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ABSTRACT

With the introduction of Smart Manufacturing technology in recent years, manufacturers are introducing
automated facilities for increasing operational efficiency, productivity, or becoming automated factories,
and the representative of them is Automatic Guided Vehicle Systems (AGVs). When designing and
operating these AGVs, there are difficulties that abnormal situations cannot be predicted and responded
until the system is actually configured and operated. To solve these problems, it is necessary to preview
and verify systems in a virtual environment in the design stage, and to introduce a Digital Twin (DT) that
can monitor and analyze the configured systems in the operation stage. This paper proposes DT that can be
used for diagnosis, analysis, prediction and optimization in the design and operation of AGVs and verify
its effectiveness through applying real manufacturer which operates AGV system in South Korea.

1 INTRODUCTION

With the advent of the 4™ Industrial Revolution, many manufacturing companies are making great efforts
and developing related technologies to introduce Smart Factory that can flexibly and intelligently respond
to changes in demand (L. Chen et al. 2014). In order to increase the workers’ safety and production
efficiency, a lot of effort is being made to unmanned or automated factories such as Automatic Guided
Vehicle Systems (AGVs) (A. Martinez et al. 2021). When designing and operating these AGVs, there are
difficulties in predicting and responding to possible abnormal situations until the system is actually
configured and operated. Furthermore, as customer needs and product diversity increase in recent years,
the design change of production lines and AGVs is also becoming more frequent and difficult. Therefore,
for effectively solving problems arising from the design, configuration, and operation of AGVs, the need
to introduce Digital Twin (DT) technology that can review, verify, monitor and analyze design and plans
in a virtual environment in real time is increasing (KT. Park et al. 2021). This paper proposes the
configuration and application of DT that can verify design plans and logistics plans when designing AGVs,
and monitor, control, and manage the systems during operation.

2 DESIGN OF DIGITAL TWIN FOR AGV SYSTEMS

Figure 1(a) shows the framework of the DT for design verification and operation management of AGVs
proposed in this paper. From legacy systems such as Enterprise Resource Planning (ERP) and
Manufacturing Execution System (MES), information on real manufacturing sites and manufacturing
activities is transmitted to the AGV Control System (ACS). ACS transmits data such as scheduling, routing,
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and logistics control for production commands to the DT application. DT application generates a simulation
model by synchronizing data from legacy systems or ACS in real time, and simulates its manufacturing
activities in a virtual environment. Through simulating, visualizing, and reporting the simulation events and
results, engineers can monitor the operational status of the AGVs and predict abnormal situations or future
operating situations by controlling the simulation speed. In addition, if routing and scheduling logic changes
of ACS due to layout or product changes are required, the design can be verified by simulating in advance
with the DT.

Digaal TwinApplcaton i
— Oghal Twin - v:mu!emlu J ‘ | simutation Ressts

[ ovecoma ), | oesanveencaon )

(| | (operwany Mansgreare |

(oememes ) | Cremetiomerns )

Tratic Conrat f Abeormat

Setecong

e Logitics Tratiic “Aboormal
— Control Control Dotacti
.._+ Vot Handhog -
oa Ay = | Rouung Scheduling Dispatching

Manutscturing Resource

[ Produet ( Operamon Process Order Work
tomatin ineemaon nformason wtormaton. s
ey ) [ Feciy Cayout e G
tomatan Itcemation informeson Warmatsn intoemanon

(@) (b)
Figure 1: Digital Twin for AGV systems.

3 APPLICATION OF DIGITAL TWIN

Proposed DT application was implemented to a manufacturing company which operates the AGV system
in South Korea. The implemented DT interfaces data directly with the ACS which operated in the real
factory and simulates the manufacturing situations commanded by the ACS in the same way as the real
factory. Figure 1(b) shows the DT generating a simulation model and executing commands assigned from
ACS, and a screen that can monitor the simulation results and AGVSs’ status in real time. By simulating
various situations that may occur in an actual factory, it was possible to verify problems such as the logics
and path finding of the current ACS. Also, by supplementing them, it was possible to increase the operating
efficiency of the manufacturing system.
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