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Designing Modularization Method for Digital Twin:
Focusing on the Noodle Manufacturing Process

Chan Woo Kwon' - Seok Hyun Song'®

ABSTRACT

There has been a recent surge of interest in the Digital Twin technology. The Digital Twin is technique for optimizing objects by
simulating physical phenomena or objects through computer-based simulations. Currently, single Digital Twin is being developed to
optimize processes limited to specific fields, but there is a limitation in that the independent Digital Twins cannot analyze the vast and
complex processes of the real world. To overcome this, the concept of federated Digital Twin has been introduced. To date, the federated
Digital Twin research has primarily focused on how to optimize macroscopic objects such as cities. However, by leveraging the
interconnected nature of twins, existing implementations of the single Digital Twins can be modularized. In this study, we define the
concepts and interrelationships of the single Digital Twin and the federated Digital Twin from a functional perspective related to process
optimization and design a modularization technique for the single Digital Twin using the federated Digital Twin. Furthermore, this study
aims to discuss the proposed methodology's efficacy by designing a model applying modularization to a real-world fabric manufacturing
case.

Keywords : Federated Digital Twin, Twin Module, Process Optimization, Noodle Manufacturing Process
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Prior Research

e Concepts of the Single and Federated Digital Twin
e Characteristics and limitations of the Single
Digital Twin

Building Theoretical Foundation

e Separate the Concepts of the Single and Federated
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Designing Modularization Method
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e Demonstrate the Model in a Real—World Case

Conclusions

Fig. 1. Research Flowchart
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Table 1. Digital Twin Evolution Model

Evoluifion Definition Description
Level
Autonomously recognize and
Level 5 Autonomous | resolve issues across individual
Digital Twin |and composite Digital Twin to
optimize physical objects
Reconstruct composite Digital
Federated |Twin of optimized individual
Level 4 L . . . e
Digital Twin | physical objects and optimize
physical object interoperability
Modeling &
,O N mg Optimize physical objects with
Level 3 Simulation .. L .
. .| Digital Twin simulation results
Digital Twin
L Monitor and control physical
Monitoring . .. L
Level 2 . ° | objects based on Digital Twin with
Digital Twin - . A
relationship analysis
Level 1 Mirroring | Replicate a physical object as a
Digital Twin |Digital Twin
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