SI GNAL PROCESSI NG METHOD, SI GNAL PROCESSI NG APPARATUS, AND CORI QLI S
FLOWETER [ Techni cal Field] [0001] The present invention relates to
a Coriolis flowreter for detecting a phase difference and/or a vibration
frequency proportional to a Coriolis force acting ona flow tube to obtain a
mass flow rate and/or density of a fluid to be measured. [Background Art]

[0002] s ekbexbbonmeliubs agﬁémﬂ SHEBLEE RASEHR A AuBOI Nt L hat

a Coriolis force acting on a flow tube erel na

vibrated is referred to as f'Rthﬁég% ESQ??@UIE&EﬂaI to anass flowrate in
Ic

a case where the flow tube throug _ 0 be neasured flows is
supported at both ends and vibration is applied about a support point in a
direction perpendicular to a flow direction of the flow tube. The Coriolis

fl owmeter i .ng . and a shape of a flow tube in the Coriolis

f I owret er igT%ﬁﬂéf QEV? d into a straight-tube type and a
curved-tube-type. %J 39 The Coriolis floweter is amass flowreter
for detecting a p e 1di £ erence signal proportional to a nass flowrate in

rical positjions between both end support portions and central portion
§¥ngeheagﬁreﬁentTmﬁb HeyeRtc AV epidre Fﬁég%es €0 a Coriolis flowmeter

for detecting a phase difference and/or a vibration frequency
proportional to a Coriolis force acting on a flow tube to obtain
a mass flow rate and/or density of a fluid to be measured.
[Background Art]

[0002]

A Coriolis flowmeter is a mass flowmeter based on a point
that a Coriolis force acting on a flow tube (hereinafter, flow
tube to be vibrated is referred to as flow tube) is proportional
to a mass flow rate in a case where the flow tube through which
a fluid to be measured flows ig supported at both ends and
vibration is applied about a support point in a direction
perpendicular toa flowdirectionof the flowtube. The Coriolis
flowmeter is well known and a shape of a flow tube in the Coriolis
flowmeter is broadly divided into a straight-tube type and a
curved-tube-type.

[0003]

The Coriolis flowmeter is a mass flowmeter for detecting
a phase difference signal proportional to a mass flow rate in
symmetrical positions between both end support portions and

central portion of a measurement tube in a case where the



measur enent tube through which a fluid to be neasured flows is supported at
both ends and the central portion of the supported neasurenent tube is
alternately driven in a direction perpendicular to a support line. The
phase difference signal is the quantity proportional to the nass flow rate.
When a driving frequency is naintained constant, the phase difference
signal may Qe 1 | f C i . in the obser i on
positions of ?ﬁgkﬁggggrgﬁgﬁt E{lg%%gh[%}g{)ﬁ? £ ﬂlgp&vt@f&erqoef ﬁleeaasllfreeré/ngﬁjeo“éﬁi Vi ng
frequency o r i equal, to.the n ral frequency of
t he neasur e'err%tﬁsﬁl %tp %%ﬁaﬁﬁé?%%%%ﬁf%ﬁg %F P g&f GemSF st %giig‘ﬁcﬁh}?d) Otr&eéi
density of f1 i o0 be neasured_ i s obtained, ,and hence the measurenent
t ube nay be&%%s{\l/%%hgmn%h %"ﬁbﬁl i \?lqrrrﬁrélﬁ FS‘Q’. %ﬁé?’@?or%{j rcehitiSFt 1k
measur enent éflbee és 1gggerally driven at the patural frequency and the phase
di ff er ence BT gRAF TS uat &t 89SHBPPRE it dilfeePBRte diherengeaismal

The straight-tube t ge Coriolis flowreter has a structure in which, in a
case where Wbﬁ)ﬁi%‘% Mo PFRPT i anayl rekt Flom TRepehbPe uraire t o Whest @i ght
tube axis of a central portion of a straight tube supported at both ends, a
di spl acemerffr WV ¥ L& sea syt e nefngiagmec ¢oes vt h the phasedififexreturs ol i s
force, that |s, a phase difference signal is obtained between the support
porti on and¥Ft} arayobei 6ateftele ast @i gine t dbbfevemca sagsall aw rtatee i s
detect ed based on the phase difference signal. The straight- tube type
Coriolis flRGRreEtien deseitbets abbvehdaseas srende, todepact, and tough
structure. However, the Coriolis flowreter also has a problemthat high

det ecti on sensitiMa0glcannot be obtai ned. [0006] In contrast to
this, the curved-tube-type Coriolis flowreter is superior to the

strai ght-tube typtctothel abtéinspetdriing Fecppichicyt Hattte saperkaent
effectively taking out the Coriolis force may be selected. The mass fl ow

rate may beuaet tislhyddeipeiedonthd I{Htgitaﬂelf&iegiukéhby- of the meAst@&RicRat i on
of a coil and a nagnet are generally used as driving nmeans for driving the

flow tube. tTne,cai koAgtahPesBanes _fafreelu@n%fy%e?&g?@bha@?gdt&% %g%%gig S

which are not offset in the vibration direction of the ow tu use a

posi t1onal Jealiad EQNshid KebatiheBael4pen; A0e, Bolln ANt LhEnIBaNeEkS .

m ni m zed. Therefore, in a case of a curve ube-type Corio

[ ncl uding WRcPHA)ISL BLovehuRaty Wil 110 PR AhL CLaLl gy t ubgs akg at t ached

so as to sandwi chthe coil and the nmagne ef ore, designrs de so

oL one | SRR bR B B B L O o e R
frequency and the phase difference signal is detected as the
time difference signal.

[0005]

The straight-tube type Coriolis flowmeter has a structure
in which, in a case where vibration is applied in a direction
perpendicular to a straight tube axis of a central portion of
astraight tube supportedat bothends, adisplacement difference
of the straight tube which is caused by a Coriolis force, that
is, a phase difference signal is obtained between the support

portion and central portion of the straight tube, and a mass

flow rate is detected based on the phase difference signal.



[ 0007] O Coriolis floweters including two flow tubes | ocated in
paral l el planes, a Coriolis flowreter having a |large dianmeter or a Coriolis
f lowre ter having high f lowtube rigidity is required to increase power
of driving neans, and hence it is necessary to sandw ch large driving
means between the two flow tubes. Therefore, a design is nade so that an

nterval betieerrkhertl eWrubose! eoReseRsaridiilenel seuen: bBabhbyed end

portion which is a base portion of the ow t ubes.

illustrategid £l Gndde a-SRELOALI S oqgg r ' (s generally known and
i ncl udes U-ghaped &g%s%?eﬁen é?hbegkknc ué@% %F%ﬁgégﬁ%ﬁ gﬁ#éﬁv %m»%?%haped
measur enment- 4y o} rter._5 The, detector 4 for the
measur ement t u%ggsg %ng g%eﬁggld% e% f<'31é{\%i Br &ESP6™ ' des Jréﬁcg?é?%é??ng t he

measur enen 2.and _3 eft  vel.ocity sensor 7 for detecting a
vibrationvgﬁg%ﬁgévégﬁénggﬁ%okeaOF%Fﬁngpde of the neasurenent tubes 2 and 3

vi brated by the %igrghor 6, a right velocity sensor 8 for detecting a
vi bration velocitg 8 erated on a right side of the neasurenent tubes 2 and

3 vibrated by the vibrator 6, and a tenperature sensor 9 for detecting a
temperature of a'fl fPtFHe hRaditien, WAEcIFUIIVERs tbeotyPe heorbakis enent
tubes 2 and_3 at the detection of the vibration velocity. The vibrator 6,
the left vELB¥ME}SEerisor syperher  tghtthel sErejIbenssbes typendCohiolis
tenperature_sensor 9 are connected to the converter 5. [0009] The
fluid to bélRWERSEEEJiN WHicchothsvishahroahhrehtomedfigadniomlyt tbesng and 3 of
the Coriolis floweter 1, flows fromthe right side of the neasurenent
tubes 2 anthg ¢e&Fiel bn fdriashmeiyghe sedlaxdiad. s@hsomassislqw aeitdedyytioe t he
| eft side
actually detected with high sensitivity.
A combination of a coil and a magnet are generally used
as driving means for driving the flow tube. The coil and the
magnet are preferably attached to positiong which are not offset
in the vibration direction of the flow tube because a positional
relationship deviation between the coil and the magnet 1is
minimized. Therefore, ina case of a curved-tube-type Coriolis
flowmeter including two parallel flow tubes, the two parallel
flow tubes are attached so as to sandwich the coil and the magnet.
Therefore, a design is made so that the two opposed flow tubes
are separated from each other at an interval to sandwich at
least the coil and the magnet.
[0007]
Of Coriolis flowmeters including two flow tubes located
inparallel planes, a Coriolis flowmeter having a large diameter

oraCoriolis flowmeterhavinghighflowtuberigidityisrequired

to increase power of driving means, and hence it is necessary



t hereof (side on which left velocity sensor 7 is provided).

Therefore, a velocity signal detected by the right velocity sensor 8 is an
inlet-side velocity signal of the fluid to be nmeasured flowing into the
measurenent tubes 2 and 3. A velocity signal detected by the left velocity
sensor 7 is an outlet-side velocity signal of the fluid to be neasured
flowing fr t urenent tubes 2 and 3 0010] e converter 5
of the Cbrﬁ%%is o&%%ggfgfngfﬁgéggamS?F§eb8gWF?8ltE@cFW8n¥2@W HBRase
measur enent,.secti on 11, .and a tenperature peasurenent sectjon 12.

The converb@FI§ 8Fth§'éﬁﬁﬁgpiésgﬁ8ﬁﬁe?8rtﬁgg NI BERTERF uRE LY ReRSthe
iIIustrate& in FIG 14. That is, the converter 5 of the Coriolis

fl owret er HaSYahPRFUES AIRFSIRTUL poidersd avap; iR aifdred sBepRerELeRi nal
16 included in the drive control section 10 is provided in the input and
out put por "PSh FReadPpre PoFtion efcthenfigwolithess a predet er ni ned node
signal, fromthe drive signal output termnal 16 to the vibrator 6 attached
to the measuremedPOP8bes 2 and 3 to resonance-vibrate the neasurenent tubes

2 and 3. Each of the left velocity sensor 7 and the right velocity
sensor 8 which dasettluderatéedatn dICuelldcid iGsr indyi he& lawmates! &rehicn
sensor. [0011] The drive signal output termnal 16 is connected to a

drive circaist ge8etrhiddyykrnawranpld firerlubdes Theshthpa® medeuidment tubes

includes a detector 4 for two U-shaped measurement tubes 2 and
3, and a converter 5.

The detector 4 for the measurement tubes 2 and 3 includes
a vibrator 6 for resonance-vibrating the measurement tubes 2
and 3, aleft velocity sensor 7 for detectingavibrationvelocity
generatedona left side of the measurement tubes 2 and 3 vibrated
by the vibrator 6, a right velocity sensor 8 for detecting a
vibration velocity generated on a right side of the measurement
tubes 2 and 3 vibrated by the vibrator 6, and a temperature
sensor 9 for detecting a temperature of a fluid to be measured,
which flows through the measurement tubes 2 and 3 at the detection
of the vibration velocity. The vibrator 6, the left velocity
sensor 7, the right velocity sensor 8, and the temperature sensor
9 are connected to the converter 5.

[0009]

The fluid to be measured, which flows through the
measurement tubes 2 and 3 of the Coriolis flowmeter 1, flows
from the right side of the measurement tubes 2 and 3 (side on

which right velocity sensor 8 is provided) to the left side



18 generates a drive signal for resonance-vibrating the neasurenent tubes 2
and 3 and outputs the drive signal to the anplifier 17. The anplifier
anplifies the input drive signal and outputs the drive signal to the drive
signal output teniinal 16. The drive signal output fromthe anplifier 17 is
output fromthe drive signal output termnal 16 to the vibrator 6. [0012]

Aleft vel i j [ o1 ut .t.erm.nal_ 19.to.whi ch_a detection sign of the
Hjdaed? ad Wl hTil%: T108 00! BLnBo8eyott BhoRsdod] o',

vi bration y gener ated on 7SI

and 3 vi bratedb he vibrator 6 iLs i.nput .is proyided i he .i.nput , and

out put port 15.y e 1% FFEVeI%CWFQOEFSQaFﬁ %%Fﬁ?ﬁ%ﬁ %@ i nEF%ﬁEd in

t he phase neasurenent section 11. AT ht_veIQcit{ signal _i nput

t er m nal 26’%&%&%%888&%&&%1§i1§ﬁaﬁléﬁ ¥R A bY £9oF lvet 3di §lgeder at ed

on the right i;de of the peasurenent tubes 2 and 3 vibrated by the vibrator
6 is input %D BEREBECHN 1 AEL IR Rt ARG SOREBELTBBENL15UbSRE Fghe -veboci ty
signal input termnal 20_is included in the phase nmeasurenent section 11.
[0013] velopid vpRadgaadedetirefert LE el okp it hduitil SAN&ovEers#®n on
the vibration signals of the pair of velocity sensors in the case where the
pr edet er m 9&d¢ Yedde igiegral o¢ sty utigme If  Hrintiehel i d e be grealsunsdpbiiovengi nal

16 to the vibrator 6 attached to the neasurenent tubes 2 and 3 to vibrate

t he nmeasur émeom thgbesazuaehehthyubles i lbmdt 8r. 6, to thereby performdigital
conversi on processing, and then obtains a phase difference between the
converted signal §00Thé | eft velocity signal input termnal 19 is connected
to an input termnal of an anplifier 21. An output term nal

The converter 5 of the Coriolis flowmeter includes a drive
control section 10, a phase measurement section 11, and a
temperature measurement section 12.

The converter 5 of the Coriolis flowmeter has a block
structure as illustrated in FIG. 14.

That is, the converter 5 of the Coriolis flowmeter has
an input and output port 15. A drive signal output terminal
16 included in the drive control section 10 is provided in the
input and output port 15. The drive control section 10 outputs
a predetermined mode signal, from the drive signal output
terminal 16 to the vibrator 6 attached to the measurement tubes
2 and 3 to resonance-vibrate the measurement tubes 2 and 3.

Each of the left velocity sensor 7 and the right velocity
sensor 8 which detect the vibration velocities may be an
acceleration sensor.

[0011]

The drive signal output terminal 16 is connected to a

drive circuit 18 through an amplifier 17. The drive circuit



of the anplifier 21 is connected to an A/D converter 22. The A/ D converter
s, into a digital value, an anal og signal obtained by anplifying

22 convert
t he vi brat
by the anp
devi ce 23.
20 is conne
t erm nal
converter
obt ai nedby

ion signal output fromthe left velocity signal input termnal 19
lifier 21. The A/D converter 22 is connected to a conputing
[ 0014] Further, the right vel ocity signal input term nal

t _teli Itlnal of lifier 24. An output
CE{ gener PreF EPUZQ ggl C(ﬁﬁ%&]edfijﬁ &{gjsﬁrﬁr&fm?’érbt@tl% thee A/D

25 convert ital value, an anal og signa

ammpt Fyi g %[ fr& \?Fb?a‘"l"?‘gr? ?P&nQPtBHFEUTEh? r%‘f%@lﬁr’g“ﬁ{ toetbeity

| ifier_24.
si gnal |npgﬁgll nal 20 by the a |

ier 17. The amplifier amplifies the input drive signal
and outputs the drive signal to the drive signal output terminal
16. The drive signal output from the amplifier 17 is output
from the drive signal output terminal 16 to the vibrator 6.

[0012]

A left velocity signal input terminal 19 to which a
detection signal of the vibration velocity generated on the
left side of the measurement tubes 2 and 3 vibratedby the vibrator
6 is input is provided in the input and output port 15. The
left velocity signal input terminal 19 is included in the phase
measurement section 11.

A right velocity signal input terminal 20 to which a
detection signal of the vibration velocity generated on the
right side of the measurement tubes 2 and 3 vibrated by the
vibrator 6 is input is provided in the input and output port
15. The right velocity signal input terminal 20 is included
in the phase measurement section 11.

[0013]

The phase measurement section 11 performs A/D conversion
on the vibration signals of the pair of velocity sensors in
the case where the predetermined mode signal is output from
the drive signal output terminal 16 to the vibrator 6 attached
to the measurement tubes 2 and 3 to vibrate the measurement

tubes 2 and 3 by the vibrator 6, to thereby perform digital



Further, the digital signal output fromthe A/D converter 25 is input to

the conputing device 23. [0015] Furt her

at enperaturesignalinputtermnal 26 i ncluded in the tenperature nmeasurenent

section 11 to which a detection value fromthe tenperature sensor 9 is

input is provided in the input and output port 15. The tenperature

measur enen i 1 rf.Qfr: t t r . i n the
et elsQdn };x%%e.s%lgﬁﬁy%?ﬁ tHEE &&ﬂgl%scoé'ﬁg?x{%;?éég %%ﬁf&@cé’

detection tenperature obtalne e tenperature sensor 'S

provi ded i%ekpg¥%§%%%r%gﬁggrkggfégégggg_B and detects an interna

tenperature o neasur ement and 3. A resistance type

t enperature sens i eneral ly_used_as the erature sensor 9 to asure
a resistance vaIE@F ?%g%ﬁﬁ?%ﬁﬁ}Q%ﬂ%ﬁg gﬁel%p?%ﬁ%%?%lﬁ}ei9 S Conneﬁ§ﬁ§n3
tenperature signal _ipput terminal 26 is .connected tp a tenperature

measur errent%OCiagcﬂlflPugfeﬁ‘Weng]en%%raﬂ lﬂ%’]ﬁ&n r(t-?f nt&c‘,i PREREC IR at es
the internal. tenperature of the neasurenent tubes 2 and 3 based on_the
resistance°§aF§8 TR B 19T G t47e COBRFEFSEUFR TLAYS CONVERESTnLer nafPe
tenperature of the neasurenent tubes 2 and 3 which is cal cul.ated by the

t enper at ur B/ REANSHRET 2 ¢ FPRYRE EE7 FREQ ApdO1te el WonPRENTd WetA T b3,

[ 0016] In the phase neasurenent nethod using the Coriolis flowreter

1 as descrPbéaiasevey emblafysngi shappibeatianaspyiedrubpde, fTxontiHe
measurement tubes 2 and 3, fromthe vibrator 6 attached to the measurenent
tubes 2 ande8t weénacihg $idgndlt dnbuvtnbasuirdlfldvisyi e ahelEdsurzhent
tubes 2 and 3 while the vibration is applied, a phase node is produced in
t he nmeasurenment Thees/R2 e ter 22 is dhmnreftord,tda hecomgnalingi deetcssi de
velocity signal) fromthe right velocity sensor 8 and the signa
(outlet-side.velocity signal) fromthe left velocity sensor 7 in the
Coriolis floweter 1 are output as a formin which the two signals are
superi nposed [0014]

Further, the right velocity signal input terminal 20 is
connected to an input terminal of an amplifier 24. An output
terminal of the amplifier 24 is connected to an A/D converter
25. The A/D converter 25 converts, into a digital value, an
analog signal obtainedbyamplifying the vibration signal output
from the right velocity signal input terminal 20 by the amplifier
24.

Further, the digital signal output from the A/D converter
25 is input to the computing device 23.

[0015]

Further, a temperature signal input terminal 26 included
in the temperature measurement section 11 to which a detection

.value from the temperature sensor 9 is input is provided in

the input and output port 15. The temperature measurement

section 11 performs tube temperature compensation based on the



on each other. A signal output as the formin which the two signals are
superi nposed on each other includes not only a flowrate signal but also a
| ar ge number of unnecessary noi se conponents. In addition, a frequency is
changed dependi ng on, for exanple, a change in density of the fluid to be

measured. [0017] Therefore, it is necessary to renbve an
unnecessar Y3 g od £ AL 3 IBRES 1 HEAR fige Ebﬂgé %{‘éh% It 28NS 1 By and
the left velocity sensor 7. However, 1t I's very FEFICuTt to renove the

unnecessary; Si ; t Si r r.igh el,ocj Ly NSQr and
the left véf% |ty]§%%§g¥lgﬁfbh%%%%%F%Fgﬁi%g%fﬁage%n& 5 &hb E%??%gﬁ,g?he
Coriolis fl. er is often required to have very-high-precjsion
neasurenentl%\gn%} a?lgrjlt-esm eee%ltruersep(? s&19 PSS s%ﬁl??%y 2535‘!% ?’equi rements,
a conputing device having very-conpl ex conputation and hi%h-gﬁgcessing
performance i s nét&SEAFYGhd HRACESTRR: TorT ol TS owre 6P T it ¥elFefs very
expensi ve. Thus, the Coriolis floweter 1 requires an established
phase diff&SehPE REUBEFRMERE FRAHS LsSPnYCBBYRS dh TEHSTHANGS VPereal Ways fit
to a measurenent frequency and a hi gh-speed conputing nethod. [0018]
| n convent iC&¥HCHYh &S HilPfer éndeReaSH&fent met hods of cal culating a flow
rate, a filter processing nethod of renoving noise is divided into a nethod
usi ng an anal og fliNet &empryaguet Bognadi agratdtgrnanali Pfeis connected The
met hod using the analog filter may be relatively inexpensive (see, for
exanpl e, J&parkeseeperatuypphesatirenchti d¢ioeeari tNR7 .02-B62 10enpdrdapadese
Pat ent Application Laid-open No. 10-503017). However, Japanese Patent
Appl i cat i omekbaudcowpert ddrcORt 664t land atazahbs el iRadmertl Agpipecattiuare of
Lai d- open No. 10-503017 have a |limt to inprove the performance of the
filter, andhkeemeesutreerati subepr abbem tBhatstHeohi therresinovansaf fatuent for
the Coriolis flowneter.

output from the temperature sensor 9. The internal temperature

of the measurement tubes 2 and 3 which is calculated by the
temperature measurement circuit 27 is input to the computing
device 23.

[0016]

In the phase measurement method using the Coriolis
flowmeter 1 as described above, vibrationisapplied inaprimary
mode, to the measurement tubes 2 and 3, from the vibrator 6
attached to the measurement tubes 2 and 3. When the fluid to
be measured flows into the measurement tubes 2 and 3 while the
vibration is applied, a phase mode is produced in the measurement
tubes 2 and 3.

Therefore, the signal (inlet-side velocity signal) from
the right velocity sensor 8 and the signal (outlet-side velocity
signal) fromthe left velocity sensoxr 7 inthe Coriolis flowmeter

1 are output as a form in which the two signals are superimposed



[ 0019] . In recent years, a large nunber of Coriolis floweters
using digital signal processing have been devel oped, and the nethod using
the digital filter has been devel oped as the filter processing nethod of
removi ng noise in the conventional phase difference neasurenent nethods of
calculating the flow rate. Exanpl es of conventional types of the

Coriolis flowmlerseing 4 Qig%ﬁél s t pa[soct%?es'f%%né N %ﬂ%Fﬁ E‘géh\?xgoc’f

measuring a phase using a FourTer transform (see exanpl e apanese
Pat ent No. %%#3 qﬁtn c n abl Q0 an
i nput frequeﬁg1 Oﬁlgﬁééﬁ %éd%ﬂl 4ﬁ%%ﬁﬂ%ﬂﬁ_é¥ﬁ¢$¥ %r "4 £Jband pass

filt t f Pat ent No. 2930430
ahd ggpaﬁegg' ;%%Lahigaggﬁlﬁif?) o1 e&%?pggﬁﬁgge g%ﬁF%%%%QZWétﬂ8ﬁsﬁsing

Fourier Transforn onverter of the Coriolis flowreter based on
the phase MEIETFERT nﬁ?ﬁg%f Uiy Ph%r?%ﬁﬁ?%ﬁ'H?ﬂ§ﬁ§?%ﬁqﬁ#ﬁﬁ?gglﬁﬁb€?'
structure as illustrated in FIG, 15. In FIG 15, the left velocity

si gnal i npdtt EFFTRAF 19 PrRAed ARDEREYI ApUERANT Wi 5t PBOPE2TBTeS- whi ch

the detection signal of the vibration velocity (outlet-side velocity

signal) which is[§8dddated on the left side of the measurement tubes 2 and

3 vibrated by the vibrator 6 and which is detected by the left velocity

sensor 7 is inpufhegedonredttetls nece skewygassenpye en BoeCHaSARME paBSL i |t er

30 is acircuit for extracting, through a frequency filter, only a

| ow f r equefizym ehe sidrais fromghhe gt etelsicdewekoebtys sirgh&he 1edm t he

| eft velocity signal (outlet-side velocity signal) output fromthe |eft

vel ocity serdocityde¢reedt g thHewsirbratitonsvedogidtiy fgendtat @demvichehé ef t

side of the neasurement tubes 2 and 3 in the case where the neasurenent

tubes 2 andndeaeeswirlhr atigdabyfirb® vhbr aighats €26@lthe right velocity
sensor 8 and the left velocity sensor 7 to calculate the phase.

Further, the Coriolis flowmeter 1 is often required to
have very-high-precision measurement and high-speed response.
Inorder to satisfy such requirements, a computing device having
very-complex computation and high-processing performance is
necessary, and hence the Coriolis flowmeter 1 itself is very
expensive.

Thus, the Coriolis flowmeter 1 requires an established
phase differencemeasurement method usingbothanoptimumfilter
always fit to ameasurement frequency and a high-speed computing
method.

[0018]

In conventional phase difference measurement methods of
calculating a flow rate, a filter processing method of removing

noise is divided into a method using an analog filter and a

method using a digital filter.



The | owpass filter 30 is connected to an A/D converter 31. The A/D
converter 31 converts, into a digital signal, the left velocity signal
which is the anal og signal output fromthe | owpass filter 30. The |eft
vel ocity signal obtained as the digital signal by conversion by the AID
converter 31 is input to a phase difference neasurenent unit 32.

The AID converter 31 is connected to a timng generator 33. The timng
generator 33 generates a timng of sanpling Mtinmes (Mis natural nunber)

the input frequergy. mg_@g%%] 'USin}?e th@”'ta{}%‘?ttégaerﬁﬁ%r the, rﬁgh}g@%ﬂggéyﬂ]gnal

i nput term nal 20 provi int I nput and output port 15 to ich

detecti on Sngr@lengfiviehg odehr atdoneuah@icd t Yodpatate spaeevel Bl Yest Omal )
which is generated on the right side of the neasurenent tubes 2 and 3

vi br at ed byatikle opielor aNlor 60 2an@e 4hd clend depectese byathetri fhpl vehotony
sensor 8 is input is connected to a |owpass filter 34. The |owpass filter
34 is a ci kaddropen exliaact1fgc08Rtdlugh a HPwgUekcy fiaragiesen| Jagent

I f .i_ght, | oci, [ | (inlet-si | oci_t ' 1)_f th
Tont val obPhy ihgta (A eToBRHo Nel odi11p B ghaF T buP BHEFEam PRESHT ght

ght ' _, elo _ ght
S de oftnoPRRsaraRanEo Togbed Moy’ 201 ROHE ChelY AP C o b e

tubes 2 andnd peer¥ihbatedobychder vitdat Gind hdR@23khere is dhgrbovERass
filter 34 is connected to an A/D converter 35. The A/D converter 35

converts, ithha shdifiltadr Sisgnsl, stbeicight fet atid Yogiigidls fhoehetsrt he
anal og signal output fromthe |low pass filter 34. The right velocity signal
obt ai ned as the dPgifhl -signal by conversion by the A/D converter 35 is
i nput to the phase difference neasurenent unit rther, the AAD

converter 35 is &BnheCERE YeP¥he 3 ilA%AT GEHSSHt glzf §§?i?ﬁésf£ Wg=beher at or
P o 8338, n b 00 P s PONRY | DAL IS Hl0d B Yo QLT Al En NP
method using the digital filter has been developed as the filter
processing method of removing noise in the conventional phase
difference measurement methods of calculating the flow rate.
Examples of conventional types of the Coriolis flowmeters
using digital signal prc‘)cessing include a method of measuring
a phase using a Fourier transform (see, for example, Japanese
Patent No. 2799243) and a method of selecting an optimum table
fit to an input frequency from filter tables including a notch
filterandaband-pass filter tomeasure a phase (see, for example,
Japanese Patent No. 2930430 and Japanese Patent No. 3219122) .
[0020]
<<Phase Measurement Method using Fourier Transform>>
A converter of the Coriolis flowmeter based on the phase
measurement method using the Fourier transform has a block
structure as illustrated in FIG. 15.
In FIG. 15, the left velocity signal input terminal 19

provided in the input and output port 15 to which the detection

10



Further, the right velocity signal input termnal 20 provided in the input
and output port 15 to which the detection signal of the vibration velocity
(inlet-side velocity signal) which is generated on the right side of the
measurenent tubes 2 and 3 vibrated by the vibrator 6 and which is detected
by the right velocity sensor 8 is input is connected to a frequency

measur enentg - izt : ; ni

frequency %f%?ﬁg'%ggg%??%%fgggﬁgﬁ¥ggﬁﬁﬁ§;S?%?%??o%l%gwggggéﬁﬁ{%f%%gg}de
vel ocity si - whij i n I ght . si.d nt
tubes 2 angﬂgﬁ%%%%2?%§et§t?§é8éﬁ%%%f§¥ﬂ%Qgﬁ%ggﬁig Eigegé%%§§%g§g§&%ﬁgeright
velocity sensgly § vippaceqlG LHEAUPNGY ARASULERENL; LRI |, 38 LS coRNSFt ed to
the ti m ng generator 33%The f requency rneasur ed by the requUency

measur enen ni 6 is output to the ti.mn enerator. 33. The.timng_ of
sarpl 1 ng MRS TEN DA R dets B AE oM EteR Sy PoLobrRTeT ed by
the timng ner r and output_tao the A/D converters 31 and 3b.

The phase GLAFEFaibe HRSaHPERBRES FILESH S OCHb o1 T T T GErE S LFaa8iand t he
frequency asurenent unit 36_are included in a phase nmeasurenent conputing
devi ce 40. tP8698P @ trequengeyt hilpRhs @heagutdrehte M Mod LeditngetPel ¥our i er
transformasillustratedi nFlI G_ 15, the input signal (inlet-side velocity
signal ) fr&rPRe APykteterdert yedersby B8ipsal)rEronnple iefthecieetiuency
measurenent unit 36 to neasure a frequency. The frequency neasured by the
frequency AegBaleromtlgti-tside ivelompiiy tolghall i alagugedaom drhe33lefihe
timng of sanpling Mtines (Mis natural nunber) the input frequency is
gener at ed B¢lohétyi sengogeheatattarti38y dik viapuattiont heldtDtyopemretrarsd 31 and
35. Further, the detection signal of the vibration velocity
(outlet-side vetoefty sidmalf) thki nhacsrgeastatedesr tdrel 3efin shdecadet he
nmeasur enent tubes 2 and 3 and obtained as the digital signal by conversion
by the A/ DvhepwetHemeldiuabflehbec it €otaod 35400 a&libak telieoy ithieatilopatvetoci ty
(inlet-side velocity signal) which is generated on the right side of the
measur eneng .t ubes 2 and 3 and obtained as the digital signal by conversion
by the A/D converter 35 are input to the phase difference neasurenent unit
32. The detectionpgbgnals are Fourier-transformed by a discrete Fourier
transfo u unit incorporated in the phase difference neasurenment unit 32

andaphase di ffergnge 4. Soaputiad Hased; AN-anhdli &g R&S WeLPR/B E&&YeFOEPONENT
and i magi nary conponent ‘of the converted signals. [0026]

31. The A/D converter 31 converts, into a digital signal, the
left velocity signal which is the analog signal output from
the low-pass filter 30. The left velocity signal obtained as
the digital signal by conversion by the A/D converter 31 is
input to a phase difference measurement unit 32.

The A/D converter 31 is connected to a timing generator
33. The timing generator 33 generates a timing of sampling
M-times (M is natural number) the input frequency.

[0022]

Onthe other hand, the right velocity signal input terminal
20 provided in the input and output port 15 to which the detection

signal of the vibration velocity (inlet-side velocity signal)

11



<Phase Measurenent Method using Digital Filter™” Converters of the

Coriolis floweter based on the phase neasurenent nethod using the digital

filter are described with reference to block structural diagrans

illustrated in FIGS. 16 and 17. Frequency sel ection neans such as a

notch filter or a band-pass filter is used as the digital filter. An S/N

rati o of agi;pput oSi 1 Sq1 0preoyved. Usi 4 regu i ans
Rl BB % f??ﬂt@e atéa tgl% glgﬁlcnng&%]t ! S ﬁ@%uf:%%% AhdE

such as the notc or t ass

i1lustrat es gnﬁl ? gggy_gguhg gLeI vERPYELLer Qhat hE:1 R é"éé‘té oLmE e out

usi ng the notc ter cas t

port 15, Ieft veI . ut. term.nal vel ocity

si gnal |npu St er naquﬁ:xi Pgﬁfpag§ *n?¥%ﬁ§;§8n3ﬁag§§ %gf?%ép%ﬁ%)
converters and Iustrate in F 16 have sanme_structures as
The Tnpur GIdCER e doe 98 bRfe %rttervé? G Oy DG PR A 10
the right velocity signal input term nal the |l owpass filters 30 and
34, and th&h )&PB%&@E%HBFE*CXFJeilﬁcfraso%yﬂ four FRe@deRaY ERghtigslocity
respectively. [0027] In FIG 16, the AID converter 31 is connected
to a notchSEERgér (Rlefhgifst ¥RLOFEEEr S5ANaL) eEFSMAtRe chil@hE yWOHRBH BN t he
left velocity S|gnal which is obtained as the digital signal by conversion
by the A/ DSégRaértldnlet-sideasvalnrdingf ovbgral 5/ RuERtto ferarthenpoiglkt gnal
to be out put. The notch filter 51 is connected to a phase

measur enenvelnrt t§2seber phabs areaag eientvibmat 152 wedeaiby gephasedf the
| eft velocity signal which is obtained as the digital signal by conversion
and whi ch o8 throlgdt isids/ dNEr alhé omdasutmnarot cluldeisl eand13 in the cdset her,
the notch filter 51 is connected to a frequency neasurenent unit 53. The

f requencynevhsueaimninetBuirehdnieass £ sand segerdpraf cdhiey tekt viletaedt y
signal which is obtained as the digital signal by conversion and which is
inmproved ig.S/INratio by the notch filter 51.

[0023]

The low-pass filter 34 is connected to an A/D converter
35. The A/D converter 35 converts, into a digital signal, the
right velocity signal which is the analog signal output from
the low-pass filter 34. The right velocity signal obtained as
the digital signal by conversion by the A/D converter 35 is
input to the phase difference measurement unit 32.

Further, the A/D converter 35 is connected to the timing
generator 33. The timing generator 33 generates a timing of
sampling M-times (M is natural number) the input frequency.

[0024]

Further, the right velocity signal input terminal 20
provided in the input and output port 15 to which the detection
signal of the vibration velocity (inlet-side velocity signal)

which is generated on the right side of the measurement tubes

12



The frequency neasured by the frequency neasurenment unit 53 is input to the
notch filter 51. [0028] Further, the A/D converter 35 is connected

to a notch filter 54. The notch filter 54 selects a frequency based on the

| eft velocity signal which is obtained as the digital signal by conversion

by the A/D converter 31, so as to inprove an S/Nratio of an input signa

to be output.

.. The notch %%Ite 54 is _connected to tge has
npasurenen@_&H@t?Sf?b?ﬁéeah Yot a¥&L§ﬁEﬂF Gn?PQSQhﬁ%asﬁ?e e%&%ﬁ%@eb%f t he
right velocity signal which is obtained as the digital signal QX conver si on
and whi ch TS Fp7RY ¥ AT ISMNEPREPH SoyS LR YOt & FFIISCEC IS & LTEQUERGY ¢ her
t he frequency neasured by the frequency neasurenment unit 53 is input to the
notch filt &Easyrepggrgnit 36. The Freguancy ReaPBERMEBL U ke dpures
synchroni zation, and input to the A/D converters 31 and 35 to synchronize
the A/ D coiherfeea@aneneft biee Aebestivar £ 29n3k off the gddrastiggrvelocity The
notch filters 51 and 54, the phase difference neasurement unit 52, the
frequency reéadetesdde veilocs8y andnahk whiek 155 generatgdudadtha aightse
measur enent conputing device 50. [0030]

side of the measurement tubes 2 and 3 vibrated by the vibrator
6 and which is detected by the right velocity sensor 8.

The frequency measurement unit 36 is connected to the
timing generator 33. The frequency measured by the frequency
measurement unit 36 is output to the timing generator 33. The
timing of sampling M-times (M is natural number) the input
frequency is generated by the timing generator 33 and output
to the A/D converters 31 and 35.

The phase difference measurement unit 32, the timing
generator 33, and the frequency measurement unit 36 are included
in a phase measurement computing device 40.

[0025]

In the phase measurement method using the Fourier
transformas illustratedin FIG. 15, the input signal (inlet-side
velocity signal) from the right velocity sensor 8 is first input
to the frequency measurement unit 36 to measure a frequency.

The frequency measured by the frequency measurement unit 36
is input to the timing generator 33. The timing of sampling
M-times (M is natural number) the input frequency is generated

by the timing generator 33 and input to the A/D converters 31

and 35.

13



FIG 17 illustrates a block structure of a converter of the Coriolis

fl owreter using the band-pass filter (BPF) as the digital filter. The input
and output port 15, the left velocity signal input termnal 19, the right
velocity signal input termnal 20, the |owpass filters 30 and 34, and the
Al D converters 31 and 35 as illustrated in FIG 17 have the sane structures
as the input and_output port 15, the left vel qci si.gnal . i hput, term nal

19, the right ve?‘éﬁﬁ?rsi%}%Fieitﬁﬁﬁllofle?wrh%f%f),t}%h 1}1%6%31’)% IHFEs 30
and 34, and the AID converters 31 and 35 gs_illustrated in FI%% 6,
respect i vel§utigpsgjde velociiy mignayy WhiEhaLp SERGEREET %ﬁ‘?‘aﬁﬁﬁﬁécted
to a band-pass filter (BPF) 61. The band-pass filter 61 is a circuit for
ext r act i ngsidafughe nepsageasey: Fireer, ahpynd PRERIDEARS HeH §id2havi ng
a set frequency (outlet-side velocity signal) fromthe |left velocity signal
(out | et - si dégnel doy cpnyiegvdion hhitdie PEDoceprerFebrat AEJ B¢ drHSSEUSR sensor
7 detecting the vibration velocity generated on the left side of the

measur enensignbeoR thredv baadiehiwhldsl mbt(dnAed -gd dehee Hegl Edlsigngdal by
conversion by the A/D converter 31 in the case where the neasurenent tubes
2 and 3 arehvthrid egerimrathel vnbthearight side ofThbebrerlswesgedt [tudes6l i s
connected to a phase neasurenent unit 62. The phase neasurenent unit 62
measur es aphase ®fatdecheiinael o¢itlye sdipnataWwhscdmalk gbtaimes sisort Hey
digital signal by conversion and which is inproved in SINratio by the

band- pass {htheb Ehvd@®3235 are inpukWd figE phtbe didfdrease dddarentent s

connected to a frequency neasurement unit 63. The frequency measurement

unit unit 32. The detection signals are Fourier-transformed by a
discrete Fourier transform unit incorporated in the phase
differencemeasurement unit 32 andaphasedifference is computed
based ona ratiobetween a real component and imaginary component
of the converted signals.

[0026]
<<Phase Measurement Method using Digital Filters>>

Converters of the Coriolis flowmeter based on the phase
measurement method using the digital filter are described with
reference to block structural diagrams illustrated in FIGS.
16 and 17.

Frequency selection means such as a notch filter or a
band-pass filter is used as the digital filter. An S/N ratio
of an input signal is improved using the frequency selection
means such as the notch filter or the band-pass filter.

FIG. 16 illustrates a block structure of a converter of

the Coriolis flowmeter using the notch filter as the digital

filter.
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63 neasures a frequency of the left velocity signal which is obtained as
the digital signal by conversion by the A/D converter 31 and which is

inmproved in S/INratio by the band-pass filter 61. The frequency
measured by the frequency neasurenent unit 63 is input to the band-pass
filter 61. [0033] Further, the A/D converter 35 is connected to a

band- pass filter . . The,band- pa filter .64 i.s_a-Ci-tcui e i ng,
t hrough a freque%g% %ﬁ? Ersn%n$9é§9?i%ﬁﬁ%:&é’og?Fyl%FéngFEﬁégFXg§%é§%§
frequency (iinlet-side velqcity.signal) fromthe right.velocjity sign
(inlet-sid r%%ﬁbé@ﬁvl§ﬁgn§%y &ﬁfc%lﬁb out ﬁflpyoﬁ%gﬁglr%SRFLV%?B%??€isensor
8 detecting the vibrationvel ocit enerated on the right side of the

measur enent® % ub88 O%ﬁﬁa§sahﬁlﬂﬁ¥%%“%§ﬂ§b§ﬁiﬁ?ﬂgégmiﬁgrﬁFﬁPyﬁrggfﬁnﬁ} by
conversion by the A/D converter 35 in the case where the nmeasurenent tubes
2 and 3 ar @0 BPag8dibyUEhEabeEr B F1®. 16 have thge SBRRISpRYSTRIFEe?S64 is
connected to the phase neasurenent unit 62. The phase measurenent unit 62
measur es atiieadeput aRd Pefpul bkt tip sitditalloffyi ¥R lesisht il aBALl ak PRl
digital signal by conversion and which is inproved in S/Nratio by the
band- pass fielrmémnag4l9| oogidd|right veloThgybahdnpisknput ttarmghsls 2€enklet ed to
the frequency neasurenent unit 63. The frequency neasured by the frequency
measur enentlownripes@3 £iid tiempuB 0t and h24 baath pess /0 ttemvgsdters 31 and 3h FI G
17, a clock 65 is used for synchronization, and a clock signal fromthe

cl ock 65 i asi dplustaatlee AbDFaanvarst erespecandeldy.to synchroni ze the A/D
converter 31 and the A/D converter 35 with each other. The band- pass
filters 61 and 64pobhe phase nmeasurenment unit 62, the frequency measurenent
unit 63, and the clock 65 are included in a phase neasurenent conputing
devi ce 60. In FIG. 16, the A/D converter 31 is connected to a notch

filter 51. The notch filter 51 selects a frequency based on
the left velocity signal which is obtained as the digital signal
by conversion by the A/D converter 31, so as to improve an S/N
ratio of an input signal to be output.

The notch filter 51 is connected to a phase measurement
unit 52. The phase measurement unit 52 measures a phase of the
left velocity signal which is obtained as the digital signal
by conversion and which is improved in $/N ratio by the notch
filter 51.

Further, the notch filter 51 is connected to a frequency
measurement unit 53. The frequency measurement unit 53 measures
a frequency of the left velocity signal which is obtained as
the digital signal by conversion and which is improved in S/N
ratio by the notch filter 51.

The frequency measured by the frequency measurement unit

53 is input to the notch filter 51.
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Di scl osure of the invention [0036] In the phase neasurenent nethod
using the Fourier transform as described in Japanese Patent No. 2799243,
when the input frequency of the input detection signal of the vibration
velocity is constant, a phase neasurenent nethod havi ng very-hi gh-frequency
selectivity may be perforned because the Fourier transformis used for
frequency selecti88 g However, in the nethod using the Fourier
transform as desérl%eh i n Japanese Patent No. 2799243, when the input

frequency of the_input detectj si gnal . of e, vibration velocity i

changed accordingufggﬁrdeﬁgFt§9§rc gY%ﬁB%¥a%€r%§ ??n?%cﬂ%%ég%é}ﬁxvﬁﬁ%hange
the transformnethod or. the sanpling rate. Therefore, the conputi cycle
or the compatitfgmethod 1% MMMy dd, t&Td Refig eﬁtﬁeﬁsg¥%ﬂﬁﬁ?C¥§$ e#?“baried
and thus unstabilized. [0037] In addition, in the nmethod using the Fourier

transform t8 Ridcvebed! Fn el dapP il ned §54%e difdRrat i I ut

frequency of the input detection signal of the vibrationvelocity is changed
accor di ng by EPRVeREHPR PYoithend/ P egiereitiae 31/t SPsandce dgREPVERRCH I at el vy
synchroni ze the sanpling rate with the input frequency of the input
vi brati on vekaci 0§ shghapbutasdghehctcabdesigputs very conpli cated.
Therefore, there is a problemthat, when the tenperature of the fluid to be
measured i s rapi thy charigédloertSeidermingctied tapiltt phelbangsasuyemsnd ng air
bubbles into the fluid, the measurenment precision is extrenely reduced.
Further, theiseshod el phatbeandamirdedterity anst dImas steser 4 dthdenodaganese
Patent No. 2799243 has a problemthat the nunber of conputing processings
becones vetyghargslbetepsa al hdiexeeptdbora Dled e Eowr degitaansiqian
by conversion and which is improved in S/N ratio by the notch
filter 54.
Further, the frequency measured by the frequency
measurement unit 53 is input to the notch filter 54.
[0029]
In FIG. 16, a clock 55 is used for synchronization, and
input to the A/D converters 31 and 35 to synchronize the A/D
converter 31 and the A/D converter 35 with each other.
The notch filters 51 and 54, the phase difference
measurement unit 52, the frequency measurement unit 53, and
the clock 55 are included in a phase measurement computing device
50.
[0030]
FIG. 17 illustrates a block structure of a converter of
the Coriolis flowmeter using the band-pass filter (BPF) as the

digital filter.

The input and output port 15, the left velocity signal
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[0038] In the nethods of selecting the optimumtable fit to the input
frequencyfronthe filter tables includingthenotchfilter and the band-pass
filter to neasure the phase as described in Japanese Patent No. 2930430 and

Japanese Patent No. 3219122, when the sanpling rate is held,

t he design may

be sinplified. Fbmever as in the nethod usi ng the Fourier transforn1as
described i.n_J anese Pitigt 279 theﬁghase asurenment_ net

usi ng the 4§ eFWFP@
Japanese Pgtent hb 3219122

d&8er Fibd |ﬁé5855

st AT nfnRBt E and

e low- pass filters 30 and 34, and the A/D converters 31

and 35 as illustrated in FIG. 17 have the same structures as
the input and output port 15, the left velocity signal input
terminal 19, the right velocity signal input terminal 20, the
low-pass filters 30 and 34, and the A/D converters 31 and 35
as illustrated in FIG. 16, respectively.

[0031]

InFIG. 17, theA/Dceonverter 31 is connected toaband-pass
filter (BPF) 61. The band-pass filter 61 is a circuit for
extracting, through a frequency filter, only a left velocity
signal having a set frequency (outlet-side velocity signal)
from the left velocity signal (outlet-side velocity signal)
which is output from the left velocity sensor 7 detecting the
vibrationvelocity generatedon the left side of the measurement
tubes 2 and 3 and which is obtained as the digital signal by
conversion by the A/D converter 31 in the case where the
measurement tubes 2 and 3 are vibrated by the vibrator 6.

The band-pass filter 61 is connected to a phase measurement
unit 62. The phase measurement unit 62 measures a phase of the
left velocity signal which is obtained as the digital signal
by conversion and which is improved in S/N ratio by the band-pass
filter 61.

[0032]

Further, the band-pass filter 61 is connected to a

frequency measurement unit 63. The frequency measurement unit
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require a very large nunber of filter tables corresponding to changed i nput
frequenci es, and hence have a problemthat nenory consunption of a

conmput i ng

device is large. [0039] In addition, the phase

measur enent nethods using the digital filter as described in Japanese
Patent No. 2930430 and Japanese Patent No. 3219122 have a problemthat it

is difficulé to sel ect the thinum
frequency fP ency

usi ng the

digital filter as descrjbed in Japanese Patent . 2930430 and
Japanese Pﬁpgﬁﬂnﬁﬁ.a tzli%ﬁ@lﬁﬁje“egrﬁgoﬁygﬂlteﬁﬁf’lﬁw§7H?§‘:>'g)ec%‘fﬁj% o
conputations as required to inprove f%gguency sel ection perfor _ﬁge.

The phase

i_n a Ease where the iqggL
h i
et

il
OPARSUEREIR e S ar s e IERAsE edRar bk

Aeal0f erekih st ABBS TSNt PN didfi ¥uPYs FheePard-pREe i ey

Japanese Patent No. 2930430 and Japanese Patent No. 3219122 have the

fol |l ow ng
frequency

plebl ens. (1) The nethod cannot follow the change in input
at high precision. That is, it is very difficult to realize

hods

f

[ 00401
n

measur enent i n aTbaseatvenst headeisityy shetfieeduaney NeaperpBgsGr iy api dl y
changes because of air bubble mxing. (2) In order to inprove the

frequency

sel est inpupetborhanbend-pass filter 61.

[0033]

Further, the A/D converter 35 is connected to a band-pass
filter 64. The band-pass filter 64 is a circuit for extracting,
through a frequency filter, only a right velocity signal having
a set frequency (inlet-side velocity signal) from the right
velocity signal (inlet-side velocity signal) which is output
fromthe right velocity sensor 8 detecting the vibrationvelocity
generated on the right side of the measurement tubes 2 and 3
and which is obtained as the digital signal by conversion by
the A/D converter 35 in the case where the measurement tubes
2 and 3 are vibrated by the vibrator 6.

The band-pass filter 64 1s connected to the phase
measurement unit 62. The phase measurement unit 62 measures
a phase of the left velocity signal which is obtained as the
digital signal by conversion and which is improved in §/N ratio
by the band-pass filter 64.

[0034]

The band-pass filter 64 is connected to the frequency
measurement unit 63. The frequency measured by the frequency

measurement unit 63 is input to the band-pass filter 64.
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a very large nunber of conputations are required. Therefore, it is
difficult to realize high-speed response, and hence the nethod is

unsui table for batch processing for a short period of tine. (3) The nenory
consunption of the conputing device is |large, and hence the design is
conplicated. Therefore, a circuit structure and design are conplicated and
very di sadvant ageous in cost. [0041] When all the factors are
considered, in any of the conventional phase neasurenent mnethods including
the digital filter processing, _.a noise of a fre uency band o%her t han t he
tube frequenci esiBifthe TbaduFeREkt ¢ utRLSEHAGTISYECPERDBVEA *3Rd HEhce the
switching of the filter table, the change of the conputingnethod, and the
change of hele@rsliigaglr Aremahke Cd@Gkr ég 19 18PHEy SO f1d19 t FRNYepes TS
frequenci es of the neasurenent tubes 2 and 3. Therefore, there is a problem
that it is3heoss3aty syngmechozs tonpibaonye nveirct #8d teey /dorphyested and

| acks hi gh-speed performance. Thus, when the neasurenent tubes 2
and 3 are sEbwatadebyht beheirbrator 6, it is very likely to generate a
conputing error in each variation of the input frequencies of the vibration
vel ocity signal sTwhi gindrgadet ecieshHys 1 hend isaht tviel pahby Beasaredefior
detecting the vibration velocity generated on the right side of the

measur ement;,t ybgs Zt%%éefgwné%éaeé&réﬁé@&i&rﬁtﬁ%@soana tae deberténg the
vi bration velocity generated on the Ileft side of the neasurenent tubes 2

f004y naBENSGCLNBLS 8 3 BRABLOMALARCNEARILEABNLAGCELTLOR kB VoY | O

[ 0042] e present Invention'is to provi a signal
processi ng nethod, a.signal Ero essing %ggaratus, and a Coriolis flowneter,
in which even mh8ﬁ581?§ﬁ58r8 uF8%of "¥°PFaPl to be nmeasured changes, even
when air bubbles are mxed into the fluid to be nmeasured, or even when the
fluid to be neastPBtapidly changes froma gas to a |iquid, measurenent
may be al ways perfornmed with constant precision, phase neasurenent with
high filtering pénfdhranpbaps resisueenenndmg tbOspues hgd pridttesEPRY kount
may be reduced to an extrenely small anmount. [Means for solving the

Probl ens] transform as described in Japanese Patent No. 2799243, when

the input frequency of the input detectionsignal of thevibration
velocity is constant, a phase measurement method having
very-high-frequency selectivity may be performed because the
Fourier transform is used for frequency selection.

However, in the method using the Fourier transform as
described in Japanese Patent No. 2799243, when the input
frequency of the input detectionsignal of thevibrationvelocity
is changed according to a density or a temperature, it is
necessary to change the transform method or the sampling rate.
Therefore, the computing cycle or the computingmethod is changed,
and hence a measurement value is varied and thus unstabilized.

[0037]

In addition, in the method using the Fourier transform
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[ 0043] A signal processing nethod described in claim1l1, which is
provided so as to solve the above-nentioned problens, is a signal
processing nethod for a Coriolis flowneter in which at |east one flow tube
or a pair of flow tubes which is included in a neasurenent flow tube is
operated by a driving device using a vibrator to alternately drive the at

| east one flow tube or the pair of flow tubes, and a phase dif ference
and/or a vibration frequency proportional to a Coriolis force acting on the

at |east ope &éé’é’%fﬁ’%’& A &%ﬁar?@si.é Bt oW d Ubes Ay | sirndet eskednbyct wo

vel ocity sensors or two acceleration sensors which are vibration detection

sensors when the at st. one flow tube_or i N

vi br at ed, %F??%ﬁ%%?kgﬁFﬁFﬁng:ﬁ%§%Ct%?%ﬁﬁ93%g%gﬁgﬁ%¥9 g%é??%bgggglkﬁhid to
be measured, t he signal processing nethod bejing character.iz by

i ncl udi ng: 18 ChangeﬁaetaFGPﬁdSrélgf ng‘ifé‘an erdi gﬁettbe %?atrlller%’n i gL%t rary
oscillation frequency to each of two flow rate signals obtai ned byA D
conver si orRePES AN LS ARENE2bE LY Ry THESE IdS FBEHRW Ly 6ATEHE R %P&t i on
frequency proportional to the Coriolis force acting on the at | east one

f1 ow t ube trputhef paduendy fobvihe bigwputwhiidhradrieor eteel@d o {gRe Lt wa el oci ty

sensors or the two accel eration sensors; nmeasuring a frequency of a
conposi t e neved ci essaei bé edewy tdombpli@ased one of the vibration detection
sensors; transmtting a control signal based on the neasured
frequency; Th&ut s | ith@r20i s haprabsum fHegueney CoaPEgRratrE

di fference frequency conponent of a conposite conponent of a composite
frequency s gl di%ig0RS! 8DMcAlEred is raBRRAY LRANGBASES dHOMmsY Signal
a

or a difference signal of each of controlled converted conposite
frequencies, LQ, 10R) €Y ALY, iRNA%C Tl HELBTEE ShEHAREHTRANENthe
measurement precision is extremely reduced.

Further, the method using the Fourier transform as
described in Japanese Patent No. 2799243 has a problem that
the number of computing processings becomes very large because
of the execution of the Fourier transform.

[0038]

Tn the methods of selecting the optimum table fit to the
inputfrequencyfromthefiltertablesincludingthenotchfilter
and the band-pass filter to measure the phase as described in
Japanese Patent No. 2930430 and Japanese Patent No. 3219122,
when the sampling rate is held, the design may be simplified.

However, as in the method using the Fourier transform
as described in Japanese Patent No. 2799243, the phase
measurement methods using the digital filter as described in

Japanese Patent No. 2930430 and Japanese Patent No. 3219122
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[ 0044] A signal processing nethod described in claim?2, which is
provided so as to solve the above-nentioned problens, is a signal
processi ng nmethod according to claim1, in which the perform ng conposite
frequency conversion based on the arbitrary oscillation frequency includes:
mul tiplying an input signal SING fromthe one of the vibration detection
sensors by the transmtted control signal cose2; and extracting only a
| ow frequency signal froman output signal output after the nultiplying

t hrough a Lé&&#ﬁ@%ygkkkiﬁéﬁgéQ%ﬁéder £ £11Pe8 G0 e PTOGE AR ed

described Tn*clarm I's provided so as to solve the above-nentioned

problens, is a signal processing meth accot di L ai I i,ch the
perforningc%%W$%igP@UFT%ﬁ%%%%?c %%Vgpgi5ﬁugaé§gg%%b?ﬁ%lgbg?%ﬁébgmwgy
oscillation frequency includes: | mul tiplying an input signal SINOL
fromthe ofRPEHMRFECR | Bt ot i SRRt B | B Sensot si%’gg? he transnitted control
signal cose2; and extracting only a high-frequency signal from an

out put signal outfRi9kafter the nultiplying through a frequency filter

[ 0046] A signal processing nethod described in claim4, which is
provi ded so as tn saidetidre, abbeephene| vpadupeobnenBiethedg sSgRgl the
processi ng nmet hod according to claim1l, in which: the i nput signals
of the phasggtiidf erianes apddesctieed iibr 2 pane $e spimoy Npr 0p9324Thaindt o t he
Coriolis force acting on the at | east one flow tube or the pair of flow

tubes, whighya&sdebeeRdNey 3118 1pa haté Vpkobiley skaisdrsi orditfife quditr of
accel eration sensors are sanpled by the AID conversion to obtain digital
signals; a@cg select the optimum filter in a case where the input frequency
rapidly changes.
Further, the phase measurement methods using the digital
filter as described in Japanese Patent No. 2930430 and Japanese
Patent No. 3219122 have a problem that a vary large number of
computations as required to improve frequency selection
performance.
[0040]
The phase measurement methods using the digital filter
as described in Japanese Patent No. 2930430 and Japanese Patent
No. 3219122 have the following problems.
(1) The method cannot follow the change in input frequency at
high precision. That is, it is very difficult to realize
measurement ina case where the density of the fluid tobe measured
rapidly changes because of air bubble mixing.

(2) In order to improve the frequency selection performance,
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each of converted conposite frequency signals obtained by the performng
conposite frequency conversion based on the transmtted control signal is
controlled so that a sum conponent or a difference conponent of a conbined
conposite conponent is 1/4 of a sanpling frequency for the A/ D conversion.

[ 0047] A signal processing apparatus described in claim5, which is

provi ded s t o solve the above-nentioned problens,. is a.signa

pr ocessi ng%a%%gyglt%]ig? 5lrumek1)e Plgo PUPY et e P |u(1:ﬁe§t' |f'e%%¥e onie fl ow
tube or a pair of.flowtuhes which is.included in a neasur nt flaow tube
o oper at ed Y A TUPHL dct 8 4erny N BT ST oS e AR BRYSR THR ¢ he
at least one flaow,tube or the pair of flow tubes, and a phase difference
and/ or a vIEEECFoAST 1RFEERY L BripoRatiuPiosesseasd srrsaf BReE RETH on t he
at | east one flow tube or the pair of flow tubes are/is detected by a

vel ocity s@hs&iMSr an accel erati on sensor which is a vibration detection

sensor when the at |east one flow tube or the pair of flow tubes is
vi brated, t(8)t EBeehsneby afonaummsson |y thet €capitdnIddayicy &% ¥daid to

be neasured, t he signal processing apparatus being characterized by
i ncl udi ng: and hence &her glestidnt ars (Q@)p¥ratednsrihedefprnd autpoceing a
nodul at abl e frequency signal; a frequency conversion unit (85) for

per f or m ngstrequeneyandmiearigiroareocamiol { ot sdistrdave)y yadhi sadpant dgeguency
(FX) of the transmitter (90) to (or from an input frequency fromi nput
signal s detiectedtby the velocity sensor or the acceleration sensor and
perform ng frequency shifting so that frequency

[0041]

When all the factors are considered, in any of the
conventional phase measurement methods including the digital
filter processing, a noise of a frequency band other than the
tube frequencies of the measurement tubes 2 and 3 is removed,
and hence the switching of the filter table, the change of the
computingmethod, and the change of the samplingrateare required
to always follow the tube frequencies of the measurement tubes
2 and 3. Therefore, there is a problem that it is necessary
to perform computation which is very complicated and lacks
high-speed performance.

Thus, . when the measurement tubes 2 and 3 are vibrated
by the vibrator 6, it is very likely to generate a computing
error ineachvariation of the input frequencies of the vibration
velocity signals which are detected by the right velocity sensor
8 for detecting the vibration velocity generated on the right

side of the measurement tubes 2 and 3 and the left velocity

sensor 7 for detecting the vibration velocity generated on the
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val ues obtained by the frequency conversion are constant; and a
phase difference neasurenent section (95) for neasuring a phase difference
bet ween frequency signals converted by and output fromthe frequency
conversion unit (85) . [0048] A signal processing apparatus
described in clain16 which is provided so as to solve the above-nenti oned
pr obl ens, nal roceSS|ng£e§ aratus for a r|oI| fl owreter in

Whioh at’ | A5EE Biier PEWF BEbBoBPUEoBENE BEDET oty 2eBel FIRMSES dlakfed in a

measurenent flow tube is operated by a driving deV|ce u3|n a vibrator to
al t er nat el y5d@i ¥ éopﬁémthPga?FaSHéeP?Bﬁ/PEB%lﬁFOPhéSpE?FYo °Y} ow t ubes, and
a phase difference and/or a vibration frequency proportional to a Cbrlolis
force acting on {AB4al | east one flow tube or the pair of flow tubes are/is
detected by a pair of velocity sensors or a pair of acceleration sensors
whi ch are vi br at ParPhiitdte PEorhe reses twheYeR hitomtl s Bafr YHelS Row 9t or
the pair of flow tubes is vibrated, to thereby obtain a nass flow rate

and/ or denpkbyeebingiedihdd, @ bégnedprosdssing appandiaisi gndlk ¢euicalsisi ng
apparatus being characterized by incl uding: atransmtter (120) for
transm tti fioemdteut pihtwingcla exsiulvdtcaablae tempguencayespdnal flaiditstbe
frequency conversion section (110) for perfoimng frequency conversion to

add (or suhtasckpdam=aidaaut eterRGUIRATY 1 r Hu@X¥N e soat P uti xbrointdheher#nsid t t er
(120) to (or fronm) an input signal frequency (0) obtained by converting a

signal of paep@®fmddrumal,r af evihrahéAnWetAGHidDRcSPASAESsUPEQ Pashidiy al
signal by a first A/D converter (31) ;
changes from a gas to a liquid, measurement may be always
performed with constant precision, phase measurement with high
filtering performance is realized, and a computing processing
amount may be reduced to an extremely small amount.
[Means for solving the Problems]
[0043]
A signal processing method described in claim 1, which
is provided so as to solve the above-mentioned problems, is
a signal processing method for a Coriolis flowmeter in which
at least one flow tube or a pair of flow tubes which is included
in a measurement flow tube is operated by a driving device using
a vibrator to alternately drive the at least one flow tube or
the pair of flow tubes, and a phase difference and/or a vibration
frequency proportional to a Coriolis force acting on the at
least one flow tube or the pair of flow tubes are/is detected
by two velocity sensors or two acceleration sensors which are

vibration detection sensors when the at least one flow tube

or the pair of flow tubes is vibrated, to thereby obtain a mass
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a second frequency conversion section (140) f or perform ng frequency
conversion to add (or subtract) the output frequency (9Xn) output fromthe
transmtter (120) to (or fron) an input signal frequency (0) obtained by
converting a signal of another of the pair of vibration detection sensors
into a digital signal by a second AID converter (35) ; and aphase
dif f erence neasurenent, section (130Q) fq asuring a phase difference

bet ween a il lﬁ‘arté?q@é‘ﬁjc/frsid&ﬁ%cr‘llté'oﬁf)etat e{(}ug"é iﬁd&)(?ufnﬁatsufr?(ém the first
frequency conversion section (110) and a secaond frequency signal &onverted
by and out put fr &kt el EEtbnar PFesEERey MeshPEr H9R%Setd sed P¥o49]

A signal processing apparatus described in claim7, which is provided so as
to sol ve tH&cddBiIESIrenti oned probl ens, is a signal processing apparatus for
a Coriolis floweter in which at | east one flow tube or a pair_of flow
tubes which is | penfdething SragaeneE AVEIHOR GBeCPBP iR tdt @8PhYYaTdr i vi ng
device using a vibrator to alternately drive the at | east one flow tube or
t he pair ofosdidwattilvesfregdencytaseadhidfetendd cantabe sdariadisapbbainedquency
proportional to a Coriolis force acting on the at |east one flow tube or
the pair ofoyfAMvcbnbegsaba/drsitetectigdaly &f phe phafevdl Ditdtenaeasdreror a
pair of acceleration sensors which are vibration detection sensors when

the at | eastheORe P drilErafudits, patspeift fbmal tideshe sCorboatedforoe
t hereby obtain a mass flow rate and/or density of a fluid to be neasured,

the signal jpiaeRpshnthaRRAlakys Hed F swhaubet ef itkedpbhyri o Ifldiwngubes, a
transmtter (12 for transmtting and outputting a nodul atable frequency
signal;  yhich &fd F@dedFEANEPGY cRANVQLS RN cvaGh Aerdhd) dorerdi tvbng in

frequency, to a specified constant frequency signal, an input signal

frequency_%@kéygfgyyg%'gkdggg¥grting a signal of one velocity sensor of the

pair of vibration detection sensors into a digital signal by a first A/D

converter (31) . R3as¢d; gg%r%%ﬁcggﬁ%ﬁe@og%@wmmggg&aa@ed

transmtter (120) 10 MoV he sl gna equency to a desired frequency

band; -, stigH G LEQeNOY COMNRLSl S SRR (L QerfraSi 110 11

frequency, e frequency signal,” an 1 nput signa

f 0) obtained by, ti [ |- of h ' f
he palr of Vi br SEPORTUGEACE: o SERCBTE PABRA BFOITal b boal by oh Eheond

Al D converter (35) , based on the output frequency (8Xn) fromthe
transmtt efXEPFRYG nove the input signal frequency to a desired frequency
band;

controlling so that a sum frequency component oOr a
difference frequency component of a composite component of a
composite frequency signal is constant; and

measuring phases from a sum signal or a difference signal
of each of controlled converted composite frequencies, to
thereby obtain a phase difference signal component.

[0044]

A signal processing method described in claim 2, which
is provided so as to solve the above-mentioned problems, is
a signal processing method according to claim 1, in which the
performing composite frequency conversion based on the

arbitrary oscillation frequency includes:
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a frequency neasurenent section (160) for measuring a frequency of a first
frequency signal which is obtained by conversion as the specified constant
frequency signal and output fromthe first frequency conversion section
(110) , and outputting a neasured frequency value of the first frequency
signal to the transmtter (120) to control output frequencies fromthe
first frequency conversion section and.the_s reguency conversion
section so that &UﬁFéaaaﬁeg 86t 4PRBE ByITRE gigggeﬁﬁﬁ c %é?@?dﬁgSQQ i on
(110) by frequency caonversion on an input frequency obtained by converting,
into a di gi‘ftlgr‘fa&l@ﬁlaﬂ?tﬁg‘ft%% FSHRT AP E%%\Fe*%féﬁml(%‘ﬂd, CSHtFﬁgLﬁl%‘%ﬁuency
of a velocity sensor signal fromthe one of the pair of vibration velocity
sensors, i $°§%désPned frequency; and aphase di fference neasurenent
section (130) formeasuring a phase difference between the first frequency
si gnal obtai ned By¥teesténsi enlasat hewspeeappegy conghaht LFerpRrmYytREgnal ,
which is output fromthe first frequency conversion section (110), and the
second fregdeney signat adbeai tlerimbyt éphyengitdiraugh ad rampeincvedi Eopst ant
frequency signal, which is output fromthe second frequency conversion
section (140), [Q0%@Fp] A signal processing apparatus described in
claim8, which is provided so as to solve the above-nentioned problens, is
a signal processnngigpparptoce sty hatthdd ddssdmilded Gn olaim Bhawhiteri zed
in that the frequency conversion section (110) includes: a

mul tiplieriglpipviiaedmebt kBl ¥bngodveet reeapeveigeatiensapicolende is
transmtter (120) by an input signal SINOL fromthe first AID converter

(31); and 3 signa® ;%&yw@@;sn iddt@lod 2E2brkandf tbt€rang @an ieuyputnstgaal
obtained by the multiplying by the nmultiplier (111) and output therefrom

through a LeequeRG¥iql | LbRpobQEX FACLuOEY adiRedd RAHeRa%esl 988! - the
arbitrary oscillation frequency includes:

multiplying an input signal SIN61 from the one of the
vibration detection sensors by the transmitted control signal
cosB2; and

extracting only a high-frequency signal from an output
signal output after the multiplying through a frequency filter.

[0046]

A signal processing method described in claim 4, which
is provided so as to solve the above-mentioned problems, is
a signal processing method according to claim 1, in which:

the input signals of the phase difference and/or the
vibration frequency proportional to the Coriolis force acting
on the at least one flow tube or the pair of flow tubes, which
are detected by the pair of velocity sensors or the pair of
acceleration sensors are sampled by the A/D conversion to obtain

digital signals; and
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[ 0051] A signal processing apparatus described in claim9, which is
provided so as to solve the above-nentioned problens, is a signal
processi ng apparatus according to claim5, 6, or 7, characterized in that
t he frequency conversion section (110) includes: a multiplier (111)
for multiplying a reference signal cose2 fromthe transmtter (120) by an
I nput signal SIN81 fromthe first A/D converter

31); and a
hi gh- pass filter SPER2PLf SPRYFTERT i SRR IS S BiTral SoBMal fiedP b ife
nultiplyingﬁ?g the multiplier (111) and output therefrom through a
frequency B RYFEAPHRY COMBPSA U §ROHHERGYNEYM SR PP asesepn the A
signal processing apparatus described in claim 10, which is provided so as
to sol ve th&amssvétesheontiee] pioppérs cPRtHEOLIgAC PhdeaBIMeCBRPRLat us
according to claim7, 8, or 9, characterized in that: the frequency
measur emenPrsectildfefedQr icoobodent of a combined gompPsipei ePmPABIRL
connected to the first frequency conversion section (110); a | ow pass
filter (162r ddrnedt ed seoptliegmilreiqpleney E061)kheaddD conversion.
[0047]
A signal processing apparatus described in claim 5, which
is provided so as to solve the above-mentioned problems, is
a signal processing apparatus for a Coriolis flowmeter in which
at least one flow tube or a pair of flow tubes which is included
in a measurement flow tube is operated by a driving device using
a vibrator to alternately drive the at least one flow tube or
the pair of flow tubes, and a phase difference and/or a vibration
frequency proportional to a Coriolis force acting on the at
least one flow tube or the pair of flow tubes are/is detected
by a velocity sensor or an acceleration sensor which is a
vibration detection sensor when the at least one flow tube or
the pair of flow tubes is vibrated, to thereby obtain a mass
flow rate and/or density of a fluid to be measured,
the signal processing apparatus being characterized by
including:
a transmitter (90) for transmitting and outputting a
modulatable frequency signal;
a frequency conversionunit (85) for performing frequency

conversion to add (or subtract) an output frequency (FX) of

the transmitter (90) to (or from) an input frequency from input
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a transmtter for frequency neasurenent (163 ) which is connected to the
| ow-pass filter (162) and i nputs an output signal fromthe | ow pass filter
(162); the multiplier (161) conpares a phase of an output signal
sin(e+teXn) output fromthe frequency conversion section (110) with a phase
of an output signal coso output fromthe transmtter for frequency

neasurenent,%%? ) gnd outh s a diff rence signal andtg sun1g'%galito t he
subsequent St SsSSFPrLer PYesfe veloCity @Rt p3Es-1FI Ty % as % a
circuit for filtering an output signal output fromthe ltiplier 5161)
through a FEEFEENERY BREHOHY ek thERIUIBNY S Ik HT etfuehdst stHndreahd
a phase anmount V of a fundanental output waveformis generated based_on the
| ow f r equeN@y} UsSgRlaFadRed Y AN EEREUEBAY RRRVETT QR FrFeSPRERaTEF RS
satisfies a condition of V=0 by the transmtter for frequency neasurenent
(163). [0053] aphask éi§hareproaessivrgnepsa?ed usordss) i iagneaserinen 11,
which is provided so as to solve the above-nentioned problens, is a signal
pr ocessi ngaappasatdist Zeconck ig tweerl direniengy 9igwzld Gorsieaitast byi 2rdby
further including a clock for synchronizing an output of the first AD
converter E3tpuandram ahepdtreofuctiey senvrdAibncomicr t(@5)(.35) so as to
synchroni ze the digital signal of the one of the pair of the vibration
det ecti on sensorgoohas¢h is output fromthe first A/D converter (31) and the
digital signal of the another of the pair of the vibration detection
sensors whi ch i saqiitgny1 presebBengegand-Ad2 aepyeibed {(1836)aih@)56hich

is provided so as to solve the above-mentioned problems, is

a signal processing apparatus for a Coriolis flowmeter in which

at least one flow tube or a pair of flow tubes which is included

in a measurement flow tube is operated by a driving device using

a vibrator to alternately drive the at least one flow tube or

the pair of f£low tubes, and a phase difference and/or a vibration

frequency proportional to a Coriolis force acting on the at

least one flow tube or the pair of flow tubes are/is detected

by a pair of velocity sensors or a pair of acceleration sensors

which are vibration detection sensors when the at least one

flow tube or the pair of flow tubes is vibrated, to thereby

obtain a mass flow rate and/or density of a £luid to be measured,

the signal processing apparatus being characterized by
including:
a transmitter (120) for transmitting and outputting a
modulatable frequency signal;

a first frequency conversion section (110) for performing

frequency conversion to add (or subtract) an output frequency
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A signal processing apparatus described in claim112, which is provided so
as to solve the above-nentioned problens, is a signal processing apparatus

according to claim7, 8 9, 10, or 11 , inwhich the phase neasurenent .
sectionperfornms processing of a discrete Fourier transform (DFT) or a fast
Fourier transform (FFT). [0055] A Coriolis flowreter described in

claim13, ich is provided so as to solve ove-nentioned problens, is
a Coriolis P(&M%ngu‘:ntl%?ﬁ‘c eat%rlaélﬁg‘ﬁ%(gﬁg W%Q/\ftqh%e(oorr ZOB4i 7R ot ow
tubes which.is included in 2 Seaﬁurenegt flow tube,is operateg Q% a driving
devi ce usi G973V BFEEBRTEY 4Pt ePREEEPGAdPY vECTRE: Bt P eBst - ENa 1Y oW ltUbe or
the pair of flow tubes, and a phase difference and/or a Vibraﬁjon frequency
proporti on& tR¢ RAEBQIOV I BTRbEER RS FHg BhoERBOEE YEst 39 thAlw ik or
the pair of flow tubes are/is detected by a pair of velocity sensors or a
pair of ack¥l ér &6k S€RsE6PEVRHICER 4P&)vi bration detection sensors when the
at | east one flow tube or the pair of flow tubes is vibrated, to thereby
obtain a mass fl awecand faratfugnaieasnygraionserpiant(@ 49 farzRe¥germing

the Coriolis floweter being characterized by including a signal processing
appar at us ifmelueinng: conversiom tio addnidn enbttao}) fidre ouapst freéagered

out putting a nodul atabl e frequency signal; a first frequency

conver si on (sgal | outpdd rdwrtishithkbinsgiitnerequentytot @ma fspedi Ahednganst ant
frequency signal, an input signal frequency (0) obtained by converting a
signal of gAgnuelBEidyeIxBNION bt hteddiyl catvert bird ieosiges betfi anosleasor s
into a digital signal by a first A/D converter (31) , based on an out put

frequency (@XMe gt PWr fipphthentdansitidietenddny trardm\E ditel apgitaBi gnal
frequency (0) to a desired frequency band; a second frequency

conver si onp$egt LARCLA4R) pf @bnsikki-ng 3y ;f kaguency, to a specified constant
frequency signal, an input signal frequency ( 8) obtained by converting a

si gnal of anothe l.cit DAt LBt 1 uhbratdorp gt st
sensors into a d%&%%ggqgﬁé%a (3£28é%%%%8 A/DFcoﬁveBter)(BS) , b%sg%gon t he

QuLpUL {1 CQUSHCYe (£ Mo U B ol B oL @D Rind 1 20rbd BN ethEq ] NPU!

si gnal frequency esire requency frequency
measurenment _sectio 6 f asuri r j st fr ncy
i gnal -whi BK 415 BOFRIT By oS or ey o eleried SEREH PLa ansiion (PR lency
signal by the first f uency conversion sectio 11 tputiing a
negsuredyfPBEU@ﬁﬁvaﬁgggegPe¥ﬁ¥'??gg?ingaﬁEﬂb §&Q%§%‘?8%§ﬂé%#F§h§%$t?er
(120) to control_ qutput frequencies so that a fr%%sency after frequency

conver si onSB§OPAe TFFEHEBAYY COBNEES N S86LLPEN (¢£Hd) i's al ways a constant

frequency; and
a y [0049]

A signal processing apparatus described in claim 7, which
is provided so as to solve the above-mentioned problems, is
a signal processing apparatus for a Coriolis flowmeter in which
at least one flow tube or a pair of flow tubes which is included
in a measurement flow tube is operated by a driving device using
a vibrator to alternately drive the at least one flow tube or
the pair of flow tubes, and a phase difference and/or a vibration
frequency proportional to a Coriolis force acting on the at
least one flow tube or the pair of flow tubes are/is detected

by a pair of velocity sensors or a pair of acceleration sensors
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a phase dif f erence neasurenent section (130) forneasuring a phase
difference between the first frequency signal obtained by conversion as the
speci fied constant frequency signal, which is output fromthe first
frequency conversion section (110) , and the second frequency signal
obt ai ned by conversion as the specified constant frequency signal, which is

output fro secon e nversion section (.140 he

si gnal progg ﬁrﬁpﬁégﬁ?gég §$¥8Fﬁ§oph3eﬁﬁ%§% %h??eé%%c%tbg%ﬁgéﬁx%%e
first frequ n optained b nversion as t i fied constant
frequency §$8 aFUbghPEhtPE Bﬁ%ﬁu?¥ fgﬂVtE% ??r%?'Y$%Hﬁ§ﬁgy LTS Bh
section (110% and the second frequency signal obtalned by conversi on as

t he specifP® aé&ﬁ%?éﬁ?fﬁfﬁhﬁ%ﬁéiﬂgidﬁ%%enﬁhFXH’|% LdUEUtC PRIFFEFIE" S2cond
frequency conversion section (140). [Effect of the Invention] [0056]

The measurement EhBes AN h@TRFSHI IR ARPRASLAS Redngafiatackhapesd or
exanpl e, there are a curved tube and a straight tube. There is a type
driven in angloflingri ous nodes including a prinmary node and a secondary
node, as a node for driving the nmeasurenment tube. [0057] As is well
known, the drivi agttaeguentgrbahdobbfar nedafiswit treg nead uperprttinde i s
several ten Hz to several kHz. For exanple, when the neasurenent tube using
a U shapedmbdheatabiebreatqdennyt bégpeilrary node, the frequency is
approximately 100 Hz. Wien t he measurenent tube having a straight shape is

vibrated in the priimedty fiedRierrBpPEoxiyaBEebY S8 +n t(@10,)0@0rHzhiStiwal i zed.
However, it is very difficult to performthe phase neasurenent of the

Coriolis fkawmieleddy, at¥aysod HEF SadeopEeaas s Rgnately Ehenbl eguengyuband of
several ten Hz to severa
signal frequency (6) obtained by converting a signal of one
velocity sensor of the pair of vibration detection sensors into
a digital signal by a first A/D converter (31), based on an
output frequency (6Xn) output from the transmitter (120) to
move the input signal frequency to a desired frequency band;
a second frequency conversion section (140) for shifting
in frequency, to a specified constant frequency signal, an input
signal frequency (6) obtained by converting a signal of another
velocity sensor of the pair of vibration detection sensors into
a digital signal by a second A/D converter (35), based on the
output frequency (6Xn) from the transmitter (120) to move the
input signal frequency to a desired frequency band;
a frequency measurement section (160) for measuring a
frequency of a first frequency signal which is obtained by
convergionas the specifiedconstant frequency signal andoutput

from the first frequency conversion section (110), and

outputting a measured frequency value of the first frequency
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kHz in a single flowreter converter. Therefore, it is necessary to
separately design several types. [0058] According to the signa
processing nmethod in the present invention, the essential problens as
descri bed above nay be renoved by advantageous signal processing based on
an identification algorithm Even in the case of the change in tenperature
of the fluid to be nmeasured, the m xing of air buhbles, Qr t he rapid change
of the fl ui%%%&oﬁﬁ§lﬁ@d1%wl&ﬁq$§1&§§ F3 THE49 l?lu%,put hgrﬁgﬁgﬁgéﬁﬁnt may
be always performed with constant precision, The phase neasurenent with

high filterS5y petd o Hetc & TRAURIVEN SPEHIS LA E R niigh bBFf 8FFER%e may
be provided. [0059] According to the signal processing apparatus in
t he presentffgaHaRdYoFONFEES IRRefSERECReRP et tirde TERIUITEH ngatlﬁegeby
measur ed changes, even when air bubbles are mxed into the fluid to be
measur ed, dheefeaawhray R Ve iPn sepbiapasiildby dgiafueshafigB¥eFFéATa gas
to a liquid, the neasurenent nay be always perfornmed with constant

preci si on, cemeént hepphaeegeasay eviera ingd Hothiqgnviadttigrd .ng nger Bodaatalmay be
realized with a small conputing processi ng anount. [0060] According to
a Coriolis dfilomaiet éry itinet id rpresgnt convemtieon,(38Venanhénptihefreapenayur e of
the fluid to be nmeasured changes, even when air bubbles are mxed into the

fluid to befeasliedty &nevesihen fiemtheiohd oftherpasureivibpbdiypn
changes froma gas to a liquid, the neasurenent maybe al ways perforned with

constant prRGICHIAR; RMGIRE RRase FRATEEMRRquendy hiagla filtering
performance may be realized with a small conputing processi ng anount.
aphasedifferencemeasurement section (130) formeasuring
a phase difference between the first frequency signal obtained
by conversion as the specified constant frequency signal, which
is output from the first frequency conversion section (110),
and the second frequency signal obtained by conversion as the
specified constant frequency signal, which is output from the
second frequency conversion section (140).
[0050]
A signal processing apparatus described in claim 8, which
is provided so as to solve the above-mentioned problems, is
a signal processing apparatus according to claim 5, 6, or 7,
characterized in that the frequency conversion section (110)
includes:
a multiplier (111) for multiplying a reference signal
cosf2 from the transmitter (120) by an input signal SING1 from
the first A/D converter (31); and

a low-pass filter (112) for filtering an output signal

obtained by the multiplying by the multiplier (111) and output
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[Brief Description of the Drawi ngs] [0061] [FIG 1] A block
diagramillustrating a principle of a signal processing apparatus according
to the present invention. [FIG 2] Ablock diagramillustrating a
specific structure of the signal processing apparatus illustrated in FIG

1. [FIG 31 Ablock diagramillustratinga specific structure of the
signal processing apparatus illustrated in 2 usi ng}éa feedba&k control

FL?
met hod. theretzom, g thyouglyi 89rHrA TSt r LETRGTat DutHEt2SF PR ¥ rd3m an
LPF illustrated in FIG 3. [FIG 5] Adiagramillustrating an
out put si gV -FEAUEHCN Bif8Rverter illustrated in FIG 3. [FI G
6] A diagramillustrating an output signal froma transmtter illustrated
in FIG 3. [005MfI G 7] A diagramillustrating an output signal in a
mul tiplier of a frequency conversion section illustrated in FIG 3,
[FIG 8] A diagrawidnakprareagiag anpgatus gaarribemirhelfieueriieych
conversion section illustrated in FIG 3. [FIGS. 9] D agranms illustrating
ti me chart dsf proviided so as to solve the above-mentioned problems, is
a signal processing apparatus according to claim 5, 6, or 7,
characterized in that the frequency conversion section (110)
includes:
a multiplier (111) for multiplying a reference signal
cosh2 from the transmitter (120) by an input signal SINO1 from
the first A/D converter (31); and
a high-pass filter (112) for filtering an output signal
obtained by the multiplying by the multiplier (111) and output
therefrom, through a frequency filter to extract only a
high-frequency signal.
[0052]
A signal processing apparatus describedinclaim 10, which
is provided so as to solve the above-mentioned problems, is
a signal processing apparatus according to claim 7, 8, or 9,
characterized in that:
the frequency measurement section (160) includes:
amultiplier (161) connected to the first frequency
conversion section (110);
a low-pass filter (162) connected to themultiplier

(1e1); and

a transmitter for frequency measurement (163) which
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specific structure of the signal processing apparatus illustrated in FIG
3. [FIG 10] An operational flow chart for the specific structure
of the signal processing apparatus illustrated in FIG 3. [FIG 11]
A bl ock structural diagramillustrating the frequency conversion section of
the signal processing apparatus illustrated in FIG 3. [FIG 12] A

bl ock strugtural diagramil,l ULSLE‘EV@#J%QQ ﬁ]I{eegtqi‘{ﬁ%%?ﬁgﬁg?ﬂ[ﬁ[@@%ﬁ?ﬁ%ﬁg of

t he signal "processing apparatus iflustrda 13] A

structural diagram.illystrating a general riQlis flowreter to which the
present i nféﬁﬂ%&n?ir?“h %ﬁ gﬁw'%ass efﬁ{tﬁrG%fE]()) ‘A bl ock structural diagram
illustrating a Coriolis flowreter _converter of the iolis flowrete
illustrated in Fltée ri‘é.ftlpfler (16R COURFTRE By BERSGIi° g?ﬁrﬂ‘ftlﬁutfsﬂg{l?ig a
phase neasurenment net hod using Fourier transformfor the Coriolis_flowreter
converter SHUSHPREIOHRPEFE TR the frequengy ORET b SR LGy 2?&0)
illustrating a phase nmeasurenent nethod using notch filters for the
Coriolis fMewed PhasemerROUIRUtUSigRRLEOSR BrPuUg from the trapgpgettey] A

bl ock diagramillustrating a phase nmeasurenent nethod using band-pass

filters foforhEremueety sicpisoweneat comverndroutinust patidfanermeasignal

and a sum signal to the subsequent low-pass filter (162);
the low-pass filter (162) is a circuit for filtering an

output signal output from the multiplier (161) through a

frequency filter to extract only a low-frequency signal; and

a phase amount V of a fundamental output waveform is
generated based on the low-frequency signal output from the
low-pass filter (162) and always satisfies a condition of V=0
by the transmitter for frequency measurement (163).

[0053]

A signal processingapparatus describedinclaimll, which
is provided so as to solve the above-mentioned problems, is
a signal processing apparatus according to claim 7, 8, 9, or
10, characterizedby further includinga clock for synchronizing
an output of the first A/D converter (31) and an output of the
second A/D converter (35) soas tosynchronize thedigital signal
of the one of the pair of the vibration detection sensors which
is output from the first A/D converter (31) and the digital
signal of the another of the pair of the vibration detection
sensors which is output from the second A/D converter (35).

[0054]
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[ Modes for Carrying out the Invention] [0062] It is an object of
the present invention to be able to always perform neasurenent with
constant precision, to realize phase nmeasurenment with high filtering
performance, and to be able to reduce a conputing processing anount to an
extrenely small anmount. Even when a tenperature of a fluid to be measured
changes, even when air bubbles are m xed into the flujd to.be neasured, or

even when the fl 6‘1%lqr@lb%r%%§%+%%aPBBFaFysaﬁ?§é§’eﬂW a@)QéLQto T qui d,

the object may be realized. [Enbodi nent 1] 63] Herei nafter,
Enbodi ment 1¥ BFOXiAEdeSPoRScEPr FAGVBUERE h%b‘b'}’%s‘é%?t?%%ﬂt?w}%m%lesﬁl bed
wth reference to FIGS. 1 to 9. FIG 1 is a principle diagram

illustrati ﬁgs59§ﬁérﬁ¢o?ﬁ%%@§§i%@%%a§ﬁ@r§ﬁﬁar P uslabedrdtngot ol ¢ he
present invention. FIG 2 is a detailed circuit diagramfor the principle
di agram i | Pastlr.ateuhii fhrihg phasenensBregent gk otlinegtianns pme%ﬁim@ a

specific structure of the signal processing apparatus illustrated in FIG 2
usi ng a f eedkadkscoate dounsehadrartd farm (DFTUstratest Aouguiteput rapgiedm f r om
an LPF illustrated in FIG 3. FIG 5 illustrates an output signal from an
A/ D conver t(eFT)l.lustrated in FIG 3. FIG 6 illustrates an output signal
froma transmtter illustrated in FIG 3. FIG 7 illustrates an output
signal in a multiipbeel of a frequency conversion section illustrated in
FIG 3. FIG 8 illustrates an output signal fromthe frequency conversion
section illustrapedoirickh©& f3owhkeEer Yediceilde®® ighailsin orz t hensgecidic
structure of the signal processing apparatus illustrated in FIG 3.

provided so as to solve the above-mentioned problems, is a
Coriolis flowmeter in which at least one flow tube or a pair
of flow tubes which is included in a measurement flow tube is
operated by a driving device using a vibrator to alternately
drive the at least one flow tube or the pair of flow tubes,
and a phase difference and/or a vibration frequency proportional
to a Coriolis force acting on the at least one flow tube or
the pair of flow tubes are/is detected by a pair of velocity
sensors or a pair of acceleration sensors which are vibration
detection sensors when the at least one flow tube or the pair
of flow tubes is vibrated, to thereby obtain a mass flow rate
and/or density of a fluid to be measured,

the Coriolis flowmeter being characterized by including
a signal processing apparatus including:

a transmitter (120) for transmitting and outputting a
modulatable frequency signal;

a first frequency conversion section (110) for shifting

in frequency, to a specified constant frequency signal, an input
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[ 0064] In FIG 1, when neasurenment tubes 2 and 3 are vibrated by a
vi brator (for exanple, electromagnetic oscillator) 6, vibration velocities
generated in the neasurenent tubes 2 and 3 are detected by a vibration

vel ocity sensor (for exanple, velocity sensor or acceleration sensor) 70.
The detected vibration velocities are conputed and processed by a vibration
velocity signal conputing device 80. The vibration velocity sensor 70

cor r espond$ignalh & nespengal déilt posedsse PvararvRetinrgng vaboelt 9isehsor 8
of FIG 13. [0065] The vibrationvel ocity signal conputingdevice 80
i ncl udes a Vierlewidncyeteny @fstba podat PV igFatd Ay ARSATELeR SFRSOFIL At Phase
di fference neasurenent section 95. The frequency conversion section
85 perf or n& faiegueric s igmadebyi en famstha/Vi braveshevel(dé) 1 i BasS@hi en ake
generated in the neasurenent tubes 2 and 3 and detected by the vibration
vel oci ty sensgut?Grshegrnidye (9xasuoepat tubestBeandaBsmieteibfaged by t he
vibrator G A signal fromthe transmtter 90 is input to the frequency

conver si on Rt B8 i8put signal Freguedicgned s tobt denedelyf facpoprenclhand;
conversion by the frequency conversion section 85 are input to the phase

difference neasy 888hd TeEGURMSBcEhONFEeenidedt isibsequpriorssagetofigt he
frequency conversion section 85. The phase difference neasurenent section

95 perfor Wﬂ&g@@ﬂ@{/%% 0PcEe8Paatdo teelosiéqush@palignhnonat hgput
vibration velocity sensor 70, to thereby performdigital conversion

br ocessi ng.c . f en glLALYS ) Bhasendh Lisana el glaearne hABEAEr

I n the signal” processi'ng thod and apparatus illustrated in FIG 1, the

Lnput S 9Ny Q& SUBKESE ek LA TNE f bEUUNCY CANUELSLORORG SNl ntBE

frequenci es arter requency “conversion to constant val ues, and the

phase measuy: erent. iis PELLorPd, alderd Hoof LeAvency, Cper Siikq Betgtore,

filter proé% p atus € 0 or m nghi peed, constant, and
O e oS e TR UM SUButN N Erk 2OURBRIER R (108) T BB
move the input signal frequency () to a desired frequency band;
a frequency measurement section (160) for measuring a
frequency of a first frequency signal which is obtained by
conversion as the specified constant frequency signal by the
first frequency conversion section (110), and outputting a
measured frequency value of the first frequency signal to the
transmitter (120) to control output frequencies so that a
frequency after frequency conversion by the frequency
conversion section (110) is always a constant frequency; and
aphasedifferencemeasurement section (130) formeasuring
a phase difference between the first frequency signal obtained
by conversion as the specified constant frequency signal, which
is output from the first frequency conversion section (110),

and the second frequency signal obtained by conversion as the

specified constant frequency signal, which is output from the
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That is, in the signal processing nethod and the apparatus 80 as
illustrated in FIG 1, input frequencies FIN of the input signals fromthe
vibration velocity sensor 70 and an out put frequencyFXof the transmtter 90
arenul ti pliedbythe frequency conversion section 85 to add (or subtract)
phase differences of both the signals, and the transmtter 90 is controlled
so that the frequencies after the frequency conversion are constant, so as
to control SEFOT EFFEMENEY (CORYETESOThEephao8 fé4Sdrenent section 95 to a
constant value, to thereby performthe phase neasurenent based on the
signal s after théher ctjignedy pooavessiesn. appegafus Providiggn Wik habaseuct ure
is enployed, constant, substantially error-free, and hi gh-speed conputation
may be realdifée neirtdeotiepremri dilng &irat gé regusecyofs ifdnatle rab eokred poyidi ng
to input frequencies and perform ng any conplicated processing such as
changi ng okocaveasiwn ng teehaokc] Fxed essidrarlt] fFegXaElyNsignakc=FXiEhN) (1)

[ 0068] FIG 2 illustrates the specific structure of the signa
processi ng igppakpuisfirbhushe at Bkt Erddbenkty converslionFeEct2pna(ledl,

pi ck-of f (LPO 7 (corresponding to left velocity sensor 7) is connected to
a | ow pass ghid t8E SOcodddrduerty isAgnuilb6BE boAcESHP G dengilirater the When
a detection signal of a vibration velocity (outlet-side velocity signal)

whi ch is geperat ftrsbdendf dipdeasunienens duline 2rardeBei s
detect ed b%@%ﬁgfﬁgf?eg?ggéﬁﬁf $§qthé9%e€§€¥ion si gnal ©

OftheVigg?%%%%%%!%%%%X%&%&'%Bh§%4%%%EP%EE%EkQP4hhb§L”pUt to the | ow pass

filter owpass filter 30 is a circuit for extracting,

through a f wcy filter |,y | ow frequency left velocity signal
(outlet-si&%%%g%%b¥?§t%*b%%?¥9¥?5ﬁ¥the | eft velocity signal (outlet-side

velocity signal)[ Y gﬁt fromthe left velocity sensor 7 detecting the
vi bration veIocit@ erated on the |left side of the nmeasurenent tubes 2

Spgr 2t IO::] t6he cas %‘h@n?eraes&rheemenr?tagggg%%rghet Hgggoglgﬂo%maért%rvﬁgsr \a/"ta%gOQ¥ the

shapes. For example, there are a curved tube and a straight
tube. There is a type driven in any of various modes including
a primary mode and a secondary mode, as a mode for driving the
measurement tube.

[0057]

As is well known, the driving frequency band obtained
from the measurement tube is several ten Hz to several kHz.
For example, when the measurement tube using a U-shaped tube
is vibrated in the primary mode, the frequency is approximately
100 Hz. When the measurement tube having a straight shape is
vibrated in the primary mode, approximately 500 Hz to 1,000
Hz is realized.

However, it is very difficult to perform the phase
measurement of the Coriolis flowmeter by always the same

processing over the frequency band of several ten Hz to several
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[ 0069] The | owpass filter 30 is connected to an AID converter 31.
The A/ D converter 31 converts the left velocity signal (outlet-side
velocity signal) which is the anal og signal output fromthe | ow pass filter
30 into a digital signal. The left velocity signal (outlet-side velocity
signal) obtained as the digital signal by the AID converter 31 is input to
a signal processing apparatus 100. Furt her, the signal processing
appar at us ¥8@ inacomeda BHOYRe Ede CRRDCEBRVer t BReBALONPe 1§ IGHATCPFIREE S Ng
apparatus 100 frequency-converts the input signal (outlet-side velocity
signal) inte sepegirtedvf degianc pevesadsaBgsSaphase neasurement unit | ocat ed
in a subsequent stage and perforns the phase neasurenent after the
frequency converdP6A8lso as to shift the input frequency band and realize
st abl e phase neasurenent. [0070] On the other hand, a right pick-off
(RPO 8 (corresparndording to dgite wignel tpr semsom$Bneitbodoimédiecdreoenat

| ow-pass filter 34. That is, during vibration using the vibrator 6, when a
det ecti on sngealtioh,athiebeaiiconivel pebbyenicnbet decdeilvetioabbye singnabe whi ch
is generated on the right side of the neasurenent tubes 2 and 3 is detected
by the rightmpivels ob{ Baathgrdgteasi onigngnalpricddieing batsedn wal oanty
(inlet-side velocity signal) is input to the | owpass filter 34. The
| ow pass fiilikelk 134 cat idnChigeirt thel. exdERcih Nhe YQUPT ankr enuageyihil ter,
only a |l owfrequency right velocity signal (inlet-side velocity signal)
fromthe rihbetalazklyr 8hgMaluid dq Db flenBhud@dy @Rkt i Bb G Ir BUbBUEs rom

the right city sensor etecting the vibration velocity generated on

(0 O Bl LPETERBILETERLL AR 0 2y e pmagcpfere L
y the vibrator 6. [0071]
to the liquid, the measurement may be always performed with
constant precision. The phase measurement with high filtering
performance is advantageous, and hence high performance may
be provided.

[0059]

According to the signal processing apparatus in the
present invention, even when the temperature of the fluid to
be measured changes, even when air bubbles are mixed into the
fluid to be measured, or even when the fluid to be measured
rapidly changes from a gas to a liquid, the measurement may
be always performed with constant precision, and the phase
measurement with high filtering performance may be realized
with a small computing processing amount.

[0060]

According toa Coriolis flowmeter in the present invention,

even when the temperature of the fluid to be measured changes,

even when air bubbles are mixed into the f£luid to be measured,
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The | ow pass filter 34 is connected to an AID converter 35. The AID
converter 35 converts the right velocity signal (inlet-side velocity
signal) which is the anal og signal output fromthe |owpass filter 34 into
a digital signal. Further, the signal processing apparatus 100 is
connected to the AID converter 35. The signal processing apparatus 100
frequency-converts the input.signal (inlet-side velocity.signal)-.into a
desired fréﬁﬂéﬁgvl5?§%b§§%d%%ylghgop% §%e%%%§ﬁ$éﬁiﬁE d%f?“?%ﬁa g Th%t he
subsequent staqg ang.ger orqﬁ t he phase asur ene after the ngguggpy
conver si on, 9% 5% 0TdRift e ™ o BR&y hatd” afl F ¥ TIE Stabte
phase neasurenent. [0072# , The AID converter 31 is connecteg:t%oa
frequency COTRETZonPLECERIRM 1ARThEDEr FRRFRoy TEGRVEFTESH SEbET ot 1e
frequency-converts the digital signal of the left velocity signal |

(out | et - si det V3T pe&ifgiaancsuipat Per 687 L hecAI'D oy Pdrl §PTRME 10%en
input thereto, into the desired frequency processed by the phase

measur enentPERFES T GERtBPUIH + he subsequent stage. Further, the A/D
converter 35 is connected to a frequency conversion section 140. The
frequency cBieSilasadqtion o thedqureawingonverts the digital signal of
the right velocity signal (inlet-side velocity signal) output fromthe A/D
converter 35 and tdv&ili nput thereto, into the desired frequency in the sanme
manner as descri bed above. [0073] Further, a signal froma
transmtter 120 iFicpuat] hoblibekfdéqyeanyi thuyverst dngseqirionciidie ofhen t he
signal output fromthe transmtter 120 is input to the frequency conversion

section 11Gidmel preqeestigepmpeeathiiasestd iy tddHy pageany 1esmverits .t he
i nput signal (outlet-side velocity signal) input fromthe left pick-off 7

based on the signgdtut patb fdnihgrinansstiat ihdd specific structure
Asi gnal obt ai nedbyf requencyconver si onbYt hef requency conversi on section 110

i's convert et ivHd & fasi HHbLUSLANta S SMHaNs Y Sighalahaseth ofrd hey out put
signal fromthe transmtter 120.
[FIG. 3] Ablockdiagramillustratinga specific structure
of the signal processing apparatus illustrated in FIG. 2 using
a feedback control method.
[FIG. 4] A diagram illustrating an output signal from
an LPF illustrated in FIG. 3.
[FIG. 5] A diagram illustrating an output signal from
an A/D converter illustrated in FIG. 3.
[FIG. 6] A diagram illustrating an output signal from
a transmitter illustrated in FIG. 3.
[FIG. 7] A diagram illustrating an output signal in a
multiplier of a frequency conversion section illustrated in
FIG. 3.
[FIG. 8] A diagram illustrating an output signal from

the frequency conversion section illustrated in FIG. 3.

[FIGS. 9] Diagrams illustrating time charts for the
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[ 0074] Further, a signal fromthe transmtter 120 is also input to
the frequency conversion section 140. Wen the signal output fromthe
transmitter 120 is input to the frequency conversion section 140, the
frequency conversion section 140 frequency-converts the input signal
(inlet-side velocity signal) input fromthe right pick-off 8 based on the
si gnal outgut fromth trgnsnittgr éﬁo. A.sig al_obt ai ned bxafn§qﬂ§qu
conver si on BYCt &St r 8UBREYEScoRver 5on E688Fon BT 68y et T nto a
desired const ant fre%uenc¥ signal based on the output signal fromthe
transmitterli3ETpE695E™ FIG- "3 -When the transnitter 120 is controlled as
descri bed above, as in the case of the frequency conversion section, 110,
also in the freqlBhty &8hversiopsraédorgn 40V 45 dfferddiF oIREG TelC af ter
perform ng the frequency conversion, of the right velocjtf signal _

(i nl et - si detverseireyosi ghal 1ionplt PTPeRTS Hed APPIbnves t ek 1Bt Tatedm? ol | ed
to a desired frequency to be processed by a phase neasurenent unit 130

| ocat ed i nNF&GsuBsequent stage, based on the output frequency output from
the transmtter 120. [0076] The i nput frequency of the left

vel ocity signal (BUGLelikidebletbestyusignal )divgcdmislbuspratirontheie A/D
converter 31 and input to the frequency conversion section 110 and the

i nput freqiesqyeatytdnvdrghtorvetoci oy ofitgmab i fhal gircsieds ivgl appa yasignal )
which is output fromthe A/D converter 35 and input to the frequency
conversionisegkteacéd0iarersi ngl.t aneously subjected to frequency conversion
and i nput to the phase difference neasurenent unit 130 to perform phase

di fference measurement 12] a bidenssuGBrarstr yabyfen Silangwyadnacgor di ng
to this enbodinent, the input frequencies (left velocity signal and right

vel ocity skgpgliinale méidthi&Rents!delorer iad kR0 thgndesipescésenuency
bands. Therefore, even when the input
apparatus illustrated in FIG. 3.

[FIG. 13] A structural diagram illustrating a general
Coriolis flowmeter to which the present invention is applied.

[FIG. 14] A Dblock structural diagram illustrating a
Coriolis flowmeter converter of the Coriolis flowmeter
illustrated in FIG. 13.

[FIG. 15] Ablock diagramillustrating a phase measurement
method using Fourier transform for the Coriolis flowmeter
converter illustrated in FIG. 14.

[FIG. 16] Ablockdiagramillustrating a phase measurement
method using notch filters for the Coriolis flowmeter converter
illustrated in FIG. 14.

[FIG. 17] Ablockdiagramillustrating a phase measurement
method using band-pass filters for the Coriolis flowmeter
converter illustrated in FIG. 14.

[Modes for Carrying out the Invention]
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frequencies (left velocity signal and right velocity signal) change, the
phase neasurenent processing frequency is always set to a constant value to
significantly reduce the nunber of filter tables. In addition, the phase
measur enent processing may be nore effectively perforned. Accordi ng
to an effect of the present invention, constant, substantially error-free,
and hi gh-speed cg Eé?tion may be realized wi thout providing a | arge nunber
of filters corre g§ fng to input frequencies and perform ng any

conpl i cat edprocessi ng such as the change of the conputingnetho edless to
say, the pr ocessf[?:lgll%f""rtl Pras € ndd G PERERT s 6BV FH lﬁﬁyg8 ]P%aE%?Jz\Iegat%ven
using a discrete Fourier transform (DFT) or a fast Fourjer transform (FFT).
[0077] alwags ROt FRIFUFSTPREUL §it GRNE CEPSIREASBS 1Y ¢ RE 98 tAfver t er
31 and the A/D converter 35. The clock 150 synchronizes the digital signal
of the |ef PhasroBrafusEyRal WLERILIFH drhlites LRODPESAPEFPELS312BAdCP Hee
digital signal of the right velocity signal output fromthe A/ D converter
35 to real phéestauredned s ammpitiing processiTige anpufieheyae oRver SNk
section 110, the transmtter 120, the phase difference neasurenent unit

130, the fesaqlérmyowdnyeEyieorwisen b tempets tarnel off e fdluacktd be reasired uded
in the signal processing apparatus 100. [0078] The respective input signals
(left vel ochbyngssgnareanthen isght bubbdeist grsimgitadd wtic lthar €1hd do dgoe al
signal s obtained by conversion by the AID converters 31 and 35 as descri bed
above are subgactad ¢ evba ThHeqguerRcylaodwey be aredyutdie rhpeqlgndyacgpswer si on

sections 110 and 140 based on the output signal fromthe transmtter 120.
from a gas to a liquid, the object may be realized.
[Embodiment 1]

[0063]

Hereinafter, Embodiment 1 of a mode for carring out the
present invention is described with reference to FIGS. 1 to
9.

FIG. 1 is a principle diagram'illustrating a signal
processing method and apparatus according to the present
invention. FIG. 2 is a detailed circuit diagram for the
principle diagram illustrated in FIG. 1. FIG. 3 is a block
diagram illustrating a specific structure of the signal
processing apparatus illustrated in FIG. 2 using a feedback
control method. FIG. 4 illustrates an output signal from an
LPF illustrated in FIG. 3. FIG. 5 illustrates an output signal
froman A/D converter illustrated in FIG. 3. FIG. 6 illustrates
an output signal froma transmitter illustrated in FIG. 3. FIG.
7 illustrates an output signal in a multiplier of a frequency

conversion section illustrated in FIG. 3. FIG. 8 illustrates
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[ 00791 Next, a specific computing nethod of phase difference

measur enment conputation in the signal processing apparatus 100 illustrated
in FIG 2 is described. When the nmeasurenment tubes 2 and 3 are
vibrated by the vibrator 6 of a Coriolis flowreter 1, the output signals
(left velocity signal and right velocity signal) fromthe vibration
detection sensor, 70 (left pick-off 7 and. right pick-off 8) provided in the
measur enentt UBREPEC At S o [5bthi hBE 4 SHRICGT GRAVETEEPhe TPO T of t

pi ck-of f 7),.and the RPO (right pick-off 8) as illustrated in FIG, 2,

In this ca%ﬁ%ﬁéaitﬁgu}n%i]ﬁna?s S G5he” BE6 GBS he Y O%%Yé?h&e‘??%%’dfja%

foll ows (Op: phase difference between LPO and RPO) [ Expression 2] Right

pi ck-of f: SEHUSEF PExpFREsSigRa3] PERFESHILER- BPPATIF AT edbOYE BY2 0B8]

The output signals (left velocity signal LPO and right velocity signal RPO
fromthe tWdSvi Bration velocity sensors

[0064]

In FIG. 1, when measurement tubes 2 and 3 are vibrated
by a vibrator (for example, electromagnetic oscillator) 6,
vibration velocities generated in the measurement tubes 2 and
3 are detected by a vibration velocity sensor (for example,
velocity sensor or acceleration sensor) 70. The detected
vibration velocities are computed and processed by a vibration
velocity signal computing device 80. The vibration velocity
sensor 70 corresponds to the left velocity sensor 7 and the
right velocity sensor 8 of FIG. 13.

[0065]

The vibrationvelocitysignal computingdevice 80 includes
a frequency conversion section 85, a transmitter 90, and a phase
difference measurement section 95.

The frequency conversion section 85 performs frequency
conversion on the vibration velocities which are generated in
the measurement tubes 2 and 3 and detected by the vibration
velocity sensor 70 when the measurement tubes 2 and 3 are vibrated
by the vibrator 6. A signal from the transmitter 90 is input
to the frequency conversion section 85.

Then, signals obtained by frequency conversion by the

frequency conversionsection 85 are input to the phasedifference
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(left pick-off 7 and the right pick-off 8) are converted fromthe anal og
signals into the digital signals by the AID converters 31 and 35 through
the |l owpass filters 30 and 34 provided in the converter of the Coriolis
flowreter 1, respectively, and then transferred to the signal processing
apparatus 100. As descri bed above, the signal processing apparatus
100 is divided into four blocks incl u,déqn(g t he freguenc conversign section

110, the t PEASHFEPEPT12BCC1PR Dha¥E diTF% riehBeSHRESHIERENT 382t T30, and
the frequency conversion section 140. A phase difference between the output
si gnal LPO'FREHPRRE | ePRVHTedeidf FeFERR t Ae - out P sPYm3F KPS 96 9%e
ri ght pick-off 8 is conmputed, and then converted into a flow rate signal
based on tH82FHEQUERE| BCHIRPUIS MR ¢ Br aPTBAT§EPBCPR Y &hRTris’sand
tenperature data detected by a tenperature sensor 9. Note that the
t enper at ur ¥eheastivefdanals Asemdéder iViddaitd oph ediogitig SSIEEE1]7 OTheo
conversion frequency output fromthe frequency conversion section 110 is
obt ai ned byhaddbrgpedorsubtytical nghvernsdonmurodassguencynd xhepunlpipinds om t he
transmtter 120 to (or from an input signal frequency O output in a case
where t he &ephasel dcEfgrengaathénebeewesnde vel ocity signal) which is
[0066]
In the signal processing method and apparatus illustrated
in FIG. 1, the input signals are subjected to the frequency
conversion to control the frequencies after the frequency
conversion to constant values, and the phase measurement is
performed after the frequency conversion. Therefore, a filter
processing apparatus capable of performinghigh-speed, constant,
and high-precision phase measurement even when the frequencies
of the input signals change is realized.
That ig, in the signal processing method and the apparatus
80 as illustrated in FIG. 1, input frequencies FIN of the input
signals from the vibration velocity sensor 70 and an output
frequency FXof the transmitter 90 aremultipliedby the frequency
conversion section 85 to add (or subtract) phase differences
of both the signals, and the transmitter 90 is controlled so
that the frequencies after the frequency conversionare constant,
so as to control the frequencies input to the phase measurement
section 95 to a constant value, to thereby perform the phase

measurement basedon the signals after the frequency conversion.

[0067]
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detected by the left pick-off (left velocity sensor) 7 and extracted as a

| ow-frequency signal by the lowpass filter 30 is converted into the
digital signal by the AID converter 31. As described above, with respect to
t he input signal frequency which is output fromthe frequency conversion
section 110 and input to the phase nmeasurenment section 130, the input

si gnal frequency 3]mhic is the |owfre %snc | eft velocit

(outl et -si de vel §OFE G HhEFTUGF T fidSd Qﬁé@ﬂiﬁﬂﬁtﬁﬁﬁpﬁ?g?f%ﬁgﬁ%%l%/D

converter 31 is shifted in frequency to anot her frequency band based on the
out put fre§FEREY F&ERE  oFEPHEFY & C?WBHE%‘F%%F“WZWFF%%@%% Ay
conversion section 110. [0082] Therefore, the signal which is

shifted i nPEPYGFERSY Sand TR SIHTRSE tHe F+HefichGPTORRILTIHE sket 18 810 and
the signal which is shifted in frequency and output by the frequency

conver si on f¥earicss 18502 ARSI Qe B REYPE SRR 5 5F R A RE AR TR FUEH e
phase cal cul ati on by the phase neasurenent section 130. [0083] A
frequency whasgriageotf walcoapi@ioxnesimogut from the frequency conversion
section 110 is controlled so as to finally becone a phase neasurenent
frequency dé&xpralsgeoc®@Clwhich is arbitrarily set.

Fc=FX+FIN (or Fc=FX-FIN) (1)

[0068]

FIG. 2 illustrates the specific structure of the signal
processing apparatus illustrated in FIG. 1.

In FIG. 2, a left pick-off (LPO) 7 (corresponding to left
velocity sensor 7) is connected to a low-pass filter 30. That
is, during vibration using the vibrator 6, when a detection
signal of a vibration velocity (outlet-side velocity signal)
which is generated on the left side of the measurement tubes
2 and 3 is detected by the left pick-off 7, the detection signal
of the vibrationvelocity (outlet-sidevelocitysignal) is input
to the low-pass filter 30.

The low-pass filter 30 isacircuit forextracting, through
a frequency filter, only a low-frequency left velocity signal
(outlet-side velocity signal) from the left velocity signal
(outlet-side velocity signal) output from the left velocity
sensor 7 detecting the vibration velocity generated on the left
side of the measurement tubes 2 and 3 in the case where the

measurement tubes 2 and 3 are vibrated by the vibrator 6.

[0069]
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[ Expression 4] GC=9+GXn(4) When the transmtter 120 is controlled so
that the frequency neasurenent value (9+0Xn) input to the phase nmeasurenent
section 130 al ways becones the constant frequency 9C as descri bed above |,

hi gh- speed processi ng of subsequent phase neasurenment nay be achi eved.

[ 0084] The frequency control nethod according to the present

i nvention includ net hod for. adjusting the frequenc f_the transmtter
120 so that the %ﬁ?ﬁ%‘%%ﬁ% teeslj :ﬁ) %ﬁec?l?ré%]%té%cg;j:oc M?Bi%??‘éeerc Fons
(110 and 140) all becone equal to ec in the condifion of Expressjon (4) ,
that is, a3ﬂeed%%%kAc%nT?%‘?e%?%oﬁl. CONVerts & %%? e‘Fe,l‘?‘?%:}éiwal
processi ng nmethod and the signal processing apparatus_accaording to the
enbodi ment (BEtLRE-FLESSIRIGTMEhELBR AP & +F 5&¢ analog sigppd oytput
illustrates a specific structure of the signal processing_apparatus
il lustratedrPh Fhe lowusasg fhiteectbaditTandigitadt gdgnal. The Igft signal
processing apparatus 100 illustrated in FIG 3 performs frequency
conver si onvehotheyi sianaki (gvdlle t(-sildet vahdcdby| wtgwd He obdlageiadyasi gl s)
into desired frequencies and perfornms phase nmeasurenent after the frequency
conver si ondigndaheatgnsilabyetphas D neasueehent 3 hays benpehi eved wiyhlit
taking i nput frequency bands into account. [0085]
processing apparatus 100.
Further, the signal processing apparatus 100 is connected
to the A/D converter 31. The sgignal processing apparatus 100
frequency-converts the input signal (outlet-side velocity
signal) intoadesired frequency processedby a phasemeasurement
unit located in a subsequent stage and performs the phase
measurement after the frequency conversion, so as to shift the
input frequency band and realize stable phase measurement.
[0070]
On the other hand, a right pick-off (RPO) 8 (corresponding
to right velocity sensor 8) is connected to a low-pass filter
34. That is, during vibration using the vibrator 6, when a
detection signal of a vibration velocity (inlet-side velocity
signal) which is generated on the right side of the measurement
tubes 2 and 3 is detected by the right pick-off 8, the detection
signal of the vibration velocity (inlet-side velocity signal)
is input to the low-pass filter 34.
The low-pass filter 34 isacircuit forextracting, through

a frequency filter, only a low-frequency right velocity signal

(inlet-side velocity signal) from the right velocity signal
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In FIG 3, the A/D converter 31 is connected to the frequency conversion
section 110. The frequency conversion section 110 perforns frequency
conversion on the digital signal of the left velocity signal (outlet-side
velocity signal) output and input fromthe A/D converter 31. Further, the
Al D converter 35 is connected to the frequency conversion section 140. The

frequency conversion section _140.perforns, frequency, conyer.si on
digital sigh& S5¢ SeRS VEGRE VY] 8&5??3& 8}%5?‘1% hFer et e of 33‘9%% al)
out put fromthe A/g converter 35 and then inpu thereto.(&OOS%J
Fur ther ,  { REPPPEGUERESCEORINS BHOGREEPONCLER Y SR A E TS FHERE ne
signal fromthe transmtter 120 is input thereto, Wen signal out put from
the transnPtfsr Of26DPsMERSHESIENENEUPRPEqAeRRS ¢ ohTelBF oRPSRCYIOTE 148 t he
frequency conversion section 110 perforns the frequency conversion on the
i nput si gnALagyEMentsitgbegeRodnfy 3spgRalViPrapae PYoPEnE1PERLORI Ek- of f 7
based on the signal output fromthe transmtter 120. The si gnal
obt ai ned by frequ@A&¥}lconversion by the frequency conversion section 110 is
converted into the constant frequency signal based on the output signal
fromthe transm TherldRopa§d0OB7jter 34 isFeoniested Heo fameduBneyneORVRY si on
section 140 is also configured so that the signal fromthe transmtter 120
i's input theretDhe \WAN chmreattett3Butcdnvemttshéher anghict velo¢20yi sigmplt to
t he frequency conversion section 140, the frequency conversion section 140
perfornms thenfieeqyeneyw eyt gisdynal )t Wrichpld thegnsd 1¢g mliehadi detpet oci ty
signal) input fromthe right pick-off 8 based on the signal output fromthe
transmttefrddlthe low-pass filter 34 into a digital signal.
Further, the signal processing apparatus 100 is connected
to the A/D converter 35. The signal processing apparatus 100
frequency-converts the input signal (inlet-side velocity
signal) into a desired frequency processed by the phase
measurement unit located in the subsequent stage and performs
the phase measurement after the frequency conversion, soO as
to shift the input frequency band and realize stable phase
measurement.
[0072]
The A/D converter 31 is connected toa frequency conversion
section 110. The frequency conversion section 110
frequency-converts the digital signal of the left velocity
signal (outlet-side velocity signal) output from the A/D
converter 31 and then input thereto, into the desired frequency
processedby the phase measurement unit located in the subsequent

stage.

Further, the A/D converter 35 is connected to a frequency
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The signal obtained by frequency conversion by the frequency conversion
section 140 is converted into the constant frequency signal based on the
output signal fromthe transmtter 120. [0088] When the control is
made by the nodul atable transmtter 120 as descri bed above, as in the case
of the frequency conversion section 110, the frequency conversion section
140 al so perforns. the frgﬂgency conver si on based on the out ut.freqﬂfncy
out put froffPPREFELERSTRTTEM™ 120 [ 688 requen‘”’ﬂﬁngﬁFﬁﬁPneﬁgcﬁfo?H%
frequency conversion section 110 iis connected to the frequengy measur enent
section 166T§AHSPRYE-FRAYETHFT FBEeEsl MRhstt ERthtOk et ot 3%, VerRE ¥% quency
measur enent section 160 neasures _the output frequency obtained by frequency
conver si onSbgnghe §iierfdfieoneePsibn sekdan 1gptput from ThBef Ayfuency
conversion section 140 is connected to the phase di fference nmeasurenent
unit 130. converteThd anddlmmynpeasirarain, saEeitdre degimedsiresienrout put
signal frequency (eCn=e+eXn) obtai ned by adding (or subtracting) the output
frequency éXntbeat panef marméheasrdasaribed aBOveo (or from the input signal
frequency e obtained by converting, into the digital signal, by the AID
converter 31, théobwosd frequency left velocity signal (outlet-side velocity
signal) which is detected by the left pick-off (left velocity sensor) 7
and extracted byrtihehépWwpasgnkill £eom30 transidie thregrentcy icpuet sitdmne

section 110. [0090]
frequency conversion section 110. When the signal output from
the transmitter 120 is input to the frequency conversion section
110, the frequency conversion section 110 frequency-converts
the input signal (outlet-side velocity signal) input from the
left pick-off 7 based on the signal output from the transmitter
120.

A signal obtained by frequency conversionby the frequency
conversion section 110 is converted into a desired constant
frequency signal based on the output signal from the transmitter
120.

[0074]

Further, a signal from the transmitter 120 is also input
to the frequency conversion section140. When the signal output
from the transmitter 120 is input to the frequency conversion
section 140, the frequency conversion section 140
frequency-converts the input signal (inlet-side velocity
signal) input from the right pick-off 8 based on the signal
output from the transmitter 120.

A signal obtainedby frequency conversionby the frequency
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The frequency nmeasurenent val ue neasured by the frequency neasurenent
section 160 is output to the transmtter 120. Wen the neasurenent val ue of
t he out put signal frequency (eCn=e+eXn) output fromthe frequency
measurenent section 160 is input to the transmtter 120, the predeterm ned
frequency signal (eXn) is transmtted based on the measurenment val ue of the
out put signal frequenc 9Cn. 6+0Xn) and out put.fromthe transmtter 120 to
Che T equoRET EGR RS FORE a1 e 1 1000reE 190, (8 R e AL Tttt} oon
whi ch starts at the frequenc onversi on section_110 sses through the

f requency ﬁ€§§HFEﬁ¥ﬁF9§£$??%% 86 CW%BuFF&ﬁﬁﬁ%€¥9m¥ CEEHFE PR Uns to
the frequency conversion section 110, the output frequency output fromthe
transnitte?2§20 is added to or subtracted fromthe input frequency of the

| eft velocity signal %outlet-side velocity signal ) input fromthe A/D
converter 31 by t®@7%requency conversion section 110, to performthe
frequency conversion in the frequency conversion section 110. [0091]

The conversi on fVeguéheytmngnitfenh? fHe torigirhad 28 Aescsiide Yon 140

i s obtained by adding (or subtracting) the output frequency eXn output from
the transnast en Q20 ¢asd arf fuhenfreqeeneyutosivgnaliofir egueheoy 10463 1ebt ai ned
by conversion of the right velocity signal (inlet-side velocity signal)

whi ch i s dehaettetrbyuthey doghte rpick: st {onght , vighe Cregusanyordt 8i e
extracted as a |low frequency signal by the |owpass filter 34 into the
digital sigrakrerifeendng tangeeyaendy.conversiohs sfesheiiemhtaboleciwg t h
respect to the input signal frequency which is output fromthe frequency
conver si ong$gghi qn nh4Q -andid vl c 1 ©y EhgnahasegmastetReh /Seeshosrdad, the

i nput signal frequency (0+69) which is the | owfrequency right velocity
signal (inkst;sidenvedorid siOnRldi g tthe icgickakoSbangkoedtpat by an t he
A/ D converter 35 1s shifted in frequency to another frequency band based on

the out putpaaggmfgﬁ&fg&égg?tz 1O ToLBL I AN IR IA: ISR aLiae bhaeguency

conversion section 1 en the transmtter 120 is

SO o SIGRLAESBLLBRR 2ROXBenBS LOCLUE §28% She! REahbRGUEREy1000ver o) On

section 11 soIn uency conversion section 140, the frequency
conversion is pe&Bg;ng based on the output frequency 0Xn output fromthe
transmtter 120. Thenodul atable transmtter 120 is controlled in

frequency using the VEIN:S' RIS SAIGH Ad 0XPIRe! 0P 23 0EHCM LhEHa pPOVe.

(outlet-side velocity signal) which is output from the A/D
converter 31 and input to the frequency conversion section 110
and the input frequency of the right velocity signal (inlet-side
velocity signal) which is output from the A/D converter 35 and
input to the frequency conversion section 140 are simultaneously
subjected to frequency conversion and input to the phase
difference measurement unit 130 to perform phase difference
measurement.

When such a structure is employed, according to this
embodiment, the input frequencies (left velocity signal and
right velocity signal) are simultaneously converted into the

degsired frequency bands. Therefore, even when the input
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[ 0093] Furt her, t hef requencyconver si onsectionl| O sconnected to the
phase difference neasurenent unit 130. Further, the frequency conversion
section 140 is connected to the phase difference neasurenent unit 130.
In the phase difference neasurenent unit 130, each of the frequencye of the
|l eft velocity signal (outlet- side velocity signal) which is output from
the AID co%verter 31 aqg i_nput _to,the frequency co ersbon.gection %go and
the frequerdy GRS Sr 1EAE YEURTL VI D1 SPhAF I L oS HE Sa¥ 3Rty
signal) which is output fromthe A/D converter 35 %nd i nput to the
frequency CORVERsi bRSSBEEFSMAI T LI RHIEE 917D Fﬁ§u§§ﬁ¥ EBN3tERYS
desired frequency, to perform_phase difference neasurenent. [0094]
Wien such &S&t EQcR S Ry Edoatt IR AP RbLY HigduGh ddicnBHILeEhet i nput
frequencies_&left velocity signal and right velocity signal) are converted
into the dédilted tak§aencylbanddsdtiPher EROrRIaghBSRFEHGEREY BEAGSSHINT he
i nput frequencies (left velocity signal and right velocity signal) are
shifted, amaytbe moreecefdectiivedy pabifesmed.significantly reduced. In
addi tion, the phase nmeasurenent processing nay be nore effectively
per f or ned. AccAcddanditngan efdrcefdfethe pirefska tpimeseritidamyvennsbant,
constant, substantially error-free, and hi gh-speed conputation may be
real i zed wsubetbnpriadildi egrart-dige , nambehigh-kpkkdr sonputespondmayg be i nput
frequenci es and perform ng any conplicated processing such as the change of
t he conput ireg17eilodwitNeedl epsotr@dsay, thelprgeesaunpesf otbe phasers
nmeasurenent section may be realized even using a discrete Fourier transform
(DFT) or achastkshewdiely tE%nsﬁﬁFﬂh(FEquuehQQgé] and perfdbRigabockngi gnal
is input fromthe clock 150 to the AID converter 31 and the Al D converter
35. The cl | n&d8 rAHd csBRYel A@heBhoand the
Al D conver?%bpégggﬁgaﬁﬂﬁgﬂﬁﬁg§§%ggﬁgg%ﬁg%%cﬁ%H%tion for eliniﬁgting a
sampling eieah RELMESELNG Il Grbalssh 8Os Olc bAasLalda bl Gidly <8188k

e érter a

out put fromt D con and the digi signal of the right
vel ocity S%ng.glfai)eof‘leté).ﬂzefcﬁ Oer\nfetnh%é/iggcgncy:%&%tégﬁ'ourier transform (DFT)

or a fast Fourier transform (FFT).

[0077]

Aclocksignal is input fromaclock 150 to the A/D converter
31 and the A/D converter 35. The clock 150 synchronizes the
digital signal of the left velocity signal output from the A/D
converter 31 and the digital signal of the right velocity signal
output from the A/D converter 35 to realize simultaneous
sampling.

The frequency conversion section 110, the transmitter
120, the phase difference measurement unit 130, the frequency
conversion section 140, and the clock 150 are included in the
signal processing apparatus 100.

[0078]

The respective input signals (left velocity signal and
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The respective input signals (left velocity signal and right velocity
signal) which are the digital signals obtained by conversion by the A/D
converters 31 and 35 as described above are subjected to the frequency
conversion by the frequency conversion sections 110 and 140 based on the
output signal fromthe transmtter 120. [0096] Next, a specific

phase difference asurenent c tation in the signal .processing, apparatus
000111 ust FA60G TRIPPEEY 3 19ndins ofigerare the Highdils; BhRT8 nig: A8
measur enent based on,a sum conponent signal _of a_nodul tion,%p osite
frequency P¥ REEFTHER Py the A/PRORTRTRYT PdqAcy 37 %Fﬁé?rfl EGUERYC
conversion section 110 is neasured by the frequency measurenent section

160. The t PaRsFEIiEsHFr dqueisy BRI Iy HRIMIATOARY | Lot IR based

on the neasured val ue. _ In the signal processing apparatus 100, the
out put fre§aBENEYSePTY $ec et dddyard i Breadst therrutumit §igpadufeemby t he
frequency neasurenent section 160. [0097] In an initial state, the

out put si ghae 8Xansmitliert A8Asnitter 120 is not output fromthe transmtter
120, and hence an initial output signal ea fromthe transmtter 120 is
expressed as fol [0@89][ Expression 5]

Next, a specific computing method of phase difference
measurement computation in the signal processing apparatus 100
illustrated in FIG. 2 is described.

When the measurement tubes 2 and 3 are vibrated by the
vibrator‘é of a Coriolis flowmeter 1, the output signals (left
velocity signal and right velocity signal) from the vibration
detection sensor 70 (left pick-off 7 and right pick-off 8)
provided in the measurement tubes 2 and 3 are obtained as input
signals of the LPO (left pick-off 7) and the RPO (right pick-off
8) as illustrated in FIG. 2.

In this case, the input signals of the LPO and the RFPO
are defined as follows (d¢: phase difference between LPO and
RPO) .

[Expression 2]
Right pick-off: sin(9©) (2)
[Expression 3]
Left pick-off: sin(6+d¢) (3)
[0080]
The output signals (left velocity signal LPO and right

velocity signal RPO) from the two vibration velocity sensors
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OX=0( 5) Therefore, with respect to the flow rate signal LPO which is
the output signal (left velocity signal) output fromthe left pick-off 7
provi ded for the measurenent tubes 2 and 3 in the case where the
measurenent tubes 2 and 3 are vibrated by the vibrator 6 of the Coriolis
flowmeter 1, a sun1conponent frequency of a frequency to be frequency

nodul at ed nay be expressed %% (0-1- case of 0Xn=GX t he

out put si gndieft 84GEneFtof 2 t#Fbﬁ&@HEygéﬁhv8F€e§ ) PIS FONIREFESsEE s
foll ows based on Expression ( [ EXpression, 6] QOco= 0+8X0 0(6) Thus, an
initial nmedderdnehed ﬁ.la&aéﬁdqu%tla%fiﬂ%ttéa Bl SRy the A/BenyRarets
frequency 0. [0098] An output signal GX1 fromthe transmtter 120 in
a next firsStl anep3pstbsapahethi 1eWtPRSS k8 rhieds dnendht PrPEgdefcisuch
t hat (phase neasurenent frequency OC)=(target frequency set val ue) =const.
As expr essédigy comyefrslefrof nghEx@ressl bh {Igwnet@xl 1i,s rgepecikiiiedysuahdt hat
the difference becones the output signal of the transmtter 120. The
transm t t ettHeredquemnsyfe@Xed soolitha mddnas fpoldoess.ingbapregsitais 2J00 .
As described above, the signal processing apparatus 100
is divided into four blocks including the frequency conversion
section 110, the transmitter 120, the phase difference
measurement section 130, and the frequency conversion section
140. A phase difference between the output signal LPO from the
left pick-off 7 and the output signal RPO from the right pick-off
8 is computed, and then converted into a flow rate signal based
on the frequencies output from the vibration velocity sensors
and temperature data detected by a temperature sensor 9.
Note that the temperature measurement is not described
in the drawing.
[0081]
The conversion frequency output from the frequency
conversion section 110 is obtained by adding (or subtracting)
an output frequency 6Xn output from the transmitter 120 to (ox
from) an input signal frequency © output in a case where the
left velocity signal (outlet-side velocity signal) which is
detected by the left pick-off (left velocity sensor) 7 and
extracted as a low-frequency signal by the low-pass filter 30

is converted into the digital signal by the A/D converter 31.

As described above, with respect to the input signal
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OX1=0C-0(7) When the transmtter frequency OX1 in the first step is
obt ai ned, OC=const. An out put signal frequency of the frequency
conversion section 110 which is to be set for an output signal ex2 fromthe
transmitter 120 in a next step is expressed as follows. [Expression 8]

0+0X1=0CC1(8) [0099] Therefore the output signal OX2 fromthe
transmtterf 120 in t‘g% ext st ed as follows based
Expr essi on “¢ FEYCELHr Js r]rssﬂu %Ck,‘ gﬁ@%ﬂl@f B ROFK06] i seCtion

110 and input to the phase measurement section 130, the input
signal frequency © which is the low-frequency left velocity
signal (outlet-side velocity signal) of the digital signal
output from the A/D converter 31 is shifted in frequency to
another frequency band based on the output frequency 6Xn output
from the transmitter 120 in the frequency conversion section
110.

[0082]

Therefore, the signal which is shifted in frequency and
output by the frequency conversion section 110 and the signal
which is shifted in frequency and output by the frequency
conversion section 140 having the same processing are subjected
to the phase calculation by the phase measurement section 130.

[0083]

A frequency measurement value (6+6Xn) output from the
frequency conversion section 110 is controlled so as to finally
become a phase measurement frequency set value €C which is
arbitrarily set.

[Expression 4]
6C=6+0Xn (4)

When the transmitter 120 1is controlled so that the
frequency measurement value (6+6Xn) input to the phase
measurement section 130 always becomes the constant frequency
6Cas described above, high-speedprocessing of subsequent phase

measurement may be achieved.
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When the operation described above is repeated, the follow ng is obtained.
[Exp;esm on 10] 19 X3=X2+ 0(0 +8) U x =U x31- 0U B xa) (10) xn,e(+ e
Xn-,

[0084]

The frequency control method according to the present
invention includes a method for adjusting the frequency of the
transmitter 120 so that the output frequencies of the frequency
conversion sections (110 and 140) all become equal to 6c¢ in
the condition of Expression (4), that is, a feedback control
method.

Hereinafter, the signal processing method and the signal
processing apparatus according to the embodiment of the present
invention are described.

FIG. 3 illustrates a specific structure of the signal
processing apparatus illustrated in FIG. 2 using the feedback
control method.

The signal processing apparatus 100 illustrated in FIG.
3 performs frequency conversion on the input signals (inlet-
and outlet-side velocity signals) into desired frequencies and
performs phase measurement after the frequency conversion, and
hence stable phase measurement may be achieved without taking
input frequency bands into account.

[0085]

InFIG. 3, theA/Dconverter 3l isconnectedtothe frequency
conversion section 110. The frequency conversion section 110
performs frequency conversion on the digital signal of the left
velocity signal (outlet-side velocity signal) output and input
from the A/D converter 31.

Further, theA/Dconverter 35 is connectedto the frequency
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[0101] When the output frequency OXn fromthe transmtter 120 is
controll ed based on a real- tine processing clock of the clock 150 as
descri bed above, OXII,teXn-1. Therefore, the output signal frequency
(O+0Xn) of the frequency conversion section 110 is finally expressed as
foll ows. [Expression 111 OC=0+0Xn(11) Thus, hi gh-speed processing of
subsequent phase neasurepment may be acgéeved usi ng Expr.essi on éll) |0 time
series proSEURRGIOPoIDsrion 140- | Tne X ¢REREE C TR OO FFF L8R M Sd | n
FIG 3, when aharnonic noise is renpved to el.imnate the jnfluence of
al i asi ng | REAFPTRSMASBIREY OBV RES$PR PR theARE) tad $191Rt PAEF THIRt G 4
Is output. The sine signal (sine) output fromthe | owpass filter 30 as

i || ustrat e¥SlRCEE® S49IN3Lshpl el $bie digficdtsisgsmal) output from the

A/D converter 35 and then input thereto.

[o086]

Further, the frequency conversion section 110 is
configured so that the signal from the transmitter 120 is input
thereto. When signal output from the transmitter 120 is input
to the frequency conversion section 110, the frequency
conversion section 110 performs the frequency conversion on
the input signal (outlet-side velocity signal) input from the
left pick-off 7 based on the signal output from the transmitter
120.

The signal obtained by frequency conversion by the
frequency conversion section 110 is converted into the constant
frequency signal based on the output signal from the transmitter
120.

[0087]

Further, the frequency conversion section 140 is also
configured so that the signal from the transmitter 120 is input
thereto. When signal output from the transmitter 120 is input
to the frequency conversion section 140, the frequency
conversion section 140 performs the frequency conversion on
the input signal (inlet-side velocity signal) input from the
right pick-off 8 based on the signal output from the transmitter

120.
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conversion at an arbitrary constant interval by the AID converter 31 to
obtain a sanpling signal (sine) as illustrated in FIG 5, and then out put
fromthe A/D converter 31. [0103] The signal (sine) as illustrated
in FIG 5, which is output fromthe |owpass filter 30 and sanpled for
digital signal conversion by the AID converter 31, is input to the
frequency conversion.section 110 of the signal processing, apparatus 100
illustrated in FIes S319Paht RILASG ARE miltEEEH 0T putORY Orgugﬁutt rom t he
transmtter 120 is input to the frequency conversion section 110.

When the néagaV%ﬂ%hFOaMQ£§%ﬁn%%@taﬁ@aﬁpi@?aﬁaverFsauﬁﬁéyt EEREFORT)

out put fromthe frequency neasurenent section 160 is input to the

transnit t efrageeney & ignaddrasad on theaeouerely sdrgaal fl(%ﬁ(ﬁge&rraﬂ?é“%trtﬁs mtter
120 is transmitted at a desired frequency based on the neasurenent val ue of
t he out putl3aPgnal frequency (0Cn=e+GXn), and a cosine signal (cosexXn) as
illustrated in FIG 6 is output at the sanme transm ssion output rate as the
sanpling intervalO®¥8the input signal in the A/D converter 31. [0104]

When the output signal (coseXn) fromthe transmtter 120 is input to the

f r equencyconver silloen sgat comtid0, 1madde byr ehaemegutapslelsitomsaititer 110,
the signal (sine) as illustrated in FIG 5, which is sanpled for digital

si gnal conyeo sisQieduyt bl AEre paveirt ehe 3hseics vk Firplhuedclycdrihee maitquut

signal (coseXn) output fromthe transmtter 120 as illustrated in FIG 6
(si nexcos 98yt byn a 10yl thelfirequeney d&thé s 1de sEeequanry adsvessi rnsect i on
110, to thereby obtain a signal (sinexcoseXn) as illustrated in FIG 7.

The si gnal c{8i NRXRRSRAN LAY rddidst bated oM theCoutputhf ebqueneptaitmdt by
mul tiplication (sinexcosOXn) by the nmultiplier provided in the frequency
conversi ongS61LRE dilnsRBEEES 1HHOUGN

[0089]

An output end of the frequency conversion section 110
is connected to the frequency measurement section 160 and the
phase difference measurement section 130. The frequency
measurement section 160 measures the output frequency obtained
by frequency conversion by the frequency conversion section
110.

The frequency conversion section 140 is connected to the
phase difference measurement unit 130.

The frequency measurement section 160 measures an output
signal freguency (6Cn=6+6Xn) obtained by adding (or
subtracting) the output £frequency 6Xn output from the
transmitter 120 to (or from) the input signal frequency 6 obtained
by converting, into the digital signal, by the A/D converter
31, the low-frequency left velocity signal (outlet-side

velocity signal) which is detected by the left pick-off (left
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a high-pass filter (HPF) provided in the frequency conversion section 110
to renove a | ow frequency conponent, to thereby obtain a signal (sineC) as
illustrated in FIG 8. The signal (sineC) as illustrated in FIG 8 is

out put fromthe frequency conversion section 110 and input to the frequency
measur enent section 160 and the phase difference neasurenent uni t 130.

[ 0105] The phase dlfference bet ween t he output si élef
vel ocity sV§A&Ci&NdSER§RE) vél@Eﬁt?XEFﬁﬁﬁ?? PY o€ e Bt ?l ht
vel oci tysensor 70 (leftpick-off 7 andrig iick-off 8) provided in the

measur enentit §Bes IFeqRENGY| AOPNETEASE ﬁﬁé é°BhélReasurenent tubes 2 and 3
are vibrated by the vibrator 6 of the Coriolis flowreter 1 is conputed by
the four blocks ilAEPAHI ng the frequency conversion sections 110 and 140,

the transmtter 120, the phase difference neasurenment unit 130, and the
frequency neasur Ehe mrmncunmaﬁaurememtld@duﬁﬁnqaﬁél@%hﬁlthﬁ B’é%@é@?@’
apparatus 100 illustrated in FIG 3. Then, the conputed phase difference is
converted meteutrkechtoveatatan 3i6@nas obaped tomthhe faresuicriosr $R§nal Woer put
fromthe frequency neasurenent section 160 and the tenperature data

det ect ed bynthedsmeiaiivel sebsathSoufPdO6lignal frediedcy Cope+r@Xnon of

the signal processing apparatus 100 illustrated in FIG 3 is described with
reference batpueredariite ifddifldratyefenBulrbdntIsection 169 rist inpntt te

|l ow-pass filter 30 illustrated in FIG 3, when a harnonic noise is renoved
to elimnagget Peahbihl tesea 20f takl 3obast &AM A2 & TR sdgakne (skgnal
(sine) as illustrated in FIG 5 is output. Whent he sine signal

(sine) illyst Ei‘&ﬁ%&‘%k@d ’éabédo%pehe ﬁxegsﬁk@ﬁeﬁtgoahuéswe&héI buspuated in
FIG 5 |s Input to the D converter 31. Then, the signal is sanpled for

di gi tal 0 ¥ N ot Eh&at M shber D
converter %?abaﬁ géﬁéggganpfﬂn§l§$éﬁg{(%Yl— ine) as il us%ra?ed in FIG

9(A) and OHEBUEOft%g]%ggqéégcgog%%Q %i%%‘sectlons 110 and 140.

In the feedback loop which starts at the frequency
conversion section 110, passes through the frequency
measurement section 160 and the transmitter 120, and returns
to the frequency conversion section 110, the output frequency
output from the transmitter 120 is added to or subtracted from
the input frequency of the left velocity signal (outlet-side
velocity signal) input fromthe A/D converter 31 by the frequency
conversion section 110, to perform the frequency conversion
in the frequency conversion section 110.

[0091]

The conversion frequency output from the frequency
conversion section 140 is obtained by adding (or subtracting)
the output frequency 6Xn output from the transmitter 120 to
(or from) the input signal frequency (6+8¢) obtained by

conversion of the right velocity signal (inlet-side velocity
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[ 0107] The sanpling signal (sine) illustrated inFIG 9 (A) , which
is output fromthe A/'D converter 31, is input to the frequency conversion
section 110 of the signal processing apparatus 100 illustrated in FIG 3.
On the other hand, the frequency (8Cn=e+eXn) signal neasured based on the
signal output fromthe frequency conversion section 110 is output fromthe
frequency neasurenent sectjon 160 of the signal, pro in ppar atys 100.
In the t raﬁ%ﬁ‘i”{"tlg Whish £ R R eheY e s 68 (g%ﬂ%étsztrlgﬁg ‘P%ltoﬁi*t %i gnal
frequency (eCn=e+OXn) output fromthe frequency measurenent section 160 is
i nput, theS@BSPred %IF%%#F%F@F? 5 d40UNEYCIHGREY A PY HOrARHRAS based
on the measurenent value of the output signal frequency (eCn=0+0Xn), and a
cosi ne si ghaltey228o0sBXA) ths ﬁrga§e5aeeanﬁ% FYG?hg(ﬁﬁD SOBVEBEET a5t he same
transm ssion output rate as the sanpling interval of the input signal in
the A/ D convertehs3despgibefl above, wikén rEr@ecssitife WigndPYty 24b5eiXn)
illustrated in FIG 9(B) is input to the frequency conversion section 110
from the tfarguentgmwilize) islmitgodi heositgeaf reguendy cpnived shpnt $RC skl i ng
signal (Yl=sine) illustrated in FIG 9(A), which is output fromthe AID
converter 34p éﬁdnhnnﬁs&XnﬁhbyphaeermEaéuﬁémﬂnqnaaduham iLA Ot, hehé rigtpiency
conversion section 110 to obtain a signal (Y3=sinexcos0OXn) as illustrated
in FIG 9(&ignal freqlkasi gnats)Y3wsiintxcioseXng dsw-lfrestueaicgd TighHl G
9(C), which is obtained by nultiplication (sinOxcosexn) by the multiplier
provi ded i getiBeityequgnsyY ¢OAYEESkEDBeSeELbONtE10ignassest ttneughahigh- pass
filter (HPF) providedinthe frequency conversion section 110 to renove a

| ow f requeﬁ&ﬁnﬁ@@ﬁfﬁﬁm £rbf tReneY-8htalfep 33 gpan{ e iR SHo@@nas
illustrated in FIG "9(D). The signal (Y4=1/2.sineC) as illustrated in FIG

9(D) is outpubnfEpoyt ﬁﬁe%{léﬂlﬂ?”ﬁé{naoﬂé{@éé'@ﬁ £8616QPpUL Or A8gubhpptotw the

frequency neasurenent secCtion” 160 and t he phase dlfference measur ement unit

130, [0109%ucouc crBHTLRET L rLAchOECLOM PESELTLLL CErddubblystontetsiam M G

3, when a ar ni ¢ Noi se i S renove i m nate the i nfltence of al i asing

in AID conver |on Osrne signal (sin(e+60) is output. When the sine
si gnal (sr ? i's output, the sine signal (sin(0+4)) is input to the

Al D converter %E the signal is sanpled for digital signal conversion
at an arbrtrary é% ?gnt interval by the AID converter 35.

When the transmitter 120 is controlled as described above,
as in the case of the frequency conversion section 110, also
in the frequency conversion section 140, the frequency
conversion is performed based on the output frequency 0Xn output
from the transmitter 120.

Themodulatable transmitter 120 iscontrolledinfrequency
using the very-simple calculation expression as described
above.

[0093]

Further, the frequencyconversionsectionl110 is connected
to the phase difference measurement unit 130. Further, the
frequency conversion section 140 is connected to the phase

difference measurement unit 130.
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The signal output fromthe A/D converter 35 is nmultiplied by the sanpling
signal output fromthe A/D converter 35 by a nultiplier provided in the
frequency conversion section 140 to obtain a signal. [01101 The
signal obtained by multiplication by the nultiplier provided in the
frequency conversion section 140 passes through a high-pass filter (HPF)
provided in the frequency conversion section 110 to renove a | owfrequency

conponent, to t hEPebye BiaFRalst FafRessuads L enent (Wrklsol 30 a3 Rt r at ed
in FIG 9(5% . The signal %Y5=1/2.sin(0C+4)) illustrated in qukggﬁg) IS
out put fr offeHEeueaGYtyt EbREd TRl eettY 879226 (ohd ehpStdey s ase

di fference neasurenent unit 130. In the phase difference nmeasurenent
unit 130, aighghil wivek4jsiortmet afeemi phe gD REVeLt Ut butd iy P PHase
di fference 5cp based on the signal (Y4=1/2.sineC) illustrated in FIG 9(D)

which is otopite froqueney toayeesdpncoanierast dho et tlon Lrequengyi HHut®h o the
phase difference neasurenent unit 130, and the signal (Y5=1/2.sin(0C+4))

i || ustr at edfither Gyh8(E)Loautiychi gsabutiplte thsddet hel d¢ Bopengpad o rmiardi on
section 140 and input to the phase difference neasurenent unit 130. [0111]
When the cospaitmge ifticar Ak AAD syvichnardzed and hirhe: sanphenfredquanas
descri bed above, the real tine perfornmance for phase neasurenent may be

i mproved. EYatBeEiofasBcofiohhe 49eti sofcorivieirateidorintel adid ysaignabsstar(tsi ne
and sin(e+60) is subjected to the sane processing for phase cal cul ation,

and hence gbgtecliSrabilshcPO €ONpatisgmephase dhefefonce mesupdmemphase
cal cul ati on may be achi eved. [Enbodi nent 2]

[0094]

When such a structure is employed, according to this
embodiment, the input frequencies (left velocity signal and
right velocity signal) are converted into the desired frequency
bands. Therefore, the frequency bands of the input frequencies
(left velocity signal and right velocity signal) are shifted,
and the number of filter tables is significantly reduced. In
addition, the phase measurement processing may be more
effectively performed.

According toaneffect of the present invention, constant,
substantially error-free, and high-speed computation may be
realized without providing a large number of filters
corresponding to input frequencies and performing any
complicatedprocessing suchas the change of the computingmethod.
Needlesstosay,theprocessingofthephaseneasurementsection
may be realized even using a discrete Fourier transform (DFT)

or a fast Fourier transform (FFT).

[0095]
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[0112] Next, the signal processing nethod is described with
reference to the operational flow chart illustrated in FIG 10. FIG 10 is
a flowhart illustrating frequency nodul ati on and phase neasurenent in a
case where the feedback |oop is used. InFIG 10, inStep200 , parameters of
t he signal processi ng apparatus 100 which is the conputing device are

i tialized, in S0 ARGl HPEBCHL IGF Froiienty NOAURGh, 1 hat
(T gaeney ermErerar 2 and the TR7E e SR E Od S SHhe 0L LETNY

synchronizes the outputs of the A/D converter 31 and the A/D
converter 35 and thus has an important function for eliminating
a sampling error between the digital signal of the left velocity
signal output from the A/D converter 31 and the digital signal
of the right velocity signal output from the A/D converter 35.

The respective input signals (left velocity signal and
right velocity signal) which are the digital signals obtained
by conversion by the A/D converters 31 and 35 as described above
are subjected to the frequency conversion by the frequency
conversion sections 110 and 140 based on the output signal from
the transmitter 120.

[0096]

Next, a specificphase differencemeasurement computation
in the signal processing apparatus 100 illustrated in FIG. 3
is described.

Hereinafter, phase measurement based on a sum component
signal of a modulation composite frequency is described.

The output frequency of the frequency conversion section
110 is measured by the frequency measurement section 160. The
transmission frequency of the transmitter 120 is controlled
based on the measured value.

In the signal processing apparatus 100, the output

frequency of the frequency conversion section 110 is measured

by the frequency measurement section 160.
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reference waveformis set, that is, areference signal frequency 100
which is the conputing device are initialized, the target frequency after
frequency nodul ation is set, and the reference signal frequency is
initially set in Step 200, in Step 210, a phase and vel ocity signal output
fromthe left pick-off (LPO 7 (left velocity sensor 7) is sanpled for
digital signal conversionat an arbitrary sanpling interval by theA/D
converter 31, ahB8°87phase and velocity signal output fromthe right

pi ck-of f (RPO 8 (right velocity sensor 8) is sanpled for _digital signal
conversion at anTBr B rEryt SahpBtager nteis aPubyuE he 188 lc ofirer P&r Ei

The phase and vel ocity signal sanpled for digital signal conversion at the
arbitrary Sappehhgtent e20alsbpot heumpur chroertlee Bansmifpes 130 ¢ Hnd
frequency converter 110. The phase and velocity signal sanpled for digital
si gnal conkenseoanainiheadrbutpatyssanpli dy0i Hren viate byramemiy tee oiflert er
35 is input to the frequency converter 140. [0114] When t he phase
and vel oci iy ekprabsed sanpbedower digital signal conversion at an
arbitrary sanpling interval in Step 210, in Step 220, the output frequency
is set for [EkRpresansni tter 120 for reference signal, to thereby generate
the reference signal. Wien the reference signal is generated, the reference
si gnal havprgot he(dyrequency set in the transmtter 120 is output fromthe
transmtter 120 and input to the frequency converters 110 and 140.

Therefore, with respect to the flow rate signal LPO which
is the output signal (left velocity signal) output from the
left pick-off 7 provided for the measurement tubes 2 and 3 in
the case where the measurement tubes 2 and 3 are vibrated by
the vibrator 6 of the Coriolis flowmeter 1, a sum component
frequency of a frequency to be frequency modulated may be
expressed by " (6+6Xn)". Ina case of 0Xn=0X0, the output signal
frequencyofthefrequencyconverterlloisexpressedasfollows
based on Expression (5).

[Expression 6]

0co=0+6X0=0 (6)

Thus, an initial measurement frequency is activated based on
the LPO signal frequency ©.

[0098]

An output signal 6X1 from the transmitter 120 in a next
first step is compared with the initial measurement frequency
such that (phase measurement frequency 6C)=(target frequency
setvalue)=const. Asexpressedbythe followingExpression (7),

6X1 is determined such that the difference becomes the output

58



[0115] Wien the reference signal is generated in the transmtter 120
in Step 220, the processing of the frequency converters 110 and 140 is
perfoimed in Step 230. Therefore, the frequency converter 110 to which the
reference frequency signal output fromthe transmtter 120 is input
converts the phase and velocity signal output fromthe A/ D converter 31
into a phase and vel ocit signal having an arbitrary frequency based on

t he refereﬁﬁ%nifgﬂglt%%t%ﬁ?“?&bﬁ??ﬂel%aansnitter 120. Further, the

frequency converter 140 to_which the reference frequenc j gnal output from
the transnt £t erraRemt sEehphiederReY t €1 hesp E%l%ﬂ% %%P%%fi%wiignal out put
fromthe AID converter 35 into a phase and velocity signal having an
arbitrary f¥8REeFeiOBaskd on the reference signal output fromthe
transmtter 120. [0116] When the conversion into the phase and
velocity s9%haPCo¥ tH&)arbitrary frequency is performed i nStep 230, the
frequency after frequency conversion is neasured in Step 240 and conpared
with the target Whemrudre preosnitségreAteavanrHat 9%h ia thkef inFEi SR ET i ng.
That is, the phase and velocity signal which is output fromthe A D
converter Gtamkdpt@Crnedndly.the arbitrary frequency conversion by the
frequency converter 110 is input to the frequency neasurenent unit 160 and

t he phase neasurEfenitput tsif3R1 Fhremuenke bFeguentye@itmery famguesrcion
conversion is neasured by the frequency nmeasurenent unit 160 and conpared

with the tasgeiohrenpencyct ars fucegeesey Hodubatbotpat ¢hgnahigxalfsetting,
which is output fromthe transmtter 120. [0117] When t he conpari son

with the targetr-dnequensy 196 {4 eguency syl o idpaisdde ditdrlowet ting
is made in Step 240, a next reference signal transm ssion frequency output
from [Expression 8]
0+6X1=0C1 (8)
[0099]
Therefore, the output signal 6X2 from the transmitter
120 in the next step is expressed as follows based on Expression
(7).
[Expression 9]
©X2=0X1+6C- (0+6X1) (9)
[0100]
When the operation described above is repeated, the

following is obtained.

[Expression 10]
G sa=0xa+ 0 c— (64‘9:(2'}
xs=0xat+ 8§ c— (9*‘*’“5}:3)
(10)

5™ 8 xo-1+ 6 ¢ (0 + 8 xnwr)
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the transmtter 120 is determined in Step 250. That is, in Step 250,
the next reference signal transm ssion frequency output fromthe
transmtter 120 is dete tined such that a difference frequency obtained by
the conparison in Step 240 becones 0 Hz. When the next reference
signal transm ssion frequency output fromthe transmtter 120 is determ ned
in Step 250, the ﬁhasg nmeasurenent is perforned in Step 260. That

is, inStep 260, { éBﬁ seandvel oci tysi gnal obtained by the arbitrary

const ant frequencg conversi on based on the tr%nsniSE on frequenc¥hﬁ% t he
reference si gnal "BEEpEES PR HGBIFRAY &7 136™ SPPnptReB thet phade
measurenent unit 130. The phase neasurenent unit 130 perforns the phase
nmeasur ement S Hg AL FETPgE et fited ddas BHO?%SHH%§&°§P§0°%P8C?%‘§:}§| gnal
obtai ned by the arbitrary constant freguency conversion, which is output
fromthe frB§uehcyeesnibrderb2ys, Wieii®KRelphase measurenent is performed
using the FFT or the |like as described above, high-precision phase

di fference measufbseafomay bbeabwayst peidorkefragueney s&PrtoEohpef i FHee
interval. [0118] Hereinafter, the four blocks including the
frequency ﬁmaqeesbgncnnMénHEijﬁbanﬂon4a;mrﬁstfanshth@mpE§§83dmﬁ®hase
di fference neasurenent unit 130, and the frequency neasurenent section 160,
i ncl uded i fotthewsi.gnal processing apparatus 100 are described. (1)

Frequency Conversion Section The frequency conversion section 110
of the S|gmgkp@éggggﬁlng]apparatus 100 has a structure as illustrated in
FIG 11. In FIG 11, the frequency conversion section 110 includes a

mul tiplierggldy,ognl owpass filter (LPF) 112 (or high-pass filter (HPF)).

Thus, high-speed processing of subsequent phase
measurement may be achieved using Expression (11) in time series
processing.

[0102]

In the low-pass filter 30 illustrated in FIG. 3, when
aharmonicnoise isremovedtoeliminate theinfluenceofaliasing
in A/D conversion, a sine signal (sin®) as illustrated in FIG.
4 is output.

The sine signal (sinf) output from the low-pass filter
30 as illustrated in FIG. 4 is sampled for digital signal
conversionatanarbitrary constant intervalby theA/Dconverter
31 to obtain a sampling signal (sin®) as illustrated in FIG.
5, and then output from the A/D converter 31.

[0103]

Thesignal(sine)asillustrateﬂinFIG.5,whichiscnmput
from the low-pass filter 30 and sampled for digital signal

conversion by the A/D converter 31, is input to the frequency
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A reference signal cos02 fromthe transmtter 120 and an input signal
fromthe A/D converter 31 are nmultiplied by each other and then subjected

to filter

processing by the |lowpass filter 112. [0119] The

SI NO1

reference signal cos02 fromthe transmtter 120 is nultiplied by an input
si gnal sine)l obt ai ned by converting, into a digital signal by theA/' D

converter

t he, | f ft | ty tl et d it
si gnal ) mhFBHVFggH852%?éeqﬂ§qﬁ%% Ee??ggﬁgﬁkgfprfggﬁFl éf%%???gé%ﬁégr Oglaﬁd

extracted

conbi ne su
92 - in( 01 + 92) + si

Ei the | owpass filter 30 and then ou%gut therefroq} to th@reby

ARACEREREr BRCELF r etyue FEY t8Egnafst T BEST ot 495

91 -
d|fferenceOFFEHEeﬁ€9m945%ﬂ??%ﬂ%@#qq§¥n%%9b?stHEPPEWFBaé?qlﬁQ%ﬂu?QﬁY

hi gh- pass
signal).
extracted.

filter) 112 to extract only the difference signal (or sum
converpiophF§CEage, 118 specific description, the sum signal

The sum and

cos

is

However, even when the difference signal is extracted, there is
no probl em and Weewd&hehredsiirencnt vedsisi o thet PPy SAFPRIldr eguency
appropriate according to the frequency conversion nethod. [0120]

(6Cn=6+6Xn) output from the frequency measurement section 160
is input to the transmitter 120, the transmission frequency
signal (6Xn) of the transmitter 120 is transmitted at a desired
frequency based on the measurement value of the output signal
frequency (6Cn=6+6Xn), and a cosine signal (cosb6Xn) as
illustrated in FIG. 6 is output at the same transmission output
rate as the sampling interval of the input signal in the A/D
converter 31.

[0104]

When the output signal (cos6Xn) from the transmitter 120
is input tothe frequency conversionsectionl110, inthe frequency
conversion section 110, the signal (sin®) as illustrated in
FIG. 5, which is sampled for digital signal conversion by the
A/D converter 31, is multiplied by the output signal (cos6Xn)
output from the transmitter 120 as illustrated in FIG. 6
(sin6xcosbxn) by a multiplier provided in the frequency
conversion section110, totherebyobtainasignal (sinbxcosb6Xn)
as illustrated in FIG. 7.

The signal (sin6xcoséXn) as illustrated in FIG. 7, which
is obtained by multiplication (sinfxcos6Xn) by the multiplier

provided in the frequency conversionsection 110, passes through

61



The output fromthe |lowpass filter (or high-pass filter) 112 is expressed
as follows. [Expression 13] 1. -(sin(01. 02)) 2 (13) In this case, an

out put signal frequency 03 fromthe |ow pass filter (or high-pass filter)
112 is always controlled to a constant val ue. Therefore, the sane
filter may be al ways used w t hout depending on the input signal.

locat ed | RO BUBEB a5t AHEE oS s S ey Conderar by ZaS 710 may

be hi ghly ggéggggeglgngosée éééiéxﬁow—frequency component, to thereby
obtain a signal (sin6C) as illustrated in FIG. 8. The signal
(sinbC) as illustrated in FIG. 8 is output from the frequency
conversion section 110 and input to the frequency measurement
section 160 and the'phase difference measurement unit 130.

[0105]

The phase difference between the output signals (left
velocity signal and right velocity signal) from the vibration
velocitysensor 70 (leftpick-off 7andright pick-off 8) provided
in the measurement tubes 2 and 3 in the case where the measurement
tubes 2 and 3 are vibrated by the vibrator 6 of the Coriolis
flowmeter 1 is computedby the fourblocks including the frequency
conversion sections 110 and 140, the transmitter 120, the phase
difference measurement unit 130, and the frequency measurement
section 160, included in the signal processing apparatus 100
illustrated in FIG. 3. Then, the computed phase difference is
converted into the flowrate signal based on the frequency signal
output from the frequency measurement section 160 and the
temperature data detected by the temperature sensor 3.

[0106]

Next, an operation of the signal processing apparatus
100 illustrated in FIG. 3 is described with reference to time
charts illustrated in FIGS. 9.

First, in the low-pass filter 30 illustrated in FIG. 3,

when a harmonic noise is removed to eliminate the influence

62



[0121] (2) Frequency Measurenent Section In this enbodi nent, the
principle of phase-|ocked |loop (PLL) is used for the frequency neasurenent
nmet hod. The PLL is a known electronic circuit in which a signal which is
equal in frequency to an input alternating current signal and | ocked in
phase therevvith is output from another oscillator by feedback control.

Ther ef ore, E n 5 G tasaﬂj]]f%/ Praguce a
signal | ocﬁe Léjﬁiézleﬁw}?%ggl&%?ﬁﬁé{l aé@?@? £8851Qb1Th PLL arn
oscillati onncgtig f%r f ed ack- control ling an oscillator i n a loop for
osci | | ati of a pﬁg i'fference between a reference signal input

froman outside d an ou ut . fro the |II t I QR nst ant .
Therefore, the Pﬁﬁﬁﬁ SP19RT gé&e?ﬁ q:t ral}cet t uglf(rglgg éunp‘t% i'ng
devi ce and may perfor m h| gh ut ati equency

d e f
measur enenf€egtPEnS 1802 bf { ﬂiggeg ’gﬁg} tp?%tbeégérhf%ﬁsz ré?uénlﬂdﬁ tr}ée

structure as illustrated in FIG 12. In FIG 12, the
f r equency mBAB Bt et i o NEBD FRR FligBa Lam ST §@ LTSIk A ot Fs

filter (LPF) 162, anda transmtter 163 for frequenc% measur enent .

The frequeﬁ@;ﬁV@@ﬁv@ﬁﬁt@ﬂ§§bﬁ-i¢§ﬁrl’£@ﬁs§a@é’rﬂr¥&ﬁ%‘tﬁ]t vithe AN EPRYEEFe 61, A
conversion frequency signal sin(9+0Xn) obtained by adding (or subtracting)
the out put 3freeebey nOXmaogliotg &ional hel trsinehi aeckl Lo 1A qBAD ) the

i nput signal frequency O obtained by converting, into the digital signal,

by the A Docanventiepudputt fieomowher adbenopveetervéllocity signal
(outlet-side velocity signal) which is detected by the left pick-off (left
vel ocity sensor) [§1anyl extracted by the |l owpass filter 30, is output from
t he frequency conversion section 110 and input to the rmultiplier 161.

The sampling signal (gin®) illustrated inFIG. 9(A), which
is output from the A/D converter 31, is input to the frequency
conversion section 110 of the signal processing apparatus 100
illustrated in FIG. 3.

On the other hand, the frequency (6Cn=06+6Xn) signal
measuredbasedonthesignaloutputfromthefrequencyconversion
section 110 is output from the frequency measurement section
160 of the signal processing apparatus 100. In the transmitter
120 to which the measurement value of the output signal frequency
(6Cn=6+6Xn) output from the frequency measurement section 160
is input, the desired transmission frequency signal (6Xn) is
transmitted based on the measurement value of the output signal
frequency (6Cn=6+6Xn), and a cosine signal (Y2=cosbXn) as
illustrated in FIG. 9(B) is output at the same transmission
output rate as the sampling interval of the input signal in

the A/D converter 31.

[0108]
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[0123] Then, the multiplier 161 conpares the phase of an out put
signal of the frequency conversion section 110 with the phase of an out put
signal cos6 output fromthe transmtter 163 for frequency neasurenent and
outputs the signals as a difference signal and a sumsignal to the | ow pass
filter 162. Therefore, an output endof the nmultiplier 161 is

connect ed to theylow pasScLLlLere 162, Thelawgians s1iLLer 168 extegsts only

a | owfrequency signa rom put signal output fromthe nultiplier
161 t hroug frequency. fi r I hi ,

differ encegc(%rlrp%)%g#fpulcts té’x{;%lgcﬁreedmernocrx tzﬁéﬁgafs 38%1 %ié%%g?ﬁolult%;t%o?r%}ﬁt he
multiplier _161. [[0124 The | ow: pass .filter. 162 | n : t he
(r anshi t & e FIBETOF ST AfrehRy THRRIlT HERTL PR TN Pt RRg e
frequency neasurepent gener.ates phase data 5 ed on the | owfreguency

si gnal out ﬁﬂrﬁnﬁﬁog‘?]tﬁgr?%wlgéﬁtfrﬁ%?g’rlriggg' SERF, w%fl'rc ethaCk P 6op 78
formed so that output data "V' (frequency copputing functi.on of .only the
di ff erencetts o?l@ﬁ@v@dﬁtéirn%a'béslﬂq)icéﬁ )bggt%e ?‘B\?V-tdéPé&eFiﬁ\’%%Yl %@
becones 0. [0125] As illustrated in FIG_ 12, the input signal_which
i s output fRofEhd ERRGRETC\EEBIRE I Eaddqront i ot aneP Fdpbuta t ST IpRL
multiplier 161 is expressed by SING and the output signal which is output

fromthe tA¥AsmiinfacosPPnandsi Apdustyatkd #l FIF-i &{Cl61 is expressed by

cos5 . Wien the two waveforns are nultiplied
The signal (Y3=sinfxcosdXn) as illustrated in FIG. 9(C),

which is obtained by multiplication (sinfxcos6Xn) by the
multiplier provided in the frequency conversion section 110,
passes throughahigh-pass filter (HPF) providedinthe frequency
conversion section 110 to remove a low-frequency component,
to thereby obtain a signal (Y4=1/2-sin6C) as illustrated in
FIG. 9(D). The signal (Y4=1/2-sin6C) as illustrated in FIG.
9(D) is output from the frequency conversion section 110 and
input to the frequency measurement section 160 and the phase
difference measurement unit 130.

[0109]

Further, in the low-pass filter 34 illustrated in FIG.
3, when a harmonic noise is removed to eliminate the influence
of aliasing in A/D conversion, a sine signal (sin(0+3¢)) is
output.

When the sine signal (sin(6+8¢) ) isoutput, the sine signal
(sin(6+3¢) ) is input to the A/D converter 35. Then, the signal
is sampled fordigital signal conversionat anarbitrary constant

interval by the A/D converter 35.
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by the nultiplier 161, the followi ng is obtained. [Expression 14] sine).
cos 0 =1 -(sin(0 + +81)(14) 2 Input waveform sine Qutput waveform of
transmtter for f requency measurenment : cos6 When a result obtained
by nmultiplication by the nultiplier 161 as expressed by Expression (14 ) is
filtered by the Iowpass filter 162, a high-frequency conponent is renoved

to obtain the folb),0wWing8%BLESEE ronl EXLRETSESRvdPLeY 38 Ds eR1DiphTkd
by the sampling signal output from the A/D converter 35 by a
multiplier provided in the frequency conversion section 140
to obtain a signal.

[0110]

The signal obtained by multiplication by the multiplier
provided in the frequency conversion section 140 passes through
a high-pass filter (HPF) provided in the frequency conversion
section 110 to remove a low-frequency component, to thereby
obtainasignal (Y5=1/2-sin(0C+3¢)) as illustrated inFIG. 9(E) .
The signal (Y5-1/2-sin(6C+3¢)) illustrated in FIG. 9(E) is
output from the frequency conversion section 110 and input to
the phase difference measurement unit 130.

In the phase difference measurement unit 130, a signal
(Y6=8¢) illustrated in FIG. 9(F) is output as a phase difference
5¢ based on the signal (Y4=1/2-s1in6C) illustrated in FIG. 9 (D),
which is output from the frequency conversion section 110 and
input to the phase difference measurement unit 130, and the
signal (Y5=1/2-sin(6C+d¢)) illustrated in FIG. 9(E), which is
output from the frequency conversion section 140 and input to
the phase difference measurement unit 130.

[0111]

When the computing interval is synchronized with the
sampling time as described above, the real time performance
for phase measurement may be improved.

Further, each of the set of vibration velocity signals
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[0126] Wien a value of (0-5) in Expression (14) is a suf f iciently
smal | value (VO), the frequency conputing function V indicating the result
obtained by nultiplication by the nultiplier 161 nmay be approxi nately
expressed as follows. [Expression 16] V=0-6>, 0(16) When an out put
waveform of the transmtter 163 for frequency neasurenent is controlled so

that the fyeguencys GIPLIJAG | uieten MeBacoreend. shlle prasediig, nigse O

obt ai ned by frequency conversion by requency conversion section 110

may be obt Si’lgg :ca[l%%l%%\],tim,c%ncli hen %r{:l'}er}% g?%‘i%o%toﬁ'# EBEBLEQ%tet}q:JIr.e.quency

COﬂVE!’Si on- sectl _on _ S obtal ne _ter t he requency conversion as
descr oo JReyErh iy STPALELF oS LU G109, BB BEChaEe (g 20 (A1),
[Embodiment 2]

[0112]

Next, the signal processing method is described with
reference to the operational flow chart illustrated in FIG.
10.

FIG. 10 is a flow chart illustrating frequency modulation
and phase measurement in a case where the feedback loop is used.

InFIG. 10, inStep 200, parameters of the signal processing
apparatus 100 which is the computing device are initialized.
When the parameters of the signal processing apparatus 100 are
initialized, in Step 200, a target frequency for frequency
modulation, that is, a target frequency after frequency
modulation is set, and further, a frequency of an initial
reference waveform is set, that is, a reference signal frequency
is initially set.

[0113]

When the parameters of the signal processing apparatus
100 which is the computing device are initialized, the target
frequency after frequency modulation is set, and the reference
signal frequency is initially set in Step 200, in Step 210,
a phase and velocity signal output from the left pick-off (LPO)
7 (left velocity sensor 7) is sampled for digital signal

conversionat anarbitrary sampling interval by theA/Dconverter
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w. Angul ar velocity (rad/s)

and is equal to the conputing interval (sanpling rate). Ther ef
change in phase (0) is as follows. [Expression 18] e=2nf.Ta(18) where Ta:
change in time (sanpling interval) (sec.) f: input frequency (Hz) O:
I n phase (rad) [0128] The input frequency "f" is as follows. [Expression

19]

31, andaphaseandvelocity signal output fromthe right pick-off
(RPO) 8 (right velocity sensor 8) is sampled for digital signal
conversionat anarbitrary sampling interval by theA/Dconverter
35.

The phase and velocity signal sampled for digital signal
conversion at the arbitrary sampling interval by the A/D
converter 31 is input to the frequency converter 110. The phase
and velocity signal sampled for digital signal conversion at
the arbitrary sampling interval by the A/D converter 35 is input
to the frequency converter 140.

[0114]

When the phase and velocity signal is sampled for digital
signal conversion at an arbitrary sampling interval in Step
210, in Step 220, the output frequency is set for the transmitter
120 for reference signal, to thereby generate the reference
signal. When the reference signal is generated, the reference
signal having the frequency set in the transmitter 120 is output
from the transmitter 120 and input to the frequency converters
110 and 140.

[0115]

When the reference signal is generated in the transmitter
120 in Step 220, the processing of the frequency converters
110 and 140 is performed in Step 230. Therefore, the frequency
converter 110 to which the reference frequency signal output
fromthe transmitter 120 is input converts the phase and velocity

signal output from the A/D converter 31 into a phase and velocity
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J.= 2. 1tir(219) 1: ifr.,";17U" 443 T: sanpling interval Wen such
calculation is perfoned by the frequency neasurenent unit 160, high-speed
frequency neasurenent maybe achieved. [0129] (3) Transmtter In
FIG 3, the output frequency of the nodul atable transmtter 120 is
controll ed based on the result (0+6Xn) obtained by nmeasurenent by the

frequency gegsufiefRDPingeshi 2Pp1bPary frequency based on the reference

signal output from the transmitter 120.

Further, the frequency converter 140 to which the
reference frequency signal output from the transmitter 120 is
input converts the phase and velocity signal output from the
A/D converter 35 into a phase and velocity signal having an
arbitrary frequency based on the reference signal output from
the transmitter 120.

[0116]

When the conversion into the phase and velocity signal
of thearbitrary frequency isperformedinStep 230, the frequency
after frequency conversion is measured in Step 240 and compared
with the target frequency for frequencymodulationat the initial
setting.

That is, the phase and velocity signal which is output
fromthe A/D converter 31 and obtained by the arbitrary frequency
conversion by the frequency converter 110 is input to the
frequency measurement unit 160 and the phase measurement unit
130. Then, the frequencyafter frequency conversionismeasured
by the frequency measurement unit 160 and compared with the
target frequency for frequency modulationat the initial setting,
which is output from the transmitter 120.

[0117]

When the comparison with the target frequency for
frequency modulation at the initial setting is made in Step

240, a next reference signal transmission frequency output from
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That is, inthe transmtter 120, the frequency 0 of the detection signal of
the vibration velocity (outlet-side velocity signal) generated on the |eft
side of the neasurenent tubes 2 and 3, which is detected by the |eft
pick-off 7 and input to the frequency conversion section 110 in the case
where the nmeasurenent tubes 2 and 3 are vibrated by the vibrator 6, is

control I edcf,@ ar-dgshiedelregyensyatpebgiREQCEsSEepy25hie phase difference
measurenent unit 130. The frequency conversion section 110 and the

frequency converghon SAetiqn 140-pavesg he S@enskeuct s ercdber afgil as i n

the case of the frequency output fromthe frequency conversion section 110,

the Ireducney, ot Bt ofr QULLIBALLEWSIGN, CAMME Shone266LhoRc140a AtPrie

specificall'y requenc ection signal the vibration

velocity (iinlet-side velocjty, signa ener at ed €. L i t he
measur emniﬂe{:ﬁﬁgénﬁgaﬁﬁcg, {Q\%F ch ?[{]]s]%é%]tgecé,\rcl:(feed19 ]g%ql?%%éfi%%%ﬁp}?%i-%ff $ and
input to the frequency conversion section_ 140 in the case where the
neasurenen?o?ﬁﬁﬁésﬁnaxﬂ 3tePe24P bPErRUCBy t &  vibrator 6, is converted into
a desired frequency. éOlBO] (4) Phase Difference Measurenment Unit

There are vari oudnNPRakle et EREFTSRES MHHERa} RS TS HENSUr enent
using a Fourier transform a frequency is fixed, and_hence verg-h“g?- speed
conput at i oORWERBE N éedtransmitter B hamt epteERIR At 6P 4°8i Sttt e

Fourier transform (DFT) is described. The discrete Fourier transformis a
Fouri er trahsfermeaauscdeser eeergrbapmnedf iBnStSRdA2¢08r frequency anal ysis of
discrete digital signals in signal processing, and also used to efficiently
cal cul ate a partThihtdisf fier$rep ab 0 el plore ©anad vedavadltyts igma ek Hred The
di screte Fourier transformmay be cal culated with high speed éby a
conput er) hgi nteaafhst r&Four censtaansfoequéREE ) cofvdBdion based\prentide
i nput signal sanpled in the phase difference neasurenent unit 130 is
expressed byagbn)ssbbh-fHdqudrsceffi tied rasf dreldcens i gha&k pregsitodr20] the
transmitter 120 is input to the phase measurement unit 130.
The phase measurement unit 130 performs the phase measurement
using a FFT or the like based on the phase and velocity signal
obtainedknfthearbitraryconstantfrequencyconversion,which
is output from the frequency converter 110. When the phase
measurement is performed using the FFT or the like as described
above, high-precision phase difference measurement may be
always performed at the same computing interval.

[0118]

Hereinafter, the four blocks including the frequency
conversion sections 110 and 140, the transmitter 120, the phase
difference measurement unit 130, and the frequency measurement
section 160, included in the signal processing apparatus 100

are described.

(1) Frequency Conversion Section
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G k(n)exp() Er [01321 For sinpler expression, when a conpl ex
exponential function part is expressed by the follow ng substitution,
[ Expressi on 21]

The frequency conversion section 110 of the signal
processing apparatus 100 has a structure as illustrated in FIG.
11.

In FIG. 11, the frequency conversion section 110 includes
a multiplier 111, a low-pass filter (LPF) 112 (or high-pass
filter (HPF)).

A reference signal cos62 from the transmitter 120 and
an input signal SIN61 from the A/D converter 31 are multiplied
by each other and then subjected to filter processing by the
low-pass filter 112.

[0119]

The reference signal cosf2 from the transmitter 120 is
multiplied by an input signal sin6l obtained by converting,
intoadigital signal, by the A/D converter 31, the low-frequency
left velocity signal (outlet-side velocity signal) which is
detected by the left pick-off (left velocity sensor) 7 and
extracted by the low-pass filter 30 and then output therefrom,
to thereby combine sum and difference frequency signals.

[Expression 12]
sm 6’1-cosmmé-(sin(:?i+€2)+sin(91-—€2)) e (12)

The sum and difference frequency signals are filtered
by the low-pass filter (or high-pass filter) 112 to extract
only the difference signal (or sum signal).

In this case, for specific description, the sum signal

is extracted. However, even when the difference signal is
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rzesvra-j.2% 24.)_."61( 4.44_4..4.44(21) Expression (20) is expressed
as follows. [Expression 22] At-1

extracted, there is no problem, and hence the filter processing
method is applied as appropriate according to the frequency
conversion method.

[0120]

The output from the low-pass filter (or high-pass filter)
112 is expressed as follows.

[Expression 13]

In this case, an output signal frequency 63 from the low-pass
filter (or high-pass filter) 112 is always controlled to a
constant wvalue.

Therefore, the same filter may be always used without
depending on the input signal.

Thus, the phase measurement in the phase difference
measurement unit 130 located in the subsequent stage of the
frequency conversion section 110 may be highly uniformed and
simplified.

[0121]

(2) Frequency Measurement Section

In this embodiment, the principle of phase-locked loop
(PLL) is used for the frequency measurement method. The PLL
is a known electronic circuit in which a signal which is equal
in frequency to an input alternating current signal and locked
in phase therewith is output from another oscillator by feedback

control.

71



[ 0133] Assune that attention is focused on a conpl ex exponenti al
function WAnk, and N is expressed by N=2M (M integer), and, for exanple,
N=8. When the input frequency is 1/4 of the sanpling frequency, a real part
function and an inmaginary part function nmay be expressed as follows by O.
1, and -1 because of the periodicity of trigononetric functions.
[ Expression 23] Realtdnegé name ¥EL ik Bundamentally a phase-lock circuit

and may produce a signal locked in phase with an input signal.

ThePLLisanoscillationcircuit for feedback-controlling
anoscillator ina loop foroscillationso that a phase difference
between a reference signal input from an outside and an output
from the oscillator in the loop is constant. Therefore, the
PLLmayberelativelyeasilyconstructedusingacomputingdevice
and may perform high-speed computation.

[0122]

The frequency measurement section 160 of the signal
processing apparatus 100 has a structure as illustrated in FIG.

12.

InFIG.lz,thefrequencymeasurementsection160includes
amultiplier161,aalow—passfilter(LPF)162,andf1transmitter
163 for frequency measurement.

The frequency conversion section 110 is connected to the
multiplier 161. A conversion frequency signal sin(6+0Xn)
obtained by adding (or subtracting) the output frequency 0Xn
output from the transmitter 120 to (or from) the input signal
frequency 6 obtained by converting, into the digital signal,
by the A/D converter 31, the low-frequency left velocity signal
(outlet-side velocity signal) which is detected by the left
pick—off(1eftvelocitysensor)’7andextractedknfthelow—pass
filter 30, is output from the frequency conversion section 110

and input to the multiplier 161.

[0123]
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w2 0 -1

w4 -1 ws

Then, the multiplier 161 compares the phase of an output
signal of the frequency conversion section 110 with the phase
of an output signal cosd output from the transmitter 163 for
frequency measurement and outputs the signals as a difference
signal and a sum signal to the low-pass filter 162.

Therefore, anoutput endof themultiplier 161 is connected
to the low-pass filter 162. The low-pass filter 162 extracts
only a low-frequency signal from the output signal output from
the multiplier 161 through a frequency filter.

Thus, in this case, only a difference component is

extracted from the output signal output from the multiplier

161.

[0124]

The low-pass filter 162 is connected to the transmitter
163 for frequency measurement. The transmitter 163 for

frequency measurement generates phase data 5 based on the
low-frequency signal output from the low-pass filter 162.

A feedback loop is formed so that output data "V" (frequency
computing function V) of only the difference component obtained
by filtering by the low-pass filter 162 becomes 0.

[0125]

As illustrated in FIG. 12, the input signal which is output

from the frequency conversion section 110 and input to the

‘multiplier 161 is expressed by SINO and the output signal which

is output from the transmitter 120 and input to the multiplier

161 is expressed by cosd. When the two waveforms are multiplied
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1 (23) Therefore, the input signals LPO and RPO obt ai ned by
frequency conversion into 1/4 of the sanpling frequency nay be very sinply
subjected to the Fourier transfoLm In normal phase neasurenent, only a
single frequency (vibration frequency) is desirably subjected to the
Fourier transform and conversion for another frequency band is not

perf or med, pangdhbenger cpIPEt-alson gBY belpewingned dytanhydaddition and
subtraction. [0134] In fact, whenthe input signal input to the phase
d|fference[g§@§gg§ﬂgﬁtl§§ction 130 is expressed by g(n), the input signal g
(n) is a frequency of 1/4 of the sanpling rate, and N is expressed by N=2M
(M integer), DFT-G n) may be conputed as follows. [Expression 24]

Cal cul ati og; of real %R@irhfefr@‘?)l-s bgug))ati q|149f i mgi nary part (Re)
Input waveform: sin®
Output waveformof transmitter for frequency measurement:
cosd
When a result obtainedbymultiplicationby themultiplier
161 as expressed by Expression (14) is filtered by the low-pass
filter 162, a high-frequency component is removed to obtain
the following expression.
[Expression 15]
V=sin(6-90) (15)
[0126]

When a value of (6-8) in Expression (14) is a sufficiently
smallvalue (V~0), the frequency computing functionV indicating
the result obtained by multiplication by the multiplier 161
may be approximately expressed as follows.

[Expression 16]
V=06-0%0 (16)

When an output waveform of the transmitter 163 for
frequency measurement is controlled so that the frequency
computing function V becomes 0, the preceding phase 6 obtained
by frequency conversion by the frequency conversion section
110 may be obtained.

[0127]
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(Re)tign'S (Re) 1 gy g gt,.7 ( 24) gl__- 1gral,N4aX0 go..Ar-1X0

When the phase 6 output from the frequency conversion
section 110, which is obtained after the frequency conversion
as described above is computed using the following Expressions
(16) and (17), a frequency "f" may be obtained.

[Expression 17]

AG
AT - f (17)

©w: Angular velocity (rad/s)
Note that AT indicates a change in time and is equal to
the computing interval (sampling rate).
Therefore, a change in phase (6) is as follows.
[Expression 18]
=2-n-£-Ta (18)
where Ta: change in time (sampling interval) (sec.)
f: input frequency (Hz)
©: change in phase (rad)
[0128]
The input frequency "f" is as follows.

[Expression 19]

b

T: %27V /88

f=

T: sampling interval
When such calculation is performed by the frequency

measurement unit 160, high-speed frequency measurement may be

achieved.
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R e=g3 - griss " -gx-N3npg4-11x.x.t Even when the value of M

I ncr eases,

: fundanent al conputation does not conpletely change. Therefore,
when Mincreases, calculationmy be perforned withvery highprecision and a
| oad al nost does not change. [0135] When two i nput signals

conputi ng

are subjected to the discrete Fourier transform (DFT)

descri bed
25] RPO si
(25)

i n the procedure

above, [0h29RPO signal may be substituted as foll ows, [Expression
gnal: 1.. - (sm9 + Ox )) - 1 (stn(0)) 1 - exp( jC) Rei +j Im

(3) Transmitter

In FIG. 3, the output frequency of the modulatable
transmitter 120 is controlled based on the resﬁlt (6+6Xn)
obtained by measurement by the frequency measurement section
160.

That is, in the transmitter 120, the frequency © of the
detection signal of the vibration velocity (outlet-side
velocity signal) generated on the left side of the measurement
tubes 2 and 3, which is detected by the left pick-off 7 and
input to the frequency conversion section 110 in the case where
the measurement tubes 2 and 3 are vibrated by the vibrator 6,
is controlled to a desired frequency to be processed by the
phase difference measurement unit 130.

The frequency conversion section 110 and the frequency
conversion section 140 have the same structure. Therefore, as
in the case of the frequency output from the frequency conversion
section 110, the frequency output from the frequency conversion
section 140, more specifically, the frequency (6+3¢) of the
detection signal of the vibrationvelocity (inlet-side velocity
signal) generated on the right side of the measurement tubes
2 and 3, which is detected by the right pick-off 8 and input
to the frequency conversion section 140 in the case where the
measurement tubes 2 and 3 are vibrated by the vibrator 6, is
converted into a desired frequency.

[0130]
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22c 2 and the LPO signal may be substituted as follows. [Expression 261 LPO

signal : 11 -2- (sin(0 + SqS + Ox)) = (sin(0, + 50)) = exP(J (9c + 80)) =

Re2 + Jin2 (26) [0136] In this case, a phase angle tan5T of the input

signal is expressed as follows. [Expression 271 In Re-Re Dmtan go

2 12 t -
(4) Phase Difference Measurement Unit

There are various phase measurement methods. In a case
of phase measurement using a Fourier transform, a frequency
is fixed, and hence very-high-speed computationmay be achieved.

Hereinafter, an example of a discrete Fourier transform
(DFT) is described. Thediscrete Fourier transformisa Fourier
transformon a discrete group, often used for frequency analysis
of discrete digital signals in signal processing, and also used
to efficiently calculate a partial differential equation or
a convolution integral. The discrete Fourier transform may be
calculated with high speed (by a computer) using a fast-Fourier
transform (FFT).

[0131]

When the input signal sampled in the phase difference
measurement unit 130 is expressed by g(n), DFT-G(k) is defined
as follows.

[Expression 20]

Bl

) ~jraonk
G(k) = 3 g (m)exp(—H-==
=l N

)

< s lxnk . 2orenk
= Zg(n;(cos( e } = SHOU e
wuf N N

) s (20)
k=01 N -1

[0132]
For simpler expression, when a complex exponential

function part is expressed by the following substitution,
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Ra2 Rel InR2 In [0137] Afterthephaseangl et an5Tof t hei nput si gnal i sobt ai ned
usi ng Expression (27), when tan-15T is conputed, the phase difference
signal OT may be obtai ned. A mass flowrate Qof the fluid to be
measured is proportional to the phase angle and inversely proportional to a
driving frequency F, and thus is expressed as follows. [Expression 28]
Q=S(t). 4/ F(2RprebetenSeL) indicates a correction coefficient associated

with a tenperature of the neasured fl uid. When t he neasured phase
angl e 59 and the dr|V| frequency F are substituted into Expression (28),
the mass fl gw be cal cul at ed. The mass flowrate Q

obt ai ned as desc edyab ve IS subjected to suitable scaling and unit
conversion and nmay be output to an outside in various forms by adding
subsequent processiZeg such 2as anal og output pulse out put, or serial

comrunlcatlonwF@ﬁ;{aS' jSm(N) . e (21D

Expression (20) is expressed as follows.
[Expression 22]
N
G{k}zzg(ﬁ),g«;f N 7.2)
n)

[0133]

Assume that attention is focused on a complex exponential
function WNnk, and N is expressed by N=2M (M: integer), and,
forexample, N=8. When the input frequency is 1/4 of the sampling
frequency, a real part function and an imaginary part function
may be expressed as follows by 0. 1, and -1 because of the
periodicity of trigonometric functions.

[Expression 23]

Real Imaginary
Wg° 1 0
Ws? 0 -1
Wg? -1 0
We® 0 1 (23)

Therefore, the input signals LPO and RPO obtained by
frequency conversion into 1/4 of the sampling frequency may

be very simply subjected to the Fourier transform. In normal
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"Feature of Phase Measurenent Method using Frequency Conversion"

According to a feature of the phase neasurenent systemin the present
invention, the signal nmay be sanpled at the sanpling interval unrelated to
the frequency 0 of the input signal which is obtained by converting, into
the digital signal, by the AID converter 31, the |owfrequency |eft

vel ocity sipjasle (oeklsetresiend ,vebodit yasi ghnplewhfradnendet eCyEarayieone | ef t
pi ck-of f (left velocity sensor) 7 and extracted by the | owpass filter 30
and out put ftreeuethicgn i artkashiaddlvi subnpateticcd hbe Fowgientyaosivamsion
section 110. Therefore, the structure is very sinple, no filter table is
requi red, aptiveesyon gorspeedheeniuegticanynaynieiachoevedrivtrhed, sandl
conmputing error. [0139] Accordi ng to the phase neasurenent system of
t he presenhcnaeentdmputLYEon WagH dod apedrobaage byn bnaguenii deaursndn t he
i nput signal which is obtained by converting, into the digital signal, by
the AlD copyeitetdbn.the lowfrequency left velocity signal (outlet-side
velocity signal) which is detected by the left pick-off (left velocity
sensor) 7 and extpaglhgd by the | owpass filter 30, andwhich is input to the
frequency conversion section 110, high-response foll ow ng may be achi eved

by a frequency C%Vf%{cse' ,%éﬁ%ﬁgqggmg}% nalnbtiequeHpRid L8 EEaaunpey

conversion is directly neasure orm t he phase neasurenent, and hence

f i rent, _an
i i 2o SERSTEEORET PRGCLYECEH e PtaRT e P Suay Mo T aor e aad

t h t. Eur. | h
measur enenB &) <t Em TR ARG B BEant I AR ERBR L PRerar T < i TetPEr St on o

t he phase neasurenent hand by the_jnput .frequency of the inp igg@l i nput
to the fre&MeﬁTﬁ?Mcdﬁ’\ier]ﬁt@r?%éct iDng'%Llj(él.) r orccg,mpélci):t?% ia%gtftv%lt sensors
havi ng various driving frequencies may be realized and conputing precision
i s not affdEeFesyiche 24dput frequency, and hence hi gh-precision phase

measur enent may be al ways achi eved. [ Enbodi nent 3 , ,
Calculation of real part (Re) Calculation of imaginary part

(Re)
EXZO;E (Re) EEFoFE (Re
£, y 1 g, X 0
£ X 0 i x -1
8 -1 X -1 - X 0
...... (24)
g,,..,v...; x -1 gu-m"b’-! X 0
- x 0 & X
.4.) [ s |
Re=ga=gart® = * —gwN1 Im=—gne, = * ° + goeNe1

Even when the value of M increases, fundamental
computation does not completely change. Therefore, when M

increases, calculationmaybe performedwithveryhighprecision
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[0141] The measurenment tubes 2 and 3 including at | east one fl ow
tube or a pair of flow tubes, serving as neasurenent flow tubes, are
operated by a driving device using the vibrator 6. The nmeasurenent tubes 2
and 3 including the one flow tube or the pair of flow tubes are alternately
driven to vibrate the flow tubes. In a Coriolis flowreter, a phase

di f f erencegandbotonputhhat leadf aeguencyopsopott chaageto a Coriolis force
acting on the neasurenent tubes 2 and 3 including the one flow tube or the
pair of flow tubggijasg/is detected by a pair of velocity sensors or

accel eration sensors corresponding to vibration detection sensors including
the | eft pick-of fnchPOo? apfhe! b gbdlal dbischontfeddROCS, Cio dhermbye obt ai
a mass flow rate and/or denSity of a fluid to be neasured. [0142] ,
The transmblet 1 20-L0bebEANGIEE L0 ADD LML R TR ababbe dHequency
signal is prOV|8ed In tﬁe riolis flowreter. Avel ocity sensor (for
exanpl e, i t _signal utlet-si CLLY ¢S} ) input fromleft

pi ck- of f 7%8 r om oﬁg 3%9{%8 %gﬁfggFﬁgkgr%%igéhggggétion sensors (left

pi ck-of f 7 gnd right pEg#-off 8) is converted into a digital signal by the
first A/D ¢EGKVEPEEF812°The first frequency conversion section 110 is
provided to_shift in frequency the input signal frequency e to a specified
const ant fﬁgauéﬁgﬁagfgnal based on the output frequency eXn output from
the transmtter 120, to thereby nove the input signal frequency to a
desired frgquency bandj [0143]1 , égg s%cond %g version section 140 is
provi ded tg@ﬁ(‘?ﬁ%ﬁ‘f‘géﬂﬁ@n exphith) & ilBh cb6h3tant frequency signal,

t he i nput gnhal frequéncy e obtained by converting, into a digital signal,
by the second AID converter 35, a velocity sensor (for _exanple, input

signal (i nkeg- shee PO 64ignp lsingalPe SHBSt 1Us#c Pgntt Pt ot f 8) fromthe
other of the pair of vibration detection sensors (left pick-off 7 and right
pi ck-of f 8)[Exbasediom Ri6é out put frequency 19Xn output fromthe transmtter
120, to thereby nove the input signal frequency to a desired frequency
band. [0144Jp0 signalthe frequency neasurenent section 160 is provided to
neasure the frequency of the first frequency signal which is obtained by
convertingégs t he const ant ffequency si gnaj and.output fromthe first
frequency (gﬁg&q.qm $&LY) an- (sif(0,ardg p=cuexpl/ (Che- dppseRey +f f Byyency
value of the fitst freqdéncy2signal to thetransmtter 120, to thereby
control the output frequency such that the frequency obtained by frequency
conversi on By)the frequency conversion section 110 al ways becones a
constant frequency.

[0136]

In this case, a phase angle tande of the input signal
is expressed as follows.

[Expression 27]

Re, Re,+Im, Im,

tan 5¢ (27)

[0137]
Afterthephaseangletané@oftheinputsignalisobtained

using Expression (27), when tan-10¢ is computed, the phase

difference signal d¢ may be obtained.
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The phase difference neasurenent section 130 is provided to neasure a phase
difference between a first frequency signal obtained by conversion as a
constant frequency signal by the first frequency conversion section 110
and a second frequency signal output as a converted constant frequency
signal fromthe second frequency conversion section 140. [0145] _
Further, the si ghamagsocebsi ngabpp& fustheo flsigy &2 ded 6a5hEsePn the
phase difference between the first frequency signal output as the converted
constant fpegoentyosagnad theophblbe dngde dnkduyssypedonntpBPHhicedtitth 110
and the second frequency signal output as the converted constant frequency
si gnal from hevsagondefiuequen€y eondvehssohsserprensédiast §otheveby serve
as the Coriolis flowreter. Cdains 1.A signal processing nethod for a
Coriolis flgwpetesibn wBich at |east one flow tube or a pair of flow tubes
which is included in a nmeasurenment flow tube is operated by a driving

devi ce usi?gsqtylg¢ggor tzpjyalternately drive the at |east one flow tube or
the pair of flowubes , and a phase difference and/or a vibration frequency

proportionghet-0 @(Conifilch ey aecabtd i O dg Milcileeastsepeibtew witie or
the pair of flow tubes are/is detected by two velocity sensors or two

accel eratign, sggspse. vl o ALe wLaLALLaNcdgiaction sensors when the at

| east one e or the pair of flowtubes is vibrated, to thereby

ooe a5 oo AL E R Sof e e maeetecncy
F are substituted into Expression (28), the mass flow rate Q
may be calculated.

The mass flow rate Q obtained as described above is
subjected to suitable scaling and unit conversion and may be
output to an outside in various forms by adding subsequent
processing such as analog output, pulse output, or serial
communication.

[0138]
<<Feature of Phase Measurement Method using Frequency
Conversions>

According to a feature of the phase measurement system
in the present invention, the signal may be sampled at the
sampling interval unrelated to the frequency @ of the input
signalwhichiscﬂmainaﬂbyconverting,intothedigitalsignal,
by the A/D converter 31, the low-frequency left velocity signal
(outlet-side velocity signal) which is detected by the left
pick-off (left velocity sensor) 7 and extracted by the low-pass

filter 30 and output therefrom, and which is input to the
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perform ng frequency conversion to conbine an arbitrary oscillation
frequency to each of two flow rate signals obtained by A/D conversion on

i nput signals of the phase difference and/or the vibration frequency
proportional to the Coriolis force acting on the at |east one flow tube or
the pair of flow tubes, which are detected by the two velocity sensors or
the two acEepever¢yFoswisysrien sectiopndddyri REeacfPEqudh®/ShF atebapdsite
wavef orm associated with at | east one of the vibration detection sensors;
transm ttingra somlyeol noi fhatebasdelon s Hedrbdastr ednd redirerEygh RSl | i ng
so that a frequency of a sum conponent or a frequency of a difference
conponent obfmputanposi heycoapanehevef withnposhablfeenpentydse¢Hhar - is

al ways constant; and nmeasuri ng phases froma sum signal or a

di fference signalopiorach of controlled converted conposite frequencies, to
t hereby obtain a phase difference signal conponent. 2. A signal processing
met hod accor di nga¢@ced anhgth thbeseide neaspeehent ags cempdsthe gresprency
conversion based on the arbitrary oscillation frequency conpri ses:

mul ti plyi Nngn@dnt PEH! St athedl NEad 1orhbhgeone Dfedlenayt batirenidetiect i on
sensors by the transmitted control signal cose2; and extracting only

a | owf req%ﬁggy SIANAl Whiem 88 MHLuled bgN@bnwel Plig afilto the dadid4il ying

t hrough a uency filter. 3. A signal processing nethod according to

claiml, whpsehi, bheRehlefdBL-AAPes] Lhd 16AUEACYuERBY QTR TisRE, On the
y ostilTatron friequency conprises:
signal (outlet-side velocity signal) which is detected by the
left pick-off (left velocity sensor) 7 and extracted by the
low—passfilterBO,andwhichisinputtothefrequencyconversion
section 110, high-response following may be achieved by a
frequency conversion feedback loop. The frequency after
frequency conversion is directly measured to perform the phase
measurement, and hence a frequency conversion error caused by
the frequency conversion is minimized. Therefore, the system
is suitable for very-high stable and accurate phase measurement.

[0140]

Further, according to the phase measurement system in
the present invention, there is little limitation on the phase
measurement band by the input frequency of the input signal
input to the frequency conversion section 110. Therefore,
coupling with sensors having various driving frequencies may
be realized and computing precision is not affected by the input

frequency, and hence high-precision phase measurement may be

always achieved.
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mul tiplying an input signal SING fromthe one of the vibration detection
sensors by the transmtted control signal cos02; and extracting only
a high-frequency signal froman output signal output after the nultiplying
through a frequency filter. 4. A signal processing nethod according to
claim1, wherein: the input signals of the phase difference and/or the

vi bration flFegaéa®gnprdportional to the Coriolis force acting on the at

| east one flow tube or the pair of flow tubes, which are detected by the
pair of velocityl8&hdbrs or the pair of acceleration sensors are sanpled by
the A/D conversion to obtain digital signals; and each of converted
conposi te frequefty msagnatesnestit sithed hypnthe iperlidimongt daasdsPre fraquency
conversion based on the transmtted control signal is controlled so that a
frequency ofiba cumpsdnpofieiltowtubef| expienay af weal fenarcélogripdient of a
conbi ned conposite conmponent is 1/4 of a sanpling frequency for the AID
conver si onar®. dpsirgball pyosedsingnapparateasusongatier vobiatdt oburet®re i n
which at | east one flow tube or a pair of flow tubes which is included in a

measur emenpeh bovehdhRe tsbeper aledl DY nrldidivigngheevhee f iswngulae vobrigieor to
alternately drive the at |east one flow tube or the pair of flow tubes, and

a phase dibferenee 1anfiobed ¥ibralt Ofnd f EOPeNCdr @ROKEbensk tReatXdiiolis
force acting on the at | east one flow tube or the pair of flow tubes are/is

det ect ed b%uﬁe¥?!Qﬁ{E¥C§ﬁﬂ. ] Of 130mRees! ehabh9BeSaNeeErvhtehahd/dr a
vi bration detection sensor en the at |east one flow tube or the pair of

{1 ow tubes, 5, i LA efleql0nbPepebYoPDE BLM1 - gRs SchLout 2t oRadl/ Qe degsi ty

of a fluid € measur e signal processing apparatus belng

char acter! 220, R PRI MR i A gL LA LB Pkt ST i s
or the pair of flow tubes are/is detected by a pair of velocity
sensors or acceleration sensors corresponding to vibration
detection sensors including the left pick-off (LPO) 7 and the
rightpick—off(RPO)8,1xntherebyobtah1anmssflowrateand/or
density of a fluid to be measured.

[0142]

The transmitter 120 for transmitting and outputting a
modulatable frequency signal is provided in the Coriolis
flowmeter.

Avelocity sensor (for example, input signal (outlet-side
velocity signal) input from left pick-off 7) from one of the
pair of vibration detection sensors (left pick-off 7 and right
pick-off 8) is converted into a digital signal by the first
A/D converter 31. The first frequency conversion section 110
is provided to shift in frequency the input signal frequency

® to a specified constant frequency signal based on the output
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a frequency conversion section for performng frequency conversion to add
(or subtract) an output frequency (Fx) of the transmtter to (or from an
i nput frequency detected by the velocity sensor or the accel eration sensor
and performng frequency shifting so that frequency val ues obtained by the
frequency conversion are always constant; and a phase difference
neasurenenerGE@n©hEP@?ON@@@Grfﬁ@“éh§h5§én§W¥FéﬁéﬁE€3béfME%%r$?%&U§ﬁ%y
signals converted by and output fromthe frequency conversion unit. 6.A
signal protkssinguappagaelsitequancyriel & sd¢sbyipet Breanendy cPARd - | east one
flow tube or a pair of flow tubes which is included in a neasurenent flow
tube is operated(®y4&] driving device using a vibrator to alternately drive
the at | east one flow tube or the pair of flow tubes, and a phase

di fference and/ oTha s dsad | @mfareguence cpriopoitioonal provad&driolstsi for ce
acting on the at least one flow tube or the pair of flow tubes are/is

det ect ed bynarpaitie0fyyetocit ypsensisd esnstqat rfodqueney) esadriaon SEIESOr S
whi ch are vibration detection sensors when the at | east one fl ow tube or

the pair ofphhowilghasrisqueheatedbthonébesnebynobirainga irmssaldion sl e
and/ or density of a f|UId to be neasured, t he signal processing

appar at us Qféﬁﬂlchﬂ;%%EegéégﬂdQ¥H§Q%Bhb%t@9'35 a.vel@ch&@ngéhébﬁr(ﬂdﬁ

transmtting and out putting a nodul at abl e frequency signal; a first

frequency conye{si O SACH Qa0 1 REEE 05 TH8G,/d TS8P &Y gnal) input from
right pick-off 8) from the other of the pair of vibration
detection sensors (left pick-off 7 and right pick-off 8), based
on the output frequency 6Xn output from the transmitter 120,
to thereby move the input signal frequency to a desired frequency
band.

[0144]

The frequency measurement section 160 is provided to
measure the frequency of the first frequency signal which is
obtained by converting as the constant frequency signal and
output from the first frequency conversion section 110, and
to output the measured frequency value of the first frequency
signal to the transmitter 120, to thereby control the output
frequency such that the frequency obtained by frequency
conversion by the frequency conversion section 110 always
becomes a constant frequency.

The phase difference measurement section 130 is provided

to measure a phase difference between a first frequency signal

obtained by conversion as a constant frequency signal by the
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conversion to add (or subtract) an output frequency output fromthe
transmtter to (or from an input signal frequency obtained by converting a
signal of one of the pair of vibration detection sensors into a digital
signal by a first AID converter so that a frequency val ue obtai ned by the
frequency conversion is always constant; a second frequency

conver si onfeeti bredwrnge dariansg oy 6gaehe) tbhaets PoReEanadd §BI bt r act )
t he output frequency output fromthe transmtter to (or from an input
signal frequegna}y obtmilhedsby convertédgeensiamal fedauerRehe?idiat HePmir of
vi bration detection sensors into a digital signal by a second Al D converter
so that a thegueaoydvérequebtwi nedveysibe Seegiuency4Bonversion is al ways
constant; and a phase difference neasurenent section for neasuring a
phase difference[beitseen a first frequency signal converted by and out put
fromthe first frequency conversion section and a second frequency signal
converted by andrutpet, farenstbraseneukddieguappyraonger i as. prov dednal
processi ng apparatus for a Coriolis floweter in which at | east one flow

tube or a pgightafinfdrVhabes i WGl nics Hateldidethe i igswEasymmRt s fdoal t ube
is operated by a driving device using a vibrator to alternately drive the

at | east Oagtﬁhe\é{st Uhe hvihe i sndfadt evetiubasy, s iafithar pbasaedi {fef ence
and/or a vibration frequency proportional to a Coriolis force acting on the

at | east OQ?e&hg}gf%%%v%rrsti% Q@é%&fl 11 bW Ube s cabBAI 1SRl e dyar pair

of vibration ction sensors Ich are vibration detection sensors when

the at |east, one fl i L WaY g

t her eby ob 4F uﬁ%%ﬁﬁ%%#ggF?g éQgﬁgﬁg%t(ﬁéﬁ%%&%¥gg§??ﬁFﬁb?gﬁﬁggﬁgﬁgﬁred,

t he signal _processi ng apparatus bei.ng c cteri iSing: a
transnitteFE?gpePFXngﬁpggFﬁﬁgﬁuF%ﬁj%hﬂ[?%g’aE%D §%§%§ Igﬂgﬁtidgﬂcgh%ignal
a first frequency conversion section for shifting in frequency, always to a
const ant fF%ﬁb@ﬁgﬁ g?@WEFFeﬁn i nput signal frequency obtained by converting
a signal of one velocity sensor of the pair of vibration detection sensors
into a digital signal by a first A/D converter and output fromthe first
A/'D converter, based on an output frequency output fromthe transmtter to
nove the input signal frequency to another frequency band;
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a second frequency conversion section for shifting in frequency, always to
a constant frequency signal, an input signal frequency obtained by
converting a signal of another velocity sensor of the pair of vibration
detection sensors into a digital signal by a second A/D converter and

out put fromthe second Al D converter, based on the output frequency from
the transmtter to nove the input signal frequency to another frequency
band; a frequency neasureneng section for neasuring a frequency of a
first frequency signal which is obtai-R&8°by conversion as the constant
frequency signal and output fromthe first frequency conversion section,
and outputting a neasured frequency value of the first frequency signal to
the transmitter to control output frequencies fromthe first frequency
conversi-on sécfilaR2andr PReSSERMETHAYdOTcy MR ST & ovastedni8ovhitalt a
frequency obtained by the frequency conversion section by frequency
conver sitod saftapienfdow teggerey2oBarned BYyor¥ohveesimylChntd el ¢iedl
signal, by the first AID converter, an input frequency of a velocity sensor
si gnal iffy emmegs ugeaenit tflewpiiubeolsvpbeaatred REl acitivirnsdewice susintesired
frequency; and a phase difference neasurenent section for neasuring
a phase diitfrertencéobel eenathéyf drsveftleguenhdessitgoale 6bbai hedebyr the
conversion as the constant frequency signal, which is output fromthe first
f r equenai coh¥épwitavese cndaphase dife esenaredaid Aguevdy reitgreal £:odqwemed by
conversion as the constant frequency signal, which is output fromthe
second dreegusicyn Lo S Cot i9adisi @brcS. Actiggabnptheessi Iga &ppatat flsow
according to claim5, 6, or 7, characterized in that the frequency

conver shife §€ehe0fa LOBEIf IS8Stubes are /A MUkt bptE LY B0 MEllbicRlY $¥h$ors
reference signal cose2 fromthe transmtter by an input signal SING. from

the firsst tAoDa608YBEEEE bnafhsors whitcH QW88 rhkk bAradPEcf i bhesd b AN
out put signal obtained by the nmultiplying by the nultiplier and output

theref g, tHEQHINasEIGRUENSY fldd 8 drR BXLEACE £OBlL YL Fod OWsT¥ ARUENCY,

si gnal .
to thereby obtain a mass flow rate and/or density of a fluid to

be measured,

the signal processing method being characterized by
comprising:

performing frequency conversion to combine an arbitrary
oscillation frequency to each of two flow rate signals obtained
by A/D conversion on input signals of the phase difference and/or
the vibration frequency proportional to the Coriolis force acting
on the at least one flow tube or the pair of flow tubes, which are
detected by the two velocity sensors or the two acceleration sensors;

measuring a frequency of a composite waveform associated with
at least one of the vibration detection sensors;

transmittinga control signal based on the measured frequency;

controllingsothat a frequencyof asumcomponent or a frequency
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9. A signal processing apparatus according to claim5, 6, or 7,
characterized in that the frequency conversion section conprises: a
multiplier for multiplying a reference signal cose2 fromthe transmtter by
an input signal SINei fromthe first A D converter; and a hi gh-pass
filter for filtering an output signal obtained by the nmultiplying by the
mul tiplier and output therefrom through a frequency filter to extract only
a hi gh-freque signal. 10. signal processi ng apparatus_according to

Sl aim £E 8 AoF 157 SpHE, GRPRPPSRE Th & RAIPANE S FRRRERED nBhstr G bett i on
conprises: a nultiplier connected to the first frequency conversion

sect i o TSEUR D aEGT tiet et T P itte 3 tiplier: and a
transmtter for frequency neasurenent which is connected to the | ow pass
filter and | ARAITANDRABEESSTHPEI2 PrEnPLARSL o Fadd TfpreeFe signal qhe

mul tiplier conpares a phase of an output signal sin (e+exn) output fromthe
first fessduencycennverl @@ncgéﬁﬁrbﬁdmppmpasegasér@gug@cg@tsputt%i‘@?ﬁﬂek@osS
output fromthe transmtter for frequency measurenent and outputs a

di f f er edde@igi gnathaswd Al laneigmaigame kt eompdysayuent | ow pass filter;

2. A signal processing method according to claim 1, wherein the
performing composite frequency conversion based on the arbitrary
oscillation frequency comprises:
multiplying an input signal SINO; from the one of the vibration
detection sensors by the transmitted control signal cos@;; and
extracting only a low-frequency signal from an output signal

output after the multiplying through a frequency filter.

3. A signal processing method according to claim 1, wherein the
performing composite frequency conversion based on the arbitrary
oscillation frequency comprises:
multiplying an input signal SIN®; from the one of the vibration
detection sensors by the transmitted control signal cos,; and
extracting only a high-frequency signal from an output signal

output after the multiplying through a frequency filter.

4. A signal processing method according to claim 1, wherein:
the input signals of the phase difference and/or the vibration

frequency proportional to the Coriolis force acting on the at least
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the lowpass filter filters an output signal output fromthe nultiplier
through a frequency filter to extract only a | ow frequency signal; and

a phase amount V of a fundanental output waveformis generated based on the
| ow-frequency signal output fromthe |ow pass filter and al ways satisfies a
condition of V=0 by the transmtter for frequency neasurenent. 11. A

si gnal processing apparatus according to claim7, 8, 9, or

10,
characterized b urther,_conprising.a claock for_synchronizin out put of
The 11 1S ATGHCEHOB ProNE BT Dt phevor SoRe SBLih SAEOICEROLFEPY S0s o
synchroni ze the diqgi.tal si%nal of the one of _the gfir of the vibration
det ect iRSH ' &s IS Viteh SEESOESpRE FRENPERE PLrIECAITFROIVRITRSARY R
digital signal of the another of the pair of the vibration detection
sensor SAMEH i dhtDR/ I iR ais Kt il A idpigtel sbonal si gng
processing apparatus according to claim7, 8 9, 10, or 11, wherein the
phase measur &Rt 0§ ATIVET iRt FONRE SHESCEEIURN @ Sa98RS6radtea Fma parthe
transform (DFT) or a fast Fourier transform (FFT). 13. A Coriolis
f | owrettgr farmiic kormpobéast £ naguén owaomye reri ca pased oin thew tarbesi witedth i s
included in a neasurenent flow tube is operated by a driving device using a
Vi br at arorttrcl segnatlel y addmtee ltllesd ab tleasta Oneghenoytabe sumtdmngaientof
fl ow tubes, and a phase difference and/or a vibration frequency
pr opor tdroralf reauanGyr odl asdf 6feeeacti agmponehheofita |l @ashione ddnpodide or
the pair of flow tubes are/is detected by a pair of velocity sensors or a
pai r ofccagualartatiison /gengouSsuhpChngr Ervgheatiyonodetiesta oM SHMsOrSihen the
at | east one flow tube or the pair of flow tubes is vibrated, to thereby
obtain a mass flow rate and/or density of a fluid to be neasured,
the Coriolis floweter being characterized by conprising a signal

processj ng app &t M6 peePRELs$hB%pparatus foraCoriolis flowmeter inwhich

at least one flow tube or a pair of flow tubes which is included
in a measurement flow tube is operated by a driving device using
a vibrator to alternately drive the at least one flow tube or the
pairof flowtubes, andaphasedifferenceand/oravibration frequency
proportional to a Coriolis force acting on the at least one flow
tube or the pair of flow tubes are/is detected by a velocity sensor
or an acceleration sensor which is a vibration detection sensor
when the at least one flow tube or the pair of flow tubes is vibrated,
to thereby obtain a mass flow rate and/or density of a fluid to
be measured,

the signal processing apparatus being characterized by
comprising:

a transmitter for transmitting and outputting a modulatable
frequency signal;

a frequency conversion section for performing frequency
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atransmtter for transmtting and outputting a nodul atabl e frequency

si gnal ; a first frequency conversion section for shifting in
frequency, to a specified constant frequency signal, an input signal
frequency (0) obtained by converting a signal of one velocity sensor of the
pair of vibration detection sensors into a digital signal by a first AAD
converter, based on an output frequency (exn) output fromthe transmtter
to nmove_the input signal frequenc 0) to a desjred frequen bangd;

second ITBRITEY CohvATL: i BEPTAcT br 2 8rPrRG FRefbEffEnchy rot the
speci fied constant frequency signal, an input signal frequency (0) obtained
by converdtiiy B §ﬁa{§‘§]]b rQﬁ‘étarfgllnPcho‘%? RS GFLEF AP 5?‘? %?l%ﬁb?%ti on
detection sensors into a digital signal by a second A/D converter, based on
the out§RRSIT UMt FCCEXRY2 &P&ﬁeqﬁ%ﬁﬁpﬁ§@¥%ﬁﬁﬁﬁ3$éFeﬂHeﬁﬁﬁﬁﬁ%éﬁ}%%ut
signal frequency (0) to a desired frequency band, a frequency

measur éifeffhadeérpaiensy Heasari ptalnedduendy dregurnEst CPREgUahe) aFgnal
which is obtained by conversion as the specified constant frequency signal
and outgrays grendearttr stnd r equency conversion section, and outputting a
measured frequency value of the first frequency signal to the transmtter
to control ouwt pbeskregiitaceérse seashatengerfr egotnoy &bt ercadfsuegueneyphase
conversion by the frequency conversion section is always a constant

f r equent)yf faarehce betweanpliasqudnties bgrel seaswenend seandooutput nBasri ng
a phase difference between the first frequency signal obtained by

conver i Aedlwncpeaesiriteadk coansimid. f requency signal, which is output from
the first frequency conversion section, and the second frequency signal
obt ai ned by conversion as the specified constant frequency signal, which is
output fromthe second frequency conversion section, t he signal
process Ng appaf gt 45 phbewkdiig ddimhaserd i@ ence; et upgacLba ol fin
frequency signal ~“obtai ned by conversion as the specified constant frequency
si gnal 1aé""(}'e%@ﬂ SrRUtRUL, ftﬁ?)@ Lhe,f é%% LECAYEHCY,500VRh &Qni§%r§éﬂ9de@nd

t he second frequency signal obtain y conversion as the specified

const ant, fr gauency si gnah waigh 8 GHLRULLET B L1, 5EERNdL S SAVENSYng

conversi on section.

a vibrator to alternately drive the at least one flow tube or the
pairof flowtubes, andaphasedifferenceand/oravibration frequency
proportional to a Coriolis force acting on the at least one flow
tube or the pair of flow tubes are/is detected by a pair of velocity
sensors or a pair of acceleration sensors which are vibration
detection sensors when the at least one flow tube or the pair of
flow tubes is vibrated, to thereby obtain a mass flow rate and/or
density of a fluid to be measured,

the signal processing apparatus being characterized by
comprising:

a transmitter for transmitting and outputting a modulatable
frequency signal;

a first frequency conversion section for performing frequency
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conversion to add (or subtract) an output frequency output from
the transmitter to (or from) an input signal frequency obtained
by converting a signal of one of the pair of vibration detection
sensors into a digital signal by a first A/D converter so that a
frequency value obtained by the frequency conversion is always
constant;

a second frequencyconversionsection for performing frequency
conversion to add (or subtract) the output frequency output from
the transmitter to (or from) an input signal frequency obtained
by converting a signal of another of the pair of vibration detection
sensors into a digital signal by a second A/D converter so that
a frequency value obtained by the frequency conversion is always
constant; and

a phase difference measurement section for measuring a phase
difference between a first frequency signal converted by and output
from the first frequency conversion section and a second frequency

signal converted by and output from the second frequency conversion.

7. A signal processingapparatus foraCoriolis flowmeter inwhich
at least one flow tube or a pair of flow tubes which is included
in a measurement flow tube is operated by a driving device using
a vibrator to alternately drive the at least one flow tube or the
pairof flowtubes, andaphasedifferenceand/oravibration frequency
proportional to a Coriolis force acting on the at least one flow

tube or the pair of flow tubes are/is detected by a pair of vibration
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detection sensors which are vibration detection sensors when the
at least one flow tube or the palr of flow tubes is vibrated, to
thereby obtain a mass flow rate and/or density of a fluid to be
measured,

the signal processing apparatus being characterized by
comprising:

a transmitter for transmitting and outputting a modulatable
frequency signal;

afirst frequencyconversionsectionforshiftingin frequency,
always to a constant frequency signal, an input signal frequency
obtained by converting a signal of one velocity sensor of the pair
of vibration detection sensors into a digital signal by a first
A/D converter and output from the first A/D converter, based on
an output frequency output from the transmitter to move the input
signal frequency to another frequency band;

a second frequencyconversionsectionforshiftinginfrequency,
always to a constant frequency signal, an input signal freguency
obtained by converting a signal of another velocity sensor of the
pair of vibration detection sensors into adigital signal by a second
A/D converter and output from the second A/D converter, based on
the output frequency from the transmitter to move the input signal
frequency to another frequency band;

a frequency measurement section for measuring a frequency of
a first frequency signal which is obtained by conversion as the

constant frequency signal and output from the first frequency
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conversion section, and outputting a measured frequency value of
the first frequency signal to the transmitter to control output
frequencies from the first frequency conversion section and the
second frequency conversion section so that a frequency obtained
by the frequency conversion section by frequency conversion on an
input frequency obtained by converting, into a digital signal, by
the first A/D converter, an input frequency of a velocity sensor
signal from the one of the pair of vibration velocity sensors, is
a desired frequency; and

a phase difference measurement section for measuring a phase
difference between the first frequency signal obtained by conversion
as the constant frequency signal, which is output from the first
frequency conversion section, and the second fregquency signal
obtained by conversion as the constant frequency signal, which is

output from the second frequency conversion section.

8. A signal processing apparatus according to claim 5, 6, or 7,
characterized in that the frequency conversion section comprises:
a multiplier for multiplying a reference signal cos6, from
the transmitter by an input signal SINO; fromthe first A/D converter;
and
a low-pass filter for filtering an output signal obtained by
the multiplying by the multiplier and output therefrom, through

a frequency filter to extract only a low-frequency signal.
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9. A signal processing apparatus according to claim 5, 6, or 7,
characterized in that the frequency conversion section comprises:
a multiplier for multiplying a reference signal cos6, from
the transmitter by an input signal SIN6; fromthe first A/D converter;
and
a high-pass filter for filtering an output signal obtained
by the multiplying by the multiplier and output therefrom, through

a frequency filter to extract only a high-frequency signal.

10. A signal processing apparatus according to claim 7, 8, or 9,
characterized in that:
the frequency measurement section comprises:
amultiplier connectedtothe first frequencyconversion
section;
a low-pass filter connected to the multiplier; and
a transmitter for frequency measurement which is
connected to the low-pass filter and inputs an output signal from
the low-pass filter;
themultiplier compares a phase of an output signal sin (6+6x,)
output from the first frequency conversion section with a phase
of an output signal cosd output from the transmitter for frequency
measurement and outputs a difference signal and a sum signal to
the subsequent low-pass filter;
the low-pass filter filters an output signal output from the

multiplier througha frequency filter toextract onlya low-frequency
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signal; and

a phase amount V of a fundamental output waveform is generated
based on the low-frequency signal output from the low-pass filter
and always satisfies a condition of V=0 by the transmitter for

frequency measurement.

11. A signal processing apparatus according to claim 7, 8, 9, or
10, characterized by further comprising a clock for synchronizing
an output of the first A/D converter and an output of the second
A/D converter so as to synchronize the digital signal of the one
of the pair of the vibration detection sensors which is output from
the first A/D converter and the digital signal of the another of
the pair of the vibration detection sensors which is output from

the second A/D converter.

12. A signal processing apparatus according to claim 7, 8, 9, 10,
or 11, wherein the phase measurement section performs processing
of a discrete Fourier transform (DFT) or a fast Fourier transform

(FET) .

13. A Coriolis flowmeter in which at least one flow tube or a pair
of flow tubes which is included in a measurement flow tube is operated
by a driving device using a vibrator to alternately drive the at
least one flow tube or the pair of flow tubes, and a phase difference

and/or a vibration frequency proportional to a Coriolis force acting
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on the at least one flow tube or the pair of flow tubes are/is detected
by a pair of velocity sensors or a pair of acceleration sensors
which are vibration detection sensors when the at least one flow
tube or the pair of flow tubes is vibrated, to thereby obtain a
mass flow rate and/or density of a fluid to be measured,

the Coriolis flowmeter being characterized by comprising a
signal processing apparatus comprising:

a transmitter for transmitting and outputting a modulatable
frequency signal;

afirst frequencyconversionsectionforshiftingin frequency,
to a specified constant frequency signal, an input signal frequency
(6) obtained by converting a signal of one velocity sensor of the
pair of vibration detection sensors into a digital signal by a first
A/D converter, based on an output frequency (6x,) output from the
transmitter to move the input signal frequency (6) to a desired
frequency band;

a second frequencyconversionsection forshiftingin frequency,
to a specified constant frequency signal, an input signal frequency
(6) obtained by converting a signal of another velocity sensor of
the pair of vibration detection sensors into a digital signal by
a second A/D converter, based on the output frequency (6x,) output
from the transmitter to move the input signal frequency (©) to a
desired frequency band;

a frequency measurement section for measuring a frequency of

a first frequency signal which is obtained by conversion as the
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specified constant frequency signal and output from the first
frequency conversion section, and outputting a measured frequency
value of the first frequency signal to the transmitter to control
output frequencies so that a frequency after frequency conversion
by the frequency conversion section is always a constant frequency;
and

a phase difference measurement section for measuring a phase
difference between the first frequency signal obtainedby conversion
as the specified constant frequency signal, which is output from
the first frequency conversion section, and the second frequency
signal obtained by conversion as the specified constant frequency
signal, which isoutput fromthe second frequency conversionsection,

the signal processingapparatusproviding the phasedifference
between the first frequency signal obtained by conversion as the
specified constant frequency signal, which is output from the first
frequency conversion section, and the second frequency signal
obtained by conversion as the specified constant frequency signal,

which is output from the second frequency conversion section.
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