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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 4-3: Uncertainties, statistics and limit modelling -
Statistical considerations in the determination
of EMC compliance of mass-produced products

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organizatig S rd| ationcomprising
all national electrotechnical committees (IEC National Committees). je s, to>promotp
international co-operation on all questions concerning standardization in t i i€ fields. Tp
this end and in addition to other activities, IEC publishes Internationak Standards, 1 A specificationg,
Technical Reports, Publicly Available Specifications (PAS) and i 2 : “IEC
Publication(s)”). Their preparation is entrusted to technical committges; an NationalN\Committee interestef
in the subject dealt with may participate in this preparatory governmental and non-
governmental organizations liaising with the IEC also participate i iS™p ian. collaborates closely
with the International Organization for Standardization (I i onditions determined bl
agreement between the two organizations.

4) The formal decisions or agreements of IEC or as nearly as possible, an internationg|
consensus of opinion on the relevant subjec tee has representation from all
interested IEC National Committees

J) IEC Publications have the form of recommendations, fo uSe and are accepted by IEC Nationdl
Committees in that sense. While all reasonfable efforts. afe made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be ponsible Mor thhe way in which they are used or for any
misinterpretation by any end ‘

4) In order to promote intern C Nationg] £ommittees undertake to apply IEC Publicationp
transparently to the maxi i their mational and regional publications. Any divergencg
between any IEC Publica sational or regional publication shall be clearly indicated ip
the latter.

q4) IEC provides n' g s approval and cannot be rendered responsible for any
equipment declaredAo be_In

g) All users should ensyre ést edition of this publication.

1) No liability shall a tac directors, employees, servants or agents including individual experts anfl
members of | es and IEC National Committees for any personal injury, property damage qgr
other damage of ~a whether direct or indirect, or for costs (including legal fees) anfi
expense, e publication, use of, or reliance upon, this IEC Publication or any other IEC
Public
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indispensable¥Qr the cyrrect application of this publication.

e}
~

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

The main task of IEC technical committees is to prepare International Standards. However,
technical committee may propose the publication of a technical report when it has collecte

data of o diffarant kind fram that \which ic narmmAallvy nihlichad Ao AN lntarnatianAal StanAdAard £
ata-o—a—aHere <ot at—wHHerHShHoHhary-—pHoHSreaasSar—hteriattohat >taRaafa—

example "state of the art".

o

This first edition of CISPR 16-4-3, together with CISPR 16-4-1, CISPR 16-4-4 and the second
edition of CISPR 16-3, cancels and replaces the first edition of CISPR 16-3, published in
2000, and its amendment 1 (2002). It contains the relevant clauses of CISPR 16-3 without
technical changes.

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

A bilingual version of this publication may be issued at a later date.
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The committee has decided that the contents of this publication will remain unchanged until
2004. At this date, the publication will be

e reconfirmed;

e withdrawn;

e replaced by a revised edition, or
e amended.

The text of this publication is based on the following documents:

Recommendation 46/1 — p/o CISPR. 11, 1990; Report 48 — p/o CISPR
CIS/A(Sec)58 + CIS/A(Sec)58A, 1983.

; Report 59;

&
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INTRODUCTION

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

See the list given below.

Old CISPR 16 publications New CISPR 16 publications

CISPR 16-1-1 Measuring apparatus

Radio disturbance CISFR To0-T-2 ANcCllary equipment — Londucted disturopances

and immunity . . )
CISPR 16-1 | measuring é CISPR 16-1-3 Ancillary equipment — Disturbance power
apparatus CISPR 16-1-4 | Ancillary equipment — Radimrbances
Antenna calibration test gitgs for 30 to
CISPR 16-1-5 1000 MHz
CISPR 16-2-1 Conducted dlsturbgﬂce\i\aQJre}\i\s\ >
Methods of

CISPR 16-2-2 Measuremen{/ofw\kan&s{e p er
CISPR 16-2-3 Radlategde\tLNQan(‘\\&su}Qme\te/
CISPR 16-2-4 Immunﬁ?\m\ewé@ >
CISPR 16-3 }Z(SPR tth\nth‘ports\

CISPR 16-4-1_|(Uncgrtiinties I standargtised EMC tests

SPR 16,4%2 XV%re(é\‘t |ns\?>mentation uncertainty

CISPR 16-2 | measurement of <
disturbances and
immunity

Reports and
CISPR 16-3 | recommendations

S AN AN

of CISPR <
Statistical cons|derations in the
ISPRN\6~4:3 eteWMC compliance of mass-
praduced products
CISPR 16-4 | Uncertainty in EMC CISPR™16-42 tatistics of complaints and a model for the
measurements c ation of limits

CISPR 16-4-3 is
REFERENCES).

N

t

neports with fu
gre given in
gnd limit

(
disturbance ang ynity measuring apparatus and methods - Uncertainties, statistics an
|

mit modelling:
4 Part4=1: Uncertainties in standardised EMC tests,

4 Rart 4-2: Uncertainty in EMC measurements,

J

0

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

o Part 4-4: Statistics of complaints and a model for the calculation of limits.
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TABLE RECAPITULATING CROSS-REFERENCES

First edition of CISPR 16-3 First edition of CISPR 16-4-3
Clauses, subclauses Clauses

1.
1.

A N WO P DN -
D OO~ PN -

NG N T Y

@%
S
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SPECIFICATION FOR RADIO DISTURBANCE
AND IMMUNITY MEASURING APPARATUS AND METHODS -

Part 4-3: Uncertainties, statistics and limit modelling —
Statistical considerations in the determination
of EMC compliance of mass-produced products

1 Scope

This part of CISPR 16 contains recommendations on statistics of disturbance
the significance of CISPR limits, and specific reports.

somplaints, o

Dver the years, the CISPR prepared a number of recommendations ‘and¢sreports that hav
ignificant technical merit but were not generally available. R S nmeéndation
vere for some time published in CISPR 7 and 8.

= (0 o\

LISPR 16-4-3.

2 Normative references

For dated references, only
o¢f the referenced documen

CISPR 16-1:2003all\parts),» S
gpparatus and 1

CISPR 16-2:200
gpparatus and m

C A for radio disturbance and immunity measuring apparatus an
N , .
method$< P : echnical reports

(
gnd metheds — Part 4-1: Uncertainties, statistics and limit modelling — Uncertainties i
§tandardized EMC tests

CISPR 16-4-2:2003, Specification for radio disturbance and immunity measuring apparatu

=

o

O~

o7

=}

o7

y 4l J D i 40 TN V- fodiads Y H s PNTH A4
arrtd Trmiietrious = rdilt 974, UTriceriarrrtics,  statlioslivo  ariu THTimt  TITOUcIHimTyg =  WICdoUurTITicT

instrumentation uncertainties

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

and a model for the calculation of limits

3 Definitions

For the purpose of this part of CISPR 16, the definitions of CISPR 16-1 and IEV 60050(161
as well as the following definitions apply.

)
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3.1
bandwidth (B,,)

width of the overall selectivity curve of the receiver between two points at a stated
attenuation, below the midband response. The bandwidth is represented by the symbol B,

where n is the stated attenuation in decibels

3.2

impulse bandwidth (Bimp)

Bimo = Alt)max ! (2G4 x 1S)

imp

where

>
JJ

\(f)max IS the peak of the envelope at the IF output of the receiver,¥ se area /|
applied at the receiver input;

N

5 is the gain of the circuit at the centre frequency.

$pecifically, for two critically coupled tuned transformers,

FXY

— —

N ar&a and expressed in pV/MHz or dB(uV)/MHz. For rectangulgr
i D
i
¢lectrical charg
t >
i N
q

OTE This time constant is determined as follows. A sine-wave signal of constant amplitude and having B

N

ffequency_equal to the mid-band frequency of the i.f. amplifier is applied to the input of the stage immediatel
dreceding—-the detector. The indication, D, of an instrument having no inertia (for example, a cathode-ray
dscilloscepe) connected to a terminal in the d.c. amplifier circuit so as not to affect the behaviour of the detector, i
r
g
r

9
the charge time of the detector.

3.5
electrical discharge time constant (Tp)

time needed after the instantaneous removal of a constant sine-wave voltage applied to the
stage immediately preceding the input of the detector for the output of the detector to fall to
37 % of its initial value

NOTE The method of measurement is analogous to that for the charge time constant, but instead of a signal
being applied for a limited time, the signal is interrupted for a definite time. The time taken for the deflection to fall
to 0,37D is the discharge time constant of the detector.
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3.6
mechanical time constant (T, of a critically damped indicating instrument

TM = TL /| 2xw
where T, is the period of free oscillation of the instrument with all damping removed.

NOTE 1 For a critically damped instrument, the equation of motion of the system may be written as

T,2(d%a / dt?) + 2Ty (da /dt) + o = ki

here

g is the deflection;

i| is the current through the instrument;
K is a constant.

If can be deduced from this relation that this time constant is also equal to the dk
donstant amplitude) that produces a deflection equal to 35 % of the steady d
durrent having the same amplitude as that of the rectangular pulse.

3.7

gverload factor

ratio of the level that corresponds to
group of circuits) to the level that
nstrument.

-scale deflection of the indicatin

The maximum level at whi e te resp se of a circuit (or group of circuits) doe
not depart by more thg ide - defines the range of practical linear functio
gf the circuit (or@ i

3.8

gymmetric voltagé

ih a two-wire circiit as\a sigle/phase mains supply, the symmetric voltage is the radig
frequency di appearing between the two wires. This is sometimes called th
differential mode vo the vector voltage between one of the mains terminals an
garth an vettok voltage between the other mains terminal and earth, the symmetri
Joltage i

3.9

symmetric voltage

dio-frequency disturbance voltage appearing between the electrical mid-point of the main
terminals and earth. It is sometimes called the common-mode voltage and is half the vecto
umyof Va and Vb, i.e. (Va + Vb)/2.

inear function of a circuit (or &

T o (U

}

o7

o7

=

3.10
unsymmetric voltage

amplitude of the vector voltage, Va or Vb defined in 3.8 and 3.9. This is the voltage measured

by the use of an artificial mains V-network

3.1

CISPR indicating range

range specified by the manufacturer which gives the maximum and the minimum mete
indications within which the receiver meets the requirements of this part of CISPR 16

r
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4 Recommendation 46/2: Significance of a CISPR limit

(This

This

recommendation replaces Recommendation 46/1, contained in CISPR 7B).

recommendation deals with statistical considerations in the determination of EMC

compliance of mass-produced products.

The CISPR,

Q)

[ NG

CONSIDERING
) that the abatement of interference aims that the majority of the applia
shall not cause interference;

) that the CISPR limits should be suitable for the purpose
produced appliances as well as approval of single-produced 2

techniques have to be applied;

d) that it is important for international trade that the limmits s he terpréted in the sam
way in every country;

RECOMMENDS

that the following interpretation of CI
gompliance of mass-produge i

j=

o be' approve

3
Q
7
P

1”2

=

subsequent\esis from time to time on items are taken at random from the productio
aresnecessary especially in 3.2 above;

=

inithe case of controversy involving the possible withdrawal of a type approva
withdrawal shall be considered only after tests on an adequate sample in accordancg
with 3.1 above;

5.1

that statistically assessed compliance with limits shall be made according to one of
the two tests described below or to some other test which ensures compliance with the
requirements of clause 2;

test based on the non-central t-distribution. This test should be performed on sample of
not less than five items of the type, but if in exceptional circumstances five items are not
available, then a sample of three shall be used. Compliance is judged from the following
relationship:

Xn, + kS, <L

where

Xn

= arithmetic mean value of the levels of n items in the sample;


https://standardsiso.com/api/?name=a28c3d75bd8c35101649f909198762f7

CISPR 16-4-3/TR © IEC:2003(E) -11-

S2 = Z(X—)_(n )2/(n—1);

x = level of individual item;

k = the factor derived from tables of the non-central t-distribution with 80 % confidence
that 80 % of the type is below the limit; the value of k depends on the sample size n

and is stated below:

L = the permissible limit

tho AauAantitine v v (& nd ]l ara avnracond Ianarithmaiaally

oot S GO i = ar C-OXpProesSCaogar oo
n 3 4 5 6 7 8 9

LR
N
~—
)
)
@
o
o
o
@
o
o
5
~—
=0
o
g
=]
o
3
L
o
)
28
5
. T
c
=
o
=]
_|
=
)
~—
®
)
28
)
>
o
c
o
o
o
o

appliances with an mterference level above the permissi

sample of size n;
n 7 14 20 26 \

LR
w
4]
=y
o
=5
o
~—
>
]
[al
(0]
4]
-
o
=]
~
>
]
%]
Y]
3
j=a
(]
=
D

@wnh he requirements in 5.1
S mbined with those from th
first sample and compliance check o t mple.

4.1 Application of the CIS ) i dnity tests

In the assessment of the ances and equipment in large-scale production
gonsideration s i ification of the statistical method to be used in th
CISPR sampling pme. s have been standardized: one using the binomig
distribution and the ¢ e R éntral t-distribution.

The binomial disthbuti is essentially sampling by attributes. Hence, this metho
ghould be used iman,i ' st in which the immunity level cannot be determined, with th
nesult that\t i ~ i t6 verify whether an appliance or equipment complies with th
immunitydimitg e. oxly a pass or fail test at a specified immunity level is possible

[he non-centraltdistribution method is essentially sampling by variables. Hence, this metho
5 suitable<for an i unity test in which the immunity level or the level of a signal that is
heasure\of the degradation of operation, can be determined. The latter level shall b
xpressed in logarithmic units before applying the non-central f-distribution method.

P e S LI |

=

1’4

O—P—C — D <

o

o A 4 Pl ol
4 APPHLAtiulnt gulructiimes

Subclause 6.1 only gives conditions related to the choice of statistical test method to be used
in the assessment of the immunity of appliances and equipment in large-scale production
after it has been decided by the relevant Product Committee that a statistical evaluation is

needed. A Product Committee may also decide that a type-test alone is adequate.

In the formulation of 6.1, use has been made of the IEC definitions of immunity level,

immunity limit and degradation, which read

— the immunity level is the maximum level of a given electromagnetic disturbance, inciden
in a specified way on a particular device, equipment or system, at which no degradation o
operation occurs;

t
f
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— the immunity limit is the minimum required immunity level;

equipment or system from its intended performance.

6.2.1 Sampling by attributes

When testing the immunity of an equipment under test (EUT),

)

degradation is an undesired departure in the operational performance of any device,

the combination of type of

disturbance signal and type of susceptible part in the EUT might result in damage to the EUT

tha imminity laval 1c aveaadad In cuech o ~acgo nnl\l ahn [Taa¥aatBlatlaVi test—on Dc\ec/l:cnl
tHe—H bRy —e e r—5—exeeeaea—h——SHe—a—6a5Se;

q

|||||||||||||||

Go/No Go) basis will be possible, i.e. a test which ver|f|es only whether the EUT complies’o
oes not comply with the immunity limit. Consequently, only two test results are possible;-th
EUT passes or the EUT fails. The properties "pass" and "fail" are attributegsof\the EUT,|s0 th
nethod based on the binomial distribution has to be used.

A\n immunity test on a Pass/Fail basis is not necessarily associated w e EUT]
f the test is to be carried out with a fixed-level electromagnetis also b
ossible to use only the Pass/Fail criterion. Also in this case the sa ethod based o
he binomial distribution has to be used.

ty of damaging th
EUT is the testing of telecommunication equipmefnt fori y bransients caused b
ghtning. An example of such a test in vje disturbance is th
lectroacoustic discharge test on (digita &

f the EUT and the chosen immunity te WOt
evel of a signal that is/a weasure\0 th

ggradation of operation, these levels will b

ariables and, hence, a P ee~’may tlecide to opt for sampling by variables
hat case, the sampling meth anon-central t-distribution has to be used

Note the above i 1 i a Product Committee can always decide to opt
for a test on a Pass/Fail basis. M _additiory, note that if the EUT is sufficiently immune, it might
not be possible t ine avels mentioned. This does not exclude, however, the
possibility of sa Such a situation is completely comparable with
the situation jr missiap’ test when the emission level is lower than the noise level of the
CISPR receiver

The determinati immunity level in an immunity test is, generally speaking, not very
practical. 1 8 s over-exposure of the EUT to the applied disturbance signal, ang
may easily lead towunforeseen effects during immunity testing. Nevertheless, there is no need
tp exclude-this determination beforehand.

\ signal which is a measure of the degradation of operation of the EUT may be available fo

b

o o=

o<

T D~ O

r

dmpling by variables: for example, the demodulated signal when testing several samples 9

f

EUT, say an audio equipment, for their immunity 1o amplitude-modulated RF signals of
constant level and frequency. The level of the demodulated signal is then a measure of the
degradation of the EUT. Another example is the bit-error rate when performing immunity tests
on digital communication equipment.
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5 Report 48: Statistical considerations in the determination of limits
of radio interference

(Identical with the text taken from CISPR 8B).

5.1 Introduction

he application of statistical techniques that have to ensure the consumer with an 80.9
egree of confidence that 80 % of the appliances of a type being investigated are below th
pecified radio interference limit. This so-called 80 %/80 % rule protect
ppliances with too high a radio interference level, but it says hargh
robability that a batch of appliances from which the sample has beeg

robability is 20 % and knowledge is necessary about the
robability on the sample size and the fraction items of the/b

e very small (<1 %) and the sample
atches, it is also possible to ensure

= —h

e S e S e B o B |
T

'

\

1”4

X = meanivalue of-the interference level of the sample with size n of the appliances to b
tested; X is known;

o

$. = standard deviation of the interference level of the sample with size n of the appliance
to be tested; S,, is known;

T(:iixi S, M

i=1 n-1
k = constant to be determined in such a way that the above-stated rule is satisfied;
L = the permissible radio interference limit; L is an upper limit.

5.2.1 Determination of the constant k

It is assumed that the production being investigated has a normal distribution with the
following parameters:
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4= mean value of the radio interference level of all appliances; x is unknown;

o= standard deviation of the radio interference level of all appliances; o is unknown.

Assume: p fraction that is above the limit L (fraction defective) and (1 — p) fraction of the lot
below the specified limit L.

Define a constant Kp:

ih which f(y) = ! e 2 s the standardized normal density functie
27

l’p can be determined from appropriate tables of the ngrma

Fraction defective p

027(75

firem the definition of K, as well as the figure drawn above it follows that:

L=u+Kyo K, >0

since L is an upper limit.

According to the CISPR, p = 0,2, then Kp = 0,84. The test instruction can now be read as
follows:

pX +KkSy 2 L/L = u+Kyo)=1-a
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The probability « of a batch with a fraction defective p being accepted gives the consumer's

risk.
For CISPR, 2=0,2(1-a=0,8 - 80 %) and K, = 0,84.
To determine the constant k, the expression should be rewritten as follows:

plX +KSy > LIL = u+Kyo)=1-a

_ )_(—,u L—pu kS,

TP o T ol S oln

_>_<—u+L—ﬂ

o/Jn _o/dn <k'n

L:,u—i-KPO']

L

S, /o

By definition:

IA

1”4

This probability function has been tabulated in [1] and [2]. Some figures are given below.

With ¢=0,2, p=0,1(1 - a=80 %, 1 —p =280 %), the following values for k will be obtained

for different sample sizes:

4 5 10 11 12

1,68 1,51 1,42 1,35 1,30 1,27 1,24 1,21 1,20
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5.2.2 Determination of the sample size n

)

The producer wants to know the probability of the appliances being accepted and has to

know:

p(X+kSy <LIL=pu+Kyo)

By definition, this expression is equal to g(p), the acceptance probability. The probability

U ~Af o Whatabh it o frantinn AAfA~EL b alna-raiactad tha nerad, rlo

an ol
PP oo oator Wi HactHoR—aetreetve 14 Tty TTJTotCT \dlvuo LLEAY ~4) oa U cet-SHS5K-

This can be rewritten as follows:

th.c. n _
p{\/n_1 zk,/n_J—ﬂ(p)

For a lot with the same fraction defective p as in clause 1, S(p) & i 0,2, =0,
CISPR values) f(0,2) is 0,2. From the producer's point oKview be maximized b
improving the production (a smaller percentage of de depends on th

benerally the manufacturer needs an accepts abi hygh as 95 %. The functio
2 i the fraction defective p i
alled the operating characteristic if the power curve of the test. Th

hathematical representation for the O.

for fixed n.

p ensure the sa
vith the sampfesi

—, = = o —

A batch of\appliances has to be checked according to the 80 %/80 % rule with a sample siz
n =6, we-have k = 1,42. The consumer has an 80 % degree of confidence that 80 % of th
bhatch'lies below the limit.

A17Z S ) =

AL 2 =

=

——D

D

ne acceptance probabllity p(p) IS ZU 70 atl p = U,Z (6U 70 DeloOW the IImIt). TO oDtaln a greate

acceptance probability, the percentage defective p should be decreased. At p = 0,035 (96,5 %
below the limit), the acceptance probability is 80 %. From each 10 samples consisting of six
units taken from lots with p = 0,035, eight samples will on average yield a positive result. At
p = 0,009 (99,1 % below the limit), the acceptance probability is 95 %. In the latter case, the

manufacturer has to apply a ¢ and o which fulfil the expression 4+ 2,4 o< L.
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5.3 Tests based on the binomial distribution (sampling by attributes)

The number of defective units ¢ that occur in a sample of size n has to ensure with an 80 %
degree of confidence that 80 % of the appliances produced on a large scale are below a
specified radio interference limit L. An item has to be considered defective as soon as its
radio interference level is above the specified value L.

5.3.1 Determination of constant ¢

e —occurrence of defective units by sampting a batch of applfances shoutd satisfy the
nequirement that the occurrences are statistically independent and not more thanc~on
gccurrence takes place at the same moment.

1%

The binomial distribution is characterized by the fraction defective p of
being tested and the sample size n.

ofiappliance

o7

),
=)
o
—
>0
Q
5
~—
5.
w
w
Q
3

=
(0]
o
@]
=)
=1
)
=)
(/2]
(9]
o
D
o}
(0]
(¢]
—
<

[«

s more than ¢ defective items should be (1 - a) |f
aximum allowed fraction defective, hence:

The probability thgka sa
the batch of ap r@-

p’<cip)=Y [%]pxﬂ -p)"* =«
x=0

According to'the € requirements: o = 0,2 and p = 0,2. The corresponding ¢ and n value$
gre given~in the left-hand table. The right-hand table represents the values for ¢ and p
if « =0;05 and p = 0,2. ¢ represents the allowed number of defective items and n the¢
Jample size.

C n C n

0 7 0 13

1 14 1 22

2 20 2 29

3 26 3 36

4 32 4 43

5 38 5 50

for a consumer's risk for a consumer's risk
of 20 % of 5%

To have an 80 % degree of confidence that 80 % of the appliances are below the limit ¢ and n
should correspond with the values listed in the left-hand table.
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5.3.2 Determination of sample size n

Analogue to 5.2.2, the acceptance probability follows from:
p(x < c/p)= p(p)

If p = 0,2 then £(0,2) = a« = 0,2. The probability 1 — 3(0,2) of the batch of appliances being
rejected is 0,8.

The operating characteristic curve is given by

C

B(p) = Z(%j p*(1-pl

x=0

Curves have been drawn in graph 2.

5.3.3 Control charts

= N ” e

rocess.

Generally the sample average )
gstimation of the quality characteristics h
qufficient number of sa ;
nequired mean value ux and i . The confidence intervals for varioug
fractions of the productio ) i ese values.

applied in such a way that the consumer has th
production is below the permissible limit, wherea

Control chart te@
equired 80 % confide

D

[B] (Statistics and Experimental Design I, pp 298-348, Johnson, N.L., and Leone, F.Cj
Wiley and Sons, New York, 1964.
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0,6
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0,8
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i
Accept babilit J L N
cceptance probability Acceptance probability ah i
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~ 1
H 1 >= 11 1 I H i b 5\.&7‘ 8 H 1] S nENe;
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Graph 1

Operating characteristic curves for non-central t-distribution

------- n= 6; k=142
_ n= 8; k=130
. n=12; k=120
I, n=51; k=0,99

Graph 2

n= 7;
n=14;
n=20;
n=49;

eurves for[binomial distribution

(2)€002:031 ® YL/e-¥-91 °dLSID
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6 Report 59: An analytical assessment of statistical parameters
of radio disturbance in the case of an incompletely defined sample

CISPR Recommendation 46/2 specifies the requirements for the statistical assessment of
series-produced equipment. The assessment is based on the non-central t-distribution and it
requires that the actual levels of the radio disturbance generated by each equipment in a
sample is measured. The assessment of acceptability is then made during the mean and the
standard deviation of the radio disturbance levels measured.

h a number of cases, it may not be possible to measure the levels of radio disturbaneg
enerated by all the units of the equipment in the sample because of insufficient sensijtivity gf
he testing apparatus used. In such cases the available distribution of the walues)of radip
isturbance levels (expressed in decibels) is truncated from below, )
hcomplete determination of the distribution.

rigure 1 shows the probability density function ¢(y ) of ; ip
isturbance values truncated from below.

figure 2 shows the function @(y,y,), which is an altermative.i e same truncated

distribution.
This report presents the analytical )
gtandard deviation of radio disturbance valye P
bhasis of the known parameters of trunca
Assume that for the determination of\the ip
disturbance values one ta . the parent population which is a normgl
distribution N(ux;o) _ ] a radio disturbance level X < X, wherg¢
X is the limit of sensi L ing apparatus, this limit being the point of truncation.
Hence, in a sa 0 : only n — ng units with radio disturbance valueg
which are great se” units only can the radio disturbance levels bg¢
rmeasured. It is possi . f hy of radio disturbance values as the measurementg
from truncated distributi dncation degree @(jp). The ratio ny/n is the assessment
qf the degre
The ave he syandard deviation S of the measured radio disturbance values ar¢
gn estimatio 3
gre determingd fror the expressions:

_ Sy

X=Xy - 73 (1P

(4 ol V(4 () 1)
{ \ Y { \ Y + 70 J _ 1J
o(ro) \ olro)
S
S = ! (2)

where
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70 = (X — w)l o is a specified truncation point;

@(yp) is a value of the normal distribution function

X2

y 2
D(y) = ! Ie 2 dx

V2n

() is a value of a probability density function of a normal distribution

are found:;

formulae (3) and (4);

nclodéd in th

d) from the tables of\a probability density function of normal distribution the values of ¢(y,

¢) the<wvalues of the statistical parameters of the truncated distribution of measure
disturbance produced by the articles of a sample of the size n — ny are determined fron

AY%4

~

p=m

f) the values of the statistical parameters of the complete distribution of disturbance levels
from the sample of equipment of size n are determined from formulae (1) and (2).

NOTE An example calculation is given in the appendix.

The confidence interval of the parameter X with the confidence 1 — « is determined by the

expression:

)_(—UF,SW/M < py < )_(-FUPS,‘/M
n n
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where
Uy = U17£is a quartile of distribution N(0.1);
2
Hy (7/0) is a function of truncation degree determined from table 1.

Table 1 (relative to Recommendation 46/2)

%o -3,0 -2,5 -2,1 -2,0 -1,9 -1,8 -1,7 -1,6 -1,5 -1,4

u(7p) 1,000 1,001 1,002 1,003 1,004 1,005 1,006 1,009 1,011 1,0m5

%o -1,3 -1,2 -1,1 -1,0 -0,9 -0,8 -0,7 -0,6 -0,5 =0,4

u,(70) 1,019 1,025 1,032 1,042 1,054 1,069 1,089 1/1\64 },\Q7 1,189

%o 03 | -02 | -01 0 0,1 0,2 0.3 ’\\0\m4 0’5 0.6

mir) | 1243 | 1,312 | 1401 | 1517 | 1,667 | 1,863 | 2,348 2\&5\3\\2\{5}3\/ 3,473

% 0,7 0,8 0,9 1,0 1,1 1,2 \\3 \\\1,4\ % 1,6

n(r) | 4241 | 5261 | 6623 | 8448 | 1090 | 14,22 18 \Mg 33,34 | 44,99

% 1,7 1,8 1,9 2,0 / ~ >

n(r) | 6113 | 8364 | 1152 | 1597 e \)/

&
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A 2(nn)

W

D% Y

y=
e
6 IEC  780/2000

nction ¢(y;7¢)

/
@ (1)

IEC 781/2000

Figure 2 — The truncated distribution function @(y;y,)
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