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Why is important this group?

Because provides support to the other
SIM Working Groups in all matters that
relate to statistical modeling, statistical
data analysis, and uncertainty evaluation,
including  for  proficiency  testing,
interlaboratory studies and key
comparisons.

‘UNCERTAINTY

Who is the chair?

Antonio Possolo (antonio.possolo@nist.gov)



mailto:antonio.possolo@nist.gov

Measurement
Uncertainty



What is Mesurement? What is Mesurement uncertainty?

A measured value is an estimate of the Measurement uncertainty is the doubt

true value of a property, which may be about the true value of the measurand

quantitative or qualitative. that remains after making a
measurement

Measured value

4= Measurement =

uncertainty



Probability
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Probability
distributions



Probability distributions

Geometric
probability
distribution

Binomial probability
distribution

Discrete probability
distribution

Hipergeometric
probability
distribution

Poisson probability
distribution

In Statistics, the probability distribution
gives the possibility of each outcome of
a random experiment or event.

Uniform Normal
probability probability
distribution distribution

Continuous
probability
distribution

Triangular
probability
distribution

T probability
distribution



Probability distributions
Uniform probability distribution
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Probability distributions
Normal probability distribution
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Estimation theory

Inferential statistics



Inferential statistics
What does inferential statistic look for?

Help you come to conclusions and
make predictions based on your data.

Population

Sample selection

N
7

P
<

Inferential statistics




Inferential statistics Estimator Estimate to Parameter
Parameters estimation

X Estimate to
When we have unknown parameters of _ K
one or several populations, we can 52 Estimate to o ?
estimate it using observed data. p Estimate to T
The estimate can be: X1 —X; Estimate to H1— K2

P,—P, Estimate to Ty — T,

a) Point estimate: This estimation is a - :

X, Estimate to Ha

single value estimate of a parameter.
(So, it's a number)



Inferential statistics
Parameters estimation

b) Interval estimate: It gives you a
range of values where the parameter is
expected to lie.

Measured value

4= Measurement =p

uncertainty




Inferential statistics
Parameters estimation

Estimation of intervals from a normal
distribution

* For a population mean (u)
When o?is known:

IC(u) = [X + Z1-a/2y0%]

Z1-a/2) Itis the quantile of the Standard
Normal Distribution with probability level

(1 —a/2).In R Studio software, the
function that you can used is z.test of the
package BSDA.

Craautiled 85 i

Cruan sl &L

Cruaasilel, 79

When o¢?is unknown:

IC(n) = [X + t(l—a/z,n—l)S)?]

t(1-a/2n-1) ILis the quantile of the T-
distribution with probability level (1 — a/2)
and n-1 degrees of freedom. En R se puede
usar la funcidn t.test.



Measurand



Measurand

Quantity intended to be measured

-

temperature

\

{
?

P

NOTE

The measurement might change the
phenomenon, body, or substance such
that the quantity being measured may
differ from the measurand. In this case
adequate correction is necessary.

Examples:

Vapor pressure of a given sample of water
at20°C.

The length of a steel rod in equilibrium
with the ambient temperature of 23 °C.



Measurement Model



h(Y,X1, X, Xn) =0

Measurement model

Mathematical relation among all Y=1(X1, X5, Xn)
quantities known to be involved in a

measurement.

Input quantities

Process of experimentally obtaining one or more
quantity values that can reasonably be attributed
to a quantity




Measurement error
and uncertainty



Measurement error

Measured quantity value minus a reference quantity value.

Measurement error = Equipment indication — Indication or value of the measurement standard




Measurement uncertainty

Non-negative parameter characterizing the dispersion of the quantity values being
attributed to a measurand, based on the information used.

p=3r =25 p= [T oekar padFor ps 3T ox
|=— 585 —=]
|= 95% -
| 99.7% |

7,90 7,93 7,96
mm mm mm



Measurement uncertainty

Type A evaluation of

measurement uncertainty

¥

Evaluation of a component of
measurement  uncertainty by a
statistical analysis of measured
quantity values obtained under
defined measurement conditions.

Type B evaluation of

measurement
uncertainty

Evaluation of a component of
measurement uncertainty determined
by means other than a Type A
evaluation of measurement
uncertainty.

associated with authoritative published quantity
values;

associated with the quantity value of a certified
reference material;

obtained from a calibration certificate;

about drift;

obtained from the accuracy class of a verified
measuring instrument;

obtained from limits deduced through personal
experience.




Tools for determination
sources of uncertainty



Diagram of Ishikagua

It is a visual tool that has a graphic format. It is typically used to identify possible causes
of a specific problem.

Due to the measurement
standard certificate

L= I_v + 8cert + Ores + Oar

Due to the resolution of the
measurement standard

Due to repeatability,

Measurement
uncertainty

Due to the variation of
temperature with
respect to the reference
temperatur,

Material

Enviorenment

Meassurement




Estimation of
measurement
uncertainty



Standard measurement uncertainty

Measurement uncertainty expressed as a standard deviation

Measurement model:

Imput quantities

L= I_v + 5cert + 6res + 6AT

Estimation or expected value

Estimation or espected value

Coefficient of expansion a (1/°C) = 1,20E-05
Reference temperature(°C) 20
Measurement temperature(°C) 23
Vernier Resolution(mm) 0,01
Correction by certificate(mm) 0,01

Ucert (mm) 0,01

Standard measurement

(mm) uncertainty“u” (mm)
Repeatability I, 7,92 \/% % =0,011
520 s
Dus to the resourionof he : = oo
Due to temperature variation Sar 0 &ZT” =1,65x107*




Sensitivity coefficients L=1,+ 8.ort + Ores + Oar

Describe how the output estimate y varies with changes in the values of the input
estimates.

If this change is generated by the standard uncertainty of the estimate xi , the
corresponding variation in y is:

(82 ulx) w2() =3 [eu(x) 2 =342 ()

o Estimation or Estimation or Sensivity Standard measurement
Imput quantities g PR
espected value espected value (mm) coefficients uncertainty“u” (mm)
R bili I, 7,92 oL _
epeatability I, ) oL 1 urep = \/_ =0,011
. . e 0,013
Due to the calibration certificate oL ucert =—= mm
of the measuring standard Ocert 0,01 00oore 1 2 2
g cert =0,0065
Due to the resolution of the oL res
= =——==10,003
measurement standard Ores 0 08res 1 AN
L oL AT,
Due to temperature variation Oar 0 ErS = ulAT = v 1,65x107*
AT




Combined standard measurement uncertainty

Standard measurement uncertainty that is obtained using the individual standard
measurement uncertainties associated with the input quantities in a measurement
model.

o Estimation or Estimation or Sensivity Standard measurement
Imput quantities o PR
espected value espected value (mm) coefficients uncertainty“u” (mm)
= aL T2
Repeatability I, 7,92 =1 urep = 1 |Gk =0,011
al, Vn n—1 ’
. . o U 0,013
Due to the calibration certificate JL ucert = — = mm
of the measuring standard Ocert 0,01 08oere . 2 2
g cert =0,0065
Due to the resolution of the oL res
= =——=10,003
measurement standard Ores 0 08yes ! PN
L oL AT,
Due to temperature variation Oar 0 —=1 uAT = L 1,65x10~*
06ar V3

ucomb = \/urep? + ucert? + ures? + uAT?



Expanded standard measurement uncertainty

Expanded uncertainty product of a combined standard measurement uncertainty and a
factor larger than the number one.

o Estimation or Estimation or Sensivity
Imput quantities

Standard measurement

espected value espected value (mm) coefficients uncertainty“u” (mm)
_ oL T2
Repeatability I, 7,92 —=1 urep = R (D)) = 0011
aIv \/ﬁ n—1 !
Due to the calibration certificate oL U 0,013mm
of the measuring standard Ocert 0.01 3 ucert =5 =————=00065
Due to the resolution of the oL res
- =——=10,003
measurement standard Ores 0 06,65 1 AW
L oL AT,
Due to temperature variation Oar 0 =1 ulAT = il 1,65x107*
00T V3

ucomb = \/urep? + ucert? + ures? + uAT? = 0.013 mm

Uexp = k X ucomb k =2 for a 95% of confidence interval



Measurement Uncertainty Budget

It is an itemized table of components that contribute to the uncertainty in measurement results.
Which has the greatest contribution of uncertainty?

. Estimation or Sensivity Standard measurement o e o
LGRS espected value coefficients uncertainty“u” (mm) Sl
- - oL —1)2 urep?
Repeatability I, —=1 urep = RN (Uil 0,011 _pz x 100 = 71.6
al, Vi n—-1 ucomb
Due to the calibration certificate s oL 1 U _0013mm _ 0.006 5 ucert? B
of the measuring standard cert 08ore ucert =5 =——>—=0, ncompz < 100 =250
Due to the resolution of the aL res ures?
= ures = ——== 0,003 = _
measurement standard Ores 06,05 1 23 acomb? * 100=5.3
o oL aATI, UAT?
Due to temperature variation 6, =1 ulT = Y =1,65x10"* ——=Xx 100 = 0.0
P ar 06T V3 ucomb?

ucomb = \/urep? + ucert? + ures? + uAT? = 0.013 mm

Uexp = k X ucomb k =2 for a 95% of confidence interval



Example level 2

The measurement model for the resistance of an element of an electrical circuitis: R = (V /1) cos(g)
The estimates and standard uncertainties of the input quantities are:

QUANTITY x u(x)
4.9990V
' 126610 0.0095 x = x cos(1.04446) = 127.73 Q
1 19.6610 x 1072 A 0.0095 x 1073 A (19_ 6610F — 3> cos( )
P 1.044 46 rad 0.00075 rad

o SE L Estimation or Standard measurement
Imput quantities espected

Sensivity coefficients

espected value uncertainty“u” (mm)

value
Voltage |4 4.9990V 3_5 = COSI(Q)) = 255541 uy = 0.0032V
OR %4
Current I 19.6610E-3 A i (1—2) X cos(@) = —6496.73 V/A? u; = 0.0095F —3 A
OR 14
Angle (0] 1.044 46 rad BT = —TSETL(®) =-21985V/A ug = 0.00075 rad




Example level 2

Estimation or SEIC R
o o o measurement et e G
Imput quantities es‘?;ﬁt:d Sensivity coefficients uncertainty“u” Contribution in %
(mm)
2
Voltage v OR _ 5@ _ 55554 uy = 00032V (57) xwrer’
ov 1 7 v S — X100 =177
2
R 4 (0_R) % 2
== — 2 — _ ucert
Current I 3l <12) % cos(@) 6496.73V /A u; = 0.0095E -3 A alucombz %100 = 10.0
2
OR 4 (O_R) x ures?
= =— = 0.00075 rad
Angle ¢ 3 7 sen(@) = ~219.85V/4 Up ra —aQLcome x 100 = 72.1
2 2 2
b oR z oR Z + oR 2=0.19Q
ucomp = - | Uy + = Uy — | Uu = V.
oV ol op) °

Uexp = k X ucomb k = 2 for a 95% of confidence interval




What happens if there is correlation between variables?

When the input quantities are correlated, the appropriate expression for the combined
variance uc?(y) associated with the measurement result is:

g q 5 g
u; (}r) ZZ——H(II, I Z{ }u (x}+22 Z _F(I” _r}

i=] _{II i=l i=l j=i+l g

uf (¥) = icfuz{:t‘.} +EE iﬂfﬂju{xf}u{xj}r{xfixj}

i=l i=l j=i+l

e Py of vk QAT per etk e



Example level 2

The measurement model for the resistance of an element of an electrical circuitis: R=(V /I)cos(¢ )
The estimates and standard uncertainties of the input quantities and the correlations
between them, are listed in the following table:

QUANTITY x u(x) 19990V (1.04446) = 127.73 Q

= X cos(1. = .
19.6610F — 3

v 49900V 0.0032V

1 19.6610 x 107°A  0.0095 x 107 A .0 =2 x B OB oy xuy x (V. 1) = 00036 @

P 1.044 46 rad 0.00075 rad aRaV aRaI

r{V,I}=—ﬂ.3& T{V,¢]=u.3'ﬁ F{I,¢}=—G.ES C(V,Q)) =2 XWX%XU,VXU.Q XT(V,@) = —-0.0232 Q

c(I1,0) =2 XZ—I;XZ—;Xu, Xug Xr(l,9) =-0.0132Q

o e Estimation or Standard measurement
Imput quantities espected

Sensivity coefficients

espected value uncertainty“u” (mm)

value
Voltage v 4.9990 V g_ﬁ - C"SI(Q’) — 2555 4-1 wy = 0.0032V
dR 1%
Current I 19.6610E-3 A ==~ |7z)* cos(@) = —6496.73 V/A? u; = 0.0095E —3 A4
dR v
Angle (o} 1.044 46 rad 30 = _TSen(m =-219.85V/A ug = 0.00075 rad




Example level 2

Imput T Standard measurement uncertainty“u”
put or espected Sensivity coefficients y Contribution in %
quantities (mm)
value
dR  cos(0) (aR)Z X urep?
Voltage |4 — = = -1 =0.0032V v
g = —=25554 uy VL 100 = 1365
ucomb
oR Vv R\ 2
(L o 2
Current 1 al (12> x cos(9) u; = 0.0095E — 3 A (61) T 00— 778
= —6496.73 V /A2 ucomb? oo
2
RV a_R) 2
Angle —=—c =-219. =0.00075 rad ( xures
g [0] 20 7 sen(®) 219.85V/A Ug ra o0 % 100 = 555.2
ucomb?
2c¢(V,I) + 2¢(V,®) + 2¢(I, )
Correlation 0 - 2¢(V, D+ 2c(V,0) + 2¢(1,0) = —0.033 ucomb?
= —669.5

OR\’ R\’ oR\’
ucomb = ETa uy? + 37 uz + 30 ug? +2¢WV, I +2¢c(V,0) + 2¢(1,0) = 0.07 Q

Uexp = k X ucomb k = 2 for a 95% of confidence interval



Have you ever used
the Uncertainty
Machine from NIST?



Uncertainty Machine from NIST

https://uncertainty.nist.gov/
We can use this app to applicate in our
examples. <NIST

NIST Uncertainty Machine

o [

Introduction

The NIST Uncertainty Machine is a Web-based software
application to evaluate the measurement uncertainty associated
with an output quantity defined by a measurement model of the
formy = f(xg,-.., Xp).

User's manual available here.

Load examples

1. Select Inputs & Choose Distributions

Number of input quantities: 1~

Drop configuration fi
click to uploa

d

> here or

Version 1.6.2


https://uncertainty.nist.gov/
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Thanks!

Ricardo Sanchez Follow us on:

Instituto Nacional de Calidad (INACAL)
@ facebook.com/metrosim

rsanchez@inacal.gob.pe _
@ youtube.com/simmetrology7958

@ www.sim-metrologfa.org
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