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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.
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO 14638). It influences the chain link C of all chains of standards.

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

The ISO/GPS matrix model given in ISO 14638 gives an overview of the ISO/GPS system of which this
document is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this document and
the default decision rules given in I1SO 14253-1 apply to specifications made in accordance with this
do¢ument, unless otherwise indicated.

Thjs document develops the concept of the discrete robust Gaussian regression filter. The robust
pr{[cess reduces the influence of the deep valleys and high peaks. The subject of this.document is the
robhust Gaussian regression filter of degree p = 2, which has very good robust’behaviour|and form
approximation for functional stratified engineering surfaces.

© ISO 2016 - All rights reserved v
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Geometrical product specifications (GPS) — Filtration —

Part 31:
Robust profile filters: Gaussian regression filters

1

Th
ev3

2
Th

Scope
s document specifies the characteristics of the discrete robust Gaussian regression filf
1luation of surface profiles with spike discontinuities such as deep valleys and high peaks.
Normative references

e following documents are referred to in the text in such a way that some or all of thg

comstitutes requirements of this document. For dated references, only the edition cited aj

un

ISd
cor

Hated references, the latest edition of the referenced document (including any amendment

16610-1:2015, Geometrical product specifications (GPS) == Filtration — Part 1: Overview
cepts

er for the

ir content
pplies. For
5) applies.

and basic

3 | Terms and definitions
For the purposes of this document, the terms and definitions given in ISO/IEC Guide 99, ISQ 16610-1,
ISQ 16610-20, ISO 16610-30 and the followingdpply.
ISO and IEC maintain terminological databases for use in standardization at the following adfiresses:
— | IEC Electropedia: available at http://www.electropedia.org/
— [ ISO Online browsing platfofim: available at http://www.iso.or
3.1
robust filter
filger that is insensitive-£o output data against specific phenomena in the input data
3.2
regression filter
M-pstimator-based on the local polynomial modelling of the profile
3.3
robust Gaussian regression filter
regressionfilter{3-2based-onthe Gaussianrweighting functionand-abiweightinfluercefunetion (3.4)
3.4
biweight influence function
asymmetric function which is scale-invariant, expressed by
2 2
X
_Jxx|1—-|— for x| <c
v (x) = U g
0 for ‘x‘ >c
where c is the scale parameter.
© IS0 2016 - All rights reserved 1
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4 Robust Gaussian regression filter

4.1 Weighting function

The weighting function of the robust Gaussian regression filter depends on the profile values (distance
to the reference line) and the location of the weighting function along the profile.

4.2 Filter equation

4.2.1 Gemnerat

The robusft Gaussian regression filter is derived from the general discrete regression filter (see Ahnex A)
by setting the degree to p = 2, using the biweight influence function and the Gaussian-weighting
function gccording to ISO 16610-21. In the case of p = 2, the robust Gaussian regression filter follqws
form components up to the second degree.

4.2.2 Fillter equation for the robust Gaussian regression filter for open profiles

For open grofiles, the filter equation for the robust Gaussian regression filtefis given by Formula (1}):
i T 1 T
w, =10 O}X(kaskxXk) xX, x8 xz (@8]

The regrepsion function is spanned by the matrix

2
Loxge Xk
Xk =\: : : (2)
2
_1 Xn,k Xn,k
where
X| k= (I—k)xAx, I=1,..,n (3)

2 © IS0 2016 - All rights reserved
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The space variant weighting function, Sk, is given by Formula (4):

Sy %04 0 0
"0 5., X0 :
S, = : 2,k © 72 0 (4)
0 0 sn’k><6n

Sk = X exp| —m : , [=1,..,n (5
¥ X A, L LyxlCJJ

angl the parameter

“1-W 1
2xexp(1)
y = ~0,7309 (6)
T
The additional weights
2 2
1- “1 =% for ‘z —W‘SC
6 = c Lomne I=1,..n (7)
0 for ‘ZI —WI‘ > ¢

ar¢ derived from the biweight influence functien with the parameter

c= 3 x median ‘z - w‘ ~"4,447 8 x median ‘z - w‘ (8)

\/5 x erf 1 (0,5)

The definition for c is equivalent-tothree times Rq of the surface roughness for Gaussian distributed
profiles and is the default case;

© IS0 2016 - All rights reserved 3
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where

W(X) is the “Lambert W” function;

erf-1) istheinverse error function;

n is the number of values in the profile;

k is the index of the profile ordinate k=1, ..., n;

V4 isthe vector of dimension n of the profile values hefore filtering;

w is the vector of dimension n of the profile values of the filter reference line;
Wk is the value of the filter mean line at position k;

Ac is the cut-off wavelength of the profile filter;

Ax is the sampling interval.

NOTE1 [Vector w gives the profile values of the long-wave component (refetence line). The short-wpve
componend, I, can be obtained by the difference vector, r=z - w.

NOTE 2  [For surfaces with big pores or peaks at the profile boundaries, the robustness can be increased by
setting P =|0. In this case, the nominal form is eliminated by using a pre-filtering technique. The filter equatfion
for P =0 repults in

-1
-1 n n
"’szkxxk) Xxlfxskxzz[zsl,kxélj XZ(51,1(X51XZI)

—

w, =
=1 I=1
where
|
X, = and y = In2
| T
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4.2.3 Filter equation for robust Gaussian regression filter for closed profiles

For closed profiles, the filter equation for the robust Gaussian regression filter is given by Formula (9):
~ ~ T ~ ~ _1 ~ T ~ ~
sz(l 0 O)X(XkXSkXXk) xX, xS, xz 9

The regression function is spanned by the matrix

1%, @2,

X, =|: : 2 (10)
1 Xn,k Xn,k
with
- n n
Xk :([l—k+gj modn—EJxAx, I=1,....n (11)

The space variant weighting function, S, , is given by

S1k x5, i N 0
~ 0 S, X0 :
Sk = : 2,k 2 0 (12)
0 0 Sn.k ><5n

with the Gaussian function

~ 2

X

glk :#xexp - Lk , 1=1,...,n (13)
XA v XA

andl the parameter

“1-Ww| - e
2 x exp (1)
y = ~0,7309 (14)
T
The additional weights
AT
: 1| 212" for ‘2 —\X/‘SE
61 N 5 I I 9 I:1’ ..-7” (15)
[ 0 for |zl - w1| >C
are derived from the biweight influence function with the parameter
c= 3 x median ‘2 - ﬁ/‘ ~ 4,447 8 x median ‘Z - ﬁ/‘ (16)

\/E x erf 1 (0,5)

The definition for c is equivalent to three times Rq of the surface roughness for Gaussian distributed
profiles and is the default case.

© IS0 2016 - All rights reserved 5
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W(X) is the “Lambert W” function;

erf-1) istheinverse error function;

n is the number of values in the profile;

k is the index of the profile ordinate k=1, ..., n;

7 isthe vector of dimension n of the profile values hefore filtering;

w is the vector of dimension n of the profile values of the filter reference line;
VT’k is the value of the filter mean line at position k;

Ac is the cut-off wavelength of the profile filter;

Ax is the sampling interval.

Vector w| gives the profile values of the long-wave component (reference line). The short-wave
componert, r, may be obtained by the difference vector, r=Z-Ww.

4.2.4 Transmission characteristics
The weighting function of the robust Gaussian regression filter’"depends on the profile values and the
location along the profile. Therefore, no transmission characteristic can be given.
5 Recommendations for nesting index (cutoff values A.)

It is recohmended that a nesting index be chosen equivalent to three times the feature width in the
profile data set. Otherwise, the nesting indexshould be chosen from the following series of values:

. 2,5[um; 8 pm; 25 um; 80 pm; 250 pm; 0,8 mm; 2,5 mm; 8 mm; 25 mm; ...

6 Filter designation

Robust Gaussian regression‘filters according to this document are designated
FPRG
See also I§0 16610132015, Clause 5.

6 © IS0 2016 - All rights reserved
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Annex A
(informative)

Examples

re shown.

The examples for the application of the robust Gaussian regression filter (p = 2) are for information only.
Ze = 0[25 mm

F1gures A.1 to A.o, profiles or dirferent machined surfaces and the calculated reference Imnes 4

In]
0,4 mm

ISO 16610-21

Figure A.1 — Profile of ceramic surface

— IS0 16610-31

Ae =025 mm

0,4 mm

+— IS0 16610-31 —-—- [SO 16610-21
Figure A.2 — Profile of milled surface
£ 0,8 mm Ac = 0,8 mm
=
o
— = 32 e Y S A < B I R =T
-—- [SO0 16610-21

= 150 16610-31

Figure A.3 — Profile of sintered surface with pores
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Ac =0,8 mm

=]
[\l

ISO 16610-21

— 1S0 16610-31

rigure A.4 — rroi1iie ol a grounda surrdce

0,8 mm

—-—- IS0 16610-21

— IS 16610-31
Figure A.5 — Profile of a turned suiface

[A.6 to A.8, synthetic profiles with discontinuities and'the calculated reference lines are shoy

In Figures
0,8 mm
g
= 1. =0,8 mm
o
i
L o —- =l _ |
— IS0 1p610-31 —-—- IS0 16610-21
Figure A.6 — Profile with spikes
0,8 mm
Ac=0,8 nim
g
= PN
n 7 N,
d s Y \'\
_-’/ .\‘\-
—-—- IS0 16610-21

— IS0 16610-31
Figure A.7 — Profile with concave and convex structures
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Ac =0,8 mm

0,8 mm

10 um

3x zoom
//

— 1SO 16610-31
Figure A.8 — Slope up profile
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Annex B

(informative)

Relationship to the filtration matrix model

B.1 Genygerat

For full dé

B.2 Pos

This docu

ition in the filtration matrix model

tails about the filtration matrix model, see ISO 16610-1.

ment is a particular filter document in the column “Profile filters, Robust-(see Table B.1).

Table B.1 — Relationship to the filtration matrix model

Filters: ISO 16610 series

Genejral
ISO 16610-1
Profile filters Areal filters
Fundanjental
IS0 16610-112 IS0 16610-122
Linear Robust Morpholog- Linear Robust Morpholog-
ical ical

Basic condepts Part 20 Part 30 Part 40 Part 60 Part 70 Part 80
Particular]filters | Parts 21-25 | Parts 31-35 | Parts 41+45 Parts 61-65 Parts 71-75 Parts 81-8p
How to filtler Parts 26-28 | Parts 36-38| Parts46-48 Parts 66-68 Parts 76-78 Parts 86-8B
Multiresolution Part 29 Part 39 Part 49 Part 69 Part 79 Part 89
a  Atpresentincluded in ISO 16610-1.

10
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