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Foreword

This document (EN ISO 16610-71:2014) has been prepared by Technical Committee ISO/TC 213
“Dimensional and geometrical product specifications and verification” in collaboration with Technical
Committee CEN/TC 290 “Dimensional and geometrical product specification and verification” the secretariat of
which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by March 2015, and conflicting national standards shall be withdrawn at
the latest by March 2015.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.

Endorsement notice

The text of ISO 16610-71:2014 has been approved by CEN as ENISO 16610-71:2014 without any
modification.
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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 procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers
to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 213, Dimensional and geometrical product
specifications and verification.

ISO 16610 consists of the following parts, under the general title Geometrical product specifications
(GPS) — Filtration:

— Part 1: Overview and basic concepts [Technical Specification]

— Part 20: Linear profile filters: Basic concepts [Technical Specification]

— Part 21: Linear profile filters: Gaussian filters

— Part 22: Linear profile filters: Spline filters [Technical Specification]

— Part 28: Profile filters: End effects [Technical Specification]

— Part 29: Linear profile filters: Spline wavelets [Technical Specification]

— Part 30: Robust profile filters: Basic concepts [Technical Specification]

— Part 31: Robust profile filters: Gaussian regression filters [Technical Specification]

— Part 32: Robust profile filters: Spline filters [Technical Specification]

— Part 40: Morphological profile filters: Basic concepts [Technical Specification]

— Part 41: Morphological profile filters: Disk and horizontal line-segment filters [Technical Specification]
— Part 49: Morphological profile filters: Scale space techniques [Technical Specification]
— Part 60: Linear areal filters — Basic concepts

— Part 61: Linear areal filters — Gaussian filters

— Part 71: Robust areal filters: Gaussian regression filters

iv © ISO 2014 - All rights reserved
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Part 85: Areal Morphological: Segmentation

The following parts are planned:

© IS0 2014 - All rights reserved

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 42: Morphological profile filters: Motlif filters

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 82: Morphological areal filters: Motif 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
Global GPS standard (see ISO/TR 14638). It influences the chain links 3 and 5 of all chains of standards.

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

For more detailed information of the relation of this document to the GPS matrix model, see Annex C.

This part of ISO 16610 specifies the metrological characteristics of robust areal Gaussian regression
filters, for the rotationally symmetric filtration of nominal planar surfaces and the filtration of nominal
cylindrical surfaces.

The filter is insensitive against specific phenomena in the input data (e.g. spike discontinuities as well as
deep valleys and high peaks, etc.). The boundaries of the measured surface are still usable.

vi © ISO 2014 - All rights reserved
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Geometrical product specifications (GPS) — Filtration —

Part 71:
Robust areal filters: Gaussian regression filters

1 Scope

This part of ISO 16610 specifies the characteristics of the robust areal Gaussian regression filter for the
evaluation of surfaces that may contain spike discontinuities as well as deep valleys and high peaks. It
specifies in particular how to separate large scale lateral components and short scale lateral components
of a surface.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 16610-1, Geometrical product specifications (GPS) — Filtration — Part 1: Overview and basic concepts

IS0 16610-30:—1Y, Geometrical product specifications (GPS) — Filtration — Part 30: Robust profile filters:
Basic concepts

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

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 16610-1, ISO 16610-30,
[SO/IEC Guide 99 and ISO/IEC Guide 98-3 and the following apply.

3.1

robust planar filter

non linear areal filter to separate a planar surface with specific phenomena (e.g. spike discontinuities
as well as deep valleys and high peaks etc.) into large scale lateral components and short scale lateral
components

3.2

robust cylindrical filter

non linear areal filter to separate a cylindrical surface with specific phenomena (e.g. spike discontinuities
as well as deep valleys and high peaks etc.) into large scale lateral components and short scale lateral
components

1) To be published. (Revision of ISO/TS 16610-30:2009)

© ISO 2014 - All rights reserved 1



BS EN ISO 16610-71:2014
ISO 16610-71:2014(E)

3.3
biweight function
asymmetric influence function defined by

2 2
u 1—(2j for |u|£c

0 for |u| >c

M

where c is the real scale parameter and u is a real number
Note 1 to entry: See ISO 16610-30:—, Figure 4.

3.4
robust areal regression filter
weighted M-estimator based on the areal local complete polynomial modelling of the surface

Note 1 to entry: See ISO 16610-30 for the definition of the weighted M-estimator.
Note 2 to entry: See Annex A for the mathematical definition of the robust areal regression filter.

3.5

robust areal Gaussian regression filter

robust areal regression filter based on the areal Gaussian weighting function, the biweight influence
function and a local complete polynomial modelling of the surface with the degree p=2 as the default

case
Note 1 to entry: to entry:See ISO 16610-61 for the definition of the areal Gaussian weighting function.

Note 2 to entry: to entry:In case of p=2,the robustareal Gaussian regression filter follows a complete polynomial
up to second degree.

4 Robust planar Gaussian regression filter

4.1 General

Robust planar Gaussian regression filters complying to this document shall conform to sections 4.2 to
4.4.

4.2 Weighting function

The weighting function of the robust planar Gaussian regression filter depends on the surface values
(height to the reference surface) and the location of the weighting function on the surface.

2 © ISO 2014 - All rights reserved
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4.3 Filter equation

The filter equation is given by
T 107 . .
wiy=(1 0 0 0 0 O)(X,-j S; Xl-j) XIS;z, i=l.,m j=1..n 2)
with the surface values
T
Z=(le Zml Zln Zmn) (3)
The regression function is spanned by the matrix:
2 2
1 x4 Y1 XuYi Xu Vi
2 2
1T Xmi Yij XmiVij Xmi Vi)
Xij= : : : : : : 4)

2 2
1 Xy Vo X4iVy X1 Vi

2 2
1 Xmi ynj Xmi nj Xmi ynj

where

Xy =(k—=i)Ax, k=1,.,m (5)
and

Vij =(1-j)4ay, 1=1,.n (6)

The spatial varying weighting function S;j s given by:

Slllj 511 0 e 0
A .
: Smtij Om1
S1nij O1n :
. 0
0 0 S mnij Omn

with the Gaussian weighting function:

2 2

1 X"+ Vi
Sk]ij =ﬁexp —lz kl—ﬁ k=1,..,m I=1,..,n (8)

Ac Y A

The constant y is given by:
oW, (—1]
2e
y = =0,7309 (9)
T

with the branch W_; (u)<—-1 of the “Lambert W” function [Z].

© ISO 2014 - All rights reserved 3
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The weights 6;; are derived from the biweight function as follows:

v(Zj—wi,
51-1-:%. i=1,,m  j=1.n (10)

In the default case, the scale parameter c is given by:

3A
c= ¢Dl (11)
\/E erf 1| =
2
Amap is the median absolute deviation of the residuals Zjj—Wjj, ,and erf! is the inverse error function [6].
m number of the surface values in x direction
n number of the surface values in y direction
i index of the surface values in x directioni = 1,...,m
J index of the surface values in y directionj = 1,...,n
Zjj surface values before filtering
Wi filtered surface values
Ae cut-off wavelength
Ay sampling interval in x direction
4y sampling interval in y direction

NOTE1 SeelSO 16610-30 for the definition of Apmap.

NOTE 2 wij gives the surface values of the large scale lateral components. The short scale lateral components

can be obtained by the difference vector r;; = z;; —w;

Tij ij ij U

NOTE 3  The definition for the value ¢ is equivalentto 3o of a surface with a Gaussian amplitude distribution.

NOTE4  The number of zeros in Formula (2) is equal to p (p+3)/2 (see Annex A).

NOTES5 The values w;; are generally calculated by iteration starting with 5,-? =1 and updating the weights

ij
according to Formula (10). For the calculation of the first updated weights 6,-]1- , the default scale parameter ¢ can
be increased by a factor of two.

NOTE 6  For surfaces with big pores or peaks at the surface boundaries the robustness can be increased by
setting p=0. In this case the nominal form can be eliminated by using the F-operator. The filter equation for

p =0 resultsin:

m n
D Suii Okt Zui

W,-}-—k L=l ,with y = /% (12)

m n
2. 2 Skiij O

k=11=1

4 © ISO 2014 - All rights reserved
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4.4 Transmission characteristics

The weighting function of the robust planar Gaussian regression filter depends on the surface values
and the location on the surface. Therefore no transmission characteristic can be given.

5 Robust cylindrical Gaussian regression filter

5.1 General

Robust cylindrical Gaussian regression filters complying to this document shall conform to sections 5.2
to 5.4.

5.2 Weighting function

The weighting function of the robust cylindrical Gaussian regression filter depends on the surface values
(height to the reference surface) and the location of the weighting function on the surface.

© IS0 2014 - All rights reserved 5
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5.3 Filter equation

The filter equation is given by:

-1
~ 5T & oT &
W=(1 0 0 0 0 0)(x,.j $; X,-j) XIS p
with the radial surface values:
T
p:(p11 cee pm1 e p1n cee pmn)

The regression function is spanned by the matrix:

2 .2
1 oy zy; 0121 Qu 21

2 .2
1 Omi Z1j PmiZ1j Pmi Z1j
i=li : : : :
2 2
1 oy zy @1iZn @1 Zy

2 2
1 Pmi an Pmi an Pmi an
where (in the circumferential direction):

Oy :([k—m';j modm—’;] A, k=1..m

and (in the axial direction):

z,j:(l—j)AZ, I1=1,..n.

The spatial varying weighting function S‘ij is given by:

glll] 511 0 ot O
0 .
5 : §m1ij 5m1
ij = -
S1nij O1n :
. 0
0 0 Spnij Omn
with the Gaussian weighting function:
n Qi N 2 (7 )
Sklij ZZLCXP —lz [%J +[l_11] k=1,..,m l=1,..,n
Y21 A, y T cz

The constant y is given by:

y = ] =0,7309

with the branch W_; (u)<—-1 of the “Lambert W” function.

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

6 © ISO 2014 - All rights reserved
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The weights 517 are derived from the biweight function as follows:

5 ZV’B(PU‘Wijf)

T
Pij —Wij

i=1,.m j=1,.,n (21)

In the default case, the scale parameter ¢ is given by:

3A
G=_ MAD (22)

V2erf™ GJ

Amap is the median absolute deviation of the residuals Pij —vT/ij, and erf™! is the inverse error function.

m number of surface values in ¢ direction (the circumferential direction)
n number of surface values in z direction (the axial direction)

[ index of the surface value in ¢ directioni = 1,...,m

J) index of the surface value in z directionj = 1,...,n

Pij radial surface values before filtering

wj  filtered radial surface values

Ny, limiting scale in ¢ direction in undulations per revolution

Aez  cut-off wavelength in z direction

Ay sampling interval in ¢ direction (the circumferential direction)

4, sampling interval in z direction (the axial direction)

NOTE1 SeelSO 16610-30 for the definition of Apap.

NOTE 2 vT/l-j gives the surface values of the large scale lateral components. The short scale lateral components
rj; can be obtained by the difference vector r; = p;; —w;;.
NOTE 3  The definition for the value ¢ is equivalentto 3o of a surface with a Gaussian amplitude distribution.

NOTE4  The number of zeros in Formula (13) is equal to p (p + 3)/2 (see Annex A).

NOTES5  The values VT/U- are generally calculated by iteration starting with 51? =1 and updating the weights

according to Formula (21). For the calculation of the first updated weights 51]1 , the default scale parameter ¢ can

be increased by a factor of two.

5.4 Transmission characteristics

The weighting function of the robust cylindrical Gaussian regression filter depends on the surface values
and the location on the surface. Therefore no transmission characteristic can be given.

© ISO 2014 - All rights reserved 7
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6 Nesting Index for planar and cylinder surfaces

It is recommended to choose the nesting index according to ISO 25178-3:2012, Table 1. In this case,
the filter is robust against specific phenomena in the input data with a lateral size equal to the chosen
nesting index divided by 3.

Example: the nesting index for the robust planar Gaussian regression filter is set to A, = 0,8 mm. The
filter will be insensitive against e.g. peaks or valleys with a lateral size of 0,8 mm/3 = 0,267 mm.

7 Filter designation
Robust areal Gaussian regression filters according to this part of ISO 16610 are designated
Robust planar filters FARGRP

Robust cylindircal filters FARGRC

8 © ISO 2014 - All rights reserved
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Annex A
(informative)

Regression filter

An areal robust regression filter using a weighted M-estimator is given by the generalized nonlinear
minimization:

T
min(f(w—Xij Bi) sl-j), i=1,..m j=1,..n (A.1)
Bij

with the matrix:

koI
T ugvy
ko
T Uy vy
X;=|i : |, k=0,,p 1=0,.,p k+I<p (A.2)
ko
T ug vy
ko
1 - Ui Vnj

the parameter vector:

Bij=|By - B +p(p+3) (A.3)

the data values:
T
and a symmetrical weighting function:
T
Szj=(511,ij  Smyig Sty Smn,ij) (A.5)

The coordinates are given by:

ug =(k—i)Au,  k=1,.,m (A.6)

and:

vy=(I-j)Av, I=1,.,n (A7)

© ISO 2014 - All rights reserved 9
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p degree of the complete polynomial

m number of surface values in u direction

n number of surface values in v direction

i index of the surface values in u direction i = 1,...,.m
J index of the surface values in v directionj=1,...,n
Wi data values before filtering

Bri  polynomial coefficients at position (i, j)
B1,; filtered data value at position (i, /)

Ay sampling interval in u direction
4y sampling interval in v direction

The function f describes the underlying statistic of the deviations 4,,.

In general, the solution for Formula (A.1) can be expressed as the weighted least squares problem:
-1
Bri=(1 0 - O)(X,-]T- S; Xl-j) Xl s;w (A.8)

The number of zeros in Formula (A.9) is equal to p(p+3)/2. The zeros suppress the higher order
polynomial coefficients of the minimization problem as stated in (A.1).

The spatial varying weighting function S;; is given by:

Sllij 511 0 0
0 .
Smlij 5m1
S, = . (A9)
Slnij 51n :
. 0
0 0 Spnj Smn

with s;; the vector elements of the weighting function s;; and the additional weights &), derived from

the influence function y (r) :

W(sz—ﬁw) .
TR ) with w(r
Wit = B v(r) or

O =

(A.10)

NOTE1 In case of deviations with a Gaussian amplitude distribution, the best maximum log likelihood
estimation is given if f(r) is the quadratic loss function #* . In this case Formula (A.1) is equal to a least square

sum and the filter operation is linear.

NOTE 2  This general formulation of the filter ensures that it follows complete polynomials of degree p .

10 © ISO 2014 - All rights reserved
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Annex B
(informative)

Examples

Examples for the application of the robust planar and robust cylindrical Gaussian regression filter (
p=2) are for information only. See Figures B.1, B.2 and B.3.

a) Original surface with form

© 1SO 2014 - All rights reserved 11
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x/mm

b) Filtered surface. The form is eliminated by the filtering process (regression order P = 2)

Figure B.1 — Robust areal Gaussian regression filter with a nesting index of 1. = 0,8 mm
applied on a honed surface of a cylinder liner

12 © IS0 2014 - All rights reserved
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z/pym

0 0 x/mm

a) Original surface with form

© IS0 2014 - All rights reserved 13
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0.05

y/mm 0 0 x/mm

b) Filtered surface. The filter approximates the form (regression order P = 2) and is insensitive
against the surface particle structures

Figure B.2 — Robust areal Gaussian regression filter with a nesting index of 1, = 0,8 mm
applied on a planar surface with particle structures

14 © IS0 2014 - All rights reserved
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a) Original cylindrical surface with form-devi- b) Filtered surface. The filter is insensitive
ation and the groove against the groove and approximates the form-
deviation only

Figure B.3 — Robust cylindrical Gaussian regression filter with a nesting index of A ., = 0,8 mm
and n,,. =15 applied on a cylindrical surface with a groove

© IS0 2014 - All rights reserved 15
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Annex C
(informative)

Relationship to the filtration matrix model

C.1 Position in the filtration matrix model

This part of ISO 16610 is a particular filter document. See Table C.1.

Table C.1 — Structure of the ISO 16610 series

FILTERS : ISO 16610 series
General Part 1
Profile Filters Areal Filters
Fundamental Part 11 Part 12
Linear Robust Morphological Linear Robust Morphological
Basic Part 20 Part 30 Part 40 Part 60 Part 70 Part 80
Concepts
Particular Parts 21-25 | Parts 31-35 Parts 41-45 Parts 61-65 Parts 71-75 Parts 81-85
Filters
How to Filter Parts 26-28 | Parts 36-38 Parts 46-48 Parts 66-68 Parts 76-78 Parts 86-88
Multiresolution Part 29 Part 39 Part 49 Part 69 Part 79 Part 89

C.2 Titles of the individual parts in the ISO 16610 series

The individual part titles are:

16

Part 1:

Part 20:
Part 21:
Part 22:
Part 26:
Part 27:
Part 28:
Part 29:

Overview and basic concepts
Linear profile filters; Basic concepts
Linear profile filters; Gaussian filters

Linear profile filters; Spline filters

Linear profile filters; Filtration on nominally orthogonal grid planar data sets

Linear profile filters; Filtration on nominally orthogonal grid cylindrical data sets

Linear profile filters; End effects

Linear profile filters; Spline wavelets

© ISO 2014 - All rights reserved
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— Part30: Robust profile filters; Basic concepts

— Part31: Robust profile filters; Gaussian regression filters

— Part32: Robust profile filters; Spline filters

— Part40: Morphological profile filters; Basic concepts

— Part41: Morphological profile filters; Disk and horizontal line segment filters
— Part42: Morphological profile filters; Motif filters

— Part45: Morphological profile filters; Segmentation

— Part49: Morphological profile filters; Scale space techniques
— Part60: Linear areal filters; Basic concepts

— Part6l: Linear areal filters; Gaussian filters

— Part69: Linear areal filters; Spline wavelets

— Part71: Robust areal filters; Gaussian regression filters

© ISO 2014 - All rights reserved 17
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Annex D
(informative)

Relation to the GPS matrix model

D.1 General

For full detailsabout GPSmatrixmodel, see [SO/TR 14638. The ISO/GPS Masterplan giveninISO/TR 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.

D.2 Information on this part of ISO 16610 and its application

This part of ISO 16610 specifies the metrological characteristics of robust areal Gaussian regression
filters, for the rotationally symmetric filtration of nominal planar surfaces and the filtration of nominal
cylindrical surfaces.

The filter is insensitive against specific phenomena in the input data (e.g. spike discontinuities as well as
deep valleys and high peaks etc.). The boundaries of the measured surface are still usable.

D.3 Position in the GPS matrix model

This part of ISO 16610 is a global GPS Technical Specification, that influences the chain links 3 and 5 of
all chains of standards, as graphically illustrated on Table D.1.

D.4 Related International Standards

The related International Standards are those of the chain of standards indicated in Table D.1.
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Table D.1 — Fundamental and general ISO GPS standards matrix

Global GPS Standards
General GPS Standards
Chain link number 11234 |5]|6
Size
Distance
Radius
Angle

Form of line independent of datum

Form of line dependent of datum

Fundamental
Form of surface independent of datum
GPS
Form of surface dependent of datum
Standards
Orientation
Location

Circular run-out

Total run-out

Datums

Roughness profile

Waviness profile

Primary profile

Surface imperfections

Edges
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