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The main-task of IEC technical committees is to prepare International Standards. HoweV
technical’committee may propose the publication of a technical report when it has collg
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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

Thle International Electrotechnical Commission (IEC) is a worldwide organization for standardizafion comy

end and in addition to other activities, IEC publishes International Standards, Technical Specifica
Tecchnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftér “referred to as
Pdblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in[the subject dealt with may participate in this preparatory work. Internatiohal, governmental and
governmental organizations liaising with the IEC also participate in this prepatation. IEC collaborates g
with the International Organization for Standardization (ISO) in accordance{Wwith conditions determin
agreement between the two organizations.

Thle formal decisions or agreements of IEC on technical matters express; as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technical*eommittee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N4
Cdmmittees in that sense. While all reasonable efforts are~-made to ensure that the technical content
Pdblications is accurate, IEC cannot be held responsible<for the way in which they are used or fd
misinterpretation by any end user.

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in~their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indicg
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible fdg
equipment declared to be in conformity with an IEC Publication.

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

Nq liability shall attach to IEC orits’ directors, employees, servants or agents including individual exper
me¢mbers of its technical committees and IEC National Committees for any personal injury, property dam
otlher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out of.the publication, use of, or reliance upon, this IEC Publication or any oths
Pdblications.

Attention is drawn to_the Normative references cited in this publication. Use of the referenced publicati
indispensable for.the*correct application of this publication.

Atiention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
pafent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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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.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
CISPR/A/665/DTR CISPR/A/685/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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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 Specification 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 this publication will remain unchanged until
the maintenance result 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

* reconfirmed,

* withdrawn,

eplaced by a revised edition, or
+ amended.

—

A bilingual version of this publication may be issued at a later date.
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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}art of CISPR 16-4 specifies a method to enable product committees to develop-.limits for
alterpative test methods, using conversions from established limits. This method‘is,gen¢rally
applicable for all kinds of disturbance measurements, but focuses on radiated)disturbance
meagurements (i.e. field strength), for which several alternative methodsxare pregently
speclfied. These limits development methods are intended for use by product committeeg and
othel groups responsible for defining emissions limits in situations where it is decided t¢ use
alterpative test methods and the associated limits in product standards,

2 Normative references

IEC | 60050-161, |International Electrotechnical Vocabulary (IEV) — Chapter |161:
Eleciromagnetic compatibility

CISHR 16-4-1:2003, Specification for radio disturbance and immunity measuring appafatus
and |methods — Part 4-1: Uncertainties, statistics and Ilimit modelling — Uncertainfy in
standardized EMC tests

CISHR 16-4-2:2003, Specification for radio disturbance and immunity measuring appafatus
and methods — Part 4-2: Uncertainties; statistics and limit modelling — Uncertainty in [EMC
meagurements

3 Terms and definitions

For the purposes of thiss<document, the terms and definitions given in IEC 60050-161 anf the
following apply.

3.1
established 'test method
test [method described in a basic standard with established emissions limits defingd in
corrgsponding product or generic standards. An established test method consists of a spgcific
test bracedure a eppr‘ifio fest sef-up 2 apprifir test farility 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: test method defined in CISPR 16-2-1:2003, Clause 7;

— radiated disturbance measurements up to 1 GHz: the test method defined in CISPR 16-2-3, 7.2.1;
— radiated disturbance measurements up to 18 GHz: the test method 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
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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 CIS

3.4

PR 16-3.

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

conV
for a
meth

NOTE|
descri

3.6

ersion factor K
given EUT or type of EUT, the relation of the measured value of the established
od to the measured value of the alternative test method

The terms measured and calculated are used interchangeably at various places.in this docum
be actual laboratory tests and computer simulations.

referlence quantity X
asic parameter which determines the interference potentialto radio reception. It may be

the b
indef

endent of the parameters presently used in established standards

test

ent to

NOTE| The goal for both the established and alternative test methods is<to determine the reference quantity (X) for
all freguencies of interest. For both established and alternative test,methods, the test results may deviate frgm the
referepnce quantity values. The specification of the reference quantity when applying methods of this document
shoulq include applicable procedures and conditions to calculate’(orymeasure) this quantity

3.7

inherent uncertainty

uinheurent . . o .
unceftainty caused solely by the difference in EUT characteristics and the ability of the
meagurement procedure to cope with. them. It is specific to each test method and remains,
even|if the measurement is performediperfectly, i.e., the standards compliance uncertainpty is
zero jJand the measurement instrumentations uncertainty is zero

3.8

intrirLsic uncertainty of the measurand

ui_nt_ri
minin
theof
meaq
unce

[CISH

sic
num uncertainty(that can be assigned in the description of a measured quantif
y, the intrinsic.uncertainty of the measurand would be obtained if the measurand

y. In
was

ured usingw.a measurement system having negligible measurement instrumentation

rtainty.
PR 16-4-1, definition 3.6]

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.

4 Symbols and abbreviated terms

The following abbreviations are used in this technical report:

ATM
D
ETM

i

alternative test method (e.g. subscript in Dy1tm)
deviation

established test method (e.g. subscript in Dgqpy)
index of one individual (e.g., of a number of EUTs)
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conversion factor

coverage factor

limit

measurement (or calculation) result
number of EUTs

standard deviation

expanded uncertainty

standard uncertainty

volume
reference quantity
difference of two values or quantities

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

the years, several test procedures and test set-ups for radiated emissions testing
described in basic standards. One particular combination‘cf test method and test s
having defined emissions limits is the open area test(site (OATS) method, which

d for the other, alternative test methods, e.g., fully anechoic room, TEM waveg
beration chamber.

provIén to be successful for the protection of radio services. In general limits have not

alternative method can be used to get measurement results related to emission g
Although each method gives an emissioplevel from the EUT, the different methods

captyure the EUT emission differently.«'\For example, considering radiated emi
meagurements, different methods may capture different EUT radiation pattern lobes, diff
numbers of lobes, or the test facility may alter the EUT radiation pattern producing a diff

appa
be a
how

The

bplied directly to the alternative’ test methods. Consequently, a procedure is neede
o derive limits to use for thétresults of alternative test methods.

specification for such, a procedure should consider the general goal of disturb

meagurements. The aim“of the disturbance measurement is to verify whether the

satis

ies or violates-certain compliance criteria. Past experience has shown that usin

present system of the established test method and the associated limits yields a situ
withqut many cases of interference due to conducted or radiated emissions. Applyin
established test method with the associated limits will fulfill the protection requirement w

have
et-up

has
been
uide,

f the
may
5sion
ering
erent

rent emission level. Therefore the limits defined for the established test method cannot

d for

ance
EUT
y the
ation
y the
ith a
5e of

high |probability. To preserve this situation, the most important requirement for the u

alterpative test methods is as follows.

- LOC Uf darl a:tclllat;vc tGOt |||cthud ;II [=} IIUIIIIGt;VC Otalldald oha” }JIUV;dC thc SdITre
protection of radio services as the established test method.

This requirement can be met by developing a procedure for deriving emission limits for the
alternative test method from the existing limits of the established test method. Such a
procedure shall relate the results of the alternative test method to those of the established
test method. Using this relation the limits of the 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 procedure will provide a similar
amount of protection, even though an alternative test method is used.
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The limits conversion procedure should consider the goal of emissions measurements as
described above. The results of standard emissions tests can be considered as an
approximation of the interference potential of an EUT. Depending on the characteristics of the
EUT (e.g., radiation pattern characteristics for radiated disturbance test methods), and on the
measurement set-up, the measured value differs from the actual interference potential of the
EUT. This deviation can be divided into two parts: a systematic deviation, which can be
interpreted as a bias of the test method, and a random deviation depending on the
characteristics of different EUTs, which can be interpreted as an uncertainty of the test
method. Each emissions 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
descfibed. To determine these quantities, the abstract term “interference potential” neers to

be expressed in terms of a physical quantity. For the purposes of this report, this guanfity is
callef the “reference quantity,” X. More details about correlation of test methods) us

ng a
reference quantity can be found in [1]1).

6 Procedure to derive limits for an alternative test method

6.1 Overview

A prpcedure to derive limits for an alternative test method-“based on the limits qf 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 flowchalrt for
the dorrelation process using these quantities. The nine-Step conversion process below can
be a¢complished using numerical simulations, measurermients, or a combination of simuldtions
and |measurements. Calculable or reference EUTs/ are invaluable for this convefrsion
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 shon in
Tabl¢ 1.

Table 1 — Summary of steps in conversion procedure

1 Select the reference quantity

Describe the testmethods and measurands

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

Determine_ the average values of the deviations

Determine the standard uncertainties of the test methods

Verify the calculated values

N|ojloa|b~|lwOw|DN

Apply the conversion

1) Figures in square brackets refer to the Bibliography.
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v

Alternative test
method

A

A

Reference
quantity
definition

Y

'

Established test
method

A

Measurermentresuit

Matm

Referercequarntity

X

Measurermentresutt

MeTm

A

Set of deviations
Datm

y

Average deviation
Datm

Standard deviation
inherent uncertainty

s(DATM) ~ DATM) inherent

) 4

Setof deviations
Detm

A

Average deviation

Detm

Standard deviation
inherent uncertainty

Y

S(DeTM) ~ DETM; inherent

Average Comparison
conversion of expanded
factor k measurement
uncertainties

IEC 1694/06

Figure 1 — Overview of quantities to estimate for use in conversion procedure
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-11 =
Average Limit for established
conversion test method LeTm
factor k

A

Limit for alternative
test method Latm

Uncertainties of
alternative test method

Inherent uncertainty
UATM, inherent

Instrumentation uncertainty
UATM, instrumentation

Intrinsic uncertainty
UATM, intrinsic

A A

Alternative test method
expanded uncertainty

Uatm

Uncertainties of
established test method

Inherent uncertainty
UETM, inherent

Instrumentation uneertainty

UETM, instrumentation

Intrinsic uncettainty
UeTw, iisinsic

A 4

Difference.of.
uncertainties

A

I

v

Established test method
expanded uncertainty

UeTtm

Corrected limit for alternative test method Latm,u

IEC 1695/06

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.

DATM'(f) the deviation from the reference quantity of the measurement result of EUT i/ (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

D the average deviation of the alternative test method (3)

ATM
D. the average deviation of the established test method (4)

ET™M
Untmbnherent the inherent uncertainty of the alternative test method (5)
UETM]nherent the inherent uncertainty of the established test method (6).
UaTy combined standard uncertainty of the alternative test method (7)
UATM the expanded uncertainty of the alternative test method (8)
UgTn combined standard uncertainty of the established test method (9)
Ugtm 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)
Lt 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 uncertainties (16)
LATMJ the limit to be used for alternative measurements 17)
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
quanltity that can passibly cause interference to a radio service, and selection of a refefence
quantity also depends on the type of EUT.
For fhe types“of EUTs investigated in Annex B, as an example the maximum electric|field
strenfgth determined on a sphere of a certain radius around the EUT has been selected afs the
reference quantity for radiated emission measurements in the frequency range of 30 MiHz to
1GHZz i d 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 to give a
basis for comparison of the two test methods. In most cases this description is explicit or
implicit in the standards that specify the test methods.
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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

D (f) = Xi(f) = Maqyi (f) (1)
wherg
i is the index of the EUT;
f is the frequency;

Dt () is the deviation from the reference quantity of the measurementiresult of EUT i as
produced by the alternative test method;

X;(f is the reference quantity defined in 6.2 for the EUT /, and

Mamni(f)  is the measurement result given by the alternative tést'method for the EUT J.

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

Derwi (F) = X () M () (2)

wherg
X;(f), f, i are the same as in Equation (1);
Dy (F) is the deviation from the reférence quantity of the measurement result of EUT i as
produced by the established test method;

Mg i (f)  is the measurementresult given by the established test method for the EUT .

6.5 | Determine the average values of the deviations

The ¢geviations given by Equations (1) and (2) will differ for different EUTs. In order to optain
more universal results, varying characteristics of EUTs shall be considered, for example as
shown in Annex-AizConsidering a range of N EUTs leads to a set of N values for the deviation
D fon both alternative and established test methods. From this set of D the average cgn be
easily determined. See Annex A for more details about EUT considerations and variationg.

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;
Darw is the average deviation of the alternative test method;
N is the number of EUTs considered, and shall be as large as possible for statistical
reasons;

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

produced by the alternative test method [Equation (1)].
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An estimate of the mean of the deviation of the established test method is given by

_ 1Y
Detm =NZDETMI (4)
i=1
where
Dery is the set of deviations of the established test method;
Dery is the average deviation of the established test method;
N, i are the same as im Equation (3);
Dery 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 ¢very
meagurement result. Because the results from the established_ test method itself [have
unceftainties, care must be taken that these uncertainties are not\transferred to results|from
the alternative test methods as part of the conversion procedure. Otherwise, the uge of
alterpative test methods would be burdened with uncertainties\that are characteristics qf the
established test method.
The uncertainty of emission measurements consists af several components. On one hand, the
meagurement equipment contributes several uncertainties, as documented in CISPR 1§-4-2.
On the other hand the test set-up combined with- the radiation characteristics of the|EUT
causgs an inherent uncertainty, Ui perent- FOr €Xample, in radiated emissions measuremients,
for spme types of EUT radiation patterns, annOATS test (established test method) may fail to
capture the radiated emission peak lobe. Deviations between the results of a test methoq 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 Ulnerent
can pe estimated only if the behaviour of EUTs with different characteristics is examTined.
Analpgously to as in 6.4, the dewiations from the reference quantity of a set of N EUTs can be
used|for estimating the standatddeviation as a measure for the inherent uncertainties.
Using the formula for.experimental standard deviation, the inherent uncertainty of the
alterpative test method js given by:
N —
Z.f (Datmi = Datm )’
Untminherent = S(Datm) = \/ = (9)
N -1
wher
UaTM inherent is the inherent uncertainty of the alternative test method;
S(Datm) is the experimental standard deviation of the set Daqy;
N, i, Dpotm, Datvi are the same as in Equation (3).
Analogously, the inherent uncertainty of the established test method is given:
N J—
Z.f (Demi — Derm )?
UeTMinherent :S(DETM):J = N_1 (6)
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where
UETMinherent is the inherent uncertainty of the established test method;
S(Dgtm) is the experimental standard deviation of the set Dgqy;

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 combined standard uncertainty of the

alterfative test method Upatym can be calculated from

2 2 2
Upatm = \/UATM,m + UaTMintrinsic T UATM,inherent (7)
where
UATM m is the combined standard uncertainty of the altérnative test method
contributed by measurement instrumentation;
U pTMinherent is the inherent uncertainty of the alternativetest method, according to
Equation (5);
UpTMntrinsic is the intrinsic uncertainty of the alternative’test method.

Using the coverage factor k, the expanded unceértainty of the alternative test methed is
estimated:

Unmp=k-Uptm (8)
where
Uati 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).

Analpgously the combined standard uncertainty of the established test method Ugq, cgn be
obtained,

2 2 2
Ugtm = \/ Ugtm,m + UETM,intrinsic T YETM,inherent (9)
wher
UETM.m is the combined standard uncertainty of the established test method
contributed by measurement instrumentation;
UETMinherent is the EUT-dependent uncertainty of the established test method, according to
Equation (6);
UETMintrinsic is the intrinsic uncertainty of the established test method.

The expanded uncertainty of the established test method is given by

Ugtm = K - UgTw (10)
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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) can be calculated using

Ki(f) = Datmi (f) — Der;i () (11)
wherg
Dprdi (F) is the deviation from the reference quantity of the measurement-fesult of BUT /,
as produced by the alternative test method [Equation (1)];
Derp (F) is the deviation from the reference quantity of the measurement result of BUT J,

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

The |average conversion factor can be calculated from the)average deviations of the
alterpative and the established test methods:

K(f) = Daru(f) ~ Degn(f) (12)
wherg
K(f) is the set of conversion factors;
K(f) is the average of the conversion factors;
[_)ATM(f) is the average deviation ofithe alternative test method from the reference quantity,
in dB;
Derul(f) is the average deviation of the established test method from the reference

quantity, in dB.

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

N

S — — 1 < 1
K =Dam = Demm = ﬁz Dammi - ﬁz Derwm (13)
i=1 i1

Using«Equations (1) and (2), the average conversion factor can be expressed in terms qf the
measurement resuits of the setof EUTS:

= 13 13 1<
KZNZ(XI_MATMI)_NZ(Xi_METMI)ZNZ(METMi_MATMi) (14)
= = =

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


https://iecnorm.com/api/?name=d268fe63c34f2bfa6fdf382729591525

TR CISPR 16-4-5 © IEC:2006(E) -17 -

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.

alte

LETM

LATM

To c
have

A Iir'nLit line of an established test method can be converted into limit conditions) fa
r

ative test method using the average conversion factor:

to be taken into account. Defining a difference, A, between the uncertainty o

alterpative test method, U,y , and the uncertainty of the established test method Ugqy, i

impli

A W arm(F) = Ugtm(f)

s a rule for how to handle™the measurement uncertainties. If the uncertainty o

Laru(f) = Leru (F) = K() (15)
e
is the frequency-dependent average conversion factor aceording to Equation (12);
f) is the frequency-dependent limit of the established.test method;
f) is the limit line of the alternative test method equivalent to the limit of the
established test method, without consideration of the uncertainties.
bmplete the process, the uncertainties of both alternative and established test methods

f the
e.,

(16)

f the

alterpative test method is largerthan the uncertainty of the established test method, it shall be

used

wher!

to correct the limit of the alternative test method:
i 3 Latm — A if A>0
AMUT L if A<0

e Latmy(i$ the limit to be used for alternative measurements.

(17)
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Annex A
(informative)

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 ap_d

area
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deteqmining conversion parameters. This annex describes general considerations.about
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test site or a fully-anechoic room measurement. To obtain more universal results
5sary to consider multiple EUTs having different radiation characteristicsnfor u

lling for use in investigations about emission measurement methods.

Types of EUTs

in characteristics of EUTs typically have the most influence ©n'\the radiation behavig
eful to categorize EUTs with equivalent primary characteristics into several EUT t
h can then be considered and investigated independently. ©ne general classification
b EUTSs into the following three types, based on the test.set-up:
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borstanding equipment.

Application of statistics

EUT category of Clause A.1_consists of many different devices and operating
rmance characteristics. To best cover these widely-varying characteristics, apq
tical methods is helpful. With a statistical approach, universally valid values for avd
brsion parameters and the uncertainties can be obtained. The uncertainty resulting
inknown radiation characteristics of an EUT, Ujynerentr Can only be determine

ple of such a stdtistical approach is given in Annex B.

dering a range of\different EUTs and analysing the resulting data statistically.

pen-
it is
e in
EUT

ur. It
pes,
is to

and
lying
rage
from
d by
An



https://iecnorm.com/api/?name=d268fe63c34f2bfa6fdf382729591525

TR CISPR 16-4-5 © IEC:2006(E) -19 -

Annex B
(informative)

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 inthe’/[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 radjated
by an EUT interferes with radio services. A measure for this interfefence potential of the|EUT
is the electric field strength emitted by the EUT. Because the EUT final-use set-up in geperal
is unknown or is variable, it is necessary to search for th€ maximum field strength [n all
directions from the EUT and for all polarisations. Therefore«the reference quantity is selgcted
to be the maximum far-field electric field-strength emitted under free space condifions,
independent of direction or polarisation. At a distance{from the EUT of d,,; = 10 m and fqr the

frequency range and EUT sizes considered here; far-field conditions can be assumed.
Figude B.1 displays this scheme for defining the reference quantity. It is noted that in reglity it
is difficult or nearly impossible to perform such measurements, but this set-up and referlence
quantity is very amenable to numerical simulations. This reference quantity definitipn is
applicable in the frequency range of 30 MHzto 1 GHz.

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 d;, = 3 m 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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igure B.2 — EUT and antenna set-up for fully anechoic room emission measurement

Estaplished test method — 10 m open-area test site (OATS): Figure B.3 displays the
meagurement set-up for an open-area test site for the frequency rangelof 30 MHz to 1 GHz.
The Jreceiving antenna is located at a distance d, ;s = 10 m toythe EUT. To detect the

maximum field strength, the EUT is rotated, and the antenna height 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,/therefore ideally the anfenna
receives only the direct radiation and the ground reflected signal.

Semj-anechoic rooms that meet the CISPR normalized site attenuation (NSA) site-validation
criteffia can be used to perform compliance tests,~and therefore semi-anechoic room could be
selegted as the established test method instead. The example results shown below rgmain
applicable in this case, because the estimatiofwof the inherent uncertainty assumes conditions
of an ideal test site. Considered ideally, a.semi-anechoic room and an open-area tesj site
would both ideally provide free-field reflection-free (except ground) conditions.

| = 10m |
| —4 4m
! A
1 H
! : Direct Antenna !
% radiation Hﬂ_\‘
EUT \
% l im
- radiation
CD Table
1

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

- 21 -

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

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

table

top 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,

positjon) will generate statistically different radiation patterns. An example arrangems
shown in Figure B.4. Specifically, the EUT model used here is based on the folig
concgpts: a certain number of dipoles are located inside a certain volume, and their posit
directions and excitations are varied statistically to generate a statistical distributig
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ion characteristics. This statistical EUT model is one practical and reasdnable appioach

g others to simulate tabletop equipment.

different virtual-EUT volumes [(30 cm)3, (60 cm)3, (90 cm)3, (120°%cm)3] were simu
estigate the effect of different EUT models on the resulting®@missions. These vol
be considered to represent the maximum volumes of typicaktabletop EUTs. The nu
lementary radiators applicable to represent real-world EUT characteristic
erminable, thus the ideal number of radiators to be [located in the chosen volum
pwn. Therefore, effects for varying numbers of elementary radiators is investig
ts expected from a variation of the numbers of radiators are as follows:

r one radiator, the behaviour of a dipole is mode€lled,;

h increasing number of radiators leads to in¢reasingly complex radiation patterns;

n infinite number of radiators will behaye\like one equivalent dipole.

lations done for 1, 2, 5, 10, 30s,and 50 radiators mainly show the following

e results for 1 or 2 radiators.produces the worst-case results only for some frequend
e results for 10, 30, or/60.are the worst case for nearly the entire frequency range;

e differences between the results for 10, 30, and 50 radiators are very smal
kample compared-to*the differences between the results for 10 and 2 radiators.

these observations it can be concluded that simulations with more than 50 radi

in orderte 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
generated.

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 Egagim) for FAR and Egarsiom)i

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 verticqdl field
compgnents, the calculated field strengths are determined the same way as in real-world measurementg: The
maxinjum value is taken, independent from its polarisation. As a consequence, the polarisation of the field stfength
valueg 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),

Datmi = Drar@myi = Xi — Erar@m)i (B.1)
where

EFA;(3m),- is the field-strength for 3 m FAR test method for,EUT i,

X, Dami» i are the same as in 6.4 Equation (1),

DFAF(3m),- is the deviation from the reference{guantity X of the 3 m FAR test me¢thod
result for EUT /,

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

Derwi = DOATS(1Om)i =X - EOATS(1Om)i (B.2)

wherg

Eonrsiomyi  is the field-strength for 10 m OATS test method for EUT j,

i DET'W, i are the same as in 6.4 Equation (2),

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

result for EUT J,

are calculated-

B.1.1.4 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:

o . 1 1000
Datm = Dset, Far@m) = 1000 Z Draream) i (B.3)
i=1
4 1000

Dery = 5set, OATS(10m) = 750" z Dontstom) i (B.4)
i=1
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where

Eset’ ATM is the average deviation of the alternative test method for the set of
1000 EUTs;

Eset, 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
1000 EUTs;

Eset’ ATS(10m) is the average deviation of the 10 m OATS test method for the set

of 1 000 EUTs;

DeaRam)i + Doats(iom)i » i are the same as in Equations (B.1) and (B.2), respectively:

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

Drmax vol, FAR(3m) — numbem?édiators Deer, FAR(3m): (B.5)
5max vol ,OATS(10m) = numbem)far)z(adiators Bset, OATS{#0m)

where

Deet, Far(3m) is the same as in Equation (B.3);

_set, DATS(10m) is the same as in Equation\(B.4);

Emax vol, FAR(3m) is the maximum averagé deviation of the 3 m FAR test method fof one

assumed EUT volume;
Dok vol ,OATS(10m) is the maximum"average deviation of the 10 m OATS test methqd for

one assumed EUT volume.

The ¢xample maximum deviations are displayed in Figure B.5.
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Estimate the standard uncertainties of the test methods (see 6.6)
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used [4]. The other numeric values are taken from CISPR 16-4-2:2003, because these are

expected to be the same for
uncertainties are given in Table B.1.
instrumentation uncertainty is as shown

OATS and FAR. These

instrumentation measurement
For the established test method, the measurement
in the basic standard CISPR 16-4-2:2003.
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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 | ci-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
Biconjcatantennafactor AT +2560 F="2 456 4 ,0
Receiper corrections:
Sine wave voltage 3Vsw +1,0 k=2 0,50 1 ,50
Pulse|amplitude response dVpa +1,5 Rectangular 0,87 1 ,87
Pulse|repetition rate response dVpr +1,5 Rectangular 0,87 1 ,87
Noise|floor proximity dvnf +0,5 k=2 0,25 1 ,25
Mismatch: antenna-receiver M +0,9/-1,0 U-shaped 0,67 1 ,67
Biconjcal antenna corrections:
AF frdquency interpolation SAFf +0,3 Rectangutar 0,17 1 A7
AF hefght deviations 3AF, +0,0 0,00 1 ,00
Directjvity difference OAirh 40,0 0,00 1 ,00
Phasg center location dAph +0,0 0,00 1 0,0
Crossfpolarisation SAcp 40,0 0,00 1 0,0
Balange (hor.) SAbal +0,3 Rectangular 0,17 1 A7
Balanfe (ver.) OApal v +0,9 Rectangular 0,52 1 ,52
Log-pgriodic antenna corrections:
AF frdquency interpolation SAFf +0,3 Rectangular 0,17 1 A7
AF hefght deviations dAF, +0,0 0,00 1 ,00
Directjvity difference OAirh +0,2/-0,0 Rectangular 0,05 1 ,05
Phasqg center location SAph +0,5 Rectangular 0,29 1 ,29
Crossfpolarisation dAcp +0,9 Rectangular 0,52 1 ,52
Balange dAbal +0,0 0,00 1 ,00
Site cprrections:
Site imperfections 3SA +4,0 Triangular 1,63 1 ,63
Separation(distance at 3m od +0,3 Rectangular 0,17 1 A7
Table|height at 3m 3h 0,1 k=2 0,05 1 ,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 [5ETM; Ketm -s(DETM)] would cover the upper half of the 95 % interval.



https://iecnorm.com/api/?name=d268fe63c34f2bfa6fdf382729591525

26 —

TR CISPR 16-4-5 © IEC:2006(E)

As can be seen from the figure, this is not true — actually kgt - S(Dgy) underestimates the
upper bound of the 95% interval. To avoid this, the standard deviation, s,, is introduced,
which is calculated using only values larger than the average.
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The jnumber of these values is denoted N,, and~the approximated standard deviati
denoted s,. The index of a given EUT i = 1...Nyis mapped to a new index j=1..N,
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Figure B.6 — Sample cumulative distribution function

standard deviation is calculated for every set of EUTs using

wherg

DFAR(3m)i ’ Dset, FAR(3m)

S set|(Drar@Em))

and

S.set (Drar@m) ) =

N,
z (Drar@m)j —

i=1

2
Dset, FAR(3m) )

N, —1

are the same as in Equation (B.3);

is the number of values larger than the average value;

is the one-side standard deviation of the deviations for one §

1 000 EUTs of the 3 m FAR test method,

bn is
The

(B.6)

et of

where

Donats(1om) i» Dset, oaTs(10m)

N.

S set(DoaTs(1om))

S.set (Doats(1om)) =

is the number of values larger than the average value;

N

i=1

- = 2
Z(DOATSUOm)j = Dget, oats(10m))

N, —1

are the same as in Equation (B.4);

(B.7)

is the one-side standard deviation of the deviations for one set
of 1 000 EUTs of the 10 m OATS test method.


https://iecnorm.com/api/?name=d268fe63c34f2bfa6fdf382729591525

TR CISPR 16-4-5 © IEC:2006(E) - 27 -

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)) = numbe';rc‘)faé diators S,set (Drar@m)) (B.8)

(B.9)

A

number of radiators

wherg

Sset|(Drar@Em) ) is the same as in Equation (B.6);

S, sef(Doats(1om)) is the same as in Equation (B.7);

S makvol (DFar@Em) ) is the maximum approximated standard deviation of the deviatiops of

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

Smak,vol (DoaTs(1om)) is the maximum approximated standard-deviation of the deviatiops of
the 10 m OATS test method for onecassumed EUT volume;

UFAR(3m)jinherent is the inherent uncertainty of the( 3 m FAR test method;
UATH inherent is given in Table 2;

UOATTS(10m),inherent is the inherent uncertainty of the 10 m OATS test method;
UET. inherent is given in Table 2:

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

NOTE| It should be noted, that the largeluncertainty of the OATS test method results from the fact, that the yalues
include both horizontal and vertical'polarisation. Smaller uncertainties could be obtained if the polarisatiops are
considered separately. Such a cgnsideration needs a sophisticated rule, in which case conversion factqrs for
horizontal, vertical or both polarisations can be applied.
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Figure.B.7 — 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 % toleffance
interyat/for both test methods can be determined. Using their widths and the standard
deV| tione thn cavunrann fantnr [ ~non ha nnnrnv.mn{nr] Cor tho Altarnativna tnct mnHﬁAj the
ations—the—ecoverage—facterk—eanbe—approximated—Forthe—alernativetest-metheo

factor is

Katm = KiFAR@Em) = 2.2 (B.10)
where
Katm is the coverage factor for the alternative test method;

k+FAR(3m) 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
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ketm =KioaTs(10m) = 2.2 (B.11)
where
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 2,05
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 2716
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 1,96 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 2741 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 1(99 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
150 107 1,74 174 192
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 2,11
230 1,29 1,97 1,97 211
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 1791 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 45 45 522
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 1,97 1,29 1,29 1,17
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
given by

_ 1Y
Kset =NZ(EOATS(1Om)i — Erar@m)i) (B.12)
=
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where

N, i are given in Table 2;

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

Eoats(1om)i  is 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
numbers of radiators
wherg
Kot is the same as in Equation (B.12);
Kmal voi  is the maximum average conversion factor for one assumed€UT volume.

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

v=@30em)®

o5k v=(60cm) vt

v=(90om)® -
\/ v=(120 cm)3 -

7.0 L 1 L 1 L L L L L
100 :200 300 400 500 600 700 800 MHz 1000

f — -

IEC 1708/06

Figure B.9 — Maximum average conversion factors for different volumes

5.13)
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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
150 543 _4.94 _4.61 _435
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 24,38
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 —4,67 447 -4,26
350 —4,81 -4,65 4,44 —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 =4,49 —4,30 4,12
490 —4,67 ~4,46 —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 NV —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
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
meagurements to verify the theoreticat Tesutts—The Tadiationm characteristics for this EUT} and
hence the reference quantity as well as the measurement results, can be calculated] The
latten is important for the identification and evaluation of any possible unexpe¢cted
meagurement results. The EUT is constructed as a cube with a 0,2 m side length. To
reprgsent real-world EUT radiation effects, the cube has a slot, which is excited by a ¢omb
generator with an emissions frequency spacing of 10 MHz. Figure B.10 shows a picturg and
the simulation model (cut-view) of the specimen EUT.

=7
7

S
¥

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

The measurements weré\performed for two different orientations of the specimen EUT| one
meagurement series with the orientation shown in Figure B.10, and the other measurement
series with the EUT(rotated by 90° around the x-axis.

Figude B.11 shews the deviations from the reference quantity for the results of alternative and
established-\test 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%
ance interval is shown (dotted lines). For the specimen EUT, the measured as well ajs the

om ne 3 L) eg erence. g =Ta e NOWDN a aYaldalla t|OnS

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)

Figune 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.J3. Based on the
largest dimension of the EUT, the average conversion iactors for (30 cm)° 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-13'— OATS 10 m limit line converted to FAR 3m conditions
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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
Resylts different from those shown in B.1.1 are expected, 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.2.1 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 thetest methods and measurands (see 6.3)

Alternative test method: 3 m open-area test site, OATS (3 m). Figure B.16 displays the
meagurement set-up of an OATS with 3 m distance for measurements in the frequency rlange
from (30 MHz-t0. 1 GHz. The receiving antenna is located at a distance of doargam) = 3|m to

the BUT. To-detect the maximum field strength, the EUT is rotated in azimuth and the an%enna

height is‘varied between 1 and 4 meters. The set-up is placed on a conducting ground pllane.
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

blished test method: 10 m open-area test site, OATS (10 m). See B.1.1.2

B.2.1.3 Determine the deviations of the measured quantitiesArom the reference

A de|
simu
refer

quantity (see 6.4)

ence quantity values are obtained using

Datmi = Doats@amyi =i — Eoats@m)i (

EoAtsam)i  is the field-strength for 3@ OATS test method for EUT i;

i

DaTmis | are the same as in 64 Equation (1);

scription of the statistical model used for the small EU¥ is given in B.1.1.3. From the
ation results, the deviations between the alternative test method results and the

3.14)

Donats(amyi is the deviationfrom the reference quantity X of the 3 m FAR test mgthod

result for EUT,

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

B.2.1.4 Determine the average values of the deviations (see 6.5)
CalculationsMor the established test method are done in the way as in B.1.1.4. For the
alterpative test method the average deviations can be calculated using Equation (3) from 6.5.
This js<done for every set of 1 000 EUTs using:
_ _ 4 1000
Dget atm = Dset, 0ATs(3m) = 7ns ZDOATS(Sm)i (B.195)
1000 =
where
Eset’ATM is the average deviation of the alternative test method for the set of
1 000 EUTs;
Eset,OATS@m) is the average deviation of the 3 m OATS test method for the set of

1 000 EUTs;

Doats@my - I are the same as in Equation (B.14).
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