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METHOD FOR THE EVALUATI ONOF MEASURENMENT

UNCERTAI NTY. AND A DEVI CE AND SYSTEM THERECF [ 001] This
WO pweniseen rel ates to the eval uation of uncertBCTIEG2005/m00268
art |cFuJ ar % net hod forMevgl uat ng cer a| nt

-----

i nvention al so relates & Eﬁéo#’r ogr anms for
carrying out said net hoﬂ%ﬁﬁjt er progranmed
system contai ning said conputer prograns, a system for
measuri ng and eval uati ng uncert ai nt associ ated with
s di081heasThivinaition EirtRARAENEYalTRtioNHEE UNRA7EITH ONPAriRYERT. @ method for
| brati of measurenent .equi pnment and testi of . .
evs a’mgdpger%u‘gy @dﬂeﬁereglegtgrc?m%% o%tfhy rBeiasgréngl %;Plgfn B The invention also
refafS t B&né] @*Qﬁé £5 caRfhg RN i@ Hethol Afd Q%ﬁmﬁuqereﬁroérgmmed system
assess the conformty to neasurenent standards,
confafhind deidGolplitem@bgrhmsliatspserth dorintdaeuiring tahd B\Biluaﬂrtgimdaitaliﬁy associated
such as SO | EC gui des and standards. On the other
withzpatd, meagirementt i on and testing | aboratories are audited
by | aboratory accreditation systens to assess for
conformty to I SO IEC 17025 standard (I SO I EC 17025 -
Gener al requi r emregacdioUNIEOE HHiRSLeEBeAON! testing and
calibration |aboratorres). [U03] AS a requirenent to
conformto | SO I EC 17025, accredited testing,
calibration |aboratories and in-house |aboratories of
ne[ﬁ@?]act L@ahh@ﬂ@bﬁbme?%ensﬁné cAERMPTH cadtiestiag Hf psrducts are commonly
carrle u?l.‘{;t% %lbfa?org htgstlrnae Soﬁé#]r ersreerlﬁd a%rifl c’tur%r 0%4&39 gs t? assess the

uncer
coh#aﬁh.fy tb abiiemérk sidhdard, inBladihdb@tnbOimiee ! 'fd lhtfefn%ﬁ&rfél sté&%ls such as
In principle, neasurenent uncertainty is associated
ISHHIED gtites areisatarldards Cn thre athar famémallbrhmn and figstirgsiabdratories are audited

o RS o BHo ey e 3PREbo P L B ped  sonec
nfoé’éﬂbgh%g &Lﬂhma&s +onmbeghséerrcés ﬂes}ﬁglan@ G20 1SRG ries).
accorded to the neasured val ue |es w thin the range

defined by the uncertainty interval. In real life, any
nmeasur enent is subject to inperfections and errors

(S[ygf',’lsnat’l\% adﬁ@,lirplgﬁ@otmconfg@ gp RYEG &7RA2A+t ageredited testing, calibration
Iaborasor@ et emVHoP?]eora]%;orapongs o# manu &un:&lc Eobr&ePaHleg aré %cmlrgd to evaluate

ocrated W measur enen cor
urldB R BTBRr hesUlehefh RElID o BaliBREGeHT P, eé’ndbﬁé lﬂélude such uncertainty
estimation of its uncertainty, wth
evaluation to their testing result or calibration certificate.

[004] In principle, measurement "uncertainty is associated with & the result of a
measurement that defines the range of values that could reasonably be attributed to the measured
quantity. When expressed in a specific form, uncertainty indicates the level of confidence accorded
to the measured value lies within the range defined by the uncertainty interval. In real life, any
measurement is subject to imperfections and errors (systematic and random), so a measurement
is incomplete without an estimation of the uncertainty associated with the measurement.
Accordingly, a measurement result should be accompanied by an estimation of its uncertainty, with

which user could tell how well the measurement result represents the true value of the measured
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represents the true value of the neasuredquantity or
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with refer nc valu S Oor resu

q&fﬁnfngfg{r Ig{?ﬂ g§§8§sctgg rehfta ﬁ rEESHl m&gwgrgog!wﬁti rgférgrqge values or resulfs
fr&ﬁ?fff’élreﬁfg%ﬂltces errors rmy arise due to factors that

i nfluence the outcone of a measurenent. For exanpl e,

resi stance neasurenents carried out in an environnent

where tenperature fluctuates may give rise to Iar%}ea&_
valQQali on$ thercaurse qfr@a@q?ﬁl@amerw Eropnay isp She fodactorginapinguence the

y o t wo_cat ich .
offind SRR LR oL S aHerie cefichee PRpR BRI i s @ orvronment
width §6npeRRig @ﬁ@t@aﬁés%a%f glv%LHéQ tcAErgh FARHAGASih e imeabhred Saif of resistance.

tenperature, humdity and air-pressure, would affect
Etrars tdne fmvdasem&!yeih&ded aisto |ttvo rcaﬂed@mb,ywhlé’o’y siearBdanT erors @ng systematic
such as neasurenent instrunment's circuit insulation,

e HpsediopnSO @@@P&%@O'@ﬁ PivasUSH 38 TaHER THetéatiPRhSfderararature, humidity
aré(P%FfB t ec Z#ectstg %ﬁe {n'eg atrérrg)erhf (r)e%u an%omf?ngn)és‘i mbatlc errars, such as

f'act orer ong
mféa&;?erpém %Hurﬁ&ﬁ@ teReuitli &Qf&.oﬁfram.sn Qbulb HRAMEEH Xtfer G physical
be estimated by repeated neasurement results, and:
treﬁrﬁ/emt:lsmufai spacffitationtof meesurensntcmmpinentembmrfmuﬂelr sbpanual or long time
vari ous ways, such as |ong experienced netrol ogy
olservel fataof QUUPAEScal know edge, technica
speci fication of neasurenent equi pnent, manufacturer's
manual or long tinme observed data of those equi pnents.
[ Ofoti6]Ac c efréhitd 6 Irahdofhroks dzA bk &k ithated By repeatddrrfsdstretentresults, and
measur enent general ly consists of several conponents.
efftpisnd systametin emars canee dstimgied bpeatiopswaysi sneh ea*pe@g@rpre@e@ced mefrology

d th i n_whi h
S GEERI I Fe ot B S BB AR P
mBRS N BASnAe SHhaF& dahLt 1R bYRSndins. and those which are

eval uated by other neans are classified as type B. The
final report of uncertainty should contain a conplete
li f all the conmponents and specify for each
fﬂﬂ? ent AcaoEdingiy KSd eIty B tBdtesithofi & BepryfREanE ggnerally consists of

s W%ra‘r‘ ?,omsploggrﬁl T@és%rﬁoﬁqgﬁéﬁﬁ sy br?gd;sés“@?‘ﬁe A o B RAL g&?%? Séco%‘é‘?o the way

or eva unc

mamlcrdh&{ RUneiital %106 RSStiAAEd.Mvse manararépémash Bpétansncal methods are
measur enent uncertainty. To provide a basis for the

classified matyipe Ma bndibagsawtiichonre efalyatedshyr alitas meaneangl dassifiadas type B. The
Qi de to t he Expressi on of Uncertain i n Measur enent
flr(aé[m cmty §H8'§ cBrg}a(p g@oinﬁletfélgtyf 3@1 Egle icempe{ients and specify for each

component the method used to obtain its numerical value.

[008] Over the years, different approaches have been used for evaluation of
measurement uncertainty and different expressions have been applied for measurement
uncertainty. To provide a basis for the international comparison of measurement results, the Guide
to the Expression of Uncertainty in Measurement (GUM) was published by 1SO in 1993 and is then
widely accepted for a wide range of measurements among many couniries. As a technical

requirement of ISO/IEC 17025, uncertainty evaluation is recommended to be executed based on
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wi dely accepted for a wide range of neasurenents anong

many countries. As a technical requirenent of SO IEC
wazezb1sesncertai nty evaluation i s recomended POT/BE2005/000268

execut ed based onl SO-GUM [009] The US patent 6640607
IS9r@Moses a net hod and apparatus for calibrating

measuri ng machi nes. To nmanage uncertainty in

measur enent usi ng neasuring machines, this nmethod is

cajgdi9] e ofhadlsi patemtgeaiObTRiseldsesak i thethdd @nd dpparatus for calibrating

contrast to the previous ones which perform ; _ )
MezEUTing MEFtitEShYO MABRYY HREGTIPLY ik eastFerBRmugipe Mmegk\diRgmeaghines, this

cal ibration, .the patent discloses the st . .
mifed & GiveRg ot PP R AR S SUPRRG LSRR B B pomyipy ones whien
perdlnh BARIREh B4l sialRd ARHRE IToNRASH At IBCEHIBHBtidnOthB Patent discloses the

calibrated i'n such a manner that .a nmeasurenent space
stés df besitionfng meeferencrerasasutinggmanhbh ipreviously saliprted rapd s dbjesh measuring

a measuring space by the object neasuring nmachi ne; .
maehingi te ba gal%ratesitin ich sUPRmeRhat AP eRsYTeMeB RPRFRLYIRG iqrence measuring

asuring _.machine and second neasur nt Q9 o
ORI P ORI BT ID{R] TRERT D PR eeRp 5 g g fo
mERURSenlBARK HoROhEBERENReRaFRINSRINE RAd sbdohl nABurEMERWEues from

measur enent val ues. [010] In another Japanese patent
thd Bf&re2@MSBkinganathinéicad chlibeding tietobjagt meas@ingaiachipe bdsed on the first
coor di nate nmeasurenent of one point is proposed. The
andesepy rerssiRBERYa®Re uncertai nty of coordinate
measurenent of a calibrated coordi nate neasurenent
machi ne (CVM based on the uncertainty of |ength
WEEIBMA ene it aneiheS Rbsheda phtehtatoag 26EMNbA, | hmetasd bftastirating ubertainty of
met hod addresses probl ens associ ated wi th nodel Iing
caorinatre Ineasusemend fof 9ne edoinhiisn PPPosed.a TiEVMettod Jepjimatae the uncertainty of

Dani sh Technol | . Institute, devel d t
O SRR T AT BRIt TFoep i eC e CHD gpsed on the

urﬂi@ﬁaﬁﬁp SFRALth WRLSEL ALY said Rhibrf ENRI. 6 SAHMURF {te method addresses
calculation of statistical treatnent of uncertainty

preblains asdooiatet avilesiodatiing $6-tEbtiouHofveeertajnty ih adiMig. not
include or is not associated with physical neasurenent
equi pnents to support neasurenent. Therefore, GUM )

VOfd PN C N rbOBLA P F ot L indH NG &BeARL! R03 sottware named ‘GUM

tories resear wever ,

WoHbbadl for fHercaliilaihi of #eatiFemért uh@pthihfyITHA Sbfgatd duppdris@alculation of
| aboratories or manufacturing industries. [012] O her

staijsficad fresimentiad unagriaiety eudivation bassd vatl$@E Uk Howeyes, ilpdep not include or
. For example, S.D.. Phillhgs et al. gl] ragfse a nethoq ;

ISt 2Bt InnR YRR SURASHEREM SRUBMESE P yPUBRAT g e fegient. Therefore,
GUWWBMHCQ Bould be used for high-end national laboratories research level. However, it is not

suitable for practical use in testing and calibration laboratories or manufacturing industries.

[012] Other approaches for uncertainty evaluation exist as well. For example, S.D.
Phillips et al. [1] propose a method for calculating measurement uncertainty using prior information.
Bayesian inference is used to include prior information about the value of the measurand in the
uncertainty calculation. Another approach by V.J. Barwick et al. [2] aims at the esﬁmation of the

uncertainty associated with recovery particularly in relation to analytical chemistry. In addition, M.G.



10

15

20

25

30

Bayesi an inference is used to include prior
i nformati on about the value of the neasurand in the
W(Dimneiolfﬂs'smy cal cul ati on. Anot her approach by ROT/SG2005/000268

sy T Ry s beted et werBedts JF phiPelly Yfigton pocorang o
|SbQi3(§m_l on to analytical chemstry. In addition, M G Cox

and P.M Harris [3] present software specifications

for uncertainty evaluation according to ISC>GUNI [013]

q L: t he devel opnent of the nmethod and it
n@ Shent RSP ther dersloameni 9iile awiied AAdis 'BSP’eFP&H?“O“ of unertainty

e t 0 .0
oBPEHy 5 AR AL, L RRLARR T eamon
urlEBSHY @alaAbh @F n¥aBRed baltd) NRe rmtaibea:s mefHBld, WafGard Rfd equ1pments
equi pnents expl ai ns sources of uncertainty quantity by
explagasourges of undertaisty gaardity byloeartityi suches imssa elpefric resistance, temperature.
tenperature. Sources of uncertainty which affect thos

SRYRER Of HIoSEaIRy RN Bt oS BHYTLICATP JITeRzrtPhyaFeleand can be provided

s iy erience in nmetrol ogy. [014]
ﬁﬁéc @ﬁhaiﬁgg} I's an object of the present invention
to propose, clarify and eval uate uncertainties source
by source and finally reach the uncertainty evaluation
bul®@dél t atvicerdingly, it is anmbiaetdf the oreaent giypation tcuibropche, clarify and evaluate

resent invention to i de a st em whi ch
B} O DpFAEE Tl AN B A P oGRa A BieT et tale. i an

I [ v,
B8 B0 66t PR RN, S0 oL S5 9 o

uricertinty évatifatia@sip f:estingﬁndtcbl&)rqnbie&Bdirhtoriés\/aiﬂtrmamntacﬁih@ruﬁﬂustﬁes.
provi ded a nethod of evaluating uncertainty associ ated
wth the value of a neasurand derived from

nmeasurenents of a d§UMﬁﬁ '8#¥Héﬁﬁ%NTl nmet hod
conpri ses pFOVIdIngﬁfﬂﬂﬂééﬂEWTtahﬂﬂ£§§ in which the
measurand is expressed as a function of (i) at |east

one physically observable quantity, said quantity
bel0i§] as stxspraingdo wifirst aspect efdbe present svantios, there is provided a method of

certainty. in the neasurengnt of the device nde
SIS AN FospEeq BB HenBRo\A PURSHBr=aL AR 8T digepyremens of a
de%.l,é ﬁﬁ&é@@sﬁ Tﬁéﬁgﬁbé}%n’iﬂ? isé&s Jr&/f o‘?r{geeprﬁgthgrﬁ t|c§|‘?'nodei in which the measurand is

Measur enents of e reference value of the reference
expésaicana Mmdtibn a8 (i e leastl o pHysically cah‘serivéiﬂétquame/, said quantity being

physical |y observable quantity are made. Uncertainty
aspegiaieswitly ¥ leeRbenederiee At yneertaintbim tihmerrssamantofdhr @eVige upger test, and

d
G PG P I cheBoriie BBl SR e TG JfigeMggourements of
thk N&er@hcd GARL ofORE reRih&E dice WRCKREI & HeYvaRRDRE at least one physically

reference val ue of the reference device.
observable quantity are made. Uncertainty values are then determined from the measurements

using the provided mathematical model. The mathematical model is formulated to take into account

the value of the at least one source of uncertainty and the reference value of the reference device.

[016] The above method is based on the uncertainty evaluation method proposed by the
International Organisation for Standardisation (1ISO) in the document “Guide to the Expression of

Uncertainty of Measurement” (ISO-GUM). In principle, the method comprises a first step of modelling
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[016] The above nethod is based on the uncertainty
eval uati on net hod proposed by the Internationa
wax@anisszr i on for Standardisation (1SO in thePdDSGIIOHD00268
th%rgé%?néeh:gaﬁ{ w(?tE\ IE%%I es;‘i%) l%'\lunﬁ%ra&]%tng{ %i‘ffﬂr]ﬁe tr%lat'éanship between the
mEQa”FHnH $6& afsdubdes o éﬂc%ﬁal&fes WRRE Iy RE&tFIRIETRARAINRIERA Bty associated with
with a viewto establishing mathematically the
the eleatirengti Ip tHeeteomerstaph meamesuanavalues ofithaimeaswandas! valfues regarding
uncertainties which may contribute to the uncertaint

258 SOUTR ObUNRHHY (YN FOHEBHE fRo e, SomAInE KRB G pRigned. In the las
stgF %%H{?%QF %d Vsﬁalh&%gl Qrfalsjs Ss 'Igﬁlgt#‘ é)lﬂﬁ?) @\\%ﬂlaféauﬁégﬁam of the measurand

each source uncer Ich contribute
fot|&}wﬁd}ﬁe w@umq;ﬁodé&g‘rsrt ainty are obtained. In the | ast
step, nunerical and statistical analysis is carried
out to eval uate uncertalnty of the neasurand fO||0MAng
ﬁg O GUM procedure. [017] In another aspect,
i on 1t ehEB SoReS: 'Pwe'ﬁ?wr%mrﬁ = AT .f%gexecutmg the
abovg {negt%%gd Eﬁ%{%& %8@ Mﬁlfstée}g)qogr ng%@%é‘fjhdg &QF ﬁ{syg?%e (tG(l)JI) for users

I'ns a graphica
toQ@Hthl e &@&tn&%&@éﬂs’s qfhlsﬁﬁ\léﬁﬁﬁmsalsoT&bﬁs id’la\/&iﬁfdutéﬂ pdb@fh product, such as
relates to a conmputer program product, such as a
a stbraga gediom déontainingding alione ceniukes Peig@Ie conput er program
[018] In a further aspect, this invention relates to a
system for practical neasurement and eval uation of
as at el LNGRE LalJY Yis lﬂ_@%’uﬁy Fafe@t&gggfs'teﬁ for Blfactncal measurement and
surenent equi pnents f physi cal neasurenent
e\&ll.@ﬁcﬁ‘ﬁdf aSsudiatedl uneertaind T AE sysfnt corBists@d rebgirément eﬁth;ﬁnents for physical
measur ement equi pnrents, and a_conputer progranmed
mp?%'t%@é't ednoess cqmﬁplteqwemeréwaﬁ fPacPMiglling themegpyegent equipments, and a
ciated with the v

C?Pg)él er Iproggmed pﬁff@ﬁ cqn?rol unit Cﬁ evalﬁl 5 Hﬁceﬂ? P]tg %géo\é%%d.wuﬂ e value of a

n ano

mggguagn@ge,ﬁ@d%,a\mgagme,hgﬁsfor automatl ng the msasur emsnt
of electrical resistance of a device under test and a

standard resistor providing a reference value. The
5 box co rises a first connector for. t%gc@in% )
ntOByi ol rier sooet. e ENCTRG TEGIRdE: DroWigH box for dutomating the
m%&éu?e‘?&'npgf Lib&rcsl ?e@gpaﬁge beh %E\%bcﬁncfe?%sﬁtém a s?eW\Qara resistor providing a

resi stance conparator connect ted t he first and

refe€r28 ¢al0€. MR GiwatE!s box ébdplisebhefiret mp&ﬁrgor(étta&m@ the device under test, a
invention will be nore fully understood in view of the
sqoghd @mwgmﬂéyc#ﬂapmmgnﬁﬂe steger gefergnes FRSIStoONi #Rdt p gsistance comparator

connecqu ?he first ar‘1E secon cc}nrﬁ)e;ﬂtocrjs\l OF THE DRAW NGS

[020] These aspects of the invention will be more fully understood in view of the following

description, drawings and non-limiting examples.
BRIEF DESCRIPTION OF THE DRAWINGS

[021] Figure 1 is the procedure of uncertainty evaluation according to ISO-GUM.

[022] . Figure 2 is an example of a theoretical model for resistance measurement.
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[021] Figure 1 is the procedure of uncertainty
eval uation according to 1SOGUM [022] Figure 2 is an
we@molwsnf a theoretical nodel for resistancePCT/SG2005/000268
nﬁgég ement . %8 Fi ure 3 is the %rocedure %f bod p
ai b9y & et %Fugec%wa?ff?@% alAlion &SR Hig fine fnbodiment o
thn& MSntloRvention. [024] Figure 4 lists and explains all
e components of the mathematical nodel corresponding
tq02|4]3 expigypé e diéts Firgueeplans [02b¢ dompuifiedtsS of shemmathematical model
exanpl e of a graphic w ndow show ng the proposed
coffagneadiag odlka exgpalerf Figide Bhe expl anati on of soms

di
CTDRATT 0 Pale 8 Bhatriste B 8 rhic T8E) MeMya e bitbRed pathematial
m&m Lk RORAMMBEMN of Sbmé B%%ﬁﬁ%&%@ﬁ%ﬂ&th&%nﬁﬂ&@m@ﬁ@&% invention

of the invention. Figure 6B shows a budget tab
aspr coppuetlpbograinhe system [027] Figure 7 |IIustrat es the
procedure to carry out measurement and uncertaint

evi8R6ht i ofiowse 86riy narig'mt empedimen; of dheesisisar implemesting %P gnethod of the

nvenFJon 8 sho |se mass

iR ol 0p P P S R RG o PHBSBBIT 1 enbodi rent

Of[IOQhLS | IMPO PstrakddZBl FroBduRe B kit %utaﬂ'n@aﬁfm'héﬁ "¥hd uncertainty
all the conponents of the mathematical nodel

evaloatioagpomdingig tHeahitdeenHodinrehhoféinbiodentient of Fi gure 8.
DiIéAI ED DESCRI PTI ON [ 030] The present invention is
b on figHEe £ FORR PrREISSt RESSeRaRsyEpMeph frgnework according the fourth

er%%gg{e%r\égm%{’&e%po be made highly accurate by carrying

Ions of uncertainty values based on a

ugeretel exgpsl grmith et efMind M elhe Wdhipbndhed ofthy/ rale@fatical model

into consideration sources of uncertainty associ ated
copiespondihetorirefouriheambadimentaf Figete ut on t he devi ce under

test (hereinafter referred to as "DUT"), but also

i ncorporates nodification functions froma user based

on the user's netrol oge¢al EBEEdmE6N [ 031]
Furt hernore, the neasuring equi pnent nay be controlled

to perform neasurement by |east factors of

ucer ainties based on enpirical netrological )
QB Pl enclhe presaat invepton; 'ﬁ%ﬁ?@l%ﬁhepf"ﬁ\'ﬂpﬁ@é qYeltalion of wcertainty can

be\?\rﬁﬁ%ﬁei hzq%l)}i‘%gg'&%?%&Fym%fou?@a?&lllatlbgs mﬁéeHglﬁIQQIaliués‘ lpgsgé grpg %ger—selected

mathematical model which not only takes iﬁto consideration sources of uncertainty associated with
the measurements carried out on the device under test (hereinafter referred to as “DUT"), but also

incorporates modification functions from a user based on the user’s metrological experience.

[031] Furthermore, the measuring equipment may be controlled to perform measurement
by least factors of uncertainties based on empirical metrological experience. Thus, the invention
provides a method for precise measurement of specific measurand is presented with an idea of

measurement by least level of uncertainty.

[032] In the mathematical model, the measurand, i.e. the quantity to be evaluated in a

DUT, is expressed as a function of at least two variables, namely, a physically observable quantity



10

15

20

25

30

measurenent by | east |evel of uncertainty. [032] In
the mat hemati cal nodel, the neasurand, i.e. the
W(qmmmii6y2to be evaluated in a DUT, is expressrdI/a62@5/000268
on of at t two variabl es, nanel

WI”H @It@giailsyassg eéetg\g %neqctiél?ﬂre Fwﬁﬁscoﬁ up%ertexi)%i %'gll tpe/ reference value of a

stm%caé@k@dFdNe&&n&@ Ené&sufdRkefits %%rﬂée&sgﬁediﬁcﬂérﬁlngtt% mass of a DUT
and the reference value of a Standard devi ce

(thexraechusand)rfmmeammmtemtsrmyDCb@neels(trgrmdsm;aﬂy diesteamabie mearttity® in a circuit
mass of a (the neasurand) from neasurenents of DC

thefjp caiRleq( e B‘ﬁ?%?fctﬁ? PYTolssaiothgh Pemplea figesyismens gay be designed to
de%isrrrnfn‘l‘e| t"\e tresasﬂanf::ec' of %ul‘gjs ggr Fr&nt h(? %@%@lltﬂgteﬁ' fE:)‘?acgy-g%roés the reS|stor The

mEREREERIN ﬁuo&eﬁ' ethlfseﬁl*&lﬁé’en eereeﬁorehabeﬁénﬁééhr afrﬁélaﬁhr%nd'“ &Hdt b sources of
mul timeter placed across the resistor. The

uncertdidyressocmied mithethe treesurpment] heseba alleviag iaowreh itqidentify factors which
bet ween a neasurand, and the sources of uncertainty

°°§§'§'6*&9&§tgéﬁcaﬁiﬂ¥ i Lt“ﬁ%{%'i’é)é@@rcéﬁ@ﬁt’e”“t’ efingtiyredhe 'Bﬁﬁ'sﬁij’mﬁnt environment,
mgas%nnglt, 8%} deeﬁ dgm%a%‘élléaﬁlt n %%lh& in Cg%osgg%égﬁﬁe Bs/o%'c(es of uncertainty in a
mgésﬂ%ﬂeupe the measur enent envi ronnent measuri ng ~
equi pnent and neasurenent nmethod in order to reduce
the sources of uncertainty in a neasurement. [033] The
n@%&il on_can be used for evaluating uncertainty in

as uT'?rr‘EYﬁnt'?ﬂ‘ caélnlgp tl%eﬂeforoevaﬁﬁw W{t@n%%@ﬁf&eﬁsgement of any
d
LY SR AR TGS ) SO0 AU Bl e o

prefeirE® ImB&IM&E, 1S Brdsérd nextald Wwah ®e Qidédto é\laﬁlﬁteV\dm@Stﬁies whose dimensions
di mensions are expressed in base units specified in

arg lgepressee imkese ewﬁlspe‘yﬁe@émheﬂntenattogal(%ﬁtemmf Usifs (Skwriteh Feamples of S

uq?t; nélcltjg Itslﬁgglj n(?ne?J é>(':t F' t EP %eﬂb e%’ﬁ‘\’epgae%)%nd() klelle%%(r: amrr‘ent (ampere),

the%ﬁmm%&a&%mé\%?t Hhéunt kedubitilce (ABRY Bhd Rfninous lntenS|ty (candela).
subst ance (nole | um nous intensity (candela).

Inothee ememmmtmﬂﬁved quatifiesahoge dintensipmsaravaxsessed m@wems units such
are expressed in Sl-derived units such as faqrc

as(fﬂréé‘v(’t‘?ﬂ'}m) - PraSSEe (Raseah s ayty of hegiouiel. poer (W%‘Ht e*‘(ﬁ” igharge (coulomb),
el@c‘? ote(n tdfg)e?P&J (9(9 rc'a%acﬁ%@& %ra@% gfél:tﬂgg)srstaﬁ#ee(gﬁrﬁi’ Slectric conductance

nt I eren acitance (

(sielreﬁ§)r hagrieBs gt avdber)( MBgAetic @lnedbsitg (eaayl iiuaate (henry), temperature
(Siemens), nmagnetic flux (weber), magnetic fl ux
(Celsivs), twiqweﬁumwmehﬁdimimme (oneand @ptivity efradianuglide (becquerel) may be
um nance

SR R St Mot At S8 Vst G D ey Pbsured by any
| coﬂ@é'ﬁiUﬁa‘? %egyurlha %g@ﬁrﬁéﬁ n[%xaﬂﬁ‘)teg Q)‘FI ph;isﬂ%@)yGl?sleHXbIQ k&ﬁﬁ‘ﬁlﬁé’sblhal[:de current,

quant It1es may readi | neasur any convent i ona
vOltRGES tdipabithned] tinfpdeitlre, lfwmsmamfra@wﬁwmbéw observabl e

quantities include current,

[034] As used herein, the term “physically observable quantity” refers to a quantifiable
physical property of the DUT, such mass or electrical resistance or those listed above, that can be
measured using any available measuring device. The value of the measurand obtained through the
measurement may be associated with sources of uncertainty associated with the measurement, e.g.

fluctuations in temperature, pressure, humidity in the measurement environment, or non-ideal
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vol t age, capacitance, tenperature, light intensity and
radi oacti ve decay. [034] As used herein, the term
WO plwysisat | y observabl e quant ity" refers to a PCT/SG2005/000268

quanti fi abl e si cal perty of the suc
crgpORIRER o e LR o e L GG Sﬁ%%var{gﬁst ‘s used herein

| I
o2 BRI ka2 enal A R e sl B ) of e
méER asHERtN@Nironifiyit beofaids eguipmhett uskd o maﬂmeeﬂweoﬁeasurement environment
uncertainty associated with the neasurenent, 9
ustd (e teyalvate rige |SﬁU'P%ﬁT}9éNaQE{&‘F"éW ;Epeeé%mrée oami e\faiuy n@htheh@ﬂuence of
nmeasur enent enV|ropnent deal charact e
’ter?'l[P]er,if\tHrgf Ae a3 lﬁouH:& 8 qmﬂ”ﬁ?‘f@lﬁ@ ln]-H'SSI?t%l}Cﬁ] mﬁﬁ%"f"&%‘?ﬁ temperature in the
m%ﬁr@&gﬁmn%r&ﬂfehﬁfeln?easuréd W d theminBiek Genifet fire ti@therefore a phys:cally
guanti fi abl e physi cal propertles (distinct fromt
obs@lantd @by, observabl e quantity”) of the neasurenent
envi ronnent or of the equi pnent used to neasure the
measur enent environnment used to evaluate the sources

t ai nt ¢
n[P#S er rq Iénllqey EWB%SS%?? rggth%(y\h £ {I}P Clévegﬁijoan ]JH aer tcg Rlseslselectmg the
soﬁfc‘:@é &tuﬁmln@%b’({&@\mbﬁa tﬁ@lﬂ@&ﬁ%’iﬂéﬁﬁoﬂtﬁe 4t st one physically observable

nmeasur enent environment is neasured with a
quahtity, n@lTefiee Imeab@aipentadfuthe teferérver efier ef ahe pdfgrenazaldévice, or (iii) the
observabl e variable'. [035] In one enbodi nent, the
MeASLIRBANIAT the&alle\wé e BRRSUTANE hEYr eemplei %sacgkérﬁ%?f. f greasurement of
re?,rt%}g c%oo r CestslstOfusrnﬁCaecEI%I%' th}lmgt%rc’ 918)6 ﬁé ?govm t%) ectechgb actors such as

tre east -one ysica
flugidaidhd tithe fdnplrdi}€ of TR Fdb&I&HENt ShvioRBerit %ﬁ&ﬂﬁ%@tri\t@cbﬁact between
of the reference device, or (iii) the neasurenent of
th¢ hvemmaieme iof the heeaseraxguecwmmem:drmuexémm @easuniement ducargigd out in an
nmeasur enent  of reS|stance %%%stor

enasr@meaﬁ R BRBEL HEDRES R anRo el st TR g refirably selected
asl AURE D SRR, ﬁle%w@é bfqmsertaw seo&.agmﬁ@;uéﬁ%e%ur&h&ts may be
rreasur enment envi ronnment | ectrical cont act

selkeicwemdomhiy@r p@fgpaing based Ion embscas‘mmubgmj kmﬂlquaehdsut the factors in the

Thus, if the neasurenent is carried out in an
m@awremeﬁtweﬁwommeﬁewfa @hﬁé\"%i? UFan fthe, ddeght simpefigetions in the measuring

qugmngn fa lr%alg?nowlte e&\a/* y ? fggsra%seds tgﬁger}cu%%ﬁ%lpgrat%? lh?\%q? ?)i})erlence in

unc rces of ~uncer
9'%@1@“\)&% h‘xcﬁ){e@lge BERREHINE FRPoSsiiB Yourees DELrREkAtly may be compiled
ndomy or preferably, based on enpirica
in medatabbsegarwbxnenmemed:@e fedpooumerbes expetimends can beheompiled and analysed
measur enent environment which deviate fromthe idea

S teplb B BT PO Mo HORRS ORGP @ T[S Camipt s ckpr bevond 2
thllesl%\M Fégeg 3ar{@tﬁu§ ﬁee%otﬁ Sogsté%ﬂl rmf c%éﬁé%f}))q‘e g v\ﬁ% gﬁyﬂngﬁal setup. To

experien ternative

atﬁ&rﬁgfeefh@ Ljs@[écﬁdﬁepr@&ﬁ§ |abéoﬁ3n pGeH br‘é@l‘énﬂﬁaw BE @niflarhdhtad i8RMtoRRtically select
conpi |l e
appropriate sources of error, in particular those that contribute sxgnlﬂcant error for a user-specified

set of experimental conditions.

[036] When implementing the method of the invention in the form of a computer program,

30 a user may be presented with a list of sources of uncertainty affecting the value of the measurand

that are unique to the measurement environment in question. The user then selects the sources of



in a database and experinental data from nunerous
experinments can be conpil ed and anal ysed statistically

W@ 200361883 ne whi ch sources of uncertainty arePCT/SG2005/000268
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significant i.e. contributes error heyond a threshold .
Ufrceg%vty(taﬁoer? o BN i Bty 1T 16 B ogish east on which the
cgn‘ﬂ{ utd? % r%%@&rd ERLALtSEhoHR thAOnEroriE @ar&rﬁ&ers representing these

ocess a conmputer program nay be
sddi’dﬁseéfEmioedanttga AsItusem i, ltie Serme tparaaefer oEfaraitte a component in the
sources of error, in particular those that contribute
methgmatdabmentel epresgntinga seleqieskiousp ebjnepaintg dhe geurce of uncertainty may be
oRRE S u SRS 3k B, SR B LS. memacve,

[ a conp

RO BticA rba8 mdVBE dBRpRIRSHHIRA Watﬁllrr%n'u's&t whRérein the user computes
sources of uncertainty affecting the value of the

theeashenaitickl mbadl intr te sofingrecprogramhe neasur enent
environment in question. The user then selects the
sources of uncertainty that are to be taken into

Wer a}ﬂ g’ger %ﬂk%pﬁvg‘é sgurcrzre%m uncarf'am(’%i gcge%(’tq %F ﬁg{k?deratlon in the

rHeQéiPérﬁ’tQﬁ 3t 2 DA AR Rided rlr?Brdéfe%ge' Bgcl{ QG%b&@Uﬁé‘ﬁﬁe Afthe form of a
uncertainty. As used herein, the term' paraneter’

Micedseft AcieBs datataspiinemen deemata’msda eninbitexafie mddeform of a simple text list,
representing a selected source of uncertainty

d@lﬂ]ﬁ'&@ opfhesttere frhe Jrrtefeniv ot Gpyse guiye @e@eﬁh&n th@remmd'ment the

‘8“2: St ! rer N g are&% %@e?é ﬁﬁﬁsed ?eﬁen;B?Xr &?er%%%oﬂsﬂ%d }}:}%En’ i@measurement to

bé QﬁFﬂe@t &Jt.YAébBQﬁHng Gu&hy addMbEBd mEyetantaih @fdeinBtidnh8bous @fe sources of
conput es the mathemati cal nodel into the software

upredgintyrior 08 71 fot seveklyrasied tiepwiing equinmesbihe @"ﬁefi?ffOT selecting sources of

uncertai nty selected for,. c i deratio n

G e e 5 S BRIT St o8 9 s of sy n e

i}ﬂ%mnéwt ﬂ?mm@ nﬁ%ﬁ’ur@rﬁer{t 3f thB %e\h&-:r {Aaef tedt |£M:é}ﬁe9>6&fttHowever rules may
ccess database file, or an Oracl e database, or in a

bé extablishbe to Rsdistennf inexpeddncad siserpto edetaemine [vitddh, smemﬂltngertamty are

on the software that is inplenented for carrying ou
inpregtanteon G Parfigylar HNQASHiPBGHT RRHFPNMEN " STl Ac RRtigYar set of measuremet
uncer I i n

oHFE0 S iR R b s8R 0P Bl B ofithPhethod ot venten.
out. Accordingly, such a dat abase nmay contain

i nformati on about the sources of uncertainty for one

or [038] seWepardingyqethe felentiamsefr hagoerges phrensertaimtiieadditional measuring
criteria for selecting sources of uncertaint

HEPBITHTIRUA® FoOBIRCCR PRI L BEIORE) SisPeiiElEts per Rl g il observable
vgrfab}én ggrr éx%tnglteyaddﬂloﬁ %e%@&lné%@ﬂ?ﬂgnt' n‘?zsiyv\géI r%gL; Feg S0 measure temperature,

neasur enen evi ce test is carried out
pFRYRY BRd/or Rty Bfethie Bastifdnit ervi@indnOif B8 SkigttedSources of uncertainty are
i nexperienced user to determ ne which sources of
assmeteﬁamihttpesawgnables In this case, the mathematical model may optionally be modified
accordingly by introducing correction terms into the mathematical formula to take into account the

error introduced by such sources of uncertainty.

[039] In a preferred embodiment; each physically observable variable characterising a

selected source of uncertainty is measured and statistically evaluated in order to provide a user with



i nportant for a particular neasurenent environnment or
for a particular set of neasurenent equi pnent, and
waokdoci1sBoul d t herefore be sel ected for carryi PQI/6G2005/000268

t he et hod of the| vent i on. edi on the .
T BF (U SRR Hbs GBS DTY- FRES PR §YORGAT L7 Gred can then cecide
wﬁ%l@é%é &QJ R LR Ry Yo REtkENM %snﬁ&aﬁ@lrﬂ’)ryth@ @@aluatnon of combined

t ona neasurenents pertaining to physically
urebs#ity. althe measurahéres o @actepaygidaty oashn\rableovalablaeasmeferayy used to
equi pment may be required to neasure tenperature

dqﬁr B9 ITagteN rm Wlﬁﬁisd?qospoatedtlﬂg thegmathgrastiss|model to take into account the
fggg%fégeagi%#ﬁ s{oHrtc{z] ﬁf esr%lr e‘%t ed%be?rgl%t%ﬁsof ? fcorlfl&?gﬂ' tteﬁrll F%g b@'&&'rled out by

ese varia
VRIS BUAI6Pdt SIRES lond B iBRd! kMR bésociBRd Wﬁﬁ ItHceI c%ﬁa form the measurements
accordingly by introducing correction terns into the
Statdtiba fadttore ahayf edmprisenoteoott thk doliowing: mear umgdisnh mods, rdgyiation, unbiased
i ntroduced by such sources of uncertaint

. . 03%& In a "
- egiimeice cPeiaRIeh SWPhRrARable wRlYe, pﬂF@PgP'&twqeyS'Ubéaqﬂ9fam width of probability
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varl ble c arac teri,sin t f
defizig V?%O?T pnld%r rlfrécaegﬁ'?tggnges e ;atd?grte Igggfr egorgval uated in
order to provide a user vvlthl nf or mati on about each
source of uncertainty. Based on this information, a
usf040jan Abeseddereinlehavterthéaciot hafers dtheestatifticahissies & b gnalysed for
is to be taken into consideration for the eval uation

e seWRD PHEEETATEE PYehi 30st AREPOifeRlsr depBeR & Tgpdogh &, example. The term
‘ugip ¥esférg %LI'eXtivglg‘?oe%X ?t? ls%céf ?Jc{o?sbéf %aétﬁun@érﬂi @Q&Me thS ed to
etermne a correction termthat 1s incorporated into
the mat hemati cal nodel to take into account the effect
of the selected source of error. The determ nati on of

a Htlect Poee theralvase) thsse stafistica factans hayg bé%'aﬁiﬁ%ﬂiﬂﬁ’g /guser may then

Rt B R G e SRR SR e A5l REDR bR wcorany, o

thﬁa%ér%éy Hﬁ%llf&@rﬁblét@ly%ﬁ@!‘he thBed A keQukR s, Hﬁ@ Bompletely delete these
di an,” node, deviation, unbi ased estinate,

vamasaamd aoreplacentbarh wiiin obeblaey Gleumnt tape dleahedsurey valeasdito yonsnderatlon in

function, half wdth of ?robabll|ty density functio
they eyalataR efrrombings Lt e%qarfrfﬁ&'wed%ﬁ?r@@eraffh?fraé%@fﬂwsed from an
e>L gﬁgha@asg%gﬂaln ﬁ%ﬁl’o att())n %bOL]:[ ﬁ'{e@o d'fc?sctgf%cérﬁrn ] g ugeq’ n'Fa Giso introduce
statistical issu 0 be analyse or eac ource o

int 68 Mahdiatical SiGila dheMpsrampeabsiitdiddnthe W36GY &@endive experience or
freedom for exanple. The term'unit' refers

s@eltifiekoivedye i-¢ esteblishert empiippliical f act ors of each
uncertainty paraneter. [041] Once the values of these
statistical factors have been established, a user may

t gﬁhzﬂhopﬁe {’1 el drhnd i tB%% %ﬁbf%kl%%gﬁﬂtgtg{e%étﬁéﬁahcal formula may be

ors in the evaluation o e CO uncert al nt Y,
dével IRMUGRI stafBficaPficlotsaby Wplings amehiirielly devdofed tdmeersion formula to

val ues of these factors, or to conpletely delete these
calculate a correction term from the most probable value of the physically observable variable. The
calculation of the correction term may be facilitated by a computer program. To calculate correction
term, the statistical factors which are required may include, in one breferred embodiment, at least

oné of the following 6 values: most probable value, probability density function, half width of

probability density function, standard uncertainty and estimated degree of freedom.

10



values and to replace themw th other values (i.e. not
take the neasured values into consideration in the

WeWraewon of conbi ned uncertainty). Apart frReA/8G05/000268
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P olRRT 1 e eop et Rt ey B e B Ry SR 2Ry, a5 wen
2 REGELRNY V?luéao%g lrref&%b(ceade%i@e,i iy B8 WG Ratkd bR o fH8determined number of

mat hemat 1 cal formul a ot her paraneters obtained from

tithd¥e délading o Xdceiis buoh a8 XiEeusess) prefedencs @he fitei résoarces allocated to carrying
know edge, i.e. established enpirically. [042] The

ou ey measuement Amnigiened Sarier, BdargesdymBeT Hreresirppents FRn help to reduce
rm@hematt':caé fornul a ga"é bean(aeri ved fromthe

the rifyience praRdanL aYely 80 B SRR ng an enpirical Iy
devel oped conversion formula to calculate a correction
termfromthe nost probable value of the physically
obf4Y abl & & prefetdet embddieert athe nlettioddor eTying eutcroeaseremienn of each of

termmy be facilitated by a conputer program To .
saidhptdershene REwyiealy phssryable Arqntityfiadepiediie Minkmife th pjragustion of uncertainty

. Which are r i.red may incl o e_nfr
g GUPRERTS df Mecderee S drets it iy PRl REaThL e .on o et of best
pfEBREs Rir YRAsthng/ & Ipd@iculd idalembhty sGNBAL & minitha tan@0nt of uncertainty is
half w dth of probability density function, standard
intiodieed @mtonthy meashrersérit e ddstoeaptiens fof camyieg datra pabit8lar Mkesurement are
measur enent of each of the at |east one physically
typisal establishediticoneh experiaisée-wel | as the reference val ue of
the reference device, may be repeated for a
predet ermi ned nunber of tinmes, depending on factors
SURIY5]S t ke B\aRiatish AsRh&Ir@ BSRanE ahll CoriftsaUnE&Binty may be calculated

al located to carrying out the neasurement. As _
acperinigdn ety eatebiisbed metHogr preferahlyritsing ipfeompliancs Witk fesISEafuide to the

hel p. to _reduce the.influenc ndom error.s, on the.
R ah e B Y srand R Ea o TP O R Mel i pocordance
wiiP[sEUY B Gt RUbt JNE ARHERE NhRe Alqufésir Ak eSAidlioRbf Un@asdinty includes

one physically observable quantity is adapted to
valudsi Bliche aé higpd rof raveiuation o probébility cdembityi Atngtionn cbveeage factor, sensitivity

measur enent of the device under test. This may be
cosfisienisesifestyeriggress ¢ifregdagand sxrandet uRfedRitY ces f or

performng a particul ar measurenment, such that a

m ni mal anmount of uncertainty is introduced into the

NMepe4B]EMENhe HRRLIEE ShrtHeF afdvideeSal efsted@rfbyiciguaig @éncertainty in the

particul ar neasurenent are typically established _
ntehsuerggnt @k penhiygcate obfedvpble dpaetiteimb eeviceoandsr test.aligagystem comprises

uncertai nty and conbi ned uncert ai nt8¥ é be cal c IadLed ¢
MEaBPY PAHIPET fon PPIBRING B "PTETRRLE METHER ,en[?ﬁ*' BeeP e PN 8l g easurements

- i i th L b : L —
o BeSPT£758, W 00, 150 R Ay A RUREET bh ro
td Etromhd Mdadufing 6QUSHHEHE Gdile a computer programmed process control unit is used to

evaluate uncertainty associated with the value of a measurand deriyed from measurements of the
device under test. The entire system carried out measurement procedures according to the methods
mentioned above, including the mathematical mode! provided by a user. The computer programmed
process control unit comprises an input device, a control device, a record device for recording

measurement data and input data, a display device, and an evaluation device.
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with SO GUM the at | east one uncertainty val ue
requi red for the evaluation of uncertainty includes
W(vatmrwﬁwuch as type of eval uation, probabilitRCTHeaHI05400268
ctiLon, coverage factor, sensitivity coefficjent )
fﬁ:{r‘ycomprrses a

1i velncepiersd gmbpdimedtofie AFRFSWINE FIBECTRE Pt &
va tgﬁ’@)x 23? Sulof ﬁr(\yt'hg %Jagurgﬁgﬁt cf? %Kfrr%?es%tﬁ%é%?@éeﬁ&e under test and a
eval uati ng uncert ai nt he measur enment
stRiteid Bistoy pﬁﬂ&&l&r@vﬁbéferembamlmd, Vthd- Bwigchdigi mpdsld@ ra fies tonnector for
The system conprises neasuring equi pment for obtaining
attaching theedryise rapderuicatr@nsecend conmesierafol atigeging pe reference device, and a
nmeasur enents of e ne physically
’%’B@B%‘Eﬂ%’%’ﬁgﬁ‘ch? ’p er'?ﬁdg’é’éggg”ald?@mtereqw pnent unit
Is used to control the neasuring equi pnment, while a
conput er programmed process control unit is used to
evil483t e THC ewitchi idxy mag Sotipadecdn Watahcdninsunicatiare part f@ establishing a
nmeasur and derived from neasurenents of the device
capnektipn toesseomplitee AsrRxpmelesy § cemngeipgtipe GOfbiDP'Ufrﬁ?a?sW% H‘?é’h? parallel port

SR SRS e A R B AP
cardd erh‘éoémdﬂr‘i Bbx Ria) HaaierRly BSRGRSS: SMRdioh pbid c&r@r@&rthé 8Witch box to

an 1 nput device, a control device, a record device for
me&ueshtbnt gyuipeastl ERareplé oflednaeaing portsindluddatods atowdigshppianed data cables
devi ce, and an evaluation device.[047] In a preferred

tochpoesneriest therelee The AWHAN bRy reRUnplvdera Loyt therial ayikhe fe switch box may
fugrﬁ eqog%ﬁ?sei 8 atY‘T’/gm ?1th£ Iswkgc(?'rxdefv%e 1‘%‘#’I Lsgéﬁ‘&ﬁr? atchﬁne oqwsté)r t%ESﬂ}T and to the

tAnCe Of a devr ¢
refdréHad 2hd4r8 S A8 tRibptBrs Wty red pécbehy th(‘dété/ %rhlrﬁunrééﬂ& port, the digital
switch box conprising: a first connector for attaching
parbilel olépt péerfaceiesrd, tee 9|l aaithe davothermebswiiele box, a$ well as any other component
attachlng the reference device, and a resistance
reqitd FGHRY- f unction .provided by a digital multineter.
[048] The switch box may conprise an data
communi cation port for establishing a connection to a
co[ga9]er . Réfarriay &oTPigareot, ihe Padvadune otitalafatipg Lhcertaiatyutiesding to ISO-
a USB port, a parallel port or a serial port. The data
GEMniArdeRicied. ﬂmeqsrﬁ' t8 e Be 'rtYB'MWe Etr%dth% &a'aesmféhet g@mponents constituting

’rhgar | lrrghc(;ﬁ? erLftr e, %%Jagl?rSndc e rn vgﬂrﬂ\% %poupoog(e ifi r%dh For example

COﬁp I'Sé a connec conne

a§%§tf‘atbdbiﬁ)1=|§tﬁe e ag us eneRbisRAY Qf”tﬁé‘tresrﬁéraﬁﬁ' i€ t®fbe measured, and Ry
connection ports i ncl ude ports allowi ng 5 pinned data

repeesérés theorebistagen pieg trefdrentre reststor. Ahibe gedistarivelyetio phix to Rer, can be
include a low thermal switch. The switch

mpwqueqy acqjgﬁgl. ringlgmgte{ W%@ngw ek mulastecmay gq),(used for this purpose, such
ﬁ'r ithy mul Pﬁﬁ 448? nﬁfggtu ﬁ@\gle{t(?-’ai:l@?d nd H are input
B wet 1 TeTYy

nce ers resp
véhﬁ@, Qrﬂilﬂer@fb?ﬁ@ﬁb&ﬁie‘ &i?enﬁ&!rﬁy subglﬁir’réI k) db@érved values of Ryf and H into the
model Rys = H o R In the first step, the meaéurand and the input values are thus identified with the

mathematical model defining the relationship between the measurand and the input values.

[050] Steps 2, 3 and 4 relate. to the evaluation of input values. Here, four kinds of factors
need to be calculated: estimate of each input value, standard uncertainty for each input estimate,

degree of freedom and covariance if some or all of input values are mutually dependent. When
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paral l el output interface card, as well as the | ow
thermal switch box, as well as any other conponent
w0 e@aiotiesy el ectricity. [049] Referri ng to Fi geeES¢2005/000268

t he procedure of calculating u rt accor din
PSR SHaTi BPU e A AR08, & SEfRCal 2SRy e deraken t
caléhfa%t the! Ja"t?ov%l arhé*@éneqf fotup Qac%?mw%§ Bl é’t §drisRP fJnBt?on of normal
emat | ca I.e. the neasurand and the i nput
distetuti®s , If Bdtb@atécﬁ ob@rwaﬁemt bfel g . avEi@blee vaprpbabilitys density functlon (PDF) of
illustrated in Figure 2, Rx is the resistance of th
re@t@ryuhaf form tiizpe ﬁ3§'9'te(§' feyeeagia inavivale on e haﬁléﬁpchﬁ@t@g @h?%the result of a
o LSRR o rerkihe S5 Boreileh Fhon el Ay mget rom the PoF.
A;ﬁhgﬂot'naé re&yﬁdtjlaﬁﬁ%ﬁébllﬁm%w Yol okt tﬁﬂ)esrﬁﬂ bhbﬁ@ﬁﬁ&en@‘@)functlons such
be used for this purpose, such as the digital
asnGauskiane pebabiityd édnsitiPBhdidh Atriampulaf ambabiléyl dénsityHembtent or any other user-
Packard. Rrbf and H are input values, and therefore Rx
speeifiedguobghifity fensly yctionpeyive Uses t he observed val ues of
- Rref and Hinto the nodel Rref = H Rref- In the first
step, the neasurand and the input values are thus
| fosY] fi af W 5hsibhearBdihRIRSf théneBRFRHd 16l QblaMed GrolntBe mathematical
rel ati onshi p between the measurand and the i nput
mesliigesnt nOdel | N&t, eths cBmbiBediistindard elhedriaintyooft the measurand, the effective

eval uati on of input values. Here, four kinds of
degiges gt leceriwia dnd ielsevaragedafian e callatqdiuindhe paramelrsiregling to the input
I {
va\éJ%L %Staméc# %%Q% %(—;Fn qg%j %it)e‘\;&aﬁ;{?ﬂ; c%(rl:cg ! %q Bde%sﬁ{nlcg%?n?y by multiplying
thé eaﬂsméaadwﬁ&d QAUhCerflityUst the/mefRAE B the dAhaagee@aam €Mally an uncertainty
observations of the input values are available, a
bugpeit teje iix abnesaied yerioging dhe Irsull9fl einesalisty, insludiap @arixcemponent which
t h abo e nmen n four factors based on probability
°°8E'ﬁ‘étfeﬂ9 tredwe’f'f @%&W?%ﬁemﬁpst ribution. If repeated
observations are not available, a probability density
function (PDF) of rectangular formw || be assigned
f di05@%ch TMpauova/almede ig ldefinbdSm shes [ﬂI:GtJMca’ttimentr ncamathematical

the result of a previous uncertainty eval uation,
sojufen %U@ﬂd%’a‘t"a‘ﬁ%’fte@? §"%‘§H°’b€” &b suresser UnRakF rpfﬂ‘ﬁ'ca' situations,

soﬁ:&gs ncer‘lbéﬁ)rﬁ] tQ%%Jn pr o%r‘t’i%ra{ o%faﬂpﬁpééchrtaYe H%ﬂ&hétbéan model for

unct er types 0 ity density functions

re@tiﬂd‘thQSneQ@M&&i fRsueh @bardéd bt YhcE&INAY. tHbwleVdtC Ideftffication of the sources of

triangul ar probability density function, or any other
Ungs@ﬁrﬁp@cbmmicﬁtw och Biffickif Jorckngieery, fecimisiang randergsdsechers without long

u,sgd. [55051 I n the?f:z h step, an estinmate of the

etpetsnge Indneistogy from the mathenati cal

measur enent nodel . Next, the conbi ned standard

uncertainty of the neasurand, the effective degrees of

f rgegapm amided be erionsNeAGRIefs@RbiAg afd thefalbgitHl @kgietdetdbout sources of

the paraneters relating to the input
uncertainty, the present invention provides possible sources of uncertainty before numerical

evaluation. Figure 3 illustrates a procedure corresponding to one embodiment of the present
invention. Firstly, all the sources of uncertainty in a measurement are proposed. Accordingly, all the
components associated with these sources of uncertainties including correction terms, are
incorporated into a mathematical model which represents the measurand as a function of at least

one physically observable quantity and reference value of a reference device. As a result, the
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val ues obtained in steps 2-4. The 7th step then
cal cul ates the expanded uncertainty by nultiplying the

w@ ormionss2 st andar d uncertainty of the neasuranﬂcbycuhammmw
coverage factor. Fin an uncert aj

B GeTREr BB 17 GIBPEIGEY HEPeBRRT gt VN PURIY, feeured velue and

cdriElond ke SAE @x&ﬁﬂp%ﬂﬁk}urw e %Brteﬁdab%rﬂﬁattﬁattlg@nathematlcally and
uncertal nty of e measurenent. [052] The above

physioaly thioenitesl iglef i ned in the ISC>C1MA ﬁu present no
mat hemati cal solution is provided to present
eval uation on the sources of uncertainty. In practica
situations, sources ofRunEﬁ{Ralnty need to be ()
identified in order to ‘obtain”an accurate mathenatica
nodel for relating the neasurand to such sources of
uncertainty. However, identification of the sources of
unfs4] ai niny thiss irveritioh,i that pabsibledsalirdeki afubitceftaimty and all the associated
engi neers, technicians and researchers w thout | ong

cqpeetionsl areasnoResHe sonskiuivdhe BRBEYatcalanesel in gragical e@a%@a agfpliows:

ext ensi ve under standi ng and netr ol ogi cal experlence

about_ sour ung. rta| y, t n ven

provifd&s S%ﬁéﬁ&%fh@ ﬁn{@r ?‘Zﬁ@ btel?r oy
nunerlcalAgy Iuatmgn awr e 34AR Y-eARS A+AR)cedure
correspondlngm¥o on& égbodfﬁent ofyfﬁe pré%@nt i 2

invention. Firstly, all the sources of uncertainty in
a nmeasurenent are proposed. Accordingly, all the

co € nt hysncgﬁﬁéa]%ﬁwg gf é@cn ka &%%ﬁt it B 26602 erJthematlcal model is clarified in

untertalnties 1 nc I'ng correction ternB

FigQfeOd. [FQF Btmthid, P9 ttd raRt draryad Rgﬂilreﬂﬂ?d:fbtalnbb Iflﬁh DMM readings, and AHginp
represents the measurand as a function of at |east one

reptepeite edrieptianlis @rasa@iaéedqwrwm ynpetrgsistenaerdup éxthg Hmites rggistance of the
a refer nce sul t

offy L”B‘ﬁ‘b <o et g HEd a2 o DTS o e Py B cosble valu o

ssgstéf@h% ROV G CEd AR inl MeCtebhtfcal ¥5H¥RL AR  provided by the
Flgure theoretical fornula that is

mﬁﬁifbmn‘at ardtahdyybeamebspiey shaaldinglyr ie @qgeferzestentmdiRentdaRomputer program
[054] In this invention, the possible sources of

%@Wﬂ%ﬁnﬁ? §roBPRP 127 MARUFRSIEF PRYidEH ¥aUR BY FdRUli BHS ugplemay subsequently
cgr OOD f u?e?ne nthlel]i h% nt\%n% a{@?BFe'P SFB&@E& é%lﬁ‘m%%vhe{hgr or not it is between

eva uat

S&ﬁﬁ%ﬁ@ beﬂ'ﬂoﬂﬁg DMM“\WH%% maasitdaels a(dbaried A byt LugRr, btefigtjcal analysis is
[ 055] Physical neani ng of each conponent in the above
usedt th aletermioa ltherodst| pribable| atuef of aginimym resistance of the DMM. Once the user

confirms the minimum input resistance to be used, the computer program then proceeds to calculate

the correction term AHyp,.

[056] Calculation of the value of each correction term may be carried out by applying an
émpirically developed conversion formula or a conversion factor to calculate obtain the correction
term from the most probable value of the minimu.m inpnt resistance in this example, or in a general
case, the physically observable variablg. The calculation of the correction term may be facilitated by
a computer program. For example, if the minimum input resistance of the DMM is 10 giga Q, and the

conversion factor is 1 x 10°2 Q, then the value of the correction term AHyqp is 10 giga Q@ x 1 x 107

14



Figure 4. For exanple, His the ratio of Rx to Rref
directly obtained from DMM readi ngs, and DHpnp

WO eres®Bl s correction to H associated wi th DMMOT/AERI05/000268
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reS|stapce due to the limted resistance of the DW

'Qevi ates fromthe assuned ideal val ue of
inflnlte resi stance. The nost probable val ue of
m ni mum r esi stance of the DMM may be found in the
t ef08¥]cal It3pe epdcific ddatupe ofthie niettend thry tHelmeathemmntital Griadelesan be optionally
or it may be neasured. Accordingl in a preferred
medifiestiPyrentser.aif &snipval of upresigintyis ?fﬁ&e pedugeq. tqoerwowts of the sources of
BB e el os Be st ikl B “Sedlel BlHed op pmovea. s
th\é? 'EHe‘c Hon%rfﬂﬁtogat'aL’tﬁ@%ﬁééﬁ%ﬁfy%r@‘(és@@r%dv %ru&amﬁie?AHV},'h @58E removed from

I's between Sens and Sens- of t DM Waer e

pa’emsweefase fHesevalugtiohaof runesttaimtyt, irbgther wisés frors ttiad mathematical model if user
analysis is used to determ ne the nost probable val ue )
cerfsidaisrihahitris b giseriqun seures oftuResrIpM fordhe rurpgse of the |measurement ltis to be

nctgarff)}llﬁri gs er%?ea} gﬂ{ogﬁ o@ﬁ%@g&ﬁéée? éangﬁer t etpr%ml?il on, In &8§ to introduce
a@cﬁﬁJngl‘%toht‘BQs LR 5PRAER MRne hORDIIN gaJaﬁéH @}, AAD, ﬂfaarts@%d’ﬁe%a“éburces can be

each correction termnay be carried out by applying
mlndani‘pltrrel pegdnhetersl tov the @paiabtion nfaecatabty.f or nul a or a
conversion factor to calculate obtain the correction
tern1fron1the nost probabl e value of the m ni mum i nput

;ﬂééc'lgnc%Vh ﬂ\e'r" %l‘ %Btl %Qrmétﬁer%?qgal rEh}a%l Qetp lnog’ ﬁécbe ’ti?et pﬁasurement is

Sbservabl € var & Cal cul ation’
c&ﬂéd 8@tth BhtaaRd1VAIRY ob thelimput Lalbedt £er Y nikte@iZBeH Blodel is confirmed. The
program For exanple, if the m ninmuminput resistance '
meksuréreerdivin besmade fgi gjaunijer gitiingstristeguinacyshe user. afithothe plaservable input

%,q?si t Oﬁ% rgatV\é_ éf r@%aggrgvé grzaenf\é;aglal%@at%g%c%ﬁdlr%q?({h%@te ela [rrﬁgﬂnatlcal model.

is a specific feature of this nethod that t he
nathenatlcal nodel can be optionally nodified by a
us§e59] f tThe nbxeiep isdb evaneds tariention térms ssobiated et saniges of uncertainty.
conmponents of the sources of uncertainty which conpose
Nepresary tPREFReLSTT B relatridp thes cpiEeciell lEDS F8IPJPPRERS F@PSrstimated most

pro%rrq Fﬁ‘/grue Sof C?orr%._%\grﬁ fgllﬂne gr%%w%? E)ghsﬁ)g e%n"ﬁatg@ %ﬁéetr@kpésy of standard

essene renoved

uRGHrainBdse bisd E&detéﬂevﬁ)éabﬂaégr@@ oP frestdGe Mhasd biopoded E¥rdidters can be
words fromthe mat hemati cal nodel if user considers

mol#iied.i As idepidled im Rigure dlisthg mu¢n9eal ofanubpre &ylly zdcnenfed withquh eamendment.
ur pose of the neasurengnt \ﬂ%o be not ed thqt . )
ifarivelysiha Aopptal 67 te@opaw?av PS}‘G?CF?Q & reghrngagteed it is a third option to

af%%hc? rtﬁg G/ﬁ&% odp?:g)oéen b?lr gg b&%ﬁ{gggﬁ&e ltagdéléd Qlﬂﬂ}ed t% delete the entire

sources no cifre I'n equation (
chirigleh epans addi ti onal sources can be

[060] According to 1SO-GUM procedure as depicted in Figure 1, sources of uncertainty
are then evaluated factor by factor and finally combined to arrive at the ultimate expanded

uncertainty.

[061] As another embodiment of this invention, a software application with user-friendly
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included in the paraneters for the evaluation of
uncertainty. [058] Wether or not the mathematica

woreelo15682 t o be nodi fi ed, the measurenent is cn@wSGﬁmymmmm
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out, t btain the values after

oA P R 1 SRR AT HETE PREMIRS ABCFRIETR 20 Writen o any
cAEpUIB Mok Hmiflg Q\H%E‘Eés fictt édﬁﬁ&'t get ﬁiife'i‘i’a&eéjen@étiem ?’réfé@cﬁy, the software
Wth the observabl & 1 nput val ues, the estimte of

isretien Inaobikcieaientbe laaglagel| sateab (aiecmsuhi Bgsit,dateshe defi ned

mat hemati cal nodel. [059] The next step is to eval uate
correction ternms associated with sources of

unf@e%]? : 2:{}{? %O%resarspg(%}' a%gfegr ably e ﬁ&tesdeln at Iorﬁ%i.{ter C?ystg‘ﬁ Sfcan also be
rdf SPAR) QuipRleHEwd cohfPd] pRibdsor) ,mé‘newndeﬁiap eg@@bénidi,,wt 8dvice connected

density, estimated uncertainties of standard
ancheeentirgidnt | es and esti mated val ue of degree of
freedom These proposed paraneters can be nodified. As
depicted in Figure 3, the proposal can be fully

E)ﬁpéogs]ed \glince e roce s oq cetrtailr_irfgI and rasri]saits {]\Fgl mp}ica?ed the software provides

can be par i Al

al agpﬁ]agegpprdarch kS caryt dik mé BILAIRA Jf %e@é@é\ﬂerﬁ mﬁcéiiaiaiye”h.ie at the same
proposal by the user's consideration. It is also
timé labwesduseointgbedctidre Foheveardtepr ie tioproescitiiep thetecis mgrqmmoijterface providing
According to |1 SO GUM procedure as depicted in Fig

explangiery to ds $ep QAR Pairiﬁtitymai"@ai'%‘eﬁi‘d&%ﬂr@%@é& ‘F%E’i”&rm {hg next step.
factor and finally conbined to arrive at the ultimte
expanded uncertainty. [061] As anot her enbodi nent of

t h{BB84]NV eFigue 5 ioreOéian@letf dRiphic GériRs, iMivhith the mathematical model is
user-friendl ygraphic interface is devel oped to execute
alreaeywnmoeeqoiam@mﬁryed Tieephyeieal vieaaging #h epeh eamirones i fe mathematical

o o SRR AL eh BRI PR 88 rte
%}{dret,ci e eNusBPinfplis & i‘eﬁim/eeQné SNBLRE Gerns Uk cifesSohiing rectangle can be
i sual Basic, Java. [062] The software application is

sqﬂec&éctesmtbiaythsmu*eld;tleni term dwes ootpeshieibute Yo thenavalugtiop ani uadesteinty, such as
be run on any equi pnment with central processor,
AenWhigh isghaw) iR grey Sirepiag BAGE 5 AUPeRfeyi ce connect ed and
conmbi ned. [063] Since the process of uncertainty
analysis is quite conplicated, the software provides
an [@88]0Matrhe sctMRrea8 6dtotdhgly @B Fabletd hutoMaticaalubithioiincaiftainty when it is
measur enent uncertainty while at the same tine allows
wriesy adeprding rcthe eveluaior methed sxpiained abovet Inea thirderelpgiment of this invention,
ats{/]seteg isI psrov%e [:g amiigg ilaor’giti %g{hgr%aticgire(\)/giuation %nd physical measurement. Figure 6A
shows an example of said system which is composed of a measurement equipment system 110 and

a computer programmed process control system 120.

[066] The measurement equipment system 110 contains several kinds of measurement
equipments. Measurement equipment which includes measurand 2 comprises one or more
equipment used to measure the desired physical quantity, e.g. Ry in Figure 2. Measurement
equipment 8 includes one or more equipment to measure input values of ihe mathematical model,

such as H which can be directly obtained from DMM readings. Accordingly, measurement equipment
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expl anation to this step or requiring input,
nmodi fi cation and confirmation to conti nue to the next

waet@p/0136864] Figure 5 is one exanpl e of graphi BCT/SG2005/000268
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interface, in which the mathematj cal del is alread
8 500 0SB RFRI S PR FHEN g L 2 MBS of e gRpometer: Other
e?@m‘ﬂ{]%ﬁndd&eg hndreldaedml, eqliph@ielio i e Ab&P X ahd¥BGement. The
sequence. Each correction termhas a correspondi ng
megitaartgt equipthent editdn0110 gswoinelddes d frotdse cosml equipiments, which receives
renpove one correction term the correspondin%%
conereandiniore thersomautele PgtaBNed oPresRss ORI YeiPMed4q 8 opprAfes all the
does not cantribyte t e eval uat | n ' :
mEguIPTRGY BRTRE i AT & L RO o risBlyShert Mol el Hiepacton. The
plosest biion@fuffthent 6] be EAG eGibirh M bevieR sitpRUOAdNBE Xhips that are capable
capabl e of automatic eval uation of uncertainty when it
ofiBocasd donesl. accordi ng to the eval uati on net hod
expl ai ned above. In a third enbodi nent of this
i nvention, a systemis provided containing both

ma tical evaluation and physic ; :

T Bk R Moo Y TR VBBt o ot v 12
SRR RS 121 evaILBRA VBN TE) tecBRILNBE RS afiy 80D dellle 200TH2 whole system
conmput er programed process control system 120. [066]

1Zthie prefastile 8 cemputergystanETie computenpradrommed prress corftobsystem 120 is the
ki nds of neasurenent equi pnments. Measurenent e_ujpnent
CRIPCRETHiCIonBe EadRt Shdn OBl PIossS BRI PheEEl measurement and

ui pnen ; LI [rcal

R L R U R Fi e

i ncl udes one .or nore equi pnment to nmeasure input val ues

of the mat hematical nodel, such as H which can be -
di [068]1 y Brsfexabie thefeoomiiBNNPIrenElien gwcesacemrol systpm, 120 is, but not limited

’coge ﬁ?%{@%e.n'&%%&u‘{\igggtﬁ%t i8 (iacpegig?e H%P%Eetag?uygg%{n%tng mouse fo obtain initial
RARMRERE adfihiEsivE SebrRERAL THE ihifRf IndF8stioR &8s 1 BE BfFMEdbn associated
equl pnents to be used in the neasurenent. The

witle asasesreinandectdrgme stangyrs t eiichl 4@ iapue deforec meakegenzent, such as nominal
rocess control equi pnent 6, which receives comms

d :
vﬁv%?ﬁ_mwéur@aﬁﬁm Efergfios gleadaie de st @‘d@gﬁfa&wh?frfsfﬁfegsﬁs?tgwﬂafd provided by
u 3 2e0 c%iglf%tigrp I%Bf;}'gt%@l ?‘Jug aMrﬁstgﬁ\?esileomigﬁ rr%? HoRbE Q&Lﬁ‘pn‘?ent éerial number of

and or aut ondf out user

I C nmeasurement wt

neBiRERICNd QBferehEe stRf REE PErcifRB ldaR| nafielbpiEsturef, & nbe, name of data
any equi pnent or even sinple controlling chips that

fimmed pagaidnesnd énviseronent sucdh@stieraperatireamidiy calrqepsureer

programmed process control system 120 consists of

i nput device 12, control device 14, eval uation device

;S g?éeﬁ‘lcor eyl 68 dfhpiaf cdh SRkiYs ARURS RN 2Rvicd NS, WiRthEperforms the

numerical evaluation of uncertainty by doing statistical treatment based on measured data collected
from the measurement equipment system 110 and input device 12. Evaluation device 16 enables
user to calculate measurand’s most probable value of measured value, expanded uncertainty,
coverage factor and degree of freedom. Before such calculation, the evaluation device 16 provides
world acceptable mathematical model with parameters of sources of uncertainty with each source’s
estimation of form of probability of density function and estimation of standard uncertainfy, based on

which the above mentioned calculation of uncertainty parameters can be carried out according to
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120 is preferable a conputer system The conputer
progranmed process control system 120 is the contro
w@enretseBnr the execution of the whol e processPCT/SG2005/000268

|nclud|ng physi cal neasurenent and subsequent

Mation of uncertainty associated with the
nmeasurenent. [068] Preferably, the conputer programed
process control system 120 is, but not limted to, a
cojoTa] er . Réwabdalicaglsyis thieh@embfyut§ tilbesanpetetl. 2Zrhednfotretion obtained from

~keyboard and nouse to obtain initial information and .
inpidl W Yieas 13 eenibgéeqorfiedy Basides fat. ’PH%}C ﬁﬂ? pyeg|fori thy Byattionyp uncertainty can

h
S R P e & ST TOoeT EROay S Vi, S R0 bensiy unction,

es‘ﬁﬁ%ﬁﬂ NETE B stargish@ mnéétam%ﬁﬁ{atlé(r%flé@gr@é of TRR84H 8N@redtYdneasured value,
reference standard, |evel of uncertainty of reference

inGiteatcraeabufed oxiue edi dmy'empper calibration | aboratory. The
adm ni strative informati on may include equi pnent
serial nunber of neasurand and reference standard,
ate, .name,o asurer.

AT T DR ARAETRE B Bbion il e o, PG matrematica

mb&TNES AkisiBormBteH Ha ¥ minRirbtivRiBsralich onltRESrednPld Hitid) e basic data
conput er can work as eval uation device 16, which

repardéd byereddnd daviceen8 daldisplagedi &t usar. Ofsplay clevitai20t gisdogisplays ultimate

doi ng statistical treatnent based on neasured data L
uncgitaiany teyeluatiop udert tﬁ%‘%é’m‘cé'n'éﬁ?c@aﬁ?%ﬁéwﬂgféﬁr@ﬂﬁdlﬂ the calibration

o MBS th 70 Hoos SVl AL LBy URY3fifart S BIBABNRE theoRinog o this

e ‘reasurand s nos
inERASM s8¢ 0n YA kHeEsyst@MP 3RPINE indMaes bbddih BtepGOMIES dBFlafedGbrOlser input and
and degree of freedom Before such calculation, the
cafimiation.i on devi ce 16 provi des world acceptabl e
mat hemati cal nodel with paraneters of sources of
uncertainty with each source's estimtion of form of
pr 1T EYm@f allgiesid % & léBﬁthllﬁQ p@ﬂd SSEPW'aoeon‘ﬂfuter to control and
ndard uncertainty, based on which the above
cdhiﬁﬁllmcﬁfeehbt\mhmd ratasaremeht eguperehiadysten 110y iapm teviee t2aavabation device
carried out according tol SO GUM LO?OL Record devi ce i
16, geqord qepyige ﬂ%ﬁi’ﬁr JisriAy detige @& rhaEsqcution i thefoByarg frgcertainty evaluation
ls?cﬁtat[olletg g)é con?ral VR t14 J)r‘a%g% 2thg ﬁ\%ﬁlﬁgattlgr? 8@&1? ﬁgtheﬁgﬁ‘éaprﬁgdel and the

a USG

propssRl tisth Db ek ferihcat=Hy ARilyEe CaE. dafliallysitdid@ent@S thi BRipEsed@fparameters in
nost probabl e value, estimted probability density

Flbumcﬂ,lsomde@spomr@twlcvaﬂue of standard uncertainty,
estimati on of degree of freedom of directly neasured
value indirectly neasured val ue and corrections.

gdpl)ﬂl?ﬂ)?ssﬁﬁe rn‘#o“?e\.( | B \?«ﬁeg ?onﬁol?% EXREUIR of Preasurement by sending

propose
command to process control equipment 6 which is able to operate measurement equipment to start

automatic measurement. The number of times of measurement and number of data to bé collected
by the option of user is also controlled by control device 14. It is a special feature of the control
dévice 14 that it can provide appropriate way to reduce the level of uncertainty by reducing factor of
uncertainty which would affect the measurement condition or deviation of uncertainty. For example,
the measurement equipment is controlled to be connected based on a set of best practices for

performing a particular measurement that has been established through user’s metrological
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nodel, the initial information and adm nistrative
i nformati on on the screen. I n addition, the basic data

w0 ewoiotsss2 by record device 18 is displayed to BCERG2005/000268

10

15

20

25

30

Di spl ay device 20 al so displays ultimte uncertainty
exPEAFGat i on budget table which is recognized as world
standard and the calibration certificate conforned to
| SO 17025 standard. Wen the software inplenmenting the
mef of Attdtinfeabuistfétt bptheinteabittmen eblifmeny Sfsesm 110! exphibicevice 14 is
interface of each step is also displayed for user
rersmmtbleaiqu cgll@nﬁngrthatmmureﬁ 072 agd rfundsmegligl Hale negessayy afor uncertainty

FHD e ek D MogiRb ok GEFe OFREE B E SeBUApRaRT convol device 14,

e@ﬁtlm%ﬂzg 16 l[h%q gé girtke( ﬁ&lng;geve @héé?tglhg%tq 6 2Rulddn of most probable

record device and di spla eV|ce 2 The executi on
védle, tdxparied tunesrRintyp lcowsiager fagtonbd eegies alfif@Bddns based on the proposed
controll ed by control device 14. Accordingly, the
mathdingficebinedsh of the mat hematical nodel and the
proposed data used for uncertainty analysis, e.g.
partially amendnent of the proposed paraneters in
E’Wﬁ » Al FinfdR8E s ?6 g&ﬁgo‘r Wth #8¢bin uté%ro#rg%%]ad process control system
rnDre contr evice 14 controls The execution
121)‘. VWRASHE @RERbintyyevalaatibnng coapiamd thé @epsraee siscetiaintyravhluation budget
equi prent 6 which is able to operate neasurenent
tablg\ang aelirratiomcestifigate canheowiated Outtaraadly therinter 3¥he nunber
of times of nmeasurenment and nunber of data to be
collected by the option of user is also controlled by
cog76)l deMure sBdis it dx8mple SiSH Ahcdr@mbyubedgel tdbe applicable to any
contrdl device 14 that it can provi de appropriate way
megsuradutie ghiigcdlevislerveble warizdiet adpresgniing eadusaibcteg sbm;@ ofrerror 41, also
of uncertainty which would affect the neasurenen

refegidi 1P 28 PR REY | G0 dFkeD iR PRREARETON b @@é@ﬁmaaca' model for the
e&almtlgi?@f%ﬁ a%%éé%ﬂ%@tan §‘€ Bél%o‘éngl &dt Bar ﬁ“l?ters are tabulated in the

onnected on a set o ractices
leP@bit Odoliingin ahep &nt‘ldgbﬁ tibRl Tﬁ@ asilgcorené stdmaﬁcahﬂstodsee’]of each parameter
est abl i shed through user's netrol ogi cal experience.

obtaineyr] froxp therstayipticglanalydint als',yyco(l%vq% el i ag a é@@,%,ﬂgﬁp parameter, is

stem 110 nt ce 14 resp ,
R chT Ao 8% i R GErdE sk PR B A fap o = are cummy
nlﬂﬁ&%ﬁls‘@ihyesf S BB AeSHriptiRY AestRbéPh WU-COMNEY otfe statistical factors

nodi fied by user. Upon receiving the command from

Ecaiustion Methey Ty, Prbpalslita Deasity Gonaieniand Sidhdaiddimceraiitnr the parameter

.evaluating | evel of uncertainty with the calculation
‘%%ﬁﬁmB%QBEbP@evalue expanded uncertainty, coverage

factor and degree of freedom based on the proposed

[077] Figure 7 summarizes the procedure of carrying out measurement and uncertainty
evaluation on the system of the present invention. When the system is ready for operation, the user
is required to input the initial basic informaﬁon and confirm such information to continue to the next
step. For different measurand, there are different mathematical models which are predefined by long
period experience in metrology field. Upon confirmation of the measurand, a mathematical model is
displayed in accordance to the measurand. User may choose to modify the mathematical model

based on measurement condition. Then the measurement equipments are executed to measure the
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mat hemati cal nodel. [075] A printer 30 is connected
Wi th the conputer progranmed process control system
wa2@7/0¥¥een t he uncertainty evaluation is conple@eﬂcﬂmMmmmm

gener at ed uncertalné iegluatl Qn budg t table an i be
okegValle YENTNOICBPITFANE 2P "THA S © BFESHHPHL §H“'P'H%” s can
cotrbifdl %ta@appho%?gt]a wg%/ gﬁhﬁe%s@gmbﬁt b¢ %o@’?ﬁ@ﬁﬁ&le@fa@tfors%@ uncertainty.

uncertalnty get | e applicable to any measurand.

The physically observable vari abl es representing each

selected source of error 41, also referred to as

pr9|7§ilret effter mgasurpment éalweéwenwa}wené 8 refpspnse SiRdardh arerpbtained, the

natlcm

P B e 8 4 e AR5 s s

us%F Qt fir@leéoﬂ&@gs b §Jlf‘ctxdne$ftsﬁg§és 60l¢BRaiAt) pfop6sed gﬁé system and then
The val ues of the statistical factors 4

ccfaadérs paer angtd rexotittion e dvdluation bhensdraintyssaucal b)ama,lrg%wﬂ] or without
al so coIIectiveéy referred to as a 'unit' 45 of the
bt!?

CO{ﬁ&P"&’ﬁ@f eqch spusce P%tta'@av Fhowwhgiessourers PH@C%@@@@G'QP*&B pyuser would be

h
AR R T LGSRl e A28, B st v s

coARPkl Qfﬁdtﬂeﬂ tra?@’e@e’M t4 TcaRlilafehhieS hithdrighll Galdesf &Chr%ﬁamty parameters
Eval uati on Met hod Type, Probability Density Function,

aczordinGtta G MG dast, dhentnceftaimty tbhdgeb dabéenistgenerateld miithl ithey parameters of
lin the budget table. [077] Figure 7 sunmmarizes the
eqeh ouwarlisteds Uselr Moy feposeito edk e it Tor e dertved f%%“ltﬁ gnd print the
u evl‘:’t‘axhjt?h t tg R@ca% Mr‘:ﬁt‘t grpel? F catmhlm S“é @&‘tforl'n%tf ﬁﬂﬁtlen%ghonal standard.
e sys rea or operati e user

required to |nput the |n|t|aI basi c i nfornmation and

confirm such information to continue to the next step.

Fol078 1 f elnemfourte @orediment of ifer preggné inyprtioar @ gpecific system for automatic
mg%f, F%gsaufgé{%%{t iagﬁ @cer}elq%{eyaélfaggw Q?r Iepgcrvaied LE'gH Eosrt]tgws a precise mass
mggg?iﬁén{e'ﬁpttrén%tmﬂ whé?€in %@ﬁ?ﬁ@'@erve@ R @Btile LEJogrQPnﬁlﬁh ptogess control

di spl ayed 1 n accordance to the nmeasurand.
sysleansatainihgrtbe prbyraintfer unedriaiatyedviluafionnBiobead dd:jm;oboonter balance table and

nmeasur enent condition. Then the nmeasurenment e g

mgesresiesk Helaipe GDREREELieE THABH SEPPRIBIOE 4 Aopeangr Weight at the two

) barlre ncé ‘tjab%n %o?tng £rﬁ;§elfﬁ%rb n— : o?%r%p q g d nv FQRmSFE ﬁ%é‘tﬁ&'@g r%tbalancmg device for

pIEnt S ¢ 6d 10 take appropriate

at%méﬂé&féhltfdﬁmg Mhe Ban¥® SbiweaTtsitdr baighderiabl®bndl ﬁ)@ﬁutf@temt yalance table.
[078] After neasurenent val ues for neasurand and

Compasatenerd delamiizr device care ok st masheremgrit Q;cmpmegtis,néuttate necessary

oAl EbecaessCiEnt Qg Heeh " e S AU GrE) Necsssary

etgt{i‘bgne%?sl 864 L ggfc‘ﬁﬁﬁt&r ﬁgéhtogxc%‘é@r L&bRhd% %@Hoé&ﬁar@ér and unknown

system an
weight exchanger, wherein calibrated counter weights, calibrated reference weights and unknown

weights are located before the measurement starts. DMM is used to measure input values, in this
case, the feedback electric current . Other measurement equipments, e.g. a thermometer, and
process control system connecting between measurement equipment and computer, are parts of the

system, which are not displayed in Figure 8.

[080] In order to measure unknown weight M, a counter weight M, and two reference
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consi ders the way of execution of evaluation of
uncertainty source by source with or wthout
waevretisBon of each source of uncertainty. TheP@8GE05/000268

BEH GERERP B FRTEIE e SO RRUTEI DR gy (TG NE Ty Mo o ueed. Kis to be
nm%\’tﬁé ndhiRalVRASs oftEMPAHIANE LRY chosin@o bé BRlshie. In the first step, a main
confirnmed and then transferred to cal cul ate the
refaneres ivesdght sapuies tod mensueenient halgngeaipizlerstndra caumtzo matighigwith the same
to ISO-GUM At l|last, the uncertainty budget table is
nejaipal rvalueds Wit An theecqyaien RelpRGestable: 2 delanes (§rbitpingdshebypen the counter
er choose to Vv i -
5 oI PR aRd o e e et Bl e ol Rfescred
calibration certificateymhiah formed togs
i nternational standard. [5679]C-?(‘r71#§g?e}(;urth errbo(dl)rrent
wbdreih tég ip fexsibark elecirie ctiireantrmass squeersibn ackoy sine s fsdeedback electric current
automati c mass neasurenment and uncertainty eval uation
obtaings-feam BN repding whenghesmanisiarense deidbs peos thahalanreRRiRt
framewor k wherein a conputer serves as the conputer
programed process control system containing the
10 Prpggm f efmikig eletsab Rdrdrefiéaddight mQNs alttati®thd @6 diremfent balance table,
counter bal ance tabl e and neasurenent bal ance table
andigEnhed sifuetiomis descrpedpar at or for conpari ng the wei ght
at the two bal ance tghl es. Vol.ta A lifier, V-1
converter, |-F converter fof R foggf P?g?calas a bal amci ng
device for automatic controlling the bal ance between
whereintlars featitenk electrbtusrenirbtained SigmeAdidtredsifioavies betidie and mrs are put
rﬁlnga]r at or land bal anci ng devi ce are not direct
on s SFPRIIRAY-equi prents, but are necessary equi pnents
15 for the neasurenent. (Please check if the above
explanation is correct) Necessary equi pnments al so
i nf08&Je coumbiay equetighi3) anddhiathgdolipwing foemaa can hweobidiried
exchanger and unknom%/v\ei_%ht xchz;ger, wherein
cal i brated counter ' §ht & Cati Dfa¥ ed ref erence (5)
wei ght s and unknown wei ghts are | ocated before the
Simeamus baemt l.sraekssvaiiiimalies, g eah hepbiaingd frem sanasign (5) accordingly.
values, in this case, the feedback electric current I.
O her neasurenent equi pnents, e.g. a thernoneter, and
20 PregesS CORt ROk sRY S BPuEOAREHE WBGnOGEYRE hABREHER FBBkce table. The
equi prrent and conputer, are parts of the system which
c@fe’pdiaingbaapdeaytedtion & debgibeca8. [ 080] I n order to
measur e unknown wei ght M, a_counter_ weight M) and two
ref erencewei ghts i ncl udi =Myl 5/ g&k.er ence weight M f
and a sub-reference weight nref are used. It is to be
whebiad, i HHeddbadkesigebiaicnadnt vhthined frah DMM rdstingmtlevigidhowm eeight is put on
chosen to be the sane. In the first step, a main
thegtespwamenthelepsatahle put on the neasurenent bal ance
95 tabl e, and a counter weight with the sane

[084] Combining equation (3), (6) and taylor model, unknown weight can be obtained by
the model .
M, =[1+(k/ &)U, ~ L) M, 1M, @)
Since Iy, lern Mc, Mes are observable and k/g can be calculated, the value of M, can be obtained

30 accordingly.
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nom nal value is put on the counter bal ance table. A
bal ance i s obtai ned between the counter bal ance table
wara7nisssneasur enent bal ance table. Then t he b HRGHUS/000268

S| L[?%ﬁkoﬂflaﬁc’at gne ?“é eageed&un ngeré\ttaf In'&:odé-ll(jlré{r g)ﬁ\tss meséurgment according to the
QAN Sdifias frasg e 8. AWallidtBh of edsBRMBAGICETaREY, Flaky factors which would
current obtained from DW readi ng when the main
corgrfbetectocibe watgtainty of thet measutaheé nbed anb@ cpwuieeed P@@)Iqing to long-term
Simlarly, the sub reference \Aegrﬂ gr i.s added t
XAREeTfE S e TV HTPR oYt BatheTacR AP A Eder GFRIALHY pluation whih
5 mﬁé%%ﬁ%%{ﬁl@? §0M.|ncghaug(ﬁ USL«:QQ laa (4) wherein Icai is

ric curr talnedfromDI\/Mreadlng

A%%EH-P%% (B lone é@gé’gt }n%ﬁngé‘ ia]% Ly 7 r}rejt’)l(?xﬁé g?@ﬁl/%&/l]]{‘{a buo

formul a can be obtained Since nref, [caiand Irbf are
wogreior vabl e val ues, k/ g can be obt ai ned from equation
(5) accordingly. [083] e next%z@e s to put unknown
wei ght onto the measurl l e. The
correspondi ng bal ance S|tuat| on is descrl bed as Mk =M
HkZg) I x (b) wherein Ix is feedback electric current

10 obfoe86]ed Ardesaribidv of @rcionBondntin thelebowedutionhs presenfidtin Figure 9. As
on the neasurenent bal ance table. [084] Conbi ning
we garagseodl! thafactorsghat gaeld eifaet e urmgd@nty of rknewmweight ik erecapsidered and

i.n t he del Mk =[I+(k/g)(lx -

'"F'Pg?%]"/’tf\’/@]el%/?@fr‘}{?t %n%%’d?' lref, M, Mef are
observabl e and k/g can be caI cul ated, the value of M
can be obtai ned accordingly.[085] Equation (7) is the
f ufiBffent afterntbel ebnfirationes shempathemativeininodet Carrrdass gndasurement, simply
the equi pnment settings in _Figure 8 |In evaluation of

15 appivy Bif BRI SRR S ¢fd 'ﬁ't"? 7. @ﬁf"?‘%’f’B@Cﬁfﬁ EHhGuSeng as what has been

%’e erda%grgnétgtﬁeﬁgcor rﬁﬁ 3,9 of the neasurand need to

consi dere 'ong-term
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experi ence, the present invention provides the
mat hemati cal formula for uncertainty eval uati on which
w0 p@70tss82 possi bl e sources of uncertainty as fpCT/6G&E05/000268

\A)\/k;!I_+Hk[g)O+A(k/g)T}{(lx - Ir )t +A(Ix - | ref)lin
' M +AMouo (8) wherein [086] A description of

the conponents in the above equation is presented in
Figure 9. As we can see, all the factors that could

aftf e&methoe olevelzrting untsriaiity asseaied-withsheyvriueldt aaregsurand derived from

consi-dered and included into the final mathemati cal

mod e‘l”eas[”(?S’PPtst £ pvigerinderdestispidanstind cgrPEsNg-

5 mat henat i rg\ndl %eha&ghﬁ{%ﬁ%o@a@ﬁg@ eﬂé ’mﬁ%glﬂgljlcy |saQ£Hré(ssed as a ,

thi s node tep L gure eval uati on

Pr ocggdioh Sf (l)hﬁ |ScRIBneAShyibay obsuivadREjuaRtitp saidi@entity being associated

according to the procedure in Figure 7. Wat is clained

i s: With & leest bredscufceenf aheestaintydn thﬁ@@as\aeml}i of thecslevieg erpler test, and

with the value of a neasurand derived fro

meas (i} BaERreNGsvalye QESALRIVRIFRIE POsEREPle qg%ﬂt'a '%f%ﬁ"ce device,
conpri si nge . pi; X%ltl%' Fl:geré%cg%mg Rlhé %fe£ﬁ$953%95@ e t\}%ﬁ;e of the

nmeasurand I'S expressed as a function o east

10 one physipabt e abs@ umabltestquantity, said quantity
bei ng associated with at | east one source of
uncert ai nmyaaunng the valeasfisridatingst ofie myew@lbf@bwahm@ﬁnmy and
test, and ., .the reference val ue sai d Sic
obser vabl & UZH'H'TQ #l lqant ang Ypesriandevaig fed i 9ﬁﬂx physically
the Bt%feﬁlgﬁﬁﬁﬁan\ﬁglf%ﬁ] rﬁé?ﬁemaﬁ@ézl flogaice device and the
val ue suran of the device under test,
measur i ngwhdreinval ue of said at |east one physi cal | y
observabl e quantity, and determ ning at |east one

15 uncert ai nth? medfnatioa medel iFles inthagspu et iRsssaneape of uncertainty

obser V‘ﬂ ?ﬁefe gn%{gtvalh tftFne {Qfe?e"’}uagfim hemati cal nodel ,

wher &} hemat'i takes into account t he
at | east one source of uncertainty and the reference
val ue of the reference device.

2. The method of Claim 1, prior to the step of providing a mathematical model, further

comprising the step of '

20 selecting sources of uncertainty associated with at least one of (i) the

measurement of the at least one physically observable quantity, (ii) the measurement of

the reference value of the reference device, and (iii) the measurement of the value of the

measurand.

25 3. The method of Claim 2, wherein the sources of uncertainty are selected from a database

specifying possible sources of uncertainty. .

4. The method of Claim 3, wherein the selection is determined from established knowledge

of the sources of uncertainty in the environment in which the measurement of the device

30 under test is carried out.
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2. The nmethod of Claim1l, prior to the step of

provi ding a mat hemati cal nodel, further conprising the
W(Stﬁﬂp/om%ssel ecting sources of uncertainty assSoRPCEHS€205/000268

wi t h_at one of [ ene th A

o T MET R 7C PSR bRl 20 & AR on & e Slea sourcete) o

MeasyceRBRY istharkfteriZed bh BRERaMAIbIEvaTe Jahaoxé ef erence

device, and (iii) the measurenent of the value of the

measurand. 3. The nethod of Claim2, wherein the

sources. of uncert ai nt%euare sel ected from a dat abase

sﬁec?h%ﬁ@"%%"ﬂﬁé“g HPUBRISHE uncertainty. . 4. The
nmet hod '

5 1rom edlasf TR Ausp b EbE Shariibraig SLRLARRR Source o
uncegdcahaibty. i n the envi ronnent in which the
nmeasur enent of the device under test is carried out.5.
The nethod of any one of Clains 2 to 4, wherein each
of_ the sel ected sourclgﬁgic of uncertainty is

cHar 5o& Bsthodef GRim & 9K l’Is$9‘gobs,er vabl e variable. 6.
The mto%%ﬂn ﬁf‘l% C%}‘I'Qatlgn eITrJH %H@ﬁne lh,:l b@grvm@%”ablggand modlfymg

t he physica servable varia racterizing each
10 sel egbafirematicEmodel mﬁ@rde&anatcynrec't‘on e nmethod of Claim

6, further conprising determining a correction term

fromthe physically observabl e variable, and nodifying

tg‘f m%%%qznﬁtgl qgré‘ﬂgg%owh%ga:s”m%;gge Saé?;ho rgrcée?(r:r'éctlon term comprises

det egymh pald anvdhle @ %Prléagptoh@rktétﬁf A GRIPrdsSSated with the physically

eval uating a va ue of | east one statistical factor
assoetsaivesle vartablet he phyS| cally observabl e variable. 9.
The nmethod of Claim8, wherein the statistical factor
15 jis select ed from covariance, type of evaluation, nost

p '0babl & oclg %alrﬁ %ovgﬁepé Ill h%%@ﬂﬁf&& f%éfor ls%%tcfeg ﬂ’brrng al f

Wi dt oFet pr den stan

uncer t abrndd @Ps%f é\fﬁﬁ-}éﬂﬁ\, dﬁgl’f $6badfe \fafuﬁ,eﬂ@wbllity density function, half

width of probability dehsity function, standard uncertainty and estimated degree of

freedom.

20

10. The method of Claim 9, wherein one or more of said covariance, most probable value,

probability density function, standard uncertainty and degree of freedom from said

evaluation of the value of at least one statistical factor is partially modified by a user.

25 11. The method of Claim 9, wherein one or more of said covariance, most probable value,

probability density function, standard uncertainty and degree of freedom from said

evaluation of the value of at least one statistical factor is completely modified by a user.

12. The method of Claim 9, wherein one or more of said covariance, most probable value,

30 probability density function, standard uncertainty and degree of freedom from said

evaluation of the value of at least one statistical factor is deleted by a user.
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10. The nmethod of Caim9, wherein one or nore of said
covari ance, nost probable value, probability density

wo eowciss? standard uncertainty and degree of PCERGLING/000268

fromsaid eval uation of the value of at |east one
statistical factor is partially nodified by a user.

1ks, TEERI W AnPdneer Blalhs toWRBKiRirdin DB the@SurdMER ofdack 81 the at least
covari ance, nost probable value, probability density

f uncorieqmysistpoigarveble neamtity 3§ nepgaterifor aiwegretesmipkd hyuralkead oftimes.
fromsaid eval uation of the value of at |east one
statistical factor is conpletely nodified by a user.

12., The t ho ai . erel or f ol
e T I S A G, QRS 5 f e o

f uncibirenfdn®nsiabch sMERY 4taddat YnaapisiBaig obsertbiel dURAEP ™ adapted to
fromsaid evaluation of the value of at |east one

st at minizathe feae obuncerainte Indbeenl edpyrementsd the g vica inslentesthod
of any one of Clains 1 to 12, wherein the nmeasurenent
of each of the at |east one physically observabl e

ST s FEOREL £8Py ARSI BTy conorecs

wher girfing b8t B nfesliréRént GRIhE Welite Onder fEBEISISEE bR ATSSt Ffbest practices,
each of said at |east one physically observabl e

quansaid hest gractidegphait astablishad thraugh experigneeel  of

uncertainty in the measurenent of the device under

test. 15. The nethod of C aim 14, wherein the

Mm@ ﬂezrﬁgﬁgdqof%hy bilEorl cEHRY 1 & 18! WAEehahd hiin&RSIREI &R is proposed to
carrying out the neasurenent of the device under tes

bas ed ugd? tdsefet sotfced eRinc@taatis cfessas@randio betetmips the paremsters for the
bei ng established through experience. 16. The nethod

of afvplugien dunertainys 1 to 15, wherein the mathematica

nodel is proposed to a user to select sources of
uncertainties of nmeasurand to determ ne the paraneters

f OF. fREemeHad Bediyne Of CISET tli 6) thereth/the TagheRRLiCO o8I is provided,
any one of Clainms 1 to 16, wherein the mathemati cal

nmodesaid safreowiicboode diidg imtéreptiandecwith thedRP Guisierig thenExpression of
conpliance with the | SO %'Ug‘\? to the Expression of
Uncelesrtanly 7 MesmeeasrdiitYWso aum . 18. The met hod

of any one of Clains 1 to 17, wherein uncertainty
paraneters associated with the neasurand are proposed
bagethémethbEofiany md FICIEmS 0 R B Mpetinancetamt) rdnidtérs associated with
knowl edge and those paraneters are prepared to be
acceﬁ'?éftﬁaﬁlﬁﬁf&iﬁapﬁomﬁﬁﬁ |b9e_ed on the inventor’s long experience scientific knowledge

and those parameters are prepared to be accepted internationally.

19. The method of any one of Claims 1 to 17, wherein the mathematical model is modified to
include user-proposed uncertainty values, said uncertainty values being determined from
a human user's experience of the environment in which the measurement of the device

under test is carried out.

.20. The method of any one of Claims 1 to 19, wherein the determination of the at least one

uncertainty value is carried out according to the method specified in ISO-GUM.
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19. The nmethod of any one of Clains 1 to 17, wherein
the mat hematical nodel is nodified to include

wa s@r/opiseposed uncertainty val ues, said uncertBCT562005/000268
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val ues being determ ned froma human user's experience

of the environment in which the neasurenent of the

deMi ¢ MBHSET oflchsth 2bSwikcdifi 1h8 &t RSt onlhcertdifty RLR delBdted from : type
any one of Clainms 1 to 19, wherein the determ nation

of t bieevaluatloeastbabiiy densitg funafiant soveraberfactos sersitivityorpefficients, effective
according to the nethod specified in ISO-GM 2 1. The

met heepress offreadam 20d expaafed WceiMtat | east one

uncertainty value is selected from: type of

eval uation, probability density function, coverage

f 3ot AlcomB@GSTrddranh E¥meRSbdx6duany $meBbd efintattirtegiamretonpéomprising
freedom and expanded uncertainty. 22. A conputer

pr ogpmpnael reerps for Earyingoatanyiong obthemethodiofdlaimad & 24ai nt y

eval uati on, conprising program nmeans for carrying out

any one of the nmethod of Clainms 1 to 21. 23. A storage

g:?g‘ic Aot ggeta%iﬁ@{'ﬂ %8%8?'9‘?&1&%%[& P SleftiThtMor fe%cuting a method of

uttn ncertal nty “eval uat1 on,
CONMPGhcektHbty RUANHIB ORBASNd P6graa ficihd For Eilying Mt MY@n@bf the method
the method of Clainms 1 to 22. 24. A systemfor
eval obtlaimg 14m2Zrtai nty in the nmeasurenent of a
physi cal |y observabl e quantity in a device under test,
conprising measuring equi prent for obtaining a
refene t he . i
e O B TP ARG Rl (T RR HEARrif ol piypigly, ovsenvabl
| eas uas inhysiceahber i@eemp@ige quantity; process
control unit for controlling said neasuring equi pnent;
a conput eMmepyusine aatiraens fos QbBiningoh tefasencg Apgasprgment of the measurand

evaluq%k%% uncertaint%%asso i at ed 'tP %hg. %hqg Pf 2 . ‘
f i . on& physicall
meas @? FUPTOIY ¥ 1 rer?g%\ssgarngaﬁg nt \é\éac? hea“ydew ce physicaly
undeppdeRible qaHtf); €val uation bei ng based on a

mat henatical nodel selected by a - user, said conputer

pr ogr amedropessces®! aotformhiraling said ovepsuring agrirmentnput

device, a control device . . . .

a computer programmed process control unit for evaluating uncertainty associated
with the value of a measurand derived from measurements of the device under test, said
evaluation being based on a mathematical model selected by a. user, said computer
programmed process control unit comprising

an input device,

a control device,

a record device for recording measurement data and input data,
a display device, and

an evaluation device.

25. The system of claim 24, wherein said computer programmed process conirol unit

proposes and clarifies sources of uncertainty.
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a record device for recordi ng neasurenent data and
i nput data, a display device, and an eval uati on
waelewroes6825. The system of claim 24, wherein sBETSG2005/000268

¢ 058? Lf*-lg E)ésPermo gfr cﬁlar}'ﬂeﬁ &rz%?\%ﬁ{feiﬁ ﬁ{%;lg\%g &%&néﬂ{t}? @.Orég&]gda Bf?' connecting

clarifies sources of untertal e systemo

cl ai medéduréther? Squiphhét Bhded b @ sbi) Bdst practicBs BF pérfofhiyig thd measurement

reduced by connecting neasurenent equi prent based on a
set (e dewise unseniest ces for perform ng the neasurenent
t he device under test. 27. The system of any one of
claims 24 to 26, wherein the evaluation of each source

5 of,u %F rs%sﬁ’érﬁ‘toy ah?o Al bEths 4t toet GherbRCh@T9RESRN of each source of

contro qul prent unit receives a conmand fromthe

cont pdertdialyii€ earfiéd bikeafep MpUlr@esPEdgolasnuipehept ardieeseives a command

control unit. 28. The system of any one of clainms 24
t o 2Tromikeegonirel devi¢eof dmmpenpeter pewemMAAKRIGCess Gerirpbunit.
control unit conprises a conputer programelenent as
defined in Caim22. 29. The system of C aim 28,
wh . . | _ .
orrr ST o ATHERS SBLRHAT, Fh SRS

10 sai d coneplryofiplides @.codPuterhayrary sleent@l dafined tn@aiol22.
claims 24 to 29, wherein the control device controls
t he nmeasuring equi pnment through the process contro

equi nt . uni 3 he. system of C aim an ne of .
o1 4. T8 Sl g e 8 ey profialt e i dees = oraptical
the i,8RuerllRY (B9) thEES BESlayd8 H &R diglagRbAYe. devi ce, and
eval uation device. 32. The system of any one of clains
24 to 31, wherein said evaluation device carries out
the eval uation of the value of at |east one

&grammed process

15 st 8 58 [SYSiPm 10§ AronGsLoRAE @4 194 %0 WhRBI iy <Gopi! dpvioe controls the

obse rnyeggllr@ g@iﬁmen% ?h'rou.{gﬂ %eﬁ*%%@goﬂ{rol %?hrﬂ}rﬁ gnit. wher ei n

sai d at one statistic factor es
covari ance, type of evaluation, nost probable val ue,
probability density function, half w dth of

pr ¥b dbe systamn diePisimt gnvfaneof claims 24tta ABavhereim thercoalfoh dgviagrrgntrols the

timated d f £ 34, T t em of
of . ChHeER TR P et LRt B et v
2o further

32. The system of any one of claims 24 to 31, wherein said evaluation device carries out the

evaluation of the value of at least one statistical factor associated with the physically

observable unit.

25 . 33. The system of Claim 32, wherein said at least one statistical factor includes covariance,

type of evaluation, most probable value, probability density function, half width of

probability density function, standard uncertainty and estimated degree of freedom

34. The system of any one of Claims 24 to 33, wherein said evaluation device further

30 evaluates an uncertainty value.
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eval uates an uncertainty val ue.35. The systemof Caim
34, said evaluation conprising determning a

w@e@bakicst ty density function, expanded uncertBELTIBG2005/000268

coverage factor, standard uncertainty, sensitivity
coefficient, effective degree of freedom and nost

probabl e val ue. 36. The system of any one of clains 25

t @353bhe yeRFELNCM d4.e5:d eaduation dewprisingtdelEnhiaings probability density
calcul ated data in an uncertainty budget table showing
t he fuadignt esgandedt eyncaitainty eReragat fasior-afiPneare t wiogriqipty, Sensitivity
uncert ai nt araneters.. 37, T f y one of

cl ai ?‘?ﬁﬁ'ﬁ'ﬁ“ %fpeg%',e%% reeF’é)Ffﬁeefj re ggg]%gutﬁr&cgﬁg S@:g'ce

produces a calibration certificate. 38. The system of

claim 37, wherein said conputer progranmed process

c et Tied systent of snycamnefctiginst25 ta 35¢ whereimgsait evalu@tiérodevice tabulates
printing the calibration certificate. 39. The system B
of  CrRAuReIBatainaR AsrEBSURSt FRbleRgoHEe e sepHiioh oSy evaluation
said_uncertainty.b | e and calibration

cert1’°"?‘dir}%(§?r%%‘]4 gFlgRt/aérg??a?%mm&%gi d eval uation device. 40.

The system of any one of Clainms 24 to 39, wherein the
measuri ng equi pnment conprises a switch box for

alg7omiee sysgnt bfeanyearewof aaims 2oflo 86, edteradin dle evabiptitnadeyiee pfoduces a
a devi ce under test and of a standard resistor

pr ovFaiPREPNLeFEFRP-ence val ue, the switch box

conprising: a first connector for connecting the

devi ce under test, a second connector for connecting

t e, 11ef SyRiRT 8F d|ii 38, whdien &aidi @nipater Prdgrdnidde procep alahtol . unit is
of nmeasuring electrical resistance. 4 1. A swtch box

f or eannentestto agrinting devessior rrimtita they¢aliblatien ¢arifigate.

resi stance of a device under test and a standard

resistor providing a reference value, the switch box
CHMPThSLRG & ibifnS3s, GABRRCERN priiig @Q@‘f-’p@iﬁt% R0t §ftEuncertainty budget
devi ce under test, a second connector for connecting

t he mblandacaibratei citiicate dertyedifrath gaitl avalurtion devister

capabl e of neasuring electrical resistance. REFERENCE

1. S.D. Phillips, WI. Estler, MS. Levenson and K R

Eber har ) [ ' ;

oD e o A f sl Ein 4 B3 MGRIF A, fBEF) Bl nfent comerices
Nat i eigh bbet blitbh&tingfiheShedsdrRm@8t of electrical resistance of a device under test

and of a standard resistor providing a reference value, the switch box comprising:
a first connector for connecting the device under test,
a second connector for connecting the reference device, and

a digital multimeter capable of measuring electrical resistance.

41. A switch box for automating the measurement of electrical resistance of a device under
test and a standard resistor providing a reference value, the switch box comprising:
a first connector for connecting the device under test,
a second connector for connecting the stahdard resistor, and

a digital multimeter capable of measuring electrical resistance.
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and Technol ogy, volunme 103, No. 6, 1998. 2. Vicki J.

Barwi ck and Stephen L. R Ellison. "Measurenent
waor@entssnt y: Approaches to the eval uation of PCT/SG2005/000268

uncertainties associated with recovery". The Anal yst,

vol une 124, pp. 981-990, 1999. 3. MG Cox and P.M

Harris. "Software Specifications for Uncertainty

Eval uation”. Report to the National Measurenent System

Directorate, Departnment of Trade and I ndustry, 2004.
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