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European foreword

The text of document 65E/497/CDV, future edition 1 of IEC 62714-3, prepared by SC 65E "Devices
and integration in enterprise systems", of IEC/TC 65 "Industrial-process measurement, control and
automation"” was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN 62714-3:2017.

The following dates are fixed:
e latest date by which the document has to be implemented at (dop) 2017-12-01
national level by publication of an identical national

standard or by endorsement

e latest date by which the national standards conflicting with (dow) 2020-03-01
the document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Endorsement notice

The text of the International Standard IEC 62714-3:2017 was approved by CENELEC as a European
Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod),
the relevant EN/HD applies.

NOTE 2  Up-to-date information on the latest versions of the European Standards listed in this annex is
available here: www.cenelec.eu.

Publication Year Title EN/HD Year
EC 62714-1 2014  Engineering data exchange format for N 62714-1 2014

use in industrial automation systems
engineering - Automation markup
language - Part 1: Architecture and
general requirements

2015  Engineering data exchange format for 2015
use in industrial automation systems
engineering - Automation markup
language - Part 2: Role class libraries

ISO/PAS 17506 - Industrial automation systems and - -
integration - COLLADA digital asset
schema specification for 3D visualization
of industrial data

W3C XML 1.0 2004  Extensible Markup Language (XML) 1.0 - -
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ENGINEERING DATA EXCHANGE FORMAT FOR USE IN
INDUSTRIAL AUTOMATION SYSTEMS ENGINEERING -
AUTOMATION MARKUP LANGUAGE -

Part 3: Geometry and kinematics

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |IEC 62714-3 has been prepared by subcommittee 65E: Devices and
integration in enterprise systems, of IEC technical committee 65: Industrial-process
measurement, control and automation.

The text of this standard is based on the following documents:

CDhV Report on voting
65E/497/CDV 65E/508/RVC

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2Documents
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A list of all parts in the IEC 62714 series, published under the general title Engineering data
exchange format for use in industrial automation systems engineering — Automation markup
language, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

The data exchange format defined in IEC 62714 (Automation Markup Language, AML) is an
XML schema based data format and has been developed in order to support the data

exchange between engineering tools in a heterogeneous engineering tool landscape.
EC 62714-1 gives an overview about the format.

The goal of AML is to interconnect engineering tools from the existing heterogeneous tool
landscape in their different disciplines, e.g. mechanical plant engineering, electrical design,
process engineering, process control engineering, HMI development, PLC programming, robot
programming etc.

AML stores engineering information following the object oriented paradigm and allows
modelling of physical and logical plant components as data objects encapsulating different
aspects. An object may consist of other sub-objects and may itself be part of a larger
composition or aggregation. Typical objects in plant automation comprise information on
topology, geometry, kinematics and logic, whereas logic comprises sequencing, behaviour
and control.

AML combines existing industry data formats that are designed for the storage and exchange
of different aspects of engineering information. These data formats are used on “as-is” basis
within their own specifications and are not branched for AML needs.

The core of AML is the top-level data format CAEX that connects the different data formats.
Therefore, AML has an inherent distributed document architecture.

Figure 1 illustrates the basic AML architecture and the distribution of topology, geometry,
kinematic and logic information.

Automation Markup Language
Engineering data

COLLADA

CAEX EC 62424

Top level format

» Geometry
Kinematics

[ obiecta | =

Plant topology

information @ PLCopen XML q
o]
[ ena ]

*Plants

*Cells |:Ob]e0t A | | Behaviour

*Components : Sequencing

*Attributes Object A,

eInterfaces

+Relations Further XML Standard format
*References >

Further aspects of
engineering information

Figure 1 — Overview of the engineering data exchange format AML

Due to the different aspects of AML, IEC 62714 consists of different parts focussing on
different aspects.

e |EC 62714-1: Architecture and general requirements
Documents
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This part specifies the general AML architecture, the modelling of engineering data,
classes, instances, relations, references, hierarchies, basic AML libraries and extended
AML concepts.

e |EC 62714-2: Role class libraries

This part specifies additional AML libraries.
e |EC 62714-3: Geometry and kinematics

This part specifies the modelling of geometry and kinematics information.

Further parts may be added in the future in order to interconnect further data standards to
AML.

Clause 5 describes the geometry related extensions of the role class libraries.

Clause 6 describes the frame attribute which can be used to represent the geometric position
of an InternalElement, InstanceHierarchy, SystemUnitClass, or SystemUnitClassLibrary with
respect to another CAEX Object.

Clause 7 gives a normative description regarding referencing COLLADA documents.
Clause 8 specifies the normative provisions for the attachment of two geometric AML objects.

Clause 9 defines how to store meta informations about the source tool directly into the
COLLADA document.

Annex A describes the referencing methods for geometric and kinematic models.

Annex B provides an example for modelling of kinematic systems and their combination in
AML.

Annex C gives an informative XML representation of the libraries defined in this part of
IEC 62714.
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ENGINEERING DATA EXCHANGE FORMAT FOR USE IN
INDUSTRIAL AUTOMATION SYSTEMS ENGINEERING -
AUTOMATION MARKUP LANGUAGE -

Part 3: Geometry and kinematics

1 Scope

This part of IEC 62714 specifies the integration of geometry and kinematics information for
the exchange between engineering tools in the plant automation area by means of AML.

It does not define details of the data exchange procedure or implementation requirements for
the import/export tools.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 62714-1:2014, Engineering data exchange format for use in industrial automation
systems engineering — Automation markup language — Part 1: Architecture and general
requirements

IEC 62714-2:2015, Engineering data exchange format for use in industrial automation
systems engineering — Automation markup language — Part 2: Role class libraries

ISO/PAS 17506, Industrial automation systems and integration — COLLADA digital asset
schema specification for 3D visualization of industrial data

COLLADA 1.4.1: March 2008 COLLADA - Digital Asset Schema Release 1.4.1
(available at <http://www.khronos.org/files/collada_spec_1_4.pdf>)

Extensible Markup Language (XML) 1.0:2004, W3C Recommendation
(available at <http://www.w3.0rg/TR/2004/REC-xm|-20040204/>)

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in |EC 62714-1:2014 and
of JEC 62714-2:2015 and the following apply.

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

e |EC Electropedia: available at http://www.electropedia.org/ [access on 26th September
2016]

e |SO Online browsing platform: available at http://www.iso.org/obp [access on 26th

September 2016]
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3.1.1

SID path

reference of type sidref_type to an arbitrary element within a COLLADA document according
to ISO/PAS 17506 or COLLADA 1.4.1

3.2 Abbreviations

For the purposes of this document, the abbreviations of |EC 62714-1:2014 and of
IEC 62714-2:2015 apply as well as the abbreviations listed in Table 1.

Table 1 — Abbreviations

SCARA Selective Compliance Assembly Robot Arm

SID Scoped ldentifier

4 Conformity

To claim conformity to the present document with respect to the support of AML, the
requirements of Clauses 5, 6, 7, 8 and 9 shall be fulfilled. In the scope of AML, a COLLADA
document shall conform to the specification of ISO/PAS 17506 or COLLADA 1.4.1.

5 Extensions of AML libraries for geometry and kinematics

5.1 General

Clause 5 defines extensions of the standard AML RoleClasses and standard AML
InterfaceClasses. These classes are part of the AML standard libraries and a specific
extension of for this part of IEC 62714. All described attributes are part of the
standard libraries and may be removed in the InstanceHierarchy if not needed.

5.2 AutomationMLBaseRoleClassLib — RoleClass Frame

The RoleClass “Frame” shall be used as specified in Table 2.

Table 2 — RoleClass Frame

Class name Frame
Description This role denotes a Cartesian right handed coordinate system.
Parent class AutomationMLBaseRoleClassLib/AutomationMLBaseRole

Path for element reference AutomationMLBaseRoleClassLib/AutomationMLBaseRole/Frame

NOTE 1 An AML object referencing the RoleClass “Frame” is useable to define reference coordinate systems like
attachment points.

NOTE 2 To define reference coordinate systems like attachment points an AML object referencing the RoleClass
“Frame” is useable.

5.3 AutomationMLInterfaceClassLib
5.3.1 InterfaceClass COLLADAInterface

The InterfaceClass “COLLADAInterface” shall be used as specified in Table 3.
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Table 3 — InterfaceClass COLLADAInterface

Class name COLLADAInterface

The InterfaceClass “COLLADAInterface” shall be used in order to reference external
Description COLLADA documents and to publish interfaces that are defined inside an external
COLLADA document.

Parent class AutomationMLInterfaceClassLib/AutomationMLBaselnterface/ExternalDataConnector
Path for . . .
AutomationMLInterfaceClassLib/AutomationMLBaselnterface/ExternalDataConnector/
Element COLLADAInterface
reference
The attribute “refType” specifies whether the
refType referenced COLLADA document has an explicit or
(AttributeDataType="xs:string”) implicit character. The allowed values are “explicit”
Attributes or “implicit”. The attribute is mandatory.

The attribute “target” specifies the SID path of a
target (AttributeDataType="xs:token”) COLLADA element within the referenced
document. The attribute is optional.

NOTE The InterfaceClass “COLLADAInterface” additionally inherits the attribute “refURI” from the parent
InterfaceClass “ExternalDataConnector”.

5.3.2 InterfaceClass Attachmentinterface

The InterfaceClass “Attachmentinterface” shall be used as specified in Table 4.

Table 4 — InterfaceClass Attachmentinterface

Class name Attachmentinterface

The InterfaceClass “Attachmentinterface” specifies an interface for geometric or kinematic

geESupton links between AML objects with RoleClass Frame.

Parent class AutomationMLInterfaceClassLib/AutomationMLBaselnterface

Path for element | AutomationMLInterfaceClassLib/AutomationMLBaselnterface/Attachmentinterface
reference

6 Frame attribute

An InternalElement or a SystemUnitClass may require a frame attribute that represents its
geometric position in relation to other objects. For this, the following provisions apply:

e Each frame shall be based on a three dimensional, orthogonal, right-handed coordinate
system.

e The elements InstanceHierarchy and SystemUnitClassLib specify a three dimensional,
orthogonal, right-handed coordinate system with standard basis. The positive z axis is
considered upward, the positive x direction defines the right axis and the negative y
direction defines the forward axis.

e The relative translations x, y and z as well as the rotations rx, rv and rz shall be specified
as sub-attributes in an AML attribute ,Frame* defined in Table 5 and Table 6. The relative
translations x, y and z shall be given in relation to the parent coordinate System specified
in the previous point. The rotations rx, ry and rz shall be executed in the order rx, ry and rz
with respect to the fixed axes of the parent coordinate System. The origin of the translated
Frame shall retain its position (x, y, z) during the spatially-fixed rotation. The attribute
“Frame” shall affect its containing AML object and all its children.

NOTE This means, that the point of rotation rotates whereas the frame position remains unchanged. This
avoids double changes.

e If the attribute “Frame” is not specified, the default values of x, y, z, rx, ry and rznlgaiﬁ%ents
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o |If the attribute “Frame” is specified, all sub-attributes x, y, z, rx, rp and rz shall be listed.
Any unused sub-attribute shall have the default value 0.

The attribute “Frame” shall be used as complex attribute specified in Table 5 and Table 6. An
example is given in A.1.2.

Table 5 — Attribute “Frame”

Attribute AttributeDataType Description

Frame This attribute has no The attribute “Frame” shall be used as structure element for the
AttributeDataType since storage of the sub-attributes specified in Table 6.
attribute has no value.

Table 6 — Sub-attributes of the attribute “Frame”

Attribute AttributeDataType Description

X xs:double The attribute “x” shall be used to specify the relative position in
meters along the x axis of the coordinate system specified by the
parent element. The value of attribute “Unit” of the CAEX element
“Attribute” shall be “m”.

y xs:double The attribute “y” shall be used to specify the relative position in
meters along the y axis of the coordinate system specified by the
parent element. The value of attribute “Unit” of the CAEX element
“Attribute” shall be “m”.

w_n

z xs:double The attribute “z” shall be used to specify the relative position in
meters along the z axis of the coordinate system specified by the
parent element. The value of attribute “Unit” of the CAEX element
“Attribute” shall be “m”.

rx xs:double The attribute “rx” shall be used to specify the relative rotation in
degrees around the x axis of the coordinate system specified by
the parent element. The value of attribute “Unit” of the CAEX
element “Attribute” shall be “deg”.

ry xs:double The attribute “ry” shall be used to specify the relative rotation in
degrees around the y axis of the coordinate system specified by
the parent element. The value of attribute “Unit” of the CAEX
element “Attribute” shall be “deg”.

rz xs:double The attribute “rz” shall be used to specify the relative rotation in
degrees around the z axis of the coordinate system specified by
the parent element. The value of attribute “Unit” of the CAEX
element “Attribute” shall be “deg”.

7 Integration of COLLADA documents

Regarding referencing COLLADA documents, the following provisions apply:

e A reference from an AML object to a COLLADA document shall be modelled by means of a
CAEX Externallnterface derived from the AML InterfaceClass “COLLADAInterface” as
defined in 5.3.1.

e The COLLADA document shall be referenced by its URI within the attribute “refURI” of this
CAEX Externallnterface.

e The value of the attribute “target” shall point at an element within the COLLADA document
and shall follow the syntax of a SID path.

e |If the attribute “target” is not present or its content is empty and the URI has no fragment,
the element “scene” of the COLLADA document shall be considered.

e The COLLADA document and its entry point shall be resolved as specified in Table 7. A
decision tree to resolve the different entries is shown in Figure A.1.

Documents

Document Sharing Hub

Full document details: BS EN 62714-3:2017


http://www.avadocuments.com/doc/bs-en-62714-3-2017
http://www.avadocuments.com/doc/bs-en-62714-3-2017

-14 - IEC 62714-3:2017 © IEC 2017

e The value “explicit” of the attribute “refType” shall be used for AML objects (henceforth
named explicit AML objects) that are part of a data representation.

NOTE 1 An example of explicit AML objects is the geometry of a robot and a conveyor in a common
geometric scene.

e The value “implicit” of the attribute “refType” shall be used for AML objects (henceforth
named implicit AML objects) that are used for special purposes for referencing objects that
are already represented, e.g. for publishing frames or referencing of objects that are
already represented.

NOTE 2 An example of implicit AML objects is the reference of a robot’s geometry that has been already
explicitly referenced. The implicit referencing avoids double representation of geometries.

e Objects in the COLLADA document only may be referenced using value “implicit” if they
are part of a COLLADA object or identical with a COLLADA object, which already was
referenced with value “explicit”. Implicit AML objects shall be modelled as direct or indirect
children of explicit AML objects.

e In cases of a COLLADA document (henceforth named main document) referencing other
COLLADA documents (henceforth named subdocuments) according to the rules of
instantiation and external referencing as specified in ISO/PAS 17506 all references to
elements within the referenced COLLADA subdocuments shall only be done via the
COLLADA main document. An example is given in A.2.3.

e An AML object shall have zero or one “COLLADAInterface” as direct child.

Table 7 — Rules for resolving document and entry point

Attribute “refURI”

URI with fragment URI without fragment

SID path starts
with an ID

URI specifies the document.

SID path specifies the entry point.

URI specifies the document.

SID path specifies the entry point.

SID path starts
without an ID
Attribute

URI specifies the document and a
corresponding element for the entry

Undefined status.

This combination shall not be used.

point.
“target”
SID path specifies the entry point.

Missing or its
value is empty

URI specifies the document and the
entry point.

URI specifies the document.

The element “scene” specifies the entry
point.

8 Attachment of two AML objects

Clause 8 specifies the normative provisions for the attachment of two geometric AML objects.
An example is given in Clause A.3.

Regarding attaching two AML objects, the following provisions apply:

e An AML object shall have zero or one “Attachmentinterface” as direct child.

e A link between two Externallnterfaces assigned to a InterfaceClass “Attachmentinterface”
shall be a unidirectional connection with fixed geometric coupling using a CAEX
InternalLink element.

e The relative transformation from the AML object referenced by the attribute
RefPartnerSideA to the object referenced by the attribute RefPartnerSideB shall remain
constant even if the object of RefPartnerSideA is transformed, resulting into a
corresponding transformation of RefPartnerSideB in case of a transformation of
RefPartnerSideA. A transformation of RefPartnerSideB does not modify the transformation
of RefPartnerSideA.

NOTE 1 RefPartnerSideA and RefPartnerSideB are attributes of the CAEX InternalLink elr.went.Documents
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e As an attachment point is part of an AML object, the “Attachmentinterface” shall be part of
the corresponding AML object.

e If an “Attachmentinterface” is child of an AML object with the RoleClass “Frame” or an
inherited RoleClass, the object to be moved shall be the parent AML object of the AML
object with the RoleClass “Frame” or an inherited RoleClass (even if the parent AML
object has the RoleClass “Frame” or an inherited RoleClass).

e If an AML object owning an “Attachmentinterface” has the RoleClass “Frame” or an
inherited RoleClass and it has an interface of type “COLLADAInterface”, the parent AML
object shall have an interface of type “COLLADAInterface” as well. The
“COLLADAInterface” of the parent AML object represents the boundary of the geometry of
the attached geometry.

e If an attachment refers to a geometric element, a “COLLADAInterface” shall reference a
COLLADA node of the visual scene. The attachment shall move the complete geometry
(recursive up to the node attribute of a bind_kinematics_model element) of the attached
object without modification of the kinematic state of the attached object.

e If an attachment refers to a kinematic element, a “COLLADAInterface” shall reference a
COLLADA element inside a COLLADA kinematics_scene element. The attachment shall
affect the joint configuration of the attached kinematic object when moving the parent AML
object of the attached object. The importing tool is responsible for the calculation of such
coupled kinematic elements.

NOTE 2 To establish a bidirectional connection two unidirectional links are necessary, with each link in an
opposite direction to the other.

NOTE 3 It is possibly to link an “Attachmentinterface” more than once.
9 Meta information about the COLLADA source tool

In order to simplify the data exchange between a source tool and a destination tool, it is
useful to store information about the source tool directly into the COLLADA document. Hence,
the following provisions apply:

e Each COLLADA document shall provide information about the tool which has written the
COLLADA document.

e In a data exchange tool chain, the last tool editing the document shall store this
information in the COLLADA document.

e This information shall be stored within the child element “asset” of the element
“COLLADA".

e The meta information shall consist of:
— vendor of the writer tool;
— URL of the writer tool;
— name of the writer tool;
— product version of the writer tool;
— product release number of the writer tool;
— creation timestamp and timestamp of the last modification of the COLLADA document;
— definition of unit and up axis.

e The meta information shall be stored by means of the elements shown in Table 8.
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Table 8 — Meta information about the COLLADA source tool

XML tag name XML tag name Type Level Example
COLLADA 1.4.1 ISO/PAS 17506
“author” “author” xs:string Mandatory ToolX Vendor
“authoring_tool” “authoring_tool” xs:string Mandatory “ToolX” “0.2” “123 prealpha”
“comments” “author_website” xs:anyURI Mandatory http://www.ToolX-Vendor.org
“created” “created” xs:dateTime Mandatory 2014-04-14T11:37:18.1875000
“modified” “modified” xs:dateTime Mandatory 2014-04-14T11:37:18.1875000
“unit meter=... “unit meter=... xs:string Mandatory name="meter” meter="1.0"
name=..." name=..."
“up_axis” “up_axis” xs:string Mandatory Z UP

The XML elements shall contain the following information:

“author” provides the vendor of the writer tool;

e “authoring_tool” provides the name, the product version and the product release number
of the writer tool separated by a blank character and each of them enclosed in quotation
marks;

e in case of ISO/PAS 17506 “author_website” provides the URL of the writer tool, in case of
COLLADA 1.4.1 “comments” provides the URL of the writer tool;

e “created” and “modified” provide the creation timestamp and timestamp of the last
modification according to the rules as specified in ISO/PAS 17506;

e “unit” and “up_axis” shall be defined as specified in ISO/PAS 17506 or COLLADA 1.4.1

The required XML text in case of ISO/PAS 17506 and COLLADA 1.4.1 by means of an
example is shown in Figure 2 and Figure 3, respectively.

<asset>
<contributor>
<author>ToolX Vendor</author>
<author website>http://www.ToolX-Vendor.org</author website>
<authoring tool>"ToolX" "0.2" "123 prealpha"</authoring tool>
</contributor>
<created>2014-04-14T11:37:18.1875000</created>
<modified>2014-04-14T11:37:18.1875000</modified>
<l-= ol -—>
<unit name="meter" meter="1.0" />
<up axis>Z UP</up axis>
</asset>

Figure 2 — Required XML text in case of ISO/PAS 17506

<asset>
<contributor>
<author>ToolX Vendor</author>
<comments>http://www.ToolX-Vendor.org</comments>
<authoring tool>"ToolX" "0.2" "123 prealpha"</authoring tool>
</contributor>
<created>2014-04-14T11:37:18.1875000</created>
<modified>2014-04-14T11:37:18.1875000</modified>
Ll== ccooa ==
<unit name="meter" meter="1.0" />
<up axis>Z UP</up axis>
</asset>

Figure 3 — Required XML text in case of COLLADA 1.4.1
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Annex A
(informative)

Referencing methods for geometric/kinematic descriptions

A.1 Integration of a common COLLADA document with explicit referencing

A.1.1 General

Clause A.1 describes the explicit referencing methods for geometric and kinematic models,
which are located in COLLADA documents. Figure A.1 shows the different methods used in
the following subclauses by means of a decision tree.

i Start \:I
t“/ttl\\\\\
- .
Yes 7 URIwith ™. No
T _fragment? "
i N e
/".‘/&I[] empry ™., /4II}I‘IIIP[? .,
Yes of target ™, No No . o Langet ™. Yes
. attributeis - . attribute is
. l'l'll-'n-ll'lg? " II'IIS-'}-II'IE-.l| 4
. Y 7 " 9
h 4 - - /\\\ // - ™, ¥
T URI specifies the ™, _~"SID path of \\ /'EID path af ™. ) " URI specifies the “\\
\‘ document and the : L/ target attribute ~ Yes Yes target attribute ~ No : document, <scenes |
Y entry point. ; . _starts with . starts with “;Pr-l:ifil.':. the entry point,
e - IR ~ 0P~ e
. "
_ Y _ A 4 _ Y
= b ~URI specifies :lu‘-\\__ ™,

™
‘// URI specifies the document and a
: corresponding element for the entry :
‘point. 510 path specifies the entry point. /

/ \ Undefined status.
{ document. SID path \

| specifies the entry
point.

This combination shall )
\ |
5 ol be v, o
\_.

oy

Figure A.1 — Decision tree for different referencing methods

NOTE 1 In this document, path or subpath strings are presented in a short form like “PATH1”, “PATH2”", etc. This
serves the readability and is acting for a real path or subpath. Same numbers indicate the same path and thus the
semantic equality.

NOTE 2 For better readability, only relevant parts of AML/COLLADA documents are shown. Missing parts are
denoted with “[...]".

NOTE 3 For better readability, any RefBaseClassPath attribute which points to the
“AutomationMLInterfaceClassLib/AutomationMLBaselnterface/ExternalDataConnector/COLLADAInterface” class is
substituted with “PATH_CI”.

NOTE 4 For better readability, any RefBaseClassPath attribute which points to the
“AutomationMLInterfaceClassLib/AutomationMLBaselnterface/Attachmentinterface” class is substituted with
“PATH_AI".

NOTE 5 For better readability, any RefBaseRoleClassPath attribute which points to the
“AutomationMLDMIRoleClassLib/DiscManufacturingEquipment/StaticObject” class is substituted with “PATH_SO”.

NOTE 6 For  better readability, any RefBaseRoleClassPath attribute  which points to the
“AutomationMLBaseRoleClassLib/AutomationMLBaseRole/Frame” class is substituted with “PATH_FRAME".
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A.1.2 Definition of the Frame attribute

The following example shows how to define the geometric position and orientation of two
CAEX Objects by using the frame attribute mentioned in Clause 6. The corresponding AML
document consists of an InstanceHierarchy named “ExamplelnstanceHierarchy” with two
InternalElements “BaseFrame” and “ChildFrame” (see Figure A.2).

A “‘[‘E ExamplelnstanceHierarchy
~ [IE] BaseFrame {Class: Role: StaticObject]
A |E| ChildFrame {Class: Role: StaticObject}

Figure A.2 — Two frames represented
in the InstanceHierarchy of an AML document

To describe the complete coordinate transformation of the InternalElement “ChildFrame” with
respect to its parent Node “BaseFrame”, the former object owns the frame attribute.
Figure A.3 shows the relevant part of the AML document and how to define the frame attribute
and its subattributes.

<InstanceHierarchy Name="ExampleInstanceHierarchy">
<Version>1.0.0</Version>
<InternalElement Name="BaseFrame" ID="d0235958-bce3-4b48-bec9-08d1033cc49e">
<InternalElement Name="ChildFrame" ID="07218e99-f4d8-4dd9-ba92-16c6£f0dd4£f46">
<Attribute Name="Frame">
<Attribute Name="x" AttributeDataType="xs:double">
<Value>1.00</Value>
</Attribute>
<Attribute Name="y" AttributeDataType="xs:double">
<Value>1.00</Value>
</Attribute>
<Attribute Name="z" AttributeDataType="xs:double">
<Value>1.00</Value>
</Attribute>
<Attribute Name="rx" AttributeDataType="xs:double">
<Value>45.00</Value>
</Attribute>
<Attribute Name="ry" AttributeDataType="xs:double">
<Value>45.00</Value>
</Attribute>
<Attribute Name="rz" AttributeDataType="xs:double">
<Value>45.00</Value>
</Attribute>
</Attribute>
<RoleRequirements RefBaseRoleClassPath="AutomationMLDMIRoleClassLib/../StaticObject"
/>
</InternalElement>
<RoleRequirements RefBaseRoleClassPath="AutomationMLDMIRoleClassLib/../StaticObject" />
</InternalElement>
</InstanceHierarchy>

Figure A.3 — XML representation of the AML document

Assuming that the coordinate system K, (x;,y,,z;) belongs to the InternalElement “ChildFrame”,
Figure A.4 depicts its relative translation by x, y and z as well as its spatially fixed rotation by
rx, ry and rz with respect to the three axes of the coordinate system Ky (xo.y,.20) specified by

the parent element “BaseFrame”. By the use a homogeneous transformationmatrix H! and the
six subattributes mentioned in Table 6, the relative translation and orientation between K; and
K, can be described in a compact format as follows:

0 0
H?(x, Y, Z, IX, IV, FZ)= [l})l dll] e R¥4, (A1)

Hereby the Rotationmatrix R} expresses the orientation of K, relative to K,. Clause 6
determines the order of rotation by rx, v and rz. In the context of spatially fixed roﬁi&&u’&ﬁents
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recalled that the appropriate rotation matrices have to be multiplied from the left hand side.
Thus the rotational part of H! is given as

R{= Rot,(1z)Rot,(ry)Rot,(rx) . (A.2)
Step 1 Step 2 Step 3 Step 4
Translation by Rotation by rx Rotation by ry Rotation by rz
X, yand z around x, around y, around z,

Xo rx Xo Xo 0

d)(x,v,7) Rot, (rx) Rot, (1y) Rot,(rz)

Figure A.4 — Translation and spatially fixed rotation

Each rotation matrix is characterized as

1 0 0 cos(ry) 0 sin(ry)
Rot, (rx)= [0 cos(rx) —sin(rx)l, Roty(rjy)=[ 0 1 0 l and
0 sin(rx) cos(rx) -sin(ry) 0 cos(ry)

cos(rz) -sin(rz) 0
Rot,(rz)= [sin(rz) cos(rz) Ol .
0 0 1

The displacement vector is described by

X
dj= H :
Z-

As shown in Figure A.4, the origin of the translated Frame retains its Cartesian coordinates x,
y and z during the spatially-fixed rotation. By substituting sin(#i) = sr; and cos(ri) = cr,
equation (A.2) and the multiplication in equation (A.1) yields the compact format

Cr,Cry  CIySPySF = SF,CTx  cr,Srycryt ST,Sry X
SE,CTy  SF,SFySF + CF,CFy ST,SFyCly = CT,STy y
z
1

y
-sty CcrySry CrySTy

0 0 0

H!=

which describes the translation and orientation of the InternalElement “ChildFrame” with
respect to its parent Node “BaseFrame”.
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A.1.3 Structure of the COLLADA documents

The scene used in the following samples consists of two cubes, one on the top of the other. In
the visual scene a node for each cube is instantiated. Each node references the same
geometry element, but applies a different name (“RedCube”, “BlueCube”), material (red, blue)
and transformation. Figure A.5 shows the rendered scene with the corresponding COLLADA
scene graph.

Figure A.5 — COLLADA scene used in this example

In this example, two COLLADA documents are used to define the complete visual scene. The
node hierarchy is defined in the COLLADA main document “red_blue cubes.dae”. The
geometry of the cube is defined in a library within the separate COLLADA subdocument
“cube.dae”. Each node references the subdocument “cube.dae” and instantiates a cube
geometry according to the rules of instantiation and external referencing as specified in
ISO/PAS 17506. Figure A.6 depicts the structure and references used in this example.

Main Document Subdocument
<COLLADA> <COLLADA>
red_blue_cubes.dae cube.dae

node / instance_geometry

node / instance_geometry

Figure A.6 — Structure and References

The content of the COLLADA subdocument “cube.dae” is shown in Figure A.7.
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<COLLADA version="1.5.0">
<asset>
<contributor>
<author>WriterVendor</author>
<author website>http://www.WriterVendor.com</author website>
<authoring tool>"WriterName" "WriterVersion" "WriterRelease"</authoring tool>
<comments>This document defines the geometry of a unit cube stored as reusable library
element</comments>
</contributor>
<created>2014-04-14T11:37:18.1875000</created>
<modified>2014-04-14T11:37:18.1875000</modified>
<unit meter="1.0" name="meter" />
<up axis>Z UP</up axis>
</asset>
<library geometries>
<geometry id="cube-geom" name="cube">
<mesh>
<source id="cube-geom-positions'">
<float array id="cube-geom-positions-array" count
101100110000010100100110
1111001010101 10011111111
1101000100011 000001010010011000001CcK
<technique common>
<accessor count="48" source="j#cube-geom-positions-array" stride="3">
<param name="X" type="float" />
<param name="Y" type="float" />
<param name="Z" type="float" />
</accessor>
</technique common>
</source>
<source id="cube-geom-normals">
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<float array id="cube-geom-normals-array" count="144"> 1 0 0 1 0 0 1 0 0 1 0 0 -1
o606-100-100-10000-100-100-100-1001001001001011001°O0°071
co06100-100-100-100-1000100100100100-100-2100=-200=-10-1
oo0-100-100-10010010010010-100-100-100-100100100100
1 0 0 </float array>

<technique common>
<accessor count="48" source="#cube-geom-normals-array" stride="3">
<param name="X" type="float" />
<param name="Y" type="float" />
<param name="2Z" type="float" />
</accessor>
</technique common>
</source>
<vertices id="cube-geom-vertices">
<input semantic="POSITION" source="#cube-geom-positions" />
<input semantic="NORMAL" source="#cube-geom-normals" />
</vertices>
<triangles count="24" material="mat">
<input offset="0" semantic="VERTEX" source="#cube-geom-vertices" />
<p>0 1 2 1 03 456 7658 910 98 11 12 13 14 15 14 13 16 17 18 17 16 19 20 21
22 23 22 21 24 25 26 25 24 27 28 29 30 31 30 29 32 33 34 33 32 35 36 37 38 39 38 37 40 41 42
41 40 43 44 45 46 47 46 45</p>
</triangles>
</mesh>
</geometry>
</library geometries>
</COLLADA>

Figure A.7 — Content of the COLLADA document cube.dae

The main document (“red_blue_cubes.dae”) including the node hierarchy and external
references to the cube geometry (“cube.dae”) is shown in Figure A.8. Each instantiated
geometry overwrites the material symbol with its custom material definition.
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<COLLADA version="1.5.0">
<asset>
<contributor>
<author>WriterVendor</author>
<author website>http://www.WriterVendor.com</author website>
<authoring tool>"WriterName" "WriterVersion" "WriterRelease"</authoring tool>
<comments>This document defines the node hierarchy and instantiates cubes from
subdocuments</comments>
</contributor>
<created>2014-04-14T11:37:18.1875000</created>
<modified>2014-04-14T11:37:18.1875000</modified>
<unit meter="1.0" name="meter" />
<up axis>Z UP</up axis>
</asset>
<library effects>
<effect id="red-fx">
<profile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>1 0 0 1</color>
</diffuse>
</phong>
</technique>
</profile COMMON>
</effect>
<effect id="blue-fx">
<profile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0 0 1 1 </color>
</diffuse>
</phong>
</technique>
</profile COMMON>
</effect>
</library effects>
<library_materials>
<material id="red" name="Red">
<instance effect url="#red-£fx" />
</material>
<material id="blue" name="Blue">
<instance effect url="#blue-£fx" />
</material>
</library materials>
<library visual scenes>
<visual scene id="visualscene">
<node id="redcube" name="RedCube">
<instance geometry url="./cube.dae#cube-geom">
<bind material>
<technique common>
<instance material symbol="mat" target="#red" />
</technique_ common>
</bind material>
</instance_ geometry>
</node>
<node id="subpart">
<translate>0 0 1</translate>
<node name="bluecube" sid="bluecube">
<instance geometry url="./cube.dae#cube-geom">
<bind material>
<technique common>
<instance material symbol="mat" target="#blue" />
</technique_common>
</bind material>
</instance geometry>
</node>
</node>
</visual_scene>
</library_visual_scenes>
<scene>
<instance_visual_scene url="#visualscene" />
</scene>
</COLLADA>

Figure A.8 — Content of the COLLADA document red_blue_cubes.dae
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