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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 SO collabhorates closely wit

h the

International

International

The main tagk of technical committees is to prepare International Standards. Draft International Stan
adopted by [the technical committees are circulated to the member bodies for voting.\Publication 2

International

Attention is g
rights. ISO s

ISO 14406
specification

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of g
hall not be held responsible for identifying any or all such patent rights.

vas prepared by Technical Committee ISO/TC 213, DimehSional and geometrical pn
5 and verification.

Hards
s an

atent

bduct
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Introduction

This International Standard is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO/TR 14638). It influences the chain links 3 and 5 of all chains of standards.

For more detailed information of the relation of this International Standard to the GPS matrix model, see
Annex B

This |International Standard develops the terminology and concepts for GPS extraction~It introduces the
concept of sampling and reconstruction for extraction (see ISO 17450-1).

© 1SO 2010 — All rights reserved \"
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INTERNATIONAL STANDARD

ISO 14406:2010(E)

Geometrical product specifications (GPS) — Extraction

1

Scope

This International Standard specifies the basic terminology for GPS extraction. It defines a fram
fundamental operations used in GPS extraction and introduces the concepts of sampling,'and r
for extraction, together with some principal sampling schemes on several basic geometries!

2

The
refe

Normative references

following referenced documents are indispensable for the application of this documen)
rences, only the edition cited applies. For undated references, ¢the latest edition of th

document (including any amendments) applies.

ISO

14660-1:1999, Geometrical product specifications (GPS)— Geometrical features — Pa

terms and definitions

ework for the
pconstruction

t. For dated
e referenced

it 1: General

w and basic

ISO/TS 16610-1:2006, Geometrical product specifications'(GPS) — Filtration — Part 1. Overvie
concepts
ISO/TS 16610-40:2006, Geometrical product spécifications (GPS) — Filtration — Part 40: Morphological

profilg filters: Basic concepts

ISO

17450-1:—"), Geometrical product specifications (GPS) — General concepts — Part 1: Model fq

specification and verification

ISO

17450-2:—2), Geometrical product specifications (GPS) — General concepts — Part 2: |

specifications, operators and uncertainties

3

For
ISO

3.1

Terms and definitions

{he purpoeses of this document, the terms and definitions given in 1SO 14660-1, 1SO
/TS 1664040, ISO 17450-1, ISO 17450-2 and the following apply.

r geometrical

Basic tenets,

TS 16610-1,

non-tdeal-surface-model{of-aweorkpieee)
skin model (of a workpiece)
model of the physical interface of the workpiece with its environment

[1SO 17450-1:—, 3.27]

1)
2)

To be published. (Revision of ISO/TS 17450-1:2005)
To be published. (Revision of ISO/TS 17450-2:2002)
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3.1.1
mechanical

surface

boundary of the erosion, by a sphere of radius r, of the locus of the centre of an ideal tactile sphere, also with
radius r, rolled over the skin model of a workpiece (3.1)

NOTE 1 Er
NOTE 2

3.1.2

osion is a morphological operation (see ISO/TS 16610-40).

The mechanical surface is an essential characteristic of a skin model of a workpiece.

electromagnetic surface

surface obtai

NOTE 1 Di
NOTE2  Th
NOTE3  Ex

optical stylus i

3.2
real surface
set of feature

[1SO 14660-1

NOTE R4
visual appear
depending on|
increasingly irf
The mechanic]

3.2.1
real mechan
boundary of
radius r, rolld

NOTE 1 En
NOTE2 TH
3.2.2

real electror
surface obtai

NOTE 1 TH
material propg

fferent wavelengths give different surfaces.

e electromagnetic surface is an essential characteristic of a skin model of a workpiece.
amples of electromagnetic surface include optical surfaces from coherence-scanning interferom

hstruments and scanning confocal microscopes.

of a workpiece
s which physically exist and separate the entire workpiece from.itie surrounding medium

11999, 2.4 1]
pal surfaces of workpieces have many potential functional yses, from bearing surfaces in roller beari
hnce in car body panels. At the atomic level, thesesdifferent functions define different real sur

the nature of the functional interaction with the suiface. Since nanoscale measurement is bec
hportant economically, there is a requirement to differentiate between these different functional sur|

ical surface
he erosion, by a sphere of radius '%,/of the locus of the centre of an ideal tactile sphere, alsq
d over the real surface of a workpiece (3.2)

psion is a morphological operation (see ISO/TS 16610- 40).

e real mechanical surface-is a specific type of real surface of a workpiece.
hagnetic surface

ned by the~electromagnetic interaction with the real surface of a workpiece (3.2)

e locus~of the effective ideal reflection point can be affected by both the topographical surface ar
rties of the workpiece.

bl surface and the electromagnetic surface, defined\below, are two commonly used functional surfaces|

eters,

ngs to
faces,
bming
faces.

with

d the

NOTE 2
NOTE 3
3.3

integral feat

surface or lin

NOTE

Different wavelengths give different surfaces.

The real electromagnetic surface is a specific type of real surface of a workpiece.

ure
e on a surface

An integral feature is intrinsically defined.

[ISO 14660-1:1999, 2.1.1]

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=b00b56b3bd8347ca2789767ab9eea7ef

3.3.1

ISO 14406:2010(E)

real (integral) feature
integral feature (3.3) part of a real surface of a workpiece (3.2) limited by the adjacent real (integral)
features

[1ISO
3.3.2

14660-1:1999, 2.4.1]

surface portion
portion of a partitioned integral surface

[ISO/TS 16610-1:2006, 3.1.1]

NOTH

3.4

primary mathematical model

seto

nested mathematical representations of the surface portion (3.3.2), wherein.each represe

In practice, the integral surface will be either an integral feature (3.3) or a real (integral) featurL (3.3.1).

ntation in the

set can be described by a finite number of parameters

[ISOATS 16610-1:2006, 3.2]

3.41

nesting index

NI

number, or set of numbers, indicating the relative level of nesting for a particular primary mathematical
model (3.4)

NOTH 1 Given a particular nesting index, models with lower indices contain more surface information, whereas models
with higher nesting indices contain less surface information.

NOTH 2 By convention, as the nesting index approaches zero (or a series of all zeros), there ex|sts a primary
mathe@matical model that approximates the real surface of a workpiece to within any given measure of closeness.

[ISOATS 16610-1:2006, 3.2.1]

3.4.2

degrees of freedom

(primary mathematical model) number of independent parameters required to fully describe| a particular

primary mathematical model-(3.4)

[ISO

3.5
prim
PS

TS 16610-1:2006.3:2.2]

ary surface

surfd

modfl (3.4) with specified nesting index (3.4.1)

ce portion (3.3.2) obtained when the latter is represented as a specified primary mathematical

[ISO/TS 16610-1:2006, 3.3]

3.6

primary mapping

PM( |

NI)

mapping indexed by the nesting index (3.4.1), used to identify a particular primary surface (3.5) with the
specified nesting index, in order to represent a surface portion (3.3.2) that satisfies the sieve and projection
criteria

NOTE The primary mapping is defined in terms of mathematical mappings as

PS = PM(SP | NI)

© IS0

2010 — All rights reserved
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where

PS

SP

is the primary surface;

is the surface portion.

[ISO/TS 16610-1:2006, 3.4]

3.7

primary extracted surface
finite set of data points sampled from the primary surface (3.5)

NOTE 1 Th
calculation of

NOTE2  Hg
still a continu
primary surfad

3.71

reconstruct
method of ¢
passes exac

NOTE1 Th

NOTE2 W
number of ded

any loss of infi

3.7.2

sampling alfasing

two or more
the primary

NOTE 1
other.

TH

NOTE 2 Th
a filter bank.

3.8
extraction
specification

the skin modlel of a workpiece (3.1)

on
ILoosing a particular primary mathematical model (3.4), of a fixed. nesting index (3.4.1

haracterization parameters.

bre, “extracted” is used only for objects containing a finite number of data points. Thus the primary surf
us surface and the primary extracted surface contains a finite number of data points sampled fro|
e

ly through the primary extracted surface (3.7)
e concept of “exact reconstruction” is described in 4.2.

th many primary mathematical models, if the number of sampled points is greater than or equal
rees of freedom, there exists a sampling scheme by which the primary surface can be reconstructed w
brmation from the primary extracted surface (this generalizes the Nyquist criterion).

primary mathematical models (3.4), of<a-fixed nesting index (3.4.1), passing exactly th
pxtracted surface (3.7)

is can cause real problems if the two-or more primary mathematical models are very different from

e aliasing is the incorrect reconstruction of a signal due to the overlap of the transfer functions of the fi

operation thatresults in a primary extracted surface (3.7) as an approximate representat

[eprimary extracted-surface represents—thebasisfor digitat-processing by meansof surfacefitters—amd the

ace is
m the

| that

o the
ithout

ough

each

Iter in

on of
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4 Sampling and reconstruction for extraction

4.1

General

The primary surface shall, if possible, be reconstructed without loss of information from the primary extracted
surface, the reason being to attempt to generalize the Nyquist theoreml“l, which states:

If it is known that an infinitely long signal contains no wavelengths shorter than a specified wavelength,
then the signal can be reconstructed from the values of the signal at regularly spaced intervals provided
that the interval is smaller than half of the specified wavelength.

For |
Nyqu
theor
poss
theon
of eX
explg

4.2

Wavg
to th
degre

This
extra

from
maxi

NOTH
profild

NOTH
rando|

4.3

4.31

near primary mappings (wavelets, etc.), there are exact reconstruction theorems equi
ist theorem. For other types of primary mappings (e.g. morphological filters), there are T¢
ems that are not exact but that limit the amount of information lost (for examplethroug
ble reconstructions). The following two sections give an example of both types of r
ems: one for wavelets and the other for morphological filters. Both examples are. for profile fi
planation; areal reconstruction theorems do exist but are much more complex and re
nations than can be given in an International Standard.

Wavelets: exact reconstruction

lets for which the multi-resolution algorithm applies (see ISO/T'S16610-29), have an equivg
b Nyquist theoreml4] and the number of sampling points §hall be greater or equal to th
bes of freedom in the particular order of the nested mathematical model.

heorem shall be used to determine the theoretical maximum equidistant sampling interval g
cted profile without loss of information. This means' that the primary profile can be fully
the primary extracted profile if and only if the equidistant sampling interval is shorter than tf
mum (this reconstruction is also discussed in.Reference [5]).

1 If a larger sampling interval is used, ithere will be information loss, and exact reconstruction
is not possible (e.g. aliasing problems, &t€.).

2
[ ni6ll7]

Second generation wavelets® allow many sampling strategies, including equidistant, non-e

Morphological filters:"zone of possible reconstruction

General

Therg is no theerem for morphological filters (see ISO/TS 16610-40) equivalent to the Nyquig

which
are
follow

A

q

a universal' equidistant sampling scheme can be found which has no loss of information. |
number* of morphological sampling theorems(8] to limit the amount of information that

alent to the
pconstruction
h a zone of
bconstruction
ters for ease
uire deeper

lent theorem
e number of

f the primary
econstructed
e theoretical

pf the primary

juidistant and

t theorem in
nstead, there
is lost. The

ingds'a sampling and reconstruction theorem for alternating sequence filters (see ISO/TS 16610-49).

Assu

mption: Z(x) is a profile which remains unchanged after the application of a closing and op

profile by a particular structuring element of a given size, i.e.

C[Z(x),SE] = Z(x) = O[ Z(x),SE]

ening of that

Theorem 4.1: if Z(x) satisfies the above assumption with the particular structuring element SE, and is sampled
with a sampling interval always strictly less than the size of SE, then:

C[Z,(x),SE]< Z(x) < o[m,éE]

© IS0

2010 — All rights reserved
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where
a bar denotes complementation;
a hat denotes reflection about the origin;

Z(x) denotes the sampled version of Z(x).

An upper and lower envelope shall be reconstructed from the sampled profile using closing and opening
operations with the particular structuring element. The upper and lower envelopes define a zone in which the
original profile must lie. This zone provides an uncertainty estimate of the reconstruction of the original filtered
profile from §ampled data. In general, the smaller the sampling distance, the tighter this zone will become].

By the very definition of alternating sequence filters, the above assumption is true for the resulting filtered
profile with the largest structuring element used to construct that filtered profile, and so this,'theorgm is
applicable tol|alternating sequence filters.

4.3.2 Circylar disk structuring element

Theorem 4.1|applies for circular disk elements if the sampling distance is smallerihan the radius of the Igrgest
circular disk pised to construct the alternating sequence filtered profile. An upperand lower envelope shall be
reconstructed using circular disk structural elements with the same radius-as the structural element. These
elements shall be used to define a zone in which the original filtered profileymust lie (see Figure 1).

.<

Key

A circular disk structuring element
B zone of reconstruction

C sampling points

Figure 1 — Zone of reconstruction for circular disk element

6 © 1SO 2010 — All rights reserved
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4.3.3 Horizontal line structuring element

Theorem 4.1 applies for horizontal line elements if the sampling distance is smaller than the length of the
longest horizontal line used to construct the alternating sequence filtered profile. An upper and lower envelope
shall be reconstructed using horizontal lines with the same length as the structural element. These envelopes
shall be used to define a zone in which the original filtered profile must lie (see Figure 2).

A
-]

L 1@

Oe
@)

Key
A hprizontal line structuring element
B  zpne of reconstruction

C sampling points

Figure 2 — Zone of reconstruction for horizontal line element

5 $ampling schemes

5.1 | General

The $ampling possibilities (see~Table 1) are described in 5.2 to 5.10 for surfaces having the follofving nominal
geonjetries:

— gpherical;
— planar;

— g¢ylindrical

— gurface of revolution;

— prismatic;

— helix tube;

— complex.

When the following sampling scheme is adopted, the associated name shall be used.

NOTE All the lines in the following diagrams depict profiles. Sampling is carried out along each profile (the profiles
are not necessarily equidistant) in a chosen sequence and is not necessarily restricted to the points of intersection.

© 1SO 2010 — All rights reserved 7
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5.2 Orthogonal grid

A sampling strategy consisting of equally spaced profiles in two specified orthogonal directions to form a grid

(see Figure 3).

Figure 3 — Example of orthogonal grid sampling

5.3 Orthogonal grid [birdcage]

A sampling dtrategy, a special case of orthogonal grid, consisting of ‘@'series of profiles orthogonal to the{local
direction of the centre line and equally spaced along the centreldine, together with equally angled/spaced

generatrix prpfiles around the centre line (see Figure 4).

90068

XX XX

Figure 4 — Example of bird cage sampling

© 1SO 2010 — All rights reserved
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5.4 Orthogonal grid [polar grid]

A sampling strategy, a special case of orthogonal grid, consisting of equally spaced concentric circular profiles
about a defined centre, together with equally angled radial straightness profiles through the defined centre to
form a polar grid (see Figure 5).

Figure 5 — Example of polar grid sampling

5.5 | Specified grid

A sampling strategy consisting of equally spaced profiles in specified directions which form a grid that is not
necegsarily an orthogonal grid (e.g. a triangular grid, see Figure 6).

\/

Figure 6 — Example of specified grid sampling (triangular grid)

© 1SO 2010 — All rights reserved 9
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5.6 Stratified

A sampling strategy consisting of equally spaced profiles in one specified direction to form a series of parallel

sections (see Figure 7).

5.7 Helix

A sampling gtrategy consisting of a profile in the form of a‘helix of constant angle with respect to the g

line (see Figulre 8).

L ——

— ~
—— T T T
7 N
//——_§\\
—_——
// \\

Figure 7 — Example of stratified sampling

10

—
I~ ———
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SE—————
N ~
< ;>/
— =~
< ::_>/
— ~
Q //

; 8 E le-of-heli n

entre
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5.8 Spiral

A sampling strategy consisting of a profile in the form of a spiral of constant angle with respect to the centre
point (see Figure 9).

Figure 9 — Example of spiral sampling

5.9 [Spider web

A sampling strategy consisting of a spiral profile (see 5.8)*together with equally angled radial| straightness
profiles through the defined centre to form a spider web (see’Figure 10).

@

Figure 10 — Example of spider web sampling

© 1S0 2010 — All rights reserved 11
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5.10 Points method

A sampling strategy consisting of points taken at random or patterned on the surface (see Figure 11).

Figure 11 — Example of points method sampling

Table 1 — Sampling schemes for surfaces

Sampling strategy | Sphere | Plane | Cylinder Surface of'revolution | Prism Helix tube Complex
Orthogonal gtid X X X X X X
Bird cage X X X X

Polar grid X

Specified grid X X X X X
Stratified X X X
Helix X X X
Spiral X

Spider web X

Points X X X X X
12 © 1SO 2010 — Al rights reserved
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Annex A
(informative)

Concept diagram

The following is a concept diagram for this International Standard.

3[1.1
nlechanical
sfirface
3.4.2
3k1 " 33 degrees of
skin model »| integral freedom
3.2 el_ectro- feature
nagnetic A
sfirface /
3.3.2 3.4 primary 3.4.1
357 real surrft?ce | mztd:elmatlcal - ir:]edset;(ng
mechanical \ portion
sprface 32 331 /
real surface »| real (integral)
feature
3[2.2 real /
electromagnetic
sfirface
Yy \ \
3.8 36 35 3.7.2 37.1
extraction primary | «—]| primary sampling eKact
mapping surface aliasing r¢construction
\
3.9 3.7 primary
physical - extracted
exfraction surface
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