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Legal Disclaimers

This document is subject to the Creative Commons Attribution 4.0 International license -
http://creativecommons.org/licenses/by/4.0/legalcode.

“THESE MATERIALS ARE PROVIDED “AS IS.” The parties expressly disclaim any warranties
(express, implied, or otherwise), including implied warranties of merchantability, non-
infringement, fitness for a particular purpose, or title, related to the materials. The entire risk as
to implementing or otherwise using the materials is assumed by the implementer and user. IN
NO EVENT WILL THE PARTIES BE LIABLE TO ANY OTHER PARTY FOR LOST PROFITS
OR ANY FORM OF INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES
OF ANY CHARACTER FROM ANY CAUSES OF ACTION OF ANY KIND WITH RESPECT TO
THIS DELIVERABLE OR ITS GOVERNING AGREEMENT, WHETHER BASED ON BREACH
OF CONTRACT, TORT (INCLUDING NEGLIGENCE), OR OTHERWISE, AND WHETHER OR
NOT THE OTHER MEMBER HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.
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The BAMM Aspect Meta Model has been introduced as a formalization of the specification of
semantic models, or aspect models, that describe aspects of a digital twin. This whitepaper
shows examples of BAMM for modeling aspects of industrial products’ technical data. Figure 1
corresponds to the modeling of device models using the Aspect Meta Model. The data provided
by the digital twins again would conform to the device model or — in our use case — a product
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1 "Semantic Data Structuring", Open Manufacturing Platform, 2022-08-16. Online:
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The modeling of products begins with the modeling of product aspects. Although mature public
property dictionaries exist, such as IEC CDD and ECLASS, individual needs can hardly be
satisfied based on public repositories alone. Companies often want to define their product
characteristics using public standards so that the syntax is interoperable and partners and
customers can correctly interpret the semantics.

This paper shows how to define the semantics of a specific aspect of a digital twin, for example,
specified by the Asset Administration Shell in Industry 4.0, not using single dictionary entries but
by defining the semantics of a complete submodel.

The BAMM Aspect Meta Model allows the definition of properties and characteristics and thus
enables the definition of semantics in a very flexible and fast way. The approach dramatically
facilitates the reusability of the characteristics of different products, which is vital for cross-
domain data integration.

This whitepaper is organized as follows. In Chapter 2, we give a brief introduction to BAMM.
Chapter 3 describes the application scenario and the concrete industrial product used as a
running example throughout this whitepaper. Chapter 4 demonstrates the utility of BAMM for
modeling various kinds of technical data which represent the typical requirements in industrial
use cases. Chapter 5 shows how aspect models can be used as a semantic description of
submodels of an Asset Administration Shell (AAS). Finally, Chapter 6 summarizes the
whitepaper and discusses future work.
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An aspect model contains information about runtime data structure (e.g., that there is a property
in the data called "temperature" and that it has a numeric value) as well as information that is
not part of the runtime data (e.g., the physical unit or value range). It does not, however, contain
actual runtime data (e.g., a numeric value representing the current temperature), as this will be
delivered by an Aspect — a service implementation that provides data — conforming to this
aspect model. The combination of raw runtime data and its corresponding aspect model yields
information.

An aspect model, therefore, serves two purposes:

1. It captures the domain semantics of the part of the digital twin it describes. In this regard,
it can be considered an ontology. Information usually available explicitly but informally
(for example, in a datasheet of a machine) or implicitly (as tacit knowledge) is now made
explicit and consistent in a broader scope than a single service or application.

2. ltserves as a contract between the data producer and data consumer, similar to a schema
description (cf., e.g., JSON Schema or XML Schema). In this regard, it predefines which
data structures and values may appear in the runtime data. However, unlike a pure
schema language, it also contains the previously mentioned domain semantics, which is
not included in the runtime data but can partly be used for validation.

Product modeling, or product type modeling, is essential for various industrial use cases, such
as product information management, product catalog management, etc.

In this whitepaper, the modeling capacity of BAMM will be demonstrated using real-world product
information from the sensor manufacturer SICK AG. The example being used through this
whitepaper is publicly available on the home page of SICK AG2. A screenshot of the original
webpage is shown in Figure 2.
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Type: WTL16P-1H161120A00 | Part no.: 1218946

Log in to get your price and the
estimated date of arrival

¢ e D

tration may differ

K

C € ECOLAB Q10-Link ‘®gem,  PinPaint™  SIRICT

P | Productdatashe & | | <& Copy shortlink | Add to wish list

AELUIEIEETE Downloads  Accessories  Videos  Service and Support  Customs data

Show all | Hide all

= Features
Device type Photoelectric sensors
Functional principle Photoelectric proximity sensor
Functional principle detail Background suppression, LineSpot technology

Sensing range
Sensing range min. 10 mm
Sensing range max. 500 mm
Adjustable switching threshold for 100 mm ... 500 mm
background suppression
Reference object Object with 90 % reflectance (referred to standard white, DIN
5033)
Minimum distance between set 15 mm (at a distance of 200 mm)
sensing range and background
(black 6% / white 90%)
Recommended sensing range for 150 mm ... 250 mm
the best performance
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+ Safety-related parameters
+ Communication interface
+ Electrical data

= Mechanical data

Housing Rectangular
Dimensions (W x H x D) 20 mm x 55.7 mm x 42 mm
Connection Cable, 4-wire,2 m

Connection detail

Deep-freeze property Do not bend below 0 °C
Conductor size 0.14 mm?
Cable diameter @ 4.8 mm
Length of cable (L) 2m
Bending radius For flexible use > 12 x cable diameter
Bending cycles 1,000,000
Material
Housing Plastic, VISTAL®
Front screen Plastic, PMMA
Cable PVC
LABS-free Yes (VDMA 24364-A1-L)
Weight Approx. 100 g
Maximum tightening torque of 1.3Nm

the fixing screws

+ Ambient data
+ Smart Task
+ Diagnosis

+ Classifications

Figure 2 Example of product information provided by SICK AG

The product information structure has six major domains (Technical details, Downloads,
Accessories, Videos, Service and Support, and Customs data), each of which may contain
further sub-domains. For example, technical details constitute Features, Safety-related
parameters, Communication interfaces, Electrical data, Mechanical data, Ambient data, Smart
Tasks, Diagnosis, and Classifications. Each sub-domain contains a set of attributes that describe
the product's properties, such as device type, dimensions, etc.

One key design choice for modeling such a product is to choose the correct level of abstraction.
The BAMM meta-model provides the concept aspect to encapsulate actual data of the digital
twin of a product that clients can use. In contrast, each aspect references an aspect model that
defines the structure of the aspect itself. Each aspect model represents a particular view (or
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aspect) of a product and is designed as a self-contained model artifact in which the nesting of
further aspects is not allowed.> The scope of an aspect model is defined by the group of
properties, events, and operations it contains, and the semantics of the properties are defined
in the underlying BAMM characteristic.

Although nesting of aspect models is not supported, reuse of existing BAMM model elements is
generally possible because every element in the aspect model has a unique ID within a defined
namespace. It is generally allowed to reference model elements regardless of their namespace.
For example, a BAMM property can refer to a BAMM characteristic defined in a different
namespace. Therefore, elements from other namespaces can be mixed in one aspect model.

There are multiple approaches to structure aspect models for a specific domain. For the product
modeling example from Figure 2, we have the following options:

1. Let “Product Type Data Sheet” be one aspect of the product, in which we put all properties
from all the major domains, such as technical details and downloads, etc., into it. This
leads to one big aspect model with many properties, characteristics, and entities.

2. Let each major domain such as technical details be one aspect of the product. This leads
to several aspect models for the overall product type data sheet.

3. Let concrete sub-domains such as mechanics be one aspect of the product. This leads
to many aspect models, with reusability even beyond product types.

All the different structuring approaches are valid, and it depends on the context of the aspect
model's emergence which approach should be chosen. Unless the vision and scope for a new
aspect model is already completely set, it is usually a good idea to start with approach 1: capture
the concepts of the domain in a single model where possibilities for model element reuse quickly
become apparent. Such an aspect model can be defined in a generic namespace, such as
urn:bamm:com.mycompany.mydomain:1.0.0.

If the model grows beyond a cleanly outlined scope and describes multiple pieces of a domain
that have no inherent connection (l.e., no dependency between them), a switch to approach 2
or 3 can be made by refactoring groups of elements into their own namespaces. This can lead
to namespaces such as  urn:bamm:com.mycompany.mydomain.subdomaini:1.0.0,
urn:bamm:com.mycompany.mydomain.subdomain2:1.0.0 and so on.

3 This thinking is in alignment with the submodel concept of the Asset Administration Shell, the digital twin implementation
of Industrie 4.0.
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Finally, if reusable model elements such as properties and characteristics are organized in well-
structured namespaces, a further approach can be taken: Multiple aspect models can be built
that make use of the existing pool of reusable model elements, where it makes sense. Many
model elements will be so specific to a certain aspect model that they cannot be reused, but
whenever multiple aspect models refer to the same concept from a broader domain, reuse of an
existing element should be possible.

In this whitepaper, approach 2 was chosen. This approach is also recommended by the Industrial
Digital Twin Association (IDTA) for its submodel template "Generic Frame for Technical Data for
Industrial Equipment in Manufacturing"4. It allows structuring according to the sub-domains. The
next chapter shows how the aspect model “technical details” can be modeled with BAMM
following approach 2.

This chapter demonstrates how the product example illustrated in Chapter 3 can be modeled
with BAMM using the Aspect Model Editor (AME)°.

4.1 Creating the first aspect model

Figure 3 shows an aspect model skeleton for “technical details” in Figure 2. Note that AME
automatically creates placeholders property1 and Characteristic1 for the aspect model. The
BAMM meta-model defines metadata to the aspect model itself, such as a preferredName and
a human-readable description. To exemplify the modeling capacity of BAMM, this aspect model
will be extended with selected product characteristics in the following sections.

4 https://industrialdigitaltwin.org/en/content-hub/submodels
5 https://openmanufacturingplatform.github.io/
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property1

&)
\ZJ
Characteristic1

dataType = string

)
A4

Figure 3 Basic structure of technical details from Figure 2 in AME

4.2 Characteristics with predefined value list

A common requirement for a product characteristic in the industry is a predefined value list, such
as functional principle under Features in Figure 2. To model this characteristic, BAMM provides
the characteristic class Enumeration®, which takes a list of possible values. With AME,
Functional principle can be modeled as an Enumeration by selecting Enumeration from the drop-
down list Characteristic class, as shown in

Figure 4 (a). The individual values can be added to the Values list. Note that if the data type is
defined for the enumeration, then the values need to match the definition.

The result of the model is illustrated in

Figure 4 (b). The model specifies that a TechnicalDetails aspect shall provide a value for the
property functionalPrinciple (grey), which is semantically defined with the characteristic
FunctionalPrinciple (green).

6 https://openmanufacturingplatform.github.io/sds-documentation/bamm-
specification/snapshot/characteristics.html#fenumeration-characteristic
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Edit Characteristic Functional principle X

Characteristic class
Enumeration

Name *
FunctionalPrinciple

bamm:name

Preferred name(en)

Functional principle

bamm:preferredName

Descrpton(en) functionalPrinciple
Functional principle of this device
’ preferredName = functional principle @en
bamm:description
See
bamm:see
P—
string X
bamm:dataType ~
Values FunctionalPrinciple

Photoelectric retro-reflective sensor <

preferredName = Functional principle @en
Through-beam photoelectric sensor

description = Functional principle of this device @en

Photoelectric proximity sensor > add value, hit enter dataT st
ataType = string
o values = Photoelectric retro-reflective sensor, Thro...
Cancel ~
e ®
(a) (b)

Figure 4 The characteristic functional principles in AME

4.3 Characteristics of physical quantity and unit

Another common requirement in the industry sector is the modeling of physical quantities and
units. Take the weight attribute from the mechanical data in Figure 2 as an example. We can
create a new characteristic from the so-called Measurement class and define kilogram as the
unit for it from the drop-down list. Since weight shall be numerical data, we select float as its
data type, c.f. Figure 5 (a).
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Edit Characteristic Weight X
Characteristic class -
Measurement
Name *
Weight
bamm:name
Preferred name(en) welght
Weight
preferredName = weight @en
bamm:preferredName
description = weight of the product @en
Description(en)
Weight of a product
i
bamm:description
m
i O
£ Weight
e preferredName = Weight @en
Data type X description = Weight of a product @en
float dataType = float
bamm:dataType
kilogram X
bamm:unit
Cancel -
(a) (b)

Figure 5 The characteristic weight in AME
The result of the model is shown in Figure 5 (b). Compared with the characteristic
FunctionalPrinciple in section 4.2, the model of weight has a reference to the specified unit

kilogram. Information about the unit kilogram itself is covered by the BAMM meta-model and is
automatically loaded into AME.

4.4 Characteristics with internal structures

In more complex situations, it is desirable to group several related information about a product
into one characteristic. For example, the attribute Dimensions (W x H x D) in Figure 2
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encapsulates the measurement of length in three dimensions: width, height, and depth. A client
that reads this information may decide how to represent them, for example a single string from
all three values in Figure 2. However, as an aspect model of the product, it is beneficial to
maintain a clean structure of the three dimensions.

Y 5
~
ProductDimension

preferredName = product dimension @en

I

Dimension3d

preferedName = dmension 30 @en

o)

|

width height depth

preferredName = width @en preferredName = height @en preferredName = depth @en

millimetre

preferredName = milimetre @en
code = MMT

symbol = mm
conversionFactor = 10 *m
numericConversionFactor = undefined
referenceUnit = metre

{3)

Figure 6 Structure of product dimension

The BAMM meta-model provides the concept Entity to model such structures. Error! Reference
source not found. illustrates the characteristic model of ProductDimension. It is modeled as a
SingleEntity characteristic whose data type is set to the entity Dimension3d. The latter one has
three properties: width, height, and depth. The semantics of these properties are defined by the
characteristic Length, which has been specified as a Measurement with the unit millimeter.
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Edit Characteristic product dimension X

Characteristic class

SingleEntity

Name *
ProductDimension

Preferred name(en)

product dimension dimensions

bamm:preferredName - )
preferredName = dimensions @en

Description(en)

bamm:description
o

\J
ProductDimension

See

= product dil ion @en

Dimension3d X

bamm:dataType

—
(@) (b)

Figure 7 Product dimension in AME

After the characteristic ProductDimension is specified, as shown in Figure 7 (a), it can be
attached to the aspect model via the property dimensions, as shown in Figure 7 (b).

4.5 Characteristics with value constraints

In addition to enumeration characteristics, BAMM meta-model also supports characteristics with
complex value constraints, such as min and max values or regular expressions. In Figure 2, the
product example has a part number (part no.) with value 1218946. Suppose that a part number
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can only take a value between 1000000 and 9999999, then a corresponding characteristic can
be modeled with the Range Constraint from BAMM, as shown in
Figure 8 (a).

Edit Constraint part number
constraint

Constraint class
RangeConstraint

Name *
PartNumberConstraint

bammname

Preferred name(en)
part number constraint

partNo

bammipreferedName

preferredName = part no @en

Description(en)

bamm:description

See

bammisee

Min Value

100000

bamm-c:minValue

Max Value

9999999

bamm-c:maxValue

Upper Bound Definition
AT_MOST

PartNumber

preferredN = Part Ni @en
dataType = integer

bamm-c:upperBoundDefinition

Lower Bound Definition

AT_LEAST

bamm-c:lowerBoundDefinition

®

o [0
(a) (b)

Figure 8 Part number and its constraint in AME

The concrete value range of the characteristic is defined with metadata of the constraint object
(dark green), including min value, max value, upper bound definition, and lower bound definition
(cf.
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Figure 8 (b)). The latter two decide whether the min value and max value are inclusive or
exclusive. For more details, please refer to the original BAMM specification’. A client that reads
concrete value of a part number can check for the validity of the value using the constraint
specified in the aspect model.

4.6 Collection characteristics

BAMM supports characteristics which take values in the form of collections, such as lists and
sets. The product example from Figure 2 has a major domain, “downloads”, which contains
various kinds of documents that can be downloaded from the web page. Figure 9 shows a
shippet of the available documents.

Figure 10 shows an aspect model that describes part of the product publication documents from
Figure 9. This new aspect model® contains three properties: product information, operating
instructions, and data sheet, each of which stands for one type of document. From a data
modeling perspective, all these document types shall share the same data structure, which is
defined by the common characteristic ProductPublicationSet. This characteristic is modeled as
a Set, whose data type is set to the entity ProductPublicationEntity. This model means that the
properties product information, operating instructions, and data sheet shall take values in form
of a Set, in which each element must be a ProductPublicationEntity. According to the BAMM
meta-model, a set may not contain duplicates and is unordered, therefore the values of these
properties must be exclusive.

& There is a submodel template "Handover Documentation" in Review at the IDTA
( ). It is not the intention to propose a new submodel template
for documentation in this document.
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Technical details Accessories  Videos Service and Support  Customs data

= Literature

1)

[ ———

Type: Product data sheet Type: Product family overview Type: Product information

Part number: - Part number: - Part number: 8021630

Title: Product data sheet Title: W16 Title: W16, W26

Release date: Aug 4, 2022 Release date: Aug 5, 2022 Release date: Oct 23, 2017

Size: 584.58 KB Size: 2.71 MB Size: 12.41 MB

English & English & English S
Add to wish list ‘ Add to wish list ‘ Add to wish list ‘

|
ey

21 =
2 -
sox
Type: Product segment Type: Operating instructions Type: Addendum to operating
overview Part number: 8020347 instructions
Part number: 8019333 Title: WTL16 / WTS16 Part number: 8021064
Title: Photoelectric sensors Release date: Jul 13, 2022 Title: WTL16 A0O
Release date: Aug 19, 2019 Size: 4.64 MB Release date: Jul 1, 2017
Size: 1.12 MB Size: 355.00 KB
English ]
English 2 English o
Add to wish list | Add to wish list | Add to wish list |

Figure 9 The major domain “downloads”
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productinformation

operatinglnstructions

dataSheet

= product i tion @en

= operating instructions @en

preferredName = data sheet @en

— . |

r_’__,,,/

ProductPublicationSet

preferredName = product publication set @en

!

ProductPublicationEntity

preferredName = product publication entity @en

)
3

—

R

url

mime

locale

preferredName = url @en

preferredName = mime @en

preferredName = locale @en

o

| o

o

A
= ResourcePath

S
4= MimeType

A
4= Locale

preferredName = Resource Path @en
description = The path of a resource. @en
dataType = anyURI

preferredName = MIME Type @en
description = A MIME type as defined in RFC 204...
dataType = string

preferedName = Locale @en
description = Describes a Property containing a lo....
dataType = string

Figure 10 Aspect model product publication

The structure of a ProductPublicationEntity is defined regularly using BAMM properties and
characteristics. More specifically, a ProductPublicationEntity must provide three values: a URL
where the document can be found, a mime type that defines the document type, and a locale
according to IETF BCP 47. Note that all these three characteristics are predefined characteristic

instances by BAMM®.

9

https://openmanufacturingplatform.github.io/sds-documentation/bamm-

specification/snapshot/characteristics.html#characteristics-instances
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5 Semantics and Digital Twins

In this document, we discussed step by step how to describe the semantics of a technical
description for a specific product. Figure 11 shows how the resulting semantic model can be
used as a semantic description of the submodel of an Asset Administration Shell: by referencing
it via its unique URN as "semanticld."

The AASX Package Explorer', an editor for Asset Administration Shells (AAS) as used at the
bottom in Figure 11, offers a BAMM importer. This enables us to make a concrete submodel for
the product represented by the digital twin. This means adding real-world values (not only
example values) compliant with the semantics defined for the product. An aasx generator is also
available in the command line tooling of the Java SDK", supporting the BAMM Aspect Meta
Model.

Element | Content

submodelRef:

IR "weight” = 12 kg (Submodel) (I0gl) [IRI] https://example.com/ids/sm/9273_6112_1122_9794
[Z2% “functionalPrinciple” = hotoelectric retro-reflective sensor
“dimensions” (1 elements)
(2279 “partNo” idShort: TechnicalDetails
category:
Identifiable:
idType IRI
id: https://example.com/ids/sm/9273_6
Kind (of model):
kind: Instance
Semantic ID:

semanticld
(GlobalReference) (no-local) [IRI) urnbamm:io.openmanufacturing.digitaltwin:1.0.0# TechnicalDetails

Ouaalifiahla:

Figure 11 Semanticld of AAS mapped to aspect model

10 hitps://projects.eclipse.org/projects/dt.aaspe. Note: The importer is not yet able to deal with complex semantic models.
11 https://github.com/OpenManufacturingPlatform/sds-sdk
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In this whitepaper, we demonstrated the BAMM modeling capacity using real-world examples
from the industry sector. We discussed how an aspect model can be created using the Aspect
Model Editor and how concrete product characteristics can be modeled.

The BAMM meta-model has rich semantics, enabling it to cover the typical modeling
requirements such as a predefined value list (section 4.2), physical quantities and units (section
4.3), characteristics with internal structures (section 4.4), characteristics with value constraints
(section 4.5), and collection characteristics (section 4.6). We also discussed building a holistic
aspect model by combining several reusable model elements (section 4.7). Aspect Models can
be used to describe the semantics of submodels of the Asset Administration Shell, the
implementation of digital twins of Industry 4.0 (section 5).

It is worth mentioning that the Aspect Model Editor (AME) plays a vital role while working with
BAMM. It guides the user through the modeling process and provides model examples and built-
in features that intuitively allow the creation of aspect models. It also hides the abstract concepts
of RDF, making BAMM accessible to domain experts.

We plan to use BAMM for more complex modeling tasks in future work. For example, user-
defined characteristics and constraint classes may be necessary for specific use cases that
require highly customized data models. The Aspect Model Editor can also be extended with
more convenient features that further improve the modeling experience.
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