S| GNAL PROCESSI NG METHOD, Sl GNAL PROCESSI NG APPARATUS, AND CORI QLIS
FLOWETER [ Technical 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 on a flow tube to obtain
a mass flow rate and/or density of a fluid to be measured. [Background

Art] [0002] ﬁégﬁgoi%kb%E E%WEBM%&HPﬁdas e el{Eﬁﬂ%ﬁ%@ﬁp@aiﬁgﬁg%pﬁngi”t

that a Corioflis rce acting ona ereinafter, ube to be
vibrated is referred to as fl [ iqgnal to a mass flow rate
in a case where the flow tub h?@%&#Lﬁﬁighg%ﬁ% 3id to be neasured flows
is supported at both ends and vibration is applied about a support point
in a direction perpendicular to af lowdirection of the f |ow tube. The
Coriolis flowreter_is well known and a shape of a flow tube in the
Coriolis {TewARterli E18t8hdly divided into a straight-tube type and a
curved-tube-type. [0003] The Coriolis flowreter is a mass flowreter for
detecting a phaé@0@ifference signal proportional to a mass flowrate in
symmetrical positions between both end support portions and central
portion of a neatieepeasertubinyenbicaseeimese thea ICoEERLY 2 NRWRHIRY

t hrough which a fluid to be neasured fl ows
for detecting a phase difference and/or a vibration frequency

proportional to a Coriolis force acting on a £low 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 1is 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



is supported at both ends and the central portion of the supported
nmeasurenent tube is alternately driven in a direction perpendicular to a
support line. The phase difference signal is the quantity proportional to
the mass flow rate. When a driving frequency is nmaintained constant, the
phase difference signal may be detected as a tinme difference signal in the

observation positions of, the neasurenent tube.. [0 e | nat e
driving fr@%%%‘ﬁ%?m%?étﬁ%b%eggﬂ lé%%n"f' 1%bae ?Euh%dggg%%ar%&%%%e%g %ﬁvﬁ% al
frequency of the drivin ne

asur enen t ube const.an [ ue
cor r espondt n§UPE° ng?sti]i’?tﬁgpdls@qﬁ'i?&ep o R%ratslu?rgaizitg‘%o ‘{pé%lor{etae,d and
hence the neasurenent tube nay be driven_ with small drivin ,enertqj%/.
Ther ef or e, "ERBBERTEHT t?l%b%aﬂs%ré’r}é;ﬁtr%yl sYgeNEfal 1) ot i St
natural frequency and the phase difference signal is detected as the tine
di f f er encePSYHRRAICEHBDS]C STHEPREFE HHEC t uR'S PP SEofi b FESRCE GMfEtEY has a
structure in which, in a case where vibration is applied in a direction
per pendi cularthe guantarghprenpstagnalofoatbentpraf HoPYi 6ALSF R rai ght
tube supported at both ends, a displacenentdifference of the straight tube
whi ch is cduseing\fredimriay is faimes indthronssanyg, pike phasefrfreerignal is
obt ai ned between the support portion and central portion of the straight
tube, and aigms% mblyoWwer alerdctalbtast adthasedidietrkacphadgndilf figy erive
signal. 2 The straight-tube type Coriolis floweter as described above
observation positions of the measurement tube.
[0004]
When the alternate driving frequency of the measurement
tube is made equal to the natural frequency of the measurement
tube, a constant driving frequency corresponding to a density
of the fluid tobemeasured is obtained, and hence the measurement
tube may be driven with small driving energy. Therefore,
recently, themeasurement tube isgenerallydrivenat thenatural
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
a straight 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.



has a sinple, conpact, and tough structure. However, the Coriolis

fl owreter al so has a problemthat high detection sensitivity cannot be
obtained. [0006] In contrast to this, the curved-tube-type Coriolis
flowmeter is superior to the straight-tube type Coriolis flowreter in the
point that a shape for effectively taking out the Coriolis force nmay be

sel ected. e JEBSS LA €Y B3 02CLUR bimdELF LS UM &Nt U0y

sensitivity. nation o a magnei are generally use as

driving ans for .dr';Lvi n th% f |l ow tdébteOuTIQe :(r)lill agd thﬁO nagnet  are
pref er abl y i t AcRAUPES pSSTERSTs I Th-RPE nBETBFFREE - | HOFRESYT brafi on

direction of the fl t ube because. a positi I el at i onshi p deyi.ation
bet ween t HTH l%ngw?%eﬁﬁﬁnéﬁsf’s hag @ rﬁ&%?%lferﬁ'hé?%gobégﬁi €e§e€§§8nof a
curved-tube-type Coriolis flowreter including two parallel flow tubes, the
two paral |¥RSFLIEY AR P2t RIS as to sandwich the coil and the
magnet. Therefore, a design is nmade so that the two opposed fl ow tubes
are separated frBH®ch other at an interval to sandwich at |east the coil
and the magnet. [0007] O Coriolis flowreters including two flow_ tubes
| ocated in paralteroptanes, o Cohisli $he | ewreedr tWher hygra IGorgeldisanet er
or a Coriolis flowreter having high f low tube rigidity is required to
i ncrease pbleymetedr igi mypesdnsy; bBodthencetFaidht riedes sayvpe3 Gorisdiidw ch
| arge driving neans between the two fl ow tubes.
flowmeter in the point that a shape for effectively taking out
the Coriolis force may be selected. The mass flow rate may be
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 topositions which are not offset
in the vibration direction of the flow tube because a positional
relationship deviation between the coil and the magnet is
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



Therefore, a design is nmade so that an interval between the flow tubes is
necessarily w dened even in a fixed end portion which is a base portion of
the flow tubes. [0008] As illustrated in FIG 13, a Coriolis flowreter 1
which is generally known and includes U shaped nmeasurenent tubes includes
a detector 4 for two U- shaped rreasurerrent tubes 2 and 3, and a converter
5. The detector

’n‘éb 09 3 G “CE‘?L% Ruplelr at or
for resonance &l |ngr}ie9r'|e rreasu e quet%qe% 5% “aTelt v :eomty
sensor? f e ctr n vi.brat.ion Ve Iocrt genera ft_si of the
measur erre(r)r‘{h 1'ueoi %nzd%gj\ﬂrbrleﬁe@ eo G h%lat Fator 6,"%'1 %etﬁltee\?eltggr ty
sensor 8 for det ct a_ vibration | oci t ener at a ht .si de of
The measur oI EUEThAE SeSFERaLVHEMAGRIEY SIRE dPbh el BFo® Shhgo2 tian
tenperature sensor 9 for detecting a te erature of a quid to be
measur ed, WRHFIR K 1DRAShrRRUGH The et tS4¥Rkfes 2 and 3 at the
detection of the vibration velocity. The vibrator 6, the left velocity
sensor 7, the rigH084el ocity sensor 8, and the tenperature sensor 9 are
connected to the converter 5. [0009] The fluid to be neasured, which flows
t hrough the nmedsuddimstrafessin BRA. 3lof a Rerdodisl f Lovnewpetle WL CH | ows
fromthe right side of the neasurenent tubes 2 and 3 (side on which right
vel ocity sensgen@raklyrknodedintioinkéubest Usistheapédt heasofrefrsinge towpesi ch
| eft velocity sensor 7 is provided).
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 fordetectingavibrationvelocity
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 f£luid 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



Therefore, a velocity signal detected by the right velocity sensor 8 is an
inlet-side velocity signal of the fluid to be neasured 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
flowng fromthe nmeasurenent tubes 2 and 3. [0010] The converter 5 of the

COI’IO|ISf| (% i g{ & qantyale A RS a)
maasuremantf secC %éﬁé éw?l errpetr ature asurerrent sec I on ?f The
converter 5 of t,lt}? CO|0I|sto t.er has %o k S glhstrated
in FIG 14. That %reﬁ%e CoRvERST % Vor SRR BosiEs F?e ggv?«}ie?hg gt

i nput and O%JIE] ut port 15. A drive signal_ out erm nal 6_.Jn Iud din
the drive ¥ CF‘FJotFY SEOFPEE 16 7B ]oeiﬁche]di? P{e?ﬁgl Vnspjtﬁn%]hgjfoﬁ% rt 15.
The drive control section_10 outEuts a predeterm ne Si Igda%1 fromthe
drive si grig® BUMFFUEEST MlRYE 60Ot He® VISHSHT S St @ﬁea 8%

measurenent tubes 2 and 3 to resonance-vibrate the nmeasurenent tubes 2 and
3. Each ofveheciwyf tsimdkeidsrasdmsbPyr thRd 1ERE YRLRELITEI BXFEYT L5 8

whi ch detect the vibration velocities may be an accel eration sensor.

[0011] Theutlkéves dgvallosdtyusiger hiofatha € Livs cbaRecreastbed £lawing
circuit 18 through an anplifier 17. The drive circuit 5 18 generates a
drive si gnftorhorthe esemswcenenbrznhbeg 2 hand 3.

[0010]

The converter 5 of the Coriolis flowmeter includes adrive
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



measurenent 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 termnal 16. The drive signal out put
fromthe anplifier 17 is output fromthe drive signal output term nal 16
to the vibrator 6. [0012] A left velocity signal input termnal 19 to

whi ch a qP ectlonaﬁlgna &jﬁhe vibr aliqn velogét ggneratgg on %%g | ef t
side of the neasurement ?ubes f and'3™ V|brated% THeSVI b (S |nput

is provided in the mqﬁ)rg1 ﬁp t rt 15. l.ef t VEIOCI% si_gna

nput t er ATUEYTRY [SSTigasTR § @%ﬁ%@utﬁegiﬁr ahite St b e h rignt
vel ocity signal_ ut ter naI O fo é; ection_sjgnal af t

vi brati on ?/P nerg Jfjl:'ljeer ﬁ"&ﬁt edse they e rredt ubes 2
and 3 V|brated by the V|brator 6 is input is provided in the input _and

out put pordnd PHtP’Pﬁé Ry AT ive Hanal sPdis Ir et B AaFPeb tedminglyded

in the phase neasurenent section 11. [0013] @The phase neasurenment section
11 perfor 6 A/ Fheofrdisi 6AIneA PHEPUEDEBETORNS| Yl 5E 13T thie Faioutemt
velocity sensors in the case where the predeternined node signal is output
from the Tirdweths ghalveorignal ouimit temigahd &vite dther velattaghéd to
the nmeasurenent tubes 2 and 3 to vibrate the neasurenent tubes 2 and 3 by
the vibrator 6, t@xhlereby performdigital 6 conversion processing, and

t hen obtains a phase difference

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



bet ween the converted signals. The left velocity signal input term nal 19
is connected to an input termnal of an anplifier 21. An output term nal
of the anplifier 21 is connected to an A/D converter 22. The A/ D converter
22 converts, into a digital value, an anal og signal obtained by amplifying
the vibration signal output fromthe |left velocity signal input termna

Govi ve oA o ddba iy COIMPERED SBCLEnEPNBRARE WD rF Al | 18

devi ce rlgh vel ocI'ty 'sign I'nput termnal 20 is
connected to an |Q§1t termqbe of a nplifier 24. An output termnal of
the anpli fRer"FH | &' AT o° D converter 25. The A/D converter 25

Vi brati oh Si gnalBuie vF %ﬁ?{:xa”wr@aﬂf wﬂauﬁt‘ PE5maPghat S Hpve A fﬁ %20

by the anpllfler 24. Further, the di i si gnal output fromthe Al
converter t2RT dNBAFuLEFINRE OBk ?‘gﬁ dEVFEe2S3. FHRESPUtFLATA rnala
tenperature signal input term nal 26 included the tenperature

neasur ener®f e PBWlified A th FERRIEIT HP a@aFZB FPRYFY her tehmer&eur e
sensor 9 is input is provided in the input and output port_15. The

t enper at urk/ Preasueshent22 eeRYeBRS 1 1nserd 8t gbtalraluenmat abated Edfpédsat i on

based on the 7 detection tenperature obtained by the tenperature sensor 9
whi ch obtained by amplifying the vibration signal output from the

left velocity signal input terminal 19 by the amplifier 21.

The A/D converter 22 is connected to a computing device
23,

[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
fromthe right velocity signal input terminal 20 by the amplifier
24 .

Further, the digital signal output £rom 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



is provided in the neasurenment tubes 2 and 3 and detects an internal
tenperature of the neasurement tubes 2 and 3. A resistance type tenperature
sensor is generally used as the tenperature sensor 9 to neasure a
resistance value, to thereby calculate a tenperature. The tenperature
signal input termnal 26 is connected to a tenperature measurenment circuit

27. The tepperat.ure ne L, i i

Lemera urotg’ﬁcacmt%%%%#é%%%?hté' bEHY e S BRemsRad i P Lt e
out pu romthe te r.at 9. The i I

reasur erert® tmg%pdgﬁ e e S CAPRT By P POApGFEEGHS X0
measurenment circuit i t h i i .

phase measidteieit H;eec“mfl}’s"’lflé’rn% Qég%%{ﬁoq uet“i‘qn i C% égldd%’ggrlﬁéedl nhe

above, vibration is applied in a primary node, to the neasur%ﬁent tubes 2
and 3, from the vir§FatER 6 &VP&C BEPE B2 EHES BRI BEhISOFEEs 12 4893, When
the fluid to be nmeasured flows into the measurement tubes 2 and 3 while
the vibrats éie sempplrasdreasphatt hide TS SPESIACERF ITEane YediFrefent
tubes 2 and 3. Therefore, the signal (inlet-side velocity signal) from the
ri ght vel othenelsensorc8ame thetiparatyut | et -side velocity signal) from
the left velocity sensor 7 in the Coriolis f lowmreter 1 are output as a
formin which thehd wensiegret srars guperinmds éermgnad @&cti sockanechesi gnal
output as the formin which the two
to a temperature measurement circuit 27. The temperature
measurement circuit 27 calculates the internal temperature of
' the measurement tubes 2 and 3 based on the resistance value
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 compu%ing
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 sensor 7 in the Coriolis flowmeter

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



signals are superinposed on each other includes not only a flow rate
signal but also a |large nunber of unnecessary noise conponents. In
addition, a frequency is changed depending on, for exanple, a change in
density of the fluid to be neasured. [0017] Therefore, it is necessary to
remove an unnecessary signal fromthe signals fromthe right velocity

sensor 8 and the | i} ve#ocit ensor 7. gq%?v | L Spveny ﬂEfF%8“|t to
X t .
renove thé&™ l?r?ﬁglcé)g Iy s g%%\?x?ro?ﬁnf%%t stgna es%frdrrédmjtnhzlhr f%ght vel oCity
sensor 8 and the left velocity sensor 7 to,calculate the phase. rther,
the. Cori ol ST uREEIREY RIS PRI SFTES R RITer P hPORy 5t SEPEi on
nmeasur enment and hi gh-speed response. In order to_satisfy such .
requi remerfiate aStFRPlt PHE FMAT haRTHE Yo dhpl BRDEORPTREY i BRI §Rd
hi gh- processi ng performance is necessary, and hence the Coriolis flowreter
1 itsel f iePmROuentepersi 3@d1qieR, a hecesereYils FheragtddePetEdid PBs an
establ i shed phase difference neasurenent nethodusiqg both an opti num
filter alfwaysximplio a ehasdeehemerdsidguedcphantlaldihspBeadsEsRPut i ng
met hod. [0018] In conventional phase difference neasurenent nethods of
calculating a fllm@Xk7dte, a filter processing nmethod of removing noise is
divided into a nethod using an analog filter and a nethod using a digital
filter. 9 The netthack fitsiengit e resd xpify Lo eemory doeunetacsvaty signal
from the signals from the right velocity sensor 8 and the left
velocity sensor 7. However, it is very difficult to remove the
unnecessary signal from the signals from the 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.
In order 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
phasedifferencemeasurementmethodusingbothanoptimumfilter
alwaysfittx:ameasurementfrequencyandaIﬂgh—speedcomputing
method.

[o018]

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.



i nexpensi ve (see, for exanple, Patent Docunment 1 and Patent Docunent 2)
However, Patent Docunent 1 and Patent Docunent 2 have a limt to inprove
the perfornmance of the filter, and hence, there is a problemthat the
filter is not sufficient for the Coriolis flowreter. [0019] In recent
years, a large nunber of Coriolis floweters wusing digital signal

processi ng have heen dttve oped d the t i t LogitalfLlter
has been devel o aE q_hoe ARRE: atqb? o%réaslscl) gP%e%%%dH%Y ?gmg\%?%% o ge in
t he conventional phase difference neasurenent t hads oféL cal.culating the
flow rat o SIS Sof (S it GTAT R Foed BF tne CEameBt & FOfoRREETs
using digital signal processing include a nethod of asurin a _phase
usi ng a FARATHEERY #nsf of RIEYEE; F%Ferég(a?r%?‘é‘?e%t]erﬁn%ﬁl&ngo§}lmgﬁg a
met hod of sel ectin%.an optimumtable fit to an input frequency fromfilter
tabl es i nd Gty 3a IABEENLP] FRRFOVENERE DRIFHRTIRRCE 2% &' & 1hE&Sur 878 phase
(see, for exanple, Patent Docunent 4 and Patent Docunment 5). [0020
<<Phase Mimngengitendtifod msiak)awitiadr theaddfdem-3 sanesndefferi6RTt he
Coriolis flowreter based on the phase neasurenment nethod using the Fourier
t ransf or mias thel Grkiokis uCtawmeetesri | lustrated in FIG 15. In FIG 15, the
|l eft velocity signal input terminal 19 provided in the input and out put
port 15 to whichladi®ldet ection 10 signal of the vibration velocity
(outlet-side velocity signal)
In recent years, a large number of Coriolis flowmeters
using digital signal processing have been developed, and the
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 processing include a method of measuring
a phase using a Fourier transform (see, for example, Patent
Document 3) and a method of selecting an optimum table fit to
an input frequency from filter tables including a notch filter
and a band-pass filter to measure a phase (see, for example,
Patent Document 4 and Patent Document 5).
[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



which is generated on the |left side of the neasurenent tubes 2 and 3
vi brated by the vibrator 6 and which is detected by the left velocity
sensor 7 is input is connected to a |lowpass filter 30. The | ow pass
filter 30 is a circuit for extracting, through a frequency filter, only a
| ow-frequency left velocity signal (outlet-side velocity signal) fromthe

| eft vel oci.t Si | (outlet-si vel.qel ggr_] L heQHE R - F amhhey | ef t
vel ocity St oar:L ?g(r}g}eeg’tll ]ﬁa%tlﬁgl vﬁbor a]t%r%5§te:?oci ?y Seneratlear gﬁ tE)e | ef t
si de of the neasurenent u%te)SZ nd, 3.in the ¢ r ment
t ubes 2 aﬁfg1 ma}ér‘@ FEBFEFEE Dy ™t k ev%%?%t%}ge &éﬁgﬁ%gs%émggggggégfi | ter
30 is connected to an A/ D converter, 3JEi Tge A/.D conyer.ter ﬁl gnverts,
into a di g &9 S g r,atteﬁ}e%yi L;?’te VerRFEHRF &i GRS W\?f\ﬂf: Psdf 8C§relgl g& si gnal
output from the lowpass filter 30, The |left vel oci % sti:ﬁgnah obt ai ned as
the di gi t AnSsilgk&l VBYOESRY FHINF by LENERY D IO APBREEFTS1E7 & PHpERSPo a
phase difference nmeasurenment unit 32. The A/D converter 31 is connected to
a tinng dardrest 8. 3Bhe Hewmamsngli 43R bF BILYEHE Fat Vs SX HEPMCAGdof
sanpling Mtinmes (Mis natural nurrber?L t he i nput frequency. [0022,1C On the
ot her hand;hztdugh aghregedney thi 1diegnapni ﬁ@ﬂOWeﬁﬁ?H&?nCZ@%’%’%W&@GH o the
i nput and output port 15 to which the detection signal of the vibration
vel ocity (sigretl s{alet hedi-oride wilpraly singdilcHfrion dgdeerdgtfdéd veaochAEYr i ght
side of the neasurenment tubes
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.
[0021]
The low-pass 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 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



2 and 3 vibrated by the vibrator 6 and which is detected by the right

vel ocity sensor 8 is input is connected to a lowpass filter 34. The

| ow-pass filter 34 is a circuit for extracting, through a frequency
filter, only a |lowfrequency right velocity signal (inlet-side velocity
signal) fromthe right velocity signal (inlet-side vel ocity si gnal ) out put

fromthe gl xeLogLLY, sensercif. ¢ #E%tg!n.aet@f oty Be@Cibes

gener at ed e of asurenen

where the rrea rerrent tu nd_3 are r d he SVi [ [ 0023]
The | ow pfs?r’fcfl % &rRERGS gie?%’nﬁ«%‘cet é’&br gﬁ %/ K or‘?’\?/lérc ggt%%:g dAEﬁ
converter 35 converts, into a di signal, the t. vel Clt S|gnal
which is t’:ﬁ'he 5hdP6g es]f%(ffatryéz&lnﬁ % ngﬁ‘g jr%\ﬁoﬁﬁlseéztgél F%r 8 ri ght
velocity SI nal obt ained as the dl ital nal con the A'D
converter 558 3tnputhe &Of”hé’aﬁﬁage EI?‘Ff*gélre ) EﬁFeﬁ\;ﬁhFX ﬁF‘F 359,
Further, the A/D converter 35 is connect ed to the timng, generatqr 33. The
timng geréraush Qir@éfr\’@rnétYeglét?Fm%ﬂ-Yo? Oé"arffﬁ]eiqh‘&nﬂytﬂm%%t VRLPS Rt ur al
nunber) the |nput frequenc [0024] Further, the right velocity signal

i nput t er s irgredvi Meltq@ﬁmﬁmg é&tOﬁUttlﬁorrtlgim& VELRREEN t he

detection signal of the vibration velocity (inlet-side velocity signal)
whi ch is germralt eliinhet heidé gheleordeyobigne lieasiimtentreubebe rightand 3
vi brated by the vibrator 6 and which is detected by

velocity sensor 8 detecting the vibration velocity generated

on the right side of the measurement tubes 2 and 3 in the case
where the measurement tubes 2 and 3 are vibrated by the vibrator
6.

[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 right velocity sensor 8 is input is connected to a frequency
measurenment unit 36. The frequency neasurenent unit 36 neasures the
frequency of the detection signal of the vibration velocity (inlet-side
velocity signal) which is generated on the right side of the neasurenent
tubes 2 and 3 vibrated by the vibrator 6 and which is detected by the

ri ght velaocity. sens ragf The frequency, neasurenent .unit 36 | ngcted to
the i m g 256her dgEabed e TrOJUBHE) odadr B By nest Heheeney o
measurenent unit 36 is output to the timng.qgenerataor . The timng of
sanpl i ng NS FeEREMG LT ngSﬁﬁrﬁ)éﬁ)H{Eﬁggﬁ pQﬂnn?(f%%%gﬁc%/ r§9gensrat ed by
the timng generator 33 and output to the A/D converters %& and 35. The
phase di f AW EMmAL ubie TESIUEREY MSRHNY STGE ettt tor © B3825HAGSt he
frequency neasurenment unit 36 are included _in a phase nmeasurenent
conput i ng e Feequencyooshe detedel Phadanae st FBREf TR HIU VESPR “he
Fourier transformas illustrated in FIG 15, the input signal (inlet-side
vel ocity siigriet-gidamveloaiitghsigardei virisknsdrdgnes2ted QN itHSUELIPS the
frequency neasurenment unit 36 to neasure a frequency. The frequency
measured hyiddieff theuermyurensnr dvies dnand 36 vipgateguby tidrq NaLERFORY
generator 33. The timng of sanpling Mtimes (Mis natural nunber) the
i nput freqenty wisigenes adetectnd tiye then mgghjene okt B3 ensby fhut to the
A D converters 31 and 35. 13 Further, the detection signal of the
vi bration vel ocithe 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
generator33,andthefrequencynwasurementunit36areincluded
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
velocitysignal)fromtherightvelocitysensorEBisfirstinput
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.
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(outlet-side velocity signal) which is generated on the left side of the
nmeasurenent tubes 2 and 3 and obtained as the digital signal by conversion
by the AID converter 31 and 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 and obtained as the digital signal by conversion

by the A/D conye %%%ﬁggFgégkéﬂgggu%Qsﬁg ANass 'Qﬁ%ﬁ%@%ﬁgﬁ@%§85§g§gt

;
unit 32. The det'&¢t ar € Fodri-ér-transforne I SCr

Fourier transformunjt incorporated in the phase difference a t
un:JtI 32 an(d’u:\"lﬁ’fé?g' F’Hilpgr]r%é( PLIEB u‘f’%ﬂcgbjaée%?%éﬁaa{:er(gﬂnot ot \?\ééﬁngnr eal

conponent and i magi nary conponent = of _the converted signals. OOZE%
<<Phase MSAsi% @ %@fﬁ%gﬁ%ﬁ%uﬁe&i ? 3P0 P{l&%@talc%%%%ﬁ%}%&b?l &
Coriolis flowreter based on the ghase measur enent _net hod using t he digital
filter ar@igEscl PEeROW eFS1PRAW EREAL WHEE T At W AITG dgFaftion
illustrated in FIGS. 16 and 17. Frequency sel ection neans such as_a notch
filter or signsanefpele viknadrignsvededisy theler gftde YAty AhIBRAN rati o
of an input signal is inproved using the frequency sel ection neans such as
t he not ch Whildler sogehhzabaddopddse frillahdr sirp®@L 1Eh¢ MeGSUreMmes ta tBPEEk
structure of a converter of the Coriolis flowreter using the notch filter
as the di gitald I idridercbtbd riEte asnine a@igicatlpstioperlt bys conerisabn bl ocity
si gnal
theA/Dconverter 35 are input tothephasedifferencemeasurement
unit 32. The detection signals are Fourier-transformed by a
discrete Fourier transform unit incorporated in the phase
difference measurement unit 32 andaphasedifference is computed
based on a ratio between a real component and imaginary component
of the converted signals.
[0026]
<<Phase Measurement Method using Digital Filter>>
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.

14



input termnal 19, the right velocity signal input termnal 20, the

| ow-pass filters 30 and 34, and the AID converters 31 and 35 as
illustrated in FIG 16 have the sane structures as the input and out put
port 15, the left velocity signal input ternminal 19, the right velocity
signal input term nal the lowpass filters 30 and 34, and the AID

20,
converters 31 a e3§ngﬁ% EhéuéﬁEﬁﬁg %€%§%§% s l%%%p%%?FF?E¥'S£89gZ] In

F!F. 16, the AID convérter 31 1S coO 0 a notch 517 The notch
ilter 51 selects a.frequency.based,on_the.left. . Cl; i . Whi ch
obt ai ned a<'® e?ﬁﬁﬂﬁﬂﬁﬁ gign%ﬁe 5ﬁgh% VelO%ltsbéléﬁéeA}E¥u§ 082N s

as to inprove an SIN ratio.of an 'Coﬂrer?'ﬁ2| ta b t c?nverter 1h >°
il ter 513t CHinlersBREs S Dhate HOANT aent out M3 cyertags S°
bt ai ned #04 H8 aRgiLALSSFaRER LByF SBrvES SIHTF EHHE RN S-E TP BTeRt n SI N
ratio by the notch filter 51. Further, the notch filter 51 is connected to
a frequendine et ePSnPUGRIE BITt The: frlRyuidhdy iReQirteheRonan 1Byt
nmeasures a frequency of the left velocity signal which is obtained as the
digital sitmalingl donvehsi vhobhd ety §1gmedolBAUFntrN"3 at3% BPSt he
notch filter 51. The frequency nmeasured by the frequency measurement unit
53 i s i nputow-gddre fidtters 30t end534, 18nflopleg]A/D converters 31 and 35
as illustrated in FIG. 15, respectively.
[0027]
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 S/N ratio by the notch
filter 51.
Further, the notch filter 51 is connected to a frequency
measurement unit 53. The frequencymeasurement 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.

Thefrequencyneasuredknfthefrequencyneasurementunit

53 is input to the notch filter 51.

15



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 AID converter 31, so

as to inprove an S/IN ratio of an input signal to be output.
filter 54 is connected to the phase nmeasurenent wunit 52. The phase

measur ement unit djgasures a phase of the right velocity signal
obt ai ned as the %%gltal signal by conversion and which is inproved in S/N

ratio by the NOLEhdd ! &hPdyd U@l he o 1IUBNGY TBRSUEE

I ST nput” to thé notc ter 5

frequency neas

The notch

which is

1 Webds 1

FIG 16, a c|ock 55 i d f hropi zat | i nput to the A/D
conver tbr S-S @35 TBSGHERROR JEST Mk A < COhor e B an eRE D

ter 35 with each other. Th h filters 51 and 54,.the _ph
G 1 of enceHem S B G GL HNFEa52 AT F 8 ARG SHERR (PErb uh P23 Land

the clock 55 are included in a phase neasurement conputijn

[0030] Fly crnviensisry By ekhe D ERTWEFGEEUP &/ 01° &ScGRVEIREY Vo™

Coriolis flowreter using the band-pass filter (BPF) as the

devi ce

di gi tal

sy

filter.

The input zaieowhurn pormputssiqnrl | tbe QWYY signal 16 i nput termninal

19, the right velocity signal input term na

The notch filter 54 is connected to the phase measurement

unit 52. The phase measurement unit 52 measures a phase of the

right velocity signal which is obtained as the digital signal

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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20, the lowpass filters 30 and 34, and the AID converters 31 and 35 as
illustrated in FIG 17 have the sane structures as the input and out put
port 15, the left velocity signal input termnal 19, the right velocity
signal input termnal 20, the Ilowpass filters 30 and 34, and the AID
converters 31 and 35 as illustrated in FIG 16, respectively. [0031] In

S . 15l Rgnven' a Sty qamneckad be,Ahaad1PaRs el LELRELER) 61

a circuit” for  “ext ng, oug requency
filter, only a leftt vel oci Si n%a%hvi g a_set, fre n | etsside
vel ocity s%%na?lh)e Ef’?“’éﬁf‘?ﬁea’yf?rge c?ir}a(%/ 32?9%%% l(%%tpf/g!{l%ﬁ g(r\q}(taéltrg’c%%y
signal) which is out EUt fromthe |eft v%al oci tyhsensor 7 det%‘ti ng t he
vi brati on 3 68 &F deneckradenithBiferl” HUE S KE e ESdHENEAES Flbes 2
and 3 and which is obtained as the digital signal by . conver silor.l b§tt he A/D
converter B iifRte 384s OURELePPRE 1rreasit ki % &g 8 ‘ar8P¥ br at ed
by the vibrator 6. The band-pass filter 61 is connected to a phase
neasur eneriterwinal 62, the phake vRketitemsiongdi tnBetneetieR!l 2 PhiPE of the
| eft velocity signal which is obtained as the digital signal by conversion
and whi ch IowipssovedterssBN sad d4byanfetbamy Paaanverters 31 and0g32]
Further, the band-pass filter 61 is connected to a frequency neasurenent
unit 63. T IYkupiercyedreas FBERent6 urfesdectiversasures a frequency of the
| eft velocity signal which is

[0031]

InFIG. 17, theA/Dconverter 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 generated on 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 toaphasemeasurement
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

17



obtained as the digital signal by conversion by the AID converter 31 and
which is inproved in SINratio by the band-pass filter 61. The frequency
nmeasured 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 64. The band-pass filter 64 is a circuit for extracting,

t hrough a uenc f|| I t I
ik “ eFsarE)ch Grationd ‘IﬁéeloIchf%q B ien8a

frequency “Ge?vers [ SPoci

| et - I h f
(T v e BT ek Bl i b ekl
t he nmeasurenment. tubes 2 and

by conver sl WhiRe WG‘E%Q/%?%&P §§ ﬁa§ﬁ8b‘3 e??\/lk?%?’éi E%gdhggig?gﬁég?al

tubes 2 and 3 are vibrated by the V|brator 6. The band-pass filter 64 is
connect ed &% t he phase neasurenent unit 62. The phase measurenent unit 62
neasures a phase of the left velocity signal which is obtained as . the
digital signal BShecbhearsneH ww%ém g hpPEVER Y MG RIS UBytt he
band-pass filter 64. [0034] The band-pass filter 64 is connected to the
frequency 63reks uimmhttairfihe 63andArags dyuldirly Gleasured by the frequency
measurenment unit 63 is input to the band-pass filter 64. 18 In FIG 17, a
clock 65 i s usedlda@@3]synchroni zati on, and

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 1is 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 S/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 clock signal fromthe clock 65 is input to the A/D converters 31 and 35
to synchroni ze the A/D converter 31 and the A/D converter 35 with each

ot her. The band-pass filters 61 and 64, the phase neasurenent unit 62, the
frequency neasurenent unit 63, and the clock 65 are included in a phase
measur enent conputing device 60. [Prior Art Docunent] [Patent Docunent]

[ 0035] [ Patent nt.1]_JR 02- 664 P. 1. JP -503017
N s g e e
en cugen r f t P b
sof ved by 3 ﬁigfm#%ln%%%%ac#%c%”}%% o e seur B kerksh teEing the
ourier transform d i bed | Pat ent Do .. .wh he i
frequency%ﬁaT%QSHﬁEknéﬁgéé%g%ﬁhg' &ﬁghﬁeﬁ%%pgﬁéFﬁﬁH%§@%%8§Y%g g%s
constant, a phase neasurenent nethod having very-high-frequency

sel ectivit3P rYﬁ;Fl'b@aﬁ%} fFMRG because the Fourier transformis used for
frequency sel ection. However, in the nmethod using the Fourier transform as

descri bed in Pat®w bescupest $11kBER PheaRAkA TS BERSE BEASEESIRBY| nput

detection signal of the vibration velocity is changed
unit 62, the fregquency measurement unit 63, and the clock 65

are included in a phase measurement computing device 60.
[Prior Art Document]
[Patent Document]

[0035]

[Patent Document 1] JP 02-66410 A

[Patent Document 2] JP 10-503017 A

[Patent Document 3] JP 2799243 B

[Patent Document 4] JP 2930430 B

[Patent Document 5] JP 3219122 B
[Summary of the Invention]

[Problems to be solved by the Invention]

[0036]

In the phase measurement method using the Fourier
transform as described in Patent Document 3, when the input
frequency of the input detectionsignal of the vibrationvelocity
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 Patent Document 3, when the input frequency of
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according to a density or a tenperature, it is necessary to change the
transform nmethod or the sanpling rate. Therefore, the conputing cycle or
the conputing nmethod is changed, and hence a neasurenent value is varied
and thus unstabilized. [0037] In addition, in the nethod using the Fourier
transform as described in Patent Docunent 3, when the input frequency of

the i nput detection.si f.. viprati i I rdi ng
o the dereit pie it il sebRa 4 P el ARG CEO) VepdeT il e Rrafitea
synchroni ze the.sanplin Jate with thet i_nput_. frequenc

I

of the_input
vi brat i on SFYHRT Ty fhItS i hée & CESHYAS v ;}%cgﬁﬁle’lsggtrgggo
Therefore, there is a roglenlth t, when._the tenperature the fluid to
be nmeasur €3¢ é&edwgeﬁ ﬁﬁ@dm%gh?ﬂé”ﬂéﬁ’sei f’?mp?gngdffi‘ y 3&%&3&% M Xi ng
air bubbles into the fluid, the measurenment precision is_extrenel
reduced. Fut? HEPTPHHENFEIHOEE (T fg'e IR IR Irim A8 FEs cAed i n
Pat ent Docunment 3 has a problemthat the nunber _of conputing processings
becones ver§NErydPRTHLEERE ThEIe ek@ATHA AN Ny Uit eralt drm
[0038] In the nethods of selecting the optinumtable fit to the input
frequency fromth03F7lter tables including the notch filter and the
band-pass filter to neasure the phase as described in Patent Docunent 4
and Pat ent DocunBmntadsiitiven time tbenpethgdruséngOths Fmixien kaagefiogm may be
sinplified.
as described in Patent Document 3, when the input frequency
of the input detectionsignal of thevibrationvelocity is changed
according to the density or the temperature, it is necessary
to accurately synchronize the sampling rate with the input
frequency of the input vibration velocity signal, and hence
a design is very complicated.
Therefore, there is a problem that, when the temperature
of the fluid to be measured is rapidly changed or the density
is rapidly changed by mixing air bubbles into the fluid, the
measurement precision is extremely reduced.
Further, the method using the Fourier transform as
described in Patent Document 3 has a problem that the number
of computing processings becomes very large because of the
execution of the Fourier transform.
[0038]
In the methods of selecting the optimum table fit to the
input frequency fromthe filter tables including thenotchfilter

and the band-pass filter to measure the phase as described in

Patent Document 4 and Patent Document 5, when the sampling rate

20



However, as in the nmethod using the Fourier transform as described in
Pat ent Docunent 3, the phase neasurenent nethods wusing the digital filter
as described in Patent Docunent 4 and Patent Docunent 5 require a very
| arge nunmber of filter tables corresponding to changed input frequencies,
and hence have a pr obl em that menmory consunption of a conputing device is

| ar ge. fﬂ%i%,ld@ escrléoé)jgg “b%:'atent Sﬂr%e({rent nmet hods using the

di gi tal cunent 4 and Patent Docunent 5
have a problemt it is d| fficult lect th tlrr{urp tlrlatn folmr%L a case
where the input c?"%\equeerr(c Ckﬁﬁ éjgus’ll‘zll?rt er “the Phadé wedslr enent
met hods using the d| gltal ter as de crh drr tent Documne élsand

Pat ent Do ﬁfscré i \ﬂélﬁab?BBPé?rﬂW‘}?&t% VaryP aasreg@e?lﬁ%‘a?‘e%F m@&ﬁﬁ? ations

as required to rrprove frequency sel ection gerfor mance. [ 0040 Th phase
measur ener#S Y &G bgihglt hblthidtafefrriapd 1R Fadss BegUpRn a"téL

Docunent 4 and Patent Docunent 5 have the follow ng probl ens. (1) The
met hod canPRitemloDoswmens BHegQel ¥ 3 HPHY I3%ifudnEpeat © i hHE 9 d@diesn. That
is, it is very difficult to realize neasurenent in a case where the
densi ty ofcereespending e aheamadednpuspfdpguenahges decderRcdhade apubbl e
m xing. (2) In order to inprove the frequency sel ection performance, 21 a
very | ar georoinban thh tovemot atcomssimgritd onegflisr edmpThéng fdegva,ce is large.
[0039]
In addition, the phase measurement methods using the
digital filter as described in Patent Document 4 and Patent
Document 5 have a problem that it is difficult to 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 Patent Document 4 and Patent Document
5 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 Patent Document 4 and Patent Document 5 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 inacase where thedensityof the fluid tobe measured

rapidly changes because of air bubble mixing.

(2) In order to improve the frequency selection performance,
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it is difficult to realize high-speed response, and hence the nethod is
unsui tabl e for batch processing for a short period of time. (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 sadvantageous in cost. [0041] Wen all the factors are considered,

oDy of & Y ayaRTanal, RIEAe RS IR A D% (e AdIC! iRl e i ol Ll

filter processing, noi se  of uency an t ube
frequenci es_aqf_ t.he_neasurenent_ -tube .é,a % | S Lenpyed gqgﬂnﬁp gt he

. . : - ’ e
swi t chi ng ot ltshgl%ffllf:gri%tg%lre?ajtlhzeegﬁ rkllg%%c? dtﬁg gCOWpl'Jt?l;’llg met og, and the
change of the sanpling rate.are reguired _to always.follow the tube
frequenci 6% O‘?H’@ r‘r‘é%é’ﬂ&@%&rﬁ %Pabggkc Bﬁcac?f’s;rﬂ%r%?%rae,s\?/}%rer perdod
problemthat it is necessary to perform conputation which is very
conplicatéﬂfdﬁHm?acks hi gh- speed performance. Thus, when the measurenent
tubes 2 and 3 are vibrated by the vibrator 6, it is very likely to
gener ate alTofif MEFOTer FONSURPEAOR Par FALi SPMBYFE1PR dHptRe freddddSires of
the vibration velocity signals which are detected by the right velocity
sensor 8 drd keneetthg €Reignbist compldicatiedy gdherstfedeona KeGUdth  side
of the nmeasurenent tubes 2 and 3 and the left velocity sensor 7 for
det ect i ng ¢treuvibratinghdesligoi aye gomaldced eshanfevep qigadvard@asovshe
measur enent tubes 2 and 3, and hence there

in cost.

[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,andthechangeofthesamplingratearerequired
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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is a problemthat neasurenent precision is very |low. [0042] An object of
the present invention is to provide a signal processing nethod, a signal
processi ng apparatus, and a Coriolis flowreter, in which even when a
tenperature of a fluid to be neasured changes, even when air bubbles are
m xed into the fluid to be neasured, or even when the fluid to be neasured

rapidly Cl%ag{gessiéer Up %h%a%eta%uafewegﬁi ¢ IRASULEREAt ORY H@n@%v‘@%ﬂélre

per f or med "W constant precision, ase measurenment wth high Iltering

performance is realjze nd_a conputi.n r | t y be reduced
to an ext rengt frso%%eim gtr%a%ntmea[ﬁ%rar%eqto%lgeo \Cﬁ%%g{ P%e \%?Eg}l-])lrlé)r‘?;s? [0043] A
si gnal processi nﬁ@rret]hod described in claiml1l, which is provided so as to
sol ve the above-rEiitd‘oned problens, is a signal processing nethod for a

Coriolis flowreter in which _at |east aqne flaow tube or_a pair_of flow tubes
whi ch is includdd oPaestmhsbrdiEntert d\ﬁvteﬁ’tj}éolnsl%gteorﬁlf8?§9§§i aaségfl\‘-’};ing
device using a vibrator to alternately drive the at |east_one fl RW t ube or
the pair GIr3IeRFiINHBILNARAJ 28 IFNRIPAPFEES ENY BPRATAEMSa AT SOFOR1LS
frequency proportional to a Coriolis force acting on the at |east one flow
tube or tHelgpmietey, firowhiehesvaenerhendat berrerabyre of \alfddtid t9eRSors or
two accel eration sensors which are vibration detection sensors when the at
| east one nidasurtarbehangesheyrai wheh Fiwhubbbes ars pivedatoe e fAudidhy
obtain a mass 23 flow rate and/or density of a fluid to be measured,

to be measured, or even when the fluid to be measured rapidly

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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t he signal processing nethod being characterized by including: performng
frequency conversion to conbine an arbitrary oscillation frequency to each
of two flow rate signals obtained by A/D conversion on input signals of
t he 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, i€l aLg dehreiRd dunddis, a0 ¥R ko WS A Alddie o

accel erati'on sensor asuring frequency of a conposite waveform
associated wth.at | east,one of the vibrati CLLOD. SEOSOLSa b
transmtting a B%ﬁ?r%?g%?%ngFo Sgé ggn témﬁﬁggﬁﬁéﬁ E%Jre%luency; conyrolling
so that a sum frequency conponent or a difference frequency conponent of a
conposite‘Eﬁﬁ% "of a conposite frequency signal is constant; and

measuri ng phases froma sumsignal or a difference sjgnal__ of .each_of
control | ed convé%?%ﬁ??ﬂ&ﬁﬁbgkﬁg PESUBRRY 85 19D (%58Wég?e6H?§Fﬁl “Bhidse

di fference signal conmponent. [0044] A signal_processin t hod descri bed
in clai m 2SGhtien IFparasy o eash @t SFrvkl %gaél?o?/%g%nﬁ? CErEdTF obl ens,
is a signal processing nethod according to claim1l, in _which the

per f or ni NPXBABESINVE T laguendPPEs RianalsnobsbsPhnre At farsree any/ or

oscillation frequency includes: 24 nultiplyin% an input signal SIN91 from
t he one ofthéevibration 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;

transmitting a control signal based on the measured
frequency;

controlling so that a sum frequency component or 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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vi bration detection sensors by the transmtted control signal co0s02; and
extracting only a |l ow frequency signal froman output signal output after
the multiplying through a frequency filter. [0045] A signal processing

nmet hod described in claim3, which is provided so as to solve the
above-nentioned problens, is a signal processing nethod according to claim

1, in which the rfaorm ng conpagsi.te .frequ CcCQNV Lan S t he
arbitrary oscil I“ﬁ‘ﬁl?to]r?%ﬁ%@eaﬁbfqpﬁc us&gsn:aqnu 01 ?/flr}r?g\r ?FII%I r?g%t %gi 8%& SI NO1
fromthe one of the _ vibration detection.sepnsors by, the transmtted control
signal coS9ZALIRP SREESEL PRy SBREGTE Y Gt ﬁaﬁgﬂé¥t§$gcnoarftl?oflor%lgrrllg%ut put
signal output after_the nultiplying through a frequency filter. [0046] A
si gnal prd%‘é%%?hga%t hod described in claim4, which is provided so as to
sol ve the above-nentioned problenms, is a signal processing nethod
according to cl &FREIBCHNIMATH & HEW HHAIUS VAT B4 HE PhE<e HHHEr ence
and/or the vibration frequency proportional to the Coriolis faorce acting
on the at $i@Ral ousphltoyvE temhshemulic P nbEhFPEENUBESTURRFY 1 146 -
detected by the pair of velocity sensors or the pair of acceleration
sensors are sanpl@ubyk heA/ D conversion to obtain digital signals; and 25
each of converted conposite frequency signals obtained

A signal processing method described in claim 3, 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:

multiplying an input signal SING61 from the one of the
vibration detection sensors by the transmitted control signal
cosb2; and

extracting only a high-frequency signal from an output
signaloutputafterthenmltiplyingthrough51frequencyfilter.

[00456]

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 toobtain

digital signals; and

25



by the perform ng conposite frequency conversion based on the transmtted
control signal is controlled so that a sum conponent or a difference

conponent of a conbi ned conposite conponent is 1/4 of a sanpling frequency
for the A/D conversion. [0047] A signal processing apparatus described in
claim5, which is provided so as to solve the above-nenti oned problens, is

one T1ow [ube. o “RTbar CBRFEba SRRe i et r e R S e orent

one flow tube or® Ffchis n a neasur enent

flow tube is operated by a driving device usin a_vibrat.or I nat el

drive the & © aE?rgﬂEm%f?ng?%%s%‘re %trﬁ@%eﬁcry g?ny%\?vl ﬁb%%?é%ﬁgl %E%hase d
difference and/or a vibration  frequenc ropor.tiopnal  to a Coriolis. force

acting on ®yRsitiedcprbrel AigRalub CB%&HE 55i§° gﬁaFlaoWT GH8ECRFEF s

detected by a velocity sensor or an accel eration sensor, which is a
vi br at i on Wetediffersingocaranatte oft A £2TPIOFE CPBRCOSHFE 6PVPPRE Fai r of
flow tubes is vibrated, to thereby obtain a mass flow rate and/or density
of a fluidisdbe ol Farhling EIYAENGF Fcds SRy AT HWRE DTy
characterized by including: a transmtter (90) for transmtting and
outputting a nod4tlabl e frequency signal; a frequency conversion unit
(85) for perform ng frequency conversion to add (or subtract) an output
frequency (FX) of sigheltpmorsysdiegy appayatos @asduidgd an dlagm 5 f WadGEncy
frominput 26 signals detected by the velocity sensor or the acceleration
is provided so as to solve the above-mentioned problems, 1is
asignalprocessingapparatusforeaCoriolisflowmeterjjlwhich
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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sensor and perform ng frequency shifting so that frequency values obtained
by the frequency conversion are constant; and a phase difference

measur enent section (95) for neasuring a phase difference between
frequency signals converted by and output fromthe frequency conversion
unit (85). [0048] A signal processing apparatus described in claimé,

ohi ch 1S BLOYLAEd 00,54 G pdlne e aeye; emf%}eda@% crxﬁe,r ol

si gnal pro appara ter
one flow tube or air ubes ich. i, ne ude [ ement
f1ow tube ?%n%%ﬁr%?gdpﬁ§98rﬂ?Pgl%58889P8¥ ﬁglﬁﬁlng V|bra or ng@gg Phat el y
drive the at_|east one f]low tube or the pair of flom/tube hase

d|fferencév%&HF§HOQ¥QHqﬁFEPVbEhef§¥ﬁﬂﬂﬁﬂﬁﬂﬁﬁQﬂ¥ﬁﬁﬂl8ﬁaﬁr? %iﬁ%kﬂl orce

acting on the at |east_one flow tube or the pair of fIOM/tubes are/ is
detected by a ﬁﬁphaéﬁQAﬂﬂﬁﬁ%%P%@%§%F§e%?nES&&HJQH PR EPEMSEHT ¢hsor s
which are vibration detection sensors when the at | east one flow tube or
the pair ot Hhase difderiesog beaves FreqURREHY 1S AORVARESIIPBWCat e
and/or density of a fluid to be neasured, the signal processing apparatus
bei ng charantputzédomyth¢nﬁr%@uﬁgcyaC@ﬂ%ﬁEﬁi@memn(q20§5for transmtting and
outputting a nodul atable frequency signal; a first frequency conversion
section (110) foto@e8f¥orm ng frequency conversion to add (or subtract) an
out put frequency 27 (6Xn) output fromthe transmtter (120) to (or from
an i nput A signal processing apparatus described in claim 6, 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
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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signal frequency (0) obtained by converting a signal of one of the pair of
vi bration detection sensors into a digital signal by a first A/D converter
(31); a second frequency conversion section (140) forperformng frequency
conversion to add (or subtract) the output frequency (6Xn) output fromthe
transmtter (120) to (or from an i nput  signal frequency (6) obtai ned by

converting i gnal of _anot her )&51% rc19% Vh jon. ELH gensors
. L9 (1 u
into a di g q%%ﬂ% g"% éli% fo a s%ctorna g converter 3?% di f f
erence neasure section far uri J9 Is E@ﬁe e et ween a
first freqﬁuleﬁfﬁsﬁt ¥ohv t ”ﬁz) Yot pﬁfterftrqgl%Sghgligr r St ?r eguency
conversion section (110), and a econd fre en? naI {%/e% g QX and
out put froh FRhe P%Bﬁﬁ@%ﬁbéeE%HEe?gr &}16 (5‘1%303 F062581*A
si gnal processing apparatus described in claim7, which 1is provided so as
to solve tie aboves D GHE S SH G eml)is a si gnal processi ng appar at us
for a Coriolis f lowreter in which at |east one flow tube or air
f1 ow tubes whi cha$e0¢n@ﬁm§euenpﬁC@W&%P@r&%ﬁt#qrb&\?-?%éo?-’?%ﬁ@ﬂf ag by a
driving device using a vibrator to alternately drive the at |east one flow
tube or tfeeqpadncytonvewstivheso agitd (arpiseterafi it Eheriet it L8 ASFCHEr at i on
frequency proportional to a Coriolis force acting on the at |east one flow
tube or theoypal roufput dwotubbe transsitetectie) by dopafromi arelieputy
sensors or a pair of acceleration sensors 28 which are vibration detection
sensors whengh$ie falecueasty 0fe obtained by converting a signal of another
of the pair of vibration detection sensors intoa digital signal
by a second A/D converter (35); and
aphasedifferencemeasurement section (130) formeasuring
a phase difference between a first frequency signal converted
by and output from the first frequency conversion section (110)
and a second frequency signal converted by and output from the
second frequency conversion section (140).
[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 avibration
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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flow tube or the pair of flow tubes is vibrated, to thereby obtain a nass
flowrate and/or density of a fluid to be neasured, the signal processing
apparatus being characterized by including: a transmtter (120) for
transmtting and outputting a nodul atable frequency signal; a first
frequency conversion section (110) for shifting infrequency, to a

speci fi ed 3,1 3621%% T BN Aok o Sc}eaéér%tlo%{‘ ée&%‘b s Sir@Ral r%‘&“%‘é\ét( Bhe

obt ai ned b ng-a signa one ocity sensor of the pair of
(51) - basctt o S o pItE MEudoy (e %sfb%t” Tirdhetel FRLrlerebl (120)
% ?eqﬂ‘éxiyté‘%ﬂrﬁ’éﬁeﬁﬁéﬁiwﬁ “%8%/%%%% o f %Ll??#‘étaﬁ%%%a%%ureds“"”"
bt ai ned by convehs g I YRR SR TnaPREF tvm%fw DR i ¢ of
vi bration detection sensors into a digital signal by a second A/D

converter i®&5}udbrged on the output frequency (6Xn) fromthe transmitter
(120) to nove the input signal frequency to a desired freguency band; a

frequency neasur@neransection (1B0) for teapAmitigng anck 3% 3 i r st
frequency signal which is obtained by conversion as the specified constant
frequency soguahtabte ofitpygtendéyomighelfirst frequency conversion section
(110) , and outputting a nmeasured frequency value of the first frequency
29 signal to theatfiansrttrbguent20yohvecondn aeduitquut( 1ipeglensitesting
infrequencyg1x>aspecifiedconstantfrequencysignal,aninput
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
infrequency,tx:aspecifiedconstantfrequencysignal,aninput
signal frequency (8) 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
conversionas the specified constant frequency signal and output

from the first frequency conversion section (110), and

outputting a measured frequency value of the first frequency
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fromthe first frequency conversion section and the second frequency
conversion section so that a frequency obtained by the frequency
conversion section (110) by frequency conversion on an input frequency
obtai ned by converting, into a digital signal, by the first A/D converter
(31), an input frequency of a velocity sensor signal fromthe one of the

[ f vibrati | oci t o desi f , h
011 or enc e HEMELFEnBAT CRATOR (aa0r 100 RecEon R SEMEC gl 2eE0 ™
bet the first fry [ | obtained b ' h ified
const ant THERTHEHS S1Ral EXRATERCY | SOBUEPBEO I SR THELT FPQt CRPeOUoREy

conversion section (110), and the second frequency signal ,obt.ai ned by
conver si orf BRAYGREY SERIFEPR SRSt PPefiRhc ]Js]‘i%?’r’aﬁ ; ng:l‘—i‘linf%ogYput

fromthe second frequency conversion section %149%. ¢0050) A si gnal
processi ngt ke FALANEE YRR T P 9 SECELRB, (Wl cRY e PIRFUEFNELEL 0 sol ve
t he above-nentioned problens, is a signal processing apparatus according
to clai m5on6n dnprt fekauescer Ppsainadt Byt Comee ¥ BRiendlF < Gnfefditan
section (110) includes: a nultiplier (111) for nultiplying a reference
signal cosDEndI prvy hehe riansst tA/ APETERE aP inp@n dingivél LSERBERCYom t he
first A/D converter (31); and a |lowpass filter (112) for filtering an

out put si ghala vebdal edehpotrheiqnd t Epbyitie byetdfethalpEiipl ¢&vipratioand
output 30 therefrom through a frequency filter to extract only a
velocity sensors, is a desired frequency; and
aphasedifferencemeasurementsection(130)formeasuring
a phase difference between the first frequency signal obtained
byconvershnlasthespecifiedconstantfrequencysignal,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]
Asignalprocessingapparatusdescribedj11claimEL 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
cosb2 from the transmitter (120) by an input signal SINO1 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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| ow-frequency signal. [0051] A signal processing apparatus described in
claim9, which is provided so as to solve the above-nentioned problens, is
a signal processing apparatus according to claim5, 6, or 7, <characterized
in that the frequency conversion section (110) includes: a nultiplier
(111) for multiplying a reference signal co0s02 fromthe transmtter (120)

by an input. sigpal SINg%fr m tEefirst Al anverter ;
hi gh- pass tf}ileﬁg QM1 2f 8?’19% 1% e Fﬁaugﬂcgutfgu]tccesﬁ g{liléJ © o%tja)ecl:l’tne £he
multiplying by the multiplier. (111) and output therefrom through a
frequency FPYTEFCTRRSY r&dkd™®hiy a high-frequency signal. [0052] A signal
processi ng apparatus described in claim10, which 1is provided so as to
sol ve the above- }oned problens, is a signal processing apparatus
according to claim7, 8 or 9, characterized in that: the ,frequ%[riqélt
measur enent sect? 6AIPEBMT GRS TS APRAFBILE SIS T PR F R Oty e @G he
first frequency conversion section (110); a lowpass filter (162)
connected 1o phevidedipdiae tq 1BIIVe ditP RRIATHART HACG Gr R EfFendy
measurenment (163) which 31 is connected to the lowpass filter (162) and
i nputs an autjgnal 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
cosB?2 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]

Asignal processing apparatus described inclaim10, 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);
aloW—passfilter(162)connectedtothenmltiplier

(161); and

a transmitter for frequency measurement (163) which
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signal fromthe lowpass filter (162); the nultiplier (161) conpares a
phase of an output signal sin(e+BXn) output fromthe frequency conversion
section (110) wth a phase of an output signal cosh output fromthe
transmtter for frequency neasurenent (163) and outputs a difference
signal and a sumsignal to the subsequent |ow pass filter (162); the

(oo PASe T e e £3) e toflidadPF A LLEE SO0, Aha QHERUE A gRRkuut PUt

roug requency filter to extract only a
| ow-frequency sjgnal; and hase amunt_ V, a fundanental output waveform
is gener a?’e%“%jasgﬁo‘ﬁ)n%%ef?‘gﬁﬁ%qﬁ%?r spggnza)l’ output fromthe |ow pass
filter (162) and always ,satisfies a condition 2’%1 V=0 2%/ theutran%n‘iltter
for frequency medduPr® ﬁPl('Lfg?)il.“[)Oﬁ’@ﬁ‘Parﬁss?é’ SeP b BESRF H B SgdF At us
described in claim11l, which is provided so as to solve thte. 0
above- ment$ e} PFbIRHPUG §ToR ThefAe Gy SPRYCEFPP T et 1 ddi%g to
claim7, 8, 9, or 10, characterized by further including a clock for
synchr oni zZWhgh advhars phtarbputRet fSigsr ¢ o8 & eRFert e B ERe @ TaT 1 &H S ut  of
the secondA/D converter (35) so as to synchronize the digital signal of
t he one offehdregiuencly mérswidnent di6detand PYAPYEATHASIRAFERCESE Bdtlput
fromthe first A/D converter (31) and the digital signal of the another of
the pair oindhe subraigoal dedethéosubsegseons wWpvchess bulpex oMt he
second A/ D converter (35). [0054] 32 A signal processing apparatus
described in cl attie IZywyddsh 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]
Asignal processing apparatus described inclaimll, 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 /D converter (35) soas to synchronize 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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is provided so as to solve the above-nentioned problens, is a signal
processi ng apparatus according to claim7, 8, 9, 10, worl1l1l, in which the
phase nmeasurenment section perf orns processing of a discrete Fourier
transform (DFT) or a fast Fourier transform (FFT). [0055] A Coriolis
fl ometer described in claim13, which is provided so as to solve the

above-nenti oned probl e is_a. Coriaoll I i.C one
flow tube or a §}gn%¥%gp ﬁ%ﬁﬂﬂi?éﬁﬁ%ﬁ%4%8¥%§%§%%%quhgﬁ%%géhkgﬁgﬁt fl ow
tube is operated, a driving device.using a vibrator i t ately
drive the 4t 9%‘%%‘9%?1699 Iacﬁ/vttcgbsé’ 3 t ﬁg%ﬁredfneﬂt&v?/ et?bgg,%&)l%\n%’a%hase
difference and/or. a vibration frequency proportiqnal . to riolis force
acting on & F-BRY PSCeERETA BRP?gBEuﬁra&f‘?fg&p%? %OoFlf"IlB\Ngt %’e?’ar@/’i s
detected by a pair of velocity sensors or a pajr of acceleration,sensors
which are @WbiaﬂPdﬁ“iHéFE%Ppéﬁ%ﬂﬁﬁﬁﬂﬁﬁmﬂﬂﬁﬁ?ékﬁ%ﬁp?E StMBRE FFSR "dbe or
the pair of flow tubes is vibrated, to thereby obtain a mass flow rate
and/ or densf aydigfcretiy FpWrier bearsisumePFTher eord ot Feur i ehre e IhéMng
characterized by including a signal processing apparatus including: a
transm ttetFFLR0) for transmitting and outputting a nodul atable frequency
signal; a first frequency conversion section (110) for shifting in
frequency, to a bpEeified constant frequency signal, an input 33 signal

frequency (B) obtained by converting a signal of one .
A Coriolis flowmeter described in claim 13, which is

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,
amdaphasedifferenceand/oravibrationfrequencyproportional
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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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 (BXn)
output fromthe transmtter (120) to nove the input signal frequency (B)
to a desired frequency band; a second frequency conversion section (140)
for shifting in frequency, to a specified constant frequency signal, an

i nput signal freguenc B) , obt ai ned by .converti i f an er

vel oc: t% S%Jr%%?{ o’szﬁ%élrbéﬁ’ r(®f cs?tbarjéﬁ%nb%ecioen&%ﬂﬁn?eﬁas%’ggnlaﬁt 8% gtn i gital
signal by a secon D converter (35), based.on the  aoutput frequen BXn
SUTpUL 11 oM LHerEY SROROR oF CREARY T GF HORERt heh AR S ST e NSy ()
to a desired_frequency band; a frequency_ neasurenent, section 60) for
measuri ng @& G9EeRerEiORAL PY i 7 stittledtidh SPRIHET whith iR8S55t &ThEF by
conversion as the specified constant frequency signal by the first
frequency QerDeF sfERASRRTY ofP XN UtRIHY BIADURS g3 sHedSH dd 2% edSency
value of the first frequency signal to the transmtter (120) to contro

out put fr emoendchesizput sagnal frequeirey (81 tler afdemiiaft fresnoBeEidndby t he
frequency conversion section (110) is always a constant frequency; and a
phase dif f er encea measudefreaquercy icomviek3g)orf seaeienr(lfy) foprrdsd Wi er ence
between the first frequency signal obtained by conversion as the specified
const ant f{gquentiensiygnad a agd il iddcons pant firegueneyf $igta¥ r sguensit

conversion section (110), and the second frequency signal obtained by
conver si ongagnhhe risppeidedot oriaanied bequaneytingrasigmial off drstheaput
fromthe 34 second frequency conversion section (140),
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) output from the transmitter (120) to
move the input signal frequency (8) 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
aphase differencemeasurement 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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t he signal processing apparatus providing the phase difference between the
first frequency signal obtained by conversion as the specified constant
frequency signal, which 1is output fromthe first frequency conversion
section (110), and the second frequency signal obtained by conversion as
the specified constant frequency signal, mhich is output fromthe second

frequency conversion seectl onorﬁV 40%1 r[Eff ctO I nvention] [0056] The
measur emertc 1Ube of- The Cor Tovie rha% r'i ous shapes For

le, th tube and a st t ube. . Th
driven | n aﬁLeo?rfﬁa??a‘iﬁégﬁoaécsﬁsEaa?ﬁ%pra%'%‘ﬁsneﬁ%‘%b%lengiﬁﬁh éc%%SSry

node, as a_node for driving the neasurenment tube. gs.
known,1ﬂug%ﬁ#%ﬁ?ﬁFQr%%E%%%? Eﬁﬁdgﬁﬁﬁﬁ Y5 th 558? feht dwﬁge i's
several ten Hz to several kHz.  For exanple, when the neasur & be
Using a U-SORRYS1eb@s ithey PRRSLEdSAnCPRBEARF nEr SRR S¥E e éﬁgy is
approximately 100 Hz. Wen the neasurenent tube having a stral%ht shape i's
vi brat ed i¥s thetpsti faop beef1appr bxeaacery POV §ES kP BUHOOHA

realized. However, it is very difficult to performthe phase neasurenent
of the Coramd ithed Isewm@ﬁefrbguahvxmy%lgm%l sirre inacobEsePRYe I P tafe theequency
band of several ten Hz to several 35 kHz in a single f |owreter converter.
Ther ef or e, spécl Biedeessarant frequency signal, which is output from the

second frequency conversion section (140).
[Effect of the Invention]

[0056]

The measurement tube of the Coriolis flowmeter has various
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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to separately design several types. [0058] According to the signa
processing nethod in the present invention, the essential problens as
descri bed above nmay be renoved by advant ageous signal processing based on
an identification algorithm Even in the case of the change in
tenperature of the f luid to be neasured, the m xing of air bubbles, or

th id change of the fluid to b d as. Lqui d,
he. mobsurBHont HagPBts ANHYE 5 TON Rt 1 n T EOREPAst T B2 S AT THa phase

measurenent with hi filtering erformance i s advant ageous, and hence
hi gh perfo??m%%%a%’gehlﬁbeé?ﬁb%‘?d%%l‘?elf%ggg‘*jpe%ccor ding to the signal

processi ng apparatus in the present invention, even when the tenperature
of the fluid to [#P%easured changes, even when air bubbles are m xed into
the fluid to be neasured, or even when the fluid to be neasured rapidly

changes from a RECP¥ANY itqurle SitnaleREQFEREARI MU 18 WS LL5EF ST ned

w th constant precision, and the phase neasurenent with high filtering

per f or mancEnvent benr eblhe zessent il PRI SNT GHH RS IRE T SRGViRy vp dgt .
[0060] According to a Coriolis f loweter in the present invention, even
when the teepevedurlsy ofadvemtfdgsaiist o shenmdaspredeghangeshasederPmhéd air
bubbl es are mxed into the fluid to be neasured, 36 or even when the fluid
to be neasidedtifpeat youhahgesifitom &ven in the case of the change in

temperature of the fluid tobe measured, the mixing of air bubbles,
or the rapid change of the fluid to be measured from the gas
to the liquid, the measurement may be always performed with
constant precision. The phase measurement withhigh 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 fluid to be measured,

36



gas to a liquid, the nmeasurement may be always perforned with constant
precision, and the phase measurement with high filtering performance nmay
be realized with a small conputing processing anmount. [Brief Description
of the Drawings] [0061] [FIG 1] A block diagramillustrating a principle
of a signal processing apparatus according to the present invention.

[FIG 21 Ablock diagramillustrati |14 g t i gnal
_plr?)cessi ngorar?ﬁ’frréf"'glgrli {g}j&sffrggf‘gdg?rqg?:?h&fs&%&&% I%Ir%l@]c}; %k%lng%elf’ ?gglr gm
illustrating a specific structure of the signal_pr i S
! : : ust r at &5 rlfoFg 1guid; e gle@?éﬁl?glgﬁltcgﬁ?’?%? arrlg a%gsg%| EI é Ei \r”%{:gi agr am
illustrating an output signal fro n LPF illustrated in FI 3..[LEIG 5
A le?%r a?qcr}%r?tat Pﬁﬁ?éﬁ?%}f puﬁng} Jjﬁﬁl §hi Qﬁaﬁ)‘lﬁe@SH\yerV{lgﬁrhi Pﬁ%gt r at e!j
in . [FIG 61 Adiagramillustrating, an_oufput si | from .a
Lransm t { S HI9TRG REE TG T8Y PRI B TR0 dY HER e s EPEEHIG Pl
output signal in a mltiplier of a frequency conversion section
i|lustratekrdgesHITG JOYWH G 8] A diagramillustrating an output signal
from the frequency conversion section illustrated in FIG 3. [FIGS 9]
Di agrans i [Busef Resgriphecr ek tthe RranedT specific structure of the
si gnal processing apparatus

[0061]

[FIG. 1] A block diagram illustrating a principle of a
signalprocessingapparatusaccordingtothepresentinvention.

[FIG. 2] Ablock diagram illustratinga specific structure
of the signal processing apparatus illustrated in FIG. 1.

[FIG. 3] Ablockdiagram illustratinga 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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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 block structural diagramillustrating the frequency conversion
section of the signal processing apparatus illustrated in FIG 3. [FIG

12] A block structural diagramillustrating a frequency neasurenent

section of the signal processin paratus _illustrated in FI G
13] A str lfcﬁq}:r]dqslctgji araniiusSrat %ﬁ& asd'gﬁlglrlal Presrrsri'd f%%%%télrlét 0
whi ch the present invention is applied. [FIG 14] A block structural

di agr am i I3 YHFHAGRF &%l i% f1 ownet er converter of the Coriolis
flowmeter illustrated in FIG 13. [FIG 15] A block _dia gamillu trating a
phase neasur enentFIGretHdd %i?@e%‘i&?réﬁllt?]a?l‘%f%?ﬂ’fo?fo?hg %o?PSFFilC
flowreter converter illustrated in FIG 14. [FIG 161 A_bl ock diagram

i |1 ustrat isfrucpeseoindsusdemal DROCees 1ug REPrasechst tlLassrpERdt AB
Coriolisflowmreter converter illustrated in FIG 14. [FIG 17] A block
diagram i |1t rat i ng a phase neasurenent nethod using band-pass filters
for the Coriolis floweter converter illustrated in FIG 14. [Mdes for
Carrying out thelRIwvenillod bI3®K @O6Rctural diagram illustrating the

frequency conversion section of the signal processing apparatus
illustrated in FIG. 3.

[FIG. 12] A block structural diagram illustrating a
frequency measurement section of the signal processing
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 block structural diagram illustrating a
Coriolis flowmeter converter of the Coriolis flowmeter
illustrated in FIG. 13.

[FIG. 15] Ablockdiagramillustrating 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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It is an object of the present invention to be able to al ways perform
measurenment with constant precision, to realize phase neasurenent with
high filtering performance, and to be able to reduce a conputing
processing anount to an extrenely snmall anmount. Even when a tenperature of
a fluid to be neasured changes, even when air bubbles are m xed into the
fluid to be ne gﬁ&ﬁ, or even when the fluid to be neasured rapidly
changes fron1aﬁ§ Ssto aliquid, the object may be realized. [Enbodinent 1]

[ 0063] Hereinafter, Enbodi nment % of a nmode for_carri u%it%_lgrggent
i nvention is desdrittfed™w Hngfg ehide Q{F§§5§313Y§%Flé§34§ © S|s a
principle diagramillustrating a si nak (?rocessing nmet hod angeg paLatus
accor di ng 3 9'HEPEFESERTE] SN VIEPEOBS AN G PYEFAPEE] T &GP T aFagr am
for the principle diagramillustrated in FIG 1. FIG 3 is a Dbloc
di agr am i |RhAIG MEARPLENSFEC LS BEphcE Lt BB RESE Y Pr @éﬁi:&on €
apparatus illustrated in FIG 2 using a feedback control nethod. FIG 4
i || ustrat esola touMe@Ucsi gnaPMPEEANENPT PPES FLIG AT G 38 EXLESTELE, 5
illustrates an output signal fromanA/ D converter illustrated in FIG 3.
FIG 6 illssa¥hbesunan oBveuWhsingn dlembegintarer ahant bedt toiredepstesdin FIG
3. FIG 7 illustrates an output signal in a multiplier of a frequency
conver si orciseodéon dddrusteat edri pubb s Rrandxeg intgsthatEkuiddaReout put
signal fromthe frequency conversion section

measured, or even when the £luid to be measured rapidly changes

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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illustrated in FIG 3. FIGS. 9 are time charts for the specific structure
of the signal processing apparatus illustrated in FIG 3. [0064] In FIG
1, when neasurenent tubes 2 and 3 are vibrated by a vibrator (for exanple,
el ectromagnetic oscillator) 6, vibration velocities generated in the
measurenent tubes 2 and 3 are detected by a vibration velocity sensor (for
exanpl e, velocity, sensor

' AGEe! 218t PRGRRAY) cfhvolla P! eEtedon
vi brat i on &l §& P Es ﬁ%%n%onﬁ%FQH g%% pro%%ssedyby a vibration velocity
signal computin dev'ceﬁgg he '$ ation vel aci /Q . catEesponds
to the | efltﬂ\)'bsf tt‘iA $BIstSE 'an%i %eg al’lfeg?étlm\?ecf%%rl%i%ggggs%? B 01EL E?G 13.
[ 0065] The vibrationvel ocity signal conputing device 8g includes .a
frequency oM EDPE S i EH! é’%ﬁ%nﬂ @g’p@ﬁ,até{ﬁdl 1Hﬁ§§3%e§i fference
measur enent section 95. The frequency conversion section 85 perforns
frequency FXonversion on the vibration velocities which are generated in
t he nmeasurenent tubes 2 and 3 and detected by the vibration velocity
sensor 70 when tH¥&afasurenent tubes 2 and 3 are vibrated by the vibrator
6. A signal fromthe transmtter 90 is input to the frequency conversion
section 85. Thenin Silfhalls ofieai nedsbyemeaguerbgscdmad 3 af sy treted
frequency conversion section 85 are input to the phase difference 40
measur enerby sectibna®5rpr 6virdedanple, seBsehronngsesge oFcifdator) 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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frequency conversion section 85. The phase difference neasurenent section

95 perfornms A/ D conversion on respective velocity signals fromthe

vibration velocity sensor 70, to thereby performdigital conversion

processing, and then obtains a phase difference therebetween. [0066] In

t he signal processing met hod and apparatus illustrated in FIG 1, the

i nput signals are subject tQ.t ency. 0 et he
mea%%gﬁmaq] cé%%n.%S E%SLESQH g é%é%#gxgq%?é %%

f requenC| €S a requency nversion to con t he

t d af h f
BT er b SFBAFACIE capabr 4B ep%?fe?,?‘f#ecy H‘iﬂ%’%ermﬁe%gﬁé?aﬁ[e

and hi gh-precisi on phase neas Lenent even, frequenC|es t he

i nput  si gﬁ%ﬁ%s‘t‘fﬁ?@g iS€ Gt er?dpeaf QFMPSH c?rhversﬁ]g?{al onSf?gggfgrlib’enet hod
and the apparatus 80 as_illustrated in fre uenc FIN of
the input VeiQmidls ?%Qﬁﬁ%%efQ?%rEP?oﬁlQE?Bb?Pyvgiﬂgpr76e ﬁar But

frequency FX of the transmtter 90 are mult ipl ied by the fre enc
conver5|oﬁhﬁ%ﬁbbBeSQOFﬁqaﬁ}qﬁ%c@ﬁﬁﬁ¥%&?§Ppﬁ&@ésapﬁfé?E%E@?“° aBBFh t he
signals, and the transmtter 90 is controlled so that the frequencies
after the ¥ retprh oyl Erienes orherebewsant, so as to control the
frequencies input to the phase neasurenent section 95 to a constant val ue,
to thereby perfotmddle phase neasurenent based on the signals after the
frequency conversion. [0067] 41 When such a structure is enployed,

const ant, subst ant thklgignal 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
processingapparatus capable of performinghigh-speed, constant,
and high-precision phase measurement even when the frequencies
of the input signals change is realized.

That is, 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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error-free, and high-speed conputation may be realized without providing a
| arge nunber of filters corresponding to input frequencies and perform ng
any conplicated processing such as changing of a conputing nethod.

[ Expression 1] Fc=FX+FIN (or Fc=FX-FIN) (1) [0068] FIG 2 illustrates the
specific structure of the signal processing apparatus illustrated in FIG

L In FIG 2, agell, pheksth (hPO: T o0rfaenosalngt Ol BELankelogity

sensor 7) is connected 10 a oW pass i's, during vibration

usi ng the vibrator 6, n g deteciion Lgnal of Vj tJ Lty
(outlet-sﬁﬁ¥3ﬁﬂé%9qyaﬁggﬁéﬁTsRﬁﬁ ﬁowgugéﬁégﬁﬁEH’gﬁ4%§§E%§TW§§§§ﬁ%f t he
nmeasurenment tubes 2 and 3 is qgtectgd b¥ the left gick-gﬁf go trqeut

det ect i on REQJH&AI DR (+HF 98 BREEYSn VBl HETE§TT obPT BESRYUS VI bRi t§F8Fgnal )
is input to the |lowpass filter 30. The |lowpass filter 30 is a.circuit
for extradiiafienhircsughd BEF+HLERS V1Y FPBP; 1gﬁF§rdap’f%‘6$?$JeI&]%§H€§l Paft
velocity signal (outlet-side velocity signal) fromthe left velocity
signal  (cdtanging f | RERYE NG MREORBt put fromthe left velocity sensor
7 detecting the vibration velocity generated on the left side of the
measur enentExprsssiomnid 3 in the case where the neasurement tubes 2 and 3
are vibrated by the vibrator 6. [0069] 42 The |lowpass filter 30 is
connected to an BYIbXediirertar 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-sidevelocity signal) 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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31. The A/D converter 31 converts the left velocity signal (outlet-side
vel ocity signal) which is the analog 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 A/D converter 31 is
input to a signal processing apparatus 100. Further, the signal processing

apparatus 100 i s, connect ed 0 theﬁgD C 3 ‘;{1 | goad,e PELEESSI NG
apparatus 100 ]&quESHCQ?ESn%ﬁe% St e]“lsn%ﬁ%{gél&g%gl 1£L<ioau ?’é?—m eeve%)ocity
signal) into a_desired frequency ocessedg1 aphas surenen nj ocat ed
in a subseduentlSt &4 588"%5??&%@ FREBVBh éegﬁﬁeggg e\r[r%; C%th’egl%%%i
frequency conversion, so_as.,to s,hinfé}glL t‘p'lg, i nput fregﬂenc . band aEd geal ize
stabl e phaS¥eds iRt loCt B AIIGT )t ¥Rl o A& tHaRgda 189 ]gqﬂar}lpim& P3Ff (RPO
8 (correspondi n% to right vel ocitg sensor 8).is connected to. a !loy pass
filter 3£romhdns dowgppissgivilbeat POnTREP Yy M WA br3iBr s, WhHENIGLE
detection signal of a vibration velocity (inlet-side velocjty si gnal )
whi ch is geElecittet séanehe (eRghet sfde o kard tibgdaradenPtaimrd a® 5he 3 is
detected by the right pick-off 8, the detection signal of the vibration
vel ocity (dirgigtalsiseynasl dui tohesifgalopnviesrtieapdtl 6 dhPUtokCpassignpter 34.
The lowpass filter 34 is a circuit for extracting, through a frequency
filter, omnocedsimd regepearecyus ilght. vel ocity signal (inlet-side velocity
signal) fromthe right velocity signal 43 (inlet-side velocity signal)
out put from t he Fumghtewetneistignal processing apparatus 100 is connected
to the A/D converter 31. The signal processing apparatus 100
frequency-converts the input signal (outlet-side velocity
signal) intoadesired frequency processedby a phase measurement
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 for extracting, through

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

(inlet-side velocity signal) from the right velocity signal
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sensor 8 detecting the vibration velocity generated on the right side of
t he neasurenent tubes 2 and 3 in the case where the neasurenent tubes 2
and 3 are vibrated by the vibrator 6. [0071] The |low pass filter 34 is
connected to an A/D converter 35. The A/D converter 35 converts the right
velocity signal (inlet-side velocity signal) which is the anal og signa

output - {1 Q. the Jiou RASS il & Akl bR Bud! GLbAl cAEIRRbne UL ibeL eyl he

si gnal procéssing apparat us I"S connec D converter %5. The
si gnal processing apparatus ,100..fr - I i
(inlet-ﬂ<ﬁ§qﬁﬂ%)F?%ecgiEﬁﬁgeWﬁFgaggggg%¥€(ﬂagééé%%€€%¢g@gggi%gﬁgéthe
phase neasurenent unit | ocated. in_the subsequent age_and tfo t he
phase nea§UF%hﬁ#]QW%5@%ﬁ%¥?¥%ﬁhéﬁéf%:n@%gggoﬁP'g%eagaSFowgﬁr%tEg%e i nput
frequency band and real i ze stabl e phase .neasur nt. [0Q72 The A/D
convert er TERSE e dtirPS & &7% @&%W%ﬁf&i{%’n t ecytﬁZ’(%]r?tffO% "The
frequency conversion section 110 frequency-converts the digital signal of
the left vel oci thP07llgnal (out!let-side velocity signal) output fromthe A/ D
converter 31 and then input thereto, into the desired frequency Erocessed
by the phase nedf& dpenpagsi E1Lbest ¥4 lisn CORBesEBSeReH A/ S§BVEERFEher

the A/D converter 35 is connected to a frequency 44 conversion section
140. The f¥%®qufheyAd¢bneenvevheseddiopnvepts the right velocity signal

(inlet-side velocity signal) which is the analog signal output
from the 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 to a 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
processed by the phase measurement unit located inthe subsequent
stage.

Further, the A/D converter 35 is connected to a frequency
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frequency-converts the digital signal of the right velocity signal
(inlet-side velocity signal) output fromthe AAD converter 35 and then
input thereto, into the desired frequency in the same nmanner as descri bed
above. [0073] Further, a signal froma transmtter 120 is input to the
frequency conversion section 110. Wen the signal output from the

SR R
zggcglsfg; bqiiﬁ?ﬁ?%éﬂiﬁ%ﬁ%&iﬁ%%Eglffg.Sﬁggf&n§F § Ealﬁ % b¥e$§égugncy
desi red oondin - (LPERBERCHes HAC oot g he BUTH EPGNaI T off Phe.
2l 0 | npUICORE Rt PP Gl RBI ML ERSREGe i ErP £AS. AYHGT FECaRGNaY out put

fromthe transmtter 120 is input to the frequency conversion section 140,
t he frequeity-hso rRASISS IMANNRIC 3o SRRy 199 GRIE - converts the input signal
(inlet-side velocity signal) input fromthe right pick-off 8 based on the
signal output fl®%#3lhe transmitter 120. A signal obtained by frequency
conversion by the frequency 45 conversion section 140 is converted into a
desi red const antFurther, a signal from a transmitter 120 is input to the

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 obtainedby 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. Whenthe 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 gsignal
output from the transmitter 120.

A signal obtainedby frequency conversionby the frequency
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frequency signal based on the output signal fromthe transmtter 120.
(0075] When the transmtter 120 is controlled as descri bed above, as in
the case of the frequency conversion section 110, also in the frequency
conversion section 140, the frequency obtained after performng the
frequency conversion, of the right velocity signal (inlet-side velocity

signal) input fraomthe A.D conyerter IS 4C oLl i 0.8 desLfgf:
frequency Q?Wﬁfﬁﬁ%%éfﬁgéc%ng% 6%a§8nﬁggggge%§%F %n?gs%gs | ocated In a
subsequent_ st age, based

n the o ut _freque
transni t t & SBEICY HEF6T! %ﬁ'&el n%#hgroélcf éﬁ:c%l%?g]f %g%ﬁgk%é ég%%@t%t%fgnal
(outlet-side velocity signal) which is output fromthe A/D converter 31
and i nput % the frequency conversion section 110 and the input frequency
of the right velocity signal (inlet-side velocity signal) which is output
fromthe A/D comPé&3dr 35 and input to the frequency conversion section
140 are sinultaneously subjected to frequency_conversion and ipput to the
phase differend@“ﬂ%ﬁ%@ﬁéﬁ@ﬁﬁlﬁﬁ?F1£§b1%SOBEFP&Fﬁgﬁﬁ%é%S%¥$?%?@ﬁgge'
measur enent. When such a structure is enployed, according to_this
enbodi mentas tie thepgeser e§uehei Bseqreney IBIGESA D GeAt 1T 110 gAtSQel oci ty
signal) are sinultaneously converted into the desired frequency bands.

Ther ef or e, irevka fiteudrivey copuersienfaasfuaic €8, hef fre@neReY PrépdREE and
right velocity signal)

afterperformingthefrequencyconversion,oftherightvelocity
signal(inlet—sidevelocitysignal)inputfromtheA/Dconverter
35 is controlled to a desired frequency to be processed by a
phasenmasurementunitlBO1ocatedj11asubsequentstage,based
on the output frequency output from the transmitter 120.

[0076]

The input frequency of the left velocity signal
(outlet-side velocity signal) which is output from the A/D
converter 31 and input to the frequency conversion section 110
andtheinputfrequencyoftherightvelocitysignal(inlet—side
velocity signal) which is output from the A/D converter 35 and
inputtothefrequencyconversionsectionl40aresimultaneously
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

desired freguency bands. Therefore, even when the input
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change, the phase nmeasurenent processing frequency is always set to a
constant value to significantly reduce the nunber of filter tables. In
addi tion, the phase nmeasurenent processing may be nore effectively
performed. According to an effect of the present invention, constant,
substantially error-free, and hi gh-speed conputation nmay be realized

i t hout i di a | .of filt : ' |

fr cauenc S8 I APFoREAY ARyoCEbht | EhT bt GCEE NG euchy a2 The: Lhange
f th ti t hod. Needl| t t he [ .t

Teasur e ARASEE] GRe KA BT BT SR bV I o 16 RRFALY FRur R e

transform (DFT) or a fast Faqurier transform (FFT). [007 A cl ock.si gnal
is input FEGNMEY |G HFRE (VG HTe TR/ ﬁ)lglaﬁxv:é?:?@\(’fy e%‘L%F ttryee RPB%Sr Erte

onverter
35. The clock 150 sgnchronizes,the dLgitaI signal of the |left velocity

si gnal outfdditery 6APLRE - A/ B aCsthkeiter tBE RRRFT MEARH R tsPEREF 8t g he
right velocity signal output fromthe A/D converter 35 to realize
si mul t aneowy ksampiden s £ Rt ivedgu @ef &dIRFer si on section 110, the
transmtter 120, the phase difference nmeasurenent unit 130, the frequency
conver si on sect irarolkflingne anfes fladckE 5 RS S WdRYC 191 + RENS§RFRal
processing apparatus 100. [0078] The respective input signals (left
vel ocity shgrsdarsnich] 47 envimgitt- fusdenciangd diignalspesid clompugathiendmgyt &
si gnal s obt ai ned .
realized without providing a large number of filters
corresponding to input frequencies and performing any
complicatedprocessingsuchasthechangeofthecomputingmethod.
Needlesstosay,theprocessingofthe;ﬂwsenwasurementsection
may be realized even using a discrete Fourier transform (DFT)
or a fast Fourier transform (FFT).
[0077]
AclocksignalisinputfrmnaclocleOtotheA/Dconverter
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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by conversion by the A/D converters 31 and 35 as described above are
subjected to the frequency conversion by the freqgquency conversion sections
110 and 140 based on the output signal from the transmtter 120. [0079]
Next, a specific conputing method of phase difference neasurement
conputation in the signal processing apparatus 100 illustrated in FIG 2

is described, Wen the neasur t. L 3 i :
Z:SLZTo;nglfftﬁrﬁgirgfyfs%$%%££?§F}f?Q?%ﬁg%%E%' 1§%€ﬁgpgg?%:??gab%§§city

i ian i i
(o o v Sy BT E BB D bepvaftihs afl Sa80ts Eeatdaerer’ 10 )

and 3 are obtained as jnput i I f the LPO (]| ef | ck-
RPO (ri gh®Ys Rdetas ?W?I r%%§%§?¥rFé%Yfr§£O$h%¥E#@gcggégg%ﬂgygngnf

signals of the LPO and the RPO are defined as follo . phas

di ff er enceetamssiP PEFRRENS RAG 1P} Q%F&O%]t%ﬁ aﬁfp‘é%&%ﬁal; gg?‘ﬁ( e) (2)
[ Expression 3] Left pick-off: sin(e+&) (3) [0080] The output signals
(left vel ddig yerangmltUspPO IR right velocity signal RPO fromthe two

vi bration velocity sensors 48 (left pick-off 7 and the right pick-
are converted fri®m79] ( P right pick-off 8)

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 6 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 RPO
are defined as follows (3¢: phase difference between LPO and
RPO) .

[Expression 2]
Right pick-off: sin(8) (2)
[Expression 3]
Left pick-off: sin(6+30) (3)
[0080]
The output signals (left velocity signal LPO and right

velocity signal RPO) from the two vibration velocity sensors
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the analog signals into the digital signals by the A/D converters 31 and
35 through the lowpass filters 30 and 34 provided in the converter of the
Coriolis flowreter 1, respectively, and then transferred to the signal
processi ng apparatus 100. As descri bed above, the signal processing
apparatus 100 is divided into four blocks including the frequency

conversio ction 110, the ansmni . 0 i

g???greneR%S%?cPfSﬁ;E%g,7éﬁl %h&nfgééég%%égg%%égﬁs?%%S§8g¥%%ﬁégl Oan phase
rence,_ be en e outpu . L fr. h f i ck-

oot ik 3 R PORPEAR g e ) e P o

converted into a ow r at i | b d_. he _f i .

T br at i on VeRDE 25 SBHERTS T T S GnE i 2 EEC ARy A PR atur o

sensor 9. Note that the tenperature neasurenent is not described ig t he

drawi ng. [BE8EPRVERESEORT FRT FTPE IRy BRESH 1 r SRFPRECFYEYYerty

conversion section 110 is obtai ned by adding (or subtracting) __an output
f requency t&xm @Jﬁ@@ﬁeﬁﬁﬁﬁiﬁﬁet@ﬁaﬁéﬁﬂ@ﬂePrPgésﬁén@oﬁppﬁFéﬁPsaﬁOPnput si gnal
frequency O output in a case where the left velocity signal (out]et-side
vel oci ty si gnal pPswhésthrilkeddshat edhisysitval gogrIking PPPREPL UGl BRIty
sensor) 7 and extracted as a lowfrequency signal by the |owpass filter
30 is coneedfetideatintidéodirgolatksiigraldingt e ArRaveMFeT FeRVSYSing
descri bed above, with respect to the input signal 49 frequency which is
out put frgmddierd r egqoencyheonwamsndtteect LA, the phase difference
measurement section 130, and the frequency conversion section
140. A phase difference between the output signal LPO from the
leftpick—off'7andtheoutputsignalRPOfromtherightpick—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 gsensor) 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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110 and input to the phase neasurenent section 130, the input signal
frequency 6 which is the lowfrequency Ieft velocity signal (outlet-side
velocity signal) of the digital signal output fromthe A/D converter 31 is
shifted in frequency to another frequency band based on the output
frequency 6Xn output fromthe transmtter 120 in the frequency conversion

section 10. [0082], . Th f h i I i i ift i

and_ou p?ew%mg 1 %E%%ﬁ’%%%%rrgwiﬂr&?éz St e Sl
is shifted in freguency an t he f . i . i
having t hd OaABapTBeRs i her BhBHS) BrR i be it T8 RhaTi A%, e

phase neasurenent section 130, A [0083] A |
(e+eXn) oﬁﬂﬁﬁﬁlfﬁéﬁﬂpﬁ@CYT@e&@éﬁgyléokpﬁri%@g¥§§§¥F5§§i¥%§gggé%%$}%fled o)

as to finally become a phase neasurenent frequency set. value eC which is
arbitrari lsjiggetl qq5éiﬁéﬂﬁ%ﬂ$zﬂ61Q§}§¥HﬁéﬁQ@$)V%%ng?%eéf$éﬁ§ﬁiff%?ag20 is
controlled so that the frequency neasurenent val ue (6+eXn) input to the
phase neastpartefiroge thicod /P3G oalVREFS ThédokEs ShAEt8ENsPahF S HFBHEENEY eC as

descri bed above, high-speed processing of subsequent phase neasurement may
be achi evechotieq 0084jiency 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 6C which is
arbitrarily set.

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

When the transmitter 120 is controlled so that the
frequency measurement value (6+0Xn) input to the phase
measurement section 130 always becomes the constant frequency
0C as described above, high-speed processing of subsequent phase

measurement may be achieved.
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The frequency control nethod according to the present invention includes a
nmet hod for adjusting the frequency of the transmtter 120 so that the

out put frequencies of the frequency conversion sections (110 and 140) al
becone equal to ec in the condition of Expression (4), that is, a feedback
control nmethod. Hereinafter, the signal processing nethod and the signal
processi ng appar%égi according to the enbodi nent of the present invention
are descri bed. él é illustrates a specific structure of the signal

processi ng apparatus illustrated, in.Fl 2 .usin he feed K ol

met hod. The sigﬁ%@ FS@@?EFchgﬁﬁﬁpétU§ET88 ?FF% %%3 egoigﬁélgfgggﬁéerforns
frequency conversion on the input signals (inlet- _and outlet-side velocity
si gnal s)  ifAVE Sy é’acwgﬁﬁéan@ﬁéilogngorﬁéjﬂf r%r?g‘gpﬁggef%%%?ﬂcéfnﬁ t*%Fter the
frequency conversion, and hence stable ghase neasurengn n?¥ be achi eved
wi t hout t Aaswmiitisut 129 squeh’y HhshaetPHt & BeEaLeg 5‘%76 REYECB, the
Al D converter 31 is connected to the frequency conversion section, 110. The
f r equency csWeaIssicon ssedtions 1160 pads af ﬁﬂﬁq&éﬁ@?ecSﬁVéFsFBneﬁanhe
digital signal of the left wvelocity signal (outlet-side velocity signal)
out put andhependitriom tfieExpPegsnesr {4}, Jhatrurt.hér feedbagkpreBhyett er 35

is connected to the frequency 51 conversion section 140. The frequency
conver si omes#eid.on 140

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
performsphasen@asurementafterthefrequencyconversion,and
hence stable phase measurement may be achieved without taking
input frequency bands into account.

[0085]

InFIG. 3, theA/Dconverter3lisconnectedtothe frequency
conversion section 110. The frequency conversion section 110
performs frequency conversion on the digital signal of the left
velocitysignal(outlet—sidevelocitysignal)outputandinput
from the A/D converter 31.

Further, theA/Dconverter 35 is connected to the frequency
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perfornms frequency conversion on the digital signal of the right velocity
signal (inlet-side velocity signal) output fromthe A/ D converter 35 and
then i nput thereto. [0086] Further, the frequency conversion section 110
is configured so that the signal fromthe transmtter 120 is input

t hereto. Wien signal output fromthe transmtter 120 is input to the

frequency conversi on section éélo I(Lﬂr%ae frequency . conver si i 110
performs (TG RBhETESRTet £F on ffﬁggleﬁﬁgtC%?‘éerlra{l?%%{él%ﬁ %%Ll ggo
velocity signal) input fromthe |eft pi E—o f .7 qfased o] htc sign out put
fromthe tﬁ%@ﬁ"‘ﬁs@ CTYOBCY FREVE T %bg ieﬁ;e]t?lbts? ??a%%ﬁé’% Ei?ﬁﬁg?g!:on by
the frequency conversign section 110 is converfed jnto the %onstg%t
frequency & kfifal b &dadn (LReeEGEHEE CRLAGH TY rtdRHe (FHRTH £EeF “3%0.
[0087] Further, the frequency conversion section 140 is also configured
so that tHeRipraieRtedmIhand dfah tidvu 9% 5hput  thereto. When si gnal
output fromthe transmtter 120 is input to the frequency conversion
section 140, theldd8%duency conversion section 140 perforns the frequency
conversion on the input signal (inlet-side velocity signal) input fromthe
ri ght pick-off &wdse onthiee $irgoaknout poonyevsiohe a9 t ldi0 180. 52
The signal obtained by frequency conversion by the

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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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 described above,
as in the case of the frequency conversion section 110, the frequency
conversion section 140 also perforns the frequency conversion based on the

out put fr equency. output, . {r g LAG Lr ansm 1L ahod20. L0080k ofn aut pt end of
ﬁv%r I TT0 d to the P

t he frequency c N section I S CORNec requency

measur ene section 160 and the  phas i.fference [ n ipn 130.
The 11 equ SRS EPBRBRT - SRR o0 e Tr Be T e SOE B Feeeray

obt ai ne by frequency conversion t he freguen conversion sectign 110.
The frequdfGAEEH P %ﬁlgﬁéﬁqﬁﬁligé‘?ngHhﬁé%?%ﬁ%Fgmﬁﬁga§ﬁﬁ3§315%?¥erence
nmeasurenent_unit 130. The frequency measurenent section 160 nmeasures an

out put silgi?al frequency (eCn=e+eXn) obtained by adding (or subtracting)
the output frequency exXn output fromthe transmtter 12 0 to (or f rom
the input si gnal [d¥0&8&quency 0 obtained by converting, into the digital
signal, by the A/D converter 31, the |lowfrequency |left velocity signal
(outl et-side vélhsgi thescgnbrlvie dlrdesbietlee MR GaRd 9 éFﬁnﬁF‘éé-tSFf (left

53 velocity sensor) 7 and extracted by the | ow pass filter 30,
120 as described above, as in the case of the frequency conversion

section 110, the frequency conversion section 140 also performs
the frequency conversion based on the output frequency output
from the transmitter 120.

[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 frequency (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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in the frequency conversion section 110. [0090] The frequency neasurenent
val ue neasured by the frequency neasurenent section 160 is output to the
transmtter 120. When the neasurenent val ue of the output signal frequency
(OCn=0+GXn) output fromthe frequency neasurenment section 160 is input to
the transmtter 120, the predeterm ned frequency signal (eXn) i's

transmtted based on the surenent val e out nal equency
(0o rexie Lt GRS onf oL (PRTARRTERY 130 AON R oFr 2qdeagy 0
conversion, sections 110 and 140. In the feedback Ioop whi ch starts at the
frequency TRedfer %ﬁ?ﬁP%ﬁ&%|QﬁPYﬁﬁf1‘Hh§§§éJfﬁ}dUﬁ% t he frequency
measur enent section 160 and the transmtter 120, and returns to the
frequency conver &P lsection 110, the out put frequency output fromthe
transmtter 120 is added to or subtracted from the input frequency of the
left velocity s|Tg‘mﬁregu@ney%wr%m&v%w%mgﬁﬁpye%&u’fh? EERAVRECK D
converter 31 by the frequency conversion section 110, to performthe
f requency meamergion: seatiha ¥¢@48e5PEo ROl 6HABEBEEEAT LAP - [0bST] The
conversion frequency output fromthe frequency conversion section 140 is
obt ai ned yhaddaayrénens watluace§ hig outtlpeitorignal frequency (EXn=6ubgmd from
the transmtter 120 to (or from the input signal frequency (e+b(p)
obt ai ned yutmpwn\fersi aheofréfeentghiteamloemidnt siegridlon LAlet s simgaitvéboci ty
54 signal) which is detected by the right pick-off (right velocity

the transmitter 120, the predetermined frequency signal (6Xn)

is transmitted based on the measurement value of the output

signal frequency (6Cn=0+6Xn) and output from the transmitter

120 to the frequency conversion sections 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+3¢) obtained by

conversion of the right velocity signal (inlet-side velocity
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sensor) 8 and extracted as a | owfrequency signal by the |lowpass filter
34 into the digital signal by the A/D converter 35. As described above,
with respect to the input signal frequency which is output fromthe
frequency conversion section 140 and input to the phase neasurenent
section 130, the input signal frequency (9+6cp) which is the | owfrequency

right velacity,signal .(inlet-si vel oci.ty .S] | f .t i O si gna
out put fr&ﬁﬁpﬁﬁ)ﬂf %%H%%&?g?cggggéfg%?ﬁ%é%nﬁggggeéﬁgﬁg§gﬁ¥gb%%% 4
frequency band hased _on the oufput frequency 9Xn_.output fromth

transnitt &ETESF i%apﬂt?}?trr&ﬁf&?tgs BorRVEr 'e&’i’yenscé’cfll%rﬁaﬁg’éf.tkteog]@ﬁ]SaWIen t he
transmtter 120 is controlled as d sctib%ﬂ ?ﬁp%%F 33 in the casg of the
fr equency fddimeér Sitort "&Ec tGh6n YB3 F3 $491 e TP {UEn P ISATEFsi*an sect i on
140, the frequency _conversion is perfaorned based on the, output B frequency
OXn out put frofst BesrdRed akaver20vitther SRR At 501 ERE r 4R t??a?nigo is
controlled in frequency using the very-sinple calcul ation expression as
descri bed fxgismpscy] OO 1srowEper froRethe EGGEHERCYIRFEIST TIPS BREFOAR110 i s
connected to the phase difference nmeasurenment unit 130. Further, the
frequency lddneadsioput et itdre phasiesmeaansenedtt B¢ hEOPpHaxb thef tBPRRce

measurenment unit 130. 55 In the phase difference measurenment unit 130, each
of signal frequency (6+8¢) which is the low-frequency right

velocity signal (inlet-side velocity signal) of the digital
signal output from the A/D converter 35 is shifted in frequency
to another frequency band based on the output frequency 6Xn
output from the transmitter 120 in the frequency conversion
section 140.

[0092]

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 6Xn output
from the transmitter 120.

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

[0093]

Further, the frequencyconversionsectionll0 isconnected
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 frequency O of the left velocity signal (outlet-side velocity signal)
which is output fromthe A/D converter 31 and input to the frequency
conversion section 110 and the frequency (9+6(p) of the right velocity
signal (inlet-side velocity signal) which is output fromthe A/D converter
35 and input to the frequency conversion section 140 is converted into the

t ant ined f , f if. t.
0004] When suchtih S BUPe SRS o Sanrar iy CFd As0 eI
the input f

reguencies (left. velacity si.gnal. an right. velocit Lgnal) are
converted M gr?ﬂ‘éela%% igrogjt]?? gaggﬁlééocﬁgcﬁ’ass%grﬁ%e#%‘flg?e&_%Jﬁ(ge ?’reéaééggy bands
of the input frequencies (left velocity signal and right _ vel acit i gnal)
are shift GEIRGRA THET b GIY 10 TALD Comegiiet SAnerd elied I h
addi tion, the phase measurenent processing nmay be nore effectiyel
per f or rred.t‘AEESr%‘%ﬂjlet%:yaﬁo%‘f’?’é%%o%ﬁetcﬁérog‘rje]s%ﬁ?di%ﬁ??%‘h?n%%rﬂ?ﬁé%t) ,
substantially error-free, and hi gh-speed conputation may be realized
Wit hout prefvEhergant dedechmseionstl {(inlekss1eavedSsdtdi figgnat i Whdeh
frequenci es and perform ng an conpl i cat edprocessi ng such as the change of
t he conputish@urmutodromNdes|lReds coaveayert he §irbaapsitnge dfhe REeRETEY
measurenent section nay be realized even using a discrete Fourier
t ransf or mdDFBrsioon aséastorol4 ¢ ek st canseovrad ( ERTP. theogsneseonssapitock

signal is input fromthe clock 150 to the A/D
desired frequency, to perform phase difference measurement.

[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.
Needless to say, the processing of the phase measurement section
may be realized even using a discrete Fourier transform (DFT)
or a fast Fourier transform (FFT).

[0095]
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converter 31 and the A/D converter 35. The clock 150 synchronizes the
outputs of the A/ID converter 31 and the AAD converter 35 and thus has an
i mportant function for elimnating a sanpling error between the digital
signal of the left velocity signal output fromthe A/D converter 31 and
the digital signal of the right velocity signal output fromthe A/D

converter 35. T respective Lnhpuf .Si I | i i right
vel ocity signal ;&%\ﬁnfiﬁcg{r glsﬁé?d#%ijt%ﬁqj%i%ﬁa gggb{'lgﬁ%}gdfél%?oggﬁ\%e%@?on by
the A/D converters 31 and 35 _as d ri bed ahove re subject to e

f requency cé’&hv\?grecsﬁron%ﬂiy N ft?‘gqu]g?\]%y CROVersi o%%ect%%s cf%g:kan]dng
based on the qutput signal from trF}g t{lan L1tter 12t0' [ 09% Hex‘;VDa
speci f i ¢ PRYSE WHESS ORGP tEnt e tETEH 5 Ther st §Rsl

processi ng apparatus 100 illustrated in FIG 3 is, described. Hereinafter,
phase neasiABiRieHASSNDRIESHHT eBniRRIMta NS FYRSF 181 %%Eﬁl“éf’%ﬁng
conposite frequency is described. The output frequency of the_frequency
conver si ord §é@PP—éﬁglemqrsbﬁ’é‘%@?lédleo‘9lghéafrsé@@é‘ﬁc?/f rE&stR En¥RLOSEEY on
160. The transm ssion frequency of the transmtter 120 is controlled
based on tdigmeEasutpttvEroe. the A/Recenygaureprivcassi Hae spsHEtalus1igo8l t he
out put frequency of the frequency conversion section 110 is nmeasured by
t he frequentyheeasgheneritosict isagnadOouspuf 0Dgm 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
conversgion 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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In an initial state, the output signal 9Xn of the transmtter 120 is not
output fromthe transmtter 120, and hence an initial output signal eXO
fromthe transmtter 120 is expressed as follows. [Expression 5] eX=o0 (5)
Therefore, with respect to the flow rate signal LPO which is the output
signal (left velocity signal) output fromthe Ileft pick-off 7 provided for
t he neasurenent[tégg 2 and 3 in the case where the neasurenent tubes 2
and 3 are vibrat'® j the vibrator 6 of the Coriolis floweter 1, a sum

conponent frequency of a frequency to,_be frequency. nodul ated y

fxpressed b¥ " A (Prnyritia né”ﬁﬁé@ oFg%Xﬁégﬁbglt%%g%% p%%nsfgﬁaFgg
requency of the frequency converter 110 is expressed as, fol based on
Expr essi orF {@RSMGEEH d< dF 61°t é%6¥§¢eﬁ€E@‘€§f ?ﬁﬁ??méﬁtﬁﬁih?§f and

nmeasurenent frequency is activated based on the LPO si nal,freguency 9.

[0098] AdeasRn sitgiidials RHEREmSiigBay S¥OnTEOBr thg0 tFATEMAEXET 7Pst step

is conpared with the initial neasurenent frequency such that (phase

neasurenemﬁfaxgnﬁﬂﬂg@SﬁQ:ﬁQkQQKﬂ-frequency set val ue) =const. Asexpressedby
the follow ng Expression (7), eX is determ ned such that the difference
becones t hiExqutgrgid8 =i gnal of the transmitter 120.

6X=0 (5)

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)". In a case of 8Xn=6X0, the output signal
frequencyofthefrequencyconverterlloisexpressedasfollows
based on Expression (5).

[Expression 6]

6co=0+6X0=06  (6)

Thus, an initial measurement frequency is activated based on
the LPO signal frequency 6.

[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. AsexpressedbythefollowingExpression (7),

6X1 is determined such that the difference becomes the output
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The transmtter frequency eXl is obtained as follows. [Expression 7]
exi=eC-e (7) Wien the transmtter frequency CX1 in the first step is

obt ai ned, eC=const. An output signal frequency of the frequency conversion
section 110 which is to be set for an output signal 8X2 from the
transmtter 120 in a next step is expressed as follows. [Expression 81
e+ex!| =ecl i8 [%@gth her g t’iez out put signal 0X2 fromthe

transmtt nex S expressed as follows based on

Expressi o (7 essi x| +ec- e+ex| 9). [ 0] Wen the

oper ati on "%ﬁf&s&“ qo LL%bcéft 29(3& tlr?eo ovcal) r?(s |fs?lc}btw% ‘ned.

[ Expression 10] 6 xa= xs+ 0 c- ( 8+ 6 x2) 6X 6xa+ 6¢c- (6+6xs 6 Xno6
ks

X n-1+ 6 P17 When the output frequency exn fromthe transnitter
120 is conetxrlo_lelcede bas(egi on a real-tinme processing clock of the clock

Eﬂlé%%

When the transmitter frequency 6X1 in the first step is
obtained, 6C=const.

An output signal frequency of the frequency conversion
section 110 which is to be set for an output signal 6X2 from
the transmitter 120 in a next step is expressed as follows.
[Expression 8]
0+6X1=6C1  (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]
8X2=0X1+0C- (6+6X1) (9)

[0100]

When the operation described above is repeated, the
following is obtained.

[Expression 10]
8 xa=10x24 0§ c— (3‘4‘3;(2)
6 xs= B xa+ 6 c— (9’4’5)(3)
(10)

?  xn™= 8 xoa-1+ 8 c— (04‘“9&«—1)
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150 as descri bed above, eXn~-eXn-1. Therefore, the output signal frequency
(e+eXn) of the frequency conversion section 110 is finally expressed as
foll ows. [Expression 11] eC=e+eXn (11) Thus, high-speed processing of
subsequent phase neasurenent may be achi eved using Expression (11) in tine

series processing [0102] In the lowpass filter 30 illustrated in FIG
3, when a har or se is renoved to elimnate the influence of al ias
ing in A{}Dcon ersr , a sine signal (sine) as illustrated in FIG 4 is
output. The sin u fro | oW~ pa i 3 S

illustrated in g%‘é fl’ gr?gueﬂcﬁ &(rﬁ h?rom h% %%n&gkné?rgﬁragzgn

arbitrary const ant rval the D, converter ob lin
si gnal (sr“r"ﬁe‘foﬂgr?#ﬁé eéjdo tgnegﬁgcleﬁg&nguct‘ ?ﬁk trfom D °

converter 31. [0103] The_ si gnal Si as illustrated in FIG 5 which is
output fraf @ JesFPRSE ARIYS: %‘ r%iréa:'n'pl ed for digital signal
conversion by the A/D converter 31, is input to the fre uenc 60 conver si on
section 110 of (HeTEigFa. Fhec SISPNG Shgaedt fretoency (GPr Y e8ti PRI G 3.

Further, a transmtter output signal out ut fromthe transmtter 120 is
i nput torﬂngqm@qHEnggnver51on section 1 is finally expressed as

follows.
[Expression 11]
BC=6+6Xn  (11)

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 is removedtoeliminate the influenceofaliasing
in A/D conversion, a sine signal (sin®) as illustrated in FIG.
4 is output.

The sine signal (sin®) output from the low-pass filter
30 as illustrated in FIG. 4 is sampled for digital signal
conversionat anarbitrary constant interval by theA/Dconverter
31 to obtain a sampling signal (sin6) as illustrated in FIG.
5, and then output from the A/D converter 31.

[0103]

The signal (sin®) as illustrated inFIG. 5, which is output
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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conversion section 110. When the neasurenent val ue of the output signal
frequency (ecn=e+exn) output fromthe frequency neasurenent section 160

is input to the transmtter 120, the transm ssion frequency signal (eXn)

of the transmitter 120 is transmtted at a desired frequency based on the
measur enment vaIue of the out put signal frequency (eCn=e+eXn), and a cosi ne

I Xn
i (SRR e BB R o B e

nplrn Phderval I'nput signal in

the A/D converter 31. n the out ut Si exn) _fr t he
transmitt ért LPEFTELES ﬁﬁuFIFo ?hezfz% ey CORVEr F%ﬁ 88??0% ii%ggl
i nt hefrequency conversion section 110, the sr nal (.si n@%? aﬁgel I ust rat ed in

FIG 5, weudwuts KSeamhl &e f bFaBPyH EEFT sitgRalt S Sitdh
converter 31, is multiplied by the output signal (coseXn) output frontthe
transmit t SONVEF AT |Saftion dddn FIG 6 (si nexcoseXn) by a nultiplier
provided in the frequency conversion section 110, to thereby obtain a
signal (si nexcodim) thageaisugsmeated e PEGhy ourREtsy Al EEPABREBE¥eXn) as
illustrated in FIG 7, which is obtained by nmultiplication (sinexcoseXn)
by the mul(8Qui<6oXmr ovuicgad £rom Hdef FEqauRBEYCOPREESTANE &QIP™M 100 passes
through 61 a high-pass filter (HPF) provided in the frequency conversion
section 11& timpuamove thd awalisequdrey 1@Onpohentransmigeiepy fregugnaya
signal (sin6C) as illustrated in FIG 8. The signal .
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 (cosbXn) 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 to the frequency conversion section110, inthe frequency
conversion section 110, the signal (sin6) as illustrated in
FIG. 5, which is sampled for digital signal conversion by the
A/D converter 31, is multiplied by the output signal (cosHXn)
output from the transmitter 120 as illustrated in FIG. 6
(sinBxcosbXn) by a multiplier provided in the frequency
conversionsection110, totherebyobtainasignal (sinfxcosfXn)
as illustrated in FIG. 7.
The signal (sin6xcos6Xn) as illustrated in FIG. 7, which

is obtained by multiplication (sin6xcosbXn) by the multiplier

provided in the frequency conversion sectionl1l0, passes through
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(sinéC) as illustrated in FIG 8 is output fromthe frequency conversion
section 110 and input to the frequency measurenment section 160 and the
phase difference nmeasurenent unit 130. [0105] The phase difference between
the output signals (left wvelocity signal and right velocity signal) from
the vibration velocity sensor 70 (leftpick-off 7 andrightpick-off 8)

provi ded _ipn.the neasur nt e 3] e ;
Pe?surene Hl?ﬁbggsﬁ aﬁgt aggﬂai§F§y§§ggyl%H%&Qﬁgggﬁbpwg-%?n%%gs%%?iolis
owreter 1.is C ut edby the four blocks includin freq
conversioﬁgﬁgﬁﬂnoﬂg%l%g E%EOYEO? #ﬁg'§F§ﬁ§ﬁPFYngT§g?ggﬁé %ﬁagggg%P¥ference
measur enent unit 130, and the freque nmeasur.ene secti 160, 1 ncl uded
int hte 3I @ﬁalﬁzaﬁéégflﬁb A G fggﬁsitﬁ’%gfir éflre]liLjICf heqzl G%p"?. S Iel%,f t he
conmput ed phase difference is converted into the f Jow rate_signal based on
t he frequéﬁﬁyﬁgvgﬁﬁl115&?Eﬁﬁt?@oHQﬁW§;f@ehﬁéﬁ%?pﬁ%d%ﬁWbﬁgﬁtf§8§??BﬁY160 and
the tenperature data detected by the tenperature sensor 9. [0106] Next,
an oper at iG@RVEr ieR SegRAPTPE b I AGPASD PR free SN YURERSHERTPHEFIG 3
is described with reference to tine charts illustrated in FIGS. 9. First,
in the | owesasiorn i16C@arBD tid whass ob fifierence Feaspr@nea thamisnilé tnoise is
renmoved to elimnate the influence 62 of aliasing inA/D conversion, a sine
signal (sine) asldldsdstrated in FIG 5 is output. Wen the sine signa

(sine) illustrated in FIG 5 is output,
The phase difference between the output signals (left

velocity signal and right velocity signal) from the vibration
velocitysensor 70 (left pick-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 1l 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 flow rate signal based on the frequency signal
output from the frequency measurement section 160 and the
temperature data detected by the temperature sensor 9.

[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
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the sine signal (sine) illustrated in FIG 5 is input to the A/ D converter
31 . Then, the signal is sanpled for digital signal conversion at an
arbitrary constant interval by the A/D converter 31 to obtain a sanpling
signal (Yl=sine) as illustrated in FIG 9(A) and output fromthe A/'D
converter 31. [0107] The sanpling signal (sine) illustrated in FIG

9(A),which_is output fr .D_c - 1 (S A : Lgquency
conversioﬁf§%€E?%ﬁ%ﬁiﬁkéﬁq%%gggﬁéﬁg’q%$§%%§é?ﬁélégggﬁzgﬁil%8%§@?T$ustrated
in FIG 3., C@,t e ot.her ha%g, t he frequency (eCn=e+eXn) signal neasured
based on tfe "di%nal Suf % rom the frequency conversion section 110 is

output fromthe %re ency neasurenent sectio %?0 of ;ge si gnal _processing
appar atus 100. W Qﬁkiﬁ? %ﬁ?gpéi(sfﬂ§h{;%ﬁéhﬁ? SELHE uFEH%%?LB%TUe of
t he out put signal frequency, eCn:e+qu% ogtﬁﬂt fromthe.fre uencg
measur emerfes &d0oR 18681 (SiPAbut LI PR GRST rHY F1%nshilSs FERYFr EGukRty
signal (eXn) is transmtted based on the neasurenment val ue of {he output
signal f Ad@UeIRNEY eTn2d+e)XTlen ahlie £105%1nks §pPRAPI Cer-tickida sagnal
illustrated in FIG 9(B) is output at the sane transm ssion output rate as
t he saanqquanaquﬂt@ﬂaKWéﬁﬂﬂﬂﬁCQﬂiﬁﬁﬂt%ﬂte¥ﬁ@lhVShﬁﬁW@FP@Vegi?r[0108]
63 Wien the cosine signal (Y2=coseXn) illustrated in FIG 9 (B)_is input
to the frequencbteunyersamrl segisiignall (Yirotme hes itdnshirated 1PPICt he
cosine signal is multiplied by the sanpling

9(A) and output from the A/D converter 31.

[0107]

Thesamplingsignal(sine)illustratedinFIG.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=0+6Xn) signal
measured basedon the signal output fromthe frequency conversion
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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signal (Yl=sine) illustrated in FIG 9(A), which is output from the A/D
converter 31, (sinexcoseXn) by the nultiplier provided in the frequency
conversion section 110 to obtain a signal (Y3=sinexcoseXn) as illustrated
in FIG 9(C. The signal (Y3=sinexcoseXn) as illustrated in FIG 9(C
which is obtained by multiplication (sinexcosexn) by the multiplier

provided . the 1.SIURIOKoBONEL hon, SEELIONJAD, 1 MISISS Y SUORrE.

hi gh-pass filter provi ded i equency ‘conversion section 110 to
remove a | ow frequency .conpongnt to thereh ./%g_} i i I 4-% 2si neC)
as illustrat dlisnlnEfétqag%f. ﬁ%u%ril%%acion(v\?f:/s s?ﬁgﬁiogs | Iftfg%\rg éd in
FIG 9(D) is output fromthe frequenc onversjon.section 110 and_ i nput
Lo the fr SaHEY e br Gt SObt ToH 288 AiRi (R Bhags >v 19 BFBRAE"S
measurenent unit 130. [01091 Further, in_ the Igwmti | ter 3¢nf
i |1 ust rat et gHRIFIBL=S3NO el UE HeRYREh B s s@ (P /v St P EYNER8Pe the
i nfluence of aliasing in A/D conversion, a sine signal (sin(e+&p).) .is
out put . WHEE BB ePmeckignall (§FANP¥IBERIR) Y BhEFHLt ¥ &S RECYFRA  (sin
(0+6(p) ) is input to the A/D converter 35. Then, the signal is sanpled
for digitalnsihmafreguereyi opneeratonr BeeEbey EdAsEAnPPLRARePVELIPFLt he A/ D
converter 35. 64 The signal output fromthe A/D converter 35 is multiplied
by the sanf¥3+mirsd gredoxut ;e frlomstrated DrediV@rtefC)35 by a nultiplier
provided in the frequency conversion section 140
The signal (Y3=sin®xcos6Xn) as illustrated in FIG. 9(C),
which is obtained by multiplication (sinOxcos6Xn) by the
multiplier provided in the frequency conversion section 110,
passes throughahigh-pass filter (HPF) providedinthe frequency
cénversion section 110 to remove a low-frequency component,
to thereby obtain a signal (Y4=1/2-sindC) 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(6+39)) is
output.
When the sine signal (sin(0+3¢)) isoutput, the sinesignal
(sin (0+5¢)) is input to the A/D converter 35. Then, the signal

is sampled fordigital signal conversionat anarbitraryconstant

interval by the A/D converter 35.
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to obtain a signal. [0110] The signal obtained by multiplication by the
mul tiplier provided in the frequency conversion section 140 passes through
a high-pass filter (HPF) provided in the frequency conversion section 110
to remove a | owfrequency conponent, to thereby obtain a signal (Y5=1/2
?;g 5?5&602)) as illustrated in FiG 9 (E) . The signal
= si n(6C+6 illustrated iLn FI i t .f : uenc
ii%ngﬁdau%@ﬁl&t 'f 8m tt%?egg )chrﬁf(ﬁ]%élpgg id B{H.Etfﬁlg.é&q cy

conversi on secti ase erence neasurenent unit

130. In the phase diff it, 130 i =
Vst rat & IR ) St G001 BUFEHE - PRatis iR G anea L5( 3 oBeh on the

signal (Y4=1/2 sineC) illustrated in FIG 9 (D which is _outp from
the frequdhtytigoner HISHY 1St i%8h %éﬁ@u i HUF%PHeFﬁéOBhﬁggtaPPfgégnce
measurenent unit 130, and the signal (Y5=1/2sin(0C+6(p)) illustrated in

FIG 9(E) touaRirin a sitgrl from the frequency conversion section 140 and
input to the phase difference neasurement unit 130. [0111] Wen the
conmput i ng |nterWQ1hQﬂsynchronized with the sanpling time as described
above, the real time performance for phase nmeasurenent may be inproved.
Further, each ofTheheigoalopbvabnadinmuditdpligasignaby tesmudiaplany
sin(e+6T)) is subjected to the same processing for phase calculation, and
hence t h_er;em\si@édm:atthmfweqpanby@cem@sionTheceionel,‘l Oapzeses Shykugh
cal cul ati on may be achi eved.
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+5¢)) asillustrated inFIG. 9(E).
The signal (¥5=1/2-8in(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=0¢p) illustrated in FIG. 9 (F) is output as a phase difference
5¢ based on the signal (Y4=1/2-sin6éC) 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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[ Enbodi nent 21 [01121 Next, the signal processing nethod is described with

reference to the operational flow chart illustrated in FIG 10. FIG 10 is
a flowchart illustrating frequency nodul ati on and phase neasurenent in a
case where the feedback loop is used. InFIG 10, in Step 200 , paraneters

of the signal processing apparatus 100 which is the conputing device are

initialized, \Wen th t , i gnal - e
R B o e
nodul at1 on, that

| S,.a target freque af.t er. freguen gJ i is set,
and furt héfasg ??Je‘dﬁje%téﬁlo%f ang rfe?ﬁq'tef gﬁgr?é‘fsear]enrl\%sét ﬁévcg%/mtﬁumra% g%lf&]t hat is,
a reference signal frequenc iis initially set.gkglig en the paraneters
of the si &ﬁ]ﬁr%ﬁ@esé‘icﬂﬁrﬁ%mpﬁ?@? CRIG IR &% e]c&%%‘teivﬁ "device are
initialized, the target frequency after frequency nodul ation is set, and
the ref er dFE®O&imgmdl Fr equency is initially set in Step 200, in Step 210,
a phase and velocity signal output fromthe left pick-off (LPOQ 7 (left
vel ocity sensor [P1l2d sanpled for digital signal conversion at an
arbitrary sanpling interval by the A/D converter 66 31, and a phase and
vel oci ty signal Nemttputtle om gl rpepreds g Jrethe®Rpey GeefryRedvELBRi ty
sensor 8) is sanpled for digital signal conversion at an arbitrary
sanpl i ng imtfemelcedytd teheAdPegwrpiemadr 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, inStep200, 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 intervalby theA/Dconverter
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35. The phase and velocity signal sanpled for digital signal conversion at
the arbitrary sanpling interval by the AAD converter 31 is input to the
frequency converter 110. The phase and velocity signal sanpled for digital
signal conversion at the arbitrary sanpling interval by the A/D converter
35 is input to the frequency converter 140. [0114] Wen the phase and

vel ocity si.gnal ;is.sanpled for digilt sl i agpgtrary
sanpl i ng i&vé?%%?ppﬁs§fgb VE?B?Q#gSggéﬁlégggﬁ%hgggﬁ?%%ﬁggﬁga%gﬁﬁy ?s set
for the transmiter, 20 for . .reference_signal t ; e he

ref erence <R?P§1 néll (.rj\ﬂ‘%nv? SCFéVesreer?'Fcoer g ?g%sal%afngtlgéin%%{%gé&t%ﬁeé ?%Iﬁae% ence
signal having the frequency .set in the transmitter 1 i ut put omthe
Cr anar t{ GOPLEF R 4 PTG LERE VTS ISt er P P et o e
When the reference signal is generated in the transmtter 120 in Step 220,
t he processi-ng of the frequency converters 110 and 140 is performed in
Step 230. Therefore, the frequency converter 110 to which the reference
frequency si gnalTheuppase andbielRELEY F:FH2t SA™P36Y §oF fhar vePP8-t he
phase and velocity signal output fromthe A/D converter 31 into a ghase
and vel ocidonetssiaqmadt haken g taasi r 2ayP} FeguensgrBasePYortiheP (B er ence

signal output fromthe transmtter 120. Further, the frequency converter
140 t o whicdnu#dwter 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 1is 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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reference frequency signal output fromthe transmtter 120 is i nput
converts the phase and velocity signal output fromthe A/ D converter 35
into a phase and velocity signal having an arbitrary frequency based on
the reference signal output from the transmtter 120. [0116] When the
conversion into the phase and velocity signal of the arbitrary f

requencyi s .perforned i nSte i
ey BRI SRR b FESTUEREY oL bt elLen ey s on
Vel aci Uy SLGRAT FHCNT £ 00t SUE PPBRCRE A D2Convert er 31 and obtained by
the arbitrary freque i by the f i S i

Lo the  frequendy iEaEur cint KAESTSY aHOPYHE Phact Sronsur@ieh thT: 130,

Then, the frequency after frequency conversion js neasured b e,

f r equency HREESF SR AT CHHPRCY 68 éﬁﬁﬁﬁﬁééqﬁWFP?Hgaﬂﬁﬂ%ﬁﬁe¥ﬁé§u%ﬁcy f or
frequency nodulation at the initial setting, which.is output fromthe
transmitt MPHE0 CONTETEE thReRhafe PRI itigie ob&PYét TEPBqEBRcy for
frequency nodulation at the initial setting is nmade in Step 240, a next
referenceAdﬁgm&tnﬁﬂﬁﬁghﬁ§sn@ﬁofﬁe@@éﬁ@yaédtﬁﬁﬂoﬁﬁ§wl689ﬂﬁé PREASH #er 120
is determned in Step 250. That is, in Step 250, the next reference signal
t ransm ssisomiftrequeficeqoenpyt basedarhéher aasatrenee sipgnglk 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
from the 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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determ ned 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 determned in Step 250, the
phase neasurenment is perforned in Step 260. That is, instep 260, the phase
andvel ocity signal obtained by the arbitrary constant frequency conversion

based on the [LLAASMSL0N i QGRGL QL e sheleigngg i gnal output from

the transmitter 120 1S i nput € phase neasurenment unit 130. The phase
measur enent unih,l 0 erfornsé%he p e sur_enment i FET QL the

; ) 1

li ke based on t ga%hagﬁ’aﬁﬁlv tﬁ%ﬁtg§§V92§€e o€¥§?n§3E%§%%ﬁ% arﬁgﬁrary
constant frequency .conversion, which J[s_outp fromthe freq Y.
converter§F§§S St The- PiasE Xm%&EP%HEEFOWs%&&ﬁgﬁ%ﬁﬁyﬁﬁﬁ%ﬁ;fag FET or
the |li ke as described above, high-precision phase difL%renc% agHrenent
may be alSRBRITPEToRTER dathé Sdidd SEEREGt TRGIRDEYVAPIALHE 8F§ €
Herei nafter, the four blocks including the frequency conversion sections
110 and 14®mpdid sararishittesdr 2000 PaaeE9shdsdl2 di f f erence nmeasurement unit
130, and the frequency neasurenent section 160, included in the signal
processi ng appafétems the0 neate r¢dsxensed s LOPR IFLEGHERE FSEBRY EFSABRNSECt i on
69 The frequency conversion section 110 of the signal processing apparatus
100 has a cattpudt Gremashe |Husgtnsittdeey A 2P G5 defermined in Step 250, the

phase measurement is performed in Step 260.

That is, inStep 260, thephaseandvelocity signal obtained

by the arbitrary constant frequency conversion based on the
transmission frequency of the reference signal output from 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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In FIG 11, the frequency conversion section 110 includes a nultiplier
111, a lowpass filter (LPF) 112 (or high-pass filter (HPF)). A reference
signal cose2 fromthe transmtter 120 and an input signal SINel fromthe
Al D converter 31 are nultiplied by each other and then subjected to filter
processing by the lowpass filter 112. [01191 The reference signal cose2

fromthe transnhﬁ}erfggﬁﬁgl nHEELQE%?QBbXK%HﬁkﬁgﬁiléI%%auﬂ§ nghgﬁgialned

by converti ng, Imto a Sl gna converter

AT LR L T e

the lowpass filter 30 and then output therefrom to thereby conbine sum
and di f f er'dnce frequency signals. [Expression 121 sin 91- co0s92= 2
(sin(91+92)+sing 1-92)) (12) The sum and difference frequency signals are
(71 ered by t nn i pads £he tEETUSHH GHIYRESL T PESE)ORtoL § SREkERRE: ol y
the difference signal (or sumsignal). In this case, for specific
descri pti & mulie IsﬂéﬁalalL@“@%@ﬁﬁtﬁé&tGNOWéﬁgﬁ 1dger OfhBAIhRBASS
difference signal is 70 extracted, there is no problem and hence the
filter prdceddsimglHR®thod is applied as appropriate according to the
frequency conversion nethod. [0120]

A reference signal cos62 from the transmitter 120 and

an input signal SINO1 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 cos82 from the transmitter 120 is
multiplied by an input signal sin®l1 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]
sin 91-cosé’Zmé(’sin(6’1+92)+siu(61~€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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The output fromthe |low pass filter (or high-pass filter) 112 is expressed
as follows. [Expression 13] {sip{61+92)) .................. (13) In this

case, an output signal frequency 83 fromthe | owpass filter (or high-pass
filter) 112 is always controlled to a constant value. Therefore, the sane
filter may be al ways used wi thout depending on the input signal. Thus, the

phase measureent  nLhe: pase JLtherenge IasULAIYIL I L J30 Lagat ed | 1

t he subse equency conversion section nay hi ghly

uni fornmed _an si.nplified., [0121 2). _Freguency. Measur n Lon In
this enbodl | 1h8PR S FeaBLrﬁgﬁéggFo E88r¥688 é?Pﬁﬂ§ %§§§§%%8¥or t he
frequency neasurenent nethod. The PLL is a known electronic circuit in

whi ch a siCgRYISTAiCeh MeE@Gual  in frequency to an input alternating current
signal and locked in phase therewith is output from another oscillator by
f eedback contrdlP12P1 Therefore, the PLL is fundanental |y a phase-1|ock
circuit and may produce a signal |ocked in phase with an input_sigpal. The
PLL i s anosci| | Stiepiepile fromf e loweBgekil et (BFIMiER RaFEetFRator in a
| oop for oscillation so that a phase difference between a reference signal
i nput fromldn isutssipdesmed &% dwlgwws -

[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 value.

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 fromanother oscillator by feedback

control.
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fromthe oscillator in the loop is constant. Therefore, the PLL maybe
relatively easily constructed using a conputing device and nmay perform

hi gh- speed conputation. [0122] The frequency neasurenent section 160 of
the signal processing apparatus 100 has a structure as illustrated in FIG
12. In FIG 12, the frequency neasurenent section 160 includes a

mul ti pli er 161, 1k uepassefd lshs! s £ LRRal02ANY & HARTIIdEE 163 f of

f requency neasurenent. requency conversion- section 110 is connected to

h [ tipld 61. i ) i i : ined b
e Rl G gl TR LR Syl B A 5200 bl ned by

i ng reguen out put from't

transmtter 120 _to r.fro t. i,nput signal - f _ } by
converti ng, intg%Fﬁg‘ %?Pg%cgﬁgﬁgﬁPnﬁiféﬁé?§9{ﬁ§%§§§§¥e§°§€%8¥gggg

| owfrequency | eft vel ocity signal .Qut | et - si de. vel ocit Lgpal) which is
detect oq B St 1 ETOE phaders BPFaRc sy S BRSSP PP S50 EREFSBESd by
the lowpass filter 30, is output fromthe frequencX conversion_section
110 and RfRRES bt FRIGEFRTHISIGNale iNPPH1589™ P2 PRERIIE MG PRFPRE 161
conpares the phase of an output signal of the frequency conversion section
110 wit h threnptdise osgildptent pot t8E ghaPP cb% It fr&%ﬁFﬁéOFFanEEﬁter
163 for frequency neasurenent and outputs the signals as a difference

si gnal andld mayrbeingialt ive loteas bl paBstFuFted ugdpga computingdevice

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. 12, the frequency measurement section 160 includes
amultiplierlGl,ealow—passfilter(LPF)162,andatzansmitter
163 for fregquency measurement.

The frequency conversion section 110 is connected to the
multiplier 161. A conversion frequency signal sin (6+6Xn)
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 (left velocity sensor) 7 and extracted by the low-pass
filter 30, is output from the frequency conversion section 110
and input to the multiplier 161.

[0123]

72



Therefore, an output end of the nultiplier 161 is connected to the

|l ow-pass filter 162. The lowpass filter 162 extracts only a |owfrequency
signal fromthe output signal output from the nultiplier 161 through a
frequency filter. Thus, in this case, only a difference conmponent is
extracted fromthe output signal output fromthe nultiplier 161. [0124]
The | ow Pass P eeli’l 1@1%6'[?111&0' 'C%%?_GI:LOCé a%éé%{g ghﬁée c;@%nf e{ltﬁ){l@quency

glre;asufrselrorent.OI Th : ranlsmtfe frequency neasurenent generates phase
at a ased o e 0 requency signal o . fr t_h ilter
162. A fe@&@éﬁa Pgobh?sg\#%q‘h%bc%gyot Vaetgrs&tﬁnpg%gg%f) a f@ (etrﬂeg\a%ﬁ?l;ésg

conmputing function of only the difference nent. Q i.n
filteri ngogyaf‘hgult&\‘//b-)tpﬁégnﬁhl ‘E‘é?gl%‘?t%‘ét&o%s%m gi%r%)%ffg’]sml%%lrl ﬁggt ?éfed in
FIG 12, the input signal which is output %‘rom_the freque ¢y conversi on
section ;f@f%ﬁ%ﬁlﬁaﬁb‘rﬁﬁ‘@ntnﬁP@i%?&tﬁé S §1ERAr SRR S @fr EFRE SRd t he
out put signal which is output fromthe transmtter 120 and input to the
mul ti pl i ersigreil jancexpreatt et Fyplo dsh. Eig P RESShd ™t drifs are nul tipli ed
73 by the nultiplier 161, the followi ng is obtained. [Expression 14]
sinO cosO= | (siTeBeS)orsi nDopspytErg)ot FRpIULkdPaastm 6 st hecBRepied
waveform of transmtter f or f requency neasurenent:

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 & 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 functionV) 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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cosh Wien a result obtained by nultiplication by the nultiplier 161 as
expressed by Expression (14) is filtered by the |owpass filter 162, a

hi gh-frequency conponent is renoved to obtain the foll ow ng expression.

[ Expression 15] V=sin(0-6) (15) [0126] Wen a value of (e-6) in
Expression (14) is a sufficiently smallvalue (VO), the frequency conputing

function g’ T%ahhﬂQ Eq%Ire%qlt glt%bqegwg gmiltl Eagggapn by the

gugtlpgler pr oxi atel’y express [ EXpr essi on 16]
=0-0 en .an put wavef orm of the transnltter 163 for frequency
neasurene#?ﬁp§e§§ﬁppo d so that the frequency conputing function V

becones 0, the precedlng phase e obtained by frequency conversion by the

frequency copversi on se 0 y b bt ai ned. [0127] 74 Wen the phase
0 out put fSHYNPORE 75 @Hﬁ G%Wé%rgson Egghtion 110, which is obtained
after the frequency conversion as described above is conputed using the

foll ow ng Expressions (16) and (17) a frequency "f" nmay be obtai ned.
[ Expr essi on 17]Inggt waveform: sinb

Ooutput 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(6-9) (15)

[0126]

When a value of (6-3) in Expression (14) is a sufficiently
small value (V~0), the frequency computing functionVindicating
the result obtained by multiplication by the multiplier 161
may be approximately expressed as follows.

[Expression 16]
V=6-5=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 © obtained
by frequency conversion by the frequency conversion section
110 may be obtained.

[0127]
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=w=2~ f (17) AT w. Angular velocity (rad/s) Note that 4T indicates a
change in tine and is equal to the conputing interval (sanmpling rate).
Therefore, a change in phase (0) is as follows. [Expression 18] 0=2nfTa
(18) where Ta: change in tine (sanpling interval) (sec.) f: input
frequency (Hz) 0: change in phase (rad) [01281 The input frequency "f" is

a follovs.  [EXpresshonodOLf o Rl exlthl JeScSelcysammlLogspat erval

When such cal cul'ation 1Ts performe equency © nmeasurenent unit 160,

e T A
20 ts conts bl ed basedon, thectestl i (BB L SAAIAR DL JFRRNISIET
(16) and (17), a frequency "f" may be obtained.
[Expression 17]
X¥:w=24rf (17)
®: 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]
6=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]

o

/=3 (19)

2T
T:¥270 788

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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That is, inthe transmtter 120, the frequency B of the detection signal
of the vibration velocity (outlet-side velocity signal) generated on the
| eft side of the nmeasurenent 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 neasurenent tubes 2 and 3 are vibrated by the vibrator 6, is

controlled to a[giggﬁed frequency to be processed by the phase difference
measur enment unit . The frequency conversion section 110 and the

frequency gogﬁersion section 140 have the same structure. Therefore, as
in the cadd of "ERE"FF&Glency output fromthe frequency conversion section

110, the frequency oqutput fromthe frequency conversi.gn secti , hore
specifically, tH& fFrIéiq‘ue?‘ncyt?‘@+éﬂ’)t%‘ft t ﬁjéeq‘é%?cé%t °én %legnrg?g%#g?%%f

vi bration velocity (inlet-side velocit si gnal nerated on the rjght
si de of tﬁéaﬁ§ﬁ§GF§ﬁéﬂF”}u5%5009t5ﬂ§19¥ Rﬁ§ga Pé’%gF%c¥%%u Yy §%§g¥?5ht
pi ck-off 8 and input to the frega;ncy conversion section 140 in the case

wher e t he ob¥éd REnneagBESMONE Ny Fhf & RABCRYdMEFSPRETNG br SEOFL8D i s

converted into a desired frequency. [0130] 76 (4) Phase Difference

Measur enedtoOUnit There are vari ous phase neasurenent nethods. In a case of
phase neasurenent using a Fourier transform a frequency is f ixed,
andhence ver y- hiTijlats peedin dripattatansmitgee 136hi ehedf re@ieneiafa of, tha
exanple of a discrete Fourier transform (DFT) is described. The discrete
Fouri er tragnsfarion ssaghailrief 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,
igs 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
inthecaseofthefrequencyoutputfromthefrequencyconversion
sectionllo,thefrequencyoutputfrmnthefrequencyconversion
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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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 transformmy be calculated with high speed
(by a conputer) using a fast- Fourier transforn1(FFT). [0131] Wen the

i nput sig I Ie h t it 130
expressedqu ?g% %6E$ %%%fg %% %5% orfgagreFEQprgggion ZOiSCXk) =

-0 FO) 2 g assizn g le B2 (R0 MY L0132 Fars 5l & e

?XF{ESSIOH expon unction par 1S EXDFESS
oo e LS op Bl el ) B
(22) mQ [Oﬁaied and hence very-high-speed computationmay be achieved.
Hereinafter, an example of a discrete Fourier transform
(DFT) is described. The discrete 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]

» Ml . -i2om k
Gk = X g(mexp(—H-=22)
=l .
i, nok . 2oronk,
..Zg(n(@gg( ) - j sin }r‘,\(’u ) e (20)
k=01 N-l
[0132]

For simpler expression, when a complex exponential

function part is expressed by the following substitution,
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Assume that attention is focused on a conpl ex exponential function Wink,
and N is expressed by N=2M (M integer), and, forexanple, N=8. \Wuen the

i nput frequency is 1/4 of the sanpling frequency, a real part function and
an imagi nary part function may be expressed as follows by 0. 1, and -1
because of the periodicity of trigononmetric functions. [Expression 23]

Real Inagh&g&y W 1 W 0 -1 W84 -1 0 W6 01 (23) Therefore, the

i nput sig 15565 O obtai ned by frequency conversion into 1/4 of the
sanpling frequency may be very sinply subjected to the Fourier transform
In normal 78 phase urenent, only a single frequency (vibration
frequency) ¥s &g )subjected to the Fourier transformand conversion
for another frequency band is not perforned, and hence conputation may be
performed by only fddltlon and subtraction. [0134] In fact, when the

i nput si gnal L-m§ zse di fference.. neasurenment. segtion 130 is
expressed by g (n) N e |mp t signal g (n) is a frequenty ‘of 1/4 of the
sanpling rate, and N |s expressed by N=2M (M integer), DFT-Q n) may be

conputed as follows. [Expression 24]
Expression (20) is expressed as follows.

[Expression 22]
N=|
a=ll

[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
Wg? 0 -1
Ws? -1 0
Wg® 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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Cal cul ation of real part (Re) Calculation of imaginary part (Re) ZQJ (Re)
riP* (Re) XgMX0 p8mx - d x 8Az X" $~a x C(24) ~) gn~-N-1 X Even
when the val ue of Mincreases, fundanental conputation does not conpletely
change. Therefore, when M increases, calcul ation maybe perforned with very

\r/\\ihgh precision 79 and a conputing |oad al nost does not change [ 0135]
en two input sig r sub ed gt o ur orm
(DFT) in e proceg‘%lru%eg‘eggr’l bJCeD bove ﬁﬂglg 5%118?1259 '(9 e su sti tut ed

as foll O\A/}ﬁg[q%(pr e l%%ezs%]faf (‘%eEF;é %h”(ﬂ?)*@dér trlan%%' ?gnBal)lc)i

exp(j9,) T T gnal ey bé Substituted as

(202 copyRreaen, teg) FROtRES %@%awc(ﬁgg@ 1s(R8¢ Bér}szmeé (sh8(9. +

hence computation may be performed by only addition and
subtraction.

[0134]

Infact, whenthe input signal input to thephasedifference
measurement section 130 is expressed by g(n), the input signal
g(n)isafrequencyof1/4ofthesamplingrate,amdNisexpressed
by N=2M (M: integer), DFT-G(n) may be computed as follows.

[Expression 24]

Calculation of real part (Re) Calculation of imaginary part

(Re)
ERZnsE (Re ZEForE (Re
gu Fd ga X 0
gu-—: x U gn—»u‘ X -1
g o2 x -1 £yt X 0
....... (24)
8en-1 X -1 Boewet X 0
+) - X g & o= x
Re=ga=gae1® ' *° ~BrN2 Im==gne; * * ° + ol

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

increases, calculationmay be performedwithveryhighprecision
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[0136] In this case, a phase angle tan6p of the input signal is expressed
as follows. [Expression 27] In2 Re,-Re2 Im tan Re2 Re, + In2 im (27)
[0137] After the phase angle tan&p of the input signal is obtained using
Expression (27), when tan-159 is conputed, the phase difference signal 69
may be obtained. 80 A nmass flowrate Qof the fluid to be neasured is

ti | to th h I d.i I ti |t drivi
Frequency 3PS anGoPRUS LAY dPRResdBy ks FPSTT ORS. O L Apr ession 28] G=S(1)

bcp/ F (28) mher% S %E) indicates a correction coefficient associated with
a tenperature ofl°tfRe'neasured fluid. Wen the neasured phase angle bcp and

the driving frequency F are substituted intq Expression_ (28 t he_mass
flowrate Q mag’hﬁél &oc R S TR i &G I%\ﬁ?}ea‘{) e% %%t%]ig%e%i%%r%%escri bed
above is subjected to suitable scaling and unit conversion and be
out put toFﬁmrd@ﬂstﬁénﬁﬁOVEr(%ﬂg)ﬂé?ﬁﬁebQT%ﬂﬂﬁﬁﬁe§kﬁ§Eﬁﬂﬁﬁ1abBVchgg?ng such

as anal og output, pulse output, or serial comunication. [0138]
RPO signal may be substituted as follows,

[Expression 25]

RPO signal:
. 1 . .
%(sin(@ +6.)) = %(sm(@c))gexp(JQC) =Re;+/jIm; (25)

and the LPO signal may be substituted as follows.
[Expression 26]

LPO signal:
1 : :
%(sin(@ +39+6,)) = -;—(sin(ﬁc +09)) = exp( (6, +54)) = Re,+ j Im,

(26)

[0136]

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

[Expression 27]

_ Im, Re,~Re, Im,
Re, Re, + Im, [m,

(27)

[0137]

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

difference signal 8¢ may be obtained.
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Feature of Phase Measurenent Method using Frequency Conversion>> According
to a feature of the phase neasurenent system in the present invention, the
signal may be sanpled at the sanpling interval unrelated to the frequency
9 of the input signal which is obtained by converting, into the digital
signal, by the A/D converter 31, the |lowfrequency left velocity signal

(outlet-side ve%o%%%%s%gnggéa\g%i (65 '{leleql%teecfﬁgicpy};gh%el efdagpb&K-off (left

vel ocity sensor OW- pass I1ter 30 and out put

therefrom_ and which.s ipput to the .81 fre i tpgn 110.
Ther ef or epﬁ%@%ﬁ%h?& Flge RSP ?inﬁ&lee?néoﬂﬁfﬁ%?&?b@?%rgqp Z%gi ‘rlgd, and
very-hi gh-speed , conput ati on may be hi eved with a s aISI f%(irl%%tsi ng error.
[0139] AcCorthiing % HHfYstiuse fre R SEENST ThéSpresemt i nventi on,
even when a rapid ,changBe in frequency occurs in the input signal which is
obt ai ned PAEIRASHIThE8)linto the digital signal, by the A/D converter 31,
the lowfrequency left velocity signal (outlet-side velocity signal) which
is detect &Iy hHee/H ef 280 ck-of f (left velocity sensor) 7 and extracted by
the lowpass filter 30, and which is input to the frequency conversion
section 1¥hets §Ht)eipdhcates|d eriragciiPrbecathi eielt RESPCTFEGUEAEY
conversion feedback | oop. The frequency after frequency conversion is

directly reasnmsrdtuperdbrohe heeghased fessdr enent, and hence a frequency
conversion error caused by the frequency conversion is mnimzed.
Therefore, the Sgsdretthe measured phase angle 5¢ and the driving frequency

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 subseqguent
processing such as analog output, pulse output, or serial
communication.

[0138]
<<Feature of Phase Measurement Method wusing 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 6 of the input
signal which is 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(leftvelocitysensor)'7andextractedknfthe1ow—pass

filter 30 and output therefrom, and which is input to the
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is suitable for very-high stable and accurate phase neasurenent. [0140]
Further, according to the phase measurement systemin the present
invention, there is little linmtation on the phase neasurenment band by the
input frequency of the input signal input to the frequency conversion
section 110. Therefore, coupling with sensors having various driving

frequenci es na be realized i ng ]S4 } f by the
ggﬁyt Lr3§§5W§i§ydﬁanﬁ%ﬁ%?oﬁ%%%F%EEQ#%¢bni%ﬁﬁggﬁﬁggsgﬁg%gﬁ?éﬁﬁgﬁigg armays
achi eved. odi nent 3 014 The S s n

i ncl udi ngvé"l?f Eég‘PQSnen?I%&Q%Fb(}!a%’heal%aﬁerg'o?é%f’ona\;vq{du%gg?g%?%f %Eégg

nmeasur ement ow t ubes, re operated hy.a drjving devi Si e

vi brat or &R 2ol (13 atcg'ﬁﬁsve?da‘f’ﬁﬁréai r?g]al}(r}i r?émipﬁ% of ee?%(())vtxvht ube or
the pair of flow tubes are alternately driven to vibrate the flow tubes.

In a Coriolis fI%Vﬁ%ﬂer,_a phase difference and/or a vibration frequency
proportional to a Coriolis force acting on the neasurenfnt tubes 2 and 3
2

oot ot "Sel b Ly Sonters o aceelerton-sohears.cortespontina 1o o ) °
vi brati on irdetrecidron evensohennerpdidnghange | 167 CTEABRNGYT OFEWEF 12 SR8 t he
right plpkfoff (RPC» 8, to thereby_obtain a mass flow rate and/or density
of a flui dirputbeigeaduneilch[i314RFained by converting, into the digital
signal,bytheA/Dconverter31,thelow—frequency1eftvelocity
signal (outlet-side velocity signal) which is detected by the
left pick-off (left velocity sensor) 7 and extracted by the
low—passfilter30,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-highstable 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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The transmtter 120 for transmtting and outputting a nodul atable
frequency signal is provided in the Coriolis floweter. A velocity sensor
(for exanple, input signal (outlet-side velocity signal) input fromleft
pick-off 7) fromone 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 nvert er. . The first frequency conversion section 110 is
provi ded B()E%%r% tenrtl: % equency the input signal frequency O to a specified
const ant frequer}%’ ‘ii]gnal based on the output 83 frequency BXn output from
the transmtter 6, to thereby nove the input signal frequency to a

desired frequency band. 0143]._ The seco conversion.,s i 40- |

provi ded to shi #‘e ‘f‘ﬁa?‘ﬁ’é%fﬂ%?l'éfu aof asrbé;gl e ué::bn tagn?géégq%lﬁeengglbgi gnal ,
the input signal frequency e ohtained by convertin into.@a digital

si gnal , bf‘%k}?eo’é@cBﬁHerDfiBW\Fé’Sqeesr' §%,rvgn9é3rso%‘?f"§ug§ﬂ§8f; T wé?ﬁh‘pl e,

i nput signal (inlet-side velocity signal) input from right rpi ck- {1f 8)
fromthe GUferRSTatRd py @ S iiaden Cuteds s A &t ﬁ tk-of f 7
and right pick-off 8), based on the output frequency eXn output fromthe
transmitt ereaemary: thideshy Abde3t HeCi WPLRT sRRANS ridqiedPe §atHesi red
frequency band. [0144] The frequency neasurenent section 160 is_provided
to nmeasuritheff Eéqueneyesfanda litersi terlagdesaygnstgriatbyHic hies £ low

tubes. 1In a Coriolis flowmeter, a phase difference and/or a
vibration frequency proportional to a Coriolis force acting
on the measurement tubes 2 and 3 including the one flow tube
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,tx:therebyobtahnanassflowrateand/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.

Avelocitysensor(forexample,inputsignal(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

0 to a specified constant frequency signal based on the output
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obt ai ned by converting as the constant frequency signal and output from
the first frequency conversion section 110, and to output the neasured
frequency value of the first frequency signal to the transmtter 120, to
thereby control the output frequency such that the frequency obtained by
frequency conversion by the frequency conversion section 110 al ways

becomes a const ant equency. -The | f 1. I pon 130
|Etprovhdf&eqﬁﬁnﬁﬁééngnéIﬁﬁéggo .??%ﬁ%ﬁ%%$%§%§%§§zg???$§§E%?%3ﬁ§§%$ si gnal
obt ai ne conversiaon a constant freq ncgr%f%n@ %& S aratt first
frequency VerRdito P 1SBE %ﬁ%n&ﬁ’d & ?eg%r?& fFequency ¢i ghal out put as a
converted constant frequency signal from the second frequency convgrsion

section 140. [01457*3lFurther, the signal processing apparatus 100 is
provided to obtain the phase difference between the first({requgm si gnal
Pt e

output as the cGKVEﬁ?§@n€0ﬁ@?ﬁﬁFSFPEqﬁ%ﬂEbogiiﬁﬁﬂl%lﬂﬁﬂWHﬂ? quency
conversion section 110 and the second frequency signal output as the
convertedJcbdhﬁanﬁﬂﬁheqﬁéh@ySﬁ%ﬁ%ﬂleﬂr§ﬁmﬁﬁén§eé6ﬁ&uePF¥qﬁéﬁB?lcoﬁvﬁrsion
section 140, to thereby serve as the Coriolis flowreter. 85 [Description
of Synbol sinpyt0gdghal Wequsticy flawrsined by, cavrdsirendREoragégital
signal, by the second A/D converter 35, a velocity sensor (for
example, input signal (inlet-side velocity signal) 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 toadesired 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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4 detector 5 converter 6 vibrator 7 left velocity sensor 8 right velocity
sensor 9 tenperature sensor 10 drive control section 11 phase neasurenent
section 12 tenperature neasurenent section 30, 34 |owpass filter 31, 35
A/ D converter 70 vibration velocity sensor 80 vibration velocity signal
conputing device 85 frequency conversion section 90 transmtter 95 phase

Conver of of 8%t LERauTHTY MATH T TED 100 page TrIT e ohs0 Trdnen Ttor 130
phase dL1 LeLside dTEa et Uil e, 8 RARsLLSRUSDEY EAY ek SeELhCn 150
the second frequency conversion section 140.

[0145]

Further, the signal processing apparatus 100 is provided
toobtain the phasedifference betweenthe first frequency signal
outputastheconvertedconstantfrequencysignalfromthefirst
frequencyconversionsection110andthesecondfrequencysignal
outputastheconvertedconstantfrequencysignalfromthesecond

frequency conversion section 140, to thereby serve as the

Coriolis flowmeter.
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162 lowpass filter 163 transmtter for frequency nmeasurenent FIG 1 85
FREQUENCY CONVERSI ON SECTI ON 90 TRANSM TTER 95 PHASE MEASUREMENT SECTI ON
(1) I'NPUT FREQUENCY (2) TRANSM TTER FREQUENCY (3) FREQUENCY AFTER FREQUENCY
CONVERSION FIG 2 110, 140 FREQUENCY CONVERSI ON SECTI ON 120 TRANSM TTER
130 PHASE DI FFERENCE MEASUREMENT SECTION 150 CLOCK FIG 3 110, 140

FREQUENCY ERSI.GN SE ILON TRANSM TTER 130 PHASE DI FFERENCE
MEASURENENT SSECTPGR ™1 5\ &%2%3 160 FREQUENCY MEASUREMENT SECTION FI G,
10 200 | NI TI AL 12*% A RAI\/ETERS SET TARGET FREQUENCY AFTER FREQUENCY

MODULATION I NI 7E REFERENCE SI GNAL FREQUENCY 210 SAMPLE SENSOR SI GNALS

220 GENERATE REFERENCE S| GNAL
Coriolis flowmeter

2, 3 measurement tube

4 detector

5 converter

6 vibrator

7 left velocity sensor

8 right velocity sensor

9 temperature sensor

10 drive control section

11 phase measurement section

12 temperature measurement section
30, 34 low-pass filter

31, 35 A/D converter

70 vibration velocity sensor

80 vibration velocity signal computing device
85 frequency conversion section

90 transmitter

95 phase difference measurement unit
100 signal processing apparatus
110 frequency conversion section
111 multiplier

112 low-pass filter

120 transmitter

130 phase difference measurement unit
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230 PERFORM FREQUENCY MODULATI ON 240 MEASURE FREQUENCY 250 CALCULATE

DEVI ATI ON FROM SET MODULATI ON FREQUENCY AND SET NEXT REFERENCE S| GNAL
OUTPUT FREQUENCY 260 PERFORM PHASE MEASUREMENT FI G 11 111 MULTIPLIER 112
FILTER (1) INPUT SI GNAL (2) REFERENCE SI GNAL (3) SIGNAL AFTER FREQUENCY
CONVERSION FIG 12 161 MULTIPLIER 162 FILTER 163 TRANSM TTER FOR

FREQUENCY URENENT . (1)L NPUT_SI . 88 (2) OUTPUT WAVEFORM OF
TRANSM TT%%%’S eﬁf-’%ﬁ&ﬁﬁN&#‘R’/ﬁ%g&%@%&EF FILTER OUTPUT FIG 13 5 MASS
FLOWETER CO\IVIERTER 10 DRI VE CONTROL SECTI ON 11 PHASE MEASURENMENT SECTI ON

12 TEMPERAPURE UREMENT SECTION (1) FLOW RATE (2) OUTLET- SI DE VELOCI TY

SIGNAL (3) VI BRATOR .
160 frequency measurement section

161 multiplier
162 low-pass filter

163 transmitter for frequency measurement

FIG. 1
85 FREQUENCY CONVERSION SECTION

90 TRANSMITTER

95 PHASE MEASUREMENT SECTION

(1) INPUT FREQUENCY

(2) TRANSMITTER FREQUENCY

(3) FREQUENCY AFTER FREQUENCY CONVERSION
FIG. 2

110, 140 FREQUENCY CONVERSION SECTION
120 TRANSMITTER
130 PHASE DIFFERENCE MEASUREMENT SECTION

150 CLOCK

FIG. 3

110, 140 FREQUENCY CONVERSION SECTION
120 TRANSMITTER

130 PHASE DIFFERENCE MEASUREMENT SECTION

150 CLOCK
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(4) | NLET-SIDE VELOCI TY SIGNAL (5) TEMPERATURE SIGNAL FIG 14 18 DRI VE
CIRCU T 23 COVPUTI NG DEVI CE 27 TEMPERATURE MEASUREMENT CIRCUI T (1) DRI VE
SIGNAL (2) LEFT VELOCITY SIGNAL (3) RIGHT VELOCI TY SIGNAL (4) TEMPERATURE
SIGNAL (5) ANALOG OUTPUT (6) PULSE OUTPUT 89 FIG 15 32 PHASE DI FFERENCE
MEASUREMENT UNI T 33 TI' M NG GENERATOR 36 FREQUENCY MEASUREMENT UNIT 40

COMPUTI NG | CE BT Y I (2) RIGHT VELOCITY SIGNAL FI G
16 50 I NG BE@I}]EE% SYI, EE%@? Eﬁi %ﬁﬁ 52 PHASE DI FFERENCE MEASUREMENT
UNIT 53 FREQUENCY MEASUREMENT UNI T 55 CLOCK (1) LEFT VELOCI TY SI GNAL
FIG. 10
200 INITIALIZE PARAMETERS
SET TARGET FREQUENCY AFTER FREQUENCY MODULATION
INITIALIZE REFERENCE SIGNAL FREQUENCY
210 SAMPLE SENSOR SIGNALS
220 GENERATE REFERENCE SIGNAL
230 PERFORM FREQUENCY MODULATION
240 MEASURE FREQUENCY
250 CALCULATE DEVIATION FROM SET MODULATION FREQUENCY AND
SET NEXT REFERENCE SIGNAL OUTPUT FREQUENCY

260 PERFORM PHASE MEASUREMENT

FIG. 11
111 MULTIPLIER

112 FILTER

(1) INPUT SIGNAL

(2) REFERENCE SIGNAL

(3) SIGNAL AFTER FREQUENCY CONVERSION
FIG. 12

161 MULTIPLIER
162 FILTER
163 TRANSMITTER FOR FREQUENCY MEASUREMENT

(1) INPUT SIGNAL
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(2) RIGHT VELOCITY SIGNAL FIG 17 60 COVPUTI NG DEVI CE 61, 64 BAND- PASS
FILTER 62 PHASE DI FFERENCE MEASUREMENT UNI T 63 FREQUENCY MEASUREMENT UNI T
65 CLOCK (1) LEFT VELOCITY SIGNAL (2) RIGHT VELOCITY SIGNAL 90 Clainms 1.
A signal processing nethod for a Coriolis flowreter in which at |east one
flow tube or a pair of flow tubes which is included in a nmeasurenment flow
tube is operpt edpibidr R ¥EBEM FEYRERSHETRER 0K PEALOENEP vRRORRRERY drive
t he at Ieagjt) oneLb%/FI)ow tu%e or the paISI’ o?gl%{l ow tu%(‘tges, ang@a pﬁase

di fference,,and/ i i.on frequency proportional to a Coriolis force
acting on Ph)e at LelgEs%/ %ﬁ?‘ﬁoow tube or the pair of flowtubes arel/is
detected by two velocity sensors or two acceleration sensors which are

vi bration detection sensors when the at |east one flow tube or the pair of
fl ow tubes i% vibrated, to thereby obtain a mass flow rate and/ or density
of a flui Ft% be’ measured, the signal processing nmethod being characterized
by conprising: performng frequency conversion to conbine an arbitrary
oscillation fred&éﬁfﬁm g?OIW/%R?EPOW rate signals obtained by A/D
conversion on input signals of the phase difference and/or

10 RIVE CONTROL SECTION

11 PHASE MEASUREMENT SECTION

12 TEMPERATURE MEASUREMENT SECTION
(1) FLOW RATE

(2) OUTLET-SIDE VELOCITY SIGNAL

(3) VIBRATOR

(4) INLET-SIDE VELOCITY SIGNAL
(5) TEMPERATURE SIGNAL

FIG. 14

18 DRIVE CIRCUIT

23 COMPUTING DEVICE

27 TEMPERATURE MEASUREMENT CIRCUIT
(1) DRIVE SIGNAL

(2) LEFT VELOCITY SIGNAL

(3) RIGHT VELOCITY SIGNAL

(4) TEMPERATURE SIGNAL

(5) ANALOG OUTPUT

(6) PULSE OUTPUT
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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; neasuring a
frequency of a conposite waveform associated wth at |east one of the

vi bration detection sensors; transmtting a control signal based on the
nmeasur ed Pf#éeqLieSncy; 91 controlling so that a sum frequency conponent or a
di ff erence Triequency conponent of a conposite conponent of a conposite

frequency _sj gnal_.j %%'J E%%ﬁ% ' RRases froma sumsignal or a
differ encezsjsi gnaPI}iAs‘sg? each o C@%%&ro ;ﬁfﬁdég\%nverted conposite frequencies,
to there obt aj i.fference signal conponent. 2. A signal

pr ocessi ng%net h?f“&%@gﬁiﬁ@ﬁ{&% aim1l, wherein the perform ng conposite
frequency conversion _base h I ry oscillation frequency

conpri ses:> Gl tl%ﬁ%%%%@ﬁaﬁg%ﬁbl fromthe one of the vibration
detection sensors hy the transmtted control signal co0s02; and extracting
only a | oGreq N AEYYEm an output  signal output after the

mul ti plyi ng thro%%h a fre%enc filter. 3. A signal processing nethod
accordi ng tlo cl FHERTL VEMRGIE ™ ST Iper f or mi ng conposite frequency

conversion based on the arbitrary oscillation frequency conpri ses:
mul ti plyi ngglan iRHEAT SIEHRIITS] NEGNALom t he one of the

FIG. 16

50 COMPUTING DEVICE

51, 54 NOTCH FILTER

52 PHASE DIFFERENCE MEASUREMENT UNIT
53 FREQUENCY MEASUREMENT UNIT

55 CLOCK

(1) LEFT VELOCITY SIGNAL

(2) RIGHT VELOCITY SIGNAL

FIG. 17

60 COMPUTING DEVICE

61, 64 BAND-~PASS FILTER

62 PHASE DIFFERENCE MEASUREMENT UNIT
63 FREQUENCY MEASUREMENT UNIT

65 CLOCK

(1) LEFT VELOCITY SIGNAL

(2) RIGHT VELOCITY SIGNAL
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vi bration detection sensors by the transmtted control signal co0s02; and
extracting only a high-frequency signal froman output signal output after
the nmultiplying through a frequency filter. 4. A signal processing nethod
according to claim1l, wherein: 92 the input signals of the phase
difference and/or the vibration frequency proportional to the Coriolis
force acting on the at |east one fl {ybe or the pair of flow tubes,
which are detected by the pair of velocity sensors or the pair of

accel eration sensors are sanpled by the A/D conversion to obtain digital
signals; and each of converted conposite frequency signals obtained by the

perform ng conpqgsite freguenc ¢onvers ased ed_contr ol
si gnal |sqtontr Fégnf& gﬁgfe s%ﬁﬁ1%%npo§é€ ég}%gﬁ%%}%%@@g%%%pgﬁent of
a conbi ned 1CO OSI one is.1/4 of a_sa frequenc r.the A/D
conver si ot Sﬁﬁgn§P8c€§§Vﬁﬁﬂ§bﬁﬁ}ﬁtﬁglrggka W iERes V%&ﬁﬁe%@r in
whi ch at | east one flow tube or a pair of flow tubes i.ncl uded in
a nmeasur erg¥t L?qe(ﬁNltrhSemfeésHﬁﬁF‘ﬁFEdf%9w at s v:’r%d’p%ﬁetde%%ian T&VylBrat or
to alternately drive the at | east one flow tube or the pair of flow tubes,
and a phasie\diqs dpdmged BHAraEOR & BldSeR telaqdEnts Proptr tiedfdl P8 a
Coriolis force acting on the at |east one flow tube or the pair of flow
tubes ar dfliay dethsctax thie Paid &f thlosefs®esor agd dcPBPELaLi6HSEBRSEY

which is a vibration detection sensor when the at |east one _ flow tube or
the pair ceind/awat ubbsatsoni breqeehcy erdpardypnal 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 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
byA/Dconversiononinputsignalsofthephasedifferenceand/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;

transmitting a control signal based on the measured

frequency;
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obtain a mass flow rate and/or density of a fluid to be neasured, the

si gnal processing apparatus being characterized by conprising: a
transmitter for transmitting and outputting a 93 nodul atabl e frequency
signal; a frequency conversion section for perform ng frequency conversion
to add (or subtract) an output frequency (FX) of the transmtter to (or

from an input Qkﬁﬁﬂgﬂgxﬁgftggtfﬂa@yait@&nVg%@gk?§fﬁe@%mbdﬂéﬂﬂnbr a

accel erati on sensor formng frequen ng so that frequency

val ues oDl fied -4 G o JUGAUENBLSABNEI SEOD QLAY Wdnodiithca ophase

di f f er ence ‘rreasur enent neasuri ng ase erence between
frequency signal.s converted by .and. autput fromthe frequency conversion
unit. 6. Eos"ﬂ)é?isﬁscepr orcee%%qrhcg}’ asplrgglraa]t us fcéjrnsécat??r’i %r}&‘s flowmeter in which
at | east one flow tube or ai r_of flom1tubeslmhich .é included in a
nmeasur enent f | oWSATE 41 BEQEEFJJ%%E‘-H‘} FYPHE! Yelite rﬁ%’?%ceas%gﬁ?gt or to
alternately drive the at | east one flow tube or the pair of flow tubes,
and a phasit RAFar BhcEONSRAGE SSRGS YRR bfOROrEFbRal 8 a
Coriolis force_ acting on the at |east one flow tube or the pair of flow
tubes ar &/herelst Qe by Phe Hif ARHGRSG] P 1B or OO Yai 1 of

accel eration sensors which are vibration detection sensors when 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,
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 SINO1 from the one of the
vibration detection sensors by the transmitted control signal
cosf2; and

extracting only a low-frequency signal from an output

signaloutputafterthenmltiplyingthrough51frequencyfilter.

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 SIN61 from the one of the
vibration detection sensors by the transmitted control signal
cosf2; 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 claiml, wherein:
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t he signal processing apparatus being characterized by conprising: a
transmtter for transmtting and outputting a 94 nodul atabl e frequency
signal; a first frequency conversion section for performng frequency
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 fe LiGRAi &1 Alaid DIATLAD pHELECk PR-FERSEr Snkipbe Bndi ol tal

signal by a first A/Dconverter; a second frequency conversion section for
performng_ . : SJ t . requency
But put 1 r o R n e sEEREEYTLe0ab e 20! Mo TR COE P S Ul B
obt ai ned b nverting. a si | o not her, of the paisy of_ _vibratio

det ection 331%%21& ?rci jh?%s%l Oﬁeg%?&w ngﬁa‘Pr g@/heapgé&:o?lg f%vb tél(%one\/sérfﬂérl;cpland a
phase difference nmeasurenment section for, neasuring a phase difference

bet ween a 7% ge?%%ﬁﬁé@y tglegﬁﬁlrc@%vé(ﬁl@d’lté’y SERT 66t St %%Fo%aﬂ'ﬁeo irst
frequency conversion section and a second freqzency si gnal converted by
and out put?3Goitael YLEBRBCT F P UBHERL B MVETRS BAD CPRVRISIGRLTC FPGEE8si ng
apparatus for a Corjolis flowreter in which at |east one flow tube or a
pair of fl&WitessaEle: iadncluded in a measurement flow tube is
operated by a driving device using a vibrator to alternately drive the at
| east one f| oweaasie odr conwephef ePmpPohte ubeaduengy £ ighede @PrParefce

and/or a vibration frequency proportional to a Coriolis force
by the performing composite frequency conversion based on the

transmitted control signal is controlled so that a sum component
or a difference component of a combined composite component

is 1/4 of a sampling frequency for the A/D conversion.

5. 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 £luid to be measured,

the signal processing apparatus being characterized by
comprising:

a transmitter for transmitting and outputting a
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acting on the at |east one flow tube or the pair of flow tubes are/is
detected by a pair of vibration detection sensors which 95 are vibration
detection sensors when 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 nmeasured, the signal processing apparatus being characterized

by conpri sig: r ] : nsmtting and outputting a
Ty o Ghar o it

nodul at abl e g st” frequency conversion section for

shifting in f feaqg%%xenkge??&&&%f&& Sl RIUENE S Y ey Y EDBUL ALY

frequency obt ai ne con ing a signa one “vel o y sens t he

Converter B GUTISUL 7 G HE o R TAR o SRR THARRET6 AR dubRut
f tput fromthe t itt t . t.he i t si | f
o anot her" T AU 1t “0h Sao P GRS ooRvELErEN SEEECORT B

shifting in frequency, to a constant frequenc% signal, an in%ut si gnal
frequency Wt ¥edeF by EBRTEFIONGRE SFGRAFTBELQROTFRTOV AL PEY LOLBABEr of
the pair of vibration detection sensors into a digital signal by a second

A/ D converfkaauaitF b fipltt Mo ia Hdade fGrREVeRY YGHeS SPtagassd ban thke
out put frequency fromthe transmtter to nove the input signal frequency

t 0 anot herf feQuRRIIC yCARMRES 1201 radeflcdRNS WA uradfent section forneasuring a

frequency of a first frequency signal which is obtained by conversion as

t he constant fregpdece sigfiereasd vetpurehenm seetionsfor measuring a
phase difference between frequency signals converted by and

output from the frequency conversion unit.

6. 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 whichare vibrationdetection 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
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frequency conversion section, and outputting a nmeasured frequency val ue of
the first frequency signal to the transmtter 96 to control output
frequencies fromthe 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 Conveﬁgd%iaééﬂf%‘%fg .éﬁgyfﬂi h” by the first A/D converter, an
i nput frequency of a velocity - sensor signal fromthe one of the pair of

VibrationvelOCiEysgp égsfrégugnggskgﬁgﬁgggg e étiéﬂmﬁégp @§foﬁé&%?rence

measur enent section Tor neasuring a phasé difterence en t rst
frequency _signal obtained .b onv ion_as, t onst fr i gnal
whi oh 15 HBUCR SR BB PPt S EISAcT BBAIEF o B SaSH ons Lana eRe
second frequency sigpal obtained onyersion as the,constant frequency
signa:, WIREHPY %ﬁmgﬁ?tFP&ﬁPﬁﬁ%G%ﬁ%%ﬁar¥F88E&&ﬁﬁp%%%%%?%f%ﬁEQSSPFXn. 8. A
signal processing apparatus according to claimb, 6, or 7, characterized
in that tREFEHERYCIBHREISHDR %é%%?%r?f E’Bﬁp‘??%‘?: P&k ?’ﬁP’Fg 1PBr
nmul tiplying a reference signal cos02 fromthe transmtter by an input
si gnal Sl NBEEqtoian penFP¥SEntyPieshiarl Sdonaary & 16w sl cPRVEEFSFor
filtering an output signal obtained by the nultiplying by the multiplier
and out put ther@hﬁﬂqondrﬁrﬁqﬁﬁ@FYrQQE%ﬁé§l@ﬂlﬁé?t%@negPFaéﬁréﬁFVlag
| ow f r equency

frequency conversion to add (or subtract) the output frequency

output fromthe transmitterto (or from) aninput 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; 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 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 vibration detection sensors which
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signal. 97 9. A signal processing apparatus according to claim5, 6, or 7,
characterized in that the frequency conversion section conprises: a

mul tiplier for multiplying a reference signal cose2 fromthe transmtter
by an input signal SINel fromthe first A/ D converter; and a high-pass
filter for filtering an output signal obtained by the nultiplying by the

mul tiplier x%“glﬂi’é&'éntd?eecree&{l%ﬂ Seﬁ%&?ggﬁl Ehequeney ol bherealey exbéact

only a hig frequency sl gha S|gna processi ng appar atus accordi ng

to claim 7 u9bf f@é@%{é;@g éz{'}?%%&% , g% tggeawwtﬁ@%sgsnt

section conp |s 3 | i°ér connec I'rst-frequency

conversi on..sect i ss f||t t iplier; and a
transm tteérFor¥ e&ﬁg@f efr A é]hl%‘ ¥ t(]:O(%nnec rr:iﬂeiddpt he | ow pass
filter and inputs an,output si nal fro nypass fllter %

mul tiplier conp sségﬁﬁisgrB? ﬁﬁlﬂﬁtiﬁﬁaQﬁ © f@fﬁﬁﬁ)eg&FSuthron1the
first frequency conversion section wth a phase of an out put signal cosh
out put fr&AtHe S ¥ ¥Hisnmitter for frequency neasurenent and outputs a
difference signal and a sumsignal to the subsequent |ow pass.filter; the
| ow- pass filter o i EF@A$TdH tOR pdOTsi §FANSBELEINTf r R outputting a

modulatable frequency signal;

a first frequency conversion section for shifting in
frequency, 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
lnzafirstA/DconverterandoutputfromthefirstA/Dconverter,
based on an output frequency output from the transmitter to
move the input signal frequency to another frequency band;

a second frequency conversion section for shifting in
frequency, 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 intoadigital
signal by a second A/D converter and output from the second
A/Dconverter,basedontheoutputfrequencyfromthetransmitter
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 conversion section, and outputting a measured

frequency value of the first frequency signal to the transmitter
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98 the nultiplier through a frequency filter to extract only a

| ow-frequency signal; and a phase anount V of a fundanental output waveform
is 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 signal processing apparatus according to claim

7,8, 9 Wy égnt%@ra&&%&@e%r@qxfe‘ﬁéi%%r €PBR | S 8 r&oCKrEQlienc

synchroni zi ng an out put the fitst A/D converter and an output of the

d Al 1 t i hglt & ' f
secon Igoqiq,@g%rlog{ 3??5?%&@%?%?%&@?%@5&%9? caclnve?sgﬂﬂ FQEtEBﬁeone )

the pair of the vi rch i1s output fromt first

Al D converte e di gl I e e I t he

vi bration s&e‘%%%?%oélrhe%lgénrgé(}% §£\‘/C\ﬁ?%:1%a$§/ g%?:)f%% qﬁr%gltc t Oerggeeéc%ln?fp% Btgéﬁverter.

12. A signal processing apparatus according to claim7, 8 9, 10,.0r 11,

wher el n (RS pHECETERG FEREar S Lek: PBn Pertiris trdiliey ®optdindd vf

processi ngof adi scr et eFouri ertransform T), orafastFourjier transform

CFRT) 13 Lo 01 - POk G Sl RAPERLatbY G2, ELRaE f1/SWePHEEZEFS o pai

of flow tubes which is included in a neasurenent flow _tube is operated by

a drivi ng ddeitt¥ tuSrsguenaivhicdt 6r Ved OCAte PRECEFy SdEPRe £REMatPFeqEE one

flow tube or the pair of flow tubes, and a phase difference and/or a

vi br at i on 95 eepipaéy ofod s Yok L EHS§REBF Folliss $9F LECAEFPAYSBRY he at

| east one fdl ow tube or the pair of flow tubes are/is detected by a pair
an

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
frequency 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 cos62
from the transmitter by an input signal SIN61 from the 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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of velocity sensors or a pair of acceleration sensors which are vibration
detecti on sensors when the at |east one flow tube or the pair of flow
tubes is vibrated, to thereby obtain a nmass flow rate and/or density of a
fluid to be neasured, the Coriolis floweter being characterized by
conprising a signal processing apparatus conprising: a transmtter for

Lransmittigng and, QU 08 sedULaLARLE LT SAUSAEYnS| B0 Ta s T 8!

frequency conversion section Ing I'n requencty, to a specified

const ant fc!xeqz“.e%%%]réﬂc%%%'i’ze%”i' NPHL e éﬂl@'@e{)\{eﬁﬁﬁ?%@ﬁv@s}%‘?} g%@%ﬁoﬁy
converting a signal of oné veloCity sensor e pair of vibration
detection sensors into a digital signal by a first A/D converter, based on

an out put C?WE%E&Eﬁ%y (OXn) output fromthe transmtter to nove the input
signal frequency (0). to .a desired frequency band;. a second frequen
conversi on sect iao%“‘glcﬁlp:;rﬁeﬁi |“qulg’§ﬁ’&§¥9cf rtegegeél&?cisfllgé‘aﬁcf}ﬁ?%ént
frequency signal, an input signal frequency éo% obt ai ned by cogverting a
si gnal of Hifdt Hele BFaSEILtF e hYoRRot PPHE HEIPaHiS INDT JttiTh T8t &EPbn

sensors into a digital signal by a second A/D converter, based on the
output frAYRIGRWEHEN: ARPut fromthe transnmtter to nove the input
signal frequency (0) to a desired frequency band;, a frequency neasurenent
section for neasuhigf-Bafsdddéserfonfijtering arafudHeyignghPtARER i s
obt ai ned by conversion 100 as the specified constant frequency signal and
out put frdwy ttize fitsipiytnumebygytbeonnel§ipaisecendnousvdtothsuretireg. a
measur ed

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:
a multiplier connected to the first frequency
conversion 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;
the multiplier compares a phase of an output signal
sin (6+6Xn) 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
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frequency value of the first frequency signal to the transmtter to
control output frequencies so that a frequency af ter f requency

conversion by the frequency conversion section is always a constant
frequency; and a phase difference neasurenent section for measuring a

phase difference between the first frequency signal obtained by conversion

as the spegd hd (GRNSANt ageacy 2LalaLy hiely L8 autpubcloamyige it st

frequency conversion section, sec requency signal ai ned by

conversioqd%§€¥yaﬁg%a?1gi a1c0nstAnt frequency signal, which is output
n reque

fromthe seco ncy corversion section, the signal processing

< Gnal bt ai ned oy PABRRAT N heot b CRRRTTTAR RorerRRt FrectemtyTe)

si gnal h as” the speci cons requéency” Ssi gnal ,

which is output fromthe first frequency conversion section,._and_ihe

?econd fréﬁ%%?ﬁ%F%%g%ﬁﬂéaﬂﬂﬂaFﬁﬁdl@y"ggﬁ@éFEanségnﬁﬁeog BEFf FEE™ E%ﬁstant
requency signal, ichis tput f i

sec'?i on. y]}wg-pass filter anc(i)léle/vuays gg@ié@?egeg%%%diftri%%uggc\y=&%@Vgﬁgl on

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
processingof adiscrete Fourier transform (DFT) orafast Fourier

transform (FFT).

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
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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 comprising
a signal processing apparatus comprising:

a transmitter for transmitting and outputting a
modulatable frequency signal;

a first frequency conversion section for shifting in
frequency, to a specified 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, based on an output
frequency (0Xn) output from the transmitter to move the input
signal frequency (6) to a desired frequency band;

a second frequency conversion section for shifting in
frequency, to a specified constant frequency signal, an input
signal frequency (0) obtainedby convertinga 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 (6Xn) output from the transmitter to move the input
signal frequency (0) to a desired frequency band;

a frequency measurement section for measuring a frequency

of a first frequency signal which is obtained by conversion
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as the 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
tocontrol output frequencies so that a frequencyafter frequency
conversion by the frequency conversion section is always a
constant frequency; and

a phase difference measurement section for measuring a
phése difference 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,

the signal processing apparatus providing the 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, 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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