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1 Scope

This specification specifies the combination of AML engineering data with OPC Unified Architecture online
information such as process data and diagnostic information.

The AML data format, developed by AutomationML e.V. has been standardized in the IEC 62714 series of
standards. This format is an XML-based data exchange format which enables the transfer of engineering data
for manufacturing systems within a heterogeneous engineering tool landscape.

The OPC Unified Architecture developed by the OPC Foundation is standardised in IEC 62541. It defines
platform independent communication mechanisms for online data exchange and generic, extensible, and
object-oriented modelling capabilities for the information a system wants to expose.

The combination of AML and OPC Unified Architecture is divided into two parts:

1. Providing an AML model via OPC Unified Architecture; this involves the AML integration into OPC
Unified Architecture. The goal is to communicate, exchange, and operationalize AML by means of
OPC Unified Architecture. The purpose is to simplify the creation of OPC Unified Architecture
information models based on existing AML data. This can be used for re-engineering and
maintenance use cases where the AML model evolves over time.

2. Accessing an OPC Unified Architecture server via AML; this involves the integration of OPC Unified
Architecture information into AML. The goal is the lossless exchange of OPC Unified Architecture
system configuration within AML models to simplify the setup of OPC Unified Architecture client
connections to an OPC Unified Architecture server. This reduces the need for manual configuration
for discovery and browsing mechanisms. This can be used for the configuration of communication
networks based on the description of network configuration and structure (including
communication components of sensors and actuators with respect to communication system
parameters, network structure and wiring, quality of service, etc.).

Proposals for industrial usage and possible applications are listed in Annex A “Industrial application”.
Annex B “Mapping example” contains an informative mapping example to explain the applied mapping rules.
Annex C contains the "AML Base Types” NodeSet!) including all Nodes and References, which are necessary
for the application of AML and OPC Unified Architecture in combination.

This specification is based on the companion specification “OPC Unified Architecture for AutomationML”
[13] which was created by a joint working group of the OPC Foundation and AutomationML e.V. It defines an
OPC Unified Architecture information model to represent the AML models.

The tabular structure used within this specification is described in IEC 62541-5, 3.3, 4, and 5. The graphical
notation used here is defined in IEC 62541-3, Annex D.

2 Normative references

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

ISO/IEC 25000:2014, Systems and software engineering — Systems and software Quality Requirements and
Evaluation (SQuaRE) — Guide to SQuaRE

1) A NodeSet defines a set of Nodes, their Attributes and References (see IEC 62541-6, Annex F).
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IEC 62541-1:2015, OPC Unified Architecture — Part 1: Overview and concepts

IEC 62541-2:2015, OPC Unified Architecture — Part 2: Security Model

IEC 62541-3:2015, OPC Unified Architecture — Part 3: Address Space Model

IEC 62541-5:2015, OPC Unified Architecture — Part 5: Information Model

[EC 62541-6:2015, OPC Unified Architecture — Part 6: Mappings

IEC 62541-7:2015, OPC Unified Architecture — Part 7: Profiles

DIN SPEC 16592:2016-12

IEC 62714-1:2014, Engineering data exchange format for use in industrial automation systems engineering —

Automation markup language — Part 1: Architecture and general requirements

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

IEC 62424:2008, Representation of process control engineering — Requests in P&l diagrams and data
exchange between P&ID tools and PCE-CAE tools

3 Terms and definitions

For the purposes of this document, the terms and definitions given in the IEC 62714 series and the
IEC 62541 parts 1, 2, 3,5, 6 and 7 apply.

AML-related terms and names are preceded by the prefix AutomationML.

4 Symbols and abbreviated terms

AML
CAEX
CIP
COLLADA
CPPS
HMI

JT

MCO
MCR
MRO
OLP

PLC

Automation Markup Language
Computer Aided Engineering eXchange
Continuous Improvement Processes
Collaborative Design Activity
Cyber-Physical Production System
Human-Machine Interface

Jupiter Tesselation

Manufacturing Change Order
Manufacturing Change Request
Maintenance, Repair, Overhaul
Offline programming

Programmable Logic Controller

Full document details: DIN SPEC 16592:2016-12
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STEP Standard for the Exchange of Product model data
UA Unified Architecture
XML Extensible Markup Language

5 AML model mapping to OPC Unified Architecture information model
5.1 AML modelling concept

AML models are divided into different hierarchical trees (see Figure 1): InstanceHierarchy, RoleClassLib
SystemUnitClassLib, and InterfaceClassLib.

<InstanceHierarchy> <RoleClassLib>
] |
] ‘ ]
<InternalElement> <RoleClass>
' Semantic
4 Plant, Instance LL Requirements

<SystemUnitClassLib>
! <InterfaceClassLib>
]
]
<SystemUnitClass> |
Manufacturer <InterfaceClass>
—|_ catalogue

Figure 1 — AML hierarchical trees

The AML main elements and all possible relations between them are shown in Figure 2. The organization in a
hierarchical tree is such that every element type can have child elements of the same type (see ChildElement
relations). SystemUnitClasses, RoleClasses, and InterfaceClasses are defined in an inheritance structure; the
RefBaseClassPath relations define such inheritance relations. RoleClasses can be assigned to
SystemUnitClasses and InternalElements. In the latter case there are two different ways to make the
RoleClass assignment using SupportedRoleClasses or the RoleRequirement. The remaining arrows in
Figure 2 describe the possible relations between InternalElements and SystemUnitClasses. An
InternalElement can be an instance of a SystemUnitClass. Within the scope of AML, SystemUnitClasses are
only templates and can be changed after instantiation. The backward relation indicates that a
SystemUnitClass can define sub-elements in terms of InternalElements. These sub-elements
(InternalElements) should be included on instantiation. RoleClasses describe functions of a physical or
logical plant object independent of a technical implementation. They offer a possibility of specifying an
object in an abstract way and independent of the manufacturer. The assignment of a RoleClass to an element
(SystemUnitClass or InternalElement) results in the allocation of fundamental functions or requirements.
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RefBaseClassPath

\ »

InternalElement RefBaseSystemUnitPath SystemUnitClass

I J ChildElement §
SupportedRoleClass
RoleRequirement SupportedRoleClass
I
RoleClass
RefBaseClassPath ChildElement

Figure 2 — AML main elements

Figure 3 depicts the basic structure of a RoleClass (RC), SystemUnitClass (SUC), or InternalElement (IE). Each
can contain arbitrarily nested Attributes? and interfaces (see ChildElement relations). The interfaces are
called Externallnterfaces and are an instance of an InterfaceClass. The InterfaceClasses are stored
hierarchically within InterfaceClassLibraries. They can be connected within an InstanceHierarchy to other
Externallnterfaces via InternalLinks. InterfaceClasses and certain Externallnterfaces may also have

arbitrarily nested Attributes.

IE/SUC/RC
|
ChildElement ChildElement ChildElement
* s
Externallnterface ChildElement —— Attribute
InternalLink | b
RefBase(ilassPath ChildElement
InterfaceClass
RefBaseClassPath ChildElement
Figure 3 — AML main object details
2 Attributes specify properties of an object, e.g. “length”, according to IEC 62424.
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5.2 How to map OPC Unified Architecture Namespaces

Several OPC Unified Architecture NodeSets (see Figure 4) are defined to organize the AdressSpace. Figure 4
includes the NodeSet name, the corresponding Namespace URI, and the file name containing the NodeSet. All
NodeSets are based on the OPC Unified Architecture Base types. The NodeSet "AML base types” (see 5.5) defines
all Nodes and type definitions necessary for the modelling of AML models in OPC Unified Architecture. This
includes organizational Nodes for entry into the AML folder for RoleClassLibs or AML types (ObjectType
“CAEXFileType”). One NodeSet is defined for the standardized, informative AML libraries as in [EC 62714-1, IEC
62714-2, IEC 62714-3, and IEC 62714-4. And finally, one or more NodeSets are used for the concrete AML
documents.

OPC UA base types
https://opcfoundation.org/UA/
schemas/1.03/0pc.Ua.NodeSet2.xml

f

AutomationML base types
http://opcfoundation.org/UA/AML/
Opc.Ua.AMLBaseTypes.NodeSet2.xml

T

AutomationML standard libraries
http://opcfoundation.org/UA/AML/AMLLibs/
Opc.Ua.AMLLibraries.NodeSet2.xml

T

AutomationML model
(without standard libraries)

Figure 4 — Different NodeSets for the usage of AML in OPC Unified Architecture information models

Namespaces are used in OPC Unified Architecture to create unique identifiers across different naming
authorities. The Attributes Nodeld and BrowseName are identifiers. A Node in the OPC Unified Architecture
AdressSpace is unambiguously identified using a Nodeld. Unlike Nodelds, the BrowseName cannot be used to
unambiguously identify a Node. Different Nodes may have the same BrowseName. They are used to build a
browse path between two Nodes or to define a standard Property.

Servers may often choose to use the same Namespace for the Nodeld and the BrowseName. However, if they
want to provide a standard Property, its BrowseName will have the Namespace of the standards body, while
the Namespace of the Nodeld reflects something else, for example the EngineeringUnits Property. All Nodelds
of Nodes not defined in this specification shall not use the standard Namespaces.

The Nodelds shall be generated during the mapping to OPC Unified Architecture following a specific schema
which is arbitrary, e.g. numerical Nodelds from 1 to n (where n is the number of elements with Nodeld).

NOTE For applications in embedded environments, numerical Nodelds or GUIDs should be used.

Table 1 provides a list of mandatory and optional Namespaces used in an AML OPC Unified Architecture
Server.
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Table 1 — Namespaces used in an OPC Unified Architecture server based on AML

Namespace Description Use

http://opcfoundation.org/UA/ Namespace for Nodelds and BrowseNames defined in the OPC Mandatory
Unified Architecture specification. This Namespace shall have
Namespace index 0.

Local Server URI Namespace for Nodes defined in the local server. This may Mandatory
include types and instances used in a device represented by the
server. This Namespace shall have Namespace index 1.

http://opcfoundation.org/UA/AML/ Namespace for Nodelds and BrowseNames defined in AML. The Mandatory
Namespace index shall be server-specific.

http://opcfoundation.org/UA/AML/AMLLibs/ | Namespace for Nodelds and BrowseNames defined in AML Optional
libraries. The Namespace index is server-specific.

5.3 How to map AML model elements

The main structure of an AML file as in Figure 1 is mapped into a slightly different structure as that depicted
in Figure 5. The InstanceHierarchies and libraries shall be stored in common folders
(“AutomationMLInstanceHierarchies”, “AutomationMLLibraries”, “AutomationMLSystemUnitClassLibs”,
“AutomationMLRoleClassLibs”, “AutomationMLInterfaceClassLibs”).
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Objects ObjectTypes
UA: Object: UA: Object:
FolderType FolderType
AutomationML
InstanceHierarchies UA: Organizes
<InstanceHierarchy> UI}AObieCti
UA: Object: FolderType
Folder Type
\_L L UA: Organizes AutomationMLLibraries
<InternalElement> UA: Object:
FolderType
7
UA: Organizes UA: Organizes UA: Organizes
AutomationML AutomationML AutomationML
SystemUnitClassLibs RoleClassLibs InterfaceClassLibs
UA: Object: UA: Object: UA: Object:
FolderType 7 FolderType 7 FolderType 7
<SystemUnitClassLib> <RoleClassLib> <InterfaceClassLib>
UA: Object: UA: Object: UA: Object:
Folder Type Folder Type Folder Type
<SucC> <RoleClass> <InterfaceClass>
7 |/ 7

Figure 5 — CAEX file <-> OPC Unified Architecture Types [18]

The mapping of AML element type, and of their relations with OPC Unified Architecture Nodes, NodeClasses
and References is depicted in Figure 6. The mapping of the internal structure of AML elements to OPC Unified
Architecture Nodes, NodeClasses and References is depicted in Figure 7. The structure of the figures as
compared to that in the figures in 5.1 has not been changed, so the mapping can be read directly from the
graphic. Table 2, Table 3, and Table 4 summarize the mapping rules in lists. Basically, AML InternalElements
are represented by OPC Unified Architecture Objects, while AML SystemUnitClasses and RoleClasses are
represented by OPC Unified Architecture ObjectTypes. Detailed definitions of new ObjectTypes,
ReferenceTypes and VariableTypes are given in 5.5.

The following provision applies to the mapping of AML models to OPC Unified Architecture models:

e For every Reference created in OPC Unified Architecture there shall be a corresponding SourceNode
and TargetNode. Otherwise, References shall not be created.

ChildElement relations within class structures (SystemUnitClass, RoleClass, and InterfaceClass) are mapped
to the OPC Unified Architecture Organizes References. InternalElements, which follow the ChildElement
relation, are referenced via HasComponent References. The inheritance relations within SystemUnitClasses,
RoleClasses, and InterfaceClasses are mapped to OPC Unified Architecture HasSubtype References. The
internal structures of SystemUnitClass are depicted by InternalElements, which are connected via OPC
Unified Architecture HasComponent References. The RefBaseClassPath relation in AML is an OPC Unified
Architecture HasSubtype Reference. The RefBaseSystemUnitPath relation in AML is an OPC Unified
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Architecture HasTypeDefinition Reference. The semantic direction of HasSubtype Reference is inverted
compared to the corresponding RefBaseClassPath relation.

The referencing of RoleClasses from InternalElements or SystemUnitClass via SupportedRoleClass or
RoleRequirement in AML is done via OPC Unified Architecture “HasAMLSupportedRoleClass” and

“HasAMLRoleRequirement” References.

Table 2 — Element mapping

AML OPC Unified Architecture
InternalElement Object
SystemUnitClass ObjectType
RoleClass ObjectType
Table 3 — Attribute mapping
AML OPC Unified Architecture
Name BrowseName
ID Property “ID” with DataType String

Description Description

Version Property “Version”2 with DataType String
Revision a

Copyright Property “Copyright” with DataType String

Additionallnformation

Property “Additionallnformation” with DataType String (ValueRank
=1)

Complete XML text, e.g. <Additionallnformation
AutomationMLVersion="2.0" />

ChangeMode

a

CAEXFile.FileName

Property “FileName” with DataType String®

CAEXFile.SchemaVersion

Property “SchemaVersion” with DataType String

ExternalReference

Property Type “ExternalReferenceType” with DataType String

ExternalReference.Alias

BrowseName of the “ExternalReference” Property

ExternalReference.Path

Value of the “ExternalReference” Property
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AML OPC Unified Architecture
Attribute.Value Value
Attribute.AttributeDataType DataType (see Table 7)

Attribute.Unit

Property “Unit” with DataType String

Attribute.DefaultValue

Property “DefaultValue” with same DataType as the Attribute

Attribute.RefSemantic

Property “RefSemantic” with DataType String (ValueRank = 1)

Attribute.Constraint

Property “Name of Constraint” with DataType BaseDataType and
VariableType “OrdinalScaledConstraintType”,
“NominalScaledConstraintType” or “UnknownConstraintType”

OrdinalScaledType.RequiredMaxValu
e

“RequiredMaxValue” of Property of type “OrdinalConstraintType”
with DataType String

OrdinalScaledType.RequiredValue

“RequiredValue” of Property of type “OrdinalConstraintType” with
DataType String

OrdinalScaledType.RequiredMinValue

“RequiredMinValue” of Property of type “OrdinalConstraintType”
with DataType String

NominalScaledType.RequiredValue

One item of Property of type “NominalConstraintType” with
DataType String (ValueRank = 1)

UnknownType.Requirements

Property of type “UnknownConstraintType” with DataType String

MappingObject

Reference of type “HasAMLSupportedRoleClass”,
“HasAMLRoleRequirement” between the OPC UA Nodes of the
mapped AML elements (Attribute or Externallnterface).

CAEXBasicObject information
(Version, Description, Copyright, and
Additionallnformation) of:
RefSemantic,

RoleRequirement,
SupportedRoleClass, and
MappingObject

a
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Table 4 — Relation mapping

AML Source AML Target AML Relation OPC Unified Description
Architecture
Reference
InternalElement RoleClass SupportedRoleClass HasAMLSupport | Semantic similar to
edRoleClass HasTypeDefinition
InternalElement RoleClass RoleRequirement HasAMLRoleReq | Semantic similar to
uirement HasTypeDefinition
InternalElement SystemUnitClass | RefBaseSystemUnitPath | HasTypeDefiniti
on
InternalElement InternalElement HasComponent ChildElement
SystemUnitClass RoleClass SupportedRoleClass HasAMLSupport | Semantic similar to
edRoleClass HasTypeDefinition
SystemUnitClass InternalElement HasComponent ChildElement
SystemUnitClass SystemUnitClass Organizes ChildElement
SystemUnitClass SystemUnitClass | RefBaseClassPath HasSubtype
RoleClass RoleClass Organizes ChildElement
RoleClass RoleClass RefBaseClassPath HasSubtype
Documents
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ChildElement ChildElement RefBaseClassPath
UA: HasComponent UA: Organizes UA: HasSubtype
RefBaseSystemUnitPath
N\ UA: HasTypeDefinition D
InternalElement SystemUnitClass
UA: Object UA: ObjectType
p, ChildElement \_
! UA: HasComponent |
SupportedRoleClass SupportedRoleClass
UA: HasSupportedRoleClass UA: HasSupportedRoleClass
| |
RoleRequirement
UA:HasRoleRequirement
RoleClass
- Subtype of UA: ObjectType
"NonHierarchicalReferences"
- Semantic similar to
"HasTypeDefinition" RefBaseClassPath ChildElement
UA: HasSubtype UA: Organizes

Figure 6 — AML element types and the OPC Unified Architecture Nodes and References [18]

The mappings of the AML object details (see Figure 3) are depicted in Figure 7. The analogy between the two
figures is apparent. Table 5 and Table 6 summarize the mapping rules in lists. AML Attributes become OPC
Unified Architecture Variables. AML InterfaceClasses are transformed into OPC Unified Architecture
ObjectTypes and the corresponding AML Externallnterface elements are modelled by OPC Unified
Architecture Objects.

The Attributes and Externallnterfaces are referenced via HasComponent References. The InterfaceClass is the
type definition of the Externallnterface; therefore, it is assigned via HasTypeDefinition Reference. Relations
between Externallnterfaces (AML InternalLinks) are assigned via “HasAMLInternalLink” Reference. Details
are given in 5.4.

Table 5 — Element mapping

AML OPC Unified Architecture
InternalElement Object

SystemUnitClass ObjectType

RoleClass ObjectType

InterfaceClass ObjectType

Attribute Variable

Externallnterface Object
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Table 6 — Relation mapping

AML Source AML Target AML Relation OPC Unified Architecture Description
Reference

InternalElement | Attribute HasComponent ChildElement

SystemUnitClass | Attribute HasComponent ChildElement

RoleClass Attribute HasComponent ChildElement

InternalElement | Externallnterface HasComponent ChildElement

SystemUnitClass | Externallnterface HasComponent ChildElement

RoleClass Externallnterface HasComponent ChildElement

Externallnterface | Externallnterface | InternalLink HasAMLInternalLink

Externallnterface | Attribute HasComponent ChildElement

Externallnterface | InterfaceClass RefBaseClassPath HasTypeDefinition

InterfaceClass Attribute HasComponent ChildElement

InterfaceClass InterfaceClass RefBaseClassPath HasSubtype

InterfaceClass InterfaceClass Organizes ChildElement

Attribute Attribute HasComponent ChildElement
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IE/SUC/RC
UA: Object(Type)

ChildElement ChildElement ChildElement
UA: HasComponent UA: HasComponent UA: HasComponent
¢ e
Externallnterface ChildElement Attribute
UA: Object UA: HasComponent UA: Variable
\
InternalLink !
UA: HasAMLInternalLink _ RefBaseClassPath .
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Figure 7 — Internal structure of AML elements and the OPC Unified Architecture
Nodes and References [18]

5.4 Mapping of AML XML DataTypes to OPC Unified Architecture DataTypes
The mapping of AML XML DataTypes to OPC Unified Architecture DataTypes is described in Table 7.

Table 7 — Mapping of XML DataTypes to OPC Unified Architecture DataTypes

XML SimpleType OPC Unified Architecture DataType
string String
boolean Boolean
decimal Double
float Float
double Double
duration Duration
dateTime DateTime
time Duration
date DateTime
gYearMonth DateString
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XML SimpleType OPC Unified Architecture DataType
gYear DateString
gMonthDay String

gDay String

gMonth String

hexBinary ByteString
base64Binary ByteString

anyURI String

QName String

NOTATION String (ValueRank = 1)
normalizedString String

token String

language Localeld

NMTOKEN String

NMTOKENS String (ValueRank = 1)
Name String

NCName String

ID String

IDREF String

IDREFS String (ValueRank = 1)
ENTITY String

ENTITIES String (ValueRank = 1)
integer Int64
nonPositivelnteger Int64

negativelnteger Int64

long Int64
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XML SimpleType OPC Unified Architecture DataType
int Int32
short Intl6
byte SByte

nonNegativelnteger Ulnt64

unsignedLong Ulnt64
unsignedInt UInt32
unsignedShort Ulnt1l6
unsignedByte Byte
positivelnteger Int64

5.5 AML base types for OPC Unified Architecture information model
5.5.1 ObjectTypes
5.5.1.1 CAEXBasicObjectType
5.5.1.1.1 General
The “CAEXBasicObjectType” defines all general characteristics of a CAEX element. All other CAEX elements

derive from the “CAEXBasicObjectType”. The “CAEXBasicObjectType” inherits all Properties of the
BaseObjectType.
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5.5.1.1.2 ObjectType Definition
The “CAEXBasicObjectType” is formally defined in Table 8.

Table 8 — CAEXBasicObjectType Definition

Attribute Value
BrowseName CAEXBasicObjectType
IsAbstract True
References NodeClass BrowseName DataType | TypeDefinition ModellingRule
Inherit the components of the BaseObjectType
HasProperty Variable Version String PropertyType Optional
HasProperty Variable Copyright String PropertyType Optional
HasProperty Variable Additionallnformation | String (ValueRank | PropertyType Optional

=1)

5.5.1.1.3 ObjectType Description

5.5.1.1.3.1 Version

“Version” provides the optional organizational information about the state of the version for the
“CAEXBasicObjectType”

5.5.1.1.3.2 Copyright

“Copyright” provides the optional organizational information about copyright for the
“CAEXBasicObjectType”

5.5.1.1.3.3 AdditionallInformation

“Additionallnformation” provides an optional auxiliary field that may contain any additional information
about a CAEX object defined by the “CAEXBasicObjectType”. The ValueRank of this Property is 1.

5.5.1.2 CAEXFileType
5.5.1.2.1 General

The “CAEXFileType” defines all general characteristics of a CAEX file and includes all CAEX libraries and
instance hierarchies. The “CAEXFileType” inherits all Properties of the “CAEXBasicObjectType”.

5.5.1.2.2 ObjectType Definition

The “CAEXFileType” is formally defined in Table 9.
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