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Foreword

2021(E)

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 procedures used to develop this document and those intended for its further mainte
degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria-need
different types of ISO documents should be noted. This document was drafted in accordanc
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Atfention is drawn to the possibility that some of the elements of this documéntmay be the
patent rights. ISO shall not be held responsible for identifying any or all sueh’patent rights.
any patent rights identified during the development of the document will be in the Introduct
on|the ISO list of patent declarations received (see www.iso.org/patents).

Anly trade name used in this document is information given for thé convenience of users an
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expressions related to conformity assessment, as well as information about ISO's adhere
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stitute an endorsement.

an explanation of the voluntary nature of standards, the meaning of ISO specific {

rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see wwj
foreword.html.
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s document was prepared by Technical Comunittee ISO/TC 213, Dimensional and geometrid
cifications and verification, in collaboration\with the European Committee for Standardiza
hnical Committee CEN/TC 290, Dimensional and geometrical product specification and veri
ordance with the Agreement on technical cooperation between ISO and CEN (Vienna Agre

st of all parts in the ISO 10360 series can be found on the ISO website.

feedback or questions on this document should be directed to the user’s national standar
plete listing of these bpdies can be found at www.iso.org/members.html.
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO 14638). It influences chain link F of the chain of standards on size, distance,
form, orientation, location and run-out in the general GPS matrix (see Annex H).

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

document

This docu

1y

2)

These twd

a)

b)

The benef
the metrd
coordinat

An optica
3D data ir

unless otherwise indicated

to tes
volum

to tes

the te
as de
ISO 1

the té
I[SO1

ment has two technical objectives:

F the error of indication when measuring a calibrated test length across the globalméasur
e of the CMS;

 the errors of indication within a locally intended measuring volume.
objectives correspond to:

5t performed for a probing system and a moving carrier of the probing system in combinat
scribed in 1SO 10360-2, ISO 10360-7, 1SO 10360-8, ISO 10360-10, ISO 10360-11Y &
360-12;

st performed dominantly for the probing system as des¢ribed in ISO 10360-5, ISO 1036
360-8, IS0 10360-9, ISO 10360-10, ISO 10360-11 and.ISO 10360-12.

its of these tests are that the measured result has“a direct traceability to the unit of leng
, and that it gives information on how the goordinate measuring machine (CMM) or
e measuring system (CMS) performs in simjlar'length measurements.

3D CMS as specified by this document is a contactless area measuring sensor deliver
several individual single views bydan optical measuring principle and transforming it i

ng

on
nd

-7,

th,
the

ng
hto

a common coordinate system. Typical optical measuring principles are pattern projection, frimge

projection
assistancg
relative td
position it
attached ¢

This docu

tactild
imagi

CMMH

and projecting-and-sweeping a-scanned line, or similar, delivering single views with

the CMS. Typical registnation principles are based on a best fitting of commonly captu
formation across at least fwo different single views by using either or both reference featu
r surface features of{the objects to be scanned.

ment is not interided to apply to other types of CMSs, for example:
CMMs (Cartésian metrological moving carrier), see ISO 10360-2;
hg CMMs (Cartesian metrological moving carrier), see ISO 10360-7;

equipped with optical distance sensors (Cartesian metrological moving carrier),

but

of external information related to position and orientation of the objects to be scanmed

red
res

bEe

[SO1

360-8;

laser trackers, see ISO 10360-10;

X-ray

CTs, see ISO 10360-11;

articulated arm CMMs, see ISO 10360-12;

measuring instruments intended to measure surface characteristics, see the ISO 25178 series;

optical microscopes;

hand-

held laser-line type scanners.

1

Vi

Under

preparation. Stage at the time of publication: ISO/DIS 10360-11:2021.
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Parties can apply this document to the above or other types of CMSs by mutual agreement.
This document specifies:
— performance requirements that can be assigned by the manufacturer or the user of the CMS;

— the manner of execution of the acceptance and reverification tests to demonstrate the stated
requirements;

— rules for verifying conformance;

1. e £ Josalad=l 4= | ados. - de. 4= 1 A |
— dppltdtiUILS TUD WIHILIT LIIT dLLTPLATILT dlIU TTVETITILAUIUIT LTSS LAIT DT USTU.

NO[TE1 Annex E describes possible limitations with regard to less cooperative surface~characteristics,
sudh as colour, glossiness and roughness, and provides a suggested test that can give CMS users an i{dea of how
regresentative the maximum permissible error would be when measuring their specific indudstrial paft.

NO[TE 2  The optical 3D CMS can be moved and positioned by a manually or autemated moving unit. The
pogition, orientation or both can be used as additional information for the registration.

NO[FE3 The acceptance and reverification tests are designed to mimicyreal but simple medsurements
ocdurring in practice, subject to the rated operating conditions and the testing procedures. The user is advised
to ¢onsider the influence of additional or omitted conditions, procedural steps or both when applying the test
resfults according to this document to predict the performance of an actaal CMS.

For more detailed information of the relation of this documeént to other standards and the QPS matrix
mddel, see Annex H.

© 1S0 2021 - All rights reserved vii
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Geometrical product specifications (GPS) — Acceptance
and reverification tests for coordinate measuring systems
(CMS) —

Part 13:

o

1

Th
me
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Th
ch{

ptical 3D CMS

Scope

s document specifies the acceptance tests for verifying the performance of'ah optical 3D ¢
asuring system (CMS) when measuring lengths as stated by the manufacturer. It also sp
erification tests that enable the user to periodically reverify the perfarmance of the optic:

iracteristics (e.g. glossiness, colour) of the object to be scanned are restricted and

cogperative range.

Th
ISC

2
Th

s document does not apply to other types of CMSs, including those covered by the other p
10360 series.

Normative references

e following documents are referred to inlthe text in such a way that some or all of the

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

un

IS(
co(

IS
me

IS
ten

3

Fo1

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

10360-1:2000, Geometrical Prodict Specifications (GPS) — Acceptance and reverificatio
rdinate measuring machines (CMM) — Part 1: Vocabulary

14253-1, Geometrical product specifications (GPS) — Inspection by measurement of work
asuring equipment — Part 1: Decision rules for verifying conformity or nonconformity with spe

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

thie.purposes of this document, the terms and definitions given in ISO 10360-1, ISO 14

oordinate
bcifies the
11 3D CMS.

s document is applicable to verification of the measuring perfermance of CMSs if the surface

within a

hrts of the

ir content
pplies. For
5) applies.

n tests for
pieces and
cifications

associated

253-1 and

ISC

/IEC Guide 99 and the following apply.

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

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

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

31

optical 3D coordinate measuring system

optical 3D CMS

system performing measurements of spatial coordinates exclusively by optical sensors

© IS0 2021 - All rights reserved
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3.2

sensor measurement volume

volume of measurement of the sensor realized without movement of the sensor relative to the workpiece
fulfilling the specifications stated by the manufacturer

Note 1 to entry: Dimensional indication of sensor measurement volume stated by the manufacturer can
significantly differ from that which the sensor shows.

3.3
registration

transformation of coordinate systems that brings single-view coordinates into a unified coordinate
system

Note 1 to [entry: A transformation is realized for example by a rigid transformation, consisting)of either
translation, rotation or both.

Note 2 to ejntry: Each single view holds its own coordinate system and requires a transformation to the unified
coordinate|system.

Note 3 to eptry: The registration is invertible. The inverse registration can be performed by applying the invdrse
transformdtion.

Note 4 to ¢ntry: In practice, the transformation parameters are derived first,then the transformations ocgcur
either immjediately or at a later stage.

Note 5 to ehtry: A registration can require a person to operate the CMS.

3.4

fusion
operation|that merges two or more sets of measured coordinates into a unified set of measufed
coordinates

Note 1 to pntry: Fusions are performed to improve the measurement, e.g. to reduce the dispersion and [the
mismatch ¢f single views.

Note 2 to eptry: Fusions are typically irreversjble'(not invertible).

Note 3 to eptry: A fusion can include any number of elementary operations in combination or in sequence, such as
coordinate|transformation, averaging, outlier rejection, decimation, convolution and filtration.

Note 4 to eptry: The fusion can occur.either immediately or at a later stage.

3.5
concatenated measurement volume
volume of|measurementof the CMS obtained by movement of the sensor relative to the workpiece gnd
the registration fulfilling the specifications stated by the manufacturer

Note 1 to ¢ntryiFhe concatenated measurement volume can be determined by design of a measuring cabin
typically having\a cuboid boundary or a three-dimensional size of the intended workpiece.

Note 2 to entry: A concatenated measurement volume can have either a significantly larger volume than the
sensor measurement volume or a similar volume to the sensor measurement volume.

3.6

single-view measurement

measurement of spatial coordinates done with an optical sensor without movement relative to the
workpiece

Note 1 to entry: Single-view measurement is performed with no movement of the carrier, registration or fusion.
Note 2 to entry: Single-view measurement can include repeated measurements, for example multiple exposures,

provided that no movement of the optical sensor relative to the workpiece occurs from the first exposure to the
last.

2 © IS0 2021 - All rights reserved
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3.7

multiple-view measurement
measurement of spatial coordinates through registration and fusion of multiple single-view
measurements in different locations and orientations of the optical sensor relative to the workpiece

3.8
probing form dispersion error

PForm Sph.i;j:03D

sm

allest width of a spherical shell that encompasses a percentile of all measured data

2021(E)

cor|
apy

No
Ou

No

suring a sphere; and the quallfler “03D” indicates that it is associated with an optical 3D CMS, T
identifies the percentile of probed points selected for the evaluation: either “D95%” denoting 9

« :n

pulation or “All” denoting the whole population, i.e. 100 %. The qualifier “j” identifies the fieasuring
he CMS. “SMV.SV” denotes single-view measurement while “SMV.MV” denotes multiple-view me
e measurement is performed within the sensor measurement volume (“SMV”) in eithep case. Exam

hbols include Pr, . sph.posos:sMv.sv:03p @0 Prorm.Sph. Al:SMV.MV:03D-

e 2 to entry: Both percentiles, 95 % and All, are of the measured points-according to the ratec
ditions. When these conditions include pre-processing such as prefilteping-or meshing, then the
ly to such points after this application.

e 3 to entry: 5 % of the measured points in the “All” data set is €liminated to determine Pg., g,
liers can be eliminated by this operation.

e 4 to entry: It can be beneficial to evaluate probing errors«ftem point cloud both from “95 %” pop

e qualifier
5 % of the
conditions
hsurement.
bles of such

operating
percentiles

h.D95%:/:03D"

1lation and

“All” population. A difference in these two test results can reveal influences of smoothing filters or|equivalent
furlctions potentially pre-installed as an integral part of gly¢’ CMS or the associated software, which is|not always
trapsparently visible for users of the CMS.

39

probing size error

PSire Sph.1:j:03D

ertffor of indication when measuring{a calibrated diameter of a test sphere as associafed by an

un

No
peq
qua
prd
the
der
peq
Pg;

No

veighted and unconstrained leastisquares fit to a percentile of all measured data

e 1 to entry: The symbol “P”3n\Pg;,. g1, j;j.03p indicates that the error is associated with the prohji
formance; the qualifier “Sjze.Sph” 1nd1cates thatitis associated with the probing size error of a sphg

ing system
re; and the

lifier “O3D” indicates thatit'is associated with the optical 3D CMS. The qualifier “i” identifies the p

«

whole population,ni’e/ 100 %. The qualifier “j” identifies the measuring conditions of the CM
otes single-view.measurement while “SMV. MV" denotes multiple-view measurement. The mea

¢.Sph.D95%:sNW:SV:03D aNd Psize o All:sMY.MV:03D-

prcentile of

bing points selected for the evaluation: either from “D95%" denoting 95 % of the population or “AJl” denoting

. “SMV.SV”
rement is

formed withim the sensor measurement volume (“SMV”) in either case. Examples of such symbols include

e 2 toentry: Both percentiles, 95 % and All, are of the measured points according to the rateq operating
ditionis:-"When these conditions include pre-processing such as prefiltering or meshing, then the percentiles
ly’tosuch points after this application.

con]
apy

Note 3 to entry: The probing size error is determined by the errors of the sensors (caused by, for example, noise,
digitization, image distortion, optical interaction with the surface of the material standard, calibration, faulty
algorithms) and of the positioning system.

© IS0 2021 - All rights reserved
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3.10

distortion error

DCC:':OSD

error of indication when measuring a calibrated centre-to-centre distance within the sensor
measurement volume either by single-view measurement operation or multiple-view measurement
operation

Note 1 to entry: The symbol “D” indicates that the error is associated with the geometrical deformation of the
sensor within the sensor measurement volume; the qualifier “CC” indicates that the error of indication is of a
centre-to-centre distance; and the qualifier “O3D” indicates that it is associated with an optical 3D CMS. The
qualifier “j” identifies the measuring conditions of the CMS. “SMV.SV” denotes single-view measurement, while
“SMV.MV” flenotes multiple-view measurement. The measurement is performed within the sensor measurement

volume (“SMV”) in either case. Examples of such symbols include D¢c.smv.sv-03p and Dec.smv Mv:03D-

3.11
flat-form|distortion error
DF_or_m.Pla.i:):O_3D )
minimum|distance between two parallel planes that encompass a percentile of all data measured|on
the test flat

Note 1 to gntry: The symbol “D” indicates that the error is associated with the geomeétrical deformation of fthe
sensor; thg qualifier “Form.Pla” indicates that it is associated with the form ertor‘of a plane; and the qualifier
“O3D” indigates that it is associated with the optical 3D CMS. The qualifier “i”,identifies the percentile of probing
points selefcted for the evaluation: either “D95%” denoting 95 % of the poepulation or “All” denoting the wHole
population| i.e. 100 %. The qualifier “;” identifies the measuring conditions‘ef the CMS. “SMV.SV” denotes single-
view measyirement while “SMV.MV” denotes multiple-view measurement. The measurement is performed within
the sensor measurement volume (“SMV”) in either case. Examples of.such symbols include Dg, . pia.posos:smy.sv:

03p and Dgdin pla. All:sMV.MV:03D-

Note 2 to ¢ntry: Both percentiles, 95 % and All, are of the mmeasured points according to the rated operating
conditions{ When these conditions include pre-processing@uch as prefiltering or meshing, then the percentjles
apply to sufh points after this application.

3.12
volumetrjc length measurement error iniconcatenated measurement volume
Evor.cmvmyiosp _ : o

error of ifdication when measuring a.calibrated test length within the concatenated measurempgnt
volume byl multiple-view measurement

Note 1 to dntry: The symbol “E” indicates that the error of indication is of a length in space; the qualifier “Yol”
indicates that volumetric geometry‘errors of the CMS is of interest (not local probing errors); the qualifier “CMV.
Mv” denot{s multiple-view measturement within the concatenated measurement volume; and the qualifier “O3D”
indicates that it is associatédywith an optical 3D CMS.

Note 2 to ¢gntry: The multiple-view measurement is to reveal the volumetric length measurement error in [the
concatenated measurement volume.

Note 3 to eptry: A calibrated test length can typically be calibrated by the centre-to-centre distance of a sphlere
standard. §eeAnnex B for details.

3.13
maximum permissible probing form dispersion error

PForm.Sph.i:j:O3D,MPE . . . . L
extreme value of Pg,., on :03p Permitted by specifications as maximum permissible error

Note 1 to entry: The qualifier “i” identifies the percentile of probing points selected for the evaluation: either
“D95%” denoting 95 % of the population or “All” denoting the whole population, i.e. 100 %. The qualifier “;”
identifies the measuring conditions of the CMS. “SMV.SV” denotes single-view measurement while “SMV.MV”
denotes multiple-view measurement. The measurement is performed within the sensor measurement volume

(“SMV”) in either case.

4 © IS0 2021 - All rights reserved
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3.14

maximum permissible probing size error

Psize.sph.ij:03D,MPE _ o _ o

extreme value of Pg;,. g1, .i.03p Permitted by specifications as maximum permissible error

“wn
1

Note 1 to entry: The qualifier “i” identifies the percentile of probing points selected for the evaluation: either
“D95%” denoting 95 % of the population or “All” denoting the whole population, i.e. 100 %. The qualifier “;”
identifies the measuring conditions of the CMS. “SMV.SV” denotes single-view measurement while “SMV.MV”
denotes multiple-view measurement. The measurement is performed within the sensor measurement volume

(“SMV”) in either case.

3.15
mgximum permissible distortion error

Degj.03p,mpE _ o _ o
exfreme value of D¢.;.o3p permitted by specifications as maximum permissible errer

« :n

Note 1 to entry: The qualifier “j” identifies the measuring conditions of the CMS. “SMV.SV” denotes gingle-view
mepsurement while “SMV.MV” denotes multiple-view measurement. The measurement is performed|within the
serjsor measurement volume (“SMV”) in either case.

3.16
mgximum permissible flat-form distortion error

Dggrm.pra.i;j:030,MPE _ o ) o
exfreme value of Dgyp, pia iij:03p Permitted by specifications asidaximum permissible error

“:n
1

Note 1 to entry: The qualifier “i” identifies the percentile of probing points selected for the evaluafion: either
“DY95%” denoting 95 % of the population or “All” denoting the whole population, i.e. 100 %. The qualifier “;”
ideptifies the measuring conditions of the CMS. “SMV.SV” denotes single-view measurement whilg “SMV.MV”
derjotes multiple-view measurement. The measurement is performed within the sensor measuremgnt volume
(“SMV”) in either case.

3.47
m3aximum permissible volumetric length measurement error in concatenated meapurement
volume

Ev§i.cMv.Mv:03D,MPE . o . o
exfreme value of Ey,.cmv mv-03p Pe€ritted by specifications as maximum permissible error

3.18
bi-directional length measurement error in concatenated measurement volume

Efj CMV.MV:03D . . o _ o
erijor of indication wheini ' measuring a calibrated test length bi-directionally within the corlcatenated

measurement volume by multiple-view measurement

Note 1 to entry: See Annex A for details of the optional characteristics.

”

Note 2 to.entry: The symbol “E” indicates that the error is of a length in space; the qualifier “BY” indicates
thI,the local probing errors are included (bi-directional probing); the qualifier “CMV.MV” denotes multiple-

i measurement within the concatenated measurement volume; and the qualifier “O3D” indicat¢s that it is

vie
asspciated with an optical 3D CMS.

Note 3 to entry: The multiple-view measurement is to reveal the volumetric length measurement error in the
concatenated measurement volume.

3.19
maximum permissible bi-directional length measurement error

Eg;.cMv.Mv:03D,MPE . L . o
extreme value of Eg;.cmv mv-03p Permitted by specifications as maximum permissible error

© IS0 2021 - All rights reserved 5


https://standardsiso.com/api/?name=877aeb21266eaceb9b0bbc4688e26623

ISO 10360-13:2021(E)

4 Symbols

PForm.Sph.i:

PSize.Sph.i:j:

Decj.03p

j:03D

03D

DForm.Pla.i:j:O3D

probing form dispersion error
probing size error
distortion error

flat-form distortion error

valbimatric longth oo nnt A 1) cop oot ot d oo o and ol e

EVOI:CMV.M
EBi:CMV.MV

PForm.Sph.i

PSize.Sph.i:j:

DCC:j:OSD,MPE

:03D

03D

:03D,MPE

03D,MPE

DForm.Pla.i:J:O3D,MPE

EVOI:CMV.MV:O3D,MPE

Egi.cmvmv

D95%
All
SMV.SV
SMV.MV

CMV.MV

5 Rate

5.1 Environmental conditions

Limits for]
and ambig

— them

03D,MPE

d operating conditions

permissjble~environmental conditions (e.g. temperature conditions, air humidity, vibrat
nt lighting at the site of installation that influences the measurements) shall be specified 4

hnufacturer, in the case of acceptance tests;

1
VOTOIIIC T IC I T SO THIC TS UL CITICTIC CT T OT 1T COCOte o tC O IIIC o SO CIITCTIIC v OTo T

bi-directional length measurement error in concatenated measurement vol
ume

maximum permissible probing form dispersion error
maximum permissible probing size error

maximum permissible distortion error

maximum permissible flat-form distortion error

maximum permissible volumetric length measurement error in concatenat
measurement volume

maximum permissible bi-directionalléength measurement error

95 % percentile of the population

whole population (i.e. 100 % percentile)

single-view measurement within the sensor measurement volume
multiple-view measurement within the sensor measurement volume

multiple-view.measurement within the concatenated measurement volume

on
y:

— the user, in the case of reverification tests.

In both cases, the user is free to choose the environmental conditions under which the testing is
performed within the manufacturer’s specified limits given in the CMS data sheet.

The user is responsible for providing the environment enclosing the CMS as specified by the
manufacturer in the data sheet. If the environment does not meet the specifications, then the maximum
permissible errors cannot be required to be verified.
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5.2 Operating conditions

5.2.1 General

:2021(E)

For all the tests described in this document, the optical 3D CMS shall be operated according to the rated
operating conditions and the default settings stated by the manufacturer.

If any of the conditions and settings are not specified, the user is free to choose.

The manufacturer may specify extra specifications for special operating conditions and settings at its

dis

rabion

Sp
1)
2)
3)
4)
5)
6)

7)
8)
9)
NO

rel
filt

5.2

Th
haj
SC3
thd

Material, surfaee characteristics and colour of the material standards shall be described in thg

do

Spé
to

TCTIoTT

bcific areas in the manufacturer’s manual to be adhered to include:

machine start-up or warm-up cycles;

qualification of the CMS;

achievement of thermal stability of the CMS;

location, type, number of thermal sensors when these are at leastpartially applicable;
software filters;

surface characteristics of the material standards such )as colour, roughness, glossii
scattering characteristics;

default procedures and settings for data registration'and data fusion;

pre-installed smoothing function;

concatenated measurement volume if applicable.

TE The CMS qualification can includexa number of adjustments and parameter settings, su

ited to the geometry in a sub-systemriassembly, the illumination, the optical sensing and the
Fation.

.2 Material and surface‘characteristic of material standards

e material used for the material standards shall be stated by the manufacturer. Different
e different optical-'characteristics such as reflection factor, optical penetration dept

material standard shall be negligibly small compared to the maximum permissible error.
fumentation of the instrument that is available to the (potential) user. If the manufactui

cify the material, the surface characteristics of the material standard, or both, then the u
rhoose.

ness, light

th as those
numerical

materials
N (volume

ttering), colour pinscattering characteristics, which can influence the test values. The rofighness of

 technical
er fails to
ser is free

If a specific surface preparation, such as usage of powder spraying or similar, is explicitly stated in the
technical data sheet, the surface preparation shall be used in the tests.

NOTE1 Material standards can be made of diverse materials, such as ceramics or steel.

NOTE 2

Assessment of optical characteristics of the surface to be measured is described in Annex E.

Reference standards used for system qualification shall not be used for the tests described in this
document.

The length of each material standard shall be calibrated and the calibration uncertainty shall be taken
into account according to ISO 14253-1, when verifying conformity by acceptance or reverification tests.
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5.2.3 Pre-processing

Pre-processing of raw measurement data as a part of the rated operating conditions shall be indicated
in the technical documentation of the instrument that is available to the (potential) user.

NOTE

Pre-processing is typically implemented to realize outlier elimination, smoothing fluctuation

measurement points, supressing thickness of point cloud, and so on.

in

The influence of pre-processing can be observed by the resolution tests described in Annex F. If the

resolution test is performed, the same operating conditions of the CMS shall be used.

6 Acceptance and reverification test

6.1 General

In the follpwing:

— accepfance tests shall be executed according to the manufacturer’s specificatiens and procedufes
as spqcified in this document;

— reverlfication tests shall be executed according to the user’s specifications and the manufacturgr’s
procefdures as specified in this document.

NOTE1 [The user’s specification can be either identical to or differentfrem the manufacturer’s specificaﬂion

dependingfon the interest or requirement of the user. An example of thé.difference is: an MPE value to be veriffied

is expandefl from that of the manufacturer.

At least al]| mandatory tests according to Table 2 shall be performed.

When conducting multiple-view registration indispensable to multiple-view (MV) measurement, the

tester shall carefully choose and combine either or beth the reference features attached on the material

standard pr surface feature(s) belonging to thextmaterial standard as required in the manufacturg¢r’s

operating[manuals, which are deemed to be a part of the rated operating conditions.

NOTE2 [A measurement in the sensor measurement volume (SMV) can be performed to verify probing

performante, length measuring performance and flat form measuring performance by either single-view

measurement (SV), multiple-view measurement (MV) or both. However, a measurement in the concatenajted

measurement volume (CMV) to verify the length-measuring performance can only be performed by multizfle-

view measyirement (MV).

6.2 Distortion characteristics

6.2.1 General

The performanceof optical 3D CMSs suffers from distortion of the sensor optical system.

This type|of error is unlikely to be detected in the probing tests or length measurement error test

but can have a large influence on the measurement of form in practice. The distortion error shall be
specified and the corresponding test shall be performed.

6.2.2 Distortion error

6.2.2.1

Principle

The principle of this test is to establish whether the optical 3D CMS is capable of measuring in the
sensor measurement volume within the stated maximum permissible distortion errors. The two
characteristics, D¢c.smvsv:03p @nd Dec.smv mv-03p are evaluated.
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6.2.2.2 Material standard

A material standard consisting of two spheres (e.g. a ball bar or plate), calibrated for the centre-to-
centre distance for evaluating the distortion error, the size and the form of the sphere 1 of Figure 1 for
evaluating the probing errors as described in 6.3, shall be used (see Annex B). The dimensions of the
material standard shall fulfil the following conditions unless specified by mutual agreement:

L, =0,3xL

0,02xLy <@, <0,2x L

p

whlere

L,  isthe centre-to-centre distance of the spheres;
@, isthe nominal diameter of the spheres;
Ly  isthelongest distance within the sensor measurement volume.

NO[FE1  To fulfil the requirement described in the first paragraph of 6.2:2.3.1, the centre-to-centre|distance of
the spheres will need to be greater than 0,3 x L, for some positions.

If the ratio of the longest to the shortest distance along directions to be tested within fhe sensor
measurement volume is larger than three, the dimensions of the material standard may be adopted by
mytual agreement.

NO[TE 2  The longest distance within the sensor measurément volume can be the spatial diagonal, {f the shape
of fhe sensor measurement volume is a cuboid. Similarly; the shortest distance can be either in the lgngitudinal
dirpction or the transversal direction to the optical axis of the CMS.

The artefact supplied with the CMS for the qualification shall not be used as the material stanpdard.
6.2.2.3 Procedure

6.2.2.3.1 General

The sensor measurement(volume is divided into eight adjacent sub-volumes (voxels) of similar size.
Figure 1 illustrates this@Sgbdivision in the case of a sensor measurement volume that is a pardllelepiped
in hape. When it is d-different shape then the subdivision shall follow that shape to correspond with
thg parallelepiped.'ease as much as possible. The material standard shall be positioned in 3§ way that
ea¢h of the measurable patches of two spheres is entirely within a voxel and the two patdhes are in
different voxels.

Twlenty-eight positions of the material standard are possible (combination of two out of eigh voxels) of
whiich/the 12 tabled and illustrated in Figure 1 are mandatory. For each of them, at least one fof the two
sphéres shall be close to the outer edge of the sensor measurement volume. It shall be ensurgd that the
diagonal orientations have significant inclination from the horizontal plane.

This standard requires that:

— the distances of at least 25 % of the points probed on the sphere to the outer edge of the sensor
measurement volume shall not exceed 10 % of the longest length within the sensor measurement
volume;

— or alternatively, if the above condition is difficult to satisfy due to technical reasons, the distance
between the sphere centre and the outer edge of the sensor measurement volume shall not exceed
10 % of the longest length within the sensor measurement volume.

The actually tested positions shall be recorded and stated in the test report.
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Either the CMS or the material standard or both may be repositioned to achieve the 12 relative

combinations.

The centre-to-centre distance of each of the 12 positions shall be measured three times, for a total of
36 distance measurements. If the three repetitions are taken one after another, a slight change in the
relative position between the CMS and the material standard after each measurement is required. The
magnitude of the change in the position of each sphere shall be greater than the lesser of 2 mm and
0,3 % of the longest distance within the sensor measurement volume in any direction.

10

Position | Sphere 1 | Sphere 2
III VUOAXCI 1T VOAQI
- 1 1 7
7 | 2 4 6
[ 3 5 3
Y 4 8 2
5 2 4
— 6 3 1
| 7 3 4
| 8 6 8
' 9 7 5
-7 E":: 10 6 5
B 11 4 5
: 12 3 6
;
Larz?
-8
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Pos-8

Pos-6

Positions of the calibrated test length in the sensor measurement volume, each shown in

two different views

b)

Key

X-axis

Y-axis

Z-axis

-1

position

,12)

(=12, .

Pos

Figure 1 — Positions of the calibrated test length(s) in the sensor measurement volume

(schematic)

11
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6.2.2.3.2 Single-view distortion error

The single-view distortion measurement shall be performed in a single shot measurement in accordance
with the normal operating procedure as stated by the manufacturer. A single-view distortion
measurement shall be performed with no repositioning either of the CMS or of the material standard.

6.2.2.3.3 Multiple-view distortion error

The multiple-view distortion measurement shall be performed with a combination of the 12 single-
view measurements in accordance with the normal operating procedure as stated by the manufacturer.

This results in three distortion error values Dcc.smv.mv:-03p- At least a hemisphere of each sphere'shall
be captur¢d by the combination of the 12 single-view measurements.

Registratipn and fusion are necessary to obtain the multiple-view distortion error. Use 'of referefce
features dttached on the material standard, surface feature(s) belonging to the material standard or
both is allpwed for the multiple-view registration and fusion, provided that the relevantinformation is
disclosed fo the users in the operation manual or by other means.

The manyfacturer shall describe the operational details of and give best practice guidance for the
multiple-yiew registration and fusion to the user.

The operdtional information of the multiple-view registration and fusion-shall be recorded and stated
in the dat4 sheet to enable the users to reproduce the test.

NOTE1 [The choice and combination of reference features as well\as the configuration of the registratjon,
fusion and [the associated operational parameters can significantly affect the test result.

NOTE 2  |A multiple-view length measurement can be achievéd\by repositioning either the CMS or the matefial
standard of both.

6.2.2.4 Perivation of test results of distortionerror

D¢c.j.03p i obtained from the difference between the measured and calibrated values of sphere centjre-
to-centre flistance, as stated in Annex B.

For each of 36 single-view measuremests, a distortion error, Dqc.gmv sv-03p, IS Obtained as the maximpm
error. Forleach of three multi-view meéasurements, a distortion error, Dqc.gvvMv:03p IS Obtained as the
maximum| error.

6.3 Proping characteristics

6.3.1 Principle

The principle of the assessment method for the probing errors is to establish whether the optical 3D CMS
is capable| of‘'measuring in the sensor measurement volume within the stated maximum permissible
probing efrars. Four characteristics, Pgo. son nasoi03n Peorm son an-:0300 Psize son posos-z0zn and Pgi,.
sph.All:03p» are evaluated. ) ’ S i} ’

6.3.2 Material standard

The same material standard used for evaluating the distortion error is used as a test sphere calibrated
for the form and the size of the sphere 1 of Figure 1.

The size (diameter) of the test sphere shall be in the range of 2 % to 20 % of the longest distance within
the sensor measurement volume. In cases where the longest distance is equal to or larger than 2,5 m, a
minimum size of 50 mm is permitted.

NOTE The longest distance within the sensor measurement volume is the longer spatial diagonal if the shape
of the sensor measurement volume is a cuboid.
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6.3.3 Procedure

All the systems to be tested shall be qualified in accordance with the CMS manufacturer’s normal
operating procedures.

The same measurement data obtained for evaluating the distortion error described in 6.2.2.3 shall be
used for evaluating the probing errors.

Only the data obtained through the 36 single-view measurements for the sphere shell of sphere 1 of
Figure 1 which are collected in the sensor measurement volume shall be used to evaluate Py.qvv sv.03p-

ThE data obtained through a multiple-view measurement collected in the sensor measureme
forjthe sphere 1 of Figure 1 shall be used to evaluate Py.q\v mv-03p- The data of repetitive mea
shall not be fused to obtain a multiple view probing error.

It is recommended that the measurement is performed so as to cover the largest'surface a

Sp

6.3

6.3

Fo1
inf]
nu

ere within the rated operating conditions of the CMS.
.4 Derivation of test results

4.1 General

an optical 3D CMS, the difference in the number of data points actually evaluated can sig
luence the test result. This document requires the disclosure of minimum density or the
mber of points necessary to perform the test.

nt volume
urements

Fea on the

rnificantly
minimum

Some of the measured points can be discarded before evaluating the results, either automatically if a

Spé
as
to
als
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NO
3D

6.3

6.3

Th

pa
me

po
NO

cific software function is available to the user.si~manually if this is a normal operating
Epecified in the rated operating conditions. Inaddition to the points that can be discarded
the rated operating conditions, points belofiging to surfaces other than the material sta
p be discarded. No other measurement points shall be discarded. The automatic or m3
mination shall not be misused to suppress noise or outliers.

TE The data elimination can require specific knowledge about, for example, characteristics of
CMS, the optical surface properties;-the ambient illumination and the filtration algorithms.

4.2 Probing metrological characteristics

4.2.1 General

fameter settings stated by the manufacturer, within the rated operating conditions. TH
trological\eharacteristics derived from both the 95 % and the 100 % percentiles o
bulationare mandatory.

TE The difference between test results derived from the 95 % and 100 % percentiles can revea

procedure
according
hdard can
nual data

the optical

e tests of all prebing metrological characteristics shall be carried out by applying a simgle set of

e probing
the data

influences

of |

re-installed smoothing filters or equivalent functions, which would possibly not be otherwise visi

le to users

of the CMS.

6.3.4.2.2 Probing form dispersion error

Determine the width of the spherical shell that encompasses a designated percentile (either 95 % or
100 %) of all measured points obtained in the sensor measurement volume.

The error corresponding to the 95 % percentile is the probing form dispersion error for a single-view
measurement Pp, . soh posy:smy.sv:03p OF for a multiple-view measurement Prg. sph p959s:sMV.MV:03D-

© IS0 2021 - All rights reserved
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The error corresponding to the 100 % percentile is the probing form dispersion error for a single-view
measurement P, soh al:smv.sv:03p OF for a multiple-view measurement Pgo, son Atl:sMy.MV:03D-

NOTE The method for calculating the optimal spherical shell is intentionally not given. One approach is to
start with a least-squares (Gaussian?)) associated sphere to the points and then eliminate some extreme points
and compute a new least-squares associated sphere (perhaps using several iterations of this procedure to get
to 95 %). The shell would be determined concentric to the final least-squares association. However, this will
possibly not be the most optimal shell, and it is not the intention of this document to restrict the methods that can
be used.

6.3.4.2.3 Prnhing size error

The same [data used to determine the probing form dispersion error in 6.3.4.2.2 separately for the 93 %
and the 1(J0 % percentiles shall be associated to an unconstrained and unweighted Gaussian Sphere

The error c_orresponding to the_95 % percentile for a multiple-view measurement P, sph'posos:sMvjMy:
o3p and optionally for a single-view measurement Pg;, . 551 poses:smv.sv:o3p are derivedas’the differepice
between the measured diameter of the test sphere and its calibrated value.

The errorg corresponding to the 100 % percentile for a multiple-view measugement Pg;, . soh al.sMvimy:
o3p and optionally that for a single-view measurement Pg;, 5o, ai:smv.sv:o3p af€derived as the differepce
between the measured diameter of the test sphere and its calibrated valué:

NOTE Calculation of the probing size error can result in ill-conditioned~dssociation depending on limitation
of areal coferage of the surface measurement on the test sphere when a single-view measurement is performed.

6.3.5 Flat-form distortion error

6.3.5.1 Principle

The princfple of the test for flat-form distortion eryor is to establish whether the optical 3D CM$ is
capable of measuring in the sensor measurement volume within the stated maximum permissibple

errors. The four characteristics, i.e. Dporm pla.po5%:sMv.sv:03D» DForm.Pla.095%:sMV.MV:03Dr Drorm.pla.All:sMy sv:
03p and Dyoi pla all:sMv.Mv:03p @€ evaluated;

6.3.5.2 Material standard
Test plangs are used to determine‘the flat-form distortion error.

The form|of the test planesshall be calibrated, since the form deviation influences the test results,
and shall|be considered-when verifying conformity or non-conformity with the specification. The
dimensior}s of the testplane shall be as follows:

— longer side length: at least 50 % of the longest distance in the sensor measurement volume;

— shorter sideTength: at least 10 % of the longest distance in the sensor measurement volume.

NOTE T}lU }Ullscbt C‘liatauu: ill t}lC STIISUT TIITASUl ClllUllt VU}ulllC ty Plbd}}_y LUillLidCD Ul iD L}UDU tU t}lc puoluOI’l
of one or more of the spatial diagonals.

If a test plane which covers the longer side length is not available, multiple single-view measurements,
each having a different position of the test flat, shall be performed to cover the sensor measurement
volume, subject to mutual agreement. If the multiple-view measurement is tested, all the single-view
measurement results shall be processed for the registration and the fusion, and then evaluated. If the
single-view measurement is tested, all the single-view measurements shall be evaluated independently.

If a test plane with the shorter side length is not available, a plane with the side no smaller than 50 mm
shall be used.

2) For readability of this document, Gaussian refers to a least-squares fit.
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It is strongly recommended that the flat-form distortion error test is performed using a large enough

tes

t plane.

Careful attention shall be paid for deflection of the test plane potentially caused by gravity influence or
by design limitation for supporting it, especially if a test plane with large dimensions is demanded. If
the deflection is not negligibly small, deviation from the calibrated geometry shall be taken into account
as a test value uncertainty contribution. See Annex G.

The qualification plane supplied with the optical 3D CMS for the qualification shall not be used as the

tes

t plane.
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Somne of the measured points (e.g. those lying on another surface) can be discarded before
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.5.3 Procedure
e test plane shall be measured once in each position and in total in six positions.

e recommended set-up is shown in Figure 2. The test plane should be positionedperpendic
fhe z-axis of the CMS with the longer side aligned to the x-axis (positions 1, 2-and 3), to thg
gonal with the longer side parallel to such diagonal (positions 4 and 5) arte the xyz spati3
h the longer side parallel to such diagonal (position 6).

e arrangement of the plane adopted shall be reported.

b set-up and the qualification of the CMS shall be performedrintaccordance with the many
'mal operating procedures.

e measured points shall be approximately evenly distributed over the test plane.

b test results can be significantly affected by the position and orientation of the optical s
ommended that the optical sensor is set at multiple orientations during the test to reveal
to reposition the optical sensor prior to measiiring the test plane in each of the positions.

results, either automatically if a specifi¢ software function is available to the user or many
normal operating procedure as spécified in the rated operating conditions. No other mej
nts shall be discarded. The autgmatic or manual data elimination shall not be misused t
se or outliers. Global filters may not be used when the MPE is tested.

TE The data eliminatioh can require specific knowledge about, for example, characteristics of
CMS, the optical surface properties, the ambient illumination and the filtration algorithms.

e manufacturer may) at their discretion, specify additional MPEs for special operative d
h as a designatedfiltration.

hlar either
xz planar
1 diagonal

facturer’s

bnsor. It is
his effect,

bvaluating
ally if this
isurement

suppress

the optical

onditions,
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Key

X-axis

Y-axis

Z-axis

position-i

=1,2,..,6)

Pos-i (i

The figure shows the relative position of the test plane in the sensor measurement volume. This does

not imply that the CMS has the same orientation for each position.

NOTE

© ISO 2021 - All rights reserved

Figure 2 — Recommended positions of test planes within sensor measurement volume, each
shown in two different views
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6.3.5.4 Derivation of test results

Determine the shortest distance between two parallel planes that encompass a designated percentile
(either 95 % or 100 %) of the measured points obtained in the sensor measurement volume.

The errors corresponding to the 95 % percentiles obtained at the six positions are the flat-form
distortion errors for single-view measurement Dg,.. pla.p9ses:smv.sv:03p- 1he error corresponding to
the 95 % percentile calculated from all the measured points obtained through the registration and the
fusion of the six positions is the flat-form distortion error for the multiple-view measurement Dg ., pja.

D95%:SMV.MV:03D*

Th
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6.4
Th

b errors corresponding to the 100 % percentiles (denoted by “All”) obtained at the six
the flat-form distortion errors for single-view measurement D, . pia All:SMV.SVO3D:
responding to the 100 % percentile calculated from all the measured points obtained th

positions
The error
rough the

istration and the fusion of the six positions is the flat-form distortion error for'the multiple-view

asurement Dg,.n, pla All:SMV.MV:03D-

}  Volumetric length measurement error in concatenated measurement volun

.1 Principle

e principle of this test is to establish whether the optical 3D,CMS is capable of measuring
concatenated measurement volume within stated maxintum permissible measurement
) Mv:03p,MpE DY comparing the calibrated and the indicated values of calibrated test len
ault, the size of the concatenated measurement volumeis determined as the longest line
y encapsulated in the concatenated measurement\volume longer than twice the long
tance fully encapsulated in the sensor measuremént volume, unless otherwise explicitly]

manufacturer.

e CMV will either have a predetermined global coordinate system to which all SMVs are

lengths in
error Ey,).
ths. As a
r distance
est linear
stated by

Fegistered

will use a common coordinate system(constructed as part of registering SMVs sequen

ially. The

sence and use of a global coordinate system for the CMV measurements shall be staed by the

nufacturer.

TE

The longest linear distance fully encapsulated in the concatenated measurement volume or in the

sor measurement volume typically coincides with or is close to the position of each of the spatial diagonals.

.2 Material standard

e material standard of length described in Annex B shall be used. The material standard

at least six sphergs) calibrated for its centre-to-centre distances and for the sphere forms.

Th

al
An
sh

b longest-calibrated test length for each position shall be at least 66 % of the maximum len
ng a measurement line through the material standard in the concatenated measurement v
excD7Each calibrated test length shall differ significantly from the others in length. Thg

fonsists of

gth viable
plume. See
ir lengths

IIbe'well distributed over the measurement line.

The material standard supplied with the optical 3D CMS for qualification shall not be used as the
material standard for the test.

6.4.3

Low CTE case

The default requirement for the material of the calibrated test length shall be normal CTE, i.e. between

8 x

106 K1and 13 x 10" K1

The manufacturer shall state the upper, and optionally lower, limits of the CTE of the calibrated
test length. The manufacturer may calibrate the CTE of a calibrated test length and in this case the
manufacturer shall specify the maximum permitted (k = 2) uncertainty of the CTE.

© IS0 2021 - All rights reserved
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If the calibrated test length is not made of the normal CTE material, then the corresponding E values
are designated with an asterisk (*) and an explanatory note shall be provided describing the CTE of the
calibrated test length.

EXAMPLE EVol:CMV.MV:O3D,MPE *.

* Artefact is super invar with a CTE not greater than 0,5 x 10-¢ K1 and with a CTE expanded uncertainty
(k = 2) not greater than 0,3 x 106 K-1.

If the manufacturer’s specification for Ey).cpy.my.03p,mpg Tequires a CTE no greater than 2 x 1076 K1,
an additional measurement shall be performed on an auxiliary calibrated test length made of normal
CTE mat(j’ial. The normal CTE material test length shall be larger than the lesser of 0,5 m and 50 %
of the lonfgest distance of the concatenated measuring volume. This additional measurement shall
be performed in the centre of the concatenated measuring volume and repeated three times. The
manufactiirer may calibrate the CTE of this calibrated test length.

A low CTE test length can be mathematically adjusted to give the apparent behaviour of a noral
CTE matetial test length subject to the requirements of ISO 10360-2:2009, Annex Dy However, such a
calibrated| test length is still considered to have a low CTE and is subject to the\requirements of this
clause.

6.4.4 Procedure

Set up and qualify the optical 3D CMS in full accordance with the normal operating procedure as stated
by the manufacturer. This includes qualification of the optical 3D*CMS using qualification artefact(s),
regarded gs integral parts of the CMS, typically supplied by the mianufacturer.

Supplemehtary measurements can be required for aligntnent purposes of material standards| It
is recommended that the alignment method used is consistent with the procedures used for the
calibratiop of the material standard.

Some of tlhe measured points (e.g. those lying on@nother surface) can be discarded before evaluatjng
the results, either automatically if a specificzsoftware function exists or manually if this is normal
operating[procedure as specified in the rated.eperating conditions. All other measurement points shall
be used. Tihe automatic or manual data elimination shall not be misused to suppress noise or outliers.

NOTE 1 he data elimination can require specific knowledge, e.g. characteristics of the optical 3D CMS, |the
optical properties of the surface of the material standards, ambient illumination and the filter algorithm.

The manufacturers may, at their discretion, specify additional MPEs for special operative conditidns,
e.g. a designated filtration,

Five diffeffent calibrated.tést lengths shall be placed in each of seven different positions (locations gnd
orientatiops) in the concatenated measurement volume of the CMS, and each length shall be measufyed
three timg¢s, for a‘tetal of 105 measurements. Four of the seven positions shall be the space diagongls,
as shown n Table 1 and Figure 3. The user is free to choose the remaining three positions; the defqult
positions are parallel to each of the coordinate axis, as shown in Table 1.

For each of the measurements performed using calibrated test lengths, obtain three measurement
results. See Annex B for details regarding the combination procedure for specific types of test lengths.
Repeat for all seven measurement positions from the calibrated test lengths.

Set-up(s) differing from that of Table 1 and Figure 3 can be adopted by mutual agreement, e.g. to adapt
to a concatenated measurement volume having a significantly different shape from, for example, a
cuboid. In this case the set-up shall be recorded in the data sheet.

The volumetric length measurement in the concatenated measurement volume shall be performed
by a combination of single-view measurements as configured by the manufacturer and stated in the
operation manual or equivalent accessible by the users.
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A volumetric length measurement in the concatenated measurement volume shall be operated with
relative repositioning of either the CMS or the calibrated test length or both. A registration in the
concatenated measurement volume can be performed either prior to or simultaneously with the test,
possibly different from that used in 6.2.2.3.3. Usage of either or both of the following reference features
is allowed provided that the information needed for the users to reproduce the test is disclosed in the
operation manual or equivalently accessible documentation:

iy

2)

markers with a specific form or stickers with specific colours and patterns recommended by the

manufacturer to be adhered on or in the vicinity of the material standard;

fpnfnrp(c) hp]nnging to or located in the vicinity of the material standard as recommen

ed by the

If
the
re

NO
sig

To
of

conditions.

Th

manufacturer.

upplementary qualification artefact(s) are used, for example for compensating magnificat
ir details shall be described in the operation manual or equivalently accessible documen
orded in the data sheet.

hificantly affect the test result.

'he CMS as indicated in the operating manual, which is deemed. to be a part of the rated

e manufacturer shall disclose the operational details ©of“and give best practice guidar

co

If 3n optical 3D CMS with no global coordinate system is tested, it can be worthwhile to
detoured concatenation pathway prescribed in Annex C to assess the influence of the con
path.

catenation registration to the user.

on errors,
Fation and

TE2 The choice and combination of reference features, algorithm and-Operational paraipeters can

perform a multiple view registration, the user shall carefully followtherequirements and procedures

operating

ce on the

adopt the
ratenation

Whether the optical 3D CMS has the global coordinate system or not is sometimes difficult for users to

ide

NO
me

ntify. Users of the CMS are advised to clarify it by consulting the manufacturer or the reprg

TE3  Error propagation behaviour~ varies significantly when a measurement in a co
bsurement volume is performed, depending on whether the CMS has the global coordinate system

sentative.

ncatenated

pr not.

Figure 3 — Example of positions of material standards in the assessment: required four
diagonal positions and default three positions along the axes of the coordinate system
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Table 1 — Orientation in the measuring volume

Position Orientation in the measuring volume Required or default
number
1 Along the diagonal in space from point (1, 0, 0) to (0, 1, 1) Required
2 Along the diagonal in space from point (1, 1, 0) to (0, 0, 1) Required
3 Along the diagonal in space from point (0, 1, 0) to (1, 0, 1) Required
4 Along the diagonal in space from point (0, 0, 0) to (1, 1, 1) Required
5 Parallel to the axes of concatenated measurement volume from point (0, 1/2,| Default
2 tot 7252
6 Parallel to the axes of concatenated measurement volume from point (1/2,|Default
0,1/2)to (1/2,1,1/2)
7 Parallel to the axes of concatenated measurement volume from point (1/2, | Default
1/2,0) to (1/2,1/2,1)
NOTE For specifications in this table, opposite corners of the measuring volume are assumed to be (0,0,0) and (1, 1, 1] in
coordinate§ (X, Y, Z).
6.4.5 Derivation of test results
For all 10§ measurements, a volumetric length error in the concatenated mqeasurement volume Ey,;.¢pv
‘Mv:03p 1S ¢btained.
Eyor.cmv.My:03p is calculated as the difference of the measured to the calibrated values of a centre{to-
centre disfance, as stated in B.2.
The indicdted value of a particular measurement of a calibrated test length may be corrected by the CMS
to account for systematic errors or thermally induced errors (including thermal expansion) if the CMS
has accesgory devices, including third-party softwareyfor this purpose. Manual correction to accopint
for thermal effects or other corrections is not allowed when the environmental conditions satisfy the
rated opefating condition specified by the manufaeturer.
Plot all the errors (values of Ey, mv.cmv-03p)01 @ diagram that matches one of the forms of Ey}.cpyvivv:
o03p,MpE, @ indicated in ISO 10360-1:2000, Kigures 12, 13 and 14.
7 Confprmity with the specification
7.1 Accpeptance test
7.1.1 Ag¢ceptance criteria
7.1.1.1 [eneral
The performance of the CMS is considered to have been verified in the following cases by taking the
corresponding testvalue UNcertainty into the acCount (Se€ ANNEX GJ:

— If each probing form dispersion error with 100 % population, denoted by “All", Pgq.p, spn Al
03D is not greater than the maximum permissible error, Pgy..y, sph ainj:03p,mpes @S specified by the
manufacturer and taking into account the uncertainty of measurement according to ISO 14253-1,
where “j” denotes “SMV.SV” and “SMV.MV”.

— Ifeach pxjobing form .dis'persion error with 95 % population, PForm.s h.D95%::03Ds 1S NOt greater than
the_ma_leum permissible €ITOT, Py sph.D95%::03D,MPE aS SPeci ied by the manufacFurer and
taking into account the uncertainty of measurement according to ISO 14253-1, where “j” denotes

“SMV.

SV” and “SMV.MV”,

— Ifapplicable, the absolute value of each probing size error with 100 % population, denoted by “All”,
Pgize sph.all:sMv.sv:03Dps 1S DOt greater than the maximum permissible error, Pg;, soh all:sMv.sv:03D,MPE/

20
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ISO 10360-13

as specified by the manufacturer and taking into account the uncertainty of measurement
to ISO 14253-1.

:2021(E)

according

If the absolute value of each probing size error with 100 % population, denoted by “All", Pg;, ¢ spp.
All:SMV.MV:03D» 1S Not greater than the maximum permissible error, Pg;,e sph all:sMy.Mv:03D,MPEs 35

specified by the manufacturer and taking into account the uncertainty of measurement
to ISO 14253-1.

according

If applicable, the absolute value gf each prob.ing_ size error with 95 % population, Psize sph.095%: SMV.SV:
03D is not greater than the maximum permissible error, Pg;, soh noso: smv.sv:03p,mpe» as specified by

the manufacturerand ‘rnking intoaccounttheuncertaintv of measurement m‘r‘nrding‘m IS

0 14253-1.

If the absolute value of each probing size error with 95 % population, Pg;,e son poselsm
not greater than the maximum permissible error, Pg;,. ¢

manufacturer and taking into account the uncertainty of measurement accordingto ISO

If the absolute value of each distortion error, D¢;.o3p, is not greater than thehaximum p
error, Dec,j.o3p,mprs @s specified by the manufacturer and taking into.dceount the uncs
measurement according to ISO 14253-1, where “j” denotes “SMV.SV” ahd**SMV.MV”.

If each flat-form distortion error with 100 % population, denotéd)by “All", Dgrp pia.alj

) MV:03D» 1S

fph.D95%: sMv.Mv:03D,MpE» &S Speciffied by the

14253-1.

brmissible
rtainty of

03D, 1S not

greater than the maximum permissible error, Dgop, pia alij:03p Mee> @S specified by the manufacturer

and taking into account the uncertainty of measurement according to ISO 14253-1, where
“SMV.SV” and “SMV.MV”,

If ea.ch flat—form_di;tortion error with 95 % population, Drorm pla.n950%:j:03ps 1S DOt greate
maximum permissible error, Do pia p9sy:j:03p,Mpie-as specified by the manufacturer g
into account the uncertainty of measurement accerding to ISO 14253-1, where “j” denoteg

and “SMV.MV”.

If each volumetric length measurement €fror in concatenated measurement volume,
o03p 1S not greater than the maximumypermissible error, Ey,.cmv mv:03p.MpEs @S Specif
manufacturer and taking into account'the uncertainty of measurement according to ISO

If applicable, the absolute valug of each bi-directional length measurement error in cor
measurement volume, Eg;.cmv mv-03ps IS NOt greater than the maximum permissible error,
03p,MpE @S specified by thesmanufacturer and taking into account the uncertainty of me:
according to ISO 14253-1.

Table 2 — Symbols and corresponding requirement

j” denotes

r than the
nd taking
“SMV.SV”

Vol:CMV.MV:
ed by the

14253-1.

catenated

EBi:CMV.MV:
isurement

Symbol Meaning Single or multi- | Mandlatory or
ple view opjtional
Pgbrm, SohAl1:SMV.SV:03D Probing form dispersion error 100 % Single view Mandatory
Py, rSph. All:SMV.MV:03D Probing form dispersion error 100 % Multiple view Mandatory
PForm_Spth 06:SMV.SV:03D Probing form dispersion error 95 % Single view Mandatory
PForm_Sph_% 06:SMV.MV:03D Probing form dispersion error 95 % Multiple view Mandatory
Psize sph.All:SMV.5V:03D Probing size error 100 % Single view Optional
PSize.Sph.All:SMV.MV:O3D Probing size error 100 % Multiple view Mandatory
Psize.Sph.95 %:SMV.SV:03D Probing size error 95 % Single view Optional
PSize.Spth %:SMV.MV:03D Probing size error 95 % Multiple view Mandatory
D¢c.smv.sv:03p Distortion error in sensor measurement Single view Mandatory
volume
D¢c.smv.Mv:03D Distortion error in sensor measurement Multiple view Mandatory
volume
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Table 2 (continued)

Symbol Meaning Single or multi- | Mandatory or
ple view optional
Diorm Pla.All:SMV.SV:03D Flat-form distortion error in sensor measure- |Single view Mandatory

ment volume 100 %

Diorm.Pla.All:SMV.MV:03D Flat-form distortion error in sensor measure- |Multiple view Mandatory
ment volume 100 %

D orm.Pla.9s %:SMV.SV:03D Flat-form distortion error in sensor measure- |Single view Mandatory
ment volume 95 %

Drorm.pP1a.9d %:SMV.MV:03D Flat-form distortion error in sensor measure- |Multiple view Mandatory
ment volume 95 %

Evor.cmv mil03D Volumetric length measurement error in Multiple view Mandatory
concatenated measurement volume

Egi.cmvMv:b3D Bi-directional length measurement error in  |Multiple view Optional
concatenated measurement volume, pre-
scribed in Annex A

7.1.1.2 Probing errors

If the proping error performance is not verified by the test, the equiprient shall be checked for any
faults thaf are possibly influencing the measurement result. Any fatlts shall be corrected and the
relevant t¢st repeated once only, and the original measurement results shall be discarded.

No additidnal repeated measurement shall be performed.

7.1.1.3 DPistortion error

If the performance of distortion error is not verified-by the test, the equipment shall be checked [for
any faults|that are possibly influencing the measusement result. Any faults shall be corrected and the
relevant t¢st repeated once only, and the original measurement results shall be discarded.

No additidnal repeated measurement shall be performed.

7.1.1.4 Flat-form distortion error

If the perfprmance of flat-form distortion error is not verified by the test, the equipment shall be checled
for any faplts that are possibly influencing the measurement result. Any faults shall be corrected gnd
the relevant test repeated ©nce only, and the original measurement results shall be discarded.

No additidnal repeatediméeasurement shall be performed.

7.1.1.5 Volumetric length measurement error in concatenated measurement volume

A maximyntef five of 35 sets of three repeated measurements in accordance with 6.4 may have ¢ne
(and no nmmﬂwmmﬁ&m-mgﬁ-m-emrmd?ﬁw-mjity

zone. Each such measurement that is outside the conformity zone (according to ISO 14253-1) shall be
remeasured three times at the relevant position.

If all the values of the length measurement errors from the three repeated measurements are within the
conformity zone (see ISO 14253-1), the performance of the optical 3D CMS is verified at that position.

7.2 Reverification test

The performance of the optical 3D CMS is considered to have been verified if the mandatory
characteristics in Table 2 and, if applicable, the optional characteristics as described in Clause 6 and
Annex A are not greater than the corresponding maximum permissible errors as determined in 7.1,
taking into account the uncertainty of measurement according to ISO 14253-1.
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8 Applications

8.1 Acceptance test

In a contractual situation between a manufacturer and a user, such as that described in a purchasing,
maintenance, repair, renovation or upgrade contract, the acceptance tests described in this document
may be used to verify the performance of the probing and the length measurement of an optical 3D
CMS, in accordance with the specified maximum permissible errors agreed on by the manufacturer and
the user.

8.2 Reverification test

The reverification tests given in this document can be used in an organization’s' interrjal quality
asqurance system for verification of the performance of the probing and the length measurement of an
optical 3D CMS, in accordance with the specified appropriate maximum permissible errors ag stated by
thg user with all possible and detailed limitations applied.

8.3 Interim check

In |an organization’s internal quality assurance system, reduced ‘¥éverification tests cam be used
periodically to demonstrate the probability that the CMS conforms to the requirements for maximum
permissible errors. The extent of the interim checks for an optical 3D CMS specified in this|document
mdy be reduced in respect of the number of actual measurement data being assessed. It is recqmmended
thqt the CMS is checked regularly, and after any incident.that has possibly significantly affected the
probing performance.

9 [ Indication in product documentation and data sheets

The symbols used in this document are notsuitable for use in product documentation, drawirgs or data
sheets. Table 3 gives the corresponding indications.

Table 3 — Symbols and corresponding indications in product documentation, drawings and
data sheets

Symbol used in this document Corresponding indication
PForm.Sph.i;j:03D P[Form.Sph.i:j:03D]
PSize.Sph.i;j:03D P[Size.Sph.i:j:03D]

Dec.j03p D[CC:j:03D]
Dgorm.pla.i:03D D[Form.Pla.i:j:03D]
Evol.cMmv.Mv:03D E[Vol:CMV.MV:03D]
Egi.cMv.Mv:03D E[Bi:CMV.MV:03D]

Prorm Sph.i;j:03D,MPE MPE(P[Form.Sph.i:j:03D])
Psize.Sph.i;:03D,MPE MPE(P[51ze.5ph.1:J:03D])
Dec.:03p,MPE MPE(D[CC:j:03D])
Dgorm.pla.i:03D,MPE MPE(D[Form.Pla.i:;j:03D])
Eyo1.cMv.MV:03D,MPE MPE(E[Vol:CMV.MV:03D])
Egi.cMv.Mv:03D,MPE MPE(E[Bi:CMV.MV:03D])
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Annex A
(informative)

Evaluation of bi-directional length measurement characteristics

A.1 Gemerat

This anne
from thre
form disp
CMS perfo

The bi-dij
evaluatior
that the b
judgemen
significan

A.2 Del

A2.1 G

The indic4
CMS to ac

E errors, namely length measurement error in concatenated measurement volume)prob
ersion error and probing size error for allowing the optional verification of the-optical
rmance for bi-directional length measurement performance.

ectional length measurement error described in this annex is intended for comparat
of the performance with that of the other parts of the ISO 10360 series. It is recommenc
-directional length measurement error described in this annex ismot'applied to contract
such as conformity or non-conformity determination to the specification due to potentiz
F duplication of errors, unless there is explicit mutual agreementbetween the parties.

rivation of bi-directional length measurement'test results

bneral

ited value of a particular measurement of a-¢alibrated test length may be corrected by

CMS has

Count for systematic errors or thermally induced errors (including thermal expansion) if
ccessory devices, including third-partysoftware, for this purpose. Manual correction of

results obfained from the computer output to account for temperature or other corrections shall not
allowed when the environmental conditions:satisfy the condition specified by the manufacturer.

Plot all th¢ errors (values of Eg;.cpv.mv:03p) On a diagram, as indicated in ISO 10360-1:2000, Figures
13 and 14)which matches the expressed-form of Eg;.c\y.mv:03p,MPE-

A.2.2 Bi-directional length.measurement error compounded from test results based @

point cl

Egi.cmvmv

d

o3p is calculatéd”from the measured values of volumetric length measurement error

concatenated measuréurent volume Evy,;.cyvmv:03p Supplemented with both probing form dispers

error Pp|
cloud, as f

If:

m.Sph DIESMV.MV:03D and probing size error Pg;,e sph.posy:smyv.Mv:03p» DOth based on pg
bliows:

k describes the derivation procedure of bi-directional length measurement error compounded
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Evyol.cMv.Mv:03D *+ Psize.sph.095%:sMv.Mv:03D > 0

EBi:CMV.MV:

EBi:CMV.MV:

If:

o3p has an upper limit which can be used for verifying conformity:

03D < EVOI:CMV.MV:O3D + PSize.Sph.D95%:SMV.MV:03D + PForm.Sph.D95%:SMV.MV:O3D

EVOl:CMV.MV:O3D + PSize.Sph.D95%:SMV.MV:O3D =0

EBi:CMV.MV:

EBi:CMV.MV:

24

o3p has upper and lower limits which can be used for verifying conformity:

03D < PForm.sph.095%:sMv.MV:03D AN Ei.cMv.Mv:03D > “Prorm.Sph.D95%:SMV.MV:03D
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If:
Evor.cMvmv:03D * Psize. sph.095%:smv.Mv:03D < 0

Egi.cmv.Mv:03p has a lower limit which can be used for verifying conformity:

EBi:CMV.MV:OSD > EVO]:CMV.MV:O3D + PSize.Sph.D95%:SMV.MV:O3D B PForm.Sph.D95%:SMV.MV:O3D

PF%m_Sph.D%S%:SMV.Mva and PSize.Sph.D95%:SMV.MV:O3D are sampled and calculated once for 105 lengths
to be tested.

A.B Indication in product documentation and data sheets

The symbols given in Clause 4 are not suitable for use in product documentation, drawings or data
sh¢ets. Table 3 gives the corresponding indications.
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Annex B
(normative)

Artefacts that represent a calibrated test length and
corresponding measurement procedures

B.1 GeILeral

For econofny, availability and practicality, this document allows several types of artefacts téybe used in
testing a (MS provided they are appropriately adjusted (as described in this annex) to.yield the same
measuranid, a calibrated test length.

A calibratpd test length, as measured by the procedures of this document, is designed to detect thfee
categorieq of CMS errors:

1) geometrical and thermal errors associated with the length measureméent performed on the CMS;

2) if a bj-directional test involving surface determination is perfermed, size errors caused by|an
inher¢nt systematic error of the CMS and a function for changing’position of the optical 3D CMF if
applidable;

3) repeatability problems as evaluated.

All the points measured on gauging surfaces according teithe rated operating condition of the CMS shall
be used for testing the length measuring performancet

In some cdses, these artefacts are not available orsufficiently long, particularly when testing very large
CMSs. In tlhese cases, both parties may agree-to-use other means to generate a calibrated test length.
These can include length standards that are “stitched” together (i.e. overlapped end-to-end) to form
a longer drtefact or other types of laser-based lengths. In the latter case, issues associated with the
absence of probing shall be accounted.for. In all such cases, the procedure shall be documented and the
uncertainfies associated with these(techniques shall be considered carefully.

A laser inflerferometer that is coprected for the index of refraction of air has a zero CTE (a = 0). Herlce,
if it is used to produce a calibrated test length, it is considered a low CTE material and is subject to the
requiremgnts of 6.4.3. Additionally, if the laser has a workpiece (material) temperature sensor, then the
workpiecq CTE in the laser’s software shall be set to 0. If a laser is used on a temperature-compensated
CMS, then|the workpiece CTE in the CMS’s software shall be set to 0.

When a laker interferometer is used to produce a calibrated test length, the CMS shall be positioned at
a point degscribéd by nominal coordinates, without probing a surface. In this case, some CMSs canpot
arrive at thehominal position exactly. This does not necessarily result in an error of indication as I¢gng
as the CMS reports the actual position. Consequently, for each test length, the spatial distance between
the reported CMS coordinates of points A and B shall be evaluated and compared with the distance
indicated by the laser interferometer. It has to be ensured that the CMS coordinates used for the
calculation of the error include all compensations that would be considered during the probing process.

Some artefacts such as step gauges, multi-ball ball bars, ball plates and laser interferometry can
produce multiple lengths relative to a “reference zero”. For example, a step gauge can measure lengths
“A” to “B” and “A” to “C”, or an interferometer can measure the displacement from an initial position
to a series of subsequent positions (each of different length). In order to provide equivalency to gauge
blocks, the reference position, i.e. the “zero”, shall be remeasured each time a calibrated test length is
produced. That is, the “A” to “B” length and the “A” to “C” length shall each have its own “A” measured
anew. Similarly, with interferometry, the initial position shall be remeasured for each displacement
used to produce a calibrated test length.
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In typical cases for testing CMSs, the orientation of the system have to be rotated and adjusted
appropriately for CMSs to be able to access target measuring areas, for example on a gauge block or
sphere.

B.2 Artefact and procedure for realizing calibrated test length

B.2.1 General

A centre-to-centre measurement of a material standard performed by a point cloud and the
de L . . .

B.2.2 Ball plates or ball bars measured in a centre-to-centre manner by pointcloud

A dentre-to-centre measurement of a material standard with spherical gauging suxfaces, sudh as a ball
pldte or ball bar, consists of the measurement of each sphere by a point cloud and'the determpination of
thq (least squares fit) centre-to-centre length as shown in Figure B.1.

Measure each of the calibrated lengths three times and record the errors of'indication, and if applicable,
in ¢hronological order.

GAS

Key

PC point cloud

GA$ Gaussian asgeviated sphere

CGAS centre of-the Gaussian associated sphere

Figure B.1 — Centre-to-centre length measurement

B.2.3-, Laser interferometry measured in a centre-to-centre manner

A centre-to-centre measurement can be produced using a calibrated laser interferometer and a gauging
surface; the gauging surface can be a plane or a sphere.

The measurement involves interferometrically measuring the displacement of the gauging surface that
is optically probed by the CMS. The gauging surface is typically moved on a carriage or sled that has an
attached laser retroreflector.

For each of the lengths (per measurement line), measure a calibrated length three times and record the
errors of indication.

If the gauging surface is a sphere, the Gaussian associated sphere centre location shall be measured. In
the case of a plane, an intersection point between the gauging line and the Gaussian associated plane of
respective gauging planes shall be measured.
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B.2.4 Step gauges measured in a face-to-face manner

A face-to-face measurement can be produced using a calibrated step gauge by obtaining an intersection
point between the gauging line of the step gauge and the Gaussian associated plane of respective
gauging planes.

The measurement shall be done in a unidirectional manner.

For each of the lengths (per measurement line), measure a calibrated length three times and record the
error of indication.

B.2.5 CVIM positioning the gauging surface(s)

A centre-fo-centre measurement can be produced using a calibrated CMM, typically a Calibrated
Cartesian|type CMM, and a gauging surface attached on the end effector of the CMM; ‘the gauging
surface can be a plane or a sphere.

The measurement involves a displacement of the gauging surface realized by-~a’couple of spatial
coordinates successively travelled and positioned by the CMM.

For each df the lengths (per measurement line), measure a calibrated length three times and record the
errors of ihdication.

If the gauging surface is a sphere, the Gaussian associated sphere cent¥e location shall be measured| In
the case of a plane, an intersection point between the gauging line@nd the Gaussian associated plang of
respectiv¢ gauging planes shall be measured.

The tracegbility of the CMM used to compose the calibrated test length shall carefully be demonstrated,
e.g.in accgrdance with ISO/TS 15530-4.

NOTE There is no widely accepted consensus existing-concerning usage of a CMM having been calibrajted
according o ISO 10360-2 as the calibrated test length prescribed in this document.
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(informative)

Procedure of concatenated length measurement to assess

2021(E)

the

influence of the concatenation path on error propagation

C.
Th

1 General

b procedure described in this annex applies only to CMSs not utilizing a global coorndinate

Copsider a test artefact for a concatenated length measurement with a triangular form b
eqiiidistant spheres on each side and apexes labelled A, B and C. Suppose ‘the length me:
between apexes A and B is of interest. Two paths from A to B are possible: direct (AB) an
(ACB). A CMS utilizing a global coordinate system results in the same(egror of indication al
path. Conversely, a CMS not utilizing a global coordinate system cdrresult in significantly
errfors of indication depending on the path. The procedure described in this annex is in
capture this dependence.

NO[TE1  The global coordinate system can be realized by variéus technologies, such as:

a metrological moving carriage;
an optical tracking system;

photogrammetry.

NO
glo

TE 2 Ifatester or a tester counterpart does not have information on whether a CMS to be tests
bal coordinate system, the procedure described in this annex can be used to determine it experimsg

A typical calibrated test length used for verifying length measuring performance of an optig
canp be that consisting of six or,nore equidistant spherical features in line. The typical con
pathway can be realized by repeating a single view measurement one after another with eac
vigw to have nominally the same translational shifting in the longitudinal direction of the
tedt length.

Thjs annex can in some cases be worthwhile for a tester of the optical 3D CMS without
cogrdinate systenmto perform a concatenated length measurement in the concatenated me:
volume through#ntentionally detoured concatenation pathway.

C.

bystem.

earing six
isurement
d indirect
png either
y different
tended to

d utilizes a
ntally.

al 3D CMS
fatenation
h of single
calibrated

the global
isurement

Concatenated length measurement through detoured concatenation pathway

For theé purpose of the performance evaluation of an optical 3D CMS without information of

the global

coordinate system when the concatenated measurement is performed, it is recommended that a
partially detoured concatenation pathway is applied. The partially detoured concatenation pathway
can be realized by performing the measurement on the already existing calibrated test length, for
example that consisting of six or more spherical features allocated equidistant in line and uncalibrated
feature(s) used for creating the partially detoured concatenation pathway with intention allocated
besides the calibrated test length.

An indispensable requirement to make the partially detoured pathway become effective in the purpose
of the performance evaluation is locally to destroy the conventional straightforward concatenation
pathway at least at a single position.
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C.3 Example of detoured concatenation pathway

Figure C.1 shows an example of a conventional scenario to perform a concatenated length measurement
on an artefact consisting of six spherical features allocated equidistant in line. The concatenation can
be performed by allocating certain fractional area of each of a single view to be overlapped with the
neighbouring single view.

\UCF-X
Key

CF-1 cplibrated feature 1
CF-2 cplibrated feature 2
CF-3 cplibrated feature 3
CF-4 cplibrated feature 4
CF-5 cplibrated feature 5
CF-6 cplibrated feature 6
SV-1 single view 1

Sv-2 single view 2

SV-3 single view 3

SV-4 single view 4

SV-5 single view 5

UCF-X uncalibrated feature-X

+ reference feature used for registration

Figure C{1 — Example of conventional concatenation pathway to perform concatenated length
measurjement on an artefact consisting of six spherical features allocated equidistant in linp

An example of a detoured concatenation pathway is shown in Figure C.2. A discontinued concatenation
position is created at position between calibrated features 3 and 4.

No single view that concatenates single views capturing calibrated features 3 and 4 is allowed
to allocate in the purpose of the test. An example of a detoured concatenation pathway built by
detoured single views -A, -B, -C1 and -C2 is positioned in this example. On the way of the detoured
concatenation pathway, it is recommended to allocate an uncalibrated feature X to perform a similar
feature measurement on the detoured concatenated pathway to that of the conventional concatenation

30 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=877aeb21266eaceb9b0bbc4688e26623

ISO 10360-13:2021(E)

pathway. The measurement result obtained on the uncalibrated feature is not used for demonstrating
conformity of the optical 3D CMS to be tested.

NOTE Reference features used for registration between single views can be applied besides the calibrated
features and the uncalibrated feature. The choice and combination of reference features as well as the calculation
algorithm and the operational parameters can significantly affect the test result.
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SV-1

Key
CF-1
CF-2
CF-3
CF-4
CF-5
CF-6
DCP
DSV-A
DSV-B
DSV-C1
DSV-C2
SV-1
SV-2

SV-4
SV-5
UCF-X

+
X

cal

brated feature 1

caljbrated feature 2

caljbrated feature 3

caljbrated feature 4

caljbrated feature 5

cal
dis
d
d
de
d

sin|

D

(0]

[¢°)

sin|

sin|
sin|

un

brated feature 6

gle view 1
gle view 2

gle view 4
gle viewns

oured single view A
oured single view B
oured single view C1
oured single view C2

ralibrated feature X

continued concatenated position

T
SV-2 )
H
A

_ﬂ

\ X X DSV-C2
DSV-A X X )l UCF-X

X X PSV-C1

DSV-B

reference feature used for registration

reference feature used for detoured registration

Figure C.2 — Example of detoured concatenation pathway to perform concatenated length
measurement on an artefact consisting of six spherical features allocated equidistant in line
and uncalibrated feature on the detoured concatenation pathway
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Annex D
(informative)

Alignment of artefacts

:2021(E)

compare the length measured by a CMS with the calibrated value of the test lengthf it"is

tructions for alignment, then those instructions shall be followed prior to the length meag
the absence of alignment instructions in the calibration certificate, the manufacturer mayj
alignment procedure.

D

Parallel face artefacts
parallel face artefacts, the following alignment procedure canbe useful.

be many points on one face of the gauge and establisha (least-squares fit) reference |
ection perpendicular to the plane is the reference (gaugé axis) direction. Perform measu

hstruct the feature-to-feature length, then preject this length onto the reference (g
ection. The projected length is then compared with the calibrated value of the artefact.

some gauges that are very long relative te'the size of the gauging faces (e.g. when the calil
th is greater than 10 times the size of the gauging face), the reference direction can be e
g points on the non-gauging surfades of the artefact. For example, measuring points g
g sides of a gauge block can be uséed:to establish the reference (gauge axis) direction. This
hnique should also be used for'step gauges if there is no alignment procedure in the g
tificate.

8 Ball bar

some multi-ball-ball bars, a common measurement axis does not exist. In some caseq
Itre distance between two neighbouring balls is calibrated. For lengths comprising two no
Is, the reference value is taken as the sum of the spatial distances; because of the geomsg

p accotnt (see Figure D.1).

necessary

align the test length properly. If the calibration certificate of the material standard supplies

urements.
decide on

blane. The
Fement on

luge axis)

rated test
stablished
n the two
plignment
alibration

, only the
h-adjacent
ptry of the

prvening sphere locations, additional uncertainties associated with this geometry should be taken
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| Llj+1,+1; |

< g
Key

I, 1 5 calibrated test length between adjacent balls

L example of distance between non-adjacent spheres not conforming to the calibrated test length

Figure D.1 — Evaluation of ball distances for a multi-ball ball bar
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Annex E
(informative)

Surface characteristic of material standard
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EJ. Genreral
C

e measurement principle of an optical 3D CMS is based on receival of optical light €rom [the object

be scanned, detected optical signal quality can be significantly varied depending/on the surface

a of how representative the MPE can be when the CMS is used to measuve their specific
't is described.

. Surface characteristics of material standards potentially impacting
pasuring performance of optical 3D CMS

.1 Colour
lized for the coordinate measurement can vary, measuring performance of the CMS.

delines.

coordinate measurement are one df the major influence parameters relative to the issue of colour,
uences can be pointed out, e.g. the measuring principle of the CMS and optical filtration adopted b

maj

ufacturer or the user of the GMS.

E.2.2 Glossiness

iracteristics, e.g. colour, glossiness and roughness. It can impact the measuring-performgnce of the
S. This annex describes possible limitation of an optical 3D CMS if it is appliédyto measurg¢ an object
Fing less cooperative surface characteristics. A series of suggestions capable of giving the user an

industrial

mbination of surface colour of the material standafd and wavelength of light emitted frogn the CMS

'face colour has been standardized, differently, by many national and international standards and

TE Although surface colour of the(material standard and wavelength of light emitted from the CMS for

many other
7 either the

A fypical optical 3D\CMS captures light intensity reflected from the surface to be measured. Light
intensity capturedyby the CMS is variated depending not only on surface glossiness of th
standard but als6-6n a combination of the local incident angle and the local reflected angle d
by [relative orientation between the CMS and the surface of the material standard.

b material
btermined

Reflectionof light used for the measurement occurring on the surface of the material standaid can also
cayse’polarity variation or phase shift. These influences can impact the measuring performgnce of the
CMSina some cases

E.2.3 Roughness

Typical roughness parameters are not designed to indicate a direct relation with optical scattering
characteristics of a solid surface. However, the larger the roughness is, the stronger the optical
scattering becomes in general.

Roughness parameters can be useful as an alternative index of the glossiness in some cases.
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E.2.4 Other optical characteristics attributed to surface sublayer

The surface of a solid can have a sublayer which potentially influences optical response to incoming
light from the outside solid when the light is outgoing back to the space. Types of sublayer include:

— transparent or partially transparent sublayer(s) resulting in subsurface reflection, absorption or
scattering;

— fluorescence converting a short wavelength of light into a longer one, resulting in an increase of
optical spectral reflectivity in the specific wavelength range of sometimes more than 100 %;

— fragniented reflective boundary of material(s) existing in the sublayer of the solid, resulting in
metallic surface finish or a pearl colour finish.

E.2.5 Evaluation of surface characteristics

Practical ¢valuation of these surface characteristics of a solid surface can be realized\by introducjng
commerciplly available instruments.

The other] method of evaluating these surface characteristics is by a visual ¢omparison between the
surface to|be tested and that of a standard specimen. Standard specimens with the calibration value|for
the surface characteristics are also commercially available.

It is reconjmended that a consensus is built among parties in advance-dbout the condition of evaluatjon
of the surface characteristics if they exchange information concerbihg this in relation to performafce
evaluation of CMSs.

E.3 Potential impact behind surface characteristics restricted in the main text ¢f
this document

Tests desdribed in this document can be performed by using material standards with well cooperatjive
surface characteristics to the CMS.

This mears that the test results of the CMS(can represent the measuring performance encompassing the
range of the majority of the rated operating conditions of the CMS, except the surface characteristic$ of
the mater]al standard supposed to represent that of user-specific industrial part.

Extended fests can additionally be-performed if the user of the CMS is interested in knowing measurjng
performance of the CMS underthe operating conditions covering a wider range of surface characteristics
to be measured, including those uncooperative to the CMS.

E.4 Possible performance evaluation of optical 3D CMS with influence of surface
characteristics.of material standards

E.4.1 Usage of optical spectral transmittancy of colour filter to emulate different
surface cotour

E.4.1.1 Preparation of optical colour filter and optical aberration compensator

An optical colour filter with a similar optical spectral transmittancy to the intended surface colour
represented by optical spectral reflectance is prepared. Each optical filter should have the nominally
equivalent optical path length and a known refractive index around the intended optical wavelength.

An optical aberration compensator with both sufficiently high optical transmittancy and sufficiently
wide transmittancy wavelength range, and also the nominally equivalent optical path length and a
known refractive index around the intended optical length, is prepared for the purpose of the system
qualification.
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E.4.1.2 Qualification of optical 3D CMS with installation of optical aberration compensator

Qualification of the monochromatic optical 3D CMS is performed in accordance with the manufacturer’s
operating manual and the material standard(s) for the system qualification under the condition within
which the optical aberration compensator is installed somewhere between the projector aperture(s)
and the detector aperture(s).

Performance evaluation using the material standard(s) as described in 6.2 is performed, with
installation of the optical aberration compensator. The obtained test results provide the reference

val

ues.

E.4.1.3 Performance evaluation of optical 3D CMS with installation of optical colous; filter

The performance evaluation using the material standard(s) as described in 6.2_is [perfo

ti
co

Th
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thd
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the

NO
chd

plufral optical images with the inteRtion of superimposing them into a single optical image.

E.4
in

E.4
If 4

op
ha

es successively, once with installation of either the optical colour filter or the ‘@ptical
pensator, then with substitutional installation of the other.

e difference between those test results obtained with the optical colour filter installed

ical 3D CMS, depending on the surface colour of the object to be scanned.

.1.4 Adjustment of optical brightness of optical image captured by optical 3D CMS

tallation of the optical aberration compensator or the gptical colour filter varies brighty
ical image captured by the optical 3D CMS. The same variation occurs when the material s
inged from that described in 5.2.2 to that described‘in’E.4.3 or E.4.4, having different surf]
n the conventional material standards.

vill possibly be necessary to perform adjustment in the optical brightness of the optic
pending on which optical colour filter is installed, provided that the optical 3D CMS has the a
bsibility available to the user. The adjustment in optical brightness of the optical image c3

optical 3D CMS should be performed, in-accordance with the manufacturer’s operation m4

TE The adjustment possibility of*brightness of the optical 3D CMS can be realized by, fdg
nging exposure time of the optical detector, changing illumination brightness of the light source o

.2 Usage of equivalent optical attenuation means to emulate different surfag
cases of monochromatic optical 3D CMS

.2.1 Application to monochromatic optical 3D CMS

he CMS ad6pts monochromatic light source(s), optical filtering mean(s) or both to limi
ical celour into the intended range(s) (a monochromatic optical 3D CMS), the optical
"dlyzsensitive to light intensity outside the optical wavelength range incoming to the optic

med two
hberration

and those

ained with the optical aberration compensator can indicate measuring performance variation of the

ess of the
tandard is
hce colour

nl 3D CMS
djustment
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users of the CMS, if the test described in E.4.2.2 and E.4.2.3 is performed.

ssary for

A polychromatic optical CMS typically adopting, for example, a halogen lamp or a Xenon lamp and not
equipped with any optical filtering mean(s) to limit sensitive optical colour into the intended range(s)
cannot be evaluated by the procedure described in E.4.2.2 and E.4.2.3.

E.4.2.2 Calculation of equivalent optical attenuation

Optical intensity reflected from an object to be scanned in cases of the monochromatic optical 3D CMS
is primarily determined by optical spectral reflectance of the object only within the sensitive colour
range of the CMS. The difference in the surface colour for a monochromatic optical 3D CMS looks as if
the surface reflectance is darkened.
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The difference in optical attenuation when the surface colour is substituted from the cooperative one to
the monochromatic optical 3D CMS can be estimated by knowing the difference in the optical spectral
reflectance within the sensitive colour range of the CMS.

E.4.2.3 Performance evaluation of monochromatic optical 3D CMS by decreasing optical

intensity

A performance evaluation of the monochromatic optical 3D CMS is done by decreasing the optical
intensity setting of the CMS as indicated by calculation result of equivalent optical attenuation
described in E.4.2.2. Brightness of the optical image when the light intensity is intentionally decreased

is signific
purposely
The concy

operation
coloured {

NOTE

changing aperture time of the optical detector, changing illumination brightness of the light source, capturfi

plural opti

The differ

performaince variation of the monochromatic optical 3D CMS depending on the surface colour of

object to b

E.4.3 Us
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It is possible to build plural of material standards ofsength, form and size with identical nomi

geometrig

A geomet
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together d
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Antly darker for the CMS than that recommended by the manufacturer. The dark setting
chosen to emulate measurement on a less cooperative surface colour.

ete adjustment procedure to decrease optical intensity should follow the manufactursg
manual typically disclosed to users to perform measurement on an object with the d
urface.

The adjustment possibility of brightness of the optical 3D CMS can be redlized by, for exam
al images with intention to superimpose them into a single optical image-

ence in the test results before and after decrease of the light intehsity can indicate measur

e scanned.

jage of material standards having identical neminal geometries but different
surface characteristics

s, but each having different surface charactétistics in the intended manner.

ical feature on the material standardsjssuch as a sphere or a plane, can be finished as its 19
aracteristics are different from the other portion.

jage of planar coupons each having different surface characteristics

possibility is to build a matenial standard independent of the existing one for length, form g
rial standards for evaluating dependency in the surface characteristics can be realized
humber of planar coupons with each having a different value in the surface characterisf
n a nominally flat.plane. Lows and highs of each coupon surface scanned by the optical
ndicate dependeney of the CMS with respect to the surface characteristics.

A planar colipon can be a test piece typically composed of a base substrate made of, for example, mg
and interided surface characteristics of, for example, colour, glossiness and roughness.
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Annex F
(informative)

Structural resolution test

F. Genreral

Strjuctural resolution Rg should be clearly distinguished from the (metrological) resolutign, i.e. the
mihimum increment of the output data, of the instrument. Structural resolution charaeterizgs the size
of the smallest structures separately measurable.

Qupntities influencing structural resolution are:

— | quantisation of A/D converters;

—| noise;

— | pixel grid of image sensor;

— | modulation transfer function or resolution of the opticdlsystem in use;

— | filtering, averaging;

— | spotsize of laser or beam diameter, or probing:spot;

— | smallest structural dimension when applying the line projection principle;
— | size of image-processing window (autéfocus sensor).

The multitude of influencing quantities’shows that the common formula, “pixel grid = resolufion”, does
not hold true. The practical structural resolution is considerably lower. It is therefore impdrtant that
thik characteristic is specified and tested.

F.2 Test method

F.2.1 General

Take into accoufit that additional movements at the relevant positions are required to afllow for a

y 8
sampling edges. Methods descrlbed in the following subclauses are proposed for verifying spatial
resolution.

F.2.2 Structure standard

The manufacturer specifies the smallest structure that can be resolved (pit, gap, spike, ball or similar).
A material standard having this structure is produced and used to verify lateral resolution. If a
rotation-symmetrical structure is used, information on any direction in the plane can be obtained. By
way of example, consider Figure F.1, where a pit with a calibrated depth and diameter is measured. The
diameter of this pit equals the specified resolution. The depth shall be chosen by the manufacturer in
any convenient way ensuring reliable functioning of the sensor.
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The depth measured using the sensor is compared with the calibrated depth. The ratio of measured
depth over calibrated depth shall be at least 0,63 (= 1 - e71) for structural resolution to be less than or
equal to the pit diameter. If the ratio is less than 0,63, the specified resolution has not been obtained.
(Figure F.1 shows a case where the structural resolution test just passed, the ratio being 0,63.)

in Z

A
: e

<7

X

S W

a) Actual profile b) Measured profile

Figure H.1 — Verification of structural resolution using a structure standard with a gap or pjt

F.2.3 Edge structure

As the fedture to be tested, use a right-angled edge structure of a ‘material standard (edge of a pit,
spike, gap|or similar). The dimensions (such as pit diameter and.depth) of the material standard shall
be consid¢rably greater than the resolution to be verified. If a‘totation-symmetrical structure is used,
informatign on any direction in the plane can be obtained~The quality of the edge (rounding of edge,
orthogondlity) must be significantly better than the resolution to be verified. As shown in Figure F.2, the
edge proflle is measured using a sensor, and the resulf;is used to determine the structural resolution.
The valuelthus obtained is compared with the specified value.

Z A ZN

>
7

X X

\ 4

a) Actual profile b) Measured profile

Figure .2 — Determination of structural resolution by measuring an edge structure

F.2.4 Wave standard

As a material standard, use a standard embodying one or several sinusoidal waves. The cut-off
wavelength to be verified, corresponding to the sought-for resolution, must exist on the material
standard. Amplitude and wavelength shall be calibrated. If a rotation-symmetrical structure is used,
information on any direction in the plane can be obtained.

The surface of the wave standard is measured using the sensor, and the result is used to determine
that wavelength of the standard which can still be resolved, as shown in Figure F.3. This wavelength
is characterized by a ratio of measured amplitude over calibrated amplitude greater than 0,7. This
wavelength is compared with the specified resolution.
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Figure F.3 — Determination of structural resolution by measuring a wave standard

Fundamentals

e theory of systems shows that resolution limits can be defined in the temporal (here: in t

e spatial)

domain as well as in the frequency (here: spatial frequency, i.e. periods)per millimetre) dorhain. Both
vigws contain the same information and conversion from one to the other (and vice versa) |s possible
by|means of a Fourier transform. As a model for resolution limits; a first-order low pass (khown as a
proportional element with first-order delay in control engineering) is used.
First, consider the spatial domain (see Figure F.4). Charaeteristic structures (joint, step, $lope) will
give rise to the corresponding responses after filtering. A\step is the most significant featurg from the
metrological point of view; it is realized in the form of.an ideally shaped step.
The constant X;, which is a filter characteristic, is the intersection between the tangent through zero
angl the height of the step at a sufficiently long.distance from the tangent. This constant can befconverted
to a spatial cut-off frequency as follows:
The step response y in the spatial domain is shown in Formula (F.1):
_x

y — 1 —e Xl (Fl)
The spatial cut-off frequency, v,, in lines per millimetre, is the frequency at which the absolufe value of
thg transfer factor G(jw)-has faﬁen to 1/v2 (-3 dB limit), as shown in Formulae (F.2) to (F.4):

G(jo)=—r, F.2

(jo)=-- %, (F.2)
|G(ja))|:%:%:>wg-X1:1, (F.3)
Ji+w?x? V2
7
X = =19 (F4)
2rv,  2m

where

W is the angular frequency;

Wy is the cut-off angular frequency;

Ag is the cut-off wavelength.
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