfora dermimptien pEvelpms flow eate.orheie et WIHRA{qWp At is equal
of velune fl.ow rate, re the volune flowrate is

to Bigtt Owga%dggl\gFg%%%FEWdi vi ded by density. Because
t he pRBARE tHE phAkMFE chddIcditbsl@drineadistifl the dettemined frequency, an
determ ned frequency, an inproved frequency

imgiestved dieqaeneyrdetenmipatowi e provideta fasicndarliate ehpteadifference
d di fference determ nation. Summary of the Sol ution The
*RHYPEUSRd ot her probl ens are sol ved and an advance in

Su},f}ﬁa?}rgf{h% S'%ﬂ[i{(}@i{ed t hrough the provision of neter

el ectroni cs and net hods for determ ning a phase . _
di f aeeboee hed vihenpwblémsireselvedrandiagrayazredndhe e dharchieved
sensor signal of a flow meter. Meter electronics far
thrqugle g MPHEI0R HHRSlE" slepremehand E’Q%lwéé Tordgtorpaning ahsse
. &l | : f | . :
o SR PRy PEAOA SR o] 808l LT il
The M@&besleet @ity fonideserenimg b phasadifierdrer foatecdhar first sensor signal

ancri (;ngéslnldns%ngohresiérllarl ?)% asf]%r\]vagmréter is provided according to an embodiment of
the invention. The meter electronics comprises an interface for receiving the first sensor
signal and the second sensor signal and a processing system in communication with the
interface. The processing system is configured to receive the first sensor signal and the
second sensor signal, generate a ninety degree phase shift from the first sensor signal,
and compute a frequency from the first sensor signal and the ninety degree phase shift.

The processing system is further configured to generate sine and cosine signals using the
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signal and the second sensor signal and a processing
systemin comrunication with the interface. The
wW@e@oesseang systemis configured to receive theCT/URENG6/040232
sensor signal and the second sensor signal, generate a
ni nety degree phase shift fromthe first sensor
fregiugme, ancquathf@ﬁutpwdmladmlateqhe fiest stnsomsighal fnd e ssensiensor
.signal and.the ninet ree phase shift. The
Sl%slﬁg&%g%ﬁ}‘?gﬂ%wvﬂ?ﬁsul Sfl&lil ﬁé} ordlghiq ¢fiFrerine Sregehmee difference.
sin
uad: SRS G EhARE  plifi ot RELE BRI A8 nsor signal and o
seceiaedssaimal ofa floal mutr fgprohiediaveorditd; o diebadigal 6f the
in order to_determ ne the phase difference. A nethod
inyegfiope @WH}O&@O&%%&% éecemm&rrl@rferét wapoicsana and the second sensor

I L p—

a frenuendst ﬁﬁm tIEb girseehasd ngiﬁD Eh$ 81 digefidéRtd phase $HiftStThe method
sensor signal and the second sensor signal, generating

furghesi QQEWIS%@W%%%@G g eesine gnalhusing e freguamoy. The method

f f he
Y T -
sight hiasls fhéfﬁﬁbe&nd?md 891088 1\ Eht&niRe ARDIHAS Werence.

signals using the frequency. The nethod further
c o mg¥ inswddfondetarminengle pbekel differegce hetwiden sitfirsesensor signal and a
nal and t cond sensor dlé‘(gnal Si n the SI e and

st hescE Sigmal S § FO8 et Foautied perrigad hegabodiment of the
invintibRMENCRe lﬁd'@%ﬁﬁﬂg% Péceg/% il ﬁl%%n@ov@%?az and the secand sensor

di fference etme I st nsor si gnal a seco
signehgenersiignahinety degrlee)whmetsalft fronpthe firdietnaccdg:chl) I‘@dt @mputing
an enbo of the invention. The method_conpris
2 frequenay @mttﬂ% firstisgpsag st ang % drnedr degise phascoydtt. The method

ful}?l’fﬁ@%%h}]o‘?ls%r?ér{er Jifd éﬂ]cgc 11{]5 ﬁgﬁdﬁcgﬁg ?ﬁe HQ@?@%C?h'TfhE method

sor sigha

furttiee Qoapeised qw@r&thfe (ﬁdrﬁ(;idul@t&[gsmé fﬁs@éﬁbor%m@mﬂ hed eRk¥nd sensor
degree phase shift. The nmethod further conprises

siggahiasing theging ansl eosenecogials vailysl ladiiturg demodulating generating a

Th t.hod furth d
ﬁr%fr RGN g B R e L B GRG e S R TR R Bt e
ASEY filsdripathe Y sttnidiRIged ﬁgﬁﬂdan‘%l‘%ﬁé B@coﬁu%ﬁ{oﬁula\%& Yignal in
e gquadrature denodul ati ng generating a first

orctté i dameltedtigh |ﬁ@qaenwmpwntsrmhddmmehﬂrmmmgsuhg fim$t. demodulated

g Ac ) Ao SATER FieBiiom obi RN SR B PE g Terence.

AshBctQlofthe Fiengighve hi gh frequency conponents and
> r%ss(,) co?rel aﬁaﬁg the first denodul ated signal and the

sec dmdnelespediudfahe thetergeiedtranicso tibeprotexsihgt systehnis fuktker
ase_di fference. c e Invention In one

¢
&4 oforibiie oBe 67 B P GRS OV Fée, grdsesidyi g \wjemedlow rate
usﬂf'lg oo} e 8? ens&{u%ﬁc}; Qn&ﬁ{ég#]taﬁ%ﬁﬁfag{cenm e of a nmass

ow rate, u OW rate
In one aspect of the meter clectronics, the processing system is further

configured to compute the ninety degree phase shift using a Hilbert transform.

In yet another aspect of the meter electronics, the quadrature demodulation
generates a first demodulated signal and a second demodulated signal and the
processing system is further configured to filter the first demodulated signal and the

second demodulated signal in order to remove high frequency components and cross-
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usi ng one or nore of the frequency and the phase
difference. In one aspect of the neter el ectronics,

WO b@7ps15eessi ng systemis further configured tPCTUORIOG/@10232
the ninety degree phase shift using a Hubert
transform |In yet another aspect of the neter

cowtlatrt thedirstsjemdsmlajedsignsliane tte semundateimduipterbsigh@snarder to

i rst denpdul d signal and a second denodul at ed
delepiia BE MR LB BEES

T0CEssi ng systemis further configured

to fhbhe Esepgelaﬁof fhbShetAeMagY ke ﬁl&t@l@@é%@%s%%%ngﬁﬁgg ne or

denodul at signal 1 n order to renove reque
maroe v ameass Sloanchie ackasiy,ral aatduinb €low rasé udegodebatrede of the

signal and the ?Fggfond denodul ated signal in order to
fregerayAndeie RBasSHELETHES £ er ence. | n one aspect of the

nmet 0 [ ' -

o o eGB! AR, (ROMELBSBr GBI 008l e

niffedy Gegtet PHaen®ifbusinprebert igndfoieguency and the phase
difference. In another aspect of the nethod, the

met Woget anothrsespetpf hravedodplieigvgdiatize demedylagieg igeacrates a

h i.ft .usi Hubert, t . t t
frf BRI e AT HOPAD DAL bR al R e FRIAC
de8RABT#bE Fudhdr dosipritesudieliag 6 Sis8adhodNtted sERRPRL the second
denodul at ed signal and the quadrature denodul ation

demodutaged signgd i suider fio tameovenliggh eeqfiemayt coammutsaatnéobl‘OSS-con'elating
g D Gemiitgelen gL ARy tisrRonb Argoana ™l el ohiREl i fergrmine the

phé@di?efe?fce.demdm ated signal and the second
enodul ated signal in order to determ ne the phase
Dacfiptionredehe Deavingst i on of the Drawi ngs The sane

refere ts th | t Il

RSP tecPES Pt €3S R Dok B
I . . .

o IR T DO RO R neEl RS o ention

i NVENGi, 2shoWwk meted dl&ctionidsasodigotoaan a@hbadipent bbithedhivention.
processi ng sYst em accordi ng to an enbodi nent of the
i nvditi 8ns a plagk diagreves adeqriipn 06 PEOISHBE SYFIPRIMSPRIdE to an

| ock ac ding to an enbodi nent of the invention.
elr}%(%lm%&ioﬁq emvggﬂorai agram of a frequency portion of an

iaﬂ 35%?: ?;ns}.%% iﬁe?eﬁﬁ@ﬂ' S RbeitQrARf RO RBBEorengt t3&n embodiment of
the invention.

FIG. 5 is a block diagram of a frequency portion of an analysis block,according
to an embodiment of the invention.

FIG. 6 is a block diagram of a phase difference portion of the analysis block
according to an embodiment of the invention.

FIG. 7 is a flowchart of a phase difference quadrature demodulation method
according to an embodiment of the invention.
Detailed Description of the Invention

FIGS. 1-7 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose

of teaching inventive principles, some conventional aspects have been simplified or

omitted. Those skilled in the art will appreciate variations from these examples that fall
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FIG 6 is a block diagramof a phase difference
portion of the analysis block according to an
weedodiTsent of the invention. FIG 7 is a fl owediHUS2008/040232
a phase difference quadrature denodul ati on net hod
according to an enbodi nent of the invention. Detailed
withes ¢ peapenobthet hyentioent Tlose kG%d in Theard wilk appreciate that the

real B AECRBed SEfevt PubSF sorfites & Vo Bva%é%e”pﬂaﬁé TSgPlayariations

of RRSInvERASN.Of AL herdsh Ste! RRIBmF & id Bt ﬁ‘i%fé%s Fpemﬁc examples

teaching inventive principles, sone conven
desasbed:bslohzabet tdgysheplairhs edd tlfenmqut\taebﬁlts Th ose s killed

in art wi | | reciate variations fromthes
exa"&rg? oSOt 2 Fanplis fIRTmee S SEBEISHIE 4 TEter AgkERTGLBAQ and meter
eledBR5Es S5 Me?& ds nélg‘lg l@rlres Ads t(')iprﬁrsﬁgb gtetgh%tde'ilglg% of a process

eat ures escrl el ow an be co

mateias Metdrasleotranidsi 20l i€ cuiidoddd RNBetef adsbbl V@ Ria 1eids B to
aresult, the invention is not limted to the specific

prog%%ﬁﬁﬂnééy,d@@ﬁ@rﬂ% e iempatatug |1@fowammowrmaﬂt 26.rpg well as

F
otrbP B E0 Do P Hedef MRl Aotk B PiiFLgroctoe
is dQeridat £fhoBEB B bapakent't6 TRENRGKIII iTRBS arft KWK SHRs@A%avention
density of a process material. Meter electronics 20 is

cowdd baeecactiged os myu‘tgatll@E@ﬁty]eysmdjn&talawlltbausthg 0dditional measurement
vi de s flowrate and tenperature
Caﬂphﬁgy %?Vlg?ﬁb(/ércoﬁ’é)? \Hé’é"’ WelY as other infornation
not Megdreadthbl ?rol()tﬂﬂ@luﬁé§§ ?Eltr 8If ﬂi’a%%ld%nl SOAallﬁolrS'O‘)lﬂa%ééét oY% and

meter structufe is descr ough It Is appar
103" dnat/imgsﬂangb ink tlesd] F0nartdhiel Géyret petnhaﬁ parhﬂéaelrﬂm aities /180 end i186), drive

coul.d be practiced as vi brati be densi t one
me%ﬂ%%ut %th@rrav&aqttuieoﬁeawrﬂé?gs eni aslgsm/ SEBORY fﬂefﬁd@aﬂ 170R.

Flo% t@e?‘?ﬁb 9hd $308RFe hh oW Fﬁ:ﬁf yl%%/ﬁgﬁ*ﬂ'dm Secg@tlfﬁ ahd 131" éd outlet

udes a pair of nani I'anges

legand4 303" 13m'ax/h1rag cbhegige tm&@ edchOotaacat ¥ tuba Iﬁ@lll‘[tlr@fblocks 120
C{Jar allel flow tubes 130 and 130 drive nechanism1l
an

b%ﬁbe Fhawiubes dafepd 136 beadart vp almmetricad lenatiops gl@ﬁgéh@r length
and- % ?e gllaflg%%arlfaé gﬁy?ﬁéf%%’? 1 rglgsgtﬂgﬁg%e dl|5' §46 %140‘ serve to

deford ﬂhetaxiseWSanBSW' apelit Lddch vhdhclow eibeesedldt@war ds each
other at fl ow tube nounti n% bl ocks 120 and 120' Fl ow

t ubdbe 30 legsdl 31303 1'vadd 34t 134vof Spmntsbes 1:%0 anch 3 jaemExedly

al on hei r. | engt SS al ly IIe
ottt b S Pag e 220388 32p SR o dGoin wapue fixedly
attethae&i% hiAGifbIR 13Y a%dWS@n drifé gp&}i&es%é&ﬁ111%ﬁ§‘cﬁ)ls%ta’eé@ﬁl path

oscillates. The side |egs and 134, 134' of
thréughnCoribkesmed assedhtil00. are fi xedly

When flanges 103 and 103, having holes 102 and 102' are connected, via inlet

end 104 and outlet end 104' into a process line (not shown) which carries the process
material that is being measured, material enters end 104 of the meter through an orifice
101 in flange 103 is conducted through manifold 150 to flow tube mounting block 120
having a surface 121. Within manifold 150 the material is divided and routed through
flow tubes 130 and 130'. Upon exiting flow tubes 130 and 130", the process material is
recombined in a single stream within manifold 150" and is thereafter routed to exit end

104' connected by flange 103" having bolt holes 102' to the process line (not shown).
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attached to fl ow tube nmounting bl ocks 120 and 120" and
t hese blocks, in turn, are fixedly attached to
worenweisas 150 and 150°. This provi des a cont i PCDUS2006/040232
closed mat eri al path through Coriolis neter assenbly
en fl es (103 and 103', having holes 102 and
102F ¥ @@éﬁﬁﬁ@?@dwwa s¢lacted and dpronriately mouhiet te it flow tube

R RTINS A s e

moemenés of iaertialddd Yourid lﬁmﬂ&ﬁl@ﬁ aboUtYedhin rhx% AR J(f@\i
flange 103 i s conducted through nani oId 150 to

leSP‘EHS’éfebb uﬂ@qsﬁ @eaqimgwxgszgo ﬂ‘avugigblacs barfsddé ahA1l. 40W1tnh$1ﬂuch as the

Yoﬂﬁé1 I‘rﬁfﬁlﬁ {i glgglatfggs %ﬁlalg%_ gfg’clhvtle%%gw%gr% {qo%u%l?q ¢henee affects the
caltwlb@m 6Bﬂoﬁfb@|1d]&any,trBﬁstWe%ﬁﬁraﬁgE %%%e%l[or rgg'ff@cl@'mg A&Snted to

ina single streamw thin
flowHebe A1Q' elo qoptinweusly mersiure dredteipératersfehs Bdwhyibé.| TRge

bol t . hol 102! to the process |line (not
et 4 B S S Pk Thayolraaccarbenies serosmie 1D fora

shsggunsSahy MRS Lkl 0| AT

pasgingtthiobghithmflowdmbat Thefenpeesttiieadpetdfn WwidliaSe @@ahﬁg across the
bout bendi n axes WWand WW respectively. Thes
RTRER $5h0eA we d‘élomlaa Rd By seeerlperonics 2(ho cpmpensate for the

: the, flow.tub
S Ty IR PR RBEEY Wiy B bR o b i how e
tempataturieatiherRDD if tomicated t6 engért lectF@sésSid Neldagnperature

de:ﬁ?&or (RTD) 190 is nounted to flow tube 130", to

die fybesd 38 @ind 18Aeare dniyen Ay drizent 84 heomiosw: tlirbetions
oI A B P 20 BT

phatsdﬂbérﬁil % ﬁﬂﬁl'@ JfShAAYRTMEEr. byhik ReivE %’i@:ﬁﬁﬁ@ﬂiﬁ%d’ﬁla& REmprise any
mat eri a ﬁassn ng through the flow tub

onet Qi ipEYYave @que&m@ggcmvlatb,t sigh aappwnehgloanredss ﬂoh&emlﬁg 33 0" and
| ectronics
o SRl O RN Pl iGN REMES e s
|
A e .

elemmerZ&wwwsleQ@l&g tb elaye Hzhafiethl 0. ow t ubes 130 and
y driver 180 in opposite directions

abgMFtae{f %@F{f‘)lﬁ 65 ??%@SB@%&TP&@%%WW&A@M&95 and the

left ‘ﬁﬁ@hﬁh(ﬁ;ﬁlﬁ%{ﬂ%ﬁgﬁ %lﬁ Eb%ﬁfn CeBllltms cé] ani'sm T%ng%? es@&ﬁ'ﬁ}f‘%ge Meter

clecamoynios2® mbduees thewdtive kl@@d%p@édlﬂ@@ﬂ%@&ﬂ% sy ahivasletent 180 and
unt ed to flow tube 130" and an opposing coil

Vlbfﬁ@dﬁg%% 1band b+ b/ﬁféell@wméc&%ﬂw@gwsamthcﬂeﬁnnd llght velocity
s1gn%ls dﬂﬁg&ﬁ% ?%Flet%t 0 \Ptge‘?ﬁ éﬁlgﬁlsfs Tr: ?lté(ij H%yf ity p% 816 material
passing th1 ough meter assembly 10. This 1nf01mat10n, along with other information, is
applied by meter electronics 20 over path 26 to utilization means 29. -

FIG. 2 shows meter electronics 20 according to an embodiment of the invention.
The meter electronics 20 can include an interface 201 and a processing system 203. The
meter electronics 20 receives first and second sensor signals 210 and 211 from the meter
assembly 10, such as pickoff/velocity sensor signals. The meter electronics 20 can

operate as a mass flow meter or can operate as a densitometer, including operating as a
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el ectronics 20, via lead 185, to drive nmechani sm 180.

Meter el ectronics 20 receives the RID tenperature
war@nak7sen | ead 195, and the left and right vePOLUB3006/040232

signal s appearing on | eads 165L and 165R,

respectively. Meter electronics 20 produces the drive
Cozgiplip Hpwappistr The mster edeiron8s A0oprdcesses thlediretrtndisBeodhsknsor

. VIRr s 13 nd, 130.. ter electronics 20
sighlS 230nl 47han PEike PEABHT G SPermer o csp eI aterivd flowing
thrbldh Gle@h@tr 48eBBIPLY, SRS ARES thi ﬁl‘é’teﬁ‘%?]e%tx%gfjcstj@ecan efermine

density of the material passing through neter asse %
one o Mt ef 4 pliase Wifference, al foaygentyt, b tohd diffdradcer (MY, a@Rnsitys a mass
a ﬁgg{ied b% teh el ectronics 20 over path 26 to -
OWtRI% 234 7 SRIURHeWIate from thosensensghale.der exampleodn eddition,

IR ok i Lnovention, T

S S R R G
detarpmetessiradissystedbe®B3. The neter el ectronics 20

reCﬁLve first and second sensor signals 210 and 2 11
f r oni¢ RRASTEt Eprease defsrpingtion gud fhedseqpienky fletewmsinatipn wre much

' . - | ' 0 r at .
fosE S8 ncht ARt B aB0 B RN el GEL PO e dn GNP PR, s
adviantdgediisiy rapecathcigoossiagUmOtdqsirkd MoRE & conthee TRE Bbw

el ectronics 20 processes the first and second sensor
chagacieragtiss 200 ingrerses the aceuscref o fiww sharattenstics. Consequently,

v AR BT R B 8

pri®d #¢troni cs 20 can determ ne one or nore of a phase
difference, a frequency, a time difference (Dt), a
denghe priomartrfrsquércywletatenatmmdnethudd typicalllyduke hlesebomtnto

he sensor signals, for exanple. In addition, other
Perf‘rfi}wslflﬁé’ﬂlééfteﬁw% qrenEndclpanaten AFoEUnEde Hhedinigntien can be
. y e g ) . . o
P BTN ERl FR SRS 10 R R R E Bt
condienplatednd¢pendirgy en theahipd asd eonfudationr & the pricabdn@bgktem, the
reliable than_such (fleterm' nations in the prior art.

saming T ay e Fesnrss theddigsisasbe decimation rates, ete. At
the gﬁgﬂé fr@?»ééélggs %%ﬁﬁﬂﬁa‘ﬁoﬁqgﬁu{h% 1{1%%{ %lle?li\f\fg\%@?ﬁ@ %(Eceorraﬁitgltg The

I nc e accuracy of

inveltionaanese dbout 40 tiGarTageehth Yhe fedrhirt he frequency and
t he _phase di fference can be determ ned nuch faster

t hahhg witgrfase g0il gpceayes. the penspr pignalafremfonepddhe yelocity sensors
e ' j Lcal take 1-2 seconds to
TSR P e TR ot P e K s ehB e
neca®any 6l dirb@ sighel ¢neeidring 68k aden PRIAhRE BTl AadiBg,
little as 50 mlliseconds (ns). Even faster fr equgncy
ammgic@mnnn}a;ffqymg, stec onltenplied poonbepertids fithe signtheortdyipening can be
per%rr]rcrlleﬁ%] {h'e urE)géslsffl% sglfstegnh%fr ocessing system the
In addition, the interface 201 can enable communications between the meter
electronics 20 and external devices. The interface 201 can be capable of any manner of
electronic, optical, or wireless communication.
The interface 201 in one embodiment is coupled with a digitizer 202, wherein the
sensor signal comprises an analog sensor signal. The digitizer 202 samples and digitizes
the analog sensor signal and produces a digital sensor signal. The digitizer 202 can also

perform any needed decimation, wherein the digital sensor signal is decimated in order
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sanpling rate of the vibrational response, the filter
sizes, the decimation rates, etc. At the 50 ns

wo e@quersey determnation rate, the neter el ect PONUSHORM40232
according to the invention can be about 40 tines
faster than the prior art. The interface 201 receives

to feduca growtt ghsigntyasessimgoteedérbandeloneitee the psanessing time.

. and 170R vi. | eads 0,of FIG 1. The
Th«%é? é?@glgrelkfgl% ecdé%u%ge%f%lrtﬂ?rgﬁ%?%}elﬁeéggary or desired
si gmak pesReiihg OMiteE 203 Wohdads eﬁ&aﬁ&w@'th%reft&f Bt 20 and
anplification, buffering, etc.” Alternatively, sonme or
progesses flophmegsugeraents Siodi thedhiw gretaraskemipgrfoor Trecbriotesshg system
roce m%OB n additign, the interface 201

sing syste o
20DEKEBRIIE X oRFe wr eT IO iER@Es ishebypiogpsses the flow
meBhR6EARIif rded 1 FbGRLE BhOBE nflfY NGRS hallEibEr face 201
can be capabl e of any manner of el ectronic, optical,
or Whe piesssiugsysierh €88 ican coifpeisé pendracpurpbde ¢omPner, a
.embodi ment is coupled with a digitizer 202, wherein '
MIGTABIOSELYF St et OB Sle 8 SaNGAMICH §erasrlgBIPesegialustomized

. di Gt i IR -t h I .
- ProfaR AR TR Re SR IR SR L b BRI EPghgucpte

pro®essing devicese TheGZoeBningls§steREI30dam iBEdO 88 Bthnner of integral or
. decimation, wherein the digital sensor signal is
indgpendeat daconie sigergegnedivt sucihes thastmagedystanyAed.

' p to red h rocessi [
et BE Bl EE i 2 o bR B TR LSRRI e iscoond
sendbresiPi0 Qa3 Sh bEles Y6 el dHenlwedre MRREERIEABSstRYs. T one or
neter el ectronics 20 and processes fl ow neasurenents

mofe Bewtdheractasistineeasy inakide mijihypse diffeféreepa fregs@icyga siyrst diffierence

03_execut es _one, or r rocessi ng routines an
(M B ERe B 4 e P B T eiheleriel 1 r B ter o
Pr ORUIGE AR dRhetRhSwh! &Wﬁb@é’sﬁﬁ% §U4tetd 23 dellfhines the flow
processi ng system 203 can conprise a general purpose

chacanigrigties from Hedmopreosessgmads 2YGaeh? | baddbgbingh 9 dédree phase
. t her .gener al rpose or custom zed processing
SHESERG VRTINS
; . - [ ]
e G L SRR U 058801 TURREE SR Mo pae

shift 2d8p émdéditior) the prearksing bgtan @ 00Rdh dth&eherafind Ahase
..Storage system 204, The processing system 203 '
dlfﬁssre@e%s%@et%@elﬁn%@%m&r asnagselove 1@e ferdthe o ve metmits], among
othS SRR signal 2 11 in order to determ ne one or nore

| ow=haracteristics. The one or nore flow

Ry s
routines, epnyarianbiesyarfdovariahte Ydless. fatoseicaibodiroenteshargidrege system
204 includes routines that are executed by the processing system 203. In one
embodiment, the storage system 204 stores a phase shift routine 212, a phase difference
routine 215, a frequency routine 216, a time difference (At) routine 217, and a flow
characteristics routine 218,

In one embodiment, the storage system 204 stores variables used to operate a
flow meter, such as the Coriolis flow meter 5. The storage system 204 in one

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

signal 211, which are received from the velocity/pickoff sensors 170L and 170R. In
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In the enbodi nent shown, the processing system 203
determ nes the flow characteristics fromthe two
w@ 347584 gnal s 210 and 211 and a single 90 deRCEES2006/040232
phase shift 213. The processing system 203 can
determ ne at | east the phase difference and the
addm@lq,ubﬂ stprageotystene2@deanssoeor 9G degrat phaeGhitha ] Dthbt issgeherated

E é}l(gqqle 90 deﬁ?ree hase shift 213. In addition, the
in AET 0. dqtorgniag heow G2IaSHTIFSS her det ernine a phase
di f t@é@&ﬁbo@arﬁéﬁr&h@sttafafg'é%g}gt%m(m stodd Shelor ﬁl&aﬁw | ow

rate for the flow material; anong other things.
chatgengesopstined £0rh tharilost oeesiféramntaeTae stma@mdsmns 2@41 th one

softvva e routi nes, constant val and yari.abl e
emgaﬂala%@t S‘i°ﬁe gicRistigs suchas §tp<1}|a§fg‘§1 épeé\ce 290y frequency 221,
C )29 u
TS 2! nﬁé?h% niR D oA ey 108 BN GBS fow race
22%tores a phase shift routine 212, a phase difference

routine 215, a frequency routine 216, a tine
di f 187 Bhese sih[it ;oqt@@tq 1g@eptpyms /99 degreeqppase shlft on an input signal,

Lo STRSAEEREY S50 S5 T £ B,

implepidnt¥el Bilbers tahsfeemi(@i8cided btlog)f | ow meter 5. The
storage system 204 in one enbodi nent stores vari abl es

suchhapheseadifference sarimer21§i d@t@imumca me tHéerseesoising quadrature

dergraa ey ratisrel CRSsTonFahelgE 650 ORI mape the phase

dlffeli‘&lc‘ét ANRGhaSY iR R 4n 6A8 efib8A RNt %)c&iﬁﬂlﬁt@& fRMRBR first sensor
shift 213 °that is generated in order to determ ne the

sighdladi Oc teer secomd salsmcsagnellrild nancetib dotiquemdty, 22 IheTlse detalgmned phase
tem 204 stores_on or efI racteristics
iR a8 OF HFed AT oot U o s 204. The
PR R0 e e SRR T %Eg?ee?%ﬁ??%dr Sodiengy g21, can be
caltuletpdemndyob2died auch fasteti thireinethe @ripbajt. 225 cam pimmlefal @wical
rate 223, a density 224, and a. volune flow rate 2
diffesencsrn dlove meter apaﬁ@thes haping dighyrlaw rates o7 digFeB HBE%SG flows
ift on an input signal, i.e., on the sensor signal
0. The phase shift routine 212 in one enbodi nent
I ﬂpirﬁamqaelacw@baﬁé 216 desfraines édteslaas@e(du&lehmw)at exHibited by
phase di fference routine 215 determ nes_a
el%ﬁrfth@ﬁé% sensgs siggabidherathe secardheasir signeh21 ﬁ)d@@mu thp QP degree

phdsd BT PTnE AR RNREA USRSt (R d 0 peORBMIcRc 51 of the

stofdpRQYERRN04. STH@ﬁBque%@!y,fwnén 8&6rrhink 8 Frosefiedingle 90 degree phase

shift 213 and the sensor signal 210 or 211, can be calculated and obtained much faster

ocC

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

The time difference (At) routine 217 determines a time difference (At) between
the first sensor signal 210 and the second sensor signal 211. The time difference (At)
can be stored in the time difference (At) 222 of the storage system 204. The time
difference (At) comprises substantially the determined phase divided by the determined

frequency, and is therefore used to determine the mass flow rate.
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signal 210, the second sensor signal 2 11, and the
frequency 221. The determ ned phase difference can be
war@rmearsehn t he phase difference 220 of the st oPEDES2006/040232
system 204. The phase difference, when determ ned
usi ng the determ ned frequency 221, can be cal cul ated
andThe flanduraiertstica sowmetH &rcan rletdmenime dror orambre fTdws
can _pr.ovi critical .difference in flo ter |
enfle R S] e Hekl Fhtyiegrhonrr ot 6bChor usgHaf getermined phase
diffBrice 200288 the ¥R rAGEH Freqhb: bl il i
determ nes a frequency (egucﬁ:y;isﬁf at é%ﬁ%fﬂg gg‘i@g accomplish
theed advbtiondi dldw clarasteristors. $i dhoald R Onderstbod tige additional information
sE)nsor .si gpal 21%1)g fromthe 90 degree phase shift 213.
may D THBH BiOR G SF (FHomajiops sugbas themassitipw fage or density, for
hREUSR i & :
P e oAt e bSi BARD SR 0 foyr e from the
timplidffereabe {At) 223 aad thdrbforsfos0the phaveadiff2ddcon28 add theeREquency

be_cal cul ated and obtai ned nuch faster than in the
221y Tl fogmula fovjdstesmninipe srasa dlow retq 1sigiean i W Se PateneNion5,027,662

- e ' ' Vi igh flpw rates or . .
o LT LSO BN DA BBl e s reuea o
the(rbiiss ffovubf flewhdteeiel @rhe ﬁﬁj@er%siénﬁ@gqm TekeRES, thPtow

between the first sensor signal 210 and the second

chagegieravtios rgwane 2181dan afseedetemmeine itfef dansitg 824 Bnyl/oc sire vaume flow
stored in the tine difference (Dt) 222 of fhe storage ., ..

rat€ o2} e Babrinst e gt o Grett bed “ebi NeHadle ¥l Fe stored in

the SHALS R 26 DY3 1€ deRdigrIvangey Qﬁaﬁﬁ%ﬁb vheed allileyst@)ﬁ%e system 204,
deternmi ned frequency, "and 1s therefore used to

respetively. e addgiomds flvwwhamtieristies dandw tednaratédtd sttemsl devices

b @outi ne 218 can 8eterrri ne one or nore flow

Y BYedpeier elereenicg 20mhe 1 ow characteristics routine 218

can .
oA e SR g bR oAl SRR SR A B fo0s
accacdingpd ais bmbbésecraddiiid ionaltionl dwthhfipaet did sbelasreptelsent either
shoul d .be understood that additional informtion may
PrOGEsSHERITGUAEY PHPIQOREIRS HEtoap/ipHEeS odde blerkifliagraphd0rinslydes a

sta%%\l g‘ﬂltref‘{)ﬁ)cﬁr&Oq gfi] ?’fgg%( ?nfgfég Eg%g%bea Eﬁ%rtfd‘a%\élform bloﬂ( 8\(/)\/3, and an

racteristic an-determ ne a mass

andl @i€blocRBVEhahe IO dhd ReCeingets(domprid Zhare ﬁibl@cﬁf@fs%lhal input and
fromthe I[ohase di fference 220 and the frequency 271.

theTight pokeiil agrad inpist Eithienthad Rk s thel R can eomprige ¢ distisgnsor
i U.S. Patent No. 5,027,662 to Titlowet al., and is
gﬁ]éﬂ'cor porated herein by reference. The nass flow rate

I s pebid @Hbddnene thessed | eitePblobk 01 HRE end ﬁla%é D fiREblock 302
meter assenbly 10. Li kéwi se, the flow characteristics

compriee digitd Finitafmailso Retepanseri{ R ) tiodyphess degin@oidn dildtopr
._the vol,u flow rate 225._ The_determ ned ss fl ow
il R D1 B OO R 20T, BB L e OB o method for

filtering and decimating one or both sensor signals, with the filtering and decimating

€X

o

being performed at the same chronological time and at the same decimation rate.
Alternatively, the stage 1 filter block 301 and the stage 2 filter block 302 can comprise
Infinite Impulse Response (IIR) filters or other suitable digital filters or filter processes.
However, it should be understood that other filtering processes and/or filtering

embodiments are contemplated and are within the scope of the description and claims.
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35

the mass flow rate 223, the density 224, and the

vol unme 225 of the storage system 204, respectively. In
w@odai7osse4 the flow characteristics can be trapGSIUB1086/040232

to external devices by the nmeter electronics 20. FIG

3 is a block diagram 300 of a portion of the

pr oEKs s sipveydateih P08 Hitlot tthmdorno baek&08 adtomlittg 0fan

he. i nyeptian. In the figure, the bl ocks represent
ey BF BledBEemitbr bt SHpodmess diaasiihg A ert fanstorm block
[ L [ . I ' . Al
S0RFIRRSRID0 dBRG o1yl ATl S U PPP, A HH0624G The LPO
delay bildokr401tinmoddces mshinptikg d6Ry. ame [HO dehal bk 40 10Gkrefore

304. The LPO and RPO i nputs conprise the left pickoff
seleqtyhRO Giapaksigng stmles e argeheroelpgisalnater ingime that the LPO

. Ed r R ' fihh St S
el 65 Soki2h 8 BB A LSRR Qo SR e o
40Bparfants 4 9@ dsgrag ghaselshift oh th BpktteDdigt@MFiEhseatipist al
Finite | nmpul se Response éF! R) pol yphase deci mati on
fi | The Hilberiraagiommdeloln30his apfitst sfepitmgresydingthepimse

et R BRI B bt oo

and RPDesﬁgrﬂﬂs AR Se6rnTed HNBe @laNEoRA! TRk PRth R trhiCo$@PRoduces 90

chrono o%i_ cal time and at the sane decinmation rate.
degiee phasatshiftddyversines of thgd-PD sightlerThs e@vku3tfihefldlbetigransform

S 2 filter blo 302 can co se Infini Lmpul se |,
blogk 385 Hucor o B are oY BrNeRTETR) SOrBoM LD O Blong with the

i i . J di ] wever, it should be
Orlélﬁg%%?g%rg (phéall étcﬁgﬁgﬁﬁﬁtggrpidr;g processes and/ or

fi | The inpyt enthediithent samsfenc block 308 ate e aggresoneedrad: hi n

the scope of the description and clains. FIG 4 shows

det aiplH of4 t bert transform bl ock 303 according to

an %ﬁblgodiAﬁé%t%(%g the invention, In the enbodi nment (1)

shown, the Hubert transform block 303 includes a LPO
Usiaggl thy Hilber kramsforinthp antut becomiash a LPO filter bl ock

402. The LPO del ay bl ock 401 i ntroduces a sanpling

del ayo, The-LPQidehqy bl ock 401 therefore selects LPO ()

digital Signdl sanples that are chronologically |ater

in time that the LPO digital signal_ sanples that are
Combinting & nygmﬂéemcymmtﬁ@putwb@ﬂ%ha dHlbertHeansfant yields:

bl ock 402 perforns a 90 degree phase shift on the

inputted digital signal _sanplgs. The Hubert transform

bl o &303@341/:&[20%(“?%# ang’f)éﬁ 41/@elgar%ovi di ng the phase (

measur enent. The Hubert transform bl ock 303 receives

t heri.|3 Rraaslocldeirith 8¢ RQLANT FITEDS 500F theaiMdlysis block 304

perfornms a Hubert "'transform The Hubert transform
accprding tean edbdéignant op Hesievertiioht echevaakistnigdodt 304 & theo

emgcl)cgﬂqaeg’lt shT;)r\];s(/en 1os hg %tna sftaéehoef tE'g ?reefqltler{cryaarﬁ%f&'it?T (At) measurements.

3)

In the embodiment shown, the frequency portion 500 determines a frequency from the
in-phase (I) and quadrature (Q) components of a single sensor signal. The frequency
portion 500 can operate on either the left or right pickoff signal (LPO or RPQO). In the
embodiment shown, the frequency portion 500 operates on the LPO signal. The
frequency portion 500 in the embodiment shown includes a join block 501, a complex
conjugate block 502, a sampling block 503, a complex multiplication block 504, a filter

block 505, a phase angle block 506, a constant block 507, and a division block 508.
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bl ock 303 therefore provides the new quadrature (Q
conponent LPO Q along with the original, in-phase (1)
wa@e@nak7seponmponents LPO I . The input to the HuPET/1S2006/040232
transform bl ock 303 can be represented as: LPO Al po
g the Hubert transformthe out put

) (1 |
gggé‘.ﬁ%g@lg @L@ﬁgﬂ?regempqgl@ptg ilrrphyse((2) arCbemdnatne (Necomponents of
n sEfooP yRAL o WSt ahn ol A gl RS, SR PErouh o Foalex
corfjligate DniaseAsdrlstgial, dieOIRMID s@nhl SAMENYy beﬁ%gg? riTIZtg(thuces a

of the analysis block 304 according to an e
sargplingndel pyngichtiesioreTetectanmdligstibsiphal skmplithianistdheonologically older

in TS0 OB ol et o TR e o eval signal in
thehoelex ﬁﬁﬁ?ﬂfc@ﬁé&@ﬁfo}ék%m TR c%gl{bléi@fn%ﬁgﬂd{&%ﬁoﬁblo 504 multiplies
h (1) "and quadrature (36)

frequenc romthe in-phase
thed gt sigant anddhe 4P ngijegatesizanl, singkatentiipeqhaeaue ¢low. The

b0 PO e R gt Sy, suian asHbe B Sdfer Brviasibiliscussed.
- t .Si | .
Thé_l_ Egm]{ bIBEE S§OS )éal{’@(‘)'ﬂ'dfng% %g@yﬁﬂgea&e@ﬁ%%g)& @gﬁhﬁ%glwg@cﬁ 0’ remove

requency port n the é

harimeoiickeserd fioo thebingshass (I} and qoadiatheX (QPBb PSP OGK sensor
. 592, aglgarrPl I ng bl ock 503, a conplex multiplication
signgl ot elhas todecimate the pigapl. SO filiersioafficientg ben b oedsen to provide

: - d_a..divisi bl
decggBriqRoF R Ad RS 1P o P08 £y A5ien el T pr e
Theyplzde ahgleodl (6B SCOMMOMEAESa Phasd HERSPEmMShIRALbhARTT) and
passes them on. The conéugate bl ock 502 perforns ‘a

quaggprcdi) conpegetis ob theal B@signal.sTheahaselragte hlhek BGOimplements a
| bl.qck 503 intr es g.sanplin .

por g BB P O R P i R rporising

salﬁéam@;-ate 5, iidadyog £l (ry, RIsHERmiiA ebidiftm @l' he bf&Lion block 508
igital signal sanple i's nultiplied with the current

perfgrgisttlag digisgerpparatiorhef eprapbex6)ul ti pl i cation bl ock

50 The conplex multipljicatio l.ock 504 multiplies

thgﬂtf‘p%e%t}eaﬁgﬂ%ﬁ@% Rlﬁ@%ﬁﬁa gﬂf%’v@gﬁﬁaﬂt}onr

i mpl ementing equation (4) below. The filter bl ock 505

i nplements a digital filter, such as the FIRfilter

pr eﬂP@u,sbyLEDf,)ca sked!“The 4f | d/t°6r= P nek~508 can

conprise a polyphase decimation filter that is used to

renmpve harnmpni ¢ content frgqmthe in-phase (1) and
Theqad%g?tﬁ'regn Y COBITHUREH TR ¢S ]tsﬁ]ger§§ﬁ§5or signal, as

well as to decimate the signal. The filter

coef ficients clading-chvoggn to provide deci mation of

t he?i nflit TP i o as decimation by a factor dop)

10, for exanpl -

which is the radian frequency of the left pick-off. Converting to Hz:

(ot —at_)x Fs
2

Spo = (6)

Here “Fs” is the rate of the Hilbert transform block 303. In the example previously
discussed, “Fs” is about 2 kHz.
FIG. 6 is a block diagram of a phase difference portion 600 of the analysis block

304 according to an embodiment of the invention. The phase difference portion 600
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The phase angl e bl ock 506 determ nes a phase angl e
fromthe in-phase (1) and quadrature (Q conponents of
wo b@7P®2si gnal . The phase angl e bl ock 506 i npPETER1086/640232
porti on of equation (5) below The constant bl ock 507

i.es ffagrtlor conprl sing a sanple rate Fs divided

outm; a‘,%heﬁf: Ggbed e thie A Ry drit srgnabynd i RRO viigsit eignal. The
t t

o G5 S AT AT e S o

frecqammay iportior%00 of HIG. I5SPTAAh&AbPRE tht Hobks repre@gnt%]ther processing

(L% The angl e between two consecutive sanpl es
CITQREY &F Br@eswg aetians/rewiénasadiherphisedidfenence @brmdr%(b(léfnfcludes a

mofEtiof egnesitp KEaRe. b ok Bt Bl prabo eamplex blogkebtd and 605,
quatk@ Ty EersRNAIRIASHIYClEl W’fﬁﬁﬁﬁﬂ dg ma‘tl%g%?&l& 610'A8%11, a

FIG 6 is a block diagram of ase rence
conegate bWCK@GZmndmeora@iaﬂlqmb]@cbmék 304 according to an

f h Th h di ff
por LT OBBER st Sk aomerGrioan Bed Rsns tohes ooy the
radiaﬂﬁb@qu%hé!}ﬂ%lu@ﬂg) EhQLels %Dg Lﬂxe ?ﬂeﬁﬂ@cg polilﬁ?xﬁ S@(an 19 pjodulation

ference portion I nc

genbfaﬁ@lkbledd 6al thregefoie ﬂecélhes & ﬁeqw@@yfe&%ﬁdefﬂ‘blﬁ Q% #bqidn®y portion
In th t he bl ocks represent either

;

500 roEaYEs #&q%ﬂéfﬁxwﬁen 599@@1@99.oh@umitmueisfasmand@merehably
l.ud d

tha% Eﬁ@? B offy LSRRV AAE Bhall et 516 RinR 63 i B 3

obtdu'hecd: hmcﬁ&"dst&mhdﬁﬁ&re rauaﬂzamaﬁﬁ tde m@y bl 98 shl QK sBR&erms
and 609, decimation blocks 610 and 6 11, a conjugate

COHB?I&@RH@QSG dhencdquasidtareaiQ)ownipapertsarahe ﬂfh@umymbﬁtema The
erate SI n and, c e ter
sin B EL 4 lenity 26 O S RE DR B R Sl Do A6 rdommyted into
the jdig bldokooancy portl on 500. The nodul ati on generat or
bl ock 601 therefore receives a frequency reference
fr OthQ:Jﬁél blogly 662 cfysepmstﬂne)m -306¢ (Bendusedtahee {Q@qo@poyents from

500 d
the REbleity SeRaR Rt pTan O i ot Block S0 doian e, moHisp A gad
quadx*;fg%g:(@g ggnﬂﬁﬁg{%ﬁﬁ%& & & a?t@d %%ugﬁktagp@gg{n%ﬂg%mn blocks
6089[11;:1 Gé)ﬁd cosine terms conprise | n phase (1) and

el PR BCks 0T @ﬁqiébgé@&’é&i&%&ﬁw&ﬁ&Fé.?qnxééramr@
con‘%%ﬁ@ﬁt@to? thel 96 i&ng%’@ﬁﬁ)ut Qi%%fsedfhe%&lgmg inl- quaselzl eaf) and
quadrature (imaginary) components comprise sinusoids that includes both sine and
cosine components. The real-to-complex blocks 604 and 605 pass the resulting in-phase
(real) and quadrature (imaginary) components of both signals to the corresponding
quadrature demodulation blocks 608 and 609.

The quadrature demodulation blocks 608 and 609 demodulate the LPO signal
and the RPO signal using the sinusoids. The demodulation generates a first
demodulated signal and a second demodulated signal. In addition, this demodulation
produces a zero frequency component and a high frequency component for each of the

LPO and the RPO. The high frequency component is later removed (see below). The
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The join block 602 receives the in-phase (1) and
guadrature (Q conponents fromthe nodul ati on
wa@eneatses bl ock 601 . The join block 602 joi NBCT/82006/040232
i n-phase (1) and quadrature (Q conponents and passes
n to the guadrature denodul ati on bl ocks 608 and

t he
0‘“@5@8% t%ﬁ quadiature demgrplation biaskk 608 @4d 409 as0msgehierthe éecimation

blokR®g] - m@gr ature) conponents of the LPO and
ORI%%Q}@n%FﬁIGQ’éﬁ%Fg. ‘e resulting in-phase (real) and

quatihadesimalibmBLicka sy 260 B PREN i AAMPHLIDE kR 50
t hat includes both sine and cosine conponents. e
quadgaiiice ¢rrpesation Higudk sF@0xkaande,6D6 dpdamtibh®laoks 6l10iand 611 can

dec e BIRRR M B s TG oo hh RO cHailea d AR ton, e
dectiemichibRickon] PLACEP! 6B ARIDAY IR HARMBLIIR demodulation

. denodul ation bl ocks deno
sigralynBor eannlegn RROesibgdahentshadedibmtish blsis 630 2611 can

enpdul ation generates. a first denodul ated signal and
COTIPLISE & DX y]a}éaﬁs %ﬁfl}ﬂ@i@ﬂ?}l@ﬁ that 13 pseddg iregye hampagic content (i.e., the

. i t d
R L Bcre e B e i o AP S TR s or the

senRPQigiPheashighad toatpoanaty tieosipeale Mhei fHtdr beffici@P¥Rbe chosen to
el ow) eout put of the quadrature denodul ation

Pro%fag gﬁégl%@n'aquﬂ% OPUHES Siﬂlaé‘s]s séch @ﬁddwénarém bt :famomdﬂbkﬂg for
. i i mat i 610
oxe gk o e bR BRER b1 ad ) Bty i PBine M 0 shgia o the

conglegatechibelt 60D and gaRlthe dERBIESRANLED sidhgl @Atk BBLERon b
bl gcks 610 and 6 11 can deci mate theége two si gnapgnbyOde'

a fHe @riegatablegk 612 performes sapiptex domjumids on e, denfwlulated RPO

. (of ' 0_and 11 can rform an sired
sigfif TR b a e RSk Ao haiRe R fouh EleR Sempg MRS a1enah o the
correhigioadesk eent t he deci mati on bl ocks 610 and 6 11 can

conprise a pol yphase decimation filter that is used to
r e%\ﬁecoﬂ‘i@ﬂ&ﬁﬂmi Wodohteenrr¢latee the ddmeochilghd LPEaMehRYO signals.

Thegcg)ﬁgu?ﬁ%gl ﬁ]te @3 8{3%{%{{] ééllg(g\ﬁlggl?y ﬂ}aegqe%q(e!' Qt@nq%@ﬁpﬂ-?sgg g{cgor sg-c(olc*gr)elati on
o i Fneudidte | cier . .
Ope?ﬁgggﬁql? ()Cbg?)é% gdg?ééaétéci;lfﬂgatnl éoclrr]ltq%?seﬁ?@h{t#&gﬁt{f@gth%?glnokaal%’ces aresult

shown dih cquatipasi( FBtandr(18y As faedudl; thof cotfblatfarblexas™ grodibes the
tion bl ocks nd 611 pass. the denodul ated RPO

degi 0
phag G HETec (oraliaes ApEIghY ! LBk beamined Rbaseditiesncs can bo used fo
i . i on_bl.ock 614,
i R R e
demodulatien gestessdsahewn RPOIG] @rak phddeeali ForinddpbRionl 600ka84%0 be

1pragses t he conj ugat ed denodul ated RPO signal to the
refetred to as a quadrature demodulation chain.

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

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

In step 703, a frequency (f) is determined from the 90 degree phase shift and the
corresponding sensor signal. The frequency (f) can be represented as a radian

frequency:
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correlation block 614. The correl ation bl ock 614
correl ates the denodul ated LPO and RPO signals. The
w@oyagmEed on operation foll owed by the correl ap€DNS2006/040232
conprises a cross-correl ati on operation. The conpl ex
correlation can conprise a nultiplication that
proéiﬁ:@?fa result shown in equations (17) and (18). Ag7)
?ﬁult t he rrel atjon bI ock 614 roduces the phase
dlf ¥ drieEnpGH ERCYAiY 3 b ageddo de o wichargcteristics, The
detBhain t vVakl ous f1 ow
O e e s B Mo s L LR (IR AHC: b2RWen the
ﬁrs@ aadi S@toudsewmrgmlam Bunh %rmm&em\&ﬁaﬂnrmﬁh@d dBscrii3g above.
e dlgé ren portion 600 can also be referred to
tAAC r@&?o%%naéﬁwm igergpied. Ahereferanse gignal (Wy)

erence
COlgﬂn@rrétl)ég %%glﬁ goﬁbocrgfegzr}?aséglac cordi‘n el R sgl%nag]%@g@%ﬁ ?heo:faneengequ ency
as tham aehRPOnsighap Tﬁéradizhﬁﬁéqde%by @ﬁfé o%@f?a@éﬂjm% 802 %hodulation
%nals are received. In step 702] degree phase
geng FH T 11 Q¢ degflpapairaiyehogenerage tie Sllméofd deOCbﬂamﬂtmﬁ@i ence signals
S gnals. In step 703, a frequency (f) is
ONEE?88%¥ 'fron1the 90 degree phase shift and the
corpe rysensor signal. The frequency (f) can be@)
repr esent e as a radian frequency:w =2t (7) The
with el POred RPO duieneionafs)conditisng:used to determ ne flow
characteristics. The determ ned frequency (f) can al so

be Used)roddes(ekridig)a phase difference between the (9)
first and second sensor signals, such as by using the

QD Ehat/d %P‘Pﬁﬁ@kd@&ﬁbr)l bed above. In step 704, a (10)
referenc q5| gnal s created. The reference signal
(VWP 6%%9 §1?e“ssealsgﬁ ﬁi%ﬂaéﬁdpocléﬁiﬁﬁ@dglag&ibwltﬁhlee m&renmgnals Wi,

uen as the L
T or Rt s AR a4 BR ety oraneLron iy the
refeaerredigials O 1@@?@ér&bgioddée%rdé‘ﬁﬁodu%té&ﬁptﬁé@?ily
generate the sinusoid denodul ati on reference signals

( Wl steporsy iths Wgsowgﬁ@%m(o-ljsmmodabat&d whih therefd?en@engdgnals Wy,
Th%%%%ﬁ@%og 113rls_es R“§ Iﬁﬁ%@pi‘y]?&é)e s)enéb(\)rcs?gsn% ng-; vfw%hp ?he
reference signals Wy in order to produce a demodulated RPO signal,

As aresult, the demodulated signals at the output of the quadrature demodulation

blocks 608 and 609 comprise:

Zpo (k) = WX 1 po (k) (11)

Zppo (k) = W X ppp (K) (12)

which can be re-written as:

2100 () = 2 oD ) + XD 20k + 1) (13)
A

Zppo () = E {eXp(j Prro) +eXp(—j 2ok + Prro ))} (14)

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

pass filter operation can be used to remove the high frequency terms. In one
16 |
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In step 705, the sensor signal XLPO is denodul ated

with the reference signals WK The denpdul ation
W@ ses mi xing or rmultiplying the sensor siPORUS2006010232

with the reference signals VW in order to produce a

) [ . . 706, th i gnal
e B Y e cadCorprisq paCh gp@m@osiéﬁafd;%@sgmm
. . o i plying the
e P PR el

sensor signal i = ce S|| ak: Win

or der Hoduce, a denodul at e si gnal . a

resﬁ%‘“??lgt%ge&gﬁﬁédm)at ed signals at the output of the (15)

quadrature denodul ation bl ocks 608 and 609 conpri se:

LPogk) SVWLPO, (K) ( 11) RPo(k) =Wk RPO {k) (12) which

can ﬁ’é@e‘-@ﬁ"?{f rods: zm (k) =-{expOVi o) + exr(- (2 (16)

+ fLPO ))} (13) z Ro (/c) =-{ PUFRPO ) + exp(- (2 +

f RPD 997 708, 4nelaf tise éemadilatet! RzndROGUH &t t8d deiBAalaSd@’ B0 signal
. Iglét red in or e&to renmove high frequency terns. _ .
m B egg 1F1F@Wu€?t€au e popisgakon ?l@ﬁfﬂf_li%"efﬂuﬁdin@@aﬁée of the imaginary
Siglgaq'rmdul ation conprise the [exp(-](2wk+FLpo/ RPq))J

ternms in equations (13) and (14) above. A | owpass

fi | Ineste ,ahé filtelcautptig avsstrdlftell BFRV@bEx Bb@ation stage. The
}Dﬁ@t er ns. Iﬁngneenbodi ment , Sr?he flinl tering can 8

f reguenc ] ' . .
Coné‘%ﬁ?gPP &ad garrelatiomstegps of thet qosrplx 4orrelation opsretioe yid:
deci jati on 2¥4te §. The output of this filtering is
rep?@?rﬁ@é iﬁﬂm&& z LPo (k) =- ]EJ thod) (ésl) tRF>2|) = -(17)

U FXPO 16 step 708, ope of the denodul ate

Si g”?ﬁ(lé‘?rg )ﬂﬁ‘éﬂ? ﬂnég TP "d’éﬁ%aﬁltg% BRIy conpigation from gep 708. It

i ' ' ' t orne.a

folloks St S@%Hf%?ﬁ‘é@?ﬂnlgg?%a@%“‘%ﬁéiﬁﬁpﬁ&?{ol"é‘lpéﬁﬁ@t, i
filt oft puts are correlated by a conplex correlation
slt a@@s =leeerp(J' (Drro = Prro)) (18)

Consequently, the phase angle comprises:

d(k) = arg(q(k)) = ¢ ,pp — Drro (19)

The phase difference is therefore output.

The meter electronics and method for determining a phase difference between a
first sensor signal and a second sensor signal of a flow meter according the invention
can be implemented according to any of the embodiments in order to obtain several
advantages, if desired. The invention can compute a phase difference from a determined
frequency and the first and second sensor signals. The invention can provide a phase
difference determination of greater accuracy and reliability. The invention can provide
a phase difference determination faster than the prior art and while consuming less

processing time.
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conjugation and correl ati on steps of the conpl ex
correlation operation yield: q{k) z LPO (k) ~z RPO {k)

W@ 100y/0wises e t he second z termrepresents the cPOPUS2006/040232
conjugation fromstep 708. It follows from equation

W(%lg%?-t hat the correlation/nultiplication output
T ises: A2 F) == UFo ~FRPO)) ( 18)

: phase .angl e .conprj.ses: F(k) =

L 20 e i Sl b it semsor
sighlemefacseeondisqnybr sighe oTRlfRiw BleR&t EQRpRSingnd method for

determ ni ng a phase difference between a first sensor

si gihinterfse24 Bc@ﬁ deasévisge fubtgeasorsignl hhdwsemindrsensor signal;
andccording the invention can be inplenented according
to any of the enbodinents in order to obtain several
advaptorgesng sfsisin gl It i

phasg di ffegr e}ﬁce ? r%?nqgcggﬁLP?nyaE@g @Pég%gﬁ%gﬂgﬁmlﬁem
corfigused tergceiee thedfirstsemsor sggriahd thelfveondyarnbt signsia Benerate a

nce determ nation of greater

B ISR ISyt s ar o R
senBhasgnadibhd ﬁ{eerﬂﬁgtr\{gﬁe%ﬁ{qe?}{é% §R %&%}&E B %ﬁ;cg\%@%gfg?{a}ﬁ using

art and while co ess processing t
the freqmentayy awd guadrenirederhdd)lateahe Ged: @nEoR ki@aPaRN@88econd sensor
ce between a first sensor signal and a second

. di ff.er% _
Sigal HSipe E‘? SR&ANG COSNE PigRalyet erder do Apteitsineghe ahase difference.
interface (201) for receiving a first sensor signal
and a second sensor signal; and a processing system
2. TOBiter vleconmiesi(2@) dfaaivd 1 Nwiihehe }f}b@ésfsﬁ‘l‘?gesyét%gilg%ogﬁ]g ing further
onfiqgured to receive the first sensor sSignal an tﬁe
con ét‘%?lqgo SeRpYic eneeranoreyumemassdlaw nitnst gerdbelyr erca pblase flow rate

shift f I.rst sen i gnal.,. conpute a
usu%f‘éergeuoer r%l(t:l@@f&r%ﬁ]e %‘Jﬁ%&?qcy ﬁlag%%élba%e@%quc nd the ninety
degree phase shift, generate sine and cosine signals
usi ng the frequency, and quadrature denodul ate the
3. Fhgwptes glespnics G ofatrdmt hevidethendossringrsysiegn@03)5¢iRg further
i,ne and cosine signals, in order to_determ ne the
conliBSred o PP rBE ntBY 4 Bhask Bibetinp Atbberba g
claiml, with the processing system (203) being
further configured to conpute one or nore of a mass
4. Fheowetentlectranide (&) tof claom B wiekeimehd quiratatedemodulation

generates a first demodulated signal and a second demodulated signal and with the
processing system (203) being further configured to filter the first demodulated signal
and the second demodulated signal in order to remove high frequency components and
cross-correlate the first demodulated signal and the second demodulated signal in order

to determine the phase difference.

5. A method for determining a phase difference between a first sensor signal and a
second sensor signal of a flow meter, the method comprising:

receiving the first sensor signal and the second sensor signal;

generating a ninety degree phase shift from the first sensor si gnal;

computing a frequency from the first sensor signal and the ninety degree phase
shift;
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usi ng one or nore of the frequency and the phase

difference. 3. The neter electronics (20) of claiml1,
WOWao/0815e4 pr ocessi ng system (203) bei ng furt hePCT/US2006/040232

configured to conpute the ninety degree phase shift

usin% a Hubert t&ansfonn1 4. The nmeter el ectronics

( 208 T ALIRTIAT 404 GPdnesignalpasiggdle Gedwancieastul at i on

m q s d
0o Ses T 8 DL B S5EP Mo i

usiQ@OR) siteambcdsid $ignals enbidariedbtéenihk teehdsb iffdrbsde.
denodul ated signal and the second denodul ated si gnal

in order to renove high frequency conponents and
6. 3 t first denmodul ated signal and_the
LS se AT i it e Buf B momeor s fow
ratqhakasity, fdranenee flow AtdBiROEnt 8f nid8d 6f HeH nag
.éi fference between a fi rst1 és)errl1sornsi gha ;Hnégl%g s}gcon%ephase
diffepsiesr signal of a flow meter, the method conprising:

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

7. ThemetiRl 61 d15in 5 ML édrgﬁ‘?% i ; ney :
fromthe first sensor Si am%g%%pﬁﬁeﬁgglﬁg}l{}&ggfgéggg phase shift

usipghaghlbsHitfansfperer at i ng si ne and cosi ne signal s using
the frequency; and quadrature denodul ating the first
sensor signal and the second sensor signal using the

i j: i i e termne.the

R R e B O e S OO R R R
dengustupated siggalcamnipisdcogd daolafBarseeri, AAdrRss e QdF A,

aq@?nm ty, or a volunme flowrate using one or nore of
deny ‘Tt’r“&f{}ghﬁﬂlcoéﬂ]éﬂ?ﬂ% phase difference. 7. The nethod

of ' Ur r r.Si,n uting th i net, )

e i R £ de iy RS i R Bitknd Reianu ptetisdnal in order
to rerabheHighffrafuehey Sompbidntd; Agd quadr at ure denodul ati ng

generating a first denodul ated signal and a second
derfEeRsH eredatiiggha firstalethogutated signajuadrhe seoend demodulated signal

: ' urther..conprising: filtering the first

lnOd%%ggﬁ%%%%gggﬁﬁRh%méHgggﬁgasecond denodul at ed si gnal
in order to renove high frequency conponents; and
cross-correlating the first denodul ated signal and the

9. Asecshe Gerdsthumaniag agibgsadiffererne detwden Hifitsesetisoesighel and a
secc%l?:iasse%soq'i sfigzn%li &F g%'ow meter, the method comprising:

receiving the first sensor signal and the second sensor signal;

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

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

generating sine and cosine signals using the frequency;

quadrature demodulating the first sensor signal and the second sensor si gnal
using the sine and cosine signals, with the quadrature demodulating generating a first
demodulated signal and a second demodulated signal;

filtering the first demodulated signal and the second demodulated signal in order

to remove high frequency components; and
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9. A nethod for determ ning a phase difference between
a first sensor signal and a second sensor signal of a
wo b@womseer, the method conprising: receiving POEUSI006040232
sensor signal and the second sensor signal; generating
a ninety degree phase shift fromthe first sensor

si gFEeRs-CRieiBting g tirst demedulatpd signel anbthkisesandsdamsatulated signal
o S I : ' .Hegree phase shift; generating
in GHIgE R deg&g%ﬁmwrﬁhqgéné’lfgﬂﬁwn g the frequency;

sine an Si Ne “si
quadr ature denodul ating the first sensor signal and

" the second sensor shgnal using the sine and cosine
10.si Brmeshodpfrarainn® fyurher eanuprisiog romphing oge gemeras gass flow

i.r - dul at ed .signal and a second nmodul at ed
ratd el Rl IR Bl e v E0E il B0R SIS i ahnc the phase
difeesend denodul ated signal in order to renove high
frequency conponents; andcross-correlating the first

denodul at ed signal and the second denodul ated signa
hase difference. 10. The

i, order t eterm ne the
11 Lo mthod oticlaim & Tupie SRavPTeoRe FOEPWEN G hepistyi degive pbrse shif
usifi®4 elilkridrdRfosnd | OW rate, a density, or a volunme flow

rate using one or nore of the frequency and the phase

di fference. 11. The method of claim9, further

conprising conputing the ninety degree phase shift

usi ng a Hubert transform :
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