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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Measurement uncertainties and characteristic values, such as the decision threshold, the detection limit
and limits of the coverage interval for measurements, as well as the best estimate and its associated
standard measurement uncertainty, are of importance in metrology in general and for radiological
protection in particular. The quantification of the uncertainty associated with a measurement result
provides a basis for the trust an individual can have in a measurement result. Conformity with
regulatory limits, constraints or reference values can only be demonstrated by taking into account and
quantifying all sources of uncertainty. Characteristic limits provide, at the end, the basis for deciding if
uncertainties have to be taken into account

Thi
alsd
rad

jation. It is
of ionizing

5 standard provides characteristic values of a non-negative measurand of ionizing 'rad
applicable for a wide range of measuring methods extending beyond measurements
ation.

Thd

limits to be provided according to ISO 11929 series for specified probabilities of wron
w detection possibilities to be assessed for a measurand and for the physical effect qu
measurand as follows:

allo|
thid

the “decision threshold” allows a decision to be made on whether, 6rnot the physical effect
by the measurand is present;

the “detection limit” indicates the smallest true quantity.value of the measurand that
detected with the applied measurement procedure; this gives a decision on whether
measurement procedure satisfies the requirementsyand is therefore suitable for th
measurement purpose;

the “limits of the coverage interval” enclose, inithe case of the physical effect recognized

Herinafter, the limits mentioned are jointly called the “characteristic limits”.

NOT1
herd
con)

E According to ISO/IEC Guide 99:2007 updated by JCGM 200:2012 the term “coverage inte}
instead of “confidence interval” ifi order to distinguish the wording of Bayesian terminology
entional statistics.

the characteristic values‘are based on Bayesian statistics and on the ISO/IEC 98-3 as
ISO/IEC Guide 98-3-1 and ISO/IEC 98-3-2. As explained in detail in ISO 11929-2, the chjg
les are mathematically defined by means of moments and quantiles of probability distry

e measuremeént’uncertainty plays an important part in ISO 11929, the evaluation of meg
the treatment of measurement uncertainties are carried out by means of the general |

b decisions
antified by

quantified

ran still be
or not the
e intended

as present,

a coverage interval containing the true quantity value of the measurand with a specified probability.

val” is used
'rom that of

well as on
racteristic
ibutions of

surements
brocedures
13] to [17].

Thik d, and the
proyision'and calculation of the characteristic values, on the other hand. The ISO 11929 seried makes use
of altheo i i emen 31t 01 based on Bavesian atisti e o_see References

[21] to [26]) in order to take into account t

hose uncertainties that cannot be derived from repeated or

counting measurements. The latter uncertainties cannot be handled by frequentist statistics.

Because of developments in metrology concerning measurement uncertainty laid down in the 1SO/
IEC Guide 98-3, ISO 11929:2010 was drawn up on the basis of the ISO/IEC Guide 98-3, but using
Bayesian statistics and the Bayesian theory of measurement uncertainty. This theory provides a
Bayesian foundation for the ISO/IEC Guide 98-3. Moreover, ISO 11929:2010 was based on the definitions
of the characteristic values[13], the standard proposall14], and the explanatory article[13]. It unified
and replaced all earlier parts of ISO 11929 and was applicable not only to a large variety of particular
measurements of ionizing radiation but also, in analogy, to other measurement procedures.

In 2008 the ISO/IEC Guide 98-3-1 has been published, dealing comprehensively with a more general
treatment of measurement uncertainty using the Monte Carlo method in complex measurement
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evaluations. This provided an incentive for writing a corresponding Monte Carlo supplement[16] to
ISO 11929:2010 and to revise ISO 11929:2010. The revised ISO 11929 is also essentially founded on
Bayesian statistics and can serve as a bridge between ISO 11929:2010 and the ISO/IEC Guide 98-3-
1. Moreover, more general definitions of the characteristic values (ISO 11929-2) and the Monte Carlo
computation of the characteristic values make it possible to go a step beyond the present state of
standardization laid down in ISO 11929:2010 since probability distributions rather than uncertainties
can be propagated. It is thus more comprehensive and extending the range of applications.

The revised ISO 11929, moreover, is more explicit on the calculation of the characteristic values. It
corrects also a problem in [SO 11929:2010 regardmg uncertam quant1t1es and 1nfluences which do not
behave random e asis
of the revikion. Furthermore in ISO 11929 3, it g1ves detailed advice how to calculate charactexjstic
values in the case of multivariate measurements using unfolding methods. For such measurements,the
ISO/IEC Guide 3-2 provides the basis of the uncertainty evaluation.

Formulas are provided for the calculation of the characteristic values of an ionizing radiation measurpnd
via the “standard measurement uncertainty” of the measurand (hereinafter the “standard uncertainfy”)
derived acfording to the ISO/IEC Guide 98-3 as well as via probability density. functions (PDFd) of
the measufand derived in accordance with the ISO/IEC Guide 98-3-1. The standard uncertaintief or
probability density functions take into account the uncertainties of the actual’ measurement as yell
as those of sample treatment, calibration of the measuring system and ‘other influences. The latter
uncertaintjes are assumed to be known from previous investigations.

vi © IS0 2019 - All rights reserved
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Determination of the characteristic limits (decision
threshold, detection limit and limits of the coverage
interval) for measurements of ionizing radiation —

Fundamentals and application —

Pa
El

1

The
cald
an
or @
as v
can|
the
trea

ISO
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alpha- and gamma-spectrometric measurements. Further, it provides some advice on how t
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Tt 1:
ementary applications

Scope

ISO 11929 series specifies a procedure, in the field of ionizing radiation metrolo
ulation of the “decision threshold”, the “detection limit” and the “limits of the coverage i

Uell as from further quantities on the basis of a model of the évaluation. In particular, the

be the net count rate as the difference of the gross count.rate and the background co
net activity of a sample. It can also be influenced by calibration of the measuring system
tment and by other factors.

11929 has been divided into four parts coveringelementary applications in this documen

11929-3, and guidance to the application inJSO 11929-4.

5 document covers basic applications:of counting measurements frequently used i
pnizing radiation metrology. It is restricted to applications for which the uncertaint
uated on the basis of the ISO/IE€ Guide 98-3 (JCGM 2008). In Annex A, the special case

hting measurements with random influences is covered, while measurements with lineat
meters are covered in Annex\B.

11929-2 extends the former ISO 11929:2010 to the evaluation of measurement un
brding to the ISO/IEC Guide 98-3-1. ISO 11929-2 also presents some explanatory noteg
pral aspects of counting measurements and on Bayesian statistics in measurements.

11929-3 deals/with the evaluation of measurements using unfolding methods an
Ctrometricomulti-channel measurements if evaluated by unfolding methods, in par

relations and covariances.

by, for the
terval” for

n-negative ionizing radiation measurand when counting measurements with preselectjion of time
ounts are carried out. The measurand results from a gross count rate and a background| count rate

easurand
nt rate, or
by sample

[, advanced
methods in

n the field
ies can be
bf repeated
analogous

certainties
regarding

| counting
ficular, for
b deal with

19929-4 gives guidance to the application of the ISO 11929 series, summarizes shortly

he general

procedure and then presents a wide range of numerical examples. Information on the statistical roots
of ISO 11929 and on its current development may be found elsewhere[33]1[34].

The ISO 11929 series also applies analogously to other measurements of any kind especially if a
similar model of the evaluation is involved. Further practical examples can be found, for example,
in ISO 18589[1], 1SO 9696l2], ISO 9697[3], ISO 9698I4], ISO 10703[3], ISO 7503[él, ISO 28218[Z], and
ISO 11665I[8l.

NOTE A code system, named UncertRadio, is available for calculations according to ISO 11929-1
to ISO 11929-3. UncertRadiol311(32] can be downloaded for free from https://www.thuenen
.de/de/fi/arbeitsbereiche/meeresumwelt/leitstelle-umweltradioaktivitaet-in-fisch/uncertradio/. The
download contains a setup installation file which copies all files and folders into a folder specified by the user.
After installation one has to add information to the PATH of Windows as indicated by a pop-up window during
installation. English language can be chosen and extensive “help” information is available.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in

probability

ISO 80000-

1, Quantities and units — Part 1: General

[SO 80000

10, Quarntities and umnits— Part 10T Atomic and nuclear physics

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 1: Guide to the expression of unceftaint

measuremsgq

ISO/IEC Gy
uncertaint)

ISO/IEC Gy
uncertaint)

ISO/IEC G
terms (VIM

nt, JCGM 100:2008.

ide 98-3-1, Evaluation of measurement data — Supplement 1 to the “Guide to-the expressig
 in measurement” — a Propagation of distributions using a Monte Carlo method, JCGM 101:2)

ide 98-3-2, Evaluation of measurement data — Supplement 2 to the “Guide to the expressidg
f in measurement” — Models with any number of output quantities, JCGM 102:2011

ide 99, International vocabulary of metrology — Basic and geheéral concepts and associg
), JCGM 200:2012

3 Terms and definitions

For the pu
ISO/IEC G
following 3

3.1
quantity v
value of a
value

rposes of this document, the terms and definitions given in ISO 80000-1, ISO 80000
ide 98-3, ISO/IEC Guide 98-3-1, ISO/IEC 98-3-2, ISO/IEC Guide 99 and ISO 3534-1 and

pply.

alue
(quantity

number a
[SOURCE:
3.2

!

reference together expressing magnitude of a quantity

GM 200:2012, 1.19]

measurenment

process of
quantity

bxperimentally.@btaining one or more quantity values that can reasonably be attributed

3.3

[SOURCE: T

GM 200:2012, 2.1]

n of
008

ited

-10,
the

to a

measurantd
quantity intended to be measured

[SOURCE: ]

3.4
coverage i

CGM 200:2012, 2.3]

nterval

interval containing the set of true quantity values of a measurand with a stated probability, based on
the information available

[SOURCE: ]

CGM 200:2012, 2.36]

Note 1 to entry: A coverage interval does not need to be centred on the chosen measured quantity value (see
JCGM 101:2008).
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Note 2 to entry: A coverage interval should not be termed “confidence interval” to avoid confusion with the
statistical concept.

3.5

measurement method

method of measurement

generic description of a logical organization of operations used in a measurement

[SOURCE: JCGM 200:2012, 2.4]
3.6

megasurenmentpr ocedure
detpiled description of a measurement according to one or more measurement pringiplgs and to a
givén measurement method, based on a measurement model and including any calculation [to obtain a
megdsurement result

[SOPURCE: JCGM 200:2012, 2.6]

3.7
measurement result

resplt of measurement
set of quantity values being attributed to a measurand together*with any other available relevant
infgrmation

[SOPRCE: JCGM 200:2012, 2.9]

3.8
measured quantity value

vallie of a measured quantity

measured value

quantity value representing a measurement result

[SOPRCE: JCGM 200:2012, 2.10]

3.9
trug quantity value

trug value of a quantity

trupg value

qualntity value consistentwith the definition of a quantity

[SOPRCE: JCGM 200;2012, 2.11]

Not¢ 1 to entry: Imthe Error Approach to describing measurement, a true quantity value is considpred unique
and| in practicejubknowable. The Uncertainty Approach is to recognize that, owing to the inherently incomplete
amdunt of detail in the definition of a quantity, there is not a single true quantity value but rather a set of
trug quantity*values consistent with the definition. However, this set of values is, in principle and|in practice,
unkpowable. Other approaches dispense altogether with the concept of true quantity value and|rely on the
cong¢eptof metrological compatibility of measurement results for assessing their validity.

Note 2 to entry: When the definitional uncertainty associated with the measurand is considered to be negligible
compared to the other components of the measurement uncertainty, the measurand may be considered to have
an “essentially unique” true quantity value. This is the approach taken by the ISO/IEC Guide 98-3 and associated
documents, where the word “true” is considered to be redundant.

© IS0 2019 - All rights reserved 3
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3.10

measurement uncertainty
uncertainty of measurement
uncertainty

non-negative parameter characterizing the dispersion of the quantity values being attributed to a
measurand, based on the information used

[SOURCE:]

CGM 200:2012, 2.26]

Note 1 to entry: Measurement uncertainty includes components arising from systematic effects, such as
components associated with corrections and the assigned quantity values of measurement standards, as well

as the defififtional uncertainty. Sometimes estimated systematic effects are not corrected for but, insfead,
associated heasurement uncertainty components are incorporated.

Note 2 to ¢ntry: The parameter may be, for example, a standard deviation called standard measurerment
uncertainty] (or a specified multiple of it), or the half-width of an interval, having a stated coverage,probability.
Note 3 to gntry: Measurement uncertainty comprises, in general, many components. Some ‘of these may be
evaluated Type A evaluation of measurement uncertainty from the statistical distribution of the quantity
values from series of measurements and can be characterized by standard deviations: The other componints,
which may e evaluated by Type B evaluation of measurement uncertainty, can also bé-characterized by standard
deviations, gvaluated from probability density functions based on experience or ather information.

Note 4 to enjtry: In general, for a given set of information, it is understood thiat the measurement uncertainty is
associated yith a stated quantity value attributed to the measurand. A modification of this value results|in a
modificatioh of the associated uncertainty.

3.11

model of gvaluation

set of mathematical relationships between all measured and other quantities involved in the evaluation
of measurgments

Note 1 to eptry: The model of evaluation does not neéd to be an explicit function; it can also be an algorithm
realized by p computer code.

3.12

decision threshold

value of th¢ estimator of the measurand; which, when exceeded by the result of an actual measurenpent
using a givien measurement procedureé of a measurand quantifying a physical effect, is used to defide
that the phjysical effect is present

Note 1 to enptry: The decisionthreshold is defined such that in cases where the measurement result, y, exc¢eds
the decision] threshold, y*,the’probability of a wrong decision, namely that the true value of the measurand is
not zero ifir]lfact itis zerosisless or equal to a chosen probability a.

Note 2 to enftry: If the result, y, is below the decision threshold, y*,itis decided to conclude that the result capnot
be attributgd tothe-physical effect; nevertheless, it cannot be concluded that it is absent.

3.13

detection limit
smallest true value of the measurand which ensures a specified probability of being detectable by the
measurement procedure

Note 1 to entry: With the decision threshold according to 4.13, the detection limit is the smallest true value of the
measurand for which the probability of wrongly deciding that the true value of the measurand is zero is equal to
a specified value, 8, when, in fact, the true value of the measurand is not zero. The probability of being detectable
is consequently (1-8).

Note 2 to entry: The terms detection limit and decision threshold are used in an ambiguous way in different

standards (e.g. standards related to chemical analysis or quality assurance). If these terms are referred to one
has to state according to which standard they are used.
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3.14

probabilistically symmetric coverage interval

coverage interval for a quantity such that the probability that the quantity is less than the smallest
value in the interval is equal to the probability that the quantity is greater than the largest value in the
interval

[SOURCE: JCGM 101:2008, 3.15]

3.15

shortest coverage interval
coverage interval for a quantity with the shortest length among all coverage intervals for that quantity
havjing the same coverage probability

[SOPRCE: JCGM 101:2008, 3.16]

3.1
limjits of the coverage interval
valyies which define a coverage interval

Note 1 to entry: The limits are calculated in the SO 11929 series to contain the tiue value of the meafurand with
a specified probability (1-7).

Not¢ 2 to entry: The definition of a coverage interval is ambiguous without further stipulations. In this standard
twolalternatives, namely the probabilistically symmetric and the shoxtest coverage interval are used.

3.17Y
best estimate of the true quantity value of the measurand
expectation value of the probability distribution of thé’true quantity value of the measurand, given the
experimental result and all prior information on thémeasurand

Note 1 to entry: The best estimate is the one among:all possible estimates of the measurand on the bgsis of given
infofmation, which is associated with the minimum uncertainty.

3.1

guifeline value
valye which corresponds to scientific, legal or other requirements with regard to thg detection
cappbility and which is intendedto be assessed by the measurement procedure by comparispn with the
detgction limit

Notg 1 to entry: The guidéline value can be given, for example, as an activity, a specific activity of an activity
congentration, a surface‘activity or a dose rate.

Notg 2 to entry: Thé.comparison of the detection limit with a guideline value allows a decision on whether or not
the measurementprocedure satisfies the requirements set forth by the guideline value and is thereTre suitable
for the intended{measurement purpose. The measurement procedure satisfies the requirement if the detection
limif is smallei*than the guideline value.

Note 3-tosentry: The guideline value shall not be confused with other values stipulated as conformity|requests or
as regulatory limits

3.19
background effect
measurement effect caused by radiation other than that caused by the object of the measurement itself

Note 1 to entry: The background effect can be due to natural radiation sources or radioactive materials in or
around the measuring instrumentation and also to the sample itself (for instance, from other lines in a spectrum).

3.20
background effect in spectrometric measurement
number of events of no interest in the region of a specific line in the spectrum

© IS0 2019 - All rights reserved 5
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3.21

net effect

contribution of the possible radiation of a measurement object (for instance, of a radiation source or
radiation field) to the measurement effect

3.22
gross effect
measurement effect caused by the background effect and the net effect

3.23

shielding factor
factor desdribing the reduction of the background count rate by the effect of shielding caused by|the
measuremgnt object

3.24
relaxation] time constant
duration il which the output signal of a linear-scale ratemeter decreases to 1/e times-the starting value
after stopging the sequence of the input pulses

4 Quantities and symbols

The symbdls for auxiliary quantities and the symbols only used in theannexes are not listed. Phydical
quantities |Jare denoted by upper-case letters but shall be carefullyndistinguished from their valpes,
denoted by the corresponding lower-case letters.

NOTE IIn this document, a quantity is considered to have a true.yalue which is unknown and unknowable. In
some applicptions, one needs to assume a true value.

m number of input quantities

X; input quantity (i=1,..,m)

X; estimate of the input quantity X;

u(x;) standard uncertainty of the input quantity X; associated with the estimate x;

w calibration facter

w estimate of the calibration factor

Uy (W) reldtiye standard uncertainty of a quantity W associated with the estimate w

G model function

Y non-negative measurand, which quantifies the physical ettect of interest

Yo random variable serving as an estimator of Y without taking into account that Y'is
non-negative

Y1 random variable serving as an estimator of Y taking into account that Y is non-negative

y possible or assumed true quantity values of the~ measurand; if the physical effect of
interest is not present, then y=0; otherwise, y>0

y determined value of the estimator Yp, estimate of the measurand, primary measure-

ment result of the measurand; also used as a variable describing possible measure-
ment results (estimates)
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measurand
espective-
heasurand

R.

1

spectively

kground

Vi values y from different measurements (j=0,1,2,...)
u(y) standard uncertainty of the measurand associated with the primary measurement
resulty
u(y) standard uncertainty of the estimator Yy as a function of an assumed true value y of
the measurand
e o G
¢; sensitivity coefficient. ¢c; =——
X
I X1 =X1 peem Xm =Xm

}A] best estimate of the measurand based on the estimator Yy
u(y) standard uncertainty of the measurand associated with the béstestimate yj|
o,K,9,%¥,0 auxiliary quantities
y* decision threshold of the measurand
y# detection limit of the measurand
Vi approximations of the detection limit y#
Y, guideline value of the measurand
Yiol » Yup lower and upper limit of an unspectified coverage interval, respectively, of the

al > lower and upper limit of the probabilistically symmetric coverage interval, 1
Yoy ly, of the measurand
y<l y” lower and upper,limit of the shortest coverage interval, respectively, of the 1
n; number of counted pulses obtained from the measurement of the count rate
ng.{ng numbérof counted pulses of the gross effect and of the background effect, r¢
t; medsurement duration of the measurement of the count rate R;
t.,to measurement duration of the measurement of the gross effect and of the bag

& effect, respectively

R, | Ry gross count rate and background count rate, respectively
rg o estimate of the gross count rate and of the background count rate, respectively
T,, To relaxation time constant of a ratemeter used for the measurement of the gross effect

& and of the background effect, respectively
a, probability of a false positive and false negative decision, respectively
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I-y

k

pr K

q

@(t)

probability for the coverage interval of the measurand

quantiles of the standardized normal distribution for the probabilities p and q,
respectively (for instance p=1-a, 1-f or 1-y/2)

distribution function of the standardized normal distribution; CI)(kp )=p applies

5 Summary of procedures for evaluating a measurement and calculating the

characte

istic limits

5.1 Gen

This claus
single mea
decision th
in the majg

It is assunj

eral aspects

b gives in a concise form, the procedure to be followed for evaluating a measurement
curand on the basis of the ISO/IEC Guide 98-3 and calculating the characteristie/limits, i.e
reshold, the detection limit and the limits of a coverage interval. This procedure is suit
rity of cases that can be encountered in measurements of ionizing radiation.

of a
the
hble

ed that the measurand is non-negative. This information is only~used when calculati

ga

coverage ipterval and the best estimate of the measurand and its associatéd uncertainty. It is a further

characteris
a radiation|
described
contributig

However, i
procedure
are dealt w
document
this docunyj

The applic
following 3

These step|

Step 1

Step 2
wheth

IEC Gujide 98-3-1 and-1SO 11929-2

Step.3
result

tic of measurements of ionizing radiation that they have tobe performed in the presende of
background that has to be subtracted from a gross meastdrement quantity. The procedures

n this Standard likewise are applicable to any measurements where a background or blank

n has to be subtracted from a gross quantity.

b need to be applied, such as those described in‘the ISO/IEC Guide 98-3-1. Such proced
ith in ISO 11929-2. Both the aspects of the procedure and the tools to ascertain whether
br [SO 11929-2 is suitable or not for the specific application are described in later clausd
ent.

ption of this document is structured into 9 consecutive steps that are explained in
.2 to 5.10. A detailed workflow of this document is given in Figure 1.

5 are as follows:
Modelling the measurement

. General considerations about the applicability of the ISO/IEC Guide 98-3 and deci
br to proceed aecerding to the ISO/IEC Guide 98-3 and this document or to apply the I

Evaluating the input quantities, standard uncertainties and covariances, and the primn
hnd its.associated standard uncertainty

Step 4

mportant exceptions exist for which the procedures’do not provide reliable results and other

res
this
s of

the

bion
SO/

ary

Evaluating the standard uncertainty as a function of an assumed true value of the measur

and

Step 5:
Step 6:
Step 7:
Step 8:
Step 9:

Calculating the decision threshold and decisions to be made

Calculating the detection limit and assessment of the measurement procedure
Calculating a coverage interval for the measurand

Calculating the best estimate of the measurand and its associated standard uncertainty

Reporting of the results
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Modelling the measurement

The objective of the evaluation of a measurement is to obtain an estimate y of a measurand Y and the
associated standard uncertainty u(y). In most cases the measurand is not measured directly, but is
determined from other quantities X4,.., X,,, through a functional relationship G such that

Y=G(Xq,. X )

)

and is known as the model of evaluation. In the model of evaluation, the measurand is the output
quantity and the quantities on which it depends are the input quantities. The input quantity X;, the

grofs counting rate, is a special one because it is characterized by exclusively carrying thej
of the effect to be measured. The model of evaluation constitutes a mathematical, exy
conjputer algorithm that gives an estimate y of the measurand Y corresponding to an

esti

trug
Thd

NOTI
give

X1:

5.3

The
rec
of
ord

wide range of applications that frequently do-exceed the limits of its declared requirements.

The
stat
lack
IEC
[21
der
the
(so
whi

Thd
the

stapdardauncertainties, u(x;). Details on the statistical foundation of ISO 11929 are given in

ISO

ates of the input quantities xq,.., x,, via the relationship y=G(x,.., x,,).y iS\an esti
b value y of the measurand Y which itself is unknown and unknowable and €Cpn'sequently
standard uncertainty u(y) associated with the estimate y quantifies the uncertainty a

E It is assumed that selecting a given value y corresponds to modifying only the value
n value y, it is usually possible to derive the associated value~of X;. One may wi

e (¥,x5,.., X,,,) keeping x5,.., X, constant. See 2.5 for an examplé.

General considerations about the applicability‘of the ISO/IEC Guide 98-3

evaluation of the measurement is in this part of‘the standard strictly based on |

valuation that can - at least locally - be linearized and it represents an approximation u
br Taylor expansion. Independent of these {imitations, the ISO/IEC Guide 98-3 is succe

ISO/IEC Guide 98-3 makes use of aBayesian theory of measurement uncertainties[184
ement, however, of the statistical:teots and statistical methodology as well as provisi
ing generality of the ISO/IEC Guide 98-3 were made only in the ISO/IEC Guide 98-3-]
Guide 98-3-1 states thatits framework is exclusively based on Bayesian statistics (e.g. see

ved by Bayes’ Theoreni of by the Principle of Maximum Information Entropy (PME)[2
available information:A particular aspect is that only Bayesian statistics can handle un
called type B unceftainties) which cannot be derived from repeated or counting measursg
ch originate frofrother sources.

original ISOAEC Guide 98-3 is contained in the ISO/IEC Guide 98-3-1 as a special case, 1
available information comprises only the estimates of the input quantities, x;, and their

11929-2. There are also details given regarding the need of a decision theory (e.g. Refe

hformation
ression or
y plausible
mate of the
uncertain.

bout ¥ .

f x;.Fora
ite this as

brocedures

pbmmended in the ISO/IEC Guide 98-3. The application of the ISO/IEC Guide 98-3 is limited to models

sing a first
ssful for a

0], A clear
bns for the
. The ISO/
References

26]) and that the distribution density functions that completely describe the uncertainfties can be

I based on
certainties
ments and

amely that
associated

Annex C of
rence [28])

for

“‘pfining adecision threshold

The user is responsible for assuring that the ISO/IEC Guide 98-3 is applicable, i.e. that the model of
evaluation is linear or can at least locally be approximated by a linear function. If the ISO/IEC Guide
98-3 approach is used and the primary measurement result, y,and its associated standard uncertainty,
u(y), are calculated, and if during the subsequent calculation of the characteristic values it turns out

that a detection limit does not exist, the user has to decide whether this lack of knowledge is acceptable.
If this is not the case, the user has to use ISO 11929-2 in connection with the ISO/IEC Guide 98-3-1
approach that also allows handling large relative uncertainties.

NOTE1 If the formula for the detection limit has not a solution it is usually due to a too large relative
uncertainty of the calibration factor; see Formula (37).
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NOTE 2  If there are doubts about the applicability of the ISO/IEC Guide 98-3, IEC/TR 62461[9] gives the
recommendation “the results of both methods should be given in order to display their difference. When the
95 % coverage intervals of the Monte Carlo method and of the analytical method do not deviate by more than
10 %, then the analytical one may be used for the uncertainty determination in similar cases, i.e. a similar model

function and similar or smaller values of the uncertainty of the input quantities.”

5.4 Eval

uating the input quantities, standard uncertainties and covariances, and the

primary result and its associated standard uncertainty

To obtain an estimate y of the measurand, it is first necessary to determine estimates x; of the X;.

Accordlngly, thc otaudcud uu\.61ta;ut_y M(]) ;D Cva}uatcd flUlll thC otauda;d UIIt<TI ta;utico M:—XI)
associated| with the estimates x;, and their covariances u(x,-,x]-). Guidance on how to deal=yith
covariances is given in ISO 11929-3:2019, Annex A.

NOTE ]
are associaf
values whic|

'he estimates x; of the X; are given data and are not uncertain. The standard ungertainties y

h can be assigned to the quantity based on the available information.

x;)

ed with the estimates x;. They are parameters characterising the dispersion of thé (true) quantity

The primary estimate y of Y is given by

V=G(Nq, - Xp,) (2)
To calculate the standard uncertainty u(y), first determine the sensitivity coefficients cy,..,c,,. [[he
ith sensitjvity coefficient, c;, is dG/0dX;, the first partial.derivative of G with respect to| X;
evaluated pt xq,..,X,,.
The standgrd uncertainty u(y) associated with y is given by the law of propagation of uncertainty.
When the k; are not correlated, this law takes the fornt

2 < 2 2
()1 Y e ul(x) 3)
i=1
Otherwise| covariances are also taken into consideration
5 m ) o m-1 m
u“(y)3 Zci u (Xi)+22 Z C;-Cjou(x;,X;) (4)
i=1 i=Cy=i+1

In many cgses of measureiniénts of ionizing radiation, the input quantities X; are not correlated and
Formula (3) can be applied.
Formulas ([2), (3) antd/(4) hold when Y can be expressed as a linear combination of the x; oritis judged
that the nop-linéarity of G is negligible in the neighbourhood of the estimates x;. When it is judged fhat
the model ¢dnmot adequately be linearized, or in any case of doubt, the Monte Carlo method given in|the
ISO/IEC Guide 98-3-T and ISU 11929-Z should be applied to determine the probability density runction

(PDF) for Y and thence to obtain y and u(y) and the characteristic limits.

5.5 Evaluating the standard uncertainty as a function of an assumed true value of the
measurand

Deriving values of the decision threshold or of the detection limit requires performing calculations for
an assumed true value y of the measurand, which is considered as a given value. Such a given value
corresponds to an assumed value of that single input quantity which carries the information of the
measurement effect, usually the gross count rate quantity, taken to be X1. All other input quantities are
not affected. In the model type of radioactivity measurements considered here, the assumed true
(given) value y depends linearly on the associated value X, while x; through xn, are left unchanged.
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This enables calculating X; from y by alinear function. One may denote this as ¥; =61y, X0 X)) -

As X, denotes a gross count rate, its standard uncertainty in most cases is given by 11()?1);/)?1 /t

with t being the measurement time. Replacing then the pair (x1, u(x1)) within the uncertainty
propagation formula by (%,i(%; )) finally leads to the standard uncertainty of the assumed true value

y.The standard uncertainty of y thenis given as, based on y=G(X{,x5,... X;,),

oG

ox

7(7)=| =

A%,

az(&1)+2

m
[=2

1 uz(xi)

|

i

(5)

\
If the model is of the form Y =(X; —X,)-W with X; being a gross counting rate, X,;ah
coupting rate and W a calibration factor, then i (¥) turns out to be a quadratic fungtion d

qualdratic term }72 ~ufel (w). See Clause 7 for details.

Ins
be

stamdard uncertainty u(y) via ﬁz(j/):ﬁZ(O)-(l—j//y)+u2(y)-j//y.

For
arb
)7 =
Wh
eith
mat

5.6

Thd
the
tha

of

the
med
allo
thrd

rej;lt of the background radiation or of any blank affecting the measurement procedure. Th

(

2
Xa=X1 X0 Xoo=X>..X 1 X=X X0 X=X ..X
+ sl 7 z= H— + o 3 = H—

bme cases, however, > (7) can only be approximated by interpolation. Such an interpold

pased on the evaluation of ﬁz(O) and at least one measurement result y>0 and its

a model of evaluation of the form Y =(X; —X,)-W with X; being an arbitrary gross quar
trary background quantity and W a calibration factor, 1'12(0) can be estimated by assum|

0 one expects x; =x, and hence i (0)=2- u? (xz)-w2 . A2 and A.4 give detailed advice for

bn extending the application of this Standard beyond counting measurements of ionizin

ackground

f y with a

tion has to

associated

tity, X, an
ing that for

such cases.

b radiation,

er information about #( y) has to be obtained (e.g: by repeated measurements of different reference

erials) or the interpolation approach has to be'used.

Calculating the decision threshold and decisions to be made

decision threshold allows a decision to be made on whether or not the physical effect qu
measurand is present. The modelsof evaluation dealt with in this Standard all have the chz:
a background contribution-hias to be subtracted from a gross quantity. The backgroun|

antified by
racteristic
d may be a
E existence

uncertain background-radiation or blank raises the question whether or not a contribjution from

sample can be recognized. Since all estimates of the input quantities and conseque
isurand are uncer'taih, this question can only be dealt with by decision theory (e.g. Refe
wing for a predefined probability a of a wrong decision. This leads to the definition of t
bshold, y*,

P(y>yy=0)=a

htly of the
Fence [28])
he decision

(6)

i.e.

the’/decision threshold, yv*, is defined by the condition that the probability to obtain

a primary

measurement result, y, that is larger than the decision threshold, y*, is equal to ¢ if in reality the
true value, ¥, is zero.

NOTE

The probability ¢ is that for a false positive decision if in fact there is no effect of the sample.

Using a quadratic loss function (see 8.2) and applying the ISO/IEC Guide 98-3 for the evaluation of the
uncertainties the decision threshold is given by,

" =ky_y, -i(0) (7)
with k;_,, beingthe (1-a)— quantile of the standardized normal distribution; see Annex E.
© IS0 2019 - All rights reserved 11


https://standardsiso.com/api/?name=1a72aef5a1e947b1dbf0b16c296e899a

ISO 11929-1:2019(E)

If the primary measurement result, y, exceeds the decision threshold, y*, it is decided to conclude

that the physical effect provided by the measurand is present, i.e. that a contribution from the sample
has been recognized.

If the result, y, is below the decision threshold, y*, it is decided to conclude that the result cannot be

attributed to the physical effect. Nevertheless, it cannot be concluded that it is absent. If the physical
effect is really absent, the probability of taking the wrong decision, that the effect is present, is equal to

the specified probability, a (probability of a wrong decision; see 8.1).

5.7 Calculating the detection limit and assessment of the measurement procedure

The detect
a specified
not the me
measurem

Any prima

decision threshold, y*, one decides wrongly that the physical effect is not-present in spite o
h reality. In order to keep the probability of such a wrong decisien’ beyond a predefined

presence i
probability
condition

P(y<)

i.e. the de
measurem

true value,

If the ISO/
the implici

yi=y

with kl—ﬁ
For iteratiy

A non-exis

the input quantities and(that the ISO/IEC Guide 98-3 approximation is not sufficient. In such a case,

solution is

on limit indicates the smallest true value of the measurand which can still be detected-
probability by the applied measurement procedure; this gives a decision on whethe

et purpose.

'y measurement result, y, bears the possibility that given the decision rule provided by

, B, the detection limit is defined as the smallest true value of the measurand fulfilling]

fection limit, y#, is defined by the condition.that the probability to obtain a prin
ent result, y, that is smaller than the decision\threshold, y*, is equal to S if in reality]

¥, is equal to the detection limit, y#.

 Formula
[+ kg -G(y")

being the (1—B)- quantile of the standardized normal distribution; see Annex E.

fence of the detection limit points to the fact that there are too large relative uncertaintie

distributio

5.8 Calculating a coverage interval for the measurand

[‘s according to the ISO/IEC Guide 98-3-1 and to proceed according to ISO 11929-2.

to obtain the necessary information to allow for an evaluation of the uncertainty basec

e solutions of the jmplicit Formula (9), see Annex C and for explicit solutions see Annex IJ.

vith
" or

asurement procedure satisfies the requirements and is therefore suitable for the"intended

the
its

the

(8)

ary
the

EC Guide 98-3 is used for the evaluation of the uncertainties the detection limit is given by

(9)

s of
the
| on

If the primary measurement result, y, exceeds the decision threshold, y*, lower and upper limits of a

coverage interval, yjo,yp,are calculated. A coverage interval [ 4y, , ¥p] is an interval containing the
true value of a non-negative measurand with a stated coverage probability (1—7), often taken as 0,95,

P(7€ o up]| U1, Y 20) =17 (10)

The definition of a coverage interval is ambiguous without specification of additional conditions. In this
standard, the limits of two frequently cited coverage intervals are calculated alternatively.
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The limits of the probabilistically symmetric coverage interval, [yq,yDJ , for the coverage probability
(1-7y) are unambiguously defined by

P(7<y| vy 20)=P(7> y*| yu(n,Y 20)=7/2 (1
If the ISO/IEC Guide 98-3 is used for the evaluation of the uncertainties the limits of the probabilistically
symmetric coverage interval are calculated with the auxiliary quantity

1 yiu(y) 2
0 =— pvp(__\r]\/—(ﬁf v /ur U]\ ]'“7

2 2

y :y—kpu(y) with p=w-(1-y/2) and y* :y+kqu(y) with g=1-wy /2 (12)

with k,,k, being the quantiles of the standardized normal distribution for the|probabilitigs p andq;
see|Annex E.

The limits of the shortest coverage interval, [y<,y>}, for the coverage probability [1-7y) are

unambiguously defined by

P(yely".y’]

YUyLY 20,(y” -y )=min)=1-y (13)

If the ISO/IEC Guide 98-3 is used for the evaluation of the uncertainties, the limits of the shortest
coverage interval are calculated by

y =yt kpu(y) withp=w-(1+w(1-y))/2¥and if a4
Yy <0:y°=0;y" =y+kq -u(y)with g=1*-wy
with kp,kq being the quantiles of the.standardized normal distribution for the probabilities p and g;
seelAnnex E.
NOTE1 While the probabilistically symmetric coverage interval never contains the true valje zero, the

shortest coverage interval will ¢cohtain the true value zero if the relative uncertainty of the measur¢ment result
is lajrge.

NOTE 2  The decisiennoh whether to use the probabilistically symmetric coverage interval or the shortest
covégrage interval is/due’to the regulator or the customer.

5.9| Calculafing the best estimate of the measurand and its associated standard
un¢ertainty

If the-primary measurement result, y, exceeds the decision threshold, y*, also the best e§timate, y,

and its associated uncertainty, u(y) can be calculated In contrast to the primary result, y, and its

associated uncertainty, u(y), the best estimate, y and its associated uncertainty, u(y) take into
account that the measurand is non-negative.
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If the ISO/IEC Guide 98-3 is used for the evaluation of the uncertainties, the best estimate and its
associated uncertainty are calculated by

_ 2 2
}=y+um exp{wy Z{Z = m}} and u(y) =\ (y)-(y- )y (15)

For y>4u(y), the approximations }:y ; u(;/):u(y) are sufficient and a separate calculation of the

best estimate, y, and its associated uncertainty, u( y), is not necessary.

5.10 Reporting the results

Advice how to document and report the results is given in Clause 11.
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Definition of the measurand Y

Set up of the model of evaluation Y=G(X, X,)

. o R - no
Is the model linear or is a linear approximation sufficient? }7

| yes

no
What information is used? x, u(x,) only? 1

‘ yes

Primary result and its standard uncertainty:

V=G (X, X, ) U2 () =:Z;(gTG:) u(x,)*

Calculate (), the standard uncertainty as a function of an assumed true
value j of the measurand, either explicitly or by approximation.

Decision threshold and detection limit:
y* =k, ji(0)andy* =y +k, fi(y")

‘ Apply ISO/IEC

. R : |no Guide 98-3-1 and
?
‘ Does the equation for the detection limit yield a solution? | 1SO 11929-2

‘ yes

| e

| yes

Limits of the probabilistically synimetric coverage interval [y<, yc]:
yo=y-ku)withp =w. (1-vy/2)

yizys ku(y) with g =1-wy /2
o)
I exp (£ )dv=01y/ up)]

-00

™ 1
Vor
Alternatively, limits of the shortest coverage interval [y<, y*]:

yo=yrku(y);ip= (1+w(l1-y)/2
Ify=<0:y°=0;y"=y+kuy);q=1-wy

Best estimate and its standard uncertainty

u0) - oxndo? s 122 o]0
y=y+ = - —ul)=vulyJ-lb-yly
wV2n

Assessment of the measurement and documentation =

Figure 1 — Flow diagramm of ISO 11929-1 when applying the ISO/IEC Guide 98-3
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6 Fundamentals and evaluation of the measurement

6.1 General aspects concerning the measurand

A non-negative measurand shall be assigned to the physical effect to be investigated according to a
given measurement task. The measurand shall quantify the effect. It assumes the true value zero if the

effect is no

A random v
clause for t

estimate o
primary st
complete p
IEC Guide
measurem
connects a
not explici
measurand
decision ru

from the b
coverage i

into account. The standard uncertainty, u(y), associated with y is.smaller than u(y).

Part 1 of t
can be per
measurem
uncertaint
y of the m
results of t

The ISO/IH
the linear
linearized.
This is for
of this doc
ISO/IEC GU
are not mqg
ISO 11929-

6.2 Mod

6.2.1 Ge|

In many ca

Y =G(Xq, X))

t present in a particular case.

ariable Yp, an estimator, shall be assigned to the measurand. The symbol Y is used in this
he measurand itself. A value y of the estimator Yy, determined from measurements, is an
ereastts ; STrarrecarctratedas ePriTe eastrenre est ogetmre withy the
andard uncertainty u(y), of the measurand associated with y. These two values ferm|the
rimary measurement result for the measurand and are obtained in accordance with.the [SO/
98-3 or ISO/IEC Guide 98-3-1 (see also References [13] to [17]) by evaluation of|the
bnt data and other information by means of a model (of the evaluation), which mathematigally
| the quantities involved (see 6.2). In general, the fact that the measurand-is/non-negative is
[ly taken into account in the evaluation. Therefore, y may be negative, éspecially when|the
nearly assumes the true value zero. This is, however, without any-consequence given|the
le provided by the decision threshold (see 8.2). The primary measurement result, y, differs

bst estimate, y, of the measurand calculated in Clause 10. With%y “and with the limits of|the
nterval according to Clause 9, the knowledge that the measurand is non-negative is taken

y v

ne 1ISO 11929 series applies to cases in which the eyaluation of measurement uncertainties
ormed according to the ISO/IEC Guide 98-3. In the ISO/IEC Guide 98-3 methodology only|the
ent results as estimates x; of the input quantities X; and their associated standard

es u(x;) comprise the available information..Fhis information is used to derive an esti;n(
easurand Y and to propagate the standard-uncertainties associated with the measure
he input quantities to calculate the standard uncertainty u( y) associated with y.

C Guide 98-3 uncertainty propagation is the result of a Taylor expansion truncated affter
term and requires that the model of evaluation is linear or that it can be at least lodally
If this condition is not met, the-methodology of the ISO/IEC Guide 98-3-1 has to be applied.
instance also the case if there are large and dominating relative uncertainties. See Claufe 5
ument for the decisions to-be made regarding the application of the ISO/IEC Guide 98-8 or
ide 98-3-1. If the ISOAIEC Guide 98-3 cannot be applied since its underlying assumptjons

t, the methodology-of ISO/IEC Guide 98-3-1 has to be used. The latter case is dealt with in
2.

ate
ent

el of evaluation

neralimodel

(16)

Formula (16) is the model of the evaluation. Substituting given estimates, x;, of the input quantities, X;,

in the mod

y=G(x1,.. X;)

el function, G, Formula (16) yields the primary measurement result y of the measurand as
(17)

For the application of this standard measurement uncertainties have to be evaluated using all available

informatio
account all
Guide 98-3

16

n about the measurement procedure and the quantities and values involved taking into
known sources of uncertainty. This evaluation shall be performed according to the ISO/IEC
or ISO/IEC Guide 98-3-1.
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If the model of evaluation can be atleastlocally linearized and if only the x;and their associated standard
uncertainties u(x;) are known, and if there are no large dominating uncertainties of individual input
quantities, the ISO/IEC Guide 98-3 approximation can be used; see the ISO/IEC Guide 98-3 for details.
Otherwise, the methods described in the ISO/IEC Guide 98-3-1 have to be used and the characteristic
values have to be calculated as stipulated in ISO 11929-2.

For the general model according to Formula (16) the standard uncertainty, u(y), of the measurand

associated with the primary measurement result, y, is calculated according to Formula (18), if the input
quantities, X;, are independently measured and standard uncertainties, u(x;), associated with the

esti

mates, x;, are given, from the relation

6.2

Int
cou

Formula (18), the estimates, x;, shall be substituted for the input quantities, X;, in

m
uz( y)= chz u? (x;) with the sensitivity coefficients c; = X

i=1 i X1=X1 X=X
E If the input quantities are correlated the standard uncertainty is calculatedvising the
ice to handle correlations and covariances is given in 1SO 11929-3:2019, Annex A,

vatives of G. The determination of the estimates, x;, and the assgeiated standard un
), and also the numerical or experimental determination of the partial derivatives are in
h the ISO/IEC Guide 98-3 or References [13][14].

a count rate, X; =R;, with the given counting result,“4);; recorded during the meas
ntion, t;, the specifications x; =r; =n; /t; and uz(x,-):nl-/ti2 =r;/t; apply. If a n; is eq
r;=1/t; and u2(x,-):u2(r1-):1/ti2 shall be set (see¥SO 11929-2:2019, Annex A).

he input quantities are not independently:nieasured and for more complicated mg
uations such as unfolding, see ISO 11929-3,

ulations for rate meter measurements*and the special cases in which random influen
aken into account in addition to.those of the Poisson process are laid down in Annex¢
pectively.

e partial derivatives aremot explicitly available (e.g. because the model of evaluat
lable in form of a computer code), it is sufficient to approximate them numerically by

tients according to Formula (19),
1
c; = om (G (X452 %; +U(X;) ] 20X ) = G (X s X —U(X;) [ 200X ) ) -
i

2 Model in ionizing radiation counting measurements

his-document, the measurand, Y relates to a sample of radioactive material and is detern]

(18)
ovariances.

the partial
rertainties,
hccordance

irement of

hal to zero

asurement

es have to
s B and A,

on is only
lifferential

(19)

hined from

hting the gross effect and the background effect with preselection of time or counts. In p

articular, Y

can be the net countrate, R,,, or the netactivity, 4, of the sample. The symbols belonging to the counting

of the gross effect and of the background effect are marked in the following by the subscripts g and 0,
respectively.
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In this document, the model is specified as follows:

Y =G(Xy, o

with

are calibra
response |

correction

u(x;)=0 SI
NOTE I

X Xqo -
_X4).i
XXy oo

ion, correction or influence quantities, or conversion factors, for instance the emissio
probability or, in particular, X3 is a shielding factor and X, an additional bagkgro

quantity. If some of the input quantities are not involved, x; =1 (i=3;i>4)) x3=0
all be set for them.

the model of evaluation is not of the general form of Formula (20) one has to‘proceed accordin

6.2.1. Some examples for more complex models are given in ISO 11929-3.
6.3 Eval‘[lation of the primary measurement result
By substityiting the estimates, x;, in Formula (20), the primary estimate, y, of the measurand, Y, g
the result
g™ ny
V=GN X )= (Xq —XoX3 = X4 ) W=(rg —TpX3 = X4 ) W= ——t—X3 —Xg W
g 0
with
X ( cee
X5 (7 cee
NOTE 1 It is assumed that the estimates w and xs, X¢,... of the calibration factor Wand its components X, X

and their s
correlated {f

NOTE 2
measurand,
measurand,

v,y or )
6.4 Stan

In case of t

T

andard uncertainties were_evaluated in separate experiments and that these quantities are
vith the quantities X; to X4.

he determination of (the' primary measurement result, y, does not take into account that
Y, is non-negative.*Thus, a primary measurement result, y, may be negative. The fact that
Y is non-negative-is only taklng into account when calculating the limits of the coverage inte

<,y”, and the'bést estimate, y,and its associated standard uncertainty, u(y)

dard uneertainty associated with the primary measurement result

he-general model in ionizing radiation measurements according to Formula (20) and if th

(20)

ves

22)

23)

61
not

the
the
val,

14

are not cor

h AP T | : 11 P Y [ENPR P | : h IS TR | £.11
ICldicd, UIC StalludlU ulliLCridiiity ug )y J d550C1IdLCU WILIT ) 15 LaltUldicu d5 TUIIUWS.

—p = 2 - 2_ =
For the count rates, x;=ry=n,/t, and u (xl)—ng/tg—rg/tg as well as x,=ry=ny/t, and

uz(x2)=n0/tg =ry/ty apply. If a n; is equal to zero x; =r; =1/t; and uz(xi)=u2(r,-)=1/t,-2 shall be set
(see ISO 11929-2:2019, Annex A).

18

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=1a72aef5a1e947b1dbf0b16c296e899a

Wit

1SO 11929-1:2019(E)

h the partial derivatives
96 _ ’ G _ , ;a_G:_ ) ;a_G:_ ;a_G=iL (i>5); 96 _Y
X4 X, 0X3 0X, oX; X; ow w

(24)

and by substituting the estimates x;, w and y, Formula (22) yields the standard uncertainty u(y) of the
measurand associated with y

()= WP [0y )4 O b g+ ) [ 5P )

(25)

whyd

ist

valjes w=1 and ufel (w)=0 apply.

The
pre
invg

7

For

— 2 2 2 2 2 2
Z\/W Lrg/tg+X3r0/t0+r0u (X3)+u (X4)J+y urel(W)
bre
2
u”(x;)
2
i

X

m

2
Upe) (W)= 2
i=5

ne sum of the squared relative standard uncertainties of the quantities X5 to X,,. For

estimates x; and the standard uncertainties u(x;) of X;{{i=3,..,m) are taken as ki

pstigations, x; can be determined as an arithmetic mean value and u? (x;) as an empiricg

the numerical calculation of the decision~threshold in 8.2 and of the detection limit

(26)

m<5, the

nown from

yious investigations or as values of experience according/to other information. In the previous

| variance.

Standard uncertainty as a function of'an assumed value of the measurand

in 8.3, the

stamdard uncertainty of the measurand is needed as a function u( y) of an assumed true value y>0 of

the
eva
alsd
fun
sha

In nhost cases of models-according to Formula (22), ii( ) can be explicitly specified, provided,

isg
For

valge Xx; cap-also be calculated numerically from Formula (22); for instance, by means of g

pro
For]

measurand. This function shall be determined in a way similar to u( y) within the frame

uation of the measurements by application of the ISO/IEC Guide 98-3 or ISO/IEC Guide
References [13] to [17]. In most-cases, u(y) shall be formed as a positive square root of

"tion i1 () calculated firstsThis function shall be defined, unique and continuous for all
| not assume negative values.

ven as a functian-of x; . In such cases, y shall be formally replaced by y in Formula (1

mula shall be@selved for x; resulting in a function x; =¢! (,X3,...X,,). For an assun

redure, Which results again in a function x; =G_1(jl,x2,...,xm). This function shall ref
mula.(25) and the calculation of u(x; ), which finally yields with Formula (18) u(y) inste

work of the
08-3-1; see
a variance

y>0,and

that u(xy)
/) and this

hed y, the
n iteration
lace x; in
ad of u(y).

In the case of the model according to Formula (22), the standard uncertainty, u(x;), of the gross count

rate X; =R, is given as a function of the estimate, x; =r, , either \/x; /t, or xl/ [ng applies if the
measurement duration, ty (time preselection), or, respectively, the number, Ng, of recor

(preselection of counts) is specified.

ded pulses

The value y shall be formally replaced by y in Formula (22). This allows the elimination of x; in the
general case and, in particular, of ng with time preselection and of tg with preselection of counts in

© IS0 2019 - All rights reserved

19


https://standardsiso.com/api/?name=1a72aef5a1e947b1dbf0b16c296e899a

ISO 11929-1:2019(E)

Formula (25) by means of Formula (22). These values are not available if a true value of the measurand
y is assumed. This yields in the case according to Formula (22) to

X1 =J/W+XyX3 +Xy (27)

With time preselection

is obtainedfrom Formula (22) Then_ with 112(){ ) / g —n /f and by qnhcfifnfing ns according to

Formula (28) and with uz(xz )=ry/ty, Formula (25) leads in the case of time preselection to

G07) =\ 7w+ s + 1) g+ g + )+ |+ PPy (). 29)

With presédlection of counts
n

y W+r0X3 +X4

is analogously obtained. Then, with u (xl) xl/t g/t and by substituting ty according to
Formula (30) and with u (x2)=r0 /no, Formula (25) leads in the ¢ase of preselection of counts to:

u(y)= \/WZ‘[U’/WJFFOX3+X4)2/ ny + X375 2 fng +rgu? (x3 )b (X4)}+)’ ey (W) 31)

If the stanflard uncertainty cannot be explicitly givenas a function of an assumed true value of|the
measurand, an approximation by interpolation deseribed in 5.5 has to be applied.

Preselectigqn of counts is frequently chosen in order to economize the available time for measurements.
If in addition a maximum measurefient time, ¢t..., is set, it shall be ensured that

tmax 2Ng /|(ng - X3 / tg +Xx4) . Otherwise,he evaluation changes the chosen model of evaluation andjthe
dec131on thireshold and the detectionTimit are wrongly calculated.

If no explidit specification of (), is available, it is often sufficient to use the following approximatjons
for the fungtion u(y), in particular, if the standard uncertainty, u(x, ), is not known as a function of x1.
A prerequifpite is that measurement result, Vi and associated standard uncertainties, u(y]-) , calculated

from previpus measurénents of the same kind, are already available (j=0,1,2,..). The measuremegnts
shall be carried out©n'different samples with differing activities, but in other respects as far as posdible
under similar corditions. One of the measurements can be a background effect measurement or a blank
measurement<with y=0 and, for instance, j=0. Then, y,=0 shall be set and u(0)=u(y,). [The
measuremgnt/currently carried out can be taken as a further measurement with j = 1. See A.2| for
details.

i(y=0) is available as soon as a background or blank measurement is performed and the standard
uncertainty u(xp) is evaluated. In the case of the simplest model, y=w-(x; —X(), of a non-counting

measurement, one expects x; =xy for y=0 and consequently iiz(j/ =0) =w?.2.u? (xg)-
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8.1

1SO 11929-1:2019(E)

Decision threshold, detection limit and assessments

Specifications

The probability, a, of a wrong decision in favour of the presence of the physical effect investigated, the
probability, 5, of a wrong decision in favour of the absence of the physical effect investigated and the
probability, 1—7v, for the coverage interval shall be specified. The choice depends on the application. A

frequently cited choice is = and the value 0,05 for « and . Then, kqi_, :k1—[3 =1,65. For the

coverage interval the probability y=0,05 is frequently chosen. If this is the case, then kl_},/z =1,96

(seq

If it
req

guidleline value, y,, shall also be specified as a value of the measurand.

8.2

The

effe
pre

belgpw the decision threshold, y*, it is decided to conclude that‘the result cannot be attrib

phy]
abs

pr

NO1T
qua

o

For
con

restilt is larger than the decision threstiold given by

Wit
med

8.3

A imhY
AlllCX L ).

is to be assessed whether or not a measurement procedure for the measurand"sj
1lirements to be fulfilled for scientific, legal or other reasons. To allow for such an asg

Decision threshold

decision threshold, y*, of the non-negative measurand according to’6.1, quantifying t

ct of interest, is the value of the estimator, Yp, which allows the ¢onclusion that the physi
sent, if the primary measurement result, y , exceeds the decision threshold, y*. If the

sical effect. Nevertheless, it cannot be concluded that it iS absent. If the physical effe
bnt, the probability of taking the wrong decision, thatthe effect is present, is equal to th
bability, a (probability of a wrong decision; see 8.1),

E The decision rule represented by the decision threshold makes use of decision theory
{ratic loss function. See Reference [28] for an intreduction to decision theory.

a determined primary measurement result, y, for the non-negative measurand it is only|
Clude that the true value of the measurand differs from zero ( y >0), if the primary me

y*=ky_, -4(0)

h Formulas (29) and (31) one obtains the decision threshold for the model in ionizin
lsurement in both cases of time preselection and preselection of counts

Y =ki_o u(0y3k_, -w-\/(x3~n0/t0 +x4)/tg+x?2)-nO/tg+u2(x3)-n(2,/t§+u2(x4).

Detection limit

itisfies the
essment, a

he physical
ral effect is
result, y, is
ited to the

ct is really
e specified

applying a

decided to
asurement

(32)

b radiation

(33)

The

detection limit, y# , is the smallest true value of the measurand, for which, by applying t

he decision

rule according to 8.2, the probability of the wrong decision that the physical effect is absent does not
exceed the specified probability, 8 (see 8.1). In order to find out whether a measurement procedure is

suitable for the measurement purpose, the detection limit, y# ,is compared with the specified guideline
value, y,., of the measurand.
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The detection limit, y#, is obtained in the case of time preselection as the smallest solution of

Formulas (34),

Y=y vk p-i(y" )=y +ky_g-

(34)
2 (¢ # 2 2,2 2,,2,.2 #2 2
\/W -((y [WHxg-ng [to+Xx,)/ty+X3-ng [ty +u(x3)-ng [ty +u (X4))+}’ “Upey (W)
Formula (34) has a solution, which is the detection limit, y#, if, with time preselection, the following
condition is satisfied:

kl—ﬁ ud (w)<1. 35)
The detectfion limit, y#, is obtained in the case of preselection of counts as the smallest solutioh of
Formulas ([36),

#_F Lo # *
Y'=y| tkipg-u(y")=y +kipg-
36)
2 # 2 2 2, 2 2 2, .2 #2 2
\/W -[(y /w+ng-X3 [ty +Xy) /"g + x5 ng [t +nd uP(x3) /G +u (X4)]+y “Upeg (W)
Formula (36) has a solution, which is the detection limit, y#, if, with-preselection of counts,|the

following dondition is satisfied:

ki_p '\ nl+ufel(w)<1 37)

NOTE 1
detection li

i the

or iterative solutions of Formulas (34) and (36)'see Annex C and for an explicit solution off
its in the case of preselection of time see AnnekD.

NOTE 2 If the left-hand sides of Formulas (35) or«(37) exceed 0,5, the detection limit will be significantly
overestimafed by Formulas (34) and (36), respecti¥ély. In this case, the application of ISO 11929-2 in connedtion
with the application of the ISO/IEC Guide 98-3-1L1eads to a better estimate of the detection limit.

A non-exis
the quant

approxima
informatio|

fence of the detection limit peints to the fact that there are too large relative uncertaintig
ties Xg to X,,, summarily expressed by u.(w), and that the ISO/IEC Guide 9

ion (see 6.2) is not sufficient. In such a case the solution is to obtain the necess
to allow for an evaluation of the uncertainty on the basis of distributions according to

s of
8-3
ary
the

[SO/IEC Gdide 98-3-1 and to proceed according to ISO 11929-2.
8.4 Assgssments
The primary measurement result, y, has to be compared with the decision threshold, y*. If|the

primary

asufiement result, y, exceeds the decision threshold, y*, it is decided to conclude that]

the

physical effect provided by the measurand is present, i.e. that a contribution from the sample has b
recognized:

een

If the result, y, is below the decision threshold, y*, it is decided to conclude that the result cannot be

attributed to the physical effect. Nevertheless, it cannot be concluded that it is absent. If the physical
effect is really absent, the probability of taking the wrong decision, that the effect is present, is equal to
the specified probability, a.

The decision on whether or not a measurement procedure to be applied sufficiently satisfies the
requirements regarding the detection of the physical effect quantified by the measurand is made by

comparing the detection limit, y#, with the specified guideline value, y,.If y# >y, the measurement
procedure is not suitable for the intended measurement purpose with respect to the requirements.
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To improve the situation in the case of y# > y,, it can often be sufficient to choose longer measurement
durations or to preselect more counts of the measurement procedure. This reduces the detection limit.

NOTE Occasionally, it can happen that a primary measurement result is larger than the decision threshold,
i.e. y>y*, is obtained and thus an effect of the sample is recognized, but the detection limit is larger than the
specified guideline, i.e. y# > y,. This is, for instance, the case if due to particular circumstances the background

counting rate is too high and at the same time the contribution from the sample is also high. If the primary
measurement result, y, and its associated standard uncertainty, u(y), conform with the measurement objective

the result can be accepted though formally the criterion of the detection limit in comparison with the guideline

value is not fulfilled.

IfF

brmulas (34) or (36) have no solution y# the ISO/IEC Guide 98-3 approximation, which

bas

s for ISO 11929-1, is not sufficient to evaluate the measurement uncertainties./In th

Supplement 1 of the ISO/IEC Guide 98-3 has to be used for the evaluation of the uncertaint

cha

9

9.1

The
8.2,
spe
the
den

The
con
cov
cov
acc

NOTI

Facteristic limits can be obtained as stipulated in ISO 11929-2.

Limits of the coverage interval

General aspects

limits of the coverage interval are provided for a physicalefféect, recognized as present a
limit the coverage interval in such a way that it containsithe true value of the measura

measurand is non-negative by making use of a truncated and renormalized Gaussian d
sity (see Annex C in ISO 11929-2).

re is no unique definition for the coveragé’interval if only the condition 1-7 is give
ditions are required which lead among ethers to the definitions of the probabilistically
erage interval and the shortest coverage interval. For the calculation of the limits of bo
brage intervals this document provides formulas for the case that uncertainties can be
prding to the ISO/IEC Guide 98-3.

E For the purpose of radiation protection the regulator has to decide which type of cover

shalll be used. When comparinglupper limits of the two coverage intervals one has to take into acco

mig

9.2
Wit
wit
the

ht have different probabilitiés.

The probabilistically symmetric coverage interval

h a primary fmedsurement result, y, of the measurand and the standard uncertainty, u(y),
h y, the lgwer limit of the probabilistically symmetric coverage interval, y“, and the up

probabilistically symmetric coverage interval, y”, are calculated by

Cified probability 1—7y (see 8.1). The limits of the coverage interval take into account trht

provides a

s case the
jes and the

ccording to
d with the
e fact that

istribution

n. Further

symmetric
[th types of
evaluated

hge interval
unt that the

associated

ber limit of

(38)

Yy v—l(p -ll( v) with p:m-(1 —7/[/7)

y© =y+kq-u(y) with g=1-w-y/2

where

y/u(y) 2

w=—— exp(—v?)dv:cb[y/u(y)].

—oo

(39)

(40)

For the distribution function, ®(t), of the standardized normal distribution and for its inversion, k,=t
for ®(t)=p, see Table E.1. For methods for its calculation, see Annex E or, for instance, Reference [30].
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In general, the limits of the probabilistically symmetric coverage interval are located neither
symmetrical to y, nor to the best estimate, y, but the probabilities of the measurand being smaller than

y~ orlarger than y” both equal y/2. The relations 0< y“ < y” apply.

w=1 may

yi=y

be setif y>4u(y). In this case, the following approximations symmetrical to y apply:

—ki_ypp-u(y) and y© =y +ky_y 5 u(y)

and the result may be expressed as y =+ kl—y/Z -u(y).

(41)

9.3 The|lshortest coverage interval
As describgd in detail in Reference [17], the lower limit of the shortest coverage interval, y<, and|the
upper limif of the shortest coverage interval, y~, are calculated from a primary measurement resulf, y,
of the measurand and the standard uncertainty, u(y), associated with y, either by

Yoy EyEk,u(y) sp=1+0-(1-7))/2 [42)
orif y< < were the result by

y =0|; y =y+k,-u(y); q=1-0-y 43)
with @ giyen by Formula (40). The relations 0< y= < y~ apply and the approximation of Formula [41)
is valid.
10 The hest estimate and its associated:standard uncertainty
The determined primary measurement result,y, of the measurand shall be compared with the deci$ion
threshold, [y *. If y> y*, the physical effect quantified by the measurand is recognized as present.
Otherwise] it is decided to conclude ‘that the result cannot be attributed to the physical effect.
Nevertheldss it cannot be concludedhat it is absent.
If y>y* and with w accordingto)Formula (40), the best estimate, )A/, of the measurand is calculategl by

2 2
-~ u(y) eXp{—y / [ZH (y)}}
y=y-H 44)
WON2T
The standdrd uneertainty associated with }A/ reads
- 2, AN 45
u(y) =y (45)

The relations 0< y<<y“<y<y<y” <y” as well as u(y)<u(y) and u(y)<y apply. Moreover, for

y=z4u(y),

Y=Y

the approximations

u(y)=u(y)

are sufficient.

NOTE 1

the primary measurement result, y, and its associated standard uncertainty, u(y), may be omitted.

24

(46)

If the best estimate, ;1, and its associated standard uncertainty, u()A/) ,are calculated, the recording of
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NOTE 2  If the decision rule defined by the decision threshold is not used and if y < y*, the best estimate, ;/,

and

11

its standard uncertainty, u(y), can also be calculated.

Documentation

The content of the test report depends on the specific application as well as on demands of the customer

orr

egulator.

Independent of the requirements for the test report stipulated by the customer or regulator, information

shap-beretainedinordertojustifi-the-dataof thetestreportand-toguaranteetraceabiity—Tthis applies

in particular to:

a) |areference to this document,i.e. ISO 11929-1:2019;

b) [the physical effect, Y, of interest, measurand and model of the evaluation;

c) |the probabilities a and f of a false positive and a false negative decision, respectively, and, if
necessary, the guideline value, y,;

d) |the primary measurement result, y, and the standard uncertainty, u( y), associated witH y;

e) |the decision threshold, y*;

f) |detection limit, y#;

g) |a statement, if necessary, as to whether or not the measurement procedure is suitaple for the
intended measurement purpose;

h) |a statement as to whether or not the physicaleffect is recognized as being present;
NOTE1 Ifthe physical effect is not recognized as being present given the probability a, i.e. if|[y < y * (see
8.4), it is occasionally demanded by the.regulator to document < y# instead of the measured rgsult, y. Such
documentation can be meaningful-since it allows, by comparison with the guideline value, to demonstrate
that the measurement procedure-is suitable for the intended measurement purpose. It is, however,
misleading because the mathematical meaning is not correct.
NOTE 2  Occasionally, itisTequested by the customer or regulator to compare the primary measurement
result, y, with the detéction limit, y#, in order to decide whether the physical effect is recogilized or not.
Such stipulations_arénot in accordance with the ISO 11929 series. They have the consequence that it is
decided to conclude too frequently that the physical effect is absent when in fact it is not absent.

i) |if the physical effect is recognized as being present, of the lower limit of the symmetrjc coverage

intervall, y, and the upper limit of the symmetric coverage interval, y”, with the probapility, 1—y

, for the coverage interval, the best estimate, y, of the measurand, and the standard uncertainty,

u(JA/) associated with ;/

NOTE3  Alternatively, the lower limit of the shortest coverage interval, y~, and the upper limit of the
shortest coverage interval, y> , with the probability, 1-y, for the coverage interval, the best estimate, j\/ , of

the measurand, and the standard uncertainty, u( y) associated with )A/ can be documented.
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Annex A
(normative)

Repeated counting measurements with random influences

A.1 Generalaspects

Random iLluences due to, for instance, sample treatment and instruments cause measurenpent

deviations

counting 1
of a radiod
material a

quantities,
According]
count rate.
mean net g
values med

respective
the same p

in Referenge [17], for m counting results, n; (i=1,..,m; m>3), which are obtained in such a way

shall be averaged, the mean value, n, and its uncertainty, U (n), of the values, n;, are given by

The proce
1 <<u’ (n)
statistics [;

Fe therefore respectively averaged to obtain suitable estimates, x; and~x,, of the ir

ount rate or mean activity of the samples. In this annex, all¢symbols belonging to the cd

which can be different from sample to sample. In such cases, the counting results,|n;, of

the

easurements on several samples of a radioactive material to be examined, on-several blanks

ctively labelled blank material, and on several reference samples of a standard referg

F

X1 and X,, and the associated standard uncertainties, u(x;) and u(x,), respectiy
, X1 shall be considered as the mean gross count rate and X, (s the mean backgro
Therefore, the measurand, Y, shall also be taken as an averaged:guantity, for instance as|

sured on the samples, blanks and reference samples are marked by the subscripts g, 0
y. In each case, arithmetic averaging over m count values of the same kind carried out

nce

put
ely.

und

the
unt

and r,
}ith
eselected measurement duration, ¢ (time preselection);'is denoted by an overline. As shgwn

m-1

1 2
n+——Y (m-n
m_%( 1)

ures in A.2 and A.3 are approximations for sufficiently large counting results n; >>1

m-3

which allow the random influences to be recognized in addition to those of the Poif
bee Formula (A.10)].

and

\.1)

and

son

A.2 Progedure with unknown influences
In the casq of unknown influences, the following expressions are valid for the mean gross count 1fate,
X1 ,and the mean background countrate, X5:
u?(x) 2@/t : 1A (e) =P ()] 1 (h3)
With the approaches according to Formulas (A.2) and (A.3), Formulas (20) and (25) yield
ﬁ —_—
y=| BBy fw (A4)
ty to
2 [ 20 /.2, .2 20=~/2 (= 2 2 2 22
U(J’)=\/W '[U (ng/tg +x5u? () 6 + (1 [t 1P (x3) +u (X4)}+J’ Upel (W) (A.5)

u? (x1) is not given as a function of x; . Therefore, i (y) shall be determined as an approximation, for
instance, according to Formula (A.8), where the current result, y, can be used as y; . For this purpose
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and for the calculation of ﬁZ(O) ,1.e.for y=0, the missin 2 /t? shall be replaced by n? /t2 , since both
Y g g/tg p Yy g/t

these values are then variance estimates of the same distribution of count rate values, independent of
tg, ty, Mg and my.

It is often sufficient to use the approximations of Formulas (A.8) and (A.9) for the function #(y), in
particular, if the standard uncertainty, u(x;), is not known as a function of x;. A prerequisite is that
measurement result, Vi and associated standard uncertainties, u(yj), calculated according to 6.3
from previous measurements of the same kind, are already available (j=0,1,2,...). The measurements

shall be carried out on different samples with differing activities, but in other respects as far as possible
under similar conditions. One of the measurements can be a background effect measurement or a blank
megsurement with y=0 and, for instance, j=0. Then, y,=0 shall be set and u(®=4u(y,). The

megsurement currently carried out can be taken as a further measurement with j=1)

ﬁ —
For|an assumed true value of the measurand y=0 one expects t_g:’t’_o and|ebtains for|{the model
g 0
according to Formula (A.4) with Formula (A.5)

i2(0) = w? ~[u2(ﬁo)/t§ +x2 uP(iy)/ 62 + (7 /o )2 ~u2[x3)+u2[x4)} (A.6)

and| the decision threshold

Y =ky_y-0(0)=k;_, -w-\/uz(ﬁo)/té + x5 uP(my)/ 2%y Jtg )% -uP (x3) +uP(xy) (A7)

The function @(y) often shows a rather slow increase. Therefore, the approximation is shfficient in
sonje of these cases, especially if the primaryéasurement result, y;, of the measurand i not much
larger than the associated standard uncertainty u(y;).

If only u(0)=u(yy), y; >0 and u(y,)-are known, the following linear interpolation often suffices:

i* ()= (0) (1~ y/y)+u’(g1) 9/ »1 (A8)
If the results y,, y; and yy as well as the associated standard uncertainties u(y,), u(y;){and u(y,)
from three measurements’are available, the following bilinear interpolation can be used:

227 =12 (e T-y1)-y,) i (yy). (V—=Y0)(JV—y2) i (yy)- (Y=yo)(y-y1)
Wo-y1)Wo—y2) 1=y0)W1—-Y2) (Y2—=yo)(2—y1

(A9)

If r¢sults from many similar measurements are given, the parabolic shape of the function ﬁz(j/) can
alsq bedetermined by an adjustment calculation.

Th 1. s h L 4 I 1 LA_Q\ ] pa | 4 4] - 4
HIITAI TIILTT PUIAUUIT AUCUTULTE LU TTUT TIHUIA (A0 J ITAUS TU LT dPPIUATIITAUULL

Y =at (kg ~ ko) #%(0) (A.10)
with
a=ly_q 10+ {(kE_p /1 [P O)-2) |} (A1)
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A.3 Procedure with known influences

Another procedure, appropriate when small random influences are present, is based on the approach

W2 () ="

v n+oin?

m

or ¥=u/n (A

12)

-1_ 1 ¢ _
where u denotes here the two terms with m—3 in Formula (A.1), i.e. “="""5 +—Z(ni —n)2 .
m-3 m-3 )
Theflrstt’“ . £ 1 LA 1) 333 P dc o+ Lo L‘P 1 adi 84- +1 Das son
QIlIIlI, 71, UI'1 UL IIIUId ‘ -LL., CUITCO UIllUuo LU LUIICU TITUIITIUCTIT S ’ll Ul UIoLC O dllUIUIIl LU L1IICU 1 UIJ
law in the[absence of random influences. These influences are described by the second termi¢ ﬁz,
assuming gn empirical relative standard deviation, 9, valid for all samples and countings and caused by
these influgnces. This influence parameter, J, can be calculated from the data of counting measuremegnts
of the refeijence samples by combining Formula (A.12) with Formula (A.1) so that
2 20— =5 /=2
O =(mp-u?(n)-7,)/ (Al13)
Instead of the data from counting measurements of the reference samples, those for other samples|can
be used which were previously examined, not explicitly for reference purnposes but under conditjons
similar to those of the reference samples.
If ¥?<0 results, the approach and the data are not compatible, The number, m,, of the refergnce
samples should then be enlarged or ¥ =0 be set. Moreover, #<0;2 should be obtained. Otherwise, |one
can proceed according to A.2.
NOTE The influence parameter, 9, is assumed to apply to;both, the gross and the background measuremgnts.
Instead of Formula (A.3), the expressions
2 — 2-2 2 2 — 2-2 2
u? (g ) (g +072) [ (mgt2) 5 0 (o) = (M £0°73 )/ (motd) (Al14)
now apply[with Formula (A.12). The. cases mg =1 and my=1 are permitted here. Therefore, with
X1 =0g / tol and Formula (A.14), uz(xl) is given as a function of x; by
2 2 25,2
u?(xy ) (%) =(x1 /g +0%%670) g (al15)
Formulas (A.2) and (A.4)+¥€main valid for x3 =1 with u(x3)=0 and x, =0 with u(x,)=0.Furthermpre,
according o Formuta.[25), it follows that
2 2 2 2.2
()= | [ e )20 [+ P o) (416)

uz(xl) and uz(xz) according to Formula (A.12) shall be inserted.
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In order to calculate u(y), the result, y, is replaced by y and Formula (A.10) is solved for x; =ﬁg/tg .
This yields x; =y/w+ny/ty. The estimate, x;, determined in this way in the current case, shall be

substituted in Formula (A.13) and u? (x1) obtained there from in Formula (A.14). This finally leads to

2 < (o a2 - 2902 = | 422

. - 2Ny 1 n nyv” ny+9°n

i) - yzl—’? +u3e1(w)}+—yw ol Ll It v A i (A17)
Mg Mg\ Yo g Mglolg  mgty  myty

and one obtains the decision threshold

— —242 = 2-2
2 o +n019 +n0+19 ny

Y =k W (A.18)
Mgtoty mgtg mot§
and the detection limit
2 B (o 02 - Y Y W)
* 2ny 1 (0 +
yi=y kg |y* 6—+ufel(w) RPN A [l LA PRV UL L + o 2"0 (A.19)
Mg mg |ty fg Mglols —myty  mytg

A.4 Black-box measurements with random influences

Bla¢k-box measurements are measurements in which primary results, y;, of the measurfand, Y, are

dirgctly indicated without information for the user about the measurement technique and the model of
evaluation involved. There are just series of observations y;. The measurement problem is fo compare

a spries of indications, y,;(i=1,.,m,), which are judged by the user to represent g “normal’,
“batkground” or “blank” scenario, with a serigs, of indications, y,; (i=1,..,ng), for anothdr scenario,
called “gross” scenario. To this end, a net quantity is investigated as

Y=Y, -Y, (A.20)

and| the characteristic limits aretevaluated for the measurand Y.

Primary estimates of ?g and ¥§, are obtained as the arithmetic means

1 & 1 <&
yg:_ZYg,i and )_’b:_zyb_i (A.21)
Mg izl ny i3
respectively,with their respective sample standard deviations
. 1/2 o 12
S55| == i V) | and sp=| ——> (¥ ) (A.22)
\ 5 =1 ) \ b =1 )

Since no other information is available the Ybi (i=1,.,ny) and Ya,i (i:1,...,ng) are assumed to be

samples from Gaussian distributions with unknown expectations and variances. According to ISO/
IEC Guide 98-3-1,9.2.3 (JCGM 2008b) the arithmetic means Vg and Y, according to Formula (A.21) are

the best estimates and the standard uncertainties associated with y,, y}, and y are

-1 2 1 2

20— 1 20< 41 s 2 20— 20<

P =2 — ()= and u(y) =i (7)) +iA () (A.23)
ng =3 ng n, =3 m,
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NOTE1 In the context of the methods described in ISO 11929-2 the PME yields the scaled and shifted
. . . — 2 — 2 . .
t-distributions tng_l(yg,sg/ng) and tnb_l(yb,sb/nb) as the respective PDFs (ISO/IEC Guide 98-3-1, 9.2.3

(JCGM 2008b)).

NOTE2  Evidently m,,ng >3 arerequired. The choice of suitable and meaningful numbers of indications ny, >3
and ng >3 depends on the judgement of the user, the measurement objective and the prevailing circumstances.

Applying the ISO/IEC Guide 98-3 (JCGM 2008a) and this document (ISO 2016a), one assumes in order to
obtain the decision threshold that y, =y}, and s, =s;, will hold for a true value y=0 of . This yields

n,—=3 ng, n,=3 m

and the deg¢ision threshold

L 4 A
m—1 —T
az(y=o)=t g ~ 1. M .LJ.Sg @l24)

* — ng—l 1
Y =k, u(y=0)=ks_,- —+
ng—3 ng

nb—l

L (Al25)
nb -3 nb

The detection limit y# can only be obtained by applying the interpolatien formula according to

Formula (A.8).
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Annex B
(normative)

Measurements with ratemeters

A ratemeter records the rate of pulses arrlvmg at the 1nput of the meter. Herein, a ratemeter is

and| ry of the output signals determined at-the respective moments of measurement, th
approaches result for the values of the input-quantities and the associated standard uncerta

X1=r ; X2=r0

UZ(X1):r—g' u (Xz)_—
ZTg ZTO

ormula (B.2), appréximations with a maximum relative deviation of 5 % for r, -7, 20,65

721,32 are specified according to Reference [29]. The same applies to rp-7y. The

In H

for |r, Iy

timp constants, ¢, and 7, shall be adjusted to fulfil requirements regarding the maximy

devjiations.

tput signal
and then

tate of the
asurement
und effect
viations of
the start of
taken into

measuring
X,, of the

b values Iy

e following
nties:

(B.1)

(B.2)

and of 1 %
relaxation

m relative

Thd
to 4

ratemeter measurement is equivalent to a counting measurement with time preselectio

according

.22 and with the measurement durations, t, =27, and t, =27 . The quotients n, /t, and ny/t, of

the counting measurement shall be replaced here by the measured count rate values,
respectively, of the ratemeter measurement.
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The model shall be specified in the form of Y =W-(X{ —X;)=W -(R; —Ry), Formulas (B.1) and (B.2) lead

to
_ 20 —w2.| 8 1o 2 2
y=rp-rp)-w () =w? | Et 20 (PP (w) (B.3)
ZTg ZTO
Replacing y by y and eliminating Iy =y +ry, because of uz(xl):xl/(ZTg) :rg/(ng), yields
ﬁz(j/):wz-{ 4 +r0.(i+iﬂ+ 721, (w) (B4)
|_21g ‘w erg 27 )J
and one obftains the decision threshold with
* 1 1
=k, W |y | —+— B.5
Y o 0 [ng 2770] ( )
and the detection limit with
y#:yk+k - w?. y# +1y- i+L +y#2‘u2 (w) (B.6)
1-p 2t,w ° |21, 21 rel
If the background count rate is very small, as for instance in measurements of contaminations yith
alpha-emitting radionuclides, Formulas (B.3) to (B.6) can be miedified. Then the model of evaluation
and the stgdndard uncertainty associated with the primary result reads
1 2 21T Mo 152 2
=(n,Fry——)w u =w"| =—+— (= —)" -u"(w B.7
y=Mmr 270) () [ng 2, (rg =% Z‘L'O) (w) (B.7)
- o - 1 .
Replacing again y by y and eliminating r, =3%r, +£, because of u? (x1)=x1/(21g):rg /(ZTg), yiglds
2 2 y 1 1 2 2
u“(y)gw '[2 Lty 22 TN 2 }r)’ “Upe (W) (B-8)
Tg W Tg TO TgTO
and one objtains the decision thteshold with
y*:kl_a.w. - L L + 1 (Bg)
2ty 21y | 41,7
and the detectiondiniit with
y#—yk+K : Iw7~ T 7 (i+i\+ —|+yﬂ7~u7 W) (B.10)
-5 \/ {ng w0 Lng 27, J 4TgTOJ rel '
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