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Abstract 

Thedyna血cmultiplemeasurnngmethod,thatis,thedoUblemeasumngmethodoritsmprovedver8uon，
providesnotonlyaprecdsecalibrationprocedureoflinearsenBors,butalsoalinearsystemidenti逼cation

methodwhoseresultsaremdependentofdbmamicsofmeasuringdevices・ThepurposeofthiBtutorialpaper
isoffburfblds:1)togiveabriefreviewofGauss，doubleweighingmethodwhichhasbeenusedfbrmanyyears 
asasubstitutionmethodfbrmassmeasurement;２)topresentanewmathematicalmtemretationstothe 

doUbleweighingconcept,whichconstitutesthebaclEgroundofitsextenSiontodynamicmultiplemeasurmg 
methods;３)todescuBibethemmuenceofmeasurementnoiBeontheresultsObtamedbytheimproveddoUble 
measurmgmeth０．s;ａｎｄ4)tosuggesttheirpotentialapplicationsmhearmeasurementproces8eswitha 
fbwnumericalexamples． 

Keywords:Gauss，doubleweighingmethod;nnearmeasurlngprocesses;linearsystemidentification;double 
measurlngmethod;multiplemeasurlngmethod;measureInentnoise;signal-to-noiseratio． 

1．Introduction 

Thediffbrencesindynamicsamong 
measuringdevicesaffbctthemeasuredresults 

whenpluraldevicesaresimultaneouslyused 
fbrlneasurementofphysicalquantities、Ｔｈｅ

dynamicmultiplemeasuringmethod,namely； 
the“doublemeasuringmethod，，andits 

improvedversion，ｔｈｅ“improveddouble 

measuringmethod，，,wasdevelopedtorenlove 

suchdiffbrencesindynamicsfronlthe 
resultingvalues［1],[２１１nanotherword， 
theyprovidethemethodsfbrrelative 

compensationofthediffbrencesindynamic 

characteristicsofmeasuringdeviceaThatis； 

thediffbrencesindynamicsamongmeasuring 

devicesareidentifiedasmathematicalmodels； 

theidentifiedmodelsarerealizedasfilters； 

thefiltersareimplementedtothemeasurlng 
system；andthenthediffbrencesindynamics 
arerelativelycompensated・

Theeffbctivenessoftherelative 

compensationwasprovedinanexperimental 
measurementsystemfbrcalibrationof 

accelerometers［3］ａｎｄthatfbrasound 

transmissionloss[４１ 

Thesemethodsareimtianyproposedunder 

theassumptionofameasurementnoisebeing 
tobeignored・Inpractice,however)measuring
noisescannotbeignored,andanalysisoftheir 
influenceontheresultingvalueshasbeen 
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bodyandthattheloadingpoints,thefUlcrum， 

andthecenterofgravityofabalancebeamare 

locatedontllesameline・ＩｎＥｑ．(1)，zn

denotesthelnassvalueofasampleweightto 

bemeasured,Ｍisthemassvalueofstandard 

weight,andgisgravityconstant・Ｇ１ａｎｄＧｂ

ａｒｅｔｈｅｌｅｎｇｔｈｓｏｆｌｅｆｔａｎｄriglltarmsofthe 

balancebeam,respectivelyb 

Gauss，doubleweigllingmetllod[1]consists 

ofthefbnowmgthreesteps、

1）Firstmeasurement： 

Ｐｕｔｔｉｎｇａｓａｍｐｌｅｗｅｉｇｈｔｏｎｔｈｅｌｅｆｔ 

ｇoods-plateofbalance，amampulationis 

carriedoutbychangingthecombinationof 

standardweightsontherightgoods-plate 

tosettlethebalancebeaminequilibrium 

position・Intlleequilibrium,ｗｅｇｅｔ

Ｇ,"ｚｇ－Ｇ２Ｍｌｇ＝0．…(1.a） 

2）Secondmeasurement： 

Puttingtllesampleweightontlleright 

goods-plate，asimilarbalancing 

mampulationisconductedbychangingtlle 

combinationofstandardweightsonthe 

leftgoods-plate・Intheequimbrium，ｗｅ

ｇｅｔ 

ｑＭ２ｇ－ｑ腕g＝０．…(1.b）

3）Calculationofthemassvalue： 

Bymeansofthebalancedmassvalues， 

ＭａｎｄｊＭＥ,ofstandardweightsinthefirst 

andsecondmeasurements,ｔｈｅｍａｓｓｖａｌｕｅ 

ｔｏｂｅｍｅａｓｕｒｅｄｉｓｃａｌｃulatedbyusingthe 

fbUowingrelation； 

，Ｍ云う１７了三M!苦〃’ …(2) 

Eema29ASl：AstoEq.(1)ｗｅcouldgiveanew 

interpretationthattheequationimpliesthe 

coincidenceofoutputsignalsfromtwomnear 

systemswhosetransfbrcharacterｉｓｔｉｃｓａｒｅ 

ｇｉｖｅｎｂｙａａｎｄＧ２,respective1y6Thatisto 
say)thequantityGlzzzgcanbeconsideredas 

theoutputvalueofalinearsyｓｔｅｍＧｌｉｆｗｅ 

ｃｏｎｓｉｄｅｒｔｈｅｚｎｇａｓｔｈｅinputleveltothe 

system・Similarly)thequantityGbM:Pbecomes

thatofamnearsystemCMbrtheinputlevel 

Mg： 

desired 

Accordingly)theinfluenceofmeasurement 

noisehasalsobeeninvestigatedontheresults 

obtamedbyapplyingtheimproveddouble 

measuringmethods［5]、Theanalytical

investigationaswemasanumerical 

experimenthasthenrevealedthatthe 

influenceisappearedassignal-to-noiseratio 

ａｔａｎｏｂｓｅｒｖｅｄｏｕｔｐｕｔａｎｄｃａｎｂｅｒｅｍｏvedin 

prmciplewhentheimproveddoUble 

measurlngmethodisappliedtothelinear 

systemidentification・

Thepurposeoftllistutorialpaperisoffbur 

fblds:１)togiveabriefreviewofGauss，double 

weighingmethodwhichhasbeenusedfbr 

manyyearsasasubstitutionmethodfbrmass 

measurement；２）topresentanew 

mathematicalinterpretationstothedouble 

weighingconcept，whichconstitutesthe 

backgroundofitsextensiontodynamic 

multiplemeasuringmethods；３）todescribe 
theinfIuenceofmeasurementnoiseonthe 

resultsObtainedｂｙｔｈｅｉｍｐｒｏｖｅｄｄｏｕｂｌｅ 

ｍeasuringmethods;ａｎｄ４）tosuggesttheir 
potentialapplicationsinmnearmeasurement 

processeswithafewnumericalexamples． 

● 

2．BasicCoj【]LceptofGauB8，Dou】bleMeasur]l][】Lg

Method 

八

、ロ ﾛ周回

FiglSchematicofabalancebeamin 

equnibrium 

Ｌｅｔｕｓｂｒｉｅｆｌｙｒｅｃａｎｏｆｔｈｅｂａｓｉｃｃｏnceptof 
Gauss,doubleweighmgmethodusingthe 

schｅｍａｔｉｃａｓｓｈｏｗｎｉｎＦｉｇｌ・Ｉｔｉｓｗｅｎｋｎｏｗｎ
ｔｈａｔｔｈｅｆｉｍｄａｍｅｎｔａｌrelationfbrabalance 

beammequilibriumisgivenby 

腕gGi＝MgG2,ｏｒ"gG-MgG2＝０，…(1)

ｗｈｅｒｅｉｔｉｓａｓｓｕｍｅｄｔｈａｔｔｈｅｂｅａｍｉｓｒigid 
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staticorspecificdynamiccondition． 

０－□一□一
回一回一回一

y,ドル＆雨■
３．ⅡxtendedVerBion-Princip1eoftheDouble 

MeaBuringMethod 

31BasicldeaoftheDoUbleMeasuring 

Method 

Letusconsiderthefbmowingmeasuring 

situationtoextendtheoriginaldouble 

Weigllingproceduretodynamicmeasurement 

problems、

Weprepareapairoflinearmeasuring 
deviceswhosetransfbrfimctionsare仏(5)ａｎｄ

Ｇｂ(5),andastandardsensorMwhosetransfbr 

fimctionMs)isknown、Hereweassumethe

casewhereGl,(5)ａｎｄＧＤ(Jarenearlytllesame 

butunknown，Wethenconsidertheproblem 

todeterminethedynamicalcharacteristicsof 

anobjectsensorzzzwhosetransfbrfmction 

zn(5)isunknownthroughmeasurementofthｅ 
transfbrfilnctionratioofzn(5)toMs)[1]． 

■,ldl＝･Hｇ 

Fig.２(a)Measurementl 

９－□一回-
9-ロー巴Z]一

,Ｗ炉Ｇ１則■

QＭＯＩ－Ｇ２ｍｇ 

Fig.２(b)Measurement2 

Figures２(a）ａｎｄ２(b）showtlleblock 

diagramwhichmustratestheessenceofanew 

interpretationtoGauss，doubleweiglling 

principlefiPomasystem-tlleoreticviewpoint・

Figure2(a）mustratestlleinput-output 

relationshipsintllefirstmeasurementwhen 

thesampleweightisgiventotheG1-systemln 

otherwords,ｔｌｌｅｓａｍｐｌｅｗｅｉｇｌｌｔｉｓｐｕｔｏｎｔｈｅ 

ｌｅｆtgoods-plateofabalanceFigure2(b)does 
thoserelationshipsfbrthesecond 
measurement・

Theknowledgeofmechamcsteachesus 

thattheinputtothezn-G1systemｏｒｔｈｅｊＭＥ仏

systemisaccelerationofgravityandthe 

outputisthemomentoffbrceappｌｉｅｄｔｏｔｈｅ 

ｌｅｆｔｏｒｒｉｇｌｌｔａｒｍｏｆｔｈｅｂeam，respectivelyb 

Accordingly）ｗｅｃａｎｗｒｉｔｅＪ'1(2)＝ｕｌ(2)ａｎｄ 

ＪＷ)＝zJ2(Dinequilibrium,ｔｈｕｓｗｅｇｅｔＥｑｓ． 
(1a)ａｎｄ(1b)．E1iminationofGlandGbfrom 

Eqs.(1a)ａｎｄ(1b)yieldsthedesiredfbrmula(2) 
wllichdeterminesthemassvaluem・

Sincetheresultingfbrmula（２）is 

independentinlengtllofleftandrightarmsof 

balance,tllisfbuowsthatstaticcharacteristics 

oftwolinearmeasuringSystems，Ｇ１ａｎｄＧｂ， 

doesnotmakeanyinfluenceontlleresulting 

valueincaseofinputlevelmeasurement 

introducingtheconceptofdoUbleweiglling 

procedure 

Consequently）itisquitenaturaltoreach 

thattheconceptcouldbeequallyappliedtothe 

dynamiccompensationoftwomneardynamic 

measuringsystemsusedunderaconventional 

YH(8)＝ｑ(遍川ﾛ)xi（３）

U,(母)＝GB(3)Ｍ(団)Xi(８）

xi(３） 

Fig.３(a)Measurementl 

yh(8)＝ｑ(9)Ｍ(8)x2（８） 

Ｕ２(s)＝ｑ(8)",(8)x2(8) 

Ｘ２(8) 

Fig.３(b)Measurement2 

Measurementisconductedmthefbnowing 

steps： 

1）Firstmeasurement： 

Afterconnectmgrespectivelytheobject 

sensormtomeasuringdeviceqandthe 

standardsensorMtomeasuringdeviceab， 
thefirstmeasurementiscarriedoutunder 

asuitableinputexcitation,ｘｌ(2),andthe 

outputsignalJ,,(ウａｎｄｕ,(⑧are
simultaneouslyrecordedrespectivelyby 

tllecorrespondingmeasuringinstruments、

Asaninput-outputrelationshipwehave 

tllenthefbnowingrelation； 

巧(s)＝ｑ(8)腕(s)xi(s)，…(3)
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and 
storedinmemoryduringthefirstandsecond 
measurements，wecanobtainthesquareof 
transfbrfimctionofavirtuallinearsystem， 
wllichisdefinedasfbllows： 

Ｕｉ(8)＝ｑ(s)Ｍ(8)Xi(s)．…(4) 

E1ilninationofXi（５）fiomEqs.(3)ａｎｄ（４） 
thengivesusthefbnowingrelation、

巧仙一色LEl郷)＿ｑ(s)川（３） …(5) －－●￣， 

Ｕｉ(s）Ｇ，(s)Ｍ（８）ｑ(s）Ｍ（８） 

whereII(s）ａｎｄＤｉ(JareLaplacetransfbrms 
ofJ'１(2)ａｎｄｕ,(，,respectivelyb 
2）Secondmeasurement： 

Exchangingtheconnectingpositionsofthe 

standarddeviceMandtheobjectdevicemin 

themeasurlngsystems，theoutputsignals， 
”(Ｄａｎｄｕ２(1)，arerecordedunderanother 

suitableinputexcitation,麺(，．

Simmarlyｳwehavethefbmowingrelation； 

Ｌ(s)L＿亘旦旦巫Ｕ－ｑ（８）Ｍ（３） …(6) －－●￣， 

Ｕ２(s）Ｇｂ(8)"z（８）ｑ（３）’'０（８） 

whereＥ（５）ａｎｄＤＺ（８）areLaplacetransfbrms 
ofJD(，ａｎｄｕＷ),respectively 

EhminationofGh(s)/Ｇ５(s)fromEqs.(5)ａｎｄ 
(6)givesus 

恥脂鶚，…⑧
henceH,(5)ａｎｄⅢ,(s)areLaplacetransfbrms 
ofmputandoutputsignalsofthevirtual 
linearsystem,respectivelydefinedas 

L,(8)＝耳(8)U2(8)，瓦,(s)＝Ｕｉ(s)Ｚ(8)．…(9)

Sincethevirtualtransfbrcllaracteristic 

F2（５）hasoncebeenobtamed，thetransfbr 
filnctionHJofarelativecompensationfilter 
(calibrationfilter)canalsobeobtamedasthe 
squarerootoftransfbrfilnctionoftllevirtual 

linearsystem、Sincewecaneasnyimplement
thecompensatingmteｒ灰Jbymeansof
analogordigitaldevices,itturnsoutthatthe 

unknowndynamicsoftheobjectsensorznis 
giveninprincipleasfbmows： 

腕(8)＝Ｆ(s)Ｍ(s)．…(10）

３．２１ｍprovedDoubleMeasuringMethod 

lfitispossibletogivetheidenticalinput 
excitationtothetwomeasurmgdevices，we 
canreplacethesecondmeasurenlentblock 

diagramofFi9.3bythatofFig､４． 

淵:+薑[鵲ｒm
Consequently>itturnsoutfiPomEq.(7)that 

wecanevaluatethedynamicalcharacteristics 

oftheobjectsensorzmntermsofthetransfbr 

fmctionratio、(s)/MJwithoutany
infIuenceofmeasuringdevicedynamicsG,(Ｊ 
ａｎｄＧ６(5)． 

｣?mzaz9As2:Letusexplainafbwmathematical 

aspectsofthedoublemeasurmgmethod・Ifwe
considerthetransfbrfimctionratiozn(ＳＭＭ（５） 

and仏(J/G､(Jasasingleparameterbwe
understandthatEq.(3)includestwounknown 

parameters；、(5)/ＭＪａｎｄ“（５）/Gb(8)．

Therefbraonemoreequationisnecessaryto 
solvezn(ＳＭＭ（５）independentlyfiPom 
measurement・Ｔｈｅｎ,ｔｈｅｓｅcondmeasurement

isconductedtoprovidethissecondequationof 
Eq.(4)． 

3）Evaluationofthetransfbrfilnctiｏｎｒａｔｉｏ 
ｍ(ＳＭＭ(5)： 

Byapplyingthelinearsystem 
identificationmethodwiththeseoutputｄａｔａ 

xi(８） H(3)＝ｑ(8)碗(3)Xi（８）

Ui(8)＝G8(8)Ｍ(8)xi(３） 

Fig.４(a)Measurementl 

xh(８） Yb(3)＝ｑ(`)Xz(s） 

U2(8)＝Gb(のX2(８）

Fig.４(b)Measurement2 

AccordinglJGtheimprovedversionisstatedas 
fbllows： 

1）Firstmeasurement： 

Ｔｈｅｍｅａｓｕｒｅｍｅｎｔｉｓｔｈｅｓａｍｅａｓｔｈｅｆｉrst 

measurementofthedoublemeasurmg 
method． 
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Figure5mustratestllebloCkdiagramof 
measurementbythenovelmetllod・
Identificationconsistsoftwomeasurmg 

processes；tllefirstmeasurementandtlle 
secondmeasurement、

1）Firstmeasurement： 

Ｔｈｅｍｅａｓｕｒｅｍｅｎｔｉｓｔｈｅｓａｍｅａｓｔｈａｔｏｆ 

ｃｏnventionalidentificationmethod・After

connectingrespectivelytllemeasuringdevices 

Gａａｎｄｑｔｏｔｈｅｉｎｐｕｔａｎｄｏｕｔｐｕｔｏｆthe 

system，thefirstmeasurementiscarriedout 
underasuitableinputexcitation,Ｘｉ(Jandtlle 
inputandoutputsignals，Ｕｉ(5)andYi(5),are 
storedbythecorrespondingrecorders， 

Asaninputandoutputrelationship，ｗｅ 
ｈａｖｅ 

2）Secondmeasurement： 

Givingtlleidenticalinputexcitation 
directlytotlletwomeasuringdevicesGl,(5)ａｎｄ 
Ｇｂ（５）,theoutputsignals,ＪＷ）ａｎｄｕ２(2),are 
recorded、Wehavethenthefbmowingrelation

asthesubstitutefbrEq.(6)． 

喝(且ユー丘2121.…('1）
Ｕ２（８）ＣＤ(s） 

FromEqs.(5)ａｎｄ(11)wehavetherelationas 
fbnows： 

巧(s)U2(s)＝辺L」．…(12）
Ｕ,(s)Ｚ（８）Ｍ(s） 

ConsequentlJiwecanobtaintherequired 
ratiozn（５）/MJintermsofEq.(12)． 

Thisrepresentsthefilndamentalrelationof 
doublemeasuringmethod，theextended 
versionofGauss，doUbleweigllingmethod， 

wllichisappmcabletolineardynamicweiglling 

ormeasurementprocesses． 

器臺器川川
Equation(13)mpmesarigorousmeasurement 

equationinconventionalidentification 

processes、ＦｒｏｍＥｑ.(13),itisobviousthatif
weusetheobservedsignals,、i(5)ａｎｄｙｉ（５）,to

identifythedynamicsofthesystemZ1the 

identifiedresultmcludesthemeasuringdevice 

dynamicsGl,(JandCHb(Jbesidesthesystem 
dynamicsTU・Thatistosaybtheorderand

parametervaluesoftllemathematicalmodel 
identifiedwithtlleconventionalmetllod 

dependontlledynamicalCharacteristicsoftlle 

measuringdevicesusedfbrsignalobservation 
tosomeextent、

2）Secondmeasurement： 

Thismeasurementiscorrespondtothe 

secondmeasurementoftheimproveddoUble 

measurlng・so，wegetthefbnowing

relationsllip； 

Ｌ(s)＿ｑ(s） …(14） 

4．NOvelMethodfbrlmearSyBtem 

ldentiHcationlndependentofSenBor 

Dynam1cs 

Weconsidertlleproblemtoidentifythe 

dynamicsofalinearsystemTTwhosetransfbr 
fimctionisZ(5)．Letusassumetheinputand 

outputsignalshavetllesamelEindofphysical 

quantity．Weprepareapairoflinear 

measuringdeviceswhosetransfbrfunctions 
areClm(S）ａｎｄＧＤ(5)．fbrobservationofthe 

inputandoutputsignals,ｂｕｔ仏(ＪａｎｄＧｂ(8)．
areassumedunknown． 

回→加州･…ロ
回一uM-…

･田、

Ｕ２(s）ｑ(s） 

ＡｃｃｏｒｄｍｇｌＪｉｗｅｃａｎｅａｓｍｙｇｅｔｔｈｅdesired 

transfbrcharacteristicZ(5)bysolvingapairof 

Eqs.(13)ａｎｄ(14)asfbnows： 

『(･)薑淵:｝…⑮
Equation(15)impliesthatwecanobtam爪J
withoutanyinfluenceofmeasuringdynamics 

Fig.５(a)Measurementl 

一
一

四
四一‐‐‐‐‐‐‐一

昭仏)－ｑｎＨＭｑ

賜位I■ＧｂいMLN

Fig.５(b)Measurement2 
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ＧＩ,（５）ａｎｄＧｂ（５）．Tllisalsosuggestsusa 
potentialapplicationoftheimproveddouble 

measuringmethodtolinearsystem 

identificationproblems． 

鱗騨|川
T伽薑;毒h+:妄髪(二｝

=』2型l2LS塗竺121L…且坐,1211Ｌ…('9）

ＭＯＩ 

期例 晩川

■川

凸IOD

Fig.６(a)Measurementl 
■b川

釧側正男簿:；
⑫例

Fig.６(b)Measurement2 

5．MeaBurementNOiselInfhenceonthe 

Udemti病cntion

Theidentificationprocedureduetothe 

improveddoublemeasuringmetllodsucceeds 

underthenoisefreecondition，However）in 

thecasewhenthemeasurementnoisenj(Dand 

v研(〃(存1,2)cannotbeignoredinFig､５，onlytlle

signaMW),J"(，areaffbctedbythenoiseare 
observe｡，ｗｈｅｒｅｉｔｉｓａｓｓｕｍｅｄｔｈａｔｔｈｅｎｏｉｓｅ 

ｎｊ(2)，Ｊ団(か（左1,2）arestationarytimeseries

witllzeromeanandtheyareuncorrelatedto 

eachotller、IftllesignalszW)andJ5(2)(左1,2）

areusedinsteadofpd(1)andzf(か,respectively)

fbrtheidentificationduetotheimproved 

doUblemeasurmgmethod,thentheresult 

ﾃ(`)-淵３
－ｚ,(s)＋ﾜﾉi(s）Ｂ(s)＋Ｍ（８） …(16） 

５Ｍの）Ｓｊ,2画2(の)’十(S,2,2(の)/sh2"2(の))-］

where＆叩j(の/Sl2mj(ddenotesthesignal･to
noise(SN)ratioattheobservedoutputfrom 
thedeviceG6・Therefbre,tllesystemTcanbe

identifiedfiPomtlleobservablesignals恥Jrand

SNratios・Ｔｈａｔｉｓ，themeasurementnoise

influenceontheidentifiedresultappearsm 

thelastmultipliedterm； 

’+{s山,(の)/S"M(の))-１

’+{S,2,2(の)ハュ"2(の)}-ｌ

ＳｉｎｃｅｔｈｅＳＮｒａｔｉｏＭｂ４ｎｊ(の/ShmjU(ゴー1,2）

aredeterminedbytlleoutputchanneloftlle 

deviceGh,theyareapproximatelyregardedas 

equivalent・Ｔｈａｔｉｓ，thesystemZvcanbe

approxmatelybeexpressedby 

T三sy1刎(の）ｑ２卿2(の） …(20） 

Ｒ(8)＋jVi(s）Ｚ２(s)＋Pb(s） 

isnotexpectedtocoincidewithZ(5)． 

Sincethenoisenj（２）ａｎｄｖＴ(，（左1,2）are

uncorrelatedtoeachotherbtheFourier 

transfbTmationofthecross-covariancefbreach 

ofthesignalｓａｎｄＵｊ(2)inmeasurement 

j(存1,2)yields

ｓＭ(`h)）Ｓ),2妃(の）

MoreoverbShm(の/Shjm(鋤ｉｎＥｑ.(20）is

consideredasthefrequencytransfbrfilnction 

ofthesystemwhoseiｎｐｕｔｉｓｚＩｉａｎｄｗｈｏｓｅ 

ｏｕｔｐｕｔｉｓ〃Thus，tllesystemTis

approximatelyequaltoTofEq.(16),wllichis 

identifiedresultbytheimproveddouble 
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(存0,1,…,399),wasusedtocalculateJ'(のａｎｄ

::二:::鰍|小⑳
Basedontheobserveddatayl(Ｄａｎｄｕ,(Ｄ 

ｄａｔａＪ'(Ｄａｎｄｕ(か，theparametersofpulse

withleastsquaremethod[６１ 

示し)臺鶚鶚姜三三鶚

Conventionalmetllodisinfluencedby〔)も(2)ａｎｄ

measuringmethod・Thismeansthatthe
noiseinnuenceontheresultidentifiedbythe 

improveddoublemeasuringmetllodcanbe 
removedbytheprmcipleofthemethoｄｔｈａｔ 
ｔｗｏｍｅａｓｕｒｅｍｅｎｔｓｌａｎｄ２ａｒｅｒｅquiredfbrthe 

samemeasurementdevices・

ＲＤｚｎａ２９ｋｓ３：Inmeasurementsland2，tlle 

inputsignalsx,(2),麺(Darenotnecessarilythe
same、Especially）whenthesesignalsxl(2)，
麺(ガaregeneratedfiomtllesamestochastic
sourceorthestatisticalpropertiesoftllese 

signalsaretllesaｍｅ，ＳＮｒａｔｉｏｓ 
Ｓ,,p,(CD)/Sh1n1(uﾉﾘ，ａｎｄＳ,Ｍ(Cu)/Slz2蝿(6,）coincide
witheachotllerandtlleequalityofEq.(19） 
holds・Tllismeanstllatthenoiseinfluence

canbecompletelyremoved． 

6．FeaSibilityStudiesThroughSimulａｔｉｏｎ 

ｌｎｏｒｄｅｒｔｏｔｈｅｖａｌｉｄｉｔｙｏｆｔｈｅimproved 

doUblemeasurmgmetllod,wehaveconsidered 

afbwnumericalexamples［3],[5１The 

examplesshowfbrdiscretetimesystemssince 
theabovediscussionisalsovalidfbrdiacrete 

timesystemstllouglltlleprevloussections 
dealtwitllcontinuoustimesystems・

RefbrringtoFig5，wesetupadiscrete-time 
simulationmodelasfbmows： 

酢)＝0.314330＋0.012327z-1-0.302003z-2,…(21）
1-1.913713z~'＋0.938367Z~２ 

ａｎｄ 

:i二二二i:i菫i芸ニニニト⑫
Substitutingz＝exp(/MPintotheabove 

sampmngperiod（0.02ｓ)．ThereSultsare 

outputsignals,七,１(か，ｕ,(か）anMy2(か，ｕ２(か）
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Thefrequencyresponseoftheidentified 

modelisplottedinFi９．９ａｓｔｈｅｓｏｌｉｄｌｉｎｅ、
Thedashedlineindicatethatofthetrue 

systemnandthedottedlineindicatesthatof 

themodelidentifiedbytheconventional 
methodHere,theconventionalmethodmeans 

theidentificationmethodbywllichthe 

influenceofthemeasuringdevicesisignored 
Thatis，ｔｈｅｍodelidentifiedonlybyusing 
datau,andylofmeasurementlisregardedas 
themodelidentifiedbytheconventional 

methodSincetlledataaffbctedbythe 
measuringdevicesGband的ａｓｗｅｌｌａｓｎｏｉｓｅ

ｎｊ(，and２ﾒｶﾞ，theidentifiedresultbytlle 
conventionalmethodalsoincludesthe 

diffbrenceindynamicsbetweenthesedevices 

andtheinnuenceofnoise・Ｔｈｉｓｆもｌｃｔｃａｎｂｅ

ｓｅｅｎｉｎＦｉｇ、９，wherethedottedlineisapart
fiPomtheothers・WhileFig､８showsthatthe

responseofthemodelidentifiedbythe 
improveddoublemeasuringmethodiscloseto 

thetruｅｏｎｅ・Thisimpliesthatthe

identifIcationmethodbythedoublemeasuring 
methodremovestheinfluenceofthedifYbrence 

indynamicsbetweentwomeasuringdevicesas 
wellasthemeasurementnoiseTherefbre， 

theimproveddoublemeasurmgisusefmleven 
ifthereexistsmeasurementnoise． 
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７．ConClnBion 

Therelativecompensationofdiffbrencesin 

dynamicsamongpluralmeasuringdevicesis 
sigmficantfbrprecisemeasurement・The

dynamicmultiplemeasuringmethodhasbeen 

developedandappliedfbrtherelative 

compensationbytheauthorandhisresearch 

group[1]~[5１ 

１ntllistutorialpaperbtheauthorｈａｓ 

describedthebasicconceptofthedynamic 
multiplemeasuringmethod，theextended 

versionoftheGauss，doubleweigllingmethod， 
andhaspresentedtheanalyticalresultonthe 

measurementnoiseinfluenceandafbwresults 

ofnumericalfbasibilitystudiesareglvento 
suggestthepotentialapplicationoftllis 

methodtopracticalsystems・Here，ｔｈｅ
ａｎａｌｙｓｉｓｉｓｐａｉｄｔｏｏｎｌｙｔｈｅｃａｓｅwhenthe 

improveddoublemeasuringmethodisappmed 

Fig.８FrequencyresponsesofTwith 
identifiedresults 
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tothesystemidentificationproblｅｍ，butthe 

similardiscussionisavailablefbrapplication 

ofthedoUblemeasuringmethodortlle 

improveddoublemeasuringmethodto 

calibrationproblemsandcontrolproblems． 

-AnApplicationofthelmprovedDoubleMeasuring 

Method-,,，ＥｍｃＤｅｄｍｇｓｏｆ鋤ｅＬＭＥＫＤＺ１Ｃ７ｈＺａｍａｔＵｂｊＴａノ

6bzmpoammonArti肱ﾉﾋﾞﾖﾉhZBZZig巴ncBM9asuIWn“tａｎｄ

⑰"ｔｍｊｌＡＺＭ９ＣＷ,Kyoto,1991,ｐｐ､245-252 

[3］Ｏno，ｍａｎｄＳｕｎ，Ｊ，“OnMeasuringMethods 

lndependentofMeasuringDeviceDynamics,,，Basjb 

M9tmjq〃and4J2pZimtjDnsEditriceLevrotto＆Bella，

Ibrino,1994,ppl2-17 

[4］Wada,、,Ishizaki,Ａ,Ono,mandKurobe,Ｙ,“An

ApplicationofRelativeCompensationMethodsin 

DynamicsofMeasuringDevices:Innuenceofmicrophone 

dynamicsonsoundtransmissionloss,,,PhD“edmggofWbe 

jMEKDXrVIPbl９AノGmgmasaVbLV;Iblmpere，Finland，

1997,ｐｐ７－１１ 

[5lWada,Ｔ,ａｎｄＯｎｏ,Ｔ,,``NOiselnnuenceontheMultiple 

MeasuringMethod,，,ＥｍｃＢｅｄｉｎｇＦｏｆ幼ｅｊＭ囮KDXrV

IWbzAfCbngmessⅥenna,Ａｕstria,2000,ppl91-194 

[６１Bracewell，Ｒ､Ｎ，‘ITheFourierTransfbrmandlts 

Applications,”McGrawHiUPublishingCompanybNew 

Ｙｏｒｋ,１９６５ 

[7]Ljung,Ｌ､,"Systelnldentification:TheoryfDrtheUser>，， 

Prentice-HaLEnglewoodC1iffS,1987 
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