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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.
International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Star

dards

adopted by the technical committees are circulated to the member bodies for voting.)yPublication gs an

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 9169 was prepared by Technical Committee ISO/TC 146, Air quality, Subcommittee SC 4, G
aspects.

This second ¢dition cancels and replaces the first edition (ISO 9169:1994), of which it constitutes a ted
revision, and |SO 6879:1995.

patent

eneral

hnical
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Introduction

In this International Standard, automatic air quality measuring systems are considered as black boxes
operated according to specified procedures as described in the terms of reference given by the client to the
laboratory performing the tests aiming at determining performance characteristics selected by the client for
each automatic measuring system.

This International Standard specifies definitions and methods to determine performance characteristics of
automrjatic air quality measuring systems. This is done for most performance characteristics’(under steady
laborgtory conditions so as to have available data on clearly defined characteristics;based| on specified
conditions that can be adjusted and maintained in laboratory. This is also done under field"conditions for a few
performance characteristics for which field testing provide relevant additional information.

© I1SO 2006 — All rights reserved \4
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Air quality — Definition and determination of performance
characteristics of an automatic measuring system
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cope
International Standard provides definitions and specifies methods to determine
cteristics of an identified automatic air quality measuring system. Tests are carried out
tory conditions or field conditions. The automatic measuring system is conSidered as
ed according to specified procedures.

nternational Standard applies to measuring systems for which the following information is a

description of the automatic measuring system providing the result"of measurement in the
the measurand;

berating procedures of the automatic measuring system including, where appropriate, the
utine adjustment, routine verification and calibration;

hternational Standard applies to measuring ‘systems for which it is possible to apply sev
als with accepted values with known unceftainty for the measurand, within the range of ap

nternational Standard does not speeify-the number of automatic measuring systems to be t
1 The number of automatic measuring systems is specified by the client in the terms of reference

2  The list of performancé characteristics in this document is limited. Additional performance chg
cified by the client in theterms of reference, if appropriate.

erms and definitions

e purpose, of this document, the following terms and definitions apply. Definitions taken fr
plly kept identical. Some definitions have been adapted from VIM to take into accoun

rms of reference for the test program specifying the client requirements and test conditions.

performance
under stable
a black box

vailable:

e physical unit

procedures of

bral reference
plication.

bsted.

racteristics can

om VIMI' are
t the specific

wordirrgs of the present International Standard.

21

211
measuring system
complete set of measuring instruments and other equipment with operating procedures to carry out specified
air quality measurements

NOTE 1

NOTE 2

General terms

Adapted from VIM: 1993, 4.5.

In general, a measuring system encompasses the different steps of the measurement process,

the sample, the analytical quantification, etc.

© I1SO 2006 — All rights reserved
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2.1.2

automatic measuring system

AMS

measuring system interacting with the air under investigation, returning an output signal proportional to the
physical unit of the measurand in unattended operation

NOTE

213

The air under investigation includes, e.g. ambient air and emissions.

continuous automatic measuring system
automatic measuring system providing a continuous signal upon continuous interaction with the air mass

under investig

ation

21.4
discontinuoy
automatic me

NOTE Ea
21.5
adjustment
(automatic
performance
NOTE 1
NOTE2 Adj
2.1.6

primary resu

result of megsurement produced by an automatic meastring system measuring the measurand ov

shortest peri

system to calgulate the result of measurement over-the specified averaging period for routine field oper

of the autom

NOTE Fo
time periods of
measurements
a cycle of a few

21.7

time interval
shortest perig
system to cal
the automatic

2.1.8

Adgpted from VIM:1993, 4.30.

s automatic measuring system
psuring system providing a series of discrete signals

Ch discrete signal corresponds to the averaging time for field operation specified in the'terms of referg

suitable for its use

ustment may be automatic, semi-automatic or manual.

t of measurement
of time for which valid measurements ¢an be obtained and used by the automatic mea

ic measurement system

1 s to 100 s, while the typical averaging time is 1 h in ambient air measurements and 30 min in er]
For discontinuous automatic measuring systems, one primary measurement result is typically obtai
minutes.

for the primary measurement result

d of time for_Which valid measurements can be obtained and used by the automatic mea
Culate the"measurement result over the specified averaging period during routine functior
measurement system

nce.

easuring system) operation of bringing an automatic measuring system into a state of

er the
suring
ations

continuous automatic measurement systems, primary results of measurement are typically obtained for

hission
hed for

suring
ing of

averaging tin

e

minimum time interval equal to a stated multiple of the response time

NOTE

21.9

See 6.3.1.

averaging time for field operation
time interval used by the automatic measuring system to produce routine results of measurement under
normal (or envisaged) field operations

NOTE 1

ambient air measurements.

NOTE 2

averaging time for laboratory test (2.1.10) is defined and specified.

Examples of averaging time for field operations are half an hour for emission measurements and one hour for

The averaging time for field operation may be too long to be used during laboratory tests. Therefore, an
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2.1.10

avera

ging time for laboratory test

time interval used for laboratory test and specified in such a way that

169:2006(E)

— the duration of the test is limited to minimize the possible drift effect during the test as well as the cost of
the test;

— all conditions and influences may be considered as equal under steady laboratory conditions (e.g.
insignificant drift effects);

— the number of primary results of measurement collected over the averaging time is equal to the number of

rimarvresults of measurement collected over the intended averaaina time for routing field
Y I ALRES

p

NOTE

2.1.11
meas

particlilar quantity subject to measurement

[VIM:1

NOTE

See 6.4.1.

lrand

993, 2.6]

In the field of air quality, the measurand is, e.g. the mass concentration of particulate matter or

2.1.12

interf
subst

2.1.13

interfErent

ring substance
nce present in the air mass under investigation, otherthan the measurand, that affects the

influ

quantity that is not the measurand but that, affects the result of measurement (VIM:1993, 2
interfgrent influence quantity (i.e. the concentration of a substance in the air under investigation
measyirand), or an external influence quantity (i.e. a quantity that is not the measurand nor the

ofas

EXAM

—

g

|
Q

— P

ce quantity

bstance in the air mass under investigation)

PLE Examples include;

esence of interfering gases in the flue gas matrix (interferent influence quantity);
mperature of the surrounding air (external influence quantity);

mospheric pressure (external influence quantity); and

essure.of the gas sample (external influence quantity).

perations.

50, in air.

response

.7), either an
that is not the
concentration

2.1.14

reference material

RM

material or substance for which one or more properties are sufficiently homogeneous and well established to
be used for the calibration and/or the validation of a measuring system

NOTE

NOTE

1 Adapted from VIM:1993, 6.13 and ISO 11095:1996, 3.1.

2 Areference material can be a pure or mixed gas, liquid or solid.
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2.1.15
certified refe

rence material

reference material, accompanied by a certificate, one or more of whose property values are certified by a
procedure which establishes traceability to an accurate realization of the unit in which the property values are
expressed, and for which each certified value is accompanied by an uncertainty at a stated level of confidence

[VIM:1993, 6.

2.1.16
basic state

14]

specific state of an automatic measuring system for use as a base for the evaluation of actual states of the

automatic me

NOTE1 Ad

NOTE 2  The
reference gas”

2.1.17
span level
level of conce

NOTE Us
2.1.18
calibration

asuring system

pted from ISO 11843-1:1997, 2.

e use of a zero reference gas may establish the basic state. Very often in the air_quality field
s simply called “zero gas”.

ntration in the upper range of testing

hally, span level is at 80 % of the intended upper limit of measurement.

set of operafions that establish, under specified conditions, the‘relationship between the output

automatic me
NOTE 1

NOTE 2 Thg
determination g

NOTE3 Ag

NOTE 4  Thd
calibration repd

NOTE5 Ca
automatic mea

NOTE 6  Thg
systems) or a §

2119
expanded un

psuring system and the corresponding value given by the applicable reference

Adgpted from VIM:1993, 6.11 and 1ISO 11095:1996, Clause 4.

b result of a calibration permits either the.assignment of values of measurands to the indications
f corrections with respect to indications.

alibration can also provide other metrological properties such as the effect of influence quantities.

e result of a calibration should. be recorded in a document, sometimes called a calibration certifical
rt.

ibration as defined_hete' is different from a simple check, i.e. checking without any adjustment t
buring system is stillFOperating in the specified range. It is also different from a routine adjustment.

tandard reference method (in the case of automatic emission measuring systems).

certainty

“zero

bf the

or the

fe or a

hat the

e applicable reference can be a reference material (in the case of automatic ambient air quality measuring

quantity defin
fraction of the

g an intervat apout the Tesuttof @ measurement that may be expectedto encompass @
distribution of values that could reasonably be attributed to the measurand

[GUM:1995, 2.3.5]

NOTE

21.20
linearity

The fraction may be viewed as the coverage probability or level of confidence of the interval.

large

maximum deviation between a linear calibration curve and the true value of the measurand, evaluated in
practice as the maximum lack of fit within the measuring range

NOTE

See 2.2.9.
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21.21
memory effect
effect of previous values of the measurand on the current measurement results

2.1.22

para

llel measurements

169:2006(E)

measurements by different measuring systems with sampling the same air over the same time period.

yjnal produced
his reference

% of the initial

5s than 10 % of

5ignal when a
initially in the

in the output

y in the basic

% of the final
t signal

nd the instant
1:1993, 5.17),
lag time and

cations of the

2.2 Performance characteristics

221

fall ti

by co’]r'veention, time taken for the output signal to pass from 90 % to 10 % of the initial outputsig
by a feference material applied to the automatic measuring system, when the application, of

mater]al is abruptly terminated to put the automatic measuring system in the basic state

NOTE For instruments where transient oscillations occur in approach to the final output ‘signal, the 10
output|signal is considered as reached when the oscillations in the vicinity of the final output-signal fall to le
the initial output signal.

222

lag time

by convention, time taken for the output signal to reach 10 % of thé.final change in the output

step function is applied by applying a reference material to the automatic measuring system

basic ptate

223

rise time

by convention, time taken for the output signal to pass from 10 % to 90 % of the final change
signall when a reference material is abruptly applied to the automatic measuring system initiall
state.

NOTE For instruments where transient-oseillations occur in approach to the final output signal, 9(
changg is considered as reached when the oseillations fall to less than 10 % of the final change in the outpd
224

response time

time ipterval between the instant when a stimulus is subjected to a specified abrupt change a
when the response reachés)and remains within specified limits around its final stable value (VIN
determined as the sumCef‘the lag time and the rise time in the rising mode, and the sum of ths
the fall time in the falling mode

225

repeatability:

ability|of an\automatic measuring system to provide closely similar indications for repeated appl
same |measurand under the same conditions of measurement

NOTE 1 Adapted from VIM:1993, 5.27.

NOTE 2  These conditions include:

same measurement procedure;
same measuring equipment used under the same conditions;
same location;

repetition over a short period of time.

© I1SO 2006 — All rights reserved
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NOTE 3  Repeatability can be expressed quantitatively in terms of the dispersion characteristics of the measurement
results of an automatic measuring system.

NOTE 4  The repeatability conditions selected in this International Standard are specified in Clause 6. These
specifications are aimed at providing the user with an evaluation of the maximum difference that can be found, with 95 %
statistical confidence, between two measurement results obtained:

— from the same automatic measuring system;
— operated according to the same operating procedures;

— at the same measurement location and under the conditions prevailing at this location (either laboratory or field);

— during a pgriod of time short enough not to be sensitive to drift effects;

— at differenf times during the period of unattended operation.

2.2.6
reproducibility
closeness of fhe agreement between the results of measurements of the same measurand carried out|under
changed conditions of measurement

NOTE 1  Adgpted from VIM: 1993, 3.7.
NOTE 2  Th¢ changed conditions may include the measuring system but notthe measurement procedure.

NOTE 3  Reproducibility may be expressed quantitatively in termss of the dispersion characteristics pf the
measurements|results of an automatic measuring system.

NOTE 4  The reproducibility conditions selected in this Intemational Standard are specified in Clause 6.|These
specifications gre aimed at providing the user with an evaluation of the maximum difference that may be found, with 95 %
statistical confiflence, between two measurement results obtained:

— from two gutomatic measuring systems meetingthe.same specification;

— operated pccording to the same specified.\operating procedures and each system being calibrated with ifs own
reference;

— at the sanje measurement location\and under the conditions prevailing at this location (either laboratory or field));
— by paralle|] measurements during the same period of time;
— spread ovgr the period‘of-unattended operation.

227
availability

fraction of th¢ total time that the automatic measuring system is operational and for which valid meapuring
data are available

228
drift
change over time of a metrological characteristic (generally an output quantity) of the measuring system

NOTE Adapted from VIM:1993, 5.16.

6 © I1SO 2006 — All rights reserved
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229

lack of fit

systematic deviation, within the range of application, between the accepted value of a reference material
applied to the measuring system and the corresponding result of measurement produced by the measuring
system

NOTE 1 Lack of fit can be a function of the result of measurement.

NOTE 2  Since bias is considered as too specific and too difficult to be determined experimentally, the concept of lack
of fit is used in this document.

NOTE3  See 2.1.20.

2.2.1i

limit of detection
minimum value of the measurand for which the measuring system is not in the basic.'state, [with a stated
probapility

NOTE The limit of detection, also referred to as capability of detection, is defined by eference to the gpplicable basic
state. But it may be different from zero, for instance for oxygen measurement as wélhas when gas chromatographs are
used.

2.2.11
perionr of unattended operation
maxinfum interval of time for which the performance characteristics' remains within a predefined [range without
exterrfal servicing, e.g. refill, adjustment

3 Symbols and abbreviated terms
A availability
A4; intercept of the regression function applied in the drift test at the accepted value of the measurand

for each reference material RM/

B, drift at the accepted vatue of the measurand in reference material RM;

C; accepted value of the measurand (concentration) in reference material RM,

Co accepted yalue of the measurand (concentration) in reference material RM, of the bagic state

E; residual (lack of fit) representing the difference between the accepted value C; of| RM; and the
average Y; of the results of measurement obtained by the measuring system for this reference
material

E; el relative-value-of residual-k{relative-lack of fit)

IS interfering substance in the sample applied to the measuring system

k concentration number of the interferent substance; level number of the influence quantity

m number of repetitions

n number of measurements

P number of reference materials

Pl external influence quantity applied to the measuring system

© I1SO 2006 — All rights reserved 7
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10,95 repeatability limit at 95 % confidence

R; correlation factor

RM reference material

RM; ith reference material having an accepted value C; of the measurand with a known uncertainty

RM, reference material for the basic state having an accepted value C, of the measurand with a known
uncertainty

50 stgndard deviation associated with the average ¥,

S adj,i stgndard deviation representing the variability of the method

Sp stgndard deviation of paired measurements

s, stgndard deviation of repeatability

Sy cal repeatability standard deviation of the calibration method

t tine
averaging time

mihimum averaging time

av,min

tall fal| time

llag lag time

lresp regponse time

lise risg time

bwait wditing time

t, 095 Stydent's distribution at 95 % confidence, two-sided, number of degrees of freedom v

Xpio nofmal value of the external influence quantity applied to the automatic measuring system

Xp kth~valae-ef-the-externakHnfluence-quantity-applied-te-the-automatic- measdring-system

Xisk kth concentration of the interferent substance in the sample applied to the automatic measuring
system

Y result of measurement; output signal

Yp limit of detection

Y jth result of measurement obtained by the automatic measuring system by measuring the

measurand in RM; over the averaging time

8 © I1SO 2006 — All rights reserved
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Y; jth result of measurement obtained by the automatic measuring system k& by measuring the

2Jok
measurand in RM; over the averaging time

Y;(Xp o) result of measurement obtained by the automatic measuring system by measuring RM; over the

averaging time with the external influence quantity being set at the normal value Xp,

Y;(Xp ;) result of measurement obtained by the automatic measuring system by measuring RM; over the
averaging time with the external influence quantity being set at the value Xp, ;

Y;(X|s,0) result of measurement obtained by the automatic measuring system by measuring RM; over the
averaging time in the absence of the interferent substance

Y;(Xx) result of measurement obtained by the automatic measuring system by measuring |RM; over the
averaging time with a concentration X, of the interferent substance

Yy average of the results of measurement Yo ; obtained by the automatic\-measuring system by
measuring the measurand in RM, for basic state

Y; average of the results of measurement Y; ;

Qk sensitivity coefficient of an interferent substance at concentration number & with the measurand at
concentration C;

Bik sensitivity coefficient of an external influence quantity at level number & with the measurand at
concentration C;

r intercept of the regression function applied in the lack of fit test

A slope of the regression function applied-in‘the lack of fit test

4 Terms of reference of the test. programme

For performing a test program according to this International Standard, the terms of reference are a key
elemgnt to be agreed upon, before starting the test program, between the client and the labpratory which
performs such test program. It.specifies the client requirements and the corresponding test cdnditions. This
shall ipclude at least:

list of the perfermance characteristics to be determined, together with their associated data quality
bjectives;

|
o o

— the measuring range over which the measuring system is to be tested;

— the-averaging time for field operation over which measurements shall be obtained undger normal (or
ehvisaged) operation:;

— the averaging time for laboratory tests over which measurements shall be obtained under stable
laboratory conditions;

— the number of complete automatic measuring system(s) to be tested and providing — for the purpose of
the test — the signal corresponding to the primary measurements results (as defined in 2.1.6).

Averaging time for field operation is the averaging time used by the automatic measuring system to produce
routine measurement results under normal (or envisaged) operations, for example half an hour for air
emission measurements and one hour for ambient air measurements. This averaging time for field operation
can be too long to be used during laboratory tests. Therefore, an averaging time for laboratory test is chosen.

It is recommended that the averaging time for laboratory test is chosen such that:

© I1SO 2006 — All rights reserved 9
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a)

b)

06(E)

to the number of primary measurement results collected over the averaging time for field operation;

c)

the criteria given in 6.3.3 is fulfilled.

the duration of a test not dedicated to drift is limited to minimize the possible drift effect during this test;

the number (see 6.4.1) of primary results of measurement collected over the test averaging time is equal

All conditions and influences should be kept under control and considered constant under stable laboratory
conditions during the test. If this is not obtained, a), b) and c) should be reconsidered as well as the controlling

equipment.

requirement(s)
the specified v4

NOTE 3
programme. C

systems are tg

measurement
system in view

In the terms
the test progr
of being confi

with the pres
often selected

5 Perforn

5.1 Basic
Before startin

the inforn
(see 2.1.

the opers
of routing

the terms

The

than specified in this International Standard, e.g. for the waiting time in 6.3.3, six responsetimes ins
lue four response times.

number of complete automatic measuring system(s) to be tested is dictated(by the objectives of |
rtain certification schemes specify in their terms of reference that two ¢identical automatic me
sted. For other applications, the terms of reference specify a test pragramme for a given au
Eystem, e.g. determination/verification of specific performance charactetistics of an automatic me
of regulatory periodic measurement, or of its installation in the field,

bf reference, the client (operators and/or regulators) may require that the laboratory perfq
pmme is accredited according to ISO/IEC 17025 for the ‘present International Standard, i
Hent — without auditing itself the laboratory — that the(test programme is performed in accor

ent International Standard under a recognized Quality Management System. This appro
and is recommended for certification schemesof automatic measuring systems.

nance characteristics

requirements
j the tests, the following €lements shall be available:

hation describing and-defining the different parts of the automatic measuring system to be

),

ting procedures of the automatic measuring system, including, where appropriate, the prog
adjustment, routine check and calibration;

ofAeference for the test program specifying the client requirements and the correspondir

IO |
suring

during
in the

ronger
ead of

he test
suring
matic

rming
N view
dance
ach is

tested

edure

g test

condition

5 (@s specified in Clause 5;

the complete automatic measuring system(s) to be tested, as specified in the terms of reference. Such

measuring system(s) shall provide the output signal corresponding to the averaging time for field

operation

under normal (or envisaged) operations as well as — for the purpose of the test — the

corresponding to the primary measurements results (as defined in 2.1.6).

10

signal
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5.2 Performance characteristics under laboratory conditions

This International Standard provides procedures to determine the following performance characteristics under
laboratory conditions as required in the terms of reference:
— lag time 7,4, rise time ¢

fall time f,, response time ¢ minimum averaging time z,, min;

rise’ resp’

— repeatability standard deviation s,;

— lack of fit £;

— liit of detection Yp;
— repeatability standard deviation of the calibration method specified in the terms of reference s, .;

— dfift B;;

|
2]

ensitivity coefficients «; ;. of interferent influence quantities;

|
(%]

ensitivity coefficients g; ;. of external influence quantities.

5.3 |Performance characteristics under field conditions

This International Standard provides procedures to determine the following performance characferistics under
field cpnditions as required in the terms of reference:

— sfandard deviation of paired measurements sp;
— dfift B;;

vailability A4.

|
QO

6

-

est methods

6.1 |General requirements

The fitness for purpose of the testing facilities shall be verified. The characteristics of the testing facilities,
espedally the response time and repeatability, shall be determined and shall meet the test refuirements. If
this is| not. the'case, either the test requirements shall be amended subject to client acceptance or the tests
shall not-be performed.

Unless otherwise specified in this International Standard, the expanded uncertainty of the reference material
expressed with a level of confidence of 95 % shall be less than 10 % of its concentration.

NOTE 1  An expanded uncertainty of 10 % of the reference material defines an interval about the reference value C of
[(1-10%)x C; (1+10 %) x C].

For all tests, the automatic measuring system shall be operated and adjusted according to the specifications
of the operating procedures. The automatic measuring system shall be allowed to warm-up as specified in the
operating procedures. The measuring system shall be tested under the conditions specified in the terms of
reference.

In the test program, the first step to be performed shall be the determination of the response time of the
automatic measuring system to be tested.

© IS0 2006 — Al rights reserved 1
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Automatic measuring system's indication shall not be blocked around the basic state. Alternatively, the
threshold shall be shifted by a constant value which is subtracted from the indication. Negative values shall
not be suppressed (live zero). For chromatography techniques, the detection limit cannot be determined by
application of zero samples. In this case, and for automatic measuring system without any mobility around
zero, C, (accepted value of the measurand in the reference material RM;, for the basic state) can be specified
as a low concentration.

Except for the tests under 6.7 and 6.8, specific influence quantities considered in the term of reference shall
be maintained such that their effect on the performance characteristics is not significant during the tests.

Unless otherwise speC|f|ed in the terms of reference aII data shall be reported except when a default or
mis-operation_has { Jenti nt, an
appropriate sfatement shall be made in the test report

been
ed in
em to

The automatic measuring system shall be subjected to the required test only when adjustmént’has
performed over the specified range of operation, including the basic state. Any calibration inclug
adjustment shall be performed according to the operating procedures of the automatic measuring sysf
be tested.

NOTE2 Ca
only with respe|

ibration at the basic state specified in the terms of reference is a very importantstep in the procedd
Ct to the basic state, but also in the evaluation of the limit of detection.

re, not

6.2 Requirements on the testing laboratory

cilities
each

Laboratories performing a test programme according to this International Standard shall have test fa
fulfilling the r¢quirements of this International Standard and of theerms of reference as applicable fo
performance ¢haracteristic included in the test programme.

6.3 Response time and minimum averaging timeunder stable laboratory conditions

6.3.1 Contihuous automatic measuring system
In order to esfablish response time, lag time, rise-time and fall time, a step function of the measurand shall be
input to the continuous automatic measuring:system. Unless otherwise specified in the terms of referenge, the
step produced by the test facility shall hayve a'rise time (between 10 % and 90 % of the step change) lesg than
10 % of the ayeraging time to be applied during the tests. The step change of the test facility shall correspond
to at least 60(% of the measuring range (see Figure 1). If rise time and fall time differ, the longer one iy to be
taken for the gomputation of the response time.
For instrumer

ts where transient oscillations occur in approach to the final output signal, the final output|signal

is considered

NOTE A S
result of measy

6.3.2 Disco

as reached.when the oscillations fall to within 10 % of the input step.

ignificant-difference between the rise time and the fall time indicates memory effects, i.e. dependen
remenf’on the values of the measurand during previous measurement(s).

ce of a

: . . m

The minimum averaging time of a discontinuous automatic measuring system is determined by the maximum
duration corresponding to the sampling time, filling time, accumulation time and analysis time, depending on
the measurement method.

12
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— C3—-0,1(C53-C
Y
C5 - 09(5— C2)
(12 — Y2 B
Ci+01(C53-CY) j
I Y, | —_—
¢
) :
/ t
tlaq > < tlaq > <
o . trise > < tfall
tresp o C tfeSP > <
Key
C; value of the measurand in"\RM.
Y, output signal obtained by measuring the measurand in RM,
lag lag time
lLise |rise time
i |fall ime
lesp |FESRONSE time
Figure 1 — lllustration of the time characteristics of an automatic measuring system;

Change of the output signal Y (output) after a change of the reference value C (input)
as a function of time ¢

6.3.3 Waiting time and minimum averaging time

During laboratory tests, for each application of a reference material RM; to an automatic measuring system,
measurements shall not be undertaken immediately after the start of such application. The operator shall wait
for a waiting time for laboratory tests equal to at least four times the response time of the automatic measuring
system, unless otherwise specified in the terms of reference (see Figure 2).
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A
twait -
v, L I I I I I
2 il I I I I I
Yy
| | | | | | -
lo Lresp ty 2 l3 t
Figure 2 — lllustration of the waiting time. 7y, after a change of the reference value C (input

where /., is the response time-and 1, 7, and 73 are the starting times of the
first, secondand third measurement

The minimum| averaging time shall be )equal to the response time, unless a larger time is specified in the|terms
of reference.

The averaging time for laboratery tests shall be greater or equal to the minimum averaging time.
6.4 Repeatability,.lack of fit and limit of detection under stable laboratory conditions

6.4.1 Minimum,requirements for test facilities and measurements

The laboratory shall provide the following reference materials for the measurements of the measurand with
the automatic measuring system to be tested:

— a reference material RM;, for testing the basic state having an accepted value C, of the measurand (for
example, zero CO concentration for CO measurements or 20,9 % O, concentration for O,
measurements);

— a set of at least four reference materials RM, to RM, having accepted values of the measurand C to Cy,

approximately equally distributed across the measuring range over which the automatic measuring
system shall be tested.
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The uncertainty of the reference material shall meet the test requirements as specified in the terms of
reference.

During laboratory tests, for each application of a reference material RM, to an automatic measuring system,

measurements of the measurand shall not be undertaken immediately after the start of such application: the
operator shall wait for a waiting time for laboratory tests equal to four times the response time of the automatic
measuring system, unless otherwise specified in the terms of reference.

Measurements shall be performed over the averaging time for laboratory test and the results of measurement

be taken to calculate the average response Y; of the automatic measuring system for each RM;:

After

state,
which
Intern

6.4.2

Perfoqm for each accepted value C; at least 10 consecutive measurements providing results of

Yij
The
than

NOTE
check

The

If the
effect
the fra

If in

repea
methd

6.5).

6.4.3

¢ . . . . et

otherwise specified in the terms of reference) primary resullts of measurement colleg
aperaging time for laboratory test from the automatic measuring system;

fqr non-continuous automatic measuring systems, the response 7; is the average of’all the p
[ measurement given by this measuring system for cycles occurring during the averd
boratory test.

o O

g
pach application of a RM; to an automatic measuring system, it is not'mandatory to retur|

the automatic measuring system and the bench providing this<RM; are stabilised as sp
btional Standard.

Requirements for the repeatability determination under stable laboratory condition

optained over the averaging time for laboratory test as specified in 6.4.1.

c
2

bncentration of the test gas provided by thé)bench facilities shall not vary during the test p
5 % of the specified test criterion or of the expected repeatability.

combines the behaviour of the bench and of the analyser.
operall duration necessary to-perform these tests shall be short enough not to be sensitive t
bxperiments are performed during several days, they shall be carried out on consecutive
is found or suspected;-then the procedure in 6.6 to quantify this drift shall be applied an
mework of the terms of reference.

tgrnal checks<or adjustments at basic state or span level are performed during the
ability includés the influence of variability of these adjustments. If this influence of th
d specified’in the operating procedures has to be known, a special experiment shall be cz

st 30 (unless
ted over the

rimary results
ging time for

n to the basic

since each application of a RM; to the automatic measuring system.shall start with a waiting time during

ecified in this

measurement

briod by more

This requirement can only be chetked with a different analyser of sufficient quality, since the result of the

o drift effects.
days. If a drift
] assessed in

se tests, the
e adjustment
rried out (see

Roau for-the-tack-of-fit-d N , — i

The test shall be performed with at least five different reference materials including the basic state. Perform
for each RM with accepted value C; at least 10 consecutive measurements. At each level, calculate from the
10 results of measurement the average Y;. The residuals E; (lack of fit) shall be determined according to
Equation (1):

E =G, (1)

NOTE The requirement of at least 10 measurements limits the effect of repeatability.

If the expected uncertainty of the average Y; is larger than 25 % of the criterion of lack of fit specified in the

terms of reference, the number of measurements carried out for each RM shall be accordingly increased.
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The concentration of the test gas provided by the bench facilities shall not vary during the test period by more
than 25 % of the specified test criterion for lack of fit (i.e. a maximum variation of 0,5 %, if the criteria is 2 %).
The matrix of the test gas shall be the same as the matrix of the reference gas used for calibration. The
uncertainty in the ratios of the applied concentrations shall be less than 0,5 % with respect to each other.

The overall duration necessary to perform these tests shall be short enough not to be sensitive to drift effects.
If the experiments have to be performed during several days, they shall be carried out on consecutive days. If
a drift effect is found or suspected, then the procedure in 6.6 to quantify this drift shall be applied.

If internal checks or adjustments at basic state or span level are performed during these tests, the
repeatability includes the influence of variability of these adjustments. If this influence of the adjustment

method speci
(see 6.5).

The residuals
powerful tool

adjustment pfoposed by the manufacturer. Thus, if the RM used for the adjustment of the.instrument

from the RM
different from
the concentra

The method t
is used on the

If the effect o
adjustment, th

A linear regre

Y, =11
where
C; isth
p isth
Y, ; isth
I isth
A isth
m isth

For the regr

ied in the operating procedures shall be known. an additional experiment shall be carri

d out

should be plotted versus the accepted values of the measurand in the RM. Such;a pl
to detect deviations that may come from a lack of fit but these deviations may.come frg

used by the laboratory to perform the lack of fit test, then the analyser can give a res
what is given when the second RM material is used, deviation due to the.uhcertainty attac
tion of both RM.

b determine the lack of fit should be chosen depending on whethier the linear regression fu
site to get the final result.

f lack of fit shall be determined independently of the problem of deviation due to an inac
e following calculation procedure should be followed:

5sion function in the form of the following Equation, (2) is calculated:

AxC;

1

b accepted value of the measurand (concentration) of the reference material RM,, with i = 1
e number of reference materials RM; ;

b jth individual response/of the automatic measuring system at concentration C;, with j =1
b intercept of theregression function;

e slope of the regression function;

e number of repetition at concentration C; .

bt is a
m the
differs
ponse
hed to

nction

curate

()

to p;

to m;

ssion,—all mnnellring pninfe (innlllding 7nrn) are taken into account. The coefficients of

linear

regression are calculated by Equations (3) and (4):

P m p m _
2. Ci =22 Yi,C

A i=1 j=1 i=1 j=1
P _
mx Y (C;-C)*
i=1
1"=I_/—A><E
where

16

®)

(4)
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The residual of the average E; at each concentration C; (excluding the zero level) is calculated according to
Equation (5):

wherg

Each

Each
fulfil th

6.4.4

~ |
T

l':Y['_(F'i‘AXCi)

m

is the average value of the values Y, ; at concentration C;; 71 1
m
J

J Y}
1

relative residual £ is calculated by Equation (6) and compared tothe specification:

Ei,rel

irel = X 100 %

1

relative residual is compared to the specification. VWhen one or more of the relative resid
e criterion, then the analyser does not pass the lack of fit test.

Requirements for the limit of detection-determination under stable laboratory cond

laborgtory tests. Calculate from the 10 fesults of measurement the average Y, and the associ

devia

The ¢

Perfo%m for the accepted value C; at least'10 consecutive measurements each over the aver

on So.

bncentration of the test gas-provided by the bench facilities at the basic state shall not v

test period by more than 25 % of‘the criteria for the limit of detection.

The o
If the
drift e

If intq
repea
methd

verall duration necessary to perform these tests shall be short enough not to be sensitive 1
experiments shallybe performed during several days, they shall be carried out on consecu
fect is found ©f-suspected, then the procedure in 6.6 to quantify this drift shall be applied.

rnal checks or adjustments at basic state or span level are performed during the)
ability»includes the influence of variability of these adjustments. If this influence of th
d-specified in the operating procedures shall be known, an experiment in accordance wit

(®)

(6)

uals does not

tions
hging time for
ated standard

ary during the

o drift effects.
tive days. If a

se tests, the
e adjustment
h 6.5 shall be

carrie

H out

6.4.5

6.4.5.1

Combined test procedures and corresponding results

General

The test procedures provided in this section are informative as possible combined procedures when the three
performance characteristics specified in 6.4.2, 6.4.3 and 6.4.4 shall be determined.

6.4.5.2

Experiments

The experiments are designed to determine simultaneously and under stable laboratory conditions the
repeatability, lack of fit and limit of detection.

© I1SO 2006 — All rights reserved
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Reference materials RM; are applied to the automatic measuring system with the following sequence of
accepted values C; of the measurand (concentration):

of the test range;

— (3 =80 % of the test range;

— (C, =60 % of the test range;

— (4 =95 % of the test range;

— (4 =40 % of the test range;
— Cy =0 %|of the test range.
For each of |the first five concentration steps (C,, C3, Cp, C4, C¢), 10 consecutive “‘measuremenis are
performed. The duration of each measurement is the averaging time for laboratory tests. Three additional
measurements are performed during a final application at Cj.
A
Cy
Cs
e
¢
CO I | >
t
i= 0 3 2 4 1 0
€= CO,j CS,j C2,j C4yj C1J CO,j
Y= Yy, Yy Y, Yy Yy Yo,
j=|1t010| 1t0 10 |1to10|1to 10| 1to 10| 11to 13
Figure 3 — lllustration of the experiments of the combined tests;

sequence of accepted values C of RM, and results of measurement Y

The final step at C, provides additional information regarding a possible drift effect and more extended
information on the critical basic state.

18
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For each accepted value C; (i = 1 to 4), the standard deviation of repeatability s, and the repeatability limit at
95 % confidence (given as a = r( 5 interval) shall be determined from the available 10 results of measurement

Y G

=1 to 10).

An example is given in Annex A.

6.4.5.4 Lack of fit under stable laboratory conditions

For each accepted value C; (i = 1 to 4), calculate the average )7l from the results of measurement Y, ; and

detern

The m

Plot the residuals E; versus the accepted values C;in absolute values or preferably,in relativ

versu

Exam

6.4.5.

The a
YO‘] .
In this

autom
confid

~t

wherg

~

~

NOTE

given by the above’/simplified procedure, provided that the repeatability of the calibration remains negligible

NOTE

oo th " = | D b o otioa (40
e T T T OIS oIy = uatior—(T~

aximum deviation equal to the greatest £, provides an indication on the maximum lack;of f

b C,. The shape of the graph provides information on the type of lack of fit.

bles are given in Annex A.

b Limit of detection under stable laboratory conditions

verage Y, and the associated standard deviation s, shall be“calculated from the results of

experiment, the model equation is Y= C, where"Y”is the result of measurement ob
atic measuring system and C the accepted value of the measurand in the RM. W
ence level, the limit of detection Yp ¢ o5 is estimated by Equation (7):

D,0,95 = Yo —Co +2x%1, 0,95% S0

b is the average of the values Y, ;; /=110 13

0,95 Is the Student's(factor at 95 % confidence, two-sided, number of degrees of freedom
the numbet of measurements for the determination of s,

1 The limit'of detection may also be determined by ISO 11843-2 and is not significantly different

2 " “Different factors may result in a higher limit of detection under field conditions due to e. g

repeat

p values E/C;

measurement

ained by the
ith the same

(7)

v=n-1;

from the result

interferences,

hbility of calibration.

6.4.6

Analysis of results

Unless otherwise specified in the terms of reference, all data shall be reported except when a default or mis-
operation has been identified. In such cases, for instance, a break or burnout of a component, an appropriate
statement shall be made in the test report.

© I1SO 2006 — All rights reserved
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6.5 Repeatability of the calibration method specified in the terms of reference under stable
laboratory conditions

Perform the calibration method specified in the terms of reference. Then apply the reference materials RM,
and RM, to the automatic measuring system. The operator shall wait for a waiting time of four times the
response time of the automatic measuring system, unless otherwise specified in the terms of reference. The
results of measurement Y j and Y, ; are obtained over the averaging time as specified in 6.4.1. Repeat this

procedure 10

times. Calculate, from the results of measurement Yo,; and Y4 ; (j =

and Y, . For both accepted values Cj and C,, calculate the residuals by Equation (1).

1 to 10), the averages Y

E; represents the lack of fit on the results of measurement due to the adjustment method proposed by the

operating pro

edures

The standard
of the method

Plot the residyials versus the accepted values Cy and Cy.

The concentr
than 25 % of

6.6 Driftu

deviation s,4;; of the Y; ; population represents the variability caused by repeated-appl
of calibration specmed in the terms of reference.

tion of the test gas provided by the bench facilities shall not vary during-the test period by
he corresponding RM accepted value.

hder stable laboratory conditions

Perform a nyimber of at least 10 replicated measurements equally~spread over a time period

concentration

determine thqg drift over a short term period. Under field conditions;.@rift determination over a long term

is recommen
reference and

The acceptab
duration requ

The concentr
than 25 % of

For each con

specified in the terms of reference. Under laboratery conditions, it is recommend

ed, as specified in 6.10. Automatic adjustments shall be performed as specified in the te
reported.
red for the individual tests.

tion of the test gas provided by the.bench facilities shall not vary during the test period by
he specified value for drift.

entration C;, the response 57, of the measuring system is given by Equation (8):

ication

more

gnd at

ed to

beriod

ms of

le drift as specified in the terms of reference should correspond to a duration longer than the

more

Yi’j:Al"‘l‘Bixt (8)
with
}’l‘ n n
n Lt Vs Dot y
L J=1 Jj=1
B; = — )
n 2 n
J=1 J=1
n n
Sr-nd
4, =2 S (10)
n
where
n is the number of measurements;
l is the jth time interval.

20
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Calculate for each concentration C;, the drift B; and the correlation factor R; specified by Equation (11):

R; = / / (11)

6.7 s . . . e tory
conditions

6.7.1 | General

Interfgrence is expressed by the sensitivity coefficient «; ; of the interferent substange (see Equgtion 12):

V(X154 )-Yi(Xi1s0)

diy = (12)
l Xisk
where
¥ (Xis,0) Is the result of measurement obtained by the ‘automatic measuring system by njeasuring RM;

over the averaging time in the absence of.th€’interferent substance

~t

(Xis ) is the result of measurement obtained by the automatic measuring system by mjeasuring RM;
over the averaging time with a concentration X g ; of the interferent substance

Xisk is the kth concentration of the. interferent substance in the sample applied to the automatic
measuring system

k is the concentration number of the interferent substance

NOTEN A quenching effect (dde to” condensation) can occur. A linear interpolation is then not possible¢ and testing is
necesgary at least at C; and Cy

NOTE|2  Humidity of the-air sample can be an influence quantity.

6.7.2 | Test procedure

First, ppply.a‘sample of the measurand at concentration C; to the automatic measuring system| The result of
measyirement is Y, .

Then, apply a sample of the measurand at the same concentration C; and the interferent substance at
concentration X, to the automatic measuring system. The measurement result is Y; ;

NOTE 1 The test concentrations are specified in the terms of reference (see 5.1), in relation with the future conditions
of use of the automatic measuring system. In general, medium concentrations are specified for the measurand and high
but realistic concentrations for interferent substances.

NOTE 2 The sensitivity coefficients may vary with the concentrations specified for the measurand. Several
determinations may be implemented, for instance at Cp and Cy.

The concentration of the test gas provided by the bench facilities shall not vary during the test period by more
than 25 % of the repeatability. The concentration of the interferent influence quantity provided by the facilities
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shall not vary during the test period by more than 10 % of the interferent quantity. The test gas to be used
shall have an uncertainty of the concentration of the interferent influence quantity lower than 5 %.

6.8 Sensitivity to external influence quantities under stable laboratory conditions

6.8.1 General

An influence quantity is a quantity that is neither the measurand nor the concentration of a substance in the air
mass under investigation, but that affects the result of measurement.

Each influence quantity shall be dealt with in the tests, according to the requirements of the terms of reference,
in order to esfimate its influence on the result of measurement of the automatic measuring system:

— sample flow-rate, pressure, temperature;

— temperatpre of the surrounding air;

— humidity pf the surrounding air;

— voltage and frequency of electric supply network, power cut;
— vibrationg;
— shocks;
— electrostatic discharge, electromagnetic interference, etc.

The variationg of an external influence quantity induce variations of the response of the automatic measuring
system. This [influence is expressed by the sensitivity coefficient of the external influence quantity gien by
Equation (13)

Yi{Xpii)—Yi(Xpig) (13)

ﬁi,k =

Xpix —Xpio

where

Y;(Xp o) is the result of measurement obtained by the automatic measuring system by measuring RM;
over the averaging time with the external influence quantity being set at the normal|value
Xpio;

Y;(Xp ) s the result of measurement obtained by the automatic measuring system by measuring RM;
overihe averaging time with the external influence quantity being set at the value Xp ;|

Xpyk is the kth value of the external influence quantity applied to the automatic measuring system;

k is the level number of the influence quantity.

NOTE 1 For several external influence quantities, the data to be determined may be only qualitative information, for
instance for vibration, the equipment still functions or still meet the performance criteria.

NOTE 2 For several external influence quantities, reference to applicable IEC standards may be specified.
6.8.2 Test procedure
First, apply a sample of concentration C; to the automatic measuring system. The external influence quantity is

set at the normal value Xp, . All the other external influence quantities are maintained at their normal values.
The measurement resultis Y;(Xp| o) -
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Then, apply a sample of the same concentration C; to the automatic measuring system. The external influence
quantity is set at the value Xp;, . All the other external influence quantities are maintained at their normal
values. The measurement resultis Y;(Xp ;)

NOTE 1 The test concentrations are specified in the terms of reference (see 5.1), in relation with the future conditions
of use of the automatic measuring system. In general, medium concentrations are specified for the measurand and high
but realistic variations for the external influence quantity.

NOTE 2  The sensitivity coefficients may vary with the values specified for the measurand. Several determinations may
be implemented, for instance at Cy and Cy4_

Samples shall never undergo any modification when passing through the measuring system, e.g.
condgnsation of water vapour shall be avoided.

The cpncentration of the test gas provided by the bench facilities shall not vary during the)test pgeriod by more
than 35 % of the specified repeatability. The value of the external influence quantity previded by the facilities
shall not vary during the test period by more than 10 % of the range of variation of the(influence quantity.

6.9 [Standard deviation of paired measurements under field conditions

6.9.1 | Minimum requirements for the test facilities and for taking thé_measurements
Paired measurements are performed under field conditions in ordef)to‘obtain a measure of reprofucibility.

Measlirement results are then taken to calculate the average\response Y; over the averaging| time for field
operation of the automatic measuring system:

— fgr continuous automatic measuring system, the‘response Y; is the average of at least 30 (unless
otherwise specified in the terms of reference) primary results of measurement collected ovef the intended
aperaging time for field operation;

— far non-continuous automatic measuring system, the response 71 is the average of all the grimary results
of measurement given by this meaSuring system for cycles occurring during the averagingd time for field
tgst.

6.9.2 | Test procedure
The Mariability under field-¢onditions obtained from the differences of paired measurementg provides an
evalugtion of the maximiumn difference that may be found, with 95 % statistical confidence, betwegn two results
of measurement obtdined:

— frpm two adtomatic measuring systems meeting the same specification;

perated according to the same specified operating procedures and each system being dalibrated with
heCsame reference;

|
= O

— at the same measurement location and under the field conditions prevailing at this location;
— by parallel measurements during the same period of time;

— distributed over the period of unattended operation (unless otherwise specified in the term of reference).

NOTE Such variability averages possible variations during the period of unattended operation. Alternatively it may be
specified in the term of reference that this variability under field conditions should be determined at different periods of
time, especially at the beginning and at the end of the period of unattended operation.
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Adjust both automated measuring systems to read the same at the beginning of the test. Otherwise a bias
term is included in the result. For each date, obtain at least 10 pairs of results of measurement Y;
(system 1) and Y2 (system 2) over the averaging time for field operation as specified in 6.4.1.

If internal checks or adjustments at basic state or span level are performed during these tests, the standard
deviation includes the influence of the variability of these adjustments. If the influence of the adjustment
method specified in the operating procedures has to be known, a special experiment shall be carried out

(see 6.10).

Calculate the

standard deviation of paired measurements according to Equation (14):

2

YA

_ ( i,j,1 1,1,2)

5P = Z 2n

6.10 Drift upder field conditions

Perform at l¢|
period of una
the drift ove

ast 10 replicated measurements of a reference material at the beginning and the end
tended operation, at least at C and C,. Under field conditions, it is ,recemmended to detg
I a long period. Under laboratory conditions, drift determination over a short per|

(14)

of the
rmine
od is

recommended as specified in 6.6. Automatic adjustments shall be performéd as specified in the teqms of

reference and

The concentr]

criterion for dfrift.

For each con

Calculate for
Equation (11)

6.11 Availa

During the fie
system is not
invalid measu

From these r¢cords, calculate the-availability 4 as the fraction of the total time that the automatic mea

system was o

7 Testre

The test repo

reported.

btion of the reference material shall have an uncertainty,less than 25 % of the specifig

entration C;, the response Y of the measuring system is given by Equation (8).

each concentration C,, the drift B; given-by Equation (9) and the parameter R; specifi

bility under field conditions
d test, notes shall be taken-te-record any period of time during which the automatic mea

ring results.

perational and fornwhich valid measuring data are available.

port

t'shall at least include the following information:

d test

ed by

suring

operational and of any period of time during which the automatic measuring system is proglucing

suring

complete

terms of reference of the test program;

a reference to this International Standard (ISO 9169:2006);
description and definition of the automatic measuring system under investigation;

operating procedure of the automatic measuring system under investigation;

test program;

24

description of the test facilities including its performance characteristics as determined or verified for this
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