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Abstract: As technology advances, companies are increasimjhg technologies such as computer simulatiodls an
digital twins. These technologies enable monitgramalyzing and optimizing the performance of psses in real time.
They are also very useful in testing new ideass Bilicle presents the concept of using discred@tesimulation as an
integral part of the digital twin in the design aadalysis of intralogistics processes. The autpoopose using the
Enterprise Dynamics discrete event simulator tatera digital twin of the AMR vehicle. For this pose, they assessed
the available technologies and the possibilitiethefr cooperation within the proposed digital twin

1 Introduction identification of bottlenecks in the analyzed pres®ss.

The Fourth Industrial Revolution has caused mote arf his method is also used to create digital twirsdming
more companies to use modern technologies in théfteir integral part. DES tools take over the rdie digital
organization. This is due to the fact that compmnéguire  twin, performing simulation software tasks on reale
continuous improvement of their processes in otder data generated by IoT devices embedded in the qatysi
ensure competitiveness, efficiency and adaptabiliis ~ twin [6,7].

trend is quite noticeable in the manufacturing Btdu One The aim of the article is to propose a conceptsirigi
of the most popular and increasingly widely usethis the DES tool as a digital twin in mtrqloglstlcs',)pesses.
digital twin technology [1-4]. This technology isfihed as The structure of the article is as follows. The

a virtual representation of a real object, systemrocess. introduction presents the characteristics of diditans.

A digital twin is created using real-time data and he second chapter contains a review of the liteeain
simulation and modeling techniques. The purpogheif the area of digital twins and discrete event sitiura It
creation is to reproduce the behavior, charackesisind also presents examples of implementing digital $wim
functioning of physical counterparts. They are usethe industry. The third chapter Methodology presents th
area of continuous improvement of production anBroposed research methodology. In the next chatfter,
intralogistics processes and increasing operation@Wthors propose a concept of using the DES sinmueto
efficiency. There are a number of benefits assediatith ~an integral part of the digital twin. The wholeielet ends
their use. These include the ability to predicteptional  With @ summary.

situations, better risk management, the abilityntanitor ) )

the process in real time and identify bottlenedise use 2 Literaturereview

of a digital twin (DT) also contributes to cost vetion and Digital technologies enable precise monitoring and
more complete achievement of sustainable goalsth&no control of production and intralogistics processesich
benefit of using a digital twin is the ability tdfectively contributes to their higher efficiency. Their useables
manage resources. Their monitoring contributesaking ongoing detection and elimination of potential
rational business decisions [5]. A digital twin@ksllows irregularities. One of the increasingly commonlgdisools
companies to introduce new products to the maddiee. are discrete event simulators and digital twinscEss
A digital twin is therefore a tool that can suppdetision- modeling using discrete event simulation concerns
making by providing full insight into real data andprocesses in which all changes in the simulatiodehare
processes. In parallel with the growing interestamd represented by events that occur when specificitonsl
application of digital twins in the industrial sect occur. Since discrete event simulation models anemhic
computer simulations are used. One of the mostlpopuin nature, the current value of the simulated tineuld be
simulation modeling methods used in the area odfracked as the simulation progresses. It is alsesgary to
production processes is discrete event simulaf@S). use a mechanism to shift the simulated time fromaiue
The method is very useful in the analysis of strred  to another. This results from the fact that timsuibject to
workflows, optimization of resource allocation andabrupt changes depending on the occurrence ofetiscr
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events [8-11]. There are many discrete event simnla production process and the conducted studies shthaed
tools available on the market. The most populalughe: DES provided more accurate forecasts of future
Arena, AnyLogic, Enterprise Dynamics, FlexSim, Simi performance and unforeseen problems in the nearefut
Plant Simulation, Simul8 [12]. In most cases, tbftvgare compared to the forecasts of traditional DES usinty
available on the market allows building models fronhistorical data. An example of using the Flexsirsctite
ready-made objects, for which it is necessary terdéne event simulator to implement a digital twin in @guction
input parameters, relationships with other objectd the environment is also presented in [15]. The autlodrthe
correctness of the process course. After building wsork [16] proposed a digital twin solution based an
simulation model, simulation experiments are cdroet discrete event simulator and RFID technology. Tiesied
on it. The process taking place during the expamtniea the proposed solution on the example of warehouse
reflection of the real process. Studying the preagsing management. The authors of the work [17] also deigtt
simulation models allows for analyzing the chamasties the topic of integration of DES and DT technologlaghis
of the process taking place during the simulationase, the authors used Tecnomatix software. Thialdig
experiment and allows for determining the impaanhpiit model developed in this package was connectedéo th
parameters on the behavior of the modeled probessig physical object using KEPServerEX and TSN
the process simulation, a larger number of expearismean technologies. The authors of [18] also presenfawposal
be carried out using different values of input paeters. to use DES technology in DT. Using the Simio sofenes
The obtained results, which are most often preddntthe an example, they tested the proposed solution for
form of reports and graphs, are subject to furtimedysis supporting decisions in the area of logistics psees
and allow for selecting the optimal solution. Tleweloped taking place in the enterprise.
simulation model can also be subject to continuous Based on the literature review, the authors decided
modifications, and for the new versions of the niodepropose a concept of using the DES technology as an
subsequent simulation experiments can be carried ou integral part of the digital twin in the design ashlysis
Simulation models in their basic form don't includeof intralogistics processes.
automated data flows between the digital and physic
worlds. In most cases, they use historical datd [l8ey 3  Methodology
are characterized by varying degrees of statibiégause  The article proposes a concept of a digital twiselh
in some models, data can be manually updated. ©n #n discrete event simulation enabling the desigd an
other hand, a digital twin has a close connectiefwben analysis of intralogistics processes. For this psep a
the digital and physical worlds. Its characteriétiature is  conceptual design was developed, which is the dtesge
complete bidirectional data exchange (Figure 1). of the design process, which aims to develop génera
assumptions for the future solution. As part of the
developed concept, a literature review was conduaiel

Digital Model Digital Twin
| Object Physical Object the current state of knowledge on the integritydigfital
twins and discrete event simulators was assesseéstirig

bject Digital Object

Phvsi

Digital O technological solutions were also reviewed. Thesahof
the developed concept is presented in Figure 2.

— Manual data flow
— Automatic data flow

Figure 1 Data flow in the digital model and digital twin

) Databases

Continuous two-way communication and data flov g™ .
between the digital and physical worlds is possibénks e -
to the use of 10T sensors. These are devices asalléct o
and transmit data over the Internet using technesoguch @ .
as wireless technology, big data, cloud computifige :
authors of [6] note the strong connection betweESRAnd  sscurity
DT. They pointed out that future research in thisaa ]
should focus on solving the limitations and meetihg
requirements for integrating DES with DT, and tham
using DES and DT as a single technology.

Currently, some researchers have taken up the ¢bpic
the possibility of using discrete event simulateithin the
digital twin. One of such works is [_14]. Its au.tbor Figure 2 Concept of using a digital twin with a DES simulator
developed a DES system that uses online data tmiap inintral ogistics processes
forecasts. The Flexsim software used by the autdiish
allows real-time connections with servers, datahaaed
even PLC controllers. The object of the research the

O
Artificial Intelligence

A}
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The assumptions of the proposed concept are pegsent  Omron has a built-in Advanced Robotics Command
in the next chapter using the example of an elemktite Language (ARCL) that enables the integration déet fof
intralogistics process. autonomous mobile robots (AMR) with an externateys

(automation, databases) and Integration ToolkiK}I&n
4 The concept of a digital twin based on interface application that enables integration leetwthe
DES technology - results and discussion Fleet Manager system and the end-user client atiaic

In order to present the possibilities of using gitdl ~Manufacturing Execution System (MES), Enterprise
twin in intralogistics processes, an example ohgsa gestource l\lzlsam:m?h (ERP), f\t/r\qarehouse dManage{nent
digital twin using a DES simulator for the analysisd ystem (W ) n he case ol the propose coneaet,
optimization of the operation of autonomous AMR TK layer functionality is helpful, facilitating aanomous
vehicles was presented. Enterprise Dynamics saftwas control of the AMR fleet using standard communiati
proposed as a DES tool. This program can communic ethods. TEG ITK layer enables real-time tracklhglg?

; : o ta. For this purpose, it uses communication alann
(read and write) with any type of database. Itqaipped a - ) :
with a set of lightweight database drivers thavjate fast SUCh @s: RESTful Web Services, SQL with a PostgteSQ

access to SQL database servers [19]. database, RabbitMQ [20]. o _
The communication schema between the digital twin

and the AMR vehicle is shown in Figure 3.

Wiraleas Fleet Manager Wireless Server
[ AMR
Integration Toolkit DES

Figure 3 Communication schema between DT and AMR vehicle

Figure 4 shows a physical object - an AMR vehiclé a Table 1 Matrix of length
its digital equivalent modeled in the ED software. Par ameter Description
Speec(m/s’ Maximum AMR spee
Acceleration (m/s AMR Acceleratiot
Deceleration (m/s AMR deceleratio

Include deceleration Slowing down at each turp
according to the maximum
permitted speed rule (m/

Min. angle (°) Minimum turn angle for the
maximum permitted speed (m
to be use!
Max. allowed speed| Maximum allowed speed AMR
(m/s
Load Time Time required to load the goc
UnLoad Time Time required to unload the
good:
Load quantity The amount of goods
transported by a vehicle at one
— . &l ' am time
Battery capacity (At | AMR vehicle battery capaci
Accl. Consumption | Battery consumption for AMR
u (Ah) acceleratio
Figure 4 Physical object and its digital twin Decl. C(Z?sumpt'o” Battery C(;’é‘f;ggﬂg? for AMR
, . , Drive Consumption | Battery consumption while
To properly design a digital equivalent of an (Ah) driving AMR

autonomous AMR vehicle, information about its
parameters is necessary. The software allows thielgeo
be specified by defining its input parameters. Sofithese
parameters can be updated continuously thanksetagé
of a digital twin. A set of such parameters is presd in
Table 1.

Min. Capacity (%) | Minimum allowable capacity, If
the battery capacity drops bel
this value, the AMR ends its
task and goes to the Battery

Charging Station for rechargii
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Creating a digital equivalent and conducting sirtiofa
studies on it allows for the analysis of the irdgastics
process and making appropriate decisions regarifiiag
physical system. Enterprise Dynamics software plewi

two-way communication, therefore the output paramset
resulting from the simulation experiments can bedan
an external database and become useful for theigahys
system.

Atom: AMR

Average St.Deviatior LB (95%) UB (95%) Minimum  Maximum
Average task duration 28.07 0.11 27.10 29.04 28.00 28.15
Number of completed tasks 4213.50 27.58 3965.73 4461.27 419400 4233.00
Status Idle 0.10 0.01 0.05 0.15 0.10 0.1
Status Down 0.28 0.00 0.26 0.30 0.28 0.28
Status TravelFull 0.23 0.00 0.22 0.23 0.22 0.23
Status TravelEmpty 0.30 0.00 0.28 0.31 0.29 0.30
Status Load 0.05 0.00 0.05 0.05 0.05 0.05
Status Unload 0.05 0.00 0.05 0.05 0.05 0.05

Figure 5 Example set of output parametersfor a digital AMR vehicle

Figure 5 shows an example set of output paramfeters
the digital AMR recorded during the simulation o$ i
operation.

The use of a discrete event simulator to creaiezaV
model of the analyzed environment is known andepries]
by many authors [8-11]. Virtual models of intralsiig
systems are created during the design of a physistém.
However, many researchers note that relying sabely
historical data as a reference for the analysisasious
scenarios of the functioning of the intralogistigstem
obtained using the DES model is insufficient. Tifenes
work is being carried out on the possibility ofngiDES
in real time [14,16,17]. In such a case, the sitoalshould

sources in the analyzed process. In the caserafagtstics
systems, in addition to information on parameters
characterizing and influencing the operation of iheans

of transport involved in the functioning of the pess,
other information is also needed. These includeprgm
others, the length of transport routes, placesaiipy up
and putting down the load. Ensuring proper
communication and data exchange between the vahdl
physical models requires a direct connection wifi |
sensors, servers or PLC controllers to ensuretiraal-
communication. The presented possibilities of ughH

as an integral part of a digital twin are subjecttésts
performed on a single element of the system, wiscn

be fed with real-time data, which will increase theAMR vehicle, in order to confirm the technical pibdgies

compliance of the Digital Twin with the real object
Therefore, the first stage is to master and imprihee
methods of communication between DT and the rgabbb
[1,17]. The proposed concept of using the DES satoul
as an integral part of the Digital Twin concerns déinea of

of using such a solution.

The presented work is the first stage of the pldnne
research. The analysis of available technologiektha
developed concept confirm the possibility of uddigS as
an integral part of the Digital Twin. In order tarther

intralogistics currently based mainly on autonomoudevelop research in this direction, it is necessaryarry

systems. Therefore, the use of the proposed comna#pt
provide support and effective decision-making ire th

out a real implementation of DES in DT. During real
research, challenges resulting from the complexdtthe

analyzed systems. The virtual representation of th@oposed solution will certainly appear. The aushglan

intralogistic system and two-way interaction inlréme
with the real world will certainly contribute to eh
conscious and timely management of the intralagist
system.

5 Conclusions

The article presents the concept of using a discret

event simulator as an integral part of a digitahtwlhe
presented concept confirms the possibility of uddiS
technology as one of the main elements of a digitad.
The transition from the stage of a digital modéhjch is
DES using historical data from a physical systemat
digital twin model requires a number of activitemed at

to test the proposed solution on an example irgistics

process.
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