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Foreword

ISO (the I
bodies (IS

nternational Organization for Standardization) is a worldwide federation of national standards
0 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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of ahy claimged patent
respect thereof. As of the date of publication of this document, ISO had not Teceived ngtice of (a)
which may be required to implement this document. However, implementers are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at
prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad{
constitutd

For an ex

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions

related tp conformity assessment, as well as information about ISO's adherence to the Wofld Trade

Organizat

This doct
specificat
Technical
accordan

Alistofa

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ¥SO/TC 213, Dimensional and Geometrialll product
ons and verification, in collaboration with the European Committee for Standardizatjon (CEN)
Committee CEN/TC 290, Dimensional and<Geometrical product specification and verifijcation, in
re with the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

| parts in the ISO 18183 series can befound on the ISO website.

Any feedbback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be\found at www.iso.org/members.html.
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general ISO
GPS standard (see ISO 14638). It influences chain links B, C and E of all the chains of standards in the ISO GPS
matrix model.

The ISO GPS matrix model given in ISO 14638 gives an overview of the ISO 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 ISO 14253-1 apply to specifications made in accordance with this document,
unless otherwise indicated.

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

model, se
Partition
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initial set
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partition.

e Annex B.
s one of the feature ISO GPS operations defined in ISO 17450-1.

Fion can be applied to the surface of the nominal model (reading of an ISO GPSspecifica
of non-ideal surface (skin model) of a part (verification).

mation needed to apply a partition to a nominal model is:

etrical information contained in the nominal model;

hs CZ or UF, restricted areas and so on;
ethod and criterion used for partition.
mation needed to apply a partition to a model of non-ideal surface (skin model) is:

bsult of the partition applied to the nominalimodel for the corresponding considereq
fication;

ethod and criterion used for partition:

ach taken for partition is based.en-the concept of a single surface (single line), where
irst separated into a set of single.surfaces which become an initial set of partitioned feat
of partition features can thehbe modified, if required, by ISO GPS modifiers from the sp¢
the required set of partitioned features of design intent.

bned features of désign intent in specification and also allows algorithms to be devel
he linked measured partitioned features in verification.

8183 seriesiaddresses the description of the methods and criteria that can be used ¢

Both the ¢
(skin moq
partition &

lata and the methods used for the partition of the nominal model or the model of non-ide

ion information contained in the ISO GPS specification, such as hature of the specification,

ion) or to

symbols
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h nominal
ires. This
cification

oach taken for partition allows interpretation of the specification to determine the required set

pped that

o apply a

h] surface
183-2 for
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model) and

this document for terms and concepts appllcable to partltlon in general ISO 18183 4 is foreseen to deal with
explicit partition with one or more specific section tools.
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Geometrical product specifications (GPS) — Partition —

Part 1

Vocabulary and basic concepts

1 Scop

e

This docfiment defines the basic terms for partitioned features and establishes a framewor

fundamet

ital procedures used in partition.

2 Normmative references

The follov
requirem
the latest

[SO 8015,

ISO 1745
specificat

[SO 2243

3 Tern

ying documents are referred to in the text in such a way that some or'all of their content c
bnts of this document. For dated references, only the edition citedsapplies. For undated r
edition of the referenced document (including any amendmentgjapplies.

-1, Geometrical product specifications (GPS) — General concepts — Part 1: Model for ge
on and verification

, Geometrical product specifications (GPS) — Features utilized in specification and verifical

ns and definitions

For the pyirposes of this document, the terms’and definitions given in ISO 8015, ISO 17450-1 and }

and the fq
ISO and I

llowing apply.

C maintain terminology databases for use in standardization at the following addresses

— ISO Opnline browsing platform: available at https://www.iso.org/obp

— IECE
3.1

ectropedia: availableat https://www.electropedia.org/

geometrical feature

point, ling

[SOURCE;

, surface;volume or a set of these terms

ISO 17450-1:2011, 3.3, modified — Notes 1 and 2 to entry removed.]

3.2

Geometrical product specifications (GPS) — Fundamentals.“<—)Concepts, principles and rule§

k for the

nstitutes
bferences,

ometrical

ion

SO 22432

partition

feature operation used to identify a portion of a geometrical feature (3.1) belonging to the real surface of the
workpiece or to a surface model of the workpiece

[SOURCE:
3.3

[SO 17450-1:2011, 3.4.1.1.]

nominal model
<of a workpiece> model of the perfect shape defined by the designer

Note1toe

Note 2to e

ntry: Nominal model represents the design intent.
ntry: Partition information is part of the nominal model.

© IS0 2024 - All rights reserved
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[SOURCE: ISO 17450-1:2011, 3.2.1, modified — Note 2 to entry added.]

3.4

non-ideal surface model

skin model

<of a workpiece> model of the physical interface of the workpiece with its environment

Note 1 to entry: See Reference [7] for different types of physical interfaces of the workpiece with its environment.
[SOURCE: ISO 17450-1:2011, 3.2.2, modified — Note 1 to entry added.]

3.5
fuzzy set
set whosd elements have degrees of membership

Note 1 to ¢ntry: These degrees of membership range from 1, when the element is in the set, to 0, when it ig out of the
set, see Reference [8] for more details.

3.5.1
feature uncertainty zone identity set
fuzzy set (3.5) of a cloud of points representing a geometrical feature (3.1) or its boundary in specification or
verificatign

Note 1 to gntry: There are three types of feature uncertainty zone identity sets: surface, line and point.
Note 2 to gntry: Feature uncertainty zone identity set is the geometrical realization of fuzzy sets.

3.5.2
surface feature uncertainty zone identity set
(F2)
feature unjcertainty zone identity set (3.5.1) generated from.a geometrical feature (3.1) of type surfalce

EXAMPLE Planar face, facet, cylinder.

Note 1 to ¢ntry: Different partition algorithms (see’lSO 18183-3) can generate different surface feature uncertainty
zone identjty sets.

3.5.3
line featyre uncertainty zone identity set
(F1)
feature urcertainty zone identity set;(3.5.1) generated from a geometrical feature (3.1) of type line

EXAMPLE Edge between facets, line profile, roundness profile, line on a surface.

Note 1 to gntry: Different partition algorithms (see ISO 18183-3) can generate different line feature uncertlainty zone
identity sejts.

3.5.4
point feafure uncertainty zone identity set
(F0)
feature urjcértainty zone identity set (3.5.1) generated from a geometrical feature (3.1) of type poin{]

EXAMPLE Corner between three or more facets, datum of type point, end point of a line.

Note 1 to entry: Different partition algorithms (see ISO 18183-3) can generate different point feature uncertainty zone
identity sets.

3.6

invariance class

group of ideal features defined by the same displacement(s) of the ideal feature for which the feature is kept
identical in the space

[SOURCE: ISO 17450-1:2011, 3.3.1.2]

© IS0 2024 - All rights reserved
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3.7
feature discontinuity
<partition> unintentional break in the continuity of a geometrical feature (3.1)

Note 1 to entry: Feature discontinuity can never appear in the nominal model, see 4.3.2 for an example.

Note 2 to entry: The concept of continuity used here is by open sets in a topology, since this also allows for point cloud
‘surfaces’l9]. The open sets in the topological space (surface, line) are defined from the basis of open disks and open
intervals, respectively.

3.8
feature transition
<partition> meeting or merging of features by design

Note 1 to gntry: Feature transition shall appear in the nominal model.

3.9
selection
identificafion of the partitioned feature(s) required to be modified

Note 1 to gntry: Examples appear in ISO 18183-2.

Note 2 to pntry: This term is an abstraction, abstracted from all the different ways; within the ISO GPS|system, to
identify pdrtitioned feature(s).

3.10
subdivisjon
identificafion of a portion of the selected partitioned feature

Note 1 to pntry: This term is an abstraction, abstracted from albthe different ways, within the ISO GPS [system, to
identify a jportion of the selected partitioned feature.

3.11
simplifichtion
merging qf the selected partitioned features inte.ohe partitioned feature

Note 1 to pntry: This term is an abstraction, abstracted from all the different ways, within the ISO GPS|system, to
merge parfitioned features.

3.12
face
<nominalp single surface boundedby one or more vertices or edges

3.13
edge
<nominalp line along which two single surfaces meet

Note 1 to gntry: the.edge is bounded by two vertices or has no vertices

3.13.1
blend edge
<nominal> edge defined by a line along which two single surfaces meet that have a continuous gradient
orthogonal to the edge

3.14

vertex

<nominal> meeting point of three or more different single surfaces or the meeting point of two or more
edges or the point of intersection of a pencil of lines

Note 1 to entry: An example of a pencil of lines is the vertex of a cone.

© IS0 2024 - All rights reserved
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blend vertex
<nominal> vertex that has a smooth gradient, in all directions, through the vertex

3.14.2

sharp vertex
<nominal> vertex that is not a blend vertex

3.15

single feature
geometrical feature which is a single point, a single line or a single surface

[SOURCE:

1SO 22432:2011, 3.2.9, modified — Note 1 to entry and example removed.]

3.15.1
single su
continuou

rface
s surface which is nominally a plane, a cylinder, a sphere, a cone, a torus, anether

revolute invariance class, a surface of prismatic invariance class, a helix, a surface gf-Complex i

classora
Note 1 to 4
Note 2 to 4

Note 3 to
single surt
ISO 22432

[SOURCE:

3.15.2
single lin
continuoy

Note 1 to d
Note 2 to 4
[SOURCE:

3.16
compour
geometri

[SOURCE:

3.17
integral 1
surface ol

restricted part of one of them

ntry: A revolute surface is a single surface if its generatrix is a single line (see ISO 22432:2011, Fi
ntry: ISO 17450-1:2011, Table 1 illustrates the types of single surfaces with their invariance degy
entry: If a surface contains a surface portion of higher invariance degree than itself, then

ace. A partial ordering of single-surface types, based on whethiér‘they can contain each other,

2011, Figure 12. The ordering is partial because some surfacé.types cannot be contained within

ISO 22432:2011, 3.2.9.4]

e
s line which is nominally a straight line, a cifcle or a complex line

ntry: An arc is a restricted circle (see ISO 22432:2011, Figure 10).
ntry: A single line does not intersect itself.

1SO 22432:2011, 3.2.9.2]

d feature
al feature which isaycollection of several single features

[SO 22432:2011y3.2.10]

eature
line ‘on‘a surface

[SOURCE;

urface of
hvariance

bure 11).
ee.
it is not a

is given in
bach other.

1SO 22432:2011, 3.3, modified - Notes 1 to 4 to entry removed.]

3.17.1

integral surface portion
integral surface which is a portion of the complete surface

[SOURCE:
3.17.2

[SO 22432:2011, 3.3.1]

integral line portion
integral line which is a portion of the complete line

[SOURCE:

[SO 22432:2011, 3.3.2]

© IS0 2024 - All rights reserved
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3.18

complete feature

total feature

geometrical feature containing the totality of the points corresponding to one or more single geometrical
features and pertaining to the surface model

[SOURCE: ISO 22432:2011, 3.2.13]

3.19

restricted feature

geometrical feature corresponding to a portion of a complete/total non-ideal feature or having a portion of
an (ideal) infinite feature

[SOURCE:|ISO 22432:2011, 3.2.14]

3.20
slippabld motion
rigid trangformation (3.20.1) in which the displacement of every point P belonging to thesSurface S |s tangent
to S at thg point P

3.20.1
rigid trapsformation
geometri¢al transformation that preserves the Euclidean distance betweenevery pair of points

Note 1 to gntry: Rotations and translations or any combination of these are figid transformations.
Note 2 to gntry: An example of a non-rigid transformation is a plane translated along its normal.

3.21
curvature
local progerty of a line or a surface defined at every point quantifying second-order derivative of aline from
a straight{line or a surface from a plane

Note 1 to eptry: Curvature is a fundamental concept indifferential geometry. Although the mathematical fundamentals
apply to cdntinuous and differentiable lines and sunfaces (nominal surface or model of non-ideal surface (skjn model)),
curvature|can be extended to elements of a discrete type (discrete surface, sampled surface or real surface) and
referred tq discrete curvature (see ISO 18183:3;2024, Clause A.1).

3.21.1
curvaturje of a planar line
inverse of the radius of the osculating circle

Note 1 to gntry: See Figure 1,

Note 2 to gntry: The osculating circle is the circle that has the same tangent in given point as the line and ha its centre
located on|the normal tothe line at the given point.

Note 3 to gntry: Thesformal vector is anti-clockwise with respect to the tangent vector.
Note 4 to ¢ntry» The curvature is positive when the vector from the centre of the osculating circle to the ¢onsidered

point is c llincar and the same direction to the normal vector The curvature is negative when the vectdr from the

centre of the osculating circle to the considered point is collinear and opposite to the normal vector.

© IS0 2024 - All rights reserved
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Key
1 planarline
2 osculgting circle
P pointpn the line
n  normgl vector
t tangent vector
¢ centr¢ of the osculating circle
p  radiug of the oscillating circle
Figure 1 — Curvature of a planar line
3.21.2

curvaturge of a non-planar line

inverse of
Note 1 to 4
Note 2 to 4

and the no
the line at

ntry: See Figure 2.

the given point.

~
(e}
<

the radius of the 3D osculating circle

ntry: The 3D osculating circle is the circle contained on the osculating plane spanned by the tang
rmal vector that has the same tangent in given point as the line and has its centre located on the

Fent vector
normal to

non-p

point

T O & S U w N R

lanar line

osculating plane
osculating circle

on the line

normal vector
tangent vector
centre of the osculating circle
radius of the osculating circle

Figure 2 — Curvature of a non-planar line
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3.21.3
normal curvature of a surface
curvature of the line lying in the surface and in a normal section of a surface at a given point

Note 1 to entry: See Figure 3.

Note 2 to entry: See ISO 18183-3 for more details.

1  surfage

2  normgl section
n  normal vector
P pointpfsurface

3.21.4 O

principal curvatures of a surface ’\C\)J“
minimum| ( ki, ) and maximum (K. ) v@}es of the normal curvatures at a given point on a surface

.

Note 1 to gntry: See Figure 4. C)Q
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2

D
N4

-

,r\ .
surfade (bo.)

normal direction \Q)'\

normél section of minimum curvature O

Bw N R

normal section of maximum curvature \%
Figure 4 — Principal curvatures of rface

%
3.21.5 Q\\

Gaussian| curvature s\
K \{\Q)
)

product of the principal curvatures at a given point $
2
K= kmax kain A\
xO
3.21.6 : (\)J“

. N
mean cugvature O
H : *
half of thg sum of the principal cur\é@es ata given point

K @)

H = —nax +kmin O .

2
2
3.21.7
shape indlex ??9

s
function ¢ fprin@ curvatures that takes value on the interval [-1, 1]

S:Q&,JM\

T \ Kmax ~ Kmin )

3.21.8

curvedness

c

positive-defined function of principal curvatures that specifies the magnitude of curvature

© IS0 2024 - All rights reserved
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3.22
classification of points
method of classifying points into categories based on curvatures

Note 1 to entry: See ISO 18183-3:2024, Clause A.2.

3.22.1

Gaussian curvature-mean curvature classification

K-H classification

classification of points based on the sign of Gaussian curvature (3.21.5) and mean curvature (3.21.6)

Note 1 to entry: See Table 1.

Note 2 to gntry: See ISO 18183-3,2024, Figure A.3 for examples of K-H classification.

Table 1 — K-H classification of points on a surface

K>0 K=0 K <0

Hl<0 Peak Ridge Saddleridge

H=0 — Flat Minimal surface

H>0 Pit Valley Saddle valley
3.22.2
shape indlex-curvedness classification
s-c classification
<partition> classification of points based on the values of shape-index (3.21.7) and curvedness (3.21.8

Note 1 to gntry: See Table 2.

Note 2 to gntry: See ISO 18183-3:2024, Figure A.4 for examplés of s-c classification.

Table 2 — s-c classification of points on a surface

Shape-index Shape index
Surface type interval Surface type interval
. . 7 . 7
Spherical pit SEe [—1,—5} Spherical peak  se (+§,+1]
Pit se —Z.—E Peak se +E,+Z
8 8] 8 8]
Valley Se —E,—E Rldge Sse +E’+E
8 8] 8 8]
1] 1 ]
Saddle valley se —E,—— Saddle ridge se +—,+E
8 8] 8 8]
Saddle e (—l,+1] Flat s_undefmed;
8 8 c=0

3.23
discrete surface
reconstructed surface composed of triangular meshes

3.24
discrete normal vectors
discrete analogue of normal vectors for discrete lines and surfaces

3.25
discrete curvature
discrete analogue of curvatures for discrete lines and surfaces

© IS0 2024 - All rights reserved
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4 Partition concepts

4.1 General

A feature

Partition

operation called partition is used to identify features.

can be used to:

— obtain ideal features from the nominal model, see ISO 18183-2;

— obtain non-ideal features from the non-ideal surface model (skin model) corresponding to nominal
features, see [SO 18183-3 and Figure 5;

— obtai
ofan

4.2 Def

The concg
ordering
geometri

The nom
surfaces
modifiers

NOTE
be obtaing

Throughda
partitione
set of par
set of par

h limited parts of ideal features (e.g. a portion of a straight line) or non-ideal features (é.g
pn-ideal surface).

ermination of the partition

bpt of the single surface (single line), the associated concepts of invariance class and t
pf invariance classes is used in the determination of the initial set of\partitioned fea
al product (see ISO 18183-2 and ISO 18183-3 for more detail).

nal model shall define an initial set of partitioned features by ‘decomposing itself i
single lines). This initial set of partitioned features shall then be modified if required b|
in the specification to obtain the required set of partitionédfeatures of design intent.

The nominal model contains sufficient information so thatthe partition to single surfaces (singls
d unambiguously.

ut the ISO 18183 series, the partition of a geomeétrical product always begins with the in
d features induced by the single surface (single lines) concept, which is used to define
titioned features. Also, all other non-default’partitions are subsequently derived from
fitioned features (see [SO 18183-2 and SO 18183-3 for more detail).

Q —

a section

he partial
fures of a

to single
ISO GPS

 lines) can

tial set of
the initial
the initial

O

a) Model of non-ideal surface (skin model)

/

b) Non-ideal features obtained by a partition of the

model of non-ideal surface (skin model) in a)

SOURCE: ISO 17450-1:2011, Figure 17.

Figure 5 — Complete partition of a model of non-ideal surface (skin model)

© IS0 2024 - All rights reserved
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4.3 Partitioned feature types

4.3.1 General

Within the ISO 18183 series there exist two basic types of partitioned feature:

a) partition of the nominal model. See rules in ISO 18183-2;

b) partition of the measured real surface corresponding to the nominal partitioned features. See rules in

[SO 18183-3.
The same partition is defined for both specification and verification; however, the former is defined on a
model of =i i i i i a discrete
surface model.
This impllies that the specification and verification partitions can be mapped onto’)each |other by
isomorphfisms, as specified by the duality principle. If, in practice, this is not the case, then an additional
uncertainfly contributor shall be considered for each of the measurands resulting from the difference

between the two sets of specification and verification partitioned features.

NOTE

This uncertainty calculation is not always possible, particularly when the.resulting changed j

features are of different invariance classes.

432 F

pature discontinuity

artitioned

The nominal model defines the initial set of partitioned features_Itvis possible that during manyfacture a

discontin
feature d

ity is produced that is not part of the design intent ahd which divides a single surface
scontinuity and is not part of the associated single surface on the nominal model; as a |

single suifface remains part of the initial set of partitioned féatures.

An example of a feature discontinuity is a sphere thatthas been manufactured as two half-spher

when put
complete

The defin
surfaces.

together, have a feature discontinuity. The\partitioned feature defined in the nominal m
sphere, not the set of partitioned features of two half-spheres.

fition of continuity used here is by.open sets in a topology, since this also allows for digit
he topology is defined by the opensets generated by the set of all disks, which do not ing

boundary and which are portions of the surface, see Reference [9].

433 F

pature transition

Feature transition does not require classification as it is part of the nominal model.

4.4 Us¢ of featureuncertainty zone identity sets in partition

For parti

fion of alworkpiece in verification and specification it is necessary to accept the cor

features gnd théirboundaries are fuzzy [feature uncertainty zone identity], due to the real (verifi
implied (dpeeification) fuzziness of assignment of a point to a geometrical element, see Figure 6.

This is a
esult this

es which,
del is the

ization of
lude their

cept that
cation) or

Three typesof featureurncertainty zome fdemntity setsare idemntified:

a) surfa

ce feature uncertainty zone identity set;

b) line feature uncertainty zone identity set;

c¢) point

feature uncertainty zone identity set.
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Figul

Each of these sets can be empty or non-empty and in particular, the point typé\Qfaature uncertg
identity set can have more than one element. For specification, the feature u%@ainty zone identit

continuoy

The workK

) Nominal model h) Partition of :\) l‘) Eeature nnrnrfninfy z

tity models ?ﬁhj
Q

e 6 — A nominal model, total partition and the corresponding feature unoe;r(lﬁinty
identity models Ny

N

s; for verification, they are discrete.

g\\

ne iden-

zone

inty zone
y sets are

ing model of a feature uncertainty zone identity set con tpof: for each particular point, the

fuzzy degree of membership, of that point, representing the amountof fuzziness that belongs to a particular
partitiongd feature. In the case of adjacent features, these sets Qoverlap. The outstanding issups are the
assignment of fuzzy degree of membership and what criterio@ 1l be used as a threshold for the partition
operation|
%
$
4.5 Notation ®$
The partition operation shall be determined bydh% specification (see ISO 18183-2 and ISO 18183-3 for
details). X
O
o
5 General information ..
Annex A dontains a concept diagra d Annex B explains the relationship of this document to the ISO GPS
matrix medel.
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Annex A
(informative)

Concept diagram

A.1 Basic concepts used in partition

Figure A.

surface portion

[ ib LIIU CUIICCPL L‘lidgl dIIl fUl Lhtf ‘UdbiL COILICCPLS ubcd ill pdl LiLiUll.
3.20
) . slippable
3.5.2 surface 3.6 invariance motion)
fpature uncertainty 3.4 non-ideal class
zone identity set ~—> surface model
skin model k .
3.5.3 line feature 3.15.1 single
uncertainty zone surface
identity set 3.15.2 single line
pE— 3.3 nominal
model
3,8 feature
transition
/— 3.5 fuzzy set /
3.15 single
3,18 complete feature
feature
- total feature
3.5.4 p01'nt feature 3.2 partition
uncertainty zone
identity set \
3.16 compound
feature
3.5.1 feature
ufcertainty zone
identity set 3.1 geometrical
feature
‘ 3.19 restricted
feature
3.12 face
N 3.17 integral
313 edg feature
3:134 blend
edge
— 3.9 selection 3.10 subdivition
3.11
simplification
3.14 vertex
3.14.1 blend 3.14.2 sharp
vertex vertex i
3.17.1 integral 3.17.2 integral

e’ . .
line portion

Figure A.1 — Concept diagram for basic concepts for partition
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