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_[003] As a requirement to conform to ISO/IEC 17025, accredlted testing
and calibration laboratones and in-house laboratories of manufacturlng companies
are required to evaluate uncertainty in their measurement result or calibration

25 result, and to include such uncertainty evaluation in the test results or the
calibration certifi cates that accompanies the products.

[004] In principle, measurement uhcertainty is associated with the result of
a measurement that defines the range of values that could reasonably be
- 30 attributed to the measured quantity. When expressed in a specific form,

uncertainty is indicated by the level of confidence that the value of the measured
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[006] Effects of random errors can be evaluated .by repeated
measurement results, while effects of systematic errors can be estimated from
extensive experience in metrology, technical specifi catlon of measurement

25 equipment, manufacturer‘s manual or long time observed data of those

equipments.

[007] Accordingly, the uncertainty in the value of a measurand is generally
arrived at based on several mathematlcal components. These components may
30 be grouped into two categones according to the way in which their numerical
value is estimated. Those which are evaluated by statistical methods are classified
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estimates the uncertainty of coordinate measurement of a calibrated coordinate
measurement machine (CMM) based on the uncertainty of length measurement of

30 said calibrated CMM. In particular, the method addresses problems associated
with modelling the behaviour of uncertainty in a CMM.
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15 Another approach by V.J. Barwick et al. [2] aims at the estimation of the
uncertalnty associated with recovery partlcularly in relation to analytical chemistry.
In addition, MG Cox and P.M. Harris [3] present software specifications for

uncertalnty evaluation accordlng to ISO-GUM.

20 [013] Despite the development of methods. for evaluating uncertainty and
its implementation by many parties, most methods involve mainly the
mathematical or statistical treatment for uncertainty evaluation of measured value.
None of above methods, software and equipments explains sources of uncertainty
quantity by quantity. Besides, sources of uncertamty vary from one partlcular

25 measurement system to another, and can only be identified from expenence
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[014]  Accordingly, it is an object of the present invention to propose, clarify
30 and evaluate uncertainties source by source and fi inally reach the uncertainty
evaluation budget table. It is an additional object of the present mventton to
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[016] The above method is based on the uncertainty evaluation method
20 proposed by the International Organisation for Standardisation (1ISO) in the
document “Guide to the Expression of Uncertainty of Measurément" (ISO-GUM). In
principle, the method combrises a first step of modelling the measurement with a
view to establishing mathematically the relationship between the measurand and all
sources of uncertainties which may contribute to the uncertéinty associated with the
25 measurement. In the second step, measurement values of the measurand and
-values regarding each 'source of .uncertainty which contribute to the combined
uncertainty are obtained. In the last step, numerical and statistical analysis is
carried out to evaluate uncertainty of the measurand following' the ISO-GUM
p.rocedure.
30 _
[01_7] In another aspect, this invention relateé to a computer program for
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25 [021] Figure 1 is the procedure of uncertainty evaluation according to 1ISO-
- GUM. _
[022] Figure 2 is an example of a theoretical model for resistance

measurement.
[023] Figure 3 is the procedure of uncenalnty evaluatlon accordmg to one

30 embodiment of this lnventlon
[024] Figure 4 lists and explains all the components of the mathematical
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[030] The present invention is based on the finding that the evaluation of

15

uncertainty can be made highly accurate by carrying out calculations of uhceﬂainty
values based on a user-selected mathematical model which not only takes into
consideration sources of uncertainty associated with the measuremeﬁts carried out
20 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 équipment ﬁay be controlled tb perform
measurement by least factors of uncertainties based on empirical metrological
25 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
30 evaluated in a DUT, is expressed as a function of at least two variables, namely, a
physically observable quantity which is typically associated with one or more .
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temperature (kelvin), amount of substance (mole), and luminous intensity (candela).

20 In other embodiments, derived quantities whose dimensions are expressed in S|-
derived units such as force (newtoﬁ), pressure (pascal), quantity of heat (joule), |

_power (watt), electn'c; charge (.coulomb)., electric potenﬁal difference (volt),

capacitance (farad), electric resistance (ohm), electric conductance'(siemeris'),

magnetic flux (weber), magnetic fqu density (tesla), inductance (henry),

25 temperature (Celsius), luminous flux (lumens), illuminance'(lux), aﬁd activity of a
radionuclide (becquerel) may be measured by the present. method. Physically -

observable quantities may be readily measured by any conventional measuring

equipment. Examples of physically observable quantities include current, voltage,

capacitance, temperature, light intensity and radioactive decay.
[034] As' used herein, the term “physically observable quantity” refers to a
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- 30 evaluated in a DUT, is expressed as a function of ———

PRrinted; 12-11-g60Feast two vari abl esgg Iy, a physically o
- = bbservabl e quantity V\hpgﬁeﬁr@“@pl cal |y associated wi tBP 05 769 082"
one or nore 7 AMVENDED SHEET(28-67:-2006 sQurces of Coee LT T

uncertainty, and the reference value of a standard
quamtifiable Ashysizah prd sort He t BN esigned to.
a DUT [theglmasafggﬁg)g'F&Bﬁ? resistance or

e itedateyeofhaboas

Pie o Sofhabsanube ermasirét: upingsaroabiaiables figk8hifly device.

[ | Is coupled to the mass o
E’EZ’H‘D%T?‘ el bbtaintinroysholi aneas.somapt mey e associated
ssauresss o uieergiRtyNSs fitht fHAC resisto .
s Lroma digital ndf‘?i”neﬁ?*% ?é@dﬁ’%c'?s%“'?ms" 6285 fiygtuations in
SRS FebERISUER. hwmisityt inuthep meastrment ehatonisHi Br non-ideal

and the sources of uncertainty

cﬁﬂa‘éﬁﬁﬁ%@s ] qﬁfﬁhér ?ﬁ%a%ggg uPaement.: Theetgmul “pbysicallyaobservable

assocl a
variapie'tis usdddréiv th e ' ayting L
..pﬂygni &i cantly to uncﬁ?ﬁﬁﬁﬁtﬁ%ﬁ?@b@%gbﬁﬂ%@eﬁ (distinct from the
2y rRbseneabie squanti@htofethe moeasremeh? émﬁféHl‘('rj;bHQ or of the
e(?nglngﬂPﬂEe@%I nqgasur(igent method in order to reduce
o he sources of "UCET taF MeASUFementaryifanmeant . used3s] dvatuate the
sauneesbf ancartiintheFos i ectainty in
t he measureme'nttp of g)gayrﬁ;?%b\g/}ﬁg#. lég’ﬁ{%’%ﬁ%ﬁ?’ﬁ?/"E@?B?%abteénperature
a%t?a_rﬁq”f‘)’ﬁ QicHnegrtaiatysin Iresigtance lmeasdreméiis, téberature in the
méSSireARf e 'ﬁnrﬂeﬁxtai preferred enbodi nent, the present
met hod can be used t'§ BRAHERL WithA | theesometese temperature is
therlefiara s ‘physieally sbserebfedargbidase units specified in
~the International Systemof Units (SI units). Exanples
of SI units - include Iength (nmeter), mass (kilogran),

o ooty t (appere), '
15 tgg?ﬂt(j;ﬁg%ﬂ% ?rghg%bgebﬁr@léz &lgﬂmcégmmﬁgm further comprises

selegting dhe soynces oF unaedaintymassvidmtd it #hel
edsf &I h% eg;j&di nts, it ved _t%@aﬁ"?‘?fﬁ"é%“?vﬁgé%m’em 6Pthe at
g 7ERs POYR eotg%?/%@@e‘i}‘ﬁfﬁ%l( k they evieasurérmestuoh ti$ reference

valier of thé eieiétahee g g rgli g@?stﬁél %ﬁg%ﬁ%ﬂt | ﬁqu%],ev%tlué of the

joul e) . power (watt ree
- me pglar\u;-r Eong@nplpathecaqcbaogmfe rieasinemefRBAESIsBHR of a resistor
20 usiﬁ{;aéaﬁpitalehﬁ?ﬁrf,%%ér esi stance (ohm, electric .
fi conductance (s fO5Y bey Ncte e afistesk by fastoret such as
uctbationsednshé temberitark, of -~ i
tte&pﬁr? ndhe (Cte)l i tpﬁqmﬁ%ﬁug&pﬁﬁﬁg%ﬁ?mt’and the electrical
contagt, ﬁyﬁﬁ% the usgmpenentsicini the yneésmiﬁga@qﬁlﬁiﬁfédﬁ.dg'hus, if the
resent nethod. : ‘

d- by th '
| megﬁggﬁ*ﬁ %lzg@‘gr Q@D{ﬁg&z %ﬁ@qrﬁ%@‘t %grq,gemwgturq fluctuates, the

tempesatures df CTORSRNS i - : ¢ _
Exan;;él es g%e gm;i cal | ;/'é mtavbg\%%’égtéé”ﬁ?g%%@%g (geertainty.

25 The FoWIGRs of \ncedaiaty assasiated mith, sueMRIasUrEtents Inddlf be selected
' Pt agli tjve decay. 30 [034] As used
f’a"t?f??‘@'i”%,* Rl 8RR ont BriiicH s weiralonical knowiadge about the
actoesf dnstheo me8sudEIRE -842660 : .1 o
. -quantifiabl e %hysi_ca%@ﬂggg}eﬁg ‘S’E'Cﬁhgﬁm froron theysideal, or
impetectonsip thesMeasuting endipment. tHmpieicl liotMedtOiely befHissessed
g ce.

i ng_any avaj | abl e measuri ng devi
o oy %ﬂi‘f'ﬁﬁ? egtof ﬁ’eaw’ﬁ’@a_gm IRAC8LNametiglagy: Altgmatively, knowledge
concaragr thepoissitiey/ shifcés 6961!\%(%?}1%%%}&@% ﬁéﬁ)ﬁ?g tarbg éi_atabase and

ex uncertgitc{;g’?%{I associ ated w
PYIImeRig dramy numerous experiments can be compiled and analysed
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5 tenperature, pressure, humidity in the measurenent

ronnent, or non-ideal..characteristics in the
Pnnted 12—11 g@ésurl ng equi pnent . TRESCEAMD physi cal | y observabl e: EP 05 769 082

vari able" is used herein to refer to quant|f| abl e

physical properties (distinct fromthe "physically

QhEticHRPlord Stk twhith 86 envipongen

or of |éﬂjﬁe equi pnent t Used u%%g&fgggéﬁgﬁw& ﬁ%hf’ contributes

Qé’l’ﬁr iheyand @& thieshold (evel (dndothestrieed 116 beotakeAsntef consideration) for a
when eval uating the

I F [
er aléﬁ‘%éd/.fla 4 exﬁ‘%f“@"@edh%éﬁp@ﬂobpr@%@r a gompputémprogram .
rﬁ@y‘éltié arhﬁrénﬁ@ﬂé@rt%mémo?nathﬁﬁzeée%é{r Sa‘n{&ﬁi‘ig{% sources of error, in

measur ement environment 1S asured
5 pandquianmthase, thatmentribute significanteferror for @Mfsleﬁ-@{)é&ifed set of
eobserv %Iae '%/fg{l abl e'. 15[ 035]In one enbodi nent -
FRENBENGY CORAUONR ent i on furt her conpri ses sel ecting
the sources of uncertainty associated with (i) the
measur enent of the at |east one physically observable
quﬂ?ﬁﬁlty Wiein) lmlbiemmaaglrtaaemtetmﬂ bhehe qﬁ\%rﬁna»ﬁemvméiﬁmn of a
e reference device (ii1) the neasuremnent
c?ﬂ@“ | RIRIEM.t 3 USRE AN h‘h cPfeWGQN'ﬂma dist ofieources rcda.;ncertamty
10 aﬁgc n r resistor, 2
il AP W o the " RRBSHARGTURS Fis BRVGS ot the ysdburement
eﬂwmlm!@tsu cjueatori.| The uséri then sefectd) the SoleES O hﬁcé’rftalh@qhat are

asur ement environnent and the el ectrical contact
togE 3@'@‘?{’ {iQ copsigerationdn;the mraswserment, hased wWrpwbich. the computer
progiam provitiB€ a'fRatHen R} mbﬁeFfﬁ ln%g[ﬁ#étgsrhaﬁgmeters representing-

envi ronment where tenperature
thesapeguices of afncenemaaywAs arsednherietn, pthef &inab Ppgfrg,ﬂb@pt Rifers to a

15 ofpdrdfih i RSl habbreommamion o cinaod sowes csncertainty
Thel stires! dfauﬁ%éﬂaYnthEEleﬁérﬂ%Fﬁseq l};ca,ﬁsd cgp,ﬁ,ﬁ[%e{,,lo%?gm from a

nmetr ol ogi cal know edge” about torsi
database. ardhmayrke prnased hyha aised AMtexhativielyg rthée eathématical model

ek Be"GmpRALY BrRvidbd. BF o BARAN, (ki ess: WieoHsdr-comautes the
matteerdtieatmodel intet thelse@ware Prdgpamt i vel y, know edge 30

20 concerning the possible sources of uncertainty may be
- conpiled in a database and experinental data from

ISR LFPfe’ SRR, 154 (68650 Bhoufrendimvoselestsa for

capsitterationt insthe cnéagurémedebﬁﬂfé DB'I'V‘éHeCﬁroWIBHQRSa Sétabase Such a
nificant i.e. contributes error

t t
daiakas d%'grs}t I(jgl[r%\;ma Miergsefh Acogse diatabase filak en an Oracle
ddtaB45eC BPH éii‘é)&‘rleoi'ﬂ)thé%m?oﬁb‘éﬁﬂplg’ig)g%ged;qpa' Set Wﬂware

: autonate the sel ection process

25 thatds "mplemmtedafbrtoamymmtthe ahéthiod Shakis e’iﬁ@édlﬁfehtattﬁe sources of
particul ar those that

f
”"8‘8‘31 Eﬂié’rg g’éﬁ?‘ﬁmw d1ased fogr priars expepends i iad thet specific
m%sttﬁ &ht BNb&! c4rnag! Bbtonﬁﬁcér%men ' npl AN ”gfﬁa@e contain

of the, 1 nventron
informaticamabautithe soufcHe I ERGSHaRty Wok o ﬁe'
sources of uncertainty 10 affecting the vda'ftoero%?v%rﬁ' types of

MEASKENE o RAUIPAGNE.a (Tdey firitria tfor t srlectings woanmst of uncertainty are

30 dofRARGLTRR clalNTBly fowiiBe, & the FoUriRe o1, sncsrtainty in the

envicoremeletr it hichi thel hfeagBRmERtNEMihe Banes" LﬁiaeY“"tP&hs Pgmed out.
conmput er program provi des a mat hemati cal node %

i ncorporates parameters representing these sources of
uncertainty. As used hereinl0the term' paraneter’
-refers to a 15 conponent in the mathemati cal node
- representing a sel ected source' of uncertainty. The
10 source of uncertai AMENPEDSHREPPOSed by a conputer "D8-:07-2006.
program from a database, or it may be proposed by a <% XUV
user. Alternatively, the mathematical nodel may be
conpletely prOV|ded by a hunan user, - wherein the user

. 1, = T Y




- dat abase may be in the formof a Mcrosoft Access
Rrinted:-12-11-9gb#base file, or' an Quacle database, or in a text L
R ?16?7: in the formof a &%&P@M@;xt l'i st, dependi ng on.EP 05769 082
the software 25 that is inplenmented for carrying out ~~~

the nethod. In this enbodi ment, the sources of

Howevdraruley nedye b redtstiBha: i Qr '_
‘@_)‘ljgeri ence in yFhe speci figgqﬁé%ggﬁ'?%?r'eﬁtgxg%ﬁeg‘gegw& determine

N QGRS Af) Yyncesainty a agmt mfortantaYorc @t garficular  measurement
e

y for on

. : f tai nt
BBt BF 1k 1 Bhrc o o FRe s s 0t paiRment and which should

or several
toerefare ibe setectedfor eaimmgRitt iRledtiyn ar e 30
determ ned from est argl Psheﬁﬁ’gwoé}dg@ﬁéﬁﬂeﬁhggbur ces

5 of uncertai nty in the environment in which the
is carried out.

me ene d he dgvic nder test
1owﬁbm%ﬁ?‘?’ﬁdﬁﬂ$é’§' ﬁ’&ys‘ielsc abthes seurces of uicertaiaty, additional -
measyfirg | &Sk 181 ' urces o :
u&c_e_rtﬁ%i nt a?e ?ﬁnag%ﬁegﬁ%&{@rdqzo \é%r&jgﬁpa?&ﬁt@gghrgmmments
PERTININgn e Rhysiealiyo pbservablei vailiabie.s Eor @xan%u&gﬁﬁ(g{ ‘measurin
shoul d therefore be sel ecte %Jor g

. whi
e@@bb@-}ﬁﬁ gﬁa(yuﬁg?ﬁ%unl;gg fpoalegisu[qjt@mwgwe,omesswe and/or humidity of
10 theOB8asrpment Bavidhnmdift iﬁﬁle%é‘iéc?éh 8$urtgg§ PE ﬁﬁ{:ﬁc arsyatgfa‘gg associated

ncertainty, additional measuring
W ’écfgﬁﬁ%d/aﬂéb'@ﬁr iy this caseli theo mathemagesieRIAEP m “optionally -be
mggfﬁgaid&w,%g{cﬂq Bhﬁsti ccﬁg. observabl e vari abl e. . For i i :
t exswn'pl e add Y PEARP Héj??'ﬁ%d@ﬂ#ﬂﬁﬁmtorf’ay niathematical formula
ortakgiinte dcdountBRSSHGr ihBERGE and/ or ' "
hum dity of 10 the r:easuree?rfe t%ﬂ’g%@gﬁé%ﬁftuqqert@m. '

sel ected sources of uncertainty are associated with
ase, the mathematical nodel

s 1038 Vain %) E¥fertdy dHBadifEht bk PSRl nebsanmblagvariable

may optionally
charactertsing ra tseletted nécured | o take
e no SheeTIn %, nREEef b fefstcany

evi Ejtgqaccou t the error introduc
ﬁé@? ATBIrﬂ"g_.e'l'E;B[ B@gjﬁ% aalﬁﬁer\@ith gdfoemtaﬁmh rabolut &R$D source of

‘unBBXSInGA 8% d apl e characterising a _
sel ec?:d _s‘ca)ﬁrcgi-'}c%?I ﬁ&“é?‘? 91 el Qaﬁg'é%'hpéﬂdﬁﬂﬂ‘ether the source
of dingertainhcia ty bev takeat intb iconeid@RitiohOTd P41 S6aIGatsE be combined
20 uné\értt:fl &nﬁ;ﬂ%ﬁ?ti on about each source of uncertalnty. _
Asen Yo ESURRBeRtEaf 6RCh physisally-absarvanle varalsle is preferably

used) ¢b hddterdnfiife SP Hofr@c had Ly ds to be taken into
copsi deration for tcﬁ(gn ge'g'ﬁl}é |%n¥n(ﬁpr%°dﬁ{ﬁdn J@e mathematical
is preferably used to determne a

: | o) .
det%ﬁﬁﬂai’f@it? gﬁ a}’.g##ﬁ‘qkﬁﬂﬁttepg May bepeareied wut iycevaluating a value of at

correc
leashidnerstatistdal Nag doit€d | WY ASCHNAL sbne BLTect of

the sel ected soutrageé%‘ er?%rmt@htggdg?@r ,ff?rﬂ'éttﬁgnm@psgrements.

25 Stafigtioal clectors trmayn camptise e iofdtheufollowiriy 2hieahi NHed: n, mode

. de\){é?lH'j"'e uﬁéiagg | %?st one statistical factor associ ated '

- -deviatian, ) ¢ esfimate. savapance, mashprobable value, probability density

function, half width of probability density function, standard uncertainty and

estimated degree of freedom.

30 [040] As used herein, the ‘term’ factor refers to the statistical issues to be

analysed for each source of uncertainty, such as most probable value, degree’ of
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» 25 Statistical factors may conprise one of the
' unbi ased

'p,-,n ) ow ng: nean, nedi mpde, . deviation, L
ted 12‘ 1, ggdt”f mat e, covari ance, aﬁr§§ abI e .val ue, :EP 05 769 082
probability density function, half w dth of " R
&&babl ity density function, -standard uncertainty
one,stbr@ga | fe used. .. _

herein, the ' ? eér]I %g{efegg? olr"ﬁr g‘gﬁgcto ﬁ&%tgé&] éﬁt{'ﬁsﬁ?t&s&'lcal factors of
‘?@d@?eﬂé"ﬁ\ep&ﬁmq&ed for each source of uncertainty,
such as nost probabl e val ue, degree* of freedom for
exanple. The term'unit' refers collectively to the

t 404 o f L
LE’*‘ & o nckan Vaued! of s SREEA BME AL HTBERY astapyshed, a
EEMaydhem cheosaito usesthesasrcateulatiel erat;sh@sﬁactb% inRe Teb&lyatuon of

tistjcal factors in the eval uation
86’2‘5@0% 'ﬁcgﬂﬁ t%t Wsebmavrp@rt@lmormmmem mbdilﬁy the values

otﬂ'rqsbééctbbs GPe &melfé?ely abi th%fset\%ﬁég qr@;lpgéélage] gyﬁm with other

| etely del ete these values an

"9\5”9 (heneet takeube r(leasuredolalmwmté ke \
cb%ﬁxeﬁo[]ﬁ{;&fa.n g ‘rFJ he eval vat i onngfﬁégééiegqne@b%luatlon of
n atXi)a part igom; e parameters dhathate preposed from an

uncertal

10 eqnsmg)datéb%fs@moﬂfbléﬂ Siforhifish %fsaﬁﬁ :ec?lg{géea ;9 ugg%@pty a user

|nf<irrmt| on about t e sources o

VRIS §uradyce dafodbei mathentaticakbforauil bthal phRimBted S5Bfled from
th@q}s@?@%ﬁ{e% teé(gged fromthe user's extensive
exper.l ence o BREGS PLSqeriificdaguiedgeei.e castatilishet ethpirically.
errpl rically. [042] The correction termthat is to be
gﬁgéﬁ ed into the mathematical 15 fornula may be
d r"'&n?qffﬁ,ﬂ@ﬂatermtthatais toalne: dicoridratidlind e nHfthematical
15 fo r I 0 onv 0 ormula to cal culate
il g be ARl ?&’gmﬁl Q‘Eq {365255@ Baplyingsant bmplncally

a correttion term

deyripped donyersimeionablac \barduaat
vafi fgﬁl on term may bg f aci Illat% a(%og%u&ﬁgéﬁg{o%hqn?%ostt probable
é Phipically S&E‘@b&%wa@ahleoﬁhe @alwlatba dfttﬂél@hle@%n term

pro

4R 0e0 h d
mdpHeO Facimbieah by § &ﬁﬂb‘ut%?%g% u elelfafatenémfrgpmmtﬂ@n the

or ef erred enbodi nent

stais{ical J@@toramglch relrehlieed al %] b g,egf@
20 ledstBRL | 0?31 o f E‘Z rﬁvtu%dt h of agggglpl |et ?b%ﬂeéné?étf un{:r%Od'rﬁ“ent at
URtewing; Y3Jues: anest prokabie valugr mbablhfyrdmﬁnm‘unctlon

st andar

half Mh'ﬂﬁ@rmu}" @8RSy Rhcheit: ks %ati'tji‘ ﬁn@ér\‘}@pﬁﬂ X q(il@ated degree

f$%¥ i cal |y observabl'e 25 quanti
nce val ue of the reference devi ce, may be

repeated for a predeterm ned nunber of tines,
dependi ng on factors such as the user's preference and

t 1043} es oThe ﬁﬁea@h}e?ﬁéﬂt%* SALhCEH fhdl thleg#gpé% rphxﬁlﬁglgf observable

25 qﬁ@gurement mentioned earlier
quantihe aswekas tberref%erp:et walue i dke réferdrive! 4G iy be repeated
forraﬁ@?"‘gi&%'ﬂéﬁ (HnFasurand 30 [0441In a preferrea
men Mg, dapending anufactarassuchnasitthe user's

preference and the resources allocated to carrying out the measurement. As -

| mentioned earlier, a !arger number of measurements can help to reduce the
influence of random errors on the measurand.

30 .
[044]  In a preferred embodiment, the method for carryirig out measurements:
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A 12 of each of said at |east one physically observable
im.ze the introduction of

Printed; 12-11-8gt ity is adapted tosmi : e
e -uncertainty in the rregggé FAMDof the device under EP 05 769 082"
test. This nmay be inplenented based on a set of best ™7 "=~ —
practices for performng a particul ar neasurenent,
of weabh tof 3aichatlieaksBhe HFQ NAVBVA o
gatroduced into the w@gélwé%}ggl%‘ﬁdé‘gﬂﬁgt'spﬂdéEf‘?%@sm'"'m'Ze
he inteoguetjorn gf sinceraiptyr ini thel measmesent B8 Mhe @b@ice_l%néder test. This

TS Ablere ST naRaS on' 296k b1 kPRt prasioss arinerdming a particuiar
measarénaént! BuRthiea %I%Eﬁh@ﬁyﬂgﬁ? ru‘?fclgﬁa%g:n%n?’rgwggca% into the

est abl i shed nmet hod, prefera el ng

> mgasHrament; She diestiepracticesefobaargirg oot af parieRart fidakYrdrient
t}?’ﬁ,‘% O . In carrying out the metﬁ"oéé I'n nt are
Ccﬂyggﬁggﬁﬁq{tﬁq% e at | east one uncertainty

value required for the evaluation of uncertainty
i n¢l udes val ues such as type of eval uation,
pridfabi | iThe eualsation dfistandand uncentsingyand 86thBihed uncertainty may
bf-fseglﬁldltafe\ﬂ %%cogéjeff' ci ent iil}l'effe(:t ive, degrees of
reedom a A&y Gekakliishedmethads frefesatiy deing in compliance
10 withtheniSIooG ' for, eval uatin -
~_uncert ai nt {?ﬁtﬁhﬁﬁeﬂiﬁe@ﬁgﬁ?@?ﬁé’e%ﬁ@ B’h&@aggqempnt ('%O'GUM)- In
CamYE Qdldhe regiiindiin pcbordande withd SO:GUM, 19Btat 18R cHESirftBrtainty

' nt for obtaining a

vaft "R duired @Egﬁ%:@%@;ﬁ?ﬂﬁ}gf{m Ywrear@inty iaglademstalues such as type of

reference

evatuaton.c protiadility RS | “physi cal | .
(20, obser vabl (Iem{quant P{Sﬁ) n%@p;? o‘g‘évs‘?ig&ezg%@% g%’i%& VHME?f%/efﬁC'entS,
eligriive degreqaf freedam andlexpandetbarsesrtangyequi prent , whil e

a conputer programed process control unit is used to

eval uate uncertainty associated with the value of a

mE8r anBhel inviention ffarher Sravides g f ' C
upder. test. The Enti re system car%slg‘t%lgI %t%%ﬁ@gﬁﬁi“%ﬁ?amty in

theppgggamtégcq)p ysigaltyoobsarvahie mastityeint  deeitealIRIER test. The
itoml o is : el. provi.ded by a
system Tﬁfﬁ*meﬁw%ﬁ%ﬂé@g%ﬂé@r gﬁgadlggg S tleTERee Mgasurement of

thegser. he cor(riputer

dhgAsusYl and measwlements, ot e&uM gl s&lQVi i

20 obs‘é‘?%é&i& i@én ibg'c'gr d'l.ogﬁ measur enent dat 2 gpapﬁﬁ%ﬁt Bﬁgt éﬁysmally
2 01 5 pl W THRGi ReProgHES £Oneh euinroentdunit de. u§ai T | corfrol the

meps@irey eqiprasho o ' ui pnent .of the"
strgmcggp conpr iﬁggg,t ?rﬁéﬁv}nﬁte ﬂﬁﬁggé)ﬁ&%g%gﬂ? n QI ymikis used to
CYARAS uHRARETAINtY f assiosiated owith rthei wdleecer af nibad@MIngS dURGSS from
roviding a reference i

me\élg.fﬂarg,%ﬂ &F b ﬁ?gﬁé%giﬁh%&@pmwstem carried out measurement

procedures according to the methods mentioned above, including the mathematical

15

25 model 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.

,[047] In a preferred embodiment, the measurihg equip}nent of the system
30 comprises 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

.13
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28-07-2000 box conprising: a first connector for
.test. a second connector,

Printed: 12-11-8b8#:chi ng the device u . o
- "—-for -attaching the ref eﬁgr@ré"%?i ce, and a resi stance EP05 769 082.
nmeasur enent function provided by a digital multinmeter. =~ ~7° —
5[ 048] The switch box may conprise an data .

boxmoemprisihg:oa et CohAECtSS FPhiah gction to a
ccr)]rég%toer. An exanpl e of a coﬁrﬂffr{c@g\tt%oﬁggggtmi‘ |68k second
o hdPt attachinga therefesenceodesicesrsmll apeesistanis Héhdurement

| 1. ted t di gi tal
R P By UGBl 0 The swi i ch box may

parall'e
additionally conprise a connection port to connect the
S box, t o neasurenent 10 equi pnent. Exanpl e of

5 2o i ti ohhgoswitch mgxuaﬁ]ypmo:'rmris_brlr]am dattaS,. r?égﬂﬁ@qcﬁﬁirﬁ‘ port for
. cte ereto. e swtc O0X
SSEBIANG B BBnfERRR I S, bolbwer TAe Sxambln wos srmmunication por

i nc a low
ifchudelsea USBTpoitsa parald porR, ANc [ f,0 L
est abl i shing a copn%rr]ect i-p\gﬁ ?rzgﬂsﬁggl[ﬁﬁ{aﬁﬁe Fﬁ{at fRmmunication port

may;Re enprecied kel digitalcparalielt artputpinteficedcAras TRE téth‘éhybox may

the digital paralle

i (i , t
a&&]ﬁoﬁiﬂl&%ﬁ%& Sﬁaf'pé)ﬁqwﬁg%twnnea thenswitehnbox b melasurement

out put

10 equipmeht. IExs el
ot Exampisotilivestod s BAC PRI gd Uil cavis

electricity.
t°og?e canachtad itRefetmcEhe switcly baccmagiingude d Bw Bdviaf switch. The
sWiRRl 8bgd ral. 8 steps are involved. First, the
20 vaf)uergagf"‘éﬁch%Wgn?sgﬁ%ﬂ?ﬁ/i Bwitehfavice for establishing a
camgeptintato dheé DUTebnd i toethd RefefdfagU dpghgyl DOUL .
revalqg.es' zﬂs\hyﬂ d be identified. For é%ggr%ﬁ; %\é Sdaplers powering
15w o oCY S AR SPTUCSlonfpor o it portienoa e cars
as' Réll e oW thi Eih“ﬁ U .
t he resist anceélg? 'as re er%ﬁcaes wel aseany othergemponent requiring
eleclrigityt ance ratio of Rx to Rreft can be nmeasured by a
digital multimeter (DVM. Any digital nultineter nay
be used for this 25 purpose, such as the digital -

n049] net Réfeﬁmbal Hlﬁé&,gl uf ed b w ert
Pacﬂrd. Rr ef antg Hare ﬁﬁgﬁ{é \Pg§ e ,reaﬂ% %@F‘Sr ainggrtainty
ACEAAINGetoH IRQIGIM [y depistad. tint geridral, @ $epsedre/ HVOR2AOTFirst, the
' del ef=H Rref. In the first '°
20 va?téﬂggf ﬂﬁﬁgg@%}tﬁgngﬁaﬁ%ﬁ{q Methematioak mageh iehthe measurand
an inpéf wadues, tshotilde one. | \ ' ining.the
el atj i be:J vveenérfﬁﬁg neaggfgﬁﬁﬂgﬁjaa s?ﬁggtﬁtﬁgf” P igure 2, R, .

is the, @é§g1r§:gl F@m mmsister that3s 4o el mealsated, t4nd F%bé%g)resents the
| resgﬂaé*g%ag% 98 %rghﬂ@ Yosisr le-F,"thgle lregistafn%lér ralciétla éi!vEx to Res, can be .

measured by a digital muitimeter (DMM). Any digital multimeter may be used for this

25 purpose, such as the digital multimeter model HP34401A manufactured by Hewlett
Packard. Rees and H are input values, and therefore Rx can be obtained by substitute
the observed values of R and H into the model Rief = H o Ry, In thé first step, the
measurand and the input values are thus identified with the mathematical model
defining the relationship between the measurand and the input values.

30

[050] Steps 2, 3 and 4 relate to the evaluation of input values. Here, four

14
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Printed: 12-11-2007DESCPAMDEP 05 769 082, Ki nds

Printed: 12-11:8fgF:act ors need to be cakcul ated: estimate of each =
" == -rnput val ue, st andard'xgﬁb_ t“ﬁfmty for each input EP 05 769 082;
esti mate, degree of freedom and covariance if sonme or o

~all of input values are nutually dependent. Wen _
kirgse af datctorss aesditb 6 cAlcuidteq! alyes are
avai l abl e, a statistical aéntg 'yE%%ténbﬂgaﬁﬁdgp?taK@Het §tandard

uncegainty for each mgt,gstﬁnaendmneecbfffweﬁoﬁ%ﬁ@é&(a?@ﬁ&é if¥dme or all

f ik | j functi,on of normal distribution.
*f’%?g!ﬂ%?%gﬁétl{?ﬁYid?R§"g?@- ﬁmefh(ﬁﬂela&ﬁﬂ ebsarvations of the input
vplueb a@ve bvailabiks ssthi j tangul ar form

s \?vi Ll b aslsiuhged fo?tfdgggﬁb'?ﬁiﬁﬁw?aﬁ ‘E’qederéﬁ?‘?ﬂég 83@“@9 the above
MEEeNed L fasiowsrbasedtaneomobability dénsity Rirf41bA'oF nomal distribution. If
réﬂy‘aféq( %bFé%aggﬁ]uati R aﬂg t he above paraneters can )

be cal culat e 8% d1°t 13Vafiaklge appobapititr desitynfunction (PDF) of
rectanigutarifomn will BB alyisld | nctign, other =~ -
o eéﬁ g{q . ; (\)Agabi IailéltSi%j nggntgfta éb'? tﬁﬁi]? ?’%Mg %@W basis specification or
GHRMGUS upcertaisty tayaluation, and thi'd -
cdlb Rl {He?%(ofdﬁQSi %%wqgt ion, or any otth Egrb%%‘ﬂa?émeters can be
V'edO By 1P ¢ APAEn &Py & redtangulampyotebility density

user - specl

10 funetimh, diférifybas bR ®rébabi n. imate of the | -
d megil#r an,dlt?yls)_ obt Zji.ned "??S%nts ﬁ’é f@'ﬁﬁ?ﬁé’ﬁﬁﬁ% Aussian probability
CREK dhngtien: tapgular prebability densityrtirtignsbRERAR bther user-specified
il Al AL d, the effective degrees of-one
PrébASI BLRLY Rhetdf IRt and. gr
freeddm and the CoT&Y %8t or are calculated with
the paranmeters relating to the input val ues obtained
[ eps, 2-4. The 7th step then cal cul ates the
ei?)iﬁded'mm?eﬁgaﬁt?k-yamﬁaﬁmatdz wif the gnédsuresdrid B8thined from the
asurand by the coverage

15 m?ﬁé‘r‘ﬁdﬂééj rﬁ’éﬁs%férﬁém Pﬁﬁ@é‘, N}ﬁ(ﬂfse FaakiRedbetapdandeuncertainty of the

actor. Frnally an u

megasHeansh the efégntive degrddsaofifedbin Hd %C‘?V%gdg%:féqoﬁ gre calculated

o 1.ng_gach conponent which contribu
W'tt‘ﬁ@é %Qﬁ?‘f’%@'?‘ﬂgﬁf&@unewbvalueq 0Bt2]riEdeinalions2-4. The 7% step
thepr cslediates iHe ERPANRAY | AL present no

mat hemat i cal sgilsabt i onhﬁgérg‘?%t&is&%{f 'kS'Pgs{E'ﬁt combined standard

uneaiginty of ¢he meastransicoy trescaverdde 48T Flally Yan drl%eata{néy budget

' i tuation sources of uncertainty nee
20 tabgﬁe&::ggﬁ FF?%ehéhq#'Qﬁ 3’3‘? r?%“'bﬁ’?éi”ﬁe'éﬁnh/cdmlwigg each component

whichichetribLtesatb the datertiaty §HiRd | asurand to such
-sources of .uncertaint yt.yf I—lovveb{eé%,swég%ef{ﬁ1 fication of the
sources of uncertainty is conplicated and difficult
fros2ENOHRAGE | £l ans researchers w thout '
Ilong]e. I|E)r2'r@i é@"‘é‘ig’g&? @ 'Pn‘?‘;}g\eﬁo!’b@efls&ﬁUMOM present no

mathesaitials sdiutionels g6iiMed Uy di nmet r ol ogi cal

25 e?_ige‘yi ence about = 15 AI\/ENDE?%%@ET%%I-”%{;‘%O%'8‘9_%0““’95 of
uncenainty. In practical situations, sources of uncertainty need to be identified in

order to obtain an accurate mathematical model for relating the measurand to such
sources of uncertainty. However, identification of the sources of uncertainty is
complicated and difficult for engineers, technicians and researchers without IonQ
period experience in metrology field. ' |

30 '

[053] Based on extensive understanding and metrological experience about

15
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sources of uncertainty, the present 4invention provides

'lsfirited: 12-11-POS ‘i bl e sources of ungertainty. bef or_e' numeri cal o
~ + ~ - -evaluation. Figure 3 |ﬁ%§$ﬂﬂés a procedure ‘EP 05 769 082
correspondi ng to one enbodi nent of the present T '
invention. Firstly, all the sources of uncertainty in
SOUNEsss Lofe nabeértdingy, PHeP O5t€ A I ng ., all the
congonents 5 associ at egﬁw%q% ﬁﬁ’%égégo%%@ggsoposmgle Sources of
Wiredpinly nbefose | Rumedraly evaluationi oll:fiogg.ngm\?“i%ﬁrates a procedure

dmw"’"‘?@?‘?Rég%@‘&?&ﬂﬁ%ﬂ%ﬁﬁ%ﬁ%ﬁetmwm Firsiys afl theseurces of

represen
ynicpetaioty liry abhaessabinentlyast | e value of
a reference device. As a re%u ?%héﬁén%?ﬁgﬁ‘at?lﬁyl’e components

5 a3gcipteds Withnthese dsairces rafcuhgertanatiosr féludirg T%Eecti%n terms, are
ake the '

irk Al d val ue and corrections.
;ﬁed%gﬁn%'?gdo%tqef %H%‘ﬁ?@?g?g't Weg?hwf@ rer{esents ntheamehsdrand as a
urctiontdfeateleasbhy ' j lzed is R. = H
Be n5.?1) [ 054 |n.tﬁy§'cia%§r?tg%)ﬁ¥'e{ ﬁggﬁﬁgan& tslersnie dlue of a
rOPraive cdQvisant 4s andesull, theemathesmaticah rfsliet 3 '@HJRBY of direct]
mRaSuRd® agdingg o nstitute the mathematical m)(PeI In y
F15 pr ac?éﬂca'l &t B’aﬂeaﬁ”'zﬁg Y3V® QY. camections\i Take the example of
10 Figure2athe theerdtical rthit iR %Rt ef de Rref “
r Ake drift + tAergPhg%r;gE{A %ﬁtpéﬁéﬁéﬂ%ﬁ_nﬁﬁly%_lﬁwogmzed is
(2) 20[ 055] Physi cal R{@éfﬂ&g of . each conponent in the (1)
above mat hematical nodel is clarified in Figure 4. For '
exanple, His the ratio of R to Rref directly :

oH054hed I rtbis E?M&hti@@diﬁwg)o\,sméfti’:% %Wd?e@ 'Bprggﬁ?@b@nggd all thel

asco”af%fi on to H associate I npu
qAEASY CREerlions ade rroposethde obnstitete Di nvdthéMatical model in
15 prgg;déageaugﬁg%g RRogesumed ideal value of infinite _
resi-stance. e nost probabl e val ue of 25 m ni mum
resi stance of the DMM nay be found in the technical

sped.f4 c&diohHpr evHed +yr t heaganufaet ypep or,jt may o
be measuped. .A%ngﬁgi ng%?"n gﬁﬁ?e@f‘ﬁgd?dﬁﬁo emtt. a
conput er “preAgEa yrirbiet e irtnt B ot B0se +ARS .

manuf act ur er - provi ded val ue by default, and a user nay

subsequently carry out nmeasurenents to verify the
lue, i.e. whether or not it is

20 act - provided v . .
g@t’!’\tﬂen Ps'é)ﬁsrslg_aq 3 gagggsgﬁggcbfcqrnngm invfher above mathematical
madeh & clanified Sn Figuee 4] ecbrO a e al Ll Gal irectly
banaqlqﬁyfsi S 1S useg_ to det er%*arﬁyltehg}l%)éqe gt%ggﬁé PaRee directly
obtajned mwwgmcgnéﬂmmepm%mtﬁHﬁgﬁ dssdciated with”
DMM 'lﬁﬂﬁ resistance due to the limited resistance of the DMM, Which deviates

from the assumed ideal value of infinite resistance. The most probable value of

(2)

25 minimum resigtance of the DMM may be found in the technical specification
provided by the manufacturer or it may be measured. Accordingly, in a preferred
embodiment, a computer program may be written to propose the manufacturer-
provided value by default, and' a user may subsequently carry out measurements to
verify the manufacturer-provided yalue; I.e. whether or not it is betweén Seﬁs+ and

30 Sens- of the DMM. Where measurements are céﬁied oQt by a user, statistical

analysis is used to determine the most probable value of minimum resistance of the
16
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Printed: 12-11-2007DESCPANDEP 05 769 082 DVMM Once the
resi stance to be used,

Printed: 12-11:88@%. confirms the m ni gum.input ,
Tined: 12 Qﬁ@f conput er programtﬁggbﬁp@@eds to calculate the EP05 769082
' correction term AHrinp [056] Cal cul ati on of the val ue
of each correction term may be carrled out by 5 .
R¥M. yOnge ahe engsrr tarffirng gV Rlid) e
Qr_a.conversion factor to 021 cu tgégﬁé}?ﬂée m)be used, the
RBRULRIRrEgram: et propeedsetormalaulate mtmabb.eeotwnu@nﬁfAH e
m ni mum i nput resistance in this exanple, or in a
general case, the physically observable variable. The
ca[Qﬁﬂ]at i GalcafatiohefeRs valEEid Llitated
s ﬁl conput er. program - For eggﬁg:bg}r Ofﬁgﬁlﬂfﬁﬂyhﬁrﬁamed out by
.2 @p yie ?@S@@P'ﬂﬁ@'& é‘ﬁv‘f»lﬁee@lwnversm g)rgmld-@raé‘d:ohbé'smn factor to

t hen t he val ue of

f I
cAIRIEE Dbl I bBlpitRatelmrora the miegprababia vabierdt the minimum

input rasistanee [i) ik éxa f
o ha UEne rmehane: Post LS e stsfaty gosenatie
Gicylatisnrof the eamedtion demofman berﬂaf@ihf&?té’d by & Computer

. d ts of, the sources o
PRGrdfi 6P Exa'fﬂ‘g' it 8 FHiwRuRLBPHitesistencear theoBMM 0 giga O,

certain

10 arh:latMeioeMarsmi factords i xerh 8o SN fith veﬁéehg ?gﬂ-g r{@&ﬁon term AHenp

ntri butors to the uncert ai nty are
'SQQWQXAW"%p QAR be108moved from parameters for the

eval uation of uncertainty, in other words fromthe
mat henati cal nodel if user considers that it is rnot a

sq05fus dds racspel:‘ fi otl’éﬁﬁfré @'f Hiy n'féfl?joc! ﬂﬁt W% Q}%Zﬁ?rgatéﬁ?l model can

ur enent is to be note

Bp{’&?ﬁlyomﬁgmepy by [ Usetielf the lever 0f uhebraintyaS :ct@rt()je ir8duced,
15 coRfdRE r rces not specified in
ARy O AR SRR G585 5 s o
cag sedectivaly medified lou erflovet, sieh Bt NG LSH
aré’{ %ééﬁ)&pog: of uncey t ainty. 25[058] W'Gt et?lbgfr?frs h{]ﬁ‘:te rfoernainty
P G¥DPle, Abow beam e fémayed Heomepamn®iteRt for the
evalaatin Idif hcairt v A
val ues after thet9 mﬁf%@ﬁ%}t \Itrv(B:Fqs ﬁ%ﬁ}ﬁh? é“%@'ﬁmt'ﬁ@'dmoﬂ% if user
considars: thab it i aot e setioes fsource Bﬂfﬁh@értéiﬁty for the purpose of the
20 measurement. It is to be noted that there is an option to modify the model by user's
. determination, in order to introduce additional sources not specified in the model. In
equation (2), AH,39 means additional sources can be included in the parameters for

the evaluation of uncertalnty

25 [058]  Whether or not the mathematical model is to be modified, the
measurement is carried out to obtain the values of the input values after the

mathematlcal model Is confirmed. The measurement can be made for a number of

times determined by the user. With the observable input values, the estimate of
measurand.can be calculated according to the defined mathematical model.
30 |
[059]  The next step is to evaluate correction terms associated with sources

17
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. . . le
= : ermi ned by the user. Wth the observab
Lo g A of nmeasur and. can be

sti
Prrnted 12—11-2 CLI \z;talegegccorgl ﬁg t'ggtlsﬁg%@I ned mat hemati cal EP QS 769 082

rmdel 30 [059] The next step is to eval uate correction
ternms associated with sources 17 ' AMENDED

%‘m MicossarybarenisT st 4 MELY cprectin tems are

§uch @srestinated imest erobabie valuehafioerectibn, ffol?rﬁatoef Cprobability
, esti
Rt TR L

uncertainties o

degreea obfreadgmed r@%efﬁrﬁﬁﬁlééﬂ pﬁéﬁ?éter%réﬁrpf)g?ngﬁﬁgge}\s depicted in

dified. As icted in 5 Figure
an bs.aq?tgd%ﬁbg%alfcgm ke gﬂiz epcmted\muthout amﬂdtﬁhﬁtAlternatrvely, the

ai‘@éh‘b%' %{artrémﬁ gﬁgg@% vyrtr] %an%h Bﬁéﬁé}?&&{%dﬁ gg] tl'?rrd option to

the res

emmddthe ol Prop@scn et UEr's R8ntiaBlatn” RS A Adill to detet
: salhgo aﬂo‘mto del ete the enarrg ?ai €d 1o delete

ﬂ'{ee?r,!ﬂrefgrrec IsteIMecor ding to | SO GUM procedure as
depi ct ed |ntl Figure 1, sources of uncertainty are then

eval uated factor by factor .and finally conbined to

10 .ar[060¢ atA¢dvedingith WSOGGQNP%@S@UI%%&&@&%%&Q@J 1, sources of

mbodi ment of this iInvention
%"‘\r‘]&ﬁ% N$% eveluatedsactof by dactoy and ﬁﬁbﬂ)ﬂcorﬁb%ﬁ%%rh\?e at the

Qﬁ%}. the whol e procedure. The software
mggl\réf%)e vvrlatetaen |ng%\i¥/ conmput er progranmmi ng | anguages
whi ch support user interface generation. Preferably,

re is witten in obj ect - ori ented | anguage,

15 us’é@-@r‘rérﬁﬁ&‘ bPébHrc? iMERAES 7P| Xveqoggéj Ecne %xlegutg tﬁgnvehole procedure. The
software can be written in any computer programming languages which support
user interface generation. Preferably, the software is written in object-oriented
language, such as C++, Visual Basic, Java. |

20 [062] The software application is preferaoly executed in a computer system.
It can also be run on any equipment with central processor, memory, display device

and input device connected and combined.

[063] Since the process of uncertainty analysis is quite complicated, the
25 software provides an automatic approaoh to carry out the evaluation of
measurement uncertainty while at the same time allows user rnteractlon For every
step in the procedure, there is a graphic interface providing explanatron to this step

or requiring input, modification and confirmation to continue to the next step.

30 [064] Figure 5 is one example of graphic interface, in which the
mathematical model is already proposed and displayed. The physical meaning of

18
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It can al so be run on any eqw pment with central

essor, nenory, di s a devi ce and i nput device -
Pnnted 12-11 g@‘ﬁﬁect ed and conbi ned MPnce the process of -EP-05 769 082

uncertainty analysis is qU| te conplicated, the 25
software provides an automati c approach to carry out

e &Mﬁb&?ér‘t QR thd nHTEtﬂE«H{ ﬁgsarg?a(glclgré%l? %téél@}l{\r@dls%eg;nggge Each

sanme tinme | ows user
Qdmtecpormdedmrhas ahemesmnau@r P0laSgle %ﬁté@qs riored. NP the user

%ﬁ anatl on to this step or requiring input
! P IQIEMRYe %Cwé?ﬁtlmﬁﬁﬂnoﬁhetcorr@emmmn@ recnamgue canbe selected

ﬁ%ﬁ?gtr %h}?%&ﬁaﬂlg%%d?% ﬁoto{h?lélﬁ%ﬁ‘ggéaﬁ'l V@g.llaeffég 93|upg§ra§4nty such

5 asridas wihickris sHown limges) measing it |t3|§|el|ﬁﬁ?é1é6‘9 of 18
AVMENDED SHEET 28-07-2006 Printed
12 11- 2007DESCPAMDEP 06 769 082: each conmponent in

| Eac @grsgﬁ%:gﬁwerm aé&g?aéiay X%{ﬂi’:ﬂ‘?ﬁ% bt i @valuation of

uneeraiety wher! itds aritidh. adcording t6! #RS el AILSNSH
one rection term the cggrespondl ng regieg' qegﬂ%fgned above.

Inpa g@[c{emdgge@qqgf thisi inventiors ca i systenerisn mi'oeldedoéontammg both

10 nféﬂ%rg?ﬁl:\il\glh I%C%Baﬂ&? ﬁﬁﬁh&%gpﬁﬁg%géﬁﬁ%ﬁ Igg%é/ N\Squrgcv;ar? Zxample

otesanmsusteeuwh[oms]camoseatowmea@raﬁm@af daﬁghbénf $p48M°110 and a
omati c eval uati on of uncertainty
CWPt‘{ééHr%%'aFtﬁdfﬂopesq sentea) system 120.net hod expl ai ned
above. In a third enbodi nent of this invention, a
systemis provided containing both 10 mat henat i cal
eVvi@66ht | cfheanbashsenert! equipdBnEsPsIem H® CoRtdis SBAWSI Kinds of

15 m@Bs AR Rablogiii= Fieasiemant evinmentanichyiocludes measurand 2
| c?;ﬂeggje?m?pgﬁﬁ i@m%ﬁg{sg?ﬁy : contggpégl%g}é%‘gr%gysma' quantity,
e.g; g1 Figure 2. Measurement equnpment 8 includes one or more equipment to
measure input values of the mathematical model, such as H which can be directly
obtained from DMM readings. Accordingly, measurement equipment 8 can be any

20 measurement equipment, such as a DMM, a thermometer, and a barometer. Other
gquipment 4 includes other necessary equipments to be used in the measurement.
The measurement equipment system 110 also includes a process control
equipment 6, which receives command from the computer programmed process
control system 120 and operates all the measurement equipments 2, 4 and 8 for

25 automatic measurement without user interaction. The process control equipment 6
can be any equment or even S|mple controlllng chips that are capable of process

control.

[067) The computer programmed process control system 120 consists of
30 input device 12, control device 14, evaluation device 16, record device 18 and |
display device 20. The whole system 120 is preferable a computer system. The

19
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15 measur enment equi prrents Measur ement equi pment whi ch

udes neasur and ri ses.one or nore equi pment _
Prlnted 1211 g@@d to measure the de@Eg@E‘W\Qy cal quantity, e.g. F&P05769082

in Figure 2. Measurenent equi pnent 8 includes one or
nore equi pnment to neasure input values of the

di |
dﬁ?%ﬁﬁgdk@g%ﬁ%ﬁek%% Ignrbggfroﬂsyé}?ﬁf 69 t\ﬁg é{ﬂ?@ﬁ@épter for the
exgoutioreiof the whmleb @raoess Aaclogiag Wisskal n%ﬁ@u?éfﬁ@ﬁt’ arfd'Shbsequent

ernoneter, and a baroneter
eé/alﬂaﬁ'D% “EC?%PHXmOG?f?QrWIHb@e@aaﬁureqw@npment s to be
used in the neasurement. The neasurement equi pnent
system 110 al so i ncludes a process control equi pnent

5 6, [088)ch Peeferabiy, the womIpUtdr MoYiaRtmEd PRotcRS déh%fé‘fgi@fﬁ 120 is,
trol stem 120 and operates all the

q[‘)f‘é E'?’B'ﬁ"éﬁ "?ﬁyﬂt!?ﬁ Acoordingly, thesinpyt device d 2 santbieckeyboard and

BRI ns&g.n A it g R S MR RS on. The inital

contro eqU|pnen

informatiorc ceferslts ithg infonmatiomaissesiatetr Ml MedkulRindC88d reference
ut er programred process control

ontrol. 067] The co
5&"’%‘?@& 18 et gBefgga i Mpasurement.e sugh esntominal value of

10 A B o o Sl

peo\m:lnmw epperyeahbratloiﬁhabdﬁt ohp AvieNSrRInRItREVE ﬁwf@%a’&%@nay include

rinie - - 20071. DESCpAMDEP C6 769 082 conput er .

eHvig LPHE@@E, of JReARrang angnfeference staedardnpumhase date,

ngMel & mb 0 oS3

B T asuhSBHF Rahey Rafle drtaud i nd sigiifement environment,

sughnas temperatifre Umoaidity, ait preasareci ated with the

measurenent. 5[ 068] Preferably, the conputer progranmmed

process control system 120 is, but not limted to, a

COluBI] e . CRUC Of 4h8JtomplitBe ddnP BAN

keybo!elrd and nouse to F(%bt ain |%trig§ﬁ(é %Q’Fgur%rtr@ﬁ g%ﬁ%%dm which

PeiRAs $he Jumericahfeyaluation nof Wh@eﬂa]mtgl by imﬁ@rsraﬁstnegl treatment
[ on..asspci ated with neasura

b4 o e dBleh LGt PR S, BefRubmae ARt ment system 110

amr.lamput elewite, 1zsuwa|aanamv?@é 18 WrisdIcdf uddt tEaIALIARMBALrand's

nce standard, |evel of uncertainty of reference
20 mostopghiafl lepaig almensured yalues sxpanded wieertaintyataverageTiaetor and
e oY kb Belofe SLET paRRall, the PUHERLGT P BR 2B provides word

aqmptawe matheraticah model with pardmestersof StircéRSRUNdeRBMtY ith each
dat a nt envi ronnent, such as

sure
SQUémr%ﬁt'm%onhﬂﬁ?%rm P! QJPPaQiht&s%fuﬁeHSl%functlpa9qndc:|estnmatuon of
thin®arg 0 n uatlo Vi
® perfrgr gét&%el ﬁlarrg%%dglagv\g igle]\t ﬁ)én 0 é:i{a? crﬁg tiﬁrﬁdy ogfpulatlon of
25 ungertaipty patanwtersadan beeedmied bubasesiding toTSOLGEM. dat a

col l ected fromthe neasurenent equi pnment system 110

and input device 12. Eval uation device 16 enabl es user ,

t g0 cul bl e va ,

raarY ca P BREICETY IS 0 0 W implist” e gformation

obémdedé@nemmﬂ devicedt2rcaBdieoreeoried Besldes! that, Basid #5ta used for
evi ce 16 provides world acceptabl e

heval yati on
‘ﬁiﬁ‘?&'@?‘cg UReerEainty; ean Rsqybet Ecorded, selch: as eﬂlmate of most

0 39856 3 Sl RSB 5y O BE. e st

uncedaioty, cestimation af rdegreé)as&dem VBT difectly MméRRINEd value, indirectly
ment i oned cal cul ati on of 25 uncertainty paraneters can _
be carried out. according to | SO GUM [ 70] Record
device 18 is the menory of 2he conputer. The
i nformati on obtained frominput device 12 can be
5 recorded. Besides that, basic data used for the
20: "eval uation of uncexfiENDED so be recorded, such 5ga75rR4
B as estimate of nobst 30 probgglp_gq-lval ue, estinated 28-07-2006,
- prebability density function, estimted val ue of
st andard uncertal nty, estl rratl on of degree of freedom

gy
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. 20 20AVENDED SHEET28- 07: 2006; Printed:

' d val ue and L
- 1- 2007 1 DESCPANDEP §§ measur e EPO ;
Prlnted 1211 %g(??}lectl ons. [071] Di spB Eg’é\ﬁge 20 can be a m)nlt:]gr ; 5 69 082

| nodel
whi ch di spl ays the proposed nat hemati ca
initial |ﬁfo¥rrat|on and administrative informati on on

SR . ded by
measwied valeerand corasttibhg on, the basic data recor .
record device 18 is displayed to user. Display device

20 al so displays ultimte uncertainty eval uation

| d standard and
EndSTH, | b Pspiadelice 20 (ERIBR % mmiial which spiage he proposed
mathematical Mbdel, the iniohit RS ation | I A8 infHisth J{%e“%ormatlon on the

run on the system gr ap
5 s};rtr]?'legr h@tg] @:Ipnoglaé Eaglpalgta eecardead b mcbﬂilldé\gé@l‘lal@g%played to user.
vi ce
Digpay d%ﬂcé‘% A8 (Ffdlgéﬂ%; | @EJB Eﬁo 7@1 I alu(;(ugn dudgebtable which

control I'Tng par

ment
l%mogomdm$?ﬁggf§gmeéﬂ£m@é§§lfﬁ ok g@ﬂ{a@ecqrgonned to ISO
1?@§QI‘@ - Wheg the softivars ayplémelnung ZRe nlétfiod f this invention is

cert ai nty eval uati on

rUXS1 the %gft? tg@ép@gdrﬁﬁéﬁﬁgﬁ fgep I&calspdlisplayed fareuser input

is contr
10 amdbcorfirmatioon of the mat herratl cal nodel and the

' lysis, e.qg.
roposed data used for uncertainty ana (
Barltoi ally amendnent of the proposed paraneters in

ice 14.
2008 Pl HEFIeR 1 Y Fonyilinecpad. amiGRW ot agomputer, o

CO@)‘(QI: and @Dnm‘lurﬁeatettﬁéﬂvrhﬁéﬁ rt}l*i)é/ nﬁggﬁgéﬁ%rﬁ%ﬁeﬁt S)%Eem @ﬁﬁ input.
|1 S
o ?.eﬁ,g%ﬁ' @"e” 16.0resoxd Weaiceotdtang aisplay’ 8B8WIBE - 20. The

f dat
15 exébetiohisbgie éﬁﬂv&cﬁrg%t E %ﬁlﬁ‘t& ev, uqﬁggﬁg cgﬁggﬁég by control device

to be collecte
14¢ Aseereinghy the nmtmﬁcranbn dﬁmézmaﬂﬁtnéﬂcal Fno%e? BRE R proposed data
| devijce
us&& %Hﬁ&e?tfamw ana QIISr 8 g. partially amendment of the proposed parameters -

in Figure 3, is made by control device 14.

20 [073] Furtheﬁnore. control device 14 controls the execution 6f measurement
by sending 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 be collected by the option of user is also
controlled by control device 14. It is a special feature of the control device 14 that it

25 can provide appropriate way to reduce the level of uncertainty by reducing factor of
uncertainty which would affect the measurement cdndition 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 rhetrdlogical experience.

30 |

[074]  After meaéurement by the measurement equipment system 11 p,

21
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S 25 can provide appropriate way to reduce the | evel of

Printed: 12-11-80gLr t ai nty by reduci ng-fagtor of uncertainty which

- -woul'd affect the neas[)?%é@%ﬂ%&nditi on or deviation dJdEP 05 769 082!
uncertainty. For exanple, the neasurenent equipnent is o

controlled to be connected based on a set of best

control dendce 141s LHbASIBIcG ih Ghe nt tha
J1 s _been estfabilﬁgheqlI thrgsglﬁlégﬁ%%nee#ﬁgﬁ%égﬁggla"d funéamental
@%p@??%??@@.’ Youneeriginty tevaluatian %Iainggni%egtl\lggiﬁed by user. Upon

SEA ' t svstem 1
rSHEE%%g?W%@OW&W el 18valuationsdeyies BBethen begins
evaluating |leveli of urvertaiag Uvit Rl e I‘J@ﬁaﬁggf @éogaabtlg value,

nece sar}/] for. uncertainty eval uation

> eXRRIdede ynpgriaialyy . covprage: fantoriang tibgreeo afBebdon?Based on the
5 ' al uation device 16 then begins
p?\?gl ﬁgl{qéj}gé{ é@%ﬁ%}ﬁa%mncert ainty with the cal cul ation
of nost probable value, 5 expanded uncertainty,

Cofb t;ii'\ge factor and degree of freedom based on the
pr g ed WWEQFBW d&lcqmteaﬂed with théEdoéﬁpmé'r rpi-@graﬁﬂ,gé@ process
nput er . progr amred process contro
c@;@? Sﬁ@gb&%‘é‘ﬁﬁﬁh@gméﬂﬁﬁwgm@mm rempleded, the generated
10 unpentainty evaluation griAgea tssle Hhd | uation .
tthdﬂeé tabl e and cali br Ation g@ﬂrlé@r{g%gﬂé% %%P Be printed out
[ugh:tae PEDter 88 ough -t he printer 30. [76] Figure 6B
is an exanpl e of an uncertainty budget table
agplicable to any neasurand. The physically observable
va076lbl eFigurer6B ¢ ah RKaRMd oF Sh i f .
arriar 41 ah_go referred to as 'g@%gﬁ%@@réﬁd%?%tﬂeapghcab'e to
WARERSYADY. IBRRhysically sbservables vauabiesraepresbniig ehch Melected

15 solie ®¥abyaf i u i ) Ve AK€ _Measured. and
ost atisti cgflt I@aﬁ%loyggé%gagarﬁﬁ ePrameters, pwhigheare rtaken into

copsideralion ninsthec olathematicdl haoBeldfisit tHea BUSIuatlble o\gg\%ﬁé%ﬁg%fty, are

i,stjcal factors 43 of each paraneter arn
m rg'fn %@ds%{gﬁ%&%HXa‘f‘"%{ﬁ%ﬁ‘{vﬁ%ﬁamﬁt% ers |tabulatedl jn the leftmost
coluafretin eHet bu "R ty e paraneter. is

g Paons o P el O haCeBRREET Beers s of each

tabul ated roww se In

paramelsk phtainerhom theastatistical apalysisg als02E61edHVaRy reﬁa;red to as a
ptions

unfURRT ' ' and .statistical descri
20 unﬁe?? r?ggllc? P é?%@%%@ﬁ g?b”gﬁsds'?éﬂ'wwi thathe dwdget table for each

. _ yof the statistitaldfgetors EVafuatidh Method
Ty%;;?&é%%é‘ﬁ? g%%ﬂmﬂc%igrsm', tarr]m ‘%Egrgd%?-g Irl(Jencoefrta(i:négf‘l,r ¥Iesnp%c?i\l/2ly, for .
the parameter ‘Humidity’ in the budget table.

25
[077] Figuré 7 summarizes the proceddre 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 information and
confirm such information to continue to the next step. For differe'nf measurand,
30 there are different mathematical models which are predefined by long period

experience in metrology field. Upon confirmation of the measurand, a mathematical

22
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uncertainty evaluation on the system of the present
t he

Printed: 15.11.b§y$nti on. When the systemis ready for operation, o
Frintsd; 12 1133@? is required to i n@EEQWDm tial. basic EP 05769 082,
i nformati on and confirm such information to continue =~ &~ =~

to the next step. For different neasurand, 30 there

raodelds Gisplayat imae i ' re predefined .

b% | on _sgea?iéoé ex%ggiagdr:}é:c? ﬁhﬁqﬁr%s?’ﬁ@g%?é’?%f)cmgﬁ to modify the

Béhematiel Beds! besed neshsueasuiemantTebheition. Thbn 3Be measurement

Rihihétts 8 G RAQy (PESCRANDED 05 769 082 . ~model

| | spPayed ) I qacasure dhe absepable yAlues femeasyrand and

refeversee tstari2dd.f Theh REAEHL Ealsi sed on °
e SaupfRR, R B Eemrmlipgsto take

nmeasur enment condition. Then the ' neasurer
> appEoRiate way of measurement bytmaosthreduskblagtors bi@sceifainty.
measur and and reference standard. The neasur enent

equi pnents can be controlled to take 5 appropriate way

- of [o®B]S ur AffBInelY¥uERTENt r\/éfii}é%ei’gr E%%%@%gg?%}qgr%g%rgﬁgé Stahidard are

078] After neasurenent values for
opiingdribe system chegins dhebiumeriedl SVBIRafs of BduREHd 8 ARertainty
bg)sgqahhciﬁ% §V,§i| gatg’ on ng sources of uncertainty ase

on- 1 he S30PHIEES Selected gy pper dtfirstly considers thecsetestidersf sources

10 of O tg ertaint roposed b

Y ProPosR NI Sl i A e RIoR Bl ARV o expduton of

e\ajuatint ploincertainty sourae byysosioss with by wABGESOrctiBn gach source -
y.

it Y i f f t ty.
of S tdinty OTRE Mol Qrees o posiaiaty setediod byausermmdd e called
parahieterspefr &y e Loty
;@3& o Svndtion of yRoeitaity, Whelbudt 1€ MAUE. the parameters are

Wt FoRfirmesn @ndhhen rtransfemeddot cakalatel! tee duterical values of

araneters

15 Ry e s e FERCUMl i FidRe aineegambretget table

accor
is gebeeated withrthe giaesmetdrs of BachH @ t f§ ce "

li st ed. Uier may choose 10 SerP%&aI%é%ﬁé%éﬁﬁ%?ﬁ&se to verify
a"afeﬂqpeaorr R dedivar dresultst andheprinicthet aincegaintyd betigeebhifle and
cafibvitioa lce Rifiehd i L f | are conforned to

i nt elr nati olnatlqu’t“gﬁggé éb@ﬁﬁﬁ% 'ﬁgerﬁat\‘%l??ﬁ{?"gﬁﬂgdi ment

of the present invention, a specific systemfor

20 O B RO BEOH aR o The prasens invertion. s apacioreystem for
aufonatisvidssWneaSurenieri %f"ﬁé@'ﬁié%eé‘éﬁ%ﬁ%e heg %ﬁ/ﬁeec{ Figure 8

rogrannpd process contro
sh W G RIIPCIESrMask measuremend frimeworkrwhdrbipt # Caﬁltpﬁfgrcge'rves as the

oot FrEnE ol SrgPm qoréainpar g program for
s i PNt Bty VNSO Flromen
) @ueomparator éamearnparingg the ettt it Re two
balgﬁéé‘@me&o\vgﬁaede grzflllpf#'i]ecr(,e V-l converter, I-F converter work together as a
balancing device for automatic controlling the balance betwéen counter .balance
table and measurement balance table. Comparator and balancing device are not
direct measurement equipments, but are necessary equipments for the
30 measurement. (Please check if the above explanation is correct) Necessary

equipments also include counter weight exchanger, reference weight exchanger

23
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tabl e and neasurenent bal ance table. Conparator and

-P‘-.-'N- ; -bal ancing device are nat_direct nmeasurenent
rinted: 12-11 %Q]Qﬁ' pments, but are nedESERAMBqU pnents for the 30 EP95769082‘

. measurenent. (Please check if the above explanation is
correct) Necessary equi pnents al so i nclude counter

%@i %Jh?}\(éN%WE% h\ga_l Efl_ 2";’3‘5’85/%‘%0 g&e‘@bggﬁl b?%@li Aftter Reights, calibrated

@ter@mcemtgmzwammmmm 8flocatedbeforarte masurement starts.

{1 e wher e| cal.i brated counter wei
BB IR ueae e BB kit 40 2018 camr B omdragk Soetre current |
Otertrichpémeht é&lﬁpl‘ﬁ%ﬂ&“ reeﬁEé‘ﬁheerrﬁ%ﬁ é%YM é@) gg Sohffol system

nmeasur e i nput val ues, IS case
5 aﬂnerecm batweermtméasmﬁehrent rezaipmente ahdecompu®it are Gdits of the

herrm ter ess, control system 5 connecti ng
{ i gé%r'%tr@?ﬂg\é?ﬂcﬂnpﬂﬂmeﬁnd conputer, are parts
of the system which are not displayed in Figure 8.

[080]In order to nmeasure unknown weight M, a counter

we|[gan] l\/blmnntier\m measlies ankriowrewelght Mmﬁldédth&v?el N, and two
ference, ght Mef and a sub-reference 10 wei ght
- TRiSEence wel 8 '"F'PdF‘Q 20mpin meferancenweighteMromndad sub-reference

10 W@ﬂ;Mefﬁ,e?éreMsedNﬁ lé"ﬂijb%sfedath tﬁ\%or?o‘?ﬂl taf\éﬂﬁe% F M;taﬂeﬁnd M:ef are

Irst step, a naln re erence

chhsemdashe theesambalrative fitsthdtep, anflain rRferehes w&hitis put on the
with the s qe nom nal value is put on the counter

"b%ﬂ%‘ﬁ"c’@ef"a'&? ancextablg, andeajcouptar yeight with the sameenominal value is
B h e

P e LT SN e W a3 5Bl by e couner

bMant:e:table dnd thegineasaredenttbalatice table. iThehathettanced situation is

legtrijc current-nass conversion factor, and !ref is
15 d?ﬁ‘é@’rﬁﬁc‘ﬁl’f‘ el ectric current obtained from DWM r eadi ng

when the main referencg, weight kl/ ut on the bahan
table. 20 [81] SimIrly %)Ig’ub referenc am ght

wheegin kig isfeedback elﬁetnmganemss coavension hetidr,eandaml is feedback .
%% rﬁ{‘%%o%@ﬁé@ ?roh'?D Crcrelcl ng W en'\qhe maln re¥erence weight is put

on the balance table.
20
[081] Similarly, the sub reference weight m is added to the measurement
balance table, and balanced situation is described as

Mref+mref=Mc+(k/g)IcaI (4)

wherein I is feedback electric current obtained from DMM reading when both M

25 and my are put on the balance table.

[082] Combing equatidn (3) and (4), the following formUla can be obtained

kig=muy, (I, ~1.) | (5)

Since mref, lcat and lres are observable values, k/g can be obtained from equatlon 5)
30 accordingly.

24
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wherein lcal is feedback electric current obtained

: “ o.44.5k DWM r eadi ng when th Mef 25 and nref are put on_ . = =
-Er'n_ted'.l'z;”'-.%{)@}vbal ance tabl e. [82$E§Q%MB equation (3) and (4);EP 05769082
the following fornula can be obtained k I g = nre ST
/(lced - 1,f) (5) Since nref, lcal and !ref are
obJ083fbl aheahegs stef % 38 plAe uRRHEH : i on
éﬂiq)l 30 accordi ngl y.éﬁ24 AI\/E‘IJ\IDEl[J) SM@%@BP{H@%B@E r%easurement
nRedable; 7he copesporb@PbaBNEP siiatiotds d88cribed §83] The

next step is to put unkngwn wei ght onto the
nmeasur enent bal ance t abl .=%e"'@‘glg?‘@spondi ng 'ba(bgmce
6)

| tuation.is.described as Mk =M + (k | g)lI
Vm?i 0; In 1§ feedback g crentiabtained fioam DN reading whemunknown

5 weightiepdt | is put on the -
masurgﬁ%ﬂ?tﬁk%ﬁgﬁ%@lé?%ﬁ@ggla%é %ﬁ‘] Conbi ni ng equati on
(3), (6) and tayl or. nodel, unknown wei ght can be
obi | hed géthe‘m)del_l\/k =f1+(k/ g)(Ix - 1 )1 M1Mre-

- 7) Y8Mbinieg enyation:(3), (B} angitaylon medehsmknawh eveght can be

obtaine&Pby B2 maygu! ated, the value of M can be obtained
accordingly. B [85] Equation (7) is the fundanent al

model for mass neassr-gme g/ coydh g t he equi nt
8. 1n eva Dat'lq%n & ’Ffeasurerrex?)ew

settings,in Figure
10 Sm&’r'ﬂaﬁ' MW M:wi%ﬁ? opgenvable and lfa canbel caloulated, thee valae of M, can

béBgtéﬁﬁg‘cﬁg&,acjraihg%,of t he nmeasurand need to be
consi dered. Ac€ording to |long-term experience, the

present invention provides the mathematical formula

f cerd ai nt al.uation which includes possible .

sgfglagﬂs oéql{?z'e\éra/ﬂ A% ythgs fundamgnial wnedgl1for{ mass g)e2surement
adkOkding abrthel édaipmnt sbfthbstin Fighhd B)ih Hdiliator’$ Bieasurement

15 uncertainty, many factors which would contribute to the uncertainty of the

measurand need to be considered. According to long-term experience, the present -
invention provides the mathematical formula for uncertainty evaluation which

includes possible sources of uncertainty as follows:
M, =[1+{(k/g)s +Alk/ g)}{(I, - I,,), + A, Loy ALY MM, +AM,,, (8)

20 wherein
(k/g), =m., I, —-Irq')o

[086] A description of the components in the above equation is presénted in
Figure 9. As we can see, all the factors that could affect the uncertainty of unknown

25 weight M, are considered and included into the final mathematical model.

[087]1 After the confirmation of the mathematical model for mass
measurement, simply apply this model in step 3 of Figure 7. The evaluation
process is the same as what has been explai'ned according to the procedure in

30 Figure 7.

25
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20 wherein (k .1 g)0 =nmre 1.(1.1 1re) O [86] A
description of the conponents in the above equation is
presented in Figure 9. As we can see, all the factors
that could affect the uncertainty of unknown 25 wei ght
Mk are considered and included into the fina

mat hemat i cal nodel . [87] After the confirmation

Claim&t { he rmat hematical nodel for rmass measurenent, sinply

1

apply this nodel in step 3 of Figure 7. The eval uation :
Pr AGRSFod & dvhBathd TRcRinhakoliasd RRFY vaRloRk r?ﬁ‘t%surand derived from

according to the procedure in 30 Fi gure 7.
25RREN n§|—‘iﬁ:‘E‘??‘Q‘@ \rderdesieaid ”G”Z*ﬂdrFQmRr ising: rret hod of
eval uating uncertainty associated with a value of a
trregt?é&ﬁd@oapc%gl K%gpe];tslﬂ J;E&%wd%nét§%a% or?esgfﬁ(}j Ctr?e mg%]s%?erment of at
unlea¥ttoar rhysicaly ebseatab qMat\tﬁy, i) mea@qaswfﬁreerﬁfof (@i referdange value of a
meRfdisrREBBicePhnddlii) 1he absupstRer BMAd GRld of tHabSREak; e
quantity, (ii) the neasurenent of a reference val ue of
a reference device, and (iii) the neasurenent of the
vabrgeding a mathemeticalmedetiwhgsein thedieagurandiaexmeessed asd funcide bf (i) said
Vmé%ﬂ@dsﬂoﬁé"&yﬁ@a’?@ ‘éBﬁe‘?‘\QﬂnbleSquﬁPﬁW %§|§ %dle@sct ofle pHﬁ%EFIPJbsQrfvable quantity
(i % 4 @h 9 E si cal g observab ﬁ%uantl
sa ed“ga?SSP%%{% Wih#t th'yg THYS BuEesTan B ”lfda piefrepiedf ifgp device
aswgler @btenhd et neasurenmeasdf tionefesamae devicef and@ethe aaferencei value in the
t hereiBRebEGzENt of the device under test and the

measur enent of the reference device, and (ii) the

reference value in the reference device, neasuring the

r efesseneathey sfesence valtdef theedefafeide Bevite\ang heaalde bhBe wahdifand of the
of 4d € LARAR #{and of the device under test, measuring

the value of 'said at | east one physically observabl e
guantity, and determ ning at |east one uncertainty
V al Ay the §ANRCAS isGia alibass netbhgsdicdllf asdenabe qpdnyisi sl | y
observabl e quantity from sai d mat hemati cal nodel
wherein said mat hematically nodel takes into account

t heeterminingaad tleash ene pogasteintyf valugcasr @a{urn:tlgn aihekid hkleast one physically
I edReRaIequality o fsail AatHettdEn6), ddéieie. 2. A net hod

of claim1, wherein the sources of uncertainty are
sel ected from a dat abase specifyi ng possi bl e sources

of saifhpatherpdtically. mglel takasentd ectoort tid atilersPonevdoance iohurtchrainty and the
S SleRednc® thlkeSof Bt rerefshaedbvice 0m est abl i shed know edge of
t he

A method of claim 1, wherein the sources of uncertainty are selected from a database
specifying possible sources of uncertainty.

A method of claim 2, wherein the selection is determined from established knowledge of the
sources of uncertainty in the environment in which the measurement of the device under test

is carried out.

A method of any one of claims 2 to 3, wherein each of the selected source(s) of uncertainty
is characterized by a physically observable variable.

A method of claim 4, further comprising measuring the physically observable variable
characterizing each selected source of uncertainty.
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10.

1.

12.

13.

14.

sources of uncertainty in the environnment in which the
nmeasurenent of the device under test is carried out.

4. A method of any one of clains 2 to 3, wherein each
of the selected source(s) of uncertainty is
characterized by a physically observable variable. 5.

A t@gﬁ ?f clai@14, further conprising nmeasuring the
phé'gne 19 CBIgs Br YL COVRTS ISR L tRTEPtON R Ml the physically
Setbhsetvatde giable eand inodifyirer themathymaticél. molieneineinde sfid edrettion term.
5, further conprising determining a correction term
fron1the hysi cal | y .observabl e variable, and nodify q

I Earherein&pid deternteatione’ acaracton ﬁw@@pmewes evaluating a

’ t esrame _o7at Ié’asﬂﬁiel‘smﬂlstﬂ:ﬁl fadter a3t dziatattvath @idphséitally observable variable.

determination of a correction term conprises
eval uating a value of at |east one statistical factor
asA methad efctlajin 7 iwherrin thi piatistigal fagtas isseleotatfremyvar i abl e. 8.
A nethod of clain17 wherein the statistical factor is
lected f r an of e

or Shatsree vap qbo SR PT PR Tl PR PR 1R nairwidn of
VVI rfotabiify. densitly &lpictiant standdednsiceriaintyandtestmatedsdegresanf tieedom.
uncertainty and estinmated degree of freedom 9. A

met ho f of clains 1 to 8, wherein the

m,Jg ﬁ?r%?”y&f‘e Qgﬂ&!ﬂmaﬂ o Revhgrein @Sé‘feaéﬁ’f%mﬁm?éﬁcﬁqu {pe at least one

o bshesival bissecpabln tyudnfityl iSrepeqiefoealprb daterminet @d@bee oftinfed

nunber of tinmes. 10. A nethod of any one of clains 1
wherein the user selects the sources of

u n‘é @Ptha‘i’ At 3ny ore sERiAMprd 42 Brvdigeeint e year splasts thetsperces of uncertainty of

pagaRnéRUGNG Qfdendrmme\traé peRérh@ers @dr thiNGRILBINNGF YindeASBE ABed on the

tqgmﬁﬁ%§g§g§d§ nodel . 11. A nethod_of cl ai ns 1 to
erern t e at |east one uncertainty value is

selected from: type of evaluation, probability
defmethid btonehd O, 1@@?«(&&3% dt %Ethne uﬁ&ﬂﬁlhiylvﬁllué )é selected from : type

ex“?];eﬁﬂgaal%nt i'éébr %lg{yﬁ ensﬂyefﬁnc?gpr cS‘r'ﬁS?ﬂe tf?ct% aed],sgﬁﬁeﬁogm qts effective
f(ﬂegméeflftqeﬂ@“ anch@qph@@d oficegtpiolr t ai nty eval uation, for
carrying out any one of the nmethod of clains 1 to 11.

A computer program element for executing a method of uncertainty evaluation, for carrying
out any one of the method of claims 1 to 11.

A storage medium containing a computer program element of claim 12 for executing a

method of uncertainty evaluation.

A system for evaluating uncertainty in the measurement of a physically observable quantity

in a device under test, comprising

measuring equipment (110) for obtaining a reference measurement of the measurand and
measurements of reference standard of each of at least one physically observable quantity;

process control unit (6) for controlling said measuring equipment;
a computer programmed process control unit for evaluating uncertainty (120) associated with

the value of the measurand derived from measurements of the device under test, said

evaluation being based on a mathematical model comprising sources of _Uncertainty selected
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15.

16.

17.

18. .

19.

20.

21.

13. A storage nedi um containing a conmputer program

el ement of claim 12 for executing a nethod of
uncertainty evaluation. 14. A system for eval uating
uncertainty in the nmeasurenment of a physically
observabl e quantity in a device under test, conprising
negzurigg gguignent 110) for obtaining a reference
medsUr et ‘gt %‘?{é”‘f?\gaé. @i&%“a‘ﬁ%e%ﬂ’"ﬁ@ﬁﬁ UTRERTS  of
reference standard of each of at |east one physically
obgehyahbicqyantity; process control unit (6) for
control i1 ng said neasuring equi pnent; a conputer
programed process control unit for eval uating

ung edritral detige (1420) associ ated with the val ue of the
measur and derived from neasurenents of the device
under test, said eval uation being based on a

ma® FRepdtdrPved (1Bderapearditgineasuieqesisiatacand inppit datiser t ai nt y
selected by a user, said conputer progranmed process

cont.rql unit rising an i nput device (12), a
co%??@?y%%W?géggﬁﬁ), a record device (18) for

recordi ng nmeasurenent data and i nput data, a display

dey{ &aiubdeviehdepn eval uation device (16). 15. A

systemof claim 13 or 14, wherein the | evel of

uncertainty is reduced by connecting neasurenent

eglispstentof (b0 )13 askdd whered thetlevef obersertgntadd rezlesed By connecting
pe ] t he [ [ .

A DB, SeRER I Tl (R S i e iRk by pgforming he
eVvAFFFHEESA! B dviceWndSiiste of uncertainty is carried

out after the process control equipnent unit (6)

regel fr ntrol devic 4) of the .
CoBeERorog SR U BT 18 BRI BRI g douly o teranty
sy'§ fcaiied Pulaffier dierresess (cantipk equipreent ugit (GAHegedves asepimghand from the

- COStRSI |BviEY (@9Y AERIMPUSIGRSFarbREd rodess Bortrol(uh? @20).

conprises a conputer program el enent for executing a
met hod for uncertainty evaluation. 18. A system of
c| Apystenvof apn enedfislaies B te dfipwhersin sricepmmnies brogranimed process control

C ORI (1 28 Topiied RN cRdltet BREramNEIEhERGG dxEdting bAdthddSfor uncertainty
di s }a%%d in said display device (20). 19. A system of
aﬁ?ggﬁ of clainms 14 to 18, wherein the control device

(14) controls the neasuring equi pnent (110) through

t e s RERE 65Faih ARt idreif Itk RERAterHbdrarh Rlement comprises a graphical user
interface (GUI) that is displayed in said display device (20).

A system of any one of claims 14 to 18, wherein the control device (14) controls the
measuring equipment (110) through the process control equipment unit (6).

A system of claim any one of claims 14 to 19, wherein the control device (14) controls- the

input device (12), record device (18), display device (20), and evaluation device (16).
A system of any one of claims 14 to 20, wherein said evaluation device (16) carries out the

evaluation of the value of at least one statistical factor associated with the physically
observable unit.
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22,

23.

24,

- 25.

26.

27.

20. A systemof claimany one of clains 14 to 19,

wherein the control device (14) controls the input

device (12), record device (18), display device (20),

and eval uation device (16). 21. A system of any one of

clainms 14 to 20, wherein said evaluation device (16)

carries g% 2? eval uat,i Q of the val ue of at | east

ot STy PLYRTR 4T, whersn said,eilesst AteetPtRIPHaEtANtips cogripnpe. type of

obewiuatidy, evostrrgbable 22lue, Arababititg ety Gination I2:1f, width ef gotsability density

Satuloih, st uREFRaRlyhl BLinfla Jedieh Of rdelfi i eS

covari ance, type of “evaluation, nost probable val ue,

probability density function, hal f width of

pr abbgln oftayy d&ﬁ@‘icta%msff 1416 gt (Wherzeg{ aadation @e?&ea(izﬂ)tfyrtr%ﬂﬁbaluates

es ee 0 reedom A system of any one
LAWﬁL%ﬁng 22, wherein said eval uation device

(23) further evaluates an uncertainty value. 24. A

SYB§RIBnEf (dii2B) shi ev%@bﬁi)n%ﬁlpﬂﬁr‘id @H?erﬁmrd SroBYbility denS|ty function,

detern1n|n ro babi unc

et Dl WBBaf, BaRNe lekihr SR LncalPRM AR RRpSen, erectve
seiegneeloweteﬂomwﬂﬁnom mmableeffaﬁJact ive degree of fr eedom

and nost probable val ue. 25. A system of any one of

clainms 14 to 24, wherein _sai ut er ro r anmed

/BB GG P ST GRS CHOGH WSDTRb TRl §o8 SBeH praggss control
dewit ¢20)i809nnkcted fora priniinggietibe (30 pfot frihétg tbe catibiatiorf deetfitate.

26. A systemof any one of clains 14 to 25, wherein

the neasuring equi pnent (110 nprises nmeans for

aut ®isiem H@ny Ree 0% dhiondS. ¥ eré'r'ém MPRSHING @ayipgIeAd 0)sPpmprises
a rﬁhﬁvﬂs e altodetingttifsineasntbn@ht & ebmits] ddsdtanes bfd @vice under test and of

sYén‘ébr'agﬁs"f’stclf_@ﬁo‘%fd%g%‘?ef)ér% & %Ll%7 A systemof claim 26,

mhere or au ng the neasurenent of
electrical resistance of a device under test and a

Stﬁa%ﬂind of aﬁlhﬁt@rwl"&éw ki Mgard fbleglﬁibrﬂélfhg tH@'nlé@surement of electrical
nnect or

AP s Bl Shos” JBTGRA L iiect G5, PR B lfgpnee vaue

t IFempRsingt ence deV|ce, and a digital nmultineter capable
of nmeasuri ng el ectrical resistance.

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.
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