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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 proceglures used to develop this document and those intended for its further maintenange
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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The commfittee responsible for this document is ISO/TC 213, Dimensional and geometrical prodluct

specificatig
This first e

ISO 16610
(GPS) — Fi

Part 1:

Part 2Q: Linear profile filters: Basic concepts
Part 2]:
Part 22:

ns and verification.
dition cancels and replaces ISO/TS 16610-1:2006 which has been technically revised.

consists of the following parts, under the general title Geometrical product specificat
tration:

Overview and basic concepts.

Linear profile filters: Gaussian filters

Linear profile{filters: Spline filters

Part 2

Part 29:
Part 3
Part 31:
Part 32:

: Profileffilters: End effects

Linear profile filters: Spline wavelets

jons

Robust ‘nrnfilpfilfprc- Basic concepts

Robust profile filters: Gaussian regression filters

Robust profile filters: Spline filters

Part 40: Morphological profile filters: Basic concepts

Part 41: Morphological profile filters: Disk and horizontal line-segment filters
Part 49: Morphological profile filters: Scale space techniques

Part 60: Linear areal filters — Basic concepts

Part 61: Linear areal filters — Gaussian filters
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— Part 71: Robust areal filters: Gaussian regression filters

— Part 85: Morphological areal filters: Segmentation

The following parts are planned:

— Part 26: Linear profile filters: Filtration on nominally orthogonal grid planar data sets

— Part 27: Linear profile filters: Filtration on nominally orthogonal grid cylindrical data sets

— Part 45: Morphological profile filters: Segmentation

— |Part 62: Linear areal filters: Spline filters

— |Part 69: Linear areal filters: Spline wavelets

— | Part 70: Robust areal filters: Basic concepts

— |Part 72: Robust areal filters: Spline filters

— |Part 80: Morphological areal filters: Basic concepts

— |Part 81: Morphological areal filters: Sphere and horizontal planar.segment filters

— | Part 89: Morphological areal filters: Scale space techniques
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Introduction

This part of ISO 16610 is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO/TR 14638). It influences chain links 3 and 6 in the GPS matrix structure.

The ISO/GPS Masterplan given in ISO 14638 gives an overview of the ISO/GPS system of which this
part of ISO 16610 is a part of. The fundamental rules of ISO/GPS given in ISO 8015 apply to this part
of ISO 16610 and the default decision rules given in ISO 14253-1 apply to the specifications made in
accordance with this part of ISO 16610, unless otherwise indicated.

For more de
Annex F.

see

This part pf ISO 16610 also develops the terminology and concepts for GPS filtration. This pant of
ISO 16610 generalizes the concept of filtration. The series of ISO 16610 presents a toolbox of filtrafion
techniqued to enable the user to choose an appropriate filter for the functional requiréments. They|are
fundamentfal International Standards upon which other ISO documents are built.

vi © ISO 2015 - All rights reserved
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Geometrical product specifications (GPS) — Filtration —

Part 1:
Overview and basic concepts
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5 part of ISO 16610 defines the basic terminology for GPS filtration and the framew
Hamental procedures used in GPS filtration.

Normative references

following documents, in whole or in part, are normatively referehced in this docume

17450-1:2011, Geometrical product specifications (GPS).<)General concepts — Part 1
metrical specification and verification

17450-2:2012, Geometrical product specifications (GPS) — General concepts — Part 2: B
ifications, operators, uncertainties and ambiguities

IEC Guide 99:2007, International vocabulary gf metrology — Basic and general concepts ang
hs (VIM)
Terms and definitions

the purposes of this document, the terms and definitions given in ISO/IEC Guide 99, I§
17450-2, and the followingapply.

roral feature
metrical feature belenging to the real surface of the workpiece or to a surface model

e 1 to entry: Afbintegral feature is intrinsically defined, e.g. skin of the workpiece.
b 2 to entry:'For a statement of specifications, geometrical features obtained from partition of]

brent physical parts of the workpiece that have specific functions, especially those in contact

Wor

brk for the

nt and are

spensable for its application. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including-any amendments) appligs.

(%)

Model for

asic tenets,

associated

0 17450-1,

the surface

el or ofteal surface of workpiece shall be defined. These features, called “integral features”, areﬂodels of the
i

th adjacent

kpieces.

Note 3 to entry: An integral feature can be identified, for example, by

a partition of the surface model,
a partition of another integral feature, or

a collection of other integral features.

[SOURCE: ISO 17450-1:2011, 3.3.5]

3.1.

sur
SP

1
face portion

portion of a partitioned integral feature (3.1)
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3.1.2
surface profile
line resulting from the intersection between a surface portion (3.1.1) and an ideal plane

Note 1 to entry: The orientation of the ideal plane is usually perpendicular to the tangent plane of the surface
portion.

Note 2 to entry: The concept of profiles is under development and it is possible that the definition of surface
profile will be revised.

3.2

primary mathematiealmodel
set of nested hierarchical mathematical models of the surface portion (3.1.1), wherein each modeln|the
set can be ¢lescribed by a finite number of parameters

Note 1 to eptry: Examples include truncated Fourier series, curvature limited (zero to *+ value) profiles,|and
limited Wolf pruning height (100 % to smaller positive percentage) segments.

Note 2 to enftry: An example of a primary mathematical model using a truncated Fourier seFiés is given in A.1.

3.21
nesting index
NI
value indidating the relative level of nested hierarchy for a particular primary mathematical model (B.2)

Note 1 to efjtry: Given a particular nesting index, models with lower indices contain more surface information,
whereas mddels with higher nesting indices contain less surface information.

Note 2 to enfry: By convention, as the nesting index approaches zero.(or a series of all zeros), there exists a primary
mathematidal model that approximates the real surface of a workpiece to within any given measure of closeijess.

Note 3 to erjtry: The cut-off wavelength for the Gaussian-filter is an example of a nesting index (see 3.2.1.1)] For
the morphological filter, the nesting index is the size of the structuring element (e.g. the radius of the disc) which
is different from the wavelength concept that underliesthe notion of “cut-off” (see 3.2.1.2 and 3.2.1.3).

Note 4 to erftry: The term nesting index is derived from a combination of index from index set and nesting from
nested hiergrchy, both of which are mathematical terms.

3.2.11
cut-off wayelength
particular type of nesting index\(3.2.1) applicable to linear filters, used to separate surface compongnts
into long and short wavelengths

Note 1 to enftry: See, for example, ISO 16610-21, ISO 16610-22, and ISO 16610-61.

3.2.1.2
vertical ciﬁcular disc radius

—

particular [type of nesting index (3.2.1) applicable to profile morphological filters with a structur
element inftérms of a circular disc

ng

Note 1 to entry: See, for example, ISO 16610-41 and ISO 16610-49.

3.2.1.3

horizontal line length

particular type of nesting index (3.2.1) applicable to profile morphological filters with a structuring
element in terms of a horizontal line

Note 1 to entry: See, for example, ISO 16610-41 and ISO 16610-49.

3.2.14

sphere radius

particular type of nesting index (3.2.1) applicable to areal morphological filters with a structuring
element in terms of a sphere radius

2 © IS0 2015 - All rights reserved
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3.2.1.5

circular disc radius

particular type of nesting index (3.2.1) applicable to areal morphological filters with a structuring
element in terms of a circular disc

Note 1 to entry: See, for example, SO 16610-40 and ISO 16610-41.

3.2.1.6

Wolf pruning height

particular type of nesting index (3.2.1) applicable to areal segmentation filters used to discriminate
between significant and non-significant surface features

Note 1 to entry: See, for example, [SO 16610-85.

3.2{2
degree of freedom
primary mathematical model number of independent parameters required to fully-describe 4 particular
primary mathematical model (3.2)

3.3
primary surface
PS
surflace portion (3.1.1) obtained when the latter is represented. as a specified primary mqthematical
model (3.2) with specified nesting index (3.2.1)

3.31
primary profile
ling resulting from the intersection between the prindry surface (3.3) and an ideal plane

Notg¢ 1 to entry: The concept of profiles is under deyelopment and it is possible that the definition| of primary
profile will be revised.

3.4
prijnary mapping
mapping indexed by the nesting index (3.2.1) used to identify a particular primary surface (B.3) with a
sperified nesting index (3.2.1) inyorder to represent a surface portion (3.1.1) that satisfies the sieve and
projection criteria

Note 1 to entry: A primary.mapping identifies surface portions which have “features” larger than p particular
nesfing index.

3401
sieye criterion
criterion where~two primary mappings (3.4) applied one after another to a surface portion| is entirely

eqt:tlvalent te,only applying one of these two primary mappings to the surface portion npmely that
primary mapping with the highest nesting index (3.2.1)

3.4)2
projection criterion

criterion wherein a primary surface (3.3) with a specified nesting index (3.2.1) is mapped onto itself
using the primary mapping (3.4) with the same specified nesting index (3.2.1)

Note 1 to entry: This implies that if you apply the primary mapping twice with the same nesting index to a surface,
one obtains the same surface as if the primary mapping was applied only once. For example, applying a closing
filter with a circular structural element of a given radius twice to a profile results in the same filtered profile as if
the closing filter is only applied once.

© IS0 2015 - All rights reserved 3
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3.4.3

basic scale
scale established when using a nesting index (3.2.1) assigned to an associated primary mapping (3.4) as
a numerical relational system

Note 1 to entry: An example is a basic scale based on sinewaves when using cut-off values associated with a

primary ma

pping derived from a truncated Fourier series.

Note 2 to entry: For a relational system to be stable, the set of entities with their relations have to form a partially

ordered set

3.5

with a greatest element.

filtration
feature op
variation ¢

Note 1 to en
can be cons

eration used to create a non-ideal feature from a non-ideal feature or to transform
urve to another by reducing the level of information

try: For the purposes of this series of International Standards, a filter is either a primary mappin
fructed using a combination of primary mappings, e.g. the weighted mean of primiary mappings

supremum

f primary mappings, etc. For example, a Gaussian filter can be constructed from a weighted su

primary malppings derived from a truncated Fourier series.

[SOURCE: SO 17450-1:2011, 3.4.1.3, modified — Note 1 to entry has been addéd.]

3.5.1

profile filfer

operator c

Note 1 to er
context. WH

nsisting of a filtration (3.5) operation for use on a surface profile (3.1.2)

try: Throughout this International Standard, the term/operator” is interpreted in its mathema

in front of the term “operator”.

3.5.2
areal filte

s

operator consisting of a filtration (3.5) operationfor use on a surface portion (3.1.1)

3.6
outlier
local porti
(3.1) and w

Note 1 to en
with stylus

3.7
open prof
finite lengt

bn in a data set that is notrépresentative or not typical for the partitioned integral fea
hich is characterized by mragnitude and scale

fry: Not all outliers canbé determined using data alone, but only those that are physically inconsis
Lip geometry. It issonietimes possible to give a warning based on magnitude/scale criteria.

le
h surfaceprofile (3.1.2) with two ends

one

g or
the
m of

Fical

en it is used in the context of ISO 17450-2:2012, the qualifier “specification” or “verification” is yised

Fure

tent

Note 1 to er1try: The surface profile does not intersect with itself.

3.8

closed profile

connected

finite length surface profile (3.1.2) without ends

Note 1 to entry: The surface profile does not intersect with itself, i.e. it is a simple closed curve or Jordan curve.

3.9
robustnes

S

insensitivity of the output data against specific phenomena in the input data

Note 1 to entry: Outliers, scratches, and steps are examples of specific phenomena. More details can be found in
ISO 16610-30.

© ISO 2015 - All rights reserved
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3.10
filter equation
equation for the mathematical description of the filter

Note 1 to entry: Filter equations do not necessarily specify an algorithm for the numerical realization of the filter.

4

4.1

General discussion

General

Filt

EXA
siev]

The
cor

Mot

nes
tha

Fation is a way of separating features of interest from other features in the data.

MPLE
e holes.

nesting index is the size at which features are separated. In the above example, the ne
‘esponds to the size of the holes in the sieve.

Fing hierarchy, the smoother the model used to represent the surface. The nesting index i
indicates the level of the hierarchy (nesting/smoothness)<of the model, such that the

valge of the nesting index, the smoother the model used to represent the surface. By conven

nes

Sec

[ing index approaches zero, there exists a model that represents the real surface.

bndly, a primary mapping is defined. The primary mapping is a method of choosing a

modlel with a specified nesting index and which satisfies certain properties to representar

The
are

A td
filte
The
ISO
doc

Thd

given in Annex A.

olbox of new and novel filter tools is re€ommended which includes mean line filters, mo

filtration masterplan (see Annex \B) shows the structure of the part number allocat
16610-series. The particular filtet tool and its default value are provided in other ISO
uments.

advantages and disadvantages of different filter types are given in Annex C, concept di

Sieving particles where soil particles are filtered into different sizes, depending-on th

e precisely, filtration exists in the first place of defining a set of nestédyhierarchical reprg
(sinpilar to a set of Russian dolls), to be used to model the real surface) such that the furth

primary mapping is a basic filter from which other filters can be constructed. [llustrativ|

rs, robust filters, and techniques that-decompose surface texture into different scale c¢

e size of the

5ting index

sentations
er into the
5 a number
higher the
ion, as the

particular
pal surface.
e examples

‘phological
mponents.
jon for the
hpplication

ngrams for

the
in A

basic concepts of filtration are given in Annex D, and the relationship to the filtration mat
nnex E.

rix is given
4.2

Primarysnathematical models

Thd
Thd

primaryamathematical models have been developed to generalize the concept of wavelg
aim ef'the nesting index is to generalize the concept of wavelength value.

ngth band.

Given-a particular model within a set of nested models, higher nestings (with a smaller nesting index)
contain more surface information, whereas Tower nestings (with a Targer nesting index) contain less
surface information. By convention, as the nesting index approaches zero, there exists a primary
mathematical model that approximates the partitioned integral feature to within any given measure of
closeness (as defined by a suitable mathematical norm).

The sieve criterion is derived from Matheron’s size criterion[35] and is a necessary condition for the
following reason; if a primary mapping is applied to a partitioned integral feature, any further primary
mapping with a larger nesting index is exactly equivalent to applying the second primary mapping
with the larger nesting index directly to the partitioned integral feature. In other words, for a primary
mapping with a specified nesting index, no information is lost concerning primary mappings of the
partitioned integral feature with a larger nesting index.

© ISO 2015 - All rights reserved
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The projection criterion is necessary in order to ensure that the primary mapping is idempotent and
that the nesting index corresponds to Matheron’s definition of size. The projection criterion, together
with the sieve criterion, ensures that the nesting index assigned to a primary mapping is a basic scale.

Since the nesting index of the primary mathematical models corresponds to scale, the nesting index can
be used to define the generalized concept of wavelength.

5 Filter designations

Table 1 indicates the basic semantics in designating filters. Table 2, on the other hand, indicates the filter
designatiofts.

Table 1 — Basic semantics in designating filters

Filter Type Category
L = Linear
A =Areal (3D) M = Morphological
R = Robust
F = Filter
L = Linear

P = Profile (2D) M = Morphological

R = Robust

Table 2 — Filter designations

Type | Category | Symbol | Designation Name ISO documeng

G FALG Gaussian 16610-61

FAL S FALS Spliné 16610-62 2

SwW FALSW Spline Wavelet 16610-69 a

CB FAMCB Closing Ball 16610-81 2

CH FAMCH Closing Horizontal segment 16610-81 a

FA At OB FAMOB Opening Ball 16610-81 2

OH FAMOH Opening Horizontal segment 16610-81 a

AB FAMAB Alternating series Ball 16610-89 a

AH FAMAH Alternating series Horizontal segment |16610-89 a
FAR G FARG Gaussian 16610-71

S FARS Spline 16610-72 a

a  Planned|

© ISO 2015 - All rights reserved
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Table 2 (continued)

Type | Category | Symbol | Designation Name ISO document
FPL G FPLG Gaussian 16610-21
S FPLS Spline 16610-22
SW FPLSW Spline Wavelet 16610-29
FPM CcD FPMCD Closing Disk 16610-41
CH FPMCH Closing Horizontal segment 16610-41
FP 0D EFPMQD Opening Disk 16610-4
OH FPMOH Opening Horizontal segment 1661041
AD FPMAD Alternating series Disk 16610-49
AH FPMAH Alternating series Horizontal segment._ | 16610-49
FPR G FPRG Gaussian 16610-31
S FPRS Spline 16610-37
FP (special case) |2RC FP2RC 2RC 3274

a  |Planned.

© IS0 2015 - All rights reserved 7
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pature.

rface portion

Annex A

(informative)

Illustrative examples

120

90

2

e portion is a roundness profile taken on the partitioned integral feature (see Figure A.1).

60

h] feature is assumed to be a cylinder so the partitioned integral feature is the-corresponding

30

300

330

A.1.3 Primary mathematical model

270

Figure A.1 — Roundness profile of a partitioned integral feature

The primary mathematical model is a truncated Fourier series for a roundness profile. The Nth order
model includes all harmonics, up to and including the Nth harmonic of the profile, and no higher order

harmonics than the Nth order harmonic (see Figure A.2).
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9

120 60
1,5

270

Figure A.2 — Example of 13thorder primary mathematical model

erms of polar coordinates, the Nth.order mathematical representation is

N
R, (0)=a0 +Z[ai xcos(ix0)+bi xsin(ix@)]
i-1

bre
Ry is the Nth.order radial term;
0 is the.angle;

a;, b are the Fourier coefficients.

5 moadel is nested since the Nth order model includes all harmonics up to and includi

har

(A1)

hg the Nth

monic of the profile and therefore, includes all the harmonics of a model whose order is 14

bss than N.

A.1.3.1 Nesting index

A suitable nesting index is given by 2m/N, the smallest angular wavelength represented by the model.
As this angular wavelength approaches zero, it implies that N tends to infinity, i.e. the model approaches
a full Fourier series. It is well known that with some very mild assumptions, roundness profiles equal
their full Fourier series almost everywhere. Hence, as the nesting index approaches zero, the model
Rp(6) approaches the real roundness profile almost everywhere as required.

A.l.

3.2 Degrees of freedom

A model Ry(6) has 2N + 1 independent parameters and so has 2N + 1 degrees of freedom.

© ISO 2015 - All rights reserved
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A.1.4 Primary mapping

To obtain a filtered profile, it is necessary to primary map a roundness profile onto a truncated Fourier
series. This can be achieved by taking the Fourier Transform of the partitioned integral feature using
the Fourier series only up to the truncation point and calculating the coefficients of the model (see
Figure A.3). It can be easily shown that this method for primary mapping satisfies the sieve criterion.

(\'

270

210 \

1
2

20
40

Key
A primary profile
B  partitigned integral feature

Figure A.3 — Primary profile

A.2 Altdrnating sequence morphological filter on a profile

Morphologjical profile filters are described in ISO 16610-40, ISO 16610-41, and ISO 16610-49.

A.2.1 Integral feature

The nominal feature is assumed to be a cube and the partitioned integral feature is a non-ideal feature
corresponding to a plane of a specified face of the cube.

A.2.2 Surface portion

The surface portion is a profile taken on the partitioned integral feature (see Figure A.4).

10 © IS0 2015 - All rights reserved
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Figure A.4 — Profile of a partitioned integral feature

A.2l3 Primary mathematical model

A.2|13.1 General

The primary mathematical model is a profile whose absolute instantaneous curvature values are all
belgw a specified maximum value (see Figure A.5). This model is nested since a model withfa specified
maximum absolufe curvature value includes all models with a lower maximum value.

© IS0 2015 - All rights reserved 11
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Y\

10 |

Dimensions in millimetres

Key
X distanc
Y height

11°)

103

Figure A.5 — Example of primary mathematical model with nesting index radius of 0,8 mn

A232 N

A suitable
curvature.
approache

A233 D

For each n
of freedom|

esting index

nesting index is given/by-the radius corresponding to the inverse absolute value of
b the profile as required.

egrees of freedom

bsting indey, it is possible to construct a primary mathematical model. Hence, finite degi
cannotbe specified a priori for a given nesting index.

A.2.4 Pri

jmary mapping

the

As the radius approaches zero, i.e. the value of curvature approaches infinity, the m¢del

ees

To obtain a filtered surface, it is necessary to primary map the integral feature to a primary
mathematical model of a specified nesting index (see Figure A.6). This can be achieved by means of a
series of morphological closings and openings of the partitioned integral feature, with circular structural
elements with an increasing nesting index, and ending with the same radius as the nesting index (see
ISO 16610-49 for details). It can easily be shown that this method for primary mapping satisfies the
sieve criterion.

12

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=66c9acdfd19776be4949340076409460

1ISO 16610-1:2015(E)
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Annex B

(informative)

Masterplan for filtration standards — ISO 16610- series

B.1 FiltIanonéLandazds—'
B.1.1 Filtration standard matrix
Table B.1 gfves the filtration matrix for the ISO 16610- series.
Table B.1 — Structure of parts in the ISO 16610- series
Filters
Generjal
Part1
Profile filters Areal filters
Fundameéntal
Part 11a Part 12a
Linear Robust Morphological Linear Robust Morphological
Basic conjcepts Part 20 Part 30 Part 40 Part 60 Part 70 Part 80
Particylar Parts 21-25 | Parts 31-35 Parts 41-45 Parts 61-65 | Parts 71-75 Parts 81-85
filters
How to f|ilter Parts 26-28 | Parts 36-38 Parts46-48 | Parts 66-68 | Parts 76-78 Parts 86-88
Multiresoiution Part 29 Part 39 Rart 49 Part 69 Part 79 Part 89

a  Atpresgntincluded in Part 1.

B.1.2 Titles of the individual parts in the ISO 16610- series

For the indjividual part titles and parts that are planned, see Foreword.

B.2 Structure of the filtration standards — ISO 16610- series

B.2.1 Structure of Part x0 (Basic concepts)

Forewprd

Introdpetion

Scope

Normative references (including ISO 80000-2)
Definitions

Basic concepts

X filters

Comparison of filters (clause content shall only direct the user to clauses of other parts of the 16610
series in which comparison of filters are given)

Annexes
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B.2

Annex n-1: “Relationship to the filtration matrix model”
Annex n: “Relationship to the GPS matrix model”

Bibliography

.2 Structure of Parts x1 to x5 (Particular)

Foreword

Introduction

1ISO 16610-1:2015(E)

Scope

Normative references (including ISO 80000-2)
Definitions

Particular filter in question

Recommendations

Filter designation (according to this part of ISO 16610)
Annexes (including examples)

Annex n-1: “Relationship to the filtration matrix model’
Annex n: “Relationship to the GPS matrix model”

Bibliography

.3 Structure of Parts x6 to x7 (How. to filter — Guidance)

Foreword

Introduction

Scope

Normative references\(including ISO 80000-2)
Definitions

Guidance

Annexes\(including examples)

Anfex n-1: “Relationship to the filtration matrix model”

B.2

ATNMEX - Retatfonship to the GPS Tmatrix modet™

Bibliography

4 Structure of Part x9 (Multiresolution)

Foreword

Introduction

Scope

Normative references (including ISO 80000-2)

© ISO 2015 - All rights reserved
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— Definitions

— Description of multi-resolution method(s)

— Filter designation (in accordance with this part of ISO 16610)
— Annexes (including examples)

— Annex n-1: “Relationship to the filtration matrix model”

— Annex n: “Relationship to the GPS matrix model”

— Bibliography
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Annex C
(informative)

1ISO 16610-1:2015(E)

Advantages and disadvantages of different filter types

The following tables reflect the knowledge of the experts responsible for this International Standard at

its ¢

Ao oficcnia and ara nat avhanctivg
e

orce-orrosTtc-orrorore

TTo T XTIttty

Table C.1 — Gaussian filter (ISO 16610-21)

Pro

Contra

Of pargicular interest

Well known

Well defined

Nydquist sampling
Redonstruction possible

Eady to compute

Cloed profile: no end effects
Eady to interpret

Nedted set of mathematic models
Deflined by cut-off wavelength

ringing

side lobes

Not robust

Outlier sensitive
Distorts skewed surfaces
Form must be removed
End effects

Non-compact support

No wavelet analysis possible

Linear system'based on Fo{irier wave-

lengths

Easy(tojimplement on spacq

d data

Table-C.:2"— Spline filter (ISO 16610-22)

Pro

Contra

Of particular intey

est

En( effects easier to handle

No heed to remove form

Dogs not distort skewed surfaces
Eady to compute

Cloed profile: neiend effects
Wayelet analysis possible

Nyquist sampling

Deflined by cut-off wavelengths

Currently range of application not
fully established

Linear/nonlinear Fourier
interpretation possible

Can be Gauss approximatig

As B-Spline order N tends 4
converges to Gaussian

The limiting case of the lin
converges to the 2RC PC fil

n

p infinity

bar spline
er

De-noise

Faster than Gaussian
Self-adjusting
Compact support

Random data spacing possible

Applicable to any surface

© ISO 2015 - All rights reserved
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Table C.3 — Spline wavelet (ISO 16610-29)

Pro

Contra

Of particular interest

Locates and identifies outliers
Filter individual features

Applicable to non-stationary
surfaces

Form removal not necessary

De-noise

Many different mother wavelet
types
Difficult to interpret

Currently range of application
not fully established

Includes B-splines

Different to Fourier wavelengths

Nyquist sarppling
Reconstrudtion possible

Easy to corJIpute

Closed proffiles: no end effects

Nested set pf mathematical

models

Defined sinpilar to cut-off
wavelengtHs
Faster than Gaussian
Can be useI

Can be use

on short profiles

for surfaces

Table C.4 — Morphological filter (ISO

16610-41)

Pro

Contra

Of particular interest

Definition ¢f mechanical surface

Simulates dontact phenomena
(e.g. E-syst¢m)

Does not digtort Chebyshev fits
Closed proffiles: no end effects
Nested set pf mathematical models
No need to remove form
Compact sypport

Random dalta spacing possible

Faster than Gaussia1l

Range of applicatién not fully
established

Outlier sensitive

Different to Fourier wavelengths
Nonlinear filter

Default filter for establishment of
datums (alpha-hull)

18
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Table C.5 — Alternating sequence filter (ISO 16610-49)

Pro

Contra

Of particular interest

Well defined

Nested set of mathematical models
Naturally robust

Easy to compute

Multiresolution type analysis
possible

Range of application not fully
established

Published algorithms slower than
Gaussian

Different to Fourier wavelengths
Nonlinear Filter

Ball defined by curvature not
wavelength

Sampling theorems (not Nyquist)

Reconstruction possible

End effects easy to handle
Forjm removal not necessary

Deflined similar to cut-off
wayelengths

© ISO 2015 - All rights reserved
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