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FOREWORD

1. The UN ECE Working Party on Techni cal Harnonization and Standardi zation
Policies is unique as an international standards-related forumw th governmenta
representation. |Its efforts serve to reduce, if not to elimnate, non-tariff
standards-rel ated trade barriers.

2. The eighth session of the Working Party supported the proposal to prepare
the draft of guidelines on nethodol ogy for neasuring procedures. Before these
gui delines are prepared interested international (lnternational Organization for
St andardi zation (1SO)), International Electrotechnical Conm ssion (IEQ)),

I nternational Organization of Legal Metrology (O M)) and regional organizations
(European Committee for Standardi zation (CEN)), European Conmittee for

El ectrot echni cal Standardi zati on (CENELEC)) should be consulted on its scope and
content.
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I nt roducti on

3. Successful solving of netrol ogical problens by testing requires a
correspondi ng net hodol ogy that woul d ensure the necessary confidence in test
results and evaluation of the quality characteristics of a product. Experience
based on the concept “traceability of the neasurenents” |eads to the possible
feasibility of introducing the concept of “traceability of the tests”
(experinental test operations). |In this respect, it is extrenely inportant to
ensure conformty of the methods, i.e. practical neasuring procedures, test and
control methods.

4, Acoustical, magnetic, radiation, optical, radio waves and thernmal nethods
are widely used in testing. That is why confidence in results is |inked directly
to accuracy of application of measuring procedures and to |inks of neasuring

i nstruments to corresponding primary and secondary standards of units of

measur ement .
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Gui de for nmeasurement procedures
1. Scope
1.1. This guide covers all the procedures of neasurenents (PM that are being
devel oped or revised, including the quantitative chem cal anal ysis technique
(QCAT), and provides the general principles and requirenents for their

devel opnent, certification, standardization and nmetrol ogi cal assurance.

1.2. The guide does not cover PM for which the neasurenment uncertainty
characteristics are determ ned during or after their application

2. Nor mat i ve references

2.1 Guide to the Expression of Uncertainty in Measurenent. |1SO Ceneva,
Switzerland, 1993.

2.2 Quantifying Uncertainty in Analytical Measurenent. EUROCHEM version 6.
3. Definitions and abbreviations
3.1 Procedures of nmeasurenents (PM

- A set of operations and rules the fulfillnment of which ensures the
obt ai nment of measurement results with a known uncertainty.

3.2 PM certification

- A procedure for the determination and verification of PMconformty with the
rel evant netrol ogi cal requirenments.

3.3 Met rol ogi cal exam nation of PM

- An anal ysis and assessment of techniques and neans of measurenent sel ection
operations and rul es of measurement execution and nmeasurement results processing
with the aimof establishing the conformty of PMwith rel evant metrol ogi ca

requi renents.

3.4 Assigned characteristic of neasurenment uncertainty

- Measur enent uncertainty characteristic of any result of a set of
measurenents obtained in conformty with the rules of this procedure.

4. General considerations

4.1 PM are devel oped and used with the aimof ensuring that the neasuring
execution uncertainty does not exceed a required or assigned characteristic.
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4.2 Dependi ng on the conplexity and application scope, PMshould be stated
in:
- a separate docunent (standard, instructions, recomendation, etc.);
- a section or part of the docunent (standard section, specifications,
desi gn or engi neering docunent, etc.).
5. PM devel opment
5.1 PM devel opnent is carried out on the basis of reference data, which
i ncl ude:

- purpose of PM neasurenment uncertainty requirements, neasurenment conditions
and ot her requirements for PM

The reference data should be stated in performance specifications, specifications,
scientific research reports and ot her docunents.

5.1.1 The purpose of PM should conprise:

- scope (object of measurement, including the product and controlled paraneter
nanes, as well as the field of application — for a separate enterprise, for
a branch of industry, for a net of departnental and interdepartnenta
| aboratories, etc.);

- name (expanded definition, if necessary) of a measured quantity;

- characteristics of the measured quantity (region and frequency spectrum
val ues of non-informational paraneters, etc.);

- characteristics of a measurenent object if they can influence the
measur enent uncertainty (output resistance, stiffness at a probe contact
pl ace, sanple conposition, etc.).

5.1.2 Measurenent uncertainty requirements should be expressed in accordance with
the guide 1/. In the PMregul ati ng docunent, the measurenent uncertainties my be
gi ven by reference to the docunent in which these requirenents are specified.

The neasurement uncertainty requirenents shoul d be established taking into account
all the conmponents of uncertainty (procedural, instrunental, human, sanpling and
sanpl e preparation). Typical neasurenment uncertainty conponents are given in
Appendi x A.

If the measurement uncertainty requirements are not given explicitly, initia
requi renments should include indications allowing a rational choice of neasurenment
techni ques and nmeans, and these should be used when certifying PM (controlled
paranmeter allowance, credibility indices of neasurenent inspection, etc.).

1/ See page 5, paragraph 2.1.
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5.1.3 Measurenent requirenents should be given as nom nal val ues and/or range
limts of the possible values of influencing quantities. Limt speed changes or

ot her characteristics of influencing values, as well as restrictions on the

measur enment duration, nunmber of parallel determnations, etc., should be given, if
necessary.

When, by determining the initial requirenents, it is known a priori that the
measurenents will be carried out by use of neans di sposed of at different

| ocations, the neasurenent conditions should be indicated for all the places of
di sposition of the nmeasurement means constituting the neasuring system

5.2. The devel opment of PMw |l normally conprise:

- choi ce of nmethods and neans of neasurement (including certified reference
materials, certified m xtures), auxiliary and other technical facilities;

- determ nati on of the sequence and contents of operations when preparing and
executing nmeasurements, processing of internediate results and cal cul ati on of
final neasurenent results;

- determ nati on of assigned neasurenment uncertainty characteristics;

- devel opnent of normative docunents and procedures for the inspection of the
accuracy of the obtained nmeasurenment results;

- devel opnent of a document (section, part of a docunent) for PM
- met rol ogi cal design review of a PMdraft docunent;

- PM certification

- PM st andar di zat i on

Note. PMcertification and standardization may be carried out as independent
proj ects.

5.2.1 Methods and neans of measurenent should be selected in conpliance with
currently valid docunents for the choice of nethods and nmeans for this type of
measurenent, and if these docunents are unavail able they should be chosen in
accordance with general considerations.

5.2.2 Methods of expression for assigned neasurement uncertainty characteristics
should conply with the method given in the reference data. If the neasurenent
uncertainty requirenents are not given, the assigned neasurenment uncertainty
characteristics my be expressed in accordance with the guide 1/.

When devel opi ng QCAT, the methods of assigned neasurenent uncertainty
characteristics my be expressed in accordance with the recomrendati on 2/.
______17_§EE page 5, paragraph 2.1.

2/ See page 5, paragraph 2.2.
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5.2.3 Cenerally, in PMregulating documents (sections, parts of docunents) should
be pointed out:

- PM pur pose;

- measur enment condi tions;

- requi renents for neasurenment uncertainty and/or assigned neasurement
uncertainty characteristics;

- met hod(s) of neasurenents;

- requi renments for neasuring means (including those for certified reference
materials, certified m xtures), auxiliary devices, materials, solutions;
ot herwi se, types of neasuring neans, their characteristics and docunent
desi gnati ons where the requirenents for the nmeasuring neans are given should
be pointed out;

- preparatory operations for neasurements execution

- operations during neasurements execution

- processi ng and neasurenent results cal cul ati on operations;

- normati ve docunents, procedure and periodicity of measurenent uncertainty
i nspecti ons of executed neasurenents;

- requi renents for neasurenent data draw ng up;

- requi renents for operators’ qualifications;

- requi renments for ensuring occupational safety;

- requi renents for ensuring environmental safety;

- ot her requirements and operations (if required).

PM docunents shoul d conprise those requirenents and operations fromthe |ist above
whi ch ensure the fulfillment of requirements for the neasurenent uncertainty or
assi gned neasurenent uncertainty characteristics.

Not es:

1. Serial nunbers (inventory, etc.), identification nunbers of individua
measuring neans and ot her technical facilities should be additionally
poi nted out in PMdocunents, in which the use of specific itenms of measuring
means and other technical facilities is provided for

2. Instead of the PMinformation |isted above, the docunent (sections of
docunent) may have references to other docunents where this information is
not ed.

3. VWhen devel opi ng procedures for the inspection of uncertainty of quantitative
chem cal analysis results the recomendati on 1/ should be used.

4, The recomrendations for the fabrication and wordi ng of individual PM

docunents are given in Appendix B
6. PM certification

6.1 The main object of a PMcertification is to denonstrate that when neasures
are made in conformance with the PMin question, the range of possible measurenent
results (i.e. the nmeasurement uncertainty) is not greater than that indicated in
the PMregul ati ng docunent.

1/ See page 5, paragraph 2.2.



TRADE/ WP. 6/ 1999/ 15
page 9

6.2 The certification of a PM should be carried out by metrol ogical services and
ot her organi zational bodies that can assure the traceability of neasurenments of
enterprises (bodi es) devel oping or using the PM

The netrol ogi cal service (organizational body) of an enterprise (body) certifying
a PM shoul d be accredited for the certification of PM

6.3 The certification of PMshould be carried out on the basis of a netrol ogica
exam nation of the PM devel opnment documents and a docunent (section, part of a
docunent) regulating PM and/or theoretical and/or experinental study of PM

6.4 The foll owi ng docunents shoul d be presented at the certification

- initial requirenents for the devel opnent of the PM

- PM regul ati ng docunent (draft docunent);

- program and results of experinmental and anal ytical assessnent of PM
uncertainty characteristics if this has been carried out.

6.5 In the case of positive certification results, a certificate of PM
conformty, an exenplary formof which is shown in Appendix B, should be
regi stered officially.

7. Met rol ogi cal supervision of certified PM

7.1. \When executing metrol ogi cal supervision, netrological services of
corresponding juridical persons should audit:

- availability of the PMregul ati ng docunent with the mark or certificate of
conformty;

- conformty of used measuring neans and other technical facilities,
measur enent conditions, order of preparation and executi on of measurenent.
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APPENDI X A
(reference)
Typi cal measurement uncertainty conmponents
Al Procedural conponents of neasurenent uncertainties

A. 1. 1. Non-adequacy of a controlled object to a nodel whose parameters are used as
guantities to be measured.

A.1.2. Deviations fromconventional values of argunents of the function relating
the neasured value with the value at “the input” of neasuring neans (a primry
measuring transducer).

A.1.3. Deviations from conventional values for the difference between the
measuri ng val ue of a nmeasured quantity at the measuring means input and its
sanpl i ng poi nt val ue.

A.1.4. Uncertainty due to quantum effects.

A 1.5. Difference of a calculation algorithmfroma precise function relating
measurenent results to the measured quantity.

A.1.6. Sampling and sanpl e preparation uncertainties.

A 1.7. Uncertainties due to hindering influence of sanple factors (hindering
sanpl e conmponents, dispersity, porosity, etc.).

A 2 I nstrunental conponents of neasurenment uncertainties

A.2.1. Basic uncertainties and additional static uncertainties of measuring nmeans
due to slow changi ng i nfluencing external factors.

A 2.2. Uncertainties due to the limted resolution of measuring neans.

A.2.3. Dynam c uncertainties of measuring neans (uncertainties due to the inertia
properties of measuring neans).

A 2.4. Uncertainties due to the interaction of measuring nmeans with the object of
measur enent and neasuring neans attached to its input or output.

A.2.5. Uncertainties due to neasurement data transm ssion

A 3 Operator’s uncertainties (human uncertainties)

A.3.1. Uncertainties of the reading of a measured value from scales and charts.
A.3.2. Uncertainties of chart processing w thout using instrunents (by

el imnation, sunmation of measured val ues, etc.).

A.3.3. Uncertainties due to the operator’s influence on the object and neasuring
means (distortions of a tenperature field, nmechanical actions, etc.).

A 4 Anal ysi s of measurenent uncertainty conponents should be carried out in
accordance with the guide 1/.

1/ See page 5, paragraph 2.1.



TRADE/ WP. 6/ 1999/ 15
page 11

APPENDI X B
(recomrendat ory)

Creation and wordi ng of individual PM docunents

B. 1 The title of the PM docunment should reflect the essence of the procedure. It
is permssible to involve in the title a specific character of a neasurenent
gquantity. For instance: “STATE SYSTEM OF UNI FORM MEASUREMENTS: MASS OF
RAI LWAY TRANSPORTED CARGOS: Procedure of neasurements by a | arge wagon
bal ance”.

If there is a large volume of nmeasured quantities, their general description
shoul d be used, e.g.: “Paraneters of electromagnetic fields in flares of high
directivity antennas”.

B. 2 Documents for PM should consist of an introduction and the foll ow ng
sections:

- requi renents for neasurenment uncertainty or assigned neasurement
uncertainty characteristics;

- measuri ng means, auxiliary devices, materials, solutions;

- met hod(s) of neasurenent(s);

- safety and environnental protection requirenments;

- staff qualification requirenents;

- nmeasur ement condi tions;

- preparation for measurenment execution

- execution of measurenents;

- processing (cal cul ati on) of neasurenment results;

- i nspection of the accuracy of measurenment results;

- expression of nmeasurenment results.

It is permitted to elimnate or conbine the above-nentioned sections as wel |
as change their titles and include additional sections, taking into account the
speci fic character of neasurenents.

B. 3 An introduction establishes a purpose and a scope of the PM document

B.3.1 The introduction should be stated as follows: “This docunent (specific
type of PM docunent shoul d be pointed out) provides the procedures of neasurenents
(for the nane of a neasured quantity with the indication of its specific character
and specific character of measurenent should be indicated further, if required)”.

An introduction for QCAT might be witten, for exanple, as follows: “This
standard provi des an extraction — photonetric technique for the quantitative
chemi cal anal yses of sanples of rare netals oxides for determ nation in them of
cobalt content at the cobalt mass concentration from2x10-6 to 2x10-4 9% .

B.3.2. Wien, in the introduction, a reference is made to the specific product, the
designation of a normative docunment covering this product should be given, e.g.
“Thi s docunent (specific type of PM docunment shoul d be indicated) provides
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procedures of measurenents for the determ nati on of magnetically soft alloy
characteristics in conpliance with the GOST 10160 at any point of the hysteresis
| oop. Magnetically soft alloy characteristics conprise:

i nduction coercive force;

- coefficient of the rectangularity of the hysteresis |oop

- magnetization coercive force;

- tenperature coefficients of the above-nenti oned paraneters.

B. 4 The section “Measurenent uncertainty requirenments” or “Characteristics of
t he neasurenent uncertainty” will contain the nuneric values of required and
assi gned neasurenent uncertainty characteristics, or a reference to the
docunent where they are specified

B.4.1. The first clause of this section should be stated as follows: “The limts
of the perm ssible fractional neasurenent uncertainty in accordance with this
procedure should be =1.5% or “The measurenent uncertainty should correspond to

the requirements given in .7 (reference to a normative docunent). In indicating
assi gned neasurenent uncertainty characteristics, instead of “Limts of the
perm ssi bl e uncertainty .. The wordi ng should be: “Uncertainty limts .7, and

i nstead of “The measurement uncertainty should correspond to the requirenents
given in .7 The wordi ng shoul d be: “The measurenent uncertainty corresponds to
the characteristics given in .’

If it is presuned that there is a substantial random conponent in the
measur enent uncertainty, the term®“limts” should be changed to “boundari es”
foll owed by a probability value (e.g. P=0.95).

The requirements for nmeasurement uncertainty and assi gned neasurenent
uncertainty characteristics my be expressed by other methods given in the
gui de 1/ as well.

B.4.2. The neasurenent uncertainty requirenments (assigned characteristics) of the
same quantity may differ for various values of the quantity, various products,

vari ous neasurenent conditions and use of the neasurenent results. In this case,
as well as in the case of several measured quantities, the neasurenment uncertainty
requi renents (assigned characteristics) should be given in the form of tables,
graphs or equati ons.

B.5 The section “Measuring neans, auxiliary devices, materials, solutions”
conprises the |list of neasuring nmeans and other technical facilities used
for the execution of nmeasurenments

Desi gnati ons of national standards (or standards of other categories) or
speci fications, designation of types of neasurement neans (nodul es), their
nmet rol ogi cal characteristics (accuracy class, perm ssible uncertainty limts,
measurenent limts, etc.) should be pointed out in the |list of these neans al ong

1/ See page 5, paragraph 2.1.
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with their nanmes. If the nunber of metrol ogical characteristics is |arge, they may
be given in an appendi x.

B.5.1. Draw ngs, specifications and descriptions of neasuring neans and ot her
techni cal devices of one-off production may be given in an appendi x.

B.5.2. The first itemof this clause should be stated as follows: “In the
execution of measurenents the followi ng measuring nmeans and ot her technica
facilities: (a list follows) should be used ” or “In the execution of
measurenents, the neasuring neans and other technical facilities, given in Table
1, should be used”.

Tablel
Ordi nal nunber and Desi gnati on of Name of measured
names of neasuring st andard, quantity
means, techni cal speci fications, type
facilities of the neasuring

means or its
metr ol ogi ca
characteristics, or
reference to a
draw ng or appendi X

B. 6 The section “Method of neasurements” conprises the descriptions of nmeasured
gquantity conparison nethods with a unit, in accordance with the basic
concept of the method

If a quantity is measured by several nethods or a docunent provides PM for
two or more quantities, the description of each nmethod should be given in a
separate subsection.

B.6.1. The first clause (of the subsection) should be stated as follows: “The
measurenents of (the name of the quantity follows) should be carried out by (the
description of the physical principle of the nethod)”.

B. 7 The section “Safety and environnental protection requirenents” conprises the
requi rements, the inplenentation of which ensure occupational safety,
conformance with industrial sanitary regulations and environmenta
protection at the tinme and place of neasurenent execution

B.7.1. In the case of available normative docunents regul ating the requirenents of
safety, industrial sanitary regul ations and environmental protection, in this
section reference should be made to these docunents.

B.7.2. The first clause of the subsection should be stated as follows: “In the
execution of measurenents of (the name of the neasured quantity follows) the
foll owi ng requirenents should be observed: (the list of safety, industria
sanitary regul ati ons and environmental protection requirements follows)”.
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B. 8 The section “Operators’ qualification requirements” conprises informtion
about the qualification |evel (occupation, education, skills, etc.) of
persons which are allowed to execute measurenents. The section should be
i ncluded in the PM docunent when sophi sticated non-automated net hods of
measur enents and neasurenent results processing are used

B.8.1. The first clause of the section should be stated as follows: “The person(s)
al l owed to execute the nmeasurenents and/or process the results of neasurenents
have the information about qualification |evel follows.

B.9 The section “Measurement conditions” conprises the Iist of influencing
quantities, their nom nal values and/or limts of the range of possible
val ues, as well as other characteristics of influencing quantities and
requi rements for the object of neasurenments. The influencing quantities
i nclude the medi um (sanpl e) paraneters, voltage, frequency of the supplying
current, internal inmpedances of neasurenent objects and other
characteristics

The list of influencing quantities nay be given in a table form
B.9.1. The first clause of the subsection should be stated as follows: “Wen
executing the nmeasurements, the following conditions (a list follows) should be

observed” or “Wen executing the measurenents the conditions given in Table 2
shoul d be observed”.

Table 2

Nane of the neasured Nane of the Limt deviations
guantity i nfl uencing quantity

B.10 The section “Preparation for measurenent execution” conprises the
descriptions of preparatory work which is to be carried out i mediately
bef ore the execution of measurenents. This work includes the prelimnary
determ nation of the value of influencing quantities, circuits assenbly
(equivalent circuits should be given in this section or in an appendix for
this purposes), preparation and performance check of measuring nmeans and
other facilities (zero adjustnment, warm ng up, testing, etc.), and sanple
preparation for measurenents

B.10.1. If determ nation of the calibration curve is provided for in the process
of quantitative chem cal analysis, the nethod of its determ nation and inspection
shoul d be described, as well as the sequence for using calibration sanples and the
preparati on of m xed sanpl es shoul d be expl ai ned.

B.10.2. If the sequence of preparatory work is specified in the docunents for
measuri ng means and other facilities, this section should conprise references to
t hese docunents.
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B.10.3. The first clause of this section should be stated as follows: “Wen
preparing for the nmeasurenment execution the follow ng work should be carried out:
(a list and descriptions of the preparatory work follows)”.

B.11 The cl ause “Measurement execution” conprises a |list, volune, sequence of
operations, periodicity and nunber of measurenents, operation descriptions,
requi renents for the presentation of internediate and final results (nunber
of significant digits, etc.)

For QCAT the requirenment for the mass and nunber of sanple charges and, if
necessary, instructions for the “check trial” execution and descriptions of
operations to elimnate the hindering sanmpl e conponents.

B.11.1. If the sequence of operation execution is specified in the docunments for
t he used neasuring neans and other facilities, then reference should be nmade to
t hese documents in this section

B.11.2. If a quantity is nmeasured by several methods or a docunent provides PM for
two or more quantities, the description of each nmethod should be given in a
separate subsecti on.

B.11.3. In the section (subsection) the requirenments necessary for registering
i nternmedi ate neasurenent results and val ues of influencing quantities should be
poi nted out. The forms of intermedi ate nmeasurement results and val ues of

i nfluencing quantities should be indicated, if necessary.

B.11.4. The first clause of this section should be stated as follows: “For the
execution of measurenents (of the name of the neasured quantity follows) the
foll owi ng operations are carried out: (the description of operations follows)”.

B.12 The section “Processing (cal culation) of neasurement results” conprises the
descriptions of nethods of processing and obtaining final neasurenment
results. If the nmethods of processing of nmeasurement results are specified
in other docunents, references should be given in this section to these
docunent s

B.12.1. If a quantity is nmeasured by several nmethods or a docunent provides PM for
two or more quantities, the description of each nmethod should be given in a
separate subsecti on.

B.12.2. If necessary, the data required for obtaining the final results of
measurenents (constants, tables, graphs of equations, etc.) should be given in
this section. If there are |arge volunes of data they should be given in appendix.

B.12. 3. The necessary requirements for registering prelimnary neasurenent results
processing and, if necessary, the formof this registration (nmagnetic tape,
printout, etc.) should be pointed out.
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B.12.4. The first clause of the section should be stated as follows: “The
processi ng of measurenent results of (the nanme of measured quantity foll ows)
shoul d be carried out by the nethod of (the description of the method follows)”.

B.13 The section “Inspection of the accuracy of neasurement results” conprises
i nformati on about normative docunents, methods, means and schedul e of
performng of a primary (operative) and periodic (statistical) inspection of
the uncertainty of nmeasurement results obtained in accordance with this PM

B.14 The section “Expression of measurenent results” conprises the requirenents
for the formof presentation of the obtained neasurenent results. The type
of medium for neasurenment data (document, magnetic tap, recorder tape, etc.)
shoul d be pointed out in this section. If necessary, information about used
measuri ng means and ot her technical facilities, the date and tine of
measurenent result should be given together with the results

B.14.1. The docunent or record should be signed by the person who conducted the
measurenents and, if necessary, by the Head of the organization (enterprise),
whose signature shoul d be acconpani ed by the organi zation’s (enterprise’s) stanp.

B.14.2. The first clause of this section should be stated as followed: “ The
measurenent results should be presented in a protocol, the formof which is given
i n Appendi x (nunber of Appendi x)” or “Measurenent results should be recorded in
the log journal in accordance with the following form (a table, graph or other
form of presentation follows) or “Measurement results should be stored
(instructions on data storage on conputer nedia follow)”.
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APPENDI X C
(recomrendat ory)

The formof the certificate of conformty
for procedures of neasurenents

name and | egal address of organization (enterprise) that conducted the
certification of PM

CERTI FI CATE
of conformty for the procedure of neasurenents

Procedure of neasurenents

name of measured quantity,

devel oped by
if necessary, the object and nethod of neasurenents should be pointed out

name of organi zation (enterprise) that devel oped the procedure of measurenents

and regul ated by

designation and title of the docunent

The certification was carried out according to the results of

type of works: netrol ogi cal exam nation of the documents on PM devel opment,
t heoretical or experinmental study of PM other types of work

As a result of the certification of the procedure of neasurenments, it is
established that this procedure of nmeasurements is in conformty with the rel evant
met rol ogi cal requirenments and has the followi ng main netrol ogical characteristics:

measur enent range, uncertainty characteristics (if necessary, characteristics of
its components, as well as normative docunents on the inspection of neasurement
results accuracy, etc.)

Head of organization (enterprise)
(personal signature) (name in capitals)

data st amp



