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Abstract. This paper considers the virtual 
commissioning of an industrial robot. An industrial 
robot with peripherals is formed as a Cyber-Physical 
System. Virtual commissioning uses the Software-in-
the-Loop method, where a co-simulation interfaces the 
emulation of a virtual controller from ABB 
RobotStudio with the digital twin of the industrial robot 
application in Tecnomatix Process Simulate through 
the VRC server. The objective was to provide a 
functional interconnection between the simulation 
model of a robot workstation and the control software 
for the industrial robot with peripherals. The result of 
this interfacing is to replace the RCS system and test 
the functionality of the proposed VRC system on a case 
study. 
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1 Introduction 

The digitalisation and virtualisation of industrial 
processes have made significant advances in recent 
years, transforming traditional production methods and 
processes. (Gašpar et al., 2023; Sharma et al., 2023) 
Digitisation enables the conversion of physical 
processes into digital form. Virtual models and 
simulations provide a detailed view of the functionality 
and behaviour of systems before they are deployed, 
allowing us to identify and correct potential problems 
in the early stages of development.  

Virtual Commissioning (Pullnig, 2023) is the key 
tool in this process. It uses advanced software tools to 
create faithful digital twins of industrial equipment and 
systems that can be tested and optimised in detail in a 

simulated environment. This approach reduces the 
risks associated with physical installation and 
commissioning and significantly reduces the time and 
cost required to implement new technologies. 

Industrial enterprises must integrate cyber-physical 
systems (CPS) that combine physical and digital 
components into a single whole as part of their digital 
transformation. (Jazdi, 2014) Such systems enable 
comprehensive real-time analysis and optimisation of 
manufacturing processes, thereby improving their 
performance and reliability. Virtual commissioning 
using Software-in-the-Loop (SiL) strategies is 
essential in this context. It enables realistic testing and 
debugging of systems, leading to smoother integration 
and higher quality of the resulting solutions. 

Software in the Loop (SiL) is one of several 
methods used for virtual commissioning. SiL is the 
most effective method for testing and validating 
control software in a simulated environment where the 
software interacts with virtual models of equipment. 
(Ayed et al., 2017)It's particularly advantageous when 
physical components are not available or when their 
use is costly or impractical. SiL enables engineers to 
detect and fix software bugs before deployment in real 
operations, significantly reducing implementation 
costs and risks. 

In addition to SIL, there are other methods such as 
Hardware-in-the-Loop (HiL) and Model-in-the-Loop 
(MiL). (Shylla et al., 2023) HiL integrates physical 
components into a simulated environment, allowing 
real devices to be tested under the control of simulated 
software. MIL, in turn, allows software testing using 
models of mathematical and physical systems. Each 
method has its own specific advantages and is suitable 
for different stages of development and testing. 

SiL is particularly suitable for projects where 
detailed and repeated testing is required without the 



risk of damaging expensive physical equipment. It 
provides flexibility and the ability to iterate quickly, 
which is crucial for developing complex systems in a 
dynamically changing industrial environment. 

There are two main ways of programming 
industrial robots. (Kelemen et al., 2018; Vagas & 
Romancik, 2023) One is online programming, which is 
ideal for small projects in SMEs where it is easy to 
manipulate products without a large number of 
peripherals, or in the case of robotic devices for arc 
welding, where workflows and products are often 
changed flexibly. In this case, the programmer 
connects to the real controller of the industrial robot, 
configures the communication with the peripherals and 
directly creates the program. (Kohrt et al., 2013; 
Marcinko et al., 2024) 

The second way is the offline programming method 
(OLP, OLRP). OLP is the general term for offline 
programming, which is used for industrial robots. 
(Bilancia et al., 2023; Vocetka et al., 2020)OLRP is a 
method for programming industrial robots through 
software that includes a virtual controller. Offline 
Robot Programming (OLRP) is often used by 
integrators and manufacturers of whole robot solutions. 
This solution is an introduction to Virtual 
Commissioning. It allows the simulator to program, 
deploy and reprogram its solution several times 
without the use of a physical device. The program can 
be debugged on a virtual model. By programming 
robot functions in a virtual, offline environment (on a 
computer), OLRP eliminates the need to take robots 
out of production. This significantly increases 
productivity and the bottom line. The industrial market 
has a number of software solutions. You have two 
options: an OEM solution from the robot manufacturer 
(ABB RobotStudio, Fanuc RoboGuide, KUKAsim, 
Motosim, etc.) or an agnostic solution (RoboDK, 
Tecnomatix Process Simulate, Delmia, Robomaster, 
Visual Components, etc.). 

2 Related Work and Background 

The issue of virtual commissioning has been addressed 
by a number of authors. These contributions focus on 
several areas, on the creation of simulation models (J. 
Wang et al., 2023), behavioural models (Strahilov & 
Damrath, 2015; Süß et al., 2016), or for case studies 
(Ugarte et al., 2022). Most of the literature focuses on 
the PLC systems themselves, which is understandable 
given that these are the main focus of research in the 
field. However, if we are talking about IRC systems 
and virtual commissioning, the situation is different.  
The authors (Ben Ayed et al., 2017; Shylla et al., 2023) 
dealt with this issue, but used Open Source solutions 
such as ROS and Gazebo. Authors (Wallner et al., 
2023) were interested in the concept of a robotic cell, 
but primarily with signals for the machine and not for 
the robot. 

Before we deploy virtual commissioning for 
industrial robots, we must define and characterise the 
relevant terminologies and technologies.  
• RC/ IRC: Robot Controller/ Industrial Robot 

Controller. Robotic controllers are an essential part 
of industrial robots. The robot's controller is a 
computer system that connects to the robot to 
control its movements and movements of the 
robot's arm. The controller also controls the end-
effector and prevents interference from occurring 
within the robots work area. All industrial robot 
must be paired with a controller in order to operate. 
(Khatib & Siciliano, 2008) 

• PLC: PLC stands for Programmable Logic 
Controller. They are the gold standard for 
controlling automated systems in industries. They 
are the pinnacle of control systems, and they are 
now replacing hard-wired logic relays at a large 
scale. (Bolton, 2006) 

• Co-simulation: Co-simulation is an emerging 
enabling technique, where global simulation of a 
coupled system can be achieved by composing the 
simulations of its parts. (Gomes et al., 2018; Li et 
al., 2014) 

• Emulation: Emulation is the use of an application, 
program, or device to imitate the behaviour of a 
different program or device. We use a PLCSim for 
the emluation of the real PLC or Virtual Controller 
ABB for industrial robot e.g. (McGregor, 2002; 
Mykoniatis & Harris, 2021) 

• Behavioral model: Behavioral Model is specially 
designed to make us understand behavior and 
factors that influence behavior of a System. In our 
case, it is the components of a manufacturing 
system and a mathematical description of the 
behaviour of these components. (Stegmaier et al., 
2023) 

• RRS/ RCS: Realistic Robot/ Controller Simulation. 
This interface enables a standardized integration of 
motion software for robot controllers with 
simulators. Hence, the motion software of any 
robot manufacturer can be integrated into any 
simulation system. Today the RCS-Interface is the 
world-wide de-facto standard for precise 
simulation of robot motion behavior. (ROZITEK, 
2023) 

• VRC: Virtual Robot Controller. The VRC-
Interface Specification aims at integrating robot 
controller software almost completely into 
simulators. Furthermore it supports the over-all 
data flow during the development and maintenance 
of installations with robots and automates several 
technical integration aspects. (Fraunhofer Institute 
for Production Systems and Design Technology, 
2024) 
When performing virtual commissioning with ABB 

robots, a connection between Process Simulate and 
RobotStudio can be created and used to simulate a 



complete virtual robot control (VRC) system. Process 
Simulate is designed to read and write information 
from and to RobotStudio. This includes joint values, 
signal values and other relevant data. This allows the 
simulation to visualise and interact with the VRC.   

2.1 Defining the problem 
The integration with the robot will be very tight thanks 
to the OEM solution. The advantage of this solution is 
that we use directly the virtual controller from the 
specific robot we want to use, including it's 
functionalities. However, these software are limited to 
direct programming of the robot and do not have other 
functionalities like large agnostic solutions. When 
integrating robots into production workplaces, it is 
necessary to maintain a precise cycle time. In this case, 
we need to have built-in RCS (Realistic Controller 
Simulation) modules to provide accurate cycle times. 
100% accurate cycle times are important for certain 
industries such as automotive. Another concern is 
safety, collisions, dealing with singularities, etc.  

The implementation process (calibrating the virtual 
world with the real world) is an extremely important 
part of the solution. OLRP is of little value if it does 
not guide the robot to exactly the right coordinates in 
the real world. The OLRP is a program generated for 
the robot via a postprocessor that contains the basic 
trajectories and motions of the robot, and often times 
we know from experience that the online roboticist will 
fine-tune the program on the jobsite or via an OEM 
robotics solution so that the robot interacts with the 
peripherals. 

2.2 The aim of the work 
The objective is to establish a seamless link between 
the robotic workstation simulator and the industrial 
robot controller, integrating inputs and outputs. This 
will leverage the benefits of both solutions. The 
outcome of this integration will be the replacement of 
the RCS system and the testing of the proposed VRC 
system in a real-world case study. 

3 Materials and Methods 

We will use two methods to link and verify 
functionality. The first method is the co-simulation 
method (Hasmukhbhai et al., 2021), which will create 
a joint simulation of the robotic workstation on two 
simulators. The first one will provide the simulation of 
the robotic workstation in the Tecnomatix Process 
Simulate environment. It is necessary to create a full 
model of the workplace with the industrial robot and its 
peripherals and to prepare the model for Virtual 
Commissioning. This means that it is necessary to 
create the necessary signals for the control of the 
industrial robot and the input-output commutation with 
the pefiferia such as the robotic tool. On the other hand, 

it is necessary to create a simulation model for the ABB 
RobotStudio industrial robot with the necessary 
specification and the created virtual controller. The 
time synchronization in the co-simulation between the 
simulators will be taken care of by the co-simulation 
algorithm itself. (Sadjina et al., 2019; L. Wang et al., 
2023) The interactions between these subsimulators 
are synchronized only at discrete communication 
points. The sub-simulators can run in parallel, which 
can speed up simulations of the whole system. Models 
can be efficiently developed in parallel and can be 
easily reused. Ability to include hardware, software, 
and human in the loop relatively easily and 
consistently. Due to its features and benefits, co-
simulation is best used for complex and heterogeneous 
cyber-physical systems. 

 4 Development of the Virtual 
Commissioning Model 

The model workplace will be developed in four basic 
steps. The first step is to create a model robotic 
workstation in the Tecnomatix Process Simulate 
environment. The second step is to create behavioural 
models for the individual peripherals and the industrial 
robot. We then distribute the individual control and 
command signals created for the individual 
connections to the virtual controllers, using the 
Software-In-the-Loop (SiL) method in Virtual 
Commissioning. The last step is to connect the virtual 
controller from the ABB RobotStudio environment via 
the VRC server and test the co-simulation.  

4.1 Simulation model of a robotic 
workplace 

To operate an industrial robot and its workplace and 
create a control programme for the robot and its 
controller using the OLRP method, you have to model 
the workplace. This is done using CAD, where you 
create fixture models, end-effector models and other 
components if they are not already in the database.  

Figure 1. General procedure for the creation of 
models for simulation 



The manufacturer of the single-label markers provides 
models of industrial robots. These models are ready for 
simulation in both types of software, whether OEM or 
agnostic large solution. If we have the models 
available, we need to translate them via CAD translator 
into the necessary format for the simulation. In our case 
it is the *.jt format, Fig. 1. 

The entire simulation model of the workplace is 
designed to verify the collision-free nature of the 
workplace, the reaches of industrial robots, and to 
generate robot trajectories and motions for a specific 
manufacturing application. The simulation model 
works with a virtual controller and MOP (Motion 
Planner) that can control robot motion including 
individual axis, speed and zone configurations. The 
entire robotic program can be translated through the 
postprocessor, where it is necessary to have a virtual 
robot controller installed for ABB robots. This can be 
characterized as offline programming of industrial 
robots, Fig. 2. 

Figure 2. MOP controller setup for the robot 

4.2 Behavioural model for VC 
The entire simulation model can be upgraded to a 
higher level and prepared for virtual commissioning of 
the system. Virtual commissioning is the process of 
using virtual simulation technology to commission - 
design, install or test control software with a virtual 
model of a robotic workstation before connecting it to 
the real system. The created workstation can be used to 
simulate real robot control code and program in 
combination with emulated control hardware (SiL) or 
in combination with real hardware (HiL) in a realistic 
virtual commissioning environment to verify complete 
system function before production starts. 

The kinematic models created for the 
implementation of the robotic workplace simulation 
and offline programming of the industrial robot are the 
basis for the implementation of the behavioral models 
for Virtual Commissioning. Virtual commissioning of 
a robotic system brings together three important parts: 
the digital model (sometimes referred to as the digital 
twin), the controller code that controls motion and 
responds to sensor feedback, and the development 
environment that enables them to run together. The 
digital twin needs a behavioural model, according to 

our research. Models that represent the temporal and 
logical behavior of a production device in relation to 
the corresponding control system are referred to as 
behavioral models. (Skýpala & Ružarovský, 2022; 
Striffler & Voigt, 2023) Behavioural models are 
modelled in a separate simulation and modelling tool, 
which is linked to the control at the input and output 
level. From a management perspective, behavioural 
models represent a 'black box'. The behaviour models 
also serve as a link between the control system and the 
extended geometry/kinematics mode. (Kiefer et al., 
2009) In our case, we created a behavioral model in the 
Tecnomatix Process Simulate LB environment, where 
we defined Entries, Exits, Parameters and Constants 
for the individual kinematic models, Fig. 3. 

Figure 3. Kinematic model of robot and creation 
of behavioural model 

Based on the nature of the motion and behavior of 
the model, we generated inputs and outputs for model 
control, individual variables and data types. The same 
had to be done for the robot control except for its 
peripherals. As can be seen, we thus generated 4 
inputs and 5 outputs, Fig. 4. 

Figure 4. Created signals for robot control 
The behaviour model is thus ready for Virtual 

Commissioning. In our case, we have currently 
prepared the model only for communication between 
the virtual controller emulator and the robotic 
workstation simulation model, in order to verify the 
functionality of co-simulation and to use the proposed 
VRC system instead of the MOP or RCS system. The 
latter needs to be installed and run. If the robot name in 
Process Simulate and the controller name in 
RobotStudio do not match, a new string parameter 
called OLP_VRC_NAME must be created in Process 
Simulate on the corresponding robot instance and set 
to the controller name in RobotStudio. When Process 
Simulate attempts to find a matching VRC instance for 
the robot, it will attempt to do so using the value of the 
parameter in addition to the robot name. In this case, 
either the <RobotName> in Process Simulate or the 
<value OLP_VRC_NAME> must match the name of 
the VRC instance. 



4.3 Virtual controller emulation 
As mentioned, the simulation model must be prepared 
to communicate with the VRC instance. A new folder 
RobotParameterEditor was created in the Abb-Rapid 
folder at \eMPower\Robotics\OLP\. 

Figure 5. Created a folder for communication 
At the same time set other parameters for 

communication. Communication is done on localhost 
via communication port 8523 and the service runs on 
Tecnomatix VRC Server ABB Real Time. Each robot 
instance in Process Simulate (and therefore each VRC 
instance) requires a unique port. An emulation of the 
virtual controller is then created in ABB RobotStudio. 
In RobotStudio, the program or module must exist as a 
global procedure nested under the robot's TASK1. The 
operation can be completely empty (no OLP 
commands or locations) or it can have nested 
information underneath, but the robot only executes the 
code stored in RobotStudio. We can use the Process 
Simulate Upload Programs and Download to Robot 
commands to exchange programs between Process 
Simulate and RobotStudio. 

4.4 Testing the functionality of co-
simulation 

Tecnomatix Virtual Robot Controller Server ABB Real 
Time provides communication between Process 
Simulate and RobotStudio VRC. The server allows you 
to execute robot programs using the ABB VRC, which 
is part of RobotStudio, while connecting to Process 
Simulate for simulation. For proper functioning, 
several parameters need to be set for the server to run 
on localhost, the parameters need to be set on the 
simulation side of the VRC and the same on the ABB 
virtual emulator, and an important point is to have the 
same name for both controllers on both sides. 

5 Results 

The communication between the two controllers was 
successful.

Figure 6. Successful communication via the 
configured VRC server 

We sent several data between the two controllers in 
two software, the robot moved according to the 
instructions we entered through the RAPID control 
program. (ABB Robotics, 2004) We monitored the 
response, but it was not measured, we could monitor it 
currently through the ABB Real Time application. The 
delay was felt just when the 3D simulation model was 
complex and the problem was on the hardware 
performance side. 

Figure 7. Communication between the emulated 
virtual controller and the simulated model via VRC 

Overall, the testing was successful, but future 
testing needs to be done. There is no guarantee that all 
the different parts of the joint simulation will work well 
together. So far there is no general and easy to use co-
simulation solution (software or algorithm). This is 
mainly due to technical problems and the fact that it is 
very difficult to define a universal method that works 
for all kinds of situations and requirements. 

Co-simulation in most cases requires sufficient 
knowledge at the system level and potentially also 
knowledge of the individual models. It is not easy to 
determine where and how to partition the system into 
sub-models, leading to a trade-off between modularity, 
accuracy and performance. This has far-reaching 
implications for sub-model development, collaboration 
and ease of use. 

It is also important to consider how to define links 
between sub-models. In addition, it is necessary to 
define how computational causality between sub-
models is defined.There is a wide range of co-
simulation algorithms to choose from, ranging from 
very simple (which may be slow and inaccurate) to 
quite complex (which may be difficult to tune and may 
have other requirements). The simplest co-simulation 
algorithms support only constant communication 
intervals, so the user must choose the correct interval 
for a given simulation. 

5 Conclusion and Future Work 

Our project involved co-simulation between a robot 
simulation model and a virtual controller emulator. 
Testing was carried out using the Virtual 



Commissioning and Software-in-the-Loop methods. 
Virtual Commissioning is the best way to create a 
digital twin of the system, thus enabling testing and 
verification of functionality prior to its physical 
deployment. This involves the creation of detailed 
models of the behaviour of individual components and 
their interactions, thus reducing the risk of errors and 
increasing reliability. 

We created behavioural models for this project to 
simulate the robot's motion in detail, including its 
movements, speed, acceleration and interaction with 
the environment. These models included mathematical 
representations of the control algorithms that govern 
the robot's movements. For example, the simulations 
included controlling the robot's arm motion, its 
interaction with objects, and its responses to various 
sensory inputs. 

The virtual controller emulator has been designed 
to faithfully mimic the logic and responses of a real 
controller. This included the processing of control 
commands, synchronization with the robot simulation 
model, and consideration of time delays that may arise 
in real control. 

Testing using the Software-in-the-Loop method 
allowed us to simulate the control algorithms in a 
software environment before implementing them in a 
physical controller. This approach provided the ability 
to thoroughly verify and optimize the control 
algorithms in a controlled virtual environment, 
minimizing the risk of errors when deployed in a real 
system. Preliminary testing results indicate that the 
implementation is functional, however, more detailed 
testing will need to be performed in the future for full 
confirmation. It is also necessary to validate the 
communication at the signal level through a PLC 
emulation such as PLCSim Advanced. This would 
confirm the relevance of deploying the Virtual 
Commissioning method for industrial robots and their 
peripherals as cyber-physical systems.  
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