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FOREWORD

ternational Electrotechnical Commission (IEC) is a worldwide organization for standardization c|
tional electrotechnical committees (IEC National Committees). The object of IEC /is to|
htional co-operation on all questions concerning standardization in the electrical and electronic
hd and in addition to other activities, IEC publishes International Standards, Technical Speg
ical Reports, Publicly Available Specifications (PAS) and Guides (hereafter” referred to
ation(s)”). Their preparation is entrusted to technical committees; any IEC Natignal Committee
subject dealt with may participate in this preparatory work. International, governmental
mental organizations liaising with the IEC also participate in this preparation. IEC collaboratg

nent between the two organizations.

rmal decisions or agreements of IEC on technical matters express;yas nearly as possible, an int
hsus of opinion on the relevant subjects since each techni€al committee has representatiol
Eted IEC National Committees.

ublications have the form of recommendations for international use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are made to ensure that the technical contq
ations is accurate, IEC cannot be held responsible~for the way in which they are used o
erpretation by any end user.

er to promote international uniformity, IEC National Committees undertake to apply IEC Py
arently to the maximum extent possible intheir national and regional publications. Any d
bn any IEC Publication and the corresponding national or regional publication shall be clearly in
ter.

5elf does not provide any attestationof conformity. Independent certification bodies provide (
Ement services and, in some areas; access to IEC marks of conformity. IEC is not responsib
bs carried out by independent Certification bodies.

brs should ensure that they have the latest edition of this publication.
bility shall attach to IEC\er its directors, employees, servants or agents including individual eX
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal

ses arising outy of-the publication, use of, or reliance upon, this IEC Publication or any
ations.

on is drawn ‘to the Normative references cited in this publication. Use of the referenced publi
ensable for-the correct application of this publication.

onis_drawn to the possibility that some of the elements of this IEC Publication may be the
rights. IEC shall not be held responsible for identifying any or all such patent rights.

pmprising
promote
fields. To
ifications,
as “IEC
nterested
and non-
ks closely

he International Organization for Standardization (ISO) in accordamnce_with conditions deteqmined by

ernational
from all

National
nt of IEC
r for any

blications
vergence
dicated in

onformity
e for any

perts and

ers of its technical committees and IEC National Committees for any personal injury, property damage or

fees) and
pther IEC

cations is

bubject of

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

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

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

process

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 2.
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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 amepded.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it| contains colours which are considered to be usefdl ‘for the c¢orrect
undersfanding 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.
IEC 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 st

modelling of physical and logical plant components as data objects encapsulating
aspects| An object may consist of other sub-objects and may itself be pant of

compos
topology

and conttrol.

AML co
of differ|

within their own specifications and are not branched for AML needs.

The corg of AML is the top-level data format CAEX that.connects the different data
Therefofe, AML has an inherent distributed documeng.architecture.

Figure 1

kinematjc and logic information.

pres engineering information following the object oriented paradigm and

mbines existing industry data formats that are designed for the storage and e
ent aspects of engineering information. These data formyats are used on “as-i

illustrates the basic AML architecture and the distribution of topology, gs

allows
Hifferent
h larger

tion or aggregation. Typical objects in plant automation compriseDihformation on
, geometry, kinematics and logic, whereas logic comprises sequencing, be¢haviour

change
5” basis

ormats.

ometry,

Automation Markup Language
Engineering data

COLLADA
CAEX IEC 62424 le t
Tap level format | Kinomativs

Object A

Plant topology
information 4’{ Object A, Init ]
PLCopen XML

*Plants
+Cells |:ObjeCtA2 | " Behaviour i
*Cpmponents : Sequencing "
*Aftribhtes NP

¢} Mn
«Interfaces
«Relations A 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.

IEC 62714-1: Architecture and general requirements


http://en.wikipedia.org/wiki/Topology
http://en.wikipedia.org/wiki/Geometry
http://en.wikipedia.org/wiki/Kinematics
http://en.wikipedia.org/wiki/Logic
http://en.wikipedia.org/wiki/Logic
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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 p describes the geometry related extensions of the role class libraries.

Clause p describes the frame attribute which can be used to represent the geometric [position
of an IrfternalElement, InstanceHierarchy, SystemUnitClass, or SystemUnitClassLibrary with
respectjto another CAEX Object.

Clause [ gives a normative description regarding referencing COLLABDA documents.
Clause 8 specifies the normative provisions for the attachment.of\two geometric AML gbjects.

Clause |9 defines how to store meta informations abouf‘the source tool directly |nto the
COLLAIDA document.

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

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

Annex ¢ gives an informative XML representation of the libraries defined in this|part of
IEC 62714.



https://iecnorm.com/api/?name=140804530a3b26b0482157c157dcfb57

-10 - IEC 62714-3:2017 © IEC 2017

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

Part 3: Geometry and kinematics

1 Scope

This pa
the exch

It does
the imp

2 Nol

The foll
content
cited ap

IEC 62
systems
requiren

IEC 62
systemd

ISO/PA
schema

COLLAL
(availab

Extensible Markup Language (XML) 1.0:2004, W3C Recommendation
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erms and definitions

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

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

address

es!

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 IEC 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 Identifier

4 Conformity

To claim conformity to the present document with respect torthe support of AML, the
requirements of Clauses 5, 6, 7, 8 and 9 shall be fulfilled. In thé-scope of AML, a COLLADA
document shall conform to the specification of ISO/PAS 17506.0r 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 partiof the AML standard libraries and a |specific

extensign of IEC 62714-1 for this part of\JEC 62714. All described attributes are paft of the
standard libraries and may be removed-in the InstanceHierarchy if not needed.

5.2 AttomationMLBaseRoIeCIassLib — RoleClass Frame
[

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

Table 2 — RoleClass Frame

Class name Frame
Descripfion This role denotes a Cartesian right handed coordinate system.
Parent ¢lass AutomationMLBaseRoleClassLib/AutomationMLBaseRole

Path foll 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.


https://iecnorm.com/api/?name=140804530a3b26b0482157c157dcfb57
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Table 3 — InterfaceClass COLLADAInterface

Class name

COLLADAInterface

Description

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

Parent class

AutomationMLInterfaceClassLib/AutomationMLBaselnterface/ExternalDataConnector

Sl el AutomationMLInterfaceClassLib/AutomationMLBaselnterface/ExternalDataConnector/
CELTLL COLLADAInterface
reference
The attribute “refType” specifies whether the
refType referenced COLLADA document has an explicit or
\Attl;buthataTypc—"Ao.otl;uy“) ;Illp:;b;t u:lalautcl. Thc G::UVVUd VG:UUO alrc . Xp|ICIt”
Attributks or “implicit”. The attribute is mandatory.

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

NOTE Tpe InterfaceClass “COLLADAInterface” additionally inherits the attribdte “refURI” from tHe parent

Interface(lass “ExternalDataConnector”.
5.3.2 InterfaceClass Attachmentinterface

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

Table 4 — InterfaceClass Attachmentinterface

Class name

Attachmentinterface

Description

The InterfaceClass “Attachmentinterface” specifies an interface for geometric or kinematic
links between AML objects with~RoleClass Frame.

Parent ¢lass

AutomationMLInterfaceClassLib/AutomationMLBaselnterface

Path fonl element
referenge

AutomationMLInterfaceClassLib/AutomationMLBaselnterface/Attachmentinterface

6 Frame attribute

An IntefnalElement.or'a SystemUnitClass may require a frame attribute that repregents its

geometric positiondn relation to other objects. For this, the following provisions apply:

e Each frame shall be based on a three dimensional, orthogonal, right-handed coprdinate

systen.

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.

The relative translations x, y and z as well as the rotations rx, »y 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.

If the attribute “Frame” is not specified, the default values of x, y, z, rx, ry and rz shall be 0.
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o |If the attribute “Frame” is specified, all sub-attributes x, y, z, rx, ry 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

w_»

X xs:double The attribute “x” shall be used to specify'the relative posifion in

meters along the x axis of the coordinate, system specified by the
parent element. The value of attributé ¥Unit” of the CAEX |element
“Attribute” shall be “m”.

w

y xs:double The attribute “y” shall be used“to’specify the relative posifion in

meters along the y axis of the.coordinate system specifieq by the
parent element. The value of attribute “Unit” of the CAEX |element
“Attribute” shall be “m™

z xs:double The attribute “z” shall be used to specify the relative posifjon in

meters along the\z2\axis of the coordinate system specifieq by the
parent element.\The value of attribute “Unit” of the CAEX|element
“Attribute” strall 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
thé.parent element. The value of attribute “Unit” of the CAEX

etement “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 rotafion 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.
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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.

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.

Objects in the COI 1 ADA 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
refetenced with value “explicit”. Implicit AML objects shall be modelled as direct\or|indirect
chilgren of explicit AML objects.

In cases of a COLLADA document (henceforth named main document) referencing other
COLLADA documents (henceforth named subdocuments) according to the fules of
instgntiation and external referencing as specified in ISO/PAS 17506 all refergnces to
elements within the referenced COLLADA subdocuments shallhonly be done |via the
COLLADA main document. An example is given in A.2.3.

An AML object shall have zero or one “COLLADAInterface™.asdirect child.

Table 7 — Rules for resolving document’and entry point

Attribute “refURI”

URI with fragment URI without fragment|
SID path starts | URI specifies the document: URI specifies the document.
with an ID
SID path specifies the.entry point. SID path specifies the entry point.

SID path starts | URI specifies the dosUment and a Undefined status.

without an ID corresponding element for the entry ) L
Attribute point. This combination shall not be uged.
“target”

SID path:specifies the entry point.

Missing or its URI specifies the document and the URI specifies the document.

value is empt entry point.
- (P The element “scene” specifies the entry

point.

8 Attachment)of two AML objects

Clause B specifies the normative provisions for the attachment of two geometric AML fpbjects.

An exa 1p|n is gi\/pn in Clause A 3

Regarding attaching two AML objects, the following provisions apply:

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

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

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 element.
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As an attachment point is part of an AML object, the “Attachmentinterface” shall be part of
the corresponding AML object.

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).

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.

If afattachment refers to a geometric element, a '"COLLADAINterface  shall rergrence a
COLLADA node of the visual scene. The attachment shall move the complete 'geometry
(reclirsive up to the node attribute of a bind_kinematics_model element) of\the gttached
objefrt without modification of the kinematic state of the attached object.

If anl attachment refers to a kinematic element, a “COLLADAInterfacelxshall refegrence a
COLULADA element inside a COLLADA kinematics_scene element/The attachmgnt shall
affe¢t the joint configuration of the attached kinematic object whep.moving the pargnt AML
objept 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 linksyare necessary, with each link in an

opposite dlirection to the other.

NOTE 3 [Itis possibly to link an “Attachmentinterface” more than once”

9 Meta information about the COLLADA source tool

In ordef to simplify the data exchange between a source tool and a destination tqol, it is
useful t¢ store information about the sourceitool directly into the COLLADA document| Hence,

the following provisions apply:

Eaclhh COLLADA document shalliprovide information about the tool which has written the
COLLADA document.

In g data exchange teol. chain, the last tool editing the document shall stpre this
information in the COLEADA document.

This| information shall be stored within the child element “asset” of the plement
“COLLADA”.

The |meta information shall consist of:
— endpr-of the writer tool;
— URI 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.

The meta information shall be stored by means of the elements shown in Table 8.


https://iecnorm.com/api/?name=140804530a3b26b0482157c157dcfb57

-16 - IEC 62714-3:2017 © IEC 2017

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:

e “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 guotation
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 thedwriter tool;

e ‘“created” and “modified” provide the creationtimestamp and timestamp of the last
modjffication according to the rules as specifiedinISO/PAS 17506;

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

The redquired XML text in case of ISO/PAS 17506 and COLLADA 1.4.1 by means of an

examplg is shown in Figure 2 and Figure 3 Tespectively.

<asset>

<contiibutor>
<aufthor>ToolX Vendor</author¥
<auffhor_website>http://www{T9o1X-Vendor.org</author_website>
<authoring tool>"ToolX" "0.2" "123 prealpha"</authoring tool>

</conft
<creatf
<modi {
Lf==

ributor>

ed>2014-04-14T113R:*18.1875000</created>

1ed>2014-04-14P19:37:18.1875000</modified>
L=

name="meter" \meter="1.0" />

<unit
<up_ ax}is>Z UP</uD \akis>
</asset
Figure 2 — Required XML text in case of ISO/PAS 17506
<asset>

<contrtiotor
<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>

<l-- .
<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 follogwing subclauses by means of a decision tree.

~ .

,/' LN
Yes -7 URlwith ™ No
fragment? -~
\\ 8 //
\\/
N
//// \\\\ ///// \\\\
_/SID empty™. _~SID empty\\
Yes  ortarget . No No) 7 ortarget . Yes
—— L > .
attribute is _ atwibuteis .~ |
\\\\ ) r.IJEJ (?\5/// \\\r_] r.l !J (?\5 //
~ missing? . missing?
h -
A NS
//// \\\\ //// \\\

. A — . ™ e ™ — ¥ —
/" URI spedifies the ™ ~siDpathof ™ 51D path of ™ _ " URI specifies the ™,
| document and the ) No ’\ target attribute >£_Yi\/ target attribute \/ No [ document]<scenes )
. entry point. ~ / . starts with -~ . starts with // ‘\Qpecifies the ¢niry poinﬁ,/

- S ID? ~_ ID? A e
N \\//
~ T L 4 — L o

. N //LJHI specifies the ™~
URI specifies the document and_a / . \
{ [ document. SID path

corresponding element for the antrly” | i i inati all ]
| F B Y | specifies the entry | |\ This combination shall ]

\P\omt. SID path specifies the entry polnt/./ \\ i \\ not be used. //,/
~— - — ¥ Sk

r‘/Umdefined status.

Figure ‘A1 — Decision tree for different referencing methods

NOTE 1 [In this doeument, path or subpath strings are presented in a short form like “PATH1”, “PATH2"] etc. This
serves th¢ readability’and is acting for a real path or subpath. Same numbers indicate the same path and thus the
semantic pquality:

NOTE 2 |Ferbetter readability, only relevant parts of AML/COLLADA documents are shown. Missing|parts are
denoted with— {1

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).

~) B ExamplelnstanceHierarchy

A |E] BaseFrame {Class: Role: StaticObject}
PN E] ChildFrame {Class: Role: StaticObject}

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

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

<InstandeHierarchy Name="ExampleInstanceHierarchy">
<Versijon>1.0.0</Version>
<IntegnalElement Name="BaseFrame" ID="d0235958-bce3-4b48-bec9-08d1033cc49e">
<InflernalElement Name="ChildFrame" ID="07218e99-f4d8-4dd9-ba9%92-16c6£f0dd4£f46">
<Attribute Name="Frame">
<Attribute Name="x" AttributeDataType="xs:dqQuble">
<Value>1.00</Value>
</Attribute>
<Attribute Name="y" AttributeDataType="x{E"ydouble">
<Value>1.00</Value>
</Attribute>
<Attribute Name="z" AttributeDataTlype="xs:double">
<Value>1.00</Value>
</Attribute>
<Attribute Name="rx" AttributdDataType="xs:double">
<Value>45.00</Value>
</Attribute>
<Attribute Name="ry" AttxdSuteDataType="xs:double">
<Value>45.00</Value>
</Attribute>
<Attribute Name="zrz"\AttributeDataType="xs:double">
<Value>45.00</Falue>
</Attribute>
<AAttribute>
<HoleRequiremends RefBaseRoleClassPath="AutomationMLDMIRoleClassLib/../StaticORject"
/>
</IfternalEléenent>
<RolJ]eRequiheménts RefBaseRoleClassPath="AutomationMLDMIRoleClassLib/../StaticObjgct" />
</IntdrnalElement>
</Instarcefilerarchy>

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,,z) 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 40
H)(x, y, z, X, 1y, 12)= [1:]1 dll] e R4, (A1)

Hereby the Rotationmatrix R} expresses the orientation of K, relative to K,. Clause 6
determines the order of rotation by rx, ry and rz. In the context of spatially fixed rotations, it is
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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 Rotation by rz
X, yand z around x, around y, around z,
b

Xo 0
d?(x,v,2) Rot, (rx) Rot ,(19) Rot,(rz)
Figure A.4 — Translation and spatially fixed rotation
Each rojation matrix is characterized as
1 0 0 cos(ry) 0 sin(ry)
Rot, (rx)= [0 cos(rx) —sin(rx)], Roty(rjy)—[ 0 1 0 ] and

0 sin(rx). ( cos(rx) -sin(ry) 0 cos(ry)

cos(rz) -sin(rz) O

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

The displacement yector is described by

f)

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

CIr,CFy  CFySFySTy = SF,Cly

ST,CFy  ST,STySFy + CFyCry

-sty crySry
0 0

HY=

CF,SYyCry T ST,STy

y

SF,SFyCly —

y

X

CF Sty y
crysry  z
0 1

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 gxample, two COLLADA documents are\used to define the complete visual sceEe. The
node hjlerarchy is defined in the COLLADA main document “red_blue cubes.dag”. The
geometry of the cube is defined in a library within the separate COLLADA subdgcument
“cube.d@e”. Each node references the subdocument “cube.dae” and instantiates |a cube
geometfly according to the rules of ‘instantiation and external referencing as spegified in
ISO/PA$ 17506. Figure A.6 depigts 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 1d- cube-geom-positions
<float array id="cube-geom-positions-array" count="144"> 1 1 0 1 0 1 1 001 1 1 1
1111/01011001100000101001001100000100111 408020171
1111011121 001010101100111111110101100110%) 0/01 00
0010011010001 0001100000101001001100000de</floalf array>
<technique common>
<accessor count="48" source="#cube-geom-positions-array" strides"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">
<float array id="cube-geom-normals-array" count="144%> 1 0 0 1 0 0 1 0 0 3 0 0 -1
00 -1 0-100-10000-100-100-100-1004,001001001101001O00T1
00100 -1 00-100-100-120001001001H0/0t00-100=-100=-100]-10-1
00-1¢q0-100-10010010010010¢=-100¢MPIW O0-100-100100100100
1 0 0 <ffloat_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" /3
</accessor>
</technique common>
</source>
<vertices id="cube-geom-vertides">
<input semantic="POSITION| Source="#cube-geom-positions" />
<input semantic="NORMAL'~Sturce="#cube-geom-normals" />
</vertices>
<triangles count="24" maferial="mat">
<input offset="0" semantic="VERTEX" source="#cube-geom-vertices" />
<p>0 1 2 1 0 3 4. %6 7 6 58 9 10 9 8 11 12 13 14 15 14 13 16 17 18 17 16 |9 20 21
22 23 24 21 24 25 26 25 24N27 28 29 30 31 30 29 32 33 34 33 32 35 36 37 38 39 38 37 f0 41 42
41 40 43 44 45 46 47 4p~45</p>
</triangles>
</mesh>
</gdometry>
</libgary geopet¥xies>
</COLLAQA>

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.


https://iecnorm.com/api/?name=140804530a3b26b0482157c157dcfb57

- 22 - IEC 62714-3:2017 © IEC 2017

<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
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>
Technigue sid="COMMON
<phong>
<diffuse>
<color>1 0 0 1</color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</efffect>
<effect id="blue-fx">
<grofile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0 0 1 1 </color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</effect>
</libfary effects>
<librdry materials>
<matlerial id="red" name="Red">
<dnstance effect url="#red-£fx" />
</mgterial>
<matflerial id="blue" name="Blue">
<dnstance effect url="#blue-£fx" />
</mgterial>
</libgary materials>
<librdry visual scenes>
<vigual scene id="visualscene'>
<rlode id="redcube" name="RédCube">
<instance geometry url="./cube.dae#cube-geom">
<bind material>
<technique cemnon>
<instancg~material symbol="mat" target="#red" />
</technigus_tommon>
</bind_magtemtal>
</instancg)deometry>
<Anode>
<rjode ids“subpart'">
<tragmslate>0 0 1</translate>
<n@de /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>
</instance7geometry>
</node>
</node>
</visual scene>
</library_visual_scenes>
<scene>
<instance_visual_scene url="#visualscene" />
</scene>
</COLLADA>

from

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



https://iecnorm.com/api/?name=140804530a3b26b0482157c157dcfb57

IEC 62714-3:2017 © IEC 2017 - 23 -

A1.4 Referencing using URI and fragments without a target and ID

The following example AML document consists of an InstanceHierarchy named
“ExamplelnstanceHierarchy” with one single InternalElement “RedCube”. The latter includes
an CAEX Externalinterface of type “COLLADAInterface” named “FileLinkExplicit”, which is
part of the standard InterfaceClassLibrary “AutomationMLInterfaceClassLib” as depicted in
Figure A.9.

v | [IH] ExamplelnstanceHierarchy
W |£| RedCube {Class: Role: StaticCbject]

v oy Interfaces
o=» FilelinkExplicit {Class: COLLADAlInterface]

Figure A.9 — “RedCube” — Hierarchy of the AML document

Figure A.10 shows the relevant part of the AML document and how tq define attributes for
referenging.

<InstandeHierarchy Name="ExampleInstanceHierarchy">
<InteynalElement Name="RedCube" ID="GUID1">
<ExflernalInterface Name="FileLinkExplicit" RefBaseClassPagh="PATH_CI" ID="GUID2"
<Attribute Name="refURI" AttributeDataType="xs:anyURI"{
<Value>./red_blue_cubes.dae#redcube</Value>
<AAttribute>
<Jttribute Name="refType" AttributeDataType="xsystring">
<Value>explicit</Value>
<AAttribute>
</Efternallnterface>
<RoJeRequirements RefBaseRoleClassPath="PATH(JSO" />
</IntqrnalElement>
</InstarjceHierarchy>

Figure A.10 — XML représentation of the AML document

The Externalinterface “FileLinkExplicit® points to the COLLADA document, which is shown in
Figure A.11. The red cube is referenced unambiguously by the use of the relatjve URI
“.Ired_bJue_cubes.dae#redcubé”.

<visual [scene id="visualscene">
<node |[id="redcube" namé="RedCube'">
<indtance geometrysup¥="./cube.dae#cube-geom">
<gind materialyx
<technique sgmmon>
<instanég.material symbol="mat" target="#red" />
</technfdqye common>
<Abind mayetrial>
</irfjstanpee\geometry>
</nodg>
<node |i\d¥¥subpart"> [...] </node>
</visua

Figure A.11 — Referencing the red cube by ID

A.1.5 Referencing using URI and fragments including a target without an ID

The AML document consists of an InstanceHierarchy named “ExamplelnstanceHierarchy” with
a single InternalElement “BlueCube”. The latter one includes an Externallnterface
“COLLADAInterface” named “FileLinkExplicit”, which is part of the standard
InterfaceClassLibrary “AutomationMLInterfaceClassLib” as depicted in Figure A.12.
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w E ExamplelnstanceHierarchy
. |£| BlusCube {Class: Role: StaticObject}

v | o= Interfaces
o= FileLinkExplicit {Class: COLLADAInterface)

Figure A.12 — “BlueCube” - Hierarchy of the AML document

Figure A.13 shows the relevant part of the AML document and how to define attributes for
referencing.

<Instand€Hlcrarchny Namc- EXamplelnstanceHierarcny
<IntepnalElement Name="BlueCube" ID="GUID1">
<ExflernalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2"
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae#subpart</Value>
<AAttribute>
<Jttribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
<AAttribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./bluecube</Value>
<AAttribute>
</Efternallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</IntdrnalElement>
</InstarceHierarchy>

Figure A.13 — XML representation ofjthe AML document

The Externalinterface “FileLinkExplicit” points to the’COLLADA document, which is shown in
Figure | A.14. First the SID’s entry point is specified by the relatiye URI
“.Ired_bJue_cubes.dae#subpart’. The target ‘element defined in the COLLADA document
named |‘bluecube” is then resolved by browsing from the referenced element “subpart”
according to the rules of a SID.

<visual [scene id="visualscene">
<node |id="redcube" name="RedCube™>~[...] </node>
<node |[id="subpart">
<trdnslate>0 0 1</translaté>
<node name="bluecube" sid="bluecube"> [...] </node>
</nodg>
</visual scene>

Figure A.14 — Referencing the blue cube

A.1.6 Referencing using URI without a fragment, including a target and an ID

The AML dactument consists of an InstanceHierarchy named “ExamplelnstanceHierarchy” with
a singlle<dnternalElement “BlueCube”. The latter one includes an Externallpterface

“COLLABDAlterface’ —named —FilelinkExplicit—which—is—part —of —the—dtandard

InterfaceClassLibrary “AutomationMLInterfaceClassLib” as depicted in Figure A.15.

w E ExamplelnstanceHierarchy
. |£| BlusCube {Class: Role: StaticObject}

w | o= Interfaces
o= FileLinkExplicit {Class: COLLADAInterface)

Figure A.15 — Hierarchy of the AML document

Figure A.16 shows the relevant part of the AML document and how to define attributes for
referencing.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="BlueCube" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae</Value>
</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>subpart/bluecube</Value>
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
</InstanceHierarchy>

The Externalinterface “FileLinkExplicit” points to the COLLADA document, which.is shown in
Figure | A.17. First the SID’s entry point is specified by they. .relative URI
“Ired_bJue_cubes.dae”. The target element defined in the COLLADA rdocument| named
“bluecube” is then resolved by browsing from the entry point of the SID f“subpart/blueciibe”.

<visual [scene id="visualscene">
<node |id="redcube" name="RedCube"> [...] </node>
<node |[id="subpart">
<trdnslate>0 0 1</translate>
<node name="bluecube" sid="bluecube"> [...] </node>
</nodg>
</visual scene>

Fjgure A.17 — Referencing the blue cube starting from the element “subpar

A1.7 Referencing using URI and fragments.including a target and an ID

The AML document consists of an InstanceHierarchy named “ExamplelnstanceHierarchy” with
a single InternalElement “BlueCube”.. i/The latter one includes an Externallpterface
“COLLADAInterface” named “FileLinkExplicit”, which is part of the dtandard
InterfaceClassLibrary “AutomationMLinterfaceClassLib” as depicted in Figure A.18.

~ | [1H] ExampleinstanceHierarchy
v |_LE_| BluzCube {Class: Role: 5taticObject]

Tw | o> Interfaces
o= FileLinkExplicit {Class: COLLADAInterface)

Figure A.18 — Hierarchy of the AML document

Figure AX9”shows the relevant part of the AML document and how to define attributes for
referencing.

<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="BlueCube" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.daef#redcube</Value>
</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>subpart/bluecube</Value>
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
</InstanceHierarchy>

Figure A.19 — XML representation of the AML document
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The Externalinterface “FileLinkExplicit” points to the COLLADA document, which is shown in
Figure A.20. In this example, the blue cube is addressed as already shown in A.1.6. Initially
the SID’s entry point is specified by the relative URI “./red_blue_cubes.dae#redcube”. At this
point it is demonstrated that the fragment of the specified URI is actually not necessary for
referencing the blue cube. In this case, the blue cube is resolved by evaluating the SID
beginning with an ID. As the ID of any SID must be unique across the entire document, the
proposed referencing is unambiguous as well.

<visual scene id="visualscene">
<node id="redcube" name="RedCube"> [...] </node>
<node id="subpart">
<translate>0 0 1</translate>
<node name="bluecube" sid="bluecube"> [...] </node>
</node>
</visual—

Figure A.20 — Referencing the blue cube

A.1.8 Referencing using URI without a fragment, target and ID

The AML document consists of an InstanceHierarchy named “ExamplelnstanceHierarchy” with
a single InternalElement “RedAndBlueCube”. The latter one includés,'an Externallpterface
“COLLADAInterface” named “FileLinkExplicit”, which is _part of the dtandard
InterfaceClassLibrary “AutomationMLInterfaceClassLib” as depicted-in Figure A.21.

~ | [IH] ExamplelnstanceHierarchy
. |£| Red&ndBlusCube {Class: Rolé:StaticObject}
v | o> Interfaces
o= FilelinkExpligit'{ Class: COLLADAInterface)

Figure A.21 — Hierarchy of the AML document

Figure A.22 shows the relevant part<of the AML document and how to define attributes for
referenging.

<InstandeHierarchy Name="ExampleInstanceHierarchy">
<IntexpnalElement Name="RedAndBlueCube" ID="GUID1">
<ExflernalInterface Namex“FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2"
<Attribute Name="r@fURI" AttributeDataType="xs:anyURI">
<Value>./red bfug-cubes.dae</Value>
<AAttribute>
<Attribute Name™>'refType" AttributeDataType="xs:string">
<Value>explitit</Value>
<AAttribufe%
</EfternalNt€rface>
<RoleReguixements RefBaseRoleClassPath="PATH_SO" />
</IntqrpédEdement>
</Instarcdefierarchy>

Figure A.22 — XML representation of the AML document

The Externalinterface “FileLinkExplicit” points to the COLLADA document, which is shown in
Figure A.23. In this sample, the complete COLLADA element “scene” is addressed. Both the
red and the blue cube are referenced unambiguously by the use of the relative URI
“.Ired_blue_cubes.dae” without any additional fragment or target.


https://iecnorm.com/api/?name=140804530a3b26b0482157c157dcfb57

IEC 627

14-3:2017 © IEC 2017 - 27 -

[ooo]

<COLLADA>

<library visual scenes>
<visual_ scene id="visualscene">
<node id="redcube" name="RedCube">

<instance geometry url="./cube.dae#cube-geom">
<bind material>
<technique common>
<instancg_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>
</Anode>
</visual scene>
</library7§isualiscenes>
<scend>
<indtance visual scene url="#visualscene" />

</scerfe>

</COLLATA>
Figure A.23 — Referencing the complete’COLLADA scene

A.2 Implicit referencing of COLLADA elements
A.21 General
Clause |A.2 describes the implicit referencing method for geometric and kinematic [models,
which afe located in external COLLADA-documents. Implicit referencing is used to refer from
a CAEX object to a COLLADA object and to provide additional information about the
COLLADA object at CAEX level, elg. a frame for providing attachment capabilities| In this
case the COLLADA object is alteady known from a different context, e. g. from an| explicit
referenge (see Clause A.1). Subclause A.2.2 describes the implicit referencing to @ single
COLLADA document, whereas A.2.3 describes the implicit referencing to nested COQLLADA
documepts. Subclause A:2:4 describes how to publish elements respectively frames of a
COLLADA document.
A.2.2 Implicit{referencing
The follpwing“sample uses the visual scene taken from Subclause A.1.3 (COLLADA dgocument
“red_blJecubes.dae”). The AML document consists of an InstanceHierarchy| named
“ExamplelastanceHierarchy” with three InternalElements as depicted in Figure A.P4. The

InternalElement “RedAndBlueCubeExplicit” includes an Externallnterface “COLLADAInterface”
named “FileLinkExplicit” Both InternalElements “BlueCubelmplicit” and “RedCubelmplicit”
include an Externallnterface “COLLADAInterface” named “FileLinkimplicit”, which are part of

the stan

dard InterfaceClassLibrary “AutomationMLInterfaceClassLib”.
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w E ExamplelnstanceHierarchy
w |£| Reda&ndBlusCubeExplicit {Class: Role: StaticObject}
v | | IE| BlueCubelmplicit {Class: Role: StaticObject]
v o=y Interfaces
o=y Filelinklmplicit {Class: COLLADAlnterface]
+ | [IE] RedCubelmplicit {Class: Role: StaticObject}
v oy Interfaces
o=y Filelinklmplicit {Class: COLLADAlnterface]

1 e
W g e e

o=s FilelinkExplicit {Class: COLLADAlInterface]

Figure A.24 — Implicit Referencing: Hierarchy of the AML document

The Externallnterface “FileLinkExplicit” of the InternalElement “RedAndBlueCubeExplicit”
points tp the COLLADA document and addresses the complete /COLLADA scene egxplicitly
(see subclause A.1.8). Both the red and the blue cube are refereneed unambiguously by the
use of the relative URI “./red_blue_cubes.dae” without any additional fragment or target.

The IntTrnaIEIements “RedCubelmplicit” and “BlueCubetmplicit” reference the red and blue
cube implicitly. Figure A.25 shows the relevant part of_thé AML document and how tp define
attributgs for implicit referencing.

<InstandeHierarchy Name="ExampleInstanceHierarchg' >
<IntegnalElement Name="RedAndBlueCubeExplicit™ ID="GUID1">
<ExflernalInterface Name="FileLinkExplicit"“RefBaseClassPath="PATH CI" ID="GUID2"
<Attribute Name="refURI" AttributeDatal%pe="xs:anyURI">
<Value>./red blue cubes.dae</ValyeZ
<AAttribute>
<Jttribute Name="refType" AttrilkUteDataType="xs:string">
<Value>explicit</Value>
<JAAttribute>
</Efternallnterface>
<InflernalElement Name="BlueCubeImplicit" ID="GUID5">
<HxternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID4">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicig</AValue>
</Attribute>
<Attribute Name='refURI" AttributeDataType="xs:anyURI">
<Value>. /xdW®,*blue_cubes.dae#bluecube</Value>
</Attribugd>
<AExternalMWNterface>
<HoleRegtudrements RefBaseRoleClassPath="PATH_SO" />
</IrfternaNtTement>
<InffermalBlement Name="RedCubeImplicit" ID="GUID3">
<Hxf€pnalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH CI" ID="GUID4">

firribnte Name="refType! ttribnteDataType="xg-string"
<Value>implicit</Value>
</Attribute>

<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae#redcube</Value>
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
</InstanceHierarchy>

Figure A.25 — XML representation of the AML document

In the case of visualization, it is not necessary to render both the red and blue cube once
more because both were visualised already via the explicit reference of the
“RedAndBlueCubeExplicit” element. In this case the explicitly referenced scene
(“RedAndBlueCubeExplicit”) is visualised.
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A.2.3 Implicit referencing to COLLADA subdocuments

According to external referencing as specified in ISO/PAS 17506 or COLLADA 1.4.1 the
geometric description of a scene may be divided into separate COLLADA documents. In such
a case a main COLLADA document references elements which are stored in referenced
COLLADA subdocuments. Subclause A.2.3 describes the implicit referencing to COLLADA
elements, which are located in COLLADA subdocuments and referenced from a main
COLLADA document. Figure A.26 depicts the structure and relations used in this example.

Main Document Subdocument Subdocument
KCOLLADA> <COLLADA> > <COLLADA>
red| blue_cubes.dae red_cube.dae > cubeldae
/4 | /4

node / instance_geometry

node / instance_node

<COLLADA>

blue_cube.dae
node / instance node

node / instafice_geometry

Figure A.26 — Structure and relations of referenced COLLADA subdocuments

The following sample uses the visual”scene taken from Subclause A.1.3 with a modified
structure of COLLADA documents.“The main COLLADA document (“red_blue_cubgs.dae”)
consistg of two nodes, which each instantiate a node provided in a COLLADA subdacument
(“red_cybe.dae” and “blue _cube.dae”). The latter COLLADA subdocuments consist of a
library, which defines a single node and a material. Each node of both documents ingtantiate
a cube|geometry, which )is defined in a COLLADA subdocument (“cube.dae”). While the
definition of the geometry remains the same as used in A.1.3, the main COLLADA daocument
(“red_blue_cubes.dae*) is modified and two additional COLLADA subdocumepts are
introduged (“red_eube.dae” and “blue_cube.dae”) in this example. Figure A.27 depicts the
content [of the modified main COLLADA document (“red_blue_cubes.dae”).
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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 nodes 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 visual scenes>
<visual scene id="visualscene">
<node id="redcube" name="RedCubeInstance">
Tnstance node sid-"redcuberer. Url-"./red_cube.daeffiredcube
<Anode>
<rjode id="bluecube" name="blueCubeInstance">
<translate>0 0 1</translate>
<instance_node sid="bluecuberef" url="./blue_cube.dae#bluecube" />
<Anode>
</visual scene>
</libgary_visual_ scenes>
<sceng>
<indtance_visual_ scene url="#visualscene" />
</scerfe>
</COLLAJA>

Figure A.27 — Content of the modified COLLADA document red_blue_cubes.dae

The vidual scene consists of two node elements (redc¢ube and bluecube) whigh each
instantiate a node in a subdocument (“red_cube.dae’~and “blue_cube.dae”). The content of
both CQLLADA subdocuments are shown in Figure A:28 and Figure A.29.

<COLLADAJ version="1.5.0">
<assef>
<corftributor>
<guthor>WriterVendor</author>
<gquthor_ website>http://www.WriterVen@er.com</author website>
<gquthoring tool>"WriterName" "Writdhersion" "WriterRelease"</authoring tool>
<domments>This document defines~ a node which instantiates a cube geometry| from a
COLLADA |[subdocument and applies a redwaterial</comments>
</cdntributor>
<crdated>2014-04-14T11:37:18:08/75000</created>
<modified>2014-04-14T11:37¢18\"1875000</modified>
<unjt meter="1.0" name="meter" />
<up |axis>Z UP</up axis>
</assqt>
<librdry effects>
<efflect id="red-£x!">
<grofile_COMMONZ
<technique. sid="COMMON" >
<phongX
<diffuse>
<B8olor>1l 0 0 1</color>
<Adiffuse>
</ phong>
<Ap€échnique>
</profile COMMON>
</effect>
</library_effects>
<library materials>
<material id="red" name="Red">
<instance_effect url="#red-£fx" />
</material>
</library materials>
<library_nodes>
<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>
</library_nodes>
</COLLADA>

Figure A.28 — Content of the COLLADA document red_cube.dae
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The COLLADA document “red_cube.dae” defines a node named “RedCube” within a library
which may be referenced and instantiated. Additionally, a red material is defined to attach to
the instantiated geometry in the COLLADA subdocument “cube.dae”. In a similar manner, the
node and geometry of the blue cube named “BlueCube” is defined in the COLLADA
subdocument “blue_cube.dae” as depicted in Figure A.29.

<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 a node which instantiates a cube geometry from a
COLLADA subdocument and applies a blue material</comments>
</contributor>
<crdatea>ZUIZ-UZ-IaTII: TI8. I8 /o000/Creaced
<modified>2014-04-14T11:37:18.1875000</modified>
<unit meter="1.0" name="meter" />
<up |axis>Z UP</up_axis>
</assqt>
<librdry effects>
<efflect id="blue-£fx">
<drofile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0 0 1 1 </color>
</diffuse>
</phong>
</technique>
</profile COMMON>
</effect>
</libgary effects>
<librdry materials>
<matlerial id="blue" name="Blue">
<dnstance effect url="#blue-£fx" />
</mdterial>
</libgary materials>
<librgry nodes>
<node id="bluecube" name="BlueCube'">
<dnstance geometry url="./cube.daef#cube-geom">
<bind_material>
<technique common>
<instance material symbol®"mat" target="#blue" />
</technique common>
</bind material>
<Jinstance_geometry>
</ndde>
</libgary nodes>
</COLLAJA>

Figure A.29 — Content of the COLLADA document blue_cube.dae

To referfence the-blue or red cube in the COLLADA subdocuments from an AML document the
full path starting-from the root COLLADA document shall be specified. The following ¢xample
shows a@n extract of an AML document to demonstrate the implicit referencing to elements
located jinreferenced COLLADA subdocuments.

The AML document consists of an InstanceHierarchy named “ExamplelnstanceHierarchy” with
three InternalElements as depicted in Figure A.30. All InternalElements include an
Externallnterface of type “COLLADAInterface”, which is part of the standard
InterfaceClassLibrary “AutomationMLInterfaceClassLib”.
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w |E| ExamplelnstanceHierarchy
w |£| Reda&ndBlusCubeExplicit {Class: Role: StaticObject}
v | | IE| BlueCubelmplicit {Class: Role: StaticObject]
v o=y Interfaces
o=y Filelinklmplicit {Class: COLLADAlnterface]
+ | [IE] RedCubelmplicit {Class: Role: StaticObject}
v oy Interfaces
o=y Filelinklmplicit {Class: COLLADAlnterface]

1 e
W g e e

o=s FilelinkExplicit {Class: COLLADAlInterface]

Figure A.30 — Implicit Referencing: Hierarchy of the AML documeént

The Externallinterface “FileLinkExplicit” of the InternalElement “RedAndBlueCubeExplicit”
points tp the COLLADA document and addresses the complete COLLADA scene gxplicitly
(see A.1.8). Both the red and the blue cube are referenced unambigUously by the usge of the
relative| URI “./red_blue_cubes.dae” without any additional, \fragment or targg¢t. The
InternalElements “RedCubelmplicit” and “BlueCubelmplicit” reference the red and blue cube
implicitly, which both are located in a COLLADA subdocdment. Figure A.31 shows the
relevan{ part of the AML document for implicit referencing.

<InstandeHierarchy Name="ExampleInstanceHierarchy">
<IntegnalElement Name="RedAndBlueCubeExplicit" ID="GUID1">
<ExflernalInterface Name="FileLinkExplicit" RefiBaseClassPath="PATH CI" ID="GUID2"
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red_blue_cubes.dae</Value>
<JAttribute>
<Jttribute Name="refType" AttributeDatalype="xs:string">
<Value>explicit</Value>
<JAttribute>
</Efternallnterface>
<InflernalElement Name="RedCubeImplicit" ID="GUID3">

<HxternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID4">
<Attribute Name="refType' (AftributeDataType="xs:string">
<Value>implicit</Valge>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red_cuBe\dae</Value>
</Attribute>
<Attribute Namg={"target" AttributeDataType="xs:token">
<Value>redeub¥/redcuberef</Value>
</Attribute®
<AExternallIfferface>
<HoleRequfiré&ments RefBaseRoleClassPath="PATH_SO" />
</IfternadEiément>
<InflerndlE}ement Name="BlueCubeImplicit" ID="GUID5">
<HxermélInterface Name="FileLinkImplicit" RefBaseClassPath="PATH CI" ID="GUID4">

<Abt¥ribute Name="refType" AttributeDataType="xs:string">
alue>implicit alue
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./blue_cube.dae</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>bluecube/bluecuberef</Value>
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
</InstanceHierarchy>

Figure A.31 — XML representation of the AML document
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A.2.4 Publishing elements of a COLLADA document in CAEX

Subclause A.2.4 shows a use case where both (explicit and implicit) referencing methods are
relevant. This Subclause describes how to publish frames of COLLADA documents and its
referencing within an AML document.

Geometric and kinematic COLLADA elements can be published at CAEX level to make them
available for usage. This makes it possible to reference them and assign further information.
In this example the COLLADA document and its visual scene taken from A.1.3 (COLLADA
document “red_blue_cubes.dae”) with an additional COLLADA element is used. The
additional node named “bluecubeframe” is attached to the blue cube and represents a frame.

Figure A.0Z SNIOWS The modiried VisUal scene With the corresponding CULLADA sCene graph.

bluecubeframe

Figure A.32 — Modified COLLADA scene with additional node

The relevant part of the GOLLADA document, in particular the additional frame node, is
shown ip Figure A.33.

<visual [scene id="visualsscene">
<node |id="redcube! \ndme="RedCube">
<indtance geofigt¥y url="./cube.dae#cube-geom">
<Jind matgrial>
<techpMNw€ common>
<instancg_material symbol="mat" target="#red" />
</ggoednique common>
<AbiR material>
</ irteemer —& Fre-Ee
</node>
<node id="subpart">
<translate>0 0 1</translate>
<node name="bluecube" sid="bluecube">
<node sid="bluecubeframe">
<translate>0.5 0.5 1.0</translate>
</node>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
<instancg_material symbol="mat" target="#blue" />
</technique_common>
</bind material>
</instance geometry>
</node>
</node>
</visual scene>

Figure A.33 — Additional frame element in COLLADA document
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In this example, the AML document consists of an InstanceHierarchy named
“ExamplelnstanceHierarchy” with an InternalElement “RedAndBlueCubeExplicit”, which
includes an Externalinterface “COLLADAInterface” named “FileLinkExplicit”.  This
Externallnterface is used to reference the complete scene explicitly as depicted in
Figure A.34.

w E ExamplelnstanceHierarchy
W |£| RedandBlueCubeExplicit {Class: Role: StaticObject}
v | | IE| BlueCubelmplicit {Class: Role: StaticObject)
W |£| PublishedFrame {Class: Role: Frame}

v T oy (merfaces
o= Filelinklmplicit {Class: COLLADAInterface]
v oy Interfaces
o= Filelinklmplicit {Class: COLLADAInterfacs]
« | [|E]| RedCubelmplicit {Class: Role: StaticObject]
v oy Interfaces
o< Filelinklmplicit {Class: COLLAD®Interface]
v | o> Interfaces
o=y FileLinkExplicit {Class: COLLADAInterface]

Figure A.34 — Publishing frames: Hierarchy of the AML document

The ternalElement “RedAndBlueCubeExplicit” has two InternalElements | named
“BlueCubelmplicit” and “RedCubelmplicit’(Zy The InternalElement “BlueCubelmplicit’(has an
InternalElement “PublishedFrame” with~assigned RoleClass “Frame”. The ExternalElement
“FileLinklmplicit” of the InternalElement “PublishedFrame” references the COLLADA node
“bluecubeframe” in the COLLADA decument node implicitly.

Figure A.35 shows the relevant part of the AML document and how to define attributes for
implicit referencing.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="RedAndBlueCubeExplicit" ID="GUID1">
<Externallnterface Name="FileLinkExplicit" RefBaseClassPath="PATH CI" ID="GUID2">
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae</Value>
</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
</Externallnterface>
<InternalElement Name="BlueCubeImplicit" ID="GUID3">
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH CI" ID="GUID4">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae#subpart</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./bluecube</Value>
</Attribute>
<AExternalInterface>
<J]nternalElement Name="PublishedFrame" ID="GUID5">
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH\CI" ID="GUID6">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI}>
<Value>./red_blue_cubes.dae#subpart</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./bluecube/bluecubeframe</Value>
</Attribute>
<Attribute Name="AdditionalInformationl" AtfyibuteDataType="xs:token">
<Value>AdditionalAttributeValue</Value>
</Attribute>
<Attribute Name="AdditionalInformation2"“AttributeDataType="xs:token">
<Value>AdditionalAttributeValue</Valdé>
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassBath="PATH FRAME" />
<AInternalElement>
<HoleRequirements RefBaseRoleClassPath="PATH_SO" />
</IrternalElement>
<InflernalElement Name="RedCubeImplicit" ID="GUID7">
<HxternalInterface Name="EileliinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID§'
<Attribute Name="refType™\MttributeDataType="xs:string">
<Value>implicit</Valte>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red_bflug® cubes.dae#redcube</Value>
</Attribute>
<AExternallIntegfaee>
<HoleRequirenfexdfs RefBaseRoleClassPath="PATH_SO" />
</IfternalElefént>
<RoleRequirémihts RefBaseRoleClassPath="PATH_SO" />
</IntdrnalElew&nt>
</InstarjceH¥erarchy>

>

Figure A.35 — XML representation of the AML document

NOTE A published CAEX object with assigned RoleClass “Frame” does not have to point to a COLLADA geometry
object (it may point to a COLLADA object without geometry). In former case the transformation information is taken
from the COLLADA object and applied to the published CAEX object with assigned RoleClass “Frame”, even if the
CAEX frame object provides a CAEX frame attribute. If the COLLADA object does not provide any transformation,
the one from the frame attribute of the CAEX object with assigned RoleClass “Frame” is used.

A.3 Attachment between objects in CAEX

Clause A.3 describes how to attach a geometric AML object to another geometric AML object
(both of type InternalElement). Both AML objects have a reference to any COLLADA geometry
objects by using explicit references. Furthermore both AML objects have a child
InternalElement Frame with assigned RoleClass “Frame”. Each InternalElement Frame has an
implicit Externalinterface derived from the InterfaceClass “COLLADAInterface” which
references a node defined in the COLLADA document. Additionally each InternalElement
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Frame has Externallnterface derived from the InterfaceClass “Attachmentinterface”, which
may be connected or linked. The structure is shown in Figure A.36.

<CAEX>
L IE <COL'I;‘ADA>
explicit
<node A>
IE Frame
implicit
_‘ H »— — -—I — — — —
_O.(>_.|
|
L IE Attachment via <COLLADA>
Internal Link o B
’|\ explicit
‘ I <nede B>
|E |Frame : A
J
— fimelidt X

InternalEement O-O InterfaceClass

Figure A.36 — Structure for attachments between objects in CAEX

In this ¢xample, the COLLADA document and its visual scene taken from Subclauge A.2.3
with an|additional node is used. The additional node, which is attached to the blue cube,
represepts the published frame. An additional yellow cube is defined in a separate COLLADA
document (“yellow_cube.dae”) with an“additional node, which is published. The co:Fection

between both additional nodes (attachment frames) is established within the AML document.
Figure A.37 shows the visualization of the yellow cube (“YellowCube”) and its additional

frame.

Frame

Figure A.37 — Visualization of yellow cube with additional frame

The complete COLLADA document of the yellow cube (“yellow_cube.dae”) is shown in
Figure A.38. It uses the geometry definition from the external COLLADA document “cube.dae”

taken from Subclause A.1.3.
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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 a node which instantiates a cube geometry from a
COLLADA subdocument and applies a yellow material. An additional node is

provided.</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="yellow-£fx">
<fTorile COMMON
<technique sid="COMMON">
<phong>
<diffuse>
<color>1 1 0 0.5 </color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</eflfect>
</libfary effects>
<librdry materials>
<matlerial id="yellow" name="Yellow">
<dnstance effect url="#yellow-£fx" />
</mgterial>
</libgary materials>
<librdry visual scenes>
<vidual scene id="visualscene">
<rlode id="yellowcube" name="YellowCube">
<translate>0 0 2</translate>
<node sid="yellowcubeframe">
<translate>0.5 0.5 O</translate>
</node>
<instance geometry url="./cube.dae#cube-geom">
<bind material>
<technique common>
<instance material symbol=Umat" target="#yellow" />
</technique common>
</bind_material>
</instance geometry>
</node>
</visual scene>
</libgary visual scenes>
<sceng>
<ingtance visual scemaN\irl="#visualscene" />
</scerfe>
</COLLAT}A>

Figure A:38'—- COLLADA document of yellow cube with additional frame

The AML doeument consists of an InstanceHierarchy named “ExamplelnstanceHierarchy” with
two IntgrnalEtements (“RedAndBlueCubeExplicit” and “YellowCubeExplicit”). In this example,
the yellow~Cube (“YellowCube”) from the separate COLLADA document is attached to the blue
one (“BlueCube”). Both InternalElements include an Externalinterface “COLLADAInterface”
named “FileLinkExplicit”, which is part of the standard InterfaceClassLibrary
“‘AutomationMLInterfaceClassLib”.

Each Externallnterface named “FileLinkExplicit® of both InternalElements points to the
separate COLLADA documents and addresses the complete COLLADA scene explicitly (see
also A.1.8). In addition both InternalElements have a child InternalElement
(“PublishedFrame”) with applied RoleClass “Frame”, which is part of the standard
RoleClassLibrary as well. Each InternalElement “PublishedFrame” has two Externallnterfaces:
an Externallnterface derived from the InterfaceClass “COLLADAInterface” to reference a
COLLADA node implicitly (“FileLinklmplicit’) and an Externallnterface derived from the
InterfaceClass “Attachmentinterface” to define an attachment (“Attachment”). The structure is
depicted in Figure A.39.
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w |E| ExamplelnstanceHierarchy
. |£| Workcell {Class: Role: Cell}
w |£| RedandBlusCubeExplicit {Class: Role: StaticObject}
w |£| PublishedFrame {Class: Role: Frame}
v | o=y Interfaces
o=y Attachment {Class: Attachmentinterface}
o= FileLinklmplicit {Class: COLLADAInterfacs]

w | o= Interfaces

il I 4 L Lo L~
w PIRCLITR LA RTITL 1;'355 Eettﬁaﬁ tf HCE}

v | |IE| YellowCubeExplicit {Class: Role: StaticObject}
v ||E| PublishedFrame {Class: Role: Frame}
v | o=y Interfaces
o=y Attachment {Class: AttachmentlpteFace}
o=y Filelinklmplicit {Class: COLLADAInterface]
v o=y Interfaces
o=y FilelinkExplicit {Class: COMADAInterface]

Figure A.39 — Hierarchy of the AML document

\.40 shows the relevant part of the AML document and how to publish fra
g objects, which are defined in AML.

mes for
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="Workcell" ID="GUIDO">
<InternalElement Name="RedAndBlueCubeExplicit" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red_blue_ cubes.dae</Value>
</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
</ExternalInterface>
<InternalElement Name="PublishedFrame" ID="GUID3">
<ExternallInterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID4" />
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID5">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>

</Attribute>
TTribute Name- " EeIURI TrtributebDatalype- "Xs:anyURI
<Value>./red_blue_cubes.dae#subpart</Value>
</Attribute>

<Attribute Name="target" AttributeDataType="xs:token">
<Value>./bluecube/bluecubeframe</Value>
</Attribute>
</ExternalInterface>
<RoleRequirements RefBaseRoleClassPath="PATH FRAME" />
<AInternalElement>
<HoleRequirements RefBaseRoleClassPath="PATH_SO" />
</IrternalElement>
<InflernalElement Name="YellowCubeExplicit" ID="GUID6">
<HxternalInterface Name="FileLinkExplicit" RefBaseClassPat#iz"PATH _CI" ID="GUIDY]">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:afyURI">
<Value>./yellow_cube.dae</Value>
</Attribute>
</ExternallInterface>
<JnternalElement Name="PublishedFrame" ID="GUID8">
<ExternallInterface Name="Attachment" RefBgseClassPath="PATH_AI" ID="GUID9" /
<ExternalInterface Name="FileLinkImpli€it" RefBaseClassPath="PATH_CI" ID="GUID10">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./yellow cube.dae#yellowcube</Value>
</Attribute>
<Attribute Name="target'~AttributeDataType="xs:token">
<Value>./yellowcubefxalte</Value>
</Attribute>
</Externallnterface>
<RoleRequirements R&fBaseRoleClassPath="PATH FRAME" />
</InternalElement>
<HoleRequirementg~RefBaseRoleClassPath="PATH_SO" />
</IrternalElement>
<Infernallink Nama="AttachmentBlueMovesYellow" RefPartnerSideA="GUID3:Attachment'l RefPar
tnerSidgqB="GUID7:Attachment" />
<RolleRequirements RefBaseRoleClassPath="PATH5/Cell" />
</IntdrnalElépent>
</InstarjceHierafchy>

Figure A.40 — XML representation of the AML document

As a result the yellow cube is attached to the blue one as depicted in Figure A.41. In opposite
to mounting the attaching does not include any additional transformation of the attached
object. The connection is unidirectional. If the blue cube is translated or rotated, the
transformation of the blue cube affects the yellow cube as well.
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Attachment
(InternallLink)

bluecubeframe

-—— ~

yellowcubeframe

Y

Figure A.41 — Attachment between geometric AML objects

Finally, |the connection is established by the use of -an/InternalLink, which conne¢ts both
published frames. Figure A.42 shows the relevant part of the AML document and|how to
define gn InternalLink. The link is stored at the CAEX InternalElement “Workcell“, whigh is the
lowest Jommon parent of the connected CAEX objects. This is according to IEC 62714-1.

<InstandeHierarchy Name="ExampleInstanceHierarchy">

<IntejnalElement Name="Workcell" ID="GUIDO!">
[..4]

<InflernallLink Name="AttachmentBlueRédMovesYellowCube"
RgfPartnerSideA="GUID3:Attachment)
RqfPartnerSideB="GUID8:Attachment" />
</IntqrnalElement>

</InstarjceHierarchy>

Figure A.42 — XML representation of the AML document
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Annex B
(informative)

Modelling of kinematic systems and their combination in AML

B.1 General

The following clauses describe the modelling of kinematic systems and the combination in
AML. In the clauses a scene will be composed stepwise containing a linear unit (Clause B.2)
and a robot (Clause B.3) fixed to the linear unit (Clause B.4). In addition a gripper will be

defined
gripper

NOTE 1

NOTE 2

“AutomatipnMLMIRoleClassLib/ManufacturingEquipment/Robot” class is substituted with//PATH_ROB”.

NOTE 3

“AutomatipnMLMIRoleClassLib/ManufacturingEquipment/Carrier” class is substituted with “PATH_CAR”.

B.2

B.2.1

Clause

the subsequent Subclauses B.2.3 — B.2.7 the scene is complemented stepwise with Ki

elemenfs. Finally, the AML document will be defined and combined with the kinematic
in B.2.8
Base Link
Figure B.1 — Visualization of the linear unit
B.2.2 Definition of the visual scene

and mounted to the robot (Clause B.5). Finally a workpiece will be attache

to the

Clause B.6).

For better readability all substitutions for RefBaseRoleClassPath attributes from A.1 apply.

For better readability any RefBaseRoleClassPath attribute which points

For better readability any RefBaseRoleClassPath attribute which points

Modelling an AML document of a linear unit in CAEX and COLLADA

General

B.2 describes the modelling of a linear unit. In*B.2.2 the visual scene is desc

to the

to the

ibed. In
nematic
system

The visual scene of the linear unit in this example consists of two geometric elements, one on
the top of the other as depicted in Figure B.1. To keep the COLLADA content to a minimum,
the geometries of the linear unit are represented by simple rectangular cuboids, which are
defined within the COLLADA document “cube.dae” as introduced in Figure A.7. Each cube
has a different scaling and provides a custom material. The lower cube represents the base
link of the linear unit while the upper cube represents the slider.

Figure B.2 depicts the content of the COLLADA document “linear_unit.dae” which defines the

geome

tric representation of the unit.
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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 and kinematic of a linear unit</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="base-fx">
<profile_COMMON>
<technique sid="COMMON">
phong
<diffuse>
<color>1 0.9 0.8 1</color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</effect>
<effect id="1link-£fx">
<drofile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>1 0.6 0.6 1</color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</efffect>
</libgary effects>
<librgdry materials>
<mafferial id="base-mat" name="BaseMat">
<instance effect url="#base-£fx" />
</mgterial>
<mafferial id="link-mat" name="LinkMat" >
<{nstance_effect url="#link-£fx" />
</mgterial>
</libgary materials>
<librdry_visual_ scenes>
<vidual scene id="visualscene'>
<rjode id="linearunit" names"LinearUnit">
<node id="geombase" name#"GeomBase'>
<scale>3.0 1.0 0.1<%/scale>
<instance geometry\url="./cube.daef#cube-geom">
<bind materiah
<technigge\oOmmon>
<instahce material symbol="mat" target="#base-mat" />
</technkdue common>
</bind)material>
</insFanee geometry>
<node\id="geomlinkl" name="GeomLinkl">
<translate>0 0 1</translate>
<gcale>0.33 1 0.8</scale>
<rotate sid="transform">0 0 0 0</rotate>
instance ceometry url=" /cuhe Aznﬂnnhn—ganm"
<bind material>
<technique_common>
<instance material symbol="mat" target="#link-mat" />
</technique_common>
</bind material>
</instance geometry>
</node>
</node>
</node>
</visual scene>
</library visual scenes>
<l-—— St 1: Definition of joint el

Rl== Gt 238 nition of i

Ll== St 3: Definition of element -->
<!-- Step 4: Definition of
<scene>

<instance_visual_scene url="#visualscene" />

<!-- Step 5: Instantiation of kinematic
</scene>
</COLLADA>

Figure B.2 — Definition of the visual scene
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Each cuboid is assigned to a node (geombase and geomlink1). In the subclauses B.2.3 —
B.2.7, the required kinematic elements will be defined and applied to this scene to complete
the kinematic system.

B.2.3 Definition of the joint

In this case the kinematic system has a single prismatic joint named “Joint1”, which is defined
in a library and which will be instantiated in a subsequent step. Prismatic joints are defined by
the element “prismatic”. Additionally, the direction of the joint’'s axis and the optional minimum
and maximum limit values are specified according to the rules as specified in ISO/PAS 17506
or COLLADA 1.4.1. The extract of the COLLADA document is shown in Figure B.3.

NOTE Ppysicatumits—aredefimabte—accordimgtotSOPAS 7506 or COttADA At By defauttdegrees (angles)
and metefs (distances) are useable. The latter is redefineable within the “unit” element.

<library joints>
<joinf id="jointl" name="Jointl">
<prismatic sid="axisO0">
<dxis>0 0 1</axis>
<Jimits>
<min>0</min>
<max>3</max>
<Alimits>
</pfismatic>
</joirt>
</librajy joints>

Figure B.3 — Definition of the joint

B.2.4 Definition of the kinematic model

In Subclause B.2.4, the kinematic model and its hierarchy is defined. First, for the kinematic
model dll joints are defined or instantiated from~a“joints library. The following kinemafic chain
consisty of links and a joint and its hierarchical relationship. Any link or joint may pfovide a
transformation. The transformation of a link;or a joint is always relative to its predecegsor and
is described through the elements “translate” and “rotate”. The kinematic model is|defined
within [ library and will be instantiated)in a subsequent step. Figure B.4 shows the relevant
part of the COLLADA document.

<library kinematics_models>
<kinenjatics model id="linearumit_kinmodel">
<ted¢hnique common>
<{nstance_joint sid=Winst_ jointl" url="#jointl" />
<J]ink name="BaseLink! sid="baselink">
<attachment fulll)joint="linearunit_kinmodel/inst_jointl">
<rotate>0 I 0 90</rotate>
<link nagm&>"Linkl" sid="1linkl" />
</attachm@&Q® full>
<Alink>
</tgqchnig®escommon>
</kindmaticsg 'model>
</libragy<€¥inematics models>

Figure B.4 — Definition of kinematic model

In this example, two links named “Baselink” and “Link1” are defined, which are connected
through a single joint, which references a joint defined in the library as described in the
previous subclause.

B.2.5 Definition of the articulated system

Kinematic and dynamic properties are assembled within “articulated_system” elements. Since
each articulated system definition only contains either kinematic or dynamic information, two
separate “articulated_system” systems are defined within a library.
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<library_ articulated systems>
<articulated system id="linearunit_ kinematics">
<kinematics>
<!-- ... ARTICULATED SYSTEM KINEMATICS ... -->
</kinematics>
</articulated system>
<articulated system id="linearunit motion">
<motion>
<!-- ... ARTICULATED SYSTEM MOTION ... —-->
</motion>
</articulated system>
</library articulated systems>

Figure B.5 — Definition of the articulated system library

Figure B.5 depicts the structure of the library definition. The comments in the two articulated
system lelements denote the missing definitions, which will be explained in subclausés B.2.6
and B.2|7.

The “kimematics” section of an articulated system contains information abdut the kinematic
behaviour of an articulated model, for instance activity of joints, limits\xor dependencies
between joints. Figure B.6 shows the relevant part of the COLLADA *document |and its
additionjal kinematic parameters used in this example.

<articullated system id="linearunit kinematics">
<kinenatics>
<ingdtance kinematics model sid="inst linearunit_kinmodel"Xurl="#linearunit_kinmodel">
<rflewparam sid="linearunit_kinematics_inst linearunit, kinmodel">
<SIDREF>linearunit_kinematics/inst_linearunit_kinf@del</SIDREF>
</[newparam>
<rlewparam sid="linearunit kinematics_inst linearunit kinmodel_inst_jointl_axis(">
<SIDREF>linearunit_kinematics/inst_linearunid, kinmodel/inst_ jointl/axis0</SIOREF>
</[newparam>
<rlewparam sid="linearunit kinematics_inst linearunit_kinmodel_inst_jointl_valuq">
<float>0.0</float>
</[newparam>
</irfstance kinematics model>
<tedhnique_ common>
<gdxis_info axis="linearunit_kinematics/inst_linearunit_kinmodel/inst_jointl/axis0" sid
="inst_3jointl_info">
<active>
<bool>true</bool>
</active>
<locked>
<bool>false</bool>
</locked>
<limits>
<min>
<float>0.0{£7 f¥oat>
</min>
<max>
<floa€}3r0</float>
</max¥
</1imitfs>
</JaxigTinfo>
<flrafies@drigin link="linearunit_kinematics/inst_linearunit_kinmodel/baselink" sild="base
frame" />
< fram _L.ip TTTR— J.luec.u.uulL_nixlammmﬁmHHoue;/;iun; To—ft ugefram

e'">
<translate>1 2 3</translate>
</frame tip>
</technique common>
</kinematics>
</articulated system>

Figure B.6 — Definition of the kinematic articulated system

To provide dynamic information an additional articulated system shall be defined. The motion
section of an articulated system contains information about the dynamic behaviour of an
articulated model, for instance velocities of joints, acceleration, or deceleration of joints.
Figure B.7 depicts the relevant part of the COLLADA document and its additional dynamics
parameters used in this example.
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<articulated system id="linearunit motion">
<motion>
<instance articulated system sid="inst_linearunit_kinematics" url="#linearunit_kinematic
s"> - B
<newparam sid="linearunit motion_linearunit kinematics_inst LinearUnit_ kinematics_mode
">
<SIDREF>linearunit_kinematics/linearunit_kinematics_inst_linearunit_kinmodel</SIDREF
>
</newparam>
<newparam sid="linearunit motion_linearunit kinematics_inst_linearunit_kinmodel_inst_j
ointl_axisO0">
<SIDREF>linearunit_kinematics/linearunit_kinematics_inst_linearunit_kinmodel inst_jo
intl axis0</SIDREF>
</newparam>
<newparam sid="linearunit motion_linearunit kinematics_inst_linearunit_kinmodel_inst_j
ointl_value">
<SIDREF>linearunit_kinematics/linearunit_kinematics_inst_linearunit_kinmodel inst_jo
intl valUe</SIDREF
</[newparam>
</irfstance articulated system>
<tedhnique_ common>
<gdxis_info axis="linearunit_kinematics/inst_jointl_info">
<speed>
<float>0.0</float>
</speed>
<acceleration>
<float>0.0</float>
</acceleration>
<deceleration>
<float>0.0</float>
</deceleration>
<jerk>
<float>0.0</float>
</jerk>
<Jaxis_ info>
</tgchnique_ common>
</motion>
</articylated system>

Figure B.7 — Definition of the 'motion articulated system

B.2.6 Definition of the kinematic scene

A kinematic scene assembles different-kinematic systems. All parameters that are ne¢ded for
the whole scene are published withina kinematic scene. In this example the kinematic scene
instantiates the articulated system, which is defined in B.2.5. Additionally the kinematic
model, the joint axis, and its values are published. Figure B.8 shows the relevant paft of the
COLLAIDA document.

<library kinematics scgnes>
<kinenatics_scene i#d="linearunit_kinscene">
<ingdtance artic@lated system sid="inst_linearunit_motion" url="#linearunit_motion">
<dind symbod{="linearunit_kinscene_linearunit_motion_linearunit_kinematics_inst |[LinearU
nit_kingmatics_model">
<parap._x&f="linearunit_motion/linearunit_motion_linearunit_kinematics_inst_LinearUni
t_kinemgdtics moedel" />
<o idd>
<Hindv/symbol="1linearunit_kinscene_linearunit_motion_linearunit_kinematics_inst |[linearu
nit_kinmodelr _Inst_JjoimtI_axis0
<param ref="linearunit_motion/linearunit_motion_linearunit_kinematics_inst_linearuni
t_kinmodel_inst_jointl_axisO" />
</bind>
<bind symbol="linearunit_kinscene_linearunit_motion_linearunit_kinematics_inst_linearu
nit_kinmodel_inst_jointl_value">
<param ref="linearunit_motion/linearunit_motion_linearunit_kinematics_inst_linearuni
t_kinmodel_inst_jointl_value" />
</bind>
</instance articulated system>
</kinematics_scene>
</library kinematics scenes>

Figure B.8 — Definition of the kinematic scene

B.2.7 Assembling of the scene

In the element “scene”, all kinematics scenes are instantiated that are used. In addition the
linkage to the visual scene is done here, as depicted in Figure B.9. This linkage defines the
flow of the joint value from a kinematic calculation to the transformation in the geometry.
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<scene>
<instance visual scene url="#visualscene" />
<instance kinematics scene sid="inst_linearunit_kinscene" url="#linearunit_kinscene">
<bind_ kinematics_model node="linearunit">
<param>linearunit kinscene linearunit motion linearunit kinematics inst LinearUnit kin
ematics_model</param>
</bind kinematics model>
<bind joint axis target="geomlinkl/transform">
<axis>
<param>linearunit kinscene linearunit motion linearunit kinematics inst linearunit k
inmodel inst_jointl axisO</param>
</axis>
<value>
<param>linearunit_kinscene_linearunit_motion_linearunit_kinematics_inst_linearunit_k
inmodel inst jointl value</param>
</value>
</bind_joint_axis>
</insy{ance Kkinematics scene
</scene

Figure B.9 — Instantiation of the kinematic scene

B.2.8 Combination of CAEX and COLLADA into AML

The CAEX document consists of an InstanceHierarchy named “ExamplelnstanceHigrarchy”
with a s|ngle InternalElement “LinearUnit”. The latter one includes an‘Externalinterface named
“FileLinkExplicit” derived from the InterfaceClass “COLLADAInterface”, which is pant of the
standarg InterfaceClassLibrary “AutomationMLInterfaceClassLib* This interface is used to
referenge the complete scene explicitly and in particularcthe linear unit as depjcted in
Figure B.10.

p E ExamplelnstanceHierarchy
p El LinzarUnit { Class: Role:Carrier}
P El PublishecBazeFrams | Class: Role: PATH_FR}
v o< Intepates
- FilzLinkImplicit { Class: PATH_CI}
> El PublishecFlangeFrame | Class: Role: PATH_FR}

(3 o Interfaces
o0 F l=LinkImplicit { Class: PATH_CI}

v | oy Interfaces
o0y FilzLinkExplicit { Class: PATH_CI}

Figure B.10 — Hierarchy of the AML document

The InternalElement “LinearUnit” has two additional InternalElements named
“PublishedBaseFrame” and “PublishedFlangeFrame” with assigned RoleClass “Frame”. Both
InternalElements reference kinematic elements in the COLLADA document implicitly.
Figure B.11 shows the relevant part of the AML document.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="LinearUnit" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./linear unit.dae</Value>
</Attribute>
</Externallnterface>
<InternalElement Name="PublishedBaseFrame" ID="GUID3">
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH CI" ID="GUID4">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./linear unit.dae#linearunit kinematics</Value>
Ttribute
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./baseframe</Value>
</Attribute>
<AExternalInterface>
<HoleRequirements RefBaseRoleClassPath="PATH_FR" />
</IfternalElement>
<InflernalElement Name="PublishedFlangeFrame" ID="GUID5">
<HxternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH\CI" ID="GUID{'
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI"ZX
<Value>./linear_unit.dae#linearunit_kinematics</Val@e>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:toKen'">
<Value>./flangeframe</Value>
</Attribute>
<AExternallInterface>
<HoleRequirements RefBaseRoleClassPath="PATH_FRM™ />
</IfternalElement>
<RoleRequirements RefBaseRoleClassPath="PATHZGCAR" />
</IntdrnalElement>
</InstarceHierarchy>

>

Figure B.11 — XML representation of the AML document

Each pyblished frame references unambiguously the “articulated_system” element within the
COLLADA document by the use_of the relative URI “./linear_unit.dae# linearunit_kinematics”.
The target elements “frame_tip{" and “frame_origin” (see Figure B.6) are resolved by browsing
from the entry point by the use of a relative path “./flangeframe” and “./baseframe” ag¢cording
to the rdles of a SID.

B.3 Modelling antAML document of a robot in CAEX and COLLADA

B.3.1 General

Clause | B3, describes the modelling of a Selective Compliance Assembly Robot Arm
(SCAR ), which—s—=a prb;d“LCUI type ofamindustriat-robot—m—subctauseB-3-2—the visual
scene is described. In the subsequent subclauses, the scene is complemented stepwise with
kinematic elements. Finally the AML document will be defined and combined with the
kinematic system.
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Joint 1

@ D Joint 2 Joint 3
Link 1 g D Link 3

—~Base Link ’
| Joint 4

Figure B.12 — Visualization of the robot

B.3.2 Definition of the visual scene
The vislial scene of the SCARA robot in this example consists of five geometric elements as
depicted in Figure B.12. Each geometric element represents a link of the robot. To Keep the
COLLADA content to a minimum, each link is represented by a rectangular cuboid, Wwhich is
defined [within the COLLADA document “cube.daé*.as introduced Figure A.7. To obtain the
needed|shape each cube has a different scaling.The first cube represents the base link of the
SCARA|robot while the remaining cubes represent the subsequent links.
Figure B.13 depicts the content of the COLLADA document “robot.dae” which defines the
geometiic representation of the robot,
<COLLADA version="1.5.0">
<assef>
<corftributor>
<duthor>WriterVendor</author>
<duthor website>httpgAfwww.WriterVendor.com</author website>
<gquthoring_ tool>"WfiterName" "WriterVersion" "WriterRelease"</authoring tool>
<domments>This dfcument defines the geometry and kinematic of a SCARA robot</cqmments>
</cqntributor>

<crdated>2014-04\1MT11:37:18.1875000</created>
<modified>201404-14T11:37:18.1875000</modified>
<unit meter#™1Y¥0" name="meter" />
<up |axis>Z WPK/up_axis>
</assdqt>
<librdry/ gefects>
<effeet/1d="base-£fx">
< J_UJ.J‘.J. 7\,ULH.J.UIN
<technique sid="COMMON">
<phong>

<diffuse>
<color>0.60 0.77 0.72 1</color>
</diffuse>
</phong>
</technique>

</profile COMMON>
</effect>
<effect id="linkl-£fx">
<profile_ COMMON>

<technique sid="COMMON">
<phong>
<diffuse>
<color>0.94 0.91 0.77 1</color>
</diffuse>
</phong>
</technique>

</profile COMMON>
</effect>
<effect id="1link2-fx">
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<profile_ COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0.93 0.80 0.69 1</color>
</diffuse>
</phong>
</technique>
</profile COMMON>
</effect>
<effect id="1link3-fx">
<profile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0.85 0.59 0.57 1</color>
</diffuse>

phong
</technique>
<Aprofile COMMON>
</efffect>
<effect id="1link4-£fx">
<grofile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0.95 0.64 0.41 1</color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</effect>
</libfary effects>
<librdry materials>
<matlerial id="base-mat" name="BaseMat'">
<dnstance effect url="#base-£fx" />
</mgterial>
<maflerial id="linkl-mat" name="LinklMat">
<{nstance_effect url="#linkl-£fx" />
</mgterial>
<matlerial id="1link2-mat" name="Link2Mat"x»
<instance_effect url="#link2-£fx" />
</mgterial>
<matlerial id="1link3-mat" name="Link3Mat">
<instance_effect url="#link3-£x'CYy>
</mgterial>
<matlerial id="1link4-mat" name="Link4Mat">
<{nstance_effect url="#lipk4~fx" />
</mgterial>
</libgary materials>
<librdry_visual_ scenes>
<vidqual scene id="visualscene">
<rjode id="robot" name="Robot">
<scale>2 2 2</sgcale>
<node id="geombase" name="GeomBase'>
<transld®e»-0.05 -0.05 0</translate>
<scaleg>0\1 0.1 0.35</scale>
<instance geometry url="./cube.dae#cube-geom">
<Dind_material>
<technique common>
<instance material symbol="mat" target="#base-mat" />

technigu amon
</bind material>
</instance_geometry>
<node id="geomlinkl" name="GeomLinkl">
<translate>0 0 1</translate>
<scale>3.8 1 0.2857</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
<instance material symbol="mat" target="#linkl-mat" />
</technique_common>
</bind material>
</instance_geometry>
<node id="geomlink2" name="GeomLink2">
<translate>0.736848 0 -1</translate>
<scale>0.947376 1 1</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
<instance material symbol="mat" target="#link2-mat" />
</technique_common>
</bind material>
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</instance_geometry>
<node id="geomlink3" name="GeomLink3">
<translate>0.861 0.35 -1</translate>
<scale>0.08333 0.3 4</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>

<instance material symbol="mat" target="#link3-mat" />

</technique_common>
</bind material>
</instance_geometry>
<node id="geomlink4" name="GeomLink4">
<translate>-0.1666 -0.166 -0.0333</translate>
<scale>1.333 1.333 0.0333</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
1nstancg_mater1al SYmboOl="mMat" rLargec=
</technique_common>
</bind_material>
</instance_geometry>
</node>
</node>
</node>
</node>
</node>
<Anode>
</visual scene>
</libgary visual scenes>

Ll > 1: De nition ==
== z finition of element -->
Ll niti m (kinematics) -—>
== 4: Definition of element --¢&
<sceng>
<ingtance visual scene url="#visualscene" />
<!4- Step 5: Instantiation of kinematics scene &~
</scerfe>
</COLLATA>

#link4-mat

Each geometry is assigned to a noded(geombase, geomlink1,

Figure B.13 — Definition of the visual scene

geomlink2, geomlink3,

geomlink4). The next subclauses defing the required kinematic elements and apply [them to

this scepe to complete the kinematic System.

B.3.3 Definition of joints

The robot used in this_example consists of four joints (rotational, rotational, pfismatic,
rotational). All joints are\defined in a library and instantiated in a subsequent step. Prismatic
joints afe defined by ‘the element “prismatic” whereas rotational joints are defined by the
elemenf “revolute”.While in this example the direction of the joint axis is specified, the lower
and upper joint-limits are defined exemplarily at a different location. The extract{ of the

COLLADA document is shown in Figure B.14.

<library Fodrrts>
<joinf »3d="jointl" name="jointl">

<revolute sid="axisQ0">
<axis>0 0 1</axis>
</revolute>
</joint>
<joint id="Jjoint2" name="joint2">
<revolute sid="axisO0">
<axis>0 0 1</axis>
</revolute>
</joint>
<joint id="Jjoint3" name="joint3">
<prismatic sid="axisO">
<axis>0 0 1</axis>
</prismatic>
</joint>
<joint id="joint4" name="joint4">
<revolute sid="axisO0">
<axis>0 0 1</axis>
</revolute>
</joint>
</library joints>

Figure B.14 — Definition of joints
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B.3.4 Definition of the kinematic model

In Subclause B.3.4, the kinematic model and its hierarchy is defined. For the kinematic model
first all joints are instantiated from a joints library. The following kinematic chain consists of
links and joints and its hierarchical relationship. Any link or joint may provide a
transformation. The transformation of a link or a joint is always relative to its predecessor and
is described through the elements “translate” and “rotate”. The kinematic model is defined
within a library and will be instantiated in a subsequent step. Figure B.15 shows the relevant
part of the COLLADA document.

<library kinematics models>
<kinematics_model id="robot_kinmodel">
<technique common>
<instance joint sid="inst jointl" url="#jointl" />
<{nstance_joint sid="inst_joint2" url="#joint2" />
<instance joint sid="inst_joint3" url="#joint3" />
<{nstance_joint sid="inst_joint4" url="#joint4" />
<J]ink name="BaseLink" sid="baselink">
<attachment full joint="robot_kinmodel/inst_jointl">
<translate>0.0 0.0 0.3</translate>
<link name="Linkl" sid="1ink1l">
<attachment full joint="robot_kinmodel/inst_joint2">
<translate>0.28 0.0 0.0</translate>
<link name="Link2" sid="1link2">
<attachment full joint="robot_kinmodel/inst_joint3¥>
<translate>0.26 0.0 0.0</translate>
<link name="Link3" sid="1ink3">
<attachment full joint="robot_kinmodel/in'st ‘joint4">
<translate>0.0 0.0 -0.15</translate>
<link name="Link4" sid="1ink4" />
</attachment full>
</link>
</attachment full>
</link>
</attachment full>
</link>
</attachment full>
<Alink>
</tgqchnique common>
</kindmatics_model>
</librajy kinematics models>

Figure B.15 —Definition of kinematic model

In this |example, five links (BaselLink, Link1, Link2, Link3, Link4) are defined which are
connected through joints referencing joints defined in the library as described in the previous
subclauge.

B.3.5 Definition.of the articulated system

Kinemaltic and.dynamic properties are assembled within “articulated_system” elements. Since
each arficulated system definition only contains either kinematic or dynamic informatjon, two
separat¢ “articulated_system” systems are defined within a library. Figure B.16 depicts the
structurg “of the articulated system library definition. The comments in the two articulated
system elements denote the missing definitions which will be explained subclauses B.3.6 and
B.3.7.

<library articulated systems>
<articulated system id="robot_kinematics">
<kinematics>
<!-- ... ARTICULATE SYSTEM KINEMATICS ... —-->
</kinematics>
</articulated system>
<articulated_gystem id="robot_motion">
<motion>
<!-- ... ARTICULATE SYSTEM MO ON o0 ==2
</motion>
</articulated system>
</library articulated systems>

Figure B.16 — Definition of the articulated system library
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The kinematic section of an articulated system contains information about the kinematic
behaviour of an articulated model, for instance activity of joints, limits, or dependencies
between joints. Figure B.17 shows the relevant part of the COLLADA document and its
additional kinematic parameters used in this example.

<articulated system id="robot_kinematics">
<kinematics>
<instance_kinematics _model sid="inst_robot_kinmodel" url="#robot_kinmodel">

<newparam sid="robot_kinematics_inst_robot_kinmodel">
<SIDREF>robot_kinematics/inst_robot_kinmodel</SIDREF>

</newparam>

<newparam sid="robot_kinematics_inst_robot_kinmodel_inst jointl_axisO0">
<SIDREF>robot_kinematics/inst_robot_kinmodel/inst_jointl/axis0</SIDREF>

</newparam>

<newparam sid="robot_kinematics_inst_robot_kinmodel_inst_jointl_value">

£1 £50.0 f£loat

<Anewparam>
<flewparam sid="robot_kinematics_inst_robot_kinmodel_inst_joint2_axis0">
<SIDREF>robot kinematics/inst robot kinmodel/inst joint2/axis0</SIDREF>
<Anewparam>
<flewparam sid="robot_kinematics_inst_ robot_kinmodel_inst joint2_value'>
<float>0.0</float>
<Anewparam>
<flewparam sid="robot_kinematics_inst_ robot_kinmodel_inst joint3_axis0">
<SIDREF>robot_kinematics/inst_robot_kinmodel/inst_joint3/axis'0K/'SIDREF>
<Anewparam>
<flewparam sid="robot_kinematics_inst_robot_kinmodel_inst joint3_value">
<float>0.0</float>
<Anewparam>
<flewparam sid="robot_kinematics_inst_robot_kinmodel_inst, jointd_axis0">
<SIDREF>robot kinematics/inst robot kinmodel/instjo¥nt4/axis0</SIDREF>
<Anewparam>
<flewparam sid="robot_kinematics_inst_robot_kinmodel inst_ joint4_value">
<float>0.0</float>
<Anewparam>
</inlstance_kinematics_model>
<tedhnique common>
<gxis_info axis:"robot_kinematics_model/inst_jointl/axiso" sid="inst_jointl_infilo">
<active>
<bool>true</bool>
</active>
<locked>
<bool>false</bool>
</locked>
<limits>
<min>
<float>-180</float¥
</min>
<max>
<float>180</LIQat>
</max>
</limits>
<Adaxis_info>
<gdxis_info axis="robot_kinematics_model/inst_joint2/axis0" sid="inst_joint2_inflo">
<active>
<boolktpue</bool>
</actiwa>
<lockgd>
sbgol>false</bool>
<ANMcked>
<limits>
<min>
<float>-140</float>
</min>
<max>
<float>140</float>
</max>
</limits>
</axis_info>
<axis_info axis:"robot_kinematics_model/inst_joint3/axisO" sid="inst_joint3_info">
<active>
<bool>true</bool>
</active>
<locked>
<bool>false</bool>
</locked>
<limits>
<min>
<float>0.1</float>
</min>
<max>
<float>-0.2</float>
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</max>
</limits>
</axis info>
<axis_info axis:"robot_kinematics_model/inst_joint4/axisO" sid="inst_joint4_info">
<active>
<bool>true</bool>
</active>
<locked>
<bool>false</bool>
</locked>
<limits>
<min>
<float>-360</float>
</min>
<max>
<float>360</float>
</max>
I1mits
<Adaxis_info>
<frame origin link="robot_kinematics/inst_robot_kinmodel/baselink" sid="basefrgme" />
<frame tip link="robot_kinematics/inst_robot_kinmodel/link4" sid="flangeframe"
<translate>1 2 3</translate>
<Aframe_ tip>
</tdchnique_ common>
</kindmatics>
</articylated system>

Figure B.17 — Definition of the kinematic articulated’system

To proyide dynamics information, an additional articulated«system shall be defined. The
motion gection of an articulated system contains information @about the dynamics behgviour of
an articulated model, for instance velocities of joints, aecéleration, or deceleration df joints.
Figure B.18 depicts the relevant part of the COLLADA document and its additional dynamics
paramefers used in this example.

<articullated system id="robot_motion">
<motidn>
<indtance_articulated system sid="inst_robot_kinematics" url="#robot_kinematics"
<rflewparam sid="robot_motion_robot_kinematics_inst_robot_kinmodel">

<SIDREF>robot_kinematics/robot_ kigematics_inst_robot_ kinmodel</SIDREF>
</newparam>
<rflewparam sid="robot_motion_robot, kinematics_inst_robot_kinmodel_ inst_jointl_axis0">
<SIDREF>robot_kinematics/robob, kinematics_inst robot_ kinmodel inst jointl axis0</SID

REF>
</newparam>
<rflewparam sid="robot_motion'robot_kinematics_inst_robot_kinmodel_inst_jointl_vglue">
<SIDREF>robot_kinematdcs/robot_ kinematics_inst_robot_ kinmodel inst jointl vallue</SID
REF>
</newparam>
<rflewparam sid="robet/motion_robot_kinematics_inst_robot_kinmodel_ inst_joint2_axis0">
<SIDREF>robot kihematics/robot kinematics_inst robot_ kinmodel inst joint2 axis0</SID
REF>
</newparam>
<rflewparam ,sJd="robot_motion_robot_kinematics_inst_robot_kinmodel_ inst_joint2_vglue">
<SIDREEXrgbot_ kinematics/robot_ kinematics_inst_robot_ kinmodel inst joint2 vallue</SID
REF>
</Aneypadam>
<rfewparam sid="robot_motion_robot_kinematics_inst_robot_kinmodel_inst_joint3_axis0">
<SS DREF>robot kinematics/robot kinematics inst robot kinmodel inst joint3 axils0</SID
REF>
</newparam>
<newparam sid="robot_motion_robot_kinematics_inst_robot_kinmodel_ inst_joint3_value">
<SIDREF>robot_kinematics/robot kinematics_inst_ robot_ kinmodel inst joint3_value</SID
REF>
</newparam>
<newparam sid="robot_motion_robot_kinematics_inst_robot_kinmodel_inst_joint4d_axis0">
<SIDREF>robot_kinematics/robot_ kinematics_inst_robot_ kinmodel inst joint4 axis0</SID
REF>
</newparam>
<newparam sid="robot_motion_robot_kinematics_inst_robot_kinmodel_ inst_joint4_value">
<SIDREF>robot_kinematics/robot kinematics_inst robot_ kinmodel inst joint4 value</SID
REF>

</newparam>
</instance_articulated_system>
<technique common>
<axis_info axis="robot_kinematics/inst_jointl_info">
<speed>
<float>0.0</float>
</speed>
<acceleration>
<float>0.0</float>
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</acceleration>
<deceleration>
<float>0.0</float>
</deceleration>
<jerk>
<float>0.0</float>
</jerk>
</axis info>
<axis_info axis="robot_kinematics/inst_joint2_info">
<speed>
<float>0.0</float>
</speed>
<acceleration>
<float>0.0</float>
</acceleration>
<deceleration>
<float>0.0</float>
deceleraction
<jerk>
<float>0.0</float>
</jerk>
</Jaxis info>
<qxis info axis="robot_kinematics/inst_joint3_info">
<speed>
<float>0.0</float>
</speed>
<acceleration>
<float>0.0</float>
</acceleration>
<deceleration>
<float>0.0</float>
</deceleration>
<jerk>
<float>0.0</float>
</jerk>
axis_info>
gdxis_info axis="robot_kinematics/inst_joint4 «info">
<speed>
<float>0.0</float>
</speed>
<acceleration>
<float>0.0</float>
</acceleration>
<deceleration>
<float>0.0</float>
</deceleration>
<jerk>
<float>0.0</float>
</jerk>
</Jaxis info>
</tgdchnique_ common>
</motion>
</articylated system>

AN A

Figure B.18 — Definition of the motion articulated system

B.3.6 Definition of the kinematic scene

A kinematic scene assembles different kinematic systems. All parameters needed| for the
whole lenuprublshedqwlhm_aJmmaancen&_m_th_exammuhe_lmmaﬂ: scene

instantiates the articulated system which has been defined in B.3.5. Additionally, the
kinematic model, the joint axis, and its values are published. Figure B.19 shows the relevant
part of the COLLADA document.
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<library_ kinematics_scenes>
<kinematics_scene id="robot_kinscene">
<instance_articulated system sid="inst_robot_motion" url="#robot motion">
<bind symbol="robot_kinscene_robot motion_robot_kinematics_inst_robot_kinmodel">
<param ref="robot_motion/robot_motion_robot_kinematics_inst_robot_kinmodel" />
</bind>
<bind symbol="robot kinscene_robot motion_ robot_kinematics_inst_ robot_kinmodel_inst_ jo
intl_axisO0">
<param ref="robot_motion/robot_motion_robot_ kinematics_inst_robot_kinmodel_inst_join
tl_axisO" />
</bind>
<bind symbol="robot kinscene_robot motion_robot_kinematics_inst_ robot_kinmodel_inst_ jo
intl_value">
<param ref="robot_motion/robot_motion_robot_ kinematics_inst_robot_kinmodel_inst_join
tl_value" />

</bind>
<bind symbol="robot kinscene_robot motion_ robot_kinematics_inst_ robot_kinmodel_inst_ jo
int2_axisU
<param ref="robot_motion/robot_motion_robot_ kinematics_inst_robot_kinmodel’ ifst_join
t2_axis(" />
</bind>
<gind symbol="robot kinscene_robot motion_robot_kinematics_inst_ robot_kinmodel |[inst_ jo
int2_vallue">
<param ref="robot_motion/robot_motion_robot_ kinematics_inst_robot kinmodel_irfst_join
t2_valud" />
</bind>
<dind symbol="robot kinscene_robot motion_robot_kinematics_inst robot_kinmodel |[inst_ jo
int3_axis0">
<param ref="robot_motion/robot_motion_robot_ kinematics_inst) robot_ kinmodel_irfst_join
t3_axis(" />
</bind>
<dind symbol="robot kinscene_robot motion_ robot_kinematiecs_inst_ robot_kinmodel |[inst_ jo
int3_vallue">
<param ref="robot_motion/robot_motion_robot_ kinematics_inst_robot_kinmodel_irfst_join
t3_valud" />
</bind>
<gind symbol="robot kinscene_robot motion_ robot. kinematics_inst_ robot_kinmodel |[inst_jo
intd_axis0">
<param ref="robot_motion/robot_motion_robot kinematics_inst_robot_kinmodel_irfst_join
t4_axis(" />
</bind>
<dind symbol="robot kinscene_robot motion robot_kinematics_inst_ robot_kinmodel |[inst_ jo
intd_vallue">
<param ref="robot_motion/robot_meotion_robot_ kinematics_inst_robot_kinmodel_irfst_join
t4_valud" />
</bind>
</irfstance articulated systemy
</kingmatics scene>
</librany kinematics scenes>
Figure B.19 — Definition of the kinematic scene
B.3.7 Assembling of the scene
In the glement “s¢ene” all kinematic scenes are instantiated that are used. In addition the
linking the visual scene is done here, as depicted in Figure B.20. This linking defjnes the
flow of the joint value from a kinematic calculation to the transformation in the geometry.
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<scene>

<instance visual scene url="#visualscene" />
<instance kinematics scene sid="inst_robot_kinscene" url="#robot_kinscene">
<bind_kinematics_model node="robot">
<param>robot kinscene robot motion robot kinematics inst robot kinmodel</param>
</bind_kinematics_model>
<bind joint axis target="jointl/transform">
<axis>
<param>robot_kinscene_robot_motion_robot_kinematics_inst_robot_kinmodel inst_jointl_
axis0</param>
</axis>
<value>
<param>robot kinscene_ robot motion robot_ kinematics_inst robot kinmodel inst jointl
value</param>
</value>
</bind_joint_axis>
<bind joint axis target="joint2/transform">

<gx1s
<param>robot_kinscene_robot_motion_robot_kinematics_inst_robot_kinmodel_ inst [joint2
axisO</gdaram>
<Jaxis>
<yalue>
<param>robot kinscene_ robot motion robot_ kinematics_inst robot kinmodel inst |joint2
value</daram>
</value>
</bind_joint_axis>
<birld joint axis target="joint3/transform">
<gxis>
<param>robot_kinscene_robot motion_robot_kinematics_inst, xopot kinmodel inst |joint3_
axisO</gdaram>
<Jaxis>
<yalue>
<param>robot kinscene robot motion robot kinemati€s inst robot kinmodel inst |[joint3
value</daram>
</value>
</bind_joint_axis>
<birld joint axis target="joint4/transform">
<gxis>
<param>robot_kinscene_robot_motion_robot(kinematics_inst_robot_kinmodel inst |[jointd_
axisO</gdaram>
<Jaxis>
<yalue>
<param>robot kinscene_ robot motig@liobot kinematics_inst robot kinmodel inst |jointd
value</daram>
</value>
</bind_joint_axis>
</insyance_kinematics_scene>
</scene
Figure B.20 - Instantiation of the kinematic scene
B.3.8 Combination-of CAEX and COLLADA into AML
The AML documenpf'consists of an InstanceHierarchy named “ExamplelnstanceHierarchy” with
a single| InternalElement “SCARA Robot”. The latter one includes an Externalinterfacg named
“FileLinkExplicit™derived from the InterfaceClass “COLLADAInterface”, which is pant of the
standard InterfaceClassLibrary “AutomationMLInterfaceClassLib”. This interface is used to
referenge the complete scene explicitly and in particular the robot as depicted in Figure B.21.
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~ | [IH] ExamplelnstanceHierarchy
. ﬁl SCARA Robot {Class: Role: Robot}
. |£| PublishedBazeFrame {Class: Role: FATH_FR}
v o> Interfaces
o=y FileLinklmplicit {Class: PATH_CI}
. |£| PublishedFlangeFrame {Class: Role: PATH_FR}
v o> Interfaces
o=y FileLinklmplicit {Class: PATH_CI}

The In
“Publish
Internal
Figure H

v | oy [TETaces
o= FilelinkExplicit {Class: PATH_CI}

Figure B.21 — Hierarchy of the AML document

ternalElement “SCARA Robot” has two additional InternalElements
edBaseFrame” and “PublishedFlangeFrame” with assigned)RoleClass “Fram
Flements reference kinematic elements in the COELADA document in
.22 shows the relevant part of the AML document.

named
b”. Both
hplicitly.

<Instand
<Inteqy
<ExH{

<

<
<J

<
</EH
<Inf
<H

<
<H
</1If
<Inf
<H

eHierarchy Name="ExampleInstanceHierarchy">

nalElement Name="SCARA Robot" ID="GUID7">

ernallnterface Name="FileLinkExplicit" RefBaseGlassPath="PATH_CI" ID="GUID8"

ttribute Name="refType" AttributeDataType="xS string">

<Value>explicit</Value>

Attribute>

ttribute Name="refURI" AttributeDataType+="xs:anyURI">

<Value>./robot.dae</Value>

Attribute>

ternallnterface>

ernalElement Name="PublishedBaseéeFrame" ID="GUID9">

xternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH _CI" ID="GUID]

<Attribute Name="refType" AttMMbuteDataType="xs:string">
<Value>implicit</Value>

</Attribute>

<Attribute Name="refURI")AttributeDataType="xs:anyURI">
<Value>./robot.dae#robot kinematics</Value>

</Attribute>

<Attribute Name=/target" AttributeDataType="xs:token">
<Value>./basgframe</Value>

</Attribute>

ExternallInteifidce>

oleRequirgMents RefBaseRoleClassPath="PATH_FR" />

ternalE¥éxlent>

ernalElémeént Name="PublishedFlangeFrame" ID="GUID11">

xtepnalTnterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID]

<ArtBribute Name="refType" AttributeDataType="xs:string">
KValue>implicit</Value>

0">

2">

Attt rilbut

</

<Rol

<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./robot.dae#robot kinematics</Value>

</Attribute>

<Attribute Name="target" AttributeDataType="xs:token">
<Value>./flangeframe</Value>

</Attribute>

ExternalInterface>

<RoleRequirements RefBaseRoleClassPath="PATH_FR" />
</InternalElement>

eRequirements RefBaseRoleClassPath="PATH_ROB" />

</InternalElement>
</InstanceHierarchy>

Figure B.22 — XML representation of the AML document

Each published frame references unambiguously the “articulated_system” element within the
COLLADA document by the use of the relative URI “./robot.dae#robot_kinematics”. The target
elements “frame_tip” and “frame_origin” (see Figure B.22) are resolved by browsing from the
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entry point by the use of a relative path “./flangeframe” and “./baseframe” according to the
rules of a SID.

B.4 Modelling an AML document of a combined system including a robot and
a linear axis in CAEX and COLLADA

Clause B.4 demonstrates how to attach a robot to a linear unit. Therefore, the definition of the
robot is taken from Clause B.3 and the definition of the linear unit is taken from
Clause B.2. In this example, both definitions are extended by additional elements needed for
the attachment which is realized in the top level AML document. In general, there are different
ways how to specify the combined system as depicted in Figure B.23. Firstly, robot and linear

i y A e e atien for the
attachment may be defined in the AML document. Secondly, a combined main‘COLLADA
document is used to reference both the robot and the linear unit. In the latter case, the offset
transformation for the attachment is defined in the main COLLADA document. The exgmple of
this clayse describes the first case.

AML Document AML Document

<AML> <AML>
robot_on_unit.dae —

robot_on_unit.dae

robot linear unit —

=}

J2 8

Ma|n Document Main Document 2 Main Document |S.
<COLLADA> <COLLADA> <COLLADA>
robot.dae = linear_unit.dae N combined.dae

Subdocument Subdocument
<COLLADA> <COLLADA>
robot.dae —> linear_unit.dap

(a) (b)

Figure B.23 — Structure of referencing COLLADA subdocuments

The AML document consists of an InstanceHierarchy named “ExamplelnstanceHierarchy” with
a root InternalElement named “RobotOnLinearUnit”. This InternalElement has two
InternalElements (“LinearUnit”, “SCARA Robot”). In this example the robot is attached to the
linear unit. Both InternalElements include an Externallnterface named “FileLinkExplicit”
derived from the InterfaceClass “COLLADAInterface”, which is part of the standard
InterfaceClassLibrary “AutomationMLInterfaceClassLib”. Each Externallnterface
“FileLinkExplicit” of both InternalElements points to a separate COLLADA document defined
in Clause B.2 and Clause B.3 and addresses the complete COLLADA scene explicitly. In
addition both InternalElements have a child element (“PublishedBaseFrame”,
“PublishedFlangeFrame”) with applied RoleClass “Frame”, which is part of the standard
RoleClassLibrary as well. The InternalElements “PublishedBaseFrame” and
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“PublishedFlangeFrame” have two Externallnterfaces: an Externallnterface derived from the
InterfaceClass  “COLLADAInterface” to reference a COLLADA node implicitly
(“FileLinklmplicit’) and an  Externalinterface derived from the InterfaceClass

“Attachmentinterface” to define an attachment (“Attachment”). The structure is depicted in
Figure B.24.

P IEI ExamplelnstanceHierarchy
. IE' FobotOnLinesrUnit | Class: Role: Czll}
., IE' Linsarlnit { Class: Role; PATH_CAR}
p El PublishecFlangeFrams | Class: Role: PATH_FR}

-y

~ w P LS =
oy Attachment { Class: PATH_AT}

=0 FileLinkImplicit { Class: PATH_CI}

=0 FileLinkExplicit { Class: PATH_CI}
P El SCARA Robot | Class: Role: PATH_ROE}
p IE' PublishecBaseFrame | Class: RoletPATH_FR}
v oy Interfaces
o0 Attachment-NClass: PATH_AT)

o0 FilzLinkIngmlicit { Class: PATH_CI:

o0 FilzLifkExplicit £ Class: PATH_CI}

Figure B.24 — Hierarchy of the AML document

Figure B.25 shows the relevant.part of the AML document and how to publish frames for
attaching the robot to the linearunit, which are defined in AML.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="RobotOnLinearUnit" ID="GUIDO">
<InternalElement Name="LinearUnit" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./linear unit.dae</Value>
</Attribute>
</ExternalInterface>
<InternalElement Name="PublishedFlangeFrame" ID="GUID3">
<ExternalInterface Name="Attachment" RefBaseClassPath="PATH AI" ID="GUID4" />
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID5">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>

</Attribute>
Ttribute Name='refURT TtripbuteDatalype="Xs:anyURT
<Value>./linear_unit.dae#linearunit_kinematics</Value>
</Attribute>

<Attribute Name="target" AttributeDataType="xs:token">
<Value>./flangeframe</Value>
</Attribute>
</ExternalInterface>
<RoleRequirements RefBaseRoleClassPath="PATH FR" />
</InternalElement>
<HoleRequirements RefBaseRoleClassPath="PATH CAR" />
</IrternalElement>
<InffernalElement Name="SCARA Robot" ID="GUID6">
<HxternalInterface Name="FileLinkExplicit" RefBaseClassPatfiz"PATH_CI" ID="GUIDTY'
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:afiyURI">
<Value>./robot.dae</Value>
</Attribute>
<AExternallInterface>
<]nternalElement Name="PublishedBaseFrame" ID="GUID8">
<ExternallInterface Name="Attachment" RefBgseClassPath="PATH_AI" ID="GUID9" /
<ExternalInterface Name="FileLinkImplic¢it" RefBaseClassPath="PATH_CI" ID="GUID10">
<Attribute Name="refType" AttributeD&taType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./robot.dae#robot Kinematics</Value>
</Attribute>
<Attribute Name="target'~AttributeDataType="xs:token">
<Value>./baseframe</\atXue>
</Attribute>
</Externallnterface>
<RoleRequirements R&f{BaseRoleClassPath="PATH FR" />
<AInternalElement>
<HoleRequirementg~RefBaseRoleClassPath="PATH ROB" />
</IfternalElement>
</IntdrnalElementy
</InstarceHierarcHy>

>

Figure B.25 — XML representation of the AML document

Finally, |the€ connection is established by the use of an InternalLink, which conneg¢ts both
published—frames—Figure B-268showsthe Tetevant partof the—AME—document—anmd” how to
define an InternalLink. The link is stored in the InternalElement “RobotOnLinearUnit“, which is
the lowest common parent of the connected AML objects according to IEC 62714-1.

<InstanceHierarchy Name="ExampleInstanceHierarchy">
[oool
<InternalElement Name="RobotOnLinearUnit" ID="GUIDO">
<InternallLink Name="AttachmentLinearUnitMovesRobot"
RefPartnerSideA="GUID3:Attachment"
RefPartnerSideB="GUID8:Attachment" />
</InternalElement>
</InstanceHierarchy>

Figure B.26 — XML representation of the AML document

Figure B.27 depicts the resulting scene with the robot attached to the linear unit.
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Figure B.27 — Visualization of the robot attached to the-linear unit

B.5 Modelling an AML document of a gripper connected to robot in CAEX and
COLLADA

B.5.1 General

Clause |B.5 shows how to model a gripping devicerwhich represents a simplified fwo jaw
parallel|gripper. To open or close the gripper by means of moving the fingers, a kinematic
system Wwill be applied to the gripper. To achieve-a parallel movement of both fingers, |the first
finger can be moved actively and the second finger will be dependent on the first one. This
dependéncy and the direction of the movement will be expressed using MathML.

In this| example, three COLLADA™.documents are used: a main document gnd two
subdocyments. The geometry and-Kinematic definition is separated into two subdocuments.
The main document defines~ the scene and combines the geometry and kinematic
representation. Figure B.28 depiCts the hierarchy of the documents.

Main Document Subdocument
<COLLADA> <COLLADA>
gripper.dae > gripper_geometry.dae
vV V
Subdocument
<COLLADA>

I—) gripper_kinematics.dae

Figure B.28 — Hierarchy of COLLADA documents

According to Clauses B.2 and B.3, B.5.2 describes the visual scene, which is defined in the
subdocument “gripper_geometry.dae”. In B.5.3, the kinematics scene is defined, which is part
of the subdocument “gripper_kinematics”. The combination of both the geometry and
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kinematic and in particular the definition of the scene is defined in the main document

“gripper.dae” and is subject of B.5.3.6. In B.5.5, the combination of CAEX and COLLADA into
AML is shown.

Link 1
(active) Link 2

(passive)

Joint 1,
Joint 2

Base Link

Figure B.29 — Visualization of the gripper
B.5.2 Definition of the visual scene

The vispal scene of the gripper consists of three geometric glements: a gripping |module
(“Baseljnk”) and two fingers (“Link1”, “Link2”) as depicted, invFigure B.29. To keep the
COLLADA content to a minimum, the geometries of the" gripper are represented by
rectangtilar cuboids, which are defined within the COLLADA document “cube.dae” as
introduged in Figure A.7. Figure B.30 depicts the_content of the COLLADA dgcument
“gripper| geometry.dae” which defines the geometric representation of the gripper.

<COLLADAJ version="1.5.0">
<assef>
<corftributor>
<guthor>WriterVendor</author>
<gquthor_ website>http://www.WriterVendor.com</author website>
<duthoring tool>"WriterName" "WritéhVersion" "WriterRelease"</authoring tool>
<¢omments>This document defings the node hierarchy of a gripper with two
jaws</cqmments>
</cdntributor>
<crdated>2014-04-14T11:37:18:X8j/5000</created>
<modified>2014-04-14T11:37£18.'1875000</modified>
<unjt meter="1.0" name="meter" />
<up |axis>Z UP</up axis>
</assqt>
<librdry effects>
<efflect id="base-fx">
<grofile_COMMON>
<technique, §did="COMMON" >
<phong>
<diffyse>
<ESlor>0.5 0.5 0 1</color>
<p8iffuse>
<s/phong>
<AB€chnique>
</proifile COMMON>
</effect>
<effect id="1link-£fx">
<profile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0.75 0.75 0.75 1</color>
</diffuse>
</phong>
</technique>
</profile COMMON>
</effect>
</library_ effects>
<library materials>
<material id="base-mat" name="BaseMat">
<instance effect url="#base-£fx" />
</material>
<material id="link-mat" name="LinkMat">
<instance_effect url="#link-£fx" />
</material>
</library materials>
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<1lib
<v

<Anode>
</visual scene>
</libgary visual_ scenes>
</COLLAJA>

rary_visual_ scenes>
isual scene id="visualscene">
<node id="gripper" name="Gripper">
<node id="geombase" name="GeomBase'">
<!-- the base 1nk of the gripper -->
<translate>-0.02 -0.02 0</translate>
<scale>0.04 0.04 0.03</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
<instance material symbol="mat" target="#base-mat" />
</technique common>
</bind material>
</instance_geometry>
<!-- the first (active) link of the gripr
<node id="geomlinkl" name="GeomLinkl">
<scale>25 25 33.3333</scale>

Translates>U.00Z0 U.00Z5 U.U3</translate
<scale>0.0075 0.035 0.03</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
<instance material symbol="mat" target="#link-mat" />
</technique_ common>
</bind material>
</instance_geometry>
</node>
<!-- the second (passive) link of the gripper -->
<node id="geomlink2" name="GeomLink2">
<scale>25 25 33.3333</scale>
<translate>0.03 0.0025 0.03</translate>
<scale>0.0075 0.035 0.03</scale>
<instance geometry url="./cube.dae#cube-geom"¥
<bind_material>
<technique common>
<instance material symbol="mat" taggé&t="#link-mat" />
</technique common>
</bind material>
</instance_geometry>
</node>
</node>

B.5.3

B.5.3.1

Figure B.30:= Definition of the visual scene

Definition of the kinematic system

General

In Subclause B.5.3;.the kinematic system will be defined. According to Clauses B.2 onf Clause

B.3, the|steps include the definition of joints, the kinematic model, articulated system,
kinematjc scene./The exact procedure is not explained any more in detail as it is

and the
already

explaingd in~Clause B.2 and Clause B.3. Figure B.31 shows the template of the COLLADA

documenht{gripper.dae”. Missing elements are denoted by XML comments and will be

in the s

[uhQPﬂlllth subclauses

defined
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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 kinematics of a gripper with two jaws</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_ joints>
<!-- Step 1: )efinition of oint elements -->

</library joints>
<library kinematics models>
<!J= Step Z: Derinition oOf Kinematic model element -—-
</libfary kinematics_models>
<librdry articulated systems>
<!4- Step 3: Definition of articulated system (kinematics) element -->

<!4- Step 4: )efinition o articulated system (motion) element -->
</libgary articulated systems>
<librdry_kinematics_scenes>

<!4- Step 5: Definition of kinematics scene element -->
</libgary_kinematics_scenes>
<librdry formulas>

<!4- Step 6: Definition of formula elements (joint depend jee s ——>
</libgary_formulas>
</COLLALA>

Figure B.31 — Definition of the kinematics

B.5.3.2 Definition of joints

In this ¢xample, the kinematic system has two prismatic joints (“Joint1”, “Joint2”) which are
defined|in a library and which will be instantiated;in a subsequent step. “Joint1” will rgpresent
the actiye, leading joint while “Joint2” will represent the passive, dependent one. Thqg extract
of the CJOLLADA document is shown in Figure. B.32.

<joint Jd="jointl" name="Jointl">
<prismatic sid="axis0">
<axi]s>0 0 1</axis>
<linfits>
<pin>0</min>
<pax>3</max>
</limits>
</prispatic>
</joint
<joint {d="joint2" name="Joint2">
<prisnatic sid="axis0'>
<ax]s>0 0 1</axdsx
<limpits>
<in>0</mpms
<pax>3</maxs
</1limitss
</pridmatic>
</joint

Figure B.32 — Definition of joints

B.5.3.3 Definition of the kinematic model

In Subclause B.5.3.3, the kinematic model and its hierarchy is defined. Firstly all joints are
defined or instantiated from a joints library. The following kinematic chain consists of links and
joints and their hierarchical relationship. Any link or joint may provide a transformation. The
transformation of a link or a joint is always relative to its predecessor and is described
through the elements “translate” and “rotate”. The kinematic model is defined within a library
and will be instantiated in a subsequent step. Figure B.33 shows the relevant part of the
COLLADA document.
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<technique common>

</link>
</technique common>
</kinematics model>

<kinematics model id="gripper_kinmodel">

<instance joint sid="inst_jointl" url="#jointl" />
<instance_joint sid="inst_joint2" url="#joint2" />
<link name="BaseLink" sid="baselink">
<attachment full joint="gripper_kinmodel/inst_jointl">
<rotate>0 1 0 90</rotate>
<link name="Linkl" sid="1linkl" />
</attachment full>
<attachment full joint="gripper_kinmodel/inst_joint2">
<rotate>0 1 0 90</rotate>
<link name="Link2" sid="1link2" />
</attachment full>

B.5.3.4 Definition of the articulated system

Kinematic and dynamic properties are assembled within “articulated_system” element
each arficulated system definition only contains either kinematic or dynamic informat
separate “articulated_system” systems are defined within a library.

The kinfematic section of an articulated system contains information about the Ki
behaviour of an articulated model, for instance activity of¢joints, limits or depen
between joints. Figure B.34 shows the relevant part of the* COLLADA document
additional kinematic parameters used in this example.

Fi B33 — Pefimiti i . et

5. Since
on, two

nematic
dencies
and its
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<articulated system id="gripper_kinematics">
<kinematics>
<instance kinematics model sid="inst gripper_kinmodel" url="#gripper_ kinmodel">
<newparam sid="gripper_kinematics_inst_gripper_kinmodel">

<SIDREF>gripper kinematics/inst gripper kinmodel</SIDREF>

</newparam>
<newparam sid="gripper_kinematics_inst_gripper_kinmodel_inst_jointl_axisO">

<SIDREF>gripper kinematics/inst gripper kinmodel/inst jointl/axisO</SIDREF>

</newparam>
<newparam sid="gripper_kinematics_inst_gripper_kinmodel_inst_jointl_value">

<float>0.0</float>

</newparam>
<newparam sid="gripper_kinematics_inst_gripper_kinmodel_inst_joint2_axisO">

<SIDREF>gripper kinematics/inst_gripper kinmodel/inst_ joint2/axis0</SIDREF>

</newparam>

<n

cwparam sid="gripper kinematics inst gripper kinmodel inst joint2 value'">

<

</1if
<ted

<

| jJointl |

<4
| Joint2 |

<f
/>
<f

<
</t9g

<float>0.0</float>
newparam>
stance_kinematics_model>
hnique common>
xis_info axis="gripper_kinematics/inst_gripper_kinmodel/inst_jointl/axis0" si
info">
<active>
<bool>true</bool>
</active>
<locked>
<bool>false</bool>
</locked>
<limits>
<min>
<float>0.0</float>
</min>
<max>
<float>3.0</float>
</max>
</limits>
axis info>
xis_info axis="gripper_kinematics/inst_gripper_kinmodel/inst_joint2/axis0" s]
info">
<active>
<bool>false</bool>
</active>
<locked>
<bool>false</bool>
</locked>
<limits>
<min>
<float>0.0</float>
</min>
<max>
<float>3.0</fflpat>
</max>
</limits>
axis_info>
rame origim=link="gripper_kinematics/inst_gripper_kinmodel/baselink" sid="bag

d="inst
d="inst
eframe"

rame ti®~link="gripper_ kinematics/inst_gripper_ kinmodel/linkl" sid="flangefrgme">

<trghisbate>1l 2 3</translate>
frgmestip>

chiWque common>

</kin

matlcC

</articulated system>

Figure B.34 — Definition of the articulated system

To provide dynamics information, an additional articulated system shall be defined. The
motion section of an articulated system contains information about the dynamics behaviour of
an articulated model, for instance velocities of joints, acceleration or deceleration of joints.
Figure B.35 depicts the relevant part of the COLLADA document and its additional dynamics
parameters used in this example.
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<articulated system id="gripper_motion">
<motion>
<instance articulated system sid="inst_gripper kinematics" url="#gripper kinematics">
<newparam sid="gripper_motion_gripper_kinematics_inst_gripper_kinematics_model">
<SIDREF>gripper kinematics/gripper kinematics inst gripper kinmodel</SIDREF>
</newparam>
<newparam sid="gripper motion_gripper_kinematics_inst_gripper_ kinmodel_inst_jointl_axi
s0">
<SIDREF>gripper kinematics/gripper kinematics_inst gripper kinmodel inst jointl axis
0</SIDREF>
</newparam>
<newparam sid="gripper motion_gripper_kinematics_inst_gripper_ kinmodel_inst_jointl_val
ue'">
<SIDREF>gripper kinematics/gripper kinematics_inst gripper kinmodel inst jointl valu
e</SIDREF>
</newparam>
<newparam sid="gripper motion_gripper_kinematics_inst_gripper_ kinmodel_inst_joint2_ axi

s0">
<SIDREF>gripper kinematics/gripper kinematics_inst gripper kinmodel inst jO%irt2 axis
0</SIDRHEF>
</newparam>
<rlewparam sid="gripper motion_gripper_kinematics_inst_gripper_ kinmodel_inst_ joint2_ val
ue">
<SIDREF>gripper kinematics/gripper kinematics_inst gripper kinmodel inst joirt2 valu
e</SIDRHF>
</newparam>
</irstance_articulated_system>
<tedhnique common>
<gqxis_info axis="gripper_kinematics/inst_jointl_info">
<speed>
<float>0.0</float>
</speed>
<acceleration>
<float>0.0</float>
</acceleration>
<deceleration>
<float>0.0</float>
</deceleration>
<jerk>
<float>0.0</float>
</jerk>
</Jaxis info>
<gdxis info axis="gripper_ kinematics/dinst_joint2_ info">
<speed>
<float>0.0</float>
</speed>
<acceleration>
<float>0.0</float>
</acceleration>
<deceleration>
<float>0.0</floatX
</deceleration>
<jerk>
<float>0.0</%loat>
</jerk>
</Jaxis_info¥
</tqchnique gcQumon>
</motion>
</articylatee \gVstem>

Figure B.35 — Definition of the articulated system

B.5.3.5 Definition of the kinematic scene

A kinematic scene assembles different kinematic systems. All parameters needed for the
whole scene are published within a kinematic scene. In this example the kinematic scene
instantiates the articulated system which has been defined in B.5.3.4. Additionally, the
kinematic model, the joint axis, and its values are published. Figure B.36 shows the relevant
part of the COLLADA document.
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<kinematics scene id="gripper_kinscene">
<instance articulated system sid="inst_gripper motion" url="#gripper motion">
<bind symbol="gripper_kinscene_gripper_motion_gripper kinematics_inst_gripper_ kinematics
| model">
<param ref="gripper motion/gripper motion_gripper kinematics_inst_gripper_ kinematics_m
odel" />
</bind>
<bind symbol="gripper_kinscene_gripper_motion_gripper kinematics_inst_gripper_ kinmodel_ i
nst_jointl_axisO0">
<param ref="gripper motion/gripper motion_gripper_ kinematics_inst_gripper_kinmodel_ins
t_jointl_axisO0" />
</bind>
<bind symbol="gripper_kinscene_gripper_motion_gripper kinematics_inst_gripper_ kinmodel_ i
nst_jointl_value">
<param ref="gripper motion/gripper motion_gripper_ kinematics_inst_gripper_ kinmodel_ins
t_jointl_value" />
</bind>
<birf@ symbol="gripper_Kinscene_gripper_motion_gripper_ Kinematics_inst_gripper_ Kifmodel i
nst_joift2 axisO0">
<fdaram ref="gripper motion/gripper motion_gripper_ kinematics_inst_gripper_kinmddel_ins
t_jointd axis0" />
</bind>
<birld symbol="gripper_kinscene_gripper_motion_gripper kinematics_inst_gripper kirfmodel_ i
nst_joifgt2 value">
<fdaram ref="gripper motion/gripper motion_gripper_ kinematics_inst, gxipper_kinmddel_ins
t_jointd value" />
</bind>
</insfance articulated system>
</kinemdtics scene>

Figure B.36 — Definition of the kinematic. scene

B.5.3.6 Definition of the joint dependency using MathML

For opg¢ning and closing the gripper, both fingers\. need to move towards one [another
simultanjeously. To move the passive joint “Joint2*~“when moving the active joint “Jpint1” a
dependéncy is required, that is modelled using,aZmathematical formula. Formula (B.1)) shows
the according formula to define the value on “Jeint2” depending on the value of “Joint1[".

Joint2(Jointl) = (—1) = Joint1 (B.1)

The sigh depends on the orientation of the joint defined in the kinematic model. Figyre B.37
depicts the relevant MathML séction to define a formula within the COLLADA document. First,
the target is defined based® on the SID “gripper_kinmodel/inst_joint2”. Using the| SID of
“Joint1”|within the formula$:the value of the active joint “Joint1” is applied to the passfive joint
“Joint2”|according to the'\mathematical expression.

<formulg sid="frontydir.formula">
<targgt>
<papam>gripgpex*kinmodel/inst_ joint2</param>
</tardet>
<techrjiqug~cemmon>
<mafhmpd mdth>
<npashpfl : apply>
I CITIT L Lillld
<mathml:cn type="integer">-1</mathml:cn>
<mathml:ci>gripper kinmodel/inst_ jointl</mathml:ci>
</mathml:apply>
</mathml:math>
</technique_common>
</formula>

Figure B.37 — Definition of the joint dependency using MathML

B.5.3.7 Final COLLADA document

Figure B.38 depicts the resulting COLLADA document “gripper_kinematics.dae”.
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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 kinematics of a gripper with two jaws</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 joints>
Rl== 1 definition of joint elements -->
<joint id="Jjointl" name="Jointl">
<prismatic sid="axis0">
axis>U U I</axis
<limits>
<min>0</min>
<max>3</max>
</limits>
</prismatic>
</jqint>
<joint id="joint2" name="Joint2">
<drismatic sid="axisO0">
<axis>0 0 1</axis>
<limits>
<min>0</min>
<max>3</max>
</limits>
</Aprismatic>
</jqint>
</libygary joints>
<librgry kinematics models>
<!4- Step 2: Definition of kinematic m
<kirematics model id="gripper_ kinmodel">
<flechnique_ common>
<instance_joint sid="inst_jointl" url="#gointl" />
<instance_ joint sid="inst_joint2" urlsY#goint2" />
<link name="BaseLink" sid="baselink"x
<attachment full joint="gripper_ kimnmodel/inst_jointl">
<rotate>0 1 0 90</rotate>
<link name="Linkl" sid="1link1l!" />
</attachment_ full>
<attachment full joint="gripper_kinmodel/inst_joint2">
<rotate>0 1 0 90</rotatd>
<link name="Link2" sid="1ink2" />
</attachment full>
</link>
</|technique_common>
</kinematics model>
</libyary kinematics mddels>
<librgry_ articulated\s¥ystems>
<!A- 3: DgA\Ntition of articulated stem (kinemati
<arfliculated_ gystem id="gripper_kinematics">
<Minematigsy
<instanges/kinematics model sid="inst_gripper kinmodel" url="#gripper kinmodel">
<newpdram sid="gripper_kinematics_inst_gripper_kinmodel">
<IIDREF>gripper kinematics/inst gripper kinmodel</SIDREF>
/mewparam>
newparam cid=Vgripper kinematics inst gripper kinmodel inst jJoint]l axisQud
<SIDREF>gripper kinematics/inst gripper kinmodel/inst jointl/axis0</SIDREF>
</newparam>
<newparam sid="gripper_kinematics_inst gripper kinmodel_inst_ jointl_value">
<float>0.0</float>
</newparam>
<newparam sid="gripper_kinematics_inst_gripper_kinmodel_ inst_joint2_ axisO0">
<SIDREF>gripper kinematics/inst_ gripper kinmodel/inst joint2/axis0</SIDREF>
</newparam>
<newparam sid="gripper_kinematics_inst_gripper_kinmodel_inst_joint2_value">
<float>0.0</float>
</newparam>
</instance_kinematics_model>
<technique common>
<axis_info axis="gripper_kinematics/inst_gripper_kinmodel/inst_jointl/axisO" sid="
inst_jointl_info">
<active>
<bool>true</bool>
</active>
<locked>
<bool>false</bool>
</locked>

=1 elemgn™ —-->
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<limits>
<min>
<float>0.0</float>
</min>
<max>
<float>3.0</float>
</max>
</limits>
</axis_info>
<axis info axis="gripper kinematics/inst_gripper_kinmodel/inst_joint2/axis0" sid="
inst_joint2_info">
<active>
<bool>false</bool>
</active>
<locked>
<bool>false</bool>
</locked>
11mitTs
<min>
<float>0.0</float>
</min>
<max>
<float>3.0</float>
</max>
</limits>
</axis_info>
<frame origin link="gripper_kinematics/inst_gripper_kinmodel/baselink" sid-"basefr

ame" />
<frame_ tip link="gripper_kinematics/inst_gripper_kinmodel/linkl" sid="flandeframe"

<translate>l 2 3</translate>
</frame tip>
</technique common>
</kinematics>
</afticulated system>

<!4- St 41: Definiti of articul ed (goW™NLon) ele
<arfliculated system id="gripper_motion">
<nlotion>
<instance_articulated system sid="inst_g@ipper_kinematics" url="#gripper_ kingmatics"
>
<newparam sid="gripper_ motion_gripper’ kinematics_inst_gripper_kinematics_mddel">
<SIDREF>gripper kinematics/grippe€r kinematics inst gripper kinmodel</SIDHEF>
</newparam>
<newparam sid="gripper_ motion ‘gripper_kinematics_inst_gripper_kinmodel_insf§ jointl
axisO"

<SIDREF>gripper kinematics/gripper kinematics_inst gripper kinmodel inst [jointl
axis0</YIDREF>
</newparam>
<newparam sid="gripper motion_gripper_kinematics_inst_gripper_kinmodel_insf§ jointl
| value"
<SIDREF>gripper \kinematics/gripper kinematics_inst gripper_ kinmodel inst |jointl
value</dIDREF>
</newparam>
<newparam gid='gripper_ motion_gripper_kinematics_inst_gripper_kinmodel_insf§ joint2
LaxisO"
<SIDREB>gripper kinematics/gripper kinematics_inst gripper kinmodel inst |joint2
axis0</YIDREF>
</netwpaL am>
<newpdram sid="gripper_ motion_gripper_kinematics_inst_gripper_kinmodel_insy§ joint2
| value"
<SIDREF>gripper kinematics/gripper kinematics inst gripper kinmodel inst |[joint2
value</JIDREE _ _ — _ —_ — | B
</newparam>
</instance_articulated system>
<technique common>
<axis_info axis="gripper_kinematics/inst_jointl_info">
<speed>
<float>0.0</float>
</speed>
<acceleration>
<float>0.0</float>
</acceleration>
<deceleration>
<float>0.0</float>
</deceleration>
<jerk>
<float>0.0</float>
</jerk>
</axis_info>
<axis info axis="gripper_ kinematics/inst_joint2_info">
<speed>
<float>0.0</float>
</speed>
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<acceleration>
<float>0.0</float>
</acceleration>
<deceleration>
<float>0.0</float>
</deceleration>
<jerk>
<float>0.0</float>
</jerk>
</axis info>
</technique_common>
</motion>
</articulated system>
</library articulated systems>
<library kinematics scenes>

<!-- Step 5: Definition of kinematics scene element -->
<kinematics scene id="gripper_ kinscene">
<jmstance articulated system si1d-"iNst_gripper_motion. Url- #gripper_motion
<bind symbol="gripper_kinscene_gripper_motion_gripper_kinematics_inst_grippey kinema
tics_model">
<param ref="gripper motion/gripper motion_gripper_kinematics_inst_gripper Hinemati
cs_model" />
</bind>
<bind symbol="gripper_kinscene_gripper_motion_gripper_kinematics_inst_grippey kinmod
el inst |jointl_axisO0">
<param ref="gripper motion/gripper motion_gripper_kinematics, inst_gripper_ Kinmodel
_inst_jdintl_axisO0" />
</bind>
<bind symbol="gripper_kinscene_gripper_motion_gripper_kinematics_inst_grippey kinmod
el inst |jointl_value">
<param ref="gripper motion/gripper motion_gripper_kinematics_inst_gripper_ Kinmodel
_inst_jdintl_value" />
</bind>
<bind symbol="gripper_kinscene_gripper_motion_gripper_kinematics_inst_grippey kinmod
el inst |joint2_ axisO0">
<param ref="gripper motion/gripper motion_gripper_ kinematics_inst_gripper_ Kinmodel
_inst_jdint2_axisO0" />
</bind>
<bind symbol="gripper_kinscene_gripper_motion_gripper_kinematics_inst_grippey kinmod
el inst |joint2_value">
<param ref="gripper motion/gripper \motion_gripper_ kinematics_inst_gripper_ Kinmodel
_inst_jdint2_value" />
</bind>
</|instance_articulated_system>
</kinematics scene>
</libyary kinematics_scenes>
<librgqry formulas>
<!4- Step : Definition ofL XWrfmula elements (joint dependencies) -->
<foymula sid="front_dir.foxrmula">
<flarget>
<param>gripper_ kinm@del/inst joint2</param>
</Atarget>
<flechnique commop>
<mathml:math>
<mathml : apphy>
<mathpd:¢imes />
<maphwl:cn type="integer">-1</mathml:cn>
<maédfhnl:ci>gripper kinmodel/inst jointl</mathml:ci>
</mathml:apply>
</mpagbhml :math>
<Jte€hnique common>

</fdzmdla
</library formulas>
</COLLADA>

Figure B.38 — XML representation of the COLLADA document gripper_kinematics.dae

B.5.4 Assembling of the scene

In the element “scene”, all kinematic scenes are instantiated that are used. In addition the
linking to the visual scene is done here, as depicted in Figure B.39. The scene in this example
instantiates elements from the subdocuments “gripper_geometry.dae” and
“gripper_kinematics.dae” as defined in B.5.2 and B.5.3. This linking defines the flow of the
joint value from a kinematic calculation to the transformation in the geometry.
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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 combination of the gripper's geometry and
kinematics</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>
<scene>
<instance_visual scene url="./gripper_geometry.dae#visualscene" />
<instance_ kinematics scene sid="inst_linearunit_kinscene" url="./gripper_kinematics.dae#

gripper [Kinscene
<dind_kinematics_model node="gripper">
<param>gripper kinscene gripper motion gripper kinematics inst gripper kinemgtics mo
del</pagam>
<AJbind kinematics model>
<Hind joint axis target="geomlinkl/transform">
<axis>
<param>gripper kinscene gripper motion gripper kinematics inst''gripper kinmodel in
st_joiny{l_axisO</param>
</axis>
<value>
<param>gripper_kinscene_ gripper motion_gripper kinematigs)inst gripper_ kinnodel in
st joinfl value</param>
</value>
</bind_joint_ axis>
<Hind joint axis target="geomlinkl/transform">
<axis>
<param>gripper kinscene gripper motion gripp€r™inematics inst gripper kinmodel in
st_joiny{2_axisO</param>
</axis>
<value>
<param>gripper_kinscene_ gripper motion(gripper_ kinematics_inst_ gripper_ kinnodel in
st joinf2 value</param>
</value>
</bind_joint_ axis>
</irfstance kinematics scene>
</scerle>
</COLLALA>

Figure B.39 — XML represéentation of the COLLADA document gripper.dae

B.5.5 Combination of CAEX and COLLADA into AML

This example extends_{the AML document from Clause B.4. In addition to the [existing
InternalElements “LinearUnit” and “SCARA Robot” the AML document has an InternalElement
“JawGripper” including an Externallnterface named “FileLinkExplicit” derived from the
InterfaceClass ‘COLLADAInterface”, which is part of the standard InterfaceClasgLibrary
“AutomationML:InterfaceClassLib”. This Externallnterface is used to reference the cpmplete
scene eipli¢itly and in particular the gripper as depicted in Figure B.40.

The IMternatEtement “SCARA—Robot ™ has —an additiomat—chifd——intermaiElement
“PublishedFlangeFrame” with applied RoleClass “Frame”. This InternalElement has two
Externallnterfaces: an Externallnterface derived from the InterfaceClass “COLLADAInterface”
to reference a COLLADA node implicitly (“FileLinklmplicit”’) and an Externallnterface derived
from the InterfaceClass “Attachmentinterface” to define an attachment (“Attachment”).

The InternalElement “JawGripper” has two child InternalElements (“PublishedBaseFrame”,
“PublishedFlangeFrame”) with applied RoleClass “Frame”, which is part of the standard
RoleClassLibrary as  well. The InternalElements “PublishedBaseFrame” and
“PublishedFlangeFrame” have two Externallnterfaces: an Externallnterface derived from the
InterfaceClass  “COLLADAInterface” to reference a COLLADA node implicitly
(“FileLinklmplicit’) and an  Externalinterface derived from the InterfaceClass
“Attachmentinterface” to define an attachment (“Attachment”).
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-, m ExamplelnstanceHierarchy .
v lEl RobotOnLingarUnitwithGripper { Class: Role: Czll} -

) Jawripper { Class: Role: PATH_TO}
v IE' LinsarUnit { Class: Role: PATH_CAR} e IE'

o lEl PublishedBaseFrame { Class: Role: PATH_FR}

v oy Interfaces
o0 Attachment { Class: PATH_AL}

~” lEl FublishedFlangeFrame { Class: Role; PATH_FR}
v oy Interfaces
o0 Attachment | Class: PATH_AL}

_ o e
o FileLinkImplicit { Class: PATH_CI} o0 Filetinkimplict { Class: PATH_Cl}

v o0 Interfaces .
. o _ v ol Interfaces
o0 FileLinkExplicit { Class: PATH_CI}
0> Attachment | Class: PATH_AL}

- lEl PublishecFlangeFrame { Class: Role: PATH_FR}

) o 0> FileLinkImplicit { ClassyPaTH_CI}
" lEl PublishedBaseFrams { Class: Role: PATH_FR}

Intert:

v oy Interfaces v o
. o> FileLinkExplicit { ClassiPaTH_[}

o> Attachment { Class: PATH_AL}

ol [ leLinkImplicit { Class: PATH_CI}
- lEl FublishedFlangeFrams { Class: Role: FATH_FR
v o> Intert:
o0 Attachment { Class: PATH_AL}

o0 FileLinkImplicit { Class: PATH_CI}
v oy Interfaces
o0 FileLinkExplicit { Class: PATH_CI}

Figure B.40 — Hierarchy'of the AML document

Figure B.41 shows the relevant part of\the AML document and how to publish frames for
attaching the gripper to the robot, which)are defined in AML.

<InstandeHierarchy Name="ExamplelnstanceHierarchy">
<InteynalElement Name="RobotOnLinearUnitWithGripper" ID="GUIDO">
<InflernalElement Name="LinearUnit" ID="GUID1">
<HxternalInterface Nafe="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUIDZ">
<Attribute Name=".refType" AttributeDataType="xs:string">
<Value>explicift<)/Value>
</Attribute>
<Attribute N@me="refURI" AttributeDataType="xs:anyURI">
<Value>,ANthear unit.dae</Value>
</Attribubés
</ExternallInterface>
<Jnternglllement Name="PublishedFlangeFrame" ID="GUID3">
<ExtfleprtalInterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID4" /
<BxtgrnalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID5">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./linear_unit.dae#linearunit_kinematics</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./flangeframe</Value>
</Attribute>
</ExternalInterface>
<RoleRequirements RefBaseRoleClassPath="PATH FR" />
</InternalElement>
<RoleRequirements RefBaseRoleClassPath="PATH CAR" />
</InternalElement>
<InternalElement Name="SCARA Robot" ID="GUID6">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH CI" ID="GUID7">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./robot.dae</Value>
</Attribute>
</Externallnterface>
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<InternalElement Name="PublishedBaseFrame" ID="GUID8">
<ExternallInterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID9" />
<Externallnterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID10">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./robot.dae#robot kinematics</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./baseframe</Value>
</Attribute>
</ExternalInterface>
<RoleRequirements RefBaseRoleClassPath="PATH FR" />
</InternalElement>
<InternalElement Name="PublishedFlangeFrame" ID="GUID1l1l">
<ExternallInterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID12" />
Externallnterrace Name—="FileLinkImplicit W RelBascClassPacn= PATH _CI" ID="GUJD13">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./robot.dae#robot kinematics</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./flangeframe</Value>
</Attribute>
</ExternalInterface>
<RoleRequirements RefBaseRoleClassPath="PATH FR" />
</InternalElement>
<HoleRequirements RefBaseRoleClassPath="PATH ROB" />
</IrfternalElement>
<InflernalElement Name="JawGripper" ID="GUID14">
<HxternalInterface Name="FileLinkExplicit" RefBasgClassPath="PATH_CI" ID="GUIDY5">
<Attribute Name="refType" AttributeDataType="x8)xstring">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataTypei™xs:anyURI">
<Value>./gripper.dae</Value>
</Attribute>
</ExternallInterface>
<JnternalElement Name="PublishedBaseFxame" ID="GUID16">
<ExternalInterface Name="Attachmént’ RefBaseClassPath="PATH_AI" ID="GUID17" />
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID18">
<Attribute Name="refType" AxtributeDataType="xs:string">
<Value>implicit</Value3>
</Attribute>
<Attribute Name="refURTW~AttributeDataType="xs:anyURI">
<Value>./robot.dae#rdbot_ kinematics</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./basgfirame</Value>
</Attribute>
</ExternallIntekféace>
<RoleRequirgmaytts RefBaseRoleClassPath="PATH FR" />
<AInternalE9ment>
<Jnternalllement Name="PublishedFlangeFrame" ID="GUID19">
<Exterhaldnterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID20" />
<ExterndalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID21">
#AtPribute Name="refType" AttributeDataType="xs:string">
£Value>implicit</Value>
Attribute
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./robot.dae#robot_ kinematics</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./flangeframe</Value>
</Attribute>
</ExternallInterface>
<RoleRequirements RefBaseRoleClassPath="PATH FR" />
</InternalElement>
<RoleRequirements RefBaseRoleClassPath="PATH_TO" />
</InternalElement>
<InternallLink Name="AttachmentLinearUnitMovesRobot" RefPartnerSideA="GUID3:Attachment" R
efPartnerSideB="GUID8:Attachment" />
<InternallLink Name="AttachmentRobotMovesGripper" RefPartnerSideA="GUIDll:Attachment" Ref
PartnerSideB="GUID16:Attachment" />
</InternalElement>
</InstanceHierarchy>

Figure B.41 — XML representation of the AML document
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Finally, the connection is established by the use of an InternalLink, which connects both
published frames. Figure B.42 shows the relevant part of the AML document and how to
define an InternalLink. The link is stored in the InternalElement
“RobotOnLinearUnitWithGripper®, which is the lowest common parent of the connected AML
objects according to IEC 62714-1.

<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="RobotOnLinearUnitWithGripper" ID="GUIDO">
[...]
<InternallLink Name="AttachmentLinearUnitMovesRobot"
RefPartnerSideA="GUID3:Attachment"
RefPartnerSideB="GUID8:Attachment" />
<InternallLink Name="AttachmentRobotMovesGripper"
RefPartnerSideA="GUIDl1ll:Attachment"
RefPartnerSideB="GUID16:Attachment" />
</IntgTnalElement
</InstarceHierarchy>

Figure B.42 — XML representation of the AML document

Figure B.43 depicts the resulting scene with the robot attached to the lineariunit.

-n

gure B.43 — Visualization of the robot on a linear unit and attached gripper

B.6 Modelling an AML document of a work piece connected to a gripper|in
CAEX and,COLLADA

B.6.1 General

Clause B6vdescribes a specialized use case of a geometric attachment between a pafent and
a child AML object (both of type InternalElement). In general, any descendant geometry of an
attached child AML object is transformed (moved or rotated) by the parent AML object due to
the parent child relationship. If the attached child AML object references a COLLADA node
whose geometry is defined in an ancestor COLLADA node, some additional requirements
shall be met to move the geometry together with the attachment. In this clause, the example
from Clauses B.2, B.3, B.4, and B.5 is supplemented by a further work object, which will be
attached to the gripper defined in Clause B.5.

B.6.2 Implicit upper boundary

For a better understanding, Figure B.44 shows a simplified example of a robot with two
frames (“A”, “B”) and a box with two frames (“C”,"D”). Frame “D” represents a child node of
frame “C” and should be attached to frame “B” of the robot. The geometric shape of the box is
defined in frame “C” and thus it is not explicitly part of the attachment.
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[ 5/

Robot Box

Figure B.44 — Example for implicit upper boundary

In this gxample, an AML and two COLLADA documents are used. Therobot and the |box are
defined [in separated COLLADA documents while the topology and thegeometric attachment
are defined in a top level AML document. The structure is depicted(in Figure B.45.

<COLLADA>

<CAEX>

| E Workeell
—E Robot

explicit

o]

Robot.dae

<COLLADA>

explicit |

implicit |

Attachment

ey _ 4

. |

L

InternalElement O—OExternaIInterface |:| COLLADA Element

Figure B.45 — Structure for attachments between objects in CAEX

The AML document has two InternalElements (“Robot”, “Box”) by means of AML objects. Both
AML objects have a reference to a COLLADA geometry object by using explicit references.
The AML object “Robot” references the COLLADA document Robot.dae and the AML object
“Box” references the COLLADA document Box.dae. Furthermore, both AML objects have a
child InternalElement “Attachment Frame” with assigned RoleClass “Frame”. Each
InternalElement “Attachment Frame” has an implicit Externallnterface derived from the
InterfaceClass “COLLADAInterface” which references a node defined in the COLLADA
document. Additionally, each InternalElement “Attachment Frame” has Externallnterface
derived from the InterfaceClass “Attachmentinterface”, which may be connected or linked. In
this example the implicit reference of the AML object “Box” addresses the COLLADA node
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“Node D” which is a child of the COLLADA node “Node C”. The geometry of the box is defined
in the scope of the COLLADA node “Node C”.

In accordance with the requirements for an attachment defined in Clause 8, this example is
valid and the geometry of the box is moved with the attachment since it fulfils the
requirements:

e The “Attachmentinterface” is child of an AML object with the RoleClass “Frame” and the
object to be moved is the parent AML object “Box”.

e The AML object owning an “Attachmentinterface” has the RoleClass “Frame” and it has an
Externallnterface derived from the InterfaceClass “COLLADAInterface”. Its parent AML
object “Box” has an Exernallnterface derived from the InterfaceClass “COLLADAInterface”
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Figure B.46 — Visualization of the work piece with additional frame

mplete COLLADA document of the work piece (“workpiece.dae”) is shown in
Figure B.47. It uses the geometry definition from the external COLLADA document “cube.dae”
taken from 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 work piece.
An additional node representing a frame is provided.</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="wpeffect-fx">
<profile COMMON>
Technique sid- COMMON
<phong>
<diffuse>
<color>0.71 0.31 0.61 1</color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</effect>
</libgary effects>
<librdry materials>
<mafferial id="wpeffect" name="WorkPieceEffect">
<jnstance effect url="#wpeffect-£x" />
</mdterial>
</libgary materials>
<librdry visual scenes>
<vigual scene id="visualscene">
<rjode id="workpiece" name="WorkPiece">
<scale>0.04 0.07 0.08</scale>
<node sid="workpieceframe">
<translate>0.5 0.5 1l</translate>
</node>
<instance geometry url="./cube.dae#cubé-geom">
<bind material>
<technique common>
<instance material symbol=Tmat" target="#wpeffect" />
</technique_ common>
</bind material>
</instance_geometry>
<Anode>
</visual scene>
</libgary visual scenes>
<scend>
<indtance visual scene Wgl="#visualscene" />
</scere>
</COLLAT}A>

Figure B.47.- COLLADA document of work piece with additional frame

B.6.4 Combination of CAEX and COLLADA into AML

This exjample extends the AML document from Clause B.5. In addition to the |existing
InternalElements “linearlUnit” “SCARA_Robot” and “JawGripper” the AML documeni has an
InternalElement “WorkPiece” including an Externalinterface named “FileLinkExplicit” derived
from the InterfaceClass “COLLADAInterface”, which is part of the standard
InterfaceClassLibrary “AutomationMLInterfaceClassLib”. This Externalinterface is used to
reference the complete scene explicitly and in particular the work piece as depicted in
Figure B.48.

The InternalElement “WorkPiece” has a child InternalElement (“PublishedFrame”) with applied
RoleClass “Frame”, which is part of the standard RoleClassLibrary. The InternalElement
“PublishedFrame” has an  Externallnterface derived from the InterfaceClass
“COLLADAInterface” to reference a COLLADA node implicitly (“FileLinklmplicit’) and an
Externallnterface derived from the InterfaceClass “Attachmentinterface” to define an
attachment (“Attachment”) as depicted in Figure B.48.
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v E ExamplelnstanceHierarchy
-, IEl RobotOnLinearUnitwithGripper { Class: Role: Call}
v El LingarUnit { Class: Role: PATH_CAR}

Figure H

" |E SCARA Pobot [ Class: Role; PATH ROEYT

£

|E| JawGripper { Class: Role: FATH_TO}

v IEl PublishedFlangzFrams { Class: Role: PATH_FR}

o> Interfaces
v ol Interfaces ¥

v “_E—I FublishecBaseFrams | Class: Role: PATH_FR}

o0 attachment { Class: PATH_AL}

o0 Attachment | Class: PATH_AL}

o0 FileLinkImplicit { Class: PATH_CI}

-0 FileLinkImplicit { Class: PATH_CT}

v o Interfaces
o0 FileLinkExplicit { Class: PATH_CI}

- “_E—I PublishecFlangeFrams | Class: Role:

v ol Interfaces
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o0 Attachment { Class: PATH_ALY

o0 FileLinkImplict | Class:sFA
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o> Attachment { Class: PATH_AT}
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Figure B.48 — Hierarchy of the AML document

.49 shows the relevant part of the AML document.

<Instan
<Inteq
<Inf
<H

<]

eHierarchy Name="ExampleInstanceHierarchy">

nalElement Name="RobotOnliinearUnitWithGripperAndWorkpiece" ID="GUIDO">

ernalElement Name="LineéarUnit" ID="GUID1">

xternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUIDJ

<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicipg<AValue>

</Attribute>

<Attribute Name=)'refURI" AttributeDataType="xs:anyURI">
<Value>./limear_ unit.dae</Value>

</Attribupe>

ExternalAerface>

nternadklément Name="PublishedFlangeFrame" ID="GUID3">

<Exte¥ma@lInterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID4" /

<ExfiednalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GU]J
fAttribute Name="refType" AttributeDataType="xs:string">

D5">

<Value>implicit</Value>

</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./linear_ unit.dae#linearunit_kinematics</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./flangeframe</Value>
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH FR" />

</InternalElement>

<RoleRequirements RefBaseRoleClassPath="PATH CAR" />
</InternalElement>
<InternalElement Name="SCARA Robot" ID="GUID6">

<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI"

<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>

</Attribute>

<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./robot.dae</Value>

</Attribute>

</Externallnterface>
<InternalElement Name="PublishedBaseFrame" ID="GUID8">

ID="GUID7">
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<ExternallInterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUIDY9" />
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID10">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./robot.dae#robot kinematics</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./baseframe</Value>
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_FR" />
</InternalElement>
<InternalElement Name="PublishedFlangeFrame" ID="GUID11">
<ExternallInterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID12" />
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID13">
TLIi1DULE Nalle- rerlype  ACCLIrLiDbutceDactalype- XS.string
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./robot.dae#robot kinematics</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./flangeframe</Value>
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_FR" />
</InternalElement>
<HoleRequirements RefBaseRoleClassPath="PATH ROB" />
</IrternalElement>
<InffernalElement Name="JawGripper" ID="GUID14">
<HxternallInterface Name="FileLinkExplicit" RefBaseCdassPath="PATH_CI" ID="GUID}5">
<Attribute Name="refType" AttributeDataType="xsyZString">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType=%%8:anyURI">
<Value>./gripper.dae</Value>
</Attribute>
<AExternallInterface>
<J]nternalElement Name="PublishedBaseFrame" ID="GUID16">
<ExternalInterface Name="Attachment!|'RefBaseClassPath="PATH_AI" ID="GUID17" />
<ExternallInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GU]D18">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI'~AttributeDataType="xs:anyURI">
<Value>./robot.dae#rebot kinematics</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./baseframe</Value>
</Attribute>
</Externallntepface>
<RoleRequiremeRts RefBaseRoleClassPath="PATH FR" />
<AInternalElemeht>
<]nternalElgment Name="PublishedFlangeFrame" ID="GUID19">
<ExterngMNmterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID20" />
<Exterhaldinterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GU]D21">
<AstBribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>

{/Attribute>
tirihute Name="pref[RT" AttrihuteDataTyne="xs:anyRT"
<Value>./robot.dae#robot kinematics</Value>
</Attribute>

<Attribute Name="target" AttributeDataType="xs:token">
<Value>./flangeframe</Value>
</Attribute>
</ExternalInterface>
<RoleRequirements RefBaseRoleClassPath="PATH FR" />
</InternalElement>
<RoleRequirements RefBaseRoleClassPath="PATH_TO" />
</InternalElement>
<InternalElement Name="WorkPiece" ID="GUID22">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID23">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./workpiece.dae</Value>
</Attribute>
</ExternalInterface>
<InternalElement Name="PublishedFrame" ID="GUID24">
<Externallnterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID25" />
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</

<ExternallInterface Name="FileLinkImplicit" RefBaseClassPath="PATH CI" ID="GUID26">

<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>

</Attribute>

<Attribute Name="refURI" AttributeDataType="xs:anyURI">

<Value>./workpiece.dae#workpiece</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./workpieceframe</Value>
</Attribute>
</ExternalInterface>
<RoleRequirements RefBaseRoleClassPath="PATH FR" />

InternalElement>

<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
</InternalElement>
</InstanceHierarchy>

As a reg
mountin

Finally,

published frames. ure B.51 shows the relevant part of the AML document and
define gn Internalga The link is stored at the CAEX InternalElement “Workcell“, whid

lowest qgommo

Figure B.49 — XML representation of the AML document (\

ult, the work piece is attached to the gripper as depicted in Figure A. ?;?t op;
g, the attaching does not include any additional transformation oft

’\
4

XS
oF
C)\\C)

Figure B.50 —.Attachment between geometric AML objects

the connectio Qestablished by the use of an InternallLink, which conne(

nt of the connected CAEX objects according to IEC 62714-1.

osite to

ached|object.

ts both
how to
h is the

<Instan
<Inte

1 ement Name="RobotOnLinearUnitWithGripperAndWorkpiece" ID="GUIDO">

<In

<In

<In

ceHgégarchy Name="ExampleInstanceHierarchy">
Hlermallink Name="Attachmentl.inearlinitMovesRobot"

RefPartnerSideA="GUID3:Attachment"
RefPartnerSideB="GUID8:Attachment" />

ternallLink Name="AttachmentRobotMovesGripper"
RefPartnerSideA="GUID1ll:Attachment"
RefPartnerSideB="GUID16:Attachment" />

ternallink Name="AttachmentGripperMovesWorkpiece"
RefPartnerSideA="GUID19:Attachment"
RefPartnerSideB="GUID24:Attachment" />

</InternalElement>
</InstanceHierarchy>

Figure B.51 — XML representation of the AML document
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Annex C
(informative)

XML representation of AML libraries

C.1 AutomationMLBaseRoleClassLib

Figure C.1 shows the AML libraries AutomationMLBaseRoleClassLib which contains the
RoleClass “Frame” specified in this document.

<CAEXFile xsi:noNamespaceSchemalLocation="CAEX ClassModel_V2.15.xsd" FileName="AutomationMLBa
seRoleClassLib.aml Chemaversion=-"2.15
<AddifionalInformation AutomationMLVersion="2.0" />
<AddifjionalInformation>
<WrilterHeader>
<WriterName>AutomationML e.V.</WriterName>
<WriterID>AutomationML e.V.</WriterID>
<WriterVendor>AutomationML e.V.</WriterVendor>
<WriterVendorURL>www.automationml.org</WriterVendorURL>
<WriterVersion>1.0</WriterVersion>
<WriterRelease>1.0.0</WriterRelease>
<JJastWritingDateTime>2013-03-01</LastWritingDateTime>
<WriterProjectTitle>Automation Markup Language Standard Libkxaries</WriterProjedqtTitle>
<WriterProjectID>Automation Markup Language Standard Librafi¥es</WriterProjectI>
</WyiterHeader>
</AddiltionalInformation>
<ExteynalReference Path="AutomationMLInterfaceClassLib.dml" Alias="AutomationMLIntgrfaceCl
assLib" |/>
<Role(lassLib Name="AutomationMLBaseRoleClassLib">
<Dedcription>Automation Markup Language Base «Roke <class Library - Part 1 |Content
extended with Part 3 Content</Description>
<Veydsion>2.2.1</Version>
<RolJleClass Name="AutomationMLBaseRole">
<HoleClass Name="Group" RefBaseClassPath<¥™AutomationMLBaseRole">
<Attribute Name="AssociatedFacet" AtfriuteDataType="xs:string" />
<ARoleClass>
<HoleClass Name="Facet" RefBaseCladgPath="AutomationMLBaseRole" />
<HoleClass Name="Port" RefBaseClassPath="AutomationMLBaseRole">
<Attribute Name="Direction" AxtributeDataType="xs:string" />
<Attribute Name="Cardinality">
<Attribute Name="MinOccur" "AttributeDataType="xs:unsignedInt" />
<Attribute Name="MaxOceur" AttributeDataType="xs:unsignedInt" />
</Attribute>
<Attribute Name="Category" AttributeDataType="xs:string" />
<ExternalInterface Name="ConnectionPoint" ID="9942bd9%c-cl19d-44e4-al9%7-
11b9edf264e7" RefBaseClagsPath="AutomationMLInterfaceClassLib@AutomationMLInterfaceClassLib/
AutomationMLBaseInterface/PortConnector" />
</ARoleClass>
<HoleClass Namex='"Resource" RefBaseClassPath="AutomationMLBaseRole" />
<HoleClass Name="Product" RefBaseClassPath="AutomationMLBaseRole" />
<HoleClasg™Name="Process" RefBaseClassPath="AutomationMLBaseRole" />
<HoleClasswMName="Structure" RefBaseClassPath="AutomationMLBaseRole">
<RoleCl3@'ss Name="ProductStructure" RefBaseClassPath="Structure" />
<RpNlellass Name="ProcessStructure" RefBaseClassPath="Structure" />
<RdleClass Name="ResourceStructure" RefBaseClassPath="Structure" />
<ARoYcoCla
<RoleClass Name="PropertySet" RefBaseClassPath="AutomationMLBaseRole" />
<RoleClass Name="Frame" RefBaseClassPath="AutomationMLBaseRole" />
</RoleClass>
</RoleClassLib>
</CAEXFile>

Figure C.1 — XML representation of AML libraries AutomationMLBaseRoleClassLib

C.2 AutomationMLInterfaceClassLib

Figure C.2 shows the AML libraries AutomationMLInterfaceClassLib which contains the
InterfaceClass “COLLADAInterface” specified in this document.
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<CAEXFile xsi:noNamespaceSchemalLocation="CAEX ClassModel_V2.15.xsd" FileName="AutomationMLIn

terfaceClassLib.aml" SchemaVersion="2.15">
<AdditionalInformation AutomationMLVersion="2.0" />
<AdditionalInformation>

<WriterHeader>
<WriterName>AutomationML e.V.</WriterName>
<WriterID>AutomationML e.V.</WriterID>
<WriterVendor>AutomationML e.V.</WriterVendor>
<WriterVendorURL>www.automationml.org</WriterVendorURL>
<WriterVersion>1.0</WriterVersion>
<WriterRelease>1.0.0</WriterRelease>
<LastWritingDateTime>2013-03-01</LastWritingDateTime>
<WriterProjectTitle>Automation Markup Language Standard Libraries</WriterProjectTitle>
<WriterProjectID>Automation Markup Language Standard Libraries</WriterProjectID>

</WriterHeader>

</AdditionalInformation>

<InterfaceClassLib Name="AutomationMLInterfaceClassLib">

Cont

ce"

ce'">

/>

LIS

</
</CA

<Def{
ent
<Veq
<Intf

<]

<
<]
<]
/>
<]
<]

</1In
Intdg
EXF]

Criptionsotandard Ttomation Markup Language lInterrace Class Library .
extended with Part 3 Content</Description>

sion>2.2.1</Version>

erfaceClass Name="AutomationMLBaseInterface">

nterfaceClass Name="Order" RefBaseClassPath="AutomationMLBaseInterface">
<Attribute Name="Direction" AttributeDataType="xs:string" />

InterfaceClass>

nterfaceClass Name="PortConnector" RefBaseClassPath="AutomationMLBaseInterfad
nterfaceClass Name="InterlockingConnector" RefBaseClassPath="AutomationMLBasse

nterfaceClass Name="PPRConnector" RefBaseClassPath="AutomationMLBaseInterfacqg
nterfaceClass Name="ExternalDataConnector" RefBaseClassBath*"AutomationMLBasqg

<Attribute Name="refURI" AttributeDataType="xs:anyURI! />

<InterfaceClass Name="COLLADAInterface" RefBaseClassPath="ExternalDataConnect
<Attribute Name="refType" AttributeDataType="xs{string" />
<Attribute Name="target" AttributeDataType="xg7token" />

</InterfaceClass>

<InterfaceClass Name="PLCopenXMLInterface" RefBaseClassPath="ExternalDataConn

InterfaceClass>
nterfaceClass Name="Communication" RefBageClassPath="AutomationMLBaseInterfad
<InterfaceClass Name="SignalInterface!N\RefBaseClassPath="Communication" />
InterfaceClass>

nterfaceClass Name="AttachmentInterface" RefBaseClassPath="AutomationMLBaselIn

terfaceClass>
rfaceClassLib>
le>

Part 1
ell />
Interfa
">
Interfa
or">
ector"
e">
terface

Figu

re C.2 — XML representation of AML libraries AutomationMLInterfaceClassLib
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Partie 3: Géométrie et cinématique

AVANT-PROPOS

La Cpmmission Electrotechnique Internationale (IEC) est une organisation mondialé~ de nor
compgsée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de’I"lEC). L’IE
objet fle favoriser la coopération internationale pour toutes les questions de normalisation dans les
de I'dlectricité et de I'électronique. A cet effet, 'IEC — entre autres activifés — publie deg
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Les deécisions ou accords officiels de I'l[EC concernant les questions*techniques représentent, dans
du popsible, un accord international sur les sujets étudiés, étantvdonné que les Comités nationau
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Les Plblications de 'lEC se présentent sous la forme de‘recommandations internationales et son
comme telles par les Comités nationaux de I'lEC. Tous/les efforts raisonnables sont entrepris afin
s'assyre de I'exactitude du contenu technique de sesypublications; I'lEC ne peut pas étre tenue respo
I'éveniuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans |e but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dan
mesurle possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications 1
et rédionales. Toutes divergences entre, toutes Publications de I'lEC et toutes publications nati
régionfales correspondantes doivent étreindiquées en termes clairs dans ces derniéres.

L'IEC |elle-méme ne fournit aucune\attestation de conformité. Des organismes de certification indé
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confolmité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de cq
indépg¢ndants.
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Aucunle responsabilité ne doit étre imputée a I'IEC, a ses administrateurs, employés, auxil
mandataires, y conipris ses experts particuliers et les membres de ses comités d'études et des
nationfaux de I'lEC{“pour tout préjudice causé en cas de dommages corporels et matériels, ou de
dommjage de quelgue nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compri
de judtice) etttes dépenses découlant de la publication ou de I'utilisation de cette Publication de I'l
toute qutre\Publication de I'lEC, ou au crédit qui lui est accordé.
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INTRODUCTION

Le format d'échange de données défini dans I'l[EC 62714 (Automation Markup Language,
AML) est un format de données de type schéma XML mis au point afin de faciliter I'échange
de données entre des outils techniques dans un environnement hétérogéne d'outils
techniques. L’IEC 62714-1 propose une vue d’ensemble de ce format.

L'objectif de I'AML est l'interconnexion d’outils techniques provenant d’environnements
hétérogénes d'outils techniques existants dans leurs différentes disciplines, par exemple
I'ingénierie des installations mécaniques, I'’étude d'électricité, l'ingénierie de pr
I'ingénierie de commande de processus, le développement des IHM, la programmation PLC,
la programmation de robots, etc.
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Anglais Francgais
Plant topology information Informations relatives a la topologie de I'installation
Plants Installations
Cells Cellules
Components Composants
Attributes Attributs
Interfaces Interfaces
Relations Relations
References Références
Gepmetry GEeometrie
Kirlematics Cinématique
Bepaviour Comportement
Sepuencing Séquencement
Ini Début
Step Etape
Eng Fin
Fufther XML standard format Autre format XML standard
Fufther aspects of engineering information Autres aspects dés informations techniques

Flgure 1 — Vue d’ensemble du format AML d'échange de données techniqugs

Du fait |des différents aspects d’AML, I'l[EC 62714."Ccomporte différentes parties porfant sur
différents aspects:
o |EC62714-1: Architecture et exigences-générales

Cette partie spécifie l'architecture~~AML générale, et la modélisation des données
techpiques, classes, instances, relations, références, hiérarchies, bibliotheques AML de
base et concepts AML étendus,

e |EC62714-2: Bibliothéques(de classes de rdles
Cette partie spécifie d’atitres bibliotheques AML.
o |ECB2714-3: Géométrie et cinématique
Cettp partie spétifie la modélisation des informations relatives a la géométrie|et a la
cinématique.

D'autreg parties pourront étre ajoutées a l'avenir afin d'interconnecter d'autres norfmes de
données avec/’AML.

L’Article 5 décrit les extensions de géométrie des bibliothéques de classes de rdles.

L’Article 6 décrit I'attribut cadre ("Frame") pouvant étre utilisé pour représenter la position
géométriqgue d’'un objet InternalElement, InstanceHierarchy, SystemUnitClass ou
SystemUnitClassLibrary par rapport a un autre objet CAEX.

L’Article 7 donne une description normative du référencement des documents COLLADA.

L’Article 8 spécifie les dispositions normatives relatives a [l'adjonction de deux objets
géométriques AML.

L’Article 9 définit la maniére d’archiver des meéta-informations relatives a I'outil source
directement dans le document COLLADA.
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L'Annexe A décrit les méthodes de référencement des modéles géométriques et
cinématiques.

L’Annexe B donne un exemple de modélisation de systémes cinématiques et leur
combinaison en AML.

L’Annexe C donne une représentation XML informative des bibliothéques définies dans la
présente partie de I'|EC 62714.
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FORMAT D’ECHANGE DE DONNEES TECHNIQUES
POUR UNE UTILISATION DANS L’INGENIERIE
DES SYSTEMES D'AUTOMATISATION INDUSTRIELLE -
AUTOMATION MARKUP LANGUAGE -

Partie 3: Géométrie et cinématique

1 Domaine d'application

La prégente partie de I'lEC 62714 spécifie l'intégration des informations relativ
géométrie et a la cinématique pour I'’échange entre les outils techniquesfdans
d’automfatisation de I'installation par le biais du langage AML.

Elle ne |définit pas les détails de la procédure d'échange de données ou des exige
mise en|ceuvre pour les outils d'importation/exportation.

2 Réflérences normatives

Les dodquments suivants cités dans le texte constituent{ pour tout ou partie de leur g
des exigences du présent document. Pour les références datées, seule [I'éditig
s’appliqgue. Pour les références non datées, la derniére édition du document de ré
s'appligbe (y compris les éventuels amendements).

IEC 62§14-1:2014, Format d'échange de_données techniques pour une utilisatid
I'ingénigrie des systémes d'automatisationfindustrielle — Automation markup language
1: Archifecture et exigences générales

IEC 62§14-2:2015, Format d'éghange de données techniques pour une utilisatid
I'ingénigrie des systémes d'autbmatisation industrielle — Automation markup language
2: Bibligthéques de classes de roles

ISO/PAB 17506, Systemes d'automatisation industrielle et intégration — Spécifical
schéma|des actifs numériques COLLADA pour la visualisation 3D des données industi

COLLAIDA 1.4.4;_ March 2008 COLLADA - Digital Asset Schema Release 1.4.1
(disponiple sous <http://www.khronos.org/files/collada_spec_1_4.pdf>)

bs a la
a zone

hces de

ontenu,
n citée
férence

n dans
— Partie

n dans
— Partie

jons du
ielles

4 \\N2C D m
ot I\

oacom
TN COTTTT

andat
4/REC-xmI-20040204/>

n on
T TOTT

iblerMarkiin | ana~tia~na (WAL
Extensible~Markup-Larguage ML
(disponible sous <

3 Termes, définitions et abréviations

3.1 Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'lEC 62714-1:2014 et

de 'lEC 62714-2:2015 ainsi que les suivants, s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées

en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/ [consulté le

26 septembre 2016]
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e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp [consulté le
26 septembre 2016]

3.1.1

chemin SID

référence du type sidref _type d'un élément arbitraire au sein d’un document COLLADA,
conformément a I'|SO/PAS 17506 ou au document COLLADA 1.4.1

3.2 Abréviations

Pour les besoins du présent document, les abréviations données dans I'l[EC 62714-1:2014 et
I'IEC 62714-2:2015 ainsi que les abréviations énoncées dans le Tableau 1 s’appliquent.

Tableau 1 — Abréviations

SCARA Selective Compliance Assembly Robot Arm (Bras robotisé d'assemblage a conformité sélgctive)

SID Scoped ldentifier (Identifiant a portée)

4 Conpformité

Les exigences des Articles 5, 6, 7, 8 et9 doivent étre fespectées pour revend|quer la
conformité au présent document, relatif a la prise en-¢harge du langage AML. Dans le
domaing¢ d’application du langage AML, un document*€OLLADA doit étre conforme a la
spécification de I'lSO/PAS 17506 ou au document COLLADA 1.4.1.

5 Extensions des bibliothéques AML pour la géométrie et la cinématique

5.1 Généralités
L’Articlg 5 définit les extensions des classes AML standard RoleClasses et InterfaceClasses.
Ces clapses font partie des biblioatheques AML standard et d’'une extension particufliere de
'IEC 62]714-1 pour la présente(partie de I'l|EC 62714. Tous les attributs décrits font pdrtie des

biblioth@ques standard et peuvent étre retirés de [I'InstanceHierarchy s’ils ne spnt pas
nécessgires.

5.2 AutomationMLBaseRoleClassLib — RoleClass Frame

La Rolellass (classe de rble) “Frame” doit étre utilisée, comme spécifié au Tableau 2.

Tableau 2 — RoleClass Frame

Nom de la classe Frame

Description Ce réle désigne un systeme direct de coordonnées cartésiennes.
Classe parente AutomationMLBaseRoleClassLib/AutomationMLBaseRole
Chemin pour le référencement de I’élément |AutomationMLBaseRoleClassLib/AutomationMLBaseRole/Frame

NOTE 1 Il est possible d’utiliser un objet AML qui référence la RoleClass “Frame” pour définir les systémes de
coordonnées de référence comme les points d’adjonction.

NOTE 2 Pour définir les systémes de coordonnées de référence comme les points d’adjonction, il est possible
d’utiliser un objet AML qui référence la RoleClass “Frame”.
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5.3 AutomationMLInterfaceClassLib

5.3.1 InterfaceClass COLLADAInterface

L’InterfaceClass (classe d’interface) “COLLADAInterface” doit étre utilisée, comme spécifié au

Tableau 3.
Tableau 3 — InterfaceClass COLLADAInterface
Nom de la COLLADAInterface
classe

Description

L’'InterfaceClass “COLLADAInterface” doit étre utilisée pour le référencement des
docum i i i 5fini

document COLLADA externe.

Classe parente

AutomationMLInterfaceClassLib/AutomationMLBaselnterface/ExternalDataCofinectof

Chemin|pour le
référengement
de I’élément

AutomationMLInterfaceClassLib/AutomationMLBaselnterface/ExternalDataCofnectof/
COLLADAInterface

Attributs

refType (AttributeDataType="xs:string”) | L’attribut “refType” spécifie si le document
COLLADA référencésa, un caractére expligite ou
implicite. Les valeurs admises sont “expligit” ou
“implicit”. L’attribut‘est obligatoire.

target (AttributeDataType="xs:token”) L’attribut “tatget” spécifie le chemin SID ¢’un
élément COLLADA dans le document réfgrencé.
L’attribut est facultatif.

NOTE LlinterfaceClass “COLLADAInterface” hérite en plusi’de l'attribut “refURI” de I'InterfaceClas$ parente

“ExternallDataConnector”.
5.3.2 InterfaceClass Attachmentinterface

L’'InterfgceClass “Attachmentinterface” deit étre utilisée, comme spécifié au Tableau 4

Tableau 4 —InterfaceClass Attachmentinterface

Nom de|la classe

AttachmentInterface

Description

L’InterfaceClass “Attachmentinterface” spécifie une interface pour les liaisons
géométrigues ou cinématiques entre les objets AML de la RoleClass “Frame”.

Classe parente

AutemationMLInterfaceClassLib/AutomationMLBaselnterface

Chemin|pour le
référen¢gement
de I’élément

AutomationMLInterfaceClassLib/AutomationMLBaselnterface/Attachmentinterface

6 Attribut «<Frame» (cadre)

Un InternalElement (élément interne) ou une SystemUnitClass (classe d’unité systeme)
peuvent exiger un attribut cadre représentant sa position géomeétrique par rapport aux autres
objets. A cet effet, les dispositions suivantes s’appliquent:

e Chaque cadre doit étre fondé sur un systéme direct tridimensionnel et orthogonal de

coordonnées.

o Les éléments InstanceHierarchy et SystemUnitClassLib spécifient un systéme direct
tridimensionnel et orthogonal de coordonnées de base standard. L’axe positifz est
considéré comme l'axe de profondeur, la direction positive x définit I'axe horizontal et la
direction négative y définit I'axe vertical.

e Les translations relatives x, y et z ainsi que les rotations rx, ry et rz doivent étre spécifiées
comme sous-attributs d’un attribut AML “Frame” défini au Tableau 5 et au Tableau 6. Les
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translations relatives x, y etz doivent étre données par rapport au systéme parent de
coordonnées spécifié au point précédent. Les rotations rx, ry et rz doivent étre effectuées
dans l'ordre rx, ry et rz par rapport aux axes fixes du systéme parent de coordonnées.
L'origine du Frame translaté doit conserver sa position (x, y, z) au cours de la rotation
plane. L’attribut “Frame” doit affecter son objet AML ainsi que tous ses enfants.

NOTE Cela signifie que le point de rotation pivote tandis que la position du cadre ne varie pas. Cela évite les
doubles modifications.

Si l'attribut “Frame” n’est pas spécifié, les valeurs par défaut de x, y, z, rx, ry et rz doivent
étre de 0.

Si lattribut “Frame” est spécifié, tous les sous-attributs x, y, z, rx, ry et rz doivent étre
énoncés. Tout sous-attribut non utilisé doit avoir une valeur par défaut de 0.

L’attribut “Frame” doit étre utilisé comme attribut complexe spécifié au Tableau p et au

Tablead 6. Un exemple est donné en A.1.2.

Tableau 5 — Attribut “Frame”

Attribyt AttributeDataType Description
Frame Cet attribut n’a pas L’attribut “Frame” doit étre utilisé comme élément de stijucture
d’AttributeDataType étant pour I'archivage des sous-attributs spécifiés au Tableay 6.
donné qu’il n’a aucune valeur.

Tableau 6 — Sous-attributs de lZattribut “Frame”

Attribut AttributeDataType Description
X xs:double L’attribut “x” doit étre~utilisé pour spécifier la position relative, en métres, le
long de I'axe x du,systeme de coordonnées spécifié par I’élément parent. La
valeur de I'attribat“Unit” de I’élément CAEX “Attribute” doit étre “m”
y xs:double L’attribut “y” doit étre utilisé pour spécifier la position relative, en métres, le
long de I'axe y du systéeme de coordonnées spécifié par I’élément parent. La
valeur de."attribut “Unit” de I’élément CAEX “Attribute” doit étre “m”
z xs:double L’attribut “z” doit étre utilisé pour spécifier la position relative, en métres, le
long de 'axe z du systéme de coordonnées spécifié par I'’élément pgrent. La
valeur de I'attribut “Unit” de I’élément CAEX “Attribute” doit étre “m”
rx xs:double L’attribut “rx” doit étre utilisé pour spécifier la rotation relative, en degrés,
autour de I'axe x du systéme de coordonnées spécifié par I’élément[parent.
La valeur de I'attribut “Unit” de I’élément CAEX “Attribute” doit étre ‘|deg”.
ry xs:double L’attribut “ry” doit étre utilisé pour spécifier la rotation relative, en degrés,
autour de 'axe y du systéme de coordonnées spécifié par I’élément|parent.
La valeur de I'attribut “Unit” de I’élément CAEX “Attribute” doit étre |deg”.
rz xs:double L’attribut “rz” doit étre utilisé pour spécifier la rotation relative, en degrés,
autour de 'axe z du systéme de coordonnées spécifié par I'’élément jparent.
la valeur de I'attribut “Unit” de I'élément CAEX “Attribute” doit étre ideg”.
7 Intégration de documents COLLADA
En ce qui concerne le référencement de documents COLLADA, les dispositions suivantes
s’appliquent:

Une référence d’un objet AML a un document COLLADA doit étre modélisée par le biais
d’une Externalinterface CAEX déduite de l'InterfaceClass AML “COLLADAInterface”, tel
que défini en 5.3.1.

Le document COLLADA doit étre référencé par son URI dans l'attribut “refURI” de ladite
Externallnterface CAEX.

La valeur de I'attribut “target” doit renvoyer a un élément se trouvant dans le document
COLLADA et doit suivre la syntaxe d’'un chemin SID.
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Si I'attribut “target” n’est pas présent ou que son contenu est vide et que 'URI n’a pas de
fragment, I’élément “scene” du document COLLADA doit étre pris en compte.

Le document COLLADA et son point d’entrée doivent étre résolus comme spécifié au
Tableau 7. Un arbre de décision visant a résoudre les différentes entrées est représenté a
la Figure A.1.

La valeur “explicit” de l'attribut “refType” doit étre utilisée pour les objets AML (ci-aprés
nommeés “objets AML explicites”) qui font partie d’'une représentation de données.

NOTE 1 La géométrie d’un robot et d’un transporteur dans une scéne géométrique commune est un exemple
d’objets AML explicites.

La valeur “implicit” de l'attribut “refType” doit étre utilisée pour les objets AML (ci-apres
nommeés “objets AMI implicites”) qui sont ufilisés 3 des fins particuliéres pour le
réfétencement d’objets déja représentés, par exemple pour la publication de cadres ou le
réfétencement d’objets déja représentés.

NOTHE 2 La référence d’une géométrie de robot déja explicitement référencée est un exeniple d’gbjet AML
impli¢ite. Le référencement implicite évite la double représentation de géométries.

Les pbjets se trouvant dans le document COLLADA peuvent uniquement étre référencés a
I'aide de la valeur “implicit” s’ils font partie d’un objet COLLADA pu|s’ils sont identiques a
un gbjet COLLADA qui a déja été référencé avec la valeur~explicit”. Les objets AML
impl|cites doivent étre modélisés comme des enfants directs*ou indirects d’objets AML
explicites.

Conformément aux régles d’instanciation et de référéncement externe spécifiég¢s dans
I'ISQ/PAS 17506, lorsqu’un document COLLADA (ci-aprés nommé “document prjncipal”)
réféfence d’autres documents COLLADA (ci-aprés mommés “sous-documents”), toutes les
réféfences aux éléments au sein des sous-decuments COLLADA référencés |doivent
uniguement étre effectuées par le biais du document COLLADA principal. Un exemple est
donné en A.2.3.

Un gbjet AML doit avoir zéro ou une “COLLADAInterface” comme enfant direct.

Tableau 7 — Régles pour la résolution de documents et de points d’entrée

Attribut “refURI”

URI avec fragment URI sans fragment
Chemin SID I*URI spécifie le document. L'URI spécifie le document.
qui commence . - . , . . e )
avec un ID Le chemin SID spécifie le point d’entrée. L’e che:-mln SID spécifie le|point
d’entrée.
. Chemin Sib. L’URI spécifie le document et un élément Statut non défini.
Attribut qui comence | correspondant pour le point d’entrée. o )
“target’ sans(ID Cette combinaison ne doi{ pas
Le chemin SID spécifie le point d’entrée. étre utilisée.

Valeur L’URI spécifie le document et le point L’URI spécifie le document.

manquante ou d’entrée. - -
. o L’'édlément “scene” snécifid
champvide T

point d’entrée.

e

8 Adjonction de deux objets AML

L'Article 8 spécifie les dispositions normatives relatives a I’adjonction de deux objets AML
géométriques. Un exemple est donné a I'Article A.3.

Pour I'adjonction de deux objets AML, les dispositions suivantes s’appliquent:

Un objet AML doit avoir zéro ou une “Attachmentinterface” comme enfant direct.

Une liaison entre deux Externallnterfaces affectées a une InterfaceClass
“Attachmentinterface” doit étre une connexion unidirectionnelle avec couplage
géométrique fixe a I'aide d’'un élément InternalLink CAEX.
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La transformation relative a partir d’'un objet AML référencé par l'attribut RefPartnerSideA
a un objet référencé par l'attribut RefPartnerSideB doit rester constante méme si I'objet de
RefPartnerSideA est transformé, donnant lieu a une transformation subséquente de
RefPartnerSideB en cas de transformation de RefPartnerSideA. Une transformation de
RefPartnerSideB ne modifie pas la transformation de RefPartnerSideA.

NOTE 1 RefPartnerSideA et RefPartnerSideB sont des attributs de I’élément InternalLink CAEX.

Etant donné qu’'un point d’adjonction fait partie d’'un objet AML, l'interface d’adjonction
“Attachmentinterface” doit faire partie de I'objet AML correspondant.

Si une “Attachmentinterface” est une interface enfant d’'un objet AML de la RoleClass
“Frame” ou d’'une RoleClass héritée, I'objet a déplacer doit étre I'objet AML parent de
'objet AML de la RoleClass “Frame” ou d’une RoleClass héritée (méme si I'objet AML
pareint a la RoleClass “Frame” ou une RoleClass héritée).

Si uph objet AML disposant d’'une “Attachmentinterface” a la RoleClass “Frame”|ou une
RolgClass héritée et qu’il a une interface de type “COLLADAInterface”, I'objet AML parent
doit| également avoir une interface de type “COLLADAInterface”. L’ipterface
“COLLADAInterface” de l'objet AML parent représente la limite dejpla‘géométrie de la
géométrie adjointe.

Si upe adjonction fait référence a un élément géométrique, une “COLLADAInterfdce” doit
référencer un noceud COLLADA de la scéne visuelle. L’adjonction doit déplacer la
géométrie compléte (de maniére récursive jusqu’a lattribut de nceud d’'un glément
bind| kinematics_model) de l'objet adjoint sans modification de I'état cinémat|que de
I'objet adjoint.

Si upe adjonction fait référence a un élément cinématique, une “COLLADAInterfgce” doit
référencer un élément COLLADA se trouvant dans un élément COQLLADA
kinematics_scene. L’adjonction doit affecter la~configuration de I'articulation d¢ I'objet
cinématique adjoint lors du déplacement ded’objet AML parent de I'objet adjoin{. L’outil
d’importation est responsable du calcul desdits éléments cinématiques couplés.

NOTE 2 [Pour établir une connexion bidirectionnelle, deux liaisons unidirectionnelles de sens opgosé sont

nécessairgs.

NOTE 3 |[Il est possible d’associer plusieurslliaisons a “Attachmentinterface".

9 Méta-informations relatives a I’outil source COLLADA

Afin de|simplifier I’échange de données entre un outil source et un outil cible, il ¢st utile
d’archiver les informations relatives a 'outil source directement dans le document CQLLADA.

Par congéquent, lestdispositions suivantes s’appliquent:

Chaguue document COLLADA doit fournir des informations relatives a I'outil qui & écrit le
document COLLADA.

Dang“une chaine d’outils d’échange de données, le dernier outil d'édition du dgcument
doit archiver ces informations dans Te document COLLADA.

Ces informations doivent étre archivées dans |'élément enfant “asset” de I'élément
“COLLADA".

Les méta-informations doivent comporter les éléments suivants:
— le fournisseur de I'outil d’écriture;

— ladresse universelle de I'outil d’écriture;

— le nom de l'outil d’écriture;

— la version de produit de I'outil d’écriture;

— le numéro de la version finale de produit de I'outil d’écriture;

— I'horodatage de création et 'horodatage de la derniére modification du document
COLLADA;

— la définition de 'unité et de I’axe vertical.


https://iecnorm.com/api/?name=140804530a3b26b0482157c157dcfb57

e Les méta-informations doivent étre archivées a

Tableau 8.

Tableau 8 — Méta-informations relatives a I’outil source COLLADA

- 100 -

IEC 62714-3:2017 © IEC 2017

'aide des éléments présentés au

Nom d’étiquette Nom d’étiquette Type Niveau Exemple
XML COLLADA XML ISO/PAS

1.4.1 17506
“author” “author” xs:string Obligatoire | ToolX Vendor (fournisseur de I'outil X)
“authoring_tool” “authoring_tool” xs:string Obligatoire | “ToolX” “0.2” “123 prealpha”
“comments” “author_website” xs:anyURI Obligatoire http://www.ToolX-Vendor.org
“created” “created” xs-dateTime Obligatoire 2014-04-14T11:37:18 187500Q
“modifiefl” “modified” xs:dateTime Obligatoire | 2014-04-14T11:37:18.187500(
“unit mefer=... “unit meter=... xs:string Obligatoire | name="meter” meter=/1.0"
name=..[" name=..."
“up_axig” “up_axis” xs:string Obligatoire | Z_UP

Les éléments XML doivent comporter les informations suivantes:

e “author” indique le fournisseur de I'outil d’écriture;

e ‘“authoring_tool” indique le nom, la version de produit et le numéro de la version fjnale de
produit de I'outil d’écriture séparés par un blanc et chacun apparaissant entre guillgmets;

e dang le cadre de I'ISO/PAS 17506, “author_website” indique I'adresse universelle de I'outil
d’écfiture, dans le cadre de COLLADA 1.4.1, “ecomments” indique I'adresse univergelle de
I'out|l d’écriture;

o ‘“created” et “modified” indiquent I’horodatage de création et I’horodatage de la
modjfication, conformément aux régles @pécifiées dans I'lSO/PAS 17506;

Herniére

e “unif’ et “up_axis” doivent étre définis comme spécifié dans I'I|SO/PAS 17506 ou|dans le
docyment COLLADA 1.4.1.

La Figufe 2 et la Figure 3 donnent respectivement un exemple de texte XML exigé |dans le
cadre d¢ I'lSO/PAS 17506 et dans le cadre du document COLLADA 1.4.1.

<asset>
<contijibutor>
<auffhor>ToolX Vemndo¥r</author>
<auffhor website®\f'tp://www.ToolX-Vendor.org</author website>
<autthoring toQi="ToolX" "0.2" "123 prealpha"</authoring tool>
</conflributor¥
<creafled>2014504-14T11:37:18.1875000</created>
<modified¥»20%4-04-14T11:37:18.1875000</modified>

L= P>
<unit |[namg="meter" meter="1.0" />
<up7a L aiur Upid L

</asset>

Figure 2 — Texte XML exigé dans le cadre de I'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>
== 55000 -=>
<unit name="meter" meter="1.0" />
<up_ axis>Z UP</up axis>
</asset>

Figure 3 — Texte XML exigé dans le cadre du document COLLADA 1.4.1
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Annexe A
(informative)

Méthodes de référencement de descriptions géométriques/cinématiques

A.1 Intégration d’un document COLLADA commun par référencement explicite

A.1.1 Généralités

L'Article A.1 décrit les méthodes de référencement explicite pour les modéles géométriques et
cinématiques situés dans des documents COLLADA. La Figure A.1 représente les différentes

méthodes utilisées dans les paragraphes qui suivent au moyen d’un arbre de décision
If Start \
N
/"/ ™
Yes " URIwith ™ No
?
\iragmeri.//
\\/
AN N
//// \\\\\ /// \\\\
SID empty ™. ~5ID empty S
~ d
Yes ~ ortarget "\ No No e ortarget ™\ Yes
. attributeis . attributeis -
. missing? . missing?
\\ -
\\, \\/
//\ N
| e A . yd g \\\\ A4
—~ — - . — —
.// URI spedifies the "SID path Of\\\ " SID path of ™ <~ URI specifies the ™
| documenjt and the | No /\ target attribute #i{i\/ target attribute \/ No | document|<scene> )
\._ entrypoint. S startswith 7 ~._starts with // ‘\Qpeciﬂes the gntry poin}/i
— . ID? . ID? e — 1
aS \\\//
T RN GRI spacifios the™ Vi %
/" URI specifies the document and_a "’/do('u:::: I;';)t;;’_h\\\ /Undefined status:
| ¢ 25 ing eleme 5 ( - =hss = < . . 4 /
\ L‘;:tu;gnd'tr;f’ LI”.?.L m'}:m the dquy” | I‘-\ specifies the entry | l\ s comynston shidll /4'
E . path specifies the entry polnt/./ . Boint X not be used. g
— 7_/ . N 7_//
Anglais Francgais
Stqrt Début
Yep Oui
UR]I with-fragment? URI avec fragment?
No Non

SID empty or target attribute is missing?

SID vide ou attribut cible manquant?

URI specifies the document and the entry point.

L’URI spécifie le document et le point d’entrée.

SID path of target attribute starts with ID?

Le chemin SID de I'attribut cible commence-t-il
par un ID?

URI specifies the document. <scene> specifies
the entry point.

L'URI spécifie le document. <scene> spécifie le
point d’entrée.

URI specifies the document and a corresponding
element for the entry point. SID path specifies
the entry point.

L'URI spécifie le document et un élément
correspondant pour le point d’entrée. Le chemin
SID spécifie le point d’entrée.

URI specifies the document. SID path specifies
the entry point.

L’URI spécifie le document. Le chemin SID
spécifie le point d’entrée.

Undefined status. This combination shall not be
used.

Statut non défini. Cette combinaison ne doit pas
étre utilisée.

Figure A.1 — Arbre de décision pour les différentes méthodes de référencement
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NOTE 1 Dans le présent document, les chaines de chemins ou de sous-chemins sont représentées sous une
forme abrégée de type “PATH1”, “PATH2", etc. Cela simplifie la lisibilité et permet un chemin ou un sous-chemin
réel. Les numéros identiques indiquent un chemin identique et, ainsi, une égalité sémantique.

NOTE 2 Afin d’améliorer la lisibilité, seules les parties applicables des documents AML/COLLADA sont
présentées. Les parties manquantes sont signalées par “[...]".

NOTE 3 Afin d’améliorer Ila lisibilité, tout attribut RefBaseClassPath qui renvoie a la classe
“AutomationMLInterfaceClassLib/AutomationMLBaselnterface/ExternalDataConnector/COLLADAInterface” est
remplacé par “PATH_CI".

NOTE 4 Afin d’améliorer la lisibilité, tout attribut RefBaseClassPath qui renvoie a la classe
“AutomationMLInterfaceClassLib/AutomationMLBaselnterface/Attachmentinterface” est remplacé par “PATH_AI".

NOTE 5 Afin d’améliorer la lisibilité, tout attribut RefBaseRoleClassPath qui renvoie a la classe
“AutomaticaMLDMIRoleClassl ih/nier\l\llnnl|f9r~f||ring|:q||irr_\monf/anfit\hhlint\f" est rnmplnr\é par ‘PATH SO~

NOTE 6 [Afin d’améliorer la |lisibilité, tout attribut RefBaseRoleClassPath qui renvoie_ ‘a, 'la classe
“AutomatipnMLBaseRoleClassLib/AutomationMLBaseRole/Frame” est remplacé par “PATH_FRAME?,

A1.2 Définition de I’attribut Frame (cadre)

L’exemple suivant représente la maniére de définir la position et I'orientation géométrigues de
deux oljets CAEX par le biais de I'attribut Frame mentionné a I'Article’6. Le documgnt AML
corresppndant est constitué d’une InstanceHierarchy (hiérarchie d’instances) nommée
“ExamplelnstanceHierarchy” avec deux InternalElements “Basektame” et “ChildFrame” (voir
Figure A.2).

~) B ExamplelnstanceHierarchy
A E BaseFrame {Class: Role: StaticObject}
A m ChildFrame~{Class: Role: StaticObject}

Figure A.2 — Deux cadres représentés‘dans I'InstanceHierarchy d’un document AML

Pour ddcrire la transformation compléete de coordonnées de I'InternalElement “ChilgFrame”
par ragport a son nceud parent “BaseFrame”, l'ancien objet détient I'attribut | Frame.
La Figure A.3 représente la. partie pertinente du document AML et la maniére de définir
I’attribuf Frame et ses sous-attributs.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<Version>1.0.0</Version>
<InternalElement Name="BaseFrame" ID="d0235958-bce3-4b48-bec9-08d1033cc49e">
<InternalElement Name="ChildFrame" ID="07218e99-f4d8-4dd9%9-ba%92-16c6£f0dd4f46">
<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>
TLI1DULE Nalle- Ty TtributeDactalype-"Xs:.double
<Value>45.00</Value>

</Attribute>

<Attribute Name="rz" AttributeDataType="xs:double">
<Value>45.00</Value>
</Attribute>
<AAttribute>
<HoleRequirements RefBaseRoleClassPath="AutomationMLDMIRoleClassLiby../StaticOH}
/>
</IfternalElement>
<RoJeRequirements RefBaseRoleClassPath="AutomationMLDMIRoleClassLib/../StaticObjdg
</IntdqrnalElement>
</InstarjceHierarchy>

ject"

ct" />

Figure A.3 — Représentation XML du document AML

En parfant de [I'hypothese que le systéeme de coordonnées K,(x;,y,,z;) appaftient a
I'InternglElement “ChildFrame”, la Figure A.4 représente sa translation relative park, y etz
ainsi qyie sa rotation plane par rx, ry etrz pak)rapport aux trois axes du systeme de

coordonneées K(xy,y,,29) spécifié par I'éelément parent “BaseFrame”. A l'aide de la ma

trice de

transformation homogéne H) et des six sous-attributs mentionnés dans le Tablepu 6, la

translation relative et l'orientation entre (Kj et K, peuvent étre décrites dans un
compact, comme suit:

0 0
H(l)(x; Y, zZ,1x,ry, rz): [];1 dl]] € R4X4,

Ici, la mlatrice de rotation R} exprime I'orientation de K, par rapport a K,. L’Article 6 d§
I'ordre de rotation: rx( sy et rz. Dans le cadre de rotations planes, il est rappelé

format

(A1)

termine
que les

matrice$ de rotationtappropriées doivent étre multipliées en partant de la gauche. Ainsi, la

partie rqtative de @ est donnée par I’équation suivante

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

deyo )_vyu 1 Yy A3z ey
Xo X Xo Xo 0

0
di(x,v,2) Rot, (%) Rot, (1y) Rot,(rz))
Anglais Frangais

Stap 1 Etape 1

Trgnslation by x, y and z Translation par x, y\et’z

Stap 2 Etape 2

Rotation by rx around xo Rotation par‘ex autour de X,
Stdp 3 Etape 3

Rofation by ry around yq Rotation par ry autour de y,
Step 4 Etape’4

Rofation by rz around z, Rotation par rz autour de z,

Figure A.4 — Translation et rotation plane

Chaque|matrice de rotation est caractérisée par

1 0 0
Rot, (rx)= [O cos(7x) -sin(rx)
Q. \sin(rx)  cos(rx)

cos(ry) 0 sin(ry)
, Roty(ry)—[ 0 1 0 ] and
-sin(ry) 0 cos(ry)

cos(rz) -sin(rz) O
Rot,(r2)= [sin(rz) cos(rz) O] .
0 0 1

Le vectTur de’déplacement est décrit par

Comme représenté a la Figure A.4, 'origine du Frame translaté conserve ses coordonnées
cartésiennes x, y et z au cours de la rotation plane. En remplacant sin(ri) = sr; et cos(ri) = cr;,
I’équation (A.2) et la multiplication de I’équation (A.1) donnent le format compact

CryCly  CrySTyShy — ST,Cry CI”ZSVyC}”X+ S¥,Sty X
SP,CPy ST STySTx + CF,CTy  SF,SIyCly = CIySTx Y
z
1

-sTy crySry CrySTy

0 0 0

H)=
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qui décrit la translation et I'orientation de I'InternalElement “ChildFrame” par rapport a son
nceud parent “BaseFrame”.

A.1.3 Structure des documents COLLADA

La scéne utilisée dans les échantillons suivants est constituée de deux cubes, 'un au-dessus
de l'autre. Dans la scéne visuelle, le nceud de chaque cube est instancié. Chaque nceud
référence le méme élément géométrique, mais applique un nom (“RedCube”, “BlueCube”),
une matiere (rouge, bleue) et une transformation différents. La Figure A.5 représente la scéne
obtenue avec le graphe de scéne COLLADA correspondant.

Anglais Frangais
vispal scene scéne visuelle
subp part sous-partie
blue cube cube bleu
red cube cube rouge

Figure A.5- Scéne COLLADA utilisée dans cet exemple

Dans c¢t exemple, deux documents COLLADA sont utilisés pour définir la scéne |visuelle
compléte. La hiérarchie des nceuds est définie dans le document COLLADA principal
‘red_blde_cubes-dae”. La géométrie du cube est définie dans une bibliothéque dans |e sous-
document COLLADA séparé “cube.dae”. Chaque nceud référence le sous-dgcument
“‘cube.d@e’, et instancie une géométrie de cube conformément aux régles d’instanciatipn et de
référengement externe spécifiées dans I'ISO/PAS 17506. La Figure A.6 représlente la
structure ettes Teférences utitisées dans cet exempie.
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Main Document Subdocument
<COLLADA> <COLLADA>
red_blue_cubes.dae cube.dae

node / instance_geometry

node / instance_geometry

Anglais Francgais

Malin Document Document principal

Supdocument Sous-document

Figure A.6 — Structure et références

Le contenu du sous-document COLLADA “cube.dae” est représenté a la 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">

<ppesh>
<source id="cube-geom-positions">
<float array id="cube-geom-positions-array" count="144"> 1 1 0 1 0 1 a\O0*0|1 1 1 1
111102 011 001100000101 00100110000010011X¥)Iv00f10171
1111011 110010101011001111111101011001kN0MO0OO0OCI01IO00
0010011010001 00011000001010010011000 0,0,</floaj array>
<technique common>
<accessor count="48" source="#cube-geom-positions-array" sptride="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">
<float array id="cube-geom-normals-array" count%/144"> 1 0 0 1 0 0 1 0 0 3 0 0 -1
00 -1 0o-100-10000-100-100-100-1091100100100101001001
oo06100-1200-100-100-1000100100190100-100=-200=-100]-10 -1
00 -1 0-100-10010010010010=-10s-100=-100-2001001200100
1 0 0 <ffloat_array>

<technique common>
<accessor count="48" source="#cube-ge€om-normals-array" stride="3">
<param name="X" type="float" />
<param name="Y" type="£float" /X
<param name="2Z" type="float'H/>
</accessor>
</technique common>
</source>
<vertices id="cube-geom-vextices">
<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 0 3( 4% 6 7 6 5 8 9 10 9 8 11 12 13 14 15 14 13 16 17 18 17 16 L9 20 21
22 23 24 21 24 25 26 26 24 27 28 29 30 31 30 29 32 33 34 33 32 35 36 37 38 39 38 37 f0 41 42
41 40 43 44 45 46 47¢46°45</p>
</triangles®
</mesh>
</gdqometry>
</libgary geom&tries>
</COLLAQA>

Anglais Frangais

This document defines the geometry of a unit | Le présent document définit la géométrie d’'un cube
cube stored as reusable library element archivé comme élément de bibliotheque réutilisable

Figure A.7 — Contenu du document COLLADA cube.dae

Le document principal (“red_blue_cubes.dae”) comprenant la hiérarchie des noeuds et les
références externes a la géométrie du cube (“cube.dae”) est représenté a la Figure A.8.
Chaque géométrie instanciée écrase le symbole matiere avec sa propre définition matiére.
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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>
Technigue sid="COMMON
<phong>
<diffuse>
<color>1 0 0 1</color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</efffect>
<effect id="blue-fx">
<grofile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0 0 1 1 </color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</effect>
</libfary effects>
<librdry materials>
<matlerial id="red" name="Red">
<{nstance_effect url="#red-£x" />
</mdterial>
<matflerial id="blue" name="Blue">
<dnstance effect url="#blue-£fx" />
</mdterial>
</libgary materials>
<librdry_visual_scenes>
<vigual scene id="visualscene'>
<rjode id="redcube" name="RédCube">
<instance geometry url="./cube.dae#cube-geom">
<bind material>
<technique cemnon>
<instancg~material symbol="mat" target="#red" />
</technigus_tommon>
</bind_magtemtal>
</instancg)deometry>
<Anode>
<rjode ids“subpart'">
<tramslate>0 0 1</translate>
<n@de /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>
Anglais Frangais
This document defines the node hierarchy and Le présent document définit la hiérarchie des nceuds et
instantiates cubes from subdocuments instancie des cubes a partir de sous-documents

Figure A.8 — Contenu du document COLLADA red_blue_cubes.dae
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A.1.4 Référencement a I’aide de I’'URI et de fragments sans cible et sans ID

L'exemple de document AML suivant est constitué d’une InstanceHierarchy nommée
“ExamplelnstanceHierarchy” avec un InternalElement “RedCube” unique. Ce dernier
comprend une Externalinterface CAEX de type “COLLADAInterface” nommée
“FileLinkExplicit”, qui fait partie de la bibliotheque InterfaceClassLibrary
“AutomationMLInterfaceClassLib” standard, comme représenté a la Figure A.9.

v | [IH] ExamplelnstanceHierarchy
W |£| RedCube {Class: Role: StaticCbject]

v oy Interfaces
o=» FilelinkExplicit {Class: COLLADAlInterface]

Figure A.9 — “RedCube” — Hiérarchie du document AML

La Figufe A.10 représente la partie pertinente du document AML et la.maniéere de définir les
attributg pour le référencement.

<InstandeHierarchy Name="ExampleInstanceHierarchy">
<InteynalElement Name="RedCube" ID="GUID1">
<ExflernalInterface Name="FileLinkExplicit" RefBaseClassPagh="PATH_CI" ID="GUID2"
<Attribute Name="refURI" AttributeDataType="xs:anyURI"{
<Value>./red_blue_cubes.dae#redcube</Value>
<AAttribute>
<Jttribute Name="refType" AttributeDataType="xsystring">
<Value>explicit</Value>
<AAttribute>
</Efternallnterface>
<RoJeRequirements RefBaseRoleClassPath="PATH(JSO" />
</IntqrnalElement>
</InstarjceHierarchy>

Figure A.10 — Représentation XML du document AML

L’Externalinterface “FileLinkExplicit”, renvoie au document COLLADA, qui est représenté a la
Figure A.11. Le cube rouge est référencé de maniére non ambigue par l'utilisation ge I'URI
relatif “./red_blue_cubes.dae#rédcube”.

<visual [scene id="visualscene">
<node |[id="redcube" namé="RedCube'">
<indtance geometrysup¥="./cube.dae#cube-geom">
<gind materialyx
<technique sgmmon>
<instanég.material symbol="mat" target="#red" />
</technfdqye common>
<Abind mayetrial>
</irfjstanpee\geometry>
</nodg>
<node |i\d¥¥subpart"> [...] </node>
</visua =

Figure A.11 — Référencement du cube rouge par ID

A.1.5 Référencement a I’aide de I’'URI et de fragments comprenant une cible sans ID

Le document AML est constitué d’une InstanceHierarchy nommeée
“‘ExamplelnstanceHierarchy” avec un InternalElement “BlueCube” unique. Ce dernier
comprend une Externallnterface “COLLADAInterface” nommée “FileLinkExplicit”, qui fait
partie de la bibliotheéque InterfaceClassLibrary “AutomationMLInterfaceClassLib” standard,
comme représenté a la Figure A.12.
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w E ExamplelnstanceHierarchy
. |£| BlusCube {Class: Role: StaticObject}

v | o= Interfaces
o= FileLinkExplicit {Class: COLLADAInterface)

Figure A.12 — “BlueCube” - Hiérarchie du document AML

La Figure A.13 représente la partie pertinente du document AML et la maniere de définir les
attributs pour le référencement.

<Instan
<Inteqy
<Exf]

<J

<

<A

<A

<

Hlcrarchny Name— EXamplelnstanceHierarchy

nalElement Name="BlueCube" ID="GUID1">

ernallnterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2"
ttribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae#subpart</Value>
Attribute>

ttribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
Attribute>

ttribute Name="target" AttributeDataType="xs:token">
<Value>./bluecube</Value>
Attribute>

</Ejternallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</IntdrnalElement>
</InstarceHierarchy>
Figure A.13 — Représentation XML-duw document AML

L’Externalinterface “FileLinkExplicit” renvoie au document COLLADA, qui est représenté a la
Figure |A.14. Tout d’abord, le point dentrées du SID est spécifié par I'UR| relatif
“.Ired_bJue_cubes.dae#subpart”. L'élément cible défini dans le document COLLADA|[{nommé

“bluecube” est ensuite résolu par exploration depuis I'élément référencé “g

conform

ément aux régles d’'un SID.

ubpart”,

<visual |
<node
<node
<trd
<nodg
</nodd
</visual]

scene id="visualscene">
id="redcube" name="RedCube™>-[...] </node>
id="subpart">

nslate>0 0 1</translaté>

e name="bluecube" sid="bluecube"> [...] </node>
>

_scene>

A.1.6

Le q
“Examp

Figure A.14 — Référencement du cube bleu

Référencement a I’aide d’un URI sans fragment comprenant une cible et

ocument AML est constitué d’'une InstanceHierarchy [

compret

elastanceHierarchy” avec un InternalElement “BlueCube” unique. Ce

“ ”

partie de la bibliotheque InterfaceClassLibrary “AutomationMLInterfaceClassLib” st
comme représentée a la Figure A.15.

W E ExamplelnstanceHierarchy
. |£| BlusCube {Class: Role: StaticObject]

w | o= Interfaces
o={» FilelinkExplicit {Class: COLLADAInterface]

Figure A.15 — Hiérarchie du document AML

un ID

ommeée
dernier
qui fait
andard,

La Figure A.16 représente la partie pertinente du document AML et la maniere de définir les

attributs

pour le référencement.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="BlueCube" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refURI" AttributeDataType="xs:anyURI">

<Value>./red blue cubes.dae</Value>

</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">

<Value>explicit</Value>

</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">

<Value>subpart/bluecube</Value>

</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
</InstanceHierarchy>

L’Extern
Figure
“Ired_b

Fi A+6—Repré oo ANH

A.17. Tout d’abord, le point d’entrée du SID est spécifié par.”I'UR
ue_cubes.dae”. L’élément cible défini dans le document GCOLLADA

alinterface “FileLinkExplicit” renvoie au document COLLADA qui est représenté a la

relatif
nommeé

“bluecubbe” est ensuite résolu par exploration depuis le point'~d'entrée du SID

“subpar

/bluecube”.

<visual |
<node
<node
<trg
<nodg
</nodd
</visuall

scene id="visualscene">

id="redcube" name="RedCube"> [...] </node>
id="subpart">

nslate>0 0 1</translate>

e name="bluecube" sid="bluecube"> [...] </node>
>

_scene>

AA1.7

Le q
“Examp

comprend une Externalinterface “COLLADAInterface” nommée “FileLinkExplicit”,

partie d
comme

Figure A.17 — Référencement du cube bleu-a partir de I’élément “subpart”

Référencement a I’aide de I’'URI et de-fragments comprenant une cible e

ocument AML est constitué d'une InstanceHierarchy [
elnstanceHierarchy” avec un -AnternalElement “BlueCube” unique. Ce

e la bibliotheque InterfaceClassLibrary “AutomationMLInterfaceClassLib” s
représenté a la Figure A:x18-

" IE ExamplelnstanceHierarchy
v |£| BlusCube {Class: Role: StaticObject}
v | o> Interfaces
o= FileLinkExplicit {Class: COLLADAInterface)

Figure A.18 — Hiérarchie du document AML

un ID

ommeée
dernier
qui fait
andard,

La Figure A.19 représente la partie pertinente du document AML et la maniere de définir les

attributs

pour le référencement.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="BlueCube" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refURI" AttributeDataType="xs:anyURI">

<Value>./red blue cubes.daef#redcube</Value>

</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">

<Value>explicit</Value>

</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">

<Value>subpart/bluecube</Value>

</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
</InstanceHierarchy>

L’Extern
Figure A
point d’4
ce stad

Fi A49—Repré oo ANH

.20. Dans cet exemple, le cube bleu est adressé comme déja représenté en A
entrée du SID est d’abord spécifié par 'URI relatif “./red_blue_cubessdae#redq

alinterface “FileLinkExplicit” renvoie au document COLLADA qui est représenté a la

1.6. Le
ube”. A

b, il est démontré que le fragment de I'URI spécifié n’est pas réellement négessaire

pour le référencement du cube bleu. Dans ce cas, le cube bleu est résolu par I'’évaluftion du
SID commengant par un ID. Etant donné que I'ID de tout SID(doit étre uniqye dans
I'intégrdlité du document, le référencement proposé n’est pas ambigl non plus.
<visual [scene id="visualscene">
<node |id="redcube" name="RedCube"> [...] </node>
<node |id="subpart">
<trdnslate>0 0 1</translate>
<node name="bluecube" sid="bluecube"> [...] </nodé
</nodg>
</visual scene>
Figure A.20 — Référencement du cube bleu
A.1.8 Référencement a I’aide de ’'URI'sans fragment, sans cible et sans ID
Le document AML est constitué d’une InstanceHierarchy nommeée
“ExamplelnstanceHierarchy” avec un. InternalElement “RedAndBlueCube” unique. Ce| dernier
comprend une Externallnterface-*COLLADAInterface” nommée “FileLinkExplicit”, [qui fait
partie de la bibliotheque InterfaceClassLibrary “AutomationMLInterfaceClassLib” s{andard,

comme

représenté a la Figure A.21.

- |_|'_ﬁ| ExamplelnstanceHierarchy
. |£| Red&ndBlusCube {Class: Role: StaticObject}
w | o= Interfaces
o={» FilelinkExplicit {Class: COLLADAInterface]

Figure A.21 — Hiérarchie du document AML

La Figure A.22 représente la partie pertinente du document AML et la maniere de définir les
attributs pour le référencement.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="RedAndBlueCube" ID="GUID1">
<Externallnterface Name="FileLinkExplicit" RefBaseClassPath="PATH CI" ID="GUID2">
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae</Value>
</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
</InstanceHierarchy>

Figure A.22 — Représentation XML du document AML

L’Externalinterface “FileLinkExplicit” renvoie au document COLLADA qui est représeLté ala
Figure A.23. Dans cet échantillon, I’élément COLLADA “scene” complet est adresse. |.e cube
bleu et |e cube rouge sont tous les deux référencés de maniére non ambigie-par I'ufilisation
de I'URJ relatif “./red_blue_cubes.dae” sans fragment ou cible supplémentaire.

<COLLADA>
[oool
<librdry visual scenes>
<vigual scene id="visualscene">
<rjode id="redcube" name="RedCube'">
<instance geometry url="./cube.dae#cube-geom">
<bind material>
<technique common>
<instance _material symbol="mat" target="#pedl />
</technique common>
</bind_material>
</instance geometry>
<Anode>
<rlode id="subpart">
<translate>0 0 1</translate>
<node name="bluecube" sid="bluecube">
<instance geometry url="./cube.daéffcube-geom">
<bind material>
<technique_common>
<instance material symbepl="mat" target="#blue" />
</technique_common>
</bind material>
</instance geometry>
</node>
<Anode>
</visual scene>
</libgary visual scenegx
<sceng>
<indtance visual s'¢ehe url="#visualscene" />
</scere>
</COLLATA>

Figure A.23 — Référencement de la scéne COLLADA compléte

A.2 Référencement implicite des éléments COLLADA

A.2.1 Généralités

L'Article A.2 décrit la méthode de référencement implicite des modéles géométriques et
cinématiques situés dans des documents COLLADA externes. Le référencement implicite est
utilisé pour référencer un objet COLLADA a partir d'un objet CAEX et pour obtenir des
informations complémentaires relatives a I'objet COLLADA au niveau CAEX, par exemple un
cadre fournissant des possibilités d’adjonction. Dans ce cas, I'objet COLLADA est déja connu
par rapport a un contexte différent, par exemple un référencement explicite (voir I'Article A.1).
Le Paragraphe A.2.2 décrit le référencement implicite d’'un document COLLADA unique,
tandis qu’A.2.3 décrit le référencement implicite des documents COLLADA imbriqués. Le
Paragraphe A.2.4 décrit la maniere de publier des cadres d’éléments respectifs d’un
document COLLADA.



https://iecnorm.com/api/?name=140804530a3b26b0482157c157dcfb57

- 114 - IEC 62714-3:2017 © IEC 2017

A.2.2 Référencement implicite

L’échantillon suivant applique la scene visuelle de A.1.3 (document COLLADA
“red_blue_cubes.dae”). Le document AML est constitué d’'une InstanceHierarchy nommée
“ExamplelnstanceHierarchy” avec trois InternalElements, comme représenté a la Figure A.24.

L’'InternalElement “RedAndBlueCubeExplicit” comprend une Externallnterface
“COLLADAInterface” nommeée “FileLinkExplicit”. Les deux InternalElements
“BlueCubelmplicit” et “RedCubelmplicit” comprennent une Externallnterface

“COLLADAInterface” nommée “FileLinklmplicit”, qui fait partie de la bibliothéque
InterfaceClassLibrary “AutomationMLInterfaceClassLib” standard.

~ | [IH] ExamplelnstanceHierarchy
~ | [|E| RedAndBlueCubekuplicit {Class: Role: StaticObject}
v |£| BlusCubelmplicit {Class: Role: StaticObject]

w | o> Interfaces
o= FileLinklmplicit {Class: COLLADAInterfacs}
W ||E| RedCubelmplicit {Class: Role: StaticCbject}
w | o= Interfaces
o=y Filelinklmplicit {Class: COLDADAInterfacs]
w | o= Interfaces
o= FileLinkExplicit {Classf COLLADAInterface]

Figure A.24 — Référencement implicite: Hiérarchie du document AML

L’Externalinterface “FileLinkExplicit” de I'InternalElement “RedAndBlueCubeExplicit” [renvoie
au dociment COLLADA et adresse larscene COLLADA complete de maniéere explicite
(voir A.1.8). Le cube rouge et le cubg, bleu sont tous les deux référencés de manigre non
ambigle par [l'utilisation de I'URI, refatif “./red_blue_cubes.dae” sans fragment qu cible
supplémentaire.

Les IntgrnalElements “RedCGubelmplicit” et “BlueCubelmplicit” référencent le cube rouge et le
cube bleu de maniere implicite. La Figure A.25 représente la partie pertinente du dgcument
AML et |a maniere de définir les attributs pour le référencement implicite.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="RedAndBlueCubeExplicit" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI"
<Attribute Name="refURI" AttributeDataType="xs:anyURI">

<Value>./red blue cubes.dae</Value>

</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">

<Value>explicit</Value>

</Attribute>

</Externallnterface>

<InternalElement Name="BlueCubeImplicit" ID="GUID5">
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH CI" ID="GUID6">

<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>

</Attribute>

<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae#bluecube</Value>

ID="GUID2">

<

<H
</1If
<Inf

<H

<
<H
</1If
<Ro]
</Intd
</Instaf

Ttribute
ExternalInterface>
oleRequirements RefBaseRoleClassPath="PATH_SO" />
ternalElement>
ernalElement Name="RedCubeImplicit" ID="GUID3">
xternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH CI" ID="GUID4
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae#redcube</Value>
</Attribute>
ExternalInterface>

oleRequirements RefBaseRoleClassPath="PATH_SO" />
ternalElement>

eRequirements RefBaseRoleClassPath="PATH_SO" />
rnalElement>

ceHierarchy>

Lors d’y
du cubé
“RedAn
(“RedAr

A.2.3

Selon g
COLLAI
COLLAI
archivés
référend
et référ
structur

Figure A.25 — Représentation XML du document AML

ne visualisation, il n'est pas nécessairg d’obtenir un nouveau rendu du cube 1
b bleu car ils ont déja été visualisés lors du référencement explicite de I
jBlueCubeExplicit”. Dans ce cas, la scéne référencée de maniére
dBlueCubeExplicit”) est visualisée.

Référencement implicite de sous-documents COLLADA

b référencement externe; tel que défini dans I'ISO/PAS 17506 ou dans le dd
DA 1.4.1, la description géométrique d’'une scéne peut étre divisée en dog

ouge et
element
pxplicite

cument
uments

DA séparés. Dans)ce cas, un document COLLADA principal référence les éléments

dans les sous-documents COLLADA référencés. Le Paragraphe A.2.3 (
ement implicite des éléments COLLADA situés dans les sous-documents C(
encés a ‘partir d'un document COLLADA principal. La Figure A.26 représ
b et les.relations utilisées dans cet exemple.

écrit le
DLLADA
ente la
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Main Document Subdocument Subdocument
<COLLADA> <COLLADA> > <COLLADA>
red_blue_cubes.dae red_cube.dae > cube.dae

node / instance_geometry

node / instance_node

<COLLADA>

ﬁ blue_cube.dae
node / instance node

node / instance_geometry
Anglais Francais
Malin Document Document princijpal
Supdocument Sous-document

F

gure A.26 — Structure et relations des sous-documents COLLADA référendés

L’échantillon suivant applique la scéne visuelle de A.1.3, la structure des do¢uments
COLLADA étant modifiée. Le document COLLADA principal (“red_blue_cubes.dge”) est
constitug de deux nceuds, chacun d’entreteux instanciant un nceud situé dans up sous-
document COLLADA (“red_cube.dae” et.*blue_cube.dae”). Ces sous-documents COQLLADA
sont comstitués d’'une bibliotheque qui_définit un nceud unique et une matiere. Chaque nceud
des deux documents instancie une géométrie de cube qui est définie dans un sous-document
COLLADA (“cube.dae”). Dans cetcexemple, tandis que la définition de la géométrie [reste la
méme que celle utilisée en A.1/3,\le document COLLADA principal (“red_blue_cubes.dae”) est
modifié |et deux sous-documents COLLADA supplémentaires sont introduits (“red_cuybe.dae”
et “blue| cube.dae”). La Figure A.27 représente le contenu du document COLLADA principal
modifié |(“red_blue_cubes.dae”).
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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 nodes
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_visual_scenes>
<visual scene id="visualscene'">
<rjode id="redcube" name="RedCubeInstance">
<instance node sid="redcuberef" url="./red cube.dae#redcube" />
<Anode>
<rjode id="bluecube" name="blueCubeInstance">
<translate>0 0 1</translate>
<instance node sid="bluecuberef" url="./blue_cube.dae#bluecube" />
<Anode>
</visual scene>
</libgary_visual_ scenes>
<sceng>
<ingtance visual scene url="#visualscene" />
</scerfe>
</COLLATA>

from

Anglais Frangais
Th{s document defines the node hierarchy Le présent decument définit la hiérarchie des noeulds
angl instantiates nodes from subdocuments et instancie'des nceuds a partir de sous-documentp

Higure A.27 — Contenu du document COLLADA modifié red_blue_cubes.dap

La scene visuelle est constituée de deux_élgments de nceuds (redcube et bluecube),| chacun

instancipnt un nceud dans un sous-document (“red_cube.dae” et “blue_cube.dge”).

contenul des deux sous-documentsxCOLLADA est représenté a la Figure A.28 [et
Figure A.29.

Le

a la
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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 a node which instantiates a cube geometry from a
COLLADA subdocument and applies a red material</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>
<Aprofile COMMON>
</effect>
</libgary effects>
<librdry materials>
<maflerial id="red" name="Red">
<jnstance effect url="#red-£fx" />
</mgterial>
</libgary materials>
<librdry nodes>
<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>
<Jinstance_geometry>
</nqde>
</libgary nodes>
</COLLATA>

Anglais Frangais
Thlts document defines a node which Le présent document définit un nceud qui instangie
instantiates a cube geometry from a COLLADA une géométrie de cube a partir d’'un sous-
subbdocument and applies.ared material document COLLADA et applique une matiére rojge

Figure A.28 — Contenu du document COLLADA red_cube.dae

Le docyment COLLADA “red_cube.dae” définit un nceud nommé “RedCube” situé dans une
biblioth@éque et-pouvant étre référencé et instancié. En outre, une matiere rouge es{ définie
pour adjoindrée la géométrie instanciée dans le sous-document COLLADA “cube.dge”. De
maniére similaire, le nceud et la géométrie du cube bleu nommé “BlueCube” sont définis dans
le sous-document COLLADA "blue_cube.dae”, comme représenté a la Figure A.Z09.
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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 a node which instantiates a cube geometry from a
COLLADA subdocument and applies a blue material</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="blue-£fx">
<profile COMMON>
Technique sid- COMMON
<phong>
<diffuse>
<color>0 0 1 1 </color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</effect>
</libgary effects>
<librdry materials>
<maflerial id="blue" name="Blue">
<jnstance effect url="#blue-£fx" />
</mdterial>
</libgary materials>
<librdry nodes>
<node id="bluecube" name="BlueCube'">
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
<instance material symbol="mat" target§“#blue" />
</technique_common>
</bind material>
<Jinstance_geometry>
</ndde>
</libjgary nodes>
</COLLATA>

Anglais Frangais
Thlts document defines a node which Le présent document définit un nceud qui instangie
instantiates a cube geometry from a COLLADA une géométrie de cube a partir d’'un sous-
subbdocument and appligs.a-blue material document COLLADA et applique une matiére bldue

Figure A.29 — Contenu du document COLLADA blue_cube.dae

Pour référencer’lercube bleu ou le cube rouge dans les sous-documents COLLADA|a partir
d’'un dogument-AML, le chemin commeng¢ant a partir du document COLLADA racine doit étre
spécifié[dans son intégralité. L’exemple suivant présente un extrait d'un document AML pour
démontrerile référencement implicite d’éléments situés dans des sous-documents COLLADA
références.

Le document AML est constitué d’une InstanceHierarchy nommeée
“ExamplelnstanceHierarchy” avec trois InternalElements, comme représenté a la Figure A.30.
Tous les InternalElements comprennent une Externallnterface de type “COLLADAInterface”,
qui fait partie de la bibliothéque InterfaceClassLibrary “AutomationMLInterfaceClassLib”
standard.
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w |E| ExamplelnstanceHierarchy
w |£| Reda&ndBlusCubeExplicit {Class: Role: StaticObject}
v | | IE| BlueCubelmplicit {Class: Role: StaticObject]
v o=y Interfaces
o=y Filelinklmplicit {Class: COLLADAlnterface]
+ | [IE] RedCubelmplicit {Class: Role: StaticObject}
v oy Interfaces
o=y Filelinklmplicit {Class: COLLADAlnterface]

1 e
W g e e

o=s FilelinkExplicit {Class: COLLADAlInterface]

Figure A.30 — Référencement implicite: Hiérarchie du document"AML

L’Externalinterface “FileLinkExplicit” de I'InternalElement “RedAndBlueCubeExplicit” |renvoie
au dociment COLLADA et adresse la scéne COLLADA compléte de maniére explicite
(voir A.1.8). Le cube rouge et le cube bleu sont tous les deux référencés de manigre non
ambigle par [l'utilisation de I'URI relatif “./red_blue_cubes.dae” sans fragment qu cible
supplénmentaire. Les InternalElements “RedCubelmplicit” et “BlueCubelmplicit’ référencent le
cube rolge et le cube bleu de maniére implicite, les deux{cubes étant situés dans yn sous-
document COLLADA. La Figure A.31 représente la parfie/ pertinente du document AML pour
un référencement implicite.

<InstandeHierarchy Name="ExampleInstanceHierarchy">
<InteynalElement Name="RedAndBlueCubeExplicit!<IiD="GUID1">
<ExflernalInterface Name="FileLinkExplicit™ RefBaseClassPath="PATH_CI" ID="GUID2"
<Attribute Name="refURI" AttributeDatallype="xs:anyURI">
<Value>./red_blue_cubes.dae</Valugp
<JAAttribute>
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
<JAttribute>
</Efternallnterface>
<InffernalElement Name="RedCubeImplicit" ID="GUID3">
<HxternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID4'
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicitS&~NAdlue>
</Attribute>
<Attribute Name={'refURI" AttributeDataType="xs:anyURI">
<Value>./r&d ,Cube.dae</Value>
</AttributeX
<Attribute/Name="target" AttributeDataType="xs:token">
<Valuy&>pedcube/redcuberef</Value>
</Attedbute>
</JExtérnallInterface>
<Ho¥eRgQuirements RefBaseRoleClassPath="PATH_SO" />
</IfgtédMalElement>
<InternalElement Name="BlueCubeImplicit™ ID="GUID3">
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID6">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./blue_cube.dae</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:token">
<Value>bluecube/bluecuberef</Value>
</Attribute>
</ExternalInterface>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
<RoleRequirements RefBaseRoleClassPath="PATH_SO" />
</InternalElement>
</InstanceHierarchy>

>

Figure A.31 — Représentation XML du document AML
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A.2.4 Publication d’éléments d’un document COLLADA en CAEX

Le Paragraphe A.2.4 présente un cas d’utilisation dans lequel les deux méthodes de
référencement (explicite et implicite) sont applicables. Le présent paragraphe décrit la
maniére de publier des cadres de documents COLLADA et leur référencement dans un
document AML.

Les éléments géométriques et cinématiques COLLADA peuvent étre publiés au niveau CAEX
afin d'étre préts a ['utilisation. Cela permet leur référencement et affecte d’autres
informations. Dans cet exemple, le document COLLADA et sa scéne visuelle issue de A.1.3
(document COLLADA “red_blue_cubes.dae”) sont utilisés avec un élément COLLADA
supplémentaire. Le nceud supplémentaire nommé “bluecubeframe” est adjoint au cube bleu et
représepte-uh-cadre-

La Figure A.32 représente la scene visuelle modifiée ainsi que le graphe correspondgnt de la
scéne (OLLADA.

bluecubeframe

Anglais Francgais
bluecubeframe cadre du cube bleu
vispal scene scene visuelle
sulp part sous-partie
blue cube cube bleu
red-cube. cube rouge

Figure A.32 — Scéne COLLADA modifiée avec nceud supplémentaire

La partie pertinente du document COLLADA, notamment le nceud cadre supplémentaire, est
représentée a la Figure A.33.
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<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">
<node sid="bluecubeframe">
<translate>0.5 0.5 1.0</translate>
</node>
<instance geometry url="./cube.dae#cube-geom">
bind material
<technique_common>
<instance material symbol="mat" target="#blue" />
</technique_common>
</bind material>
</instance geometry>
</nqde>
</nodg>
</visual scene>

Figure A.33 — Elément cadre supplémentaire du documént COLLADA

Dans cet exemple, le document AML est constitué d’une™InstanceHierarchy mommée
“ExamplelnstanceHierarchy” avec un InternalElement “RedAndBlueCubeExplidit” qui
comprend une Externalinterface “COLLADAInterface’~hommée “FileLinkExplicit’l Cette
Externallnterface est utilisée pour référencer la scéne<compléte de maniére explicite,, comme
représenté a la Figure A.34.
w E ExamplelnstanceHierarchy
W |£| RedandBlueCubeExplicit+{ Class: Role: StaticObject}
w |£| BlueCubelmplicit {Class: Role: StaticObject}
W |£| PublishedFrame {Class: Role: Frame}
w (o Interfaces
o=y Filelinklmplicit {Class: COLLADAInterface]
\;. o> Interfaces
o=y Filelinklmplicit {Class: COLLADAInterface]
« | [|E]| RedCubelmplicit {Class: Role: StaticObject]
v oy Interfaces
o< Filelinklmplicit {Class: COLLADAInterface]

.

e~y Interfaces
o=y FilelinkExplicit {Class: COLLADAInterface]

Figure A.34 — Cadres de publication: Hiérarchie du document AML

L’InternalElement “RedAndBlueCubeExplicit” a deux InternalElements nommes
“BlueCubelmplicit” et “RedCubelmplicit”. L’InternalElement “BlueCubelmplicit” a un
InternalElement  “PublishedFrame” auquel la RoleClass “Frame” est affectée.
L’ExternalElement “FileLinklmplicit” de I'InternalElement “PublishedFrame” référence le nceud
COLLADA “bluecubeframe” dans le nceud de document COLLADA de maniéere implicite.

La Figure A.35 représente la partie pertinente du document AML et la maniere de définir les
attributs pour le référencement implicite.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="RedAndBlueCubeExplicit" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae</Value>
</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
</Externallnterface>
<InternalElement Name="BlueCubeImplicit" ID="GUID3">
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH CI" ID="GUID4">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red blue cubes.dae#subpart</Value>
Ttribute
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./bluecube</Value>
</Attribute>
<AExternalInterface>
<]nternalElement Name="PublishedFrame" ID="GUID5">
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH |€I" ID="GUID6">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red_blue_cubes.dae#subpart</Value>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:tokeqh">
<Value>./bluecube/bluecubeframe</Value>
</Attribute>
<Attribute Name="AdditionalInformationl" AttriBubteDataType="xs:token">
<Value>AdditionalAttributeValue</Value>
</Attribute>
<Attribute Name="AdditionalInformation2" AbfributeDataType="xs:token">
<Value>AdditionalAttributeValue</Value®
</Attribute>
</Externallnterface>
<RoleRequirements RefBaseRoleClassPath®>"PATH FRAME" />
<AInternalElement>
<HjoleRequirements RefBaseRoleClassPa@th="PATH_SO" />
</InfternalElement>
<InflernalElement Name="RedCubeImpligcit" ID="GUID7">
<HxternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID§'
<Attribute Name="refType" A€tributeDataType="xs:string">
<Value>implicit</Value%
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red_bluye\gubes.dae#redcube</Value>
</Attribute>
<AExternallInterface>
<HoleRequirements_RefBaseRoleClassPath="PATH_SO" />
</IfternalElementi
<RoleRequiremgDts RefBaseRoleClassPath="PATH_SO" />
</IntdqrnalElepeg%>
</InstarceHieranrchy>

Figure A.35 — Représentation XML du document AML

>

NOTE UmrobjetCAEXpublitavectaRuoteClass—Frame’—=ffectée meduitpas Tenvoyeraumobjetggométrique
COLLADA (il peut renvoyer a un objet COLLADA sans géométrie). Dans le cas précédent, les informations
relatives a la transformation proviennent de I'objet COLLADA et sont appliquées a I'objet CAEX publié auquel la
RoleClass “Frame” est affectée, méme si I'objet cadre CAEX fournit un attribut cadre CAEX. Si 'objet COLLADA ne
donne lieu a aucune transformation, celle de I'attribut cadre de I'objet CAEX auquel la RoleClass “Frame” est
affectée est utilisée.

A.3 Adjonction entre objets en CAEX

L'Article A.3 décrit la maniere d’adjoindre un objet géométrique AML a un autre objet
géométriqgue AML (tous les deux de type InternalElement). Les deux objets AML ont une
référence a des objets géométriques COLLADA quelconques par le biais de références
explicites. En outre, les deux objets AML ont un enfant InternalElement Frame auquel la
RoleClass “Frame” est affectée. Chaque InternalElement Frame a une Externallnterface
implicite déduite de I'InterfaceClass “COLLADAInterface” qui référence un nceud défini dans
le document COLLADA. En outre, chaque InternalElement Frame a une Externallnterface
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déduite de [lInterfaceClass “Attachmentinterface”, qui peut étre connectée ou liée. La
structure est représentée a la Figure A.36.
<CAEX>
 |E <COLLADA>
A
explicit
‘ <node A>
|E Frame 4
implicit
T
—O0-0O—»
|
— |E Attachment via <COLLADA>
Internal Link B
explicit
toc | nodd B>
|E Frame : A
]
— fimelidt N
InternalElement O-Olnterfaceclass
Anglais Frangais
Frgme Cadre
Attachment via Internal Link Adjonction par le biais d’une liaison interne

Int

brnal Element

Elément interne

explicit explicite
implicit implicite
nogle noeud
Figure A.36 — Structure pour les adjonctions entre objets en CAEX
Dans cgt exemple, le document COLLADA est utilisé avec sa scéne visuelle is

Paragra

phe A.2.3 avec¢ un nceud supplémentaire. Le nceud supplémentaire, qui est ag

sue du
joint au

cube bleu, représente:le cadre publié. Un cube jaune supplémentaire est défini dans un

document COLLADA séparé (“yellow_cube.dae”) avec un nceud supplémentaire
publié. La connexion entre les deux nceuds supplémentaires (cadres d’adjonction) es
au sein du~document AML. La Figure A.37 représente la visualisation du cub

(“YelloWCube”) ainsi que son cadre supplémentaire.

qui est
établie
. jaune

Frame

Anglais

Francais

Frame

Cadre

Figure A.37 — Visualisation du cube jaune avec un cadre supplémentaire
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Le document COLLADA du cube jaune (“yellow_cube.dae”) est représenté dans son
intégralité a la Figure A.38. Il applique la définition géométrique du document COLLADA
externe “cube.dae” de A.1.3.

<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 a node which instantiates a cube geometry from a
COLLADA subdocument and applies a yellow material. An additional node is

provided.</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>
</assgt>
<librdry effects>
<efflect id="yellow-£fx">
<grofile_COMMON>
<technigque sid="COMMON">
<phong>
<diffuse>
<color>1 1 0 0.5 </color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</effect>
</libfary effects>
<librdry materials>
<mafferial id="yellow" name="Yellow">
<jnstance effect url="#yellow-£fx" />
</mdterial>
</libgary materials>
<librdry visual scenes>
<vigual scene id="visualscene">
<rjode id="yellowcube" name="YellowCube" >
<translate>0 0 2</translate>
<node sid="yellowcubeframe">
<translate>0.5 0.5 0</translate®>
</node>
<instance geometry url="./cube" dae#cube-geom">
<bind material>
<technique_common>
<instance material/symbol="mat" target="#yellow" />
</technique_ commony>
</bind material>
</instance geomefry>
</node>
</viysual scene>
</libgary visual scenes>
<sceng>
<indtance v{swal scene url="#visualscene" />
</scerje>
</COLLAJA>

Anglais Frangais

This document defines a node which Le présent document définit un nceud qui instancie
instantiates a cube geometry from a COLLADA une géométrie de cube a partir d’un sous-
subdocument and applies a yellow material. An | document COLLADA et applique une matiére
additional node is provided. jaune. Un nceud supplémentaire est fourni.

Figure A.38 — Document COLLADA du cube jaune avec un cadre supplémentaire

Le document AML est constitué d’une InstanceHierarchy nommeée
“ExamplelnstanceHierarchy” avec deux InternalElements (“RedAndBlueCubeExplicit” et
“YellowCubeExplicit”). Dans cet exemple, le cube jaune (“YellowCube”) provenant du
document COLLADA séparé est adjoint au cube bleu (“BlueCube”). Les deux
InternalElements comprennent une Externalinterface “COLLADAInterface” nommée
“FileLinkExplicit”, qui fait partie de la bibliotheque InterfaceClassLibrary
“‘AutomationMLInterfaceClassLib” standard.
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Chaque Externallnterface nommée “FileLinkExplicit* des deux InternalElements renvoie aux
documents COLLADA séparés et adresse la scéne COLLADA compléte de maniére explicite
(voir également A.1.8). En outre, les deux InternalElements ont un InternalElement
(“PublishedFrame”) enfant auquel la RoleClass “Frame” est affectée et qui fait partie de la
bibliothéque RoleClassLibrary standard également. Chaque InternalElement
“PublishedFrame” a deux Externalinterfaces: une Externallnterface déduite de
I'InterfaceClass “COLLADAInterface” pour référencer un nceud COLLADA de maniére
implicite  (“FileLinkImplicit”) et une Externallnterface déduite de [I'InterfaceClass
“Attachmentinterface” pour définir une adjonction (“Attachment”). La structure est représentée
a la Figure A.39.

v | [IH] ExamplelnstanceHierarchy
W |£| Workcell {Class: Role: Cell}
+ | [|E| RedAndBlueCubekxplicit {Class: Role: StaticObject]
W |£| PublishedFrame {Class: Role: Frame}

v oy Interfaces
o=y Attachment {Class: Attachmengihterface}
o= Filelinklmplicit {Class: COLLADRAInterface]
v oy Interfaces
o=y FilelinkExplicit {Class: COLLADAInterface]
v | [|E] YellowCubeExplicit {Class: Roler>taticObject}
" ||E| PublishedFrame {Class: Role: Frame}
v oy Interfaces
oy Atkachment {Class: Attachmentinterface}
o=t FileLinklmplicit {Class: COLLADAInterface]
v oy Inferfaces
gy FilelinkExplicit {Class: COLLADAInterface]

Figure A.39 — Hiérarchie du document AML

La Figute A.40 représente la partie pertinente du document AML et la maniére de publier des
cadres pour 'adjonction d’objets définis en AML.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="Workcell" ID="GUIDO">
<InternalElement Name="RedAndBlueCubeExplicit" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./red_blue_ cubes.dae</Value>
</Attribute>
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
</ExternalInterface>
<InternalElement Name="PublishedFrame" ID="GUID3">
<ExternallInterface Name="Attachment" RefBaseClassPath="PATH_AI" ID="GUID4" />
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH_CI" ID="GUID5">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>

</Attribute>
TTribute Name- " EeIURI TrtributebDatalype- "Xs:anyURI
<Value>./red_blue_cubes.dae#subpart</Value>
</Attribute>

<Attribute Name="target" AttributeDataType="xs:token">
<Value>./bluecube/bluecubeframe</Value>
</Attribute>
</ExternalInterface>
<RoleRequirements RefBaseRoleClassPath="PATH FRAME" />
<AInternalElement>
<HoleRequirements RefBaseRoleClassPath="PATH_SO" />
</IrternalElement>
<InflernalElement Name="YellowCubeExplicit" ID="GUID6">
<HxternalInterface Name="FileLinkExplicit" RefBaseClassPat#iz"PATH _CI" ID="GUIDY]">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:afyURI">
<Value>./yellow_cube.dae</Value>
</Attribute>
</ExternallInterface>
<JnternalElement Name="PublishedFrame" ID="GUID8">
<ExternallInterface Name="Attachment" RefBgseClassPath="PATH_AI" ID="GUID9" /
<ExternalInterface Name="FileLinkImpli€it" RefBaseClassPath="PATH_CI" ID="GUID10">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./yellow cube.dae#yellowcube</Value>
</Attribute>
<Attribute Name="target'~AttributeDataType="xs:token">
<Value>./yellowcubefxalte</Value>
</Attribute>
</Externallnterface>
<RoleRequirements R&fBaseRoleClassPath="PATH FRAME" />
</InternalElement>
<HoleRequirementg~RefBaseRoleClassPath="PATH_SO" />
</IrternalElement>
<Infernallink Nama="AttachmentBlueMovesYellow" RefPartnerSideA="GUID3:Attachment'l RefPar
tnerSidgqB="GUID7:Attachment" />
<RolleRequirements RefBaseRoleClassPath="PATH5/Cell" />
</IntdrnalElépent>
</InstarjceHierafchy>

Figure A.40 — Représentation XML du document AML

En conséquence, le cube jaune est adjoint au cube bleu, comme représenté a la Figure A.41.
Par opposition au montage, I'adjonction ne comprend pas de transformation supplémentaire
de I'objet adjoint. La connexion est unidirectionnelle. Si le cube bleu est translaté ou pivoté, la
transformation du cube bleu affecte le cube jaune également.
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Attachment
(InternallLink)
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bluecubeframe
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S X
yellowcubeframe
N
L
Anglais Frangais

bluecubeframe Cadre du cube bleu
Attachment (InternalLink) Adjonction‘(liaison interne)
yellowcubeframe Cadrendu cube jaune

Figure A.41 — Adjonction entre des objets AML géométriques

Pour finjr, la connexion est établie par le bjais’d’'une InternalLink (liaison interne) qui cpnnecte
les deux cadres publiés. La Figure A.42 teprésente la partie pertinente du document| AML et
la manigre de définir une InternallLinky La liaison est archivée dans une cellule d¢ travail
(“Workcell“) de I'InternalElement CAEX qui est le parent commun le plus petit de$ objets
CAEX cpnnectés, conformémentaDIEC 62714-1.

<InstandeHierarchy Name="ExampleInstanceHierarchy">

<IntejnalElement Name="Woxrkcell" ID="GUIDO">
[..4]

<Inflernallink Namez=!"AttachmentBlueRedMovesYellowCube"
RgfPartnerSideA=UGUID3:Attachment"
RdfPartnerSideBx"GUID8:Attachment" />
</IntqrnalElemepBH>

</InstarceHierapelly>

Figure A.42 — Représentation XML du document AML
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Annexe B
(informative)

Modélisation des systémes cinématiques et leur combinaison en AML

B.1 Généralités

Les articles suivants décrivent la modélisation des systémes cinématiques et leur
combinaison en AML. Dans ces articles, une scéne est constituée par étapes d'une unité
linéaire (Article B.2) et d'un robot (Article B.3) fixé a I'unité linéaire (Article B.4). En outre, un
outil de_préhension est défini et monté sur le robot (Article B.5). Pour finir, une pjéce est
adjointe| a I'outil de préhension (Article B.6).

NOTE 1 [Afin d’améliorer la lisibilité, tous les remplacements des attributs RefBaseRoleClassPath.de I'Article A.1
s’appliqugnt.

NOTE 2 [Afin d’améliorer la lisibilité, tout attribut RefBaseRoleClassPath qui ‘“tenvoie a Ia classe
“AutomatipnMLMIRoleClassLib/ManufacturingEquipment/Robot” est remplacé par “PATH_\ROB”.

NOTE 3 [Afin d’améliorer la |lisibilité, tout attribut RefBaseRoleClassPath, qui renvoie a Ia classe
“AutomatipnMLMIRoleClassLib/ManufacturingEquipment/Carrier” est remplacé par~*PATH_CAR”.

B.2 Modélisation d’un document AML d’une unité linéaire en CAEX et
COLLADA

B.2.1 Généralités

L'Articlg B.2 décrit la modélisation d’une unité_lin€aire. La scéne visuelle est décrite en B.2.2.
Dans lep paragraphes qui suivent B.2.3 a B,2.6, la scéne est complétée par étapes avec des
élémenfts cinématiques. Pour finir, le document AML est défini et combiné avec le systéme
cinématjque de B.2.8.

Joint 1

Base Link

Anglais Francgais
Joint Articulation
Link™ Liaison 1
Base link Liaison de base

Figure B.1 — Visualisation de I'unité linéaire

B.2.2 Définition de la scéne visuelle

Dans cet exemple, la scéne visuelle de l'unité linéaire est constituée de deux éléments
géométriques I'un au-dessus de l'autre, comme représenté a la Figure B.1. Pour maintenir le
contenu COLLADA a un niveau minimal, la géométrie de 'unité linéaire est représentée par
de simples parallélépipédes rectangles qui sont définis dans le document COLLADA
“cube.dae”, comme représenté a la Figure A.7. Chaque cube a une échelle différente et une
matiére qui lui est propre. Le cube le plus bas représente la liaison de base de l'unité linéaire
alors que le cube le plus élevé représente le curseur.

La Figure B.2 représente le contenu du document COLLADA “linear_unit.dae”, qui définit la
représentation géométrique de 'unité.
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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 and kinematic of a linear unit</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="base-fx">
<profile_COMMON>
<technique sid="COMMON">
phong

<diffuse> y<\

<color>1 0.9 0.8 1</color>
</diffuse> <>
</phong> 0(1/
</technique> (E)’
<[Aprofile COMMON> b"
</effect> '\
<effect id="1link-£fx"> /\
<grofile COMMON> %(]/
<technique sid="COMMON">

<phong> (:)

<diffuse> @
<color>1 0.6 0.6 1</color> g\\

</diffuse> c>

</phong> <2

</technique> <:>
</Jprofile COMMON> <2

</effect>

</libgary effects>

<librdry materials> s\

<mafferial id="base-mat" name="BaseMat"> QD
<instance effect url="#base-£fx" /> QS>

</mdterial>

<mafferial id="link-mat" name="LinkMat">Qs

<{nstance_effect url="#link-£fx" />\\

</mdterial>

</libfary materials> (@)

<librdry_visual_ scenes> b
<viqual scene id="visualsceng“\£~

<flode id="linearunit" na *ggnearUnit">

<node id="geombase" name#"GeomBase'>

<scale>3.0 1.0 0.1<%¥scale>

. .
<instance_geome url="./cube.dae#cube-geom">
<bind materi
<techni mmon>

<insta ~material symbol="mat" target="#base-mat" />
</te hjJue common>
erial>

</binQ~
</ins e geometry>

<nod ="geomlinkl" name="GeomLinkl">
nslate>0 0 1</translate>
<29cale>0.33 1 0.8</scale>
\Q/<rotate sid="transform">0 0 0 0</rotate>
instance ceometry url=" /cuhe Hznﬂnnhn—ganm"
<bind material>
<technique_common>
<instance material symbol="mat" target="#link-mat" />
</technique_common>
</bind material>
</instance geometry>
</node>
</node>
</node>
</visual_scene>
</library visual scenes>

<!-- Step 1: inition of joint elements -->

<!-- Step 2: nition of kinematic model element -->

<!-- Step 3: Definition of articulated system (kinematics) element -->
<!-- Step 4: Definition of kinematics scene element -->
<scene>

<instance_visual_scene url="#visualscene" />

<!-- Step 5: Instantiation of kinematics scene -->

</scene>

</COLLADA>
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Anglais Frangais
This document defines the geometry and Le présent document définit la géométrie et la
kinematic of a linear unit cinématique de l'unité linéaire
Step 1: Definition of joint elements Etape 1: Définition des éléments d’articulation
Step 2: Definition of kinematic model element Etape 2: Définition de I'élément du modéle

cinématique

Step 3: Definition of articulated system
(kinematics) element systéme articulé

Etape 3: Définition de I'élément (cinématique) du

Step 4: Definition of kinematics scene element Etape 4: Définition de I'élément de la scéne

cinématique

Step 5: Instantiation of kinematics scene Etape 5: Instanciation de la scéne cinématique

Chaque
paragra
sceéne a

B.2.3

Dans cg cas, le systéme cinématique a une articulation prismatique unique nommée

qui est

articulafions prismatiques sont définies par I’élémentfprismatic’. En outre, la dire
I’'axe del I'articulation et les valeurs limites minimaleset*maximale facultatives sont sp
conformément aux régles spécifiées dans I'ISO/PAS*17506 ou le document COLLAD|
L’extrai du document COLLADA est représenté a’la Figure B.3.

NOTE I

COLLADA 1.4.1. Les degrés (angles) et les métres (distances) sont utilisables par défaut. Il est pg
redéfinir ges derniers dans I'élément “unit”.

Figure B.2 — Définition de la scéne visuelle

parallélépipede est affecté a un nceud (geombase et geomlink1). D
bhes B.2.3 a B.2.7, les éléments cinématiques exigés sont définis et appliqués
fin de compléter le systéme cinématique.

Définition de I'articulation

définie dans une bibliotheque et qui est instanCiée a une étape ultérieu

est possible de spécifier les unités physiques conformément a I'ISO/PAS 17506 ou au

ans les
a cette

Joint1”,
re. Les
ction de
écifiées
A 1.4.1.

document
ssible de

<

<library joints>
<joint id="jointl" name="Jointl">
<prismatic sid="axisO0">
<dxis>0 0 1</axis>
<Jimits>

</pfismatic>
</joirt>
</librajy joints>

<min>0</min>
<max>3</max>
limits>

B.2.4

Figure B.3 — Définition de I’articulation

Définition du modéle cinématique

Le Paragraphe B.2.4 définit le modéle cinématique et sa hiérarchie. Tout d’abord, toutes les
articulations du modéle cinématique sont définies ou instanciées a partir d’'une bibliotheque
d’articulations. La chaine cinématique suivante est constituée de liaisons et d’'une articulation
ainsi que de leur relation hiérarchique. Toute liaison ou articulation peut donner lieu a une
transformation. La transformation d’une liaison ou d’une articulation dépend toujours de son
prédécesseur et est décrite par les éléments “translate” et “rotate”. Le modéle cinématique
est défini dans une bibliothéque et est instancié a une étape ultérieure. La Figure B.4
représente la partie pertinente du document COLLADA.
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<library_ kinematics_models>
<kinematics model id="linearunit_kinmodel">
<technique common>
<instancg_joint sid="inst_jointl" url="#jointl" />
<link name="BaseLink" sid="baselink">
<attachment full joint="linearunit_kinmodel/inst_jointl">
<rotate>0 1 0 90</rotate>
<link name="Linkl" sid="1linkl" />
</attachment full>
</link>
</technique_ common>
</kinematics model>
</library kinematics models>

Figure B.4 — Définition de modéle cinématique

Dans cd ; : 3-ci sont
connectgées par une articulation unique, qui référence une articulation définie\ fdans la

biblioth@éque, comme décrit dans le paragraphe précédent.

B.2.5 Définition du systéme articulé

Les propriétés cinématiqgues et dynamiques sont réunies _(\dans les éléments
“articuldted_system”. Etant donné que chaque définition de systéme articulé cpmporte
uniquement soit des informations cinématiques, soit des informations dynamiquep, deux
systémds “articulated_system” séparés sont définis dans une bibligthéque.

<library articulated systems>
<arti alated_systeﬁ id="linearunit_kinematics">
<kirfematics>
!-— ... ARTICULATED
</kiynematics>
</articulated system>
<arti ulated_gystem id="linearunit_motion">
<moffion>

SYSTEM KINEMATICS ... --

!-— ... ARTICULATED SYSTEM MOTION .., N>
</mgtion>
</artjculated system>
</librapjy articulated systems>
Anglais Frangais
ARTICULATED SYSTEM KINEMATICS CINEMATIQUE DU SYSTEME ARTICULE
ARTICULATED SYSTEMMOTION MOUVEMENT DU SYSTEME ARTICULE

Figure B.5 — Définition de la bibliothéque du systéme articulé

La Figufe B.5 reptésente la structure de la définition de la bibliotheque. Les commEntaires
pour leg deux_éléments du systéme articulé indiquent les définitions manquantes. Ce point est
expliqué enB.2.6 et B.2.7.

La section "Kinematics’ dun sysieme articule comporie des Informations relatives au
comportement cinématique d’'un modele articulé, par exemple I'activité des articulations et les
limites ou les dépendances entre articulations. La Figure B.6 représente la partie pertinente
du document COLLADA et les parametres cinématiques supplémentaires qui lui sont
appliqués dans cet exemple.
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<articulated system id="linearunit kinematics">
<kinematics>
<instance kinematics model sid="inst linearunit_kinmodel" url="#linearunit_kinmodel">
<newparam sid="linearunit_kinematics_inst linearunit_kinmodel">
<SIDREF>linearunit_kinematics/inst_linearunit_kinmodel</SIDREF>
</newparam>
<newparam sid="linearunit_ kinematics_inst linearunit_kinmodel_inst_jointl_axisO">
<SIDREF>linearunit kinematics/inst linearunit kinmodel/inst jointl/axisO0</SIDREF>
</newparam>
<newparam sid="linearunit kinematics_inst linearunit_kinmodel_inst_jointl_value">
<float>0.0</float>
</newparam>
</instance kinematics model>
<technique_ common>
<axis_ info axis="linearunit_kinematics/inst_linearunit_kinmodel/inst_jointl/axis0" sid
="inst_jointl_info">
<active>
bool>true<l/bool
</active>
<locked>
<bool>false</bool>
</locked>
<limits>
<min>
<float>0.0</float>
</min>
<max>
<float>3.0</float>
</max>
</limits>
</Jaxis_info>
<flrame origin link="linearunit_kinematics/inst_linearunit_kinmodel/baselink" sild="base
frame" />
<flrame tip link="linearunit_kinematics/inst_lineartnit_kinmodel/linkl" sid="flgngefram

e" >
<translate>1 2 3</translate>
</frame_tip>
</tgchnique common>
</kingmatics>
</articylated system>

Figure B.6 — Définition duisystéme cinématique articulé

Afin d’dbtenir des informations dynamiques, un systéme articulé supplémentaire doit étre
défini. Lfa section de mouvement dun systéme articulé comporte des informations relatives au
comporfement dynamique d’un_imedéle articulé, par exemple la vitesse des articulations et
’accélération ou la décélération des articulations. La Figure B.7 représente la partie
pertinente du document COLLADA et les paramétres dynamiques supplémentaires quillui sont
appliques dans cet exemple:
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<articulated system id="linearunit motion">
<motion>
<instance articulated system sid="inst_linearunit_kinematics" url="#linearunit_kinematic
s"> - B
<newparam sid="linearunit motion_linearunit kinematics_inst LinearUnit_ kinematics_mode
">
<SIDREF>linearunit_kinematics/linearunit_kinematics_inst_linearunit_kinmodel</SIDREF
>
</newparam>
<newparam sid="linearunit motion_linearunit kinematics_inst_linearunit_kinmodel_inst_j
ointl_axisO0">
<SIDREF>linearunit_kinematics/linearunit_kinematics_inst_linearunit_kinmodel inst_jo
intl axis0</SIDREF>
</newparam>
<newparam sid="linearunit motion_linearunit kinematics_inst_linearunit_kinmodel_inst_j
ointl_value">
<SIDREF>linearunit_kinematics/linearunit_kinematics_inst_linearunit_kinmodel inst_jo
intl valUe</SIDREF
</[newparam>
</irfstance articulated system>
<tedhnique_ common>
<gdxis_info axis="linearunit_kinematics/inst_jointl_info">
<speed>
<float>0.0</float>
</speed>
<acceleration>
<float>0.0</float>
</acceleration>
<deceleration>
<float>0.0</float>
</deceleration>
<jerk>
<float>0.0</float>
</jerk>
<Jaxis_ info>
</tgchnique_ common>
</motion>
</articylated system>

Figure B.7 — Définition du systeme de mouvement articulé

B.2.6 Définition de la scéne cinématigque

Une scene cinématique réunit différents systémes cinématiques. Tous les parpmetres
nécessdires pour la scéne complete sont publiés dans une scéne cinématique. Dans cet
exemple, la scéne cinématiquerinstancie le systéme articulé qui est défini en B.2.5. En outre,
le modéle cinématique, son.axe d’articulation et ses valeurs sont publiés. La Figure B.8
représete la partie pertinente du document COLLADA.

<library kinematics scgnes>
<kinenatics_scene i#d="linearunit_kinscene">
<ingdtance artic@lated system sid="inst_linearunit_motion" url="#linearunit_motion">
<dind symbod{="linearunit_kinscene_linearunit_motion_linearunit_kinematics_inst |[LinearU
nit_kingmatics_model">
<parap._x&f="linearunit_motion/linearunit_motion_linearunit_kinematics_inst_LinearUni
t_kinemgdtics moedel" />
<o idd>
<Hindv/symbol="1linearunit_kinscene_linearunit_motion_linearunit_kinematics_inst |[linearu
nit_kinmodelr _Inst_JjoimtI_axis0
<param ref="linearunit_motion/linearunit_motion_linearunit_kinematics_inst_linearuni
t_kinmodel_inst_jointl_axisO" />
</bind>
<bind symbol="linearunit_kinscene_linearunit_motion_linearunit_kinematics_inst_linearu
nit_kinmodel_inst_jointl_value">
<param ref="linearunit_motion/linearunit_motion_linearunit_kinematics_inst_linearuni
t_kinmodel_inst_jointl_value" />
</bind>
</instance articulated system>
</kinematics_scene>
</library kinematics scenes>

Figure B.8 — Définition de la scéne cinématique

B.2.7 Assemblage de la scéne

Dans I'élément “scene”, toutes les scénes cinématiques instanciées sont utilisées. En outre,
la liaison avec la scéne visuelle est effectuée a ce niveau, comme représenté a la Figure B.9.
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Cette liaison définit le flux de la valeur de I'articulation depuis un calcul cinématique jusqu’a la
transformation de la géométrie.

<scene>
<instance visual scene url="#visualscene" />
<instance_ kinematics scene sid="inst_ linearunit kinscene" url="#linearunit_kinscene">
<bind_kinematics_model node="linearunit">
<param>linearunit_kinscene_linearunit_motion_linearunit_kinematics_inst_LinearUnit_kin
ematics model</param>
</bind kinematics model>
<bind joint axis target="geomlinkl/transform">
<axis>
<param>linearunit_kinscene_linearunit_motion_linearunit_kinematics_inst_linearunit_k
inmodel inst jointl axisO</param>
</axis>
<value>
pardll J.J.lledLUllJ.L,i)&J.ll bEllEiLJ.llEdLullJ.LilHULJ.UlliJ.J.USdLUUJ.LiﬂLllellLdLLb 7J.U LiJ.J.llbcrunitik
inmodel [inst_jointl value</param>
<Avalue>
</bind joint axis>
</insfance kinematics scene>
</scene

Figure B.9 — Instanciation de la scéne cinématique

B.2.8 Combinaison de CAEX et COLLADA en AML

Le document CAEX est constitué d’une InstanceHierarchy nommeée
“ExamplelnstanceHierarchy” avec un InternalElement “LinearUnit” unique. Ce |dernier
comprend une Externallnterface nommée “FileLinkExplicit” déduite de [I'InterfaceClass
“COLLADAInterface”, qui fait partie de Ila  \bibliotheque InterfaceClasgLibrary
“AutomationMLInterfaceClassLib” standard. Cette intérface est utilisée pour référancer la

scéne gompléte de maniére explicite, notamment ['unité linéaire, comme représenté a la
Figure B.10.

P IEI ExamplelnstanceHiergnehy
. IE' LinsarlUnit LLlass: Role: Carrier}
. IE' PublishecBaseFrams { Class: Role: PATH_FR}
; ‘-",' &gy Interfaces
! o0y FilzLinkImplicit { Class: PATH_CI}:

o IE' FublishecFlanoeFrams | Class: Role: FATH_FR}

v o> Initerfacses
03 FilzLinkImplicit { Class: PATH_CI:
v | oy Interfaces

oy FilzLinkExplicit { Class: PATH_CI}

Figure B.10 — Hiérarchie du document AML

L'InternalElement “LinearUnit” a deux InternalElements supplémentaires nommés
“PublishedBaseFrame” et “PublishedFlangeFrame” auxquels la RoleClass “Frame” est
affectée. Les deux InternalElements référencent les éléments cinématiques de maniére
implicite dans le document COLLADA. La Figure B.11 représente la partie pertinente du
document AML.
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<InstanceHierarchy Name="ExampleInstanceHierarchy">
<InternalElement Name="LinearUnit" ID="GUID1">
<ExternalInterface Name="FileLinkExplicit" RefBaseClassPath="PATH_CI" ID="GUID2">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>explicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./linear unit.dae</Value>
</Attribute>
</Externallnterface>
<InternalElement Name="PublishedBaseFrame" ID="GUID3">
<ExternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH CI" ID="GUID4">
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI">
<Value>./linear unit.dae#linearunit kinematics</Value>
Ttribute
<Attribute Name="target" AttributeDataType="xs:token">
<Value>./baseframe</Value>
</Attribute>
<AExternalInterface>
<HoleRequirements RefBaseRoleClassPath="PATH_FR" />
</IfternalElement>
<InflernalElement Name="PublishedFlangeFrame" ID="GUID5">
<HxternalInterface Name="FileLinkImplicit" RefBaseClassPath="PATH\CI" ID="GUID{'
<Attribute Name="refType" AttributeDataType="xs:string">
<Value>implicit</Value>
</Attribute>
<Attribute Name="refURI" AttributeDataType="xs:anyURI"ZX
<Value>./linear_unit.dae#linearunit_kinematics</Val@e>
</Attribute>
<Attribute Name="target" AttributeDataType="xs:toKen'">
<Value>./flangeframe</Value>
</Attribute>
<AExternallInterface>
<HoleRequirements RefBaseRoleClassPath="PATH_FRM™ />
</IfternalElement>
<RoleRequirements RefBaseRoleClassPath="PATHZGCAR" />
</IntdrnalElement>
</InstarceHierarchy>

>

Figure B.11 — Représentation XML du document AML

Chaque|cadre publié référence de.maniére non ambigie I'’élément “articulated_system” dans
le document COLLADA par le bjais‘de I'URI relatif “./linear_unit.dae# linearunit_kinematics”.
Les éléments cibles “frame_tipY et “frame_origin” (voir Figure B.6) sont résolus par expgloration
depuis |e point d’entrée par' Je biais d’'un chemin relatif “./flangeframe” ou “./bas¢frame”,
conformément aux régles d*un SID.

B.3 Modélisation:d’un document AML d’un robot en CAEX et COLLADA

B.3.1 Généralités

L'Articlg Bx3- décrit la modélisation d’'un robot SCARA (Bras robotisé d'assemblage a
conformité aékbﬁvcﬁ gquiest—un—type—speéctatisederobot—industriet—ta—scene—visuelle est
décrite en B.3.2. Dans les paragraphes qui suivent, la scéne est complétée par étapes avec
des éléments cinématiques. Pour finir, le document AML est défini et combiné avec le
systéme cinématique.
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Figure B.12 — Visualisation du robot

B.3.2 Définition de la scéne visuelle

Dans cgt exemple, la scene visuelle dudrobot SCARA est constituée de cing éléments
géométriques, comme représenté a la_Figure B.12. Chaque élément géométrique repgrésente
une liaison du robot. Afin de maintenir le contenu COLLADA a un niveau minimal,|chaque
liaison est représentée par un parallélépipéde rectangle, qui est défini dans le dgcument
COLLADA “cube.dae”, comme représenté a la Figure A.7. Pour obtenir la forme nécgssaire,
chaque |cube a une échelle différente. Le premier cube représente la liaison de base gu robot
SCARA|tandis que les cubes.restants représentent les liaisons subséquentes.

La Figure B.13 représente le contenu du document COLLADA “robot.dae” qui dgfinit la
représentation géometrique du robot.

<COLLADA versign=/1.5.0">
<assef>
<cortributor>
<qufor>WritervVendor</author>
<duthor website>http://www.WriterVendor.com</author website>
<authoring tool>"WriterName" "WriterVersion" "WriterRelease"</authoring tool>
<comments>This document defines the geometry and kinematic of a SCARA robot</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="base-fx">
<profile_ COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0.60 0.77 0.72 1</color>
</diffuse>
</phong>
</technique>
</profile COMMON>
</effect>
<effect id="1linkl-£fx">
<profile COMMON>
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<technique sid="COMMON">
<phong>
<diffuse>
<color>0.94 0.91 0.77 1</color>
</diffuse>
</phong>
</technique>
</profile COMMON>
</effect>
<effect id="1link2-£fx">
<profile_COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0.93 0.80 0.69 1</color>
</diffuse>
</phong>
Technique
<Aprofile COMMON>
</effect>
<efflect id="1ink3-£fx">
<grofile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0.85 0.59 0.57 1</color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</efffect>
<effect id="1link4-£fx">
<grofile COMMON>
<technique sid="COMMON">
<phong>
<diffuse>
<color>0.95 0.64 0.41 1</color>
</diffuse>
</phong>
</technique>
<Aprofile COMMON>
</effect>
</libfary effects>
<librdry materials>
<matlerial id="base-mat" name="BaseMat'">
<dnstance effect url="#base-£fx"V/>
</mgterial>
<maflerial id="linkl-mat" nane="LinklMat">
<{nstance_effect url="#linkl-£fx" />
</mgterial>
<matlerial id="1link2-matW\ name="Link2Mat">
<instance_effect urdhx"#link2-£fx" />
</mgterial>
<matlerial id="1ink8-mat" name="Link3Mat">
<instance_ effegdh*url="#1link3-£fx" />
</mgterial>
<matflerial ig=!"link4-mat" name="Link4Mat">
<{nstanceMeffect url="#link4-£fx" />
</mdterial
</libgary \mdterials>
<librdny{yisual_ scenes>
<vidual cene id="wisualscene'
<node id="robot" name="Robot">
<scale>2 2 2</scale>
<node id="geombase" name="GeomBase'>
<translate>-0.05 -0.05 0</translate>
<scale>0.1 0.1 0.35</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
<instance material symbol="mat" target="#base-mat" />
</technique common>
</bind material>
</instance_geometry>
<node id="geomlinkl" name="GeomLinkl">
<translate>0 0 1</translate>
<scale>3.8 1 0.2857</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
<instance material symbol="mat" target="#linkl-mat" />
</technique_common>
</bind material>

[ral
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</instance_geometry>
<node id="geomlink2" name="GeomLink2">
<translate>0.736848 0 -1</translate>
<scale>0.947376 1 1</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind _material>
<technique common>
<instance material symbol="mat" target="#link2-mat" />
</technique_ common>
</bind material>
</instance_geometry>
<node id="geomlink3" name="GeomLink3">
<translate>0.861 0.35 -1</translate>
<scale>0.08333 0.3 4</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind_material>
<technique common>
Instance material symbol— mat ™ target- #link3-mat
</technique_common>
</bind material>
</instance geometry>
<node id="geomlink4" name="GeomLink4">
<translate>-0.1666 -0.166 -0.0333</translate>
<scale>1.333 1.333 0.0333</scale>
<instance geometry url="./cube.dae#cube-geom">
<bind material>
<technique common>
<instance material symbol="mat" target="#link4-mat" />
</technique_common>
</bind material>
</instance geometry>
</node>
</node>
</node>
</node>
</node>
<Anode>
</visual scene>
</libgary visual scenes>

<!--|Step 1: efinition of

<!--1s > 2: Definitior f lent -->

<!--]St 32 efinitic a (kinematics) element -->

<!--1s 4: Definition of kinematicsg&tne element -->

<scend>
<ingtance visual scene url="#visudlscene" />
<!4- Step 5: Instantiation of_ki™Memati scene —-->
</scere>
</COLLAJA>
Anglais Francgais
Th{s document defings thé geometry and Le présent document définit la géométrie et la
kinematic of a SCARA*fobot cinématique d’'un robot SCARA
Stgp 1: Definition_of joint elements Etape 1: Définition des éléments d’articulation
Stgp 2: Definition of kinematic model element Etape 2: Définition de I’élément du modéle
cinématique
Step 3:, Definition of articulated system Etape 3: Définition de I'élément (cinématique) flu
(kinematics) element systéme articulé
Step 4: Definition of kinematics scene element Etape 4: Définition de I’élément de la scéne
cinématique

Step 5: Instantiation of kinematics scene Etape 5: Instanciation de la scéne cinématique

Figure B.13 — Définition de la scéne visuelle

Chaque géométrie est affectée a un nceud (geombase, geomlink1, geomlink2, geomlink3,
geomlink4). Les paragraphes suivants définissent les éléments cinématiques exigés et les
appliquent a cette scéne pour compléter le systéme cinématique.

B.3.3 Définition des articulations

Le robot utilisé dans cet exemple est constitué de quatre articulations (rotationnelle,
rotationnelle, prismatique, rotationnelle). Toutes les articulations sont définies dans une
bibliothéque et instanciées a une étape ultérieure. Les articulations prismatiques sont définies
par I'élément “prismatic” tandis que les articulations rotationnelles sont définies par I'élément
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“revolute”. Tandis que, dans cet exemple, la direction de I'axe d’articulation est spécifiée, les
limites inférieure et supérieure de I'articulation sont définies de maniére exemplaire a un
emplacement différent. L’extrait du document COLLADA est représenté a la Figure B.14.

<library joints>
<joint id="Jjointl" name="jointl">
<revolute sid="axis0">
<axis>0 0 1</axis>
</revolute>
</joint>
<joint id="Jjoint2" name="joint2">
<revolute sid="axis0">
<axis>0 0 1</axis>
</revolute>
</joint>
<joint id="joint3" name="joint3">
<prismatic sid="axisO0">
<gdxis>0 0 1</axis>
</pyismatic>
</joirgt>
<joinf id="joint4" name="joint4">
<reyjfolute sid="axisO0">
<gdxis>0 0 1</axis>
</rgqvolute>
</joirgt>
</libraijy joints>

Figure B.14 — Définition d’articulations

B.3.4 Définition du modeéle cinématique

Le Pardgraphe B.3.4 définit le modéle cinématique et sa.hiérarchie. Tout d’abord, toutes les
articulafions du modéle cinématique sont instanciées a partir d'une bibliptheque
d’articulations. Les chaines cinématiques suivantes sont constituées de liaigons et
d’articulations ainsi que de leur relation hiérarchigue. Toute liaison ou articulation peu{ donner
lieu a une transformation. La transformation\.d’'une liaison ou d’une articulation |dépend
toujourg de son prédécesseur et est décrite par les éléments “translate” et “rotate”. Le|modéle
cinématjque est défini dans une bibliotheque et est instancié a une étape uliérieure.

La Figute B.15 représente la partie pertinente du document COLLADA.

<library kinematics models>
<kinerjatics model id="robot_kifhmodel">
<tedhnique_ common>
<instance joint sid="inst>Jjointl" url="#jointl" />
<{nstance_joint sid="&nst_joint2" url="#joint2" />
<instance_ joint sidstinst_joint3" url="#joint3" />
<instance joint sild=l'inst_joint4" url="#joint4" />
<Jink name="BaselLink" sid="baselink">
<attachment ®ull joint="robot_kinmodel/inst_jointl">
<translate>0.0 0.0 0.3</translate>
<link naf&="Linkl" sid="1link1l">
<atfag¢hment full joint="robot_kinmodel/inst_joint2">
<branslate>0.28 0.0 0.0</translate>
<link name="Link2" sid="1ink2">
<attachment full joint="robot_kinmodel/inst_joint3">
<translate>0.26 0.0 0.0</translate>
<link name="Link3" sid="1ink3">
<attachment full joint="robot_kinmodel/inst_joint4">
<translate>0.0 0.0 -0.15</translate>
<link name="Link4" sid="1ink4" />
</attachment full>
</link>
</attachment full>
</link>
</attachment full>
</link>
</attachment full>
</link>
</technique common>
</kinematics_model>
</library kinematics models>

Figure B.15 — Définition de modéle cinématique
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