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Air quality — Determination of performance
characteristics of measurement methods

1 Scope

This Intdrnational Standard specifies procedures to
quantify the following performance characteristics of
air qualty measurement methods defined in
ISO 6879": bias (in part only), calibration function and
linearity, |instability, lower detection limit, period of
unattended operation, selectivity, sensitivity, upper
limit of measurement.

The procedures given are applicable only.to-air quality
measurement methods with linear? .continuous cali-
bration flunctions, the output variable*of which is a
defined ftime average. Additionally) replicate values
belonging to the same input state are assumed to be
normally| distributed. Componénts needed to trans-
form thd primary measurément method output into
the time| averages désiréd are regarded as integral
parts of this measurement method.

For mea$urement method stability surveillance under
routine measurement conditions, it may suffice to

check the-eSsential pnr’fnrmnnr\n characteristics ncing

is an average representative for the
interval. Therefore, the procedures

bredefined time
jiven are appli-

cable to/b6th. Furthermore, they afe applicable to

measurement methods for ambient

air, indoor air,

workplace air, and emissions.

2 Normative references

The following standards contain prpvisions which,
through reference in this text, conslitute provisions
of this International Standard. At th¢ time of publi-
cation, the editions indicated were valfd. All standards
are subject to revision, and parties|to agreements
based on this International Standard [are encouraged
to investigate the possibility of applying the most re-
cent editions of the standards inldicated below.
Members of IEC and ISO maintain fegisters of cur-
rently valid International Standards.

ISO 3534-1:1993, Statistics — Vocabulary and sym-
bols — Part 1: Probability and ggneral statistical

Herent

simplified tests, the degree of simplification accepta-
ble being dependent on the knowledge of the invari-
ance properties of the performance characteristics
previously gained by the procedures presented here.

There is no fundamental difference between the in-
strumental (automatic) and the manual (e.g. wet-
chemical) procedures as long as the measured value

taormmo
TCTTT197

ISO 5725:1986, Precision of test methods — Deter-
mination of repeatability and reproducibility for a
standard test method by inter-laboratory tests.

ISO 6879:—3, Air quality — Performance character-
istics and related concepts for air quality measure-
ment methods.

1) The definition of method in ISO 6879:1983, 4.2.1.9 implies a specific instrumental setup.

2) This linearity may be enforced by a certain amount of postprocessing of the primary output variable.

3) To be published. (Revision of 1ISO 6879:1983)
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3 Definitions

For the purposes of this International Standard the
following definitions apply:

NOTE 1 The term measuring system used in the context
of this International Standard does not constitute a new
definition, as compared to the basic terms given in
ISO 6879; it merely indicates a tangible realization of a
measuring procedure.

© |SO

3.2 continuously measuring system: System re-
turning a continuous output signal upon continuous
interaction with the air quality characteristic.

3.3 non-continuously measuring system: System
returning a series of discrete output signals.

NOTE 4  The discretization of the output variable can be
due to sampling in discrete portions or to inner function
characteristics of the system components.

3.4 influence variable: Variable affecting the inter-

3.1 averaging| time, A®: Predefined time interval
for which the fir quality characteristic is made re-
presentative.

NOTE 2  Every measured value obtained is representative
of a defined interval of time, 1, the value of which always
lies above a certa|ln minimum due to the intrinsic properties
of the measuring|procedure applied. In order to attain mu-
tual comparability|of data pertaining to comparable objects,
a normalization tola common, predefined interval of time is
necessary. By convention, this normalization is achieved by
transformation by|means of a simple, linear and unweighted
averaging procesy.

Averaging of a deries of discrete samples:

K
{ee) = 4 ;6[90 + (k- 1yl M
where
@y =6 — AP

Kt = A0, 11K A®

Averaging of a dontinuous time seriés;

®
OAO) = 736 j _ 4o @) @)

In both cases, the original sample described by ¢(x) is
linked to a reprgsentative interval of time 1, whereas
&(A®), the resu icati i
process, is made representative for the interval of
time A® (just preceding ®), the averaging time.

The averaging time, A®, is therefore the predefined
and, by convention, common time interval for which
the measured variable ¢ is made representative in the
sense that the square deviation of the original values,
attributed to time intervals 1 < A®, from ¢ over A@
is a minimum.

NOTE 3 The averaging process can alternatively be car-
ried out by means of a special sampling technique (averag-
ing by sampling).

relationship between the (true) values of the gir quality
characteristic observed and the correspording meas-
ured values, e.g. variable affecting the-slope or the
intercept of or the scatter arouhd ‘the chlibration
function.

3.5 reference conditions:_Specified set gf values
(including tolerances) of influence variables delivering
representative values of ‘performance characferistics.

3.6 period ofunattended operation: Maximum
admissible interval of time for which the perfprmance
characteristics will remain within a predefingd range
without _external servicing, e.g. refill, calibrdtion, ad-
justment.

3:7’ randomization: Drawing of numbers| from a
population consisting of the natural number$ 1 to n,
at random one by one successively without| replace-
ment until the population is exhausted, thelse num-
bers having been associated in advance with g distinct
objects or n distinct operations which are [then re-
arranged in the order in which the numbers are
drawn.

The order of the objects or operations is thep said to
be randomized. (See ISO 3534-1.)

3.8 random variable: Variable which may ftake any
of the values within a specified set of values and with
which is associated a probability distribution.
[ISO 3534-1]

; : put vari-
able as a function of the air quality characteristic ob-
served.

3.10 warm-up time: Minimum waiting time for an
instrument, after switching on, to meet predefined
values of its performance characteristics stabilized in
a non-operating condition.

NOTES
5 In practice, warm-up time can be determined by using

the performance characteristic that is expected to need the
longest time to stabilize.
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6 In the case of manual procedures, the corresponding
term is run-up time.

4 Symbols

ag, Ay, Gy

by, by

L)

Ac;

o
€

DEP(O)y,

DEP(Bo)n|,

DEP(by)n}

DEP()y,

D(bo)

Coefficients of the variance function
model

Parameters of the estimate function for

Aiy;

LDL

ISO 9169:1994(E)

Difference of values of 1V,

Total number of measurements of in-
stability test

Lower detection limit

Total number of samples generated by
reference material within one cali-
bration experiment

Number of values of the output variable

thecatibratiorfamction
Air quality characteristic
Value of C

Measured value at ¢

Value of C in the ith sample; this sam-
ple may be generated from reference
material

Normalization factor for air quality
characteristics; in this case |co| = 1

Inaccuracy of C at ¢;

Weighted mean, with set of weights
@y

First-order dependence of the meas-
ured value on the ith influence variable
atc

First-order dependence.of the intercept
on the ith influence.variable

First-order dependence of the slope on
the ith influence variable

First-order./dependence of the output
signat-on the ith influence variable

Drift (see 1ISO 6879) of the intercept of
the linear calibration function

DB Py

RES,

R r

>

So

sbo' Sb1

A
sL‘X

A
SXC

+
atl Ll

Estimate of the slope o
function of the“outpy
time at ¢ = ¢0= ¢, res

Resolutiovat C = ¢

Reproducibility and r
spectively

f the regression
t variable with
pectively

bpeatability, re-

Estimate of the smdothed standard

deviation of X at ¢

Smoothed estimate of
X (repeated measurem

Normalization factor f

the variance of
ents) at ¢

br the standard

deviation; in this International Standard
the value of s, is assumed to be 1

Estimate of the stand
instability (see I1ISO 68

ard deviation of
79) of the inter-

cept, and of the sloge of the linear
calibration function, regpectively

Estimate of the stand
instability at ¢

Estimate of the stand

ard deviation of

ard deviation of

the experimentally determined cali-
bration function (in ynits of the air

quality characteristic)

Estimate of the stand

ard deviation of
etermined cali-

D(by)

D(c)
F

F

X

Iy,

1V;

1]

iv;

Brift—of—the—stope—of—the—tinear—atr
bration function

Drift of the measured value, ¢, at ¢
Statistic (cf. F-test)
x-quantile of the F-distribution

Selectivity with respect to the ith influ-
ence variable

ith influence variable

Value of 1V,

La>

the experimentally

bration function (in uni
variable)

Estimate of the stand

ts of the output

ard deviation of

repeated x; at ¢;; j repetition index

Smoothed estimate of the standard

deviation of repeated
etition index

xij at Ci; j rep’

Estimate of the repeatability standard

deviation
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by g-quantile of the rdistribution with v
degrees of freedom

TC Test characteristic of Grubbs' outlier
test

X Output variable

X Value of X

x Estimate of x

X Mean of the set of output signals at ¢;

X; oxtr Qutput signal at ¢; with the highest ab-
solute distance from X;

X jth output signal at ¢;

Xisir Xysi Output signal after i time intervals at
tHe lower and upper value of the air
gliality characteristic of the reference
naterial

X, Weighted mean of the whole set of
olitput signals within the calibration
experiment

Bo. B4 Intercept and slope of the linear cali-
bfation function, respectively

® Time

v Number of degrees of freedomy\in the
calibration experiment

Vi, Vo Number of degrees of freedom for the
nlimerator of the “F=distribution, re-
spectively

o = w(c) Cpntinuous weighting factor gained by
nfodelling.s;

w; Weightihg factor at ¢;

© |SO

or performing a series of calibration experiments in
order to determine performance characteristics.

NOTE 7  Under certain conditions it may be suitable to
test only one step or a selected group of steps of the
measurement method. Under other conditions it may not
be possible to include all steps of the measurement
method. It is recommended to include as many steps as
possible.

5.2 Specification of performance

The performance characteristics of the /méagurement
method shall be specified in order offtheir relevance
for the final assessment of accuracy)) The depcriptors
of the calibration function, i.e. intercept, B, and slope,
B4, as well as their qualifying_performance character-
istics are vital. Those perfoermance character|stics for
which prior knowledge, is~available, and thpse per-
taining influence variables covered by randomization,
are of lesser impaorance and need not be determined.

5.3 Test conditions

Perform.the tests under explicitly stated cgnditions
which™must be representative of the operational
measurements. When testing for statistical perform-
ance characteristics, all specified influence yariables
shall remain constant. When testing for perfpbrmance
characteristics describing functional dependencies, all
influence variables shall remain constant exgept the
one under consideration.

By convention, the statistical performance character-
istics used in this International Standard are eptimated
throughout at the confidence level 1 — o = 0,05.

6 Test procedures

6.1 Averaging time (see 3.1)

The range of allowable averaging times is constrained

5 Requirements

5.1 Description of the procedure

All steps of the measurement method such as
sampling, analysis, postprocessing and calibration
shall be described. Figure 1 illustrates schematically
the steps to be followed in making a measurement

by the requirement that the differences among sub-
sequent output signals be mutually statistically inde-
pendent. The corresponding minimum of the
averaging time is determined by a specific perform-
ance (time) characteristic:

a) for continuously measuring systems: the re-
sponse time;

b) for non-continuously measuring systems: the
sample time (filling time, accumulation time etc.).
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/ Air to \ / Reference \

be tested i'" material __]
i |
[} [}
[} ]
I |
]
Sample i
. i
) ]
| |
[} [}
I |
) ]
| ]
! !
i
Preparation i
]
|
| |
i |
) )
! i
Detection !
unit '
¥
Outputi 1
signal ' ________ Calibration
function
|
Analytical \ _,:
function [~ T TCSSTTTTTTTTT
‘ Measured-vatue }
— Measurement
----- Calibration
Figure 1 — Scheme of the:measurement and evaluation of performance characterjstics
6.1.1 Cgntinuously measuring systems 6.1.2 Non-continuously measuring [systems
The minimum averaging time is detgrmined by the
maximum of the sampling time, filling time or ac-
cumulation time, depending on the| measurement
In order t¢ establish\fesponse time, lag time, rise time method.
and fall tilne, a\step function of the air quality charac-
teristic is |nput'to the continuously measuring system. 6.2 Functional and statistical performance
This may " oTa characteristics
the air quality characteristic from e.g. 20 % to 80 %
of the upper limit of measurement (see figure 2). The performance characteristics to be determined are
These performance characteristics should be con-
firmed by an appropriate number of repetitions. If rise a) those related to the calibration function and its
time and fall time differ, the longer one is to be taken stability under reference conditions;
for the computation of the response time. By con-
vention, the minimum averaging time equals four b) those related to the dependence of the calibration
times the response time. function on influence variables.

4) The functional and statistical performance characteristics may be calculated on a computer using the TurboPascal program
adjunct to ASTM Standard D 5280, available from ASTM, 1916 Race St., Philadelphia PA 19103-1187, USA.
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I Bxs3F 41
s |5 ct
§ : 0,9|X1—X3|— ‘0,1 le— X3|
g |2
3 3
>
= X = X(6)
E N
b c=cl
E Va

—t (

z [ T \
I . %2 - x3l
X2 : ’
011x1- X3|2l - l
X1F 4
e2f l o
c1f -
1 { |
d Time, 8
Lag time tag time
Rise time Fall time
Response time Response time

Figure 2 —| Diagram illustrating the performance (time) characteristics of a continuously measuring

A linear calibratlon function is determined byyits slope
(sensitivity) and its intercept. Instability_and the ef-
fects of influenge variables are describéd by their im-
pacts on the slgpe (sensitivity) and.iftercept.

All ouput signdls evaluated throughout these tests
shall be obtained after the-measuring system has
reached stabilized conditions.

6.2.1 Calibratjon

system

NOTE 8 Repetitions performed under repioducibility
conditions (see ISO 5725) require a random sample of the
population of the influence variables to be |examined
(randomization).

6.2.1.1 Elimination of outliers

Usually, experience helps to identify potential outliers.
A less arbitrary way of detection of such |potential
outliers is given by combination of this experience
with, e.q., Grubbs' test [1]. However, it should be

A calibration experiment for the evaluation of per-
formance characteristics consists of at least ten re-
peated measurements at a minimum of five different
values of the air quality characteristic.

If drift occurs, the duration of the calibration exper-
iment shall be kept as short as possible. This may be
accomplished by consecutive instrument readings at
a certain value of the air quality characteristic and after
a change in that value and stabilization, again con-
secutive instrument readings at that value, etc. (see
figure 3). This is only valid in the absence of hysteresis
or if hysteresis is negligible.

clear that such a test identifies potential outliers. The
underlying reasons may be statistical or due to sys-
tem operation interferences. The latter presents suf-
ficient grounds for elimination of the respective output
signal (confirmation as an outlier).

Estimate the standard deviation s; at ¢; by:

2
s= |25 - (ng N|Iv-1 @)
J

J
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Output signal

Output variable, X

(time average)

Unsmoothed
oufput signal

X 3,1

Air qgality characteristic, C

Averaging time

Time, 6
A0,

x; Jjih time average over the interval of tigie A® at the ith value of the air quality characteristic, generafed by reference

haterial

AB;
thus, not be evaluated

At ¢; taKe the ouput ‘signal x; ., with the highest ab-
solute distance from‘the mean output signal x;. Derive
the test characteristic

TC + ] gxer — Xills; S

Figure 3 — Example of a calibration experiment

ntervals of time during which ufRsmoothed output signals shall not be submitted to the averaging procedure and,

may be repeated; however, if more than 5 % of the
number of output signals is rejected this way, this
calibration experiment is not valid.

If operational reasons are not found fpr TC exceeding

IN; G

and compare it with the tabulated value of Grubbs'
two-sided outlier test (see annex A) to be taken as
the critical value.

If TC exceeds the critical value, check if it is due to
operational reasons, and if so, reject it. This procedure

the—criticat—velue,—the putcllt;fﬂ otther may not be
eliminated. In this case, verification of a basic test
assumption or prerequisite is recommended.

6.2.1.2 Computation of the variance function

A central tool for the estimation of relevant perform-
ance characteristics is the variance function. There-
fore, some guidelines for its computation, and the
computation of related parameters are given.
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Compute for each of the values ¢; (i =1 to M) of the
air quality characteristic the variance s,.2 of the output
signals x; (j = 1 to Ny):

2 2
S = Xij — x,-j

J J

2
IN;| [(N; = 1) .- (6)

Additionally, the dependence of s,»2 on ¢ is modelled
[2] using
2

—\

A2 — /[

Element Q~ - is obtained by substituting { w
n with z or y:

| siz. G
Yi=09—5 A=\ e

So

© 1SO

ith z and

...(10)

An example of a variance function obtained this way

is given in figure 4.

Consequently, the smoothed variance function §% s

obtained as:

C C
Iog%zao+a1\/c—o +a2(\/-60—) (7)
So
so the coefficients of this non-weighted second-order
polynomial in \/CLO can be computed as:

@2, |@e 0 — Qe e, )
2
[Q@' 29~ (Q(z, zz)) ]

Q: 2:2 7 —sz QZ 22]
012[(4) 2~ Ly Y, ) ...

[Q(z. 99— (@, ) 2]

(Zy,- - a, Zz,. — a Zz,?)

ag = M

)

with

.. (9

O, m=

> - (Z c?”) (Z n?)

log (Variance)

WY 2 c ¢
s =5 (c) =355 eX ap+ a —— + asb 5
() =150 p(o RV 272,

The weighting factor, w,, at ¢; (i £\ Dto M), to
later in the computation of the calibration
[1,2,3], is proportional to_the inverse of th
variance,

6.2.1.3-'Computation of the calibration fu
A linear calibration function [5]
X = BO + B-l C

may be estimated by

X=by+b c

)—--(11)

be used
function
e above

...(12)
hction

...(13)

. (14)

Air quality characteristic,

Figure 4 — Fit of the logarithm of the variance function
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where 6.2.1.4 Computation of the analytical function
ZZ o, x;: (¢; — T,) Compute the analytical function by inverting the cali-
5 e e bration function:
b] =
—\2 N — b,
ZNiwi(Ci_Cm) c=x 0 ... (20)
i b,
bozfm—b‘lgm (15)
and 6.2.1.5 Linearity
The—hypothesis—of-rearty—of-the—eajibration function
_ yP Y
€0 7 Z N; w; ¢; | Z Ny o (see figure 5) is examined using the*#-test [6]:
i k
N; ; (% — )?-)2] v,
AT 0l T M, o, [Zmeesd o
i j k o
=2
. . . i —x) | v
In additipn to the various standard deviations defined [ZZ,: 57 } 2
as descrjptors for the mutual scattering of true values,
measurdd values and output signals, there arises a where
special [scatter to be attributed to the estimation
process|as a whole. v &M -2
This scattter may be described by the following stan- 3 N1
dard deyiation [2]: vy = Z (N; = T)
M N e If F does not exceed the tabulated yalue F, , . _, of
Z o (X — X) the F-distribution for the one-sided tgst for the signif-
o 4 izt k=1 L (17) icance level « = 0,05 (see annex B)| to be taken as
“ M critical value, non-linearity is negligible, and the sub-
Z N;| -2 sequent performance characteristicy can be deter-
N\ i=1 mined.
Sometimes the output signal is~obtained after cor- If F does exceed the critical value, the hypothesis of

rection f
genuine
tion mu
coefficig

b1 ;tr

or the blank. When the,blanks correspond to
zero samples, the coirected calibration func-
5t pass through dhe origin. In this case the
nt, b,, reduces‘to:

E E ; x,j ¢
L]

...(18)

linearity must be rejected. The qu
non-linearity is substantial as compa

estion whether
red to other un-

certainties may be tested by determining whether the

following inequality criterion holds:
M A
Max u} <1
2 s;

i=1

... (22)

If the inequality criterion is met (s

pe figure b), the

P 2
§ Ny, wy ¢
k

The standard deviation, s;, is invariant to the trans-
formation, but the number of degrees of freedom
changes to:

M
S
i=1

=1 ...(19)

Virt =

subsequent performance characteristics can be cal-
culated. If the inequality criterion is not met, the de-
termination of performance characteristics must be
terminated. For the latter situation, the following pro-
cedure is recommended:

a) Examine the quality of reference material samples
as a potential cause for non-linearity.
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Output variable, X

© SO

Figure p — Graph of a non-linear calibration function = Hypothesis of linearity rejected

b) If, based on|the result of this examination, the
problem canmnot be solved, examine whether the
subrange in which the inequality criterion is ful-
filed containg the region of interest, or test for-a
monotonic transformation with a monotonic.first
derivative to feduce the deviation from linearity.

c) If the possibility of reducing the dewiation from
linearity is a¢cepted, then a definition of a new
measurement method requiring.-@ new run for
performance |characteristics jis\required.

6.2.1.6 Uncertdinty due to/estimating the
calibration function

The coefficients pf-the calibration function, by and b,,
are estimates fromZa limited number of measure-

Air quality characteristic, C

[37 by the estimate s, for the respective s
deviation (cf. 6.2.1.3)

A
_ St

Sa o=
cx
by

— 1
ZNiwi

12
—\2
(C - Ccu)

+
_ 2
ZNiwi(Ci"Cm)

For a simplified two-point field calibration, as
the performance characteristics evaluated

tandard

... (23)

suming
remain

ments. They will thus deviated from the true values
which would be obtained with a complete set.
Therefore any estimated value of measurement ¢,
obtained via the calibration function, will deviate from
the true value. This deviation will change at random
whenever the measuring system is calibrated.

The uncertainty of a measured value, ¢, under the
calibration experiment performed, may be described

10

tolal +l £a11 H H i £ |
SLAuTC, 1T TUNTUWITY  dPPuTUATTTTAatuUTT TOUTTTTaTa

used:

ay be

... (24)
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with the reference materials at
C = 0 (zero sample),

C = ¢, (span sample).

6.2.1.7 Precision

6.2.1.7.1 Repeatability

Repeatability, r, is calculated using the variance func-

ISO

r b1

For reference conditions of operation,
tection limit (LDL) becomes:

LDL = t,5.054/ 5” + 5% (s, and s, at

9169:1994(E)

...(28)

the lower de-

C=0)...(29

tion referfing to the corresponding conditions (see
ISO 5725)

Calculate the smoothed variance, §z(c), (see 6.2.1.2)
and hencg estimate the repeatability standard devi-
ation by:

Y 5©
5, = b ...(25)

Compute

r=1,0975 S\ 2

where t,4dq75 is the tabulated value ¢,,_,, of the
t-distributipn for the two-sided test for the significance
level « =,05 (see annex C) and for v degrees*of
freedom (y = Min {N; — 1}).

]

he repeatability, r, from:

...(26)

NOTE 9 [The presence of the factor /2 is dde to the
fact that r pnd R, by definition, refer to the\difference be-
tween two|single measurements.

6.2.1.7.2 |Reproducibility

The perfofmance test forreproducibility is described
in ISO 5725.

6.2.1.8 MNeasurement resolution

Measurenpend resolution at C = c may be estimated

6.2.1.10 Upper limit of measuremelllt

The upper limit of measurement is ap
the value of the air quality. €éharacterist
ing to the maximum medsured value co
calibration process.

NOTE 10  For meéthods featuring signal
operational upper limit of measurement wi
fluctuations <ofy'the value of the air quali
within the‘averaging period.

6222 Instability

Performance characteristics are ass
change with time. However, in practi
particular, a change in the coefficients 4
calibration function may considerably
accuracy of the measured value. The
coefficients over a stated period of ti
may have a systematic part (drift) and
(dispersion). It is assumed that the val
constant. The value of the dispersion
ation is equal to or greater than th
standard deviation.

Drift and dispersion are derived from
gression of the output variable with tir
time interval between successive outpU
time interval of interest (figure 6). Drift
slope of the regression function and

proximated by
ic correspond-
nfirmed by the

averaging, the
| be reduced by
ty characteristic

umed not to
e they do. In
n and b, of the
influence the
change in the
me (instability)
a random part
e of drift is a
standard devi-
e repeatability

the linear re-
ne, where the
t signals is the
is equal to the

dispersion is

measured h\,/ the standard deviation of

the residuals.

by:

f005 S/ 2
RESCZ v;0,95

7, ... @27

6.2.1.9 Lower limit of detection

Calculate the variance, §%0), at C = 0 from the vari-
ance function (6.2.1.2). The repeatability standard de-
viation is then, according to 6.2.1.7:

6.2.2.1 Test procedure

Select the interval of time, A®, over which the insta-
bility is to be tested, i.e. the interval of time between
intended calibrations.

Use reference materials of C = ¢ and C = ¢, (¢ in the
lower and ¢, in the upper part of the range of
measurement; ¢ <K ¢,).

1
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Figure 6 — Example of instability test results
At @ =0, sample at C = ¢. Record the corresponding 6.2.2.3 Calculation of drift
output signal xfo.
The drift is expressed as the change in b, andl b, of the
Sample at C F ¢, Record the corresponding output calibration curve with time:
signal x,.q Ab .
Py — ¢y p
o Dlb) =4 =g =¢ .(32)
Repeat this prgcess at equal time intervals,"A®. The Y
total number of measurements, L, shodld be at least Ab,  p,—p
eight. D) =35 =7, —¢ -(33)
It follows then, that for any value C = ¢ in the range
considered, the estimated drift becomes:
6.2.2.2 Calcujation of limits ~ Ac 1
D) = -5 =~ [Dlbg) + ¢ D(by)] .(34)
1

For C=¢, con

standard deviatlion, 8)-

b=

hpute\the drift, p, and the dispersion

Z ©; ;i — (Z @i) (Z x|;,~) /L

i i

2

Z o7 — (Z @,.) /L

I — ZZ -p(®; - @)]

.(30)

..(3MN)

For C = ¢, compute the corresponding values of p,

and s,.

12

o nn a o - . .

The standard deviations of b, and b, are developed

assuming (¢ /c) > (sy/s) = 1:

. (35)

. (36)
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Finally, the contribution of dispersion to instability is
expected to be:

2, 22
Sp, + € 8,

1
Sinst = —— ... (37)
inst b1
If the dispersion does not exceed the respective re-

peatability standard deviation, long-term fluctuations
are negligible in the interval of time, A®, evaluated.

6.2.3 Dependence of the measured value on
influence variables

ISO 9169:1994(E)

obtained under field conditions?®. It is assumed that
the impact of the influence variable on the measured
value can be adequately determined by tests at the
extremes (see figure 7).

Divide the influence variables into classes of known
and unknown effects on the measured value. Exam-
ples of the former are temperature and pressure as
long as a classical gas state equation holds. Usually,
however, the relationship is more complicated and
unknown, e.g. the effects of temperature via elec-

ronics, those due 10 fine vorage,. and interferent
This test |is designed to estimate the performance concentrations.
x . . R
o Calibration function-under
e @ Xnon-referenceconditions
x g
- [
N0, E N
2 =
S 2
> — o }
“— D o
a x G
= mn
3 > &
s Calibration function under
2 reference conditions
()
E
—
Time, 8 Air quality characteristic, €
Ho O—O
g "/ N4
Fal
g
[
o] 1 0
c [0}
0 I T S 1~ @
= ' ' lm
= S
L 1=
L-' L-' From
Time, 6 X =x()
:{ @ 1V = 1V(@) follows X=f£[C(@), IV(O)]
E C=()
[N
[J]
S
(4
(W] —
2 2l
% " '
S ol |
£ |
Time, ©

Figure 7 — Impact of an influence variable on a linear calibration function — Example of a two-point
calibration

5) Accuracy itself will be dealt with in a separate standard.

13
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6.2.3.1 Known dependence

Express the measured value, ¢, as a function of the

air quality chara
v;

1

c=g(C, IV,, ...

cteristic and the ith influence variable,

. 1V)

The dependence, DEP, on IV, at C = c is approximated
by the corresponding partial derivative:

DEP(C)y, =

%8 (38)

© ISO

6.3 Operational performance characteristics

6.3.1 Warm-up time (run-up time)

Investigate the performance characteristic which is
most likely to be the limiting factor in time.

Examples are

— lower detection limit;

TAV) o

6.2.3.2 Unknown dependence

Use reference
lower and ¢, ir
range; q < ¢,).

In order to detd
on the influend
ational extrems
reference cond
ables as follow

Record for eac
output signal,
value 1V; to the

Compute the
variable, IV,, at

The dependend
is shown by:

DEP(bo)y,

At any value C
mated depende

material of C = ¢ and C =¢, (q in the
the upper part of the measurement

rmine experimentally the dependence
e variable, perform tests at the oper-
s of the influence variable, and under
tions for the remaining influence vari-

o

pD.

h of the values of C the difference in
Ax, on going from one extreme test
other.

dependence, DEP, on the influence
C = Ck, k = I, u

_ALI
Aiv; C=c

.. (39)
e of by and b, on the influefice variable

Iy DEP(x),V'_ICI -q DEP(x),V'JCu
GG

... (40)

DEP()y ). ~DEPX)y ],

Gy~ q

R CAD)

= ¢¢inthe range considered, the esti-
nce of the measured value on the in-

— repeatability.

Investigate the most unfavourable™operation con-
ditions to be expected. Test at thpse)conditians. If the
measuring system was operating, return fo a non-
operating condition. Wait until“the measuring system
becomes stable. Initiate sthe/measuring system. De-
termine the time elapsed.to reach the given range of
the chosen performarnice characteristic.

6.3.2 Period of unattended operation

Using_the limiting value of the performancg charac-
teristics taken into account (see 6.3.1), investigate the
critical performance characteristic limiting the period
of-Unattended operation.

Investigate the most unfavourable operating con-
ditions to be expected.

Perform the necessary maintenance operatipns.

Initiate the measuring system according to fthe oper-
ating instructions at the most unfavourable pperating
conditions with the measuring system warmed up or
run up. Record the time elapsed until stabilization.

Run the measuring system without intervention.

Check the value of the limiting performance charac-
teristic regularly until it is no longer within it$ limits.

Record the time elapsed since the last positlve check

fluence variabl€e

D E P(g)lvi =

In accordance
mation for the
shown by:

Ai
IIV,» = b1

14

1V becomes:

b% [DEP(bo)y, + ¢ DEP()y] . .. (42)

with 1SO 6879, a first-order approxi-
selectivity, I, with respect to IV, is

V.

?' ... (43)

and designate it as the period of unattended oper-
ation.

Repeat the test several times or test with various
measuring systems. The minimum period in the set
elapsed until the first negative check is taken as the
general period of unattended operation.

Report the period together with the admissible ranges
of the performance characteristics.
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Annex A
(normative)

Grubbs' two-sided outlier test

ISO 9169:1994(E)

Tabulated values of Grubbs' two-sided outlier test for the significance level a = 0,05 are given in table A.1.

Table A.1
Tabulated value
Number of replicates o
(critical value)
3 1,155
4 1,481
5 1,715
6 1,887
7 2,020
8 2,126
9 2,215
10 2,290
11 2,355
12 2,412
13 2,462
14 2,507
15 2,549
16 2,585
17 2,620
18 2,651
19 2,681
20 2,709
25 2,822
30 2,908
40 3,036
50 3,128

15
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Annex B
(normative)

F-distribution

Tabulated values F, ., _ , of the F-distribution for the one-sided test for the significance level a = 0,05 are given
in table B.1.

Table B.1
Number of degrees of freedom of variance in the numerator
Denominator v
V2
1 2 3 4 5 6 7 8 9 10 1 12
40 4,08 3,23 2,84 2,61 2,45 2,34 2,25 2,18 2,12 2,08 2,04 2,00
50 4,03 3,18 2,79 2,56 2,40 2,29 2,20 2,13 2,07 2,03 1,99 1,95
60 4,00 3,15 2,76 2,53 2,37 2,25 2,17 2,10 2,04 1,99 1,95 1,92
100 3,94 3,09 2,70 2,46 2,31 2,19 2,10 2,03 1,97 1,93 1,89 1,85
120 3,92 3,07 2,68 2,45 2,29 2,18 2,09 2,02 1,96 1,91 1,87 1,83
oo 3,84 3,00 2,60 2,37 2,21 2,10 2,01 1,94 1,88 1,83 1,79 1,75

Values F, , g5 for v; > 30 can also be obtained from:
A
Fv1,v7;0,95 =10

where
1,4287 0,681 (v; —vy)
- z Vv

\/2 vﬂz / (V1 + VZ) - 0,95

A

16
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r-distribution

Tabulated values of the tdistribution for the significance level a = 0,05 are given in table C.1.

Annex C
(normative)

ISO 9169:1994(E)

Table C.1
Number of degrees of One-sided case Two-sided case
freedom
v L1« = k095 Lt —a2 = b;0,975
1 6,314 12,706
2 2,920 4,303
3 2,353 3,182
4 2,132 2,776
5 2,015 2,751
6 1,943 2,447
7 1,895 2,365
8 1,860 2,306
9 1,833 2,262
10 1,812 2,228
11 1,796 2,201
12 1,782 2,179
13 1,771 2,160
14 1,761 2,145
15 1,753 2,131
16 1,746 2,120
17 1,740 2,110
18 1,734 2,101
19 1,729 2,093
20 1,725 2,086
30 1,697 2,042
40 1,684 2,021
60 1,671 2,000
) 1,645 1,960
Values t,olgsfors—>-3-can-also-be-obtained-from:

. _ 1,649 v +3,5283 + 0,85602 | »
v0.95 = 71,2209 — 1,5162 | v

Values ¢, g75 for v > 3 are obtained from:

; _ 11,9600 v + 0,60033 + 0,95910 | v
V0978 = v —0,90259 + 0,11588 [ v

17
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