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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
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO 14638). It influences the chain link G of the chains of standards on profile and
areal surface texture.

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

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

Thfs document is concerned with software gauges (Type S1) and reference software (Type $2). It also
defines the SDF file format for Type S1 software gauges.

The surface data file (SDF) format is already used by the industry, in, particular, by instrument
mdnufacturers and 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 Surfstand project
an@l EUR15178. It is envisaged that the SDF file format could evolve (a&n1ore experience in itsfusage and
futjure requirements are identified) later in a version 2.0 with additional fields and possibilities.

© IS0 2017 - All rights reserved v


https://standardsiso.com/api/?name=305c2c492ed2c10260a5cbfced2cb196



https://standardsiso.com/api/?name=305c2c492ed2c10260a5cbfced2cb196

INTERNATIONAL STANDARD

ISO 25178-71

:2017(E)

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

Part 71:
Software measurement standards

1 | Scope

Thjs document defines Type S1 and Type S2 software measurement standards (etalons) fof
the¢ software of measuring instruments. It also defines the file format of Type S4 software mej
standards for the calibration of instruments for the measurement of surface texture by
mdthod as defined in the areal surface texture chain of standards, chain link-G.

NO[TE Throughout this document, the term “softgauge” is used as a substitute for “software me
stapdard Type S1”.

2 | Normative references

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

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

un

IS(
sta

ISC

IS(
Spe

ISC

andl surface texture pargmeters

IS(
op4
IS(
in

IS(

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

5436-2, Geometrical product specificationsZ(GPS) — Surface texture: Profile method; Me
ndards — Part 2: Software measurement standards

16610 (all parts), Geometrical product specifications (GPS) — Filtration

17450-2, Geometrical product.specifications (GPS) — General concepts — Part 2: Bq
cifications, operators, uncertainties and ambiguities

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

25178-3, Geometrical product specifications (GPS) — Surface texture: Areal — Part 3: Sp)
rators

/1IEC Guide®8-1, Uncertainty of measurement — Part 1: Introduction to the expression of u
neasurement

/1E€, Guide 99, International vocabulary of metrology — Basic and general concepts and

verifying
isurement
the areal

asurement

ir content
pplies. For
5) applies.

isurement

sic tenets,

definitions

ecification

ncertainty

associated

ten]

ims{VIM)

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5436-2, ISO 16610 (all parts),
[SO 17450-2,1S0 25178-2,1S0 25178-3, ISO/IEC Guide 98-1 and ISO/IEC Guide 99 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at http://www.iso.org/obp

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

© IS0 2017 - All rights reserved
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3.1
software

measurement standard

reference data or reference software intended to reproduce the value of a measurand with known

specificati

3.2
CHAR[n]
array of n

3.3
BYTE

on uncertainty in order to verify the software used to calculate the value of a measurand

ASCII characters

1-byte (8-

34
UINT16
2-byte rep

Note1toe

Note 2 to e
storedinh

3.5
INT16
2-byte rep

Note1toe

Note 2 to e
storedinh

3.6
INT32
4-byte reji

Note1toe

Note 2 to e
storedin h

3.7

DOUBLE
8-byte rej
mantissa,

Note 1
1+ (1-2

Note 2 to e

bit) representation of an ASCII character

resentation of an unsigned integer
ntry: Unsigned integers have a minimum value of 0 and a maximum value of 65 535.

htry: The less significant bytes are stored in lower memory addresses; themore significant bytes
gher memory addresses.

resentation of a signed integer
htry: Short integers have a minimum value of -32 768 and-aymaximum value of 32 767.

htry: The less significant bytes are stored in lower méniory addresses; the more significant bytes
gher memory addresses.

resentation of a signed integer
htry: Long integers have a minimum value of -2 147 483 648 and a maximum value of 2 147 483 64

htry: The less significant bytes-are stored in lower memory addresses; the more significant bytes
gher memory addresses.

resentation of-aréal number consisting of a sign bit, an 11-bit binary exponent, and a 52
plus the implied high-order 1 bit

to entry:) Normalized double precision floating point numbers have a range
-52)] 21023 » + 1,797 693 134 862 315 7 - €308, The smallest value is 2,225 073 858 507 201 4 - -3

htry: The less significant bytes are stored in lower memory addresses; the more significant bytes

dare

dare

dare

bit

of
08,

are

stored in h

CHET Temory addresses.

Note 3 to entry: See IEEE 754-2008 for binary floating-point arithmetic.

4 Type S software measurement standards

4.1 General

These measurement standards are designed to verify the measuring instrument’s software (i.e. filter
algorithms, parameter calculation, etc.).

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,

2 © IS0 2017 - All rights reserved
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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.

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
thgatibrationcertificate of the softgauge:

NO[TE The certified results for mathematically designed synthetic data can often be calculatpd directly
witlhout the need for certification by Type S2 measurement standards.

4.3 Type S2, reference software

Thpse measurement standards are reference software. Reference software consists of| traceable
computer software against which software in a measuring instrument ean'be compared.

NO[TE1 Traceable here means a traceable chain of comparisons, with uncertainty, back to a mathematically
dedigned synthetic data set whose results can be calculated directly.

Type S2 reference software are used to test software by inputting a common data set into th¢ software
unfler test/calibration and the reference software and comparing the results from the software under
tedt with the certified results from the reference softwaré, Reference software values shall be|traceable.

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

5 | File format for Type S1 reference data

5.1 General

The file extension of this file protocol is SDF. The file protocol for the softgauge is divided [into three
sepjarate sections or records. £0r implementation of the ASCII and BINARY representations|of an SDF
data format, see Annex A.

NO[TE For the purposes of this document, a right-handed coordinate system is assumed (see ISQ) 25178-2).
Logking from the top, thefirst point in the data file is in the top left corner.

5.2 Record =< Header

5.2.1 General

The header contains general information about each specific measurement. The record is composed of

e “fialdc” 1 i ot o Lo ok o 1o dad
VaHotus—teras—Hrwhtentne Hrormatioh 1S €o6ea:

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

Except 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.

5.2.2 Version number

The version of a softgauge file format is an array of eight characters formatted the following way:
“alS0O-1.0” for the ASCII file format or “bISO-1.0" for the BINARY file format. Future evolutions of this
format will modify the version number, such as “-2.0".

© IS0 2017 - All rights reserved 3
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523 M

easurement instrument manufacturer's identifier

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

5.2.4 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).

5.2.5 L

This twel
modified.

5.2.6 N

The maxi
storage (6

5.2.7 N

The maxi
storage (6

5.2.8 X,

The three
interval a
is the qud
represent

529 Z

The Z axig
processing
such that t
user to be

st modification date and time

imber of points per profile, M

5 535).

imber of profiles or traces, N

Y and Z axis scale factors

scaling factors provide scaling to the standarédi unit of the meter. The X-scale is the sampl

ntization step along the z-direction. Thus, an X-scale, Y-scale or Z-scale value of 1,00
5 a sample spacing of 1 um. Valid scale factors shall be non-zero positive numbers.

hxis resolution

b operations (e.g. removal‘of datum), the data type may have changed or have been re-sca
he original quantized-data have been re-quantized. Thus, the inclusion of this value enables

value are in metres. If the vali€'is unknown, this field should be set to a negative number, e.g. -1.

5.2.10 Compressiontype

This field
used. Thel

normally defines the type of compression used for the data. “NO COMPRESSION” shall
refotey this field value is 0.

Fe-character field (DDMMYYYYHHMM) stores the date and time that the SDF file,was last

mum number of points per profile (along the x-direction) shall not exceed one UINT1§ of

mum number of profiles (along the y-direction) or traces shall not exceed one UINT1§ of
5 535). If N =1, the data can be loaded as a profile; however, its size is limited to 65 535 points.

ng

ong the x-direction, the Y-scale is the profile spacing along the y-direction, and the Z-sdale

[,
E-6
[

resolution specifies the quantization steps in the z-direction in the digital data. After certpin

led
the

hware of the originalbase resolution of the measurement instrument. The units of the resolutjon

be

5.2.11 Data type

This field defines the base data type used for storage. The field value 5 is for data type INT16; 6 is for

data type

INT32; 7 is for data type DOUBLE.

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

5.2.12 Checksum type

This field defines the type of checksum used for the data. “NO CHECKSUM” shall be used. Therefore,
this field value is 0.

Table 1 gives header description of these fields.

4
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Table 1 — ASCII and Binary fields for Record 1

Information ASCII format Binary format
Field name Data type Length in byte

Version number N/A CHAR[8] 8
Manufacturer’s ID ManufaclD CHAR[10] 10
Creation date and time CreateDate CHARJ[12] 12
Last modification date and time ModDate CHARJ[12] 12
Number of points per profile (x-axis) | NumPoints UINT16 2
Nymber of profiles (y-axis) NumProfiles UINT16 2
X-gcale Xscale DOUBLE 8
Y-4cale Yscale DOUBLE 8
Z-3cale Zscale DOUBLE 8
Z-tesolution Zresolution DOUBLE 8
Compression type Compression BYTE 1
D4dta type DataType BYTE 1
Chlecksum type CheckType BYTE 1

Total 81

5.3

5.3
of |
thed
dat

NO

the data file.

5.3.2 The identification of bad and missing data points is achieved by setting them to the

val
po

“BAD” will be used.

NO
me

points can be referred to as “bad” data.

NO

of the measurement process, produce data points within the complete measurement map that have n
the valties are missing). These data points can be referred to as “missing” data.

8 Record 2 — Data area

boints, M, and the number of profiles, N. The actual\ieight values (i.e. in metres) are obtained|
coded values by the Z-scale factor defined in.the file header. The data area contains the td
a in a serial fashion. Profiles are stored successively in the order of their position in the y-d

TE The x-data are identified with the'tows in the data file and the y-data identified with the

jue for the particular data type used, within the data range which is not allowable for any
nts (e.g. value = -2 147 4#83/648 for INT32 and value = qNAN for DOUBLE). In ASCII format

TE1 Treatmentof “bad” data (outliers): Certain topography measurement systems, as a consequ
hsurement process;yproduce data points within the complete measurement map that are incorrect.

TE2  Treatment of “missing” data (dropouts): Certain topography measurement systems, asa c

.1 The data area of the data file contains the coded, height information of the surface for tlhe number

by scaling
pographic
rection.

columns in

minimum
valid data
the string

ence of the
These data

nsequence
b value (i.e.

5.4 Record 3 — Trailer

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, exists at
the end of the data file. The trailer is, thus, stored at the end of the files as a series of CHARACTER values.

It is suggested that a tagged format be used (as XML format) for information stored in this section.

©lI
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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:

title, for example, “Calibration certificate” (for both S1 and S2 types);

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);

data have been calculated directly without the need for certification by.Type S2 measurem
hrds, and, where a Type S2 measurement standard has been used,/information on whiich

identi{lfication of the hardware/operating systems' on which the reference software has bg

a)
b) name
0)
d) thead
both §
e) the ca
relevd
f) detail
stand
partid
(for b
g) anyo
evalu
h) a stat]
wherég
i)
devel
Asfarasp,
standard;

with the measurement standard, for example, by means of a serial number.

NOTE
calibrated

1 and S2 types)];

librated value with its estimated uncertainty, U [see ISO/IEC Guide 98-3 (GUM)] for e
nt metrological characteristic (for both S1 and S2 types)Y;

5 of calibration, including whether the certified results for mathematically-designed synthg

ular Type S2 measurement standard has been used together with' its uncertainty valusg
bth S1 and S2 types);

ther reference conditions to which each calibration applies,/for example, the basis of dig
ition (lateral and vertical quantization) for both S1 and.S2 types;

ement that the values declared refer to direct measurement or are derived synthetica
direct measurement is used, relevant detail of the probe shall be provided (for S1 types);

ped, checked or verified (for S2 types)?).

ossible, this required information shallbe marked on the media containing each measurem
but if there is insufficient space, the-values may be stated separately and uniquely identif

A nominal value is used as am.aid to identification. The difference between the nominal value and
Value does not constitute anjerror.

tual specification operator [see ISO 17450-2 for each relevant metrological characteristic (Ifor

hch
tic
bnt
s2)
tal
ly;

PEN

bnt
jed

the

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

6
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NO
ele

to e typed on the screen for verification.

Th
SD

EX

al

MagufacID = ISQTC213 < CR > < LF >
Cr¢ateDate =_040120100853 < CR > < LF >

Mo

NuPoints“\av/251 < CR > < LF >

NunProfidkees = 251 < CR > < LF >
Xs¢alé& = 1.0E-6 < CR > < LF >
Ys¢a+® = 1.0E-6 < CR > < LF >
ZsCale = I.0E-© TR TF

IS0 25178-71:2017(E)

Annex A
(informative)

Examples

ExamplteofamASCH SDF representation

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

the data section).

The threerecords of thefile (i.e. header, data, and trailer) are terminateddaxith a single line
the character “*” (ASCII #42). Thus, the final line “*” identifies the end of the data file.

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
The first field of the data file shall contain the version number.

All the other fields pertaining to the header may béplaced in any order in the header sec

Each field contains three parts: (i) the field name (see Table 1; note that field names arg
sensitive); (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” d
TE Often, it is helpful to use a fixed field width and separate (using CR/LF characters) a
ments (depending on the data type) such that they fit onto a line width of 80 characters. This enab

e following example gives-felevant details to illustrate the layout of the ASCII representg
F file. Figure A.1 shows antillustration of the data given in the example.

AMPLE A typical-SDF file.

0-1.0 < CR > _<)LF >

Date = ©§0320101353 < CR > < LF >

r CR+LF.

Additional “white space” characters (ASCII #9, ASCII #10, ASCII #32) are ignored (includipg those in

ontaining

of file 1/0.
Fion.

not case-
haracters.
number of

es the files

tion of an

Zresolution = 1.0E-9 < CR > < LF >
Compression = 0 < CR > < LF >
DataType = 7 < CR > < LF >
CheckType = 0 < CR > < LF >

* < CR > < LF >

1.00000 0.99874 0.99495 0.98865 0.97986 0.96858 ... 1.00000 < CR > < LF >
0.99874 0.99748 0.99369 0.98740 0.97862 0.96736 ... 0.99874 < CR > < LF >
0.99495 0.99369 0.98993 0.98366 0.97491 0.96369 ... 0.99495 < CR > < LF >
0.97986 0.97862 0.97491 0.96874 0.96012 0.94907 ... 0.97986 < CR > < LF >

* < CR > < LF >

< OperatorName > Tom Jones < / OperatorName >

< PartName > S2 Softgauges Example < /PartName >
*

© IS0 2017 - All rights reserved
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\‘QQ
Fignre A.1 — Illustration of the data given iréﬁe example of a typical SDF file, above
4\
xO
A.2 Implementation of the BINARY @F representation

N
The following information pertains to thegﬁplementation of the BINARY representation of the SDF flile.

— The header shall conform ex to the sequence of record fields and types given in Tablg 1.
Subsequent revisions of the f{g ormat may alter the composition and length of the header sectipn;
thus, the version number @)uld be read prior to the header (obviously, the header section is ¢f a
fixed length for a given {@format version as given in Table 1).

— Thergare no sepa@@ characters to distinguish sections of the data file. The sequence that shopld
be followed is v

— re¢ad th Qsion number,

—  T¢ a@e header corresponding to the version number (i.e. in this case, that given in Table 1), gnd

— using information given in the header (data type, number of points, number of profiles,
compression 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) are assumed to contain valid
data for the length of the string. If the valid string data are shorter than the allocated space, then
the string shall be filled with spaces (ASCII #32).

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

8 © IS0 2017 - All rights reserved
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