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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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ts. ISO shall not be held responsible for identifying any or all such patent'rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms
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Introduction

This document is a geometrical product specifications (GPS) standard and is to be regarded as a general
GPS standard (see ISO 14638). It influences the chain link D of all chains of general GPS standards.

The ISO/GPS Matrix model given in ISO 14638 gives an overview of the [SO/GPS system of which this
document is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this document and the
default decision rules given in this document apply in ISO/GPS, unless otherwise indicated.

For more detailed information on the relation of this document to other standards and the GPS matrix

modiel, see Annex b 10r addItional INTormadatiorn.
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estimated measurement uncertainty is to be taken into account when verifyingycon
conformity with specification.

problem arises when a measured value falls close to the upper or lower specification li
b, verification of conformity or nonconformity with specifications is not possible: the me
ertainty induces a probability that a true value of the characteristic is ot of specification
isured value falls inside the specification zone, or is in specification éven if the measured
Side.

refore, suppliers and customers should agree in advance in @method to resolve any issug
e. This document explains how to define default acceptancéyand rejection zones (i.e. dec
erifying conformity or nonconformity with specifications.

not the intention of this document to consider any\prior knowledge of the possible v3
isurand(s), e.g. the variability of the measured-objects, which may influence the pra
xing the correct decision on verification [in mathematical terms, an a priori unconstrained
ropy distribution (12) is assumed].
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INTERNATIONAL STANDARD

ISO 14253-1:2017(E)

Geometrical product specifications (GPS) — Inspection by
measurement of workpieces and measuring equipment —

Part 1:
Decision rules for verifying conformity or nonconformity

with specifications

1 [Scope

Thif document establishes the rules for verifying the conformity or nonConformity with a given

tolgrance for a characteristic of a workpiece (or a population of workpieces)+or with a givent maximum

permissible errors for a metrological characteristic of a measuring equipment, including when the

megsured value falls close to the specification limits, taking measuremeiit uncertainty into §ccount.

Thip document applies to specifications defined in general GPS staridards (see ISO 14638), i.e| standards

prepared by ISO/TC 213, including:

— |workpiece specifications and population specifications*(usually given as an upper sgecification
limit or a lower specification limit or both);

— |measuring equipment specifications (usually given as maximum permissible errors).

Thip document only applies for characteristics and maximum permissible errors expressed as

quantity values.

2 [Normative references

The following documents are referred to in the text in such a way that some or all of their content

congtitutes requirements of this document. For dated references, only the edition cited gpplies. For

undated references, the latéstedition of the referenced document (including any amendments) applies.

1S0|3534-2, Statistics =Yocabulary and symbols — Part 2: Applied statistics

[SO|9000, Quality mgriagement systems — Fundamentals and vocabulary

ISOfIEC Guide\98-3, Uncertainty of measurement — Part 3: Guide to the expression of undertainty in

medqsurement(GUM:1995)

ISOJIEC.Guide 98-4, Uncertainty of measurement — Part 4: Role of measurement uncertainty in|conformity

ass¢ssment

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM)

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-2, ISO 9000,
ISO/IEC Guide 98-3, ISO/IEC Guide 98-4 and ISO/IEC Guide 99 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at http://www.iso.org/obp

© IS0 2017 - All rights reserved
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— IEC Electropedia: available at http://www.electropedia.org/

NOTE1 “Probability density function (PDF)” is defined in ISO 3534-1.
NOTE 2  “Specification limit”, “upper specification limit (USL)”, “lower specification limit (LSL)”, “specified
tolerance” and “population” are defined in ISO 3534-2.

»n o« n o«

NOTE3  “Maximum permissible measurement error”, “measurement uncertainty”, “standard measurement
uncertainty”, “combined standard measurement uncertainty”, “coverage interval” and “coverage probability” are

defined in ISO/IEC Guide 99.

NOTE 4  “Acceptance limit”, “acceptance interval”, “rejection interval”, “conformance probability” and “guard
band” are dé¢fined in ISO/IEC Guide 98-4.

NOTES5  ‘[Conformity” and “nonconformity” are defined in ISO 9000.

NOTE6  Hor the purposes of this document, “characteristic” is used to express eithersa workpiece
characteristic, a workpiece population characteristic, or a metrological characteristic of measuring equipnjent.
Because corfformity assessment involves measurement, these characteristics are also referred.to as measurapnds.

31
specificatjon zone
interval of values, of the workpiece characteristic or population characteristic or the maxinjum
permissible error (MPE) of a metrological characteristic of a measuring equipment, fulfilling|the

specificatir]in

Noteltoe

ry: A specification refers to or includes drawings, patterns'or other relevant documents.

3.2
conformance probability limit
agreed mi:[imum value of conformance probability wheniverifying conformity

Note 1 to e
conformity.

try: The conformance probability limit effectively sets the criterion for acceptance when verifying

Note 2 to erftry: A conformance probability limitef p corresponds to a risk of false acceptance less than or efjual
to (1 - p).

3.3
default conformance probability limit
conformange probability limit (3(2) set by this document as default

3.4
lower nonconformance‘probability
probability that a value'of'a characteristic is below the lower specification limit

Note 1 to enftry: A leweT nonconformance probability exists only if a lower specification limit exists.

Note 2 to pntry: Conformance probability, lower nonconformance probability and upper nonconformgnce
probability kum up to unity

3.5
upper nonconformance probability
probability that a value of a characteristic is above the upper specification limit

Note 1 to entry: An upper nonconformance probability exists only if an upper specification limit exists.

Note 2 to entry: Conformance probability, lower nonconformance probability and upper nonconformance
probability sum up to unity.

2 © IS0 2017 - All rights reserved
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3.6

nonconformance probability limit

agreed minimum value of either the upper nonconformance probability (3.5) or the lower nonconformance
probability (3.4) when verifying nonconformity

Note 1 to entry: The nonconformance probability limit effectively sets the criterion for rejection when verifying
nonconformity.

Note 2 to entry: A nonconformance probability limit of p implies a risk of false rejection not exceeding (1 - p).

3.7

defguttmonconformance probabitity Himrit
nongonformance probability limit (3.6) set by this document as default

3.8
accpptance zone
set pf one or more acceptance intervals

3.9
default acceptance zone
acc¢ptance zone (3.8) based on the default conformance probability limit(3.3)

Note 1 to entry: See Figure 1.

© IS0 2017 - All rights reserved 3
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c) Specification defined by a lower and an upper specification limit

Key
1 specification zone
2 accegtance limits
3 accegtance zone
4 rejection zone
5 guard band g1,z at lower specification limit
6 guard band gya at upper specificationlimit
Y valueof characteristic
LSL loweq specification limit
USL  upper specification limit
NOTE In most cases; thé probability density function (PDF) associated with the measured value of
characteristic is considéped to be symmetrical, so that gya, gLa have the same width.
Figure 1 — Acceptance zone and rejection zone when verifying conformity
3.10

rejection zone
set of one or more rejection intervals

Note 1 to entry: The rejection zone is the complement to the acceptance zone (3.8).

3.11

default rejection zone
rejection zone (3.10) based on the default nonconformance probability limit (3.7).

Note 1 to entry: See Figure 2.

the

© ISO 2017 - All rights reserved
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c) Specification defined by a lower and-an upper specification limit
Key
1 specification zone
2 acceptance limits
3 acceptance zone
4 rejection zone
7 guard band gir at lower specification'limit
8 guard band gyr at upper specification limit
Y value of characteristic
LSL| lower specification limit
USL| upper specificatiopdimit
NOTE In most eases, the probability density function (PDF) associated with the measured yalue of the
characteristic is considered to be symmetrical, so that gyr, gLr have the same width.
Figiire 2 — Rejection zone and acceptance zone when verifying nonconformitly

3.12

uncertainty zone
set of interval(s) close to the specification limit(s) where neither conformity can be verified according
to the conformance probability limit (3.2) nor nonconformity can be verified according to the
nonconformance probability limit (3.6)

Note 1 to entry: The uncertainty zone is located about the specification limit (unilateral specification) or
specification limits (bilateral specification).

Note 2 to entry: The uncertainty zone on the upper and lower side of a specification limit may be of different
magnitudes.

Note 3 to entry: When verifying conformity, the uncertainty zone is part of the rejection zone (3.10) and not part
of the acceptance zone (3.8).

© IS0 2017 - All rights reserved
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Note 4 to entry: When verifying nonconformity, the uncertainty zone is part of the acceptance zone (3.8) and not
part of the rejection zone (3.10).

Note 5 to entry: See Figure 3, Figure 4, Figure 5 and Figure 6.

2R 9 2A 2A 9 2R
Y bl Y /
7 R -5 1 1 6 «— 8
T ................ » PP T T »Y
Y
LSL USL
a) Specification defined only by a lower b) Specification defined only by an upper
specification limit specification limit
2R 9 2A 2A 9 2R
/ / / /

T

LSL USL

—
h<

c) Specification defined by a lower and an upper specification limit

1 specification zone

2A  acceptance limits for verifying conforimity

2R acceptance limits for verifying nonconformity

5 guard band gp.4 at lower specification limit for verifying conformity

6 guard band gya at upper specification limit for verifying conformity

7 guard band g1 r at lower$pecification limit for verifying nonconformity
8 guard band gyr at Upper specification limit for verifying nonconformity
9 uncejtainty zone

Y value|of characteristic

LSL  lower spécification limit

USL uppetspecification limit

NOTE 1 Figure 3 c) could be seen as a combination of Figure 3 a) and Figure 3 b).

NOTE 2 In most cases, the probability density function (PDF) associated with the measured value of the
characteristic is considered to be symmetrical, so that gya, gLa and gyr, gLr have the same width.

Figure 3 — Uncertainty zone

6 © IS0 2017 - All rights reserved
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4 Default decision rules

4.1 General

A given specification (workpiece(s) characteristic with LSL and/or USL) is expressed on the drawing
and the respective chain of standards (see ISO 14638) or by the detailed description of the metrological
characteristic of the measurement equipment (e.g. in a standard) and the maximum permissible error
(MPE) of the indicated value.

Any measurement is affected by measurement uncertainty: the true value cannot be known exactly

an

- ol i £11 =l d oLt pa | 1 loalis rdloa H. 1
IS TAPTLITU U Idll, WILIT d PITUTIIIITU LUVET dZgTC PpIUUAUITILY, WILIHIIT 4 CUVET dgT TTILTCT Vdl.

NOTE1 For guidance on how to estimate the measurement uncertainty, follow GUM or ISO 142532.
NOTE 2 The uncertainty of the estimate of a workpiece characteristic is different from ‘the unkertainty of
the festimate of the population characteristic (e.g. the uncertainty of an individual valu¢ is differgnt from the

unc

Thd
ofte

Oftg
95 ¢
asst
alsd

As
con|
a df
pro
con

Con

Gua3
spe

The
pro

The
wol
cha
for

Thd
non

brtainty of an average value).

central tendency and dispersion of values that can be reasonably attributed to the mea
n modelled with a probability density function (PDF).

1, the PDF is assumed to be Gaussian (normally distributed). In\this case, a coverage pr
o corresponds to a coverage factor k = 1,96, typically approximated to k = 2. It is common

possible, which are acceptable, as long as the coverage probability is met.

formance probability is the probability that the tru€ value falls inside the specification zc

bability limit (e.g. 95 %) effectively confinés the risk of false decision to the complem
formance probability limit (e.g. 5 %).

formance probability should not be confused with coverage probability; see Clause 3.
rd bands protect from incorrect decisions based on uncertain measured values cl
Cification limits.

guard bands are fully/determined by the PDF of the result of the measurement and
bability limit.

acceptance zone for guarded acceptance is determined by reducing the specificatioy
kpiece or poptlation characteristic or the maximum permissible error of a measuring
Facteristic bythe guard bands at each specification limit; see Figure 1. The figure also sho
inilateral-characteristics. Conformity is verified if the measured value falls into the accep

acceptance zone for a given specification zone and either the conformance probability
confermance probability limit differs depending on whether conformity or nonconform

surand are

pbability of
practice to

ime symmetrical coverage intervals about the measured.values; however, asymmetric intervals are

heasured values include uncertainty, any decision based on them is subject to arisk of beinjg false. The

ne. Setting

bcision rule such that an item is accepted if the conformance probability is above a conformance

bnt of such

ose to the

the agreed

zone of a
equipment
ws the rule
tance zone.

imit or the
ty is being

ver

Fior‘; see Figures 4 tag 6
L UH-Eo—4 B

When verifying conformity, the acceptance zone is the zone of possible measured values for which there
exists a coverage interval with a coverage probability equal to the conformance probability limit that is
completely inside the specification zone.

When verifying nonconformity, the acceptance zone is the zone of possible measured values for which
there does not exist a coverage interval with a coverage probability equal to the nonconformance
probability limit that is either completely above or completely below the specification zone.

When verifying conformity, the acceptance zone can be viewed in two ways:

— the conformance probability, i.e. the integral of the PDF over the specification zone, is not less than
agreed, or

© IS0 2017 - All rights reserved
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— there exists a coverage interval with a coverage probability equal to the conformance probability
limit that is completely inside the specification zone.

NOTE 3

The conformance probability is the integral of the PDF over the specification zone.

The rejection zone for guarded rejection is determined by enlarging the specification zone or maximum
permissible error by the guard bands at each specification limit; see Figure 2. The figure also shows the
rule for characteristics with unilateral specifications. Nonconformity is verified if the measured value
falls into the rejection zone.

The rejection zone for given specification zone and either conformance probability limit or

nonconforifrance proliahlllty hmitdiffers dependlng on whethner conlormlty or nOl’lCOl’llOI‘l’l’llfy S

verified.
When veri

either
than a

there d

ying nonconformity, the rejection zone can be viewed in two ways:

the upper nonconformance probability or the lower nonconformance probability is not
breed, or

xists a coverage interval with a coverage probability equal to the nongonformance probab

limit t

NOTE 4

specificatiop zone and the lower nonconformance probability is the integral.df the PDF over the zone below
specification zone.

When verifying conformity, the rejection zone is the zone forwhich there does not exist a covel

interval w
the specifi

Verifying c

into the rejection zone. The same applies for verifying'nonconformity:.

The accept|

Consequenitly, the acceptance zone and the-rejection zone may vary even if the specification rem

the same.

Figures 4
to the ver

specificati

f
1ns are illustrated.

at is either completely above or completely below the specificatiofizone.

he upper nonconformance probability is the integral of the RDF over the zone above

h a coverage probability equal to the conformanceprobability limit that is completely in
fation zone.

onformity is then reduced to whether a meaSurement falls either into the acceptance zon

hnce zone and the rejection zone are‘afunction of the guard bands and the specification z

fo 6 illustrate the transition from specification phase, where no uncertainty is invol
ication phase, where theuncertainty imposes guard bands. For simplicity, only bilat

Ping

less

lity

the
the
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side

c or
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LSL USL
2 | 1 | 2
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Key
C design/specification phase
D verification phase for a particular measurement uncertainty
E verifying conformity (see 5.2)
1 specification zone
2 outside the specification zone
3 acceptance zone (when verifying conformity)
4 rejection zone (when verifying conformity)
5 increasing measurement uncertainty reduces the acceptance zone

LSL| lower specification limit
USL| upper specification limit

[Figure 4 — Measurement uncertainty reduces the zone where conformity can be verified

© IS0 2017 - All rights reserved 9


https://standardsiso.com/api/?name=0a7b435964a9279bf23fe795eb11b5e7

ISO 14253-1:2017(E)

LSL USL
2 l 1 ! 2
‘/ -I-I-I-I~I-I~I-I~I-I~I-I~I-I~14{'-I-I-I-I-I-I-I-I-I-I-I~I-I~I- ‘/
e .
// \\
5 N / \
/ \
/ \
/ \
D A\ J >
F AN % AV
/ / /
4 3 4

Key
C design/specification phase
D verification phase for a particular measurement uncertainty
F  verifyirlg nonconformity (see 5.3)
1 specifidation zone
2 outsiddthe specification zone
3 acceptdnce zone (when verifying nonconformity)
4  rejectign zone (when verifying nonconformity)
5 increasjng measurement uncertainty reduces the rejection zofie

LSL lower specification limit
USL upper dpecification limit

Figure 5|— Measurement uncertainty reduces the zone where nonconformity can be verifi¢d

10 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=0a7b435964a9279bf23fe795eb11b5e7

1SO 14253-1:2017(E)

LSL USL
2 | 1 l 2
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Key]
C design/specification phase
D verification phase for a particular measurement uncertainty
E verifying conformity (see 5.2)
F verifying nonconformity (see 5.3)
1 specification zone
2 outside the specification zone
3 zone where conformity is verified
4 zone where nonconformity is verified
5 increasing measurement uncertainty reduces baoth the acceptance and rejection zones
9 uncertainty zone

LSL| lower specification limit
USL| upper specification limit

Figure 6 — Measurement uncertainty influences the zones where conformity or noncpnformity
can be verified

4.2| Default conformance probability limit

The conformancei probability limit is 95 % by default. Parties may agree on a differenf limit (see
Clagise 6). Theagréement shall be recorded in writing, e.g. in the contract or technical drawings.

4.3| Default nonconformance probability limit

Thed nonconformance probability limit is 95 % by default. Parties may agree on a differenf limit (see
Clause 6). The agreement shall be recorded in writing, e.g. in the contract or technical drawings.

NOTE The default conformance probability limit and the default nonconformance probability limit are not
complementary, i.e. do not sum up to 100 %. They apply to different circumstances.

5 Verifying conformity and nonconformity with specifications

5.1 General

Verifying conformance or nonconformance applies for workpiece characteristics, population
characteristics and metrological characteristics. In this clause, only workpiece characteristics are
described, but the concept can be applied similarly to the others as well.

© IS0 2017 - All rights reserved 11
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5.2 Rule for verifying conformity with specifications

5.2.1 General

Conformity with a specification is verified when the measured value falls within the acceptance zone.
The acceptance zone is the specification zone reduced by the guard bands, considering the conformance
probability limit.

5.2.2 Case of normal PDF and default conformance probability limit

If the proljabitity density function of the measured vatues 15 normaity distributed witit a standard
deviation pignificantly smaller than the size of the specification zone, the default conformdnce
probability limit of 95 % corresponds to a guard band factor of 1,65, equivalent to a guard band width
1,65 times[the combined standard uncertainty (see Figure 7).
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Figure 7 — Verifying conformity with specification
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5.3 Rule for verifying nonconformity with specifications

5.3.1 General

Nonconformity with a specification is verified when the measured value falls within the rejection zone.
The rejection zone is the complement of the specification zone expanded by the guard bands considering
the nonconformance probability limit.

5.3.2 Case of normal PDF and default nonconformance probability limit

hult
nds

Ifthepro { [ [ (1S II UI'EINel [eSU [NOI'TIAally d 1puted, (1€ (€
nonconformance probability limit of 95 % results in a coverage factor of 1,65, equivalent to guard ba
1,65 times|the combined standard uncertainty (see Figure 8).
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Figure 8 — Verifying nonconformity with specification

5.4 Uncertainty zone

If a measurement value falls into the uncertainty zone (i.e. in one of the guard bands), then workpieces
are either rejected, when verifying conformity, or accepted, when verifying nonconformity with a
specification (see Figure 9).
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Figure 9 — Uncertainty zone

6 Application in a supplier/customer relationship

6.1 General

The rules given in this document apply:if no previous agreement has been made between the supplier
and the cugtomer.

The principle behind the ruleg-is-the following: the measurement uncertainty always counts against{the
party wholis verifying confernrity or nonconformity and therefore making the measurement.

NOTE 1 educing the magnitude of the measurement uncertainty benefits the party who is verifying.

NOTE 2 he abovéprinciple applies regardless of whether the verifying party performs the measurementp in-
house or contracts athird-party laboratory to perform the measurements.

These rulef @lso apply to internal customer/supplier relationships and to re-verification.

6.2 Supplier verifying conformity

The supplier shall verify conformity in accordance with 5.2 using their estimated measurement
uncertainty.

NOTE It is customary that the supplier provides proof of conformity with specifications for all workpieces
or measuring equipment delivered.
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6.3 Customer verifying nonconformity

The customer shall verify nonconformity in accordance with 5.3 using their estimated measurement
uncertainty.

NOTE A reseller is first customer and then supplier of the same workpieces or measuring equipment. A
reseller can be in the situation where neither conformity to the customer nor at the same time nonconformity
to the supplier can be verified, i.e. the measuring results fall within the uncertainty zone. To avoid this situation,
a reseller might consider using the result of the verification provided by his supplier to verify conformity to the
customer.
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Annex A
(informative)

Relation between the third edition and the second edition

This edition of this document concentrates on a conformance probability rather than a coverage

alls

probability
editions of]
coverage f3
of product

The old m4
the default

The follow
probability
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In the excq
value in th

NOTE ’
coverage pr|

The measy
is above tH

specificati¢n limit (LSL) and therefore the conformanee probability is 95 %.

Key

rred—to-as-the—oldmethod4nthefollow

this document (1998 and 2013) and also explalned in ISO/IEC Guide 98-4. The use of\fi

ctor guard bands, as used in the old method, can lead to an unnecessary increase inthe
on. This annex illustrates the differences between the new and the old method.
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thod was based on a default coverage factor of k = 2, which is approximately’equivalen
coverage probability of 95 % for a Gaussian PDF.

ing discussions consider a coverage probability of 95 % and a normally distribt
density function and compare it with a conformance probabilitytef95 %, as introduce
dition of this document.

bptional case (for a bilateral specification), where the acceptance interval is only a sil
e centre of the specification zone, the two methods coincide/(see Figure A.1).
pbability of 95 % is k = 1,96.

rement at the centre of the specification zone has 2,5 % probability that the true v
e upper specification limit (USL) and 2,5:% probability that the value is below the lo

WO
xed
Cost

t to

ted
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ngle

'he coverage probability for a coverage factor of k = 2 i5.95,45 %, while the coverage factor flor a

hlue
wer

1 singu

at-acceptance interval

LSL

lower specification limit

USL upper specification limit

Figure A.1 — Verification of conformity if the width of the specification zone is 3,92 x uc (old

method: 4 x uc)

When (USL - LSL)/uc increases above 4, the acceptance zone is no longer a single value, and the
difference between the two methods becomes more significant. If the acceptance zone is calculated
by removing 1,96 x uc at the upper and lower end of the specification zone, then, for a measured value
at either acceptance limit, the nonconformance probability will decrease with decreasing uncertainty
of measurement. For example, if (USL - LSL)/uc = 4,25, a measured value at LSL + 1,96 x uc results in
the lower nonconformance probability of 2,5 % and an upper nonconformance probability of 1,22 %.
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