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including but not limited to international standards, such as ISO/IEC guides and
' standards. On the other hand, calibration and testing laboratories are audited by
laboratory accreditation systems to assess for conformity to ISO/IEC 17025

standard (ISO/IEC 17025 — General requirements for the competence of testing
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[003]  As a requirement to éonfonn to ISO/IEC 17025, accredited testing
and calibration _laboujatories and in-house laboratories of manUfécturing corﬁ'panies
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[004] In principle, measurement uhcertainty is associated with the result of
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[007] - i certainty i
) [007] Accordmgl)", the uncertainty in the value of a measurand is generally
arrived at based on several mathematic_al Components. These components may
30 be grouped into two . categories according fo the way in which their numerical

value is estimated. Those which are eval.uated by statistical methods are classified
2
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[009] wus patent 6,640,607 discloses a method "and apparatus for
calibrating Mmeasuring machines. To manage uncertainty in measurement using
- 15 measuring maéhines, this method is cap'ablé of achieving. automated calibration,
in contrasi to the previous ones which perform calibration by a skilled worker. To
achiéve automated calibration, the patent discloses the steps of positioning a
~ reference measuring machine previously calibrated and an object measuring
machine to be calibrate& in such a manner that a measurement space by the
20 reference measuring machfne is superimposed on a measuring space by the
object measuring machine; acquiring first measurement values from the object
measuring machine and second measurement ' values from the reference
measuring machine; and calibrating the objgct.measuring méchine based on the
first and sécond measurement values.
25 | _ |
o [010] In Japanese patent 2002-267436 A, a method of esﬁniating
uhcertainty of coordinate measurement of one point is proposed. The method
estimates the uncertainty of coordinate rrieasurement of a célibrated coordinate
measurement machine (CMM) baseq 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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In"Ra4itiBh M. TN DA E’l\% Harris [3] present software specifications for

uncertainty evaluation according to ISO-GUM.

20 . . .
_.t [013] Despite the development of methods for evaluating uncertainty and
its i . .

lmplem?ntahon by many parties, most methods involve mainly the
mathematical or statistical treatment for uncertainty evaluation of measured value,

No n i
ne of above methods, software and equipments explains sources of uncertainty

consideration in the mathematical evaluation.

N [014]  Accordingly, it is an object of the present invention fo propose, ciarify
30 and evaluate uncgrtainties source by source and finally reach the ﬁncertainty
evaluation budget table. It is an additional object of the present inventioﬁ to
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[016]

The above method js based on the uncertainty evaiuation method
20 proposed by the International Organisation for Standardisation (ISO) in the

document “Guide to the Expression of Uncertainty of Measurement” (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 aj

sources of uncertainties which may contribute to the uncertainty 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 staiistical'analysis is

carried out to evaluate uncerta

inty of the measurand following the 1SO-GUM
procedure, o

30
' _[01_7} ~ In another aspect, this invention relates to a computér program for
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15 ygsigtos preyjdingi an teferenice siaiuec Thefswitvtheidacarhprisds. 8 first connector for
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measur.and follow ng the I-SO GUM pr.ocedur e. Soo[t’e)elijﬁtr?nd second

SMBPEHEPSsspect, this invéntion relates to a conputer

program for AMENDED SHEET executing. the above
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" containing the above conputer program 5 [018]In a
further aspect, this invention relates to a systemfor
practical neas BRHEFDESCRIBVION OF THEDRAWINGS! ed
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25 equ nt Bigute AdE tR ' : accordi
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wit&#ie val ue of a neasurand derived from .
nea ment ' 94€ (91§ 30 £%8 s R dheoretisal medeli for resistance
FRdagliRnd®, @ switch box for automating the neasurenent '
of electrical resistance of a device under test and a

st a_iﬂ&éi d Figure 3 is the proceg!ure of uncertainty evaluation according to one
30 embodiment of this invention. ' | |

[024] Figure 4 lists and explains all the components of the mathematical
6
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> : e . ’
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28-ai -2-6* nodel correspon
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TR boraed e e T o e
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. . A t . . -
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re
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~the third ef DETAILED DESCRIPTION
DETAILED DESCRIPTION
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.[030] The present invention is based on the finding that fhe_ evaluation bf
uncertainty can be made highly éccurate by carrying-out calculations of unc_ertéinty
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 equipment may 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 is typibally_ associated with one or more
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T [28] Figure 8 shows a precise mass measur enent ' e
Printed: 12-1fizppvor k according 10 the fourth enbodi nent of this

7 - invention. [29] Fiq CRAMDst s and expl ai ns al | EP 05 769 083!
t he conponents of the mathematical nodel corresponding - "~—- "<
to the fourth enbodi mrent of Figure 8. DETAILED

DSRS0 Ghbertainty, and thallefer Nt o Quention s '
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utﬁg{)i 4 sel ei:ertz @Igmr%sa?ﬁéﬁaélﬁg%lﬁt%émyﬁmﬂ”twwwabh yuantitysin a circuit
i COHpleddo dhe mass of tee : ' ssoci at ed
s grntepetgn; sur,emsr?t s car rgll'g(fj "ﬂﬁﬁg%p%gé%@' gie@sements may be
~un eSt Q?Wé?'@? the resistaedeeof adesistorFronPddi itdl thuifinfer pi
immﬂﬁé%ﬁﬁo@l‘ﬂé% tion functions froma uger ased o paced
%1 agsge nL:jsger' S ‘me ro?@&ﬂagﬁcaEWBE?'i tBrg provides a relatihship between 3
tRashEandrand the soaaRer | . ‘may. Qe control |l ed
by S e o 3 AP e BRgruf e messrement,
un ) ni ifaéto ioth OLH o
venti on eri‘lgts&ar& '?r‘é'ftﬁmgd Siggfficantly to

BNEEHAIRYC SandT NSy
pr eci sf’ggnga nd, %%ﬁ%umdys_p@c ifinectuneadbe ameastramente drithonment

10 measuring eqeipmeht BRAFHEAN lLgast. | evel of .
ﬁm%ge{?t rg{ﬁnt y; 103211 n the %Tmate err?gﬁ-?ogtam fd8kie reduse the sources of
neEas G ahi! @ measuremenjuantity to be 30 evaluated in‘a -

DUT, is expressed as a function of at |east two

var{é%;ll es,_rynarrel y, a physically observable quantity

"~ Whi I s thppi daldntiomssagi dbe it ne, or nore 7

rﬁ‘%ﬁu?rﬁ R{j nce{ytna(i).nty, aﬁg t SgHrz?'greevﬁi"éat‘Oﬁl ecertaigty in  the
s and%rg 86?'1%. PeRf Mqa"w,omea&breeqﬁéﬁtﬂ%@ﬁ&h B8 mass, length

15 addsiemchiesicishas Bic0f, & ReeTRsg of, 8, DUT (e o
ug%@ u% gaﬂg%te&ggemﬁ[masg;e d:ﬂ .MF"I%%F?(@ ?Q@Bﬁnttmgthod can be
: tiezsw é at is .
inC@ePDngnbthridl @ SR gtﬁjh- Du_T".SJ ‘?}ﬁ%é‘ﬁt‘fﬁ%é?t‘%&a%ms specified
(r‘?‘rr%g?)urerna\(ra](tki;EB ey BLO tﬁ'&_iéhé’ﬂ't@o Edetrmlﬂeei o’l'eSt DAits include length

s massgkildgrami) ermet(q i gita timeter .

temﬁ?&g QBT 0S rtrr?g resi(sté%éﬁog%%c%%mtir{%%ﬂpelzﬁ}dﬁ'lermodynamic
t AUS p'r'oﬁﬁegvé@' amoenkef sibstanceb@eolerang BFARRUS FtEnsif andel

20 Intdthes etbo@ndts, USRIk Mot S@_ﬁ:i ated with the {tandela).
d eﬂq@gag; rgtns?#c&ht h'g'g y g?[l‘ o '%5 Qfecdimensionsnaref gxpressed in SI-

ag dorcei (newtor), Hrakyfd t : . '
PV 4 i Conscauent | ) Y 18850, Laptiy of heat Goule,
measur e n%é A r%\?ﬁ%t ,.Coi@fﬁb)asele'ctr'g:-qsmémmdmp@hce (volt)
_ Canﬁ@iamcenﬁatad),ebt&@hd NeSitERG t() reduce the-sources o i
ncertginty in a measur 6ent. TW%B] g”anuCtﬂncea(siemens'),

m%@eﬁgegi”FoKWéb@r)uamiaggétWCﬂuk aidghgit}} n tEQlS maag r.ement

25 terfperafi)f tw% I-&)J) RJIPX'Si c.alf; X obser vabl’e guanz’i f@ liﬁf}%l?peas(henry),

| P fﬁq » UmInous flux (lumens), illuminance (lux), and activity of a

mass, |eng
radionuclide (becquerel) may be measured by the present method. Physically -
obs?rvable quantities may be readily measured by any conventiohal' mea‘suriny
equipment. Examples of physically observable quantities include cumrent volta'gefCJ |
capacitance, temperature, light intensity and radioactive decay. | |

30

034 Y | H . 0r :
[034] As. used herein, the term physically observable quantity” refers to a
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Y ...15 and electrical resistance etc. In a preferred S
can be used to eval uate

-Printed; 12 gwfogi nent, the present et
T T Tquanhtities whose di nens'idﬁ&ggMQeXpr essed in base “EP.05 789 gg2"
units specified in the International Systemof Units AR
(SI units). Exanples of SI units include |ength

Randifipblengiysieali pr f tfid rbphsest
o v B e
D& dhrteCanbe eheasuned lusingnany avalds Mehsuring device.

amount o
(Eendaila)of # e | pent derived quantities

Wh@'}S]S di mensi onggg'lrag&g%gr?@ésasgﬁoﬁ'il e megsurement aytbe associated
Mt Saurees rof encedaingn hssquitss Wi Wﬁ%%%g"&é‘%@gtﬁ 1|g g ¥}H${uations -

i QL owe watt), electric
S%fgfc’ter Fg'%pj%%#{rﬁd BHf"ﬁ'tyrz@nH@ @msltu)emenuoaﬁwrmt or non-ideal
. t' et . . h ’ | t . ] .

;;, : % é;r,gr:g:%:?; T‘"é%ﬁ??é‘ﬁ@rﬁg %ﬁi‘é’% f-uﬁﬁig@rrelr ;:"phymi@ﬂlqt observable

. R areintte)refd RAES A AT -
_t‘ 'Eﬁ% e S_YCethgs(l Slz-:-f ﬁﬁ?% oS h‘ Bﬁyr%l%%rpé%mes (distinct from the
i1 Pam mantE o {TUx) QU hafi the ymedswremadii %Whhﬁi)%nt or of th
¢aeipment aked q@hggsbq;[gq uredslk‘)% t he present nethod. e
erva ﬁ%é’?ﬁq regeRgnyemnmandiused to evaluate the

10 Physi cal I'y obs _ : -
SRIHCes gﬂu@emycsﬂweiémﬂé%hgﬁ %@Hfdaﬁﬁg ﬁﬂéj | upatgq: gfitemperature

of .physically observable qu
%%ﬁ?’,ﬁc%cﬂﬂ Hé%‘?”@!%alﬂ trasistance eneasaidiidhis | it&ﬂberature :
medsneikiit @mrbﬁmgﬂﬁcig ¥ det%)‘;. 30 [034] As 'use n the
erein, the term "phy3i J5ryr R | theemetery temperature s
thplara = BhysicallyAMSNEEBISHFBEES, 07- 2006 quant| f1abl 6
physi cal property of the DUT, such nmass or-electrical.
1'5 re?d%t ance or those listed above, that can be -nmeasured
us 1anylnagné | sthb&di j evi ce.. The val ue of the-
<HBAGUr gnd_obt ai nedﬁ'ﬁﬁgﬁghé?ﬂgﬁqgagﬁmnﬁw father comprises

asS 0l NSetPUIFeS of yneertaintyf associatddi i ' Wit h
With)é@)ft@%p%é%%tﬁ?@?n{ of the at

letase oRB t fluctuations in
Wsﬁduéﬁ?de lfsfg‘f 3blg r?é’%ﬁ%&%%mwmmmm thedFeference

ressure,

Valdh-9lathe refesenas alevive| G (i) e rﬂ@éélgrrplj?e%f goq’ﬂi ' Value of the

g "physi cally observabl e varia
mhﬁf“é?ﬁa'%" re 5’?‘5?'&‘% FERYEFY 8ba enedsisemaht G @BRINCBSf a resistor

20 usjng st idigital fmoRider |} IC opservabl e quantity"
fully &ige oe surelment@r ﬂ?&ﬁé? nof)o Z’F gctegubyrfantors such as
iSEYOTD 'h@!%’{ﬁmpqrﬁ@rmmg mmhréiﬁéﬁﬂéﬁ\)@ﬂheﬂ? gﬁ,gltt@e electrical

y. ;

or ex

comtéet WktRebh ethi ces, of uncertai nt
when eval uat Fﬂleg Ct%ﬁ'ﬁgqnﬁﬂf%é'hcf@eomea@wegaempmtamus, if the

measyreraentf isucarsed ajudtiy 4 { measur enent's, .
| e R W Rrieparature Bucustes, the

tyre in the neasurene
tenfnl\ﬁfﬁﬁégtq% éﬁmfr@nr;nenb fppreferably $eletted’ s 8'Hufce of uncertai

25 The sburceanbi inclipffyale vary apl e’ 151035 Fi<GhE -

The met1r3g°81e% Wh iswebrmeasuremente may be selected

enbodi nent,
ran ' ' ' l |
| o ich deviate from the ideal or
Imperfections in the measuring equipment. Empirical knowledge may bé posses,sed
by a human operator having ‘experience in metrology. Altematively, knowled
30 concerning the possible sources of uncertainfy may be compiled in‘a d;tabase arglj

- experime ] '
(o] ntal data from Numerous experiments can be compiled and analysed
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| east one physically observable quantity, (ii) the
1ge(£fo§renent of the reference value of the reference . -

g, or (iii) the ne@RBGAAMD of the value of the gpis 769 682!
measur and. For exanple, the accuracy of a measurenent = - = ="~ "=
of resistance of a resistor 20 using a digital '

: ted by fact h
mstdtisti@dli§tto mkrhﬁé‘?/ﬁ% ddurdiss uting:%g%%érqgégil%;:%ﬁzg contributes

as fluctuations in e tenpera

eRUPF BRyRAs a Sireshold levaldand tals weut & be %&é&‘ﬁﬁ;b Eﬂ%ideration

I € _ \ ) for a
ﬁgfggﬁ:égﬁ%ﬁq\bﬁtgﬁ ggtygfiéu%h&%g%q%hp\%leﬁ%ﬁpomﬁgmslmoinpmg program .
t mayebat nipterhbhteHu s eag.g?hgﬁc llgg?%rggt;?pgrﬁ{g eQquwcés of error, in

environnent is prefer y se

SupriEsular rthgse othatrheontributee SigpificiRE ' -sggg;i |
ngﬂﬁ%@? rreaa.ﬁremsnts may bg‘em sel egtﬂ" Féa%d% y gﬁESﬂed set of
préeter |§},c_on HeB% on enpi rical netrol ogi cal know edge

about. the factors in the neasurement environnent

whi ch deviate fromthe ideal, or inperfections in the

nmead@¥6lng ¥hemimplentantingi #al merwy -
%ﬁ}s@%sed b}/ a human ope?ator havi ng’ggﬁﬁgﬁ?{%ﬂ@é‘ ,rhthe form of a

YoRroaram . a Hser veay bepresended avitDadist of sBuRt@stdituncertainty

10 RErB&ii 0 SaPfu Ncertainty may be conpiled in a
dat atlJﬂzysghgnt’jﬁlggpgfitprénﬁ%agﬁwg #?n%nﬁl’ﬁjr#ﬁ'ﬂm to the measurement

erypicanmenttis questitre. T DELCHeANSS : :
5t gt its%i cally to deternine whi c%@%ﬂﬁggurggs of uncertainty that are
heBIESThirfo Srasidegationiipdhe measurement, idaska oreWhidh the computer

. beygeavd protige hus need to be taken _
_ti;rétﬁo copggi'defgpﬁ %ﬁ&eﬁﬁ’%@?g% agﬂ&em%%anar@mem representing -
Bn¥UECesh Of dericedainty) As ABRES herirf; OfffaU '
15 g@négﬁgrﬁi Bl 5O aa#‘I opat i cal I_yesclal_gl!gﬁ{a %g@r g%?lgég{egfn%ers o a
%& ces of - errgiematicg! model representing acselenied source of uncertainty.
tsoubee @f Siurgirkirta Nthat! KO er-speci fied. set
c??g?ex eri ment al corggi t iagnge T%géﬁﬁg% f"n‘ﬁg@ﬂﬂ i fgorae from a.

» §F Tt M3y bhenpraposed biyna tuser. fAltemativedy, Qﬁéﬁ?’étﬁématical model
0

&Y B2 Bdms| r resented with a I st o
soﬁr ces oP ﬁg&% al ﬁ{jf}’% ﬁF?‘éet?ﬁ?@ wherein| the usert ¢mmputes the
Mathemetinal model intodhe sbfiward Sroighn Measur enent

20 €nvironnment in question. The user then selects the
sources of ‘uncertainty that are to be taken into.
cof@3n]er aln opné Nekihdd ur n ased. on whi ¢ch the ‘

| cgﬁgauter program provﬁgzt’ amrfnégt%de"ﬁg?sr c8f VRcRIfaintyselected for

pigtipatna dhe) meassrement efthesPUTI 4 .
e ShineBuT dre $5088110 6tinale. Such a

] sed hegeip,
:?‘3?2%%%% Yo B 3 Niarneofhuomese databiassofie or an Oracle
atapass,antin actest figlj ' : ertainty. The
s v Fenance eI Syl ) Bl i s
| Sympemeateddon camping eut the ety lhw@%?n%é& sources of

Al natiyvely,. the mathematical no
ucomﬁ"?e elggé p%%ﬁég%%"ﬂ aPR&PFN 00 s drior wWesperiendehdn uties specific
measirehsht t o2 baa iGal . L.npto the software -
in rog;_am a21l§) [tog.'?ielaﬁ%e&%nb%%g%ﬂél,"tst‘l‘gp'saupét??aéﬂ may contain
g}ﬁ@é 108 akautsthiec soartekobf RRRE ' | )yt
Rty Tot Bhel or' OF several types of

' renent of the DUT are provi
m%%% oeé{“éﬁ:?é%%t' ni?e beritefat ey fselecting SO'MC@EO&ﬁf&ncertainty are
30 detemsifed b 1 * Orac) e database, or in a
. nty ext  f Ltﬁzé?nefs'mgil%%é:dm@Pvﬁ%w?eb\eeﬁufqeﬁ of qnsertdinty in the
' Hopment in whicte tB& mhéasurementiof év%ef ing .
out the nethod. In' this enbodi flns\ﬁﬁtrH t e%égéfg%% igfcarried out.
uncertainty are predeterm ned based on prior _
experience in the specific dasurenent to be carried
"out Accordingly, such a database may contain
i0" i nformati on about the sources of uncertainty for one
- or for several typAMBNDEIASHERTY equi prent. The S 07-5006. -
criteria for -sel ecting sources of uncertainty .are 30 % “&SV %
determi ned from established know edge of the sources :
of uncertainty in the environnment in which the

N a s -

-
-Printed: 12:
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~w . However, rules may be established to assist an
‘Rrinted:-15-1HBpeper i enced user to determine which sources of
- - uncertainty are | rrportaREﬁQﬁAMDpartl cul ar measur enent gp 05 769 0851
envi ronnment or for a particular set of neasurenent ce— LT
equi pnent, and which should therefore be selected for

chlowgvey roles mhy beekdtablised! @eaé%gfeﬁk%ggﬁﬁmdoy&r to determine

[&ﬁ%}\tDeaﬁ%endi ng_,aon the selection _
unc HEGPS Sdupeetainty areaimpontante qor m’repgmgggr bﬁ'leasurement
neasur ement s

" ok ; i,ti.onal
expiohitbrit @r Gay &gﬁgﬂglﬁﬁgé}bgfemegwemt equipmentoand which should

pertaining to p

charafore, bessirledted farl camyig Gutig | may, be
required to measure tenperat u?@@%@@%@énﬁpar
hum dity of 10 the neasurenent environment if the

I . Qf t ai nt oci ated with
tS ﬁees[gsg/igr isggpgg&ngnorij cegrsélglggqnypﬁgerg;msom ?dfgﬂic\glﬁaw, additional -
ing oeaqui Re r i e rdi ngly by introducing-
%”ﬂg’?&&"%l R RS T g Y —
ygigallye obseniabler vdristsie. Fyr Ség%ﬁg%? 5&@@%,%, ‘measuring

' 039]1n a preferred enb :
y éﬂ?@ﬁeﬁt %é&ogé%%fféde?q/ gpé)aggr% ternperatires psissgrefand/or humidity of
measut i | . Cpang
etsureseint éﬁwﬂi‘nn‘i'élﬂgf ! é?etlé(océ%cf’ Fg&%%gig? ggg&tqi Blyrare associated

%tﬁthtih%écal I | eva}l utzg”tme I'n or
' ofamablesn labihig caaeh tiseo Yh SR eRiaticAn inty. .
lﬁﬁafﬁ@d%oﬁmir? iEformaéj on, a user gar?ﬂ?ﬂeﬁ% egifﬁ%y optionally be
uhet fer e X, P¥ &Nt ling: pemeetion tesms dntbethe ahateinatioal formula
odale o account tHY efrbYanBYaL ALY i conbi ned 20 :
uncertainty. The neasﬂrearr%érﬁgsb)g&cgg ?Pfﬁ%%te%ﬂqr@mty.
observabl e variable is preferably used to deternmi ne a |

15 cofo i Ofh tert is lngorporated into the
AL §rﬁ%t%do ‘%& "i“ﬁ'?' see uphysidally ebbsarvalslé variable

mat hemat i cal
ChaRdising & setacted sfures I 6 undbigaj ipation of .a . .
oS8R P hhel Ty, be car i % i aSire S “statiticaty
val ie of | athead? BiR¥ide & user owith fisdormation samivttésth source of
‘uncertaivtye Baséd oh QR i u nts. .25 Statistical
O{T@ct ors. nay cgrrpri slgﬁgﬁféﬁg %E%gf i 666?’?18?0'%é[mether the source

Grafaintyoiseto bedtakent intm consideagiog ﬁﬁrt%@é@alu%ﬁon of )z;ombined
|

20 uScBHYIAtRTES: abl.e .val ue, probability dens
f unctr?tgn', hgggélvﬁeg{l%qsfc’f ﬁPSBQBW'P@'g’ ekservable vatiable 08 preferably
usady il sletermine it 2oMbYticH dem® Hhit TR .ﬁ.&ogésogr{see of freedom
mg@épffg)]% used herein, the 'term TaHBPeAefe & % gnathematical
Y3t 1 4t'PKR) i, agseunt the effedtystdhé oseleaal §@"%§eof3;errof The
detedsingiom Rt t_probabl e val ue, degree* o ) -
freedom for exanple. 'OUf @y egvaluating a value of at
P Gpfceadn i mdl PR camipd out Byemel

least| pae t statistical dactor sdsaiiathd fact f h
ot csecladd Wt (6 658 Mt measwements.

A I nty paraneter. [041] Once
. 25 S_%ﬁ%@%@?ﬁ"@ﬁ% fMRY SOMRTiSEe dpeeof dhieafdiiofirRg, eanYSREdERY mod
. .dthﬁBn,Cﬂﬁm§§échsﬁ+ﬁs d Q?w%s- cal cul ated-statistical ; e,
. rfmzti'Ct ozh Salfls n Thes BualS: &P ﬂa%qevt'ﬁ%Stonﬁbableovalme.epmbiaMiw, density
ungtionh avidthe wf pprobadl| ely nmodjfy the .
esﬁjﬁl tj?g]s of these fgl::t or sﬂ,twoc?gr}sgggg‘{pz:ﬁg?'el '?fJé'_"it Uneertainty and.
ptrddegree pffreedomce themwith ot her values (i.e. not
take the neasured-values into consideration in the
30 eval uati on of conbi ned uncertainty). Apart fromthe
- piddafret eAs usbdihedsin, B man 10 exi sting _-
an%at al{o se containing i rﬁ)ggﬁﬁﬁé@?gﬁ%ﬁh fhe stalistieal issues to be
i‘?ﬁciﬁ, SQUreR O uncartainty; Gucht 49 it p h : L
mat hemati cal formul a other paraneters oﬁrgl?énlg% Vg'ugmdegree of

the user's extensive experience or scientific
know edge, i.e. establishedlenpirically.

1.}.; -
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* [042] The correction termthat is to be incorporated
Printed: 123 3gg7t he mat hematical 15.fornul.a may be derived from
~ " “'the-statistical factorsBPEMPA'ng. an enpirically .EP 05 769 Ggo.
devel oped conversion formula to calculate a correction™ == "
termfromthe nost probable value of the physically

offsedembrar exanpib) The Wi GakC Rl @ﬂle&fivebg Foaﬁ]oer %tgﬁéti'c%?factors of

t e facilitated by a conputer pr
: CE%%PE%{%%&'UVPQ@'F%T-term the statistical factors
whi ch are required may include, in one preferred
enbodi nent, at 20 |.east one of the follow ng 6 val ues:

most[08tbbaifPrces thieueaiugs ebeaishi dutiAREPtaEI WAGL '\ ectablished, a

Sh.ﬂef [ dth of probability density function, _
el i oy Saboe s e hermsicalouateat SibistedPL 1ok T ialuaton of
| east. one physically

"the: the at . :
%bhﬁg?ﬁeﬁ %@éeé'%grﬁ?,i zﬁ{},he ASenmay pagtiallyor-esmepletelyemodifyithe values

observa

if these factoes, onte comipi ed for a

%ﬁ%gt @g mi ned nUﬁbeP %?yt%%%c%g\%n |snﬂ“{>€‘? "eRtacg them with other

sactroas®t Ret trke the meésmedanemmtbrmn@meﬁoﬁeﬁ, the evaluation of
nent | one

abhbiie yixng .oyt the neasurenent
QIQE%%Q@' ﬁ‘Bﬁﬂe O the Rararaptens shebardigiropésed from an

earlier,

10 exigting: database ddntsinmg in s _on the _
%gs%%g? io @gﬁ[igﬁ%ﬁ I g 'af°€?’ %P g’?:ggghé%%a?%ﬁ? of yneertainty, a user
et h r ednathepmaticakbformiuta ofthd ;
fFiefUsePt estierRivblsd; ggnEi Ff COAMDEP - 6% 7= 67 é”."’"a%f&.fs obtained from
" of each of CsaPgISHCE QLssientiic knopdedas, i.g. ediablishalilenpirically.
guantity is adapted to mnim ze the. introduction of

ung@&éﬁ_i _n?ﬁ?;n t he neasurenment of the device under
15 f;ﬁamiai mgl;, ggrméﬁgg;iﬁ“ﬁhmr b?bﬁdg?apggﬁ i U Mathematical
qsucE) taat a mini nal rarmﬁ.'rﬁﬂ sgqq'sbﬁ%e éqrﬁt'?/y iapplying . an empirically
PP Cenversion ormuls towatoutater borrebiBn A&, B S8 probabie

vaRle | 0L QL articul ar measurenment are
t 3[8 i ﬁﬁ“ﬁ@%{%ﬁf/@?@& yaeaPlex bbe icaleutatioptefthdhwrrection term

mAya bgafdcilitatetl by amdey; i ined. |
i q??i Ly Ty CTSE Mrogiait.) T8 Calb ARt GosRption term, the
bl Farlote Wakthare ramdiredt miavyinbiedesin one BFRb el Stbliment. ot

20 leaist bné bEtheIBNdAMK pression of Uncertainty 1n
h%@me;{entbﬁ I| %OS Ej\%ﬁh%j E"‘%SEPRGR% Y@le; probabilityaderisity function,
2hPEobabIliy HemitpMClide stindapd Bhedit: ot
ofMAdadfony €qui red for the eval uati on of ﬁ%p@%ﬁﬁéﬁmat&d degree _
i ncl udés val ues such as type of eval uation, .
probability density function, coverage factor,

s&g&ti Vé-trﬂé coefficients, effective, qlegrees of _
f m aegawemend uf exdchi ot the 301eb8AEhd {bis‘g?ipﬁléy observable

25 qu [ r _provides a systemfor evalu
PN o] S il oot vy o et
. The syste

fowbspredeterminBih AL, vice upder test. _
cforg}rci ses measur i ngrecgu%%%n{jg?%}c{']%t% ciyssuch as the user's
PrelEfenicenaad nihes trssweces allotdtad ”Eaéﬂﬁgﬂﬂ 8l £ A
memRBALE CSEALS of' each of said at | ea3t-one Hh‘%/év%%ﬁqfﬁmen- s
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 carrying out measurements
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oo 20 observabl-e quantity. A process control equi pnent
Printed: 12.1403dp7; S used to control the measuring equi pnent while
T - aconputer progranmed p PAMBYitrol unit is used to E“p_'(j's.jegdaz_z
eval uate uncertainty associated with the value of a e e T

rregsurhand derived from neasurenents of the device:
uAYeach efsaid Hidesdttd hﬂ}%& ' out asurenent .
pﬂ\oceg’ur es. acco(radi ngrr_e?% t ea(ﬁ g@%&ﬁ%\eﬂ‘ﬂ?'ﬁ&@ ﬁ‘ﬂﬁﬁﬁed to minimize
i hEt BEPAYiOReRTnenaestainty dmithe teustedmartoy $8UdiedPunder test. Th
um@y.beTmlgmmHe*a%és%am‘%d rocess contro unl%j ) S
conprises an 1 npu @,S Qf draclises dor perforetng & particular
dagasirement, rachr thab g ; - ta and.input data,

5amgi spl a g i ce, aandﬁgﬁﬁg'/al ua{nltg(ﬁ Qﬂr%g'gty [®4qdyiced into the
pr ?%‘F?@é" %@dpﬁ@npfacﬁeemﬁa'swriyﬁgg outiaPpBALRF Hli%%urement are

&4 ' a_switch box for automating the
LA W&@a&i@@?&gﬁggw PXRRNENC.; st ance of a device under

nmeasur enment
test and a standard resistor providing a reference

va:‘lgﬁsgt heTr?qViVi tclh 1tl13 AVENDED SHEET box

co i ng! Peyaluatiorcofstandart Ureertainhash vice. ‘

- BBYGlcuiAS] cgorgecotnd connect or for a?’?g@%?ﬁ@bpﬁgqﬁwce&amw may

" re;;'I erence gevy eRd Qrﬂfyaeﬁté@@?drmﬁhad.apnefaablptbeingrin compliance

0 Withthe [80 BuE Beh bl LAl ol tineter. 5{048] The P
switch box may coﬁp%pg%&é% éﬁ%’%%%%%ﬁe@wwmdrsosuw In

- g pubihednethgdan @scordance NviﬂDlSD-Glﬂ“é};fhg %é@gsptoqr}e’ ungcertainty

WRIGRAEi nicati on port inclu
~ par al %@I%&oﬁr(‘tggﬁé}avaé@ﬁ%l °fpﬁmertam ideludes vatuesi sih 88 type of
el out put

- gygiuationy pbcﬂ:abﬂW&!ﬁr%&yF f&nétiﬂr{,%&?éra&ear gla Tt Sengi i\(ily coefficients,

é'ﬂré rfélce card, The sw tch box may

conpyT §e9rees ghiteedom angdenpanded anesedint/he swit ch box
15 to nmeasurenent 10 equi pnent. Exanple of connection
poEts i nclude ports allowing 5 pinned data cables to

be {8481 nhecTlel investien durtAdrepavides i e a |ow
o aes & S6steir ialitio dncgrainty in

| tch.  The sw tch box may

tfﬁé\?\g{e\%gereiﬁ’%rﬁ Ccﬂ adgsygggﬂyopbm%\MEiMnﬁg’ i aaevie! Usdertt@st. The
SYstem DtoTmyarise: : encg ard_ AC.ad

| mséstmeéélﬁ‘lrigeéﬂ@ﬂggttfb o ﬁﬂpcaaqu%rﬁang%%;aqument of

thRowering respectively a co
%I gl":ia:ff"%ﬁfﬁo'\delmmemﬂ of feash &I 8aid at least one physically

5 .
0 observable Quantity. A process ' control equipment unit is used to control the

measqring_eqqipment, while a computer programmed procesé control unit is used to
evaluate uncertainty associated with the Valu_e 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
25 model provided by a user. The computer programmed process contrél unit
comprises an input device, a contro) device, a record device for recording

Mmeasurement data and input data, a display device, and an evaluation device

3 .[047] In a preferred embodiment, t_he measuring equip;nent of the system
0 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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L as the low thermal switch box, as well as
Priritéd; 12-1atphgpt her conmponent requiting electricity. .
=~ 049 Referring to Figurs %pf?WDprocedure of ' EP"OS'HT'SQ'osz
cal cul ating uncertainty according to ISOGMis - LT REl
dgpi cted. in generali- 8-steps-are involved. Fit, the .
2B0Y fogwising: tzh Grst WHPRBERE S X uting, t he
opgﬁg&ﬂ'ﬁgkﬁg%ﬂﬂfﬁ Hederiest, a second

e. the neasur

tical nodel, i.
\r/r§+ rlq%g?ors u?%?“gﬂﬁg dbet teférence Favicexaam & @ésista}nc? Hpeasurement
e ;

| funodr srof@iel by g Rx is the resistance o
resistor that iységlgrtgler%%%&red, and Rref represents
the . resistance of a reference resistor. H, the

5res![§%l nce_fatio of Rx to Rref, can be neasured by a

i gl mul O n8viteh (bwvmaysroompriset ah outd jdﬁ?ﬁrﬁ{ini@?ﬁbn
i | x t he digm port for
disiising 04 ncrgﬁgﬁctﬁ?%sﬁ@?g\gﬁgH%}{gepﬁswéy sl ;irhmunicatidn port

mul tineter
ireludasda USB pertda s t her efore Rx
&?Ep be obt ai gedgb;ba_ga%és!t it utreg%kgsg%(yipﬂé%gﬁﬂ eeramyication port
& D2 5ENRPGteA do ehdigitebiparaelf outpit inferfdce £41A. Thé Switch box may
aa@ﬁené'g%g%r$ﬁdn$£%' the input values are thus X may
o hdentiTi ed BNTBT1R8rRa toaponneetthalswiteti bex td easurement
eguipment Exi F\EsHh and the input
%abﬁyes. 30 Eggg?&e Seb QSn g@ gﬁg{ cﬁﬂ& °£€5ea' Witha pinned data cables
evaT FRPPeriedtheisint Thesuish tidarmagfm@[[,dé% "’D"i'tﬁgﬁ‘% witch: Th
Satchl GROFRESRRAN SYEP 05 -7 60 052 o .- ki idt bfswitch. The
cgpgﬁtg %[s ?eeu to be CHRICafeivo-viayi switeh afevicacifor BBtdblishing a
ions tarthlar DUTNaAd tiai ci LRy timate, -
rgﬁgcﬁsepft freedom and -t?ogfgy{%f%éegﬁléf agbﬁgrdtorfél pdapters powering
Triput VAl ega 5°meat'9"m"U@Wg'itav\bﬁfblléla@@@hgﬁ\terface card,

re avail abl e,

15 asbeell watth® MSw Ik ' t, val ues
ft tistical ana?@ﬁﬁsévg{;ﬁ %oé(' lﬂ?d‘é(?ﬁl RNy ethenlconipmnent requiring
ve 5 mentioned four factors based on

probability density function of normal distribution.
I f repeated observations are not avail able, a
ar form

pri988bi | iRefediwgsitd y Figiitet iHONneP rect angul a
ned o TP e a‘ieg’@'%n% Faltyiating uncertainty

15 as wel |

aé’golréinget a&i gﬂgd for each I nput "V

30 ve ﬂ' ok i '§%fi‘l’ﬂ’-fétede—ilmtg{qenefaga-apggbgo%ﬁnvo]ved_—-Fi,.st the
valueseoft the yn,ﬁjﬁa : e ove, paraneters can T

| nY@Ebﬁ’é}n tﬁ'&r%’ﬁ ’Pﬂg’eﬁmﬂpab@@del, fi.,eotheameasurand

ereo

ar\%et@?. cal chuI ated t
OB ARyt valuesy shetlld Ibetidenstifiedi Eyr 4 j.on. ot her .
is 4 $8siSHanBL %Satﬁi lity depsity f u%c%’éﬂg%u'@lﬁﬂ?ged in Figure 2, Ry .
obatf rieﬁ//stor that is to be measured, and R represents the

Gaussi an pr
' resistance of a reference resistor. H, the resistance ratio of Ry to Rres, can be
measgred by a digital multimeter (DMM). Any digital multimeter may be use'd for this
25 purpose, such as the digital multimeter mode| HP34401A manufactured by Hewlett
Packard. R and H are input values, and therefore Ry can be obtained by substitute
the observed values of Rref and H into the model Rief=H e R. In thé first step, the
measurand and the input values are thus identified with the mathematical m’odel.
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 fbur
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density function, triangular probability density

nted: 12-1{ip0gl user.-speci fi ed probability L
Printea: 1213 : ?i on% uﬁ{;t ?2% ?r;;egeb&%&f&?@é_l] In the 5th stlgp, anEp 05 764 0gz2;
etsétnisma%/e of the measurand is obtained fromthe

! he conbi ned
: tical nmeasurenent nodel. Next, t _
gﬁtﬁaﬂ? g;} cflagfﬁ& mnead nbybgfﬁ!]&lﬂatg\ﬁ/g%gfgiﬁg A gf %%CEI lfg[eJﬁtt Iv\a/leue, standard
e c .
e Llor 7eER MRk ogtimales degeee of fedsoo a.gu EO¥ariahRHif some or all
. ; i -4, th ste . .
al oot ot o e, Tt SRmeheet IWhes rensaiot obsevations bethe input

ValMesarg ayeilahieralstatictedl ahalyﬁiscﬁantwuﬁr@&gqlﬂggagg c%{pu?aqg the above

i.nal |y an uncertainty

s Pifioned Tt faseaten prabgbiltedarstyfinon of nomal distribution.
: ! - t whic
ont r?%ltﬂbggwta g t ?F% %é? iﬁmﬁﬁo?g)gﬁq%bmd&ngggﬁﬁogt (FOF) of
fmgnw fatro well bem@ﬁegsfgf Stgls{') 'rl]ﬁbﬁlg vgﬁlgwrﬁg{f basis specification or
a - '
ﬁé 2%:’%%”@%5%%?‘5‘% L!;CQ@DWMWO?Iarﬂﬁthké%tbjﬂégéeﬁégters can be
. - . unce

o B Tt T R e fram, s an o ity density
10 fﬁﬁcﬁmmlﬂh@‘aﬂypewd;elp_rélgébiﬁ 'ﬁﬁ\% fﬁrlnzgigﬁg HichBs Gaussian Rsobability
%3’5!‘@ 3@"@?’"3%@5@@? nmrgbalﬁﬁty demwﬂdﬁéhggg ggg Other user-specified

e ) ' t echni ci ans an al

o ey R L | L e

\[M053] Based on extensive understanding and netrol og

Pri nt ed:
LA 5 5J AVENDED SHEET —
igﬁfﬁﬁggg@ f#éog']‘ s%ep, an estimate of the measurand is obtained from the

15 mathematical measurement model. Next, the combined standard uncertainty of the
‘Mmeasurand, the effective degrees of freedom and the coverage factor are célculated
with the pérameters relating to the input values obtained in steps 2-4. The 71 step

| then calculates the expanded uncertainty by multiplying the combined standard
uncertainty of the measurand_ by the coverage factor., .Fihally an uncertainty budget

20 table .is 'generated reporting the result of uncertainty, including each component
- which contributes to the uncertainty of the measurement.

[052] The above procedure is defined in the ISO-GUM, At present no
matﬁematical solution is provided to present evaluation on the sources of
25 uncertainty. In_practical situations, sources of uncertainty need to be identified in
order to obtain an accurate mathematical mode! for relating the measurand to such
Sources of uncertainty. However,' identification of the sources of uncertainty is
complicated and difficuit for engineérs; technicians and researchers without long
period experience in metrology field. |
30 | | |
[053] Based on extensive understanding and metrological experience about
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DESCpADEP 05-76-9 6821  sources of uncertainty, the —_—

_:"p.ﬁn'ted: 12-1RI®pPnt i nvention provides. possible sources of _

=" uncertainty before numeMEHtPAMBY:uation. Figure 3 ‘EP 05 769 D32,
illustrates a procedure corresponding to one = -
enbodi nent of the present invention. Firstly, all the

s8ources of ' ' Ce
S 8 of unceralnty, nthe 'ﬂe@eﬁfezrﬁ}gnﬁgﬁ nép&f@épﬁﬁg% sources of

t he conponent asso

rai.ngly,  all (
fﬁ@cgeé%élﬂgrﬁggorsf nymesicakl eNdleationnc Figlirag ToNGSFdteONa procedure |
I

t esrrespondingits of t%o‘ﬁﬂ ' a_mat hemati cal node
g @ﬁé%ﬁ]e megéﬂéfgﬂ%l p%seﬁ?mﬁﬁftqu irirstly, adlithe sources of

whi ch represents .
et 5 B e, W ot
}gﬁbtnggﬁ.;é?eggse otIh Pglioges, saeah measurand as a

one ﬂﬂﬁ@ﬂa‘a'"? %Ff)gnﬁp&gapﬁmy rng’ reference value of a

nized.is x = H Rre
| ?{f%g%ic?o Ve cAD & Sesiih theumettenadticah aeddeti 8 Lobniiiied! bt directly

MeasuredP 9508 rrections are proposed to ,
0 % onstit ut§§e' %h@ﬁﬁg‘ftﬁ’gﬁlﬁa§ﬂ'ﬁ‘r¥ﬁiﬁ%Iaﬂdncq&qﬁoas.t Tala@ the example of
lgure, thenthaordtiehl forhulathiatls mhftRem: A £gkther
add). (1?# AR ef.tenp :efg?é'?aﬁﬁ”@ﬁ?%hﬁndi@y&rcaﬂxreecognized-is
ARrei add)t AR Laddl I\/k#:aﬁéé‘%&) 20[ 055] Physi cal ,
nmeani ng of each conponent 'in the above mat hemati cal (1).
nodel is clarified in Figure 4. For exanple, His the-

r atlP84bf Rx this Rivehtieh,” a5 |npseBlA from DVM. | |
Efs%ggilafégis' agj%,l | - rrp; regﬁsp\grs}fglgtéggrg rﬁgcc?éi 8{?“{186@(?'““’ and all the
assoei at €QTRFYINSDRRE | rippesed 40 scamstitutdughel @néth@méticalhmodel in

15 practicabevdlestion &4WofloRt: t he DM which deviates fromthe
" assuned ideal value of infinite resistance. The nost

probabl e val ue of 25 m ni mum resi st a'_ng:e -of the DWW may
be fdumd (K A%} ed@;&ah]ﬁ%e;cmhgatmpn)pp@_vudﬁg by
the manufagt urer, It +n$ﬁ( e slurecf‘.“ ACCHr di ,
in a prefer P&8"enboder ,f’ﬂ’&%"’%@?"‘éﬂa@iamm be _
witten to propose the manufacturer-provided val ue by (2)
default, and a user may subsequently carry out
20 ne[@S8] e MHPHVEidaP ® nuf act ur er - provi ded _
m\éa%'ug, @]i ._ﬁeéf\{\hetmhg%h@%s %12? a?ﬁ fampRnsddn Hen ebova dnaBematical
ri imifig OrEDEHH j :
HiXi o Lal | ?wafé: | _ﬁ&?#&ﬁ{ge{aﬁﬂg&t Sgﬁgt%?f directly
0 ¥|n@d'1'r%fﬁ ij 'éin' cal analysis is used to de
5 rt:n I&e oSt probabre g3 Y BHmirapresentsesirmsction ¢o of addiRiated with”
MpENDESISENES b Y the firfted Geosflddibed _
g 200, TDESL PAVD EhF’é ggﬁ?%ﬁsg@}ceﬁf, thevMMnwhichhdeviates
‘ @SfvMmedsideak valuai ofuinfinite vésis@pLs ?H§ %{g} H%pﬁél%dvmue of
. 25 m,ﬁ%ﬁo%ﬁgﬁceeor?%hanhyhﬁn proceeds tao cal culat'e
: correction term ARPi HYIM may be found in the technical specification
rovided b ; '
p y the manufacturer or it may be measured. Accordingly, in a preferred

L%

embodiment, a computer program may be wﬁtten to propose the manufacturer-
p_rovideq value by default, and'a user may subsequently carry out measurements to
verify the manufacturer-provided \(alue, Il.e. whether or not it is between Sens+ and
30 Sens- of the DMM. Where measuremerits are céﬁed out by a user, statistical
gnalysis_is used to determine the most probable valué of miﬁimum resistance of the |

16

6 . : . * ) -
6. AMENDED SHEET 28:07-2006
ol T




[ 056] Cal cul ation of the value of each correction term

Printed: 12-1fi@gobe carried out by 5.applying an enpirically .
SRR %ﬁ@ﬂga conversi on factor t6EF 65 769 pgo:

devel oped conversion f oP
calcul ate obtain the correction termfromthe nost

%&Rgm@e vatlhue of the m nimuminput resistance in this

| @ncerthenusergenrals &S finihiin | cal ' ‘
u‘f&?ﬁrg variable. The cal culati oﬁn%l?t' f%éét%'&(ﬁ de b ised, the
terh nay" BE' A48 Rrrceedsip caladate the compectipnasm i

exanple, if the mninmuminput resistance of the DVM i s

10 giga 10 and the conversion factor -is 1 x 10-12 fil,

t he e véaleglatibntdi¢he oalug o i ' | Q .
OF eBbh bBIBLYI R iy pp carried out by

haR, i 10-12 cu | = |

5 BpAiro, Entetpificalic cReloper conversiom fermutd o2l a TBAGrsEA actor to
balcolatd 6B Yha BSirdd user. If the | evel of
E'gcg éerat a_litg?l;/d i}hs to r%g%ﬂetgﬁggfﬂm i@e Bash brebable yaluehef the minimum

Eesisianceiire éhnis axamplavhi t hemat i cal
%ﬂ c.g_p be sell_ectivmeiy' dr)r'glg]i?iﬁeg o@_ é%%ogg%l’p E'Eﬁ'?y observable
that T he'% GAcHIaYaR & she contestiom term aiay bea6ilil=esF 8) S computer
. prograv.apgy §xan%|5i fmhézﬁ. be renoved from parameters for p

the eval uation of "uncerialynPytyesistancenos the DMMNS he giga O,

10 aﬁﬂﬂ’iemm/eraiomdtﬂriéixUﬁ)@ﬂg?mﬂ?érplﬁ‘.{svt,hat jt is not a
. i ous_source .of uncertainty for  the gsuPhitesosectiopterm AH,;,
'ggbh&%ﬁrﬁﬁéﬂtof19ﬂ'y?'§x@'ﬁe %ot ed thatlbt hEre is an "

option to nodify the nodel by user's . determnation,
in order to introduce additional sources not.specified

i n[Q97d nolds a specifiedostui®f i addi ti opal
béotgﬁtﬁ;%% lgan (l?(fe i (r;!g\If uded in themgg?g\jrre gr P P@&W'ca' model can
Gy A oA [nadifigd Batifely . If 26¢ deed Vb uhesrtainty ¥ td MR reduced
15 compbomertsiof dhe BB es| . apdi fi ed, the nmeasurenent ’
| Spgaryied out t_?egbfaqn%eﬁﬁlg%gblfbsc%?p‘i??etherfpathematical model
/5P E8lestivaly maskechotiemutedabudmit eSS RALIGIER thINS corta
areE RSYbEREENF Fa%%agﬁ ma%eror a nunber- of tines inty
. \g@ q?_r m ned By RlgeAHmy 930 e tevedftam | pardineters for the
08, of nacesaintwtin 6fheFRAGH améimc e calcylated - .
co 8 é}rli @&nt o the defi neg mat hérr_a | cg‘i% Fbﬂﬁé?mag%a' model if user
?‘ @8{ TR, B8 19t seyious qqurbe anfeuncurtaiaty f the! fipose of the
20 m.mx?@mléhﬁdt ¥ith BeSVIEF Bat tere i gﬁ%%%gn%g I%ni;rdify the model by user's
. determination, in order to introduce additional sources not specified in the model. In

equation (2), AH.yq mgans additional sources can be included in the pérameters for
the evaluation of uncertainty.

25 [0_58] Whether or not the mathematical mode! is to be modiﬁ;ad, the
measurement is carried out to obtain the values of tﬁe input values after the
mathematical model is confirmed. The Mmeasurement can be made for a number of
times determined by the user. With the obseryable input values, the estimate c;f '

N measurand .can be caléulated acpording to the defined mathematicaj model.

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

17
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]

Printed: 12-11=2007' DES- CPAMDEP 68176d 082; ,- of
neters in relation to these

e

. Printed: 12:1408gzt ai nty. Necessary para : . '
S HogetAMBch as estimated nost Ep 057769 082,

correction ternms are propode
probabl e val ue of correction, formof probability o

density, estimated uncertainties of standard

u9é dincartainty sNecessast ipapdrRgters i Setiod et%gﬁ%gglf gonertionsterms are

f These proposed paraneters can
déﬁ?epé$$§§v ?W‘?’Saﬁ‘tgaﬁﬂﬁéfeg, mosgicprobaiple saluecaficditedtioh! Yorm of probability

1y , tively,. th
aotegrigiy, vbtrhare @%HQW% gﬁ%&ﬁé%éq‘éﬁaﬁgbﬁ@% estimated value of

proposal .can be partia

uHRATER dreadom. s Thesshpraposed pefarheteATBRA Bl olfils® s depicted in

&P, _ t he user's consi deration.
e ? {'gﬁyaféapeﬁef’ﬁ%b@ fllyrasceptedenithiout ahtsrBmer}, Atternatively, the
in "

[ Br6 P £l GARH %M procedure as depicted
F%%Ué;thgwgou?gg%"g%_n eldt‘gﬁm?hf 9 unebanged: Ihés acthird option to
fHee alet propesal By thel lise | rive at the

Lth%i nFt e expanded unce);t ai nt yl‘%‘)?gglgl%%g%ﬁozhg{ ﬁe?'s° Hiowed to delete
enpad "'ﬁé}ﬂ". CHen{emMy i nvention, a software appli cation

with 15 user-friendly graphic interface is devel oped

to execute the whole procedure. The software can be

B 10w i {Q6O3 i nAemrdmrmusﬂ-GWBF&%h@ﬁ gggﬁ%gf@i %IHEQ 1, sources of

aﬂ?‘? rt. user interface generati on.
! Pty are then evaluated faptosdiy-factoe ahe (ﬁnbw 88RBhed>tdHive at the
O -

alinfate expAriedy Ufﬁ%ﬁa@’%‘]ava' + 20[ 062] The software

application 1s pr rebly executed in a conputer
system It can also be.run on any equi pnent with
ce processor, nenory, display device and i nput
_ de{llbéii c I&GEF ef gnhagimenteef thjsiasedtior; & ts@@vﬂfeog@ﬁﬁation with
15 werdmereily graphic dMahYsh S | ite.conplicated, the Z5
sof t war e gréo]%/i des a%ééaaﬁ gﬁ‘é@#&‘?‘g&brﬁ%@eweﬂ@ecwhwp protedure. The

3R SRDRe Gvritten ine asy rceMpLter PRRFA AN - toth
UsBPBniehdEe fﬁé,@{\? idf5 °p inte Actione F@ﬂ%éﬁ‘}sﬁgg% which support
the procedute  chale e b’r BRI Sofwarer isaweittenoin Sbjegt-oriented

. langyagmasuaras G++hivisual BAsi€l Jdvgdui ring i nput,
nmodi fication and confirnmation to conti nue to the next

step. 30[064]Figure 5 is one exanple of graphic

20 inf aCeThe 8§ j ematic nodel is already _
oo and 3?@%%?’%@&3%2%%% ESHV S¥esutedgn of carsp@er system.

_ lt%rg oposed
' oI any; - i ical,, .
SHE cEuipMeIoMiEH Eertral acﬁh?ﬁ?}fﬂgg{, disiplay device

IR 8 Bpednd A sgmissadingl o el ated to

ignored". |If the user intends to renové one _
. C ctign term the correspondi ng rectangle can be
b3t

ed Sineg) tlnqz.azrocééssobuhb@@éih@naﬁﬁggkﬁ sq’cm{séa%ﬂmgli%gted, the

25 [ o the eval uation of uncer
s He egr" &m\@#ﬁ sé%hemni'ﬁ'cgr@rmhih)g damyt out ithe evaluation of
medsuremahtdncdriifg | e is accordingly capable :
of . automatic evgqyu‘gﬂe;%{%)gagm%?’%ﬂ&yﬁm interaction. For every

Steg in herpracedsre there ds biyeaishis ntairh QS pRRIdSY eSPRNZATT this step
or ?@cﬂ}fﬁng 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
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a In a third embodi ment of this invention, a systemis
. Rrinted: 12-1R8pgAed contai ni ng bot h 10 .mat hematical eval uation .
S -211§m%36p7ﬁy5| cal neasur ementPEFPBOME 6A shows an exanpl e .EP.05 789 032
of said system which is. conposed of a neasurenent R

equi pnent system 110 and a conputer programed process

c eéath awomppatriinle. mhtit _ egent ui nt

syste 11gecont ai ns sever%’bg[ﬂ ngspzﬁ’ gf%@ ?@%g'ﬂé)cge%ﬁ@quence. Each
eéﬁfi"ﬁ M\VBas # seBRspending rectanglei gg.atbacﬂtoquﬁ%,egn. If the user
. RSy r .ong _or nore equi prent used to

measur eta? ﬁ@g\é%g ﬁ? é’é ﬁ%ﬁt}'}%’? I masponding re¢tangle can be selected
Fsqthat thls colrectioha8RiA dotS HoPEE kb &el ne or nore.

e%i Flment to measure input %ﬁ%@eo&‘%%gsﬁamqnesﬁamm such
U e ¥NiEh isShqwHin @rey meaningdhatit sl alinghatened f r om

DW r eadi ngs. Accordi ngly, neasurenent equi pnent 8 can

"be any 20 measurenment equi pnent, such as a DWW a :

t her{@®5jet efrheaﬁdft\ﬁa?éarié’_”?&%rrdin%ﬂ?ép é“bgpe L?Q‘i‘?{ﬁ?ﬁf’ t9¥aluation of

incIHd,e ot her necessary equi pre
H%eliaiBhewhen itis Wﬁ&uamﬁng&q&h@@?ﬂhaﬁdﬁhﬁﬁhd&%ﬁéﬁ d above
c ve :

i : ces optrol equi pnent 6, whi recel
. é@m@iﬁ%ﬁmﬂé SHplise nvertiap, samavstam dscpme estaining both

syathema eV8 asur n ui pnents

2, 4 and 8 for aggﬁgﬁtﬁch%l ﬁr?%gg M‘t W{ﬁg&sl&jﬁan example

Ph8¥A systesh whinheis pooyesed i mehs@ﬁme‘mﬁﬁﬁiﬁﬁ'ne?ﬁ‘@x%?m 110 and a

wn

BoMpERYLF r.even sinple controlling chips t
ar epc%ggmg%‘f‘%&%@éﬁi‘ﬁ Eg&fﬁéwte[mm-The conput er
programmed process control system 1.20 consists of 30 °

i np[“% geviﬁ%elz, control device 14, eval uation device _
16,198 or I e MegguEmnentoeatiippEa spsteinc €18 GonEints WOMA! Kinds of

15 @ ’55.%@ asi r Al conput er system The 19
Af)ENpED SHEeE?pm%g%pﬁ*t%gsu%%ﬂapm towhish ing/ldes measurand 2
. OMRNSeSIOe Prmohe eqaipnient mﬂttgrmggsf;u\rgr{ﬁe QEFY itp%gﬁgg | quantity,

e 0 s includj ng physical neasurenen
és%b?’\é@utﬁ&é%ﬁ%ﬂﬁ%ﬁnﬁw eqtdement ﬁtiﬁ}clla@@oomeibedmré téﬁ]uipment {o
méasure dsput eakis. ofth : t onput er

1eTe] d oceoss, ggﬁ%@%lﬁ{ag'&??ﬂgrxﬁdi&gs?é ,arsrq'gl‘i‘f%'ﬂbf’a" be directly

- qgu ?‘rﬁq‘?‘gg@fe’bPR’LM deainger Acgardiogly, mpeasurément meRY
©. 20 micastRdmb dfihRend sARd to btainini??g'it’ ¥8%an be any
i nf or mati on a"ﬁﬁééld r?]ﬂgl Sa{@?%@ﬁ/l\m ?fﬁ?mﬂsh.amh@ barometer. Other

eaxipment 4 includesother necbes tdMer ' -
T&%Sﬂﬁéagp?ed with measur andagtr?gurdg?%r?tgﬁgggg{égﬁggrﬂa? measurement.
i C EMHucayiReRt wystem ohitht alss uirtiresneri gabess: control
eqabnent s, Mhice i nce standard, |evel of-
uncertainty Iof @%‘ﬁﬁ?ﬁ%ﬁ}%ﬁh%ﬁ GOMPSEErRrogpRemed process

cRral iy aiens 420 ot aperayes #h eh@ﬁi’éd’ﬁu?érﬁ?ﬁt’%@.ghﬂgﬂ%ngtniéoannd 8 for

) Ies equi t serial nunber o ran
25 ag{g%eap gﬁ‘h@%ﬁ'ﬂ&ﬁfgﬁnﬁﬁ ¥spIdatemation. Thewprotesseesiiop equipment 6
catl beahy eyipméR ' d nmeasur enent .
envi ronment , sucr:Bt? ézy;en?%ﬁ%éér %%’ﬁpgﬁ"%&ﬁpaﬁi#,araiqapable of process
coptrébsure. 15 [069] CPU of the conputer can work as.

eval uation device 16, which perforns the nunerical
eval uati on of uncertainty by doing statistical .

t nen As&H red data collected fromthe :

301 ;g‘%gﬂr errg-r'l]tta _eq_u? %&:@gé,@&‘aﬁaﬂec%%wmmtsy@m ck201 2onsists of
in evice d2, dentrok déGicenpd! .cal cul at e L
qidEasyrand’ ?_‘(() nost _pr oggbiéialﬁﬁ?eag\agﬁéa%sjJP%@/QF‘WE‘? 18 and

'sWaHGE'&eprce heaiole sysiear 480 is queferatsia i domipRterodystem. The

freedom Before such cal cul ation, the eval uation .
device 16 provides world acg§pt abl e mat hemati cal nodel
wi th paranmeters of sources uncertainty wth -each
source's estimation of formof probability of density
19: function and estimation of standard uncertainty, based
- on which the above AMENDERSHETTC Ul ati on of 25 38:07-2008"
uncertainty paraneters can be carried out according to™ -7 -7
| SO GUM [070] Record device 18 is the nenory of the
- conputer. The information obtained frominput device

.
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t he, ' eval uati on of uncertal nty can al so be recorded,

- te of nost robabl e val ue, esti rmted e e o
. Brinted: 12-1?‘2”0@a§|5| "ty donsity funDESSRANSY i mat ed val ue.of EP 05 769 082,

f freedom
standard uncertainty, estimation of degree o
of directly Measured value, indirectly 20 ANMENDED

SetERpUL med Br8&d¥sCEontR) & 120" Sk 0% cgpter for th
Onﬁiléf;pﬁ)rggra(%v' crep?zo can rge a%r%ﬁt or (ﬁh{i‘gh can %l e
iBp g e ihgle rmresess| includialg, phystcal méastrement and subsequent

' é\fé?uéfﬁ;tri M@Eﬂaﬁmgoifaieat} Wi the Tnohdtrement " | "

| 5 '[068] Preferably, the computer programmed process control system 120 is,

but not limited to, a computer. Accordingly, the input device 12 can be keyboard and

mouse to obfain initial information and- administrative information, The initial

information refers to the information associated with measurand and reference

standard which are input before measurement, such as nominal value of

- 10 measurand and reference standard, level of uncertamty of reference standard

provided by upper calibration laboratory. The administrative information may include

. equipment serial number of measurand -and reference standard, purchase date,

name of measurer, client name, name of data file and measurement environment,
such as temperature, humidity, air pressure.

15 ,
| [0691 CPU of the computer can work as evaluation device 16, which
performs the numerical evaluation of uncertainty by doing statistical treatment
‘based on measured data collected from the measurement equipment system 110
and input device 12. Evaluation device 16 enables user to calculate measurand's
. 20 most probable value of measured value, expanded uncertainty, coverage factor and

degree of freedom. Before such calculation, the evaluatlon device 16 provides world
acceptable mathematical model with parameters of sources of uncertamty with each
source's estimation of form of probablhty of densﬂy function and estimation of
standard uncertainty, based on which the above mentioned calculation of

‘ 25 uncertainty parameters can be carried out according to ISO-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 ‘evaluation 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 valué, indirectly

20
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| it i ded. by
. I'n addition, the basic data recor o
5&2@@ Scr&aegevi ce 18 is displayed to. user. Display devi C"e-Eﬁ
20 ol 0 epl s it ANy vl on |
dget table which is recog
?Eegcal i bration certificate conforned to | SO 17025

' i i he net hod of
ured. vallteeand berreéatiohwar e i npl enenting the 1
tsgiﬁggi nvention is run on the system graphic interface

: i d for user input 10 and.
of each step s also dispaye ce 14 is a controlling

. - devi . . h
ggp{[’ovgﬁg @C%Pdég?égﬁcég%gaéa& f%etg megitary whichndisplays the proposed

dBaematisebmodelethe iniiel mRGIEEtBCANd BAMIAILRIES YRS Sion on the

v - | uati on devrce col
5 %&e{féﬂ%&gﬁ%ﬂgﬁg ,ch’:é’g&: d%g ir%g!rél@d byl rexotd d_é%i@g gﬁ?? gllisfbgaaled to user.
Rty eval uation is c¢ ( ,

ol 2 0 A L s s v
{heeaegnizedeas Mrldn_sxéﬂbara”ﬁwdpgfet ?g{?@gﬁgﬂgﬁﬁf@ﬁ% genfopeed to ISO
'ﬁ@%%%ga'@%[ﬁgq.m)éftg\g aqﬁwgarg implefenting rtﬁéﬁnéﬁﬁoﬂoc?%@ invention Is
prof o g 1’1: r.tpe more, control devi ce 1 . _
ABVoR QP%%&% é%cé hid IRteHacs of 'sach wien i glsoedisiplaged for user input

0 gontro jopr ocess control equipnent 6 which is able

[ t to start autonmatic-
operate neasurenent equi pmen
Ergasﬁrerrent. The nunber of tinmes of neasurenment and

03, 08 8 B 5 o 5 et
coptrel and fcoatmurdcaté ﬂdgﬁgélmé ?‘Iéaargg ll}‘éeg'ntt lqrg%q sxﬁgm 110, input
SRS B o s s sm s sy s o
15 ewecutibnadf th@tsdé%rgjg%{igé‘%ﬁrﬁ]tgce?ygggybgﬁ,g%pn@qﬂg%hnmntrel device
g, e E{Qd&mﬁ_ennémdomﬁbﬁggl ARG bl 93 pronosed data
uﬁ%{ﬁgﬁé?&@%?ﬁé&%&%ﬁ? BSﬁi%ﬁlz aerendment obthegproposed parameters -

ingf5d i t by the
in 8nisenad8by corddIAfdvie fEASUr emen
rerséggrjer enent equ?lprrent system 110, 21 AI\/ENDED SHEET

Printsd 1211 05769 vg2

20 [073] - Furtheﬁnore, control device 14 controls the execution of measurement
by sending command 1o process control equipment 6 which is able td operate |
measurement equipment to start .automatic' Mmeasurement. 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 ié a special féaturé of the control device 14 that it -

25 can provide appropriate way to reduce the' level of uncertainty by reducing factor of _

unceriainty which would affect the méasurement condition or déviation of

_uncertainty. For example, the measurement equipment is controlled to be
~ connected based on a set of best practices for berfonning a particular measurement

that has been established through user's rﬁétrdlogical experience. -
30 '

[074] After'measurement by the measurement equipment System 119,

21
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s . qg.. Pri nt ed 12-11- 2007r bt -sc PAI VI DEP 65 766 : .
Printed: 12-1¢@pbtrol device 14 is respansible for collecting the _
" 7 measuted val ue and fungﬁﬁgﬂpﬂ“ﬂ@ata necessary for EP 05 769 083!
uncertainty evaluation which nmay be nodified by user. - - -= -
Uporti@igcei ving the command from control device 14,
el pYine ddvs cespbhisibiefor R g ' | ng, 1 evel of
Uﬁgrﬁe%iegiél \34 th the cal cul atgdl" %ﬁggpén@%@ﬁ%mlgp@nd fundamental
val ue, e XPaHBeRt iy e aiuation, whichenag AoIdfMed®\! user. Upon
degeieing the fdoRfAAS the. proposed mathematical
Cné(oydel [OéS]@IA pr'ﬁ]?@rﬁ?%&?%l Jg%fﬁ?gégeaVW@tpn Hevice 16 then begins
Apiating lew gofnumcbrialntg eaih Coal 1R em:120. . Wen :
S%Eaﬁﬁléber@%i nt.}(I eval uation is conp c(lelt%ei%?1 %eg‘gghé?r%?%e value,
Uncer CA RSNty AFQYEragsn fasloyend: dbbreeandl faddda "JB&;%B on the
: PﬁfﬂdSEUWétﬁerﬁaﬂcQ%dHé,m ed out through the printer .
[076] Figure 68 I's an exanple of an uncertainty budget
tabl e applicable to any neasurand. The physically
bl e, vari abl es representing each selected 15

obs

sou@?ﬁt of “eMrBrers30 in|aopneetedrwitl the @mpuRaF @ﬁ@g’@@ﬁﬁe

odHtRIN s?ét@n{ qﬁ@nw'qrého onsi&%gr ation in the mathe | 'Ca| Process
0 !g%;%l _ ré;r t he eV atal P HNcsftaimte: evaluationy js aomplated; the Generated
_ @indy ievaluation \budaat Yaasl - s are tabul ated

ti”&’“@ﬂzhl ef.t nost col grm i ngtaﬁga%ﬂ@gée@ ! ggv'gPat?h%a'\/QPL@@ted out

0 %Pﬂ?ﬁ%ppcal factors 43 of each paraneter

obtained fromthe statistical analysis, also "

collectively referred to as a 20 'unit' 45 of the

pal@#fdt er FiguseteBid ah estamws v ' dget .table
ag rmEAG R anEt er . . The a?phg\’bﬁgh%&é},ﬁ%&ﬂ@e applicable to
8m1y _nuﬁ&ii @ﬁg p?\)’ﬁica@_é'Obﬁwabbavariablemlreﬂ%séﬁﬂiﬁ& BEE selected
15 sdurcdestrérmsd 41D 4S9 (3db-04 %Qhe statistical factors

' Eval uati on Met hod Type . ' Pr §BapP3Ametessnowhigh are taken into

¢ %rP@QP n dhe msthemiatiodl theds!t i thy' evd gét?ﬁftoigv |Lita
me@BureHNSnd ARG, S dity, In the budge a |® Aginty, are
cq[*@;?] Fi %;;eb Sanmar ef’hé’%?@@&fﬁréfﬁoﬂawtew ing tH eftmost

Juine e tbualget tabler tEHe W4 LRY A, L O 1 system
o wiLRKOLE Hhe Pefiflichl il opt each

sent. i nventi on. Wien t
pé?ém%ﬂat‘? &ﬁ '“?ﬁefﬂﬂ’g dheisiatistigal analysis, alspudolleBfveiy rdfbthd to as a
0

oper ati ofi,
20 ‘uiitis4® df nther pariahidtend - ' uch information t
b a‘fﬁﬁ% {gr'] l@et oTﬂ?e t;r%i? sttégglfa&%n(g TWIB8 IBnthenbudgetatable 36r each
at’@® alphebetenx, yreritezaré dam | GHBLe o
de@éﬂﬁhgrﬁd"g@#ﬁ?q Hﬁgr i-ﬁ?{% e>éFeri é‘f}%éﬁh}%ri\ﬁ%ft ?lg‘u%ayand statlstuca]
Ty;{g '?l . ag;j& lcaaa' rlﬂ‘é s g4 g@ ﬂf@ﬁsmrfﬂtibtg& ‘1E§/ali1ation Method
[%m H v - . rf Nt e ., -
t - 5007 % S sity\FaNeldA" S 'standard” LJncertamty’, respectively, for .
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 syétem is
ready for operation, the user js required to input the initial basic information and
confirm s_uch_ information to continue to the next step. Fo.r differe'nf meésurand
30 there are different mathematical models which are predefined by long perioc;

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

22
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-~ . __ EitscF3AMDEP-05769 -082-, nodel is displayed in
Printed: 12-13S5gy>dance to the neasurand. User may choose to nodify
Frined: 12 @%e-n?gt hemati cal nodel RERGPAMDeasur enent conditi on. EP05'789 082"

Then the measurenent equi pnments are executed to Coe e ST

measure the observabl e val ues ‘of neasurand and

' glasgled ivcdispig iar nt _equipnents can be
control | ezmt%él{jak%cgpaaag'&gg%ﬁ%@ggwﬁngfu d9ay eheone toymodify the
nﬁé‘“‘?’@ﬂ'ﬂﬁ%dﬂ@%t%ﬁ%dobnumeasuremy-cani?i%]w’.Af'l*h%h the measurement

neasur and and reference

NEQSPARFRN b/ %g?gftﬁég{) NRASWesthenphsasvable tvaluesi ot mesurand and

standard are o

cReierence cstandardo e nlsuifight BlinindiBs Stheoe! Berolied 1o take

S%JI‘CGS sel ected by user.
SHREEPTRIR WaY of sugasssernentliy mostredaced Fadkg P BfCeint)"®
system and then considers the way of execution o0 )
eval uati on of uncertainty source by source with or

wi t 1{678] Comﬁmﬁéu@méﬁ%{lﬁgﬁf glﬁ%éuyagfgjert :fe%‘g);gp; hs?apdard are

ources of uncertainty's _
ac?flnééﬁrces of uncertainty

%]

whol.e

gg?qu@ pHieas¥atemsbegine the uaimericaploviRaabh
r e, ,the paraneters are fina

v ?Pﬁetgégﬁaﬁtpqgeﬁ?l?‘?q%gyéﬁeédt fiestly sloosidetetHehselection of sources -

con

10 nfimaceérth t.aj aranpeters
g%g é??cl? rg gwrpgb?%%;éhﬁmgyr%i%@t%‘f%nfﬁ%w e Wey df etxecution of
b‘éi?@rfat sourck byhso ur.ce :
b Sh&sh nge‘fh hoose to ygr&i‘ ?ﬁ;ﬁ?ﬁgﬁt ?Pg‘%s‘?faérh'?’ﬁ&f sach source
i ved T&su] %&’?ﬁd Spcrs of hiaceriaiot selected hydgsir wellh e called

derive
eaTameAbisitoe et o1 Shegieiiliale Nt or g o
ﬂ'(g,%t"erngt'onal standard. 20 % nt%'%rotﬁ?trﬂo%b@&i%ﬁmefers are
¥ hEOHIBGEn@ndn fieen i toansferredeto farufatst Y f&{meqca, values  of
al ua :

ertainty ev Ion

15 umceramh Reasy nt C
is pm* ggq_ E‘iagur G @ﬁ gﬁ&%ﬁ%ﬂ@cﬁ@%ﬁg uneedaingnewdget table
¥ peRe@brk withdhe iparametenp of ehcls 2bMRS l%?e&.rl?%egoﬁ%ﬁgose to verify

system cont al ni

PHO d.porogcess contr ol .
ap&é@?n@oﬁ%r%é’?’?ﬂi PRSyitE vand sprind nthePlumtertsiftye Bughet table and
cglihratiem corifieateavhitife ERELLRTROL 25 bal ance '
t abl e toget her formthg&?gnparg}@%rf'%ﬁ'or@iﬁﬁﬁ'ﬂ?ﬁb t he
wei ght - at the two bal ance tables. Voltage anplifier, '

r. work together as a '

20 V-jo nv et - MELLE
joTeg i fourtt omBORHT 2F e brasen InVERton, espediftmsystem for

bal anci ng devi ce

ayematienmess measuramant %nﬂabh&%%ﬁg@?g%gppq?flic%gjgfﬁgure 8
g I

Vi Cce a

. arat or and bal anci n
s Sfper%ﬁ M (pREsHremet framewark weesainya aMbIE? Yefves as the

measu

cdnoputehe AR ( ase check if the above
programiied %%35 l@@@iaﬂ?@ﬂui%ﬁﬂw@gaﬁm program for

expl anation is corre

u . . . i
25'quﬁ au%%yam-en. ﬁhowﬂetﬁ&é}@%@hterrlf‘éﬁﬁ@@@blge éncﬂj trneasurement
a?éi*ﬁ;lé_ together form the Comparator for comparing the weight at the two

balance tables. Voltage amplifier, V-1 converter, I-F cohverter work togethér as a
balancing device for automatic controlling the balance _betwéen counter balance
tz?ble and measurement balance table. Comparator and balancing device are not
direct measurement equipments, but are necessary eq"uipments for the
30 measuremen‘t_. (Please check if the above explanation is correct) Necessary

equipments also inclu_de counter weight exchanger, reference weight exéhanger
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23 AMENDED SHEET "Printed: 12-1.1-2007 .G ESCPA
AT P08 769 0821 and unknown wei ght exchanger, o |
- Printed: 12-1] %iin calibrat ed counDESQRAMEL s, cal i brat ed EP'05 769 082"
- reference wei ghts and unknown wei ghts are | ocated
before the neasurenent starts. DMW'is usedl)to nmeasur e
t
Lﬁpféﬁ?}mm Wd'%hé‘ &n"z’gg 5 Wﬁ%"%erg(&?%bﬁ'g{%a gog ténsr V\éelghts calibrated
t FferasPeveights mndpnioews wmgi'ats @re mtméro@ﬂha%éédiﬁemem starts.

t and conputer, are parts
oPMEE BRIl Rkt VRS dnapiecipsa. ine fegtmek gecirc curert .
(05,0 n a_coun
el bt m&asﬂﬁﬂ‘eﬁ"ﬁsﬁﬁ?@%ﬁh@é danefbrBler B Ry eRisthtrol system
5r gqrinesting heiivgen easurantbr sqmgmefﬁe{ae{aﬁ@oﬂqg%mzu @é parts of the
ls to be _noted tha e no
ﬁ%@rﬁp%mﬂe displayedn Eiaure®osen to be the sane.
In the first step, a main reference weight is put on
t he nmeasurenent bal ance table, and a counter weight

wi t HOBAE sdnerderto madasune uakhown Weight M@ %ﬁ&elght Mc and two

| i s obtained bet
Sf%tﬁ?nc‘?e tveekilglgtpaﬁe %@BEEW refe@emmammemf lmidaaca;b-reference

1 escri ped
IOtWél?ﬁt m@ér{ékﬁéle% ?ﬁ%ﬁ?%ﬁg‘?&e Snérﬁmpgg%%% pr R/l Mc nd Mt are
&hegenito baitheesamends the fivstr Step af MEINOFofe @R W&éhf B put on the

df rea
\ﬁ%%%c keﬂgbﬂelgbéé S@@%L&%}é, %%?érgsggh{ 3!2;1 tties sbﬂleammﬂlnal value is
to&b|0€h tHd) countér%dlar%é“téﬂél .S btaléﬁg §n8§f e engem\é\ée% the counter

d to the neasure _
grgla@ﬁlgzag@ Q?ﬂjhth%measur@emtIHthaMé Thehethe Bdiddcel situation is

wherein Icj is feedback electric-
15 gﬁ??"ebn%{ﬂ 0 tal ned from DVWM readi ng when both Mef 25
and nref are put on theA,ngqucc_e(kt,gglmfe @)

wherein k/g is feedback electric current-mass conversion factor, and |, is feedback
electric current obtained from DMM reading when the main reference weight is -put
on the balance table.
20 '
[081] Similarly, the sub reference weight my is added to the measurement
balance table, and balanced situation is described as '

M,ef+m,9.=M +(k/2)_, ' (4)

wherem lca is feedback electric current obtained from DMM reading when both Mres
25 and Myt are put on the balance table.

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

Since Myef, I and I are observable values, k/g can be obtained from’ equation (5)
30 accordingly.
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i i ' | | owi ng
Combi ng equation (3) and (4), the fo _
[_8.2] | a cangbeqobt ained k I g = nre. /(141 - _I re) (5) o
i%?@g'mef | ca' "and Ir:Qf_ES@Ef\M%ervabl e vg! uels, k{zg EP05769 082’
be obtai ned fromequation (5) 30 accordingly. K
XI?/ENDED SHEET .. Printed 12-11- .2007. -DESSEQI\]/(E))\.M_. _
gt anto L e taatl cve: PhE ERebin: et 4o "Re” measurement
' 0 e nea _ & "
\gﬁ%'ggé?)%-ﬂ'@wrmen@ngmatame sittatitasRIddiefbabadk =M
+(k1g)I x (6) wherein Ix is feed/back el ectrl.c
current obtained from red‘ét'hg‘ \@&n unknown 5(6)
e neasurenent bal ance tabl e.

; . X
\[Mg’é%& !ﬁsat? E%Fd)%g’ﬁ §Gim curent qlgzingd frara\DMM readirg, when unknown
' i he model = O + (l¢
Tt Fe oM A ot B B0, ot o he, M e

/'g can be cal cul ated, the value of
are observabl e and k/g 585 ot o () %

t gi,ned accordi ngly.
{Vﬁe?@]ﬂg :n.&%p%iniﬁg@guaﬁ@] (3aks) andtayioe mestdel, unknown weight can be
obtained by the model|

- Printed: 12-1

M, =[l+k/g)I. ~1.)IM M, N
10 Since Iy, lret, M, M. are observable and k/g can be calculated, the value of My can _
be obtained accord ingly.

' [085] Equation (7) is the fundamental model for mass measuremenf'
according to the equipment settings in Figure 8. In evaluation of measurement
15 uncertainty, many factors which would contribute fo the uncertainty of the
measurand need to be considered. According to long-term experience, the présent '
invention provides the mathematical formula for uncertainty evaluation which
includes possible sources of uncertainty as follows:

Mx=[1+{(k/g)o'*'A(k/__g)r}{(lx" rer)r T AW, 9 18 +Alm}/Mc]Mrg'+_AMbm (8) _
20 wherein |
(k/g), =m, I, ~ ref)o.

[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 My are considered and included into the final mathematical model.

-[087]  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 a’ccording to the procedure in
30 Figure 7. '
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according to the equi pnment settings in Figure 8. In
eval uati on of neasurenent 15 uncertainty, many factors
whi ch woul d contribute to the uncertainty of the
measur and need to be considered. According to

| ong-term experience, the present invention provides
the mat hematical fornmula for uncertainty eval uation

- Clai@s ch i ncl udes possibl e sources of uncertainty as

1.

fol | ows: [ 1+ {(k/g)0+6, (klg)r}hAl 07+.6, (/x

TP LB el W s o

i n tHESYPHHE 'P%qustegir%%cbmetb@n ¢quﬂS!nsF| gure 9. As
we can see, all the factors that could affect the

,“22?%15%8 tSX 895 nUlFW?ﬁP Y ?Pg?cﬁaé%gmﬂba Ieéﬁsagg gfs Il)dtﬁé ?n%agur;gment of at
[ 08 T8aA erer pityhleallacnbseprvabm quentitpf (i} the medshemabti afad ref@elRk value of a
f or ref&8fccRAS! LRAEI the n%a%la%erﬂgpﬂhx viild & tM%SHIJaHd'St ep

3 of Figure 7. The eval uation process 1s
as what has been expl ai ned according to the procedure

i n 3@vidingameathematial MblENEEeiBitieeasurand ls@x&bigéd las Q\functlon of (i) said

met certainty. associate vm
val E@g%s?%ngﬁ@%% 0%9 r\l"é)rel ‘i'/“é"a“*Y r%r% aiigg&ﬂﬂg ¥ "b’?bsﬁ”’ab'e quantity
devPRIRO afaeirted wifh : at lgast @nereeuresdofamngrtaingy Indhe medseicdmentof the device
Soutdes tesf ardnee h’é@éufﬁn}énﬁ&ﬁﬁ& tetdritde Welibe, 3hd kuf A trefBfaRceNalue in the
(|)mhgg asur ement of at |east one physically

obser vab e quantlty, (ii) the neasurenent of a

reference value of a reference device, and (iii) the
rreas‘umﬂﬁmﬂwe efferbit® viiat bah&ferdrélRe @Eﬁ&%@ﬁ% vaREQY ihdinds d;ﬁand of the
nat&gng%h 2 deeI wherein the nmeasurand 1S express _

as a runc 3ﬁ 'of (i) said at |east one physically
observabl e quantity, said at |east one physically
obsmeasabhihel it drkyid REkAY oﬁéﬁ%b% 86seWabR q?gntihﬁglip‘ one
source of uncertainty in the measurenment of theé device

under test and the nmeasurenent of the reference
devietesminingdat(Igds) ontancesthintyeyahe gmbifendtion bheaid et Gaenee physically

‘devdbsenvabldRantty @ shil thatRERICN M8 A HeRPf the

ref erence device and the value of ‘the nmeasurand of the
devi ce under test, measuring the value of said at
| easgid rﬁﬁéerpaiyglymdleya@bsmo wedolet tipiatri¢ast yne sworte of uncertainty and the

detrefersnBé Muedds tHeSaelen@\@evidBcert ai nty val ue as a
function of said at |east one physically observabl e

quantity from said mat hemati cal nodel, wherein
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 uncertaiﬁty
is characterized by a physically observable variable.

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

11.

12.

13.

14.

said mat hematically nodel takes into account the at
| east one source of uncertainty and the reference
val ue of the reference device. 2. A nethod of claiml,

‘wherein the sources of uncertainty are selected froma

database speci fyi ng possi bl e sources of uncertainty.
’%\met%oé)f??f cég m 2, wherein the selectionis

det &Y MO F2iTh % B8 FCEEN% ARimbRgea GPrackien tetw fremthe PhYSIca"y

of @heasYablgivatiaple, and medifeing the oratrentaticahmodil Bhindidae said correction term.

neasurenent of the device under test is carried out.

of one of clainms 2 to 3, wherein each
of (R 6P SBBERGEE) el el & PTapiandam comprses evaluaing a
C halvaicet efrat leesd 0bgfstatlspdfay&btoadaslsycm&ﬂel[mﬂ@brﬁ/s‘&@lﬁ/|oB§é|r\%ble5/anable
t he

A method of claim4, further conprising neasuring t
phyS|caIIy observabl e vari abl e characterizing each

sel GEIHPISHEURRE Wherein derstatiplienlfactords sefectedthmd of cl ai m
5, further conpr|5|ng determ ning a correction term

I
e e T o A (e R S
t er Probapilitydensityiendtiant stehdardurertaiiiy ared astisated degree of freedom.

- deternination of -a correction term conprises

eva QPQ%fa valu Qf at | east one statistical faétor
ass 8] Wytcﬁ‘et" gaips P Batigreip fedpeasementf eadhl of thegat least one

A nmitybioally obseniahlemuantityib mpeited fohe peti@bintiddGambéraslimgs. | S

selected from covariance, type of evaluation, nost

prdgable val ue, probability density function, half
i ot Melipd B 3w 2ne PT ¢3ime|d ia Prwherqimibeiuser, selepta tigesodroes of uncertainty of

uncsaid raeastand tddetsginingBh e phraleg e GorQhe EVaRRGHRF uﬁbemﬁﬁw%ésed on the
of,ﬁgmﬁgggm odgl @ims 1 to 8, wherein the neasurenent
t

of eac e at | east one physically observabl e
quantity is repeated for a predeterm ned number of

t i nfemethdd)of chimet o, Wheréin YheQt @ asfone |uﬂ<'>é'rrt§|nt]y vhfe % selected From type
m%rf%bgfu:}t be &%%Bm@g; ﬁ&t&%u%ctlgr{ ﬁg\lile:gggreesfﬁgtfwe ?%%?lg&ya%ogglments effective

sai d nmeasuran
ev AeH8ET Biregfomardeaxpandsae ynisgsied: on t he mat henati cal

nodel . 11. A nethpd of clains 1 to 10, wherein the at
| eaSloniRr HQEI%F%Q%H%X faf'%agceutwlwq Sr’x}eeh% ?gﬁgelr'tglggyéw%{ l%n,of];r carrying

eval uati on
f aCHbAnY oB@ P ?W?W?@°%$@ﬁ$i61@nts effective degrees of

freedon1and expanded uncertalnty 12. A conputer
t I executln t hod of uncert ai nt
evag gr{% IJFIH’I cgn aml computgr program element of claim 12 for %xecutmg a

method of uncertamty evaluatlon

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.

out any one of the nethod of clains 1 to 11. 13. A

st orage nedi um contai ni ng a conputer program el enent
of claim 12 for executing a nethod of uncertainty

eval uation. 14. A system for evaluating uncertainty in
t he neasurenent of a physically observable quantity in
a device under test, conprising neasuring equi pnent
(110¥ FBP" A COMPHITHPragPRMEr BIPEESS pRRiLnitpemprisiig t he
measur and and neasurenents of reference standard of
eacmnqﬁpu%evlcg@% one physically observable quantity;
process control 'unit (6) for controlling said
nmeasuri ng equi pnent; a conputer progranmed process
contarhtrall devicef(os), eval uati ng uncertai nty (120)

associ ated with the value of the nmeasurand derived
from neasurenments of the device under test, said
evaladagordsevise (18Yfobreserding measunamtdnedaid aresihputats)

conpri sing sources of uncertainty selected by a user,

said co ter ogr.ammed process control unit
con%FP gﬁéaﬁﬁ(ﬁﬁﬁ%F devi ce (12), a control device
(14), a record device (18) for recordi ng measurenent
dat@n@ﬂﬂmh&ﬂﬂkmgg% , a display device (20), and an
eval-uation devic ?16).'15. A system of claim13 or
14, wherein the level of uncertainty:-is reduced by

CONAewystemgof NS UIBedrert, vawtiindteNbvel b4 Dhceangds %Hu@%q‘: 69 connecting
e

of ti of,.Rerfaorm ng the neasurenent _
Gy PR MRE ehfRed bR Tt o BT drashoss) ot erorming tn
13 Mgaspemephibe devipetungerdsshl uat i on of each source of :

uncertainty is carried out after the process contro

equyj ' ). LecejVv .conmand fromthe control _
dev}\ g)é i cz‘rf;'éqg%ms% % é:laér%s n%utf’gs \ﬁ}eéeér} Qﬁ.ﬁ%ﬂu%lprbefe?gh AR Qh uncertainty
uni 't caTiogput after the rgeasa prifol gaiproent uoit (&) raceies E3cdnand from the

16, contnéi ldevidt (34 ol the @BR Biiter préYrerh 8HBELsP E&ﬁr%lslﬁnitg%é. rol
unit (120) conprises a conputer program el enment for

executing a nmethod for uncertainty eval uation.
A system of any one of claims 13 to 16, wherein said computer programmed process control

unit (120) comprises a computer program element for executing a method for uncertainty
evaluation. '

A system of claim 17, wherein said computer program element 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.

18. A systemof claim 17, wherein said conputer
program el enment conprises a graphical user interface

(GQUI) that is displayed in said display device (20).

19. A systemof any one of clains 14 to 18, wherein

the control device (14) controls the neasuring

equkgnent éllo through the process control equi pnent

uni t PBIM SE'aiNn2 yoprein sgId at leastipnea statistiedl fastor inclafesscogariance, type of
to @g:;aﬂmgmm ptohable eie; probatii Mnsi(yéféﬂcti&@, rhbllr md&uddf BRbability density
i NPUA - spl ay device

(20) aﬁg btgsdzflg d&ﬁcie%{ﬁ%%{/dljeg grﬁ%t%%%g%el%ﬁrig&sog’gt em of any

one of clains 14 to 20, wherein said eval uation device

( 16)A systemiogsnyaine of E1&ms e¥ &l 22akhedéin 9did VY6 c;.‘qé@itcéh’fm?*urther evaluates
5 _

Ieaé&uggfe§%@ghgtical factor associated wt

physi ca bservable unit. 22. A systemof claim 21,
wherein said at | east one statistical factor includes

COVAYAEE of clhidiP3, 8fid BYAlHET Ebri i | | ; ;
or obxa%i c% idt' %% P@} h f unca?%%%ﬁlgﬁ?%%\ﬁe%ﬂp%? p.ﬁfbglﬁllty Sensnty function,
pr oBaBI1 tQ/AC p Pévefq?ﬁé?qt%'nﬁta@?@nldﬁﬁ@'ﬂm@é’?sﬁtui%@%ﬁfﬁahdt effective
est flegraeed fremigme endofiost prebatdewani23. A systemof . any one

of clains 14 to 22, wherein said evaluation device

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

syst St OfaUPRs 9fFlanen i itoddanhrigin spid computéroraggammed process control
det @ritrl 20) B@orneped kedprintitiy/dedRB $d0Y Jor bR theRalibtBRBGRflate. '
uncertainty, coverage factor, standard uncertainty;
sensitivity coefficient, effective degree of freedom

and® R pirasy 2B¢ & gaimpd4 to25, whersirsthe meesuriag yquinmeeno {110) comprises
cl aneahs Ik alemdting thé BleBdufenfeht 6F FREHRMLrEdist O 9F Q%%tunﬂer test and of

pr Lol unit (120) is connected to a printing

'de\%f: %%%f %gggl%t%rpr%'ﬁmﬁﬁ rﬁér‘%”ﬁeeva&‘ﬁ'i bration certificate.

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

t hes sRasbf Bigine asli BRI tr(elﬂagﬁnscfamﬁt'oﬁlg%gnﬁ@r}t?eafsng%mgntoc%f electrical

t | t t_qf e]ect I St
au rggmdcggofd%?e{,reasuc[ec;:ggsgfang ast%EfﬁE%{“ cal’ resistanc

a devi ce un est"Eh fl o574} BPYfing a reference value
pr SOTBISTY: a reference value. 27. A system of claim 26,
wherein the nmeans for automating the neasurenent of

el .cal ' nce of a.device under test and a

st%ﬁﬁék Fgéﬁéi%%aﬁﬁn @%F%ﬁmémpgﬁﬁ%ence val ue

conprising: a first connector for connecting the

deiseeond idbleecloE®E connéctif @ he Rlere MY MRGEOanfOr connect i ng

the reference device, and a digital multineter capable

of measuring electrical resistance.
a digital multimeter capable of measuring electrical resistance.
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