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Abstract—IEC 62264-2 and AutomationML can co-exist as
separate views on the same production system; the former with
a slight bias towards the upper levels, the latter slightly biased
towards the lower levels of the automation hierarchy. Still,
there is quite some semantic and structural overlap between
IEC 62264-2 and AutomationML. Therefore, a semantic and
structural alignment of their entities on a metamodel and a model
level seems approrpate. In this work, we will present such an
alignment together with two combinable methods for integration:
(i) tagging AutomationML elements with IEC 62264-2 roles and
(ii) referencing external IEC 62264-2 data.
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I. INTRODUCTION

IEC 62264 (also known as ISA-95) part 2 is an international
standard describing structures that can be used to link the
enterprise resource planning (ERP) layer to the manufactur-
ing execution system (MES) layer [1]. Specifically, among
other entities, it provides classes dealing with the machinery
available in production environments such as robots, conveyer
belts, etc., as well as structures depicting processes, production
steps and operational data. For data exchange, an XML-based
serialization of IEC 62264 has been defined in a separate
standard, the Business to Manufacturing Markup Language
(B2MML) [2].

AutomationML is an XML-based standard targeting the
modeling of production environments [3]. Several extensions
exist that, e.g., enable annotating AutomationML models with
information about the geometry and kinematics of machines,
as well as their internal behavior. AutomationML is based on
the Computer Aided Engineering Data-Exchange-Metamodel
(CAEX), which is an XML dialect that has been standardized
in IEC 62424 [4]. AutomationML adds certain rules and
restrictions to it, as well as a set of basic instance elements,
in order introduce computer-readable semantics and to make
it more usable for the modeling of automated production
systems.

IEC 62264-2 and AutomationML can co-exist as sepa-
rate views on the same production system, but there is
some overlap with respect to the definitions of the entities
in IEC 62264-2 and AutomationML. Therefore, a semantic
alignment of entities as well as two methods for integra-
tion are proposed: (i) tagging AutomationML elements with
IEC 622664-2 roles and (ii) referencing external IEC 62264-2
data encoded in B2MML documents.

II. RELATED WORK

Alignment and integration of related standards has been
investigated intensively in the model-driven engineering com-
munity, where one way of dealing with partly overlapping
information from different domains is through model transfor-
mations between instances of different metamodels [5], [6].
However, before the actual transformations can be written,
the semantic alignment of metamodel elements needs to be
accomplished. A way to automatically generate this align-
ment is described in [7], where schema matching is achieved
through similarity flooding. While the general idea behind
this approach is very promising and definitely a step in the
right direction, it has two drawbacks: (i) the alignment results
need to be checked manually for correctness and (ii) the
resulting alignment may differ based on certain user-defined
threshold values. For our work, we have therefore not used an
automated alignment approach, but we have manually defined
the alignment of (i) metamodel elements and (ii) certain
predefined model elements.

This work builds on previous work: an initial metamodel
alignment between IEC 62264-2 and AutomationML has been
proposed in [8]. While most of the concepts and mappings
defined there can be used as a basis for a complete alignment
of IEC 62264-2 and AutomationML, some specifications need
to be reconsidered (e.g., the mapping of equipment capability
test results).

Another view on the rationale behind the linking of Au-
tomationML and IEC 62264-2 has been given in [9]. There,
background information and related activities in the Automa-
tionML consortium are presented, together with further use
cases about using AutomationML at higher levels of the
automation hierarchy.

Using IEC 62264-2 to connect to business models has
been presented in [10]. The business model language that
has been used in this alignment is called “Resource-Event-
Agent” (REA) [11]. Further information about REA can be
found, e.g., in [12], [13] and [14]. In [15] it was argued, that
IEC 62264 could further be used as a specification language
for the task layer of REA when it comes to the modeling
of transformations (which really means “production” in this
sense, as opposed to transfers that deal with buying and selling
products and material).

Following this, an alignment of AutomationML with
IEC 62264-2 and with REA has been presented, that showed



conceptual congruence between sequentially stacked stan-
dards. This alignment showed that single pieces of informa-
tion can be tracked “transitively” between different domains,
given that a proper alignment of the metamodels has been
made, and that this alignment can be formalized by model
transformations and validation techniques [16].

Integrating existing standards into AutomationML has been
exemplarily explained in [17], by providing rule-sets for the
explicit linking of AutomationML elements and COLLADA1

elements. With that it is possible to provide geometric and
kinematic information to AutomationML entities.

The general architecture for referencing externally stored
data and information has been defined in a best practice
recommendation for AutomationML edition 1 [18] and in
part 1 of AutomationML edition 2 [3]. We are basing our
work on the rules defined in these documents.

A more general way of specifying cross-domain knowledge
has been presented in [19] by providing a “linking meta-
model”. Specific kinds of links can be used to explicitly relate
a left side and a right side “object”. This model-driven ap-
proach has been brought to the OPC Unified Architecture (UA)
domain in [20], where an extensible information model for
the specification of cross-domain relations has been proposed,
based on OPC UA reference types.

The AutomationML consortium provides an interactive en-
vironment for the discussion and definition of application-
specific use cases through a number of domain-specific work-
ing groups and a global workshop team. Results of these
internal consultations are published as best practice recom-
mendations (that might become part of the AutomationML
standard in later revisions) as well as application recommen-
dations. One application recommendation, e.g., deals with the
configuration of automation projects and how to represent
cross-domain information in AutomationML [21]. Another one
deals with the representation of information from IEC 62264-2
in AutomationML, AR-MES-ERP [22]. We are going to ex-
plain the basic concepts of AR-MES-ERP in this work, in
Sec. III. Like all other best practice and application recom-
mendations, AR-MES-ERP is available on the website of the
AutomationML e.V.: https://www.automationml.org/.

III. IEC 62264-2 FOR AUTOMATIONML

In a first step, part 2 of IEC 62264 has been investigated
for integration with AutomationML, as it sports the most
immediate overlap of concepts and features. Also, part 2
declares the basic models that are reused in later parts and
thus it is the natural way to start.

We have approached the alignment and integration of
IEC 62264-2 with AutomationML in two steps: (i) alignment
of IEC 62264-2 and AutomationML metamodel elements
(cf. Sec. III-A) and (ii) alignment of IEC 62264-2 metamodel
elements with elements of AutomationML that have been
defined in standardized libraries (cf. Sec. III-B).

1cf. https://www.khronos.org/collada/

A. Alignment of Metamodels

We have been approaching the metamodel alignment from
the point of view of IEC 62264-2. We wanted to find zero,
one or more metamodel elements of CAEX, whose instances
would be the most appropriate ones in order to represent a
specific IEC 62264-2 instance.

We have collected all classes of IEC 62264-2 that are
represented in corresponding class diagrams and matched them
with semantically and/or structurally equivalent entities of
the CAEX metamodel. An excerpt of the overall matching
is is given in Fig. 1, with the most important alignment
decisions as follows: (i) all kinds of properties are realized
as CAEX Attributes, (ii) only a few elements are aligned with
System Unit Classes and Role Classes and (iii) most of the
IEC 62264-2 elements are realized in terms of CAEX Internal
Elements.

Figure 1. Excerpt of the alignment of CAEX and IEC 62264-2.

https://www.automationml.org/
https://www.khronos.org/collada/


1) X → Attribute: The different properties that occur in
IEC 62264-2 can be well matched with the Attribute type that
is provided by CAEX. Most importantly, both metamodels
allow them to have sub-Attributes/Properties, which makes
them very compatible.

2) X → System Unit Class: Semantically, System Unit
Classes are meant to represent vendor-specific reusable enti-
ties, such as types of robots. Structurally, System Unit Classes
act like class descriptions that can be instantiated through
Internal Elements. An important aspect of the class-instance
relation is, as it is realized in CAEX, that an Internal Element
might only be the instance of one (or zero) System Unit Class.
In IEC 62264-2 there are two class-instance relations with
such an 1 : n cardinality: Physical Asset Class to Physical
Asset and Material Definition to Material Lot. Physical Asset
Classes are an ideal candidate for System Unit Classes, as
they, too, represent vendor-specific reusable entities, such as
a specific type of robot (which has its own model number).
Also Material Definitions can be understood as vendor-specific
entities, as they might represent a specific type of raw material,
such as a coating powder of a specific color from a certain
vendor.

3) X → Role Class: Role Classes enable the classification
of both System Unit Classes and Internal Elements, and
multiple Role Classes can be referenced by a single System
Unit Class or Internal Element. This m : n cardinality is
exactly what is needed for relating IEC 62264-2 Personnel
Classes, Equipment Classes and Material Classes to their
respective instances. This means, that, e.g., realizing personnel
classes in AutomationML is realized in one or more Role Class
Libraries.

4) X → Internal Element: All other entities of IEC 62264-2
are realized as Internal Elements, including, e.g., Equipment,
Process Segments and Operations Definitions. This goes well
together with the definition of the product-process-resource
(PPR) concept as it is available in AutomationML [23]. More
on this specific alignment will follow in the next sub-section.

5) X → External Interface and Internal Link: References
between IEC 62264-2 metamodel entities that cannot be han-
dled by super-sub or class-instance relations need to be
realized using External Interfaces (EI) and Internal Links
(IL) in AutomationML. Among these are the references that
follow the blueprint of Equipment Segment Specification →
Equipment/Equipment Class. These kinds of references are
realized with ResourceConnectors, as depicted in Fig. 2.
ResourceConnectors are also used for linking Opera-
tions Segments to Process Segments and in further, similar
cases.

Figure 2. Realizing a reference from an Equipment Segment Specification
to an Equipment through two interlinked ResourceConnectors.

Other EI-IL-EI implementations are used for
(i) connecting resources to Hierarchy Scopes through
HierarchyScopeConnectors, (ii) Equipment to
Physical Assets through EquipmentAssetConnectors,
(iii) Process Segments to other Process Segments through
DependencyConnectors and (iv) resources classes to
Test Specifications to Test Results to resources through
TestConnectors. Some of these references realize
association classes and thus feature an intermediate Internal
Element as a reification of that reference that can be further
equipped with Attributes, such as the Equipment Asset
Mapping depicted in Fig. 3.

Figure 3. Realizing a reference from a piece of Equipment to a Phys-
ical Asset over an Equipment Asset Mapping through three interlinked
EquipmentAssetConnectors.

B. Alignment with AutomationML Libraries

For IEC 62264-2, the most important Role Classes in
AutomationML are Product, Process and Resource,
as well as their *Structure versions. Fig. 4 shows
an alignment of IEC 62264-2 metamodel elements with
AutomationML-specific CAEX instance elements with the fol-
lowing proerties: a relation between an IEC 62264-2 element
and an AutomationML element means, that a Role Class has
been defined in AutomationML that is a sub-class of the iden-
tified pre-existing AutomationML Role Class. In case there
exists no such Role Class, AutomationMLBaseRole is
chosen as the super-class. It turns out that most of the elements
of IEC 62264-2 have no direct relation to AutomationML
elements, however in some cases there are very specific
overlaps in terms of semantics.

For instance, Equipment, Equipment Class, Physical As-
set and Physical Asset Class are all possible instances of
the Resource Role Class of the AutomationMLBaseRole-
ClassLib. Therefore, we have made the Role Classes of these
elements sub-classes of Resource. Similar reasoning can be
applied to the Material* entities and Product as well as to
the *Segment entities and Process.

Other elements, such as Operations Definitions match well
with ProcessStructures, as the later is “an abstract role
type for a process oriented object hierarchy” [24], which is
also what an Operations Definition is: it subsumes a set of
Operations Segments.

Other related Role Classes are defined in [25]
and include elements that can mainly be used as
additional Role Classes for pieces of Equipment, such
as BatchManufacturingEquipment, Transport,
Storage, Machine, Communication, Controller,
NC, PLC and ContManufacturingEquipment.



Figure 4. Excerpt of the alignment of IEC 62264-2 with AutomationML
standard Role Classes.

In the non-normative AutomationMLExtendedRole-
ClassLib, there exist even several role classes that directly
implement elements coming from IEC 62264 vocabulary,
such as Enterprise, Site and Area. These role classes
can be used as additionally supported role classes in order to
further tag certain elements (usually Equipment).

C. Application

1) IEC 62264 Role Class Library: In order to en-
able the modeling of AutomationML entities as in-
stances of certain IEC 62264-2 concepts, the Automation-
MLIEC62264RoleClassLib has been defined, an excerpt of
which is depicted in Fig. 5. It defines a Role Class for
each of the IEC 62264-2 concepts and structures them in
several folders, one for each information model. Whenever an
AutomationML entity corresponds to an IEC 62264-2 concept,
the according Role Class should be added to that entity in order
to mark it as an instance thereof (and to inherit pre-defined
Attributes that stem from the declarations available in [1]).

Figure 5. Excerpt of the IEC 62264 Role Class Library. . has been
abbreviated as AMLBaseRole due to obvious width constraints.

The Role Classes in the AutomationM-
LIEC62264RoleClassLib each define all the properties
that are defined in [1] for the IEC 62264-2 entities. It can
therefore be used to realize IEC 62264-2-compliant models
in pure AutomationML. No hard dependencies on other data
are defined.

However, it is also possible to model only necessary parts of
IEC 62264-2-compliant models in AutomationML and refer
to external sources for the details. This approach is further
explained in Sec. III-C3; it relies on the referencing of data
that is stored in separate B2MML documents.

As an example, let us consider the equipment informa-
tion model that is provided under the EquipmentModel
Role Class. One of the Role Classes defined there is
EquipmentClass; as its name suggests, it corresponds to
the IEC 62264-2 entity Equipment Class. Given the alignment
discussed in the first few sub-sections of Sec. III, an imple-
mentor needs to instanciate Equipment Classes in terms of
Role Classes in some Role Class Library. Such an Equipment
Class instance needs to specify EquipmentClass as its
parent Role Class. If an instance of an EquipmentClass
(i.e., an Equipment) is to be modeled, it must be realized
as an Internal Element that needs to relate to two Role
Classes: (i) it must refer to the Equipment Role Class of the
AutomationMLIEC62264RoleClassLib and (ii) it must refer
to the user generated Role Class that represents an Equipment
Class.

Since the EquipmentClass and the Equipment Role
Classes both have Resource es their parent class, the user
generated Equipment Class and Equipment are also indirectly
tagged as Resource.

2) IEC 62264 Interface Class Library: The Automa-
tionMLIEC62264InterfaceClassLib defines the required Inter-
face Classes to model dependencies between IEC 62264-2-
related entities in AutomationML, such as the ones de-
scribed in Sec. III-A5. The complete Interface Class Li-
brary is depicted in Fig. 6. All Interface Classes are sub-
classes of AutomationMLBaseInterface, even though
the ResourceConnector is very much aligned to the
standardized PPRConnector Interface Class. There are two



reasons why the former is not a sub-class of the latter:
(i) ResourceConnector connects slightly different entities
with each other (not the Process itself, but a child-element
of it) and (ii) it is designed to also connect other entities than
just PPR (such as personnel).

Figure 6. The IEC 62264 Interface Class Library.

3) B2MML Role Class Library: With the Automation-
MLB2MMLRoleClassLib the required Role Class for re-
ferring to external data is defined (cf. Fig. 7). The ratio-
nale behind this is the following: with B2MML, an XML-
implementation for IEC 62264 models has been defined
that can be used to serialize IEC 62264-compliant models
from (industrial) tools and applications. The B2mmlData
Role Class allows the modeling of a document node
that references an external B2MML document through an
ExternalDataReference that has been defined in [18].
For that, it specifies the refURI Attribute with a path to the
document in question. For the referencing of B2MML docu-
ments, the MIMEtype of the ExternalDataReference
must be “application/x.b2mml+xml”.

Figure 7. The B2MML Role Class Library.

Fig. 8 presents the referencing of a B2MML document in a
pictorial way, while highlighting the main features: (i) a single
document (here: pas.b2mml) can be referred to several times
and (ii) a specific sub-entry of the B2MML document can be
referred to by appending the ID of the element to the fragment
part of the URI, separated by a hash (#).

Here, two Internal Elements representing Physical Assets
are modeled, each of which refers to an entity that is available
in an externally filed B2MML document. Additional infor-
mation about this entity, such as further Properties may be
available in this external document and thus is not required to
be modeled in AutomationML.

IV. EXAMPLE

In this section we give a simple example of an Automa-
tionML document that (i) encodes IEC 62264-2 information
and (ii) references an external B2MML document. The sys-
tem to be modeled comprises three pieces of Equipment: a
Turntable, a Conveyer and a Robot. For the system
under observation, only the Turntable is of interest and
so only this element is modeled in AutomationML. However,

in the information system, which is able to output B2MML-
encoded IEC 62264-2 data, more pieces of Equipment are
listed.

The instance hierarchy excerpt of the AutomationML doc-
ument is presented in Listing 1. In line 12 an External
Interface of type ExternalDataReference is created
that refers to the Equipment with ID Turntable in file
Equipment.b2mml (line 23).

Listing 1. InstanceHierarchy excerpt of an AutomationML document
that references IEC 62264-2 data encoded in an external B2MML
document. UUIDs have been replaced with integer values, class references
have been truncated to the last segment of the path, i.e., the name of the class.

1 ...
2 <InstanceHierarchy Name="B2mmlElement">
3 <Description>
4 Example for referencing an IEC 62264 element
5 that is one of many elements within a B2MML
6 document.
7 </Description>
8 <Version>1.0.0</Version>
9 <InternalElement Name="Turntable" ID="1">
10 <InternalElement
11 Name="TurntableB2mmlDocument" ID="2">
12 <ExternalInterface Name="B2mml" ID="3"
13 RefBaseClassPath="ExternalDataReference">
14 <Attribute Name="MIMEType"
15 AttributeDataType="xs:string">
16 <Value>
17 application/x.b2mml+xml
18 </Value>
19 </Attribute>
20 <Attribute Name="refURI"
21 AttributeDataType="xs:anyURI">
22 <Value>
23 ./Equipment.b2mml#Turntable
24 </Value>
25 </Attribute>
26 </ExternalInterface>
27 <RoleRequirements
28 RefBaseRoleClassPath="B2mmlData" />
29 </InternalElement>
30 <SupportedRoleClass
31 RefRoleClassPath="WorkCell" />
32 <RoleRequirements
33 RefBaseRoleClassPath="Equipment" />
34 </InternalElement>
35 </InstanceHierarchy>
36 ...

The B2MML document in turn is instantiated in a file
named Equipment.b2mml. It holds information about vari-
ous pieces of equipment (cf. Listing 2). The Equipment that is
referred to in the AutomationML document is defined starting
with line 15; the ID of this Equipment is stated in line 16.

Listing 2. Document Equipment.b2mml, holding IEC 62264-2
information about equipment.

1 <EquipmentInformation
2 xmlns="http://www.mesa.org/xml/B2MML-V0600">
3 <Equipment>
4 <ID>Conveyer</ID>
5 <Description>
6 Delivers products from one work cell
7 to another.
8 </Description>
9 <EquipmentLevel>
10 <EquipmentElementLevel>
11 WorkCell



Figure 8. Referencing externally stored Physical Asset information through ExternalDataReferences.

12 </EquipmentElementLevel>
13 </EquipmentLevel>
14 </Equipment>
15 <Equipment>
16 <ID>Turntable</ID>
17 <Description>
18 Turns products towards distinct work cells
19 for further production.
20 </Description>
21 <EquipmentLevel>
22 <EquipmentElementLevel>
23 WorkCell
24 </EquipmentElementLevel>
25 </EquipmentLevel>
26 </Equipment>
27 <Equipment>
28 <ID>Robot</ID>
29 <Description>
30 Assembles products from intermediate
31 products.
32 </Description>
33 <EquipmentLevel>
34 <EquipmentElementLevel>
35 WorkCell
36 </EquipmentElementLevel>
37 </EquipmentLevel>
38 </Equipment>
39 </EquipmentInformation>

V. CONCLUSION

We have presented work that has been recently pub-
lished as an AutomationML application recommendation
(AR-MES-ERP [22]) and provided some of the rationale
behind the main design decisions. With this application rec-
ommendation it is possible to model IEC 62264-2-compliant
information using standard AutomationML methods.

Users can choose between (i) modeling in pure Automa-
tionML or (ii) modeling in AutomationML and B2MML. The
extent to which information is modeled in AutomationML is
completely up to the user or tool creating such models.

It should further be noted that integration with OPC Uni-
fied Architecture (UA) has been considered, since both, Au-
tomationML [26] and IEC 62264-2 [27] have corresponding
companion specifications for the application in OPC UA.
In cases where ExternalDataReferences are used, an
alignment of AutomationML and IEC 62264-2 is realized
through the HasAMLUAReference Reference Type [26]. In

cases where IEC 62264-2 information is modeled in Automa-
tionML without external references, another Reference Type
has been defined [22]: HasAMLIEC62264UAReference.
It needs to be added in a separate processing step, as there
is no standard way to link an AutomationML entity to a
IEC 62264-2 entity in an unambiguous way; scenario-specific
knowledge is required for creating such References.

Currently, the application recommendation only includes
information of part 2 of IEC 62264. The incorporation of
other parts, specifically part 4 would allow even more ad-
vanced models. Part 4 not only provides much more detailed
modeling capabilities when it comes to the description of
processes (e.g., workflow specifications, job orders and work
definitions), but it also provides some generally useful models,
such as resource relationship networks that allow the modeling
of gas supply, material flow routing, etc.
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