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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 procqdures used to develop this document and those intended for its further maintenance
described|in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed.for
different fypes of ISO documents should be noted. This document was drafted in accordance|with
editorial rjules 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
patent rights. ISO shall not be held responsible for identifying any or all such patenfrights. Detail;
any patenf rights identified during the development of the document will be in the.ntroduction and
on the ISQ list of patent declarations received (see www.iso.org/patents).

Any trade|name used in this document is information given for the convehience of users and does
constitutd an endorsement.

For an explanation on the meaning of ISO specific terms and<expressions related to conform
assessmeipt, as well as information about ISO’s adherence to the W-TO principles in the Technical Barri
to Trade ('BT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC-213, Dimensional and geometrical prod
specificatipns and verification.

ISO 1661( consists of the following parts, under-the general title Geometrical product specificati
(GPS) — Hjltration:

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

— Part 40: Linear profile filters: Basie.concepts [Technical Specification]

— Part 41: Linear profile filters: Gaussian filters

— Part Z2: Linear profile filters: Spline filters [Technical Specification]

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

— Part 49: Linear profile filters: Spline wavelets [Technical Specification]
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Part I: Robuist profile filters: Basic concepts [Technical Specification]

“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
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— Part 85: Areal Morphological: 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 42: Morphological profile filters: Motif 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

This part
filters, for

of ISO 16610 specifies the metrological characteristics of robust areal Gaussian regpess
the rotationally symmetric filtration of nominal planar surfaces and the filtration of nomi

cylindricall surfaces.

The filter
deep valle

s insensitive against specific phenomena in the input data (e.g. spike discontinuities as wel
ys and high peaks, etc.). The boundaries of the measured surface are stillusable.

letailed information of the relation of this document to the GPS matrix model, see Annex d.
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Scope

iluation of surfaces that may contain spike discontinuities as well as deep valleySand hig
cifies in particular how to separate large scale lateral components and short seale'lateral cq
L surface.

Normative references
ispensable for its application. For dated references, only«the edition cited applies. Fo

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

16610-30:—1b, Geometrical product specifications {GPS) — Filtration — Part 30: Robust pr(
bic concepts

/IEC Guide 99, International vocabulary of-fetrology — Basic and general concepts and
ms (VIM)

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

Terms and definitions
the purposes of thisydocument, the terms and definitions given in ISO 16610-1, ISO

/1IEC Guide 99 and ISO/IEC Guide 98-3 and the following apply.

bust planarfilter
1 linear.areal filter to separate a planar surface with specific phenomena (e.g. spike discq
well asideep valleys and high peaks etc.) into large scale lateral components and short sd

erences, the latest edition of the referenced document (including any amendments) applieg.

s part of ISO 16610 specifies the characteristics of the robust areal Gaussian regression filter for the

h peaks. It
mponents

e following documents, in whole or in part, are normatively réferenced in this documenpt and are

r undated

c concepts

file filters:

associated

breainty in

16610-30,

ntinuities
ale lateral

c0jnponents
V4

3.

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)
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3.3

biweight function
asymmetric influence function defined by

2 2
u 1—(2j for |u| <c

0 for |u| >c

where c is the real scale parameter and u is a real number

M

Note1toe

3.4
robust ar
weighted

Noteltoe
Note2toe

3.5
robust ar
robust arg

htry: See ISO 16610-30:—, Figure 4.

eal regression filter
M-estimator based on the areal local complete polynomial modelling of the suxface

htry: See ISO 16610-30 for the definition of the weighted M-estimator.

htry: See Annex A for the mathematical definition of the robust areal regressjon filter.

eal Gaussian regression filter
al regression filter based on the areal Gaussian weightingyfunction, the biweight influe

function and a local complete polynomial modelling of the surfacé\with the degree p=2 as the defg

case

Note1toe

htry: to entry:See ISO 16610-61 for the definition of thefareal Gaussian weighting function.

ce
ult

Note 2 to efjtry: to entry:In case of p=2,the robustareal Gayssian regression filter follows a complete polynonpial

up to secorj

4 Roby

4.1 Ger

Robust pl:
4.4.

4.2 Weli

The weigli
(height to

d degree.

st planar Gaussian regression filter

eral

inar Gaussian regression filters complying to this document shall conform to sections 4.4

ghting function

ting function’ of the robust planar Gaussian regression filter depends on the surface val
the reference surface) and the location of the weighting function on the surface.

to

€S
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4.3 Filter equation

The filter equation is given by
T 107 . .
wi=(1 0 0 0 0 O)(X,-j S; X,-j) XI'S;2z, i=l.,m j=1..n )
with the surface values

Z:(le R R T Zmn)T (3)

The regression function is spanned by the matrix:
2 2
1 x4 Y1 XuYiy Xu Vi
2 2
1 Xy Y1 Xmi V1 Xmi Vi)
Xi=|: : : : : : 4)

2 2
1 Xy Vnj XtiVy X1 Vi

2 2
1 Xmi ynj Xmi nj Xmi ynj

whlere

Xk :(k—i)Ax, k=1,..m (5)
angl

yy=(1-j)4y, 1=1.,n (6)

The spatial varying weighting function S is given by:

Sllij 511 0 . 0
A .
5 Syt Om1
S; - | %
S1nij O1n :
. 0
0 0 S mnij Omn

with the GausSsian weighting function:

1 ( T (in2+)’li2ﬂ

bklij =ﬁexp ——2 —2 k=1,..,m l'=1,..,n (8)
reAe ¥ Ae
The constant y is given by:
1w, [—1]
2e
y= - =0,7309 (9)

with the branch W_; (u)<—-1 of the “Lambert W” function [7].

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

vi(z5 -y .c)

51.].:—, i=1,.,m j=1,.,n (10)
In the default case, the scale parameter c is given by:
3A
c= MAD - (11)
\/5 erf 1 (—\
\2)
Amap is the median absolute deviation of the residuals Zjj—Wjj, ,and erf! is the inverse error function|[l.
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 |SeeISO 16610-30 for the definitionefAmAp.

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

r; can be dbtained by the difference yector r;

] U:Z

ij —Wij

ij-

NOTE 3  [The definition for the vialue ¢ is equivalentto 3o of a surface with a Gaussian amplitude distribut

NOTE 4 [The number of zer¢s in Formula (2) is equal to p (p+3)/2 (see Annex A).

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

i

according §o Formuta (10). For the calculation of the first updated weights 61-11- ,

be increasgd b¥ra‘factor of two.

the default scale parameter ¢

Can

NOTE 6  For surfaces with big pores or peaks at the surface boundaries the robustness can be Increase
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 Swi Oni Zui

W,-]-—k LI=1 , with y = /1?72

m n
2.2 Skij O

k=11=1

by

(12)

© 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

& 1. 1 . 1. L . . Lole 1 . " Fin L 1 & 1 1l L " .
Ropust CYIIITUT ICAT GdUSSTAIT T €8T TSSTOIT ITITETS COMIPTIYTITEg TO TS TOCUTITETIT SITdIT COTITOTIIT CU_S9 ctions 5.2

to b.4.

5.2 Weighting function

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

© IS0 2014 - All rights reserved 5
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5.3 Filter equation

The filter equation is given by:

-1
~ vT & W vT &
W,-j=(1 0 00O 0)(Xij S,-]-X,-j) Xii Sijp (13)
with the radial surface values:
T
p=(P11 " Pt " Pty " Pun) (14)
The regrepsion function is spanned by the matrix:
2 2
1 oy 2z 01z QU Z1j
2 2
i L OPmi Z1j PmiZ1j Pmi Z1j
i=|| : : : : : (15)
2 2
L 01 Zy P1iZn Pl Zn
2 2
1 Pmi an Pmi an Pmi an
where (in[the circumferential direction):
(Pki:( k—i+’2jmodm—’2} Ao, k=1..,m (L6)
and (in the axial direction):
ZU:(I—j)Az, 1=1,..n.
(47)
The spatigl varying weighting function S‘ij is given by:
;1111 511 O e O
0 .
5 : §m1ij 5m1
ij = N (1L8)
S1nij O1n :
. 0
0 i O §mn1] 6mn
with the (Qaussian weighting function:
2 2
n n Zji
PSS/ B 2 (. B N k=1,.m 1=1,.n (19)
/) 2 2 A
Y21 A, y T cz
The constant y is given by:
1
gy
y = . ~0,7309 (20)

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

© ISO 2014 - All rights reserved
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The weights 5,7 are derived from the biweight function as follows:

5 _va(py—9y.¢)

T
Pij = Wij

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

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

3A
MAD 22)

(=————
J2erft (1\
\2)

Amlap is the median absolute deviation of the residuals Pij —vT/I-]-, and erf™! is the inverse-errof 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 ¢ direction i = 1,...,m

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

Pij radial surface values before filtering

wy;  filtered radial surface values

Ny, limiting scale in ¢ direction in undulatignis 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.

NOJ[TE 2 vT/l-j gives the stnface values of the large scale lateral components. The short scale lateral cpmponents

r:: [can be obtained by the'difference vector ’:ij =pij— Wij .

NO[FE3  The definition for the value ¢ is equivalentto 3o of a surface with a Gaussian amplitude djstribution.

NO[TE4  Thenumber of zeros in Formula (13) is equal to p (p + 3)/2 (see Annex A).

NO[FE5\ ¢ The values VT/U- are generally calculated by iteration starting with 51? =1 and updating the weights

acc

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


https://standardsiso.com/api/?name=f5dc401541e373e6747cde974b3e4b3e

ISO 16610-71:2014(E)

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 Filte

= =
doacicnation

Robust ar
Robust plz

Robust cy

UCITSITOtIUTY

inar filters

indircal filters

bal Gaussian regression filters according to this part of ISO 16610 are designated

FARGRP

FARGRC

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

Regression filter

ISO 16610-71:2014(E)

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

mi

thd

the

an

Th

[111M1Zat1on:

T
mln(f(w—xu ﬂl]) Sij)’ i:l,...,m j:l,...,n
Bij

ith the matrix:
k 1
T o ugvy
k
T Uy vy
X;=t k;l , k=0,.,p 1=0,..p k+I<p
T ug vy
ko1
1 - Umi Vnj

parameter vector:

Bi=|Pri = P p(p3)

data values:
B T
1 a symmetrical weighting function:
T
Sfj :(511,1] . o Sml,ij e Sln,ij e Smn,ij)

b coordiates are given by:

uk,-:(k—i)Au, k=1,.,m

and:

vlj:(l—j)Av, I=1,..,n

© IS0 2014 - All rights reserved
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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 directioni=1,...m
J index of the surface values in v directionj=1,...,n
wij data vatues before fitering
Bk | polynomial coefficients at position (i, j)
B1,j| filtered data value at position (i, /)
Ay sampling interval in u direction
4y sampling interval in v direction
The functjon f describes the underlying statistic of the deviations A4,
In generalf the solution for Formula (A.1) can be expressed as the weighted least squares problem:
(10 - o)(xIs;x;) xI's A8
Prij= o 0)(Xj Sy Xy) X Syw (48)
The number of zeros in Formula (A.9) is equal to p(p+3)/2. The zeros suppress the higher orfler
polynomidl coefficients of the minimization problem-as stated in (A.1).
The spatigl varying weighting function S;; is given by:
;111']' 511 0 v 0
0 B
: Smiij Sm1
Sii= (A.9)
Slnij 51n :
. 0
0 0 Spynij Omn
with sy; fhe vectar elements of the weighting function s;; and the additional weights &), derived frpm
the influefce function v (r):
5 l/)(WII_B‘I’II) o ( ) af(r) (A O)
W=— > withy(r)= }
Wi = B or
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 th

NOTE 2

10

e filter operation is linear.

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

© 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.

™
N
«'\’(’9

N

z/um

a) Original surface with form

© 1SO 2014 - All rights reserved 11
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: 0.5
y/mm &o . x/mm

.

b) Filt¢red surface. The form is @minated by the filtering process (regression order P = 2)

Figur

12

a\ ed on a honed surface of a cylinder liner
9
O
Q.
&

e B.1 — Robust ar@&ﬁssian regression filter with a nesting index of 1. = 0,8 mm

?~
S
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z/um

© IS0 2014 - All rights reserved 13
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0.05

¥ 0.05
y/mm '
C)\\(\)% 0 x/mm
b) Filter¢d surface. The filter approximates the form (regression order P = 2) and is insensitiye
agaj) the surface particle structures
Figure B.2 — Robust ar; aussian regression filter with a nesting index of 1. = 0,8 mm
z@ed 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 insen$itive
atipn 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 Pog

This part

tiomimthe fitratiommratrix modet

bf 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

Fundamertal 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 Filfer

Parts 26-28 | Parts 3638 Parts 46-48 Parts 66-68 Parts 76-78 Parts 86-88

Multiresolption

Part 29 Rart 39 Part 49 Part 69 Part 79 Part 89

C.2 Titl

The indiv]ildual part titles are:

— Part1:

es of the'individual parts in the ISO 16610 series

Overview and basic concepts

— Part 20:
— Part21:
— Part22:
— Part 26:
— Part27:
— Part 28:
— Part 29:

16

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
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