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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
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'he maintask of IEC technical committees is to prepare International Standards. However,
pchnical committee may propose the publication of a technical report when it has collected
ata‘of a different kind from that which is normally published as an International Standard, fo

xample "state of the art"

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisin
all national electrotechnical committees (IEC National Committees). The object of IEC~fis to promot
international co-operation on all questions concerning standardization in the electrical and electronic fields. T
this end and in addition to other activities, IEC publishes International Standards, TeChnical Specificationg,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaftér ‘referred to as “IE
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intereste
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 closel
with the International Organization for Standardization (ISO) in accordance, with conditions determined b
agreement between the two organizations.

O

X O

The formal decisions or agreements of IEC on technical matters express,(as nearly as possible, an internationg
consensus of opinion on the relevant subjects since each technical committee has representation from alfl
interested IEC National Committees.

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

< O

In order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publication
transparently to the maximum extent possible in~fheir national and regional publications. Any divergenc
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated i
the latter.

=y )

IEC provides no marking procedure to jndicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with-an IEC Publication.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts an
members of its technical committees and IEC National Committees for any personal injury, property damage 9
other damage of any naturfe ‘Whatsoever, whether direct or indirect, or for costs (including legal fees) an
expenses arising out of(the publication, use of, or reliance upon, this IEC Publication or any other IE
Publications.

OO

Attention is drawn. to~the Normative references cited in this publication. Use of the referenced publications i
indispensable forthe correct application of this publication.

Ty

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

1272

=

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

4 reconfirmed,

| withdrawn,

J replaced by a revised edition, or
J| amended.

o

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 part of CISPR 16-4 specifies a method to enable product committees to developgAimits fo
jlternative test methods, using conversions from established limits. This method lis"generall
jgpplicable for all kinds of disturbance measurements, but focuses on radiatéd, disturbanc
measurements (i.e. field strength), for which several alternative methads “are presentl
gpecified. These limits development methods are intended for use by product'committees an
qther groups responsible for defining emissions limits in situations where it is decided to uss
alternative test methods and the associated limits in product standards)

2 Normative references

Electromagnetic compatibility

CISPR 16-4-1:2003, Specification for radio disturbance and immunity measuring apparatu
nd methods — Part 4-1: Uncertainties, statjstics and limit modelling — Uncertainty i
tandardized EMC tests

o QY

CISPR 16-4-2:2003, Specification for radio disturbance and immunity measuring apparatu
and methods — Part 4-2: Uncertainties; statistics and limit modelling — Uncertainty in EM(
measurements

3 Terms and definitions

For the purposes of thissdocument, the terms and definitions given in IEC 60050-161 and th{
pllowing apply.

—h

3.1

a@stablished test method

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

IEC 60050-161, International Electrotechnical Vocabulary (IEV) — Chapter 161

PO <<

"2

=]

"4 NJ V)

o=

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 CISPR 16-3.

3.4
derived limit
limit applicable for the alternative test method, derived by appropriate conversion from the

_S_—h M )

[
t
i

N
r

measurement procedure to cope with.them. It is specific to each test method and remains,
gven if the measurement is performed. perfectly, i.e., the standards compliance uncertainty i$
zero and the measurement instrumentations uncertainty is zero

3.8

intrinsic uncertainty of the'measurand

Wintrinsic

c O o

ihdependent of the parameters presently used in established standards

ghould include applicable procedures and conditions to calculate.(er measure) this quantity

u

dalaliale U H HY <l ol 4 £ 4l alo <l
S LAUITSTITU TITTITL alTU TAPTTOOSTU TIT ITTTTTS UT LT TITTouTdliuo

.5

onversion factor K
pr a given EUT or type of EUT, the relation of the measured value of the established tesit
nethod to the measured value of the alternative test method

OTE The terms measured and calculated are used interchangeably at various places)in this document tp
escribe actual laboratory tests and computer simulations.

.6
eference quantity X
he basic parameter which determines the interference potential(to radio reception. It may bq

A1

OTE The goal for both the established and alternative test methods.iS\to determine the reference quantity (X) fqg
Il frequencies of interest. For both established and alternative test methods, the test results may deviate from th
eference quantity values. The specification of the reference quantity when applying methods of this documern

— W =

7
hherent uncertainty

inherent
ncertainty caused solely by the difference in EUT characteristics and the ability of th

1"

ninimum uncertainty” that can be assigned in the description of a measured quantity. |
heory, the intrinsic~uncertainty of the measurand would be obtained if the measurand wa
heasured using-a® measurement system having negligible measurement instrumentatio
ncertainty.

= 0=

CISPR 16=4-1, definition 3.6]

r
v

9
UT) type

grouping of products with sufficient similarity in eleciromagnelic characterisfics 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 alternative test method (e.g. subscript in Dy1tm)
D deviation
ETM established test method (e.g. subscript in Dgqpy)

i

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

o~

N

e il o il 4 W S S W = = B o = |

QA T O s T 0 N

% Introduction

standard uncertainty
volume
( reference quantity
\ difference of two values or quantities

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

Dver the years, several test procedures and test set-ups for radiated emissions testing hav
een described in basic standards. One particular combination®of test method and test set-u
Iso having defined emissions limits is the open area test,site (OATS) method, which ha
roven to be successful for the protection of radio servigés: In general limits have not bee
efined for the other, alternative test methods, e.g., fully’ anechoic room, TEM waveguidse,
everberation chamber.

- o

Fach alternative method can be used to get mgasurement results related to emission of th
EUT. Although each method gives an emission, Iével from the EUT, the different methods ma
apture the EUT emission differently. ¢For example, considering radiated emissio
heasurements, different methods may capture different EUT radiation pattern lobes, differin
umbers of lobes, or the test facility may alter the EUT radiation pattern producing a differeg
pparent emission level. Therefore the limits defined for the established test method cann
e applied directly to the alternative’ test methods. Consequently, a procedure is needed fo
ow to derive limits to use for the-results of alternative test methods.

—_ 2 D D

=

[he specification for su¢h)a procedure should consider the general goal of disturbancs
heasurements. The aim) of the disturbance measurement is to verify whether the EU]
atisfies or violates_(certain compliance criteria. Past experience has shown that using th
resent system of the established test method and the associated limits yields a situatio
vithout many cases of interference due to conducted or radiated emissions. Applying th
stablished test.method with the associated limits will fulfill the protection requirement with a
igh probability. To preserve this situation, the most important requirement for the use of
Iternative test methods is as follows.

=1

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 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

t

hen 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

gstabtishedtestmethoddoestoo T thefottowing clauses, @ procedure based o thesetw
quantities for comparing an alternative test method with the established test method(i
described. To determine these quantities, the abstract term “interference potential” needs t
e expressed in terms of a physical quantity. For the purposes of this report, this quantity i
dalled the “reference quantity,” X. More details about correlation of test methods-using
reference quantity can be found in [1]1).

6 Procedure to derive limits for an alternative test method

oD

| Overview

\ procedure to derive limits for an alternative test method ‘based on the limits of a
stablished test method is described in the following paragraphs. Figure 1 shows a summar
f the estimated quantities needed for the correlation process. Figure 2 shows a flowchart fo
he correlation process using these quantities. The ninesstep conversion process below ca
e accomplished using numerical simulations, measuremients, or a combination of simulation
nd measurements. Calculable or reference EUTs: are invaluable for this conversio
rocedure. In the following subclauses, as partof the conversion process the quantitie
hown in Figure 1 and Figure 2 are combinedinto several equations. A summary of thg
quations is given in Table 2. A summary of the Steps in the conversion procedure is shown i
[able 1.

— D N T3 0 T~ O D I

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

Determing 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

O—0r—0C—0r—=C

S r—S =< S

1) Figures in square brackets refer to the Bibliography.
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Statistical consideration

set of NEUTs
v , '
Alternative test Reference Established test
method quantity method
definition
A Y A
Measurement result Reference quantity Measurement result
Matm X Metm
+ +
Set of deviations Set.ofydeviations
Datm Detm
y A
Averagg deviation | * Wl Average deviation
Datm / DeTm
Standard deviation Standard deviation
inherent uncertainty inherent uncertainty
s(DaTM) ~ DATM; inherent S(DeTM) ~ DETM: inherent
v 4
Average Comparison
conversion of expanded
factor kK 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 unpcertdinty
UeTw, ifitrinsic

A 4

Difference_of:
uncertainties

A

!

v

Established test method
expanded uncertainty

UeTtm

Corrected limit for alternative test method Latm,u

IEC 1695/06

Figure 2~0Overview 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)
ETM
 ATM.inherent the inherent uncertainty of the alternative test method (5)
T inherent the inherent uncertainty of the established test method (8)
 ATM combined standard uncertainty of the alternative test method (7)
JATM the expanded uncertainty of the alternative test method (8)
et 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
Z(f) the average of the conversion factors (12), (13), (14)
-ATM(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)
LATMU the limit to be used for alternative measurements 17)
6.2 Select the referencejquantity X
The first step is to s€lect 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.
For the types*of EUTs investigated in Annex B, as an example the maximum electric field
gtrength.determined on a sphere of a certain radius around the EUT has been selected as the
neference quantity for radiated emission measurements in the frequency range of 30 MHz tp
1GHz{ In the frequency range below 30 MHz, depending on the frequency subrange and thg¢
goupling 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
Darwmi (F) = Xi(f) = Mary; (f) (1

where

i is the index of the EUT;

f is the frequency;

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

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

Marmi(F)  is the measurement result given by the alternative test-method for the EUT .

|

The deviation of the established test method is analogouysly’given by the equation

Derwi(f) = X (f) = M () (2)

where

X;(f), f, i are the same as in Equation (1)

Dervi (F)  is the deviation from the reference quantity of the measurement result of EUT j a
produced by the established test method;

Merwi () is the measurement result given by the established test method for the EUT J.

6.5 Determine the average values of the deviations

The deviations givensby.Equations (1) and (2) will differ for different EUTs. In order to obtai
more universal resGHs; varying characteristics of EUTs shall be considered, for example a
ghown in Annex A Considering a range of N EUTs leads to a set of N values for the deviatio
D for both alternative and established test methods. From this set of D the average can b
easily determinied. See Annex A for more details about EUT considerations and variations.

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

D

[he results of the established test method will deviate frem the reference quantity as well.

o

o

O—=0r=

—~
(¢Y]
-+

N
= 1<
DA — N L DATMI
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
Derv = NZDETMI (4)
i=1
where
Dery is the set of deviations of the established test method;
Perw IS the average deviation of the establisned test method;
N, i are the same as in Equation (3);
DeTmi is the deviation from the reference quantity of the measurement result of(EUT /, a$

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 ever
rmeasurement result. Because the results from the established,-test method itself hav
Uyncertainties, care must be taken that these uncertainties are not\fransferred to results fron
the alternative test methods as part of the conversion procedure. Otherwise, the use o
glternative test methods would be burdened with uncertainties\)that are characteristics of th
gstablished test method.

[he uncertainty of emission measurements consists ofiseveral components. On one hand, th

1
M

On the other hand the test set-up combined with the radiation characteristics of the EU]
g¢auses an inherent uncertainty, Ui perent- FOr €Xample, in radiated emissions measurements
for some types of EUT radiation patterns, anOATS test (established test method) may fail t
gapture the radiated emission peak lobe. Deviations between the results of a test method an
the reference quantity depend on the radiation characteristics of the EUT, but the radiatio
gharacteristics of an arbitrary EUT are~not known a priori. The resulting uncertainty Uipperen
q
/
U

Analogously to as in 6.4, the deviations from the reference quantity of a set of N EUTs can b
sed for estimating the standard deviation as a measure for the inherent uncertainties.

Using the formula for( experimental standard deviation, the inherent uncertainty of th
alternative test methadyis given by:

N J—
Zi:1(DATMi ~Damm)?

Uptminherent = S(Datm) = \/

neasurement equipment contributes several uncertainties, as documented in CISPR 16-4-2.

an be estimated only if the behaviour of EUTs with different characteristics is examined.

W —h = =

A1

=1

4 > 0

A1

N-1
where
’ o th tnh oot = rioint aof th alternatiag tact mathaod:
ATM’inherent To TG ITImTreTorit Uriov ol LClIIILy VT T anoeitimiauve 1ot T irmruug,
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 —
Zi:1(DETMi ~Deru)’
N -1

Ugtmijnherent = S(Detm) = J (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

gtandard uncertainties by a coverage factor k. The combined standard uncertainty ofths
glternative test method U1y can be calculated from

2 2 2
Uatm = \/ UatM,m T UaTM,intrinsic T Y ATM,inherent (7
where
UATM. m is the combined standard uncertainty of the altérnative test metho
contributed by measurement instrumentation;
I ATM.inherent is the inherent uncertainty of the alternative “test method, according t
Equation (5);
I ATM,intrinsic is the intrinsic uncertainty of the alternative‘test method.

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

Unti= K -Uatm (8
where
U AT is the expanded uficertainty of the alternative test method;
A is the coverage-factor;
U ATM is the combined standard uncertainty of the alternative test metho
according’to Equation (7).
Analogously the combined standard uncertainty of the established test method Ugq, can b¢

dbtained,

he expanded measurement uncertainty is obtained from the multiplication of the combinedl

A1

o

1"

_ /1,2 2 2
Ugtm = \/ Ugtm,m + UETM,intrinsic T YETM,inherent (9
where
Il HP=Y tha cambinad atandard IET-V--N= PN~ 1¥] £ th atablichad tact mathao
ETM‘m o uare \“AVJRREVALRAVAV | SuAaruaryu urro ol LClIIILy VT uaure COolavIToOTTIO\uU (Cotl LLLAYALR A%
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)
where
D atmi () is the deviation from the reference quantity of the measurement result of EUT |,
as produced by the alternative test method [Equation (1)];
Dewi (F) is the deviation from the reference quantity of the measurement result of EUT |,
as produced by the established test method [Equation(2)].
The average conversion factor can be calculated from thé average deviations of the

Iternative and the established test methods:

Q)

K(f) = Daru(f) ~ Degu(F) (12
where
K(f) is the set of conversion factors;
K (f) is the average of the conversion‘factors;
SATM(f) is the average deviation-of the alternative test method from the reference quantity,
in dB;
Derm (F) is the average deviation of the established test method from the reference

quantity, in dB-

$ubstituting the averages’by Equations (3) and (4) gives:

N

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

WUsing-Equations (1) and (2), the average conversion factor can be expressed in terms of th
medsurement results of the set of EUTs:

A1

= 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).
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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

r

ecommended 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

A

4

[«

i

Q)

Fa L W il |

o Q)

=

) ) ’ ’

re needed.

A\ limit line of an established test method can be converted into limit conditiofs .for a
Iternative test method using the average conversion factor:

LATM(f):LETM(f)_R(f) (15
vhere
K (f) is the frequency-dependent average conversion factor according to Equation (12)
e (F) is the frequency-dependent limit of the established test method;
L atm (F) is the limit line of the alternative test method equivalent to the limit of thg
established test method, without consideration of the uncertainties.
[0 complete the process, the uncertainties of both*alternative and established test method
ave to be taken into account. Defining a difference, A, between the uncertainty of thq
Iternative test method, U,ry, and the uncertainty of the established test method Ugqy, i.e.,
A =Y (f) = Ugru(f) (16

mplies a rule for how to handlexthe measurement uncertainties. If the uncertainty of thg
Iternative test method is larger than the uncertainty of the established test method, it shall b

sed to correct the limit of the.alternative test method:
L -A if A>0
LATM,U = ALTM , (17

vhere Lamyfds-the limit to be used for alternative measurements.

174

o

A1

oD
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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

e S W S W S 1

O QO —+ O W T m

A.1  Types of EUTs

A.2 Application of statistics

Eesuits, and thus inffluence the deviations from the reference quantity. Consfdering tn
xample of radiated emission measurements, the radiation pattern of the EUT influences-th
robability of capture for a maximum emission using the peak search procedure of an‘open
rea test site or a fully-anechoic room measurement. To obtain more universal results, it i
ecessary to consider multiple EUTs having different radiation characteristics, for use i
etermining conversion parameters. This annex describes general considerations”about EU
nodelling for use in investigations about emission measurement methods.

—T =0T =

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

) tabletop equipment without cables;
) tabletop equipment with cable(s);
) floorstanding equipment.

Fach EUT category of Clause A.1\eonsists of many different devices and operating an
erformance characteristics. To-\best cover these widely-varying characteristics, applyin
tatistical methods is helpful. With a statistical approach, universally valid values for averagy
onversion parameters and_the ‘uncertainties can be obtained. The uncertainty resulting fron
he unknown radiation c¢haracteristics of an EUT, U erent> €an only be determined b
onsidering a range of different EUTs and analysing the resulting data statistically. A
xample of such a statistical approach is given in Annex B.

== S R 7~ g = =
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Annex B
(informative)

Examples of application of the test method comparison procedure

B1_E le1-M 3 m- ion in full hoi

compared to 10 m-separation measurements on open-area test site

In the following subclause headings, numbers in parentheses refer to subclauses in the’ mai
hody of this document.

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

The protection requirement is to minimize the risk that the disturbance field strength radiate
By an EUT interferes with radio services. A measure for this interférence potential of the EU]
is the electric field strength emitted by the EUT. Because the EU¥ final-use set-up in generg
is unknown or is variable, it is necessary to search for theCmaximum field strength in a
directions from the EUT and for all polarisations. Thereforethe reference quantity is selecte
to be the maximum far-field electric field-strength emitted under free space conditions
i
f
i
i
q

3
D
3
b

independent of direction or polarisation. At a distance:from the EUT of d,,; = 10 m and for th

is difficult or nearly impossible to perform such“measurements, but this set-up and referencs
uantity is very amenable to numerical simulations. This reference quantity definition i
pplicable in the frequency range of 30 MHzto 1 GHz.

IEC 1696/06

requency range and EUT sizes considered herée,”“far-field conditions can be assumed.
Figure B.1 displays this scheme for defining the réference quantity. It is noted that in reality it

A1 | = mp———— = =

O

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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N
i

EUT Direct radiation

i,
Vi

Antenna

Table

‘

Electromagnetic invisible floor
IEC 1697/06

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 thq

).

[he receiving antenna is located at a distance d.,, = 10 m tocthe EUT. To detect th

maximum field strength, the EUT is rotated, and the antenna height is varied between 1 n
and 4 m. The set-up is placed on a conducting ground plane. Fhe perimeter and surrounding
gf the OATS and set-up is free of any reflecting objects, therefore ideally the antenn
neceives only the direct radiation and the ground reflected(signal.

bemi-anechoic rooms that meet the CISPR normalized site attenuation (NSA) site-validatio
riteria can be used to perform compliance tests, @nd therefore semi-anechoic room could bg
elected as the established test method instead.* The example results shown below remai
pplicable in this case, because the estimation\of the inherent uncertainty assumes condition
f an ideal test site. Considered ideally, :@semi-anechoic room and an open-area test sit
vould both ideally provide free-field reflection-free (except ground) conditions.

= 0O Q) WO 0O (N

| 10m |
s L 4m
I A
! :
: : Direct Antenna !
radiation H
N ;
EUT \
% v
— 1m
‘\-\-: Indirect

Table radiation

f

measurement set-up for an open-area test site for the frequency range/of 30 MHz to 1 GH2z.

)

1"

14

==

O~ 0—=

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

i
t

nclude a wide range of differently radiating EUTs. In the following a statistical model for
abletop EUTs without external cables is used.

n general, any EUT radiation pattern can be approximated by superposing the radiated fields

QO O O 0O n o O —h

fom elementary radiators, such as elecirically-short dipoles. Therefore, a quaniily - of
lectrically-short dipoles with varying characteristics (direction of axis, amplitude, phase shift
osition) will generate statistically different radiation patterns. An example arrangement i
hown in Figure B.4. Specifically, the EUT model used here is based on the¢followin
oncepts: a certain number of dipoles are located inside a certain volume, and their/positions
irections and excitations are varied statistically to generate a statistical distribution o
adiation characteristics. This statistical EUT model is one practical and reasonable approac
mong others to simulate tabletop equipment.

= —h - L

Four different virtual-EUT volumes [(30 cm)3, (60 cm)3, (90 cm)3, (120°%cm)3] were simulate
p investigate the effect of different EUT models on the resulting.emissions. These volume
an be considered to represent the maximum volumes of typical tabletop EUTs. The numbe
f elementary radiators applicable to represent real-wgrld EUT characteristics i
hdeterminable, thus the ideal number of radiators to be located in the chosen volumes i
nknown. Therefore, effects for varying numbers of elementary radiators is investigated.
Fffects expected from a variation of the numbers of radiators are as follows:

U

for one radiator, the behaviour of a dipole is modelied;
an increasing number of radiators leads to inéreasingly complex radiation patterns;
an infinite number of radiators will behave-like one equivalent dipole.

bimulations done for 1, 2, 5, 10, 30/yand 50 radiators mainly show the following thre
haracteristics:

A1

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, fg
example compared to-the differences between the results for 10 and 2 radiators.

=

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

O

robably will not give different results. Therefore the results of the carried out simulations ar¢
pken in ordento’‘get a safe approximation of the worst case.
A
ekl(a
N
- \'N(7
Il\ﬂ & WA
kV‘&
k/\
N 7
;K: 5
M N
wA
e“‘ly:;

IEC 1699/06 IEC 1700/06

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
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 j of such a set, e.g. of the set belong
1 th H o
N J

rnflidl-nro tha rafaranca A~
SOt ererente—guarit

ng to a volume of (30 cm)3 with 5
ho

=y for EAR and E
CFARGm) Tor T 1y~ o e EORTST0m)

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 fiel
domponents, the calculated field strengths are determined the same way as in real-world measurements: Th
n
v

= 0

haximum value is taken, independent from its polarisation. As a consequence, the polarisation of the)field strengt
alues 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, Egquation (1),

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

where
Erar(am)i is the field-strength for 3 m FAR test method forEUT /,

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

DrAR(@3m)i is the deviation from the reference‘guantity X of the 3 m FAR test method
result for EUT J,

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

Q)

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

where

Eoatsiomyi s the field-strength for 10 m OATS test method for EUT j,

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

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

result for EUT J,

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:

1000
1

Datm :Eset, FARGM) = Tan 2 Drar@m)i (B.3)
1000 ;

1000
1

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:

‘jset, OATS(10m) is the average deviation of the 10 m OATS test method for the set

of 1 000 EUTs;

Pear@m)yi + Doats(iom)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 averagg
deviation for both test methods is determined using

A1

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

where

D set, FAR(3M) is the same as in Equation (B.3);

‘jset, OATS(10m) is the same as in Equation((B.4);

Smax vol, FAR(3m) is the maximum average deviation of the 3 m FAR test method for on¢

assumed EUT volume;
Drax vol ,OATS(10m) is the maximum~average deviation of the 10 m OATS test method for

one assumed EUT volume.

The example maximum devidtions 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 Estimate the standard uncertainties of the test methods (see 6.6)

hstrumentation uncertainty: For the alternative test method (3 m FAR), the instrumentatio
ncertdinty has not yet been given in CISPR standards. For the antenna and sit
onttibutions, numeric values from the final technical report of the EU FAR project can by
sed [4]. The other numeric values are taken from CISPR 16-4-2:2003, because these ar

o0 —=

e

Xpected to be the same Tor OAlS and FAKR. These Instrumentation measuremen

t

uncertainties are given in Table B.1. For the established test method, the measurement
instrumentation uncertainty is as shown in the basic standard CISPR 16-4-2:2003.
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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
ttenuation: antenna-receiver LC +0,1 k=2 0,05 1 0,05
Biconical antenna factor AF +2,0 k=2 1,0 1 10

Receiver corrections:

$ine wave voltage 3Vsw +1,0 k=2 0,50 1 0,50
Rulse amplitude response dVpa +1,5 Rectangular 0,87 1 0,87
Rulse repetition rate response dVpr +1,5 Rectangular 0,87 1 0,87
Noise floor proximity dvnf +0,5 k=2 0,25 1 0,25
Mismatch: antenna-receiver M +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 3AFy, +0,0 0,00 1 0,00
Directivity difference OAirh 40,0 0,00 1 0,00
FPhase center location dAph +0,0 0,00 1 0,0

ross-polarisation SAcp +0-0 0,00 1 0,0
Balance (hor.) SAbal +0,3 Rectangular 0,17 1 0,17
Balance (ver.) OApal v +0,9 Rectangular 0,52 1 0,52

Hog-periodic antenna corrections:

AF frequency interpolation SAFf +0,3 Rectangular 0,17 1 0,17
AF height deviations 3AFy, +0,0 0,00 1 0,00
Directivity difference OAirh +0,2/-0,0 Rectangular 0,05 1 0,05
FPhase center location SAph +0,5 Rectangular 0,29 1 0,29

ross-polarisation dAcp +0,9 Rectangular 0,52 1 0,52
Balance dAbal +0,0 0,00 1 0,00

$ite corrections:

$ite imperfections 3SA +4,0 Triangular 1,63 1 1,63
$eparationidistance at 3m od +0,3 Rectangular 0,17 1 0,17
Table height at 3m dh 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 [5ETM; Ketm -s(DETM)] would cover the upper half of the 95 % interval.
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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.

1,0 T T T T T T — T
0,9 | Detm _

0.8 |- ketm S(DeTMm) -

07 = -

06 | k_gtm s-(DeTm) / 4
ketm S(DeTm)

05 -

04 .

k+etm S+(DETM)
0,3 a

Fetm (DeTM)

02 4
0,1 |- g
0 1 1 1 1 1 1 {

—6 -5 —4 -3 -2 -1 0 1 2 s

Detm T— = ——*
IEC 1703/06

Figure B.6 — Sample cumulative distribution function

'he number of these values is denoted N,, and.the approximated standard deviation i
enoted s,. The index of a given EUT i = 1...Npis mapped to a new index j=1..N,. Th
tandard deviation is calculated for every set of EUTs using

[ds) o |

N,
~ 2
Z(DFAR(Sm) j — Dset,FaArR@Em))

D

S.set (Drardmy) = =l N, —1 (B.6)
where
Drar@m) i - ESet’ FAR(3m) are the same as in Equation (B.3);
N, is the number of values larger than the average value;
5. set (DFAR(3M)) is the one-side standard deviation of the deviations for one set of
1 000 EUTs of the 3 m FAR test method,
gnd
N,
ZUJOATS(mm)j - L_jset, OATS(10m) )?
S+set(DOATS(1Om))=J = N1 (B.7)
where
Doats(tom) i » Eset’ oaTs(tom) ~ are the same as in Equation (B.4);
N, is the number of 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)) = numbe';rc‘)faé diators S,set (Drar@m)) (B.8)

UETMinherent = UOATS(10m)inherent = S+max.vol (DoaTs(1om) ) = Cpamax Siset(Doats(iom)) (B9
where
5 +set (DFaR(3m) ) is the same as in Equation (B.6);
5+ set (DoaTs(10m)) is the same as in Equation (B.7);
5 maxvol (DFAR@m) ) is the maximum approximated standard deviation of the deviations of

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

5. max,vol (DoaTs(tom))  is the maximum approximated standardideviation of the deviations of
the 10 m OATS test method for one@assumed EUT volume;

UFAR(3m)jinherent 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.,Z 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 value
include both horizontal and vertical polarisation. Smaller uncertainties could be obtained if the polarisations ar
donsidered separately. Such a consideration needs a sophisticated rule, in which case conversion factors fg
Horizontal, vertical or both polarisations can be applied.

= 0w
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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 % tolerance
ihtervalfor both test methods can be determined. Using their widths and the standard
deviations, the coverage factor k can be approximated. For the alternative test method th¢
factor is
katm = KiFAR@Em) =22 (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 2,03
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 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 2504 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
210 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
796 246 189 1-66 1-66
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 2,11
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 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 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



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

-32 - TR CISPR 16-4-5 © IEC:2006(E)

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);

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

rora—that $h -SRI HEA-HER— S+ for [ [ =N Sk rakbad
MToTTT S aTe TITaATTITaTI vdliuTo TUI TAull VUTUTTTS dTe oTdarvuiitou,

Kmax,vol = max Kset (B.13
numbers of radiators

where

K set is the same as in Equation (B.12);

Kmax vol 1S the maximum average conversion factor for one assumedEUT volume.

6,0, ,
v = (30 cm) J—
L v=(60cm) vt }
6.5 v=(90om)® -
\/ v=(120 cm)3 -
7.0 i 1 1 L L L L

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

f — -

IEC 1708/06

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

Figure 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 -95,20 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 —4,3%
210 _4,88 _4,68 _4,49 1%,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 —4,46 —4,32
330 —4,81 —4,67 4,47 -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 —4,5% -4,33 -4,15
470 -4,69 <4749 —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 44,54 —4,37 -4,19 —4,09
610 24,52 -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 guantity over the full
gurrounding sphere. Due to these limitations, a special-purpose generic EUT is used (for
neasurements to verify the theoretical results. The radiation characteristics for this EUTand
ence the reference quantity as well as the measurement results, can be calculated.” The
ptter is important for the identification and evaluation of any possible unexpected
D
)
)

l
H
I
measurement results. The EUT is constructed as a cube with a 0,2 m sideWlength. T
r
!
t

epresent real-world EUT radiation effects, the cube has a slot, which is exgited by a com
enerator with an emissions frequency spacing of 10 MHz. Figure B.10 shows a picture an
he simulation model (cut-view) of the specimen EUT.

xO

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

'he measurements were performed for two different orientations of the specimen EUT: on
heasurement series mwjth” the orientation shown in Figure B.10, and the other measureme
eries with the EUT rotated by 90° around the x-axis.

— D

O

Figure B.11 shews the deviations from the reference quantity for the results of alternative an
stablished._test method. The statistical EUT model with v =(30cm)3 is chosen for
omparison‘with the values of the specimen EUT. For each number of radiators, a 959
pleraneesinterval is shown (dotted lines). For the specimen EUT, the measured as well as th
alculated deviations from the calculated reference quantity are shown, for both orientation
fCthe EUT. Except for one data point, the measured values deviate from the toleranc
i ; ; i rati i i i t
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.

Vo Y o W e o W 2 W = |
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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.12shows a sample of measured values with their expanded uncertainties from
FAR emission measurement, for an EUT with maximum cube-edge dimension of 0,3 m. Th¢
gonverted limits according to 6.10 Equation (15) are shown in Figure B.13. Based on thg
largést dimension of the EUT, the average conversion factors for (30 cm)3 are applied (se
Figure B.9). The comparison of the measured values with the converted limits must conside)
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.

= W o
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Figure B.12 — Sample FAR measurement
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Figure B.13 — OATS 10m 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

Results 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

I.2.1 Small EUTs without cables
211 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.

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

Iternative test method: 3 m open-area test site, OATS (3 m). Figure B.16 displays th¢
easurement set<up of an OATS with 3 m distance for measurements in the frequency rang
from 30 MHzt0.1 GHz. The receiving antenna is located at a distance of dpoargam) =3 m t

the EUT. To/detect the maximum field strength, the EUT is rotated in azimuth and the antenn
eight is\varied between 1 and 4 meters. The set-up is placed on a conducting ground plane.
he ,perimeter and surroundings of the OATS and set-up is free of any reflecting objectg
thefefore ideally the antenna receives only the direct radiation and the ground reflected
ignal

o O
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Q)

(
;

Established 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 quantities from the reference

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

| 3m |
e L 4m
! A
| :
' : Direct Antenna !
| radiation H
N ;
EUT \
% v
— 1m
‘\-\-l Indirect
! radiation

Table

f

Conducting ground plane
IEC 1717/06

Figure B.16 — EUT and antenna set-up of 3m open area test site measurement

quantity (see 6.4)

\ description of the statistical model used for the small EUT is given in B.1.1.3. From thg
imulation results, the deviations between the alterpative test method results and thq
eference quantity values are obtained using

O

Dprmi = DOATS(3m)i =Xy — EOATS(3m)i (B.14)
vhere

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

X, Datvi» i are the same as in-6.4 Equation (1);

DoaTs@m)i is the deviatign' from the reference quantity X of the 3 m FAR test method
result for EUT,

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

Calculations_for the established test method are done in the way as in B.1.1.4. For th
Iternative test method the average deviations can be calculated using Equation (3) from 6.5.
[his is done for every set of 1 000 EUTs using:

A1

o 4 1000

Deor atM = Deot, OATSGM) = 1000 2_Doatsamyi (B.15)
i

where

Dt atM is the average deviation of the alternative test method for the set of

1 000 EUTs;

O

set, 0ATS(3m) IS the average deviation of the 3 m OATS test method for the set of
1000 EUTSs;

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