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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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ask of technical committees is to prepare International Standards. Draft International Standa
y the technical committees are circulated to the member bodies for voting. Publication as
al Standard requires approval by at least 75 % of the member bodies casting a vote.

shall not be held responsible for identifying any or all such patent rights.

-71 was prepared by Technical Committee ISO/TC 213, Dimensional .and’ geometrical prod
ns and verification.

consists of the following parts, under the general title Geometrical product specifications (GPS
kfure: Areal:

| Terms, definitions and surface texture parameters
- Specification operators
' Classification of methods for measuring surface téexture
D: Physical measurement standards
1: Software measurement standards
01: Nominal characteristics of contact\(stylus) instruments
02: Nominal characteristics of non-contact (confocal chromatic probe) instruments
04: Nominal characteristics;of non-contact (coherence scanning interferometry) instruments
05: Nominal characteristics of non-contact (point autofocus probe) instruments
D1: Calibration and-measurement standards for contact (stylus) instruments
ng parts areunder preparation:
Indication of surface texture

03:-Nominal characteristics of non-contact (phase-shifting interferometric microscopy) instrume
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uct

nts

Part 6

06: Nominal characteristics of non-contact (focus variation) instruments
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Introduction

This part of ISO 25178 is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO/TR 14638). It influences the chain link 6 of the chains of standards on surface texture.

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

Fofmore detailed mformation of the relation o IS standard 1o the matrix model, see Annex

This part of ISO 25178 is concerned with software gauges (Type S1) and reference software (Type([S2). It also
defines the SDF file format for type S1 software gauges.

Th¢ SURFACE DATA FILE (SDF) format is already used by industry in particular by instrument manufacturers
angl academia. The SDF file format as defined in this document is a standardized sub-set of the possibilities
included in the SDF file format as initially defined in the European Surfstandiproject and EUR15178. It is
enyisaged that the SDF file format could evolve (as more experience in its usage and future requirgments are
ideptified) later in a version 2.0 with additional fields and possibilities.

© 1SO 2012 — All rights reserved \%
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Scope

s part of ISO 25178 defines Type S1 and Type S2 software measurement standards (etalons) for v

the calibration of instruments for the measurement of surface texture by the areakmethod as de
al surface texture chain of standards, chain link 6.

TE Throughout this part of ISO 25178, the term “softgauge” is used as a. substitute for “software m
hdard Type S1”.

Normative references

b following referenced documents are indispensable farithe application of this document.

ref

(in¢gluding any amendments) applies.

ISQ 5436-2:2001, Geometrical Product Specifications (GPS) — Surface texture: Profile method; Mg
stanpdards — Part 2: Software measurement standards

IS
IS

spgcifications, operators, uncertainties and ambiguities

ISQ 25178-2, Geometrical product specifications (GPS) — Surface texture: Areal — Part 2: Terms,

an
1Sq

1SQ
in A

1S(
ass

rences, only the edition cited applies. For undated referénces, the latest edition of the referenceq

16610 (all parts), Geometrical Product, Specifications (GPS) — Filtration

17450-2:2012, Geometrical product specifications (GPS) — General concepts — Part 2: B3

surface texture parameters
) 25178-3, Geometri¢alproduct specifications (GPS) — Surface texture: Areal — Part 3: Specificatio|

D/IEC Guide 98<1:2009, Uncertainty of measurement — Part 1: Introduction to the expression of
neasurement

D/IEC Guide 99:2007, International vocabulary of metrology — Basic and general con
ociated'terms (VIM)

brifying the
standards
fined in the

easurement

For dated
document

asurement

sic tenets,

definitions

h operators

ncertainty

cepts and

3

Terms and definitions

For the purpose of this document, the terms and definitions in ISO 25178-2, ISO 25178-3, ISO 5436-2:2001, the
ISO 16610 series, ISO 17250-2, ISO/IEC Guide 98-1 and ISO/IEC Guide 99, and the following apply.

341

software measurement standard
reference data or reference software intended to reproduce the value of a measurand with known specification
uncertainty in order to verify the software used to calculate the value of a measurand

3.2

CH

AR[n]

array of n ASCII characters

© 1SO 2012 — All rights reserved
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3.3
BYTE
1-byte (8-bit) representation of an ASCII character

3.4
UINT16
2-byte representation of an unsigned integer

NOTE 1 Unsigned integers have a minimum value of 0 and a maximum value of 65 535.

NOTE 2  The less significant bytes are stored in lower memory addresses; the more significant bytes are stored in
higher memlory addresses.

3.5
INT16
2-byte repiiesentation of a signed integer

NOTE 1 Short integers have a minimum value of —32 768 and a maximum value of +32 767.

NOTE 2  [The less significant bytes are stored in lower memory addresses; the more significant bytes are storedl in
higher mempory addresses.

3.6
INT32
4-byte representation of a signed integer

NOTE 1 Long integers have a minimum value of -2 147 483 648 and a maximum value of +2 147 483 647.

NOTE 2  [The less significant bytes are stored in lower memory addresses; the more significant bytes are storedl in
higher memory addresses.

3.7

DOUBLE
8-byte repiesentation consisting of a sign bit, an 11-bit-binary exponent, and a 52-bit mantissa, plus the implied
high-order|1 bit

NOTE 1 Double precision float have an approximate range of + 2,22e-1022 to + 2,22e+1023.

NOTE 2 [The less significant bytes are-stored in lower memory addresses; the more significant bytes are stored in
higher mempory addresses.

NOTE 3  [See the IEEE 754-1985 ‘Standard for binary floating-point arithmetic.

4 Type(S software.measurement standards

4.1 General

These megsurement standards are designed to verify the measuring instrument’s software (i.e. filter algorith1ns,
parameter leateutation—ete):

The content of a measurement standard shall be considered a scale limited surface (i.e. an S-F surface or an
S-L surface). No part of the content of a measurement standard shall be considered form and thus, no form
removal shall be undertaken on a measurement standard prior to presenting it to the software being tested.

4.2 Type S1, reference data

This type of measurement standard is a computer data file that contains a digital representation of a scale
limited surface in a suitable recording medium.

2 © 1S0 2012 — All rights reserved
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Type S1 reference data are used to test software by inputting them as data into the software under test/calibration
and comparing the results from the software under test with the certified results from the calibration certificate
of the softgauge.

NOTE The certified results for mathematically designed synthetic data can often be calculated directly without the
need for certification by Type S2 measurement standards.

4.3 Type S2, reference software

These measurement standards are reference software. Reference software consists of traceable computer

software-against-which-software-in-a-measuting-instrument can-be-compared

NOJTE 1 Traceable here means a traceable chain of comparisons, with uncertainty, back to a mathematicajly designed

Type S2 reference software are used to test software by inputting a common data set into the softyvare under
tes}/calibration and the reference software and comparing the results from the software under tgst with the
tified results from the reference software. Reference software values shall be traceable.

NO[TE 2  Type S2 measurement standards can also be used to certify type S1 reference data.

5 | File format for type S1 reference data

5.1 General

TthiIe extension of this file protocol is SDF. The file protocol for'the softgauge is divided into three separate sections
or flecords. For implementation of the ASCII and BINARY #gpresentations of an SDF data format, see Annex A.

NOJTE For the purposes of this document, a right-handed coordinate system is assumed (see ISO 25178-2). Looking
from the top, the first point in the data file is in the top\l€ft corner.

5.2 Record 1 — Header

Thé¢ header contains general information about each specific measurement. The record is composed of various
“figlds” in which the information isicoded.

The BINARY format consists-of-fixed length fields defined in Table 1.

Ex¢ept for the version number, the ASCII format, for the header, consists of a series “keyword = value of field”
where the keyword is-the’ASCII field name given in Table 1.

5.21 Version number

The¢ versionof a softgauge file format is an array of 8 characters formatted the following way: “alpO-1.0" for
thel ASClPfile format or “bISO-1.0” for the BINARY file format. Future evolutions of this format will[modify the
version number, such as “-2.0".

5.2.2 Measurement instrument manufacturer’s identifier

The identifier includes the source of the data and might also include hardware and software identifiers.

5.2.3 Original creation date and time

This twelve-character field (DDMMYYYYHHMM) stores the date and time that the measurement was
completed. Redundant separator characters are not stored but clearly zero padding of fields is required (i.e.
0307 for 3 July not 37).

© 1S0O 2012 — All rights reserved 3
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5.2.4 Last modification date and time

This twelve-character field (DDMMYYYYHHMM) stores the date and time that the SDF file was last modified.

5.2.5 Number of points per profile, M/

The maximum number of points per profile (along the x-direction) shall not exceed one UINT16 of storage (65535).

5.2.6 Number of profiles or traces, N

The maxin

(65535). If

527 X, )

The three
along the x
along the z

528 Za

The Z axi
processing
that the ori
aware of t
metres. If

5.2.9 Colmpression type

This field n
Therefore,

5.2.10 Datfa type

This field d
INT32; 7 i3

Other data|

5.2.11 Chg¢cksum type

This field d
field value

Table 1 giV

mited to 65 535 points.

Sa—

aded as a profile; however, its size is li

[NV = 1, the data can be lo

(and Z axis scale factors

scaling factors provide scaling to the standard unit of the meter. The X-scale is the‘sampling inte
direction, the Y-scale is the profile spacing along the y-direction, and the Z-scale isithe quantisation

Kis resolution

operations (e.g. removal of datum), the data type may have changed or have been re-scaled s
pinal quantized data has been re-quantised. Thus, the inclusion’ of this value enables the user tg

ormally defines the type of compression used for the data. “NO COMPRESSION” shall be us
this field value is: 0.

efines the base data type used'for storage. The field value 5 is for data type INT16; 6 is for data t
for data type DOUBLE.

types that may have been used in prior definitions of the SDF format are not allowed.

efines the type of checksum used for the data. “NO CHECKSUM” shall be used. Therefore,
is: 0.

es Neader description of these fields.

val
tep

direction. Thus, an X-scale, Y-scale or Z-scale value of 1,00 E-6 represents a samiple spacing of 1 pm.

5 resolution specifies the quantisation steps in the z-directionr in-the digital data. After cerfain

ich
be

:Le original base resolution of the measurement instrument."The units of the resolution value ar¢ in
e value is unknown, this field should be set to a negative’number, e.g. —1.

pe

his
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. . Binary Length
Information ASCII Field Name BINARY Data Type (BYTES)

Version Number N/A CHAR[8] 8

Manufacturer’s ID ManufaclD CHAR[10] 10

Creation Date and Time Create Date CHAR[12] 12

Last modification Date and Time ModDate CHAR[12] 12

Number of points per Profile (x) NumPoints (X) UINT32 2

Nymber of Profiles (y) NumProfiles (Y) UINT32 2

X-Bcale X-scale DOUBLE 8

Y-Bcale Y-scale DOUBLE 8

Z-Bcale Z-scale DOUBLE 8

Z-Resolution Z-resolution DOUBLE 8

Caompression Type Compression BYTE 1

Data Type Data type BYTE 1

Checksum Type Check Type BYTE 1

TOTAL 81

5.3 Record 2 — Data area
5.31 The data area of the data file contains the coded height information of the surface for thenumber of
poipts, M, and the number of profiles, N. The actualtheight values (i.e. in metres) are obtained by gcaling the
coded values by the Z-scale factor defined in the {ilé header. The data area contains the topograph|c data in a
sefjal fashion. Profiles are stored successively-in the order of their position in the y-direction.
NO[TE The x-data are identified with the rows in the data file and the y-data identified with the columns in fhe data file.
5.3l2 The identification of bad and missing data points is achieved by setting them to the minimum value
for|the particular data type used;:-within the data range which is not allowable for any valid data points (e.g.
valpe = -2147483648 for INF32-and value = NAN for DOUBLE). In ASCII format, the string “BAD” wjill be used.
Trgatment of “bad” data:-Certain topography measurement systems, as a consequence of the mgasurement
prdcess, produce data\points within the complete measurement map that are invalid. These data points may
be freferred to as “bad” data.
Trgatment of Ymissing” data (dropouts): Certain topography measurement systems, as a consg¢quence of
thel measurement process, produce data points within the complete measurement map that have n¢ value (i.e.
thel valugs-are missing). These data points may be referred to as “missing” data.
5.4——Record-3—Traiter

The trailer part of the data file contains historical information that is associated with a particular measurement.
For example, when a measurement is made, information such as the operator’'s name, measurement conditions,
and sample specification might be stored with the data file. Also operator information applied to the data file
such as filtering, data inversion, and other process parameters may be attached to the data file. Any other
information which the owner of the data believes would be of use and which is not already stored in the header
could also be written in the trailer. In order to maintain flexibility of extendibility, it is important that the trailer be
of variable length and, for simplicity, exist at the end of the data file. The trailer is thus stored at the end of the
files as a series of CHARACTER values.

NOTE

© 1SO 2012 — All rights reserved
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6 Software measurement standard certificate

After each software measurement standard has been individually calibrated, it shall be accompanied by at
least the following information:

a)
b)

c)

d)

e)

f)

title, for example, “Calibration certificate” (for both S1 and S2 types);
name and address of the software measurement standard supplier (for both S1 and S2 types);

unique identification of the certificate (such as the serial number) and of each page, as well as the total
number of pages (for both S1 and S2 types);

the adtual specification operator [see ISO 17450-2 for each relevant metrological characteristic (for |oth
S1 angl S2 types)];

the calibrated value with its estimated uncertainty, U [see ISO/IEC Guide 98-3 (GUM)] for\each relevant
metrological characteristic (for both S1 and S2 types)";

detailg of calibration, including whether the certified results for mathematically deSigned synthetic data
have peen calculated directly without the need for certification by Type S2 measurement standands,
and, where a type S2 measurement standard has been used, information on.which particular Type|S2
measyrement standard has been used together with its uncertainty values?\(fer both S1 and S2 types);

any other reference conditions to which each calibration applies, for example, the basis of digital evaluafion
(laterdl and vertical quantization) for both S1 and S2 types;

a statgment that the values declared refer to direct measurement or are derived synthetically; where difect
measyrement is used, relevant detail of the probe shall be provided (for S1 types);

identiflcation of the hardware/operating systems on which' the reference software has been developed,
checkgd or verified (for S2 types)2).

As far as possible, this required information shall be, marked on the media containing each measuremient
standard; But if there is insufficient space, the values'may be stated separately and uniquely identified with the

measuremgnt standard, for example, by means.éfa serial number.

NOTE A nominal value is used as an aid to identification. The difference between the nominal value and the calibrdted

value does hot constitute an error.

1)

For reference software it may not be possible to give a closed form equation for the uncertainty of some values

of metrological characteristics. In these cases all relevant information should be given to allow the user to calculate the
uncertainty for themselves.

2)

6

This identification applies to the whole chain from measuring instrument to calculation/computers.

© 1SO 2012 — All rights reserved
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Annex A
(informative)

Examples

1:2012(E)

A.1__Example of an ASCIl SDE Representation

NO
(de
scr

Fig

The data file consists of a series of lines terminated with CR (ASCII #13), LF (ASCII #10)-orCH

Additional ‘white space’ characters (ASCII #9, ASCII #10, ASCII #32) are ignored (including t
data section).

The three records of the file (i.e. header, data, and trailer) are terminated with*a 'single line cor
character **’ (ASCII #42). Thus, the final line *’ identifies the end of the datafile.

All three records for the ASCII representation are of variable length.

Elements of the header are given as separate fields for readability"and for the ease of use of fi
The first field of the data file shall contain the version number,

All the other fields pertaining to the header may be placed‘in any order in the header section.

Each field contains 3 parts: (i) the field name (seeable 1; note that field names are not case
(ii) a field separator * =’ (ASCII #61); (iii) the value:

The elements of the data area may be separated by any number and type of ‘white space’ cha
TE Often it is helpful to use a fixed field-width and separate (using CR/LF characters) a number
bending on the data type) such that they.fit onto a line width of 80 characters. This enables the files to be t

pen for verification.

ure A.1 gives an example of relevant details to illustrate the layout of the ASCII representation of

and Figure A.2 an illustration of data given in Figure A 1.

R+LF.

hose in the

taining the

e l/O.

sensitive);
racters.
pf elements

yped on the

an SDF file
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aIso-1.0 < CR > < LF >

ManufacID = ISOTC213 < CR > < LF >

CreateDate = 040120100853 < CR > < LF >

ModDate = 050320101353 < CR > < LF >

NumPoints = 251 < CR > < LF >

NumProfiles = 251 < CR > < LF >

Xscale = 1.0E-6 < CR > < LF >

Yscale = 1.0E-6 < CR > < LF >

Zzscale = 1.0E-6 < CR > < LF >

Zresolution = 1.0E-9 < CR > < LF >

Compression = 0 < CR > < LF >

DataType | 7 < CR > < LF >

CheckTypq = 0 < CR > < LF > }\(l/
* < CR >|<1F > Q
1.00000 (0.99874 0.99495 0.98865 0.97986 0.96858 ... .00000 < CR > < LF > o(J/
0.99874 (0.99748 0.99369 0.98740 0.97862 0.96736 ... .99874 < CR > < LF > '\
0.99495 (0.99369 0.98993 0.98366 0.97491 0.96369 ... .99495 < CR > < LF > (b'
0.97986 (.97862 0.97491 0.96874 0.96012 0.94907 ... .97986 < CR > < LF >'<\

* < CR > | < LF > (ﬁ)

OperatgrName > Tom Jones < / OperatorName >

<
< PartName > S2 Softgauges Example < /PartName >
*

240

Figure A.2 — lllustration of data given in the Figure A.1 example

© 1SO 2012 — All rights reserved
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Implementation of the BINARY SDF Representation

1:2012(E)

The following information pertains to the implementation of the BINARY representation of the SDF file.

The header shall conform exactly to the sequence of record fields and types given in Table 1. Subsequent
revisions of the file format may alter the composition and length of the header section, thus, the version

number should be read prior to the header (obviously, the header section is of a fixed length for
format version as given in Table 1).

There are no separator characters to distinguish sections of the data file. The sequence t
be followed is

a given file

hat should

— read the version number;
— read the header corresponding to the version number (i.e. in this case that given.in Table

— using information given in the header (data type, number of points, numbercof profiles, cg
type, and checksum type), read the data section.

The remaining information in the file, if any, contains the trailer.

Strings (unsigned character arrays with more than one character) areZassumed to contain va
the length of the string. If the valid string data are shorter than the dllocated space then the stri
filled with spaces (ASCII #32).

Single unsigned char values in the header (i.e. compression’type, data type, and checksum ty
representations (i.e. 0 to 255) For example, a compression value of NONE is represented by &
NOT 48 (i.e. the ASCII code for character ‘0’).

1),

mpression

id data for

hg shall be

e) are byte
value of 0
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Annex B
(informative)

Relation to the GPS matrix model

B.1 Glnawl
For full detpils about the GPS matrix model, see ISO/TR 14638.

The ISO/G@PS Masterplan given in ISO/TR 14638 gives an overview of the ISO/GPS system, of which this
document fis a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this document and fthe
default degision rules given in ISO 14253-1 apply to specifications made in accordance with-this documént,
unless othérwise indicated.

B.2 Information about this part of ISO 25178 and its use

This part of ISO 25178 defines Type S1 and Type S2 software measurement standards (etalons), as well as fthe
file format ¢f Type S1 software measurement standards for the calibration ofinstruments for the measurement of
surface texfure by the areal method as defined in chain links 5 and 6 of thetareal surface texture chain of standafds.

B.3 Pgsition in the GPS matrix model

This part of ISO 25178 is a geometrical product specification(GPS) standard and is to be regarded as a gengral
GPS standard (see ISO/TR 14638). It influences the chainink 6 of the chains of standards on surface textyre,
as graphically illustrated in Figure B.1.

10 © 1S0 2012 — All rights reserved
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