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Abstract: The increasing digitalization of production processes and current technological developments
make it possible to use sophisticated digital product models or virtual images of industrial and technical
processes, so called digital twins. In this paper a digital twin is created using different development
environments and systems, such as Simulink®, B&R® control, CAD design environment and OPC-UA
communication. The creation process used is verified and simulations are performed with the created
digital twin to test and validate its behavior and efficiency compared with the physical model. Then
the two systems, which are the digital twin and the elevator model, are linked together so that the
communication between the two can be verified. The ability to communicate with the real world is one

of the main characteristics of an optimal digital twin.
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1 Introduction

The digital revolution is spreading to all areas
of life and sectors of the economy, so thanks to
digitization, many products and services that did
not exist five to ten years ago are now taken
for granted, such as autonomous driving, digi-
tal medicine and the use of robots to perform
surgery, smart homes [1]. Digitalization, which is
currently being carried out by companies in vari-
ous industries, is contributing to the development
of new technologies. These allow companies to
reduce costs and significantly increase and opti-
mize the efficiency of industrial processes [2]. For
example, in architecture, digital design methods
known as BIM (Building Information Modeling)
have been used for more than a dozen years. The
idea is to use an information database to create
a three-dimensional model that can be used to
manage the entire life cycle of the object until its
demolition [3].

Current developments in digitalization and in-
creasing global competition make the use of vir-
tual simulation tools and the merging of the phys-
ical and virtual worlds a key factor for quality
assurance and productivity [4]. One of the most
promising optimization areas of Industrie 4.0 is
the creation of digital twins of individual plants
or even entire production complexes. The digi-
tal twin is created using a simulation model (also
known as a digital prototype) for a physical ob-
ject, a piece of equipment or an entire process.
The simulation model is created specifically for
certain economic or industrial purposes and is
then used to analyze the behavior of the ob-
ject [5]. In addition, the digital model is con-
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stantly updated to fully match the current oper-
ating mode of the actual plant. The digital twin
must therefore be supported by a suitable data
model that structures information about the op-
eration of the system, its history, its behavior and
its current state [6]. In this way, for example, un-
foreseen process changes can be detected, plant
operation can be optimized, and breakdowns and
accidents can be prevented. This reduces main-
tenance costs and prevents unplanned downtime.
The concept of the digital twin involves connect-
ing the physical and digital worlds through the
interaction of equipment and analytics software,
fully adhering to the key principle of Industrie 4.0
7.

2 Digital twin

The concept of the digital twin was first intro-
duced by Grieves during one of his lectures on
Product Lifecycle Management (PLM) at the
University of Michigan in 2003 [8]. Up til now,
the digital twin has become one of the most
widely used technologies. Due to its enormous
significance for revolutionary industrial develop-
ment, the digital twin is attracting more and
more attention in the industry. Many well-known
companies are using the digital twin in their own
companies, including, for example, NASA, AN-
SYS, Siemens, Oracle and many others [9]. The
most typical applications of the digital twin are
listed below.

2.1 Application area

Cyber-Physical System (CPS): The develop-
ment of the digital twin as a real-time representa-
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tion requires the digitization of the physical ob-
ject, combining technical and operational data.
In a manufacturing environment, sensors, com-
munication systems, and embedded systems must
be integrated with machines and other elements
of the manufacturing system. The collected data
has to be transferred over a network from the
physical object to its digital representation in
the information world. By adding actuators to
the physical object, calculated instructions can
be transferred from the digital twin back to the
physical world. This concept of combining physi-
cal processes with computation is already known
as Cyber Physical System (CPS). [10, [6]

Prototyping: The digital twin offers the pos-
sibility of prototyping and customization of prod-
ucts, which implies high reliability in simulation
and analysis. Therefore, it is necessary to deal
with the kinetic motion, control logic and sensor
arrangement at the equipment level. Thus, vali-
dation of the execution logic and control test in
the scene view can be performed directly in the
digital model instead of waiting for the physical
model to be built for testing. The test results can
be used to quickly pinpoint the cause of failure,
eliminate design flaws, and examine the system
in advance to determine if it can meet practical,
custom requirements. This can improve product
efficiency and functionality, reducing integration
cost and time [I1].

Production monitoring and simulations:
An important application of simulation is to esti-
mate the expected uptime of the system. In this
regard, a digital twin can track its lifetime based
on the wear and tear of the physical twin. With
the help of simulation, the digital twin can esti-
mate the remaining life of the physical system and
schedule maintenance accordingly. However, pre-
dictive maintenance can be used to estimate how
long the physical system is expected to continue
functioning normally, and this knowledge can be
used to plan and execute system shutdowns in ad-
vance rather than waiting for the physical process
to fail, which can be both costly and potentially
catastrophic. [12].

2.2 Requirements

As described in the introduction, a digital twin
consists of a set of models and systems that
represent certain aspects of the real system.
These models include CAD models, physics-based
model component control systems, and real-time
communication mechanisms [7]. This work ad-
dresses the creation of a digital twin for an eleva-
tor system for which the following requirements
have been defined:
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Optimal modeling and functionality: A
digital twin should not be a general repre-
sentation of a system, but a direct one-to-one
replica of the real system. Modeling accuracy
is an essential aspect of using the concept of
a digital twin and is the most important fac-
tor that distinguishes traditional simulations
from a digital twin [I3]. The model should
meet the same driving and operating condi-
tions as the real system.

adaptability. However, it should also be
flexible enough to allow users to update the
model as system and environment proper-
ties change without having to reconstruct the
model [14].

Application Concepts:. Design of a com-
prehensive model that can be used as a basic
building block for the specific application of
a digital twin, e.g. simulation, virtual com-
missioning and control application [15].

Application Concepts:. Development of a
comprehensive model that can be used as a
basic building block for the specific applica-
tion of a digital twin, e.g. simulation, virtual
commissioning and control application [15].

Communication interface: A digital twin
has to have communication interfaces with
the physical plant. These interfaces form a
link between the physical and digital compo-
nents [16].

Real-time simulations: In the digital twin
there are two spaces, one physical and one
virtual. The virtual space is the real mirror
image of the physical space and should have
the highest possible synchronization and ac-
curacy with the real space [11].

3 Elevator model analysis

A physical elevator model for nine floors serves as
the control system or object for which a digital
twin has to be created, with many details being
realistically reproduced. The elevator model was
built by students of the Department of Computer
Architecture at the University of Kassel and is
made available for practical work and projects in
the department [I7]. The elevator model has mo-
tors for vertical movement for two elevator cabins
in one shaft and for closing or opening the ele-
vator cabin door, a power supply from B&R®,
a number of measurement, safety, and condition
monitoring components. Figure[l|shows the front
view of the model with the motors and power
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supply installed. This part describes the compo-
nents, actuators and sensors used to develop an
automated system and create a digital twin.

Figure 1: The elevator model

3.1 Actuators
e Stepper motor: The up and down move-
ment of the elevator car is performed by a
stepper motor from B&R®.

e DC motor: For closing and opening the
elevator car door, a DC geared motor from
FTB-Bertsch is provided.

3.2 Sensors
e State sensors

— A floor sensor is installed on each floor.
This has the task of determining the ex-
act stopping position and the current
state of the elevator car.

— The car door has two limit switches that
signal whether the door is open or closed.

e Safety specific sensors: For safety rea-
sons, the system is equipped with two limit
switches on the upper and lower floors and
an emergency stop switch.

3.3 Operating keys

In the elevator there are two types of service but-
tons, the call button on each floor and the trip re-
quest buttons, which are realized with a keypad
and allow passengers to select their destination
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floors. These are realized in this work with the
help of the visualization on the controller.

4 Implementation

4.1 Procedure

The biggest challenge in successfully implement-
ing a digital twin today is the lack of coordi-
nation between the design, simulation and con-
trol environments. This is due to the fact that a
wide variety of software is available on the mar-
ket for the aforementioned development environ-
ments and therefore there cannot be a univer-
sal standard that covers all types of software. It
is therefore crucial to provide a common plat-
form on which all three environments can con-
tinuously interact and evolve the implementation
process [18]. To this end, it is necessary to find
a communication mechanism that enables collab-
oration and data exchange between all the de-
velopment environments involved, while at the
same time meeting the requirement for platform-
independent real-time communication, as shown
in figure 2.
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(Simscape)

Multibody |
lin] v v
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:Plug»ln : SIMULINK —~

%
DS SOLIDWORKS
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Sensors
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Figure 2: The implementation process of the dig-
ital twin

Within the scope of this work, a digital twin
is to be created in Matlab® /Simulink® for an
elevator system based on a CAD model. The dig-
ital and real systems are to be controlled with a
B&R® controller and communicate and exchange
data via an OPC-UA connection. In the first
step, SolidWorks® is used to create a CAD model
of the system, which is translated into a suitable
file and transferred to Matlab® / Simulink®. In

the next step, the model created in Simulink®
is extended to include the drive and monitoring
components and simulation blocks. Then, the
components added to the model are specified with
the physical properties of the real system or com-
ponents, and the control program is created in
B&R® Automation Studio®. Subsequently, the
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OPC-UA interface, which is used for communi-
cation and information exchange between the in-
volved development environments, is configured
and set up. In addition, a virtual commissioning
is performed based on the created model to test
the functionality of the overall system and verify
the similarity of the digital model with the real
system. On the one hand, the communication
mechanism used can be checked for its efficiency
and real-time capability, and on the other hand,
the implementation process can be validated.

4.2 Creation of the CAD model using
SolidWorks®

In this section, the 3D model of the elevator was
created taking into account the main features
of the physical elevator model, so that the de-
signed model corresponds to the behavior and
kinematic characteristics of the real installation.
Solidworks® software, which allows transition to
Simulink® environment, was used for the design.
A simulation model or a digital twin can only be
created with an assembly in which a number of
components or subassemblies are assembled and
linked together. This creates interaction between
the individual parts of the model, which in turn
allows the control system to be implemented and
the motion analysis to be performed [19].
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Figure 3: The 3D model of the elevator

Then, an XML file that will be imported into
the Simulink® environment for further analysis
and processing of the model in the following part
was generated.

4.3 Create a Simulink® model based
on a CAD model

After successfully generating and importing the
XML file, the 3D model of the elevator system
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was also integrated into Simulink®. Here, the el-
evator parts and components were converted into
blocks and configuration functions. Using the
Simscape™library, the required actuators, sensors
and components were created, taking into ac-
count the electrical parameters as well as the me-
chanical properties and functionality of the real
components. In a further step, these were added
to the elevator model and connected to the cor-
responding elevator parts and prepared to ensure
the desired behavior and functionality of the over-
all system.

Before running the simulations, a real-time
kernel has be installed in Matlab® and the as-
sociated function block Real-Time Sync has be
added to Simulink® to ensure that the real-time
application runs in real-time.

fion View Tools Window Help
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Figure 4: Mechanics Explorer with the dynamic
3D view of the elevator model.

As shown in figure 4, the development of
the simulation model is now complete and the
next steps include designing the control pro-
gram and establishing communication between

the Simulink® and the B&R® controller.

5 Elevator control program

development
To control and monitor the operation of the ele-
vator system, a PLC (Programming Logical Con-
troller) controller is used, which is connected to
the model via appropriate interfaces. The PLC
can easily withstand the fault situations that oc-
cur in industrial environments and meet all the
specific requirements of the elevator system [20].
The elevator control system implements the re-
ception and management of travel orders from
passengers and the analysis of measured values
for the current position and travel characteristics
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of the elevator. The main objectives of the eleva-
tor control system are:

e Minimizing the travel times.

e Getting the elevator cabin to the right floor
with positioning accuracy.

e Maximizing passenger comfort by providing
a smooth ride.

e Acceleration, deceleration and travel within
safe speed limits, etc. are critical to ride com-
fort, elevator performance and power con-
sumption.

5.1 Process analysis

The control program deals with the logic required
to move the elevator between floors according to
the following structure:

e Presence of a management system that re-
ceives and processes the requests. These deal
with elevator calls and destinations entered
by passengers. The control system starts
with the collection of these requests.

e If multiple requests are received, they should
be listed according to a predefined schedule.

e The elevator then starts moving according to
the created request list.

e The cabin reaches the desired destination.
e Opening or closing the door.

e If an elevator has no requests, it remains on
its current floor with the doors closed.

5.2 Modeling of the control logic
To model the system behavior, the basic state
definitions are listed first:

1. Initial state: The elevator stops on a cer-
tain floor

2. Upward movement: The elevator is mov-
ing upwards.

3. Downward movement: The elevator is

moving downwards.

4. Door opening process: When the elevator
car reaches the passenger’s destination floor
or the desired floor call position, the elevator
door must be opened.

5. Door closing operation: The elevator
door should be closed after a certain time set
for the door opening process.
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6. Waiting state: The elevator stops on a cer-
tain floor and waits until the passenger enters
or leaves the car.

Time >T#As v Tecniessen

Figure 5: State Transition Diagram for the Ele-
vator Controller

To illustrate how one state transitions to an-
other, the relationships between states are repre-
sented in a state transition diagram, as presented
in figure 5. The diagram is represented by the al-
lowed process states and the corresponding events
that trigger the state transition. The main ad-
vantage of modeling is the representation of the
process logic and flow in a clear sequential form
[21].

5.3 Implementation of the program in
B&R® Automation Studio®

In this part, a control program was developed
in Automation Studio® for the elevator model
based on the finite state machine. Using the
diagram, additional analysis of the control logic
could be performed to verify that the control logic
was implemented correctly before it was trans-
lated into a structured control program.

4 -5 @ Ofewsn -] # Qo vetaut

s RUBRET M S QES
o

Figure 6: Visualization configuration
In the present work the visualization is used

both for the realization of the operation (desti-
nation input field and call buttons) and for the
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display of the current state of the elevator of
the elevator components. For example, it shows
where the elevator is and is currently located and
whether the door is currently open or closed. This
can be created and configured as shown in figure

(6]

6 Communication

In the development of a digital twin, the use of
a communication mechanism that enables secure
communication between the two systems in real
time plays a very significant role. This is because
one of the key properties of a digital twin is the
ability to mirror its corresponding physical twin
accurately and in real time, which requires con-
stant monitoring of the physical twin via sensors

OPC-UA
Client

MATLAB
SIMULINK

PLC Actuators / Sensors

Figure 7: OPC-UA Client-Server

6.1 OPC UA

OPC-UA is based on the client-server model,
where the client connects to the server. The
server provides available data to other devices,
applications, and methods. Thus, the client can
receive the information provided by the server
and perform a number of operations on the server
[23]. The digital twin created in this work is
created using OPC-UA communication between
the B&R® controller (OPC-UA server) and
Matlab® /Simulink® (OPC-UA client). Both
server and client should be activated and config-
ured on both systems.

6.2 Server configuration in
Automation Studio®

Automation Studio® offers a fully integrated
configuration of the OPC-UA server, which can
be activated via the CPU configuration and thus
defines a communication address. The server
properties such as port, access encryption, trans-
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mission cycle times or the number of linkable vari-
ables can be defined in the server configuration.

6.3 Client Implementation in
Matlab® /Simulink®

The client is essentially used for data processing
and method invocation of the server. The main
functions of the client are to search and connect
to the server and to read and write server data.
These are implemented using Matlab® code in
which server data such as communication proto-
col, IP address, port number and variable data
type are defined. In addition, a set of functions is
defined to identify the server or create the client

23].

o OPCUARead is used to read the variables
provided by the B&R® PLC controller in the
server. These are fed to the Simulink® model
and used to control the digital twin.

e OPCUAWTite captures the sensor data from
the Simulink® model and transmits it to the
server. In this way, the information is pro-
vided by the respective system components
for the two systems.

e The connection function allows to identify
the server, set up secure channels and estab-
lish the connection.

After the read and write functions have been
implemented by OPC-UA, they can be added to
the model and connected to the corresponding
components.

Real-Time
Syne

Steuerungssignal_Tur_DC

Steuerungssignal_Kabine_SM

OPC_UA Lesen

[Lichtschrank1] El
[Lichtschrank?] }blzl
e, —

Ta

Fahrstuhl_Modell

OPC_UA Schreiben

Figure 8: Digital twin for the elevator system
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7 HIL simulations/virtual

commissioning

In this part, after the simulation model was cre-
ated, the controller was configured and the com-
munication between PLC and Simulink® was es-
tablished, the simulations were performed to ver-
ify the behavior and efficiency of the created dig-
ital twin. The simulations were made in two dif-
ferent parts. In the first part, a virtual commis-
sioning was performed by connecting the digital
twin to the PLC via OPC-UA. This allowed the
validation of the PLC program, the mechanical
design and the model components.

@ O S ot Gotiom O it W Oubg Vrioanate Onkos e —

leowel @) =iz

Figure 9: Simulation implementation

In the second part, the physical plant was then
added and connected to the PLC via the Ether-
net interface so that the communication between
the systems involved could be tested for real-time
capability and efficiency.

O Bt e G Giren P Wan G Vesarane e el

ool =55 @) =0 —— | meirs

Figure 10: Simulation implementation

8 Conclusion

One of the most promising optimization and mod-
eling technologies is the digital twin. This is the
development of a digital image of a given product
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that captures its characteristics, state and behav-
ior. The development of design, simulation, con-
trol and communication environments allows not
only the creation of geometric models or formal
representations of objects, but also the perfor-
mance of various studies based on these digital
twins, including kinematic and dynamic analysis,
etc.. In this way, the created digital twin or prod-
uct can be tested and verified for efficiency and
functionality.

In this work, a digital twin for an elevator
system was designed using various development
environments and systems, including Simulink®,
B&R® control, CAD design environment, and
OPC-UA communication. The design process
was divided into three main parts, namely model
design and construction, component modeling,
control program development, and communica-
tion setup. In the first part, a 3D model of the
elevator system was designed using Solidworks®.
The available process data, such as model di-
mensions, materials and component design, were
converted into a corresponding 3D structure,
which was then translated into a file executable
in Matlab® / Simulink®. In the second part, a
Simulink® model was successfully created using
the file generated in Solidworks®. This part dealt
with the creation of the required elevator drive
components, namely the stepper motor and the
DC motor, and the completion of the model with
the required sensors and switches. In the final
part, based on a state transition diagram showing
all the permissible process states and the corre-
sponding events, an analysis of the process logic
was performed and a PLC program was created.
After transferring the PLC program to the con-
troller, the OPC-UA connection between the dig-
ital twin and the real plant was established via
the PLC. For this purpose, both a client and a
server were created and configured accordingly.

The goal and purpose of the work was achieved
by implementing the digital twin using real-time
communication with the real plant. With the
help of the simulation, it was possible to show
that both the individual components and the
overall model created exhibit the same behavior
as the real plant. The real-time capability of the
communication between the two systems was also
verified and validated.
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