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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 chain link C on feature properties in the GPS matrix model.

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 ISO 14253-1 apply to specifications made in accordance with this
document, unless otherwise indicated.

Fol more information on the relationship of this document to the filtration matrix model, see|/Annex A.

For more detailed information of the relation of this document to other standards and‘\the GPS matrix
mddel, see Annex B.

Thjs document specifies the terminology and concepts for linear areal spline filters. It speciffies how to
separate long- and short-wave components of a surface with a global shape retainment.

© IS0 2023 - All rights reserved v
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Scope

s document specifies the characteristics of a linear areal spline filter with a global shape re

Normative references

e following documents are referred to in the text in such a way thatrseme or all of the

Hated references, the latest edition of the referenced document (including any amendment
16610-1, Geometrical product specifications (GPS) — Filtration = Part 1: Overview and bas

16610-21, Geometrical product specifications (GPS) —(Fiitration — Part 21: Linear pro|
issian filters

16610-22:2015, Geometrical product specificationsj{GPS) — Filtration — Part 22: Linear prd
ine filters

16610-60:2015, Geometrical product specification (GPS) — Filtration — Part 60: Linear d
Basic concepts

16610-61, Geometrical product spgcification (GPS) — Filtration — Part 61: Linear area
ssian filters

/IEC Guide 99, Internationalwocabulary of metrology — Basic and general concepts and
ms (VIM)
Terms and definitions

the purposes_of this document, the terms and definitions given in ISO 16610-1, ISO
16610-22,1S0"16610-60, ISO 16610-61 and ISO/IEC Guide 99 and the following apply.

and I[EGmaintain terminology databases for use in standardization at the following addr

1SO.0Online browsing platform: available at https://www.iso.org/obp

tainment.

ir content
pplies. For
5) applies.

c concepts

file filters:

file filters:

real filters

[ filters —

associated

16610-21,

PSSeES:

IEC Electropedia: available at https://www.electropedia.org/

31
spline
linear combination of piecewise polynomials, with a smooth fit between the pieces

[SOURCE: ISO 16610-22:2015, 3.1, modified — Note 1 to entry removed.]

3.2
spline filter
linear filter based on splines
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linear areal filter
areal filter which separates surfaces into long-wave and short-wave components and is also a linear

function
[SOURCE:
3.3.1

ISO 16610-60:2015, 3.1, modified — Notes to entry removed.]

linear planar filter
linear areal filter (3.3) which separates planar surfaces into long-wave and short-wave components,

which apy

lies to nominal p]nnnr surfaces

[SOURCE:
3.3.2

linear cylindrical filter

linear ared
which app

[SOURCE:

3.4
cut-off wi

wavelengt
filter (3.3)

Noteltoe
Note2toe

Note3toe

[SO 16610-60:2015, 3.1.1, modified — Note 1 to entry removed.]

I filter (3.3) which separates cylindrical surfaces into long-wave and short-wave componeits,
lies to nominal cylindrical surfaces

[SO 16610-60:2015, 3.1.2, modified — Note 1 to entry removed.]

ivelength

h of a sinusoidal surface of which 50 % of the amplitude-is{transmitted by the linear areal

htry: Linear areal filters are identified by the filter type @ndthe cut-off wavelength.
htry: The cut-off value for the spline filter is an example of a nesting index.

htry: The cut-off 50 % value is by convention.

[SOURCE:[ISO 16610-60:2015, 3.7, modified — Note 2 to entry revised.]
4 Spline areal filter
4.1 General
The folloyving low-pass filter(formula for spline profile filters is based on cubic splines with a
regularizdtion parameter dépending on the cut-off wavelength for the smoothness of the resultpnt
waviness [profile (low-passed signal) and a tension parameter influencing the slope of the trangfer
function. |t is the arealyextension of the linear profile spline filter as specified in ISO 16610-22. Two
versions df the arealispline filter are specified, one as linear planar filter for open surface areas gnd
another afs linearicylindrical filter for closed surface areas, i.e. cylindrical surfaces with periodic
continuatjon.
4.2 Filterformulaforcubicspline filter for topegraphy maps-oenuniformly sampled
grids
4.2.1 General
The filter formula is shown in Formula (1):
T
w=A,z A, (@8]

© IS0 2023 - All rights reserved
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7z isthe nxm -dimensional matrix representing the height map of input data, for example the pri-

mary surface of nxm sampling points;

w isthe nxm -dimensional matrix representing the height map of output data.

The transformation matrices A, and A, are defined by Formula (2) and Formula (3), respectively:

_ 2 4 o1
AX—(E+ﬂOCXP+(1—ﬁ)O{XQ) (2)
A,=(E+BaiP+(1-Byate)’ 3)
y y y

where

E is the unity matrix;

Pand Q are the matrices for the discretized differentiation;

B is the tension parameter (4.2.3);

o, and o, areparameters (4.2.2), depending on the stmoothness, of the cut-off wavelepgth of the

spline.
For A, , the matrices are all of dimension mxm according to m sampling points along x-dirpction; for
A, the dimension of the matrices is nxn accordingto n sampling points along y-direction.
4.2.2 Regularization parameter
The parameter u specifies the regularization, i.e. the degree of smoothing. The regylarization
pafameter is therefore related to the eut-off wavelength, A, for minimum tension by Formyla (4) and
Formula (5):
4
u= o 4)
1
o) = ————= (5)
. [ T AP
2sin

where either.i’=x or r =y, for each of the lateral axes, respectively, i.e with sampling intervhpl Ar =Ax
algng thexdirection in the case of A, and the sampling interval Ar=Ay along the y-direction in the

Cag

e of Ay, respectively. See Reference [4].

Fo

cut-off wavelength, as shown in Formula (6):

u= (1-p) o

See Reference [5].

NOTE

© IS0 2023 - All rights reserved
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4.2.3 Tension parameter

The product ﬂaz is the tension factor with parameter f lying between 0 and 1. The parameter 8

controls the degree of following topography curvatures, where with curvature a local property of a
curve or a surface is meant, which is defined at every point quantifying second order deviations of a
curve from a straight line or a surface from a plane. Following curvatures closely means optimal shape
retainment of the low-pass result, the output data w. For = 0, the characteristics of the transfer
function conform with ISO 16610-22:2015, Formula (1), a minimum tension which is equivalent to the
steepest slope of the transfer function and therefore a better shape retainment than for § > 0. For
B =0,625 242, the characteristics of the transfer function are similar to the Gaussian filter[2] as specified
in ISO 16€10-21 and ISO 16610-61.

NOTE The shape retainment by the spline filter for 5 = 0 is global, while the shape retainment by the ‘Gausgian
regression|with a parabolic regression (p = 2) is local.

4.2.4 Mptrices of differentiation P and Q

4.2.4.1 [General

The matrix P= (P-

,'j) represents the discretized first derivations, the gradient operations to evalupte

slopes. The matrix Q = (Ql-‘j ) represents the discretized second derivations to evaluate curvatures. The

indices j#1,...,K denote the column indices and i=1,...,K the rowiindices using K =m if used for |4,

(filtering {n x-direction) and using K =n if used for A, (filtering.in y-direction). The following mafrix
elements gre non-zero and the others are zero.

4.2.4.2 [The main diagonals

The main diagonal of matrices P and Q have the following elements:
Pi,i =2 fori=2,..., K-1 and Qi,i =6 for i=3,3, K-2.

In the casp of cylindrical surfaces, these values apply also for i=1,2,K-1,K for A, if the x-directjon

lies on a circle being the intersection ofithe cylinder surface and a plane orthogonal to the cylinder ajxis
and for A}, if the y-direction lies on@uch a circle.

The main diagonal holds P, ; =t~fer i=1,K, Q; ; =1 for i=1,K and Q;; =5 for i=2,K—1 in the cas¢ of
plane surfaces as well as fornA¢ in the case of a cylindrical surface, if the x-direction lies parallel to fhe
cylinder akis, and for Ay if the y-direction lies parallel to the cylinder axis.

4.2.4.3 [The twodfirst-off diagonals

Pi,i+1 = Pl'i-l,l' :"‘1 for i:1,..., K_l and QI,H-]. = QI+1,I :_4‘ fOI‘ i:2,..., K_l

the cylinder surface and a plane orthogonal to the cylinder axis and for A, if the y-direction lies on

such a circle, these values are as well filling the matrix elements of all four corners of the matrix:

Ppg=Pgy=-1and Qyp=0y1=01xk=0Qk1=0Qxx-1=0Qa1x= —%

In the case of planar surfaces and of the direction parallel to the cylinder axis, matrix P is tri-diagonal
with

Pig=Pgp=0and Qp;=0;7=-2and @y =Qg1=0and Qg x 1= Qg1 x= —2.

4 © IS0 2023 - All rights reserved
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4.2.4.4 The two second-off diagonals

The two second-off diagonals of matrix @ have value one in their elements and it is penta-diagonal for

the cases of planar surfaces or the direction parallel to the cylinder axis, with the two second-off
diagonals having the following elements:

Qi i+2= Qiyp,; =1 for i=3,..., K-2.

In the case of cylindrical surfaces and for 4, , if the x-direction lies on a circle being the intersection of
the cylinder surface and a plane orthogonal to the cylinder axis and for Ay, if the y-direction lies on

su¢h a circle the diagonals wrap around such that
Qifg-1= Q2 = Qx-11= Qg 2=1.
4.3 Cubic spline filter for topography maps on distorted sampling grids

4.3.1 General

Fofmula (1) holds for uniformly sampled grids with x-coordinatés satisfying X =|j Ax and
y-goordinates satisfying y; =i Ay, with i and j being integer numbers. Coordinate transfprmations

acdording to form removals that include a shifting of symmetpy points (e.g. eccentricity of foundness
measurement) can cause a distorted grid such that there €xist displacements 6, ;, 6 eading to

positions of the data points, as given in Formula (7):

Xp _ k Ax+ 6X,k (7)
Vi IAy+ 6y,1

The lateral positions shall be strictly monotonically increasing for each of the directions, i.e. X, < xjq
anfl y; <y

vl

4.3.2 Filter formula modification for distorted grids

Thp matrices A, and A are. extended to tensors with dimensions mxmxn and mXnxn, see

Reference [6]. The tensor elements shall be adopted using average sampling intervals to be ihcluded in
thg parameters «, and ¢ -as given in Formulae (8) and (9):

nm-1

= - 8

n (m ) gfkg{ X1~ X1k ) (8)
m n-1

Ay= ZZ Yistk =Yk ) 9)
k=11=1

The_non-zero elements of the tensors shall be modified using discrete difference operators with

samplings intervals A

xk,j=Xk—x;and Ay, =y, — y;. They are given in Formulae (10) and (11):
Ax
Dy 1k, j) = A (10)
x1(k.j)
Ay
Dy ik = . (11
y.(Li)k
where

Ay i(k,j) Isthedifference between sampling positions x, ; and x; ;;

© IS0 2023 - All rights reserved 5
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Ay i)k s the difference between sampling positions y; . and y; .

The nxnxm-dimensional tensor Py is constructed of nxn matrices with non-zero elements, such as

the matrix of 4.2.4 hold, for example the main diagonal elements P, ; ; = D_)Z/,(i,i—l),k + Dfx,(i+1,i),k'

stacked to the third dimension with k=1,...,m such that filtration takes place along y-directional
profiles and stacking is performed in x-direction. The other tensors shall be set up accordingly.

4.4 Transmission characteristics

The transission characteristics shall be in accordance with ISO 16610-22:2015, 4.4 (see also Figure|1).
For each direction r=x, y as given by Formula (12):

-1

2 T Ar *
J +16 (1-5) (ar sin n ] (12)

ar,l ( Lr )

)

= | 1+48 (ar sin ”/IAF

T

a, o(4) isthe wavelength-dependent amplitude of a sinusoidal component of the Fourier serie§ of
a profile before filtering, as shown in Formula (13);

a,1(4) isthe wavelength-dependent amplitude of a sinusoiddl component of the Fourier serie§ of
a profile after filtering, as shown in Formula (13).

z(r)= zvar (v AR) sin(vaﬂl r+ o(v AA)) (IL3)

A= Vv|AZis the wavelength of the Fouriér component;

(1) is a wavelength-deperident phase.

6 © IS0 2023 - All rights reserved
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10-2 101 100

)’X

Normalized spatial wavelength for x-direction —=.

o
>l &

Normalized spatial wavelength for y- diréction —.
C

Transmission t(/lx Ay ) .

Figure 1 — Transmission characteristics for the long-wave surface componenfs
A A
=0; Ax= —%, Ay= —<
(B 200 Y 200 )

Du to linear suppgSition of the transmission functions of a linear filter, the resultant transmission
funiction is the product as given by Formula (14):

ax,l (lx ) ay,l (A‘y)
ax.0 (A’X) ay,O (/l_y)

t(Ast, )= (14)

5 Filter designation

Areal spline filters according to this document are designated:
FALS
See also ISO 16610-1.

©1S0 2023 - All rights reserved 7
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(informative)

Annex A

Relationship to the filtration matrix model

A.1 Gemerat

For full dé

A.2 Pos
This docu
Table A.1

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

ition in the filtration matrix model

ment influences particular filters in the areal filters, linear column in Talle-A.1.

ncludes current and future parts of the ISO 16610 series.

Table A.1 — Relationship to the filtration matriximodel

Filters: ISO 16610 séries

General
Part1
Profile filters Areal filters
Fundamental
1SO 16610-11° 1SO 16610-122
Linear Robust Morphological Linear Robust Morphologidal
Basic concppts  |ISO 1661020 |ISO 16610-30 150 16630-40  [¢> 100107 12016610~ 150 16610-80
particularliiiters 150 16610~ IS0 16610~ |10.16610-41 to |50 16610~ |1SO 16610- |15 16610-81 fo
21t0 25 31 to 35 45 61t065 |71to75 |85
How to filler 1SO 16610~ |1SO 16610-|1SO 16610- 1SO 16610~ |1SO 16610~ |1SO 16610-
26 t0 28 361038, ° |46 t048 661068  |76t078  |86t088
Multiresolution | 1SO 16610-29 |1SO 16610-39 |I1SO 16610-49 16590 16610- 17590 16610- 1150 16610-89

a  Atpres

ent included in ISO 16640-1.
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