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e International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiop~comp
national electrotechnical committees (IEC National Committees). The object of IEC i§)to pr

rising
mote
s. To

ernational co-operation on all questions concerning standardization in the electrical and electronic fieldg

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
blication(s)”). Their preparation is entrusted to technical committees; any IEC NationahCommittee inte
the subject dealt with may participate in this preparatory work. International{™goevernmental and
vernmental organizations liaising with the IEC also participate in this preparation, tfEC collaborates ¢
th the International Organization for Standardization (ISO) in accordance with conditions determin
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
nsensus of opinion on the relevant subjects since each technical cammittee has representation frg
erested IEC National Committees.

mmittees in that sense. While all reasonable efforts are made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible for‘the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in their'national and regional publications. Any diver
tween any IEC Publication and the correspondingmational or regional publication shall be clearly indica
e |atter.

C itself does not provide any attestation oftconformity. Independent certification bodies provide conf
sessment services and, in some areas,-acecess to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification bodies.

users should ensure that they have«the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property damd
her damage of any nature ‘whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the.publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to-the Normative references cited in this publication. Use of the referenced publicati
Hispensable for the-eorrect application of this publication.

tention is drawn”to the possibility that some of the elements of this IEC Publication may be the subj
tent rights~[EC shall not be held responsible for identifying any or all such patent rights.

main task of IEC technical committees is to prepare International Standards. Howey
nical, committee may propose the publication of a technical report when it has collg

s end and in addition to other activities, IEC publishes International Standards, Technical SpecificTons,
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example "state of the art".

IEC 61000-1-6, which is a technical report, has been prepared by the IEC technical committee
77: Electromagnetic compatibility in corporation with CISPR (International Special Committee
on Radio Interference).

It forms Part 1-6 of IEC 61000. It has the status of a basic EMC publication in accordance
with I[EC Guide 107, Electromagnetic compatibility — Guide to the drafting of electromagnetic
compatibility publications.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
77/397/DTR 77/409/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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committee has decided that the contents of this publication will remain tgichanged
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ed to the specific publication. At this date, the publication will be
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bplaced by a revised edition, or
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INTRODUCTION

IEC 61000 is published in separate parts, according to the following structure:

Part

1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part

2: Environment

C
q
q

Part

o —

Part

- =

Part

N

Part

Part

Each
or as
as s
num

escription of the environment
lassification of the environment

ompatibility levels
3: Limits

mission limits
mmunity limits (in so far as they do not fall under the responsibility of the prg
ommittees)

4: Testing and measurement techniques

leasurement techniques
esting techniques

5: Installation and mitigation guidelines

hstallation guidelines
flitigation methods and devices

6: Generic standards
9: Miscellaneous

part is further subdivided into several parts, published either as international stand

per identifying the subdivision (example: IEC 61000-6-1).

duct

ards

technical specifications or technical reports, some of which have already been published
bctions. Others~will be published with the part number followed by a dash and a sefond


https://iecnorm.com/api/?name=65cfb498a3c9478a670aa40d2e37bfc5

TR 61000-1-6 © IEC:2012(E) -7-

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 1-6: General —
Guide to the assessment of measurement uncertainty

1 Scope

This|part of IEC 61000 provides methods and background information for the assessmept of
measurement uncertainty. It gives guidance to cover general measurement uncertpinty
consgliderations within the IEC 61000 series.

The [objectives of this Technical Report are to give advice to technical committees, prqduct
com{\ittees and conformity assessment bodies on the development\of measurement

uncgrtainty budgets; to allow the comparison of these budgets between,laboratories that have
similagr influence quantities; and to align the treatment of measurementyuhcertainty across$ the
EM({ committees of the IEC.

Any |contributing factor to measurement uncertainty that is /Mmentioned within this Techpical
Repo¢rt shall be treated as an example: the technical “\committee responsible for| the
preppration of a basic immunity standard is responsiile for identifying the factors|that
contfibute to the measurement uncertainty of their basicdtest method.

It giyes a description for

— da method for the assessment of measurement uncertainty (MU),
- athematical formulas for probability density functions,

- ]nalytical assessment of statistical-evaluations,

— gorrection of measured data,

— documentation.

This| Technical Report is not intended to summarize all measurement uncertainty influence

quarjtities nor is it intended to define how measurement uncertainty is to be taken]into
account in determining ¢compliance with an EMC requirement.

NOTH Some of the.examples given in this report are taken from IEC publications other than the IEC 61000 $eries
that hlave alreadydimplemented the evaluation procedure presented here. These examples are used to illustrafe the
principles.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Chapter 161: Electro-
magnetic compatibility

CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus
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CISPR 16-4-2, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 4-2: Uncertainties, statistics and limit modelling — Uncertainty in EMC
measurements

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995), corrected 1°! edition, 2008

3 Terms, definitions, symbols and abbreviations

3.1 Terms and definitions

For fhe purposes of this document, the terms and definitions given in IEC 60050-161)as| well
as the following apply.

NOTH Several of the most relevant terms and definitions from IEC 60050-161 are included amonhg the termjs and
definifions below.

3.1.1
combpined standard uncertainty
stangard measurement uncertainty that is obtained using\ the individual standard
meagsurement uncertainties associated with the input quantities(inja measurement model

[SOURCE: ISO/IEC Guide 99:2007, definition 2.31, modified — Admitted term becamdq the
preferred (and only) term.]

3.1.2
conrlEdence level

probpbility, generally expressed as a percentage, that the true value of a statistically

estimated quantity falls within a pre-established interval about the estimated value

[SOYURCE: IEC 60050-393:2003, 393-18-31]

3.1.3
coverage factor
numerical factor used as a multiplier of the combined standard uncertainty in order to optain
an ekpanded uncertainty

[SOURCE: ISO/IEC Guide 98-3:2008, definition 2.3.6, modified — NOTE was deleted.]

3.1.4
covgrage interval
interjal containing the set of quantity values of a measurand with a stated probability, based
on the information available

[SOURCE: ISO/IEC Guide 99:2007, definition 2.36., modified — True quantity values|was
changed to quantity values.]

3.1.5

coverage probability

probability that the set of quantity values of a measurand is contained within a specified
coverage interval

[SOURCE: ISO/IEC Guide 99:2007, definition 2.37, modified — True quantity values was
changed to quantity values.]
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3.1.6

distribution function
function giving, for every value &, the probability that the random variable X be less than or
equal to &

G(¢)=Pr(X <¢)

[SOURCE: ISO/IEC Guide 98-3, Supplement 1:2008, definition 3.2]

3.1.7

errof

measured quantity value minus a reference quantity value

[SOURCE: ISO/IEC Guide 99:2007, definition 2.16, modified — Second admitted(term beqame
the greferred (and only) term.]

3.1.8

expdnded uncertainty

quarltity defining an interval about the result of a measurement‘that may be expectdqd to
encdmpass a large fraction of the distribution of values that could\réasonably be attributg¢d to
the measurand

[SOURCE: ISO/IEC Guide 98-3:2008, definition 2.3.5, modified — Notes 1 to 3 were deletgd.]
3.1.9

eleciromagnetic compatibility

EMGC

abilify of an equipment or system to function satisfactorily in its electromagnetic environinent

withgut introducing intolerable electromagnetic’disturbances to anything in that environment

[SOUYRCE: IEC 60050-161:1990, 161-01-07]

3.1.10

emigsion

pherjomenon by which electromagnetic energy emanates from a source

[SOUYRCE: IEC 60050-161:1990, 161-01-08, modified — The addition "electromagnetic" i the
term|was deleted.]

3.1.11

emigsion leyel

emigsion level/of a disturbing source
level of a given electromagnetic disturbance emitted from a particular device, equipme
systen

Nt or

[SOURCE: IEC 60050-161:1990, 161-03-11]

3.1.12
emission limit

emis
spec

sion limit from a disturbing source
ified maximum emission level of a source of electromagnetic disturbance

[SOURCE: IEC 60050-161:1990, 161-03-12]
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3.1.13

immunity

immunity to a disturbance

ability of a device, equipment or system to perform without degradation in the presence of an
electromagnetic disturbance

[SOURCE: IEC 60050-161:1990, 161-01-20]

3.1.14
immunity limit
specified minimum immunity level

[SOYRCE: IEC 60050-161:1990, 161-03-15]

3.1.15

immunity test level
level| of a test signal used to simulate an electromagnetic disturbance when performing an
immunity test

[SOURCE: IEC 60050-161:1990, 161-04-41]

3.1.16
indi¢ation
quar]tity value provided by a measuring instrument or a measuring system

[SOURCE: ISO/IEC Guide 99:2007, definition 4.1, madified — Notes 1 and 2 were deleted]]

3.1.17
influence quantity
quarftity that is not the measurand but thataffects the result of the measurement

[SOURCE: IEC 60050-394:2007, 394-40527, modified — Note was deleted.]

3.1.18

instfumentation uncertainty

U

meapurement instrumentation uncertainty
MIU

parameter, associated " with the disturbance quantity generated during an emigsion
meagurement or applied during an immunity test that characterizes the dispersion of the
valugs that could.reasonably be attributed to the measurand, induced by all relevant influgnce
quarntities that'are related to the measurement instrumentation and the test facility

Note || to éntry: This term is intended to be applicable to both emission measurements and immunity testy. The
CISPR 16rseries of documents also employs the term ‘measurement instrumentation uncertainty’ (MIU).

Note 2 to entry: Based on IEC 60359:2001, definition 3.1.4.

3.1.19
intrinsic uncertainty of the measurand
minimum uncertainty that can be assigned in the description of a measured quantity

Note 1 to entry: In theory, the intrinsic uncertainty of the measurand would be obtained if the measurand was
measured using a measurement system having a negligible measurement instrumentation uncertainty.

Note 2 to entry: No quantity can be measured with continually lower uncertainty, inasmuch as any given quantity
is defined or identified at a given level of detail. If one tries to measure a given quantity at an uncertainty lower
than its own intrinsic uncertainty one is compelled to redefine it with higher detail, so that one is actually measuring
another quantity. See also ISO/IEC Guide 98-3:2008, D.1.1.

Note 3 to entry: The result of a measurement carried out with the intrinsic uncertainty of the measurand may be
called the best measurement of the quantity in question.
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[SOURCE: IEC 60359:2001, definition 3.1.11, modified — An additional explanation has been
added, i.e. Note 1 to entry.]

3.1.20

level

level of a time varying quantity

value of a quantity, such as a power or a field quantity, measured and/or evaluated in a
specified manner during a specified time interval

[SOURCE: IEC 60050-161:1990, 161-03-01, modified — The NOTE was deleted.]

3.1.1

limits of error of a measuring instrument
extregme value of measurement error, with respect to a known reference quantity value,
pernjitted by specifications or regulations for a given measurement, measuring instrument, or
measguring system

[SOURCE: ISO/IEC Guide 99:2007, definition 4.26, modified — The term. has been clafified
and Notes 1 and 2 have been deleted.]

3.1.32
meapurand
particular quantity subject to measurement

[SOYRCE: IEC 60050-311:2001, 311-01-03]

3.1.23

meapurement accuracy

accyracy of measurement
DEPRECATED: precision of measurement
clos¢ness of agreement between a measured quantity value and the true quantity value|of a
measgurand

Note [l to entry: ‘accuracy’ is a qualitativeconcept.

[SOURCE: IEC 60050-311:2001,-"311-06-08, modified — The term has been changed|and
replgced by two terms, Note™*has been deleted and Note 2 replaced by an explanation.]

3.1.24

meapurement precision
closgness of agreement between indications or measured quantity values obtained by
replicate measurements on the same or similar objects under specified conditions

[SOURCE.NSO/IEC Guide 99:2007, definition 2.15, modified — Notes 1 to 4 have been
delefed,]

3.1.25

measurement result

set of quantity values being attributed to a measurand together with any other available
relevant information

[SOURCE: IEC 60050-311:2001, 311-01-01, modified — The term has been clarified and the
definition extended. Notes 1 to 5 have been deleted.]

3.1.26

measuring system

complete set of measuring instruments and other equipment assembled to carry out specified
measurements

[SOURCE: IEC 60050-311:2001, 311-03-06]
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3.1.27

measurement trueness

closeness of agreement between the average of an infinite number of replicate measured
quantity values and the reference quantity value

[SOURCE: ISO/IEC Guide 99:2007, definition 2.14, modified — Only preferred term is given
and Notes 1 to 3 have been deleted.]

3.1.28

measurement uncertainty
MU

non-fegative parameter characterizing the dispersion of the quantity values being attrguted
to a measurand, based on the information used

[SOURCE: ISO/IEC Guide 99:2007, definition 2.26, modified — Only preferred term is given
and Notes 1 to 4 have been deleted.]

3.1.29

prohability density function
PDF
deriative, when it exists, of the distribution function

_dG(¢)

g($) Y

Note [l to entry: g(g)df is the ‘probability element’; g(f)dﬁj = PI"((; < X< f +d§)
[SOURCE: ISO/IEC Guide 98-3:2008, definition 3.3, modified — Equation has been changéd.]

3.1.30
random error
diffefence between a measurementyand the mean that would result from an infinitely large
number of measurements of the_ same measurand carried out under repeatability conditions

[SOURCE: IEC 60050-394:2007, 394-40-33, modified — Definition was changed and Nofes 1
and P have been deleted.]

3.1.31
repelatability

repeptability ofresults of measurements
closg¢ness ofagreement between the results of successive measurements of the game
measurands-carried out under the same conditions of measurement, i.e.:

o bysthe same measurement procedure,

e by the same observer,

e with the same measuring instruments, used under the same conditions,

e in the same laboratory,

e at relatively short intervals of time

[SOURCE: IEC 60050-311:2001, 311-06-06, modified — Note has been deleted.]

3.1.32

reproducibility of measurements

closeness of agreement between the results of measurements of the same value of a
quantity, when the individual measurements are made under different conditions of
measurement:
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principle of measurement,

method of measurement,

observer,

measuring instruments,

reference standards,

laboratory,

under conditions of use of the instruments, different from those customarily used,

after intervals of time relatively long compared with the duration of a single measurem

ent.

Note [l to entry: The term ‘reproducibility’ also applies to the instance where only certain of the above lcong
are tgken into account, provided that these are stated.

[SOURCE: IEC 60050-311:2001, 311-06-07, modified — Note 1 has been deleted,and No¢te 2
has pbeen renumbered Note 1 to entry.]

3.1.33

sengitivity coefficient

relatjonship between a change in an output estimate, y, for a corresponding change i
inpuf estimate, x;.

3.1.34

standard deviation of a single measurement in a series-of measurements

parameter characterising the dispersion of the result obtained in a series of » measurem
of the same measurand

whetle ¢ is the mean value of » measufeéments

[SOURCE: ISO/IEC Guide 98-3:2008, definition B.2.17, modified — Term, definition
equdtion have been modified and Notes 1 to 4 have been deleted.]

3.1.35

standard deviation ofthe arithmetic mean of a series of measurements

parameter characterising the dispersion of the arithmetic mean of a series of indepen
meagurements ofithe’same value of a measured quantity, given by the formula:

J=1

s(?)Z\/ﬁi(%—q)z

itions

ents

and

dent

Note 1 to entry: S(q) is the standard uncertainty for type A evaluation (see 5.3), if (? is used as the estimate.

3.1.36
standard uncertainty
measurement uncertainty expressed as a standard deviation

[SOURCE: ISO/IEC Guide 99:2007, definition 2.30, modified — Admitted term became the
preferred (and only) term.]
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3.1.37

systematic error

difference between the arithmetic mean that would result from an infinite number of
measurements of the same measurand carried out under repeatability conditions and the true
value of the measurand.

[SOURCE: IEC 60050-394:2007, 394-40-32, modified — Definition was changed and the Note
has been deleted.]

3.1.38

tolerance
maximum _variation of a value permitied by speciications, regulations, eic. for a. given
spedfified influence quantity

3.1.39
true(value
actugl value of the quantity being measured

Note [l to entry: This can never be known absolutely but can be approximated (within the bounds of uncerfainty)
by traceability to national standards.
[SOURCE: IEC 60050-311:2001, 311-01-04, modified — Complément to term was delgted,
definition has been changed, Notes 1 to 4 have been deleted(and Note 1 to entry has peen
addgd.]

3.1.40

type| A evaluation
evalliation of a component of measurement uncertainty by a statistical analysis of measjured
quarjtity values obtained under defined measuremgent conditions

[SOURCE: ISO/IEC Guide 99:2007, definition” 2.28, modified — Admitted term becamdq the
preferred (and only) term and Notes 1 to 3\have been deleted.]

3.1.41
type| B evaluation
evaltiation of a component of measurement uncertainty determined by means other thpn a
Typqg A evaluation of measurement uncertainty

[SOURCE: ISO/IEC Guide '99:2007, definition 2.29, modified — Admitted term becamq the
prefgrred (and only) term and Examples and Note have been deleted.]

3.2 | Symbols

X Generic quantity

a* Upper bound of quantity X

a” Lower bound of quantity X

d Number of axes of field probe

N Number of repeated indications

v Number of degrees of freedom, v=N — 1
Vy Coefficient of variation of X

M Number of samples of N repeated indications
P Coverage probability

p Probability value, p = (1 - P) /2

Q; Random indication

Q Mean of a sample of N indications
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Mean of the j-th sample of N indications

Mean of M samples of N indications

Experimental standard deviation

Experimental standard deviation of the mean, s(a)zs(Q,)/\/N
Type A (evaluation of the) standard uncertainty, u(Q;) =n(v)-s(Q;)

Coefficient which transforms the experimental standard deviation to the Type A

standard uncertainty

Type A (evaluation of the) standard uncertainty of the mean, u(Q)=u(Q)/~N

Upper critical value of the Student’s t PDF with v degrees of freedom corresponding to

probability p in one tail
Lower value of a (specification, tolerance, coverage) interval for quantity.’X
Upper value of a (specification, tolerance, coverage) interval for quantity X

Distribution function of quantity X, G(X)=Pr(X<X), where Pr(-) stands
“probability that”

Probability density function (PDF) of quantity X, g(X) = dG(X) / dX
Expected value of quantity X, <X> = IX-g(X)dX

Best estimate of quantity X, x = (X)
Variance of quantity X, o = ((X = (X))} (X = x)* - g(X)dX

Type B (evaluation of the) standard uneertainty, u(x) = gy

Influence quantity to a mathematicalkieasurement model

Best estimate of the influence quantity to a mathematical measurement model
Correction for influence quapntity X;

Output quantity from a mathematical measurement model

Best estimate of the" measurand, corrected for all recognized and signif
systematic effects

Sensitivity coefficient, partial derivative, with respect to X;, of the measurement m
evaluated atthe best estimates x; of the input quantities X;

Standard.uncertainty of the best estimate of the influence quantity X;
Combined standard uncertainty of the best estimate of the measurand
Coverage factor

for

cant

pdel,

Expanded uncertainty of the best estimate of the measurand, U(y) = k-u.(y)

3.3
CLT
EM
EMC
EME
EUT
FAR
GUM
IEC
IFU

Abbreviations

Central Limit Theorem

Electromagnetic

Electromagnetic Compatibility

Electromagnetic Environment

Equipment Under Test

Fully Anechoic Room

Guide to the expression of Uncertainty in Measurement
International Electrotechnical Commission

Intrinsic Field Uncertainty
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Intrinsic Uncertainty of the Measurand
Law of Propagation of Uncertainty
Measurement Instrumentation Uncertainty
Measurement Uncertainty

OATS Open Area Test Site

PDF
RSS
SAC

Probability Density Function
Root of the Sum of Squares
Semi-Anechoic Chamber

2(E)

SCuU
VSW

4

4.1

This

Standards Compliance Uncertainty
R Voltage Standing Wave Ratio

5eneral

Overview

Technical Report presents background material on the principles of Measure

Uncgrtainty (MU) and guidelines on the calculation and application of MU values.

Tech
IEC

4.2

An
mea
with

nical Report is intended as an aid to those preparing, EMC standards under
51000 series.

Classification of uncertainty contributions

bstimated value of an electrical or electromagnetic (EM) quantity becomes
ningful when a quantitative statement of uncertainty and confidence is reported tog
this value. Further discussion is focused here on the experimental evaluatio

uncdrtainty, rather than evaluation through_numerical calculation (e.g. Monte Carlo met

or s

mulation) that may provide an alternative or additional method for the evaluatig

uncertainty.

MU ¢

an be subdivided into different.components (see Figure 1).

measurement uncertainty (MU)

measurement intrinsic
instrumentation uncertainty of the
uncertainty (MIU) measurand (IUM)

ment
The
the

ore
ther
h of
hods
n of

TEC—13035

Figure 1 — Classification of uncertainty components associated with
the experimental evaluation of uncertainty in EMC testing and measurement
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site uncertainty (SU)

intrinsic field site imperfection
uncertainty uncertainty
(IFU) (SIV)

IEC 1304/12

Figure 2 — Classification of uncertainty components associated
with site uncertainty (e.g. reverberation chambers)

Figufe 1 shows a classification of contributions to the MU, which consists of two €omponents:

a) measurement instrumentation uncertainty (MIU), which represents the contribution by the
instrumentation (e.g., antennas/probes, analyzers, cables, test facility)-and
b) the intrinsic uncertainty of the measurand (IUM), which represents-the contribution by the
BUT (e.g. instability, setup, lack of definition of the setup).

Figure 2 shows a classification of contributions to the site yWncertainty for e.g. reverberation
chambers, which consists of two components:

c) imtrinsic field uncertainty (IFU), which represents the contribution inherent to| the
z%mplexity (IFU for radiated phenomena, whereapplicable) and

d) imperfections of the test site (SIU).

NOTH Site uncertainty and site imperfection uncertaintyrare the same in the case of a semi-anechoic chambper or
a fully anechoic room.

MU thus contributes only if a process.6f measurement (i.e. quantification of an EM quantity)
actuglly takes place. By contrast, SU-is always present whenever an EM excitation has peen
gengrated because the EM quantity of interest is then physically existent and fluctugting,
irrespective of whether or not a\process of measurement takes place. For example, the|wall
reflections generated by an-ideal calibrated reference radiator placed in a test site profluce
randpm spatial fluctuations ‘ef the field included in the SU. These reflections can be res|dual
(as p.g. in a FAR) or ‘intentional (as e.g. in a reverberation chamber) and are prgsent
irrespective whether any additional monitoring antenna or probe is present or not.

The process of_calibration/validation of the test site verifies that the level of site imperfections
is wirhin acceptable bounds, but it does neither influence nor eliminate the contribution of the
SU. [Measurement uncertainty may consist of a MIU contribution and the site imperfeftion
contribution (e.g. NSA measurement in a FAR).

NOT I IS ClassItication, thne  ermm mstururentation IS more Testrictea a1 otner aocuments; e.g.,
CISPR 16-4-1. In a FAR, the site uncertainty is caused solely by site imperfections and is incorporated within MIU
in CISPR 16-4-1 and CISPR 16-4-2. For other test sites (including multi-path EM environments, e.g., reverberation
chambers and more general fading channels), even the idealized site may exhibit inherent field uncertainty as an
additional component to site imperfections. An explicit model and example of IFU is described in 5.2.3.4.

NOTE 2 In an anechoic environment, the MU of the complete test is also known as the standards compliance
uncertainty (SCU) in CISPR 16-4-1. In ISO/IEC Guide 99:2007, the IUM is referred to as the definitional uncertainty
(DU).

4.3 Limitations of the GUM

The “Guide to the expression of uncertainty in measurement” (GUM), see ISO/IEC 98-3:2008,
provides the theoretical framework within which this Technical Report was developed. The
GUM uncertainty approach has, however, fundamental limitations. If these limitations are
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exceeded the results produced are no longer valid. Essentially, the theoretical framework of
the GUM is based on (see [1]):

a) the Law of Propagation of Uncertainties (LPU), and
b) the Central Limit Theorem (CLT).

To insure that an uncertainty evaluation made according to the procedure described in
ISO/IEC 98-3 may be correct, the assumptions required for the validity of both LPU and CLT
shall be satisfied. The Supplement 1 to ISO/IEC 98-3 describes a numerical technique aimed
at extending the validity of the uncertainty evaluations to cases where the application of
ISO/IEC 98-3 does not produce reliable results.

CLT |applies when

the measurement model is linear or quasi-linear, that is, it should be verified,.at ledst to
gn approximation consistent with fitness for purpose, that the measurand can be
gxpressed as

X

Y:CO+C1X1+C2X2+...+C n

n

b) input quantities are independent,
c)

L;Uu(x;)| have comparable magnitude,
d) nis sufficiently large (say n > 3).

If the requirements a) through d) are satisfied then,Y<{approximately follows a normal |PDF
having an expected value y and a standard uncertainty/u(y), where

y= CO + C1X1 + 02X2 + ...+ Can

and

u(y) = [(cqul¥y))? + (cou(x,))? + ... (cpu(x,))?112
4.4 | Principles

Wheh performing eitherhan emission measurement or an immunity test, a measurement
instrumentation chain is'required. The MIU is a fundamental property of this instrumentation
chain.

At the most~fundamental level, the act of measurement involves the acquisition ofl the
numerical valde of some measurand. The true value of the measurand is written herefafter
simply as x.

To perform a measurement, some form of measurement instrumentation chain (forming the
measurement system) is required. A measurement system will return a numerical value for the
measurand, written hereafter simply as x’, that is referred to as the estimate of the true value
of the measurand, x, because the two parameters are related according to the following
equation:

Pr(x'< X < x"+dx")=g(x")dx’ (1)

where the function of the true value, g(x’) is a fundamental characteristic of the measurement
system. The function g(x’) is formally referred to as the PDF of the measurement system. The
function g(x’) is fundamentally statistical in nature: that is, the function g(x’) defines the
probability that a given value of x’ will be returned by the measurement system for a given
true value, x, of the measurand.
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An example of the form of g(x) that is typical for a complex measurement system is presented
below (see Figure 3). Note the form displayed: It is Gaussian. This means that the
measurement system is most likely to return an estimate of the value of the measurand, x’,
that is equal to the true value of the measurand, x. However, the value returned by the
measurement system, x’, can differ from the true value, x, according to the deterministic
properties of g(x).

| /N

Probability of estimate retufned by the
measurement system| g(x')

1
True value of
the measurand
X IEC 1305/12

Estimate returned by
measurement instrumentation x'

Figure 3 — Example of g(x’)

The |function, g(x), of a complex measurement system has a fundamental impact upon the
interpretation of the estimate returned by the measurement system. This is described witl the
aid df Figure 4 and the consideration of the five points (A, B, C, D and E) displayed.

The fundamental point is that when a measurement system returns an estimate, x’, of the|true
valug¢ of the measurand, x, no knowledge exists regarding the specific position of the estifnate
withip the range of g(x).

True value of Estimate returned by

the measurand measurement instrumentation x'
X IEC 1306/12

Figure 4 — Impact of g(x) on interpretation of x’

Imagine that a measurand of true value, x, is subjected to a measurement using a
measurement system with known function, g(x), and the estimate, x’, is returned.

It is possible that, at the time of measurement, the relationship between the true value of the
measurand, x, and the estimate returned by the measurement system, x’, was that

e shown as point A: in this case, the estimate, x’, has significantly underestimated the true
value, x, and it would be necessary to make the correction ¢4 to x’ to find x;


https://iecnorm.com/api/?name=65cfb498a3c9478a670aa40d2e37bfc5

-20 - TR 61000-1-6 © IEC:2012(E)

e shown as point B: in this case, the estimate, x’, has again underestimated the true value, x
(although not as much as the previous case), and it would be necessary to make the
correction ¢, to x’ to find x;

e shown as point C: in this case, the estimate, x’, has correctly reported the true value, x,
and it is not necessary to correct x’ to find x;

e shown as point D: in this case, the estimate, x’, has overestimated the true value, x, and it
would be necessary to make the correction c3 to x’ to find x;

e shown as point E: in this case, the estimate, x’ has significantly overestimated the true
value, x, and it would be necessary to make the correction ¢, to x’ to find x.

This
the n

Probability of estimate returned by the
measurement system, g(x'

Estimate returned by

X'

True value of
measurement,instrumentation the measurand

X

IEC 1307/12

Figure 5 — Estimate réfurned by the measurement system

5 Measurement uncertainty-budget development

means that the true value of the measurand could exist about the estimate returngd by
heasurement system in accordance with the PDF presented (see Figure 5).

5.1 Basic steps
Tablg 1 summarizes the 'steps for calculating the MU.
Table 1 — Basic steps for calculating MU
Test L
Step Action lab Stattls ical
- ools
skill
1 TO Write dOWTIT arr exact aefimtion of themeasurand (-e. the quantity to be Y !
measured or injected)
5 To gather the input quantities X; to MU (e.g. fishbone/Ishikawa diagram) v
Define the model equation
To provide the best estimate x; and the PDF of the input quantities. All
3 : i Y
assumptions should be documented.
To calculate the standard uncertainty u(x;) of each influence quantity (using
4 either Type A evaluation of uncertainty or Type B using simple division related to Y
specific divisors for certain PDFs).
5 To evaluate the sensitivity coefficients c; of the input quantities. Y
6 To obtain the individual contributions to the standard uncertainty u; = ¢, -u(xl.) v
of each influence quantity.
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Test .
Step Action lab Stattlstlcal
. ools
skill
7 To combine the individual contributions to obtain the “combined standard Y
uncertainty” u_, i.e. using the root-sum of the squares (RSS) rule.
To obtain the expanded uncertainty, U, for a given level of confidence
8 U=k- u,, where k is the coverage factor for the required level of confidence. Y
Comments on the steps:

Step

1

As dn example in emission measurements on an open area test site, the measurand is

just

strer
speg
refle
mea

appl
Step

he field strength at the location of the receiving antenna, but the “maximum-electric
gth, in dB(uV/m), emitted by the EUT in horizontal and vertical pelarisations at
ified horizontal distance from the EUT at a height of between 1 mi.’and 4 m abo
cting ground plane, with the EUT rotated 360° in azimuth”. A detailed definition o
surand will also help to identify the input quantities. A definitionOsimilarly detailed
to a quantity to be injected on the EUT in an immunity test.

2

A model equation will show how the measurand is calculated including all possible corre

facta
[ =\

whel
V,is
A
YT is
dV.

NE

12}

SM i
8Z¢p
5Dag

idea

3Ven

rs. An example taken from CISPR 16-4-2 for the mgeasurement of the disturbance cur

env’

c A Y+, +0V, +3V, +0V +3M+8Z,, +3Dpe +8Z,e +3V,

e
the input voltage to the measuring teceiver,
the attenuation of the connecting‘cable,
the current probe transfer admittance,

+08V,, +8V,, + 06V, aréthe receiver corrections (see CISPR 16-4-2),

5 the mismatch corréction,
is the correction'\for the current probe insertion impedance,
is the corregction for errors caused by disturbance from the auxiliary equipment (AE)

is the cortection for errors due to the deviation of the AE impedance from the assu
termination impedance, and

is the correction for the effect of the environment on the test setup.

not
field
the
Ve a
f the
may

Ction
rent

med

All g

e H o Il H H 1 4l H e
Jdlltlllb‘b TS TAAITTPIC Al YIvelT T 1Oy aritrmmmne uriis.

A correction is the compensation for a systematic error. A correction may be known from
calibration reports or from internally documented evaluations of the test laboratory. A
correction with unknown magnitude that is considered to be equally likely to be positive or
negative, is taken to be zero. All known corrections are assumed to have been applied, in
accordance with the model. This is expressed with the model equation. Every correction (even
a zero correction) also serves as an influence quantity having an associated uncertainty.

Step
The

Step

3
list should be written in the form of a table.

4
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The standard uncertainty u(x;) is calculated by dividing a confidence interval for xj by a factor
that depends on the PDF for xj and on the level of confidence associated with the interval. For
a symmetric U-shaped, rectangular or triangular PDF, where Xj is estimated to lie between (xj

— a) and (xj + a) with a level of confidence of 100 %, u(x/) is taken as a/+/2, a/+/3 or a/\/g
respectively, where a = (a* + a~)/2 is the half-width of the interval. For a normal PDF, the
divisor is 2 if the confidence interval for xj has a level of confidence of 95 % (the value is
twice the experimental standard deviation), or 1 if the confidence interval for xj has a level of
confidence of 68 % (the value is the experimental standard deviation). In case of a
symmetrical or non-symmetrical PDF, the expected value of the correction is 3x; . In the case
where the expected value cannot be calculated from the PDF, then 5x; = c,-(a+ — a7)/2 should
be considered to be applied for a correction of the measurement value. If this is insignificant
(i.e. very small compared with the standard uncertainty), it is acceptable to use the average of
the tiwo boundaries.
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Table 2 — Expressions used to obtain standard uncertainty

Expression for
PDF standard uncertainty Graph
Rectangular u(x,) = a/\/§
X;-a X; xj+at
Triangular u(x;) = a/\/g
X;-a X; xj+at
U-shaped u(x,) = a/\/E
Xi -a Xj Xi +a
Normal
(from repeatability evaluation ulx;) = a
k=1)
Xji-a X Xxj+a
Normal " .
(from calibration report k = 2) e

Step 5

The sensitivity coefficients are partial derivatives of the model functions for the measurands
with respect to the varying influence quantity. If the model functions are linear when
expressed in logarithmic units all sensitivity coefficients ¢; become 1 or 1 (¢; = 1 or -1) and
therefore need not be listed in the table.

Step 6

If all ¢; = 1, then all U, = u(x;)
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Step 7

The combined standard uncertainty is calculated in case of all input quantities being

uncorrelated using UC(Y):\/W

Step 8

The expanded uncertainty is calculated using U(y)=k u_(y). Examples of k: If one needs to

describe that the uncertainty is lower than or equal to U(y) with a level of confidence of 95 %,
then k should be 2 (more exactly 1,96). If a measurement result needs to be below a
thre§hold with a Tevel of confidence of 95 %, then k should be 1,64 for comparison_-of the
meagsurement result R with the threshold L (R + U <L) [2].

5.2 | Probability density functions
5.2.1 Rectangular
5.21.1 Overview

The rectangular PDF applies to quantities that have the following characteristics:

—

° ney are known to exist within a finite interval [a~, a*]

e no knowledge is available regarding the likelihood that\the quantity will adopt a given
vialue within the known finite interval [a~, a*];

o ifis assumed that the quantity is equally likely to"adopt any value within the known finite
mterval [a~, a*].

A re¢tangular PDF is also known as a uniform PDF.

5.2.1.2 Application

The Jrectangular PDF is applied to quantities whose values are known to be limited to Jome
finitg interval but for which no information is available regarding the likelihood of the qugntity
adopting a given value within this_khown, finite interval.

An gxample for the use of\the rectangular PDF is the manufacturer’'s or standard’s sfated
tolerBnce to estimate antuncertainty contribution. This tolerance defines the finite interval|over
which the value of the parameter may vary, but supplies no information regarding the
likelihood of the quantity adopting any given value within this interval.

5.2.1.3 Diagram

The fectangular PDF across an interval [a~, a*] (a~ < a*) is expressed as:

g(x)= fora <x<a’ 2)

a —-a
g(x)=0 x<a,a" <x

where a, b denote the lower and upper boundaries of the interval.

A rectangular PDF is illustrated in Figure 6. Its height is 1/ (a* — a™), because the area under
any PDF is normalized to unity.
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1/(a*-a)

X

IEC 1308/12

The

The

+ + 2
2 _ ["(x- x)dx (@ -a)
of = [ (x-mg(x) -
whence the standard deviation
a* —a"
Oy = ——~=—
S NE

The

deviation.

Covgrage factors for 95 % , 99% and 100 % confidence intervals of X are 1,65

95/1

5.2.1
5.2.1
Use
digit
the 1
the ¢

mean value of g(y) is Ly = rjxg(x)dx _a ;a
variance of g(y) is the square of the standard deviation o which is givenby:

standard uncertainty associated with “the estimate (a~ + a*)/2 of X is this stan

DO - /3), 1,71 and /3, respectively.

4 Examples of.application of the rectangular PDF
4.1 Digital- displays
of the rectangular PDF arises naturally when a measuring instrument is fitted w

heasurand to a finite number of decimal figures, with the result that the instrument ro

stimated value of the measurand. The instrument is assumed to display a value in dB.

(4)

(5)

dard

th a

bl read-out(display. Such a display is naturally limited to reporting the estimated vallie of

inds

The inferval containing the value of the measurand in this case is equal to = half the value of
the least significant digit reported; hence, if the display reports a value to one decimal place
accuracy, that interval is £0,05 dB; similarly, if the display reports a value to two decimal
place accuracy, that interval is £0,005 dB.

For example, the standard uncertainty applicable to a digital display accurate to within one
decimal place is:

_ 0,05-(-0,05)

243

dB=003 dB

(6)
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whereas the standard uncertainty applicable to a digital display accuracy within two decimal
places is:

0,005 — (-0,005)
e

_ N

dB=0,003 dB (7)

where the standard uncertainty value in formula (6) is reported within two decimal places and
the standard uncertainty value in formula (7) is reported within three decimal places.

5.2.142—Fleetrie-field-display

Congider an electric field that is measured by an electric-field probe with an eleetrictfield
displlay using optical fibers. The measurands fluctuate between a high and a low value,| and
no dther knowledge is available. If, for example, the highest and the lowes? values are
6,64|V/m and 6,38 V/m, respectively, then the standard deviation is calculated from (§) as
0,07p V/m. If the expected value is 6,51 V/m, the relative measurement uncertainty is
calclilated as:

6,51+ 0,075
20lg —~——>""=1-010 (8)
g( 651 J dB

5.2.1.4.3 Thermal-drift range of a signal generator

Wheh a thermal-drift interval of a signal generator provided by a manufacturer is £0,01 dB/°C,
and fthe ambient temperature is measured as (20.+2) °C, then the interval between highest
and |the lowest values are expected as +002dB. In this case, the standard deviation
(uncertainty) is calculated from Equation (5) as,0,011 5 dB.

5.2.1.4.4 Antenna height

Whep a measuring scale with subdjvisions down to millimetres is printed on an antenna mast,
the ipterval for the highest and theMowest values of one reading is £0,5 mm. If the value$ are
conVerted to the electric field.as*+0,01 dB (measured) at the observation point, the standard
deviation (uncertainty) is calcutated from Equation (5) as 0,006 dB.

5.2.2 Triangular
5.2.2.1 Overview
The friangular\RDF applies to quantities that have the following characteristics:

e they are known to exist within a finite interval [a~, a*];

e Kknowledge is available regarding the highest probability that exists at a certain value ¢
within the known finite interval [a~, a*];

e it is assumed, that the probability from a~ to ¢ and ¢ to a* changes linearly.
5.2.2.2 Application

The triangular PDF is applied to quantities whose values are known to be limited to some
finite interval and for which information is available that the highest probability exists at a
certain value ¢ within the known finite interval. The symmetric triangular PDF is associated to
the sum of two quantities having the same rectangular PDF. For example, the PDF appears in
the sum of the scores on casting two fair six-sided dice, when each dice has the rectangular
PDF.
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An example of where use of the triangular PDF arises naturally is where a difference between
or a sum of two measurands displayed in digital should be obtained. In this case, each
measurand has the rectangular PDF.

5.2.2.3 Diagram

The triangular PDF across an interval [a~, a*] (a~ < a*) is expressed as:

2(xf—a’) — fora <x<c
(@ —a)c—-a)
g(x) = @ —x) forc<x<a’ ()

(@"—a )a' -c¢)

0 otherwise

whelle a= , a* denote the lower and upper boundaries of the interval, and. ¢ denotes the nfode,
respgctively.

A tripngular PDF is illustrated in Figure 7. Its shape is triangGlar, and the triangle vertgx is
2/ (g*-a).

2 a*-a)
a c a* X
IEC 1309/12
Figure 7 — Triangular PDF
The mean value of g(X).is Ly = rjxg(x)dx - %‘m (10)

The yariance afig(x) is the square of the standard deviation o and is given by:

ot = [ (x- g - BV @+’ oo e oma' (1)

Hence the standard deviation

\/‘(a’)2+(a*)2+c2—a’-a* -a -c—-a -c

342

(12)

O x

The standard uncertainty of the triangular PDF is this standard deviation.
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If the PDF is symmetrical, i.e., mode c is center of the interval [a~, a*], the standard
uncertainty is

a*—a"

2./6

(13)

Oy =

In this case, coverage factors for 95 %, 99 % and 100 % confidence intervals of a triangular
PDF are 2,32 (i.e., 95/100 x 6), 2,42, and 2,45, respectively.

The friangular PDF is often used in place of the normal (Gaussian) PDF because of its simpler
exprgssion and easier mathematical treatment.

5.2.2.4 Example of application of the triangular PDF

Appljcation: Sum of digital display readings

The |luse of the triangular PDF arises naturally when a sum of two readings using| two
measuring instruments fitted with a digital read-out display is obtained. Such a display is
natufally limited to reporting the estimated value of the measurand to a finite numbér of
decimal figures, with the result that the instrument rounds_the estimated value of| the
meagurand.

In a|case, the total antenna height should be obtained from two vertically-jointed antgnna
masis that show readings with a digital display. \Wfien each display reports a value to| one
decimal place accuracy, e.g. 0,05 mm, the interval of uncertainty is within +0,1 mm from the
sum |of two readings. In the case, since mode ctisithe centre of the PDF, the shape of the|PDF
is symmetric.

The ptandard uncertainty applicable to thetotal height using triangular PDF is:

. 0,1-(~0,1)
=0 =—=
2V6

=0,041 mm (14)

whetle this standard uncértainty value is reported to within three decimal places.

5.2.3 Gaussian
5.2.3.1 Overview
The [Gaussian (or Normal) PDF applies to a continuously (as opposed to discretely) fluctuating

quarltity’ X. Therefore, it is suitable for modelling statistical properties of physical quantitigs in
the area-of EMC-

A Gaussian PDF g(x) is symmetric, unimodal, and is characterized by two parameters. These
parameters are given, for example, by the mean <X> and standard deviation o. With this
choice,

9(x) = (X‘<X>)2] — 0 < X < 400 (15)

1
exp| —
o—m p{ 202

This PDF is a solution of the differential equation
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(16)

with initial value g(x =0)=1/(c+/2). In the area of EMC, Equation (16) is useful to represent
measurands that are characterized by random fluctuations.

The expression of the Gaussian distribution function G(x) requires the use of special functions
(i.e., functions that cannot be expressed as finite additions, multiplications and root
extractions of other functions) and is given by

wher
com

1 fool X=X |, 1 x=(X)
G(x) = exp| ————5—dx' =<|1+erf
=5 p{ 502 o 1+erf(=_57)
e erf() is the error function, which can be obtained from tables or.through numg
butation.

rical

Althg@ugh the normal PDF has a doubly-infinite domain [-o0,+x], the{élatively small and rapidly
decrgasing values of its PDF for |[x—-<X>|/c >> 1 (i.e., in its “tails*) ensure that this PDF can
ofter) also be used, at least to good approximation, to describe distributions of physical
quarftities that can take only finite and/or positive values,\pfovided the value of <X>[c is
suffigciently large (typically, 5 or more) . For many practicahpurposes, the values of (x—<X>)/c
can then be restricted to the interval [-5, +5].
The foverage factors k for two-sided confidence intervals for 95 %, 99 % and 99,5 % levgls of
confldence are 1,960, 2,576 and 2,807. For onéssided intervals, the corresponding value$ are
1,64p, 1,960 and 2,576.
5.2.3.2 Diagram

0.4

0,35}

0,3}

0,25}

< 02
ks
0,15}
0.1}
0% 4
(x-<X>)/c
IEC 1310/12

Figure 8 — Normal PDF for standardized X
5.2.3.3 Applications
5.2.3.3.1 Relationship to central limit theorem

The practical importance of the normal distribution lies in its fundamental role in statistical
inference and, where applicable, the central limit theorem. This theorem states that the
sample mean associated with sets of N independent random variables with any of a wide
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range of PDFs (possibly asymmetric and/or discrete) having a finite population mean and
finite population standard deviation o tends to the normal PDF as the number of variables
tends to infinity. The limit PDF has the same mean value but a standard deviation o/ VN,
which is also known as the standard error. In addition, if the population is itself normally
distributed, then its sample mean has a normal PDF for any (not just merely asymptotic large)
value of N.

Furthermore, the normal PDF serves as an approximation of the discrete binomial PDF for
large sample sizes. (An adequate correction may have to be applied for small sample sizes.)

The advalltayc Uf Glly :;IICGI DyOtCIII :IUD ;II thU faut that fUI Glly IGIICIIUIII ;Ilput \.|u ntlty
exhilpiting a given distribution (e.g. normal distribution) yields an output quantity hayving the
same distribution (e.g. in this case also normal).

Normality of a population distribution is often an essential condition for many statigtical
procedures on sets of sample data to be valid. Whether and to what.vextent a given
meagurand or field variable X has or can be assumed to have a normal PDF should be tgsted
using an appropriate goodness-of-fit test. When the assumption of a normal distribution i$ not
valid, then the following alternative options for applying statistical procédures are availablg:

o pply a nonparametric procedure;

. pply a transformation of X (e.g., square root, logarithfw, etc.) to achieve approximate
ormality;

o pply another procedure that makes use of moref{general distributions than the ndrmal
istribution (e.g., t-distribution).

5.2.3.3.2 Estimation

The [values of the two population parameters:<X> and o are usually unknown in practice, in

which case their values shall be estimated from the data as the sample mean X and sa mple
stanflard deviation s. Unbiased efficient estimators are thereby preferred, to allow for
conslistency when comparing results~obtained from tests or laboratories based on diff¢grent
sample sizes. For normal distributions, expressions for the sampling distributions, mean| and
stanglard deviation of X and sccan be obtained explicitly [3], because of the fact that only for
normal distributions are X (and s statistically independent [4]. For unknown <X> and o} the

distr|bution of X has a Student t-distribution.

5.2.3.3.3 PDFs(of sum, difference, product, ratio, squared values and roots of
quantities with normal PDF

Occasionally, ‘the distribution and uncertainty are required for random quantities thaf are
obta|ned via*elementary operations (addition, subtraction, multiplication or division) between
two Tormal random variables. For example,

e the impedance can be calculated from the ratio of randomly fluctuating electric and
magnetic fields

e energy, intensity and power of fluctuating fields are all proportional to the squared field (in
the time domain) or the squared magnitude of the complex field (frequency domain); field
magnitude is proportional to the square root of the field intensity.

For normally distributed and statistically independent X and Y, the PDF of their sum,
difference, product and ratio can be expressed in closed form. The sum or difference has
again a normal PDF with mean <X> + <Y> and variance o—f( +g§. If X and Y are correlated,

then a term proportional to the correlation coefficient shall be added. The product of X and Y
has a MacDonald PDF [5] (special case of a Bessel K PDF), while their ratio exhibits a
Cauchy PDF [6]. The square of a real-valued X exhibits a chi-square PDF with one degree of
freedom. On this basis, extensions to PDFs of single- and multi-axis (vectorial) fields (real- or
complex-valued) and associated sampling distributions can be obtained. For example, the
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amplitude distribution for a measurand X with zero mean value is the one for the root-sum-
square of in-phase and quadrature components, i.e. a Rayleigh or chi-square PDF with two
degrees of freedom.

By extension, the amplitude of a field or other measurand with a d.c. component (e.g.
common-mode signal) that is not negligible compared to the a.c. component (differential-
mode components) (<X> = 0) exhibit a Nakagami-Rice PDF, although its individual in-phase
and quadrature components still have a normal PDF.

5.2.3.4 Example

Conjider the CW electric field, E, received by a receiving antenna under test at a
sepgration distance and fixed relative orientation with respect to a transmitting «refer

ante
then
view|
diffe

hna. If the transmit and receive antennas are connected to a Vector Network) Anal
the effects of phase shift can be understood. The measured electric fieldcean the

rent locations inside a fully anechoic room will cause random fluctuatiohs’ of the com

valug¢d electric field because of residual reflections by the walls of thecreom, which ca

quarn
com
Typi
(o

tified by the normalized site attenuation (NSA). The real (E’)»and imaginary
ponents of the field exhibit normal fluctuations with respect~to-their average va
cally, their mean values will be different whereas their stahdard deviations are ¢
= Og» = 0). For example, for the real part,

_(E") '
g(e’):ajﬁexp{—(ezg)) } ~ o0 < €'< +o0

fixed
Ence
zer,
h be

ed as a phasor having a real (E’) and imaginary (E”) part. Moving the two antenngs to

Dlex-

h be

(E")
ues.
qual

(18)

As an example, consider biased field fluctuations” with a signal-to-noise ratio (SNR) equjal to

20d
o =

[<E’:
A:\E

B and 10dB with respect to .the average values <E> and <E’>,

,1 <E’>=0,3 <E’>. A symmetric 95 %"confidence interval for E’ is then given by
» — 1,960 o, <E’> + 1,960 o] = [0,804 <E’>, 1,196 <E’>]. The electric field magn
F| = J(E?+E'?) then has the PDE
. a ai+a’ 82 a0
A(a):?exp ey Ul & >
e

((E'>2 +(E">2) = 10,54 o is the magnitude of the average field and

i.e.

tude

(19)

Iy is

themodified Bessetfunctionm of the firstKind,zero-order-

The corresponding asymmetric 95 % confidence interval for A is then [8,63 o, 12,54 o].

For smaller SNRs, the asymmetry of the confidence with respect to ay or o is larger. For a
field with zero mean value, A is Rayleigh distributed with a 95 % confidence interval given by
[0,225 0, 2,715 g]. This represents, for example, the intrinsic field uncertainty in an ideal
reverberation chamber in the absence of direct illumination of the EUT.


https://iecnorm.com/api/?name=65cfb498a3c9478a670aa40d2e37bfc5

-32 - TR 61000-1-6 © IEC:201

5.2.4 U-Shape

5.2.41 Overview

2(E)

In order to introduce the U-shaped PDF it is convenient to assume a very simple situation
where a generator, whose output reflection coefficient is T', is directly connected to a power
meter, having an input reflection coefficient T',. Even in an ideal case where both the
generator and the power meter were perfectly calibrated, the reading of the power meter, Py,
won’t be equal to the output power setting of the generator, Pg. This is due to the mismatch at

both

generator output and power meter input. The relation between P, and Pg is

Sinc

a) b

b) t

If th

Pg/Py = |1 = Tg T|2

e it is not usually convenient to evaluate the correction term [1 —T'g 1"r|2 because:

oth the magnitude and phase of ., should be known over the frequency rang

nterest, and

ne magnitude of I', ', is small, then the correction is dealt with in a'statistical sense.

e maximum magnitude of I';I', over the frequency range™ of interest is kn

K= [lcI'[[yax and the phase ¢ of I';I', is assumed to be uniform within 0 and 2r, th

rand

5.2.4

The

for (
valug
show

Usu4d
PDF
expse

bm variable X can be associated to the mismatch correction; where

X =|1- Kel9|2
.2 Diagram
PDF of X is
9(X)= 1
my[ X —(1-Kp2 ]+ Ky - x|
1 — K)2<X<(1 + K)2 and-g(X) = 0 otherwise. The PDF is symmetric around the expe

b x = 1 + K2 and the standard deviation is u(x) = 2K . The U-shape PDF is illustrate
n in Figure 9.

Ily in EMC logafithmic units are adopted, hence the random variable is 10 Ig (X).
of 10 Ig (X)uis still U-shaped but asymmetric within the bounds 8§X* = 20 Ig (1 * K).
cted valuetof 10 Ig (X) is zero (0 dB) and the standard deviation is approximately

e of

(20)

cted
d as

The
The

(21)

This

o =K. 299) 514k
V2

approximation is valid for any practical value of K between 0 and 1.
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9(x)

12nK

(1 - K? 1+ K2 (1+K)?
IEC 1311/12

Figure 9 — U-shaped PDF

5.2.4.3 Application

The |simplest practical arrangement sees two devices connected _together by an electrical
cablé. A signal will pass from one device, the ‘source’, to the other,“the ‘load’, via the cablle.

In g radiated emissions measurement, the simplest practical arrangement involvgs a
meagurement antenna connected to a measuring receiver via‘a cable with a certain length.

In a fadiated immunity test, the simplest practical arrangement involves the output of a ppwer
amplifier being connected to a test antenna via a cable with a certain length.

EMQ emission measurements and immunity tests typically involve a number of equipment
items that perform separate functions that:are required to be located at different places| and
hende require cables to connect them together. So, in a radiated emission measurement, the
meagurement antenna is located above)the ground-plane of an open area test site (OATS)
whil¢ the measurement receiver is~typically located some distance away. Similarly, [in a
radigted immunity test, the antenng’is located within the Semi-Anechoic Chamber (SAC) or
Fullyy Anechoic Room (FAR) while the signal generator and associated power amplifief are
localed some distance away; typically outside the Chamber/Room.

It is|possible to measure the VSWR of all terminals with respect to a common refergnce
impgdance.

D]

O S0 S o
#1 #2

Sy S22

IEC 1312/12
Figure 10 — Example of a circuit

Figure 10 shows an example of a part of an immunity testing apparatus. The circuits #1 and
#2 are assumed to be a signal generator and a power amplifier respectively. Circuits #1 and
#2 are connected by the central circuit that is expressed in terms of its S-parameters.

The centre circuit may, in practice, consist of

e asingle cable that extends between circuits #1 and #2,
e a number of cables and required connectors that extend between circuits #1 and #2,

e acomplex cascade of cable(s), with/without connectors and with/without attenuators.
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2(E)

Any signal passing between circuits #1 and #2 will undergo reflection and transmission at any
impedance mismatch. The mismatch occurs:

e at the boundary between circuit #1 and the central circuit

o at the boundary between the central circuit and circuit #2.

A co

rrection factor for the mismatch, 8M, is expressed as:

M = 201g(1-T,S,,)(1-T,S,,) - S3T.T,

(22)

Each
speg
field
oM.

refle
max
Equa

The

Ther

5.2.4

Whe|

Casg 1, ofyTable 3, the maximum and the minimum of 6M are calculated as 0,626 dB

is the reflection coefficient of the output port of the generator;

is the reflection coefficient of the input port of the amplifier;

is the reflection coefficient of the input port of the central circuit;
is the reflection coefficient of the output port of the central circuit;
is the transmission coefficient of the central circuit;

ifications prepared by manufacturers are only VSWR. Therefore, the radiated ele
strength or the net power cannot be calibrated by usingthe precise correction fag
The mismatched uncertainty occurs due to the lack\of the phase information of
ction coefficients. Therefore, the worst case uncertainty is formulized by using
mum and the minimum of 3M, which are expfessed by the following equation
tion (22).

sM* = 201g[t:+ (1, |8, + [5afSea| + [T I, S S e + I T IS )

PDF of 8M describes a U-shape..The standard deviation of the PDF is obtained as:

SM™ — M~

2.2

O =

the standard deviation is the standard uncertainty of the impedance mismatch.

4 Example of uncertainty calculation

h the cireuit parameters are given by the specifications of a manufacturer, as shoy

-0,61
Eque

manufacturer as sho

reflection coefficient is complex. However, only the amplitddes are known because¢ the

ctric-
tors,
the
the
sing

(23)

(24)

nin
and

5.dB respectively by using Equation (23). Then, the standard uncertainty is calculate

d by
of a

wn in Case 2 of Table 3 as another case, the maximum and the minimum

of M are calculated as 1,71 dB and -2,12 dB, respectively. The standard uncertainty is also
calculated as 1,35 dB. The difference between the absolute value of the maximum M and of
the minimum 8M is small if the values of the reflection coefficients are small. The standard
uncertainty u(x;) is approximated as the following equation:

u(x;)= 8\% for K <03

(25)
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Table 3 — Examples of circuit parameters

Parameters Case 1 Case 2
Reflection coefficient, ' 0,2 (VSWR =1,5) 0,333 (VSWR = 2,0)
Reflection coefficient, T, 0,333 (VSWR = 2,0) 0,5 (VSWR = 3,0)
S-parameter, S, 0,056 (-25 dB) 0,1 (-20 dB)
S-parameter, S,, 0,032 (-32 dB) 0,1 (-20 dB)
S-parameter, 812 0,89 (-1,0 dB) 0,89 (-1,0 dB)
S-parameter, S, 0,89 (-1,0 dB) 0,89 (-1,0 dB)

If the reflection coefficient of the power amplifier is measured inclusive of a‘cable

conn
Equa
circu

5.3
5.3.1
The

way
mea

ects with the input port of the amplifier, the center circuit can be ignored\dn this g

it are zero, and Sy, and S, are 1.

sM* = 201g[1= [T, |T ]

Concept of Type A and Type B evaluation of uncertainty
General considerations
evaluation of standard uncertainty is classified-@as) Type A or Type B, depending of

the evaluation is done. Type A evaluation is carried out through the statistical analys
sured quantity values, Type B evaluation js\carried out by means other than a Ty

evalbation. It is worth noting that Type A and>Type B evaluations are mutually exclu

Ther
cont

Typs

efore, when filling out an uncertaintyxbudget, it is immediately clear if an uncert
ibution results from one or the other type of evaluations. The classification schen
A and Type B is not problematic.for,the development of standards.

Another important classification deals with the character of a measurement error: an

that,

in replicate measurements-remains constant or varies in a predictable manner, is ng

systématic error; on the contrary an error that, in replicate measurements varies i

unpr,
oppa

edictable manner, is named random error. The classification systematic random, quit
site of Type A, Type B, is suggestive, since it refers to anyone’s experience o

phy

Alte
they

ical world.

native defifitions of systematic and random errors can be given according to the
are evaluated (i.e. they are operative definitions); the systematic error is the mean

that
ase,

tion (23) is simplified to the following equation because the S;; and S35 of the center

(26)

the
is of
be A
Sive.
pinty
e of

Brror
med
h an
p the

the

way
that
s a
nean
both

, the

same operators, the same measuring system, the same operating conditions, the same
location, and making replicate measurements on the same or similar objects over a short
period of time (repeatability conditions).

The evaluation of the systematic error requires the availability of a reference value whose
deviation from the unknown value of the measurand is known a-priori to be small with respect
to the systematic error under evaluation (see Note 1). This is the usual practice in instruments
calibration. Consider the case where a standard RF voltage source is used to calibrate a
receiver. The reference value of the voltage amplitude shall deviate from the actual value
generated by the source by less than the measurement accuracy of the receiver (e.g. by one
order of magnitude) stated in the instrument specifications.
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In principle, the evaluation of systematic and random errors would require the computation of
the mean of an infinite number of measurements. In practice the number of measurements, N,
shall be large enough so that the deviation between the mean of a sample of N measurements
and that of infinite measurements is small with respect to the systematic and random errors
that are evaluated (see Note 1). This deviation can be quantified by the experimental standard
deviation of the mean, which decreases proportionally to 1/4/N when N increases.

NOTE 1 The repetition of the argument is inherent in the evaluation of both systematic and random errors.

The following text deals with uncertainties rather than with errors and talks about
uncertamtles orlgmatmg from systematlc or random effects rather than systematlc or random
v v ' d to

measguring instruments are given in terms of their measurement accuracy -which isl the
combination of the measurement trueness, closely related to systematie. .errors, and the

the
circdmstance. For example, the amplitude error of a receiver at‘a fixed frequency cah be
clasgified as systematic since the indication does not change by repeating the measurement
at that frequency (see Note 2). However, the same amplitud€_ erfor appears as random in the
whole frequency range of the receiver, since the error randomly varies from one frequengy to
another. The manufacturer of the receiver then specifies a limit of error within whicH the
randpm frequency dependent error is confined over the{frequency range of the receiver.| The
amblguity of the systematic-random classification is one of the reasons for the introducti¢on of
the Type A - Type B classification. Uncertainties are'therefore classified according to the|way
they|are evaluated rather than to their nature.

NOTH 2 This is true if the source is stable and provides a signal whose amplitude is much greater thgn the
receijer noise level.

5.3.2 Type A evaluation of standard uncertainty

The [Type A evaluation consistsief determining the best estimate g of a quantity Q and the
stanflard uncertainty through'the statistical analysis of a sample of N repeated indications Q;,

whefle i = 1, 2, ..., N. The best estimate is given by the arithmetic mean Q of the indicatiohs,
— 1 (27)
N2
then| g SeR

Notetratamupper case tetter, Suchras @, 1S Used here to denote at thesarmme time

a) the name of a quantity,
b) the unique, although unknown, value of that quantity,
c) any possible random value associated to that quantity.

The meaning will be different depending on the context. A lower case letter is used for the
best estimate of a quantity, hence q is the best estimate of Q.

A measure of the dispersion of the random values Q; around Qis given by the experimental
standard deviation s(Q)):
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s(Q) = ﬁi(@, oy (28)

The experimental standard deviation is the root-mean-square deviation of the values Q; from

Q. It is assumed that the indications are independent; that is we have no reason to suspect
that a significant relationship exists among them. The mean of the squares is calculated by
dividing by N — 1 instead of N. This choice can be justified in several ways. Firstly, the
dispersion cannot be estimated from a single indication. As a consequence, if trying to
evaluate Equation (28) in the case N = 1 the 0/0 undetermined form results, instead of the
misleading zero value obtained substituting N in place of N — 1 in Equation (28). Secondly,

the humber of independent deviations is N — 1 since, see Equation (27), i(@i_a =0-
i=1
Thergefore, dividing by N a rather optimistic estimate of the dispersion can be obtained.| The
number v = N — 1 is named number of degrees of freedom. One degree of freedom is frpzen
by tHe choice of the arithmetic mean as the center value for the calculation ef the deviatign. In
gengral, the number of degrees of freedom is the number of independentjindications njinus
the humber of parameters derived from these indications. Note that“if the dispersign is
calcllated around a value that is not obtained combining the samplecof indications (e.g| the
valug¢ derived from averaging a historical collection of data or a‘reference or convent|onal
valug) it is more appropriate to divide by N instead of N — 1 because no degree of freedgm is
frozgn by the choice of the center value, and v = N.

The grithmetic mean of a sample of N random values is a-fandom value too. This means| that
if the arithmetic mean of each of M samples made of\N random indications is calculated, M

valugs of 6]. are obtained, with j = 1, 2, ..., M, which vary at random. It is obvious thaf the

larggr N the smaller the deviation (in the average) among the 6,- values. In order to evaluate

the dispersion of the values 5,- around .the“grand total average Eziiéj we can| use
M i=1

Equation (28) to obtain

s(Q,)z\/ 3 (,-ar (29)

It cah be shown (see([7]) that 3(6/.)» s(é) where 3(6) is the experimental standard deviation
of the mean

o= 1 <o _or 30
s(Q)—\/N(N_n}H:(Q, Q) (30)

or
s(Q) TN (31)

where 3(6) provides a quantitative description of the spread of the values 5, around 6

If M is large, as it is tacitly assumed in Equation (29), the experimental standard deviation of
the mean provides an estimate of the deviation between the mean of a sample of N
indications and that of infinite number of indications. Equation (30) is very powerful, because
it states that in order to evaluate the reliability of the mean of a sample of N indications we do
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not need M samples of N indications, as in Equation (29), but we can rely upon a single
sample.

Equation (31) requires some comments. As N increases the estimate of the dispersion of the
random indications, s(Q;), which is a random number too, tends to become more and more
reliable. It can be demonstrated (see [7] and ISO/IEC Guide 98-3, Annex E) that the relative

dispersion of s(Q,) is nearly J2(N-1) when N> 32 (see Note). Hence s(Q;) tends to a

constant value when N tends to infinity, and s(Q) tends to zero. In conclusion, the
experimental standard deviation of the mean can be reduced by increasing the number of
measurements. This is a rather obvious result due to the fact that the mean of N indications
tendf 1o a constant value when IV INCreases. vwhat Is 1ess obvious Is that the dispersion. of the
meaf decreases proportionally to 1//N .

NOTH 1 The same is true for s(Q), due to Equation (28). Also, the relative dispersion is 76 % whén N = 2 (see
ISO/IEC Guide 98-3, Annex E, Table E.1).

An important recommendation: Do not confuse the experimental standard-deviation with the
expgrimental standard deviation of the mean. They are distinct quantities used to answef two
completely different questions. The experimental standard deviation can be adopted to
evalllate the measurement repeatability or the measurement reproducibility since they are
quarjtities aimed at describing the capability of a measurement setup and/or method to
prov|de results in close agreement. Measurement repeatability’or measurement reproducipility
shallf not depend on the number N of repeated measurements*that is chosen to evaluate them,
as itfwould be if the experimental standard deviation of the mean is used. In particular|they
are phot expected to decrease with increasing N. On‘the contrary, the uncertainty of the
arithmetic mean of a series of indications generally decreases with increasing the length of
the series, and it is appropriately described by:the experimental standard deviation of the
meanf. In general, the choice between the experimental standard deviation or the experimgntal
stangard deviation of the mean is dictated by.the measurement model that is adopted.

The pxperimental standard deviation, or;the experimental standard deviation of the mean] is a
necgssary step to but do not constitute the final result of the Type A uncertainty evaludtion.
Indegd, we discussed about the unfeliability of the experimental standard deviation, espegially
when the number of indications(N is low. For example, when N =10, i.e. a relatively large
numbper of repeated measurements, the relative dispersion of this parameter is about 24 [%. It
is faf preferable to have a value of the uncertainty which can be considered exact for gll its
subsequent uses. Indeed, -uncertainty interpretation is more direct, calculations are egsier
(see|Note 1) and the-choice is coherent with the result of the Type B evaluation, wherg¢ the
result of uncertainty cdlculation is not uncertain. The price for the exactness is a somewhat
larggr value of uncertainty. If Q follows a normal PDF, then both the experimental standard
devigtion and/the experimental standard deviation of the mean are expanded by an
apprppriate_(coefficient 7(v) > 1 to provide the Type A (evaluation of the) stangard
uncertainty-u(Q))

ull; ) =nv)si;) (32)

and the Type A (evaluation of the) standard uncertainty of the mean u(@)

u(@)_ u(@,) (33)
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where
6,48 v =1
34
n(v)=1220 v=2 (34)
14
v>3
V-2
action of vualiae ~fF o N\ for 4 M Q0 (that ic 2D AL 100\ ic ranartad in TAahla 4 o010
A sefectionofvatuesof nHor << 90-thatis 2N 100 HsrepertedinTable 4—{4yand

1n(2) [are numerical values obtained as f g25(1) / ty g25(0) and ty 525(2) / t g25(),
respgctively. tp(v) is the upper critical value of the Student’s t-PDF with r degrees of freedom,
corrgsponding to probability p in one tail. Indeed t; 555(1) = 12,71 and t; gp5(») =-1,96, hepce
to.026(1) / ty 025() = 6,48. Further t; 555(2) = 4,30 therefore t; 5,5(2) / ty g25()=2,20. Th
valug of the probability p is related to the coverage probability P that we will-adopt for the|final

A1

(1)

statgment of uncertainty, that is p:% (e.g. P =0,95 implies p = 0,025)xWhen N> 3 w

havéd tp(v)/tp(oo)z Jvi(v=2), irrespective of the value of p.

NOTH 2 This approach permits to get rid of the concept of effective degrees of freedom and the use of the Welch-
Sattefthwaite formula (see ISO/IEC Guide 98-3, Annex G).

Table 4 — Values of the expansion coefficient 7(v) which transforms
the standard deviation to the Type<Aj)standard uncertainty

v 1 2 3 4 5 6 7 8 9

n(v) | 6,48 | 2,20 | 1,73 | 1,410, 1,29 | 1,22 | 1,18 | 1,15 | 1,13

n(v)y | 1,12 | 1,144 1,10 | 1,09 | 1,08 | 1,06 | 1,04 | 1,02 | 1,01

Typg A standard uncertainty“and Type A standard uncertainty of the mean are the results of
Typg A evaluation of standard uncertainty.

Example 1: Evaluation and check of measurement repeatability. Evaluation phase: Non-
repeptability is-evaluated (e.g. yearly) through Equation (32), by collecting a relatively large
numbper N of independent indications (e.g. N = 10) to obtain u(Q;). Check phase: Repeatapility
can pe rapidly’checked (e.g. monthly) through a couple of indications Q; and Q, obtaingdd by
using thé same measurement procedure, setup and instruments used for the determinatipn of

u(Q;)IFAQ, —Q2\>1,96.\/§-U(Q,.), then one can state, with probability less than 5 % to e in

error, that the measurement was not carried out under the same repeatability conditions
leading to the previously evaluated dispersion u(Q;). The subject of this example can be
chosen for current injected by using a Bulk Current probe, peak value of ESD, rise time of the
surge short-circuit current, etc.

NOTE 3 The difference Q, — Q, follows a normal PDF, whose expected value is zero and the standard deviation

is 2+ u(Q)

Example 2: Evaluation of the field uniformity over the Uniform Field Area (UFA) in the
radiated immunity test described in IEC 61000-4-3. The field non-uniformity can be evaluated
through Equation (32). Since the field magnitude is a positive quantity with a large dispersion,
the result of the calculation is generally expressed in the uncertainty budget using logarithmic
units. It is convenient to transform the field meter indications from V/m to dB(V/m), then to
calculate the dispersion of the dB(V/m) values to obtain a result in dB.
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5.3.3 Type B evaluation of standard uncertainty

In many cases the best estimate and the standard uncertainty of a quantity are not obtained
through the statistical analysis of a sample of indications but from the available information
about the values, which can reasonably be achieved by that quantity. The available
information may consist of a measuring instrument manufacturer specification, calibration
reports, technical and application notes, scientific literature, previous experience (including
data records).

For example, it is known that the sine-wave voltage measurement accuracy of a receiver
compliant with the requirements in CISPR 16-1-1 shall be within +2 dB. Differently stated, the
limit$ of error (or tolerance) of the receiver shall be +2 dB. We do not know the~artual
meagurement error at a specific frequency and for a specific setting of the receiverhbdt we
know that it is definitely bound by the tolerance interval. Type B uncertainty eyaluation is
notevorthy in that the measurement error is thought to be a random variable;E,”achigving
valugs in the tolerance interval (Enins Emax)- In the example, E,;, = -2 dB and E,, = +2 dB.
Goodl sense suggests that it is more probable that E is close to the centre.of the tolergnce
interjal rather than to its limiting values. A more conservative assumption_suggests that|E is
everlly distributed in the tolerance interval. This assumption is chosen-more frequently, at
leas{ if there is no evidence to the contrary. In general terms, the possible values of B are
distr|buted within the tolerance interval in accordance with a statistical distribution, which
corrgsponds to the available information. In the receiver example, if the conservative choige is
adogted, the PDF of the error is constant and different from Zere inside the tolerance intgrval
whilg is zero outside. This PDF is named rectangular or uniform. Otherwise a triangular |PDF
can pe chosen if there is convincing evidence that error Values are concentrated around the
centfe of the interval.

Thede concepts are expressed in the following mathematical formulae. The statistical prror
distr|bution is described by the PDF g(E) which*is-defined as follows

PrE < £% E+dE)=g(E)dE (35)

where Pr(E<E<E+dE) is the probability that E lies between £ and E+dE, and dE is an

infinftesimal increment. The_.function g(E) is a density because it is the probability] per
infinjtesimal increment of the error. Then the measurement unit of the PDF is the reciproqal of
the measurement unit of E (probability is dimensionless). The PDF has the following genperal
propgrties:

g(E) > 0, for any E (36)

Ig(E)dE =1, integral over all the possible values of E (37)

In our example IEmﬂxg(E)dE:m In general terms the interval (E
E,

min

min: Emax) €ncompasses a

large portion p of the possible values of E, where usually p = 1 or p = 0,95, hence

[~ g(E)dE=p (38)

E

min

Property (37) permits to derive the mathematical expression of the rectangular PDF. Indeed,
since the area of the rectangle is unity and the width of the base is E, 4 — Ein, its height is
1/ (Emax — Emin)- In the case of the triangular PDF again the width of the base is E; ;x — Emin
but the height is, in this case, 2 / (E E

max min)'
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Knowing the PDF we can derive the best estimate E of the measurement error and the Type B
(evaluation of the) standard uncertainty. Consider the value E * g(E)dE. This value is the
product of a particular error value E, and the probability of achieving error values in the
narrow neighborhood around E. If we sum up E * g(E)dE for all the possible values of E we
obtain the weighted average of E, where the weights are represented by the probabilities
g(E)dE. This type of weighted average is called expected value of E, or briefly (E) where

(E)=[E-g(E)dE

the iftegrar being over all the possible values of E. It can be easily shown that (E) Is (he

valu

propgrty can be demonstrated by approximating the probability in Equation (35) with-the
between the number of sample values falling in the interval (E, E + AE) and the tétal numb

of the arithmetic mean of an infinitely large sample of possible values of E’

(39)

limit
This
ratio
er of

sample values. AE represents the width of an interval containing a significant numbgr of

sample values. In conclusion, in the Type B evaluation scheme the expeected value ig
counfterpart of the arithmetic mean, which is the best estimate in the)Type A evalu
schegme. Hence, the best estimate of the measurement error is ¢ :<E>- Thus, the integr

in E
rects

Cons

errof
can

(aga

Notel
follo
the

valug
varig

uation (39) may be simplified for symmetric PDFs. For symmeétric distributions, suc
ngular and triangular PDFs, then e =1/ 2 « (Ein ¥ Emax)-

idering now the quantity E—(E), which corresponds te\the deviation between a parti

value and the best estimate of the error, the weighted average of the squared devi
be calculated as

(E-(E)F)= HE-(E)Fg(E)oE
n, integration is over all possible values of E).

that the term on the left of Equation (40) is the expected value of the squared devi
E>)2 and is called a variance of E, usually indicated as ¢2. It can be demonstrated

square of the experimental standard deviation of an infinitely large sample of pos
es of E. The conClusion is that the Type B standard uncertainty is the square root o
nce

ue)=[(E~(E)fg(E)dE

the
ption
htion

h as

cular
htion

(40)

htion
just

ving the line of reasoning in the previous paragraph, that the variance is the limit valjie of

Sible
f the

(41)

whet

e faor hnmngnnnify of notation with the Typn A _standard ||nr\nrf9infy we-sot Il(ﬂ) 3
H H

Solving the integral in Equation (41) we find in the case of the rectangular PDF

Emax — Emin
ule)= BT

while in the case of the triangular PDF we have

(43)
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Returning to an earlier example, consider the amplitude error of a receiver with E;;, = -2dB
and E, = +2dB. If the PDF is assumed to be rectangular, u(e) = 1,2 dB. If the PDF is
assumed to be triangular, u(e) = 0,8 dB. In both cases, due to symmetry, the best estimate of
the erroris e = 0 dB.

Example 1: Type B standard uncertainty derived from a calibration report (e.g. of the gain of
an EMC antenna) stating the best estimate and the coverage interval corresponding to 95 %
coverage probability, normal PDF. Note that the value of the effective degrees of freedom is
irrelevant (may be stated in the calibration report: In any case, divide E . — Enin bY
2+ 1,96 = 3,92 to obtain u(e)).

NOTS The symbol E is used in place of the more general symbol X because in the example dealt withyhere E
referd to a measurement error. The results derived are however general.

5.4 | Sampling statistics
5.4.1 General considerations

In s¢veral practical situations in EMC testing and measurement, measurement uncertpinty
(MU] is estimated with reference to a relatively small set of measured.data. A few exanjples
are:

e in laboratory comparisons, the number of measured values (ofythe measurand (this nufnber
eing equal to the number of laboratories involved) is typicCally of the order of ten or Jess,

rather than one hundred or more;

jox

e im angular scans of an EUT during shielding, susceptibility, or emissions testing| the
umber of aspect angles for an EUT placed on ayturntable in a FAR is severely limited for
conomical reasons;

e im height scans of emissions measurementsin an anechoic environment, the numbgr of
eights and orientations of the EUT is limited;

rder of a few tens per rotation (minimum 12), for example when operation is neaf the

H

o the number of paddle wheel steps ina reverberation chamber testing is typically of the
lo

Ipwest usable frequency.

The [restricted size of the datai:set is caused by economical constraints or due to fnore
fundamental physical limitations:

While ensemble statistics: and PDFs (e.g., normal PDF) yield asymptotically exact estimates
of the expected valué and confidence intervals for infinitely large sample data sets, MU|may
dramatically increase for “small” sample sets, typically for N =40 statistically independent
samples or fewer\[The value of N is influenced by the statistical independence between the
sample values{ which shall be investigated separately.] Ensemble statistics and ensemble
distr|butions.eorrespond to the idealized case where N approaches infinity.

The |spfead around the mean value (standard deviation, confidence limits, etc.) is strangly
affected by the sample siZe. Only test results for which IV 1S constant are directly comparable.

Strictly, the sample statistics (e.g., sample standard deviation) calculated from a given data
set apply to that set only. However, especially when N is not exceedingly small, the calculated
sample statistics serve as good approximations for the sample statistics of other (repeated)
data sets related to the same measurand, measured under identical conditions of the
measurement.

5.4.2 Sample mean and sample standard deviation

The sample mean of a measured (or otherwise evaluated) quantity X (e.g., complex field, field
magnitude, power or energy density, etc.) is
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X5 (44)

where
X; is the i-th sample value and

X is an estimate for the ensemble value <X>.

The sample experimental standard deviation of X is defined as

(45)

The pample standard deviation of X (also known as the standard error of Y) is defined a

[

s = Sx (46)

* JIN

NOTH The definition of Sy requires the N samples to be statistically independent, whereas for ? no| such

restrigtion applies.

5.4.3 Sample coefficient of variation

For hon-central PDFs of X (which is the“usual case in EMC), the coefficient of varigtion
vy =|ox/uy serves as measure of relativeiuncertainty of X: it provides information on relative
(as lopposed to absolute) levels of\fluctuation of X. In general terms, this concept is
particularly useful if the PDF ofyX is unknown. If the data set represents repdated
measurements of a quantity X.that is subject to random fluctuations (e.g. noise), then|1/vy
repr¢sents the signal-to-noise-rfatio for the data set.

NOTH The coefficient of variation is only applicable to linear and not to logarithmic quantities.

In practice, the ensemble coefficient of variation and its sample value have to be estimated
basgd on sampled values of the mean and standard deviation. The mean value of the sample
coefficient of variation is estimated as the ratio of sample mean to sample standard deviafion:

ny =si (47)
X

Since X and sy are random quantities (see 5.3.2), ny is itself a random quantity, that varies
from sample set to sample set. For a normal PDF of X, the sample standard deviation of the

coefficient of variation is v, /[(1+2v2)//2N).

5.4.4 Limits of sample-statistical confidence intervals

Just like any other sample statistic, the value (i.e., position) of the upper (& ) and lower (&)
boundaries of an 7 % confidence interval &&4,,/100)2 fluctuates and, hence, acquires
uncertainty when the sample size N is finite. KI'his occurs because the sample-to-sample
variations of the empirical sampling distribution between sample sets implies that the
probability that the measurand does not exceed a specified value fluctuates. Only the
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underlying ensemble PDF has confidence limits that have deterministic values (i.e., fixed
locations), whereas the boundaries for sampling varies and sampling distributions are random
variables. The random confidence limits and their sample values are represented as

< .
Z* (12 p100)2 @A & (14,/100)2: TESPectively.

For a symmetric 95 % confidence interval for a general distribution of X with PDF g(X) and
distribution function G(X), the general expression of the standard errors of the upper and

. : —
lower boundaries and covariance of 51,190y are

. , [ 0025x0975 = ,_ | 0025x0975 (48)

T e 097N =T oG (0025)FN

For @& standard normal PDF for X,

. . 2671 1363 1363
0(Eqgrs) = 0(Eg0s) = \/> \/> Eoors = \/> So,025 (49)

Corrpsponding values for other confidence levels and for the_ power or field strengfh of
randpm electromagnetic fields (total and rectangular components) are given in [3].

For example, for a sample of N = 10, 100 or 1 000 independent measured values |of a
normally distributed field quantity, the empirically determined upper and lower boundari¢s of
the symmetric 95 % confidence interval for this quantity each have a standard deviatign of
43,11%, 13,6 %, and 4,3 %, respectively. By comparison, for a 99 % confidence level| the
stanflard deviations are instead 59,9 %, 18,9 %, and 5,9 %, respectively. Thus, the higher the
chosgen level of confidence for a measurand, theJlarger the uncertainty of the location of the
bourdaries of the sample-statistical confidencgeg interval for this measurand for a given number
of sample values. Stated differently, for aschosen level of confidence, confidence intefvals
becdme wider and the location of theifi*boundaries of the associated confidence intgrval
becdmes simultaneously fuzzier when'the sample size decreases. Sharp boundaries can|only
occur for parameters of infinitely darge sample sets (populations). Therefore, determ|ning
confldence intervals based on vefry small data sets has only limited practical valug. In
pracjice, acceptable values far,'oz do not only depend on oy but rather on the relptive
uncgrtainty oy/uy that is déemed acceptable. The sample size can be estimated to acqount
for boundary fuzziness, g.g., subtracting 2o from the lower boundary and adding 20 t¢ the
uppdr boundary of thé&:-percentiles of the populatlon distribution that define a confidgnce
interyal.

5.4. Sampling distribution and sampling statistics of mean value

5.4.31 General

Morg ‘cemplete statistical information and characterization of sample values is given by |their
sampling aistribation 131

For a random X whose ensemble distribution is known or assumed to be the normal PDF, the
sampling distribution of X is a Student’s t PDF or Bessel K PDF, depending on whether X is
considered in its (dimensionless) sample-standardized or (dimensioned) non-standardized
form, respectively [8]. The former case is important for comparing measured data of X with
theoretical PDFs, while the latter is relevant in the estimate of the actual value of a physical
test quantity (e.g., field strength in V/m rather than in dB with respect to the mean as a
reference value).

5.4.5.2 Complex-valued field or current

For normally distributed X, the sampling distributions of X (when considered as a random
variable with respect to all possible data sets of N values; not to be confused with the sample
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standard deviation, which is a single number) is also normal, with mean value <X> but

standard deviation oy/+/N :
- / Nix - (X
g(x;N) = N - exp —7<X <2 >)2 (50)
2no 2no

If X has a PDF different from a normal PDF, then the sampling PDFs of X, sample mean value

and sample standard deviation are usually difficult to compute. The situation is often
complicated Fnri-har h\l the. faﬁf that r\nl\l 'Fr\r' normalX are—the cgmnla meahn—and oafnp'e

stangard deviation stat|st|cally mdependent quantities. Therefore, when the ensemple |field
quarftity is (or can be traced back to) only a normal PDF, rigorous results can be derived| For
example, the amplitude or energy density of an unbiased ideal random field (recti:i:near

component or vector field) can still be calculated [3]. In most other cases,(the sample-
statigtical characterization is necessarily restricted to the sample standard deviation and/or
sample confidence intervals, for which general expressions remain valid.

5.4.3.3 Power (energy density, intensity)

The PDF of the sampling average of the power or intensity W for an unbiased field ((E)=0] is

N (w V(O w 51
g(W,N)— FdN)o | o expl —vdN - (51)

w

whelle I'(dN) represents the (complete) gammadfunction. Here, d refers to the number of pxes
of tI;r: antenna or field probe. For example, for,a wire antenna or single-axis probe, d = 1; for
a hdllical antenna supporting left- or right<hand circular polarisation, d = 2; for a threetaxis
field|probe with internal combination, d =3.

The pampling mean and sampling. standard deviation are given by

(W)=do? =2do* o = 2\/502 (52)

whee o2 = 202 lig) the variance of a circular complex-value (analytic) field E, with o
repr¢senting thesstandard deviation of the in-phase or quadrature component of E.

Symmetric.confidence intervals for the n % confidence level are obtained from the distribution
function by analytical or numerical solution of

7[dN,JdW §(1¢q/100)/2 ]
I'(dN) 2

where »(dN) represents the incomplete gamma function.

5.4.5.4 Field amplitude

For the sampling average of the field strength A for an unbiased field ((E) = 0),
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I'(dN) %

— N\ 2dN-1 I‘(dN+ 2] 2

a (54)
a;N)= — ex dN —
I ( ) T(dN)o; [ A] P I'(dN) [JJ
with sampling mean and sampling standard deviation given by
1 2
F(dN+) 1

-\ 2 9 F[dN + ZJ 55
<A>—\/§W0 o= |[S|dN-| 22| o (59)

Conflidence intervals for the n % confidence level are obtained from¢he distribution functi

bn of

A by analytical or numerical solution of the Equation (56)

1 2
F(dN+ J 2
7| dN,| dN — 2 Slrsmita)iz
faN) | | o,
_1£7,/100 (56)
T(dNy 5

Figufe 11 and Figure 12 show the-limits of 95 %, 99 % and 99,5 % confidence intervals fqr W
and |A as a function of N forr-measurements using a wire antenna or single-axis probe (d § 1).
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Figure 11 — Limits of 95 %, 99 % and 99,5 % confidence intervals for W as a function of
N for measurements using a rectilinear antenna or single-axis probe
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Figure 12 — Limits of 95 %, 99 % and 99,5 % confidence intervals for A as a
Function of N for measurements using a rectilinear antenna-or-single-axis probe

5.4.6 Sampling distribution and sampling statistics of standard deviation

5.4.4.1 General

The [sample standard deviation is a random variable; varying from sample to sample for a

given (fixed) sample size N, hence, it is meaningful“to characterize its sampling PDF| and
sampling statistics.

5.4.6.2 Complex-valued field or current

For {he sampling standard deviation of a-field or current with circular Gauss normal PDF|, the
sampling standard deviation has a y PDF with N degrees of freedom, i.e.,

N-1

09T o s [ et o
o(s,N) = 2 N-1_ 2 (st oxpl | N1 2 [st (57)

N -1 2 N -1
r[ 2 )C’SX r[ 2 J

with [sampling mean and sampling standard deviation given by

l_/l\l\ I % F/N\ 2
(sx):\/TbJﬁx S - M oy (58)
N-1_(N-1 x N-1 (N-1
r(zj (")

5.4.6.3 Power (energy density, intensity)

For the power or intensity W for an unbiased field ((E) = 0),
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with sampling mean and sampling standard deviation

<SW> =Ow o

5.4.6

For the field strength, again for an unbiased field, the PDF of S, is

with

Figu
mea

_ Ow
S————-
\/dN——
2

4 Field amplitude

1
2172

2/oN -1 - r(dN)1 )
FLPN _2] 2(dN-1) 1 N 2
I dN - = |og Tss rfdN-——|| [\7s
2) ™ 2
sampling mean and sampling standard:deviation given by
2
(S4)= 1 : r(ow)1 S 1 : r(dN)1 -,

—~=TdN-— dN—-_| T|dN-—
VN5 ( 2] 2 ( 2)

'e 13 show the'\limits of 95 %-confidence intervals for Sy as a function of N
surements using-a rectilinear antenna (d = 1), together with its normal approximation.

- E’uto,gswm” Oy

1+1,960/28-1] 2|
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Figure 13 — 95 % confidence intervals for Sy as a function of N
for measurements using a single-axis detector
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5.5 Conversion from linear quantities to decibel and vice versa
5.5.1 General considerations

The conversion from linear units (e.g., uV/m, mW, etc.) to logarithmic units, i.e., decibel
(e.g., dB(nV/m), dB(mW), etc.), or vice versa, is a nonlinear transformation [9]. Therefore, the
PDF of electromagnetic measurands and physical quantities such as field strength, power,
etc., when expressed for units dB, is in general different from the one applicable to the same
quantities but expressed for linear units.

The determination of the PDF is fundamental to the calculation of the propagation of
uncdriainty. From the transtormed PDF, esumates for dispersion and confidence Iniefvals
folloy in a straightforward manner.

5.5.2 Normally distributed fluctuations

5.5.2.1 Complex field

components is not negligible. Hence, in strict terms, a conversion_te_dB is in this casg¢ not
posslible. However, if the PDF is sufficiently well concentrated\(around its central Jalue
(implying o/u << 1), then the probability for obtaining negative yalues can be neglected gnd a
trangformation is then possible.

In g:Fneral, the probability for obtaining negative values of the inrphase or quadrature

For

F =201g(E) (63)

with

9. (E)= I N | (64)

the PDF of F is

i)
In10 (65)

This transformed PDF can also be used in cases where the original PDF is approximately
Gauss normal, on account of the central limit theorem, e.g., for maximum-value PDFs of field
strength or power.

5.5.2.2 Field strength (¥-distributed linear quantity)

For field strength, the transformation of variants is specified by

B =20Ig(A) (66)
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and yields the transformed PDF

B

95(8)= c'”z100102°g (A - 10%] (67)

in which C is a normalization constant. The mean value of B is

(B)=[" 201g(X)g,(A = X)dX (68)

The jnverse transformation from units dBV to linear units V is

94(A)= 4t 9=(8 = 2010(4) (©9)
with mean value
(=1 eXP(W]gB(Bﬂ)dX (70)

In pgrticular, for a Rayleigh distributed A, i.e., for

2
A-exp(— A 2]
20
QA(A)=# (71)
we obtain
B
In10 , 2 102
95(8)2020021020 expl — —— (72)

whelle C = e for 6 = 1/./2.

Figure A4_shows the PDF of B for a Rayleigh distributed A at selected values of o.
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Figure 14 — PDF of B for a Rayleigh distributed A at selected values of o

5.5.2.3 Power, intensity, energy density (¥2-distributed linear quantity)

For field intensity, energy density or power, a transformation of variants specified by

V =10Ig(R)

yield

[

v v
gV(V)=C%1O1° -g,{R =1010J

with [nean value

(V)=[" 101g(X)gq(R = X)dx

The |jnverse transformation from units dBW to linear units W is

9+(R)= &ingigy®V = 101lR)

with mean value

R)=]" oxf X0V)g, v - xjox

10

For an exponentially distributed R, i.e., for

(73)

(74)

(75)

(76)

(77)

(78)
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we obtain

v

v o
gV(V):C;m 10" exp —1(;2 (79)

o

which coincides with the result for a Rayleigh distributed field strength in dBV.

NOTE It can be shown that this coincidence between field and power PDFs for dB units is true for any pair of
PDFs|of A and R; not just for the pair of Rayleigh and exponential PDFs.

The mean value is

(V) =10Ig(20?)- 2507 (80)

which shows that averaging of logarithmic values (e.g., when performingsmeasurements ysing
a nefwork analyzer for time-varying conditions with video averaging) gives rise to an avefrage
valu¢ that is about 2,5 dB lower than when the values are linearly’averaged.

5.5.3 Uniformly distributed fluctuations

The previous results for a signal-plus-noise, in which the signal is constant and the noisq has
a nogrmal PDF, can be generalized to other PDFs, €.9., for the case where the fluctuations
aroupd a constant value are uniformly distributed.

Spegifically, if X has a uniform PDF with intepval [a, b] in linear units (i.e. centred around the
valu¢ (a + b)/2 with half width (b - a)/2), then its conversion to dBV, calculateq as
= 20 1g4¢(X), has the PDF

Y

In10 o0
= 20 81
gy(y) 20(b—a)10 (81)

whereas its conversion te dBW calculated as Z = 10 Ig44(X) has the PDF

~In10 £ 82
gZ(Z)_1O(b—a)10 (82)

For the, inverse transformation from a uniform PDF in units dBV to linear units for fields or
voltagéssthe PDF is

20 1
gX(X):W.Y (83)

6 Applicability of measurement uncertainty

Some parameters of the disturbance quantity defined in the applicable basic standard! may
have an associated tolerance. If there is no tolerance requirement for a quantity q in the
applicable basic standard, the measurement uncertainty assigned to this quantity shall be

1 For example the IEC 61000-4 series of standards.
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derived both from the calibration results on the instrument(s) used to measure this quantity
and other input quantities (e.g. temperature drift, long-term drift). In general, the difference
between the indicated value during calibration q; and the value realized by the calibration
laboratory q, is a systematic error, which can be corrected, when the instrument is used. In
that case, this difference will not be part of the total measurement uncertainty budget. The
flow chart in Figure 15 shows:

Calibration cal lab e 9i
(eg. National calibration lab) uncer‘teiim)yKi\
I | - b
% quaptity g
A4 A
L Uncertainty budget (1)
correction of indication —»i e
according i | (i cofrection
to calibration data b :
other input //:I\-__ | >
Quantities ,
\ (test lab and A qua '11Ily q
¥ ther instru t :
cs’peiriﬁgsconr;:'linutions} Uncertainty budggt (2)
derivation of . . .
MU budget ) 95% confidence
— range
- il SN

T
quaptity g

probability distribution function f{q)
IEQ 1317/12

Figure 15 — Measurement uncertainty budget for a quantity
to.be realized in the test laboratory

where g;, g4 and g, are walues as indicated by the instrument to be calibrated, the true yalue
(however, the true yalde is unknown in most cases), and the value as realized by the
calibration laboratory; respectively.

During calibration in the calibration laboratory the instrument to be calibrated will give an
indigated value q;. The instruments used for calibration by the calibration laboratory will glve a
valu¢ g, Since the instrumentation used by the calibration laboratory has a measurement
uncgrtainty, the true value q; will be in an interval around q..

By correction of the indication shown by the instrument by the correction factor ¢, g; and q,
will become the same value. The uncertainty budget (1) at this stage will only include the
uncertainty of the calibration laboratory as stated in the calibration certificate.

Since the instrument may be affected by other influence quantities, which were not present
during calibration, these other input quantities shall be considered in the uncertainty budget

(2).

Measurement uncertainties need also to be considered, if the applicable basic standard
requires that a certain quantity be within a tolerance band specified by a lower and an upper
tolerance limit as shown in Figure 15. In principle, the procedure shown above is extended by
a process step, where the fulfillment of the tolerance requirements is checked.
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.

b |ower

upper
tolerance T, tolerance T,
Calibration 7
(eg. National calibration lab) |
| >
A quantity g
\ . Uncertainty budget (1)
— E .
correction of i_ndication e correcflon
according :
to calibration data /I\ :
1 | P —— H
other input R quiantity g
Quantities ;
/ fest 12b and : : - Wneertainty budget (2)
3l L other instrument
specific contributions)
derivation of
MU budget
quiantity g
. lower upper
tolerance T, tolerancg T,
check if including expanded
uncertainty within
tolerances .
quantity g
3
IEC 1318/12
Figure 16 — Relationship between measurement uncertainty budgets for a quantity
to be realized in the test.laboratory and tolerances given for this quantity in the
applicable basic standard
In Figure 16, T, and- Ty are the lower and upper limits of tolerance required by the appligable
basi¢ standard, respectively.
Whefe the value as indicated by the instrument is already within the tolerance band without
corrgctionycthen a correction is not needed. Figure 17 shows some situations, where and{how

an ipstrument is suitable for tests / measurements as specified in the applicable basic
stangard”with tolerances.
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Indication of the instrument is already in the tolerance
band.

Corrections are not applied.

The instrument can be used for the tests.

lower upper
tolerance T, tolerance T,

9 11

qc qi

Tl

I 4!”||||”N“

Aft]r correction (derived from calibration results) the

The instrument cannot be used for the tests.

e

quantity g
Indication of the instrument is already in the tolerance 4 lower upper
band. tolerance TL tn!a'rant\n TU
Corfections are applied to increase the quality of the
megsurements. 9. correction 9i
The instrument can be used for the tests.

quantity ¢
Indikation of the instrument is outside the tolerance band. |4 lower upper
Corfections are applied. tolerance T, tolerance T,
Aftgr correction (derived from calibration results) the q fi q:
cor]ected value is within the tolerance band. |i correction !
The| instrument can be used for the tests.

quantity ¢
{nldication bof tge instrument is inside or outside the 4 lewer upper
olefance band. tolerance T, foleramnce Tu
corfected value is outside the tolerance band. q, correction q;

TN ;

»

quantity ¢

Indipation of the instrument is inside or outside the
tolefance band.

With corrections it is inside the tolerance band, but in the
grey zone (either g.-measurement-dncertainty<T, or
g.tmeasurement uncertainty®7 ), i.e. statistically it cannot
be justified, if the true value\is inside or outside the
tolefance band.

The|instrument can be Used.”

lower upper
tolerance T, tolerance T,

9:  correction 9

»

quantity ¢

Indication of thetinStrument is inside or outside the
tolefance band.

With corrections it is outside the tolerance band, but in the
grey zone-(either g.+measurement uncertainty>T, or q.-
megdstrement uncertainty<7y), i.e. statistically it cannot be

lower upper
tolerance T, tolerance T,

q. correction q;

-

N

justified, If the true value is inside or outside the tolerance
band.

The instrument should not be used. "

e

-

>

quantity g

to demonstrate compliance with tolerances.

1) This approach deviates from other concepts found in literature, because the tolerances given in the standards of the
61000-4-x series once were defined without taking into account uncertainties. Therefore uncertainties should not be used

IEC 1319/12

Figure 17 — Situations, where and how an instrument is suitable for
tests and/or measurements as specified in the applicable
basic standard with tolerances
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7 Documentation of measurement uncertainty calculation

An assessment of measurement uncertainty according to this guide shall be documented in a
report. The report shall include all elements presented in Table 1. The report shall contain all
the information necessary to reproduce the uncertainty budget. In particular, the following

shall

be recorded:

— identification of the measurand;

— identification of the influence quantities applicable to the measurement chain;

— identification of the category for each influence quantity, i.e. Type A or type B;

The
expr

identification of the applicable PDF used for each influence quantity;

identification of the applicable mathematical formula used for each PDF;

he calculated standard uncertainty for each contribution;
ensitivity coefficient ¢;;

he calculated combined standard uncertainty;

he coverage factor k, usually k = 2 (for 95 % confidence);
he calculated expanded uncertainty.

values of uncertainty can be expressed in dB or in %, All uncertainty values sha
bssed with not more than three significant digits (e.g. 2535 dB or 12,4 %). Exampl

uncegrtainty budgets are given in Annex A and Annex B. Note that uncertainty values sha

be "7

NOTH

ero", i.e. zero values shall be avoided.

(unit _in_dB)
The transformation between dB and % can be calculated by 10 20 x100.

| be
s of
| not
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Annex A
(informative)

Example of MU assessment for emission measurements

A.1  Symbols

A11

General symbols

>

A.1.3
ac
M

8VSW
8an

A.1.4

Influence quantity

Estimate of X;

Correction for influence quantity
Standard uncertainty of x;
Sensitivity coefficient

Result of a measurement, (the estimate of the measurand), corrected fo
recognised significant systematic effects

(Combined) Standard uncertainty of y
Expanded uncertainty of y

Coverage factor

Upper abscissa of a PDF

Lower abscissa of a PDF

Symbol and definition of the measurand in the example

Maximum electric field strength, in*dB(uV/m), in horizontal and vertical polarisa

rall

fions

at the applicable height scan. range and at the specified horizontal distance from the

EUT that is rotated 360° in azimuth

Symbols for input quantities common to all disturbance measurements
Attenuation of the connection between the receiver and the antenna, in dB
Correction for the error caused by mismatch, in dB

Receiver voltage reading, in dB(uV)

Correctiaon for receiver sine wave voltage inaccuracy, in dB

Correction for the effect of the receiver noise floor, in dB

Symbols of input quantities specific for radiated disturbance measurement
Preamplifier gain

a dir
oF
oF

a ph
acp

3SyswRr
SANT

od

Correction for instability of preamplifier gain in dB

Antenna factor in dB(V/m)

Correction for antenna factor interpolation error in dB

Correction for antenna directivity in dB

Correction for antenna phase centre location in dB

Correction for antenna cross-polarisation response in dB

Correction for imperfect site voltage standing wave ratio (Sygyg) in dB
Correction for the effect of setup table material on measurement results in dB

Correction for imperfect antenna distance in dB
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