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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
Commissio

Internationg

Draft Intern
Publication

Attention is
patent right

Internationz
geometrica

ISO 10360
Acceptancs

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:

Part 6:

Annex A fofms a normative part of this part of ISO 10360. Annex B is for information only.

[SO, also take part in the work. ISO collaborates closely with the International Elecirg
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

ptional Standards adopted by the technical committees are circulated to the member bodies f
as an International Standard requires approval by at least 75 % of the memberbodies casting

drawn to the possibility that some of the elements of this part of ISO.10360 may be the
5. ISO shall not be held responsible for identifying any or all such patent-rights.

| Standard ISO 10360-6 was prepared by Technical Comtnittee ISO/TC 213, Dimensi
product specifications and verification.

consists of the following parts, under the general title.Geometrical Product Specifications
and reverification tests for coordinate measuring machines (CMM):

Vocabulary

CMMs used for measuring size

CMMs with the axis of a rotary table.as the fourth axis
CMMs used in scanning measuring mode

CMMs using multiple-stylus.probing systems

Estimation of errors n:eomputing Gaussian associated features

technical

br voting.
h vote.
ubject of

bnal and

(GPS) —
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This part of ISO 10360 is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO/TR 14638). It influences link 5 of the chains of standards on size, distance, radius, angle,
form, orientation, location, run-out and datums.

For morg
see anne

Coording
common
feature. 1

Software
descripti
— for t
featy
— inds
The relia
of the so

The test
compute
measurir]
minimizirj
unconstr.

In the ca
or differe
stable o
alteration

For softy
requirem

This par
parametd
data sets

x B.

te measurement technology is widely used in industrial metrology to assess features.of a w
requirement is to fit an associated feature to a data set consisting of coordinate measureme
his fitting is carried out by software.

e of the size, shape, location and orientation of the feature. These parameters are useful

ne purpose of carrying out calculations involving the feature, oftenyin conjunction with other
res and other information, and

termining the extent to which a workpiece satisfies dimensional and positional specifications.

bility of information about features that is determined from associated features is influenced by
tware for computing these features.

5 defined in this part of 1ISO 10360 are concerfied with assessing the correctness of the pa
] associated features as measured by a_coordinate measuring machine (CMM) or other
g system. Although different criteria may’ be used to compute associated features, for ¢
g the Euclidean or Chebyshev norm~of residuals, this test is applicable for software d
hined Gaussian (least-squares) features.

5e of reverification tests of CMMs, the software test of this part of ISO 10360 usually does not
nt information in comparisén)with that obtained by an acceptance test, since software is sup
er time. However, a reverification test of the software may be useful following possible ¢
of the software underitest.

are already in_ eXistence, the evaluation of the performance may not be obtained only by

of 1SO.10360 is applicable to software submitted for test in respect of the values it prov
rs Of an associated feature. The test procedure is based on applying the software under test {

defailed information of the relafion of this part of [ISO T0360 1o other standards and the GPS npatrix model

orkpiece. A
nts of a real

for calculating an associated feature provides values of parameters of the associated featlire that are

associated

the quality

rameters of
coordinate
xample, by
esigned for

brovide new
bosed to be
brruption or

fulfilling the

ents of this partief ISO 10360. However, such cases do not necessarily exclude the ability of the software
to perform correct computation of measurements.

des for the
o reference

, and comparing the results obtained with reference results.
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Geometrical Product Specifications (GPS) — Acceptance and
reverification tests for coordinate measuring machines (CMM) —

Part 6:

Estimation of errors in computing Gaussian associated feat

1

This par

coordina
(intwo a

One or m

The test

NOTE 1

significant

!

manufact
obtained
features.

This part
for comp)

tests.

Cones w

NOTE 2

Scda

res

pe
of ISO 10360 specifies a method for testing software used for computing associated fe

’Le measurements. The features of concern are the line (in two and three dimensions), the plan
d three dimensions), the sphere, the cylinder, the cone and the torus.

ore separate tests are required for each feature claimed to be coyered by the software.

s of the software alone and therefore independent of the coordinate measuring system.

If the result of the test indicates that the performance values for linear size parameters of the associate
compared with the error of indication of a CMM for size‘measurement (see ISO 10360-2), as provided
rer, the software is inadequate for application on that measuring system. However, small perform
s a result of this test, do not provide complete assurance that the software is totally suitable for computir]

of 1ISO 10360 is concerned with complete features and non-extremely partial features; howe
ete features and that for partial features are separate, and software may be submitted for ei

th very large apex angles are not covered by the test.

Associated cones with/very large angles are unusual in practice and the software for their stable comp

widely avdilable.

2 Nornmative reférences

The follo
this part
do not a

ving normative documents contain provisions which, through reference in this text, constitute f
bf ISO(10360. For dated references, subsequent amendments to, or revisions of, any of these
bply) However, parties to agreements based on this part of ISO 10360 are encouraged to inv

atures from
e, the circle

d feature are
by the CMM
Bnce values,
g associated

er, the test
her or both

utation is not

rovisions of
bublications
estigate the

possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers

of currently valid International Standards.

ISO 10360-1:2000, Geometrical product specifications (GPS) — Acceptance and reverification tests for coordinate
measuring machines (CMM) — Part 1: Vocabulary

ISO 10360-2:2001, Geometrical Product Specifications (GPS) — Acceptance and reverification tests for coordinate
measuring machines (CMM) — Part 2: CMMs used for measuring size

ISO 14253-1:1998, Geometrical product specifications (GPS) — Inspection by measurement of workpieces and
measuring equipment — Part 1: Decision rules for proving conformance or non-conformance with specifications

©1S0 200
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ISO 14660-1:1999, Geometrical product specifications (GPS) — Geometrical features — Part 1: General terms and
definitions

ISO 14660-2:1999, Geometrical product specifications (GPS) — Geometrical features — Part 2: Extracted median
line of a cylinder and a cone, extracted median surface, local size of an extracted feature

International Vocabulary of Basic and General Terms in Metrology (VIM). BIPM, IFCC, IEC, ISO, IUPAC, IUPAP,
OIML, 2nd edition, 1993

3 Termsanddefinitions

For the purposes of this part of 1ISO 10360, the terms and definitions given in ISO 10360-4,.1S0|14660-1,
ISO 14660-2 and VIM apply.

4 Basidrequirements

The following basic requirements shall be met by the software supplier.

a) The software under test shall have an unambiguous and unique identification (e.g. a release number),
Improper applications of the test result to other versions of the software under test are forbidden. The testing
body i$ allowed to satisfy the request by an owner of (a license of) the software under test and its test
certificate to re-run the test based on the reference data sets identified by the release number reporied in the
test cettificate.

b) The software under test shall provide a means of

1) dinect input of a reference data set and output of test parameter values to adequate numerical [precision
(s¢e clause 8), bypassing the measurement and software correction parts of the system, and

2) inputting 2D coordinates to the software under test for computing 2D associated features (line andl circle in
twp dimensions); if this is not available, it is tolerated to add a dummy null z coordinate to each pgint in the
reference data sets, thus projecting the feature onto the xy coordinate plane.

NQTE 1 The input and eutput procedures associated with some measuring systems may be limited in tefms of the
numerical precision of th€ values transmitted. This limitation may disadvantage the software under test in tgrms of the
tedt results obtained.

c) The method of inputito; and output from, the processor is to be agreed with the testing body.

NOTE 2 It may.,\be convenient to use a standard computer-readable medium in a standard format (e.g. ASCIl on a
3,5" disk).

d) Correspanding to each feature for which the software under fest is to he tested a statememnt of the
parametrization of the feature used by the software under test shall be provided.

NOTE 3  Reference parametrizations are given in Table 3.
e) Corresponding to each feature for which the software under test is to be tested and to the test type (see

Table 2), a statement of the maximum permissible errors, MPEgq, of the relevant parameter classes (see 9.3)
shall be provided.

2 © 1SO 2001 — Al rights reserved
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The reference data sets and the corresponding reference parameter values used for the purposes of testing the
software under test shall be generated according to the procedure specified in annex A. The reference data sets
are designed to simulate a range of sizes, shapes, locations, orientations and sampling of features. They are also
designed to simulate typical CMM errors of measurement, including probing errors, and feature form deviations.

The reference data sets and the reference parameter values generated according to annex A shall be used only

once for

5.2

Software

has a pr¢defined sampling pattern. This subset is used to determine the initial estimates©f the param

When th
software
These aq
data set.

NOTE 1
paramete
estimates

NOTE 2

could be i
the first th
the radii 0

NOTE 3
contained

6 Test parameter values and converted test parameter values

Since di
parametg
rule to pr|
same pa
For this g
When ne

It is reco

Initial estimates of parameter values

'+ ' £ £4. ol 4 i A4\
VCTITICLAUUTT U diTy SUTLWAl'© UliucTl 1Tol (STT AL T).

under test may require that a subset of the points input to the software, usually thé¢ first one

s requirement is written in the operating instructions of the software under test; and upon re
supplier, the testing body shall generate additional points consistent with the ‘predefined samp
ditional points form the subset added to the data as generated according.to annex A to form
These circumstances shall be noted on the test certificate [see clause ], e)].

The software under test typically employs iterative methods of ¢alculation for determining the v
s of the associated feature. For this purpose, identification of a subset of points may be required, fron
of these values can be computed.

A Gaussian associated cylinder can be used for purposes of illustration: the first six points in a referg
fentified as a subset for initial-estimation purposes. For instance, the line joining the centres of the circlg
ree points and the second three points could be used as‘an approximation to the axis of the associated
f these circles could be used as approximations to the-radius of the associated cylinder.

Software under test which does not require-initial estimates of the parameter values is more robus
and does not impose an operating procedure for measuring real features.

ferent software suppliers may use different parametrizations, for the purposes of the te
r values produced by-the software under test shall be modified, if necessary, by applying a
bduce converted test.parameter values. The converted test parameter values so derived correg
ametrization as thie réference parameter values and can meaningfully be compared with them.
urpose, the saftware supplier shall provide full details of the test parametrization.

cessarys-the testing body shall implement and apply the appropriate conversion rule.

mmended that the software supplier provide test parameter values to adequate numerical res

5 in the set,
eter values.
nuest of the
ing pattern.
a reference

alues of the
which initial

nce data set
bs defined by
cylinder, and

t, being self-

st, the test
conversion
pond to the

plution (see

clause 8

Software

NOTE

+ <l oot oot + L H aalaal i <l H ool +
y, T UTUCTT Uiat urieeridail ILy |||ay MUt v urmicuCoodi Ily auucuita |JIUUU\JII Iy CUTTVETITU (TOL palalllc
under test may fail to produce results for some reference data sets.

Failure to produce results may be due to, for example:

a) the software under test indicating that the data set cannot be processed because it is beyond i
application (e.g. it contains too many data points or the data points are unsuitably distributed), or

b) lack of convergence of an iterative algorithm, or

er values.

ts domain of

c) a fatal error that has arisen during execution of the software (e.g. a floating-point overflow or an attempt to take

the square root of a negative number).

© 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=9ce76c63ef9e0139f6c285a864b07c4e

ISO 10360-6:2001(E)

7 Units

The units specified in Table 1 shall be used.

Table 1 — Units

Reference data sets

Reference parameter values

Point coordinates millimetres —
Location parameters — millimetres
Size parameters — millimetres
Angle paraeters — radians

Orientation

parameters (dimensianiess) 2

Submultiplg
between th

s, for example, micrometres and microradians, may be used on the test certificate for” quoting dif
b converted test parameter values and corresponding reference parameter values and-their uncertainties.

ferences

a

The orig

ntation parameters are expressed as direction cosines.

8 Nume

It is the res
digits used
shall be inc

NOTE 1 I

by the testing body), as well as test parameter values (submitted by the software supplier).

NOTE 2
the case of
generators, 4

1

NOTE 3 T
set or, equiv
values relati
feature, and
NOTE 4 )
Depending
data sets o
other.

rical uncertainty
ponsibility of the testing body to evaluate any numerical uncertainty introduced by the finite n
uded in the uncertainty statement reported in the test certificate (see clause 10).

hformation transferred includes point coordinates in reference data sets and reference parameter values

'he computational representation affects the calculation of reference parameter values from reference da
feference software, see Figure 2) or reference data sets from reference parameter values (in the ca
ee Figure 3), in applying conversion rules'and in calculating ¢ values [see 9.3, d)].

alently, the numerical condition‘ofithe fitting problem (a measure of the perturbation in the reference
e to a small perturbation in the_coordinate values in a reference data set). The condition is influenced by
by the number and locations.of points in the reference data set.

[he numerical uncertainty can be estimated by simulation if an analytical evaluation is not straightforward.

on the manner in’ which the information is produced, the testing body may regard either the
I the reference parameter values as exact, provided the appropriate uncertainty is determin

umber of

to transfer information and to represent numerical values:computationally. This numerical uncertainty

controlled

ta sets (in
te of data

[he numerical uncertainty also depends on how well a Gaussian associated feature is defined by a refefence data

parameter
he type of

eference
ed in the

9 Appli

cation of the test method

9.1

Principle

The principle underlying the method of test is that of comparing converted test parameter values with reference
parameter values (see Figure 1). The converted test parameter values are obtained by applying the software under
test to the reference data sets to obtain test parameter values, and by applying a conversion rule to these test
parameter values. Each reference data set and the corresponding reference parameter values are regarded as a
reference pair for testing purposes.

NOTE 1
illustrated in

Figures 2 and 3.

The testing body will provide reference pairs using, for example, reference software or a data generator, as

© 1SO 2001 — All rights reserved
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Different software under test may be intended, and regularly used, for different applications (e.g. for calculating
complete or partial features), or with measurement points affected by small or large noise or form deviations or
both. To tailor the test accordingly, four types of tests are possible, as summarized in Table 2; simplified tests are
subsets of the corresponding regular tests, and are intended for software not designed for severe applications. The
software supplier may choose the test or tests to which to submit the software under test; the test or tests chosen
shall be reported in the test certificate.

NOTE 2  Since no partial features can be defined for lines in two and three dimensions and planes, tests are not available for
these features in tests of the following types: partial feature, simplified test; partial feature, regular test.

A separate test shall be carried out for each feature and each test type (see Table 2).

Reference data set

Softwarecnder test

Test parameter values

Reference parameter Converted test parameter
values values

Comparison

Figure 1 — Principle of test method

Reference data set

Reference software

Reference parameter
values

Figure 2 — Use of reference software for producing reference pairs

© 1SO 2001 — All rights reserved 5
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Reference parameter
values

Data generator

Rk (s -
MCITTCTILT Udla STl

Figure 3 — Use of data generator for producing reference pairs

Table 2 — Types of tests

Simplified test Regular test
Full featufe Full feature, simplified test Fullfeature, regular test
Partial feqture Partial feature, simplified test @ Partial feature, regular test 2
@  Not ayailable for lines in two and three dimensions and planes.

basis for
for each

Table 3),

ed by the

ncur any
nmended

9.2 Basip for comparison
For any application of software under test for a specific feature to a reference data set for that feature, the|
comparing ponverted test parameter values with reference parameter values is a performance value, p,
class of pargmeter values defined as follows.
a) Locatipn parameters: Euclidean distance between the location points (xq,yg) or (xg, ¥g, zo) (see
defined by the converted test parameter values and the reference parameters, respectively.
b) Orientation parameters: Positive,;angle between the unit vectors (a, b) or (a, b, ¢) (see Table 3), defin
converjed test parameter valyes-and the reference parameters, respectively.
Since very small angles-are expected, when evaluating p particular care should be taken not to
significant numerical.errors. If v and w are the two unit vectors, a numerically stable and recor
equatign is:
p E 2arcsin L_WH
2
c) Size parameters: Positive difference or differences of the corresponding size parameters r or ry or r, (see
Table 3) within the sets of converted test parameter values and reference parameters, respectively. In the
case of the torus, for which there are two size parameters, r; or r,, the larger of the two positive differences is
taken.
d) Angle parameter: Positive difference of the angle parameters, y (see Table 3), within the sets of converted

test parameter values and the reference parameters, respectively.

The magnitude of the performance value is a measure of how well the converted test parameter values compare
with the corresponding reference parameter values: the smaller the value, the better the degree of agreement.

© 1SO 2001 — All rights reserved
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9.3 Procedure

The testing body shall take the following steps for each feature and each test type.

-6:2001(E)

Instruct the software supplier to apply the software under test to the reference data sets for that feature to

obtain test parameter values; this step may alternatively be carried out by the testing body if the software
supplier provides a controlled documented copy of the software under test.

a)

b)
resu

c) For
1)
2)
3)

d) For
ano

e) For
of th
1)
2)

Its will be valid.

Require the software supplier to state the measuring volume at which the test will be performed and the test

bach reference data set for that feature for which the software under test produced parameter.

f the test parametrization is different from the reference parametrization, apply a conversion
test parameter values to produce converted test parameter values; otherwise, regatd, the tes
values as the converted test parameter values;

determine the performance values, p, as described in 9.2, for each class of parameter valueg
the feature;

unless the feature under consideration is a circle in two dimensions.ora sphere or a cone, fo
step does not apply, re-compute the performance value for the orientation parameters after ¢
signs of the orientation parameters within the set of converted.test parameter values; repea
these parameters, and take the most favourable result.

NOTE 1 If the orientation parameters for a line or an axis‘@are all changed in sign, the resulting parar
the same line or axis (but pointing in the opposite direction)?,Hence, if orientation parameters are prese
based on comparing the vector defined by either the converted test parameter values corresponding

with the corresponding reference parameter values, ek such parameters, after all their signs are chan
corresponding reference parameter values.

NOTE 2  The cone is the only feature for which the reversal of the direction of its axis is important, §
vector defining the orientation of the axis points towards the apex of the cone (see Table 3).

bach class of parameter values of\the feature (location, orientation, size or angle, as appropr
verall value, ¢, as the largest ofithe performance values, p, determined in step c), 2).

pach class of parameters(©of,the feature (location, orientation, size or angle, as appropriate), rep
e test result in the test certificate in the following forms:

the corresponding-value ¢ and its numerical uncertainty;
f the softwarelunder test failed to produce test parameter values for at least a reference data s

i DATA SEFS” (with n being the number of failed reference data sets), and the test result deriv
test parameter values actually produced.

alues:

rule to the
I parameter

relevant to

r which this
hanging the
step 2) for

neters define
ht, the test is
o orientation
jed, with the

ince the unit

ate), define

ort a record

et, “FAIL IN
ed from the

10 Compliance with specification

The performance of the software under test is considered to have been verified if no “FAIL” is reported and none of
the ¢ values are greater than the corresponding maximum permissible errors, MPEg, taking into account the
numerical uncertainty in accordance with 1SO 14253-1. In the case where compliance with specification is
numerical assessed by the testing body, the result of this assessment shall be part of the test certificate.
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11 Test certificate

The test certificate issued by the testing body shall include the following.

a)

b)

Title (e.g. Test certificate).

Name and address of the software supplier, and the location or locations (if different) where:

1) the test was carried out (physical location);

2) the-software under test was applied to the reference data sets

Unique
pages.

Name

Description and unambiguous identification (e.g. release number of software underitest).

Identifi

Date o

Statem

Description and unambiguous identification (e.g. the release number of the reference data sets).

Size of

For ea

1) the type of feature (e.g. cylinder);
2) the type of test (e.g. full feature, regular test);

3) the testresult (see 9.3), including the corresponding uncertainty statement;

tes

5) an
in

identification of the test certificate, such as the serial number, and of each page and total n

hnd address of the client, where appropriate.

Cation of the hardware operating systems.
application for the test, date of agreement to carry out test, and_date or dates of test, as appro

ent to the effect that the test was carried out in accordance with*this part of ISO 10360.

the measuring volume for which the test certificate is valid.

h feature tested and for each test type:

ting body);

acknowledgement of whether or not the software under test made use of an identified subset]
he reference data sets to provide initial estimates of the parameter values.

umber of

priate.

a statement of compliance, with specified MPEg (only when the compliance assessment is made by the

of points

Signatyre and-title, or an equivalent authenticated identification of the person or persons accepting

respon

Sibilityfor the content of the test certificate, as well as the date of issue.

A state
used.

ment totheeffect that the resuits Tetate onty tothesoftwareitermstested-and-to the refererce™

data sets

A statement to the effect that the test certificate is not to be reproduced except in full, without the written
approval of the testing body.

© 1SO 2001 — All rights reserved
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Table 3 — Reference parametrizations for associated features

Parameters of the associated feature
Associated _—n
feature Location | Orientation | Size | Angle Description
mm mm rad
Xg» Yo — — — | Centroid of the defining data set (lying on the associated line)
Line (2D)
— a b — — | Direction cosines of the associated line
Xg: Yo» 20 — — — | Centroid of the defining data set (lying on the associated line)
Line (3D
— a b c — — | Direction cosines of the associated line
Xg, Yo» 20 — — — | Centroid of the defining data set (lying on the associated plane)
Plane
— a b c — — | Direction cosines of the normal to the associated plane
Xg: Vo — — — | Centre of the associated circle
Circle (2D)
— — r — |Radius of the associated circle
Xo1 Yos Z0 — — — | Centre of the associated circle
Circle (30)) — a b c — — Direct?on cqsines of thessnormal to the plane containing the
associated circle
— — r — |Radius of the assoCiated circle
Xg» Yo» 20 — — — | Centre of the associated sphere
Sphere
— — r — |Radius of-thie associated sphere
Xgs Yo 20 — — — | Pointan the axis of the associated cylinder closest to the centroid of
the(defining data set
Cylinder — a b, c — —_ I\Direction cosines of the axis of the associated cylinder
— — r =~ |Radius of the associated cylinder
Xg» Yo» 20 — — — | Point on the axis of the associated cone closest to thg centroid of
the defining data set
— a, b, c — — | Direction cosines of the axis of the associated cone, fgrming a unit
vector pointing towards the apex of the cone.
Cone
— ~ r — |Radius of the associated cone at the point (xy, ¥, z}) measured
normal to the axis of the cone
— — v |Apex angle of the associated cone (equal to twice the angle
between the generator of the cone and the axis)
XguXo! Zo — — — | Centre of the associated torus
a b c — — | Direction cosines of the axis of the associated torus
Torus
Fr Radius-of-the-cireular-sesction-of-the-tube-of-the-assesiated torus
— — Ty — |Mean radius of the ring of the associated torus
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Annex A
(normative)

Procedure for generating reference data sets

A.1 General

This annex|describes the procedure for generating the reference data sets, such that the homogeneity, of different
releases is pnsured. It is therefore intended mainly for testing bodies and software developers.

The whole felease of reference data sets shall be identified by a unique release number; the(Same releage cannot
be used to farry out more than one complete test, i.e. different test certificates shall reportydifferent reference data
set release [numbers, unless the test is a repetition of a previous one (see Note 1 to clause'4).
For each agsociated feature, four different types of reference data sets are possible-(see Table A.1):
a) Fland Pl reference data sets are used for

— ful| feature, and

— partial feature,

respectively, for regular tests (see Table 2) only;
b) FM and PM reference data sets are used for

— ful| feature, and

— partial feature,

respectively, for both simplified and-regular tests.

Table A4 +— Types of reference data sets and their acronyms

Mild (M) Intense (l)
Full feature (F) FM Fl
Partial feature (P) PM 2 Pl a

@ Not available for lines in two or three dimensions or for planes.

For each associated feature and reference data set type, 10 reference data sets are provided. They are named
feature.reference_data_set type set nunber, where f eat ur e is a feature identifier to be selected in
the list {Li ne2D, Line3D, Plane, Circle2D, GCircle3D, Sphere, Cylinder, Cone, Torus};
ref erence_data_set type is a reference data set type identifier to be selected from the list { FM FI , PM PI };
set _nunber is a one digit ordinal number of the reference data set in the range [0..9]. Examples of valid reference
data set names are ci rcl e3D. FI 8 and t or us. PMD.

NOTE For each associated feature, a simplified test involves 10 reference data sets (FM or PM), while a regular test
involves 20 reference data sets (FM and FI, or PM and PlI).
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The points of the reference data sets are located in a measuring volume shaped as a rectangular parallelepiped;
the reference system is oriented along the rectangular parallelepiped sides with origin in the central point of the
rectangular parallelepiped. The rectangular parallelepiped size shall be specified by the software supplier and
reported in the test certificate [see clause 11, j)].

Each reference data set shall be generated according to the following steps:

a nominal extent of the associated feature is generated;

form

deviations are superimposed by deforming the nominal extent;

the 1f

Gau

The abo

ominal extent is sampled to generate nominal points projected orthogonally onto the deformed
5sian zero-mean noise is added to each point to simulate probing and other errors.

e steps are illustrated and specified in the following clauses.

A.2 Random generation

In this pfocedure, many values are required to be generated at random. The random generations sh

j to the following rules.

ar value x specified within the interval [a, b], a < x < b: take ¥=a and x = b for two data sets, 1

ach of the others, generate a random value y uniformly distributed in the interval [0,1], a
1y py.

ar value x specified within two intervals [¢, b] andJe, d], a < x < b or ¢ < x < d: divide the data s

er value n specified within the interval]a, b], a < n < b: apply rule a) and round up to the ned

)

C.

rientation (as represented by_.the Unit vector n): take n = (1,0) and n = (0,1) for two data sets, 1
ach of the others, generate /@ random value ¢ uniformly distributed in the interval [0,2x], a
COS @, Sing).

rientation (as represented by the unit vector n): take n = (1,0,0), n =(0,1,0) and n = (0,0,1) fo

vals [0,2r] and [-1,1], respectively, and compute n = (coséh/(1—22),sin04/(1—22),z).

extent;

all be done

espectively;
hd compute

ets into two

ps of five; for either group, generate x in the interval [¢, 5] and [¢, d], respectively, according to fule a).

rest integer

espectively;
hd compute

r three data

respectively; for each of the others, generate two random values, 8 and z, uniformly distributed in the

e the ‘choice of the reference data sets where predefined values (extremes of intervals or

coordinate

tions) are taken according to rules a), b), c), d) and e) at random by generating an integer valjyie uniformly
uted n the interval [U,9], T0 be used as the reference data set identiier.

Localization (as defined by a point chosen in the smallest convex region containing the extent): generate at
random the values of the two or three coordinates uniformly distributed in the corresponding intervals of
definition of the measuring volume; if the extent so localized is not completely contained within the measuring
volume, generate the reference point again, and repeatedly, until the constraint is met.

accordin
a) Scal
for ¢
X =0
b) Scal
grou
c) Integ
valu
d) 2Dg
for 6
n=
e) 3D q
sets
inter
f) Mak
direq
distr
g9)
h)

Form deviations (see A.4): for each Fourier harmonic, generate two random values, x and ¢, uniformly

distributed in the intervals [-1,1] and [0,27], respectively, and to be used as the amplitude in arbitrary units and

the phase, respectively; after sampling (see A.5), calculate the resulting form deviations in all points and derive

© 1SO 2001 — All rights reserved
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A.3 Generation of nominal extents

the maximum of their absolute values x,,,; generate a random value « uniformly distributed in the interval
[-1,1], and re-scale all form deviations by the factor ¢/ x4, Where { is the maximum form deviations

specified in A.4.

Sampling (see A.5): for the line (2D and 3D), plane and circle (2D and 3D), generate a point uniformly
distributed in each extent subset; for the other associated features, generate two random values of the surface

coordinates of the point, uniformly distributed in their intervals of definition of the subset; in the case of cones

not meeting the definition in the first footnote to Table A5, the :z coordinate is ptaken as

z= \/Z +Zmin2) instead, where ¢ is a random value uniformly distributed in the interval [zgn?, zhax?l, the

interva| of definition of the extent subset z being [z.in, Zmaxl-

Noise (see A.6): for each sampled point, generate a zero-mean random value, x, normally distributedq with the
standafd deviation specified in Table A.6; define a unit vector, u, normal to the-nominal extent| directed
externally to the associated feature (2D circle, sphere, cylinder, cone, torus), or coincident with the ofientation
unit vegtor (a, b, c¢) (plane), or as obtained by rotating 90° clockwise the unit vector (a, b) (2D line), or|generate
u as a| 2D orientation in the plane normal to the extent according to rule\d) but overriding the copstrained
directidns (3D line, 3D circle); take xu as a noise vector.

NOTE 1 The value x generated according to rule a) possesses the propefty of a uniformly distributed logarithnp.
NOTE 2 The unit vector n generated according to rule e) is uniformly distributed over the unit sphere.

NOTE J The form deviations generated according to rule h) possess the property of a maximum form| deviation
uniform|y distributed over the specified interval [0, 1.

NOTE 4 The sampled point generated according ta wule i) in the particular case of cones is uniformly distriputed over
the cong extent.

The orientations of the associated features from which the extents are taken shall be chosen at random| with the
exception df 2D circles and spheres-which have no orientation. Additional orientations are required for |ocalizing
each extents onto the corresponding associated feature; they shall be generated at random according to the

following rules (see A.2):

a)

b)

c)

d)

e)

12

(plane)| orientationof<a rectangle side: generate a 2D orientation in the plane;

(circle)|orientation of the radial vector pointing to the central point of the arc: generate a 2D orientatfon in the
circle plane;

(spher ) orientation or tne radial vecClor 10 the polint aefined DY the central values Of (theta, pht) in el intervals
(see 11.14 of ISO 10360-1:2000): generate a 3D orientation;

(cylinder and cone) orientation of the shortest vector from the axis to the point defined by the central values of
(theta, z) in their intervals (see 11.14 of ISO 10360-1:2000): generate a 2D orientation in a plane normal to the
axis;

(torus) orientation of the shortest vectors from the axis and from the ring to the point defined by the central
values of (theta, phi) in their intervals (see 11.14 of 1ISO 10360-1:2000): generate two 2D orientations in a
plane normal to the axis and in a plane containing it; this is equivalent to collapsing the torus to a sphere of
radius r4 by setting , = 0, and to generating a 3D orientation.
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The extent sizes, defined as the maximum distances between any pair of extent points, shall be generated at
random in the intervals reported in Table A.2, specified in terms of percentages of the measuring volume size,
which is defined as the shortest side of the rectangular parallelepiped.

The loca
in Table

Table A.2 — Percentages of the measuring volumes size covered by the extent sizes

Reference data set type Range of percentage
FM, FI [10 %, 90 %]
PM, PI [1 %, 15 %] or [85 %, 99 %]

ization of the extents shall be generated at random. The extents shall fulfil the further require
A.3.

ments listed

© 1SO 2001 — All rights reserved
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Table A.3 — Further specifications of the extents

Associated feature Reference Specifications @
data set type
Line (2D and 3D) — No further specification
— (Greater) ratio £ of length of the sides of a rectangle:
Plane FM 1<£<10
FI 1<£<100
Centred angle o:
EM. Fl nrad < o< 2nrad
Circle (2D @nd 3D) p
PM, PI gnrad < a< mrad
1
Enrad < 6 < 2nrad
FM, FI 1
Sphere Enrad < ¢ < mrad
1 1
PM, PI —nrad < 6, ¢ < —mnrad
8 2
— Ratio £ of the height to the diameter of thegircular band:
F nrad < < 2rrad
T
P — <60<mn
Cylinder 4
1
M —<£<10
3 ¢
! <é< ! or 10« £< 100
— Apex angle i'ratio & of the height to the largest diameter of the frustum P
F nrad < 6&,2nrad
T
P —<0<n
4
1 2 1 1
—marad < < —mrad and— < & <
M 15 3 ot v
Cone an 2
1 1 1
ﬁnradg w< 1—nrad and 5<¢ < or
5 2tamZ
2
2 9 1 1
gnrad << Enrad and — <& <
2tanZ
2
nrad < 6 < 2nrad
FM, FI 1
—mrad < ¢ < Enrad
Torus L
E rad < 6 < mrad
PM, PI 3
—mrad < ¢ < — mrad
4 4
For the geometrical definitions and of the symbols used in the Table see the definition of extent in 11.14 of ISO 10360-1:2000.
b v is generated first, then &: for the generation of & rule a) in clause A.2 is applied but overrides the extreme values of the interval.
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