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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 4-1: Uncertainties, statistics and limit modelling —

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organizatiop rising
all i bmote
in is. To
thi tions,
Technical “IEC
Pyblication(s)”). Their preparation is entrusted to technical committg Fested
in|the subject dealt with may participate in this preparatory wo non-
g Iosely
with the International Organization for Standardization (IS©) in accy ed by
agreement between the two organizations

2) THe formal decisions or agreements of IEC on technical tional
copsensus of op|n|on on the relevant supjects singé™e bm  all
in

3) IEL Publications have the form of recommendations ional_uge and are accepted by IEC National
Cgmmittees in that sense. While all reaso de to ensure that the technical content ¢f IEC
Pyblications is accurate, IEC cannot be e way in which they are used or fqr any
miksinterpretation by any end

4) In|order to promote intern i idations
trgnsparently to the m i c i i ir mgtional and regional publications. Any divengence
befween any IEC Publicatt € { ion i gted in
the latter.

5) IEfC provides n ing r any
equipment declar ’

6) Aljusers should en

7) Nd s and
mg hge or
ot ) and
expense r IEC
Pybli

8) Atjention , S ipns is
indispensableqor-the correct application of this publication.

9) Attention is . drawn e possibility that some of the elements of this IEC Publication may be the subject of
pafent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. Howeyer, a

technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

CISPR 16-4-1, which is a technical report, has been prepared by CISPR subcommittee A:
Radio interference measurements and statistical methods.

This first edition of CISPR 16-4-1, together with CISPR 16-4-3, CISPR 16-4-4 and the second
edition of CISPR 16-3, cancels and replaces the first edition of CISPR 16-3, published in

2000,

technical changes.

and its amendment 1 (2002). It contains the relevant clauses of CISPR 16-3 without
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The text of this technical report is based on the first edition of CISPR 16-3 and on the
following documents:

Enquiry draft Report on voting
CISPR/A/450/DTR CISPR/A/466/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.

This

A bil

The
2004

e rgconfirmed;

s

—

e a

eplaced by a revised edition, or

ublication has been drafted in accordance with-the ISQ/AEC Directives Part 2

ngual version of this publication may be issued at a later date.

committee has decided that the contents of this publication
. At this date, the publication will be

ithdrawn;

mended.

#

until


https://iecnorm.com/api/?name=40009c50f61dcfd6f44e70f01b6048fd

CISPR 16-4-1/TR © IEC:2003(E) -5-

INTRODUCTION

CISPR 16-1, CISPR 16-2, CISPR 16-3 and CISPR 16-4 have been reorganised into 14 parts,
to accommodate growth and easier maintenance. The new parts have also been renumbered.
See the list given below.

Old CISPR 16 publications New CISPR 16 publications

CISPR 16-1-1 Measuring apparatus

Radio disturbance CISPR 16-1-2 Ancillary equipment — Conducted disturbances

Srd-immmuRii

4 CISPR 16-1-3 | Anclillary equipment — Disturbance power

CIBPR 16-1 | measuring <?:
apparatus \ CISPR 16-1-4 Ancillary equipment — Radi ted dis rbances

Antenna cal|brat|on te S|t§s f
CISPR 16-1-5 | Aienna ce T’\N\
CISPR 16-2-1 Conducted dist rb\n& A\\s{en}aa\/
Methods of - )\ -

clkpR 16.2 | measurement of < CISPR 16-2-2 Measuremen(\ofdﬁru%nc po}o&q >

Zy
disturbances and N> CISPR 16-2-3 | Radiated disturbancednessuraments
CISPR 1624 | Impunity measursients ™/

CISPR 16-3 /flSFKte()M{cgl\FQQortsx
CISPR 16-4,4 | \U tandardised EMC test
Reports and % \ n) }éln}@s i an dise esls

CISPR 16-3 | recommendations CISPR 18~ Mea{ureﬁbtl stpdmentation uncertainty

of CISPR
StatlsWderahons in the
termination’of EMC compliance of mass-

produced products

21U inty in EMC V N tisyics of complaints and a model for the
cprr 164 | Ureerany nene /Wit b\ 2 e
Morg specific infg at 0
CISHR 16-4-1 |
REFERENCES).

Meagurement in ~ i [ in fi -1, while
the methods @ overed now in four new parts of CISPR 16-2. Vdfrious
repofts with Q! and background on CISPR and radio disturbances in geperal

are diven/i € PR 16-4 contains information related to uncertainties, statjstics
and limi {

/j?

new’
0Sss

CISHR 16-4 sQnsists, of“the following parts, under the general title Specification for fradio
distuybance.'and amunity measuring apparatus and methods - Uncertainties, statistic§ and
limit modelling:

e Piart‘4-1: Uncertainties in standardised EMC tests,

e Part 4-2: Uncertainty in EMC measurements,

e Part 4-3: Statistical considerations in the determination of EMC compliance of mass-
produced products,

e Part 4-4: Statistics of complaints and a model for the calculation of limits.

For practical reasons, standardised EMC tests are drastic simplifications of all possible EMI
scenarios that a product may encounter in practice. Consequently, in an EMC standard the
measurand, the limit, measurement instruments, set-up, measurement procedure and
measurement conditions shall be simplified but still meaningful. Meaningful means that there
is a statistical correlation between compliance of the product with a standardized EMC test
and a high probability of actual EMC of the same product during its life cycle. Part 4-4
provides statistical based methods to derive meaningful disturbance limits to protect the radio
services.
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In general, a standardized EMC test must be developed such that reproducible results are
obtained if different parties perform the same test with the same product. However, various
uncertainty sources and influence quantities cause that the reproducibility of a standardized
EMC test is limited. Part 4-1 consists of a collection of informative reports that deal with all
relevant uncertainty sources that may be encountered during EMC compliance tests. Typical
examples of uncertainty sources are the product itself, the measurement instrumentation, the
set-up of the product, the test procedures and the environmental conditions.

Part 4-2, deals with a limited and specific category of uncertainties (i.e. the measurement
instrumentation uncertainties). In Part 4-2, examples of measurement instrumentation
uncertainty budgets are given for most of the CISPR test methods. In this part also
requifements are given on Now 1o INcorporate the measurement Instrumentation uncertaimty in
the compliance criterion.

compgliance criterion. Part 4-3 deals with the statistical treafm
compliance test are performed using samples of mass-produé
well known as the 80 %-80 % rule.

Many important decisions are based on the results g
exanjple, to judge compliance against specificatiohs g
decidions are based on EMC tests, it is importa

results, that is, the extent to which they 6
in tegt results obtained outside the

objegtive. In the sector of EMC it is oft

for tgst laboratories to introduce qualityassurance
of and are providing results of the requi
standardized test methods;
in proficiency testing sché
results of the tests.

As al conseque f
undefr increasing\py€ss
degr¢e to which &

(reprpducibility
(reprpducibility usi
standardized

Althdug
for many ye
Meagurement’
publication-NIS 8 hich
established ‘general and EMC specific rules for evaluating and expressing uncertainty of EMC
meagurements.

In contrast to classical metrology problems, in EMC there has been great emphasis on
precision of results obtained using a specified and standardized method, rather than on their
traceability to a defined standard or Sl unit. This has led to the use of standardized test
methods, such as the CISPR standards, to fulfil legislative and trading requirements.
Furthermore, in EMC tests the magnitude of the intrinsic uncertainty (mainly due to
reproducibility problems of the set-up of products and their cabling) is large compared to the
uncertainties induced by the measurement instrumentation and test procedure. These two
important differences between EMC test methods and classical metrology tests, makes it
necessary to give specific guidance for evaluating uncertainties of EMC tests, in addition to
the generic uncertainty guides like the aforementioned ISO Guide (GUM) on measurement
uncertainties.
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CISPR 16-4-1 consists of a collection of informative reports that deal with all relevant
uncertainty sources that may be encountered during EMC compliance tests. Typical examples
of uncertainty sources are the product itself, the measurement instrumentation, the product
set-up, the test procedures and the environmental conditions. This CISPR document shows
how the concepts given in the ISO Guide may be applied in standardised EMC tests. The
EMC-specific basic uncertainty aspects of both emission and immunity tests are outlined in
Clauses 4 and 5 respectively. These basic concepts include the introduction of the different
types of uncertainties relevant in EMC tests and also the various typical categories of
uncertainty sources encountered. This is followed by a description of the steps involved in the
evaluation and application of uncertainties in EMC tests.

@%
r
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TABLE RECAPITULATING CROSS-REFERENCES

First edition of CISPR 16-4-1 First edition of CISPR 16-3
Clauses Clauses

1 (of document CISPR/A/450/DTR)
2 (of document CISPR/A/450/DTR)
3 (of document CISPR/A/450/DTR)
4 (of document CISPR/A/450/DTR)
Reserved

6.3

Reserved

Reserved
Reserved

= O 00 N O OO b WO DN -

0 Reserved

Anngxes
A PR/A/450/DTR)
B nent ZISPR/A/450/DTR)
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SPECIFICATION FOR RADIO DISTURBANCE AND IMMUNITY
MEASURING APPARATUS AND METHODS -

Part 4-1: Uncertainties, statistics and limit modelling —
Uncertainties in standardized EMC tests

1 General
1.1 | Scope
This [part of CISPR 16-4 gives guidance on the treatment of uncerts t|es 0 S D are
involyed in the development or modification of CISPR electroma§ Wil EMC)
standards. In addition, this part provides useful background info e W hpply

the sfandards and the uncertainty aspects in practice.

The gbjectives of this part are:

a) to identify the parameters or sources govern ng associated with the
sfatement that a given product irement specified jn a
ISPR recommendation. This uncertaj | ed~{standarrs compliance uncertginty’
(dbbreviated as SCU, see 3.16);

b) t¢ give guidance on the estimation agnitude—of the standards compliance
uncertainty;

c) to give guidance for thed fatiok_of ards compliance uncertainty intp the
cpmpliance criterion of a G|SF andardise! pliance test.
As siich, this part can b i as-a handhooOk that can be used by standards writgrs to
incorporate and harmoise’u inty\cansiderations in existing and future CISPR standjards.
This | part also@ ' egulatory authorities, accreditation bodies and| test
engineers to ju quality of an EMC test-laboratory carrying out
CISHR standardised pliah be'sts M he uncertainty considerations given in this parf can
also [be used as gu' n comiparing test results (and its uncertainties) obtaingd by

using differenta

The Juncértain ) pliance test also relates to the probability of occurrence ¢f an
electfoma interference (EMI) problem in practice. This aspect is recognized| and
introgluced bri i is part. However, the problem of relating uncertainties of a compljance
test fo the ogcurre of EMI in practice is not considered within the scope of this part.

The |scope of this part is lim
Stan( Ardiznd EMC ~ormanl

LA
o OTZC T Eivro- oo

ited to all the relevant uncertainty considerations |of a
$

1.2  Structure of clauses related to standards compliance uncertainties

The result of the application of basic considerations (Clauses 4 and 5) in this part to existing
or new CISPR standards will lead to proposals to improve and harmonise the uncertainty
aspects of those CISPR standards. Such proposals will also be published as a report within
this part and will give the background and rationale for improvement of certain
CISPR standards. Clause 6 is an example of such a report.

The structure of clauses related to the CISPR standards compliance uncertainty work is
depicted in Table 1. Clause 3 deals with the basic considerations of standards compliance
uncertainties in emission measurements. Clause 6 contains the uncertainty considerations
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related to voltage measurements. Clauses 7 and 8 are reserved for SCU considerations of
absorbing clamp and radiated emission measurements, respectively.

Uncertainty work is also considered for immunity compliance tests in the future. Clauses 5, 9
and 10 are reserved for this material. SCU considerations of immunity tests differ from the
emission SCU considerations in particular points. For instance, in an immunity test, the
measurand is often a functional attribute of the EUT and not an isolated quantity. This may
cause additional specific SCU considerations. Priority is given to the uncertainty evaluations
for emission measurements at this stage of the work.

Table 1 — Structure of clauses related to the subject of standards compliance
uncertainty

STANDARDS COMPLIANCE UNCERTAINTY /\\ .

Clause 1, 2 and 3: General

EMISSION
Clausg 4 Basic considerations Clause 5
Clausg 6 Voltage measurements Clause 9
Clausg¢ 7 Absorbing clamp measurements Cla
Clausg 8 Radiated emission measurements a

2 Normative references

The following referenced documents are i or the application of this document.
For dated references, only \ or undated references, the latest edition
of the referenced document (includi vehts) applies.

IEC |60050-161:1990,
Electnromagnetic‘@’
Amenpdment 1 (199

Amenpdment 2 (19989

Klectrqtechnical Vocabulary (IEV) — Chapter |161:

IEC |160050-300: vationat” Electrotechnical Vocabulary (IEV) — Electrical| and
electronic mgasu }Sa weasuring instruments — Part 311: General terms relatihg to

meagurements : Qeheral terms relating to electrical measurements — Part|313:
Typeis oi icakfneasu ing instruments — Part 314: Specific terms according to the type of
instriment

IEC [60359:2001,
perfdrmance

Efectrical and electronic measurement equipment — Expression of

CISPR 16-1 (all parts), Specification for radio disturbance and immunity measuring apparatus
and methods — Radio disturbance and immunity measuring apparatus

CISPR 16-2 (all parts), Specification for radio disturbance and immunity measuring apparatus
and methods — Methods of measurement of disturbances and immunity

CISPR 16-3:2003, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 3: CISPR technical reports

CISPR 16-4-2:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-2: Uncertainties, statistics and limit modelling — Measurement
instrumentation uncertainties
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CISPR 16-4-3:2003, Specification for radio disturbance and immunity measuring apparatus
and methods - Part 4-3: Uncertainties, statistics and limit modelling — Statistical
considerations in the determination of EMC compliance of mass-produced products

CISPR 16-4-4:2003, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 4-4: Uncertainties, statistics and limit modelling — Statistics of complaints
and a model for the calculation of limits

ISO/IEC 17025:1999, General requirements for the competence of testing and calibration
laboratories

ISO Guide:1995, Guide to the expression of uncertainty in measurement (

1ISO:1993, International vocabulary of basic and general terms in metra V)

3 Terms and definitions

For the purposes of this document, the following terms and

NOTE| 1 Wherever possible, existing terminology, from the noy itional
terms|and definitions not included in those standards are listed |

NOTE|2 Terms shown in bold are defined in thjs

31

elecfromagnetic (EM) disturbance

any |electromagnetic phenomenon vice,
equipment or system, or agx

[IEV161-01-05]

3.2

emilsion level

the level of a givenh stem,
meagured in a spefi

[IEV[161-03-

3.3

emission

the siecified m3 emission level of a source of EM disturbance

NOTE| In |[E€ this limit has been defined as ‘the maximum permissible emission level’

[IEV 164-03-12]

3.4
influence quantity
quantity that is not the measurand but that affects the result of the measurement

NOTE 1 In a standardised compliance test an influence quantity may be specified or non-specified. Specified
influence quantities preferably include tolerance data.

NOTE 2 An example of a specified influence quantity is the measurement impedance of an artificial mains
network. An example of a non-specified influence quantity is the internal impedance of an EM disturbance source.

[ISO GUM, B.2.10]
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3.5
interference probability

the probability that a product complying with the EMC requirements will function satisfactorily

(from an EMC point of view) in its normal use electromagnetic environment

3.6
intrinsic uncertainty of the measurand

minimum uncertainty that can be assigned in the description of a measured quantity. 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| 1 No quantity can be measured with continually lower uncertainty, inasmuch as given quarftity is
defingld or identified at a given level of detail. If one tries to measure a given quantity at & extainty.lowgr than
its own intrinsic uncertainty one is compelled to redefine it with higher detail, so that"ape is actually“meapuring

anothér quantity. See also GUM D.1.1.

NOTE| 2 The result of a measurement carried out with the intrinsic uncertainty of tQ
best measurement of the quantity in question.

[IEC (60359, definition 3.1.11]

3.7
intrimsic uncertainty of the measurement instrumgéntati
unceftainty of a measurement instrumentation e
theofy, the intrinsic uncertainty of the

would be obtained

NOTE| Application of a reference EUT is a mea
uncerfainty of the measurement instrumentatio

[[EC 60359, definition 3.2.

3.8
level

valug of a qua
speclfied manne
NOTE| The level ma
[IEV [161-03-0

3.9
measura
parti¢ular qUa j 0 measurement
EXAMPLE —Electric fiehd

NOTE| The specification of a measurand may require statements about influence quantities (see GUM, B.2.9

[ISOIVIM 2.6]

measured at a distance of 3 m, of a given sample.

bd the

grence conditionls. In

f the

trinsic

in a

alue.

|

3.10

measurement instrumentation uncertainty

MIU

parameter, associated with the result of a measurement which characterises the dispersi

on of

the values that could reasonably be attributed to the measurand, induced by all relevant

influence quantities that are related to the measurement instrumentation

[ISO VIM 3.9 and IEC 60359, definition 3.1.4, modified]

3.11
measuring chain

series of elements of a measuring instrument or system that constitutes the path of the

measuring signal from input to the output
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[ISO VIM 4.4, IEV 311-03-07]

3.12
measurement compatibility

property satisfied by all the results of measurement of the same measurand, characterized by

an adequate overlap of their intervals

[IEV 311-01-14]

3.13
reference conditions

set ¢f specified values and/or ranges of values of influence quantities under which the
unceftainties, or limits of error, admissible for the measurement system ar,

[IEV B11-06-02]

3.14

reproducibility of results of EMC measurements

closgness of the agreement between the results of succe fame
meaturand carried out under changed conditions as de cified
influence quantities.

NOTE| In general, this reproducibility is also determined b e the
closerjess of the agreement can only be stated in terms of pgfot

[ISO|VIM 3.7, ISO GUM B.2.16]

3.15

senslitivity coefficient

coeffijcient used to relate f the
speclfied or non-specified\

NOTE|1 In mathematical for ysical
quantity with respect to\the warying i

NOTE|2 This term injtion i d the
description given in [5] )

3.16

stan

parameter, ; in a
stang ses the dispersion of the values that could reasonably be attrihuted
to th¢

[base

3.17

tolernance

maximum variation of a value permitted by specifications, regulations, etc. for a given

specified influence quantity

[this definition deviates from that given in ISO VIM 5.21]

3.18
true value (of a quantity)
value consistent with the definition of a particular quantity

[ISO GUM B.2.3, ISO VIM 1.19]

1) Figures in brackets refer to the bibliography.
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3.19

uncertainty source

a source (descriptive, not quantitative) that contributes to the uncertainty of the value of a
measurand, and that shall be divided into one or more relevant influence quantities

NOTE An uncertainty source can be defined also as a qualitative description of a source of uncertainty. In
practice the uncertainty of a result may arise from many possible categories of sources, including examples such
as test personnel, sampling, environmental conditions, measurement instrumentation, measurement standard,
approximations and assumptions incorporated in the measurement method and procedure. Relevant uncertainty
sources are ‘translated’ into one or more influence quantities.

[see 4.2.2 and K3 of [9]]

3.20

Val"lélblllty of results of EMC measurements

closgness of the agreement between the results of successive measurg ofcthe $ame

measurand carried out under changed conditions as determined non-

speclfied influence quantities

NOTE|1 This term and definition is based on ISO VIM 3.7.

NOTE|2 The closeness of the agreement can only be stated in terms of probsa

4 Basic considerations on uncertainties in e ts

4.1 | Introduction

In a [standardised emission compliange h & ission level of an electridal or

electfonic product is measured, c i ) i ith the associated linjit is

detefmi . . ima level to be measured, dye to
In classical metrology, all relgvant
arises mainly from the clagsical
the ‘intrinsic uncertainty of| the

ompliance testing however, major relg¢vant
0 be non-specified [1] and no quantifative
Hence, for EMC measurements, the intfinsic
measured may be significant compared tg the
instrumentation. Therefore, the term ‘standards
g pbeen introduced to distinguish all uncertainties
E gompliance test from the measurement instrumenfation
subpart of the SCU. For classical metrology problems]|it is
only the MIU. Definition of standards compliance uncer1ainty
ire 1
ment
erent
b ) is
gbility

M M M eht that
different terminology and approaches WI|| no Ionger be needed For example, the results of the CISPR studies on
measurement instrumentation uncertainty [3] and standards compliance uncertainty shall merge directly, wherever
possible.

The various categories of uncertainties that can be encountered during EMC testing and the
distinction between ‘standards compliance uncertainty’, ‘intrinsic uncertainty of the
measurand’ and ‘measurement instrumentation uncertainty’ is addressed in more detail in 4.2.
Subclause 4.3 discusses briefly the relation between uncertainties of a compliance test and
the risk of interference in practice. Subclause 4.4 describes the steps to be taken to perform
an uncertainty analysis for a standardised emission measurement. Subclause 4.5 gives
methods to verify the validity of the uncertainty budget. Subclause 4.6 gives information on
how to report uncertainty estimates and on how to express the result of a measurement and
its uncertainty. Subclause 4.7 provides some general guidance on the application of the
uncertainties in the compliance criterion. More specific guidance on the application of
uncertainties in pass/fail criteria is under consideration.
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negligible

measurement
instrumentatiop

Figure 1b — An emission measurenp

F

(e.g. using a Reference EUT)

Figure 1a — Typical emission measurement

uncertainty

gure\1- lllustration of the relation between the overall uncertainty of a measur

gligible intrinsic uncertainty of the

overall uncertainty =
intrinsic
uncertainty of the
measurand

measurement with negligible measurement instrumentation

nd

dueto contributions from the measurement instrumentation uncertainty and th

intrinsic uncertainty of the measurand

Types of uncertainties in emission measurements

In this clause, the different purposes of uncertainty considerations in emission measurements
are discussed first. Depending on the purpose, a different type of uncertainty analysis is
required, and the compliance criterion may be incorporated in different ways depending on
this purpose. Further, the uncertainty sources associated with an emission measurement and
also the corresponding influence quantities are introduced. Finally, different categories of
uncertainties in emission measurements are defined and discussed in more detail as well.
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4.2.1 Purpose of uncertainty considerations

The measurement result of an EMC emission measurement is subject to uncertainties, and
there may be different reasons to consider the uncertainties in a quantitative way. The
following cases can be considered:

Y

qualification of the technical measurement capabilities of a test laboratory;

T

judgement of compliance of a measurement result with respect to the limit;

Qo O

comparison of different emission measurement methods;

)
)
) comparison of the measurement results obtained from different test laboratories;
)
)

(¢}
n

ampled testing of the emission performance of mass-produced products.

The fype of uncertainties to be considered differ in each of these cases n the

following.

In cajse a), it may be sufficient to consider the uncertainties of thems ing N 3. and
the dncertainties due to the implementation of the measurement procedures. For instance,
one ¢an consider the technical performance of the measurgment eq ¢ test

site, the measurement receiver and receive antenna. The m o rried
out bly the personnel and/or by the software can also b€ ) i lable
EUT |or a reference EUT is a means to evaluate i
instrimentation (see Figure 1b).

The
the

In cgse b), the result of an emission
resulting uncertainty will include the

meagurement procedure, but also the j inties due to the set up of the EUYT or
the operation of the EUT. Compareq to ica etrology measurement, the intfinsic
unceftainty of an EMC emjssjon hav€ relatively large values. It is a matter
of EMI risk assessment BhQw tKis infy s incorporated in the pass/fail critgrion.
One jproperty of the intrinsi i ; $ uncertainty contribution depends nof] only
on thee specification of i ass of products, but also on the specifigation
of the EUT setAy, and termination of the cables. In first prder
approximation, tk ¥ ation
unceftainty. insic
unceftainty to an &g 2. yond
the gontrol of the\test labora duct.
Congequentl s ! alue
of the intrins i shallbe taken into account in the pass/fail criterion, i.e. subtracted
from [the Aimi

NOTE|1 i it was
noted|during the~deyelopment of CISPR 16-4-2 that other uncertainty categories besides MIU affect comgliance
determination ‘to-some~extent. That was the reason to use the more specific title Measurement Instrumentation
Uncertainty=in\CISPR 16-4-2. Because CISPR 16-4-2 includes CISPR 16-3, per reference, this discrepancy must
be reqolyed-(although CISPR 16-4-2 is a normative document, CISPR16-3 is an informative document). Thegefore,
for redseons’of consistency, a future amendment of CISPR 16-4-2 may be considered.

An example of case c), is market control by an authority of a certain product. In this case both
test laboratories (manufacturer and authority) judge compliance of the measurement result
against the applicable limit. Also, the two results can be compared with each other directly.
Different samples of the same product may be used by the auditing authority and by the
manufacturer of the product. In this case, the emission performance of the same type of
product may be subject to spread due to tolerances in production and performance of
components. This means that the product itself is a source of uncertainty. Again in this case
an intrinsic uncertainty is present, i.e. differences in set up of the EUT and layout and
termination of the EUT cables may cause significant differences in the outcome of a
measurement. The EUT operational states and internal measurement procedures may be
different for the two test laboratories. Different procedures (e.g. an operator-controlled versus
a software-controlled measurement procedure) may lead to different results as well.
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NOTE 2 CISPR emission measurements require measurement of an emission level, defined as the level of a
given EM disturbance emitted from a particular device, equipment or system, ‘measured in a specified way’. As a
consequence, the value of the measurand is influenced by this ‘in a specified way’, e.g. the influence of the layout
of the measurement set-up during the actual measurement. The uncertainty considerations shall reflect this for
purposes of compliance measurements. For instance in CISPR 16-4-2 and in LAB34 [11], the uncertainty
considerations are limited to the measurement instrumentation uncertainties. Uncertainties arising from the EUT
variations are not included.

Case d) may be, for instance, a comparison of the results obtained from measurements using
a classical radiated emission measurement on a 10 m OATS or in a 3 m SAR. To compare
these 3 m and 10 m measurement results, additional uncertainties need to be considered due
to the differences of the measurement methods. In general, 10 m measurement results cannot
be easily converted into 3 m results. The conversion depends on the type of EUT (small,
largel, table top, floor standing) and the associated uncertainties.

In case e), manufacturing tolerances are an uncertainty source t into

accopnt in the compliance criterion. This has already been includegn 3 as

the dqo-called 80 %/80 % rule. The emission performance results 0 jucts

have| a spread due to manufacturing tolerances. For type te ssyroduced

goodss, from an uncertainty point of view this spread can be\cove two

CISHR methods (see CISPR 16-4-3):

1) {esting of one representative sample of the produc e Bquer iodi hality
ssurance tests, or

2) festing of a representative and finite number ¥€n applying statiptical
valuation of the measurement res in ag j %/80 % rule.

The gompliance criterion for these two irst method (periodic tgsting
of onje sample), the product complies & imit_is“not exceeded. In the sgcond
methiod, a penalty margin is incorpora i comphlance criterion which depends on the
number of samples (Student’s-t distrib t|o are compared directly with thg limit
and [a number of sampl ihg on the total number of samples
(bingminal distribution).

NOTE| 3 The compliance detfe o be determined by applying the 80 %/80 % rple as
descriped in 4 of CISPR 1 . 2 ication of CISPR 16-4-2, the MIU compliance criterion (¢lause
4 of CISPR 16-4-2 ied Nt has yet to be determined how the 80 %/80 % rule comgliance
criteripn, given in CISPR16- A pliance criterion of CISPR 16-4-2 are to be combined (oflder of

precegdlence) in case bo he combination of these two compliance criteria is subject of
furthef studies in CISPR(A

NOTE| 4 e ampling and production uncertainties do not contribute to the uncertainty of a
single| EUT megsy ement. y in a type approval scenario (as described in 4 of CISPR 16-4-3), where
compljance detg iQN ' eries of products is based on the measurement of one or more samples,
these [factors.do Qiri e compliance uncertainty. The additional uncertainty is due to variatipns in
the manufécturing \protess and glso due to the fact that the number of samples is limited. In the GUM (E.4.B) it is
also recogniz aj@nadditiondl uncertainty occurs due to limited sampling of an ensemble of products. §4.3 of

the GUM statess y ainty of the uncertainty’, which arises from the purely statistical reason of fmited
sampling, can bé strprisingjy large. Examples are given in Table E.1 of the GUM.

EXAMPLE ~"The compliahce decision may be different for a group of samples, selected from an early batchl|in the
produgtion\process, compared to a group of samples selected from a batch produced in a more mature
manufactdring process having improved tolerances and therefore yielding a reduced standard deviation jof the

oy i Hadaor aaidaration
produtt-propertestrderconsideration:

From the discussion of the cases a) through e) explained above, it is clear that the categories
of uncertainties to be considered depend very much on the specific application purpose. The
uncertainty and its inclusion in the compliance criterion usually depend strongly on these
purposes. In the following paragraphs, the various categories and types of uncertainties will
be distinguished in a more systematic way.

4.2.2 Categories of uncertainty sources

Figure 2 shows the flow of the general process of emission compliance measurements. First,
one or more EUTs are sampled from the total population of a specific product. As discussed
in the previous clause, due to the production spread and due to the sampling, an uncertainty
in the measured result can be expected (production and sampling induced uncertainties).
Further, the standard specifies the measurand and the method, means, and conditions under
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which to measure the measurand. In this process of standardized measurements additional
uncertainties can arise, due to different uncertainty sources. In general, an uncertainty source
is a factor that contributes to the uncertainty of a measurement result (see 3.17). An
uncertainty source can be defined also as a qualitative description of a source of uncertainty.
Table 2 lists possible categories of uncertainty sources that can be distinguished in the
general emission compliance measurement process given in Figure 2.

total population of
manufactured products

environmental
parameters

product samples l

measurement<

standardised emission measurements.

Talle 2 - Categorief\m{g\
Test laboratory \§)2ndard Production and sampling
indu induced induced

2 3p \l‘ﬁc/ation of the measurand = Production tolerance

perator skills

Medsurement instrumentation = Sampling
including calibrations and

d
= Analysis and calsulation
2 verifications

eporting = Non-representative sampling

Measurement procedure
description

= Environmental conditions
= Set up of the EUT

= Operation of the EUT
Type of EUT

[
Q

uality syste

As explained in the previous clause, there may be differing reasons for the consideration of
the uncertainty of measurement results. Depending on the purpose of the uncertainty
evaluation, the various categories of uncertainty sources shall be taken into account. For a
compliance measurement of an arbitrary EUT in accordance with the standard, all the
categories of uncertainty sources given in Table 2 are of importance. The resulting
uncertainty associated with this situation is called the ‘standards compliance uncertainty’. In
practice, the test laboratory induced uncertainties should be minor, and are controlled and
sustained by the quality system of a test laboratory. It should be noted that the test laboratory
has to use the available standard and has to interpret it in some way to actually implement it
in a measurement process. The quality system only ensures that the established process is
evaluated in some form and applied consistently. The quality system however does not
minimize the kind of error, due to incomplete or ambiguous standards. In the remainder of this
clause it will be assumed that the (additional) test laboratory induced uncertainties are
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negligible and need not be incorporated in the compliance criterion. The production and
sampling induced uncertainty sources are presently taken into account by the
CISPR 80 %/80 % rule that is described in 4 of CISPR 16-4-3. Therefore, this category of
uncertainties will not be treated further in this subclause. However, this source of uncertainty
is listed in Table 2 to present the full picture of all candidate uncertainty sources that may be
involved in a CISPR disturbance compliance measurement.

The standard induced uncertainty sources are of importance, when different test laboratories
measure the same physical EUT. If the same physical EUT is measured at different test sites
using different measurement equipment, but the same operator and the same procedures and
exactly the same set up are used, then the uncertainty is governed mainly by the

meagurement instrumentation Including the 1est site. This case shows that consideratipn of
‘meapurement instrumentation uncertainties’ alone (as in CISPR 16-4-2 ¢ AB34 M), is
valid| only for specific cases. The latter situation may be appropriate e _technical
capapilities (the measuring chain) of a specific emission measure being
assepsed.

The pategory of ‘standard induced uncertainty sources’ in T 2 er splif into
sub-¢ategories. Example uncertainty sources sub-categorje in Tagle 3.
Table 3 lists the typical qualitative uncertainty sources nay, gontribige to the oyerall
unce i

In g S new measurement method
is to assemble all possible uncertajr . p i hese
unceftainty sources into sub-categories. 1 i uncertainty sources cdn be
found i i S i ed the ‘identified uncerfainty
sourges’. i ificati ncertainty budget, a discrepancy| may
appe i imeertan e of the reasons may be that ohe or
more S i ertobked. Such an uncertainty sourge is
calle se, when an uncertainty assessmgnt is

doneg| for a new standardi - , the aim is to assemble all rel¢vant
unceftainty sources.

EXAMPLE - Exaf 4 id S at ‘have been previously overlooked are the commonfmode
term’i\r/']ation of EUT btable re of the receive antenna. The impact of the materigl and
constiuction of an EUTK positionin an identified uncertainty source. However, recently it bgcame
appargent that this un \ gsquately implemented in the CISPR standards by just specifyirlg that
the ta i S ecti

forva radiated emission measurement

srasurem surement Environmental EUT set-up & Type of HUT
in umentatlo procedure conditions operation
= Sitel performance \'/Helght scanning = Radiated ambient = Tolerances = Table top or|floor
) . ) measurement standing

= Receiverantenna = EUT table rotation |= Conducted ambient distance and height

perfpormance = Dimension

" Recelver settings | * _Temperature, + Set-up units

= Receiver (proper signal humidity

performance interception) = Routing cables
= Cable performance = Termination cables

= Modes of operation

4.2.3 Summary of types of uncertainties

Previously, different types of uncertainties have been defined and used within CISPR. These
different types are summarised in Table 4.
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Table 4 — Different types of uncertainties used within CISPR at present

Type of uncertainty Associated (categories of) Application
uncertainty sources
Measurement instrumentation Measurement instrumentation Quality assessment of a
uncertainty (MIU) measurement facility

(like U, given CISPR 16-4-2)

Standards compliance uncertainty = Standard induced (including the Compliance measurements
(SCU) measurement instrumentation; see
Table 2)

= Production and sampling induced

Measyrement method correlation = Standard induced (including the Comparison rnative
uncerfainty (ref case d, 4.2.1) measurement instrumentation; see | measuremerjt methods

Emissjon performance uncertainty of | Production and sampling induced
a masgs-produced product

Table 2)
ureqents.of npass
ctaxqu |ty
/80

4.2.4 Influence quantities

In practice the uncertainty in the result of a standardi i many
poss|ble ‘uncertainty sources’. In a measureme ) d be
spec f|ed in a quantltatlve way by ye ence
quan N :- one
unceftainty source. This uncertainty sou ified’for example by boundm the
absojute value of ambient signals in/ferms o i¢ field strength as a function of the
freq ency, as measured by the me Another more indirect ‘influence

It may not always be|x alitative uncertainty source into one or more
quantitative influence [ quanti{ies. it may not be possible to fully quantify an
unceftainty sou i ainty source that is specified by an influence
quantity will be calléd~a specifi fluence quantity. Influence quantities that are difficllt to
quantify, but that arglidentifi e iit, will be called ‘non-specified influence quantitigs.

EXAMPLES

he ‘heig i e\recelve antenna’ is an uncertainty source (part of the category ‘measurgement
ocedure Table 3) This unegrtainty source can be made quantitative by two influence quantities, thg ‘scan
indox?’ i scan step size’. In 7.2.4 of CISPR 16-2-3, only the scan window (upper and|lower

& measurement distance is given. The ‘scan window’ is a ‘specified influence
A SF hould
P he maximum step size (in relation to the scanning speed of the mast) influences th¢ field
aximisation,/ The_i ence quantity ‘maximum step size of height scan’ is in this case a ‘non-spgcified
influencesquantity’. This uncertainty source only applies when a height scan in certain steps is perfornmped. A
bntinuous scan will eliminate this uncertainty source altogether.
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n CISPR 16-2 the uncertainty source ‘environmental conditions’ is an identified uncertainty source (s¢e the
‘measurement environment’ 7.2.5.1 of CISPR 16-2-3 and 4.3.1 of CISPR 16-2-4). This uncertainty source can
easily be translated into influence quantities like ‘temperature range’, ‘humidity range’, and ‘atmospheric
pressure range’. In the CISPR 16-2 clauses mentioned, the ‘temperature’ and ‘humidity’ are identified as
relevant influence quantities for the product under test. The ‘atmospheric pressure’ is not considered a
relevant uncertainty source. However, the above mentioned environmental conditions are not specified and
even not mentioned in relation to proper operation of the measurement equipment, such as the measurement
receiver. Consequently, the ‘temperature range’ and ‘humidity range’ are ‘non-specified influence quantities’.
In general it is expected that these environmental influence quantities will have a minor effect on the result of
a disturbance measurement. The impact is incorporated in the uncertainty contribution resulting from repeated
measurements (repeatability contribution).

3. ‘Routing of cables’ is a well known and identified ‘uncertainty source’ (part of ‘EUT set up & operation’
category in Table 3). In 7.2.5.2 of CISPR 16-2-3 some requirements are given about the routing of the cables.
Specified influence quantities are ‘the position of the cable’ and ‘length of the cable’. However, it is
questionable whether the present description of these cable routing influence quantities is sufficiently strict to
reduce the resulting ‘reproducibility’ uncertainty to a certain value.
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More examples showing the translation of ‘uncertainty sources’ into ‘influence quantities’ in a
radiated emission measurement are listed in Table 5. These examples show that it is
sometimes difficult to determine an influence quantity to adequately cover a certain
uncertainty source. We also see that some influence quantities are not specified or not
sufficiently specified. For example, the normalised site attenuation (NSA) is a figure of merit
for performance of a site for radiated emission measurements. The NSA characteristic is often
evaluated using a broadband transmit antenna and a typical receive antenna (often the same
type of broadband antenna as used for transmit) that may not be the same as the receive
antenna used in the actual emission measurement. Therefore the evaluated NSA may not be
a representative figure of merit that applies to all types of EUTs (size, table top, floor
standing) and for all types of receive antennas used in the actual emission test.

TJbIe 5 — Examples (not exhaustive) of the translation of ‘uncertainty sources’ in|lo
‘influence quantities’ for an emission measurement on an OATS per CISPR)22

N\
Unjcertainty source Influence quantity Specified in CISPR 2%{ '?bl\e}aqce\g'wem

Site pprformance = Normalised site "= Yes Y
attenuation
o NB\

Radiajed ambient = Ambient noise level = No /\\

Condycted ambient = Filter performance of a "= Yes \ =~No
LISN /\

Receiye antenna = Antenna factor /Yes
performance
= Unbalance
= Cross polarisatign = Yes
= Yes
Set ug EUT units and = Position and origntati =\Yes, partially = No
routing of cables of units and geometrical
ositjon m
Termipation of EUT = C im}s&dance . = No
cabled (\
Moded of operation EUT  |\s Modé}f\ope\%{i&\wé « Partially (qualitative) . No
For ¢ tities
shall [ the
unce d the
influg may
lead ainty
base
4.2.5

Prevlous‘paragraphs have discussed that the uncertainty in the measurand is determingd by
various.vuncertainty sources that may be described quantitatively by influence quanTities.
During the development of a measurement standard, it is generally the goal to define the
specifications in the standard such that the resulting uncertainty budget complies with the
actual uncertainty. For a new proposed standard, the actual uncertainty is usually not yet
known. The actual uncertainty in a compliance measurement can be verified for instance by a
Round Robin Test or inter-laboratory comparison. If a discrepancy appears between the
uncertainty actually achieved and the budgeted uncertainty, this demonstrates that one or
more relevant uncertainty sources are not identified, or that the influence quantities do not
describe the associated uncertainty source sufficiently, provided that the EUT-induced
uncertainties are eliminated. However, there is also a fundamental limitation due to the
principle that a measurand cannot be completely described without an infinite amount of
information (see the GUM D.1.1). In other words, if the uncertainty of the measurement
system were negligible, then the measured quantity would still be affected by a minimum
uncertainty that can be assigned to an incomplete description of the measurand. This
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minimum uncertainty was defined as the ‘intrinsic uncertainty’ of the measurand (see
definition 3.6).

As discussed previously, the intrinsic uncertainty may be quite significant in emission
measurements. This is due for example to the fact that for an arbitrary EUT there are practical
limitations on the precise description of the component set-up, its cable layouts, and
operation modes. Conversely, if the intrinsic uncertainty of the measurand was negligible, the
uncertainty that is obtained for a standardised measurement can be attributed completely to
the specified influence quantities such as the measurement system specifications, the
environmental specifications, and the measurement procedure specifications. This subset of
uncertainties is considered in CISPR 16-4-2, and is briefly denoted as the ‘measurement
instrfmentation uncertainty . It must be noted that the lack of speciiication of EUT-related
influgnce quantities in emission standards is an important reason that the intrinsic uncerfainty
of th¢ measurand is significant.

EXAMPLE - The following two different ways of specifying a measurand may caysge\significa i in the
result|of the measurements:

1) The maximum electric field strength emitted by the EUT located at 0,8 m v i e and
nleasured at 3 m distance from the receiving antenna, while the measuring “a height
bptween 1 m and 4 m.

2) The maximum electric field strength of the EUT located at 0,8 i e and
njeasured at 3 m distance from the receive antenna, while

Althdugh a measurand shequld be de ine sufficjgnt detail such that any uncerfainty
causgd by its incomplete definition i agligile) in comparison with the required accuragy of
the n sat this fvay not always be practical. The defipition
may : ifig e _negligible effects, or it may imply condftions

that ¢ fect realization is difficult to take into accpunt.
Inad ¢ b can lead to discrepancies between results of
meagurements of - jantity carried out by different test laboratories|(see
GUM Annex D)

EXAMPLE - For i i A i difficult in a standard to specify the required operational states [of the
i J g Ssion shall be found as a function of frequency, all operational states |of the
give rise to impractical long measurement times, but also will give rige to a

Figute 3 i elationship between the uncertainty sources, the corresponding
it d the resulting uncertainties. This figure emphasises that the intfinsic
unceftainty—~of an emission measurement is the absolute minimum uncertainty with whjch a
meagurand can be determined, due to the fact some influence quantities are not identified
and duéuto the fact there are limitations in the specification of influence quantities. r]
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all uncertainty sources
associated with the measurand

4 N

identified unidentified
uncertainty sources uncertainty sources

4 pN

specified non-specified
influence quantities influence quantities
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Figure 3 — Relationship between uncertainty source

ehse, the measured level only represe

icts, is reasonably
! NTherefore, the term ‘interference probabili

4.3.1

metrology problems, in the field of EMC there has always been
ing measurements using a specified and standardized method, r|
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quite
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requirements. Consequently, results of EMC tests depend very much on the methods used.
Such methods are often referred to as empirical methods (see [13]). Furthermore, the
measurand is defined by the measurement method used.

EXAMPLE - The disturbance power measurement method is described in 7 of CISPR 16-2-2. The result of this
measurement (in fact a voltage measurement) depends amongst others, on the set-up of the EUT, the scanning
method of the absorbing clamp and on the settings of the measurement receiver. The measurement result is not
traceable to a defined disturbance power reference standard.

In EMC compliance tests, it is not the goal to measure physical quantities like voltages,
currents, field strengths, etc. as direct quantities of interest. Instead, the measurand is a
derived or indirect quantity, i.e., a quantity that is assumed to provide a figure of merit for the
degree of a product’s EMC at the intended locations.
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The measurand, its uncertainty and the level of the associated limit are related to the
interference probability. In Annex A, the relationship between standards compliance
uncertainty and interference probability is addressed in more detail. Because actual
quantitative data is available, the annex is descriptive and qualitative in nature. Apart from the
description in Annex A, the subject of relating SCU and ‘interference probability’ will not be
described further because CISPR/H is responsible for this subject. This subcommittee is
tasked with the derivation of adequate measurands, limit levels and uncertainty constraints for
the limit levels.

The selected measurand shall be a relevant figure of merit from a practical EMC point of view.
The same is true for the allowed emission level (the limit level). A low emission limit will result
in low Tnterference probability and Vice versa. AlSo the unceriainty of a measurand may affect
the ipterference probability. Consequently, for a certain measurand, its gncertainty-ang the
assofiated limit an ‘interference probability’ assessment shall be performed by

To ipdicate the relevance of a selected measurand i iofshi i ence
probability, a CISPR compliance test should include (for example.i ani 4 j e for
the defined measurand and for the associated limit, or should fthake S ional
repofts and available publications. Annex A provides an example o > \ d, its

unceftainty and the corresponding limit level may affect th

4.3.2 Process of determination and application of ay

A summary of the major steps in the ] the

involfyement of both CISPR/A and ClI

A
(\\\>]E

(de ww test equipment specifications and test
methods)

efine-a \detailéd specification of the measurand in relation to the test
d any test equipment

e categories of uncertainty and the uncertainty sources

ity and quantify influence quantities for each relevant uncertainty
source

e Set up of the uncertainty budget

e Validate the uncertainty budget in practice. In case of a discrepancy
between actual and budgeted uncertainties, the uncertainty sources
and influence quantities shall be reconsidered

e Check the actual uncertainty against the uncertainty requirement
imposed by CISPR H

Apply the uncertainty in the compliance criterion

NOTE Ideally, the establishment of a limit should be accompanied by specifying a maximum allowable uncertainty.
At present, this may be an academic approach but in the future, CISPR/H should be responsible for determining
the limits and related maximum permissible uncertainties.

Figure 4 — Involvement of the CISPR subcommittees H and A in the determination
of the measurands and application of uncertainties
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In summary, it is important to recognise that:

a) The uncertainty of a measurand affects the interference probability.

b) All categories of uncertainties contributing to the SCU shall be considered when
performing an ‘interference probability assessment’.

c) It is considered the task of CISPR/H to provide CISPR/A with requirements on
measurands, limit levels and maximum uncertainties.

d) It is considered the task of CISPR/A to develop adequate measurement methods and
measurement equipment specifications for a certain measurand, such that the limit levels
can be determined in a reproducible way and actual uncertainties comply with the
uptceTtaimty toterance setforth by CSPR7A:

4.4 | Assessment of uncertainties in a standardized emission measy,
4.41 The process of uncertainty estimation

In principle, uncertainty estimation is simple. The following sub 8BS S S asks
that peed to be performed in order to obtain an estimate of~he [ ith a
meagurement result. The steps to be considered are as foH
Step|1 Define the purpose of the uncertainty consideration.
Step|2. Identify the measurand, its uncertainty souc
Step|3. Evaluate the standard uncertajritk of eath

Step|4. Calculate the combined uncertai

Figule 5 summarizes these steps.

\(Defm the-purp of the uncertainty
Step Q \h\r\_pj?dzeratlon
Identify the measurand, its uncertainty
urces and influence quantities

1§

Evaluate the standard uncertainty of
each relevant influence quantity

—1

.

Calculate the combined uncertainty and
Step 4 expanded uncertainty

Figure 5 — The uncertainty estimation process

4.4.2 Step 1: Definition of the purpose of the uncertainty consideration

As explained in 4.2.1, there may be different reasons for performing an uncertainty analysis.
Some examples of different types of uncertainties are given in Table 4. In the remainder of
this subclause it is assumed that the uncertainty analysis is performed in order to determine
the ‘standards compliance uncertainty’. In principle, however, steps 1 through 4 of Figure 5
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are also applicable if the ‘measurement instrumentation uncertainty’ is to be determined. In
this case the ‘uncertainty sources’ and the ‘influence quantities’ to be considered will be a

subset of the ‘uncertainty sources’ and the

‘standards compliance uncertainty’ considerations.

4.4.3

Step 2: Identifying the measurand, its uncertainty sources and influence
quantities

‘influence quantities’ that are applicable for

The definition of the measurand requires both a clear and unambiguous statement of the
quantity to be measured and a quantitative expression relating the value of the measurand to
the parameters on which it depends (influence quantities). These parameters may be other
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SET UP
EUT MEASUREMENT
wire PROCEDURE
|nflugp<é%§|ype clamp receiver settings

reproducibility ;
measurement cable clamp scanning

>

OVERALL

receiver performance climatic UNCERTAINTY

ambient

test site performance .
electromagnetic

clamp performance ambient

operator
influence

MEASUREMENT
INSTRUMENTATION

Figure 6 — Example of a fishbone diagram indicating the sertai is for

s. In

The hext step is to convert each uncertainty sourc
C ence quantities. In 4.2.4 gnd in

4.2.4 a method is provided to relate uncertainty
Tab’I\/T 5 some examples were given, a

EXAMPLE — An EUT support and positioning tab
measyrement. This uncertainty source can be rel

r the results of a radiated emigsions

1. Pfecise specification of the type of materi I ov the table material shall be dry oak plywood,
the maximum thickness of the table top shall b 6 metallic construction components sHall be
uped.

2. Pfecise specification of the } f the tablé material, e.g. by specifying the maximum palues

3. Requiring that the positionihg\tak gral part of the site validation process for the radiated
emission measnt ili f.e. thetable ‘shalf be put in its normal position during the site attenuation

nmeasurements.

The fifst approach is li not be the same in each part of the world and ‘dry’ needq to be

speciffed. The moistyre » ‘influence quantity’ for this source of uncertainty. The cond
translation into influence \quagtitieschas\limitdtions because construction constraints need to be provided % well
and it|is difficult to~dirextly xelate the electrical properties into a specific effect on radiated emissions measurement
result$. The thikd spetificati any possible implementations for a positioning table. The influence gdantity
is specified~in f ion to the NSA degradation of the test site. Compared to the firgt two

approfiche Ofsspecification is integral and the resulting figure is more closely related to the uncertajnty of
an acfual me

Influgnce quantities that are difficult to specify or which cannot be specified at all {non-
specffied influence gdantities) shall be included in the uncertainty budget as well, despit¢ this
difficplty,\TPhis can be done by assuming a range of values for the influence quantity dnder
cons|deration or by considering a range of possibilities for the uncertainty source] For
instance, the uncertainty source ‘routing of cables’ (4 column of Table 3) may be difficult to
specify. Experimental statistical variation studies can be performed using different classes of
EUTs in order to derive the uncertainty associated with this uncertainty source.

After the identification of specified and non-specified influence quantities and the associated
tolerances, the uncertainty of the measurement result must be determined. This can be done
by modelling of the standardised measurement method or by experiments.

4.4.4 Step 3: Evaluate the standard uncertainty of each relevant influence quantity

The methods to derive the uncertainties associated with influence quantities are described in
detail in the GUM and in [9] or in [11]. For convenience, the major aspects of these methods
are repeated below.
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The effects of uncertainty sources and influence quantities on the measurand should, in
principle be represented by a formal measurement model. This model will include each effect
as a parameter or variable. Such an equation represents a complete model of the
measurement process in terms of the individual factors affecting the measurement result. For
EMC measurements this function can be very complicated and it may not be possible to
formulate it explicitly at all. Where possible, this should be done, as the form of the
expression will generally determine the method of combining individual uncertainty
contributions.

In general, the measured emission level L, (the output quantity) will depend on a number of
specified influence quantities Xg (i = 1,2,...,n) and a number of non-specified influence
quanfities x, ; (= 1,2,....k).

Ly =f(Xsj, Xy)) (1)
For gach influence quantity x the standard uncertainty u(x) shg 3 dard
unceftainties can then be combined into the ‘combined uncertain

As a| consequence, the overall uncertainty u(L,,) bined

unceftainty that can formally be written as a total dif
n oL k

_ m
u(Ly)= Z T(Xs,i)"'z (2)
In equation 2, ¢ ; and ¢ ; are the sensitivity\coeffici given by the partial derivatives of

the level with respect to the influen by hile u(x) represents the uncerfainty
assofiated with that influe

Sensitivity coefficientsa ' becayse the coefficients depend on specifigd as
well [as non-specified lo) e\ quantities. A model describing the relatiopship

betwgen the mea 9 j gquantities is required in order to estimatg¢ the
magnitude of thexsemsjtivi effi also the GUM).

The |nfluence qudnti > jorised in Type A and Type B categories. The Type A
and [fype B dijsti éd and is for convenience of the discussion only. [Both
typeg of eva g s ncertainties of influence quantities are based on knowledge
of the prob tion asSociated with the influence quantity.

Type] A sta ainties are calculated from a series of repeated measurements yising
statigtical method e Type A standard uncertainty applies the standard deviation gf the
mea:|u‘ of the repeated measurements. The standard uncertainties of Type B ianL’]:nce

quantities_jare evaluated using available knowledge. For example, data from calibration
certificates, previous measurement data, manufacturers specifications or other relevant dpata.

In compliance emission measurements, the uncertainty in the result of a measurement can be
formally expressed by an interval centred on the actual measured value of the measurand.
Uncertainty estimates can only be determined based on a model that describes the
relationship between the measurand and all relevant specified and non-specified influence
quantities. Only when a model is available, the propagation of an uncertainty u(x;),

associated with the i-th influence quantity x; into the overall uncertainty contribution u(L,,) to
the measurand L, is known. Mathematically, u;(L,,)=c;.u(x;) must be known. The quantity
c; is called ‘sensitivity coefficient’. Among other parameters, c¢; may be frequency

dependent. See also 4.4.5. The model required may be an analytical or a numerical model. It
should be noted however, that for EMC measurements in general accurate models are not
available. Therefore it is more convenient to apply repeated measurements and statistical
methods in order to estimate the magnitude of the standard uncertainty associated with the
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Type A influence quantities. The existing uncertainty guides like LAB 34, M3003 and the GUM
give detailed guidance on this matter [9][11]. Note that for statistical experimental uncertainty
investigations, it is also a good practice to use specific EUTs, such as reference EUTs, or
EUTs that can be numerically modelled, i.e. ‘calculable EUTs’ (see also 4.5.3).

4.4.5 Step 4: Calculation of the combined and expanded uncertainty

The steps to be taken to derive the combined and expanded uncertainty of the measurand are
described in detail in the GUM and in [9] or in [11]. For convenience, these steps are repeated
below.

), as assumkd in
ervakaroynd a

equation 2, and the sign of each contribution is generally unknown (only

If u(}m) can be written as a linear sum of uncertainty contributions +c,u(x
quantity x, is known), then the ‘combined standard uncertainty’ u,(L,)

Ue(Ln(F)) = \/ D {ep (M) u(x, ()Y
p=1

(3)
wherge m = n+k. To emphasise that u.(L,,) is actually ; , the
freqyency dependence has explicitly been indicated in ¢
NOTE|1 In CISPR 16-4-2 it has been assumed that U, (L,,) i e 9 i [ ionale
for thig assumption. In addition, in CISPR 16-4-2 it has be SUM atj i i . This is
generglly not the case as is demonstrated, for g4a 8
The pxpanded uncertainty U(L,,) shal S s the combined uncertainty ysing
equation 3 and the equation 4 below:

(4)
Whefe k is the coverag tor. asirements, it is general practice to apply a

95 % level of confidence when the number of
d’uncertainty, with a 95 % level of confidencq, will

covefage factor
degreges of free

be u iS¢ i f\uncgrtainties. This means that if the term ‘measurement
instrimentation ups i , ) inty’, the
meas ' 3

As (i ainty
U(L,)) mey be R after conS|der|ng the interference probab|l|ty This con5|derat|on sInouId

resul j the
agre , S its
influgnce, on the interference probability low. If this is not possible, L;,, has to be adjusteq to a
level|lwbich will provide the same interference probability.

4.5 \Verification of the uncertainty budget
4.51 Introduction

The validity of the uncertainty estimates, obtained through the steps given in 4.4, shall be
verified when a new standard or an amendment is developed. A verification of the
‘measurement compatibility’ (see 3.12) can be done by the following experimental means:

a) comparison of measurement results and uncertainty budget obtained from two different
test laboratories, or by

b) execution of an Inter-Laboratory Comparison and statistical evaluation of the results.
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Also the application of a ‘Calculable EUT’ or a ‘Reference EUT’ is useful to evaluate certain
aspects of the uncertainty budget. These verification methods, their purposes and application
are described in more detail in the next subclauses.

4.5.2 Test laboratory comparison & the measurement compatibility requirement

The uncertainty of a measurement result can be expressed by an interval ALy, containing the
true value of the emission level L;. In the metrology field, this interval is normally stated
together with its confidence level. If L, is the upper boundary of the interval and L, the lower
boundary, with L, - L, = AL, the interval AL only has a relevant meaning if the following

simpfeTetationmissatisfied

L=<Li <L, (5)
with |a certain level of confidence. Similarly, if L, is the meaSured yell the
relatijonship L, < L, < L, has to be satisfied with a certain level g i eNintérval AL,
inclupes the (welghted) contributions of the uncertainties associated\witf the pecified and
the pon-specified influence quantities. This interval ca ¢ ssed\in terms of the
expahded uncertainty:

AL, (6)

The |evel of the measurand L, and interval AL, can be uspd to

verify the validity of the uncertainty estimate b i e measurement compatipility:
wherl two independent measuremepits, i on the same product and |both

meagurements being completely in accord it landard, yield measurand levelg L4<
Lm1 b § L1U’ with ALI’T‘I1 = LU m2 = LU2 - L|2, while ALm1 and ALmz
both [have the same cog{i 2 he following relationships must be satisfied:

(7)

dation in which these two relationships are satigfied,
nce there is an overlap of the intervals AL, and AL,

e assumed measurements have a realistic meaning as/| with

As ap illustration,
wher] using {L4, 4

the ihtervals a

the assomat idene the true value of the emission level is within both intervals at
the game n in"Figure 7 are intervals ALy,,, and ALy, (see also NOTE 2)
deteqminedby ment instrumentation uncertainty Uy, as derived in [3], inclyding
only measure rumentation uncertainty. Since the latter uncertainties form a subget of

the tptal set of reI rit uncertainties in a compliance test, it is to be expected that the inferval
ALyl is (snraller than an interval AL, associated with the standards compliance uncertainty.

In the“example of Figure 7 there is no overlap of the intervals determined by ALy,,. Hénce,
the true value of the emission level cannot be in both intervals AL,at the same time. In
other words, these ALy, intervals do not satisfy the minimum requirement to be set to a
realistic uncertainty interval.
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------------------------------------- T L,
AL, ALy, 9 L, result
test laboratory 2
""""""""""" ) I
____________________________________ L7

result
test laboratory 1

NOTE but it
is not
Figlire 7 — lllustration of the minimum t ers i ibili i pnt)

In regard to the antities, it is the task of the standards authgrs to
provide the pro V) ivg/ determination of AL, in each standard wWhich
requ i p i derations.

NOTE]| 1 \ published if the standard specifies a fixed value for the unceftainty
interv \ test y e”demonstrate compl|ance with the CISPR specified tolerances [of the
specif] Q

NOTE|2 THe ati hip eetween ALy, , and measurement instrumentation uncertainty UCISPR published in [3]
is givgn by

Corrdlation of resu

The pncértainty of a valid measurement result shall be such that compatibility with all pther
valid|m€asurements of the same measurand and the same EUT is ensured. The compat|bility
is indicated by theovertap of the-mtervats—Thistompatibitity criteriomr resuttsfromapptication
of the criteria for the combination of uncertainties to the uncertainty of the difference between
two results. Two results of measurements are deemed to be compatible with each other when
they are expressed by intervals such that

U = (U2 + U2 =2U iUy ) (8)

where U,, is the uncertainty of the difference of the two measurements and r is the

correlation coefficient of the two measurements. If the two measurements are completely
uncorrelated, then r = 0 and the two intervals must be partially overlapping for compatibility. If
they are totally positively correlated, then r=1 and U,, =U,-U,, and compatibility requires

complete overlapping. If they are anti-correlated with r=-1, then U;, =U,+U,and the
overlapping of the two intervals may be reduced to one common element for compatibility.
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The assessment of compatibility is therefore related to a determination of the correlation
between the several measurements, which may be difficult and will require much care in the
statistical analysis of the data.

The minimum requirement for the uncertainty interval derived by two different test laboratories
and applied to the measurement result of these test laboratories, is their overlap. If no overlap
exists, it may be concluded that not all uncertainty sources and influence quantities are taken
into account, which means that the specifications of the influence quantities are not adequate.
In this case the standard must be revised to avoid these reproducibility problems.

4.5.3 Inter-laboratory comparison & statistical evaluation

From a statistics standpoint it is advantageous to perform verificatioy easuremengts at
seveflal sites, and analyse the results using statistical methods insteadhof comparing rdsults
from|[two test laboratories (as described in 4.5.2). Such a series o perts is joften

referfed to as Inter-laboratory Comparison, Site Reproducibility obin
Test| The expression ‘Round Robin Test (RRT) will be use of| this
subclause. A RRT is a statistical and experimental means to ve ba budgef of a
standardised emission measurement. This subclause provjd S organization
of an RRT to be used as a verification procedure.

Gengral information on the organisation of a RRT €an b b publication EAL-P7

(see|[12]). This document provides information gmbasi¢ principtes, the’planning, preparation,
execption and reporting of a RRT. j RT is included in [3]f the
document provides results of a RRT & g the uncertainty sources of

the radiated emission measurements as\spewsifie in the frequency range of|30 —
300 MHz.

For the purposes of emisgid i budget verification it is importgnt to
carefully define the goals s to be used. Basically, there arg two

table and that has the lowest possible intfinsic

1) reference EUT

ncertainty.*c S

enerator portiQ da_rigid-and reproducible radiating portion are frequently usegd for
- EUT basically allows information to be gained aboyt the
easurement,in i ertainty of the (draft) standard under consideration

2) A real EUT: ' very stable, but that is real in a sense that it resemble§, for

- anding equipment or typical table top equipment. When us|ng a
eaKEUTR i is collected about the standards compliance uncertainty for the
lass of produci{s soyvered by the type of the EUT that is selected (large, small,|floor
standing,table tog, single unit, multiple units, battery fed etc.).

The jestplan circulated with the EUT shall be the same as the (draft or amended) standard
that is.Subject to verification.

To ensure proper analysis of the results it is important to establish a standard data format for
the participants to use when reporting the results. Furthermore, additional information is to be
requested (e.g., about equipment and automation software), in order to verify the validity of
the submitted results.

In addition to the measurement data, it is also important to request the uncertainty budget
from the participants. Annex B provides an example showing how the RRT-data can be
analysed and compared to the result of the uncertainty assessment (which was derived
following the steps given in 4.4).
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4.5.4 Application of a ‘calculable EUT’

This subclause provides some guidance on the use of a calculable EUT for the verification of
an uncertainty estimate. All relevant influence quantities of a ‘calculable EUT’ should be
specified and the associated uncertainties can be determined following the classical
metrology approach as given in the GUM. For that reason, a calculable EUT can be used to
verify an uncertainty budget.

The approach using calculable devices is applied successfully to the validation of the antenna
calibration site (described in 4 of CISPR 16-1-5). In this case, so-called calculable dipole
antennas are used to validate a calibration test site (CALTS).

SimiILrIy, the application of a calculable EUT also would allow a quantitati
test |aboratory’s ability to carry out CISPR-standardised compliance
meth

e assessmment of a
sments. | This
prted

in [3]
An important condition for the use of a calculable EUT is the 2 valigated
simu
The - 5sion
meagurements. i i i i ilable, ,se aspects of the influence

quantities could be analysed by performing a pa ing of
the measurement set up and using a ¢ insic
unceftainties associated with the physical c dized measurement. It should
be npted that such modelling generall ~ i ies in
certgfin parts of the measuring chain s

4.5.5 Application of a

A ‘rgference EUT’

Refefence EUTs are
also pe used for, . )
mears that the ¢ isti indjvidual ‘parts of the measurement chain (cables, anténna,

rties.

test < 3 . , in a radiated emission measurgment
facili i 3 and
the 1 \ Vari specifications apply for these parts of the measpring
chair ired for periodic verification of these specifications. Theref re, a
refer the
meas ' The \ easurement results can be used to establish an mternal refe ence
for A if \ the
sourd and

confi

The feférence result obtained from a careful reference EUT measurement shall be recofded.
The P € periodically
obtained data can be compared with the reference results; and, since the |ntr|nS|c uncertainty
related to these measurements is low, it can provide |nformat|on about the measurement
instrumentation uncertainty (see Figure 1b). Therefore, a pass/fail criterion shall be applied,
that is related to the magnitude of the measurement instrumentation uncertainty of the
measurand (see 4.7.4).

4.6 Reporting of the uncertainty

This clause provides guidance for the reporting of uncertainty considering the following two
cases:

1) reporting of results of uncertainty assessments as part of the development process of a
new standard or in case a test laboratory has to determine its own uncertainty budget, for
example to meet the requirements for accreditation in accordance with ISO/IEC 17025;
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2) reporting of uncertainties related to routine emissions compliance measurements,
performed by a test laboratory.

4.6.1 Reporting results of uncertainty assessments

The information necessary to report the result of an uncertainty analysis is dependent on its
intended use. The guiding principle is to present sufficient information to allow the result to be
re-evaluated if new information or data becomes available.

When details of the uncertainty analysis, including the method of determination, depend on
published documentation, it is imperative that this documentation is clearly referenced.

A complete report on the determination of the uncertainty should include matioh-related
to the¢ steps described in 4.4 and 4.5 and address the following:

1) 9
2) i

er by
ENCy,
{

6) |

fr
N
th

. a

ainty

and

The can

4.6.2
Whe cient

to on . e expanded uncertainty and the value of k, along with a refefence
to the¢ applicablexinternal uncertainty assessment report.

4.6.3 Reporting of the expanded uncertainty

Unless otherwise required, the result L, of an emissions measurement should be stated
together with the expanded uncertainty U(L,,), calculated using a coverage factor k = 2 (as
described in equation (4) of 4.4.5). The following form of reporting is recommended:

<Result>: <L, +U(L,)> <unit>

where the reported uncertainty is an expanded uncertainty, as defined in the GUM and
calculated using a coverage factor of 2 which gives a level of confidence of approximately
95 %.
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The coverage factor should, of course, be adjusted to show the value actually used. However,
for EMC testing, it is a general practice to apply a coverage factor kK =2 that corresponds to a
level of confidence of approximately 95 %.

EXAMPLE - Maximum disturbance power: ((39,5 + 4,3) dBpW). *

*The reported uncertainty is an expanded uncertainty calculated using a coverage factor of 2 which gives a level of
confidence of approximately 95 %.

The numerical values of the result and its uncertainty should be stated with appropriate
resolution; a large number of digits should be avoided. For the expanded uncertainty of
emissions measurements, it is not necessary to provide more than one significant digit for the
uncertainty expressed in dB. Results should be rounded to be consistent with the uncertainty

given.

4.7
4.71

Regu
EUT,

Application of uncertainties in the compliance criterion

Introduction

an i
1)

2)

Assu
1ab

a) T
b) T
c) T
d) T

Cass
demd
exam
the

depe
cons

latory compliance generally requires a measurand, suck as bf an
to be below a particular limit. The uncertainty of an gfissions m & I has
pact on the pass/fail determination. The following two~case

he uncertainty of the measured emission level wvhen

etermining

he result is beglo
he result is@

compliance, or

case
mit:

ifdation of non-compliance. Case d) is interpretqd as
es b) and c) will require individual consideration, for

ith the user of the data, the manufacturer of the EUT or

authonity. Both parties may apply different compliance criferia,

T Caseb

sessment and the risks involved. Similar compliance

Case c.

level
- Cased.  gmission limit

<+— expanded uncertainty

<« Mmeasured value

Figure 8 — Graphical representation of four cases in the compliance determination

process.


https://iecnorm.com/api/?name=40009c50f61dcfd6f44e70f01b6048fd

- 36 - CISPR 16-4-1/TR © IEC:2003(E)

Another compliance approach (case 2 above) can be used if it is known that the emissions
limits have been defined to allow for some degree of uncertainty. Then a judgement of
compliance can reasonably be made only with knowledge of the amount of uncertainty
included in the limit level. As discussed earlier in 4.3, CISPR/H should determine such an
uncertainty allowance. If the expanded uncertainty of the measurement, as determined by the
laboratory, exceeds this allowance, then the excess shall be taken into account when
determining product compliance.

More detailed considerations on compliance criteria with respect to emissions measurements
are under development in CISPR/A In thls context, the d|fferent compllance approaches that
a ma
inter
A fur
are t
and

purp

a) ¢

b) c

c) ¢

4.7.2 gasurements

In C : the measured level fs in

compliance with the limit if
m <

This |criterion is showR
quantity, speciin

meagurements.

(8)

Figure 9, where Ugg,,is an agreed (default)
’R 16-4-2, for different types of disturbance

This Vif the uncertainty of a test laboratory exceeds an agreed
valug U Usisor shall be taken into account when determining pags/fail
against t

The magnitude<of the agreed value Ucisprquantity shall reflect that a test laboratory, Using
state| of therart equipfment, facilities and procedures may typically comply without havipg to
take [into,_account the ‘penalty factor’ U(L,)-Ugs, - It should be noted that the vaITe of

u

cispeis-based on measurement instrumentation influence quantities only.



https://iecnorm.com/api/?name=40009c50f61dcfd6f44e70f01b6048fd

CISPR 16-4-1/TR © IEC:2003(E) - 37 -

U(Lm) Ucispr

4.7.3 Compliance criteria for mass produced pro

For type testing of mass-produced arti
addressed, from an uncertainty
CISHR 16-4-3):

1) lesting of one representative sampl
ssurance tests, or

ts is
(see

hality

2) uﬁsting of a repredeqtative andfiqi mber of samples with statistical evaluation gf the
easurement res ihNaccords

The pompliance : < o cases is different. In the first case (i.e., periodjcally

testing one sampl o passes as long as the limit is not exceeded. In the s%;ond

case| a penalty x i d in the compliance criterion that depends on the number

or the results are compared directly with the limit and a

of samples (Stude
numjLer of s 3

Both|80 %/80~%.-comyliarice criteria are based on a direct comparison of the measured

ected depending on the total number of samples (binominal

alue

NOTE| It has not been determined yet how the 80 %/80 % rule compliance criterion, called out in CISPR 1
and the MlU-compliance criterion of CISPR 16-4-2 are to be combined in cases were both criteria are appl
This combination-of-the-two-comph iterig i s i o heri i ions within PR/A.

4.7.4 Compliance criteria for quality assurance tests using a reference EUT

The data obtained from the periodic quality assurance tests or ad-hoc checks ca

6-4-3,
able.

n be

compared directly with the reference results (see 4.5.5). Pass/fail criteria shall be applied,
that are related to the magnitude of the measurement instrumentation uncertainty of the
measurand, because when using a reference EUT, the intrinsic uncertainty is generally small
and therefore not incorporated in the quality assurance test. A maximum deviation of 20 %,

with respect to the MIU, is considered an acceptable pass/fail criterion.
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5 Basic considerations on uncertainties in immunity testing

Under consideration.

The SCU considerations of immunity tests differ from the emission SCU considerations at
particular points, for example, the measurand is often a functional attribute of the EUT and

not a quantity.

6 Voltage measurements

6.1 Introduction

This [report deals with modelling of CISPR standardized volt
identjfy the possible contributions to the standards compliap
of

a) product variability that is covered by the CISPR 80
b) test house induced uncertainties (see clause 4,
After[a discussion of the voltage mea

voltage probe are discussed in 6.3. Volage

netwprk applied to Class Il appliances k
voltage measurements, for example, those

er to
ption

ing a
nains

ifional

arth,
applipnces with more thap one conRectg illary
equipment are under congiderati
6.2 | Voltage measu
6.2.1 Introd
Subdlause 6.2.2 present d by
somg remarks afs ; g¢ments using a voltage probe (6.3). After that, the Imost
comrmonly use ted\ emission measurement is discussed, i.e. the emigsion
meagureme =type attificial mains network (6.4). Throughout the discussion/ it is
assumed s ™ terminal device: only one two-wire mains cable is connected to
the EU [ (N > 2) with or without connections to ancillary equipment are

6.2.2 Voltage measurements basics

6.2.2.1 Specification of the measurement loop

A voltage is always measured between two specified terminals. Figure 6-1 illustrates such a
measurement. Uq2 is the voltage of interest. The measurement leads transport the signal to

the terminals 3 and 4 of the load impedance Z formed by the input impedance of the

voltmeter, and Us4 is the actual measured voltage. The EUT, leads and voltmeter
impedance form a loop of which the contour is denoted by C, and the loop area by S.

load
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]
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\:r‘,’ Zg U12 Usg ZL

i

|

(I

_M
EUT Measurement leads Receiver

In pgrticular when the internal impedance of the disturbance source i
the ¢ase in compliance testing) care shall be taken that 7, >

voltage depends in an unknown way on Z|, thus creating larg
compliance uncertainty. Consequently, Z_ has to be spé&cif
meagured values of Zy of the class of subject EUTs.

NOTE| 1 Specifying only one terminal, the ‘hot’ terminal, and
that ig ‘grounded’ is only allowed in electrostatics, i.e. at d.c

NOTE|2 Stray capacitances may limit the maxi

6.2.2.2

The fesult of the voltage measurement i ence
of the measurement loop, i.e. f the
loop jis small compared to(the ) i red.

If this condition is not satisfi & ects will occur, creating large and undefined
unceftainty contri Y S i s may be reduced to an acceptable level placing
the Ipad imped% 3\ here the voltage has to be measured and to
trangport the me ERE i 3 _thexreceiver via a transmission line, such as a cqaxial
cablg. The characté [ that line should match the input impedance of the
receiver. The po n expressed as a voltage standing wave ratio (VSWR).
See flso 6.4.6-2.

=

S small’ is satisfied, the use of a lumped element equivialent
circujt to dese 3 age measurement is allowed. Unless indicated otherwise,|it is

6.2.2.3 The measured voltage

Faraday’s law is always applicable to a voltage measurement loop. For the loop given in

figure 6-1 this means that
—_— 0 P
&E-d! :——ﬁBds (6-1)
ot
s

c

where the electric field E and the magnetic flux B are generated by the disturbance source
inside the EUT, or by some ambient disturbance source. Unless specified otherwise, the latter
source is assumed to be negligibly small; for example, the measurement set-up is sufficiently
screened.

From equation (6-1) it follows that the voltage U,,is given by
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4 3 2
L N

U34:JE’dl:Ulz_IE’dl__[E'dl_E B-d5 (6-2)
3 1 4

S

where U, is the voltage to be measured. In this equation the contribution of the magnetic field

term to U, often dominates. Therefore, the voltage measuring method shall include a
sufficiently accurate description of the layout of the measuring leads.

A numerical example illustrating the importance of the influence of the physics described by
Farafiay’e law_on the measurand.is gi\/nn in annex 6-A

6.2.3
At th aints
are s port.

and common-mode (CM) phenomena are of importance, the
num R n-port equals N + 1, where N is the actual number of term|nals.
The [additionakderminal fepresents the surroundings of the source to which coupling via
electfic and\magnetig fields is possible and to which the source may have a galyanic
conngctionilt is the task of the standard drafter to define the surroundings in such a way that
this additional terminal is a relevant reference point in the voltage measurement.

Sinc

In this section N = 2 is assumed, so that a three-terminal network results and the equivalent
circuit of figure 6-2 applies. An example of an EUT presenting an N = 2 disturbance source is

a) an appliance with only a two-wire mains lead, and
b) the voltage is to be measured at the mains connector terminals.
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U1 Udm

Ucm

2
U23
3
Figure 6-3 — Relation between the voltages
In fig , dm2 repreésent
the ipternal impedance of the equivalent DM source with dpen-cirgui . eral,
ZdmA1 i S is the
intermal impedance of the equivalent CM source with i 2 . ad is
repre ] the
reference 3, and the impedance Z; ingls. i ages
acrog 3 m, IS
given in figure 6-3.
6.2.3.1
The PM- and the CM-gonducted issie it for
the interference potenti i W main coupllng mechamsm to the VIC im is

crosgtalk. In addition,
merif when the «@‘
the CM current \s

far-field) radiation. However, in the latter ¢ase,
direct figure of merit (see 6-B5). The so-dalled

unsy evels Uqz or Upjz give, in general, no information gabout
the i s iance. Additional information about the phase angle
betw is heeded to convert these voltages into the relevant voltages Uy and
Uemn- i i ) ability studies, both the DM and CM properties of the disturbance
signa
6.2.3

The parasitic properties, for example, parasitic capacitance and stray inductance, of a voltage
meaguring” device may cause an unwanted conversion of DM disturbances into| CM
distukbances—and vice versa.Therefore the DM/CM or CM/DM conversion prnpnrfine of a
voltage-measuring device may play a part in uncertainty studies, in particular those of artificial
or impedance simulation networks. The conversion properties may also be desired in the case
where these properties dominate the compliance probability in actual situations. To give some
examples:

a)
b)

c)

If the device is used to simulate a telephone-subscriber line, the conversion properties
should be related to the actual conversion properties of those lines.

If the device is used to investigate the conversion properties of telephone-subscriber lines,
the conversion properties of the device shall not influence the results of that investigation.

If the device is used to characterize the CM-disturbance signal emitted by a given EUT via
the telephone-subscriber line port, the DM/CM conversion properties of the device shall
not influence the measurement results. In addition, the DM/CM conversion properties of
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the ancillary equipment, connected to that port during the emission test, shall not influence
the measurement results.

6.3

Voltage measurements using a voltage probe

When using a voltage probe it is very important to specify the two terminals between which
the voltage is to be measured. As already mentioned in note 1 of 6.2.2.1, specifying only one
nal, the ‘hot’ terminal, and assuming that the other terminal can be any point that is
‘grounded’ is only allowed in electrostatics, i.e. at d.c. (zero frequency). In the case of a two-
terminal disturbance source, the circuit of figure 6-2 applies, where Z13, Z12 and Z»3 represent the

generally unknown and unequal load impedances of the source, for example, those formed by

termi

the n

the

nains network If’ for nynmpln’ the \Inlfngn between terminals 1 and 3 is measured,

inputlimpedance of the voltage probe is in parallel with Z13 and in parallel with(Z15 + Zo3)

In adldition, assie that the
meas the
unce nat it
miniri T itself
The brical
exan

In the ance
(for 4 Q the possible effect ¢f the
stray andvits surroundings.|That

capagi

(Z413), thus creatin

g an

unceftainty contribution. In addition, very much larger thap the
sour¢e impedance (a priori unknown inNa coxp an/additional uncertainty may be
introduced as a result of the uncertaint chvision factor. Moreover, the loadipg by
the yoltage probe having an insuffici pedance may cause an unbalgnced
loading of the disturbance : dm1 # Zdm2, this unbalance may [differ
wher measuring the voltage S R ahd 3, compared to that between 1 and 3.
Finally, the unsymmetrica 8 he probe is not a direct figure of merit fqr the
interference po {enc gives no information about the interfedqence
probability so th Ardi 6be should be kept to an absolute minimum.

In summary, in a we Bboth EUT terminals in the voltage-probe measurement
shall| be carefull &CH W 4s the layout of the leads between these two termjinals
and tfhe two tefmjna ‘ abe. Moreover, attention should be paid to the magnitude ¢f the
inputf i élative to the actual load impedance of the EUT disturbance
sour¢e attention is paid to possible improvements of CISPR standards
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6.4

Voltage measurement using a V-terminal Artificial Mains Network

Interface filter and
isolation

Zdm1

V2 Udm

6.4.1

The
of th

devige:

loadi

at the

the t

of the

influe

Zdm2

N

i

#am (D Zom
D
i

Disturbance V-type AMN

uding the tolerance of the absolute
the shunt-impedance Z{2 is a non-spe

minal
work
plies
Cifies
alue
cified

d in
(see

also

The as/in figure 6-4. The filter and isolation between the
meas terminals is, to some extent, also specifig
CISH rical voltages across Z13 and Zy3 have to be measured
5.3.1 ents with regard to interference probability).

Valuable abouly uncertainties associated with this type of measurement, that
may jnfluence th calibration of the V-AMN, can be found in [9] and [12].

6.4.2 Basic circuit diagram of the voltage measurement

When reading the level Uy at the CISPR receiver, the circuit of figure 6-4 ‘reduces’ to tl

at of

figure 6-5. In figure 6-5 Uq and Zy4, being non-specified influence quantities, represen

effective disturbance source at the interface formed by the subject unsymmetrical input
terminal of the V-AMN and the reference of the voltage measurement set-up. The latter is
normally the metal enclosure of the V-AMN. Z;, is the input impedance of the measurement

set-up as experienced by the disturbance source. Zj, is a specified influence quantity that can
be influenced by non-specified or by not sufficiently specified quantities (see 6.4.6). The
r o« = Un/Uin, Where Ui, is the voltage across Zj,. This factor is, to a large extent,
deterministic. In the absence of uncertainties, that is in the ideal situation, Zj, = Z13 = Z»3, for
example, equal to 50 Q in parallel with 50 uH, and o = 1.

facto

t the
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Zq 1or

2
—} °
Uy () Zin %l Uin a @ Un
3

IEC 1531/02

6.4.3

is giyen by

wherg

paral]n
set-up

After
+ AU

Voltage measurement and standards compliance u

is the true level of the voltage reading at the CISPR

AZ. AZ

in d]
Zl3 ZdO

g Umt

(6-3)

urce
ctual

(6-4)

F Udo

(6-5)

if higher order terms in A are neglected. If knowledge is available about the actual value and
deviations it may be possible to apply corrections [6]. For example, if from independent
measurements it can be concluded that the actual value of Z{3 shows a systematic difference

with its ideal value and the difference is within the allowed tolerance of Z43, the actual value
may be inserted in equation (6-5).

In equation (6-5), AUy, can be identified as the compliance uncertainty margin, which depends
on the non-specified influence quantities Zy and Uy, and the specified influence quantities a
and Zj, (i.e. the influence quantities that can be determined from independent measurements
and do not depend on the EUT properties). Moreover, two sensitivity coefficients can be

identif

ied:
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Z, +7Z Z, +7Z
¢ = do "% “do %5 (6-6)
ZytZy  Zyptip

_“Zdo0 N Zgo _ 1 (6-7)
5 -
Zg*tZiy ZgotZiz 1+pel?
The latter coefficient clearly depends on the non-specified influence quantity Zq4
15
10
5
m
©
_ 0 0.1
S Vper—
_5 0,4/ 0,6
0 90 360
IEC 1532/02
FJgure 6-6 — The absolute value of th i coefficient ¢ as a function of the
phdse angle difference ¢ of theimp Z4o for several values of the ratio

j©13)
p as
e co.

In equation (6-7@
and ¥40 = pdoexPligdo

a function of ¢. It

Howgver, that inf¢ i S ally hot available in a standardized compliance test. H¢nce,
the sfandard graft < ss of
equipment, fQ y of a
standard

6.4.4

It shpuld _besnoted~that in equation (6-5) all quantities are in linear units. Thereforg, the
combined_uncertainty can be written as the root of the sum of the partial uncertalnties
squafed(RSS). In standardized EMC compliance testing, logarithmic units are commonly
used for the quantities and their uncertainty margin. Converting to logarithmic units, it follows
from equations (6-3) and (6-4) that

U “ z U, Z,+2,
—m(dB)=—(dB)+—m(dB)+—(dB)——m(dB) (6-8)
Ut %y Z; Usgo Zgo T 25
so that
AU_(dB)=Aa(dB)+AZ,_(dB)+AU,(dB)~A(Zy+Z, )(dB) (6-9)

The problem is the last term on the right-hand side of these two equations, since it is not
possible to split up this term in one for Zy4 and one for Z;,. So, in this case, there is no linear
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relationship between the various As and it is not correct to use the RSS as with equation
(6-5). Additional information about Zyq in relation to Z¢3 is needed to circumvent this problem.

However, that information is normally not available in a standardized compliance test. Hence,
the standard drafters have to give a procedure for solving this problem for a certain class of
equipment.

6.4.5 The compliance criterion

The compliance criterion is normally not formulated for U, but for Uj,, the voltage across Z;,.
The true value Uiyt is then given by Uit = Uni/ag. If the compliance uncertainty margin is

indicated by AU, the ratio AU /Ui, can be calculated from Uy + AUp= (U + AU (0g+Aa).

i

6.4.6 Influence quantities
6.4.6.1 Introduction

In thjs subclause, the influence quantities playing a part in
meagurement discussed in 6.4.3 to 6.4.5 will be considered in
of a i
that

Itage
view
Note
), SO

The 1 minal
EUT ircuit
desc

6.4.6.

In th
impedance of the V-A
the practical realizatio

Z»3), where Z43 is the specified |input
parallel with an inductor Lq3 = 50 yH. In
, the actual input impedance maly be

influgnced by @

a) the actual val P\t impedance of the measuring receiver which in practice is
apsumed to repre ; e influence of the length of the transmission line
b elver. This effect can be characterized as a VSWR| (see
6 detail in [7]. A procedure on how to characterize the VSWR is
ng sran Qr this VSWR (in particular, in situ) has to be specified).

b) The i e unknown impedance of the mains network, which is in parallel with the
specifi 3} darice (see figure 6-3). The isolation needed to avoid this influence is
tg be spegified.

c) The influence oftthe circuit parallel to Z;3 as formed by Zo3 in series with the non-spegified
impedance Z1» (see figure 6-2). The latter impedance should be ‘infinitely’ large byt will

hbve’a finite value in practice, so a specification is needed

From this list of examples it will be clear that Z, is not a completely specified influence
quantity. (See also 6.4.6.4d)).

In 5.1.3 of [3] it is stated that for Zq3 and Z,3 a tolerance of 20 % is permitted around the
absolute value of those impedances. In view of uncertainty contribution estimates, it is
necessary to specify that tolerance in more detail, for example, as a tolerance of the absolute
value of the impedance and a tolerance of the phase angle of that impedance (or that of its
real and imaginary part), as was the case in CISPR 16 (1977) in the case of a V-AMN having
150 Q input impedances.
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6.4.6.3 The attenuation factor o

The attenuation factor a is a non-specified influence quantity. However, it is — in general — a
deterministic quantity that can be derived from independent measurements. Therefore, for a
given and fixed V-terminal voltage measurement set-up in which o has been determined, it
can be considered as a specified influence quantity.

Contributions to Ao may stem from losses in the V-AMN (also determined by some of the
aspects mentioned in section 6.4.6.2) and in the signal cable between V-AMN and receiver.
Consequently, a specified procedure to determine a (in particular, in situ) is needed.

6.4.6.4 The effective disturbance source impedance Z4

A marked difference between metrology measurements and EMC comph ents
is that in the latter measurements the source impedance, Zy, is a\R i ence
quantity.

From a comparison between the circuits of figures 6-4
meagured, Z4 is given by

13 is

5-10)
as easily follows when applying Thevenhjn’st i ion, L, are
non-g¢pecified influence quantities. An jr ion i n the
CM-impedance Z.,. Hence, the coupling to S i ih the
meagurement result. In figdre 6-7 -thi 0, is Indieated by the parasitic capacitance Cp1
betwpen the relevant (electronic) ising
of that EUT) and the prescriked referencesplane. Jn figure 6-8 also magnetlc field coupllng is

inclufed, where a mutualNnd 5 (for
example, the dim i ) of that EUT) it may be needed to include pther
parasitic effects ere (electric field coupling characterized by Cp1
and magnetic field cQupli clerized by M) are assumed to be relevant in all cases.

Five possible uncextainty ibutions will be considered
a) Paras
The emissiof dard)specifies a distance, for example, 40 cm, between the housipg of

the EUT and-the\trefefence plane. However, the standard does not specify which sifle of
the EUT (housi as to face that plane. In figure 6-7 the dashed line represent$ the
apther-“allowed position of the reference plane at the correct distance from the |EUT
hpusing. However, the resulting parasitic capacitance is now Cp2 # Cp1. Hencef the
( . o : . ance
uncertainty.
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A Vertical metal plane
Electronic —I—CID1 B
parts T
EUT Mains cable z | | cisPrR
¢ |D C <§,: receiver
:::E:::Cp2
‘V’GIt;UG: |||cta: p:allc
IEC 1533/02
Figure 6-7 — Variation of the parasitic capacitance, and hence 6ft dan¢e,
by changing the position of the reference plane (non-cond g)
The Cp variation can be reduced by replacing the vertical r he spegified
djstance by a horizontal reference plane at that distapCeNhe -up and requiring

—

hat the EUT is always positioned at its normal feet.

Measurement loop constraint

Figure 6-4 is applicable at the interface of ment impedances$. To
identify relevant uncertainty contrib t|ons the ¢ pp has to be considered
where a mains cable is present af and AMN is specified, for
ekample, 80 cm. So in practice axC gure 6-7 the loop ABCDA. At
spifficiently high frequencies and sufficiently ‘exte EUTs, for example, a fluorescenf tube
in its luminaire may be starting to gtethe\xne ement loop constraint (6.2.2.2),| thus
cfeating resonant-like p % iated uncertainty contributions.

LC series circuit

n figure 6-7, the 1Qog obe seen as an LC series circuit. Major
bntributions {e the\i &N the mains cable and the specified ground nding
rap betwe@- eferghce plane. In figure 6-7 the capacitange is
epresented b 5 lly, by Cp in figure 6-8. This circuit plays a part in

the CM impedance -10)). As a consequence, Zy is sensitive to the|total
e At is sensitive to the actual layout of the mains ¢able

O

= 0

=y
s}
©
=3
a
c
o
o
o
=)
®

beptween E n particular, when meandering of the mains cable is negded,
varlat|ons in the-g( oOp properties may be large. Experimental results [10] sHow a
vari s when the method of meandering is varied. Hence, meandering is
ahothe ertainties and a detailed specification of the method of meandering

7
=}
@
@
a
@
Q
)
S
a
A1}

LC paralletcircui

In practice, also the parasitic capacitance between the V-AMN and the reference plane
geeCayn in figure 6-8) may play a part. Then the parallel resonance of the inductanjce of
the ground bonding strap and this parasitic capacitance may be resonant within the
measurement frequency range, thus influencing in an unknown way the CM impedance. In
other words, a contribution may be made to the variation of the results that can amount up
to several dB [9]. In addition, the voltage difference between the reference point of the
voltage measurements and the point on the reference plane where the strap is connected,
is no longer zero, as has been tacitly assumed in the CISPR standards. So the afore-
mentioned variation may also be interpreted as a variation in Z, (6.4.6.2). The latter is an
example of the statement made in 6.4.6.1 that the influence quantities are not always
independent.

The contribution of the variation to the standards compliance uncertainty can be avoided
by specifying an in situ measuring method, for example, one based on [9] to improve the
set-up in such a way that a possible resonance is outside the frequency band considered
in the compliance test.
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e) Magnetic field coupling of parallel current loops

Another example of the statement made in 6.4.6.1 that the influence quantities are not
always independent is the magnetic field coupling of loop-1 and loop-2 (see figure 6-8).
This coupling that also influences the effective CM impedance, will be discussed in
connection with Uy in 6.4.6.5.

6.4.6.

A m4

Disturbance
source

5

rked differe

is that in the latter Cified
influgnce quantit

The ¢pen cir

a) the no

b) alcon bduct

a co

ntribution” Uz Which may arise via the transfer-impedance Z; of the cable betwee

prod

relatgdto CM/DM and DM/CM conversion.

ictyunder test and the V-AMN and that of the circuitry inside the V-AMN, i.e. contriby

h the
tions

Since Ugm and Ugy are non-specified influence quantities their long-term stability may be very
poor. In this case ‘long-term’ has to be compared with the measuring time of the emission
measurement. Effects like warming-up time and in-rush period may influence that stability in
an unknown way, thus giving rise to uncertainty contributions. On the other hand, this long-
term stability may be sufficient, but the measurement time may be short compared to the
possible variations of Ugy, and Ugy, due to the various modes of operation of the EUT resulting

in mode-related values of Uy, and Ugy. Again, uncertainty contributions may result.

When a source is loaded, a feedback mechanism may cause a change of the source
properties. This phenomenon is, for example, very well known in transistor circuits and, in
the h-parameter description of a transistor, is quantified by the reverse parameter 4. In
resonant circuits this effect is normally called 'pulling'. The effect may cause a change in
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the amplitude and/or the frequency characteristic of the disturbance signal. There are no
physical reasons to assume that this kind of a feedback mechanism is not present for the
DM and CM components of the disturbance source. Hence, the feedback effect gives rise
to the uncertainty contributions AUsy and AUqm. The effect can only be quantified when
performing dedicated measurements. In metrology, where the open-circuit voltage, the
source impedance and the load impedance are specified influence quantities, this effect is
normally negligible as long as the loading of the source is within the specified values.

Uind

In particular since the CM-loop illustrated by the ABCDA in figure 6-7 plays a part in the
voltage measurement, it is important to consider contributions of the unwanted induced

vpttage(6-2-2-8)as thetoop ras—a retativety targearea. T hatared, and - frence theimduced
vpltage, depends on the layout of the set-up, and thus on the layou Cable
ahd its possible meandering. See also annex 6-A.

Yzt

The contribution Uz; stems from the conversion of a DM disturbance\intQ drbance
ahd is determined by the properties of the mains cable S the
VFAMN and by the circuitry inside the V-AMN. The ade
negligibly small by setting proper DM/CM and CM/D IN in
dISPR 16-1.

at in

5-11)

wherg R is the resistive paxt of Z(about of Z;
(aboyit 1 puH per metre S f ance
betwgen the two loops[formed by o ound

plang and part of the
wide| separation

ively
f the

cablg between t 2Y0)8 est and “the V-AMN is normally a non-specified influence

quantity, the contrib

t. By

cons|dering the Kirt ¢ [ the
magnetic coupling
NOTE| The cable transfei S akage

of the|wanted signa hand,

very simall tea

When the layo
mea:|:ders are put |

talk
may

e cable between EUT and V-AMN contains meanders, the way tfhese
ence L. and M. Moreover, at the higher frequencies, a capacitive cfoss-

ver'the meander part of the mains cable (in figure 6-8 schematically represented by Cy,)
play a part. As already mentioned, a non-specified meander layout may create rel¢vant

uncertainty contributions [10].

6.5
(1]

(2]

(3]
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