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Abstract

To establish business networks a match between businesses demands and potential partner
information is required. Publicly available information on the Internet about companies,
products and services usually don’t follow a common standard. The concept of a digital twin
could be used to organise the different information and, in the future, to harmonise the way
company data is made available on the web. Every company usually has a web presence,
related documents, web pages and a trace on the web, which can be used for an initial
structure of the digital twin. Hereby, first services for the correlations between partner
companies and requirements can be designed. But it requires the management of legal aspects
e.g. the access of bots to the public available information. The paper provides initial ideas
and feasibility checks and it propose an evolution of the current heterogeneous content and
structure of the data into a well-structured digital twin including content related ontologies to
describe the company characteristics.
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1. Introduction

Supply chains suspended, the availability of raw materials becomes more difficult, new laws
demand high transparency across the entire supply chain. The need for high flexibility of sourcing and
reaction on demands from the market requires not only agile, adapting processes within
manufacturing, but also cross-functional cooperating manufacturing networks in particular.

The Hyperconnected Ecosystems for industrial networks should enable the networking of any
relevant information and its accessibility at anytime from anywhere (hyperconnected). Barriers
between network partners are reduced and aligned with current requirements. The evolution of the
network will be enabled by its configurability and flexible integration of services. Ultimately, any
required information should be immediately available in a usable form and without effort at any
location. In this way, the network has similarities to social networks in which partners find each other
and exchange data and services as needed.

This blurs the boundaries between the partners in the network and creates the need for the use of
data from machines, products and processes across the network without delay. At the same time, the
range for tracing the paths in the network increases, as the supplier's connections can also be
identified and mapped as a network. This incorporates services providers for logistic, IT and finance
as well as legal services. Assessments can be carried out quickly in this way, for example to identify
deviations from the legal framework. However, the industrial requirements for security, sovereignty
and transparency must be met.
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The construction of the "hyperconnected ecosystem for industry" faces, among other things, the
challenge of the existence of a difficult-to-manage number of platforms, digital services, cloud
solutions and services, which also include enterprise platforms for products and services.
Interoperability usually only takes place within a solution and can only be realized across the board
with a high translation effort. This makes the targeted search for and networking with new providers
time-consuming and difficult. Solutions for specific markets already exists and uses smart methods to
interrelate demands and offers of their partners [1, 2].

The “hyperconnected ecosystems for industrial networks” aim at fast communication and flexible
data use in dynamic enterprise networks and thus in particular at transparent and flexible supply
relationships. The technological basis for this is provided by approaches from the field of social
networks but requires effective tendering mechanism and interoperability [3]. Especially the
correlation between demand and offer needs to be supported as well as the understanding of the
provided data within communication along the network. Even if there is no consensus of digital twin
definitions, the formalisation in terms of ontologies, models related data sources and managing
bidirectional changes of data might improve of interoperability between the network partners.

This incorporates not only digital twins of products and services but also digital twins of the
factory or company in general. The twin might be represented in a first attempt by a semantical
enriched webpage like considered by semantic web approaches [4]. In the future it should be evolve
in terms of more behaviour details and cross references to experiences and evaluations of the partner
e.g. by others references and sources describing the detailed work of the company from their customer
side. This way would allow an evolution from a very simple twin provided by the company to a more
and more enriched twin.

The Hyperconnected Ecosystem for industrial networks assumes a networking of independent
companies. This creates semi-automatic connections between the network partners. For example, a
partner can find other partners via defined properties and then address them specifically. The retention
of sovereignty over the data to be transmitted (data ownership) must be ensured. In addition, services
can be provided as well as searched for and embedded in one's own environment. Here the role of the
digital twin can support the clear data ownership on the partner company side in case the company
provides a digital twin. This includes the update of the data and control about the data published
through the network.

Approaches such as the Open Platform Communications Unified Architecture (OPC-UA) [5], the
international data space (IDS) [6], Asset Administration Shell (AAS) [7] and BaSys/BaSyx [8]
provides already interface definitions and related information model structures. In fact in BaSyx the
AAS implementation is addressed as a digital twin [9]. However specific semantic or ontologies
covering behaviour, reaction times, laws, business indicators as well as product information needs to
be correlated across different sources such as standards and quasi standards e.g. ECLASS (eCl@ss)
[10], OPC-UA companion specification.

2. The digital twin within the network

To date, no consensus definition of a digital twin has been established in scientific publications.
While digital twins are defined on the one hand for final products [11, 12] or entire product life cycles
[13, 14]. Gartner coined the term Digital Twin of an Organization (DTO) and no longer limits digital
twins to physical objects. The vision is to create a digital image of an entire organization, its processes
including infrastructure, roles and responsibilities, products, etc. [15, 16].

Following the idea, we refer to van der Aalst's definition of the digital twin and the classification
of the digital shadow and master, which replaces the physical object with reality and removes the
restriction to physical objects [16].

According to the Fraunhofer Institute for Production Systems and Design Technology (IPK), the
digital master is described by reference models and information of products and process originating
from development phases. The digital shadow results in the continuously recording, storing and
provisioning of operational data. Only the intelligent linking of the digital master with the digital
shadow results in the digital twin [17].



In the paper we see the “partner company twin” as a digital representation of the available
information of a legal entity usually a company or parts of a legal entity such as factories of a group.

According to a digital twin within the paper, it consists of a digital master and the related digital
shadow of one or more real objects and its relationship. This includes their products, legal status,
business activities etc. (Figure 1) and comes close to the idea of the DTO. In this case the master
provides a structure of the twin in terms of references to data sources, models, ontologies, etc.. The
digital twin represents the digital representation of the company by providing the data requested by
the digital master and linking it to the transaction data and traces on the web in the sense of a digital
shadow. The twin should represent the current status of the company. The digital representation of the
company can evolve from a simple web page to a more comprehensive twin. A challenge is the
bidirectional interaction between company data and the digital twin, because changes in the real world
should directly trigger a feedback in the digital world.
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Figure 1: Concept of company twin representing network partner

The twin should allow the interrelation of this information. In an initial attempt this is just a profile
covering characteristics of a network partner. The characteristics are just defined terms with structure,
synonyms and relations, which might evolve to ontology but also consider different existing
ontologies.

The profile can be filled in manually, but in discussions with stakeholders, especially small and
medium-sized enterprises, they did not agree with the effort involved. Therefore, we also considered
an automatic search and data retrieval mechanism that is described in the technical part of the paper.

The “partner company twin” is now composed of instantiated characteristics and references to data
sources. This creates a library of potential partners of a business network. They can be located in
different web or cloud infrastructures. Network relationships and connections can be established by
business demands or by data requests.

This should be supported by a tendering service to find appropriate business partners. A demand
needs to be described e.g. a required part of a product or a required service. Afterwards a search takes
place to find correlation between the different partners on the characteristics described. In the future
this might be automatically if a network partner disappears or is not able to deliver in the timeframe.
Also new partners can be considered easily and reconfigured into the network (Figure 2).



Figure 2: Rough concept of network of twins across platforms and cloud

3. Technologies and current work

Available technologies to realize the describe concept of ‘“hyperconnected ecosystems for
industry” using “partner company twins” are communication technologies such as OPC-UA, MQTT
or just REST protocols, cloud infrastructures, concepts such as international data space, asset
administration shell, FIWARE[18], [4Q [19], GAIAX [20], BASYx which we analysed. They provide
a very good basis and also initial and open toolsets such as BASYx [9]. However, we did not find “the
approach” because of lots of technical dependency related to programming languages, developing
environments and platforms. A good connectivity between machines and enterprise application can be
achieved if OPC-UA is used and a common companion specification but every system needs these
OPC-UA interface. BASYx allows different interface options such as OPC-UA, MQTT etc. but you
need a BASYx implementation following the AAS concept. Therefore, it is difficult to decide which
technology will be persistent in the future.

So, we followed a more generic approach with small exchangeable services and connecting
different “partner company twins”. The feasibility is still a challenge and we work currently on related
feasibility tests. In parallel with the user interfaces being developed with industry partners, we have
identified the following services for initial feasibility testing:

1. Matching of demand and partner characteristics

2. Semi-automatic filling of partner profiles

3. Identification of requested data in text

The matcher correlates simply a demand with different characteristics across a set of profiles. The
design of the matcher relies on REST interfaces. The demand is based on logical statements but also
the characteristics within the profiles can have logical interdependencies. The matcher is configured
by properties and the related logic. It takes a parameter set combined with logical equations and check
it against a set of profiles. A future extension of the matcher is the use of ontologies for the
correlation. This is especially related to different descriptions of products and materials.

The service to fill the profiles relays currently on technologies such as web crawler to analyses
web addresses and scraping. After initial tests we encounter that most of the supplier pages are
permitted concerning automatic data analysis (robots.txt). Therefore, we have requested a special
approval for the scraping tool before the analysis proceed. The crawler was finally less needed
because we will get specifically the web address of the partner. The interest of the partner companies
is the reduction of work about maintaining a profile. This supports the decision to take the actual data
directly from their web pages.

The work with the scraper and the different web pages provides initial results. However, formats
are quite different on the web pages, semantic web guidelines are less considered and additional
information are provided in text form such as product specifications. Therefore, the text analysis with
the Industrial-Strength Natural Language Processing (spaCy) [21] has been considered. It provides a
grammatical analysis of the text to identify for example relationships between criteria and related
values. The example in Figure 3 illustrates the usage and the language independency. The sentence on



the left side “The diameter is only 20 mm despite its great performance” is analyzed using the profile
template. The result is a row of the profile with the requested data.

The diameter is only 20 mm Attribute Value Unit
despite its great E— Spacy )

performance. diameter 20 mm
Der Durchmesser betragt Attribut Wert Einheit
trotz groRer Leistung nur —

20 mm. Durchmesser 20 mm

Figure 3: Text analysis

The tool chain realized by the described services above are expressed in Figure 4. The Crawler
might be used if the partner urls are not available. Otherwise the target page is already selected by the
url of the considered partner company. The scraper uses the target page to extract the detailed
information of the partner company. In case of text documents spaCy will be in place to support
detailed analysis regarding missing values for the profile. The data are finally introduced into the
profile. However, if data is missing further activities might be initialized otherwise they will be kept
empty. In case of further characteristics which might be encounter because of property tables they will
be added to the profile for further use. The analysis requires a minimum structure of the text on the
web page in terms of property tables. In terms of text the grammar needs to be correct and the text
should be easy to read. The provided information should be consistent because currently no constancy
check is in place but in the future it should be implemented. This tool chain will fill the profiles and
also keep the profiles actual as far as the provided information will act like a digital twin of the
partner company and actualizes the data accordantly to changes in the real work of the company.

Having the profiles available they can be used for tendering or communication access between the
partners. This is supported by the matcher which can be configured with actual business rules and
parameter types. The matcher takes the demand and find matches to create partnerships. Logical
relationships and use of the characteristics are defined in the configuration of the matcher.

The described technology is one possible usage of “partner company digital twins”. It requires a
clear description of company information as well as the connection between real world company
business and its digital representation. This can be done through specific processes for regularly
updating company information on the web in the form of manual activities or interfaces to the
company's IT systems.
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Figure 4: Tool chain about data collection and matching

4. Conclusion and outlook



Digital twins can provide a formal description in terms of ontologies, models and data
relationships describing the company and its products as well as in term of its shadow e.g. evaluations
and project results in the web. An example of the usage of these Digital Twins has been described in
chapter 3 in terms of a feasibility study for data collection and match making. This is an important
feature within a hyperconnected ecosystems to find partners and establish networks.

Currently only few organisations provide the data in a form of the digital twin. Therefore, also
unstructured and incomplete data has to be considered for the correlation between demands and
providers. The unstructured data appears as one of the barriers for automatic data processing because
finally it cannot process full automatically. It still requires a final check by experts if the data is
correctly identified.

The described work in this paper represents concepts and feasibility checks related to a
hyperconnected ecosystem for industry starting with initial services such as matching between
demand and partner characteristics. The next steps will focus on the real usage of the technology in
terms of getting information from supplier web pages demanded by customers. We already start
cooperation with companies in terms of the related analysis of their web pages. Also, profiles on the
customer side has been drafted. The target is to archive a technical readiness level which will allow an
initial distribution of the services.

However, a presumption still needs further consideration, the “partner company digital twin”
currently the available digital twins are poor. So, it will need more work on developing technologies
to simplify the provision of partner company digital twins.
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