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reword

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
des
diffi
edif

Atte
pat
any
on 4

Any
con

For
exp
the
AWALY

procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.

Thi
spe
Tec
acc

Thi
rev

Ali

Any
con

©IS

5 document was prepared by Technical Committee ISO/TC 213, Dimensional and geometri
lifications and verification, in collaboration-with the European Committee for Standardiz:
hnical Committee CEN/TC 290, Dimensional and geometrical product specification and ver
brdance with the Agreement on techhical cooperation between [SO and CEN (Vienna Agr

5 second edition cancels and replaces the first edition (ISO 25178-2:2012), which has been
sed. The main changes to théprevious edition are described in Annex E.

5t of all parts in the ISO 25178 series can be found on the ISO website.

feedback or questions’on this document should be directed to the user’s national standa
plete listing of thes€ bodies can be found at www.iso.org/members.html.

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
herence to
[TBT), see

cal product
tion (CEN)
ification, in
eement).

technically

ds body. A

02021 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=9bc6a8abf85a9decc3cec1e46c3ca84f

ISO 25178-2:2021(E)

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 B of the chains of standards on areal surface

texture.

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 the specifications made in accordance with this
document, unless otherwise indicated.

For more d

model, see

This docurhent develops the terminology, concepts and parameters for areal surface texture.

Throughou

etailed information of the relation of this document to other standards and the GPS maItrix
Annex I. An overview of standards on profiles and areal surface texture is given in,Annek H.

t this document, parameters are written as abbreviations with lower-case'suffixes (as i Sq

or Vmp) when used in a sentence and are written as symbols with subscripts (as inf Sqor Vmp) when ysed

in formula
quantities

Parameter

derived qupntities (e.g. gradient, curvature).

Parameter

surfaces sych as the primary extracted surface.

A short his

Vi

tory of the work done on areal surface texturéi¢an be found in Annex C.

5 are calculated from coordinates defined in the specifieation coordinate system, or fi

5 are defined for the continuous case, but in verification they are calculated on disc

e, to avoid misinterpretations of compound letters as an indication of multiplication between
n formulae. The parameters in lower case are used in product doettmentation, drawings
data sheets.

and

fom

rete
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Geometrical product specifications (GPS) — Surface
texture: Areal —

Part 2:
Terms, definitions and surface texture parameters

1 (Scope

Thif document specifies parameters for the determination of surface texture by areal methqds.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conktitutes requirements of this document. For dated references,‘orly the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendmengs) applies.
[SO[16610-1:2015, Geometrical product specifications (GPS)&- Filtration — Part 1: Overview and basic
confepts

[SO| 17450-1:2011, Geometrical product specificationsy(GPS) — General concepts — Part 1f Model for
geometrical specification and verification

3 |Terms and definitions

For| the purposes of this document,~the terms and definitions given in ISO 16610-1:2015 and
1SO[{17450-1:2011 and the following@pply.

[SO|and IEC maintain terminology databases for use in standardization at the following addgesses:

— |ISO Online browsing platform: available at https://www.iso.org/obp

— |IEC Electropedia; available at https://www.electropedia.org/

3.1 General terms

3.1

skih model

<ofja werkpiece> model of the physical interface of the workpiece with its environment

[SOURCETISO 17450-1:2011, 3:2-2]

3.1.2

surface texture

<areal> geometrical irregularities contained in a scale-limited surface (3.1.9)

Note 1 to entry: Surface texture does not include those geometrical irregularities contributing to the form or
shape of the surface.
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3.1.3

mechanical surface
boundary of the erosion, by a sphere of radius r, of the locus of the centre of an ideal tactile sphere, also
with radius r, rolled over the skin model (3.1.1) of a workpiece

[SOURCE: 1
3.1.3.1

SO 14406:2010, 3.1.1, modified — Notes to entry removed.]

electromagnetic surface
surface obtained by the electromagnetic interaction with the skin model (3.1.1) of a workpiece

[SOURCE: [SO12206:2010, 3.1.2, modified — INOtes to entry removed.]

3.1.3.2

auxiliary surface
surface, other than mechanical or electromagnetic, obtained by an interaction with the/skin m
(3.1.1) of ajworkpiece

Noteltoe

Note 2 to
microscopy,

3.14
specificat
system of d

Note 1 to e

ry: A mathematical surface (softgauge) is an example of an auxiliary surface!

entry: Other physical measurement principles, such as tunnelling thigroscopy or atomic ff
can also serve as an auxiliary surface. See Figure 1 and Annex G.

on coordinate system
oordinates in which surface texture parameters are specified

ry: If the nominal form of the surface is a plane (or portion of a plane), it is common (practic

t
use a recta[E/gular coordinate system in which the axes form axight-handed Cartesian set, the x-axis and

y-axis also |
surroundin

3.1.5

primary s
surface po
model with

ing on the nominal surface, and the z-axis beingsin an outward direction (from the material tg
b medium). This convention is adopted throughout the rest of this document.

nrface
Ftion obtained when a surface pertion is represented as a specified primary mathemat
specified nesting index (3.1.6.4)

Note 1 to enftry: In this document, an S-filter is used to derive the primary surface. See Figure 1.

[SOURCE: I

SO 16610-1:2015, 3.3, modified — Note 1 to entry added.]

Mechanical
surface

bdel

brce

) to
the
the

ical

Electro-
magnetic
surface

S-filter
nesting index Nis

Primary
surface

Auxiliary
surface

Figure 1 — Definition of primary surface
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3.1.51
primary extracted surface
finite set of data points sampled from the primary surface (3.1.5)

[SOURCE: ISO 14406:2010, 3.7, modified — Notes to entry removed.]

3.1.6
surface filter
filtration operator applied to a surface

3.1.6.1

S-fifter
surface filter (3.1.6) which removes small-scale lateral components from the surface, resu
prithary surface (3.1.5)

3.1/6.2

L-filter

surjace filter (3.1.6) which removes large-scale lateral components from thé-primary surfac
S-Fkurface (3.1.7)

Notg¢ 1 to entry: When the L-filter is not tolerant to form, it needs to be applied on an S-F surfacg
tolefant to form, it can be applied either on the primary surface or on an S=F surface.

3.1/6.3
F-operation
opejration which removes form from the primary surface (3.1.5)

Not¢ 1 to entry: Some F-operations (such as association) have a very different action to that of filtrat
their action can limit the larger lateral scales of a surface; this action is very fuzzy. It is represented
using the same convention as for a filter.

ting in the

©

(3.1.5) or

; when it is

ion. Though
in Figure 2

Notg 2 to entry: Some L-filters are not tolerant to form and require an F-operation first as a prefilter before being

applied.
Note¢ 3 to entry: An F-operation can be a-filtration operation such as a robust Gaussian filter.

3.1l6.4
nesting index
Nig|Nie» Nig

number or set of numbersSindicating the relative level of nesting for a particular primary m4

mofdlel

[SOPRCE: ISO 16610-1:2015, 3.2.1, modified — definition revised and notes to entry remove

3.17
S-F|surface
surfacerderived from the primary surface (3.1.5) by removing the form using an F-operation

thematical

1]

3.1.6.3)

Not

Note 2 to entry: If filtered with N;; nesting index to remove the shortest wavelengths from the surface

peration.

, the surface

is equivalent to a “primary surface”. In this case, N, is the areal equivalent of the As cut-off. See key reference 4 in

Figure 2 and Annex G.

Note 3 to entry: If filtered with N;. nesting index to separate longer from shorter wavelengths, the surface is
equivalent to a “waviness surface”. In this case, N;_ is the areal equivalent of the Ac cut-off. See key reference 5 in

Figure 2 and Annex G.

Note 4 to entry: The concepts of “roughness” or “waviness” are less important in areal surface texture than in

profile surface texture. Some surfaces can exhibit roughness in one direction and waviness in the pe
direction. That is why the concepts of S-L surface and S-F surface are preferred in this document.

© IS0 2021 - All rights reserved
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3.1.8

S-L surface
surface derived from the S-F surface (3.1.7) by removing the large-scale components using an L-filter

(3.1.6.2)

Note 1 to entry: Figure 2 illustrates the relationship between the S-L surface and the S-filter and L-filter.

Note 2 to entry: If the S-filter nesting index Nj is chosen to remove the shortest wavelengths from the surface
and the L-filter nesting index N;. is chosen in order to separate longer from shorter wavelengths, the surface is
equivalent to a “roughness surface”. See key reference 6 in Figure 2 and Annex G.

Note3toe
of close nes

~
o
<

S-filter
L-filter
F-operd
S-F sur
S-F sur
S-L sur
small s

W O Ul W N R

large sq

Figure

A : L£C1 L L. ol atla L. < A RN H C L1 | 1L
Iy . IT SCTTCS UT S L SUTTACTS CaiT DT ECIICT atTU W ItIT ITaT TU VW UdITa v Tt T O S TITS aiT O TIItCT  diITa aIT 57T

ing indices (or equal), in order to achieve a multiscale exploration of the surface. See Figure 3.

1IW—C >
a S

b
2 O >
L
3 I
F
4 fo o
Nis Nif
5 [ o>
Nic Nif
6 Fo——
Nis Nic
tion
ace
ace
ace
ale
ale

P —Relationships between the S-filter, L-filter, F-operation and S-F and S-L surface

Iter
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EF

5

Key

o> e W»n

31
sca
S-F

3.1
refq

S-filter
L-filter
small scale

large scale
Figure 3 — Example of bandpass filters used to generate abank of S-L surfacg

&
le-limited surface
curface (3.1.7) or S-L surface (3.1.8)

10
brence surface

<sufrface texture> surface associated to the scalezlimited surface (3.1.9) according to a criterion

Not
EXA

3.1

evaluation area

A

A
por

Not
Not

and

3.2

MPLE Plane, cylinder and sphere.
11

Lion of the scale-limited surface (3.1.9) for specifying the area under evaluation
e 1 to entry: SeedS0/25178-3 for more information.
b 2 to entrysThroughout this document, the symbol 4 is used for the numerical value of the eva

the symbel A for the domain (of integration or definition).

Geometrical parameter terms

e 1 to entry: This reference surface is used asithe origin of heights for surface texture parameterg.

3.21
field parameter
parameter defined from all the points on a scale-limited surface (3.1.9)

Note 1 to entry: Field parameters are defined in Clause 4.

3.2.2

feature parameter
parameter defined from a subset of predefined topographic features from the scale-limited surface
(3.1.9)

Note 1 to entry: Feature parameters are defined in Clause 5.

©IS
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3.2.3

V-parameter
material volume or void volume field parameter (3.2.1)

3.2.4

S-parameter
field parameter (3.2.1) or feature parameter (3.2.2) that is not a V-parameter (3.2.3)

3.2.5
height

ordinate value

z(x,y)
signed nor

Note 1 to e
coordinate.

3.2.5.1
depth
opposite v

3.2.6
local grad

mal distance from the reference surface (3.1.10) to the scale-limited surface (3.1.9)

htry: Throughout this document, the term “height” is either used for a distance or for anh absd

\lue of height (3.2.5)

jent vector
0z(x,y)

)

ox

first derivg

(GZ(X.J')

ay
tive along x and y of the scale-limited surface (3.1.9) atposition (x, y)

Note 1 to enftry: See Annex D for implementation details.

3.2.7

local mean curvature

arithmetic
Note 1 to e

curvatures

mean of the principal curvatures at position (x, y)

htry: Principal curvatures are two-numbers, k; and k,, representing the maximum and minin

, : ki +k,
ht a point. The local mean curvature is therefore

Note 2 to enftry: See Annex D for implementation details.

3.2.8
material 1
M, (c)
ratio of the
A

atio

Note 1 to entry: The curve representing material ratio as a function of the level is also called Abbott Fires

curve.

area A. of the-surface portion intersected by a plane at level c, to the evaluation area (3.111

lute

For example, Sz, maximum height, is a distance and Sp, maximum peak height, is an absolute height.

num

one

Note 2 to entry: The level c is usually defined as a height taken with respect to a reference c(. By default, the
reference is at the highest point of the surface. In the first edition of this document, the reference height was set
to the reference surface (3.1.10).

Note 3 to entry: The material ratio may be given as a percentage or a value between 0 and 1.

Note 4 to entry: See Figure 4 and Formula (1).

Note 5 to entry: See Annex D for the determination of the material ratio curve.

M

r

(c)=

AC—(C).100 %

€y
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----C

Key
¢ |intersecting level O
¢y |reference height &\6
A. |areal portions intersected by plane at height ¢ << o)
Figure 4 — Area of the surface portion il&gsected by plane atlevel ¢
QO
3.2)9 2
arepl material ratio curve \\Q
material ratio function $

fun
ale

Not

Ction representing the areal material ratia&) of the scale-limited surface (3.1.9) as a
el ¢ \O

e 1 to entry: This function can be in%ﬁﬁreted as the cumulative probability function of the ord

within the evaluation area. See Annex D.

Not

P 2 to entry: See Figure 5. C)@ )

function of

nates z(x,y)

o O w >

©IS

height
areal material ratio

intersection level ¢
material ratio at level ¢

Figure 5 — Material ratio curve

02021 - All rights reserved


https://standardsiso.com/api/?name=9bc6a8abf85a9decc3cec1e46c3ca84f

ISO 25178-2:2021(E)

3.2.10
inverse material ratio

Clp)
intersecting level at which a given areal material ratio (3.2.8) p is satisfied

Note 1 to entry: See Formula (2).

C(p)=M,""(p) (2)

3.2.11

height deffsity curve

height density function (1/'\
h(c) q/Q

curve representing the density of points laying at level ¢ on the scale-limited surface (3.1.9)(1;~
/

Note 1 to e:]:ry: When represented as a histogram with bins, the percentage per bin depends,{hqtaeir width.

Note 2 to enftry: See Figure 6 and Formula (3). Oq/
n(c)=} M (©) \\% 3)
dc @)
a I\Q
Q\)
<
¥ :
b
Key .
A height \%O
B  density Q%
%Qv Figure 6 — Height density curve
3.2.12 s
core surfarg

scale-limited surface (3.1.9) excluding core-protruding hills and dales

Note 1 to entry: The terms hills and dales in this definition refer to 3.3.1.2 and 3.3.2.2 but are defined by graphical
construction. See Figure 14 and Annex B.3.

3.2.13

areal material probability curve

representation of the areal material ratio curve (3.2.9) in which the areal material area ratio is expressed
as a Gaussian probability in standard deviation values, plotted linearly on the horizontal axis

Note 1 to entry: This scale is expressed linearly in standard deviations according to the Gaussian distribution. In
this scale, the areal material ratio curve of a Gaussian distribution becomes a straight line. For stratified surfaces
composed of two Gaussian distributions, the areal material probability curve will exhibit two linear regions (see
E and F in Figure 7).

8 © IS0 2021 - All rights reserved
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3.2
aut

SacH
fun

Not
met]

Not

1,5

() §

-3s -28 -1s 0 1s 28 3s

amplitude

reference line

material ratio expressed as a Gaussian probability in per cent

material ratio expressed as a Gaussian probability in standard déviation
plateau region

dale region

outlying hills (possibly including debris or dirt particles)

outlying dales (possibly deep scratches)

unstable region (curvature) introduced at the platéau-to-dale transition point based on the combiry
distributions horizontal axis s is the standard deviation

Figure 7 < Areal material probability curve

14
pcorrelation function

(t0 )

rtion which describes.the correlation between a surface and the same surface translated

b 1 to entry: The-dutocorrelation used here is normalized between -1 and 1. The maximum val
but the mininfum may not always be at -1, it depends on the surface (it may be -0,76).

e 2 to entfy:)See Formula (4).

ation of two

by (¢, t))

e is always

1
(¢t )= E-UB' 2(x,y)z(x+ty, y+t, )dxdy

TACF X7y 1 5
Z-Uil z°(x,y)dxdy

where B is the intersecting area of the two surfaces at shifts t, and ty-

3.2.15
Fourier transformation

F(p, q)
operator which transforms ordinate values (3.2.5) of the scale-limited surface (3.1.9) into Fourier space

(4)

Note 1 to entry: The Fourier transformation defined here is using a limited support A, therefore it approximates
the mathematical function called Fourier transformation which has an infinite support.

Note 2 to entry: See Formula (5).

© IS0 2021 - All rights reserved
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F(p,q)

where

= ”Zl z(x,y)e_zm(pxwy)dxdy

pand g are spatial frequencies in x and y direction, respectively;

i

3.2.15.1

is the imaginary unit.

angular spectrum

Fys(r, 0)

Fourier transformation (3.2.15) expressed in polar coordinates, with respect to a reference|direc
0,..rin the plane of the evaluation area (3.1.11)

Note 1 to enftry: The positive x-axis is defined as the zero angle.

Note 2 to enftry: The angle is positive in an anticlockwise direction from the x-axis.

Note3toe

Fs (r,
where

r is

0 is

F is

3.2.15.2
angular a
angular a

faan(6)

integrated

Note 1 to ey
graph repre

Note 2 to enftry: See Formula(7).

faap (@)= .[lFAS (r, )| rdr

ry: See Formula (6).
P)=F(r cos(0—06.e), r sin(0—0,))

h spatial frequency;

the specified direction;

the Fourier transformation.
plitude density

plitude distribution

amplitude of the angular spectrum (3.2.15.1) for a given direction 6

try: The term “density’ refers to the value at a given angle and the term “distribution” refers td
senting the values.for-all angles.

Ry

Ry

where

r

is a spatial frequency;

R; to R, (R; <R,) istherange of integration of the frequencies in the radial direction;

0

FAS

10

is the specified direction;

is the angular spectrum function.

(5)

fion

(6)

the

(7)
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3.2.15.3
angular power density
angular power distribution

fapp(6)

integrated squared amplitude of the angular spectrum (3.2.15.1) for a given direction 0

Note 1 to entry: The term “density” refers to the value at a given angle and the term “distribution” refers to the

graph representing the values for all angles.

Note 2 to entry: See Formula (8).

n
ny

fapp (8)= IFASZ (r,0)r dr
Ry
whére

r is a spatial frequency;

R, to R, (R; <R,)is the range of integration of the frequencies in the radial direction;

0 is the specified direction;

F s is the angular spectrum function.
3.2]16
arepl power spectral density
faRsD

squpred magnitude of the Fourier transformation (3.2.15) using an appropriate weighting fu

Note 1 to entry: The areal power spectral density describes surface texture in a spatial freque
allowving the waviness or ripples in the surface to be described and controlled.

Not¢ 2 to entry: See Formula (9).

Not¢ 3 to entry: The areal power spectral density can also be calculated from a polar spectrum. It is
cas¢ when exploring optics surfaces (see ISO 10110-8).

fAPSD(p'Q)=%|F(prCI)|2

3.3|] Geometrical feature terms

3.3{1
pedk

(8)

hction

ncy context

usually the

9

point on the surface which is higher than all other points within a neighbourhood of that point

vaoidad- byt
e

he use of an

Noté—It=te-entr=—There-is-a-theoretical-possibibitx ofanlataqy T npractisn thic ~a
TSRty —rReFeiSa—+trneeretcarpoessinirtt y-o+-a-pratedt—rh pracsee—+s-€ah

on

a2
v ot y -t

infinitesimal tilt.
Note 2 to entry: See Figure 8.

3.3.11
hill

<watershed segmentation> region around a peak (3.3.1) such that all maximal upward paths end at the

peak
Note 1 to entry: This definition is used for feature parameters.

Note 2 to entry: See Figure 8.

© IS0 2021 - All rights reserved
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3.3.1.2

hill

<reference plane> outwardly directed (from material to surrounding medium) contiguous portion of
the scale-limited surface (3.1.9) above the reference surface (3.1.10)

Note 1 to entry: This definition is used for field parameters.

Note 2 to entry: The reference surface is usually the mean plane of the scale-limited surface.

3.3.1.3
course line
curve sepe;[atlng adjacent s (3-3-1-1)

Note 1 to enftry: See Figure 8.
3.3.2
pit

point on tT surface which is lower than all other points within a neighbourhood of that point

Note 1 to emtry: There is a theoretical possibility of a plateau. In practice, this can be-avoided by the use df an
infinitesimd]l tilt.

Note 2 to enftry: See Figure 9.

3.3.2.1
dale

<watershefl segmentation> region around a pit (3.3.2) such thatyall maximal downward paths enf at
the pit

Note 1 to e:]:ry: This definition is used for feature parameters.

Note 2 to entry: See Figure 9.
3.3.2.2
dale

<reference|plane> inwardly directed (from\siirrounding medium to material) contiguous portion offthe
scale-limitdd surface (3.1.9) below the reference surface (3.1.10)

Note 1 to e:]:ry: This definition is used-for'field parameters.

Note 2 to enftry: The reference surface is usually the mean plane of the scale-limited surface.

3.3.2.3
ridge line
curve sepz[ating adjacent dales (3.3.2.1)

Note 1 to entry: See-Figure 9.
3.3.3
saddle

point or set of points on the scale-limited surface (3.1.9) where ridge lines (3.3.2.3) and course lines
(3.3.1.3) cross

3.3.31
saddle point
saddle (3.3.3) consisting of one point

12 © IS0 2021 - All rights reserved
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& :

:“““““l\\\‘\\{‘
jeasesBitI

s SERITTAA

T

Key
A |peak
B |hill

C |course line

Figure 8 — Representation of a hill in the context of watershed segmentation with thg peak and
the course line

A R iy g
T
o T
L 17
R aynt

,""l
7 ¢
7
29 T s ’
= (77

Key

A |pit

B |dalé

C |[ridge line

Figure 9 — Representation of a dale in the context of watershed segmentation with the pit and
the ridge line

3.34
motif
hill (3.3.1.1) or dale (3.3.2.1) defined with watershed segmentation

Note 1 to entry: The term motif is used to designate an areal feature obtained by segmentation.

Note 2 to entry: The term motif as defined on a profile in ISO 12085 is a cross-section of a dale.
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3.3.5

topographic feature
areal feature, line feature or point feature on a scale-limited surface (3.1.9)

3.3.5.1

areal feature
hill (3.3.1.1) or dale (3.3.2.1)

3.3.5.2

line feature

course line

(3.3.1.3) or ridge line (3.3.2.3)

3.3.5.3

point featfire

peak (3.3.1

3.3.6
contour li
line on the

3.3.7
segmentalf
method wh

3.3.71

segmentaf
function w
insignifica

), pit (3.3.2) or saddle point (3.3.3.1)

ne
surface consisting of adjacent points of equal height

ion
ich partitions a scale-limited surface (3.1.9) into distinct featGres

ion function
hich splits a set of “events” into two distinct sets\called the significant events and
ht events and which satisfies the three segmentation properties

Note 1 to enftry: Examples of events include ordinate values and point features.

Note 2 to {
properties

3.3.8
change tré¢
graph whe

an be found in Reference [26] and ISO 16610-85.

e
re each contour line (3.3.6)xs plotted as a point against height in such a way that adja

contour lines are adjacent points on the graph

Note 1 to en
on a change

3.3.8.1
pruning
method to
connected

3.3.8.2

Lry: Peaks and pits are'represented on a change tree by the end of lines. Saddle points are represe
tree by joining lines, Sée ISO 16610-85 and Annex A for more details concerning change trees.

cimplify @ ghange tree (3.3.8) in which lines from peaks (3.3.1) [or pits (3.3.2)] to their nea
saddle points (3.3.3.1) are removed

the

ntry: A full mathematical description of the segmentation function and the three segmentdtion

fent

hted

rest

hill local h

eight

difference between the height of a peak (3.3.1) and the height of the nearest connected saddle point
(3.3.3.1) on the change tree (3.3.8)

3.3.8.3
dale local

depth

difference between the height of the nearest connected saddle point (3.3.3.1) on the change tree (3.3.8)
and the height of a pit (3.3.2)

14
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3.3.84

Wolf pruning

pruning where lines in the change tree (3.3.8) are removed, starting from the peak (3.3.1) [pit (3.3.2)]
with the smallest hill local height (3.3.8.2) [dale local depth (3.3.8.3)] up to the peak (pit) with a specified
hill local height (3.3.8.2) [dale local depth (3.3.8.3)]

Note 1 to entry: The peak local heights and pit local depths change during Wolf pruning as removing lines from a
change tree also removes the associated saddle point.

3.39

height discrimination
mirimum hill local height (3.3.8.2) or dale local depth (3.3.8.3) of the scale-limited surface [3]1.9) which
shojild be considered during Wolf pruning (3.3.8.4)

Note 1 to entry: The height discrimination is specified by default as a percentage of Sz (4.24).

4 |Field parameters

4.1 General
Thd symbol A represents the domain (of integration or of definitioof the parameters), and fhe symbol
A r¢presents the value of the evaluation area, in micrometres-squared (um?) or millimetres squared

(mr?).

A simmary of all S-parameters and V-parameters is given’in Annex F.
4.2 Height parameters

4.2{1 General

All height parameters are defined over the evaluation area A.

4.22 Root mean square height

Sq

Thg root mean square Height parameter is the square root of the mean square of the ordipate values
of the scale-limited sutface. It is sometimes referred to as the RMS height. It is calculated a¢cording to

Formula (10).

\/ — H (x,y)dxdy (10)

4.213“ Skewness

Ssk

The skewness parameter is the quotient of the mean cube value of the ordinate values of the scale-
limited surface and the cube of Sq. It is calculated according to Formula (11).

Ssk ZE” (x,y)dxdy (11)

4.2.4 Kurtosis

Sku
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The kurtosis parameter is the quotient of the mean quartic value of the ordinate values of the scale-
limited surface and the fourth power of Sq. It is calculated according to Formula (12).

1

St =5 ] #* (x.y)dxay (12)
q

4.2.5 Maximum peak height

Sp

The maxinn pﬂﬁ]! hnighf paramnfnv isthe largncf pnalz hnighf value of the scalelimited surface

4.2.6 Mgaximum pit depth
Sv

The maximum pit depth parameter is the largest pit depth value of the scale-limited surface. v is
always a pgsitive quantity, as the reference surface is always higher to the deepestpit.

4.2.7 Maximum height
Sz

The maximum height parameter is the sum of the maximum peakiheight value and the maximuni pit
depth valug of the scale-limited surface.

4.2.8 Arjthmetic mean height
Sa

The arithnmpetic mean height parameter is the meanof the absolute of the ordinate values of the scale-
limited suifface. It is calculated according to Forimula (13).

1
S, :Z-UA |z(x,y)|dxdy 13)

4.3 Spatial parameters

4.3.1 Gejneral

All spatial parameters-are defined over the evaluation area A.

4.3.2 Autocorrelation length

Sal

The autocorrelation length parameter is the horizontal distance of the fyc(t,,t,) which has the fastest
decay to a specified value s, with 0 < s < 1. It is calculated according to Formula (14) or (15).

242 (14)

Sa = min Lty +ty

ty ty€R

where
R={(tx .ty ): facr (tx ty ) <5}

NOTE1 Ifnototherwise specified, the default value of s is found in ISO 25178-3.
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NOTE 2 A graphical representation of the procedure to calculate Sal is given in Figure 10.

S, =R.. (15)

al

a) Autocorrelation function of a surface b) Thresholded a (c)o'rrelation at s (the black
spots ar&ove the threshol

Rmax

c) Threshold boundary of the central d) Polar coordinates leading to the al.:t)ocorrela-
threshold porti tion lengths in different directions

NOTE The central lobe o&ﬂe thresholded autocorrelation may be of any shape and is not alwaydan ellipse.

%\ Figure 10 — Procedure to calculate Sal and Str

QO
Q~
4.3[3 T%@‘?aspect ratio

Str &?‘

he—frrrtto—t) which has
, ty) which has the slowest

the fastest decay to a specified value s to the horizontal distance of the f,qp(¢,
decay to s, with 0 < s < 1. Itis calculated according to Formula (16) or (17).

R,
S =10 (16)
Rmax
min ti +t}2,
ty .ty €R

(17)
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where

R = { (tx' ty):fACF(tx' ty) < S}
Q = { (tx' ty):fACF(tx' ty) 2 S}
NOTE 1 If not otherwise specified, the default value of s is found in ISO 25178-3.

NOTE 2 A graphical representation of the procedure to calculate Str is given in Figure 10.

4.3.4 Texture direction

Std

The texturg direction parameter is the angle of the absolute maximum value of the angular amplitjude

density, with respect to a reference direction 6,.

NOTE Jetting 0 = S;y maximizes the absolute value of the f, ,p(6) function.
4.3.5 Ddminant spatial wavelength

Ssw

The dominant spatial wavelength parameter is the wavelength swhich corresponds to the largest
absolute v3lue of the Fourier transformation of the ordinate values.

NOTE1  This parameter might not be applicable to surfaces lacking'significant periodicity.
NOTE 2  Itis also possible to use the areal power spectral density to find the dominant spatial wavelength

NOTE 3  This parameter is adapted from ISO 21920-2.
4.4 Hybrid parameters

4.4.1 General

All hybrid parameters are defined o¥e¥ the evaluation area A.

4.4.2 Root mean square gradient
Sdq

The root mlean squaré gradient parameter is the square root of the mean square of the surface gradjent
of the scalg-limited surface. It is calculated according to Formula (18).

az(x,y) ¥ (9z(x, ﬂ

Sy JEL [N Y (920N Py 18)
\JAJJAL\ ox ] & )]

NOTE See Annex D for implementation details.

4.4.3 Developed interfacial area ratio

Sdr
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The developed interfacial area ratio parameter is the ratio of the increment of the interfacial area of the
scale-limited surface over the evaluation area. It is calculated according to Formula (19).

2 2
s3I [ (2o (2 o o ©

NOTE See Annex D for implementation details.

4.5 Material ratio functions and related parameters

4.5]1 Areal material ratio
Smi(c)

The areal material ratio parameter is the material ratio p of the area of the material at a specified height
c to[the evaluation area. The height c is taken from the reference height c,. Seé\Figure 11. Thp reference
height is defined by default at the highest point but may be set to other heights by stating {t explicitly
(seq ISO 25178-1).

NOTE1 Smris usually expressed as a percentage.

NOTE 2  The reference height ¢, is specified either in height orithrough a material ratio g (ip that case,
¢y =[Smc(q)).

Y

Co| F= A== S m e mm e mmm

p X
Key]
X |areal material ratio
Y [height
cutting height

p  material ratio at cutting height ¢
¢y reference height

Figure 11 — Areal material ratio

4.5.2 Inverse areal material ratio

Smc(p)
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The inverse areal material ratio parameter is the height ¢ at which a given areal material ratio p is
satisfied.

NOTE The height c is taken from the reference height c,. See Figure 12.
Y

€O t=Armmmmmmm oo

X areal material ratio

Y height
cuttingfheight at material ratio p

p  materigl ratio

¢, referenge height

Figure 12 — Inverse‘areal material ratio

4.5.3 Material ratio height difference
Sdc

The materfal ratio height difference parameter is the difference in height between the p and g matdrial
ratio. It is dalculated accordingto Formula (20).

Sdc:‘smc (p)_Smc (q) 20)

where p <q.

NOTE THe-default values of p and g are found in ISO 25178-3. See Figure 13.
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irface.

ition of the

Key]
X |areal material ratio
Y |height
p |material ratio
q |material ratio
Sg4c |material ratio height difference
Figure 13 — Material ratio height difference
4.514 Areal parameter for stratified surfaces
4.54.1 General
The following parameters are calculated on scale-limited stratified functional surfaces. See Annex B for
details on the graphical calculatien‘on the Abbott curve.
NOTE See Reference [48]forthe definition of stratified surface.
4.514.2 Core height
Sk
The core height parameter is the distance between the highest and lowest level of the core s
NOTE See Figure 14 and Annex B.1 for explanations on the procedure of defining the pos
equjvalent straight line.

©IS

02021 - All rights reserved
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Y Y
1
40 %
Sk
Yo
3
40 %
X Smrk1 Smrk2 ¥

Key
X areal material ratio
Y intersection line position
1,3 secants

secant with smallest gradient
Sk core height
Smrk1, Smrk2 material ratios

4.5.4.3 Reduced peak height

Spk

The reducq

NOTE The reduction process.described in Annex B reduces the effect of outlier values on this parametei.

4.5.4.4 Maximum peakheight

Spkx

The maxinmum peak height parameter is the height of the protruding peaks above the core sur

before the

Figure 14 — Calculation of Sk; Smrk1 and Smrk2

Feduction process.

d peak height parameter isithe height of the protruding peaks above the core surface affter
the reduction process.

face

4.5.4.5 Reduced pit depth

Svk

The reduced pit height parameter is the depth of the protruding pits below the core surface after the
reduction process.

NOTE The reduction process described in Annex B reduces the effect of outlier values on this parameter.

4.5.4.6 Maximum pit depth

Svkx

22
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The maximum pit depth parameter is the depth of the protruding pits below the core surface before the
reduction process.

4.5.4.7 Material ratio of the hills
Smrk1

The material ratio of the hills parameter is the material ratio at the intersection line which separates
the protruding hills from the core surface.

NOTE The ratio is expressed in per cent.

4.54.8 Material ratio of the dales
Smiyk?2

Theg material ratio of the dales parameter is the material ratio at the intersection line whicly separates
the [protruding dales from the core surface.

NOTE The ratio is expressed in per cent.

4.514.9 Area of the hills
Sakfl

The area of the hills parameter is the area of the triangle ebtained during the reduction prqcess of the
profruding hills. The height of the triangle is Spk and its base is Smrk1.

4.5/4.10 Area of the dales
Sakp

The area of the dales parameter is the arga of the triangle obtained during the reduction prgcess of the
profruding dales. The depth of the triangle is Svk and its base is 100 % - Smrk2.

4.5/5 Areal material probability parameters

4.5/5.1 Dale root meanjsquare deviation
Svq

The dale root miean square deviation parameter is the slope of a linear regression performgd through
thel|dale regiont

NOTE Svq can thus be interpreted as the Sq-value, in micrometres, of the random process that ggnerated the
dalqg component of the surface. See H in Figure 15.

4.5.5.2 Plateau root mean square deviation

Spq

The plateau root mean square deviation parameter is the slope of alinear regression performed through
the plateau region.

NOTE Spq can thus be interpreted as the Sq-value, in micrometres, of the random process that generated the
plateau component of the surface. See G in Figure 15.

4.5.5.3 Plateau-to-dale material ratio

Smq

©1S0 2021 - All rights reserved 23
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The plateau-to-dale material ratio parameter is the areal material ratio at the plateau-to-dale

intersection.
NOTE The ratio is expressed in per cent. See F in Figure 15.
A Ato,1 1 10 305070 90 99999 C
1 — T SLILALILLLL I L L LAY W LLLLLLA T
0;5 __ _ S ] G F
1
- 1 L L e —— z
-0,5 — 1 h \ | H
\
-1 - &\
-1,5 T\\\
) | | | | | |
E -3s -2s -1s O s~ 2s 3s D
Key
A height
B referenge line
C  materidl ratio expressed as a Gaussian probability
D materidl ratio expressed as a Gaussian probability in standard deviation
E evaluatjon length
F  Smgq, relative material ratio at the plateau-to-dale intersection
G  Spq, sldpe of a linear regression performed through the plateau region
H Svq, slope of a linear regression performed through thé.dale region
NOTE This figure shows a profile instead of a surface area for ease of illustration. The principle is the s

for a surfac

Figure

4.5.6 Vo

4.5.6.1

Vv(p)

The void v
from the aj

\

vy (p):

where

p<q
K

P area.

and the regions used inthe definitions of the parameters Spq, Svq and Smq

jd volume

[0id volume parameter

lumeparameter is the volume of the voids per unit area at a given material ratio p calculz

[L5 — Scale-limited surfacewith its corresponding areal material probability curve

ted

ealymaterial ratio curve. It is calculated according to Formula (21). See Figure 16.

100 %

K (Smc (P)—Smc (9))dq

100 %
p

millimetre or equivalent.

24

(21)

is a constant to convert to millilitres per square metre or to micrometres cubed per square
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6.2 Dale void volume

Vvv

The dale void volume parameter is the dale volume at p material ratio. It is calculated according to
Formula (22). See Figure 16.

Viv =V4 (P)

NOTE The default values of p can be found in ISO 25178-3.

(22)

4.5
Vvc

Thd
isc

wh

NOT

4.5

4.5

Vm(

Thd
cala

whg

6.3 Core void volume

core void volume parameter is the difference in void volume between the p and g mater
hlculated according to Formula (23). See Figure 16.

Ve =Vy (P)-V, (q)

bre p < q.
E The default values of p and g are found in [SO 25178-3.

7 Material volume

7.1 Material volume parameter

p)

material volume parameter is the voltine of the material per unit area at a given mate

ial ratio. It

(23)

rial ratio p

©IS

ulated from the areal material ratig’curve. It is calculated according to Formula (24). Se¢ Figure 16.
Kk b

Vin (P)=100 %_(’;[Smc (q)_smc (p)]dq (24)
bre

p<q

K is a censtant to convert to millilitres per square metre or to micrometre cube per $quare mil-

limeétre or equivalent.
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p q )8\\%

Key Q
X  areal mlaterial ratio QQ
Y height 5\0\‘\
) ) <
Figure 16 — Void volume and materﬁl‘volume parameters
¥
4.5.7.2 HReak material volume o
xS

Vmp .\(\}‘

The peak npaterial volume parameter is the material volume at p material ratio. It is calculated according
to Formuld (25). See Figure 16.

Vinp =¥in (P) O 25)

NOTE The default value @%found in ISO 25178-3.
4.5.7.3 (ore mate@olume
Vmc §

The core 1 ﬁ&‘}al volume parameter is the difference in material volume between the p and g matdrial
ratio- It is C u}atcd dlUlUl d;lls tU FUI ulu}a rl 26“[. SCC F;E ul © :‘LLrJ.

Vie =Vm (@) =Vin (P) (26)

where p < q.
NOTE The default values of p and q are found in ISO 25178-3.

4.6 Gradient distribution

The gradient distribution is the density function calculated from the scale-limited surface showing
the relative frequencies against the angle of the steepest gradient a (x, y) with respect to the z-axis
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and direction of the steepest gradient § (x, y) anticlockwise from the x-axis. It is sometimes called
slope distribution. See Figure 17 for an example of the gradient distribution. See Figure 18 for the
calculation of the steepest gradient «, and the direction of the steepest gradient .

a)|[Example surface usedinb) b) Polar graph of the steepest c) Polar
and c) gradient, «, in degrees of th%s’te

O

Figure 17 — Example of gradient distg'{ ion
)

ph of the
pest gradi
degrees

direction
ent, §, in
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Figure 18 — Gradient a calculated vertically with respect to the z-axis and gradient 8 calculated
horizontally with respect to the x-axis

4.7 Multiscale geometric (fractal) methods

4.7.1 Morphological volume-scale function
Smvs(c)

This function plots the volume between a morphological upper envelope (closing) and lower envelope
(opening) using a square horizontal flat as a structuring element, as a function of scales c representing
the size of the structuring element. The volume-scale function is usually plotted as log(volume) in
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function of log(scale). The volume may be multiplied by a constant K to convert it to micrometres cubed
per square millimetre. See Annex A.3 for further explanations.

4.7.2 Relative area

4.7.2.1 General

The relative area is the ratio of the area calculated by triangular tiling of fixed area c to the evaluation
area. See Annex A.4 for the details on the area-scale tiling method.

4.7)2.2 Area-scale function
Sas(c)

Thip function plots the relative area as a function of scales c. It is usually plotted@as/log(relatjve area) in
fungtion of log(scale). The scale c represents the area of the triangular tiles and'is'expressed in units of
lateral length squared.

4.7{3 Relative length

4.7)13.1 General

The relative area is the ratio of the length calculated by<tiling of line segments of length ¢ to the
projected length L. The projected length L is usually smaller than the side of the surface. L¢ngth-scale
can|be calculated on each line or each column of a surface. It is then provided as the average of values
calqulated on lines or columns. See Annex A.5 for details of the length-scale tiling method.

4.713.2 Length-scale function

SIs(k)

Thif function plots the length-scale asafunction of scales c. The length-scale function is usuglly plotted
as lpg(relative length) in function ofleg(scale). The scale c represents the length of the line sggment and
is expressed in units of lateral length.

4.7/4 Scale of observation

The scale of observation is the size of the structuring element of the volume-scale function or area of
thetriangular tiles-0fthe area-scale function or length of the line segment of the length-scalg function.

4.75 Volume-scale fractal complexity

Svsfc

Thd volume-scale fractal complexity parameter is calculated by 1 000 times the slope of the volume-
scale function, within a defined domain of scale of observation. The factor 1 000 is introduced to avoid
too many zeros in the decimal value.

4.7.6 Area-scale fractal complexity
Sasfc

The area-scale complexity parameter is calculated by -1 000 times the slope of the area-scale function,
within a defined domain of scale of observation. The factor 1 000 is introduced to avoid too many zeros
in the decimal value.
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4.7.7 Length-scale fractal complexity

Slsfc

The length-scale fractal complexity parameter is calculated by -1 000 times the slope of the length-
scale function, within a defined domain of scale of observation. The factor 1 000 is introduced to avoid
too many zeros in the decimal value.

4.7.8 Crossover scale

4.7.8.1 (Generat

The crossdg
or volume-
procedure

NOTE 4

4.7.8.2 S

Ssrc(t)

The smoot
relatively
appears to

Starting fr
to exceed t
dimension
greater tha
area-scale

The thresh
scale funct

t=1+}

NOTE ’

4783 S
Ssrc(t)

The smoot
relatively

ver scale is the scale of observation at which there is a change in the slope of areats
scale functions. Since the change in slope is not necessarily abrupt with respect te sca
is necessary for determining the scale at which the change takes place.

\s a scale, it is given in unit of scale.

mooth-rough crossover scale — Area-scale, length-scale

h-rough crossover scale parameter is the first crossover,scale encountered going fi
arger scales where the surface appears to be smooth to” finer scales where the sur
be rough.

bm the largest scales, working towards the smalle&t, the first relative area or relative len

is approximately equal to the Euclidean diniension, and below which it is significa
n the Euclidean dimension. A threshold in.felative area is used to determine the crossovs
hnalyses (see Annex A).

old t can be selected as a percentagesp of the maximum value m of the area-scale or volu
ion, as described in Formula (27).

p(m—1)
'he default value of the'threshold is found in ISO 25178-3.

mooth-roughcrossover scale — Morphological volume-scale

h-rough“crossover scale parameter is the first crossover scale encountered going fi
maller scales where the surface appears to be rough to larger scales where the sur

rale
e a

fom
face

gth

he threshold tis used to determine the value of Ssrc. Ssrc is the scale above which the frafctal

htly
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me-

27)
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face

appears to

be’smooth.

5 Feature parameters

5.1 General

Feature characterization does not have specific feature parameters defined but has instead a toolbox
of pattern recognition techniques that can be used to characterize specified features on a scale-limited

surface.

The feature characterization process is in five stages:

— selection of the type of texture feature (see Table 1);

30
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— segmentation (see Table 2 for selection of criteria of size);
— determining significant features (see Table 3);

— selection of feature attributes (see Table 4);

— quantification of feature attribute statistics (see Table 5).

The surface depicted in Figure 19 is used as an illustrative example throughout this clause.

Figure 19 — Example of an illustrative surface
N
5.2 Type of te@e feature

The three maittypes of texture features are areal features (hills and dales), line features (fourse and

ridge lines point features (peaks, pits and saddle points); see Table 1. It is important t¢ select the
appn‘o;:{ ype of texture feature for the function of the surface under inspection.
% Table 1 — "I‘ypns of texture features |
Class of feature Type of texture feature Designation
Hill H
Areal
Dale D
) Course line C
Line
Ridge line R
Peak P
Point Pit \'
Saddle point S
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5.3 Segmentation

Segmentation is used to determine regions of the scale-limited surface which define the features. The
segmentation process consists of first finding all of the hills and dales on the scale-limited surface. This
usually results in over-segmentation of the surface and so the “smaller” segments are pruned out to
leave a suitable segmentation of the scale-limited surface. Some criteria of size are given in Table 2,
which can be used to define a threshold to define “small” segments to prune out.

An example of hills defined from Wolf pruning using 1 % or 5 % of Sz, using the surface illustrated in
Figure 19, is given in Figure 20.

Table 2 — Criteria of size for segmentation

Criteria of size Designation Threshold
. . . Specified height/depth
Hill local h¢ight/dale local depth (Wolf pruning) Wolfprune 55% of Sz
Volume of ill/dale VolS Specified volumg
- 0
Area of hillfdale AreaS Specified areaor A of
evaluation area
Perimeter ¢f hill/dale PerS Specified length
By default|a height discrimination is applied, but other pruning criteria, such as volume, area or gven

form facto

5.4 Detg

“Function”
It is thus e
functionall
function w
set of signi
are given i

" or orientation, can also be used.

rmining significant features

1 Table 3. These are all segmentation functions.

does not interact with all features in the same way; different features interact differently.
ssential to distinguish those features that ate functionally significant from those that|are
y insignificant. For each particular surfacefunction, there needs to be a defined segmentation
hich identifies the significant and insignificant features defined by the segmentation. It i§the
ficant features that is used for characterization. Methods of determining significant featyres

32

a) 1 % of Sz b) 5 % of Sz

Figure 20 — Hills defined from Wolf pruning
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Table 3 — Methods of determining significant features

Class of feature Me.t ho.d.of determining Designation Parameter units
significant features

Areal Hill is significant if its course line is entirely below|Closed c Height is defined from a
a horizontal plane at a given height, as if it was an material ratio or an ab-
island surrounded by water level? solute height
Dale is significant if its ridge line is entirely above [Closed ¢ Height is defined from a
a horizontal plane at a given height, so fluid in- material ratio or an ab-
side the dale cannot escape to an adjacent dale? solute height
[see Figure 21 b), features C and D] .
Hill is significant if its highest saddle pointis above a|Open c Heighti d‘eﬂined froma
horizontal plane at a given height, as if two adjacent materf tjo or an ab-
hills are connected above the water level? solu eight
Dale is significant if its lowest saddle point is below |Open ¢ %&ikﬂt is deflined from a
a horizontal plane at a given height, so fluid in- /\|material ratjo or an ab-
side the dale can circulate to an adjacent dale? %'\ solute height
[see Figure 21 a), features A and B] q/

Poipt Apeakissignificantifitis one of the top N peak heights Top.AO N is an integer
A pitis significant if it is one of the top N pit depths B\(ﬁ\J N is an integer

Ardal, line, point  |Use all of the features Qfl —

2
zS)

a  |See Reference [47] and Figure 21.

\\‘(

e below the

NOTE1 Thet @olding plane is represented in rose colour. Its height is defined from a mdterial ratio.
Figyre 21 a) an se a different threshold value.

NOTE 2 @gm@ a), A, B, Cand D are open dales as they are connected by saddle points that a1

thrd

)

E% In Figure 21 b), A and B are still open, but C and D are closed dales.

NOT

Figure 21 — Open and closed dales

5.5 Section of feature attributes

Once the set of significant features has been determined, it is necessary to determine suitable feature
attributes for characterization. Most attributes are a measure of size of the feature, for example length,

area or volume of a feature. Some feature attributes are given in Table 4.
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Table 4 — Feature attributes

Class of feature Feature attributes Designation
Areal Local hill height/local dale depth Hh/Dd
Area of hill or dale Ah/Ad
Volume of hill or dale Vh/Vvd
Open/closed local void volume of dale at Vivv
penetration threshold c?
Open/closed local material volume of hills Vimv
at penetration threshold c2
Roundness of hill or daleP Mrn
Form factor of hill or daleb Mff
Equivalent diameter of hill or daleb Med
Aspect ratio of hill or daleb Mar
Line Length of course line or ridge line Ler
Point Peak height Hp
Pit depth Hv
Saddle point height Hs
Local mean curvature at critical point Curvature
Areal, line, point Attribute takes value of one Count
a  See Refdrence [31].
b These nforphological features are explained in Reference [22]. They gan be used on structured or textured surfacds to
characterizg the shape of printed motifs.

5.6 Attrjbute statistics

Calculatior of a suitable statistic of the attributes of the significant features, a feature parameter or,
alternatively, a histogram of attribute values isthe final part of feature characterization. Some attriljute
statistics afre given in Table 5.

Fable 5 — Attribute statistics

Attribute statistic Designation Threshold
Arithmetic[mean of attribute values Mean —
Maximum gttribute value Max —
Minimum attribute valué Min —
Standard dgviation ef attribute values StdDev —
Percentage|above aspecified value Perc Value of threshold in

units of attribute
Histogram Hist —
Sum of attribute values Sum —
Sum of all the attribute values divided by the Density —
evaluation area
NOTE In future editions of this document, it is anticipated that standardized methods of naming particular attribute
statistics will be given.

5.7 Feature characterization convention

To record the feature characterization, it is necessary to indicate the particular tools used in each of the
five steps. This can be achieved by using the following convention:

— Startwith the letters FC (feature characterization) to indicate that this is a feature characterization.
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— For each stage, in turn, use the designation from the appropriate table to indicate the tool required.

— Some stage tools require further values for completeness. Use the symbol “;” to delimit between
each stage and a space to delimit within a stage.

— Ifatool is not specified in this document, then a reference to the tool definition can be used instead.
EXAMPLE FC; D; Wolfprune 5 %; Open c 60 %; Ad; Hist.

NOTE See Tables 1 to 5 for explanations of the designations.

5.8 Named feature parameters

5.8/1 General

Each of the following subclauses contains a parameter (abbreviated term) andya symbol. Whereas
abbreviated terms can contain multiple letters, symbols consist only of a single letter with subscripts as
needed. Symbols are used in the formulae shown in this document. The reason for this differgntiation is
to ajvoid misinterpretation of compound letters as an indication of multiplication between guantities in
formulae. The parameters (abbreviated terms) are used in product decurmentation, drawings and data
shegts.

5.8/2 Density of peaks
Spd

The density of peaks parameter is the number of peaks per unit area. It corresponds to thg following
featlure specification:

Spd = FC; P; Wolfprune X%; All; Count; Density

NOTE1 See Tables 1 to 5 for explanations'ef the designations.

NOTE 2  Ifnot otherwise specified, the/default value of X% is found in ISO 25178-3.

5.8{3 Density of pits
Svd

The density of pits pasameter is the number of pits per unit area. It corresponds to the followfing feature
spetification:

Svd = FG;VXWolfprune X%; All; Count; Density

NOTE X 'See Tables 1 to 5 for explanations of the designations.

NOTE 2 Ifnot otherwise specified, the default value of X% is found in ISO 25178-3.
5.8.4 Arithmetic mean peak curvature
Spc

The arithmetic mean peak curvature parameter is the mean of the local mean curvature of peaks. It
corresponds to the following feature specification:

Spc = FC; P; Wolfprune X%; All; Curvature; Mean

NOTE1  See Tables 1 to 5 for explanations of the designations.
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NOTE 2

5.8.5 Ar

Svc

If not otherwise specified, the default value of X% is found in ISO 25178-3.

ithmetic mean pit curvature

The arithmetic mean pit curvature is the mean of the local mean curvature of pits. It corresponds to the
following feature specification:

Svc=F

g

NOTE 1

NOTE2 1

5.8.6 Fiy
S5p

The five-pc
following f

C; V; Wolfprune X%; All; Curvature; Mean

ee Tables 1 to 5 for explanations of the designations.

If not otherwise specified, the default value of X% is found in ISO 25178-3.

e-point peak height

pature specification:

C; P; Wolfprune X%; Top 5; Hp; Mean

ee Tables 1 to 5 for explanations of the designations.

S5p =K
NOTE1 §
NOTE 2
NOTE 3
5.8.7 Fiy
S5v
The five-p

following f

S5v=H

dq

NOTE 1

I

not otherwise specified, the default value of X% is fetrtird in ISO 25178-3.

e-point pit depth

bint pit depth parameter is the mean of the five largest pit depths. It corresponds to
bature specification:

C; V; Wolfprune X%; Bot'5; Hv; Mean

ee Tables 1 to Sfereéxplanations of the designations.

NOTE 2

NOTE 3

IIf not otherwise specified, the default value of X% is found in ISO 25178-3.

IIf less than five significant pits are found, then the average is done on the available significant pitg.

5.8.8 Teh-point height

int peak height parameter is the mean of the five largest peak heights. It corresponds to

less than five significant peaks are found, then tlie average is done on the available significant p¢

the

aks.

the

510z

The 10-point height parameter is the sum of the five-point peak height and the five-point pit depth, as
shown in Formula (28).

S102 :SSp +55y

36

(28)
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5.9 Additional feature parameters

5.9.1 General
Table 4 defines many characteristics that can be combined with statistical attributes defined in Table 5.

This leads to many parameters that can be specified using the FC specification line. However, for
simplicity, Table 6 provides a set of parameters that can be used directly in specification.

Table 6 — Named features parameters

Type of texture | Attribute statis- Llu(;t :;l':ﬁ;g;:/ Area Volume Count
feature tics (Hh /Hg) (Ah/Ad) (Vh/Vd) i

mean Shh Sha Shv

Hill max Shhx Shax Shvx Shn
StdDev Shhq Shaq Shvg
mean Sdd Sda Sdv

Dale max Sddx Sdax Sdvx Sdn
StdDev Sddq Sdaq Sdvq

Narhing rules: parameters start with an upper-case S, followed-by h for hills or d for dales, followed by h
for height, d for depth, a for area, v for volume or n for counts

Parpmeters shown in bold font in Table 6 correspond ternames parameters in the previoug version of
thid document (ISO 25178-2:2012).

Shnjand Sdn give the number of hills or dales. Thewother parameters are calculated as arithnletic means
of the characteristic on all motifs, except when“the name finishes with an x, which standg for “max”
(maximum of the characteristic), or with a g, Which stands for standard deviation. For example, Sda is
themean area of dales and corresponds to the following feature specification line:

Sda(c) = FC; D; Wolfprune X%; Opén c/Closed c; Ad; Mean

Shhix is the maximum local height of all hills and corresponds to the following feature specification line:
Shhx(c) = FC; H; Wolfprune X%; Open c/Closed c¢; Hh; Max
NOTE1 See Tables7l/to 5 for explanations of the designations. “Open:c/Closed:c” provides the juser with a
chojce of either “opewat height ¢” or “closed at height ¢”.

NOTE 2  Iffiof'otherwise specified, the default value of X% is found in ISO 25178-3.

NOTE 3¢ \If not otherwise specified, the default value of Open/Closed is found in ISO 25178-3.

5.9.2 Shape parameters

5.9.2.1

Additional parameters can be calculated in the horizontal plane to characterize the shape of the texture
motif (See Table 7).
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Table 7 — Named shape parameters

Type of texture | Attribute statis- Roundness Form factor Equivalent di- Aspect ratio
feature tics ameter

mean Shrn Shff Shed Shar

Hill max Shrnx Shffx Shedx Sharx
StdDev Shrnq Shffq Shedq Sharq

mean Sdrn Sdff Sded Sdar

Dale max Sdrnx Sdffx Sdedx Sdarx
StdDev Sdrmqg Saffg Sdedq Sdarqg

5.9.2.2 Motif roundness

The roundness parameter is calculated by the ratio of the motif horizontal area A, to theatéa of a cicle
with a dianeter equal to the maximum diameter. A round object will give a value of 1 and an oblong
object will|give a value less than 1. The My parameter is given by Formula (29).

44
Mgy =|—5" 29)
ﬂDmax
where
A, s the motif horizontal area;
D s the maximum diameter.

max

NOTE Mry has no units.

5.9.2.3 NMotif form factor

The form factor Mg evaluates the compacityof the shape (the filled volume fraction). An elonggted
object will give a value close to zero while'a compact object will give a value close to 1. The My

parameterf(is given by Formula (30).

A A
Mg =] zm 30)
7
where
A,, is|the motif hefizontal area;

Il  is|the perimeter.

NOTE Mgp-has no units.

5.9.2.4 Motif equivalent diameter

The equivalent diameter M is the diameter of the circle of the same area as the motif, given by

Formula (31).

4A
Mpp =, —2 31
ED . (31)
where
A, isthe motif horizontal area.
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NOTE Mgy, is given in units of length (mm or pm).

5.9.2.5 Motif aspect ratio

The aspect ratio M,y is the ratio of the maximum diameter to the minimum diameter, as given by
Formula (32). It discriminates between compact and oblong motifs. For example, in the case of a disc,
Myp = 1. In the case of an oblong motif, its value is greater than 1.

Dmax (3 2)

Mag =
AR =)

whére

D, .x is the maximum diameter;

D is the minimum diameter.

min

NOTE Mg has no units.
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Annex A
(informative)

Multiscale geometric (fractal) methods

A.1 Whatisafractal?

A fractal id an object that looks approximately the same over a range of scales or magnification, ize|the
object should be statistically self-similar, see Figure A.1. The object need not exhibit exactly|/the same
structure gt all scales, but the same “type” of structures appear over a range of scales.

W

mt “PMM i

e A A

Figure A.1 —=Fractal profile showing the same structures at all scales

In general,[a “fractal dimension” can be calculated from a fractal surface using several methods[32)33],
including the variation method[34] and relative area analysis[32]. The latter has proved to be capable of
providing paramgters that support strong functional correlations with adhesion[3¢], electrochentical
impedancd3Zfriction[38], gloss[39], good differentiation of dental microwearl49], grinding conditiong[41],
mass trandfeeduring heat treatment(#2] and powder compacts/43],

The fractal dimension is a measure of the geometric complexity or intricacy components of a fractal
or partially fractal surface. The fractal dimension increases with increasing complexity. The fractal
dimension is greater than or equal to the Euclidian dimension, i.e. greater than or equal to one and less
than two for a profile, and greater than or equal to two and less than three for a surface.

Real surfaces are partially fractal, in that they can be characterized, approximated or modelled as
having irregular geometric components over a range of scales of observations. Ideal fractal surfaces are
mathematical models that have irregular components at all scales of observation.

Periodic and quasi-periodic geometric components of a surface do not exclude that surface from having
fractal components or from being advantageously characterized by fractal analysis.
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A.2 Variation methods

Let F(c) be, for example, the volume between a morphological closing envelope and a morphological
opening envelope of the fractal surface by a square horizontal flat structuring element with scale c (c

by ¢).

Then, providing the limit exists, the fractal dimension D, can be defined for the morphological volume-
scale method as in Formula (A.1):

_ d[log, (F(C))w (A1)

“Todex-JT J

D, = lim {3
€——+0-

The fractal dimension calculated using the variation method is equivalent to the Minkewski-Bouligand
dimension. It has been shown[34l that the variation method has the lowest uncertainty of jall current
methods to calculate a fractal dimension. The fractal dimension of a surface is greater thanor equal to
twd and is an indication of how complex a fractal surface is. The higher the fractaldimension, the more
conjplicated or irregular the fractal surface is.

Simfilar reasoning can be applied with other methods and quantities caleulated in function of scale.

A.3 Variational method applied to scale-limited surfaces

In g strict mathematical sense, scale-limited surfaces are nottrue fractal surfaces since they have been
iberately smoothed at some defined scale and so do net contain “the same type of structures at all
scales”. Scale-limited surfaces may, however, display “fractal-type behaviours” over a range of scales.
Theg volume-scale plot, see Figure A.2, is very useful@n capturing some of these behavioufs over the

aph is set to represent the log of the caleulated quantity, in function of the log of the scale.
.2 shows an example with the morphological volume-scale plot Smvs(c), which is a|plot of the
log pof the volume between a morphologicalclosing envelope and a morphological opening ¢nvelope of
thelscale-limited surface using a square horizontal flat as a structuring element against log-fcale of the
strycturing element.
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Figure A.2 — Morphological volume-scale plot of a scale-limited surface

Most plots| of scale-limited surfaces will display several regions where the curve is approximately a
straight linle. In each of these particular regions, the’relationship between the scale c and the calculated
quantity tgdkes the form of a power law.

For example, for the morphological volume-scale function, Smvs is calculated at scale ¢ accordinf to

Formula (A.2):

S )=k-c4 (h.2)

mvs ((

This is a pqwer law becauseth&volume S, . (c) changes as if it were a power of scale c. The slope of the
straight linle, on the voluine-scale plot, is just the exponent d and its volume-intercept is log(k).

For anothefr example,the relative area-scale Sas is calculated at scale c according to Formula (A.3):

S,s (c)Ek%cTd (h.3)

which shows a negative slope, meaning that the graph is decreasing in function of scale.

Over those ranges of scales where a particular power law is valid (i.e. over the corresponding region
of the plot where the curve is approximately a straight line), the scale-limited surface will display self-
similarity (i.e. portions of the surface when enlarged by a suitable amount will look like the original
surface). Hence, the scale-limited surface, over these particular ranges of scales, is approximately a
fractal surface with an associated fractal dimension. Thus, the steeper the slope of the plot, the more
complicated the surface is for that particular range of scales.

As mentioned previously, most plots will display several regions where the curve is approximately a
straight line. The scale where there is a change in slope from one region approximated by a straight line
to another is called a “crossover scale”. In practice, this can be a gradual change and so a procedure is
necessary for determining the scale at which this change takes place. The identification of crossover

42 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=9bc6a8abf85a9decc3cec1e46c3ca84f

IS0 25178-2:2021(E)

scales is important because they indicate a change in the dominant mechanism affecting the scale-
limited surface and/or measurement procedure. An example is shown in Figure A.3. Going from
relative larger scales, where the slope is near zero, to smaller scales, where the slope is steeper, the first
crossover scale indicates a change from a relative smooth surface at larger scales to a rougher surface
at smaller scales. Hence, above this first crossover scale, this particular scale-limited surface can be
considered smooth.

Y
07

0,66 |-
0,62 -
0,58 +
0,54 |

0,5 B A

1 10 100 1000 X
Key]
log(scale)

log(volume)

smooth-rough crossover scale

oo < X

second crossover scale

Figure A.3 — Idealized morphological volume-scale plot showing crossover scdles

A.4 Area-scale analysis

The area-scale analysiS consists in covering the surface with tiles of a given scale (its| area) and
caldqulating the ratio)of the total area of the tiles to their projected area.

The observed.area of a measured surface is calculated as a function of scale by a series of virtual tiling
exefcises covering the measured surface in a patchwork fashion[321142], The areas of the tiles, or patches,
repfesentithe areal scales of observation. The tiling exercises are repeated with tiles of prpgressively

smdller \areas to determine the observed areas as a function of the areal scales of dbservation
(Figure-A4yaal;

Scale =5 000 um?

Number of tiles = 180
Observed area = 899 995 pm?2
Relative area Sas = 1,034 9
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Scale =1 000 um?

Number of tiles =1 002
Observed area =1 001 991 um?
Relative area Sas = 1,061 4

Scale = 200 um?
Number of tiles =5 257 N
Observed area Sas =1 051 4(71/@@
Relative area = 1,085 3 (1/
%/
Q
AP

Scale=50pu O
Number of\t\ﬂes =21504
Obse d(glrea Sas=1076 329 um?
R Qe area=1,094 4
N
\\S\@

Scale = 10 um?

Number of tiles = 107 424
Observed area = 1 088 197 um?
Relative area Sas = 1,097 1

Figure A.4 %®\’/e tiling exercises from a relative area analysis

N\
The obseryed area is Qlumber of tiles, or patches, for one virtual tiling exercise times the 4rea
of the tile|or patch e of observation). For example, at scale 5 000 um?, the observed arep is

180 tiles x|{5 000 =900 000 um? (in fact here 899 995 due to rounding errors). The observed grea
is the appafrent f%at a particular scale of observation and is referenced to that scale, as the obserjved
area changes with the scale of observation. The nominal area is the area of an individual tiling exerfise
projected IQD the nominal surface, i.e. the area on the nominal surface covered by the tiling exergise.
The least squares plane or the measurement datum can be used for the nominal surface. The nominal
area is usually lower than the horizontal area of the full surface, as there is missing space at the end
of each line, when there is not enough space for a tile. The relative area Sas is the observed area at a

particular scale divided by the nominal areal3¢l[43], Consequently, the minimum relative area is 1,0.

An area-scale plot Sas(c) is a log-log plot of the relative area in function of areal scales of observation
(Figure A.5). The fractal dimension, D,, over some scale range can be calculated from the slope, g, of the
relative area plot as:

D, =2-2a (A4)

which can be shown to be derivable from Formula (A.4).
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E In the above example, the fractal dimension D, is 2,005 and the slope a is -0,002 48.

Length-scale analysis

bn measuring the curvilinear length’ of a profile (or surface line) with a line-segment,

rth is divided by the horizontal length, it gives the relative length of the profile at a give
of the line-segment).

Fage of relative lengthivalues calculated on lines or columns.

zontal lengthof 24,94 mm, leading to a relative length of 1,002 4. A second measure ¥
ment of siz& 2,5 mm allows 12 segments over a horizontal length of 25,06 mm, leading t
rth of 1197 1.

Figure A.5 — Relative area plot including the results of the tiling series in Figur¢

this length

ends on the size of the line-segment. The shorter the line-segment, the longer the leIgth. If the

scale (the

h surface, the length-seale analysis is applied on all lines or on all columns. It is then provlided as the

igure A.6, a first measure is done with a line segment of size 5 mm. Five segments are yised over a

vith a line-
b a relative
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Ls =5 mm

O----==mrmmm e

o —
Q===

O______-_____-__

O - -mm—mmmes
C)_____--_

1 2 3 4 5
Lh =24,94 mm

Q-ps- === m—=Q

Lh =25,06 mm
Figure A.6 — Calculation of relative length on ajprofile for two segment lengths

A plot of the log of the relative length Sls(c) as a function of the log of scale c is drawn, and sinjilar
parameterf are calculated as in the area-scale case:
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Annex B
(informative)

Determination of areal parameters for stratified functio
surfaces

nal

equivalent straight line is calculated for the central region of the areal material rdtio c
udes 40 % of the measured surface points. This “central region” lies where the 'secant ¢
erial ratio curve over 40 % of the areal material ratio shows the smallest.gkadient (see
5 is determined by moving the secant line for AM,. = 40 % along the.aneal material 0
ting at material ratio p = 0 % position as in Figure 14. The secant line.for AM, = 40 % wh
llest gradient establishes the “central region” of the areal material ratio curve for the ¢
ulation. If there are multiple regions which have equivalent minimum gradients, then
is first encountered is the region of choice. A straight line is thén calculated for this “cent
ch gives the least square deviation in the direction of the surface ordinates.

nsure the validity of the areal material ratio curve, the'class widths of ordinates of the sg
face should be selected to be small enough for at least)10 classes to fall within the “cent
h surfaces having an almost ideal geometrical plateau, such a fine classification may n
iningful, because of the limited resolution of the measuring system. In this case, the

Calculating the parameters SK;’Smrk1 and Smrk2

equivalent straight line intersects'the 0 % and 100 % lines on the Smr axis (see Figurg
be points, two lines are plotted-parallel to the x-axis; these determine the core surface by
protruding hills and dales.

vertical distance between these intersection lines is the core height Sk. Their interse
areal material ratio Curve define the material ratios Smrk1 and Smrk2.

Calculating the parameters Spk and Svk

areas aboye and below the central region which delimits the core height Sk are shown

of the(core surface.

irve which
f the areal
Figure 14).
Atio curve,
ich has the
quivalence
the region
ral region”

ale-limited
Fal region”.
b longer be
number of

ses used in the calculation of the equivalent sfraight line should be stated in the test resilts.

b 14). From
separating

tions with

hatched in
h protrude

Th

1 1 1 4 4] b | P 1 41 1. - : 4] 1o 1
dlTd CIICIUSTU DTCLWCECTID LT 1IIdiCl Idl TdllU CUIlve alltd UIT UT'Uulllditc dAI1S UIl UIC ICIL, dU

ve the left

intersection point, is called Sak1. A right-angled triangle is constructed so that its area equals the hill
area Sakl. Its horizontal base corresponds to Smrk1 and its height corresponds to Spk. The distance
between the highest point and the left intersection point is called Spkx.

Symmetrically, the area enclosed between the material ratio curve and the ordinate axis on the right,
below the right intersection point, is called Sak2. A right-angled triangle is constructed so that its
area equals to the hill area Sak2. Its horizontal base corresponds to 100 % - Smrk2 and its height
corresponds to Svk. The distance between the highest point and the left intersection point is called
Svkx.

The process of creating a right-angled triangle to define Spk and Svk is not an averaging process but a
height-reduction process (see Reference [48]).
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These parameters (Sk, Spk, Svk, Smrk1, Smrk2, Sak1, Sak2, Spkx, Svkx) should only be calculated if the
areal material ratio curve is “S” shaped as shown in Figure B.1, and thus has only one single point of
inflection. Experience has shown that this is always the case for lapped, ground or honed surfaces.

Spkx

Spk

Y

Sak1l

Key

X

Y

Smrk1, Smr
Sak1, Sak2
Sk

Spk

Svk

Spkx

Svkx

B.4 Calg
Three non
measured
portions of
the areal nj

K2

Sk

material ratio

Svk Svkx

Smrk?2

Smrk1

intersection line position

material ratios

areas

core height

reduced peak height

reduced pit depth

maximum peak height

maximum pit depth

Figure-B.1 — Calculation of the parameters

ulating the parameters Spq, Svq and Smq

inear effegts can be present in the areal material probability curve shown in Figure 7
burfacetdata from a stratified surface. These effects shall be eliminated by limiting the fi
thelareal material probability curve, using only the statistically sound, Gaussian portion
dterial probability curve, excluding a number of influences.

In Figure 7, the nonlinear effects originate from:

outlying hills, for example debris or dirt particles (Key G);

outlying dales, for example deep scratches (Key H);

combination of two distributions (Key I).

for
ted
s of

an unstable region (curvature) introduced at the plateau-to-dale transition point based on the

These exclusions are intended to keep the parameters more stable for repeated measurements of a

given surface.

48
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Figure 15 shows a profile with its corresponding areal material probability curve and its plateau
and dale regions and the parts of the surface that define the two regions. The profile has a hill that is
outlying and the figure shows how it does not influence the parameters. Figure 15 also shows how the
bottom parts of the deepest dales, which will vary significantly depending on where the measurements
are made on a surface, are disregarded when determining the parameters.

The process for determining the limits of the linear regions is given in ISO 13565-3:1998, Annex A.
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Annex C
(informative)

Basis for areal surface texture standards — Timetable of events

The timetable of events leading to the publication of the ISO 25178 series on areal surface texture is as

follows:

April 1990|to April 1993

September|1993

April 1998[to April 2001

May 1998 o May 2001

January 20[02

June 2002

January 20[03

EU-funded project entitled Development of Methods for the Characterizatic
Roughness in Three Dimensions under the leadership of Birmingham Univer
Developed basic foundation for areal surface texture characterization. Prg
reportlZ] introduced the “Birmingham 14” areal surface tegture parame
and investigated communication protocols which includéd data-file form

“Blue book”[1Z] published containing the detailed (résults from the ab
EU project. This book became a de facto standard-for areal surface text
characterization.

AUTOSUREF project under the leadership‘of Rover/Brunel University. ]
EU-funded project developed areal surface texture characterization meth
for sheet materials for automotive applications. This includes characteriza
for oil retention during storage of the coils, pressing performance and p
performance. Used the feature t@lbox to solve real surface texture problg

SURFSTAND project under®he leadership of Huddersfield University. T

EU-funded projectlaid the foundations for the standardization of areal sur
texture analysis. Evaluated the functional usefulness of the “Birmingham
parameters through'aseries of case studies. Areal texture definitions W
revisited, resultingin “tightening up” the definitions of the “Field” parame
and the introduction of a “Feature” toolbox. Development of robust and way
filter technelogies. Finally, issues dealing with areal instrument calibra
were inyvestigated.

SURFSTAND and AUTOSURF project presentations to ISO/TC 213 in Mad
Spain.

Surface texture taskforce set up by ISO/TC 213 to determine requiremg
for standardization of areal surface texture.

ISO/TC 213 set up WG 16 to develop new surface texture system as pa
next generation GPS.

n of
ity.
ject
fers
ats.

ove
ure
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Face
14”
rere
fers
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Fion

rid,

ents

t of

May 2003

June 2003

March 2012

2021

50

“Green book 8l published containing the detailed results from the S
STAND project.

ASME B46.1 published. Contains the basis for areal surface texture fract
methods and classification of surface texture instruments.

[SO 25178-2 originally published by ISO.

RF-

al

Publication of the first revision of ISO 25178-2 with numerous corrections

(see Annex E).
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Annex D
(informative)

Implementation details

TOTIITTCIIC Ve TTUTY

local gradient is usually approximated for the point i by Formula (D.1):
0z 1
o B0 Ag Ziv3 T g T 45214y — 4521 925 23)

n 3 <i< N-4 (N being the number of points in X) and Ax the spacing in X{x;/= i4x).

gradientin Y is calculated in the same way, using Ay instead.

Formula (D.1) is adapted at the edges of the profile (line or colummn of the surface) with Forr

Der

D.7).

ivatives for the left profile boundary:

oz(x,y)| 1
*X |,y 60AX

(—147 zy +360 z; —450 25"+ 400 z3 —225 24 +72 z5 —10 z;)

0z(x,y) 1
ox |y_p, 60Ax

(-10 zy -7 z1 +150 z, =100 z3 +50 z4, —15 z5 +2 z;)

0z (X,
92(x,y) ~ 2220 -24 2, ~35 2, +80 2330 2, +8 25 — 7 )
X |ygpy O0AX

ivatives for theright profile boundary:

(D.1)

hulae (D.2)

(D.2)

(D.3)

(D.4)
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