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Digital Twins (DTs) are one of the main opportunities to strengthen the overall competitiveness of manufacturing
enterprises. Various technologies and technological concepts are discussed in production logistics, which can be
classified as Cyber-Physical Systems (CPS), Internet of Things (IoT), interfaces, decentralized applications, real-
time localization systems, automatic identification, virtual environments including Digital Twins (DTs), and

applications of data science such as machine learning, data mining, and big data analytics.

Digital Twin modeling virtual model simulation production logistics

| 1. Introduction

In today’s hyper-dynamic environment, the Industry 4.0 paradigm is reaching far beyond the basic concepts of
automation by revolutionizing manufacturing enterprises especially in the areas of smart production and smart
logistics. Moreover, Industry 4.0 is characterized by the vertical and horizontal integration of production and
logistics systems as well as the merging between the physical and virtual worlds &. Industry 4.0 approaches can,
therefore, be divided into digitalization, digital interconnectivity, and self-controlling systems 2. Various
technologies and technological concepts are discussed in production logistics, which can be classified as Cyber-
Physical Systems (CPS), Internet of Things (IoT), interfaces, decentralized applications, real-time localization
systems, automatic identification, virtual environments including Digital Twins (DTs), and applications of data
science such as machine learning, data mining, and big data analytics Bl. Companies are challenged with
increasing dynamics, structural complexity, increased uncertainties and risks, and multiple feedback cycles. This
leads to difficulties in the optimal design and control of production logistics systems [I2. However, DT technology
offers several approaches to overcome these problems [BIlZ, Originally, the concept of a Digital Twin was presented
at the University of Michigan by Grieves in 2003. It was first introduced as a concept for product lifecycle
management (PLM). At this stage, it was not explicitly called a Digital Twin, but the paper described the idea and
important components of such a system 8. NASA has taken up this concept and described a Digital Twin in the
technology roadmap for their flight system, to make comprehensive diagnostics and prognostics, enabling
continuous safe operations over the life cycle of the system 2. Furthermore, Glaessgen and Stargel described a
Digital Twin for the next generations of NASA and U.S. Air Force vehicles, giving more detail 29, Nevertheless,
different fields of research adapt the original concept of a Digital Twin to their specific domain. Therefore, several
publications discuss the application of DTs in production planning and control, maintenance, process design, layout
design, product design, production process optimization, as well as prognostics and health management (PHM) (1]
(1213 This may also be the reason why there is no common definition of a DT 4. One approach to finding a

standardized and common definition of DTs has been elaborated by the International Organization for
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Standardization (ISO). According to this proposal, the basic idea of a Digital Twin is to create a digital
representation of an observable system or element 1. More specifically, other authors suppose it to mirror a
product, process, or service in virtual space 8. Convergence between the physical and the virtual space is
mandatory 22! to create a closed-loop interaction between these components 18, A bidirectional communication
enhances this convergence 17, as real-time data integration plays a key role for Digital Twins 19, The concept of
Cyber-Physical Systems (CPS) can be described similarly. Tao et al. compared the differences and correlations of
the two concepts. DTs are often discussed in the engineering area and are more focused on virtual models (VMs)
that enable one-to-one communication between physical and virtual parts. CPS on the other hand is more
frequently discussed in the scientific area. To enable fusion and one-to-many communication between the spaces,
CPS emphasizes 3C capabilities (computation, communication, and control) 22, The DT technology can also be
seen as a key enabler for realizing a Cyber-Physical Production System (CPPS) [21[22l23] Among many other

application areas, there is great potential for use in production logistics processes I,

| 2. Current Insights

Although different definitions of DT can be found in the analyzed literature, commonly used definitions can be
identified. A comparison between these shows that the levels of detail, as well as the focus area, differ, but the
basic concept remains the same. In comparison with Grieves, Tao et al. added two dimensions and described the
dimensions in more detail. This is also the most often used definition within the analyzed literature. Therefore, the
level of implementation of the found case studies is also evaluated on this basis. It turns out that only four papers
present a fully implemented DT for the core activities of logistics (242312681271 Two of these papers show
implementation in laboratory environments, leaving two industrial applications. In general, most case studies can
be assigned to laboratory production lines, followed by applications in the automotive, electronic, and metalworking
industries. Besides the different levels of implementation, different approaches for the creation of a VM can also be
observed. For production logistics processes, DES is most often used, as it is also the state-of-the-art for
simulating production logistics systems. Some authors present predefined building blocks and standardized
processes to speed up the creation of DES models. However, most available DES software solutions still lack real-
time capabilities 28, which are an essential part of DT technology. For the identified PHM processes, physical
simulations are used. Some hybrid simulation approaches can also be found to integrate control mechanisms of
decentralized applications. To successfully integrate a DT, a connection to enterprise information systems, as well
as to sensors and actuators must be established. Different information systems can be found in various
configurations in companies. The connection between and consistency of data in these systems can also vary
widely. Another difference in the analyzed DTs is their main objective. Consequently, different requirements must
be met, and individual consideration must be given to the information systems to which a bidirectional connection
must be established. It is also conceivable that DT technologies will become an inherent part of enterprise
information systems or manufacturing execution systems. In the study of Kritzinger et al., a DT was described as
consisting of a digital shadow, a digital model, and a bidirectional link between these two elements. Based on this
description, the level of integration of the analyzed literature was evaluated. A focus area and the core technologies

of these papers are also described 2, Stark and Damerau analyzed 19 different definitions of DT. Based on this,
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they defined a DT with three components: a digital master, a digital shadow, and a linking mechanism. In addition,
the scope and type of a DT are divided into eight dimensions, with each dimension having three to four levels. The
dimensions include integration breadth, connectivity mode, update frequency, CPS intelligence, simulation
capabilities, digital model richness, human interaction, and product life cycle 24!, Tao et al. analyzed 50 papers,
eight patents, and six best practices of leading companies. The literature was assigned to the application areas of
design, production, PHM, and others, showing that PHM is the most popular application area for DT. The
importance of DT modeling is highlighted, as well as the fact that no consensus can be found in how to build a DT
model. The authors conclude that cyber-physical fusion is one of the major challenges of DT and a lack of
universal frameworks is identified 12, Researching a different application area, the literature review of Agilianos et
al. is focused on DT for warehouse processes, stating that the development of DT in this area is still at the initial
stage and that DES models must be enhanced with real-time functionalities [28. This work complements the
previous reviews on DTs by adding non-investigated aspects focusing on production logistic processes. First, the
most used definitions of DTs in this application area are analyzed and discussed, highlighting similarities and
differences between these definitions. As a result, the main components and important functionalities of a DT have
been pointed out. In addition to mentioned concepts and reviews, 20 case studies are analyzed in more detail in a
second step and evaluated based on the five dimensions of Tao et al. Due to the integral role of the VM in a DT, the
approaches and technologies used to create a VM are analyzed and discussed. Together with the analysis of the
pursued optimization goals, this provides a starting point for new developments based on already existing
approaches and an overview of the potential benefits in this area. The literature analyzed reveals some research
gaps and future research directions. It has been shown that there are different approaches for the implementation
of a DT for production logistics. Therefore, different requirements must be met as well. These requirements for a
DT implementation have not been systematically surveyed and addressed so far. All the literature analyzed deals
with discrete production systems, without addressing logistics challenges in the process industry. Despite the
description of various information sources, no data models could be found that would allow the DT to be
independently connected via APIs. As described, much of the analyzed literature deals with the creation of VMs.
Thus, the real-time capabilities and the connection with the physical entity as well as the service system are often
neglected. This should be considered in more detail in future research. Overall, only a few fully implemented DTs in
industrial environments for production logistics processes could be found. To comprehensively determine the
potential benefits in real-world applications in this area, further fully implemented DTs in industrial environments
need to be investigated. Although the use of DTs within the design phase is discussed, virtual commissioning with
DT technologies is not addressed at all. This is supported by a review by Lechler et al., focusing on virtual
commissioning and showing no hits for application in logistics processes 29 Due to the close relationship between

DT and CPS concepts, in future literature reviews, this term should be included to extend the search.

| 3. Conclusions

This work shows current developments and approaches to DTs in this area. The current state of research on DTs
for production logistics processes is highlighted and discussed. Basic concepts, other reviews as well as

implementation approaches are analyzed. An overview of the most common definitions of DTs in this field is given
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and commonalities and differences in the understanding of DT are presented as a basis for further discussion.
Detailed analyses of reviewed case studies show possible application areas as well as objectives addressed by the
different DT implementation approaches. The technologies used for the creation of the VM are also considered.
Research gaps and possible future research directions in this area are also identified and discussed. In sum, it
must be stated that investigations regarding the application of Digital Twins in production logistics are still in an
early stage of development and profound industrial applications are still missing. This can be seen as motivation for
future research initiatives which aim to combine theory-based explorations of logistics systems with a set of

empirical research methods.
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