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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies

ISO 11843-6 was prepared by Technical Committee
Subcommittee SC 6, Measurement methods and results.

ISO 11843 consists of the following parts, under the general title Capability‘of detection:

— Part 1: Terms and definitions

— Part 2: Methodology in the linear calibratio

— Part 3: Methodology for determination 0 criticalvalue for the response variable when no calibration

data are used
— Part 4: Methodology for camparing the minimumecdetectable value with given value
— Part 5: Methodology in the lingai and nan-linear calibration cases

— Part 6: Methodology for the determination of the critical value and the minimum detectable values in

Poisson distribution measurements

© 1SO 2002 — All rights reserved Y
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Introduction

, electron and ion-
ter (XRF), X-ray
pectrometer

Many types of instruments use the pulse-counting method for detecting signals. X
spectroscopy detectors, such as X-ray diffractometer (XRD), X-ray fluorescence spec
photoelectron spectrometer (XPS), Auger electron spectrometer (AES), and secondary-ion
(SIMS), are of this type. These signals consist of a series of pulses produced at random and irre intervals
that can be understood statistically using a Poisson distribution. Since the fation in a sighal follows a
Poisson distribution, a methodology for determining the minimum detectable” va n be deduced from
statistical principles. \

Determining the minimum detectable value of signals is sometimes importan W& ork. It provides a
criterion for deciding when “the signal is certainly not detected”, or when “the signal-is-Significantly different
from the background noise level" [1-8]. For example, it is valuable when measuring the presence of hazardous
substances or surface contamination of a semi-conductor matmlso allows the condition of an
analyzer to be quantified when assessing the limiting performance o(én instrumen

The methods used to set the minimum detectable value have-for some ti n in widespread use in the
field of chemical analysis, although not where pulse-counting~measurementsare involved. The need to
establish a methodology to determine the minimum detectable value in that.area'is recognized [9].

This part of ISO 11843 considers how to approximate~thezPoisson distribution to the Normal distribution,
ensuring consistency with the IUPAC approach and,/particularly,.with.the 'series of ISO 11843 [10] standards.
Two types of approximation, the Simple approximation. and.Square, Root approximation, are used for this
purpose. Definitions are given for the variance,for al'value of the response variable, for the capability
of detection criteria and for the minimum detectah

The methods considered in this standard sho
not too small.

d be appliedonly when the mean value of Poisson counts is

In this part of ISO 11843

— the probability is a of detecting (erroneously
state;

a system is not in the basic state when it is in the basic

— the probability is f of (erron defécting that a system, for which the value of the net state

variable is equal to the minimurg ! étectable value( X, ) is not in the basic state.

This standard is fully/€gmpliant with ISO 11843, part 1, 3 and 4.

Vi © 1SO 2002 — All rights reserved
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Capability of detection —

Part 6:

Methodology for the determination of the critical vm the
minimum detectable values in Poisson distributio KJ
measurements

(
N

This part of 1ISO 11843 specifies statistical values for a?sgss@‘ the capability of detection in Poisson
distribution measurements and whether a specific signal is significaint\or not. It is applicable when variations in
both the background noise and the signal are describable by |the Pgisson distribution. Two types of
approximation, the Simple approximation and the Square, Root appr&gxi jon, are used to approximate the
Poisson distribution to the Normal distribution, and are tsed to determing’the variance, the critical value of the
response variable, and the minimum detectable value. This part of ISQ11843 should be applied to a sufficient
number of counts of the response variable.

2 Normative references

The following documents are indispensa
the edition cited is applicable. For unda
any amendments) is applicable,
ISO 11843-1:1997, Capability of de
1ISO11843-3: 2003, Capability of detection
the response variable when no calibratio
1ISO11843-4: 2003, Capability of detes
with a given value

art>3: Methodology for the determination of the critical value for
data are used
=Part 4: Methodology for comparing the minimum detectable value

3 Terms and defi

For the purposes of this dog
5725-2, ISO 11095, ISO 11843

ent, the terms and definitions given in 1ISO 3534 (all parts), 1SO 5479, I1ISO
and 1SO Guide 30 apply.

symbols used here are given in Annex A.

Measurefhent system and data handling

iti under which Poisson distribution measurement is made are usually specified by the
set-up. The number of pulses that are detected increases with both the time and with the width
of the region over which the spectrum is being observed. These two parameters should therefore be noted
and not changed during the course of the measurement.

The following conditions are essential for determining the minimum detectable value:

© 1SO 2002 — Al rights reserved 1
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(1) Both the signal and the background noise should have Poisson distributions.
(2) The spectra under consideration should not have received any data treatment, such as smoothing.

(3) Time interval: A single measurement over a longer period of time is preferable to se | shorter
measurements. A measurement taken for over one second is better than 10 measure
milliseconds each. The approximation of the Poisson distribution by the Normal distribution |i
with higher mean values.

more reliakle

repeated measurements are needed to determine them. Moreover, the detectability
increases with the number of measurements.

value of the FWHM width should be adopted for both background nois/eanﬁamp

detector works in the linear counting range. Both the ordinate and‘the abscissa g-are calibrated. There is
no signal that cannot be identified, except statistical fluctuation."Degradation 'of\the specimen during
measurement is negligibly small. At least one signal or peak that-belongs to al‘element can be observed.

NOTE Additional conditions for the interpretation of the data are.\ﬁne inStﬁum

6 Computation by the simple approxXi (Annex:B.1)

6.1 General

The critical value, Y. ,is defined as the valye of the response variable, Y ,if the system is considered to move

the critical value, y_, for the distributi
selected probability, ¢ .

the basic state should be less than or equal to an appropriate pre-

The critical value, y the response variable generally satisfies

where

My the expected value under the actual performance conditions for the responses of the basic state;

2 © 1SO 2002 — All rights reserved
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Mg the expected value under the actual performance conditions for the responses of a sample with

the net state variable equal to Xq -

6.2 Computation of the critical value of the response variab
approximation

response variable follows a

Eq. (1) gives the probability that Yy, >Y_ under the condition thatx=0. If th
S to\/_, and then the

Poisson distribution with a large mean value, A ,and the standard deviation,
critical value of the response variable is given by the following simplified version of Eq.

= 1 1
Ye =Yy £ 2,0, J_+ K @)

Also, if o is replaced by ,/y, , and then

_ — |1 1
yc:ybizl—a\/yb'\,T-’_? : 3

where

z ., (1— &) -quantile of the standard norm

O, actual standard deviation at zero)l

Yo observed mean response of the

J number of replication of measurements o eference material representing the value of the net
state variable (blank samp

K number of replication o ements on the actual state (test sample) n an application of the

method.

Note that the + sign is used when:the
variable and the - sign is used when the response variable decreases with increasing level of the net state

variable. The + sign is preferable in Poisson distribution measurements as the response variable increases

the critical va strated in Figure 1.

© 1SO 2002 — All rights reserved


���(M���H�V�W	��O�������Ĩ�����TD�
y��cq��]��F��W�
�I�&�����<����]ư�GS�Xt/�lv��r'���rK�D��-��LJ�,���

ISO/WD 11843-6

Response varjables

Error of the
a first kind
Critical value
of the response
variable yC
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«

Yo / f the

ond\kind
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value of /state variable
Critical value of
state variable :
v

0 Xe Xy, X¢ . State variable

Figure 1  Relation between the critical value esponse variable and the minimum detectable
value of the state variable [10].

6.3 Sufficient capability of the detection criterion by the simple approximation

The sufficient capability of detection criterionvenables decisions to be made about the detection of a signal by

4 © 1SO 2002 — All rights reserved
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