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

[0002] - AGH Qlio{d QMR BEnd S ARSI ERLES AR atb S rpol Nt that
a Coriolis force acting on a Iow}{(ﬁu%’e (herer nafter, ow tube to be
vibrated is referred to as flQwt lgeg i 0 %QL al to amass flowrate in
a case \A/r\eretheflowtubettf(rjl\gﬁqui) It:ﬁ?%tlfcﬁﬁ\% be neasured flows is
supported at both ends and vibration is applied about a support point in a
direction perpendicular to a flow direction of the flow tube. The Coriolis
flowmeter is well known and a shape of a flow tube in the Coriolis
fl owret er i[febhoddby #&ieilddd into a straight-tube type and a curved- tube -
type . [0003] The Coriolis floweter is a mass fl owreter for
detecting a phasgodofiference signal proportional to a nass flowrate in
symmetrical positions between both end support portions and
The present invention relates to a Coriolis flowmeter
for detecting a phase difference and/or a vibration frequency
proportional to a Coriolis force acting on a flow tube to obtain
a mass flow rate and/or density of a fluid to be measured.
[Background Art]
[0002]
A Coriolis flowmeter is a mass flowmeter based on a point
that a Coriolis force acting on a flow tube (hereinafter, flow
tube to be vibrated is referred to as flow tube) is proportional
to a mass flow rate in a case where the flow tube through which
a fluid to be measured flows is 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
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central portion of a neasurenent tube in a case where the neasurenent tube
t hrough which a fluid to be neasured flows is supported at both ends and
the central portion of the supported neasurenent tube is alternately driven
in a direction perpendicular to a support line. The phase difference signal
is the quantity proportional to the mass flow rate. When a driving

f requency i:éng?iaﬁ]t f)'g:}?: Sronsdt alt e § r@tﬁﬁg g%{)ge&%n%e c?—:lé&na\bhm pﬁet he

detected as a tine erence signal Tn servation positions o

measur enent _tube. [0004 en. the alternate driving frequency of the
neasurenenPe?ﬁﬁgeW%ngaakbgqEQFOPgﬁtngﬁgtﬁriﬁu%?egﬁeﬁgymggsPﬁsgngggﬁFenent
tube, a constant driving frequency corresponding to a density of the fluid

to be neastPEFRRLTHRGR hEARARATHARE & heE e P eRe AP P B yPBeT BEFven

with small driving energy. Therefore, recently, the neasurenent tube is
gener al | y depgunerenthetnbeur &b fakipemaiekind dthivgrhad® dif f disacsiohgnal
is detected as the tine difference signal. [0005] The straight- tube
type Cori obegpEhdwneleaetr tasa awipardt liaei. n The dhaden dd fdesenseeseégumiblr at i on
is applied in a direction perpendicular to a straight tube axis of a

central pokki eanf;uan%_tiltgi Popbike cprppPet @theatnalRet F1eRdsata di pkacgnent
difference of the straight tube which is caused by a Coriolis force, that

is, a phas L Efer i gNaly &S i Relesn SHAWROKY .an and
central poraffdlgﬁﬁkgf%@%%?&h‘?é%ﬁggeﬁgﬁ% a m%@%'f Fggv rate i&gfggtg%gtcgd
based on the phase difference signal. _The straight-tube type tiolis

fl owret er 5%958 cmaB’e(Peab ?/%e(ﬁ%%gaagi ﬁ‘plté‘fnecﬁp%; r,enacned %%/%glﬁfgf‘?ugb&r e.
However, the Coriolis flowreter also has a problen1th%} hi gh detection
sensitivit?béﬁﬁﬁéFlﬁé Bpfataeds P@OG@F 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 to be measured is obtained, and hence the measurement
tube may be driven with small driving energy. Therefore,
recently, the measurement 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
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In contrast to this, the curved-tube-type Coriolis flowreter is superior to
the straight-tube type Coriolis flowreter in the point that a shape for
effectively taking out the Coriolis force maybe sel ected. The nmass fl ow
rate maybe actually detected with high sensitivity. A conbi nati on of
a coil and a magnet are generally used as driving neans for driving the

fl t ube. GOl . A t d |1

[ e pE0e 5 LeAndboe.puatel gt prale AN ached LPELUETS
iti I | at i hi p.devi ati bet h il and_th t

post 1 onal el athguenL dPvL pLOR et e gL aDVADE RIS eLs.

including two parallel flow tubes, the two parallel flow tubes are attached
so as to saRGwFERaLBBtchIPeahdre Heokhbt . fImvaaiist @S 4°86%ihed 3bRHEe so
that the two opposed flow tubes are separated from each other at an
i nterval tbasardwictpls, | easpache eodl tangh hetraghete. [ (0OF¢VER, Cohiol i s
flowreters including two flow tubes located in parallel planes, a Coriolis
flowreter kavindia |fArggenaticaneiBso ohasorui @roblem that high detection
f | ownet er havi nghi ghf | omt uberigidity is required to increase power of
driving neaessidf¢iRenednnbtl HeN@ERSIFE .t 0 sandwi ch [arge driving neans
between the two flow tubes. Therefore, a design is nmade so that an interval
bet ween t he flow[toydggg is necessarily wi dened even in a fixed end portion
t1ron

which is a base por of the flow tubes. [0008] As illustrated in
FIG 13, a Coriolis flowreter 1 ich i enerally kno and incl.udes
U- shaped neasurehﬁ‘nthrﬂfﬂéassq n(tff’u\c,\fg'élsa' dgf’ ct%urr‘ﬁfaal’otrurlﬁ\,\\%@%h p&de-1s
nmeasur enent _tubes 2 and 3, and a converter 5. The detector 4 for the

neasur enent lOUBES ¥ gkl 3UPRELQEed A Yher &GP 1GNTot UREs ohdPR e CPFBRAL NG t he
measurenent tubes 2 and 3 , a left velocity sensor 7 for detecting a

vi brati on ¥éloomietprgencrlz ediot shhefa sdiage 6brt el eebsve bydrkingezt2 and
3 vibrated by the vibrator 6, a right velocity sensor 8 for detecting a

vi bration weleocbtyolesefates ny der sghécsede ofhd hagwedlvweneué ratbes 2 and
3 vibrated by the vibrator 6, and a tenperature sensor 9 for detecting a

tenper at ur @ @28 1t Wed R € WiRAS Wiefh MGt iiaws, through the neasurenent
tubes 2 and 3 at the detection of the vibration velocity. The vibrator 6,

tge left veloci LY égﬂ{ﬁ%a&okhg{s rzi. Q{Ei];’%ln%cgté{aglﬁgéoérg’gé%{&a{m used
nper at ure sensor are connected to the converter .
as driving means for driving the flow tube. The coil and the
magnet are preferably attached to positions 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
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[ 0009] The fluid to be nmeasured, which flows through the '
measurenment tubes 2 and 3 of the Coriolis flowreter 1, flows fromthe right
side of the neasurenent tubes 2 and 3 (side on which right velocity sensor
8 is provided) to the left side thereof (side on which |eft velocity sensor
7 is provided). Therefore a velocity signal detected by the right

vel oci ty Sans0L B { 91 30 el s 8109 Y800 durn &1 Iy Ohg LN Lh Uil o s

measured fl ng 1n he néasurenen Ity S|gn
the 11 i d P8 DEOREALLP ed MRSl Vi Eha™ pad bRt %Z' 35gab T Y o10)
The converter 5 of the Coriolis_ f]lowreter includes a drive control section
10, a phas&GrdBSHLEFENPOYREL P BNV iR e NenperaltRee nrehsiit SRGRSSSe3t i on
12. The converter 5 of the Coriolis flowreter has a block structure
as illustratcedandwllah 1kt geTivativiigig mearsomedmean Shef tviee fdom dlukes.
fl owreter has an input and output port 15. A drive signal output term nal
Therefore, a design is made so that an interval between the
flow tubes is necessarily widened even in a fixed end portion
which is a base portion of the flow tubes.
[o008]
As illustrated in FIG. 13, a Coriolis flowmeter 1 which
is generally known and includes U-shaped measurement tubes
includes a detector 4 for two U-shaped measurement tubes 2 and
3, and a converter 5.
The detector 4 for the measurement tubes 2 and 3 includes
a vibrator 6 for resonance-vibrating the measurement tubes 2
and 3, a left 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]



16 included in the drive control section 10 is provided in the input and
out put port 15. The drive control section 10 outputs a predeterm ned node
signal, fromthe drive signal output termnal 16 to the vibrator 6 attached
to the neasurenent tubes 2 and 3 to resonance-vi brate the measurenment tubes
2 and 3. Each of the left velocity sensor 7 and the right velocity sensor

Fo‘gqilfh detect theVip{alson /el oChlla g% /Ty Don AL AGARLAT alhPOLSR"$He
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
thereof (side on which left velocity sensor 7 is provided).

Therefore, a velocity signal detected by the right
velocity sensor 8 is an inlet-side velocity signal of the fluid
to be measured flowing into the measurement 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 measured flowing
from the measurement tubes 2 and 3.

fo010]

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

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

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

Each of the left velocity sensor 7 and the right velocity
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The drive signal output termnal 16 is connected to a drive circuit 18
through an anplifier 17. The drive circuit 18 generates a drive signal for
resonance-vi brating the neasurenent tubes 2 and 3 and outputs the drive
signal to the anplifier 17. The anplifier anplifies the input drive signal
and outputs the drive signal to the drive signal output termnal 16. The

out put tor MR ¢ BhERE Hato S rbiaf 1B oI nd B8 SO

input termnal 19 to which a detection signal of the vibration velocity
gener at ed GFIHETHACEIIFWT t he nmeasurement tubes 2 and 3 vibratedby t he
vibrator 6 is input is provided in the input and output port 15. The |left
velocity signal i®dllterminal 19 is included in the phase measurenent
section 11. A right velocity signal input termnal 20 to which a
det ecti on si gnal Tfe tdhe we lvigriadn owdlpadi tbe ryemerlatléd isn aomaeadtga =1 de of
the nmeasurenent tubes 2 and 3 vibrated by the vibrator 6 is input is

provi ded i ri#ihes icipuuiand sotthpdughoah ddplibeeri ght vEHocIdiwesicgnaduimput
termnal 20 is included in the phase measurement section 11. [0013]

The phase neasyegEBAtesed i @RilE PRI rAKD LOSNRASEONV OBrABEnY! Ritad i on
signals of the pair of velocity sensors in the case where the predeterm ned

node si gnal_ i ggxg f t he i i : LN to. t

vi br at or 6maétatssac e q{totﬁl%gsnga%ﬁéeér/rgar@ t%t%g)éﬁ%t g?lll% gégbvﬂgéi%tfo eLJH?e
measur ement_ tubes 2 and 3 the vibrator 6, to thereby perform digit.al
conver si on 3t g’ 'anaggl‘ﬁarw SR &S %P‘Ff éPéHEeélﬁjeY?véselrgq}aﬁe
converted signals. The left velocity signal _input termnal 19 is connected
to an i nputtiePrtREFs dheadrawglsiansdl pe thadpivpititinPREpPUt terminal

16. The drive signal output from the amplifier 17 is output
from the drive signal output terminal 16 to the vibrator 6.

[0012]

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

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

[0013]



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

the vibration signal output fromthe left velocity signal input termnal 19
by the anplifier 21. The A/D converter 22 is connec ted to a conputing
[ 0014] Further, the right velocity signal input term nal

device 23.

20 i s connected an in ut tern1na [ ) rm nal
of the anplifi ertIﬁzglf Ii["llga ﬁ(}?&ﬁuer(?“{eéltaﬁeﬂ?boconv Ff‘ﬁeor%%SAmI]'ﬁg)% S&(?Elverter

25 converts, |nto a_digital value an anal o SI bt ai nedb I|fy|ng
the vi brat i(%h Bi%VaPTER SHEBRLehO T Tt %@tye r%‘lﬁ

Paa&y

20 by the anplifier

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
conversion processing, and then obtains a phase difference
between the converted signals.

The left velocity signal input terminal 19 is connected
to an input terminal of an amplifier 21. An output terminal
of the amplifier 21 is connected to an A/D converter 22. The
A/D converter 22 converts, intoadigital value, ananalogsignal
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 vibrationsignal output
fromthe right velocity signal input terminal 20 by the amplifier
24.

Further, the digital signal output from the A/D converter
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24. Further, the digital signal output fromthe A D converter 25 is input
to the conputing device 23. [0015] Further, a tenperature signa
input termnal 26 included in the tenperature nmeasurenent section 11 to

whi ch a detection value fromthe tenperature sensor 9 is input is provided
in the input and output port 15. The tenperature neasurenent section 11
performs t% e .t enper re onpensat.i.on Onsthe detection tenperature

obt ai ned by H& t- séﬁ?%’ténﬁh%%h 1§ $r6vi ded in the measurenent

tubes 2 and 3 and detects an internal tenperature of the measurenent tubes
2 and 3. A%Pesilst ance type tenperature sensor is generally used as
the tenperature sensor 9 to neasure a resistance value, to thereby

calculate a tenpéuaties, a temperpainceaparal ymPu §RAMLPAPAS tléltcr%"‘)ﬁ@ld 26 is
connected to a tenperature neasurenent circuit 27. The tenperature

measur enentirctheui émpPdraahce heteu rdmentnsechabnt Emper shuck afdetestion
measur enent tubes 2 and 3 based on the resistance value output fromthe

t enper at ur & 88RS Frch tHRE tdipRirddlurie meersairure i¢f itpaitneas prererted Wies 2

and 3 which is calculated by the tenperature neasurenent circuit 27 is

I nput to t@%é”%ﬁﬂﬁér§h£68h8§u83poL901§l The temperature measurement
section 11 performs tube temperature compensation based on the
detection temperature obtained by the temperature sensor 9 which
is provided in the measurement tubes 2 and 3 and detects an
internal temperature of the measurement tubes 2 and 3.

A resistance type temperature sensor is generally used
as the temperature sensor 9 to measure a resistance value, to
thereby calculate a temperature.

The temperature signal input terminal 26 is connected
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 computing
device 23.

[0016]

In the phase measurement method using the Coriolis
flowmeter 1 as described above, vibration is applied inaprimary

mode, to the measurement tubes 2 and 3, from the vibrator 6



I n the phase measurenment nethod using the Coriolis flowreter 1 as described
above, vibration is applied in a primary node, to the neasurenent tubes 2
and 3, fromthe vibrator 6 attached to the neasurenent tubes 2 and 3. Wen
the fluid to be nmeasured flows into the neasurenent tubes 2 and 3 while the
vibration is applied, a phase node is produced in the neasurenent tubes 2

d 3. her ef th i . (inlet-sid | aci t ' ). th
laht vel o8 Vb 5P SRR TRECEPHRAF (BtRT & “rdd varber i Signhg From
the left velocity sensor 7 in the Coriolis flowreter 1 are output as a form
i n whi ch { (6 TRASSFERAF SOHF & NipENenPESEH-BRCBRCHRAhr 274 & Hate Sheput as

the formin which the two signals are superinposed on each other includes
not only avillowtigrelsegpdicbuta Bhgse mddg yerngAberdom thnBCesSIgepandi se

conmponents. In addition, a frequency is changed dependi ng on, for exanple,
a change i ntubessix wref ¥.he fluid to be neasured. [0017] Ther ef or e,
it i's necessary to renove an unnecessary signal fromthe signals fromthe

right velocity seamgde@randchBes]ghdl VEIEH s isRNSELoé i thioyeye41) iffirdn Very
difficult to renove the unnecessary signal fromthe signals fromthe right

velocl Uy SehR0L; SnpRdide dyAlinyet 8 AY LREMSYnaA (Quedbeubbe JhAMgSe:

Furt her, the Cor is flo ter 1 is often require ave

very- hi gh- pr.eci_si,op._nmeasur nt and.hi gh-speed.r 0 . bE t,0
satisfy sufﬁ if@ﬂﬁ%ﬁsf%?%g aFﬁgﬁqﬁﬁbﬁﬁégﬁ§3§%585§%9@28§§g§§@ter
conput ati on and hi gh- processi ng. perfornmance 'SSQ%%%EEPQ%% and hence the

Coriolis flloRFBtHERYY ASeh £OXE {B WP istpERSI WP FIPYHEREFGDI i s
flowmeter 1 requires an established phase difference nmeasurenent nethod
usi ng bot h can ezsth mhel .| t &r sapnaysottPutoaa HeasteEheht Whighdms @l a
hi gh- speed conputi ng net hod.
signals are superimposed on each other includes not only a flow
rate signal but also a large number of unnecessary noise
components. In addition, a frequency is changed depending on,
for example, a change in density of the fluid to be measured.

[0017]

Therefore, it is necessary to remove anunnecessary 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.



[ 0018] I n conventional phase difference neasurenent nethods of
calculating a flowrate, a filter processing nethod of renoving noise is
divided into a method using an analog filter and a nethod using a digital
filter. The nethod using the analog filter may be relatively

| nexpensi ve (see, for exanple, JP 2-66410 A and JP 10-503017 A) . However,
JP 2-66410 A and JP 10-503017 A have a limt to inprove the performnce of
the filter, and hence, there is a problemthat the filter is not sufficient

for the Corioli %h{lggmgﬁgeé%%ﬂgg%—glfﬂdw@@&nh YealSred haraecAIDSkef

Coriolis flowreters using st gnal processing have been devel oped,

and the npkad dising 4 dLoLlabalil et pas,deen,denshonad s Ehec i Ler

processi ng nethod of renoving noise 1n the conventional "phase difference

measur erreg&wg?/ts@fié t8fa rggég\yl:&kérqg ftr%%ufeln%\g 44 g'high—speed computing
method.

[0018]

In conventional phase difference measurement methods of
calculating a flow rate, a filter processing method of removing
noise is divided into a method using an analog filter and a
method using a digital filter.

The method using the analog filter may be relatively
inexpensive (see, for example, JP 2-66410 A and JP 10-503017
A). However, JP 2-66410 A and JP 10-503017 A have a limit to
improve the performance of the filter, and hence, there is a
problem that the filter is not sufficient for the Coriolis
flowmeter.

[0019]

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, Japanese

Patent No. 2799243) and a method of selecting an optimum table
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Exanpl es

) of conventional types of the Coriolis flowreters using digital
signal processing include a nethod of neasuring a phase using a Fourier

transform (see, for exanple, Japanese Patent No. 2799243) and a nethod of

sel ecting an optimmtable

exanpl e , Japanese Patent No. 2930430 and Japanese Patent No. 3219122).
[ 0020] "Phase Measurenent Method using Fourier Transfornt A
converter

usi ng the ourler

_ _ _ fit to an input frequency fromfilter tables
i ncluding a notch filter and a band-pass filter to neasure aphase (see,

for

pL 10 Conbali S ddonne) ¢ diased o the haseamRasy smenlcuret hod

nsfor

filter andaband-pass filter tomeasure aphase (see, for example,
Japanese Patent No. 2930430 and Japanese Patent No. 3219122) .

[0020]
<<Phase Measurement Method using Fourier Transform>>

A converter of the Coriolis flowmeter based on the phase
measurement method using the Fourier transform has a block
structure as illustrated in FIG. 8.

In FIG. 15, the left velocity signal input terminal 19
provided in the input and output port 15 to which the detection
signal of the vibration velocity (outlet-side velocity signal)
which is generated on the left side of the measurement tubes
2 and 3 vibrated by the vibrator 6 and which is detected by
the left velocity sensor 7 is input is connected to a low-pass
filter 30. The low-pass filter 30 is a circuit for extracting,
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.

[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

11

structure as illustrated in FIG 8.



In FIG 15, the left velocity signal input termnal 19 provided in the

i nput and out put port 15 to which the detection signal of the vibration
velocity (outlet-side velocity signal) which is generated on the |eft side
of the measurenent tubes 2 and 3 vibrated by the vibrator 6 and which is
detected by the left velocity sensor 7 is input is connected to a | ow pass

filter 30. T | o ass filter. 30.s a circuit for extracgtin t hrough a

f requency f]iqhﬁeterv,e Ya SR éf%l}ecﬁlq}ﬁ & FEPIE% flsqlngaﬁalou%aﬁtl éc‘?mg} de
velocity signal) fromthe_ |eft velocity signal éout | ef-side velocity

si gnal ) outiift ProreeRefLéFervaP ocithe §‘§I§§0Ye]fo eFEcE 19t IRP SR RS i96h
velocity generated on the |left side of the measurement tubes 2 and 3 in the
case wher e ttive dirriiarlersdrgnalubies crraey 3oy dwitheatd® I9PIVIsE a3t 65 6.

[ 0021] The | owpass filter 30 is connected to an A/D converter 31.

The A/ D conusgutert3la qoraes tahi f fatence diggidwatersdrgnalnit B2 11 left velocity
signal which is the analog signal output fromthe |ow pass filter 30. The

left velocity signal agbt abagdrasrthe idj gichalectiegnab Ryt oiVEErmranor he
Al D converter 31 is input to a phase difference neasurenent unit 32. The

A/'D convertsy 3Lyls (GaRRECLeL LA R bl BYrIeRREdl & tihinfed is@n&ﬂinrgo
gener at or generates a“tirmng of sanpling Mtines (Mis natural nunber)
the input fl‘X—etq:'Ll%neensCy(M [iosozn2 tural number) the input frequency.
[0022]
On the other hand, the right velocity signal input terminal
20 provided in the input and output port 15 towhich the detection
signal of the vibration velocity (inlet-side velocity signal)
which is generated on the right side of the measurement tubes
2 and 3 vibrated by the vibrator 6 and which is detected by
the right velocity sensor 8 is input is connected to a low-pass
filter 34. The low-pass filter 34 is a circuit for extracting,
through a frequency filter, only a low-frequency right velocity
signal (inlet-side velocity signal) from the right velocity
signal (inlet-side velocity signal) output from the right
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

12



Ont heot her hand, the right velocity signal input termnal 20 provided in the
i nput and out put port 15 to which the detection signal of the vibration
velocity (inlet-side velocity signal) which is generated on the right side
of the measurenent tubes 2 and 3 vibrated by the vibrator 6 and which is
detected by the right velocity sensor 8 is input is connected to a | ow pass
filter 34. The |owpass filter 34 is a.,circuit for exIractiqg, t hrough a
frequency fY19RF VOMRSIY 1d@ledbdrly 1Fi GRE 327027 S FYh QTR TR de
velocity signal) fromthe right velocity signal (inlet-side velocity

signal ) out'pg Hovwopaswelilgar Al odiheyr 5ght e 1@ idie 6L PRG 1t Plet i Bedtasn

vel ocity generated on the right side of the neasurenent tubes 2 and 3 in

t he case whehe diwitrehsuremehtbyt ubesved siwh DyardheyiZyDateohvrritdre 34 bisat or

6. [0023] The | owpass filter 34 is connected to an A/ D converter
35. The A Doy etd efhaoesw edi Stfetdride anch ghtahest gmalc 3he right

vel ocity signal which is the anal og signal output fromthe | ow pass filter
34. The right velggidye,si gpal aphlainrA- @S 5Be; di Mo HRal thY COMUES Sion
by the AID converter 35 is input-to the phase difference nmeasurenent unit
32. Further | D, converter. i ed,t L m r 33.
The tim ng SENSFARST 35 gdngr susdng BefRRatEr anSrhatefrll S iR Bf

nat ural nunber)_the input frequency. [0024 Furt her he ri ght

Vel ocity ST GBI o EHie il 5D GO oA P He THp i SRBATROr ¢ 15
to which the detection signal of the vibration velocity (inlet-side

vel ocity signal) WiZH is generated on the right side of the nmeasurenent
tubes 2 and 3 vibrated by the vibrator 6 and which is detected by the right
velocity sensor &ussthamputths ctoghecvedototy Sriggadndppwrasigmmersl @t 3 6
. The frequency neasurenment unit 3 6 neasures the frequency of the
detection spehdlaed ibheh¥ii@id andvehesit pddhhet tsindd tethei dyc &t giheh )
which is generated on the right side of the neasurenent tubes 2 and 3

vi brat ed bys{de, ¥idy ahary foARdi ¥l ds deteahed v dehgelbght vVl Qeaiy
sensor 8. The frequency nmeasurenent unit 36 is connectéed tO the
timng generatq£.33. The _freguen nea

anit 3671 5 B BACT IPREATR 10 Genc ahy T4 fire Cprriies S of CudhE; Hagts ™

Mtimes (Mis natural nunber) the input frequency is. generated b he

tining genet @ B3I P GRA Je theF t‘ﬁjéo’%‘f?’éo%v%?‘ge‘?’gl%i Jasr‘la‘g%%?cgeé by
the right velocity sensor 8 is input is connected to a frequency
measurement unit 36. The frequencymeasurement unit 36 measures
the frequency of the detection signal of the vibration velocity
(inlet-side velocity signal) which is generated on the right
side of the measurement tubes 2 and 3 vibrated by the vibrator
6 and which is detected by the right velocity sensor 8.

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

to the A/D converters 31 and 35.

13



The phase difference neasurenent unit 32, the timng generator 33, and the
frequency neasurenent unit 36 are included in a phase neasurenent conputing
devi ce 40. [0025] In the phase neasurenent method using the Fourier
transformasill ustratedi nFl G 15, t hei nputsignal (i nlet-side velocity signal )
fromthe right velocity sensor 8 is first input to the frequency
measurenent unit 36 tQ neasure a frequency. The frequenc gﬁured,b t he

frequency measur émentPhARg @&ﬁﬁ%??%ﬁﬁnm? Y?ﬁ???%1ﬂ@lbeﬁéraF
timng of sanpling Mtinmes (Mis natural nunber) the input frequenc

gener at ed I9EnETE UG hg ageherafspagsnaydis FfpHeReNt Hainlw AV d31 and
35. Further, the detection signal of the vibration velocity
(outlet-sid31wemhaaqlmdqyuﬂemeMﬁ(ﬁDMpuqﬁngﬂdﬁvﬂtqnﬂQhe | eft side of the
measur enent tubes 2 and 3 and obtained as the digital signal by conversion
by theA/ D convertep23) and the detection signal of the vibration velocity
(inlet-side velocity signal) which is generated on the right side of the

measur ement tubes? gpd 2;}%&% OREak0SEmastt Nfe @t t &k i%iOnahe DYraMES si on
by the A/D converter 35 are 1 nput to the phase di fferenCe nmeasurenent unit

32. The det cli I gn r C i

transform ugflatnslcgr;écr?)nr%%?gi %E%aggﬁe p %(téeil |f &re Lgélsﬁg gé?e(mn]t%{%ﬁtd%z and
h di ff ted b d t bet | t d

gi nary. COHEEHEH SLERA hE TEBhU B CEdRY BRLPSLtY OTROE P L kBSOS et

Met hod using Di gltal Filter"
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.

Further, the detection signal of the vibration velocity
(outlet-side velocity signal) which is generated on the left
side of the measurement tubes 2 and 3 and obtained as the digital
signal by conversion by the A/D converter 31 and the detection
signal of the vibration velocity (inlet-side velocity signal)
which is generated on the right side of the measurement tubes
2 and 3 and obtained as the digital signal by conversion by
theA/Dconverter 35 are input tothephasedifferencemeasurement
unit 32. The detection signals are Fourier-transformed by a
discrete Fourier transform unit incorporated in the phase
differencemeasurement unit 32 andaphasedifference is computed

basedonaratiobetween a real component and imaginary component

14



Converters of the Coriolis floweter based on the phase neasurenent nethod
using the digital filter are described wth reference to bl ock structural
diagranms illustrated in FIGS. 16 and 17. Frequency sel ecti on neans
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 inproved using the frequency sel ection

nmeans such as the notch filter or. the band-pass filter. FIG 16
illustrated AP AGL B converter of the Coriolis flowreter
using the notch filter as the digital filter. The i nput and out put

port 15, the |eftlOPA&dcity signal input termnal 19, the right velocity
signal input termnal 20, the lowpass filters 30 and 34, and the A/ID
convert er s KPlame Ieaasindnarst iMgtBbd ndHng Dggitedk Fheteare structures as
the input and output port 15, the left velocity signal input termnal 19,

the right vel oci toprBicgnalrd BEUthé ersi 16l 1 2E1dvhe deanwbpaesl Hhl ties pHddand
34, and the A/D converters 31 and 35 as illustrated in FIG 15,

respectivelpyes 8% @nt method! ﬁ‘sfﬁ@tl’@di%tﬂgaf‘/ ) W arkede Sdri Begannasct ed
to a notch filter 51. The notch filter 51 selects a frequency based on the

to a notoh TiTter 51 The notch fT| select's a frequency | _
by the Al DGR S SRS SRR T e e e e e

to be out put, The notch filter 51 is connected to a phase

measur ementt LR 597 - The phase neasurenment unit 52 measures a phase of the
left velocity signal which is obtained as the digital signal by conversion
and which is i npriEeshansys/9ekeqtimbyneans rieh §5 13 gosah 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.

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

[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

15



Further, the notch filter 51 is connected to a frequency neasurenent unit
53. The frequency neasurenent unit 53 neasures a frequency of the left
velocity signal which is obtained as the digital signal by conversion and
which is inproved in SINratio by the notch filter 51. The
frequency neasured by the frequency neasurenent unit 53 is input to the

0. a not ch 19 L6FE 87 L0 L ERAT (G 53 CHHRGORE S T EGTERLD > baeiin 1 h

| eft velocity signal which is obtalned as the_digital signal % conyv rS|on
by the A/ DRODFPEVEERISE P¥O-RR A/P FRPVEFE &N S/ |\?<|> &S &% ’fmlaﬁov Mnal
to be output. The notch filter 54 is connected to the phase
measur enentrainia &R .amhigpHassi gnsak e nesntowrpwt 52 neasures a phase of the
right velocity signal which is obtained as the digital signal by conversion
and whi ch is inprimeecotehSENL taki ®1 hiys idommeattehl tbi &tghiadel measuremdnur t her ,
the frequency neasured by the frequency neasurenent unit 53 is input to the
notch filtem#f4s2[0028% 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.
The frequency measured by the frequency measurement unit
53 is input to the notch filter 51.
[0028]
Further, the A/D converter 35 is connected to a notch
filter 54. The notch filter 54 selects a frequency based on
the 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 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
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In FIG 16, a clock 55 is used for synchronization, and input to the AID
converters 31 and 35 to synchroni ze the AID converter 31 and the A/D
converter 35 with each other. The notch filters 51 and 54, the phase
di fference nmeasurenent unit 52, the frequency neasurenent unit 53, and the
clock 55 are included in a phase nmeasurenent conputing device 50. [0030]
FIG 17 ilk%ﬁkkﬁl%% a block structure of a converter of the Coriolis

fl owmet er dsing the ‘band-pass filter (BPF) as the digital filter.

The i nput and output port 15, the left velocity signal input termnal 19,
the right vel oci Eyr&rgRal F?‘ﬁutffﬁgﬂ?ﬂﬁy Zb?a?‘%’éeﬁ%oa?%a#efi (FE&ERSI6 Yand
34, and the AID converters 31 and 35 as illustrated in FIG 17 have the
same st rucgsEsreRere UHguts 3ard it Gsorkher sotde fektel, tbcity signal
input termnal 19, the right velocity signal input termnal 20, the

| ow pass filters [802&81d 34, and the A/D converters 31 and 35 as illustrated
in FIG 16, respectively. [0031] In FIG 17, the A/D converter 3 1 is
connected to a bamdrpassisfid telodkBBE) i6lusdfefdmandpassorfiddteroB] drsl a
circuit for extracting, through a frequency filter, only a left velocity

signal havijng,a $et th@eﬂVEnEMn(f'QE'{:é?E' §id§né|i)ei€ﬁtié Yoyiiaiaini A& amd he/p ef t

vel ocity signal (outlet-side velocity signa ich’is output fromthe left
velocity s etect] e Vvibrati V. ity e the left
side of thg:%%r?&raes%re%rrtgﬁt atrggeéﬂ’z Aa(lrll% %Aﬁ%t e’% o |V>s/l%g?%%ged§%}g% he digital
signal by conversjon by the A/D converter 31 in the case wheye the

measur ement t ubes ¥ g t%haFSGG@EFat 4 BVK%h%4vi5¥§io$ﬁ%$e dift felence

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
input terminal 192, the right velocity signa1~input terminal
20, the low-pass filters 30 and 34, and the A/D converters 31
and 35 as illustrated in FIG. 17 have the same structures as
the input and output port 15, the left velocity signal input
terminal 19, the right velocity signal input terminal 20, the
low-pass filters 30 and 34, and the A/D converters 31 and 35
as illustrated in FIG. 16, respectively.

[0031]

InFIG. 17, theA/Dconverter 31 is connected to a band-pass

17



The band-pass filter 61 is connected to a phase neasurenent unit 62. The
phase neasurenent unit 62 neasures a phase of the left velocity signal
which is obtained as the digital signal by conversion and which is inproved
in SSNratio by the band-pass filter 61. [0032] Further, the
band-pass filter 61 is connected to a frequency nmeasurenent unit 63. The

frequency re unit 63.measures a frequency, of .the left velacity
si gnal whi ﬁqﬁ%rog%]%wedé%s ?%hee g?ag? HEE gﬁ%ﬂyt‘%fl ggn\l/%r gi on rt%}l eth%c%? D
converter 31 and which is i rovgd in S/N ra%io by the b%ggﬁfas filter 61.
The frequerdyFTEEsdi%d By WS fr E§GEHEPCHehsut Bhent thid 19’ t% o the
band-pass filter 61. [0033] Further, the A/D converter 35 is connected to a
band- pass Signhadr W ingrige ssdndyeesenay t@utdel-sigdeivieddal orsigaadct i ng,
t hrough a frequency filter, only a right velocity signal having a set
frequency (fndettls de fevedidoi tyi gridnalf rlemtles rdighe wedlagtittyy ssiiggrel)
(inlet-side velocity signal) which is output fromthe right velocity sensor
8 det ecti ngvtiith Misbbatpaavelrodi tie gesty aeadcatyt Bensbght & tkec©ing hthe
measur enent tubes 2 and 3 and which is obtained as the digital signal by

conver si on L Ade N Fe £88Y 8 IRIne3R ddl bhe Heaher Wheke 4N enBRRSth GMEMnd ubes
2 and 3 are vibrated by the vibrator 6. The band-pass filter 64 is

connect o0 e AREESTRARUATRAL ke B e S GSH Rla ) ©2
digiial signal. By comversion and vaLeh.Leel ioved I LML Hhe
measurement tubes 2 and 3 are vibrated by the vibrator 6.
The band-pass filter 61 is connected toaphase measurement
unit 62. The phase measurement unit 62 measures a phase of the
left velocity signal which is obtained as the digital signal
by conversion and which is improved in S/N ratio by the band-pass
filter 61.
[0032]
Further, the band-pass filter 61 is connected to a
frequency measurement unit 63. The frequency measurement unit
63 measures a frequency of the left velocity signal which is
obtainedas thedigital signal by conversionby the A/D converter
31 and which is improved in S/N ratio by the band-pass filter
61.
The frequency measured by the frequency measurement unit
63 is input to the band-pass filter 61.

[0033]

Further, the A/D converter 35 is connected to a band-pass

18



[ 00341 The band-pass filter 64 is connected to the frequency
measurenment unit 63. The frequency neasured by the frequency neasurenent
unit 63 is input to the band-pass filter 64. In FIG 17, a clock 65
is used for synchronization, and a clock signal fromthe clock 65 is input
to the A/D converters 31 and 35 to synchronize the A/D converter 31 and the

AD convertuan 35 4 Lh 8808 Gh0SLe e £ cor IO ROGLRASE {41 Leks Bignd 64,

t he phase neasurenent “uni requency neasurefen arnd t he

clock 65 are included i n a phase neasurenent. conmputi ng devi ce 60. .
D el osur o O RE 3 FERICH DOSET L. oMLY & ki dio VERGE Lt Meska T hERY 188t hod

using the Fourier transform described in_Japanese Patent No. 2799243, when
the input Pr&§lehdFarnche (LR3EL -GdlectedRCityn &l IR 1) hé TPMbtans 6 9l ocity
is constant, a phase neasurenent nethod having very-high-frequency

sel ecti vi t yedwyi¢yperiordedibéetusaedehee Foot tersigrmsf orhmdls ius ed toort
frequency sel ection. However, in the nethod using the Fourier

t ransf or m desartitzedi ght yeparesey Raiant 8 Nete2t9934he Wisha t hénivieidic ity
frequency of the input detection signal of the vibrationvelocity is changed

accordi ng Len2rdeRd bk Gheari§APCEARYI 6 the i REGASSHY tubd&dangs d ke
transform nmethod or the sanpling rate. Therefore, the conputing cycle or

the comput Lagighied 18 60eR8fda 200HENES ALPAVYRIPYy Y8Rt PkPd and
t hus unstabilized.

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 is 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.

In FIG. 17, a clock 65 is used for synchronization, and
a clock signal from the clock 65 is input to the A/D converters
31land 35 tosynchronize the A/Dconverter 31 andthe A/Dconverter
35 with each other.

The band-pass filters 61 and 64, the phase measurement
unit 62, the frequency measurement unit 63, and the clock 65

are included in a phase measurement computing device 60.
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[ 0037] In addition, in the nmethod using the Fourier transform
descri bed in Japanese Patent No. 2799243, when the input frequency of the

i nput detection signal of the vibrationvelocity is changed according to the
density or the tenperature, it is necessary to accurately synchronize the
sanpling rate with the input frequency of the input vibration velocity
signal, and hence a design is very conplicated. Therefore, there is
a problemthat, when the tenperature of the fluid to be neasured is rapidly

changed or the densiity i s rapidl hanged by m xing air bubbles into the
fluid, the neasg?%ﬂﬁ%ﬁ%uﬁfbéﬁgf%ﬁyﬂ%“@?g:éﬁ%ly reduced. Further, the
nmet hod using the Fourier transform described in Japanese Patent No. 2799243
has a probl em t H&03®e number of conputing processings becones very | arge
because of the execution of the Fourier transform [0038] In the

met hods of sel edin nghéheolesd nuantabkrehit nechde uspoy frleuEnuyfieont he
filter tables includingthenotchfilter and the band-pass filter to neasure

the phase wdesEidief dazclaparese Papantshopa29304%0. anh skapmnesenPatent
No. 3219122, when the sanpling rate is held, the design nmay be sinplified.

rovever, as ) (e SIEAGHL S0 LA FAULL ELs b anshBhmLdasit Lhedalch ohapanese

phase neasurenent net using t rgital filter
described in Japanese Patent No. 2930430 and Japanese Pat ent N%ﬁ§3219122
requi re a“FERFIGF gdSnUfRRFEIAT £ i Pt RNR3DI BE3SIFA (ﬂ@éﬁ?% Ag¥d i nput
frequenci es, and hence have a problemthat nenory consunption of a
Conputing\UHQQThngrﬁnﬂqﬁgnqxxﬁﬁyectivity'may be performed because the

Fourier transform is used for frequency selection.

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

[0037]

In addition, in the method using the Fourier transform
described in Japanese Patent No. 2799243, 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.
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In addition, the phase nmeasurenent nethods using the digital filter

descri bed in Japanese Patent No. 2930430 and Japanese Patent No. 3219122
have a problemthat it is difficult to select the optimumfilter in a case
where the input frequency rapidly changes. Further, the phase

measur enent nethods using the digital filter described in Japanese Patent
No. 2930430 and Japanese Patent No. 3219122 have a problemthat a vary |arge
nunber of conputations is required to inprove frequency selection

per f or mance. The .phase S¢ digita
filter descrlbe % Eaﬁﬁneééi?%%gﬁ%Pﬁg I%Eggggne it )
No. 3219122 have the foll ow ng probl 1). The nmethod c nno fo]lom/the
change i nofnpe % ‘Eﬁ%éﬁb?eaweﬁﬁﬁﬁeﬁr%§1¥ﬁRﬂalYﬂﬁ§§qg$d'PF FRe R3S Y ¥ ficul t

to realize neasurenent in a case where the density of the fluid tobe
measur ed iapialbydtharigesged day seloingiai himibld e tintg. the2flnihdordes to

i nprove the frequency sel ection performance, a very |arge number of

conput atIﬂ@és@&@méQQUE&@disIbar ekoeerrimelly @ebilicedl.t to realize high-speed

response, and hence the method is unsuitable for batch processing for a
short period OfFﬁkgﬁer,themethodusingtheFouriertransformdescribed
in Japanese Patent No. 2799243 has a problem that the number
of computing processings becomes very large because of the
execution of the Fourier transform.

[0038]

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

However, as in the method using the Fourier transform
described in Japanese Patent No. 2799243, the phase measurement
methods using the digital filter described in Japanese Patent
No. 2930430 and Japanese Patent No.3219122 require a very large
number of filter tables corresponding to changed input
frequencies, and hence have a problem that memory consumption
of a computing device is large.

[0039]

In addition, the phase measurement methods using the
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(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] When all the
factors are considered, in any of the conventional phase neasurenent

met hods including the digital filter processing, a noise of a frequency
band ot her than the tube frequencies of the neasurenent tubes 2 and 3 is
renoved, and hence the switching of the filter table, the change of the

conput i ngnet hod ndt he change, of. the L.Ng r i al ways
followt hg'la%gglf ?ég%@ﬁm&%gc %b?ﬁelﬁeggﬁgg%%tP%ﬁ%ﬁ%aggan%g%ﬁ%ﬂe%rg? ore,
there is a problemthat it is necessary to perform conputation which is
very conpfRrBanggeairt e Re RidRlsreBaviet Perkdsiethat 1t 19l iqith the
measurenent tubes 2 and 3 are vibrated by the vibrator 6, it is very likely
t 0 gener ate selorpuhengpteimon fiid teacin vacdae wdve ref thdd nowsuf régegenci es of
the vibration velocity signals which are detected by the right velocity
sensor 8 f{gpidei,eehhngekhe vibration velocity generated on the right side
of the measurenment tubes 2 and 3 and the |left velocity sensor 7 for

detecting the vkggghm egﬁi gg}{gts% ﬂ@&@&ﬁ%ﬁgn@ﬂlett@%dseﬁgiﬁ%%eoﬁiéfﬂgal

measur enment tubes and ence there 1s a problemThat neasurenent
precision_is ver

i | ow, 042] An ohj ec f e_pr.esent_jnyention
Lo brofiases SrgRhiobRotactararsae RaL o dgnas proteelinathunardr is.
and a Coriolis floweter, in which even when a tenperature of a fluid to be
neasur ed ER&RGEsNoeddAIWRBNhAVE dubbPlREel &y ¥eddGi &3¢ e PPEPETt 8Lbe
nmeasured, or even when the fluid to be neasured rapidly changes froma gas
to a |iquicdmpmtasioesentis mede mdaye pempooved finaduaunst arleptéonsi on,
phase neasurenent with high filtering performance is realized, and a
conput i Ny HREGeLERINRG .amount may be reduced to an extremely small anount.
[ Means for solving the Problens] [0043]

[0040]

The phase measurement methods using the digital filter
described in Japanese Patent No. 2930430 and Japanese Patent
No.3219122 have the following problems.

(1) The method cannot follow the change in input frequency at
high precision. That is, it is very difficult to realize
measurement inacase where thedensityof the fluid tobe measured
rapidly changes because of air bubble mixing.

(2) In order to improve the frequency selection performance,
a very large number of computations are required. Therefore,
it is difficult to realize high-speed response, and hence the
method is unsuitable for batch processing for a short period

of time.
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A signal processing nethod described in claim1, which is provided so as to
sol ve the above-nentioned problens, is 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 operated by a driving
device using a vibrator to alternately drive the at |east one fl ow tube or
the pair of ;I Qf/%_et u%(ranso,r ang au%h se di %fgﬁgncgmanglrcl)r <fe\>'/3j_cbe£ a.tsi an f requency
proportionaf %o a EoTI6R SOF6HE agpiﬁg on- t et ~Teast: one fTowt e or
the pair of flow tubes are/is detected Sy a p%ir of velocity sensors or a
pair of acc¥IerBEPoH SBASOFEIGR AR FRAMBLISAEECand TARTEEOEEY & de- Vi f1uid
to be neasured, which are vibration detection sensors, when the at | east
one flow tuberwrturre apsi deaion e copPd licatgidhrBE SETY disREVEptagfA a
mass flow rate and/or density of the fluid to be neasured, t he

si gnal processtogkr met hod bei ng characterized by including:

measuring a frequency based on an input signal frequency of at |east one of
the vibration detpmdign sensors, of two flow rate signals obtained by AD
conversion on two input signals of the phase difference and/or the
vibration frequeRgyproppr Eh@”aéactt‘?sfxltsheax@r t8hbsgberae ag i g, opst he,at

| east one flow tube or the pair of ow tubes, which are detected by the

pai r of vel oci £ r r. t Lr t] r.s. o
transnittiﬁ%ﬁg&%gi réﬁ'iﬁ%ﬁ% Q%g%@ eg%£fﬁ§8§§§§§r£§Q}§§%§§A§§? digital
perform ng conposite frequency conversjon _based on fhe transmtted control

signal to ot RE 9. ofy PFES FyfalfL e Wel2Bg AFRPEORIRT &ifth on

the input signals of the phase difference and/or the vibration frequency
proport i ondlule freguescigs off bhe aearsurgment tthioss 2| aqdt 3 ok femnvadibe or
the pair of flow tubes, which are detected by the pair of velocity sensors
or the pairamaf haccel ehatswitcenspres, thrdfilter tabiemswhenghphgeest fulmm a
sum signal or a difference signal of each of controlled converted conposite

f requenci essortputi e REYNER] ahf thedtasiey b fteieattg i rghah t € ameonefli rdP044]

A signal processing nethod described in claim2, which is provided so as to

sol ve the ghoves etwﬁf%’w&fébkﬁg@fféq@eﬁegé@loﬂorc%e[ﬁéagargﬁgﬂeduﬁ&é?sordi ng

to claim1, charatterize

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 ineachvariationof 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
left side of the measurement tubes 2 and 3, and hence there
is a problem that measurement precision is very low.

[0042]
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in that the sumsignal or the difference signal of each of the converted
conposite frequenci es obtai ned 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 conbined conposite conmponent
is constant. [0045] A signal processing nmethod described i n claim 3,

whi ch is provided _so, as ve the abave- nt| one i gnal
processing net hognaggﬁ?ﬁﬁﬁgfsggecﬁ’%ﬁﬁri &Pvf élrla%%eof 12»881@% hallgntah )
perform ng conposite frequency conversion based on an ar r i.llation
frequency PROCEFEINg method nfiSigRayk ?I)@O%.?IST’%%?'p?iagﬁgPsSIa}@é #’Eﬁot one
of the vibration detection sensors by the transmtted control signal cose2;
and ext fdomnedeon| yinawhdwhf eequenbynse ghemPerabvan dlitpltluidried Rsut put
after the nultiplying through a frequency filter. [0046] A si gnal

pr ocessi ng meeishotdesangbed evercwaemad,r whblohe s singr ovkdéd g bbetfolwsial ve
the above-nentioned problenms, is a signal processing nmethod according to
claim1l or ¢ pehpeastieeiizedrigvdhaindrheneeriiandal 0g wonmRsUred reqieicy

conversion based on an arbitrary oscillation frequency includes:
mul ti plyi ng.an ddiPut v Sh 9RaL oS! NEL f romiNe, oReahirédént 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 a pair of velocity sensors or a pair of acceleration sensors
on an inlet side and an outlet side of a fluid to be measured,
which are vibration detection sensors, when the at least one
flow tube or the pair of flow tubes is vibrated, to thereby

obtainamass flowrate and/ordensityof the fluid tobemeasured,
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vi bration detection sensors by the transmtted control signal cosT2; and
extracting only a high-frequency signal from an output signal output after
the nmultiplying through a frequency filter. [0047] A si gnal

processi ng net hod described in claimb5, which is provided so as to solve

t he above-nenti oned problens, is a signal processing nethod according to
claim1 or 2, in which; the.input .siagnals. of the phase.difference
and/ or the vibratith T+ ¥REnBYOFFEEoFe] Bﬁé:liogioq?%len crs?l%ﬁg(s: 5¢¢8% & ng on
the at |least one flow tube or the pair of flow tubes, which are detected by
the pair ofinetWtild; sensors or the pair of acceleration sensors are

sanpl ed by the A/D conversion to obtain digital signals; and each
of converted conpssisurineguereguengnies esopaiaiednbiitt ot faaduRpcy
conposite frequency conversion based on the transmtted control signal is
control | ed s athrast sura odnponenbrart iandi¢fecence ssormoreenpfotwa Tlovwi ned
conposite conponent is 1/4 of a sanpling frequency for the Al D conversion.
[0048] ratd Sighals PHReassingyapppr sbtisedesen dedwa itlputndgndii<h is
provi ded so as to solve the above-nentioned problens, is a signal

processi ng APPRLAL UShhBE AufPfdilice [ LOMIREr che Wi Sha ok Casieitndy ow
tube or a pair of fTow tubes which Is included in a neasurenent Tl owtube
is operated by a drivi devi ce usi i br Iy a r nat ri t he
at | east or%r%?%wjt%rbaefgcro t%xlg gaﬂgg?sf’?%év[vé%uagéetgl,néa%& ghghggef%%{?geé%eﬁce

and/or a vibration frequency proportional to a_Coriolis forc cting on the
at |east oneldY GWREUBE BRet Ibé’ifrfiPWf‘F%\‘F?uH&“ﬁ}éﬁesdag?ggngb% £

vel ocity sensor or an acceleration sensor which is a vibration detection
sensor wherpate oft vedasttyneenonstebdhs PEAE PAI RCEELETIW PRLRRANFRTS
vibrated, to thereby obtain a nmass flow rate and/or density of a fluid to
be neasured, transmitting a control signal based on the measured

frequency;

pérforming composite frequency conversion based on the
transmitted control signal to each of the two flow rate signals
obtained by A/D conversion on 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; 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, characterized
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t he signal processing apparatus being characterized by including: a
frequency nmeasurenent unit for measuring a frequency based on an i nput
signal frequencyof at |east one of the vibration detection sensors, of two
flow rate signals obtained by AID conversion on two input signals of the
phase difference and/or the vibration frequency proportional to the

Cori ol s, 1roenaelig o, W1e.ah Leasic one 4 AU et the Al o cHlow

tubes, which aré detected™b e velOcity sensor € acce i on
sensor; a transmtter for transmtti and guégu%%ing a desi.red
frequency SPHVEETHSs EPBIPTHE e RSP &by € neY 1 FBGuBRET OFB4SS enent

unit; a frequency conversion section for performng frequency

conver si on CEBPREE LEoFr SURR AL EPNHRTEEPPRA TR ERE L FANTHE FeAROMEdr to
(or from each of the input signals of the phase difference and/or the

vi brati on friggaéndy proporfliledakot bhahea sTor icwnirartceraet dndferenice at

| east one flow tube or the pair of flow tubes, which are detected by the
vel ocity sera@oneht! F aceehmyiaiddrcegisdite atthponent isA qurasearit f f erence
measur enent section for nmeasuring a phase difference between frequency
signals, which argoedefjected by the velocity sensor or the acceleration
sensor, and obtai ned by conversion by the frequency conversion unit. [0049]

A S| | : ‘ ; ) ) : > :
P oo Pheahornd18Ras’ BLURCERDAG RECnLA Geliblieq th Sihafy MY OWIIL, S0 29
one. fl ow tube or ir. of fl.ow

a Coriolis. floweter in which at leas a
t ubes whi chtSi ?ﬁoﬁéﬁ?&]‘eﬁq 752 e SOIVEERE APSNS TS ilémc?ﬁiglpgtoé’&e&f’a ot i ving
device using a vibrator to alternately drive the at |east one flow tube or
the pair of fFdINRLbERLORISPhASENGK f aFeREELIRAd/BP &AM alli P f rPequency
proportional to a Coriolis force acting on the at |east one flow tube or
t he pair ofchialrewttentiesdar ghi $haet eched pey Hreindgia ycowpeoi se orf rasprerat i on
sensors which are vibration detection sensors when the at |east one fl ow
tube or theoaidrsdfordf | Baskdbesni sani iat Beratp tdweriehatohini Ifrieqmaseyf | ow
rate and/or density of a fluid to be nmeasured,
includes:
multiplying an input signal SINO1 from the one of the
vibration detection sensors by the transmitted control signal
cosB2; and
extracting only a low-frequency signal from an output
signal output after the multiplying through a frequency filter.
[0046]
A signal processing method described in claim 4, which
is provided so as to solve the above-mentioned problems, is
a signal processing method according to claim 1 or 2,
characterized in that the performing composite £frequency
conversion based on an arbitrary oscillation £frequency

includes:

multiplying an input signal SINO1 from the one of the
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t he signal processing apparatus being characterized by including:

a frequency neasurenent unit for neasuring a frequency based on an i nput
signal f requency of at |east one of the vibration detection sensors, of
two flow rate signals obtained by Al D conversion on two input signals of
t he phase difference and/or the vibration frequency proportional to the
Coriolis force actin n the at |east.one flo e t [ l,ow
Cubes, whi CHESPE LG8, SEPBaE By IR Sor 401 BRC dat SetErOha (B sTunal)
transmitter for transmtting and outputting a desired frequency signal
based on t K@SPReq@@cymeasur edby the frequency neasurenent unit; a
first frequency conversion section for performng frequency conversion to
add (or subtract px&Fachtipa Oﬂﬁ&qaehégho&%@eﬁi?brﬁ%w rigEhian &M tPyt( or
from the input signal frequency obtai ned by converting a signal of one
vi brati on ddigeetli ontsensdtenf the pailt igfll yting vihbragh enf deqeencyd iddresor s
into a digital signal by a first A/D converter; a second frequency
conversion secti qmoikgn perform ng frequency conversion to add (or subtract)
t he out put frequency output fromthe transmtter to (or from the input

signal frequency Aogfighaqd msc@ge\iﬁ t hBOh8aSae8ak i BEaanetdrt iy i Py aiHih
det ecti on sensor o e pglr of the vibration detection sensors into a

digital signalo O asPeond M oM tile Ae menti BRI L] ANFE

measur enent" s &ct] Ul 7§ a phase erence Ir'st
quenc

frequency signal converted,g% and out put gton1the fi.rs frg € ich:
conver si on & 8¢OP8A RIRFES IR Hl?tg'ﬁpéjqﬁ ARYALPGn? C(}&Jf\‘}b#toe% by AN put
fromthe second frequency conversion section. [OQS%]
the input signals of the phase difference and/or the
vibration frequency proportional to the Coriolis force acting
on the at least one flow tube or the pair of flow tubes, which
are detected by the pair of velocity sensors or the pair of
acceleration sensors are sampled by the A/D conversion to obtain
digital signals; and
eachAof converted composite frequency signals obtained
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.
[0048]
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
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A signal processing apparatus described in claim8, which is provided so as
to sol ve the above-nenti oned problens, is a signal processing apparatus for
a Coriolis flowreter in which at | east one flow tube or a pair of flow
tubes which is included in a neasurenent flow tube is operated by a driving
device using a vibrator to alternately drive the at |east one fl ow tube or
the pair of_fl t.ube hase difference and/or a vibpration frequency
propor ti ondt 't lgorft@ﬁ %SI F‘EQFEPE‘E%& hyvon- %@ta IaggrsPHSng{?Y"oW %t%r or
the pair of flow tubes are/is detected by a pair of velocrty sensors or a
pai r of accetePairdf §eAYIT P %Hdé‘rléh%%@&tfiféﬁeééﬁﬂq O et ifien t he
at |least one flow tube or the pair of flow tubes is vibrated, to thereby
obt ai n a nESsequewy Reoperl brnalknsd ty GfrioFivitbrae lFec s Loz b he at

t he signal processing apparatus being characterized by including: a
frequency nessstr esrentf lomi tuber opedselrdaig @ff Fequetayebasesd/ D6 datddyrd
signal frequency of at |east one of the vibration detection sensors, of two

flow rate signal eoBtatpedcbol’ RBLAUYEL8EO LN 180 5BRYLr SRS f ghe
phase drfference and/or the vibration frequency proportional to the

Coriolis f r?%e%c#xi}%r?‘tsen%%ﬁi wiBf Elgé"’éé Yhe L oh'%efﬁéw t\%eféé"’"

t ubes, whic are etecte t he vrbratron etection sens

baged on MU AT T %PZ’%%b?f%:ﬁg gggenggsrﬁggg%re spens R

a first frequency conversion_section for shifting in frequency, to a

const ant frgﬂﬁeh%%t%riﬁéjbra%??%bﬁY of ghaf L¥+eqtenky BBREFREE by converting
a signal of one velocity sensor of a pair of the vibration detection
sensors into a ditgie aigiagn@iroeyessifiar sprArBtusnbeingrchavaouepizedriom t he
first AID converter, based on the output frequency output fromthe
transmtterincoludieyt he i nput signal frequency to another frequency band;

a second frequency conversion section for shifting in frequency, to a

constant frequency s ney? thelatRiflentdrinN@n iir ng*erﬂéé(sQPEﬁgnﬁdfPé' qE&RVEr ting
a signal of another velocity sensor of the pair of the vibration detection

sensors | ”t@aﬁeébﬁ'ahalxbpsgtggﬁéngghe %{e@{b&ﬁ R GQULVRr L 8L oan ﬁtiér‘?m the

second Al D converter equency output rom

t tt t th t t th
and 98 GrEEES TRt Ghosir cniRt SAET | BIOTOLS ngREt Ty Y phdde.

di fference between a first frequency srgnal obtarned as the constant
frequency STYRBTSHPR OR FYOCHIRIEE E@TRL SaRE B 2SS BAfERESACEsANGf @Fuency
conversion section, and a second frequency signal obtained as the constant
f requency ﬁﬂgnaVibmmtthni§reqneacye@rbpoamdO@aﬂpmb1ﬁhﬁn¢¢mi@bt@nﬂorce
frequency conversion section.
acting on the at least one flow tube or the pair of flow tubes,
which are detected by the velocity sensor or the acceleration
sensor;

a transmitter for transmitting and outputting a desired
frequency signal based on the frequency measured by the frequency
measurement unit;

a frequency conversion section for performing frequency
conversion to add (or subtract) an output frequency of the

transmitter to (or from) each of the input signals of the phase

difference and/or the vibration frequency proportional to the
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[ 0051] A signal processing apparatus described in claim9, which is
provided so as to solve the above-nentioned problens, is a signal
processi ng apparatus according to claim5, 6, or 7, characterized in that

t he frequency conversion section includes: a multiplier for

mul tiplying a reference signal cosT2 fromthe transmtter by an input

signal Sl framthe first A/D conyerter; _and QW= s filter for
filtering arr g ?girﬁﬁa?mbb?%i%ﬁgﬁya? i‘}eearﬁr]:l PipI fﬁ%"é%t%l?et ﬁg%ﬁhu? %1% er
and output therefrom through a frequency filter to extract only a

| ow f r equely ISiQyh&ubgsoosPich are Setedyes By FO&s VP Apparsftie&Tr i bed
in claim110, which is provided so as to solve the above-nentioned probl ens,
is a signalthyr eomsslianpbparsanseacending to claim6, 7, or 8,
characterized in that the frequency conversion section includes: a
mul tiplier for ma phplsy dgféereheremneessrgnahtcosdlidnoiot heed sansmg te er by
an input signal SINT1 fromthe first A/D converter; and ahi gh- pass

filter for Jiddecai pgapartpule shdiRlf rebiuanegds bynd he, Rildhph yeng:tductdie
mul tiplier and output therefrom through a frequency filter to extract only
a high-fr eqﬂﬁ{?ﬁéé \%Mty sensor or the acceleration sensor, and obtained
by conversion by the frequency conversion unit.
[0049]
A signal processing apparatus described in claim 7, which
is provided so as to solve the above—-mentioned problems, is
a signal processing apparatus for a Coriolis flowmeter in which
at least one flow tube or a pair of flow tubes which is included
in a measurement flow tube is operated by a driving device using
a vibrator to alternately drive the at least one flow tube or
the pair of flow tubes, and a phase difference and/or a vibration
frequency proportional to a Coriolis force acting on the at
least one flow tube or the pair of flow tubes are/is detected
by velocity sensors or acceleration sensors which are vibration
detection sensors when the at least one flow tube or the pair
of flow tubes is vibrated, to thereby obtain a mass flow rate
and/or density of a fluid to be measured,
the signal processing apparatus being characterized by
including:
a frequency measurement unit for measuring a frequency

basedonan input signal frequencyof at least one of the vibration
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[ 0053] A signal processing apparatus described in claim1l, which is
provided so as to solve the above-nentioned problens, is a signal

processi ng apparatus according to claim@8, 9, or 10, characterized in that:
t he frequency neasurenent section includes: a nmultiplier connected to the
first AID converter; a lowpass filter connected to the multiplier; and a

transmtter_for frequency neasurenent_which is connected.ta the.lo ass
filter and $9PTES IH TR S’si%%atrwcf oY & 1o $i9 té?‘,neg by Vxﬂ? he

mul tiplier conpares a phase of a sensor signal si ne obt ai nedby converting a
signal of cHERTIHN o Ewerinpit GilBnadisonl deteplrss SEhEBFRFRII Y AW gi t al
signal by the A/D converter with a phase of an output signal cosd output
fromthe tramsnvibeation frequency praportientlate étrep@oyip ldisf forere
signal and a sumsignal to the subsequent |ow pass filter; t he

| ow- pass fiddtetndg smtheratiltedfsar ohil £ Bow ngian oeut peitpasiixgpdl £ botvptitbds om t he
multiplier through a frequency filter to extract only a | owfrequency
signal; andyhich are detected by the vibration detection sensors;

a transmitter for transmitting and outputting a desired
frequency signal based on the frequency measuredby the frequency
measurement unit;

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

a second frequency conversion section for performing
frequency conversion to add (or subtract) the output frequency
output from the transmitter to (or from) the input signal
frequency obtained by converting a signal of another vibration
detection sensor of the pair of the 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 fromthe second

frequency conversion section.
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a phase amount V of a fundanental output waveformis generated based on the
| ow-frequency signal output fromthe |lowpass filter and always satisfies a
condition of V=0 by the transmtter for frequency nmeasurenent. [0054]

A signal processing apparatus described in claim112, which is provided so
as to solve the above-nentioned problens, is a signal processing apparatus
according to clau$q%0 9, 10, or 11, characterizedby further including a

cl ock for synchroni |Hg an output of the first AID converterandan out put of
the second AID converter so as to synchronize the digital _signal of the one
of the pair of tHKeSH¥BRAPIOFHSiES ?W%%Hé%rd?s\%lé’r‘?%i 1 Gdeg 8 f MEhhtthe
first AID converter and the digital signal of the another of the pair of

t he vi br at iigh RS D B &ss dros seivieh the adpoye- Mendmonigsl Paednems . Dis
converter. [0055] A signal processing apparatus described in claim
13, whi ch isspynsi gachcas sing appalseushBrrabover: ieht s dledmeteh! ensvhich a
signal processing apparatus according to claim8, 9, 10, 11, or 12, inwhich

the phase nRasuhgiBsHe $QGk APEIJOLBa ¥ 0FESSONE WeAwHI BRI BS & rikAWidet
transform (DFT) or a fast Fourier transform (FFT). [0056] A Coriolis

fl ownet er q%agﬁ%ggﬁég@@k%&%uw@kgmgéxﬂ@dw@&qﬁw @e@@&é‘%éiﬁ%}

above- nenti one is a Coriolis flowetér in whi ch at | east one

flow tube or _a,pair _of flow tubes.which is.inclu i.n r t flow
tube is opér é’tlg%alg?rarcar?gFﬁﬁnﬁg?/?‘XeértJl'sY%}hae valtbgggg’lrt ?%egfﬁé‘?ng@?yo%ri ve
the at |east one flow tube or the pair of flow tubes, a@p a_phase

di ff erence té}?d%%rgfv%%ﬁu&ﬁsr:r@afgéwiﬁ gpbiersRse 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
which are vibration detection sensors when the at least one
flow tube or the pair of flow tubes is vibrated, to thereby
obtain amass flow rate and/or density of a £1luid to be measured,

the signal processing apparatus being characterized by
including:

a frequency measurement unit for measuring a frequency
basedonan input signal frequency of at least one of the vibration
detection sensors, of two flow rate signals obtained by A/D
conversion on two 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 vibration detection sensors;

a transmitter for transmitting and outputting a desired

frequency signal basedon the frequency measuredby the frequency
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to a Coriolis force acting on the at |east one flow tube or the pair of
flow tubes are/is detected by velocity sensors or 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, the Coriolis flowneter
bei ng characterized q¥ i ncl udi ng a signal processing apparatus including:
neasuremen

a frequency Teasur enent - tnit f or nmeasuring a frequency basedon an input
signal frequency of_at |east one of the vibration detection_sensors, of two
flow rate signal € ot hetF $JURREY cOAVEREF bR 0ASERSOPNHRE STGHRINDR he
phase difference and/or the vibration frequency proportional to the
Coriolis fdk&Iuaitdhg ton @ heocnstavhstreguentywsigbelor anhdnmaity sifgrfdlow

tubes, which are detected by the vibration detection sensors; a
transm t t erffegruananseht s nad andooué pui hiy rgs Boes oifeshd vefjuedty gyt
based on the frequencyneasuredby the frequency neasurenent unit; a

first frequancy monveSitie SEUHAN Jdediddidly ddhddRAURNGY \a (i i 1GaNSt ant
frequency signal, an input signal frequency obtained by converting a signal

of one vel qgj S r hr [ | e [ S jnto a
digital si %ﬁlagfﬂébly%g'sfg i Fg%sg/%aztb:ocn%\?ét%%%n O‘SE’PSS)F% £26h Plle ELSE B/ 10
converter, an.t out put fr.equen utput fromthe transnitter to
nove the i r?goﬁi egrltgenq‘ﬁatl hﬁ?ﬁaéeﬁ)@y ' aﬁ%%‘ég f%re Tency %‘é%%?é Trom Second
frequency conversiaon section for shifting ip frequency, to a constant
frequency SGGHHEMLIEREY nbRit MEVEnARS FERIENCS LB hi AEGIBFRES NS tAMFRES gnal
of another velocity sensor of the pair of the vibration detection sensors
into a di gifizgauangvalbasdia second Al D converter and output fromthe second
Al D converter, based on the output frequency output fromthe transmtter to
nove the input siagrsEcdnredirmmerniay aatvears iforepesmciomaivl sindfting ina
phase difference neasurenment section for nmeasuring a phase difference

between a fidedudiBpuensYa St&R3tanbt airegdeRYyCaAYREII, ORMAS i CONGiant
frequency signal, which is output fromthe first frequency conversion

quern . i .
R A e M s et R R L R e

nver si on i_.on . . . . .
conversio sse%cé[oro Of the pair of the vibration detection sensors into a

digital signal by a second A/D converter and output from the
second A/D converter, based on the output frequency output from
the transmitter to move the input signal frequency to another
frequency band; and

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

[0051]
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t he signal processing apparatus providing the phase difference between the
first frequency signal obtained by conversion as the constant frequency
signal, which is output fromthe first frequency conversion section, and

t he second frequency signal obtained by conversion as the constant
frequency signal, which is output fromthe second frequency conversion
section. [Effect of.thgt%nvention

0057 . . . ,
Theneasur ement t uBetTIHE FPSFiSEﬂP%\maeIF%%%%ﬁlFisgﬁéLbs?ﬁalp%g.laﬁ‘glr % eXhSTe,

there are a curved tube and a straight tube. There is a type._driven in any
of vari ous LFo@&SVilAeAudPn§Sa tor SREVY e 2RRY CaMEBLIRESFY engy FShode
for driving the nmeasurenent tube. [0058] As is well known, the
driving freqeegoplbpndcebsangedrProattfcageasdibaeh® ¢LbEN s, seva@l? .t en Hz
to several kHz. For exanple, when the measurenent tube using a U shaped
tube is vi bhatred taritdeel pinmatiabodehe t hierdqwegpusnccarsreappiraxi rsetad iyl 00
Hz. Wen the neasurenent tube having a straight shape is vibrated in the
primary nodeciyoxi mtely 500 Hz to 1,000 Hz is realized.

However, if 1S very difficult to performthe phase neasurenent of the

Coriolbs, L1 onTel & nb (BMaNs, (b6 SATE PAGAESS LNG BLelerdie igiensdand of
several ten Hz to several kHz in a singlée fl"oweter convertér. Therefore,
It is necessany 12 29RALALELYLIBY 9N SEYSL AL {NRPSk@P¥lom the fivst
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.
[0052]
Asignal processing apparatus described inclaim 10, which
is provided so as to solve the above-mentioned problems, is
a signal processing apparatus according to claim 6, 7, or 8,
characterized in that the frequency conversion section
includes:
a multiplier for multiplying a reference signal cosb2
from the transmitter by an input signal SIN61 from the first
A/D converter; and
ahigh-pass filter for filteringanoutput signal obtained
by the multiplying by the multiplier and output therefrom,
through a frequency filter to extract only a high-frequency

signal.
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According to the signal processing nethod in the present invention, the
essential problens as descri bed above may be renoved by advant ageous si gnal
processi ng based on an identification algorithm Even in the case of the
change in tenperature of the fluid to be neasured, the mxing of air
bubbles , or the rapid change of the fluid to be neasured fromthe gas to
the liquid, the rr[g)g)‘sgr’ rement may be al ways perforned wi th constant

preci sion. The ph asurenent with high filtering performance is

advant ageous, and hence_ hi gh performance may_be provi ded.. [ 0060] ,
According to the A$i9atl Processing caFdcdtifcsd FCY HRe Pra<Ei ™ Ave it iG  even
when the tenperature of the fluid to be neasured changes, even when air
bubbl es ar e sriprevidad sched ltg galyehsheeadbovednest ioned wrePlams flif d to
be neasured rapidly changes froma gas to a liquid, the neasurenent may be
al ways per faoriethald ppocepstagt appecasuoncaine gohaldeineasud enentlowi t h
high filtering perfornmance nay be realized with a small conputing

processi Ng AHE*HHted0Gl]in that According to a Coriolis floweter in the
present invention, even when the tenperature of the fluid to be neasured

O o 1 he e QURRLE? B N Tllds e oo, e
bhase. measur ement wi th A THRL TP ELRF IR Tt Rance ey “Bekr Bai T st i o
el computing processing arpunt, {11 e, eserlpt 00 of 1 e, Praw g
[ 0062] p p i
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 a sensor signal sin®
obtainedbyconvertingasignal of oneof thepairof the vibration
detection sensors into a digital signal by the A/D converter
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 is a circuit for filtering an output
signal output from the multiplier 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 and always satisfies a condition of V=0 by the
transmitter for frequency measurement.

[0054]
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[FIG 1] A block diagramillustrating a principle of a

si gnal processi ngappar at usaccor di ngt ot hepr esenti nventi on.

[ FI G 2] Abl ockdi agram | | ustratingaspecificstructure of the signal processing
apparatus illustrated in FIG 1.

[ FI G 3] Abl ockdi agram | | ustrati ngaspecificstructure of the signal processi ng

apparatus illustrated in FIG 2.using a feed-for d.control t

TEPG "4 A di agr A 9 MOLPFRECAG AN DR Grar TPomian Lo TP Jeih ed i n
FIG 3. [FIG 5] A diagram.illustrating an output Si froman Al D
converter 49 REFEIASH |SrP Bsgt3 solve thy Iﬁ'ik@"%]meﬂl% r%]?]L%"ESr'atlr%g an
output signal froma transmtter illustrated in FIG 3. [FIG 7] A
di agram i | lusticagilngradesgtpat apbgharus reecondingltieclefimss r 8qubhcyor
conversion section illustrated in FIG 3.

11, characterizedby further includingaclock 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.

[0055]

Asignal processing apparatus described inclaim13, which
is provided so as to solve the abové—mentioned problems, is
a signal processing apparatus according to claim 8, 9, 10, 11,
or 12, inwhich the phase measurement sectionperforms processing
of adiscrete Fourier transform (DFT) or a fast Fourier transform
(FFT) .

[0056]

A Coriolis flowmeter described in claim 14, 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,

and aphase difference and/oravibration frequency proportional

35



[FIG 8] Adiagramillustrating an output signal fromthe frequency

conversion section illustrated in FIG 3. [FIGS. 9] Diagrans
illustrating time charts for the specific structure of the signal
processing apparatus illustrated in FIG 3. [FIG 10] An operational

flow chart for the specific structure of the signal processing apparatus
illustrated in F| G, G 11 Ablokstrctural di agram

i1 lustrati i eh&EFrE aﬁénd?fré:@n\%‘&t& Olsne&bleo of- A% ?P&nglloﬁ’r %élg)fsioﬁg
apparatus illustrated in FIG 3. | G. 12] A block structural

[F
di agram i | 1t Pairngtaf IP@qUERS aheddF BRERELEECRY GrE iR e SanpRs or
processi ng apparatus illustrated in FIG 3. [FIG 13] A structural

di agram i | lasstelatiatg an genseng wbdcha e vi boate pardate athicths eheops edwent
i nvention is applied. [FIG 14] A block structural diagram
Il ustrati ntheaa€Ardadd sntl MR tebecantaetgainb it fibowCaubelsi ks flidamaeteet,
illustrated in FIG 13.
to thereby obtain a mass flow rate and/or density of a fluid
to be measured,

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

a frequency measurement unit for measuring a frequency
basedonan input signal frequencyof at least one of the vibration
detection sensors, of two flow rate signals obtained by A/D
conversion on two 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 vibration detection sensors;

a transmitter for transmitting and outputting a desired
frequency signal basedon the frequency measuredby the frequency
measurement unit;

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 a pair of the vibration detection sensors into a digital
signal by a first A/D converter and output from the first A/D

converter, based on the output frequency output from the

transmitter to move the input signal frequency to another
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[FIG 15] Ablock diagramillustrati ng aphase neasurenent nethod using
Fourier transformfor the Coriolis flowreter converter illustrated in FIG
14. [FIG 16] Ablock diagramillustrating a phase neasurenent

met hod using notch filters for the Coriolis flowreter converter illustrated
in FIG 14. [FIG 17] A block diagramillustrating a phase

measur enment__net hod ug)l r}ﬁi.band- pass filters for the Coriolis flowneter
converter 19U T HYePd W /FIG 14. [Modes for Carrying out the Invention]
[ 0063] It is an obfj ect of the present invention to be able to

t

al ways perform néa LRAIS CON SORVIC TS $ieG 1o fogashid Gimgs e n
measurenment with high filtering performance, and to be able to reduce a
conput i ng Pirssassiayy dimuntconsanexfregeencynalgnatounn. 1EpPay whamad
tenperature of a fluid to be nmeasured changes, even when air bubbles are
m xed i nt o fiteepidndyd obaaheckdesg w@tye ot iy ensihealt b drlatilet ordleaisrasur ed
rapidly changes froma gas to a liquid, the object nay be realized.

[ Enbodi mentsel]sd0@fF4khe pair of the vibration detection sensors into a
digital signal by a second A/D converter and output from the
second A/D converter, based on the output frequency output from
the transmitter to move the input signal frequency to another
frequency band; and

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

[Effect of the Invention]

[0057]
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Herei nafter, Enbodinent 1 of a node for carring out the present invention
is described with reference to FIGS. 1 and 2. FIG 1 is a block
diagramillustrating a principle of a signal processing nethod and
apparatus according to the present invention. FIG 2 is a detailed circuit
bl ock diagramillustrating a specific structure of the signal processing
apparatus illustrated in FIG 1. Fl G, i.is t he bl ock di agr.am
illustrating the PRI DIESBEE s Ynhle egdeddisyt A RS 4Rg v 4t us
according to the present invention. In FIG 1, when_neasurenent
tubes 2 an®lBke%e viFeracgampyea VhBrSt BFC (R oFUERAGpHEe At td cifeicihc
oscillator) 6, vibration velocities generated in the neasurenent tubes 2
and 3 are detlect efhieyeai visbegpeotr te¢mdn any sehyeriptigrmedasplnsludinri ty
sensor or acceleration sensor) 70. The detected vibration velocities are
conput ed arylppfieeeysaddbyard \d keabnda ryehode! yasisgmadecdopultr hgingwee 80.
The vi bration detection sensor 70 corresponds to the |left velocity sensor 7

and the ri gldaMeladdy sahsor 8 of FIG 13. [0065] The
vi brationvel ocity signal computing device 80 includes a frequency

conver si on secticyb&ﬁ% a transmtter 90, and a phase difference neasurenent
section 95. é frequency conversion section 85 perforns frequency

conversion on the vibratian velocities which ar enerated in the .
measur enent tube?‘sz leﬁnd"%ﬁaﬂqdmd‘gl'ectt}éed %T/U{lﬁéq \ﬁ?rb%%alﬁrbcry SR t?%la%%%%or 70
when the neasurenent tubes 2 and 3 are vibrated by the vibrator 6. A signal

from the tridifdhithemepryzengiguttyRe the $9EjehdPR o i iV et i 1 85.

Then, signals obtained by frequency conversion by the frequency conversion
secti on 85 Rowr exgmple o vihea ghesaedisbirementetnbasusdngn Geshhapad gsube
provided in a subsequent stage of the frequency conversion section 85. The
phase diff erentbragasu e il psaaiipmdife pehé drresyudiec dswersanimate 1y
respective right and left velocity signals detected by the vibration

detection seNP®z .7Ouhb@fl ¥ ShOLilYeRERE ude AR PR s¥ehoghtysBEPE0Ls 8) ,
to thereby performdigital conversion processing, and then obtains a phase

difference pgiveen; the 0 Y& 8 YnSddN & Sproximately 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
kHz ina single flowmeter converter. Therefore, it isnecessary
to separately design several types.

[0059]

According to the signal processing method in the present
invention, the essential problems as described above may be
removed by advantageous signal processing based on an
identification algorithm. Even in the case of the change in
temperature of the fluid tobe measured, themixingof air bubbles,

or the rapid change of the fluid to be measured from the gas
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[ 0066] In the signal processing nmethod 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 val ues,
and the phase nmeasurenment is perfornmed after the frequency conversion.
Therefore, a filter processing apparatus capable of perform ng high- speed,

constant and HIKpLES] S9N BASS IRASHY SIS ne YN WIeRLhe Tisaueng) s of

the input signals C isTreall"zed. n-the signa

processi ng net hod and the apparatus 80 as illustrated in FIG_.1, input
P f equenci SSTHNN PRECLS4Aar o DUt BURSF, Brd PHESYPRF HICOHP HER Sk i Dihs or

70 and an output frequency FX of the transmtter 90 are nmult ipl ied by the
frequency EHVEOQFBIIESddt iagivaBEageAdy (3314 Simtact)gprperd s ieds of
both the signals, and the transmtter 90 is controlled so that the
frequenci edeafagmyvidesl f r equency conversion are constant, so as to control
the frequencies input to the phase neasurenent section 95 to a constant

val ue, to therebygmydjormthe phase neasurenent based on the signals after
t he frequency conversion. [0067] When such a structure is enployed,

constant, substan{d@ldyiRf ros- thee.sigpdihi ghsspeethsogpphahitas By b

realized wi thout providing a |arge nunber of filters corresponding to input
Fauenct e MR LOLIG T ATHESLRL PERBESSLIGSAs £langl ey of 2
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 ligquid, 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.
[0061]
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,
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 pefformance may be realized with a small computing
processing amount.
[Brief Description of the Drawings]
[0062]

[FIG. 1] A block diagram illustrating a principle of a
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[ 0068] FIG 2 illustrates the specific structure of the signal
processi ng apparatus illustrated in FIG 1. In FIG 2, a left

pi ck-of f (LPO) 7 (corresponding to left velocity sensor 7) is connected to
a lowpass filter 30. That is, during vibration using the vibrator (for
exanpl e, electromagnetic oscillator) 6, when a detection signal of a

vi bration vel ggiqt utl et -side_vel ocj { i i on the
et s de oroid PEaSthens Ao EssE S dodp 3 AT bl Bl S P ERORETEY
sensor (vibrati or} det ecti&n sef(g(sor 7 I,gﬁat ed on _an outle%.si e of afluid
to be measured, tifidCdetefBiGF Jg‘?'éﬂa‘BF HESVREHREI P YRt bET Sy THGHIYE - si de
velocity signal) is input to the |owpass filter 30. ~ The | ow pass
filter 30 ioFf &hs mdumnal aresassdad mpratatoigh dystetpiat i3 ifter . lonly a

| ow-frequency left velocity signal (outlet-side velocity signal) fromthe
left velocity sidFdG.(dublbdtock dbayermdiliiyssirgang appolf i ernrved uef t

vel ocity sensor 7 detecting the vibration velocity generated on the |eft

side of thefrensusBiidll pridkess2 mndpgaratlibei Theet wes® ittheIoeas uisaent
tubes 2 and 3 are vibrated by the vibrator 6. [0069] The | ow pass

filter 30 iS fGUHNECHERAAL RANWAd Grueider 31. The A/D converter 31
converts the left velocity signal (outlet-side velocity signal) which is

t he anal og si gnal pyt, fr t fi.lter 30 ] di_gjt i gnal .
The left vel oci t)}Fg(l’Igngll 80%%‘ %'S!I \gl\@l%?csof&%lfggiaéln%%t%t %%er%la?ﬁcaﬁe
digital signal the A/ID converter 31 is input to a signal processing
appar at us .Lpl%y lﬂuStﬁ?rtt rth twgilggnal processi ng apparatus 100 is
connected to the AID converter 31. The signal processing apparatus 100

f r equency- conver ti§FTthe Slnpudisiograd ildnatertsinge are| PERYF Sighal )fqMo a
desired frequency proces sed by a phase neasurenent unit |located in a
subsequent ast Ag® awhveartfeor sl v yEtzst ima8i@en®ent after the frequency
conversion, so as to shift the input frequency band and realize stable
phase neasurenent[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 iilustrating time charts for the
specific structure of the signal processing apparatus
illustrated in FIG. 3.

[FIG. 10] An operational flow chart for the specific
structure of the signal processing apparatus illustrated in
FIG. 3.

[FIG. 11] A block structural diagram illustrating the
frequency conversion section of the signal processingapparatus
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[ 0070] On the other hand, a right pick-off (RPO 8 (corresponding to
right velocity sensor 8) is connected to a |lowpass filter 34. That is,
during vibration using the vibrator (for exanple, electromagnetic
oscillator) 6, when a detection signal of a vibration velocity (inlet-side
velocity signal) which is generated on the right side of the neasurenent

tubes 2 and 3.1 £t t vel ocity sensor (vibration detection
sensor) 8 Iocafél on aﬁﬁfﬁ?%%'gfde of the fluid to be neasured, the

det ecti on signal he vj brati.on vel ocit inlet-side velocity signal) is
input to the | ow égé f}¥ieé % ock Struc%#é?%o§ﬁ%%§%mf%ﬁhgﬁt§§q%§iaa
circuit for_extracting, through a frequency filter, only a | owfrequency

ri ght vel odi%8AYGHHAl NEARBIESHe FECGEPRy SfgnEPs fFHMdhe REYRSADeity
signal (inlet-side velocity signal) output fromthe right velocity sensor 8
det ecti ng tdmpaxdrueg iohlustoried gendFGt ed on the right side of the
measurenent tubes 2 and 3 in the case where the neasurenent tubes 2 and 3
are vibrated by tiFEa. w3t ot ErudtQiall diagram RiE dovwgiaissy fd |dere3El i s
connected to an AID converter 35. The AID converter 35 converts the right

velocity si@alol(d lralowsicda v ebogh i ¥h Sirgh @he seitC inkenthenangl Qep Bignal
output fromthe lowpass filter 34 into a digital signal. Further, the

i gnal - processi ng;aRpar af 1S A190 e CANAEELErh 0l ey AhD AaRNRLLA 35.a The

si gnal processing apparatus 1 frequency-converts~the input signa

inlet-sid | aci t [ ) _.int desi red f t h
phase. moas UL Uni't OGRS AT E (Be Shuchi ot SHEC AR pet 12T The

phase neasurenent after the frequency conversion, so as to shift the input
frequency bahdenttedl iz S abl e phase measurenent. [0072] The AID
converter 31 is connected to a frequency conversion section 110. The
frequency conver siBlif s&bi Ponladlodfi pgyamnichl stimAaring fphagiegieasusenent of
the left velocity signal (outlet-side velocity signal) output fromthe AID
converter Jdetdnsd thetngnpourtieer etrynd fidon t Her dekier ebrfircdguee ntyopnecessed
by the phase nmeasurenent unit |ocated in the subsequent stage.

Further, theACONVEIISt3e§ LRONAESL edato a frequency conversion
section 140. The frequency conversion section 140 frequency-converts the

digital signal ofidfie §E9pYSLRELY SN uddhelaghihaid REALYrehane!)
output fromthe A
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]

[0063]

It is an object of the present invention to be able to .
always perform measurement with constant precision, to realize
phase measurement with high filtering performance, and to be
able to reduce a computing processing amount to an extremely

small amount. Even when a temperature of a fluid to be measured
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converter 35 and then input thereto, into the desired frequency in the sanme
manner as descri bed above. [0073] Further, a signal froma
transmitter 120 is input to the frequency conversion section 110. Wen the
signal output fromthe transmtter 120 is input to the frequency conversion
section 110, the frequency conversion section 110 frequency-converts the

[ t si | et.-sl.d | oCi t ' L) fe t lef t; pi ff
(LPO) 7 Dadis = nevERoRatf BFh ek PRdRa i PR Mp i e g

si gnal obtai ned by frequency, conversion b he freguency conversion section
110 s conJErEeT T B S GHSMREE Treduene LRimarBHEeH T Lhe ShepHets gnal
fromthe transmtter 120. [0074] Further, a signal fromthe
transnittefTPI0 & gad &@ iEnputdwist t H&s Y ESHc oo RFer GOt a&tt i on 140. \Wen
the signal output fromthe transmtter 120 is input to the frequency
conver si on [$dcdamet0 11t he frequency conversion section 140
frequency-converts the input signal (inlet-side velocity signal) input from

t he right pick-offooeBPO 8 based on the signal output fromthe transmtter
120. A signal obtained by frequency conversion by the frequency

conver sion secti @R G airs LONERLLEImeAL01 b Hesmbed Ebequeneyngi nalckased
on the output signal fromthe transmtter 120. [0075]

present invention is described with reference to FIGS. 1 and

2.

FIG. 1 is a block diagram illustrating a principle of
asignal processingmethodandapparatus according to the present
invention. FIG. 2 1is a detailed circuit block diagram
illustrating a specific structure of the signal processing
apparatus illustrated in FIG. 1.

FIG. 1 is the block diagram illustrating the principle
of the signal processing method and apparatus according to the
present invention.

In FIG. 1, when measurement tubes 2 and 3 are vibrated
by a vibrator (for example, electromagnetic oscillator) 6,
vibration velocities generated in the measurement tubes 2 and
3 are detected by a vibration detection 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 detection
sensor 70 corresponds to the left velocity sensor 7 and the

right velocity sensor 8 of FIG. 13.
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When the transmtter 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 obtained after perform ng the frequency
conversion, of the right velocity signal ( inlet-side velocity signal)
input fromthe A/D converter 35 is controlled to a desired frequency to be
processed by a p %Egifference measurenment unit 130 |ocated in a
subsequent stage, baséd on the output frequency output fromthe transmtter
120. [0076] The left velocity signal (outlet-side. velLacity sjgnal)
Which s output SN LR AT CoRoe Pk 1 Shod e Thes PPaqrndlr
conversion section 110 is sinultaneously frequency-converted and input to
the phase @ f¥eABAREY FOISHISHEM SBAFLCO1ES + d L@ Forh Tale: &% @

measur enent . When such a structure is enployed, according to this
enmbodi ment ditffenanme fessrengs gaafitorvécity signal and right velocity
signal) are sinultaneously converted into the desired frequency bands.
Ther ef ore, even viten fireeuenpyt cbnequenonese¢t ebh &% IpEotfiornss ghadquandtyr i ght
vel ocity signal) change, the phase neasurenent processing frequency is

al ways set dahvrasst 8t cMal Wb tfr SdgRididantilas wadueeatbegdwebete@fid il ter
tables. In addition, the phase neasurenent processing may be nore

ef fecti vel i;gféernf %@{&%mea%ﬁcocnﬁséw 3 4 3efafnr§ftde%feét@% [ JieRt B,

const ant, substant y error-free, a hi gh- speed “conput ati on may be
realized w}hout .providin arge nunber of filters,correspondi t.o i nput
frequencie S &tpleqq‘ dsrerﬁsh% zaﬂé/ %}g%l Fla%t ‘Bﬁaﬁ}”{)?@%g‘j‘:‘i ﬁaggﬁc% gsn%t % %eange
of the comput ing nmethod . Needl ess to say, the_processing of the phase

neasur enentViE@LEsh biraihBev+BERFQEF evén Séginﬁé framsthet e ERmt eret r¢thsf orm

(DFT) O a fast Fourier transform (FFT) . [0077] _
is input to the frequency conversion section 85.

Then, signals obtained by frequency conversion by the
frequency conversionsection 85 are input tothephasedifference
measurement section 95 provided in a subsequent stage of the
frequency conversion section 85. The phase difference
measurement section 95 performs A/D conversion on respective
right and left velocity signals detected by the vibration
detection sensor 70 (left velocity sensor 7 and right velocity
sensor 8), to thereby perform digital conversion processing,
and then obtains a phase difference between the two velocity
signals. |

[0066]

In the signal processing method and apparatus illustrated
in FIG. 1, the input signals are subjected to the frequency
conversion to control the frequencies after the frequency

conversion to constant values, and the phase measurement is
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A clock signal is input froma clock 150 to the AID converter 31 and the
Al D converter 35. The clock 150 synchronizes the digital signal of the |eft
velocity signal output fromthe A D converter 31 and the digital signal of
the right velocity signal output fromthe A/D converter 35 to realize

si mul t aneous sanpl i ng. The frequency conversion section 110, the

transmtte th ncy
conver si on sé%??bnqﬁﬁgggiﬁﬁg1%Lgéﬁggqu§%§§%§H?%£Iugh%r%ﬁgghé %ﬁ%n%ﬁﬂs
processi ng a arat.us 100. [0078 es ectlve i npyt signals (Ieft
el oo by SPgAE R T o DL PRI TR SO s oY FEP ARG (R i
obt ai ned by conversion by the A/D converters 31 and 35 as descrlbed above
are subj ectéd RIRhBTEF LELEABhaBHhPEASHERMBRTIFEER WEGTHeHRS fFCGRESG i
sections 110 and 140 based on the output signal fromthe transmtter 120.

[ 0079] of t¥extinpaitspdagirfdls commngs nigs meehloizest. phase difference

measur enment conputation in the signal processing apparatus 100 illustrated

in FIG 2 is desamaetls, in the sY§aalthwodmasitienenhotishest Re aipba-sanes
vibrated by the vibrator 6 of a Coriolis flowreter 1, the output signals

(left vel ogidys %'1Q%|tx%%d iﬂ'?*IGVGi 0Ghbytst énéié&@&h%ﬁ/ti&éaél
det ection sensor | ef t plck of 7 and right pick-off 8) prOV| |n t he

st Tenk e 4G, i DA acen g e
ERCTRC el AR AR b
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]
Whensuchastructure isemployed, constant, substantially
error-free, and high-speed computation may be realized without
providing a iarge number of filters corresponding to input
frequencies and performing any complicated processing such as
changing of a computing method.
[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. 1.
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[ Expression 2] Right pick-off: sin(e)(2) [Expression 3] Left pick-off:
sin(0+4)(3) [0080] The output signals (left velocity signal LPO and
right velocity signal RPO fromthe two vibration detection sensors (left
pi ck-off 7 and the right pick-off 8) are converted fromthe anal og signals
into the digital signals by the AID converters 31 and 35 through the

| ow-pass filters 30pand 34 i i_n gteh ventet0kobhei ariglhi
fl owmeter 1, res&glc??\e;élzf/, agin%y& %ﬁg% ?)rﬁtafng%'gg?ed (t 0 fﬁeps?gﬁgg proc?zfstsi ng
apparatus 1 t he.si gnal e appar.at us

100 is di viv%ggqirﬁyos?i}é?)rg?gg%sggﬁgggg:éﬁbt?Haelp eé’&éﬁ%gg%%%ieﬁgi on §&ct i on
110, the transmtter 120, the phase difference nmeasurenent section 130, and
the frequeddy cOM¥Fergi oNiBEatisR 1481nA pHiRe WHITUncd THd wESRHE out put
signal LPOfromthe left pick-off 7 and the output signal RPO fromthe
right pi ck-edfefct@ampamipia acidddtdmn conhatt éd danestdon edgnatle &ff gnal
based on the frequencies output fromthe vibration velocity sensors and
t enper at ur eridetaer idtet ecé boc byy a (beppetattude seiserity, signal) which is
generated on the left side of the measurement tubes 2 and 3
is detected by the velocity sensor (vibration detection sensor)
7 locatedonanoutlet sideof a fluid tobemeasured, thedetection
signal of the vibration velocity (outlet-side velocity signal)
is input to the low-pass filter 30.
The low-pass filter30 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]
The low-pass filter 30 is connec£ed.to an A/D converter
31. The A/D converter 31 converts the left velocity signal
(outlet-side velocity signal) which is the analog signal output
from the low-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.
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Note that the tenperature neasurenent is not described in the draw ng.

[ 0081] The conversion frequency output fromthe frequency conversion
section 110 is obtained by adding (or subtracting) an output frequency TXn
output fromthe transmtter 120 to (or from an input signal frequency T
output in a case where the left velocity signal (outlet-side velocity

signal) which is_detected by the lLeft pick-off (left velacity sensor). 7 and
extracted as a Ig%rgsgﬁucej’?ﬁ%séﬁﬁﬁ Ipr&Fpetsi‘?éngoW %E%t‘fl?ﬁto rl%éonnecged
to the A/D converter 31. The signal processing apparatus 100
frequency-converts the input signal (outlet-side velocity
signal) intoadesired frequencyprocessedby a phasemeasurement
unit located in a subsequent stage and performs the phase
measurement after the frequency conversion, so as to shift the
input frequency band and realize stable phase measurement.

[0070]

On the other hand, a right pick-off (RPO) 8 (corresponding
to right velocity sensor 8) is connected to a low-pass filter
34. That is, during vibration using the vibrator (for example,
electromagnetic oscillator) 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
isdetectedknrthevelocitysensor(vibrationdetectionsensor)
8 located on an inlet side of the fluid to be measured, the
detection signal of the vibrationvelocity (inlet-sidevelocity
signal) is input to the low-pass filter 34.

The low-pass filter34 isacircuit forextracting, through
a frequency filter, only a low-frequency right velocity signal
(inlet-side velocity signal) from the right velocity signal
(inlet-side velocity signal) output from the right 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.
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I's converted into the digital signal by the AID converter 31. As descri bed
above, with respect to the input signal frequency which is output fromthe
frequency conversion section 110 and input to the phase neasurenent section
130, the input signal frequency T which is the lowfrequency left velocity
signal (outlet-side velocity signal) of the digital signal output fromthe
A/ D converter 31 is sglfted I n frequency to anot her frequency band based on
t he out put frequéﬁ@i Xn output fromthe transmtter 120 in the frequency
conversi on section 110. 0082% Therefore, the signal_ which is
shifted in frequéieylandragep %lb9rt3rf3e1:rsf§aaélﬁ€§eéoﬁ9e%%upd@ SOEVEGFELL0 and
the signal which is shifted in frequency and output by the frequency
conver si on 3$ect Toe A4D demvegtehel sarmnprote sty gt yedjoscited stigrsie
phase cal cul ati on by the phase neasurenent section 130.
(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, so as
to shift the input frequency band and realize stable phase
measurement.
[0072]
The A/Dconverter 31 is connected toa frequency conversion
section 110. The frequency conversion section 110
frequency-converts the digital signal of the left velocity
signal (outlet-side velocity signal) output from the A/D
converter 31 and then input thereto, into the desired frequency
processed by the phase measurement unit located in the subsequent
stage.
Further, the A/D converter 35 is connected to a frequency
conversion section 140. The frequency conversion section 140
frequency-converts the digital signal of the right velocity

signal (inlet-side velocity signal) output from the A/D
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[ 0083] A frequency neasurenent value (T+TXn) output fromthe
frequency conversion section 110 is controlled so as to finally becone a
phase neasurenent frequency set value TC which is arbitrarily set.

[ Expression 4] TC=T+TXn(4) When the transmtter 120 is controlled so
that the frequency neasurenent value (T+-TXn) input to the phase

measur enment section 130 s .becones the consta frequen TC as
Goscri bod SEOVET tATGH: SHoLHBY BTG it S EapRENRe A T £EE AT ray
be achi eved. k0084] The frequency control_ nethod according to the present
i nventi on ifcltiifeSaFemBPERGET G AFSEStiNeg RO -equency of the transnitter
120 so that the output frequencies of the frequency conversion sections
(110 and 140) allfovwgddne equal to Tc in the condition of Expression (4),
that is, a feed- forward control nethod.

Further, 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 (LPO) 7 based on the signal output from the
transmitter 120.

A signal obtained by frequency conversionby the frequency
conversion section 110 is converted into a desired 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 section 140. When the signal output
from the transmitter 120 is input to the frequency conversion
section 140, the frequency conversion section 140
frequency-converts the input signal (inlet-side velocity
signal) input from the right pick-off (RPO) 8 based on the signal
output from the transmitter 120.

A signal obtained by frequency conversionby the frequency
conversion section 140 is converted into a desired frequency
signal based on the output signal from the transmitter 120.

[0075]
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Herei nafter, the signal processing nethod and the signal processing
appar atus according to the enbodi nent of the present invention are

descri bed. FIG 3 illustrates a specific structure of the signa
processing apparatus illustrated in FIG 2 using the feed-forward contr ol
met hod. The signal processing apparatus 100 illustrated in FIG 3

performs desired_frequen caonver si n_the.li S| . {nliet.- d
out | et - si de veI03$¥§9§¥%ﬁgﬁgfméﬁgeﬁgggg%%anﬁégg%%géggggééﬁébg %g¥“?ﬂb
frequency conversion, and hence stabl e phase neasurenent_ may be achj eved
wi t hout talshd™ &p6t CREEqRENEYS bEFATUEREY SELHNT O} 0°O%C5t]l°‘¥ Pfo arhfrfcf—'l G
3, the AID converter 31 is connected to a frequency neasurenent unit 160.
The frequengythedanemmntty aanversbomsesiian LA8, Ui rSAYRBFYIORGEIRY T
(measurenent frequency T) which is the digital signal which is obtained by
conver si on dfit dihpe Af Brabny ehteel r Sfuandy cohpeatrstber, effr one right veegiter,
the A/D converter 35 is connected to the frequency conversion section 140.

The frequenGyyONyen $é0s $86 kA 4y SHgnPEY fapus Fradtiea sy Dioiwessten on
the digital signal of the right velocity signal (inlet-side velocity

signal) outyut; f QMY P EPRVEELS 3O r2BEuEREY LBPYE $HR6EEESed by a

phase difference measurement unit 130 located in a subsequent
stage, based on the output frequency output from the transmitter
120.

[0076]

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 is simultaneously
frequency-converted 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 frequency bands. Therefore, even when the input
frequencies (left velocity signal and right velocity signal)
change, the phase measurement processing frequency is always
set to a constant value to significantly reduce the number of
filter tables. In addition, the phase measurement processing
may be more effectively performed.

Accordingtoaneffectofthepresentinvention,constant,
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The frequency nmeasurenent unit 160 is connected to the transmtter 120. The
transmtter 120 has the transm ssion frequency TC which is arbitrarily set.
The transm ssion frequency TC is the phase neasurenent frequency set val ue.
In the transmtter 120, the phase nmeasurenent frequency set value ec is
conpared with the nmeasurenent frequency e and the frequency TXn
corresponding to the_difference is outE;JE"T.i hExEre sion SL TXn=TC-T %pr
TXN=TC+T) ( SPPPRELLIEL LYo SEERRY TireSoufpit PAEBRPPRES: FERNERIEEEP™ IBY PSose)
The frequency neasurenment value O neasured by the freguency _neasur enent
unit 160 i seadiped t witheutr aRERVECERJ126. WAEHSt hBUBPGRal Ofr eddenSF ST
nmeasured by the frequency neasurenent unit 160 is input to the transmtter
120, the predetepondedaf§ r eguenapusi giizkgincisst r ansni pesdosadad oany
Expression (5) and output fromthe transmtter 120 to the frequency

conver si onceagliiea tbidbastk ddiend saghash«eondRY S odrtsecodmput 14§ meltGasl]
Simlarly, the conversion frequency output fromthe frequency conversion

section 11Q.kbg;eliaied t?ytr?éigicaeeéQﬁng%ﬂoﬁﬁé%a@@)m@és@b@mtfsre%(tliemy TXn
out put fromthe transnlyier 120 to (or from an input signal frequency O

output in a_case where el el ogi I I ti-SJ i
s?gggl)lmhpgﬁ'ﬁg ﬂ%?%%%%%€%§S£%§¥$§fgl%¥%é¥g?$.%ééﬁ%é€é?%%g?¥%§tﬂggr 7 and
extracted as a |l ow frequency si I bng; | ow- pass filter 30 is converted
into the dPgi BalfasitgFauihyh ﬁef%gs%aof v r- 31.

[0077]

AclocksignalisinputfromacﬂocleOtotheA/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
right velocity signal) which are the digital signals obtained
by conversion by the A/D converters 31 and 35 as described above
are subjected to the frequency conversion by the frequency
conversion sections 110 and 140 based on the output signal from

the transmitter 120.



Further, the conversion frequency output fromthe frequency conversion
section 140 is obtained by adding (or subtracting) an output frequency TXn
output fromthe transmtter 120 to (or from an input signal frequency
(T+69) output in a case where the right velocity signal (inlet-side
velocity signal) which is detected by the right pick-off (right velocity
sensor) B and extr t?d as a low frequency signal by the | owpass filter
34 is converted ﬁﬁ$§9the digital signal by the A/D converter 35. As
descri bed above, with respect to the input signal_ frequency which is output
from the frequen®§*Eonderdest fs€cCOBRUAGIaRG hﬁﬁhpftghﬁﬁg rence
measur ement section 130, the input signal frequency (T+6p) which is the

| ow f r equemeasiIngiMenretovptpasignain thel stgra dprecessinyg appAERFUSTLAthe
digital signal output fromthe A/D converter 35 is shifted infrequency to
anot her frdquencyarad lmsens o tike dagquitbdd .equency TXn out put fromthe
transmtter 120 in the frequency conversion section 140. [0088] As

described above, w2e thanabkl@entd® tabeanpeshads tord heilrLeu@nsy the
conversion section 110 and the frequency conversion section 140. The

frequency sj;gnale £Xg 8Hta°kbbrﬁrf?6{‘s;ﬁgo%§{9§£ﬁi,t heldlthit! Sihals (NGt

frequency conversion section requency conversion section 140.
When the frequen si.gnal. TXn output from.the.tra ' r .S _1.np to
the fr equeﬁ’cea*o eF%g’SIﬁls%E i’bjrgl%ldf AR e Sﬁ?@&ﬂég}é%ggo%%%sg%né%e% i on
140, the output frequency TC of each of the frequency .conversion section

110 and t héletesgusntysasirerd? ohlebkt PoRk126%) ¢ 8Xfr & £ Fo19dns )
[ Expressi on 6] eXn+61-0C(6) [0089] . .
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 (8¢: phase difference between LPO and
RPO) .

[Expression 2]

Right pick-off: sin(9) (2)
[Expression 3]

Left pick-off: sin(6+0¢) (3)

[0080]

The output signals (left velocity signal LPO and right
velocity signal RPO) from the two vibration detection sensors
(left pick-off 7 and the right pick-off 8) are converted from
the analog signals into the digital signals by the A/D converters
31 and 35 through the low-pass filters 30 and 34 provided in

the converter of the Coriolis flowmeter 1, respectively, and
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Therefore, when the frequency signal TXn output fromthe transmtter 120 is
I nput to the frequency conversion section 110, the frequency conversion
section 110 outputs a signal expressed as follows. [Expression 71 1. (stn(0
+)) Further, when the frequency signal eXn output fromthe
transmtter 120 is input to the frequency conversion section 140, the

frequency GomNersion seeliPn M LURHLS .8 Al ugssatas 1! ove.

As described above, the signal processing apparatus 100
is divided into four blocks including the frequency conversion
section 110, the transmitter 120, the phase difference
measurement section 130, and the frequency conversion section
140. A phase difference between the output signal LPO from the
left pick-off 7 and the output signal RPO from the right pick-off
8 is computed, and then converted into a flow rate signal based
on the frequencies output from the vibration velocity sensors
and temperature data detected by a temperature sensor 9.

Note that the temperature measurement is not described
in the drawing.

[0081]

The conversion frequency output from the frequency
conversion section 110 is obtained by adding (or subtracting)
an output frequency 6Xn output from the transmitter 120 to (or
from) an input signal frequency 6 output in a case where the
left velocity signal (outlet-side velocity signal) which is
detected by the left pick-off (left velocity sensor) 7 and
extracted as a low-frequency signal by the low-pass filter 30
is converted into the digital signal by the A/D converter 31.

As described above, with respect to the input signal
frequency which is output from the frequency conversion section
110 and input to the phase measurement section 130, the input

signal frequency © which is the low-frequency left velocity
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2 [0090] -. -( 8) Further, the frequency conversion section 110 is
configured so that the signal fromthe transmtter 120 is input thereto.
When signal output fromthe transmtter 120 is input to the frequency
conversion section 110, the frequency conversion section 110 perforns the
frequency conversion on the input signal (outlet-side velocity signal)
input fromthe left pick-off 7 based on the sjgna utput fromthe
transmittefiggl (outletngdds gidoTthi Fethd )f?%qggﬁcélgﬁnegiﬁa%?ﬂ%/the
frequency conversion section 110 is converted intqg the constant frequency
si gnal base&@temt faeosuther A PgRenveEXSSTt Ré ErafSHttesr 1P26T SBEEY t°
Further, the frequency conversion section 140 is also configured so that

t he signal afrcahethérégaesay tieerd based o1 hpatoutimrefseaWRBRAY SP¥A LU tEWtput
fromthe transmtter 120 is input to the frequency conversion section 140,
the frequerapnt@hecEshapmseetiron2d4in peid drmmytdreyf cequentsy o mesrtsican on
the input signal (inlet-side velocity signal) input fromthe right pick-off
8 based onqtjke signal output fromthe transmtter 120.

[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+0Xn) 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]
8C=0+0Xn  (4)

When the transmitter 120 is controlled so that the
frequency measurement value (6+6Xn) 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.

[0084]

The frequency control method according to the present
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The signal obtained by frequency conversion by the frequency conversion
section 140 is converted into the constant frequency signal based on the
output signal fromthe transmtter 120. [0092] When the control is
made by the nodul atable transmtter 120 as descri bed above, as in the case
of the frequency conversion section 110, the frequency conversion section

140 al so perforns the frequency conversion based on_the output fr ency
out put fr oVEE HICINIRFLY st?6¥“¥ﬁﬁb§?r'ad]uStJf¥ﬁ§h€b§5%?§$8ﬁyf?ggﬁﬁhcy
output fromthe frequency conversion section 140 is obtained by adding (or
subt r act i ngramsemiduepul 2P remtbat L IEXAUEREBUErSFERT RS of dsdriftiesiiery t o
(or from the input signal frequency (T+df) output in a case where the

ri ght vel ocidnywesisgral gdatieinssi (de ovelnaciltap )siagrialde admec legua ldateetedirby t he
right pick-of f (right velocity sensor) 8 and extracted as a | ow frequency

signal by the toMapessn e tepradsisn qanyetigd ibntprébe- doghvaat corgnadl by
the AID converter 35. As descri bed above, with respect to the input
which is output fromthe frequency conversion section 140

si gnal frqu%ﬁ?ﬁ _ ( i
and input to the phase neasurement section 130, the input signal frequency
Vel oct ty si gnal) "BETHE G Bhe Sy PGt ekt el EhaTiFat a5 1
shifted in frequency to anothgr frequenc Ob nd bgs dmon t u&put ant .
frequency PEPERITNI FPBAT RRESH “tr%%\F/ 128 £R Pﬁé FPEcﬁlﬁﬁg‘ﬁ LoV si on
section 140. [0094]

invention are described.

FIG. 3 illustrates a specific structure of the signal
processing apparatus illustrated in FIG. 2 wusing the
feed-forward control method.

The signal processing apparatus 100 illustrated in FIG.

3 performs desired frequency conversion on the input signals
(inlet- and outlet-side velocity signals) and performs phase
measurement after the frequency conversion, and hence stable
phase measurement may be achievedwithout taking input frequency
bands into account.

[0085]

In FIG. 3, the A/D converter 31 is connected to a frequency
measurement unit 160. The frequency measurement unit 160
measures the input signal frequency 6 (measurement frequency
6) which is the digital signal which is obtained by conversion
by the A/D converter 31 and output therefrom.

Further, the A/Dconverter 35 is connected tothe frequency

conversion section 140. The frequency conversion section 140

54



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 conversion is perforned based on the output
frequency TXn output fromthe transmtter 120.

Thenodul at abl etransm tter 120i scontrol | edi nfrequency using the very-sinple
cal cul ation_expression as described .abov 9 . E [, e
Frequency. BoRISraRont Saleroh Ty REe Ba epe i el o RS il
measurenent ynit, 130. Further, the, frequency conversjon section 140Q.is
connected & étﬁhﬁégn&ﬂfPéP%ﬁEésﬁgﬁsﬁ? ﬂ%%?yu%+$nﬁ%bfml put Eh?$q¥ﬁ%
phase difference nmeasurenent unit 130, each of the frequency T of the

| ef t vel oci By$ gRalverday &5 sAgbviseiinpudi ghgdyetthi ch is output fromthe
Al D converter 31 and input to the frequency conversion section 110 and the
frequency (T+4) Ghet ieegughcyvekassutrgmengnahiti hbetisicmnadtoed tyo dilgal )
which is output fromthe AID converter 35 and input to the frequency
conver si on t3eefsndit th40 130 conmes technditt tde S2a0ehasnshant ragesiirsed on
frequency, to perform phase difference neasurenent. [0096] When

such a struygldfrcs, esp! Qradn acEohdhRgrheit ) SANbOdABN ey aldihil HiEn
frequencies (left velocity signal and right velocity signal) are converted

o the desiied L POReNOY BaRtsse el 800G e JERMENEK RIS O Le

i nput frequencies (le Si gha y signal) are
shifted, and the nunber of filter tables is si niﬂ%gantl reduced. fd&
addi tion, t bﬁ%&‘é‘“ﬁﬁ&?arje%%ntt%&%%%i“}?g'?‘%’rk@ﬁq‘b%“ FEWBPPES FOEINA
per f or med. ' According to an effect of the present invention
const ant, $§bse seMPared v b Ehe measunareiitghr egeency Smnd shed sAeeY
realized without providing a large nunber of filters corresponding to input
frequenci e$xandgqerdspraridigaqanyo dompldcffeteprocessbwgerdtich as t he change of
t he conputing nmethod. Needl ess to say, the processing of the phase
measur enent[Eeatdg¥idmysbe real i zed even using a discrete Fourier transform
(DFT) or a fast Fourier transform (FFT)
6Xn=6C-0 (or O6Xn=0C+0) (5)
That is, cos(6Xn) is output from the transmitter 120.
[0086]
The frequency measurement value 6 measured by the
frequency measurement unit 160 is output to the transmitter
120. When the signal frequency 6 measured by the frequency
measurement unit 160 is input to the transmitter 120, the
predetermined frequency signal 6Xn is transmitted based on
Expression (5) and output from the transmitter 120 to the
frequency conversion section 110 and the frequency conversion
section 140.
[0087]

Similarly, the conversion frequency output from the

frequency conversion section 110 is obtained by adding (or
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[ 0097] The clock signal is input fromthe clock 150 to the AID
converter 31 and the A/D converter 35. The clock 150 synchroni zes the
outputs of the AID converter 31 and the AID converter 35 and thus has an
inportant function for elimnating a sanpling error between the digital
signal of the left velocity signal output fromthe AID converter 31 and the

dlgltal Si of th right velocity si I erte
s~ %v%glrfgig@ / R Ihpif g ey ehePhE toén"%?.l%ﬁg - e

ve ocity signa ich are the digital signals obtai converS|on

Lhe Al D coRvér ter SonIr el 35 doRidsE1rBad AEBTECre Q@%%%dlw ERge b

frequency conversion by the frequency conversion sections 110 and 140 based

on the out phersi ghel 1¢fonvehecitursignaler(cixde-gogl velocity gigpel)

|l ow-pass filter 30 illustrated in FIG 3, when aharmonic noise is
removed. t owgliich Dat@etdetedibpanee leftapiaktofli fl D vedmeEitsl eens@rsi ne
signal (sine) as illustrated in FIG 4 is output. The sine signal (sine)

3.”; :0;1; | f g:)g]n%m H@WaRaeY 44 bt Bhw 3Préguéhdystibahadoy rhkl (owdphss sdnplead for
30 is converted into the digital signal by the A/D converter
31.

Further, the conversion frequency output from the
frequency conversion section 140 is obtained by adding (or
subtracting)anoutputfrequencyeXnoutputfromthetransmitter
120 to (or from) an input signal frequency (0+3¢) output in
a case where the right velocity signal (inlet-side velocity
signal) which is detected by the right pick-off (right velocity
sensor) 8 and extractedas a low-frequency signal by the low-pass
filter 34 is converted into the digital signal by the A/D
converter 35.

As described above, with respect to the input signal
frequency which is output from the frequency conversion section
140 and input to the phase measurement section 130, the input
signal frequency (6+8¢) which is the Ilow-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.
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conversion at an arbitrary constant interval by the A/D converter 31 to
obtain a sanpling signal (sine) as illustrated in FIG 5, and then out put
fromthe A/D converter 31. [0099] The signal (sine) as illustrated
in FIG 5, which is output fromthe |ow pass filter 30 and sanpl ed for
digital signal conversion by the A/D converter 31, is input to the
frequency convers[i o} ﬁecti on 110 of the signal processing apparatus 100
illustrated in FI'G'®S Further, a transmtter output signal output fromthe
transmtter 120 is also input to the frequency conversipon section 110.

Wien the signal fedBE8REYPEINREYE edily ttrﬁélsf‘%é&t‘?énwonje%%@h%?ﬁe%é:&i on
160 is input to the transmtter 120, the transm ssion frequency signal eXn
is transm tihed Aregudasyr egoryeysepey IRctinn t Adfsnridertii®o frgesaensty
Expression (5) and a cosine signal (coseXn) as illustrated in FIG 6 is

out put at tdemvsarse cir apsniissi DAOoUtThE freomeasyt BégsadpbXnpuiper adorof t he
i nput signal in the A/ID converter 31. [0100) When t he out put signal
(cosexn) from thgnémapss iberid28pus idpde fredundy egneseyieaneassicn
section 110 , in the frequency conversion section 110, the signal (sine) as
illustrated i j | '@Cg;pl f i g i@nal conversion by
the AAD co(r%\/lé)ptaeﬁ’lr&?ﬂ% iﬂs&&E trli%fie b%lhcg{o%ét%u%&gi%n% (coseXn) out put
fromthe transmtter 120 as illustrated.,in Fl (i he )

mul tiplier provi 3%5511 %h? ﬁgrefqrueed)[?é/n%%/gnal dkn og’tp\gt £ éﬁQsc%[Htht%r
conver si onsectionllO, t ot her ebyobt ai nasi gnal#si nexcoseXni as_ il usér ted in
FIG 7. 120 iphdnppgnsP EREnEXEIUENRY GOV EFRsPratedtiAnF & 3F €h is
obtained by nultiplication (sinexcoseXn) by the nmultiplier provided in the
frequency ORI CORVISTEILON Beardosed 40hr bhighoatBughi pageenryt@¢ gHPF)
provided in the frequency conversion section 110 to renove a | owfrequency
conponent, dazH bérety fokicaieney sogralrsienne€ytasnillusindated fredi€hcy8. The
signal (sinCC) as illustrated in FIG 8 is output fromthe frequency

conver si on &Rfitd 11 okl Getitdi dripLid 0 t0s tdepphosed dhé f esEN6Rs .

[Expression 6]
BXn+6=6C (6)

[0089]

Therefore, when the frequency signal 6Xn output from the
transmitter 120 is input to the frequency conversion section
110, the frequency conversion section 110 outputs a signal
expressed as follows.

[Expression 7]
I, . g .
-;(sm( +4_1 e (7))

Further, when the frequency signal 6Xn output from the
transmitter 120 is input to the frequency conversion section
140, the frequency conversion section 140 outputs a signal

expressed as follows.
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measurenent unit 130. [0101] The phase difference between the output
signals (left velocity signal and right velocity signal) fromthe vibration
vel oci tysensor70 (Il eftpick-off 7 andrightpick-off 8) provided in the
measurenent tubes 2 and 3 in the case where the neasurenent tubes 2 and 3
are vibrated by the vibrator 6 of the Coriolis flowneter 1 is conputed by
the four blocks including the frequency conversion sections 110 and 140,
the transm F?ﬁﬁfm}ﬁg phase difference nmeasurenment unit 130, and the
frequency neasureneqt section 160, included in the signal processing
apparatus 100 il | ustirat in FLG 3. Then, the conputed phase difference is
converted into the ﬁﬁ%ﬁﬁgéﬁg*gighal based on the PPequengy si‘gnal’ gdggut
fromthe frequency neasurenent section 160 and the tenperature data

detected by the tenperature sensor 9. [0102] Next, an operation of
t he signal procedsiosglapparatus 100 illustrated in FIG 3 is described with
reference to tine charts illustrated in FIGS. 9. First, in the

lowpass filter 3QdtHeystrghed EReflioned, wbgheBsDBhMEEELNGhSE11® rigfved
to elimnate the influence of aliasing InA/D conversion , a sine signal

sine) as i ; I I Rom e > Si;
gsi neg il uésdtr#%tg:a I nFFg%rgA%h%u%%%I?#it he sitﬂg tsﬁabnal r%i?rng)zrbﬁl%ulg??g’t ed in

FIG 5 1s Itrllpelgettoq tt/}ﬁen 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.

[0091]

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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Al D converter 31. Then, the signal is sanpled for digital signal convers
ion. 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
Al D converter 31. [0103] The sanpling signal (sine) illustrated in
FIG 9 (A) , whichis output fromthe A/D converter 31, is input to the
frequency conver an secti é%O of 39 si.gnal roceSS|Q%%3Cpar§tu 100
illustrated in FIGS 3 HHE nB at18efih 3f 88H8 “Yeastire et on'L60 of
t he signal processing apparatus 100 In the fre uenc neasurenent
section 166TERFSKY $PRRSHPLPRSCEI0 X 1‘%?\&%‘?%‘&?%‘?‘3 100,
the desired transm ssion frequency signal E)Xn is transnltted based on t he
sanpl i ng sifgeauensiynelgnal besegteriths FHRUDsigpal famthhe & remsmutt ¥9om t he
Al D converter 31. A cosine signal (Y2=coseXn) as illustrated in FIG 9 (B)

i s output ti@ct.he frequency conversion section 110 of the signal processing
apparatus 100 illustrated in FIG 3 at the sane transm ssion output rate as

t he sanpling intgpeal2jof the input signal in the A/D converter 31. [0104]
When the cosine signal (Y2=coseXn) illustrated in FIG 9 (B) is output from

the transmtter 2@ apdet é‘@nEPéi & %ﬁa@%aby(tylge‘m@tdﬁlé %&lgngnpié&er

frequency conversion section 110, the cosine signal is mltiplied by the

sanpling signal, Izt agh st 184 B CortilPreqtBhe] dchAll g from

the A/D converter 65+

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

[0093]

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 (0+d¢) output in a case
where the right velocity signal (inlet-side velocity signal)
which is detected by the right pick-off (right velocity sensor)
8 and extracted as a low-frequency signal by the low-pass filter
34 is converted into the digital signal by the A/D converter
35.

As described above, with respect to the input signal
frequency which is output from the frequency conversion section
140 and input to the phase measurement section 130, the input
signal frequency (6+d¢) which is the low-frequency right

velocity signal (inlet-side velocity signal) of the digital
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31, (sinexcoseXn) by the nultiplier provided in the frequency conversion
section 110 to obtain a signal (Y3=sinexcosOXn) as illustrated in FIG

9(0. The signal (Y3=sin9xcoseXn) as illustrated in FIG 9(C), which
is obtained by multiplication (sinexcoseXn) by the nultiplier provided in

t he frequency conversion section 110, passes throughahi gh-pass filter (HPF)

provi ded in:; f rS} i : A fr ency
Component . 8 Fhey Shyorr e AE P e PR E R il L 8t SR R P T
9(D). The signal (Y4=1/2-sineC) ,as Jjllustrated.in FIG 9(CD) is out from
the T equency CLBRVESs F65 TSTEToR A1Eh BATET REUEED FHiE eS8 AFFS B
measurenment unit 130. [0105] i Further, in the |lowpass filter 34

i |l ustrate@YHRY Erog FLATRRL ST 190 4 T89S ABERENCY STWSHRIOR he
influence of aliasing in AID conversion, a sine signal (sin(0+4)) is

out put . sectiged 4the sine signal (sin (0+50 ) is output, the sine signal
(sin(0+4)) is input to the AID converter 35. Then, the signal is sanpled

for digital signdlooeadversion at an arbitrary constant interval by the AID
converter 35. The signal output fromthe AID converter 35 is

nul tiplied by thenhseanid Bgasbanateeuiious toamrbhe «Aldd gesyeibed a¥ody, a
multiplier provided in the frequency conversion section 140 to obtain a

signal .  [QLO6} 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 iscontrolledin frequency
using the very-simple calculation expression as described
above.

[0095]

Further, the frequencyconversionsectionl110isconnected
to the phase difference measurement unit 130. Further, the
frequency conversion section 140 is connected to the phase
difference measurement unit 130.

In the phase difference measurement unit 130, each of
the frequency 6 of the left velocity signal (outlet-sidevelocity
signal) which is output from the A/D converter 31 and input
to the frequency conversion section 110 and the frequency (6+30)
of the right velocity signal (inlet-side velocity signal) which
is output from the A/D converter 35 and input to the frequency

conversion section 140 is converted into the same constant

60



The signal obtained by nmultiplication by the nultiplier provided in the
frequency conversion section 140 passes through a high-pass filter (HPF)
provided in the frequency conversion section 140 to renove a | owfrequency
conponent, to thereby obtaina signal (Y5=1/2 . sin(0C+4) ) as illustrated
in FIG 9(E) . The signal (Y5=1/2.sin(0C+4)) illustrated in FIG 9(E) is

output fro for n conyersion sect| 1 [.npu ase
differencegﬁéggﬁgeﬁgﬁgu%ﬁFy’l 8.per@°rm %hggﬁeégﬁgggehggfé?égggg§§§20renent
unit 130, a signil %Y?:GQ) illustrated in FIG 9(F) is output as a phase

di fference bobasel8i°t he signal (Y4=1/2.sineC) illustrated in FIG 9(D)
which is output fromthe frequency conversion section 110 and input to the
phase diff er enceWheBsgvcehedt FHUCHIBE IhEMMEOEEYnaR CEYELING- §PntdEs4) )
illustrated in FIG 9(E), which is output fromthe frequency conversion
section l4embdodimeput tbet heppliaseedubheriescd lpEasveémentyusiignd30andd107]
When the conputing interval is synchronized with the sanpling tine as

descri bed abewne vdlwciwpkignae )perd ecrmbeecbioinfhabe deastys® Feaueayybe
i mpr oved. Further, each of the set of vibration velocity signals

(sine and giREA+4) hé e BYPLEGURAFLOGEO8Cy MIRAY OE 83 Nt OF rRBRRGcies
cal cul ation, and hence there is alnbst no conputing error. Therefore,

accurat e p'za%%tc%fgéﬂgpnﬁ& U PENLRYCe1 oL FPHOM JR0 ) Zed U0k eq,

Next, the signal processii rthe speci ructure of "the'signa

Prosessing Sapelalund00 Al IASUl ed A1 M6 - e o2t okl idn T el e
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 1large 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).

[0097]

The clock signal is input from the clock 150 to the A/D
converter 31 and the A/D converter 35. The clock 150
synchronizes the outputs of the A/D converter 31 and the A/D
converter 35 and thus has an important function for eliminating
a sampling error between the digital signal of the left velocity

signal output from the A/D converter 31 and the digital signal
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FIG 10 is a flow chart illustrating frequency nodul ati on and phase
measurenent in a case where the feed-forward i s used. In FIG 10, in
Step 200 , paraneters of the signal processing apparatus 100 which is the
conmputing device are initialized. Wen the paraneters of the signal

processi ng apparatus 100 are initialized, a target frequency for frequency

nodul ati on, ] rget, fr C r n i is set
in Step 2000.#' ng%otfgh@ Vteai&&ﬁte}jn st‘.G}L %éggaér{%%%grfsg%ﬁfg#%eﬁéjgna %%%%%s%ishg
apparatus 100 which is the conputing device a Lhitialized and the target
frequency after frEqdEREYhddd éPPBg Féggﬁisi Lf%%%pvez%f%% %t%bajzfﬁl,fla
phase and velocity _signal output fromthe left _pick-off (LPO 7 (left

vel ocity seicBit Yejlord tyaspeeall orhiilyiars thpghaditdh i abtgined
arbitrary sanpling interval by the AID converter 31, and a phase and

vel ocity silghabnverpienfiothere/ D cghvepteksoi¥ apRY a8 desghibed|adney
sensor 8) is sanpled for digital signal conversion at an arbitrary sanpling
interval bytdeslifeanyetd eth85frequency dhavphasenaby taleoditeguergnal
sanpled for digital signal conversion at the arbitrary sanpling interval by

the A/D comiteEfsidh 8cthBHE 100 bR 146 WGy oNBasd bepil sighaltl-cind the
f requency conversion sect ion 110 . The phase and veloc ity signal sanpled

for digital.,signal i at the arbitrary sanpling interval by the A/D
converter 35 1s |r{1pstqfﬁq:tvtgerrtshfea§'requency converter 140. [0110] When

the signal is Sanﬂ%}'of? for digital signal conversion at the arbitrary
sanpling interval™1 tep 210, the frequency is neasured in Step 220. That

is, when the phase and velocity signal sanpled for dicgi/,t al__si gnal
conversion at thédtaria AW BRI G g ah 3 vl L UiF 1aiE B ForReri er e s

i nput, the frequency neasurenment unit 160 neasures the frequency based on
t he phase andanm¢@t¢nyisegmmemQTagm?eliminatetheinfluenceofa.1asing

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.

[0099]

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
conversion section 110 of the signal processing apparatus 100
illustrated in FIG. 3. Fﬁrther, a transmitter output signal
output from the transmitter 120 is also input to the frequency
conversion section 110.
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When the frequency is neasured in Step 220, an output frequency of a
reference signal is calculated in Step 230. That is, in Step 230, the
frequency neasured by the frequency measurenent unit 160 is conpared with
the initially set target frequency. When the neasured frequency is
conpared with the initially set target frequency in Step 230, in Step 240,

the output frequency i.s _set for r h f e i.gha
based on the resﬁ#%xbﬁﬁgiﬁégn%% %%% hF?@%ﬂ? &ggﬁégggbgyggﬁérg?%aﬁfaan
reference signal. Wien the.reference signal i enerated, .the reference
si gnal havFWé%%Wﬁ?Wﬁ@F ?F&&&QHC§6$slﬁu% tﬂ?%ﬁi ST et 2 Zotgﬁd
input to the frequency converters 110 and 140. [0112] When t he

ref erence $ingnaEMYssigonEraauanFY $henat Shilet bFansnlfhedidp 2465 imes
processing of the frequency converters 110 and 140, that is, the frequency
conver si on firecqpenfay pdtha Steps@sdter 120 bagrd effoEXpudss ifQreqleneypd
converter 110 to which the reference frequency signal output fromthe
transmtter bidine isipwalcqreenis )t ke phasetaadedeliociFE . siegral caufout f rom
the AID converter 31 into a phase and velocity signal having an arbitrary

frequency basefcOBahbe: F ol ANCESIANHUOWERE a 5T OHe tdhind Irians Writear ah20.
The frequency converter 140 to which the reference frequency signal output

fromthe tr itter s N e ]gggg and vel ocity signa
out put frorﬁat{]ﬁcerﬂeA/lﬁpé%tﬁ\%éL ear1 %{i n§ o\ﬁ\a(r%ﬁcégsr{elﬁean vg ocity signal having an

arbitrary frequeqﬁﬁibﬁsed on the reference signal output fromthe
transmtter 120. 00l "As a result, the si gnal obtained by frequency
conversion is converted into an arbitrary constant frequenc

: and
transferred to tféeshibe AHFHEr SAgBateASOF BRRhE I FRgnEY RSt Ler 120

is input to the frequency conversionsection110, inthe frequency
conversion section 110, the signal (sin®) as illustrated in
FIG. 5, which is sampled for digital signal conversion by the
A/D converter 31, is multiplied by the output signal (cosBXn)
output from the transmitter 120 as illustrated in FIG. 6
(sinOxcos6Xn) by a multiplier provided in the frequency
conversionsectionl1l0, totherebyobtainasignal (sinBxcos6Xn)
as illustrated in FIG. 7.

The signal (sin®xcos6Xn) as illustrated in FIG. 7, which
is obtained by multiplication (sinfxcos6Xn) by the multiplier
provided in the frequency conversionsectionl110, passes through
a high-pass filter (HPF) provided in the frequency conversion
section 110 to remove a low-frequency component, to thereby
obtain a signal (sin6C) as illustrated in FIG. 8. The signal
(sin6C) as illustrated in FIG. 8 is output from the frequency

conversion section 110 and input to the phase difference
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[0113] When the conversion into the phase and velocity signa

having the arbitrary frequency is perfornmed in Step 250, phase neasurenent
is perforned in Step 5260. That is, inStep 260,

t hephaseandvel oci tysi gnal obtai ned by the arbitrary constant frequency
conversion based on the transm ssion frequency of the reference signal
output fro i is input to the phase neasurenent unit 130.
The phase ﬁk%%ﬁ?%%%%?ﬁbﬁ%ﬁfl O perforns the phase nmeasurenent using a FFT
or the like based agn the phase and velocity signal obtained by the
arbitrary constanyxgygquency conversion, which is output fromthe frequency
converter 110. Wen the phase neasurenent is performed using the FFT as
descri bed above, HigyRhssscisifdeymese Ratestedde RIS fidnas bt ways
performed at the same conputing interval. [0114] Hereinafter, the
four bl ocksrelwetiddt wgariad andquigiely Mty ¢rgsedt i dnemitlte dnidoriatoion he
transmtter 120, the phase difference neasurenent unit 130, and the
frequency nedHswEIESEnsor 70UE@ F ti picd kidefif 7 mnidhel g tgpadk po HE 83 1wy ajgadr at us

100 are described. (1) Frequency Conversion Section The frequency
conver si on jseehé @idablY ferithuisé §palnds AGLEBE A s2PRPE A Uhe MUL M@Serdent
structure as illustrated in FIG 11.

tubes 2 and 3 are vibrated by the vibrator 6 of the Coriolis
flowmeterlis 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 computedlphase 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.

[0102]

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
ofaliasinginA/Dconversion, asinesignal (sinb) asillustrated
in FIG. 5 is output.

Whenthe sine signal (sinf) illustratedinFIG. 5isoutput,

the sine signal (sin®) illustrated in FIG. 5 is input to the
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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 cos02 fromthe transmtter 120 and an input signal sinel
fromthe AID converter 31 are nultiplied by each other and then subjected
to filter processing by the |lowpass filter 112. [0115] The

R

signal sine al ne y “¢onver adr gi sigha

converter 31, the lowfrequency left velocity. signal ut -side velocit
S onal ) wh T et B AP NS RIS ERE OPF ST BT Wb P RS and
extracted by the |lowpass filter 30 and then output therefrom_to thereby
conbi ne sumlahf WREFiEr aneapl BegiSiGnadi §Rarsinpbdt eddrsnratet sRFE- os
612 = 2-(sin(81 + 8291 - 02))

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

[0103]
| The sampling signal (sin6) illustrated inFIG. 9 (A), which
is output from the A/D converter 31, is input to the frequency
conversion section 110 of the signal processing apparatus 100
illustrated in FIG. 3 and input to the frequency measurement
section 160 of the signal processing apparatus 100.

In the frequency measurement section 160 and the
transmitter 120 of the signal processing apparatus 100, the
desired transmission frequency signal 6Xn is transmitted based
on the sampling signal (sin®) illustrated in FIG. 9(A), which
isoutput fromthe A/D converter 31. Acosinesignal (Y2=cosbXn)
asillustrated in FIG. 9 (B) is output to the frequency conversion
section 110 of the signal processing apparatus 100 illustrated
in FIG. 3 at the same transmission output rate as the sampling
interval of the input signal in the A/D converter 31.

[0104]

When the cosine signal (Y2=cos6Xn) illustrated in FIG.
9(B) is output from the transmitter 120 and the cosine signal
(Y2=cosbXn) is input to the frequency conversion section 110,
the cosine signal ismultiplied by the sampling signal (Y1=8ino)

illustrated in FIG. 9(A), which is output from the A/D converter
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............... ,(9) The sum and di fference frequency signals are
filtered by the lowpass filter (or high-pass filter) 132 to extract only
the difference signal (or sumsignal). In this case, for specific
description, the sumsignal is extracted. However, even when the difference
signal is extracted, there is no problem and hence the filter processing

Tethod 15 anpl8489-BRRLAP AL A6atdLAd LOpHhG; LEATMENGE SRR

met hod. 16] romthe pass

filter) 112 is expressed as follows. ressjon 10] I. .
) converéion sect?on 110 to ob Eﬁ%.a signaf'JY3=51n9xc056Xn) as

illustrated in FIG. 9(C).

The signal (Y3=sinbxcosbXn) as illustrated in FIG. 9(C),
which is obtained by multiplication (sin6xcosbXn) by the
multiplier provided in the frequency conversion section 110,
passes throughahigh-pass filter (HPF) provided inthe frequency
conversion section 110 to remove a low-frequency component,
to thereby obtain a signal (Y4=1/2-sin6C) as illustrated in
FIG. 9(D). The signal (Y4=1/2-sin6C) as illustrated in FIG.
9(D) is output from the frequency conversion section 110 and
input to the phase difference measurement unit 130.

[0105]

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+3¢)) is
output.

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

The signal output from the A/D converter 35 is multiplied
by the sampling signal output from the A/D converter 35 by a
multiplier provided in the frequency conversion section 140

to obtain a signal.
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-(am(01 +92)) 2 -- - -(10) In this case, an output signal frequency 03
fromthe |lowpass filter (or high-pass filter) 112 is always controlled to
a constant val ue. Therefore, the sane filter may be al ways used

wi t hout dependi ng on the input signal. Thus, the phase neasurenent
in the phase difference neasurenent unit 130 |ocated in the subsequent
stage of the freq 1 conversion section 110 may be highly uniformed and
sinplified. [0117?§?%¥ Frequency Measurenent Section

The signal obtained by multiplication by the multiplier
provided in the frequency conversion section 140 passes through
a high-pass filter (HPF) provided in the frequency conversion
section 140 to remove a low-frequency component, to thereby
obtainasignal (Y5=1/2-sin(6C+8¢p)) asillustratedinFIG. 9(E).
The signal (¥5=1/2-sin(6C+d¢)) illustrated in FIG. 9(E) is
output from the frequency conversion section 140 and input to
the phase difference measurement unit 130.

In the phase difference measurement unit 130, a signal
(Y6=3¢) illustrated in FIG. 9(F) is output as a phase difference
5p based on the signal (Y4=1/2-sin6C) 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.

{0107]

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
(sin® and sin(6+d¢)) is subjected to the same processing for
phase calculation, and hence there is almost no computing error.

Therefore, accurate phase calculation may be achieved.
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In this enbodi ment, the principle of phase-locked |oop (PLL) is used for
the frequency neasurenent nethod. The PLL is a known electronic circuit in
whi ch a signal which is equal in frequency to an input alternating current
signal and | ocked in phase therewith is output from another oscillator by
f eedback control. Therefore, the PLL is fundanentally a phase- | ock

circuit an y produce .a signal |ocked in phase with an input signal.

The PLL is §ﬁ%§@ﬁﬁ@§ﬁi&%circuit for feedback-controlling an oscillator in a
| oop for oscillation so that a phase difference between a reference signal

i nput from an outl§d8land an output fromthe oscillator in the loop is
constant. Therefore, the PLLmaybe relatively easily constructedusing a
conputi ng devi ceNamd , meyhepes f gnal hpghcspeadgc owpncat i oo fhe18pecific The
frequency neasurenent section 160 of the signal processing apparatus 100
has a strugktitietase bfusheasegnad ptdzedRing appardtud1@0 131 userafte@juency
nmeasur enent section 160 includes amultiplier 161, a |ow pass filter (LPF)

162, anda tjkapshl tiefs BRI H0hdd eAvency rarasdeeBnthe [dPek@tional £1the
mul tiplier 161 conpares the phase of the left velocity signal (outlet-side

vel LY, SKOR) SRl L, gkl g xS e gl tal signal by conversion
e Lransm L er 453 (20 L1 294enon TERuneent and pULBULSC( e Rl s, 2
and phase measurement in a case where the feed-forward is used.
InFIG. 10, inStep 200, parameters of the signal processing
apparatus 100 which is the computing device are initialized.
When the parameters of the signal processing apparatus 100 are
initialized, a target frequency for frequency modulation, that
is, a target frequency after frequency modulation is set in
Step 200.
[0109]
When the parameters of the signal processing apparatus
100 which is the computing device are initialized and the target
frequency after frequency modulation is 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 conversion at an arbitrary sampling interval by the A/D
converter 31, and a phase and velocity signal output from the
right pick-off (RPO) 8 (right velocity sensor 8) is sampled
for digital signal conversion at an arbitrary sampling interval

by the A/D converter 35.
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Therefore, an output end of the nmultiplier 161 is connected to the | ow pass
filter 162. The low pass filter 162 extracts only a | owfrequency signal
fromthe output signal output fromthe nultiplier 161 through a frequency
filter. Thus, in this case, only a difference conponent is
extracted fromthe output signal output fromthe nmultiplier 161. [0120]

The |ow pass il tgfe %ﬁéslesaﬁci’%%g%tc%;ﬁ 0; LRg1 tIARSIEd 8k 4631 £91 JiHauency

measurenent. The tranhsmtter for “f reguency asurenent” gener ates phase

data 5 based qn the | owfrequency..signal output fr.omthe.low pass fi)ter
l62. oA T P S e R e ad Ry GOy P (e

out put signal cosd to the nultiplier 161. In the nultiplier 161, the phase
of the i npHCHIGHAT fHegiendPyut Mﬁ%&%ﬁ%ﬁ%ﬂqa\ﬁfm“fﬁrﬁ: d‘rﬂlitgi]t%qp
signal, by the AID converter 31, the lowfrequency left velocity signal
(out | et - si dd/ehEregusngigionvgivisdieon sedet@et &0- byTheheee angivad et ¥ty | ef t
vel ocity sensor) 7 and extracted by the | ow pass filter 30 and out put

t her ef r om issigpaipaaeg lwid horhéighiaske sifgridie convputs iongatl thestrhi aracyt he
signals are output as the difference signal and the sumsignal to the

| ow pass fiddn1ik@2. interval Avleedback' D aamvertfef NBsl 50 thplitowipuinglat a
"V' (frequency conputing function V) of only the difference conponent

obt ai ned b?ﬁécﬁdeﬁ{éﬁ‘%&i’vif@ef oypass filter 162 beconmes 0. [0121] As
illustrated 1n" FIG™ 12, the ADC-31 -output sine is input to the nultiplier

161. Wen the out[ébtﬁ;l ignal output fromthe transmtter 163 for frequency
measurenment in th requency

When the signal is sampled for digital signal conversion
at the arbitrary sampling interval in Step 210, the frequency
is measured in Step 220. That is, when the phase and velocity
signal sampled for digital signal conversion at the arbitrary
sampling interval by the A/D converter 31 is input, the frequency
measurement unit 160 measures the frequency based on the phase
and velocity signal.

[0111]

When the frequency is measured in Step 220, an output
frequency of a reference signal is calculated in Step 230. That
is, in Step 230, the frequency measured by the frequency
measurement unit 160 is compared with the initially set target
frequency.

When the measured frequency is comparedwith the initially
set target frequency in Step 230, in Step 240, the output
frequency is set for the transmitter 120 for reference signal

based on the result obtained by comparison, to thereby generate
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measurenent unit 160 is expressed by coso, both the signals are multiplied

by the nultiplier 161 as follows. [Expression 11] sin cos 8=! - (sin(19 +
8) + sin(9 -8)) (11) 2 Input waveform sine Qutput waveformof transmtter
for frequency nmeasurenent : c0SO Whena resul t

obt ai nedbynul ti plicationby the multiplier 151 as expressed by Expression
(0 s oS SRR RhUE A R i e W D B e pamanent 1
the reference signal having the set frequency is output from
the transmitter 120 and input to the frequency converters 110
and 140.

[0112]

When the reference signal is generated in the transmitter
120 in Step 240, the processing of the frequency converters
110 and 140, that is, the frequency conversion is performed
in Step 250.

Therefore, the frequency converter 110 to which the
reference frequency signal output from the transmitter 120 is
input converts the phase and velocity signal output from the
A/D converter 31 into a phase and velocity signal having an
arbitrary frequency based on the reference signal output from
the transmitter 120.

The frequency converter 140 to which the reference
frequency signal output from the transmitter 120 is input
converts the phase and velocity signal output from the A/D
converter 35 into aphase and velocity signal havinganarbitrary
frequency based on the reference signal output £from the
transmitter 120.

As a result, the signal obtained by frequency conversion
is converted into an arbitrary constant frequency and
transferred to the phase difference measurement section 130.

[0113]
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[0122] Whenaval ue of (e-o0) inExpression (12) is a sufficiently
smal |l value (V-,0), the frequency conputing functionV indicating the result
obtained by nultiplication by the nultiplier 161 nmay be approxi nately
expressed as follows. [Expression 13] V=0-6,-,0(13) When an out put
waveform of the transmtter 163 for frequency neasurenent is controlled so

that the frequen co ti function b ecedi P 0
obt ai ned by freqﬁéﬁ%§q%%h§%%gﬁg%lgf'ﬁﬁgof?ggﬂgﬁ%ge6%%§§%§f5%9§£%%¥%%§F110
may be obt ai ned. 123]. Whent hephaseeof t heADC- 31- out put si nOwhi chi sobt ai ned
Reescr i bedMIGUAT SUBTPEPLHEST HarHaT G OagBs bt G5arond: Step Bb 61 Siteed

measurement is performed in Step S260.

That is, inStep 260, thephaseandvelocitysignal 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
obtained by the arbitrary constant frequency conversion, which
is output from the frequency converter 110. When the phase
measurement is performed using the FFT as described above,
high-precision phase difference measurement may be always
performed at the same computing interval.

[0114]

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
unit 160, included in the signal processing apparatus 100 are
described.

(1) Frequency Conversion Section

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

In FIG. 11, the frequency conversion section 110 includes
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(14) and (15), a frequency "f" may be obtained. [Expression 14] =co=27-1-f

(14) co: Angul ar velocity (rad/s) Note that nT indicates a change in

time and is equal to the conmputing interval (sanpling rate).

Therefore, a change in phase (0) is as follows. [Expression 15]

0=2.n.f.Ta(15) where Ta: change in time (sanpling interval) (sec.) f: input

frequency Q;unltiplier 111, a low-pass filter (LPF) 112 (or high-pass
filter (HPF)).

A reference signal cos®2 from the transmitter 120 and
an input signal SIN61 from the A/D converter 31 are multiplied
by each other and then subjected to filter processing by the
low-pass filter 112.

[0115]

The reference signal cos62 from the transmitter 120 is
multiplied by an input signal sin6l obtained by converting,
intoadigital signal, by the A/D converter 31, the low-frequency
left velocity signal (outlet-side velocity signal) which is

detected by the left pick-off (left velocity sensor) 7 and

extracted by the low-pass filter 30 and then output therefrom,

to thereby combine sum and difference frequency signals.

[Expression 2]
siuﬁl-cowzz-;»(gin(ei-@ezwsig(ai—ez)) s (9)

The sum and difference frequency signals are filtered
by the low-pass filter (or high-pass filter) 132 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
extracted, there is no problem, and hence the filter processing
method is applied as appropriate according to the frequency

conversion method.
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0: change in phase (rad) [0124] The input frequency "f" is as follows.

[ Expression 16] f _ 0 -2. fr T .- (16) When such calculation is
performed by the frequency neasurenent unit 160, high-speed frequency
measur enment may be

[0116]
The output from the low-pass £ilter (or high-pass filter)
112 is expressed as follows.

[Expression 10]

%(zin(é’l-&-é‘z}) e e (10)

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.

[0117]

(2) Frequency Measurement Section

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

Therefore, the PLL is fundamentally a phase-lock circuit

and may produce a signal locked in phase with an input signal.
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77 achieved. [01251 (3) Transmtter In FIG 3, the output
frequency of the nodul atable transmtter 120 is controll ed based on the
result (0) obtained by neasurenent by the frequency measurenent section
160. That is, inthe transmtter 120, the frequency 0 of the
detection signal of the vibration velocity (outlet-side velocity signal)
generated on the | eft side of the neasurenent %ube 2.and 3, which |s
detected by the I8Pk ERABFISA WRFTMPTET TBTE e POV SO
section 130 in the case where the neasurenment tubes 2 and 3 are vibrated by
t he vi brat G 8SCislabar s 3 éaopd ox aeai et Ier§adiy- @ Bhpeestbickasrdy t he
phase difference neasurenent unit 150. The frequency conversion
section 1llGatrwkdrhe fefquency sbgmel singrits Erpinoan AC shidle anleas aretput
structure. Therefore, as in the case of the frequency output fromthe
frequency cirorerHeos28Alabrlli@ thieelbbeqiueneynoubput fTioewd heré | eghuency
conversion section 140, nore specifically, the frequency (T+df) of the

detection sirghaly 8k Adie Vi B £981 YEleistYul tied &4 118 @0 qur%@éw@@l)
generated on the right side of the nmeasurenent tubes 2 and 3, ichis

sect fon 14871 e TR A RS P B R O 3 %and 3 are i brated by
t he vibrator 6, iF010108qverted into a desired frequency.
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-passfiltér(LPF)162,andaitransmitter
163 for frequency measurement.
[0119]
Themultiplier 161 compares the phase of the left velocity
signal (outlet-side velocity signal) sin6 which is obtained
as the digital signal by conversion by the A/D converter 31
with the phase of an output signal cosd output from the
transmitter 153 for frequency measurement and outputs the
signals as a difference signal and a sum signal to the low-pass
filter 162.
Therefore, anoutput endof themultiplier 161 is connected
to the low-pass filter 162. The low-pass filter 162 extracts
only a low-frequency signal from the output signal output from

the multiplier 161 through a frequency filter.
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[0126] (4) Phase Difference Measurenent Unit There are various
phase neasurenent nethods. In a case of phase neasurenent using a Fourier
transform a frequency is fixed, and hence very-hi gh-speed conputat ion nay
be achi eved. Herei nafter, an exanple of a discrete Fourier
transform (DFT) is described. The discrete Fourier transformis a Fourier

transformon a digcrete,group, often used for freguency analysis of .

di screte digital @?%al %gi %ll!‘slisgn%alls%’r o883¥i r?géja‘ﬁ BT uSelPe eé‘%f itTently
calculate a partial differential equatjion or a convolutign integral. The

di screte FORFFERCEIANSTAR ik ityP WP el TR e PHHRYW rﬁ%“ s’:ﬁlf‘edm(]btyl%ller
conputer) using a fast-Fourier transform (FFT) . [0127] When t he

i nput signalékanpled in the phase difference neasurenment section 130 is

expressed by g (n) , DFT-G (k) is defined as follows. [Expression 17] 0(k)
= A g(n) [0120]

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.

The transmitter 163 for frequency measurement outputs
the output signal cosd to themultiplier 161. Inthemultiplier
161, the phase of the input signal frequency 6 obtained by
converting, into a 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 and output
therefrom is compared with the phase of the output signal cosd,
and the signals are output as the difference signal and the
sum signal to the low-pass filter 162.

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

[0121]

As illustrated in FIG. 12, the ADC-31-output sinb is input
to the multiplier 161. When the output signal output from the

transmitter 163 for frequency measurement in the frequency
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=Eg(n) (co

Pt ) | (17)  [0128]

measurement unit 160 is expressed by cosd, both the signals
are multiplied by the multiplier 161 as follows.

[Expression 11]

sin@-cosd = %(sin(9+ O0)+sin(@—-9)) (11)

Input waveform: sin®

Output waveform of transmitter for frequency measurement: cosd

Whena result obtainedbymultiplicationby themultiplier
151 as expressed by Expression (11) is filtered by the low-pass
filter 162, a high-frequency component is removed to obtain
the following expression.

[Expression 12]
V=sin(6-93) (12)

[0122]

When a value of (6-8) in Expression (12) 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 13]
V=0-3~0  (13)

When an output waveform of the transmitter 163 for
frequency measurement is controlled so that the frequency
computing function V becomes 0, the preceding phase 6 obtained

by frequency conversion by the frequency conversion section
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For sinpler expression, when a conplex exponential 79 function part is
expressed by the follow ng substitution, [Expression 18] Expression (17)
is expressed as follows. [Expression 19] k) - f (n) WA 4 [0129]
110 may be obtained.
[0123]
When the phase 6 of the ADC-31-output sin6whichisobtained
as described above is computed using the following Expressions

(14) and (15), a frequency "f" may be obtained.

[Expression 14]

w: Angular velocity (rad/s)

Note that AT indicates a change in time and is equal to
the computing interval (sampling rate).

Therefore, a change in phase (6) is as follows.
[Expression 15]
6=2-n-f-Ta (15)
where Ta: change in time (sampling interval) (sec.)

f: input frequency (Hz)

©: change in phase (rad)

[0124]

The input frequency "f" is as follows.

[Expression 16]

g
2T

f= (16)

When such calculation is performed by the frequency

measurement unit 160, high-speed frequency measurement may be
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Assume that attention is focused on a conpl ex exponential function WAnk,
and N is expressed by N-2M (M integer), and, for exanple, N=8. When the

i nput frequency is 1/4 of the sanpling frequency, a real part function and
an imaginary part function nmay be expressed as follows by 0. 1, and -1
because of the periodicity of trigononetric functions. [Expression 20]

Real | magi nagyLY8¢dQ Vaal0-1 Wsi-10 G Wa-0 (20)

[0125]

(3) Transmitter

In FIG. 3, the output frequency of the modulatable
transmitter 120 is controlled based on the result (8) obtained
by measurement by the frequency measurement section 160.

That is, in the transmitter 120, the frequency 6 of the
detection signal of the vibration velocity (outlet-side
velocity signal) generated on the left side of the measurement
tubes 2 and 3, which is detected by the left pick-off 7 and
input to the frequency conversion section 130 in the case where
the measurement tubes 2 and 3 are vibrated by the vibrator 6,
is controlled to a desired frequency to be processed by the
phase difference measurement unit 150.

The frequency conversion section 110 and the frequency
conversion section 140 have the same structure. Therefore, as
in the case of the frequency output from the frequency conversion
section 110, the frequency output from the frequency conversion
section 140, more specifically, the frequency (6+3¢) of the
detectionsignalofthevibrationvelocity(inlet—sidevelocity
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.
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Therefore, the input signals LPO and RPO obtained by frequency conversion
into 1/4 of the sanpling frequency may be very sinply subjected to the
Fourier transform In normal phase neasurenent, only a single frequency
(vibration frequency) is desirably subjected to the Fourier transform and
conversion for another frequency band is not performed, and hence
conput ati on may Pgfornmed by only addition and subtraction. [0130]

In fact, whenthe input signal input to thephase difference neasurenent

section 130, is expressed b n). , the input_signal g(n) is a frequency of
174 of 't he SAIHTF PR e S N R by oM (M §nteger).
DFT-GQ(n) may be conputed as follows. [Expression 21] Calcul ation of real
part (Re) Cal culTRS*6nasgFe VARGPHArShPIR meERe)rement methods. In a case

of phase measurement using a Fourier transform, a frequency
is fixed, andhence very-high-speed computationmay be achieved.

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

{0127]

When the input signal sampled in the phase difference
measurement section 130 is expressedbyg(n), DFT-G (k) isdefined
as follows.

[Expression 17]

N~

Gtk) = ¥ gta)exp(— L2 E 0 k)

» [

= y
o loonk, . laronk |
‘-‘Zg{n)(ccs( ) = J S e} e (17)
r=f h N
E=0l e M -1

[0128]

For simpler expression, when a complex exponential
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Re)Rtti 6Z1t $1 (Re) K- 1x0 ricser-f0le4-1X Rsr.& -ga-3 "me -mn. .+P4,1
Even when the value of Mincreases, fundanental conputation does not

conpl etely change. Therefore, when Mincreases, calculation nay be
performed with very high precision and a conputing | oad al nost does not
change.

function part is expressed by the following substitution,

[Expression 18]

-2
7, = exp(—L=")
S S ¥ 4
:ces(_l;!:.)..jsm(-}:;) tet mee b b4 vue tad Aed mee EE4 A ENE HEe (}.8}

Expression (17) is expressed as follows.
[Expression 19]
ol

G(k)=zg(n)w;ﬂ' T, (19:}
s

[0129]

Assume that attention is focused on a complex exponential
function WNnk, and N is expressed by N=2M (M: integer), and,
for example, N=8. Whenthe input frequency is1/4 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 20]

Real Imaginary
W2 1 0
Wg? 0 -1
Wt -1 0
Wg 0 1 (20)

Therefore, the input signals LPO and RPO obtained by
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[ 0131]

When two input signals are subjected to the discrete Fourier

transform (DFT) in the procedure described above, the RPO signal nay be
substituted as follows, [Expression 221 RPOsignal: 1.. G)) =1 -(smCe

)) lexp( /Be )

= Re 1+ jIlm ( 2 2 ) 222 and the LPO signal may be

substituted as follows. [Expression 23] LPO signal:
frequency conversion into 1/4 of the sampling frequency may

be very simply subjected to the Fourier transform. In normal

phase measurement, only a single frequency (vibration

frequency) is desirably subjected to the Fourier transform and

conversion for another frequency band is not performed, and

hence computation may be performed by only addition and

subtraction.

[0130]

Infact, whenthe input signal input tothephasedifference

measurement section 130 is expressed by g(n), the input signal

g(n) is a frequency of 1/4 of the samplingrate, andNis expressed

by N=2M (M: integer), DFT-G(n) may be computed as follows.

[Expression 21]

Calculation of real part (Re) Calculation of imaginary part

(Re)
REFOHE (Re) ERFNHE (Re)
gw X I g# X 3
gq»t " 4 ga‘oi X -1
£ X -1 §..: x 0
......... (21)
w1 x -1 eyt x 0
4! ga*#-f x 0 “ gﬂ*l‘fﬂf X
Re"-'gn-g&-i T k] [m= -, + Fgut
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1.1 - (sm61+ 80 + )) = (sin(Cc +lexP(./(9, + 80)) = Re2+ jInm2 2 (23)
In this case, a phase angle tanocp of the input signal is expressed as
follows. [Expression 24] In2 Re, -Raz Im tan Re2 Re! ba2
Even when the value of M increases, fundamental
computation does not completely change. Therefore, when M
increases, calculationmay be performedwithveryhighprecision
and a computing load almost does not change.
[0131]
When two input signals are subjected to the discrete
Fourier transform (DFT) in the procedure described above, the
RPO signal may be substituted as follows,
[Expression 22]

RPO signal:
1 . 1, . 1 . .
5(sm(6’+49x)) = 5(sm(90 ))Eexp(ﬂ?c) =Re;+jIm; (22)

and the LPO signal may be substituted as follows.
[Expression 23]

LPO signal:
%(sin(& +64+0.)) = %(sin(ﬁc +64)) = %exp( (6, +5)) = Rey+ j T,

(23)
In this case, a phase angle tand¢ of the input signal
is expressed as follows.

[Expression 24]

[m, Re,~Re, Im
tan5 :'——g'—ﬁ-——-—Ln—-g- L B4 mar tE BT Eth Kee Ere suw ey e
¢ Re, Re,+ Im, Im, (24)

[0132]
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(24) [0132] After the phase angle tanbcp of the input signa
obt ai ned usi ng Expression (24), when tan-locp is conputed, the phase
di fference signal bp may be obtai ned. A mass flowrate Q of the
fluid to be neasured is proportional to the phase angle and inversely

proporti onal

erature o

Expressi on 25 &ﬁ%ﬁg@ t ndLG ; t .
E:oe]l‘of i ci ent as]soc(:%%ée%tg\ngt h a tae%%% %aﬁ%@o% egﬁ(e\l%:?e%;cs%}%gg% ﬁ-%l %I?E‘amed

When t he
substi t ut

difference signal &¢ may be obtained.

A mass flow rate Q of the fluid to be measured is
proportional to the phase angle and inversely proportional to
a driving frequency F, and thus is expressed as follows.
[Expression 25]

Q=s(t) -8¢/F  (25)
where S(t) indicates a correction coefficient associated with
a temperature of the measured fluid.

When the measured phase angle d¢ 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 subsequent
processing such as analog output, pulse output, or serial
communication.

[0133]
<<Feature of Phase Measurement Method using Frequency
Conversions>>

According to a feature of the phase measurement system
in the present invention, the signals may be sampled at the
sampling interval unrelated to the frequency © of the input

signals which are obtained by converting, into the digital

83

to a driving frequency F, and thus is expressed as follows.

i's

ca S PG R FaRf!) PRE REe heh P R L R Rt o



The mass flow rate Q obtained as descri bed above is subjected to suitable
scaling and unit conversion and may be output to an outside in various
forms by addi ng subsequent processing such as anal og out put, pul se output,
or serial conmunication. [0133] "Feature of Phase Measurenent Method using
Frequency Conversi on” According to a feature of the phase

nmeasur enent it e i i ig 2 d at
t he sanpli nsg%&?é%rnﬂla% uﬁ?%%f%ﬁ%\}%gé%ér celjgluegrlf}g% %’oﬂ%eleﬁfeéﬁgﬁ% S
whi ch are aobtai ned by converting, into th igital _sjgnals t he. Al D
converters ‘éelf%%’dtﬁéglgtnﬁgﬁ B&ﬁ?geadifeﬁgﬁe\cf'gfegic%f%ﬁ ﬁﬁégggmpccﬁgﬁ?%tﬂ%?ect ed
by the vibration detection sensors (left pick-off 7 and right pick-off 8)
and ext r act¥RPIRTE hel g oniiads ah 1 tTepsdapight Backnatbu pland Herer?ehfdand
whi ch are input to the frequency conversion sections 110 and 140.

Ther ef or e, thetke riewwpass st vergrsi hpland ni fand eputteit echierefyomr edndand
very-hi gh- speed conputation may be achieved with a small conputing error

[ 0134] whidhurdterinpac wadithg feetjhenplhasentreastivaneattsgpatelldnahe
present invention, even when a rapid change in frequency occurs in the

i nput si gnal o Whit¢f @bt @hBesk Byc 6QRY ard gy &hPelé hewddicantkalr shpnal s,
by the AID converters 31 and 35, the | owfrequency velocity signals which
are detect - { bratq 2 R Lef:t  pi.ck-QLf i ght
N o B e R R

t herefrom aq%%mhich f%e éqgut.to tPe frequency conversion sections 110 and
140, the fP%b ﬁ%ys%% r &°F %ﬁﬁ%%c? tBhversion i s measured and then

frequency conversion is perforned. Therefore, even when the input frequency
rapi dl y changes, 034 ation in frequency after frequency conversion is
m nim zed, and hence the systemis very suitable for phase neasurenent in a
case where the drfwithe¥r cyeeondind thctheahreeeneasybeBerbnsyatousiy
changes. [0135]

the present invention, even when a rapid change in frequency

occurs in the input signals which are obtained by converting,
into the digital signals, by the A/D converters 31 and 35, the
low-frequency velocity signals which are detected by the
vibration detection sensors (left pick-off 7 and right pick-off
8) and extracted by the low-pass filters 30 and 34 and output
therefrom, and which are input to the frequency conversion
sections 110 and 140, the frequency before frequency conversion
is measured and then frequency conversion is performed.
Therefore, even when the input frequency rapidly changes, a
variation in frequency after frequency conversion is minimized,
and hence the system is very suitable for phase measurement
in a case where the driving frequency of the measurement tubes
continuously changes.

[0135]
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Further, according to the phase neasurenent systemin the present

invention, there is little limtation on the phase neasurenent band by the
i nput frequency of the input signals input to the frequency conversion
sections 110 and 140. Therefore, coupling with sensors having vari ous
driving frequencies may be realized and conmputing precision is not affected

by the i t f i,.gh- [, S] b

al vays nohi eved: BN monte Sg1de] the Bl oA R A B an
i ncl udi I t I tub if.of flaow.t \ '

easur enanti BaFCoDEG:PATaE bR AT by CaL b T YT g B e STy T R br at or

6. The neasurenent tubes 2 and 3 including the one flow tube or the pair of
f1 ow t ubes S HIE Ha AR i $8R LBPYFbFRESUEREY fPHWRUBEPUY (FigF ol i s
fl ommeter, a phase difference and/or a vibration frequency proportional to
a Coriolis ifmrde tetitiype ofiretieeneys woamans tarbesegtands3 Likfcl addnglethe one
flow tube or the pair of flow tubes are/is detected by a pair of velocity
sensors or THeoelfeyad, oposPNinnS Witk eseorxbry havinbr ataohodet ettiwing
sensors including the left pick-off (LPO 7 and the right pick-off (RPO 8,

to thereby 'éhdiégﬁﬁa§|5ﬁvféé?iﬁ@é/gﬁddéaﬁbhfiﬂﬁ rkledisd Jro e not
nmeasured. [0137] The Coriolis flowreter includes: the frequency

measur ement, AP e 6P e FRASHE AL ILARGeRASAIGANLR0CE BRYN phase
measurement may be always achieved.
[Embodiment 3]

[0136]

The measurement tubes 2 and 3 including at least one flow
tube or a pair of flow tubes, serving as measurement flow tubes,
are operated by a driving device using the vibrator 6. The
measurement tubes 2 and 3 including the one flow tube or the
pair of flow tubes are alternately driven to vibrate the flow
tubes. In a Coriolis 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
right pick-off (RPO) 8, to thereby obtain amass flowrate and/or
density of a fluid to be measured.

[0137]

The Coriolis flowmeter includes: the £frequency
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signal frequency of at |east one sensor (for exanple, input signal
(outlet-side velocity signal) input fromleft pick-off 7) of two flow rate
signal s obtained by Al D conversion on two input signals of the phase

di fference and/or the vibration frequency proportional to the Coriolis
force acting on the neasurenment tubes 2 and 3 including the pair of flow

tubes, whi Ghehe-AeLaChed oVs § e URLAGLE M S”Lsxoé é’z’id;%?as%‘& ﬁ%&aﬂ;g@tsi fed

sensors; and the transmtter 120 for trans ttin out put ng a

frequency S he fre ency neasured by e fre

measur enent %l bif%el(gfﬁnc ot EA vet o%l?rile sseef{éso?rsf%% e’f‘? eexa’r’r‘b?‘ét

i nput signal, tlet-side velocity signal) input fromleft Elck_off 7% from
one of the r}alﬁo f}F&nS&ﬁiedéfeéefﬂw SERRDE 5 (R TECEKIBEE A GRPFF ght
pi ck-off 8) is converted into a digital signal by the first A/D converter
31. The fir&t ofr EyeehtgwebaversiFre beabteired Hys AgPoepdedr £aenf prguency
conversion to performaddition (or subtraction) on the frequency e of the
i nput si gnainihasesi gralheodHuthat phaegudn€y eeXnceutamd/ dr ahd heibransomt t er
120. Further, a velocity sensor signal (for exanple, input signal
(inlet- SId&ﬂéﬁuﬁﬂdw’p&é@@&ﬂlbﬂ@yttérﬁﬁbrCBB&th%kf@&%e %kﬁﬂﬂynéﬁWtﬁéher
of the pair of vibration detection sensors (left pick-off

andr i ght pi Gle0ffréhedts GASWETS eghd i g]%cgirhga fﬁcy G 35@(5 bé/f t w 6Gands Al D

converter 35 to obtaln an I nput sign e second

frequency L\ n i OVI ed for fre quengy. ¢o ver5|on to
perform ad&ﬁﬁcﬁ%i S d {f'g(gtl Q’)h Clgnpu%n ?l@snéjl ?HSq%e%% ]faeti-]f'ﬁnbased
on t he out put frequeng)é OXn out put from the transmtter 120.

sensors; andthe transmitter 120 for transmittingandoutputting

a desired frequency signal based on the frequency measured by
the frequency measurement unit.

[0138]

A velocity sensor signal (for example, input signal
(outlet-side velocity signal) input from left pick-off 7) from
one of the pair of vibration detection sensors (left pick-off
7 and right pick-off 8) is converted into a digital signal by
the first A/D converter 31. The first frequency conversion
section 110 is provided for frequency conversion to perform
addition (or subtraction) on the frequency 6 of the input signal
based on the output frequency 6Xn output from the transmitter
120.

Further, a velocity sensor signal (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 7andright pick-off 8) is convertedintoadigital
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[0139] The phase difference neasurenent section 130 is provided to
nmeasure a phase difference between a first frequency nodul ati on signal
obt ai ned by conversion as a constant frequency signal by the first
frequency conversion section 110 and a second frequency nodul ati on si gnal
out put as a converted constant frequency signal fromthe second frequency

conversi on geghh Phyléle second A/@&éﬂ‘?ﬁtép%§t9%t£{9ﬁ1§§§¥‘?9§?§f§‘éﬁ%gﬁcy

100 is provided to obtain the phase erence between

nodul ation sj tputs as t conver n nt _frequen si.anal om
The tirse  PESARn O Bog?, | AReaald FlaaRA Pl SHENPY R gAR 116
nodul ati on signal out as. the converted cqonstant frequency_signal from
fhe socond 17 SRS oot Tt Cof eA6 1 oo PHRFBEG B ot 3L BLoR kot

Coriolis floweter. Cains 1. A signal processing nethod for a Coriolis

fl ownet er i AURRTRAEHEN) @asthentnprofiansd regupary b9+3Pbasasbonvkiieh is
i ncluded in a neasurenent flow tube is operated by a driving device using a
vi brat or t occatpet nErediyeney vexn heugput efisomonkee f tpansubeter 1RO .pair of

fl ow tubes, and aphase di fference and/or a vibration frequency proportional
to a Coriolis forpeL®glting on the at | east one flow tube or the pair of
flow tubes are/is detected by a pair of velocity sensors or a pair of

accel eration senspis pplisehy ff feMéREA LR HRIRETH 98828501 $o WReH &PEa8Y
| east one flow tube or the pair of flow tubes is vibrated, to thereby

obtain a mass flow.tale apdLor densilyeole apkhildil o, b6 URASUEED: Lency

the signal processing met bei ng characterize y comprising:

nmeasuring a fé@ﬂ¥en%¥ base n an kfgut si gnal, frequency of ai |east one of
t he vi brat i B t?% GAIBBNSBIS LA PRGOPVERSHEPP S GIrAS- 208t HF AgueBSY A/ D
conversion on two input signals of the phase difference and/or the

vi brati on f?EERRhEY PHObbYF SARITUEE WECTR T D1 PR SEELdeTakt ¢ AgdenSerendt

| east one flow tube or the pair of flow tubes, which are detected by the
pai r of velbceqyesensuedudbatibe pagnadf catpelterst iomremreored constant

frequency signal from the second frequency conversion section
140.

Further, the signal processing apparatus 100 is provided
to obtain the phase difference between the first frequency
modulation signal output as the converted constant frequency
signal from the first frequency conversion section 110 and the
second frequency modulation signal output as the converted
constant frequency signal from the second frequency conversion

section 140, to thereby serve as the Coriolis flowmeter.
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transmtting a control signal based on the neasured frequency; performng
conposite frequency conversion so that the frequency al ways becones
constant based on the transmitted control signal to each of the two flow
rate signals obtained by A/D conversion on the input signals of the phase

di fference and/or the vibration frequency proportional

force acting on the at | east one flow tube or the pair of flow tubes,
are detected by the pair of velocitycsensors or the pair of acceleration

Sensors;

and
1. 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
pairof flowtubes, andaphasedifferenceand/oravibration frequency
proportional to a Coriolis force acting on the at least one flow
tube or the pair of flow tubes are/is detected by a pair of velocity
sensors or a palir of acceleration sensors which are vibration
detection sensors when the at least one flow tube or the pair of
flow tubes is vibrated, to thereby obtain a mass flow rate and/or
density of a fluid to be measured,

the signal processing method being characterized by
comprising:

measuring a frequency based on an input signal frequency of
at least one of the vibration detection sensors, of two flow rate
signals obtained by A/D conversion on two 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;

transmitting a control signal based on the measured frequency;

performing composite frequency conversion so that the

frequency always becomes constant based on the transmitted control
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measuri ng phases fromeach of controlled converted conposite frequencies,
to thereby obtain a phase difference signal conponent. 2. A signal
processi ng nmethod according to claim1 , characterized in that the
sunsignal or the difference signal of each of the converted conposite
frequenci es obtai ned by the perform ng conposite frequency conversion based
on the transmtted control signal is controlled so that a frequency of a

Sum conpoRepha O o fcheUERC Y 8T 18w diff-ef 8N6a sCAMAReRth Ol / RcCoried,
conposite conponent is constant. 3. A signal processing nmethod according

to claim1,0fn,inier £ dhdiNeoReriON-RE OARAYICE LAEAUEREY ¢OMVANON

based on an arbitrary oscillation frequency conpri ses: mul tiplyi ng
an input si i e O M i t by
et Pans i $Hkn Sl el emdiecgnn ool 1610 BERLE g deh g6t Loy chorss

| ow 1 1 €qUEACYe £1.008L 4,00 ark OUT UL ¢ 30,00 QUL UL ALL T IS 1Y) L Rl N

through a trequency 4.A signa _proceé5|ng net according to claim
Lor 2. vhetein Lhecperfaning sompestie, fJLAUenry, LONYLL3LEn, Ased on an
arbitrary oscillation equency conpri Sses:

measuring phases from each of controlled converted composite

frequencies, to thereby obtain a phase difference signal component.

2. A signal processingmethod according toclaiml, characterized
inthat thesumsignal orthedifferencesignal of eachof the converted
composite frequencies ocbtainedbytheperforming composite frequency
conversion based on the transmitted control signal is controlled
so that a frequency of a sum component or a frequency of a difference

component of a combined composite component is constant.

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

output after the multiplying through a frequency filter.

4. A signal processing method according to claim 1 or 2, wherein
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mul ti plyi ngani nput si gnal SI NTI f r ont heoneof t hevi brati on detection sensors by
the transmtted control signal cosT2; and extracting only a

hi gh-frequency signal froman output signal output after the multiplying
through a frequency filter. 5. A signal processing nethod according to
claim1l1, wherein: the input signals of the phase difference and/or
the vibration frequency proportional to the Coriolis force acting on the at

| east onetcht @urirdbRi A cbhBopats rREghéRV bBReSTs Wi BAs&d endet gadad-Ay t he
pair of velocity sensors or the pair of acceleration sensors are sanpled by

the A/D cgpyel 54Ot & RbLahBy di@idalsesi:gnal s; and each of converted
conposite frequency signals obtained by the perform ng conposite frequency

conversi on basegl,qn fihenhrANSH It 805,60NE £198, Sl GDake bie 62NMHO B SOt hat a
frequency of a sum conponent or a frequency of a difference conmponent of a

conmbi ned gopposiL,e Lonperepl e WA Rhi’csamphing f regugncy i, the AD
conversion. 6. A signal processing apparatus for a Coriolis floweter in

whi ch at |east ane fJQy,tx Qﬁqighpﬁéqlgénay vagrgsé&b?§oMQh%ép%ti Gluded in a

measurenent flow tube IS operated by a driVving vice using a vibrator to

al ternat eby. i vecdhie ik heasto NG lawobybe, OF JOR.RAT k19E.£1 ow tubes .

and a pha ference an atiron-frequency oportional to a
Coriolis force acting on the at |east one flow tube or the pair of flow
tubes are/is detected by a velocity sensor or an accel eration sensor which

is a vibration gdetecti,on nsor_when.the | east .one.flow tube or. the pair
of flow tgbes i}g i nrazg[t 85,88?%5 rf'ﬂarmeef)t);1 Ogbta glg%r(gmr%stso % Ils&vm\r,\ﬁat evglaenrde/lélr'

density. of @ f1Uldi10.be: TRaptreds e, & 9A. RLRH A9 ARPRIALHS on
frequency proportional to the Coriolis force acting on the at least
one flow tube or the pair of flow tubes, which are detected by the
pair of velocity sensors or the pair of acceleration sensors are
sampled by the A/D conversion to obtain digital signals; and
each of converted composite frequency signals obtained by the
performing composite frequency conversion based on the transmitted
control signal is controlled so that a frequency of a sum component

or a frequency of a difference component of a combined composite

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

6. A signal processing apparatus foraCoriolis flowmeter inwhich
at least one flow tube or a pair of flow tubes which is included
in a measurement flow tube is operated by a driving device using
a vibrator to alternately drive the at least one flow tube or the
pairof flowtubes, andaphasedifferenceand/oravibration frequency
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a frequency neasurenent unit for measuring a frequency based on an input
signal frequency of at |east one of the vibration detection sensors, of two
flowrate signals obtained by A/D conversion on two input signals of the
phase difference and/or the vibration frequency proportional to the
Coriolis force acting on the at | east one flow tube or the pair of flow
tubes, which are detected by the velocity sensor or the acceleration

Sensor;  proportidd2AnsHl ht@rfOr st Fapsa 4dding aRdrRdtputtkBY endesided
frequency signal based on the frequency neasured by the frequency

nmeasur enephbdt the pair of fLAAUBNLY 2 COMVL LS QR 88 AN 10k 1 R§r ¥ Ny
frequency conversion to add (or subtract) an output frequency of the

transmttgr 10 Qe i @M cRAEEL 08 r tHE hNRYL 2 SEORALS Bf dbhe-phasedidference
and/or the vibration frequency proportlonal to the Coriolis force actlng on

the at |eggt,ene fd Q&w%e%omh&k%f £k 41V £ ¥bgs ,tu%gcl@ ang detected by

t he vel oci ty sensor or the accel eration sensor, so that requency val ues

obtai ned by the: fypauency sonyer sion, e alnays, FANSEANLE ANy ig o

phase difference asurenent section for neasuring a phase difference
bet ween ngqugga&ég gnal s, which are detected by the velocity sensor or the
accel eration sensor and obtained by conversion by the frequency conversion

unit. 7.A sign %g§|%gogg %Gﬁ{%ﬁp?urtgs Jéﬁ]LéiﬂB|°W"Eter in which at

| east one fl ow alfr o es ncluded in a

measur enent f|OMlt be |s op erated V|n devi ce us a V|brator to
alternately dri ve Retary 35 I%IP]%n Pnlgt ibe™ ors%]f'ulngpal r ggefl%wat u ,
and a phase dlfference [ or tion.frequ oportional to a
Coriolis Pofce™ ctlﬁﬁ598n regugPCV8a§t]§ﬁ§t qof@%%v%% he % SR ow

t ubes arells detecﬁe ie ocity sens og % |on sensors which are
vi br ati on®d8tecti of éﬁsg S Wher tHE &t S| 8355 tﬁB%v%¥S¥ﬂb(ﬁhlr of

f1 ow tub br at ed, bt t densi t
of 110 B0 o B eHGPdd, Fnene éhgfe%?%% g ABAPE: b coMpT Sy

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
velocity sensor or the acceleration sensor;

a transmitter for transmitting and outputting a desired
frequency signal based on the frequency measured by the frequency
measurement unit;

a frequency conversion section for performing frequency
conversiontoadd (or subtract) anoutput frequencyof the transmitter
to (or from) each of 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 velocity sensor or the acceleration sensor, so that

frequency values obtained by the frequency conversion are always
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a frequency neasurenent unit for measuring a frequency based on an input
signal frequency of at |east one of the vibration detection sensors, of two
flowrate signals obtained by A/D conversion on two input signals of the
phase difference and/or the vibration frequency proportional to the
Coriolis force acting on the at | east one flow tube or the pair of flow
tubes, which are detected by the vibration detection sensors; a
transmttepnfeintranam tting and outputting a desired frequency signal
based on the frequency neasured by the frequency neasurenment unit; a

first frequency, %ﬁgygrﬁi&@réﬁﬁéin%sﬁﬁ(em@ﬁffs%rcmieg {4 LANEHEY FPAURHSI0N 1O
add (or subtract) an output frequency output fromthe transmtter to (or

from theqhppule iRl wEERAHEOGYe RS @liRRd 10y FOIUETIINGeReSL ALy QfhONe
vi bration detection sensor of a pai'r of the vibration detection sensors

into a digLigl; s} 90ahsby B.fihst a_t%d%l%‘%@‘é?&ﬁersen%r% hat,qa Jﬂt%‘lld%gcéﬁ val ue

obt ai ned by the frequency conversion is al ways constant; cond

frequency g Qg§g§&pqwsgggigpeé@gn@fQLg&gkggO%rgﬂﬁgncy conversion to add (or

subtract) the output frequency output fromthe transnitter to (or fron) the
i nput signal frequency obtained by converting a signal of another vibration
detection sensor of the pair of the vibration detection sensors into a

di gi j[al 5'79na| 1?%1 g chgespéli[r)l Cés)pnpvaq:ra:[t%rs’ﬁosroa é(gllra‘jrola sff 0] HELGY i\ﬁavllhuiech
obtai ned by the frequency conversion I's alwaysS constan a a phase

First froqtensyt s hgarSonvht &d By ot GULACE From (e P Pet  TFeqiioney -
conversiognsecti%% %%d SECO d.freguenc siggalaggnxgrteg by and .out put
from the SBCOHITTEGUSREY: KORVEPS: of SETRToR. 2Ve® A St G B beoski g
appar at usaf\Q{bJ:aat%?rr itglgiftggn%%tye&rji.ge V’gyecgt least one flow tube or the
pairof flowtubes, andaphasedifferenceand/oravibration frequency
proportional to a Coriolis force acting on the at least one flow
tube or the pair of flow tubes are/is detected by velocity sensors
or acceleration sensors which are vibration detection sensors when
the at least one flow tube or the pair of flow tubes is vibrated,
to thereby obtain a mass flow rate and/or density of a fluid to
be measured,
the signal processing apparatus comprising:
a frequency measurement unit for measuring a frequency based
on an input signal frequencyof at least one of the vibrationdetection
sensors, of two flow rate signals obtained by A/D conversion on
two input signals of the phase difference and/or the vibration

frequency proportional to the Coriolis force acting on the at least

one flow tube cor the pair of flow tubes, which are detected by the
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at | east one flow tube or a pair of flow tubes which is included in a
measurenment flow tube is operated by a driving device using a vibrator to
alternately drive the at | east one flow tube or the pair of flow tubes ,
and a phase difference and/or a vibration frequency proportional to a
Coriolis force acting on the at | east one flow tube or the pair of flow
tubes are/is detected by a pair of velocity sensors or a pair of

accel er at y9BrsensOr& wicGhnacenybpsati on detecti on sensors when the at

| east one flow tube or the pair of flow tubes is vibrated, to thereby
obtain a mass fi ow£4@ @aRd/ dordansinshi®tidgf hHEdohepher IRASHr &8s i the _
si gnal processing apparatus conpri sing: a frequency neasurenent unit
for measukiBguénty €4480eYoLASLdnom & Jeipuhcsignal, Lhegyeney £ ot qadn deast
one of the vibration detection sensors, of two flow rate signals obtained
by A/D copugksiOReOn fWQ i nput signals of the phase difference and/or the
vi bration frequency proportional to the Coriolis force acting on the at

| east one flow tubesor Lhe payj eo%e;%peﬁe LUbES,n hI ggr%gn%t ?Eé@%ﬁé,ﬂt he

vi brati on detection sensors; transmtter for transmtt d

outputting.a.desised ra%U(%egty$§ﬁmt>b%%fegug§u§ h@réo@%%@nsxt astL&d by

the frequency neasurenent unit; r requency -conversi on section

for shifting Lo, [LeQuency, Alyaxs.t o f. consiant .Lr eauency oonal.; A i nput
signal frequency obtained by converting S|gn3 of ‘one veFocity sensor of
a pair of.the vj ion d tion_sensors, Jnt igital sign by a first
Al D conveP%e?ona‘}ne tg%llgp%tm%%%% ?ﬁém 'Y%?rﬁlﬁncgﬁveér%%ﬁ 8833(@% Ogénatl%aelrout put
frequency t.put .fromth ransmtter to.nmove the.input. signal freguyency to
another 1 PoadBngyPbamen Gt e AR e Bhak TR W5 LR P el e FERF S o
shifting in.frequency, al tQ_a constant frequenc i gnal ._an i nput

si gnal fréZBéﬁ%&e%%?%rH%ﬂ%%éﬁé%%ggﬁPFﬂﬁyémgfﬁng?E%?K%%§¥%:e GEFELTY sensor
of the pair_of the vjbrgﬁion detection sensors into a digital signal by a
second Al BPRBRYET Tort%aRa "8t pht™F F8Hi't he second AID converter, based on the
out put frequenQ% ougaf% fromthe transnitter,tofnnve t he iqggt si gnal
frequency to andPRer™T rEYUEHEY BANEE SaRg SeCt1on Ter MrAL8 B 19 SFeAte Y

measur enent sectjon for aegsurin% a EFase di fference between a first
frequency CSPYREF - Ubt&i ABH &3 tHETEERST ant® fYEqUENEYCSIYHA CURRPERT T
converted bé and output fromthe first frequency conversion section and a

second fr&EQGeNSPEHGHEE BBt i nddode Fhe THidt SAPPP T eiieiEy<gi §RERIShi ch i s

converted by and output fromthe second frequency conversion section.
by  converting a signal of another wvibratidn detection sensor of

the pair of the vibration detection sensors into a digital signal
by a second A/D converter, so that a frequency value obtained by
the frequency conversion is always constant; and

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

section.
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9. A signal processing apparatus according to claim®6, 7, or 8,

characterized in that the frequency conversion section conprises: a
mul tiplier for multiplying a reference signal cosT2 fromthe transmtter by
an input signal SINT1l" fromthe first A D converter; and a | ow pass

filter for filtering an output signal obtained by the nmultiplying by the
mul tiplier and output therefrom through a frequency filter to extract only

a | owfreguency $ignal proddssifqSidpaah chk FeeSSEAG ARRAIAkMS taeGandiing to
claime6, 7, or 8, characterlzeg in that the frequency conversion section

CONPri Sesyt least oReMilbd Pl o0k padtigH ¥iBY eusef emenee: signalugeasT2
fromthe transmtter by an input signal SINT1 fromthe first AID converter;

and _b?aa hicghupagssniitisr Lok ﬂ;|5&'ﬂa&%daﬂﬁo&'td{tﬂvi%igg@@-‘§7i@t@i@l‘;gd by

the nmultiplying by the nmultiplier and output therefrom "through a frequency

filter to,extya broegyagéﬂrgﬁgﬁye&%xhéi 903 o5 st1dne Ar 5l 0Rabe P5OGESSI NG

appar atus according to aim8, 9, or 10, characterized in that:

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

the signal processing apparatus comprising:

a frequency measurement unit for measuring a frequency based
onaninput signal frequencyof at least one of the vibrationdetection
sensors, of two flow rate signals obtained by A/D conversion on
two 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
vibration detection sensors;

a transmitter for transmitting and outputting a desired
freguency signal based on the frequency measured by the frequency
measurement unit;

afirst frequencyconversionsectionforshiftingin frequency,

always to a constant frequency signal, an input signal fregquency

94



t he frequency neasurenent section conprises: a nultiplier connected to the
first AID converter; a |lowpass filter connected to the nultiplier; and a
transmtter for frequency neasurenent which is connected to the | ow pass
filter and inputs an output signal fromthe | ow pass filter; t he
mul tiplier conpares a phase of a sensor signal sine obtained by converting
a signal of one of the pair of the vibration detection sensors into a

digital sigpain&y dyhecAvBreonyes tegnwi thr aRhaseocofy atrautpyt signal cosd
output fromthe transmtter for frequency measurenent and outputs a

di fferencersignaly,and & aumesi ghakeh9othensubseqyent IQwnpass, hifiher
the lowpass filter filters an output signal output fromthe nmultiplier

through axhpegyency dd Lbar ohPo@XtFaat @Rl ¥iast owvd reguenex signalqy and
a phase ampbunt V of a fundanental output waveformis generafed based on the

| owfr equ‘%H@oé&Sﬂ;’%a%r&'ﬂié}%y BE&?&E '}‘%]pén?%?eo@énéﬁnl{@ér apdn Al MRys Sahfsties a

condition of V=0 by the transmtter reguency neasurenent.

signal frequency to another frequency band;

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

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

from the second frequency conversion section.

9. A signal processing apparatus according to claim 6, 7, or 8,
characterized in that the frequency conversion section comprises:

a multiplier for multiplying a reference signal cos8, from
the transmitter by an input signal SING; fromthe first A/D converter;

and
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12. A signal processing apparatus according to claim8, 9, 10, or 11,
further conprising a clock for synchroni zing an output of the first AID
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 fromthe first A/D converter and the digital signa
of the another of the pair of the vibration detection sensors which is

out put from the, $6Gopgs NeD16nvest 1 tdBindasi ANAutPs P§LSS oBYa AROAMAL US
according to claim8, 9, 10, 11, or 12, wherein the phase neasurement
section pepf on e 1Y gﬁ%@swgt@é 211011906 @€ FQUE L §lu rarsteroh ( Dok a fast
Fourier transform (FFTy. “14 .A Coriolis flowreter in which at |east one
flow tube,of, apaidy of1ELow b ubas i ehyiSai NG)-udedcn -3 Tegsus enent flow
tube is operated by a driving device using a vibrator to alternately drive
the at | east one flow tube or the pair of flow tubes, and a phase
difference and/or a vibration frequency proportional to a Coriolis force
acting on,the l t r.. t.h i4; 9f o £l Qw.tubes areld s

det ect ed %g'veﬁ%gﬁgggg %ggféggﬁhéﬁggf%Fg%i%ﬁﬁggﬁg'r% ﬁhiéh dfe’v§ ration
det ecti on NsSor s _.when. t.]east one flo > or_t aj . fl.ow tubes
i's vibrat nggr%%%l\é%%bi/ﬂ%%‘tagi et éqeﬁféévﬁo\?{é{egggﬁ /Soerchcg‘é’%s%i}golfseas 1 ui d
to be neasured, 164 l.épgﬂﬁgkkgkis f |l ownet er being charqpter%zqugy

.. la mﬁ P i 1Pl¥1ng a réeferénce signal cos
conprising a signal processi apparatus” conpri sing a frequency
[
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rate signalg obtai ned by A/D conversion on two input signals of the phase
di fferenc&“@nd/ or the vibration frequency proportional to the Coriolis

force acting on the at |east. one flow tube or the pair of flow tubes, which
are detected by? ghVPB?EI'%ﬁ*fﬁég85t¥€iF§ﬁﬁ?§bF§;ouégut Slgﬁahr ‘<HitSer for

transmttjng.and out putting a.desired frequency signal based on the
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frequency conversion section for shifting in frequency, always to a
constant freH@HAF%ifgharr an FHRRSSsiogh Iaf?%ﬁﬁékﬁﬁﬂuency signal.

11. A signal processing apparatus according to claim 8, 9, or 10,
characterized in that:
the frequency measurement section comprises:
a multiplier connected to the first A/D converter;
a low-pass filter connected to the multiplier; and
a transmitter for frequency measurement which is
connected to the low-pass filter and inputs an output signal from
the low-pass filter;
themultiplier compares aphaseof asensor signal sind obtained
by converting a signal of one of the pair of the vibration detection
sensors into a digital signal by the A/D converter with a phase
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obtai ned by converting a signal of one velocity sensor of a pair of the

vi bration detection sensors into a digital signal by a first AID converter
and output fromthe first AID converter, based on the output frequency
output fromthe transmtter to nove the input signal frequency to another
frequency band,; a second frequencyconversion section for shifting in
frequency, always to a constant frequency signal, an input signal frequency

obt ai ned By £OBUEHLE RA gRaSi B oftp@nather tveleshtii sensebrofrd iR Ry r of
the vibration detection sensors into a digital signal by a second AID

conver t erpand, QU JhtoBLtPe: Sefend rABreonyardar anhageduRns 1 0uput
frequency output fromthe transmtter to nove the input signal frequency to

anot her freguency. hand; 1809255 ri1tdPhase difference nmeasurement section
for neasuring a phase difference between a first frequency signal obtained

by conversi on as,d g, Const ait (L1 aauency S giabue Whisthl SuQuipULoL oD ¢ he

first frequency conversion section, a second frequency signal obtained

by conver i 00 86; 1, CONSAPL o LI SAHEACK 51 @DBLe - Gl ) 21001 Pl ddram € he

second frequency conversion section, e signal” processing apparatus
providing_t géphqiﬁidifference between the first frequency signal obtained
by conversion as e constant frequency signal, which is output fromthe
first frequency. conversion ction, @and the second frequency signal
obt ai ned by CorvERer SRR E Nes & onar A T F R GonEy S Rar e ST TS put
fromthe gggg&%ﬂi%ggLfg%D%fg%ﬂggé§l§¥%ﬁ% Cghggbt from the low-pass filter
and always satisfies a condition of V=0 by the transmitter for

frequency measurement.

12. A signal processing apparatus according to claim 8, 9, 10,
or 11, 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.

13. A signal processing apparatus according to claim 8, 9, 10,
11, or 12, wherein the phase measurement section performs processing
of a discrete Fourier transform (DFT) or a fast Fourier transform
(FFT) .
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14. 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 velocity sensors or 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 frequency measurement unit for measuring a frequency based
onan input signal frequencyof at least one of the vibrationdetection
sensors, of two flow rate signals obtained by A/D conversion on
two 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
vibration detection sensors;

a transmitter for transmitting and outputting a desired
frequency signal based on the frequency measured by the frequency
measurement unit;

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

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

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

the signal processingapparatus providing the phasedifference
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.
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