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Abstract—This article presents the digital twin concept, which 

is an augmented manufacturing project created in close 

collaboration by SOVA Digital and the Institute of Automation, 

Measurement and Applied Informatics (ÚAMAI), of  the Faculty 

of Mechanical Engineering, Slovak University of Technology in 

Bratislava with the support of SIEMENS. The project is a 

technological concept focusing on the continuous optimization of 

production processes, proactive maintenance, and continuous 

processing of process data. This project is the basis for further 

work to promote the concept of Industry 4.0. for the needs of the 

industry subjects within Slovakia. Its basic goal is to support the 

existing production structures within the automotive industry 

and the most efficient use of resources by augmented production 

and planning strategies, such as the digital twin presented here. 

Keywords— digital twin, optimization of production, genetic 
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INTRODUCTION 

Presently we stand on the threshold of a technical 

revolution that will fundamentally change the way we live, 

work and communicate with each other. By the current rate, 

scope and complexity; this transformation will be as 

fundamental for humanity as any other technological paradigm 

change from the past. Nobody knows how technology will 

develop in the future, but one thing is clear: the response to 

these changes must be integrated on a global basis from public 

to private sectors, including academia and commercial users. 

We may rightfully call the fourth industrial revolution as a 

digital one; merging technologies that blur the boundaries 

between the physical, digital and biological spheres. 

The rate the current discoveries has no historical 

precedent. In comparison with the previous industrial 

revolutions, the fourth is developed by more of an exponential 

rate than linear; affecting almost every industry in the 

countries around the world. The breadth and the depth of these 

changes foreshadow the transformation of entire current 

production systems and their management. The possibilities 

granted by a billion people connected by mobile devices 

having unprecedented computing power, data storage and 

networking is, truly astounding. These possibilities are 

compounded by the emergent technical breakthroughs in the 

areas such as artificial intelligence, robotics, the internet of 

things, autonomous vehicles, 3D printing, nanotechnologies, 

biotechnologies, materials science, and the future of quantum 

computing. 

 

One of the technological concepts of the 

aforementioned industrial revolution is the concept of the 

digital twin (DT). A DT is essentially a functional system of 

continuous process optimization, which is formed by the 

cooperation of physical production lines with a digital “copy” 
[1, 2, 3, 4]. It creates the digital factory environment, in which 

the company can optimize the operation directly through the 

production chain, manipulate parameters and production 

processes; adapting the product to market requirements. The 

data created during this time paints a comprehensive picture of 

a given product and the production process. A digital twin 

collects and evaluates the information continuously, allowing, 

among other things, to shorten and streamline the production 

cycle, reduce the rise time of introducing new products, 

detecting inefficient settings of the underlying processes. The 

concept of the digital twin, therefore, is built on the principle 

known today as Industry 4.0.  

I. THE DIGITAL TWIN PROJECT –  PHYSICAL PRODUCTION  

The project of the digital twin was originated in the 

Institute of Automation, Measurement and Applied 

Informatics of the Faculty of Mechanical Engineering of the 

Slovak University of Technology in Bratislava. The digital 

twin is formed by the physical production line and its digital 

“copy”. The major feature of this arrangement is the interface, 

through which data exchange takes place. 

For creating the simulated production part, we have 

employed didactic stations made by FESTO. These are 

illustrated in Fig. 1-4. The production chain simulated the 

manufacturing of pneumatic cylinders and it begins by the 

station link. This part represents the process of the physical 
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production itself. The stations were ranked in order: the tray, 

the manipulator, the test of the workpiece height, the process 

station (the gravity conveyor, the drilling and the control of 

the hole after the drilling), the manipulator, the sorting station 

(4 conveyor belts). The last workstation was the manual 

assembly, where the individual components were combined 

(the piston, the spring, the cylinder body and the lid) and 

packed together with the product information. The simulated 

manufacturing line produced three kinds of cylinders, one 

cylinder with metal body and two cylinders with a plastic 

body. There were differences in the size of the drilled hole 

between the types of pistons. For their better recognition, the 

bodies of the pneumatic cylinders are color-coded. The 

individual components of the pneumatic cylinders are shown 

in Fig. 5. 

 

Fig. 1. The workpieces tray and the manipulator 

 

Fig. 2. The control of the height and the process station 

 

Fig. 3. The sorting belts 

 

Fig. 4. The assembling workstation 

 

Fig. 5. The components of the pneumatic cylinders 

II. THE DIGITAL TWIN PROJECT – THE DIGITAL 

PRODUCTION LINE 

The digital part is based on the simulation tool called Plant 

Simulation (PS) made by SIEMENS. The digital simulation 

model of the production line was created in this environment. 

This model was a detailed virtual copy of the physical process 

involved in assembling the hydraulic pistons. The scheme of 

the real workstation along with the model in PS is shown in 

Fig. 6.  

The output from the physical process was to transfer the 

information about the movement times of a particular 

component to data storage. In our case, we used the OPC data 

server by SIEMENS to process information transfer.  

 

Fig. 6. The scheme of the processes 

Every process was mapped in detail, so that the Digital twin 

(DT) could correctly interpret the collected data. For example, 
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at the beginning of the project, some timestamps of the 

processes were shifted to software from experimental 

observation. After a brief introduction to the hardware 

particulars in the previous section, now we will move to the 

definition of the digital equivalent. 

 

Fig. 7. The process No. 1 and No. 2 

The description of the processes is shown in Fig. 7. The first 

process is the operator, which supplies the line. The operator 

puts the components to the system (the tray) according to the 

production plan. The second process is the arm, which is taken 

from the tray. The arm (manipulator) timestamps were sent to 

the DT. ((t1) the arm will assume the component, (t2) the arm 

will forward the component). Then the DT can set its running 

the value to the manipulation process duration.    

Within the frame of the second process is also the test, which 

evaluates the measurement of the component size. The input 

time on the test (t3) is not identical with the output time (t2), 

because the timestamp is created only after the arm is in the 

position one (in the space of the tray). The test station will start 

to work right at that moment with a 2 s difference. The time tw 

is the working time of the testing and it was to be changed 

according to the type of the manufactured product. The time t4 

represents the timestamp of the product leaving from the test.  

This way, all processes can be eventually mapped, in order to 

avoid an incorrect interpretation of data transfer. Subsequently, 

the transferred data was used to set the correct values in the 

simulation model. 

III. THE DIGITAL TWIN PROJECT – OPTIMIZATION 

Many experiments can be created on the simulated plant, 

even without a direct connection with the physical production 

line. Is possible to answer questions, for example; what will 

happen in the overall production line when a certain parameter 

is changed. In other words, the model allows one to modify 

production parameters, then to monitor the behavior of the 

system without the risk of financial loss in the real production 

line. If we connect the simulation model to the real system, 

this opens up yet other possibilities to optimize the production 

system. The resulting DT is shown in Fig. 8.  

 

Fig. 8. The digital twin shown in Plant Simulation (PS) 

The first major advantage of this process is that the DT 

collects and evaluates the actual production process. It ensures 

parameter topicality in simulation, but it also gives the 

possibility to intervene in case the process does not work 

according to expectation. For example, one of the tests was to 

keep the manipulator at its working position, by manually 

restraining it. The DT immediately noted, that the process 

does not work in the given cycle time (Fig. 9). In case that this 

situation persists, the DT could warn the operator about it in 

time and give sufficient instructions to mend the issue.  

 

Fig. 9. The monitoring of the manipulator time cycle and the monitoring of 

the production transfer time next to the process (Time of Handing) 

We used the digital twin for the optimization of the 

production according to the production plan. We designed the 

production plan in a way that it triggered physical and virtual 

production as well. In effect, the timing of the real and 

simulated system was different by a mere 1 second.   

The production was optimized by a genetic algorithm, 

which adjusted the simulation model, then simulated the DT 

within the frame of the PS environment [5, 6]. It was 

necessary to define the objective function and constraints to 

use this genetic algorithm. For our model, the overall objective 

function is complex. Therefore, the algorithm is defined as a 

combination of various objective functions describing sub-

goals in the production. These include the requirement for the 

lowest cost of all products, and are related to minimizing 

production time of each product series as well. In our case, the 

minimization parameter was the total production time of our 

product as is shown in Fig. 10. Because there are several 

objective functions, it was necessary to determine their 

weight.  

 The constraint in the algorithm represents the number of 

working stations that are available for the particular product to 

execute the particular operation. Each product has a number of 

constraints in accordance to the following relations  
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(P1 x K11 x MK11 x KP1) + (P1 x K21 x MK21 x KP1) + ... + 

(P1 x Km1 x MKm1 x KP2) 

for product P1 

(P2 x K12 x MK12 x KP2) + (P2 x K22 x MK22 x KP2) + ... + 

(P2 x Km2 x MKm2 x KP2) 

for product P2 

(Pn x K1n x MK1n x KPn) + (Pn x K2n x MK2n x KP2) + ... + 

(Pn x Kmn x MKmn x KPn) 

                                  for product Pn                                 (1) 

 

where: 

 

Pn - type of product (numerical value 1), 

Kmn - m-th type of operation for n-th type of product      

(numerical value 1), 

MKmn - number of working stations needed for making the m-

th type of operation for n-th type of product, 

KPn - quantity of product. 

 

Using this, a particular constraint can be defined as 

MKmn-min> Pn x Kmn x MKmn < MKmn-max. (2) 
 

With the constraints and the objective function in place, 

one must also define the size and the number of generations 

and the number of observations per individual. The generation 

represents a number of solutions that the algorithm combines, 

and the observation represents a number of simulations for 

each new generated individual [6]. Thus, the total number of 

simulations are given by: 

 

        Size of generation x (2 x Number of generations - 1) x 

                          x Observations per individual.                    (3) 

 

In our case, we chose for the following parameters: 

 

Size of generation = 50, 

Number of generations = 5, 

Observations per individual = 1. 

 

(

3) 

With using the settings introduced above for the genetic 

algorithm, we have been looking for the optimum sequence of 

operations in the production plan (Fig. 10 and Fig. 11). The 

ultimate minimization parameter was the total production 

time. This was first performed on the basis of the digital twin, 

then we repeated the experiment with the real system, 

resulting a total reduction in production time by 5.2%. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. The x-axis represents the quantity of experiments and the y-axis 

represents achieved production time  

 

 

 

 

 

 

 

 

Fig. 11. The results achieved in the individual absorptions (generations) 

The method describe above ensures the ability to adapt 

flexibly to changes in the product assortment and increases 

production turnout. The digital twin can adjusted to the 

requirements needed for various production areas, including 

predictive maintenance or the optimization to minimize 

resources (tools, people, energy, etc.).  

IV. CONCLUSION 

 The digital twin concept demonstrated the interaction of the 

real production processes with a digital simulation model. This 

model was a detailed virtual copy of all processes in the mock-

up of the production line, including material flow. The 

interaction of the manufacturing facilities and the simulation 

model may bring new insight into the dynamics of the 

production process. The analyses that were performed on the 

created cyber-physical system (the physical devices connected 

to the digital twin) contributed to a better understanding of the 

inherent link between digital technologies and the real 

hardware.   

 Currently, we are working on the next development version 

of the concept described in this paper that we refer to as DT 

2.0. Further work will include the implementation of yet more 

advanced optimization techniques within the Industry 4.0 

concept, and our own version of a genetic algorithm that may 
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be integrated in the PS software environment. This shall offer 

better options for setting of the input parameters and the 

output parameters of the production process. Furthermore,  

proactive maintenance and modern sensors to monitor a large 

number of parameters is necessary to provide an increased 

digital overview for later “Big data” analysis [7, 8]. 

 The main point of Industry 4.0 is increasing operational 

efficiency in manufacturing. This, of course, follows from the 

principle of digitization and the availability of continual data 

flow, along with novel concepts to link the preparatory 

production stage with real production. It can be logically 

expected that new production and logistics management 

strategies will follow from this gradual shift in technology.  
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