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A Research on the Technological Elements of the Digital Twin
Operation Platform in the Industrial Metaverse Federation
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Abstract

Recent results from a survey of 350 U.S. manufacturing executives by Deloitte Consulting reveal that 92% of
companies are investing in industrial metaverse. The industrial metaverse is composed of cutting-edge technologies
such as Digital Twin, software-defined automation, and Data and Al. This is expected to redefine industrial
manufacturing environments. However, there are limitations in applying scalability, sophistication, and interoperability
of the metaverse in industrial settings. This study aims to propose the development environment and technical
elements of the industrial metaverse. The ten proposed technologies can be summarized as follows: (1) data
ecosystem construction, (2) scalability, (3) PLC modification automation, (4) integrated deployment, (5) interconnection
of digital twins, (6) federated digital twin, (7) operational system data collection, (8) always modifiable, (9) multiple
scenarios, and (10) feedback field application. Through the federated digital twin framework presented in this study,
we aim to provide a standard framework for the metaverse.
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Table 1. Expert consultation: federated digital twin needs

NO. AS_IS TO_BE(10 items technologies)
Data Connectivity Architecture, ) -
ffffff 1,,,,,,,,,,,,,,, Asynchronous Data Connectivity Data Driven Eco Sysitinlmmmmm
keyword Data connection Data Driven Eco-System
ffffff 2 | Package Unit. No Asset, Non-scalable Meta/Asset Management Group
Keyword Non Scalable Scalable
' Business Model Combination
3 Moalfy data from each developer to be Applicable to the PLC adapter without modifying data
collected by the PLC adapter
777777777777777777777777777777777777777 regardiess of the developer
With Modifying data then learning code to , "
Keyword apply for PLC Without Modifying data then apply to PLC
) . Provide deployment group services by performing version
L L} mﬁ7WWﬂ?f@f‘fﬂif{eﬁl?}/infrjt grolp: Sefvices control, automated builds and tests, and feedback loops
Keyword Each deployment Integrated deployment

The digital twin is currently operating
independently. There is no APl gateway to
5 facilitate connections between digital twins,
making it challenging to ensure security and

resource efficiency.

The API gateway of the Federated Digital Twin plays a
key role in managing communication with multiple digital twin
systems, enhancing security, and optimizing performance.

No API gateway

Provide API gateway for the Federated Digital Twins

It is composed of a single digital twin,
6 making interaction between multiple digital
twins impossible.

The domain of 3D UI/UX visualization involves visualizing
and interacting with complex systems and processes across
various industries through a federated digital twin.

reapplying

Keyword Single Digital Twin Federated Digital Twin
It allows for the understanding of the current operating
7 Only the virtualization of the physical status of the Physical Factory. This is composed of physical
manufacturing site is implemented. objects (manufacturing equipment), physical data from the
777777777777777777777777777777777777777 manufacturing site, and task management.
Keyword Current phys[ﬂ]%al dzfaersglrlwgct%mplemented Current operating status data collecting
Once set, the values cannot be changed [t ig about explaining the control varjables for the physical
8 . . scenario, i.e., the management and setting of process stages,
without control variables. . . .
777777777777777777777777777777777777777 Size, scope, time, temperature, and workforce input.
Keyword It cannot be changed Anytime It can be changeable
It is the execution of a validation scenario. The validation
9 There are many limitations in executing and scenario is composed of various scenarios and control
modifying a single scenario. variables, providing functionalities to edit, execute, and
777777777777777777777777777777777777777 manage them.
Keyword A single scenario Multiple scenario
Errors or scenarios can be adjusted based After applying the test scenario, adjust the error values
10 on feedback, but there are limitations in and modify the scenario, then reapply it to the physical
ffffffffffffffff reapplying them to the physical process.” process. e
Keyword Getting Feedback then limitafions in Getting Feedback then No limitations in reapplying
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