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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 4-5: Uncertainties, statistics and limit modelling -
Conditions for the use of alternative test methods

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization‘comprising
all national electrotechnical committees (IEC National Committees). The object of IECY\is to promote
international co-operation on all questions concerning standardization in the electrical and_electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Teehnical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International) governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical ‘eommittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are{made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible’ for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Natibnal Committees undertake to apply IEC Publications
transparently to the maximum extent possible inltheir national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation/of conformity. Independent certification bodies provide conformity
assessment services and, in some areds, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC, orits directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of-the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawp\to the Normative references cited in this publication. Use of the referenced publications is
indispensable_for.the correct application of this publication.

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

This cconsolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

CISPR TR 16-4-5 edition 1.2 contains the first edition (2006-10) [documents
CISPR/A/665/DTR and CISPR/A/685/RVC], its amendment 1 (2014-07) [documents
CISPR/A/1050/DTR and CISPR/A/1069/RVC] and its amendment 2 (2021-10) [documents
CIS/A/1321/DTR and CIS/A/1324/RVDTR].

In this Redline version, a vertical line in the margin shows where the technical content
is modified by amendments 1 and 2. Additions are in green text, deletions are in

strikethrough red text. A separate Final version with all changes accepted is available
in this publication.
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data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

CISPR 16-4-5, which is a technical report, has been prepared by CISPR subcommittee A:
Radio-interference measurements and statistical methods.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the CISPR 16-4 series, published under the general title Specificatioh for
radio disturbance and immunity measuring apparatus and methods — Part 4: Uncertainties,
statistics and limit modelling, can be found on the IEC website.

The committee has decided that the contents of the base publication and its.améndments will
remain unchanged until the stability date indicated on the IEC {web site under
"http://webstore.iec.ch" in the data related to the specific publication® At this date, the
publication will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

IMPORTANT - The “colour inside” logo onthe cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.



https://standardsiso.com/api/?name=1586e87540fbaa838d33ca4386257e1a

-8 - CISPR TR 16-4-5:2006+AMD1:2014
+AMD2:2021 CSV © IEC 2021

SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS —

Part 4-5: Uncertainties, statistics and limit modelling -
Conditions for the use of alternative test methods

1 Scope

This part of CISPR 16-4 specifies a method to enable product committees to develop\limits for
alternative test methods, using conversions from established limits. This method.is'generally
applicable for all kinds of disturbance measurements, but focuses on radiatéd, disturbance
measurements (i.e. field strength and total radiated power), for which several alternative
methods are presently specified. These limits development methods are intended for use by
product committees and other groups responsible for defining emissiofis ‘limits in situations
where it is decided to use alternative test methods and the associated limits in product
standards.

2 Normative references

IEC 60050-161:1990, International Electrotechnical\Vocabulary (IEV) — Chapter 161:
Electromagnetic compatibility

CISPR 16-1-1:2019, Specification for radio djsturbance and immunity measuring apparatus
and methods — Part 1-1: Radio disturbance sard immunity measuring apparatus — Measuring
apparatus

CISPR 16-4-2:20032011, Speécification for radio disturbance and immunity measuring
apparatus and methods ©Part 4-2: Uncertainties, statistics and limit modelling —Ynecertainty
in-EMC-measurements-Measurement instrumentation uncertainty

CISPR 16-4-2:2011/AMD1:2014

CISPR 16-4-2:201NM+AMD2:2018

3 Termstand definitions

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

3.1

established test method

test method described in a basic standard with established emissions limits defined in
corresponding product or generic standards. An established test method consists of a specific
test procedure, a specific test set-up, a specific test facility or site, and an established
emissions limit

NOTE The following test methods have been considered to be established test methods in CISPR:

— conducted disturbance measurements at mains ports using an AMN in the frequency range 9 kHz to 30 MHz;
test this method is defined in CISPR 16-2-1:2003,Clause7;

— radiated disturbance measurements-up in the frequency range 30 MHz to 1 GHz at 10 m distance on an OATS
or in a SAC; the-test this method is defined in CISPR 16-2-3- 7214,
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— radiated disturbance measurements—up in the frequency range 1 GHz to 18 GHz at 3 m distance on an
FSOATS; the-test this method is defined in CISPR 16-2-3,7-3.

3.2

alternative test method

test method described in a basic standard without established emissions limits. The
alternative test method is designed for the same purpose as the established test method. An
alternative test method consists of a specific test procedure, a specific test set-up, a specific
test facility or site, and a derived emissions limit that was determined by the application of the
proposed method stated in this document

3.3
established limit
limit having “many years” of good protection of radio services.

NOTE An example is radiated field strength measured on OATS, developed to protect radio seryvices as described
in CISPR 16-3.

3.4

derived limit

limit applicable for the alternative test method, derived by appropriate’ conversion from the
established limit and expressed in terms of the misbrands

3.5

conversion factor K

for a given EUT or type of EUT, the relation of the measured value of the established test
method to the measured value of the alternative test method

NOTE The terms measured and calculated are used interehangeably at various places in this document to
describe actual laboratory tests and computer simulations,

3.6

reference quantity X

the basic parameter which determinesdhg’ interference potential to radio reception. It may be
independent of the parameters presently used in established standards

NOTE The goal for both the established‘and alternative test methods is to determine the reference quantity (X) for
all frequencies of interest. For both established and alternative test methods, the test results may deviate from the
reference quantity values. The specification of the reference quantity when applying methods of this document
should include applicable procedures and conditions to calculate (or measure) this quantity

3.7

inherent uncertainty

Uinherent

uncertainty caused solely by the difference in EUT characteristics and the ability of the
measurement\procedure to cope with them. It is specific to each test method and remains,
even if the.measurement is performed perfectly, i.e., the standards compliance uncertainty is
zero and.the measurement instrumentations uncertainty is zero

3.8

intrinsic uncertainty of the measurand

UYintrinsic

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 negligible measurement instrumentation
uncertainty.

[CISPR 16-4-1:2009,-definition-3-6 3.1.6, modified — Deletion of notes]

3.9

EUT type

grouping of products with sufficient similarity in electromagnetic characteristics to allow
testing with the same test installation and the same test protocol.
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3.10
standards compliance uncertainty

SCU

parameter, associated with the result of a compliance measurement as described in a
standard, that characterizes the dispersion of the values that could reasonably be attributed
to the measurand

[IEC 60050-161:1990, 311-01-02, modified, deletion of the notes]

3.1

EUT volume

cylinder defined by EUT boundary diameter and height that fully encompasses all portigns of
the actual EUT, including cable racks and 1,6 m of cable length (for 30 MHz to 1(GHz), or
0,3 m of cable length (for 1 GHz and above)

NOTE 1 The test volume is one of several criteria limiting the EUT volume.

NOTE 2 The EUT volume has a diameter D (boundary diameter) and a height 4.
4 Symbols and abbreviated terms

The following abbreviations are used in this technical report. No6te that the symbol k is used
for four different quantities.

ATM alternative test method (e.g. subscript in D)

D deviation

ETM established test method (e.g. subscriptif Dgpy)

f index number of an individual measured frequency

F number of measured frequencigs in the considered frequency range

FAR fully anechoic room

i index number of-ene an individual EUT {e-gofa-numberofEUTs)

j index number of an individual test lab

e cenmvorclon doctor

Je——esousrnos foste

k = 27/4, waye number (in this document, & is used in the electrical size ka, where a is
the EUT radius)

k(f) linear¢enversion factor

K(f) logarithmic conversion factor

k coverage factor

k Boltzmann’s constant

L limit

M measurement (or calculation) result

N number of EUTs

OATS open-area test site

RC reverberation chamber

RRT round robin test

S standard deviation

SAC semi-anechoic chamber

SCU standards compliance uncertainty

T number of test labs
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U expanded uncertainty

t standard-unecertatnty

v volume

X reference quantity

A difference of two values or quantities

mean value of a set of values x (e.g., 5)

x|

5 Introduction

Over the years, several test-procedures methods and test set-ups for radiated—emiissions
testing disturbance measurement have been described in basic standards. One"particular
combination of test method and test set-up also having defined-emissiens disturbance limits is
the open area test site (OATS) method, which has proven to be successful fof\the protection
of radio services.—tah—general Since the first edition of this document, limitsS;*have-not been
defined for—the other; — alternative — test methods, e.g., fully anechoic ‘rooms; and TEM
waveguides, but not for reverberation chambers.

Each alternative method can be used to get measurement results r€lated to-emission-of-the
disturbance from an EUT. Although each method gives-an-emission a disturbance level from
the an EUT, the different methods—may might capture (the EUT—emission disturbance
differently. For example, considering radiated-emission disturbance measurements, different
methods may capture different EUT radiation pattern obes,—differing—numbers a different
number of lobes, or the test facility-may might alter, the EUT radiation pattern producing a
different apparent-emission disturbance level. Thepefore the limits defined for the established
test method cannot be applied directly to thecalternative test methods. Consequently, a
procedures-is are needed-fer-how to derive limits'to be used for the results of alternative test
methods.

The specification-for of such-a procedures-should considers the general goal of disturbance
measurements—Fhe—aim—of-the—disturbancemeasurement, which is to verify whether-the an
EUT satisfies or violates certain,compliance criteria. Past experience has shown that using
the present system of-the established test methods and-the associated limits yields a situation
without many cases of interference due to conducted disturbance or radiated—emissions
disturbance. Applying-the an ‘established test method with-the its associated limits will fulfill
the protection requirement with a high probability. To preserve this situation, the most
important requirement for'the use of alternative test methods is-as-felews the following:

— Use of an alternative test method in a normative standard shall provide the same
protection of\radio services as the established test method.

This requirement can be met by developing-a—precedurefor-deriving-emission procedures to

derive disturbance limits for—the alternative test methods from the existing limits of the
established test methods. Such-a procedures shall relate the results-ef-the from an alternative
test. method to those-ef-the from an established test method. Using the relations derived in
this—telation document, the limits of the relevant established test method can be converted
into limits for the alternative test method. The measured values of the alternative test method
can then easily be evaluated against the converted limits. Such-a procedures will provide a
similar amount of protection, even though an alternative test method is used.

The limits conversion procedures—should consider the preceding goal of—emissions
disturbance measurements—as—described—abeove. The results of standard—emissions—tests
dlsturbance measurements can be con3|dered as an apprOX|mat|on of the mterference

characterlstlcs for radlated dlsturbance test methods) and%pr themeaswemem test set up,
the measured value-differs deviates from the actual interference potential of the EUT. This
deviation can be divided into two parts: 1) a systematic deviation, which can be interpreted as
a bias of the test method;; and 2) a random deviation depending on the characteristics of
different EUTs, which can be interpreted as an uncertainty of the test method. Each-emissions
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disturbance test method contains both quantities, and consequently the established test
method does too. In the following clauses, a procedure based on these two quantities for

comparing an alternative test method with the established test method is described. To
determine these quantities, the abstract term “interference potential’—needs—to shall be
expressed in terms of a physical quantity. For the purposes of this—repert document, this
physical quantity is called the “reference quantity” X.—Mere Other details about-cerrelation
comparison of test methods using a reference quantity can be found in [1]1.

The significance of a reference quantity is under discussion (see Magdowski [16]). It is not
used in the derivation of limits for an alternative test method based on measurements (see
Clause 7 of CISPR TR 16-4-5:2006/AMD1:2014), and in the derivation of limits ‘or
disturbance measurements using a reverberation chamber (i.e. in this document).

6 Procedure to derive limits for an alternative test method

6.1 Overview

A procedure to derive limits for an alternative test method based\'on the limits of an
established test method is described in the following paragraphs. Figure 1 shows a summary
of the estimated quantities needed for the correlation process. Figure’ 2 shows a flowchart for
the correlation process using these quantities. The nine-step eonversion process below can
be accomplished using numerical simulations, measurements; of a combination of simulations
and measurements. Calculable or reference EUTs are\invaluable for this conversion
procedure. In the following subclauses, as part of thé‘econversion process the quantities
shown in Figure 1 and Figure 2 are combined into 'several equations. A summary of the
equations is given in Table 2. A summary of the steps{in the conversion procedure is shown in
Table 1.

Table 1 — Summary of steps’in conversion procedure

1 Select the reference quantity

Describe the test methods*and measurands

Determine the deviations'of the measured quantities from the reference quantity

Determine the ayerdge values of the deviations

Determine the'standard uncertainties of the test methods

Verify the calculated values

N|{o|loa|b~|lw N

Apply the conversion

1 Figures in square brackets refer to the Bibliography.
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definition

v v v

measurement result reference quantity measurement result
Matm X Mgty
+ +
set ©f deviations
Derm
A 4 A 4
+ -
average deviation ;/-\4 average deviation
Datm \/ Derwm
standard deviation standard deviation
inherent uncertainty inherent uncertainty
S(Datm) ~ DATM, inherent S(Dem) ™ DETM, inherent
h 4 A 4
average comparison
conversion of expanded
factor K measurement
uncertainties

IEC

Figure 1 — Overview of quantities to estimate for use in conversion procedure
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average Limit for alternative
conversion test method Ly,
factor K

A

Limit for alternative
test method Laqy

uncertainties of uncertainties of
alternative test method established test method
inherent uncertainty inherent uncertainty
UATM, inherent UATM, inherent
instrumentation uncertainty instrumentation uncertainty.
uATM, instrumentation uATM, instrumentation
intrinsic incertainty intrinsic incertainty
UATWM, intrinsic UATM, intrinsic

A 4 A 4

alternative test method + - established test method
expended uncertainty < expended uncertainty
Untm Uatm

difference of
uncertainties
A

o

corfected Limit for alternative test method Lamy

IEC

Figure 2 — Overview'of limit conversion procedure using estimated quantities
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Table 2 — Overview of quantities and defining equations for conversion process

Quantity Meaning Equation no.
Dt (F) the deviation from the reference quantity of the measurement result of EUT / 1)
! as produced by the alternative test method
DETM'(f) the deviation from the reference quantity of the measurement result of EUT / (2)
! as produced by the established test method
5 the average deviation of the alternative test method (3)
ATM
D. the average deviation of the established test method (4)
ETM
UATM.inherent the inherent uncertainty of the alternative test method (5)
UgTMinherent the inherent uncertainty of the established test method (6)
Untm combined standard uncertainty of the alternative test method (7)
UATM the expanded uncertainty of the alternative test method (8)
UgTm combined standard uncertainty of the established test method 9)
Uetm the expanded uncertainty of the established test method (10)
K. (f) frequency dependent conversion factor for EUT j (11)
i
R(f) the average of the conversion factors (12), (13), (14)
Larm(F) the limit line of the alternative test method equivalent to the limit of the (15)
established test method, without consideration of the uncertainties
A difference of expanded uncertainti€s (16)
L the limit to be used for alternative measurements 17)
ATMU
USC,XTM standards compliance unceftainty for the test method X, where X is either “E” (26)
for established test method or “A” for alternative test method
DK deviation of the sltrgle calculated conversion factor Ki(%./) from the average (20), (1)
conversion fagtor K T)
DXTM (f ] 24), (25
deviatidn of the single measured value Myxemi (51) trom the average for the (24). (25)
rfeasured values VXM
MXTM,i(f,j) measured value depending on EUT, lab, and frequency (18), (23)
Emax Maximum field strength of an EUT in yV/m measured using the ETM, (35)
i.,e.atd =10 m at an OATS/SAC from 80 MHz to 1 000 MHz,
and at d = 3 m at a FSOATS/FAR from 1 GHz to 18 GHz
PT Power transmitted from an EUT in pW measured using the reverberation (35)
chamber test method (ATM), and virtual powera) producing the field-strength
maximum Emax measured using the ETM

a) The virtual power is the power generating E assuming the EUT directivity is estimated in this document.

max

6.2 Select the reference quantity X

The first step is to select the reference quantity X. It should be selected on the basis of a
quantity that can possibly cause interference to a radio service, and selection of a reference
quantity also depends on the type of EUT.
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For the types of EUTs investigated in Annex B, as an example the maximum electric field
strength determined on a sphere of a certain radius around the EUT has been selected as the

reference quantity for radiated emission measurements in the frequency range of 30 MHz to
1GHz. In the frequency range below 30 MHz, depending on the frequency subrange and the
coupling model, the reference quantity may be the vertical component of the electric field
strength, the magnetic field strength, or the asymmetric voltage. In general, the reference
quantity and the actual measurands will not necessarily have the same units.

6.3 Describe the test methods and measurands

The measurand shall be described for both the alternative and the established test methods:
In addition, the test set-up geometry, the methods of measurement for EUT emissions,”and
any analysis methods producing the final measurement results shall be described. This
description is necessary for an understanding about how the test method works and toe give a
basis for comparison of the two test methods. In most cases this description lis €xplicit or
implicit in the standards that specify the test methods.

6.4 Determine the deviations of the measured quantities from the reference quantity

Each test method provides results, each of which deviate from the reference quantity X. The
deviation depends on the characteristics of the test set-up as well as‘on the characteristics of
the EUT. Considering a certain EUT J/, a frequency dependent deviation can be determined for
both alternative and established test method.

For a given EUT i the deviation of the alternative test method, in a logarithmic scale, is given
as

DATMi(f):Xi(f)_MATMi(f) (1)
where
i is the index of the EUT;
f is the frequency;

Daryi(f)  is the deviation from the reference quantity of the measurement result of EUT j as
produced by the alterhative test method;

X;(f) is the referencevquantity defined in 6.2 for the EUT /, and

Marmi(f)  is the measurement result given by the alternative test method for the EUT J.

The results of thetestablished test method will deviate from the reference quantity as well.
The deviationsofithe established test method is analogously given by the equation

Derwi(F) = X; (f) = Mery; () (2)
where
X)(f), f, i arethe same as in Equation (1);

Derwi(f)  is the deviation from the reference quantity of the measurement result of EUT / as
produced by the established test method,;

Mgy (f)  is the measurement result given by the established test method for the EUT .

6.5 Determine the average values of the deviations

The deviations given by Equations (1) and (2) will differ for different EUTs. In order to obtain
more universal results, varying characteristics of EUTs shall be considered, for example as
shown in Annex A. Considering a range of N EUTs leads to a set of N values for the deviation
D for both alternative and established test methods. From this set of D the average can be
easily determined. See Annex A for more details about EUT considerations and variations.
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An estimate of the mean of the deviation of the alternative test method is given by

_ 1Y
Darwm :NZDATMI (3)
i=1
where
Datm is the set of deviations of the alternative test method;
Dt is the average deviation of the alternative test method;
N is the number of EUTs considered, and shall be as large as possible for statistieal
reasons;

i is the index of any one EUT;
Datui is the deviation from the reference quantity of the measurement result of \EUT /, as

produced by the alternative test method [Equation (1)].

An estimate of the mean of the deviation of the established test method is given by

— 1Y
Dery =7 2 Derwi (4)
i=1
where
Dery is the set of deviations of the established testdnethod;
Dery is the average deviation of the established test method;
N, i are the same as in Equation (3);
Derpi is the deviation from the reference, quantity of the measurement result of EUT /, as

produced by the established test method [Equation (2)].

6.6 Estimate the standard uncertainties of the test methods

The methods comparison procedure must consider uncertainties, as are associated with every
measurement result. Because' the results from the established test method itself have
uncertainties, care must be‘taken that these uncertainties are not transferred to results from
the alternative test meth@ds as part of the conversion procedure. Otherwise, the use of
alternative test methods would be burdened with uncertainties that are characteristics of the
established test method.

The uncertainty)of emission measurements consists of several components. On one hand, the
measurement equipment contributes several uncertainties, as documented in CISPR 16-4-2.
On the,Ggthér hand the test set-up combined with the radiation characteristics of the EUT
causes‘an inherent uncertainty, U nerent- FOr €xample, in radiated emissions measurements,
for.some types of EUT radiation patterns, an OATS test (established test method) may fail to
capture the radiated emission peak lobe. Deviations between the results of a test method and
the reference quantity depend on the radiation characteristics of the EUT, but the radiation
characteristics of an arbitrary EUT are not known a priori. The resulting uncertainty U erent

can be estimated only if the behaviour of EUTs with different characteristics is examined.
Analogously to as in 6.4, the deviations from the reference quantity of a set of N EUTs can be
used for estimating the standard deviation as a measure for the inherent uncertainties.

Using the formula for experimental standard deviation, the inherent uncertainty of the

alternative test method is given by:

N —
ZI.:1(DATMI ~Datm)?
N -1

UatMminherent = S(Datm) = \/
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where
UATM,inherent is the inherent uncertainty of the alternative test method;
S(Datm) is the experimental standard deviation of the set Daqy;

N, i, Datm» Darvi are the same as in Equation (3).

Analogously, the inherent uncertainty of the established test method is given:

N J—
ZI.:1(DETMI ~Dery)’

Ugtminherent = S(Detm) = \/

N1 (6)
where
UETMinherent is the inherent uncertainty of the established test method;
S(Detm) is the experimental standard deviation of the set Dgpy

N, i, Derms Detwmi are the same as in Equation (4).

6.7 Estimate the expanded uncertainties of the test methods

The expanded measurement uncertainty is obtained from the multiplication of the combined
standard uncertainties by a coverage factor k. The gombined standard uncertainty of the

alternative test method u,t)y can be calculated from

2 2 2
Upatm = \/UATM,m + UxTintrinsic + UATM,inherent (7)
where
UATMm is the combined .standard uncertainty of the alternative test method
contributed by measurement instrumentation;
UATMinherent is the inherent”uncertainty of the alternative test method, according to
Equation (5);
UnTM,intrinsic is the intrinsic uncertainty of the alternative test method.

Using the coverage factor k, the expanded uncertainty of the alternative test method is
estimated:

Unatm = k-Uptm (8)
where
Uatin is the expanded uncertainty of the alternative test method;
k is the coverage factor;
UaTm is the combined standard uncertainty of the alternative test method

according to Equation (7).

Analogously the combined standard uncertainty of the established test method ugr) can be
obtained,

2 2 2
Ugtm = \/UETM,m + UETM,intrinsic + UETM,inherent (9)

where
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UETM,m is the combined standard uncertainty of the established test method
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UETMinherent is the EUT-dependent uncertainty of the established test method, according to
Equation (6);

UETM,intrinsic is the intrinsic uncertainty of the established test method.

The expanded uncertainty of the established test method is given by

Ugtm = K - UgTw (10)
where
Ugtm is the expanded uncertainty of the established test method;
k is the coverage factor;
UgTm is the combined standard uncertainty of the established test ‘method according

to Equation (9).
6.8 Calculate the average conversion factor

For each EUT i a frequency dependent conversion factor K;(f)-€an be calculated using

Ki(f):DATMi(f)_DETMi(f) (11)
where
Dpri (F) is the deviation from the reference quantity of the measurement result of EUT J,
as produced by the alternativeitest method [Equation (1)];
Derpi (F) is the deviation from the reference quantity of the measurement result of EUT J,

as produced by the established test method [Equation (2)].

The average conversion factoriean be calculated from the average deviations of the
alternative and the established. tést methods:

K(f) = Daru (f) = Derm (f) (12)
where
K(f) is the(set of conversion factors;
K(f) is. the average of the conversion factors;
Dt (f) is the average deviation of the alternative test method from the reference quantity,
in dB;
B () is the average deviation of the established test method from the reference

quantity, in dB.

Substituting the averages by Equations (3) and (4) gives:

L - 4 & 4 d
K = Darm — Detm :NZDATMI _NZDETMi (13)

Using Equations (1) and (2), the average conversion factor can be expressed in terms of the
measurement results of the set of EUTs:
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. 1 N 1 N 1 N
K =ﬁ;(xi — MATMi)_E;(Xi — MFTMi)=E;(MFTMi — Matni)  (14)

where K is the same as in Equation (12) and Mg, and My, are the same as in
Equation (1) and Equation (2).

6.9 Verify the calculated values
In many cases it is necessary to obtain both the deviations from the reference quantity, and

their average and standard deviation values, from numerical simulations. It is strongly
recommended to verify such calculations by measurements.

6.10 Apply the conversion

If the limit lines defined for the established test method are to be converted.into limit lines for
an alternative test method, the results from Equations (8), (10), and (12) or (14), respectively,
are needed.

A limit line of an established test method can be converted dnto limit conditions for an
alternative test method using the average conversion factor:

Laru(f) = Lerm(F) = K (£) (15)
where
K(f) is the frequency-dependent average-«conversion factor according to Equation (12);
Lerm(F) is the frequency-dependent limit of the established test method;
Larm(F) is the limit line of the alternative test method equivalent to the limit of the

established test method, Wwithout consideration of the uncertainties.

To complete the process, the un¢ertainties of both alternative and established test methods

have to be taken into account’ Defining a difference, A, between the uncertainty of the
alternative test method, U,py,,"and the uncertainty of the established test method Ugqy, i.e.,

A = Uy (F) ~ Ugmy (F) (16)

implies a rule-for how to handle the measurement uncertainties. If the uncertainty of the
alternative test-method is larger than the uncertainty of the established test method, it shall be
used to cofrrect the limit of the alternative test method:

L = 17
ATMU { . iFA<O (17)

where Lanyy is the limit to be used for alternative measurements.

7 Measurement-based procedure to derive limits for an alternative test method
based on measurement results

7.1 General

As presented in Clause 6, the conversion factor K of alternative disturbance measurement
methods is based on the concept of the availability of models of the measurement methods
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under consideration, the considered EUTs, and the application of an independent reference
quantity X. In this way, the inherent uncertainties of the two methods under comparison are

determined, and these uncertainties plus the intrinsic uncertainties of the measurand and the
measurement instrumentation uncertainties (MIUs) are taken into account in determining the
limit for the ATM [see Equations (7), (9) and (16)].

Because the independent reference quantity is not always available, the conversion factor
K can be estimated by direct comparison of the measurement results [see Equation 14)]

The uncertainty of each measurement procedures is estimated by the standards complianc
uncertainty (SCU). The uncertainty of the conversion factor is determined by the SCUs of I‘%
ETM and ATM, as well as by the different characteristics of the EUTs. The limit LpyYis

determined according to Equation (15) using the conversion factor K . The limit Latmiytakes
into account the difference between the SCUs of the ATM and ETM, as well as the p&ertainty
caused by the different characteristics of the EUTs. ,\

The condition for the estimation of the conversion factor by measurements @at at least five
independent sets of data for each EUT are obtained through a round robin test (RRT), and N
representative EUTs are used for the RRT. To assure statistical inde ence of the sets of
data, the RRT involves at least five test houses. For simplicity, it i umed here that each
set of data is provided by a different test house. Outliers are |de|3J and removed from the
sets of data if no correction is possible.

7.2 Application of practical measurement results to det'éfmlne the conversion factors
7.2.1 The conversion factor &

The conversion factor K; in the considered frequ Qy range can be calculated for each of the
F measured frequenmes for each of the N EU'{sﬁd for each of T labs.

Q)
K{ f,/)=MAQ§( F.J)-Mgmf f.j) indB (18)

<R

— N\
The average conversion factor K¢\0\is calculated using Equation (19).

&

\$ N T B
. = K;(f,j) In 19
A\Q K (f)= NTI§1/§1 (£,/) (19)

xO
The uncertaintysef the average conversion factor /?(f)can be estimated by the deviation

Dk ;(f,j) of “each calculated conversion factor Kf f,j) from the average conversion

factor )@and the standard deviation sx of Dy (7, /).

@)
\@O’ Dy (F, )= K(F)~K,(f,j) in dB (20)

)

Q‘Q The experimental standard deviation can be calculated by

%Q 1 N T F _
& SK=J—ZZZ[DK—DK,,-U,/)]2 in dB (21)

)

where EK is the average of all Dy ;(f,/).

The resulting expanded uncertainty Uy of the conversion factor is
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UK =2$K in dB (22)

7.2.2 Estimation of SCU by measurement

For the estimation of the SCU, the average for the measured values of all T test labs for each
EUT i is calculated using Equation (23).

/ =1 %
Q¥
&

For each frequency f and for each EUT J/, the deviation Dyt ,(f,/) betwe@e measured

where XTM is either ETM or ATM.

values’ average MXTM,(f) and each measured value My, (7,/) |s?c Iculated using
Equation (24). QQ)
P>

Dymi(f, /)= MXTM,i(f)_MXTM,/(faj) in @ (24)

s/
The experimental standard deviation of all these deviations "&TM,,-(f,j) can be calculated by

'\
T F
me =§§[Dxm§2> Dyrws (£, /) in dB (25)
6\

where EXTM(f) is the average of all D i(f. /).

<R

The uncertainty that causes this %ation depends on the measurement equipment and the
measurement procedure. This ué\ertalnty is the SCU, and it is estimated by

N\
D Usc.xtm = 2s in dB (26)
A\Q
7.2.3  Applying th@conversion factor

The limit of ahléstablished test method can be converted into limit conditions for an
alternative test) method using the average conversion factor [see Equation (15)] and the
measure@nt uncertainties of ETM and ATM [see Equations (16) and (17)].

Equanns (16) and (17) take into account the instrumentation uncertainty. The inherent and
mt@sm uncertainty of the measurand is considered by using a reference quantity X in

|mat|ng the conversion factorK(f) If K(f) is estimated by measuring the influence of all

ncertamhes then the instrumentation uncertainty, the uncertainty of the measurement
procedure and the uncertainty caused by the different radiation characteristics of the EUTs
are all taken into account. Therefore the difference A, Of the uncertainties of the ATM and

ETM is:

Ameas =Uatm —Uscem in dB (27)

Vv
0(1/
Myt (F) = — ZMXTM/(f /) indB (2

For the estimation of the uncertainty Uptylsee Equation (32)], the uncertainty of the

conversion factor Uy is investigated. The amount of the uncertainty Uy of the conversion
factor can be estimated by:
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Ui = SC Etm * Uéc atm * Yeur (28)
where
Uscetm  is the SCU of the ETM,
Uscatm is the SCU of the ATM, and (IS
Ugeut is the uncertainty that is caused by the different radiation characteristics of Qq/

the EUTs, which is estimated by Equations (29) to (31).

The different characteristics cause a unique conversion factor for each EUT. The diff éﬁY
between the conversion factors is estimated by the deviation Dxgyr between the é\(erage

conversion factor K(f) and the average conversion factor for each EUTK (f). ,\(1/

Digur () = K(F)=K; (1) @ (29)
Q‘b
Dk gyt has standard deviation (19
2l
N F _ 'géb,v‘ 2
SeuT = [Dk i ~ Dyceur ()] (30)
EUT (NF 1;; K,:& JEUT
where EK,/ is the average of all Dy gyt (f)- %Q
o
The uncertainty Ugyt is estimated by oK
Q/EUT = ZSEUT in dB. (31)
N\
QO

The uncertainty Uary is detgsmined by the uncertainty Ugcatvm of the ATM and the
uncertainty Ugyt causedg e EUTs. Therefore Upty can be estimated by
A\Q)
xO Untm =\/UEUT2+USC,ATM2 : (32)
&

Therefore, us@}\fquahon 27) the application of Equation (17) becomes

O@ LATM,U =S LATM —Ameas if Ameas > 0, and (33)
\% Latmu = Latm if Bmeas <0 (34)

It should be considered that Uscgrm in Equation (27) is estimated in accordance with

§ CISPR 16-4-1, which estimates generally the Ugc for 3 m test site results in the frequency
range 30 MHz to 300 MHz to be 15,5 dB; for the conditions of the RRT and the terminated
cables USC may be reduced to 11 dB CISPR 16-4-1 glves no value for the USC ETM of the 10

— ot
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8 Derivation of limits for the use of reverberation chambers as ATM for
diated di bance measuremen based on a atistical ana is of all

essential factors
8.1 Conversion factor

Measurement of radiated power from an EUT using the RC method is described in (l/
IEC 61000-4-21 [22]. This clause attempts to provide rules to derive disturbance limits for the (1/
radiated power measured using the RC test method based on existing limits for radiated fiel Q
strength measured using the ETM. Radiated field strength and radiated power of an EUT a&
related via the EUT directivity, and EUT directivity depends on frequency and EUT vol s
Because the type of an EUT and its directivity are typically unknown for generic and R? uct
standards, this clause uses a statistical estimate based on assumptions desz d by
Krauthauser [19]. For comparison and easier understanding, the conversion fact&)@ using a
short dipole as a model are described in D.2. :

With reference to Annex D, conversion factors x?*
— from OATS/SAC to RC for 80 MHz to 1 000 MHz, and QQQ)
—  from FSOATS/FAR to RC for 1 GHz to 40 GHz. )
pa)
are introduced. b‘

/

NOTE The start frequency of 80 MHz is selected because IEC 61000-4-'2\?:2011, Table B.2 [22] on field uniformity
requirements starts at 80 MHz. Because there are RCs with lower, igher lowest useable frequencies (LUFs),
80 MHz can be replaced by “LUF.” The highest frequency o GHz is selected because that is under
consideration to be the highest frequency for all CISPR documel@-pending agreement by NCs.

The linear conversion factor k(f) is defined as in@:ation (35)

S

AQ)ZE%ax/PI' (35)

where

&

Emax is the maximum field§trength of an EUT in pV/m measured using the ETM;
Pt is the power tr&@mitted from an EUT in pW measured using the RC test method.

The unit of k() is V@ZW or Q/m2. To convert into logarithmic quantities, Equation (35) can
be written as EqLeHon (36):

o
- lgPr =|gEr2nax_|gk(f)’0r
C)O® 101gPy = 201gE 4 —101gk(f) (36)

O.

@he logarithmic conversion factor K(f) is defined as in Equation (37):

K(f)=10Igk(f) (37)

ETM 1
dB(uV/m) into limits of the disturbance power Lpt), in dB(pW) measured in an RC as shown in

Equation (38) (see also Equation (15) in 6.10).
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LaTy/dB(pW) = Lerp /dB (uV/m) - K (f) (38)

The logarithmic conversion factor K(f) has the unit dB(Q/m?2).

Q
8.2 Measurement uncertainty (l/

-

ETM results with contributions designated in subscripts as: “m” for the instrumentati
uncertainty, “intrinsic” for the intrinsic uncertainty of the measurand, and “inherent” f&rxt e
inherent uncertainty of the method. Q

Equation (7) and Equation (9) of 6.7 provide the combined standard uncertainties of ATM @Q

2 2 2
Uxtm = \/ UXTM,m T UXTM,intrinsic T UXTM,inherent @Q
where X in the subscript terms denotes either E or A (i.e. ETM or ATM) QQ)

For the effect of the measurement uncertainties of ETM and ATM q(he disturbance limit, the
expanded uncertainties are compared (see Equation (16) in 6. % The expanded uncertainty
of the conversion factor in Annex D (2o in Table D.2, Tablﬁ Table D.4,Table D.6, Table
D.7 and Table D.8) takes into account the inherent uncerfm ties of the ETM (Ujpherent.ETM)
and ATM  (Uipherent,aTm)- The inherent uncertamty/< indicator of the ability of a
measurement procedure to account for differen in EUT characteristics. A three-
dimensional (3D) spatial scan would provide the Io@uncertamty for capturing the maximum
field strength radiated by an EUT, but none of t TMs are ideal in that respect. However,
the RC ATM does capture the radiated powerg}@n EUT across all directions. Consequently,
the inherent uncertainty of the RC ATM |s$<g whereas the inherent uncertainties of the
ETMs are non-zero. Q

the EUT size assumed for the ersion factor calculation in Annex D, which justifies a

In addition to the uncertainty of tk& nver3|on factor, the actual EUT size can deviate from
contribution Ug .

As can be seen from Tab\@\'—i 1 of CISPR TR 16-4-1:2009, the SCU Ugty sc of the ETM

(OATS/SAC with d = m) is on the order of 10 dB, whereas Uxty m is around 5 dB
according to CISPR 16‘3 2. Thus,
xO
Y 2 2
C)\\ Ugtmsc = \/UETM,intrinsic"' UETMm

and c&)@ently

O.

O_)\% UeTM,intrinsic = \/UETM,SC_ Uérmm =8,7 dB

Q‘ This means that the intrinsic uncertainty of the ETM is much larger than the uncertainty of the

conversion factor K, so Equation (28) of 7.2.3 does not apply for Annex D. The intrinsic
uncertainty is largely dependent on cable layout and cable termination, which is an important
topic for the reproducibility of measurement set-ups. By future standardization of cable layout
and cable termination, intrinsic uncertainty and standards compliance uncertainty can be

TITTTTiZed.

At present values of SCU (and intrinsic uncertainty) are not available for the ETM above 1
GHz, as well as for the RC ATM below and above 1 GHz. This does not mean that the RC
method should be precluded for radiated disturbance measurements usage; there is no
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reason to assume that the SCU of the RC method results will be larger than the SCU of the
ETM results. Product committees should provide appropriate investigations and

measurements for establishing the SCU.

In addition to any deviation from the EUT size for the conversion factor, the EUT type can be
different from that assumed for the conversion; e.g. with different cable arrangement and
cable termination. This means that Equation (32), Equation (33), and Equation (34) of 7.2.3
also apply for the use of an RC disturbance measurement method as an ATM.

&
N
N

.

Details on instrumentation contributions to uncertainty for RC disturbance measurem@

results is given in D.4.

X
A
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Annex A
(infnrmg_t_w_e)

Remarks on EUT modelling

As discussed in 6.5 and 6.6, the characteristics of an EUT directly influence the measurement
results, and thus influence the deviations from the reference quantity. Considering the
example of radiated emission measurements, the radiation pattern of the EUT influences the
probability of capture for a maximum emission using the peak search procedure of an\open-
area test site or a fully-anechoic room measurement. To obtain more universal results, it is
necessary to consider multiple EUTs having different radiation characteristics.for use in
determining conversion parameters. This annex describes general considerations~about EUT
modelling for use in investigations about emission measurement methods.

A.1 Types of EUTs

Certain characteristics of EUTs typically have the most influence on the radiation behaviour. It
is useful to categorize EUTs with equivalent primary charactefistics into several EUT types,
which can then be considered and investigated independently~One general classification is to
group EUTs into the following three types, based on the test set-up:

a) tabletop equipment without cables;
b) tabletop equipment with cable(s);

c) floorstanding equipment.
A.2 Application of statistics

Each EUT category of Clause A.4 consists of many different devices and operating and
performance characteristics. To¢best cover these widely-varying characteristics, applying
statistical methods is helpful. With" a statistical approach, universally valid values for average
conversion parameters and the*uncertainties can be obtained. The uncertainty resulting from
the unknown radiation characteristics of an EUT, U nerents €an only be determined by
considering a range of.‘different EUTs and analysing the resulting data statistically. An
example of such a statistical approach is given in Annex B.
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Annex B
(infnrmg_t_w_e)

Examples of application of the test method comparison procedure

B.1 Example 1 - Measurements at 3 m-separation in fully anechoic room
compared to 10 m-separation measurements on open-area test site

In the following subclause headings, numbers in parentheses refer to subclauses incthe main
body of this document.

B.1.1 Small EUTs without cables
B.1.1.1 Select the reference quantity X (see 6.2)

The protection requirement is to minimize the risk that the disturbance field strength radiated
by an EUT interferes with radio services. A measure for this interference potential of the EUT
is the electric field strength emitted by the EUT. Because the EUT final-use set-up in general
is unknown or is variable, it is necessary to search for the/maximum field strength in all
directions from the EUT and for all polarisations. Therefore'the reference quantity is selected
to be the maximum far-field electric field-strength emitted under free space conditions,
independent of direction or polarisation. At a distance.from the EUT of d,; = 10 m and for the

frequency range and EUT sizes considered hefe," far-field conditions can be assumed.
Figure B.1 displays this scheme for defining the.reference quantity. It is noted that in reality it
is difficult or nearly impossible to perform such measurements, but this set-up and reference
quantity is very amenable to numerical sitmulations. This reference quantity definition is
applicable in the frequency range of 30 MHz 1o 1 GHz.

IEC 1696/06

Figure B.1 — Example reference quantity

B.1.1.2 Describe the test methods and measurands (see 6.3)

Alternative test method — 3 m fully anechoic room (FAR): Figure B.2 shows the EUT and
antenna set-up for a fully anechoic room measurement for frequencies of 30 MHz to 1 GHz.

The receiving antenna is located at a distance dfm = 3m from the EUT The antenna is

positioned at a fixed height corresponding to the vertical centre of the EUT. To detect the
maximum field strength, the EUT is rotated in azimuth in the horizontal plane, and both
horizontal and vertical polarisations of radiated field are measured. The FAR is a shielded
enclosure with absorbing material on the walls, ceiling, and floor. Therefore, ideally the
antenna receives only the direct emission radiated from the EUT.
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Figure B.2 — EUT and antenna set-up for fully anechoic room emission measurement

Established test method — 10 m open-area test site (OATS): Figure'B.3 displays the
measurement set-up for an open-area test site for the frequency rangeyof 30 MHz to 1 GHz.
The receiving antenna is located at a distance d,;c = 10 m torthe EUT. To detect the

maximum field strength, the EUT is rotated, and the antenna h¢ight is varied between 1 m
and 4 m. The set-up is placed on a conducting ground plane. The perimeter and surroundings
of the OATS and set-up is free of any reflecting objects{otherefore ideally the antenna
receives only the direct radiation and the ground reflectedsignal.

Semi-anechoic rooms that meet the CISPR normalizéd site attenuation (NSA) site-validation
criteria can be used to perform compliance testsyanhd therefore semi-anechoic room could be
selected as the established test method instead.”The example results shown below remain
applicable in this case, because the estimation“of the inherent uncertainty assumes conditions
of an ideal test site. Considered ideally, al.semi-anechoic room and an open-area test site
would both ideally provide free-field reflection-free (except ground) conditions.

| 10m I
s L 4m
! A
i :
: : Direct Antenna ¢
radiation H
% i
EUT \ ;
k\ v
— 1m
NI Indirect

radiation
Table

f

Conducting ground plane
IEC 1698/06

Figure B.3 — EUT and antenna set-up for open-area test site measurement
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B.1.1.3 Determine the deviations of the measured quantities from the reference

guantity{see-6-4)
Gt 4}

The results of the measurement depend strongly on the radiation characteristics of the EUT.
Therefore an investigation on the characteristics of the different measurement set-ups must
include a wide range of differently radiating EUTs. In the following a statistical model for
tabletop EUTs without external cables is used.

In general, any EUT radiation pattern can be approximated by superposing the radiated fields
from elementary radiators, such as electrically-short dipoles. Therefore, a quantity of
electrically-short dipoles with varying characteristics (direction of axis, amplitude, phase shift,
position) will generate statistically different radiation patterns. An example arrangement is
shown in Figure B.4. Specifically, the EUT model used here is based on the (fellowing
concepts: a certain number of dipoles are located inside a certain volume, and their positions,
directions and excitations are varied statistically to generate a statistical /distribution of
radiation characteristics. This statistical EUT model is one practical and reasonable approach
among others to simulate tabletop equipment.

Four different virtual-EUT volumes [(30 cm)3, (60 cm)3, (90 cm)3, (120-cm)3] were simulated
to investigate the effect of different EUT models on the resulting ¢missions. These volumes
can be considered to represent the maximum volumes of typical‘tabletop EUTs. The number
of elementary radiators applicable to represent real-waorld EUT characteristics is
indeterminable, thus the ideal number of radiators to be loCated in the chosen volumes is
unknown. Therefore, effects for varying numbers of elementary radiators is investigated.
Effects expected from a variation of the numbers of radiaters are as follows:

for one radiator, the behaviour of a dipole is modelled;

an increasing number of radiators leads to increasingly complex radiation patterns;

an infinite number of radiators will behave liké.one equivalent dipole.

Simulations done for 1, 2, 5, 10, 30;~and 50 radiators mainly show the following three
characteristics:

the results for 1 or 2 radiators produces the worst-case results only for some frequencies;

the results for 10, 30, or 50 are\the worst case for nearly the entire frequency range;

the differences between the'results for 10, 30, and 50 radiators are very small, for example

compared to the differencés between the results for 10 and 2 radiators.

From these observations it can be concluded that simulations with more than 50 radiators
probably will not give different results. Therefore the results of the carried out simulations are
taken in orderto.get a safe approximation of the worst case.

Nyﬂ
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N
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< Z
‘?{\1 k/‘ﬂ(_\
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2,
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R( S
> 12
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13
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<
25

IEC 1700/06
IEC 1699/06

Figure B.4 — Radiation characteristics of elementary radiator (left),
and scheme of EUT-model (right)
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For each pair of volume and number of radiators, a set of N = 1 000 individual EUTs are

aanaratad
generatea-
NOTE 1 In general, the number of individual EUTs should be as large as possible. On the other hand, the
simulation time has to be finite. A number of 1 000 individual EUTs is deemed to be a reasonable compromise:
Based on nonparametric statistics theory, a number of 1 000 individuals enables a confidence level of 99,9% for

the estimations of the bounds of interval holding 95% of the simulated values. These bounds are important values
to estimate the standard deviation and thus the inherent uncertainty. For more details, see [2] or Chapter 3 of [1].

For each EUT /i of such a set, e.g. of the set belonging to a volume of (30 cm)3 with 5
radiators, the reference quantity X; and the field strengths Egpgim) for FAR and Egarsiomy;

for OATS are calculated, which are equivalent to measured field strength values.

NOTE 2 Because the statistical EUT model yields individual EUTs with larger horizontal or larger vertical field
components, the calculated field strengths are determined the same way as in real-world measurements: The
maximum value is taken, independent from its polarisation. As a consequence, the polarisation of the'field strength
values varies statistically, and the derived conversion covers both horizontal and vertical polarisations.

From these results, the deviations for the alternative test method from 6.4, Equation (1),

Datvi = Dear@amyi = Xi — Erar@myi (B.1)

where
Erar@m)i is the field-strength for 3 m FAR test method foryEUT i,
X;, Datmi» i are the same as in 6.4 Equation (1),

Drar(am)i is the deviation from the referenceygquantity X of the 3 m FAR test method
result for EUT J,

and for the established test method according.to 6.4, Equation (2),

Dervi =Dontsiiom)i = Xi — Eoats(tom)i (B.2)

where
Eoats(1om)i s the field-strength for 10 m OATS test method for EUT

Xf, DETM", i are the same as in 6.4 Equation (2),

D .
OATS(10m)i i the deviation from the reference quantity X of the 10 m OATS test method

result for EUT |,

are calculated.

B.1.14 Determine the average values of the deviations (see 6.5)

For-both alternative and established test methods, the average deviations can be calculated
using Equation (3) and Equation (4) from 6.5, respectively. This is done for every set of 1 000
EUTs:

- . 4 1000
Datm = Dset,Far@m) = 1000 ZDFAR(Bm)i (B.3)

i=1

1 TUUU

5ETM = Bset OATS(10M) = ZTAAA ZDOATS(wm)i
1000 4
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where

ESet, ATM isthe average deviationm of the attermative testmethodfor thesetof
1 000 EUTSs;

Bset’ETM is the average deviation of the established test method for the set
of 1 000 EUTs;

Eset’ FAR(3m) is the average deviation of the 3 m FAR test method for the set of
1 000 EUTs;

Eset’ OATS(10m) is the average deviation of the 10 m OATS test method for the,Set

of 1 000 EUTs;

Depr@amyi- Doats(tom)i- I are the same as in Equations (B.1) and (B.2), respectively.

In order to estimate the worst-case emissions, for each volume the maximum average
deviation for both test methods is determined using

Din o, AR = MK 0 Dt ARG ©.5)
Bmax vol OATS(10m) = max 5s,et, OATS(10m) .
number of radiators
where
Deet FAR(3m) is the same as in Equation (B.3);
Eset’ OATS(10m) is the same as in Equation(B.4);

max vol, FAR(3m) is the maximum average deviation of the 3 m FAR test method for one

assumed EUT volume;

Dinax vol,0ATS(10m) is the maximum average deviation of the 10 m OATS test method for
one assumed EUT volume.

The example maximum deviations are displayed in Figure B.5.
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Figure B.5 — Maximum average deviations for 3 m FAR (top) and 10 m OATS (bottom)

B.1.1.5

Instrumentation uncertainty: At the time of drafting of this Annex, for the alternative test
method. (8 m FAR), the instrumentation uncertainty-has had not yet been given in CISPR
standards. For the antenna and site contributions, numeric values from the final technical
report of the EU FAR project-can-be have been used [4]. The other numeric values-are were
taken from CISPR 16-4-2:2003 [24], because these-are were expected to be the same for
OATS and FAR. These instrumentation measurement uncertainties are given in Table B.1.
For the established test method, the measurement instrumentation uncertainty is as shown in

the basic standard CISPR 16-4-2:20032011.

Estimate the standard uncertainties of the test methods (see 6.6)
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Table B.1 — Instrumentation uncertainty of the 3 m fully anechoic chamber test method

Input quantity X; Uncertainty of X; u(x,) ci | cj-u(x;|

dB Probability dB dB

distribution
function

Receiver reading v, +0,1 k=1 0,10 1 0,10
Attenuation: antenna-receiver LC +0,1 k=2 0,05 1 0,05
Biconical antenna factor AF +2,0 k=2 1,0 1 1,0
Receiver corrections:
Sine wave voltage dVsw +1,0 k=2 0,50 1 0,50
Pulse amplitude response 3Vpa +1,5 Rectangular 0,87 1 0,87
Pulse repetition rate response 3Vpr +1,5 Rectangular 0,87 1 0,87
Noise floor proximity dVnf +0,5 k=2 0725 1 0,25
Mismatch: antenna-receiver SM +0,9/-1,0 U-shaped 0,67 1 0,67
Biconical antenna corrections:
AF frequency interpolation SAFf +0,3 Rectangular 0,17 1 0,17
AF height deviations 3AFR +0,0 0,00 1 0,00
Directivity difference 0Airn +0,0 0,00 1 0,00
Phase center location 3Aph +0,0 0,00 1 0,0
Cross-polarisation SAcp +0;0 0,00 1 0,0
Balance (hor.) 8Abal +0,3 Rectangular 0,17 1 0,17
Balance (ver.) O0Apar v +0,9 Rectangular 0,52 1 0,52
Log-periodic antenna corrections:
AF frequency interpolation 8AFf +0,3 Rectangular 0,17 1 0,17
AF height deviations 3AFp +0,0 0,00 1 0,00
Directivity difference 0Airn +0,2/-0,0 Rectangular 0,05 1 0,05
Phase center location 3Aph +0,5 Rectangular 0,29 1 0,29
Cross-polarisation SAcp +0,9 Rectangular 0,52 1 0,52
Balance 3Abal +0,0 0,00 1 0,00
Site corrections:
Site imperfections 3SA +4,0 Triangular 1,63 1 1,63
Separatiomdistance at 3m 5d +0,3 Rectangular 0,17 1 0,17
Table hefght at 3m Sh 0,1 k=2 0,05 1 0,05

Intrinsic uncertainty: Numeric values for intrinsic uncertainties are still under consideration
in CISPR 16-4-1:2003; therefore this uncertainty contribution is not included in this example.

Uncertainty due to unknown EUT characteristics: The standard inherent uncertainty
Unnerent CaN be calculated for alternative and established test methods using Equation (5) and

Equation (6) from 6.6, respectively. Because the cumulative distribution functions of the

deviations have strong asymmetric shapes, the straightforward application of the equations
would yield a estimate of the uncertainty that is too low. The sample cumulative distribution
function (CDF) in Figure B.6 illustrates this underestimation. If the CDF were symmetric, the

interval [EETM; Ketm - S(Detm )] would cover the upper half of the 95 % interval.
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As can be seen from the flgure this is not true — actually kgqpy - s(DETM) underestimates the
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Figure B.6 — Sample cumulative distribution function

The number of these values is denoted N,, and<{the approximated standard deviation is
denoted s,. The index of a given EUT i = 1...N-is mapped to a new index j=1..N,. The
standard deviation is calculated for every set of EUTs using

N

h

Z Depr@m)j — Dset,Far 3m))

S,set(Dear@my) = | = N 1 (B.6)
+

where
Dear(amyi » Eset,FAR(:,)m) are the same as in Equation (B.3);

N, is the number of values larger than the average value;

S, set (DFar@Em)) is the one-side standard deviation of the deviations for one set of
1 000 EUTs of the 3 m FAR test method,

and

N
2
Z Doars(1om); — Dset OATS(10m))

$set(Doats(iom)) = | = N 1 (B.7)
+

=

where

Doats(tomyi » Eset,OATS(mm) are the same as in Equation (B.4);

N, IS The number or values larger than the average value,

S+set(DOATS(10m)) is the one-side standard deviation of the deviations for one set
of 1 000 EUTs of the 10 m OATS test method.
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This approach gives a worst-case estimation; more precise results can be obtained by
considering the skew of the CDF.

As done for the average deviations, from the approximated standard deviations of the
deviations for each volume, the maximum value is determined. This maximum is taken as a
safe approximation of the uncertainty.

UaTMinherent = UFAR@m)inherent ~ S+max.vol (DFar@Em)) = numbemfaé diators S,set (Drar@m)) (B.8)

UgTMjnherent = UOATS(10m)inherent = S+max.vol (DoaTs(10m)) = max  S.ee(Doats(rom)) , (B9)
number of radiators
where
S.set (DFar@Em)) is the same as in Equation (B.6);
S set (DoaTs(10m)) is the same as in Equation (B.7);
S maxvol (DFar@Em) ) is the maximum approximated standard deviatich of the deviations of

the 3 m FAR test method for one assumed-EUT volume;

S max,vol (DoaTs(1om))  is the maximum approximated standardideviation of the deviations of
the 10 m OATS test method for one assumed EUT volume;

UFAR(3m),nherent is the inherent uncertainty of the{3'm FAR test method;
UATM.inherent is given in Table 2;

UOATS(10m),inherent is the inherent uncertainty of the 10 m OATS test method;
UETM,inherent is given in Table 2.

The values are displayed in Figure B.7”and are given numerically in Tables B.2 and B.3.

NOTE It should be noted, that the large uncertainty of the OATS test method results from the fact, that the values
include both horizontal and vertical palarisation. Smaller uncertainties could be obtained if the polarisations are
considered separately. Such a cohsideration needs a sophisticated rule, in which case conversion factors for
horizontal, vertical or both polarisations can be applied.



https://standardsiso.com/api/?name=1586e87540fbaa838d33ca4386257e1a

CISPR TR 16-4-5:2006+AMD1:2014 -39 -
+AMD2:2021 CSV © IEC 2021

2,6 T T T T
il ag L i

‘ 2,2
2,0
1,8
1,6

1,4

UFAR (3 m), inherent

12 .

1,0 p—

0,8 1 1 1 1 1
100 200 300 400 500 600 700 800 MHz 1000
f ———————=
IEC 1704/06
6,0 T T T T T T T L
B v = (30 ch) — ]
dB .
v = (60/€m)
50 y<gsoom)® T
45 vE (120 cm)® i
o
3 4,0
€ 35
o
<30
by
DO 2,5
2,0
1,5
1,0

100 200 %300 400 500 600 700 800 MHz 1000
f ! Co
IEC 1705/06

Figure B.7.5'Uncertainties due to the unknown EUT characteristic
for 3 m FAR (top) and 10 m OATS (bottom)

From the set of calculated deviations, and from the standard deviations, a 95 % tolerance
interval for ,both test methods can be determined. Using their widths and the standard
deviationsi\the coverage factor k can be approximated. For the alternative test method the

factor is

katM = K1FAR(3m) = 2.2 (B.10)
where

Katm is the coverage factor for the alternative test method;

K.rar@m) is the coverage factor for the 3 m FAR test method derived from the values larger

than the average;

and for the established test method it is
ketm =K1 oATs(10m) ® 2.2 (B.11)

where
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Ketm is the coverage factor for the established test method;

K.oaTs(tom) is the coverage factor for the 10 m OATS test method derived from the values
larger than the average.

Again only the values larger than the average are used.
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Table B.2 — Uncertainties in dB due to the unknown EUT characteristic for 3 m FAR

Frequency v = (30 cm)3 v = (60 cm)3 v =(90 cm)3 v =(120 cm)3

MHz

30 1,00 0,97 0,99 1,12
50 1,00 1,01 1,11 1,25
70 1,00 1,08 1,24 1,48
90 1,00 1,17 1,36 1,62
110 1,02 1,27 1,47 1,79
130 1,06 1,37 1,58 1,96
150 1,10 1,48 1,69 2,03
170 1,14 1,56 1,84 2,08
190 1,19 1,66 1,93 2,12
210 1,22 1,74 2,03 2,16
230 1,25 1,80 2,02 2,16
250 1,29 1,86 2,01 2,12
270 1,34 1,88 2,00 2,08
290 1,40 1,95 2,01 2,03
310 1,45 2,00 2,00 2,00
330 1,49 2,08 196 1,93
350 1,54 2,08 1,98 1,88
370 1,57 2,10 1,96 1,86
390 1,63 2,12 1,95 1,83
410 1,68 2,12 1,95 1,81
430 1,74 2,11 1,95 1,80
450 1,79 2,11 1,92 1,76
470 1,84 2,12 1,93 1,76
490 1,88 2,13 1,89 1,76
510 1,91 2,11 1,86 1,77
530 1,93 2,06 1,83 1,74
550 1,96 2,02 1,79 1,71
570 199 1,98 1,77 1,73
590 1,99 1,94 1,76 1,69
610 2,01 1,97 1,73 1,67
630 2,03 1,97 1,77 1,69
650 2,08 1,97 1,78 1,68
670, 2,10 1,98 1,75 1,67
690 2,12 1,96 1,74 1,68
710 2,15 1,97 1,70 1,64
730 2,15 1,97 1,70 1,64
750 2,13 1,94 1,71 1,58
770 2,11 1,91 1,67 1,59
790 2,10 1,89 1,66 1,60
810 2,11 1,89 1,67 1,62
830 2,08 1,89 1,65 1,57
850 2,07 1,90 1,65 1,52
870 2,07 1,88 1,61 1,49
890 2,07 1,90 1,59 1,44
910 2,07 1,88 1,56 1,43
930 2,05 1,84 1,60 1,42
950 2,05 1,83 1,63 1,43
970 2,03 1,84 1,66 1,47
990 2,03 1,81 1,67 1,48
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Table B.3 — Uncertainties in dB due to the unknown EUT characteristic for 10 m OATS

Frequency v =(30 cm)3 v = (60 cm)3 v =(90 cm)3 v =(120 cm)3

MHz

30 5,27 4,55 4,55 4,20
50 3,48 2,84 2,84 2,54
70 2,28 1,96 1,96 1,95
90 1,55 1,49 1,49 1,64
110 1,17 1,52 1,52 1,74
130 1,08 1,62 1,62 1,86
150 1,07 1,74 1,74 1,92
170 1,13 1,78 1,78 2,01
190 1,20 1,80 1,80 2,06
210 1,24 1,86 1,86 2,M
230 1,29 1,97 1,97 2711
250 1,35 2,00 2,00 2,05
270 1,43 2,00 2,00 1,95
290 1,51 2,01 2,01 1,89
310 1,58 2,01 2,01 1,79
330 1,65 1,96 1,96 1,76
350 1,69 1,91 1,91 1,75
370 1,73 1,85 1,85 1,74
390 1,77 1,83 1,83 1,71
410 1,79 1,81 1,81 1,67
430 1,80 1,84 1,84 1,61
450 1,81 1,83 1,83 1,60
470 1,85 1,79 1,79 1,57
490 1,88 1,79 1,79 1,53
510 1,91 1,75 1,75 1,50
530 1,93 1,70 1,70 1,48
550 1,94 1,64 1,64 1,49
570 1,97 1,60 1,60 1,50
590 1,98 1,56 1,56 1,48
610 2,01 1,53 1,53 1,46
630 2,04 1,53 1,53 1,45
650 2,07 1,52 1,52 1,40
670 2,09 1,53 1,53 1,38
690 2,10 1,50 1,50 1,38
710 2,11 1,49 1,49 1,33
730 2,12 1,48 1,48 1,25
750 2,12 1,47 1,47 1,23
770 2,12 1,45 1,45 1,22
790 2,11 1,41 1,41 1,19
810 2,09 1,37 1,37 1,17
830 2,07 1,31 1,31 1,18
850 2,06 1,28 1,28 1,18
870 2,02 1,29 1,29 1,17
890 2,01 1,27 1,27 1,15
910 1,97 1,27 1,27 1,15
930 197 129 129 117
950 1,95 1,30 1,30 1,19
970 1,93 1,30 1,30 1,15
990 1,91 1,29 1,29 1,13
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B.1.1.6 Estimate the expanded uncertainties of the test methods (see 6.7)

The instrumentation uncertainties and the uncertainties due to the EUT characteristics are
combined into one standard uncertainty using Equations (7) and (9) from 6.7. The differences
of the instrumentation uncertainty for different frequency ranges and polarisations are
negligible, so that one uncertainty for all cases is sufficient. The combined and the expanded
uncertainties are not given here numerically, because the EUT-dependent uncertainty is
frequency-dependent. Figure B.14 displays the expanded uncertainties for the alternative and
established test methods for a coverage factor of k = 2.
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Figure B.8 — Expanded uncertainties (k = 2) of alternative (3 m FAR, top) and
established (10 m OATS, bottom) test methods

B.1.1.7 Calculate the average conversion factor (see 6.8)

Using 6.8 Equation (14), the average conversion factor can be calculated from the
measurement results of the EUTs. For each set of EUTs the average conversion factors are

_ 1Y
Kset N E (Eoats(tom)i — EFar@m)i) (B.12)
i1


https://standardsiso.com/api/?name=1586e87540fbaa838d33ca4386257e1a

- 44 - CISPR TR 16-4-5:2006+AMD1:2014
+AMD2:2021 CSV © IEC 2021

where

Vi ara aivan in Tahla 2-

are—giveninTable2;

Erar(3m)i is the same as in Equation (B.1);

Eoats(iom)i s the same as in Equation (B.2);

Rset is the average conversion factor for a set of EUTs.

From this the maximum values for each volume are searched,

Kmax,vol = max Kset (B.13)
numbers of radiators
where
Kset is the same as in Equation (B.12);
Kmax voi  is the maximum average conversion factor for one assumed EUT volume.

These values are displayed in Figure B.9, and numerical values are given in Table B.4.

. s 'I'I 3
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Eigure B.9 — Maximum average conversion factors for different volumes
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Table B.4 — Maximum average conversion factors in dB
between 10 m OATS and 3 m FAR

Frequency in MHz v = (30 cm)3 v = (60 cm)3 v = (90 cm)3 v =(120 cm)3
30 -6,63 -6,26 -5,97 -5,76
50 -6,99 -6,48 -6,10 -5,78
70 -6,90 -6,31 -5,83 -5,43
90 -6,59 -5,96 -5,44 -4,98
110 -6,20 -5,56 -5,05 -4,62
130 -5,80 -5,20 -4,77 -4,43
150 -5,43 —4,94 —4,61 —4,35
170 -5,14 -4,80 -4,52 -4,32
190 -4,97 -4,73 -4,50 —4:34
210 -4,88 -4,68 -4,49 4,36
230 -4,85 -4,67 -4,51 ~4,38
250 -4,82 -4,66 -4,51 -4,40
270 -4,80 -4,66 -4,51 —4,41
290 -4,80 -4,67 -4,50 -4,38
310 -4,80 -4,67 -4,49 -4,32
330 -4,81 -4,67 —47a4y -4,26
350 -4,81 -4,65 24,44 -4,22
370 -4,81 -4,63 -4,42 -4,19
390 -4,80 -4,60 -4,39 -4,15
410 4,77 —4,57 —4,36 —4,16
430 —4,75 —4,54 —4,34 -4,15
450 —4,72 4,59 —4,33 -4,15
470 —4,69 AVPY: —4,30 4,12
490 —4,67 14,46 —4,28 —4,10
510 -4,63 —4,44 -4,25 -4,08
530 -4,61 -4,42 —4,24 -4,06
550 -4,58 -4,40 —4,24 -4,07
570 -4,56 -4,39 -4,22 -4,08
590 ~X54 -4,37 -4,19 -4,09
610 4,52 -4,36 4,17 —4,11
630 -4,50 -4,34 -4,15 -4,13
650 -4,48 -4,33 -4,13 -4,15
670 -4,47 -4,33 -4,14 -4,14
690 -4,45 -4,31 4,17 -4,14
710 —4,44 -4,30 —4,21 -4,13
730 -4,42 -4,29 -4,25 -4,13
750 —4,41 -4,30 -4,25 -4,13
770 —4,41 -4,32 -4,25 -4,12
790 -4,40 -4,35 —4,24 -4,12
810 —4,41 -4,36 —4,24 —4,11
830 —4,41 -4,38 -4,23 —4,11
850 -4,43 -4,38 -4,23 —4,11
870 —4,44 -4,37 -4,23 —4,11
890 -4,46 -4,37 -4,23 —4,11
910 -4,47 -4,37 -4,23 —4,11
930 —4.49 —4.36 —4.22 —4.11
950 -4,50 -4,36 -4,22 -4,12
970 -4,50 -4,36 -4,22 -4,12
990 -4,50 -4,36 -4,22 -4,12
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B.1.1.8 Verify the calculated values (see 6.9)

The numerical values presented above are from simulations with the statistical EUT model;
thus a verification of these theoretical values is necessary. Since it is impossible in a
reasonable time to produce the same large number of measurement results as was used for
the statistical simulations, at least a certain number of measurements should be done to
support the calculated results.

The results are derived in terms of deviations from the reference quantity. For even a single
EUT only, it is almost impossible to measure this selected reference quantity over the full
surrounding sphere. Due to these limitations, a special-purpose generic EUT is used ‘for
measurements to verify the theoretical results. The radiation characteristics for this EUT,”and
hence the reference quantity as well as the measurement results, can be calculated. The
latter is important for the identification and evaluation of any possible uhexpected
measurement results. The EUT is constructed as a cube with a 0,2 m sidé length. To
represent real-world EUT radiation effects, the cube has a slot, which is exgited by a comb
generator with an emissions frequency spacing of 10 MHz. Figure B.10 shows a picture and
the simulation model (cut-view) of the specimen EUT.

IEC 1709/06 IEC 1710/06
Figure B.10 — Photo (left) and<cut-view of simulation model (right) of the specimen EUT

The measurements weregperformed for two different orientations of the specimen EUT: one
measurement series with' the orientation shown in Figure B.10, and the other measurement
series with the EUTotated by 90° around the x-axis.

Figure B.11 shows the deviations from the reference quantity for the results of alternative and
established - tést method. The statistical EUT model with v =(30cm)3 is chosen for
comparisons with the values of the specimen EUT. For each number of radiators, a 95%
tolerance)interval is shown (dotted lines). For the specimen EUT, the measured as well as the
calculated deviations from the calculated reference quantity are shown, for both orientations
of (the EUT. Except for one data point, the measured values deviate from the tolerance
interval by up to 3,5 dB. This deviation is smaller than the instrumentation measurement
uncertainty given in CISPR 16-4-2. One measured value (OATS measurement with rotated
EUT at 120 MHz) deviates by 8,5 dB from the tolerance interval. These deviations were not
seen in the results from the simulations with the specimen EUT. Consequently, these
deviations are expected to be due to measurement problems. Then it can be said that the
measured results for the specimen EUT support the statistically-derived deviations from the
reference quantity, and hence the derived conversion factors and the uncertainties.
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Figure B.11 — Deviations of the specimen EUT: 3 m fully anechoic room (top)
and 10 m open area test site (bottom)

B.1.1.9 Apply-the conversion (see 6.10)

Figure B.12 shows a sample of measured values with their expanded uncertainties from a
FAR emission measurement, for an EUT with maximum cube-edge dimension of 0,3 m. The
converted limits according to 6.10 Equation (15) are shown in Figure B.13. Based on the
largest’dimension of the EUT, the average conversion factors for (30 cm)3 are applied (see
Figure B.9). The comparison of the measured values with the converted limits must consider
the differences between the uncertainties of the alternative and established test methods.
Figure B.14 displays the expanded uncertainties of 10 m OATS and 3 m FAR for the (30 cm)3
EUT volume. As can be seen, the uncertainty of the FAR is at some frequencies about 0,1dB
larger than the uncertainty of the OATS. At these frequencies the converted limit has to be
corrected with the amount of the difference according to 6.10 Equation (17). The measured
values then can be compared with the corrected and converted limit line, as shown in
Figure B.15. The EUT fails due to the emission values at 150 MHz and 550 MHz.
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Figure B.12 — Sample FAR measurement
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Figure B.14 — Expanded uncertainties
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Figure B.15 — Comparison of the measured values with the.corrected converted limit

B.1.2 Small EUTs with cables

Results different from those shown in B.1.1 are expgcted, but are under investigation.

B.2 Example 2 - 3 m open-area test site’measurements compared to 10 m
open-area test site measurements

B.21 Small EUTs without cables
B.2.1.1 Select the reference‘quantity X (see 6.2)

As above, the reference quantity is selected as free-space electric field — see B.1.1.1.

B.2.1.2 Describe the-test methods and measurands (see 6.3)

Alternative test method: 3 m open-area test site, OATS (3 m). Figure B.16 displays the
measurement set-up of an OATS with 3 m distance for measurements in the frequency range

from 30 MHz (to,;1 GHz. The receiving antenna is located at a distance of doargam) =3 m to

the EUT. To detect the maximum field strength, the EUT is rotated in azimuth and the antenna

height is\varied between 1 and 4 meters. The set-up is placed on a conducting ground plane.
The perimeter and surroundings of the OATS and set-up is free of any reflecting objects,
therefore ideally the antenna receives only the direct radiation and the ground reflected
signal.
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Figure B.16 — EUT and antenna set-up of 3m open area test site measurement
Established test method: 10 m open-area test site, OATS (10 m). SeéB.1.1.2

B.2.1.3 Determine the deviations of the measured quantities from the reference
quantity (see 6.4)

A description of the statistical model used for the small EUT is given in B.1.1.3. From the
simulation results, the deviations between the alternative test method results and the
reference quantity values are obtained using

Darmi = DOATS(Sm)i <X; - E OATS(3m)i (B.14)
where

Eoats@m)i  is the field-strength for 3um OATS test method for EUT i;

X;, Datwmi» i are the same as in 6:4 Equation (1);

Doats(am)i is the deviation~from the reference quantity X of the 3 m FAR test method
result for EUT /,

and for the established test method using Equation (B.2) from B.1.1.3.

B.2.1.4 Determine the average values of the deviations (see 6.5)

Calculations. for the established test method are done in the way as in B.1.1.4. For the
alternative\test method the average deviations can be calculated using Equation (3) from 6.5.
This isdone for every set of 1 000 EUTs using:

B B 4 1000
Dget, atm = Dset, 0aTS(3m) = 1000 ZDOATS(3m)i (B.15)
P

where

Dget aTM is the average deviation of the alternative test method for the set of
1 000 EUTSs;

i~ . o ' TR e Q AT o . o —r o . c
Uset,OATS(Sm) IS Uie dverage acvidalion oOr e o MMMUATo IEest IMetrnod 1017 ure  sSet Ul

1000 EUTSs;
Doats(am)i - I are the same as in Equation (B.14).
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In order to estimate the worst-case results for each volume the maximum average deviation is
determined using

Drmax vol, OATS(3m) = umber N iators Dget, 0ATS(3m) (B.16)
where
_Set’OATS(3m) is the same as in Equation (B.15);
Bmax\,o"OATS(?,m) is the maximum average deviation of the established test method

3 m OATS for one assumed EUT volume.

The maximum deviations for the alternative test method are shown in Figure Bx17, and the
deviations for the established test method are shown in Figure B.5 (bottom).
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Figure\B:17 — Maximum average deviations for 3m OATS
B.2.1.5 Estimate the standard uncertainties of the test methods (see 6.6)

Instrumentation uncertainty: For both the alternative and established test methods, the
measurement instrumentation uncertainty is as given in the basic standard
CISPR A6:4-2:20032011.

Intrinsic uncertainty: In CISPR 16-4-1—ed—4-4, values for intrinsic uncertainties are still
under consideration; therefore this uncertainty is not considered here.

Uncertainty due to unknown EUT characteristics: The standard inherent uncertainty,
Uinherent> TOr the standard measurement procedure is given in B.1.1.5. For the alternative test
method, Uinherent €8N be calculated using Equation (5) from 6.6. For the same reasons as
given in B.1.1.5, the standard deviation is calculated using only values larger than the
average value. The number of these values is denoted N,, and the standard deviation is
G O C " G O a—grTv O = YA appPtu O—d vV G — IV

standard deviation is calculated for every set of EUTs.
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S.set (Doats(am)) Z\j ! N 1

+

where

Doats@m)i» Dset, 0ATS(3m) are the same as in Equation (B.15);
N, is the number of values larger than the average value;
is the one-side standard deviation of the deviations for ong set

of 1 000 EUTs of the 3 m OATS test method.

Sset (DoaTs3m))

This approach gives a worst-case estimation. A more precise result can be. obtained by
considering the skew of the CDF.

From the standard deviations of the deviations for each EUT volume size;, next the maximum
value is determined. This maximum is taken as a safe approximation pfithe uncertainty.

max Sset (Doats(zm)) (B.18)

UaTMinherent = UoATS(3m)inherent ¥ Simaxvol (DoaTs(am)) = [
number of radiators

The uncertainty values are given in Figure B.18 and givernumerically in Table B.5.

UoATS (3 m), inherent

| 1 | |

100 200, 300 400) 5001 600 700: 800 MHz 1000

f ——=
IEC 1719/06

05 | | | 1 |

Figure B.18 — Uncertainties due to the unknown EUT characteristic for 3m OATS
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Table B.5 — Uncertainties in dB due to the unknown EUT characteristic for 3 m OATS

Frequency in MHz v = (30 cm)3 v = (60 cm)3 v = (90 cm)3 v =(120 cm)3
30 3,38 3,09 2,78 2,50
50 1,80 1,57 1,53 1,61
70 0,97 1,17 1,34 1,53
90 0,93 1,27 1,43 1,65
110 1,13 1,44 1,62 1,76
130 1,40 1,72 1,80 1,87
150 1,87 2,06 1,92 1,92
170 2,28 2,20 1,96 1,92
190 2,43 2,25 1,99 1,91
210 2,43 2,13 1,96 1,85
230 2,27 1,96 1,88 1,79
250 2,09 1,94 1,78 1,70
270 1,96 1,89 1,70 1,57
290 1,81 1,82 1,59 1,49
310 1,70 1,72 1,47 1,43
330 1,62 1,60 1,39 1,38
350 1,57 1,53 1,32 1,40
370 1,47 1,47 1,31 1,37
390 1,43 1,51 1,35 1,37
410 1,47 1,52 1,38 1,36
430 1,50 1,53 1,38 1,31
450 1,55 1,52 1,41 1,27
470 1,60 1,53 1,43 1,28
490 1,66 1,54 1,40 1,28
510 1,70 1,53 1,41 1,32
530 1,74 1,52 1,37 1,30
550 1,75 1,49 1,36 1,22
570 1,77 1,48 1,35 1,20
590 NS 1,46 1,35 1,18
610 1,73 1,45 1,36 1,22
630 1,72 1,44 1,33 1,23
650 1,70 1,42 1,33 1,23
670 1,73 1,40 1,31 1,19
690 1,73 1,38 1,32 1,21
710 1,74 1,38 1,33 1,21
730 1,72 1,36 1,29 1,25
750 1,70 1,34 1,25 1,21
770 1,70 1,33 1,24 1,20
790 1,69 1,33 1,25 1,15
810 1,68 1,31 1,25 1,16
830 1,65 1,31 1,25 1,16
850 1,59 1,30 1,25 1,15
870 1,53 1,30 1,26 1,16
890 1,50 1,30 1,30 1,18
910 1,45 1,31 1,23 1,14
930 1,43 1,31 1,19 1,13
950 1,42 1,29 1,17 1,16
970 1,41 1,28 1,18 1,16
990 1,41 1,27 1,19 1,15
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From the set of calculated deviations, a 95% tolerance interval can be determined. Using the

approximated. For the alternative test method, the coverage factor is

katm = K1 0ATS(3m) ~ 2.3 (B.19)
where
Katm is the coverage factor for the alternative test method
K.oaTs(am) is the coverage factor for the 3 m OATS test method derived from the values

larger than the average

The coverage factor of the established test method is as given in B.1.1.5, Equation(B.11)

B.2.1.6 Estimate the expanded uncertainties of the test methods (se€6.7)

The instrumentation uncertainties and the uncertainties due to the EUTIcharacteristics must
be combined into one standard uncertainty using Equation (7) from 6¢7~The differences in the
instrumentation uncertainty for different frequency range and polarisation are negligible, such
that one uncertainty for all cases is sufficient. The combined and‘the expanded uncertainties
are not given here numerically, because the EUT-dependent uncertainty depends on
frequency. Figure B.19 displays the expanded uncertainties. @b the alternative test method for
a coverage factor of k = 2.

8‘5 T T T T T T T T T
v=@0cm)® —e—
dB - v = (60 cm)3 _+_ T
' v=(9cmy® O
| 3 - -
75F v = (120 cm) 1

UoaTts 3 m)

5’0 | | | | | | | |

100 200 300 400 500 600 700 800 MHz 1000
_ r-

f IEC 1720/06

Figure B.19 — Expanded uncertainties (k = 2) of alternative test method [OATS (3 m)]
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B.2.1.7 Calculate the average conversion factor (see 6.8)

According to 6.8 Equation (14) the average conversion factor can be calculated from the
measurement results of the EUTs. For each set of EUTs the average conversion factors are
given by

_ 1Y
Kset =NZ(EOATS(1Om)i — Eoats(am)i) (B.20)
i=1
where
N, i are given in Table 2;
Eoats@m)i is the same as in Equation (B.14);
Eoats(iom)i s the same as in Equation (B.2);
Rset is the average conversion factor for a set of EUTs.

From this, the maximum values for each EUT volume size are searchged to find the maximum,

Kmax,vol = max Kset (B.21)
numbers of radiators
where
Kset is the same as in Equation (B.12);
Kmax vol  is the maximum average conversion factor for one assumed EUT volume.

These maximum values are displayed. ifn Figure B.20 and are given numerically in Table B.6.

_7,6 T T T T
dB
-8,0
-8,2
-84
-8,6

88
-9,01,
-9,2
-9,4

Kipax vol

-9,6

98 1 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 MHz 1000
f —_— -

IEC 1721/06

Figure B.20 — Maximum average conversion factors
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Table B.6 — Maximum average conversion factors in dB between 10 m and 3 m OATS

Frequency in MHz v = (30 cm)3 v = (60 cm)3 v =(90 cm)3 v =(120 cm)3
30 -9,45 -9,08 -8,76 -8,43
50 -9,45 -8,96 -8,68 -8,45
70 -9,56 -9,10 -8,76 -8,59
90 -9,63 -9,16 -8,78 -8,47
110 -9,61 -9,12 -8,69 -8,35
130 -9,51 -9,01 -8,61 -8,33
150 -9,37 -8,93 -8,61 -8,41
170 -9,22 -8,90 -8,69 -8,51
190 -9,16 -8,94 -8,78 -8,58
210 -9,19 -9,03 -8,85 -8,59
230 -9,27 -9,11 -8,85 #8,53
250 -9,35 -9,12 -8,77 8,42
270 -9,40 -9,07 -8,64 -8,28
290 -9,38 -8,92 -8,46 -8,07
310 -9,28 -8,71 -8,27 -7,89
330 -9,10 -8,48 -8,11 -7,78
350 -8,84 -8,31 -8,02 -7,75
370 -8,58 -8,22 +8,01 -7,75
390 -8,44 -8,23 -8,04 -7,78
410 -8,46 -8,30 -8,08 -7,82
430 -8,56 -8,38 -8,10 -7,85
450 -8,67 -8,44 -8,12 -7,87
470 -8,77 -8,49 -8,10 -7,88
490 -8,86 -8,51 -8,08 -7,88
510 -8,93 -8,50 -8,05 -7,89
530 -8,98 -8,48 -8,04 -7,90
550 -9,00 -8,44 -8,06 -7,91
570 -8,99 -8,40 -8,07 -7,95
590 -8,96 -8,37 -8,08 -7,98
610 -8,93 -8,36 -8,08 -8,02
630 ~8,88 -8,36 -8,08 -8,07
650 8,84 -8,36 -8,08 -8,12
670 -8,81 -8,36 -8,10 -8,19
690 -8,80 -8,35 -8,13 -8,27
710 -8,81 -8,33 -8,15 -8,32
730 -8,84 -8,31 -8,20 -8,37
750 -8,86 -8,30 -8,25 -8,42
0 -8,88 -8,31 -8,31 -8,46
790 -8,89 -8,31 -8,38 -8,47
810 -8,88 -8,33 -8,46 -8,48
830 -8,85 -8,34 -8,53 -8,50
850 -8,78 -8,38 -8,59 -8,50
870 -8,69 -8,42 -8,63 -8,50
890 -8,60 -8,48 -8,65 -8,50
910 -8,55 -8,53 -8,65 -8,52
930 -8,54 -8,59 -8,66 -8,53
950 =8,56 =865 =867 =854
970 -8,61 -8,70 -8,68 -8,54
990 -8,68 -8,72 -8,69 -8,54
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B.2.1.8 Verify the calculated values (see 6.9)

For verification of the values of the 3 m OATS test method the same considerations as In
B.1.1.8 are applicable. Consequently, the same specimen EUT is used for verification
measurements.

The measurements are performed using two different orientations of the specimen EUT: one
measurement series with the orientation shown in Figure B.10, and the other with the EUT
rotated by 90° around the x-axis.

-2 T T T T T T T T T T
Statistical model: tolerance interval -
dB F Specimen EUT simulation ----- .
: Measurements
-6 _Ib. Specimen EUT simulation (90°) = — -

DoaTs (3 m)

-18 | | | | 1 1 | | | |

100 200 300 400 500600 700 800 MHz 1000
B — =
f IEC 1722/06

Figure B.21 — Deviations of the'specimen EUT: Open area test site (3m)

Figure B.21 shows the deviations-of the specimen EUT from the reference quantity. The
statistical EUT model with v =(30cm)3 is chosen for comparison with the values of the
specimen EUT. For each number of radiators one 95% tolerance interval is shown (dotted
lines). For the specimen EUT the measured as well as the calculated deviations from the
calculated reference quantity are shown for both orientations of the EUT.

Except for one data*point, the measured values deviate from the tolerance interval in a range
of up to 1 dB. This deviation is smaller than the instrumentation measurement uncertainty
given in CISPR16-4-2:20022011. One measured value (210 MHz with EUT in normal
orientation) deviates about 6 dB from the tolerance interval. These deviations are not seen in
the specimen-EUT simulation results; therefore, these deviations can be considered to be due
to measurement uncertainties. In that case the results of the specimen EUT support the
statistically-derived deviations from the reference quantity, and also the derived conversion
parameters.

B.2.1.9 Apply the conversion (see 6.10)

Figure B.22 shows a sample of measured values with their expanded uncertainties from an
OATS (3 m) emission measurement. The measured EUT has a maximum dimension of 0,3 m.
The converted limits according to 6.10 Equation (15) are shown in Figure B.23. Based on the
largest dimension of the EUT, the average conversion factors for the (30 m3) volume are
applied (see Figure B.20). The comparison of measured values with the converted limits must

consider the difference between the uncertainties of the alternative and established test
method. Figure B.24 displays the expanded uncertainties of OATS (10 m) and OATS (3 m) for
the EUT volume of (30 m3). As can be seen in that figure, the uncertainty for the 3 m open-
area test site test method in the frequency range from 110 MHz to 310 MHz is larger than the
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uncertainty of the 10 m open area test site test method. The maximum difference occurs
around 200 MHz, with a value of about 2 dB.

NOTE The increase of the uncertainty of the 3 m OATS procedure in this frequency range is due to the
measurements with vertical polarisation. Considering horizontal and vertical polarisation separately leads to
different uncertainties. To use these different uncertainties, a rule has to be established, which describes under
which conditions the conversions for horizontal, vertical or both polarisations shall be used.

At these frequencies, the converted limit has to be corrected using the magnitude of the
uncertainty difference, according to 6.10 Equation (17). The measured values can then be
compared with the corrected and converted limit line, as shown in Figure B.25. In this case]
the EUT fails due to the emission values at 190 MHz, 690 MHz, and 890 MHz.

60 T T T T T T T T T
dB(uV/m) |- _
50 |-
45

40 |

MoaTs (3 m)

30

25

20 1 1 1 1 1 1 1 1 1
100 200 300 400 500° 600 700 800 MHz 1000

f ——=
IEC 1723/06

Figure B.22 — Sample OATS (3m) measurement
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Figure B.23 — OATS (10 m) limit line converted to OATS (3 m) conditions
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Figure B.24 — Expanded uncertainties
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Figure-B;25 — Comparison of the corrected values with the converted limit

B.2.2 Small EUTs with cables

Results different from those shown in Clause B.2 are expected, but are presently under
investigation.

B.3 Example 3 — reverberation chamber measurement results compared to
10 m open-area test site results

Under consideration.
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Annex C
(infnrma_t_w_e)
Example of the application of the test method comparison Qc-

procedure based on measurement results

NOTE 1 The example described in this annex uses the results of a RRT with a CDNE. The correction of (1/
measurement results and missing data sets are deemed acceptable for the purposes of this demonstration. §Q

NOTE 2 A CDNE is defined in CISPR 16-1-2 as a coupling/decoupling network for emission measurement in

frequency range 30 MHz to 300 MHz. X
A
C.1 General (19
N -
A RRT was carried out by CISPR/A participants for estimating the conversi ctor for the
ATM “measurement of the disturbance voltage in the frequency range 3 z to 300 MHz

with a CDNE.” Six international test labs participated. X
QQ)

Three different representative EUTs were used. Figure C.1 a) ?QNS comb generator 1
radiating via the connected cable as well as via its case. (5 ure C.1 b) shows comb
generator 2 radiating via the connected cable that was fed waﬁ'typlcal EMI-mitigation filter.
Figure C.1 c) shows a luminaire downlight. '\Q)

The field strength measurement (i.e. ETM) was carried‘ogrusing a CDNE as a CMAD. Where
available for a given test lab, two different CDNEs fr@.dlfferent manufacturers were utilized.

NOTE A CMAD is defined in CISPR 16-1-4 as a common @e absorption device that can be applied on cables
leaving the test volume in radiated emission measuremer() educe the compliance uncertainty.

&

@Comb generator 1 b) Comb generator 2 c) Luminaire downlight

2 Figure C.1 — EUTs used during RRT

S

7~ C.2 Measurement of conducted disturbance using CDNEs

Figure C.2 shows the results of measurements of the asymmetric voltage using both CDNEs.
An approximately constant deviation of 10 dB for lab “F” in Figure C.2 b) can be seen. This

, Tt foTfart AN b ; "

uncertainty.

For the downlight results, one test lab used a measurement bandwidth of 10 kHz. A correction

of 10,8 dB is made, which allows inclusion of the measurement results. Further it should be
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noted that above about 130 MHz there are no EUT emissions. Therefore only measurement
results up to 130 MHz are considered.

%Q

Asymmetic voltage of comb generator 1 measured with CDNE-M2 Asymmetrical voltage of comb generator 2 measured with CONE-M3
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Figure C.2 — Measurement resu@f the asymmetrical voltage using both CDNEs

For estimating the SCU, the avb\ﬁé\ge of all T = 6 test labs for EUT i is calculated using
Equation (23). %)
)

For each frequency f an@%r each EUT /, the deviation Dpty;(f,/) between the measured

values’ average M‘{@ f)and each measured value My ;(f,/)is calculated using Equation
(24). c\)l;

N\
The experime al standard deviation of all these deviations Dty ;(7,/) is calculated to be
1,6 dB, Equation (25).

T lgr)certainty that causes this deviation depends on the measurement equipment and the
urement procedure. This uncertainty is the SCU, which is estimated by Equation (26).

Q‘Q The calculated deviations Damy ;(f, /), and the SCU of 3,2 dB, are shown in Figure C.2 d).

C.3 Measured disturbance field strength

This measurement procedure is the establlshed measurement procedure (ETM) W|th the
exception that then CDNE was used as a CMAD.

Figure C.3 shows the measured disturbance field strength. It can be seen in Figure C.3 b) that
lab “F” again has a systematic deviation of 10 dB. This measurement result of lab “F” is not
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taken into account for the SCU calculation. The measurement result of the downlight [Figure
C.3 ¢)] for lab “F” again contains a correction for a systematic deviation of 10 dB. This

O
&

measurement result was corrected to enable calculating the correction factor. The correction
was taken because half of all measurement results from this lab show the systematic
deviation of 10 dB from the average. Figure C.3 c) also shows a large deviation for lab “E.”
This measurement result is not considered.

Equations (23) to (26) were used to calculate the SCU of the field strength measurement. The
calculated SCU of 5,5 dB is very low for the field strength measurement with a connected

cable. This low value is the result of the exact termination of the cables with a CDNE, and@

shows that a CDNE can be used as a CMAD for field strength measurements.

x?\

Maximum field strength of comb generator 1 i field gth of comb g }\Qk\
60 50 ;]
- A N-
” 40 “-‘w!!%;‘ ‘\ O
- g LS -

E dB(uV/m)
&
4
E dB(uV/m)

IS
S

N _PX
N A
Wl/

180
f MHz

%
=~ 74

w
@

w
o

w
S

80 130 230 280

IEC IEC

a) Comb generator 1 b) Comb generator 2

Maximum field strength of the downlight Deviation Dgry (fj) and standard compliance uncertainty

Usce=5,5dB

10

o

E dB(uv/m)

&

Dgyy;and Usce dB

AN
o

&
&
A&

30 80 130 180

f MHz

230 280

IEC

N\

CJ—'or each of the measured frequencies, for each of the N EUTs, and for each of the T labs, the

d) Deviation and SCU

O
) c\;{:D\c')wnlight
N Figure C.3 — Measured disturbance field strength

-

C4 @ﬁversion factor for the measurement with a CDNE

@:g) ‘ The conversion factor

conversion factor K;(f,/) can be calculated using Equation (18).

Figure C.4 shows the frequency dependent results of K;(f,/). Figure C.5 shows the mean
value of the conversion factor for each ith EUT, as well as the mean value of the frequency

dpppndpnt canversion factors /?(f)smd its correlation function trend line  which uses 2

o

&S
N

polynomial of 2"d order. A commonly used electronic spreadsheet program indicates this trend
line as “poly(mean value K(f))", as seen in Figure C.5. This choice of a polynomial of 2"9 order

avoids a strong gradient in the lower frequency range. The conversion factor K(f) is
calculated using Equation (19).


https://standardsiso.com/api/?name=1586e87540fbaa838d33ca4386257e1a

CISPR TR 16-4-5:2006+AMD1:2014 - 63 -
+AMD2:2021 CSV © IEC 2021

Conversion factors K({(f,j) of all measurements The mean value of EUT's conversion factor K(f)
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The conversion factor /?(f) differs from that used in CISPR 15:2013 [;(E“ the conversion

factor from CISPR 15:2013 is -24 dB at 300 MHz (see Figure C.7). Th er calculated value
of about -17 dB may be caused by the radiation characteristics of t Ts. The precondition
for the ATM is that the main radiation from the EUT is via the copneeted cable, and therefore
a vertical polarization should be expected with the arrangem %ccording to Figure C.1. A
check of the polarization of the measured maximum field strength shows that the vertical as
well as the horizontal polarization show the maximum reading:

Figure C.6 shows the polarization’s mean value of th%n asured maximum field strength of all
labs for each EUT. The mean value indicates changes from vertical to horizontal
polarization and vice versa for the measuremen test houses. When all labs measured the
maximum field strength for the EUT with the \g}cal polarization, the indication in Figure C.6
is on the level “vertical”. If one lab meas&g the maximum field strength with horizontal
polarization, the indication goes down@ step. If all labs measured the maximum field
strength with horizontal polarization, indication is on the level “horizontal.” Figure C.6
illustrates that a larger EUT radiatesQ wer frequencies with horizontal polarization, and the
precondition for the ATM may be @stionable.

) Polarization of the d ‘;\& g! » Comparison K(f) with the limit in CISPR 15
X }
O s RN ™ VA /

:‘(E \ \{‘Y \ / ——comb1-gen. "%-25 N
: \ & \/T /va\\ o L e
- 2-30

] A s /
RN LV \/
) wQ 80 130 180 230 280 o 10 100 1000
fay f MHz IEC f MHz IEC
\J
Q)\ Figure C.6 — Measured polarization Figure C.7 — Comparison with

Q~Q CISPR 15:2013
%Qv C.4.2 Uncertainty of the conversion factor

The uncertainty of the average conversion factor /?(f) can be estimated by the deviations

factori?(f), and the standard deviation sy of Dy (7, /).

The experimental standard deviation has been calculated to be 2,65 dB using Equation (21).
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The resulting expanded uncertainty Uy of the conversion factor is calculated by Equation (22).

O
&

Figure C.8 shows the deviations Dy, (f,/) of each conversion factor from the mean value of

the EUT. That means in Equation (19) /?(f) is replaced by /?,-(f), i.e. the conversion factor for Cf
each EUT. The uncertainty of the conversion factor due to the SCU is 5,3 dB. (1:\
Q

Because the conversion factor of each EUT is different, the limit for the ATM should be in line (l/
with the average of all K;(f,f), or the correlation function poly (mean value) shown in Figur Q

C.5. Figure C.9 shows that the distribution of the deviation Dy, (f, /) of each individual

increases if the trend line [poly (mean value K(f))] is used as the reference for the caICL&ﬁion
of D ;(f, /). Therefore the uncertainty of the conversion factor Uk increases to 8,4 ¢B&.

The results of the RRT are in line with the presentation [11] that ha:\@%n that the

conversion factor of different modelled large EUTs deviates mostly less th dB from the
selected conversion factor.

X
o
Dy (f) of the available measurement results referred to each EUT's Dy (f;j) of the available me nent results referred to the EUT's
average and its uncertainty Uy = 5,3 dB averages trend line [p?q(/ an value (K(f))] (Ux = 8,4 dB)
15 15 2 * -
o o 1 NS
¥ VAN .. & Va) Y.
3 w18 g AR D PR
i ™y NN
S com2 0 o A AR N
g Pt E A : . \
@ > o P\l /
o - F 8Q §
\%, f \ A
= O / \
. 1 .
e 30 80 130 180 230 280 o
f MHz (//EQ f MHz IEC
\
Figure C.8 — Deviation of the cog?rsion Figure C.9 — Deviation of the
factors from the aver conversion factors from the
conversion factor of ea@ ut trend line [poly (mean value K(f))]

&
C.4.3 Applying the cqné&‘sion factor

The limit of an est shed test method can be converted into limit conditions for an
alternative test thed using the average conversion factor and consideration of Aggs, i-€.

the difference af\Uatym and Uscerm according to Equation (27).
Untm is@‘et’ermined according to Equation (32). The uncertainty Ug,r is calculated by
Equa@ (29), (30), and (31) to be 5,6 dB. Consequently UpT)y becomes

O.

Q)\ Uptm =562 +32%2 =64 in dB.

Therefore Apeas 1S

Ameas = 6’4_USC,ETM in dB.
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Uptm is less than the estimated Ugggmy, and hence A < 0. Therefore for the

meas —

AL

(32) and (15), which gives Equation (C,.1):

Latmu = Letm —K(f).

(C.1)
Q
S
N
X
A
S
'\ .
R
?\
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Annex D
(infnrmg_t_w_e)
Statistical method for conversion of disturbance limits from radiated C)c"

disturbance established test methods to the RC test method N

D.1 General

v
O
Radiated disturbance established test methods (ETMs) measure field strength at a speci@
distance from an EUT, whereas the RC test method (alternative test method, ATM) meastires
the radiated power from an EUT. Because the EUT directivity varies from type ype,
statistical techniques are used to derive conversion factors from ETM results to Aﬂ?results.
With increasing electrical size of an EUT, the complexity of an EUT’s radiaﬁo pattern
increases
(see Wilson [17]). @
XX

Wilson [17] explains how the electrical size of an EUT is established b quantity ka, where
k = 2n/A is the wave number, and « is the radius of the minimum ere that encloses the
EUT. The preceding concept applies for this entire annex. An EYT.%s considered electrically
large, if ka > 1, and it is electrically small, if ka < 1. Figure D.&s ows an example radiation
pattern for a simulated electrically-large emitter. Table D.1 vides the EUT dimensions for
the transition from electrically small to electrically large as d¥unction of frequency.

Wilson [17] also provides a statistical estimate o B for the probability of finding the
maximum radiation between a planar-cut scan @ .an EUT rotation without an antenna
height scan) and a full-sphere scan valid for v arge EUTs. Thus, the planar-cut scan is
regarded as a reduced sampling procedure fof finding the maximum field strength of an EUT.
This also means that the radiation limit for s‘{ull-sphere scan of a large EUT can be reduced
by a conservative amount of 3 dB if the fQ-sphere scan is replaced by a planar-cut scan.

\ Planar cut X-plane

S\S 90 25

S

A’\tho ------
xO
o ¥ o
\\C) ; . 3N _
O 180 ===k me e T e . S dagsdeees i----10

~ -
~a -
........

IEC

NOTE The Y-plane and Z-plane patterns have similar characteristics, but normally only a single lobe in one plane
reaches the maximum (i.e. amplitude of 25 in this example).

Figure D.1 — Simulated radiation pattern of an electrically large emitter
(50 cm radius, ka = 10,5 at 1 GHz) in a single plane (X-plane) (Wilson [17])
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Table D.1 — Overview of EUT diameters (= 24) at the transition

from electrically small to electrically large (from [17])

Frequency k ka radius « diameter
MHz 1/m cm cm
30 0,6 1,0 159,2 318,3
100 2,1 1,0 47,8 95,5
200 4,2 1,0 23,9 47,7
500 10,5 1,0 9,6 19,1
1000 20,9 1,0 4,8 9,6
2 000 41,9 1,0 2,4 4,8
5000 104,7 1,0 0,9 1,9
10 000 209,4 1,0 0,5 1,0
20 000 418,9 1,0 0,2 0,5
40 000 837,8 1,0 0,1 0,2

D.2 Models for EUT directivity

For a starting point Annex H of IEC 61000-4-20:20— [18] ‘ses a Hertzian, i.e. short, dipole
(Dmax = 3/2, and D is directivity) as a model for an EUT.“For the Hertzian dipole in free space
(at an FSOATS/FAR) the linear conversion factor k can be calculated using Equation (D.1):

3 o
E2 =X
M %2 4nd?

sz%ax_g Z0) (D.1)
Pr 2 4na? .
where

7o is the free space,Wave impedance (approximately 120n Q);

d is the measurement distance.

Ford = 3 m,.k"= 5 V2/(m2W).

For a-Hertzian dipole in half space (at an OATS/SAC) a geometry factor g, is included,
taking-into account the reflection from the ground plane, per Equation (D.2):

3 g 2
g2 =>"M g2 p
max 24nd2 gmax

E2 3
k=—gfx _54;7(:12 gr?nax (D.2)

Ford =10 mand g.,., = 2, k = 1,8 V2/(m2W).

Smax
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For the Hertzian dipole model, the conversion factor is independent of frequency. Using
Equation (36) (see 8.1) the logarithmic conversion factor is K = 2,6 dB for the OATS/SAC to

?\

RC conversion in the frequency range 80 MHz to 1 000 MHz, and K = 7,0 dB for the .
FSOATS/FAR to RC conversion in the frequency range 1 GHz to 40 GHz. These conversion C
factors are useful for comparison with the values in D.3. Q‘

As frequency increases, the directivity increases. Krauthduser [19] shows and compares
different expressions; see Figure D.2. For modelling the directivity of unintentional radiators, (1/
Krauthauser [19] applies two different simulations: 1) the spherical wave expansion, and 2 Q
the Monte-Carlo method of isotropic point sources. Reference [19] establishes a link betwe

the two methods - the two models are statistically equivalent for certain values of ka!
relationship for the number of sources as a function of ka necessary to achieve quyéient

distribution functions is given. The number of angle steps to calculate the directivitie% large
EUTs is also described. '\(],
: ! W
2
% 14 —— Heuristic formula by Kildal / / / x?\
.5 = Supremum (3D) by Hansen (O
——— Huygen'’s source
—— Large aperture limit ,
1271 Short dipole :47/ /
——— Expectation value (3D, y = 1)
10 |l — Expectation value (one cut, y=1) y\
——— Expectation value (3D, p =0,5) Q~
- Expectation value (one cut, u =0,5) & / / / /
g | —o— Dipole antenna
——

— E SIS 2

"N
(( O
o
2 £ N [ | —
[ X
N -
0 @ -
0,1 LS 1 10
O Electrical size ka
\j;\' IEC
QS

NOTE The two@ for “Huygen’s Source” and “Short Dipole” are defined for ka = 0,1z only, and therefore are
only visible in thefower left corner.

-

@ re D.2 — Comparison of different expressions for maximum directivity
Q of antennas and unintentional emitters as a function of electrical
O . size ka. u is the polarization mismatch factor

N\

Q‘Q .3 Results of modelling

Krauthauser [19] provides conversion factors as a function of frequency and EUT size from
OATS/SAC to RC, as shown in Figure D.3.

Conversion factors k(f) of Table D.2, Table D.3 and Table D.4 are taken from the ‘mean’

curves. To convert field-strength limits to limits of the transmitted power, values in dB are
more practical [K(f) = 10Igk(f)]. Consequently, Pjinit = Ejimit — K(f) [see Equation (15) in 6.10,
and Equation (35) and Equation (38) in 8.1]. If conversion factors for other EUT radii are to be
determined, interpolation should be done between the mean-value curves of Figure D.3.
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Table D.5 shows an example of limits for E and P for a =
environment.

0,75 m for the residential

The values for the standard deviations ¢ in the tables are obtained by dividing the difference
between the mean and the quantile values of K(f) by 1,645, assuming a normal distribution
(the factor applies for 5 %, 95 %); e.g9. ¢ = (K(230)g5 o, = K(230)1,04n)/1,645 = 1,34 dB for a =
0,75 m at 230 MHz. The variable ¢ is the standard uncertainty of the conversion factor. In the

diagrams of [19], ¢ increases when k(f) approaches 0.

€ 4 x¥
= 12 X
.E'_ 10 —F - (-\ =
E R “ "4 <7
~ v N
x oo -
L8 - T
- P _A
A |
e (NI
Nkl M N
6 . Y ".-." ‘,-\ P SL
- . P ..’_.. (“—'v” 1 ——
PIE whee™ A T N o
4 PG P T P A I et = 1]
e e // T R T
gt 0 e oooe®® 7~ P -
e — R Pk SO N = e e[ 2 Lot
% e N P 000000 © 00yt ealoe ote N Oe e0e B[P e | /‘ =3 N [ " all
5 = 2~ )
T b1 —’4'%-—
[— -]~
.'%-— P -l
 — P T =l I e P 3 ]
o P Y e N o ) e B -
10 1@ 1000
Frequency / MHz

----- a=2,5m, 95 % percentile  «+<++ ac= 075 m, 95 % percentile <--<- a=0,1m, 95 % percentile
= g =25 m, mean ,75 m, mean =g = 0,1 m, mean
= =a=25m,5 % percentile -Q a=0,75m, 5 % percentile == =a=0,1m,5 % percentile

O IEC
N

NOTE Data for « = 0,1 m, 0,75 m a
Magdowski using Krauthauser’s materlé

Figure D.3 — Conve \g”bn factors (mean and quantile values) from OATS/SAC
(measurement distance of 10 m) results to RC results and different radii «
of thk\surroundlng sphere as a function of frequency

xO

ble D.2 — Conversion factors (mean, quantile values,

,5 m directivities (instead of 100 as in [19]) were provided by Dr.

1000

and standard deviation o) fora = 0,1 m
; B
Mtz (‘5® 80 230

Quanfid | () () o 0 () o k() K(/) o
e} a/m? | dB@Qm?) | 48 am? | dB@m?) | 48 am? | dB@/m?) | 48
S‘ds % 2,81 4,49 2,71 4,31 6,34 2,23 578 7,62 1,55

=
Mean 1,05 0,21 1,82 2,60 3,23 5,09
5% 0,158 -8,0 4,89 0,532 2,74 3,29 1,47 1,67 2,07
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and standard deviation o) fora = 0,75 m
f
MHz 80 230 1000
Quantile k() K(f) o k() K(f) k() K(f) o
Q/m?2 dB(Q/m?) dB Q/m?2 dB(Q/m?) Q/m?2 dB(Q/m?) dB
95 % 4,31 6,34 2,1 5,86 7,68 1,34 8,93 9,51 1,03
Mean 1,88 2,74 3,57 5,53 6,12 7,87
5% 0,62 -2,1 3,03 1,87 2,72 1,67 3,64 5,61 1,34
Table D.4 — Conversion factors (mean, quantile values,
and standard deviation o) fora = 2,5 m
f 80 230 1000
MHz
Quantile k() K(f) o k() K(f) o k(@) K(f) o
Q/m? | dB(Q/m?) dB Q/m? | dB(Q/m?) dB Qm? | dB(Q/m?) dB
95 % 5,84 7,66 1,92 8,39 9,23 1,24 11,43 10,58 1,3
mean 2,82 4,50 5,18 7,14 8,22 9,15
5% 1,10 0,41 2,48 3,0 4,77 N7 5,00 6,99 0,88

Table D.5 — Example of disturban¢é limits for a = 0,75 m
(EUT diameter 1,5 m) for the€sidential environment

Ml 80 230 230 1000
dBj(EﬂT/i/tm) 30 30 37 37
dB(]g//()mz) 274 5,53 5,53 7,87
dg'(iB”\i/t\/) 27 24 31 29

gt -63 -66 -59 -61
m

Above 1 GHz,the’ETM is measurement at an FSOATS/FAR with ¢ = 3 m. Figure D.4 shows
the results of modelling.

The cohversion factors of Table D.6, Table D.7, and Table D.8 for frequencies of 1 GHz, 3
GHz,\and 6 GHz are taken from the mean values in Figure D.4 with a = 0,75 m.

Table D.9 shows an example of limits for E and P for a
environment.

0,75 m for the residential
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Figure D.4 — Conversion factors (mean an %ntile values) from FSOATS/FAR
(d = 3 m measurement distance) resul RC results and different radii a
of the surrounding sphere(as a function of frequency

Table D.6 — Conversion factors (mean, quantile values,

d of 100 as in [19]) were provided by Dr.

and stand eviation o) fora=0,1m
N
f S
ol 1 0.\ 3 6
Quantile | k() k|2 k() K() o k() K(f) o
o/m? | dB(Q/MA)  dB Q/m2 | dB(Q/m2) dB Q/m2 | dB(Q/m2) 4B
£
95 % 14,80 11,@{0 1,59 18,54 12,68 1,43 20,02 13,01 1,28
mean 797 | xQo1 10,70 10,29 12,8 11,07
5 % 3,22. (‘_,‘\‘ 5,08 2,43 5,29 7,23 1,88 6,74 8,29 1,59
AN

O
Q-
O

Table D.7 — Conversion factors (mean, quantile values,
and standard deviation o) for ¢ = 0,75 m

\%Oﬁiz’ 1 3 6
Pavantile k(f) K(/) o k(f) K(/) o k(f) K(/) o
Q/m? | dB(Q/m?) dB Q/m? | dB(Q/m?) dB Q/m? | dB(Q/m?) dB
95 % 21,0 13,22 1,25 24,65 13,92 1,19 26,52 14,24 1,06
Mean 13,0 11,14 15,8 11,98 17,8 12,50
5% 7,33 8,65 1,53 9,13 9,6 1,43 10,23 10,1 1,45
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Table D.8 — Conversion factors (mean, quantile values,
and standard deviation o) fora=2,5m

f
GHz 1 3 6
Quantile k(f) K(f) o k(f) K(f) o k(f) K(f) o
Q/m? dB(Q/m?) dB Q/m? | dB(Q/m?) dB Q/m? | dB(Q/m?) dB
95 % 24,65 13,92 1,11 27,8 14,44 0,997 29,97 14,77 0,93
mean 16,20 12,10 19,2 12,83 21,0 13,22
5% 9,70 9,87 1,35 11,66 10,67 1,29 13,1 11,17 1,28
Table D.9 — Example of disturbance limits for a=0,75 m
(EUT diameter 1,5 m) for the residential environment
f
GHz 1 3 3 6
E .
|
dB(p'R"/'/tm) 50 50 54 54
K(/)
dB(Q/m?) 11,14 11,98 11,98 12,50
Py
aB(W) 39 38 42 41
Rt -51 -52 -8 -49

Figure D.5 (mean values) can be used for ifterpolation purposes if conversion factors for
other EUT radii are to be determined.
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NOTE Data for ¢ = 0,75 m and 2,5 m, and 1 000 directivities (instead of 100 as in [19]) were provided by Dr.
Magdowski using Krauthduser’s material.

Figure D.5 — Conversion factor (mean and quantile values) from FSOATS/FAR results
to RC results for d = 3 m measurement distance as a function of electrical EUT size ka


https://standardsiso.com/api/?name=1586e87540fbaa838d33ca4386257e1a

CISPR TR 16-4-5:2006+AMD1:2014 -73 -
+AMD2:2021 CSV © IEC 2021

The measurement results M(f) and the deviations D(f) in Equation (1) (see 6.4) and Equation
(18) (see 7 2 1) are logarithmic quantities and the caonversion factors l?(ﬂ in Fquation (12)

Q
3
S
s

(see 6.8) and Equation (19) (see 7.2.1) are mean values of logarithmic quantities; however,
the conversion factor K(f) in Equation (37) (see 8.1) and in this annex is the logarithm of the

conversion factor k(f), which is the mean value K(f) of individual linear conversion factors ki(f).
Because the logarithm is a non-linear transformation, the difference between the logarithm of

the mean of individual linear conversion factors K, mean(f) =10Igl?(D=1OIg[1/NZ'¥ k;(f)] and the (-1:1/

mean of individual logarithmic conversion factor
Kiog mean () = K(f =1/NZ'¥ K;(f) = 1/NZ'¥ 10lgk; (f) is of interest. This difference was investig

by Dr. Magdowski using Krauthduser’s material with the results listed in Table D.10 and%ble
D.11, showing that the dispersion of conversion factors decreases with increasing fre%l ncy.

Table D.10 — Comparison of Ki, yean(f) and Koy mean(f) for the con\®'§ibn
of OATS/SAC (d = 10 m) results to RC results for a = 0,75

Ny

fIMHz 30 | 80 | 230 | 1000 o
Kin mean(N/dB | 0,84 | 2,73 | 552 | 7,86 QQ
Kiog mean(V/dB | =1,59 | 1,90 | 5,22 | 7,70} (1’

7/

Table D.11 — Comparison of Kjj, mean(f) and K44 @(f) for the conversion
of FOATS/FAR (d = 3 m) results to RC @u tsfora=0,75m
A

fIGHz 1 3 AQ. 10 40
Kiin mean()/dB | 11,13 | 12,01442,50 | 12,82 | 13,60
K (H/dB | 10,90 1@" 12,33 | 12,67 | 13,47
log mean ’ ¢ ’ ’ !
N
@)
D.4 Instrumentation uncertaintéér radiated disturbance measurement results
in an RC

S
D.4.1 Measurand for radiated disturbance measurements using an RC

P Radiated power, in @(pW),

against powerA{@ s converted from 10 m OATS/SAC results for 80 MHz to 1 000
MHz

against pow@ limits converted from 3 m FSOATS/FAR results for 1 GHz to 18 GHz

NOTE Measure f\ng-?esults taken in a reverberation chamber are compared to the limit of radiated power defined
in a product sta@;rd between 80 MHz and 1 GHz, and between 1 GHz and 6 GHz. 0 dB(nV) = =17 dB(pW) in a
50 Q system, *,

D.4.2 Cﬁmbols of input quantities common to all disturbance measurements
aCO .~ attenuation of the connection between the receiver and the RC, in dB
@ correction for the error caused by mismatch, in dB

%Vr receiver voltage reading, in dB(pV)

Vew correction for the receiver sine wave voltage inaccuracy, in dB
Vpa
Vpr
SV_. correction for the effect of the receiver noise floor, in dB

correction for the imperfect receiver pulse amplitude response, in dB

correction for the imperfect receiver pulse repetition rate response, in dB

q

D.4.3 Symbols of input quantities specific to RC measurements
Fe, chamber validation factor, in dB
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3P correction factor for the field non-uniformity in the EUT volume, in dB

nonunif

OT'EUT size TTee " ; IO e 7 1h

(&
D.4.4 Input quantities to be considered for radiated disturbance measurements using y\o
an RC Qq/
a) Receiver reading (l/
b) Cable attenuation between RC and measuring receiver Qq/
c) Receiver related input quantities
1) Sine wave voltage accuracy ,\b‘x

2) Pulse amplitude response (19
3) Pulse repetition rate response N
4) Noise floor proximity @Q
d) Mismatch effects between RC receiver port and measuring receiver _
e) Chamber validation factor
f) Effect of field non-uniformity in EUT volume (see Annex B of I%?C,(&OOO -4-21:2011[22])

g) Effect of deviating directivity due to EUT size deviating fror&'t e assumed reference EUT

size

'\
D.4.5 Uncertainty budget for radiated disturbanoégzasurement results using an RC

The measurand P is calculated using model Equat@%ﬁ):
o
P=V +a +Fy+ 6V, +61, +6%96F +6M +6 Py + 6 Per s —17 dB (D-3)
—¥r C o W nf nonunif &UT size

Table D.12 (80 MHz to 1 000 X and Table D.13 (1 GHz to 6 GHz) show example
uncertainty budgets for radlatec@lsturbance measurement results using an RC.

R
o
A\
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Table D.12 — Uncertainty budget for radiated disturbance measurement
results using an RC from 80 MHz to 1 000 MHz (example)

— 75—

Uncertainty of x; ¢ u(x,)P
Probability
distribution
Input quantity? X; dB function dB
Receiver reading®"’) v, +0,1 k=1 0,10
Attenuation: RC-receiverP?) a, +0,2 k=2 0,10
Receiver corrections:
Sine wave voltageP?) S, +1,0 k=2 0,50 |
Pulse amplitude response®?) &V a +1.5 Rectangular 0,87 Q\
Pulse repetition rate responseP*) Ve, 1,5 Rectangular 0,8,
Noise floor proximityP®) SV +0.3 Rectangular .\@7
Mismatch: RC-receiverP®) M +0,79/-0,87 U-shaped ?3‘0,58
Chamber validation factorP?) F,, £1,5 k=2 (\@ 0,75
Field non-uniformityP8) OP - onunit £3,5 k )~ 3,5
Deviation from reference EUT sizeP) | 6P_ ¢ (o £1,0 Iie,ﬁgﬁgular 0,58

a  Superscripts (e.g. °")) correspond to the comments in D.4.6.

W
NO

b Alle,=1.

NOTE The distribution function is normal, unless otherij xpressed in the table.

Q.

Hence, the expanded uncertainty is U(P) = 2ucgg-9 ,82 dB.

Table D.13 — Uncertainty budget for é\diated disturbance measurement results
1 GHz to 6 GHz (example)

using an RC fr

D)
\\\( Uncertainty of x; ¢ u(x,)P

S\Q Probability

<@ distribution
Input quantity@ X; dB function dB
Receiver readingP" 0@ v, +0,1 k=1 0,10

X
Attenuation: RC-reeeiver?) a, +0,4 k=2 0,20
] \9
Receiver co{r#gc ons:
Sine wawsUltageP?) oV, +15 k=2 0,75
Noise flodr proximityP?) Vs +0,1/0,0 Rectangular 0,06
l\@va’tch: RC-receiverP® M +0,79/-0,87 U-shaped 0,58
.

\awmber validation factorP”) F, +1,5 k=2 0,75
Field non-uniformity®8) - +2.0 k=1 2,0
Deviation from reference EUT sizeP) | 6P 1 1o £1,0 Rectangular 0,58
a  Superscripts (e.g. ")) correspond to the comments in D.4.6.

b All¢ =1,
The distribution function is normal, unless otherwise expressed in the table.

) Hence, the expanded uncertainty is U(P) = 2u(P) = 4,84 dB.

NOTE The expanded uncertainties per Table D.12 and Table D.13 are typical values only and are not intended to

become values for U gpg-
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D.4.6 Rationale for the estimates of input quantities for radiated disturbance
measurement results using an RC

NOTE 1 Comments in D1) through D6) are adapted from CISPR 16-4-2 [24].

D1) Receiver readings will vary for reasons that include measuring system instability and
meter scale interpolation errors. The estimate of V. is the mean of many readings
(sample size larger than 10) of a stable signal, with a standard uncertainty given by the

experimental standard deviation of the mean (k = 1).

D2) An estimate of the attenuation a. of the connection between the receiver and the RC |SQ(1/
assumed to be available from a calibration report, along with an expanded uncertam@
and a coverage factor.

NOTE 2 If the estimate of attenuation a_ is obtained from manufacturer’'s data for a cable or atten %gr a
rectangular probability distribution having a half-width equal to the manufacturer’s specified tolerﬁ on the

attenuation can be assumed. If the connection is a cable and attenuator in tandem, with manuf er’'s data
available on each, a. has two components, each with its own rectangular probability distributig{..

NOTE 3 In the frequency range below 30 MHz, the estimate of the expanded uncertai is 0,1 dB, from

30 MHz to 1 000 MHz it is 0,2 dB, from 1 GHz to 6 GHz it is 0,3 dB, and from 6 GHz t Hz it is 0,6 dB,
with a coverage factor of 2. A lower estimate for this uncertainty contribution can be ved using a vector
network analyzer for the cable calibration. X

D3) An estimate of the correction 67,, for receiver sine-wave volta %accuracy is assumed
to be available from a callbratron report, along with an ex ded uncertainty and a
coverage factor.

NOTE 4 If a calibration report states only that the receiver sn@ykﬂ/e voltage accuracy is within the
CISPR 16-1-1 tolerance (2 dB), then the estimate of the correctio is taken as zero with a rectangular
probability distribution having a half-width of 2 dB. If the ¢ n report states a value less than the
CISPR 16-1-1 tolerance (e.g. 1 dB), then the stated valu &?ed in the uncertainty calculation, not the
stated uncertainty value of the calibration process. If the tlon report provides detailed deV|at|ons from
reference values, then the reported deviations and the u |nt|es of the calibration laboratory can be used
to determine the uncertainties of the measuring receiv%

D4) In general, it is impractical to corregt»
characteristics.

for imperfect receiver pulse response

The requirements in CISPR 16- 1% %all be used as the reference for uncertainty
estimation. A verification repor, t|ng that the receiver pulse amplitude response
complies with the CISPR 16-1:1<tolerance of £1,5 dB for peak, quasi-peak, average or
RMS-average detection is q@ ed to be available. The correction Vpa is estimated to
be zero with a rectangular ability distribution having a half-width of 1,5 dB.

The CISPR 16-1-1 toIer%@ce for pulse repetition rate response varies with repetition rate
and detector type. erification report stating that the receiver pulse repetition rate
responses compl \With the CISPR 16-1-1 tolerances is assumed to be available. The
correction 5V estimated to be zero with a rectangular probability distribution having a
half-width 5dB, a value considered to be representative of the various
CISPR 16 {ébtolerances

NOTE 5 Eﬁ]e pulse amplitude response or the pulse repetition rate response is verified to be within o« dB

of theqCISPR specification (a < 1,5), the correction for that response can be estimated to be zero with a
lar probability distribution having a half-width of « dB.

6 If a disturbance produces a continuous wave signal at the detector, pulse response corrections are
considered.

QThe noise floor of a CISPR receiver is compared with the RC output voltage level 7,
\ corresponding to the power limit P, in order to determine the signal-to-noise ratio.
lim

Mean values for « = 0,75 m from Figure D.3 using Equation (35) (see 8.1) enable the
calculation of Py, in Table D.14.

For radiated disturbance measurement using an RC below 1 GHz, the deviation oV is
estimated to be between zero and +0,6 dB. The correction is estimated to be zero as if
the deV|at|on would be symmetrlc around the value to be measured with a rectangular

noise roor would depend on the srgnal type (e g. |mpuIS|ve or unmodulated sinewave)
and the signal-to-noise ratio and would change the noise level indication. The value of
0,6 dB is taken from Figure D.6 for a S/N = 22 dB. The S/N has been obtained for a
noise figure of 6 dB, using Equation (D.4)
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N

Fyap =WaptaLrctac—17

:—67+10IgFN+1OIgBN+WNQp+a"_RC+aC—17 (D4)
>

where (1/
Pnap is the equivalent power of the quasi-peak noise floor, in dB(pW); @Q
VNaP is the receiver quasi-peak noise floor, in dB(uV);
aj. Rc is the RC insertion loss at the receive frequency, in dB; b‘x
ag is the attenuation of the receiver connecting cable, in dB; Q\
Fy is the noise factor of the measuring receiver, i.e. a number; (1/
101g Fy is the noise figure of the measuring receiver, in dB; Q\
By is the noise bandwidth of the measuring receiver, in Hz; @
WNQP is the quasi-peak weighting factor of noise, in dB; x?\
-67 is 101g(kTy x 1 Hz / Pwv), the absolute noise level i @B(LN) in

1 Hz bandwidth, with &£ = Boltzmann’s constant, T, 7@15 K, and

P, ny; is the power generated by 1 yV across 50 Q;¢~ .
-17 is the conversion from dB(pV) to dB(pW) i/rb"a 50 Q system

(0 dB(uV) = =17 dB(pW)). NS

&
The worst-case S/N is obtained near 1 000 Q-Hz. With 10lg Fy = 6, 10lg By = 50,8
(for 120 kHz), the weighting factor ch&%ing 7 dB, the RC insertion loss of a
rc = 15dB for 1 000 MHz (extrapolated reference [21]), and the cable attenuation
a, = 2 dB, the quasi-peak noise indicati n terms of power is Pyqp = =3 dB(pW). This
is compared to a disturbance power @t the disturbance limit of 29 dB(pW) to give a
signal-to-noise ratio S/N of 32 dB the frequency range below 1 000 MHz, the S/N is
higher, hence an S/N > 30 dB e assumed.

For the FSOATS-based pov@mits (above 1 GHz), Figure D.4 is used, where d =3 m
to calculate P, using a = 0,75 m in Table D.15.

For radiated disturbano@neasurements above 1 GHz the limits apply for average and
peak detectors; simi considerations for the noise floor as below 1 GHz apply. The
stronger influencex@ noise and higher uncertainty caused by noise is with the peak
detector. )

O
Figure D.7 p(gvﬁdes plots of the deviation from signal level as a function of S/N.

The wo K\Sése S/N is obtained near 6 GHz. With 10lg Fy = 6, 10lg By = 58,2
(corresponding to 0,66 MHz), the weighting factor wyp, being 11 dB, the RC insertion
Ios%{ ay gc = 31 dB for 6 GHz, and the cable attenuation a. = 2 dB, the peak noise
in ion in terms of power is Pygp = 24 dB(pW). This is compared to a disturbance
nger level of 62 dB(pW) at the disturbance limit (corresponding to 74 dB(pV/m) at 3 m

Odistance) to give a signal-to-noise ratio S/N of 38 dB. In the frequency range below 6

GHz, the S/N is higher, hence an S/N > 38 dB may be assumed. From Figure D.7 a
maximum deviation for sine waves of 0,1 dB can be read.
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Table D.14 — Values of P, for 30 MHz to 1 000 MHz (E|;,, from [20])

Frequency E;., P
MHz dB(pV/m) dB(pW)

80 30 27,0

230 30 25,0

230 37 32,0

1000 37 29,0

Table D.15 — Values of Py, for 1 GHz to 6 GHz (E);,,, from [20])

Frequency Eim Pim
MHz dB(pV/m) dB(pW)

1 50 39

3 50 38

3 54 42

6 54 42

3 \ —e— sine wave

\ --#-- pulse
2 N
S \\\»\

‘l\-“..“‘ N\\N“N
e o N D = N —a—a- >

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40
S/Nin dB
IEC

Deviation from signal level in dB
[6)]

0

Figure'D.6 — Deviation of the QP detector level indication from the signal level at
receiver input for two cases: sine-wave signal, and impulsive signal (PRF 100 Hz)
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Figure D.7 — Deviation of the peak detector level indicatioﬁi}from the signal level
at receiver input for two cases: sine-wave signal, and imgh‘lsive signal (PRF 100 Hz)

D6) Mismatch uncertainty Q‘\

a)

General

In general, the receiver port of an RCQﬁrbe connected to port 1 of a two-port
network whose port 2 is terminated receiver of reflection coefficient I'.. The
two-port network (which might beCa) cable, attenuator, attenuator and cable in
tandem, or some other combinatign of components) can be represented by its S-
parameters. The mismatch coOch on is then per Equation (D.5):
\\Q

2
SM = %\9:[(1—1"e311)(1—1"r322)—321Ferr] (D.5)
\g‘@

where Ty is {ﬁ\greflection coefficient looking into the receiver port of the RC with
the EUT i&@rted when it is set up for disturbance measurement. All parameters are
referen&g_d to 50 Q.

Wh \only the magnitudes or extremes of magnitudes of the parameters are
known, it is not possible to calculate sM, but its extreme values sM* are not greater

@a’n per Equation (D.6)

SM* = 20Ig[1i(|Fe||S11|+|Fr||822|+|Fe||Fr||S11||822|+|Fe||l“r||821|2)} (D.6)

The probability distribution of oM is approximately U-shaped, with a width not
greater than (6M*™ — 6M~) and a standard deviation not greater than the half-width
divided by 2.

'\-\ = pulse @Qq,
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b) Radiated disturbance measurement using an RC

receiving antenna of the RC of s,,, < 1,8:1 is assumed, implying |Fe| <0,29. ltis

also assumed that the connection to the receiver is made using a well-matched OC.
cable (IS4 « 1, [Sy,| « 1) of negligible attenuation (|S,¢| ~ 1) and that the N
receiver RF attenuation is 0 dB, for which the CISPR 16-1-1 tolerance of s,,, < 2,0:1 (1/
implies |T,| < 0,33. (19

The estimate of the correction oM is zero with a U-shaped probability distributiong(l/
having a width equal to the difference (oM™ — 6M™).

The influence of the stirrer position on the VSWR of the receiving antenna sha;&%?a
taken into account.

NOTE 7 The expressions for M and SM* show that mismatch error can be reduced by i Qsing the
attenuation of the well-matched two-port network preceding the receiver. The penalty is,\a. duction in
measurement sensitivity.

of the addends (summands, or terms in the sum), the linear addition can be replaced e root-sum-square
rule; b) Due to the usually small magnitude of the addends, a further approximatioi (where sM* is the half
width of a U-shaped distribution) is applicable, yielding finally:

NOTE 8 Additional considerations related to Equation (D.5): a) Due to non-existing o@ weak correlation

o
M = 8,7\/(|Te||311|)2 (22l *(lre”F“”S”'zg‘zB .
%/

D7) The chamber validation is done by a substitution t%d described with Equation (E.1)
and Equation (E.2) from IEC 61000-4-21:2011 [22]% The estimate of 1,5 dB takes into
account the uncertainties of the transmit powep)the transmit antenna efficiency and the
chamber validation factor, chamber loading I‘? , and insertion loss.

0

D8) Field non-uniformity: For the useable t lume, the requirements in Table B.2 of
IEC 61000-4-21:2011 [22] apply. A normatdistribution is assumed with a coverage factor
of k= 1. Smaller values are typical (3,8dB up to 100 MHz, 2,0 dB above 400 MHz).

D9) It was assumed that a product ¢ ittee follows the recommendation in this annex and
has chosen a reference EUT sjze{of a« = 0,75 m for the conversion factor (see Figure D.3
and Figure D.4). The devi @r of the actual EUT size from the reference EUT size
causes an uncertainty. H er, it was assumed the product committee also decides
that the disturbance Iin\'\V plies for EUT sizes of a = 0,25 m, ..., 1,5 m. For a frequency
of 1 GHz, this results_in*values of ka = 5,23, ..., 15,7, ..., 31,4, where 15,7 applies for
the reference EUT. of a = 0,75 m. For these values the corresponding conversion
factor can be read&?‘om Figure D.5 as 10,3, ..., 13, ..., 15 (linear), respectively, 10,1, ...,
11,14, .., 11,?\‘5)(Iogarithmic in dB). This results in a difference of 1 dB between the
reference E size and the smallest EUT, which is included in Table D.12 and Table
D.13. Tfﬁﬁ&bduct committee could also apply a correction of the disturbance limit for
smaller s and take into account an uncertainty of the correction factor.

Q-
C)O
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 4-5: Uncertainties, statistics and limit modelling -
Conditions for the use of alternative test methods

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization‘comprising
all national electrotechnical committees (IEC National Committees). The object of IECY\is to promote
international co-operation on all questions concerning standardization in the electrical and_electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Teehnical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International) governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical ‘eommittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are{made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible’ for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Natibnal Committees undertake to apply IEC Publications
transparently to the maximum extent possible inltheir national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation/of conformity. Independent certification bodies provide conformity
assessment services and, in some areds, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC, orits directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of-the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawp\to the Normative references cited in this publication. Use of the referenced publications is
indispensable_for.the correct application of this publication.

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

This cconsolidated version of the official IEC Standard and its amendments has been
prepared for user convenience.

CISPR TR 16-4-5 edition 1.2 contains the first edition (2006-10) [documents
CISPR/A/665/DTR and CISPR/A/685/RVC], its amendment 1 (2014-07) [documents
CISPR/A/1050/DTR and CISPR/A/1069/RVC] and its amendment 2 (2021-10) [documents
CIS/A/1321/DTR and CIS/A/1324/RVDTR].

This Final version does not show where the technical content is modified by
amendments 1 and 2. A separate Redline version with all changes highlighted is

available in this publication.
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data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

CISPR 16-4-5, which is a technical report, has been prepared by CISPR subcommittee A:
Radio-interference measurements and statistical methods.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the CISPR 16-4 series, published under the general title Specificatioh for
radio disturbance and immunity measuring apparatus and methods — Part 4: Uncertainties,
statistics and limit modelling, can be found on the IEC website.

The committee has decided that the contents of the base publication and its.améndments will
remain unchanged until the stability date indicated on the IEC {web site under
"http://webstore.iec.ch" in the data related to the specific publication® At this date, the
publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The “colour inside” logo onthe cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS —

Part 4-5: Uncertainties, statistics and limit modelling -
Conditions for the use of alternative test methods

1 Scope

This part of CISPR 16-4 specifies a method to enable product committees to develop\limits for
alternative test methods, using conversions from established limits. This method.is'generally
applicable for all kinds of disturbance measurements, but focuses on radiatéd, disturbance
measurements (i.e. field strength and total radiated power), for which several alternative
methods are presently specified. These limits development methods are intended for use by
product committees and other groups responsible for defining emissiofis ‘limits in situations
where it is decided to use alternative test methods and the associated limits in product
standards.

2 Normative references

IEC 60050-161:1990, International Electrotechnical\Vocabulary (IEV) — Chapter 161:
Electromagnetic compatibility

CISPR 16-1-1:2019, Specification for radio djsturbance and immunity measuring apparatus
and methods — Part 1-1: Radio disturbance ‘and immunity measuring apparatus — Measuring
apparatus

CISPR 16-4-2:2011, Specification for/radio disturbance and immunity measuring apparatus
and methods — Part 4-2: Uncertainties, statistics and limit modelling — Measurement
instrumentation uncertainty

CISPR 16-4-2:2011/AMD1:2044

CISPR 16-4-2:2011/AMD2:20%8

3 Terms and definitions

For the purposes:of this document, the terms and definitions given in IEC 60050-161 and the
following apply.

3.1

established test method

test ymethod described in a basic standard with established emissions limits defined in
corresponding product or generic standards. An established test method consists of a specific
tést procedure, a specific test set-up, a specific test facility or site, and an established
emissions limit

NOTE The following test methods have been considered to be established test methods in CISPR:

— conducted disturbance measurements at mains ports using an AMN in the frequency range 9 kHz to 30 MHz;
this method is defined in CISPR 16-2-1;

— radiated disturbance measurements in the frequency range 30 MHz to 1 GHz at 10 m distance on an OATS or

ima-SAC—thismethod-tsdefimredmES+SPR46-2=3;
— radiated disturbance measurements in the frequency range 1 GHz to 18 GHz at 3 m distance on an FSOATS;
this method is defined in CISPR 16-2-3.
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3.2
alternative test method

test method described in a basic standard without established emissions limits. The
alternative test method is designed for the same purpose as the established test method. An
alternative test method consists of a specific test procedure, a specific test set-up, a specific
test facility or site, and a derived emissions limit that was determined by the application of the
proposed method stated in this document

3.3
established limit
limit having “many years” of good protection of radio services.

NOTE An example is radiated field strength measured on OATS, developed to protect radio services as_deScribed
in CISPR 16-3.

3.4

derived limit

limit applicable for the alternative test method, derived by appropriate conversion from the
established limit and expressed in terms of the misbrands

3.5

conversion factor K

for a given EUT or type of EUT, the relation of the measuredvvalue of the established test
method to the measured value of the alternative test method

NOTE The terms measured and calculated are used interchangeably at various places in this document to
describe actual laboratory tests and computer simulations.

3.6

reference quantity X

the basic parameter which determines the interference potential to radio reception. It may be
independent of the parameters presently used in established standards

NOTE The goal for both the established and alternative test methods is to determine the reference quantity (X) for
all frequencies of interest. For both established and alternative test methods, the test results may deviate from the
reference quantity values. The specificationrof the reference quantity when applying methods of this document
should include applicable procedures and.¢conditions to calculate (or measure) this quantity

3.7

inherent uncertainty

Uinherent

uncertainty caused solely by the difference in EUT characteristics and the ability of the
measurement procedure to cope with them. It is specific to each test method and remains,
even if the measutement is performed perfectly, i.e., the standards compliance uncertainty is
zero and the measurement instrumentations uncertainty is zero

3.8

intrinsic’'uncertainty of the measurand

Uintrinsic

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 negligible measurement instrumentation
uncertainty.

[CISPR 16-4-1:2009, 3.1.6, modified — Deletion of notes]

3.9
.  EUTtype

grouping of products with sufficient similarity in electromagnetic characteristics to allow
testing with the same test installation and the same test protocol.
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3.10
standards compliance uncertainty

SCU

parameter, associated with the result of a compliance measurement as described in a
standard, that characterizes the dispersion of the values that could reasonably be attributed
to the measurand

[IEC 60050-161:1990, 311-01-02, modified, deletion of the notes]

3.1

EUT volume

cylinder defined by EUT boundary diameter and height that fully encompasses all portions of
the actual EUT, including cable racks and 1,6 m of cable length (for 30 MHz to 1(GHz), or
0,3 m of cable length (for 1 GHz and above)

NOTE 1 The test volume is one of several criteria limiting the EUT volume.

NOTE 2 The EUT volume has a diameter D (boundary diameter) and a height 4.
4 Symbols and abbreviated terms

The following abbreviations are used in this technical report. Note that the symbol k is used
for four different quantities.

ATM alternative test method (e.g. subscript in Daviy)

D deviation

ETM established test method (e.g. subscriptif Dgpy)

f index number of an individual measured frequency

F number of measured frequenci€s in the considered frequency range

FAR fully anechoic room

i index number of an individual EUT

J index number of an indjvidual test lab

k = 27/, wave number (in this document, k is used in the electrical size ka, where a is
the EUT radius)

k(f) linear conversion factor

K(f) logarithmic-conversion factor

k coverage factor

k BoeltZzmann’s constant

L Fimit

M measurement (or calculation) result

N number of EUTs

OATS open-area test site

RC reverberation chamber

RRT round robin test

S standard deviation

SAC semi-anechoic chamber

SCU standards compliance uncertainty
T number of test labs

U expanded uncertainty

u standard uncertainty
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v volume

Y rafarancao criantity

X reference—guantity

A difference of two values or quantities

X mean value of a set of values x (e.g., D)

5 Introduction

Over the years, several test methods and test set-ups for radiated disturbance measuremeant
have been described in basic standards. One particular combination of test method and_ test
set-up also having defined disturbance limits is the open area test site (OATS) method, \which
has proven to be successful for the protection of radio services. Since the first edition“of this
document, limits have been defined for other — alternative — test methods, e.g., fully)anechoic
rooms and TEM waveguides, but not for reverberation chambers.

Each alternative method can be used to get measurement results related to>disturbance from
an EUT. Although each method gives a disturbance level from an EUT,the different methods
might capture the EUT disturbance differently. For example, considerifig radiated disturbance
measurements, different methods may capture different EUT radiation pattern lobes, a
different number of lobes, or the test facility might alter the EUT radiation pattern producing a
different apparent disturbance level. Therefore the limits defined for the established test
method cannot be applied directly to the alternative test methods. Consequently, procedures
are needed to derive limits to be used for the results of alternative test methods.

The specification of such procedures considefs. the general goal of disturbance
measurements, which is to verify whether an EUY satisfies or violates certain compliance
criteria. Past experience has shown that using theZpresent system of established test methods
and associated limits yields a situation without_many cases of interference due to conducted
disturbance or radiated disturbance. Applying  an established test method with its associated
limits will fulfill the protection requirement with a high probability. To preserve this situation,
the most important requirement for the-use of alternative test methods is the following:

— Use of an alternative test method in a normative standard shall provide the same
protection of radio services as the established test method.

This requirement can be met by developing procedures to derive disturbance limits for
alternative test methods—-from the existing limits of the established test methods. Such
procedures shall relaté“the results from an alternative test method to those from an
established test method. Using the relations derived in this document, the limits of the
relevant established test method can be converted into limits for the alternative test method.
The measured values of the alternative test method can then easily be evaluated against the
converted limits. Such procedures will provide a similar amount of protection, even though an
alternative,test method is used.

The limit conversion procedures consider the preceding goal of disturbance measurements.
Theresults of standard disturbance measurements can be considered as an approximation of
the “interference potential of an EUT. Depending on the characteristics of an EUT (e.g.,
radiation pattern characteristics for radiated disturbance test methods), and the test set-up,
the measured value deviates from the actual interference potential of the EUT. This deviation
can be divided into two parts: 1) a systematic deviation, which can be interpreted as a bias of
the test method; and 2) a random deviation depending on the characteristics of different
EUTs, which can be interpreted as an uncertainty of the test method. Each disturbance test
method contains both quantities, and consequently the established test method does too. In
the following clauses, a procedure based on these two quantities for comparing an alternative
abstract term “interference potential” shall be expressed in terms of a physical quantity. For
the purposes of this document, this physical quantity is called the “reference quantity” X.
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Other details about comparison of test methods using a reference quantity can be found in

[1]".

The significance of a reference quantity is under discussion (see Magdowski [16]). It is not
used in the derivation of limits for an alternative test method based on measurements (see
Clause 7 of CISPR TR 16-4-5:2006/AMD1:2014), and in the derivation of limits for
disturbance measurements using a reverberation chamber (i.e. in this document).

6 Procedure to derive limits for an alternative test method

6.1 Overview

A procedure to derive limits for an alternative test method based on the limits of an
established test method is described in the following paragraphs. Figure 1 shows\a summary
of the estimated quantities needed for the correlation process. Figure 2 shows.a/flowchart for
the correlation process using these quantities. The nine-step conversion process below can
be accomplished using numerical simulations, measurements, or a comhination of simulations
and measurements. Calculable or reference EUTs are invaluable‘for this conversion
procedure. In the following subclauses, as part of the conversion _process the quantities
shown in Figure 1 and Figure 2 are combined into several equations. A summary of the
equations is given in Table 2. A summary of the steps in the conversion procedure is shown in
Table 1.

Table 1 — Summary of steps in conyersion procedure

1 Select the reference quantity

Describe the test methods and measurands

Determine the deviations of the measured quantities from the reference quantity

Determine the average values of the deviations

Determine the standard uncértainties of the test methods

Verify the calculated values

Njo|lga|h~]|lw (N

Apply the conversion

1 Figures in square brackets refer to the Bibliography.
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statistical consideration

set of NEUTs
| | '
alternative test reference established test
method quantity method
definition

v v v

measurement result reference quantity measurement result
Matm X Mgty
+ +
set ©f deviations
Derm
A 4 A 4
+ -
average deviation ;/-\4 average deviation
Datm \/ Derwm
standard deviation standard deviation
inherent uncertainty inherent uncertainty
S(Datm) ~ DATM, inherent S(Dem) ™ DETM, inherent
\ 4 A 4
average comparison
conversion of expanded
factor K measurement
uncertainties

IEC

Figure 1 — Overview of quantities to estimate for use in conversion procedure
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average Limit for alternative
conversion test method Leqy
factor K

Limit for alternative
test method Laqy

uncertainties of uncertainties of
alternative test method established test method
inherent uncertainty inherent uncertainty
UATM, inherent UATM, inherent
instrumentation uncertainty instrumentation-uncertainty
uATM, instrumentation uATM, instrumentation
intrinsic incertainty intrinsic incertainty
UATM, intrinsic UnTN, itrinsic
A 4 A\ 4
alternative test method + - established test method
expended uncertainty < expended uncertainty
Untm Uatm
difference of
uncertainties
A
I

corrected Limit for alternative test method Lamy

IEC

Figure 2 — Overview of limit conversion procedure using estimated quantities
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Table 2 — Overview of quantities and defining equations for conversion process

Quantity Meaning Equation no.

Dt (F) the deviation from the reference quantity of the measurement result of EUT / 1)

! as produced by the alternative test method
DETM'(f) the deviation from the reference quantity of the measurement result of EUT i (2)
! as produced by the established test method
5 the average deviation of the alternative test method (3)
ATM
D. the average deviation of the established test method (4)
ETM

UATM,inherent the inherent uncertainty of the alternative test method (5)

UETMinherent the inherent uncertainty of the established test method (6)

u combined standard uncertainty of the alternative test method (7)

ATM

UATM the expanded uncertainty of the alternative test method (8)

UgTm combined standard uncertainty of the established test method 9)

Uetm the expanded uncertainty of the established test method (10)

K. (f) frequency dependent conversion factor for EUT j (11)

i

R(f) the average of the conversion factors (12), (13), (14)

Larm(F) the limit line of the alternative test method equivalent to the limit of the (15)
established test method, without consideration of the uncertainties

A difference of expanded uncertainti€s (16)

L the limit to be used for alternative measurements 17)

ATMU

USC,XTM standards compliance unceftainty for the test method X, where X is either “E” (26)
for established test method or “A” for alternative test method

DK deviation of the single calculated conversion factor Ki(%./) from the average (20), (21)
conversion factor K T)

DXTM Af ] 24), (25
deviatidn of the single measured value Mxtmi (51) trom the average for the (24). (25)
rfieasured values V/XTMi

MXTM,i(f,j) measured value depending on EUT, lab, and frequency (18), (23)

Emax Maximum field strength of an EUT in pyV/m measured using the ETM, (35)

i,e. atd =10 m at an OATS/SAC from 80 MHz to 1 000 MHz,
and at d = 3 m at a FSOATS/FAR from 1 GHz to 18 GHz

PT Power transmitted from an EUT in pW measured using the reverberation (35)
chamber test method (ATM), and virtual powera) producing the field-strength
maximum Emax measured using the ETM

a) The virtual power is the power generating E, assuming the EUT directivity is estimated in this document.

max

6.2 Select the reference quantity X

The first step is to select the reference quantity X. It should be selected on the basis of a
quantity that can possibly cause interference to a radio service, and selection of a reference
quantity also depends on the type of EUT.
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For the types of EUTs investigated in Annex B, as an example the maximum electric field
strength determined on a sphere of a certain radius around the EUT has been selected as the

reference quantity for radiated emission measurements in the frequency range of 30 MHz to
1GHz. In the frequency range below 30 MHz, depending on the frequency subrange and the
coupling model, the reference quantity may be the vertical component of the electric field
strength, the magnetic field strength, or the asymmetric voltage. In general, the reference
quantity and the actual measurands will not necessarily have the same units.

6.3 Describe the test methods and measurands

The measurand shall be described for both the alternative and the established test methods:
In addition, the test set-up geometry, the methods of measurement for EUT emissions,”and
any analysis methods producing the final measurement results shall be described. This
description is necessary for an understanding about how the test method works and toe give a
basis for comparison of the two test methods. In most cases this description lis €xplicit or
implicit in the standards that specify the test methods.

6.4 Determine the deviations of the measured quantities from the reference quantity

Each test method provides results, each of which deviate from the reference quantity X. The
deviation depends on the characteristics of the test set-up as well as‘on the characteristics of
the EUT. Considering a certain EUT J/, a frequency dependent deviation can be determined for
both alternative and established test method.

For a given EUT i the deviation of the alternative test method, in a logarithmic scale, is given
as

DATMi(f):Xi(f)_MATMi(f) (1)
where
i is the index of the EUT;
f is the frequency;

Daryi(f)  is the deviation from the reference quantity of the measurement result of EUT j as
produced by the alternative test method;

X;(f) is the referencevquantity defined in 6.2 for the EUT /, and

Marni(f)  is the measurement result given by the alternative test method for the EUT J.

The results of thetestablished test method will deviate from the reference quantity as well.
The deviationsofithe established test method is analogously given by the equation

Derwi(F) = X; (f) = Mery; () (2)
where
X)(f), f, i arethe same as in Equation (1);

Derwi(f)  is the deviation from the reference quantity of the measurement result of EUT / as
produced by the established test method,;

Mgy (f)  is the measurement result given by the established test method for the EUT .

6.5 Determine the average values of the deviations

The deviations given by Equations (1) and (2) will differ for different EUTs. In order to obtain
more universal results, varying characteristics of EUTs shall be considered, for example as
shown in Annex A. Considering a range of N EUTs leads to a set of N values for the deviation
D for both alternative and established test methods. From this set of D the average can be
easily determined. See Annex A for more details about EUT considerations and variations.
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An estimate of the mean of the deviation of the alternative test method is given by

_ 1Y
Darwm :NZDATMI (3)
i=1
where
Datm is the set of deviations of the alternative test method;
Dt is the average deviation of the alternative test method;
N is the number of EUTs considered, and shall be as large as possible for statistieal
reasons;

i is the index of any one EUT;
Datui is the deviation from the reference quantity of the measurement result of \EUT /, as

produced by the alternative test method [Equation (1)].

An estimate of the mean of the deviation of the established test method is given by

— 1Y
Dery =7 2 Derwi (4)
i=1
where
Dery is the set of deviations of the established testdnethod;
Dery is the average deviation of the established test method;
N, i are the same as in Equation (3);
Derpi is the deviation from the referenceé, quantity of the measurement result of EUT /, as

produced by the established test method [Equation (2)].

6.6 Estimate the standard uncertainties of the test methods

The methods comparison procedure must consider uncertainties, as are associated with every
measurement result. Because' the results from the established test method itself have
uncertainties, care must be‘taken that these uncertainties are not transferred to results from
the alternative test meth@ds as part of the conversion procedure. Otherwise, the use of
alternative test methods would be burdened with uncertainties that are characteristics of the
established test method.

The uncertainty)of emission measurements consists of several components. On one hand, the
measurement equipment contributes several uncertainties, as documented in CISPR 16-4-2.
On the,Ggthér hand the test set-up combined with the radiation characteristics of the EUT
causes‘an inherent uncertainty, U nerent- FOr €xample, in radiated emissions measurements,
for.some types of EUT radiation patterns, an OATS test (established test method) may fail to
capture the radiated emission peak lobe. Deviations between the results of a test method and
the reference quantity depend on the radiation characteristics of the EUT, but the radiation
characteristics of an arbitrary EUT are not known a priori. The resulting uncertainty U erent

can be estimated only if the behaviour of EUTs with different characteristics is examined.
Analogously to as in 6.4, the deviations from the reference quantity of a set of N EUTs can be
used for estimating the standard deviation as a measure for the inherent uncertainties.

Using the formula for experimental standard deviation, the inherent uncertainty of the

alternative test method iIs given by:

N —
ZI.:1(DATMI ~Datm)?
N -1

UatMminherent = S(Datm) = \/
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where
UATM,inherent is the inherent uncertainty of the alternative test method;
S(Datm) is the experimental standard deviation of the set Daqy;

N, i, Datm» Darvi are the same as in Equation (3).

Analogously, the inherent uncertainty of the established test method is given:

N J—
ZI.:1(DETMI ~Dery)’

Ugtminherent = S(Detm) = \/

N1 (6)
where
UETMinherent is the inherent uncertainty of the established test method;
S(Detm) is the experimental standard deviation of the set Dgpy

N, i, Derms Detwmi are the same as in Equation (4).

6.7 Estimate the expanded uncertainties of the test methods

The expanded measurement uncertainty is obtained from the multiplication of the combined
standard uncertainties by a coverage factor k. The gombined standard uncertainty of the

alternative test method u,t)y can be calculated from

2 2 2
Upatm = \/UATM,m + UxTintrinsic + UATM,inherent (7)
where
UATMm is the combined .standard uncertainty of the alternative test method
contributed by measurement instrumentation;
UATMinherent is the inherent”uncertainty of the alternative test method, according to
Equation (5);
UnTM,intrinsic is the intrinsic uncertainty of the alternative test method.

Using the coverage factor k, the expanded uncertainty of the alternative test method is
estimated:

Unatm = k-Uptm (8)
where
Uatin is the expanded uncertainty of the alternative test method;
k is the coverage factor;
UaTm is the combined standard uncertainty of the alternative test method

according to Equation (7).

Analogously the combined standard uncertainty of the established test method ugr) can be
obtained,

2 2 2
Ugtm = \/UETM,m + UETM,intrinsic + UETM,inherent (9)

where
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UETM,m is the combined standard uncertainty of the established test method
conteribh i tad Wy ma Ao v AN [ IET-P-X TIRT-CW-NY ot
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UETMinherent is the EUT-dependent uncertainty of the established test method, according to
Equation (6);

UETM,intrinsic is the intrinsic uncertainty of the established test method.

The expanded uncertainty of the established test method is given by

Ugtm = K - UgTw (10)
where
Ugtm is the expanded uncertainty of the established test method;
k is the coverage factor;
UgTm is the combined standard uncertainty of the established test ‘method according

to Equation (9).
6.8 Calculate the average conversion factor

For each EUT i a frequency dependent conversion factor K;(f)-€an be calculated using

Ki(f):DATMi(f)_DETMi(f) (11)
where
Dpri (F) is the deviation from the reference quantity of the measurement result of EUT J,
as produced by the alternativeitest method [Equation (1)];
Derpi (F) is the deviation from the reference quantity of the measurement result of EUT J,

as produced by the established test method [Equation (2)].

The average conversion factoriean be calculated from the average deviations of the
alternative and the established. tést methods:

K(f) = Daru (f) = Derm (f) (12)
where
K(f) is the(set of conversion factors;
K(f) is. the average of the conversion factors;
Dt (f) is the average deviation of the alternative test method from the reference quantity,
in dB;
B () is the average deviation of the established test method from the reference

quantity, in dB.

Substituting the averages by Equations (3) and (4) gives:

L - 4 & 4 d
K = Darm — Detm :NZDATMI _NZDETMi (13)

Using Equations (1) and (2), the average conversion factor can be expressed in terms of the
measurement results of the set of EUTs:
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. 1 N 1 N 1 N
K =ﬁ;(xi — MATMi)_E;(Xi — MFTMi)=E;(MFTMi — Matni)  (14)

where K is the same as in Equation (12) and Mg, and My, are the same as in
Equation (1) and Equation (2).

6.9 Verify the calculated values
In many cases it is necessary to obtain both the deviations from the reference quantity, and

their average and standard deviation values, from numerical simulations. It is strofngly
recommended to verify such calculations by measurements.

6.10 Apply the conversion

If the limit lines defined for the established test method are to be converted.into limit lines for
an alternative test method, the results from Equations (8), (10), and (12) or (14), respectively,
are needed.

A limit line of an established test method can be converted dntd limit conditions for an
alternative test method using the average conversion factor:

Laru(f) = Lerm(F) = K (£) (15)
where
K(f) is the frequency-dependent average-conversion factor according to Equation (12);
Lerm(F) is the frequency-dependent limit of the established test method;
Larm(F) is the limit line of the alternative test method equivalent to the limit of the

established test method, Wwithout consideration of the uncertainties.

To complete the process, the un¢ertainties of both alternative and established test methods

have to be taken into account’ Defining a difference, A, between the uncertainty of the
alternative test method, U,p,,"and the uncertainty of the established test method Ugqy, i.e.,

A = Uy (F) ~ Ugmy (F) (16)

implies a rule-for how to handle the measurement uncertainties. If the uncertainty of the
alternative test-method is larger than the uncertainty of the established test method, it shall be
used to cofrrect the limit of the alternative test method:

L = 17
ATMU { . iFA<O (17)

where Lanyy is the limit to be used for alternative measurements.

7 Measurement-based procedure to derive limits for an alternative test method
based on measurement results

7.1 General

As presented in Clause 6, the conversion factor K of alternative disturbance measurement
methods is based on the concept of the availability of models of the measurement methods
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under consideration, the considered EUTs, and the application of an independent reference
quantity X. In this way, the inherent uncertainties of the two methods under comparison are

determined, and these uncertainties plus the intrinsic uncertainties of the measurand and the
measurement instrumentation uncertainties (MIUs) are taken into account in determining the
limit for the ATM [see Equations (7), (9) and (16)].

Because the independent reference quantity is not always available, the conversion factor

K can be estimated by direct comparison of the measurement results [see Equation (14)].
The uncertainty of each measurement procedures is estimated by the standards compliance
uncertainty (SCU). The uncertainty of the conversion factor is determined by the SCUs of the
ETM and ATM, as well as by the different characteristics of the EUTs. The limit LryYis

determined according to Equation (15) using the conversion factor K . The limit Latm/u takes
into account the difference between the SCUs of the ATM and ETM, as well as the uncertainty
caused by the different characteristics of the EUTs.

The condition for the estimation of the conversion factor by measurements js‘that at least five
independent sets of data for each EUT are obtained through a round robin test (RRT), and N
representative EUTs are used for the RRT. To assure statistical independence of the sets of
data, the RRT involves at least five test houses. For simplicity, it is@ssumed here that each
set of data is provided by a different test house. Outliers are identified and removed from the
sets of data if no correction is possible.

7.2 Application of practical measurement results to determine the conversion factors
7.2.1 The conversion factor

The conversion factor K; in the considered frequency range can be calculated for each of the
F measured frequencies, for each of the N EUTs“and for each of T labs.

KL F,j)=Mpmmsf F.7)~Mgrmf £,/) indB (18)

The average conversion factor /?(f) is calculated using Equation (19).

=

_ T
K()=—= 3 Y Ki(f./) in dB (19)
i=17=1

The uncertainty~of the average conversion factor /?(f)can be estimated by the deviation
Dk ;(f,j) of “each calculated conversion factor Kf f,/) from the average conversion

factor K(¥)*and the standard deviation sy of Dy, (f, /).

Dy j(F,]) = K(F)=K;(f.j) indB (20)

The experimental standard deviation can be calculated by

i=1j=1f=1

N T F _
Sk = \/(NTF) 1ZZZ[DK—DK,/(f,/>]2 in dB (21)

where EK is the average of all Dy ;(f,/).

The resulting expanded uncertainty Uy of the conversion factor is
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Ux =2s, indB (22)

7.2.2 Estimation of SCU by measurement

For the estimation of the SCU, the average for the measured values of all T test labs for each
EUT i is calculated using Equation (23).

MXTM/ (f)=— ZMXTM/(f /) indB (23)
/ =1

where XTM is either ETM or ATM.

For each frequency f and for each EUT J/, the deviation Dyt ,(f,/) betweer\the measured

values’ average /I7XTM,,-(f) and each measured value Myxmy,(f,/) is\’calculated using
Equation (24).

Dy, (f27) = My (F) = My j(f, /) in dB (24)

The experimental standard deviation of all these deviations "By ;(7, /) can be calculated by

N T F __
JWZZZ[DXTMU)—Dxm,,-(f,/>]2 in dB (25)

where EXTM(f) is the average of all Dypy(7, /).

The uncertainty that causes this deviation depends on the measurement equipment and the
measurement procedure. This uncertainty is the SCU, and it is estimated by

USC,XTM =2s indB (26)

7.2.3  Applying the'conversion factor

The limit of an.-éstablished test method can be converted into limit conditions for an
alternative test) method using the average conversion factor [see Equation (15)] and the
measurement uncertainties of ETM and ATM [see Equations (16) and (17)].

Equations (16) and (17) take into account the instrumentation uncertainty. The inherent and
intfinsic uncertainty of the measurand is considered by using a reference quantity X in

estimating the conversion factor/?(f). If /?(f) is estimated by measuring the influence of all

uncertainties, then the instrumentation uncertainty, the uncertainty of the measurement
procedure, and the uncertainty caused by the different radiation characteristics of the EUTs
are all taken into account. Therefore the difference A5 Of the uncertainties of the ATM and

ETM is:

Ameas =Uatm —Uscem in dB (27)

For the estimation of the uncertainty Uptylsee Equation (32)], the uncertainty of the

conversion factor Uy is investigated. The amount of the uncertainty Uy of the conversion
factor can be estimated by:
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Ui = U§CETM +U§CATM +UEr (28)
where
Uscetm is the SCU of the ETM,
Uscatm s the SCU of the ATM, and
Ugeut is the uncertainty that is caused by the different radiation characteristics of

the EUTs, which is estimated by Equations (29) to (31).

The different characteristics cause a unique conversion factor for each EUT. The differénce
between the conversion factors is estimated by the deviation Dxgyt between the average

conversion factor /?(f) and the average conversion factor for each EUT /?,-(f).

Dk gut () = K ()= K (F) (29)

Dk gyt has standard deviation

N F 2
SEUT = [Dk,i = Dyt (F)] (30)
\/(NF —1 ;; !
where EK,/' is the average of all Dy gyt (f).

The uncertainty Ugyt is estimated by

Uguyt = 2sgyr in dB. (31)

The uncertainty Uary is detesmined by the uncertainty Ugcatv of the ATM and the
uncertainty Ugyt caused by the EUTs. Therefore Upy can be estimated by

2 2
Unatm = \/UEUT +Uscatm™ - (32)
Therefore, using*Equation (27) the application of Equation (17) becomes

Latmu = LATM — Bmeas if Ameas > 0, and (33)
Latmu = Latm if DAmeas <0 (34)

It should be considered that Uscerm in Equation (27) is estimated in accordance with

CISPR 16-4-1, which estimates generally the Ugs for 3 m test site results in the frequency
range 30 MHz to 300 MHz to be 15,5 dB; for the conditions of the RRT and the terminated
cables USC may be reduced to 11 dB CISPR 16-4-1 glves no value for the USC ETM of the 10
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8 Derivation of limits for the use of reverberation chambers as ATM for
di =10 - PRAINCe Med ATCINCT] PRASCU Ol d . - dlldl iSOfa"

essential factors
8.1 Conversion factor

Measurement of radiated power from an EUT using the RC method is described in
IEC 61000-4-21 [22]. This clause attempts to provide rules to derive disturbance limits for the
radiated power measured using the RC test method based on existing limits for radiated field
strength measured using the ETM. Radiated field strength and radiated power of an EUT are
related via the EUT directivity, and EUT directivity depends on frequency and EUT volume.
Because the type of an EUT and its directivity are typically unknown for generic and preduct
standards, this clause uses a statistical estimate based on assumptions described by
Krauthauser [19]. For comparison and easier understanding, the conversion factors using a
short dipole as a model are described in D.2.

With reference to Annex D, conversion factors

— from OATS/SAC to RC for 80 MHz to 1 000 MHz, and

— from FSOATS/FAR to RC for 1 GHz to 40 GHz.

are introduced.

NOTE The start frequency of 80 MHz is selected because IEC 61000-4-21:2011, Table B.2 [22] on field uniformity
requirements starts at 80 MHz. Because there are RCs with lower,orhigher lowest useable frequencies (LUFs),

80 MHz can be replaced by “LUF.” The highest frequency of 40 GHz is selected because that is under
consideration to be the highest frequency for all CISPR documents-pending agreement by NCs.

The linear conversion factor k(f) is defined as in<EqQuation (35)

k(f):Er%ax/PT (35)

where
Emax is the maximum field strength of an EUT in yV/m measured using the ETM,;
Pt is the power transmitted from an EUT in pW measured using the RC test method.

The unit of k(f) is VZm2W or Q/m2. To convert into logarithmic quantities, Equation (35) can
be written as Equation (36):

IgPr =IgE2 .~ 1gk(f), or

(36)
101gPr = 20IgE o — 101gk (f)
The logarithmic conversion factor K(f) is defined as in Equation (37):
K(f)=10Igk(f) (37)
ET™ |

dB(uV/m) into limits of the disturbance power Lpt), in dB(pW) measured in an RC as shown in
Equation (38) (see also Equation (15) in 6.10).
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Law/dB(pW) = Lety /dB(UV/m) — K (f) (38)

The logarithmic conversion factor K(f) has the unit dB(Q/m?2).

8.2 Measurement uncertainty

Equation (7) and Equation (9) of 6.7 provide the combined standard uncertainties of ATM and
ETM results with contributions designated in subscripts as: “m” for the instrumentation
uncertainty, “intrinsic” for the intrinsic uncertainty of the measurand, and “inherent” for<the
inherent uncertainty of the method.

2 2 2
Uxtm = \/UXTM,m+ UxTM,intrinsic T UXTM,inherent
where X in the subscript terms denotes either E or A (i.e. ETM or ATM).

For the effect of the measurement uncertainties of ETM and ATM.onthe disturbance limit, the
expanded uncertainties are compared (see Equation (16) in 6.10)~The expanded uncertainty
of the conversion factor in Annex D (20 in Table D.2, Table;D3,Table D.4,Table D.6, Table
D.7 and Table D.8) takes into account the inherent uncertainties of the ETM (Ui herent eTM)
and ATM (Uipherent,aTM)- The inherent uncertainty is/~an indicator of the ability of a
measurement procedure to account for differences™ in EUT characteristics. A three-
dimensional (3D) spatial scan would provide the lowest uncertainty for capturing the maximum
field strength radiated by an EUT, but none of the"ETMs are ideal in that respect. However,
the RC ATM does capture the radiated powerofsan EUT across all directions. Consequently,
the inherent uncertainty of the RC ATM is%zefo whereas the inherent uncertainties of the
ETMs are non-zero.

In addition to the uncertainty of the conversion factor, the actual EUT size can deviate from
the EUT size assumed for the conversion factor calculation in Annex D, which justifies a
contribution UgT.

As can be seen from Table H.1 of CISPR TR 16-4-1:2009, the SCU Ugqy gc of the ETM
(OATS/SAC with d = 102m) is on the order of 10 dB, whereas Uyry , is around 5 dB
according to CISPR 16-4-2. Thus,

2 2
Uetm,sc = \/ UEtm,intrinsic + UETM,m

and consequently

2 2
UeTMm,intrinsic = \/UETM,SC_ Ugtmm =8.,7 dB

This means that the intrinsic uncertainty of the ETM is much larger than the uncertainty of the
conversion factor K, so Equation (28) of 7.2.3 does not apply for Annex D. The intrinsic
uncertainty is largely dependent on cable layout and cable termination, which is an important
topic for the reproducibility of measurement set-ups. By future standardization of cable layout
and cable termination, intrinsic uncertainty and standards compliance uncertainty can be

TITTiTTiZEed,

At present values of SCU (and intrinsic uncertainty) are not available for the ETM above 1
GHz, as well as for the RC ATM below and above 1 GHz. This does not mean that the RC
method should be precluded for radiated disturbance measurements usage; there is no
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reason to assume that the SCU of the RC method results will be larger than the SCU of the
ETM results. Product committees should provide appropriate investigations and

measurements for establishing the SCU.

In addition to any deviation from the EUT size for the conversion factor, the EUT type can be
different from that assumed for the conversion; e.g. with different cable arrangement and
cable termination. This means that Equation (32), Equation (33), and Equation (34) of 7.2.3
also apply for the use of an RC disturbance measurement method as an ATM.

Details on instrumentation contributions to uncertainty for RC disturbance measuremght
results is given in D .4.
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Annex A
(infnrmg_t_w_e)

Remarks on EUT modelling

As discussed in 6.5 and 6.6, the characteristics of an EUT directly influence the measurement
results, and thus influence the deviations from the reference quantity. Considering the
example of radiated emission measurements, the radiation pattern of the EUT influences the
probability of capture for a maximum emission using the peak search procedure of an\open-
area test site or a fully-anechoic room measurement. To obtain more universal results, it is
necessary to consider multiple EUTs having different radiation characteristics.for use in
determining conversion parameters. This annex describes general considerations~about EUT
modelling for use in investigations about emission measurement methods.

A.1 Types of EUTs

Certain characteristics of EUTs typically have the most influence on the radiation behaviour. It
is useful to categorize EUTs with equivalent primary charactefistics into several EUT types,
which can then be considered and investigated independently~One general classification is to
group EUTs into the following three types, based on the test set-up:

a) tabletop equipment without cables;
b) tabletop equipment with cable(s);

c) floorstanding equipment.
A.2 Application of statistics

Each EUT category of Clause A.4 consists of many different devices and operating and
performance characteristics. To¢best cover these widely-varying characteristics, applying
statistical methods is helpful. With" a statistical approach, universally valid values for average
conversion parameters and the*uncertainties can be obtained. The uncertainty resulting from
the unknown radiation characteristics of an EUT, U nerents €an only be determined by
considering a range of.‘different EUTs and analysing the resulting data statistically. An
example of such a statistical approach is given in Annex B.
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Annex B
(infnrmg_t_w_e)

Examples of application of the test method comparison procedure

B.1 Example 1 - Measurements at 3 m-separation in fully anechoic room
compared to 10 m-separation measurements on open-area test site

In the following subclause headings, numbers in parentheses refer to subclauses incthe main
body of this document.

B.1.1 Small EUTs without cables
B.1.1.1 Select the reference quantity X (see 6.2)

The protection requirement is to minimize the risk that the disturbance field strength radiated
by an EUT interferes with radio services. A measure for this interference potential of the EUT
is the electric field strength emitted by the EUT. Because the EUT final-use set-up in general
is unknown or is variable, it is necessary to search for the/maximum field strength in all
directions from the EUT and for all polarisations. Therefore'the reference quantity is selected
to be the maximum far-field electric field-strength emitted under free space conditions,
independent of direction or polarisation. At a distance.from the EUT of d,; = 10 m and for the

frequency range and EUT sizes considered hefe," far-field conditions can be assumed.
Figure B.1 displays this scheme for defining the.reference quantity. It is noted that in reality it
is difficult or nearly impossible to perform such measurements, but this set-up and reference
quantity is very amenable to numerical sitmulations. This reference quantity definition is
applicable in the frequency range of 30 MHz 1o 1 GHz.

IEC 1696/06

Figure B.1 — Example reference quantity

B.1.1.2 Describe the test methods and measurands (see 6.3)

Alternative test method — 3 m fully anechoic room (FAR): Figure B.2 shows the EUT and
antenna set-up for a fully anechoic room measurement for frequencies of 30 MHz to 1 GHz.

The receiving antenna is located at a distance dfm = 3m from the EUT The antenna is

positioned at a fixed height corresponding to the vertical centre of the EUT. To detect the
maximum field strength, the EUT is rotated in azimuth in the horizontal plane, and both
horizontal and vertical polarisations of radiated field are measured. The FAR is a shielded
enclosure with absorbing material on the walls, ceiling, and floor. Therefore, ideally the
antenna receives only the direct emission radiated from the EUT.
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Figure B.2 — EUT and antenna set-up for fully anechoic room emission measurement

Established test method — 10 m open-area test site (OATS): Figure'B.3 displays the
measurement set-up for an open-area test site for the frequency rangeyof 30 MHz to 1 GHz.
The receiving antenna is located at a distance d,;c = 10 m torthe EUT. To detect the

maximum field strength, the EUT is rotated, and the antenna h¢ight is varied between 1 m
and 4 m. The set-up is placed on a conducting ground plane. The perimeter and surroundings
of the OATS and set-up is free of any reflecting objects{otherefore ideally the antenna
receives only the direct radiation and the ground reflectedsignal.

Semi-anechoic rooms that meet the CISPR normalizéd site attenuation (NSA) site-validation
criteria can be used to perform compliance testsyanhd therefore semi-anechoic room could be
selected as the established test method instead.”The example results shown below remain
applicable in this case, because the estimation“of the inherent uncertainty assumes conditions
of an ideal test site. Considered ideally, al.semi-anechoic room and an open-area test site
would both ideally provide free-field reflection-free (except ground) conditions.

| 10m I
s L 4m
! A
i :
: : Direct Antenna ¢
radiation H
% i
EUT \ ;
k\ v
— 1m
NI Indirect

radiation
Table

f

Conducting ground plane
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Figure B.3 — EUT and antenna set-up for open-area test site measurement
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B.1.1.3 Determine the deviations of the measured quantities from the reference

guantity{see-6-4)
Gt 4}

The results of the measurement depend strongly on the radiation characteristics of the EUT.
Therefore an investigation on the characteristics of the different measurement set-ups must
include a wide range of differently radiating EUTs. In the following a statistical model for
tabletop EUTs without external cables is used.

In general, any EUT radiation pattern can be approximated by superposing the radiated fields
from elementary radiators, such as electrically-short dipoles. Therefore, a quantity of
electrically-short dipoles with varying characteristics (direction of axis, amplitude, phase shift,
position) will generate statistically different radiation patterns. An example arrangement is
shown in Figure B.4. Specifically, the EUT model used here is based on the (fellowing
concepts: a certain number of dipoles are located inside a certain volume, and their positions,
directions and excitations are varied statistically to generate a statistical /distribution of
radiation characteristics. This statistical EUT model is one practical and reasonable approach
among others to simulate tabletop equipment.

Four different virtual-EUT volumes [(30 cm)3, (60 cm)3, (90 cm)3, (120-cm)3] were simulated
to investigate the effect of different EUT models on the resulting ¢missions. These volumes
can be considered to represent the maximum volumes of typical‘tabletop EUTs. The number
of elementary radiators applicable to represent real-waorld EUT characteristics is
indeterminable, thus the ideal number of radiators to be loCated in the chosen volumes is
unknown. Therefore, effects for varying numbers of elementary radiators is investigated.
Effects expected from a variation of the numbers of radiaters are as follows:

for one radiator, the behaviour of a dipole is modelled;

an increasing number of radiators leads to increasingly complex radiation patterns;

an infinite number of radiators will behave liké.one equivalent dipole.

Simulations done for 1, 2, 5, 10, 30;~and 50 radiators mainly show the following three
characteristics:

the results for 1 or 2 radiators produces the worst-case results only for some frequencies;

the results for 10, 30, or 50 are\the worst case for nearly the entire frequency range;

the differences between the'results for 10, 30, and 50 radiators are very small, for example

compared to the differencés between the results for 10 and 2 radiators.

From these observations it can be concluded that simulations with more than 50 radiators
probably will not give different results. Therefore the results of the carried out simulations are
taken in orderto.get a safe approximation of the worst case.
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Figure B.4 — Radiation characteristics of elementary radiator (left),
and scheme of EUT-model (right)
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For each pair of volume and number of radiators, a set of N = 1 000 individual EUTs are

aanaratad
generatea-
NOTE 1 In general, the number of individual EUTs should be as large as possible. On the other hand, the
simulation time has to be finite. A number of 1 000 individual EUTs is deemed to be a reasonable compromise:
Based on nonparametric statistics theory, a number of 1 000 individuals enables a confidence level of 99,9% for

the estimations of the bounds of interval holding 95% of the simulated values. These bounds are important values
to estimate the standard deviation and thus the inherent uncertainty. For more details, see [2] or Chapter 3 of [1].

For each EUT /i of such a set, e.g. of the set belonging to a volume of (30 cm)3 with 5
radiators, the reference quantity X; and the field strengths Egpgim) for FAR and Egarsiomy;

for OATS are calculated, which are equivalent to measured field strength values.

NOTE 2 Because the statistical EUT model yields individual EUTs with larger horizontal or larger vertical field
components, the calculated field strengths are determined the same way as in real-world measurements: The
maximum value is taken, independent from its polarisation. As a consequence, the polarisation of the'field strength
values varies statistically, and the derived conversion covers both horizontal and vertical polarisations.

From these results, the deviations for the alternative test method from 6.4, Equation (1),

Datvi = Dear@amyi = Xi — Erar@myi (B.1)

where
Erar@m)i is the field-strength for 3 m FAR test method foryEUT i,
X;, Datmi» i are the same as in 6.4 Equation (1),

Drar(am)i is the deviation from the referenceygquantity X of the 3 m FAR test method
result for EUT J,

and for the established test method according.to 6.4, Equation (2),

Dervi =Dontsiiom)i = Xi — Eoats(tom)i (B.2)

where
Eoats(1om)i s the field-strength for 10 m OATS test method for EUT

Xf, DETM", i are the same as in 6.4 Equation (2),

D .
OATS(10m)i i the deviation from the reference quantity X of the 10 m OATS test method

result for EUT |,

are calculated.

B.1.14 Determine the average values of the deviations (see 6.5)

For-both alternative and established test methods, the average deviations can be calculated
using Equation (3) and Equation (4) from 6.5, respectively. This is done for every set of 1 000
EUTs:

- . 4 1000
Datm = Dset,Far@m) = 1000 ZDFAR(Bm)i (B.3)

i=1

1 TUUU

5ETM = Bset OATS(10M) = ZTAAA ZDOATS(wm)i
1000 4
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where

ESet, ATM isthe average deviationm of the attermative testmethodfor thesetof
1 000 EUTSs;

Bset’ETM is the average deviation of the established test method for the set
of 1 000 EUTs;

Eset’ FAR(3m) is the average deviation of the 3 m FAR test method for the set of
1 000 EUTs;

Eset’ OATS(10m) is the average deviation of the 10 m OATS test method for the,Set

of 1 000 EUTs;

Depr@amyi- Doats(tom)i- I are the same as in Equations (B.1) and (B.2), respectively.

In order to estimate the worst-case emissions, for each volume the maximum average
deviation for both test methods is determined using

Din o, AR = MK 0 Dt ARG ©.5)
Bmax vol OATS(10m) = max 5s,et, OATS(10m) .
number of radiators
where
Deet FAR(3m) is the same as in Equation (B.3);
Eset’ OATS(10m) is the same as in Equation(B.4);

max vol, FAR(3m) is the maximum average deviation of the 3 m FAR test method for one

assumed EUT volume;

Dinax vol,0ATS(10m) is the maximum average deviation of the 10 m OATS test method for
one assumed EUT volume.

The example maximum deviations are displayed in Figure B.5.
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Figure B.5 — Maximum average deviations for 3 m FAR (top) and 10 m OATS (bottom)

B.1.1.5

Instrumentation uncertainty: At the time of drafting of this Annex, for the alternative test
method._(3 m FAR), the instrumentation uncertainty had not yet been given in CISPR
standards. For the antenna and site contributions, numeric values from the final technical
report of the EU FAR project have been used [4]. The other numeric values were taken from
CISPR 16-4-2:2003 [24], because these were expected to be the same for OATS and FAR.
These instrumentation measurement uncertainties are given in Table B.1. For the established
test method, the measurement instrumentation uncertainty is as shown in the basic standard

CISPR 16-4-2:2011.

Estimate the standard uncertainties of the test methods (see 6.6)
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Table B.1 — Instrumentation uncertainty of the 3 m fully anechoic chamber test method

Input quantity X; Uncertainty of X; u(x,) ci | cj-u(x;|

dB Probability dB dB

distribution
function

Receiver reading v, +0,1 k=1 0,10 1 0,10
Attenuation: antenna-receiver LC +0,1 k=2 0,05 1 0,05
Biconical antenna factor AF +2,0 k=2 1,0 1 1,0
Receiver corrections:
Sine wave voltage dVsw +1,0 k=2 0,50 1 0,50
Pulse amplitude response 3Vpa +1,5 Rectangular 0,87 1 0,87
Pulse repetition rate response 3Vpr +1,5 Rectangular 0,87 1 0,87
Noise floor proximity dVnf +0,5 k=2 0725 1 0,25
Mismatch: antenna-receiver SM +0,9/-1,0 U-shaped 0,67 1 0,67
Biconical antenna corrections:
AF frequency interpolation SAFf +0,3 Rectangular 0,17 1 0,17
AF height deviations 3AFR +0,0 0,00 1 0,00
Directivity difference 0Airn +0,0 0,00 1 0,00
Phase center location 3Aph +0,0 0,00 1 0,0
Cross-polarisation SAcp +0;0 0,00 1 0,0
Balance (hor.) 8Abal +0,3 Rectangular 0,17 1 0,17
Balance (ver.) O0Apar v +0,9 Rectangular 0,52 1 0,52
Log-periodic antenna corrections:
AF frequency interpolation 8AFf +0,3 Rectangular 0,17 1 0,17
AF height deviations 3AFp +0,0 0,00 1 0,00
Directivity difference 0Airn +0,2/-0,0 Rectangular 0,05 1 0,05
Phase center location 3Aph +0,5 Rectangular 0,29 1 0,29
Cross-polarisation SAcp +0,9 Rectangular 0,52 1 0,52
Balance 3Abal +0,0 0,00 1 0,00
Site corrections:
Site imperfections 3SA +4,0 Triangular 1,63 1 1,63
Separatiomdistance at 3m 5d +0,3 Rectangular 0,17 1 0,17
Table hefght at 3m Sh 0,1 k=2 0,05 1 0,05

Intrinsic uncertainty: Numeric values for intrinsic uncertainties are still under consideration

in CISPR 16-4-1; therefore this uncertainty contribution is not included in this example.

Uncertainty due to unknown EUT characteristics: The standard inherent uncertainty
Unnerent CaN be calculated for alternative and established test methods using Equation (5) and

Equation (6) from 6.6, respectively. Because the cumulative distribution functions of the

deviations have strong asymmetric shapes, the straightforward application of the equations
would yield a estimate of the uncertainty that is too low. The sample cumulative distribution
function (CDF) in Figure B.6 illustrates this underestimation. If the CDF were symmetric, the

interval [EETM; Ketm - S(Detm )] would cover the upper half of the 95 % interval.
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As can be seen from the flgure this is not true — actually kgqpy - s(DETM) underestimates the
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Figure B.6 — Sample cumulative distribution function

The number of these values is denoted N,, and<{the approximated standard deviation is
denoted s,. The index of a given EUT i = 1...N-is mapped to a new index j=1..N,. The
standard deviation is calculated for every set of EUTs using

N

h

Z Depr@m)j — Dset,Far 3m))

S,set(Dear@my) = | = N 1 (B.6)
+

where
Dear(amyi » Eset,FAR(:,)m) are the same as in Equation (B.3);

N, is the number of values larger than the average value;

S, set (DFar@Em)) is the one-side standard deviation of the deviations for one set of
1 000 EUTs of the 3 m FAR test method,

and

N
2
Z Doars(1om); — Dset OATS(10m))

S, set (Doats(iom ) = || -= YR (B.7)
+

=

where

Doats(tomyi » Eset,OATS(mm) are the same as in Equation (B.4);

N, IS The number or values larger than the average value,

S+set(DOATS(10m)) is the one-side standard deviation of the deviations for one set
of 1 000 EUTs of the 10 m OATS test method.
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This approach gives a worst-case estimation; more precise results can be obtained by
considering the skew of the CDF.

As done for the average deviations, from the approximated standard deviations of the
deviations for each volume, the maximum value is determined. This maximum is taken as a
safe approximation of the uncertainty.

UaTMinherent = UFAR@m)inherent ~ S+max.vol (DFar@Em)) = numbemfaé diators S,set (Drar@m)) (B.8)

UgTMjnherent = UOATS(10m)inherent = S+max.vol (DoaTs(10m)) = max  S.ee(Doats(rom)) , (B9)
number of radiators
where
S.set (DFar@Em)) is the same as in Equation (B.6);
S set (DoaTs(10m)) is the same as in Equation (B.7);
S maxvol (DFar@Em) ) is the maximum approximated standard deviatich of the deviations of

the 3 m FAR test method for one assumed-EUT volume;

S max,vol (DoaTs(1om))  is the maximum approximated standardideviation of the deviations of
the 10 m OATS test method for one assumed EUT volume;

UFAR(3m),nherent is the inherent uncertainty of the{3'm FAR test method;
UATM.inherent is given in Table 2;

UOATS(10m),inherent is the inherent uncertainty of the 10 m OATS test method;
UETM,inherent is given in Table 2.

The values are displayed in Figure B.7”and are given numerically in Tables B.2 and B.3.

NOTE It should be noted, that the large uncertainty of the OATS test method results from the fact, that the values
include both horizontal and vertical palarisation. Smaller uncertainties could be obtained if the polarisations are
considered separately. Such a cohsideration needs a sophisticated rule, in which case conversion factors for
horizontal, vertical or both polarisations can be applied.
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Figure B.7.5'Uncertainties due to the unknown EUT characteristic
for 3 m FAR (top) and 10 m OATS (bottom)

From the set of calculated deviations, and from the standard deviations, a 95 % tolerance
interval for ,both test methods can be determined. Using their widths and the standard
deviationsi\the coverage factor k can be approximated. For the alternative test method the

factor is

katM = K1FAR(3m) = 2.2 (B.10)
where

Katm is the coverage factor for the alternative test method;

K.rar@m) is the coverage factor for the 3 m FAR test method derived from the values larger

than the average;

and for the established test method it is
ketm =K1 oATs(10m) ® 2.2 (B.11)

where
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Ketm is the coverage factor for the established test method;

K.oaTs(tom) is the coverage factor for the 10 m OATS test method derived from the values
larger than the average.

Again only the values larger than the average are used.
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Table B.2 — Uncertainties in dB due to the unknown EUT characteristic for 3 m FAR

Frequency v = (30 cm)3 v = (60 cm)3 v =(90 cm)3 v =(120 cm)3

MHz

30 1,00 0,97 0,99 1,12
50 1,00 1,01 1,11 1,25
70 1,00 1,08 1,24 1,48
90 1,00 1,17 1,36 1,62
110 1,02 1,27 1,47 1,79
130 1,06 1,37 1,58 1,96
150 1,10 1,48 1,69 2,03
170 1,14 1,56 1,84 2,08
190 1,19 1,66 1,93 2,12
210 1,22 1,74 2,03 2,16
230 1,25 1,80 2,02 2,16
250 1,29 1,86 2,01 2,12
270 1,34 1,88 2,00 2,08
290 1,40 1,95 2,01 2,03
310 1,45 2,00 2,00 2,00
330 1,49 2,08 196 1,93
350 1,54 2,08 1,98 1,88
370 1,57 2,10 1,96 1,86
390 1,63 2,12 1,95 1,83
410 1,68 2,12 1,95 1,81
430 1,74 2,11 1,95 1,80
450 1,79 2,11 1,92 1,76
470 1,84 2,12 1,93 1,76
490 1,88 2,13 1,89 1,76
510 1,91 2,11 1,86 1,77
530 1,93 2,06 1,83 1,74
550 1,96 2,02 1,79 1,71
570 199 1,98 1,77 1,73
590 1,99 1,94 1,76 1,69
610 2,01 1,97 1,73 1,67
630 2,03 1,97 1,77 1,69
650 2,08 1,97 1,78 1,68
670, 2,10 1,98 1,75 1,67
690 2,12 1,96 1,74 1,68
710 2,15 1,97 1,70 1,64
730 2,15 1,97 1,70 1,64
750 2,13 1,94 1,71 1,58
770 2,11 1,91 1,67 1,59
790 2,10 1,89 1,66 1,60
810 2,11 1,89 1,67 1,62
830 2,08 1,89 1,65 1,57
850 2,07 1,90 1,65 1,52
870 2,07 1,88 1,61 1,49
890 2,07 1,90 1,59 1,44
910 2,07 1,88 1,56 1,43
930 2,05 1,84 1,60 1,42
950 2,05 1,83 1,63 1,43
970 2,03 1,84 1,66 1,47
990 2,03 1,81 1,67 1,48
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Table B.3 — Uncertainties in dB due to the unknown EUT characteristic for 10 m OATS

Frequency v =(30 cm)3 v = (60 cm)3 v =(90 cm)3 v =(120 cm)3

MHz

30 5,27 4,55 4,55 4,20
50 3,48 2,84 2,84 2,54
70 2,28 1,96 1,96 1,95
90 1,55 1,49 1,49 1,64
110 1,17 1,52 1,52 1,74
130 1,08 1,62 1,62 1,86
150 1,07 1,74 1,74 1,92
170 1,13 1,78 1,78 2,01
190 1,20 1,80 1,80 2,06
210 1,24 1,86 1,86 2,M
230 1,29 1,97 1,97 2711
250 1,35 2,00 2,00 2,05
270 1,43 2,00 2,00 1,95
290 1,51 2,01 2,01 1,89
310 1,58 2,01 2,01 1,79
330 1,65 1,96 1,96 1,76
350 1,69 1,91 1,91 1,75
370 1,73 1,85 1,85 1,74
390 1,77 1,83 1,83 1,71
410 1,79 1,81 1,81 1,67
430 1,80 1,84 1,84 1,61
450 1,81 1,83 1,83 1,60
470 1,85 1,79 1,79 1,57
490 1,88 1,79 1,79 1,53
510 1,91 1,75 1,75 1,50
530 1,93 1,70 1,70 1,48
550 1,94 1,64 1,64 1,49
570 1,97 1,60 1,60 1,50
590 1,98 1,56 1,56 1,48
610 2,01 1,53 1,53 1,46
630 2,04 1,53 1,53 1,45
650 2,07 1,52 1,52 1,40
670 2,09 1,53 1,53 1,38
690 2,10 1,50 1,50 1,38
710 2,11 1,49 1,49 1,33
730 2,12 1,48 1,48 1,25
750 2,12 1,47 1,47 1,23
770 2,12 1,45 1,45 1,22
790 2,11 1,41 1,41 1,19
810 2,09 1,37 1,37 1,17
830 2,07 1,31 1,31 1,18
850 2,06 1,28 1,28 1,18
870 2,02 1,29 1,29 1,17
890 2,01 1,27 1,27 1,15
910 1,97 1,27 1,27 1,15
930 197 129 129 117
950 1,95 1,30 1,30 1,19
970 1,93 1,30 1,30 1,15
990 1,91 1,29 1,29 1,13
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B.1.1.6 Estimate the expanded uncertainties of the test methods (see 6.7)

The instrumentation uncertainties and the uncertainties due to the EUT characteristics are
combined into one standard uncertainty using Equations (7) and (9) from 6.7. The differences
of the instrumentation uncertainty for different frequency ranges and polarisations are
negligible, so that one uncertainty for all cases is sufficient. The combined and the expanded
uncertainties are not given here numerically, because the EUT-dependent uncertainty is
frequency-dependent. Figure B.14 displays the expanded uncertainties for the alternative and
established test methods for a coverage factor of k = 2.
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Figure B.8 — Expanded uncertainties (k = 2) of alternative (3 m FAR, top) and
established (10 m OATS, bottom) test methods

B.1.1.7 Calculate the average conversion factor (see 6.8)

Using 6.8 Equation (14), the average conversion factor can be calculated from the
measurement results of the EUTs. For each set of EUTs the average conversion factors are

_ 1Y
Kset N E (Eoats(tom)i — EFar@m)i) (B.12)
i1
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where

Vi ara aivan in Tahla 2-

are—giveninTable2;

Erar(3m)i is the same as in Equation (B.1);

Eoats(iom)i s the same as in Equation (B.2);

Rset is the average conversion factor for a set of EUTs.

From this the maximum values for each volume are searched,

Kmax,vol = max Kset (B.13)
numbers of radiators
where
Kset is the same as in Equation (B.12);
Kmax voi  is the maximum average conversion factor for one assumed EUT volume.

These values are displayed in Figure B.9, and numerical values are given in Table B.4.
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Eigure B.9 — Maximum average conversion factors for different volumes
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Table B.4 — Maximum average conversion factors in dB
between 10 m OATS and 3 m FAR

Frequency in MHz v = (30 cm)3 v = (60 cm)3 v = (90 cm)3 v =(120 cm)3
30 -6,63 -6,26 -5,97 -5,76
50 -6,99 -6,48 -6,10 -5,78
70 -6,90 -6,31 -5,83 -5,43
90 -6,59 -5,96 -5,44 -4,98
110 -6,20 -5,56 -5,05 -4,62
130 -5,80 -5,20 -4,77 -4,43
150 -5,43 —4,94 —4,61 —4,35
170 -5,14 -4,80 -4,52 -4,32
190 -4,97 -4,73 -4,50 —4:34
210 -4,88 -4,68 -4,49 4,36
230 -4,85 -4,67 -4,51 ~4,38
250 -4,82 -4,66 -4,51 -4,40
270 -4,80 -4,66 -4,51 —4,41
290 -4,80 -4,67 -4,50 -4,38
310 -4,80 -4,67 -4,49 -4,32
330 -4,81 -4,67 —47a4y -4,26
350 -4,81 -4,65 24,44 -4,22
370 -4,81 -4,63 -4,42 -4,19
390 -4,80 -4,60 -4,39 -4,15
410 4,77 —4,57 —4,36 —4,16
430 —4,75 —4,54 —4,34 -4,15
450 —4,72 4,59 —4,33 -4,15
470 —4,69 AVPY: —4,30 4,12
490 —4,67 14,46 —4,28 —4,10
510 -4,63 —4,44 -4,25 -4,08
530 -4,61 -4,42 —4,24 -4,06
550 -4,58 -4,40 —4,24 -4,07
570 -4,56 -4,39 -4,22 -4,08
590 ~X54 -4,37 -4,19 -4,09
610 4,52 -4,36 4,17 —4,11
630 -4,50 -4,34 -4,15 -4,13
650 -4,48 -4,33 -4,13 -4,15
670 -4,47 -4,33 -4,14 -4,14
690 -4,45 -4,31 4,17 -4,14
710 —4,44 -4,30 —4,21 -4,13
730 -4,42 -4,29 -4,25 -4,13
750 —4,41 -4,30 -4,25 -4,13
770 —4,41 -4,32 -4,25 -4,12
790 -4,40 -4,35 —4,24 -4,12
810 —4,41 -4,36 —4,24 —4,11
830 —4,41 -4,38 -4,23 —4,11
850 -4,43 -4,38 -4,23 —4,11
870 —4,44 -4,37 -4,23 —4,11
890 -4,46 -4,37 -4,23 —4,11
910 -4,47 -4,37 -4,23 —4,11
930 —4.49 —4.36 —4.22 —4.11
950 -4,50 -4,36 -4,22 -4,12
970 -4,50 -4,36 -4,22 -4,12
990 -4,50 -4,36 -4,22 -4,12
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B.1.1.8 Verify the calculated values (see 6.9)

The numerical values presented above are from simulations with the statistical EUT model;
thus a verification of these theoretical values is necessary. Since it is impossible in a
reasonable time to produce the same large number of measurement results as was used for
the statistical simulations, at least a certain number of measurements should be done to
support the calculated results.

The results are derived in terms of deviations from the reference quantity. For even a single
EUT only, it is almost impossible to measure this selected reference quantity over the full
surrounding sphere. Due to these limitations, a special-purpose generic EUT is used ‘for
measurements to verify the theoretical results. The radiation characteristics for this EUT,”and
hence the reference quantity as well as the measurement results, can be calculated. The
latter is important for the identification and evaluation of any possible uhexpected
measurement results. The EUT is constructed as a cube with a 0,2 m sidé length. To
represent real-world EUT radiation effects, the cube has a slot, which is exgited by a comb
generator with an emissions frequency spacing of 10 MHz. Figure B.10 shows a picture and
the simulation model (cut-view) of the specimen EUT.

IEC 1709/06 IEC 1710/06
Figure B.10 — Photo (left) and<cut-view of simulation model (right) of the specimen EUT

The measurements weregperformed for two different orientations of the specimen EUT: one
measurement series with' the orientation shown in Figure B.10, and the other measurement
series with the EUTotated by 90° around the x-axis.

Figure B.11 shows the deviations from the reference quantity for the results of alternative and
established - tést method. The statistical EUT model with v =(30cm)3 is chosen for
comparisons with the values of the specimen EUT. For each number of radiators, a 95%
tolerance)interval is shown (dotted lines). For the specimen EUT, the measured as well as the
calculated deviations from the calculated reference quantity are shown, for both orientations
of (the EUT. Except for one data point, the measured values deviate from the tolerance
interval by up to 3,5 dB. This deviation is smaller than the instrumentation measurement
uncertainty given in CISPR 16-4-2. One measured value (OATS measurement with rotated
EUT at 120 MHz) deviates by 8,5 dB from the tolerance interval. These deviations were not
seen in the results from the simulations with the specimen EUT. Consequently, these
deviations are expected to be due to measurement problems. Then it can be said that the
measured results for the specimen EUT support the statistically-derived deviations from the
reference quantity, and hence the derived conversion factors and the uncertainties.
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Figure B.11 — Deviations of the specimen EUT: 3 m fully anechoic room (top)
and 10 m open area test site (bottom)

B.1.1.9 Apply-the conversion (see 6.10)

Figure B.12 shows a sample of measured values with their expanded uncertainties from a
FAR emission measurement, for an EUT with maximum cube-edge dimension of 0,3 m. The
converted limits according to 6.10 Equation (15) are shown in Figure B.13. Based on the
largest’dimension of the EUT, the average conversion factors for (30 cm)3 are applied (see
Figure B.9). The comparison of the measured values with the converted limits must consider
the differences between the uncertainties of the alternative and established test methods.
Figure B.14 displays the expanded uncertainties of 10 m OATS and 3 m FAR for the (30 cm)3
EUT volume. As can be seen, the uncertainty of the FAR is at some frequencies about 0,1dB
larger than the uncertainty of the OATS. At these frequencies the converted limit has to be
corrected with the amount of the difference according to 6.10 Equation (17). The measured
values then can be compared with the corrected and converted limit line, as shown in
Figure B.15. The EUT fails due to the emission values at 150 MHz and 550 MHz.
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Figure B.12 — Sample FAR measurement
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Figure B.14 — Expanded uncertainties
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Figure B.15 — Comparison of the measured values with the.corrected converted limit

B.1.2 Small EUTs with cables

Results different from those shown in B.1.1 are expgcted, but are under investigation.

B.2 Example 2 - 3 m open-area test site’measurements compared to 10 m
open-area test site measurements

B.21 Small EUTs without cables
B.2.1.1 Select the reference‘quantity X (see 6.2)

As above, the reference quantity is selected as free-space electric field — see B.1.1.1.

B.2.1.2 Describe the-test methods and measurands (see 6.3)

Alternative test method: 3 m open-area test site, OATS (3 m). Figure B.16 displays the
measurement set-up of an OATS with 3 m distance for measurements in the frequency range

from 30 MHz (to,;1 GHz. The receiving antenna is located at a distance of doargam) =3 m to

the EUT. To detect the maximum field strength, the EUT is rotated in azimuth and the antenna

height is\varied between 1 and 4 meters. The set-up is placed on a conducting ground plane.
The perimeter and surroundings of the OATS and set-up is free of any reflecting objects,
therefore ideally the antenna receives only the direct radiation and the ground reflected
signal.
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Figure B.16 — EUT and antenna set-up of 3m open area test site measurement
Established test method: 10 m open-area test site, OATS (10 m). SeéB.1.1.2

B.2.1.3 Determine the deviations of the measured quantities from the reference
quantity (see 6.4)

A description of the statistical model used for the small EUT is given in B.1.1.3. From the
simulation results, the deviations between the alternative test method results and the
reference quantity values are obtained using

Darmi = DOATS(Sm)i <X; - E OATS(3m)i (B.14)
where

Eoats@m)i  is the field-strength for 3um OATS test method for EUT i;

X;, Datwmi» i are the same as in 6:4 Equation (1);

Doats(am)i is the deviation~from the reference quantity X of the 3 m FAR test method
result for EUT /,

and for the established test method using Equation (B.2) from B.1.1.3.

B.2.1.4 Determine the average values of the deviations (see 6.5)

Calculations. for the established test method are done in the way as in B.1.1.4. For the
alternative\test method the average deviations can be calculated using Equation (3) from 6.5.
This isdone for every set of 1 000 EUTs using:

B B 4 1000
Dget, atm = Dset, 0aTS(3m) = 1000 ZDOATS(3m)i (B.15)
P

where

Dget aTM is the average deviation of the alternative test method for the set of
1 000 EUTSs;

i~ . o ' TR e Q AT o . o —r o . c
Uset,OATS(Sm) IS Uie dverage acvidalion oOr e o MMMUATo IEest IMetrnod 1017 ure  sSet Ul

1000 EUTSs;
Doats(am)i - I are the same as in Equation (B.14).
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