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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
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Annex A folms a normative part of this part of ISO 11843. Annexes B and C are for information only.

SO, als0 1ake part I the Work. 15O collaborates closely WIth the mternatonal Electrqg
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.

htional Standards adopted by the technical committees are circulated to the member bodies f
as an International Standard requires approval by at least 75 % of the member. bodies casting

drawn to the possibility that some of the elements of this part of 1ISO.11843 may be the s
5. ISO shall not be held responsible for identifying any or all such patent-rights.

| Standard 1SO 11843-2 was prepared by Technical Committee ISO/TC 69, Applications of
Libcommittee SC 6, Measurement methods and results.

consists of the following parts, under the general title Capability of detection:
Terms and definitions

Methodology in the linear calibration case
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An ideal requirement for the capability of detection with respect to a selected state variable would be that the actual
state of every observed system can be classified with certainty as either equal to or different from its basic state.

However

, due to systematic and random distortions, this ideal requirement cannot be satisfied because:
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the probability is g of (erroneously)not detecting that a system, for which the value of the net stats

ality all reference stafes, including the basic stafe, are never known in terms of the state vari3
ates can only be correctly characterized in terms of differences from basic state, i.e. in tetm
variable.

s, the value of the state variable for the basic state is set to zero; for instance, inanalytical ch
own concentration or the amount of analyte in the blank material usually lis~assumed to 4
ps of the net concentration or amount are reported in terms of supposed concentrations or

hical trace analysis especially, it is only possible to estimate concentration or amount diffe
pct to available blank material. In order to prevent erroneous decisions, it is generally recon
It differences from the basic state only, i.e. data in terms of the net state variable;

E In the 1ISO Guide 30 and in ISO 11095 no distinction is made)between the state variable and
ble. As a consequence, in these two documents reference states are, without justification, assumed to b
bct to the state variable.

Calibration and the processes of sampling and preparation add random variation to the m
ts.

rt of ISO 11843, the following two requirements were chosen:

brobability is « of detecting (erroneously) that a system is not in the basic state when it is

|l to the minimum detectable value (xg), is not in the basic state.

ble. Hence,
5 of the net

actice, reference states are very often assumed to be known with respect to the state variabple. In other
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Methodology in the linear calibration case
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of ISO 11843 specifies basic methods to:

jn experiments for the estimation of the critical value of the net state (variable, the critical
pnse variable and the minimum detectable value of the net state variable,

nate these characteristics from experimental data for the cases/in which the calibration funct
the standard deviation is either constant or linearly related to the)net state variable.

hods described in this part of 1SO 11843 are applicable*to various situations such as c
of a certain substance in a material, the emission of energy from samples or plants, or th
h static systems under distortion.

hlues can be derived from an actual measurement series so as to assess the unknown states|
in the series, whereas the minimum detectable value of the net state variable as a characts
ment method serves for the selection of\dppropriate measurement processes. In order to ch
ment process, a laboratory or the measurement method, the minimum detectable value can
ite data are available for each relevant level, i.e. a measurement series, a measurement

ement process, a laboratory ornthe measurement method.
ment processes and types of measurement equipment where the functional relationship b
value of the responSe variable and the value of the state variable is described by a calibratior

bnse variable orcthe state variable is a vectorial quantity the methods of ISO 11843 arg
y to the compgohents of the vectors or functions of the components.

mativereferences

alue of the

on is linear

hecking the
b geometric

of systems
ristic of the
aracterize a
be stated if
process, a

y or a measurement method. The ‘'minimum detectable values may be different for a measurement series,

3 is applicable to quantities”measured on scales that are fundamentally continuous. It is applicable to

etween the
function. If
applicable

The follo

WVing normative documents contain provisions which, through reference in this text, constitute f

rovisions of

this part of ISO 11843. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 11843 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers

of currently valid International Standards.

ISO 3534-1:1993, Statistics — Vocabulary and symbols — Part 1: Probability and general statistical terms.

ISO 3534-2:1993, Statistics — Vocabulary and symbols — Part 2: Statistical quality control.

ISO 3534-3:1999, Statistics — Vocabulary and symbols — Part 3: Design of experiments.

© 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=f6f3c5a73f9ed5b00eaa6ee49645200a

ISO 11843-2:2000(E)

ISO 11095:1996, Linear calibration using reference materials.

ISO 11843-1:1997, Capability of detection — Part 1: Terms and definitions.

ISO Guide 30:1992, Terms and definitions used in connection with reference materials.

3 Terms and definitions

For the purposes of this part of 1ISO 11843, the terms and definitions of ISO 3534 (all parts), ISO Guide 30,

ISO 11095

4 Expe
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The procedure for determining values of an unknown actual state includes sampling, preparation

measurems
procedure 1
state, for al
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nt itself. As every step of this procedure may produce distortion, itFis-essential to apply t
or characterizing, for use in the preparation and determination of¢the”values of the unknoy
reference states and for the basic state used for calibration.

ic state, it is necessary to choose an experimental design-suited for comparison. The experime
experiment are obtained from the actual states to be\measured and all reference states
AN ideal design would keep constant all factors knownto influence the outcome and control of
roviding a randomized order to prepare and perform_the measurements.

may be difficult to proceed in such a way, as.the preparations and determination of the valu
ved are performed consecutively over a-period of time. However, in order to detect maj
th time, it is strongly recommended to perform one half of the calibration before and one half
nt of the unknown states. However, this'is only possible if the size of the measurement series
and if there is sufficient time to followrthis approach. If it is not possible to control all influencin
Statements containing all unproven assumptions shall be presented.

urement methods require.‘@ chemical or physical treatment of the sample prior to the mea
bf these steps of the measurement procedure add variation to the measurement results. If it ig
heasurements the repetition consists in a full repetition of the preparation and the meag
N many situations\the measurement procedure is not repeated fully, in particular not g
bl steps are repeated for each measurement; see note in 5.2.1.

f values of the net state variable spanned by the reference states should include

and the
he same
vn actual

pose of determining differences between the values characterizing one or more unknown actjial states

ntal units
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at least one value close to that suggested by a priori information on the minimum detectable value; if this

requirement is not fulfilled, the calibration experiment should be repeated with other values of the net state
variable, as appropriate.

The reference states should be chosen so that the values of the net state variable (including log-scaled values) are
approximately equidistant in the range between the smallest and largest value.

In cases in which the reference states are represented by preparations of reference materials their composition
should be as close as possible to the composition of the material to be measured.
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4.3 Choice of the number of reference states, I, and the (numbers of) replications of procedure,
J,Kand L

The choice of reference states, number of preparations and replicate measurements shall be as follows:

recommended;

two preparations (J = 2) are recommended;

the number of reference states | used in the calibration experiment shall be at least 3; however, 1 =5 is

the number of preparations for each reference state J (including the basic state) should be identical; at least

the
refe

mea

NOTE
assumptid
and actual

As the variations and cost due to the preparation usually will be much highépthan those due to the mg

the opti

5 The
series

5.1 B4

The follo

the assuinptions of ISO 11095. The methods of SO 11095 are used with one generalization; see 5.3.

Basic as

the (

mea|
inde

the
varig

The deci
be based

1

the number of repeated measurements performed per preparation L shall be identical; at’least tv

umber of preparations for the actual state K should be identical to the number J of preparatid
nce state;

surements (L = 2) are recommended.

The formulae for the critical values and the minimum detectable value in clause 5 are only val
n that the number of repeated measurements per preparation is identical for all"measurements of refg
states.

al choice of J, K and L may be derived from an optimization of eofstraints regarding variation a

critical values y, and x, and the minimum detectable value x; of a measurs

sic assumptions

ving procedures for the computation of the-Critical values and the minimum detectable value al

sumptions of ISO 11095 are that
alibration function is linear,

surements of the response variable of all preparations and reference states are assu
pbendent and normally-distributed with standard deviation referred to as "residual standard deviz

esidual standard deviation is either a constant, i.e. it does not depend on the values of th
ble [case-]yor it forms a linear function of the values of the net state variable [case 2].

Sion regarding the applicability of this part of ISO 11843 and the choice of one of these two ¢
on.prior knowledge and a visual examination of the data.

ns for each

Vo repeated
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nd costs.
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5.2 Case 1 — Constant standard deviation

5.2.1 Model

The following model is based on assumptions of linearity of the calibration function and of constant standard
deviation and is given by:

Yij =a+bx +&j (1)
where
Xi i the symbol for the net state variable in state i;

&j are random variables which describe the random component of sampling, preparation-and measurement

error.

It is assumed that the ¢;; are independent and normally distributed with expectation zero and the theoretical

residual standard deviation o:¢&j; ~ N(O;O‘Z). Therefore, values Y;; of the response.variable are random |variables

with the expectation E(Y;; ) =a+bx; and the variance V(¥;;) = 0% not depending:on ;.

NOTE Ih the cases in which J samples are prepared for measurement angyeach of them is measured L times $o that J-L
measuremer|ts are performed altogether for reference state i, then Y;; refers to the average of the L measurements obtained on
the prepared|sample.

5.2.2 Estimation of the calibration function and the residual standard deviation

In accordarice with ISO 11095, estimates (see note) for a,\b-and o2are given by:

I 1J
21206 =X =)

6: i=1[j-1 (2)
Sxx
a=y-[bx ()
X 1 L 22
6 =55 2, (% A bx) @)
i=1j=1

The symbols used here‘and elsewhere in this part of ISO 11843 are defined in annex A.

NOTE Estimates are denoted by a symbol  to differentiate them from the parameters themselves which are unknown.

5.2.3 Computation of critical values

The critical value of the response variable is given by:

11 %P
Yo =2a+1p95(V)C KT sy ®)

A

4 © 1SO 2000 — All rights reserved
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The critical value of the net state variable is given by:

1 x2
+—+

1
Xe =10,05(V) AR g

O')lq>

(6)
toos(v) s the 95 %-quantile of the t-distribution with v=1-J -2 degrees of freedom.
The derivation of these formulae is given in annex B.

5.2.4 R

The mini

xdzﬁ% %+.—+ @)

where

d=(v;e;p) is the value of the noncentrality parameter determined in‘such a way that a rand
follo

bm variable
ving the noncentral t-distribution with v=1-J-2 degrees of freedom and the noncentrality parameter
J, T|v;0), satisfies the equation:

P[T(vi8) <tio)]=5

whefe t,_,(v) is the (1-a)-quantile of the t-distribution with" v degrees of freedom.

The deriyation of this formula is given in annex B.

For = f#and v > 3, a good approximation for J_is given by

Svifri ) = 2ty o (V)

8
if v=4 Tnd a = f = 0,05, the relative error of this approximation is 5 %; t;_,(v) is the (1-a)-qudntile of the
t-distribution with v=1.J — 2 degrees)of freedom.

Table 1 gresents (v; «; B).fota = = 0,05 and various values of v.
For o= f and v> 3, xgis-approximated by
Xq 7 2t (V)é i+i+£—2x 9)
d 098\ T T g See c

© 1SO 2000 — All rights reserved
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Table 1 — Values of the noncentrality parameter for = = 0,05 and vdegrees of freedom

v s(v; a; p) v s(v; a; p) 4 (v, a; p)
2 5,516 19 3,415 36 3,354
3 4,456 20 3,408 37 3,352
4 4,067 21 3,402 38 3,350
5 3,870 22 3,397 39 3,349
6 3,752 23 3,392 40 3,347
7 3,673 24 3,387 41 3,346
8 3617 25 3:383 A2 3314
9 3,575 26 3,380 43 37313
10 3,543 27 3,376 44 3,342
11 3,517 28 3,373 45 3,341
12 3,496 29 3,370 46 3,3B9
13 3,479 30 3,367 47 3,3B8
14 3,464 31 3,365 48 3,3B7
15 3,451 32 3,362 49 3,3B6
16 3,440 33 3,360 50 3,3B5
17 3,431 34 3,358
18 3,422 35 3,356
5.3 Casq 2 — Standard deviation linearly dependent oajthe net state variable
5.3.1 Mogel
The followipg model is based on the assumptions,that the calibration function is linear and that the [standard
deviation is|linearly dependent on the net state variableé and is given by:
Yij=a+in+€ij (10)
where
X, & bjand Y;; are as defined in 5.2.1 and the ¢; are independent and normally distributed with expectation
E(gij) 30 and variance:
2 2
V(Eij) F O (Xi)=(C+dXi) (11)
i.e., thg residual standard deviation is linearly dependent on x
o(X;) ={cdx; (12)
The parameters of the model, a, b, c and d are estimated in a two part procedure as given in 5.3.2 and 5.3.3.
5.3.2 Estimation of the linear relationship between the residual standard deviation and the net state
variable
The parameters c and d are estimated by a linear regression analysis with the standard deviations:
19 2
si= 7= 2.V - Vi) (13)
J-1 =t

© 1SO 2000 — All rights reserved
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as values of the dependent variable S and with the net state variable x as the independent variable. Since the
variance V(S) is proportional to o2, a weighted regression analysis (see references [1] and [2] of the Bibliography)
has to be performed with the weights:

11
o2(x) (c+dx)?

(14)

However, the variances o2(x) depend on the unknown parameters ¢ and d that have yet to be estimated.
Therefore, the following iteration procedure with weights:

1
Wqi F
ql A
(O'qi)2

(15)

is propoged. At the first iteration, (q = 0), & = 5, where the s values are the empirical standard deyiations. For
successiye iterations q = 1,2, ...

P

Oqi f€q+dgXi (16)

calculate|with the auxiliary values:
I
Tqap = qui ;

Tq+l D = qu X ;

2.
Tgup = ZquXi ; (7)
=
[
Tqiafs = D Wisi
i=1
I
Tq+15 = zwqi XS
i=1
and
Tar13Tarda — T2 T,
eanf q+13Mgr14 q+122 q+15 (18)
ToriTgras — T
g+11'g+13 0+12
and

Tos11Tor1s — Tora2 T
A o+11'g+15 o+12 'q+14
dq+1 = 2 (19)

To+11Tgr13 — Tgra2

This procedures converges rapidly so that the result for q = 3;

&3 =63 +0gX;

© I1SO 2000 — All rights reserved 7
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can be considered, with &3 = 6(x), ¢; = 6 and dz =d, as the final result:

6(x)=6¢ +d(x) (20)
5.3.3 Estimation of the calibration function
The parameters a and b are estimated by a weighted linear regression analysis (see references [1] and [2] in the

Bibliography) with the y;; as values of the dependent variable, X as values of the independent variable and
weights:

W, =—
o (%)

where

62(xi) is the predicted value of the variance at x; according to equation (20)

with:
=3} w;
it1
!
T, = Jj}_{w, Xi;
i1
+
T3 = J)_’Wi xiz;
i1
N
Ta=3D Y wi%i; (21)
i1 j=I

the estimatgs for a and b afe:

~ T3l =ToT
a=-34 22 (22)
N3 -T2
. T =114
b=—""—"—- (23)
Til3 = T3
5.3.4 Computation of critical values
The critical value of the response variable is given by:
2 <2
0o |1, Xw |2
=a+t V) [—+| =—+—— |0 24
Ye 0,05( )\/ K [Tl Sxxw] (24)

8 © 1SO 2000 — All rights reserved
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ritical value of the net state variable is given by:

t V) |62 %2
0,95( ) 166 [ 1, Xy |52
b K Tl Syxw

Xc =
where

Xw=To /Ty

T. T2 /T
Sow[~ T3 ¥z + T
) 1 L
37 J_zzzwi(y” —a—bx,)
i=1j=1

and ty g5(v) is the 95 %-quantile of the t-distribution with v=1-J — 2 degrees of freedom;, Se is defined ir

5.3.5 Qomputation of the minimum detectable value

The minimum detectable value is given by:

Xd

where

o=

Since &4

The iterafion starts with 6(xq)g = ¢ and results in xy; for the next iteration step &(Xq)1 = 6(Xqg) is co

used in tl
of x4 app

6 Min

The min
measure
observed
detected

~2 <2
é}: o (Xd) + i + Xw 6'2
b K Tl Syoaw

b (v; a; ) is the value of the noncentrality parameter as defined in 5.2.4.

(xg) depends on the value of x4 yet to be calculated, x4 has to be calculated iteratively.

ne formula for xy, resulting inxy4,... In many cases even the first iteration step does not chang
feciably; an acceptable value for x4 is obtained at the third iteration step.

imum detectable value of the measurement method

mum detectable value obtained from a particular calibration shows the capability of thg
Mment process for the respective measurement series to detect the value of the net state va
actual.state to be different from zero, i.e. it is the smallest value of the net state variable w
withva probability of 1 — g as different from zero. This minimum detectable value differs

(25)

(26)

(27)

(28)

annex A.

(29)

mputed and
e the value

e calibrated
riable of an
nich can be
or different

calibratio

nhs.‘The minimum detectable values of different measurement series for

— apa

rticular measurement process based on the same type of measurement process,

— atype of measurement process based on the same measurement method, or

— a measurement method

can be interpreted as realizations of a random variable for which the parameters of the probability distribution can
be considered characteristics of the measurement process, the type of measurement process or of the
measurement method, respectively.
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If, for a particular measurement process, m consecutive calibrations have been carried out in order to determine the
minimum detectable value of the net state variable x4, the m minimum detectable values Xyq, Xq2, ... Xgm Can be

used to determine a minimum detectable value of the measurement process under the following conditions:

a) the measurement process is not changed;

b) the distribution of the values x4 is unimodal and there are no outlying values xg;

c) the experimental design (including the number of reference states, I, and the numbers of replications of
procedure, J, K and L) was identical for each of the calibrations.

Under thesge conditions the median of the values xg;, for i = 1, ..., m, is recommended as the minimun~detectable

value of thg measurement process; if another summary statistic of the values xg; is used instead of the_median, the

statistic us¢g

If any of the
well-defineq

If the same
the measur
determinati
detectable

method; if another summary statistic of the minimum detectable values of.the laboratories is used inste

median, theg

7 Repo

NOTE b

7.1 Criti

For decisio
response V
decision lim
calibrations
However, 9
meaningles
critical valu

If a value o
that no diff
possibility d
observed s
minimum d

d shall be reported.

se conditions are violated, the minimum detectable value of the measurement process is not s
and the determination of a common value shall not be attempted.

measurement method is applied in p laboratories and for each of them a-minimum detectablg

bn of the minimum detectable value of the measurement process,“the median of the p
values of the laboratories is recommended as the minimum detectable value of the mea

statistic used shall be reported.

rting and use of results

Fxamples of the determination of critical and minimalgetectable values are given in annex C.

cal values

s regarding the investigation of actual states only the critical value of the net state variable
ariable is to be applied. These. values derived from a calibration of the measurement pro
its to be used to assess the unknown states of systems included in this series. Looking at co
of the same measurement)process, the critical values may vary from one calibration to
nce each of the critical values is a decision limit belonging to a particular measurement s¢g
5 to calculate overall(critical values across calibrations and logically inappropriate to use
bS,

the net state-variable or of the response variable is not greater than the critical value, it can
erence cantbe shown between the observed actual state and the basic state. However, d
f committing' an error of the second kind, this value should not be construed as demonstratin
stem_definitely is in its basic state. Therefore, reporting such a result as “zero” or as “smallej
btectable value” is not permissible. The value (and its uncertainty) should always be reported;

Lifficiently

value of

ement process within the laboratory were to be determined, then undet-the same conditions gs for the

Mminimum
surement
ad of the

or of the
cess are
hsecutive
another.
ries, it is
these as

be stated
e to the
y that the
than the
if it does

not exceed

the-critical value, the comment “not detected” should be added.

7.2 Minimum detectable values

The minimum detectable value derived from a particular calibration shows whether the capability of detection of the
actual measurement process is sufficient for the intended purpose. If it is not, the number J, K or L may be
modified.

A minimum detectable value derived from a set of calibrations following the conditions mentioned in clause 6 may
serve for the comparison, the choice or the judgement of different laboratories or methods, respectively.
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Annex A
(normative)

Symbols and abbreviations

intercept in the expression y=a+bx+ &

o>

estimate of the Intercept a

slope in the expression y=a+bx+¢

estimate of the slope b

intercept in the expression o(x) = c+ dx for the residual standard deviation
estimate of the intercept ¢

slope in the expression o(x)=c+ dx for the residual standard deviation
estimate of the slope d

expectation (of the random variable given in the brackets)

number of reference states used.in the calibration experiment
identifying variable of the reference states

number of preparations:for each reference state

identifying variable-of preparations for the reference- and basic state
number of preparations for the actual state

identifying variable of preparations for the actual state

number of repeated measurements for each preparation

identifying variable of the repeated measurements per preparation
multiplying factor

number of consecutive calibrations

q=01.2, ...

number of preparations in the calibration experiment; if the number of preparations for
each reference state is identical, then N=1-J, and the total number of measurements in

the calibration experiment is N-L
number of the iteration step

empirical standard deviation

© 1SO 2000 — All rights reserved
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I
A2 sum of squared deviations of the chosen values of the net state variable for the reference
S =9 (% —X) q

= states (including the basic state) from the average

weighted sum of squared deviations of the chosen values of the net state variable for the

|
- (x — % )2
Sow = JZW‘ (X = %Xw) reference states (including the basic state) from the weighted average

i=1

T auxiliary value for the weighted linear regression analysis
V() variance (of the random variable given in the brackets)
w; weight at x;
Wi weight at x; in the qth iteration step
X net state variable, X=Z - z,
X a particular value of the net state variable
X1y eeer X chosen values of the net state variable X for the refergnce states including the basic state
Xe critical value of the net state variable
X4 minimum detectable value of the net state«wariable
1d

average of the chosen values of the net state variable for the reference states (including

| & ! the basic state)

Ya—a . . -
X = y‘"‘—B estimated value of the netstate variable for a specific actual state
3 I ' weighted average of the chosen values of the net state variable for the referenge states
Xw= zWiX zWi (including the-basic state)

i= i=1

Y response-variable
Ye ctitical value of the response variable
Yiji Ith measurement of the jth preparation of the ith reference state
Y1 - Yk obtained values of the response variable for the kth preparation of a specific acfual state

in the measurement series

K L
Va= —zz Yk average of the observed values for a specific actual state
K-Ligia

I J L
_ 1
y= ZZZyi“ average of the measurement values Yiil

I'J.Lizljzllzl

L

_ 1 . ) .

Vi =fzyi jl average of the measurement values of the jth preparation of the it reference state
1=1

12 © 1SO 2000 — All rights reserved
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average of the measurement values of the ith reference state

average of the K-L measurement values at x=0
state variable

value of the state variable in the basic state

o . . < . . .
srebabiitv-of-erreorecusiv+eiecting—the—rulhvpothesis—the—state—unrder—eensideration is

ProoTtioty T oSty Trejeettyg DA SAATRASI= 4= ) te—oTToT

not different from the basic state with respect to the state variable" for g
observed actual states in the measurement series for which this null_hypoth
(probability of the error of the first kind)

in the absence of specific recommendations the value o should beixed at « =

probability of erroneously accepting the null hypothesis “the state under cong

pach of the
esis is true

0,05

ideration is

not different from the basic state with respect to thel State variable” for g¢ach of the

observed actual states in the measurement series.fop which the net state
equal to the minimum detectable value to be determined (probability of the
second kind)

in the absence of specific recommendations¢he value g should be fixed at =

non-centrality parameter of the non-central t-distribution

component of the response variable measurement representing the random
of sampling, preparation and.mpeasurement errors

degrees of freedom

standard deviation-of\the difference between the average, y, and the estimatg
a

estimate of the residual standard deviation

standard deviation at x, in the qth iteration step

estimate of the residual standard deviation, x =0

variable is
error of the

0,05

component

d intercept,

© 1SO 2000 — All rights reserved
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Annex B
(informative)

Derivation of formulae

B.1 Case 1 — Constant standard deviation

assumptions of 5.1 and in the case of constant standard deviation, estimations of the rlgression

Under the
coefficients| & and b, are normally distributed with expectations
E@=p : E(B)=b
and varianges:
<2 2
V(a): i.,.x_ 0'2 : V(E)):O._
[-J Sk Syx
where
o? is|the variance of the residuals of the averages of the L repeated measurements for each preparation.
If the respopise variable is measured K-L times at the basic state (z= z, x =0), the difference between thg
yo of the KL values and the estimated intercept & follows:@ normal distribution with expectation:
E(Vo14)=E(Vo)-E(d=a-a=0
and variange:
2 <2 <2
V (Vo 1 é)=V(70)+V(é)=a—+ A X2 |11 X5
K [-J Sy K 13 sy
Since (yo — &) is nortally distributed, the random variable
Yol-2&
u=Yo[~2
O it
follows the standardized normal distribution, and the inequality:
Yo—2
<Up95
O diff

holds with probability 0,95. Since O'(Zjiﬁ is unknown it can be estimated as:

14
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where
&2 is the estimated residual variance of the regression analysis that shall be used instead. The random
variable
Yo—-2a
T(=2"%

O diff

follows the t-distribution with v=1-J -2 degrees of freedom, and the inequality:

Yo I«
— 1 <togs(V)
O diff
or
_ N .11 1 X
ga+t V)0 giff = &+t VO, —+——+—
Yo 0,95 (V)8 it 0,05(V) < TItss
where

toos(v) s the 95 %-quantile of the t-distribution with v degrees of freedom, holds with probability (),95.

The rightfhand side of this inequality is the critical value of the respense variable.

1 1 X
K 13 s

Ye =[a+1to95(V)6

and the dritical value of the net state variable is

1 1 X2
K 1-3 s

Ve — @& o
Xe 4= =to,95(V)E

Similar ekpressions describe these Values when other quantiles of the t-distribution are appropriate.

In order fo determine the minimum detectable value x4 of the net state variable, it is necessary to gxamine the
distribution of (¥ - a)/& ,N\the case where the true value x of the net state variable is identical to ttje minimum
detectable value x4 of the net state variable, x = x4. It is required to detect this state with probability 1- 4], i.e:

y|-2a
P|:Xa.—>t0’95(l/)| X= Xd:lzl—ﬂ

diff

or

y—-a
P{é—_<to,g5(1’)| X= Xd] =p

diff

If x = x4, the expectation of y is:

E(Y) = a+ bxqg

© 1SO 2000 - All rights reserved 15
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and therefore:

E(Y - 8) = bxq
whereas:

V(y - a) = O qiff
asforx=0

__i =
P + <togs (V)| x= XdJ

(Y]- &) — bxg + bxg

A <tgos(V)| x= Xd]
O diff

)_/ - a— bXd + bXd
-p O diff O diff
G diff /O diff

<tgos5(v)

U+d6
J2o)v

=P[T(}:0) <too5(V)] ;

<toos5(V)

since U=(}|—a—bxq)/ ogi follows the standardized Dormal distribution and &g /o 4ir independent of P follows

the distribution of \/XZ(V)/V, the random variable® T(v;6) follows the noncentral t-distribution with v degrees of
freedom amd noncentrality parameter o; 5=5(v;a;ﬁ) for «¢=0,05 or other appropriate value, if repuired is
determined|as the value of the noncentrality parameter of the noncentral t-distribution with v degrees of| freedom
that satisfiep:

P[T(V, D) < tl—a(V)]z B
From:

5= 24

O diff

the expresgian.:

. 52
Xd:gngg i+i+x_
b b\K 1.1 s,

for the minimum detectable value of the net state variable follows.
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For a prognosis, the estimates of b and o are inserted into the formula so that the minimum detectable value is
given by:

1
+——+

1
Ry=062 |=
d K 1.3

o @
ol

The critical value of the response variable y, is the sum of a and a multiple of &, and the critical value of the net

state variable is a multiple of 6'/6. If, according to the recommendations, the values of the net state variable of the
reference states are equidistantly spaced with the smallest value zero, « = 0,05 and either

— K =1 (one preparation for the measurement of the actual state) or;
— K =J (number of preparations for the measurement of the actual state equal to this for the-reference states);

the multiplier:

1 1 X%
M =|t V), —+——+—
095 T3 S

in the eqpressions for the critical values is a function of the number of,reference states, |, and thg number of
preparatipns of each reference state, J, only. For some cases M is given in*Table B.1.

Table B.1 — Determination of thesmultiplier factor, M

For K =1
2
| J 1.3 141 5 too5(V) M
[ Sy ’
3 1 3 1,35 6,31 8,52
3 2 6 1,19 2,13 2,54
5 1 5 1,26 2,35 2,97
5 2 10 1,14 1,86 2,12
5 4 20 1,07 1,73 1,86
ForK=J
<2
| J 13 i, x to.o5(V) M
[-J s ’
3 1 3 1,35 6,31 8,54
S Z ) 0,90 2,15 2,04
5 1 5 1,26 2,35 2,97
5 2 10 0,89 1,86 1,66
5 4 20 0,63 1,73 1,09
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B.2 Case 2 — Standard deviation linearly dependent on the net state variable

Under the assumptions of 5.1 and in the case of the standard deviation being linearly dependent on the net state
variable, the estimations of the regression coefficients, & and b, are normally distributed with expectations:

E@=a ; E(b)=b

and variances:

T V. (1 %20
Ve =[S T-"
T1T3 - Tz 1 Sow
) T 2
V(b) = =) o? =2
T3 -T; Sxoaw
where
o? is|defined so that Wi o2 is the variance of the residuals of the averages of‘the L repeated meas
for preparation i.
If the respInse variable is measured K.L times at the basic state (Z=z;, X=0), the difference bet
average Yy of the K-L values and the estimated intercept & follows a normal distribution with expectation:
E(Y-4)=E(Y)-E(&=a-a=0
and variange:
2 <2
_ op 1 Xy | 2
Viy-4)=V({y)+V(8)=—+| —+—— |07 =0
(7-4) = V(3)+V(8) = % [Tl SW] i

o%iff is unkipown, but can be estimated as follows:

Lirements

wveen the

bgression

2 A2 =2
N o] - o 1 ~X .
Fhit =2+ V() = =2 4| LW 52
K K T S
where
6'% is| taken_from equation (20) and &2 is the estimated residual variance of the weighted ré
analysisywhich shall be used instead.
In analogy case 1 the critical value of the response variable is:
2 <2
A (o} 1 Xy .2
Yo = a+1tgg5 (Vb gifr = A+1tg g5 (V) [-2+| —+—2 |6
K Tl Syoaw

and the criti

XC = tO,

cal value of the net state variable is:

A . t Vv ~2 1 =2
o it _ foosM) 100 (1 Xy |50
b b K Tl Syxw

Similar expressions describe these values when other quantiles of the t-distribution are appropriate.

18
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These formulae include the case of constant standard deviation for which all the weights are equal to one, w; =1

fori=1...,I sothat Ty=1-J, X, =X, Sygq = Sxx and 6%=62.

The minimum detectable value of the net state variable is:

a .
X4 = S diff
b

where, for x = xy,

Oiflxy = V(¥ - 4x = xq) = V(¥]x = xq) + V(8)

For a pragnosis, the estimates of b and aﬁiﬁ’ Xg b and:

A2 )

are inserted into the formula so that the minimum detectable value of the net state’variable is given by:

A2 _2
O | X
Xd:if 0°(xa) (1, Xy |2
b K Tl Syow

2

Since 6(x4) depends on the value of xy yet to be calculated the iterative procedure of 5.3.5 has to be ysed.
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