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Prmted 12 11 -BETHOD FOR THE EVALUAT %@ ASUREMENT UNCERTAINTY .. .
AND ‘A DEVI CE AND SYSTE '[001] This invention EF.05769082.
rel ates to the eval uation of uncertal nty, in
rtlcul ar, a .5 rrethod for eval uat i ng uncerta| nty in

carrying out sai et SORPREBENRT ogr ammed
system containing said conputer programs, a system

E msasurl ng and eval uating uncertainty associ at ed
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thod YF %@%H&!mﬁg pifETERY 17 JBeasgements satriads out &y measuring

nmeasur enen

eqoiprenity T e i’mﬁeﬂﬂon@ kélsobbélaﬁ‘éé kP E&‘h g%tr gﬂ?g%rjaﬁ%t frorg %ﬂp\é@gtqyt said

as well as 15 manu g co

| aboratori es,
al%‘@i@“@ é’rﬁ%’ﬂwtﬁy Prograrp medr systamh cs?amdiﬂg ga;d cdrﬁﬁutb!ﬁ' bffgrams,
st andar ds, such

b rnat,i ognal

@ %@@E{C #gt%ggghﬁg g'{) nﬁﬁ’@'“%ﬂ%a&%easmlﬂied with said

mbu&m@énton and testing | aboratories are audited kéy

| aboratory accreditation systens to assess for PO-DG 1
10 conformity to ISO/IEC 17025 standard (ISQ | EC 17025 -

General requireggp e conpetence of testi

and calibratio cisiein= T ENTI equi r:eggrrenﬁ9 2006

to conformto ISQOI EC 17025 accr edi ted testing and

ﬁjhhgtatl on | aboratories and i n-house | aboratories o
ct fral W@af&whgfameggurem@t resmpipment drad G&ﬁing&if%roducts are

| t i brat

copfinehllcaimed Thith 81 AASHAT TR, (eSPbd, wBpraSimenas el as

15 mampfan@nngscomauiesﬁtmrastsges @cﬂiﬂ[ngigl 'tlgn nfe%shkémflﬁt Shahdards,
roduct s n princi

| ‘”‘E'D E'Hra%qu{m%é’r {°a 'Vaﬁ'fé!‘aw%‘&agﬁcsumh?as tS@J!EGSQUIdes and

stéi‘fdar@s NBAIHE Wha{)r{ﬂatcgﬁlﬁfaggﬁ %{1{1 ga]:tpﬁ%s are audited by

that coul d reason
labasatony eapoqecatannnysysmaa m@u@a@@@ew '&oﬁfo‘ﬁﬂﬁ?' fo' BSORED 17025

standard (ISO/IEC 17025 — General requirements for the competence of testing

20 and calibration laboratories).

[003]  As a requirement to conform to ISO/IEC 17025, accredited testing
and calibration laboratories and in-house laboratories of manufacturing companies
are required to evaluate uncertainty in their measurement fesult or calibration

25 result, and to include such uncertainty evaluation in the test resuits or the

calibration certificates that accompanies the products.

[004]  In principle, measurement uncertainty is associated with the resuit of
a measurement that defines the range of vélues that could reasonably be
- 30 aftributed 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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082 quantity lies within a range defined by an

uncertainty interval. In real life, any nmeasurenent
AuerShilies within ﬂrrmgbedeﬁrmsb@% ehedainty Oitdival, In real iffe, any
mYSLEOR f rg Thi s neans that a neasur

IS | nco#b '& eqfeciens ard F’”—‘Uﬁfaﬁboﬂ“heystematlc and random)

This enéanid tiyatas SReiad t
Accor di ngl y&,l a neasgl?gnnééﬂrﬁt gr @Eﬁwgﬁé%ﬁqua% estimation of the
%&%Gﬁ'ﬁ%@%@cweramtbsthenneasnmeménﬂ ABCORINRIY, % MeasBRement resuit

accurately t he neasur enen

5 sbgglhil lfe gé‘%’(’éﬁ%ﬂ?é %ty@ estifaation efdtsoineaitainysouihatia user can tell
hqweeiﬁmt'atei Qheh‘i@aéﬂr‘ﬁ@rﬁeﬁ%sﬁ? Zeeﬁﬁ%c%lﬂg h’u% gfph@;&dhe measured

th eta{/esum I n conparison W
qpe@ 1 or themsel h&araastassdhe celtability df GRS rekit 45 rrﬁy%fﬂy -
é % | SO sta g%,r errors can be fundarren%g y i56n with
§& yRUSE P rieRultsr Iy shiferent spumeas,, random errors and
systerratl C errors. Random errors, such as random )
{0 fluctuations of tenperature, humdity and air-
pri@98lr e Imangomiarceaith the 1S@ starmiis BHirs @RUb ® fundamentally
dﬁ,ﬁgﬁ mtg P‘% rthc errors, such as neasuremen
i NSt runen ?Q(mqs i RTEk: |réﬁd0me§mom i @ systdmkattm errors.
Ragdemt diars e dugh tdaefard ec
speci ficatlon of neaaggﬁg‘ﬂ%t%ﬁéh& Ui E) {érature q"”m'g'ty and air-

PIREFHEa oW effectrtm tise rmasluwrgeﬁitl munb@ﬁaam@ d8\sferfibitic erors,
a_neasur ement’, €rrors

SR g Pent oPeliRaRs nercundwation. onissifenof cadbe

15 estiowted asitof . frﬁfp@@ﬂ'tﬁeo@e%éﬂvlﬁéﬂri e i

ecarrl ed out an environnment e ten”pera
FHRIEE o RADURE UG $enangdl ardonaitige obsdreed mam oﬂequaaments In

thé h@ USRI £dn¥ad e ntrS b&t ﬁ§§)p4e08(g frsegdt':gt I%fluence the

random errors can eva uat

qﬁ%@é@ﬂ%ﬁ”@mamnens Fov\/exehrap%f feasidtan®d muSLRIMRAS carned out in
om ext ensi ve experi ence

(0]
t t
aneéfi '{5’?‘8’%@'{] vu?% grlgggr Lft:ﬁt@é@s grayogiversiseuodanget vé?!iatuons in

20 th@mgaw@@tvamgap,feggtéﬁ&r s manual or long tinme observed
data of those equipnments. [007] Accordingly, the
uncertainty in the value of a nmeasurand is generally

ed sed on several mathematical conponents.
dee coén%%ér)fg nto& Ao Srrors. can be evaluated by repeated
measurement resulis, whiie 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 mathematical components. These components may
30 be grouped into two categories according fo the way in which their numerical
value is estimated. Those which are evaluated by statistical methods are classified
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.30 be grouped into two categories according to the way

“whi ch are eval uated by 'statistical nmethods are
classified 2 AMENDED SHEET 28-07-2006; Printed:
1211-2007" DES. CPAMD; EP 05.769 082 as type A and

a5f¥R® AvANe heaeevbivh are eralubteddsystheMRRRRS A classified as type B.
tainty

TP s AP ckRBin sl coBilinp cemplethst ofblieraamponents
DL A n T L pumer TEefefQRRaNaBba ik REDARM b Spusfeal vaiue.

obtain its nuneri cal
di fferent mat hemati cal procedures have been devel oped

fo I cu ' measur enent uncertainty. To provide a

ba Q@f orbt@ %’érm?ny é?rﬁat &Eﬁ@ﬂt cHARwmalisal diropedras ehave been

deeslopéd fort baiclti k00 0 certaint

in I\/Eas u?eneﬁ?é?%hr/?@am%dg&ggﬁfpgﬁée&aﬁ @9’ ﬁgcﬁfhﬁl%gsbﬁ% for the

Intermation compasisonicd eﬂ%maﬂ@ﬁsﬁ%,fﬁeﬁ@@e {t@"ﬂﬁ@_ fession of
a technic

‘ anon ountri es.
AP TE oo PaRn Betnh e buliched ayriEp ividamanbhas since
béen widishp BoEspied f I | SO GUM [009] ..
US pat e:ﬁt_ 6, 640,%8%%?€c se@ggﬁéelﬁgg%%g%amgﬁﬁe{P%‘{%g"“”t"'es-
Hop t@%{wfﬁlaﬁ%n;a u :ﬁin%lﬁ usi ni ne%s:lr;g?isuri ﬁg” evaluation is
rer%ggﬁ,?%@g |a t%r%ese)i%f‘%grobqs‘?gé’&b'%"%w- achi evi ng
automated cal i bration, .in.contrast to the previous
performcalibration by a skilled worker. To

0 whi irﬁ

agﬁﬁgbe ob@ieat @810.607t idiacjosele apanethioddiang! @gparatus for
L v e e
measitingemtchihes, cibls BletiRPisi éhp%%@oﬁa@iﬁ@ﬁﬁgsam?%a%d calibration,

; meaﬁ_ur'emegt space by the 20 reference ne
N GqRRastdo;t e&ﬂ‘g\éwwag%whm perfrms calibraticsphy @ $killddhworker. To
achlivecChutBRase IcAfh i pe; i&inhg first asur enent |

val ues fromt he orgjﬁg@t ﬂ%mgggeﬁ?idﬁlégd @hﬁﬁesg’l%a Y PBSitoNiIng a
refeENEr EifRasHIIVG| machine oprevicesiyetaliteated an@asIduMet measuring

A6 081 . i tihg the object measuring nmachine
mfgased“‘é#et FAel 3h e cBntF Bab ar BeRvTeT R apAce by the
relpCrelE neadarran esachisd ¢l , i
beSLi }r?ati ng uncertainty .g?g@gggggﬁ??eén@%gﬁﬁ%{’gé? by the
Pl MEGISHENG Iatipsaenuiring: firsstmeasurement values from the object

measuring machine and second measurement values from the reference

——

P05 760 082

measuring machine; and calibrating the object measuring machine based on the

first and second measurement valyes.

[010]  In Japanese patent 2002-267436 A, a method of estimating
uncertainty of coordinate measurement of one point is proposed. The method
estimates the uncertainty of coordinate measurement of a calibrated coordinate
measurement machine (CMM) baseq on the uncertainty of length measurement of
said calibrated CMM. In particular, the method addresses problems associéted

with modelling the behaviour of uncertainty in a CMM.
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F’Jiﬁfé‘d’ {211 aSg}?la‘malt es the uncertainty of coordinate neasurenment of

HINea: 12-11- i brated coordi nathSwﬁenent machi ne (CvM o o
"based on the uncertainty of [ength neasurenent of 30 EP-Q.S?.GQ,QB?;‘
said calibrated CVW 1In particular, the method

addresses probl ens associated w't h model I | ng the
behavi our of uncertainty in a CvM 3 AMENDED SHEET

28107£006; CPAVD  EPO5_769
085 ﬂ[ 01I]héTEgh%g§?§ %]@?%qgﬁﬁb'%ﬁﬁﬁ Pedta software named
“GLIMA |\f6@ré<beact§‘dbrm ealoalaBon oBEa40rdREMC cefrtgfntg? Mehis s software

Sagé&g% bc %t asur emrent uncert ai nt Y. IS SO
iclaten & ﬁ%‘HSféﬁa’ dreatmneni oﬁlunt:eﬁahtpeevaluétion based on
Hthe d SO GUM Ho
> IS@C@BM&I Ve %g%lﬁ% %@3%% Egg'"P’g'HSﬁ BRCclign bﬁ%lﬂd enable

t he sof t ware does 1o

ftet@blbe iassooiatar! awith I
n,;%g Eerrelnts é ﬁ%‘?;porf 'D@Sr;gigaswrﬁgﬁ%ﬂ}&ﬁi E‘grg '?mg”gﬁz’ support
REEATH: LamRisiRren& UM dorieench ganratcenased frl high-end national
ldba l.
OB Fear RSl HhwaEE 1 15 MCH e harPratiasuse imtesting

sui table for practi
and paliteation labomton!wmlrfmah%bﬂﬂm?m’db%‘tﬁéses 10 [012]
O her approaches for uncertainty "eval uati on exi st as
well. For exanple, S.D. Phillips et al. [1] propose a
hop f Ohihedl asurement - uncertainty using
nquPorpl nformat&gJr ayega- HnFﬁ?@Pé’nggaﬁ@t'%e%Pﬁﬁoas well. For

eX&ﬁ@hd@ r Phillipsi etf alr [Ht proposd @l h
g‘g}? diinothe uncertai Ety cal C?Hibg’tl on. f@étR:? l%ﬁa?urement
P PORE ASBIE RAigr i tiog. &aya&an[szieramm isaUSedh&o include prior

infeshatio Ialfd)u@fthéh@alué”lﬁefrka'rrfga\él athd ' 3’&% %qeggfnty calculation.

"Eﬁ overy partlcul arly inre
15 Angiash @ppipach| by a¥h tBamwickvieG alC2] airfls PatMVihd-asstinatiba] of the

urﬂéﬂéﬁ aSciatey Gi (}ﬁﬁg&% &'rf %t Len nﬂ%& rqlgtgt%}e {qt:gxlgghi;rgcal t:hemtstry

eval uat 1 on "accor

In omicmiamﬂﬂrm Cox & EiRy, fl%m@" '(]Lt%éé}ﬂ §%9 fcatlons for

10

I'es

1353 tn)})l ement ati on by man
unpﬁ Pyesvadaiiop étq(i@l'dlmmtdﬂ@iﬁiGLM or statistical
treatment for uncertainty eval uation of neasured

20 val ue. None of above nethods, software and equi pnents
elQ#33i nsDeamtecﬁ‘e @éva!mm&erﬁtamfnh&thoaﬂ IOt blituBind Hﬁéﬁdatlﬁ/ty and

e IR L Bl o e, ohonmeimohnd oainy tne
mattmenyatios] od ertisfidp rebfrREMESPERES MY evaluation of measured value.
None of above methods, sofiware and equipments explains sources of uncertainty
quantity by quantity. BesMes sources of uncertalnty vary from one pamcular

25 measurement system to ancther, and can only be identified from experience.
Existing methods do not adequately take such sources of uncertainty into

consideration in the mathematical evaluation.

[014] Accordingly, it is an object of the present invention to propose, clarify
30 and evaluate uncertainties source by source and finally reach the uncertainty
evaluation budget table, It is an additional object of the present invention to

4
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eval uation. [014] Accordingly, it is an object of the

present invention to propose, clarify 30.and evaluate

uncgrtalntles source by source and finally reach the
taa?'bfﬁt"ym ‘é‘b‘&hdﬁtﬁuﬂﬁbfblfdg@radtiabl encérta.m@ @aluation in testing

ent J tionto 4
aﬁﬁ/%ﬁ‘é%’%ﬁ EE%%@P‘S%E%%‘ Ueactigyindystries. 007 -
DESCPAND EP, 05 769 082 provide a systemwhich is

sui tabl e for practical uncertainty evaluation in
testing and cali BHON nanuf act uri ng

i ndustries. SUMVARY OF THE I NVENTION 5 [015]
According to a first aspect of the present invention,

t hiV18] i s Acavdidgdo a fi rﬁt&idﬂ:@@% of the kst imeb iR etrhg?é ﬂgt rmnded a

asso |fa with the value of a neasurand derive
mehoe ot ‘??@i‘f%'”&f”"&’edém’% gssneiated witht the Natuetot @Qﬁbasuranﬁi derived
i nodel .in which the
errﬁ”ﬁ{eb%%anrﬁé’ 2 Uedi eg@l]id;erft&ﬁt?ﬂ?ﬁ] mgthed ycomprisgs providing a

nmeasur an IS expresse
mathematizab npuies irc aHigh s ﬁfe\ééb&a%dqrgaéuadrgysedsgg d, function pf (i) at

Ieg yant Ié{%/ bei n % associated with at one sour ¢
Gally Bbeeryable ayiangtye seidafuantity bing aesatisted wzth at least

oﬁ@%urcé%@ uﬁbél)talﬁf‘ﬁn th€nid a%@?eﬁp%ﬁc%etagfq%@edun%@éstest ana/ (ii) the

observabl e quantrty 1n a

refaranice emiie S)f ofaiti hmysﬁfaﬂ? eél?éérﬁ/a?dtlé‘ eqﬁntqng 9n' & r%?eq'gﬁge device.

t he val ue of ast one

M%%%?@gpfssp\qﬁbg é%éwcg vgluernfithy referencadieviddwewtias the value of
they &t UeSst e Eﬁyél%iqg ﬂﬂeﬁv %1 %glgpﬂ%tgrr%agsﬁ %grrtr;rr#ysvalues are

usi ng the provi
themd ﬁ%mna;iafrommwel measmrenmmt@ugdgttaet;ﬁhﬁdéatrﬁatﬁe&gueéu model.
one source of uncertaint

Th et mbEL S amTdsten 1 feket Biepermint dos velbo o st foast
on@iseuaimoarfmmiettbi@l@r Aisd theSefbrefcd dt?%ué' Bﬁ ﬂ{elt %?&%Kg? device.

eval uati on nmethod 20 propose ntern
Organi sation for Standardi satlon (1'SO in the

d |on of Uncertainty of
ST The et el 5 BASEE bR ing witaraintavabiadon method
propospdi begsthe flhtefiatiohap l
dodith a y ew 10 65t ablish ﬁggﬁrg]t' h@?}atéf}%.dﬁf&}é%{[@”?@o) i the
ofeh e T T e Skses o of baceainy memremm(m GOM), In

pringle/ 4 fiekiftil BbpRsY A LED U RodSidg the' Metistinmant with a
view to establishing mathematically the relationship between the measurand and all
sources of uncertainties which may contribute fo the uncertainty associated with the
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 sta'tistical'analysis is
_carried out to evaluate uncertainty of the measurand following the ISO-GUM

procedure.

[017] In another aspect, this invention relates to a computer program for

5
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... . 25 .measurenent. In-the_second step, nmeasurenent val ue
Rrinted: 12-11-8007 he measurand and RESGEAMRgar di ng each source of
uncertainty which contribute to the conbi ned
uncertainty are obtained. In the | ast step, nunerical
t4st i a heSH | rr e :
BReuBha; e EPe PRRNKBNSY Rerrpll | TR rhpiy BB onteins
graphieduuser dteffde (GLY) forotbes faspestrol tHe sxecutient paoess. This
relates to a conputer programfor 5 AVENDED SHEET .
ingenfiproaise relgies, g:coygzuiqr_ pogram pradiss)pich gpa ggragggmedium,
%ain'{ngxtﬁélébbwco Bt PYGrafiENt | oned et hod. The
conmput €r program contai'ns  a graphical user interface
5 (GJ) faor users to control the execution process. This

' ti I | at t t m duct, .

IS B\é[eﬁq ﬁlls 02 18 t %?fglélgerﬁggﬁ%oth?% C@meglo e iltjiﬂﬁ Lr&?a:to rtgbq,@ggtoemu ?or practical
r?]ggyd’r{eﬁ'fenﬁ’ré?ﬁf @%iu?ﬂ&rpw]asgﬂci%efduhh@&*aiﬂ@? sydib® consists of
invention .relates to a systemtor practical :
reasureatapb kgaipthenta foephyeicab neasscematicd process apmitol .equipment
The system consi sts of neasurenent equi&msnts for

WY £orcspniFRIRG, therdneasuseipPB EIUIPRISHS. o RNE QuiCHRPiEEr programmed

10 %’r@%%%{ é%?)ngfipyhghﬁo%g&l%ﬁ%inggﬁﬁ% tg?é’dﬁi&’t@ﬂ”ﬁﬁh #B8%v&ue of a

EP 05760 082

rogr rgcess con unit for
@eaturahd dgrived fotrametyureaemts.at ed with the val ue of a
measur and derived from nmeasurenments. [019] |In another
aspect, the invention relates to a switch box for
autigagf | Ngn dndtharRABEECTRNhvaicH RHEtes t8h dRhYdXT6Pautomating
of 'a device under test and a standard 15 resistor
theomedsurgment eff sslectocalvissiséancehef svilevite hiodec degirandes standard

a first cqnnect for attachi ng .fhe device . under, test

15 BoisbaroHaV B L BB A A TN RS FRALE & frst Cohector for
AEIPIRN B RSicEt Biderafadt, 3a [BEbAd BoFAERRHBF altBthing the standard
connected to the first and second connectors.

0
fefrence resiston st a Jesistange dompanaiop gonnested do e drst and second
%}Hr{e&c} derstood in view of the foll ow ng
escription, drawi ngs and non-limting exanples. BRIEF
DESCRI PTI ON OF THE DRAW NGS 25 [021] Figure 1 is the

rocedure of uncertaint val yat i accor di tp 1.SO. . |
20 P [020] T?\ese aspects o tf\{e anen#on w;cilnbe more %lﬂ(%nd%rstood in view of

the fbilowing description, drawings and non-limiting examples.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [021] Figure 1 is the procedure of uncertainty evaluation according to 1SO-
GUM.
[022] Figure 2 is an example of a theorefical model for resistance
measurement. |
[023] Figure 3 is the procedure of uncertainfy evaluation according to one
30 embodiment of this iﬁvention. .

[024] Figure 4 lists and explains all the components of the mathematical
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. T .. _GUM ' [022] Figure 2 is an exanple of a theoretical
Printed: 12-11-g00fel for resistance ppas nt. [023] Figure 3 is . ... ..
) "7  ‘the procedure of uncert~a?§tﬁij/ﬁ‘g§‘al uation according to EF 85769 082
one 30 enbodi ment of this invention. [024] Figure 4
s and explains all the conponents of the '

|ist
'HB&?!&?H?FE% ings toNbeNPRODRBHBERFigRE: B7- 20061 Pri nt ed:
12 200¢; 769 082 podel  corresponding

105 ?r%l fée@;él\% ggg‘rag'ﬁ‘i‘? ﬁ?@QQPPﬁFC‘gW@OBV ﬁbow%g the proposed

to the exa
reatheplaticaifmadel aagtthe exbRAGHS BP%rﬁE.ch?poﬁ%@%ﬁ%c%%rding to another

t hemati cal. nodel and the explanation'o

€ Rk <f this snventing as@ eoropiter progrmadi ment of this
m 5 [026] Figure 6A is

in ion onpuyt er. progqr .
> a F‘?.”Jd eﬁ‘@gfﬁl ﬁ%ﬁ@ i ?'?'H’ge il dhe rysiegn timplementing the

rmethdab df ihiks invention VeI b@A" udaget ..

tafd?g pre I,ar edl by ]’t@E!(-eé)gE;ssﬁ 2% aa?%‘%ﬁ%ﬁ%@%?oggy the system.

st e i P 4 GRS SRRt and

s o s o GuRIRS ird Gbpaiment pbires towentiors

B8 e nEigeren® aioing i ' t he .

o ?quréﬁeﬁg;o%‘éﬁ oo Erebise TRARS b e Pyb according

he iopeh gRbodimentiaf shiginventienconponent s of t he

tigal | .corresponding to the fourth

e%ograrre nF?@'g]e %ﬁ%%r gn@_e)@% E‘E[SEEE@@WWHQ\W 15 nogbematical

mPtel qoreEsponding Y@ tHe folrth entsRfeibi @uxfeiéqdi ng that the

eval uati on of uncertainty can be made hi'ghly accurate

by carrying out cal culations of uncertainty values

based on a user-sel BE g@tﬂg@ i-@!g;[mdel whi ch not
only takes into co AR 8 of uncertainty

15 associated with the neasurenments carried out 20 on the
herei nafter referred to as "DUT")

dexece U r..test . !
s So%ﬂ% @J%B‘%ﬂta@%%“‘}%ﬁi basesh PR ANe dindingothet theevaluation of
uncedai b ' I ' rience. .
SRS SO oL i sy
va #ade@in 13 Uger-seevtenematicenativnl moded asich ¥t Unty elkes into

coH&i88FkiBh %h%s%ﬁﬁx@eﬂgin?yngésréc?a%d rvrv?t‘-nrt%{a (;r%égs%lremeﬁts 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 equipment n‘iay be controlled to 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 ig typically associated with one or more
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F’"—"’t; 1,2m_1,1‘§@5£..a:}3xperi ence. Thus, the invention provides a nethod )
inted: 12-11- "Ipr eci se measur emeneabpagpgci fic neasurand is S e
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uA AR I'V\%’h‘%té &9% buting significantly to -
uncerttgujn y ar?g C %Equently to fine-tune the
measur enent environment, 10 neasuri-ng equi pnrent and

ement nethod in order to reduce the sources of
ﬁ@gﬁ a% iInventing a sane Mentuseldo 38} dvauatiige NinceAaimBN in the

measur enment

j uncertainty in the

mEfsuraMent of aBY Bl B giaReiale, yaniivisupn ssomaas. lengtn,

15 angeglectricalmgsibtanca Btaivd agirefettedcthbédent Sﬁggr&%ﬁt mla{hc?% can be
can be use

enbodj.ment, the present netho
us?g qé\%g{i@g{eeq'ﬁﬁhﬁ whase dipeusiens assexpnessaddn dape epie dpecified
in ithe btematiohd|Sypshidritiths i) dig, Lpagl Ryst
(mOLq,{Uﬂi ts (SI units). Exgnqpslie%rmg}' %{a‘?ﬁﬂ% S&%é’lﬂﬁ%@tﬁge '?"gth
e b;'nfasst pgram), ﬁa@s(qenon@)?;quc tumt((%ﬂf}:ﬁéﬁé‘)), 'the{rmodynamic
terf ' er rnodynani ¢ tenperature
20 (Eg'l%v‘f’lﬁ)qf‘ég%?ﬁ%m%ﬁ@SHg%tQHE%?Tﬁ’@ﬁe%nd lHRdINQusHintenslly (candela).
0 In tttezrenbodimeandeliadd qaAntifbOl " deeLyed
de%gz%rt i &é es whose di mer?si gr’13 ar Es_geg(grﬂﬁ%rgée@@%ﬁésﬁgpressegm Sk
59 VBES gHPR SSsi0etp rewton) epreasureoiprscal).eqsantiey of heat (joule),
pO\&QﬁS ; élé&ﬂé| i U| . pOV\Er . V\Iat,t),
el ec?ﬁtag char ge %%@%oﬁfg ,b&éibzfcteﬁ%(g”‘bof’@wppé'l difierence (volt),
. Capfditeeee r(fasad), otledtric resistance (ohm), eleciric conductance (siemens),
magnetic flux (weber), magnetic flux density (tesla), inductance (henry),
25 temperature (Celsius), luminous flux (lumens), illuminance (lux), and 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 guantities include current, voltége,
capacitance, temperature, light intensity and radioactive decay.
30

[034] As. used herein, the term “physically observable quantity” refers to a

8
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: HHAO ) S ] 7 682 \
C%nm:?_?f'ggbl |2. Itoﬁrl]a;/ %ﬁur@r&o gg@%ﬁegf ?fﬁg %ﬁn Ph¥sicallys observable
V%?aﬁ?’éétqﬁeédvere!eéoge@m@ quantifiaibles phydicd| gfoptioys gd\i/%t@@ from the

i NBAS I ng. ai | abl e measuring d
“;ﬁﬁtglc\%g}( ue ow “ﬁﬁ%uﬁléa&g’@? g)r:qfa\é?ﬁ dnaaremest ggnvimement or of the
i j ' ources of
ner oty aanenrs e et femtht SolfRERE Sedgto evaluate the

10 sqyrges ghunesitainty. Fer examppleaivhies evallRdin rtg?' inflihed by térﬂperature
e

nvi r onment non- i

r nt or _
aécﬁr ac éérjicgfglgggeieﬂnWh@ rf@ﬁ@_tﬂ"icﬁg“@?lﬁ_ urﬁmenti, Tm%e?gure in the
mepsyremenk | gnvedaeianbise meRL&aP Eith | 5 S, erei! .

refer to %ant [ fiable gl]ﬁysi c%f plf%perth! Z@?Wﬁ?ﬂ fifperature is
th?ﬁe(g?ﬁetan@hgsiﬁﬂﬂys@t@@lﬂl’%bl%b@'&ﬂh}a'bl e quantity") of the

measur ement environnment or of the equipnent used to

nmeasure the nmeasurenent environnent used to eval uate -

15 t1e35]0 sduncesembotintit! feNbthdiP of Qﬁ@W&nioW‘ﬁﬂgﬁ? gamprises

the. .influence of tenperature as a's

| i n ! : o
soffft Tt pice oficetribhaoeociniad witnbnthe, measwen e 0P the at

- Vi iy 1S measur e th.a
Eeasﬁ ec?r’irerbg r;:r)g?g?&l#{ g%%?gr@%ﬁ@%g rti? orpga%,xrerﬁnﬁ% IOE 4he yreference
valigs 8F BB efergnrabiievice, 16r [((i3Shel me(@a@aa_'@lﬁ}ﬂdbﬂ”l&ﬁé i\iratrl]%@ of the

e invention further conprises selec )
meERURa, Por bl B 3y qh&@@ﬁavr@m%tpﬁ@s'%tamﬁbj resistor
20 usingasudigitehmuifimetee mby b&agiows p'ﬁ%séﬁe?#é&’ gy)Za%tqu Sgch as
juaptity, (ii) the nmeasurenent o?t e refrererc |
ﬂu:%yat{i]q{be %etflértgﬁ:@@rqi@nﬁ efethegnegsurenenh enviersherst iyt thef electrical
corth8t \b@t\Ht@eﬁ)fthEhgomponents in the measuring equipment. Thus, if the

measurement is carried out in an environment where temperature fluctuates, the
temperature of the environment is preferably selected as a source of uncertainty.
25 The sources of uncertainty associated with such measurements may be selected
randomly or preferably,. based on empirical metrological knowledge about. the
factors in the measurement environment which deviate from the ideal, or
imperfections in the measuring equipment. Empirical knowledge may be possessed
by a human operator having experience in metrology. .Alternatively, knowledge
30 concerning the possible sources of uncertainty may be compiled in a database and

experimental data from numerous experiments can be compiled and analysed

%
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ogi cal know edge

5 BTtk (83 ootfe sloplibant @i fone rusenspeoiied set of

speamenitl con@tidh®m the ideal, or inperfections in the
nmeasuri ng equi pnent. Enpiri cal knowl edge nmay be

possessed by a human operator having experience in

e 0gY.. Al ternativ know e 30 concerni ng
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cd SOAD d t 0

e e P PAV B siesclbd witO T GF gt uncertainty
10 aﬁﬁgmg dhe wluaooﬁ the Pmeaserhnd %tlére?QQﬁqLEESGPN@ m&&surement

85' 769 082:; atl tical I%@t o determ ne which sources
YiIrQIHEeht 'quﬂe? iap-oTRe yser thegrielects the §ﬁ@fﬁﬁblﬂfe§lceﬁamm that are

tPRABReR itd rc%ﬁgﬂh%t]oﬁvﬁl thé%gastl?'grche &xéﬁu@e computer

i nto consi dera rven exp
pnqgramn @i’ﬁh@@s tehimatheineaticab quebthat mcoapm'atﬁ%lmﬁém@té}g r@Pfesenting

tedto utomat jcal ly sel ect appropriate
sources g%) OZW‘? Siertajny- p"éﬁecc{ bﬁfeé'? theotermy Hgﬁrame?er’ refers to a
15 compbneﬂﬂ:dh ches @it nﬁd@Pl‘eﬁré’serﬂ?ng\he elé&@ﬁ thFc% cﬁ‘%certamty.

?‘ experinmental conditions n1nple
T ﬁes%%d!f HRCafaEnty n et benp:romosm l:ﬁ}orancofnmxtercprqynamr from a.

esented ith_a list of
oBEBEEED e TR SLE M i b Blpemotis moce
mwahaurcamb!étb@t paivitledn bjl e huthdr BsER aamEBiEHe user computes the
Vir rETJE C(&Jstlon The user then selects the
m?ﬂlﬁ'% odgbink: WierRofwarapregram t o be taken into
20 consideration in the neasurenment, based on which the
) program provi des a mat hermtl cal nodel that

onput er
rrg?b or df eSnGarembediment, effhes eotiicey  df heseesaintyc assigdted for

AR e e U, L BB e, s
da’étgg??@é m;a gﬂégrtﬁg:fﬁﬁ etfrra § W‘E“%ﬁﬁgﬁg‘%&%ﬁgﬁége ﬂe”ber an Oracle
dqial@@eea@rm aitexd file in the form of a simple text list, dependmg on the sofiware
25 that is lmpEemented for carrying out the method. In this embodiment, the sources of
uncertainty are predetermined based on prior experience in the specific
measurement to be carried out. Accordingly, such a database rhay contain
information about the sources of uncertainty for one or for several types of
measuring equipment. The criteria for selecting sources of uncertainty are
30 determined from established knowledge of the sources of uncertainty in the

environment in which the measurement of the device under test is carried out.
10
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particul ar set of neasurenent equi pnent, and whic
shoutd therefore be selected for carrying out the

15 nd0BOH oflnt Aepichsiesd | ORboGi 8lea8 PERGH;QY; O .
sel ect.i.on of ?he sour ces %lfrﬂéjﬁ’ceeraggi Eﬁ%lé@[gdﬁplg%&gpie Vvariable
c']%%@ﬁ??’ﬁ% RothIpHed: Sapenel ruwertainty tis measyreautand  statistically
evadlghtdd GRa u S taining to,physicall
~obser vabl grd\ﬁﬁaagl e. L?o? ‘%%n@lt@,m%ﬂaé'sﬁna‘w%%mi:wglrce of
unsguinihie Hasedyorbthis oimatibn @ WEBREhER BRI Wh&her the source
ofpﬁl%ise and/ ar Eum diity of 10 the neasurenent
SIS A% tp1bg ket iate: eansidsietian, for then ewaluation yof adcbined
20 uneeReRhATRE mdh ' 0 this case,  fhe
mat hext iC gaT H%Jggﬁgﬁgs;of‘é%c%hgﬁ*ﬁ ﬁ:?"%g bseryap i‘@(ﬁ'ab}e is preferably
usgd clor detegninebs Gartactidocieny that rie dhéarpoia@sdTintoMHe EfA€hematical

md@thﬁnﬂﬂec?rlltof EBUR the effect of the selected source of error. The
determination of a correction term may be carried out by evaluating a value of at
least one statistical factor associated with the data form the measurements.
25 Statistical factors may comprise ohe of the foliowing: mean, median, mode,
.deviation,. unbiaséd esfimate, covariance, fnost probab!e 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 mbst probable value, degree’ of

11
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h ns,i.d i;atlon in the evaluation o
niEF af Rrepgoilislansity funatiohestpadanaireestatiypnd eetimated degree

offfe@Bgged froman 10 existing database containing
i nformati on about the sources of uncertainty, a user
may al so introduce into the nathenatlcal formul a ot her
t he user's extensive

gi’@%{f éﬁ&geggé%r}g%p;{ 8%" erplo\WFf dagy @t least.onesplaysidatiperbservable

25 queR®ly! bS diVas the reference value of the reference device, may be repeated

for a predetermined number of times, depending on factors such as the user's

preference and the resources allocated to carri;ing out the mea;surement. As

mentioned earlier, a {arger number of measurements can heip to reduce the
influence of random errors on the measurand.

30 .
[044] In a preferred embodiment, the methed for carryiﬁg out measurements
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s;@ thaé_ a .mnial_ anmount of uncertainty is
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thé Qﬁee?s%ﬁ‘éMéﬁlgoPHtp@ﬁR%ﬁ# ﬁ%%ﬂﬁbl&?ﬁ@&? {gﬁﬁg cfgym umder test. The

[042] The correction termthat

rou

g‘\é pical ly establi
Sygigq) G@mpﬁﬁi\eibmegsalm@edmpmt fori dﬁtdlnﬁlggda @%’%d&%%easurement of
r ny

b | at ed
T S
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ur enent n carrying ou

megléggp@ £0ig ‘1@ vag@ @mputeﬁ @regramesest pmnesmmﬁl‘dl ahniYused to

T ———

"EP 05 769 082’

e\faiuate uncertamty associated with the value of a measurand derived 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.

.[047]  In a preferred embodiment, the measuring equip}nent of the system
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
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i bé Bohh ﬁédgsg%g@ﬂT}EEBa'Ei'E{)PﬁfP Int@rfagecangk Abgsswitch box may

measur enen Foc . .
additiohallyecbrafiriseea coRAb&ENSort BE cHBRIdE TRl %ﬁ/ﬂlah é?égggriéasurement

r.ovi d by a user. The conputer progranme
eﬁ‘é‘ﬁf“ﬁ&f q%m%lpfe ebepnessien aarts ipudeiports allowing SifRid data cables

todpyi deyl Jar,.recordin measur enent
d%%ﬁﬁéﬁeﬁﬁﬁﬁfeﬁ%t £ SR R inE D el dpwiinemal switch. The
S\ i ovaydéwthee. cdfigide lah ta : i P

CJI’R]% gﬁ?éu” ng %g.ui prreﬁt eof thgﬂiﬁt%(er{’ﬁe% %gﬁpfgf}esgab&shmg. a
SWE xIheoPUI E9Hata #getrﬁierMGmmm. AC adapters powering

cepesiivel i evice under test and a
e e St i et pok VerdotH] ceralel quoitinsertace carg,

15 asyell @s thedow thavBRDERItSHEEX, 28wl A.aRy igit&d: I
' : om
elddinidid; 2007 DESCPAVBL EP 05 769 082 B0 HperIbonent fequiring
first connector for attaching the device under test, a
second connector for attaching the reference device,

ar@ iﬁ re%?t ance nmeasurenent function provided by a
ditdddla qITRgt i Figure4B)] tehepronediah béxcal®¥ating uncertainty

acé ' . = i cation port for )
ORI R 190-9BM ie A (D oemTahontees are dnhace st the
20 valwes i compoboantsardnstiiufifig WS tnaandinBidf ‘Moddl, A& rtﬁ% lﬁ%asurand

anH‘fﬁé‘no'L a Se“sz{gpufcgét" The data comuni cation port.
nay IRUE ¥alHER %'Qﬂngﬁ%ﬁqm@mm agillustrated in Figure 2, R,

is thel eddistasce af the 16 SisPRx addi.tionally

conprise a conneI?iﬁgt%WSg%?'St{é %gﬁ'ﬁ%%stur?gfea %ﬁ%@ﬁeﬁ'@;‘@e"tﬁ" the
_ regigia SlirefrRfatence resistor. H, the resistance ratio of Rx 10 Rpep, can be

10

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 Hewleit
Packard. Rrer and H are input values, and therefore R, can be obtained by substitute

the observed values of R and H into the model Rees = H @ R, In the 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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10 equi pnent. Exanple of connection ports include

Printed: 12-11°007's al | owi ng 5 pi nnegEdaiigabl es to be connect ed
" thereto. The switch box" may ‘t-ncl ude a | ow t her nal EP05769082

switch. The switch box may further conprise a two-way
SW t;ﬁ devi ce for establishing. a connection to the
da¢iers Reed dpebe raicuatadd astimaCotdaphendut value, standard

Ao TR Kool el e cat Ton por. T
Qisnptlrtevdlmas arleemmﬁlal@w!ép”éhd@ﬁf( ‘WHen F%‘szlgﬁtg‘iaé)%&%WPh%”? gf the Input

fnponent requirin electr|C|ty
VBIY§re £valiafle ? stadisticad aonlysial el 0 Lingeri)ear baizlfate the above

5 n?é‘fﬁfbrngti Vegctbéﬁé%g}q Jerigro?%@qk%,%agétggggqqgrgaclfm?g@;f;ﬁgmbutlon Iif

are | nvo
repgated tabsengtions anat it ravdigsle, WY ?&babh@ d@;ﬂ%g"?&?c‘ﬁon”ﬂmm of

al ues, shoul d be identi

r%;ri%qﬂq%r #ggﬁivyllltg@[qsgg;wd for laagh RpLe, vali?lebom $he basis dspemf gatlon or
t t

ab 4% AR GF a rg?:gﬁ% gﬁé%iélpé!t% t||8f§| g:?ql g}%@maiameters can be

Rref repres
calesnasadortherbbf fram rtﬁé' BbANG to Rref .
neasured by a |t§ 'ﬁ{ffr?tfb %ﬁW“'a obabilty density

10 fLmCB(PI[I o h%mppmfmrohalylhtwmmy fﬁmétldllhl Suchoad GaRSRN probability
e i er .nodel HP34401A
| dEMHY Bfctd) éﬁ%@u@v\wr@ﬁ?ﬁmg‘e é ity fupgtion, gr@ny ofher usenspecified

manuf act ur é

Proabbility, demsity furetioh ey hxusaq be obtained by substitute
t he observed values of Rref and H into the nodel Rref
=H. Ref. Inthe first step, the neasurand and the

| h.th h I
DO Vet skl M S B R S

del”. defining t rel

15 ma’qﬁr@rrtaﬁlgaim asuremlentmodz) N4

m%&%ﬁ! Fﬂ%&f qg%igéq‘tﬁl onuof Ol npurg vgiihmgg Séf'ﬁgpd &IWE& of the
Q/g_qsg_r gf fremdaim agd ﬂ]_@c@_\asrm’rﬁctor are calculated

. &R [s _nee
et Sl 58 ooth SRR LAl SBiRG a7 seo
eThEariatey Jhe Gpardsd mmartam;,t |byahalt:p{§ﬁ@” o Qonbirkef $fndard

nput_val ues are

USSR 618 Ricasua P IR (88 oBitrale B el ahunesriaingy budget

mut ual’l y epen

20 tahie gsitgenesdted iting viak|
i e Seporting i RBUR, of%rﬁfeﬁ‘égg%' ﬂ@fugﬁﬁg%%ﬁgglponent

n_b dertaken to calcul ate the ve
thc%worg%q%ﬁ;go %ﬁé@&eﬁﬁ'%\f ebheimeasprereeni.ty function of
normal distribution. If repeated observations are not
avai | abl e, a probability density function (PDF) of
r 982hnguTher aboven piobbdire s gegagd if Othe CRDLAUMY ALY BledEnt no

ma%rﬁ&?capassc;h?tlo%p%g ! [f:)il'o(\:rﬁ:iteldor%oo{)resent evaluation on the sources of

25 uncertainty. In practical situations, sources of uncertainty need to be identified in |
order {o obtain an accurate mathematical model for relating the measurand to such
sources of uncerfainty. However, identification of the sources of uncertainty is
complicated and difficult for engineers, technicians and researchers without long
period experience in metrology field.

30
[053] Based on extensive understanding and metrological experience about

15
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— e

B N _as the result of a previous uncertainty eval uation,
‘Printed: 12-11-2007t he above paranete Esedulg. calculated thereof . . - - .
-7 7 " fromthe PDF. Apart fr"gE a:-r-eh??angul ar probability '.EPOS-@.QO&Q}
density 10 function, other types of probability
density functions such as Gaussi an probability
RS \OFf WREertaIAtY. t thearyasent prvention | ployiddeNpob¥ible sources of

et n er, user-speci f.jed probability
lglensi W]f B%f‘:) | oﬁuan{gglsé'e %@é‘if’if‘)’[‘%&!g‘{fﬂ thelllgstrates ep, procedure
canresponadiag ¢o ohe ehtbodBAsH GFfe PFES‘ém ﬁ’l{\/@iﬁtﬁoﬁ. rgﬁﬁ]&?, :%il&hé[ 2ources of

mat Hemat i_.cal nmeasurenent nodel. Next
UNCERAENY i dReasurement arkepropeasdir Adordiriay, eAf 8R& | ¥ponents

: o f om and t coverage factor are
) %gﬁélﬁﬁgt gfgh \{ﬂ%%% ?‘Pm‘émﬁ%r%ﬁnﬂf‘%?f&aifﬂfgﬂsaﬁnwim@ aomeectiopuerms, are
invairpersiteb iritb Ng dn ; hen
corbureses e oxpencan, it W' dhehilte b8 Mrgourpa os =

nstieniuats legstiane Phsically aibseyvable Ghantityasid asterditeMue of a

act QL. . Fi |y an yncertainty budget 20
r@f@)/&{cégee\ﬁéé_ A5 d‘bg'gtao%{ei W@HYWJ‘PC@& lﬁ‘[‘?yd%fis gCOmposed of directly

table is generate

measgrachivaluy, indiretiiy h%s@%&‘vﬁggg%afﬁérre%hg.hg%%{he example of

10 F,r:ont ri' %%,Jéﬁ%@t 0 the uncertainty of he neasur
[BHZ14. gficapiosnstathat issnabimatidallyaridshysh@iFdognized is
At present no mathenmgt LGal psolution is provided to
present eval uation on the sofirces of 25 uncertainty. (1)
In practical situations, sources of uncertainty need
ntified in order to obtain an accurate

t id ] '
moaﬁ"%ghat ﬁBaTh’snﬁ'&‘@ﬂ“PBf the| passibfe tdoercesasiinandribints WA all the
entification of the :

ATNIRET RILIGH e bonos BT bonedlie tne, qnethemediasl model in

sources of uncertarnty 1S
15 praglicat pyaluetions as fadiost ci ans and researchers wi t hout
| ong” period experience in netrology field. 30 [053]

Baseg on ext i ve_under st andi ng and- netr ol ogi cal '
expe&i "enég}( 'Sg%imu +%a5#mm£smﬁm{%ﬂem,g;m +
Printed: AR;L1-28@&7 DESRRAVD E&OS?@Q ouy ces of

uncert ai nt y{;b}”he present Rventi & r%\%ﬁ@%ﬁa bl e )

sources of uncertainty before nunerical eval uation.
Figure 3 illustrates a procedure corresponding to one

20 el®af]i neRhysitalt heapires ©fteddhv 88hbBRentTiH $id Yabodk! @%ﬂﬁematicai
mofegei gg g:i?q{&feg ilfllgﬁgjrl.{r% I‘g{]g%ﬂ% gﬁ%ﬁgg?sl'llj rise rtri'?: trat?c: if pF\Ex t% Rref .directiy
obtained from DMM readings, and AHpin, represents correction to H associated with
DMM input resistance due to the limited resistance of the DMM, which deviates
from the assumed ideal value of infinite resistance. The most proba.ble value of

25 minimum resistance 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 value, i.e. whether or not it is between Sens+ and

30 Sens- of the DMM. Where measurements are carried out by a user, statistical
gnalysis is used to determine the most probable valué of miﬁimum resistance of the

16
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.5.associated with these sources of uncertainties

-

Pnn E i
ted 1211 PACT udi ng correction th@ 208 i ncorporated into a: EP 05 ?69 082

-3

mat hemat i cal nodel which represents the neasurand as
function of at |east one physically observable

%ﬂ;tbtg and reference value of a reference device. .
85811 vFRr Aenfirawaticc abinimse! inbat cestaanes 181 be used, the

& ured val ue
oni o MroaRA Mok 8dtto (IR Ihe FoRBCiny e Athmg he
theoret| cal formula that is mathematically and

[054] In this

i B on CARA BBt aa@@?n?(gé??@érréiégg tarmmnpy deckantibd out by
P Spoar e A "oy e il AFERR e e ersiat factor to

calwfacta\@btﬁm the edtidn RiPmH
% ) the (:lzrrARr enf m m»;@ﬂ:eth@ m?stﬁﬁ'r'éﬁ%le "%Bﬁfhe minimum
In_pW@ﬂ ;qqée thmseexmmp+ARln adgenerAReaQ@ldtﬂle(@)ysac%ﬂy observabfe
h t th
vhane. ﬂ?é‘ %a@latmgle& ﬁ% E?rg(?cr%%peté?mnpﬁgg? 3;19( I&’:lrémtat;d?by a computer

mat hemat | ca

: pmpl Epr Hxamptdjéf ﬂﬁmlm&n%phf’ r«%@éngé o?(ﬂjié bMI\td is 10 giga Q,

10

15

20

represen

a@g ek, '?"8:‘?'% t%fs@acx W %Sonw then tm’wkcélhamthe esiredtionaerm A,
isdvegiba ¢ ke ,“@rla(%d I fgiqpreance of the DVM V\:hlf ch t
infinite

deviates fromthe assurred i deal val ue of
resi stance. The nost probabl e value of 25 m ni mum
may be found in the technical

r eaksSi an of the
s 3@%?# ic jﬁﬁ&*?ﬁ'@d%‘ab&f thig éneihnd thattthe enathemiaticatayodel can
bd @pHBASIY Athdifet (B%dérim r\%éée i 919 of U eqﬁd 5@&5 o:g :stgebe reduced,

a conputer progra W it {

CompANeRts of e sqiroes dédnw’tanetyhyhideﬁ:aﬁipbse 3hé n@atHérﬁétl%al model

out ,mea enents ‘to veri

ot SUUSRELO b RER STE e L VTV TR T

manu it
arbelessamedSeRsr+ exafh A e

nﬁ%?ureérrpnts ar e C?grl e r)?om(jtglf' Eégeumyevﬁdegéi PE{qragiers for the
SVEIAFGY; O paceriaialy; dn quber mods ftoen rthet matrubadtical vAdER i user

SB35 5 e 8 oS B e of

MmegsRrermRt. 1tds ée be hmtets’&fat drure lig 85 oblien 18 MJBHPthe Mldel by users

istance t ed, the
: .de{e?‘ﬁunatlon in order ?o mtroduce additional sources not specified in the model. ln

25

30

equation (2), AH.a9 means additional sources can be included in the parameters for

the evaluation of uncertalnty.

[058] Whether or not the mathematical mode!] is fo be modified, the
measurement is carried out to obtain the values of fhe input values after the
mathematical 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,

[059]  The next step is to evaluate correction terms associated with sources

17
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B conputer programthen proceeds to cal cul ate the

Pﬂnted 12-11@0byection term AHH, p b@@@ bcul ation of the val ue
‘'of each correction term rray -be"carded out by 5

applylng an enpirically devel oped conversion formula

%_?nverm on factor to calculate obtain the
PPS 1Bk tNgGassRBParmeters iprelatitn aovmle@e &rrddin terms are

= 05769 002

t
oS sUORRY el IRRBLIRGS nrobae Selimneto Orr%u(t)ruroalemr?] dbprobabity
m%dmﬁtﬁ,t e bd UABRANIES bl SBnESHT f aci éﬁt{,ﬁﬁﬁed value of

‘?5)‘%/95(3 caonput er rogram For exanpl e,
&@ of deqediognc Dmommmrﬂﬁe$ Qan (be ﬂr[bdiﬂ@é! W%edep:cted in
t hen the val ue of

5 Fiﬁﬂ)‘@ RS 'tr%”?rfc@%?le érﬂ %‘: ftﬁlygp%cééteg%méj%gmgrpnyem Alternatively, the

e cofrec
AOpded Zah—bel partiefly Jmérntadl f "Fird"
this t hod t hat ¥hén mat he“;vr‘g:l |H?:§r@3t ﬁhﬁg&i lg;ig o' third option to
PRERG A Wholeoefioppedl by the usars. carsidenatidrevels aiso al!owed to delete
15 conponents of the

tHE be reduced,
So%ﬁ%@:&d&#@éﬂgéé&ﬁhl nty which conpose the mat henati cal

nodel can be selectively nodified or renoved, such
that the contributors to the uncertainty are
10 | ef0Hed. AF@@rdEdeS@GNMpmeﬁare 8¢ depiEReth Figl¥e 1, sources of

e%@éfﬁ%ér% F\%It) @ﬁggcﬁ%cﬁg,ﬁy?fgg%{r q%@%&%ﬁi?}c%@ed to arrive at the

uttiorste eepanddtPdinddrtditynot a serious source of :
uncertainty for the purpose of the 20 neasurenment. It

is to be noted that there i.s an option to nodify the

no by LN o der to_introduce

adgjlﬁt/'l} onaﬁb‘@? E‘S?“é* éﬁo‘%aﬂngﬂ{:f’f%ﬁfqvﬁ” 197y #.5gfwarg gpplication with

15 u%@rtfaﬁn@vr draphicAhtwidcstis evalifol 18/ BlechRU I M6 pRitedure. The
| uded nth lf)aramstersfor t he eval uation P )

%rPt%‘?i'rh . WHEEI} (i3 Anv\prsspider grogramming lmmt whizh support
d f
ugBrdpkerffoe! BeR6rafBA! Pr@@raﬁl mg"@éﬁ%,?ene\ﬁglt ng?,{ Egbsqqﬁ -oriented

out to obtain the values of
lapgyagssurl g5 Groddistal Basitf laveed. The measur ement can
be made for a nunber of tines determ ned by the user.

Wth the observable input values, the estimate of

20 a6y and‘ heasoftne é@ lid
TdR62} andhexvitoe erl I é:tfggCis @_Freﬁgfdr%' X?x%dt&(teéd@: Q%Bhﬁﬁger system.
It g%pg R Greany gﬁulpé}% septrat micwssdr m@marySd:séIEy device

ang ‘%W%%d@n@&r%gﬁg\%, . Print eld 12-11- 2007

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

or requiring input, modification and confirmation fo 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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EP 05 769 082; of uncertainty. Necessary paraneters

Prlnted 12_1 bpgrel ation to these ¢ E;Sg%g terms are proposed, _.. .. . ]
1sugz as estimated nost B séﬁ@ val ue of correction, EP05769082
formof probability of density, estimnated

uncertainties of standard uncertainties and esti mat ed

9athi eomponerdgnabe ahatheaedied) mbagsR ﬂé@%ﬁéﬂné@ﬁrﬁ@@&ﬁrﬁe Each
can em)dlfhed As depicted in 5 Figure 3
HFEbon) lermnheR & GPF?S%!%?Q éactamlao atadetodfigmired”. If the user

lﬁfér@fsﬁﬁ?él%@bé’ oné Eﬁrrgﬁt?ogf’{%?l%\ fr@e ccpr{q,? Sé(tiiggltrg%tﬁnglg can%e selected

e rest unchange

mrtmﬂtmmeowmioa tormopiesdingp
is also allowed to dgoe?%ﬁthsugqgEﬁl??géqg%ﬂrlér}g%ﬂdcgﬂamw such

5 QSeAHmermnfru@cﬁhomorgmemgwaamngsmmm glindnatddr e as
depicted in Figure 1, sources of uncertainty are then
" evaluated factor by factor and finally conbined to

- ari{D68] at Thee softvareTds eacopaingRd cHpanst 8 @l%(omhﬁélévdﬁ:?atlon of
anot her embodi ment. of this invention, a so
%BF‘F@&( WBRNJ§ IErvritien aeeardingi teribe evaluation cnetho@re&p!amed above.

| | d
R i L A AT M
10 mathgmadjes! evaiudtion la@ﬂoﬁﬁy&dekﬁ ﬁfea*s[]ﬁe%érﬁ‘:ﬁ%ﬁg a2 bhAWs an example

Preferably the software is witten in Object-orien
SAK\ sxgtem whish isscamposed @f@m@asmeanqalprﬁ’&t[@ﬁ%}n 110 and a

raply executed in a

hﬁ% éﬁﬁgigyﬁﬁgbhﬁggggﬁﬂg?s E’ ?g " on any equi pnent
Mﬁth central processor, nenory, display device and

g devij ce connect ed and conbi ned. [063] Since the

s of "% RFUPMEDt SAYIPIENE Systequiide mhsmvedal kinds of
15 rﬁé&uréiﬁeﬁtoé%v.ﬂﬁfhén&r ‘Hﬂééﬁﬁerﬁgn{a&%&ﬂeﬁ%h{: whiil R ﬁ.{a sr{'{n§asurand 2

carry out the eval uation ement unc
. cgmge%pngmg nseNeeequipment Usew ta)swasire teadédied. pHy@ical quantity,

Ly rocedur e, s, a graphic
t é‘r l%r % v %Q%@% ?gﬂg{qnaqpqt%omphpgs g?xgppr mpere equipment to
n'refasurer inpgt valpes of Wl hidteerhh ekl ?ﬁtﬂi ‘%Uc'hré'@f-i' @Hzcﬁ Q:an be directly
onti e to t he next ste 30 gure 5
g?éﬂﬁ‘ijln %B?ﬁdéngﬁat&qcpﬁblwlyd meamrememhequupment 8 can be any

| 20 m&%b%ﬁ%dt%hlﬂm.l suc§1 ?& %e@% %%Rlﬁé% %_' di $Phatsier. other

he physi cal "neani
eqtspmnmzed@clmdem mﬂneedecéﬁsaty &qAipMEnREGARAVBRER e xﬁ@gsurement
e mathematical nodel is also

onent in
Ig ppgaﬁg aldlgﬁwt gﬁ%ﬁm 110 also includes a process control
equipment 6, Wthh 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 equipment or even gimple controlling 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
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correction termhas a correspondi ng rectangl e rel ated

P - ignored". If the u nds to renove one o
nnted 12--11 %g??r ‘ection term the c%r ?ggf)@hﬁl ng rectangl e can be -,EP__(_)S 769 082,

sel ected so that this correction term does not
contribute to the evaluation of uncertainty, such 5
@snmﬁeh@rogmmd $ar®dasmomrog [s@¥tefe ar0Ng ma&orhtﬁozlc‘ké)elnter for the

eI| nat q L‘@\Pﬁ e software i s accordingly capa
r‘?g he lﬁ’é‘?‘?e&ﬁ igeludipgcriysinah meagysement Ard subsequent
Waldétiéﬁ ACReERUIRY dRobBR PN H-Fétrhtgﬁsdﬁhlé%? expl ai ned

above. In a third enbodi nent of IS I nhvention, a

systemis provided containing both 10 nat hemat i cal
Fi gure 6A shows

5 an 1088 P Brififall e SPmiietpipGramsod AsAsSCaRtroASyStem 120 s,

U&ggfgﬁn@g%fop%g%&ess glg rﬁm@% }Re ﬂ@&aerlg%g%%ﬁ%ebe keyboard and

mtmrtembhlmqulilalmﬁbnﬁatﬁrerﬁnﬁlﬁdﬁﬁﬁibﬁam seahation. The initial

nds urerrent equi pments. Measur ement
'?8 Upﬁ%h t"e%ﬁfﬁ ge PRCInfImatiag assegiated wito msasyeancoasd aieference

SHEHRr& d W N uq,%h t S SI ysi cal
quantrl t i %re t B'e_fg?é‘ H{egs's%eas U eg,@ﬂt %g %Omt value of
10 ngeasuea @don@‘emncaostendaml dewst ot ancertsiatyr ef irefevénce standard

of T nd b B R ab G Btk a4BINRtvadeB Tt Ay include
cARRMER RIHal RV HIFESf m%a&?r%n@%@Yefg%ﬂéga&ﬁhﬁg%mpurchase date,

equi pnent, such as a her nonet er
ngm%msur@,hfdnent eqmep mame d&f datalfilkel @ad ohbasuresens eavisonment,

nts us i.n the neasurenent. The
Sﬁ%&;su 'HBWP l(’—fau ‘Hﬁﬁﬁ?’ W RBESHIPI0 al so i ncludes a
15 process control equi pnent 6, which recei ves comuand

fromthe coEEuter programmed process control system
120069 obEtarésthgl Fompaterecaiumarisnas eemapat@m gedice 416, which

@ﬁgmgs ft %"Ha? r@a’ldﬁtfgﬁaﬁy g&@%aw é %lnéss egﬁlCBL) freatment

I nt er act I on. rocess cont r
bassd equnpmred cdataeweﬂecsedmbm mnmebhremmm@q@ﬁpma&tsystem 110

=0 B S, P B rEvies B enablen ey seiuigle msgsurand's
.20 mfgppfob‘éﬁlé \%uégf meaghicdl vy 'e&ﬁgédecpegl Srti VS Bctor and

, record device 18 and di'sp
degreeabfreedoms Befare suah |ceicula¢:omueavahmoe mievitbel6 frovides world

BB e DAL KOS W AR T B i ehnsegtebik with each

s@muoé'soésthystiotof 20t ft rebabilify’ f defsite fud@iont 884 estimation of
standard uncertainty, based on which the above mentioned calculation of

25 uncertainty parameters can be carried out according to 1ISO-GUM.

[070] Record device 18 is the memory of the computer. The information -
obtained from input device 12 can be recorded. Besides that, basic data used for
the "evaiuation of uncertainty can also be recorded, such as estimate of most

30 probable value, estimated probability density function, estimated value of standard
-uncertainty, estimation of degree of freedom of directly measured vaiue, indirectly

20
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s .execution of the. whole process including physical

Pnnted 12-11 -880&ur enent and subseqpeBPANp! uati on of uncertaint YEP 05 769 dan’
associated with the neasurement. 5 [068] Preferably, B 9082

t he conputer programTed process control system 120 is,

not a conmputer. Accordingly, the input
@8@?‘5@dféluﬁﬁp%@rmﬁﬁﬁrd and nouse to obtain initial
i nformati on and adm nistrative information. The
initial information refers to the infornmation

ass[@tﬂat eDisplay dewieupa c t
"@%h g e | sp 91 Befo:rje %ggggeére%nﬁﬁfds}ug’ cﬁ Sﬁg%&g dfe proposed
garagea 1'6'0 ‘?dﬂ‘ﬁalaﬁ@fﬂ'@ﬂenmadmmwle inftAlatioh on the
5 SRRy %ﬁ}ad@lﬂoﬁ’fthé %E@fc%ﬁﬁéo?%ﬁ% reg.l%(cg ng:gg 1%@ Hp@!eqy@ﬁ to user.

calibration I'aboratory

Display device 20 algoidispdays sitimiatd uReETRAty Uy, e?ﬂﬂ)le which

ur chase date, narre rreas rer,

ig F%CZ’QF‘ n%é %‘frﬁ])gﬁes%ﬂg@yt ang the Calftd‘atmas:erté"matﬁ conformed to ISO

di
ek e T
gy eh dhe isystede varaphitntenaics b éé%hfﬁéﬁrﬁs tal%% &Hgﬁﬁw—)& Hr user input

al uati on of uncertainty by doing statistic
a¥ f?@ﬂ? Mhased on neasured data collected fromthe

measur enent equi pnment system 110 and i nput device 12.
Eval uati on device 16 enabl es user to cal cul ate

mel@38t andCentad devide P4 dbabbentdlling? paft, BeRSEPedoY Qld‘b?nputer fo
cﬁ.ﬁ %Hsdc cer.t a%ué coverage factor and degree

‘d'?‘&a %WS%P i Fi9asHrernent equipment system 110, input

deldos de, oapaayh d8sicH6d re@r§ AR Gg 2%%$e Fh%f/%{ﬁv{cﬁ 20. The

! model with paraneters of sources of
3 exegetion gbifie sofewaret fomanicenaiofy dvalwatioh BradmBied by @htrol device
d

t t f t and
14]'%&&{"41 &gfg@cgﬁcagwg\?&f: "iaf(‘)i*ge"géféﬁﬂi ot Bor dtie proposed data

uncertal

used|forlate r&!’h f
ey 5 Y B et

gyre ‘?t'l‘n"e“"‘r‘i’gﬁtprVW%Ff f#eviemfbut er . The information

obtai ned frominput device 12 can be recorded. Besides
that, basic data used for the evaluation of
20 L[St ai Rusthermore] sontind dedicende@dntrsldGRe %%e&?tfdn”&trﬁeégurement
r@cB obab val ue, estinated probability densi
func

10

DI R RfoceasuecTstel Sainment 6 uwbichtiai attly, to operate

mmeMTt%q%@?Wf&ggﬁg%ﬁéﬁﬁﬁﬁ&%E%n g% SaTher r o‘% times of

val ue
megsifameent and nunked 4f data to be collected by the option of user is also

controlled by contro! device 14. it is a special feature of the control device 14 that jt -
25 can provide appropriate way to reduce the level of uncertainty by reducing factor of
uncertainty which would affect the measurement cc;ndition or deviation of |
uncertainty. For example, the measurement equipment is controlled fo be
connected based on a set of best practices for 'perfon'ning a particular measurement
that has been established through user's rﬁetrblogical experience.
30
[074] After measurement by the measurement equipment éystem 110,

21
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B t”‘,d, 811 DESCPAMD! EP 05 769 082 neasured val ue and
rinted: 12-11-2@0F.ecti ons, [071] Di spkgypdgyhce 20 can be a monitoreg <. ..
" " T which displays the proposed ﬂrrlgt hemati cal model, the SF 05769 082!
initial information and admi nistrative information on
In addition, the basic data recorded by

th screen. I
d‘iggfi ge‘agl ﬁg fs &g sibleshor ayﬂze;btmtg the ?nea@rfm utaz;aecgmi f0Adamental
: cer eval uat j on
g;ﬁgge?@? o Hestend O BIER Aol o RumcliRgapy user. Upon
regriving dhe alontmatd Gonc eshird!i n l; :
17025 standard. \Wen the soc%\et“v\cgr g‘@'i %Igﬁ@nﬁ ?ﬁ‘éé?r?g then begins
ealuglieg Jlevehiof unsastaintpnwit theurcalouldtion of Skogt probable. value
|C ] face of each step is also displayed for ’
> egéagfd%p%)&? éﬁ%’bﬁlan%ovgfﬁﬁq ?‘?@PT Ghd degree obnreedomchassd on the
plobosed anathemattd infgdgpart, e.g. CPU of a conputer, to
control and conmuni cate between the neasurenent
equi pnent system 110, input device 12, eval uation
depgree’ 18, deyj 8 a I spl ay device 20.
THOEE o8 yrﬁ%ﬂ&gf'gt%den%gfimﬁg ‘?‘Sr ngm Aragipmmed process
Ceved! sysieom 120. Wi ldd enbdpintp RhvaRlatigR e %Swgﬂeﬁtgg,l the generated

uAcc rdtgnﬁ%ai/ the nodification of t he mat he
n Ysdiop, ystaet dablatand geliration certifieatesaican be printed out

th%fﬁw bShr partially amendnent of the proposed
par arr@%a rngferi%r?' Figure 3, is nade by control - device 14.

20 [073] Furthernore, control device 14 controls the

eﬁgg&i on..of nmeasurenent by sending command to
D s CoRurePBdy @nphmmple oflanaimcedainty butigetapblaimlicabie to
ariye ARG ERERAT THIULIRE iyt t.onati c measurenment .
n‘?ﬁe nunber  of t%)mas o &n%%bﬁ%%ﬁ?%ﬁJeﬂ[ﬁﬁgﬂn%feaggts;lected
15 soufrehedfcempecébd alpp trbterept itonasf parsnelers aWbfth are taken into
e rol .device . Lt is a special
oo gi‘gt%térﬂé’lno?’ ??%?ﬁ%h?wam@ewﬁés} 4119! thearevaluation cofnuncertainty, are
measwréd earap ptatigticallye analysé® PaHHS i
ncert ai ntg by regﬁci n%sf act o?éhg?t wu%g%?tt\églhﬁ?%/d v%itgﬁ leftmost
CORM dN atte PHAGHe tahitrs The nvalues mfdthiel statisticaleftctdrs 048 off each
i it . _t.he asurement equij pnent is
) e e o Sl B b e
‘uniff A5 io€ dbe fpaTametdrp s tabuiatepia Fow-Ss e in TRASH
al‘en%t haﬁ&beleg §St abl i shed t hrough usel?' S nl%{tlfd(;%fgéplgaror each
PAE P eHia'Pa8 Ttﬁﬂ]y’W&a%%%WMert'MU%' and statistical
deSEAINS WIdeRAed T IS OSUENESR e statidbal M ER SRR Wothod
Type', ‘Probability Density Function’, and ‘Standard Uncertainty’, respectively, for -

10

the parameter ‘Humidity’ in the budget table.
25
[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 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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2t Printed: 12-11-2007; DESCPAND, EP 05 769 082 control

Pnnted 12.11-Qegyce 14 is responsib lecting the measured _. .. . .. .
- -—value and fundanent al Qgt dﬁn‘%@ ssary for uncertainty EP 057869082,
eval uati on which nmay be nodi fied by user. Upon
recei ving the command from control device 14,

wedrlistdisawgevin @@mﬂanh?m ltlm?maasurfgml w?éﬁ e bﬁ(y@e ®fmodify the
cal culatl on Oor nDS roba
BRI Yndleh boedf 68 BPafyemast oagionadien tedmeasurement

@tngpraentsf afer exsued as afe88,k
[075 A printer 30 |sh@gndr51l5ecte W\{@S%jgmﬁgasurand and

8 ¢ rstigndayd aried Mpasseesentc entipmerty stembb2Qon¥BIRY to take

54 lon is conpl the generated
P(gﬁ L}ncefstﬁ'ﬂ?el"’ll$J y %%’gﬁffﬁ%{"g?y W&&b@dwﬁg}@mﬁ@f@apemw on
certiflcate can be printed out through the printer
%é)?G] Figure 6B is an exanple of an uncertainty:
bUJ@ t aififter appsisucahént vatuesaioy mMERGHRNERd Fé’f@rence standard are
arlables representing eac

IE% (g g] o l%ser abl e
se % %’@u UGt @r'PlB'f‘e'l@?l yelntionf e S@lerces Qisuncertalnty
Uapad! merﬁurm é\é"eﬁég Hya@? ,t rﬁ'ﬁ ion C%?é ﬁié g&qu‘Rr&IOF sources

t hemati cal nodel for the eval ua
10 of, ugceniainty pregoseriby the systeraany thematorsstdbrs Rae WL & Skecution of

| [ he bud
cPaEaln Ll Bhetieiy Sty ibe wianwingst spgeipropt sach sourco
Oéanhertalalyaffhéeﬁhcﬂ@t‘s@m‘&@ Jfr%?@%tfg%b{%ﬁ' S’ZIUE?)" WoHld be called

"b‘%/SIS al so collectively referred to as
pgg! tepsaf gyriationepf ungerttabm dVbatevavihe sede) tidparameters are

gtg%nfﬁ'r% ey tﬁ@ htrggﬁsafrerrggt g:ésc cd.ﬁgggglgg,b%qigégalyvalues of

Z are U

13 ”mmtpmet@k de@:s:rﬂinlgetd I50-GEM. Advhg ¢
act ors ' Eval uation Method’ Heh@nqertamty budget table

i sti.ca
@3"@5%*8&‘?"& R ihScPRIpMetersRfiqash Souﬁﬂi“ﬁ@ﬂakfdalr thay choose to verify

arwcswm AfoRtfhe, dEMRREFESY f ,I;LF t er .
nidity' _in the budg et%I %égg gﬁntzg O.[,}%fe (Qudget table and

%"&Fﬁ%m cestificatr whichaue unoefqmedato intemgtional smau‘arﬂ enent
and uncertainty evaluation on the system of the
present invention. Wen the systemis ready for

20 od@va} i onn atfbarth efbdEmERDYN thethrb €yl |
L@a& i nformati on and confi rmq)sru%]dﬁ%}’hﬁta sﬁb#ﬁé‘ system for
JBa?% Measurpments gagh. U"F@rtamnf feealeatiommasprbaﬁdd Biyure 8
els which ar

sfﬁg?.ggﬁ Pl?éncgsdéjg%EE %ﬁs&ﬁ% ex SWor Pﬂ%nﬁggrqlrh am%t%rgvewes as the
compter nnpgranamad | prateisen cohtrolh esys®Ras UESHEINIY the program for
unﬁghg?\@te'vgl‘aatlon Photo detector, counter balance table and measurement
25 balance table together form the comparator for comparing the weight at the two
balance tables. Voltage amplifier, V-I converter, I-F converter work together as a
balancing device for automatic controfling the balance between 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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A 2; AMENDED SHEET ; 28-07-2006.; Printed: 12-11-2007
Printed: 12-11-BEFEPAMD EP- 05 789 083Eg ) is displayed in BB AR i ~
- "% &ccordance to the rreas%'rggnd-.- er may choose to nodi f%P 05769 082,1
“the mathematical nodel based on neasurenent
condition. Then the neasurenment equipnents are
ik Hnkegwn owaight exehamgerp vdmreiabtaibratedesowttenmpadghtandalibrated

‘and reference standard. Tgfg_le measur enent -equi prment s
Elrepte wEIS And 4w ke ichin B BGRIest Refosgyihg measurement starts.
DRRS i 858110 Mealhiat inbsﬁwbﬁ&?sd‘;i@‘i iQcRsQf th%%%éb%ﬂﬂél&ctﬁc current 1.

é078] After neasurenent va or measuran
Bres meeriIrement aquipmests, ey ak teermdrhetes yarice prdvegs wentrol system

5 osheRtR teileed PoaSirelitnt el BpSRE e Fomplicie A8 parts of the
S},ﬁ@f@h,dﬁhi%htal?@nﬁﬁdiigﬁihi/@d‘irpléigﬁﬁéu’gpes 10 of uncertainty

proposed by the system and™then considers the way of
execution of evaluation of uncertainty source by

SO with o i.t hout correction, of each source of
cndBBFL it oFdardd paure Hokean eighi A eerownjeraeriah Ma and two

: d | ed r . eval uation of
SRR WIS, REaRy) & ek TBRFRE Wi Bl BeRP Sli-reference
10 weighl My arendsedoitds énbe noted thaaties koM@l VAues bt M, a8 and M. are
;lhe ng ri Eal val u?s of 15 uncertainty paranmeters
CROEBR gﬁ@e " paBealthafirstadiep. pp@aiindetescat yeipbiiseput on the
rh@dd Pembkht BERAES tAHe Wtd at&ﬁmﬁﬁx\-@é‘fﬁﬁﬁgﬁh e %?ﬁ'l% ﬁﬂﬂfn%? value is
fy Tand sign tor the

|i sted. User rra%/ choose to veri
Pyt rary dloe reesintarsbalaace able. thdalamcer isapbtajngul bgdiedrakie counter

Bthee BORAY VL R e B, R B saton e
15 desbaskdeet of the present invention, a specific system

for automatic mass neasurenent and uncertainty
eval uation is provi dedMEi-gMre(@g)Ehows a preci(@¢ mass

1T LK. eln _a conputer serves th
WS R Yoo A MR R B B et ead Ry fesdback
eldutripogertrottained doee DMIVITeYdiRgaM e i malfhRif@rence weight is put
dgfle%t Ear, &otgnter bal ance tabl e and neasurenent 25
OBAPEAEERCE 7Yt oget her form the conparator for
20 conparing the weight at the two bal ance tables.

Vol tage anplifier, V-1 converter, I-F converter work
er anifrlybtieasidi referkeweaesifblr mauisonddddcto the measurement

to
rQll.in bal ance between counter bal ance table
bé%@%ﬁi%@ﬁ'r%}éaﬁaﬁﬁ?‘gﬂg@tpﬂlﬁ%ﬂﬁgs #%tor and
bal anci ng devi ce ar eymok» dngct (#ygagur ement
equi pments, but are necessary equi prnents for t hd430

WABASH rlggﬁs RbedbdkeAs@ri€ RERKNi $bt5fﬁ;%dafw gt?nggﬂe%ﬂﬁﬁtvgﬁeﬂ Both Myes

correct) Necessary equipments also e cou
25 apgimylriare puhamther halamdectablece wei ght exchanger

[082] Combing equatidn (3) and (4), the following formula can be obtained
Since Mer, leal and I are observable values, k/g can be obtained from equation (5)

30 accordingly.
24
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.~ 23 ?3 AMENDED SHEET 28-07-2006.. Printed: 12-1_i-2007?
Printed: 12-11-BBSLPAVD EP- 05- 769 088kg( aknown wei ght TSR ,
-~ - -exchanger, wherein calib;aate Algounter wei ght s, EPAOST.QQO?_E.

calibrated reference weights and unknown wei ghts are

Io;gésﬁ before the neasurement starts. DWMis used to
me i iR Next @éep is ot bk upkbewnt weight eatifacthe measurement

I ' L, easyr ement ui.prent s,

IERES LBl e repondtht BhisER SHLGHT b dedubaioe
connecting between neasupenmpt . genyyprent and conputer,
are parts of the system “whith aré ot display in

whererel S8Rk ! : wel ght . MK,
e s bl el e b SR ot TN B8l e unknown
5 weighUdipugon thaimeasefematbalanecgableM ef and a

sub-reference 10 weight nref are used. It is to be

noted that the nom nal values of MK, M and Mef are

chgg. to i SRt t ' in .
r e?. e%gnce d\/ﬁ?%ﬁ?gl s pH(t”ll gz'r? ’ Wegﬂdn%g@ﬁé)%erﬁiﬁogﬁc‘@e’gm can be
abigined byithe modelint er wei ght with the same noni nal

value is put on t?& cgunter bal ance table. A bal ance
i s obtained betweed¥tTid Hbimtler i HiMalde t abl e arld)t he

| . .
10 STRREHLRA0, M3 e bopVable Rl GaIF b8 SaaERE b YBke"dt M can
bie/aptaiped @cdddiighel ectri c current-mass conversion

factor, and 'ref is feedback electric current
obt ai ned from DVMM readi ng when the main reference

' i s i h . ] .
S A y e 1) 8, B TASPRT mde! 1S ey meqpurement
appRIdinga . fhamenuipmeilt saettingsaln Eigured8bhi analedtisn tofl ahéMsurement

5 oSG BB TR At Al o W Fiteknig of o
richies osgid Sdioes SRR 5 18RSy 20 accor di ngt .
M =[1+{(k/g)g + A/ ) U, ~ Loy )r + AU, ~L,p)y, + AL} MM, +AM,,, (8)
20 wherein
(k/8)g =, I 0y <1, )y

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

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

[0871] 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 explained according to the procedure in

30 Figure 7. '

25

25 | AMENDED SHEET © 128-07-2006!




24 24'. AMENDED SHEET &8- Qr-2006 Printed: 12-11-2007,
DESCPAMD: EP 05 769 082 [083] The next step is to put
unknown wei ght onto the neasurenent bal ance table. The
correspondi ng bal ance situation is described as
Mk=Me+(klg)ll (6) wherein Ix is feedback electric

ClaimgUr rent obtai ned from DWW readi ng when unknown 5
wei ght is put on the neasurenent bal ance table. [084]
Combi ni ng equation (3), (6) and tayl or nodel, unknown

1. weiAghtthehof beluatiy arhde&ﬁintb)estd’t:&tem)dﬂi vaild = i'h‘ﬁédsg)aﬁd Herived from

- | Fn%fagL{r%ZanMcﬁ d(a%),e Jr%ers dC&i rﬁet at eh‘tpn Mef are

observabl e an can be ca e val ue of M
can be obtained accordlngly [085] Equation (7) is
t heeléaiingl asurdis f umeghty bedocBRE SvithREIBEEt @ARBH (i) tiRCIHEdsdieR@nt of least

of b auEPaeMapB e T i e Ry ok e e PSPl o 2 referonce
wo devicec it (iii) the measuwenndne ofling eiiuealf fheynesburaie measur and

need to be conS|dered According to long-term
ex Berlence t he |nvent|on?5rovides t he

AR £ IR B0 BPBHAE TSP BAREEr 6 firiaR of O said
i nel Iaaﬂsneppmslcﬁlyenbswwbdﬁemmoﬁty,madeﬂ lembindng phgsidatly bigsasrable quantity

Mzbé él«j éegsl&é O WAk 8f @Adilohé Eouréer &fL)nEél'ré(nltyZln tP(@Fn}zééwe%?ern?Of} the device
L'F%ef) shE] th%w%@%qmeﬂ PfotHe Eﬁfer?'ﬁzg d@&fﬁ)@ﬁ%ﬁ'@ ih rﬁfefeﬁ%e value in the

abamﬂemnwammnn is presented in Figure 9. As we can

see, all the factors that could affect the uncertainty

of unknown 25 weight M are considered and incl uded

i nf§3§4B e iefprenssrvRLAaL the efererrg spvicy g e yafuesy themeeasurand of the
conéidemAbtiéragstof the mat hemati cal nodel for nass

measurenent, sinply apply this nodel in step 3 of

Figure 7. The evaluation process is the sane as what
hagebusing g phing Hedidat castannohsiallyivbsqsrabieetantdy. end 30

Figure 7. 25 25 AMENDED SHEET ' 28-07-2006;

determining at least one uncertainty value as a function of said at least one physically

observable quantity from said mathematical model, wherein

said mathematically model takes into account the at least one source of uncertainty and the

reference value of the reference device.

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

specifying possible sources of uncertainty.

3. 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.

4, 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.

5. A methed of claim 4, further comprising measuring the physically observable variable

characterizing each selected source of uncertainty.

26



10.

11

12

13.

14.

Caims 1 A nethod of evaluating uncertainty

associ ated with value of a nmeasurand derived from
nmeasur enents of a device under test, said nethod
conprising: selecting sources of uncertainty
associated with at |east one of (i) the neasurenent of

| ea&hem&ﬁ& MY, @Lﬁtlhlarycdﬁ{bﬁﬁﬁ@/ a&br%lﬂﬁbaﬁtcbﬁ'ééﬂor( lebnh floRCthe physically
ur e I dl' u a rererence
de\9 gegrablg Ha”f’?b 5§ £ T%y' GP@WEH'%FO?%’ igydgsaigeorgption term.

measur and; providing a mat hemati cal nodel wherein the

e %%tr?tﬂi%f Elalmeé( Wh@%%esqgad%te‘?m[) Ftﬂ)‘ﬁtolf 9 QOF?JCtIéFl t)ern? %ﬂnﬁ:{nsgst evaluating a

| east one serva

| e¥dpe @’ﬁé‘eﬁwﬁ? &ta‘I'SF'sﬁ' s9eFsPatited auhth? waa'bréﬁbwabie variable.
associated with at | east one source of uncertainty in
theg nﬂ@t?o%%??gﬁﬁq”{ wﬁéreﬁn*ﬂlfe J8U Gy ctés'ﬂéj?éec'ie%g% and the

nmeasur enent of 'the reference vice, an Fl i) the
reference value in the reference device, neasuring

t heowaaéraeapﬁea;f\éaélmﬁo@fmdsh@owa@fe%@e GtotiBitly @k elinbl, half width of
o8 g R ATtk ety B CR T dryes eiiopgem

observable quantity, and determ ning at |east one

unﬁ%a@dd@f xny@ﬂeuc@ ce.rmsr% LU GhLER u@é‘ m§:§§uqen‘%'ﬁt &feeaéﬁ oﬁﬂeeat least one

phy SlcaMH% observable quantity from sai hemat i cal
rroB%‘[S"’a F%’F*’i‘?'es‘ﬁiaﬂt‘t\‘rﬁt’ ?Pé’ﬁ*&f' fo élpf‘i?‘ei?ﬂ@%?d ’t“ﬁl@é&c’f tRes

account the at |east one source of uncertainty and the

r eheﬁ&%%f ml SR d:f’fclamel mf Hh&DR %qeolgw ge?ects%he SuRRL 'a%cena.nty of

of claim1l, ‘wherein urces_of uncertainty are

sefdt MEgs P &etaﬁe'%% Qarag‘ﬁﬁfﬁ YR 6"%‘6’%‘8” Bi @C%’-{ﬂ‘% Based on the

of matremitical médel. 3. A nethod of claim 2, wherein the

selection is determ ned from established know edge of

the sources of uncertainty in the environment in

whirdHEtoRef faips drie i rthersn thiat lerst precngeripdtty Yadustis sqlepted from : type

c abr bliafiht profabifly a@ftshpdmafon atWieBE fafor, enditity Sodiftiedts, effective
é (:T"eens o ee%o%fan% I%)? a%gecﬁ ncgrgal ource(s) of uncertainty

arac I'zed b SiCa ¥y observabl e vari abl e.
5. A nethod of claim 4, further conpri sing measuring

t ha cphysttCabdriim Ghsanvab b cvitgiahbiBod ehacaetirdy éaiuatbn, for carrying
ea&*&aﬁghﬁefcéf%%hrﬁe%d%?clgfms%%?{ta' nty. 26 6. A method of

determ ning a correction
termfromthe phyS|caIIy observable vari abl e, and

mogi sftcyrhg'bg m'éti'i@m %ﬁﬁﬁhﬂ‘@té eahpuiBIO@bgrhA didednti@e ciBl @2 for executing a
corrEW$ P E @ met hod of claim®6, wherein said
def® ”C %‘f Mol

fection term conprises
evaluatlng a

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 fest, said

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

16.

17.

18.

19.

20.

21,

val ue of at |east one statistical factor associated
with the physically observable variable. 8. A nethod
of claim7, wherein the statistical factor is selected
from covariance, type of evaluation, nost probable
val ue, probability density function, half w dth of

pr iy ai nty and
es(BlP ?rg%éerd ﬁecg&ggb%%foér%g@%%%gwgé E@;ﬁ.@ﬁfﬂ cHH&fsrngny one of
claims 1 to 8, wherein the neasurenent of each of the
at ah e@sttdedine(12physi cal | y observabl e quantity is
repeated for a predeterm ned nunber of tinmes. 10. A
nmet hod of any one of clainms 1 to 9, wherein the user
sePEE®! ¢qYiesthr ces of uncertainty of said neasurand
to determ ne the paraneters for the evaluation of

uncerta mat he [. 11. A
ottty ERRE 2R uhd BeoTRpa e FR mi P8st one
uncertainty value is selected from: type of
evgggggyggmeggQgglllty density function, coverage

actor, sensitivity coefficients, effectlve degr ees
of f r eedom and expanded uncertainty. 12. A conputer
pr egeemagbredmice (f60r executing a nmet hod of uncertainty
eval uation, for carrying out any one of the nethod of
clainms 1 to 11. 13. A stora medi um cont ai ni ng a

coftptyFer ?fr%@’?‘aﬁ 81 &tretiteredt %Lel lgY§hoL neeseinkis o Eg‘icﬁﬁ by connecting
netﬁeashr@faermmqeipmantnuy())ebadedadm @nsetldf. bdst ysdtiesn forperforming the
ev Vid:N the nmeasurenment of a
ph?%?%%%ﬁ%ﬂg%gg?&ggﬁéwaﬁant|ty in a device under
test, conprising neasuring equi pnent (110) for

0 bh%yﬂérﬁ‘ af a?hyroﬂé ef @aﬂﬁ@ 2muﬁlﬁ’é]‘§ﬁ'%hec€cvalh§t%n '&E@a%H rs@tﬂge &Qﬂcertamty
nmeasur e nce

of | ea
o BB PG o S U JARPTED A o BREs o RyPERd from the
unp@ntr(aeﬁ)evmﬁ%@fﬁf@ermmpiumprggrﬁm'méa@aﬁswgnteﬂqmliﬁﬁ@it, a
conmput er programed process control unit for

e Wt el DALY GLN R OB At 8 frocess convcs
t heniePceomprisrsra cemruter Paeapm elpaleniafiol expcHinrigmethee &r ¢ncertainty
a awpfesmati cal nodel conprising sources of uncertainty
selected 27 by a user, said computer programed

process control unit conprising an input device (12),

a éontteolof dewr T wharh, sai eogpoted prdgraimcden(drB yorfipises a graphical user

r e%@&r@b@%d‘ﬁﬁé%cﬁéﬁ%&d fab@ sRpdy kdRdtogdata, a display
devi ce (20), and an eval uation deV|ce (16).
A system of any one of claims 14 to 18, wherein the control device (14) conirols the
measuring equipment (110) through the process control equipment unit (6).

A system of claim any one of claims 14 to 19, wherein the conirol 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.

15. A systemof claim13 or 14, wherein the | evel of
uncertainty is reduced by connecting nmeasurenent

equi pnrent (110) based on a set of best practices for
perform ng the neasurenent the device under test. 16.
A system of any one of clainms 24 to 26, wherein the

ev;agy@énh Qﬂ'bié% 38R SPICH I&-:fst SHCRAtE Rdalfadtor ihGuded bbvaRghce, type of

cess co
P orellohe gon Gribla A e ek cE iRty BiRetha, iliith ) oggavity censiy
t hiengiongrtandard pnegriatyrapd epginetreisiegee of frasidorani t ( 120) .
17. A system of any one of clains 13 to 16, mherein
sai d conmput er programed process control unit §
conpySeseel aqy ey Hrt‘é}&?é*fﬂe@' "eYREHRVakBlfon SR s (P H@"“&" evaluates
medhodefiaty videer t ai nty eval uation. 18. A system of
claim 17, wherein said conputer program el enent
conprises a graphical user interface (GQJ) that is
diAspiskyeef daim Lai ide\epRERR Waprdes ¢oeynininggr prabapylist dampipffunction,
aréxpmed Qﬁceﬁblaiynawé;égé e stanbigrt Rinbertalhe), SRIIIG codlibm Ceffective

4 S ng.equi prent (110) through
elgrf)ar og]ireesegoné alam S{Tergba%%r}’g%fe unit (6). 20. A system

of claimany one of clainms 14 to 19, wherein the

CoNdysRin SeM 6% & Js:ﬁa)mscﬂntb r2@| Whehdi@said te‘#% fefnteliZtocess control
record device

evalt(i0i 8 HOFH‘Q‘&tfg%E’ a(PIES‘”Qp '3‘/‘9 5&5%&9’5’?@&%‘%& 3ﬂ5§r38?fé096tff'°ate
claims 14 to 20, wherein sald eval uati on device (16)

C LR Qf% c[eof &’é{rﬁé Y2atd o) mﬂéreﬁmgﬁe M@%}é&ﬁg&équﬁ}mén?m? comprises

one statls factor associ ate
oU’g"e"r"%é‘}SIaé"Oﬁ‘ﬁ fing theymeasprement of Sfesifirglf esﬁtaé‘ic‘?rf’fsazde"\’mé‘f‘%‘?rﬁe“ and of
S & laraibrd ressdr poovidlirgtaatiessnceaduef act or i ncl udes
covari ance, type of evaluation, nost probable val ue,
probability density function, half w dth of
prioBERET i & yPlaB G tipersiry et F‘S?P’“”@ﬂ SAYRIPEN LGPEBFTSS Hrsyiteh box for
andtoesdtingnat ecaslegnee otdleciriceledisancg 3f a devitgsihemteat aaiyf a standard
0 | uation device
(g%ls%rd)r% ﬂde ""er\zl/’ré\(!5 ebg \éaiue ﬁ%%ﬁ/ﬁég&ro ? §+rﬁ?rg\ﬁ alue. 24. A
system of claim 23, said eval uation conpri sing
def e&EbRHeB@r Br InARARY ihk byvidansbdystf unction, expanded
uncertainty, coverage factor, standard uncertainty,
sensitivity coefficient, effective degree of freedom
arfbeagstcopiasteatsr eonpatting thezeferepcesdpyice@ef any one of
clains 14 to 24, wherein said conputer programred

nt.r ol n|t 120 nnected to a printing
deav %FT@@TEt?r Clap t| %‘aurn Sfegtg 9 BS’S%P%en certificate.
26. A system of any one of clalns 14 to 25, wherein
t he neasuring equi pnent (110) conprises neans for
automati ng the nmeasurenent of electrical resistance of
a device under test and of
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a standard resistor providing a reference value. 27. A

“Prmted 12_11 %é}tzem of claim 26, V\:hB g n. the measuring equi prent

10

rises a switch box=- AMPonating the neasur errenEP05769082‘.
of el ectrical resistance of a device under test and of =™ ==
a standard resistor providing a reference value, the
switch box conprising: a first connector for
connecting the device under test, a second connector
for connecting the refererﬂfa‘:EI%ENGE, and a digital
mul ti meter capable of nmeasuring electrical resistance.
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