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What is Uncertainty ? e

UME

What does external world know about uncertainty ?

Google | uncerainy % About 198 000 000
All Images Mews Videos Books Maore Settings Tools reS u ItS j ust i n 0 _45
About 198,000,000 resulis (0.45 seconds) SeCOndS g

Dictionary

Search for a word Q. LOOkS impreSSive !

uncertainty

/AR’ se:t(e)nti/ ) Uncertainty - Wikipedia, the free encyclopedia

en wikipedia org/wiki/Uncertainty «

nou Uncertainty is a term used in subtly different ways in a number of fields, including
the state of being uncertain. philosophy, physics, statistics, economics, finance, insurance, psychology, ...
"times of uncertainty and danger” ) ) Uncertainty principle - Uncertainty (film) - Measurement uncertainty
synonyms: unpredictability, unreliability, riskiness, chanciness, precariousness, unsureness
More
- something that is uncertain or that causes one to feel uncertain. Uncertainty DI"iﬂCiD|e - Wikipedia, the free encvclopedia
pliml.rroyns Uncertamties en.wikipedia.org/wiki/lUncertainty_principle ~

"financial uncertainties”

synonyms: doubt, qualm, misgiving, apprehension, quandary, dilemma, reservation, niggl
scruple, second thought, query, question, question mark, suspicion
"she pushed the anxious uncertainties out of her mind"

Historically, the uncertainty principle has been confused with a somewhat ...

Uncertainty (2009) - IMDb
www.imdb_comditlett1086216/ =

Translations, word origin, and more definitions *f** Rating: 5.8/10 - 4,774 votes ] ) )
Directed by Scott McGehee, David Siegel. With Lynn Collins, Joseph Gordon- Levitt,

Fee  Assumpta Serna, Louis Arcella. A young couple, in love and facing a ...

User Reviews - Parents Guide - Full Cast & Crew - Soundtracks
Uncertainty - Wikipedia

hitps:/fen wikipedia org/wiki/Uncertainty « Understanding Uncertainty

understandinguncertainty org/ ~
Welcome to the site that tries to make sense of chance, risk, luck, uncertainty and

Uncertainty refers to epistemic situations involving imperfect or unknown information. It applie
predictions of future events, to physical measurements that are ___

Measurementuncerialnty-« Uncertainiyprineple, = Volatiity, uncertainty.. probability. Mathematics won't tell us what to do, but we think that ...
E M Pl R = Uncertainty - Rotien Tomatoes
- & _) www_rottentomatoes.com/m/uncertainty/ -
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What does external world know about uncertainty ?

C o] glg Measurement Uncertainty Q,
Al mage o Nevwrs Shopping
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Best £ ! ple: a | ) i . g
measurement of 5.07 g = D .02 g means that the R, A —bd A7 ==~ - < =&
quanllly being measured lles batwaen 5.05 g and by R 3 f — TePs To caveu

i i * v MEASUREMEN'
5.09 g. The uncertainty is the experimenter's best dn e eyt

of how far an quantity might be [ g
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from the "true value.”

Measurement uncertainty <
Measurement and Uncertainty

nitps fwww? southeastern edu/Academics!Faculty/raflanpish 184/emor html
In metrology, measuramemt uncartanty & the exprossion of the

@ ADOU s s B Fociiak statistical despersion of the values atinibuted to 2 measured quanlity

Measurement uncertainty - Wikipedia, the free encyclopedia

en wikipedia org/wiki/Measurement_uncertainty ~

In metrology., measurement uncertainty is a non-negative parameter characterizing the
dispersion of the values attributed to a measured quantity.

Background - Random and systematic errors - Measurement model

Por A Beginner's Guide to Uncertainty of Measurement ... - WMO
www. wmo.int/pages/prog/gcos/documents/.__/UK_NPL/mgpg11.pdf -

by 5 Bell - Related articles

Measurement uncertainties can come from the measuring instrument, from the item
being measured ... When the uncertainty in a measurement is evaluated and .

Measurement and Uncertainty

www2_southeastern edu/Academics/Faculty/rallain/plabi94/error.himl «
Always round the experimental measurement or result to the same decimal place as
the uncertainty_ It would be confusing (and perhaps dishonest) to suggest ...

Uncertainty of Measurement Results from NIST

physics.nist gowvicuu/Uncertainty/ «

From MIST website: Guidelines and perspectives (U.5. and international) on how to
eXpress uncertainties

Images for measurement uncertainty - Report images

RIDKA 21 IRA

results just in

0.38 seconds

Still impressive !
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Article Talk Read Edit View history

WIKIPEDIA Uncertainty

The Free Encyclopedia From Wikipedia, the free encyclopedia

Main page For the film of the same name, see Uncertainty {film).

Contents Uncertainty is a term used in subtly different ways in a number of fields, including philosophy, physics, statistics, economics, finance, insurance,
Featured content psychology, sociology, engineering, and information science. It applies to predictions of future events, to physical measurements that are :alrntzad‘;.r
Current events made. or to the unknown. Uncertainty arises in partially observable and/or stochastic environments, as well as due to ignorance and/or indolence !

Random aricle

Donate to Wikipedia GanEals: fide) p h yS ICS ,

: 1 Concepts N
A 2 Measurements ph'losophy
Help 3 Uncertainty and the media !

,e,nautw.fil-:lipedia 4 Applications StatIStICS,

Community partal 5 See also

Recent changes B References eConomlCS,

Contact page 7 Further reading

o 8 External links fl nancea
R Insurance, etc.

Uncertainty is a term used in subtly different ways in a number of
fields...
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Introduction U | ”Ti'ﬁ"f

When reporting the result of a measurement of a
physical quantity, it is obligatory to provide the
quantitative indication of the quality of the result

and its reliability.

The main indicator of the quality and reliability of

the measurement result is the uncertainty.
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Terms and Definitions ”Tﬁi"z‘

MEASUREMENT

Process of experimentally obtaining one or more quantity values that

can be attributed to a quantity.

Determination of Determination of _,/Choosing a measurement
measurement object | measurement quantity method
Reporting of results [ Data collection P Construction of L
and processing a measurement set-up
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Measurement ”4 ol
UME

 Measuring Equipment:
Technical Specification
Calibration
Traceability

 Environmental Conditions

e Method

o Staff
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Terms and Definitions w ”T'.“.,E_

Result of a measurement

Value attributed to a measurand, obtained by measurement.

RESULT
The Indication The Uncorrected The Corrected
Result Result
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%% Example " ” v
UME

Value indicated by Voltmeter: V

Resistance value from the certificate: Rs

I R According to the Ohm’s Law:
|
V
| = — (1)
R
QUANTITY RESULT
Voltage, V Indication V — k A Vi
Currentin The Uncorrected
accordance wth Result R — RS [1 117 Ot(t 2 tO )]

equation (1)

Currentin The Corrected 2
accordance with Result k . V ( )
equation (2) =
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Terms and Definitions * ” u"ﬁ"s‘

ACCURACY

Closeness of agreement between a measured quantity value and a true
quantity value of the measurand.

The concept measurement accuracy is not given a numerical value, but
a measurement is said to be accurate when it offers a smaller
measurement uncertainty.

PRECISION

Closeness of agreement between indications obtained by replicate
measurements on the same or similar objects under specified conditions.

Measurement precision is usually expressed numerically by measures of
imprecision, such as standard deviation, variance, or coefficient of
variation under the specified conditions of measurement.
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Dn‘ference Between Accuracy and Precision ”
UME

High accuracy,
Low precision

© ©

EMPIR [l =) Low accuracy, Low accuracy,
L High precision Low precision

High accuracy,
High precision




Terms and Deflnltlons w ”Ti'ﬁ"z‘

EXPERIMENTAL STANDARD DEVIATION

Parameter, which characterize the dispersion of results of repeated
measurements and calculated by the following formula:

1 L 74 2
S ™, L I X— X
A = x)

In this equation:

X .

o result of i"" measurement,

X - average of n measurement results
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Terms and Definitions ”4._
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REPEATABILITY

Closeness of the agreement between the results of successive
measurements of the same measurand carried out under the same
conditions of measurements.

Repeatability conditions include:

» the same measurement procedure

» the same observer

» the same measurement instrument under the same conditions
» the same location

* repetition over a short period of time

Repeatability may be expressed quantitatively in terms of the
dispersion characteristics of the resuilts.
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Terms and Deflnltlons ”

REPRODUCIBILITY

Closeness of the agreement between the results of successive
measurements of the same measurand carried out under changed
conditions of measurements.

The changed conditions may include:

« principle of measurement
* method of measurement
» observer

e measuring instrument

* reference standard

* location

» conditions of use

* time

A valid statement of
reproducibility requires
specification of the
conditions changed.
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Terms and Definitions ”Ti’pi"s‘

UNCERTAINTY

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

Uncertainty of measurement comprises, in general, many components.
Some of these components may be evaluated from the statistical
distribution of the results of series of measurements and can be
characterized by experimental standard deviation.

The other components, which can also be characterized by standard

deviations, are evaluated from assumed probability distribution based on
experience or other information.

EMPIR [l =)
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Terms and Deflnltlons ”4._
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UNCERTAINTY EVALUATION METHODS

Type A Evaluation of Standard Uncertainty:

Method of evaluation of uncertainty by the statistical analysis of series of
observations.

Type B Evaluation of Standard Uncertainty:

Method of evaluation of uncertainty by means of other than the statistical
analysis of series of observations.

EMPIR [l =)
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Terms and Definitions | ”T,“,Li“{

COMBINED STANDARD UNCERTAINTY

Standard measurement uncertainty that is obtained using the
individual standard measurement uncertainties associated with

the input quantities in a measurement model.

EXPANDED UNCERTAINTY

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

EMPIR [l =)
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Sources of Uncertainty In Measurement Hi‘i_

In practice, there are many possible sources of uncertainty:

* Incomplete definition of the measurand

* Imperfect realization of the definition of the measurand
 Effect of environmental conditions

* Personal bias in reading analogue instruments

* Finite instrument resolution or discrimination threshold

* |nexact values of measurement standards and reference
materials

* Inexact values of constants and other parameters obtained from
external sources

* Approximations and assumptions incorporated in the
measurement method and procedure

EMPIR [l =) A _ _
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Effect of Envwonmental Conditions | ”J._
UME

* Temperature

* Relative humidity

* Barometric pressure

* Electric or magnetic fields

*  Gravity

* Electrical supplies to measuring equipment
* Air flow

* Vibration

* Light and optical reflections

EMPIR [l )
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Steps In Evaluation of Uncertainty ”Tﬁi"s‘

. Determination of mathematical model for the
measurement (Realization of Model Function)

: Determination of uncertainty components

. Calculation of values of uncertainty components

: Evaluation of combined uncertainty

: Evaluation of expanded uncertainty

. Reporting of measurement results with uncertainty

EMPIR [l =)
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Reallzatlon of Model Function ”Ti?«i"f

Model function defines the relationship between maesurement
result (output quantity) and all quantities (input quantities)

influencing and contributing to it.

y =F(X;,X,, X500, X))

) O SR & : input quantities

y . output quantity (result)
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Examples of Model Functions ”4._
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Calibration of Mass Standard

m_ =mg +06d, +om+adm_ + 0B

Calibration of Hand-held Multimeter

Calibration of Gauge Block

L, =Lg +Lp +8L —|L(0dt +8a8T)|+Dg +8C +Ly +L

r

Reference: EA-4/02 and M3003 documents
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Statlstlcal Distributions ” b Yol
UME

Main probability distributions used for an estimation of
uncertainty components

Normal
Rectangular
Triangular
Trapezoidal
U-shape

EMPIR-Eum.n Mﬂ




Normal Distribution ”J,_
UME
Result | Number | p=n/N Result | Number | p=n/N Result | Number | p=n/N
(n) N=6000 (n) | N=6000 (n) N=6000
4.9 22 0.003 6.0 306 0.044 7.1 210 0.030
5.0 36 0,.05 6.1 340 0.049 7.2 176 0.025
5.1 56 0.008 6.2 365 0.052 7.3 143 0.020
5.2 69 0.010 6.3 390 0.056 7.4 91 0.013
5.3 94 0.013 6.4 399 0.057 7.5 74 0.011
5.4 114 0.016 6.5 395 0.056 7.6 51 0.007
5.5 138 0.020 6.6 376 0.054 7.7 42 0.006
5.6 170 0.024 6.7 340 0.049 7.8 31 0.004
5.7 210 0.030 6.8 311 0.044 7.9 14 0.002
5.8 240 0.034 6.9 278 0.040 8.0 11 0.002
5.9 277 0.040 7.0 230 0.033 AVERAGE 6.45
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Normal Distribution ”J._
UME
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0.00
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Average of the Results

Graphical Representation of the Results
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Normal Distribution ”J._

UME
Normal Distribution = Gaussian Distribution
The distribution of the results within population is formulated by the
equation:
1 z°
f(z) = exp(——-)
o\ 2T 2
X—H, 1< 2
Z = ’ O Al Z (X ) M)
o) N iz
) ¢ Measurement results (Random Variable)
)7, True value of the measurand
o Standard deviation
EMPlR-EMn %




Rectangular Dlstrlbut|on 4..“.._

UME
a a
p) A | )
The distribution is used when : :
the only known information is
that value of the quantity can be
found with equal probability
within defined interval.
0 > X
a X a+

EMPIR [l )
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Rectangular Distribution ”4 ”
UME

WHY /3 2

Probability Distribution Function fiExa= 2i -a<x<a
d

V(x) = j x2f(x)dx
a _>2 3
veo = [ (%]

u(x)=+V(x) =—
EMPIRIE ) e




Trlangular Distribution

UME
The distribution is used when P(Y, ¢
the known information is that
value of the quantity can be
found within defined interval,
but probability of finding the
value in the center of the
interval is higher. 0 > X
a X as
& £-6 a
BOGIEE = =— 2 4 JJJU(X) = 5=
2./6 J6
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U Shape Dlstrlbutlon ”
UME

The distribution is used when  p(x) 4
the known information is that ,
value of the quantity can be
found within defined interval,
but probability of finding the ]
value closer to boundaries of L

the interval is higher. K

v

Q)
+
|

Q
X

EMPIR [l )
el Sy s e by e




—TUBITAR—

Type A Evaluation of Uncertainty ”
UME

Evaluation of uncertainty by means of statistical analysis (A-type)
is applied to the result of repeated measurements.

Statistical Distributions used in Type A Evaluation

Normal Distribution
Student Distribution

In case of only one measurement result
Type A evaluation is inapplicable !

EMPIR [l )
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Type B Evaluation of Uncertainty ”
UME

Evaluation of uncertainty by means of other than statistical analysis
is called Type B evaluation of uncertainty.

The information used for Type B Evaluation

* Previous measurement data

* Experience with or general knowledge of the behaviour and
properties of relevant materials and instruments

* Manufacturer’s specifications
* Data provided in calibration and other certificates
* Uncertainties assigned to reference data taken from handbooks.

EMPIR [l =)
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Type B Evaluatlon of Uncertainty ”
UME

Statistical Distributions used in Type B Evaluation

° Rectangular Distribution
° Triangular Distribution

* U-shape Distribution

* Trapezoidal Distribution

EMPIR [l =) Mﬁhw




Calculatlon of Combined Uncertainty ”4._
UME

The standard uncertainty of y, where y is the estimate of the

measurand Y and thus the result of measurement, is obtained by
appropriately combining the standard uncertainties of input estimates.

u.(y) = Z[ }uz(xi)

of

. N
In this equation, “i ox

are sensitivity coefficients.

Note: The formula is valid for uncorrelated input quantities.

EMPIR [l =)
Povenmth pd ievpiemior ereees meddon IAAPUR Forfeirative Hebms K




Comblned Uncertainty ”J._
UME

In case of correlated input quantities, the combined uncertainty is
calculated by using following formula:

uc<y>=Jzz%aﬁ I }ux 1253 0 )

i=1 j=i+1

EMPIR [l =~ Mﬁhw



Comblned Uncertainty ”J._
UME

If the Model Function is presented as:

i=1

and a, =Const, combined uncertainty is calculated by the following
equation:

2L

i=1

In cases, when a, =+ 1,

u (y) = Jiuz(xi) = Ju2 () + U2 () + e u3(x,)
i=1

EMPIR-Eum M




Comblned Uncertainty J..l..._
UME

If the Model Function is presented as:

-

. P4 P2 P
Y=X; X, .. X, = X
i=1
and p, =Const, combined uncertainty is calculated by the following

equation:

- 2

uy) _ [3[, ux)

Yy i—1 X;

In cases, when p=+1,

u(y) _ U [ Julx) ) (uix) ), ()|
y =1 X X4 X2 Xn

EMPIR i =)
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Expanded Uncertalnty ”J._
UME

The expanded uncertainty is obtained by multiplying the combined
standard uncertainty u.(y) by a coverage factor k.

U(y)=k-uc(y)

EMPIR [l ) mw




Coverage Factor and Confidence Level ”4._

UME

Confidence Level Coverage Factor

p (%) Ko

68.27 1

90 1.645

95 1.960

95.45 2.0

99 2.576

Above data is valid for the case of normal distribution.
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Reporting Uncertainty ”J._
UME

The minimum requirements for the reporting uncertainty

. Describe clearly the methods used to calculate the
measurement result and its uncertainty from the
experimental observations and input data

. List all uncertainty components and document fully how
they were evaluated

. Present the data analysis in such way that each of its
important steps can be readily followed and the
calculation of the reported result can be independently
repeated if necessary

. Give all corrections and constants used in the analysis
and their sources

EMPIR [l =)
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Other requirements

. Give a full description of how the measurand Y is
defined
. Give the estimate y of the measurand Y and its

combined standard uncertainty u.(y); the units of y
and u.(y) should always be given

. Include the relative combined uncertainty uc(y)/|y|,
when appropriate

EMPIR [l =)
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Reporting Uncertainty ”J._
UME

Report measurement result in Calibration Certificates / Measurement
Reports in the following way:

ytU
Here,
y : Average of the measurement results,
U=k-u, : Expanded uncertainty
Provide following explanatory notes:

The reported expanded uncertainty of measurement is stated as a
standard uncertainty of measurement multiplied by the coverage factor
k=2, which for a normal distribution corresponds to a coverage
probability (confidence Ilevel) of approximately 95%. Expanded
uncertainty is calculated in accordance with GUM and EA-4/02
documents.

EMPIR [l =)
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Summary of Procedure for Uncertainty Evaluation ”4@._

UME

Express mathematically relationship between the measurand y
and the input quantities X;

I QO Xt X )

|dentify and apply all significant corrections

List all sources of uncertainties, specify uncertainty
components

Calculate the standard uncertainties by Type B evaluation
assuming the proper probability distributions for them

EMPIR [l =)
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Summary of Procedure for Uncertainty Evaluation ”4@._
UME

For repeated series observation calculate experimental standard
deviation

V(x) = 5°() = — 3" (x,~ X
s(x) = V(x)

Then standard deviation of the mean

s(X)
Jn
EMPIR Il =) e

u(x) = s(x) =



Summary of Procedure for Uncertainty Evaluation ”4._
UME

Calculate combined uncertainty

u, (y) = zj{ u?(x,)

Calculate expanded uncertainty

U(y)=K-uc(y)

EMPIR [l =) Jszmw



Summary of Procedure for Uncertainty Evaluatio ”4@._
UME

Report the result of measurement comprising the estimate y of the

measurand, the associated expanded uncertainty U, coverage factor

and confidence level.
y=Estimate (e.g. average) + Expanded Uncertainty

Provide the neccessary explanatory notes.
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UsefuILlnks | ”4......_
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* http://physics.nist.gov/cuu/Uncertainty/index.html

* http://www.measurementuncertainty.org

* http://www.ukas.com/information_centre/technical/technical_uncertain.asp
* http://www.uncertaintymanager.com
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* http://www.ilac.org/downloads/llac-g17.pdf
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